12.4.1
 Suspended Bridges

DESIGN OF MAIN AND HANDRAIL CABLE STRUCTURES [7 . 3]

Initial layout data

[7. 3. 6]

According to General Arrangement

Foundation locations

On right bank, 7.75 m behind of axis point A

On left bank, 16.59 m behind of axis point B

Nominal span, 

[image: image931.wmf]£

S  = survey distance AB + 7.75 + 16.59

   = 107.76 + 7.75 + 16.59

Design span between saddles,  
[image: image1.wmf]l
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  = s + 2 
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 0.25 = 132.1 + 0. 5

[image: image4.wmf]l

 = 132.60  m

Cable elevations  [from topography]

Main cables
right bank, H1 = 110.85-0.25
H1 = 111.60  m



left bank, 
H2 = 105.85-0.25   
H2 = 105.60  m

Windguy cables right bank, upstream
=   102.60  m




downstream
= 102.30  m


Left bank,
upstream
=  97.50  m




downstream
=  96.40  m

Different in main cable elevations between saddles, h

h = H1 – H2 = 110.6 – 105.6
h =   5.0  m

Check for h  [7. 3. 5 B]
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 o.k.! 

i.e. the lowest point remains inside the bridge span.

Pre-calculation of cable tensions

Main and handrail cables

Approximate maximum cable tension

Tmax (approx.) = 11 
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 S = 11 
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  132.1
Tmax = 1450  kN
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Number and diameter of cables
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Number of main cables
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Diameter of main cable

Number of handrail cables
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Diameter of handrail cable

Permissible tension (all cables)     
Tperm = 1476  kN

Check for tension


Tperm  =  1476 kN   >  Tmax  =  1450 -->
o.k.

Sectional area (all cables)  [Table 7 . 3. 2]   
A = 3348  mm2
Windguy cables

Windguy cable sag at mid-span  =  
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Take bw  = 
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bw = 14.7  m
With vertex close to the centre, bw ~
[image: image10.wmf]fw = 14.7 m and there will not be any problem for the placement of Windguy cable foundation on either bank.

Approximate Windguy cable tension (one cable)


TL ~ TR
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T  =  82  kN

Number and diameter of Windguy cables
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Number of windguy cables (both u/s and d/s)
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Diameter of windguy cable

Permissible tension for one cable
Tperm =  129  kN

 
Tperm  =  129 kN  > T  =  82 kN      --> 
ok!

Modulus of elasticity  [table 4 . 2. 1]
E=110 kN/mm2
Loadings

1. Hoisting load case, gh

Main and handrail cables
= 0.288 kN/m
2. Dead load case, gd

hoisting load, gh
= 0.288 kN/m


walkway deck (steel)
= 0.370 kN/m


Walkway support (including hangers)
= 0.220 kN/m


fixation cables
= 0.010 kN/m


wiremesh netting
= 0.060 kN/m


windguy cables
= 0.050 kN/m


Windties (average)
= 0.030 kN/m

Total at dead load case
gd= 1.028 kN/m
3. Full load case, gf

dead load, gd
= 1.028 kN/m


live load, P (=3.0 + 50/
[image: image13.wmf]l

)
= 3.377 kN/m


Total at full load case
gf= 4.405 kN/m

Dead load sa, bd   [7. 3. 5]

bd (max) 
[image: image14.wmf]4

5

19

132.6

4

h

19

-

=

-

=

l


=  5.73  m


bd (min) 
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=   4.52  m

With bd (max) =5.73 m;  full load sag, bf ( 1.22bd
=   6.99 m
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= 13.96 deg

Approximate maximum tension under full load [7. 3. 3]

Tmax   ~  
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 =  1427  ( 1476 kN -> ok!


With bd (min) = 4.52 m;              bf = 1.22 
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 4.52
=    5.51  m
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Conclusion

· Even with the maximum sag, no next smaller diameter cable can be chosen.

· To obtain minimum sag, the main cable numbers should be increased, which is uneconomical, if the minimum freeboard can be obtained with larger sag.  

· Within permissible tension, slight change either in h or bd or both can be made for better stability.

Revised h and bd
	Dead load sag

	bd =   5.6 m

	Different in elevation
	h =   4.5 m

	Approximate max. tension under full load
	Tmax= 1466 kN

	The left bank cable elevation shall be kept at 
	H2 = 105.6 m

	The right bank cable elevation at saddle shall then be, 
	

	
H1 = H2 + h = 105.6 + 0.5
	H1 = 110.1 m


Cable inclination at saddle under dead load

at higher foundation,   
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=  11.5o
at lower foundation,   
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Horizontal distance of lowest point of parabola from higher
Foundation
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Maximum sag, 
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Check for freeboard

The following lines are drawn in side elevation: –
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the freeboard line at elevation= HFL+5.0 = 90.88+5.0

· the main cable parabola with its lowest point at horizontal distance of ed (=79.62 m) and vertical distance of fd (=8.08 m) from main cable saddle elevation at higher foundation.

· Approximate windguy cable arrangement in elevation for upstream or downstream, whichever is lower.
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From the above layout, it is found that the freeboard line within water course clears all the cable alignments.

Approximate freeboard:    main cables
=  11.14  m


       windguy cables                =   7.60  m

Length of dead loaded cables, Ld
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Ld =  133.31 m

Constant factor, C
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c=0.02528 kN/m4
Sag calculation  [7 . 3 . 7]
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Hoisting load sag by iteration
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Not ok !
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Not ok !
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Ok! Stop iteration

Hoisting load sag

bh =   5.13  

Full load sag by iteration
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Not ok!
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Not ok!
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Not ok!
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 ok! Stop iteration.


Full load sag

=  7,0 m

Maximum tension at full load
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ok!

Calculation of final data

	Symbol
	Formulas
	Unit
	Hoisting load
	Dead load
	Full load
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Calculation of data for dead loaded cable parabola and walkway clearance

The equation of main cable parabola with its origin at lowest 
point is- 
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with fd=8.08 m ;  ed = 79.60 m and



with ff=9.43 m;    ef = 77.00 m 

 
Here, i = integer     = 1,2,3,4- etc.

Taking d=5.0 m, the ordinates (yi) of the parabola from its lowest point are calculated in the following table –

The ordinates for all load case are calculated only for the flat ground surface in front of main foundation where fully loaded cable may not have a minimum of 30 cm clearance above the ground level.

	i
	i.d

(m)
	Yid

(m)
	Yif

(m)
	Remarks

	1
	5
	0.03
	
	Origin at -–

ed=
79.6 m from higher foundation at dead load case

ef=
77.0 m from higher foundation at full load case

	2
	10
	0.13
	
	

	3
	15
	0.29
	
	

	4
	20
	0.51
	
	

	5
	25
	0.81
	
	

	6
	30
	1.15
	
	

	7
	35
	1.56
	
	

	8
	40
	2.04
	
	

	9
	45
	2.58
	
	

	10
	50
	3.19
	3.98
	· cable anchorage at lower foundation at dead load case

	11
	53
	3.58
	-4.81
	

	12
	55
	3.86
	4.92
	· cable anchorage at lower foundation at full load case

	13
	55.6
	-
	5.73
	

	14
	60
	4.59
	6.72
	

	15
	65
	5.39
	7.79
	

	16
	70
	6.25
	8.95
	

	17
	75
	7.13
	9.43
	- higher anchorage at full load case

	18
	77
	-
	-
	

	19
	79.6
	8.08
	
	· higher anchorage at dead load case


Plot of main cable parabola

· Mark the lowest point of the parabola at [ed, fd] from higher foundation.

· With origin at the lowest point, plot the coordinates [(id), (yid)] from above table on either side of the origin upto the front of main foundation.

· Join then the plotted points to get main cable parabola at dead load case.

For full load case, only the points in front of either foundation are plotted to measure (1.

Compilation of Final Data  [7 . 3 . 8]; Cable Structures
Bridge No. & Name:  Design example
Date:  April 2004 checked by N. L. Joshi
A) Initial Data (refer to 7 . 3  . 6 and GA)

	Nominal span, s
	
	=
	  132.10
	m

	Anchorage type (drum)
	
	=
	    Drum
	/

	Main cable
	nM
	=
	      4
	/

	
	(M
	=
	      40
	mm

	
	AM
	=
	    2764
	mm2

	Handrail cable
	nH
	=
	      2
	/

	
	(H
	=
	     26
	mm

	
	AH
	=
	     584
	mm2

	Total Metallic Area
	= AM + AH
	=
	    3348
	mm2

	Total break
	=TM,break + TH,break TM,breakTH,break
	
	    4428
	kN

	Windguy cable
	nW
	=
	      2
	/

	
	(W
	=
	     26
	mm

	E-Module
	
	=
	    110
	kN/mm2

	Design span 
[image: image86.wmf]l


	
	=
	  132.60
	m

	h
	
	=
	    4.50
	m

	bd
	
	=
	    5.60
	m

	ed (from higher foundation)
	=
	   79.60
	m

	fd (from higher foundation)
	=
	    8.08
	m

	(1,d (at higher foundation)
	=
	    11.50
	deg

	(2,d (at lower foundation)
	=
	     7.70
	deg

	Cable anchorage elevations:
	
	
	

	· Left Bank
Windguy cable, upstream
	=(appx)
	    97.50
	m

	

Main Cables
	=
	   105.60
	m

	

Windguy cable, downstream
	=(appx)
	    96.40
	m

	· Right Bank
Windguy cable, upstream
	=(appx)
	   102.60
	m

	

Main Cables
	=
	   110.10
	m

	

Windguy cable, downstream
	=(appx)
	  102.30
	m

	Approximate freeboard     
Main cables
	=
	   11.14
	m

	

Wind cables
	=(appx)
	    7.60
	m

	Loads:
	
	
	

	· Walkway steel deck
	=
	    0.37
	kN/m

	· Live load
P
	=
	   3.377
	kN/m

	· Hoisting load
gh
	=
	   0.288
	kN/m

	· Dead load
gd
	=
	   1.028
	kN/m

	· Full load
gf
	=
	   4.405
	kN/m


B) Data from Main Calculation

	Full Load:
	bf
	=
	         7.0 
	m

	
	Tmax
	=
	       14.32
	kN

	
	Safety factor
	=
	        3.11
	/


Comment ...........................................................................................................................

C) Data to be Transferred to the General Arrangement

	Load Case
	Load

g
(kN/M)
	Tension

Tmax
(kN)
	Sag

b
(m)
	Horiz.Dist. e

(m)
	Lowest point

Vert.Dist.f

(m)
	Elevation

(m)

	Hoisting
	0.288
	126
	5.13
	80.8
	7.63
	102.47

	Dead Load
	1.028
	412
	5.60
	79.6
	8.08
	102.02

	Full Load
	4.405
	1424
	7.00
	77.0
	9.43
	100.67

	Live Load
	3.377
	
	
	
	
	


Data of Cable Structure


Also transfer all the remaining data and results displayed by frame 

D) Data to be Transferred to the General Arrangement

	Parameter
	1)  Higher Foundation
	2)  Lower Foundation

	TM,f
	1175
	kN
	1159
	kN

	TH,f
	248
	kN
	245
	kN

	(f
	13.8
	Deg
	10
	deg

	(1
	12
	Deg
	9
	deg


Cable Tension and Inclination of Full Load Case and Actual Front slope

Related standard drawing  [7 . 3 . 9]
	Drawing number
	Drawing title

	01
	Walkway for 4 main cables


MAIN FOUNDATION DESIGN

Main foundation, right bank, on rock

Initial layout data [7 . 4 . 5]
Characteristics of foundation

Type of bridge
:
Inclined Suspended

River bank
:
Right, higher foundation

Cable anchorage type
:
Drum type, without foot

Foundation
:
on rock

Cable structure characteristics

Number of main cables
nM =
4

Main cable tension
TMf =
1175
kN

Handrail cable tension
THf =
248
kN

Cable inclination
(f =
13.8
deg

Front slope of rock or stone pitching
(1 =
12
deg

Rock parameters

Rock at depth
=
0
m

Sliding friction angle
(sl =
35
deg

Rock quality coefficient
k =
1.75

Ground bearing pressure
(perm =
450
kN/m2
Front slope of rock or stone pitching
(1 =
12
deg

Minimum embedded depth
t =
1
m

Foundation dimensions

	Foundation dimensions (m)
	minimum
	maximum

	
Back height


H1
	1.50
	4.00

	
Front height


H2
	0.80
	4.00

	
Width


B
	5.00
	8.50

	
Length


L
	2.90
	5.00

	
Back to C.G. distance of anchorage rods,
S
	1.00
	-


Trial values for foundation dimensions [7 . 4 . 6]

	Dimensions (m)
	Trial values
	Remark

	
Back height

H1
	2.50
	The dimensions compiled were found by iteration with regard to economical design

	
Front height

H2
	1.10
	

	
Width

B
	6.80
	

	
Length

L
	3.10
	


Active pressure height

As the slope behind foundation is rocky:         
 ha =  0   
Unit weight of stone masonry [Table 4. 4. 4]
= 22 
kN/m3
Unit weight of concrete      [Table 4. 4. 4]
= 22 
kN/m3
Additional load on top of foundation  [6. 2. 4]
(Dimension of retaining wall as given in General Arrangement)
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[image: image90.wmf](

)

7

.

0

0

.

3

3

1

7

.

0

8

.

6

2

-

-

-

=

a


                            =  5.33 m


A = A1+A2  = 47.74+35.42
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Calculation of resultant loading forces and static moments

	Initial layout data
	Remarks

	Foundation type
	:Drum anchorage on rock
	

	Foundation dimensions
	:back height
	H1=2.50 m
	H2 ( t (=1m) ok!

	
	:front height
	H2=1.10 m
	

	
	:breadth
	B = 6.80 m
	

	
	:length
	L= 3.10 m
	

	Check –

Bottom inclination 
	:
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	< 18o,  ok

	Cable tensions
	: main cable
	TM=1175kN
	

	
	: handrail cable
	TH= 248 kN
	

	
	: cable  inclination
	(= 13.8o m
	

	Active earth pressure coefficient
	ha=0  
	fully rock


Loading forces and moments

	Loading force
	Lever arm
	Moment

Mf
(kN-m)

	Formula
	Vert.
Rv 
(kN)
	Horiz.

RH (kN)
	Formula
	Dist.
(m)
	

	Load from foundation
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	440.6
	-
	0.5B
	3.4
	1498.0

	Load from foundation top 

Total load = A
	83.16
	-
	a
	5.97
	496.5

	Load from cable tension


TMh = Tm 
[image: image97.wmf]´

 cos(
	-
	1141.1
	H2+0.7
	1.8
	(-)2054.0

	
THh = TH 
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 cos(
	-
	240.8
	H2+1.95
	3.05
	(-)740.5

	
TMv = TM 
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 cos(
	280.3

	-
	-
	0.25


	70.5

	
THv = TH 
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 sin(
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	-
	0.25
	14.8

	(
	1698.1
	1381.9
	
	
	2497.3


Volume of foundation
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 EMBED Equation.3  [image: image102.wmf]
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(R = 39.1  deg
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Safety factor against toppling   [6 . 4 . 4]
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Stress distribution and number of anchor rods  [6 . 2 . 7]

"Uncracked" condition at inclined base
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(max.=260.3 kN/m2




(min.=(-)79.8 kN/m2
Since B*/2 ( B/3, anchor rods are necessary.
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=
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Minimum number of anchor rods for 4 main cables
=    4  nos

Ultimate bearing pressure

B*/2 (=1.26 m)  <  B/3  (=2.27 m)
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= 323.6 kN/m2

(max.ult (=323.6kN/m2)  <  (perm (= 450 kN/m2)                                            ok!
Safety factor against sliding [6 . 5 . 2 / 6 . 6 . 1]
R(H
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= 2454.0 mm2
Fsl
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   [with anchor rods considered]
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Compilation of Final Data  [7 . 4 . 7];  Main Foundation, R/B
Bridge No. & Name:  Design example 1
   Date:  April 2004 checked by N. L. Joshi
A) and   B)  Initial Data (refer to 7 . 4 . 5)

C)
Main Calculation

	1)
	Load on top of foundation
	
	
	

	
	-
Total load
	A    
=
	83.16
	kN

	
	-
Front to C.G. distance
	a    
=
	5.97
	m

	2)
	Soil/rock heights
	
	
	

	
	-
Active pressure height
	ha    
=
	-
	m

	
	-
Rock height at back
	hT    
=
	full height
	m

	
	-
Embedded depth
	t 
=
	1.2
	m

	
	-
Depth of additional soil
	t’  
=
	0
	m

	3)
	Soil parameters
	
	
	

	
	-
Front slope of soil (top of dry stone pitching)
	(1    
=
	-
	deg

	
	-
Slope of soil baseline
	(B    
=
	-
	deg

	
	-
Length of influence
	L*infl    
=
	-
	m

	
	-
Back slop of soil
	(   
=
	-
	deg

	4)
	Foundation dimensions
	
	
	

	
	-
Back height
	H1    
=
	2.5
	m

	
	-
Front height
	H2    
=
	1.1
	m

	
	-
Width
	B    
=
	6.8
	m

	
	-
Length
	L   
=
	3.1
	m

	
	-
Base inclination
	(    
=
	11.6
	deg

	
	-
Distance to resultant force
	B* / 2 
=
	1.26
	m

	
	
	L* / 2 
=
	1.55
	m

	5)
	Safety factors
	
	
	

	
	-
Sliding
	FSL    
=
	1.52
	/

	
	-
Bearing capacity
	FBC   
=
	-
	/

	
	-
Toppling
	FT    
=
	1.90
	/

	
	-
Slope stability
	FS     
=
	-
	/

	6)
	Anchorage rods
	
	
	

	
	Nos. as per calculation or minimum Nos.
	N    
=
	5
	/


C)
Additional Anchorage Rods


(from geological report)


As the rock is good, no additional anchorage is provided.

Data to be transferred to the General Arrangement

All initial data and results displayed by the frame

Related standard Drawings  [7 . 4 . 8]
	Drawing number
	Drawing title

	61

61/2(26)
63(26)
	Main cable anchorage for 4 main cables (capacity: 1220 kN)

Main foundation for 4 main cables (related drawings: 61, 63(26))

Handrail cable anchorage (capacity: 260 kN)


Main foundation on soil, left bank  [7 . 4]
Initial layout data [7 . 4 . 5]
Foundation Characteristics 

Type of bridge
:
Inclined Suspended

River bank
:
Left, lower foundation

Cable anchorage type
:
Drum anchorage

Foundation
:
on soil

Cable structure characteristics

Number of main cables
nM =
4
nos

Main cable tension
TMf =
1159
kN

Handrail cable tension
THf =
245
kN

Cable inclination
(f =
10
deg

Front slope of rock or stone pitching
(1 =
9
deg

Soil parameters

Sub-soil at depth
=
3.2
m

Friction angle of sub-soil 
(1 =
30
deg

Unit weight of sub-soil
(1 =
18
kN/m2
Friction angle of backfilling soil
(2 =
22
deg

Unit weight of backfilling soil
(2 =
17
kN/m2
Ground water at depth
=
           very deep


Ground bearing pressure
(perm =
300
kN/m2
Minimum Embedded depth
t =
1.7
m

Foundation dimensions

	Foundation dimensions (m)
	minimum
	maximum

	
Back height


H1
	1.5
	4.0

	
Front height


H2
	1.2
	4.0

	
Width


B
	6.2
	9.5

	
Length


L
	2.9
	5.0


Trial values for foundation dimensions [7 . 4 . 6]

	Dimensions (m)
	Trial values
	Remark

	
Back height

H1
	4.0
	The dimensions compiled were found by iteration with regard to economical design

	
Front height

H2
	2.5
	

	
Width

B
	7.0
	

	
Length

L
	4.7
	


Active pressure height
ha =  6.0     m


ha1  = 1.05   m

Embedded depth
t =  2.0     m

Inclination of front slope
( = 19.0    deg

Inclination of back slope
( = 11.0    deg

Unit weight of dry stone masonry
(d = 20.0  kN/m3
Unit weight of cement masonry
(m = 22.0  kN/m3
Unit weight of concrete
(C = 22.0  kN/m3
Additional load on top of foundation  [6 . 2 . 4]
A
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Coefficient of horizontal active earth pressure [6 . 2 . 3]
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  (ah = 0.4742

Base inclination
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( = 12.1 deg

Check for (

( = 12.1 deg  (  15 deg
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Calculation of Loading forces and moments

	Loading force
	Lever arm
	Moment, Mf
(kN-m)

	Formula
	Vert.
Rv 
(kN)
	Horiz.

RH (kN)
	Formula
	Dist.
(m)
	

	Load from foundation

W1 = 0.5
[image: image138.wmf]´

(H1+H2) 
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	2335.8

	Load from foundation top, Total load = A
	76.0
	-
	a
	6.65
	505.4

	Active earth pressure
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	173.0
	-
	B
	7.0
	1249.5

	Load from cable tension


TMh = Tm
[image: image148.wmf]´
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THh = TH
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TMv = TM
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Volume of foundation
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 EMBED Equation.3  [image: image153.wmf]


Total vertical force
RV = 3414.9 kN

Total horizontal force
RH = 2043.8 kN

Total moments

Total positive moment
                           M+ = 13312.7  kN-m

Total negative moment
M- =  4990.7  kN-m

Algebraic sum of static moment about F;
MF = 8322.0  kN-m
Inclination of resultant
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Check for B*/2

B*/2 = 2.16 m  (  B/4 (=1.75 m)
ok!

Factor of safety against sliding [6 . 4 . 4]
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Fsl=  1.70
Factor of safety against toppling [6 . 4 . 4]
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FT=  2.67

Ultimate bearing capacity and safety factor 

against shear failure of the ground [6 . 5 . 4]

L*infl. = 4.3
[image: image158.wmf]´

B* = 4.3
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Linfl.= 18.6 m

From General Arrangement,

At L*infl. = 18.6 m
(1 = (B= 19.0 deg




q= 9.0 kNm2  

Surcharge load, ((1t + q) = (18
[image: image161.wmf]´

2 + 9)
= 45 kN/m2
Bearing capacity factors (for (1 = 30o);
Nq =18.4




N(=18.1

Correction factor for 

 shape  
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inclination of load ((R=30.9o and (=12.1o)
iq=0.39





i(=0.27

inclination of foundation base ((=12.1o and (1=30o)
bq=0.78





b(=0.72


inclination of base line ((B=19.0o)
gq = g( = 0.64


Shear resistance of the ground
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=  6778.7 kN


[image: image166.wmf]9

.

3414

7

.

6778

*

=

=

V

BC

R

P

F


=  1.99      (      2.00  ok!

Ground bearing pressure  [6 . 2 . 7]

The case is:  eccentric load with 
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Reinforcement   [7 . 4 . 6]
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Compilation of Final Data  [7 . 4 . 7];   Main Foundation, L/B
Bridge No. & Name:  Design example 1
   Date:  April 2004 Checked by N. L. Joshi
A)  and  B)  Initial Data (refer to 7 . 4 . 5)

C)
Main Calculation

	1)
	Load on top of foundation
	
	
	

	
	-
Total load
	A    =
	76.0
	kN

	
	-
Front to C.G. distance
	a    =
	6.65
	m

	2)
	Soil/rock heights
	
	
	

	
	-
Active pressure height 
	ha    
=
	6.0
	m

	
	-
Active pressure height
	ha1    
=
	1.05
	m

	
	-
Embedded depth
	t    
=
	2.0
	m

	
	-
Depth of additional soil
	t'   
=
	1.0
	m

	3)
	Soil parameters
	
	
	

	
	-
Front slope of soil (top of dry stone pitching)
	(1    
=
	19.0
	deg

	
	-
Slope of soil baseline
	(B    
=
	19.0
	deg

	
	-
Length of influence
	L*infl.  
=
	18.6
	m

	
	-
Back slop of soil
	(   
=
	11.0
	deg

	4)
	Foundation dimensions
	
	
	

	
	-
Back height
	H1   
=
	4.0
	m

	
	-
Front height
	H2    
=
	2.5
	m

	
	-
Width
	B    
=
	7.0
	m

	
	-
Length
	L   
=
	4.7
	m

	
	-
Base inclination
	(   
=
	12.1
	deg

	
	-
Distance to resultant force
	B* / 2
=
	2.16
	m

	
	
	L* / 2
=
	2.35
	m

	5)
	Safety factors
	
	
	

	
	-
Sliding
	FSL    
=
	1.70
	/

	
	-
Bearing capacity
	FBC    
=
	1.99
	/

	
	-
Toppling
	FT    
=
	2.67
	/

	
	-
Slope stability
	FS   
=
	-
	/

	6)
	Anchorage rods
	
	
	

	
	Nos. as per calculation or minimum Nos.
	N    
=
	12
	/


C)
Additional Anchorage Rods

__

(from geological report)

Data to be transferred to the General Arrangement

All initial data and results displayed by the

frame

Related standard Drawings  [7 . 4 . 8]
	Drawing number
	Drawing title

	61

61/1(26)
63(26)
	Main cable anchorage for 4 main cables (capacity: 1220 kN)

Main foundation for 4 main cables {related drawings: 61 & 63(26)}
Handrail cable anchorage 
(capacity: 260 kN)


Design of windguy cable structure  [9 . 4]

General Arrangement

· Windguy arrangement is generally provided for LSTB (span > 120m) bridge.
· Placing of windguy anchorage foundations:


The foundation location should avoid

· dry gully (shown by concave contours) on right bank downstream side.

· steep slope on left bank downstream of the axis in order to get smaller 
angle (  for better value of ground bearing capacity.
· the cable alignment should be above the freeboard line at elevation 95.88 m.

Since the right as well as the left bank upstream side has no problem for placement of foundations, the left bank downstream foundation, thus, requires to be fixed first.

From graphical determination,


CL   ~  11.70 m  ;         DL   ~   (-)  15.50  m

The upstream windguy parabola shall be arranged symmetrically to the downstream windguy parabola.

Initial layout data   [9 . 4 . 6]

From cable structure analysis



[image: image178.wmf]l


=
132.60 m


H1 
=
110.10 m


fd 
= 
8.08 m


r 
= 
79.60 m

For suspended bridge


d
=
6.00 m


k
=
0.66 m

Determination windguy parabola in plan

(Both upstream and downstream)

Vertex of the parabola –
· Fix first cross beam at 0.40 m from saddle on right side.

· Fix vertex at 54th cross beam from right side


V = 0.40 + 53 
[image: image179.wmf]´

1.20                                  V  =  64.0 m

Windguy cable parabola in plan is  [9 . 4 . 3]



[image: image180.wmf]20

.

2

2

2

'

+

´

=

j

W

j

x

V

f

y


For prevailing topographical conditions, first fix the left bank down-stream windguy cable end.


j = 0


y'o= CL

yo(= 11.7 m


xo = 
[image: image181.wmf]l

 - V - DL
= 132.6 - 64.09 - 15.5
xo = 53.10 m
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fW= 13.80 m

Calculation of hW and bW
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hW = 2.06 m
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bW = 14.88 m

Check if
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Windguy cable tension
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HW= 73.85 kN
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Tmax=81.4kN

Number and diameter of windguy cable


Number of windguy cable (d/s or u/s)



Diameter of windguy cable


Permissible tension
    Tperm=129 kN

Check for tension


Tperm (=129 kN) ( Tmax (~ 81.4  kN)   
ok !

Location of first windties


BR = V - (d
[image: image193.wmf]´

iR)= 64 - 6
[image: image194.wmf]´

8;



BL = 
[image: image195.wmf]l

 - V - (d
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iL) = 132.6 – 64.0 - 6
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8;
Calculation of (R and (L
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Calculation of CRO and CLO
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CRO= 15.14 m
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CLO= 16.62 m

These data will be the same for both upstream and 
downstream windguy arrangements as they are arranged symmetrically.

Windguy foundation layout data

The position of windguy cable anchorage foundations are 
determined by –

· locating windguy cable axes with the plot of CRO, CLO and 
( angles in the plan of General Arrangement.

· tracing theoretical windguy cable parabola.

· drawing cross-sections along the axis of four windguy cable ends.

· drawing freeboard line in the cross-section.

· taking into account the Limits and Recommendations given in 
Section 9. 4. 5.


Upstream:


downstream:

Calculation of CR and CL
For downstream windguy cable
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Calculation of windties lengths    [9 . 5]

downstream windguy arrangement

1) Determination of parabola 4
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2) Calculation of
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3) Determination of parabola 1, 2 and 3


Parabola 1:
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Parabola 2:  
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c2 = 0


Parabola 3:  
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c3 = 0

4)
Calculation of windtie data  [9. 5. 7]
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Starting from right side (i=1) the windtie data are calculated continuously upto the left side (I = imax) as shown in the following tabular calculation.

Tabular calculation of windtie lengths

	i
	xi
	X’i
	
[image: image249.wmf]D

hi/tan(i
	c/ci
(m)
	Dwi
(m)

	1
	48
	63.6
	
	10.52
	6.27

	2
	42
	57.6
	
	8.57
	6.20

	3
	36
	51.6
	
	6.87
	6.15

	4
	30
	45.6
	
	5.42
	6.10

	5
	24
	39.6
	
	4.23
	6.06

	6
	18
	33.6
	
	3.27
	6.03

	7
	12
	27.6
	
	2.56
	6.01

	8
	6
	21.6
	
	2.09
	6.00

	9
	0
	15.6
	
	1.85
	6.00

	10
	- 6
	9.6
	
	1.88
	6.01

	11
	- 12
	3.6
	
	2.17
	6.03

	12
	- 18
	- 2.4
	
	2.75
	6.07

	13
	- 24
	- 8.4
	
	3.64
	6.13

	14
	- 30
	- 14.4
	
	4.88
	6.21

	15
	- 36
	- 20.4
	
	6.49
	6.30

	16
	- 42
	- 26.4
	
	8.49
	6.42

	17
	- 48
	- 32.4
	
	10.89
	

	(
	86.57
	97.99


5)  Calculation of (R and (L
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6)
Calculation of ER and EL
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7)
Calculation of total length of cables

lW(tot) = (Dwi + ER + EL + overlapping length



= 97.99 + 2.63 + 5.49 +2 
[image: image258.wmf]´

 1.25
= 108.61 m


LT(tot) = ( (c/ci + 0.6)



= 86.57 +17 
[image: image259.wmf]´

0.6
=  96.77 m

Upstream windguy cable structure

Calculation for upstream cable structure is not shown here, but can be made similar to the downstream windguy cable structure.

Compilation of Final Data      [9 . 4 . 8]; W.G.Cable Structures
Bridge No. & Name:  Design example 1
   Date:  April 2004 checked by N. L. Joshi
A)   Initial Data (refer to 9 . 4 . 6 and GA)

	Bridge type (suspended or suspension) ?
	
	Suspended
	/

	Design span
	
[image: image260.wmf]l

                   =
	132.6
	m

	Horizontal distance
	r                    =
	79.6
	m

	Windguy cable
	nW                  =
	1
	/

	
	(W                 =
	26
	mm

	
	AW                 =
	292
	mm2

	
	TW,break                  =  
	386
	kN

	E-Module
	=
	110
	kN/mm2

	Cable anchorage elevation:
	
	
	

	-
Left bank
Windguy cable, upstream
	 =
	97.5
	m

	

Windguy cable, downstream
	=
	96.4
	m

	-
Right bank
Windguy cable, upstream
	=
	102.6
	m

	

H1
	=
	110.1
	m

	

Windguy cable, downstream
	=
	102.3
	m

	Freeboard
Windguy cables
	=
	7.5
	m

	Loads:  - Wind load
	w              =
	0.5
	kN/m


B)   Data from Main Calculations

	
	Upstream
	Downstream
	

	Theoretical
hW
	= 
	2.06
	m

	

bW
	= 
	14.88
	m

	

fW
	= 
	13.80
	m

	

TR
	= 
	80.40
	kN

	

TL
	= 
	81.40
	kN

	

Safety factor
	= 
	4.74
	/

	Layout
(L
	= 
	17.92
	deg

	

(R
	= 
	17.92
	deg

	

CLo
	= 
	16.62
	m

	

CRo
	= 
	15.14
	m

	

CL
	= 
	11.61
	m

	

CR
	= 
	10.77
	m

	

DL
	= 
	-15.50
	m

	

DR
	= 
	-13.50
	m

	

HL
	= 
	96.40
	m

	

HR
	= 
	102.30
	m


Data to be transferred to the General Arrangement

1) Into plan


All results displayed by the frame

2) Into longitudinal section

· Separate longitudinal section of all four cable ends

· Freeboard

· Windguy cable elevation (H). inclination (() and tension (T).

	
	H

(m)
	(
(deg)
	T

(kN)

	Right bank:


upstream


downstream

Left bank:


upstream


downstream
	102.6

102.3

97.5

96.4
	.....

-1.76
....

12.58
	80
80
81
81


3) Into cable list

Windguy cable:

· Upstream: 
 number
=
 1


 diameter
=
26   
mm


· downstream: 
number
=
 1


diameter
=
26   mm



Windties:
 diameter                            =   13  mm


Related standard drawings  [9 . 5 . 9]

	Drawing number
	Drawing title

	11
	Windtie for windguy cable 13 mm (


Windguy cable foundation design  [9 . 6]

Initial layout data [9 . 6 . 5]
	Foundation Characteristics 

River bank


Side


Foundation on
	Right

downstream

Rock
	Left 

downstream

soil

	W.G. cable structure characteristics
	
	

	
Number of windguy cable
nW  =
	1
	1

	
Windguy cable tension
TW  =
	80.4 kN
	81.4 kN

	
Cable inclination
(  =
	-1.76o
	12. 58o

	
Front slope
(1  =
	0
	14. 2o

	Soil parameters
	
	

	
Sub-soil at depth
=
	-
	2. 5  m

	
Friction angle of sub-soil
(1  =
	-
	30o

	
Unit weight of sub-soil
(1 =
	-
	17 kN/m2

	
Friction angle of backfilling soil;
(2 =
	-
	30o

	
Unit weight of backfilling soil;
(2 =
	-
	17 kN/m2

	
Ground water at depth
=
	-
	-

	
Ground bearing pressure 
(perm =
	-
	200 kN/m2

	Rock parameters

	
	

	
Rock at depth
=
	0. 5 m
	-

	
Sliding friction angle
(sl =
	35o
	-

	
Rock quality coefficient
k  =
	1.75
	-

	
Ground bearing pressure
(perm =
	400 kN/m2
	-

	Minimum embedded depth
tmin =
	0. 5 m
	1. 0 m


Design parameters for 1 no ( 26 mm cable
	Foundation on
	Rock
	Soil

	Foundation dimensions (m)
	maximum
	minimum
	maximum
	minimum

	Width
B=
	2.40
	1.70
	2.40
	2.00

	Length
L=
	3
	1.20
	3.50
	1.50

	For
(=
	-
	
[image: image261.wmf]o

45

£


	
[image: image262.wmf]o

45

>
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	Front height      hT=
	2
	0.4
	0.6
	2
	0.4
	0.6

	Front height     H2=
	-
	HT + 0.4
	-
	HT + 0.4

	C.G. distance     S=
	0.75
	-


Manual Calculation  [9 . 6 . 6]

The manual calculation are made for right and left bank downstream foundations only.

Pre-calculation data

	Foundation location
	Right bank downstream on rock
	Left bank downstream on soil

	Foundation dimensions (m)
B


L


hT

H1

H2

S
	2.0
1.5

0.5
1.5
1.1
0.75
	2.5
1.5
1.2
2.0
1.6
-

	Topographical conditions
ha

ha1

hp (t)

hw


t(

(

(1
	
	3.7
1.7
0.8
0

0.7
20o
20o

	Active earth pressure coefficient
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Additional load on top of foundation

Left bank downstream

Soil
(( = 17  kN/m3)

A1
=
0.5 
[image: image267.wmf]´

 (1.7+0.5) 
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1 
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 1.5 
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 17
=   28.05  kN


a1
=
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Masonry retaining wall (( = 22  kN/m3)


A2
=
0.5 
[image: image272.wmf]´

0.4 
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1.5 
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22
=   6.6 kN


a2
=
1.1+0.5 
[image: image275.wmf]´

 0.4
=    1.3 m


A
=
A1 + A2 = 28.05 + 6.6



a
=
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Calculation of loading forces and static moments @ F

	Formulas
	
	Right bank downs 
downstream
	Left bank

downstream

	Loads
	Lever arm
	RV
(kN)
	Rh
(kN)
	arm

(m)
	MF
(kN-m)
	RV
(kN)
	Rh
(kN)
	arm

(m)
	MF
(kN-m)

	Dead wt. of foundation
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	85.80
	-
	1.05
	90.20
	148.5
	-
	1.3
	192.50

	Load on top

A


	a
	-


	-
	-
	-
	34.65
	-
	1.95
	67.57

	Earth pressure

Eah=
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tan(
	YEah-H1-0.1-H2
B
	-

-
	-

-
	-

-
	-

-
	-

14.53
	39.93
-
	0.38
2.50
	15.17
36.33

	Cable tension load

Th = T
[image: image283.wmf]´

cos(
Tv = T
[image: image284.wmf]´

sin(
	ht
0
	-

2.47
	80.36
-
	0.5
0
	-40.181

0
	-

-17.67
	79.46
-
	1.20

0
	-95.35
0

	
	(
	88.27
	80.36
	-
	50.02
	195.18
	119.39
	-
	216.22

	Volume
	
	

	 Vol = 
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	3.90 m3
	6.75 m3

	Bottom inclination
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	14.04 deg
	11.31deg

	Inclination of resultant
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	42.32 deg
	31.45 deg

	Location of resultant
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	0.46
	0.99 m


Right bank, foundation on rock

Safety factor against toppling


FT
= 
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Stress distribution and number of anchor rods [6 . 2 . 7]

“uncracked” condition at the inclined base
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Tmax  =   88.90 kN/m2




Tmin = - 20.91 kN/m2
Since B*/2  (  B/3  anchor rods are necessary
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Ultimate bearing pressure
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Safety factor against sliding  [6 . 5 . 2]
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   [with anchor rods considered]
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Left bank, foundation on soil

Safety factor against toppling  [6 . 4  . 4]
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= 
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Ultimate bearing capacity and safety factor against shear
failure of ground [6 . 5 . 4]
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From cross section in General Arrangement
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N( = 18.1
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Sq = 1.58
(Note: if B*/L* > 1.0 – 1.5 take value for B*/L* =1.0)
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dq = 1.11


d( = 1.0
Inclination of load ((R = 31.45o  and ( = 11.31o)
iq = 0.36


i( = 0.24
Inclination of foundation base (( = 11.31o  and  (1 = 30 o)
b(q = 0.80


b(( = 0.74
Inclination of base line ((B = 20 o)
gq  =  g( = 0.62
Shear resistance of the ground
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P* = 395.20 kN

Safety factor against bearing
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Ground bearing pressure  [6 . 2 . 7]
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Upstream windguy cable anchorage foundations

Calculation for upstream windguy cable foundation is not shown here.  Calculation procedure given here for d/s windguy cable foundations can be followed for u/s windguy cable foundations too.

Compilation of Final Data  [9 . 6 . 7];    D/S W.G. Cable Foundations
Bridge No. & Name:  Design example 1
   Date:  April 2004 checked by N. L  Joshi
A)  and B)  Initial Data (refer to 9 . 6 . 5)

	C)
	Main Calculation
	
	Right bank
	Left bank
	

	1)
	Load on top of foundation
	
	
	
	

	
	-
Total load
	A           =
	-
	34.65
	kN

	
	-
Front to C.G. distance
	a           =
	-
	1.95
	m

	2)
	Soil/rock heights
	
	
	
	

	
	-
Active pressure height
	ha          =
	-
	3.7
	m

	
	-
Active pressure height
	ha1             =
	-
	1.7
	

	
	-
Rock height at back
	hrt          =
	-
	0
	m

	
	-
Embedded depth
	t            =
	0.3
	0.8
	m

	
	-
Depth of additional soil
	t'           =
	-
	0.7
	m

	3)
	Soil parameters
	
	
	
	

	
	-
Front slope of soil (top of dry stone pitching)
	(1         =
	-
	0
	deg

	
	-
Slope of soil baseline
	(B         =
	-
	20.0
	deg

	
	-
Length of influence
	L*infl.     =
	-
	8.49
	m

	
	-
Back slop of soil
	(          =
	-
	20
	deg

	4)
	Foundation dimensions
	
	
	
	

	
	-
Height of cable anchorage
	HT        =
	0.5
	1.2
	

	
	-
Back height
	H1        =
	1.5
	2.0
	m

	
	-
Front height
	H2        =
	1.1
	1.6
	m

	
	-
Width
	B          =
	2.0
	2.5
	m

	
	-
Length
	L          =
	1.5
	1.5
	m

	
	-
Base inclination
	(          =
	14.04
	11.31
	deg

	
	-
Distance to resultant force
	B*/2          =
	0.46
	0.99
	m

	
	-
Distance to resultant force
	L*/2           =
	0.75
	0.75
	m

	5)
	Safety factors
	
	
	
	

	
	-
Sliding
	FSL       =
	2.60/
1.30
	1.57
	/

	
	-
Bearing capacity
	FBC       =
	-
	2.02
	/

	
	-
Toppling
	FT         =
	2.24
	3.27
	/

	
	-
Slope stability
	FS         =
	-
	-
	/

	6)
	Anchorage rods
	
	
	
	

	
	Nos. as per calculation or minimum Nos.
	N         =
	2
	-
	/

	
	
	
	
	
	


C)
Additional Anchorage Rods




(from geological report)

As the rock is sound, no additional 




anchorage rod is provided.

Check of results  [6 . 5 . 1 / 6 . 6 . 1]

	Foundation location
	Right bank downstream

on rock
	Left bank

downstream

on soil

	· (  18o on rock


(  15o on soil
	14.04o  < 18o
	11.31o < 15o
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	0.46 m

(  0.33 m
	0.99 m

(  0.63 m

	FT
(  1.5
	2.24 (  1.5
	3.27  (   1.5

	FBC
(  2
	
	2.02 >  2.0

	(max.ult. 
(  (perm
	98.20 kN/m2

(  400 kN/m2
	93.15 kN/m2
(  200 kN/m2

	N
(  2 nos.
	2 nos        0k!
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Data to be transferred to the General Arrangement

All the initial layout data, remarks and results displayed 

by the frame 

Related Standard Drawings (for downstream foundations) [9. 6. 8]
	Drawing

number
	Number of drawings
	Drawing title

	41
	2
	Windguy cable anchorage for 1 cable(26
(capacity: 130 kN)

	41/1
	1
	Windguy cable foundation for 1 cable
(on soil)

	41/2
	1
	Windguy cable foundation for 1 cable
(on rock)


12.4.2
suspension bridge

DESIGN OF MAIN CABLE STRUCTURES  [8 .  3]

Initial layout data  [8 . 3 . 6]

1)
Span, 
[image: image375.wmf]l



approximate span,
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 = 142.0 m


integer
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2)
Tower height, ht

ht (max)= 0.165 
[image: image382.wmf]´
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 + 1.05 = 0.165 
[image: image384.wmf]´

 141.4  + 1.05
=24.38 m


ht (min)
= 0.110 
[image: image385.wmf]´
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 + 1.05 = 0.110 
[image: image387.wmf]´

 141.4 + 1.05
=16.60 m


ht (rec)
= 0.145 
[image: image388.wmf]´
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 + 1.05 = 0.145 
[image: image390.wmf]´

 141.4 + 1.05
=21.55 m


Available tower height nearest to ht (rec):   higher    
    lower


             ht = 

22.73 m
20. 24 m

3)
Dead load sag, fd

fd (max)
= (ht ​ - 1.05) - 0.02 
[image: image391.wmf]´

 
[image: image392.wmf]l

 =
 18.85 m
16.36 m


fd (min)
= (ht  - 1.05) - 0.03 
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 = 
17.44 m
14.95 m


fd (rec)
= (ht - 1.05) - 0.025 
[image: image395.wmf]´
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 = 
18.15 m
15.65 m

4)
Calculation of live load, P


P                       =
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5)
Pre-calculation of approximate tensions


a)
Main cables



-
approximate full load,



-
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-
With ht = 22.73 m  and fd (rec) = 18.15 m
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Tmax =  835 kN

-
 With ht = 20.24 m  and fd (rec) = 15.65 m
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Tmax =  940 kN

Number and diameter of main cables

With nM = 4 and (M = 36 mm

Permissible tension, Tperm = 987 kN  ( Tmax  =  940  kN

Therefore, adopt lower tower height.

By trial,  with next lower tower and maximum dead load sag,  increase in main cable section is required.

Safety factor for cable tension

Breaking load, 

Tbreak = 2960 kN

Safety factor against breaking  
[image: image404.wmf]15
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Since safety factor (=3.15)  (  3.0 (   slightly lower sag is possible.

Dead load camber, cd
cd
= ht  - 1.05 - fd  =  20. 24  - 1.05 - 15.65; 
cd =  3.54 m

Main cable inclination, (f

(f
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b)
Windguy cables

-
With vertex at V = 
[image: image406.wmf]l

/2 = 141.4/2 = 70.7 m,
hW = 0
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-
Take  bW = fW  ~  
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Approximate windguy cable tension


TR  =  TL
~
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i.e. Tmax. 
=
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Tmax =  87.1 kN


With nW
=
1 (for upstream or downstream) & (W
  =   26 mm


Tperm
=
129 kN   (   87.1  kN
ok!

6)
Final layout data
	Span
	
[image: image412.wmf]l

=  141.40 m

	Tower height
	        ht =  20.24 m

	Dead load sag
	        fd =  15.65 m

	Dead load camber
	      Cd =   3.54 m

	Camber span ratio, cd /
[image: image413.wmf]l


	          =    0.025

	Number of main cables
	     nM =     4 nos

	Diameter of main cable
	     (M   =    36 mm

	Sectional area of main cables (all cables)
	      AM  = 2240 mm2

	Breaking load
	Tbrea k= 2960 kN

	Factor of safety
	      =     3.15  

	Diameter of spanning cable
	   (S =   32 mm

	Number of windguy cable (u/s or d/s)
	nW  =    1  nos

	Diameter of windguy cable
	  (W    =    26 m m


7)
Young’s Modulus (for all cables) [Table 4 . 2 . 1] 
E=110 kN/mm2

8)
Backstay distances and cable anchorage elevations

according to General Arrangement with due consideration of topographical and geological conditions.

	Walkway elevation
	HW =  84.0 m

	Tower height 
	ht =20.24 m

	Saddle elevation
	(HW+ht)=104.24 m



Backstay angle
(f =24. 93 deg


Graphically -

-
left bank:
main cable elevation
= 93.53 m

	
Saddle elevation
	DL =18.75  m




backstay distance



windguy cable, upstream
=  83.20 m



spanning cable
 = 83.75 m



windguy cable, downstream
=  83.30 m

-
right bank:
main cable elevation
=  97.40 m

	
backstay distance
	DR = 15.50 m




windguy cable, upstream
=  83.60 m



spanning cable
=  83.75 m



windguy cable downstream
=  83.80 m

9)
Check for freeboard
· plot all the initial layout data in the cross-section of the General Arrangement.

· Draw all the cable alignments with respect to cable anchorage elevations.

· Draw freeboard line at elevation H.F.L + 5. 0 = 79 + 5 


within the river channel.



From the plot, it is found that all the cable alignments clear off the      freeboard line.


Approximate freeboard:
spanning cable 
=  5.3  m



Lowest windguy cable
= 5.0  m

10) Loadings


Hoisting load case, gh
-
main cables

= 0.192 kN/m
Total at hoisting load case 
  gh  = 0.192 kN/m

Dead load case, gh
a) Dead weights, gdd
· Hoisting load, gh

= 0.192 kN/m

· Walkway deck (steel) 
= 0.410 kN/m

· Walkway support

=  0.270 kN/m

· Handrail and fixation cables
=  0.030 kN/m

· Wiremesh netting

=  0.060 kN/m

· Suspenders (average)
=  0.170 kN/m

· Spanning cables

= 0.076 kN/m

· Windguy cables

= 0.050 kN/m

· Windties (average)
=  0.040 kN/m


Subtotal dead weights, gdd
= 1.128 kN/m
b)
Pretension in spanning cable

· Assumed approximate pre-tension at dead load case is 10 percent of dead weights.

· Gpd = 0.10 
[image: image414.wmf]´

 gdd = 0.10 
[image: image415.wmf]´

 1.128
= 0.113 kN/m


Total at dead load case, (gdd+gpd);
gd = 1.241 kN/m



Full load case, gf
· Dead weights
, gdd
= 1.128 kN/m

· Pretension
,
gpd
= 0

· Live load
,
P
= 4.024 kN/m


Total at full load case
gf= 5.152 kN/m


Sag calculation at hoisting and full load case by iteration [8 . 3 .7]


Length of dead loaded main cables


Ld 
[image: image416.wmf]ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

´

+

´

=

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

´

+

´

=

2

2

4

.

141

65

.

15

3

8

1

4

.

141

3

8

1

l

l

d

f


              Ld=146.02 m


Main cable tension at dead load case


Hd
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       Hd = 198.18 kN


Td
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Calculation of a, b, and (fo

a
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              (fo = 24.93 deg

Tabular Calculation

	Step
	Formula
	Hoisting load g1=gh=
0.192kN/m
	Full load

g1 = gf=
5.152kN/m
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Iteration

(a)
Hoisting load sag
· Primary  f1 = fh = 0.98 
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 15.65 = 15.34 m
	Step
	Iteration
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Stop iteration!


For hoisting load case –


(b)
Full load sag

· Primary ff=1.05 
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	Iteration
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Stop iteration!


For full load case


Calculation of safety factor

Tmax = Tf

= 862.65 kN
Safety factor, F
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ok!

Calculation of final data

(a)
Main Cables
Cable inclination at saddles
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Total length of main cable (at dead load) between anchorage

(including overlapping length for fixation)
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Anchorage location
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Displacement of saddles for cable hoisting
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	Hoisting load case

gh=0.192 kN/m

Hh=31.19 kN/m

Th=34.01 kN/m

	Left bank: DL=18.75 m

Right bank: DR=15.50 m
	
[image: image457.wmf]D

DL = - 0.025 m
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DR = - 0.018 m


 (b)
Spanning cables: dead load case
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hoisting load case
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Compilation of Final Data  [8 . 3 . 8]; Main Cable Structures
Bridge No. & Name:  Design example 2  Date: April 2004 checked by N. L. Joshi
a)
Initial Data (refer to 7 . 3 . 6 and GA)

	Design span
	
[image: image464.wmf]l


	=
	141.4  
	m

	Tower height
	ht
	=
	20.24    
	m

	Main cable
	nM
	=
	      4
	/

	
	(M
	=
	      36
	mm

	
	AM
	=
	2240
	mm2

	
	TM,break
	=
	2960
	kN

	Spanning cable
	n
	=
	2
	/

	
	(S
	=
	32
	mm

	
	AS
	=
	884
	mm2

	
	TS,break
	=
	1170
	kN

	Windguy cable
	nW
	=
	      2
	/

	
	(W
	=
	26
	mm

	E-Module
	
	=
	    110
	KN/mm2

	Cable anchorage elevations:
	
	
	
	

	· Left Bank
Windguy cable, upstream
	
	=(appx)
	    83.20
	m

	

Spanning Cables
	
	=
	   83.75
	m

	

Windguy cable, downstream
	
	=(appx)
	83.30
	m

	

Main cables
	
	=(appx)
	    93.53
	m

	· Right Bank
Windguy cable, upstream
	
	=(appx)
	   83.60
	m

	

Spanning cables
	
	=
	83.75   
	m

	

Windguy cable, downstream
	
	=(appx)
	83.80
	m

	

Main Cables 
	
	=(appx)
	97.40  
	m

	Approximate freeboard     
Spanning cables
	
	=
	   5.30
	m

	

Windguy cables
	
	= (appx)
	    5.00
	m

	Loads:
	
	
	
	

	· Walkway steel deck
	gpd
	=
	0.41 (steel)
	KN/m

	· Pretension
	P
	=
	0.113
	KN/m

	· live load
	
	=
	4.024
	KN/m

	· Hoisting load
	gh
	=
	   0.192
	KN/m

	· Dead load (including gpd)
	gd
	=
	   1.241
	KN/m

	· Full load
	gt
	=
	   5.152
	KN/m


b)
Data from Main Calculation

	Full loads:

	ff
	=
	16.46    
	m

	
	(f
	=
	   24.97
	deg

	
	Tmax
	=
	862.65
	KN

	
	Safety factor
	=
	   3.43
	/


Comment .....................................................................................................

c)
Data to be transferred to the General Arrangement

	Cables
	Load case
	Load, g

(kN/m)
	Tension, T

(m)
	Sag, f /
Camber, C
(m)
	Elevation of Vertex

(m)
	Displacement of Saddles

	
	
	
	
	
	
	(DL(m)
	(DR(m)

	Main
	Hoisting 
	0.192
	34
	15.39
	88.85
	- 0.03
	- 0.02

	
	Dead Load
	1.241
	217
	15.65
	88.59
	  0.00
	  0.00

	
	Full Load
	5.152
	863
	16.46
	87.78
	/
	/

	Spanning
	Hoisting 
	0.076
	54
	- 3.54
	80.21
	

	
	Dead Load
	0.113
	97
	3.54
	87.29
	

	
	Full Load
	0
	0
	2.73
	86.48
	

	
	Live Load
	4.024
	


Data of Cable Structure


Also transfer all the remaining data and results displayed by the frame 

Related Standard Drawings [8 . 3 . 9]
	Drawing Number
	Drawing Title

	07
	Walkway

	08
	Steel Walkway Deck


Standard Design Drawings: Walkway

Load combinations with wind load [8 . 4]

(A)
Initial layout data  [8 . 4 . 8]

(1)
From cable structure analysis

Span

[image: image465.wmf]l


=
141.4
m


Tower height
ht
=
20.24
m


Centre distance of tower leg
c/c1
=
4.0
m


Backstay cable inclination
(f
=
24.97
deg


Main cables:
nM
=
4



(M
=
36
mm



AM
=
2240
mm2

Spanning cables:
(S
=
32

mm



AS
=
884

mm2

Modulus of elasticity
E
=
110

kN/mm2

Sag, fo:
-for loading case [A]
fd
=
15.65

m



-for loading case [B]
ff
=
16.46

m


Load, PMO:
-for loading case [A]
gd
=
1.241

kN/m



-for loading case [B]
gf
=
5.152

kN/m


Pre-tension in spanning cables:



-for loading case [A]
Pso
=
0.113

kN/m



-for loading case [B]
Pso
=
o

(2)
Wind load:
-for loading case [A]
w
=
0.5

kN/m



-for loading case [B]
w
=
0.167

kN/m

(3)
Breaking tension of spanning cables; 
TS,break
=
1170

kN
(4)
Calculation of initial cable lengths
	Loading case
	A
	B

	fo

go

PMO


PSO


Co
=ht - 1.05 - fo

LMO
=l 
[image: image466.wmf]´

 [1 + 8/3 
[image: image467.wmf]´

 (fo / l)2]
LS0
=l 
[image: image468.wmf]´

 [1+ 8/3 
[image: image469.wmf]´

 (Co / l)2]
	
15.65
m


1.128
kN/m


1.241
kN/m


0.113
kN/m


3.54
m


146.02
m


141.64
m
	
16.46
m


5.152
kN/m


5.152
kN/m


0



2.73
m


146.51
m


141.54
m


Calculation of Wb


for loading case [A],  Wb
=0.116 + 0.00375 ht


=0.116 + 00375 
[image: image470.wmf]´

 20.24
=0.1919 kN/m


for loading case [B],  Wb
=
[image: image471.wmf]3

1

 
[image: image472.wmf]´

 0.1919
=0.0640 kN/m
(B)
Iteration procedure  [8 . 4 . 9]

Calculation of constant factors, C

	Loading case
	[A]
	[B]

	
[image: image473.wmf]MO

M

MO

L

A

E

C

´

´

´

´

=

3

3

64

l



[image: image474.wmf]SO

S

SO

L

A

E

C

´

´

´

´

=

3

3

64

l


	0.01273
0.00518
	0.01269
0.005184



Iteration

	Step
	Loading case
	[A]
	[B]

	
	Iteration number

	1st 
	2nd
	3rd
	1st 
	2nd 

	(o)
	First f1: 
case[A]; f1 ~ 1.002(fd
	15.681
	15.668
	15.657
	
	

	
	
Case[B];  ft  ~  1.001 ff
	
	
	
	16.476
	16.460

	
	First x: 
case[A];  x  ~  0.015 l
	2.121
	1.335
	1.569
	
	

	
	
Case[B];  x  ~  0.0025 l
	
	
	
	0.354
	0.216

	(1)
	(1
[image: image475.wmf]3

,
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arcsin
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+
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f

x


	7.175
	4.513
	5.309
	1.141
	0.697

	
	(1
[image: image476.wmf])

3

,

1

(

cos

25

,

0

arctan

1

1

+

´

-

+

=

f

h

x

t

g


	30.216
	20.479
	23.516
	7.422
	4.522

	
	C1
[image: image477.wmf]1

sin

a

x

=


	4.215
	3.816
	3.932
	2.740
	2.740

	(2)
	PM1
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	1.437
	1.355
	1.285
	5.267
	5.152

	
	PS1
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	0.249
	0.162
	0.185
	0.001
	0.001

	(1)
	(PM
= PM1 - PMO
	0.196
	0.114
	0.044
	0.115
	0

	
	(g
= -go+ (PM1(cos(1 - PS1(cos(1)
	0.083
	0.071
	0.018
	0.113
	0.001

	
	New f1
= fo+ (f1 - fo) 
[image: image480.wmf]´
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	15.668
	15.657
	15.654
	16.460
	16.460

	
	New  x = 
[image: image482.wmf])
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	1.335
	1.569
	1.562
	0.216
	0

	(4)
	 
[image: image483.wmf]g
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	( 0.02
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	Stop iteration!


Force diagram: for loading case [A]

          Without  wind load
With wind load

Calculation of final data

	Symbol
	Unit
	Values for loading case
	Formulas, Remarks

	
	
	A
	B
	

	PM1
PS1
(1
(1
f1
C1
	KN/m

KN/m

deg

deg

m
m
	1.285

0.185

5.309

23.516

15.657

3.932
	5.152

0.001

0.697

4.522
16.460
2.740
	Values from last iteration

	Vtot
	kN
	185.98
	728.50
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	Hw
	kN
	8.41
	4.43
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	Gt
	kN
	58.0
	58.0
	From Table

	P1
	kN
	26.95
	353.30
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	P2
	kN
	217.03
	433.20
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	PH
	kN
	34.37
	11.36
	
[image: image488.wmf]1

1

sin

2

05

.

2

a

´

´

+

´

´

+

l

S

t

W

P

h

w

H



	TSV
	kN
	5.22
	0
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	TSH
	kN
	117.59
	0.91
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	TS
	kN
	117.71


	0.91
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Check of results
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0.5 - 34.37
  = - 0.06 kN

[B]
=
0.5 
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        =     0.09 kN

(V
=
0.5 
[image: image505.wmf]l

 go + Gt+ 0.5 
[image: image506.wmf]´
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[image: image510.wmf]´

 (26.95 + 217.03 - 5.22)         
 = - 8.0 kN
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=
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[image: image512.wmf]´

5.152 + 58+ 0.5 
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 (353.30 + 433.20)                  
=       0 kN

Check for tower capacity [Table 8 . 5 . 4]

Related Standard Drawings [8. 5. 5]

	Drawing Number
	Drawing Title

	151

103

113

126

137
	Assembly drawing

Base element drawing

Intermediate element drawing

Top element drawing

Saddle drawing


Design of walkway/tower foundation [8 . 6]

Walkway/Tower foundation on rock, right bank

(A)
Foundation characteristics

River bank
:
Right


Foundation on
:
Rock;  without foot

(B)
Initial layout data  [8 . 6 . 5]

(1)
Loads on walkway/tower foundation
· Centre distance of tower legs
c/c1 =  4.0   m

· Centre distance of tower anchorage rods
c/c2= 550 mm

· Loads from tower:
(A)
(B)


Tower leg 1
P1 =   26.95 kN
353.30 kN


Tower leg 2
P2 = 217.03 kN
433.20 kN


Horiz. Load perpendicular to tower
PH =  34.37 kN
11.36 kN

· Loads from spanning cables;


Vertical
TSV = 5.22 kN
0  kN


Horizontal
TSH =177.59 kN

0.91 kN

(0) From survey and final geotechnical report:



Rock parameters

· Rock at depth
=  upto surface

· Sliding friction angle
(SL =     40 deg

· Ground bearing pressure
(perm = 400 kN/m2
(1) Minimum embedded depth

t =   1.0  m

(2) Design parameters  [Table 8 . 6 . 1]

	Foundation dimensions (m)
	minimum
	maximum

	Width
B

Length
L

Total height 
(H+C)

Foot height
C

Foot width
E
	2.9

6.0

2.4

-

-
	5.0

9.0

10.0

-

-


(C)
Main calculation  [8 . 6 . 6]

(1)
Foundation dimensions  (by trial)

Width
        B = 2.9 m


Length

L = 6.0 m


Total height
(H+C)=2.4 m



Foot height
C  =  0



Foot width
E  =  0

(2)
Topographical conditions (from layout)



Active soil height at the back
ha  =  0



Soil height in the front
hp  =  0



Depth of ground water
hW  =  0

(3)
Unit weight of concrete
(C = 22 kN/m3 

(4)
Calculation of loading forces and moments
	Loading forces (kN)
	Lever arm (m) for
	Static moment (kN-m)

	Formula
	Vert.
	Horiz.
	MX B
	My L
	Mx
	My

	Weight: 
W1=B 
[image: image515.wmf]´

L 
[image: image516.wmf]´

H 
[image: image517.wmf]´

(c
	918.7
	
	
	
	
	
	
	

	Loads: case (A)


P1

P2

TSV

TSH

PH
	26.95

217.03

-5.22
	117.59

34.37
	H-0.25
	2.15
	0.5 C/C1
0.5 C/ C1
H
	2.0

2.0

2.4
	252.82
	53.90
434.06
82.49

	
RV
	1157.46
	
	
	
	
	(
	252.82
	462.65

	
	TSH
	117.59
	
	
	
	
	
	

	
	PH
	34.37
	
	
	
	
	
	

	2.0

2.0

0

2.4
	353.30
433.20
0
	0.91

11.36
	H-0.25
	2.15
	0.5 C/C1
0.5 C/C1
0

H
	
	1.96
	- 706.60
886.40
27.26

	
RV
	1705.20
	
	
	
	
	(
	1.96
	187.06

	
	TSH
	0.91
	
	
	
	
	
	

	
	PH
	11.36
	
	
	
	
	
	


Calculation of final data

	
	Formula/Symbol
	Unit
	(A)
	(B)

	(5)
	Calculation volume:
	
	

	
	Vol  
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=


	m3
	41.76

	(6)
	Location of resultant:

ex
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X

R

M

=


ex  =
	m
	0.22
	0
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B

=
	m
	1.23
	1.45

	
	ey
=
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      ey =
	m
	0.40
	0.11
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	m
	2.60
	2.89

	
	Check for;         
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B*/2 
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 B/3  ?

L*/2 
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 L/3  ?
	
	Ok!

Ok!
	Ok!

Ok!

	(7)
	Inclination of resultant:

(R

[image: image529.wmf]2

2

2

)

(

arctan

V

H

ah

SH

R

P

E

T

+

S

+

=

=
	deg
	6.04
	0.38

	(8)
	Maximum ground bearing pressure:


At 
[image: image530.wmf]B
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And 
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L
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	-

-
	0.42

0.43
	0.50

0.48

	
	The Z – factor
Z=
	-
	1.36
	1.07

	
	        
[image: image532.wmf]*

*

.

.

max

L

B

R

Z

V

ult

×

×

=

s

            (max.=
	KN/m2
	123.06
	108.85

	
	Check for (max.:

(max 
[image: image533.wmf]£

 (perm (=400 kN/m2) ? 
	
	Ok!
	Ok!

	(9)
	Safety against toppling: FT checked by-
	
	B*/2 and L*/2
	B*/2 and L*/2

	(10)
	Safety against sliding:

    
[image: image534.wmf])

tan(

tan

a

d

f

-

=

R

sl

sl

F


Fsl=
	
	7.93
	126.52

	
	Check for Fsl:  Fsl 
[image: image535.wmf]³

 1.5  ?


	
	Ok!
	Ok!


Compilation of Final Data  [8 . 6 . 7]; R/B, W/T Foundation
Bridge No. & Name:  Design example 2    Date: April 2004 Checked by N. L. Joshi
E) And B)  Initial Data (refer to 8 . 6 . 5)

C)
Main Calculation

	1)
	Soil/rock heights
	
	
	
	

	
	· Active pressure height at back
	ha
	=
	-
	m

	
	· Rock height at back
	Hra
	=
	-
	m

	
	· Active pressure height in front
	Hp
	=
	-
	m

	
	· Rock height in front
	hrt
	=
	-
	m

	
	· Depth of soil
	t
	=
	-
	m

	
	· Depth of additional soil
	t(
	=
	-
	m

	2)
	Soil parameters
	
	
	
	

	
	· Front slope of soil
(top of dry stone pitching)
	(1
	=
	-
	Deg

	
	· Slope of soil baseline
	(B
	=
	-
	Deg

	
	· Length of influence
	L*infl.
	=
	-
	m

	
	· Back slope of soil
	(
	=
	-
	Deg

	3)
	Foundation dimensions
	
	
	
	

	
	· height
	H
	=
	2.4
	m

	
	· height of foot
	C
	=
	-
	m

	
	· Width
	B
	=
	2.9
	m

	
	· Width of foot
	E
	=
	-
	m

	
	· Length
	L
	=
	6.0
	m

	
	· Distance to resultant force
	B*/2
	=
	1.23 / 1.45
	m

	
	
and
	L*/2
	=
	2.60 / 2.89
	m

	4)
	Safety factors
	
	
	
	

	
	· sliding
	FSL
	=
	7.93 / 126.52
	/

	
	· Bearing capacity
	FBC
	=
	-
	/

	
	· Toppling
	FT
	=
	Ok
	/

	
	· Slope stability
	FS
	=
	-
	/

	5)
	Anchorage rods
	
	
	
	

	
	Nos. as per calculation
	N
	=
	-
	/


D)
Additional Anchorage Rods


(from geological report) :  
as the rock is sound no additional 




anchorage rod is provided.

Walkway/Tower foundation on soil, left bank

(A)
Foundation characteristics

River bank
:
Left


Foundation on
:
Soil;  with foot

(B)
Initial layout data  [8 . 6 . 5]

(1)
Loads on walkway/tower foundation
· Centre distance of tower legs
 c/c1 =  4.00   m

· Centre distance of tower anchorage rods
c/c2= 550 mm

· Loads from tower:
(A)
(B)


Tower leg 1
P1 =  26.95 kN
353.30 kN


Tower leg 2
P2 = 217.03 kN
433.20 kN


Horiz. load perpendicular to tower
PH =  34.37 kN
11.36 kN

· Loads from spanning cables;


Vertical
TSV = 5.22 kN
0 kN


Horizontal
TSH =117.59 kN
0.91 kN

(2) From survey and final geotechnical report:


Soil parameters

· Sub-soil at depth                                                                   =   3.5  m

· Friction angle of sub-soil                                                     =    35 deg

· Unit weight of sub-soil                                                         =  19 kN/m3
· Friction angle of backfilling s                                              =    35 deg

· Unit weight of backfilling soil                                              =  18 kN/m3
· Ground water at depth                                                         =   3  m

· Ground bearing pressure
= 400 kN/m2
(3) Minimum embedded depth
                t =  1.4  m

(4) Design parameters  [Table 8 . 6 . 2]

	Foundation dimensions (m)
	minimum
	maximum

	Width
B

Length
L

Total height 
(H+C)

Foot height
C

Foot width
E
	2.9

6.0

2.4

1.2

1.0
	5.0

9.0

10.0

-

-


(C)
Main calculation  [8 . 6 . 6]

(1)
Foundation dimensions (m) 

· Width


· Length

· Total height

· Foot height


· Foot width


(2)
Topographical conditions (from foundation layout)




ha     =  3.5          
m




hp       =  1.4
m




hra    =  0





hw    =  0.5
m




hrt    =  0





(     =   32
deg




(1    =  19
deg

(3)
Earth pressure coefficient 


back side: (ah

[image: image536.wmf]2

2

2

2

2

cos

cos

)

sin(

)

sin(

1

cos

ú

ú

û

ù

ê

ê

ë

é

´

-

´

+

+

=

y

d

y

f

d

f

f




  With 
[image: image537.wmf]2

3

2

f

d

´

=





[image: image538.wmf]2

2

2

32

cos

35

3

2

cos

)

32

35

sin(

)

35

3

2

35

sin(

1

35

cos

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

´

-

´

´

+

+

=

o

o

o

o

o

o





(ah =  0.437


front side: (aht 
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(aht =  0.1877

(4)
Unit weight of concrete
(c  =  22
kN/m3
(5)
Calculation of loading forces and moments
	Loading forces (kN)
	Lever arm (m) for
	Static moment
 (kN-m)

	Formula
	Vert.
	Horiz
	M x B
	MyL
	Mx
	My

	Weight:

W1=B 
[image: image541.wmf]´

 L 
[image: image542.wmf]´

 H 
[image: image543.wmf]´

 (c
	880.4
	-
	E / 2
	0.5
	-
	-
	-440.2
	-

	W2=(B+E) 
[image: image544.wmf]´

 C 
[image: image545.wmf]´

 L 
[image: image546.wmf]´

 (c
	617.76
	-
	-
	-
	-
	-
	-
	-

	Ws=(hP – C - 0.5 
[image: image547.wmf]´

 E 
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tan() 
[image: image549.wmf]´

E 
[image: image550.wmf]´

 L 
[image: image551.wmf]´

 (2
	3.0
	-
	B / 2
	1.45
	-
	-
	4.35
	-

	Uplift :

Wu=(B + E) 
[image: image552.wmf]´

 hW 
[image: image553.wmf]´

 L 
[image: image554.wmf]´

 (W
	--117.0
	-
	-
	-
	-
	-
	-
	-

	Earth pressure :
	
	
	
	
	
	
	
	

	-back:Eah = (ah 
[image: image555.wmf]´
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	-
	289.1
	ha / 3
	1.17
	-
	-
	338.2
	-

	     Eav = Eah 
[image: image557.wmf]´
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	124.7
	-
	(B+E) / 2
	1.95
	-
	-
	- 243.2
	-

	-front:Eaht   = (aht
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	-
	-11.3
	( hp-E tan ( )/3
	0.35
	-
	-
	-3.9
	-

	     Eavt=Eaht 
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 tan(
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f
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	4.9
	-
	(B+E)/2
	1.95
	-
	-
	9.6
	-

	Loads: case (A)


P1

P2

TSV

TSH

PH
	 26.95

217.03

-5.22

-

-
	-

-

-

117.59

34.37
	E/2

E/2

E/2

H+C-0.25

-
	0.5

0.5

0.5

3.25

-
	0.5 C/C1
0.5 C/C1
0

-

H+C
	2.0

2.0

0

-

3.5
	-13.48

-108.51

-2.61

382.17

-
	-53.90

434.10

0

-

120.30

	
RV
	1752.52
	
	
	
	
	(
	- 77.58
	500.50

	
	( Eah
	277.80
	
	
	
	
	
	

	
	TSH
	117.59
	
	
	
	
	
	

	
	PH
	34.37
	
	
	
	
	
	

	Loads: case (B)


P1

P2

TSV

TSH

PH
	353.30
433.20
0

-

-
	-

-

-

0.91

11.36
	E/2

E/2

E/2

H+C-0.25

-
	0.5

0.5

0.5

3.25

-
	0.5 C / C1
0.5 C / C1
0

-

H + C
	2.0

2.0

0

-

3.5
	-176.65
-216.60
0

2.96

-
	-706.60
866.40
0

-

39.76

	
RV
	2300.26
	
	
	
	
	(
	- 725.44
	199.56

	
	( Eah
	277.80
	
	
	
	
	
	

	
	TSH
	0.91
	
	
	
	
	
	

	
	PH
	11.36
	
	
	
	
	
	


Calculation of final data

	
	Formula/Symbol
	Unit
	(A)
	(B)

	(6)
	Calculation volume
	
	

	
	Vol
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	m3
	68.23

	(7)
	Location of resultant

eB =  eX

= 
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	eL =    ey  = 
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	Check for 
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	Ok!

Ok!
	Ok!

Ok!

	(8)
	Inclination of resultant

(R
[image: image576.wmf]2
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(
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V

H
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SH

R

P

E
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;
(R=
	deg
	12.76
	6.91

	(9)
	Safety factor against sliding

[image: image577.wmf]R
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f
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Fsl=

Check for Fsl:  Fsl 
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 1.5  ?
	-
	3.09
ok!
	5.77
ok!

	(10)
	Safety against toppling: 
	-
	Checked by B*/2 and L*/2

	(11)
	Maximum ground bearing pressure
	
	
	

	
	Check: 
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	0.10 ( 
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	Therefore, for load case (A)

Z-factor 
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for load case (B)
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	Check : (max 
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 (perm? 
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	Formulas/Symbols
	Unit
	(A)
	(B)

	(12)
	Shear resistance of the ground

L*infl. = 5.8
[image: image586.wmf]´

B*
L*infl.= 
	m
	22.16
	18.91

	
	From General Arrangement; at L*infl.;
(B=
	deg
	19
	19

	
	
q=
	kN/m2
	3.0
	3.5

	
	Surcharge load = (hp - hw) 
[image: image587.wmf]´

(1 + hw 
[image: image588.wmf]´

 ((1 - (W) + q
=
	kN/m2
	20.6
	22.6

	
	Bearing capacity factors (for (1 = 35o)
Nq=
	-
	33.3
	33.3

	
	
N(=
	-
	40.7
	40.7

	
	Correction factors for:

- Shape (
[image: image589.wmf]*

*

L

B

=0.70 /0.56  and (1=35o)
Sq=
	-
	1.49
	1.39

	
	
S(=
	-
	
0.72
	0.78

	
	- Depth (
[image: image590.wmf]*

B

t

= 0.37/0.43  and (1=35o)
dq=

	-
	1.09
	1.10

	
	
d(=
	-
	1.00
	1.00

	
	- Inclination of load ((R=12.76o/6.91o and (=0)
iq=

i(=
	-
-
	0.55
0.42
	0.73
0.64

	
	- Inclination of found. base ((=0  and (1=35o)
b(q=

b((=
	-
-
	1.00
1.00
	1.00
1.00

	
	- Inclination of base line ((B  = 19o)
g(q  =   g((  =
	-
	0.64
	0.64
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	Safety factor against ground shear
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Reinforcements :

· Section 1-1
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Section 2-2

M
= TSH 
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Related standard design drawings [8 . 6 . 8]

	Drawing Number
	Bank
	Drawing Title

	92

92/1

92/2
	Both

Left

Right
	Walkway/tower anchorage (capacity: 390 kN)

Walkway/tower foundation; c/c1=4,0m;c/c2=550mm

Walkway/tower foundation; c/c1=4,0m;c/c2=550mm


Compilation of Final Data  [8 . 6 . 7];  L/B, W/T Foundation
Bridge No. & Name:  Design example 2     Date: April 2004 checked by N. L. Joshi
A) and  B)  Initial Data (refer to 8 . 6 . 5)

C)
Main Calculation

	1)
	Soil/rock heights
	
	
	
	

	
	· Active pressure height at back
	ha
	=
	3.5
	m

	
	
	hra
	=
	
	m

	
	· Active pressure height in front
	hp
	=
	1.4
	m

	
	· Rock height in front
	hrt
	=
	0
	m

	
	· Depth of soil
	t
	=
	1.4
	m

	
	· Depth of additional soil
	t(
	=
	0.32/0.37
	m

	2)
	Soil parameters
	
	
	
	

	
	· Front slope of soil
(top of dry stone pitching)
	(1
	=
	19
	deg

	
	· Slope of soil baseline
	(B
	=
	19
	deg

	
	· Length of influence
	L*infl.
	=
	22.16 / 18.91
	m

	
	· Back slope of soil
	(
	=
	32
	deg

	3)
	Foundation dimensions
	
	
	
	

	
	· height
	H
	=
	2.3
	m

	
	· height of foot
	C
	=
	1.2
	m

	
	· Width
	B
	=
	2.9
	m

	
	· Width of foot
	E
	=
	1.0
	m

	
	· Length
	L
	=
	6.0
	m

	
	· Distance to resultant force
	B*/2
	=
	1.95 / 2.86
	m

	
	
and
	L*/2
	=
	2.72 / 2.86
	m

	4)
	Safety factors
	
	
	
	

	
	· sliding
	FSL
	=
	3.09 / 5.77
	/

	
	· Bearing capacity
	FBC
	=
	4.8 / 4.6
	/

	
	· Toppling
	FT
	=
	Ok
	/

	
	· Slope stability
	FS
	=
	-
	/

	5)
	Anchorage rods
	
	
	
	

	
	Nos. as per calculation
	N
	=
	-
	/


Design of main cable foundation [8 . 7]

Initial layout data  [8 . 7 . 5]

	Foundation characteristics

· River bank

· Foundation on
	Unit


	Right

Rock
	Left

Soil

	Main cable characteristics

· Number of main cables
nM =

· Main cable tension
TMf =

· Main cable inclination
(f =

· Tower leg centre distance
c/c1 =
	nos.

kN

deg

m
	4

862.65
24.97

4.0

	Soil parameters

· Sub-soil at depth
 =

· Friction angle of sub-soil
(1 =

· Unit weight of sub-soil
(1 =

· Friction angle of backfill  soil
(2 =

· Unit weight of backfilling soil
(2 =

· Ground water at depth

· Ground bearing pressure
(perm =
	m

deg

KN/m3
deg

KN/m3
m

KN/m2
	-

-

-

35

18

-

-
	4.0

35

19
35

18
-

300

	Rock parameters

· Rock at depth
 =

· Sliding friction angle
(sl =

· Ground bearing pressure
(perm =
	m

deg

KN/m2
	0.4

38
400
	

	Minimum embedded depth
	m
	1.0
	1.5


Design parameters  [Table 8 . 7 . 1]

	Foundation dimensions (m)
	
	Minimum
	Maximum

	· Width
B =

· Length
L =

· Back height
H1 =

· Front height
H2 =
	
	4.9

6.4

3.3

1.5
	5.5

8.4

5.5

4.5

	· Front toe
b =
	
	0.5


Right river bank

Foundation on rock

· Width

· Length

· Back height

· Front height

· Front toe

From General Arrangement:


ha  = 7.1  m

ha1  = 5.0  m

hra = 1.2  m


( = 29  deg

Unit weight of concrete:
(c = 22 kN/m3
Unit weight of gabion:
(g = 20 kN/m3
Additional load on top of foundation:

For gabion arrangement shown in the section of General Arrangement:


Calculation procedure  [8 . 7 . 6]
Weight of foundation and lever arm about F
W1
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Total weight, Wtot
=  W1  - W2  - W3  - W4


= 2035.3 – 70.4 – 35.2 – 27.5
=     1902.2 kN

Volume of foundation

Vol
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Active earth pressure  [6. 2. 3]
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Loads due to cable tension
Tfh
= Tf( cos (f
= 862.65 
[image: image658.wmf]´

 cos 24.97o
=     782.0 kN

Tfv
= Tf( sin (f
= 862.65 
[image: image659.wmf]´

 sin 24.97o
=     364.2 kN

Resultant loading forces
RV
= Wtot + A + Eav – Tfv

= 1902.2 + 307 + 238.5 – 364.2
=    2083.5 kN

RH
= Eah + Tfh = 552.8 + 782.0
=    1334.8 kN

Static moment about F

Mf
= W1 
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Safety factor against toppling

FT           =   
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Calculation of ground bearing pressure

R'V
= RV 
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 cos ( + RH 
[image: image687.wmf]´

sin (

= 2083.46 
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          R'V =   2290.31 kN
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= B 
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no anchorage rods are required for main cable foundation.
R'H
= RH 
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Safety factor against sliding
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Additional  anchorage rods  [6 . 6 . 7]
From final geotechnical report

-
Rock type
:
Augen gneiss with quartz band

-
Weathering
:
Moderate

-
Rock quality
:
Highly fractured with open joints

Weakness planes/lines

-
Slope ~ bedding
:
320/55g (direction/amount of dip)

-
Intersection line 1
:
370/43g
-
Intersection line 2
:
360/39g
-
Intersection line 3
:
225/08g
-
Azimuth of bridge axis
:
318g
Provision of anchorage rods

-
The bedding plane 320/55g is nearly parallel to the bridge axis, i.e. , 318g, anchorage rods to stabilize this plane are provide in direction 120/45g i.e. perpendicular to 320/45g.

-
Since the intersection lines 1 and 2 are more or less in the same direction, anchorage rods perpendicular to their average direction i.e365/41g. , are provided, i.e.  in a direction of 165/59g.


-
As the bridge axis is oblique to the intersection lines 1 and 2, anchorage rods in direction 65/59g are also symmetrically provided.

-
Intersection line 3 is too lateral to the bridge axis and flat, no anchorage rod is provided to stabilize this line.

Number of anchorage rods

-
Nback
= 
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Compilation of Final Data  [8 . 7 . 7];  R/B, Main Cable Foundation
Bridge No. & Name:  Design example 2   Date: April 2004 checked by N. L. Joshi
A) And B)  Initial Data (refer to 8 . 7 . 5)

C)
Main Calculation

	1)
	Load on top of foundation
	
	
	
	

	
	· Total load
	A
	=
	307
	m

	
	· Front to C.G. distance
	a
	=
	4.15
	m

	2)
	Soil/rock heights
	
	
	
	

	
	-
Active pressure height
	ha
	=
	7.1
	m

	
	
	ha1
	=
	5.0
	m

	
	-
Rock height at back
	hra
	=
	1.2
	m

	
	-
Embedded depth
	t
	=
	1.5
	m

	
	-
Depth of additional soil (if on soil)
	t’
	=
	-
	m

	3)
	Soil parameters
	
	
	
	

	
	· Front slope of soil
(top of dry stone pitching)
	(1
	=
	27
	deg

	
	· Slope of soil baseline
	(B
	=
	-
	deg

	
	· Length of influence
	L*infl.
	=
	-
	m

	
	· Back slope of soil
	(
	=
	29
	deg

	4)
	Foundation dimensions
	
	
	
	

	
	· Back height
	H1
	=
	3.3
	m

	
	· Front height
	H2
	=
	1.5
	m

	
	· Width
	B
	=
	4.9
	m

	
	· Length
	L
	=
	6.4
	m

	
	· Base inclination
	(
	=
	10.41
	m

	
	· Distance to resultant force
	B*/2
	=
	2.18 
	m

	
	
and
	L*/2
	=
	3.20
	m

	5)
	Safety factors
	
	
	
	

	
	· Sliding
	FSL
	=
	1.91
	/

	
	· Bearing capacity
	FBC
	=
	-
	/

	
	· Toppling
	FT
	=
	3.04
	/

	
	· Slope stability
	FS
	=
	-
	/

	6)
	Anchorage rods
	
	
	
	

	
	Nos. as per calculation
	
	
	
	


D)
Additional Anchorage Rods


(from geological report) :  
                       32
/

Left river bank

Foundation on soil  [8 . 7 . 6]

Foundation dimensions (by trial)
· Width

· Length

· Back height

· Front height

· Front toe
From foundation layout:


ha =   4.5  m









        ha1 =  1.2  m

                                                             K = 0.4 m                       hp =   1.5  m

                                                             b’ = 0.5 m                       hra =     0  m


hw =      0  m


( =  30 deg


(1 = 33  deg

Calculation procedure  [8 . 7 . 6]

Weight of foundation and lever arm about F.

W1
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Wtot
= W1 – W2 – W3  – W4

= 2035.3 – 70.4 – 35.2 – 27.5
=   1902.1 kN

Additional load on Foundation

Load of wall (Dry Stone Masonary): 

A               =
0.5 
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 1.2  
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 20   
= 76.8 kN

Lever arm =  4.9  –  0.5
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Volume of foundation

Vol
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Active earth pressure  [6 . 2 . 3]
(ah
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=  426.7 kN

Vertical distance “YEah” from base (back side) of foundation block to the resultan force Eah; 
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  =  184.1 kN

Loads due to cable tension
Tfh
= Tf 
[image: image736.wmf]´

 cos(f
=862.65 
[image: image737.wmf]´

 cos 24.97o
=   782.0 kN

Tfv
= Tf 
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 sin(f
=862.65 
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 sin 24.97o
=   364.2 kN

Resultant loading forces
RV
= Wtot + A + Eav – Tfv 

= 1902.1 +76.8 + 184.1 – 364.2
= 1798.8 kN

RH
= Eah + Tfh 


= 426.7 + 782.0
= 1208.7 kN
Static moment about F
Mf
= W1 
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= 2035.3 
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4.65  + 184.1 
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                 - 426.7
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 (1.33 - 4.9 tan10.41) - 364.2 
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(1.5 + 0.4)
= 4498.1 kN-m

Inclination of resultant
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Check for B*/2
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Safety factor against sliding

Fsl
= 
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Safety factor against toppling

FT
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Ultimate bearing capacity and safety factor against 

shear failure of the ground  [6. 5. 4]

L*infl. 
= 5.8 
[image: image766.wmf]´

B*
 = 5.8 
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 2 
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 2.23
=       25.9  m

From General Arrangement


at L*infl.
= 25.9 m
(B =    33.0  deg

Surcharge load 
= (1 t+q = 19 
[image: image769.wmf]´

1.5 + 0
= 28.5 kN/m2
Bearing capacity factors ((1 = 35()                                     Nq = 33.3


                                                                              N(  = 40.7
Correction factors for

Shape (
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s( = 0.72
Depth (
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Inclination of resultant ((R = 33.9o & ( = 10.41o)
iq = 0.29


i( = 0.18
Inclination of foundation base ((=10.41o & (1=35o)
b(q = 0.77


b(( = 0.71
Inclination of base line ((B = 33.0o)
gq  =  g( = 0.41

Shear resistance of the ground
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Ground bearing pressure  [6. 2. 7]
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Compilation of Final Data  [8 . 7 . 7];  L/B, Main Cable Foundation
Bridge No. & Name:  Design example 2  Date: April 2004 Checked By N. L. Joshi
A) And B)  Initial Data (refer to 8. 7. 5)

C)
Main Calculation

	1)
	Load on top of foundation
	
	
	
	

	
	· Total load
	A
	=
	76.8
	kN

	
	· Front to C.g. distance
	a
	=
	4.65
	m

	
	
	
	
	
	

	2)
	Soil/rock heights
	
	
	
	

	
	· Active pressure height 
	ha
	=
	4.5
	m

	
	· 
	ha1
	=
	1.2
	

	
	· Rock height at back
	hra
	=
	-
	m

	
	· Embedded depth
	t
	=
	1.5
	m

	
	· Depth of additional soil  (if on soil)
	t(
	=
	0
	m

	3)
	Soil parameters
	
	
	
	

	
	· Front slope of soil
(top of dry stone pitching)
	(1
	=
	33
	deg

	
	· Slope of soil baseline
	(B
	=
	33
	deg

	
	· Length of influence
	L*infl.
	=
	25.9
	m

	
	· Back slope of soil
	(
	=
	30
	deg

	4)
	Foundation dimensions
	
	
	
	

	
	· Back height
	H1
	=
	3.3
	m

	
	· Front height 
	H2
	=
	1.5
	m

	
	· Width
	B
	=
	4.9
	m

	
	· Length
	L
	=
	6.4
	m

	
	· Base inclination
	(
	=
	10.41
	deg

	
	· Distance to resultant force
	B*/2
	=
	2.23
	m

	
	
and
	L*/2
	=
	3.2
	m

	4)
	Safety factors
	
	
	
	

	
	· Sliding
	FSL
	=
	1.61
	/

	
	· Bearing capacity
	FBC
	=
	3.11
	/

	
	· Toppling
	FT
	=
	3.26
	/

	
	· Slope stability
	FS
	=
	-
	/

	5)
	Anchorage rods
	
	
	
	

	
	Not provided
	
	
	-
	


Data to be transferred to the General Arrangement

All the initial layout data and the results displayed

by the frame 

Related standard design drawings [8 . 7 . 8]

	Drawing Number
	Bank
	Drawing Title

	49

49/1
	Both

Both


	Main cable anchorage for 4 main cables (capacity: 1220 kN)

Main cable foundation for 4 main cables

c/c1 = 4.0 m




Determination of suspender length [8 . 8]

Initial layout data      [8. 8. 4]

· Design span
l = 141.40 m

· Dead load sag
fd = 15.65 m

· Dead load camber
cd =  3.54 m

Main Calculation

Formula

· c/cn
= 
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With Xn
= 1.2 
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 (n - 1)


With n
= 1 at mid-span to nmax continuously

· nmax
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· ln
= c/cn - 542

· jn
= INTEGER
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· lr
= ln - 1650 
[image: image791.wmf]´

jn
· lrc
= lr + 180 for ( 12 mm suspenders
·                          = lr + 240  for ( 16 mm suspenders 
· Wn12
= 1.625 
[image: image792.wmf]´

jn + 0.888 
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10-3 lrc for 12( mm suspenders
· Sn12
= 0.069 
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10-3 
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lrc 12( mm suspenders
· Wn16
= 3.286 
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10-3 
[image: image799.wmf]´

lrc 16 ( mm suspenders
· Sn16
= 0.104 
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jn + 0.05 
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10-3 
[image: image802.wmf]´

lrc 16 ( mm suspenders
Tabular calculation

	n
	Xn
(m)
	Dia (mm)
	c/cn
(mm)
	ln
 (mm)
	Jn
(nos)
	lr
(mm)
	lrc
(mm)
	Wn
(kg)
	Sn
(m2)

	1

2

3

4
.

.
	0

1.2

2.4

3.6
	16
16

16

16
	1300

1306

1322

1350
	758

764

780

808
	0

0

0

0
	758

764

780

808
	998
1004
1020
1048
	1.6
1.6
1.6
1.7
	0.03

0.03

0.04

0.04

	21

22

.

.
	24.0

25.2
	16
12
	3511

3738
	2969

3196
	1

1
	1319

1546
	1559

1726
	5.7

3.2
	0.18

0.13



	55

56

57

58
	64.8

66.0

67.2

68.4
	12

12

12

12
	17421

18023

18637

19262
	16879

17481

18095

18720
	10

10

10

11
	379

981

1595

570
	559

1161

1775

750
	16.7

17.3

17.8

18.5
	0.71

0.74

0.76

0.79


Calculation of final data

· Total number of suspenders

N
=
[image: image803.wmf]6
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Number of ( 16 mm suspenders from mid span,
n16  = lnt 
[image: image804.wmf]1
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      = lnt 
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      = lnt (19.64) + 1 = 20 + 1  = 21
· Total suspenders weight

W
=
[image: image806.wmf]å
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· Total surface of suspender rods

S
=
[image: image807.wmf]å
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Data to be transferred to Standard Design Drawing [8 . 8 . 5]

(1) To the suspender list for each suspender

All the results except Xn from Tabular calculation.

(2) To the steel part list:


W = 1681.08 kg

     S  = 68.72 m2
Related standard design drawings [8 .8 .6]

	Drawing Number
	Drawing Title

	32
	Suspenders for 4 main cables




Design of stabilizing measures  [8 . 9]

Stabilizing cables   [8 . 9 . 1]

· fix first stabilizing cables at 8.90 m (d1= 8.90 m) from either tower saddle.
· Fix second stabilizing cables at 17.3 m (d2=17.3 - 8.9 = 8.4 m) from either tower saddle
Length of Stabilizing cables
· At d1 = 8.9 m

Main cable height
= 
[image: image808.wmf]2

1

2

2

54

.

3

05

.

1

÷

ø

ö

ç

è

æ

-

´

+

+

d

V

f

d

l


  


= 
[image: image809.wmf]2

2

9

.

8

2

4

.

141

70

.

70

65

.

15

59

.

4

÷

ø

ö

ç

è

æ

-

+


= 16.55 m

Length of first stabilizing cables, 
[image: image810.wmf]2
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= 18.79 m

· At 
[image: image811.wmf]'
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Main cable height
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= 13.52 m

Length of 2nd stabilizing cables, 
[image: image814.wmf]2

2

2

52

.

13

3

.

17

+

=

l
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Check for cable inclination, (

( = 
[image: image815.wmf]o
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[image: image816.wmf]> 35(  and < 45(
= ok!

Data to be transferred to General Arrangement [8 . 9 . 3]

· Distances
:
d1 =  8.9  m




d2 =   8.4  m

· Cable lengths
:
l1 = 4
[image: image817.wmf]´

18.79 m


l2 = 4
[image: image818.wmf]´

21.96 m

Into cable list 

· Total length = 4 
[image: image819.wmf]´

 18.79 + 4 
[image: image820.wmf]´

 21.96 + 16 
[image: image821.wmf]´

 0.4
=    170 m

Related standard design drawings [8 . 9 . 4]

	Drawing Number
	Drawing Title

	22
	Stabilizing cable clamp for 4 main cables


Design of windguy cable structures [9 . 4]

Initial layout data  [9 . 4 . 6]


Span, l

l = 141.40 m


Elevation, 
H1 = 84.0 – 0.25                                       H1 =  83.75 m


Camber, 

                                                                   cd =   3.54 m


r = l/2 
  = 141.4/2                                                          r =  70.70 m

For suspension bridge;
d =    4.8 m



     k =  0.735 m

Topographical and geological condition

· Check concave slope contours upstream of bridge axis on right bank.
· Slope is gentle and no geomorphological instability exists.

(survey reort).
Calculation procedure

Determination of theoretical parabola in plan

· Vertex, V
= 
[image: image822.wmf]2
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V =   70.7 m

· Windguy cable sag at mid-span:


BW = fW
~ 
[image: image823.wmf]9
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fW =  bW =  17.65 m

· HW
= 
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HW =  70.8 kN


TR = TL
= 
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Number and diameter of windguy cable                                   

Number of windguy cable                                                nw = 1

Diameer of windguy cable                                               (w = 26 mm

Permissible tension
Tperm = 129  kN


Safety factor, F =
[image: image827.wmf]1
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ok!

Windguy cables shall be provided symmetrically both upstream and downstream.

Location of first windties

BR
=
V - (d 
[image: image828.wmf]´

iR) = 70.7 – 4.8 
[image: image829.wmf]´

13

BL
=
l – V - (d 
[image: image830.wmf]´

iL) = 141.4 – 70.7 - 4.8 
[image: image831.wmf]´
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Calculation of (’S
(R
=
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Calculation of CRO and CLO
CRO
=

[image: image836.wmf]2
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= 19.61 m

CLO
=
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= 19.81 m

· Above data are plotted in the plan of the General Arrangement.

· The accurate axes of Windguy cable ends are located.

· Longitudinal sections along Windguy cable ends are drawn.

· From the plot, optimum Windguy foundation locations are determined as follows:

Foundation locations

	
	Right bank
	Left bank

	Upstream

Downstream
	HR  = 83.6 m

DR  = 4.8 m

HR  = 83.8 m

DR  = -5.6 m
	HL  = 82.5 m

DL  =   0 m

HL  = 82.6 m

DL  =   0 m


Check for freeboard

· In the section of the General Arrangement, freeboard line at elevation 79.0+5.0=84.0 m and the Windguy cable alignments both upstream and downstream are drawn.

· From the plot, it is found that the Windguy cable on left bank passes slightly below (~20 cm) freeboard line.

· Therefore, the Windguy cable on left bank requires to be raised slightly.

Revised foundation locations

	
	Right bank
	Left bank

	Upstream

Downstream
	HR  = 83.6 m

DR  = 4.8 m

HR  = 83.8 m

DR  =-5.6 m
	HL  = 83.20 m

DL  = 1.5 m

HL  = 83.3 m

DR  = 1.5 m


By trial, the windguy cable alignment clears off the freeboard line.

Calculation of  CR  and  CL
For upstream windguy cable

CR
=
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CL
=
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Calculation of windtie lengths  [9 . 5 . 7]
For upstream windguy arrangement

(1)
Determination of parabola 4

a4
=

[image: image844.wmf]2
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    a4 = 0.003531

c4
= 2.2 –  k = 2.2 - 0.735                                                     c4 = 1.465 m

(2)
Calculation of  (hLP
(hLP
=
yLP 
[image: image845.wmf]´

 tan (
yLP
=
a4
[image: image846.wmf]´

 (r - V)2+c4

=
0.003531
[image: image847.wmf]´

 (70.7-70.7)2 + 1.465
    = 1.465 m

tan (
=
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L + DR + DL  =  141.4 + 4.8 + 1.5
      = 147.7 m
DR + r
=
  4.8 + 70.7
                                   = 75.5 m
Tan (
=

[image: image849.wmf])
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       = 0.191

(hLP
=
1.465 
[image: image850.wmf]´

 0.191                                                      = 0.28 m
(3)
Determination of parabolas (1), (2) and (3)

Parabola (1)
a1 
=   
[image: image851.wmf]2
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C1 
= (hLP
= 0.28 m

Parabola (2)
a2 
= 
[image: image852.wmf]2
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= - 0.000598

C2 
= 0

Parabola (3)
a3 
= 
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= - 0.000731

C3 
= 0

(4)
Calculation of windtie data

C/Ci
= 
[image: image856.wmf]2
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Where in –
xi
= V - BR - (i-1) 
[image: image858.wmf]´

 d = 70.7 - 8.3 - 4.8 
[image: image859.wmf]´

 (i-1)
= 62.4 - 4.8 (i-1)

xi’
= xi
imax
= 
[image: image860.wmf]1
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[image: image861.wmf]´

 xi2 + c4 = 0.003531
[image: image862.wmf]´

xi2 + 1.456
= 0.003531
[image: image863.wmf]´

xi2 +1.465

for xi’  (  0

(hi
=
a1 
[image: image864.wmf]´

 x’i2 -  (hLP  -  a2 
[image: image865.wmf]´

 x’i2


=
- 0.000708 
[image: image866.wmf]´

 x’i2  +  0.28  +  0.000598 
[image: image867.wmf]´

 x’i2
( i
=
arc tan (2 
[image: image868.wmf]´

 a3 
[image: image869.wmf]´

 x’i) = arctan {2 
[image: image870.wmf]´

 (-0.000598) 
[image: image871.wmf]´

 x’i}


for xi’  (  0

(hi
=
a1 
[image: image872.wmf]´

 x’i2 + (hLP   - a3 
[image: image873.wmf]´

 x’i2


=
-0.000708 
[image: image874.wmf]´

 xi2+ 0.28 + 0.000731 
[image: image875.wmf]´

 xi2
( i
=
arc tan (2 
[image: image876.wmf]´

 a3 
[image: image877.wmf]´

 x’i) = arc tan {2 
[image: image878.wmf]´

 (- 0.000731) 
[image: image879.wmf]´

 xi’}

Starting from right side (i=1), the windtie data are calculated continuously upto
imax on left side as shown below:

Tabular calculation

	i
	Xi = x(i
(m)
	(hi / tan(i
	c/ci
(mm)
	Dwi
(m)

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
	62.4

57.6

52.8

48.0

43.2

38.4

33.6

28.8

24.0

19.2

14.4

9.6
4.8

0,0

-4.8

-9.6

-14.4

-19.2

-24.0

-28.8

-33.6

-38.4

-43.2

-48.0

-52.8

-57.6

-62.4

-67.2
	

	15.21

13.18

11.31

9.60

8.06

6.67

5.45

4.40

3.51

2.78

2.21

1.81

1.57

1.49

1.57

1.81

2.,21

2.78

3.51

4.40

5.46

6.68

8.06

9.60

11.31

13.18

15.22

17.41
	5.23

5.16

5.10

5.05

5.00

4.96

4.92

4.88

4.86

4.83

4.82

4.81

4.80

4.80

481

4.82

4.84

4.86

4.89

4.92

4.96

5.00

5.05

5.11

5.17

5.29

5.30

	
	
	(
	190.45
	134.18


(5)
Calculation of  (R  and  (L

(R
= arc tan [2 
[image: image880.wmf]´

 a2 
[image: image881.wmf]´

 (BR - r)]



= arc tan [2 
[image: image882.wmf]´

 (- 0.000598) 
[image: image883.wmf]´

 (8.3 - 70.7)]


(L
= arc tan [2 
[image: image884.wmf]´

 a3 
[image: image885.wmf]´

 (r – l + BL)]



= arc tan [2 
[image: image886.wmf]´

 (- 0.000731) 
[image: image887.wmf]´

 (70.7 - 141.4 + 3.5)]

(6)
Calculation of ER and EL

ER
= 
[image: image888.wmf]R
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EL
= 
[image: image890.wmf]L

L

L

L

D

B

b

a

cos

cos

´

+




= 
[image: image891.wmf]o

o

61

.

5

cos

4

.

25

cos

5

.

1

5

.

3

´

+


(7)
Calculation of total lengths of cables


LW (tot)
= ( Dwi + ER + EL + Overlapping length



= 134.18 + 14.36 + 5.56 + 2 
[image: image892.wmf]´

1.70
= 157.50 m


Lt (tot)
= ( (c/ci + 0.60)



= 190.45 + 28 
[image: image893.wmf]´

 0.60
= 207.25 m

Downstream Windguy cable arrangement

Similar to the upstream Windguy cable arrangement manual calculation for downstream Windguy cable arrangement is also to be made.

Compilation of Final Data    [9 . 4 . 8];       U/S W.G.Cable Structures
Bridge No. & Name:  Design example 2  Date:  April 2004 Checked By N. L. Joshi
A)   Initial Data (refer to 9. 4. 6 and GA)

	Bridge type (suspended or suspension) ?
	
	Suspension
	/

	Design span
	
[image: image894.wmf]l

         =
	141.6
	m

	Horizontal distance 
	 r            =
	70.7
	m

	Windguy cable
	nW          =
	1
	/

	
	(W          =
	26
	mm

	
	AW          =
	292
	mm2

	
	TW,break     =  
	386
	kN

	E-Module
	=
	110
	KN/mm2

	Cable anchorage elevation:
	
	
	

	-
Left bank
Windguy cable, upstream
	 =
	83.20
	m

	

Windguy cable, downstream
	=
	83.30
	m

	-
Right bank
Windguy cable, upstream
	=
	83.60
	m

	

H1
	=
	83.75
	m

	

Windguy cable, downstream
	=
	83.80
	m

	Freeboard
Windguy cables
	=
	5.00
	m

	Loads:  - Wind load
	w           =
	0.5
	KN/m


B)   Data from Main Calculations

	
	Upstream
	Downstream
	

	Theoretical parabola
hW
=
	0
	
	 m

	

bW
=
	17.65
	
	m

	

fW
=
	17.65
	
	m

	

TR
=
	79.10
	
	kN

	

TL
=
	79.10
	
	kN

	

Safety factor
=
	4.80
	
	/

	Layout
(L
=
	25.40
	
	deg

	

(R
=
	23.80
	
	deg

	

CLo
=
	19.81
	
	m

	

CLo
=
	19.61
	
	m

	

CL
=
	20.52
	
	m

	

CR
=
	21.73
	
	m

	

DL
=
	1.50
	
	m

	

DR
=
	1.50
	
	m

	

HL
=
	83.20
	
	m

	

HR
=
	83.30
	
	m


Data to be transferred to the General Arrangement

4) Into plan


All the initial layout data and the results displayed 
by the frame

5) Into longitudinal section

· Separate longitudinal section of all four cable ends

· Freeboard

· Windguy cable elevation (H( S), inclination ((( S) and tension as given in the following table:

	Location 
	H

(m)
	(
(deg)
	T

(kN)

	Right bank:


upstream


downstream

Left bank:


upstream


downstream
	83.6

83.8

83.2

83.3
	4.27

…..

5.61

…..
	158.3

158.3

158.3

158.3


6) Into cable list

Windguy cable: 
Upstream: 




 - number                           nW =    1




 - diameter                                   (W = 26 mm





Downstream: 




 - number
nW =     1



 - diameter                                  (W=   26 mm


Windties: 
 - diameter                             = 13 mm


Related standard drawings  [9 . 5 . 9]

	Drawing number
	Drawing title

	10
	Windtie for windguy cable 26 mm (


design of Windguy cable foundation  [9 . 6]

Initial layout data [9 . 6 . 5]

	Foundation Characteristics 

River bank


Side


Foundation on
	Right 

upstream

Rock
	Left 

upstream

soil

	W.G. cable structure characteristics
	
	

	
Number of windguy cable
nW  =
	1
	1

	
Windguy cable tension
TW  =
	79.1 kN
	79.1 kN

	
Cable inclination
(  =
	4.27o
	5.61o

	
Front slope
(1  =
	-
	17o

	Soil parameters
	
	

	
Sub-soil at depth
=
	-
	4.65  m

	
Friction angle of sub-soil
(1  =
	-
	35o

	
Unit weight of sub-soil
(1  =
	-
	19 kN/m3

	
Friction angle of backfilling soil;
(2  =
	-
	35o

	
Unit weight of backfilling soil;
(2  =
	-
	18 kN/m3

	
Ground water at depth
hW  =
	-
	-

	
Ground bearing pressure 
(perm =
	-
	300 kN/m2

	Rock parameters

	
	

	
Rock at depth
=
	0.20 m
	-

	
Sliding friction angle
(sl  =
	40o
	-

	
Rock quality coefficient
k  =
	1.75
	-

	
Ground bearing pressure
(perm =
	400 kN/m2
	-

	Minimum embedded depth

	0.5 m
	1.0 m


Design parameters for 1 no ( 26 mm cable [9.6.3]
	Foundation on
	Rock
	Soil

	Foundation dimensions (m)
	maximum
	minimum
	maximum
	minimum

	Width
B  =        
	2.4
	1.70
	2.4
	2.0

	Length
L  =
	3.0
	1.2
	3.5
	1.5

	-For-
(  =
	-
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	-
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	Front height
hT =
	2.0
	0.4
	0.6
	2.0
	0.4
	0.6

	Front height
H2 =
	-
	hT + 0.4
	-
	hT + 0.4

	C.G. distance
s  =          
	0.75
	-


Calculation procedure   [9 . 6 . 6]

· Determine the trial foundation dimensions with due consideration of economical design.

· Draw the cross-section at each Windguy cable anchorage end.

· Determine the topographical parameters.

· Calculate additional load on top of foundation, if applicable.

· Calculate active earth pressure, if required.

· Calculate the loading forces and static moments.

· Check the foundation for safety parameters.

· Compile the final data, data to be transferred to the General Arrangement and the Related Standard Design Drawings for all four foundations.

Detailed calculation procedure shown for windguy cable foundation, Suspended Bridge [page 316] can be followed for Suspension Bridge too.

If the foundation has to be designed on rock and the final geotechnical report suggests the provision of additional anchorage rods, the design procedure for additional anchorage rods as shown for right bank Main Cable Foundation, Suspension Bridge
[page 351] has to be followed.

Design Example of deadman anchorage foundation [10. 4]

Initial layout data  [10. 4. 5]

	Foundation characteristics

· River bank

· Foundation on
	Unit


	Left

Soil

	Main cable characteristics

· Number of main cables
    nM =

· Main cable tension
TMf =

· Main cable inclination
(f =

· Tower leg centre distance
c/c1 =
	nos.

kN

deg

m
	4

862.65

24.97

4.0

	Soil parameters

· Sub-soil at depth
 =

· Friction angle of sub-soil
(1 =

· Unit weight of sub-soil
(1 =

· Friction angle of backfilling soil
(2 =

· Unit weight of backfilling soil
(2 =

· Ground water at depth

· Ground bearing pressure
(perm =
	m

deg

KN/m3
deg

KN/m3
m

KN/m2
	4.0

30
18
30
17
-

300


From General Arrangement

Back slope angle,   (   =  10.0  deg

    
Front slope angle,  (     =  10.0  deg
Active earth pressure  [6 . 2 . 3]
(ah
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Passive earth pressure

(ph

[image: image901.wmf]1

2

1

1

1

2

2

1

;

cos

cos

)

sin(

)

sin(

1

cos

f

d

e

d

e

f

d

f

f

×

-

=

ú

û

ù

ê

ë

é

´

+

´

-

-

=




[image: image902.wmf]2

2

10

cos

30

2

1

cos

)

10

30

sin(

)

30

2

1

30

sin(

1

30

cos

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

´

´

-

´

´

+

-

=

o

o

o

o

o

o

o

 

=   3.05

Earth pressure at rest
(0 =  1 – sin (1   =   0.50
Design parameters  [Drawings 49/2]

	Foundation dimensions (m)
	Formula
	Values, m

	· Anchorage Length
A =

· 
B =

· Height
H =

· height
h1 =
· height
h2 =
·                                    ( h =

· height
h3 (
· active height               ha =

· passive height             hp =
	4.125 + 0.71 n

A cos ( - 0.5 sin (  
A sin ( + 0.5cos ( + 0.3
1.41 + 1.59 tan (( - 26.56()

Correct value is found by iteration
H – h2 – 0.50 + ( h

h2 + h3 + 1.8  tan 4(
h2 + h3
	10.52

9.32

5.19

1.37

3.0

0.45

1.24

4.37

4.24


Eah =
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  =  2960.91 kN
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       =         302.21  kN
Hult  = Eph – Eah + 2 E0L  = 2960.91 – 311.67 + 302.21                =    2951.45 kN

Loads due to cable tension
Tfh
= Tf 
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 cos(f
=862.65 
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 cos 24.97o
                     =       782.0 kN

Tfv
= Tf 
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 sin 24.97o
                     =       364.2 kN

Weight of Foundation Block (refer Drawing)
WF = BF 
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 (C  =  1.8 
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 22                                =     712.80 kN 
Weight of Earth over Foundation Block

WE = BF 
[image: image923.wmf]´

 L 
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[image: image925.wmf]´

 (2  =  1.8 
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 17                                =    227.66 kN 
Safety factor against sliding

Fsl
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Check for Fsl                
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Data to be transferred to the General Arrangement

All the initial layout data and the results displayed

by the frame 

Related standard design drawings 

	Drawing Number
	Bank
	Drawing Title

	49/2

	Left

	Main cable deadman anchorage foundation

capacity: 1220 kN,  c/c1 = 4.0 m
4 main cables (related drawing 49)


 S = 132.10    m





 nw =   2     nos





nm  = 4





(m  = 40





=  2





(H  = 26





 (w =  26    mm





1st iteration





 = 95.88 m





2nd iteration





3rd iteration





1st iteration





2nd iteration





3rd iteration





4th iteration











 Vol. =  86.46 m3





  b     =  0.5  m





  H2   =  1.5  m





H1  =  3.3  m





  =32 ((25mm) nos





(max  = 95.2 kN/m2


(min   =  48.5 kN/m2





  Vol.  =  86.46 m3





  a   =  4.15  m





  A  = 307.0 kN





  b      =  0.5  m





  H2    =  1.5  m





  H1    =  3.3  m





  L      =  6.4  m





  B     =  4.9   m














   (c   =   0.14 N/mm2


   (c perm = 2 N/mm2





= 210.2 N/mm2


(tperm = 230.0 N/mm2





= 1.5 N/mm2


� EMBED Equation.3  ���(tperm = 2.0 N/mm2








N2 =    18 nos





(t   =       217.9 N/mm2


(tperm = 230.0 N/mm2








N1 = 6 nos





E     = 1.0 m





C    = 1.2  m





(H+C) = 3.5  m





L    = 6.0  m





B    = 2.9  m











LM=  184  m





(f=24.97 deg





= 84 m











Provide 2 nos 25 mm ( vertical anchor rods.





  a = 1.95 m





  A = 34.65 kN





   Total length, LT (tot) [D/S]     =   97  m





Total cutting length, LW (tot)      = 108.18  m  m





Total cutting length, LW (tot)      = 108.61  m











EL = 5.49 m





ER = 2.63 m





(L = 12.58o





(R = -1.76o





Take values


for


x’i ( o





Take values


for


 x’i ( o





CL= 11.61 m





CR= 10.77 m





HR= 102.3 m





HL= 96.4 m





DL= -15.5 m





DR= -13.5 m





HR= 102.6 m





HL= 97.5 m





DR= -13.0 m	





DL= - 15.9 m





(L= 17.92 deg





(R=17.92 deg





BR= 16.0 m





BL= 20.6 m





(W=  26 mm





nW=   1





TL=  81.4 kN





TR=   80.4 kN











Provide 12 nos ( 16 mm ribbed torsteel bars.





dq=1.13


d(=1.00





Sq=153


S(=0.63





Vol   =  132.8  m3   kN











N  =     5 nos





   Vol = 57.97 m3   kN





   =  5.97  m





   =  83.16 kN





  L    =  6.4  m





  B    =  4.9  m





N = 230  nos





W = 1681.08 kg





S = 66.39  m2





TR = TL = 79.1 kN





BL = 3.5  m








BR = 8.3  m





(R = 23.8  deg








(L = 25.4  deg








CR = 21.73  m








CL = 20.52 m








Take values for xi ( 0





Take values for xi ( 0





(R = 4.27  deg








(L = 5.61  deg








ER = 14.36  m








EL = 5.56  m














       Total cutting length;         LW    = 159 m





       Total cutting length;        LW    =  ……m





       Total length;            LT (tot.)    = 208 m





A =  76.0  kN





    a =   6.65  m





�





�





�





�





�





�





�





�





�





�
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