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3. 
Bridge Standard Design

3.1

Bridge Types

There are basically two types of cable bridges, which are:

· Suspended Bridge Type

· Suspension Bridge Type

The selection from above bridge types depends mainly on the topography of the bridge site.

Suspended Bridge

This type of bridge has downward sagging walkway. Sagging walkway cables are suspended below their anchorage. Cables are anchored in to the main anchorage foundation at both banks. The main components of this bridge are: Walkway cables and Handrail cables, Walkway system and Main anchorage foundations (Figure 3.1).

This type of bridge is selected where the bridge foundations can be placed at sufficiently high position giving required free board from the highest flood level. 

Suspended type is more economic, simple to design and construct than suspension type bridge.
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                    Figure 3.1: A suspended type bridge

The present manual deals only with suspended type bridge.

Suspension Bridge

This type of bridge has upward cambered walkway. Main cables are hanged over the towers and anchored to the main anchorage foundation. Walkway cables are anchored to the pylon foundations. The main components of this bridge are: Main cables and Walkway cables, Towers, Walkway system, Main anchorage foundations and Pylon foundations (Figure 3.2).

This type of bridge is selected when the bridge site is comparatively flat terrain and suspended type bridge is not feasible due to the constraint of free board. 
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Suspension type Bridge is more expensive and needs more inputs to design and construct than suspended type.
[image: image18.png]Variable

3]
-

110/140

140

Variable 410
Hc?_]]d
227
WJQ &
25 <6 21y

N Variable > — 40 _
:—g E # = = WC Elevation
5 ~ T |

] alk
=13 25 Wy Capy,

180/110 ' 40 o P 32 tm,

? . S

| ! I S L

3t : |
=\ .S
o ;i Qv 494 é E ~
— ; a pba pVv »5




Figure 3.2: A suspension type bridge

The present manual will not deal with suspension type bridge.

· Layout and Sections

The typical Profile (Figure 3.3) and Plan (Figure 3.4) of a suspended type bridge is given in the next pages.
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· Walkway  Section

There are two types

of walkway width:
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70cm & 106cm

3.2
Basic Design Concept

3.2.1
Loads on Trail Bridge

For designing bridge structure loadings as per LSTB standard (former SBD standard) is followed.  Following are the probable loadings according to this standard.

· Live load

Live load for smaller span up to 50 m is equivalent to 400 kg/m2 and for longer span as per formula,

P  =
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· Dead load

Dead load includes the weight of all permanent components of the bridge structure (Table 3.1).

Table 3.1: Typical dead loads
	Width of Walkway
	34 cm
	70 cm
	106 cm

	Dead Load (without weight of Handrail- and Walkway Cables)
	25 kg/m  or

0.25 kN/m
	42 kg/m  or

0.41 kN/m
	57 kg/m  or

0.56 kN/m


· Wind Load

The design wind load is taken as a uniformly distributed load based on a wind speed of 160km/h acting horizontally to the walkway. This corresponds to a wind pressure of 1.3 kN/m2 acting on the lateral bridge area of 0.3 m2 per meter span. By maintaining a wind coefficient of 1.30 (acc. to Swiss Standard) the actual lateral design wind load is 0.50 kN (1.3 x 1.3 x 0.3) per meter span. The foundation structures are sufficient to resist this design wind load.

Wind load affects also the dynamic behavior of the bridge. However, practical experience has proven that bridge-spans of up to 120 m, no significant dynamic effects due to wind load has taken place. For minimizing dynamic wind-effects on the bridge sufficient dead load, a steel deck and most favorable span to sag ratios have been introduced. Therefore, no lateral stabilizing measures (windguy system) is considered in this standard suspended bridge design. However, for special cases (spans more than 120m or extreme windy areas exceeding wind speed of 160km/h) there is a provision for fixing a windguy system.

· Snow Load


The probability of occurrence of a full load on a bridge loaded with snow is low.  Moreover, the design live load itself is comparatively high.  Therefore, it is considered that the snow load is already covered by the design live load.

· Temperature effect


Loading (cable forces) according to temperature effect is negligible in comparison with other loading conditions. Therefore, temperature effect has not been considered for the standard bridge design.

· Seismic Load 


There is low probability of a full live load occurring at the time of an earthquake. Moreover, the design live load itself is comparatively high. Therefore, it is assumed that the seismic load is already covered by the design live load. A separate loading combination with seismic load is not considered.

3.2.2
Construction Materials

The construction materials used for the standard trail bridges are wire ropes (cables), steel parts, steel fixtures and fasteners (thimbles, bulldog gripes, nuts and bolts), concrete and stone masonry. Specifications of these materials are based on Indian Standard (IS). Refer to Volume A of SBD Manual for detail material specifications. However, for frequently referred material, specifications are given below for quick reference.

· Steel Wire Ropes (Cables)

For more convenient stock keeping, handling and transportation only three cable diameters are applied. This also reduces the number of steel parts, logistics and eventually bridge costs.

Steel wire ropes (Table 3.2) should comply with all the requirement of:


IS 1835 – 1977
Steel wires for ropes


IS 6594 – 1977
Technical supply conditions for wire ropes and strands 


IS 9282 – 1979
Specifications for wire ropes and strands for suspension bridges


IS 9182 (part II) –1979
Specifications for lubricant of wire strands and ropes

Nominal diameters:
13 mm
26, 32 mm

Rope Construction
7 x 7 (6/1)
7 x 19 (12/6/1)

Elongation
non pre-stretched
pre-stretched 

Lay
RHO, right hand ordinary lay

Core
WRC, Wire Strand Core

Tensile strength of wire 
160 kg/mm2 or 1.57 kN/mm2
Preforming
Preformed

Coating
Galvanized ‘A’ heavy

Impregnation
Non-drying type and non-bituminous Lubricant

Table 3.2: Properties of steel wire ropes

	Nominal Diameter of Cable

mm
	Weight

kg/m
N/m
	Metallic Area

[mm2]
	Minimum Breaking Load in

Tones
kN
	Permissible load in

Tones
kN

	13

26

32
	0.64
6.3

2.51
24.6

3.80
37.3
	73

292

442
	10.5
103

39.3
386

59.6
585
	3.5
34

13.1
129

19.9
195

	Modulus of Elasticity, E = 110 kN/mm2  = 11 t/ mm2
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Figure 3.6: Cross-section and Lay of Wire Rope

· Bulldog Grips  


Bulldog grips are used at the cable terminals to secure the cable ends.


Bulldog grips should conform to IS 2361-1970 specifications for Bulldog grips (Figure 3.7). The bridges must be dropforged and suitably scored to grip a round strand rope of right hand lay having six strands. Bridges, U-bolts and nuts should be hot dip galvanized with a minimum zinc coating of 40(m. The size of the bulldog grip is equal to the size of the cable to be anchored or connected.
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Figure 3.7: Bulldog grip
The methods for applying Bulldog grips to wire ropes at different terminals are given in Chapter 4.6.3.

· Structural Steel


Steel grade should be of standard quality Fe 410 and structural steel should comply with the requirements of:

IS 226 – 1975

Structural Steel

IS 800 – 1984 

General Construction Steel

The steel should have the following mechanical properties :

Tensile Strength
≥ 
410 N/mm2
Yield Stress
≥
250 N/mm2
Modulus of Elasticity
= 
200 kN/mm2


Elongation 
≥
23%

· Fasteners

Bolts, nuts and washers should be of grade C, property class 4.6 and should comply with the requirement of:

IS 1363 - 1984 (Part 1)
Hexagonal Head Bolts and Nuts

IS 1367 – 1983

Threaded Fasteners

All the fasteners should be hot dip galvanized with a minimum zinc coating of 40(m.

· Reinforcement Steel


Reinforcement Steel should be of steel grade Fe 415, high yield deformed bars and should comply with the requirements of:

IS 1786 – 1985

High Strength Deformed Steel Bars for Concrete Reinforcement

IS   456 – 1978

Plain and Reinforced Concrete.

The Reinforcement Steel should have the following mechanical properties:

Yield Stress
=
415 N/mm2
Modulus of Elasticity
=
210 kN/mm2

· Rust Prevention


Rust prevention of steel parts should be done by Hot Dip Galvanization (Table 3.3) according to:

IS 2629 – 1966
Recommended Practice for Hot Dip Galvanization of Iron and Steel

IS 4759 – 1984
Specification for Hot Dip Zinc Coating on Structural Steel

Table 3.3: Galvanization coating
	Products
	Minimum Mass of Coating

g/m2
N/m2
	Minimum Thickness of Coating

(m

	Structural Steel
	610
6.0
	80

	Threaded work, Nuts and Bolts
	300
3.0
	40


· Wire Mesh Netting


Wire for wire mesh netting should comply with the requirements of:

IS   280 -  1978
Mild Steel Wire for General Engineering Purposes

IS 4826 -  1979
Hot Dip Galvanizing Coatings on Round Steel Wire 

The diameter of the wire should be 12 SWG (2.64 mm) and the zinc coating should not be less than 270 g/m2. The average tensile strength of the wire should not be less than 380 N/mm2.


· Concrete


Concrete should comply with all the requirements of:

IS  456 – 1978
Plain and Reinforced Concrete

IS  269 – 1989
Ordinary Portland Cement

IS  383 -  1970
Coarse and Fine Aggregate

Concrete Grades used in the standard design are:

Concrete
1:3:6 (M10) for miscellaneous use

Concrete
1:2:4 (M15) for structure

· Masonry

Masonry should comply with all the requirements of:

IS 1597 – 1967 
Code of Practice for Construction of Stone Masonry

IS 2250 – 1981 
Preparation and Use of Masonry Mortars

Stone masonry used in the standard design are:

Chisel Dressed Stone Masonry in 1:4 cement : sand mortar  

Hammer Dressed Stone Masonry in 1:6 cement : sand mortar

Dry Stone Masonry.

· Unit Weight of Construction Materials

The unit weights of the construction material used in the standard design are given in the following table (Table 3.4).

Table 3.4: Unit weight of constructional materials

	Materials
	Unit Weight,

kg/m3

kN/m3

	Concrete
	2200

22.0

	Stone Masonry
	2100

21.0

	Steel
	7850

78.5

	Soil
	1800

18.0

	Water
	1000

10.0


3.2.3
Structural Analysis And Design

Structural analysis is based on calculation of forces and stresses in the structures due to the external loadings. Calculated forces and stresses are compared with the permissible loads and stresses of these structures with some safety of factors. 

The standard suspended bridge has been designed as per the statically analysed and basic design concepts.

The structural analysis and design involves the following components of the suspended bridge.

· Cable Design

· Steel Parts

· Walkway Structure

· Main Anchorage Foundations

· Foundation in Soil

· Foundation in Hard Rock

· Foundation in Fractured Hard Rock or Soft Rock

· Stone Masonry Tower

· Reinforced Concrete Works

The detail analysis and design of these components are beyond the scope of this manual. The details can be found in the Technical Handbook, Volume I & II, How to Build a Short Span Trail Suspended Bridge Pp 53 -57.

3.3
Design of Standard Suspended Bridge

3.3.1
The Major Bridge Components

The sketch below (Figure 3.8) shows the major bridge components and parameters.
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Figure 3.8: Major bridge components and parameters

3.3.2
Design Procedure

For designing a suspended standard bridge, follow the steps in sequence as follows:

· Draw the bridge profile from the survey data

· Fix the position of the bridge foundations and the span 

· Select walkway width

· Select walkway cables and handrail cables from Design Form No. 2 (Volume II)

· Design walkway tower

· Design main anchorage foundations 

· Transfer data to the bridge profile and prepare the General Arrangement Drawing

· Compile and fill in the standard design drawings

· Calculate the quantities of works and prepare the Cost Estimate

3.3.3
Designing the Position of the Bridge Foundations

Fix the position of the bridge foundations and the actual span of the bridge in the bridge profile. This bridge profile will be the basis for the layout of the bridge at the construction site. Fulfill following criteria while fixing the position of the bridge foundations.

Criteria for fixing the Bridge Foundations (Figure 3.9)

· The Bridge Foundations should be placed at least 3 meter back form the soil slope and 1.5 meter back from the rock slope

· The Bridge Foundations should be placed behind the line of angle of internal friction of the soil or rock. This angle is 35( for soil and 60( for rock.

· Level difference between the walkway cable saddles of two banks, h should not be more than span/25

· Walkway tower height should be as small as possible. However, walkway cable saddle should be at least a height of 1.3 meter from ground but should not be at a height more than 3.0 meter. 

· Free board F, between lowest point of the bridge in dead load case and the high flood level should be not less than 5.0 m
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Figure 3.9: Criteria for fixing the location of the bridge foundations
Procedure for fixing the Bridge Foundations

According to the above criteria, draw the bridge profile as per following steps.

· Draw the bridge axis profile on an A3 size paper in a scale 1:200 (for up to 50m span) or 1: 400 (for span above 50m) with all details like axis points A and B, HFL, WL and tentative location of the walkway towers at both banks based on the survey data as described in the chapter 2.5.6. 

· Fix location of the walkway towers at both banks as per following procedure.

Case-1: When Tentative Position of the Towers has been fixed during the Survey

Step 1:
Fix the Front of the Tower and check with Slope Line
Mark front of the tower as fixed during the survey. Check position of the front of the tower as per minimum required distance from bank edge and slope line.

If minimum required distance from bank edge is not sufficient, shift its position backward.

Towers should be located behind the slope line. If tower is out of the slope line, shift its position backward.

Step 2:
Fix the Position of the Walkway Saddle and Bridge Span, l
Mark position of the walkway cable saddles.  Walkway cable saddles should be at height of 1.3m at soil slope and 0.8m at rock slope from the ground at tower front. Thus, fix its elevations, El, Eh & l.

Step 3:
Check the Level Difference, h

Level difference ‘h’ between walkway cable saddles of two banks should be less than l/25. If ‘h’ is found more than the limit:

In case of flat terrain, raise the elevation of the walkway cable saddle of lower bank by increasing saddle height (in the series of 1.3, 2.3, 3.3 meter) but not more than 3.3 meter from the ground level 

Or

In case of hill slopes, shift the position of the tower of lower bank backward to gain the required walkway cable elevation.






Or

Lower the elevation of the walkway cable saddle of higher bank. Avoid deep earth cutting.

Step 4:
Calculate the vertical Distance, fmin and check the Free Board, fb
Calculate vertical distance fmin between the lowest point of the bridge and walkway cable saddle of lower bank, 

Draw line of lowest point of the bridge. 
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Check available free board between lowest level of the bridge and high flood level.

Freeboard should be not less than 5.0m. If free board is not sufficient: 

Raise the elevations of walkway cable saddles at both banks. This can be done either by raising the tower height in case of the flat ground or by placing the tower further back in case of the hill slope. 

Step 5:
Finalize the Bridge Profile

Finalize bridge profile with final span and elevation of the walkway cable saddles.

Case-2: When the Position of the Towers has not been fixed during the Survey

Step 1:
Fix the Free Board Line and Front of the Towers

Mark minimum free board level. Minimum free board from high flood level is 5.0 meter.

Fix the position of the front of the tower maintaining minimum required distance from bank edge and slope line.

Step 2:
Fix the approximate Bridge Span, l and minimum Level of Walkway Cable Saddles

Calculate approximate bridge span as distance between the tower fronts.

Mark minimum level of walkway cable saddles as per required sag of the cable,   

Step 3:
Fix the Position of the Walkway and Cable Saddles

Walkway cable saddles should not be below the minimum level.

Walkway cable saddles should be 1.3 meter above the ground level at soil slope and 0.9 meter at rock slope.

Thus, fix the elevations of the walkway cable saddles, El and Eh.

Step 4:
Check the Level Difference, h

Level difference ‘h’ between walkway cable saddles of two banks should be less than l/25. If ‘h’ is found more than the limit:

Rise the elevation of the walkway cable saddle of lower bank by increasing saddle height (in the series of 1.3, 2.3, 3.3 meter) but not more than 3.3 meter from the ground level in case of flat ground.


or
Shift the position of the tower of lower bank backward to gain the required walkway cable elevation in case of hill slope.



or
Lower the elevation of the walkway cable saddle of higher bank. Avoid deep earth cutting.

Step 5:
Calculate the vertical Distance fmin and check the Free Board fb
Calculate vertical distance fmin between the lowest point of the bridge and walkway cable saddle of lower bank.

Draw actual line of lowest point of the bridge 
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Check available free board between lowest level of the bridge and high flood level.

Freeboard should be not less than 5.0 meter. If free board is not sufficient: 

Raise the elevations of walkway cable saddles at both banks. This can be done either by raising the tower height in case of the flat ground or by placing the tower further back in case of the hill slope. 

Step 6:
Finalize the Bridge Profile

Finalize bridge profile with final span and elevation of the walkway cable saddles.

3.3.4
Cable Design

Designing of the cable for a bridge involves selecting required numbers and diameter of the handrail and walkway cables for given span and selected walkway width.

To design the cable, proceed as per the steps below.

· Select the appropriate walkway width (70cm or 106cm) according to the nature of the traffic and type of trail. (refer to Survey Form and Check List on Volume II of this manual)

· Fix the span of the bridge and height difference of cable saddles of the right bank and left bank from the bridge profile (refer chapter 3.3.3).

· Select cables from the Table 3.5 Selection of Cable according to the span and selected walkway width.

Design the Cable Structure as per following Checklist.

A.
Survey Data & Calculation of Freeboard
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Figure 3.10: Calculation of free board

1.   
Span of the Bridge
l
=
................... m

2.   
Saddle Elevation of the Walkway Cable on the higher Side
Eh
=
................... m

3.  
 Saddle Elevation of the Walkway Cable on the lower Side
E
=
................... m

4.   
Difference in Elevation
h   =
Eh - El
=
h
=
................... m

      
(max. permissible height:  hmax = 
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5.   
Dead Load Sag: 
for Span up to 80m
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for Span over 80m
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6.   
f min in Dead Load Case
 (at the lowest point of the cable)
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7.  
Highest Flood Level



HFl
=
................... m

8.  
Free Board (min. 5.00m)
Fb 
=  El  - HFl - f min
=
Fb
=
................... m

 (If freeboard is less than 5.00m, try either to raise the saddle elevations or to adjust the span, but  keep the ratio between span and sag always fixed at 
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[image: image11.wmf]l

 / bd  =22 ).

B.
Selection of Cables

Select a cable combination according to the span and walkway width of the bridge from the following table (Table 3.5). Always select the higher cable combination when the span is in between two values.

Table 3.5: Cable combination 
	Maximum Span for

Walkway Width:


70cm
106cm
	Cable Combinations


Handrail
Walkway


Cables
Cables
	Weight of all Cables

gh

	span [m]
	span [m]
	nos
(mm
	nos
(mm
	[kg/m]

	50
	40
	2
26
	2
26
	10.04

	90
	60
	2
26
	2
32
	12.62

	100
	75
	2
26
	4
26
	15.06

	120
	105
	2
26
	4
32
	20.22

	----
	120
	2
32
	4
32
	22.80


C. Calculation of Cable Length

Table 3.6: Calculation of cable length 
	Type of Cable
	dia

[mm]
	Nos
	Backstay Length *

[m]
	Cutting Length**

[m/pc]

	Fixation Cable
	13
	2
	………….
	…………

	Handrail Cable
	……..
	2
	…………
	…………

	Walkway Cable
	……..
	……
	..……….
	…………


*Backstay Length  =
Cable length between saddle center and center of dead man or drum as per foundation drawing (both banks) +  6.0m.

**Cutting Length  =
1.1 x Span + Backstay Lengths

D.
Calculation of (fmin) Hoisting Sag

This calculation has to be made after tower and foundation work is completed
1. Actual Span measured in the Field
l
=

......................m
2.
Saddle Elevation of the Walkway Cable on the higher Side
Eh
=

......................m

3.
Saddle Elevation of the Walkway Cable on the lower Side
El
=

......................m

4.
Difference in Elevation
h = Eh - El
=
h
=

......................m

5.
Dead Load Sag: for Spans up to 80m

[image: image12.wmf]20

l
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d

b


=
bd
=

......................m



or for Spans over 80m

[image: image13.wmf]22

l

=

d

b


=
bd
=

......................m

6.
Hoisting Sag
bh =   0.95 x bd
=
bh
=

......................m

7.
f min in hoisting Case

[image: image14.wmf]h
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3.3.5
Design of Bridge Foundation Structures

Design of a bridge foundation structure is mainly to select the standard anchor block types for right bank and for left bank and fill in the required data in the selected drawings. 

Standard anchor block (bridge foundation structure) types have been developed for all possible cases up to span 120m. The design concept and statical analysis has been followed as per chapter 3.2.3, while developing the standard anchor block types. 

There are basically seven types of anchor blocks depending upon the soil or rock type, whereof the typical designs are illustrated below (Figure 3.11, 3.12):

1. 
RCC Deadman and Gravity Soil Anchor Block on Flat Topography

[image: image35.png]Construction

rawing No 19

“Walkway Fitting”

B1uton cables

Dunae unp hundrml cubles
L3 L welkway :ablas 4 valkwoy aebler
sumpenders

X "

60 tance newan 3

X X totul 3 86 kg por m -
XXX span for both mdes =
SSKRK e

'X steal waikway
R deck

cross beum

walkway
cubles

Crons Fection of Watkway

Cable
o eachside

Required Nes of Crassboams
Spun_n [m

End of wulhwuy htung

Outer row of steeldeck
uildog LT
Husdead £ able

Frston Cubla

. Ferye Axer lume

2 Walkway Cuble Foxstion ot

Uelals osFinbion Wire
- Guuge 12 SWG

Outar tow of steeldeck

Al

.
I - 4 L
. e RS Fanne i | i 4
3
Detasd wt X HouRidy pins Lnvopen 1o ol BoA i h }f‘ i
o sie
trms lom 4 6 Han  llom Speig peanais aps
Gubien Wire Device for uncoiling from " ™ - -
Coled Davice lor prepuring coils rupplied co) N o
A
{m“??‘ )‘Q?d@&d‘? 4.&/
A
cofagine Length for Wire Cutung 4 20m =
wire knots -
——— Do dutance 2 10m suppuea LA N S AL AN
> 1 ol SNAO S NN
LA A A A A A A P
AR \d ~ h\ ~ \/\/\4
‘w( ma of
\/\X'WC SARY {V A
5 *h” -
\\OQQ'QGL "y\{m.‘\\
\ A A N A A TR
! ! ARARAARRIILIIIN
\ SN S \ %\w LY
Producedby € RGLVOERS Swise Pocrnuio nutionul Coaperntion in purtnershio with His Muestv's Government of Nepul funded xnd supeorted by the Swass Goverament (3
W
e | Sen Cwanuty ot Do Ry Vv Saction Quanuty N Werkion Drwwana Wahs
] {nox) vehans Lrwwina hyipe  Jotal kg Assembly Datails PurtNo lmm] fnox] u g ual v Speciboauons
i L ucturud stosl must comply with
e Aholen 4 14 %(‘ Anale I s 1 15276 1976 for swuctural ste
A - I . 1980 4 yo4  lides 15800 1984 for goneral construction in stesl
N : s 2 o . h s 7 .
& 2
® ¥ ¥ e, corers are b Lo arided of
H befors gulva
= dholes s 14 ")k“
4 1 hole ¢ 19 = A L " ealpuits must by bt dap g .n....u.am W
— vl # Angle 2 & = = +___L 29 & 2043 man thickaess = B0
Flat B RS { - oy 3 , ©. 0 4
3 10065 2 o 066 b 1980 % 2 = 1 S64 T8
t
holed 14 ol walkwayteubles = 40 em : ] Walk bl ki 1.6 290 [} For btusnsng unormaty. the use
3 T i t of tovapluten mnd piga s mur dutory
. 3 [ [N
Weldigg Detail of Part No. 1 1 T >
- For obtmantng unaformity fhe use of tomplates and g 1s mundntory Welidhng Detml of Part no 1c & 1d
8 Flat
oie N L N il
1 s : S R . 1% 8 | enese— ot | 0w
+ 280
E B e —
god o be m--n-d —
Tt s i e oL
4 on i oto a10 4 R 4 ::] E:I: 0074 0as
4
Her )’{“‘ o be welded Lo N
B ML 8 . o art Tu 00ib - Bar
15 i © 2 (KI)—I e PN . 48540 11 = (3R 147
Invert bo part 15
weldng 140
Totul Trunsportation Waght gelvanzed = 26 20 kg ] Totul Sleucturul Steel = Staal o be gulvenized 2426
Flaan Fod Faslt
£ [LReCH B Riz2t) 0 11z
A 1180 Secuon B P “Kequieed Nos of Panmels
+ + >!< U in fmi
T 0 .
a | | . | L !
T 1§ I R 1o
Wl Hooki wilkway = Apan 100
2 vi2 208 H AL a9 o8 11 ] 1 Ioway = Ap
N 200 200 190 N Saction B — T
120 n.....dw. [[ I T — B 106 car. ur T Type
1 1 N ] welk e g Gpan 1200
Hex Nue [ I l E "
M2 A (:}—’ O =W S = = 106 o e N Trpe
3 M i - (n)i 1. ooin . T wulkway M T
zi.» 0 U4 = —— = — T4 Tha pun OHO
Y sbtan slignment o T 3 - - -
'l @ I X of holos it
Washer 1 - - I'd
O = & 000 }m&%}f %?& . . % &
3t g : e \ \ I : b )}‘
u 3 090 threwds o ba clounied ufo Required Nos of PR ) S"}g‘ Y { ‘)7‘1} M"& y %* )3
hot dyp Crasmbewms por bridge — Py - Py ~ = - ~
wan 0% Spunn [m] & = — —_— =S —_— —_—— o —— -
AL istared sk oy i e T - 1 e
5 B4 oo £ 220 1970 fr suructaral sieel A 3N NN T 8 RegTughg” \ AU
10 “or full thewded LI 13 800 1984 for generul construction in steel L N g wmf vy s s A4 / AN AN N r ’
—t N N N N sl mikeyapla T T o - - = |} - Q-4 |— - — - ~ \su.x !mm...w..w
/////(M-w-odﬂg/ v P e .a‘. ////
i . RN 8N kg with Togm, 11 NN gt Na’mr A&u ~
A~y'79 Betding X Z2 059 kg Foe Dolivary Vv rAV Ay ar 7 7 — — =3 e — e e e——— ’ b s s
Tranmportatson Waight Towl Seructaral Siesl Nuus. Bolta, Washars Tha suspenders ehull be folded toyather with Lhe R O R RN NEN Te RN \ ~ \ (RN
(..iv.nmdbn PR VS Hieolts bo yulvunized crussbawm wnd to be bound with u binding ware VP I A A A ) = A A AR A SR Y A A A v
All shuer: cornart ure to bs arinded o MM oAb ete ihudd NN N ~ 4 b . NN NS N AN
steelourts mustbe hut B gulvanszed e to 15 2629 & D635 mun thickness = 50w s LA S l e 1980 T 1 L Lo ok 4 s <
AR < ~ ) rar Ny
rd A bk T L4 VAV A RV RN YRR ]
Froducedts € ROLTOLRS ¥ Ponr Avrcintion for Internutionul Cuonerutian in purtaershi with His Matesty s t5ovsenment of Newsl funded und thae Swass G 4500 Neowdd Preducedby 4 BOIWOTBE Novs shhar Auscommtion for Internnuonsl Covoarutiun 1w urtnershie wath His Muesty s Government of Newsl funded snd vupnarted by the Swiss Sovernmant (500 Noouli

Steel Drawing Nos 0

“Crossbeam”

Steel Drawing Nos 08 - 10

“Steeldeck”





Figure 3.11: RCC deadman and gravity soil anchor block on flat topography.

2. 
RCC Deadman and Gravity Soil Anchor Block on Slope Topography
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Figure 3.12: RCC deadman and gravity soil anchor block on sloped topography 

3. 
RCC Single Drum Rock Anchor Block in Hard Rock
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Figure 3.13: RCC single drum rock anchor block on hard rock.
4. 
RCC Double Drum Rock Anchor Block in Hard Rock
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Figure 3.14: RCC double drum rock anchor block on hard rock
5. 
RCC Single Drum Rock Anchor Block in Fractured Hard and Soft Rock 
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Figure 3.15: RCC single drum rock anchor block in fractured hard and soft rock.
6. 
RCC Double Drum Rock Anchor Block in Fractured Hard and Soft Rock 
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Figure 3.16: RCC double drum rock anchor block in fractured hard and soft rock.
7. 
RCC Deadman Anchor Block in Fractured Hard and Soft Rock 
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Figure 3.17: RCC deadman anchor block in fractured hard and soft rock
To select an Anchor Block Type proceed as follows:

· define the walkway width (refer chapter 3.3.4).

· define the span of the bridge from  the bridge profile (refer chapter 3.3.3).

· define the topography of the ground where the anchorage block will be placed as flat or slope.

· The topography is defined as flat if the ground slope is less than 10(, and slope if the ground slope is more than 10(.

· define the soil or rock type from the Form No 1: Survey Form and Checklist, Volume II of this manual .

· define the tower height from bridge profile (refer chapter 3.3.3). Tower height = Height of walkway cable saddle from the ground + 1.1m in case of soil bank and flat topography. Tower height = 2.4m (fixed) in case of soil bank and slope topography. Tower height = 2.0 m (fixed) in case of Rock bank.

· select the anchor type and the corresponding drawing from the selection tables according to the above design data.

Design the Anchor Types as per following Checklist.

A.
Design Data
(  Fill in the following Design Data from Form No. 1: Survey Form and Checklist
	· Walkway Width, WW (70 or 106cm):

cm
· Bridge Span:

m

	Right Bank Condition

	Geology:
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Soil

	
	

	If Soil, how is the Ground Surface?
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Flat

(up to 10( slope)

	or
	Hill Slope

(more than 10( slope)

	What is the Soil Type? 
	Gravelly
	Sandy
	Silty

	Tower Height from Ground up to H.C.Saddle (data from bridge profile):
	2.4m
	3.4m
	4.4m

	If Rock, what is the Rock Type?


Tower Height
	Hard Rock

(only few fractures)
	Hard Rock

(highly fractured)
	Soft Rock

	
	
2.0m
in Case of Rock

	Left Bank Condition

	Geology
	Soil
	
	

	If Soil, how is the Ground Surface?
	Flat

(up to 10( slope)

	or
	Hill Slope

(more than 10( slope)

	What is the Soil Type?
	Gravelly
	Sandy
	Silty

	Tower Height from Ground up to H.C.Saddle (data from bridge profile):
	2.4m
	3.4m
	4.4m

	If Rock, what is the Rock Type?


Tower Height
	Hard Rock

(only few fractures)
	Hard Rock

(highly fractured)
	Soft Rock

	
	
2.0m
in Case of Rock


B.
Selection of Anchorage Types

Select appropriate anchorage type at Right Bank and Left Bank according to the above design data.

Procedure for Selection:

· According to the Soil/Rock type and Slope of the ground, refer to respective tables for selection of Anchorage Block as per below. 

for Soil and Flat Ground
:  Table 3.7
for Soil and Hill Slope 
:  Table 3.8
for Hard Rock 
:  Table 3.9 or Table 3.10
for Fractured Hard Rock or Soft Rock:

Span up to 90m (WW = 70cm) and up to 60m (WW = 106cm)
:  Table 3.11 or Table 3.12
Span Range 91-120m (WW = 70cm), 61-120m (WW = 106cm)
:  Table 3.13

· In the table match the design data:


Selected Walkway Width ( Bridge Span ( Tower Height ( Soil type ( Select the corresponding Anchor Type and Drawing No. for right bank and left bank respectively.

C.
Anchor Type Selection Tables

· In Soil and Flat Ground:

Table 3.7: Selection of RCC Deadman and Gravity Soil Anchor Block in Flat Ground

	Span Range, m
	Tower

Height

[m]
	Foundation

Soil Type
	Block

Type
	Drawing

No.

	Walkway: 70cm
	Walkway: 106cm
	
	
	
	

	Up to 45m
	Up to 30m
	2.4
	All
	1F
	21Dcon

	
	
	3.4
	
	2F
	22Dcon

	
	
	4.4
	
	3F
	23Dcon

	46 - 90
	31 - 60
	2.4
	All
	4F
	24Dcon

	
	
	3.4
	
	5F
	25Dcon

	
	
	4.4
	
	6F
	26Dcon

	91 - 120
	61 - 75
	2.4
	All
	7F
	27Dcon

	
	
	3.4
	
	8F
	28Dcon

	
	
	4.4
	
	9F
	29Dcon

	-
	76 - 90
	2.4
	All
	10F
	30Dcon

	
	
	3.4
	
	8F
	28Dcon

	
	
	4.4
	
	11F
	31Dcon

	-
	91 - 105
	2.4
	All
	12F
	32Dcon

	
	
	3.4
	
	8F
	28Dcon

	
	
	4.4
	
	13F
	33Dcon

	-
	106 – 120
	2.4
	Gravely
	12F
	32Dcon

	
	
	
	Sandy, Silty
	14F
	34Dcon

	
	
	3.4
	All
	15F
	35Dcon

	
	
	4.4
	
	13F
	33Dcon


· In Soil and Slope Ground:

Table 3.8: Selection of RCC Deadman and Gravity Soil Anchor Block in Hill Slope

	Span Range, m
	Tower

Height

[m]
	Foundation

Soil Type
	Block

Type
	Drawing

No.

	Walkway: 70cm
	Walkway: 106cm
	
	
	
	

	Up to 60m
	Up to 40m
	2.4
	All
	1S
	41Dcon

	61 – 90
	41- 60
	2.4
	All
	2S
	42Dcon

	91 - 120
	61-75
	2.4
	All
	3S
	43Dcon

	-
	76 - 90
	
	Gravely
	4S
	44Dcon

	
	
	2.4
	Sandy
	5S
	45Dcon

	
	
	
	Silty
	6S
	46Dcon

	-
	91 - 105
	2.4
	Gravely, Sandy
	7S
	47Dcon

	
	
	
	Silty
	8S
	48Dcon

	-
	106 - 120
	2.4
	Gravely, Sandy
	8S
	48Dcon

	
	
	
	Silty
	9S
	49Dcon


· In Hard Rock for all Span Range:



Table 3.9: Selection of RCC Single Drum Anchor in Hard Rock

	Span Range, m
	Tower Height

[m]
	Block Type
	Drawing No

	Walkway: 70cm
	Walkway: 106cm
	
	
	

	up to 90
	up to 60
	2.0
	1HRS
	61Dcon

	91 – 120
	61 - 120
	2.0
	2HRS
	62Dcon


When slope is too steep and there is not enough space for single drum anchorage system (Table 3.9), select the double drum system from following table 3.10.



Table 3.10: Selection of RCC Double Drum Anchor in Hard Rock

	Span Range, m
	Tower Height

[m]
	Block Type
	Drawing No

	Walkway: 70cm
	Walkway: 106cm
	
	
	

	up to 90
	up to 60
	2.0
	1HRD
	63Dcon

	91 – 120
	61 - 120
	2.0
	2HRD
	64Dcon


· In Fractured Hard Rock/Soft Rock for Span Range up to 90m (WW = 70 cm)

and 60m (WW = 106cm):



Table 3.11: Selection of RCC Single Drum Anchor in Fractured Hard Rock/Soft Rock

	Span Range, m
	Tower Height

[m]
	Block Type
	Drawing No

	Walkway: 70cm
	Walkway: 106cm
	
	
	

	up to 90
	up to 60
	2.0
	1FRS
	65Dcon


When slope is too steep and there is not enough space for a single drum anchorage system (Table 3.11), select the double drum system from the following table 3.12.

Table 3.12: Selection of RCC Double Drum Anchor in Fractured Hard Rock/Soft Rock

	Span Range, m
	Tower Height

[m]
	Block Type
	Drawing No

	Walkway: 70cm
	Walkway: 106cm
	
	
	

	up to 90
	up to 60
	2.0
	1FRD
	66Dcon


· In Fractured Hard Rock/Soft Rock for Span Rang of 91- 120m (WW = 70 cm)


and 61-120m (WW = 106cm):

Table 3.13: Selection of RCC Deadman Anchor in Fractured Hard Rock/Soft Rock

	Span Range, m
	Tower Height

[m]
	Block Type
	Drawing No

	Walkway: 70cm
	Walkway: 106cm
	
	
	

	91-120
	61-120
	2.0
	2FRD
	67Dcon


Selected Anchorage Foundation Type and corresponding Drawings from the Tables above:

Right Bank:
Anchor Type

 Drawing No



Left Bank:
Anchor Type

 Drawing No



D.
List of Drawings

Select the required Steel Drawings and Construction Drawings according to the walkway width, selected cables and selected Anchorage Block types. For this, refer to Chapter 3.5 Standard Drawings.

Prepare a General Arrangement drawing for individual bridge design. For this, refer to Chapter 3.3.7: General Arrangement Drawing.

3.3.6
Other Structures

Besides the bridge structure, some other adjacent structures may be required for overall bridge stability and for safety measures. These are the following structures.

A.
Windguy Arrangement

B.
Retaining Structures

C.
Slope Protection works

D.
River Bank Protection

A.
Windguy Arrangement

Generally Windguy Arrangements are not required for bridges with span of up to 120m. Therefore, no lateral stabilizing measures (windguy system) is considered in this standard suspended bridge design. However, for special cases (spans more than 120m or extreme windy areas exceeding wind speed of 160km/h) there is a provision for fixing a windguy system. The details on Windguy arrangement is the beyond the scope of this manual. 

(For detailed geometric calculations refer to the Design Manual, Volume A of the Suspension Bridge Project, Nepal. The Steel Drawing for the windtie cable clamps is shown on Drawing No. 11A and respective Construction Drawings for different types of windguy cable anchorages are given in Drawing Nos 51Acon, 52Acon, 53Acon, 54Acon, 57Acon and 58Acon in Volume III.)

B.
Retaining Structures

Retaining structures are necessary to retain the earth (soil, fractured rock and weathered soft rock) behind the anchorage blocks of the bridge. There are many options of retaining structures. But for the trail bridge construction most feasible are retaining walls. Retaining walls can be of gabion boxes, rubble masonry and dry stone masonry. For the Short-Span trail bridge construction dry stone retaining wall or breast wall are preferable, since they require only local materials.

The choice between retaining wall and breast wall depends on different factors, such as available space behind the blocks, required height of the protection, soil conditions etc. 

Retaining walls are used when the earth to be retained is loose soil with large protection height. For the design of the retaining wall use the following table (Table 3.14).

Table 3.14: Selection of appropriate Retaining Wall


Breast walls are used when earth to be retained is fractured or weathered rock or compact soil with temporarily unstable nature. For designing breast walls use the following table (Table 3.15).

Table 3.15: Selection of appropriate Breast wall


C.
Slope Protection Measure

Slope protection measure depends on the factors influencing slope instability. It is recommended to select the bridge site, where there are no slope instability features. However, often it is necessary to drain out the surface runoff and seepage water from the slope as a slope protection measure. 

Water should be collected as closely as possible from its origin and safely channeled to a nearby watercourse. The surface drainage can be catch drain on the slope or drainage around the anchorage foundation or combination of both. The choice depends on the position of the anchorage foundation and the profile of the natural terrain as shown in the sketch bellow (Figure 3.18).


Figure 3.18: An Example of Slope Protection Measure.

The drain should be open type and section of the drain as per following design (Figure 3.19).


Figure 3.19: Drain section details.

To avoid self-scouring, the drain outlet should be protected as shown in the following sketch (Figure3.20).


Figure 3.20: Protection of drain outlet
In seepage area, sub-surface drainage is required around the anchorage foundation. The typical layout design of the sub-surface drain is as shown in the sketch bellow (Figure 3.21).


Figure 3.21: Typical layout design of sub-surface drainage.

The typical design of the sub-surface drain is as shown in sketch below (Figure 3.22).


Figure 3.22: Typical design of sub-surface drainage.
Bio-Engineering

Surface drainage alone may not be sufficient for unstable slopes. The most effective method for stabilizing such slopes is bio-engineering in combination with light civil structures such as catch drains, check dams, cascades etc. This is a cheap and easy method. The main concept of this method is to grow trees, plants such as shrubs or grasses. Deep rooted and fast growing trees and plants are most suitable for this purpose. Proper selection of plant types is most important and should be based upon local experience. Some of the vegetation measures are:

· planted grass lines: contour/horizontal or down slope/vertical or random planting

· grass seeding

· turfing 

· shrub and tree planting

· shrub and tree seeding

· fascines (bundles of live branches are laid in shallow trenches)

The details about bioengineering are beyond the scope of this manual.

(For more and in-depth details about bioengineering techniques refer to the respective literatures and Manuals. One of the recommended manual is: " Road Side Bio-Engineering, Reference Manual by John Howell, published by HMG/Department of Roads").

D.
River Bank Protection

River protection works are of temporary nature and costly. This requires frequent maintenance to keep the structure functional. Therefore, avoid bridge site, which requires river protection works as far as possible. This is a complex subject and cannot be covered by this handbook.  For detail refer to SBD Design Manual Vol.A. 

3.3.7
General Arrangement Drawing

General Arrangement (GA) drawing shows the overall plan and profile of the bridge. The GA should reflect the major components of the bridge and its geometry including the elevations of the foundations at the right and left bank. The GA is required for overall view of the designed bridge and also for layout of the bridge for construction.

Draw the GA on the same bridge profile as already done under chapter 3.3.3, and mention the following data on the plan and the profile of the bridge:

· span and dead load sag, 

· distance from the axis point A and B (which, were fixed during survey) and the center of the tower,

· cable elevations at saddles, elevation of the lowest bridge point and all bridge foundation levels,

· over all dimensions of the bridge structures and its elevations. 

The completed GA should be sufficient for the layout of the bridge. An example of a GA drawing of a bridge is given on the next page.

3.4
Design Example

A complete design example of a bridge is given below.





3.5 

Bridge Standard Drawings

3.5.1

Introduction and Overview of Drawings

The Bridge Standard Drawings represent the centerpiece of the Short Trail Bridge Standard.  They are composed as a unit component system and are categorized in two categories:

· Construction Drawings (Table 3.16)

· Steel Drawings (Table  3.17)

Both drawing categories are linked with each other and depending on the bridge design the required drawings are selected.

Table 3.16:Construction Drawings
	Drawing Titles
	Drawing Nos.

	FITTING DETAILS
	Walkway Fitting for 70 cm Walkway Width
	19Dcon70

	
	Walkway Fitting for 106 cm Walkway Width
	19Dcon106

	TOWER DETAILS
	CSM Tower & RCC Core for 70 cm Walkway Width
	20Dcon70

	
	CSM Tower & RCC Core for 106 cm Walkway Width
	20Dcon106

	SOIL ANCHORS
	Flat Ground
	RCC Deadman & Gravity Soil Anchor Block in Flat Ground 
for 2 Walkway Cables
	21Dcon - 26Dcon 
(6 Drawings)

	
	
	RCC Deadman & Gravity Soil Anchor Block in Flat Ground 
for 4 Walkway Cables
	27Dcon - 35Dcon 
(9 Drawings)

	
	Hill Slope
	RCC Deadman & Gravity Soil Anchor Block in Hill Slope
for 2 Walkway Cables
	41Dcon & 42Dcon

	
	
	RCC Deadman & Gravity Soil Anchor Block in Hill Slope 
for 4 Walkway Cables
	43Dcon - 49Dcon
(7 Drawings)

	Rock Anchors
	Hard Rock

	RCC Single Drum Anchor in Hard Rock for 2 Walkway Cables
	61Dcon

	
	
	RCC Single Drum Anchor in Hard Rock for 4 Walkway Cables
	62Dcon

	
	
	RCC Double Drum Anchor in Hard Rock for 2 Walkway Cables
	63Dcon

	
	
	RCC Double & Single Drum Anchor in Hard Rock 
for 4 Walkway Cables
	64Dcon

	
	Fractured Rock
	RCC Single Drum Anchor in fractured Rock for 2 Walkway Cables
	65Dcon

	
	
	RCC Double Drum Anchor in fractured Rock for 2 Walkway Cables
	66Dcon

	
	
	RCC Deadman Anchor in fractured Rock for 4 Walkway Cables
	67Dcon

	Anchor Drawings for Windguy Cables

optional
	Gravity Soil Block for Cable ø 26mm

Gravity Rock Block for Cable ø 26mm

Gravity Soil Block for Cable ø 32mm

Gravity Rock Block for Cable ø 32mm

RCC single Drum Anchor in Hard Rock, Cable ø 26 or 32mm

RCC single Drum Anchor in Fractured Rock, Cable ø 26 or 32mm 
	51Acon

52Acon

53Acon

54Acon

57Acon

58Acon


Table 3.17: Steel Drawings

	Drawing Titles
	Drawing Nos.

	Walkway Cross Beams
	Crossbeam for 2 Walkway Cables for walkway width = 34 cm*
	
01D*

	
	Crossbeam for 2 Walkway Cables for walkway width = 70 cm
	
02D

	
	Crossbeam for 4 Walkway Cables for walkway width = 70 cm
	
02D4

	
	Crossbeam for 2 Walkway Cables for walkway width = 106 cm
	
03D

	
	Crossbeam for 4 Walkway Cables for walkway width = 106 cm
	
03D4

	Steel Deck
	Steeldeck Standard Panel, length = 198 cm / width = 34 cm
	
08A

	
	Steeldeck Standard Half Panel, length = 98 cm / width = 34 cm
	
09A

	
	Steeldeck Special Panel,
length = 223 cm / width = 34 cm
	
10A

	Saddles &

Reinforcement
	Soil
	Saddles & Reinforcement for 
RCC Deadman & Gravity Soil Anchor for 2 Walkway Cables
	
20D2

	
	
	Saddles & Reinforcement for 
RCC Deadman & Gravity Soil Anchor for 4 Walkway Cables
	
20D4

	
	Rock
	Saddles & Reinforcement for 
RCC Deadman Anchor in fractured Rock for 4 Walkway Cables
	
20D4S

	
	
	Saddles & Reinforcement for 
Drum Rock Anchor for 2 Walkway Cables

Saddles & Reinforcement for 
Drum Rock Anchor for 2 Walkway Cables
	
60D2


60D4

	optional
	Windties Cable Clamps for Windguys Cable ø 26 or 32 mm

Windguys Cable Anchorage for one Cable End ø 26 or 32 mm
	
11A


50A


*Also a narrow walkway of 34cm width (1pannel wide only) has been developed, but is not used very often and is, therefore not considered in this Handbook; but can be used, if dimensions of anchor blocks are designed accordingly.

Table 3.18: Legend for the drawing number and suffixes

	
	   Drawing No. 
Suffix
	Bridge or Drawing Type

	S t e e l

Drawings
	
11
A

02
D

02
D4

02
D4W

20
D4S
	For All bridge types

For suspended bridge types

For 4 walkway cables

Suitable for Windguy cables

Special

	C o n s t r u c t i o n

D r a w i n g s
	
42
Dcon

20
Dcon 70
	construction drawings

For 70 cm walkway width

	
	Anchor Drawings (Block Types)

	
	
3F


5S


1HRS


1HRD


1FRS


1FRD
	Block Type 3 in Flat Ground

Block Type 5 in Hill Slope

Block Type 1 in Hard Rock for Single Drum

Block Type 1 in Hard Rock for Double Drum

Block Type 1 in Fractured Rock for Single Drum

Block Type 1 in Fractured Rock for Deadman


3.5.2

Concept of the Standard Drawings

Steel Drawings

Each Drawing provides the necessary information and specifications for manufacturing the desired steel parts.  Depending on the width of the walkway, the size of the walkway cable and the span, the empty spaces in the materials list have to be filled in and the total weight has to be calculated as per the example below (Table 3.19).

Table 3.19: Calculation of total weight of the steel parts



From the total weights of each drawing, the grand total for each steel category has to be added up as follows:

A :
Means the entire weight of the steel including galvanization to be transported to the site.

B :
This is the total structural steel, raw or untreated.  This includes steel profiles, plates and flats but not reinforcement bars and other steel items.

C :
This is the weight of the Nuts, Bolts & Washers (galvanized weight).

D :
This is the weight of Bulldog Grips or Thimbles, if required. (galvanized weight).

R :
This is the raw weight of the Reinforcement Steel or Plain Rods they are never galvanized.




The total transportation weight A = B + C + D + R

g :
The small g indicates the weight of the structural steel to be galvanized. This weight is part of or can be the sum of the total structural steel (B), but it is not an additional weight.

The above distinction is made for quotation purposes because the price per kg (or piece) of the different items varies greatly. Reinforcement steel is much cheaper, and Nuts & Bolts are much more expensive than structural steel.

The weight of the steel to be galvanized is necessary to obtain the price for galvanization separately, without the cost of the steel as such.

Usually, steel drawings are not necessary at the construction site, but for assembly and identification of the steel parts, a copy of each steel drawing should be available.  Also, for maintenance at a later stage, copies of the steel drawings are useful.

Construction Drawings

The construction drawings are the actual site drawings of which one complete set is absolutely necessary at the site. Depending on the required width of the walkway the corresponding “Walkway Fitting” & “CSM Tower” drawings have to be selected (either 70 cm or 106 cm).

· Walkway Fitting Drawing
(for 70 or 106 cm walkway)

· Details of CSM Tower & RCC Core
(for 70 or 106 cm walkway)

The CSM Tower & RCC Core, Drawing No. 20Dcon70 or 20Dcon106, are identical for all bridges.


For the actual anchorage arrangements, there are two main categories of drawings:

· Soil Anchor Drawings

· Rock Anchor Drawings

Both drawing types are complete designs and fulfill the respective parameters selected in the design form. Also, in both the drawings, the necessary quantities of construction materials are already calculated.  These have to be put in the respective tables given in the cost estimate Form No. 3 or 4 in the Vol.II of this manual.

The Soil Anchor Drawings are sub-divided into:

· Soil Anchor Block in Flat Ground

· Soil Anchor Block in Hill Slope

In flat ground with a maximum gradient of 10o, block types 1F – 15F are applicable, whereas in slopes over 10o, block types 1S – 9S are to be applied.

It is absolutely necessary to fill in the Elevation and Cable diameters as indicated in the drawings. The levels are to be determined in the topographic profile of the survey whereas the cable diameter can be taken from the design form.



Figure 3.24: Example on soil and rock anchor

3.5.3
Relationship between Construction and Steel Drawings

Each Construction Drawing has related Steel Drawings. The respective related drawing numbers are mentioned on the drawing itself and also the respective steel parts numbers are shown on the construction drawing for easy reference (Figure 3.25 and 3.26).

The Construction Drawing for the "Walkway Fitting", Nos. 19Dcon70 or 19Dcon106 shows the superstructure of the bridge. The related Steel drawings are the corresponding Steel Crossbeam and Steel deck Drawings.


Figure 3.25: Relationship between construction and steel drawing.
The Steel Drawings for Saddle and Reinforcement, Nos. 20 & 60 are related to the corresponding Construction Drawings Nos. 20Dcon70 (70 cm walkway) or 20Dcon106 (106 cm walkway).

Furthermore, depending on the soil conditions (soil or rock), the Steel Drawing Nos. 20 & 60 are related to the Anchor Drawings "Soil" or "Rock" as shown below.  


Figure 3.25: Relationship between construction and steel drawing
3.6
Calculation of Quantity and Cost Estimate 

Calculation of quantities and cost estimate is required for the purpose of planning and implementation. The selected approach of implementation determines the methodology of calculating the quantities & cost estimate. However, some of the steps are similar to the both approaches of Trail Bridge implementation. 

Standard forms for calculation of quantities and cost estimate for both implementation approaches are presented in the Vol. II of this manual as Form No.3 and Form No.4. The methodology of calculating quantities and preparing cost estimate for the two approaches of implementation and how to use the respective Forms is described in the chapter below. 

3.6.1  

Implementation by the Community

To calculate the quantities and to prepare the cost estimate follow in sequence the procedure outlined below: (Please refer the Form no. 3 of Volume II of this manual). For details on the steps of community approach please refer to figure 6.1 in chapter 6.

· Quantity Calculation

· Calculate quantities of cables (use the Form No.2: Cable Design in Volume II of this manual). Fill in the Quantity Calculation Sheet of Wire Rope (Cables). This sheet will show the cable lengths of each diameter and the total weight of the cables.

· Calculate quantities of Steel Parts and Steel Deck from the corresponding steel drawings. Fill in the Quantity Calculation Sheet of Steel Parts and Steel Deck.

· Calculate quantities of Earth Works from General Arrangement Drawing. Fill in the Quantity Calculation Sheet of Construction.

· Calculate quantities of other construction works from the corresponding Construction Drawings. Fill in the Quantity Calculation Sheet of Construction.

· Prepare list of construction materials according to the calculated quantities of construction works.

· Calculate transportation weights for cables and other construction materials locally not available.

· Calculate quantities of Works and Labor.

· Rate Analysis

Prepare the rate analysis for fabrication of steel parts, steel decks and road transportation (items of external support to the community) as per unit quantity, unit cost and standard norms.

· Abstract of Cost

Compute the abstract of cost of the bridge as per the quantities of works (from Quantity Calculation Sheets) and the rates (from Rate Analysis) for each item of works and summarize the cost as per the category of works.

· Summary of Estimated Cost

· Bridge Cost: Calculate the Estimated Bridge Cost by summarizing the Abstract of Cost. Also calculate bridge cost per m span.

· Contribution: Estimate the expected contribution from different partners.

· Breakdown of the Contribution: Break down the contribution as Local Contribution and Outside Contribution. 

· Summary of Actual Cost

In the majority of cases, the actual bridge cost will not be the same as estimated. Therefore, calculate the actual bridge cost after completion of the bridge. 

3.6.2 
Implementation by the Contractor through the Public Tender

To calculate quantities and to prepare the cost estimate follow in sequence the procedure outlined below (Please refer the Form no. 4 of Volume II of this manual):
· Quantity Calculation

· Calculate quantities of cables (Form No.2: Cable Design in Volume II of this manual). Fill in the Quantity Calculation Sheet of Wire Rope (Cables).

· Calculate quantities of Steel Parts from the corresponding steel drawings. Fill in the Quantity Calculation Sheet of Steel Parts and Steel Deck.

· Calculate quantities of Earth Works from General Arrangement Drawing. Fill in the Quantity Calculation Sheet of Construction.

· Calculate quantities of other construction works from the corresponding Construction Drawings. Fill in the Quantity Calculation Sheet of Construction

· Prepare list of construction materials according to the calculated quantities of construction works.

· Calculate the transportation weight for cable and other construction materials locally not available.

· Rate Analysis

Prepare the Rate Analysis for all items of works as per unit quantity, unit cost and standard norms. The Rate Analysis should include all taxes and overheads of the contractor.

· Abstract of Cost

Compute the Abstract of Cost of the bridge as per the quantities of works (from Quantity Calculation Sheets) and the rates (from Rate Analysis) for each item of works. Abstract of Cost should also include contingency of 5%. This contingency amount will cover miscellaneous costs of the project.

· Summary of Estimated Cost

Calculate the Estimated Bridge Cost by summarizing the Abstract of Cost. Finally also calculate bridge cost per m span.

3.7
Review Questions

Answer the following questions:

1. Distinguish between suspension and suspended types of trail bridges.

2. Illustrate the typical layout (Plan and Profile) of a suspended type bridge and label it.

3. State the types of loads on a trail bridge.

4. What is the function of Bulldog Grips? Illustrate a typical Bulldog grip.

5. What are the components of the structural analysis and design involved in a suspended bridge?

6. What are the steps in sequence for designing a suspended standard bridge?

7. What are the criteria for fixing the Bridge Foundation?

8. State the steps to prepare the bridge profile when tentative position of the Tower has been fixed during the survey?

9. What is the fundamental principal behind the slope protection using Bioengineering?
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Figure 3.23: Design example
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Width of walkway	L	X     Weight / pc





	70  cm	910	740	2.73 kg


	


	106 cm 	1270	1100	3.81 kg





5 holes  14	





Part No.





Section 


[mm]





Quantity


[nos]





Working Drawing





Weight





total Kg





kg/pc











Angle


(spacer)


40/40/5


l = …..





1





……





…..u





8





Ri-Bar


 16


l = …..
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…R





L





Width of walkway	  L	Weight / pc


70  cm	2100		   3.32 kg


106 cm 	2500		   3.95 kg
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Bulldog


Grip


 ….





2





……





…D





For fixing the first suspender to the handrail cable  26 or 32 MS forged. according to ISI standard, galvanized.
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Plain 


Rod


 20





2*
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….R





ri = 60 mm





1300








* Erection Hooks needed at one bank only





Fill in the weight and the length of each piece (kg/pc) according to the width of the walkway and multiply by the quantity for computing the total Kg.





Fill in the weight of  the erection hooks if needed.





Fill in the  and corresponding weight of the handrail cable.
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Fill in :


	Bridge Name 


	No., Bank & 


	Span





Width of Walkway








No of required foundation





Compute the total weights from the weight column in the material list 





Fill in the  of the required Bulldog Grips plus the weight from the table below





D = ……… kg 


Bulldog Grips





g = 10.64 kg 


Steel to be 


galvanized





C = 0.32 kg 


Nuts, Bolts, Washers





R = …………kg Reinforcement Steel





B = ……………………… kg Total Structural 


Steel = (u+g)





A = ……………………… kg Total transportation Weight B+C+D+R+0.16 kg
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Figure 3.5: Typical walkway section








Figure 3.4: Suspended bridge-typical plan





Figure 3.3: Suspended bridge-typical profile
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