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7.
Design of Standard Suspended Bridge
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7.2
Layout

Side view of an inclined (h > 0) suspended bridge with drum‑type cable anchorage foundation.
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*Note
1)
For foundations with drum‑type cable anchorages of  4, or 6 main cables



-
distance from front to saddle

= 0.25 m        ( l = s + 0.50 m)


-
distance from foundation top to saddle 
= 0.25 m


2)
For foundations with open‑type cable anchorages of 8, 10, or 12 main cables



-
distance from front to saddle
 = 0.50 m
( l = s + 1.00 m)



-
distance from foundation top to saddle 
= 0.90 m
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7.3
Design of Main and Handrail Cable Structures

7.3.1
Introduction

The procedure followed in this chapter has provision for a windguy arrangement (refer to 9). It is assumed that the full wind load can be borne by this system only. Refer to Chapter 10, Special Design, if in very rare cases it is not possible to provide a windguy arrangement.

The layout and the initial loading is based on the structure under dead load.

The freeboard has to be maintained for any cable alignment (including windguy cables) at dead load case. Enough free space must be provided beneath the walkway in front of the foundations at full load case.

An overview of the main parameters and their relevant loading cases are given below.

	Loading Case
	Load
	Relevant for Determining
	Refer to

	Hoisting
	dead load of handrail and  main cables
	– hoisting sag of handrail and main cable
	7.3

	Dead load
	all dead  loads
	– initial loading case, free board
	7.3

	Full load
	dead loads  and live load
	– number and size of handrail and main cables

– design of main anchorage foundations
	7.3

7.4

	Wind load
	wind load  acting on the  bridge
	– number and size of windguy cables

– design of windguy cable foundations
	9.4

9.5


N.B.
It should be noted that the term "case" is used to clearly distinguish the loads (e.g., dead loads) from the loading case (e.g., full load case = dead loads + live load).

7.3.2
Related Symbols

A
Sectional area
mm2
E
Modulus of elasticity
kN/mm2
F
Safety factor
/

H
Horizontal component of cable tension
kN

L
Cable length between saddles
m

T
Cable tension
kN

Tbreak
Minimum breaking load of cables
kN

Tmax
Total cable tension at higher foundation (all cables)
kN

b
Sag, measured in the middle of the bridge from the chord
m

e
Horizontal distance from the cable saddle at the higher foundation


saddle to the lowest point of the parabola
m

f
Maximum sag, vertical distance from the cable saddle at the higher


foundation saddle to the lowest point of the parabola
m

g
Load


kN/m

g*
Load corresponding to an assumed sag b*
kN/m

h
Difference in elevation between the cable saddles at the higher and


lower foundation saddles

m
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Design span, distance between the saddles
m

n
Number


/
p
Live load


kN/m

s
Nominal span, distance between the front of main foundations
m


Cable inclination at saddle

deg


Increase ( + ) or decrease ( - )of sag or cable length, due to changing  load
m





Inclination of slope in front of the foundation
deg

Indices:
h
hoisting load case
M
Main cables


d
dead load case
H
Handrail cables


f
full load case
W
Windguy cables


i
load case (either full or hoisting)
1
Higher foundation


2 
Lower foundation

7.3.3
Geometrical Parameters

A)
General

All calculations are based on sag b at mid‑span.
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1)
Cable inclination at saddles:

1
=  arctan  
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2
=  arctan 
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2)
Location of lowest point (distance measured from the higher foundation saddle)

e
=  
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· eq \b(1 + \f(h,4b)) 
m

f
=   eq \f((4 b + h)2,16b) 
=  b+  eq \f(h,2) + \f(h2,16 b) 
m

3)
Length of loaded cables between saddles:

L
=  l.
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4)
Total horizontal tension (all cables):

H
=  
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kN

5)
Total maximum tension (all cables) at the higher foundation saddle:

Tmax      =  
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6)
The
distribution of the tension between handrail and main cables is calculated proportionally to the cable gross area.

Main cable tension (all main cables):

TM
=    eq \f(H,cosb1 or 2)  ·  eq \f(AM,AM + AH) 
kN

TM,max
=  Tmax ·  eq \f(AM,AM + AH) 
kN

Handrail cable tension (2 cables):

TH
=   eq \f(H,cosb1 or 2)  (  eq \f(AH,AM + AH) 
kN

TH,max
=  Tmax (  eq \f(AH, AM + AH )
kN

NOTE:  For bridges with foundations at the same level (h = 0) the parameters will be:

1
= 2 
= 
deg

e
= 
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B)
Basic Calculation Principle

As the structure at dead load is the initial loading, the sag ( bf ) of the full load case and the sag ( bh ) of the hoisting load case have to be calculated. The maximum full load tension has to fulfil the safety requirements for the cables.
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	Parameter
	Load Case

	
	Hoisting Load
	Dead Load
	Full Load

	Load
	gh
	gd
	9f

	Cable length
	Lh
= Ld + (–Lh)
	Ld
	Lf
= Ld + Lf

	Sag
	bh
= bd + (–bh)
	bd
	bf
= bd + bf

	Horiz. Tension
	Hh
= Hg + (–Hh)
	Hd
	Hf
= Hd + Hd


The values of delta ( ( ) are the increase ( + ) or decrease ( - ) caused by the elastic properties of the cables.

The different sags ( bf, bh ) can be determined by iteration as follows:

with an assumed sag ( b* ) the corresponding load ( g* ) can be calculated (based on the dead load layout) and then compared with the actual load ( gf or 9h). The difference is then judged.

If necessary a new sag assumption must be made and the calculation repeated until sufficient accuracy is achieved.

Basic Formulas for Iteration

The difference of the horizontal tension H can be calculated as follows:


1)
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or  from   *  =  
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H*  = 
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kN

Out of these two equations 1) and 2) the load (g*) can be calculated as:


3)
g*    = 
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 +  eq \f(b*,bd) ·gd
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Insert in to 3) for the cable length difference:



L*  = L* – Ld      = 
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Then g* becomes:


4)
g*    = 
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7.3.4
Standard Design Parameters

A)
Span

Design span

[image: image19.wmf]l


= nominal span (s) + 0.50 m for drum‑type cable anchorage or
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= nominal span (s) + 1.00 m for open‑type cable anchorage

B)
Cables

Main cables


Number :
nM
= 4, or  6
for drum‑type cable anchorage



nM
= 8, 10 or 12
for open‑type cable anchorage


Diameter:
øM
= 26, 32, 36 or 40 mm

Handrail cables


Number :
nM
= 2 always


Diameter:
OH
= 26, 32 or 36 mm
for drum‑type cable anchorage



OH
= 40 mm
for open‑type cable anchorage

Windguy cables


Number :
nW
= 2 or 4
(if 0 refer to Chapter 10, Special Design)


Diameter:
0W
= 26, 32, 36 or 40 mm

	Anchorage

- type
	Main 


	Cables

	Handrail

Cables  (2 nos.)

	Tension

(all cables)

	
	Number nM
	Diameter (M
(mm)
	Diameter (H
(mm)
	T break 
(kN)
	T perm
(kN)

	Drum
	4
	32
	26
	3 112
	1 038

	
	4
	32
	32
	3 510
	1 170

	
	4
	36
	26
	3 732
	1 246

	
	4
	36
	32
	4 130
	1 378

	
	4
	40
	26
	4 428
	1 476

	
	4
	40
	32
	4 826
	1 610

	
	6
	36
	26
	5 212
	1 740

	
	6
	36
	32
	5 610
	1 872

	
	6
	36
	36
	5 920
	1 976

	
	6
	40
	26
	6 256
	2 088

	
	6
	40
	32
	6 654
	2 220

	
	6
	40
	36
	6 964
	2 324

	Open
	8
	36
	40
	7 748
	2 586

	
	8
	40
	40
	9 140
	3 050

	
	10
	40
	40
	10 968
	3 660

	
	12
	40
	40
	12 796
	4 270


Table 7.3.1: Standard Cable Combinations, T break and T perm (with Factor of Safety = 3)

	Anchorage

- type
	Main Cables

	Handrail

Cables ( 2 nos.)
	Total (all cables)

	
	nM
	(M
	Area, AM,tot
	Diameter (H
	Area AH,tot

	Area Atot
	Load/Weight

	
	
	(mm)
	(mm2)
	(mm)
	(mm2)
	(mm2)
	(kN/m)

	Drum
	4
	32
	1 768
	26
	584
	2 352
	0.202

	
	4
	32
	1 768
	32
	884
	2652
	0.228

	
	4
	36
	2 240
	26
	584
	2 824
	0.243

	
	4
	36
	2 240
	32
	884
	3124
	0.268

	
	4
	40
	2 764
	26
	584
	3 348
	0.288

	
	4
	40
	2 764
	32
	884
	3 648
	0.314

	
	6
	36
	3 360
	26
	584
	3 944
	0.339

	
	6
	36
	3 360
	32
	884
	4 244
	0.365

	
	6
	36
	3 360
	36
	1120
	4 480
	0.385

	
	6
	40
	4 146
	26
	584
	4 730
	0.407

	
	6
	40
	4 146
	32
	884
	5 030
	0.432

	
	6
	40
	4 146
	36
	1 120
	5 266
	0.453

	Open
	8
	36
	4 480
	40
	1 382
	5 862
	0.504

	
	8
	40
	5 528
	40
	1 382
	6 910
	0.594

	
	10
	40
	6 910
	40
	1 382
	8 292
	0.713

	
	12
	40
	8 292
	40
	1 382
	9 674
	0.832


Table 7.3.2: Standard Cable Combinations, Metallic Area and Hoisting Load

C) Walkway Deck
Width





        = 1.00


m

         Weight/load

- sal wood

        = 0.48


kN/m





            - steel deck

        = 0.46


kN/m


D)     Live Load                 


l (  50 m    ------>  p  =  4.00 ( walkway width
=  4.00

kN/m

l (  50 m ------>  p = (3.00 + 
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7.3.5
Limits and Recommendations

A)
Cable Inclination

Cable inclination at saddle of the higher foundation saddle at dead load case 1, d should not exceed,


1, d (max)     12º          
and sag of the cable bd should be within  the range,
bd  
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[image: image24.wmf]4

23

h

l

-

»


B)
Lowest Point

The lowest point of the parabola of an inclined bridge must remain inside the span for all loading cases. Recommendation for dead load case:

ed    
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C)
Safety Factor
Safety factor for all cables and cable terminals  ≥ 3  at full load case.

D)
Freeboard

The freeboard must be free of any cable alignment (including the wind-guy arrangement) at dead load case.

7.3.6
Initial Layout Data

A) 
Determine

The nominal span, s, (free selection, no restriction because of walkway unit length) the location of the foundations, and the cable elevations.

Fix the span, 
[image: image27.wmf]l

and level difference of the saddles, not exceeding 
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 (keep h as minimum as possible). 
B) Pre-calculation
1)  
Main and Handrail Cables

· Calculate the approximate maximum cable tension:

Tmax (appx)  = 11( s




(kN/m (m =) kN

(This applies for the present standard loadings and  bd  ( 
[image: image29.wmf]23

l

, h  =  0)
· Determine the main cable number and diameter and cable anchorage system 

(refer to 7.3.4 B)     Tmax (appx)  ≤   Tperm
· Determine the sectional areas and breaking tension for all cables

(n main cables, 2 handrail cables) (refer to 7.3.4)
2) Windguy Cables
Refer to Chapter 9, Design of Windguy Arrangement
C) Calculate

1. The design span between saddles, 
[image: image30.wmf]l

 (refer to 7.3.4),

2. The maximum difference in elevation, h, and check (refer to 7.3.5)

3. The sag at dead load, bd  (refer to 7.3.5)

D)
Rough Check of Freeboard

A rough check must be carried out at this point to ensure that any cable alignment lies above the necessary freeboard (refer to 5.3).

The elevations of wind-guy anchorages of both banks are recommended to be placed below the lowest point of the bridge. The vertical clearance between the level of wind-guy cable and the level of High Flood at the point of the bank touching river must be at least 5.0m. The wind-guy cable takes the strait alignment from anchorage to lowest point of bridge.

Required data:
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, h, bd, (ed and fd), all cable elevations and, perhaps, also the vertex of windguy cables. 
Draw the side elevation as shown below (the wind-guy cable elevation upstream and downstream might be different).
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E)
Loadings

1) Hoisting load case, gh
(the hoisting load is self load of all cables)

   
- Main and handrail cables (refer to 7.3.4 B)



Total at hoisting load case:


gh =  0.…………

kN/m
2) Dead Load case, gd 
(The dead load of the bridge is load of all parts of walkway including hoisting load of cables)
· Hoisting load, gh
=  0………….


kN/m
· Walkway deck
=  0………….


kN/m
· Walkway support (including hangers)
=  0.22

             kN/m
· Fixation Cables
=  0.01


kN/m
· Wiremesh netting
=  0.06


kN/m
· Windguy cables (refer to 9.4.4)
=  0…………..


kN/m
· Windties (average)
=  0.03


kN/m
  
Total at dead load case:

         gd   =……………..


kN/m
3)
Full Load case, gf
(The full load in the bridge is the sum of live load and dead load in the bridge)
-      Dead Load, gd   



   =……………..


kN/m
-      Live Load,   P



   =……………..


kN/m
Total at full load case:

          gf  =……………..


kN/m
7.3.7
Calculation Procedure

A)
Compile the Initial Data

B)
Iteration Procedure for bf* and bh*

Index i means load case i, either full load or hoisting load.

Operation Step

1
Calculate
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2
Calculate the constant factor
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3
Select (full) load case and calculate the primary b*. The iteration may be started


with the primary value for b*:


– for full load
b*
(  1.22 x bd  (approximate)
m


– for hoisting load
b*
(  0.93 x bd  (approximate)
m

4
Calculate
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5
Calculate
       new 
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Calculate
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7
Test the condition
|giI   (  0.01
kN/m

· if the condition is not fulfilled, i.e. |giI  (  0.01,  repeat calculation from step 4 with b*new

–
if the condition is fulfilled, i.e. |giI  (  0.01:

–
for a full load case stop the iteration, proceed with the calculation of maximum tension and safety factor (step 8) with b*new =  bf , and

–
for a hoisting load case stop the iteration and proceed with the calculation of the remaining data (refer to 7.3.7C).

8
Calculation of the maximum tension and safety factor at full load case is performed as


follows:

· calculate the maximum full load tension:

Tmax
= 
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The safety factor is calculated as :

F
=  eq
 \f(Tbreak,Tmax)    3.0

In order to obtain an optimum safety factor of 3, changes of the initial data might be necessary (for limits refer to 7.3.5) and the iteration must be repeated
. 

To calculate the hoisting load sag (bh) proceed from Step 3.

C)
Final (Remaining) Data

Calculate the remaining data (refer to 7.3.3 A and 7.3.8) and check  =  0.

D)
Free Space beneath the Walkway in Front of the Main Foundation

A free space of at least 30 cm must be kept beneath the walkway in front of the main foundation if the bridge is fully loaded. Additional rock cutting or dry stone pitching might be necessary (refer to 5.5.4 A). 
Determine the line of cutting by drawing a line from cable elevation at an angle (f( to horizon. 

1)    
Layout for dead load case

In order to draw the dead load case parabola in the general arrangement section, calculate necessary data as follows:

· draw the lowest point elevation (vertex) with ed and fd,

· calculate ad  =  
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 ( if it is a level bridge ed  = 
[image: image39.wmf]2

l

  -----> a = 
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· determine  d  according to the scale of the section, 
· calculate yid  =  ad ( xi2  =  ad ( (i ( d)2  =  
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,
· draw the sag up to the higher foundation level
(check at 
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 with bd and  
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 = 0 with (d), and



 -    the same yid’s can be used to draw the sag up to the lower foundation level.
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2)
Parabola for full load case

Draw the lowest elevation point with ef and ff,

- calculate  af  =  
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,
- calculate   yif  =  af ( xi2   =  
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 EMBED Equation.3  [image: image48.wmf]2
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- draw the sag in front of the foundation as required (check with (f), 

- draw a line 30cm beneath the full load sag,

- determine the maximum elevation(s) of rock or dry stone pitching,


- determine the inclination of slope in front of the foundation ((1), and
- the same yif’s can be used to draw the sag in front of the lower foundation level.
7.3.8
Compilation of Final Data

Bridge No. & Name …………………….
Date…………….  Designed by ……………...…

A)
Initial Data (refer to 7.3.6 and GA)

Nominal span, s

= ……………….….
m

Anchorage type (drum or open)

= ……………….….
/ 

Main cable
nM
= ……………….….
/ 


ØM
= ……………….…. 
mm


AM
= ……………….…. 
mm2
Handrail cable
nH
= 
2
/


ØH
= ……………….….
mm


AH
= ……………….…. 
mm2
Total Metallic Area
= AM + AH
= ……………….….
mm2
Total Tbreak
= TM,break + TH,break
= ……………….….
kN

Windguy cable
 nW
= ……………….…. 
/ 


ØW
= ……………….…. 
mm

E – Module

= ……………….….
kN/mm2
Design span  l

= ……………….….
m

h

= ……………….….
m
bd

= ……………….….
m

ed (from higher foundation)
= ……………….….
m

fd (from higher foundation)
= ……………….….
m

(1,d (at higher foundation)
= ……………….….
deg

(2,d (at lower foundation)
= ……………….….
deg

Cable anchorage elevations:

– Left Bank
Windguy cable, upstream
= (appx) .............
m


Main cables
= ……………….…. 
m


Windguy cable, downstream
= (appx) .............
m
– Right Bank
Windguy cable, upstream
= (appx) .............
m

Main cables
= ……………….….
m


Windguy cable, downstream
=(appx) .............
m

Approximate freeboard
Main cables
= ……………….….
m


Wind cables
= (appx) .............
m

Loads:
– walkway deck (steel or wood)
= ……………….….
kN/m


– live load
p
= ……………….…. 
kN/m


– hoisting load
gh
= ……………….…. 
kN/m


– dead load
gd
= ……………….….
kN/m


– full load
9f
= ……………….….
kN/m

B)     Data from Main Calculation

Full load:
bf 
= …………..……….
m


Tmax
= …………..……….
kN


Safety factor
= …………..……….
/

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

C)
Data to be transferred to the General Arrangement

	Load Case
	Load

g

(kN/m)
	Tension

Tmax
(kN
	Sag

b

(m)
	Lowest Point

	
	
	
	
	Horz. Dist. e

(m)
	Vert. Dist. f

(m)
	Elevation

	Hoisting
	
	
	
	
	
	

	Dead Load
	
	
	
	
	
	

	Full Load
	
	
	
	
	
	

	Live Load
	

	For level bridge, h = 0,  Horizontal distance of lowest point, e = l/2 and Vertical distance, 

f = b


Table 7.3.3: Data of Cable Structure
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D)
Necessary Data for Design of the Main Foundation

	Parameter
	1) Higher Foundation
	2) Lower Foundation

	TM,f
	kN
	kN

	TH,f
	kN
	kN

	f
	deg
	deg

	(
	deg
	deg


Table 7.3.4: Cable Tension and Inclination of Full Load Case 

7.3.9
Related Standard Drawings

	Drawing Number
	Drawing Title

	01
	Walkway for 4 main cables

	02
	Walkway for 6 main cables

	03
	Walkway for 8 main cables

	04
	Walkway for 10 main cables

	05
	Walkway for 12 main cables

	06
	Steel walkway deck


Table 7.3.5: Standard Design Drawings: Walkway and Steel Walkway Deck

7.4
Design of Main Anchorage Foundation

7.4.1
Introduction

The scope of this section is the determination of the dimensions of the main anchorage foundations based on the results of the cable structure analysis, on the soil and rock parameters, and on prescribed safety factors.

Basic principles and proceedings for the structural analysis of foundations can be found in Chapter 6, Foundation Design.

7.4.2
Related Symbols

As, 1
Total cross‑sectional area of foot reinforcement
mm2
As,2
Total cross‑sectional area of anchorage rods
mm2
B
Open dimension of foundation, width
m

H1
Open dimension of foundation, height at back
m

H2
Open dimension of foundation, part of height in front
m

L
Open dimension of foundation, length
m

M
Statical moment in the relevant cross‑section for foot reinforcement
kNm

N1
Total number of required reinforcement bars ( 16 mm for foot reinforcement
/

N2
Total number of required anchorage rods ( 25 mm
/

TH,f
Handrail cable tension of full load case
kN

TM,f
Main cable tension of full load case
kN

(h
Lever arm of internal forces (reinforced concrete)
m

Indices:
V vertical component


H horizontal component

For all other symbols used in this chapter refer to Chapter 6.

7.4.3
Design Parameters

A)
Main Anchorage Foundation on Soil

	Soil
	Drum type Anchorage Foundation
	Open type Anchorage Foundation

	Dim. \ nM
	4
	6
	8
	10
	12

	H1
	min
	1.50
	2.00
	3.70
	3.70
	3.70

	
	max
	4.00
	4.50
	6.70
	6.70
	6.70

	H2
	min
	1.201)
	1.201)
	2.001)
	2.001)
	2.001)

	
	max
	4.00
	4.50
	5.80
	5.80
	5.80

	B
	min
	6.20
	7.90
	9.50
	11.00
	12.50

	
	max
	9.50
	11.00
	9.50
	11.00
	12.50

	L
	min
	2.90
	3.30
	5.00
	5.70
	5.70

	
	max
	5.00
	6.50
	7.50
	8.00
	8.00


Table 7.4.1: Limits of Dimensions ( m ) for Foundation on Soil According to the Standard Dimension of Steel Anchorage Structure 
(For 1) refer to 7.4.4 A )
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B)
Main Anchorage Foundation on Rock

	Rock
	Drum type Anchorage Foundation
	Open type Anchorage
 Foundation

	Dim. \ nM
	4
	6
	8
	10
	12

	H1
	min
	1.50
	2.00
	2.90
	3.20
	3.45

	
	max
	4.00
	4.50
	6.70
	6.70
	6.70

	H2
	min
	0.801)
	1.001)
	1.451)
	1.451)
	1.451)

	
	max
	4.00
	4.50
	5.80
	5.80
	5.80

	B
	min
	5.00
	6.70
	9.50
	11.00
	12.50

	
	max
	8.50
	9.50
	9.50
	11.00
	12.50

	L
	min
	2.90
	3.30
	4.80
	5.40
	5.40

	
	max
	5.00
	5.50
	7.50
	8.00
	8.00

	s
	1.00
	1.50
	1.75
	1.75
	1.75


Table 7.4.2:
Limits of Dimensions ( m ) for Foundation on Rock According to the Standard Dimension of Steel Anchorage Structure 
(For 1) refer to 7.4.4 A)
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7.4.4
Limits and Recommendations

A)
Foundation Dimensions

The limits of the foundation dimensions as given in 7.4.3 depend upon the standard dimensions of the anchorage steel structure. The minimum dimensions (H2 (min) ) especially might be superseded by the necessary embedded depth (t) (refer to 5.5.2).

B)
Handrail Cable Pillar

For calculation of the height of the handrail cable pillar (vertical distance between saddles) and determination of cable anchorage lengths, refer to standard drawings. 
For structural analysis, the height of handrail cable pillars can be assumed to be uniform at 1.25 m for drum‑type anchorage foundations and at 1.23 m for open‑type anchorage foundations. The weight of the pillars can be neglected.  
C)
Anchorage Rods for Foundations on Rock

Provide number of anchorage rods according to calculations but, if  B*/2 <  B/3, at least:


for foundations with 4 main cables
:
4 vertical rods


for foundations with 6 main cables
:
6 vertical rods


for foundations with 8, 10, and 12 main cables
:
6 vertical rods

The distance between anchorage rods should not be less than 0.75 m for drum‑type anchorage foundations and 1.0 m for open‑type anchorage foundations.

Additional anchorage rods might be necessary in order to stabilize the rock (refer to 6.3.3 and 6.6.7)

D)
Soil/Rock Check List

Refer to Chapter 6. Foundation Design for the check list of limits (for soil 6.5.1,  for rock 6.6.1).

7.4.5
Initial Layout Data

A)
Define Characteristics of Foundation

1)
Type of bridge:
level (h = 0) or inclined (h > 0) ?
........................
/

2)
River bank:
left or right ?
........................
/

3)
If inclined bridge:
higher or lower foundation ?
........................
/

4)
Cable anchorage:
drum or open‑type ?
........................
/

5)
Foundation:
on soil or rock ?
........................
/

B)
Compile the following Data

1)
From cable structure analysis:

–
Number of main cables
nM
=…………………
/ 

–
Main cable tension
TM,f 
= ………………...
kN

–
Handrail cable tension
TH,f
= …………………
kN

–
Cable inclination
f
= 
deg

–
Front slope of rock, or stone pitching
1
= 
deg

2)
From survey and final geotechnical report:

Soil parameters:

–
Sub‑soil at depth


  =………………………
m

–
Friction angle of sub‑soil
1
  = ………………………
deg

–
Unit weight of sub‑soil
1
  = ………………………
kN/m3
–
Friction angle of backfilling soil
2
  = ………………………
deg

–
Unit weight of backfilling soil
2
  = ………………………
kN/m3
–
Groundwater at depth


  = ………………………
m

–
Ground‑bearing pressure
perm   = ………………………
kN/m2

Rock parameters:

–
Rock at depth


   =………………………
m

–
Sliding friction angle between rock & foundation
SLD 
    =………………………
deg

–
Rock quality coefficient
k 
   =………………………
/
–
Ground‑bearing pressure
perm
     =………………………
kN/m2

3)
From Chapter 5. General Principles:

–
Minimum embedded depth
t

  =………………………
m

4)
From 7.4.3 Design Parameters

	Foundation Dimensions (m)
	Minimum
	Maximum

	– Back height
H1
	...............
	................

	– Front height (refer to 7.4.4 A)
H2
	...............
	................

	– Width
B
	...............
	................

	– Length
L
	...............
	................

	– Back to C. G. distance of anchorage rods 
s
	...............
	/


7.4.6
Calculation Procedure

The relevant loading for the main anchorage and main anchorage foundations is the full load case. Therefore, calculations for other load cases are not required for standard type bridges.

It is necessary to design the anchorage foundations in such a way that their volume is minimized (economic design), giving due consideration to the prescribed safety factors.

A)
Compile the Initial Data (refer to 7.4.5)

B)
Preparatory Work

Prepare a plan view, a longitudinal section, and a cross‑section with the minimal dimensions. Try to estimate the required dimension experientially, otherwise take the minimum dimensions as primary data.

C)
Main Calculation

The basic design principles, the procedure for the structural analysis, and the limits as well, are given in Chapter 6, Foundation Design.

Calculation example: The calculations are given from examples of a foundation (with foot) on soil, without groundwater, and with a retaining wall at the top. The structural analysis of the retaining wall has to be carried out separately.

For other layouts, similar proceedings should be applied with:

–
foundations on rock
hrt    t ,  hra   0

–
foundations without a foot
b  =  0

–
with groundwater
hw  (  0
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1.
Calculate the components, inclination, and location of the resultant loading force

	Loading Forces
	Lever arm (m) for MF

	Weights (kN):
	

	W1
= 0.50 (H1+H2) · B · L · c

	 eq \f(B,3) ·   eq \f(2H1 + H2,H1 + H2)

	W2
= 0.95 (B – 1.20) · L · c

	0.50 B + 0.60

	Load on Top (kN):

A
= (refer to 6.2.4)
	a

	Earth Pressure (kN):
	

	– back:
Eah (back) = ½ ah [2, ] ·(ha2 - ha12) · L · 2
	yEah – H1+H2
yEah =  [
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Eav (back)
= Eah · tan(  eq \f(2,3) F2) 
	B

	Loads (kN):
	

	THh
= TH · cos
	H2 + 1.95

	TMh
= TM · cos
	H2 + 0.70

	THv
= TH · sin
	1.45

	TMV
= TM · sin
	1.45


MF
= sum of all statical moments in F
kNm

–  
Vertical component of R


RV
=  sum of all vertical forces =  W1 + W2 + A + Eav + THv + TMv
M

– 
Location of R
B*/2
=    eq \f(MF,RV · (1 + tana · tandR)) 
m

–
Inclination of R

tanR
=  eq \f(RH,RV) 
2.
Select the possible predominant failure mode and proceed according to Chapter 6.

3.
Reinforcement

Reinforcement is required only for foundations with a foot. 

The required cross‑sectional area of reinforcement bars in the foot of the drum‑type foundations on soil is determined by means of a simplified formula:
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AS1
=    eq \f(M,h · h · st perm) 
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Number of required bars Ø16 mm:
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/

7.4.7
Compilation of Final Data

Bridge No. & Name ……………………………..
Date………….
Designed by …………..

A) and B) Initial Data (refer to 7.4.5)

C)
Main Calculation

1)
Load on top of foundation

–
Total load
A
= ..................................... 
kN

–
Front to C.G. distance
a
= .....................................
m
2)
Soil / rock heights

–
Total active earth pressure height
ha
= .....................................
m
–
Active earth pressure height from 



top of the foundation block
ha1
= .....................................
m

–
Rock height at back
hr
= .....................................
m
–
Embedded depth
t
= .....................................
m
–
Depth of additional soil
t'
= .....................................
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*infi
= .....................................
m
–
Back slope of soil
(
= .....................................
deg

4)
Foundation dimensions

–
Back height
H1
= .....................................
m
–
Front height
H2
= .....................................
m

–
Width
B
= .....................................
m

–
Length
L
= .....................................
m

–
Base inclination

= .....................................
deg
–
Distance to resultant force
B*/2
= .....................................
m



L*/2
= .....................................
m
5)
Safety factors

–
Sliding
FSL
= .....................................
/

–
Bearing capacity
FBC
= .....................................
/
–
Toppling
FT
= ..................................... 
/
–
Slope stability
FS
= .....................................
/

6)
Anchorage rods

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

D)
Additional Anchorage Rods

(from geological report)

E)
Data to be transferred to the General Arrangement

Drum–type anchorage on soil


.

Open–type anchorage on rock

7.4.8
Related Standard Drawings

	Drawing Number
	Drawing Title

	   Drum‑Type Anchorage:

	61
	 Main Cable Anchorage for 4 main cables (capacity: 122O kN)

	         61/1(26), 61/1(32), 61/2(26), 61/2(32)
	Main Foundation for 4 main cables (related drawings: 61, 63(26) &  63(32)

	62
	 Main Cable Anchorage for 6 main cables (capacity: 183O kN)

	62/1(26), 62/1(32),  62/1(36) 

62/2(26), 62/2(32), 62/2(36)
	Main Foundation for 6 main cables (related drawings: 62, 63(26) &  63(32), 63(36)

	63(26), 63(32), 63(36)
	Handrail cable anchorage (capacity 260/390/494 kN)

	Open‑Type Anchorage:

	64
	Main Anchorage / 8 main cables, 2 Handrail Cables (40mm  (capacity: 2440 & 610 kN)

	64/1, 64/2
	Main Foundation / 8 main cables (related drawings: 64 & 67)

	65
	Main Anchorage / 10 main cables, 2 Handrail Cables (40mm (capacity: 3050 & 610 kN )

	65/1, 65/2
	Main Foundation / 10 main cables (related drawings: 65 & 68)

	66
	Main Anchorage / 12 main cables, 2 Handrail Cables (40mm (capacity: 3660 & 610 kN )

	66/1, 66/2
	Main Foundation / 12 main cables (related drawings: 66 & 69)

	67
	Saddles and Accessories / 8 main cables

	68
	Saddles and Accessories / 10 main cables

	69
	Saddles and Accessories / 12 main cables

	Drawing Numbers:
……
  = Working and assembly drawing


…./1  = Structural drawing: Foundation on Soil


…/2
  = Structural drawing: Foundation on Rock


Table 7.4.3:   Standard Design drawings: Main anchorage Foundation for Suspended Bridges
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Compile and fill in the Standard Design Drawings
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Design of adjacent structure








Design of windguy arrangement





Design of Main main anchorage foundation








Design of Main handrail cable structures (including rough design of windguy arrangement)





Standard Design Drawings (and General arrangement)
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Topography from survey





Soil parameter from survey & geotechnical investigation
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� If, F > 3, change the cable combination, but do not reduce the sag, which will increase the tension consequently bigger anchorage foundations. If, F < 3, increase the cable sag but within the recommended limits, otherwise change the cable combination.
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