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B a g@ No —293

m@mg
Location — KM 2%/ 5-7

(Hydrology Details)




Hydrological Calculations for Bridge of Dedicated Freight Corridor - Kesri to Sanehwal

Mame / No. of Proposed Bridge 293

Name of Nailah/ Stream / River : Choa Nala

River Sub - Zone : Upper Indo- Ganga Plains 1 (e}

G.T Sheet No : 538/15

Scale : 150,000

Location : - 25B/5-T

Latitude : 301813

Longitude ; 76°52M 8"

Catchment Area , A = 18.083 Sg Km

Length of Longest Stream course from source to the

bridge site , L = 9.558 Km
Height of Farthest Point | Hi = 279.23 m
Height of Point of Interest, H2 = 27103 m
Height of the Farthest Point above Point of Interest along : .

; H = 8.20m
the river,
Averagé Bed Level = 27103 m

1 Discharge by Rational Formuila { 'Brid_ges & Flood Wing Report No. RBF - 16§ :

(i) 'Q59=0.278x{2x!x}\
where , 7 Qs = 50 years Design Flood Discharge ( Cumecs )
C = Runoff Coefficient

b= 50 Years Rainfall intensity ( mm / Hr } lasting for te hour duration where ¢ is the time of conceniration

A = Catchment Area { SqKm )

{ 1 } Runoff Coefficient . C :

According to Report of the Committee of Engineers ( Khosia ), Annexure - 5,11 { a ), Bridges & Floods Wing Report No. RBF - 18, March - 1990

S. No. Description ' G Value

1 Steep, bare rock, city pavements 08

2 Rock, Steep but wooded 0.8

3 Piateaus , Lightly covered 0.7

4 Clavey soils, Stiff & bare © 08

5 Clavey soils, Lightly covered 0.5

g Loam, Lightly cultivaied or coverad 0.4

7 Loam, jargely cultivated 0.3 ’ - % g % ?
g Sandy Soil, Light growth 0.2 ..

3 Sandy Soil, covered, heavy brush ' 01

In present case, Runoff Coefficlent, c = 0.4



{ iii } Calcwlation of intensity of Rainfall, | ;

For estimating the time of conceniration (1¢) as per Bhatnagar's formula -

t, - [ LH 1 0348
= 5.005 Hr
= 300.307 Mins
{a) t.h Ratif;v = 6.54 ( fram Fig. 4 of RBF - 16 )
{b) 1 h Ratio = 034 ( from Eig. 4 of RBF - 18)
{c) Coefficient, K = t; h Ratic
1 h Ratio
= 1.574
(d)
{1} Rgy{24) = 24.60 om
{fi} Rep(1) = D34%Rey (24 [as perClause: 2.1.3, RBF - 18, forﬂiverSub~Zone§?{e)§
= . 8.16 cm
(i) Reo{ &) = .Kme(‘E}
= 12.84 cm
= 128.40 mm
(iv.) Rain.fall Infensity, I = R ()
.3
= 25.65 mm/ i-Er
{ iv } Design Flood Discharge :
Gp = Q278xCuxixA
Qso ' = 54.468 Cumecs

s gg{‘?



2 Discharge by Rational Formuia { IRC approach j :

Catchment Area, A = 18,083 Sq. Km 1809.35 Hectares
Length of path from Toposheet, L = $.558 Km

Difference in Levels from Toposheet, H = 820 m

Maximum Rainfal, F = 240.00 mm
Duration of Storm, T = 24 Mrs
Cne Hour Rainfali, LE{FITIx(T+1}/(1+1} = 125.00 mm/ Hr
Time of Cancentration { IRC - 8P < 13 - 1998, Clause : 4.7 to=(0.87 x L3/ H )OS 572 Hrs
Critical Rainfall Intensity, l=Lx[2/(1+1,)] Bl 3722 mm/ Mr
Discharge, QA=0028xPxfxAxlk

P = Coefficient of Runoff { For clayey soils, lightiy cultivated or covered ) 0.400

f= Fraction of maximum point intensity at centre of storm, depends on area 0.98

A = Catchment Area in Hectares 1909.35 Hectares

l. = Critical Intansity of Rainfall 3722 cmfHr

Q = Maximum Discharge ' 77992 Cumecs

3 Discharge by Dicken's Formula :

Q = Cxm¥
where, Q = the peek run-off in Cumecs
M = the catchment area in Sg Km

C = 11 - 14, whare the annual rainfall is 66 - t20cm
14 - 19 in Madhya Pradesh
22 in Western Ghats

c = 16 ( adopted in present case §
M = 19.093 SqKm
Hence, Q . : = 146,145 Cumecs

4 Design Discharge :

{ As per IRC-SP:13- 1998, Clause - 7.1 & Clause - 4.2 and 4.3 of LR.8. Code of Practices far the Design of Substructure & Foundation of
Bridges }

Discharge by Rational Formula ( RBF - 16 Report ) 54.468 Cumecs
Discharge by Rational Formula { IRC approach ) 77.992 Cumecs
Discharge by Dicken's Formula 146,145 Cumecs
Maximum Discharge . 148.145 Cumecs
Next Maximum Discharge 77.982 Cumecs

The difference is beyond 50% of the néxt maximum discharge

Hence, Design Discharge adopted . Q = 116.988 Cumacs

3
¥
Gt
[
B



5 Linear Waterway :

Average Bed Levei = 27103 m
HFL as per site condition & local inguiry = 27203 m
So, Tatal Depth of Water, H = 1.00 m

Provide 1 span of 30.5 m at Prosed bridge site location.

Clear Waterway ( provided 3, L = 3050 m
Totafl Area, A = - 30.500 m2
Velocity . v = Q/A

= 3.836 misec

8 Vertical Cleai-ance :

Design Discharge Q = 116.988 Cumecs
{i} Vertical Clearancs as per JRC 5 - 1998 C1, 106.2.1 = 0.900 m
(it} Vertical Clearance as per Railway Code for sub-structure CI. 4.8 ) = 0.782 m

So, Vertical Clearance adopted : ' _ = 0.900 m

HEL + Vertical Clearance
= 272830 m

Minimum Soffif Leve]

u

7 Scour Depth :

Increase in Design Discharge { as per iRC ; 78 - 2000, Clause ; 703.1.1 & Clause - 4.4, RS

4,
Code of Practices for Design of Subsiructure & Foundation of Bridges ) 30%

Increased Design Discharge . C - 152,084 Cumecs

Depth of Scour in accordance with Clause 4.6 of LR.S. Code of Practices for Design of Substructure & Foundation of Bridges & IRC - 78 : 2000,

Clause : 703.2,

Mean Depth of Scour, Gy = 134 % { Dy ® T Ko )™
Dy, = Design discharge per metre width 4.99 Cumecs/m
Ky = Silt factor 1.00
o = - 391 m

Maximum Scour Depth { as per Clause 4.8.6, IRS Code of Practices for Design of Substructure & Foundation of Bridges. )
(For moderate bend) - = 1.58xnd,,

So, Maximum Scour Depth = 5867 m

8 Maxdimum Scour Level :

HFL - Maximum Scour Depth
= 266.16 m

Maximum Scour Leve!

]
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Existing .c ge No — 294
Location — KM 257/5-13

(Hydrology Details)




Hydrological Calculations for Bridge of Dedicated Freight Corridor - Kesri to Sanehwal

Name / No, of Proposed Bridge : 294

Name of Nallah / Stream / River : Tangr River

River $ub -Zone : Upper indo ~ Ganga Plairs, 1 (e}
G.T Sheet No : 53B/15 :
Scale : 1:50,000 ’

Location : Km 257 /5 -13

Latitude ! 30"a3z

Longitude ; 76°51'43*

Bischarge by Manning's Formula :

HFL with Afflux ( HFL ) taken at Bridge site for Existing Span =
HFL. ai Bridge site without Affiux { HFL' ) for Existing Span =

The Mydralogical Caiculations has been done al three sections i.e. at Upsiream side, Downstream side and near Proposed Bridge focation,

272,652 m
7252 m

(i

—r

At LIS location : ( Distance from Proposed Bridge = 300 m )
HFL ( Annexure -1 & 8) ) =
Cross - Sectional Area of Fiaw, A =
Width of Flow, W =
Wetted Perimeter { perpesidicular to direction of flow ¥, P =
Hydraulic Mean Radius, . R=A/P - =
Longitudinal Slope { as calculated ), . 5 =
" Velocity by Manning's Farmuia.
¥=1nR* s { Refer IRC - SP : 13 - 1998, Clause : 5.4)
For™n " valus ¢ IRC-SP:13-19%8, clause : 5.4, Table - 3 3
Co-efficient of Rugosity, n =
Velocity, v =
Discharge, Q=AxV =

27287 m
141.57 Sq.m
8G.00 m
80.15 m

157 m
0.0008 m perm

0.035
1.158 m/s
163.843 Cumecs

(i)

At Existing Bridge location :
HFL { Annexure - 2 & 6) =

Cross - Sectional Area of Flow, A =
Widih of Flow, W . =
Weted Perimeter { perpendicuiar fo direction of flow}, P = -
Hydraulic Mean Radius, . .R =A/P =
Longitudinal Slope { as calculated ), S =
Velocity by Manning's Formuia,

V=1 R g% { Refer IRC - 5P : 13 - 1998, Clause : 5.4

For~ n " value { [IRC-SP:13-1988, clause : 5.4, Table - )

Co-efficient of Rugosity, 5] =

WVelocity, v =

Discharge, ) Q=Axy =

27252.m
245.87 Sq.m
120.00 m
120.27 m

204 m
0.0008 m perm

0.035
1,381 m/s
338489 Cumecs

o

L

Dk



( iii } At D8 location ;

( Distance from Proposed Bridge = 600 m )
HFL { Annexure - 3 &6}

Cross - Secticnal Area of Flow, A =
Widih of Flow, =
Watted Perimeter { perpendicutar to direction of flow ) , P =
Hydraulic Mean Radius, R=A/P =
tongitudinal Stope ( as calcutated }, s =
Velecity by Manning's Formula,
V=1 ¥ g7 (Refer IRC « 5P : 13 - 1898, Clause : 5.4
Far* n " value (IRC-SP:13-1998, clause : 5.4, Table - 3)
Corefficient of Rugosity, n =
- Velocity, v =
Discharge, Q=AxV =

271.02 m
119,07 Sq.m
80,00 m
$0.44 m

132 m
0.0025 m perm

0.035
1.716 mis
204.338 Cumecs

M

Dischargs at U/S location
Discharge at Proposad Bridges location

Discharge at D/S location

By comparision of U/S, DJS and Proposed Bridge location, the Design Discharge may be taken as,

Design Discharge, . Q

Linear Waterway :

Regim’e Width,

IRC - 5P : 13 - 1898, Clause : 8.5 & Clause : 104.3 of IRC - 5 - 1988

Minfrmurn waterway pravided =

Afflux. Calcu_!atlons :

Afflux Caiculation for Existing Span
Cross - Sectional Area of Flow, A

. Width of Flow,

Existing Span Arrangement at Bridge location

Effective Span for passing the waler at site

Total Watler Way provided, L
Design Discharge, : Q
Depth of Flaw at D/ of Bridge, Dd=A/W
(alA)or{L/W)

(Refer IRC « 5P : 13 - 1898, clause : 17.3) Cofficient " e~

Cofficient * CO;

g

If the Afflux, h < Dd/4, the Orifice Formula is applicable.
By OIrifEce Formuisa, the Discharge is given as,

Q=0Cy 26)™° L Dy f+(1+ejurzgl®

or, e (1+e)u2g1® = @/ {Co 29)™° LDy}

of,  {he(l+e)u¥2g}=[Q/ o (20)™° LD}
Substituting vatues, we have

h+ G.094 W o= 0,206

(2/3) of Regime Wldl?t

W=48x0'"
in accordances with Para - 4,5.3 with a value of C = 2,67 of RS - Code of Practics for the Desan of Sub

163.84 Cumecs
339.47 Cumecs
204,34 Cumecs

338.469 Cumecs

88.438 m
-structures & Foundations of Bridges, also

58.952 m

245.87 Sq. m
12000 m
Ix475m
Ix475 m
95.00 m
339.47 Cumecs
2048 m
0.8
0.85
0.867
281 mis®



Also at U/S of the Bridge,
Q=W (Dy+hyu of,
Substituting values, we have

h = 2.829 fy )

Combining (1) & (i),
u - 0.04181 ut = 1.254
u ( by trial & error }
LHS Equation
Substituling " u " in equation (i}, we get
h
The Afflux as per Crifice Formula ,

By Weir Formula, the Discharge is given as

Q=1.706 CwL H3/2

H = {Q/(1.706 Cw L)j2/3
(Refer IRC - 5P : 13 - 1998, Page - 9%)
Cw for Narraw Bridge Opening
COH

Also, Du=H - u2/2g

Assumes, Du = H

u= QMY

Now, Du = H - u2/2g

Dd { as above )

Afffux, h=Du - Dd

Tha Afflux as per Weir Formuta,

The Afflux adopted,

{ 1} Afflux Calcufation for Proposed Span

Cross - Sectionaf Area of Flow,

Width of Flow,

Propased Span Arrangement at Bridge location
Effective Span fﬁr passing the water at site
Total Water Way provided,

Design Discharge,

Depth of Flow at D/S of Bridge,
{alA)or{L/W}

(Refer IRC - 8P : 13 - 1998, clause : 17.3}

A= Q71 Wu Dy

2.048

n < Ddi4, OK

i

(i)
1.360
1,255

0030 m
0.030 m

058
1,659 m

1.6859 m
1.705 m/s
1511 m
2049 m

. -0.538 m

Since h < Dd/4, Orifice formula wiil be applicabie

h

3
Q
Dd=Arw

Cofficient* e "
Cofficient * Co+

g

-0.538 m

0.030 m

24952 Sq.m
12000 m
3x475m
Ix475m
9500 m
338.47 Cumecs
2079 m
0.75
0.85
0.867
9.81 mys?

g

[



i the AfTux, h < Dd/4, the Orifice Formula Is applicable.

8y Crifice Formula, the Dischargs is given as,

Q= Cs 200" & Dy e(1+au¥ag®s
fhe(reufagi®= @ (o (2g)°° L Dy)
{h+{1+e)u¥i2g} = [Q/ {Cy (29)™° L Dy 2

Substifuting values, we have

h+

0094 2 = 0.200

Also at U/8 of the Bridgs,

Substituting values, we have

Combining (1) & (i},

u

Q=W (Dath) u or,
h o=y 2.829 fu -
0.04136 u? = 1.24%

u { by trial & errar }

LHS Equation

Substituting “ u " in equation (i}, we get
h

The Afflux as per Orifice Formula,

By Welr Formula, the Discharge is given as

Q=1.706 Cwi Ha2
H'= (QI(1.706 Cw L)j2/3
(Refer IRC - SP : 13 - 1998, Paga - 89)
Cwi for Narrow Bridge Opening

H
A‘lso,.Du =H- u2i2g.

. Assume, Du=H

u = QANdu

Now; Du = H-u2i2g
Dd { as above
Afflux, h = Du - Dd

The Afflux as per Weir Formu!é,

The Afflux adopted,

HFL at Bridge site for Proposed Span Arangement

So, Afflux adopted =

0.030 m

h=Q/Wua-Dy

2079

h < Ddia, OK

i

(i)

(Hil}
1341
1.241

0.030 m
0030 m

.08
1.659 m

1.858 m
1.705 mis
181t m
207 m
Q568 m

Since h < Ddi4, Orifice formula will be applicable

h

-3.568 m

0.030 m

272.552 m



(t}

Vertical Clearance ©

Design Discharge, Q = 339,459 Cumecs
Vertical Clearance as per [RG : 5 - 1998, Clause : 106.2.1 = 120 m

{1i } Vertical Clearance as per Railway Code for Sub-structure, Clause ; 4.8 . = 180 m

So, Vertical Clearance adopled = .50 m

Minimum Soffit Level of Deck Stab ] HFL + Afflux + Vertical Clearance
= 274082 m

Scou? Denth

Incregse in Design Discharga (as per IRC : 78 - 2006, Clause : 703.1.1 & Clausa : 4.4, IRS Code of P;actzces for

30%
Design of Substructure & Foundation of Bridges }

Ihcraased Design Discharge : 441.310 Cumecs

Depth of Scour in accordance with Clause 4.6 of |R.S. Code of Practices for Design of Substruciure & Foundation of Bridges & IRC - 78 : 2000,

- Clause 1 703.2,
Mean Depth of Scour, Gy =134 x { D2/ Ky )™
Dy, = Design discharge pér metre wigth 4.645 Cumecs /m
K  Silt factor : ' 1.00
dsm:‘“ 3T m

Maximum Scour Depth ( as per Clause 4.6.6, [RS Cotk of Practicss for Desrgﬁ of Substructure & Foundation of Bndges }
(For moderate bend} ' . = .5 X o

So, Maximum Scour Depth = 5598 m
Maximum Scour Level -

Maximum Scour Level = HFL - Maximuen Scour Depth
= 266.926 m

$
7
<>
B
o

£



Censulting Engireers Grp Lid., Jaipur

Hydralogy Repors

Annexure - 2
‘ X-Section 3
274 |
273 _f[\\
g 272 - ; \
o
)
270 r*"”/
289 L - - . . ]
o 50 00 150 200 250 00 350 400
Distarcy {m)
Lross - Sectionai Ares of River / Nallan at Existing Bridge Site is a8 foliows ;
HFL = without Afflux for existing span
Totat 1.953 245.87 120,27 120,00
Distancs {m} | Bed Leval (m  HFL{m) | Depth g} D‘:‘;;’(g‘:) Area (8q. m) | Perimater i) Ti':;‘j'?r:)“’
o 289.995 277522 2527
10 270.038 272,502 2.484 2,508 25.085 10.000 10.000
20 270.081 272522 2.441 2483 24,826 10,000 10,006
a0 270124 272522 2398 2.420 24,195 10.000 12.000
40 270410 212.552 21 2255 22550 10.004 10,000
50 270,858 272,522 1883 1.888 18.875 10010 +0.000
50 271015 272,502 1.507 1,565 15,850 10.001 19.000
0 270,984 272528 1,538 1.523 15.225 10,000 10,000
a0 272212 272.522 2.310 0.924 9.240 10,075 10.000
%0 273.690 7252
100 273.208 272,502
1 271,834 272.522 0.888
120 270378 272,522 2,444 1516 15,180 10,074 10000
130 266.985 272522 2.537 2341 23.405 10.008 16,000
140 260,942 212522 2580 2,559 25.585 16,000 10,006
150 270556 212,522 1954 2267 22870 10.020 10.000
180 269,888 272522 2634 2284 22.640 10.023 10.000
176 288,338 72522 3183 2.508 29.085 10.015 16000
180 270.485 272522 2,057 26820 26.200 10.063 10,000
180 20187 | 2rasa 2358 2208 22.080 10.004 18.000
200 270587 272522 1.535 1,945 18,450 10,034 10.000
216 271,055 272522 1,487 1.501 15.010 +0.000 10.000
200 271477 272522 1345 1.408 14.060 10.00% 10000
230 271818 2522 0704 1.025 10,265 10.021 10,000
240 272918 wasz '
250 272.534 272,522
760 272864 212,522
27 271,781 272522 0.761
280 270.938 272.822 1.584 1173 11,725 10.034 10,000
280 270,480 pTE52Z 1832 1808 16,080 10000 16,000
100 270 842 272522 1.580 1.858 14,580 10.000 10,000
310 270,704 212522 1.728 1704 17.040 10.000 10,000
320 270 807 272522 1.825 1777 17.765 10.000 - 10.000
330 270,598 272.522 1.823 1.474 18,740 © 10.000 10.000
240 270505 | 272522 2017 1.970 19.700 £0.000 10,000
150 270.425 272,522 2087 2082 20.520 10.000 10.000
360 270.348 272522 2474 2131 21.305 10.000 10.000
370 270,172 272522 2350 2.262 22,620 0.002 10,000

g



Gansulting Engingers Group Lid,, Jafpur Hydralogy Repors

Annexure - 4

———

K.Saction |

274
|

273 [\ E/‘\ .
zr:q‘“;\—”- . —\.'— -

NV J
pobond T

268

Level {m)

4 50 108 T 150 206 250 308 350 460
Distance (m})

Cross - Bectional Ares of River / Mallzh st #xisting Bridge Site is as follows :
HFL = with Afflux for existing span

Total 1.963 49,47 120,27 120,00
Distance (m} | BediLevel fm)]  HFL{m} | Depth(m) . D‘:‘;‘i:?;, Area (Sq. m) | Perimetr im) ?‘;ﬁn"j‘f’;’"'
9 280,985 272.552 2.557
10 270.038 272552 2514 2536 25.355 10,000 10.000
20 276,081 272552 2471 2403 24.925 10.000 10.000
30 270,124 272,552 2.428 2450 " 24405 10,000 10,000
10 270410 272.552 2442 2288 22,850 10.004 " 10,000
56 270.838 272552 1.693 1817 18175 10.010 10.000
80 271.015 272552 1,537 1815 18.150 10.001 10.000
0 270984 272552 | . 1.588 .53 15.525 10000 10.000
0 272,212 272552 0.340 0.954 8.540 10,075 10,000
50 273880 § 272552 '
100 273.208 272,552
110 T84 | 272552 0418 .
120 276378 272552 2174 1.548 15,480 10.07% 10.000
‘130 269,965 272552 2.567 2370 23.708 10,008 10.000
140 269 942 272,552 2810 2,589 25485 101:000 0,000
150 270.588 272,552 1884 2.267 22970 10.020 10,000
180 269.288 2862 1 2684 2324 23.240 10023 10.000
170 268,338 272.552 3.213 2.039 28385 10015 +0.000
180 270,465 212552 2087 2850 28,500 10,0683 10,000
190 270,187 272,552 2385 2236 22.380 10,004 10,000
200 270,987 272 552 1.585 1975 16.750 1003 . one
210 . 2N.055 272.552 1487 1.531 18310 10.006 10.000
220 211477 272552 1.375 1.438 14,380 10.00% 10.000
730 274,818 272.552 0,734 1.056 10.546 10.021 10.006
240 272.916 272,552
250 273534 272,552
280 272.884 272.552
270 275,761 272.552 0.791
280 270.0385 272,552 16814 1.202 12,025 10.034 10.000
280 270,850 272552 1,882 1834 8380 10.000 10.000
300 270,842 212,552 1.710 1.588 16,880 10,000 10,000
118 270,794 272,552 1,758 1,754 17.340 10.000 16.000
320 270.897 272552 1855 1807 18.065 £0.000 10.000
e 270598 72552 | 1953 +.00¢ 18,040 10.000 10.000
340 276.505 272552 2.047 2.000 20.000 10.000 10.000
350 270,435 212552 2117 2082 20.820 10,600 0,800
360 279,348 22862 | 2304 2161 21,605 10,000 16.600
3 278172 272.552 2.380 2292 22520 10.002 16,000




Cansulting Enginears Group Lid., daipur

Anpexyre - §

Hydrotegy Raport

X-Section

274 1
i Jf\\ zf\s
= 272 ; l\ - -/— -\- -
E
§ 271 - e ﬁ ’-/ \
o ’_”/ \u ‘*N‘N\
|
269 4 + 5 r - ¥
a 50 109 158 200 256 Jea 350 400
Distance (m}) l
Cregs - Sectional Area of River / Nallah at Proposed Bridge Site is a2 fallows ;
HFL = with Afflux for proposed spaty
Tota) 1.983 249,82 120.27 120.60
Distanca {m} |Bed Level ()] HFL{m) | Depth im) D’::t;"f;} Arsa (So. m) | Perimeter {m) T°F’: :: ‘?’:}"f
g 269.995 272,582 2.557
16 270.028 272,552 2,514 2.538 25.360 10.000 10.000
20 270.081 272552 247 2.493 24,930 10.008 16.000
30 2loqz24 272,552 2.428 2.450 24.500 10.000 10.000
44 270,410 272.552 2.142 2.285 22,855 0.004 10060
50 270.859 272.552 1.B83 1,918 18.180 18.010 0000
&0 2.5 272,552 1.537 1.815 16,155 10.001 10.00C
70 270.984 272552 1.568 1.553 15.530 10.000 10.000
80 2iz.z12 272,552 0,340 0.954 8.545 . 10075 16.080
Lo 273,890 272552
100 273.205 272552
110 71844 212.652 8918
120 270.378 272.552 2474 1.548 15.485 10.07a 10.00¢
130 269.985 272.552 2.587 2.371 23710 10.008 10.000
140 286 942 2Vifgs2 2810 2589 25.880 10004 10.000
150 270.588 272,552 1884 2297 22975 10.020 10.000
180 269.828 212,552 2.664 L2324 21245 10.623 10.000
170 268.339 272.582 3213 2.939 29350 10.015 10.003
189 270,485 272.552 2.087 2850 26.505 10.083 10.000
T 190 270,187 272852 2.385 2238 22,385 10.004 10.000
200 270.987 212552 1.565 1.876 19.755 10,034 10060
210 27%.058 212,552 1497 1,531 15.315 10.000 16.000
220 27477 272.552 1.375 1438 14.385 10.001 10.000
220 271.8:18 272.552 G.734 1.055 10.550 16.021 16.000
240 272814 272552
250 273.534 272.552
280 272.864 2r2.552
2719 271.781 272.552 0.7
280 270938 272.552 1.014 1.203 12.020 10.034 10.000
i) 270,880 272.552 1662 1838 18.385 10.600 10.000
300 270,842 272,552 1.710 1.686 18.865 10.000 10.000
30 27G.794 212.552 1.758 1734 17,345 10,000 10008
328 270.807 272,552 1.855 1.8d7 18.078 10.000 19.000
330 270.588 272,552 1.853 1.904 15045 10.000 10.000
340 270505 272552 2047 2000 20.005 10.000 10.000
360 26.435 272552 FALYS 2.082 20.825 16000 10.080
360 270348 272552 Z204 2181 21810 10.000 10.000
37 270472 272.552 2.380 2.202 22,925 10.002 10,000

L
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Consuting Engineers Group Lid,, Jaipur Hydrulogy Report

Annexure . 1

X-Section

Lavel {mj
o
N

! 271 7~—i
.x |
' 27 L g v g ﬁwj
’ i 26 40 80 80 o ) 120
’ ; Distance {m)

H

Cross - Sactional Arez of River f Naltah at Li/§ of the Proposed Bridge is as foliaws ;

Distancs from Propased Bridge 500 m

Longuding! Slope at /S side 0.0008

HFL at this location 2912872 m

Totat 1.540 14157 50,15 so00 |
Distance (mj | Bod Loval fml|  HFL4m) | Depth fm) D’:‘;;I“?r:) Aren {Sq, m) | Perimeter (my T‘:f;x‘:‘;‘)“
- a 273.240 272972

10 271,683 272.97%. 1.289
20 21854 2272 1.318 1.304 13035 1e.000 10.000
30 271878 2ragvz 1.296 1.387 13.070 T 10.000 10.000
40 271235 212872 1.237 1.287 .12.685 10.000 1¢.000
50 271107 272672 1.285 1.251 12.510 10.000 10.000
11} 270.454 272.872 2518 1.862 18.915 10.078 10.000
78 270,392 212872 2.580 2549 25,440 10.000 18000
80 271,54 272,972 1.38% 1.88% 18.805 10.072 10.000
58 271.854 rzare 1.318 1.350 13.495 " t0.000 10.000
160 27173 272,972 1199 1.258 12.585 10004 10.000
11 273253 272,972 j



Consulting Engirears Group Lid., Jaipur Hydrolegy Repont

Annexere - 3

X-Section :

Lavel (m)
e
3

289 oo ——— Mm—»_ﬂ ‘

. 0 0 40 80 80 00
: Distance {m} i

.

Cross - Sectional Ares of River / Nailah at (/S af the Fropossd Bridge is as follows ;

Distance from Proposad Bildge BYG m
Longitudinal Stope at D/S side 4.0025
HFL at this Jocation : 2022 m
Tatal 1223 119,07 $0.44 20,00
Distance (m} | Bed Lavei (m)]  HFL {m) Depth {m) D’:‘;ﬁ:g:] Area (3. m) | Parimeter (m) Tcpﬁoﬁ?gjuf
i 270,915 271.022 0.107
i 270132 271,422 0.280 0.199 1.985 10.002 10.000
20 270.360 271.022 0.882 0.478 4780 10007 16.000
ke 281.715 271.022 3307 1.485 19,848 16.344 10000
40 288,688 271.022 2354 2.831 28.305 10.045 10.000
5 269.159 271.022 1.883 2109 21,085 10.012 10.000
80 269626 1.022 1388 1.830 . 1h.2os 10.081 10.000
73 270.084 274.022 0.938 1.167 14.870 10.010 10,000
£0 270248 271.022 0778 o847 8.570 10.001 10,000
] 270487 2022 0,535 0.858 8555 008 ) 10000

ot

=
e
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(Hydrology Details)



Hydrologicai Calculations for Bridge of Dedicated Freight Corridor - Kesri to Sanehwal

Name / No. of Proposed Bridge :
Mame of Nailah/ Stream /River ;
River Sub - Zone :

G.T Sheet No:

Scale:

Location :

Latitude :

Longitude :

Catchment Area ,

Length of Lungest Stream course from source to the
bridge site,

Height of Farthest Point ,

Height of Point of Inferest,

Height of the Farthest Point above Point of Interest along
the river,

Average Bed Level

H1

H2

289

Local Stream

Upper [nde- Ganga Plains 1 {8)
53B/15

160,000

283/21-23

30%20'49"

76%48'45"

= 1.618 SgKm

= 1.807 Km

= 27216 m

= 269.95 m
= 220 m

= 262.85 m

1 Discharge by Rational Formuia { Bridges & Flood Wing Report No. RBF - 18 }:

(i} Qo = 0.278xCx1xA

where , Qgp = 50 years Design Flood Discharge ( Cumecs )

G = Runoff Coefficient

>
]

{ i1 ) Runoff Cogfficient . C ;

Catchment Area ( Sg Km )

= 50 Years Rainfali Intensity { men / Hr ) lasting for t¢ hour duration where tc is the time of concentration

According fo Report of the Comnﬁirtee of Engineers { Khosla }, Annexure - 5.1.1 { a ), Bridges & Floods Wing Report No. RBF - 18, March - 1800

S. Mo. Description ¢ " Value
1 Steep, bare rock, city pavernents 0.9
2 Rock, Steep but wooded c.8
3 Plateaus , Lightly covered o7
4 Clavey soils, Stiff & bare 058
5 Clavey soils, Lightly covered 0.5
3 Loamy, Lightly cultivated aor covered O.4
7 toam, iargely cullivated a3
1 Sandy Scit, Light growth 0.2
g Bandy Soil, covered, heavy brush s8]
RS K
In present case, Runoff Coefficient, c = 0.4 - 7



{1if } Calculation of Intensity of Rainfail, | :

For estimating the time of concentration (tc ) as per Bhatnagar's formuda -

. =

{a} t: 7 Ratio =
ih} 1 h Ratie =

fc} Coefficient, K =

(d)
i} Rs(24) =

(i) Reo (1) : -

(i) R (1)

{ v } Rainfall Intensity, i

{ iv } Design Flood Discharge :

Qg ‘ =

{Lalaz 0.345

1.405 Hr

84.327 Mins

0.40 (from Fig. 4 of RBF - 16 }

0.34 (from Fig. 4 of RBF - i6)

i h Ratio
1 h Ratio

1.178

24.00 cm

0.34x Ry (24) [as per Clause 2.1.3, RBF - 18, for River Sub - Zone:t{e)}

8.46 cm
KxRey {1}
89.60 emy
£6.97 mm
= Re (£}
t:
= 68.28 mm / Hr
0278xCxlxA

12.28% Cumecs



2 Discharge by Rational Formuia { IRC approach }:

Catchmant Area, A = 1.818 Sg. Km 181.84 Hectares
Length of path from Toposhest, L = 1.807 Km
Difference in Lavels from Toposhest, ] = 220 m
Maximum Rainfali, F = 244,00 mm
Buration of Storm, T = 24 Hrs
Or;eHourRainfall, fnr{F/T}x(T+1)!(1+1) = 125.00 mm / Hr
Time of Concaniration (IRC - SP: 13 - 1888, Clause : 4.7) = (0.87 x L/ H )% 1.32 Hrs
Critical Rainfali Intensity, L=lx{2r(1+¢ 3l = 164.79 mm/ Hr
Discharge, . Q-0.028xPxfxAx [N
P = Coefficient of Runoff { For clayey soils, lightly cultivated or covearad } 0.400
f= Fraction of maximum paint intensity at centre of storm, depends on ares 0.8
A = Catchment Area in Hectares 181.84 Hectares
f. = Criticai Intensity of Rainfa)l 10,478 em/Hr
Q = Maximum Discharge 18.615 Cumecs
3 Discharge by Dicken's Formula :
Q = Cxp¥
whers, Q = the peak run-off in Cumecs
M = the catchment area in Sq Km
c = 11 - 14, where the annuaf rainfall is 60 - 120 ¢m

14 - 19 in Madhya Pradesh
22 it Western Ghats.

c = 18 - (adoptedin present case )
M = 1.618 8q Km
Herca, a = 22.958 Cumecs

4 Design Discharge :

{ASperiRC-SP: 13- 1988, Clause - 7.1 & Clayse - 42and 4.3 of IRSA Code of Practices for the Design of Substructure & Foundation of

Bridges )

Discharge by Rational Formuia {RBF-18 Report) ) 12.289 Cumeacs
Discharge by Rational Formuta { IRC approach § 18.615 Cumecs
Discharge by Dicken's Formuia 22.858 Cumecs
Maximum Discharge ) 22.958 Cumecs
Next Maximum Discharge 18,618 Cumecs

The difference is within 0% of the next maximum discharge

Hence, Design Discharge adopted Q = 22.958 Cumecs



3

(i
(i)

Linear Waterway :

Average Bed tavel = 268985 m
HFL as per site condition & lnca: inquiiry " 27085 m
So, Total Depth of Water, H = 090 m
Provide 3 spans of 6.1 m at proposed site location,
Clear Waterway ( provided }, L = 18.30 m
Total Area, A = 16.470 m2
Velogity , v = QA

.= 1.394 m/sec
Vertical Clearance :
Design Discharge Q = 22,958 Cumecs
Vertica! Clearance as per IRC 5 - 1998 CI. 106.2.1 = 0.800 m
Verlical Clearance as per Raitway Code for sub-structure ClL 48 = . 0.600 m
So, Vertical Clearance adopted = - 0.800 m

Minimum Sofit Leval =

Scour Depth :

Increase in Design Discharge { as per IRC ; 78 - 2000, C

Increased Design Discharge

ause : 703.1.1 & Clause : 4.4, IRS
Cade of Practices for Design of Substructure & Foundation of Bridges )

HFL + Vertical Clearance
271452 m

30%

29.846 Cumecs

Dapth of Scour in accordance with Clause 4.6 of LR.S. Code of Practices for Design of Substructure & Foundation of Bridges & IRC - 78 : 2000, '

Ciause : 708.2,

Mean Depth of Scour, Oy = 1.3dx (D27 K, J?
D, = Design discharge per metre width 1.63 Cumecs /'
Ky = Silt factor 1.00 .
Sy = 1.86 m

Maximum Scour Depth { as per Clause 4.6.6, IRS Code of Practices for Design of Substructure & Foundation of Bridges. §

(For moderate bend)

= 1.5 xdgp

So, Maximum Scour Depth = 2785 m

Maximum Scour Level :

I

Maximum Secour Lavel

HFL - Maximum Scour Depth
268807 m
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Hydrological Calculations for Bridge of Dedicated Freight Corridor - Kesri to Sanehwal

Name / No., of Proposed Bridge : 300
Name of Nailah / Stream / River : Local Stream
River Sub - Zone : Upper Indo- Ganga Plains 1 (&)
G.T BheetNo : S3B/15
Scale: 1: 50,000
Location : 264/21-23
' Latitude : 30%212"
Lorgitude : 76%4gr25"
Catchment Arga , A = 1.019 8q Km

Length of Longest Stream course from source to the

bridge site , L = 1.501 Km
Height of Farthest Point , 4] = 27253 m
Height of Point of Interast , H2 = 27053 m
Height of the Farthest Point above Point of Interest aflong )

. H = 200 m
the river, .
Average Bed Level . = 27083 m

1 DBischarge by Rational Formula { Bridges & Fisod Wing Report Mo. RBF - 16 it

“) an=0.273XCXEXA

where | Qg0 = 50 years Design Flood Discharge ( Cumecs )
G = Runcf Coefficient

1= 50 Years Rainfall Intensity { mm / Hr ) lasting for tc hour duration where ic is the time of cancentration

A = Catchment Area ( Sg Km )

{ ii } Runoff Coefficient, C :

Accarding to Report of the Committee of Engineers ( Khosla 3, Annexure - 5.1.1 { &}, Bridges & Floods Wing Report No. RBF - 18, March - 1990

S. No., Description "¢ " Yalue
1 Steep, bare rock, city pavements 0.9
2 Raock, Steep but wonded 0.8
3 Plateaus , Lightly covered o7
4 Clavey soils, Stiff & bare 08
5 Clavey soils, Lightly coverad 0.5
5] Loam, Lightly culfivated or covered 0.4
7 Loam, largely cultivated 03
E] Sandy Soil, Light growth 0.2
9 Sandy Soil, covered, heavy brush 0.1

inpresent case, Runoff Coefficient, c = 0.4 _ PR

"
o,



{ iit } Caleuiation of Intensity of Rainfall, | :

For estimating the time of concentration { tc ) as per Bhatnagars formula ;

. t = 1 B 1 348
= 1.199 Hr
= 71.820 Mins
{a) t; h Ratio = 0.37 { from Fig. 4 of RBF - 18)
{b} .1 1 Ratio = 0.34 { from Fig. 4 of RBF - 16}
{c] Coefficient, K = i, h Rafio
1 h Ratio
= 1.087
{d)
{i} Rep(24) = 24.00 cm
(EI)‘ Rea{ 1) = 0.34 xRy { 24} [ as per Clause : 2.1.3, RBF - 15, for River Suk - Zone - 1 (e)}]
= 816 cm
{fii} Reo () = KxRs(1}
= B.87 cm
= 88.74 mm
(v} Rainfal intensity, i = Reo(t)
L
= 7403 mm i Hr
{ iv ) Besign Fiood Discharge :
Qso = 0278xCxixhA
Geg = 8.387 Cumecs



2 Discharge by Rational Formula { IRC approach ) :

Catchment Area, A
Langth of path from Taposhest, L
Difference in Leveis from Toposheat, H

Maximum Rainfali, F
Duration of Storm, T
One Hour Rainfail,

= 1.019 Sg. Km 101.89 Hectares
= 1.501 Km
= 200m

= 240.00 mm

= 24 Hrs

BE{FIT)x(T+1)/(1+1)

125,00 mm/ Hr

Time of Concentration { IRC - SP : 13 - 1988, Clause - 4.7 )] t = {0.87 x L3 H )08 1.18 Hrs
Critical Rainfall Intenisity, e=lax[2/(1+t, 31 = 11573 mm/Hr
Discharge, . Q=0028xPxfxAxl,

P = Coefficient of Runoff ( For clayey soils, lightly cuttivated or cavered ) 0.400

f = Fraction of maximum point intensity at centra of storm, depends on area 0.98

A = Catchment Area in Hectares
ly = Criticat Intensity of Rainfall

Q = Maximum Discharge

3 Discharge by Dicken's Formula :

where, G ’ =

Hence, Q =

4 Design Discharge :

101.889 Hectares
PME73 em /i Hr
12,942 Cumecs

CxmM™

the peak run-off in Cumecs

the catchmert area in SgKm

11 - 14, where the annual rainfall is 60 - 120 cm
14 - 19 in Madhya Fradesh
22 In Western Ghats

16 ( adopted in present case)
1.018 SgKm

16.226 Cumecs

(AsperlRC-5P: 13- 1998-, Clause - 7.1 & Clause - 4.2 and 4.3 of L.R.S. Code of Practices for the Cesign of Substmdure & Foundafion of

Bridges j

Discharge by Rational Formuia ( RBF - 15 Repaori }
Discharge by Rational Formula (IRC approach )
Discharge by Dicken's Formula

Maximum Discharge
Next Maximum Digcharge

The difference is within 56% of the next maximum discharge

Hence, Design Discharge adopted Q

8.387 Cumecs
12,942 Cumecs
16.226 Cumecs

16.226 Cumecs
12.842 Cumecs

= 16.226 Cumecs

S

A



5

{i}
(i)

Linear Waterway ;

Average Bed Level
HFL as per site condition & local inquiry

So, Total Depth of Water, H

Provide 3 spans of 6.1 m at proposed site location,

Clear Waterway ( provided I3 L
Total Area, A
Velacity , v

Yertical Clearance :

Design Discharge
Vertical Clearance ag periRC 5 - 1998 CI, 106.2.1

Vertical Clearance as per Railway Code for sub-structurs Ci.

So, Verticai Clearance adopted

BMinimum Soffit Level

Scour Depth ;

Increase in Design Discharge { as per iRC ; 78 - 2000, Clause : 703.1.1 & Claue : 4.4, IRS

4.8

270,53 m

27168 m

116 m

1830 m

21277 m2

Qra
0.763 misec

= 16.226 Cumecs
= 0600 m
= 0.60C m
= . 600 m

HFL + Vertical Clearance

272,290 m

Cade of Practices for Design of Substructure & Foundation of Bridges }

Increased Design Discharge

30%

21.084 Cumecs

Depth of Scour in'acccrdance with Clause 4.6 of LR:S, Code of Practices for Design of Substructure & ‘Founcfation of Bridges & IRC - 78 - 2000,

Clause : 7032,
Mean Depth of Scour,

Ker = Silt factor

ﬁ!m =

o =134 x [ D, 21K, )"
D = Design discharge per metre width

.18 Cumecs/m
1.00
147 m

Maximum Scour Depth { as per Clause 4.8.8, IRS Code of Practices for Design uf Substructure & Feundation of Bridges. }

(For moderate bend)

8a, HMaximum Scour Depth

Maximum Scour Level :
xaxinum scour Level @

Maximum Scour Level

269.48 m

It

1.5 x dy,
= - 2210m

HFL - Maximum Scour BDepth

§
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Hydrological Calculations for Bridge of Dedicated Freight Corridor - Kesri to Sanehwal

Name / No. of Proposed Bridge : 301

Name of Nallah / Stream / River : Local Stream

River Sub - Zone : Ugpper Indo- Ganga Plains 1 (e}

G.T Sheet No ; 53B/15

Scale : 1:50,000

Location : 264/33-35

Latitude : ap%2113

Longitude ; ?s%s"a"

Catchment Area, A = 0.751 8qKm

Length of Longest Stream course from source tg the L - 1.285 Km

bridge site,
Height of Farthest Point , H1 = 27265 m
Height of Point of Interest, H2 = 271.05 m
- Height of the Farthest Point ahove Point of Interest along .
; H = 160 m
the river,
Average Bed Levet = 27108 m

1 Discharge by Rationa_ﬁ Formula { Bridges & Flood Wing Report No. RBF - 16 y:

(i} Qe = 0.2782CxlixA
where , Qs = 50 years Design Flood Discharge ( Cumecs)
C = Rurnoff Coafficient

I= 50 Years Rainfall Intensity { mm / Hr ) tasting for tc hour duration where tc is the time of concentration

A = Caichment Area ( Sq Km)

{ it } Runcff Coefficient, C:

According {o Report of the Committee of Engineers ( Khosla ). Annexure - §.1.1 (a ), Bridges & Fleads Wing Report No, REF - 18, March - 1990

5. Mo. Description "¢ " Value
1 Steep, bare rock, city pavements 04
2 Rock, Steep but wooded X
3 Plateaus , Lightly covered 0.7
4 Clavey soils, Siiff & bare 0.8
g Clavey soils, Lightly covered 0.5
8 Loam, Lightly cultivated or coverad 0.4
7 Loarn, largely culfivaied 63
8 Sangy Sof, Light growth ' 0.2
9 Sandy Soil, covered, heavy brush 0.1

inpresentcase, Runoff Coefficient, c o 0.4



{ iii } Calculation of Infensity of Rainfall, 1 :

For esfimating the time of concentration ( to ) as per Bhatnagar's formula :

t = [L3rH
= 1.102 Hr
= £6.137 Mins
[a) t. h Ratio = 0.36 {from Fig. 4 of RBF - 16 }
(b} 1 h Ratio = ’ 0.34 ( from Fig. 4 of RBF - 16)
{e)} Coefficlent, K = 1. h Ratio
1 h Ratic
= 1,045
(d}
{1} Rp{24) = 24.00 cm
{#)} Rg (1) ‘ . El .34 X Rso { 24) [asperClause: 2.1.3, RSF—16,f_orRiverSub-Zone:1{e)]
= _ 8.16 cm
{ill} Reg (%) . = KxRglt}
= 8.53 cm
= 85.25 mn
{iv} Rainfall Intensity, | = Rso{te)
" t
= . 71.34 mm/Hr
{ iv } Design Flood Discharge :
Clag ’ = 0278 x CxEXA
Qs = 6.450 Cumecs

ot

=

Piivesy



2 Discharge by Rational Formula { iRC approach )

Catchment Area, A =
Langth of path from Toposheet, L =
Difference in Levels from Toposheet, H =

Maximum Rainfall, ¢

Duration of Storm, T

One Hour Rainfail,

Time of Concentration { IRG - 8P : 13 - 15998, Clause : 4.7)
Critical Rainfall Intensity, L=hx[2/{1+y)]
Discharge, Q=0028xPxfxAxi,

P = Coefficient of Runc# { Fer clayey soils, lighlly cultivated or covered jo*
f = Fraction of maximum point intensity at centre of storm, depends on area
A = Catchment Arez in Hectares

I, = Critical Intensity of Rainfal

Q = Maximum Discharge

3 Discharge by Dicken's Formula :

Q = Cxm™
wherg, Q = the peak run-off in Cumecs
= the catchment arga in Sq Km
c = 11 - 14, where the arnual rainfall is 60 - 120 ¢m
14 - 19 in Machya Pradesh
22 in Westemn Ghats
c _— 16
= 0.751 Sq Km
Hence, - Q = 12,909 Cumecs

4 Design Discharge : _

LE{FITIX(TH1)/(1+1)
te= (0.87 x LI H ) ®

0.751 8q Km
1.285 Km
1.60 m

[H

0.400
75.11 Hectares

12.156 cm { Hr
10.021 Cumecs

A adobted in present case )

75,11 Hectares

240,00 mm

24 Hrs
125.00 mm/ Hr

1.06 Hrs
121.56 mm f Hr

{As-perIRC - 8P : 13 - 1998, Clause - 7.1 & Clause - 42and 4.3 of I,R‘S.- Cede of Practices for the Design of Substructure & Foundation of

Bridges )

Discharge by Raticnal Formuta ( RBF - 16 Repart )
Discharge by Rational Formula ( IRC approach )
Discharge by Dicken's Formula

Maximum Bischargs
Next Maximum Discharge

The difference is within 50% of the next maximum discharge

Herce, Design Discharge adopted

6.480 Cumecs
10.021 Cumecs
12,809 Cumecs

12.809 Cumecs
10.021 Cumecs

12.969 Cumecs .
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U]
iy

Linear Waterway ;

Average Bed Level
HFL as per site condition & iocal inquiry

Sc, Total Depth of Water, H

Provide 2 spans of 6.1 m at proposed site location,

Clear Waterway { provided )3 L

Total Area, A

Velacity , v

Vertical Clearance :

Design Discharge
Vertical Clearance as per IRC 5 - 1698 ¢, 106.2.1

= 27105 m
= 27200 m

= 0.95 m

= 1220 m
= 11.866 m2

= QrA
= 1.116 misec

&} = 12.908 Cumecs
= _ 0.600 m

Vertical Clearance as per Railway Code for sub-siructure Gl 4.8 = 0.800 m

So, Verical Clearange adopted

Minimum Soffit Level

Scour Depth :

Increase in Design Discharge ( as per IRC : 78 - 2000, Clause : 703.1.1 & Clause : 4.4, RS
Code of Practices for Design of Substructure & Foundation of Bridges }

Increased Design Discharge

= 0800 m

HFL + Verfical Clearance
272,600 m

30%

16.782 Cumecs

Depth of Scour in accerdance with Clause 4.6 of I.R.S. Code of Practices for Design of Subsiructure & Foundation of Bridges & IRC - 78 - 2000,

Clause : 703.2,

Mean Depth of Scour, in =134 % (D210, )7
Dy = Design discharge per metre width 1.38 Cumecs /'m
#y = Siit factor 1.00
= 1.66 m

Maxirmum Scour Depth { as per Clause 4.6.8, IRS Code of Practices for Design of Substructure & Foundation of Bridges. )

-{For moderate bend)

I

15 %ty

So, Maximum Scour Depth ] 2436 m

Maxirnum Scour Level :

Maximum Scour Levei =

HFL - Maximum Scour Depth
2695t m

k1

b
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PROPOSED BRIDGE NO. BR. 018 (PRL_301)
Rly Km. 264/33-36, DFCC Chainage 73695

U CILOF BRIDGE D8

n— S e SR .

.f |
o ,, )

B e N e S
58 I [\ " - i e -
288 sewee c e o _-...‘f~_.”...___.~_- — e TT———— S _MA__.__‘[,_‘, N
| ] N R - T ]
8 &5 N =] = - o
8 S r g 8 2 g |
AR ] g g g 3 2 g g z g |
¥
k
= = 8 = ~ o =1 g |
CHANAGE g g = g = 2 : .
g |
- LONGITUDINAL SECTION -
gmd i
r - — 287
8§82 28525 88 CROSS SECTION S8 88588 ¢
ELEVATION | & o & o o3 S5 588 & 8 K
2 € 88888 g8 BRATN 128 EEZz s 3
_m_ § § g g 8 § 8 8 § 2 - - T CHAINAGE usv § § s E B 3 %
o 2

(Downstream at 150m)

(Upstream at 250m) 5 ;m,JTTT T 'TT TIE

\ 2 B B 8 g g g c 8 B
g 268 = ELEVATION =B § @ S o 5 = o § R @ i 269
| ﬁ%ﬁaﬁ%ﬁ%g%%%?ﬁ%? gﬁ

22885888 =83 | | ‘j{
ELEATION | G 5 &£ @ s & &2 2 5 O [ g 9 i i z = |
SEREERERRE jomwee |5 2 3 8§ 888585888685 ;ELE"“" j
e - & P T —— —d
I - (Bridge site) S J

(Upstream at 100m) (Downstrea'r'n at'81'm) |
I ')

-

SHEET NO 1 TO1 |




Existing Bridge No — 302

Location — KM Z%/N-ZE

Location — CH: 75644

(Hydrology D




Hydrological Calculations for Bridge of Dedicated Freight Corridor - Kesti to Sanehwal

Name / No. of Proposed Bridge: 302

Name of Naliah / Stream / River : Local Stream

River Sub - Zone : Upper Indo- Ganga Plaing 1 {g)

G.T Sheet No : S3B/15

Scale : 1:80,000

Location : 266M18-21

Latitude : 30%21:42"

Longifude : 76%4 721

Catchment Area, A = 3888 SgKm

;;r;gt:sc;::fmgest Stream course from sgﬂrce to the L - 2543 Km
Helght of Farthest Point, ' HA = 27295 m
Height of Point of Interest, H2 = 27035 m
Height of the Farthest Point above Point of Interest along H = . 260 m
the river,

Average Eteci Leval = 27035 m

1 Bischarge by Rational Formula { Bridges & Fiood Wing Report No. RBF - 15 ) :

{i} g #0.278xCxlxA
where Qo = 50 years Design Flood Discharge { Cumees j
C = Runcff Coefficient

I'= 50 Years Rainfall intensity { mm / Hr ) tasting for ic Aour duration where to is the time of concentration

A = Catchment Area { Sq Km}

{ ii } Runoff Coefficient , € :

According io Report of the Committes of Enginsers {Khosia }, Annexure - 5.1.1 ( a }, Bridges & Floods Wing Report No. RBF - 16, March - 1990

S. No. Description "¢ " Value
1 Steep, bare rock, city pavements . 0.9
2. Rack, Steep but wooded 0.8
3 Plateaus , Lightly covered 0.7
4 Cilavey soils, Stff & bare 0.6
5 Clavey sails, Lightly covered 0.5
8 Loam, Lightly culbvated or covered G4
7 Loam, largely cultivated 0.3
8 Sandy Soil, Light growih ' 0.2 - _ i 5 £
<] Jandy Soil, covered, heavy brush 0.1 " - . % 2 o

Inpresentcase, Runoff Coefficient, c = 0.4



(iii ) Galeulation of Intensity of Rainfall, | :

For estimating the time of concentration {tc) as per Bhatnagar's formutla -

te =

{a} t. h Ratio =

{b) 1 h Ratio =

{c) Coefficient, K =

(d)
(i} Rg(24) =

{it} R (1) =

(Wi} Rso (tc) =

{ iv} Rainfall intensity, I

{ iv } Design Flood Bischarge :

qu =

[LSIH] 0.345

1.867 Hr

141.991 Mins

.48 {from Fig. 4 of RBF - 16}
0.34 { from Fig. 4 of RBF - 16
i, h Ratio
1 h Ratio
1.340
24,00 em

0.34xRuy { 24) [as per Clavse: 2.1 .3, RBF - 18, for River Srﬂb ~Zone:1(e)]
8.16 cm
.K xRy {1 )
10.84 ¢m
109.36 mm

= Rio (1)
t,

= 58.59 mm/Hr

0278 xCxixA

26.331 Cumecs

Lo



2 Discharge by Rational Formula { IRC approach ) :

Catchment Area, A
Length of path from Toposheet,
Differance in Levels fram Toposhest, H

Maximum Rainfall, &
Buration of Storm, T

One Hour Rainfall,

= 3.888 Sq. Km 388.80 Hectaras
= 2513 Km
= 280 m

= 240.00 mm

= 24 Hrs

[H

LE(FIT)x(T+1)7(1+1) 125.00 mm/ Hr

Time of Corcentration ( IRC - SP : 13 - 1998, Clause : 4.7 } fe= (0.87 X LY H )0 1.8G Hrs
Critical Rainfall Infensity, b=hx[2/(1+1,) H = 86.15 mm / Hr
Discharge, Q=0028xPxfxAx],

P = Coefficient of Runoff { For clayey soils, fightly cultivated or covered ) 0.400

f = Fraction of maximum point intensity at centre of storm, depends on areg 0.98

A = Caichment Area in Heclares
l. = Criticat intensity of Rainfall

Q = Maximum Discharge

3 Discharge by Dicken's Formula :

a3 £

where, Q =

Hence, Q =

4 Design Discharge :

388.80 Hectares
B.618 cm/Hr
36.765 Cuecs

Cxm™

the peék run-off in Cumecs

the catchment area in Sq Km

11 - 14, where the annual rainfall is 60 - 120 (.;m
14 « 19 in Madhya Pradesh

22 in Western Ghats

16 { adapied.in preéent case }
3.888 SgKm

44.301 Cumecs |

‘(As per IRC - 8P 13- 1998, Clause - 7.1 & Clause - 42and 43 of LR.S. Code of Pracfices for the Design of Subsiructure & Foundation of

Bridges §

Discharge by Rationat Formula { RBF - 16 Report)
Discharge by Raticnal Formula { IRC approach )

Discharge by Dicken's Formula
Maximum Discharge
Next Maximum Discharge

The difference is within 50% of the next maximum discharge

Hence, Design Discharge adopfed Q

25331 Cumecs
36,785 Cumecs
44,301 Cumecs

44.301 Cumecs
36.765 Cumecs

= 44.301 Cumecs



U]
(i)

‘Linear Waterway :

Average Bed Level = 27035 m
HFL as per site condition & local inquiry = 27170 m
So, Total Depth of Water, H ) = 1.36 m

Provide 2 spans of 12.2 m and 2 Spans of 9.15 at proposed site location.

Clear Waterway ( provided ), L = 4270 m
Total Area, A = 57.560 m2
Velocity v = Q/A

= 0.770 m/sec

Vertical Clearance :

Design Discharge Q = 44,301 Cumecs
Vertical Clearance as per IRC 5 - 1998 Cl. 106.2.1 = 0.900 m
Vertical Clearance as per Railway Code for sub-structure Cl. 4.8 = 0.6830 m
So, Vertical Clearance adopted ' : = 0.900 m
Minimum Soffit Level = HFL + Vertical Clearance

= 272,600 m

Scour Depth :

Increase in Design Discharge ( as per IRC : 78 - 2000, Clause : 703.1.1 & Clause 144, IRS

Code of Practices for Design of Substructure & Foundation of Bridges ) R

Increased Design Discharge ' : 4 57.591 Cumecs

Depth of Scour in accordance with Clause 4.6 of I.R.S. Code of Practices for Design of Substructure & Foundation of Bridges & IRC - 78 ; 2000,
Clause: 703.2,

Mean Depth of Scour, Oy =1.34x (D21 K, )P
D = Design discharge per metre width 1.35 Cumecs/m
Ky = Silt factor 1.00
dyn= 164 m

Maximum Scour Depth ( as per Clause 4.6.6, IRS Code of Practices for Design of Substructure & Foundation of Bridges. )
(For moderate bend) = 1.5 X dg
So, Maximum Scour Depth = 2454 m

Maximum Scour Level :

HFL - Maximum Scour Depth
= 269.25 m

Maximum Scour Level

0131 A
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Bridge No — 304

Existing
Location — KM 267/25-27

sed ] Brid g@, N@ — 02

(Hydrology Details)




Hydrological Calculations for Bridge of Dedicated Freight Corridor - Kesri to Sanehwal

Name / Ho. of Proposed Bridge :
Name of Maliah / Stream / River :
River Sub - Zone :

G.T Sheet No :

Scale :

Location :

Latitude :

Longitude :

Catchment Area ,

Length of Longest Stream course from source {0 the
bridge site,

Height of Farthest Paint,

Helght of Point of Interest ,

Height of the Farthest Point aliove Point of Interest along
the river,

Average Bed Level

H1

H2

304
Locai Stream

Upper Indo- Ganga Plains 1 (&)

53B/15
1: 50,000
267/25-27
300229
76%45'42"
= 2.507 SqKm
_— 2.040 Km
= 27215 m
= 269.85 m
= C 230m
= 250.85 m.

1 Discharge by Rational Formula ( Bridges & Flood Wing Report No. RBF - 16 ) ;

{i} Qg = 0.278xCxlxA

where , Qs = 50 years Design Fleod Discharge (Cumecs)

C = Runoff Coefficient

f= 50 Years Rainfali intensity { mm / Hr } lastirig for tc hour duration where tc is the time of concentration

A = Catchment Area { Sq Km)

{ i ) Runoff Coefficient, C ;.

According to Report of the Committee of Engineers { Khosla ), Annexure - 5.1.1 { a ), Bridges & Floads Wing Repart Mo, R&F - 16, March - 1990

8. No. ’ Description

"G Value

-

Steep, bare rock, city pavements

0.8

Rock, Steep bui wooded

0.8

Plateaus , Lightly covered

0.7

Clavey sofis, Stiff & bare

0.6

Clavey soils, Lightly covered

0.5

Loam, Lightly oultivated or covered

0.4

L.oam, fargely cultivated

0.3

Sa;idy Soit, Light growth

0.2

Wl | @i hfw|h

Sandy Soil, covered, heavy brush

- g ga %;3 i
0.1 > R M

In present case, Runoff Coefficient, o4

0.4



{ §ii ) Calculation of intensity of Ra

infall, 1:

For estimating the ime of concentration ( t2 ) as per Bhatnagar's formuda ©

t. =

faj t. h Ratio =
{b) 1 h Ratio =

{e} Coefficient K =

{d}
{1} Rg{24) =

{#1} Rea(1) =

{i) Ry (&) =

{iv} Rainfall Intensity, i

{ iv ) Design Flood Discharge :

Qsp =

Q5u ) =

[L3 [H] 0345
1.568 Hr
84.150 Mins
0432 { from Fig. 4 of RBF - 16 )
0.34 ( from Fig. 4 of REF - 16}

{. h Ratio
1 h Ratio

1.242

24.00 em
0.34% Ry (24 [as per Clause : 2.1.3, RBF - 16, for River Sub - Zone 1 1 (e )]

8.16 cm

KxRgi1)
10.14 em
101.35 mm
= Rs (1)
t,
= 64759 rf:m!Hr
0.278xCx1xA

18.006 Cumecs

TE

e



2 Discharge by Rational Formuia { IRC approach § -

Catchment Area, A
Length of path from Toposheet,

Difference in Levels from Foposheet, H

Maximum Rainfall, F

Buration of Storm, T

One Hour Rainfal],

Time of Canceniration ( IRC - SP: 13 - 1998, Cla_use 14.7)

Critical Rainfall Intensity,

= 2.507 Sq. Km
= 2.040 Km
= 230 m

n

LE(FITIR(T+1)1{1+1)
to={ 087 x L3/ H )08
L=lyx[2/{1+1)] =

Bischarge, Qu0028xPxfxAx],

P = Coefficient of Runoff ¢ For clayey soils, lightly cultivated or coverad j

£ = Fraction of maximum peint intensity at centre of storm, depends on area

A = Calchment Arga in Hectares
I = Critical Intensity of Rainfail

Q= hﬁaximum Discharge '

3 Discharge by Dicken's Formula :

where, Q =

Hence, Q =

4 Design Discharge :

250.70 Hectares
9739 cm / Hr
26.798 Cumacs

Cam™

'the peak run-off in Cumecs

the caichment area in Sq Km

11 - 14, where the annual rainfall is 50 - 120 cm

14 - 19 in Madhya Fradesh
22 in Western Ghats

16 ( adopted in present case }

2507 Sq Km

31.877 Cumecs

0.400

250.70 Hectaras

240.00 mm

24 Hrs
125,00 mm/ Hr

1.57 Hrs
47.38 mm / Hr

(As perIRC - 8P : 13 - 1998, Clause - 7.1 & Clause - 4.2 and 4.3 of L.R.5. Code of Practices for the Design of Substructure & Foﬁndatﬁon of

Bridges }

Discharge by Rational Formula ( RBF - 18 Report )
Discharge by Rational Formula { IRC approach )
Discharge by Dicker's Formula

Maximum Discharge
Next Maximum Discharge

The difference is withint 50% of the next maximum discharge

Hence, Design Discharge adopted Q

18.006 Cumeacs
26.798 Cumecs
31,877 Cumecs

31.877 Cumecs
26,798 Cumecs

=, 31.877 Cumecs



5

(i

Lingar Waterway :

Average Bed Level = 269.85 m
HFL. as per site condition & local inquiry = 27145 m

So, Total Depth of Water, H = 160 m

Provide 3 spans of 6.1 m at proposed site location,

Clear Waterway { provided ), L = 1830 m
Total Area, A = 29.280 mz
Velocity, v = Q/A

= 1.0B8 misec

Vertical Clearance :

Design Discharge Q = 31.877 Cumecs

Vertical Clearance as per IRC 5 - 1898 CI. 106.2.1 = 0.800 m
Vertical Cleararica as per Railway Code for sub-structure Cl. 4.8 = 0.80Z m
8o, Verticai Glearance adopted - = 0.960 m

HFL + Vertical Clearance
= 272.352 m

13

Kinimum Soffit Level

Scour Depth :

increase in Design Discharge ( as per IRC : 78 - 2000, Clause : 703.1.1 & Clause : 4.4, iIRS

[']
Code of Practices for Design of Substructure & Foundation of Bridges ) 30%

increased Design Discharge - : . . 41,441 Cumecs

Depth of Scour in accordance with Clause 4.6 of LR.5. Code of Practices for Design of Substructure & Foundation of Bh’dges &IRC-78: 2000,
Clause : 703.2,

Mean Depth of Scour, tam =134 % (D% K, )™
' Dy = Design discharge per metre width 2.26 Cumecs /m
Ky = Silt facior 1.00
Ao & 2¥ m

iaximum Scour Depth ( as per Clause 4.6.5, IRS Cede of Practices for Design of Substructure & Foundation of Bridges. )
{For moderate bend) L] 1.5 % dyy

So, Maximum Scour Depth = 3466 m

Maximum Scour Levei :

[H

Maximum Scour Level HFL - Maximum Scour Depth

= 28798 m

3
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~ Existing Bridge No —309
[ 269/35-37

Location — KM

d Bridge No — 025
H: 78984

(Hydrology Details)




Hydrological Calculations for Bridge of Dedicated Freight Corrider - Kesri to Sanshwal

Narme [ No. of Proposed Bridge :
MName of Nailah / Stream / Rlver :
River Sub - Zons ;

G.T Sheet No :

Scale :

Locatfon :

Latitude :

Longitude :

Catchment Area ,

Length of Longest Stream course from source to the

bridge sits

Height of Farthest Point ,

Height of Point of Interest,

Height of the Farthest Polnt abova Point of Interest along

the river,

Average Bed Leval

H1

H2

309

Local Stream

Upper Indo- Ganga Flains 1 {g)}

53B/15
150,000
250/35-37
30%22'50"
78%4541"

1 Discharge by Rational Formula { Bridges & Flood Wing Report No. RBF -16) :

0.073 SqKm

0.363 Km

27008 m

289.55 m

G50 m

269.55 m

I = 850 Years Rainfall inferisity { mm / Hr ) lasting for {c hour duration where tc is the time of concentration

(i} Qg = 0.278xCxixA
whers |, Qse = 50 years Design Flood Discharge { Cumecs }
¢ = Runcff Coefficient
A = Catchmant Area { Sg Km )

{ii } Runoff Coefficient, C :

According to Report of the Committee of Engineers ( Xhosia ), Annexure - 5.1.1{ a ), Bridges & Floods Wing Report No. RBF - 18, March - 1980

5. No. ‘Description "G " Value
1 Steep, bare rock, city pavements 0.8
2 Rock, Steep but wooded 0.8
3 Piateaus , Lightly covered 0.7
4 Cizvey soiis, Stiff & bare 0.6
] Clavey soils, Lightly covered 0.8
8 Loam, Lightly cuitivated or covered 0.4
7 Leam, largely cultivated 03
a Sandy Seil, Light growth 0.2
9 Sandy Soil, covered, heavy brush a1

Inpresent case,  Runoff Cosfficlent,

04

B

o



{ iii } Calculation of Intensity of Rainfall, § :

For estimating the time of concentration ( tc ) as per Bhatnagar's formula :

te # (L rH
= 0.445 Hr
= 26.700 Mins
{a} 1, h Ratio = 0.21 ( from: Fig. 4 of RBF - 16))
(b} 1 h Ratia = 0.34 { from Fig. 4 of RBF - 16 )
{e) Cosfficient, K = . h Ratio
1 h Ratio
= 0.628
{d}
(i) Reg(24) = 24.00 cm
(H} Rep(1) = D3 xRy (24} .{ as per Clause : 21,3, RBF - 18, for River Sub- Zone 1 1 (2]
= 8.16 cm
(i} Rao{%) = KxRsol1)
= 51% cm
= 51.24 mm

{ v} Rainfall intensity, H R ()

t
= _ 115,16 mm / He
{ iv } Design Flood Discharge :
Qg _ = 0278xCxIxA

Qo = '0.82% Cumecs



Z Discharge by Rational Formula { IRC approach j:

Catchment Area, A = 0.073 8g. Km
Length of path from Toposheet, L = 0.363 Km
Difference in Levels from Toposheet, = = 0.50m

Rtaximum Rainfail, F =
Duration of Storm, T =

One Hour Rainfall, E={F/T)x(T+1)/{1+1} =
Time of Concentration { IRC - SP : 13 - 1998, Clause : 4.7) L= {087 XEN RO
Critical Rainfall intensity, le=1x[2/(1 %83} =
Discharge, Q=028 xPxfxAx,
P = Coafficient of Runoff { For clayey soils, lightly cuitivated or covered 3 0.4
f= Fraction of maximum point intensity at cenire of storm, depends on ares 0.95
A = Catchment Area in Hectares
i, = Critical intensity of Rainfall 18.064 cm /fHr
Q = Maximum Discharge 1,395 Cumegs
3 Discharge by Dicken's Formula :
Q 2 Cxm™
where, Q = ihe peak run-off in Cumecs
M = the catchment area in Sq Km
c = 11 - 14, where the annual rairfall is 60 - 120 cm
14 - 19 in Madhya Pradesh
22 in Westermn Ghats
o : = 16 { adopted in present case
= 0.073 SgKm
© Hence, Q E 2.237 Cumecs

4 Design Discharge :

7.28 Hectares

7.26 Hectares

240.00 mm

24 Hrs
125.00 mm/ Hr

0.38 Hrs
180.84 mirm/ Hr

{ As per IRG - 8P : 13- 1998, Clause- 7.1 & Clause - 4.2 and 4.3 of . R.8. Code of Practicss for the Design of Substrueiure & Foundation of

Bridges }

Discharge by Rational Formula{ RBF - 156 Repart ) 0.929 Cumecs
Discharge by Rational Formula { IRC approach } 1.395 Cizmecs
Discharge by Dicker's Formula - 2.237 Curnecs
Maximum Discharge 2.237 Cumees
Next Maximum Discharge 1.385 Cumecs

The difference is beyond 50% of the next maximum discharge

Hence, Design Discharge sdopted Q = 2.092 Cumecs




5 Linear Waterway :

Average Bed Levei = 269.55 m
HFL as per site condition & lacal inquiry = Z70.35 m
So, Total Depth of Waler, H = 080 m

Providad Ona RCC BOX of 3 x 2m span at proposed bridgs site location,

Clear Waterway { provided J, L = 300 m
Totaj Ares, A = 2.400 m2
Velocity , W " QrA

= 0.872 misec

8 ScourDepth ;

Increase in Design Discharge { as per IRC : 78 - 2000, Clause : 703.1,1 & Clause ; 4.4, IRS
Code of Practices for Design of Substructure & Feundation of Bridges )

increased Design Discharge

36%

2,720 Cumescs

Depth of Scour in accordance with Clause 4.6 of LR.S. Code of Practices for Design of Subsiructire & Foundation of Bridges & IRG - 78 ; 2060,

{Clause 1 703.2,

Mean Depth of Scour, i s 134 x (B, K
B, = Design discharge per metre width $.91 Cumees/m
Ky = §it factor ) 1.00
Gy = 126 m

Maxirnum Scour Depth ( as per Clause 4.6.8, IRS Code of Practices for Design of Substructure & Foundation of Bridges, )
{For moderate bend) = 15 % Qe
So, Maximum Scour Depth . = 883 m

7 Maximum Scour Level ;

Maximum Scour Level HFL ~ Maximum Scow Depth

= . 266,47 m

o,
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Bridge No — 311
M 270/27-29

Location — K

Location — CH: 79952




Hydrolagical Calculations for Bridge of Dedicated Freight Corridor - Kestri fo Sanehwal

Name / No. of Proposed Bridge : 311

Name of Nallah/ Stream / River : Local Stream

River Sub - Zone : . Upper Inde- Ganga Pains 1 (g}

G.T SheetNo: 53B/6

Scale : ' 1: 50,000

Location : 270/27-28

Latitude : 30%4s

Longitude : 782812

Catchment Area, A = 0.179 Sq Km

Length of Longest Stream course from source to the

bridge site : L = 0.810 Km
Height of Farthest Point , H1 = 26945 m
Height of Point of Interest , ' H2 = 288.35 m
Height of the Farthest Point above Point of Interest along :

- H = 119 m
the river,
Average Bed Leve! = 268.35 m

1 Discharge by Rational Formufa { Bridges & Flood Wing Report No. RBF - 18 i:
{i) Qp =0.278xCxlxA

where , Qse = 50 years Design Fioed Discharge ( Cumecs }
C = Runoff Coefficient

I'= 50 Years Rainfall intensity (. mm / Mz } lasting for t¢ hour duration where tc is the fime of concentration

A = Catchment Area { SqKm)

{ it} Runoif Coefficient, G :.

According to Report of the Committee of Engineers { Khosla ) Annexure - 5.1.1 (a ), Bridges & Floods Wing Report No. RBF - 16, March - 1890

5. No, Description " C " Value

1 Steep, bare rock, city pavements 0.9

2 Rock, Steep but wooded 0.8

3 Plateaus , Lightly covered 07

4 Clavey sofis, Stiff & bare 06

5 Clavey soils, Lightly covered 0.5

6 Loam, Lightly cuttivated or covered 04

7 Loary, largely cultivated 0.3

] Sandy Soil, Light growth .02 e @
g Sandy Soil, covered, heavy brush [+ ’ RPN

Inpresent case, Runoff Coefficient, c = 0.4

e

i

L

e



{ iif ) Calculation of Intensity of Rainfall § :

For estimating the time of concentration ( ic ) as per Bhatnagar's formula ;

fa) t. h Ratio =
{b) 1 h Ratio =

{c)} Cosfficient, K =

(d}
{1) Rep(24) =

{it} Ry (1) =

{ili} Ry (%) =

{iv} Rainfall Intensity, i

{ iv ) Design Flood Discharge :

Qs L=

Qg "

[L3/H]

0.778 Hr

48.682 Mins

0.28 ( from Fig. 4 of RBF - 16

0.34 { from Fig. 4 of RBF - 16 )

t. h Ratio
1 h Ratio

0.866

24.00 cm

0.34 xRy {24} [asper Clause : 2.1.3, RRF - 18, for River Sub - Zone ; 4 {e}]

818 cm

KxRg(1})

.07 em

70.68 mm

te

0278xCxIxA

1.813 Cumecs

Rao (1)

80.84 mm Hr

e

e



2 Discharge by Rational Formula { IRC approach } :

Catchment Area, ' A
Length of path from Toposheet,

Gifference in Levels from Toposhest, ]

Maximum Rainfall, F

Duration of Storm, T

One Hour Rainfali,

Time of Concentration (IRC - SP: 13 - 1998, Clause : 4.7 )
Critical Rainfall Intensity,

L= {FiT)x{T+1)/(1

0.179 8q. Km
0.810 Km
110 m

]

+1}

L= {087 x L3/ 1)

b=lx[2/(1+1)]

Discharge, Q=0028xPxfxAxl,

B = Coefficient of Runoft { For clayey soils, lightly cultivated or covered 3

f = Fraction of maximum Point intensity at centre of starm, depends on areg

A = Calchment Area in Hectares
l; = Critical intensity of Rainfall
@ = Maximum Discharge

3 Discharge hy Dicken's Formula :

O =

2
H

where,

Hence, ' Q .=

4 Design Discharge :

Cxm™

0.400

0.98

17.95 Hectares
14.566 cm / Hr
2.869 Cumecs

 the peak run-off in Cumecs

the catchment area in Sq Km

1 - 14, where the annual rainfall is 80 - 120 em

14 - 19 in Madhya Pradesh

22 in Wesiern Ghats

16 ( adopted in present case 1

0.178 SqKm

4.412 Cumecs

17.95 Hectares

240.06 mm
24 Hrs

125.00 mm / Hr

072 Hrs -

145.66 mm/ Hr

{AsperIRC-SP: 13- 1998, Clause - 7.1 & Clause - 4.2 and 4.3 of LR.S. Code of Practices far the Design of Substructurs & qundation of

Bridges )

Discherge by Raticnal Formula { BBF - 16 Report }
Discharge by Rational Farmula ( IRC approach }
Discharge by Dicken's Formula

Maximum Discharge
Next Maximum Discharge

The difference is bayond 50% of the next maximum discharge

Hence, Design Discharge adopted Q

1.813 Cumecs
2.869 Cumecs
4.412 Cumecs

4412 Cumecs
2.869 Cumecs

4.304 Cumecs

e

it

o
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5 Linear Waterway ;

Average Bed Level = 268.35 m
HFL as per site condition & local ineuiry = 27027 m
So, Total Depth of Water, ) H = 1.92 m

Provided One RCC BOX of3x3m span at proposed bridge site location,

Clear Waterway { provided }, L = 3.00m
Total Area, A = &.750 mz2
Velocity , v = QA

= 0.747 m/sec

Scour Depth ;

fncrease in Design Discharge { as perIRC : 78 - 2000, Clause : 703.1.1 & Clause : 4.4, IRS

Code of Practices for Design of Substructure & Foundation of Bridges ) 30%

Increased Design Discharge 5.595 Cumecs

Depth of Scour in accordance with Clause 4.6 of LR.S. Code of Practices for Design of Substructure & Foundation of Bridges & IRC - 78 : 2000
Clause : 703.2, )

Mean Depth of Scour, . Oy = 1.34 % (Dp 21K, )™ .
' D, = Design discharge per metre width ' 1.87 Cumecs/m
Ky = Silt factor ’ 1.00
d?“‘ = : 283 m

Maximum Scour Depth { as per Clause 4.8.8, IRS Code of Practices for Besign of Substructure & Foundation of Bridges. )
{For moderate band) o _ = 1.5 X dyp
So, Maximun Scour Depth = -3.046 m

Maximum Scour Level :

HFL - Maximum Scour Depth
= 267.23 m

Maxirmum Scour Level



REA PLAN

CATCHMENT A

0.810 km




Rly Km. 270/27-30, DFCC Chainage 79952
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B Emﬁmg Bridge No — 312

Proposed Bridge No — 029
Location — CH: 80744

(Hydrology Details)




Hydrological Calculations for Bridge of Dedicated Freight Corridor - Kesri to Sanshwal

Name I No. of Proposed Bridge :

Name of Nallah/ Stream / River -

River Sub - Zone :

(.7 Sheet No :

Scale :

Lacation :

Latitude ;

Longitude :

Catchment Area , A
Length of Longest $tream course from source to the L
bridge site, :
Helght of Farthest Point, H1
Height of Point of Interest , M2
Height of the Farthest Point above Paint of Interest along H

the river,

Average Bed Level

312
Local Stream
Upper Inde- Ganga Plains 1 (g)

53B/15
1: 50,000
271119-21
30%2316"
75%45'
= D.256 Sq Km
= 0.580 Km
= 268.55 m
= 268.15 m
= ‘OASD m
= 268.15 m

1 Discharge by Rational Formula { Bridges & Flood Wing Report Mo. RBF - 1) :

(i)

qu =02T8xCxixA

where |,

Qs = 50 years Design Flood Discharge { Cumecs }

C = Runoff Coefficient

1= 50 Years Rainfal} intensity { mm / Hr } fasting for te hour duration where ic is the time of concentration

A = Catchment Area { Sq Km)

{ it } Runoff Cocficieni . C :

According to Report of tha Committes of Engineers { Khos!

12 ), Annexure - 5.1.1 { a), Bridges & Floods Wing Report No. RBF - 16, March - 1980

in present case,

Runoff Coefficient, c

8. No. Description "€ " Value

1 Steep, bare rock, city pavements 0.9

2 Rack, Steep but wooded 0.8

3 Plateaus , Lighfly covered 0.7

4 Clavey soils, SHff & bare 0.6

5 Clavey soils, Lightly covered 0.5

g Loam, Lightly cultivated er covered 0.4

7 Loam, largely cultivated 6.3

8 Sandy Sod, Light growth 0.2 T %
g Sandy Soil, covered, heavy brush G.1 -

0.4

%.mbw

% et 0%



{ iii ) Galculation of Intensity of Rainfall, I ;

For estimating the fime of concentration { tc } as per Bhatiagar's formula ¢

t. =

{a) t. h Ratio =
(b} 1 h Ratio =

(¢} Coefficient K =

(d}
(i) Rs (24 =

~{} Ry (1} =

(i) Rop (1) =

{iv} Rainfall Intensity, f

{ iv ) Desian Flood Discharge ;

Uso =

[L3 ] 2™

0.723 Hr

43.367 Mins

0.28 { from Fig. 4 of RBF - 16)

0.34 (from Fig. 4 of RBF - 16)

t. it Ratio
1 h Ratio

0.829

24.00 cm

0.34x Ry (24) [as per Clause : 2.1.3, RBF - 18, for River Sub-Zone:i{e)]

8.16 cm

KXRg(1)

6,78 om

67.64 mm

= Re (L)

t

278X CxIxA

2.663 Cumecs

53.58 mm [ Hr

%

L

&

-

i
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2 Discharge by Rational Formula { IRC approach ) :

Catchment Area, A = 0.256 Sq.Km 25.59 Hectares
Length of path from Toposheet, L = {0.580 Km

Differsnce in Levels from Toposheet, H = 0.50 m

Maximum Rainfalf, F = 240.00 mm
Duration of Storm, T = 24 Hrs
Cne Hour Rainfall, 2 (FITyx(T+13/(1+1) = 125.00 mm / Hr
Time of Concentration { IRC - SP : 13 - 1998, Clause : 4.7 ) t={0.87 x L2rH o8 0,86 Hrs
Critical Rainfall Intensity, L=lox[2/(1+1,)] = - 150.83 mm f Hr
Discharge, Q=0028xPxfxAxI,

P = Coefficient of Runcf ( For clayey sails, ightly cuitivated or coverad § 0.4

f= Fraction of maximum point intensity at cenire of storm, depends on area 0.85

A = Catchment Area in Hectares ) 25.50 Hectareg

I, = Critical Intensity of Rainfall ' 15.063 om / Hr

Q = Maximum Discharge . 4.102 Cumeacs

3 Discharge by Dicken's Formula :

Q = cxm™
where, Q = ‘the peak run-off in Cumecs
M = the catchment area in Sg Km
c = 11 - 14, where the annuai rainfall is 80 - 120 ¢m

14 - 18 in Madhya Pradesh
22 in Western Ghats

C Co= 16 ( adopted in present case )
= 0.256 Sq Km
Hence, Q = 5.757 Cumecs

4 Design Discharge :

{As periRC - SP: 13 - 1998, Clause - 7.1 & Clause - 4.2 and 4.3 of L.R.8. Code of Practices for the Design of Subsinscture & Foundation of

Bridges )

Discharge by Rational Formula ( RBF - 16 Report } 2663 Cumecs
Discharge by Rational Formula { IRC approach ) 4.102 Cumecs
Discharge by Dicken's Formula 5757 Cumecs
Maximum Discharge 5.757 Cumecs
Mext Maximum Discharge 4.102 Cumecs

The difference is within 50% of the next maximum discharge

Hence, Design Discharge adopted Q = 5757 Cumecs

i
1
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5 Linear Waterway :

Average Bed Lavel = 26815 m
HFL as per site condition & local inguiry = 27017 m
So, Total Cepth of Water, H = 202 m

Provided One RCC BOX of 3x 3 m span at proposed bridge site location,

Clear Waterway ( provided 13 k. = 3.00 m
Total Area, A = 6.054 m2
Velocity v = Q/A

= 0.951 misec

6§ Scour Depth :

Increase in Design Discharge { as per iRC : 78 - 2000, Ciause : 703.1.1 & Clause - 44, IRS
Code of Practices for Design of Substructure & Foundation of Bridges

Increased Design Discharge

30%

7.485 Cumecs

Depth of Seour in accordance with Clause 4.6 of LR.S. Code of Practices for Design of Substructure & Foundation of Bridges & IRC - 78 : 2000,

Clause : 703.2,
Mean Depth of Scour, Ay =134 x (D ? 1K, 1™
) Dy = Design discharge per metre widih 2.48 Cumecs/m
Ke = Silt factor ' : 1.00
Q. _ 248 m

Maximum Scour Depth ( as per Clause 4.6.8, RS Code of Practices for Design of Substructure & Foundation of Bridges. )
(For moderate bend) = 1.5xd,,

Se, Méximum Scéur Depth = 3.697 m .

7 Maximum Scour Levsl :
daximum secour Level ;

HFL - Maximum Scour Depth

Maximum Scour Level
= - 266.47 m

W
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Hydrological Caleuiations for Bridge of Dedicated Freight Corridor - Kesri to Sanshwal

Name ! No. of Proposed Bridge :
Name of Maliah / Stream / River :
River Sub - Zone :

G.T Sheet No ;

Scale :

Location :

Latitude :

Longitude :

Catchment Area ,

Length of L.ongest Stream course from source to the
bridge site ,

Helght of Farthest Point ,

Height of Point of Interest ,

Helght of the Farthest Point above Point of Interest along

the river,

Average Bed Leve!

H1

H2

312 New
Local Stream
Upper Indo- Ganga Plains 1 (g)

53B/15

150,000

27119-24

30%2318"

78°%45
z 2.929 SqKm
= 1675 Km
= 269.16 m
= 268.16 m
= ' 1.00 m
= 268.16 m

Qso F0.2T8xCxix A

1 Discharge by Rational Formula { Bridaes & Fiood Wing Report No. REBF - 16§ :

wherg Qs = 50 years Design Flood Discharge { Cumecs )

c

]

[

Ruroff Coefficient

A = Catchment Area ( Sg im )

{ ii } Runoff Coefficient,  :

According to Report of the Committee of Engineers { Khosfa )

80 Years Rainfall Intensity ( mm / Hr ) lasting for tc hour duration where ic is the time of concentration

. Annexure - 5.1.1 ( a ), Bridges & Floods Wing Repori No. RBF - 18, March - 1990

§. No. Description * € " Value

1 Sigep, bare rock, city pavements 0.9
2 Rack, Steep but wooded 08
3 Plateaus , Lightly coverad 0.7
4 Clavey soils, Stiff & bare [1X:)
5 Clavey soils, Lightly covered 0.5
g Loam, Lightly cultivated or covered G4

-7 Loam, fargely cultivated 0.3
8 Sandy Soil, Light growth 0.2
9 Sandy Soil, covered, heavy brush 0.4 T e

inpresentcase, Runoff Coefficient, <

0.4

™R

g

B



{ fii } Calculation of Infensity of Rainfall 1.

For estimating the fime of concantration ( tc ) as per Bhatragar's formulg :

te =

{aj f. it Ratio =
{b} ° 1hRatio o=

{c} Coefficient, K =

{d;
(i} Reo(24) =

(i1} Rep(1) | =

(Hi} Ry (1) =

(iv) Rainfall Intensity, H

{ iv ) Design Flood Discharge :

Qs . _ -

n_:n [H] o
1.708 Hr
102.331 Mins
0.44 (from Fig. 4 of RBF - 16 3
0.34 { from Fig. 4 of RBF - 18)

1. h Ratio
e
1 h Ratio

1.291

24.00 cm

0.34 xRy { 24) [as per Clause 2.1.3, RBF - 18, for River Sup - Zone:1(e}i

8‘15 cm
KxRg (1)
10.53 em
105.31 mm
= Reo (£}
£
= 61.74 mm [ Hr
0278xCxixA

20167 Cumecs

o

e

B

%‘3’

e



2 Discharge by Rationa! Formula { IRC approach } ;

Catchment Area, A =
Length of path from Toposheet, L =
Difference in Levels from Toposheet, H =

Maximum Rainfali, F

Curation of Storm, T

One Hour Rainfall,

Time of Concenfration { IRC - SP : 13 - 1098, Clause - 4.7 )

Critical Rainfall Intensity, b= LXE2/01+8)]

§°={F!T)x(T+1)I(1+1)

2.529 $9. Km
1.675 Kins
1.00 m

il

t.=(0.87 x [3TH )

282.86 Hectares

240.00 mm

24 Hrs
125.60 mm / Hr

1.72 Hrs
91,92 mm/Hr

Discharge, Q=0028BxPxFxAx],
P = Coeffleient of Runcif ( For clayey solls, lightly cultivated or covered } 0.4
f = Fraction of maximum point intensity at centre of storm, depends on area 0.95

A = Catchment Area in Hectares

i = Criical Intensity of Rainfall

Q = Maximum Discharge

Discharge by Dicken's Formula :

292.86 Hectares
9.192 cm/ Hr
28.643 Cumecs

a Cxm¥
where, Q the peak run-off in Cumecs

the catchment area in Sg Km

c 11 - 14, where the annuai rainfall is 80 - 120 em
14 - 18 in Madhya Pradesh
22 in Westem Ghals

c 18 { adopteé in present case )

2.928 SgKm
Hence, Q 35.819 Cumecs

4 Design Discharge :

(As per IRC - SP : 13 - 1998, Clause - 7.1 & Clause - 4.2 and 4.3 of LR.S. Code of Practic:es for the Design of Substructure & Foundation of

Bridges )

Discharge by Rational Formula ( RBF - 18 Report }
Discharge by Rational Formuia { IRC approach }
Discharge by Dicken's Formula

Maximum Discharge
Next Maximum Discharge

" The difference is withir: 0% of the next maximum discharge

Hence, Design Discharge adopted

20,107 Curniecs
28.643 Cumecs
35.819 Cumecs

35.819 Cumecs
28.843 Cumecs

35.819 Cumecs



§ Linear Waterway :

Average Bed Level = 268.16 m
HFL as per site condition & local inquiry = 27816 m
So, Totai Depth of Water, : H = 200 m

Provided Four RCCBOX of 4 x 2 m span at proposed bridge site location,

Clear Waterway { provided 3 L. = 16.00 m
Total Area, A = 32.000 m2
Velocity , v = Q/A

= 1.119 misec

Scour Depth :

Increase in Dasign Discharge (as perIRG : 78 - 2000, Clause ; 703.1.1 & Clause : 4.4, IRS

0,
Code of Practices for Design of Substructure & Foundation of Bridges ) 0%

Increased Dasign Discharge 48.565 Cumecs

Depth of Scour in actordance with Clause 4.8 of |LR.S. Cade of Practices for Design of Substructure & Foundation of Bridges & IRC - 78 2000,
Clause: 703.2 . )

Mean Depth of Scour, Qo =1.34 x (D71 K, }'P
' Dy = Design discharge per metre width 2.91 Cumees /' m
" K, = Siit factor : 1.00
D= - - ' 273 m

Maximum Scour Depth [as ber Clause 4.6 8, RS Caode of Practices for Design of Substructure & Foundation of Bridges. }
{For moderate bend) = 1.5 xdyp
So, Maximum Scour Depth = . 4097 m

Maximum Scour Lavel :
AEXIMUm scour f.evef :

n

Maxirmum Scour Level HFL - Maximum Scour Bapth

= 266.06 m

H
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Location — CH: 82722

(Hydrology Details)



Hydraulic Calculation for Bridges of Dedicated Freight Corridor - Kesri to Sanehwal

Name / Mo of 8ridge

Name of Nallah / Stream / River
River S5ub - Zone

G.T Sheet No

Scale

Location

Latitude

Longitude

Type of Catchment

Discharge by Dicken's Formula @

Discharge as per Dicken's Formula,
Q=cM™

313

{3haggar River

Upper Inde - Ganga Plains, 1 {g)
53B/11,13, 14,154 583F /1,2
150,000

Km 273/22-30

300 24' 00"

760 43 53"

Fern Elongated

( Refer IRC -SP:13-1898, Clause : 3.2)

C =14 - 18 where annual rainfali is more than 120 cm
=11 - 14 where annual rainfail is 60120 cm

= 22 in Western Ghats

Vaiue of " € " adopied in the present case = 11
Catchment Area, M = 901.560 Sq. Kin
Discharge, Q = 1809.834 Cumecs

Discharge by Ryve's Formula ;

Discharge as per Ryve's Formula'

{ Refer (RC -'SP : 13 - 1998, Clause : 3.3)

Qz=gm*®
c = 10
Caichment Area, M = 901.560 Sq. Km
Discharge, Q @ 933.247 Cumecs
Discharge by Rational Formula :
Catchment Area, A . 901560 Sq.Km 80156.00 Hectares
Length of path fram Toposheet, L = 76.350 Km
Differenca in Levels from Toposheet, H = 73175 m
{ Ref: Index Map / G.T.Shest }
Maximum Rainfall, F = 194.4 mm
Pueation of Storm, T . = ) 24 Hrs
One Hour Rainfail, L= (FIT)x{T+1}/{1- = 101.25 mm / Hr
Time of Concentration (JRG - SP : 13 - 1998, Clause : t¢ = ( 0.87 x L%/ H } %% 11.18 Hrs
Critical Rainfali Intensity, fomlox(Z/(1+ic} = 16.62 mm / Hr
Discharge, Q=0028xPxfxAxl
P = Coefficient of Runoff 0.600
f = Fraction of maximurn point intensity at centre of storm, depends on area .70

A= Calchment Area in Hectares
I, = Critical Intensity of Rainfall
@ = Maximum Discharge

90156.00 Hectares
1.662 cm / Hr
1762.192 Cumecs



4 Discharge by Flood Estimation Report - SUG :

Mame of Railway Section

Name of River/Maltah/Stream

Kesri to Sahnawal

Name of nearest Village/Town

RDLocation
Longituds
Latitude

GT Sheet No.

Sub-Zone

Shape of catchment

273/22-30

GHAGGAR RIVER

: 76% 43 53°E

:30° 24’ GO'N

Base flow =

45.08 Cumecs

£38/10,53B/14 |, 53B/13,53B/15,53FA & 53F/2

Upper Ganga Plains Sub-Zone-1{a}

' Fen Elongated

Estimation of Equivalent stream slope

0.05

Cumecs/Sq.km.

G.T Sheet scale  1:50000

L

S Dist;ec?;f:rﬁng R‘Educidg Leves Length of each | , gﬁgﬁ’:ﬁ;ﬁgn L (Dyy + D)
No. frem Point of ! River/straaminalt Segment L, the Datum and the ith RL. By + D) {4) x (6
Study ah Bed {km} {m x km}
{(kms) {m} mj

1 2 3 4 5 6 7

1 0.000 268,250 0 o 0 0.000

2 0.768 268.900 0.77 0.65 0.65 0.500

3 2.898 270.500 3.132 225 29 9.080
4 7.013 272200 3.115 3.65 6.2 18,310
5 9.548 276.000 2,535 7.75 1.7 29,660
% 19.508 280.000 9,96 11.75 12.50 194.220
-7 - 28894 éag.coa 6.39 2075 32.50 305.050
8 37.531 300.000 8.64 31.75 52.50 453.440
9 41.085 32.000 3.52 51.75 83,50 204250
10 43.600 340.000 2,55 7175 123.50 314.310
1 46.037 360.000 244 91.75 163.50 398.450
12 49.567 400.000 3.53 131.75 223.50 788.980
13 56.667 460.000 7.40 191.75 323.50 2296.850
14 58.255 500.000 1.59 231.75 423,50 £72.520
18 62.000 800.000 175 331.75 563.50 2110.310
18 63.500 700.000 1.50 431.75 763.50 1145.250

17 £9.000 800.000 5.50 531.75 963,50 §298.250
18 73.000 900.000 4.00 631.75 1163.50 4854.000
19 76.353 1000.000 .35 731.75 1363.50 4571820
LD, +D)= 1619.820
S$= ILD,+D)= 0278 mikm
2



Synthetic Unitgraph Parameters:

Catchment area A =

d=

t;= £ (the unit duration of the UG) =

EQE=AXd/(036x1) =
L=
Le=
Li(sqri(s)} =
t, = 1.858%(qp) " %=
Say

g, = 2.030* {UJS)-O,S;S =
Q, = Catchment area x g, =
Wsg = 2.217* {q,)-0.990 =
Wi = 14777 (g,)-0.876 =
Weso = 0.612" (q,)-0.907 =
Wiys = 0.608 (q,)-0.791 =
Qp=C5xQy=
Q;;ﬁ =0.75xQ, =
Tg = 7.7447 (t,)0.779 =

Say

Tem b+ ti2=t+22=

801.56 Sq.Km.
1.9 cm depth
2.0 hr
1252167 Cumec. fsec.
76.353 km
40.36 km
144.85
25.44 hrg
256.C hrs
0.08 Cumec/Sq.Km,
72.45 cumecs
26,90 hrs
13.44 hrs
7.59 hrs
4.45 hrs
36.23 cumecs
54.34 cumecs
§8.0¢ hrs
98.0 hrs

27.G hrs



Unit Graph(1 cm 1 hour}
S.No. | Time |Ordinate | o
0 0 0
1 z 2.4 -
2 4 6.20
3 § 92.60
76
4 8 13.6
5 16 186
. 65 4
5 12 22
7 14 26,2
8 18 3¢.8
g 18 38
10 20 | 47 %
11 22 56,8
12 24 86 50 &
13 28 | 7245
14 28 68 )
15 30 63.8 g
: 58.6 3
16 32 @,
17 34 5 3
8
[~]
18 36 32
- 35
19 a8 48.8
20 o | 4408
41.4 r
21 42 ’
22 | a4 | B
5
23 48 34.6
24 48 1.4
: 20
- 50 2B.5
% 5 26.6
27 54 % 1
28 55 23.2
29 58 216 0
20 60 19.8
" 62 18.4 X
32 64 7
.33 ) 158
]
34 68 148

F

O 4 B 12 16 20 24 28 37 36 40 HpiPucilsSE 60 64 83 72 75 B0 84 @8 o2 og




35 70 138
38 72 128
37 4 4
38 76 102
39 78 52
40 80 8
41 82 7
42 84 8
43 88 s
44 88 4
45 §0 3
46 82 2
47 g4 14
48 86 o8
49 g8 0
126211 10.00

Strom duration=1.1"tp Ty= 27.8% Say 24.00 Hours  (Maximum)
From Plate the 50 -Year return period, 24 nour point rainfall=24¢ mm 240 mm Based on Longi.&Lati.of Bridge site
Convertion factor Areal Reinfali =100 % of Point Rainfail 240 mm ' Based on storm duration Td hrs.
Areal reduction factor,for TD=24.0hr &C.A.=503.56 Sg.km= 184,40 mm Based on C.A.& Storm duration
Hourly rainfall increments 229N Loss rate = 0.30 ¢m / hour 6.0 mmzlhl;, )
Storm Storm " Excess Incremental  [50-Year and Ty {24.0 hr.)areal
Hours .
Percentage Rainfall Rainfall RE. rainfall has been spiit inte 2-hr.

0 Q 0 g 0 rainfall incremants using time

2 20 38.58 32.88 3288 distribution coefficients

4 34 66.10 5410 21.22

& 48 89.42 65.42 11,33

8 58 108.86 72.86 7.44

10 G4 124.42 78.42 3.55

12 7 138.02 78.02 1.81

14 77 148.69 77.69 -0.34

18 83 161.35 77.35 -0.34

18 88 171.07 75.07 -2.28

20 93 180.7¢ 72.79 -2.28

22 97 188.57 68.57 -4.72

24 100 194.4 62,40 -6.17

&

¥

s,
it



Estimation of Design Fiood Hydrograph

Unit Graph(1 cm 2 hour)| R.E. RE. . Base ‘Tc:tal
Flow Discharge
" Ordinat] Peak to Reverse (Cum)

8.NG.| Time o Pealk

order | 0355 0744 2144] 3288 1133 0151 0.744

0 0 o 0 45,078 45.08
1 2 24 | 0.852 0 45.078 4593
2 4 6.2 2201 11.7856F o ' 45.078 49.08
3 8 9.5 3408 | 48128 | 51456] 45.078 58.24
4 8 3.6 4828 | 71424 13283 | 7.8912] ¢ 45,078 78.23
5 10 18.6 8.603 1 10.118]20.582; 20386 | 2.7192] 0 | 45078 105.49
5 12 22 7.81 (13.838 20.158| 31.565 | 7.0246 | 0.3864 | 45.075. 134.86
7 14 28.2 5.301 | 16.368 | 39.878 | 44.717 | 10.877 | 0.9982 ) 45.075 167.22
a 18 30.8 10.934 1 19.493 | 47.168 | 61,157 | 15.400 | 1.5458 45078 200.78
9 18 38 1349 | 22915 56.178 | 72.336 | 21,074 | 21896 | 45.078 233.26
10 20 47 16.685 ) 28.272 | 66.035 | 86.146 | 24.925 | 2.0048 45.078 270.14
1 22 568 | 161 | 255 |20.184 | 34.968 | 81.472 | 101.97 29.685 | 3.542 | 45.078 318.18
12 24 86 | 1133 744 | 2343 | 42259( 100771 124 ¢4 34.896 1 4.2182 | 45.078 7 375.59
13 26 7245 | 32.88 | 2144 | 2572 | 49.104) 121.78 | 154.54 43054 | 495881 45.078 444,23
4 28 B8 | 21221 3288 | 24.14 | 53803 141.5 | 186.78 53.2517 6.118 | 45.078 510.75
15 30 63.6 | 744 | 1133 [ 22578 50.582 | 155.33 [ 217.01 64.354 | 7567 | 450781 562.51
16 | 32 586 | 385 i 161 121158 47.318{ 14579 23822 74 778 9.1448 | 45.078 581.48
17 | 34 56 .| 19.88 | 44.342 | 136.36 | 223.58 ) 82.085 1(5.626 45.078 | 56185
18 kL] 52 18.46 | 41.664 | 127.78 | 200.12 | 77.044 | 11.664 | 25.075 4530,81
18 38 48.8 17.324 | 38.688 | 120.06 | 195.95 72,059 | 10.948 | 45.078 500.13
20 40 | 44.06 15.641 | 36.307 | 111.48 | 184.13 | 57 507 t0.24 | 45078 470.41
21 42 414 | 748971 32.781 | 104.63 | 170.98 | 63.448 | 9.5956 | 45.07a T 44120
by 44 38 13.49 | 30.802 | 94.465 | 150.45 | 58,915 | 9,018 45078} - | 41z
23 46 34.8 12.283 | 28.272 88.762 | 144.87 | ‘5529 | 8.372 | 45.078 38293
24 48 31.4 11.147 1 25.742 1 81472 136.12 | 49.92 | 7.8568 | 45.078 357.34
26 | 50 288 | . [ 10153 23.362 | 74.182 | 124.94 | 46.908 | 7.0937 45.078] 331.72
26 52 26.6 9443 1 21.278 | 67.322 | 113.75 | 43.054 | 5.6854 | 45,078 306.6%




27 ¢ 54 | 35 8875 | 19.79 | 61.318 | 103.24 | 39.202| 6.118 | 45.078 28262
228 | 55 | 232 8.236 | 186 | 57.03 | 94.037 | 35.576 | 5.5708 | 45.078 264,13
29 58 218 7668 | 17.261] 538 | 87.461] 32404 | 5.0554 | 45.078 248.53
30.00{ s0 | 198 7.029 | 16.07 | 49.741| 822 |30.138 | 4.5046 | 45.078 234.86
31.00 62 78.4 6.532 | 14.731] 45.31 | 76.282 28,3251 4.2826 | 45.078 221.54
3200 64 17 6.035 | 1369 | 42.451 | 71.021] 26.286 | 4.025 | 45.078 208.59
3300[ 66 | 158 5.609 | 12648 | 39.45 | 65,102 | 24.473 | 3.7352 | 45,078 196.10
3400 88 | 146 5.183 | 11.755 | 36.448 | 60.499 | 22.433 ] 3.4776 | 45.078 184.87
3500 70 | 138 4.899 | 10.862 | 33.875 | 55,896 | 20.847 | 3.1878 | 45.078 174.65
3600{ 72 | 126 4473 | 10.267 ; 31.302 | 51.95 | 19.281 | 2.9624 | 45.078 165.29
3700] 74 | 114 4.047 | 9.3744 | 20.587 | 48.005 | 17.901 ] 2.737 | 45.078 156.73
3800 76 | 102 3.621 | 8.4B16 | 27.014 | 45374 | 16.542 | 2.5438 | 45.078 148,65
3900, 78 | 9.2 3.266 | 7.5888 | 24.442 | 41.429 | 15.635 | 2.3508 | 45.078 139.79
40.00{ 80 8 284 |6.8448 | 21.869 | 37.483 | 14.275 | 2.0218 | 45.078 130,81
41.00| 82 7 2485 | 5.952 | 19725 33,538 | 12.916 | 2.0286 | 45,078 121,72
42,000 84 8 213 | 5.208 | 17.152| 30.25 | 11.557 | 1.8354 | 45.078 113.21
43.00) 88 5 1775 § 4.454 | 15.008 | 26.304 | 10.424 | 16422 | 45,078 104,89
4400 a8 4 142 | 372 | 12804 23.016{ 9.064 | 1.4812 | 45.078 86,64
45000 90 | 3 1065 | 2.976 | 10.72 | 19.728 | 7.931 | 1.288 | 45.078 88.79
4600 92 | 2 071 | 2232 | 8.576 | 1644 | 6.798 | 1.127 | a5.078 80.96
4700 o4 14 0497 | 1.488 | 6.432 | 13152 5665 | 0.968 | 45078 73.28
4800} 96 | 08 0.284 | 1.0416 | 4,288 | 9.864 | 4.532 | 0.805 | 45.078 65.89
45.00| 98 0 0 ]05952|3.0096| 6576 | 3398 | 0.644 | a5.078 50.29
50.00| 100 1.7152 | 46032 | 2.266 | 0.483 | 45.078 5415
51.00] 102 26304 | 158621 0,322 | 45078 49,62
52000 104 0.2254 | 45.078 45.30
53.00| 106 45.078 45.08
Qp= 581|Cumecs |
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Consuiting Engineers Group Ltd,, Jalpur Hydrology Report

5 Bigcharge by Manning's Formula :

HFL with Afflux { HFL } taken at Bridge site for Existing Span : = 211752 m
HFL at Bridge site without Afffux { HFL' } for Existing Span = 271558 my
The Hydrological Caicuiations has been done at thves sections Le. at Upstream side, Downstream side and near Proposed Bridge location.

{i} AtUIS location : ( Distance from Proposed Bridge = 1000 m i

HFL { Annexura - 1 26) 1 27216 m
Crass - Sectional Area of Flow, A El 429.34 Sg.m
Width of Flow, W w 10000 m
Wetlted Perimater { perpendicutar to direction of flow . P = 10074 m
Hydrautic Mean Radiys, R=A/P T C 42 m
Longitudinai Slope { as caleulated I3 -1 = 0.0005 mperm
Velocity by Manning's Formula,

Y u1n RP g2 { Refer IRC - SP: 13 - 1998, Clause : 54)

For'n"value ( IRC-8P:13-1998, clayse: 5.4, Tapis - 3 }

Cao-efficient of Rugesity, n = (.035

Valocity, v = 1.840 m/fs

Discharge, S=AxvV = 789.854 Cumecs

¢1i ) At Existing Bridge location -

HFL (Annexure -2 & 6 ) - £ 271856 m
Cross - Sectiona Area of Flow, A = ) 756,59 Sq.m
Width of Flow, W = 280.00 m
Wetted Perimater ( perpendicular to diraction of flow}, B = 28038 m
© Hydraulic Mean Radius, ’ R=AfP = S 278 m

Longitudinal Slope { as calculated 3 - 8 = 0.0006 m per
Vefécity by Manning's Formaula, ] .

V=i R g2 (Refer IRC - 8P : 13- 1858, Clause : 5.4}

For" n " vatue { IRC-SP:13-1898, clause ¢ 5.4, Table - 33

Co-efficient of Rugosity, n = . 0.035

Veiocity, ) v = 1.356 mss

Discharge,. Q=AxvV ] 1026287 Cumecs

{ iii } AL DS location : { Distance from Proposed Bridge = 1000 m }

HFL { Annexure - 34 6) = 270.66 m
Cross - Sectional Area of Flow, A = 540,43 Sq.m
Witith of Fiow, W = 12000 m
Woetted Perimater { perpendicutar to direction of flow ), I = 12070 m
Hydrautic Mean Radius, R=A/P = ) 4.48 m
Longitudina! Slope { as calculated Je s = 80009 mperm
Velocity by Manning's Formisda,

PER I ko (Refar IRC - SP: 13- 1998, Clause: 5.4

For " n " value { IRC-SP:13-1898, clause : 54, Table-3) .

Coe-efficient of Rugesity, 3] = (.035

Velocity, v . = ' 2.328 mis

Discharge, Q= Axy = ) 1258.359 Cumecs
Elischarge at LS location = 78%.85 Cumecs
Discharge at P'ropcsed Bridges focation = . 1046.28 Cumecs
Discharge at DIS location ‘m - 1258.36 Curmecs

By cormparision of /S, DIS and Proposed Bridge location, the Design Discharge may be taken as |
Design Dischargs, Q = 1258.359 Cumees



& Design Discharge :

{Refer IRG - P : 13 - 1998, Clause : 7.1 }

Discharge by Dicken's Formula = 1808.834 Cumecs
Discharge by Ryve's Formula = 933.247 Cumecs
Discharge by Rational Farmula = 1762.192 Cumecs
Discharge by Flood Estimation Report - SLG = 581.000 Cumecs
Discharge by Manning"s Farmula = 1258.359 Cumecs
Maximum Discharge ' = 1809.834 Cumecs
Next Maximum Diseharge : = 1762192 Cumecs

The difference is within 50% of the next meaximum discharge

Hence, Besign Discharge 1809.83 Cum/sec

Design Discharge adupted L] 1809.834 Cumecs

Linear Waterway :

in accordance with Para - 4.2 & 4.3 of IRS - Code of Practice for the Design of Sub-structures & Foundations of Bridges
Regime Width, W=43xq™ = 204.202 m
in accordances with Para « 4.5.3 with a value of C = 2.67 of IRS - Code of Practice for the Design of Sub-structures & Faundations of Bridges,

also IRC - SP ; 13 - 1998, Clause : 8.5 & Clause - 104.3 of IRC ; 5. 1908
Minirrum waterway provided = (2/3) of Regime Width = 136.136 m

gzuh



Consuiting Engineers Group Lid., Jaipur

8

i

Afflux Caleulations :

Afflux Caleulation for Existing Span

Cross « Sectional Area of Fiow,

Width of Fiow,

Existing Span Arrangerment at Bridge iocation
Effective Span for passing the water at site
Total Water Way provided,

Design Dischargs,

Depth of Flow at /S of Bridge,
{a/Ayor(Liw}

(Refer IRC - S 13 - 1998, ¢lausa - 17.3)

if the Afflux, h < Dd#4, the Orifice Formula is applicable.
By Qrifice Formula, the Discharge is given as,
Q=Co 01" LDy Pre{t+epuags®
o Ie(iveiagh e QJ Gy 20)°F LDy}
of fe{teli2ghe Q1 (G, (20" LD, )P
Substituting values, we have

h+ 0.1 W = 0.438
Alse at Li/S of the Bridge,
Q=W ({D+hy ar,
Substituting values, we have
o= 4,494 A
Combiring {1} & {#}, _
Coou - 0.03228 u = 1.431
u-{ by trial &'arror}
LHS Equation

Substituting " u * in equation {1}, we get
W
The Afflux as per Orifice Formula,

By Weir Formula, the Discharge is given as

Q= 1.706 Cw L H3/2

H = {QA(1.706 Cw L)}2r3

(Refer IRC - 5P : 13 - 1998, Page - 99)

Gw for Narrow Bridge Opening
H

Also, Du=H-y2rg

Assume, Du=H

U = QWdy

.an, Du=H-u2izg

Dd [ as above }

Affux, = Du - Dd

The Afflux as per Wair Formula,

The Afflux adcp.ted.

Hydrology Report

A = 75659 8. m
W = 28000 m
= 6x305m
= §x305 m
£ = 18300 m
Q = 1258.36 Cumecs
Dd=Aryw = 2702 m
= a6
Cofficlent" g * E 0.288
Cofficient " Cy . = 0.8676
g = 281 mjs?
{i}
h=Q/wWy.D,
2762 (i)
Hii}
= 1,552
= 1»43_1
= 0194 m
h = : 0194 m
h < Dd#4, OK '
a : 058
= 2567 m
= 2567 m
= - 1751 mis
= 241t m
= 2702 m
= -0.291 m
Since b= Dd/M4, Orifice formula will be applicable
h = 0291 m
A = _ 044 m



Gonsufting Engineers Group L., Jaipur

[if } Afflex Caleviation for Praposed Snan

Cross - Ssctional Area of Fiow,

Width of Flow,

Propased Span Arrangemént at Bridge location
Effective Span for passing the water at site
Total Water Way provided,

Design Discharge,

Depth of Flow at D/ of Bridge,
{a/Ajar(L/iW)

(ReferIRC . SP: 13 . 1898, clayse : 17.3 H

i the Afflux, h < Ddf4, the Orifice Formula is appilcabte.
By Orifice Formula, the Disc_harge is given as,
Q= (29" LDy (e (1re)iag)s
o I{I+eliagt= QG (20 LDy}
o (he(treluliagh= Q7 {C, (25" LD, )
Substituting values, we have

h+ 0.101 y? = 0.389
Alsa at LIS of the Bridge,
Q=W {D#h)u . or,
Substituting vaiues, wa have
o= 4.494 fu j-

Ccr:nbining {IY& (i),

g - 0.03111 u? = T 1379
U { by frial & errar
LHS Equation

Substituting " 1 * in equation (i}, weget:

]
Tha Affiux as per Orifice Formula .

By Wair Formula, the Oischarge is given as

Q=1.706 Cwi H2

H = {Q/{1.708 Cw L)yr3

{Refer{RC - 8P : 13- 1598, Page - 85 )

Ow for Narrow Bridge Cpaning
H

Also, Du = H - u2i2g

Assume, Cu=H

u = QWdu

Now, Dy = H - u2/2g

Dd { as above )

A, h =D - Dd

The Afflux as per Weir Formmula,

The Afflux adopted,
HFL at Bridge site for Proposed Span Arrangemant

So, Afflux adopted = 0184 m

Hydrology Report

A = 8023.57 Sq m
w = 280.00 m
= Gx305m
B 6x305m
L 2 183.00 m
Q = 1258.36 Cumecs
Dd=Atw = 2870 m
= 0.63
Cofficient g = ¢.989
Cofficient " - = G.8675
g = 9.81 mys?
{i}
h=Q/We-B,
2870 ¢}
) {iii}
= 1.479
= ' 1,379
= 0168 m
h = - 0.168 m
' h < Ddi4, OK
= .88
= 256% m.
o= 2567 m
= 1.751 m/s
= 2414 m
= 2870 m
= 0453 m
Since h < Do, Orifice formula will be appficable
h = -0.459 m
h = 0,168 m
= 271726 m

o>
L
ag
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Vertical Clearance :

Design Dischargs, Q = 1809,834 Cumecs
(1} Vertical Clearance as per IRC : 5 - 1998, Clause : 106.2.1 = 120m
(it} Verical Clearance as per Raitway Code for Sub-siructure, Clause : 4.8 = 1.50 m
So, Vertical Clearance adopted ) = 150 m
Minimum Soffit Level of Deck Slab = HFL + Afflux + Vertical Clearance

= 273.252 m

10 Scour Depth :

1t

increase in Design Discharge ( as per IRC : 78 - 2000, Clause : 703.1.1 & Clause - 4.4, IRS Code of 10
Praciices for Design of Substructure & Foundation of Bridges ) %

Increased Design Discharge 2352.784 Cumecs

Depth of Scour in accardance with Clause 4.6 of LR.S. Coda aof Practices for Design of Substructure & Foundation of Bridges & IRC - 78 :
2000, Clause : 703.2

Mearn Depth of Scour, Han =134 X (D21 K,y )P
Dy = Design discharge per metre widih 19.285 Cumecs / m
¥y = Silt factor ) 0.83

Gy = 10,238 m

Maximum Scour Degth (ss' per Clause 4.6.6, IRS Code of Practices for Design of Substructure & Foundation of Bridges. }
{for moderate bend } = 1.8 xdgpy
So, Maximum Scour Depth = 15.356 m

Maximum Scour Lava| -

]

Maximusm Scour Level HFL - Maximum Scour Depth

= 256.202 m

T 017

sl



Consuliing Enginears Geoup Ltd, Jaipur

Annexurg . {

Hydrology Report

, X-Section
275
i 2 i & /:—H-:-—\“ g
E m s \
o
gz \\ /
287 | \\‘L /'/
285 \/ .
0 40 8a 120 180
Dletarice {m}
Cross - Sectiena! Area of River / Nalfah at U/S of the Propasad Sridgs is as Tolows ;
Distance from Proposed Sridge 1000 m
Lengitudinal Slope at U/S side 0.0006
HFL at this iocation 212158 m
Total 4.002 42534 10074 190.00
Distance (m) [Bad Lovel (m|  HFL m) | Depeh gm) D':;h'“?;j Area (8q. m} | Perimatar tm} ?‘;'?::jﬁl"’
] 270,887 272.158 1.479
10 280.481 272.158 2677 2.074 20148 10072 16000
20 268.513 272,458 3645 3181 31816 10.047 10,004
30 267.803 212158 4,355 4,006 40.005 10,025 10.000
40 ' 268.742 272,155 5415 4.885 48.855 10,058 10.000
50 285.4%2 272,158 " 6.884 8.050 80,500 10.080 10.006
80 285,835 72,138 §.323 8,504 B3040 10087 10.000
70 266.898 272,158 5,450 5892 58.520 10.037 10.000
80 287.58¢ 202,458 4,597 5.028 50.280 10.037 18,000
50 208471 272,158 2487 3z 38,425 10,181 0,000
100 271.457 272458 a.701 1644 16.845 10.195 10.000
10 273444 272.158
120 273.245 272.158
130 272645 272.158
140 272044 272158 0.114
150 ATEAM 272.158 0.714 c.414 4,145 10.018 10.000
180 270.&47 272158 1.21% 0.963 2630 10,012 10.000
"




Cansulting Enginesrs Group Lid., Jaipir

Hyroiogy Report

Annexure . 2
] R
3 X-Section i
Lo
57 R SR W ,;"E - - |
!
265 | - - . - . j
[ 50 100 158 200 250 0o 350 400 ]
Ristance (m) |
Cross - Sectionai Area of Rjver / Nadlah at Existing Bridge $ita is 22 follaws «
HFL = without Afflux for existing span
Total 2812 766,58 280.38 280,00
Cigtance {m) {Bod Level (m)}  HFL{m) | Depth (m} D’::t;’?ﬂ:: Area (Sq. m} | Parimeter (m) Tcg:ﬁf‘:::,"’
[i 273,148 271.558
16 272,561 271.558
20 272.008 271.558
30 271451 | #r1sss a.107
40 271.281 271558 0211 0192 1.925 10,001 10.000
56 271,258 271.558 0,363 0.260 2,005 10.000 10.000
80 271,234 271.558 o327 0.315 3.455 10,000 10.000
7 271.383 271.558 0195 0.261 2815 10,001 10,000
80 271,012 211,568 0.548 0ar - 370 10.008 10.060
50 270887 | 271.558 0,805 6721 1215 10.008 10.000
100 250.941 271.558 1617 1.257 12,570 16.026 10.000
110 289,005 271.558 2.553 z.085 20.855 10,044 10.060
120 268.083 271.558 3475 3014 30.145 10,042 10.000
130 257.764 271,558 3.793 3534 36.245 10,008 10.000
140 267.448 271,558 4112 3953 38.630 10.005 10.000
150 287.127 271,558 4431 4212 | a2720 10.005 10.000
180 268.809 271.558 4.749 4580 45.905 10.005 10.000
110 266,48 271.558 5.068 4508 43,000 10.005 10.000
180 268,171 271.558 5,287 5228 52280 10.005 10,600
180 285,852 271,558 5.708 5.547 55.470 10,005 10,000
200 267.251 271,558 4,307 5,007 50.070 10.087 19,000
216 266,831 271,558 4887 4.487 54,875 10.008 10.000
220 267,328 271,558 4.230 4443 44490 10.010 0.800
230 267.791 271.558 3.787 3.950 39.990 10,614 19.000
240 268,253 271.558 3.305 353 25,384 10.011 16,000
250 268,715, 271.858 2843 2074 30.745 10.011 10.000
260 268.687 271,558 2,574 2761 21.075 19.064 10,000
270 | mu2s § 27158 2324 2.448 24.480 10.003 oo
280 268.48¢ 271,558 2017 2.20¢ 22,010 10.603 10,000
280 270,178 271.558 1.380 1,720 17.290 10.024 10.000
200 270515 271.558 0.843 1012 19.120 10.027 10,000
310 271,473 271.558 0.085 0.364 3.845 10.018 10.000
320 aT4.948 271.568
330 272.424 271,558
M0 272458 271.658
as0 272.482 271,558
380 272,486 271,658
470 272,447 271.550
280 272.427 271.556 ’
380 272413 271.558

Py
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£ %
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Annexure - 3

Loval {mj

Hydrelogy Recart

X-Section

274

270 §
268 4
266

e —

R e N
—

262 : : . d
9 50 100 150 w05
I Distanca {m} |
|
T e
Cross « Sectional Area of River / Nallah at DS of tha Fraposed Bridgs s ad follows :
Distanca from Proposed Bridgs 000 m
Longitudinal Slope #t OVS side 0.000%
HFL at this location 270658 m
Total 4244 540.43 120.70 120,00
Distance {mh [Bad Lavar ()| HFL(m) | Daptsmy D‘Z;‘::f;} Aron {8q. m) | Perimetar m) ?‘;‘Iq‘:‘:g‘]"’
0 270.584 270,858 2,074
10 269.107 270,658 1.551 0.813 8130 10.108 10.000 .
2 200454 270.858 1,804 1.678 18.760 10.003 10.000
30 270.223 270,858 0435 1,120 11,200 10,083 16.000
0 271.52 279,658 )
50 272,901 270,658
80 273023 270.458
2 27152 270.858
] 260,81 270.858 0.83¢ )
® 268:118 270,658 2540 1880 18,500 10.144 H.900
100 288417 10,658 4241 3,361 33,910 10.144 10.000
110. 284,718 270.858 - b4z 5.082 50,920 10,144 10.000
120 263.618 270.858 7040 6.481 B84.615 10.080 10.000
13 264.001 270.658 5.857 ! g.Bag 88.4%0 " 10,007 10.000
140 2B4.357 270,858 8.101 5.479 63.795 16.015 ‘10000
150 265.112 210,656 5.548 5824 58,240 10.015 10.000
) 285,891 270,858 4967 5.257 ' 52,570 10617 .10.000
170 266,521 270.858 4137 . 4,552 - 45525 10.034 10,000
180 267.353. 270456 3.307 372 37.225 18034 19,000
160 . 268.233 270,658 2425 2.868 28.685 10.038 10.000
200 269.229 270858 1,420 1.927 19.275 10.049 10.000
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Annexurs - 4

Lavel {m}

275

Hydratogy Report

K-Section

150

300 350

: o 59 100 20 250 40
Distance (mj} :
Cross - Sectional Area of River / Natleh at Existing Bridgs Sits is 45 follows ;
HFL = with Afflux for axisting span
™ Tom 2.808 210,77 280.38 280.00
Distance (m} | Bed Lovel (ml]  HFL(m) | Depth (m) Dz‘;;‘“_?;’ Arsa (Sq. m} | Perimatar im) “’gl’:“fj?:;’f
i 273118 271,752
10 272581 271,752
20 272.008 21,752
L 271,451 271.752 0.301
40 271.281 271.752 0.471 11,363 3880 14.001 18,060
50 271.285 152 2.497 q.484 4,840 16,006 10.000
&0 27123 271.752 0.521 0.508 5400 16.000 10.000
70 2738 21.752 0,389 o455 4.550 10.001 10.000
80 2Nl 271752 0.740 0.585 5845 10.008 10,000
80 270,882 271,752 1.080 0.915 9150 10.008 10.000
106 268,041 an.7sz 1.841 1,45 14.505 16,026 10.000
10 260.005 271752 2747 23278 22,700 10.044 10.00¢
120 265,083 271,752 3.869 3.208 32.680 10,042 10.000
130 207.765 211.752 1887 3.828 38.280 16.005 16000
140 287 448 271,752 4308 4147 41,465 10,003 18,000
150 |- 267427 271752 4525 4485 44.855 10.805 10,008
180 268.80% 271,752 4,543 4,784 47,840 10.003 0,000
178 266,43 271.752 5.282 5,102 51.025 10,005 10,600
180 268171 21,752 5.581 5.422 54215 16,005 160,000
180 264.852 271,752 5.900 5741 57.408 10.005 10,000
200 - 287251 274.752 4.501 5.201 52.005 10,007 10.000
218 268,881 gk 4281 4.881 48.810 0,808 10006
220 267.328 271,152 44524 4.843 48,425 19,010 10,000
230 267.791 271.75% 3.961 £.193 41.925 18.011 18,000
240 268.253 271752 3488 3730 37.300 10.0%1 10.000
250 26015 271,752 1037 3.268 32,880 10.011 10.000
2680 268.087 211752 2.785 2301 28.810 10.004 10.000
210 269.234 271,752 2518 2,842 26,415 10.003 10.000
280 289,481 271,752 2,274 2.383 23.945 10001 10,000
280 278178 271.152 1,674 1973 19.225 10.024 10.400
300 270,915 271,752 0.837 1.208 12,055 10.627 10.000
310 21473 271,752 0.27% .558 5.580 10.048 0,000
30 271948 271,752
230 272424 211752
340 2t2.45% 271,752
350 272,482 271,752
60 272,486 271.752
30 272447 274752
280 ‘272427 2¥1.752
[ aem 272413 274,752

e

e
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275

X-Section

Level {m)

150

300 350

L
1] 5¢ 108 200 250 400 !
! Distanca {m) |
i i
Croas - Sectionzf Area of River / Nallah at Fraposed Bridge Site is as foilows :
HFL = with Afflux for proposed Span
Total 2,780 803.5T7 280,38 280.00
Distance (m) | Bed Lavel {m)} HFL im} Depth {rm) D‘:?:?r:) Arzg (3q. m} | Perimetor tm) Topz:;:ﬁ.‘;uf .
¢ 273118 211728
10 272.581 21.728
il 2¥2.008 271.720
30 . 2145 271.728 0.275
44 ar1.ze1 AL 0.445 0.380 3803 10,001 10.000
50 271255 271728 0.471 0.458 4.583 10.000 10,900
-5 271.231 2728 G485 0.483 | 4.831 10.000 10.000
0 271383 27172 - 0.363 - G429 4.2893 10.80 10.000
80 27.a2 271.728 2.714 0.528 5.588 10.008 10,000
] 270,862 71726 1.084 0.888 8.893 10008 10.000
106 288,041 2n.rm 1.7as 1.425 14.248 10.028 10.800
10 268.005 27728 271 2.253 22533 10044 10.600
120 268,083 271726 3643 . 2182 A1.823 10.042 16.006
130 267.785 271.728 3,561 3.807 38023 10.005 10,060
140 281448 271726 4.280 4.3121 41.208 10.005 10,000
156 287 127 271.728 4.590 4.440 44.388 10.005 10.000
i 180 288,809 aM.728 4917 4.758 +7.583 10.005 10.000
170 268.48 271,728 5.238 5.077 50,788 10.005 10.000
120 . 2068174 .2?1.?23 5555 5.398 l53,958 10.005 10.000
180 265.852 275726 5874 5715 57.148 10.005 16008
200 267.25% e 4.475 5115 51.748 10.087 10.060
K1 . 2ig 268,881 27.726 4.835 4.855 48,553 " 10.006 10,000
220 267328 e 4.308 4817 46.158 18.010 10000
230 267.71 FraWr:) 3.935 4187 41.688 16011 10.000
240 268.253 271,726 3.473 3,704 37.043 10.01% 10.600
250 288.715 Fiekr:] 301 3.242 32423 10.011 10.000
280 248.887 271728 2738 815 28,753 $0.004 10.000
270 265234 275.72& 2482 2818 28,158 10.003 10,060
280 269.431 an.m 2,245 2389 23.888 10.803 16.002
280 270,178 2.7 1.548 1.897 14.958 10.024 104000
ige . 270.815 Fiale] 4.811 1180 11‘3’98 10,027 10.000
31 271413 271.726 0,253 8,532 5323 10.018 10.800
320 27£.048 2r1.728
330 272424 211728
340 272.456 27728
350 22482 271.728
80 272 468 271728
3tQ 272.847 aLres
280 272427 AT
290 272.413 21728

Hydrafogy Report
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Hydrological Calculations for Bridge of Dedicated Freight Corridor - Kesri to Sanehwal

Name / No. of Proposed Bridge :
Name of Nallah ! Stream / River -
River Sub - Zone :

G.T Sheet No :

Scale :

Location :

Latitude :

Longitude :

Catchment Area,

Length of Longest Stream course from source to the
bridge site , :

Height of Farthest Point ,

Height of Point of Interest ,

Height of the Farthest Point above Point of interest alonyg
the river,

Averatje Bed Lavel

H1

H2

314A
l.ocal Stream

Upper indo- Ganga Plains 1 (a)

538/ 1
1: 50,000
27513-5
30%4'34" Approx.
76%3'4" Approx.
= 7.830 Sq Km
= 8.591 Km
= 274.65 m
= 268.05 m
= 8.50 m
= 268.05 m

t Discharge by Rational Formula ( Bridges & Flood Wing Report No. RBE - 16 )

(i}

qu =027T8xCxixA

where | Qs = 50 years Design Flood Discharge { Cumecs)

C = Runoff Coefficient

I = 50 Years Rainfall Intensity { mm ¢ Hr ) lasting for te hour duration where ic is the time of concentration

A = Catchment Area ( $q Km )

{ ii } Runoff Coefficient , C ;

According to Report of the Committee of Engineers { Khosla ). Annexure -5.1.1 ( a ), Bridges & Floods Wing Report No. RBF - 16, March - 1590

8. No. Description * € " Value

1 Steep, bare rock, cily pavements £3]

2 Rock, Steep but wooded 0.8

3 Plateaus , Lightly coverad 07

4 Clavey soils, SHff & bare 08

5 Clavey sails, Lightly covered 0.5 .

8 Loam, Lightly cultivated or coverad G4

7 Loam, largely cultivated 0.3

8 Sandy Soll, Light growth 0.2

g _Sandy Soll, covered, heavy brush 0.1 - @ j‘i g 3
B

In present case, Runoff Coefficient, C = 0.4



{ iii ) Calculation of Intensity of Rainfall, i ;

For estimating the fime of concentration { te } @8 per Bhatnagar's formuta -

&, =

{a) t. h Ratio =
{b} 1 h Ratio =

(¢} Coefficient, K =

{d)
{1} Rsp(24) =

(i) Ryp(1) =

(i} Rso {1} ' =

(iv) Rainfall Intensity, I

{ iv } Design Fiood Discharge ;

Qo =

[LY/H o5
5.442 Hr
326.532 Mins
0.54 { from Fig. 4 of RBF « 16)
0.34 { from Fig._4 of RBF - 16 )
{ h Ratio
1 h Ratio
1.574
24,00 cm

.

0.34x Rsp { 24) [asper Clause : 2.1.3, RBF - 16, for River Sub - Zone - 4 (e)]
8.16 cm
KxRgp{1)
12,84 cm
128.40 mm

= Reg ()
L

= . 23,68 mm [ Hr

0278xCxIxA

20.544 Cumecs

&2

B

£

o



2 Discharge by Rational Formula { IRC approacht § :

Catchment Area, A =
Length of path from Toposheat, L =

Differences in Lavals from Toposheet,

Maximum Rainfall, £

Duration of Storm, T

One Hour Rainfail,

Time of Concentration (IRC - 5P : 13- 1958, Clauge ; 4.7)
Critical Rainfali intensity, k=l x[27¢{1+t)}
Discharge, Q=0028xPxfxAx]

P = Coefficient of Runcff ( For clayey soifs, lightly cultivated ot covered )

f = Fraction of mapdmum point intensity at centre of storm, depends on area

A = Catchment Arga in Heclares

i, = Criticaf Intensity of Rainfall

Q = Maximum Discharge
3 Discharge by Dicken's Formula :
Q = Cxm™

where, Q =

L= (FIT)x(T+1)/(1+1)
te={0.87 x L3/ H )"

7.830 Sg. Km
§.591 Km
6.50 m

i

783.04 Mectares
3435 cm f He
28.620 Cumecs

the peak run-off in Cumecs

= the catchment area in Sq Km

11 - 14, where the annual rainfall is 60 - 120 cm

{ adopted in present case }

[ =
14 - 19 in Madhya Pradesh
22 in Wesiern Ghats
c _ ' = 16
- 7.830 Sq Km
Hence, a = 74.896 Cumecs

4 Design Discharge :

783.04 Hectares

240.00 mm

24 Hrs
125.00 mm/Hr

8.28 Hrs
34.35 mm/ Hr

(AsperiRC - SP: 13 - 1898, Clause - 7.1 & Clause - 4.2 aid 4.3 of LR.S. Code of Practices for the Design of Subsiructure & Foundation of

Bridges )

Discharge by Rationat Formuia ( RBF - 16 Report )
Discharge by Rational Formula ( IRC approach )

Discharge by Dicken's Formula
Maximum Discharge
Next Maximum Discharge

The difference is beyond 50% of the next maximum discharge

Hence, Design Discharge adopted Q .=

20.544 Cumecs
28.62C Cumecs
74.896 Cumecs

74,896 Cumecs
28.620 Cumecs

42.930 Cumecs



§ Lingar Waterway ;

Average Bed Leve| = 268.05 m
HFL as per site condition & local inquiry = Z65.57 m
So, Total Depth of Water, H = 182 m

Provided 8 RCC BOX of (2% 4x 3 ) m span at proposed bridge site location.

Clear Waterway { provided ), L = 64.00 m
Total Area, A = 97.280 m2
Velogity , vV = QA

= 0.441 misec

Scour Depth :

Increase in Design Discharge ( as per IRC ; 78 - 2000, Clause : 703.1.1 & Clause : 4.4, iRS

Code of Practices for Design of Substructure & Foundation of Bridges ) 30%

Increased Design Discharge 55.808 Cumecs

Depth of Scour in accordance with Clause 4.8 of LR.S. Code of Practices for Design of Substructure & Foundation of Bridges & IRC - 78 : 2000
Clause : 703.2,

Mean Depth of Scour, e =134 x { D, 27K, )P
B, = Design discharge par metre widih 0.87 Cumecs/m
Kyt = Silt factar ' %.00
o : 122 m

Maxdrurn Scour Depth { as per Clause 4.8.6, IRS Code of Practices for Design of Substructure & Feundation of Bridges, }
1.8x Aym_

{For moderate bend) )

So, Maximum Scour Depth = 1835 m

Maximum Scour Level ;

i

HFL - Maximum Scour Depth

Maximum Scour Level
) = 267.74 m

S = 018

@

e

et
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Hydrological Calculations for Bridge of Dedicated Freight Corridor - Kesri to Sanehwal

Name / No. of Proposed Bridge ¢
Name of Maliah / Stream / River :
River Sub - Zone :

G.T Sheat No:

Scale :

Location :

Latitude :

Longitude :

Catchment Area,

Length of Longest Stream course from source to the
bridge site,

Height of Farthest Point ,

Height of Point of Interest,

Height of the Farthest Point above Point of Interest along
the river,

Average Bed lLevel

H1

H2

314
Lecal Stream

538711
1: 50,000
275/7-8
3024347
76%31"

i Dischérge by Ration_al Formuia { Bridges & Flood Wing Report No. RBF - 16 i:

(i}

(i)

ng =0.278xCxixA

where , Qs = 50 years Design Fiood Discharge { Cumecs H

G = Runoff Coefficient

I'= 50 Years Rainfall Intensity ( mm / Hr ) lasting far i¢ hour duration where tc is the time of concentration

A = Calchment Area { Sq Km )

Runoff Coefficient, G ;

According to Report of the Committee of Engineers { Knosla ), Annexure - 5.1.1 { & ), Bridges & Floods Wing Report No. RBF - 18, March - 1520

Upper indo- Ganga Plains 1 {g)

21.736 SgKm

11.791 Km

27435 m

266,65 m

770 m

266.55 m

S. No. Description " C " Value
1 . Steep, bare rock, city pavements 0.8
2 Rock, Steep but wooded 0.8
3 Plateaus |, Lightly covereg c.7
4 Clavey soils, $tiff & bare [¢X;]
5 Clavey soifs, Lightly covered 0.5
& Loam, Lightly cultivated or covered 0.4
7 Loam, largely cultivated 0.3
8 Sandy Soil, Light growth 0.2
9 Sandy Soil, covered, heavy brush 01
In present case, Runoff Coefﬂ&ient, c = 0.4



{ il } Calculation of Intensity of Rainfall, | :

For estimating the time of concentration { tc ) as per Bhatnagar's formuiz -

t. -

{a) t, h Ratio =
{b} 1 h Ratic =

{c} Coefficient, K =

(d)
A1) Ry {24) =

(it} Rep(1) =

(it} Reo{%) A, =

{ iv) Rainfall Intensity, I

- { iv ) Design Flood Discharge ;

Q5|3 =

[LH] "-f“*"
6.356 Hr
381.388 Mins
0.54 " (from Fig. 4 of RBF - 16 )
0.34 {from Fig. 4 of RBF - 16)
t. h Ratio
1 h Ratic
1.574
24.00 cm

q.ﬁxRﬁg 24} [asperClause: 2.1.3, RBF - 18, for River Sub-Zone:1(e})]
8.16 em

Kxi.RmH). .
12.84 cm

128.40 mm

Reo{ L)
te

B 20,20 mm [ Hr

0.27BxCxixA

48.824 Cumecs



2 Discharge by Rational Formula { IRC approach } :

Catchment Area, A
Length of path from Toposheet,

Difference in Lavels from Toposthest, H

Maximum Rainfail, F
Duration of Storm, T

= '21.736 Sg. Km 2173.61 Hectares
= 11.791 Km
= 770 m

= 240.00 mm

= 24 Hrs

One Hour Rainfall, b= (FITYyx{T+1)1(141) = 125,00 mmi/ Hr
Time of Concenration (JRC - SP; 13 - 1998, Clause : 4.7 3 t={0.87 xL*/H) %" 7.47 Hrs
Critical Rainfali Intensity, L=lox[27(1+t,}) = 28.53 mm/Hr
Discharge, G=0028xPxfxAxl,

P = Coefficient of Runoff { For clayey soils, lightly euitivated or covered ) 0.400

f = Fraction of maximurm point intensity at centre of storm, depends on area 0.98

A = Catchment Area in Hectares
I, = Critical Intensity of Rainfalt

Q = Maximum Digcharge

3 Discharge by Dicken's Formula :

Q =

whera, @] ’ =

Hence, a o

4 Design Discharge :

(As perIRC - S# 113 -1988, Clause - 7.1 & Clause - 4.2 and
Bridges )

Discharge by Rational Formuia ( RBF - 16 Report
Discharge by Rationat Formula{ IRC approach )
Discharge by Dicken's Formula

Maximum Discharge
Next Maximum Discharge

‘The difference is beyend 50% of the next maximum discharge

Hence, Design Discharge adopted Q.

2173.61 Hectares
2.953 cm/Hr
70.455 Cumecs

Cxm™

the peak run-off in Cumecs '

the catchment ared in Sq Km

11- 14, where the annual rainfall s 60 ~120 em
14 <18 in Madhya Pradesh

22 in Western Ghais

16 { adopted in present case )
21.736 Sq Km

161.067 Cumecs

4.3 of LR.8. Code of Practices for the Design of Substructure & Foundation of

48.824 Cumecs
70,455 Cumecs
161,087 Cumecs

151.067 Cumees
70.455 Cumecs

= 105.682 Cumecs



5

U]
{ii)

Linear Waterway :

Average Bed Lavel = 26685 m
HFL as per site condition & loca inguiry = 268.56 m
So, Total Depth of Water, H = 1.80 m

Provide Span arrangement of ( { 2 x 12.2 JH{2x815)+61 ) m at proposed bridge site location,

Ciear Waterway ( provided ), L = 48,80 m
Total Area, A = 892,720 m2
Velocity , W = Q/A

' = 1.140 m/sec

Vertical Clearance :

Design Discharge Q = 105,683 Cumecs
Veitical Clearance as per IRC 5 - 1998 CI, 106,2.1 = 0800 m
Vertical Clearance as per Railway Code for suf}«structure Cl 4.8 = 0767 m
8o, Vertical Clearance adopted : ' = 0.960 m

HFL + Vertical Clearance
= 269.452 m

Minimum Soffit Level

Scour Depth «

Increase in Design Discharge ( as per iRC : 78 - 2000, Clause : 703.1.1 & Clause 14,4, IRS

Code of Practices for Desian of Substructure & Foundation of Bridges } 30%

Increased Design Discharge: . 137.388 Cumecs

Depth of Scour in accordance with Clause 4.6 of LR.S. Code of Practices for Design of Substruciure & Foundation of Bridges & IRC - 78 - 2000,
Clause: 7032,

Mean Depth of Scour. Ao 7 134 x (D, 21K )P
Dy = Design discharge per metre width 282 Cumecs/m
Ky = Silt factor . 1.00
e = ’ 267 m

Maximum Secour Depth ( as per Clause 4.6.6, IRS Code of Practices for Design bf Substructura & Foundation of Bridges. }
(For moderate bend) = 1.5 % dapy
S0, Maximum Scour Depth & 4.008 m

Maximum Scour Level :

i

HFL - Maximum Scour Depth
= 264.54 m

Maximum Scour Leval
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Bridge No — 314B

Existing ]
Location — KM 275/13-15

Proposed Bridge No — 034
Location — CH: 84550

Details)

(Hydrology




Hydrological Calcuiations for Bridge of Dedicated Freight Corridor - Kesri to Sanehwal

Name ! No. of Proposed Bridge :

Name of Nallah / Stream / River :

River Sub - Zone ;
G.T Sheet No :
Scale :

Location :
Latitude :

Langitude :

Catchment Area,

Length of Longest Stream course from source to the

bridge site ,

Heignt of Farthest Point,

Height of Paint of

Interest ,

Height of the Farthest Point above Point of Interast atong

the river,

Average Bed Level

H1

M2

3148

tocal Stream

Upper Indo- Ganga Plains 1 (&)

53811
1:50,000
275/13-15
30%24'34"
7643

1 Discharge by Rafional Formula { Bridges & Flood Wing Report No. RBF - 16 } :

Qg =0.278xCxixA

(i)

(it}

where |

Gs = 50 years Design Fiaod Discharge { Cumegs }

C = Runoff Coefficient

I = 50 Years Rainfail Interisity ( mm / Hr) lasting for {c hour duration where 1c is the me of concentration

A = Catchment Area { SqXm )

Runoff Coefflcient, C ;

Aceording to Report of the Committee of Engineers ( iKhosla }, Annexure - 5.1.1 {a)

Approx.
Approx.

14.133 Sq Km

10.181 £m

273.20 m

257.20m
600 m

267.20 m

8. Mo. Description "C " Vaiue
1 Steep, bare rock, city pavemenis ' 0.9
2 Rock, Steep but wooded 0.8
3 Plateaus , Lightly covered a7
4 Clavey soils, Stif & bare 0.6
5 Clavey soits, Lightly covered 0.5
8 Loamn, Lightly cuitivated or covered 0.4
7 Leam, largely cultivated 0.3
8 Sandy Soil, Light growth 0.2
9 Sandy Scil, covered, heavy brush o1
In present case, Runo#f Coefficient, C = 0.4

. Bridges & Floods Wing Report No. RBE - 16, March - 199G




{ iii } Calculation of Intensity of Rainfall, | :

For gstimating the ime of concentration ( t¢ J as per Bhatnagar's formula ¢

t, =

{a} t; h Ratio =
{b} 1 h Ratio =

(¢} Coefficient, K =

(d)
{1} Rsp(24) =

{1} Reo (1) : =

{iif} Reg (1) . =

{ iv) Rainfall Intensity, 1

{ iv ) Design Flood Discharge ;
Qs - =

qu =

[ LA 1 0.345
5.938 Hr
366.343 Mins
0.54 {from Fig. 4 of RBF - 16
0.34 { from Fig. 4 of RBF - 16
1. It Ratie
1h Ratio
1.574
24.00 cm

0.34 x Rgp (24 ) [as per Clause: 2.1.3, RSF - 18, for éivgr Sub-Zone:1{e)}
8,16 cm
KXRe (1)
12.84 em
128.40 mm

= Reo{te)
t,

= 21.52 mm J Hr

0278xCxIxA

33.977 Cumecs

s

&

i
s



2 Discharge by Rational Formula { IRC approach }:

Catchment Area, A = 14133 8q. Km 1413.28 Hectares
Length of path from Toposhest, L = 10.161 Km

Difference in Levels from Toposheet, H = 5.00 m

Maximum Rainfall, F = 240.00 mm
Dugation of Storm, T = ' 24 Hrs

One Hour Rainfali, L=(FITYx(T+1)/{1+1) = 125.00 mm/ Hr
Time of Concenfration { IRC - SP : 13- 1998, Clause; 4.7 ) t.={0.87x 13 M j 0.388 8.82 Hrs
Critical Rainfall Intensity, le=lox[2/(1+8)} = 31.56 mm/ Hr
Discharge, Q=0028xPxfxAxk )

P = Goefficient of Runoff ( For ciayey sails, lightly cultivated or covered } 0.4

f = Fraction of maximum point intensity at centre of storm, depends on area Q.95

A = Catchment Area in Heclares 1413.28 Hectargs

|, = Critical Intensity of Rainfall ' 3.156 cm / Hr

Q = Maximum Discharge 47.483 Cumecs

3 Discharge by Dicken's Formula :

Q : = Cxy™
where, Q = the peak run-off in Cumecs
M = the catchment area in S¢ Km
c = 11 - 14, where the annuat rainfall is 60 - 120 cm

14 - 18 In Madhya Pradesh
22 in Western Ghats

c = 18 { adopted in present case )
= 14.133 Sq Km
Hénce, Q = 116.625 Cumecs-

4 PDesign Discharge :

{AsperiRC-SP: 13- 1998, Clause - 7.1 & Clause - 4.2 an& 4.3 of LR.S. Code of Practicas for the Design of Substructure & Foundation of

Bridges )

Discharge by Rational Formula ( RBF - 18 Repart) ) 33.977 Cumecs

Discharge by Rational Formula { IRC apj:roach M 47.453 Cumecs

Discharge by Dicken's Formuia 116.625 Cumecs

Maximum Discharge 116.8625 Cumecs
. Next Maximum Discharge 47.463 Cumecs

The difference is beyond 50% of the next maximum discharge

Hence, Design Discharge adopted Q = 71.185 Cumecs
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