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PROJECT DESIGN : SEWAGE SYSTEM LOW BOD CALCULATION
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o Line Drainage . 7 " - - ‘ o

‘m/day | m/hr m /hr No. hr s mm. m/s’ | omoo]om. m. Y% HP HP

A" |Cooling Tower blowdown water 1,521.90| 12683 | 164.87 1 220 | 2082 | 100 | 2.65 | 445 | 250 6.5 55 18.02 20.00
B |RO rejects water 2,652.90| 221.08 | 287.40 1 3.00 | 26.61 | 150 1.51 150 | 20.0 6.5 55 19.38 20.00
C |Septic Tank 1 (Control and Administration Building) | 3.10 0.26 0.34 1 0.10 0.93 50 048 | 250 | 250 6.5 55 0.81 1.50
D |Septic Tank 2 (Workshop and Warehouse Building) 3.10 0.26 0.34 1 0.10 0.93 50 0.48 165 25.0 6.5 55 0.81 1.00
E  |Plant Sump#l 18.00 1.50 1.95 1 0.10 5.42 80 1.08 | 215 | 250 6.5 55 4.69 5.50
F |Plant Sump#2 18.00 1.50 1.95 1 0.10 5.42 80 1.08 170 | 25.0 6.5 55 4.69 5.50
G [Neutralization pit 195.00 | 16.25 21.13 1 0.50 | 11.74 | 100 1.49 185 | 200 6.5 55 8.55 10.00

/1 A28 19M5A IV

Cooling Tower blowdown water = 1,521.90 m3/day

paRahiEeT Y = 1.00 Sources

Thiumdsvendazimasruiia = 1,521.90 m’/day

Peak flow = 2.00 time of average of wastewater flow

= 126.83 1113/hr

3
164.87 m /hr
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Safety Factor 15%
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I ' T e DESCRIPTIOH
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KEY PLAN
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ez ) GENERAL NOTE:

1. ALL DMOISONS ATE W MLLMETERS UNLESS OTHERWSE STATED.
! 2. ALL ELIVATIONS & COORDIIES ARE I8 WETERS LN,
J i oot T L9000 64 3, PLANT EL+100.000K (FTL) = + 257 ADOVE WSL.

4. CONCRETE GRADE. SHAL BE AS FOLLOWS:

| WTERIAL ATID & ALXALY PROOF COATNG = I (COUNDER STRENGTH) AT 28 OAYS
J 5 o816-150— |- (6} LA COMCRETE Tem 15 t/mm’
& ORI~ 150-—rtfi— {c) FOR FOUNOWTION AT OR RELOW GRADE WORK (BELOW GAOUND LEVEL)
4 | SHALL BE INDRAULIC CEMENT TYPE 1P AS PER ASTM 595
p: }/1 5. REWFORCEMENT STEEL SHALL 6E AS FOLLOWS: .
(o) DU=HGH VIELD "TYPE-2" DEFORMED (RS WITH fy400 2/
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STRUCTURAL ELEMENT CONCRETE COVERS
{mm}

PE 43217004 94250 (UC) |

B850 o z v ] 0 PAE CAP BASE
3250 050 3100 PAE CAP SEE, FOOTHG
DA, COLUUNS, SMPS, WALLS, SUABS (W CONTACT WITH GROUND)

L \/& GEAS, COLUMNS, SIS (HOT i CONTATY WITH GROUND)

k3

SLABS, WALLS (HOT BN CONTACT WITH GROUAD)
11600

CONCRETE SURFACE EXPOSED TO WEATHER (Mo.13 THROUGH Ha.57 FARS)
200, 11000 300 o & 14 )

s iglwisid|d

760 ——BA16-150 CONCRETE. SURTACE EXPOSED TO WEATHER (.15 BAR AND SALLER)
100 1008 ] CONCRETE SURFACE EXPOSED TU LIIAD

£1.496.5008 [ FIXED HANORAL (ITPICAL DETALS) ROMVIABLE HADRAL (IYPICAL DETALS)
st (seeloema. sia/y (Tl 182004 106) PLEASE SEE DAGND BCC2-00-11-06-C0212 (S{f9/p) [ PLEASE SCE DWGNO 0C2-00-¥7-DE-CO12 (SH19/5)
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+ 8. AL EXPOSED CONCREIE EDGES TO BE CHAMFERED 25MM ON X & Y DIECTION,
TYP.CONER DETAIL OF WALLS IN HOR. CROSS SECTION 9. BEC2 ~D0-1Y-DE-CO212-GENERA. NOTES AND TYPIAL DETALS FOR CNAL AND STRUGTURES.
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N // A & P TYREAL WIS = NOT TO SCALE
il N o 0916150 "o HOG = HIOT OIPPED GALVANIZED  THK = THKNESS
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KEY PLAN

| GENERAL_NOTE:
1. ML DMERSONS ARE N MILLMLTERS UNLESS OTHERWISE STATED,
2. ALL CLEVNTIONS & COORDIAIES ARE IN WETERS UNO.
3. PLANT £LH100.000M (FT) = + 25.7M ABOVE WSk, c
4. CONCRETE GRADE SHALL RE AS FOULOWS:
(o) STRUCIURAL CONCRETE. 'cer28 H/mm'
(CYUNDER STRENGTH) AT 28 BAYS
(b) LEAN CONCRETE fe= 15 t/mmn'
(c) FUR FOUNDATION AT GR BELOW GRADE WORK (HELOW GROUND LEVEL)
SHALL DE HYDRAULIC CEMENT TYPE 12 AS PER ASTM C505
£ SIEEL SHALL BE AS FOULOWS:
(o) DRHICH VIELD "IYPE-2" DEFORMED BARS WITH fy=400 N/mem’
CRARK SLOPE OF BARS > 1:10.
CONCRETE_COVER:

STRUCTURAL ELEMENT

EONCRETE COVERS
(mm)

PRE CAP GASE 7
PRLE CAP SEK, FOOING 75
BEANS, COLUMNS, STUMPS, WALLS, SUADS (I CONTAGE Wi} GROUND) 7

BOWS, COLIMS, SIMPS (K0T W CONTACT WA GROUNG) w
SUATS, WALLS (MO B CONIACY WIt GROWNE) »
COMCRETE SURTACE EXPOSED 10 WEATIER (o 19 TIROUGH tinS7 0485)|  sp
CORGREIE SURTACE EXPOSED T0 WEATHR (Ho16 048 ARD SWNLER) | 40
CONCRETE SURTACE EXPOSED 10 LOUD P T

B. ML EXPOSED CONCRETE EDGES T0 UE CHAWERED 29MM ON X & Y ORECTON,
5. BOC2 ~00-YW-DE-C0212-GENERAL NOTES AND TYPICAL DETALS FOR CML AHD STRUCTURES.

FGEND: FOL = FINSH CROUND LEVEL
1L = FNSH FLOOR LOVEL, 106 = TOP O CORGRETE.
T0G = TOP OF CROUING. B0S = BOFIOM OF STEEL e

To6e =
TS = TOP OF SIEEL f06e = T0P OF GRATHG:

UNO = UMESS NOTED OTHERWISE.
P TWPCAL,
HOG = HOT DIPPED GALVANIZED.

KIS = OT TO SCAE.
THK = THEKNESS
A = 0P & BOTIOM
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5 E 5 KEY PLAN
GENERAL_NOTE:
1 E] 1. ALL DIMENSIONS. ARE W MILIMETERS, UNLESS OTHERWISE STATED.
2| 2. ALL FELEVATIONS. & COORDINATES ARE B WETERS (K0,
3. PLANT EL+100.0008 (FGL) = 2571 ASOVE MSL.
8 4. PLANT AREA FRUSH GROURD LEVEL (FG)
coxn 00110 HIPE PRE——
¢ \ =] 8 AREA DESCRIPION | oL () |SuRvE LeveL. ()| aove wst oy
g 3 A A, o0 - PLAT UM 1 | B0 | 4105 4257
bt g ODT0 HDPE PIPE e 150 258, PLNT SUW 2 | paep 4650 4217
i (5017 pe100) \
= o WP EL495302
By X oMLy 5. CONCRETE GRADE SHALL #E AS FOLLOWS:
h H - 8 A S | e e e | (a) STRUCTURAL CONCRETE fe=28 H/mm®
El oo o) (CYLNDER STRENGTH) AT 28 OAYS
- L@ & e 2 (b) LEAN CONCRETE fem 15 H/mm®
(00) o ¢ §} () CEMENT SHALL D ORDNARY PORTLAND CEMENT TYPE 1 FOR ABOVE
f ADE WORK. (ABOVE GROUND LEVEL) AS PER ASTH CISO AND
= HYDRAULIC, CEMENT TYPE P FOR BELOW GRADE WIRK (BELOW GROUND LEVEL)
D E ] 8| AS PER ASTH C30
6. RONFORCEMENT STEEL SHALL BE AS FOLLOWS:
(9) B=1GH YIELD “TYPE~2" DEFORMED BARS WITH fy=400 1/’
El 7. LAP SPUCE IN TENSION FOR DIFFERENT AR SIZE SHALL DF THE GREATER OF
- LARGER BAR DEVELOPMENT LENGTH AN} TENSION LAP SPLICE LENGTH OF
w . 0 00 THE SUALLER GAR.
B CRARK SLOPE OF BARS > 110,
- 9. CONCRCTE COVER:
PLANT SUMP 2 LAYOUT PLAN PLANT SUMP 2 LAYOUT PLAN STRUCTURAL ELEWERT CONCRETE COVERS,
SINE 120 SOAE 120 (mm)
PILE O BASE 5
0 170, 30 COUHHIS, GEAMS, STOUPS, WAULS, SIAGS p
£ (1 CONTACT WIfh_GROUND).
20 0 2 ) COLUMMS, DEANS, STUMPS, WALLS, SIAGS ™
(CONTAGT wini 1i0U0)
0. %0 s 150 30 15 10 AL DXOSED COREIE E0GES 10 U GIMERED 25U ON X 4 Y DIRECTON.
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— ] i
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N — 4 B, 200NN e s s o e ey
00100858 = 2| LEGEND
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| | A 4 N0 = UNLESS KOTED OTHERWISE 10Gr = T0P OF GRATING P = TYPCAL
p— ] WIS = HOT O SCALE HOG » HOT GIPPED GALWNZED K = THKNESS
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_i= # P h SOAE 120 SAE 120
[ 4 ! J ) ) RS
1 g f eI
% N " 2 N " REEERENCE DWG:
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* yndasnuaiuaenu

'E_im : ﬁ?!ﬁﬂﬁ@l’ﬁi&}Laz‘ﬂt‘gjﬁ’maﬂ’!’,}:i‘}'!”!-ﬂf’ﬂm?!G‘i A, wasdiumma, 5oy wesaiad uazan:, FlnunusnIINms
Saadenunaynd, 2530

i:%ﬁi’f : Premier Product i:% SS-5
Q@ﬁ@)ﬁ’d : Control and Administration Building
o w u"Lna 0w % a a dao a
syuuthdentyd ssuihtasifunuuidsameasiioniiaanansdaime
Janan1sasnuuy
LAMmaNanEarasshdIaINgIMILsHNYee) @ BOD WiTyuy = 181 mg/l
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= 0.50
= 52.50
= 70.00
= 70.00
= 3.68
= 0.27
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DESIGN INFORMATION
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Plant Storm Water Drainage Design Calculation

2.1 INTRODUCTION
The storm water drain is designed to discharge the entire rain water from the plant to the Holding pond
The rain water collected in the 300 & 400 mm wide open drains on the road side and it is connected
with manholes at every intersections and road crossings . The heavy duty grating is used to cover

the drain at the road crossing. The Drain , Manhole & Retaining wall modelled and analysis by Staad Pro.

2.2 DESIGN CODES
(a) ACI 318-14: Building Code Requirements for Structural Concrete and Commentary

(b) ASCE-7 -10 : Minimum Design Loads for Buildings and Other Structures
(c) DPT 1301/1302-61: Seismic Resistant Building Design Standards (New Edition)

2.3 MATERIAL SPECIFICATION
REINFORCEMENT

2

Main bars : (Deformed bar) = 400 N/mm
Links,fyv (Round bar) = 240 N/mm?
Concrete
Characteristic Strength (cylinder strength) f'c= 28 N/mm?®
Lean Concrete (cylinder strength) = 15 N/mm?
Concrete density = 24 kN/m?
Soil
Unit Weight of Soil gs = 18 kN/m*®
2.4 CONCRETE COVERS
Wall & base Slab (In contact with ground) = 75 mm
Base slab sides /Footings = 75 mm
Slab & Wall (In contact with liquid) = 50 mm
Wall above ground = 30 mm
Pedestal (In contact with liquid) = 50 mm
2.5 FOUNDATION TYPE
SBC for Shallow foundation within 2.0m depth = 75 kN/m?
SBC for foundation with depth 2.5m and more = 100 kN/m?

.No: BCC2-00-UGH-CL-
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Plant Storm Water Drainage Design Calculation

2.6 Modulus of Subgrade
i) Modulus of Subgrade (From Joseph E.Bowles "Foundation Analysis & Design") = 40* SF * ga
SF = Safety factor (assumed) = 3

Therefore, Modulus of subgrade 120 * ga
9000  kN/m*/M

It

ii) Modulus of Subgrade (From Joseph E.Bowles "Foundation Analysis & Design") = 40* SF * ga
SF = Safety factor (assumed) = 3

Therefore, Modulus of subgrade 120 * qa
12000 kN/m?/M

Doc.No: BCC2-00-UGH-CL-C9910
D% N0 BeC2-00-UGHCL 5 of 406



E

o

2.7

DESIGN CONDITIONS
Rainfall intensity

Run-off coefficient
i) for roof and paved area
ii) for landscape and gravel area

Free board
Formulae used

Rational formula:
where

Plant Storm Water Drainage Design Calculation

= 170 mm/hr
C=0.9
C=045

10 % of depth
RATIONAL & MANNING'S EQUATION

q=ClAx10"* /360 m®/sec

q = Peak runoff at the point of design. (m%/s)
C = Run-off coefficient

I = Rainfall intensity (mm/hr)

A = Catchment area (m?)

MANNING'S formula V=1n(R#*s") m/sec
where n = Roughness coefficient = 0.015

R = Hydraulic radius (m) A/P
A = Flow area (m?)
P = Wetted perimeter (m)
S = Flow slope

Drain section used

Along road

i) 0.30 m 'U’ concrete drain

ii) 0.400 m 'U' concrete drain

iii) 0.600 m 'U' concrete drain

Design considerations

Uniform flow is assumed

Min. Flow velocity 0.6 m/sec

.No: BCC2-00-UGH-CL-
Egc Ng . DCCZ 00-UGH-CL-C9910 6 of 406



Plant Storm Water Drainage Design Calculation

For closed pipes

Flow velocity V =1n(R ZRgie ) m/sec
where n = Roughness coefficient = 0.015
R= Wetted perimeter = D/4

D = Pipe Inside diameter (m)
S = Flow slope
Discharge Q =0312/n( D¥S5"™) m®/sec
i) concrete pipe used
roughness coeff, n = 0.015 (Concrete pipe)
Design considerations

Uniform flow is assumed
Min. Flow velocity

It

0.6 m/sec

Closed pip

Wetted Velocity | Capacity
Header Perimeter Discharge
R (m) (m/sec) | (m3/sec)

Header1 0.15 1.20 0.308

Header?2 0.25 1.60 1.201
Header3 0.30 1.80 1.953

ES‘C'.NB:.E;CCZ-OO—UG H-CL-C9910 7 of 406
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DISCHARGE CALCULATIONS
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Plant Storm Water Drainage Design Calculation

BRSO S S R S S
3.1 DRAIN SIZES DETERMINATION:
3.1.1 PEAK DISCHARGE CALCULATION:

Based on Rational Method,

Rainfall Intensity, = 170 mm/hr
Runoff Coefficient , C= 0.9
Runoff Coefficient for C= 0.45

landscape and gravel area
Total Peak Discharge ~ Qr= C.LA/360 m%s

Catchment Area Cumulative Catchment Area Total Peak
Drain Discharge
Point Area, A(m?%) | Area | Area, A(m?) Area Mark m¥/s
Mark
AB-AD 235 At 235 : A1 0.0100
AD-AF 150 A2 385 A2 0.0164
AB-BC 899 A3 1134 A1+A3 0.0482
BC-CD 1072 A15 2206 A1+A3+A15 0.0938
BD-BM 640 A4 640 A4 0.0272
BD-BM 296 A5 936 A4+A5 0.0398
BD-BM 526 A6 526 A6 0.0224
EC-ED 496 A7 1022 AB+A7 0.0434
BO-BM 239 A13 239 A13 0.0102
BD-BM 526 A6 1022 A4+A5+A6 0.0434
BD-BM 496 A7 1518 A4+A5+AB+A7 0.0645
BO-BM 239 A13 1757 A4+A5+AB+A7+A13 0.0747
BM-BG 91 A14 1848 A4+AB+AB+A7+A13+A14 0.0785
BG-BH 250 A12 2098 A4+A5+A6+A7+A13+A14+A12 0.0892
BH-BK 817 A16 2915 A4+A5+A6+A7+A13+A14+A12+A16 0.1239
DC-DE 1054 A17 1054 A4+AS+AB+A7+A12+A13+A14+A16+A17 0.0448
DF-TP-3 917 A20 1971 A4+A5+AB+AT++A12+A13+A14+A16+A17+A20 0.0838
TP-3 286 A19 2257 A4+A5+A6+A12+A13+A14+A16+A17+A19+A20 0.0959
Doc.Mo: RCE2-00-UGH-E1 -C99 \ oy S O S
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Plant Storm Water Drainage Design Calculation

Catchment Area Cumulative Catchment Area Total Peak
Drain Discharge
Point Area, A(m?) | Area | Area, A(m? Area Mark m¥/s
Mark

TP-31t0 DG 112 A21 2369 Ad+A5+A6+A12+A13+A14+A16+A17+A19+A20+A21 0.1007
DG-DH 697 A23 3066 A4+A5+A6+A12+A13+A144+A16+A17+A19+A20+A21+A23 0.1303
DH-TP4 920 A25 3986 A4+A5+A6+A12+A13+A14+A16+A17+A19+A20+A21+A23+A25 0.1694
DG-TP-4 281 A24 4267 A4+AS+AB+A12+A13+A14+A16+A17+A19+A20+A23+A24+A25 0.1813
DK-TP-4 732 A27 732 A27 0.0311
TP-4 10 DJ 127 A26 4394 A4+AS5+A6+A12++A13+A14+A16+A17+A19+A20+A23+A24+A25+A26 0.1867
DJ-DK 732 A27 5126 A4+A5+AB6+A12+A13+A14+A16+A17+A19+A20+A23+A24+A25+A26+A27 0.2179

TP-5 203 A29 5329 A4+A5+A6+A12+A13+A14+A16+A17+A19+A20+A23 0.2265

DJ-TP-5 1247 A4+A5+AB+A12+A16+A17+AT19+A20+A23+A24+A25+A26+A27+A29+A30

BL-BN 103 A32 6679 A4+A5+AB+A12+4A16+A17+A19+A20+A23+A24+A25+A26+A27+A29+A30+A32

TP-1 A4+A5+A6+A12+A16+A17+A19+A20+A23+A24+A25+A26+A27+A29+A30+A32
CD-CF 2753 A33 2753 A33 0.0585
FC-FG 1638 A35 4391 A33+A35 0.0933

CD-CL 4391 TP 13276 A33+A35+TP-1 0.2821

INLET POINT -1

FG-CL 1447 A35a 1447 A35a 0.0307
FG-FH 1464 A38 2911 A35a+A38 0.1237175
EY-EB 2310 A43 2310 A43 0.098175
EZ-EB 2310 A43 5221 A35a+A38+A43 0.2218925
From Demco area 8537 8537 A38+A43+A41+A40+G1A+GBA+G2C+G3E+GBA+G3B+G3C+G3A+G4A+G7A 0.2879

G1A,G6A,G2C,G3E,G6A
G3B,G3C,G3A,G4A,G7A
ET-EU 958 Ad44 958 A44 0.040715

EU-EW 1077 A45 2035 Ad4+A45 0.0864875

EW-EY 2322 A46 4357 Ad4+A45+A46 0.1851725
EZ-FB 219 A47 9797 A44+A45+A46+A47+A35a+A38+A43 0.4163725
TP-6 8537 18334 A38+A43+A41+A40+G1A+G6A+G2C+G3E+GBA+G3B+G3C+G3A+GA4A+G7A+A44+A45+A46+A4T 0.779195

..‘ “. ._-“ ;\ .. e.. v"‘.‘: A A A A A A A A A A A A Y A % A A A A A A A A A A LY A Y A LY A
Do Rln - D 0 of 406




Plant Storm Water Drainage Design Calculation

Catchment Area Cumulative Catchment Area Total Peak
Drain Discharge
Point Area, A(m?) | Area | Area, A(m?) Area Mark m¥/s
Mark
AREA-2
AC-AF 150 A2 150 A2 0.0064
EC-ED 496 A7 646 A7 0.0275
ED-EF 700 A8 1346 A7+A8 0.0572
EH- EG 641 A10 1987 A7+A8+A10 0.0844
EF- EA 145 A4 2132 A7+A8+A10+A14 0.0906
EA-EB 514 A9 2646 A7+A8+A10+A9+A14 0.1125
EB-EJ 1035 A18 3681 A7+A8+A9+A10+A14+A18 0.1564
EJ-EK 372 A28 4053 A7+A8+A9+A10+A14+A18+A28 0.1723
EJ-EK 503 A31 4556 A7+A8+A9+A10+A14+A18+A28+A31 0.1936
EN-EO 1016 A34 5572 A7+A8+A9+A10+A14+A18+A28+A31+A34 0.23681
ER-FQ 1016 A34a 1016 A34a 0.04318
EO-EQ 1490 A36 1490 A36 0.063325
ES-ET 973 A39 2463 A36+A39 0.1046775
ER-EE 1146 A4l 3609 A36+A39+A41 0.1533825
EE-EP 660 A40 4269 A36+A39+A41+A40 0.1814325
CD-TP-2 24133 A4+A5+AB+A12+A16+AT7+AT19+A20+A23+A244+A25+A26+A27+A29+A30+A32+A7+A8+ 1.0256525

o f

INLET POINT -2

S S S U S S U

IN

-5 15739 15739 0.6689
CL-CM 724 A35a 24857 A4+A5+AB+AT2+A16+A17+A19+A20+A23+A24+A25+A26+A27+A29+A30+A35a 1.0564
CM-CN 1297 A37 26154 A4+A5+AB+AT2+A16+A17+A19+A20+A23+A24+A25+A26+A27+A29+A30+A35a+A37 1.1115
CN-CO 1489 A42 27643 A4+AS+AB+AT12+4A16+A17+A19+A20+A23+A24+A25+A26+A27+A29+A30+A35a+A37+A42 1.1748
CO-CP 859 A48 28502 A4+A5+AB+AT2+A16+A17+A19+A20+A23+A24+A25+A26+A27+A29+A30+A35a+A37+A42+A48 1.2113
Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation
e

Catchment Area Cumulative Caichment Area Total Peak
Drain Discharge
Point Area, A(m?%) | Area | Area, A(m? Area Mark m’/s
Mark
For Closed Pipes
Area A31
Total area = 503.0 m?
gy perm = 0.021 m“/sec
Area At
Total area = 235.0 m?
qs perm = 0.010 m®/sec
Area A3
Total area = 899.0 m?
g perm = 0.038 m%/sec
Area A15
Total area - 1072.0 mQ
gy per m = 0.046 m%sec
Area A35
Total area - 1638.0 m?
q; perm = 0.070 m%sec
Area A4
Total area - 640.0 m?
dgs perm = 0.027 m“/sec
Area A5
Total area - 296.0 m?
q; perm = 0.013 m%sec
Area AG

Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

i m’ =

Catchment Area Cumulative Catchment Area Total Peak
Drain Discharge
Point Area, A(m%) | Area | Area, A(m? Area Mark m’/s
Mark

Total area = 526.0 m?

gy perm = 0.022 m%sec

Area A7

Total area = 496.0 m®

s perm = 0.021 m%sec

Area A13

Total area _ 239.0 m?

gy per m = 0.010 m¥sec

Area A12

Total area = 250.0 m?

g; perm = 0.011 m%sec

Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

CHECK FOR DRAIN CAPACITY

Doc.No: BCC2-00-UGH-CL-C9910
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3.1.2 DRAIN CAPACITY CALCULATION:
Based on Manning's Equation,
Qc = (A R?® 8"®/n
roughness coeff, n =

0.015 (concrete)

Plant Storm Water Drainage Design Calculation

Gradient, S = 0:300
free-board = 10 %
Acceleration due to gravity, g = 9.81 m/s’
Total Peak Effective| Flow |Hydraulic, Bed Capacity Full Flowing| Critical Froude
Drain Point | Discharge | Width | Depth | Depth Area Radius |Gradient| Discharge |Remarks| Velocity | Velocity | Remarks | Number F&emarké<
Qr w h A R =A/P S Qc (Qc=Qy)| V=Qc/A | Ve =VgD|(3 5V < Ve)[FN = V*/ gh| (FN <o.35<
m®s m m m? m m¥s m/s m/s )
AB-AD 0.0100
AD-AF 0.0164 300 0.0656 OK 0.8094 1.6275 OK 0.2226 OK A
AB-BC 0.0482 0.1208 300 0.1752 OK 0.9407 2.4682 OK 0.1307 OK <«
BC-CD 0.0938 0.1218 300 0.1839 OK 0.9458 2.5213 OK 0.1266 OK
BD-BM 0.0272 0.0964 300 0.0656 OK 0.8094 1.6275 OK 0.2226 OK
BD-BM 0.0398 0.0964 300 0.0656 OK 0.8094 1.6275 oK 0.2226 OK
BD-BM 0.0224 0.0964 300 0.0656 OK 0.8094 1.6275 OK 0.2226 OK
EC-ED 0.0434 0.0964 300 0.0656 OK 0.8094 1.6275 OK 0.2226 OK
BO-BM 0.0102 0.0964 300 0.0656 OK 0.8094 1.6275 OK 0.2226 oK
BD-BM 0.0434 0.1016 300 0.0792 OK 0.8381 1.7579 OK 0.2046 OK
BD-BM 0.0645 0.0964 300 0.0656 OK 0.8094 1.6275 OK 0.2226 OK -+
BO-BM 0.0747 0.1016 300 0.0792 OK 0.8381 1.7579 OK 0.2046 OK 4«
BM-BG 0.0785 0.1136 300 0.1267 oK 0.9028 2.1427 OK 0.1598 OK
BH-BK 0.1239 0.1158 300 0.1395 OK 0.9146 2.2335 OK 0.1509 OK |
DC-DE 0.0448 0.1016 300 0.0792 OK 0.8381 1.7579 OK 0.2046 OK
DF-TP-3 0.0838 0.1095 300 0.1070 OK 0.8807 1.9933 OK 0.1757 OK
TP-3 0.0959 0.1119 300 0.1183 OK 0.8939 2.0800 OK 0.1662 OK
TP-3t0 DG 0.1007 0.1125 300 0.1211 OK 0.8970 2.1011 OK 0.1640 OK
DG-DH 0.1303 0.1220 300 0.1853 OK 0.9466 2.5300 OK 0.1260 OK -
DH-TP4 0.1694 0.1235 300 0.1997 OK 0.9543 2.6158 OK 0.1198 OK
DG-TP-4




Plant Storm Water Drainage Design Calculation

TP-4 to DJ
DJ-DK
TP-5
DJ-TP-5
BL-BN
TP-1
CD-CF
FC-FG
CD-CL 0.2821 |
INLET POINT -1
FG-CL 0.0307 | 0.300 | 0.400 | 0.360 | 0.108 | 0.1059 | 300 0.0930 OK 0.8615 | 1.8793 OK 0.1891 OK
FG-FH 0.1237 | 0.300 | 0.600 | 0.540 | 0.162 | 0.1174 | 300 0.1495 OK 0.9228 | 2.3016 OK 0.1447 OK
EY-EB 0.0982 | 0.300 | 0.475 | 0.428 | 0.128 | 0.1110 | 300 0.1140 OK 0.8892 | 2.0479 OK 0.1697 OK
EZ-EB 0.2219 | 0.300 | 0.900 | 0.810 | 0243 | 0.1266 | 300 0.2358 OK 0.9703 | 2.8189 OK 0.1066 OK
From Demco are] 0.2879 | 0.400 | 1.000 | 0.900 | 0.360 | 0.1636 | 300 0.4145 OK 11515 | 2.9714 OK 0.1352 OK
G1A,G6A,G2C,G3E,GBA
G3B,G3C,G3A,G4A,G7A
ET-EU 0.0407 | 0.300 | 0.400 | 0.360 | 0.108 | 0.1059 | 300 0.0930 OK 0.8615 | 1.8793 OK 0.1891 OK
EU-EW 0.0865
EW-EY
EZ-FB
AREA-2
AC-AF 0.0064 | 0.300 | 0.300 | 0.270 | 0.081 | 0.0964 | 300 0.0656 OK 0.8094 | 1.6275 OK 0.2226 OK
EC-ED 0.0275 | 0.300 | 0.400 | 0.360 | 0.108 | 0.1059 | 300 0.0930 OK 0.8615 | 1.8793 OK 0.1891 OK
ED-EF 0.0572 | 0.300 | 0.410 | 0.369 | 0.111 | 0.1066 | 300 0.0958 OK 0.8656 | 1.9026 OK 0.1863 OK
EH-EG 0.0844 | 0.300 | 0.550 | 0.495 | 0.149 | 0.1151 300 0.1353 OK 0.9108 | 2.2036 OK 0.1538 OK
EF- EA 0.0906 | 0.300 | 0.500 | 0.450 | 0.135 | 0.1125 | 300 0.1211 OK 0.8970 | 2.1011 OK 0.1640 OK
EA-EB 0.1125 | 0.300 | 0.640 | 0576 | 0.173 | 0.1190 | 300 0.1609 OK 0.9312 | 2.3771 OK 0.1381 OK
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Plant Storm Water Drainage Design Calculation

0.1564

0.300

0.650

0.1194

300

0.1638

0.1723

0.300

0.700

0.1212

300

0.1781

OK

0.9424

2.4860

OK

0.1293

OK

INLET POINT -2

TP-5 0.6689 0.800 | 0.800 { 0.720 0.576 0.2571 300 0.8965 OK 1.5564 2.6577 OK 0.3087 OK 7
CL-CM 1.0564 0.900 | 0.800 | 0.720 0.648 0.2769 300 1.0597 OK 1.6353 2.6577 OK 0.3407 OK
CM-CN 1.1115 0.900 | 0.920 | 0.828 0.745 0.2915 300 1.2611 OK 1.6923 2.8500 OK 0.3173 OK +
CN-CO 1.1748 0.900 | 1.275| 1.148 1.033 0.3232 300 1.8722 OK 1.8129 3.3551 OK 0.2628 OK «
CO-CP 1.2113 0.900 | 1.450 1.305 1.175 0.3346 300 2.1789 OK 1.8551 3.5780 OK 0.2419 OK 4

Drain Mark Disch. | Disch.| Disch. | Capacity| Slope | Type of| Remarks
q q |Q=q+q'| Qcap s Drain
m*/sec | m*sec| m¥sec | m%sec

PIPE HEADER-1 0.021 | 0.172 | 0.194 0.308 1/300 0600

PIPE HEADER-2 0.779 | 0.000 | 0.779 1.201 1/300 $1000

PIPE HEADER-3 1.211 | 0.000 1.211 1.953 1/300 $1200

Davs RlA - D
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Plant Storm Water Drainage Design Calculation

DRAIN LEVELS DETERMINATION
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Plant Storm Water Drainage Design Calculation

3.1.3 DRAIN LEVEL DETERMINATION -

Gradient 1:300 0.003333333
Ground EL EL+ 103.000 m
EL+ 101.000 m
EL+ 100.000 m
EL + 98.000 m
EL + 96.000 m
TO DRAIN POINT 1 Invert Level
From To Distance (m) Drop (m) Point AC 700
AC AB 60.40 0.201 AB 100.499
AC AF 56.00 0.187 AF 100.513
AB BC 56.70 0.189 BC 100.511
EC BM 53.87 0.180 BM 100.520
BM BG 5.00 0.017 BG 100.483
BG BH 12.99 0.043 BH 100.440
Invert Level
From To Distance (m) Drop (m) Point BC !
BC CD 93.70 0.312 CD 99.288
BH BL 81.32 0.271 BL 99.329
BN CD 21.91 0.073 CD 99.087
Invert Level
From To Distance (m) Drop (m) Point DC
DC DE 56.70 0.189 DE 99.511
DE DF 31.10 0.104 DF 99.407
DF TP-3 6.00 0.020 TP-3 99.387
TP-3 DH 29.10 0.097 DH 99.290
DH TP-4 6.00 0.020 TP-4 99.270
TP-4 TP-5 20.50 0.068 TP-5 99.202
TP-5 BL 7.00 0.023 BL 99.179
Invert Level EL (m)
From To Distance (m) Drop (m) Point DJ . 9%9700
DJ TP-5 65.70 0.219 TP-5
AREA -2 Invert Level EL (m)
From To Distance (m) Drop (m) Point AC | 10ce
AC AF 56.00 0.187 AF 100.513
EC ED 27.00 0.090 ED 100.610
ED EF 5.00 0.017 EF 100.593
EF EH 39.50 0.132 EH 100.462
EH EG 19.40 0.065 EG 100.397
EG EA 4.90 0.016 EA 100.381
EA EB 20.60 0.069 EB 100.312

ESE'NQ:.BDCCZ_OO-UG H-CL-C9910 19 of 406



Plant Storm Water Drainage Design Calculation

Invert Level

From To Distance (m) Drop (m) Point AC
EB EJ 68.15 0.227 EJ
EJ EK 10.79 0.036 EK
Invert Level
From To Distance (m) Drop (m) Point EK '
EK EN 9.35 0.031 EN .
EN EO 20.60 0.069 EO 97.500
EO EQ 6.00 0.020 EQ 97.480
EQ FQ 4.90 0.016 FQ 97.464
ER FQ 38.30 0.128 FQ 97.622
FQ EP 3.50 0.012 EP - 97.611
Invert Level EL (m)
From To Distance (m) Drop (m) Point EK .
ES EP 91.45 0.305 EP
EP FG 9.00 0.030 FG
Invert Level
From To Distance (m) Drop (m) Point FB
FB BN 79.81 0.266 BN
FB FC 24.05 0.080 FC
FC FG 18.60 0.062 FG
FG CL 79.17 0.264 CL
TO INLET POINT 1 Invert Level
From To Distance (m) Drop (m) Point ES
ES EU 45.00 0.150 EU .
EU EW 27.70 0.092 EW 95.458
EY EZ 53.50 0.178 EZ
From To Distance (m) Drop (m) Point W ;.
EZ EB 45.70 0.152 EB 95.238
EB EW 7.00 0.023 EW 95.214
EW EX 86.50 0.288 EX 94.926
EX IP-1 5.00 0.017 IP-1 94.909
Invert Level
From To Distance (m) Drop (m) Point CL
CL CM 53.18 0.177 CM 95.223
CM CN 36.22 0.121 CN 95.102
CN CO 37.40 0.125 CO 94,977
CO IP-2 50.40 0.168 IP-2 94.809
Invert Level EL (m)
From To Distance (m) Drop (m) FK
FK EX 28.85 0.096 EX
Invert Level
From To Distance (m) Drop (m) FL
FL FM 38.60 0.129 FM 95.471
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Plant Storm Water Drainage Design Calculation

A) Soil Classification for Earthquake Design (As per soil report)
Site Class = - D
B) Acceleration Parameters Sg and S;

Seismic Ground Motion Values

Parameter for acceleration response spectrum at 0.2 sec period
(or short period acceleration response spectrum)
Sy

Parameter for acceleration response spectrum at 1.0 sec period

(or short period acceleration response spectrum)
C) Adjusted Acceleration Response Spectrum
Swus = FaSg (ASCE 7-10 Equation 11.4-1)
S = Fv$§ (ASCE 7-10 Equation 11.4-2)

where: Fa, Fv are Coefficients for Soil
Fa - 0 (ASCE 7-10 Table 11.4-1)

Fv = (ASCE 7-10 Table 11.4-2)
Therefore,
Swus = 0141 ¢
S = 0.101¢
D) Design Acceleration Response Spectra
Sps = 2/3 Sys (ASCE 7-10 Equation 11.4-3)
Spi = 2/3 Sy (ASCE 7-10 Equation 11.4-4)
Therefore,
Sos = 0.094 g
Sp1 = 0.067 g

Classification of Building and Importance Factor
I = 1.5 Importance Factor (ASCE 7-10 Table 1.5-2)

Classification of Structure and Limitations
} Response Modification Factor (Table 12.2-1)
Oscillation Period (Fundamental Period) (Section 12.8.2.1)

T = 0.0466 H %% for Reinforced Concrete Structure (Table 12.8-2)
= 0.0724 H°8 for Steel Structure (Table 12.8-2)

= 0.0488 H%"  for other structural systems (Table 12.8-2)

where: H = : 250 m Height measured from the ground
Structure Type = o C (Type S for Steel and C for Concrete, O for other structures)
Therefore,
T = 0.11 sec Period
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Plant Storm Water Drainage Design Calculation

Seismic Response Coefficient

Cs = S, (Equation 12.8-2)
(R
where: S, = Design Spectral Response Acceleration (Section 11.4.3)
= 0.716
= 0.1432
Design Spectrum value
T < To (Eq.11.4-5 of ASCE 7-10)
if T <T,
S. = Sps (0.4 +0.6[T/TO))
: = 0.0794
if T > To < Ts
S, = Sps (Eq.11.4-5 of ASCE 7-10)
= 0.0939
if T > Ts
S, = Spy/T
= 0.632
Design value S, = 0.079
Therefore, Cq = 0.079
(3/1.5)
Cs = 0.040 ¢
But 0.01g <  Cg < max. Cg
Range for Cs:
max. CS = SD1
T (R/)
max. Cg = 0.067
0.106 (3/1.5)
= 0316 g
min. Cg = 0.01g¢g
Base Shear due to Earthquake (Section 3.2)
vV =Cg W (Equation 3.2-1)

ii) Seismic Design based on DPT 1301/1302-61
A) Soil Classification for Earthquake Design (As per soil report)
Site Class =

B) Acceleration Parameters Sg and Sy (Section 1.4.1)

Seismic Ground Motion Values
(Table 1.4-1)

Doc.No: BCC2-00-UGH-CL-C991
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Plant Storm Water Drainage Design Calculation

Parameter for acceleration response spectrum at 0.2 sec period

(or short period acceleration r spectrum)

(Table 1.4-1)
Parameter for acceleration response spectrum at 1.0 sec period
(or short period acceleration response spectrum)

C) Adjusted Acceleration Response Spectrum (Section 1.4.3)

Sws = Fa Sg (Equation 1.4-1)
Smi = Fv S; (Equation 1.4-2)
where: Fa, Fv are Coefficients for Soil
Fa = (Table 1.4-2)
Fv = (Table 1.4-3)
Therefore,
Sus = 0.141 g
Smi = 0.101 g
D) Design Acceleration Response Spectra (Section 1.4.4)
Sps = 2/3 Sys (Equation 1.4-3)
Spi = 2/3 Sy (Equation 1.4-4)
Therefore,
Sps = 0.094 g
Spi = 0.067 g
Classification of Building and Import Factor (Section 1.5)
I =

mportance Factor (Table 1.5-1)

esponse Modification Factor (Table 2.3-1)

Oscillation Period (Fundamental Period) (Section 3.3)

T = 0.02 H for Reinforced Concrete Structure (Egn 3.3-1)
= 0.08 H for Steel Structure (Egn 3.3-2)
where: H = m Height measured from the ground
Structure Type = (Type S for Steel and C for Concrete)
Therefore T = 0.050 sec Period

Seismic Response Coefficient (Section 3.2.1)

Cs = S, (Equation 3.2-2)
(RN
where: S. = Design Spectral Response Acceleration (Section 1.4.5)
Design Method = S (Type S for Static and D for Dynamic)
Ts = Spi/Sps
= 0.716
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Plant Storm Water Drainage Design Calculation

0.2 Spy / Spg
0.1432

To

1f

Design Spectrum value
T < Tg

if T = Ty

Sa = Sps(0.4+0.6[T/Ty])
= 0.0572
if T > To < Ts
Sa = Sps
= 0.0939
if T > Ts
S, = Spi/T
= 1.3440
Design value S, = 0.0572
Therefore, Cs = 0.0572
(3/1.5)
Cs = 0.029 ¢
But 0.01g = Cq < max. Cg
Range for Cs:
max. Cg = S+
T (R/l)
max. Cg = 0.067
0.05(3/1.5)
= 0.672 g
min.Cg = 0.01 ¢

Base Shear due to Earthquake (Section 3.2)

\ = CsW (Equation 3.2-1)
\ = 0.0286 W (As per DPT 1301/1302-61)
Therefore,
Governing Seismic Coefficient, = 0.0397 W (ASCE 7-05)
Vertical Seismic Effect (Section 12.4.2.2 of ASCE 7-10)
Ey = 0.2Sps DL
= 0.0188 DL
E, = 0.0188 *selfweight
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Plant Storm Water Drainage Design Calculation

Design of Strom Water Drain at Road side (1.00 m & below)
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Plant Storm Water Drainage Design Calculation

Design of storm water drain at road side

4.0
For the purpose of design the drain
a. Drain of Depth 1.00 m & Below
(The width of the drain 0.3m & 0.40 m. For the purpose of design we are considering 0.40m only)
41 For Depth of 1.00 m & Below
w
hi
7/\\
hw
E= P1
P5
s =
(h+t-hw) Z P2
AP3
Earth Water Surcharge
pressure pressure pressure
4.1.1 Soil Parameters
Unit weight of soil =
Angle of repose =
Unit weight of water =
Soil density, ys =
Soil submerged density, y's =
Soil active pressure coefficient, ka =
Coefficient for surcharge, k =
Surcharge due to vehicle, Veur =
Ground water table hw =
4.1.2 Drain Parameters
Height of trench below GL h =
Height of trench above GL h1 =
Width of trench W =
Wall & base thickness, t =
4.1.3 Material properties
Concrete strength, (cylinder strength f'c =
Rebar strength, fy =
Minimum concrete cover, =
B?‘c:.'r?llgt.BDCCZ—OO—UGH-CL—C991O 26 of 406



Plant Storm Water Drainage Design Calculation

4.1.5 EARTH PRESSURE LOAD

For calculating the earth pressure load on the side walls , it is assumed that the ground water table is at FGL
conservatively.

Unit weight of soil
Angle of repose
Unit weight of water

Soil submerged density,

Ground water table

Depth of the base slab

Total Height of wall

(i)

(i)

(1i1)

Where

?/ =
1o =
r's =
coefficient for surcharge pressure Ks =
Soil active pressure coefficient, ka =
ka tan 2 (45 - 8/2) for o =30deg
hw = assumed from
The height of wall below GL h - FGL
Dps =
Surcharge load for heavy vehicles, q -
H =
Active pressure due to dry soil , g's =kae ys *(h+t-hw) = 6.83 kN/m?
Inside Water Pressure qw=ywe(h) = 10.00 kN/m?
Surcharge pressure gp = K Vour = 10.00 kN/m2
4.1.6 SEISMIC EARTH PRESSURE LOAD
Mononobe-Okabe Method :
Dynamic active earth thrust Pda = Kae x yx H
Kae = seismic active earth pressure coefficient
cos?(P--0)

Kae =

Where

cos(¥) cos®(6) cos(5+6+¥) X ‘l:

Angle of internal friction
Angle of friction between soil and wall
tan™ [k, / (1-k,)]

horizontal acceleration coefficient =

sin(®+3) sin(d-w-p) °°

1+ cos(B-8)cos(0+W+8)

- 30 deg

0.025 ¢

T

0 (Ref. Bowles book)
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Plant Storm Water Drainage Design Calculation

g = gravitational accelaration =

kp = 0.24525

k, = vertical acceleration coefficient =

- tan™ [ ky/ (1-k)]

B= backfill slope angle

6= angle of backface to the wall with the vertical

9.810 m/s

0.164 (Considering 2/3 of Horizontal)

20 deg

0  deg

(Uniform earth fill)

Kae = cos?(30-3.918-0)
sin(30+0) sin(30-3.918-0) %712
c0s(3.918) cos?(0) cos(0+0+3.9 X ‘[1 + cos(0-0)cos(0+3.918+0) J’
Kae = 0.807
0.995 X 1.545

Kae = 0.52
Dynamic active earth thrust Pdae = Kae x yxH

= 0.52x18x1.15

- 10.764 kN/m?
Active Earth pressure Pae = Kax yxH

= 0.333x 18x1.15

= 6.900 kN/m®
Coefficient of active earth pressure is Ka = 0.33
Therefore, the dynamic increment, = Pdae - Pae

= 10.764 - 6.9

= 3.864 kN/m?
Additional 3.864 kN/m? is applied on the trench walls as a dynamic increment due to earth

pressure.

Seismic load on vertical direction (SL Y) (Section 12.4.2.2 of ASCE 7-10)

Ev = 0.2°Sps "DL
SDS = 0.094
Ev= 0.0188 DL

Doc.No: BCC2-00-UGH-CL-C9910
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4.1.7 LOAD COMBINATION

(i

iif)

Primary Loads

LOAD 1 DEAD LOAD (DL)

LOAD 2 ACTIVE LOAD DUE TO DRY SOIL (DASP)
LOAD 3 SURCHARGE PRESSURE (SP)

LOAD 4 INSIDE WATER PRESSURE (IWP)

LOAD 5 SEISMIC LOAD (SL+X)
LOAD 6 SEISMIC LOAD (SL+Z)

LOAD 7 SEISMIC LOAD (SL+Y)

Service Loads

LOAD COMB 11 DL+DASP+SP+0.75 IWP

LOAD COMB 12 DL+DASP+SP +0.70SL(+X)+0.70SL(+Y)
LOAD COMB 13 DL+DASP+SP -0.70SL(+X)+0.70SL(+Y)
LOAD COMB 14 DL+DASP+SP +0.70SL(+Z)+0.70SL(+Y)
LOAD COMB 15 DL+DASP+SP -0.70SL(-2)+0.70SL(+Y)
LOAD COMB 16 DL+DASP+SP+IWP+0.70SL(+X)+0.70SL(+Y)
LOAD COMB 17 DL+DASP+SP+IWP-0.70SL(+X)+0.70SL(+Y)
LOAD COMB 18 DL+DASP+SP+IWP+0.70SL(+Z)+0.70SL(+Y)
LOAD COMB 19 DL+DASP+SP+IWP-0.70SL(+2)+0.70SL(+Y)
LOAD COMB 20 0.60 DL+0.70SL+X+0.70SL(+Y)

LOAD COMB 21 0.60 DL-0.70SL+X+0.70SL(+Y)

LOAD COMB 22 0.60 DL+0.70SL+Z+0.70SL(+Y)

LOAD COMB 23 0.60 DL-0.70SL+Z+0.70SL(+Y)

Ultimate Loads

LOAD COMB 101 1.4DL

LOAD COMB 102 1.2DL+1.6DASP+1.6SP

LOAD COMB 103 1.2DL+1.6DASP+1.6SP+1.61WP

LOAD COMB 105 1.2DL+DASP+SP+1.0SL+X +1.0SL(-Y)
LOAD COMB 106 1.2DL+DASP+SP-1.0SL+X +1.0SL(-Y)
LOAD COMB 107 1.2DL+DASP+SP+1.0SL+Z +1.0SL(-Y)
LOAD COMB 108 1.2DL+DASP+SP-1.0SL+Z +1.0SL(-Y)
LOAD COMB 109 0.9DL+1.6DASP+1.6SP+1.0SL+X+1.0SL(-Y)
LOAD COMB 110 0.9DL+1.6DASP+1.6SP-1.0SL+X+1.0SL(-Y)
LOAD COMB 111 0.9DL+1.6DASP+1.6SP+1.0SL+Z+1.0SL(-Y)
LOAD COMB 112 0.9DL+1.6DASP+1.6SP-1.0SL+Z+1.0SL(~Y)
LOAD COMB 113 1.2DL+DASP+SP+IWP+1.0SL+X +1.0SL(-Y)
LOAD COMB 114 1.2DL+DASP+SP+IWP-1.0SL+X +1.0SL(-Y)
LOAD COMB 115 1.2DL+DASP+SP+IWP+1.0SL+Z +1.0SL(-Y)
LOAD COMB 116 1.2DL+DASP+SP+IWP-1.0SL+Z +1.0SL(-Y)

The drain is analysed in STAAD pro

Plant Storm Water Drainage Design Calculation
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Plant Storm Water Drainage Design Calculation

4.1.8 Check for Base pressure

Job No Sheet No Rev
1 A
Software i ad 10 Jurong Engi ing Limited
CONNECTED s kalyart ramchin Parl PERIMETER DRAIN - 1.0m Deep
Job Tile BCC-2 Ref
& Mohan Dateq 15/2021 Chd Diana
Client File Type-1_ Drain design_401 DateTme 05.May-2021 15:26
Base Pressure Summary
Node LC FX FY FZ
(Nfmm?) | (N'mm®) | (N'mm?)
Max FX 1 10:DL+IWP 0 0.038 0
Min FX 1 10:DL+IWP 0 0.038 0
MaxFY | 461 | 17:DL+DASP+ 0 0.060 0
MinFY | 276 | 13:DL+DASP+: 0 0.002 0
Max FZ 1 10:DL+IWP 0 0.038 0
Min FZ 1 10:DL+IWP 0 0.038 0
Actual pressure = ) 60 kN/m?

Allowable pressure kN/m?

It

Hence the actual pressure is less than the alllowable pressure.
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Plant Storm Water Drainage Design Calculation

w’ e Job No Sheet No RKav
4 1 A
x ONNECTED Lisor, Ralyar rapongn 2 Himied Pan PERIMETER DRAIN - 1.0m Deep
Job Tile BCC-2 Ref
By Mohan Dateq/15/2021 ©hd Diana
Client File Type-1_ Drain design_401|PateTime g5.May-2021 15:26
Plate Center Stress Summary
- Shear Membrane Bending
Plate L/C Qix Qy Sx Sy Sxy Mix My Mxy
(N/mm?) (N/mm?) {N/mm?) (N/mm?) (N/mm®) | (kN'mrm) | (KN'mi/my | (kNfmdm)
Max Qx 619 109:0.9DL+1.6! 0.074 Q.017 -0.000 0.014 0.014 1.913 0.780 -0.908
Min Qx 621 108:0.8DL+1.6! -0.106 -0.005 0.021 0.004 0.011 -2.504 ~-0.110 0.509
Max Qy 229 110:0.9DL+1.61 -0.002 0.082 0.001 -0.028 -0.002 -0.779 -4.705 -0.022
Min Qy 224 108:0.9DL+1.6! 0.002 -0.083 0.001 -0.032 -0.004 0.867 5.226 0.035
Max Sx 593 105:1.2DL+DA! -(0.023 -0.002 0.023 -0.002 -0.000 0.381 0.021 0.285
Min Sx 428 111:0.8DL+1.61 -0.021 -0.030 -0.014 ~-0.018 -0.010 -0.841 ~-0.180 0.758
Max Sy 819 108:0.9DL+1.6! 0.074 C.017 -0.000 0.014 0.014 1.913 0.780 -0.808
Min Sy 386 1071:1.400L G.000 -0.002 -0.004 -0.042 -0.003 0.024 0.104 0.036
Max Sxy 819 109:0.8DL+1.6 0.074 0.017 -0.000 0.014 0.014 1.913 0.780 -0.908
Min Sxy 427 109:0.9DL+1.6! C.001 -0.019 -0.008 -0.028 -0.021 -0.323 -0.298 0.577
Max Mx 618 109:0.8DL+1.68/ C.071 0.045 -0.0CG7 0.011 0.007 2.083 .667 -0.858
fdin Mx 621 109:0.8DL=1.86 -G.106 -0.005 0.021 0.004 0.611 ~2.504 -0.110 0.509
Max My 224 109:0.9DL+1.6 G.002 -0.093 0.001 -0.032 -0.004 G.867 5.226 0.035
Min My 211 110:0.9DL+1.61 0.000 0.078 -0.003 -0.023 -0.002 -0.796 -4.706 0.0063
Max Mxy 393 109:0.8DL+1.6 -0.010 0.004333 -0.002 -0.012 -0.008 0.149 0.083 1.337
Min Mxy 388 109:0.9DL+1.86 G.008 -0.006 -0.002 -0.011 -G.001 -0.246 -0.105 -1.297
Maximum Moment in X-Dir Mix =
Corresponding Moment Mxy =
Maximum Moment in Y-Dir My =
Corresponding Moment Mxy =
Corresponding Moment in X or Y-Dir My =
Maximum Moment in XY-Dir Mxy =
Maximum Shear Stess in X-Dir Sax =
Maximum Shear Stess in X-Dir Sqy =
Max. Ultimate bending moment Mu = My+Mxy =
Depth of section h =
Width of Section b =

Concrete Cover
Concrete Grade
Steel Reinforcement Grade
Diameter of Reinforcement

Spacing of Reinforcement

Design Moment Muz/@
Width considered b
Effective Depth (tb-c-0.5f)=d = 69 mm
z assumed =d = 69 mm

It

As reqd = M/fy*z 212 mm?m
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Plant Storm Water Drainage Design Calculation

Provide DB 12-200 As prov. 565 mm®/m

Distribution bar DB 12-200 As prov. = 565 mm?®/m
Minimum area of reinforcement in ver dir req. = 0.0015*b*D (Table 11.6.1,ACI -318-14)
= 225 mm?/m
< 565 mm®/m
Hence OK
Minimum area of reinforcement in Hor dir req. = 0.0025*b*D (Table 11.6.1,ACI -318-14)
= 375 mm®/m
< 565 mm?/m
Hence OK
Maximum area of reinforcement req. ASnax = 0.75*p,*b*d
oo = 0.85*B1*fc'*600/[fy* (600+fy)]
= 0.0232
ASrmax = 1201 mm%m
ASin < Asyroy. < Asq.x  Hence OK
Check for Shear
Actual shear stress = Vu = 0.106 N/mm?
Allowable shear stress =
a) oV =00.17Asqrt(f.") = 0.67 N/mm?

A=1.0 (Modification factor for normal wt of concrete)

Actual Shear stress Vu < Ve

Hence shear reinforcement is not required.

.No: BCC2-00- -CL-C991
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Plant Storm Water Drainage D

esign Calculation

Jot Mo E Shonl NG v 1
1 ! ’
o logrued 1o Jnons Foaese e Fat PERIME TER DRAIN - 1.0m Deep
Fat
By paohan Datey/15/2021 Chd Diana
File Type-1_ Drain dessgﬂj@;aﬂ!ﬂm o5-hay-2021 15:28
Plate Center Stress Summary
Shear Membrane Bending
Plate LiC Qx Qy Sx Sy Sy Bix My Mzxy
imm?) | (Nimm?) mm?) | (wmm) pimm?) | RN kprmbmy | RN MM
T Ow | 218 | 105:1.20L4DA 0.039 0.004 o 0| o 4249 0698 "0.043
Wi Qx| 221 | 108:1.20L+DA -0.037 0.004 0 0| 0 73554 ~0.585 0.033
Miax Gy | 236 | 109:0.9DL+1.6 ooz5 | 0024 0 0| 0 “6.489 6,851 0.075
Win Qy 360 | 109:0.9DL+1.8 G015 | -0.026 o ol 0 qose| -ote7)| 0058
Tax Sx 416 | 101:1.4DL 0013 | 0.005 0 0| O goz2| 0017 | 0.042
wiin Sx 418 | 101:1.40L Doia| 0005 ] o | 0 gosz | -0017 )| 0042
Wax Sy | 413 | 101:1.40L D013 | 0005 o o | [ 0.032 0017 0.042
WinSy | 419 | 101:1.4DL 0013 | 0.005 0 o | 0 0.032 6017 | 0.042
Wax Sey | 419 | 101:1.4DL o013 | 0008 o 0 0 0.032 Goi7 | 0042
Win Sxy | 419 | 101:1.4DL Bois | 6.00s 0 0 0 0.082 Goir | D042
Nz hx 21 | 101:1.40L 0007 0000 0 0 0 0.569 gi0z | .00
At | 200 | 109:0.9DL418 0.031 0.600 o 0 C -6.592 4425 | -G.028
Waxtly | 399 | 101:1.4DL 0.007 0.002 | o a 0.40% 0.125 -0.018
Minty | 200 | 109:0.9DL+18 003t | 0000 8 0| 0 -5.592 1125 “6.028
Max My | 398 | 110:0.90L41.81 0.015 | 0.001 o 0| o -0.892 -0.098 0.212
Wi by | 401 | 108:0.9DL+1.8 0.014 | 0.003 i 0| a -1.023 -0.123 -0.273
Maximum Moment in X-Dir Mx
Corresponding Moment Mxy
Maximum Moment in Y-Dir My
Corresponding Moment Mxy
Corresponding Moment in X or Y-Dir My
Maximum Moment in XY-Dir Mxy
Maximum Shear Stess in X-Dir Sax
Maximum Shear Stess in X-Dir Say
Max. Ultimate bending moment Mu = My+Mxy
Depth of section h
Width of Section b
Concrete Gover cc
Concrete Grade f'e
Steel Reinforcement Grade fy
Diameter of Reinforcement dia
Spacing of Reinforcement S
Design Moment Muz/o =
Width considered b =
Effective Depth (tb-c-0.5f)=d =
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(i)

%y Jl' ‘

z assumed =d

As reqd = M/fy*z

DB 12-200
12-200

Provide
Distribution bar DB

Minimum area of reinforcement

Check for Shear

Actual shear siress = Vu

Allowable shear stress =
a) oV.=¢0.17Asqrt(f.")

A=1.0 (Modification factor for normal wt of concrete)

Actual Shear stress : Vu

Hence shear reinforcement is not required.

Plant Storm Water Drainage Design Calculation

As prov.
As prov.

Il

69 mm
266 mm®/m
565 mm? /m
565 mm” /m

0.002 * b*D
300 mm?/m
565 mm?/m

Hence OK

(7.6.1.1,ACI 318-14 )

0.039 N/mm?

0.67 N/mm?

oVe

DB 12 - 200

e ) /

® o DB 12 - 200

e @ /

@ @

® ®

@ &)

e

® 0
DB 12 - 200
4.1.11 Design of Grating For Maintenance access
Live Load W 7.5 kN/m2
Max. Width of Drain (0.40+0.06) L 0.46 m
Safe working stress of steel fy 155.1 N/mm2  (0.66™fy)
Load bar thickness B 5 mm
Section Modulus S B*H/6
Pitch of load bar p 100 mm
Width of grating W 500 mm
No. of load bars n 5.50 Nos
Moment Ma wi/8
0.198375 kNm
900.N9:‘BhCCZ-OO—UGH-CL-C991 0 37 of 406



Bending moment of section M= fy*S

Check for deflection
Deflection due to load

Allowable deflection /200 or 10 mm
Hence safe in deflection.

Provide 35 x 5mm thk grating

Ms
Ms

Plant Storm Water Drainage Design Calculation

= fy*n*B*H2/6
- 710.875 H?

= Ma

= 17 mm

= 5wL%384El
= 0.11 mm
= 2.30 mm

Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

Design of Strom Water Drain at Road side (1.50 m & below)
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Plant Storm Water Drainage Design Calculation

Design of storm water drain at road side

5.0

a. Drain of Depth 1.50 m & Below

(The width of the drain 0.40m) .
52  For Depth of 1.50 m

w
h1
N IR
hw
P1
P5
e
+
(h+t-hw)
Earth Water Surcharge
pressure pressure pressure

5.2.1 Soil Parameters

Unit weight of soil = 18.00 kN/m*®

Angle of repose = 30 ¢

Unit weight of water o = 10.00 kN/m*®

Soil density, ys = 18.00 kN/m?®

Soil submerged density, y's = 8.00 kN/m?

Soil active pressure coefficient, ka = 0.33

Coefficient for surcharge, k = 0.50

Surcharge load due to heavy vehicle, Veur = 20 kN/m?

Surcharge load in other areas , Veurd = 5 kN/m?

Ground water table hw = 150 m
5.2.2 Drain Parameters

Height of trench below GL h = 1500 m

Height of trench above GL h1 = 0.150 m

Width of trench w = 0.400 m

Wall & base thickness, t = 0.150 m

Concrete density, Ve = 24.00 kN/m®
5.2.3 Material properties

Concrete strength, (cylinder strength) fic = 28 N/mm?

Rebar strength, fy = 400 N/mm2

Minimum concrete cover, = 75 mm

.No: B -00- -CL-C9910
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5.2.4

(i)

(1)

(ii1)

Design of wall

For 1.50m depth of drain

Active pressure due to dry soil ,

Inside Water Pressure qg'w=ywe(h)

Surcharge pressure qp =

due to heavy vehicles

EARTH PRESSURE LOAD

K Yeur

ga =kaey °(hw) =

8.91

15.00

10.00

Plant Storm Water Drainage Design Calculation

kN/m?

kN/m?

kN/m2

For calculating the earth pressure load on the side walls , it is assumed that the ground water table is at FGL

conservatively.

Unit weight of soil
Angle of repose
Unit weight of water

Soil submerged density,
coefficient for surcharge pressure
Soil active pressure coefficient,
ka = tan ® (45 - @/2) for o =30deg

Ground water table
The height of wall below GL
Depth of the base slab

Total Height of wall inside Ground water table

a. Active pressure due to ground water, qw

'

b. Active pressure due to submerged soil , g's

Total Lateral pressure due to submerged soil on drain wall

(v) Buoyancy force on slab gp =
(In Staad Applied under as seperate load case)

= 18 kN/m°
= 30 ¢
= 10 kN/m®
= 8 kN/m?
= 0.50
0.33
= 1.50 m from FGL
= 150 m
= 015 m
0.150 m
= Yo *(H)
= 1.50  kN/m2
- ka*y's * (H)
= 0.4  kN/m2
= 1.9 KN/m?
=gw *(h) = 1.50 kN/m2

Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

2.6.5 SEISMIC EARTH PRESSURE LOAD
Mononobe-Okabe Method :

Dynamic active earth thrust Pdae = Kaex yxH
Where Kae = seismic active earth pressure coefficient
Kae = cos®(d-W-0)
Sin(®+3) sin(®-W-p) °2 2
cos(W) cos?(8) cos(d3+6+¥) X 1 + cos(B-8)cos(d6+W+8)
Where ¢ = Angle of internal friction = 30 deg
0= Angle of friction between soil and wall = 0
= tan™ [ ky / (1-k,)] (Ref. Bowles book)
K = horizontal acceleration coefficient = 0.025g
g = gravitational accelaration = 9.810 m/s®
kp = 0.24525
ky = vertical acceleration coefficient = 0.16  (Considering 2/3 of Horizontal)
= tan™ [ ky / (1-k,)] = 3.918
= backfill slope angle = 20 deg
8= angle of backface to the wall with the vertical = 0 deg
: (Uniform earth fill)
Kae = COS (30-3.918-0)
sin(30+0) sin(30-3.918-0) 0512
c0s(3.918) cos?(0) cos(0+0+3.918) c0s(0-0)cos(0+3.918+0)
Kae = 0.807
0.995 X 1.545
Kae = 0.52
Dynamic active earth thrust Pdae = Kae x yxH
= 0.52x18x1.5
= 14.040 kN/m*
Active Earth pressure Pae = Kax yxH
= 0.333x18x 1.5
= 9.000 kN/m?
Coefficient of active earth pressure is Ka = 0.33
Therefore, the dynamic increment, = Pdae - Pae
= 14.04 -9
= 5.040 kN/m?
Additione 5.040 kN/m? is applied on the trench walls as a dynamic increment due to earth

pressure.

Seismic load on vertical direction (SL Y) (Section 12.4.2.2 of ASCE 7-10)

Ev= O'Q*SDS *DL
SDS = 0.094
Ev= 0.0188 D

Doc.No: 2-00- -CL-
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5.1.5 LOAD COMBINATION

(i)

iii)

Primary Loads

LOAD 1 DEAD LOAD (DL)

LOAD 2 ACTIVE LOAD DUE TO DRY SOIL (DASP)
LOAD 3 SURCHARGE PRESSURE (SP)

LOAD 4 INSIDE WATER PRESSURE (IWP)

LOAD 5 SEISMIC LOAD (SL+X)
LOAD 6 SEISMIC LOAD (SL+2)

LOAD 7 SEISMIC LOAD (SL-Y)
LOAD 8 UPLIFT LOAD

Service Loads

LOAD COMB 11 DL

LOAD COMB 12 DL+DASP+SP+0.75 IWP

LOAD COMB 13 DL+DASP+SP +0.70SL(+X)+0.70SL(-Y)
LOAD COMB 14 DL+DASP+SP -0.70SL(+X)+0.70SL(-Y)
LOAD COMB 15 DL+DASP+SP +0.70SL(+2)+0.70SL(-Y)
LOAD COMB 16 DL+DASP+SP -0.70SL(-Z)+0.70SL(-Y)
LOAD COMB 17 DL+DASP+SP+IWP+0.70SL(+X)+0.70SL(-Y)
LOAD COMB 18 DL+DASP+SP+IWP-0.70SL(+X)+0.70SL(-Y)
LOAD COMB 19 DL+DASP+SP+IWP+0.70SL(+Z2)+0.70SL(-Y)
LOAD COMB 20 DL+DASP+SP+IWP-0.70SL(+2)+0.70SL(-Y)
LOAD COMB 21 0.60 DL+0.70SL+X+0.70SL(-Y)

LOAD COMB 22 0.60 DL-0.70SL+X+0.70SL(-Y)

LOAD COMB 23 0.60 DL+0.70SL+Z+0.70SL(-Y)

LOAD COMB 24 0.60 DL-0.70SL+Z+0.70SL(-Y)

LOAD COMB 25 0.60 DL-0.70SL+Z+0.70SL(-Y)

Ultimate Loads

LOAD COMB 101 1.4DL

LOAD COMB 102 1.2DL+1.6DASP+1.6SASP+1.6SP

LOAD COMB 103 1.2DL+1.6DASP+1.6SASP+1.6SP+1.6IWP

LOAD COMB 104 0.9DL+1.6DASP+1.6SASP+1.6SP

LOAD COMB 105 0.9DL+1.6DASP+1.6SASP+1.6SP+1.6IWP

LOAD COMB 105 1.2DL+DASP+SP+1.0SL+X +1.0SL(-Y)

LOAD COMB 106 1.2DL+DASP+SP-1.0SL+X +1.0SL(-Y)

LOAD COMB 107 1.2DL+DASP+SP+1.0SL+Z +1.0SL(-Y)

LOAD COMB 108 1.2DL+DASP+SP-1.0SL+Z +1.0SL(-Y)

LOAD COMB 108 0.9DL+1.6DASP+1.6SASP+1.6SP+1.0SL+X+1.0SL(-Y)
LOAD COMB 108 0.9DL+1.6DASP+1.6SASP+1.6SP-1.0SL+X+1.0SL(-Y)

Plant Storm Water Drainage Design Calculation

Doc.No: BCC2-00-UGH-CL-C9910

D Rlm - D

43 of 406



%ﬁﬁf’%i . Plant Storm Water Drainage Design Calculation

e

LOAD COMB 109 0.9DL+1.6DASP+1.6SASP+1.6SP+1.0SL+Z+1.0SL(-Y)
LOAD COMB 109 0.9DL+1.6DASP+1.6SASP+1.6SP-1.0SL+Z+1.0SL(-Y)
LOAD COMB 110 1.2DL+DASP+SP+IWP+1.0SL+X +1.0SL(-Y)
LOAD COMB 111 1.2DL+DASP+SP+IWP-1.0SL+X +1.0SL(-Y)
LOAD COMB 112 1.2DL+DASP+SP+IWP+1.0SL+Z +1.0SL(-Y)
LOAD COMB 113 1.2DL+DASP+SP+IWP-1.0SL+Z +1.0SL(-Y)

The drain is analysed in STAAD pro
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5.2.7 Check for Base pressure

Plant Storm Water Drainage Design Calculation

_ Software licensed to Jurong Enginesring Limited
. CONNECTED User: kalyani rajnchan

Job No

Shest No

1

Rev

Pat PERIMETER DRAIN - 1.50m Deep

Jon Tile BCC-2 PROJECT

Haf

8 Mohan

Date5/5/2021

Chd Diana

Client

File Type-2 Drain design_1.5C

Date/Time 05.May-2021 17:47

Base Pressure Summary

Node L/C FX FY
(Nfmm® | (Nfmm?® | (N/mm?)

Max FX 1 11:DL+FL 0 0.049 0

Min FX 1 11:DL+FL 0 0.048 0

Max FY 271 19:DL+DASP+! 0 0.051 0

Min FY 276 23:0.60 DL-0.7 0 0.020 0

Max FZ 1 11:DL+FL 0 0.048 1]

Min FZ 1 11:DL+FL 0 0.048 0
Actual pressure = 51 kN/m?
Allowable pressure = 75 KkN/m?

Hence the actual pressure is less than the alllowable pressure.
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Plant Storm Water Drainage Design Calculation

5.2.8 Design of wall
? Job No Sheet No Rev
e B R org Engeering Limited Part PERIMETER DRAIN - 1.50m Deep
Job Tile BCC-2 PROJECT Ret
B Mohan Datesi5/2021 Chd Diana
Ctient File Type-2 Drain design_1.5(|Pa=Time 05.May-2021 17:47
Plate Cenier Stress Summary
Shear Membrane Bending
Plate L/c Qx Qy Sx Sy Sxy Mx My Mxy
(Nfmm® | (Nfmm®) | (imm®) | (vimm?) | (Nfmm®) | (KNmimy | kNm/m) | (KN msm)
MaxQx | 810 | 109:0.9DL+1.6 0.498 0.099 -0.255 -0.016 -0.056 14.148 4.561 -1.076
Min Qx 717 | 106:1.2DL+DA! -0.355 -0.067 -0.420 -0.005 -0.068 | -12.545 -3.220 0.981
MaxQy | 715 | 109:0.9DL+1.6 0.192 0.231 -0.227 -0.027 -0.043 10.998 2.832 0.112
Min Qy 716 | 106:1.2DL+DA: -0.157 -0.189 -0.315 -0.019 -0.128 -9.689 2,107 -0.106
Max Sx 810 | 106:1.2DL+DA 0.366 0.060 0.674 0.004 0.092 9.327 3142 -0.688
Min Sx 717 | 114:1.2DL=DA! -0.104 -0.027 -0.484 0.019 -0.071 -4.178 -1.007 0.402
Max Sy 811 | 110:0.9DL+1.61 0.137 -0.096 0.384 0.043 -0.157 6.663 1.793 -2.167
Min Sy 224 | 105:1.2DL+DA: 0.007 -0.178 0.005 -0.073 -0.009 2139 13.188 -0.236
Max Sxy | 715 | 106:1.2DL+DA: 0.141 0.167 0.347 0.029 0.287 6.956 1.817 0.291
Min Sxy | 812 | 109:0.9DL+1.6 -0.195 0.126 0.349 | 0.023732 -0.185 -8.849 -1.982 2.277
Max Mx | 810 | 109:0.9DL+1.6 0.498 0.099 -0.255 -0.016 -0.056 14.148 4.561 -1.076
Ilin Mx 717 | 106:1.2DL+DA: -0.355 -0.067 -0.420 -0.005 -0.068 | -12.545 -3.220 0.981
MaxMy | 206 | 105:1.2DL+DA: 0.001 -0.170 -0.006 -0.062 -0.012 2.217 13.233 -0.349
WMin My 229 | 109:0.9DL+1.6 -0.004 0.165 0.006 -0.046 -0.007 2093 | -12.879 -0.357
Max Mxy | 796 | 106:1.2DL+DA: -0.010 -0.008 -0.209 -0.007 -0.029 0.593 0.153 3.582
Min Mxy | 602 | 109:0.9DL+1.6 0.016 -0.004 -0.083 -0.019 -0.048 -0.615 -0.688 -3.477
|
Maximum Moment in X-Dir Mx = kNm/m
Corresponding Moment Mxy = kNm/m
Maximum Moment in Y-Dir My = kNm/m
Corresponding Moment Mxy = kNm/m
Corresponding Moment in X or Y-Dir My = kNm/m
Maximum Moment in XY-Dir Mxy = kNm/m
. . . 2
Maximum Shear Stess in X-Dir Sax = N/mm
. . . 2
Maximum Shear Stess in X-Dir Say = N/mm
Max. Ultimate bending moment Mu = My+Mxy = 15.226  kNm/m
Depth of section =
Width of Section =
Concrete Cover cc =
Concrete Grade fe =
Steel Reinforcement Grade fy =
Diameter of Reinforcement dia =
Spacing of Reinforcement S =
Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

Design Moment Muz/p =

Width considered b =
Effective Depth (tb-c-0.5f)=d = 144 mm
z assumed =d = 144 mm
As reqd = M/fy*z = 294 mm?%m
Provide DB 12-150 As prov. = 754 mm? /m
Distribution bar DB 12-150 As prov. = 754 mm?/m
Minimum area of reinforcement in ver dir req. = 0.0015*b*D (Table 11.6.1,ACI -318-14)
= 225 mm?%/m
< 754 mm®/m
Hence OK
Minimum area of reinforcement in Hor dir req. = 0.0025 * b*D (Table 11.6.1,ACI -318-14)
= 375 mm?/m
< 754 mm?/m
Hence OK
Check for Shear
Actual shear stress = Vu = 0.498 N/mm?
Allowable shear stress =
a) oV=00.17Asqri(f,) = 0.67 N/mm?

A=1.0 (Modification factor for normal wt of concrete)

Actual Shear stress Vu < ®Vc

Hence shear reinforcement is not required.
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Plant Storm Water Drainage Design Calculation

5.2.9 Design of Slab
Sedn P Brepes o Fow
1 &
b T, e, arnly & sat o Lvmtant P PERIAE TR DmAS: | 1.50m Dner
pnTEe BOCE PROMECT st
B RAchan DRt BRI 1 59 Digres
Chers Fir Type-@ Drain dasign_1.50 D985 05wy 2081 17:47
Plate Center Stress Summary
- — Siuagy - MWH@ . — Bamﬁr@g
Plate [ G (=30 S Sy Bay Bi= By Bimy
(i FIa T e dhlim) ey | (B | okBemden) | dRPd el
Bl % 218 1051 20080 T0ED (R a @ ] -15.838 -2 588 73 1
BAin Cix 17 1B 2l aA ~30E4 0,035 o & [ 12883 -2 225 A
Blew Ly 235 TR0 B0 1 8] DO0S G673 [ & (4] 15 604 -1.550 043D
e iy BEY 190 8001 8! piin ~L2ET o @ o -Z 245 -1 EER 3.502
bins He 219 1A et A ~3.011 [ER ey R [} % [ 24828 -3, DT G173
b 2= Rakid BRI v BAREL N LIRS G iy s 1] O 2] BAZR SR GITE
Ko S 419 AL 81 AR D] pRighchia iy o a1 0 G828 -0, BT FA7E
B By 41 101 4001 .50 <0301 [ERigicing bl By g 2] $428 -3 DT 4178
blimy Swy 415 FOEIT ALt AT S0 D303 2] i (] TAEE - T BITE
Vi Sy 218 U1 S0 1 -3.011 Da93013 4] @ [ GAZ3 -03.087 G178
Felme Bds 202 1 gt ADL .1 8l i -0, Bl 5] & i B.AFT 1484 43,20
B BAx 200 | 1neD Al .1 81| O OanEes 0022 i % o -1 5. 880 -2 T38 Ay
Fela Py 202 A1 S0 A ~E33 - 5 & [ BaTy HAGd -3 OED
Felliny By 240 0B 080l -1 81| 4.040819 .02 [ i ] 15,859 -2 738 G187
Films Bduy 382 1o E0L-1 51 P Recy 0327 [ & [ -5 250 BT 585
Bdin Bdwy 210 FOET 200 Dot -0 -0 ERE ] K ] -B. 334 -1 AST -~ GBS
I
Maximum Moment in X-Dir Mx =
Corresponding Moment Mxy =
Maximum Moment in Y-Dir My =
Corresponding Moment Mxy =
Corresponding Moment in X or Y-Dir Mx =
Maximum Moment in XY-Dir Mxy =
Maximum Shear Stess in X-Dir Sax =
Maximum Shear Stess in X-Dir Say =
Max. Ultimate bending moment Mu = My+Mxy =
Depth of section h =
Width of Section b =
Concrete Cover cc =
Concrete Grade flo =
Steel Reinforcement Grade fy =
Diameter of Reinforcement dia =
Spacing of Reinforcement S =
Design Moment Muz/o = 18.00 kNm
Width considered b = 1000 mm
Doc.No: BCC2-00-UGH-CL-C9910
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(i)
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Plant Storm Water Drainage Design Calculation

(th-c-0.5f)=d

Effective Depth = 69 mm
z assumed =d = 69 mm
As reqd = M/fy*z = 652 mm?%m
Provide DB 12-150 As prov. = 754 mm? /m
Distribution bar DB 12-150 As prov. = 754 mm? /m
Minimum area of reinforcement = 0.002*b*D (7.6.1.1,ACI 318-14)
= 300 mm?/m
< 754 mm?%m Hence OK
Check for Shear
Actual shear stress = Vu = 0.073 N/mm?
Allowable shear stress =
a) oV=00.17Asqrt(f,) = 0.67 N/mm?
A=1.0 (Modification factor for normal wt of concrete)
Actual Shear stress Vu < ¢Ve
Hence shear reinforcement is not required.
DB 12 - 150
@ e /
e =4 DB 12 - 150
e @ /
@ @
@ ]
@ @
@
()
DB 12 - 150
5.2.10 Design of Grating For Maintenance access
Live Load = 7.5 kN/m2
Max. Width of Drain (0.6+0.06) L = 0.66 m
Safe working stress of steel fy = 155.1 N/mm2  (0.66™y)
Load bar thickness B = 5 mm
Section Modulus S - B*H¥
Pitch of load bar p = 100 mm
Width of grating W = 500 mm
No. of load bars n = 5.50 Nos
Moment Ma = w8
= 0.408375 kNm
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Bending moment of section M= fy*S

Check for deflection

Deflection due to load

Allowable deflection L/200 or 10 mm
Hence safe in deflection.

Provide 35 x 5mm thk grating

Ms
Ms

Plant Storm Water Drainage Design Calculation

= 155*n*B*H 2/6
= 710.875 H?

5wL*/384El
0.47 mm
3.30 mm
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Plant Storm Water Drainage Design Calculation

DESIGN OF STORM WATER DRAIN AT ROAD CROSSING
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Plant Storm Water Drainage Design Calculation

5.0 Design of storm water drain at road crossing
5.1 For Depth of 1.50 m

The drain at road crossing is designed for maximum depth of 1.50 m and minimum width of 0.40 m wide.

1
X + +
==
P3
Earth Water Surcharge
pressure pressure pressure

5.1.1 Soil Parameters

Unit weight of soil = 18.00 kN/m*®

Angle of repose = 30 ¢

Unit weight of water w = 10.00 kN/m*

Soil density, 7s = 18.00 kN/m?®

Soil submerged density, y's = 8.00 kN/m®

Soil active pressure coefficient, ka = 0.33

Coefficient for surcharge, k = 0.50

Surcharge due to vehicle, Veur = 10 kN/m?

Ground water table hw = 1.50 m Below GL
5.1.2 Drain Parameters

Height of trench below GL h = 1.500 m

Height of trench above GL hil = 0.150 m

Width of drain w = 0.400 m

Wall & base thickness, t = 0.250 m
5.1.3 Material properties

Concrete strength, (cylinder strength) fic = 28 N/mm?2

Rebar strength, fy = 400 N/mm?

Minimum concrete cover, = 75 mm
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Plant Storm Water Drainage Design Calculation

5.1.4 Design of wall
For 1.50 m depth of drain
(i) Soil Load on Projected area of base slab =g (h) = 27.00 kN/m2
(i) Active pressure due to dry soil , ga =kaeg *(hw) = 8.91 kN/m?
(iii) Inside Water Pressure g'w=gw-(h) = 15.00 kN/m2
(iv) Surcharge pressure gp = K Qe = 5.00 kN/m2
(v) Buoyancy force on slab gp = =gw ¢(h) = 2.50 kN/m2

(In Staad Applied under as seperate load case)
H20-44 Vehicle load on each wheel P = 48 kN
(please refer to vehicle loading calcultion in the next page)

5.1.5 EARTH PRESSURE LOAD
For calculating the earth pressure load on the side walls , it is assumed that the ground water table is at FGL

conservatively.
Unit weight of soil V4 = 18 kN/m®
Angle of repose = 30 o}
Unit weight of water Y0 = 10  kN/m®
Soil submerged density, ¥'s = 8 kN/m*®
coefficient for surcharge pressure ks = 0.50
Soil active pressure coefficient, ka = 0.33
ka = tan % (45 - 9/2) for @ =30deg
Ground water table hw = 150 m
The height of wall below GL h = 150 m
Depth of the base slab Dy = 025 m
Surcharge load, q = 20.00 kN/m?
Total Height of wall H = 1.7 m
5.1.6 SEISMIC EARTH PRESSURE LOAD
Mononobe-Okabe Method :
Dynamic active earth thrust Pdae = Kaex yxH
Where Kae = seismic active earth pressure coefficient
Kae = cos*(®-Y-6)
sin(®+8) sin(®-V-B) 0
cos(¥) cos?(6) cos(5+6+¥) X { cos(B-8)cos(d+W+6) }
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iii)

zgé%@% Plant Storm Water Drainage Design Calculation

Seismic load on vertical direction (SL Y)

Ev = 0.2"Sps DL
SDS = 0.094

Ev 0.0188 D

LOAD COMBINATION

Primary Loads

LOAD 1 DEAD LOAD (DL)

LOAD 2 ACTIVE LOAD DUE TO DRY SOIL (DASP)
LOAD 4 SURCHARGE PRESSURE (SP)

LOAD 5 INSIDE WATER PRESSURE (IWP)

LOAD 6 SEISMIC LOAD (SL+X)
LOAD 7 SEISMIC LOAD (SL+2)
LOAD 8 SEISMIC LOAD (SL-Y)
LOAD 9 UPLIFT LOAD (UL)

Service Loads

LOAD COMB 11 DL

LOAD COMB 12 DL+DASP+SP+VL

LOAD COMB 13 DL+DASP+SP+0.75IWP+VL

LOAD COMB 14 DL+DASP+SP +0.70SL(+X)+0.70SL(-Y)

LOAD COMB 15 DL+DASP+SP -0.70SL(+X)+0.70SL(-Y)
LOAD COMB 16 DL+DASP+SP +0.70SL(+Z)+0.70SL(-Y)
LOAD COMB 17 DL+DASP+SP -0.70SL(-Z)+0.70SL(-Y)
LOAD COMB 18 DL+DASP+SP+IWP+0.70SL(+X)+0.70SL(-Y)
LOAD COMB 19 DL+DASP+SP+IWP-0.70SL(+X)+0.70SL(-Y)
LOAD COMB 20 DL+DASP+SP+IWP+0.70SL(+2)+0.70SL(-Y)
LOAD COMB 21 DL+DASP+SP+IWP-0.70SL(+2)+0.70SL(-Y)
LOAD COMB 21 0.60 DL+0.70SL+X+0.70SL(-Y)

LOAD COMB 22 0.60 DL-0.70SL+X+0.70SL(-Y)

LOAD COMB 23 0.60 DL+0.70SL+Z+0.70SL(-Y)

LOAD COMB 24 0.60 DL-0.70SL+Z+0.70SL(-Y)

LOAD COMB 24 0.80 DL+UL

Ultimate Loads

LOAD COMB 101 1.4DL

LOAD COMB 102 1.2DL+1.6DASP+1.6SP+1.6VL

LOAD COMB 103 1.2DL+1.6DASP+1.6SP+1.6IWP+1.6VL

(Section 12.4.2.2 of ASCE 7-10)
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Plant Storm Water Drainage Design Calculation

LOAD COMB 104 1.2DL+1.0DASP+1.0SP+1.0SL+X +1.0SL(-Y)
LOAD COMB 105 1.2DL+DASP+SP-1.0SL+X +1.0SL(-Y)
LOAD COMB 106 1.2DL+DASP+SP+1.0SL+Z +1.0SL(-Y)
LOAD COMB 107 1.2DL+DASP+SP-1.0SL+Z +1.0SL(-Y)
LOAD COMB 108 0.9DL+1.6DASP+1.6SP+1.0SL+X+1.0SL(-Y)
LOAD COMB 109 0.9DL+1.6DASP+1.6SP-1.0SL+X+1.0SL(-Y)
LOAD COMB 110 0.9DL+1.6DASP+1.6SP+1.0SL+Z+1.0SL(-Y)
LOAD COMB 111 0.9DL+1.6DASP+1.6SP-1.0SL+Z+1.0SL(-Y)
LOAD COMB 112 1.2DL+DASP+SP+IWP+1.0SL+X +1.0SL(-Y)
LOAD COMB 113 1.2DL+DASP+SP+IWP-1.0SL+X +1.0SL(-Y)
LOAD COMB 114 1.2DL+DASP+SP+IWP+1.0SL+Z +1.0SL(-Y)
LOAD COMB 115 1.2DL+DASP+SP+IWP-1.0SL+Z +1.0SL(-Y)
LOAD COMB 116 1.4DL+1.4UL

The drain is analysed in STAAD pro

Vehicle Loading

As per the department of Highways (Thailand) Regulation and as per the specification

The Maximum wheel load is for H20-44 where the load is transferred by two wheels on each axle.
The maximum load is 14.5 T (32000 LBS on Each axle) transferred from the dual type tyre
Therefore the load transferred through one wheel = 14.5/4 = 3.625t

Considering the 30% impact load = 3.625x(1+0.3) = 4.7125T
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Plant Storm Water Drainage Design Calculation

5.1.9 Check for Base pressure
Job Mo Sheel No Rav
20054 1 A
ftware icensad to Jurong Enginesring Limited , )
ONNECTED Ul otar PaDRAIN - Road crossing
dobTite BCC-2 PROJECT Ref
B Mohan Dated-Jun-19 ©% Digna
Clent - BCC-2 Fie Type -3 Drain Design- Ro{Dafemmﬂ 12:May-2021 13:22
Base Pressure Summary
Node LIC FX FY FZ
(Nmm?) | (Nmm®) | (Nimm?)
Max FX 1 [ 101:DL+IWP 0 0.046 0
Min FX 1 [ 101:DL+IWP 0 0.046 0
MaxFY | 314 | 110:DL+DASP- 0 0.073 0
MinFY | 678 | 111:0.6DL+DAS 0 0.020635 0
Max FZ 1 [ 101:DL+IWP 0 0.046 0
Min FZ 1 [ 101:DL+IWP 0 0.046 0

73 kN/m?

Il

Actual pressure

Allowable pressure = 75 kN/m?

Hence the actual pressure is less than the alllowable pressure.
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Plant Storm Water Drainage Design Calculation

5.5 Design of Grating

(i) Load on Wheel P = 48 kN
Width of Drain (0.4+0.06) L = 0.46 m
Safe working stress of steel fy = 155.1 N/mm2
Impact factor (30%) | = 0.3
Load bar thickness B = 6 mm
Section Modulus S = B*H6
Pitch of load bar p = 30 mm
Tyre contact Width X = 500 mm
Tyre contact length(dual wheel) Y = 450 mm
Width of grating w = 450 mm
No. of load bars n = 15.50 Nos
Dual wheel
/
|
- — <=760
100
<—>
30
200 50 200 30
>
450 460
<>
30
30

The width of load transferred is more than 450mm and hence 700mm wide grating is considered for
the design. 55X6 Flat bars are interconnected by cross bars and 700 width act as one element.

Moment Ma = P (1+1)*(L/4-X/8)
= 3.276 kNm
Bending moment of section M= fy*S = 155" n*B*H"2/6
Ms = 2404.05 H
Ms = Ma
H = 37 mm
<
ii) Check for deflection
Deflection due to point load d = PL%/48El
= 0.38 mm
Allowable deflection L/200 or 10 mm = 2.30 mm

Hence safe in deflection.

Provide 65 x 5mm thk grating
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Plant Storm Water Drainage Design Calculation

S ]
Jisky b Bhwpet My Hip
20054 1 A
i b ol P21DRAIN - Road crossing
JebTite BOO-2 PROJECT Ret
B Mohan bBati24. Jun-19 St Diana
Gt BCC-2 Fle Type -3 Drain Design- Ro| P=T™e 12-May-2021 13:22
Plate Center Stress Summary
Shear Membrane Bending
Plate L/C Qx Qy Sx Sy Sxy Ix My Bxy
(Wmm® | e | (Nmm®) L mm® | Nrmm®) | RN ) | iy | (RN )
Max Ox 420 203:1.20L+1.2 0.071 -0.004 o 0 0 -2.883 -0.066 0.287
Iins O 415 203:1.20L+1.2 -0.671 -0.004 o 0 O -2.845 -0.074 -0.282
Pdax Oy 237 209:6.90L+1 8 0.008 0.018 o 0 4] -14.326 -0.928 0128
Wi Qy 417 208:09DL1 .8 0.008 -0.018 [ a O -14.326 -0.928 (128
hiax Sx 842 201:1.40L 0.004 0.000 g 0 0 1108 -0.045 0.008
Min Sx 842 201:1.4DL 0.004 0.000 1] 0 g -0.108 -0.045 (L0058
Max Sy 842 201:1.4DL 0.004 0.000 o 0 3] -0.108 -0.045 0.008
Min Sy 842 201:1.40L 0.004 0.000 o g 4] -0.108 -(.045 0.008
fdax Sxy 842 201:1.4DL 0.004 2.000 & [ 0 -0.108 -0.045 0.008
Min Suy 842 201:1.40L 0.004 0.000 0 a g -0.108 -0.045 0.008
hax Mx 184 211:0.900L41 81 -0.001 0.000 0 0 0 2.764 0.473 -0.000
Win B 344 209:0.90L+1.8 0.023 -0.000 o a 0 -15.141 -2.574 0.008
Max My 184 211:0.80L+1.5] -0.001 0.000 0 0 0 2.784 0.473 -(L000
Min by 344 205:0.90L+1.8 0.023 -0.000 [ a O -15.141 -2.574 0.008
Max Wy 236 208:0.8DL+1.81 0.013 0018 ] 0 O -14.624 -1.441 0.379
din Mxy 418 209:0.9DL+1.8 0.013 -0.018 1] 0 g -14.624 -1.441 -0.379
i
DESIGN FOR BENDING MOMENT
Maximum Moment in X-Dir Mxx =
Mxx = [Max Mx| + |[Mxy| = 15.141 + 0.006
Maximum Moment in Y-Dir
Myy = [Max My] + [Mxy| = 2.574 + 0.006
Maximum Moment in XY-Dir
Mxy = |[Max Mxy| + |[Mx or My| = 0.380 + 14.624
Maximum Shear Stress in X-Dir Sax = N/mm?*
. . . 2
Maximum Shear Stress in Y-Dir Sqy = N/mm
. 2
Max. Ultimate Shear Stress Vu = max (Sqx, Say) = N/mm
Max. Ultimate Bending Moment Mu = max(Mxx, Myy, Mxy) = kNm/m
Depth of section h = . mm
Width of Section b = . mm
Concrete Cover cc = - mm
Concrete Grade fiy = N/mm?*
Steel Reinforcement Grade f, = ~ N/mm*
Diameter of Reinforcement dia = mm
Spacing of Reinforcement S = mm
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Plant Storm Water Drainage Design Calculation

DESIGN FOR THICKNESS AND REINFORCEMENT

Strength reduction factor (¢) Flexure (Table 21.2.1 . ACI 318-14)
Shear (Table 21.2.1 . ACI 318-14)
Factor Use B1 0.850
where: B1 (if fc's 28MPa) = 0.85
B1 (if fc'> 28MPa) = 0.85 - 0.05/7(fc'-28)
B > 0.65
Design Moment Muz/¢ = 16.83 kNm
Width considered b = 1000 mm
Effective Depth (h-cc-dia-0.5dia) =d = 157 mm
z assumed = least of 0.9*d or d - 0.5%a
0.9°d = 141.3 mm
a = Asy,, Ty/(0.85%c™b)
= 12.672 mm
d-0.5%a= 150.664 mm
therefore, z assumed = 141 mm
As reqd = M/fy*z = 298 mm?/m
Provided steel reinf. DB 12-150 ASproy. = 754 mm* /m
> 298 Hence OK
Minimum area of reinforcement req. Aspmin = 0.002*b*d  (76.1.1.ACI318-14)
= 500 mm?/m
Maximum area of reinforcement req. ASmax = 0757 p,"b*d
P = 0.85%B1*fc'*600/[fy* (600+fy) ]
= 0.0303
ASpax = 3573 mm“/m
Asin < ASprov. < AShax Hence OK

CHECK FOR ONE-WAY SHEAR

Actual shear stress Vu = 0.071 N/mm?
Strength reduction factor for Shear 0y = 0.75
d = 157 mm
Shear strength oV, = ¢, 0.17V fc
oV, = 0.67 N/mm?

Shear force is less than Shear strength, O.K.
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5.3

Plant Storm Water Drainage Design Calculation

=
DESIGN OF WALL
Jiob Mo Sheel b Py
20054 1 A
oftware licensed 10 Jureng Enginesding Limites " . . .
| COMNEGTED Lser kaalyzrd samchan PEORAIN - Foad crossing
JobTite BCC-2 PROJECT Piet
By piohan Patezg-Jun-19 Shd Diana

Client

BCC-2

File Type -3 Drain Design- Ro|DeeTme {2 0May-2021 13:22

Plate Center Stress Summary

Shear Membrane Bending
Plate Lc Qy Sx Sy Sxy BMx My My
mm®y | emm® D Nfmm® L emm® | mm®) | RN i) | N mem) | RN e
tax Ox 242 | 208:0.9DL+1.8 0.007 -0.058 0.000 -0.018 0.004 0.257 7801 -0.000
Min Ox 422 | 209:0.9DL+1.6) -0.007 -0.058 0.000 -0.018 -1.004 0257 7801 0.000
Max Qy | 228 | 209:0.9DL+1.8 -0.004 0.084 -0.001 -0.040 -0.001 1808 | 11527 0,175
nhins Cry 223 | 209:0.9DL+1.6 0.005 -0.090 -0.000 -0.040 -0.001 1.939 12364 0.191
Max Sx 585 | 203:1.2DL+1.2 0.000 0.000 0.027 -0.003 -0.000 -0.005 0,000 -0.000
in Sx 504 | 203:1.200L+1.2 -0L000 -0.000 -0.339 0608 0.000 0.019 0.001 -0.003
Max Sy 587 | 203:1.2DL+1.2 0.000 -0.000 0.00% 0.003 0.000 0.001 0,000 0.000
tin Sy 594 | 2023:1.2DLe12 -0.000 -0.000 -0.338 -0.609 0.000 0.019 0.001 -0.603
Max Sxy | 592 | 203:1.20L+1.2 -0.000 -0.000 0192 0315 0.196 0.010 0.001 -0.002
Min Sxy | 812 | 203120012 0.000 -0.000 -0.192 0,315 -0.196 0.010 0.001 0.002
Rbax hix 295 | 209:0.9DL+1.6 0.000 -0.085 -0.005 -01.033 0.000 2.125 12.495 0.005
Blin Mix 300 | 209:0.90L4+1 8 -0.000 0.079 -0.065 -0.033 0.000 -1.981 | -11.649 -0.005
Tz Wy 331 | 209:0.9DL+1.6l -0.000 -0.085 -0.005 -0.033 0.001 2124 12,499 0.004
Min My 336 | 208:0.9DL+1 8l 0000 | 0.079435 -0.005 -0.033 0.001 -1.980 |  -11.653 -0.005
Max Mxy | 241 | 209:03DL+1 6 0007 -0.071 0.008 -0.018 0.008 1.376 12,161 0.526
Min My | 421 | 2080900416 0,007 -0.071 0.008 0.018 -0.008 1.376 12161 -0.526
i
DESIGN FOR BENDING MOMENT
Maximum Moment in X-Dir Mxx =
Mxx = |Max Mx| + [Mxy| = 2.130 + 0.005
Maximum Moment in Y-Dir Myy =
Myy = [Max My| + |[Mxy| = 12.500 + 0.004
Maximum Moment in XY-Dir Mxy = "kNm/m
Mxy = [Max Mxy| + |Mx or My| = 0.526 + 12.161
. . . : 2
Maximum Shear Stress in X-Dir Sax = N/mm
. B . : 2z
Maximum Shear Stress in Y-Dir Sqy = N/mm
. 2
Max. Ultimate Shear Stress Vu =max (Sax, Sqv) = N/mm
Max. Uliimate Bending Moment Mu = max(Mxx, Myy, Mxy) = kNm/m
Depth of section h = mm
Width of Section b = mm
Concrete Cover cc = mm
1 i 2
Concrete Grade ffo = - N/mm
. i 2
Steel Reinforcement Grade f, = N/mm
Diameter of Reinforcement dia = 12 mm
Spacing of Reinforcement S = 150 mm
Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

DESIGN FOR THICKNESS AND REINFORCEMENT

Strength reduction factor (¢) Flexure Table 21.2.1, ACI 318-14)
Shear Table 21.2.1 , ACI 318-14)
Factor Use B1 = 0.8500
where: B1 (if fc's 28MPa) = 0.85
B1 (if fc'> 28MPa) = 0.85 - 0.05/7(fc'-28)
B1 > 0.65
Design Moment Muz/¢ = 14.10 kNm
Width considered b = 1000 mm
Effective Depth (h-cc-dia-0.5dia) =d = 157 mm
z assumed = leastof 0.9°dord-0.5"a
0.9'd = 141.3 mm
a = AsyTy/(0.85%c™b)
= 12.672 mm
d-0.5%a= 150.664 mm
therefore, z assumed = 141 mm
As reqd = M/y*z = 249 mm?/m
Provided steel reinf. DB 12-150 ASproy. = 754 mm*/m
> 249 Hence OK
Minimum area of reinforcement in ver dir req. = 0.0015*b*D/2  (Table 11.6.1,ACI -318-14)
= 188 mm?%m
< 754 mm?/m
Hence OK
Minimum area of reinforcement in Hor dir req. = 0.0025*b*D/2  (Table 11.6.1,ACI -318-14)
= 313 mm?/m
< 754 mm?/m
Hence OK
Maximum area of reinforcement req. Aspax = 075" p,"b*d
Pp = 0.857"B1*fc' *600/[fy* (600+fy) ]
= 0.0303
ASmax = 3573 mm®/m
ASin < Asprov, < Asmax Hence OK
CHECK FOR ONE-WAY SHEAR
Actual shear stress Vu = 0.09 N/mm?
Strength reduction factor for Shear o, = 0.75
d = 157 mm
Shear strength oV, - ¢, 0.17V f'c
oV, = 0.67 N/mm?

Shear force is less than Shear strength, O.K.
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Plant Storm Water Drainage Design Calculation

DESIGN OF 900mm WIDE DRAIN

Doc.No: BCC2-00-UGH-CL-
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Job No Sheet No Rev
20054 1 A
Soft li dto J Engi ing Limited .
ol | CONNEGTED User. kalyan! rajmonan PartINLET DRAIN -2 750mm wide
JobTitle BCC 2 PROJECT Ref
BY Mohan Date3/24/2021 Chd AS
Client  BCC 2 File Drain width 0.900 m _Re\I Date/Mime {g-jyl-2021 20:01

&

Whole Structure 900 Wide Drain

Node Numbers_800 Wide Drain

Print Time/Date: 22/07/2021 10:33 STAAD.Pro CONNECT Edition 22.04.00.40 Print Run 1 of 6
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Job No Sheet No Rev
20054 2 A
| Soft li dtoJ Engineering Limited 3
| CONNEGTED User. kalyan rajmohan PartINLET DRAIN -2 750mm wide
Job Title BCC 2 PROJECT Ref
BY Mohan Date3/24/2021 Chd AS
Client  BCC 2 File Drain width 0.900 m _Rey|Date/Time {9 jyl-2021 20:01

204536 5842
459 1E23 537 585+
v 123+ 88 + 532+ 586+

2 o 374 411

392 429
ieda 53 410

Plate number_900 Wide Drain

f’zx
¥
2o

e
e

&

Plate Numbers_900 Wide Drain

Print Time/Date: 22/07/2021 10:33 STAAD.Pro CONNECT Edition 22.04.00.40
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Job No Sheet No Rev
20054 3 A
fiware licensed to J Engineering Limited -
CONNECTED User. k;ir;;ng. ra?r%lgr?::\ing e PartINLET DRAIN -2 750mm wide
Job Title BCC 2 PROJECT Ret
By Mohan Date3/24/2021 Chd AS
Client  BGG 2 File Drain width 0.900 m _Rey|PaterTime 19_jul-2021 20:01

R1:0.15m
R2:0.15m
R3:0.15x 0.15m

&

Member property 900 Wide Drain

&

1 SEISMIC LOAD X DIR_900 Wide Drain
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Job No Sheet No Rev
20054 4 A
Soft li d to J Engi ing Limited N
s CONNEGTED User. kalyam ramonan Parl[NLET DRAIN -2 750mm wide
JobTitle BCC 2 PROJECT Ref
BY Mohan Date3/24/2021 Chd AS
Client  BCC 2 File Drain width 0.900 m _Rey|PateTime 1g.jyl-2021 20:01

m2.

B égs,manmz
%G;N.m s,
o

]

&

2 SEISMIC LOAD Z DIR_900 Wide Drain

4 ACTIVE SOIL PRESSURE DUE TO DRY SOIL (DASP)_900 Wide Drain
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JobTile BCC 2 PROJECT Ref
BY Mohan Date3/24/2021 Chd AS
Client  BCC 2 File Drain width 0.900 m _Rey|Date/Time {g_jy|-2021 20:01

2015 N'mm2
015 N'mm2

2015 N/mm2

xeng2

&

5 INSIDE WATER PRESSURE (IWP)_900 Wide Drain

&

7 LIVE LOAD_800 Wide Drain

Print Time/Date: 22/07/2021 10:33 STAAD.Pro CONNECT Edition 22.04.00.40 Print Run 5 of 6

QSS‘ES:_B,_.,CC2'OO'UGH'CL'CQQ1O 29 of 406



‘e G G G G

Job No Sheet No Rev
20054 6 A
ft li d to J Engi ing Limited N
CONNECTED User. kalyam rajmohan Part [NLET DRAIN -2 750mm wide
JobTitte BCC 2 PROJECT Ref
By Mohan Dateg/o4/2021 Chd pog -
Client  BCC 2 File Drain width 0.900 m _Rey|Date/Time 19.Jy|-2021 20:01

mm2
N/mm2

o

12 [ mir@002 N/mm2
q@@OQ Mimn2

-

8 UPLIFT LOAD_900 Wide Drain
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Plant Storm Water Drainage Design Calculation

6.3 CHECK FOR BASE PRESSURE
Joh Title BCC 2 PRQJECT Rai
B Mohan Date3/04/2021 Chd AS
Clent  BCC 2 Fle Drain width 0.900 m _Rey|PateTme 49.y1-2021 19:39
Base Pressure Summary
Node Lc FX FY FZ
(Nfmm?) | (Nfmm?) | (Nimm?)

)
Max FX 101:1DL+1FLY 0 0.030
Min FX 101:1DL+1FLY 0 0.030
MaxFY | 489 | 108:DL+SP+W 0 0.043
0
0
0

MinFY | 278 | 112:0.60 DL+S 0.005
Max FZ 3 | 1011DL+1FLY 0.030
Min FZ 3 | 101:1DL+1FLT 0.030

Lon 3 B oe T B e B v 3 B e 8 B e }

From the above Base Pressure Summary Table

43.000 kN/m?

Maximum Base pressure on foundation

5.000 kN/m?

I

Minimum Base pressure on foundation

Hence the base pressure on the foundation is with in the allowable bearing capacity of soil and
there is no tension exist. Hence safe
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Plant Storm Water Drainage Design Calculation

o
6.4 DESIGN OF BASE SLAB
sk T BOG 2 PROJECT Fied
B Bohan Begipdse0z B AG
Giemt B2 File Drain width (.200 m _Rey Pa=Time 1g.500-2021 20:01
Plate Center Stress Summary
Shear Edembrane Bending
Plate v Ox Qy Sx Sy Sxy Bix Ty Muy
Mimms | remm® | pemm | ety | NemmSy | gedmim) | kNmem) | kN e
Beon O 768 | 208:0.90L41.65 0.0%6  (.053782 0 [ o -1.,707 -2.258 0,995
Wirs Qi 203 | 212:1.2DL+SP. -0.111 -0.016 a o 0 -2.587 -1.667 -0.553
Wax Ty 221 | 208:0.9DL+1.6 -0.075 0.130 0 ] 0 -4.024 -2.000 0.031
Y¥in Gy 182 | 208:0.90L+1.6 0.022 -0.089 a i o -5.006 -1.085 -1.667
Max Sx 875 | 201:1.40L47.4 -0.007 0,003 4 I o 0.729 7.237 -0.098
Win Sx 875 | 201:1.40L+1.4 -0.007 -0.003 0 ] 1 0.729 7237 -0.038
M Sy 875 | 201:1.40L+1.4 -0.007 L0003 a ] o 0729 7.237 -0.098
Min Sy 875 | 201:1.40L41.4 -0.007 -0.003 a o o 0.729 7.237 -0.0%8
Mex Sxy | 875 | 2071:1.4DL+1.4 -0.007 -0.003 a ) 0 0.729 7.237 -0.088
MinSxy | 875 | 201:1.4DL+1.4 -0.007 -0.003 0 [ ¥ 07289 7.237 -0.088
Max Mx | 418 | 201:1.400L+1.4 0,022 | 0010067 ] o o 7.836 04.175 -0.165
Min W 344 | 208:0.90L+1.6 0.D46 -0.034 0 I o -13.382 -2.294 -0.587
Max My | 875 | 2011 .4DL+1.4 -0.007 -0.003 0 [ o 0.729 7.237 -0.088
Wi By 875 | 210:0.90L+1.6 0.019 -0.057 0 o [ -1.553 | -11.830 -0.072
Max May | 770 | 219:0.9DL+1.6 0.023 0.022 0 i) ¥ -0.723 -4.138 1,167
Wi Mxy | B854 | 208:0.90L+18 -0.010 0.048 0 o 0 -1.0B1 117 -2.216
]
DESIGN FOR BENDING MOMENT
Maximum Moment in X-Dir Mxx = kNm/m
Mxx = |[Max Mx| + [Mxy| = 13.400 + 0.597
Maximum Moment in Y-Dir Myy = - kKNm/m
Myy = [Max My| + [Mxy| = 11.830 + 0.072
Maximum Moment in XY-Dir Mxy = -~ kNm/m
Mxy = |[Max Mxy| + |[Mx or My| = 2.216 + 1.061
. . . 2
Maximum Shear Stress in X-Dir Sax = N/mm
. . . 2
Maximum Shear Stress in Y-Dir Sqy = N/mm
. 2
Max. Ultimate Shear Stress Vu = max (Sqx, Sav) = N/mm
Max. Ultimate Bending Moment Mu = max(Mxx, Myy, Mxy) = ~ kNm/m
Depth of section h = . mm
Width of Section b = -mm
Concrete Cover cc = mm
' ¢ 2
Concrete Grade fo = N/mm
. 2
Steel Reinforcement Grade f, = N/mm
Diameter of Reinforcement dia = mm
Spacing of Reinforcement S = mm

Egs.ﬁg:_BDCCZ-OO-UGH-CL-CQQ’I 0 82 of 406
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%f%% Plant Storm Water Drainage Design Calculation

- —— -
DESIGN FOR THICKNESS AND REINFORCEMENT
Strength reduction factor () Flexure (Table 21.2.1, ACI 318-14
Shear (Table 21.2.1 , ACI 318-14
Factor Use B1 =
where: B1 (if fc's 28MPa) = 0.85
B1 (if fc'> 28MPa) = 0.85 - 0.05/7(fc'-28)
B1 > 0.65
Design Moment Muz/¢ = 15.55 kNm
Width considered b = 1000 mm
Effective Depth (h-cc-0.5dia) =d = 69 mm
z assumed = leastof 0.9*d ord - 0.5%a
0.9*d = 62.1 mm
a = Asy,, fy/(0.85%c™b)
= 12.672 mm
d-05%a= 62.664 mm
therefore, z assumed = 62 mm
As reqd = M/fy*z = 626 mm?%m
Provided steel reinf. DB 12-150 ASprov. = 754 mm* /m
> 626 Hence OK
Minimum area of reinforcement req. Aspmin = 0.002*b*d (7.6.1.1,ACI 318-14)
= 300 mm?®m
Maximum area of reinforcement req. Aspax = 075" p,*b*d
Py = 0.85*B1*fc'*600/[fy* (600+fy)]
= 0.0303
ASpax = 1570 mm*/m
ASin < Aspron. < ASmax Hence OK
CHECK FOR ONE-WAY SHEAR
Actual shear stress Vu = 0.13 N/mm?
Strength reduction factor for Shear 0y = 0.75
d = 69 mm
Shear strength oV, - ¢, 0.17V f'c
OV, = 0.67 N/mm?

Shear force is less than Shear strength, 0.K.

Doc.No: BCC2-00-UGH-CL-C9910
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6.5 DESIGN OF WALL

Plant Storm Water Drainage Design Calculation

Jab T AOG 2 PROJECT

Faf

B¢ Michan

Dakg24/2021

Chd AS

Thiont BLC 2

Fig Drain width 0.900 m _Res

Duta Tirree 1@.5(}]—2{}‘23 2001

Plate Center Stress Summary

Shear Fembrane Bending
Plate Lc Qx Oy Sx Sy Sxy fitx Ny Mzy
Nimm) | (Nmm® | emmt) | e | mm®) | (k) | (kN mem) | (BN mm)
Wax O 732 210:0.9DL+1.8 0.182 -0.168 -3.185 -3.042 0.047 -5.792 2757 -[1,282
Wiin O 887 | 208:0.900L+1.6 -0.163 0.056 <3128 0.007 0.002 9.605 1314 1.560
WMax Oy 45 | 2700900416 -0.0G0 0.147 | 0017789 -0.080 0.003 -1.556 -8.224 -0.353
#in Qy 732 ) 2100900416 0192 -0.188 -3.185 -0.042 0.041 -5.792 -2.757 -0, 282
Max S B02 | 208:080L41.6 0.054 0.064 0.164 0.032 -0.061 -4.218 IR -1.40%
Win Sx 813 | 2080900416 0.0 0013 0,200 -1.014 -0.018 -3.719 -1.009 -1.123
héax Sy 18 2100900416 -0.108 -0.001 3,158 0.107 -0.043 6.878 -1.328 {.685
Min Sy 211 204:1. 20 5P -0,051 0.126 0,158 1,235 -0.084 -0.541 -2.032 £.358
Mz Say G000 | 209:080L41.6 0,103 0.001 -8.130 -0.060 0122 -5.131 -804 -1.464
Win Say 194 | 208:0.90L+41.6 0.003 0.004 304 -0.078 0.116 -1.536 -(.408 -BET
Plax My 287 2050000416 0163 0.036 3,126 0007 p.ogg 9.605 1.316 1.560
in 815 | 208:089DL+1.8 0.134 0026 -0.1497 3528 -0.001 -10.998 -1.420 {408
fax iy 350 2083:090L41.6 0.000 -0.154 -1004 -0.045 (.006 1,845 9.986 808
Min Ky 4tg ) 208:0.900L41.6 0.007 0.135 3008 -3.055 0005 -1.550 -8.525 £.418
Wax May 208 | 2080900418 -0.015 -0.005 -3.074 4.00 0,036 -0.562 -3.9249 4.353
Iir Ry 735 210080416 0.023 -0.025 041 007124 0.033 -1.337 3.808 -3.278
1
DESIGN FOR BENDING MOMENT
Maximum Moment in X-Dir Mxx = KkNm/m
Mxx = [Max Mx| + [Mxy| = 10.996 + 0.406
Maximum Moment in Y-Dir Myy = kNm/m
Myy = [Max My| + |Mxy| = 9.986 + 0.809
Maximum Moment in XY-Dir Mxy = ~ kKNm/m
Mxy = |Max Mxy| + |Mx or My| = 4.353 + 0.929
Maximum Shear Stress in X-Dir Sax = N/mm*
Maximum Shear Stress in Y-Dir Sqy = N/mm?
Max. Ultimate Shear Stress Vu = max (Sgx, Say) = N/mm?
Max. Ultimate Bending Moment Mu = max(Mxx, Myy, Mxy) = kNm/m
Depth of section h = mm
Width of Section b = mm
Concrete Cover cc = mm
Concrete Grade flo = ~ N/mm*
Steel Reinforcement Grade f, = ~ N/mm?
Diameter of Reinforcement dia = 12 mm
Spacing of Reinforcement S = - 150 ‘mm
Ecj‘cl.lh\!?‘.I?DCCZ-OO~UGH-CL-0991O 84 of 406
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Plant Storm Water Drainage Design Calculation

DESIGN FOR THICKNESS AND REINFORCEMENT

Strength reduction factor () Flexure = Table 21.2.1 , ACI 318-14)
Shear = Table 21.2.1 , ACI 318-14)
Factor Use B1 = 0.8500
where: B1 (if fc's 28MPa) = 0.85
B1 (if fc'> 28MPa) = 0.85 - 0.05/7(fc'-28)
B1 > 0.65
Design Moment Muz/¢p = 12.67 kNm
Width considered b = 1000 mm
Effective Depth (h-cc-0.5dia) =d = 69 mm
z assumed = |eastof 0.9*dord-0.5%a
0.9'd = 62.1 mm
a = AsyTy/(0.85%c™b)
= 12.672 mm
d-05"a= 62.664 mm
therefore, z assumed = 62 mm
As reqd = Mffy*z = 510 mm?/m
Provided steel reinf. DB 12-150 ASpoy. = 754 mm* /m
> 510 Hence OK
Minimum area of reinforcement in ver dir req. = 0.0015*b*D/2  (Table 11.6.1,ACI -318-14)
= 113 mm?/m
< 754 mm?/m
Hence OK
Minimum area of reinforcement in Hor dir req. = 0.0025*b*D/2  (Table 11.6.1,ACI -318-14)
= 188 mm?/m
< 754 mm?/m
Hence OK
Maximum area of reinforcement req. ASmax = 0.75%py,*b~*d
Pp = 0.85*B1*fc'*600/[fy* (600+fy) ]
= 0.0303
ASmay = 1570 mm®/m
ASmin < ASprov. < ASmax Hence OK
CHECK FOR ONE-WAY SHEAR
Actual shear stress Vu = 0.192 N/mm?
Strength reduction factor for Shear dy = 0.75
d = 69 mm
Shear strength oV, = b, 0.17V f'c
A = 0.67 N/mm?

Shear force is less than Shear strength, O.K.
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Plant Storm Water Drainage Design Calculation

DESIGN OF MANHOLE _TYPE -1
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Plant Storm Water Drainage Design Calculation

7.1 DESIGN LOADS FOR MANHOLE-TYPE-1 (Upto 1.0m Depth)
7.1.1 DEAD LOAD

Self wt of structure will be generated by STAAD itself

Checkered Plate Cover (6mm thk) =

N/m?

7.1.2 LIVE LOAD

Live load on Cover = N/m?
7.1.3 HYDRO LOAD
FULL CONDITION:

Height of wall
Max. water level inside, h,, max

10.00 kN/m°
Yw X th
10.000 kN/m?

Lateral pressure due to water inside is applied on all the sides of the wall

Unit weight of water, v,

1l

Vertical Pressure on base slab

]

Lateral pressure due to water on top of wall = Yo X Ny
where: hy; = 0m = 0.000 kN/m?
Lateral pressure due to water on bottom side wall = Yo X Pz
where: hy, = Tm = 10.000 kN/m?
The load is applied in STAAD as lateral load ranging from 0 kN/m? to 10.000 kN/m?

UPLIFT CONDITION:
(ground water table at 1.50m)
Height of wall, h

Unit weight of water, 7, N/m?®

YwX h
115  kN/m?

Vertical Uplift Pressure on base slab

7.1.4 EARTH PRESSURE LOAD

For calculating the earth pressure load on the side walls , it is assumed that the ground water table is at FGL
conservatively.

Unit weight of soil v N/m®
Angle of repose

Unit weight of water V0 N/m®
Soil submerged density, ys = 8 kN/m®

coefficient for surcharge pressure

Soil active pressure coefficient,

ka = tan?(45-9/2) for o =30deg

Bcr:\)‘cl.ﬂg:.BDCCZ-OO—UG H-CL-C9910 87 of 406



Plant Storm Water Drainage Design Calculation

Ground water table hw
from FGL
The height of wall below GL h
Depth of the base slab Dys
Surcharge load, q
Total Height of wall H = 1.00 m
a. Load due to surcharge = ks*q
= 50  kN/m?
b. Active pressure due to dry soil , ga =kaeg <(hw) = 6.00 kN/m?
7.1.5 SEISMIC EARTH PRESSURE LOAD
Mononobe-Okabe Method :
Dynamic active earth thrust Pdae = Kaex yxH
Where Kae = seismic active earth pressure coefficient
Kae = cos’(®--6)
sin(®+3) sin(®d-W-p) | 2
cos(¥) cos?(0) cos(5+6+¥) X711+ cos(B-8)cos(d+W¥+6)

Where b= Angle of internal friction =
5= Angle of friction between soil and wall = 0 (Ref. Bowles book)
W= tan™ [ ky / (1-k,)]
kp = horizontal acceleration coefficient = 0.025¢
g = gravitational accelaration = 9.810 m/s®
K = 0.24525
ky = vertical acceleration coefficient = 0.164
W= tan” [k, / (1-k,)] = 3.918
B= backfill slope angle = 20 deg
0= angle of backface to the wall with the vertical = 0
(Uniform earth fill)
Kae = cos?(30-3.918-0)
sin(30+0) sin(30-3.918-0)
c0s(3.918 cos?(0) cos(0+0+3.918) X 1+ { cos(0-0)cos(0+3.918+0) } B

ggg.i\{g:.BDCCZ-OO-UGH-CL—C991 0 88 of 406



%ﬁgjﬁ Plant Storm Water Drainage Design Calculation

Kae = 0.807
0.995 X ' 1.545

Kae = 0.52461
Dynamic active earth thrust Pdae = Kaex yxH

= 0.525x18x 1

= 9.443 kN/m?
Active Earth pressure Pae = Kax yxH

= 0.333x18x1

= 6.000 kN/m?
Coefficient of active earth pressure is Ka = 0.33
Therefore, the dynamic increment, - Pdae - Pae

= 9443-6

= 3.443 kN/m?
Additional 3.443 kN/m? is applied on the trench walls as a dynamic increment due to earth
pressure.
Vertical Seismic Effect (Section 12.4.2.2 of ASCE 7-10)

Ev= O'Z*SDS *DL
SDS 0.094
Ev 0.0188 D

.No: 2-00- -CL-
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Plant Storm Water Drainage Design Calculation

7.1.7 PRIMARY LOADS

LOAD 1 Earthquake Load (X) SL+X
LOAD 2 Earthquake Load (Z) SL+Z
LOAD 3 Vertical Seismic Effect SLY
LOAD 4 Soil Pressure SP
LOAD 5 Fluid Load FL
LOAD 6 Dead Load DL
LOAD 7 Live Load LL

Service Loads

LOAD COMB 11 DL+FL

LOAD COMB 12 DL+SP+FL+LL

LOAD COMB 13 DL+SP+0.75FL+0.75LL

LOAD COMB 14 DL+SP +0.70SL(+X)+0.70SL(-Y)

LOAD COMB 15 DL+SP -0.70SL(+X)+0.70SL(-Y)

LOAD COMB 16 DL+SP +0.70SL(+Z)+0.70SL(-Y)

LOAD COMB 17 DL+SP -0.70SL(-Z)+0.70SL(-Y)

LOAD COMB 18 DL+SP+FL+LL+0.70SL(+X)+0.70SL(-Y)
LOAD COMB 19 DL+SP+FL+LL-0.70SL(+X)+0.70SL(-Y)
LOAD COMB 20 DL+SP+FL+LL+0.70SL(+2Z)+0.70SL(-Y)
LOAD COMB 21 DL+SP+FL+LL-0.70SL(+Z)+0.70SL(-Y)
LOAD COMB 21 0.60 DL+0.70SL+X-0.70SL(-Y)

LOAD COMB 22 0.60 DL-0.70SL+X-0.70SL(-Y)

LOAD COMB 23 0.60 DL+0.70SL+Z-0.70SL(-Y)

LOAD COMB 24 0.60 DL-0.70SL+Z-0.70SL(-Y)

LOAD COMB 25 DL+SP+FL+0.75LL+0.525SL (+X)+0.70SL(-Y)
LOAD COMB 26 DL+SP+FL+0.75LL-0.525SL (+X)+0.70SL(-Y)
LOAD COMB 27 DL+SP+FL+0.75LL+0.525SL (+Z)+0.70SL(-Y)
LOAD COMB 28 DL+SP+FL+0.75LL-0.525SL(+2)+0.70SL(-Y)

Doc.No: BCC2-00-UGH-CL.-C9910
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Ultimate Loads

LOAD COMB 101 1.4DL+1.4 FL

LOAD COMB 102 1.2DL+1.6DASP+1.6SP+1.2FL+1.6LL
LOAD COMB 103 1.2DL+1.6DASP+1.6SP+1.0LL

LOAD COMB 104 1.2DL+DASP+SP+LL+1.0SL+X +1.0SL(-Y)
LOAD COMB 105 1.2DL+DASP+SP+LL-1.0SL+X +1.0SL(-Y)
LOAD COMB 106 1.2DL+DASP+SP+LL+1.0SL+Z +1.0SL(-Y)
LOAD COMB 107 1.2DL+DASP+SP+LL-1.0SL+Z +1.0SL(-Y)
LOAD COMB 108 0.9DL+1.6DASP+1.6SP+1.0SL+X+1.0SL(-Y)
LOAD COMB 109 0.9DL+1.6DASP+1.6SP-1.0SL+X+1.0SL(-Y)
LOAD COMB 110 0.9DL+1.6DASP+1.6SP+1.0SL+Z+1.0SL(-Y)
LOAD COMB 111 0.9DL+1.6DASP+1.6SP-1.0SL+Z+1.0SL(-Y)

LOAD COMB 112 1.2DL+DASP+SP+1.2FL+1.6LL+1.0SL+X +1.0SL(-Y)
LOAD COMB 113 1.2DL+DASP+SP+1.2FL+1.6LL-1.0SL+X +1.0SL(-Y)
LOAD COMB 114 1.2DL+DASP+SP+1.2FL+1.6LL+1.0SL+Z +1.0SL(-Y)
LOAD COMB 115 1.2DL+DASP+SP+1.2FL+1.6LL-1.0SL+Z +1.0SL(-Y)

Plant Storm Water Drainage Design Calculation
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Plant Storm Water Drainage Design Calculation

7.1.2 CHECK FOR BASE PRESSURE MANHOLE-TYPE-1

Job No Shast No Rev
20054 1 A
ftware i ¢ 10 Jurong Enginearing Limited
| CONNECTED User: kalyan! camoln P anhole -Type-1
JobTile BCC2 PROJECT Ref
8 Mohan Date/10/2021 Chd Diana
Clent  BCC 2 File BCC2-Manhole-1 design {PateTme 10-May-2021 15:45

Base Pressure Summary
Node Lc FX FY FZ

(Nfmm®) | (Nfmm?®) | (Nfmm®)
MaxFX | 6 | 101:1DL+1FL1 0| 0032 0
Min FX 6 | 101:1DL+1FLY 0| 0032 0
MaxFY | 52 | 109:DL+SP+IW 0| 0.044 0
MnFY | 48 |112:0.60 DL+S 0| 0010 0
MaxFZ | 6 [ 101:1DL+1FLT 0| 0032 0
Min FZ 6 | 101:1DL+1FL1 0| 0032 0

From the above Base Pressure Summary Table

44.000 kN/m?

Maximum Base pressure on foundation

i

Minimum Base pressure on foundation

Hence the base pressure on the foundation is with in the allowable bearing capacity of soil and
there is no tension exist. Hence safe
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7.1.3 DESIGN OF BASE SLAB_MANHOLE-TYPE-1

Plant Storm Water Drainage Design Calculation

Job No

Shest No

20054 1 A
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Job Ttle BCGC2 PROJECT Raf
8 Mohan Dales/10/2021 Chd Diana

Client BCC 2

File BCC2-Manhole-1 design |PateTme 10-May-2021 15:45

Plate Center Stress Summary

Shear Membrane Bending
Plate L/C Qx Qy Sx Sy Sxy Mx My Mxy
(N'mm®) | (Nfmm®) | (Nmm®y | (Nfmm®) | (Nfmm®) | (RNmvm) | (kNemimy | (KNm/m
Max Qx 12 213:1.2DL+SP- 0.064 -0.000 o] 4] 0 -0.209 0.221 0.001
Min Qx 16 | 212:1.2DL+SP. -0.072 -0.000 0 0 0 -0.412 0.147 -0.000
Max Qy 4 202:1.2DL+1 6 0.002 | 0.069695 0 0 0 0.135 -0.519 0.022
Min Qy 24 | 214:1.2DL=SP- 0.002 -0.070 0 0 0 0.168 0443 -0.023
Max Sx 26 | 201:1.4DL+1.4 0.001 0.001 0 0 0 -0.090 -0.085 -0.089
Min Sx 26 201:1.4DL+1.4 0.001 0.001 2] 0 Q -0.080 -0.085 -0.088
Max Sy 26 | 201:1.4DL+1.4 0.001 0.001 0 ) 0 -0.090 -0.085 -0.089
Min Sy 26 201:1.4DL+1.4 ¢.001 0.001 0 4] 0 -0.0S80 -0.085 -0.083
Max Sxy 26 | 201:1.4DL+1.4 0.001 0.001 0 a 0 -0.090 -0.085 -0.089
Min Sxy 26 | 201:1.4DL+1.4 0.001 0.001 0 0 [} -0.090 -0.085 -0.089
Max Mx 14 | 215:1.2DL+SP- -0.003 -0.002 0 0 0 0.754 0.733 -0.001
Min Mx 16 | 203:1.2DL+1.6: -0.059 -0.000 ) 0 0 -0.536 0.048 0.000
Max My 14 | 215:1.2DL-SP. -0.003 -0.002 0 0 0 0.754 0.733 -0.001
Min My 24 | 203:1.2DL+1.6 0.002 -0.061 0 0 0 0.070 -0.559 -0.014
Max Mxy 10 | 213:1.2DL+SP- -0.019 0.018 ) o 0 0.148 0.174 0.213
Min Mxy 20 | 213:1 2DL=SP. -0.018 0.018 0 0 0 0.146 0.171 -0.212
DESIGN FOR BENDING MOMENT
Maximum Moment in X-Dir Mxx = kNm/m
Mxx = [Max Mx| + |Mxy| = 0.754 + 0.001
Maximum Moment in Y-Dir Myy 'kNm/m
Myy = [Max My| + |Mxy| = 0.733 + 0.001
Maximum Moment in XY-Dir Mxy ~ kNm/m
Mxy = [Max Mxy]| + |Mx or My| = 0.213 + 0.174
. . . 2
Maximum Shear Stress in X-Dir Sax N/mm
. . . 2
Maximum Shear Stress in Y-Dir Sqy N/mm
. V4
Max. Ultimate Shear Stress Vu = max (Sqgx, Say) N/mm
Max. Ultimate Bending Moment Mu = max(Mxx, Myy, Mxy) kNm/m
Depth of section h -mm
Width of Section b mm
Concrete Cover cc mm
N 2
Concrete Grade f's - N/mm
. 2
Steel Reinforcement Grade fy - N/mm
Diameter of Reinforcement dia mm
Spacing of Reinforcement S mm
Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

DESIGN FOR THICKNESS AND REINFORCEMENT

Strength reduction factor () Flexure able 21.2.1, ACl 318-14)
Shear = (Table 21.2.1, ACI 318-14)
Factor Use B1 = 0.8500
where: B1 (if fc's 28MPa) = 0.85
B1 (if fc'> 28MPa) = 0.85 - 0.05/7(fc'-28) .
B1 > 0.65
Design Moment Muz/¢ = 0.84 kNm
Width considered b = 1000 mm
Effective Depth (h-cc-0.5dia) =d = 69 mm
z assumed = least of 0.9"d ord - 0.5*a
0.9d = 62.1 mm
a = Asy,,fy/(0.85%c"b)
= 9.504 mm
d-0.5"a= 64.248 mm
therefore, z assumed = 62 mm
As reqd = M/ffy*z = 34 mm?/m
Provided steel reinf. DB 12-200 ASproy. = 565 mm® /m
> 34 Hence OK
Minimum area of reinforcement req. Aspin = 0.002*b*d (7.6.1.1,ACI 318-14)
= 300 mm?/m
Maximum area of reinforcement req. Aspa = 075" p,"b*d
P, = 0.85*B1*fc'*600/[fy* (600+fy) ]
= 0.0303
ASmax = 1570 mm®/m
ASmin < Asproy. < ASmax Hence OK

CHECK FOR ONE-WAY SHEAR

Actual shear stress Vu = 0.069 N/mm?
Strength reduction factor for Shear 0y = 0.75
d = 69 mm
Shear strength oV, = ¢, 0.17V f'c
oVe = 0.67 N/mm?

Shear force is less than Shear strength, 0.K.

Doc.No: -00-UGH-CL-
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Plant Storm Water Drainage Design Calculation

Jok Mo Shael No Bav
20054 1 A
JobTie BUCZ PROJECT R
By pgohan Gaieni10/2021 Shd Diana
Shient  BoC 2 Pl BoC2-Manhole- design |Pe2Tme 1004ay-2021 15:45
Plate Center Stress Summary
Shear Membrane Bending
Plate e Qx Qy Sx Sy Sxy Mx 1 My Kixy

(Nmm®y | NmmTy | (NimmS) | Nmm®y | em®) | kNem) | Nmim | (N

Wax Ox 55 208:0.90L+1 6 0.035 0.000 -0.037 -0.019 0.002 0.508 6.036 0.002
Min O 51 208:0.90L+1.6 -0.035 0.000 -0.037 -0.019 -0.002 0.506 0.036 -0.002
Max Oy 53 | 203:1.2DL+1.6 0.000 0.031 -0.008 -0.089 -0.002 0.009 -5.348 0.007
Wir Ciy 68 203:1 2DL+1.86 -0.000 -0.031 -0.008 -0.059 -0.002 0008 0.348 -0.007
hiax Sx 72 201:1.400+1.4 | 0.010643 0004 0.030 -0.031 (1006 0.097 0,151 -0.007
Hin Sx 55 210:0.90L+ 1.5 0.033 0.000 -0.040 0020 0.000 0.520 0.051 -0.001
Iax Sy 95 2011400+ 1.4 0.016 0.008 0.019 -0.900 -(1.002 0.148 -0.110 0,050
iin Sy 118 | 212:1.20L45P -0.000 0.014 0.006 -0.075 0.000 0108 -0.436 -0.000
Max Sxy g2 | 204:1 20L+5P. -0.003 0.015 -0.008 -0.044 0.014 -0.046 -01.269 0.006
Win Sxy 94 205:1 20L+SP. 0.003 0.013 -0.004 -0.038 -0.014 -0.045 -0.242 -0.002
Pz hix 55 210:0.90L+1 6 0.033 0.000 -0.040 -0.020 0.000 0.520 0.061 -0.001
Min kix 130 | 210:0.900L+ 1.6 -6.033 -0.001 -0.040 -0.020 0.000 -0.519 -0.051 -01.001
Mz My 68 213:1.2DL+SP. -0.001 -0.015 0.007 -0.072 -0.007 0110 0.452 0.014
Mir My 93 21311 ZDL4SP. 0.001 0.015 0.007 -0.071 -0.007 -0.110 -0.451 -0.005
Mz My 69 | 20111.400L41.4 -0.010 -0.002 0.015 -0.035 -0.004 0.044 G.250 0.108
Min Wiy 42 | 201:1.400L+1.4 0.010 -0.002 0.014 | -0.034 0.004 0.046 0.251 -0.107

3.6.1 DESIGN FOR BENDING MOMENT

Maximum Moment in X-Dir Mxx = kNm/m
Mxx = |[Max Mx| + [Mxy] = 0.520 + 0.001
Maximum Moment in Y-Dir Myy = kNm/m
Myy = [Max My| + [Mxy| = 0.452 + 0.024 ’
Maximum Moment in XY-Dir Mxy = ~ kNm/m
Mxy = [Max Mxy] + |Mx or My| = 0.108 + 0.250
Maximum Shear Stress in X-Dir Sax = N/mm?*
Maximum Shear Stress in Y-Dir Soy = N/mm?
Max. Ultimate Shear Stress Vu = max (Sgx, Sqv) = 0.035 N/mm?
Max. Ultimate Bending Moment Mu = max(Mxx, Myy, Mxy) = 0.521 kNm/m
Depth of section h = = mm
Width of Section b = mm
Concrete Cover cc = - mm
Concrete Grade flo = ~ N/mm?®
Steel Reinforcement Grade f, = - N/mm?®
Diameter of Reinforcement dia = mm
Spacing of Reinforcement S = mm

DESIGN FOR THICKNESS AND REINFORCEMENT
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Plant Storm Water Drainage Design Calculation

B
Strength reduction factor (¢) Flexure
Shear
Factor Use B1
where: B1 (if fc's 28MPa)
B1 (if fc'> 28MPa)
B1
Design Moment Muz/¢
Width considered b
Effective Depth (h-cc-0.5dia) = d
z assumed
0.9d
a
d-0.5%a=
therefore, z assumed
As reqd = M/fy*z
Provided steel reinf. DB 12-200 Aspro.
Minimum area of reinforcement in ver dir req.
Minimum area of reinforcement in Hor dir req.
Maximum area of reinforcement req. ASmax
Po
Asmax
Asmin < Asprov.

CHECK FOR ONE-WAY SHEAR

Actual shear stress Vu
Strength reduction factor for Shear 0,
d

Shear strength oVe

OV

1f

1l

1]

1l

Table 21.2.1, ACI 318-14)
Table 21.2.1 , ACI 318-14)

0.8500
0.85
0.85 - 0.05/7(fc'-28)
0.65
0.58 kNm
1000 mm
69 mm
least of 0.9*d or d - 0.5%a
62.1 mm
Aspo, Ty / (0.85*c™b)
9.504 mm
64.248 mm
62 mm
23 mm?/m
565 mm® /m
23 Hence OK

0.0015 *b*D/2  (Table 11.6.1,ACI -318-14)

113 mm?/m
565 mm?/m
Hence OK
0.0025 *b*D/2  (Table 11.6.1,ACI -318-14)
188 mm?/m
565 mm?%m
Hence OK
0.75*p,*b*d
0.85* 31 *fc' * 600 /[ fy * (600+fy) ]
0.0303
1570 mm“/m
ASmax Hence OK
0.035 N/mm?
0.75
69 mm
¢, 0.17V f'c
0.67 N/mm?

Shear force is less than Shear strength, O.K.
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Plant Storm Water Drainage Design Calculation

DESIGN OF MANHOLE _TYPE -2
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Plant Storm Water Drainage Design Calculation

7.2 DESIGN LOADS FOR MANHOLE-TYPE-2 (Upto 1.0m to 1.60m Depth)
7.2.1 DEAD LOAD
Self wt of structure will be generated by STAAD itself
Checkered Plate Cover (6mm thk) = 0.50 kN/m?

7.2.2 LIVE LOAD

Live load on Cover = 500 kN/m?

7.2.3 HYDRO LOAD
FULL CONDITION:

Height of wall = 150 m
Max. water level inside, h,, max = 150 m
Unit weight of water, ¥, = 10.00  kN/m®
Vertical Pressure on base slab = YuXhw

= 15.000 kN/m?

Lateral pressure due to water inside is applied on all the sides of the wall

Lateral pressure due to water on top of wall = Yo X Dt

where: hy = 0m = 0.000 kN/m?
Lateral pressure due to water on bottom side wall = Yo X Nz

where: hy, = 15m = 15.000 kN/m®
The load is applied in STAAD as lateral load ranging from 0 kN/m? to 15.000 kN/m?
UPLIFT CONDITION:
(ground water table at 1.50m)
Height of wall inside the Ground water table, h = 0.15 m
Unit weight of water, v, = 10.00  kN/m®
Vertical Uplift Pressure on base slab = YwX h

= 15 kN/m?

7.2.4 EARTH PRESSURE LOAD

For calculating the earth pressure load on the side walls , it is assumed that the ground water table is at FGL
conservatively.

Unit weight of soil y = 18 kN/m?®
Angle of repose = 30 ]

Unit weight of water Yo = 10 kN/m?®
Soil submerged density, ¥s = 8 kN/m?®
coefficient for surcharge pressure ks = 0.50

Soil active pressure coefficient, ka = 0.33

B(ﬁ)g.N?:'%CCZ-OO-UGH-CL-CQQ'I 0 101 of 406



7.2.5

tan 2 (45 - 8/2) for o =30deg

ka =

Ground water table

The height of wall below GL
Depth of the base slab
Surcharge load,

Total Height of wall

a. Active pressure due to ground water, qw

1

b. Active pressure due to submerged soil , g’'s

Total Lateral pressure due to submerged earth pressure

a. Load due to surcharge

b. Active pressure due to dry soil ,

SEISMIC EARTH PRESSURE LOAD
Mononobe-Okabe Method :

Dynamic active earth thrust

Pdae

Plant Storm Water Drainage Design Calculation

_
hw = m
1.50 from FGL
h = 1.50 m
Dps = 0.15 m
q = 1000 kN/m?
H = 150 m
= yo*(H)
= 1.50 KN/m?
= ka*y's*(H)
= 04 kN/mz2
- 19  kN/m?
= Ks*q
= 50  kN/m?
ga =kaeg <(hw) = 9.00  kN/m?
= Kaex yxH

Where Kae = seismic active earth pressure coefficient
Kae = cos?(P-Y-0)
sin(®+3) sin(d-W-p) | °° 2
cos(¥) cos?(6) cos(5+6+¥) X711+ { cos(p-6)cos(d6+¥+6) }
Where b= Angle of internal friction = 30 deg
5= Angle of friction between soil and wall = 0 (Ref. Bowles book)
U tan™ [k, / (1-k,)]
kp = horizontal acceleration coefficient = 0.025g
g = gravitational accelaration = 9.810 m/s?
Ky = 0.24525
ky = vertical acceleration coefficient = 0.164
= tan™ [ Ky / (1-k,)] = 3.918
B= backfill slope angle = 20 deg

Doc.No: BCC2-00-UGH-CL-C9910
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AR,

& Plant Storm Water Drainage Design Calculation
6= angle of backface to the wall with the vertical = 0
(Uniform earth fill)
Kae = cos*(30-3.918-0)
sin(30+0) sin(30-3.918-0)
c0s(3.918 cos*(0) cos(0+0+3.918) X 1+ { cos(0-0)cos(0+3.918+0) } B
Kae = 0.807
0.995 X 1.545

Kae = 0.52461
Dynamic active earth thrust Pdae - Kaex yxH

= 0525x18x 1.5

= 14.165 kN/m?
Active Earth pressure Pae - Kax yxH

= 0.333x18x15

= 9.000 kN/m®
Coefficient of active earth pressure is Ka = 0.33
Therefore, the dynamic increment, - Pdae - Pae

= 14.165-9

= 5.165 kN/m?
Additional 5.165 kN/m? is applied on the trench walls as a dynamic increment due to earth
pressure.,
Vertical Seismic Effect (Section 12.4.2.2 of ASCE 7-10)

Ev= 0-2*SDS *DL
SDS 0.094
Ev 0.0188 D

1
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Plant Storm Water Drainage Design Calculation

7.2.7 PRIMARY LOADS MANHOLE-TYPE-2

LOAD 1 Earthquake Load (X) SL+X
LOAD 2 Earthquake Load (Z) SL+Z
LOAD 3 Vertical Seismic Effect SLY
LOAD 4 Soil Pressure SP
LOAD 5 Fluid Load FL
LOAD 6 Dead Load DL
LOAD 7 Live Load LL
LOAD 8 Uplift Load UL
i) Service Loads

LOAD COMB 11 DL+FL

LOAD COMB 12 DL+SP+FL+LL

LOAD COMB 13 DL+SP+0.75FL+0.75LL

LOAD COMB 14 DL+SP +0.70SL(+X)+0.70SL(-Y)

LOAD COMB 15 DL+SP -0.70SL(+X)+0.70SL(-Y)

LOAD COMB 16 DL+SP +0.70SL(+2)+0.70SL(-Y)

LOAD COMB 17 DL+SP -0.70SL(-Z)+0.70SL(-Y)

LOAD COMB 18 DL+SP+FL+LL+0.70SL(+X)+0.70SL(-Y)
LOAD COMB 19 DL+SP+FL+LL-0.70SL(+X)+0.70SL(-Y)
LOAD COMB 20 DL+SP+FL+LL+0.70SL(+Z)+0.70SL(-Y)
LOAD COMB 21 DL+SP+FL+LL-0.70SL(+Z)+0.70SL(-Y)
LOAD COMB 21 0.60 DL+0.70SL+X-0.70SL(-Y)

LOAD COMB 22 0.60 DL-0.70SL+X-0.70SL(-Y)

LOAD COMB 23 0.60 DL+0.70SL+Z-0.70SL(-Y)

LOAD COMB 24 0.60 DL-0.70SL+Z-0.70SL(-Y)

LOAD COMB 25 DL+SP+FL+0.75LL+0.525SL (+X)+0.70SL(-Y)
LOAD COMB 26 DL+SP+FL+0.75LL-0.525SL(+X)+0.70SL(-Y)
LOAD COMB 27 DL+SP+FL+0.75LL+0.525SL(+Z)+0.70SL(-Y)
LOAD COMB 28 DL+SP+FL+0.75LL-0.525SL(+2)+0.70SL(-Y)

UPLIFT CHECK
LOAD COMB 29 1.0DL+1.0FL+0.66UL
61.051.080.66

No: -00-UGH-CL-
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Plant Storm Water Drainage Design Calculation

Ultimate Loads

LOAD COMB 101 1.4DL+1.4 FL

LOAD COMB 102 1.2DL+1.6DASP+1.6SP+1.2FL+1.6LL

LOAD COMB 103 1.2DL+1.6DASP+1.6SP+1.0LL

LOAD COMB 104 1.2DL+DASP+SP+LL+1.0SL+X +1.0SL(-Y)

LOAD COMB 105 1.2DL+DASP+SP+LL-1.0SL+X +1.0SL(-Y)

LOAD COMB 106 1.2DL+DASP+SP+LL+1.0SL+Z +1.0SL(-Y)

LOAD COMB 107 1.2DL+DASP+SP+LL-1.0SL+Z +1.0SL(-Y)

LOAD COMB 108 0.9DL+1.6DASP+1.6SP+1.0SL+X+1.0SL(-Y)

LOAD COMB 109 0.9DL+1.6DASP+1.6SP-1.0SL+X+1.0SL(-Y)

LOAD COMB 110 0.9DL+1.6DASP+1.6SP+1.0SL+Z+1.0SL(-Y)

LOAD COMB 111 0.9DL+1.6DASP+1.6SP-1.0SL+Z+1.0SL(-Y)

LOAD COMB 112 1.2DL+DASP+SP+1.2FL+1.6LL+1.0SL+X +1.0SL(-Y)
LOAD COMB 113 1.2DL+DASP+SP+1.2FL+1.6LL-1.0SL+X +1.0SL(-Y)
LOAD COMB 114 1.2DL+DASP+SP+1.2FL+1.6LL+1.0SL+Z +1.0SL(-Y)
LOAD COMB 115 1.2DL+DASP+SP+1.2FL+1.6LL-1.0SL+Z +1.0SL(-Y)
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Plant Storm Water Drainage Design Calculation
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Base Pressure Summary

Node LiC FX FY FZ

(N'mm?) | (N/mm?) | (Nfmm?)

Max FX 1 101:1DL+1FLY 0 0.045 0
Min FX 1 101:1DL+1FL1 0 0.045 0
Max FY 1 111:DL+SP+IW 0 0.066 0
Min FY 2 | 114:0.60 DL+S 0 0.002 0
Max FZ 1 101:1DL+1FL1 0 0.045 0
Min FZ 1 101:1DL+1FL1 0 0.045 0

From the above Base Pressure Summary Table

66.000 kN/m?

]

Maximum Base pressure on foundation

Minimum Base pressure on foundation 2.000 kN/m?

1l

Hence the base pressure on the foundation is with in the allowable bearing capacity of soil and
there is no tension exist. Hence safe
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7.2.9 DESIGN OF BASE SLAB -MH-2

Plant Storm Water Drainage Design Calculation

Wk Mo St Mo Fay
20054 1 A
pliware licenzed o Juong Enginesing Limiled " .
S| COMNECTED User: kalyan ragmchan Part pdanhole Drain
Job Tiwe BCC-2 PROJECT et
B Mohan Batesri1/2021 S Dizna

Client

BCC-2

File panhole design-MH2 _re PEI8Tme {1 jlay-2021 19:51

Plate Center Stress Summary

Shear Membrane Bending
Plate Lic Qx Qy Sx Sy Sxy Mx My Mxy
(NmmTy | Emm® | (NmmS | mm®y | (Nereem® | ki) | kN oum) | (RN mm
M Qx 12 | 213:1.2DL+5P. 0.084 0.000 0 [i 0 0,120 0.319 0.000
Min Cix 16 | 212:1.20L+SP- -0.097 -0.000 0 0 0 -0.406 0.219 0.000
hax Oy 4 214:1.2DL+8P. 0.003 0.089 0 0 0 0.271 0417 0.030
Min Qy 24 | 215:1 2DL+SP. 0.003 -0.097 o 0 o 0.294 -0.324 -0.032
Max Sx 26 | 201:1.4DL+14 0.002 1.002 a i o -0.110 -0.099 -0.139
i Sx 26 | 201:1.4DL+1.4 0.002 0.002 o 0 o -0.110 -0.029 0,439
Iax Sy 26 | 2011400414 0.002 0.602 0 0 0 -0.110 (.09 -0.439
niin Sy 26 | 201:1.400L+14 0.002 0.002 o 0 0 0110 0.0 -0.139
lax Sxy 25 | 201:1.4DLs1.4i 0.002 0.002 o 0 ) -0.110 -0.0949 -0.139
Wlin Sxy 26 | 201:1.40L+1.4 0.002 0.002 il 0 o -0.110 -0.099 -0.139
Iiax s 14 | 201:1.4DL+1.4 -0.003 0.000 0 0 0 0.952 7.931 0.000
in Mix 15 | 203:1.2DL41 & -0.073 -(.000 i 0 O -0.693 0.044 0.000
Totax My 14 | 201:1.4DL+1.4 -0.003 0.000 0 0 o 0.952 0.931 0.000
Min by 24 | 208:1.2DL+5P. 0.002 -0.055 0 a0 0 0.022 -0.777 -0.018
N Mxy 10 | 201:1.4DL+1.4! -0.021 0.021 0 0 o 0.313 0.326 0.280
Wi My 20 | 201:1.4DL+1.4l -0.021 -0.021 o 0 0 0.313 0.325 -0.280
I
DESIGN FOR BENDING MOMENT
Maximum Moment in X-Dir Mxx =
Mxx = |Max Mx] + |Mxy] = 0.952 + 0.001
Maximum Moment in Y-Dir Myy =
Myy = [Max My| + [Mxy| = 0.931 + 0.001
Maximum Moment in XY-Dir Mxy =
Mxy = [Max Mxy| + |[Mx or My| = 0.280 + 0.326
Maximum Shear Stress in X-Dir Sax =
Maximum Shear Stress in Y-Dir Sqy =
Max. Ultimate Shear Stress Vu = max (Sgx, Sqv) =
Max. Ultimate Bending Moment Mu = max(Mxx, Myy, Mxy) =
Depth of section h =
Width of Section =
Concrete Cover cc =
Concrete Grade f'e =
Steel Reinforcement Grade f, =
Diameter of Reinforcement dia =
Spacing of Reinforcement S =
Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

DESIGN FOR THICKNESS AND REINFORCEMENT

Strength reduction factor () Flexure (Table 21.2.1, ACI 318-14)
Shear (Table 21.2.1, ACI 318-14)
Factor Use B1 = .
where: B1 (if fc's 28MPa) = 0.85
B1 (if fc'> 28MPa) = 0.85 - 0.05/7(fc'-28)
B1 > 0.65
Design Moment Muz/¢ = 1.06 kNm
Width considered b = 1000 mm
Effective Depth (h-cc-0.5dia) =d = 69 mm
z assumed = least of 0.9*°d or d - 0.5%a
0.9d = 62.1 mm
a = Asy,,fy/ (0.85%c"b)
= 9.504 mm
d-0.5"a= 64.248 mm
therefore, z assumed = 62 mm
As reqd = M/fy*z = 43 mm?/m
Provided steel reinf. DB 12-200 ASproy, = 565 mm® /m
> 43 Hence OK
Minimum area of reinforcement req. Asnin = 0.002*b*d (7.6.1.1,ACI 318-14)
= 300 mm?/m
Maximum area of reinforcement req. ASmax = 0.75"p,"b*d
P, = 0.85*B1*fc' *600/[fy* (600+fy) ]
= 0.0303
ASpay = 1570 mm?/m
ASnmin < Asprov. < ASmax Hence OK

CHECK FOR ONE-WAY SHEAR

Actual shear stress Vu = 0.099 N/mm?
Strength reduction factor for Shear oy = 0.75
d = 69 mm
Shear strength OV, = ¢, 0.17V f'c
oV, = 0.67 N/mm?

Shear force is less than Shear strength, O.K.
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Plant Storm Water Drainage Design Calculation

7.2.10 DESIGN OF WALL _MH-2

dek Mo Shesl Mo Ao
20054 1 A
COMNECTED oasr. Mamars rabporan = FanManhole Drain
BCG-2 PRQJECT Rt
B Bchan Dass 112021 S Diana
Ghemt  proc.p P panhole design-MHE _rer PHeTme 11 May-2021 19:51
Plate Center Stress Summary
Shear Membrane Bending
Plate ve Ol Qy Sx Sy Szy iz Wy My
{Nimm®) | Mmm) | Nmm®y | Ty | immT) | kmimy | RN mem) | (M mm)
Wax Gix 45 | 208:0.90L+1.6 0.057 0.002 -0.055 -5.027 0.007 0.812 0.068 -0.008
Min Cix 41 | 208:0.9DL+1.6B -0.057 0.002 -0.058 -0.027 -0.007 0.812 0.088 0.003
Wax Gy 83 | 210:0.90L+1.6 0.000 | 0.042517 -0.017 -0.023 -0.001 0.728 -0.246 0.024
Whin iy 58 | 203:7.200l+1.6 -0.0071 -0.042 0012 -0.073 -0.002 -0.034 0.434 0.012
Mg S 87 | 201:1.4DL+1.4 -0.01% 0.005 0.052 -0.049 0.008 -0.167 -3.232 0,035
Miin Sx 41 2100.90L+1.6 -0.050 0.002 -0.054 -0.028 0.006 0.850 0.101 0,004
Iax Sy 40 [ 216:1.4DL+1.4 0036 -0.006 0,041 0.013 -0.001 -0.459 -0.008 0,025
Biin Sy 53 | 274:1.20L45P -0.001 -0.015 4010 -0.106 -0.002 0.157 0,548 2.015
Max Swy 82 | 204:1.2DL4SP -0.003 0.018 -0.010 -0.047 0.027 -0.051 -0.308 6.002
i Sxy 84 | 205:1.2DL+5P 0.003 | 0.015468 -0.007 -0.040 -0.026 -0.052 -3.281 0.010
Rz ix 41 | 210:0.9DL+1.6 -0.D50 0.002 -0.064 -0.028 0.006 0.850 0,107 £.004
Wlin K 116 | 210:0.9DL+1 .6 0.050 -0.002 -0.064 -0.028 0,006 -0.850 -0.107 -0.003
Miax My 58 | 214:1.2DL+SP -0.001 0.015 0.010 -0.108 -0.002 0.157 0.546 0.015
win Wy 63 | 215:1.20DL45F 0.001 0.008 | 0.011358 -0.105 -0.002 -0.151 -0.534 -0.020
M WMy 53 | 201:1.4DL+1.4 -0.016 -0L.002 0.025 -0.052 -0.005 0.059 0.347 0.178
Win Ry 85 | 201:1.40L+1.4 0.016 0.002 0.025 -0.052 -0.005 -0.059 -0.347 -0.178
I
3.6.1 DESIGN FOR BENDING MOMENT
Maximum Moment in X-Dir Mxx =
Mxx = [Max Mx| + |Mxy| = 0.850 + 0.004
Maximum Moment in Y-Dir Myy =
Myy = [Max My| + |[Mxy| = 0.546 + 0.015
Maximum Moment in XY-Dir Mxy =
Mxy = [Max Mxy| + |Mx or My| = 0.178 + 0.350
Maximum Shear Stress in X-Dir Sax =
Maximum Shear Stress in Y-Dir Say =
. 2z
Max. Ultimate Shear Stress Vu = max (Sqy, Sqy) = 0.057 N/mm
Max. Ultimate Bending Moment Mu = max(Mxx, Myy, Mxy) = 0.854 kNm/m
Depth of section h = ‘
Width of Section b =
Concrete Cover cc =
Concrete Grade fe =
Steel Reinforcement Grade f, =
Diameter of Reinforcement dia = 2.
Spacing of Reinforcement S = 200 mm

DESIGN FOR THICKNESS AND REINFORCEMENT

No: BCC2-00-UGH-CL-
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Plant Storm Water Drainage Design Calculation

Strength reduction factor (¢) Flexure
Shear
Factor Use B1
where: B1 (if fc's 28MPa)
B1 (if fc'> 28MPa)
B1
Design Moment Muz/¢
Width considered b
Effective Depth (h-cc-dia-0.5dia) = d
z assumed
0.9*d
a
d-0.5"a=
therefore, z assumed
As reqd = M/fy*z
Provided steel reinf. DB 12-200 Aspron.
Minimum area of reinforcement in ver dir req.
Minimum area of reinforcement in Hor dir req.
Maximum area of reinforcement req. ASax
Po
ASmax
ASmin < Asprov‘
CHECK FOR ONE-WAY SHEAR
Actual shear stress Vu
Strength reduction factor for Shear Oy
d
Shear strength oV,
OV,

It

(Table 21.2.1 , ACI 318-14)
(Table 21.2.1 , ACI 318-14)

0.85
0.85 - 0.05/7(fc'-28)
0.65
0.95 kNm
1000 mm
69 mm
least of 0.9*d or d - 0.5*a
62.1 mm
ASproy Ty / (0.85%Tc™b)
9.504 mm
64.248 mm
62 mm
38 mm?/m
565 mm® /m
38 Hence OK
0.0015 *b*D/2  (Table 11.6.1,ACI -318-14)
113 mm?/m
565 mm?/m
Hence OK
0.0025 * b*D/2  (Table 11.6.1,ACI -318-14)
188 mm?/m
565 mm?/m
Hence OK
0.75*p,*b*d
0.85* B1 *fc' * 600 /[ fy * (600+fy) ]
0.0303
1570 mm®/m
ASax Hence OK
0.057 N/mm?
0.75
69 mm
¢, 0.17V fc
0.67 N/mm?

Shear force is less than Shear strength, O.K.

Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

DESIGN OF MANHOLE _TYPE -3 & 4

No: BCC2-00-UGH-CL-C9910
Doc.No: BCC2-00-UGH-CL-Co9 114 of 406



gggéi Plant Storm Water Drainage Design Calculation

7.3 DESIGN LOADS FOR MANHOLE-TYPE-3 & 4 (Upto 2.0m to 2.60 Depth)
7.3.1 DEAD LOAD
Self wt of structure will be generated by STAAD itself
Checkered Plate Cover (6mm thk) = 0.50  kN/m?

7.3.2 LIVE LOAD

Live load on Cover = 500  kN/m?®

7.3.3 HYDRO LOAD
FULL CONDITION:

Height of wall = 250 m
Max. water level inside, h,, max = 2.30 m
Unit weight of water, y,, = 10.00  kN/m®
Vertical Pressure on base slab = Yo X Dt

23.000 kN/m?

Lateral pressure due to water inside is applied on all the sides of the wall

It

Lateral pressure due to water on top of wall = Yo X Dyt

where: hy = 0m = 0.000 kN/m?
Lateral pressure due to water on bottom side wall = Yo X Dy

where: hy, = 2.3 m = 23.000 kN/m®
The load is applied in STAAD as lateral load ranging from 0 kN/m? to 23.000 kN/m?
UPLIFT CONDITION:
(ground water table at 1.50m)
Height of wall inside the Ground water table, h = 1.25 m
Unit weight of water, ¥, = 10.00  kN/m?®
Vertical Uplift Pressure on base slab = YwX h

= 125 kN/m?

7.3.4 EARTH PRESSURE LOAD
For calculating the earth pressure load on the side walls , it is assumed that the ground water table is at FGL

conservatively.
Unit weight of soil y = 18 kN/m®
Angle of repose = 30 )
Unit weight of water w o = 10 kN/m®
Soil submerged density, y's = 8 kN/m?®
coefficient for surcharge pressure ks = 0.50
Soil active pressure coefficient, ka = 0.33

ka = tan?®(45-9/2) foro =30deg

B?‘(?.ﬂg:‘EngC2—OO—UGH—CL-CQQ1 0 115 of 406



%@xﬁ%ﬁ% Plant Storm Water Drainage Design Calculation
Ground water table hw = 150 m
) from FGL
The height of wall below GL h = 250 m
Depth of the base slab Dyps = 0.25 m
Surcharge load, q = 10.00 kN/m?
Total Height of wall H = 250 m
a. Active pressure due to ground water, qw = yo*(H)
= 1250  KN/m?
b. Active pressure due to submerged soil , g’s ka* y's * (H)
= 33 kN/m?2
Total Lateral pressure due to submerged earth pressure _ 15.8 kN/m?
a. Load due to surcharge = ks*q
= 50  kN/m?
b. Active pressure due to dry soil , ga =kaeg *(hw) = 9.00  kN/m2
¢. Buoyancy force on sla gp = =gw *(h) = 12.50 KkN/m2
(In Staad Applied under as seperate load case)
7.3.5 SEISMIC EARTH PRESSURE LOAD
Mononobe-Okabe Method :
Dynamic active earth thrust Pdae = Kaex yxH
Where Kae = seismic active earth pressure coefficient
Kae = cos?(d-Y-0)
sin(®+3) sin(®-W-g) | °° 2
cos(¥) 0032(6) cos(0+6+Y¥) X711+ cos(B-8)cos(d+W¥+6)
Where ¢ = Angle of internal friction = 30 deg
5= Angle of friction between soil and wall = 0 (Ref. Bowles book)
W tan” [k / (1-k,)]
kp = horizontal acceleration coefficient = 0.025g
g = gravitational accelaration = 9.810 m/s?
k= 0.24525
ky = vertical acceleration coefficient = 0.164

Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

i A iR
(U tan” [k, / (1-k,)] = 3.918
B= backfill slope angle = 20 deg
0= angle of backface to the wall with the vertical - 0

(Uniform earth fill)

Kae = cos?(30-3.918-0)
sin(30+0) sin(30-3.918-0)
c0s(3.918 cos*(0) cos(0+0+3.918) X 1+ c0s(0-0)cos(0+3.918+0) B
Kae = 0.807
0.995 X 1.545
Kae = 0.52461
Dynamic active earth thrust Pdae - Kaex yxH

= 0.525x18x2.5

= 23.608 kN/m?
Active Earth pressure Pae = Kax yxH

= 0.333x18x25

= 15.000  kN/m?

Coefficient of active earth pressure is Ka = 0.33

Therefore, the dynamic increment, - Pdae - Pae
= 23.608-15
8.608 kN/m?

Additional 8.608 kN/m? is applied on the trench walls as a dynamic increment due to earth

pressure.

Vertical Seismic Effect (Section 12.4.2.2 of ASCE 7-10)

EV = O.Q*SDS *DL
SDS
Ev

0.094
0.0188 D

No: BCC2-00-UGH-CL-
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Plant Storm Water Drainage Design Calculation

7.3.7 PRIMARY LOADS

LOAD 1 Earthquake Load (X) SL+X
LOAD 2 Earthquake Load (Z) SL+Z
LOAD 3 Vertical Seismic Effect SLY
LOAD 4 Soil Pressure SP
LOAD 5 Fluid Load FL
LOAD 6 Dead Load DL
LOAD 7 Live Load LL
LOAD 8 Uplift Load UL

i) Service Loads
LOAD COMB 11 DL+FL
LOAD COMB 12 DL+SP+FL+LL
LOAD COMB 13 DL+SP+0.75FL+0.75LL
LOAD COMB 14 DL+SP +0.70SL(+X)+0.70SL(-Y)
LOAD COMB 15 DL+SP -0.70SL(+X)+0.70SL(-Y)
LOAD COMB 16 DL+SP +0.70SL(+Z)+0.70SL(-Y)
LOAD COMB 17 DL+SP -0.70SL(-Z)+0.70SL(-Y)
LOAD COMB 18 DL+SP+FL+LL+0.70SL(+X)+0.70SL(-Y)
LOAD COMB 19 DL+SP+FL+LL-0.70SL{+X)+0.70SL(-Y)
LOAD COMB 20 DL+SP+FL+LL+0.70SL (+2)+0.70SL(-Y)
LOAD COMB 21 DL+SP+FL+LL-0.70SL(+Z)+0.70SL(-Y)
LOAD COMB 21 0.60 DL+0.70SL+X-0.70SL(-Y)
LOAD COMB 22 0.60 DL-0.70SL+X-0.70SL(-Y)
LOAD COMB 23 0.60 DL+0.70SL+Z-0.70SL(-Y)
LOAD COMB 24 0.60 DL-0.70SL+Z-0.70SL(-Y)
LOAD COMB 25 DL+SP+FL+0.75LL+0.525SL (+X)+0.70SL(-Y)
LOAD COMB 26 DL+SP+FL+0.75LL-0.525SL(+X)+0.70SL(-Y)
LOAD COMB 27 DL+SP+FL+0.75LL+0.525SL(+2)+0.70SL(-Y)
LOAD COMB 28 DL+SP+FL+0.75LL-0.525SL(+Z)+0.70SL(-Y)

UPLIFT CHECK 4
LOAD COMB 29 1.0DL+1.0FL+0.66UL
61.051.080.66

No: BCC2-00-UGH-CL-
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Plant Storm Water Drainage Design Calculation

Ultimate Loads

LOAD COMB 101 1.4DL+1.4 FL.

LOAD COMB 102 1.2DL+1.6DASP+1.6SP+1.2FL+1.6LL

LOAD COMB 103 1.2DL+1.6DASP+1.6SP+1.0LL

LOAD COMB 104 1.2DL+DASP+SP+LL+1.0SL+X +1.0SL(-Y)

LOAD COMB 105 1.2DL+DASP+SP+LL-1.0SL+X +1.0SL(-Y)

LOAD COMB 106 1.2DL+DASP+SP+LL+1.0SL+Z +1.0SL(-Y)

LOAD COMB 107 1.2DL+DASP+SP+LL-1.0SL+Z +1.0SL(-Y)

LOAD COMB 108 0.9DL+1.6DASP+1.6SP+1.0SL+X+1.0SL(-Y)

LOAD COMB 109 0.9DL+1.6DASP+1.6SP-1.0SL+X+1.0SL(-Y)

LOAD COMB 110 0.9DL+1.6DASP+1.6SP+1.0SL+Z+1.0SL(-Y)

LOAD COMB 111 0.9DL+1.6DASP+1.6SP-1.0SL+Z+1.0SL(-Y)

LOAD COMB 112 1.2DL+DASP+SP+1.2FL+1.6LL+1.0SL+X +1.0SL(-Y)
LOAD COMB 113 1.2DL+DASP+SP+1.2FL+1.6LL-1.0SL+X +1.0SL(-Y)
LOAD COMB 114 1.2DL+DASP+SP+1.2FL+1.6LL+1.0SL+Z +1.0SL(-Y)
LOAD COMB 115 1.2DL+DASP+SP+1.2FL+1.6LL-1.0SL+Z +1.0SL(-Y)
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7.3.8 CHECK FOR BASE PRESSURE

Plant Storm Water Drainage Design Calculation

Job No Sheet No Rev
20054 1 A
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JobTils BCC-2 PROJECT Rel
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Client  BCC-2 File Manhole design-MH3_rev|P#eTme 1g.May-2021 13:15

Base Pressure Summary

Node L/C FX FY FZ
(Nfmm% | (Nfmm?¥) | (N/mm?)
Max FX 1 1011DL+1FLA 0 0.076 0
Min FX 1 101:1DL+1FL1 0 0.076 0
Max FY 305 | 111:DL+8SP+IW 0 0.097 0
Min FY 301 114:0.60 DL+S 0 0.007 0
Max FZ 1 101:1DL+1FL1 0 0.076 0
Min FZ 1 1011DL+1FLY 0 0.076 0

From the above Base Pressure Summary Table

Maximum Base pressure on foundation

Minimum Base pressure on foundation

97.000 kN/m?

7.000 kN/m?

Hence the base pressure on the foundation is with in the allowable bearing capacity of soil and
there is no tension exist. Hence safe
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Plant Storm Water Drainage Design Calculation

7.3.9 DESIGN OF BASE SLAB -MH-3

Ju e Sheat Mo He
20054 1 A
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JabTige BOG-2 PROJECT Pt
B ndohan Datemse /2021 w8 Diana
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BLC-2

i Manhole design-hMH3_rev| D3 Tme 12.May-0021 15:32

Plate Center Stress Summary

Shear Membrane Bending
Plate L Qx Qy Sx Sy Sxy BAx My Mxy
(Nmm?) | mm®y | (emm® | et | imme) | (e | kNmem) | N mem)
Bias O 12 | 20%:1.4DL+1.4 0.053 0.000 i [ 0 -0.030 1.029 -0.020
i o 16 | 201:0.40041.4 -0.052 -0.003 0 ) 0 0.030 1,139 5.018
Wax Ty 4 1203120416 0.002 0.082 0 o [ -0.022 -1.958 0,062
tlin Qy 24 | 203:1.20L+1.6 0.001 -01.087 2 g [ -0.100 -2.384 0.025
Mz Sx 328 | 201:7.40L41.4 -0.006 0.002 0 o 0 0.127 0014 0,045
Min Sx 328 20101400414 -0.008 0.002 0 o o 0.127 0.014 -0.045
Iax Sy 328 | 2011401414 -0.006 0.002 0 0 0 0127 0074 -0.045
Win Sy 328 | 201:1.4DL41.4 -0.006 0.002 0 0 0 0127 0,074 0,045
Mex Sxy | 328 | 201:1.4DL+1.4 -0.006 0.002 a ) 0 0.127 0.014 -0,045
Win Swy | 328 | 201:7.40L+1.4 -0.006 0.002 [ 0 o 0.127 0014 -0.045
Wi b 14 1 201:1.4DL+1.4 -0.001 -0.001 [ g 0 1.655 2.487 -0.007
Hlin M 12 | 208:0.9DL+1.6 0.033 -0.000 0 ) o -0.568 0.084 0.034
M ey 14 | 201:1.40L+1.4 -0.001 -0.001 a 7 0 1.855 2,467 -B.007
wlin Wy 24 | 203:1.20L+1.6 0.007 -0.087 a ) 0 -0.100 -2,384 0.026
WaxMay | 22 | 201:1.4DL+1.4 0,004 -0.024 0 0 0 0.174 0,183 0.534
Wiy ey 2 | 201:1.4DL+1.4 0.006 0.021 0 ] 0 0.133 0.287 -0.556
DESIGN FOR BENDING MOMENT
Maximum Moment in X-Dir Mxx kNm/m
Mxx = [Max Mx| + [Mxy| = 1.590 + 0.001
Maximum Moment in Y-Dir Myy = kNm/m
Myy = [Max My| + [Mxy| = 2.250 + 0.000
Maximum Moment in XY-Dir Mxy =
Mxy = [Max Mxy| + [Mx or My| = 0.557 + 0.257
Maximum Shear Stress in X-Dir Sax =
Maximum Shear Stress in Y-Dir Sqy =
Max. Ultimate Shear Stress Vu = max (Sqx, Sqv) =
Max. Ultimate Bending Moment Mu = max(Mxx, Myy, Mxy) =
Depth of section h =
Width of Section =
Concrete Cover cc =
Concrete Grade fo =
Steel Reinforcement Grade f, =
Diameter of Reinforcement dia = ‘ —
Spacing of Reinforcement S = 200 mm
Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

DESIGN FOR THICKNESS AND REINFORCEMENT

Strength reduction factor () Flexure able 21.2.1 , ACl 318-14)
Shear able 21.2.1, ACI 318-14)
Factor Use B1 = 0.8500
where: B1 (if fc's 28MPa) = 0.85
B1 (if fc'> 28MPa) = 0.85 - 0.05/7(fc'-28)
B1 > 0.65
Design Moment Muz/¢ = 2.50 kNm
Width considered b = 1000 mm
Effective Depth (h-cc-dia-0.5dia) =d = 157 mm
z assumed = leastof 0.9°d ord - 0.5%a
0.9°d = 141.3 mm
a = As,,, Ty /(0.85%c™b)
= 9.504 mm
d-0.5"a= 152.248 mm
therefore, z assumed = 141 mm
As reqd = M/fy*z = 44 mm?/m
Provided steel reinf. DB 12-200 ASpror. = 565 mm® /m
> 44 Hence OK
Minimum area of reinforcement req. Asmin = 0.002*b*d  (7.6.1.1,ACI 318-14)
- 500 mm>2/m
Maximum area of reinforcement req. ASpax = 075 p,*b*d
P, = 0.85*B1*fc' *600/[fy* (600+fy) ]
= 0.0303
ASmax = 3573 mm“/m
ASmin < ASprov. < AS max Hence OK

CHECK FOR ONE-WAY SHEAR

Actual shear stress Vu = 0.079 N/mm?
Strength reduction factor for Shear by, = 0.75
d = 157 mm
Shear strength oV, = ¢, 0.17V f'c
oVe = 0.67 N/mm?

Shear force is less than Shear strength, O.K.

No: -00-UGH-CL-
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Plant Storm Water Drainage Design Calculation

s e St
7.3 DESIGN OF WALL _MH-3
Jei Mo Sl No Sy
20054 1 A
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JebTige BOC-2 PROJECT Fint
B Mohan Detesie1/2021 B Diana

Chent pOoop Fiz pianhole design-MH3 rey| DosTie 10 402021 14:35

Plate Center Stress Summary

) Shear Eembrane Bending
Plate LiC Qx Qy Sx Sy Sxy Bz Wy xy
(Nmm?y | Mmm®) | (mmt) | Nmm | emm® | kemimy | (kNmm) | kN mem)
BMax Ok 213 | 208:0.90L+1.6 | 0.081865 -0.002 0,094 -0.637 0.014 2,028 0.185 0.028
i 284 | PI00.90L41.E -0.083 -0.006 -0.074 0023 | 0.01393 -1.141 0,074 2,101
Blax Cry 251 | 210:0.90L+1.6 0,000 0.093 0,017 0,034 -0.001 0.125 1732 0,054
Wlin Qo 226 | 2110800418 0,000 -0.078 -3.018 3,033 -0.001 0.074 1.544 0,042
Wiax Sx 278 | 201:1.4DL+1.4 -0.000 0.007 0.079 -0.073 0.000 -0.428 -0.220 0,000
1in Sx 288 | 290:0.90L41.6 0.073 0,004 0,108 -0.033 0.017 2217 -0.253 0,099
hax Sy 285 | 215:1.20L+5P 0.007 | 0013124 0.025 0.039 -0.037 | 0051528 444 -0.003
Biin Sy 228 | 214:1.2DL45F -0.000 -0.009 -3.009 -0.164 -0.002 0.108 0,429 0.008
Max Sxy | 241 | 208:0.90L41.6 .01 0.014 0,016 0,013 0.041 -01.345 -0.605 -0.343
Min Ssy | 207 | F15:1.2D0L+5P -0.004 0,005 0.019 -0,043 -0.041 -0.025 0.098 -0.028
Max Mx 124 | 210:0.90041.6 0,069 -0.005 -.108 5,033 0.016 2.418 2,385 -0.089
#in W 263 | 210:0.90L41.6 0,088 {1,005 0,108 -0.033 0.016 -2.429 -0.387 0.087
Max by | 2268 | 219.090L+1.65 -0.000 0,078 0016 -0.033 -0.001 -0.074 1.544 -0.042
wiin Wy 251 | 210:090L+1.8 0.000 0.093 -0.017 -0.034 -0.001 0.125 -1.732 0.054
Wax by | 257 | 210:0.90L+1.5 -0.023 | 0.027993 0,047 -0.013 -0.008 0.807 0,491 0.582
Min by | 242 | 2100900416 0.053 -0.008 -0.081 0009 0.000 -0.622 0.057 -0.561

1

3.6.1 DESIGN FOR BENDING MOMENT

Maximum Moment in X-Dir
Mxx = [Max Mx]| + |Mxy| =
Maximum Moment in Y-Dir
Myy = [Max My| + [Mxy| =
Maximum Moment in XY-Dir
Mxy = [Max Mxy| + |[Mx or My| =
Maximum Shear Stress in X-Dir
Maximum Shear Stress in Y-Dir
Max. Ultimate Shear Stress
Max. Ultimate Bending Moment
Depth of section
Width of Section
Concrete Cover
Concrete Grade
Steel Reinforcement Grade
Diameter of Reinforcement
Spacing of Reinforcement

Mxx =
2.430 + 0.067

Myy = kNm/m

1.733 + 0.054
Mxy =
0.582 + 0.807

Vu = max (Sax, Say) = 0.093 N/mm*

Mu = max(Mxx, Myy, Mxy) = 2.497 kNm/m
h =

b =

Doc.No: BCC2-00-UGH-CL-C9910
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Plant Storm Water Drainage Design Calculation

DESIGN FOR THICKNESS AND REINFORCEMENT

Strength reduction factor () Flexure Table 21.2.1, ACI 318-14)
Shear Table 21.2.1 , ACI 318-14)
Factor Use B1 = 0.8500
where: B1 (if fc's 28MPa) = 0.85
B1 (if fc'> 28MPa) = 0.85 - 0.05/7(fc'-28)
BT > 0.65
Design Moment Muz/d = 2.77 kNm
Width considered b = 1000 mm
Effective Depth (h-cc-0.5dia) =d = 119 mm
z assumed = leastof 0.9*dord - 0.5*a
0.9'd = 107.1 mm
a = Asy,, fy/(0.85%c™b)
= 9.504 mm
d-0.5%a= 114.248 mm
therefore, z assumed = 107 mm
As reqd = M/fy*z = 65 mm?/m
Provided steel reinf. DB 12-200 ASprov. = 565 mm* /m
> 65 Hence OK
Minimum area of reinforcement in ver dir req. = 0.0015*b*D (Table 11.6.1,ACI -318-14)
= 300 mm?/m
< 565 mm?/m
Hence OK
Minimum area of reinforcement in Hor dir req. = 0.0025 *b*D (Table 11.6.1,ACI -318-14)
= 500 mm?/m
< 565 mm?/m
Hence OK
Maximum area of reinforcement req. ASmax = 0.757p,"b~d
pp = 0.85*B1*fc'*600/[fy* (600+fy) ]
= 0.0303
ASmax = 2708 mm?/m
ASmin < Asprov. < ASmax Hence OK
CHECK FOR ONE-WAY SHEAR
Actual shear stress Vu = 0.093 N/mm?
Strength reduction factor for Shear oy = 0.75
d = 119 mm
Shear strength oV, = ¢, 0.17V f'c
OV, = 0.67 N/mm?®

Shear force is less than Shear strength, O.K.

Doc.No: BCC2-00-UGH-CL-
Doc.No: B UGH-CL-Co910 128 of 406



	บทที่ 2.pdf
	F2823-4 r1.pdf
	BCC2-WASTE WATER LINE_R.5_KDW-PLAN
	BCC2-WASTE WATER LINE_R.5_KDW-PLAN (2)
	BCC2-WASTE WATER LINE_R.5_KDW-PLAN (3)
	BCC2-WASTE WATER LINE_R.5_KDW-PLAN (4)


	ปกปิด_ภาคผนวก บท 1 part2.pdf

