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P R E FA C E to the second enlarged edition

The manual for construction of suspension bridges will be guite help-
ful to the engineers who will construct suspension bridges in Nepal,
It contains the details of methods of surveying, calculations and de-
sign procedures, Previously we did not have any such manual having so
much in detail, I have no doubt that this manual will help all the
engineers who will construct suspended and suspension bridges, spe—
cially those who will be newcomers and work for construction of trail
suspension bridges.

At the samc time I must appreciate the commendable work done by Mr,
He Pfaffen, civil engineer with SATA,

Ce. Be Pradhanang
Kathmandu, March 1977 Superintending Engineer

The manual for Trail Suspension Bridges which first appeared in autumm
1975 has now been reedited for this second enlarged edition, The cons
tents were increased at the wish of many for an extensive treatment of
the deliberation and analysis necessary to plan, design, estimate and
construct standardized bridges. )

The suspended bridge (bridge without pylons) was completely accepted

as an equally valid solution to the suspension bridge, its standardized
design has also been taken into full consideration.

We have not attempted to cover the entire field of the bridge construc-—
tion work, but rather to select some of the most important sections for
unstiffened suspension bridges and their foundation constructions with

a special reference to a practical and economical engineering work, It
has been assumed that our readers already have a basic knowledge of
engineering work and we hope that they will find this book both instruc-
tive and covering the matters for execution of trail bridges,

For further assistance we recommend the standardized designs of steel=
work for suspended and suspension bridges of HMG! Roads Department com=
piled with SATA, Swiss Association for Technical Assistance, The quantity
of work has, however, been such, that the 330 plans for the unit - con-
struction bridge systems could not be included in this manual. These
drawings have been worked out and are available from the Suspension Bridge
Division.

This edition was financed by SATA. At the same time I would like to thank
all at the Suspension Bridge Division for their helpful comments,
especially the SATA engineers ILeo Condrau and Robert Groeli for their
unvaluable help to complete this manual.

Hane Pfaffen
Kathmandu, March 1977 SATA




P R E FAC E to the first edition

The descriptions given in this book will be quite helpful
specially to those who will be working for suspension
bridge projects for the first time, The tables and formulas
given will enable the surveyors to work out the calculations
on site itself, The instructions to be followed during the
construction period will help all the bridge builders to

avoid the mistakes that may even iead to the failure of

bridges.,
Ce Bs Pradhanang
Superintending Engineer
Suspension Bridge
Kathmandu, September 1975 Division

The Suspension Bridge Divicion should construct more than
50 feot - trail suspension bridges throughout the country
during the 5th Plen (1975 = 1980) period, Past experience
has shown that little technical training was provided for
newcomers in the field of suspension bridge design and
construction work, The Manual as presented now, is in a
preliminary phase and should ¢ " : a basis for future
technical training, In advance . would like to thank those
who will give critical suggestions, and help for adding

new pages,

H. Aschmann
Kathmandu, September 1975 SATA
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OR SUSPENDED BRIDGES

General Design, Dhaunebagar, Chacklighat, Kothe Bridge,
Maurasain, Jauljibi, Mangmaya Khola, Sekhathum, Purchudi
Hat, Nibu Xhola, Chilimay khola, Golgung Khola, Sukhadik,
Lodey Ghat, Pikuwa Khola, Khoranga Khola

Photos of Suspension and Suspended Bridges

Completed Pedestrian Bridges by HMG! Roads Departiment
Planning by HMG! Suspension Bridge Division of the RD

BRIDGE DESIGN

Nomenclature for Suspended and Suspension Bridges

Parabolas, Graphice’ - ‘'nod, TFactor Method, Suspender
length, fnalytical ™ ond

Design Specification for Standard Suspension Bridges,
Technical Data, Reaction on the Pylon Base, Stabilizing
and Spanning Cables, Available Standard Drawings

Design Specificafion for Standard Suspended Bridges,
Pechnical Data, Available Standard Drawings

Wind - Bracings for Suspended and Suspended Bridges
Single Cable under uniformly distributed load, Stiffness,
Single Cable under uniformly distributed ILoad,inclined
Span

Single Cable under concentrated single Load (e.g. Cable
car) with one Example

Calecnlation Example for a Suspension Bridge, Analysis for
the Cable Forces on a three Span Suspension Bridge

Calculation Example for a Suspended Bridge

STRUCTURAL ANALYSES

Soils and Soil Investigation, Bearing Capacity of Soils

Excavation for Foundation, Inclination of Slope, Trench
Timbering

Placing of Foundation, the Swedish Circle Methods




3.4 Drainage and Backfillinsz

3¢5 Retaining wWalls and Foundation Structures for Suspended and
- Suspension Bridges, Active Earthe Pressure, Structure Stability
of Anchor Blocks, Walls etc., Types of Walls, Drystone Re-
taining Wall, Breast wall, Pitching, Calculation Example for
a Retaining wall, Design of Gravity wall, Semigravity and
Cantilever wall

3.6 Anchor Blocks for Suspension and Suspended Bridges, Gravity
Block Typ No. 1, Gravity/Earth Block Typ No. 2, Gravity/Rock
Block Typ No. 3, Rock Anchor Typ No., 4

367 Design of Gravity Anchor Block, Calculation Example for a
Main Anchor Block for a Suspended Bridge (without taking
any Earth Pressure into Account), Calculation Example for
a Wind Guy Anchor Block, Caleculation Example for a Gravity/
Rock Block for 2 Suspended Bridge, Example for a Rock An-
chorage, Factor of Friction for Inclined Foundation Bottom

3¢8  Ppassive Earth Pressure on an Anchor Wall, Calculation Ex-
example for an Anchoe Wall (Deadman used as Main Cable An-
chorage), Calculation Example of a Deadman as wind guy An-
chorage, Calculation Example of san Anchorage Block for a
Suspended Bridge utilizing the Passive Earth Pressure

3.9 Double Eccentric Ioading, Coafficient for Calculation the
max, Soil Bearing of Bi-Axial and Eccentric compressed
Foundations, Calculation Example for a Pylon Foundation,
Calculation Example for an Anchor Block used as Wind Guy
and Side Stay Cable Anchorage, Dimensioning in Reinforced
Concrete Construction taking the Axial Compression Force
into Account, Bending Moments, Shearing Forces and Deflec-
tion, Trigonometry,General Conversion Tables, Mensuration
of Areas and Volumes, Colour Indication of Temperature of
Steel, Calculation of Anchor Rods and Hooks

4. SURVEY OF BRIDGES SITES

4.1 Site Selection and Technical Report

4.2 Site Survey after site Selection, Survey Methods, Tacheo-
metric Survey, Distances Across the River, levelling of Bench
Marks, "Step-method" for profile and measurement, Measurement
of Horizontal Distances on Slopes, Survey Instruments,
levelling and Theodolite
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Classification

Tvaluation of the Survey
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CONSTRUCTION MATERIAL

Steel Cables. Damage during Trangportation and Une
reeling, Unreeling the Cables, ables from India,
Cables from Japan, Used Rope Way Cables, Wires
P.W.Co (parallel wire cluster)

Cable Pittings,; Thimbles, Cable Fnd fixed with Bulldog
Grips znd Thimbles, Wixed by Drum and Cable End Clamp,
Joint Sealer, Application of the Joint Sealer

Steel, Fqual Angles, Channels, Rounds, Rods, Bavs,
Plats, Plates, Rivet and Rolt, Ribhed Torsteel for
Reinforced Concrete

Concrete, Recommended Mixes

Timber, YWood, Permissible Stresses, Round Column,
Planks, Buckling Numbers {DIN 1052)
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MACHINES AND TOOLS

Rock Drilling, General Describtion, Operation and
Maintenance, Toolbag, 7/8 inch integral Drill Steel,
Grinding of Drill Rits

Pulley System (Hoist Block), Different Combination.
Ioad Calculation by using of Pulley

Pulling Machines, Tirfor, Habegger, Accessories

Different Tools

s A
COST ESTIMATE
Planning and Execution Chart for Conztruction Work
on Suspended and Suspension Bridges

;Cost PBstimate (Rate Ana1y51s) for Suspension Bridges,

Photos of Execution Work, Cost Estimate for Suspended

~.gBridges (Rate Analysis), ‘green printed
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Quotation Form for a Standard Suspension Bridge's
Steelconstruction etec,

Quotation Form for a Standard Suspended Bridge's
teelconstruction etc,

"Terms of Jteelwork™ for Suspension and Suspended
Bridges as an integral Part of the Quotation Forms

Network of Roads in Nepal, Distances and Conditions
of the Roads, Planning of the Road Construction until 1984

LAYOUT
Fixing of the Bridge Position, Iay Out of the Blocks, Main

Anchorage, Pylon Foundation, Iay Out along a Parallel to
the Bridge Centre Line, Wind-Guy Anchorage

Suspended Bridge, Main Anchor Block

CONSTRUCTION WORK

Generzl, Collection of Materials
¢

BExcavation, Normal Excavation, Trench Excavaiion. Rock
Excavation, Drilling, Blasting, Rock Anchor

Concrete and Mssonary Work, Mzin Anchor Block of a2 Suspension
Tridge, Pylon = and Walk Way Anchorage, Main Anchor Block of
a Suspended Bridge, Wind Guy Anchorage, Concrete and Mascnazy
Work, Iay Out of a Suspension Bridges, Photos of Anchorage
Paris for a Suspended Bridge, lay Out of a Suspended Bridge,
Fitting of a #¥Main Anchor Block, Fitting of a Main Anchorage

River Bank and Soil Protection

BRIDGE ERECTION

Suspension Bridge, Pylon, Pylon Assembling Standard Drawing
90/52, Suspension Bridge, Pylon

Suspension Bridge, Hoisting
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10,6
1067

10,8

11,1
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1241
1262

12,3

13.

13,1

1342

Suspension Bridge, Suspenders and Walkway
Suspension Bridge, Wind Guy and Windtie
Finishing Off

Suspended Bridge, Fitiing of Anchor Parts,
Walk -~ Way Assembling

Single Wire (parallel wire cluster), Erection,
PsWeC. Cable Anchorage, Details

Final Check - Up, Curvature of the Suspension Bridge,

Pre-Stress in Cable, Check of all Nuts, Tightening of

Bulldog Grips and Turn Buckles, Arrangements for Cable
Ends, Fitting of Wire Mesh Netting

TRAIL IMPROVEMENT

Meinterance Report of Local Bridges with many FPhotos

MAINTENANCE

Maintenance, General
Maintenance Report of the Adamghat Bridge

Maintenance Report of the Jairamghat Bridge

PHOTOS OF
STANDARD STEELPARTS

Standardized Steelparts for Suspension Bridges

Standardized Steelparts for Suspended Bridges

INDE X

At the End of the dManual
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TYPES OF TRAIL SUSPENSION OR SUSPENDED BRIDGES | No.  1.101

GENERAL DESIGN. Variations depending on Date: 30th Dec 76

cross secticn and soil Sig. : 4 %Z

Assistance

For further information and references please refer to the chapter 2, Bridge Desi*

Bridge with 2 towers

medium
rock

weatW
rock

Tunnel /
anchorage

hard,sound
| solid’ rock—/

rock
anchors

Flat river bank on one side of river, sometimes flooded
(middle span as standard bridge)

The highest water level
may rise in a gorge
up to 1I0—-20M.

SOURCES - Design Section of
Suspension Bridge Division.

SATA, Swiss Association for Technical

4‘_HMG' Nopgl ‘Roads Department Suspensior. Bridge Division
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t1,102

No.

Dote 213th Dec, 76

Sig

TYPES OF SUSPENSION OR SUSPENDED FRIDGES

General Design

(e.g8, 512 Dhaunebagar Suspended Bridge of 87 m span)
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‘Noteworth 3 The main anchor blocks are
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TYPES OF TRAIL SUSPENSION OR SUSPENDED BRIDGES No. ¢ 1,103

General Design Dote : 13th Dec, 76

(e.g. 507 Chacklighat Bridgw of 70 m Span with one Pylen) Sig 1 ’(%

Noteworth : It has been proved that this is only ecenomical fer short spans, as

anchored, It should and must be menticned, that this type might
only be chosen if the coste can be expscted lower than the normal

' the pylons get to high, or a relatively high tensile force has to be
solution with two pylons,

HMG Nepal Roads  Department _ Suspension Bridge  Division

SA T A » Swiss Associotion for Technical Assistance
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SA‘T A , Swiss Association for Technical Assistance

TYPES OF TRATIL SUSPENSION OR SUSPENDED lNo. t 1,105

Gen Design Dots 13th, Dec, 76. ~
(e.g. 508 Kothe Bridge of 78 m span) .

Noteworth: The span is chesen with 78 m because the free board line with
at least five (5) metres above the kmown high flood level has
to be taken into account,
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HMG Nepal Roads Department Suspension Bridge Division
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SAT A , Swiss Association for Technical Assistance

TYPES OF TRAIL SUSPENSION OR SUSPENDED HRIDGES
General Design
(e.g8 506 Jauljibi Suspensien Bridge of 114 m Span)

No. 1,107

Date :13th Dec. 76

sig 1w

Noteworth t On the left river bank the back stay cables are nearly horizental,
The pylon is a hinge type, i.e, no different in the horizontal
force can be kept by the tower, To withstand +the propensity to
turn buck of the pylon a special clamp at the saddle has to be
used, These clamps on each saddle one) should be calculated by
using a factor of sliding of 0,1 and a factor of safety with 1,5 .
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SAT A , Swiss Association for Technical Assistance

TYPES OF TRAIL SUSPENSION OR SUSPENDED HRIDGES
General Design
(e.g8 506 Jauljibi Suspensien Bridge of 114 m Span)

No. 1,107

Date :13th Dec. 76

sig 1w

Noteworth t On the left river bank the back stay cables are nearly horizental,
The pylon is a hinge type, i.e, no different in the horizontal
force can be kept by the tower, To withstand +the propensity to
turn buck of the pylon a special clamp at the saddle has to be
used, These clamps on each saddle one) should be calculated by
using a factor of sliding of 0,1 and a factor of safety with 1,5 .
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SAT A , Swiss Association for Technical Assistance

TYPES OF TRAIL SUSPENSION OR SUSPENDED HRIDGES
General Design
(e.g8 506 Jauljibi Suspensien Bridge of 114 m Span)

No. 1,107

Date :13th Dec. 76

sig 1w

Noteworth t On the left river bank the back stay cables are nearly horizental,
The pylon is a hinge type, i.e, no different in the horizontal
force can be kept by the tower, To withstand +the propensity to
turn buck of the pylon a special clamp at the saddle has to be
used, These clamps on each saddle one) should be calculated by
using a factor of sliding of 0,1 and a factor of safety with 1,5 .
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'SAT A , Swiss Association for Technical Assistance

TYPES OF TRAIL SUSPENSION OR SUSPENDED BRIDGES
General Design
(.8 515 Mangmaya Khola Bridge of 48 m span)

L

No. 1,108

Date 13th Dec, 76

sis /6 Sl

Noteworth : The first design has been a standard suspension bridge of 78 m span.
After the Divisional Engineer and SATA Field Enzineers have taken

a field trip it was proved, that the proposed suspension bridge

can be replaced with a standard suspended bridge of 48 m span only,
This latter typ of bridge will save about two thirds of the amount
to be spent on a suspension briige. The new sgite of the 48 m
suspended hridge is enly about 25m upstream from the first proposed
site, Tt must and should be said, that such errors should be
prevented by the survey team which is conducting the site selection.
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TYPES OF TRAIL SUSPENSION BRIDGES

General Desi

(e«g. 523 Sekhathum Suspended Bridge of 75 m Span)

e ——— — — — s v—
—— ——— — —— e
2WI/PNGO'E: MMMYIA TS XYW c
- ¥9'l ¢ DNIGIE LENWOY ALTdVS =4
. 21225 ANUMULNIAD LSMIVSY AL3dvS ‘O
(23
. ,.au@ ©E0s NOLLOWA 40 HOLIWS .IV-
- eer T .A,nn%.cnh
oSy !
S 3 3 3 | z (]
__waggza (VIS ¥Ai# 3TG¥5 NYNE © 8 ) 3 o
Hos TS g1 o né TYD WO ey, — Tr T R i ot
¥ IS WE O osie
o I 1 CLE —
TTTTIITITTIT 8 i -
] g ‘ g S
&, — owE | |
H : . g 1 oy
| w0 ; ; e
o 10768 | ice'se w916, avon 1Ing e [a]
g [N 3 10v'22 | 109 wov's: _ 0¥01 Gvao Y o=
Eo o0 WS T00s O wor's: DRLEIOH % ogs T w
19404 gu2_suo uonspwo) w40 % : [l
5o WiGDD Wew W) Uomer #3040} w3y WAy uduey e@OD % t [
{ oo e % (a8
o WEOEL WVaE 1 57 AA/ w
A =3
0816 = 9} waoa /fr
0S'$H 3 UOUDAHE MDD S
00 #6= 830; Jeddn
NOILVONNOS AND MM
O 96 =08} URIDG Ty
28 e [
» UOHDAMS D3 4
OO aaarey sadon (L T TGOV« $00W NI IO RVaE
0D TN e V- ]
K] o i " oo ¥a: 3GV AN OHIK L J5 WVdE S8g
— f / \ i PRt -1
. | porYaE o -
sowsod mu{ | 0o L Jn LIS i fezz c
i e @
r\MWN : i £
i oy
o, R m
Q
a
- apun W PP,
P -
< — s*de dS
lo =
] E < (=]
m 7 [=)
[
m PR TN
4 [
=4
0
o
20 TOT W00 2ie 31aY7 AND GNIM WL 40 Wwds —
-l \
NS (=]
08662 30y weioq ~Tas 8 5 85 556 = == = = ===
050 20n = wany o o 8 nmmmunﬁ wuwmmmm 83 5§82 & 8 &3 3ias w
B Py
NOILVGNNOS AND GNIM ©w h
801 »ol 2
S0
! ou16 ¢ ww wmine (L]
- 0 5= voiicans v
&0 Q5 E6: 3 seddn M
NOUYONAGY ANS ONIM
w01 I
3
an L1 3 3 8 2 g 2 2 2 23
601
w ou
w

QoUDSISSY [03IUYDe] 10}

uoliDI20SSYy ESIMS ‘v L ¥S




' TYPES OF TRAIL SUSPENSION BRIDGES
General Design

(e.ge 522 Purchudi Hat Suspended Bridge of 48 m Span)

3

1.110
1st March 77
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TYPES OF TRATL SUSPENSION OR SUSPENEED ERIDGES

General Design

Department.
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(e.8. 524 Fitu Xhola Suspended Bridge of 57 m Spen)
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(eege 510 Chilimay Khola Suspended Bridge of 51 m Span)
HMG Nepal

TYPES OF TRAIL SUSPENSION OR SUSPENDED BRIDGES

General Design
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TYPES OF TRAIL SUSPENSION OR SUSPENDED BRIDGES 1113

General Design 18t Maxch 77 ~
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SAT A , Swiss Association for Technical Assisrance

General Design

TYPES OF TRAIL SUSPENSICN OR SUSPENDED BRIDGES

(e,g. 513 Sukadhik Bouldik Suspended Bridge of 84 m Span)
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1st March 77
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(eegs 521 ‘Lodey Ghat Suspension Bridge of 150 m span)
HMG Nepal

TYPES OF TRAIL SUSPENSION OR SUSPENDED BRIDGES

General Degign
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SAT A , Swiss Association for Technical Assistance

TYPES OF SUSPENSION OR SUSPENDED BRIDGES 1,117

General Desi

(e.e. 526 Khoranga Ehola Suspended Bridge of 84 m span) ———%
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TYPES OF TRAIL SUSPENSION OR SUSPENDED BRIDGES No. :1.207

Nate :23rd Febr, 77

Sig fi;& /4//&-

Suspension Bridges

for Technical Assistoncs

Swiss Association

HMG N epal Roads Department Suspension Bridge Division
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TYPES OF TRAIL SUSPENSION

Suspension Bridges

OR SUSPENDED BRIDGES Ne 1,202 -

Dote : 23rd Febr. 77
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PLANNING WORK OF THE SUSPENSION BRIDGE DIVISION No. : 1,301

Completed Pedestrian Bridges within the Period) Dote : 1,Dec. 76
s 1t for the LDD i 7
1963 = 1976 (without Bridges bui (- Sig - %

Number of bridges financed by HMG, Roads Department (partiy by SATA inkind
Number of bridges financedby US AlD of steel and cables)
Number of bridges financed by World Bank

eececee  Total length of bridges completed in one ysar

(without bridges built for Local Development Department )
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PLANNING WORK OF THE SUSPENSION BRIDGE DIVISION No. : 1,301

Completed Pedestrian Bridges within the Period Date : 1.Dec. 76
I the LDD
1963 = 1976 (without Bridges built for the ) Sig - —
Number of bridges financed by HMG, Roads Dep@rtment (partly by SATA inkind
Number of bridges financed by US AlD of steel and cables)

Number of bridges financed by World Bank
escocee  Total length of bridges completed in one year

(without bridges built for Local Development Department )
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BRIDGE DESIGN

Graphical method

Parabola construction,
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“RIDGE DESIGN

Bridge Division

Suspensgion
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BRIDGE DESIGN

Parabola construction, analytical method
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SAT A , Swiss Association for Technical Assistance

BRIDGE DESIGN . No. 2,301

Design Specification for Standard Suspension Bridges Date * 14th Febr, 77

Sig ¢ //7A/I~;.

Suspension Bridge

The Standard Suspension Bridge is a light suspension bridge, chiefly meant for
pedestrian and pack animal traffic, The walk way (gangway) is unstiffened,

This bridge Typ is normally constructed with two pylons and the suspended walkway
has an arched profile, The suspension bridge design is normally applied for river
cross section with flat banks and is more expensive than the Suspended Bridge
(without pylons). It is recommended in cases where the required free-board line
cannot be achieved with the suspended bridge (cat walk).

The grafic on page 4.101 shows, that a suspension bridge is between 28 to 80 %
expensiver than a suspended bridge,

The main design characteristics of the suspension bridge are as follows

- Standard spans available cee ees  esee 66 - 222 m

- Span intervals of eee ees sse see 12 m

- Sag ratio (full loaded) cee ese  ees 1/8 to 1/9

— width of the wooden deck (walkway) ver 1420 m

— Live 10ad see  ess  eee  ess sso  sees 400 kg/m2 or 480 kg/m1

- Wind load (exposed area) ese ses  eses 150 kg/m2

- Available standardized drawings ... oo Page 2,305

- Further technical data see ees eee Pages 2,303 and 2,304

Walkway and Suspenders

The walk way cross-section for a suspension bridge is shown below. The walkway is
supported by adjustable m.s, bar suspenders attached to the main cables at 1,20 m
centres. The spanning cables are pretensioned to minimise longitudinal oscillations.

The following spanning cables are used :

Walk-way
Span inm cable g (inches) #h
66-102________ 1 ™ ;
1M4-186____ 1} n ‘

198=222__ - 1%

The walk way deck is supported on cross

beams made of two mes. angles,The cross

beams are spaced at 1,20 m centres and = f\

connected together with cross - bracing
of m.s, flat section, The wooden deck

P *

is bolted direcﬁly to the cross beams, The walkwaf papapets are constructed in wire
netting (Bmm wire, galvanized, 90 cm width) which is fastened top and bottom to &
diametre cables (handrail- and fixation cable).

~ HMG Nepal - ‘Rood; -Department  Suspension Bridge kDivisior'\'




SAT A, Swiss Association for Technical Assistance

' BRIDGE DESIGN No. @ 2,302

Design Specification for Standard Suspension Bridges Dote : t4th Febr,T7

(continuation) : Sig /%22&2;__

Pylons

Pylons are %equired for suspension bridges. The structural analysis of pylons for
single spans up to 222 m and for multiple spans, using a standard 'middle!' span, up
to about 400 m length, was undertaken at the request of the Suspension Bridge
Division By a Swiss Computer Static firm in Zurich, The structural analysis has been
based on Indian Standards,

The pylons are constructed using standard units with two main colums consisting of
meS, angles battened together, the colums being connected together by m.s. angle
bracing, For spans of 162 m armdbeyond side stay cables are used to prevent side Sway.
The front and backstay cables (main cable) should have the same angels for the full
loaded bridge, On the standardized Suspension Bridges the increasing of the back-~
stay cable angle = increasing of slope = of about ta,na = 0,05 shows,that the total

load on the pylon increases with about 5%.

tan of back stay cable tan of front stay cable total vertival load on the pylon

0.500 (26,56°) _____ 0,500 (26,56°) ________ 100 %
0.550 (28,81°) . 0,500 " - 105 Y%
0.600 (30,96°) _ 0,500 » 110 %
0.650 (33,02°) ___ 0,500 — 115 9%
0,700 (34,99°) _ _ 0,500 120 9%
0.750 (36,87°Y . . ._ 0,500 m - 125 %
1.000 (45,00°) . _ 0,500 (26,56°) ____ 150 %

The above numbers make it clear, that the back stay angel must be correct or the
pylons will be overlcaded.

The standardized Pylons are constructed as moveable, e,g. they have hinges at the
bottom,

F —
ll
|
|
Pylon :
A ) |
. | E:
.1 o
bracing either \ 4
welded or bolted c : “‘;
e b B
NI dis
- - |
M.S. Angles ot | .
A E 1
.
\\N | :
: =
HIH - . ‘
Further information are available on page 2,304

HMG Nepal Roads Department Suspension Bridge Division




E.i
. e~
™~
o
M
iN
o AR
Q|8 86’2 (9911 |€2'16 | 29 | 10'GGl | 2068 |€6'8 06’22 | 0L'Ge | 962 |29°C G0 |€€00 | 9882 9 wohl oLeg | ddd
ol MJ/.W Ll |02 |ov'ss| 29 |Losvi|o0ue |ee8 |G2'92 |g9¥2 | 86€2 |290 | G'O |€€00 9882 9 2n loree | or g
- T . lb'e | 8b'El [01'09| 29¥ |62ael|L2vE | 89°L | 0262 | OB'ES g2'€e | 290 GI'0 [€800 | 9882 9 WAl ol'6e 86l m
° 4 o 09'c | €2G |ov'e9| 29 | 1282 £EOE | B2L ov:g2 | 0O1¢2 | 2912 | 290 0 1gg00 19882 9 ool 01’62 98l a
4 a 2] ¢8'C | 229 |v6'L9| 29 | 19021 | Ob82 | O8'S Ggl'12 | §F02 | G202 | 290 bI'0 |€€0'0 | 9882, 9 uCAl 0g'Ge | vl ©
— cOc | eg2 |0G'0L|bS2E | 19401 2p92 | £9'v |0G02 | O26I p28l {090 | #I'0 |#2000 | OvO2] 9 JAl 08 'Ge 29l M.
goc |vEP | 1892 | 80 |1L101| 812 [ 10V 0g'8l | OE'Ll (€691 {090 210 [220'0 ) P26l 14 7 0612 (o]+]] @
cZ¢ | 826G |(0L18| B80S |0€'G6 |9102 |LL'E |¥99l $6G | 61'Gl {090 210 (2200 ¥26l ) 4 2Nl 06°le 8¢l S
gpe |6v9l | G288 | 802 |0G88 |89°8l | 6P'E 88l | P6El | GOl 090 210 |220°0 ) ve6l 14 wohl oge8l 973 w
20 | OC€6l |02'€01| 80 |LvOL |96°Gl | L6'C |62V 14€l | 62'€l 090 20 [2&200 ve6l| ¥ LA joeel Al W
a BI'E |OI'Gl |6G 1I1[9LI2 |2p'89 [pb'bl | GE6'1 |GL7ZI 96'il | 2l'll {090 210 |8I00 09¢€l| ¢ WAl 0S8 91 201 @
5
< 69¢ |69l |BO'IRI{9L12 [26'8G |02 (991 091l 6601 | 18°01 | 090 20 | 900 o9gl| ¢ WAl oLl 06
A 162 | 10pl |86'GLl| PGl |06'1G |66°Ci | 20| |68 gi'e | 668 |090 aro (1100 296 [4 £l 082l 8.
.m 2pe |oeg9l |00'6ll| S |20GH | 066 88’0 (808 | 462 |E¥L |090 20 | 1100 296 2 nehl ool 99 .m
a Iinj | poep |Bunsioy) (MESS| 1IN} | PDeP Buysioy| 1iny | poep |Buysioy| 11ny | poap |Buisioy ool ioor!  SON g | tubtay w E
2 Ki94ps 0 10j00} 10404 (4) unisus} ipjo} (w)sbos (wp)sesod Guipoo| s9|qpd  ulbw uojkd | NVdS ]
W {paDpuDig up|pul 0} BUIPIODID) NEE\?_ow_ B1M JO WDURAE O||SUBL ‘(9100 PUDNS 9.IM) D'U°M Uim (1797 21)81%9 1) eK0L e80dind  |0J0ueh J0j S9dos @AM 8RS 10} UO{IDDIONAS INEE\uxooc.o_ur_ozS_o J0 snnpow~ m.
w
o
% DJDPp |DOYOR]L |,
©
o
Q
3 __ _ W 222-99 S39AIHY | <
“ :
(o]
“ NOISN3AdSNS QYVANVLS
5 & 3
[ =] o
m - ANINLNYd30 SOVOH Lelkpl Sap =
©Q
B 4 euom N0 ANLEINW hdikele plRIRIR IGE DUtk g
m ..m LNIWNUFAAOD BALEATYA SIH MR 1P N g T
-

POUD{SISSY [DOIUYORL IO} UOIID|SOSSY SSIMS 'Y L VS



. 1.
B~
[ ]
Py /
o ,
AN
< )
(@} K~
N @ =
-
- b o {PUDURIMS ‘YolInZ ‘oY  LYLSI91Q) SwwDibosd --.L.- Jyndwog £q pe{ojnajdg (euns Aipiowixosddo ¢ W
. 2 -uj -:o.__ suog Jeuoy | muoy | w _-__o. suoy -:2_2_2_| — .= -=o._ 20} -S._-co«_-ce. suoy | suoy | suoy .:2_ Suop | suoi| &uoj | suoy ! -.5;-.._2 suo} -:2“ w | ow ! ow D w [
-] -
z | 8|l & (212A] 0’8 |[avese| 22| 91+8| 222 e6av] 1ev] Isvalesze| ) | 21 | & | wioejzosw|oiesares| ey ossveodaevzzisofrosee] Lioo]avosslseorizaraipsnciavzeainnica) busloov|oszs| 222
(2en] L2|zwmad] 61] o0 orz] ooy v @sf prel ) 21 | ¢ |.ere.eve], 208] , ie]e0t] 69+ vre] ,19°2], 120 ,68°95- 9100, 8¥pi] 200 BIBHL.ONE- 88 I8-euoig'e] b/ |00 jOL'2E| 012 g
(2),241] 0'a|0ee2| 0z | a1+8| 861|esc]anct|veovkoos] .t | 21 | € |iww2] oisefaore]irszeiore]sesx]oset iocefses0]sente] zeoed 6202,  seae zevar covelsavan) suaiz | 1 Joow|olez| 86l ‘m
0 w@,pn| 9'v|az+z] o1 | n+s) om| coe| o] aov|prel@a | 2 [ o |.ovel.cee].xe], ezl i0n ] eu¢] 202] 052 650]. L2089 9001 6599 .2g e v ee el .2z os{suoiz | 8 Joov orez| 98! o
& (2,p41| 6'v[62v2| 81 |vi1+a]| vii[oseclzenlszariLee|zs | 21 | ¢ [swelvosdwnz|ezefaez]eore] 20 2sonz] Lig0]60620{86001e 000 sl bevay vRIEROORE-[UOIZ | 1 8 |00 0GSE| b
”m a (| 10) 12+2| 91| nes| zon] 60| rsf.eevlovelan | 21 | ¢ |.ow2|862] w2 202 | 0ee] L6rd i1 2.s90] seur w0, 5165 .00 .eo0d por.0aga{suoiz | ¥ [oovlosse| 20! m
H m (| vslzas| o1 wseloai| — | — 1 —| —l24| 8 z | === —]=1—=1|—| — |eovoiiecer| Loro| s1o'er-jc62 s cLoe ogrelesosy] — | — [oov|o6'2| 0gl m
+ (2yon| velesl el ssv|aei]| — | —|— | —|R4 | 8 z | —|—|=—]—|—=]—]|—| —|.ocoq.ouee],ic0- 0z ab-| .01~ coesirora{ .co8e] — | — [oov]oeiz| Bl ey
m m t2awal| ocfoze] si| evvfor] — [ — ] —| —|[®4] @ z | — | = [ = =] = =1 —1—liweojsooee|sesoiresaviveoe scedaiez{rsete] — [ — ooﬁ oesi| 92! @
m o (2pn| pelereat] 21] sew] o) — | — | — | — [ ] ® 2 | —|—|—|—|—]| —| —]| — |.u1-.2e2e .80~ 8¢5t .88 _.m@m‘.mw.m. gzl — | — |oovjogs| pi A
m A {2)s |se2|sem|o6lgogizo| — | —| — ] — ]| @ 2 |—|—]—=1 =]~ —|—/| — [e6vo] eree-|sog0-{0Le0¢e] mo_,n#»o.m_.ohtm so8z] — | — |osg|osal] 2ol
Ao (2)) |ece|ecm]e6|sosg|os| — | —| — | — || 8 z | —|—|—] —|—| —|—|— |9z0 2992 .6v0- .81Is.052 ,2r8+ blz- Bo2z2| — | — |osE|oLbi| 06|
(2)) |szzlerw|selase ez] — | —1 —| — | —] — | — | — | = | =] —| =] — | — | — |viooJewee-prooiesse] see1] zivecoaH zical] — | — |oge|osal| B2
it - — -
L @ |2eew | 8| sefos| — | —|—| —|—=| — | — | —| — | —=|— [ —|—1—] =] — l.oroz].ov0] 08002 ¥11|.e20] 8¢ 2roi§ — | — Josejooil| 89 -
d ﬂ s [1owL] B—v |biat|a~v] W |9—1 |-& |o—t|9—&| # [Nk oN | Hs | Ao | Ha | A | W | As | ke | Ag | Wz | A2 | m | a [ ma]ae || A Jewas o | w] g | w S
.m = fpun vusn oo [onm e 0v3a T suon s foniM +v 30 318v2 (pujm swos) wIOL ONIM + avad {rum  swos) “vLOL aNIM + OV 30 318Y0  |How sty NVdS £
m m 37Y0 ONINNVAE NOISNIL | - lwaoo Aois opie) NOISN3L|  ONIZMIEVAS (sBosoyoup Ao epis)  GNOILOVIY (89809 uwN|0d) GNOILOVIY Avis 3a1s| Au13WO3D | =
+o = (PIOPUDYS UDIpU] OF BUIpIoaan] pwi/BHO5) B4t jo QIBUBJS  BISUBL (9400 PUDHE B4(M) O'S'A iR (1/9721161% 9 | @iqul  sesodin 10iouaB 10, 89004 821M  [28)8 4O} UOCHDOY|08dS ~— 2WW/B% 00g,01 =ALlieRIe 0 EniRpOw — M
tn w o
S 3718Vv0 AVLS 3dIS ANV 3Sva Q
c o | ONINNYAS
8 NOTAd 3HL NO NOILOV3Y
e 9 i e NQIBNaL_ 2780 4 R4
SNINNYAE T S
g a'x _ [=]
=
3 I i _ ; -
E _m =z ! N "
2 m ‘ panava | VT -
o 3_3 i ONIZITIavLs an .
@ie | "
5 25 e 1 -
m o a INININVA3T SOVOM @/@ Liink] bR W
LUOJSNYYL ONY ! .
ms..w © s SHHOM HDJ AMLSININ LRIKlr bibible b Jailel] @
[=] n ININNUFAOD BALEIFVN §IN Hedn 1 x g N
0 o
[} O
B =
A 8§ T
[F]
B 2

OJUD|EiSESYy |DOIUYDE] JO} UO)DIDOSSY SSIMS ‘v L VS




=
Mu_ ﬂ ‘podinbea jou sBumpip supew
[T
R m/ﬂ ﬁ ..v_OOm_.. Buimpip piopubiS o0} J9304 8spa|d pasinbes 8D syipd JOYIUD YO0y }} c
~ |- o
slelol|v [P |0 |00 b1 |eter|a|er| n|e|a]z2l sbuimoip |pjoy 5
= |8l Co e L T R [ R [ % | * | ces i1 @ Joj sduo aiqo) oy pum | | o
SRS R N T R B B P ERR R SR A B 1Y Yl @ Joj sdwoyd 8iqp) ot puM] | ©
F | K| % | K| | E| k| K| * | K| K Friifieeiiiecc] 16/ | @ Joj sdwopo 31qpy 8l PUIM | | &
covepaesaiood e [ | [ | ] %] x| %] %[ k]| % [c8/ |saqo) uibwg | @ Joj sdwoid 31qpo bulziigois c
* | e [k [ooibenibercd % [ [ %[ %] %[ %[ %[ %28/ [soqpouiowg-3% @ s0; sdwpjd 8)qp) buizijigois | | 8
. A | o | o | e | k| o TICURIIORTICLLLLOELOlEL Lt k| % | 18/ [seiqopubwp-¥, @ Joy sdwb|o 31qp) Bulzijiqois m
& SIS SSEE 00E LR RS 22001 SIS bRES1 B3I SN T BFEH N B AR F 7Y Jopuedsng| | &
g NP R A R Y R R R Y (Kom Buob) Aom-wom] | @
A Caifeii | E [ R | EY k| k| k| K| k| k| k]| * |29/ Y @ sid 9|gp) ADis epiS
g W | A [ renepreoprecd e | e | de | N | N | | ]| ¥ 19/ J @ syod 8iqp) Apis apis
a SRS T MR PR SRR E PR R SRR T SRR RRE S A N B 1 °74 Buimoip Ajquassd uojAd =
m S S SR A s dt St I R At ST I N Y isiitiod|984S pup s|iDyep uojAd | | €
3 LRSS e e I e N R N E I AR Y 21903 %I @ eboisoyouo £nb pum] | €
M N 20EE RS IR B L.”R““xun R S B A M N K1Y 3|90 Y| @ @ebpioyoun Anb puim m
ke M o [ e | % [ 9| e[ [ %[ % | % | o F.oofieac]iini]ee/ 81900 | @ 8boioydup Anb puim| | @
IR RN R R R AR R R AR aboioyouo uojkd pub KDm ¥|OM
mw EEER R N PR S S B N B B e R e B X Y suod abpsoyouo 8|qp) UIDW 3
3 SSSS1SSR E0S BRASI SERR! (NETE TSI SEERISSTE (RS SRENI S3T 0N AR 1Y ¥20iq_sboioyoun up] | 8
A R S S Ot SR A RS SR8 ST HEEE ST SEEE IR EES R O_d\ {ho Ao7
m 222| 012|861 (981 |bLI|291|0GI|BECI|92C!| PII201|06|8L ww_z<mz 3L
m M sa)gp> 9 _ $3|qD2 ¢ mm_ncomL .M
B oo Z
o q S3901848 NOISN3dSNS QYVANVLS 04 SONIMVYHA 3J18VIIVAV o
5 *
.

83UDSISSY |DIIUYIL) 10} UOHDIZOSSY SSIAS ‘W L VS



SAT A, Swiss Association for Technicol Assistance

BRIDGE DESIGN ' No. 12,401

Design Specification for Standard Suspended Bridges Date : 14th Febr. 77

Sig

Suspended Bridge (cat walk cable bridge)

This bridge typ is designed for pedestrian and pack animal traffic and is a modern
version of Nepal's age old traditional bridge, the Jholﬁnge, which was built using
bamboo ropes, chains or used ropeway cables, The bridge cables are anchored directly
to the anchor blocks, thus avoiding the necessity of expensive structures of the
pylon, The walkway (gengway) is unstiffened and directly fixed to the main support
structure and has a slight sag profile, The sag of the main support structure is
small and as experienced already on several bridges in Nepal, built with HMG'Standard
Design, longitudinal and lateral oscillations are surprisingly low, Being muchv lower
in the cost than the suspension bridge with pylons, the suspended bridge design has
been strongly applied within the bridge programme of the Roads' Department since

fall 1975, whenever the required free-=board could be aczhieved,

The main design characteristics of the suspended bridge are as follows :

- Standard spans ava.il;xble XX eoe Xy} e see 39 - 126 m

Span intervals Of see  ees  see  see esee eee M (39 to 96 m )
ém (102 to 126 m)

- Width of the timber deck (gangway) ece osee see 1,70 m (39 to 60 m)
0,97 m (63 to 87 m)
0.98 m (90 to 126m)

Live 10ad  4ss  ses  ses  ees  ees ses  ees 425 kg/ml (39 to 51 m)
410 kg/m1 (54 to 60 m)
460 kg/m1 (63 to 126m)

- Wind load (exposed area) eee  ess  see oes ees 150 kg/m2

-~ Available standard drawings ese  see ees eee Dage 2,404

- Further dechnical data eee e eere eoe eee Dage 20403
walkway (Gangway)

The walk way cross section for a suspended bridge is shown on the next page. The
wvalkway is supported directly on the main bridge cable on channel section cross

beams at 1,20 m centres, the cross beams being connected together with cross bracing
of m.s. flat section, The timber decking is nailed to nailing strips which are bolted
to the cross beams, The handrails are formed by cables and the following diameters

are used : 39 to 60mspan_____ 45 " cable
63 to 126 m span g 1" cable

Differential movement between the handrail and main cables is prevented by m.s., bar

cormectors., The papapet is constructed of wire netting (3mm wire, galvanized, 120 cm
width) which is fastened at the top to the handrail cable and at the bottom either
nailed to the timber decking for spans 39 to 60 m or fastened to a % inch fixation
cable for spans 63 to 126 m.

HMG Nepal Roads Department Suspension Bridge Division
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BRIDGE DESIGN

Available Standard Drawings for Suspended Bridges
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SAT A, Swiss Asccciotion for Technical Assistance

BRIDGE DESIGN

Wind - Bracing for Suspension and Suspended Bridges

No : 2,501

Date : 14th Febr, 77

Sig 74; }22;;2;——

. system is used.

Wind - Bracing

The Standard Design details of wind bracing are concerning the anchorage details for

cable diametres, The detail shows, that adjustment to take up the‘pretension are

proposed.,

However, the actual layout of the windguy cables is dependent to a large extent on

the bridge span and the topography of the bridge site,
as shown below,

The main characteristics of the wind - bracing systems

two main systems are employed

are as follows :

- Standard 'cable' (guy) ces  ees  ese F 1", 11" and 14" ( 6 x 19, 6/12/1)
- Standard wind tie .44 eee eee  eee f A" when tie only ( below 60 m span)
¢ 4+ when wind guy cable used I
-~ Wind tie intervals ... sse eee see 3060 m at Suspension Bridges
4,80 m at Suspended Bridges
- Sag ratio cse  eee  ses  ass eee 1/12 to 1/14
~ Wind load (exposed area) eee sss ees 150 kg/m2
- Wind load supported by bracing ... ... 100 kg/m?

tvailable standardized drawings ... eoe

Diagonal system (used at shori span suspended bridges)

pages 2,305 and 2,404

For very short spans (up to about 51m) of suspended bridges only at real windy

sites wind bracing should be proposed, For spans between 54 and 60 m the diagonal

wind tie (normally ¢|/£)

A B
= A

| Span usually up to about €0 m,
Parabolic system (used at suspended and suspénsion bridges )
: Allowable Cable
A Tension diameter
. . 1 —r
/-—Wmd tie cable /4 1l ¢ | ;
(breaking load 2.3 tons) I8t 'V4"
26t |2

1.30

Sag ratio /12 to1/14

.30

.l 4.80 ot suspended and

3.60 ot suspension bridge
3 tons Pretension

Wind guy cable

£y

HMG Nepal Roads

Departmant

Suspension

Bridge

Divisicn
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Agensiyiizn dor Techmical Asgistanoe

BRIDGE DESTGN Ne : 2,601

Single cable under uniformly distributed load (level span) Dote : 14th Febr, 7?

sio : 4 L

N

SINGLE CABLE UNDER UNIFORMLY DISTRIBUTED LOAD (level span)

A curved cable is a basic component of any suspension structure, Since the confi-
guration corresponding to a unifoemly distributed load occurs quite often in su- !
spension structures, an understanding of its behavior under static as well as dy-

namic loads is basic. The solid line in the sketch below represents the initial con-
figuration of an unloaded hanging cable attached tc immovable supports at its ends. ;
Since the cable will assume a parabolic configuration under uniform locad, the initial
curve could be assumed to be parabola, The assumed initial configuration has no

effect on further analysis, The problem is to find the deflection (dotted) config-

uration, the force in the cable, and the forces on the supports. The following
notation is used,

No ioad (initial configuration):
~Hhorizontal distance between supports ¢

1
L *’*develwed length of cable

f =sag of cable

A ='cross-sectional area of cable
E

='modulus of elasticity of cable
l.oaded cable:

T = tension in cabls at support coused
by superimpozed loads

q = weight of cable per unit length
(assumed wniform)
&« = angle between horizontal and fangent to cable ot support
V = vertical component of T at support
H = horizonial component of T at support
AL = increase in length of cable d¢uwe 0o T

Af = increase in sag of cabiv due to supsrimposed loods

It is assumed that the uniformly distributed load acts vertically and that the
supports at each end of the cable are on the same horizoental line.

2
L of the cable L = |[|+-§(§i’-)] (n
e
The tension T is given b ql 8, '
g y T =8f“/l¢-|q,(15 )‘ (2)
The approximate elastic elongation of the cable is TL '
] AL= - (3)
E ¥10,500~16,000 kg/nm® EA
AL
The increase in sag is Af= e/ (/1) [5— 24(/L)%) @
The angle =« is given by qneCe _"'if_'*!’_‘\:ﬂ (5)
The vertical and horizontal V = T sinct (6)
.; ~ reactions are H = T coset (n
4L*egunce : Structural Engineering Handbook : Edwin H. Gaylord, jr.
(McGraw-Hill Book Company) Charles N. Gaylord
L H&‘%‘Q Nepal Roads  Deportment Suspension Bridge Division
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BRIDGE DESIGN No :2.602

A s 1
a « ]

n) Date

SINGLE CABLE UNDER UNIFORMLY DISTRIBUTED LOAD (level span) continuation

The figure below shows a suspended cable at rest (a), of any geometric configurztion
with any assumed tension T. If the cable is plucked (for example, to the confi-
guration in b and then released, it will vibrate, During such vibration it will
assume various configurations, At some instant, it may assume a shape such as shown
in Fig. ¢, which varies from instand, depending on the manmer of plucking as well
as on the properties of the cable and its initial tension, Whatever configuration
the cable has at any instant can be represented by a summation of the ordinates of

an infinite number of harmonic curves, the first three of which are shown in d, e,

and f. Fach harmonic has different amplitude, e.g.. ais az, a% sesevey 24
Dynamic Behavior. Additional notations are ;
g -= uniformly distributed logd. ‘
q = acceleration of gravity (9.8Im/Socz). W, = nln //I !
/9

n

Wn

any intagaer
frequency of vibration of @ harmonic.

The amplitudes are so prescribed that their summation results in the exact value of
the ordinate of the actual configuration shown in ¢, The number of harmonics, and
the amplitude of each, necessary to represent the configuration depends on the spe-~
cific problem., It should be realized that each harmonic is not an imaginary com-
ponent of a vibrating cable but is a physical entity., It should also be noted that
the amplitude of each harmonic changes as the cable vibrates, iach component hare
monic is called a mode vibration, The frequency of change of amplitude (i.e., the
number of times per second that each harmonic assumes its maximum positiv and ne-
gativ amplitudes) is called a natural frequency of the cable, Thus, o cable can have
an infin!tive number of natural frequencies, The larger the number of waves in the
mode the smaller the amplitude and the larger the frequency, Thus, from a practical
viewpoint, the first few harmonics are sufficient to represent a vibrating cable,
T™e first harmonic is called the fundamental mode of vibration and its frequency
the natural frequency. One approach in designing suspension structures is to stay
outside the range ab of the Fig., below middle.This can be made by increasing the
mass q/g. The Fig, in the right below corner indicates the frequencies of the
standard suspension and suspended bridges., It is easy understandable that the su-
spended bridge is stiffener than the suspension briage,

\_——/ (ﬂ)

'Stiffness"

b) - =~ ==Under dead load
- | —Under full Icad
25
\ [\ /SLspem ed bfidge
\/\/ aVA

(3
-]
2
g \
v
//—\(d) : ;|5 \\‘ \\
o Undamped AN
(:] 5 <] qusperjsion [bri
\___/' g .4_ N :
10 \‘(\ ‘
TN /‘\“) al b ;\Q e
S Rotio of naturai frequencies. 40 60 80 _100 120 140 !60 180

Span in m.

Reference : Strictural tIngineering %andbook {(Melra =Hill Tompany ) 1ues

HMG Nepal Roads Deportment Suspension Bridge Division
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BRIDGE DESIGN ' No. : 2,60

N

Single cable under uniformly distributed load, example Dote : 14th Webr. 77

__with graphical method Sig ,,d //7/)/\

Given: Suspended bridge, span 120m,cable sag (full loaded)= 6.90m, loading
uniform, dead load 120 Kg/m + live load 460 Kg/m=total load 580 Kg/m.

To find: Foree T in the main cables,diameter and number of cables.

t . Mm@
‘ 60.0 " 600
B T

g o = »
0 \f:-"lh25 D-E porattel toB-C
S D-F parallel to A-B

w S.25 Y F

Procedure Force Diagram Scale: lem =50 tons

. Calculate total weight of the bridge
W=0.58 tons/m x 120m = 69.60tons.
2. Support the weight W by the 2 forces T at either end of the cable.
3. Determine the forces Tqrophicdtly with the force diagram.
4. using@ly, 6x19 (12/6/1) with W.S.C, breaking load 77 tons,
factor of safety against rupture 3, calculate:
Force T x Safety factor 156.25 x 3

Number of cables = = = 6.049
Breaking laad of | cable 77

If in this case © cables are used, the factor of safety is reduced to 2.98
which would be acceptable. Tolal cable weight per meter = 6x5.53 = 33.18 kg/m

S. Ailternotive Solution

Using Bridge Wire (p5mm) Required for equivaient strength ,
breaking strength 160 Kq/mma.

Aliowable Strength 72 Kq/mmz(Germon Standard)

Area 19.6 mm2  Weight per Wire 0.154 Kg/m

Allowable force per Wire = [.4] t

Force = [85.25 tens

Total F .
Number of Wires reguired = —o orce . 19928 _ 5 156
Allowabie force .44

de 12 \Mreé : 6f @®5mm ( 58 Wires on each side)
( Tola) wire spaight per m = 112-0.154 = I7.248 kg /m')

SAT A, Swiss Associgtion for Technicai Assistance

HMG Nepal foads  Deportment - Suspension Bridge Division
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SAT A, Swiss Association for Technical Assistance

BRIDGE DESIGN No. * 2,601

Single Cable under uniformly distributed load (inclined) Date : itth 'ebr,

g TTE
Sig : sreen .

SINGLE CABLE UNDER UNIFORMLY DISTRIBUTED LOAD
( INCLINED SPAN)

The suspended walkway has however the advantage, that no extra problems crop
up should the anchor block have to be placed at different heights. The layout of
the wind guy cable sometimes calls also for an inclined parabol system.

o o
s Given is:Jf, y, ¥, = tb+y,)

t

nio

f" h

Yi
Parameter a of this

"Y +
parabolqg is r‘-—%—@—-
S |
.4
The following formulas give increments " Down" slopes are usually considered
of deflection and slope due to inclination as plus values and “Up" slopes as minus
of the chord. values.
2
_, WS h _,/Ymox_ T
ye =g+ 3 Si=V 5= § Sp ¥Noc—
h .
fonx =— ' S 2
) Yo = @ (S_L— -—)
. wx (s-x) 2
At any point — y = T* X tana
WS Ye = ¥, —Y¥ec +h
tong. s + tanx, tang = —— —tan« '
2t 2t : b h
Yo~ =
tangs (at any point) = ( -x) * tana 2
t 2
ws?- t = WS
When center deflection is known: t= T 8b
Gyc-4h :
t
Low point of an inclined span occurs when tanB3=0,.. x = % + W tanx

When deflection at any other point is known:
wx {s—-x) ' "

t e — t = f sec t = t sec
2(y—x tanx) A P

The lengths of cable inaninclined span is given by the formulas :

[/ 23083 S «
Lior L =|/ s2+n+ W—L—‘m;—“(opprox); LorL=)s 2+h2(|+§k2 352 K 2—;)5’1(3)

24t
w-s. coszac
K = Ratlio of defiection = 8.1
HMG Nepaol - Roads Department Suspension Bridge Division




BRIDGE DESIGN No. : 2,701

Single cable under concentrated single load (level span) Date : idth .’~‘eb:~3_ ;
e.g. cable car Sig A ,;.',,»ih

-

SINGLE CABLE UNDER CONCENTRATED SINGLE LOAD e.g
CABLE CAR (LEVEL SPAN)_ ( SIMPLIFIED CALCULATION )

The deflection produced by a concentrated load suspended midway between fwo
fixed points A and B forms two equal sub -chords AC and CB. The cable assumes two
catenary arcs which intesect at C. The following formulas are, however, based on the
parabola, as the difference in results is negligible.

The center deflection is found from:

2 .
26 + 2
ye = _G_s_+ws _s( ws) 0 and t = $(2G + ws) (2)
' at 8t 8t 8ye
| t' = t sech =t sech= t” - (3) tang, = 9-2%-!’— s tanpa  (4)
Example

A rolling load weighing 600 Kg is to be supported in a level span iOOm long by
a cable anchored at both ends. The deflection must not exceed 3m. No wind or ice conditions.
Since this is a level span, =0 and w= w'
W = 2.46 kg perm
100 (2 x600 + 2.46 x 100)

From (2 t = = 6.
) E 6.025 Kg

a) From (3) t' =6.025 x 1.0025 =6.040 Kg

b)From (4) tan: =800+ (2:46 x100)

=0.0702 A =4.02°

2x 6025
Bregkin load 25.00
Factor of safety = maxl tgensioﬁ = 604(()) =4.14 > 4.0

The maximum cabie length occurs when load is at cenfer of span

2 2 .2
5l=|/(—s-) +y? =|/50 +3%° -50.0899m tan®:= = =0.06i6=3.43°
50

‘SAVT A , Swiss Association for Technical Assistance

2
w2 (%)30053 e 2 462x503x cos> 3.43°
L=2\s + = = 2 (500899 + — - = Q0.
(s 24 12 ) ( 24 x 602572 )z 100.18m
We assume the elongation due to load as Q.15% .
The hoisting (erection) length of the cable: A1 = —O—-l-él-(.-)—lc—)c-’g-a— :0.i5m
HMG Nepecl Roads  Department Suspangion Bridge Division




SAT A , Swiss Associztion for Technical Assistance

BRIDGE DESIGN No. 2,702

Single cable under concentrated load (level span) Dote : 14th Febr, 77
e.g. cable car (continuation) Sig ! ./m %

c) Length (hoisting) = 100.18 —0.15 = 10C.03 m

~3(cable length —span) . Z
Veotsring * [ span- 3{cable length -spa ='[mo 3(100.03-100.00) _ | 56 m
g 8 8

4106

= ® = °
00 0.0424 2.43

tan& =

d) Tension during hoisting (erection)

2 2
s w I007-2.46 !
Tuoisting = = ° = ————— - 10009 =29 &« =
Hoisting 5 v sec & 5706 009 =2904 Kg (sec cosot)
e) Tension when the cable car hangs 5m in front of one support
Knowing the tension t at the center of the span, the deflection at other
points may be determined from:
2
_ x(ws +2G) (s—x) _ 95(2.46-100 +1200) -5 : 1.07T4 m
= = 5 = 1.
2t(ws? +4G)Wx(s-x)  2-6025(2.46:-100° +2400)/95°5
However it must be understood this formula will only give approximate
results, as it is based on constant cable length, neglecting the elastic
properties of the cable. ,
After determining the deflection for any position of the load, the corresponding
approximate tension at xy can be found.

" x{s—x)(ws + 2G) 95:5 (2.46 100 +2-600)

e - = 3198 K
2 sy 2-100-1.074 ¢

G +w. 600 +2.46 -1 °

tanBa= z.va ~ - :-3l98 % - 01323 f2 = 7.54

f) Required force to pull the cable car ( when hanging Sm toward the
support) factor of friction between 'cable and roller bearing of the car' =003

Required pulley force = £V (SinBa+ M- Cospe)

R = 600 Kg (Sin7.54°+0.03 - Cos 7.54°)
= 96.58 Kg
Say 100 Kg
HMG Nepal Roads Department ~ Suspension Bridge Division
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BRIDGE DESIGN | No. =+ 2,801

Calculation example for a suspension bridge (unstiffened) Dote : 14th Febr, 77

ETRY e/
EXAMPLE FOR A STATICAL CALCULATION OF AN UNSTIFFENED
SUSPENSION BRIDGE OF 60 M SPAN

Sketches WALK — WAY
Main cable ¢ | 50
andrail cable n ’&ggﬂem“
;tze.ﬁe rSponnino cable 7 T3agq full r
|9> &W"d‘"’ﬂ | loaded= ; ,
: [~ o~ 4{.-"-50"‘“@) \ L.20m
~1.30m
_:.:C: " Camber

c/c=1.20 m o Highest water level

'”:'{“—_ |

Water level uril;‘rg survey

Soil
condition

L 18.80m

Main cable
Width of the

30.00m _ Wind ties

L Span'= 60m (c/c = 3.60m)
—— Wind guy cable

SIDE ELEVATION

' 4.80 360, 3.60
l 3 ' i e @/ i}
o | /Sag wind cable =/, gpan:e.ggm
M | Choosen = Sag =7.00m
y | 1.30
. ' /_, .30

® ,
® | River
: flow
o
=
" PLAN
g
8 System
e
$
2
. Span L =60.00m
£
s Walk- way width = .20 m
% Sag f Span €9 7.50

o] = = —— T . m
2 9 8 8
< .

- of walk-wa .50 ~1.20 an

g fH . Width of pylon —Width w y= 35 2 SBm > S|poo
» 2 2
< : ——
< - HMG Nepal - Roads  Department Suspension Bridge Division




Swiss Association for Technical! Assistance

SATA

BRIDGE DEZIGN No. *: 2,802

Calculation example for a suspension bridge (continuatior ) Oote @ '4th “ebr, 77

3 ' rx A’I
Sig tpo S

Length of main cable (between pylons)L

c
L, = L-°f
- 8 (.Sag 2 _ 32 Sag 4
Where p=1+3 (Spon ) 5 ( Span )
_ 8 ,75 .2 __ 32 , 7.5 .4
g =1 +3 (g5 5 (&0 !
P =1+ 0.04166— 0.0015625 = i.040104i6
Le = L-f= 60m-1-04010416 = 62.406m

(middie span only) for full load case.

Loading Cases.

(a) Dead load of the bridge 120 kg/m'

(b) Uniformly  distributed live load =400 kg/m® [480kg/m'|

Wind: Wind load = 150kg/m®

(i.e. for exposed area = 1(00kg/m')

Construction materials

Cable 6 X19 (12/6/1) with W. S.C.(Wire Strand Core)

Tensile Strength of wire ISOkg/mm?

24 Breaking load Area
mm tons mm?
6.3 2.30 14.38
8.0 3.40 - 21.25
20.0 21.20 T 3250 o
32.0 54 .40 340.00
38.0 77.00 481.00
Open thimbles (1S 2315—1963)
Bulldog grips (1S 2361—1970)

HMG Nepoal Roads Deportment Sugpension Bridge Division
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Associliba. dor Techwicat Assistance

SAT A, Swiss

BRIDGE DESIGN

Calculation example for a suspension bridge

(2nd continuation)

No. :2,803

Date :14th Febr, 77

Sig taw Tl

Walk— way with

Wooden deck

System:

Loading Case |I.

6 Plan ks 5/19 cm

I | 20m l (dead load =49kg/m)

Uniformly distributed load = 480kg/m'
Dead load = 49kg/m’
Total load W = 529kg/m
Bearing reaction = 0,6-0,529 s 0.3174¢
2 2
Bending moment = Wés - Qéi%'—'-im.osszzm:
2
Modulus of section = 6 |9605 ) = 475 cm®
Sectional area = 6(19:5) = 570 cm®
9522 2
. = —=xLce = 20,05kg/em” <<
G-"TBendlm;l 475 ' 9 UPermissible
Tvorh Fo2 15702 a/m Permissible
Loading Case 2.
Single load of 100kg on one Plan «
dead load of one Plan k = 8.075kg/m'
t n2 .
Mqu' = ocoog' 1.2 + 0-'004 !.2 - O 03I456mi
_ 3145.8 _ 2
Omax. = 475 = 6.62kg/em” << Opermissible
| ~ HMG Nepal Suspension Bridge Division

Roads Department




BRIDGE DES No. ' 2,804
Calculation xa.mple for a suspension bridge Date @ 14th Febr. 77
(5vd continuation) sig_:1 4o S
Cross beam
00g| ; 1.20 J 106
B Load = 529kg ¢ 1.2 = 634.8kg
O 2N O 3 l r Weight of the Cross beam
l. 32
, 2L 65/65/5 =2:-4.9kg/m= 9.8kg/m

Loading ‘Case I

max. (1.2 0.6348° 0.5+ 0.66)— (0.6 0,6348°0.3) +(0.0098" 1.32%)

Mnax. = 0.25/4—0.1143 + 0.0029 = O.1392mi 8

Moduli of Section (1L) Zyx = Zyy = 5.2 cm® A = 6.25 cm?

O max. = '23.9525 = 1338kg/cm® < 1650kg/cm?
0.6°634.8+9.8°0.66 . 380.88 +6.488 _ 2
T = (6.5—0.5)° 0.5 = 1(65-05).0.5 129.11 6kg/cm

Loading Case 2.

Single load of 100kg + dead load. 2
0.0098-1.32 0.100-1.2

Mmax. = (1.2:0.049+0.5-0.66) -~ (0.6-0.049°0.3) + 8 + )
Mmax. = 0.019404 —0. 00882 + 0.00213 + 0.03 = 0.0 42714 mt
dmax. = 32LL3 - 41071 kg/em®

T °'(56'gofggi?:;9'8 = 18.82kg/cm?

Comparision Stress éc = . /Jan? +319% = 412kg/em? <<< 1400kg/cm?

Suspenders

Weight to be carried by the Suspenders:

— \Weight of Wind Cables

- Weight of Wind ties

— Weight of Walk— Way

— Vertical reaction due to Prestressed Spanning Cable
live load
Total load = 600kg/m

!

l. Load on One Suspender = —6—922—|—g = 360kqg.

Suspender rods of @ 12 mm(1.327cm?) are used.

= 260 _ 2 2
é tension - L3227 T 271.3kg/cm << 1400kg4em
During errection work a load of about 1000kg might be suspended on one Suspender

& errection = _.'_‘(3),%0% = 753.6kg/cm? < 1400 kg/cm®

SAT A , Swise Associstion for Techzical Assisteace

HMG Nepal Roada Departmant Sugpension Bridge Divislon




BRIDGE DESIGN [ No. ' 2,805

Calculation exasvi=s for o suspension bridge [ Nate @ 14th Febrf, 77
(4th continuation) | g '% ZKK‘
o ' T Verti
Main Cable s 7 e ¥ Tension
\og- 50m T
Span =

60m /NJ T Horizontal

_SEB'QL = 7.50(full load :mgl 5 60m

Sag

We choose 2 Cables of @ 1),"(38mm) 6XI9(12/6/1) with W.S.C. having
a breaking load of 77 tons.

Loading Cases

Hoisting = 2-4.06kg/m' = 8.12kg/m'
Dead load =120 kg/m'
Full load wf =600 kg/m'
Max. Cable Tension
T = . /Te+ T2
Wi- Span? 0.600-60%
= f- Span S ——— =
T 8- Sag 8+ 7.5 36 tons
[ ] S L]
v = -—f———-—w 2“" = —-————0'6260 = 18 tons
T = /362 + 182 = /1296 +324 = 40.25tons

Safaty factor of the two main Cables:

s.F - No. of Cables X breaking load . 2-77

max. fansion 20.25 3.83 > 3.0
Temperature
‘4.’.\ Iengihc = Lg* o(f '8, — Span = 80m "
L, = 62.406m |
°(f = 0.000012 \-—-_—— &
: tength ¢'
A1 = —locc iength ¢
AH L, = 62406+ 0.000012 «(-10°) = —~ 0.749cm
Lc' =

L.+ AL, =6240.6 + (-0.749) = 623985.1cm
i —k—— Span s—‘,gl'—
Increasing of the span

"SAT A , Swiss Associstion for Techuical Assistance

Span S’ = Span + 2 O Span

A Span = 1ot At ' Span S v
AT A

A = i880°0.000012<10 = 0.2256 cm

Span S' = 6000+ 2-0.2256 z 6000.4512 ¢cm

HM@ Nepel Roads Department Suspsneion Bridge Divieion




SAT A , Swiss Associstion for Technical Assistance

~ BRIDGE DESIGN

Calculation example for a suspénsion bridge

(5th continuation)

—— e ————

No. ' 2,806

Dote : 14th Febr, 71

Sig 4. fou

Decreasing of the Sag

¢ . Lo _6239.851
s' “§000.4512

< ey

8 _ 32 2

= 1.039897

L039897

6.4 X% —2.666-X +0.039897 = O

_2.666-% /2.666° — 4-6.4:0.039897

cm

X

2:6.4

X 20.4010173 cm (absurd)

Xz =0.015545 cm (possible)

But
w L)
Sag' =S,/ Xz
A Sag =Sag — Sag' =

= 6000.4512./0.015545 =

750 —748.133792 & .87cm

748.133792 cm

Increasing of the force T,

Sag 750 °
= - = —_— . — = 0.091t/10°C
AT, TH( Sag’ ') 36 (74a.|34 ')
If we assume At = 30°C
T =36 + 3:0.09 = 36.27 1ons
TV =18 tons
Max. tension =,\/E$€5.272+|8z = 40.49!tons
Factor of Safety=. 2.77 = 3, > 3.
y 40. 49| 3.80 3.0
HMG Nepal Roads Department Suspension Bridge Division
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BRIDGE DESIGN No. t 2,807

Calculation example for a suspension bridge Date : 14th Febr, 77

+

(6th continuation Sig j

Vertical reacction on the Pylon (V)

—
"

40.25 tons

= /(2 sag)® +{S20)?

(9]
‘

Back stay
C = 33‘ 54' cab'e
- ﬁgg- - .—2_.—7'—5- -
Cos« = C 33 54 0.4472
7 _ Sinet
- ] Sinﬁ
\" = TeCosx + Z-Cospg

When /3 <o, the force Z is higher than the force T

| In our case X =/3

N
1}

T = 40,25 tons

<
n

2. T-Coso( = 2-40,25°0,4472 = 359996 = 36 tons

Due to the hinge bearing the horizonta! forces H| and H, must be equal.

H = H,
S "
§ tano( = - )
" 2
® Tz = VZ -+ H2 =
i Cos(
P
) H .
2 T| = __2_. = _TZ_C_OEE
] Cos/3 Cos 3
8 V, = T,* SingC
=
2 vV, =T+ Sinf3
8
Q
g v = To* CosoCe Sin/3
! Cos /3
H
< Vi, = T,* CosoC - tangj
<
I~
: ~HMG Nepal Roads Department Suspension Bridge Division




BRIDG‘E DESIGN No. : 2,808

) C‘ﬁlculation example for a suspension brldge Date : 14th F Febr. 77

(‘71&1 continuation) Sig % ZL

| Wlnd guy Cable

" - W =100 kg/m' v T
Sag Wind guy Cable 6.50m T T T ;
Centre to centre Wind tie Cable = 3.60m EF— H

. w.s? _ o0.1-602 . '
Ty 8Sag - 8+7.0 = 6.429tons | 50m J

W. e

Tv = 25 = 0'260 = 3.00 tons
T : fEEE Jeanta = 666 o

Fer Cable ¢ 20mm (Breaking load = 21.20 tons),
2l. 20

chior of Safety 5 66 - 3.i8 > 3.0

} For Wind ties @ 1/, (Breaking load = 2.3 tons,
“joad on one Wind tie = 3.60°0.1 = 0.3€fons)
factor of Safety = 22 = 6.395> 3.0
i 0.36

_}As the Wind ties are carring also the Wind guy Cable they are subjscied
'fo qromer forces.

50

g — = . X = °
505 0.083 ; 4.76

- -icnaf

’ Sinet 0.083, Cos«& = 0997 = 0.997

‘fiﬁsicn in the inclined Wind ties

. 360 10 _ 360 1o _ o

‘Fqu,tor of Safety - 2300 4.78 > 3.0

481

Thi above Calculation are given just in the simplified form. For the Ssss, which are
: 1o be found out, for hoisting and dead load cases, refer to technical iicrctures. The

dtﬂorem Sags for the Suspended and Suspension Bridgaes according o ine HMG's
,n‘Stq'ndcrd Designs are given inthe Pnges 2.303 and 2.403.

Swias Association for Technical Assistance

SATA

" "HMG Nepal Roads Department Suspension Bridge Division




BRIDGE DESIGN No. 2,809

Calculation example for a three span suspension bridge Date : 14th Febr, 77

(main cables only) Sig f/ WL

STRUCTURAL ANALYSIS FOR A THREE SPAN BRIDGE

{a) Basic data (2)

I
| 4> TN\
- 20m lo= 210m oo .
1

N;iol rength

| !
| =2:6¢:0+210.0 = 370 [m] { +— 1 =200m—F{, -
g= = 0150 [&] 370.0m |
p=0.470-C.8 = 0.380 [%]( reduction due to wide span)
q= g+ p = 087D [%‘]
i &
E= =10.500 i—g;;!
RALILEN
1= 481 mm® =1 g1k
=77t =
! FB & “,;ﬂin
I =55 K9
: w=0.5 5
t
(b) Main Cable Force Sg
' 1 ! 5
Full load sag for 210m Standerd span according to -1 555 f
H.M.G. Standard Design: 26.25m M %—— =
Total weight of the 210 m span structure: 0.530- 210 =ill t 855

| | |
. 877 . ' q = .
Factor of safety for the 210m span: =3.73 > 3.0 =7 )
124 required

(c) Main Cable Force max. S

Side span: 80.0m (2)

Total weight of the side span structure: 55T.5f / a2 4o,
0.530 - 80.0 = 421 | ST

Sy ¢
max. Sf =i27 % ]
It ———ta—— it

‘Fuctor of safety for the 80m span:

6,770

= 3. > 0=
127 63> 3.0 Tlrequired

AT A , Swiss Association for Technical Assistoncas

Roads ’Dapartmem Suspension Bridge Division




BRIDGE DESIGN

Calculation example for a suspended bridge

No. 2,901

Dote : 14th Febr, 771

. sig i /A

SAT A , Swiss Association for Technical Assistance

EXAMPLE OF STRUCTURAL CALCULATION

FOR
SUSPENDED BRIDGE
I Basic data ' ‘
Span 2 42m
Hoisting load = 0.01l /m
Dead load = 0.075¢/m'
Full lood = 0.500¥/m'
Modulus of elasticity =10500kq/mmg
Cable cross section A = 962 mm® (2Cables g 1"
Breaking load B = 2X77 = 15410ns
Foctor of safety M = 30
min
2. Allowable main Cable force
NX BL . 2X77
S¢ = w—— = 3 = 51.3 tons
min
3. Full load sag
. - full X _span - , 50042 -
o, = dull logd X span | 0.500:42 _
Sin o¢; 2. S; 2. 513 0.20467
g = 1.81°  => taneg = 0.209]
Spon X tane ¢ 42-0 zbgn
hf - 4 - 4 v - 2.'96'."
Say, full load sag h = 2.20m
4.0ead load sag
. S5 _ 51300 . 5% 2
G'f = 5 965 = 53.326kg/mm
- _dead load . - 0.075 _ 2
Chosen @, = 10.8 kg/mm?
Sagdt—':ad Soqfu" load
a0 - =0; - Oy= 53326—10.8 = 42.526 kg/mm®
_ 1046 42.31.42.526
Al = E = 10500 = 0,1793m
= _Sag\? & =
o = s'[{|+( 299 ) 81 - 42.307m = 42.3Im
. 3 Span 3 42 -
z 2. . . 2 Se———— " Q,ITI13 = 0.6!
A Saq = 75 Sag A 6220 O 6132m
dead load sag = 2.20~-06132=1.586= 1,59
HMG Nepal Roads Deportment Suspension Bridge Division




BRIDGE DESIGN No. 2,902

Calculation example for a suspended bridge (continuation) Date :@ 14th Febr, 77

sig_+ o FUL-

5. Check of cnosen d = 10.8kg/mm?

4.1,.59
Y‘Gnt’(d = T = 0.1514
X d = 8.6108° =P>SinX = 0.14972
- 0.075-42 _
o4 2.014972 10.5196 tons
Qd = J%%%Q- = |0.90kq/mm2 = |O.8kg/mm2

6. Hoisting sag

Sino¢, = 014972 = sandho.‘sﬁng
. Hoisting load-Span _ 0.011- 42 -
Su 2. Sinx 2.0.14 972 .5429
6 = 2H 1543 2
| H A 962 = 1.6 kg/mm
A0 = 108-16 = 9.2kg/mmZ
Id = 42.188m
42.188- 9.2
j = 2B2e2.188-9.2
A 500 0.037
- 3 » Spon L[] - _Ln _.___42 . -
A Sag e Sogd A | a5 - 0.037 = 0.183m
SugH = Sagd - NASag = 1,69 — 0.183 = 1.407
Say, Sc:gH = .4l m.

All  values depend very much on the modulus of elasticity which

may differ by aboutt 20°%

In the above calculation the cable lengths beyond the saddles are

not taken into - account,

HMG Nepal Roads  Department Suspension Bridge Division

SAT A, Swiss Association for Technical Assistance
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STRUCTURAL ANALYSIS No. 3,701
Soils and soil.investigations ;

Dote :10th Jan, 77

Sig fz%

'SOILS AND SOTL INVESTIGATIONS

All buildings are foundeq on ground, It is, therefore, very necessary to study the
structure and compisitlon of the ground before going over the considerations of
foundation, Soil mechanies is a branch of Engineering which studies the structure

of the soil and its behaviour under loading and changing weather conditions,
-Material which are found in execavation are classified into iwo types : one is the
s0il, and the other, rock, Soils are formed by the disintegration and decomposition
of rocks, It is an aggregate of mineral particles in loose condition, which can be
easely separated by mechanical means, Rock, on the other handy is a natural aggregate
of minerals which are compounds of chemical elemenis consolidated under enormous '
pressure, The here given informations are very briefly., Some more information of
how to investigate the soil conditions are given later in one of the chapter written
by leo Condrau, Civil Engineer with SATA.

Rockg are classified under three categories:

~ Igenous Rocks
- Sedimentary Recks Generally, rocks provide a very good foundation unless

- Metamorphic Recks they are porous, or have fissures, or hollows etc,

Soils are four types according to the size of the grains or particels as shown below:

) " Coarse . o 60 mm to 20 mm

Gravel Medium .., 20mm to 6 mm

Fine 6 mm to 2 mm

Coarse e eae 7 2 mm to (-6 mm

Sand Medium ... ... 0-6 ram to  0-2 mm

Fine 0.2 mm to 0-06 mm

. [ Coarse ) .7.. ... 006 mm to 6:02 mm

Silt Medium .. .. ... .. 0.02mm to 0.006 mm

1 Fine ... 0:006 mm to 0-002 mm

" Clay - e e - w0002 mm

Colloidal clay all sizes below 0002 mm
Sizes above 60 mm are :

Pebbles 60 mm to 200 mm

" Boulders . i larger than 200 mm

Source : A trggi_:}g_e_: ‘on building construction by: Deshpande and Vartak, 1968

The foundatien for bridges designed by HMG Roads Department (Suspension Bridge
Division) are propesed in such a way to be easy and needing a simple execution work,
However, it is important to check the foundatien's condition at site proper, and,
if necessary redesign the foundations,

Characteristics of Seils s

Gravel : Can be easily identified by the large size of its grains., It is not affected
by frost, nor does it swell with addition of moisture nor shrinks with with-
drawal of moisture. Tt has got no; cohesion, but possesses good internal
friction., Gravel has a high bearing capacity and thus forms a good
foundation material,

like gravel, is coarse-grained, It is also not affected by frost, It lacks
cohesion, but possesses high internal friction, Up to a certain percentage
of moisture it swells or bulks, Sand forme a very good foundation material
when it is pure and prevented from spreading under load., Generally sand
found in building foundations is never pure but always mixed with clay and
8ilt, San¥ is very permable, Quicksand is not a soil type, but condition,
which™ is caused by water occupying the pores in sand layer and thus re-
ducing its power of resistange to loading,

Sand

“"";.j. Association for Technical Assistaace
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STRUCTURAL ANALYSIS Ne. : 3,102

Bearing capacity of soils | Dot : 10th Jan, 77 |

ok Bk

Silt s Silts and clays, when dry, are identical in appearance but can be easily
identified by their behaviour with water, Silt is not affected by moisture
as far as plasticity is concerned, clay becomes sticky and plastic,
Particles of silt cannot be sean wth naked eye. It has no cohesion nor
internal friction and is difficult to compact., Silt, when dry in form of a
clod, can ezsily be pulverized between fingers, It sticks to fingers but
can be readily dusted off,

Clay ¢ is the finest type of soil, It is highly plastic and, thus, has a very low
resistance to deformation, It possesses good cohesion, but no internal
friction, It is compressible when just moist, but incompressible when wet,
It is virtually impervious and difficult to drain by ordinary means, Iry
clods of clay can be offering considerable high resistance to crushing,

BEARING CAPACITY OF SOIIS

Exepting hard murum and rock, all soils are liable to sink, Every soil has got its
own certain bearing capacity which denoted as so many tonnes per sq, metre (t/m2).
If the load put upon it exeeds this limit, the soil yields by failure of shear
indicated by its sinking, The maximum intensity of load that just causes sinking is
called the ultimate bearing capacity of the soil, This capacity divided by a factor
of safety of 2 or 3 gives the safe bearing capacity of that particular soil, The
table below gives the safe bearing capacities of some soils as a rough guide, In the
case of important buildings actual tests should be taken,

SAFE BEARING CAPACITIES OF DIFFERENT SOILS

fo Beari .
Description of Soil Safe Bearing Capacity in

Tonnes/m?
1, Soft, wet, pasty or muddy clay, and marshy clay o2 to 3.5
2. Alluvial deposits of moderate depths in river-beds ... 2 to 3.75
3. Diluvial clay in beds of rivers .. 375 to11.00
4. Black cotton soil . . . -1 to 10
5. Alluvial earth, loams, sandy loams (clay and 40 to
70 per cent of sand ) and clay loams ( clay and
about 30 per cent of sand ) ... w 15 tol6
6. Moist clay .. 1 to 18
7. Compact clay, nearly dry .. . e 22 to 27
8. Solid clay mixed with very fine sand ... we A
.9. Dry, compact clay of considerable thickness ... e 33 to 55
10. Loose sand in shifting river-beds, the safe load
increasing with depth . . .. . . 16 to 27
11, Silted sand of uniform and firm character in a river~
bed secure from scour and at depths below 8 m .. 38 to 44
12. Compact sand - we 22 t0 33

13. Compact sand, prevented from spreading we 55 to 82
14, Srdy gravel, or ** kunkur ” w 22 to 33
15. Do, but compact, dry and prevented from spreading ... 44 to 65
16, Very firm, compact sand at a depth not less than 6-5m

and compact sandy gravel e .. 65 to 75
17. Firm shale, protected from weather and clean gravel ... 65 to 85
18. Red earth .. .. 33
19, ¢ Muram ™ w 44
20. Compact gravel w 15 to95
21. Soft rock . 45

22, Residual deposits of shattered and broken bed rock

and hard shale, cemented material 90
23, Laminated rocks ( e. g. sandstone and limestone )

in sound condition ... 165
24, Rocks—hard without lamination and defects e, g,

granite, trap and diorite . 330

Noteworth : e.g. 22 tonnes/m2 is equal to 2,2 kg/cm2

Source : A treatise on building construction by : Deshpande and Vartak, 1968
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STRUCTURAL ANALYSIS No.

BExcavation for foundation, inclination of slope,
Trench timbering

EXCAVATION FOR FOUNDATICNS

The trenches for foundation of walls or piers should be excavated to exact width,
length and depth, as shown on the drawings etc., The widths shown on the drawings are
those at the bottom. If the soil is firm and the depth is not exessive, the sides

of the excavation may remain vertical,This may be happen wthout support for a few
days till concreting is done and masonary is raised to the ground level, But when the
excavation is deep or the sides are not of firm soil, the sides must either be suit-
ably sloped, or if left vertical, they must be supporied by some arrangement of
boarding, called timbering or shoring, The latter is necessary when the excavation
adjoing a property line. Usually, when depth of excavation exceeds 2 m, shoring the
sides is more economical, Al the bridge sites in hill areas shoring might be the
costlier way, because timber is expensive and the labour costs are low, The resident
engineeres should work out a proper comparison to choise the system which is cheaper.
But also that depends upon the quality of the material to be excavated as well as

on the slope of the escarpment where the foundation etc., have to be placed, If it is
running sand, marsh, or morass, shoring will have o be resorted to almost from the
surface of the ground. At the usuall bridge sites there are soil conditions which

are quite stabil, but, however, the resident engineer has to take care to the execu-~
tion of the excavation work.

When the soil is of a clayey nature, which though firm, is likely to develop vertical
cracks in the sides by exposure to the sun and wind, and slip, simple poling boards
of size 20 cm x 4 cm are placed vertically in pairs, one on each side of the trench,
and strutted apart by stout pieces of bullies about 10 cm in diameter called struts,
But when the soil is lovser, the poling boards must be placed closer together
perpendicularly with walings 25 em x 8 cm held horizontally against them on the inner
gide and strutted as before at intervals of about one meter,

(n bridge sites with theyr foundations we are dealing with excavation work done with-
out timbering or shoring, For some foundation types a trench foundation is to be done
because the passive resistance has been taken into account, This kind of foundation
is very economical, but, the surface of the soil sround the foundations must be
protected against erosion etc., The resident engineers should take the general
arrangement and detail drawings into consideration by execution of the work,

INCLINATION OF SIOFE : width

in a good stabil material depth : width =3 s 1 or 4 g 1 T

in a medi'um B‘b&bil matel‘ial evoeeedveee = 2 1 r:gi

e 2:1

in a rolling material .eecesseccecovecces =1 ¢ 1

TRENCH TIMBERING (Barth pressure per kg/m2, assuming horizontal ground level)

The chart can only be used for the calculation of the trench timbering, The earth
pressure of retaining walls are different to such pressures acting on timbering.

Type of soil
Stabil moraine ¥and, gravel ) Sandy loams
s0il moisture soll moisture waet
Weight per cubicmetre of the soil(t/m 3) 2-2 t/m3 2-04/m3 2.0 t/nd
Angls of repose{of the natural slope ) 42-5° 32-8° 25.0°
Coefficient of earth pressure 0-192 0-301 0-406
Excavation depth Mcx. earth pressure per sq metrs (kg(mil
; i B o)
E- g 225
£ 715
4.0 1000 440 960

Sources : A treatise on building construction by : Deshpande and Vartak, 1968
Taschenbuch fuer Baufuehrer und Poliere: Buechel, Eng, ETH/SIA,1965
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STRUCTURAL ANALYSIS No. 3,301

Placing of foundation Data :10th Jan. 77

Sig ¢

PLACING OF FOUNDATION

Before construction of foundations on sloping ground, the stabllity cf the slope it-
gelf mst be investigated, footings should not be consiructed on slopes which are
unstable, The stability of a stable slope may be endangered by the addition of foot-
ings, Slopes failures which might arise should be proved with the well known different
methods, To get more deeply into the matier of technologies the reference to the
special books schould be made-e.g. Wayne C, Teng: Foundation Design, 1974
H, Gaylord & N. Gaylord: Structural Engineering
Handbook,New York, 1968

Placing of the fundation

refer to standard drawing

drawing of the steelports ]
of the suspension bridge division

i

main anchorage block refer
to standard drawing of the
suspension bridge division : I \

if necessary
abion wall

mixed soil with boulders: o = 30°

medium rock: oL = 40°

free boarding line .
about Sm-5m above

drum anchorage refer to river high flow
standard drawing of the
suspension bridge division
—_— e e - hang rail

ca"yinq coble

if necessary
abion wall

SAT A , Swiss Association for Technical Assistance

HMG Nepal Roads Department Suspension Bridge Division




ST R AL ANALYSTH No : 3,302

e gvedish circle meiod

Do'. i 10th Jan. 77

Y2

(Analysis of purely conesive soil)

e

Sig

¢, =0 analysis

Fig. 23'5 shows a slope AB, the stability of which is to be
determined. The method consists in assuming a number
« f(rial slip circies, and finding the factor of safety of each. The
circle corresponding to the minimum factor of safety is the critical
slip circle. Let AD be a trial slip circle, with r as the radius and
O as the centre of rotation. Let W be the weight of the soil of the
wedge ABDA of unit thickness, acting through its centroid. The
driving moment Mp will be equal to W=. where 7 is the distance
of line of action of W from the vertical line passing through the
centre of rotation, If ¢, is the unit cohesion, and f=length of the

2w 73

slip arc AD= S50 the shear resistance developed along the slip

surface will be equal to ¢, L, which acts at a radial distance r from
the centre of rotation 0. Hence the resisting moment Mg will be

<qual to reol.

Trial slip
circle

a
Fig. 235
¢,=0 analysis
The factor of safety F is then given by
Mg ¢y Zr
F =Mp~ Wz

Alternatively, Let c,,=mobilised shear resistance of soil (¢=0),
necessary for equilibrium

Then WE=cmfr
Wz
Or Cp =~ ~—
Lr
~ %o _ oL
Hence F= o =T WE

The distance ¥ of the centroid of the wedge, from centre of
rotation O, can be determined by dividing the wedge into a number
of vertical slices and dividing the algebraic sum of moment of
weight of each slice by the weight of the wedge.

€ |Source: 50il mechanics and foundation by B,C. Punmia, 1973

_HMG Nepal Roeds Department Suspension Bridge Division




STRUCTURAL ANALYSIS Ne :3,303%

The swedish circle method (continuation)
Dote 10th Jan , 7
(fnalysis of a soil posseesing both cohesion and friction) '

Sig
6+ ¢ analysip -
Io order to test the stability of ths slope of a ¢ —¢ soil, trfal:
1bp circle wémn, and thg material above the astumed slip surface

divided it @ icbnvenicht number of vertical strips or slices.
orces bmmen the slices are negleated, and each shce is

AY

\-egm@ of rotation

. N- Curve
//‘\<€us3

and of widti'6, The weight W of each slice is assumed to act at its
centre. If this weight of each slice is resolved into normal (N) and

tangential (T} components, the normal components will pass through
the centre of rotation (0}, and hence do not cause any driving

moment on the slice. However, the tangential component 7 causes'
a driving moment Mp=1" Xr, where r is the radius of the slip circle.

The tangential components of the few slices at the base mav cause
resisting moment ; 1n that case T iz considered negative,

If c is the unit cohesion and AL is the curved length of eacly
slice, then the resisting force, from Coulomb’s equation is equal tés
(c&dat-N tan ¢).

??orﬁe entire slip surface 4B, we have

Driving moment Mp=rET

Resisting momcnt Mp=r[cEAL+tan $EN]

‘where ~ZP=algebraic sum of all tangential com-
ponents
ZN =gum of all normal components

SAL=T = %’%&5 «length AB of slip circle,
Henee factor of safety against sliding is
P oL+tan ¢ SN

Mp= T ET

A number of trial slip circles are chosen and factor of each is
<computed. The circle giving the minimum factor of safety is the
<critical slip circle,

In order to find EN and 27, N.curvesand T.curves are
drawn (Fig. 23'6 ¢, d) by making the ordinates of these diagrams
equal to N and T values for different strips and joining them by
smoooth curves, The area of these diagrams can be mensured with
the help of planimeter and N and ZT' can then be computed.

Source: Soil mzohanjes and foundations by B.C, Punmia, 1973

HKG Nepal Roeds Depearimaat Sugspengion Bridge Division




SAT A, Swiss Association for Technical Assistance

STRUCTURAL ANALYSIS No. :3,401

Drainage and backfilling ]

Backfill of a retaining wall is the portion of the soil retained by the wall which
has been artificially placed behind the wall after the wall (or any foundation) is
completed and matured, The backfill material should be carefully selected, In «ad.,
it should be compacted to prevent large ground subsidence due to consolidation un-
der its own weight. The material should be placed in thin layers not thicker than
25 to 35 cm each, Each layer should be compacted before the next one is placed. It
should not be allowed to dump the material in sloping layers toward the wall, thus
forming segregated layers of potential sliding surfaces,

It is alweys a good practice to place an impervious soil in the upper layer of the
backfill for the purpose of cutting down the ameunt of infiltration from the rain
water, thus decreasing the influence of the erosion too, Where the passive earth
resistance (e.g., deadman, main anchor blocks) has been taken into account, a trench
foundation -i,e, excavation with vertival slopes~ should be build or the backfill
material must be placed carefully and the layers must be compacted very well,

Drainage and backfilling

The backfill must be done in all types of subground buildings. The backfill
protects the surface ground against erosion, sliding etc.

I Pervious backfill
Weap holes I1Scm diometer or larger ot L5 to 3m
{a)

horizontal spacing

Pervious backfill

.‘;/////

ﬁ __—Fiiter material
v T oﬁen-]olm clay pipe or perforated metcl pipe should
be provided with rod —out system

/_Semlpervious backfill
__Vertical strips of filter material obout 0.09 m? ot

midway between weep holes; used in conjunction with
continuous horizontal strip of filter material

‘Filter material in pockets at weep holes,
or in continuous strip

— _ Fine - grained backfill
I s0em ?& _ Longitudinal drain pipes (as shown)
e PO or weep holes can be used as desired
of pervious material
(d) _ Expansive clay backtil
~ Common types of retaining wall drainage:
a) weap holes; b)iongitudinal drain pipe,

c) weep holes with filter strips; d) blanket drain,;

@) double blonket drain.

Boulder and rubble bocking used as
filter material

HMG Nepal Roads  Depariment Suspension Bridge Division




STRUCTURAL ANALYSIS

Retaining walls and foundation structures for
Suspended and suspended bridges

RETAINING WALLS AND FOUNDATION STRUCTURES FOR SUSPENDED AND SUSPENSION BRIDGES

A retaining wall is a wall constructed for the purpose of supporting a vertical or
nearly vertical earth bank which, in turn, may support vertical loads. It may also
be used to retain water or other materials such as coal, ore, etc, It differs from
other itypes of retaining siructures because it does not require external bracing
for stability. For this reason, retaining walls have been widely used in a variety
of purposes, When a retaining wall is used to support the end of a bridge as well
as retaining the earth backfill, it is called an abutment, In the cases of suspen-
ded and suspended bridges we are dealing with a combination of foundation blocks &
retaining walls, At the bridges there are normally not true retaining walls, be -
cause on the same siructures often tensile forces are to be anchored.

The calculation and design work, however, 1is shown on the following examples,
Discussing the various theories in detail is outside the scope of this volume, and
it is proposed to give here only the results obtained by important theories and
summarize the assumpticn mede in each,

EARTH PRESSURE

Substructures and foundations, such as retaining walls and basement, are subjected
to lateral pressure where the ground level on one side differs from the ground
level on the other side,

If the retaining structure is permitted to move away from the soil allowing a la-
teral expansion of the soil, the earth pressure decreases with the increasing ex—
pansion, Farther expansion will cause a shear fallure of the soil which a sliding
wedge tends to move forward and downwards, At this state of failure the earth
pressure is at the minimum value; additional deformation does not reduce the earth
pressure any further, This minimum pressure is known as a c t i v ¢ earth pressure,
(n the other hand if the retaining structure is forced to move towards the soil
causing a lateral construction of the soil, the force required to start the move-
ment is greater than the earth pressure against a rigid and unyielding wall, A
larger force is required to move a greater distance until a state of failure is
reached vhere sliding iz formed, This wedge of soil moves upwards with respect to
its original position, At this state of failure the earth pressure is at a maxiuum
value known as p a 3 s 1 v e earth pressure ore passive resistance.

Movement oway.
from baockfill

%

L]

N

Sliding wedge

active earth pressure passive earth pressure

Angle of repose (internal angle), weights and ccefficients of friction of
different soils

SAT A , Swiss Associotion for Technical Assistance

. Coefficient . 3
Description Angle of repose of friction Weight in kg,/m
Very wet earth, wet clay. 15° 0-24 1440
Wat sand, gravel with sand. 25° 041\ 1600
Dry earth, dry clay, dry sand. 30° 0-582 1700
Clean sand, loose. 3Q° 0-80 1800
Ciean sand, medium. 34° 0:-80 1800
Clean gand, dense. 365 085 950
Rock — | 0-80—A0-70 2000-2200
HMG Nepal Roads  Department Suspension Bridge Division
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SUTUCTI AL ALY TS No PR
Lctive earth pressure acti. on retaini 11 ! T -
and foundation struciures Date ; ’;’ 77
7
_ Sig ¢ Y aide /S
Active earth pressure on a retaining wall
+£
Eq = active earth pressure /
Ep = passive earth pressure T : - 7
Ko = coefficient of active earth pressure +°‘\7[/‘°" -
Kp = coefficient of passive earth prassure
¥ = unit weight of soil (t/m>) h *¢ e,
B = angle of ground surface
of = angle of the back of the wall . E
& = angle of the wall friction L 5’91" -8 P
S) = angle of internal friction
2 h = haight of the wall
K = Cos™ (8 +«) ”
a “° -
2 /Sin(f+&5)+Sin{8-8)
CosgreCos(ol-d [I +
(=) 1+ Ve os(et-8 )- Cos (€78 )
K. - Cos2 (- )
P Sin(¢ —5) S8 18)]
2 n —38) *Of
Cosge Cos(oL -8) |l -
e CoslL =2) |l =V o (= 5)-Cos (£ + B )
- l.¥.nl : l.y-ho
Eq = %*¥-hSKq [t/m] Ep = Yor¥-hS ky[t/m]
- 2 . 2
eq = 7-h-Kq[t/m<] ep = ¥ h-Ky[t/m"]
Horizontal earth pressure:
Egh © :zc Coséﬁ—é) Eqp= Ep Cos(&~4)
EARTH PRESSURE COEFFICIENT
(The angle of wall friction is assumed to be 20°)
angle of internal friction ¢ 20° 25° 27° 30° 33°
angle of ground surface P 8° |15° | 10° 20°[12° 25°|14°!28°|15° '30°
° 8 xo O.494i0.603 0419 0547}0.4000614 {036410574 |0.323:0.497
4 % OO = — 1 —e , B I OB R
° o o S 10.46310.565(0.412 0538|0395 0606 [0.36210571 |0.323 0.497
® —_O- = > ¥ X I -
® = ° "\ M ,
a © O % wn xo 0.418 (0507|0341 '0.44210.319 10.487 |0.283'0.444]0.24510.373
< p= < © Y c SRS . R
— Eod m L. el N H )
3 « + £ - L é 0.392 10.475]0.335 10.4340.3i5 10.48] |0.281 0.442|0.24510.373
T ° £ € - ‘
& x © Q o
s S °_ 3 8 | © |040410.490[0.327 [0.423|0.3050.466 [0.26910.42! |0.231 [0.352
= m -~ O R U ; 1 _ S IS S .
o _ . @ — I
8 © = c - 5 S [0.37910.459(0.321 0.416 [0.30! 0.460(0.26710.419 |0.231 0.352
e £ + £ b= 4 ! : :
2 - n 8 2 ¥ |038510.4670307 0.398/0285 0.435/0.2490390(0.211 0.322
] o O < a | ‘ e} 1. L
g © % S = < xg 0361 0437[0.302,0392[0.281 0.430(0.2480.388 0.21t 0322
(<] -_ Q o 4
4 o o o w ;
5 9 «© [0.3550.430|0.276 0.357|0.25410.388 [0.217 0.342(0.181 0.276
H ¥ m ‘ B U
- ® - p— T + B R R TR
3 I 5 |0.33310.403/0.271 |0.351 [0.251 :0.383/0.216/0.340|0.181 0276
x . i ] i ;
<
- B -
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Structure stability of anchor blocks, walls etc.

Stability against overturning

Factor of safety against overturning = 1.5 (for granular beekfill)

2.0 {for cohesive backfill)

Sum of stabilizing momaent
F.S, = 21.% 10 2.0 (minimum)
Sum of overturning moment

Fg - stabiiizing momaent
"2 7 overturning moment
Wb,
z —= 3 qt laast 1.5 (2.0)
b ‘ Pﬂhhl— %V
- ! o where W= weight of wall +(waight of soil above
5 the hase -uplift due to Tension)

— _—

= horizontal and vertical components
of lgtercl pressure queapacflvely

(and Tensile forces)

Stability against sliding

Factor of safety against sliding = .80 (normal coses)
2.00 {anchor walls etc)

2 Ve 1 Horlzontal resi
N i | " ey g . _Horizontal resistance
Ty ' wl Herizontal force
h
! ] .
v | ah § —— gt lgast 1.8 (2.0)
e Pan+ Th
i Rh
- B where Ry, = (Total waight ~uplift forces) s M

A= coefficiant of friction

- Passive
rasistance

Stability against bearing capacity and soil failure
Refer to literature about soii mechanics

HMG Nepol Reads  Departmaent Suspension Bridge Division
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Gabion walls.

A barrier made of wire mesh, forming celis
which are filled with stones or rubble
No tensile stress in any portion of the
building wunit. The design is similar to
gravity walls.

Gravity walls.

Plain concrete or rubple {aiso drystone
and breast walls), no tensile stress in
any portion of wall.

Rugged ccnsiruction is conservative
but not in all cusss economical for
higher walls.

Semigravity walls.

A small amount of reinforcing steel s
used fer reducing the mass of
concrete.

Cantilever walls.

In the form of an inverted T, each projecting portion
acts as a cantilever. Generally made of reinforced
concrete. For small walls, reinforced concrate

blocks may be used.

This type is economical for walls of smail to
moderate height. (about 6 — 8m.)

Counterfort walls.

Both base slab and face of wall span horizontally
between vertical brackets known as counterforts .

This type is suitable for high retaining walls,
grecter than about &m.

Butfressed walis.

Similar to counterfort wall except that the

backfil! is on the opposite side of verticel

brackets {kncwn as buttresses),
Not commonly used because of the
3xposed buttresses.

HEG Nepql
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STRUCTURAL ANALYSIS No. : 3,505

Drystone retaining wall, Breast wall, Pitching . 10th Jan. 77

DRYSTONE RETAINING WALIS

Utmost care is required in the selection of stones of the proper shape and size and
in the bonding of the whole work, as the stability of these
60cm walls entirely depends on these two factors, there being no
(min) mortar to cover the defects of workmanship and those aris -
ing from an improper coise of materials, For these reasons,
it is the best plan to collect at site all the required ma-
terials, and to put the earth filling at the back after few
meters of the wall are constructed and approved, The correct
section of the wall depends on the quality of workmanship,
the typ of material to be supported, and the height, How =
ever, roughly speaking, the top width of the retaining wall
should be kept at a minimum of 60 cm and the face batter 1
in 4, or 1 in 3, the latter being used for walls higher than
3 ms A8 a rule, no drystone retaining wall should be con
L structed of a height greater than 6 m, In case, where the
height of the embankment is greater than this, the top é m
may be made up of drystone masonary, but the portion below
this must be constructed in lime or cement mortar, The beds
of the courses must be laid perpendicular to the face batter, and all other pre=-
cautions as to the proper bonding of the work detailed under rubble masonary must be
taken. VWeep~holes must be provided to protect the drystone masonary wall against more
pressure resulting from the water behind the wall,

1
4V Py

&
7]
o
-~
(-]
@

max 6.00m }
1

BREAST WALIS

The main function of a breast wall is to protect the slopes of cutting in natural
ground from the action of water and weather, and incidentally they have to support
some pressure of earth behind, The section of a breast wall

is very mmch dependent on the soil to be protected and the
slope of the cutting, In some cases, the section adopted has
a top width of 60 em and a face batter of 1 in 2 and back
batter of 1 in 3, Most soils can stand a steep slope im-
mediately after they are cut, but a litile exposure to weather
makes the soil crumble and fall, It is, therefore, necessary
that breast walls be constructed as soon after cutting is made
as is possible, Water should not be allowed to get access to
the back of the wall, and any interstices which exist should
be filled either with puddle or small gravel, As in the case
of retaining walls, the beds of the courses must be laid pro-
per perpendicular to the face batter and the work must be
correct bonded, Also on the breast wall the weep-holes must
be often provided and it is importent that theyr slope is
going downwards, It is this possiple to protect the breast wall against water, The

top of a breast wall should be compacted by using a little quantity of cement,

PITCHINC

Pitching is a stone lining to protect earth surface from the scouring action of water,
therefore, the resident engineer should take care to the coming rainy season, When

the slope of the cutting is fairly flat, it is sufficient to line the face with a
wniform thickness of drystone work, The thicknesg varies according to the requirements,
the minimum being 30 cm and the maximum about 50 cm, Drystone pitching is often pointed
with lime or cement mortar., In comstructing pitching, stones should be properly fitted
in sv as to leave no large gaps between adjacent stones, Pitching is many times used
on slopes of channels and dsas,

Source : A treatise on tuilding constructior by : Deshpande and Vartak, 1968

HMG Nepal Roads Department Suspension Bridge Division
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Calculation Examples for retaining walls.

Example |. Calculate the maximum thrust intensity and total pressure on
a retaining wall of 3m. height with the following assumptions:

ﬁ' angle of repose =259
R B=20°

angle of wall friction =20°
h=3m

anygle of the back of the woli =0°
weight of the sail :1600kg/m>

Total pressure per m length

Eq = Y b kg =+ +1.6-3%0.547 =3938¢/m.

= Ly.n? S 2 -
Ean = 2)’h-kuh-2 1.6-3-0.538 = 3.8741/m.
acting at —g— = % = 1.00m. from boftom.

Example 2. Calculate the maximum thrust intensity and total pressure on
a breast wall instead of above retaining wall.

¥ - h2. k %-I.6v32-0.342=2.4621/m.

4. 6.3% -
ah = 7 °1.6:3:0.340 =2.4481/m.

*

’»
.

=
"

ah

Example 3. Calculate the maximum thrust intensity and total pressure on
a retaining wall of OSm. height with the following assumptions:

"\ﬂ=28° angle of repose = 30°
angle of wall friction =20°
hz=5m angle of the back of the wall =9.46°
_i waight of the soil :ZOOOkg/h?
Total pressure per m length.
Eqg = FYeh¥kg= £ -2.0-5%0.444 = (I.1t/m.
- i 2
Eoh = 3 ¥-hf-ksh= = +2.0-5-0442 = |1.05¢/m
acting at % = % = |.67m. from bottom.
HMG Nepal Roads Department Suspension Bridge Diwvision .




STRUCTTRAL ANALYVSIS ’ . No. :3,507

esign of gravity wall .10th Jan, 77

Sig /WL

Design of gravity wall.

A. Gravity walls. Gravity walls are made of plain masonry, rubble stone, bricks or
concrete. The wall should be proportioned such that thers is no ‘ensile stress af
any point of the wall under any condition of loading,

P = total lateral preszure acting
on back of wall above pt. c
W= weight of wail above section be¢
R= resultont of W and P
Proportion of wall must satisfy the following:
(1) Maximurm vertical pressure at point b:

p=-(1+6£)< allowable comoression
~ (2) Minimum vertical pressurse at point ¢!
prd(i-6fig ©
(3 )Horizontal shear along plane be:
ve -E- gliowable shear

Stresses in gravity wall.

A gravity wall may be analysed by the principle of simpie statics. Any
horizontal section of the wall Is subjected to two forces: a lateral force due
to eerth pressure ond surcharge, and a vertical force equal to the weight
of the wall above. The wmagnitude, direction and point of application of the
resultant R of these two forces can be readily determined, Fig. above, Let
the resultant force Intercept the horizontal section at the point a, and let
e be the distance from- peint @ to the middle of the horizontal section,
then this secticn Is subjected to a vertical pressure g ond a horizontal ghear v

(Pressure ) q = %(l + 5%)

(Shear ) v =

wjx

Where V, H = vertical and horizontal component of the rasultant force R,

B.= wid: of the horizontal section under I(nvestigation.

SAT A , Buise Asceciotion Gor Tochaical Assioteace
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ArTUNTIRAL ATALYSIC No 3,504

‘emigravity ~all & cantilever wall . 10t ran. 77

A A
Sig W rmP~—
Semigravity wall 8 Cantilever wall.

These type of walls consist of three structural elements, the stem, the
foe, and the heel, each acting ds Individual cantilevers. Sometimes
there Is provided a key which moy help to get & greater factor
of safety against sliding by wusing the passive earth pressure. The
width of the base of a cantilever wall is usually 0,4 to 0.65 timas
the height of the wall.

Q
-
B A 4 _.—Loteral pressure,
\ i
\
Stem 4 Stemﬂr\‘
- |
= \
= ]
£
Face of R = : ®
wall —e ”5s | e b
P B =
- e

Passive ol t

resistanca " | BV T |

usually—™=_¢/ R cl i 08 Heel

neglected [Toe Vi/ 4 Heel 2 "~ gqual-__ % y

a b qQ min (b)
Qmax | : "
u-/":é:/ ‘* -
p B_/Z_‘_erﬁ/g“_* " ~For es-g:q:%(ua%)
svi
|/3|‘ ‘,. 2/3-.*
| ! |
. ' ! -
min ' | ~9min-0
i
i . B 2 .
| ab ! ~Fore>—:: === 25¢m min.
i 3x - g Imax 3ab (35cm preferable)
Tﬁ?oposedﬂ—cl
(a) r batter
Meight of soil above heel =] h
Weight of soil ] hi 68\ AT
above foe\l\ ‘ Lt _-Lateral pressure i . rﬁ
1 be gl bbb ,%/ {may be neglected 1 FOcm min
Toe Heal 2 in design of heel ] {gm 2y
TTITTIN® f = siab) Should be bslow E °3.1
Aman o " Qin depth of seasonal —— —
L effect. Preferably

{c) {d)

Forces acting on
centilever and counterfort walls

balow frost 'ine

Common propertions of
cantilever retaining wells

HMG Nepal Roads Dapartmam

Suspengion Bridge Division
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STRUCTURAL DESIGN No. : 3,601

Anchor blocks for suspension and suspended bridges . -
General ‘ * S —
INTRODUCTION

For the block calculation the following loads, or the most unfavourable combination
of loads, have to be taken into account :

a) maximum cable or wire force d) active earth pressure
b) dead weight of the block e) passive earth resistance (pressure)
c) load of refilled earth f) friction force

In order to achieve the most suitable and economical anchorage solution the following

conditions must be guaranteed :

— thorough soil investigations at the actual site, perhaps also shearing and bearing
tests, revising of the plans according to the last determined results, possible
application of a more appropriate solution,

- careful investigationa of possible soil failures specially in ecases of steep
slopes with danger of sliding.

- qualified personnel for a careful supervision and execution.

Anchorage Type No., 1 (Gravity Blocks)

To improve the economy of the massive anchor block the use of block fills is recom-
mended and shown in the standardized drawing of HMG Standard Design. It should be
mentioned here, that at each bridge site under construction the solution of the so
called "cell=type® foundation is proposed.

Anchorage Type No. 2 (Gravity/Barth Block)

In case the shape of the embankment is suitable and the fixation point of the main
cable or wires is required to be above wiound level these anchorage types are more
economical than the types No. 1. The following forces are acting on this typ :

- cable wire force - block dead weight
~ active earth pressure - welght of refill earth
- passive earth pressure - friction force

Tour cases of possible soil failures and eart slides have to be considered :

- horizontal sliding. The calculation results in a minimum bank width in front.
- 2liding upward on a plane,

-~ S1iding upward on aa arc,

- (Clascical) passive sliding triangle loading to the (minimum) earth resistance,
In cases of endangered slopes their safety against earth failure has to be
analysed carefully (e.g, Swedish cirele method),

Anchorage Type No. 3 (Gravity/Rock block)

In the calculation of these two block types, namely Type 3a and 3b, the actual rock
resistance is only regarded as an addition to safety, since only medium rock quality
is agsumed, If the technical report of the survey team includes the results of a guite
well medium rock, however, the rock anchor rods may be taken into account (either
acting by shearing or real anchorage bars), but, the safety factor without taking the
rods into account should be at least about 0.9 to 1,0, Many variations of the block
design are possible according to the embankment situation,

The calculation of the block of Typ No. 3¢ takes the rock resistance into account. This
leads to a reduced concrste volume, The assumed value of the permissible pressure in
front of the block spur should not be greater than 8 kg/cm2, For calculating the Type
No. %4 a good rock is required, The excavation work must be made proper according to
the detail drawings and the front face should be as vertical as possible. The rock
surface has to be sufficiently rough and to be provided with the required number of
steel anchor bars, The usual steel concrete analysis has to be applied.

Anchorage Type No. 4 (Rock anchor)

In every case of good or medium rock, found at an anchorage site, the applicability

of Tock anchors should be investigated, & considerable cost reduction can be made
possible by these anchor types. The types of tunnel anchorage needs excellent rock
conditions, The rock excavations should be limited to relatively small volumes of

20 to 30 w3. If a large tunnel should be excavated the required volume of a foundation
(Types 1,2, or 3) might be the cheaper way of anchor a tensile force. These kind of
foundations needs a skill labour too and a very good supervision and controll.

HMG Nepal Roads Department Suspension Bridge Division




STRUCTURAL ANALYSIS

Gravity blocks typ no. 1

GRAVITY BLOCKS

Type No. |: utising ncrmal

TYPE
NO

Shape of anchoruge

presupposed soil conditions, .
tricti comparison  calculation bridge
riction methods, permissible soil pressure type

of

HMG standard design. The shape applied
may vary.

0.45 Due to infill of sand, gravel and rubble
(Soil) concrete can be saved.

0.70 R.R. Masonary 1: 6

(Rock) Plumb concrete |: 3: 6 + 40% Boulder
(rubble)

Suspension

Ib

HMG standard design and modified
standard  design. )

0.45 This type is used on soil and on rock
(Soil) The shape applied may vory.

0.70 R.R. Masonary |:6

(Rock} | piymb concrete |: 3: 6+ 40% rubble

Suspension

No : 3,602 .
Date : 10th Jan. 77
sia ! do Fafm
O 3
friction only (partly weight of backfiling) {without passive earth pressure)
coefficient General description, used at

Used on soil and on rock.
Concrete savings due to infill of sand,

SAT A, Swiss Association for Technical Assistance

gravel and boulders. -
R ‘—I—"‘ 0-45 Economical type of Foundation. Certain 3
lc W i et (Sail) slope shape and earth protection in front “;’
ful : 070 of the anchorage required. 0
[ : l (Rock) R.R.Masonary |: 6 and mainly Plumb n
concrete 1:3:6 4+ 40% Boulder.
Used on soil and on rock.
Concrete saving due to infill of sand,
gravel and boulders ;-]
|d (g;ﬁ R.R. Masonary I: 6 ond mainly Plumb g
- 0.70 concrete 1:3: 6 + 40% Bouider. g
(Rock) ®
Foor soil condliions wiih an esiimaied
maximum permissible soil pressure of
about 0-5—I.Oﬂ §
cm a
le S— 0.45 Calculation according to ia and Ib. 2
{Sail) No soil resistance considered. :g’
Sources:Germon Consultarts (Dr. Ing. KG. DIWI)
Design Section of HMG Suspension Bridge Division
HMG Nepal Department Suspension Bridge Division
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STRUCTURAL ANALYSIS No. 3,603 :

Gravity blocks typ no., 2 .10th Jan. 77

Sig iﬂ#

GRAVITY BLOCKS

Type NO 2! Utilising  passive soil resistance plus normal friction (using passive earth pressure)

|
,coefﬂciem ! General  description,
J
1
1
{

TYPE | f A . used ot
| ; presupposed soil conditions :
NO ‘ Shape of anchorage blocks of comparison, calculation ' bridge

friction methods, permissible soil pressure type

I

. Application requires special shape of

| embankment.

I Considerable savings of concrate.

> 1| Several cases of sliding or soil failure
tan(09y) * have to be taken into consideration.

l
- - - + -
I
t
I
|
|
|

Suspended

! Assumed value of maximum soil pressure.
| 30 kg
- S cm

min. iength required Saftey factors>2.0

Middle~wall modification of type 2a
Application it a higher saddle level for
the main cables is required.

Other conditions and vaiues according
to 2a.

tan(0.9 ¥)

1

Suspended

Very littie concrete consumption, but
requiring big excavation and refill.

min h Certain minimum length | and height h e ©
necessary c 3
2c¢c tan{0.9v) | () : Suspension Bridge. 5 8
(b) : Suspended Bridge. g 8
Slope 1o _be protected against erosion. n 0
®
Qo Shape according to Id in principle.
= l Certain amount of soil resistance
by e . — additionally taken into consideration. 2
‘s '\,\ Certain slope shape and slope protection b=
: 2 d = 0.45 necessary. s
: - ]
o g
L '*—\_:
3 .
'5 min length
g
5 - Very economica! wall type anchorage.
j i More difficult application in case of
c ; ]
o T 7 horlzqmul acting force. . 5
- ' Certain slope shape and earth protfection a 2
Y 2 2e refiling tan{0.9¥) | in front of the anchorage required. @ 9
g : a g
" ’ o 9
< T
- min length
2
B
o
. Sources: Germon  Consultants {(Dr. Ing. Waiter KG DIWI)
< Design Section of HMG Suspension @ridge Division
- . . .
< HMG Nepal Roads  Department Suspension Bridge Division
(7]




STRUCTURAL ANALYSIS No. :3,604

Gravity rock blocks type no. 3 .10th Jan. 77

Sig :é /f%

GRAVITY ROCK BLOCKS
Type No. 3: utiisng  rock resistance.

TYPE coefficient s:::agéosggscr?;:?n’condiiions used at
NO Shape of anchorage blocks f'O". comparison, calculation ! bridge
riction methods, permissible soil pressure type

Some varations of the shape possible.
Horizontal widening of the rear section of
the anchor; filling; and various numbars of
steps. Calculation simplified by considering
07 friction only. Reduced safety factor

possible.

Medium rock with laysrs not incined
towards the river.

R.R. Masonary |:6 and mainly Plumb concrete
1:3:6 + 40% rubble.

3a

Suspendad

anchor bars. Further reduction of concrete.
—— volume.

Rock conditions according to 3a.

3b 0T Mainly Plumb concrate 1:3:6+40% boufders

‘_—I— Differing from 3a by the application of

Suspended

Reduced concrete volume,one step only,
anchor bars possible.

Reduced sofety factor, rock resistance o

? faken infe account. §

3c —— o7 Good rock conditions. §.
%’ﬁ Mainly Mass concrete |:3:6 )

7

Minimum concrete volume using a larger
number of anchor bars.
Good rock conditions.

3d — l? 0T Mainly Mass concrete 1:3: 6

Suspended

Sources: German Congultants (Dr. ing. Walter KG. DIwWI)
Design Section of HMG Suspension Bridge Division

HMG Nepal Roads  Department Suspension Bridge Division

SAT A , Swiss Association for Technical Assistance
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STRUCTURAL ANALYSTS No. : 3,605
ock anchors typ no, 4 —
R Yp noe |Date : 10th Jan, 77
sig_: Ao AAA_
ROCK ANCHORS
Type NO. 4: uiising rock resistance in an excavated hole and utilising drilled rock holes
k] e
i~ Genaral dsscription
TYPE §=§§ presupposed  soil condiiions, used at
N Shape of anchorage  blocks £o8°® comparisen, calculation bridge
° 85 '§§ methods, permissible soil pressure fype
Ou= w.n
[sY)
J e
QQUQAQ& § Very small requirement of concrete.
: = Many variatione of the exco-ation
g 7 shape possible, aiso a non-tunne! c o
G4 % solution. 3 8
40 o g Excellent rock required. § §
. 3 Mainly Mass concrete |:3:6 a 2
I o @
. i g
“En
Q.E, Bulbed-shaped anchor.
:?gf; Rock conditions according to 4a.
LDL// —~7 S5O ¢ &| Also opplicable ot suspended bridge type
) - PR S| in case of suitable siope shape. §%
4b (\\/i/e o'g ) 3 Mainly Mass concrats !: 3: 6 g g
[} z ® _ g
)/\ i 2 kil 5 s g
| 8o
48
- E
] E
No concrete required.
](‘ Hm é} E = Holes drilled with percussion—rctation
= — —} + 8 equipment. c ©
J L Length of holes limited. 2 3
4c 1 — > 4 Y Anchors fitted with system described § §
3 2 in Chapter 9.5 2 8
e e 1= w 2 | Excollent rock required. 3 @
q 1
: = 5
s [}
[J @ b
‘s Q
2 _
<< o
s E 3 No concrete required.
L Ny Holes drilled with core drilling equipment,
£ v 5 rotation only. Length of holes extended. 53
s - E Anchors fitted with cement injection 2 9
- " . . & ©
4d o (hand operated injection pump). e g
[ H H [}
S k % At least medium rock required ] (%
[ ‘8’ ]
2 8¢
-o ~
S
4 Sources: German Cansultants (Dr. Ing. Walter KG. DIWI)
g Design Settion of HMG Suspenslon Bridge Division
[}
2
3
7]
<
[
-4
w




STRUCTVRAL ANALYSIS No : 3,701
Degign of gravity anchor blocks

Dote - 1.9‘(‘.11 Jan, 77

Sig AM

Simplified design of a gravity anchor block

used on sitandard bridges etc.

SH | £H horizontal component of the anchoroge
£V \
; h forces and sometimes also of the
h2 ' Pl
earth pressure

b
32 | Gl !
SN N €V = Total vertical reactions
block with b
Safety ogainst =liding =—9'—‘%;'ﬂ- 215
Block weight required =€V 2 3.33 . ¢H
V. e
Safety ogainst overtuming = ———2 |.50
eH - hl
Maximum aeccentrigity ez -é—
. .
Moximum soil pressure s i vV __ = 3.0 Kg /cm2
if oo _Lé_ Safe bearing capacity
Moximum soil pressure - 2V ez

rwy (12 = ) < Sofe bearing capacity

. |

SAT A, Buwies Acccciotion for Toohnical Assistence

]
Eccentricity es = --4—-—-9-
2V
HAMG Nepol Roedes Department Suspension Bridge Division
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CMRUNTURAL ANALYSIS Ne 5.702

'aloulation example for & main anchor block for a

~uspended bridgﬁ(withgut taking any earth pressure
into mcoount)

Da'. ! Tch J(m. 77 \

Caloulation example for ¢ main anehor blook of
a_subpended bridge. (without any earth pressure)

819 !

290 4.00

—-0-“-—“*-—*-!1

Coll typo foundetion = @ +/md

Width = 4.60m

Gongway = |, Dt;m
4 ... .2 |B.B®
T..... .=5.886 '
Ty ... 5..88 8ins e 14,07 ¢ '
Troo . 960 Cogde 83.401

goll quality = tanm = 0.50 2

Permissible pressure = 2.6 Kg/em®

W, 60304620 =162.001

Wg 1200 '3 't‘n&’ |.9Q)"2
Tv g 65‘612'64 =

. B
gWs 175.8
of yomlmyg'm
WI S.O'PWQ- '
3 N KT 2848 m
Btabliity egolmt evarturning
M _ AW«2.846 499.53
St Ts7.8r

162,00+3.00 +13.52+1.00 _

Cosg | 157.81 282> 16
§tabiiity agomof oild Ing
gv: M 189.89:05 784
§ 0 mmm neE " 1494 760

MM. sell bearing

MAI-"'W" 0 +w2' 20 4+ TH' .08 % fv' 3.00
MA'I+ i13.62:2.04+63.46:3.08+14,07:3.00

i 262.80 mt
W -
"'ﬂijﬂl}; bs3.00—f = |LEIG M
& max ! o
Max, soll bearing e epmay o o 24V
Bo width of the feundatien
2.189590

gman * “Siiaiaaso C TARe/emTe 2,8

—— . . IR |

HME Nepal Roade Depurtment Suspension srldqu ) vawmen




TRUCTURAL CHALYSIS No. & 3.703
-alculatior. example for a wind guy anchor block Dote - 24;_2 Jan.,l7
7
S1g : #% %
CALCULATION EXAMPLE FOR A WIND GUY
ANCHOR BLOCK.
/9=3° e * Q [
-TT—S R *O 8} Tension O,‘
2 t@ ol 27 tons 8. "":
| 11
F-f 300 L. _3.00
Side Elevation Plan
Foundation width = 3.00m Coefficient of friction = 0.60
Rock quality : weathered Permissible rock pressure = 6 |»<g/crn2
Tension = 27.0 tons Ty= T-SinA = 1.4 tons (uplifting)
tge= 8O: 300 =0.267 &=14,93° Ty= T-CosB = 27.0tons
Volume of the block Welght of the block
(2.80—-0.80)+2.80
v=L( > ) -3.0]-3.O=2I.60m3 W =21.6-23=4968t
Centre of gravity
[ —
: f | b+2f_ 3.0 2.8+4.0
f e b d = = = === = ¥ |.42m
TR . 3 b+ f 3 2.8+ 2.0
g =
Stability against overturning
L Mgt 49.68-1.42 70.5456
.F= = = = 2.613 .50
S T 0 27.0 - 1.0 27.0 2
e Stability against sliding
-1
.g Due to the inclined span the following formula can be used
B A = angle of the inclined bottom A = factor of friction
[}
i« - . . [ - . 0.6
1 < SF = (EW - Ty)-(Cosd A +Sind) _(49.68-1.4)-(0.966-0.6+0.258) e , 150
B £ H-:Cos 27.0-0.9€6
H Max. rock bearing at A (simplified calcuiation)
v E Moment stabilizing — Moment overturning (70.5456~27.0)
. b = = =0.902m
2 TV (49.68 - 1.4)
'8 e = 1.42-0902 =0.518 > Y5=0.50
| ® . .
H = 2 BV _ . 23828 . ggat/m? =119
‘8 mox 3+b- width of the f{foundation 3:-0.902:3.0
<
2 Omax® |19 Kg /em@ << 6.0 Kg /cm?
B
(]
-
i
ca] - HMG Nepal Roads _Department Suspension Bridge  Division




STRUCTURAL ANALYSIS No. : 3.704

Calculation example for a gravity/rock block for
a suspended bridge

Dote : 24th Jan. 77 ~

sig 1 fo B

CALCULATION EXAMPLE FOR A GRAVITY/ROCK BLOCK FOR A
SUSPENDED BRIDGE.

Gongway .. . . . =190m
Foundation width... .. ... =3.50m
3.00 1.50
Rock gquality .. ... .. . ... =medium
o A8 = Angle of cable force={2. 5°
o =
<
Ny 3 T = 60t
i £ gl 2
100 A J B T, = T-sind = |2.99t
o8 — s v
gr T, = T-CosAd = 5858t
.50 1.50 1.50 o
' Permissible rock pressure = Bkg/m2
4.50
Totai 644 = 24 rod @ "
Weighfs Coefficient of friction =0.65
W } W o= 1.5-2.0-3.5-2.2 = 23100t
&
Wy = 15-15:-35.-22 = |7, 525t
ws‘ Wy = 15-1.0:-35:22 = il, 550t

"] ¥ | W, = 1.5- 1.3:(35-19)-22 = 6.8641

Volume =26.745m®
Eccentricity of the total weight
23.10-3.75+17.325-2.25+1.550-0.75 +6.864:0.75.
58.839
86.625+38.98125+8.6625+ 5.148

e = = 2.37Tm.
58.839

Sofety against overturning (with reference to A) without considering the steel bar
anchors.
S.F.

- IZV.s. - 58.839-2 .37 = 3.97>1.5
TeCos-0.60 €0-:0.9763:0.60

Safety against sliding without considering the steps and the enchor bars.

10 . . - 0
tan o¢ 45 0.222; <« =12.53

o 3 min. Ev {Cosoc & + SineC )
% 2 5.F. = max. 2 H -+CoseC

7
+ . -0 .
.! 4.50 o p o (98839+299K0976-065+0217) | .

58.58-0.976

As this value has been found out by a simplified calculation, it can be regarded
to be sufficient.

SAT A, Swiss Associotion for Technical Assistance

HMG Nepal Roads Department Suspension Bridge Division
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STRUCTURAL ANALYSIS Vo. 3,705

Calculation example for a gravity/rock block for
a suspended bridge (continuation) | Dote :24th Jan, 77

Eccentricity of the resultant force

- AM (58.839-2.37)-(60:0.9763:0.6)
Y 58.839

e I.77m

Max. pressure on rock

e,=0.535
&= o768m <0535
2.84 177
4 2V 2
e o) S . = ¢=
s cas max. 3 m 6.33t/m = 0.63kghkm <<80
(4.5/Cos«)

Note worth: The safety against overturning is greater than 1.5 ( 3.92) just by weight
The stability against sliding of 1.07 is a fictive value. The actual one
is higher than required, cs,the fourdation is provided with anchor

bars and excavated steps.
Anchor length of the bars required

L= Tension
A G- bond stress

We ossume a bond stress of 2.Okg/cr62

. 912.5kg
IA 55720 58.1cm

Due to unknown rock formation, the anchor length is chosen with .00 m.

In case the anchor bars are considered to take the load, the stresses are:

Stresses in the anchor bars:
P g < g 9 <

A = 4°Agps= i9,63cm?
0.25
(D,/ _ M, = T:CosB: 0.6
2._;'51: M, = 35.148mt
3.25
4.75
IM, - 4. 25

Tension| = (G553 5% 2 758+ 758+1 2584 0.250) o0
o'Tinonerod= l—;f%; = 0,186t/m? << O permissible.

Shearing in the anchor bars

- }?l; - |?$'5/g = 0,49T7t/m? < Tpermissible

Comparison stress in the anchor bars
O = Yo52+372= Y0.186%+3.0497° = 0.88l t/m® < O permissible.

HMG Nepal Roads Depariment Suspension Bridge Division
e e
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STRUCTURAL ANALYSIS No.

nalculation example for rock anchorage : 19%h Jan. 77

Sig /5//[

CALCULATION EXAMPLE FOR ROCK ANCHORAGE

T, = H
H 18
—— T
HI Of
ol
. 1.50 |99_1 T = 56 ton H=50.O? ton TV=25.O? ton
%,, Concrete Volume:
Slab = 075-2.50-1.8 = 3.375 m>
Post = 1.50- 1.80- 1.5 = 4.050 m>
T T —_
o | T Total = 7.425 m°
@ “—‘“_‘IL‘““ T Concrete weight = 16.34 ton
1 ! 72 Rock condition is excellent
Permissible bearing =15 Kq/m2

max. rock bearing at A

H-(2.0-0.2) = H -(1.50-0.2-0.2)

H-1.80 = H‘ - 110
(.80
H = — 5007-81933t
.10
2-81.933 2 2
s ———=% |5, I7t/mc =150 Kg/cm
T mox (3- 0.20)1.8
. max. soil bearing at B
§ .
: ‘TV= 25.07t ITV=25.o7r
-] B
< 0T .— Saddle 0l
° S ‘ o
¢ 2 1 o
(o5 A A5
] o / / \ o)
- g / : / E \\ 0
& /ﬂ60° / 60 o
: 'rwf/> Mg .;"- Yo —/s'v 2 ;’1 ’—>*"J
s __0.45_030 | ' 0.35__0.35_
© —————— L
-4 o 0.75 O—’;O
o T - —— . -—
< Side elevation Front elevation
s
> 25070 2
- o T = 4,775 Kg/m <<o’ permissible
< 7570
- . _ o
d ; HMG Nepa! Roads Departmaent Suspension Rridge  Division




STRUCTURAL ANALYSIS No. : 3,707

Calculation example for rock anchorage (continuation) . 19th Jan, 77

Sig -ﬁ f)&‘i\_

Shearing in the concrate post

) 50070 .
T @ =————— = 2.2 Kg/cm® < {permissibie
0.9°140°180

Reinforcement in the post

M=050--50.07 = 25.035 m?
M .
required reinforcement steel = = 25035 s |4.|9cm2
0.9°h<l.4 0.9:.4.49
say 8 ¢l = 16ecm® > 14, 19¢m 2
130,
i
scme\:'“‘aﬁ
N
g 16
] [
circumferential reinforcement
4 Q12mm
Reinforcement in the slab
Z = 50.07 ftons
80.
required reinforcement steel = -—-—?—-—2—1- z 35.7’6cm2
' 2

say =2x9 = 18 P16 = 36cm?>35.76 cm

(H—
_j 2x9 =18 916 mm

HMG Nepal Roads Dspoartment Suspension Bridge  Division




STRUCTURAL ANALYSIS No.:. 2.708
Factor of friction for inclined foundation Date: 22nd Feb. 77
bottom | Sig.: Ja AL

Association for Technical Assistance

Swiss

FACTOR OF FRICTION FOR INCLINED FOUNDATION BOTTOM

Tension T, (Parallel to bottom)

SATA,

"""" | = Tension Ty
y _h _a+2b
a - 3 a+b
(a-b)=¢c
[ S
-b
tana = (Oh ) = ih tanf = M = factor of friction
Th
Ty = Tgo - Cose Te = Cos e
Resistant force due to weight (I W)
R.F = R.F, = EIW(Sindg + M- Cosa)
paraliel to bottom
R.F. = R.Fy ° £W - tan (s + )
Horlzental
R. F.H s DWW -ﬁ' ( when inclined bottom face )
Table for foctor of friction A’ (when inclined bottom)
ol ﬂl Harizonta! bottom
040 | 0.45 1 050} 0.5510.60|0.65 | 0.70
0° 040 | 0.45 050 0.55| 060} 0.65 | 0.70
° 048 |1 054 | 0.59 | 064 | O.TO} 0.75 ]| 0.81
8° 057 | 063 | 069 | 0.75 | 0.81 | 0.87 | 0.93
12° o067 | 073 | 079 {086 | - - -
B )
ol A (inclined bottom)
Ew- A’
Factor of safety against sliding: F.8 = -——_F—M— 2 1.5 to 2.0
H
HMG Nepal Roads Department Sugpension Bridge Division




SAT A , Swiss Association for Technical Assistance

STRUCTURAL ANALYSIS Ne. :3.801

Passive earth pressure on an anchor wall

PASSTVE EARTH PRESSURE ON AN ANCHOR WALL

This kind of foundation is suitable when it can be installed below the level of
the original ground, Short deadman near geound surface is shown below, This dead-

Original
gound Backfill ground Backfill

& ¥ sand and gravel Lo /7;
= compacted in i. P/
layers Precost concrete

Concrete cast against
originai soil

man with a length I is subjected to keep an anchor pull T (e.g. Tension of the main-
cables of a suspension bridge).The syatem of the main anchor blocks for suspended
bridges allows the use of the passive earth pressure which leads to a very economi-
cal solution, Take care that a certain slop shape and slope protection must be exist,
The following passive and active earth pressure coefficlent are usefull :

Description s0il in place backfill
angle of internal friction @ 26° | 30° | 34° | 38° 26° | 30
coefficient of active earth pressure Ka 0,35 | 0,30 | 0,25 ] 0.20 0.50 ] 0.35
coefficient of passive earth pressure Ign 3,00 5,00 | 7,00 9,00 — —

For the above figures the soil surface is asummed as horizontal -i.e. ﬂ = 0°

(o}

The total ultimate capacity of a short deadman in granular soll near greund surface
is 3

Fl{l;—é—‘-(Ep_Eu) +Y3 Ko¥ [V Kp++/Ka) H3 tan ¢

where L = iength of the deadman, m
H= height of deadman
= angle of internal friction h ,
Ep. E5 - total possive and dctive earth pressure, ! per m )
P8 Ici ressure at rest.it may be taken as 0.4 for design of deadman,
Ko o et o oo P Kg=coe ficients of passive and active earth

7 = unit weight of sail, t/m3  Kg, pressure,
Ground surface 3
H
/ .
\ Granular soil
Active wedge
A.H,ﬂ‘ﬂ.p HJ'@‘ Active
bI_Ground surfacela wedge
4 X Passive | 1
wedge H:
9 N AU §
e
. . (b)
JUplift capacity=W +F P = {)oml hogizd,e?é't;} 1ne uplift copacity resulting from
. ressur :
i . acting on the entire the frnf:ﬂon should norimolly not be
Fi w*F:Pof(gronular soils) vertical surface taken into account. This assumption
— = 0.4 xunit wt of soil MOy be unsafe in some cases
W = weight of soil plus footing £ = coeff. of friction (e.g. backfilling atg)
F = friction =035-0.55
The faciors of safety should be taken at least with 1.5 for the ultimats
capacity as well as for the safety against sliding, therefore a safety
factor of 1,5 x 1.5 = 2,25 will be developed.
Reference : Wayne C, Teng : Foundation design, Teng Asscclates, USA, 1974
HMG Nepal Roads Department Suspension Bridge Division




STRUCTURAL ANALYSIS No. : 3,802

Calculation example for an anchor wall ] - Date : 19th Ja.n. 77
Deadman used as main cable anchorage by using the
— pasaive earth resistance and friction resistance Sig %1 %/K:—

Anchor wall.
(Deadman used as main cable anchorage by using the passive earth pressurs)

This system allows saving of concrate and costs. Certain slope, shape and slope protection
are necessary. The factors of safety should be token as follows:

= 1.5 (for granular backfill ).
= 2.0 (for cohesive backfill).

Factor of saofety against sliding = 2.0
Slipping: Frictiona! resistance = Totol weight x co-efficiant of friction.

Factor of saofety cgainst overturning

Formulas refer to Chapter: Passive earth pressure on an anchoroge wall.

R T H = 3.00m.
1.oo] 1ool L = 3.00m/{Wlidth)
— 3 ? = 30°
= 40 fone. wp | ws | o Waight of soil = 1.7H/m3
<=266° i I Welght of concrete= 2.3t/m3
¥ Factor of sliding =0S9tan £ = 0.52
2.00
w_T= 40
- Ty = TeSinc = 17.911.
e o v
Ta = T+Cosxx = 35.77t.
T 3577
Coefficient of searth pressure: kg = 0.35; kp = 5.00
Total weight = M| + Wo+ Wy = Wy
W, =(10°+*050+300+23)+(1.0*3.0-30°23)+({i.0p-2.5-350) = 36.90!
]
Factor of sofety against uplift = -?—?——99-?- = 2.06 > 2.0.
Welight acting on the bottom = Wr
Wp = Wp— W = 36.90—17.91 = 18.99.
Frictional resistance F. R. = W+ A4 =18.99 - 0.52 = 9.87 ¢
Resistance force due to earth pressure:
Tt = L (Ep —Eq) + kv (Vh + ig) H tang
E, =o-kry -H =L .035.1.7.8% = 2 68 t/m
a 2 a - > . . .
e =L e, 1, . .32 - '
e Ep ] kp'Y' H™ = 2 $.00-1.7. 3 38. 25 t/m
-]
- T = 3:0(38.25—2.68) + 3-0.4+ 1.7 (V& + 0.35) 3™1an 30°
: Tult £ 112.478 1
L= s . - =
_ minimum length of ground surface in front of the foundahon:l.s-Hﬁp=l.5'3'»/5-l.5-6.7l—|0.07m
bid aafety factor
s length of ground surface In back of the foundation = Hﬁn = 3.0 JO.35 =1.7Tm
=
o
L Total horizontal resistance = H, R.
= HR.= T, +FR= ha. 478—!—9 87= 84.765  surface to bs Surface to be
2 LUE 1.5 protected . 10.07 2.00 |77 protected
= s s i
2 Factor of safety against slidings —— — .
o S
g " % g
n L L.
2 F.§ = 834:7§’5 237520 Possive wedge Active wadge
[
2
]
(]
<
'_ - . . - .
a MMG Nepal Roads Department Suspension Bridge Division
(")




STRUCTURAL ANALYSIS No. : 3.803

—~ J P NN

Calculation exaomple for G deadman used as wind guy dancnorage Daie : Dt March 77

Sig. : far Fepfe—

CAPACITY OF THE DEADMAN

¥ =25° : Kp =3,78 {p. 3.804]
z 1700 kg/ m3 K_=0,441(p.3.804) o
:(ro: 0,40 e m a (p Pitching 10 protect _

; TENSION =26 t
Tutt £ L Ep* Eg + £ Ko'r(’fn’_p'—’i’K_o'% H3-1cm9 - &

3 b0 ” o
O - — - —-—
meackfiu i/

Ko r ©,4m + Koy 3,40m

o ® > ' 3'0("012:,[8*577)3 v/m compacted layers i |80cm
Kopr-0,4 + Ky r-3,40 i 3 =
Ep= —AT =T 5P — B 3.00m=36,6282t/m width = 3.00m=L

(109,88461)

Ty & 3.0(36,6282-4,273) + '? .0,4-1,7- W3.78 — \J0,a4T) ‘9!-4—%5—4-- 3,0.0,5774

Ty & 97,0656 +40,2266.. - (1,2801439)-1,9-3,0- 0,5774 = 97,0656 +1,12356 = 98,18916
say Tu"— S8 tons

98 tons
DEADMAN RESISTANCE taken into occount = = 65,33 tons
factor of safety = 1,5

red. deadman's capacity . 65,33
tension guy 26

Theoretical stability = safety factor - safety factor=1,5-2,51 = 3,765 = t.sf.
Due to the unsofe soil information,execution and backfiling it is recommended o get

rather high scfety figur

DIMENSIONING OF THE REINFORCED CONCRETE SHIELD(deadman)
T(H-A)_ 26(3,0-0,40)

Factor against sliding = 2,51 » 2 0.K.

max. Moment = 8 8 = 8,45 mt
max. Shearing = T(H-A) . 26(3,0-0,4) 5,962t
. [} - - -
T 4oz 92 H 0.9 8.H 23093073 /m2
ZSfﬂ ¥ 1§+;_ P max. Shearing = 0,60 kg/cm2  0.K.
o 8 Becouse of the modulus of foundation and the differenceof the soil
v ) bearing on the bottom and top face, however,the dimensioning of
reinforcement should be done by taking the max. moment twice into
g 1180, em considerotion. Moment 5.8.45 2
@ 70 |lem=S Reinforcement required = = : = 19,161 cm
» 098 'gRoll 0,9-0,7-1,4
< ‘ ~
_ say: 14 ¢ 14 mm £ 21,56cm2 >19,i61 cm2 =100%
_§ Tne reinforcement should be placed crosswise - ie. tatal 28 8 14 mm
§ REINFORCEMENT To get no overturning moment with reference !
- Teces | effared to point A, the tensiie force might be an-
B percentage | area req.| P chored as follows:
L [ L,iISeme | | €14 (,54cm?2 .
5 . NN A NAL SR A T £ Doteworlh
s & % | 249cme 2¢ '2 3,08cm§ - O —9a] Ep= T "“Je
5 2A0om?2 ; : Iy o ut
§ g 77_2 4,40cm2 ggi‘q 462cm . TAK:EHOS LR L S L ' results will be
e 5B % AT B x A absurg ¢
B o .o ————a R
g © (-] %ﬁ ] t.S.f.
2 Totai=100% 14 2 2 (Ep z)-(Egy) -W-x = 0
i otal= ° = 14gH = 2,56 cm neclecting the weight of the soil above
< the deadmon
[ .
; HMG Nepal Roads [ epariment Suspernsion Bridge Division




ATRUCTURAL ANALYSIS No : 3,804
“zleculation example for a main anchor block of a

. . . . . Ly . Nt 2Ath Tan 77
suspended bridge taking the passive earth recistance oA cE Ul Udlle

into account P-élg : z %7[ '

SAY & , Swise Asscoistica for Techaical Assisteace

EXAMPLE FOR CALCULATION OF A MAIN ANCHOR BLOCK FOR A
SUSPENDED BRIDGE TAKING THE PASSIVE EARTH RESISTANCE

INTO ACCOUNT

3.00 3.00
P Cell-type foundation . ... .z2t/m°
13 fwgf | 8 WﬂEO"
T = Width... .. .. . . ...z500m.
B ‘g
_ o Wa! o Gangway . .. .. L=1.90m.
. <
B==-20 ‘wl 2
T o . . .. ....=130tons.
2.00L 4.00 T, =T-Sin & . .. 52547t
6.00 _l T, =TeCos ol .. ... 2127.48t

Tranch excavation needed

—Soll quality = £ =30° Soll =19¢/md
- Coafficient of frictlon =0.9%an § =0.52
~-Parmigsible pressure =3 kg/t;m.z
-—Weight of the foundation

LA 20:5.5-50:2.0 =110.00t.

Weg 24.0:4.0-5.0:2.0 =1 60.001.
Wy =3.0°1.3(5.0~1.9»20 = 31.98¢%
W, =301.981

Eccentricity of the foundation

W t.O+ W, 3.0+ Wy-1.5 110.00+480.00+ 47.97
301.98 B 301.98
Calculation of the acting forces etc.

z 2. 0llm.

Passive ond active earth pressure coefficient ( ground surface = g =20°)

Description Soil in place ( &= 20°)
angie internal friction 9 25° | 27.5° 30° | 32.5° | 35° 3r5°

coefficient of active earth pressure Kq |0.572 {0,500 |0441 |0.389|0344 | 0.303

coafficient of possive earth pressure Kp 2.78 3.22 378 4,44 | 536 6.55

HiG Nepol Roeds  Department Suspengion Bridga Division




STRUCTURAL ANALYZIC No @ 7.50%

nalculation example for & main znchorige o o
suspended bridge taking the passive earth resis ate

) coodth Jun, 77
-l 3 ya
into account (continuation) Sig ﬁ ﬁA

Passive earth pressure = & o7 -k -H'z 0.5:1.9.3.78-5.5% 108,63
Total passive eorth pressure 50-108.63 = 543.151.

EPH §43.|5- Cos{45~9) = 524 64t
Active earth pressure =Lor-kgH =0.5-19-0441.5.5 12,67t
Total active earth pressure =50-12.67 =63.37tons.

Egy =63.37:Cos (45-p)=61.211

bl

Stability against overturning

Ev= IW+T,= 301.98+2547 = 32745
Moment about A
M =127.48:5.54+61.2/+1.83
= 813.15mt. 524.64¢
524.64 -1.83 4301.99-2.11
-'és =|277.24mt.

Safety against overturning =

T,y =107.871

, | TW=30l.98¢
T, 721551 | A

% - 61.211

overturning

Mstobilizing s

. 183
I

|
Bl
)

1.8

1277.24 211 | 3.89
813.15 ~

=1.57>1.5
— Stability against sliding

8
EHsliding = 127.48+61.21=188.69 [
ZHsmbilizing:T—lg-EpH+ £V - U =i-'5-a524.e4+327.45»0.52 = §20.03

afety factor = 1.5

Safety against sliding = %%g— = 3.27 > 1.50.

Max. soil bearing

b = Moment stabilizing— Moment overturning

Vv be
_1277.24 — 813.15 _

b = 357 45 =l.42m.
8 max. soil bearing = @ max, = 2=2¥
s ' ¢ 7 3. Width of the foundation
e _ 2.327450 _ e 2
: Omaox. = 31435060 - 307 ke/cm” =3 kg/cm
[
£ Ground - Surface to be protected.
3 ;
" safety factor
& - ' | 6.00
S 1 . b ® L) = . - -
s i Y lp =15 H@ 15:5.5+/378=16.03m
3| W
a 8 "Z\bo lf'= l¢g-Cos g =15.22m.
S H ~
<

SAT A , Swise

Roads  Depariment Suspension Bridge  Division
e




STRUCTURAL ANALYSIS LMo ¢ e

Double eccentrice loadl

e . C T 77
[ dote
; P A
b Swg o Aee—e

DOUBLE ECCENTRIC

vearing (max,
to explain the
may be made by the

Lo caloulate the max, soil

The chart below iz we
sontact pressure). [t
theory, but reference to t 5 aboutv soil
reader himself, There are two well knowm
bearing, either wi Lrie
for oalculating the
foundations®.

aof Yeooiticie

compressed

S

Volues of e, /b = transvarse eccentricily Jwidih of Footiny

Volues of e, /L = tongitudinat eccantricity /lanatn of footing

Sotd curven give values of K
Maxirmurn pressure p =oE G RL
“max :

0= concentroted (pod or {oahing

‘ ' Case |

2. Y A
“ ﬁ,‘(w ,;‘sl/uﬁwg, Gite A A

R= n/m

war e B2

Case [ Case 1V

o HG/BL

Pricca

% ard y from chort P, = B

Source : Wayne

SAYT A, Buwies Aeomﬁeé fsr Yeoshaica ! A‘uum‘a‘«‘ T

HMG Nepoi




ITRUCTURAL AT AITUT No 5,97,
"oerficients for caleulating *he wox, 21l bzarins - ““"—‘”‘:—j —

3 i 3 i - » 5 : e AT JNn J
o bi~zxial ana eccentric cempressec foundations ;._.99'- ) e

e e e e e e e

COEFFICIENTS FOR CALCULATING THE MAX. SOIL BEARING
OF BI-AXIAL AND ECCENTRIC COMPRESSED FOUNDATION

"TU —~
4 i Iy
b 4 o TV (P)
a P 1> max § = z » ————— £ permissible pressure
2u-2v
3
3! a 2
Example: g = 2.00m, u = 0.50m, LV = 26 tons
b = 300m, v = .00 m, permissible pres:-;ure=2Kg/cm2
4229 ges L o120 L033; 2= 148
a 200 777 b =300 000 |
H 1 - 6 — = 9
max. soil bearing = 1.48 5.50-2-100 1.924 < 2.0Kg/cm
Z - Factors
U/a
V/b V/b

0.00 to 016/0.18 |0.20[{0.22]0.24|0.26|0.28(|0.30(0.32/0.34(0.36{0.38{0.40{0.420.441046/0.48|0.50
0.00%oini 1|1.50(150|1.5011.50 |1 5011501150|1.50|/.49|/48|/46[145|/43|/42|1.40(/38|/36133§0.00

to O.lé 1.50.50(150 1.50|15C |1 50450150 |1.50(1.49|1.48 (. 46|1.45 143 |1.42(/.40(1.38 |1.36|1.33 [to 016
0183/.50 I.50|/.50 /.50(1.50|150 P.SO 150 |1.50).49|1.48|1.46(1.45]1.43 (1.42]1.40(1.38|1.36(1.33{0.18
0.204/.50 {1.50{1501/.50|1.50\1.50\1501.5011.50{1.49]1.4811.46{1.4511.4311.421.40([1.381.36 {133 10.20
0.22|/.50 (150 |1.50|1.50|.50 {1.50{1.50|I50}1.50 |1.48 {1.48{1.46 |1.45 |1.43 {1.42|1.40 |1.381.36{1.33 ]| 0.22
0.24]/.50 |1.50|/50|L50 |/50 |1.50 |/.50 }I.50 11.50 }1.48 {1.48 |1.46 {1.451.43 |1.42 l.40y|.38 1.36/1.3210.24

o.26l/50 150150150150 (15050 n.5oj|.so 148 11.48(1.46[1.45|1.43;1.42 140 1.38{1.36|1.33| 0.26

0.28{/.50 I.50§IA50 1501150 11501150 |1.50{1.50(1.46 {1.48 |1.461.45 (143 |1.42(1.40 {1.38 | 1.36{1.33] 0.28
0.30i/.50 |L.50 .1.50 150}1.50 [1.50(1.50/1.50(1.491.48|1.47|1.46]1.45|1.4311.42|1.40 1.3811.36/1.3310.30

0321749 |1.49|/4911.49]1.48 | 1.48(148 |1.48 |1.48 |1.48 | 1.47 | 1.46|1.45 I.43;I.42§|.40 1.3811.36(1.33]|0.32

034{/.48 |1.48|.48]1.48|1.48 |1 .48]1.481.48/1.48(1.47 ! 1.47|1.46{1.45 |.43i|.42:I.40‘!|.38 1.3611.33]0.34

0.361/.46 |1.96|1.46]1.46 I.46!|.4G 1.46 [1.46|1.461.46 {1.45 |1.45]1.44 |1.43 142 |1.401.38 l.35l|.33 036

0.38|/.45 |1.451.45}145(1.451.45|1.451.45]1.45|.45 '1.44|1.44)1.43 l.42;l.4l 1391137 (1.34 1.31]|0.38

0.40)/. 43 |1.4311.43{1.43(1.43 [1.43]|1.43 |1.43 {1.43 I.43:I.43 1.4311.42 (.41 (1.40]1.38 |1.35 [1.32 |1.28 |0.40
042(1.42 |1.42]1.42]1.42 (1.42 |1.42 |1.42 [1L42 {1 42 {142 |1.42 [1.42 |I.4] |1.40(1.38 |1.36 1.33 |1.29}1.24 0.42
0.44|/.40 |/1.4011.40{140{1.40]1.40(1.40[1.40{L40 |140 {140 |1.40|1.39 |I.38 ,‘ll.3651.33 .30 11.25{1.20]0.44
0.46|/.38 (/.38 |1.3811.38|1.381.38 |1.38 I.38|;I.3B 1.38 |1.38 {1.38}1.37 I.351I.33gl.30 .25 11.20{1.20}0.46
0481/ .36 {136 |136{136)|1.3611.36 |1.36 |.36il.36 1.3611.36 [1.35 (134 }1.32 ;|‘29il.25 1.2011.20{1.251048

0.50/.33 (133 {1.33(1.33 (133 | 1.33 }1.33 |.33ll.33 1.3311.33 {1.32{1.3I I.28JI.24}I.20 .20 |1.25]1.30{0.50

For the zone beneath the upper zick-zack line the centre of the foundation lies in the
compressed part of the section, for the zone on the right lower corner the point of application

lies in the middle third of the foundafion section.

Source : Stahl im Hochbau, Verlag itanleisen MeFeilsgduesseldor?y, West '“Erman:’m(”‘_l.:..ﬁl)

SAT A, 8wiss Ascgociation for Technical Assistence

HMG Nepal _ Roads Department Suspension Bridge Division




STRUCTURAL ANALYSIS No : 3.903

Calculation example for a Pylen foundation

Dote 24th Jan, 77

- S s« A GGF

CALCULATION EXAMPLE FOR A PYLON FOUNDATION

Q ,m___ I.SQT,I._SO
!
T 0
P -_—
ﬂ Nz 2 18 —— S
|  a X
| THy | Wy Q ‘ "
oof | 400 _; Moo ¥ + <+
Y
600 __ L3-_°QJ
3.00_, 3.00 Loading cases P P, HV| HVg Hy
Case | 46 | -10 | 3, 3.3 15
o 8 Case 2 50 43 0.1 (O8] 37
—T =Y e I
i b Case I:  Full wind and some load.
X Case2: Full load and some wind.
Soil conditions
Max. soil bearing (F mox. =3.5kg/cm'
Coefficient of friction M =0.44
Weight of soil T = 1.90t/m®
Coeff. of active aarth pressure k°= 0.35
Angle of repese . .. . . =26°
Weight of the foundation.
w' =6.0-450-30-:22 =178.20%
V,=2{1.3-3.0:0.8-22) = |3.73%
Total = 191.95¢
Volume = 87.25m°

Earth pressure.

E = f'r'K'H!

H
a
@
s
@
-]
«
g
z — —‘-{‘
2 o 8 E, = 1.19-0.35-4.5% = 6.731/m*
& — ) o ' 2 ' '
. m
8 q_éa = — = ‘ i 2 4
3 — Ep = 5°1.9:0.35:3.5% = 4.07t/m
: Eyrgeg ° 6-73°6.00 = 40,38t
H Ervota = 4.07-6.00 =24.42%
a
<4
.
< HMG Nepol Roads Department Suspension Bridge Division J




STRUCTURAL ANALYSIS No @ 3,904
((Jalmi?iLati‘zz:x e}):ampla for a Pylon foundation Oate : 24t’h Jan. 71
) continuation )
| sig_: v Gl

Loading case | (full wind, some load)
Hy® E; +Hy= Eg= 40.38 +15.00 ~24.42 = 30,961
Hyﬂ —Hy' —-Hyg 2=3|=3.3 5 -8.41
My=(Hy ~+Hy ) 4.64R+2.0~Fy+2.02(3.143,3)4.5+46.0-2.0 ~(~10)2.0=140.60mt
My = Ef1l.S0=EyLIT+Hy 4.38 v40.361.8-24.42-11T+150-4352 97,.25m¢t

Eccentricities

EMy_ 9728 _£H 140.80__ _
®x*“ZV © §195+46-10 - O43M o FV- * Tors5+3eT0 "0 62m

Max. soil bearing

Rafer to Chapter: Coefflcient for caleuleting the max. soil bearing of bi-axial
and ececentric compressed foundations. (3.902)

30-0.62 = 2.38m U/o

U= = 2.38/6.0 = 0.40
V=15—-0.43z 1.07m Vb = 1.07/3.0 =0. 36
Z = 1.43 max. soll bearing & man. s Zo —2-%—.\{-%)-

42, 227950 _ ] 2 oy 2
O'max. = 1435 55ames 8 143-2.24 = 3.20kg/m"< 3.5 Kg/cm

Loading case 2 (full load, some wind)

Hy= E +H —E = 40.38 +37— 24.42 = 19.661

Hy=-Hy’ -’Hyz 3‘0.'_0-5 3_0‘6'

My = (Hy +Hya)°4.5+P,°2.O—P2'2.O =(0.1+0.5):4.5+50.0:2.0~43-20 = 16, 7mt
i

My= Ej«L.50=Ep-LI7T+Hy4.35 =40.38-15-2442:1.17+3.7°435 =48.09mf

Eccentricities

48.09 0

% ° TBISE+50 43 - &I7M o TEsEsoTa | 0-06m
Max. @eil bearing

U= 2.0-0.06 = 2.94m Ufa = 2.34/6.0 = 0.39

Vs 18-017 = 1.33m V/b = 1.33/3.0 = 044

Z = 1,385

Max. soll bearing O'max, = L3BS et 200 =1.386-1,822 =2,52Ng/m" < 3.5%g/m"

;AT A , Guics Assesistica @r Teshaica! Assciotence
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STRUCTURAL ANALYSIS No : 3,905

Calculation example for a Pylon foundation

(2nd continuation) Date : 24th cap, 77 |
Sig pe ﬁ

Safety against sliding

S F = Mmin L Vv-coefficient of friction _ 227-0.44 _ 3,355

mox. L H 30,96
‘ I Example safety factor for a inclined bottom
3| gF - min EV(Cos®-tan26°+Sinll31)
> < o max. H-Cos
[ Y] Q
o e :
Q1 gf - 227(Cos L3I tan 26°+ Sin (1.31)
o - a 30.96- Cos 1.3
7 5 -
3.00 ™ = 5.04 > 1.5 [if inclined|
£ =1.31°

Safeties against overturning

‘ 15Q, 1.5Q
SF max. overturning moment
h min. stabilizing moment
Q
0
vl Mg = 15.04.35 + 40,38 1.50
L & 1 M, = 125.82mt
A
3.00 Mgy = 191.95-1L5 +24.42-1.17 +36L5
Mgy = 371.67mt
°
- . 271,867 - 95 > 1.5
.- SF = 5882 2. .
@
L]
< 3.00 3.00
g - ,
[
§ 1 f
= : M, = 6,445+10-5.0 = 78.80m
H l 9
H <
3 Mg, = 3.0¢191.96 +46-100= 521.85mt
2 | |
]
2
t A ‘ l
3 } 6.00 | $.F =-§-$—%‘%% - 6,62 >>.5
-
<
[
: HEAG Nepal Roads Departmant Suspengion Bridge Division




STRUCTURAL ANALYDI® , No . 3,906

‘miculation examp.e for an anchor o2lock useus a

. . Y N . 1 "

ini fuv anc side stay cable ancnorage i Date @ Jdtn, Jan.77
<,

CALCULATION EXAMPLE FOR AN ANCHOR BLOCK USED
AS WINDGUY AND SIDE STAY CABLE ANCHORAGE

320 Stabilizing Az
Pian |60, 160 cable 509 Front elevation
X_,  B0UN
o . !
o, bt 1 Windguy ' o
o B i -
{ = | !
%S'bw, o 1507150
y gbilizing cable 260
Side elsvation z jStabilizing cable
Forces:
8 Wind
o} = __-.__£.g”y Cescription Case | Case 2
ok 8 A My v Windguy Hy {18 tons | 3,0 tons
! - Stabihzing Hy 1.9 tons 2.3 tons
‘ 160 | 1.60 cable Vg 3.3tons 2.7 tons
3.20 Case | : Full wind, some Jload
' Case 2: Full load , some wind
Soil condition = factor of friction = 0.45
max. soil bearing = 2.0 Kg/cm2

The ground surface around the foundation is horizontal, therefore the active earth
pressure resulting from the backfilling is assumed as equal i.e. we are calculating
without taking any earth pressure into account.

Weight of the foundation

Wy =3.2-31:3.0:2.2 =65.472 tons Volume = 29.76 m3
Loading Case I {Full wind, some load)
Hy = 1.9 tons, Hy = I8tons ; . My = Hy-3.10 =1.9-3.10 = 5.89 mt

My = Hy-1.90 = I8.0:1.9 = 34 .20mt
Eccentricities
LV = Wy —V,:=65472-3.3 =62.172 tons ey =

e = L My _5.88
y v 62.172

max. soil bearing ‘

£ My _ 34.20
TV 62,172

=0.550m

[}

=0.095m

Refer to page 3.907: Coefficients for calculating the max. soil bearing of bi-axial
cnd eccentric compressed foundations.

u=1.60-0095 = ,505. u/a = 1,505 / 3.20 = 0.47
v=150-0.550 = 0.950 v/b =0.950/ 3,00 = 0.32
2 =137 max. soil bearing = omax = 2. —2YAPL

62172 , cuev
& max. = .37+ ———=— = [ 49Kg/cm® . 2.0 Kq /cm 2

2-1505-2-95

AT A ‘,”G‘w‘uﬁe“ Acnociction for Yochnical Aseistance




Vertical weight =Dead load ~ V; = Wy
Cose | (Full wind, some load)
i 2 2
§ Fyz/l 9°+18.0%= 18.1 rons Wr=65472-33 =62.172 tons
, o Wy factor of friction
Safety against sliding = = '
H
Sofety factor = _§2il7§2;|0_.4»_5>_ = .55 > 1.5 J
Cose 2 (Full load, some wind)
/ 2 2
Fy = 2.3 +30 = 3.78 tons Wy =65.472 2.7 =62.77Tz tons
62.772-0.45
s Safety factor = =
E y 378 7.47 »> |I.5
< Safety against overturning
- max. overturning moment
- I'o S-F T stabilizing maoment
3| o Y | i
2l o —f — . - - .
% = 8 Mg = Hy-|.9 +V2.-LG=IQ.C-;.:1-~3.3-I.&> = X9 .48 mt |
2, = Mgy = W-1.6=65472:1.6 = i04.75 ™! !
] A s .
= 3 20 s F 104.75 - =
. . g —— 73 > 1B
c 39.48 ”
2 ¢ . Mnax. overturning moment
§ " min. stabilizing moment
° Mg =Hx*3.1 +V;+1,8=2,3 1942715 =118 mt
2 Mgy = W:1.5:65472-1.5 =92, 208 mt
3 SF :28:208 _go5.. 5
.18
HMG Nepal Roaeds Department Suspension  Bridge Division

No o
T 7 5% Ze2 il L ™ L
A;,‘ ci e o T imar ) Dote : it e, 7
- — —— f‘sm %Wz
Loading Case 2 (Full load, some wind)
He® 2.3 tons; Hy, = 30tons; M= Hyer3.0 =2.3.31 = 713 mt
My= Hy-|.9 =301.9 =5.70mt
Eccentricities
SV = Wy -V, = 65.472-27:62.772t0ns, e, * ol . 570 o,
zT z ‘ ' ' » Px T gy Barre ] CPEIm
My 7.13
= = = 0.1l
ey " gy 62.772 4m ﬁ
|
max. soil bearing ‘
u= 1.60—0.091 =1.509 u/a = 1.509/73.2 = .47
v=150-0114 =136 v/b=1.38672.0 = 0. 46
- VL]
z= 12125 max. soil bearing 6 mqx = z EViF)
62772 s cus2v
C'max =1.2125- =0.91 Kg/am©« 2.0

Safety against sliding

Horizontal forces Fy =/H,‘2+H$

2:150.9-2°138.6




AT A , Swiss Association for Technical Assistance

STRUCTULAL MIATYDIN No HEEIIeIT

Dimensioning in reinforced concrete construction

., Otr vex h g
tzking the axiil compression force into :iccount P__DO": I ?Hw or. T
l Sig !t ser -

DIMENSIONING IN REINFORCED CONCRETE CONSTRUCTION
TAKING THE AXIAL FORCE INTO ACCOUNT

Me = M-N e, Tensile force = N(positve), Compression force = N {negative)

d
h- &
2

in tre rectangular section e

In case N acts as fensile force (+) still

withen the reinforcement, i.e. c<e
N  e+c N e-c

Fel = % e Fe2= e Ze for the
tensile force action directly at the centre

. . N
Fei = Fep® 2%

Rectanqular _section for_uniaxial bending ( with or without taking the axial force

into account )

h (the neutral fibre coincides with the main axis of the section )
ﬂ:_‘_: T I"0e 55040y Designation
5 Fe DbT ng_'e‘,n'é:'six:kx'h kx;.n.
b . Ep Fe ! Fr MM
L e %-xﬁ z = k-hyh =0 p= o M2 0
n Me

For the calculation of various problems concerning the dimensioning in Building construction, where
the defermation is mainly the binding, the permissible stress for the steel has been fixed as Je
In order to reduce the valume of calculation an con use the corresponding table for every
permissible  stress of steel.

Section without any compression reinforcement

M .
o=k P 4 h in cm, M in mt, binm
In case the kp— value ablained from the above formulo 2 wat of kiy given in the table

I for the given &y , there is no need of -~ --vooooves

- Me N
FE ——h——'Ke+ n Yot [2]
For mainlty bending caoses Fe = l’:- Ke - [20]
Fg in szi Mg iIn mt h in m; N in t
Se in t/cm?, M in mt

The Ko — values / which corresponds to the next smallar recosumend value of Ky will be

taken from the table |

HMG Nepal Roads Department Suspension Bridge Division



SIOTMIR L AT ALY LD | No e
Dimensioning in reinforced conoroo LI LI O |
b aied e i e o . © Dote o or, 77
taking tre axicl compreccion L o R SOy A
‘~t ocontinuntion | Sig ! j-e

Section with compression reinforcement

In case the K, -value obtained from the formulu | 1s smallor then that of Ky given in '
the table 1, there s need of compression reinforcement. ;
Tension reinforcement and the equaton 2 and 2a || K ~ vaiue like n table 2 | starting with "
Sy and Kp :
Compression reinforcement ‘
. M R NN . Vi, . .
Fe = TE Ke {lor B<0O 08}, Fg - .*'.) e f Torﬁg VO8] ' ‘
Diimensions as in the equutior, Kg us Kg trom ihe taple 2 ' tor A7 = % from the table 2 ‘
TABLE |
Recommended values K, and Kj-coefficients Kgand Ky
Ge = 1.200 t/cm2 |for @p = 1400 t/em? | for gp = 2.200 1/cm?
Tb
Kn Kh Kh |
Kq/cm2 and Ke K, und Ke K, and Ke K, |
Kh Kh Kn 1
| 20 23 0.89 0.93 - - - :
| 30 16 4 092 0.9l 17.3 0.78 0.92 20.4 048 | 0Y4 _]
35 145 1 093 | 0.90 - - it = - - .
__40__ 130 094 | 089 ) 136 | 079 | 090 | 159 | 049 0.93 -4
45 H.8 0.95 0.88 - - - — -
S0 10.9 0.96 0.87 H 4 O 8i o.8e 121 0.590 0.92
&0 - - — 99 O R2 0.87 13 0.50 0.90
70 == 7R3 0.86 0.0 2.51 n.89
80 - — 80 084 0.85 9.0 0.52 0.88
o
2! TABLE 2
o —— S
- Coefficients ©'
» P2 B o2 2
< for Og = 1.200 t/m for 7¢ = 1400 i/m for ge= 2200 t/m
P ] o e e e e e e s < s  —
; | /5:% Ch o) Ty
< S .
g ac'sc’ - T - T T - Tsoleo|70l80] - [50]6e0]70]80
1 -
= 008 /105 {104 - . - - 1 - 1105 ;104 [104 |104 | - 1107 {106 [105 |105
8 0091l _J109 . - | - -1 - w0 109 j108 (108 | - 115 1_|.|2 o LI
. o0 Tz Tua | - - - 4o oooe na Laz bz |- tees lreo fur
° Qi1 123 1126 ; - - - vee g v i L - 1134 128 124 122 |
3 0.2 |130 | 126 | - = b ozn 28 23 - 1145 37132 |Lee
g 14 147 133 | - s b |otol, 44 3R 134 32 | - 071 199 (149 144
H 016 [ 168 [ 153 - - P4 154 146 T4z | - ei7 iB7_ 172 |i62 |
< 02012301189 . . A 5% sz o4 |- a5 cAdfess oy
H
3
72
a
- — S
5 HMG N epal Roads Department Suspension Bridge Division
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Date
Sig

No.

forced construction

ing in rein

TTRAL

nw

TRUC

taking the axial compression force into zccount

Dimension
(2nd continuation)
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STRUCTURAL ANALYSIS No. 13,912

Trigonometry Date :<Oth rebr, 77
Si1g_1 g A
TRIGONOMETRY
Basic notations
Angular & circular measure 2,
=
—_ e ® o
& = orc & = A

180°
grc X = 0.017453 K ° -
X © |

= 57.2967 arc «

Angular measure 0° 30° 45° 60° 90° | 180° | 270° { 360°

. r A h A 3R
Circular measure o] < - =3 > A 5 2R
arc &« 0 0.52 0.7B ] 1.05 .57 3.14 4.7] 6.28

The length of the arc of a circle which makes an angle « with the centre of the
circle with radius r is:

b = r. arccet

The right-angled iriangle

Sin o = Perpendicular - _43:_'
Hypoteneus
b
Coso{ = ___Base = =
Hypoteneus °
s
Perpendicular a
tanof = R i = e——
Base b %
[
®
] - Base . b
;_ Coret = Perpendicular ~ @
:
<
s Functional values of the important angles
] Angle 0°  30° 450 60° 75° | 90°|180°] 2707 360
=
e Sine 0 0.500 | 0.707 0.866 | 0.966 | ol|-1lo
(3
8 Cosine I 0.866 | 0.707 0.500 | 0.259 o | - 0 i
]
§ tangent 0 0.577 .000 1.732 3732 w0 0
< Cotangent | @ I.732 1.000 0577 0268 0 0
8
]
(/)
<
h A
<« HMG Nepoi Roads  Depariment _ Suspension Bridgs  Division




Swigs Association for Technical Assistance

‘AT A

STRUCTURAL ANALYSIS

General Conversion Table

No. rz_a13

Dote : 0Oth kebr, 77
Sig ¢ s Fy.
GENERAL CONVERSION TABLE
Multiply by To Convert To
2.54 Inches - - Centimetres - - - - 0.3937
30.48 Feet . 0.3228
0.914 Yards Metres 1094
1609 .3 Miles - 0.00062!
6 .45 Square Inches Sq., cum. 0.155
0.093 Square Feet Sq, Metres . . . . 10.764
0.836 Square Yaords " 1.196
16.39 Cubic Inches Cub. cms 0.06 1
28.3 Cubic Feet Litres . . 0.0353
6.249 - s Gallons . . 0.1602
0.765 Cubic Yards Cub.. Metres. . . . 1.308
0.3732 Pounds (Troy) Kilogrammes. . . 268
1016.0 Tons . . . _ Kilogrammes. . . 0.000984
4 .546 Gallons . Litres. n.22
70.3 Lb. per sq, in. . Gm./sq . cm. . . .. 0.0142
1.575 Tons per sq in.. . Kgms./sq mm. 0.635
4 .883 Lb. per sq_ ft. Kgm./ sq metre . . 0.205
0.593 Lb. per cub. yd. Kgm./cub. metre . . 1.686
16.02 Lb. per cub. f1. v o ’e 0.062
0.1833 Foot 1b. K grammetres 7.23
J.33 Foot-tons. Tonne - metres 3.0
197.0 Metres sec. Ft./min. . . 0.00508
1.488 Lb. per ft . Kgm. per metre . . 0.672
0.496 Lb. per yd.. . sr 30 s 2016
3333.33 Tons per ft. s sy v 00003
[N Tons per yd. v s as 0.0009
10.936 Tons per sq ft . . Tonnes/sq metre. . 0.0914
1.215 Tons persqyd. . . . 0823
1.329 Tons per cub.yd... Tonnes cub. matre. . 0.7%2
258 Inch  tons K'grammeire 0.0387
To Obtain From Multiply by abovs
HMG Nepal Roads  Deportment Suspension Bridge  Division




@
o
<
©
-
@
®
°
<
®
©
<
£S
2
-
-
2
[
h-d
-
L4
o
[
[
@
<
-3
(-4
B
L
-4
-
L4
w

STRUCTIURAL ANALYSIC | -NO fe C
Conversion table i_‘zgl";es : m 99'&__ WP_E'_L
[ 11 N0 i
CONVERSION  TABLE
in. mm ft. mm ft. mm
1/16 159 | 3048| 25 76200
1/ 8 318 2 6096| 26 79248
3/16 476 3 si1aal 27 82296
174 635 4 12192 28 85344
5/16 7-94 5 1524-0| 29 88392
3/8 953 6 i1828-8| 30 91440
7/16 151 7 2133-6] 31 94488
1’2 1270 8 2438-4| 32 97536
9/16 14-29 9 27432 33 10058 4
5/ 8 1588 10 3048 0| 34 103632
3/4 1905 I 3352 8/ 35 106680
7/ 8 2223 12 3657 6| 36 10972 -8
| 2540 13 3962 4| 37 112776
2 5080 14 4267 2| 38 115824
3 76-20 5 4572 0| 39 118872
4 101- 6 16 48768 40 121920
| 5 1270 17 5181 6| 41 124968
{ 6 152 4 18 5486 4 42 1280 1-6
7 177-8 I9 5791 2, 43 13106 4
8 203 2 20 6096 0| 44 13411 -2
9 2286 21 6400 8| 45 13716 - )
10 254-0 22 6705 6| 46 14020 - 8
H 2794 23 7010 4] 47 14325 6
12 304-8 24 7315 2| 48 14630 4
HMG Nepol Roads  Deportmert wSuswms;)‘ﬂ Bridge Division




SAT A, Swiss Associgtion for Technical Assistance

STHUCTUHAL ANALY LS \ No 3!
Vensurations of sren: ang volumes
Date ity ey 7
! ~ S1Q ¢ e L
MENSURATION — Areos
A=area, C =circumference
A= areaq. A=nr2= 3141612z 0.7854 42
P C=2rr=6.2832r=3.1416 d
2 r= C+6.28327.,/A-3.1416:0.564 /A
Azzd d= C+3.14163/A+0.7854:1128 /A
$§=0707Id = /A Length ofarc for center angle of [°=0008727d
d=1414 414 A Length of arc for centerangle of n®=0.008727d
= s = |. H )
v —_— A=gareqg; |=lengthof arc;<=angle in deq,
A= area s LALKBIAIE - o oi7a5rc < 2R
Azab - - 2
- A=l,r20.008727<r
Aza Voi-d® b /oo of " %7296 | ,.2A . 57296 |
d: Ja2+ b2 Circumi sector %% T ¥ P2 TR

Rectangle

¥
1
Q
~1
te-- —p— -+
Parglielogram

[erpr—
Right-angled Triangle

—— - fy - ]
Acute-angisd Triangle

4
Re quiar bexogon

az+/d2—p2z A +p

b=s/a?—02 = A+ g
A = orea.

A:ab

a= A+b

b= A-+a

Note that dimensiona is
measured at right angles toline b.

A= area.

areaq.

Circular Ring Seaor

A=areaq; I=lengthof arc; =angle indeg,

c=2/hi2r-n) A='/2(rl—c(r—h)]
r= =% g:i 1= 0.01745r<
her - pAre—c2 = SL236 |

A= area.
ATURZ-¢2) = 31416 (RZ2~¢2)
23.1416-1416{R+r) (R~r)
=0.7854(D%~d?)=0.7854(D+d)(D-d)

A=greq; < =anglein degrees,
SxTL 2 2. 2_2
A= 3GO(R r)20.00873 « (R*-r“}

L K T2 g2): o (2. 2
4x360(D d©)=0.00218«(D"-d“)

faP+b2 — ¢ £\2
- 2_[a7tbc—ce
Az /a ( 2 )
if Sz g{a+b+c),then
A=/ s(S-a)(s—b)S-c)

A = greaq. o
_bh_ b/, (cZ-a2-p2Y
A= F =3 /0 (_"_2'3_

If $= gla+b+c), then
A= /s(s—a)(s—b)(S-c)

A = area.
_ {a+b)n
Az ===
A = areaq.

A= (H+h)a +bh+cH
- 2

A trapezium can also be divided info
two triangies as indicated by the dotted
line.The area of earhnt thase triangles
1s computed gndtre  results added to
find the areq of the 1 apeziam

Az area.

[ngule

Square Prism

-g-- -t

Wedge

adius of circumscribed circle
4ydius of inscribed circle.

r
r=or
A- 2.598s2:2 598R2=3.464-2
Rz 5= 155r
r=0.866 s=0.B66R
sz R

HMG Nepal

()

ba-—h—- e je--0-
Cylinder

MENSURATION ~Volumes of Solids

V=

volume.
V=abc
- . v - N
be b ac ¢ ab
V= volume.
Ve s?
s= 3V
V= velume.
_ {2a4c)bh
v 6

V= volume; S=area of gyl.surface.
V=3.1416r%n = N.78%4d2n
S= €. s8%rn 23 1416 dh
Total area A of cylindrical surface
i and end surfaces:

™ Az 6.2832r(r+h)=3.14164d(l6d +n )

|

PO

Roads Depnartment

Suspension

Briage  Division

JRNpU SES,

o |

————————
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“ensuration of volumes (continuation)

Volumes

of Solids Continued.

o --h

\JG

V = volume ; S=area of cylindrical
surface.

V=1.5708r%(n +hpl:0 33272 (Rt )

Portion of Cylinder g=3 416+ (h' +h2)=l.5708d (hl +h2)

“mh

Porticn of Cylinder

o duy

1
it Lt e Vi

Hollow Cylinder

V=volume; S=area of cylindrical
surface.

V=(32031b Xarea ABC ) “r;ﬂ
h

= + -
S= {ad* b X lengthof arc ABC} T¥D

Use + when base area is larger,
ond —when base area is less than
one-half the base circle.

V= volume.
V=3.0416h({RZ-r2) = 0.7854n(D%~d?)
23I4ERH2 R~1'=3.1416M({D -1t )
=3.i416ht(2r +1)=3.141i6ht (D +t)

22 1316ht (R + )= 1.5708ht (D +d)

Sphere

r

~
~—

Spherical Sector

Spherical Segment

V=volurne, A= area of surface

4mr 3
3
A zan 2zwa?:2 566dc: 1416 d?

s —
ros \/fi : 06204y

nd?

V= s a.1888r2:0. 5236 d°

V=volume; A = total areaof
conical and spherical surface
2
v=2ILh 220944r2n

A=3.1416r (2h+ lbc)

¢ =2 &/ h(Ze =n)

A= area of spherical
surface.

2
N A=) [l L
V-3.l4|6h(r 3>-3J4|6h (8+62)

‘7;- ¥ h:>

V =volume; A=area of spherical

V = volume;

A =2mrh=6.26832rh = 3AI4IC(
c?4dnt

cz2./020 = h), 1= ah

SAT A , Swiss Association for Technical Assistonce

surface.
. 3c|2 3c32 2
V= volume; A=area of conical v :0.52’)61.(—74—- +-—3 *h )
e.
surfac A =2reh = 6.2832rh
8 3.1416:€h
~S. . {
o~ R =1.0472¢8n =0.L618d%h Spnerical Zone ‘\/cgz ¢ —c2—4h°\*
A ' rE T+(" BT*“)
. b —f——a tamg--m A 214161/ 12 +h2=3.1416r5=1.5708ds
\ Cone =volume, A=area of spherical
d2 surface.
s Jre4n2 =,/ <=
s rethn a +h2 /@ o« =center angle in degrees
\ Iove AR G oieee 3
N P 360 3
S
V=volume; A=area of conical g icq wedge » , ,
surface. A== X 4mwr® =0.0349%r
- 60
L2 et
‘ 3 g V= 1.0 472 nRARr+920.2618h(D3 Dd+d3
H H¢ r V=volume.
e ~ D~ o -2 , i !
-t Az2.14168{R+r)=1.5708s (D +d; & V=4§7(R8—r2,=-;AIBBB(R2—r2)
Frustum of Cone ~
! s
azR-—r s=.-/02+h2 : .~\/'(F\‘-r>2+h2 B g o8 - nenig08-d?)
Hollow Sphare
HMG Nepal Roads  Department Suspensicn Bridge Division




STRUCTURAL ANALYSIS No. @ 3,917
Colour indication of iemperature oi sicel Dote + 21st ?.‘e'_o;s‘};” *“
s 4 L |
COLOUR INDICATION OF TEMPERATURE OF STEEL
paie  yellow
golden yellow !
brown |
purple violet
dark blue
light blue
grey
FAHRENHEIT
CENTIGRADE
just visible red
dull red
dult cherry
§ cherry red
g bright red g
< aslmon
§ orange
= light orange
‘E lemon
j§ light yellow
g white
;
:
E HMG Nepal Roads  Department Suspension Bridge Division




STRUCTURAL AN ALYSTIO

falculation of anchor rods or anchor hooks

No. B'Q‘IB

P

Date : i1st Pebr.77

Sig //?//\

| st.

Possibility

Under the assumption that the influence of transmission through the bond stress of

the anchor negiected — due to the uncertainity about the composition of fill concrete-

the calculation will be carried out in the following manner: In this case the
cross girder will be usually stronger dimensioned then in the second possible
calculation  which is shown Dbelow!
T
N oo =557 ST issi
2.b- 1 permissible
T/2 . T/2 ;T (concrete)
H ‘1 2)1f e > 0.207 1 the max.
‘ bl b Bending moment is:
1 q M . T.eZ-
: max: N
" 3)If e < 0.207 | the max
\l #’ # , Bending moment is:
e A e | T |
B I A ’B‘ Moo= (g -e)
I T— 4) Section of Modulus
W = —Max. (.m3)
2nd Possibility 2. al
\ In case the external dimensions require the greater expansion of the different

' Anchor rods, the calculation should be carried out in the following way:
T
T - T
h 2b [(2d—b)+29] < qlpermissible
(concrete)
d | d
2d T
b If = O = —m———
A+ 20 e = d 8eb + 2 be
3 b d
o TE@ el |— T
- ! : o 3 If e =d M =
» B L max .
3 = P 4
]
< : !
g M
e e
£ 4) Section of modulus = MAX_ (cm3)
E 47__-)’_ g all
N TECHNICAL DATA
(=]
< 3.4d
2 d W I |lpermissible| Wmax 2.2
: mm|mm|mm| tons berm. = —4 0
< 20|65 (25 503
= 2
s 35180 [30] 780 ] CTperm. = 8ka/mm
”!’ 3210036 | 12.87 d in mm
- 381125|49|18.10 g in kg/mm2
«
- . o )
: ,HMG Nepal Roads  Department Suspension Bridge Division







SAT A , Swiss Assecistien (v Tochalca! Aseistence '
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SURVEY OF BRIDGE SITE No. 4,101

Site Selection and Technical Report Data : 28.12,1976

sig_: tpadlan

-

4,100 Site Selection and Technical Report

1, Site Selection

The location of a bridge site is usually determined bv economic,
technical and political reasons and arguments, On the economic and
technical point the main thought to consider is that there are two
different types of bridges. One is the SUSPENDED BRIDGE and the other
i1s the SUSPENSION BRIDGE. The cost of the Sugpended Bridge is much
less than that of the Suspension Bridge, even when the span 1s bigger.
A general cémparison of the costs is shown on the grafic below.

BRIDGE ~ COSTS

!
13 i #
l‘ /.

1 %)
&7

b
/l

in Lakhs

|
':

|

<,
Q7 1

Cost

25 80 @8 75 100 125 150 175 200 225
. Span in meter

e.g. Suspension Bridge of 66 m span
For the price of this Suspension Bridge you can build
a Suspended Bridge with a span of 102 m

HilG Nepar ~Roeds  Depariment Sugpension Bridga Division
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SAT A,

SUAVEY OF BRIDGE SIThE No. = 4,102

Site Selection and Technical Report Dote : 28,12.1976

sig + VouaOlioa

Alsc the conditions for the foundation should be considered very carefully.
Do not select sites where big rock excavations will be necessary. Do not
put Toundations in slopes where land slides may occur, Big protection
walls, Gablon walls and so on lncrease the costs of a bridge rapidly.

A little bigger span more up- or downstream might still be cheaper.

If it is not possible to find the best site in consideration of all

these points, you can make two or three surveys in different places,

so that an exact comparison can be made at the office,

2. Technical Report

The technical report should include the following roints:

a) Location of proposed bridge site

rlace:

Rivers:

Trail:
ranchayat:
District:
Zone:

Cre inch map:
Co-ordinates:
Altitudes

Is there private or public land on the riverbank?

b) Existing crossing facilities

Is there a ferry, a temporary bridge?
Is it also possible to cross with animals?

How many months a vear is it possible to cross the river?

¢) Trails served and area of influence

Is there a main trail? From - to?

d) Traffic and economic background

How many people are crossing the river? what kind of goods are thevy
carryi g mainly? Is it possible that there would be more traffic
after the construction of a bridge?

HMG Nepoi Roads  Department Sugpension Bridge Division




SURVZY UF o 3nlous sliin No L t0n

[

.ite weiection and Technical Heport Date : 25.12.1976

Sig QMJ’JW

e, rotertial venefits from the construction of the vriazge

e.g. nc ferry charge, shorter wav from - tc

£ DJescription of - ~posed bridge

Uesign caracteristics

ype of bridge

Sran

vain cables

rnalkway cabvles

Main ancﬁorage tyres: left bank / right bank

Hignt of towers

“ree board over hight flood level

State whv vou selected thls type of bridge
2. Foundation conditions

Left bank, right bank

Are there tlelds, rocks or big stones around? How steep is the

slope? Are there trees or bushes on the site? May lana sliqes occur?

{How to make soil investigations, see chapter 'Soil Investigation®,)
3, Hyarology

width of the river

«idth of the river during hight flood

~iver bed gradient at centre line of the tridge

is the river calm or not?

s the riverved flat ore sloping?

L4, Apprcach trails

is it necessary to build approach trails? ls olasting required for
that? How long will this trail be?

%. Local materials

Are the following materials available at the site? Where do thev

have to be carried from (distances)?: -
Stones

Hubble
Gravel
Sand

Wwood

sal wooed
balla wood

Bamboe

‘s‘uiu Anm&a‘i&u “br T‘eem‘lic“a‘l Asﬁslcacé ‘

Division

AT A

HMG Nepat Roads Department Sugpengion Bridge
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SURVEY OF BRIDGE SITE No : ‘“.104 1

Site Selection and Technical Report Date : 28+1241976

Sig QOMLAQllZAA

6. Miscellaneous
General remarks about the site and about existing houses, walls,

protection Walls, etc.

g) Sost of the proposed bridge

n) Fotos of the bridge site

In the fotos the maln survey points should be shown. The fotos
should also show the foundation conditions.

1) Transport routes and access to the bridge site

1. Transport routes
Nearest roadhead served by trucks

Is it possible that a road to a nearer point will be finished socn?
Trangport distance by porters in miles and days
Forter charge, availabilitv of porters and
Favorable months for the transportation
2. Aceess to the bridge site
Mearest alr field (regular flights or not)

Nearest bus or rzilwav statlion

Walking distance in miles and days
Distance to the nearest wireless station
Distance to the nearest post office

Other possibilities of communication

v & , Swice Asoselotion for Yochmice! Assiotesce



SURVEY LF BRIDGE SITES Hoot 4,20l

3ite survey, after the 3ite Selection (I) Date: 6. 8.1975
siﬁalﬁ{/W“

Material required: - Theodclite with tripod and levelling-staff
-~ Measuring tape 20 to 30 meters long
- Carpenter - level (spirit level)
- Jteel - tape, 2 to 3 meters long
- Steel - pegs , Paint

7’“"‘

Sketch
== PLAN
RIGHT BANK L LEFT BANK
\\ 4 5 .,
o
@ O
| i ,
Il l ([ we
) % br(dge uxh. 7\ .____\

-

Peg Ci peg_)x_ _

| H ills

1 RH !

ke i .
SRR noooo \

: ~ - /

conturhnes
contour-lines out of
- interpolation in-the
tachyme tric survey
—~ additional profilus
paralle! to the bridge
auis

Lmn50m

Degcriptions:

1., Determine the future bridge center-line with the aid of two pegs,
one on each bank (points "A" and "B"). The pegs should be 4o cm
to 50 em long and driven at least 2/3 of their length into the
ground, They must be of good wcod or steel and marked with paint.

2. Measure some reference points (R.P.) for these two pesgs.
Ylake a sketech with the location of the reference points.

3, Establish a bench marik as point of origin for the elevations
(R.L. loo.00 m), This can be the top of a big stone or one of

<he pegs "A" or "B",

4, Set up two additional pegs "C" and "D" irn the center-line,
at least 30 meters behind "A" or "B" if the ground is flat or
at least 20 meters higher than "a" or "B" if the ground is

sloped.

HHG Nepal Readse Deopartment Sugpenpeion Bridge Divisien
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SURVEY {OF BRIDGE SITES Hoes (o

[\9]

4
T

Site Survey, after the Site Selection (II) Dase: ¢, $,1975
Si‘.l W—»ZW

Sketich
PROFILE

. horizontal digtence A-B l,

LEFT BANK RIGHT BANK

‘«‘
4R o pRL-of C

RLof D Peg D

R.LofB . M
p [Peg A ,ReLof A Pe ? I ;l |

l"ﬂGH FLOOD LEVEL = II

L4

= ; L min. 50 m
| W. L'.DURING SURVEJM T or 1/2 of proppsed spon

= ¢

5. With theodolite and staff, determine the distances and difterences
in elevation between the pegs "4","B","G","D" (see 4.300).

Two independent measurements of the distance "A-B" must
be made (see 4.303).

6. Obtain the size and form of the area around the proposed bridge
gite using either a tacheometric survey (described in 4.300) or
the parallel profile method (described in 4.203).

The survey should extend min 50 m upstream and downsteam
—— ;ream.

7. Make the profile measurements either by the "step-method”
(see 4.306) or by the tacheometric metnod (see 4.300).
= If the ground is flat the profile should extend at least
S0 meters behind the probable tower place.
- If the ground is steep the profile should extend at leust
20 meters higher than the probable tower place.
For long spans (more than 120 meters) the profile should extend
further than 5o meters.

€. Make notes on:- Soil conditions for the construction.

- Availability of construction materizls.

- Transport route for bridge-parts and cementi; rates.

-~ Living conditions (food,housing) for the nridge

. staff,

- River-crossing during the constructicn-peric.,

- availability of labourers and their ratss.

- Slides at the bridge place, upstream frow the
bridge site and of tihe nighest flood-lsvel of
the past. (e.g. Sun Kosi 2011, Gandaki «old;

H¥G Hepal Reads Department Suspersicn Bridge Division

BEAT A , Swise Ascociotion for Technical Assistenae




SURVEY 0OF BRIDGE SITES Roos 4.203

Site Survey, After Site Selection (III) Bates 22, 8,1975
sﬂ;go $<0. S neer™
Sketeh for the survey of the bridge-area with parallel profiles.
2
LINE .«q " o - LINE ubu
~d .
_PROFILE 5§ ~ ( m l g
Y -
PROFILE3 A g . o
| x '
PROFILE 1 _ , , _ _ .
c___ A [\99° ‘ \BRIQGE . B[N 90° D
- CENTER LINE -
PROFIL.E 2 ‘ i B
PROFILE 4 — —
PROFIL.E®6 , -7 . __k_m _ .
LEFT BANK RIGHT BANK
Descrapvions

1. On a perpendicular line to the biridge center-line, set from
peg "A" additional pegs at intervals of 5.00 m both upstream
and downstream (line "a").

2. Do the same on the other side, starting from peg "B" (along
line "b").

3, From the so determined pegs measure the profiles (profile 1,2..4)
either by the tacheometric method (4.300) or the "step-method"
(4.306).

Information about Rock

If the construction-site has Example:
on one or on both sides rock,
make a sketch in which you
show the rock formation.
(direction of the layers,
gtrike of the rock/layers).

Note down the nature
of the rock.

e.g. — loose rock,soft rock,’
can be broken with hammer
and crow=bar.

or:

- rock with clearly developed
layers, blasting partly
required.

- hard homogenous rock,
no layers visible,
must be blasted.

HMG Hepal Reads Department Suepemsion Bridge Divisiem




SURVEY OF BRIDGE SITES Heoos L.2o4

Survey methods, Tacheometric survey Bages 17. 7.1975

S:l.!.l Q

Material required: Theodolite with tripad and levelling-ataff

Suummary: wWith the aid of the theodolite and the staff, horizontal
distances and differences in elevation between the
theodolite-station and the staff-points are determined,
independent of the uneveness of the ground between the
points.,

Sketch.in plan:

.7 ]% —//? ' — .3,,,-4
c \ )._,,r "”’ . a B - D

\‘/ ~ —

Description:
1+ 3et the theodolite on point A, measure the helght of instrument.

-, Bring the 09-reading of the horizontal-circle in coincidence with
the bridge axis (Direct the telescope towards point B with the
horizontal-circle clamped in 09-position),

“. Atter proper alignement take for every staff-point the readings
of the norizontal cirecle, the vertical circle, the top hair. the
middle hair, the bottom hair and note it down .

4.The staff should oe placed at well-defined points in order to
describe the shape of the ground as accurately as possible.
e.g. changes in the gradient, in the slope, other breaks in the
ground; details such as houses, big stones, trees, foot-trail,
rock, river-bank, -high-flood level, pegs B,C,D, B.M. etc,

5. Using the tables "TACA" calculate the horizontal and vertical
distances according to 4.30cl and 4.302. (Ordinary tables for
the trigonometrical values can also be used.)

Note: - The staff must be kept in a vertical position. A slight
inclination from the vertical will result in a large error
in the calculated distances!

- The accuracy obtained by this method is about 0.3% of the
distance. The range can be up to 200 to 250 meters.

- In the calculations the horizontal distances are rounded off'
to t 0.lo m and the differences in elevations to ¥ 0,05 m .

HiG Hepal Reade Dopartment

Susponsion Bridge Divieien
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SURVEY OF BRIDGE SiTE

Fotos of surveyed Bridege azites [ Date : 28.2.77 ’
{525 Pikuwa Khcla)

¢ Qoun

tance

2818

Association for Technical A

Right bank

HMG Nepal Rcads Department Suspension  Bridge  Division
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- ) SURVEY CF BRIDGE SITi No 4,206

Tachimetric Survey with K1-RA Date : 28.12,1976
$ig lpund o

“his survey can be done in the same way as shown on page 4,204, There
are only some differences in the reading and calculations, With this
instrument you will get directly the horizontal distance. No more calcu-
lation for that 1s necessary. You can also get directly the difference
in elevation AH., This difference you can alsc get by the calculation
AH = D, tang., When the slope of the line of sight is small, this

e

method ylelds better results than direct reading on the rod,

BRIDGE NR.
TACHYMETRIC SURVEY  witn kary k 1-RA
JOB: DATE:
INSTR.MAR: HOTE~KEEPER : |
SPATION]|HORIZ. | VERTIC [HORIZ |[HEIGHT: | DIFF¥.} ELE- RBMARKS
PARGET | CIRCLE]|CIRCLE |DIST. !INSPR, I} IN VATION
SIGHTED| ELEV.
D Z AH
c [+ tang| m ®» ;j m m
FES [] T f.%0 {lolololo
7 Tol6lsB8Itlol2b il /151l 7.50 B 3119l |fiol3i1\9] Bridae  Axir
— S

DIFFERENCE IN ELEVATION:

Selsotor ring on AH: ] = 2: AH » Reading
I# %: AH = Reading + I =2 1

¥ith vervic. angle : AH = D-tang + I -2 ? o
AL, ROADS DEPARTMENT SUSPENSION BRIDGE DIVISIQ
e.gs Horizontal circle 170.6530
Vertical circle (tang) +0,2047
Distance (direct reading) 15,60 m
Difference in elevation 062047 x 15,60 = 3,19 m

or direct reading

AT A, Owice Ascecistion fer Tooheical Assistenoe

HMG - Nepal Roads Deportment Sugpension Bridge Division




GAT A , Swiss Acsocietien for Teshalesl! Acocistenas

SURVEY OF BRIDGE SITES

Survey methods, Tacheometric survey

Hooes 1ecG7

Dates 15, 7.1975

Sig.s %gw

Sketch to explain the calculation of
horizontal distance and difference

in level out of inclined tacheo-
metrical measurements.

(For easier calculation use the
tacheometrical tables "TACA")
L —
rd
AH
{
i
Instrument station A Staft station B
Readings: L,= Top Hair o( = Vertical angle {
Z = Middle Hair 1 = Heigit of insfrument i
Ly= Bottom Hair {
Calculation: L= L~L, d = Lxcosa
i D'= 100 xd = I00zxlLxncosa
| D = D'xcos = I00xL x cos’x ;
!\z = Dxsinet = I00xL %singr cosex
or 5 = fan o 7 V = Dxtoane
ah=V-2
AH =ah+1 = V¥+1-2Z
RL.otB = RL.ot A+ aH .
—
BMG Nepal Reads Dopartment Suspensiscn Bridge Divisien




SURVEY OF BHILGE S1TsS No.: 4.208

Jurvey metnods, DUistarce 1Cross tre river vate: 1.5.1275

Sig: Q-ZQQucr‘

After the aistance-meas.reuent by tue tuchymetric method (see 4,% 1
scross the river, a sec.u.a lnuepencent neasurement must be made.

4, -ivieing ol the totus a.stuance ..l TWO parts

1f tne river-oced is partly free of water =he distance AB canu be divided
vy ine nelp of an auditional peg £ 1ntc LWo parts. The distances » to X
and X to B can then be measured by the tacnymetric method anc thelr sum
will give the towaul distance.

Sketct:

b AB “41_
XB

—_—
o5}

aB = AX + KB

b) Triangulation Method

Pegging out of a baseline e perpendicular tc the bridge center-line in

A or B . The length of e should be at least 10w of the distance A to B.
Measurement of the distance e by tape.

Measurement of the opposite angle €. € and e must be measured as accurate
as possible.

Fﬁ,v Calculation of the Distance AtoB by the formula AB= e X cotg'e = %Eﬁ?f
|| Sketch in plan:

| °
s
| e
| ©
= N ;

i @ .
[*f River *
3
Q" A . Y
g & A - T

5 —

. e \ e
1 .c —
= —_
" /

L—"k o

| < AL = Tane
B
»
K]
| al
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Survey methods, Distance across the river Date: 1.05.1975

Sig: Wtes o

Other possible arrangements for the triangulation method to obtain
higher accuracy:

‘H\

e
~— -
A B X g B
- V=4 -
- T~
1 _— S~ Z
— T~

¢) Measurement by Rope or Tape

The distance from A Bo B can also be checked by measuring airectly with
a tape in several steps or with a rope (rupe-length alterwards measured
by the tape).

These methods are often not very accurate because the river-banks may be
steep and thereforenot favorable for a guod measurement of horizontal
distances. They should only be useda for a rough check of the distarce,

AT A , Scies ARcssceistion for Testelos! Aseletesce
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SURVEY OF BRIDGE &SITES Reot 4,210

Survey methods, Levelling of Bench Marks Dates 24. 7.1975
Sig.s @-ékh4¢&/“

In order to facilitate control of the construction process

Bench Marks (B.M.), indicating elevations, should be set up

on both hanks.

There should be a Bench Mark for every main anchorage as well as
for the tower foundations (abutments) and the wind-guy-anchorages.

The tops of sulid stones or strong pegs way be choseu as Bench lMarks,
They nust oe marsed clearly with paint and a sketch of their
location (reference distances; should be prepared.

One Bench Marx is fixed as point ot origin with R.L. l00.00 m and
then all tue others are levelled by the "rise and fall method".

Remarks concerning levelling across a river:

To eliminate errors of the instrument as far as possiole
the following procedure should be applied,

Sketch:
Backgight Foresight
Bas 94—
Bay +— —
V// AR\,

-~ Mark the two staff points"Back" and "Front".

- Set the instrument on the left bank (position 1) and take the
readings Back (Ba 1) and Front (Fr 1).

- Set the instrument on the right bank and take again the readings
Back (Ba 2) and Front (Fr 2).

- Calculate the difference of level (Backsight-reading minus Fore-
gight-reading) for:

instrument-position 1 aly =Bal - Frl
and instrument-position £ aly = Ba 2 - Fr 2
The mean of the two is to be taken as the difference of level
1l
AL = = (ALy +4Lp)

Important note for all levellings

A levelling must always be checked by gloging it on a point
already known in elevation.

Thet point may be either the B.M. from which the levelling was
gtarted or another B.lM. whose elevation has been determined in «
previous levelling.

HMG Nepal Roads Department Suspeasion Bridge Division
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SURVEY OF BRIDGE SITES No,: Loell

Survey methods, '"Step-method" for profile Dater 27, 7.1975

deasurements s&s.;‘@JZQuc;ﬂ

Material required: Levelling-staff {4.oc¢ =), Carsenter's levsel () irit

level), Steel-tupe (2.00 to Z.oo o .

Suamary: after {ne meusurenent of distzices and diffsrences in ele-
vation between tre rp 'S n,3,3,0 {vee 4.201) ithe prcfile ve-
tween these pecs is sugured i "efeps", The levellins-staff
will te tre horizental line anl the steel-tape the vertical

a

1

-2
line of such ter. The otxfT i3 kept horlnjuuul witn tne
1id o tre ca rier's~level, the steel-tupe vertical with

a plumb 20b, a stene bels, dropred or just by 2ye.

=4
Lo

Description

.

<ne onenisarenent siarts irow w feg, srelercdly
fhie firsi one or UwWo sSteps cuid ne geusured I
and then only Jdownhill towards peg 4 and 3 TE%‘eCtiVELU

on 4,702,
u hlll

Four persons are needed; one to watclh the bubble and , together with

a second one,to keep the staff in horizountal pos1t10n, a third one to
read and measure horizontal and vertical distances and the fourth one
to note down the measurements.

The carpenter's-level must be attached to the levelling-~gtaff.

Uonill measurenent

- love the starf (0. 00 m -~ end in the air, 4.00 m - end on the ground)
piill antil the sero-end is directly ubove peg I,

- For the next step the staff must again be moved wuphill until the
zero-end is now directly above the point touched by the 4.00 n-end

of the first step,and sc on.

Sketch:

Jownhill meusurement:

- Set the zero-end of the staff on the peg (4.00 m - end in the air)
and mark the end of the step directly down to the ground.

- Now bring the zero-end down to this mark; the 4.00 m - end will
then give the origin of the next step, and sc on .

Sketeh:
ist step

2nd step

0.00m - hodm 3r‘d SteP

1D.00m

HMG HNepal Roads Department Suspension Bridge Division




SURVEY OF BRIDGE 3ITES Htvos .2l

Jurvey methods, "Step~method" for profile Detes 27, 7.1975

me : ats i
easuremar , details 515.: D . Sl

Detail measurements:

— In addition to the “step-neights" 4t the zero-end and 4,00 m - end,
vertical distances are also measured at breaks in the gradient ol
the ground.

- For all these points the horizontal distances are read on the staff
(always sterting from the zero-end) and the vertical distances
meagured with the steel-tape,

-~ In steep places the "step-length" may be reduced to 3.00m , 2,00 m
or 1.50 m ., ’

EXAMPLE FOR THE WNOTES,

Sketch:
- T ~
step -length
measured by steel tape - /\
corpentar  level a 06’ . 200

-+

hoviz. distance |vertical distonce

from peg upwards

0.00 2.20 on tha peg
2.10 0.0 field , earth ist step upwards
2.70 0.30 field, earth 2
4.00 0.00 field, eorih
from peg  -downwards

8.00 0.00 on the peg | |

.80 0.40 field earth d ds
2.80 0.90 fiold mined | [ o MoP downwar
4.00 1.80 fi.e!d with
g0 0.00 fietdd stones | | 504 step downwords
4.00 .20 bughes, stones
0.00 0-00 * , stones o .
0.90 1. 10 " ¥ 3rd step downwards
2.00 .40 " u
0.00 . 0.00 bushes ,stones

Note: The measurements between two pegs (e.g. C and A) should be
checked. .
- The sum ot all the step-lengths should give the
horizontal distance between the pegs.
- The sun ¢f the vertical distances at the step-ends
(zero-end and 4.00 m - end) should give the
difference in elevation between the pegs.

’ 4

 HMG Hepal  Roads Department Suspemsion Bridge Divisioen
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survey wetnods, neasurenent o

SUaVEY OF 3rRIDGE SITZ3 No.: i3

" horizmorua Date: 2., 7,1975

T he
T 5 o - ; - N
ulsdsalces on sloves I S1get D SCian

dith vieasuring Tape znd rlumcet (Plwub bob)

Judging by eye the tape is kept horizontal.

At least two persons are needeg, one at each end of the tape.

If the difference in elsvotion becones teo rreat (sore than 1.5 L)
the distance shculd be divided into two,or more parts.

sgeten:

_T____EE_, S — dz. ‘élT_ D =41+ dp + dy
|

- l ¥ote: The zero-end of the

- tape should always
L be on the side touching
|

R

Tape the ground.
,/// Start weawsuring Irom the
q » hi.ner point towurdis the
lower oue.

1 For greater accuracy
{ put a peg at every inter-

D 2 s mediate point.

7 (at the points 1,2 ...)

\_)A

00)

aith Tneodolite and Levelling-gtafi {:es SR 4.7

4itn the aid of top and bottow hair, tue staff - interception aL
is determined. Together with the zlsc wueasured vertical angle «
the horizontal distance can thewn be calculated.

Jreteh:
Ly - Lo

!

al

L~ . D = looxal x cos°x

1 -f

Lote:
The staff must be kept verticul (cneck with pluamet or
splritv lesvel).
Possible accuracy odvtainavle by this metnod is aobout
0.3 % of tne distance.

HNG Nepal Roads Department Suspension Bridge Division




SURVEY OF BRIDGE SITES A Hoes 4214

Survey methods, Measurement of horizontal Dages28. 7.1975

distances on slopes (II) Sig.t D S lwer—

- With Theodolite and Measuring Tape

With the tape measure the direct distance "D'" from the theodolit.-
axis to the peg "R". With the theodolite measure the vertioal
angle " " by aiming at the peg "R".

Sketech:

The horizontal distance
is found by

D=D'"x cos

The difference of level
can also be calculated by

ARL = D'x sinet+ I
1

D 1

-

ki

Note: This method is limited to distances up to the length of
the tape.
It can also be applied in very steep places (rock), when
R is not accessible by staff or theodolite.

- With Measuring Tape and known RL of the two points (R and 8)

If the RL of the pegs "R" and "S" are known from a levelling, we
can measure the direct distance D' between the two pegs by tape.

Sketch:

The horizontal distance
is found by

D= \,n'?- - ARL?

or by
sin« =

e

and then

D = D'x cosx

Note:

This method is limited by the length of the tape and the
presence of obstruciiona between the two pegs.

- Both of these methods, applied carefully,can give B high ascuracye.

’EHG Hepal Reads Department Suspensien Bridge Divisien
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SURVEY OF BRIDGE SITES 4.215

Survey methods, Measurement of horizontal

distances on slopes (III)

Date: 30, T7.1975
Sige1 D St

- Mith "Triangulation" (see also 4.303)

Starting from "R" or "S" set peg "P" on a line perpendicular to "RS",
The distance from "RS"™ to "P" should be at least lo % of "D",

Measure the horizontal distance "e" by tape.

Measure the angle " " opposite to "e" by theodolite.
Sketches:
Section
R

Horizontal distance
is found by:

e
D= oy or
R S =
o - D . — 18 D= excotané€
- 1
™ ~—— | e
~ i
~ |
OP ——

Note: Always measure the angle opposite to distance "e" and not
the angle in "P".
Measure angle "g" at least four times,using different positions{
of the horizontal circle,and calculate the mean,

Measure the distance "e" as accurately as possible.

Accuracy obtainable by this method is about 0.2% of the

distance "D".
Example:
Theodolite in "R", Distance "e" = 6,86 m
& £ 7Y &
Reading on "S" 103037 146%949" 215%03,5" 278°959.5"
Reading on "P" 109058' 153911.5! 22196 ! 285022 '
Angle "g" 6921 £922.5¢ 6°%21,5¢ 6°22,5"

Mean for "g"

6%22' — cotan 6°22' = 8.962 ~+ Distance "D" = 61.5om

HMG Hepal
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SAT A, Swiss Associgtion for
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ourvey Iustrumnents,

=)

Iiztruweent

Levelling

)
i
i
)
f

e

NK 01

Index

The Wild NKO1 Dumpy Level
15 @ most convenient level for the
building site. The telescope rotates
under a friction- braked action, thus
requiring no horizontal clamp. Fine
pointing is completed by means of
a dnve screw. Readings on the
metal horizontal circle are made by
eye ogainst a fixed index mark.
with estimation possible to a tenth
of a degree or grade, according to
the circle division. The circle itself
can be turned by hand to set any

TheWildN10(NK 10)Engineers’
Level is small in size but big in
performance. It has all the qualities
of a larger level and gives accurate
results under all conditions. It is
suitable for general levelling, route
surveys, irrigation works, civil and
constructional engineering. When
fitted with a glass circle (NK10) it
can be used in flat terrain for
tacheometric work and for meas-
uring and setting out horizontal
angles. Rotation is friction-braked
and an endless drive screw is used
for fine pointing. The line of sight
1s levelled with the aid of a tilting
screw and the well known Wild
“split-bubble” image system. The

* tubular level is ventilated in order

10 avoid excessive accumulation ot
internal heat and it is also well
protected against damage. The
N10 has an extremely short mi-
nimum focussing distance of 1 m
(3.3 ft.), which is most useful in
restricted spaces.

Contzainers. The smaller instru-
ments (NKO1, N10 and NK10)
have a shock-proof plastic con-
tainer whicii iz exceptionally strong
and long lasting, although very
light and easy to handte. The lid of
the container can be used to pro-
tect the instrument at the working
site.

Ubservaticn iiirror
Tubular Level Bubole

Jircular Level 3Bubole

Telescope byepiece

Lark

Horizonval

Uircle |

desired initial beanng. Four dots *
around the circle indicate rapidly !
the right angle settings. The circular

and tubular level bubbles are seen

free from parallax, in the hinged

observation mirror which. when
closed, protects the glass vials

Tubular Level Bubble

Focussing oscrew

Drive Screw (fine pointing)
Jircular Level Bubble

Tilting Screw

o O O

"split-Bubnle” - Imuzge of
the tubular level vuoole

HMG Nopal

Roads Department

Sugspension Bridge Division
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Sig ¢ OJLO&GM

WILD N2

Engineer’s Level
with rotatable telescope and
reversible tubular level

Figs 1a and th

1 Base plate

2 Footscrew

3 Milled ning lur setting the hanzontal
cucle {only on NK2)

4 Reading nmicroscope for circli
(oniy on NK2®

5 Ruivase lever for rotabing the 1ele
scopre and reversing the leved

6 Forussing knoly

7 Teiescope eyepece

2 ¥ otch marking
Fra ta Wald NK2 Engmeet's Level wsth flonzantal cirele 8 (,)n’:'“':“f:g::: ;‘;:?“,n'”: ,_“,n:',:“u :

ander 8 roof pont

9 Telescope obpective

10 Cucular levet

11 Endless honzontal dove anth knoby at
vach vad

12 Tittng screw

13 Protective cover for tubular level

14 Eyeprece for obiserving the sphit
bubble

15 Adjusting screw for the spht bubibte
(tubular level)

16 Fixed reflector

Fig 10 Wild N2 Engeneer s Level without honizontal ctrcle

Fig 4 Stat reaoing wrn the Wild N2 iHewght 3456 m Desiance 292 9

The circle, divided into erther 360 or 400 intervals. 1S viewed through
a scale microscope (4} left of and below the telescope eyepiece. The
circle graduations and the scale are brought into focus by turming the
eyepiece of the reading microscope (4). The numbered degree (360
model) or grade (400* model) graduation lines of the circle are on the
left of the image, the scale is on the right. The scale is divided into 6 inter-
vals of 10" each (360" model) or 10intervals of 10' each (400" maodel). The
zero of the scale is the long upper line with two short index lines.

Fig 5 Circle reading mndel NK2 (31442 332 654)

J— - S

HMG Nepal Roads Department Suspension Bridge Division
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SURVEY OF BRIDGE SITE No. : 218
Survey instruments, Levelling instrument Date : 1211376
Si9* Yo

Kern GKO
Simple Construction Level

s

rasuits may_be obtaingd in the simplest way.
Measuring

Height

@ Open the bubble mirror (6)
@ Center the vertical hair on
the rod using the horizontal
slow-matian screw (7)

© Use the tilting screw (8)

to center the telescope bubble

@ Take the reading of the
horizontal hair on the rod:
1.196 m (Fig. GK0)

The operation of the GKO is extramuly simple anu, therefore,
no special skill is raquired to use it. This manual shows how reliable

Spacifications

Mean error in 1 km (double run)
Telescope magnification

Objective aperture

Shortest focusing distance
Seansitivity of bull’s-eye level
Sensitivity of telescope level
Centering precision, telescope level
Circle reading, by estimation

Waight of instrument GKO
Weight of carrying case GKO
Dimensions of carrying case GKO

Testing and Adjusting

©® To lower the reticule
(negative correction), first
loosen the lower adjusting
screw (10), then tighten the
upper adjusting screw (11)
® To raise the reticule
(positive correction), first
loosen the upper adjusting
screw (11), then tighten the
lower adjusting screw (10)

Angle (GKO-C, GK0-EC)
@ Suspend the plumb bob
(found in the carrying case)
from the hook within the
fastening screw (1)

© Center the instrument over
the ground point by {engthening
or shortening the telescoping

+ 0.02 ft/7 mm
18 x

0.94 in (24 mm)
3ft(0.9m)
12-15° per 2 mm
40-50" per 2 mm
+4"

0.19/0.1°

1.8 Ib (0.8 kg)

1.11b (0.5 kg)

67%x39x39in
(17 x10 x10 cm)

tripod legs

© Level the instrument roughly
© Set the vertical hair on the
initial paint

© Orient the graduated circle,

Distancs

© Set the upper stadia hair
(the lower stadia hair in

the case of the GKO-E) on the
nearest decimeter using the
tilting screw (8)

i.e., set it to zero, by turning
the knurled ring (9)

® Turn the telsecope to sight
the second point

© Read the circle: 51.39

Kern & Co. Ltd.
Optical and
AA x B 3

© Read the rod intercept
between the two stadia hairs

® Mukiiply the rod intercept
by 100 to obtain the horizontal
distance: 20.5 m (Fig. GKO-E)

1
) tnstr

5001 Aarau Switzerland

HMG Nepal Roads
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(”URVSY OF BRIDGE SITES No.s 4.219

|

i durvey Irstruments, Theodolite Bate: 15, 7, 1975
i

| Siget1 D S e

#1LD Tlo Direct Reading Theodolite (face left position)

Base plate

Sprirg plate

Swivel locking duvice for tubrach
Tubrach

Sircle locking lever

Rusting and Lolding bolt

Piate level

index fevel sething sciow
IHuminption mircor

i 10 Teluscope eyebieta

{ 11 Bavonel holding ring tor 10

i 12 Anading munioacnps ayepace
i
i
!

CT AP W

13 Focussing sleeve
14 Knob for reticie dlunmaadtion, with pin
tor ranr sight and roof rentring
15 Vertical cirele housing
' 16 Index lavei nurror
| 17 Fore sight
18 Objsctive
19 Vertcal clamp
20 Vertical drive straw
t 21 Adjusting screw for plate leval
’ 22 Optical plummet eyepiece
23 Horizontai drive screw
24 HMorizontal clamp
25 Adjueting screw for 26
26 Footscrow

, The Wila T16 (T16E) Direct
| Reading Theodolita is a tacheo-
metnic theodolite suntable for all
iow-onder triangulation, tacheo
metne detall and traverse surveys,
mine surveys, property  surveys
nuilding site measurements. mark

mng outr erc
The wasily read scales of the
- horizontal and vertical circles with

estimanon to one tenth of 3 minute
i nf arc (0.2°). allow work to be
carmed cut quickly. Ali clamps and
“inve screws are placed logically so
that they can be manipulated safely
and comfortably. The combination
ot the simple circle scale reading
and the operation of the instrument
itself makes the T16 a most useful
instrument for use by trainees.
; The detachable tribrach ensures
that the T16 can be used with all
Wild traversing equipment and, of
course, the normal accessories and
attachments ail provide additional
uses.

Bxample for the reading
of the circles

A. Footscrews B and C are turned by equal and opposite rotations until
the piate level bubble (7) is centred.

2. Turn the alidade through 90" in a ciockwise direction and centre the ‘
bubble with footscrew A. R@peat point 4and 2 two times.

3. Turnthe alidade clockwise through 90". Note the position of the bubble. ‘

1. Horizontal ciamp (24) open and circle locking lever (5) over a footscrew ‘

Bring the bubble to a point halfway between this position and the
central position by turning B and C by equal and opposite rotations.
4. Turnthe alidade in the same direction through 90°. By turning A, set the i

SAT A, st Agoociation for Teshnlcal Ascistenee

i
bubble to the mean (haltway) position obtained in step 3.
137 5. The bubble should now remain in this position for all directions of the
' i alidade. !f it does not, ropeat the procedure, but this time use the mean
Az position obtained in step 3 as if it were the central position for the
bubble.
The instrument is levelled up when the bubble remains in the same,
Verticat circie 86°64.4° " h ‘ " | trat N t W di t s of the alidad
Honzontal crrcle 130°04 6- hough not necessanly central position, tor ali directions of the alidade
It is canvenient to keep the piate level in adjustment so that the bubble
remains in the central position.
L HMG Hopal Reads Department Suspension Bridge Divisien
I——
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S3AT A, Swiss Association for Technical Assistance

SURVEY OF BRIDGE SITE

Survey Instruments, Theodolite

No 4,221

Date ¢ 2

Sig_ ¢

WILD RDS

Self-Reducing Tacheometer

.o - @ ar © ® 8 =

Wild RDS Seli-reducing Tacheometer on GST26 tripod (Face Left position)

1 Footscrew 18 Horizontal drive screw
2 Circular levet 19 Adjusting screw for 1
3 Horizontal clamp 20 Swivel knob locking device
4 Holding bolts (with safety screw)
5 Adjusting screw for 15 21 Base plate
6 Vertical drive screw 22 Iumination mirror
7 Regulating screw for 6 23 Index level setting screw
8 Focussing hnols 24 Vertical circle housing
9 Diagram housing 25 White dot indicating height of
10 Rocessed hexngonal screws tilting axis
11 Vertical clamp 26 Adjusting screw for 27
12 Diagram plate adjustment scrow 27 index level
{abjeciive side) 28 Ad]usting screw for the horizontal
13 Foresight collimation error
14 Objective 29 Open sight
15 Plate level 30 Telescope eyepiece
16 Optical plummet 31 Reading microscope eyepiece

17 Cover screw tor the adjustment of 16 32 Circle locking lever

el (V) B7 2557 Honzontal (A} 1810888

Curcie reatmas (400"

Levelling Up

As a memory aid in levelling-up, it should be noted that the level bubble
follows the direction of the left thumb when turring the footscrews. The
alldade level should be protected fram direct sun rays as these may cause
the bubble to run off, giving a false level. An approximate levelling is made
by using the footscrews to centre the circular bubble. Then proceed as
follows:

1. Horizontal clamp (3) open and circle locking lever (32) over a footscrew A.
Footscrews B and C are turned by equal and opposite rotations until the
plate level (15) bubble is centred.

2. Turn the alidade through 90° in a clockwise direction until the horizontal
clamp is over footscrew A. Centre the bubble again with this lootscrew
remembering the rule of the left thumb.

3. Turn the alidade clockwise through 90°. Note the position of the bubble.
Bring the bubble to a point halfway between this position and the central
position by turning 8 and C by equal and opposite rotations,

4. Turn the alidade In the same direction through 50°, By turning A, set the
bubble ta the mean (haltway) position obtained in step 3.

5. The bubble should now remain in this pasition for all directions of the
alidade. if it does not, repeat the procedure, but this time use the mean
position obtained in step 3 as if it were the central position for the bubble,
The instrument is levelled up when the bubble remains in the same,
though not necessarily central position, for all directions of the alidade.
It is convenient to keep the plate level in adjustment so that the bubble
remains in the central position. See section 6.3 for the adjustmeant proce-
dure,

Measuring Vertical Angles

With tha telescope in the Face Left position (open sights of the telescope
are above) bring the short horlzontal cross halr (43, fig. 2) on to the target
by means of the vertical drive (6). Centre the index lavel (27) by turning Its
setting screw (23) until the two ends of the eplit bubble are seen in coinci-
dence In the prism. Now take the vertical circle reading. If the observer
knows that the instrument ls properly adjusted for vertical collimation
({index) error and an accuracy of 1° (2€) is needed it will be sufficlent to
observe in Face Left only. if more accuracy is required transit to Face Right
{open sights below the telescope) and repeat the observation. The mean
vertical angle from the Face Left and Face Right readings is free from veril-
cal colllmation error.

The reading A( in Face Left is the zenith angle {, the reading AR In Face
Rlght Is (360°-£°) or (4000-9). The verilcal angle  (elavation + or depres-
sion -} can be derived fram the vertical circle readings as follows: -

BL = 980° — AL" or 1009 — ALY
BR = AR® — 270° or ARP — 3009
B =1"a(BL +BR)
I = VYa(AL— AR} (360° or 4000 has to be added to AL)
Example
360° AL = 83°23.2' BL = +6°36.8'
AR = 276°36.4° Br = +6°36.4"
AL + AR = 359°59.6° B = +6°36.8°
AL — AR = 166°46.8" [ = 83°234
21 = —0.4'
4000 Ay = 107.8649 BL = -7.8640
AR = 2021540 BR = ~7.8460
AL + AR = 400.0189 B8 = ~71.8550
AL— AR = 215.71100 L = 107.8550
21 = +0.0189
F tion by this thad is self-checking. The sum AL + AR should

always be constant within £0.2' or £0.3%. The diiference of Ay + AR from
360° or 4004 is twice the vertical collimation error i, which can be adjusted
it necessary as described in 6.6.

Sontt smatinga tn & AVE (VLV} mateic elait: Hotizonlal distance 488 m
Height diterence 3H = -1 -2.8m = 8 m
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WILD TO

Compass Theodolite
3. Description

{ln this booklst, face left (right} position means that the vertical circle
is loft (right) of ihe line of sight)

3.1 The Instrument

3.1.1 The Lower Part (fig. 1 at the ond of the bookisl)

The lower part of the instrument s firmly secured to the base plate (1)
of tha matal container by means of three ezrews inserted from below.
It has the usual thres footscrews (3), each of which can be regulated by
an adjustment screw (4). The lower part also contains the compass
circle with a jewal bearing (fig. 4). By pressing down the lever (2) and
then maving it sfowly left {clockwise) until it reaches tho stop, the cam-
pass circle Is lowered onta a sharp steel pivot and is free to rotate. Mo-
ving the lever o the right (anticlockwise) lifts tha circle from the pivot
and, before moving the instrument, the lever must always be raised and
pushad into the smait notch.

3..2 The Alidade (figs. $ and 2)

Tho lowar part ol the alidade, togethar with the horizontal clamp (21)
and drive (22}, |s fostanad to ths upper past by means of three capstan-
headed scrows (5) which are screwad into the circular housing from balow.
Tha upper part ol tho atidade has the telescopo standards, the telsscopa
and the vartical circlo reading microscope (17). One af the standards holds
tho vortical clrcle housing (13), the vartical circle Illumination window
(Ng. 2, 26), tho vertical circle index laval (12), the setling scrow (8) for tha
indox lovel, and 1he two reading eyopiocos (10) for the horizontal clircle.
Tho change-over knob (8) anables rendings to be made from tho obser-
vor's sido of tho instrument in olther the face Ieft ar face right position.
The other standard holds tho vertical clamp {15), the vertical drive (18),
and tho micromater drum (18) which is graduated in one minute (2
intorvala and Is usaed for setting the horizontal circle graduations in
Botweon the dards there is a clrcu: °~ bubble (20} and
two windows {6) tor tho of the or harizontal clicle.
Tho ‘aloscapa has 20x mognification, coaled optics and internal focus-
sing which is controlled by the facusaing slasva (11). The telescope can
be tranemitted via the objective end and has a vertical sighting range of
4 45° to -55° in both face loft and face right pesitions. The reticte (fig. 8)
has two sets of sindia hairs with multiplication conatants 50 and 100,

3.1.3 The Compass Circle and its Roading System (figs. £ and 3)
Below the horizontal circle, there is a strong magnet (29), which brings
tho zero of the frealy-swinging circie to Magnetic North, so that the
subsequent horizontal circle reading is a magnetic bearing. Depending
on the earth’s magnetic fisld the inclination of the compass clrclo will
vary, but inclination from the can be Janced by
moving thae balance weights (31) along their slots. For adjustment ses
6.2.3. To elimi the infl o ity, as tha circle swings on
a pivot instead of being rigidly centred, it is read at two diametrically
opposed Asina ito (T2 or T3), the images
of the diamatrically opposed gradunhon lines, which are observed in the
eyapioces (10), are brought inlo by turning the

drum (18). On turning tho change over knab (8} for face right readings,
the combined image of the diamatrically opposed parts of the circle is
inverted with tha result that the same imago is seen in face right as in
faca lelt; I.e. tho circle readings are the same in both positions and do
not differ by 180° as is usually the case.

Fig.2 TO with the uppar part of tho ntidade romoved

24 Adjustment screw for indox lovel

2 Lever for dnmqmu and lifting
the comp 25 Hlumination window las the verical

5 Enstoning sere
Changs-over knob for
0 Reading eyeniace [or ¢ eumpnn circle ?B Bau\lnn (vwet point) for the comnass
|5 Vertical clamp
19 Micrometer drum 30 Fittiao positian ar flanga

Measuring Methads

The Wild TO allows the measuroment of:

- an individua! magnelic baaring to each target

- sots of directions with the circle erienled to magnetic north

- anplos or sols of dirgclions with the circio not orientad.

For accurate measurements, readings should he taken in bath pasitlons,
i.e. face left and faco right. Note that tha two readii-gs will not difler by
1R0° (200°) s s the case with othor theodolites (sea 3.1.3).

e

Fig.3 The Compass circle

1 Base plale 28 Compass bearing
21 Horizontal clamp 29 Magnet
22 Horizontal drive screw 0 Ftting position or Range

Compass circle 31 Balance hi:
27 Capstan acrow holes ance walghts

4.5.2 The Harizontal (Compass) Circle {fig. 5)

On cach side of the standard carrying iha vertical circle there is a reading
eyepioce {10} for viawing and reading the compasa circle. The change-
ovar inverter knob (8) always allows the roading to be made from the
observer's side of the instrumant. The circle randing is made by looking
obllquely downwards into the eyepiece lene from a distance of about
4in (10 cm) {i.a. the distance from tho telescope eyepiecs). Two images
are ssen, to the ppasite paria of the circle,
ong boing invertad and on top of tha othar. For accurate abservation the
eya laval must be moved until the upper and lower graduatlon lines ap-
pear to be the same length. As the images cover tairly large sectors of
the circla, only the lines in the centre of tha figld of view appear to be
paraitel {fig. 5) and are usod for setting. The

drum (19) is turned uniil the upper and lower lines in the centre of the
field coinclde. The first upright number of the lower imags, to the isft of
the conire of the fleld of view, gives the tens of degrees (gradss).

The inverted number of the Lapov imago differing from this value by
axactly 180° (or 200°) rap: pp!
sila graduation line and each lnlarval batwean ths two numbers repre-
sents 1° (1%). The intervals are countod and are added to the tens of
dogroes (grade:). The invarted number will always be to the right of the
upright one except when the circla reading is an axact number of tens of
degrees (grades), in which case the two numbered graduations will cotn-
cide in the centre, i.c. the inverted number will appear above the upright
one. The reading on the micrometer drum is then taken - direct reading
to 1' (2. The tolal reading, circle and micromater, is the mean reading
for the two diametrically opposite parts of the circle.

Fig.5 Horizontal circle seading
(380%) 19° 42 400 19.26

4.5.3 The Vertical Circle (fig. 6)

Belore reading the vertical circle via the microscopo (17), the index level
(12} must be centred by lurning the setting drive scraw (8). Tho fleld of
viow provides an imago of two diametrically-opposite parts of the circlo.
There is no however, and ly no 8ot~
ting is possiblo.

In the face left position zenith angles are read and in face right nadir
angles. In the upper image the numbering is upright and Increases from
ielt to right, whiltt in the lowar image it is inverted and increases from
right to left. Each graduation image Is marked with sither | or Il (i.e. tace
left ar face right), the upper number always indicating the telescope
position.

To read the circle, the upright number (in the upper imnge) nearest to the
middle and on the loft side, is taken as the number of degrees {grades).
The intervals betwaen this number and the same, hut invertad, number

fos @M Re M Mniing
(in tho lower image) are counled, sach ono representing hall its nominal
value, i.0. an interval ropresents 10' (10°). As no coincidence satting has
boon possible lhore will normaily bo o portion of an intarval to be estima-
tod. This is dane to a fractian of an interval (1.e. 10 1" or 2°). I FL and FR
are the face loft (1) and face nght (i) readings, the vertical angle & is
obtaiied as foilaws:

BL = 90° - FL (000* - FL)
5p = FH - 90° (FA - 100%

ar the mean can be found fram:

(FR - FL}
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Self-reducing
Enginzer’'s

Tachymeter Theodolite
K1-RA

w o

N R WN

lluminating mirror

Circle reading eyapiece

Vertical slow-motion screw

Coarse-fine circie orienting drive with safety cover
Leveling knob

Focusing knob

Selector ring for horizontal distancs or ditference in
elevation

Finder-collimator

Switch-over knob for clockwise or counterclockwise
reading on the horizontal circle

10 Terminal for electric illumination

1"

Horizontal slow-maotion screw

12 Micrometer knob

Fig. 5 Examples of circle readings

Vertical circle —0.0064
4009 Harizontal circle
with scale microscope.
Counterclockwise scale 2819 22¢

Vertical circle +0.2047
400¢ Horizontal circle
with micrometer. Clock-
wise scale 1709 65¢ 30¢¢

T

Fl

enid

Fig. 6 Horizontal distance reading 15.6 m
Setting of selec.or ring D

Fig. 7 Difference in elevation reading 6.4 m

Setting of selector ring 1 H
Sighting height on rod 1.30 m

sig_ Youmdu

Fig. 3 Centering tripod

1 Centering socket 9 Spherical zone

2 Instrument support plate 10 Tripod plate

3 Tripod head 11 Clamping grip

4 Release button 12 Centimeter scale

5 Centering rod (height of instrument
6 (Guard ring above station point)
7 Bullseye level housing 13 Buliseye level

8 Bayonet locking lever

YT A, 9wiss Ansociotion for Tochaical Assietence
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SURVEY OF BRIDGE SITE No : 4.30l
. Date : 28..:.1976
Soil investigaton,Fielcd tests
si9 ¢ fasndsant |
%.1 Introduction
The pursose Yor soil investisaticn is Lo obtain informaticn zs tases for:
!+ The selection of type ana aepth of founnaticn
2, the acetermination of boring capacity of the selectez founcation
%, I'ne evaluation of the earinh pre-sure agalngt wWalls, azutments
4, The provisions ageainst construc-ioral alfficulties,

In penreral, anv investigatlon should start with the cclieciicon

examinatior of

cengitiors, of tre site,

~ne nehavicur of existine structures ave very nelpful, IF -re

informatior is rot sufficient or

explored ir detail,

An insrectiorn of <he site and study of

helpful in getting useful informations about the soil anc ix

the future rrogramme of explorat:
of the fcliowing features may ‘e

oW
cuttings, evidence of eroslion cr

river, flood marks ete, 1f there
{rformations shoull ve gathered,

any, and about

+ne alreadv existirg ca<a about the scil

In many areas

the 1lncatl

anai

The exigti

N .

is irconclusive,

topographical featur=c is a-ter

on. Ln geing over the site, a siudv

useful: local topopraphy, excavations,

lana siices, fills, weter level in the

ol the

nas heen ar earlier use

D]

ite,
n particular abeout the uncergrourd

one

of fills anc excavatlons,

1,2 Field tests
The various methods of site expicration may be grouped as follows:
1. Lper excavation
-4 7. borings
e =
& 3, Sub-surface sondings
[ . .
E] 4, Geophysical methods.
: Ine first 1wo methods are aescrived in this chapter,
°
L . X
E 2,2.1 Lpen excavation
[ R . R -
2 Test pits and trenches can be used for all types of solis. Solls can
& be inspected in their natural conaition and samples, aisturved or un-
5 disturbec can be convenientlivy takern, there are genera.iy ccnsicered
o N N -~
z depths of excavation up tc * m,
<
B
@
<
*. . o . .-
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SURVEY OF BRIDGE SITE No
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Soil investigation,Fiela tests

Sig :qudxu¢

*

‘pen test

s

its are suitable for the examination of namraratively
ghalilew foundations, for determinirg the ai“fleculsv or case of

excavaticn, the necessity or otherwise of shariny etvc

sut afford, withlin their limits, the mest satisfactory evidence

regarding the true nature cf the strata., A “est

il snoull Te

o

minimum 0o m by 1.2 m in plan sc :hat a laccurer can easilv zeng

doWwn and tly nis tools.

I~ shculd .ce remembered that the lccaticns for a test

RIS

so selected that 1t will not later come under the tfouncazicn ¢f the

s“ructure, & typleal open test pit is =znown

3

in the sr=-r~n pelow,

3

Open test pit

I

=

O-75m.
O5m.

SAND

0-5m. B SoIL
Im. { BLACK SOIL
$ —_— — ——
0-75m. i SANDY CLAY -
T

KUNKAR

R ARGRIN I SHSH USRI 13 UM 3 YRGS tr e s =

0-33m. F SOFT _MURUM
2 0-5m. { HARD MURUM
3
e o Ry o TS TR .-//e#:/,(.' _—
ROCK -
3eZe2 Eorings
a) Proding
Probing is confined to shallow founcations in soft strata like clay,
sand, gravel etc. A steel bar of about 37 mm diameter, paintec at
one end, and of suitable length (Fig. 1) according tc the derth of
the soft or loose material, is forced vertically ints the ground
and worked like a Jumper until a havd substratum is tapped. A hammer
may be used with advantage for driving the bar down, It mav be with-
drawn from time to time and the point exarined for ftraces of the
material met with, sticking to it. The nature of the final hari ziratlum
HMG N epal Roads Department Suspension Bridge Division
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SURVEY OF BRIDGE SITE No

Soil investigaton,Field tests

encountered mav ¢ recognized by the feel, sana, and tne particie

2]

17

s+icking to the point and the depth of the bcre measured,
For testing shallow foundations in clay or sand, an irsirument czlled
"wood amger" is crften very useful, It is Just lixe the awger for arilling

roles in wood, but a little strenger 'Flg. Z..

Figel Fig.2

b} Auger doring

Auger are usecd ir cohesive and other soft soills above water table. Hand-
adgers are used for depths up itc about 6 m, samcles recoveres from the
soll brought up by augers are badlv disturbed and are useful for identi-
fication purposes only, The sketch below shows a posthcle auger and a

helical (spiral, auger.

HAND AUGERS
em%ﬁ

(a) Post hole auger (b) Helical ouger

. HMG N epal Roads Dspartment Suspensicn Bridge  Division
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Soil investigation,Fieia tests,Laboratory tests P

c) Vane test

This test is applied particularvy to scfi clays or silis, which, on
account of their softness, do not stand other tests. The aevice as
1llustrated in the sketch below, consists ¢f an assembly of four vanes
fixed to the bottom of the central vertical vod. 1t 1is pushed into soil
a*~ the bottom of a borehole and rotated. The torque required to rotate
the vane 1s measured at the top, which gives a measure of the consistency
of the soil.

apparatus for Vane fest

12 mm DIA.
H.T. STEEL ROD

-=—a40mm DIA.
GUIDE TUBE

—— VANE 2.5 mm

1G0 mm

3.3 Laboratory tests

Some of the various experiments which can be done in the laboratory are
described roughly in this chapter.
a) Determination of water content by ovendrying method

The object of this test 1s to determinate the water content of a soll
sample in the laboratory by ovendrying method. This experiment forms
an essential part of many other laboratory experiments.
Reference to Indian Standard:1S:2720 (Part II) - 1969, Method of
Test for Soils: Part II: Determination of Molsture content. -

b) Determination of specific gravity of soil by detensity bottle

The object of the test is tc determine the specific gravity of scil
fraction passing 4.75 mm IS sieve bv density bottle. This test car

also be done by pycnometer.

€AY A , Swizs Acocclotion (er Tochaicel Assistence
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Soil investigation A
Laboratory tests,Classification Date : ~7.ic-i97
aboratory tests,Classi s e ,

’ si9 ¢ audiau

¢ ueterminaticn of grair size distrizutior by sieving
J/

s distributicon

T

The obiect of this experiment is to determinre grain siz
of edarse pralned snil by sleving, .he test covers boll ccarse sleve
aralysis (feor gravel fracticrn) as well as fine sieve arulysis :for
sand fraction),

Letarmination of prain sizce distrisution by tydrometer

1,
~—

The ob'ect of this experiment s io determine the Jlsurisution of
particle slze, filner than 75 mleron sleve, by sedimertatjon analysls,

using a density hydrometer, ana then to plot the grain size alstribue

tion eurve, Thls test can alsc be cone by usling a sampilng plpette,

Tub Classification

s 5

General

The purpnse of sell classificntion ls to arrange varlcus typer of roll
‘nte groups according tc thelr englneering propertles and varlous other
characteristicps, Soll pomsessing simllar characterlistice can ve placed

in ‘he same group, From the englneeriny polrnt of view, the cliassiflicatlon
may we dore with the otjective of findlng the sultadbllity of the scll

ter cometructlion of foundatiens ete.

lartisle nlue clagsification

In thim system, solle are marranged accordirg to the graln size, Terms
sueh as gravel, sand, sllt and clay are used to Indleate graln slzes,
Theso terme are uzed only as distinetlon of particle sizec and de rot
signify the naturally occurring soll types, which are mlxtures of par-
ticlea of different eizes and exhibit‘definite characteristica, It 1s
rraferable to use the word 'silt size' and 'clay size' ir place of simply
'silt' or clav' ir this system, There are varicus grain size classifica-
tions in use, The more commonly used svstems are: The v,l.7, classificatlion
proposed by Frof. Ge. Gilbay of Massachusetts Institute of Technology as a
simplification of the Bureau of Soils classification, and Standard
classification (IS11948-1970) based on the K.l.U. system. ihis system

is showr in the sketch below.

N W
r 8 o
8 3 3 N £ s g 8
™
Fine Med. Coarse Fine Coarse ) -
siit | g« g
(Size) - 21 3
Sand Gravel O |'m
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SURVLEY CF BRIDGE SITE N o -
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Scil investigeticn Date -
Classification T
Sig ‘m.O-l [» ¥V}
UNIFIED SOIL CLASSIFICATION CHART
UNIFIED SOIL CLASSIFICATION
INCLUDING IDENTIFICATION AND . DESCRIPTION
FIELD IDENTIFICATION PROCEDURES 10’% TYPICAL NAMES
(Excluding particies Iorger than 3 inches nn% basing fractions
n estimated weight ox
Sy 8 0 Wide rangein grain sizeond subsfunﬂul Well graded gravals, 3ravel-sand
%g & g 2 | amounts of all intermadiate porticle | GW |mixtures, little or no fines.
8 izes.
: o7 |E53L8
.§ 33 E gog Predominantly one fize or o range Poorly graded gravels, gravel-sand
g 2 5 .g az of sizes with some intermediate GP mixtures, little or no fines.
g |m 8% 2 |d2 | sizes missing
m L
z°
o 8 § ;: o E § Non-piastic finas(for identification 6M Silty gravels, poorly graded
_sl N CEEL B %f procadures see ML beiow). grave!-sand- silt mixtures.
» 2 § 2 gﬁ 4 '§;
a § - ; ) gg‘;‘ g_g Plastic fines (for identification Ge Clayay graveis; poorly graded
AZ T 21 5@ Zels & E| procedures see CL below) gravel- sand- clay mixtures.
&t e @ == EBlo—
S5 o g §: @ Wide range in grain sizes and substantial Well graded sonds, g1 avally sands,
we 2| TN "gl22 | amounts of all intermediate particle |SW
Q- o 8% TG little or no fines.
T o ¢ =°E o 5®| sizas.
18§ % 2
8F 2| 8w§ § 2| Predominantiy one size or a range Poorly graded sands, gravelly sands;
E =|p 8¢ 5 [w | of sizes with some intermediate SP ]
S o Qos¢ 32 | sizes missing, little or no fines.
- S &
T ol® %E § 3 QE Non-plastic fines (for identification sy |SWty sands, poorly graded
§ 7| £1 B |2/ procedures ses ML below). sand - silt mixtures.
£ 3 ] g .g °
2 o €T a 8ot
s © 35 > Z §-8 Piastic fines (for identification sc Ciayey sands, poerly graded
'*é §-9 2 "”Sg procedures see CL below) sand-clay mixtures.
- | DENTIFICATION PROCEDURES ON_ FRACTION
§ SMALLER THAN No.40 SIEVE SIZE
8 _E DRY STRENGHT |DILATANCY [TOUGHNESS
e & {Crushing (Reaction |(Conaistency
3 o » characteristics) | to shaking)nearplastic
£ a inorganic silts and very fihe sand, rock
11 - ) Quick to
8 3 O =@ |Nonetosight slow None  |ML \¢i0ur, silty or clayey fine sands with
Z 8 o £ L slight piasticity.
2E z 2 Inorganic clays of low fo niedium
8£ o 3e [|Mediummonign | NO™ 10 | yegiun fco |plasticity, gravelly clays, sandy clays,
o8 3 r =9 very slow silty clays, lean clays.
we s 5 77
Z )
S v O . ) & Organic silts and organic siit-clays
&1 £ O Slight o medium Slow Slight oL of low plasticity.
©os o '
UZJ s g Inorganic silts, micaceous or
TE 2 2 o Slight tomedium| S1oW' | Slight 10 | MH |jiatemaceous fine sandy or silty
T L h none | medium soils, elastic silts
R O Eg :
2 g = £ High to very None High CH lnorganic clays of high piasiicity,
g 4 o high fot clays.
£ -5 o~
e N To R
® O - Noneto | Slight fo Organic clays of medium to high
:‘c-’ ?T)J - t?' Maduim o high very slow | medium oH plasticity

HIGHLY ORGANIC SOILS

Readily identified by color, odor,

spongy feel and frequently by
| fibrous texture.

Pt

Peat and other highly organic s0ils.

J
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. L -
5011 investigetion :
Date :20.1,
Classzsificatiocn 9.1 I‘ 972
Sig 0 O s
UNIFIED SOIL CLASSIFICATION CHART
UNIFIED SOIL CLASSIFICATION
INCLUDING {DENTIFICATION AND . DESCRIPTION
FIELD IDENTIFICATION PROCEDURES ‘%9 TYPICAL NAMES

(Excluding particies larger than 3 inches and basing fractions |
9 oh estimatad welghfﬁ S |

[=]
&
QE

[T A , Swiss Association for Yechaical Aseistance

Ss2 n Wide rangein grain sizeand substontial Well greded gravels, 3ravel-sand
28 % |ge | omounts of all intermadiote particle | GW |mixtures, little or no fines.
g e 5 o] Blzes. _
. ° . 5
.§ 2 2 s E,,E Predominantly one size or o range Poorly graded grovels, gravel-sond
g 9 59 g <§ of sizes with soms Intermediate 6P Imixtures, littla or no fines.
2 @ 3‘; 2 :."l):_l sizes missing.
5Z @ —
8 é - cwn [E § Non-plastic fines(for identification GM Silty gravels, poorly graded
oa [982° B2e d M (-sand- silt mixt
- N £Ef o = procadures see ML below) gravel-sand- silt mixtures.
I<3N-] - @ o6
? = £s3~05¢
a § - ;g ggg gg Plastic fines (for idantification Ge Clayey gravels; poorly graded
T - [
12T, & 8% Zole S E| procedures see CL beiow). gravel— sand-clay mixtures,
é 31 ® == E3lE =
n
© 5 S 5 3¢ @ o Wide range in grgin sizes and substantial Well graded sands, gravelly sands,
B,' E = E'E 2 E :R a‘mounts of all intermadiate particle | SW iittle or no fines.
‘gg < ig% m3§ 8izes.
835 g| o= § [ S 2%| Predominantly one size or a renge Poorly graded sands, gravally sands;
E *~|p B¢ § |wx .| of sizes with some Intermediate SP )
5 ol2 g g 32 | sizes missing, fittle or no fines.
bt g © -
2 o|» %E § .3 ;g Non-plastic fines(for identification SM Silty sands, poorly graded
5§ 2 £~ 3 | oo | procedures see ML below). sand - silt mixtures.
g = cex O I
= S gg g ® S o
£ o ® : S %E Plastic fines {for identification sc Clayey sands, poerly grade
E $e @ {2 5| procedures ses CL below). sand-~clay mixtures.
"6‘ IDENTIFICATION PROCEDURES ON FRACTION
b SMALLER THAN No.40 SIEVE SIZE
8 E DRY STRENGHT |DIL ATANCY [TOUGHNESS
. @ {Crushing (Reaction |(Consistancy
2 o » characteristics) | to shaking) plasticlimith
o = z Quick fo Inorganic silts and very fine sand, rock
& 3 O =9 [Nonsto signt slow None  |ML Itigur, silty or clayey fine sands with
E ‘g Q E u:) slight plasticity.
3 c 4 2 Inorganic ciays of tow to madium
oF o 5@ Medium 1o high Medium |CL [plasticity, gravelly clays, sandy clays,
e 3 3 g .:_’l A very siow silty clays, lean clays.
[+] w -
Z E 7 Organic silts and organic silt-clays
g9 Sighttomedium | Slow | Stight oL | 190 orasticity 9
©oT o .
I
w2 2 s . Inorganic silts, micaceous or
ZE 2 2 o Slight tomedium| Slowfo | Stight 1o | MM |4.atemaesous fine sandy or ailty
« E I .0 none | medium solls, elastic silts.
-~ Q |3~}
© = £ Inorganic clays of high plasticit
2 2 = H|9nmfgohvery None High CH 9 y 9 ¥
8 4z fot clays.
=
- O oo N
@ - 23 one 10 | Slignht 1o Organic clays of medium to high
g g 25 |Medumtohigh| . siow | medium |°™ [plasticity
Readily identified by color, odor,
HIGHLY ORGANIC SOILS | spongy feel and frequently by Pt |Peat and other highly organic soils.
| tibrous texture.
HMG N epal Roads _ Depaortment _ Suspension Bridge Division




AT A , Swigco Acoocigtion for Technica! Assistance

SURVEY OF BRIDGE SITE No 4. 307
Scil investigation -
° N Date : 20.1.1977
Classification :

Sig ()O»LJUM

ENGINEERING USE CHART FOR SOILS CLASSIFIED
BY UNIFIED SOIL CLASSIFICATION SYSTEM *

Description Important properties
T ' =T
l ‘ | Shearing
f ! Permeability 4 strength Compressibility (WOrkabiﬁty as
Typical names : Group lwhen con‘poctedvﬂm camocted{ulm oompocnd a construction
of soil groups ]symbols ‘and sgturated | and saturated :  material
" -
Well -graded gravels, gravei - sond GW Pervious Excellent . Negligible Excellent
mixtures, littie or no fines
i | :
Poorly graded graveis, gravei-sand GP ' Very pervious | Geod . Naegligible Goad
mixtures, lite or no fines ! '
Sity grovels,poorly groded gravei-  GM | Semipervious | Good | Negligibie Good
sand- silt mixtures ! i fo impervious | |
i i i
Clayey groveis, poorly groded ml- GC | Impervious : Good to fair | Very low Good
sand-clay mixtures { ! 5
| | 3
Well -graded sands, gravelly sands, SwW : Pervious i Exceltent Negligibie Excelisnt ~
littls or no fines ; f
! :
\ i
Poorly graded sonds, gravelly sands, = SP |  Pervious | Good | Vary low Fatr
little or no fines | i L
|
Silty sands, poorty graded sand-sit = SM ] Semipervious | Good | Low Fair
mixtures ' to impervious :
Ciayey sands, poorly graded sand - SsC ( Impervious Good to fair Low Good
clay mixtures 1 ! {
i i
inorganic silts and very fine sands, = ML ’ Semipervious = Fair E Medium Fair
rock flowr, silty or clayey fine sands to impervious | !
with slight plasticity { |
Inorganic cicys of low fo medium oL impervious Fair I Medium Gosd w0 fair
plasticity - gravelly, sondy, sity,and [
fean clays ‘ ‘ :
Organic siits and organic silt-clays oL ! Semipervious Poor Madium Fair
of low piasticity ‘ to impervious !
; o
Inorganic silts, micaceous or © MH [ Semipervious Fair to poor | High Poor
fine sandy or silty : | to imparvious j
soils, efastic silis i !
inorganic clays of high piasticity, i CH ! impervious Poor ? High Poor
fat clays ' ;
; i B
|
Organic cioys of medium fo high . OM | Impervious Poor l High Poor
plasticity | g
Peat and cther highy organic solts | Pt !
i ' ‘
# Byredu of Reclamation, 1953, | l
l 1 -
Hpods . Desncimant Suananei Aridas  Niciesnn




SURVEY OF BRIDGE SITE No. 4,308
Soil investigation

. Date : 2£.12.1976
Classification

i

sig : Voualan

. Classification of Rocks

Hocks are classified into three major groups, namely, igneous, metamorphic,

and sedimentary. The most notable properties of each group are summarized

in ths following sections:

a) Igneous rocks (granite, diorite, basalt, etc)
Good structural characteristics - hard, dense and durable - good con-
struction macerial, High bearing capacity - good foundation material.
Joints in three dimensions - actual as potential joints are in three
sete at avpriximately right angle to each other,

b) Metamorphic rocks (gneiss, schist, marble, slate, serpentine ete,)

Hard and strong if the rock is not weathered, Jointed, folded, lani-
mated or foliated - metamorphic rocks colmonly have two or three sets

of jolnts. The strength of the rocks is greatly influenced by the joints
and the folded, laminated or foliated structures,

Containing weak layers between very hard ones.

c) Sedimentary rocks (limestones, sandstones, shales)

Limestones: The strength of limestones varies considerably, from soft
calcareous limestones to hard limestones and dalomites, It may vary
even within one limestione formation, The strength depends generally
upon the texfure of the rock. A limestone with porous or cavernocus
texture has very low compressive strength, and one with dense texture
has very high strength, '

Sandstones: the strength of sandstones depends largely upon the degree
of cementation and the type of cementiné materialt

Cementing material

Iron oxide

Clay
Calcite (Ca.Co)3
Silica (510)2

Usual coicr

Brown, red, orange

Dull, whitish grey
Grey, white, buff

White (often stained by
iron oxide), buff,
yellow, pink

Strength
Variable, cement often

in irregular bands

Low, treacherous when wet
Good
Excellent

]A:,l"*l,.‘lwdu Assosistion for Tachaica! Assistance

. HME Neval

-‘Reads.

Daoartment Susoension

Bridae  Division




SURVEY OF BRIDGE SITE No : U4.309

So0il investigation -

Classification Date : ;8-1?-76
Sig_: (Mdsﬂ»“

The durability is generally in proportion to the strength.
Three sets of joints exist in sandstones. Joints are generally

several feet apart,

Shales: The strength of shales varies widely. Soft shales may be

scratched by a fingernail or excavated by hand without the use

explosives., Hard shales however, require blasting to excavate.

Sources: ~ Wayne C, Teng, Foundation Design
- B.C. PUNMIA, Soil, Mechanics and Foundations

- Deshpaude, Vartak, A Treatise on Building Construction

Pikuwa Khola:Sand and Gravel depots on the bank of the Arun river

spaced

of

SAT A, Swiss Association for Technical Assistance

HMG Nepal Roads  Department Suspension Bridge Division




SURVEY (F BRIDGE SITE No. : 4.401

ivaluation of the Survey Dote : 28.12.1976

_ - sig ¢ (ougugm

Flotting hork

In the ¢ffice the plotting work has to be done.It is good to
make tnese work scon after returning from the survey.So.you
stil. remember how the site is looking and tuv draw the counter-
lires is much easer,

The -urvey should be plotted on tracing paper.

The scale is 1 : 200 {1 cw = 2 m)

The drawing must c¢c.atain:

- rlan wiew of the Bridge Site

- Section z2long the Pridge Axis

- Copy of the 1" = 1 mile map showing the Bridge Location

The Llotting is dcene in the same crder as the maesurements in
the fiela:

- Main points such ss the pegs A,B,C....

- Uther pcints aicne tne bridge ceater line.

- Points up~ anc acwnstream from the bridge center line

= Interpolaticn of contour lines

Interpolation of vontour Lines (in the plan view)

From the tvacheometric-survey we determine the location and the
elevation of points which will be scattered all over the bridge—sito.

In order to show the form of the bridge-area more clearly, contour
lines of lm-intervals are interpolated between these points.

Analytical Interpolation

1. Connect neighbouring points Sketeh:
with lines, 2540

2. Measure the distances (d)
along these lines and
calculate the differences
in elevation (AH) between two
corresponding points,

eg. for 9840 to 40210
d= 48cm AH=33F0m
3. Caloulate differences in elevation and distances from the
lower point to the contour lines between the two points.
@.g. from G240 to HH00 AL=0Gom  de3T x0iem wOSem

\P'»
{or.40

from 98.40t0 {0800 AL={GOm dv3eciiOm =ldem ... etc.
4. Make these calcoculations for all the connecting lines, use the
glide rule.

Mrrk the 8o calculated conftour line-points on the conneoting lines.
Draw the contour‘x;nes by Jdining tha corresponding pointe.

A, Suiee Ascecietion fur Tesheloe! Avelstoncs.

Su.ponlten Briq!. Divisien |




SURVEY OF BRIDGE SITES Hoos 4e402

Interpolation of Contour Lines (II), Graphical Dates 24, 8.1975
Method 8iget L S S

1. Connect neighbouring points with lines (line (T) , sketoh 1),

2, Draw a perpendicular line to line @ at the higher of the
two points (line @ , 8ketech 1).

Mark on line @ the difference in elevation between the two pointa.

@.g. for the connecting line 98.4¢ - 99.80
difference in elevation is A L

for the connecting line $9.80 - 103.20
difference in elevation is AL

l.40 m, mark 1.4 om

3.40 m, mark 3.4 om
This gives the revolved points (99.80)', (103.20)' 8tCees.

Sketch 1 10240 Sketch 2
Bk.uos.g»//@" 7

. . @.
A K ‘®\\\\

.

@‘ (403.25
@,_Za

f 8o \ .
L - ":‘g. @ .
@ L 98 .60 @\e,' wllot)'
189.60)' ,}l (99.90)" ‘ @ A

."\‘ (08.20)' T :@u.b)'

3. Draw line (3) (sketch 2). Lines (@) and show the revolved
section along line 1 .
Mark on line (2) the contour line points in elevation (sketech 2).

e.g. for 99.80 - lo03.20
contour line loo is 0.20 m higher — 0.2 em from point lo%.20
contour line lol is l.20 m higher — 1.2 om from point lo03.20

4., Project thege contour line points to whe base line as shown
with line (3) in sketch 3. Make this for all the connectings (1) .

5. This projection gives the point of the contour line in plan.

{o2.40

The points of the same elevation can then be connected to
contour lines (sketch 4).

Sketch Sketch e
Sketch 3 __Ti & &

9840 o

AT A |, Swica Ascocietion for Tesbhoiool Acecistesee

HMCG Mepael Roade Department Suspersion Bridge Divisien
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CONSTRUCTION MATERIAL FHoes: 5.l0l

Steel cables, Damage during transport —
and uneeling ——WQM—M

Einking will damage the cables snd greatly reduce the life
and strength. Already existing loope canmot be straightened
by pulling the rope taut, Twist the rope from the end to-
wards the kink, Use for practice a thim cable.

SAT A , Swiss Association for Technical Assistance

l_}HMG,N,ep'u‘l Roads  Department Suspension Bridge Division
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CONSTRUCTION MATERIAL Koot S5e102

Dates 6.,7.75
Steel cables, Unreeling the cebles Sic. .
<

Cabies should be unreeled in a manner that prevents small
loops from forming. De not attempt to umnreel or uncoil
cables from stationary coil or reel, as this will cause
kinking {(forming of loops)

Wrong method

The most satisfactory method
of unreeling cables is to
mount the reel on a pipe

or rod supported by two
uprights,

Correct method

Reeling cables from one reel to another

Wrong method Correct method

HMO Kepal Reads RNepartment Suspension Bridge Divisiem




TSAET A , Swiss Association for Technical Assistance

CONSTRUCTION MATERIAL No. t 5,103

Steel cables cables from India Date ¢ 2.1,77

Sig -'12.(?\532;

All metallic steel cables or strands are used for suspension bridges,
The Indian Standard gives the following specifications:

IS 2266 - 1970

Specifications for steel wire ropes
for general purposes.

Table 1 : 6x19 (12/6/1) with W.S.C.
(wire strand core).

Tensile strength of wire 160 kg/mm?

Cable diameter sectional area Min, breaking Weight per m
inches mm mm2 load, tons kg
in 13 56407 8479 0.64
1" 26 224,37 35.90 2457
14" 32 340,00 5k 40 3.90
13" 38 481,00 77,00 5453
IS5 1835 - 1972 Secifications for steel wire ropes (2Md revision)
IS 2363 - 1965 Glossary of terms relating to wire ropes
IS 3973 - 1967 Code of practice for selection, installation

and maintenance of wire ropes

Cable cutting
After welding the single strands on both sides of the cutting point, the

steel cable is separated by the cutting-torch,

k,’yHMG Nepal Roads Department Suspension Bridge Division




CCNSTRUCTION MATERIAL No. t 5,104

Steel cables cables from Japan - | __Date : 2.1.77

6x7 with W.5.C, (Wire Strand Core)
steel core constructicn for suspension
bridges, galvanized, regular lay-right
hand, tensile strength of the wire

170 ~ 185 kg/mm?

Right hand-regular lay (2)

Cable-drum in Amlekhganj

Cable diameter Wire diameter Min. breaking Weight per m
inches mm mm load, tons kg

in 12.5 1.40 11.3 0.61

i 250 2,80 45,3 2,46

3" 32,0 3.55 71,0 ' 4,02

11 38.0 4,18 102,0 5.51

The construction of this cable is again hexagonal, similar to the
6x19 W.S.C. according to Indian Standard. All cables constructed

with less wires like 6x7 W.S.C. are less flexible but more economical .
due to higher breaking load and lower price.

HMG Nepal Roads Department Suspension Bridge Division

SAT A , Swiss Association for Technical Assistance




SA‘T A , Swiss Acsociation for Technical Assistonce

SUNSTRUCTIUN MAToRIAL Na. Saiis

Steel catles ised ropeway cacles Jet.77

The Kathmandu-Hetauca Acpreway ls contlinuousiy replacing sieel catles

The used ropewav cables are avallable znc are an excel.ent anga econcrlc

b oo

material tc buils

m

usrension ang suspenced vriczges, out alwave anchoraged

cEa

on drums, (réers Tor such cables can e jlacec 1o

satnmarau

14" Spiral Construction, used ropeway track catle, ungalvanize:,

27 wires with ¢.6 mm dia
wveight per metre o kg

Design breaking strength: 70 tons

sinimum bending diameter for fixing nct less  archorage
than 0,80 m. Enda fixing with arum anchorage

accoréing to the stancarc crawings,

]

4

110 cm

/4" Fitre Core Construction, used ropeway haulags 2r:ole, ungalvanized,

£ strands with 7 wires each ana fitre core
weilght per metre 1.3 kg

Lesign breaking sirength: 12 tons

6x7 (6/1)

for end fixing the use of orairary tnimvles

ana 5 bulldog grips is recommended.

Depariment Suspgmior.

i -

&idqe Division




SATA , Swiss Associotion for Technicol Assistance

CUNSTRUCTICN MATERIAL No. @+ 5,106
Steel catles ¥wires Dais @ 25.2.77
Sig Q : Q\—EQ

Equivalent o cable
WSC. 6xi9(12/6/1)

Bridge Wire (3 Smm) Requirement for
equivalent strength, breaking strength

160 Kg/mm?® Allowable strength 72 Kg/mm?
(German Standard), Area 19.6 mm? Weight per
wire O.154 Kg/m

@ inch Area No. of Wires| Weight of Wires
{ mm?) required {kQ./m)
‘5 40 2 0.3
" 158 8 .23
L}
'!3 25| I3 2.00
14 357 18 277

WEDGE AND CO

NE ANCHORAGE

The size of this anchorage

system s manufactured for

| wire or 7 wires

Closed system

w =

Closed (coupling)
connecting system

(connection of 2 wires)

HMG Nepal

Roads

Department

Suspension Bridge

Division

SR




CUNSTRUCTION MATERIAL No. : 5,201

Cable fittings Thimbles Dote * 2.1.77

e

e T A

DPEN TYPE THIMBLES IS:23I5-1963
4 @imansions in millmetres

h o
Nominal size ' A o D F G K ry R Welght p.pc.

of rope W, (kg)
g

8 27 13 45 g 5 ? 4,5 6,5 U, 040

10 30 15 50 11 Vi B 5.5 7.5 0,061

12 35 17 8 13 8 1. 6.5 8.5 0,077

W M 19 68 15 9 12 7.5 9.5 0,125

16 46 22 77 17 10 13 8.5 11,0 0.190

18 520 25 86 19 11 15 9.5 12,5 0.290

20 57 27 95 22 12 16 10,5 13.5 0,330

22 6k 31 106 24 14 18 12,0 15,5 04500

2 73036 12 26 16 21 13,5 18,0 4600

25 73 36 122 27 16 21 13,5 18,0 0.710

29 82 39 135 31 17 23 15,0 19,5 1,200

32 92 43 152 3 19 26 17,0 21.5 1,500

35 98 46 162 38 21 28 18,0 23.0 1,750

38 10:7. 52 185 Iy 23 32 20,5 26,0 2,100

SAT A , Swise Ascesiation for Toohaical Assistense




CONSTRUCTION MATERIAL No. : =202

Cable fittings Cable end fixed with . - -~
bulldog grips and thimbles Date : 13,7.75

Sig ¢

C-Clamp for easy pressing of the

cables to the diameter of thimtles

Vi VLl

Cc-Clamp

loosly attached

Specification for | Ggp Cable Diameter | No. ot grips Weight
, m mm inches minimum Kg.
bulldog grips m 9.7Pc.
2 - 35 I/g 3 0.011
|5:2361-1970 35 4 - 5 346 3 0.0!15
, 55- 6.5 V4 3 0.018
° 7 - 8 Y6 3 0.052
c 55 85- 9.5 3 3 0.065
2 o _~ 1 7/ie 3 0.070
= iz - 13 Vo 3 0.130
" 85 14 - 15 Y6 3 0.140
< 6 - 17 56 5 0.200
e 8 ~- I8 A 5 0.250
s 130 20 - 23 s ) 5 0.400
F N 24 - 26 i 5 0.480
= Fa | 27 - 30 1Yg 5 0.640
5 200 | 31 - 33 \Via 7 0.7 90
34 — 40 t/2 7 0.950
=
g * according to Kabelwerke Brugg Lta. Switzerland
(-]
°
o
0 -
L]
< Very important:
é After completion of the bridge constructisn, all
bl bulldog grips must be tightened once again.
P-4
-
; HMG Nepal Roads  Department Suspension Bridge Division
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CONSTRUMTION MATERIAL

Cable fitting nable end fixed by
drum and clamp

It is very difficult to get the cable anchored by socket end, especially at the
spot. The cable sockets would have to be placed very correci or, the required
hoisting s=gs could not be applied, Therefor, a high skill and accurate execution
are necessary.,

Reside of the execution vwork, there are other reasons why the socket end fixed
cable ends are developing difficulties, The fixation of cable ends by using the
standardized drum anchoroage does not include any problem. Recent experience
has shown and proved, that the drum anchored cables can “e suspended to the right
sags surprisingly easy and guick,

The system of the drum anchorage has, however, the advantage that either spiral
cable - e.g, used rope way acble - or steel wire cable - e,g. 6 x 19 (12/6/1) -
can be fixed and safely anchored, It is important to point out, that the drum
anchorage can be used for any kind of cable - even the parallel bridge wire
cluster (single wire) - =znd, the needed steel is only about 1/5 of the normal
anchor rod syctem,

The following example indicates how the drum cable anchorage might be calculated :

Given ; 2 cables of g 1 % " (38 mm)
max, Total Tension = 53,16 tons ( from the statical calculation)
Cable end anchorad by drum and cable end clamp with eight bolts M 24 mm
Factor of static friction steel on steel = 0,15
To be calculated : How many times the cable mmst be wrepped on ?
what is the capacity of the cable end clamp (cable clip)

. STEP;
Single cable force: Filled with
53.16:2 = 26.58 t ~ concrete = 26.58 ¢
p 11O cm
Steel sheet —+—= 26.58 t

about 2 mm

1f on both sides of the drum the same force will be anchorad, the Torsion Moments
+ill be neglected,

The sheave pulley is the basic system to anchor the force by utilizing the static
friction cable on steel sheet of the drum,

Cable friction :

Friction T = (é'-1)Tc

Forces:
Upwards T=eH-Tc
. I -

Downwards T -—eud- = T¢ ™

< = radian measure
_ Static friction steel on steel _
p o= =0.10
[.5 (Safety factor)

e =2.71828183...

.. .-HMG Nepal Roads  Department Suspengion Bridge Division




CONSTRUCTION MATFRIAL No : 5,204

AT A , Ouies Ascesiniisa @r Toshales! Ageistanoo

Cable fitting Cable end fixed by Date : 16th March?{ '
drum and clamp (II) sig : &
_4°x T __0.15 _
& vadien "~ (80° n==g =010

M = 3.14159654. .-

Aagle | 5o | 90° | 180° | 360°| 540°| 720° | 900° | 1080°
{degree ) ,
Radian A

measure | © > w ra 3 4T | 8T 6T
PO { 1170 11.369 | 1.874 | 2.566) 3.514 | 4.810 | 6.586
—fa |  |0855]0730]0.533 | 0.380| 0.285]| 0.207 | 0.152
o« - 3.360° = 1080° 8 g1

Tc = Cable force = 26.58 fons

Tt = Remaining force (to be kept as

downwards by the cabie clip)
T = T | = Te 0.152 =26.58 + 0.152 = 4.04 tons

v
Controll as upwards force (cable force)

Te = T'-é“ =404 - 6.586 = 26.6 2 26.58 tons

The calculation above shows that after turning the cable three times round the drum
4.04 tons are only left - i, e, the cable drum will take due to friction cable en
gteel = 26,58 - 4,04 = 22,54 tons, Total anchore force kept by the drum will be

2 x 22,54 = 45,08 tons,.

20 STEP :
Te remaining 4.04 tons on each cable must be anchored now with the cable clip (eable

end clamp) Totol 8 nuis M24 {allowable tension force 3.4 tons)
—=To be anchore = 4.04 fons

AN

Cable clip (cable end clamp)

Action 8-3.14 tons =25.121tons
System:

Reaction 8-3.14 tons =25.12 tons

Total force which can kept:

T'> F. = -Number of boits - tension aliow. - 2 - u ( static__friction
T 15

=5.024>4.04

8-3.14-2 -0.15
1.5

SAFETY FACTOR :

T'. ™ __5.024 - 6.586
cable force 26.58
The safety against bond failure is greather than just by calculation, because the

drum and the cables will be encased in concrete. At the discharge point the cable
will be safed against corosion with a joint sealer application ( see 5.205 £f).
7

L]
T >F

=1.24

HMG Nepol Roads Dspartment Suspengion Bridge Division .
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SAT A , Swiss Association for Technical Assistance

CONSTRUCTION MATERIAL No. : ©.70%

Cable fittings Jjoint sealer Dote : <2-1-77

Sig :R-qj@@;

Everytime when main cables are fixed by drum-anchorages ana the final concrete
work is finished, there is a joint betweer the main cables and the concrete,
In such cases it is useful to apply (as it is shown on page 5.206) an

elastic joint sealer to prevent rust in these sections,

I ha natar is a black, elastic fuel-resistant sealant fcr

horizontal joints. It is aelivered in two components which, when mixed in

the required proportions, combine tc an elastomeric compound which is applied
cold,

Mixing proportions

THANATAR is supplied in two components which must be mixed thoroughly: 10 parts
by weight of component A and one part by weight of component E,

Condition of joints

Freparation The cable in this part must be thoroughly dry and free of dust,
oil and grease,

Cross-section The thickness should be «~» 10 mm.

Application
Priming Apply THANA-PRIMwmK on dry cables and ensure complete coverage.

THANA-PRIMER will be dry after 3 hours,

Mixing Stir well component A, then aad component B to component A and
mix thoroughly during appr. 3 minutes with a spatula until the
mixture is homogeneous. During cold weather, component A can ve
warmed in a water bath up to 20°¢.

Fot 1life Appr. 3 hour for a 2 kg mixture. larger quantities should te
mixed only if they can be applied within 20 minutes as the pot
life diminishes as the quantity mixed increases.

Curing

At normal temperatures (appr. 2000), THANATAR will not stick anv more after

4 to 6 hours and will be completely hardened after appr. 24 hours.,

FRECAUTIONS

Fully hardened THANATAR is not soluble and canr almost not be removeac rechani-
cally. Clean tools immediatly after use! THANATAR I3 INFLAMPABLEZD tee; 1t away

from fire!

-

THANATAR stands for an example, Each other product in this manner is appllicable,

(Meynadier Ltd. Vulkanstr, 110 804E& Zurich, Switzerland)

, 'Rooda ' Department Suspaiiqg, 'B‘ri‘}i‘dqe Division




y GUNSTRUCTIUN MATZAIAL No
tatie fittings Joint sezler Date - : it
,, sig K. Graex,
=

APPLICATION OF THE JOINT SEALER

FOR 2 MAIN CABLES (39-60m Span)

30¢
15,15
—_ \J Joi | ~0.81t at each cable
Concrete H06-— / oint. sealer total required 3.2 oy20
level during l ' - T‘
erection ' ——"——3& Main cable @ 1} E

300

l_;’:_?g 3 ! . C/C =100 ___]

30cm FOR 4 MAIN CABLES (63 -87 m Span)

1515
—— | . ~0.8 ltat each cable
Concrete 400 1~ _/~Joint sealer {70 fotal raquired 6.41t ('1'79‘1
level during | 11 7 Main . ol .
erection & - ——==_ cc:bleq)ll/z
Bawai ] > — —
o :
9 !
M |
N 3éo I.Oa
a4 ¢c/C = 100

FOR 6 MAIN CABLES (87-126m Span)

30c¢m
15 .15

~0.8 It at each cable
20

2 .
l-* total required 9.6 (t. ;.‘,_j.

Joint sealer

...L/€2ue0 |

S— —
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CUNSTHUQTION Faiknlan Mo.

Steel round

m

Date :+ ... 77
Sig : 1R ek
1

y
V7

ROUNDS: Dimensions and properties Ko '—*X
y

Diameter Weight Sectional Area Moduli ot Section _‘
d w a Zyx = Zyy
mm kg cmz cm®
6 0222 0.283 0-02!
B 8 0-395 0502 0-050
i O 061 7 0.785 0.0 98
13 1,042 1.337 0.216
16 |1-578 2.01 i 0- 402
20 2.466 2.142 0-785
25 3.853 4.119 1+ 534
32 6:313 8:042 3.2 17
38 89503 11.340 5.357
42 10.E76 13850 7.274
/7
Rectonquliar Bars: Dimensions and properties xréﬁl//d'/y o
Designation Welght Sectional Area Moduli of Sécfion
w a Zyy Zyy
kg cm? cm® em3
° 32/20 5024 6 40 3 4] 213
‘3 32/20 8000 10 24 5 46 546
5 Flats and Plates
3 Weights
£ Flai Plate
2
ez (21212 |2 Jalz2 lels 12l 32
S 1B |3218 | S5 |Beliesefaso|ieie)inss
sl 12 (% |2 | =% 3 |= [28= |28=" 2|3 |27
z o o o P - = -
F 6/38] 1-790]8/36(122-608|10/480 {14130 § 2 (1570 |8 |62-801!6 125-60125 |19¢-25
= 6/65| 3082 9:"3‘8 2-685 j10/290|22765 | 5 |39-25(1 0 {78-50(20 |I5700]28 |212-80
. c/180/1:305 Jo/65 | 4 592 ] io/360/26-260] 6 lamio 112 [a4-20(22 |iz270i32 28120
: Roads  Nepartment - Sucpension Bridge  Division
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CUNSTRUCTION MATZRIAL No : .0°¢
Steel Ri:tzd Torsieel fer
cererete reinforcement Dote = -, : -
Sig EQ&—S&

RIBBED-TORSTEEL

HIGH BOND HIGH STRENGTH
STEEL FOR
CONCRETE REINFORCEMENT

RIBBED-TORSTEEL fully conforms 1o the best known international standards and Codes of
Practices of reinforced concrete including:

' Indion Standard: |S 1786-1966: Indion Code of Practice IS 456-1964: British Standard B.S.
1144 and B.S.44 61 (metric) : British Code of Practice C.P. 114 : French Standards B.A. 1968:
Garman Standards DIN (045 :

PERMISSIBLE STRESS: USEFUL. DATA OF !
STANDARD SIZES !
. #€<20mm  2300kgim? (33,000 psi) size | Area [ wt.
ension Reinf, {mm) ]| {cm") | kg/metre
2
£2>20mm 2100kg/em” (30,000psi) 8 0.50 0.4 !
Shear Reinf. 175 Okg/cm® (25,000psi ) 10 0.78| 06 '
) . 2 ) 12 iI.13| o9 .
Compression Reinf. 1750kg/em” (25,000psi) 6 20| 1.6 !
Bond 50% more than Plain Bar 20 3.14 2.5 i
%
g wt Areaper bar | No.of bars per m length of the concrete
mm kg/m cme construction {cm“/m)
3% q 5 6% ':
Distance bhetween the bars
30 cm 25 cm 20¢cm 15cm
8 0.395 0.503 1.6 8 cm® 2.0lcm?|  2.51em? 3.35cm° }
|
10 0.617 0.785 262cm?| 3. 14cm?| 3.93em?| s523cm?
12 0.888 (.130 3.77em?®| 4 .52cm?| 565cm’|  7.54cnt
16 I. 580 2.010 6.70 cm? 8.04cm?| 10.10ecm? | |3 40em®
20 2.470 3.140 1050cm2| 12 60enf| 15.70em?| 20 90cm?
g wt Area per bar | Area per m width of the concrete
kg/m cm? structure

Licensed Producer in Nepal:

HIMAL IRON & STEEL (P) LTD.
Regd. Office: VYOTI BHAWAN' KANTIPATH
KATHMANDU, NEPAL

Telephone: 1490/14902-  Cable: HIMALIRON
Factory: PARWANIPUR, NEPAL

SAT A, Swito Assesioton Gr Toghmical Assistanse

.~ HMS Nepal ~ Roads  Deportmant Suspension Bridge  Diwision




SEATA, 'S-ia Association for Techaical Assistaace

CONSTRUCTION MATERIAL No. 5.401
Concrete recommended mixes Date : 24.2.77
sig_: R QL.
1

RECOMMENDED MIXES FOR VARIOUS TYPES OF CONSTRUCTION

Depends on whether concrete is to be tamped, rodded or vibrated and

on absorption of water by aggregate.

Mixture
Becom~
mended
Vol,
Proport.

Nature of Work

Maximum
Size of
Aggregate
to use

Water in
gallons
per bag
of C.

Bast
Consis~
tency

Long span reinforced concrete arches,
high locad reinforced concrete 1:1:2

columne

Laaia

3.5 to

s N
oV

Medium

Heavily stressed members of structures,
small precast work such as Posts and
Poles for Fencing, Telegraphs, Signals,
Garden, furniture and decoratives and
other work of very thin sections, water-
tight constructions for high heads,

long piles.

1:2:2

4.5 to
5.0

Medium
or
Soft.

R.C. Columns and members subjected

to medium loads, wall and floors of
reservoilr and tanks, cisterns, sewers,
well kerbs and platforms and other
watertight constructions for moderate
heads nonsurfaced roof slabs, concrete
deposited under water,

12332
or
1.2:234

3/4"

55

Medium

General R.C. Building work subjected
to ordinary stresses such as beams,
slabs, columns, panel walls basement
and retaining, walls, stairs, lintels,
sills, roads, pavements, driveways,
side walls, floors, steps, bunkers,
silos, bridge construction, dams and
pier etc. exposed to action of water
and rost, machine foundations sub-
Jected to vibrations, R.C. footings,
R.C. piles.

1:2:4

i to
11" as
required

6.0 to
5

Stiff for
Roads
Medium

for others.

Mass concrete work in culverts, re- 1
taining walls, compound walls and 1
ordinary machine bases, foundation, +
walls which need not be water-tight. b

1" to
2”

745

Stiff
or
Medium

Mass concrete for heavy walls, foun-

dations under column footings and

under heavy duty floors, concrete 1:4:8
blocks, hollow block construction (or 1:3:6 +
(_é_n AGG)- 4% 'boulder)

13" to
2%u

Medium

HMG Nepal Roade Department

Sugpension Bridge Division




Association for Technical Assistance

CONSTRUCTION MATERIAL No 5. 501

Timber Safe permissible stresses
round column
planks

Date : 26.2.77

SL.J I‘R (4; .~i.

The two important Nepali — timbers are SAL ( Shorea robusta) and DEBDARU
well known dads SALLA.

o Swiss

SAFE PERMISSIBLE STRESSES IS: 883 —I19€6
Trade {Average lodulus of Bending and Shear Compression
name fweight elasticity tension along
grain horizontal alorg | parallel perpendicular
grain to grain to grain
kg/m3 t 7cm? kg/cm2 kg/cm2 kg/cm2 kg/c_:m2 kg/cm2
SALLA} 515 92 70 7 10 50 10
SAL 865 127 e 9 13 78 29
Exampie for timber dusign :
|. Design of u round colump
p P = 700 kg A = Area of section, cm?
; h = 4,00m lg = length of buckling
r = radius of gyration
h lg = TB = slenderness ratio
approximate formula for round timbers : A = (I12-P) + (8" IBZ )
s P in tons lg in m
A=z 127 +8-4% = 2120m + 8
@ ¢ 18em with A = 254cm® r = $:asem  1p= %D-sepmes
e w = 2.54 ( cccording to DIN 1052) f = %E= ii%?s—?,@ = 70kg /cm®<78
d on page 5.502 2
permissible compression parallel to yrain for SAL timber =78kg /cm
2. Design for pianks ( bern)
3 ~ . .
M T q = 300kg/m z = Secfion  modulus
- - —‘ " - x
A =B = 300 kq—-z— Zmirt f"—~"—
A max
¥ 2
| - |8 _q” . 15000 . 3
} T Mmax =g ° 1E0mkg  z..= 2 ° 134 ¢m
e2
|+ Section : 6/ 23 : =25 -jzgen®
M 6
Bending: f = '—r’%(;o- = 1179 Rg /omi< 112 kq/crn2
. 3-Q , . 3200 5. 2 .- 2
E Shear ¢ f = —E,jT38~ z 3.26Kkg/ cm°< 12 kg /nm
( for rectangular sections only, Q = Max. shearing force, A = Area of section )

. HMG Nepal

-Roads Dep,ar"tmenf_ Suspension Bridge Division e




CONSTRUCTION MATERIAL No. : 5.502

Buckling — numbers Date : 26.2.77

Timber for wooden buildings. Sig. 1o Ghokl
{

BUCKLING—NUMBERS FOR WOODEN BUILDINGS (according to DIN 1052)

Ig 0 | 2 3 4 5 6 7 8 9 la
o) 1.00¢{ 1.00 1.0t 1.0t 1.02 1 1.02 1.02 1.03 1.03 1.04 0

10 .04 1.04] 1.05 1.05] 1.06 1.06 .06 | 1.07 1-07 1.08 10
20 1.08 .09 1.09) .10 1. 1) (| 1.12 1. 13 1.13 1.141 20
30 1-15 .16 .17 1.181 1.19 1.20( 1.21 1.22 1.24] 1.25} 30
40} 1.26 .27 1.29 1.0 1.32 1.33 1.35 1.36 1.38 1.40] 40
50| 1.42 1.44| 1.46| 1.48{ 1.50{( 1.521 1.54{ 1.56 1.58 .60 50
60 1.62 1-64] 1.67 1.69 | 1.72 1.74 1.77] 1.80} 1,82 1.85] 60
70| 1.88 1.91 1.94] 1.97| 2.00] 2.03| 2.061! 2.10} 2.13| 2.16| 70
80| 2.20) 2.23| 2.27¢ 2.31 | 235 | 2.38| 2.42| 2.46| 2.50] 2,54| 8O
90| 2.58) 2.62) 2.66| 2.70| 2.74| 2.78 | 2.82{ 2.87| 2,91| 2,95} 90
100] 3.00| 3.06| 3.'2] 3,18 ] 3.24) 3,31 | 3.37| 3.44] 3.,50| 3.57|100
110} 3.63| 3.70| 3.76| 3.83 ) 3.90| 3.971 4.04! 4.11 ]| 4.(8| 4.25] 110
120{ 4.32| 4.39| 4.46| 4.54| 4.6l | 4.68| 4.76| 4.84| 4.92] 4,99 120
130] 5.07) 5.15( 5.23{ 5.3 5.39( 5.47| 5.55| 5.63| 5.71 5.80} 130
140] 5.88| 5.96] 6.05| 6.13 6.22| 6.31 | 6.39| 6.48] 6.57| 6.66( 140
150 6.75; 6.84! 6.93| 7.02| 7.1 7.2 7.30] 7.39; 7.49) 7.58} 150
te0| 7.e8| 7.78| 7.87| 7.97 8.07| 8.I17 8.27 | 8.37| 8.47| 8.57] 160
170] 8.67] B8.77| 8.88| 8.98] 9.08 9.19| 9.29} 9.40| 9,51] 9.61]|170
180| 9.72 9.83( 9.94(10.05]10.16 { 10.27 | 10.38{ 10.49| 10.60[10.72] 180

E 190 10.83110.94} 11.06 [ 11.17 | 11.29]11.4) | 11.52}11.64{11.76]11.88]190

i:, 200( 12.00] 12.12 | 12,24 12.36 | 12.48 12.61 | 12.73 ! 12.85{ 12.98] 13.10| 200

5 2101 13,23 [13.36] 13.48| 13,61 | 13.74]13.87 | 14,00 14.13 | 14.26 | 14.39(210

E 220( 14.52( 14.65| 14.79 | 14.92{ 15.05[ 15,19 | 15,32 | 15.46 | 15.60(15 73] 220

£ 230/ 15.87| 16.01 | 16.15 | 16.29( 16,43 | 16.57{ 16.71 | 16.85| 16.99]17.14 | 230

E 240 1r.281r.42 [ 17.57 {i7. 7t ji7.86| 18.01 ] 18.15]18,30} 18.45] 18.60} 240

8 250| 18.75| — — — — — — — — — | 250

s

L)

g la = slenderness ratio Iy

< , b=

. l|g = length of buckling

> r = radius of gyration

<

5 HMG Nepal Roads  Department Suspension Bridge Division




| - 6. MACHINES AND TOOLS




MACHINES AND TOOLS Hoet 6,101

Rock drilling machine, General Date: 13.7.75

description s1¢.g£;2¢aa~cau._.

Cover of fuel tank
Fuel valve

Cover of air filter
Slov run contrel
Control lover
Starter wire

Short ~cireuit switeh
Gas duct valve

oy @M ® o 0 b

Slew run comntrol

1l

2 Fuel valve, speed regulator
3 Cover of air filter , choke
k Engine piaton
% Gas chember

6

7

Hepmer piston
Ol dmidan

WY sl o

8 Short-circuit switch

9 Gas duct with permament cleaning pin
lo Gas duct valve

11 Drill shank housing

bAT A , Swiss Associoticn fir Techaical Assistence

HHG Nepal Roade Department Suspansion Bridge Divicien




MACHINES AND TOOLS Hoes 6,102

Operation
Rock drilling machine, mu“w:na Date: 13.7.75

Sl._gls M-

§ Before starting
Mix fuel 1 to 12, i.e. 8%. Use
ordinary 2-stroke oil-mixture.
Shake well. Fill the tank. The
right fuel-mixture s vital!

2 Open the fuel needle valve.
When the engine is warm the
normal setting is haif a turn

3 Close the choke fully (turn
counter-clockwise)

Check that the throttle is
open — idling latch turned
aside

85 Starting and stopping
Pull the starter wire until fuel
reaches the engine and it
fires

+ Swien Ascoviaticn for Tesbsisa! Ascistenes




Hoas 6,103

MACHINES AND TOOLS operation and
Rock drilling machine, Haintenance Dages 13.7:75

Siges Llpchasrom—

>

© Onpen the choke fully.

7 Pull the starter wire sharply.
When the engine has started
run it untii warm and then
adjust the fuel supply for
even runnina

For brief stops press the
short-circuit leaf. For fonger
stops — close the fuel valve.

Maintenance

Ciean the gas duct. perma-
nent cleaning pin and gas
duct valve — preferably every
week. Clean the full length of
the duct with the cleaning
needle. Check the valve.

Technica|l Aspintonsce

10 Clean the air filter every day in oil-mixed
fuel. Ii pure gasoline is used — moisten
the filter element with oil before re-
assem

AT A , Swise Associotion 37

HHMG Hepal Reads Department Suspension Bridge Divisien




MACHINES AND TOOLS Hoot 6,10k

Operation and

Roek drillins Mohim, !aiaten-nae &ge: 13 .7.73

3’-;-' bLtelontone, ]

11 Replacing of starter wire
Remove nuts and washers from the cover
plate Lift up the cover togethar with tha
starter pulley Hold the spring against the
cover while departing cover and pulley

§ 2 Release the starter wire screw and remove
the wire

13 Insert the new wire through the bushing
in the tank and fix it to the pulley. Re-
assemble pulley and cover (with spring).
Coil up the wire on the pulley in the direc-
tion shown by the arrow an the cover

|4 Hold the assembled cover over the studs
Turn '/»—-*/s of a turn clockwise {to tension
the spring) and press it down on the studs.
Pull at the same time slightly on the starter
wire. Refit washers and nuts.

18 Changing irom drllling to Impact work
(BR-80)
Lever down: drilling
Laver up: impact work

AT A, Swice Associttion for Toechaical Assietenes

HMG Nopal Reads Dopartment Guoponsion Bridgn Divielen




¢ No.: 6.loh
MACHINES AND TOOLS o
- Toolbag for Date: 13- -
Rock drilling machine, maintenance r—gi 2/
s.s ARSI

. 5 IIIJI".. - DD
. 4 . : ]
b £

BR=~51 BR=52 BR=80

BERGMAN BORR AB - P.O. Box, S-17120 Solna 1 - Sweden

Tool bag

Spark plug wrench

Starter wire

Ll

Hexagonal key
(allen wrench)

Gauge for
é% drill chuck

Spark plug

Technical Assistance

Grinding gauge for drill bit

"
Cleaning needle '_ul
|F for gas duct

HMG Nspal Reade Deparitment Suspension Bridge Division

SAT A , Swiss Associotion for




MACHINES AND TOOLS Noos
"
7/8" dmvegral T 13.7.75

drill steels Siges ) I

6,106

Reelkr drilling machirme,

Nomenciature

84 Bit thicknass

1. 8triking surface
2. Shank 82 Insart width
3. Collar B3 Width of cutting edge
4. Rod D Bit diameter
6. Flushing hole H Insert height
]S
6. Carbide insert L Effective drill-steei length
7. Cutting edge L1 Shank length
8. Wing R Cutiing edgs radius
9. Bit % Clearance angle
B Cutting adge angle
Series Effective Bit, Catalogue
L H length diameter No.
7/8” integral drill longtn | clame
steels 1 800 27 | 34 1m 7140824
1600 5 3" 33 1" 714-1633
. , i 2400 710" a2 1'% 714-2432
3200 10" 6~ 31 17/m 714—3231
4000 13 1" 30 1% 714-4030
4800 15 9~ 29 1% 7144829
12 goz 2 7 40 19/u 714-0840
1600 5 3" 39 1/xn 7141639
e 2400  7'10” 38 1'% 714-2438
H 3200 10° 6" | 37 1% 7143237
2 4000 13 1" 38 17/u 714—-4038
2 4800 15’ 9" 35 19 7144835
H 5200 14 | 34 1V 714-5634
< MANUFAC- 6400 21 33 1" . 714-8433
g e - BT v
” 64 o
- 1200 3117 a2 1'% 714-1232
i 1800 6 3" M 1'n 7141831
= 2000 6@ 6" 30 1Yu 714-2030
' 3 —0838
| SALES WD oo, | B | peom
« SERVICE 1800 511" | 33 1Y 7141833
8 2400  7'10 32 1Y 714-2432
17 g0 2 a1 1% 714—0841
g . Atlag COPCO (Ind‘ﬂ) Pvt. Ltd. 1200 a11” 40 1%/s 714-1240
11" /53 714-1830
-] Head Office: 1800 511 39 1
4 10" B 1Y 714-2438
Mahatma Gandhi Memorial Buflding, Boulder 2400 710 :
% . steel 500 18" 3z 1'% 7114-0532
3 ‘Netaji Subhas Road, Bombay-2.
< _
5 ~
Q.  HMG FWepal Reads Dopartment Suspension Bridge Division
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MACHINES AND TOOLS
Rock drilling machine,

Grinding of
drill bits

Noo: 6,107

Data: 17775

Siget Copcbencrea. |

The maintenance of drill bits can be done on ordinary
grinding machines in any mechanical workshop. It is
not possible to sharpen the drill bits with files,
becauge the drill bit consists of very hard tungsten

carbide steel.

Under field c¢onditions you can use, if availabls, a
special Pionjir grinding machine, driven by the drilling

méshine itself.

Fix the drill bit a few
millimetres distance fxom
the grinding wheel. In
any case use protective
glasses for the grinding

work,.

|
m

Check the drill bits
frequently with the
grinding gauge for
drill bits, Quality
drill rods are very
expensive, Do not
drill without maine
tenance of the bits,

SAT & , 8wiss Acoeciction for Tochaical Aveioteonce

HMG MNepal Reades Department

Suspension Bridge Division




MACHINES AND TOOLS

Pulley systems, Different combinations

Hoei 6,201

Dates 15.9.75

su.' @&‘m‘.—

SAT A, Suies Assesistion fv Totdeive! Avelsteses

One-part Line

Two-part Line Thiee-part Line

4
Y

Load on Rope Load on Rope Load on Rope
sams as Sup- is one-nalf is onesthird
ported Laus Suzported Suf‘ported |
oad oad
Five-part Line
|
}
Lioad c;;\ Ro Load on Ro
is ono-iourfi: is one-fiftpl:
Supported Suﬁportod
oad cad
~_HNWO Nepel Reads Department Suepension Bridge Divisien




ation for Teshmioal Aceletanee

MACHINES AND TOOLS
Pulley aystems, Load calculation

Boot 6,202

Date: 15.9.75

su.lgﬁtﬁa—e«—-

2600 kg

Zy-- 1,4 x 2800 + 3700 kg

Zy - 1,9 x 2600 .- 5000 kg Zs

Zy- 2x2600 5200 kg

Zs 2% 2600 3900 kg

Zs

2600 kg

2600 kg

1300 kg

HND lepal Reade Deopartment Suspension Bridge Divisien




MACHINES AND TOOLS Hoot 6.701

Pulling Hachines , Tirfor (I) Pato: 22,10.1975
Sig.s b Sl

There are two models in use
- Model T 13 Nominal capacity 2.5 tons (pulling)
- Model T 35 Nominal capacity 5.2 tons (pulling)

l. General Remarks

T 13 and T 35 are hand operated pulling and lifting units with an
unlimited rope travel. They work by direct pull on the rope, the
pull being applied by means of two pairs of self energizing smooth
jaws which exert a grip on the rope in proportion to the load
actually being lifted or pulled.

The two levers that actuate the jaws provide a forward or backward
motion to the rope, depending on whichever lever is used,

2. Operation

Preparation: (compare sketches below)

- Uncoil the special rope in a straight line to prevent loops which
might untwist the strands or form kinks when under tension.

- Pull release handle "P" towards the hook (towards the anchor pin
for T 35) into notched position. This opens the jaws.

-~ Insert the fused end of the rope at "A" the machine lying on the
ground; this is the best position for feeding the rope between
the jaws, Push the rope into the machine until it emerges at "B".

- Anchor the machine and the cable hook with correct slings.
- Pull the wire rope until it is tight on the load.
~ Push back release handle "P".

Sketch of T 13

Pulling 2.5 tons
Lifting 1.5 tons

Sketch of T 35 B

Pulling 5.2 tons

Lifting 3.2 tons ANCHbR IN

| 1m0 Mepal  Reads Department  Suspemsion Bridge Divisien
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MACHIEES AND TOOL3 Hoos 6,307 |

Pulling Machiifies Tirfor (II) Dasor 22,10.1975 ;
Sig.t

Pulling or 1lifting:
« Fix and lock the telescopic operating handle on stub "L 1".
- Move the lever to and fro to move the rope through the maching.

- As the machines do not have ratchets, the operating handle needs _
not be used through its full stroke, If space is confined, short
strokes can be made. The load is moved on both forward and backward
strokes of the handle, and the handle can be left in any position
of its stroke with out danger of "flying".

Slacking the wire-rope or lowering:
- Fix the telescope operating handle on stub "L 27.
- For T 3% only: Place "L 1" on fast speed.
- Move to and fro as abovs.
"For T 35 %o change speed:

- Fast speed: for approach, 1ift button om top of "L 1"
and give pin "C" a half-turn.

- Slow speed: for high load, reverse above opsration.

Note: - Mske sure that the effort t0 be exerted 18 witnin the rated
capacity of the machine.

- Never operate forward and reverse at the same time.
- Levers "P" and "L 2" must move freely at all iimes.

Releasing or disengaging the wirg-rope:

It is impossible to operate rope-release-handle "P" when there is
any load on the machine, as the jaws are locked om the ropu by the
tension in the rope.

Operate rope-reverse-lever "L 2" to take load off the machine, then
pull "P" into the notch and remove the cable.

3. Imbrication

- Lubrication should be carried out at regular intervals to ensure
that all the rope gripping mechanisms are working freely.
Before putting a machine into service lubricate gemerously and,
i? convenient, lubricate before each application.

- A symptom of lack of lubrication is jerkiness when lowering a load.

- To lubricate either pour heavy gear oil into the machine through
the slot on the top of the machine, shake the machine and allow %0
drain, or squirt plenty of oil with an oil gun into the machine.

- Exess lubrication cannot cause the wire-rope 4o s8lip. wire-rops
should also be lubricated to keep it free from rust and in zoud
condition.

Remark: These are the instructions rrom the manufacturer. )
On the Chirkotar-bridge erection the cable garted to =
of the machine after it had got in touch with coal-tur-rus
Therefor pay sttention while working oa the bridge-dsch .

HNG Hepal Reads Dopartment Susponsien DBridge Divi




MACHINES AND 1CCLLS No ' + -+
Pulling Machines Tirfor ‘T11, Date @ :.:.77
) ™ S
Sig ’:\.C%W<9£iq

HABEGGER GoIFHCIST T 35

Special wire rope

The special wire rope is designed to meet tre
requirements of the machine., Urdinary wire
ropes deform under the pressure of the jJaws,

causing malfunction of the machine,

- The wire rope should be reeled and unreeled

in a straight line to prevent kinking.
- To avoid unspinning of the strands, never allow a loaned. casie o rotate,
- Kinked wire rope will not wecrk in the machines, Never use the cable for =

sling, instead a seperate wire rcpe or a crain sling sncule be used.
- Never subject the wire rope to abrasion by rubbing over sharp edges.
Cperation
1 Fush clutch actuating lever "P" firmly towards position "S", this opens boths
pairs of jJaws, <

2 Introduce tapered end of wire rope through guiue bushing "C" towards "D".

(W

Pull wire rope coming out of the anchor pin side by hana and tighten to load,
The push clutch actuating lever "¢" back into position "E",

L Place telescopic handie on power stroke lever "L1". kEngage noten in locking
pin and fix lever by turning it round. Pulling or lifting are carried out oy
a steady backward and forward movement on power stroke lever. Jerking motion
should be avoided to ensure a smooth operation. The load car be lowered or

released by operating release lever "L2" in the same way. Never operate both

levers at the same time,
5 Un completion of operation slacken the wire rope completely by operating re-

1 lease lever, pull clutch actuating lever ana remove wire rope, bring clutch

actuating lever back into closed position. It is impossible with human effort

to release clutch while the machine is uncer loaa exceeding 220 1bs,

SATA . Swiss Association for Technical Assistance

S -,HMG?Neﬁol ~-Roads . Department ..~ Suspension Bridge  Division




SAT A, Swiss Association for Technical Assistancse

MACHINES AND TOOLS No. 6,304
Pulling Machines accessories Date ¢ 2.1.77
Sig ! C¥E2I24
q

Cable brake
for cable @ 10-14mm
capacity: 2.0 tons

Field anchors "Titan"

Hoist Dblock

one reel

capacity: 5.0 tons

Hoist block

two reels

capacity: 5.0 tons

HMG Nepai Roads

Department

Susgpension Bridge Division




MACHINES AND TOOLS No. ¢ 6.401

Different Tools Dote ¢+ 2,1.

~3

7

sig + R

=@

Crow bar e

Shovel wrider
@ ===

sudgg hemmer Wi ~ Wedge Quorry mosh W
i ‘
Pu:i

< Tronl Mm

o
k||

£ Topo ‘QR"‘

Pwt-uu : Subee
£ o (Quarry llomd L4
£ ( :F:
x
-
Rammor E
Magh hammer *97 Malm =gy Nawns mutied *57

* BT

Brick aye wva- Trom! : &9 g g

Tooth chisel ¥R BT

t o

|

| T‘ E, g Line & Pins Spirit Lovel WO
| " s H 'r:r‘—r-ﬁ__é:T—B
‘: § g Axe 3 Screw driver VeP®

Auger Y

=]

Tanon saw

SAT A , Swiss Associgtion for Technical Asgisteace

Plumb zule
[ ]
)
<
Pviuer

oo
Y
'

& 3 2
x o
é 1y s 5| 8| @
o = [ - |
Pinur vy CMuI n 1 of SIf 2
S x
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| INDE X

Access to the bridge, 3.801
Active earth pressure, 3,501 ff, ",801, 3,804
Active wedge, 3.801
Adamghat 12,201 ff
Allowable bearing pressure, 3.102
Anchor bars, 3.604, '.704 ff, 3.9 8
blocks, 3601, 3.7(1 £f, 8,104, 9.302 £f, 9,312, 10,704
hook, 31918
parta, 9,%09,9.311 ££,10,703, 7.214 , 5,203 ff
I‘Ods, 3.204, 9.204, 9.512
wall, 3,801 ff
Anchorage parts, 7.2 4, 9.309, 9. 11 £f, 10,703
Anchorage
Typ No, 1, 3.601 £f
Typ No. 2, 3.601, 5,603
Typ No. 3, 3-6O1p 54604
Typ No. 4, 3.601, 5,605
Angle, 5,301
ingle
internal friction, 3%.801, 3,804
repose, 3.501, 3.801
trigoncmetry, 3.912
wall friction, 3,502
Approach trail, 4,103
Arcus 3,912
Area, 3,915 f£f
Assembly, T.501, 7.503, 10,101 ff
Auger boring, 4.303
Available Standard Drawings, 2.3049, 2.404
Axial force, 3.908 ff

Backfill
Compaction, 3.401; 3,801
Drainage, 3,401
Filling, 3,401, 12,202
Back stay angle , 2,701, 2,302
Back stay cable, 2,302
Bars, 5,305
Base, 2,304, T7.502, 9,307
Base of the Pylon, 2.3%04
Batter, 3.505
Bearing
capacity, 3.102
reaction, 2,304
rivet and bolt, 5.504




Bench mark, 4.210

Bending moments, 3.&33, 3,911

Bi-axial compressed foundation, 3.803%,3.901 it

Black bolts, 5.304

Blasting, 9.202

Blocks, refer to anchor blocks etc.

Bolting, 7,501

Bolts, 5.304

Bond stress, 3.605

Boring, 4.302

Boulders, 3,101, 4,305

Bracing, 2.101, 2,302, 2,501, 13,101 ff, 13.202 ff

Rreaking load, strergth, 2,802, 5.103 ff

Rreast wall, 3,505

Bridge
centre line, 8,105
costs, 4,101, 7,101 £ff, 7.201 ff, 7,301 ff, 7.401 ff
design, refer to cnapters 2, Bridge Design and 3, Structural Analysis
vire, 2,605, 5,106, 10,701 ff
position, 8,101 ff
suspended, 2,102, 2,401 ff, 7.201 £f, 9.309, 1o, 601, 13,201 ff
suspension, 2,101, 2,301 ff 7,401 ff, 13,101 ff

BUCkling, 5-501 ff

Bulldog grips, 5.202

Buttressed wall, 3.504

Butts, 7.502

C

Cable, 2,304, 2,802, 5,102 ff,
break, 6.304
¢ = clamp, 5,202
car, 2,701 £f
end clamp, 5,203 {f, 13.20%
length, 2,403, 2,601, 2,604
saddle, 13,102, 13,201
weight, 5,102 ff
Camp establishment, 7.202, 7.222
Capsy T.502
Cat - walk, see suspended bridge
Cat - walk, 10,701 ff
Cat = walk cable bridge 2,401 ff
Centre of gravity, 3.703, 5.301 ff
Centre line, 8,105
Central suspender, 10,301
Chacklighat, 1,103
Channels, 5,302
Check up, 10,501, 10,801
Chilimay Khola, 1,112




Classification, 4.3(5, 4.309
Clay, 3.101 ff, 4,305
Clearance, T.501
Cobble, 4.305
Coefficient
active earth pressure, 3.502, *,801, 3,804 ff
friction, 3,501, %,601 ff, 5,203 ff
passive earth pressure, 3,801, 3,804 ff
Collection of material, 9,101
Colour indication, *.917
¢olumn base, 2,304
Column element, 2,302, 5,501, T.°02, 135.101 ff
Completed bridges, 1.301
Concentrated single load, 2,701 ff
Concrete, 5,401, 9.301, 9.306 ff, 3,908 ff, *,803
Condition of roads, 7.601 ff
Connecting plates, 2,302, 10,103
Construction chart, 7,101
Container, 9.204 ,
Conversation tables, 3,913 ff
Cross beam, 2,301, 2,401, 2,804
Cosine, 3,912
Cost, 4,101 and chaper 7. Cost estimate
Counterfort wall, 3,504, 3,508
Curvature, 10,801
Cutting, 5.103, 7.501

D

Damage, 5.101

Dead - Load, 2.301, 2,303, 2,401, 2,403

Dead load sags, 2.303, 2.403, 2,901

Deadman, 3.801 ff

Decreasing of sags, 2.806

Deflection, 3,911

Design specification, 2,301 ff, 2,401 ff, 2,501
Devighat, 1,203

Dhaunebagar, 1,102

Diagonal system, 2,501

Dilatancy, 4.306

Dimensioning of reinforced concrete, 3.706 ff, 3,908 ff
DIN 1052 (Buckling lNumbers), 5.502

Distance, 4,208, 4,213 ff, T7.601

Double eccentric loading, 3,901 °f

Drainage, 3,401

Draving, 2.305, 2,404




Dressing, 7.211

Drill bits, 6.107

Drilling, 9,202, 6., 01 £f

Drum anchorage, 5.2(3 £f, 13,201 ff
Drystone retaining 1all, 3.505

Dry strength, 4.306

Dynamic behavior, 2.602

E

Earth pressure, 3.'01, 3,506
goefficient, 3.50.,, 3.801, 3,84 ff
resistance, 3.501. 3,801
timbering, on, 3,.::01

Eccentricity, 3,701

Eccentricloading, 3.901 ff

Elastic elongation, 2.601

Flongation, 2,601

Establishment of the camp, 7,202, 7.22¢

Erection hook, 10,101 £f, 10,206

Evaluation, 4,401 ff

Equal angles, 5,301

Excavation, 3%.201, 5,201 ff

Execution, T7.101 ff, chapter 9., 12.10

F

Fabrication, 7.301 °f, 7.401 £f, 7,501 ff

Fabrication points, 7.601

Factor of friction {sliding), 3.301, 3.601 .'f, 3,604 ff,
- 34701, 3,703, 5,203 ££ )

Factor of safety, 2.303, 2,403, 3,701, 3.70", 3,801 ff

Feed back, 12,101

Feet, 3.914

Fibre core construction, 5.105, 10,701 ff

FPibre glass planks, 7.218

Field anchors, 6,304

Field welding, 7.503

Finish off, 10,501, 10,801

Fitting, 10,601 £f

Fixation cable, 2,301, 2.401 ff, 9.307

Fixing, 8.103

Foundation, 3,301, 3,501, 3.708 (see anchor blocks)

Friction resistance, 3.503, 3,302 (see slid.ng, safety)

Free board line, 2,101 ff, 3,301




Gabion wall, 3,301, 3,504, 9,401
Gangway, see walk we/

Geometry of the pylci, 2,304

Golgung Khola, 1,112

Gravel, 3,101, 4,30%, 9,101

Gravity block, 3,601 ff, 3,701
Gravity/EBarth block, 3.601, 3.60:
Gravity/Rock block, 3.601, 3,604, 3,704
Gravity wall, 3.504, 3,507

Griding, 6,107

Ground surface, 3.401, 3.505, 3,t03, 3,301 if, 3.805

H

Habegger, 6.303

Hanger, 2,401 £f, 10,602

Hand rail cable, 2,301, 2,401, 1..,203
Heel, 3,508

Height of the pylon, 2.303 ff, 7.216
Hinge, 2,302, 2,807, 13,101 ff
Hinged Pylon, 2,302, 2.807, 13,101 ff
Hoist block, 6,201 ff

Hoisting, 10,105, 10,201

Hook, 34917

Holing, T.501

Horizorntal force, 2.601 £f, 2,701 ff, :,807
Horizontal distances, 4.213 ff
Hydrology, 4.103

Inclination of slope, 3,201

Inclined bottom., 3,708, 3.905 .

Inclined span, 1,102, 1,108, 2.4, 2,904
Increase in sag, 2.3503, 2,403, 2,601, 2,604
Increasing of span, 2.805

India cable, 5,103

Inspection, 7.503

Internal angle (fristion), 3,501, 3,801
Interpolation, 4,401

J

Jairamghat, 12,301 ff
Japan cable, 5.103
Jauljibi, 1,107

- Joint sealer, 5,202 ff




[
Yey, 3,503, 3.508
¥horanga Xhola, 1

Kinks, 5101
Kothe bridge, 1.105

117
« 11

L

Laboratory test of soil, 4,304 ff
layers, 3.401, 3.801
lay out, 8.104, 8,201, 9,308, 9,310
length of the cable, 2,403, 2,601, 2.,60:, 2,01
levelling, 4,210
levelling instrument, 4,216 ff
Limestone, 4,308
Load ’ .
dead, 2,301, 2,303, 2,403
live, 2,301, 2,303, 2,401, 2,4C3
wind, 2,301, 2,401, 2,501
full, 2.303, 2-403, 20501
Local material, 4,103
location, 4,102
lodey Chat, 1,115
TIabrication, 10,207

-

Machining, 7.502

Main anchor block, 3.804, 8,104, 9,302, 9.3C4, 9,311 £f,
refer also to anchor block

Main cables, 2,303, 2,403

Maintenance, 11,101 £f, 12,101, *2,201 £f, 12,301 £t

Mangmaya Khola, 1,108

Marking, 7.503

Masonary work, 7.211, 9.306 ff

Material, 4,103, 5.101 £f, 5,201 ff, 5.301 if, 5.401 ff,
5501, 9,101

Max, soil pressure, 3,102, 3,508, 3,701, 3,601 £f

Mensuration, 3.915 {f

Methods of survey, 4,201 ff

Moments, 3,803, 3.971

Mortar centalner, 9.204

Netting, 2,301, 2.401
Network (roads), T.601
Nibu Khola, 1,111
Nomenclature
Suspended Bridges, 2,101
Suspension Bridges, 2,101
Tools, 6,401




overturning, 3.501, 3.503, 3,701
Operation and Mainteiance, 6,102 ff

Packing, 7.503
Painting, 7.205, 7.218 ff, 7,225, Te23€, Tetd2
Parabola, 2,201 f£f, 2,204, 2,601, 2,604
Parabolic system, 2.501
Parallel wire cluster, 10,701 {f
Papapets, 2,301, 2,407
Passive earth pressure, 3,501, 3.801, 3,804 ff
Passive wedge, 3.801
Pebbles, 3,101
Pedestrian bridges, 1,301
Pikuwa Khola, 1,116, 4,205, 4.30¢
Pitching, 3.505
Pjondr, 6,101 ff
Placing of foundation, 3,301 ff
Placing of steelparts, 9,312
Planks, 2,402, 5.501, 7.218
Pla.nnlng, 1.302, 7:101, 120101
Plates, 5.303 ,
Plotting work, 4.40°
Plumb concrete, 5.401
Pre - stress, 2,%04, 10,801
Profile, 4,202
Protection, 9.401
Pulley, 6,201 ff, 6.304
Pulling machine, 6,301 ff
Purchudi Hat, 1,110
Pylon, 2,302 ff, 7.216, 10,101 £f, 13,101 £~
Pylon
anchorage, 9.304
base, 2,304
fc\md&tion, 3.903, 9.307
geometry, 2,304
height, 2.303, 2.304, 7.216
reaction, 2,304

Quotation
suspended bridge, 7.301 ff
suspension bridge, 7.401 ff
terms of steelwork, 7,501 ff




»

Reaction, 2,504, 2.307
Recommended concret: mixes, 5,4Ct
Reference points, 4,201
Reinforced Concrete, 3.803, 3,903 ff
Remforcement, 3.7(:7, 3.908 ff, 3.305' 7.301' 7-401, }.803
Retaining walls, 3,501, 3,50 f£f
backfill compaction, 3.401
backfill drainage, 3,401
breast wall, 3,5C5
buttressed wall, 3,504
cantilever wall, 3,504, 3.508
counterfort wall 3,504
deadman, 3,801 ff
design, 3,507
dra.ina.se. 3.401
drystone, 3,505
earth pressure, 3.102, 3,501 if, 3.801, 3. 804
foundation stability, 3.503
gabion, 3.301' 3'504' 9.401
gravity wall, 3.503, 3.507, 3.508
overtvrning, 3%.503
placing 3,301 ff
sliding, 3.501, 3.708, 3,801
soil failure, 3,102, 3,503
structural components, 3,503, 3.506 ff
swedish circle methods, 3,302 ff
typeg, 3,503 ff .
Ribb:d - Torsteel, 5,305
Riverhank, 9.401
Rivets, 5,304
Roads, 7.601 ff
Rock, 3,101, 4,203, 4.308
anchor, 3.601, 3,605, 3,706 £, 9.202 £f,
bearing, 3.102, 3.605
blasting, 9.202
block, 3,601, 3.604, 3,704
drilling, 9.202
excavation, §.201
resistance, 3.604 ff
Roda, 3.918, 5.303
Ropeway Company, 5.105
Rounds, 5,303
Rubbels, 9,101




Sadlle, 2,807, 13,102, 13,202
safe bearing capacit, 3.102
Safety,refer to stability etc. , 7,501
Sags, 2.301, 2.303, 2,401, 2,403, 34501
Sal, 5,501
Salla, 54501
Sand, 3.101, 4.305’ 90101
Sandstone, 4,308
SATA, 1.301
Serew, 6,401
Sekhathum 1,109
Semigravity wall, 3.504, 3,508
Shearing, 35.705, 3.911, 5,304
Shear value, 5.304
Shipaghat, 1,201
Shop assembly, 7.501, 13,2 f£f, 13.201 ff
Shoring, 3%.201
Shuttering, 3.201, 9.301
Side stay
anchor block, 3.906
cable, 2,302, 2,304
reaction, 2.304
3ilt, 3,101 £f, 4.305
Sine, 3%.912
Single cable, 2,601 ff, 2,701 ff
Single load, 2.701 ff
Single wire, 5,106, 10,701 ff
site selection, 1,108, 4,101 ff
Site survey, 1.108, 4.201 ff
Slab, 7,502
Slenderness ratio, 5,501 ff
Sliding, 3.501, 3.503, 3.701, 3.708, 5,203 :'f
sliding wedge, 3.501
5lope failure, 3,301 ff
Soil bearing, 3,102, 3,508, 3.707, 3.902
go0il failure, 3,302 ff, 3,601
Soil investigation, 3.101, 4.301 ff, 4.309
Soil protection, 3,505, 9,401 ,
Soil weight, 3%.501
Soils, 3.101 ff, 4.306 ff
Solid rounds, 7.502
Spanning cables, 2,301, 2,304, 9.307, 10,208, 10,801
Spans, 2.301 f£f, 2,305, 2.401, 2,403, 2,501
Specification, 2.301 £f, 2,401 £f, 7.301 £f, T.40%1 ££, 7,501 £f
Spiral cable, 5105, 5.203 ff
Stabilizing cables, 2.304




Standard
design, 2,301 £f, 2,401 ff, 2,°01, 2,501 {f
draWing' 2. 505 [} 2 . 404
spans, 2.301 f£f, [,305, 2,401, 2,403, 2,501
steelparts, 9,309, 10,604, 13, 01 ff, 13,:01 ff
suspended bridge, 1.101 £f, 2. 02, 2,401 1f, 7,301 £f, 9,309, 13,201 ff
suspension bridge, 1,101 £f, 2,101, :.301 ff, 7,401, 13,101 £f
Statical calculatior, 2,801
Steam, 3,508
Steel, 5,301 f£f, 7,501 ff
Steel construction, 7.301 £f, T.10%1 £f, 7.1 £f, 13,101 £f, 13,201 £f
Steelparts, 9.309, 10,604, 13,101 £f, ~3.200 ff
Steel temparature, 5,917
Step method, 4.211 If
Stiffness, 2,401, 2.601
Stones, 9.101
Storage, T.503
Storage points, 7.601
Straightening, 7501
Stresses, 5.501
Stresses in gravity wall, 3.508
Structure stability, 3,503
Sukhadik Bouldik, 1,114
Survey, 1,108, 4,201 ff
Suspender, 2,203, 2,401, 2.804, 10,301 ff
Swedish circle methods, 3,302 ff, 3,601

T

Tacheometric survey, 4.204, 4,206 ff
Tangent, 3.912
Task, Purpose, 12,101
Technical Data, 2,301 ff, 2,401 ff, 2,501
Technical report, 4,101 £f
Temparature, 2,805, 3,917
Temporary erection fittings
cables, 10,101 ff
foundation, 10,101 ff
hooks, 10,101 ff
Tension, 2,303 ff, 2,403, 2,601 ff, 2,701 if
Terms of steelwork, 7.501 {f
Test, 7.503, 9,203, 9.205, 13,203
Test assembly, 7.301, 7.401, 7.503
Thanatar, 5.205
Theodolite, 4,206, 4,219 ff
Thimbles, 5.201, 10,802
Timber, 5.501
Timbering, 3.201, 9,301
Tirfor, 6,301 £f, 10,401




o8, 34508

Tools, 6,401, 7.202 ff, 7.222 ff

irop soll, 3.401, 3,801 ff, 9.201

Torsteel, 5,305

“oughness, 4,306

fover, uncorrect name, because we are dealing with
hinged systems = i,e, pylons

Transport, 7201, T.221, T.601, 12,101

‘Pransport routes, distances, 4.10:, T.60: ff

Trench, 3.201, 3,401, 9.201

Trench timbering, 3.201

Triangulation, 4,208

Trigonometry, 3.912

‘funnel execavation, 3,601

Types
trail suspension and suspension bridgey 1,101 ff, 2.301 ff, 2,401 ff
Wa-lls, 30504

Uniformly loaded cable, 2,601 ff
Unreeling, 5.101 ff

Uplift capacity, 3.801

UsaID, 1.301

Jane test, 4.304

Vertical reactions on the pylon bzse, 2,304, 2,807
Volume, 3,915 ff :

W

Walk way, 2,101, 2,301, 2,401 £f, 7,301, T.4C1, 9,305, 10,302, 10,602
Walls

anchor wall, 3,801 ff

breast wall, 3,505

butteressed wall, 3,504

cantilever wall, 3.504 3,508

counterfort wall, 3,504

degdman, 3,801 ff

design, 3.507

drainage, 3,401

drystone, 3,505

earth pressure, 3.102, 3,501 £f, 3.80°, 3.t04




118 (continuation)
snbion, 3,301, 3,504, 9.401
gravity wall, 3,503, 3,507, 3.508
placing, 3,301 ff
s1iding, 3.501, 3,503, 3.708, 3,801
stabllity, 3.503
gtTuotural components, 34503, 3,506 ff
trpes, 3.503 ff
W '}'.',!r' 5-401, 3.505
Weep holeﬁ' 3.401' 5.505
vaights of
cable , 5,105 ff
cable fittings, 5,201 £f
Gteel, 50501 £f
soll, 3,501
“01ding, 7.502, 7.503
“ad
bracing, 2.501
cablae, 2,501
miy, 24501, 2,808, 10,402
guy anchor block, 3.703, 3.803, 3,905 ff, 8,106 ff
load, 2,301, 2,401, 2,501
load carrying systems, 2,501
Lie, 2,501, 2,808, 10,402, 10,403
ire, 54106, 10,701 £f
“/ire mesh netting, 2.301, 2,401, Te218, T.2:5
'ool, 5,501, 7.205, 7225
ooden deck, 2,403, 2,803, 5,501, 7.218, T35
rorld Bank, 1301
© ).k execution, 7,101, 7.220, 9,101 £f, 10,°01 £f, 12,101
i orkshop, 7.301 £f, 7.401 £f, 7,501 £f, 13,701 £f, 13,201 ff

efer to contents list for additional information
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P R E FAC E to the second enlarged edition

The manual for construction of suspension bridges will be guite help-
ful to the engineers who will construct suspension bridges in Nepal,
It contains the details of methods of surveying, calculations and de-
sign procedures, Previously we did not have any such manual having so
mch in detail. I have no doubt that this manual will help all the
engineers who will construct suspended and suspension bridges, spe-
cially those who will be newccmers and work for construction of trail
suspension bridges.

At the same time I must appreciate the commendable work done by Mr,
H., Pfaffen, civil engineer with SATA.

Ce B. Pradhanang
Kathmandu, March 1977 Superintending Engineer

The manual for Trail Suspension Bridges which first appeared in autumn
1975 has now been reedited for this second enlarged edition., The con~
tents were increased at the wish of many for an extensive treatment of
the deliberation and analysis necessary to plan, design, estimate and
construct standardized bridges,

The suspended bridge (bridge without pylons) was completely accepted

as an equally valid solution to the suspension bridge, its standardized
design has also been taken into full consideration,

We have not atiempted to cover the entire field of the bridge construc-
tion work, but rather to select some of the most important sections for
unstiffened suspension bridges and their foundation constructions with

a speclal reference to a practical and economical engineering work, It
has been assumed that our readers already have a basic knowledge of
engineering work and we hope that they will find this book both instruc-
tive and covering the matters for execution of trail bridges,

For further assistance we recommend the standardized designs of steel=
work for suspended and suspension bridges of HM:' Roads Department come
piled with SATA, Swiss Association for Technical Assistance. The quantity
of work has, however; been such, that the 330 plans for the unit - con-
straction bridge systems could not be included in this manual, These
drawings have been worked out and are available from the Suspension Bridge
Division,

This edition was financed by SATA, At the same time I would like to thank
all at the Suspension Bridge Division for their helpful comments,
especially the SATA engineers Ieo Condrau and Robert Groeli for their
unvaluable help to complete this manual,

Hens Pfaffen
Kathmandu, March 1977 SATA




PR E FAC E to the firat edition

The descriptions given in this book will be quite helpful
specially to those vwho will be working for suspension
bridge projects for the first time, The tables and formilas
given will enable the surveyors to work out the ca.lculations
on site itself. The instructions to be followed during the
construction period will help all the bridge builders to

avoid the mistakes that may even lead to the failure of

bridges.
C. Be Pradh.anallg
Superintending Engineer
Suspension Bridge
Kathmandu, September 1975 Division

The Suspension Bridge Division should construct more than
50 foot - trail suspension bridges throughout the country
during the 5th Plan (1975 ~ 1980) period. Past experience
has shown that little technical training was provided for
newcomers in the field of suspension bridge design and
construction work. The Manual as presented now, is in a
preliminary phase and should give a basis for future
technical training, In advance I would like to thank those
vwho will give critical suggestions, and help for adding

new pages,

H., Aschmann
Kathmandu, September 1975 SATA
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SAT A , Swiss Association for Technical Assistance

COST ESTIMATE FOR SUSPENSION BRIDGES No. : 7,201
Item 1, Transportation to item 1.5¢3 weight of
camp equipment Date : 22ad Dec, 76
Stg b W I
o
/

His Majes'y's Goverument
finistry of Public Works & Transpor
ROADS DEPARTMENT

The herewith given rate analysis is based on the "NORMS" for analysis of rate by
HMG, Department of Roads (Quantity surveying branch) and on rates sanctioned in the
Suspension Bridge Division, 'he following analysis should be used only while the
general arrangement and the detail drawing of a certain project of a suspension
bridge are be taken into consideration, It must be said, that the following rates
are taking care to the way of design work done by HMG Suspension Bridge Division.
At the same moment it is import-nt o mention, that the influence resultizg from
the HMG'standard has been considered,

1s«  TRANSPORTATION ESTIMATE CRITERIAS

1.1 Transportation by plane
The rates for this kind of transportation can be get from the Royal Nepal
Airlines Corporation,

1.2 Transportation by truck
- Black top road s+ 0,00130 Re, per kg per km
- Gravel and mud road : 0,00195 Rs, per kg per km
- River bank road : 0,00320 Rs, per kg per km

1,3 Transportation on porters back

- & porter walks 8 riles (13km) a day

- a porter carries 40kg easily steel parts and wooden planks

= a porter carries 50kg easily steelparts if the overall measurements
are limited (1.25m in length)

- a porter carries 30kg of difficult parts -~i.e, parts beyond 50kg and
1.25 m in length.

=~ a porter carries 20kg of cables

- wind-tie cables of g 4 (6,3mm) are estimated as easy steel parts

-~ cement bags of 50kg in weight are estimated as easy parts too.

~ How many parts are to be estimated either as easy or difficult parts can
be taken from the list in the general arrangement,

1.4 Loading and unloading )
This amount varius on the conditions of the transportation for a certain bridge.

The following assumption may be taken 3

1e4.1 Transportation by plain 3 35 Rs. per m span
1¢442 Transportation by truck : 12 Rs. per m span
1.4.3 Transportation by porter : 3 Rs. per m span

145 Assumed weights of camp equipment etc,
This item varies on the different kind of work needed. The following
weights may be taken as an average :

1,51 Spans 66 to 114m =

Store to bridge site : 1'600 kg
and back to store : 17400 kg

1452 Spang 115 to 174m:
Store to bridge site : 2'000 kg
and back to store s 11700 kg

1¢5«3 Spans 175 to m:
Store to bridge site : 3'100 kg
back to store (SBD) : 2'700 kg

HMG Nepal Roads Department Suspension Bridge Division
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COST ESTIMATE FOR SUSPENSION BRIDGES No. :7,202

Item 1.6 Equipment's weight for ¢ int
quip gh amp maintenance to Date : 22nd Dec. 76

4. Purchase of goods for camp maintenance and execution

Sig W&

His Majesiy’s Government
Ministry of Public Werks & Transport
ROADS DEPARTMENT

Suspension Bridge Division

1.6 Assumed weights of equipment for campe maintenance
and sma}l materials for work execution .
T kg per m span
147 Additional weight of equipment for rock drilling work
(Roek drilling machine, griding machine for drill bits, drill bits, fuel
container, helmet, vice, water pipe, repairing and maintenance tools etc.)
Assumptions: 150 kg store to site
120 kg back to store of SBD (Roads Department)

2o  CAMP ESTABLISHMENT

Area needed for a project : - 66 to 114 m span
- 115 to 174 m span
- 175 to 222 m span
- 223 to ... M span
Coolies Manday 6 Nos, per m2

3¢  CAMP MAINTENANCE

Material ¢ Kerosene -~ 0il seseess t 54 Litres per month
First aid, different goods, batteries, latern glasses,
small materials ete, : 200 Rs. per month

Iabour t SUPETViSOTesscesssssss ¢ 1 Nos, (exept during rainy sea.son)
Store keepeTecessesese ¢ 1 NOS,
Watchmen..eacesossanes 2 4 Nos.

300 m2 2 cement stores
360 m2 ( 2 cement atores
420 m2 ( 2 cement stores
500 m2 3 cement s=tores

nnnan

4., PURCHASE OF GOODS FOR CAMP MAINTENANCE AND EXECUTION OF TFE WORK

The amount of this item has not to be added to the estimated, cost for a
bridge site. The equipment can be us:zd at more then one bridge site only,

To purchase goods which is not available in the store of HMG Roads Department
(Suspension Bridge Division) the amount of vhe 5 % contingencies is inecluding
these costs, The =iuipment must be brought back to the stores (refer also
to rate analysis item 1.5) afier completion o. the work, Befor taking the
goods the drawings of HMG'standard design should be read, because many 1tems

are put into the steelpartlists etc, spans in metres

SATA y Swiss Association for Technical Assistance

Description Unit 66 = 114 115 = 174 175 = 44
Tent, double corner pe, 2 2 2
Camp cot, durable type pC. 4 5 5
Tarpaulin of different sizes_  _ sq.ft. 750 900 1100
Petromax with spare parts DC. 2 2 2
Ianterns PCe 4 6 6
Torches pc. 4 5 6
Camp tables PCe 3 3 4
Camp chairs DC. 8 8 _ 10
Water filters pc. 2 2 3
Hand bags PC. 2 2 2
Cash boxes pe, 1 1 1
Survey umbrella pc. - ~ - 1
Umbrellas pC, A 5 5

~,HMG‘Nep’a| Roads  Department Suspension Bridge Division




COST ESTIMATE FOR SUSPENSION BRIDGES
4. Purchase of goods (continuation)

No. T.203

Data : 22nd, Dec. 76

His Majesty’s Government
Ministry of Public Wotks & Transport
ROADS DEPARTMENT

Suspension B.idge Division

e

4. Purchase of goods and rg.ipment for execution work, continuation
Description Unit 66 ~ 114 115 = 174 175 « vue
Kitchen utensils _ = _____  _ ____set __ " ___ _ 1. 1
sleeping bags o pc. ! 1 1
Slide rule caleulator . _ . . pc. ot 1 1
Theodclite (incls stand) . . pee_ .1 _____ 1 1
Level (inel, staff) __ - Ce 1 ! 1
levelling staff —_ . Ce_ (1 )__‘ (1) (M
Tape, about 3m length_ ____  _  _ __ _.ca 2 2 3
Tape, 20 to 30 m length EC. 1 2 i
Spring balance, 50 kg capacity___ __ -~c, 1 2 1
Spring balance, 100 kg capacity Ce 1 1 2
Weighing balance, 100 kg capacity._ __ pc. 1 1 2
Shovels NCa 15 20 30
Crow = bar # 13" PCe 5 8 15
Chisels, medium size pC. 5 6 7
Hammer, small (0,5 kg) pC. 30 40 50
Hawme., medium (5,0 kg PCe 6 8 10
Hammer, big 6,5 kg PCe _3 4 5
Mason's squaTes pC. 2 2 3
Carpenter's level (spirit-level) ve. 2 2 2
Plumb bob (plummet) PCe 3 3 4
Serew jack ( 6" size) PC. 1 1 1
Paint for marking (0,5 Litre) tin 2 2 3
Buckets ( 20 Litres ) DCe i2 24 36
Fixation hook for pylon erection cable pe, 4 6 —8
Hack saw frame DPCe 2 2 3
llack saw blades, best quality doz,. 1 1 2
\lood saws of different sizes PCa 4 6 8
Auger 4 3" and 3/4" doz, 1% 2 2
lay out frame of wooden planks pC. 1 1 1
Files of different sizes (halfround, t 1 1 1
triangular, flat, full round) set.
Die sets (4,%,3/4,5/8,7/8,1" threads) set. 1 1 1
Tongs pair, 3 3 4
Nippers (pliers) . . pC. 2 3 3
Pincers pair 2 2 2
Screw drivers of different sizes set 1 1 1
Nylondori ¢ 1% m 200 400 600
Manila rope g 1" m 140 240 340
Extra steel wire cable for front and
backstay during pylon erection g % - 200 320 350
Bulldog grips (%,3/4,5/8,1,1%,1%") __ pec. 24 24 24
Cable brakes for g 1 PCe 2 2 2
Cable brakes for g 1iv DCe 2 2 2
Cable brakes for ¢ 13" PC. 2 2 3
Pulleys (double for cable g 1) DC. 4 4 4
Chain pulleys, 2 tons capacity pce 1 1 2

HMG Nepal Roads  Dcpartment Suspension Bridge Division
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COST ESTIMATE FOR SUSPENSION BRIDGES No. :7.204

S o £
4, Purchase of goods (end) to 6.2 Clearance after Date :22nd Dec, 76

completion of execution work

Un—=-=

His Majesty’s Government
Ministry of Public Works & Transporr
ROADS DEPARTMENT

Suspension Bridge Division

4., Purchase o7 goods and equipment for execution work, 2nd, continuation

Description Unit 66 = 114 115 = 174 175 = ...
Tirfor machine écompleteg 2,5 tons____ set 3 - -
Tirfor machine (complete) 5,2 tons __ set - 3 3
Rock anchorage for tirfor(Habegger ) _ set (13 (1) 1)
Wrenches for nut and bolts g 4" PC. 6 8 10
Wrenches for nut and bolts g 4" pc. 5 _ 7 9
Wrenches for nut and bolts g 3/4" ____ pe, 3 10 16
Wrenches for nut and bolts £ 5/8% PC. 14 24 _24
Wrenches for nut and bolts ¢ 7/87.___ pe, 2 b 16
Wrenches for nut and bolts ¢ 1® PC. 2 .2 2
wrenches for nut and bolts g 13v PC. 2 2 2
Wrenches for nut and bolta g 14t pC. 2 2 2
Wrenches for nut and bolts g 40mm ___ pe. 2 2 2
Wrenches of different other sizes _ __ set, 1 1 1
C ~ Clamp PpCe 2 2 3
Blowers for black smith pce 1 1 2

Special equipment only if really required

Blaster's pincers

Rock drilling machine, griding wachine for drill bits,; drill bits of different
length, fuel container, helmet, vice,

Water pump with flexible pipes

Water pipes etc.

Cable car for temporary crossing

The total amount of the above items should not be added to the estimated cost
of a proposed bridge. Most of the equipment can be taken from the SED store
and must be returned after completion of the bridge, The goods whioch cannot
be taken from the SBD store will be purchased within the amount of 5% contin-
gencles, The above list is a guideline for the preparation and should show
the kind of goods and their approximative amount,

5«  TEMPCRARY CROSSING

5.1 Hire a boat per month

5.2 Boat Manday 4 Nos, in dry season (for large river only)

5¢3 Temporary 'bridge': The span of a temporary crossing (i.e. length) is to take
from the general arrangement., The length of a temporary
bridge is never as long as for the proposed bridge.
Labour : Unskilled 5 Manday per m span of temporary bridge

Material : Teke ar assumption of about 25 Ra. per m length

6. SITE CLEARANCE

1 Clearance before starting of the execution work : L.S. about 300 to 800 Rs.
«2 Clearance afiter completion, incluvding coliection of materials for preparation
of anetion (but without backfilling) : L.S. about 500 to 1400 Rs.

*;SAT A , Swiss Association for Technical Assistance
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COST ESTIMATE FOR SUSPENSION BRIDGES No. 7,205

7. Wood work to 9.1 Painting of wooden longitudinal planks |™ o =0 3= 007

Sig Ouom’

ol
AN

His Majesty’s Government
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

7., WOOD WORK FOR 1 m3
7.1 BSal wood for decking for 1 m3

Assuming 40 % wastage, total wood required 1,67 m3 (58,8928 cubic feet), The
wastage remains at the wooden location = i.e. only ome m3 must be transported
to the bridge site. A porter carries 4o kg and walks 8 miles (13 km) & day,

One m3 ie about 900 kg in weight (sal wwod). The planks must be sawed according
to the stendard drawings of HMG'Standard bridge design., The lay out frame,
supplied by SBD, must be used at the wooden location and the provided holes

are to drill at the wooden location too.

Material 1t 1.67 m3 (58,8928 ocubic feet) Royality
labour ¢ 10 Manday Coolies for felling and dressing
35 Manday Coolies for helping etc.
9 Coolies for helping etc,
4 Manday Carpenier to drill holes eiu.
22 % Nos, of porters for transportation
Te & P. Iumpsum : 1/15th of the above labour

7«2 Salla wood for shuttering for 1 m3

Assuming 40 % wastage, total wood required = 1,67 m3 for 1 m3 sawed wood, The
wastage remains at the wooden location, Only one m3 of salla wood must be carried
to the bridge site, One m3 of salla wood is assuvmed with 8oco kg per m3,

Material : 1,67 m3 (58,8928 cubic feet)

labour H 10 Maznday Coolies for felling and dressing
35 Manday Saw men %5 make planks and beams
9 Manday Coolies for helping ete,
20 Nos, of porters for transportation

T, & P, Iumpsum ¢ 1/15th of the above labour

8. LONGITUDINAL FIFRE GLASS PIANKS FOR THE WALK = WAY

8:;1 Luongitudinal fibre glass planks can provide a usefull alternativ sclution for
longitudinal planks, The rates may be got from the Balaju Yantra Shala, BYS,
at the Industrial Estate Balaju (Kathmandu). This alternative kind of fibre
glass planks are cheaper then wooden planks if the wooden location is creating
a long and costly transportation, By comparing the different kind of planks,
the coalter painting and fixation cost havealso to be taken into account,

9¢  PAINTING OF WOOD USED AT THE WALK - WAY

9.1 Painting of wooden longitudinal planks per m span, Refer to standard walk - way
drawing,

Material : 1,176 litre Coaltar paint
04300 Litre Fuel

Iabour ¢ 0¢3 Manday Painter

Te & P. Iumpsum : 1/20th of the above

SAT A, Swiss Association for Technical Assistanca

HMG Nepal Roads Department Suspension Bridge Division
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COST ESTIMATE FOR SUSPENSIOM BRIDGES - Nao. :7.206
—

10, Excavation work to 10,7 Foundation excavation in

dry hard rock Date : 22nd Dec. 76

Sig . Dy,

C AR~

His Majesty’s Government
Ministry of Public Wotks & Transport
ROADS DEPARTMENT

Suspension Bridge Division

10. EXCAVATION WORK
(Based on 'Norms! of rate analysis by HMG, Roads Depariment)

10.17  Excavation of top soil and carrying away from the foundation
areas (thickness 15 = 20 cm) per SQ.M. (m2)
ILabour :  Manday 0,40 (Unskilled)

10,2 Excavation of common material, haulage distance 10 metres and disposal

per CU,M, (m3)
If the above item (10,1) has been taken the volume of ihe excavation must
be caleulated in such a way, that the item 10,1 is taken into account,.

Iabour ¢ Manday 0.80 (Unskilled)

10,3 TExcavation of soft rock material, requiring use of crowbar, haulage
distance 1o m and disposal (take reference to item i0.1) per CU.M. (m3)
Labour t  Manday 2,00 (unskilled)

10,4 Excavation = drilling & blasting - hard rock material, haulage distance
10 m and disposal per Cu,M, {(m3)

Material Gelatine 0,25 kg
Detonator 2,00 peca.
Tuse wire 2,00 m

Labour ¢  Manday 3,59 gunski lled)
Menday 0,05 Blaster )

10,5 Foundation excavation in dry common material - vertical 1ift 1 m,
horizontal haulage distance 10 m and disposal per CU.M, (m3)
If you have used the item 10,1 please take the redution due to that
position into reference by estimating the volunmes,

Iabour :t  Manday 1,34 (Unskilled)
Vertical 1ift : for each additional 1if% per CU,M. (m3) per 1 m height
labour : DMenday 0,30  (Unskillead)

10,6 TFoundation excavation in dry soft rock material, vertical 1ift 1 m, horizontal
haulage distance 10 m and disposal per CU.M. (m3)

Iabour :  Manday 2,50 (Unskilled}
Vertical 1ift s for each additional 1ift per CU.M. (m3) per 1 m height
Iabour :  Manday 0.40 (Unskilled)

10,7 Foundation Excavation in dry hard rock, material, drilling and blasting,
vertival 1ift 1 m, horizontal haulage distance 10 m and disposal per CU.M. (m3)

Material Gelatine 0,25 kg
Detonator 2,00 pce
tuge wire 2,00 m

HMG. Nepal Roads  Department Suspension Bridge Division




COST ESTIMATE FOR SUSPENSION BRIDGES No. : 7,207
10.7 continuation to 11,1.3 Gabion of size 2 x 1 x 0.5 m

Date : 22nd Dec, 76
Sig -'- 2 v

His Majesty’s Government
Ministry of Public Wosks & Transport
ROADS DEPARTMENT

Suspension Bridge Division

10,7 Continuation

Iabour :  Menday 4,76  (Unskilled)

Manday 0,05 (Blaster
Vertical 1ift : for each additional 1ift per CU.M. (m3) per m hight
Iabour :  Manday 0,40  (Unskiiled)

10,8 Foundation excavation in shallow water, common material, vertical 1ift 1 m,
horizontal haulage distance 10 m and disposal per CU.M. (m3)
This position may be used on the middle plers for multiple span suspension

bridges etc.

Iabour  : Manday 2,25 (Unskilled)

Vertical 1ift : for each additional 1ift per CU.M, (m3) per m hight
10,9 Bottom trimming of rock foundation pit and olearance per 3Q.M, (m2)

(refer to detail drawings carefully)

Iabour t Manday 0,61  (Unskilled)

1. FAERICATION OF GABION (Based on NCRMS by HMG, Roads Department)

11,1 Febrication of gabion including rolling, cutting and weaving complete.
Mesh size ¢ 80 x 100 mm
Mesh wire ¢ 9 SWG
Selvedge wire: 6 SWG

1M,1,1T Box size 2m x 1m x 1m

Material 3 GeI. Wire 36,00 kg
Selvedge wire 3,75 kg

Iabour :+ Manday 2,42 (Skilled)
Manday 1,21 (Unskilled)
11412 Boxsize 3m x 1m x 1m

Material : Ge.I. Wire 52435 kg
Selvedge wire 4.85 kg

Iabour t Manday 3,52 (Skilled)
Manday 1,76 (Unskilled)
14143 Box size 2m x 1m x 0.,5m

Material : G.I. Wire 24,55 kg
Sevedge wire 3,00 kg

SAT A, Swiss Association for Technical Assistance

Iabour  : Manday 1.650{ (skilled)
Manday 0.825 (Unskilled)
HMG Nepal Roads  Department Suspension Bridge Division
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COST ESTIMATE FOR SUSPENSION BRIDGES No. :7.208

11144 Gabion box of size 3 x 1 x 0.5 m to 13. Filling

Date :22nd Dec, 76

of sand, stones, boulders etc. in cell-type foundation

His Majesty’s Government
Ministry of Public Wotks & Transport
ROADS DEPARTMLENT

Suspension Bridge Division

11,144 Boxe slze 3m x 1m x 0,5m

Material s Gel. Wire 36,00 kg
Selvedge wire 3,90 kg

Iabour ¢ Manday 2,42 (skilled)
Manday 1,21 (Unskilled)

11,2 Assemble gabion, place in position including stwreching, wiring the gabion
together and tying dovn 1ids, Analys per box (piece)
Binding wire ¢ 11 S.W.G,
11421 Box s8ize 2m x 1m x 1m
Material s Binding wire 1,15 kg
Iabour t Manday 0,40  (mskilled)

11,22 Box 8ize 3m x 1m x 1m
Material : Binding wire 1,60 kg
Iabour § Manday 0,60 (vnskilled)

11,23 Boxe gize 2m x 1m x 05 m
Material ¢  Binding wire 0.90 kg
Iabour t  Menday 0,20 (Unskilled)

11.2.4 Boxe size m x 1T m x 0,5 m
Material 3 Binding wire 1,20 kg
isbour : Manday 0.30 (Unskilled)

12, PILLING OF STONES IN GABION CRATES PER CU,M. (m3) based on 'NORMS' by HMG R.D.

Collection of rubble of required size, haulage distance 10 m, partly
ptacking, filling in gabion crates per CU.M. (m3)

Collection of rubble, stcnes etc,

Iabour 1 Manday 0,70 (Unskilled)

Filling in gabion crates

Iabour : Manday 0,80 (Unskilled)

Additional cost for additional haulage for every 1o m mores
Iabour ¢ Manday 0,16  (Unskilled)

13,  PILLING OF SAND, STCNES, BOULDERS, ROCK PIECES ETC. IN CELL - TYPE
FOUNDATION INCLUDING COMPACTING PER CU. M. (m3)

The excavation material which lies around the foundation should be used.
Iabour 2  Manday 0.60 (Unskilled)

HMG Nepal Roads  Department Suspension Bridge Division
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COST ESTIMATE FOR SUSPENSION BRIDGES No. :7,209
14. Collection of materials to 14.3.,% Size 5 to 20 mm

Dote :22nd Dec, 76

W : |

His Majesty’s Goverament
Ministry of Public Works & Transpon
ROADS DEPARTMENT

Suspension Bridge Division

14. COLLECTION OF MATERIALS
Based on NORMS by HMG Departiment of Roads
14.1 Collection of rubble of required size, haulige distance 10 m and stacking

what are rubbles ? bits of brocken stones, rock or brickwork, stones from
a river bed, coarse gravel (30 to 55 mm) e.g. build a
road with a foundation of rubble

Collection of rubble of required size per CU.M. (m3)

Labour 1+ Manday 0,70 (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
Iabour ¢+ Manday 0,16 (Unskilled)

14.2 Collection of stones, gravel including selection, screening and staocking
within 10 m haulage distance per CU.M. (m3)

14.241 Size 40 to 70 mm
Collection of stones and gravel etc. per m3

Labour : Manday 5.00 (Unskilled)
Additional work for exira haulage per 10 m per one cubicmetre
Iabour :  Manday 0.16  (Unskilled)

14.2.2 Size 70 to 100 mm
Collection of stones and gravel etc. per m3

Iabour :  Manday 4,00 (Unskilled)
Additional work for extra haunlage per 10 m per one cubicmetre
Iabour $ Manday 0.16  (Unskilled)

14.3 Collection and sieving gravel including stacking within 10 m haulage per CU.M.

14,3.1 Size 5 to 70 mm
Collection, sieving and sgtacking per one cubicmetre

Iabour :+  Manday 2,5 (Unskilled)
Additional work for extra haulage per 10m per one cubicmetre
Iabour : Menday 0.16  (Unskilled)

14.3,2 Size 5 to 40 mm
Collection, sieving and stacking per CU.M. (m3)

Iabour : Manday 4,0 (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
Iabour :  Manday 0.16  (Unskilled)

14,343 Size 5 to 20 mm
Collection, sieving ans stacking per CU.M. (m3)

1abour s Manday 5.88  (Unskilled)
Additienal work for extra haulage per 10 m per one cubicmetre
Labour :  lManday 0.16  (Unskilled)
HMG Nepal Roads  Department Suspension Bridge Division
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COST ESTIMATE FOR SUSPENSION ERIDGES No. :7.210

14,%.4 Size 5 to 8 mm to 14.5.4 Making sand by
crushing of stones

Date : 22nd Dec. 76

Sig_tp gfaduoet |

—

tlis AMajesiy’s reven mont
Minisay ot Public Werke & Trans, o
ROADS DEPARTMENT

Suspension Bridge Division

1443 Continuation

14.3.4 Size 5 to 8 mm
Collection, sieving and siacking per CU.M. (m3)

Iabour :  Manday 10,00 (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
labour s Manday 0.16 (Unskilled)

14,4 Collection and sieving fine sand within 10 m haulage distance per CU.M, (m3)

14,4,1 Collection and sieving sand in kill areas, haulage distance 1o m per CU.M, (m})

Labour :  Manday 1.49  (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
Labour :  Manday 0.12 (Unskilled)

14.% PRreacking stones including collection, sieving and stacking within
10 m haulage per CU.M, (m3)

14,5.1 Size 40 to 70 mm
Collection, breacking,sieving ete.

Iabour :+  Manday 8,00 (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
Iabour :  Manday 0.12  (Unskilled)

14.5.2 Size 20 to 40 mm
Collection, breacking, sieving etc,

Iabour ¢  Menday 12,00 (Unskilled)
Additional work for extira haulage per 10 m per one cubicmetre
labour :  Manday 0,12 (Unskilled)

14,53 Size 10 to 20 mm
Collection, breacking, sieving etc,

Iabour :  Manday 18,00 (Unskilled)
Mditional work for extra haulage per 10 m per one cubicmetre
Iaboux :  Manday 0.12 (Unskilled)

14.5.4 Making sand by crushing of stones per CU.M., (m3)
If the sand location is quite far from the site, the crushing of stones to
get sand might be the cheaper way., A carefull comparison should be made,
This rate is sanctioned by the Suspension Bridge Division,

Crushing of stones to get sand including collection, sieving and stacking
within 10 m haulage distance per CU.M,

Iabour :  Manday 25.00 (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
Labour :  lenday 0.12 (Unskilled)

HMG Nepal Roads  Department Suspension Bridge Division
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CGST ESTIMATE FOR SUSPENSION BRIDGES No. : 7,211

15. Dry rubble masonary to 16.3 Stone dressing

;

22nd Dec, 76

15

15,1

164

1641

16,2

1643

A — ok r . aa

Sig : . Ineest
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His Majesty’s Government
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

DRY RUBBLE MASONARY PER CU.M,
(Based on 'WORMS' by HMG Roads Depariment)

Providing and lying dry rubble masonry of hard block stones, height of
masoned body up to five metres and haulage distance within 30 metres
per CU.M. (m3)

Collection of rubble refer to item 14,1

Material ¢ rubble 1,10 m3
Iabour : Manday 3,50 (Unskilled)

ReRe MASONRY IN CEMENT MORTAR PER CU.M.
(Based on rates sanctioned in SBD)

A¢Re Masonry in cement mortar 1 1 4 per CU.M.

This item should only be used below the known high flood level

at the pylon and pier foundation for single and multiple span
suspengion bridges, This kind of masonary work is not allowed for
wind guy blocks and main anchor blocks, The detalil drawings and
general arrangement have to be taken into consideration,

Material : Rubble 1.29 m3
Sand 0.34 m3
Cement 2,55 bags of 50 kg in weight

Iabour t Manday 0,10 Head Mason)

Manday 2,00 Mason)

Manday 3,20 (Unskilled)

Manday 0,20 (Waterman)
Scaffolding 1/30th of the above labour

Ty & 7P. Iumpsum : 1/20th of the above labour only

R.Re Masonry in cement mortar 1 : 6 per CU.M,

Material ¢ Rubble 1.25 m3
Sand 0.42 m3
Cement 2,10 bags of 50 kg in weight

Manday 0,10 (Head Mason)

Manday 2,00 Mason)

Manday 3420 Unskilled)

Manday 0,20 (Waterman)
Seaffolding : 1/30th of the above labour

Te & P, TIumpsum : 1/20th of the above labour only

labour

Store Dressing per CU.M,
This position is actually not necessary for suspension and suspended bridge
project by the design section of SBD of HMG Roads Department.

HMG Nepal Roads  Department Suspension Bridge Division




COST ESTIMATE FOR SUSPENSION BRIDGES No. :7.212

17. Concrete work to 17.4 Mass concrete 1 : 2 :
7 1.4 nerete 4 Dote : 22nd Dec. 76

Sig .-(/{5" -

His Majesiy’s Gavernment
Ministry of Public Works & Trunspors
ROADS DEPARTMENT

Suspension Bridge Division

17. CONCRETE WORK PER CU,M. (Based on rates sanctioned in SBD)

17.1 lean concrete 1 : 4 : B per CU.M. (m3)
Only used as granular sub grade about 5 to 7 cm thick.

Material Aggregate 0.90 m3

Sand 0.45 m3

Cement 3.30 bags of 50 kg in weight
labour H Manday 0,10 Head Mason

Manday 0.70 Mason

Manday 1,20  Vaterman

Manday 7.20 Unskilled

T« & P. Iumpsum : 1/20th of the above labour only
17.2 Plum concrete concits of 60 % mass concrete and 40 % boulders and
rubbles or hard rock pieces per CU.M, (m3)

Material Aggregate 0,528 m3
Rubble,etc, 0,500 m3

Sand 0,264 m3
Cement Z.4R6rB58 bags of 50 kg in weight
iebour 1  Manday 0,60 Head Mason
Manday 0.40 Mason
Ma.nday 0,70 Waterman
Manday 4,30 Unskilled
Manday 0,25 Unskilled (Washing rubble, based on 'NORMS')
Mandey 1,75 Unskilled (Providing and laying rubble withe

in a haulage distance up to 30 m)
Te & P. ILumpsum : 1/20th of the above labour only

17.3 Maes concrete 1 2 3 : 6 per CU.M. (m3)
Material Aggregate 0,88 m3

Sand 0.44 m3

Cement 4,30 bags og 50 kg in weight
labour :  Manday 0,10 Head Mason

Manday 0,70 Mason

Manday 1,20 Vaterman

Manday 7.20 Unskilled

Te & Pe. ILumpsum : 1/20th of the above labour

17.4 Mass concrete 1 : 2 : 4 per CU.Me (m3)
Refer to detail drawings because this kind of concrete is only used in small
quantities at the top of the pylon foundation,

Material Aggregate 0.88 m3

Sand 0.44 m3
Cement 6,60 bags of 50 kg in weigth
- HMG . Nepal Reads  Department Suspension Bridge Division
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COST ESTIMATE FOR SUSPENSION BRIDGES No. :7.,213

17+4 continuation to 21, Backfilling work

Date :22nd Dec. 76

His Majesty’s Government
Ministry of Public Works & Transpornt
ROADS DEPARTMENT

Suspension Bridge Division

17.4 Mass concrete 1 : 2 : 4 per CU.M., (continuation)
Iabour H Manday 0,10 Head Mason
Manday 0.70 Mason
Manday 1,20 Waterman
Manday 7.20 Unskilled
Te & P. Iumpsum = 1/20th of the above labour only
18, SHUTTERING PER ONE SO.M. (m2) (Based on rates sanctioned in SBED)
For the foundation used at suspension and suspended bridges is no need of
centering work., The shuttering faces are always vertical and plain, Please
refer to the general arrangement and detail drawing of the Suspension Bridge
Division of HMG Roads Department. For the cost of tne needed wood refer to
coat item 7.2 (Salla wood for Shuttering). But for the shuttering work
of foundation designed for suspended and suspension bridges the longitudinal
wooden planks of the walk = way can be used for the wooden form work without
wastags the planks too.
Material : Nails 0.03 kg
Iabour i Manday 0,10 Carpenter
Manday 0.10 Unskillled
Te & P, Lumpsum : 1/15th of the above labour only
19, 'PLACING OF REINFORCEMENT IN CEMENT CONCRETE WORK PER 100 ¥G (k&)
The reinforcement steel for suspension and suspended bridges is rather
simple and a easy design, There are easy bending form (only gtreight with
hooks 2% their ends) or U~forms for starter bars,
Material Reinforeement 100 kg (it may supplied by SBD/SATA)
Binding wire 0,50 kg
Labour H Manday 3 Black smith
Manday 4 Unskilled
Te & P. Ilumpsum : 1/20th of the above labour only
20, CEMFNT PLASTER WORK 12 mm thick per SQ.M. (m2) (Based on SBD rates)
Ceuent plaster is normaly not used at suspension and suspended bridges., The
general arrangement and the detail drawings should be taken into reference.
Material : Sand 0.016 m3
Cement 0,12 bags og 50 kg in weight
Labour $  Manday 0,250 Mason
Manday 0.333 Unskilled
Te & P, Iumpsum 1/20th of above labour only
21, BACKPILLING WORK PER CU.M. (Based on rates sanctioned in SBD
The backfilling work should be done at each foundation to protect the blocks
against erosion and sliding. The passive earth pressure is also taken into
account by the ralculated safety factors of the foundation. The excavation
material laying around the foundation must be used and the backfilling should
be done proper and compacied as much as possible,
labour H Manday 0.50 Unskilled
HMG Nepal Roads  Department Suspension Bridge  Division
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COST ESTIMATE FOR SUSPENSION 3RIDGES No. :7.214

21, Placing of anchorage parts to 21.6 Placing of
anchorage parts in rock foundation type Date

: 22nd Dec, 76

smW

His Majesty’s Government
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

21, PLACING OF ANCHORAGE PARTS FOR SUSPENSION FRIDGES PER UNIT AT ONE SIDE
(Ba.sed on rates sanctioned by the Suspension Bridge Division of HMC
Roads Department)
21,1 Main cable anchorage for one anchorage block at one river side
If a multiple SPan has to be etimated the lenth of the middle span
should be taken into reference,
Span in metres | 66 ~78 | 90~150 | 162 ~ 222 m
Fitter Manday 2 3 4
Unskilled (Manday 6 9 12
21,2 Pylon and walk ~ way anchorage for one foundation at one river side
If a multiple span bridge has ta be estimated the span in the middle
should be taken,
Span in metres | 66 =78 | 90 =150 |162- 202 m
Fitter Manday 1.8 2,2 3.4
Unskilled (Manday 6.0 7.0 11.0
21,3 Placing of standard wind - guy anchorage per anchor block - i,e, cable
end, Please refer to standard lay out drawing, general arrangement and
deteil drawings of the wind guy blocks ete,
Cable g in inch (") | 1“(25mm)| £ 1{»"(32mm)| ¢ 1%"(36mm)
Fitter Manday 0.30 0.60 0.80
Unskilled (Manday 0,30 0,90 1.40
21,4 Placing of standard side stay cable anchorage hook per uwnit - i,e, cable
end., Up to the span 150 metres there are no side stay cable provided,
If there will be a special case the rate for spans from 162 to 198 m may
be taken, For multiple spans take the middle span,
Spans in metres | 162 to 198 | 210 =222 n
Fitter gMa.nda.yg 0,50 0,60
Unskilled (Manday 0.50 0.7v
21,5 Placing of anchorage hook for front and back stay cable including turn— g
bueckle to iake up the pre-tension, For the back stay cable the hook at
the main anchor block (hoisting hook) should be used. The rate s estimated
for one river side, For multiple span take the middle span.
Spans in metres | 66 = 114 | 126 - 174 | 210 = 222 m
Fitter (Manday 1.20 1.80 2.40
Unskilled (Manday 1.20 1.80 2.40
21.6 Placing of anchorage parts in rock anchor foundation types, tunnel or
drilled holes in a hard and sound rock per anchorage unit,
Take four times the above rates (items 21,1 to 21,5) which are confirmed
to the span or cable g,

HMG Nepal Roads  Department Suspension Bridge Division




ESTIMATE FOR SUSPENSION BRIDGES Ne. 1 T.215

22, Pylon erection and scaffolding to 22.2 pylon erection 22nd Dee, T6

v

His Majesiy’s Government
Ministry of Public Wotks & Transport
ROADS DEPARTMENT

Suspension Bridge Division

22, PYLON ERECTION AND SCAFFOLDING PER M HIGHT OF ONE PYLON

(Based on rates sanctioned by the suspension bridge division of
HMG Roads Department)

Some usefull information i

Span in metre Height of the pylons
(or middle span) in metres

66 M sucosasvcrasenrcsasvovsasssss 11,00
T8 M seaseesrnvrasersceassrcnscnss 12,80
9O M svsaeeseosesscseseonsncesene 14470
102 M seveecssoescssecoreasanvenne 16,50
114 M seceesansancscnnceseassonceass 18,30
126 M sacescencencssccscacsccnsens 18,30
138
150
162

eesesavacecessacssosncansase 21,90
vessescesenrsescansscasascas 21490

seesscsvracssasesrscssccccsse 20450

B 8 B B B B B B B 8 B8

186
198
210
v 222

m
m
m

174 B seeeseveesscssascsnscnssnnnas 25,50
D evesessscassesssnscscsacnsse 29,10
B seevecoasscsssscccacassscane 29,10 M
M geavnsovscorssoacnssssscssne 3270 1
m

sesssesesessnssasusanscascens 32,70 M

22,9 Scaffolding of pylon for each 4 metres height

Material :  Bamboo 50 Nos, (13t Pylon),... 15 Nos. (2nd Pylon)
Nariwel dori 12 kg‘ evencennsdeptoras 12 kg
Labour z Manday 2 Carpenter .....s. 2 Carpenter
Manday 12 vnskilled ,seeee. 12 Unskilled
Transportation : Up to 2 miles : coolies per bamboo = 0,25
Up to 4 miles ¢ coolies per bamboo = 0.50
Up to 8 miles : coolies per bamboo = 1,00

The costs of the scaffolding for the second pylon will be cheaper, because
most of the bamboos can be used twice, Take an assumption that 70 % of
the bambcos can be used ones again for the second pylon, Therefore only

15 bamboos nust be brought to the bridge site for the second pylen for
each four metres height,

22,2 Pylon erection and lifting arrangement per m pylon height including
fixation of front and back stay cables during assembling work,

labour :  Manday 1,50 Fitter
Manday 8,00 Unskilled
HMG Nepal Roads Department Suspension Bridge Division

SAT A , Swise Association for Technical Assistance




COST ESTIMATE FOR SUSPENSION BRIDGES No. :7,216
23, Cable hoisting to 23.3% hoisting of spanning cable 0 : 22nd Dec. 76
Sig *

M

His Majesty’s Government
Minisiry of Public Wotks & Transport
ROADS DEPARTMENT

Suspension Bridge Division

23. CABLE HOISTING FOR SUSPENSION BRIDGES
(Based on rates sanctioned in S3D)

23,1 Hoisting of side stay cables per m length, (m1)
Please refer to general arrangement and detail drawings,
For bridge spans up and including 150 m there are no side
stay cables provided. For multiple spans take the middle span,

Spen in metres 162 « 198 m 210 = 222 m
Pitter Manday 0,08 0.09
Unskilled Manday 0,40 0,50

In the above figures the labour to take up the pre-tension ( 2 tons
rsp, 2,5 tons) is inluded.

23,2 Hoisting of main cable per m span (mi/span) for one main cable only
The diametres are according to HMG'Standard design, tefer also to
chapter 2,5 (Standard design for suspension bridges).

Spans in metres Fitter (Manday)  Unskilled (Manday)
6 M senenasesvsaanss 0015 esveveasvonsss 0.90
T8 M sessessasssasess 0015 tuuvevocesosees 090
90 M eueenvacssscrves 0010 senceascvanaes 0,60
102 M envneossasensos 0010 vencecesoneces 0,60
T4 M .esesessananses 0a15 0.90
126 M sevevsesssancees 0,15 0.90
138 M yeaescvessscecss 0615 savesncconecas 0,90
150 M sesessecancnness 0215 vencssvsconnes 0,90
162 m 0010 eavesnssanecnse 0,60
174 m 0415 sonavvevancnes 0,90
1B6 M eesanssansessese 0e15 srnsncosncanca 0,90
198 M Luuveaseovsesees 0a15 wacenssascnsse 0,90
210 M seseesassesceces 0015 sevenassnscese 0.90
m

cecccesscascnses 015 seneeonaassees 0.90

Tor multiple span bridges take the rate per m span from the span

of the stanadard middle span,

Noteworth : Fitter (Manday) and Unskilled (Manday) are given per m
span for one cable only, Hoisting sag refer to general
arrangement and chapter 2.5 (Standard design)

2343 Hoisting of spanning cable per m span for one cable only
In the following rates the work to take up the pre~tension is included.
Trere are turn - buckles provided for each cable ~nd separately and they
should be opened before hoisting the spenning cables, The cable ¢ are
according to IMMG'Standard Design,

Spans in metres Fitter (Manday) Unskilled (Manday)
66 10 102 M (31) eevaesees 0,07 vevevseesceese 0.45
114 to 150 M (4%) cevesesos 0008 euvsvennnances 0.55
126 10 186 m (5t) sevencoss Cu0B suravnesnsssss 0,60
198 10 222 m (61) wsnvesens 0072 tivvncancnsens 0,72

For miltiple spon take the rate for ithe niddle siandiarc sphn.

HMG Nepal Roads  Department Suspension Bridge Division
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COST ESTIMATE FOR SUSPENSION BRIDGES

23,4 Hoisting of wind-guy cables to 24,1 BErection of
suspenders, cross beam, bracing flats etc. per m length

No.

:7.217

¢ 22nd Dec, 76

- _.",f I‘he th”gE

23.4

23.5

23,6

24,

24,1

His Majesty’s Government
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

Hoisting of the wind - guy cables per m span of the wind-guy cable

The span of the wind - guy cable is often not the same as the span

of the bridge, Please take the correct span from the general arrangement,
The distance between the wind tie cables (f ") is 3.60 m according to
BMG'Standardization, In the general arrangement the real distances be=
tween the wind - tie clamps schould be given. To mark e.g, with paint
vhere the wind tie clamps should be placed is also included in the
following rates, The wind guy cables should be pretensioned, To take

up this force on each cable end turn budldes etc. are provided, Befor
starting the hoisting work those turn-buckles must be yide opened,

# of wind-guy cable Fitter (randay) Unskilled (Manday)
g1 " g 25 mm % 0.100cesesesascnsesasss 0,60

eveesecnss 041200 c0scvcoccosvasres 0075

g 13 n (32 mm)
g1dn (38m

Hoisting and fixation of the wind ties £ 1/4" per piece,

The numbers of wind ties can be taken from the general arrangement,
The wind - ties are provided every 3,50 m according to the standard
design, Sometimes the wind anchor blocks are placed either in front
or back the pylon foundation center line - i.,e, the number of wind
ties varies,

evvsvsnney 0-155-nnn-o..--.-.--n-- 0,90

Iabour per wind tie (piece) : Titter 0.15  (Manday)
Unskilled 0,15 (Manday)

The above labour includes the time needed for the fixation on the
cross beam of the walk - way (Gangway)

Fitting of fixation and hand rail cables per m span of the bridge,

This work can be estimated per m length of the bridge, because the
Standard design of the suspension bridges shows two hand rail and
two fixation cable for each bridge, The hoisting for these four
cables is very easy because this work will be done after erection of
the walk way.

Iabour : Manday 0,08 Fitter
Manday 0,12 Tnskilled

ERECTION CF THE WALK — JAY PER M SPAN (IENGTH)
(Based on rates sanctioned in $SBD)

Fcection of the suspenders, cross beams, wind bracing flats etc, per

m length of the bridge,

The standard design of HMG Roads Department (Suspension Bridge Division)
shovs for all suspension bridges the same walk ~ way. Because of that the
assemhling work can be standardized.

Iahour :  Handay 1,50 TFitter
Manday 2,25 Unskilled

HMG Nepal Roads Department Suspension Bridge Division
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COST RSTINMATE FOR SUSPEMGION rRIDCES C No 17,018
24,2 ¥Witting of longitudinal planke to 25,7 rtainting . 29nd Dec. 76
of steel construction per a prion height - Dote @ 2ond Dec, 7o

Sig ;MM’S ,nﬁd‘: "

-
7

His Majesty’s Government
Ministry of Public Works & Transporr
ROADS DEPARTMENT

Suspension Bridge Division

24.2 Pitting of longitudinal planks to the cross beams of the
walk-way per m length of the bridee,

In this connectionrefer alsoc to the item 7.1 (Sal woed for longitudinal
wooden planks) and item 8,1 (Fibre glass longitudinal planks), The
coalter painting of the wooden planks is inecluded in the item 9,1
(Painting of woodem longitudinal planks).

24,2,1 Fitting of wooden longitudinal planks per m length of the bridge
(bolts and nuts are supplied by the workshop)
Labour H Manday 0.30 Pitter
Manday 0,40 Unskilled
24.2,2 Pitting of fibre-glass longitudinal planks per m length of the bridge
(Bolts and nuts are supplied by the workshop)
Iabaur : Manday 0,20 TFitter
Manday 0,10 Unskilled
24,3 Fittiug of wire-mesh netting per m length of the bridge
Material :  Bending wire g,g5 kg
Iabour : Manday 0,05 Fitter
Manday 0,25 Unskilled

24,4 Loading and unloading of the bridge
This work should be done at each bridge to take up the pretension
in the spanning cable. The Standard design provides for each cable
end one turn-buckle, The turn-~buckles are tc open before hoisting
the spanning cables (refer also to item 23.3 Hoisting of spanning cable).

Span of the bridge Labour (Manday)
(or length) Unskilled

66 = 126 m eevoessesconnsase D
127 =~ 222 M sevcevsrsecsssceell

223 -~ see 1 a--o-o-.co-n.---.13
25, FINISHING WORK

25.1 Painting of the steel construction per m pylon height.
The workshop will deliver the steelpart two times painted, Due to
" transportation some re-painting work may be necessary, This work
is only to do at the pylons, Take care to the kind of paint used

HM’G Nepal Roads  Department . Suspension B.-idge' Division

SAT A, Swiss Association for Tschnical Assisiance




SAT A , Swiss Association for Technical Assistance

COST ESTIMATE FCOR SUSPENSION BRIDGES No. :7.219

25,1 Painting wo:‘:‘k! ggontlmezatmp). to 25_.3!1_%et1gt}t<_anipg Date : 22nd Dec. 76
of cable clamps, bulldog grips, take up bolts and lock :
nuts of turn buckles etc. Sig ~ p ]

[his Alajesty’s Goverment
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

25,1  Painting work (continuation)

by the vorkshop, It is assumed that 0,50 m2 per m pylon height
must be repainted,

Material : DPaint 0,05 iitre per m pylon height
Labour : Manday 0,07 Painter per m pylon height
Manday 0.05 Unskilled labour per m pylon height

25,2 Maintain of the threads of the anchor bars for the main and
wind guy cable per cable end,
Labour H Manday 0,15 Fitter per cable end

25.3 Retightening of the cable clamps, bulldog grips, take up bolts and
lock nuts of the turn buckles etc,
Span or length of the bridge itter (Fanday)

66 = 126 M essssasrcncnssossase &
127 = 222 M sueveesessesasnsssass 6
8

223 = aes M seavesesenencscecces

For the estimate work of a suspended bridge (bridge without pylons)
please refer to chapter 7.2 Cost estimate for a suspended bridge.

Noteworth : There are different kind of material etc. needed for many of
the items of this rate analysis for the cost estimates of
standard suspension bridges, The site in charg should work
out & list of the goods to be purchased but he should note,
that the costs are already included in the rate analysis,

2 a guide line at the following items are materials included :
(Exept items 1.6, 1.7, 2., 3. and 4,)

9,1 s Coalter paint and fuel 10,4 : Gelatine, detonator, fuse wire

10,7: Gelatine, Detonator, fuse wire 1. G.I. wire, selvedge wire

16, : Cement bags 17. ¢ Cement bags

184 : Nails 19. : Reinforcement rods,binding wire

20, 3 Cement 22,1 : Nariwal dori

24,32 Bending wire 25,1 : Paint for pylon (repainting)
HMG Nepal Roads Department Suspension Bridge Division




COST ESTIMATE FOR SUSPENICN AND SUSPENDED BRIDGES Na. 17,220 -

Photos shown the work execution Date ! 1st March 77~

Sig ! %f——
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COST ESTIMATE FOR SUSPENDED BRIDGE No. : T.221

Item 1, Transportation to item 1.5.4 weight of
camp equipment

Slg : q o
" e =

His Majesty’s Government
Ministry of Public Wotks & Transport
ROADS DEPARTMENT

Suspension Bridge Division

The herewith given rate analysis is based on the "NORMS" for analysis of rate by
F¥3, Departiment of Roads (Qua.ntity surveying bra.nch) and on rates sanctioned in the
Suspension Bridge Division. The following analysis should be used only while the
general arrangement and the detail drawing ef a certain yroject of a suspended
bridge are be taken into consideration. It must be said, i:at the followlng rates
are taking care to the way of design work done by HMG Suspension Bridge Divisione.
At the same moment it is important to mention, that the jinfluence resulting from
the UMG'standard has been considered.

1. TRANSPORTATION ESTIMATE CRITERIAS

1.1 ‘'ransportation by vplane
The rates for this kind of transportation can be get from the Reyal Nepal
Alrlines Corporation,

1.2 Transportation by truck
- Black top road : 0,00130 Rs. per kg per km
- Gravel and mud road : 0,00195 Rs, per kg per km
— River bank road : 0,00320 Rs. per kg per km

1.3 Transportation on porters back
- a mrvter walks 8 miles (13km) a day
—~ a porter carries 4O0kg easily steel parts and wooden planks
a porter carries 50kg easily steelparts if the overall weasurements
are limited (1,25m in length)
- a porter carries 30kgof difficult parts -i,e, parts teyond 50kg and
1.25 m in length,
- a porter carries 20kg of cables
~ wind-tie cables of g 4" (6,3mm) are estimated as easy steel parts
- cement bags of 50kg in weight are estimated as easy parts too.
~ How many parts are to be estimated either as easy or difficult parts can
be taken from the list in the general arrangement.

!

Te4 TLoading and unloading
This amount varies on the conditions of the transportation for a certain bridge,

The following assumption may be taken 3

1e4.1 Transportation by plain : 30 RS. per m span
1e442 Transportation by truck : 10 Rs. per m span
1e4.%3 Transportation by porter : 2 Rs. per m span

1.5 Assumed weights of camp equipment etc,
This item varies cn the different kind of work needed. The following
weights may be taken as an average :

5.7 Spans 39 to 60m :

“tore to bridge site : 1'000 kg
and back to store B 850 kg

Ts5.2 “pans £3 to 87m

Store to bridge site : 1'150 kg °
=nd back to store : 950 kg

i.5%.% 'pens 90 to 126m g

‘tore to bridge site : 1'500 kg

‘nd back to store : 11300 kg
f.7.% pans beyond 126m ;3

‘tore to bridge site : 11600 kg

and buck to store ¢ 11400 ke

HMG Nepa! Roads Department Suspension Bridge Division




COST ESTIMATE FOR SUSPENDED BRIDGES No. : T.222
Item 1.6 BEquipment's weight for camp maintenance to . 18th Jan. TT

4. Purchase of goods for camp maintenance and execution
Sig ¢ [ E‘ﬂ )
CAfeZ=

His Majesty’s Government
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

1.6 Assumed weights of equipment for campe maintenance
and small materials for work execution ,
6 kg per m span

1,7 Additional weight of equipment for rock drilling work
(Rock drilling machine, griding machine for drill bits, drill bits, fucl
container, helmet, vice, water pipe, repairing and maintenance tools etc,)
Assumption: 150 kg store to site
120 kg back to store of SBD (Roads Depariment)

2, CAMP ESTABLISHMENT

Aprea needed for a project : - 39 to 60 m span
- 63 to 87 m span
~ 90 to 126 m span
- 127 to ... m Span

Coolies: Manday 6 Nos. per m2

3«  CAMP MAINTENANCE

Material s Yerosene -~ 0il scesees ¢ 54 Litres per month
First aid, different goods, batteries, latern glasses,
small materials etc, 200 Rs. per month

Iabour ! SUPETViSOTeesasscssces ¢ 1 Nos. (exept during rainy season)
Store keeDeTseesecseese ¢ 1 Nos,
watchmen..’l-...l'.l.l 4‘Nos.

170 m2 (1 cement store
250 m2 (2 cement stores;
320 m2 (2 cement storesg
390 m2 (2 cement stores

nuwnn

4. PURCHASE OF GOODS FOR CAMP MAINTENANCE AND EXECUTION OF THE WORK

The amount of this item has not to be added to the estimated cost for a
bridge site, The equipment can be used at more then one bridge site only.
Te purchase goods which is not available in the store of HMG Roads Department

E (Suspension Bridge Division) the amount of the 5 % contingencies is including
L] these costs. The equipment must be brought back to the stores (refer also

n to rate analysis item 1,5) after completion of the work, Befor taking the

" goods the drawings of HMG'standard design should be read, because many 1ltems
< are put into the steelpartlists etc, .

— spans in metres

8 Deseription Unit 39 - 60 63 - 87 90 = ...
£

2 Tent, double corner DCe 1 ) 2
- Camp cot, durable type pC. 3 4 4
£ Tarpaulin of different sizes sqeft. 450 680 1000
5 Petromax with spare parts PCe 2 2 P
- Ianterns pc. 3 4 4
f-, Torches BCe 4 4 5
4 Camp tables___ e, 3 3 3
< Camp chairs PCe 8 8 8
o Vater filters rc. 2 2 2
" Hand bags PCe 2 2 2

b o Cash boxes' TCe 1 1 1

- Survey umbrella pC, - - 1
< Umbrellas PCe 3 3 4
b HMG Nepal Roads  Department Suspension Bridge Division




COST ESTIMATE FOR SUSPENDED BRIDGES No : Te223 T
4, Purchase of goods (continuation) .18th Tan. 77
His Majesly's twovernment /
Ministry of Public Works & Transport
ROADS DEPARTMENT
[ [ ] [ ] [ ] [ ]
Suspension Bridge Division
4, Purchase of goods and equipment for execution work, continuation
Description Unit 39 - 60 63 -~ 87 90 = oo
Kitchen utensils set 1 1 1
Sleeping bags pc. 1 1 1
Slide rule calculator PC. 1 1 1
Theodolite (incl, stand) PCe 1 1 1
Ievel (inel, staff) pCe 1 1 1
Levelling staff PC. (1) D) M
Tape, about 3m length pce 2 2 2
Tape, 20 to 30 m length PCe 1 1 1
Spring balance, 50 kg rcapacity. PCe 1 1 1
Spring balance, 100 kg capacity PCe 1 1 2
Weighing balance, 100 kg capacity PC, 1 1 2
Shovels PCe 15 20 25
Crow = bar g 14" PCe 4 6 10
Chisels, medium size e, 5 6 7
Hammer, small (0,5 kg pc. 15 25 35
Hammer, medium (5,0 kg PCe 4 6 8
Hammer, big 6,5 kg PCe 2 2 3
Mason's squares DPCe 2 2 2
Carpenter's level (spirit-level) DC. 2 2 2
Plumb bob (plummet) PC. 3 3 4
Serew jack { 6" size) PCe 1_. 1 1
Paint for marking (0,5 Litre) tin 2 2 2
Buckets ( 20 Litres ) PCe. 12 16 24
Blowers for black smith PCe 1 1 2
Hack saw frame PCs 2 2 2
® Hack saw blades, best quality doz, 1 1 2
£ wood saws of different sizes PCe 3 4 5
5 Auger ¢ " and 3/4" doz. b 1 1
s Iay out frame of wooden planks pc. 1 1 1
< Files of different sizes (halfround, ot 1 1 1
3 triangular, flat, full Tound) 5.
2 Die sets (%,%,3/4,5/8,7/8,1" threads) set, 1 1 1
& Tongs ____ pair, 2 2 3
e Nippers (pliers) PCe 2 2 2
. Pincers pair 2 2 2
2 Screw drivers of different sizes set 1 -1 1
s Nylondori g I" n 20 70 120
B Manila rope 4 1" m 90 120 180
§ Bulldog grips for cables g & " PC. 10 - 15 20
L Bulldog grips for cables ;6% " pc. 4 6 6
Bulldog grips for cables § 1 "______ pc. - 4 4
H Bulldog grips for cables ¢ 13" DCe 2 2 2
2 Bulldog grips for cables g 1%“ pCa 4 6 §
. Cable brakes for ¢ 1 " PCe - 2 “
< Czble brakes for ¢ 14" PCe 2 4 4
.
; HMG Nepal Roads Department Suspension Bridge Division




08T ESTIMATE FOR SUSPENDED ERTDGES No. : T.224
4, Purchase of goods (end) to 6,2 Clearance after | Date_: 18th Jan. 77

completion of execution work '
| ?

His Majesty’s Government
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

4, Purchase of goods and equipment for execution work, 2nd, continuation

Description 39 - 60 63 - 87 90 - ...
chain pulley, 2 tons capacity PCe 1 1 2
Tirfor machine Ecompleteg 2,5 tons set, 1 2 -
Tirfor machine (complete) 5,2 tons set. - - 2
Rock anchorage for tirfor (Habegger) set, ) (1) (1)
Wrencbes for nut and bolt ¢ g " PCa 4 6 8
Wrenches for nut and bolt g & PCe 5 6 6
Socket wrenches for nuts ¢ & " PCe 3 3 3
Wrenches for nut and bolt £ 1 " PC. 2 2 2
Wrenches for nut and bolt ¢ 13" PCe 2 2 2
wrenches for nut and bolt g 1% " PC. - - 2
wrenches of different other sizes set. 1 1 1
C = Clamp PCe i 1 2

Special equipment only if really required

Blaster's pinocers

Rock drilling machine, griding machine for drill biis, drill bits of different
length, fuel container, helmet, vice,

Water pump with flexible pipes

wWater pipes etc,

Cable car for temporary crossing

The total awount of the above items should not be added to the estimated cost
of a proposed bridge, Most of the equipment can be taken from the SBD store
and must be returned after completion of the bridge. The goods which cannot
be taken from the SBD store will be purchased within the amount of 5% contine
gencies, Ti.e above 1list is a guideline for the preparation and should show
the kind of goods and their approximative amount,

5« TEMPCRARY CROSSING

5.1 Hire a boat per month

5.2 Boat Manday 4 Nos. in dry season (for large river only)

503 Temperary 'bridge': The span of a temporary crossing (j.e. length) is to take
from the general arrangement. The length of a temporary
bridge is never as long as for the proposed bridge.

Iabour ¢ Unskilled 5 Manday per m span of temporary bridge
Material ¢ Take an assumption of about 25 Rs, per m length

¢ SITE CLEARANCE

1 Clearance before starting of the execution work : L.S. about 300 to 700 Rs,
«2 Clearance after completion, including collection of materials for preparation
of auction (but without backfilling) : L.S. about 500 to 1200 Rs.

SAT A , Swiss Association for Technical Assistancs
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COST ESTIMATE FOR SUSPENDED BRIDGES No. @ 7.225

7. wood work to 9.1 Painting of wooden longitudinal planks =p 0om mran ™ P

Associotion for Technical Assistance

Siq;ap‘w ‘
[ A~

caw olajesty’s Government
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

Te WO0D WORK FOR 1 m3
7.1 Sal wood for decking for 1 m3

Assuming 40 % wastage, total wood required 1.67 w3 (58,8928 cubic feet), The
wastage remains at the wooden location - i.e. only one m3 must be transported
to the bridge site, A porter carries 4o kg and walks 8 miles (13 km) a day,

One m3 is about 900 kg in weight (sal wwod), The planks must be saved according
to the standard drawingam of HMG'Standard bridge design. The lay out frame,
supplied by 5BD, must be used at the wooden location and the provided holes

are to drill at the wooden location too,

Material t 1.67 m3 (58,8928 cubic feet) Royalit:
Labour : 10 Manday Coolies for felling and dressing
35 Manday Coolies for helping etc.
9 Coolies for helping etc.
4 Manday Carpenter to drill holes eiu.
22 4 Nos. of porters for transportation
T. & P, Lumpsum : 1/15th of the above labour

7.2 Salla wood for shuttering for 1 m3

Assuming 40 9% wastage, total wood required = 1,67 m3 for 1 m3 sawed wood, The
wastage remains at the wooden location. Only one m3 of salla wood must be carried
to the bridge site. One m3 of salla wood is assumed with 8o0o kg per m3,

Material 1.67 w3 (58,8928 cubic feet)

Iabour 10 Manday Coolies for felling and dreassing
35 Manday Saw men to make plenks and beams
9 Manday Coolies for helping etc,
20 Noa, of porters for transportation

Te & P, Lumpsum : 1/15th of the above labour

ae os

8. LONGITUDINAL FIERE GLASS PLANKS FOR THE WALK = WAY

8,1 Longitudinal fibre glass planks can provide a usefull alternativ solution for
longitudinal planks. The rates may be got from the Balaju Yantra Shala, B'S,
at the Industrial Fstate Balaju (Kathmandu)., This alternative kind of fibre
gless planks are cheaper then wooden planks if the wooden location is creating
a long and costly transportation. By comparing the different kind of planks,
the coalter painting and fixation cost havealso to be taken into account,

9. PAINTING OF WOOD USED AT THE WALK = WAY

9.1 Painting of wooden longitudinal planks per m span, Refer to standard walk - way
draving,

Material s 1,176 Litre Coaltar paint
0,300 Litre Fuel

labour : 0,3 Manday Painter

T & P. ILumpsum : 1/20ih of the above

SAT A, Swiss

HMG Nepal Roads  Department Suspension Bridge  Division
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COST ESTIMATE FOR SUSPENDED BRIDGES No.

10, Excavation work to 10,7 Foundation excavaiion in

+ 74226

Daote 18th Jan. 77

dry hard rock ]
Sig P %ﬂ'
CAN+

10. EXCAVATION WORK
(Based on 'Worms' of rate analysis by HMG, Roads Department)

16.1 Excavation of top soil and carrying away from the foundation
areas (thickness 15 - 20 cm) per SQ.M. (m2)

Labour : Manday 0.40 (Unskilled)

10.2 Excavation of common material, haulage distance 10 metres and disposal
per CU.M. (m3)

If the above item (10.1) has been taken the volume of ihe excavation must
be caloulated in such a way, that the item 10,1 ie taken into account,
Labour :  Manday 0,80 (Unskilled)

10,3 Excavailon ol soft rock material, requiring use of crowbar, haulage
digtance 1o m and disposal (take reference to item 10.1) per CU.M. (m3)
Labour :  Menday 2,00 (Unskilled)

1044 TExcavation - drilling & blasting = hard rock material, haulage distance
10 m and disposal per Cu,M. (m3)

Material o Gelatine 0,25 kg
Detonator 2.00 pec,
Fuse wire 2,00 m

ILabour H Manday 3,59 Unskilled
Manday 0,05 Blagter

10,5 Toundation excavation in dry common material - vertical 1ift 1 m,
horizontal haulage distance 10 m and disposal per CU.M., (m3)

If you have used the item 10,1 please take the redution due to that
position into reference by estimating the volumes,

Iabour : Manday 1,34 (Unskilled)

Vertical 1ift 3 for each additional 1ift pex CU,M, (m3) per 1 m height
Labour : landay 0,30  (Unskilled)

10,6 Foundation excavation in dry soft rock material, vertical 1ift 1 m, horizontal

haulage distance 10 m and disposal per CU.M. (m3)

Iabour :  Manday 2,50 (Unskilled)

Vertical 1ift : for each additional 1ift per CU.M. (m3) per 1 m heighi
Tabour :+ Manday 0.40 (Unskilled)

10,7 TFoundation Excavation in dry hard rock, material, drilling and blasting,
vertival 1lift 1 m, horizontal haulage distance 10 m and disposal per CU.M. (m3)
Material ¢ Gelatine 0.25 kg

Detonator 2.00 pc,
Tuse wire 2,00 m

Hix Maijesty’s Government
Ministry of Public Works & Transporr
ROADS DEPARTMENT

Suspension Bridge Division

-HMG Nepal Roads  Department Suspension Bridge




COST ESTTMATE FOR SUSPENDED BRIDGES No. : T.227 -
10,; continuation %o 11,1.3 Gabion of size 2x 7 x0,5m e 18th Jan. 77 -

His Majesty’s Government
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

10.7 Continuation

Iabour :  Manday 4,76  (Unskilled

Manday 0,05 (Blaster
Vertical 1ift : for each additional 1ift per CU.M, (m3) per m hight
Labour :+  Manday 0.40 {Unskilled)

10,8 Toundation excavation in shallow water, common material, vertical lift 1 m,

horizental haulage distance 10 m and disposal per CU.M, (m3)
This pesition may be used on the middle piers for multiple span suspensicn

bridges etce
Izhour :  Manday 2,25 (Unskilled)
reptical 1ift : for each additional 1ift per CU.M. (m%) per m hight

10,9 Bot*.m trimming of rock foundation pit and clearance per SQ.Me (m2)
(zefer to detail drawings carefully)

Labour : Manday 0,61  (Unskilled)
1. FARRICATION OF GABION (Based on NCRMS by HMG, Roads Department )

1.1 Pabrication of gabion including rolling, cutting and weaving complete,
Mesh size ¢ 80 x 100 mm
Mesh wire s 9 SWG
Selvedge wires 6 SWG
11,1,1 Box size 2m x 11 x 1 m
Material : GeIl. Vire 36,00 kg
Selvedge wire 3,75 kg

Iabeour ¢ Manday 2,42 (Skilled)
Manday 1.21 (Unskilled)
11¢1.2 Box gize 3m x 1m x 1m

Material : Gel. Wire 52435 kg
Selvedge wire 4.85 kg

Iabour t Manday 3,52 (Skilled)
Manday 1,76 (Unskilled)
11.1e3 Box 8ize 2m x 1m x 0.5 m

Material GoeIe Wire 24,55 kg
Sevedge wire 3.00 kg

Iabour :  Manday 1-650{§Skilled)
Manday 0,825 (Unskilled)
HMG Nepal Roads  Department Suspension Bridge Division

SAT A , Swiss Association for Technical Assistance




COST ESTIMATE FOR SUSPENDED BRIDGES No. :7.226

11.1.,4 Cabion box of size 3 x 1 x C.5 m to 13, Filling . 18th Jan. 77
of sand, stones, boulders etc. in cell-type foundation -Date

Sig & o 4

his Majesty’s Government
Minisiry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridgs Division

11,144 Boxe 8ize 3 m x 1m x 0,5 m

Material t Gel. Wire 36,00 kg
Selvedge wire 3,90 kg

Iabour :  Manday 2.42 (Skilled)
Manday 1,21 (Unskilled)

11,2 Assemble gabion, place in position including streching, wiring the gabion
together and tying down 1ids. Analys per box (piece)
Binding wire 31 11 S.W.Gy
11¢21 Box 8ize 2m x 1m x 1m
Material : Binding wire 1,15 kg
Labour : Manday 0.40  (Unskilled)

11¢2,2 Boz 3ize 3m x 1m x 1 m
Matoarial : Binding wire 1,60 kg
labour $ Manday 0,60 (Unskilled)

114243 Boxe a8ize 2m x 1m x Q.5 m
Material : Binding wire 0,90 kg
Labour t  Manday 0.20 {Unskilled)

11424 Boxe aize 3 m x 1m x 0,5m
Material : Binding wire 1,20 kg
Labour 1 Manday 0.30 (Unskilled)

12, FILLING OF STONES IN GABION CRATES PER CU.M., (m3) based on 'NORMS® by HMG R.De

Collection of rubble of required size, haulage distance 10 m, partly
stacking, filling in gabion crates per CU,M. (m3)

Collection of rubble, sitones etc,

Iabour ¢+ Manday 0.70 (Unskilled)

Filling in gabion crates

Labour : Manday 0.80 (Unskilled)

Additional cost for additional haulage for every 1o m mores
Iabour : Manday 0,16  (Unskilled)

13,  FILLING OF SAND, STCNES, BOULDERS, ROCK PIECES ETC, IN CELL - TYPE
POUNDATION INCLUDING COMPACTING PER CU. M. (m3)

The excavation material which 1lies around the foundation should be used.
Iabour t Manday 0.60 (Unskilled)

SAT A, Swiss Association for Technical Assistance

“HMG Nepal Roads  Department Suspension Bridge Division'




COST ESTIMATE FOR SUSPENDED BRIDGES Ne. 7,229

14, Collection of materials to 14,3.3 Size 5 to 20 mm Dote . 18th Jan, 77

Sig ¢ ’ E g%f!gﬁ:g‘— |
-

His Muajesty's Goverament
Ainistry of Public Wotks & Transpornt
ROADS DEPARTMENT

Ao |
)Y o

A‘"ﬁ Suspension Bridge Division

14. COLLECTION OF MATERIALS
Based on NOHMS by HMG Department of Roads
14.1 Collection of rubble of required size, haulige distance 10 m and stacking

what are rubbles ? bits of brocken stores, rock or brickwork, stones from
a river bed, coarse gravel (30 to 55 mm) e.g. build a
road with a foundation of rubble

Collection of rubble of required size per CU.M. (m3)

Labour 1+ Monday 0,70 (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
Labour :  Manday 0.16  (Unskilled)

14,2 Collection of stones, gravel including selection, screening and stacking
within 10 m haulage distance per CU.M. /m3)

14,2,1 Size 40 to 70 mm
Collection of stones and gravel etc. per m?

Iabour :  Manday 5.00 (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
Iabour ¢ Manday 0,16  (Unskilled)

14.2.2 Size 70 to 100 mm
Collection of stones and gravel etc. per m3

labour ¢  Manday 4,00 (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
Iabour : Manday 0,16  (Unskilled)

14.3 Collection and sieving gravel including stacking within 10 m haulage ver CU.M.

14.3.,1 Size 5 to 70 mm
Collection, sieving and stacking per one cubicmetre

1abour :  Manday 2.5 (Unskilled)
Additional work for exira‘haulage per 10m per one Jubicmetre
Iabour :  Manday 0.16  (Unskilled)

14,3.2 Size 5 to 40 mm
Collection, sieving and stacking per CU.M. (m3)

Labour :  Manday 4.0 (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
Iabour :  Manday 0,16  (unskilled)

144343 Size 5 to 20 mm
Collection, sieving ans stacking per CU,!M., (m3)

Iabour :  Manday 5.88  (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
Latour s Manduy 0,16  (Unskilled)
HMG Nepai Roads  Department Suspension Bridge  Division

SAT A, Swiss Association for Technical Assistance




COST ESTIMATE FOR DUSPENDEIE'I_BREGES No. = 7.230

14.3.4 Size 5 to 8 mm  to  14.5.4 Making sand by Date : '8th Jan. 77

crushing of ston:s : _

tlis Majesiy's Crevernment
Ministry o Public Works & Transpars
ROADS DEPARTMENT .

Suspension Bridge Division

14.3  Continuation

14,34 Size 5 to 8 mm
Collection, sieving and stacking per CU.M. (m3)
Labour :  Manday 10,00 (Unskilled)

Additional work for extra haulage per 10 m per one cubicmetre
labour :  Manday 0.16 (Unskilled)

1444 Collection and sieving fine sand within 10 m haulage distance per CU.M. (m3)

14.4.1 Collection and sieving sand in hill areas, haulage distance 1o m per CY.M. (m3)

labour :  Manday 1.49 (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
labour :+  Manday 0.12  (Unskilled)

14,5 TBreacking stones including collection, sieving and stacking within
10 m haulage per CU.M, (m3)

14.5.1 Size 40 to 70 mm
Collection, breacking,sieving etc,
Izbour :  lManday 8,00 (Unskilled)

Additional work for extra haulage per 10 m per one cubicmetre
labour :  Manday 0,12 (Unskilled)

14,5,2 Size 20 to 40 mm
Collection, oreacking, sieving etc.

labour :  Menday 12,00 (Unskilled)
fdditional work for extra haulage per 10 m per one cubicmetre
labour : Manday 0,12 (Unskilled)

144543 Size 10 to 20 mm
Collecticn, breacking, sieving etc.

Iabour :  Manday 18,00 (Unskilled)
Additional work for extra haulage per 10 m per one cubicmetre
Labour :  Manday 0.12 (Unskilled)

14.5.4 Making sang by crushing of stones per CU.M. (m3)
If the sand location is quite far from the site, the crushing cf stones to
get sand might be the cheaper way, A carefull comparison shoulid be made.
mhis rate is sanctioned by the Suspension Bridge Division,

Crushing of stonms to get sand including collection, sieving and stacking
within 10 m haulage distance per CU.M.

AT A , Swiss Association for Technical Assistance

»
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labour :  vanday 35.00 (Unskilled)
Additional work for extra haulase per 10 m per one cubicmetre
labour ¢ landay 0,12 (Unskilled)
HMG Nepal Roads  Department Suspension Bridge Division




COST ESTIMATE FOR SUSPENDF:D BRIDEGES No. : 7.231

15, Dry rubble masonary to 16,3 Stone dressing C . 18th Jan, 77

Big ¢ ppfudwer |
/

His Majesty’s Government
Ministry of Public Works & Transpo
ROADS DEPARTMENT

Suspension Bridge Division

15. TRY RUBRLE MASONARY PFR CU.M.
(Based on 'NORMS' by HMG Roads Department)

1561 Providing and lying dry rubble masonry of hard block stones, height of
masoned body up to five metres and haulage distance within 30 metires
per CU.M. (m3)

Collection of rubble rafer to item 14,1

Material ¢ rubbla 1,10 m3
labour :+ Manday 3,50 (Unskilled)

16, ReR. MASONRY IN CEMENT MORTAR PER CU.M.
(Bassd on rates sanctioned in SBD)

16,7 PR.R. Masonry in cement mortar 1 i1 4 per CU.M.

This item shculd only be used below the known high flood level

at the pylon and pier foundation for single and multiple span
suspension bridges, This kind of masenary work is not allowed for
wind guy blocks and main anchor blocks, The detail drawings and
general arrangement have to be taken in'> consideration.

Material : Rubble 1,25 m3

Sand 0. 34 mB

Cement 2,55 Ybags of 50 kg in weight
Labour t Manday 0.10  (Head Mason)

Manday 2,00 Mason)

Manday 3,20 Tnskilled)

Manday 0,20 Waterman )
Scaffolding 1 1/30th of the above labour

Te & P, Iumpsum : 1/20th of the above labour only

16,2 R.R, Masonry in cement mortar 1 : & per CU.M,

Material : Rubble 1,25 m3

Sand 0.42 m3

Cement 2,10 bags of 50 kg in weight
Iabour s Manday 0,10 (Head Mason)

Menday 2,00 Mason )

Manday 3,20 Unskilled)

Manday 0,20 Waterman)
Scaffolding : 1/30th of the above labour

Ty & P, Iumpsum : 1/20th of the above labour enly

- 16.3 StoreDressing per CU.M,
This position is actually not necessary for suspension and suspended bridge
project by the design section of SBD of HMG Roads Depariment.,

HMG Nepal Roads  Department Suspension Bridge Division

SAT A , Swiss Associalion for Technical Assistance
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COST ESTIMATE FOR SUSPENDED BRIDGES No. : 7.232
17. Concrete work to 17.4 Mass concrefe 1 : 2 : 4 18th Jan. 77

- | sig 1o fifDno®-

His Majesty's Government
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

17. CONCRETE WORK PER CU.M. (Based oh rates sanctioned in SBD)

17.1 lean concrete 1 : 4 : 8 per CUM, (m3)

Only used as granular sub grade about 5 to 7 cm thick,
Material Aggregate 0,90 =m3

Sand 0.45 m3

Cement 3.30 bags of 50 kg in weight
Iabour H Manday 0.10 Head Mason

Manday 0.70 Mason

Manday 1.20 waterman

Manday 720 Unskilled

Te & P. Iumpsum : 1/20th of the above labour only

17,2 Plum concrete consits of 60 9 mass concrete 2nd 40 % boulders and
Tubbles or hard rcck pieces per CU.V, (m3) (Mass concrete 1 : 3 3 6 +

Material : Aggregate 0.528 m3 40 % boulders) l
Rubble,ete. 0,500 m3
Sand 0.264 m3
Cement 258 £3258 bags of 50 kg in weight
Iabour :  Manday 060 Head Mason
Manday 0.40 IMason
Manday 0.70 VWaterman
Manday 4,30 TUnskilled
Manday 0.25 TUnskilled ?Ja.shing rubble, based on 'NORMS')
Manday 1.75 Umskilled (Providing and laying rubble with-

in a haulage distance up to 30 m)
T« & P, JIumpsum : 1/20th of the above labour only

17.3 Mass concrete 1 : 3 : 6 per CU.M. (m3)
Material Aggregate 0,88 m3

Sand 0.44 m3

Cement 4,30 Ybags og 50 kg in weight
labour : Manday 0.10 Head Mason

Manday 0.70 Mason

Manday 1,20 Wwaterman,

Manday .20 Tmskilled

T. & P, Iumpsum : 1/20th of the above labour

17.4 Mass concrete 1 : 2 : 4 per CU.M. (m3)
Refer to detail drawings because this kind of concrete is only used in small
quantities at the top of the main anchor blocik

Material ¢ Aggregate 0,88 m3

'S,‘A"T,A » Swiss Association for Technical Assistonce

Sand 0.44 m3
Cement 6.60 bags of 50 kg in weigth
- HMG Nepal Roads Department Suspension Bridge Division




SAT A , Swiss Association for Technical Assistonce

COST ESTIMATE FOR SUSPENDED BRIDGES No. :7.233
17.4 Mass concrete 1 : 2 : 4 (continuation) to -
20, Backfilling work per m3 Dote : 20th Febr, 77 |
sio vl L’
His Majesty’s Government
Ministry of Public Works & Transport
ROADS DEPARTMENT
L L] [ ] L] L]
Suspension Bridge Division
17.4  Mass Concrete 1 : 2 : 4 per CU. M. (cuntinuation)
Labour : Manday 0.10 Head Mason
Manday 0.70 Mason
Manday 1,20 Waterman
Manday 7,20 Unskilled
Te & P, Lumpsum : 1/20 of the above Labour only
13, SHUTTERING PER ONE SQ.M. (m2) (Based on rates sanctioned in SBD)
For the foundation used at suspended bridges is not much need of cente.
ring work. The shuttering races are always vertical and plain, Please
refer to general arrangement and detail drawings of the Suspension Bridge
Division of HMG~Roads' Department. For the cost of the needed wood refer
to cost item 7.2 (Salla wood for shuttering) but, take into account that
for shuttering work at Suspension and Suspended Bridges the longitudinal
wooden planks can be used for the wooden form work without wastage the
planks,
Material 3 Nails 0.03 kg
Labour ¢+ Manday 0,10 Carpenter
Manday 0.10 Unskilled
T & P. Iumpsum : 1/15th of the above labour only
19, PLACING OF REINFORCEMENT IN CEMENT CONCRETE WORK PER 100 KG (kg)
The reinforcement steel used at suspension and suspended bridges is ra-
ther simple and of easy design, There are easy bending forms (only strei-
ght with hooks at its ends) or U=forms for starter bars etec.
19.1 Reinforcement steel cutted and bended at the bridge site
Material 3 Reinforcement 100 kg (it might be supplied by SBD/SATA etc)
Binding wire 0,50 kg
Labour : Manday + 3 Blacksmith
Manday 4 Unskilled
T & P. Iumpsum : 1/20th of the above labour only
1942 Reinforcement 'ready made! by the workshop according to the list
of HMG Suspension Bridge Division
Material : Reinforcement 100 kg (Cost included in the manufacturing
costs of the steel construction by the workshop)
Bending wire 0.50 kg
Iabour ¢+  Manday 0,20 Blacksmith
Manday 2 Unskilled
T, & P, Lumpsum : 1/20th of the above labour only
20. BACKFILLING JORK PER CU.M. (m3) (Based on rates sanctioned in SBD)
The backfilling work must be done at each foundation to protect the blocks
against erosion and sliding, The passive earth pressure is also often be
taken into account by calculating the foundation blocks, Thus the back-
filling must be made proper and compacted in layers of 20 cm as much as
possible.
Labour :+ Manday 0,50 Unskilled
HMG Nepal Roads  Department Suspension Bridge  Division




: Te2
rOST ESTIMATE FOR SUSPENDED BRIDGES No. : 14234

21, Placing of anchorage parts to 22.1 Dote : 16th Jan. 77
Hoisting of main cables per m span Latd ‘

Sig ¢ M

His Majesty's Government
Ministry of Public Wotks & Transport
ROADS DEPARTMENT

Suspension Bridge Division

21, PLACTHG OF ANCHORAGK PARTS FOR SUSI'EMDED BRIDGES PER UNIT AT ONE SITE

(Based on rates sanctioned by the Suspension Rridge Division of 1ING
Roads Department)

21,1 Main cable anchorage for one anchore block at one river side

21.1.1 Suspended Bridges from 39 to 60 m span
The analysis includes all work which is needed to piace the anchor
parts for the main and hand-rail cables. Because the steelparts are
standardized, the required work is the same for all bridges within
the spans from 39 to 60 m

Pitter (Nandayg 1

Unskilled (Marday 2

21,142 Suspended Bridges from 63 to €7 m span
Pitter (Manday 1,3
Unskilled  (Manday 2,6

214743 Suspended Bridges from 90 to 126 m span
Fitter (Manday 2,0
Unskilled  (Manday 4,0

21,1.4 Suspended Bridges from 127 to .... m Span
Pitter (Manday) 3,0
Unskilled (Manday) 6,0

21,2 Placing of standard wind cable anchorage per anchor block - i.,e, cable

end, Please refer to standard lay out drawings, general arrangement and
detail drawings of the wind guy blocks etc.

Cable g in inch (") g &"(tie cable only) 4 1n £ 1iv £ 14
Fitter (Manday 0,20 For short spans 0,30 0,60 0,80
Unskilled (Manday 0,20 only used 0,30 0,90 1,40

At short span bridges (up to 54 m) the wind bracing cables might not be
proposed. Please read the general arrangement carefully.

21,3 Placing of anchorage parts in rock anchor foundation tvpes, 'tunnel! or
drilled holes in hard or sound rock per anchnrrage unit (cable end)

Take four (4) times the above rates (item 21.2) which are confirmed
to the cabie #.

22. CABLE HOISTING FOR SUSPENDED BRIDGES
(Based on rates sanctioned in SBD)

22,1 Hoisting of main cable per m span (mi1/span) for one main cable only.
The diametres are according to HMG'Standard design. Refer also to
chapter 2.4 (3tandard design for suspended bridges) e.g.page 2.403.
The cables must be at least three (Z) times wrepped on the drum
anchorage - i.e, the cable ends have to be turned 3 times around
the drum anchorage, These work is also included in the following
rates., The standard of the suspended bridges shows, that only cables
of # 13" (breaking load 77 tons) are used.

Fitter Manday 0,15
Unskilled landay 0,90

Note : Pitter (Manday) and unskilled Iabour (Menday) are given per m
span of the bridge for one cable only, Hoisting sags and numbers
of cables refer to page 2,403 and general arrangement,

SAT A , Swiss Association for Technical Assistance

H#G Nepal Roads  Department ~ Suspension Bridge  Division




COST ESTIMATE FOR SUSPENDED BRIDGES No. = 7.235

22,2 Hoisting of wind guy cables to 23.1 Datg < 18th Jan, 77
Erection of the walk - way -

r Mo

A

His Majesty’s Governmerit
Ministry of Public Wotks & Transport
ROADS DEPARTMENT

Suspension Bridge Division

22,2 PFoisting of the wind ~ guy cables per m span of the wind-guy cable

The span of the wind = guy cable is often not the same as the span

of the bridge. Please take the correct span from the general arrangement,
The distance between the wind tie cables (4 3" is 4.80 m according to
BMG'Standardization. In the general arrangement the real distances bee
tween the wind - tie clamps should be given, To mark e.g., with patni
where the wind tie clamps should be placed is also includad in the
following rates. The wind guy cables should be pretensioned, To take

up this force on each cable end turn buddes etc., are provided, Before
starting the hoisting work those turn—~buckles must be yide opened,

¢ of wind cablec Fitter (Manday) Unskilled (manday)

¢% "(12’7mm) doecesasens 0-07 Seecsesenssrsnvase 0150
¢ 1 " 25’4']1““ [ AR N A NN NN N 0'10 [ EE AN E RN NNNNNRENENXN] 0.60
¢ 13 " 31'8mm LA RN NN NYNEN] 0.12 [ EEEERENNNENENENEXNREN ] 0.75
g 1% "(38, Tmm
22,3 Hoisting and fixation of the wind ties ¢ 1/4" per piece,
The numbers of wind ties can be taken from the general arrangement,
The wind = ties are provided every 4,80 m according to the standard
design, Sometimes the wind anchor blocks are placed either in front
or back the pylon foundation center line - i,e, the number of wind
ties varies,

Iabour per wind tie (piece) : Fitter 0,15  (Manday)
Unskilled 0.15 (Manday)

The above labour includes the time needed for the fixation on the
sross beem of the walk - way (Gangway)

®000esseraee 0015 Socnsesssssescses 0090

22,4 Titting of fixation and hand rail cables per m span of the bridge.

This work can be estimated per m length of the bridge, because the
Standard design of the suspension bridges shows two hand rail and partly
two fixation cable for each bridge., The hoisting for these four

cables is very easy because this work will be done after erection of

the valk way. spans from 39 to 60 63 t0 ess M
iabour : Manday 0,07 Fitter 0,08 Fitter
Manday 0.10 Unskilled 0.12 Unskilled

23,  ERECTION OF THE WAIK = WAY PER M SPAN (IENGTH)
(Based on rates sanctioned in SBD)

231 Erection of the hangers (which are members of the cross beam), cross beam,
wind bracing flats etc. per m length of the bridge.
The standard design of HMG Roads Department shows foe all bridges the same
way system, Because of that the assembling work can be standardized,

Iabour H Manday 1,10 Fitter
Manday 1,90 Unskilled
HMG Nepal Roads  Department Suspension Bridge Division

SAT A , Swiss Association for Technical Assistance
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SAT A , Swiss Association for Technical Assistance

COST ESTIMATE FOR SUSPENDED BRIDGES No. 1t 7.236
23,2 Fitting of nailing strips to finishing work 24,1

23,2 Fitting of wooden deck
23,2,1 Fitting of nailing strips to the cross beams of the
walk way per m length of the bridge
The nailing strips should be bolted to the m.s. channel cross
beam befor starting the errection work, At the river sides this
work goes much guickler than cn the swaying cables during the
agsembling work,
Material : Bolts and nuts (washers) supplied by workshop
Iabour ¢ Manday 0,01 Carpenter
Manday 0.01 Fitter
Manday 0,01 Unskilled
23,2,2 TFitting of the wooden longitudinal planks per m length of
the bridge,
The wooden planks are to be nailed to the nailing strips described
in the above cost item 23.2.1
Material : Nails etce Supplied by the Workshop
Iabour ¢ Manday 0.15 Fitter
Manday V.30 TUnskilled
23,2.3 Titting of the fibre glass longitudinal planks
This alternative solution for planking might be sometimes very
usefull, By estimating the bridge costs the reference to the
proposed ki, 4 (either wood or fibre glads) must be takun,
Material : Bolts (e.g. wooden screw) and washers Supplied by
the Workshop
Fibre glass planks Supplied by the Workshop too
Iabour : Manday 0,17 Fitter
Manday 0,10 TUnskilled
2%e3 Fitting of wire mesh netting per m length of the bridge.
Bending wires, U=nails for short bridges, wire mesh netting etc.
will be supplied by the Workshop. The lenth of the bridge must
not be taken twice, because the rates include already that on both
papapets of the bridge wire mesh must be fixed.
Material : Wire mesh, binding wire ete. by the Workshop
Labour : Manday 0,06 Fitter
Manday 0.30 TUnskilled
24. FINISHING WORK
24,1 Maintain of threads of the main clamps, turnbuckles and wind-
guy anchorage rodes per cable end.
Labour :+ Manday 0,08 TFitter per cable end

His Majesty’s Government
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

‘~HMG‘Nepka‘| . Roads  Department Suspension Bridge Division




Masociation for Technical Assistance

SAT A, Swiss

COST ESTIMATE FOR SUSPENDED BRIDGE No : Te237
24.2 Retightening cuvese  to 24,4 Painting work

Date : 21th Febr, T7.
Sig _: .0 N

His Majesiy’s Government
Ministry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

24,2 Retightening of cable clamps, bulldog grips, turn buckles,
lock nuts, etc.

After the completion of the bridge this item is important and
mst be done carefully

lengthe of the bridge in m Fitter (Manday)
59 to 54 svae eee oo sse 1
57 to €0 sse vee ene eoe 2
36 to 126 sos ses sow coe 3
127 to dee e ase esee ee 4

24.3 Joint sealer (refer to page 5,206 of this book)

Everytime when main cables are fixed by drum—anchorage and the
final concrete - after completion of the erection work = work

is finished, there is a Joint between the main cables and the
cencrete, In such cases it is most useful to apply an elastic
joint sealer to prevent rust in these section, The reference te
page 5.205 should also be mace,

The quantities given below are including the component A as well
as the component B, The primer is used to allow a correct joint
(bond) between the concrete, cable and joint sealer.

Spans in m Thanatar A + B Thana Primer Iabour in Manday
(Joint sealer) (Primer) Unskilled Skilled

59 ~ 60 esce 3'2 litresocaooog4 litreoaoo-QQO.BOtoc-ac-¢0.30
63 - 87 eeoe 6,4 1itreSeees«0.8 litre..-.t.IOOSOIDDCDCQOOSO
87 = 126 cae 946 1itre8csecele? 1itreSvevese0eT0ceresseleT0

Te & P. Iumpsum : 1/20th of the above labour only

The above rates are for one bridge
24,4 Painting of the steelconstruction

The worshop has to deliver the steelpart two times painted, Due to
transportation some re-painting work may be necessary, This work is
only to do at the turn-buckles for the windguy and hand-rail cables.
Take the same kind and color of paint which has been used by the
workshop,

Span in metres paint required Painter Helper (Unskilled)

39 - 54 occcoocoooc5o li'bre......-0-80.....-.0.80...(Ma.nda.y)
57 - 60 tooco-cn-1.00 litI‘E..-....1.50,......1.50...(Manday
63 - 126 -no.-oo¢1¢50 litreS.!QOI.2.200'.l0002.20ll' Ma.nday
127 = ceae otao-oo-zuoo 1itl'eS.....-3.00.“..-.3.00.-.(Manday

T, & P Iumpsum : 1/20th of the above labour only

Noteworth: There are different kind of material etc. needed for many of the
item which are in this rate analysis for the preparation of cost
estimates of standard suspended bridges, The site in charge should
work out n list of the goods to be purchased, but he has to note,
that the cos:is are already included in the rate analysis,

The used cost items for a partizular bridge must be overchecked
to be certain, that the goods to be purchased are included.

HMG Nepal Roads  Department Suspension Bridge  Division




- SAT A, Swise Ascociotion for Tochaical Assistacece

COST ESTIMATE No. :7.301

tumotation for a Suspended Bridge

(steel construction) Date :22nd Febr, T7

sig_+ for Jef—

Quota,tion fOr 2 cevevencecsescecscsvesascssossnrese SPAN 2 seeees M

Dear Sirs,

Please let us have your best offer for the following items of the above mentiocned

Suspended Bridge (bridge without pylens) accordung to HMG'Standard Design. En—

closed herewith please find all needed drawings and steelpartlists, which give you

all the information, Would you please fill in this list and send it to the Su-

spension Bridge Division of HMG' Roads! Deparitment, The construction work must be

done according to the Indian Standard and the enclosed Standard Drawings. In add.

the below mentioned points have also to be kept 3

i 1 T™e settlement of the final account for construction work will be based on
the theoretica. veights of the steelparts list of AMG' Standard Drawings,

ii : One test assembly must be made by the workshop and shown to the Suspension
Bridge Division of HMG!' Roads® Department,

iii ¢ T™e numbers of the steelparts list must be writiten on the finished steel-

parts, units and members,

Threads etc, must be protected with jute etc,

T™e workshop is responsible for seeing that all thimbles can be fitted on

the provided pins, steslparts, bolts etc.

vi : The points given in the enclosed "Terms of steelwork" (refer to pages7.5)
must be taken into consideration, The "Terms of steelwork" is an integral
part of this quotation form,

Item Specification, etc. Quanity Rate per Total Item
Nos. Steel supplied by whom kg RS. RS

e
<
s 8

1 Transport of steel which is supplied
by the Suspension Bridge Division from
the SBD store to the ‘.'JOI‘kShOP seesace sescovee esssvvesee

2 Cutting and Bending of reinforcement
rods according the lists
- with steel supplied by SBD esecsse esassose sssvecscse

- with steel Supplied by the Workshop secascse seesense esecescnoe

3  PFabrication cost of main cable, hand rail
cable and wind guy anchorages
- with steel supplied by’ SBD essvene Ceevssvee Geecesense

- with s_teel Supplied by the workshop escsace vecveeve secescsven

4 Tabrication cost of deck (walkway) incl,
hanger rods, wind bracing clamps etc,.
- with steel Bupplied by SED eesoees evsesssse svecsennen

-~ with steel Supplied by the Workshop seseves seensasecse seeceececoves
5 Delivery of wire mesh netting, 120 cm

wide, 3mm galvanized, one transport unit

has to be below 45 kg (prices per m length)

- with wire supplied by SBD (manufacturing) seseves seoccccse esvsoevece

- with wire supplied by the Workshop eesssee secsssce oecscccsss
6 Delivery of open thimbles IS 2315~1963, galvanized
6.1 Thimbles for cable g & " (price per piece) ececess ceccesse ..........E,s’
6.2 Thimbles for cable § 4 * (price per piece) secesss srcvsase ...........E
6.3 Thimbles for cable § 1 " (price per piece) seeeess ceossces ""'“'“§
~

6.4 Thimbles for cable g 13" (price per pieCe) seeeeee osssssss

6.5 Thimbles for cable ﬂ‘ 1%‘" (price per pieCe) eacecse enseeese oscesences

-

HMG Nepal Roads Depariment Suspengion Bridge Division
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COST ESTIMATE No. :7.302
Quotation for a Suspended Bridge (continuation) Dote : 22nd TFebr.77

(steel construction) Sig /% Zé/-——\

Item Specification, etc, Quantity Rate per Total Item
Nos, Steel supplied by vhom kg, RSe Rs.

7 Delivery of bulldog grips IS 2361-1970 , galvanized

7.1 Bulldog grips for cable @ 4 " (price/pi€ce) sessceec sesesses scossesess
7.2 Bulldog grips for cable § % " (price/Pi€CE) seeceeese oececees cevsssccee
7.3 Bulldog grips for cable @ 1 " (price/Piece) seeeeess eccscsce esvcocoses
7.4 Bulldog grips for cable @ 13" (price/Piece) seecescs ovccvsse covensosss
7.5 Bulldog grips for cable § 14" (price/pieCe) seveseee ecescees cesssecone

8 Painting of the whole steel construction
according to the drawings and steelparts lists
after cleaning of the steelparts,

8.1 Painting with paint supplied by SBD
- first coat (base coat) (price per m2) se000000 28000008 eesscsrese

- gecond coat (finish COat) (price per m2) 9essetee osessese esstecnnne

8.2 Painting and delivery of paint by the
workshop
- first coat (base coa.t) (price per m2) esesecss sesssEer swevcanuve

- gsecond coat (finish Coat) (price per m2) sseneses eccecsee sscevecene

9, Delivery of cables 6x19 (12/6/1) according to
Tndian Standard 2266-1970, The cables are to
deliver with steel wire core and galvanized.

9.1 Delivery of cables g 4", Breaking load 2.3 t
according to cable list (price per m length)ieecesses occeccocee sesseccoes

9,2 Delivery of cables ¢§ 4", btreaking load 8.79 t

accordi_ng cable list (price per m length)........ ese0seee ecvsvscsse
9,5 Delivery of cables g 1", treaking load 35,9 t

according cable list (price per m 1eng1:h)........ cecscsae escevesvese
9.4 Delivery of cables g 14",breaking load 5444 t

according cable list (price per m 1ength)eseeeses soevsese cscosvvecs

9,5 Delivery of cables g 1&", breaking load 77 t
according to cable list (price per m length)eceeceses occscecss cesseasces

1—9 Total cost without sale tax = eesecovcse

The sale tax is not to be included in the rates etc.

Term of delivery from the date of receiving the order of the Suspension Bridge
Division of HMG Roads' Department ¢
Item No. 2 eesecescesene WEEKS Item No. 3 esosscencenee weeks

Ttem NOoe 4 ceesoccscesss Weeks
Item No, 5 esvesncscosss WeEks Item No. 6 esvenceseseee WeEks
Item No. 7 osoessssevese weeks Item No. 9 esssscccconcse weeks

The closing date for receipt of quotations will be ON ceeeevsccnacace

Date eeeovsovecscess

Signature and stamp of the Workshop

00PN NCNE RN IENRIBEET00ESRRsERNRERRRERS

SAT A, Swics Ascoocictien for Technical Aseisteance

HMG Nepal Roads  Department Suspension Bridge Division




COST ESTIMATE No. & 2.une
Quotation for a Suspension Bridge __T::; T —
(Steel construction) | A e

Quotation fOr & seevececrsnssacanccenasasosesanees SIEDR § wevseeas T

Dear Sirs,

Please let us have your best offer for the following iter
Suspension Bridge (bridge with pylons) according to HMG'St
herewith please find all neeced drawings and steelpartlis

=
t

t

of the
ardard
s, whi

above mertioned
Design. Enclcsed
ch give vou all

the information., Would ycu please fill in this list and serd it to the Suspension
Bridge Division of HMG' Roads® Departiment, The censtruction work rust
according to the Indiar Standard and the enclosed Standard Drawings. In addition

the

below

€

mentioned peints have also to be kept :
The
the
Ore
Bridge Division of HNMG' Roads' Department.

be done

settlement of the final account for construction work will te based on
theoretical weights of ihe steelparts list of HNG' Standard Drawings,
test assembly must be made by the workshop and shown to the Suspension

The numbers cof the steclparts list must be written on the finished steel-

and members,
rust be protected with jute etc,

parts, units
Threads etc.
The workshop

the provided pins, steelparts, boltis etc,

is responcsible for seeing that all thimbles can be fitted on

The points given in the enclosed "Terms of steelwork" (refer to rages 7.5)
must be taken into consideration. The "Terms of steelwork" is an integral

part of this quotation form.

Specification, etc.

Steel sunplied by wihom ke

Rs.,

quantity Rate per Total Jtem

Rs.

\n

Transport of steel which is supplied
by the Suspension Bridge Divieicn from
the SBD store tc the Workshorp

Cutting and Bending of reinforcement
rods according tc the listis
- with steel supplied by SBD

- with steel supplied by the workshop

Fabrication cost of main cable, walk-way
pylon, silde stay and wind guy anchorages
- with steel supplied by SBD

- with steel supplied by the workshop

Fabrication of pylon construction
- with steel supplied by SBD

- with steel supplied by the workshop

Fabrication of deck (walk-way), Suspenders,
stabilizing cable clamps, wind tie clamps, etc,
- with steel supplied by SBD

- with steel supplied by the workshop

Delivery of wire mesh netting, 90 cm wide,

3mm galvanized, one transport unit

has to be below 45 kg (price per m length

- with wire supplied by SBD( manufacturing ;.......

- with wire suprlied by the workshop

erasrnscae

sesvesene

LR I N )

Cedscsonse e

sesssssest

eeees/continued

MMG Nepoal Roads Department Suepengion Bridge Division

SAT A , Bwies Apoociatien for Techaical Assistoree




COST ESTIMATE No. : 7.402

Quotation for a Suspension Bridge (continuation)

. 28th Febr,
(steel construction) Date : 7

sia_: fo A

Item Specification etc, Quantity Rate per Totel Ttem
Nos. Steel supplied by whom Rs,e RS
7 Delivery of open thimbles IS 2315-1963,

galvanized

7.1 Thivubles for cable g 1 " (price per Pi€CE) ceseees oscecsce cecsasceses
7... Th. bles for cable g 4 " (price PeT DieCE): sseeses sscssecs cossvesens
7.3 Thimbles for cahle g 1 " (price PEr DPLi772)  ceessee  sesscese  svcacsesee
7.4 ‘himbles for cable g 13" (price per PieCE)  sseesee  secessss  socscccces
7.5 Thimbles for cable g 14" (price per PieCe) sesvses  svecesce osssmavense

8 Delivery of tulldog grips IS 2361-1979,
galvanized

8.1 Bulldog grips for cable g 1 " (price/piece) cseseee occsceee casssssces
8.2 Bulldog grips for cable # & " (price/piece) seecese covsseee osssccccsee
8.3 Bulldog grips for cable g 1 " (price/piece) .sesesece covseses covcvscone
8.4 Bulldog grips for cable g 11" (price/piece) .easeee sevcecss  seccccanss
6.5 Dulldog grips for cable ¢ 14" (price/piece) .eeeaes  osescsscs  sesssscesa
9 Painting of the whole steel construction

according to the drawings and steelparts
lists after cleaning of the stesl parts.

9,1 Painting with paint supplied by SBD
- first coat (base coat) (PI‘iCe per m2) eovecss ecesvece XYY XY XIXY)
- gecond coat (fj.nish Coat) (price per m2) ssssvas esecscse esesssccee

9.° Painting and delivery of paint by the
workshop itself

- first coat (base Coat) (price pexr m2) secvess ssenesne eeecccceces

- second coat (finish coat) (price per m2) Iyl esecrees soessssece

10 Delivery of cables 6x19 (12/6/1) according to
Indian Standard 2266-1970, The cables are to
deliver with steel wire ciove and galvanized,

10.1 Delivery of cables g i", Breaking load 2,3 t
according to cable list (price per m length)eeecese sccccces ssecccscss

10,2 Delivery of cables g %", Breaking load 8,79 t
according to cable list (price per m 1cngth)eeessee cesevece cscosccecss

10,3 Delivery of cables ¢ 1", Breaking load 35,90 *
according to cable list, (price per m length) ., .se-e sveccnse essncscese

10,4 Delivery of cables g 13", Breaking load 54,4 t
accordi.n.g to cable list, (price per m length)...x... esecceve sevovsecve

10.5 Delivery of cables ¢ 1%", Breaking load 77,0
according to cable lis%, (price per m length)esesese scovecss ssccascess

1 -« 10 Total cost without sale tax = eeescvsncs

.D..-a'/ continued

SAT A , Swiss_ Aesociotion for Technical Assistance

HMG Nepai Roads Department Suspension Bridge Division




COST ESTIMATE No. : 7,403

Quotation for a Suspension RBridge (continuation) Dote : 28th Febr, 77

(steel construction)
Sig ¢ ;ﬁ g#-\

The sale tax is not to be included in the rates etc.

Term of delivery from the date of receiving the order of the Suspension Bridge
Division of HMG Roads' Department @

Item NOe 2 ceveseesesscesssssscnacaces Weeks
Ttem NOe 3 eeeccescosvscessssceesceces Weeks
TteMm NOe 4 weesvesescncecscsvcessonces WeEks
Item NOwe 5 seeecvescssccssscsccssescnes WeEKS
Ttem NOs 6 sessescacccsassosesscnscsas WeEks
Ttem NOe T oeeesacecessescscscscsscsses WeEks
Ttem NOu 8 sececscccesssvocscasescsses Weeks
Ttem NOoe 10 sssecesscsccsssoscocesansse WEEKS

The closing date for receipt of quotations will be On seessecessccessannce 19cess

Date ossensnsnsioonsnade 19 en s

Signa.ture and atamp of the Workshop Ty r Yy y X

Enclosures : — Standard Drawings
"Terms of Steelwork"

Quotation forms ( 2 x )
- Cable list
Reinforcement steel list

SAT A , Swioe Aeccociotiean for Toshaice! Assisicance

. HMG Nepal Roads  Department Sugpension Bridge Division




COST ESTIMATE No. : 7.501 .

TERMS OF STEEIWORK for Suspension and Suspended Bridges Date ¢ 13t March 77~

sig_: g AL |

His Majesty’s Government
Mianistry of Public Works & Transport
ROADS DEPARTMENT

Suspension Bridge Division

1 IETRCDUSTICH
The kere ;iven roints etcetera must be taken irto consideration by offerirg ard mamdacturing of steel construction. In
additicn the Indiar Starcards dealing with the steel construction etcetera must also be kept in mind. These "terms of
steelwork" cf the Suspension bridge Division is an integral part of all orders concerning the construction of any kind
of bridges ang spare parts etc. These “terns of steelwork™ have tke first priority, e.g. come before the IS,

2 SAFMTY REQUIREMZKTS AKD ExaLTH PRULVISIONS
For purpose cf safety requirements and health provisions, reference may be made to IS ; 818-1968,

3 STRAIGETENING

All material shall oe stralght and, 1¥ necessary, before being worked shall be stralghtencd a.nd/or flattened by pressure,
unlecs required to be of curvilinear form and shall be free from twists.

4 CLEARANCES

The erection clearance for cleated erds of menbers connecting steel to steel should preferably be not bigger than 1,0 mm

at each end, The erection clearance at ends of beams without web cleats should be not more than 2 mm at each end, but where,
for practival ressoms, blgger clearance is necessary, suitably designed seatings should be provided. For members under com-
pression load, like column shafts, the connecting steel io steel is usually designed as direct (contact) jolnts, Refer to
'machining of butis, caps and bases® (Article 1G). Where black bolts are used, the holes may be made not more than 2.0 mm
bigger than the dlameter of the bolts, unless otherwise specified by the engineer. rsp. Standard Drawings of HKG.

5 CUTTING

Cutting may be effected by shearing, cropping or sawing, Gas cutting by mechanically controlled torch may be permitted for
mild steel enly. Gas cutting of high tensile steel may alsc be permitted provided speclial care is taken to leave sufficient
metal to be removed by machining so that all metal that has been hardened by flame 1s removed, Hand flame cutting may be
permitted subject to the approval of the inmspector of the Suspension Bridge Division.

Except where the material is subsequently joined by welding, no loads shall be transmitted into metal through a gas cut surfae
Shearing, cropping amd gas cutting, shall be clean, reasonably square and free from any distortion and should the inspector
find it necessary, the edges shall be ground afterwards.

6 HOLING

Holes through more than one thickness of material for members shall be drilled, where possible, after the members are
assembled and tightly clamped or bolted together in the workshop. Punching may be permitted before test assembly, provided
the holes are punched 3 mm less in diametre than the required size and reamed after shop assembly to the full diametre. The
thickness of material punched shall not be bigger than 14 mm.

When holes are drilled in one operation through two or more separatle parts, these parts, when so specified by the engineer,
shall be separated after drilling and the burrs removed.

Holes in connecting angles and plates, other than splices, also in roof members and light framing, may be punched full size
through material not over 10 mm thick, except where required for close tolerance or barrel bolis.

Matching holes for rivets and black bolts shall reglster with each other so that a gauge of 1.5 mm or 2.0 nm (as the case
may be, depending on whether the diameter of bclts is less than or more than 25mm) less in diameter than the diameter of the
hole will pass freely through the assembled members in the directinsn at right angle to such members. Finished holes shall be
not more than 1.5 mm or 2.0 mm (as the case may be) in diameter larger than the diameter of the black bolt passing through
them, unless otherwise specified by the engineer of HMG' Roads* Department,

Holes for turned and fitted bolts shall be drilled to a diameter equal to the nominal diameter of the shank or barrel subject
to HB tolerance specified in IS:919, last edition, “Recommendations for Limits and Fits for Engineering”. Preferably, parts tc
be connected with close tolerance or barrel bolts shall be firmly held together by tacking bolts or clamps and the holes ;
drilled through all the thicknesses ¢ one operation and subsequently reamed to size. All holes not drilled through all thick-
nesses at one operation shall be darilled to a smaller size and reamed out after assembly, Where this is not practit ble, the
parts shall be drilled and reamed separately through hard oushed steel Jigse

Holes for rivets or bolts shall not be formed by a gas cutting process.

7 ASSEMBLY

The component parts shall be assembled in such a manner thet they are neither twisted nor otherwise damaged and shall be so
prepared that the specified cambers, if any, are provided. Refer also io point 15: Shop erection (Test assembly).

8 BOLTING

Where necessary washers shall be tapered or otherwise suitably shaped to give the heads and nuts of bolts a satisfactory
bearing.

The threaded portion of each bolt shall project through the nut at least one thread,

In all cases where the full bearing area of “h2 Lolt is to he developed, the bolt shall be provided with a washer of sufficier
thickness under the nut to avoid any threaded pertion of the bolt being within the thickress of the parts bolted together,

HMG Nepal Roads  Department Suspension Bridge Division
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COST ESTIMATE No. :7.502 .

TERMS OF STEEIWORK for Suspension and Suspended Bridges Date : 1st March 77 -

(18t continuation) W‘“

His Majesty’s Government
Ministry of Public Wotks & Transport
ROADS DEPARTMENT

Suspension Bridge Division

9 KELDING
The welders shall be trained in accordance with IS : 817—1966". They shall also be subjected io appropriate qualifying

specified in IS : 1181-1967.
Welding shall be in accordance with any of the following standards as approbriate:

IS ¢ 816-1969 Code of practice for use of metal arc welding for general construction in mild steel
IS 1 B19-1957 Cede of practice for resistance spot welding for light assemblies in mild steel

Is 1 820- Code of practice for use of welding in tubular construction

Is & 821- Code of practice for use of welding in pipelines

1s : B22- Code of practice for inspection of welds

IS : 823-1964 Code of procedure for manual metal arc welding of mild steel

1S :1024~1968 Code of practice for use of welding in bridges and structures subject to dynmamic loading

IS :1261-1959 Code of practice for seam welding in mild steel

18 11323-1959 Code of practice for axy-acetyleme welding for structural work in mild steel
For welding of any particular type of joint, welders shall give evidence acteptable to the purchaser of having satisfactorily
completed appropriate tests as deseribed in any of the following stamdards as relevant:

t1s 1 B17-1957 Code of practice for training and testing of metal arc welders

$IS $11B1-1957 Qualifying tests for metal arc welders (engaged in welding structures other than pipes)

IS :1393-1961 Code of practice for tralning and testinf of oxy-acetylene welders
If there are any new editl. s of Indian Standard those should be used as references,

10 MACHINING OF BUITS, CAMS AND BASES
Column splices and butt joints of struts and compression members depenaing on contact for stress transmission shall be
accurately machined and close-butted over the whole section with a clearance not exceeding 0.1 mm locally at any place,
In column caps and bases, the ends of shafts together with the attached pussets, angels. channels, etc. after riveting
together, should be accurately machined so that the parts connected butt over the entire surfaces of contact, Care should
be taken that those connecting angles or channels are fixed with such accuracy that they ~.r~e not reduced in thickness by

machining by more than 1.0 mm,
Ends of all bearing stiffeners shall be machined or ground to fit tightly at both top anu uo*’.rm,

11 SLAB BASES AKD CAPS
Slab bases and slab caps, except when cut from material with true surfaces, shall be accurately machined over the bearing
surfaces and shall be in effective contact with the end of the stanchion, A bearing face which is to be grouted direct to
a foundation need not be machined if such face is true and parallel to the upper face,
To facilitate grouting, holes shall be provided where necessary in stanchion bases for the escape of air,

12 SOLID ROCUND STEEL CCLUMNS
Solid round steel columns With shouldered ends shall be provided with slab caps and bases machined to fit the shoulders,
and shall be tightly shrunk on or welded in position.
The tolerance between the reduced end of the shaft and the hole, in the case of slabs welded in position, shall not exceed
0.25 mm.
Where slabs are welded in position, the reduced end of the shaft shall be kept just sufficlently short to accomodate a fillet-
weld arocund the hole without weld-metal belng proud of the slab.
All bearing surfaces ol slabs intended for metal-to-metal contact shall be machined perpendicular to the shaft,

13 PAINIING
A1l surfaces which are to be painted, olled or otherwise treated shall be dry and thoroughly cleaned i» remove all loose
scale and loose rust.
Surfaces not in contact, but inaccessible after shop assembly, shall receive the full specified protective treatment before
assembly, This does not apply to the interior of sealed hollow sections.
In the case of surfaces to be welded, the steel shall not be painted or metal coated within a suitable distance of any edges
to be welded if the paint specified or the metal coating would be harmful to welders or impair the quality of the welds,
Welds and adjacent parent metal shall not be painted prior to deslagging, inspection and approval.
Parts to be encased in concrete shall not be painted or olled. Refer to standard drawings and steelpart lists,
Before painting of steel is commenced, all surfaces to be painted shall be dry and thoroughly cleaned from all loose scale
and rust. The specified protective treatment shall be completed after erection. All bolt heads and the welds after de-
slagging shall be cleaned.
The base coat (primer) and second coat (finish coat) shall be done by the workshop. Where the steel has received a metal
coating in the shop, this coating shall be completed in the workshop after the test assembly.

‘HMG Nepal Roads  Department Suspension Bridge Division
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COST ESTIMATE No. ¢ 7,503 .
TERMS OF STEEIMORK for Suspension and Suspended Bridges Dote : 1st March 7~

(2nd continuation) W—

14

15

18

19

His Majesty’s Government
Ministry of Public Wotks & Transport
ROADS DEPARTMENT

Suspension Bridge Division

MARKTING

Each piece of steelwork shall be distinctly marked tefore delivery, in accordance with a marking diagram, and shall bear
such other marks as will facilitate erection. The marking used by the standard drawings miyst be taken.

SHOP HRECTION (TEST ASSEMBLY)

The steelwork shall be temporarily shop erected compleie or as arranged with the inspector so that accuracy of fit may be
checked before despatch. The parts shall be shop assembled with a sufficient rumber of pavallel drifts to bring and keep
the parts in place,

Tn the case of parts drilled or punched, through st=el jigs with bushes resulting in all similar parts being interchangeable,
the steelwork may be shop erected in such position as irranged with the inspector.

The workshop is responsible for seeing that all thimbles etc. can be fitted on the provided pins, steelparts, tolts etc.
If there are any differences the euginsers of HMG' Roads® Department must be contacted, The test assembly should be shown
to the Suspensicn Bridge Division.

PACKING

All projecting plates or bars aand all ends of members at jolnts shall be stiffened, a2ll straight bars and plates shall be
bundled, all screwed ends and machined surfaces shall be suitably packed and all rivets, bolts, nuts, washers and small
loose parts shall be packed separately in cases so as to prevent damage or distortion during transit. All threads shall be
protected with greasghnd jute.

The transport units (incluuing wire mesh netting) shall nct exceed 45 kg in welight.

Take reference to the Standawd Urawings.

The packing work shall be dore in such a way, that after a rough transportation by truck, aeroplane, helicopter, rope way,
boats, beasts of burder as well as porters, the packing will be still 1n good order, The costs of packing shall be included
in the rates. Cable ends are to handle “ith care and their end must be protected correcily against any aceident,

INSPECTION AND TESTING

Access to Contractur's Works - The contractor should offer facilities for the lnspectiion of the work at all stages.
Insrection of Fabrication - Unless otherwise agreed this inspection should be carried out at the place of fabrication. The
contractor should be responsible for the accuracy of the work and for any error which may be subsequently discovered.
Tuspection on Site - To facilitate inspection the contractor should, during all working hcurs, have a foreman or properly
accredited charge hand available on the workshop together with a complete set of comtzact drawings and any further drawings
and ingtructions which may have been issued from time to time,

The inspector shall have free access at all reasonable times to those parts of the mamufacturer's works which are concerned
with the fasrication of the steelwork amd shall be afforded all reasonable facilities for satisfying himself that the fabri-
nation is being undertaken in accordance with the provisions of the standard drawings and the "terms of steelwork”.

Unless specified .tHerwise Inspection shall be made at the place of manufacture prior to despatech and shall te conducted so
as not to interfare unnecessarily with the operation of the work.

‘he manufacturer shall guarantee compllance with the provisions of this standard, if required tc do so by the purchaser.
Should any structure or part of a structure be found nct to comply with any of the provisions of this standard, it shall be
liable to rejection.

No structure or par: of the structure, once rejected shall be resubmitted for test, except in cases where the purchaser or
his authorized representative considers the defect as rectifiable.

Defects which may appear during fabrication shall be made good with the consent of and according to the procedure laid down
by the inspector.

411 gauges and templates necessary tu satisfy the inspector shall be supplied by the manufacturer. The inspsctor may at his
discretion check the lest results obtained at the manufacturer®s works by independent tests at the Government Test House
or elsewhere, and should the material so tested be found to be unsatisfactory, the costs of such tests shall be borne by the
manufacturer, and if satisfactory, the custs shall be borne by the purchaser.

STCRING AND HANDLIKG
A1l structural steel should be so stored and handled to the Suspension Bridge Division that the members are not subject to
excessive stresses and damage.

FIYLD WELDING
A1l field assembiy and welding shall te executed in accordance with the requirements for shop fabrication, excepting such as
menifestly apply “o shop conditions only. Where the steel has been delivered painted, the paint shall be removed before field

welding, for a distunce of at least 50 mm on either side of the Joints.
This point shall be very unused at p 1on and suspended bridges of HMG® Roads® Department and might only be necessary for

maintenance and repairing work at existing bridge sites,

HMG Nepal Roads Department Suspension Bridge Division
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COST ESTIMATE No :7,601

Network of roads in Nepal, Distances Date :23rd Febr, 77
% Sig :f’i /}Z/é\
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: T.602

No.

: 23rd Febr. 77

Date

COST ESTIMATE

Planning of the Road Construction until 1984
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LAY CGUT OF A SUSPENSION BRIDGE No. : 8410
Fixing of the Brldge Position Dote : 28.12.76

sig : (Bundioua

8.1 General
Before starting the lay-cut try to find the pegs from the survey done.
It may happen that the pegs from the first survey have disappeared.
If that happened put new pegs and measure a profile zlong the new axis,

How to do that see chapter 'Site Survey'.

w
L]
N

Fixing of the Bridge Position

All required measurements are given in the general arrangement. The
bridge position should be fixed very carefully in order to avoid
difficulties in later construction stages. The procedure can be
described as follows:

1., Find the existing pegs and bench-marks,

2. Measure the distance between these pegs and check if they are

according to the measurements given in the general arrangement.

SKETCH |:

MIGH FLOOD LEVEL
LOW WATER

LEFT BANK

RIGHT BANK

2, Now fix the tover axis on one river bank. From this point measure

the span and fix the tower axis on the other bank, (Methods how to
do that see chapter 'Site Survey')., Then check the elevation of
these pegs and look if they are according to the elevation given

in the general arrangement,

.,

HMG Nepal Roads Department Suspension Bridge Division
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LAY JUT GF A SUSPENSION BRILGE No : 8.102
Fixing of the s5ridge rositicon 8L 1D 7E

4. If all measurements are correct accorcing to the general arrangemer.
fix the positions of all btlocks in the way as shown in tre followir,

rages.

SKETCH 2: SPAN OF THE BRIDGE

{PYLON - PYLON)
| ~MEASUREMENT GIVEN IN THE GENERAL ARRANGEMENT

LEVEL OF TOWER FOUNDATION GIVEN IN
GENERAL ARRANGEMENT

H.FLL [S00M
W; LEVEL DURING SURVEY

; I

8
RIGHT BANK

LEF7 3ANK

Sometimes 1t happens that you can’'t find the old pegs or that *he

first survey has not been done very exactly or that land slides have

occured at the proposed site, In that case you have to measure

a new profile, Draw the agaln measured profile on tracing paper

in the same scale as the general arrangement,

Now you can put the general arrangement under this profile and find

out the best position of the briage, It must be kept in mind trat

the tower-foundations should ve placed:

- safe from river-scouring

- 1n a position that rock-excavations are minimal

- in a position that the volume of excavation and concrete-work
remain small,

After finding the best position of the bridge in the drawing you can

fix the bridge position at site, too,.

SKETCH 3:

[New wmeasurep  RIGHT BANK
PROFILE

SAT A , SBwice Acoceciotion for Tochnaical Assictenco
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LAY GUT OF A SUSPENSION BRIDGE No. :8.103

Fixing of the Bridge Position Date : 28412.76

sig :{Gudiaan

SKETCH 4: . All thie measuremsgnts are given in the General Arrangement
— e} —)
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LAY OUT OF A SUSPENSION BRIDGE Ho.s 8410k
Lay-out of the blocks Dates 8. 9.1975
Main anchorage Siget X .J 0~ =

SOB'EX“OEt of t!‘; blocks

Already at the beginning of the bridge-construction this work should
be done carefully and in a detailed way, in order to save time and
to facllitate the control of the work for the whole construction-
period,

Example for the lay-ou% of z main-anchorage

Secviun:

Dli Dzl D31 RL 1 y RL 2 are known
from General Arrangemsnt

The dimensions of the anchorage-
block are knowvn from the
General Arrangement amd the Detail

J LA A Dravings
D D, i
Plan:
O ds o = temporary pegs.
' | ~ (,2,9,10,11,12) They will

ot _ disappear during the
construction-work.

N

\ [P N S
N €

(J = permanent pegE.

£ ~off (3.4,5,6,7,8,13,14,15,16)
They should be safe or
(pg | 6 protected from any
i Q construction-obstructions.

- Measure along the bridge center-line the distance from peg "A" to
the front edge of the anchorage-block and fix peg "1".

-~ Measure from peg "1" the lengsh 6r the anchor-block and put peg "2".
~ Check the distance from peg "2" to peg "C".

- Set up two additional pegs of the center-lins at places safe from
: excavation-work (pegs "3" and "4").

- Starting from peg "1" put the pegs 5,9,6 and lo for the help-line
of the front edge. Do the same for the help-line of the back edge;
from peg "2" the pegs 7,11,8 and 12 are fixed.

- With the help of the pegs "S" and "11" the help-line of the down-
stream edge is determined (pegs 13,14) and with the pegs "1lo" and
"12" that for the upsiream edge (pegs 15,16).

In this way the edges or the center-line can be checked at any time
with the aid of a thread or a rope tied to corresponding points.

o ~ HNG Nepal Reads Department Suspemsion Bridge Division




LAY OUT OF A SUSPENSION BRIDGE ' No,.t 8,105

Tower Foundation, Lay-out along a parallel to the Dates 8. G.1975

bridge center-line Siges V-Fc—s

Example for the lay-out of a tower-foundation

This lay-out is done in a similar way as that for a main-anchorage.

In addition reference-pegs for the tower center-line should be
set up (pegs 17 and 18 in the asketch).

g
'éh’}&)s

Plan:
k3
temporary pegs

-
—9
(-]

"

O
n

permanent pega

Lay-out with s parallel to the bridge center-line

A parallel-line to the bridge center-lina is chosen, safe from all
oonstruction-works.

Mpasure equa. distances, perpendicular to the bridge center-line,
from peg "A" and peg "B" and fix the pegs "A'" and "B'",

On this help-line all the corresponding points for the positions
of main-anchorage and tower-foundation can be placed (1',2',3',s4.).

Sketch in plan;

TOWER

N

W\

A BRIDGE
. _lF“ — DRIDGE

a
-
D
D, '
3 12 1q A P L

Thus the reference-~lines for the front- and back-edges can always
be fixea and checked easily with a theodolite.

The reference-lines for the upstream- and downstream-edges may pe
fixed as proposed under 8.103 or with a theodolite and a measuring-
tape (for the distances D;» D2).

HMG Nepal Roads Department Suspension Bricze Division




LAY OUT OF 4 SUSPELSION BRIDGE ' Noe:  8.106

Wind - Guy - Anchorage (I) Date: 13. 9.1975

sis.‘ ('ZJ f =

In the bridge-drawings the location of the wind-guy-anchorages is
ugually given in reference tc the tower- and bridge center-line.

Sketch: A

g

TORER

b D = Distance along the tower
‘g | center-line, from the
=~ T bridge center-liine to the
_ wind-guy-cable.
D

Q__ , BRIDGE

3

P = angle between wind-guy-

! D
‘ cable and tower center-
T ’j%%%%,,{%}=::i;~L~ line.
Proceeding:-”4r” :

—- Measure from point "Q" along the tower center-line the distance
"D" and set up the pegs "R" and ngn,

- Measure the angle "PA" in "R" (take as reference if possible the
peg "R*" on the other bank) and fix point "T". Do the same from
reg "S" and fix point "U", The lines "SU" and "KT" are the center-
line of the wind-guy-anchorage.

- Fix the position of the anchor-block. Use a profile-drawing.
The elevation of the anchor-rod is usually the same as the top
of the tower-foundation. (see next sketch).

Sketch:
y

u 2nd  PHASE
1st PHASE o
ﬂ_LEJCE __“Fo‘gf gg s ; ~“")\“!" % ; ! v
‘ l
S
! |

l

| !
Choose the place of the anchor-block -$_79€ -+ ~T-HPL—~#——
in such a way that excavation and -
concrete-work remain small. D, Dy = DISTANCES FOR THE LAY-OUT

Note: For the lay-out of a new line, in any angle to an already
given line, the reference-point on this given line should
be chosen as far away as possible, for example on the other
river bank,

Near every foundation and anchorage,bench marks should be levelled
a8 reference for the elevations.
For this and for the measurement of horizontal distances on slopes
Please refer to the chapter "Survey Methods"

HHMG Nepal Roads Department Suspension Bridge Divisioen




-LAY OUT OF A SUSPENSION BRIDGE No.: 8.107

Wind - Guy - Anchorage (11) | Date: 14, 9.1975
Sig.: Z’-fr’/-—f s

If it is not possible to measure along the tower center-line due to
obstacles frock trees..), the lay-out can alsp start from any other
point of the bridge center-line (from Q. Q2 gQB....).

Sketch in plan: u o S R T
i

l |
- ‘\
? i 'D‘ i »
- G _ _ Q l ; umee
. ‘.D,
D gw %

e D |
—
Example: For "Ql" L,(/ |

falculate the distance "Dl" from "Ql" to "R." and "Sl“.

1
D, =D - d,xcotanf (D3 would be : D + d, xcotanf) .

1 1 3
Fix the pegs “R‘l" and "Sl".

Measure on these points the a.nglep and set up the pegs "R","S",

wpn and wyw, (Dista.nce anRu = ,sm_d‘ _r)

Fix the location of the anchorage-block (see 8.105).

Remark:
The point "Ql" can also be in the river-bed if for one
reason or the other it will facilitate the lay out.
For the wind-guy-anchorage, $ Qé
help-lines and reference-points ~S
are fixed similarly to the
main-gnchorage. (see 8.103). ‘ﬁ\ ~6_
A bench mark should be set up
f th tion. —~— '
for the check of the elevatio S— \é_ —

See also chapter "Survey Methods"

P
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LAY CUT OF A SUSFENLED BRIUGE No

The lay out of a suspended bridge can te made in a similar way as the
iav out of a susrension oridge., there are only some dirferernces ir tne
glivern measurements, 50 inhe given span is not measured fror tower ic

tower (there are rc towers) or from drum toc drum, The span is measured
from the front of ithe foundation on the left bark to the freont of ihe

fcundation on the right bank,

SPAN OF A SUSPENDED BRIDGE
( FRONT OF FOUNDATION TO FRONT OF FOUNDATION )

%“‘\ l — 8AG REFERE TO

- PAGE 2.403

[T T 1

HIGH | FLOOD LEVEL
WATER LEVEL DURING | SURVEY

X ' i
~ [ -MEASUREMENT GIVEN IN THE GENERAL ARRANGEMENT _

The fitting of the position of the windguy-anchorage carn be :one ir

the same way as shown under Suspensiorn bridge.

T’""A" , Swiss Aseociotioa for Techaical Ascisteace

. Roads  Deportmeni ~ Suspension Bridge  Division
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LAY CUT OF A SULSr=NUED BRILGE No : 8.202

Do'e H 2&-12-76

19t DaadiCin

iramrle for the lay out of the main anchor btleck

Exampie for the lay — out of a main anchor block

O Permanent pegs

! l They should be safe
mqb a_acb g(# 0 or protected from any

) Plan ’

construction — obstruction

7 8
@ Temporary pegs
(== /- Ihey will discppear
I 2 3 4 ; uring the
G ' k 1*“9_33??_ construction work
-

— The dimensions of the
2 0 12 anchor block are known
~ from the detail drawings

i7
o
\J
19
o
o
o—ﬁ——.
|

m u_w(P The positions of the
a o 52 steelparts are known from
‘ a 5 3 g3 the LAY-OUT drawings
-— E [~] S &
Q [=] I “:5

- Fix on the center-line the front of the foundation (peg 3;.

- Measure from pey 3 the lengtn of the foundation anu put peg 2.

?% - set up two adait.onal pegs of the center-line at places safe from
excavation work {(segs 1 and 4),
E - starting from per 3 put the pegs 21, 7, 11, 20 for the help-line of the
g frort edge. Do scme for the help-line of the back edge; from peg 2 the
@ pegs 14, 6, 10 and 13 are fixed.
«
% s - with the help of the pegs 5 and 7 the help-line at the down stream edge
¥ 2 is determinated (pegs 3 and £) and with the pegs 10 and 11 that for the
&5
é upstream edge (pegs ¢ and 12).
i - fix the axls lines of the clamps, the drum and the sadale {pegs 15, 16
£ and 17,18 and 19, 20).
<
% In this way the edges or the center-line can be checked at any time with
3 the aid of a thread or a rope tied %o corresponding paints.
L
B
@
A
& 0
; MMG Nepal Roads  Department Suspension Bridge Division







CONSTRUCTIGN WORK No ¢ 9.1cl

General, Collection of Materials : Dote : 26th Feb, 77
Sig * loanuoua

General

included in this chapter will be all works required at site after finieh-
ing the lay-out up to the erection of the bridge. One of the most ime
portant points which must be remarked, is the erosion. We should try to :
prevent erosion during construction work and also afterwards, The best '
way to prevent eroeien is to open the excavation only for a short time., |
So excavation, concreting and refilling is one working process, The
refilling is one of the most important works. Some methods, how to do
it, are shown in this chapter,

9.1, Collection of Materials

The quantities of all materials are given in the Cost Estimate or can
be caloulated out of the quantities given in the detail drawings. Store
the collected materials near the places where they will be used after=
wards, So you do not have to carry them too far during the construotion
period. Aleo do not ocollect too high quantities of each item,

Required Matexrials

Rubbless Rubbles are bits of broken stones, rock or brickwork, Stones
from a riverbed, coarse gravel (30 - 55 mm) e, g. You can also
get them out of rock excavation maisrials.

Stones: The size of the stones should be from 40 to 100 mm, If you have
rock excavation, you can often use broken stones out of this
excavation. Stones shall be hard, sound, durable and clean.

All stones should be free of sand, dust, salt, lime, clay or
other deleterious matier.

Gravel: The gravel can be found in the riverbeds or can he made by
breaking stones. Alse they should be clean and free of earth.
The required size can be obtained by sieving. The smallest
size*of gravel is about 5 mm.

Sand: Te sand can usually be found in the riverbeds, To get the
right size and to clean it we have to sieve it.
If the sand location is quite far away from the site, the
crushing of stenes to get sand might be the cheaper way. A
careful comparison should be made.

Sand shall be evenly graded from fine to coarse particles
to maximum 3/16" (5 mm) of which

10 = 30 % should pass threugh a sive of 52 meshes per sqe.inch,

and not moxe than
10% should pass through a sive of 100 meshes per sq.inch,

Sand should be gritty, hard particles, free from dust, clay,
animal, vegetable or other organic matter.

A list about which kinds of materials are useful for construction work
is given in the chapter "Soil investigation" on page L.307

AT A, Swise Ascocigtion for Techaical Assistanss

Roads Dspartment Suspengsion E idge Division
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CONSTRUCTION WORK W No : e2ul

Excavation, normal FExeavation e ok Yer, 77

and Trench Excavation t__ late : 271

There are wifferent types of &Excavation required for the .ork on Jusz=
pension ana Suspended Hridges, 4is the normal excavation, tne trench
excavation and the rock excavatiorn., O the Generzl Arrangement and con
the detail drawing there is remarked ~hat kind of excavation you need,
™e instructions Ziven on these dravings must be followed very strictly,
because in the calculation of the blocks these points are included,

S0 if you do not make the excavation according to the dra ings, tne
designed blocks might be too small (due to lack of earth resistance)
and the szafety factor too little,

The main thing you have to make sure is that you do not mzke too pig
excavations in order to save work and not to disturt zToo much tne soil
in place and to prevent erosion,

Normal Excavation

If there is no special mention in the Jeneral Arrangement as well ag in
detail drawings, we have a normal excavation according to the block and
the conditions at zite. The most important point to remark iz that
sometimes we have blocks with a bottom which is not horizontal but in
shape, ''e call this type "inclinied bottom", So also the foundation has
to be made with an ineclined bottom. Do not maske a horizontal excavation
and refill it aftervards., In this way we do not get the required effect
with this shape. 7ith this shape in the excavation we can increase the
factor of friction between the block and the earth and so save concrete.
See factor of friction for inclined bottom on page 3.708)

Trench excavation

A trench excavation is an excavation with vertical faces, The foundation
must be exactly the siye of the block, If we need this kind of foundation
this is mentioned in the General Arrangement or detail drawings, Some=
times this is not possible to make due to the scil conditions, So the
refilling has to be made in layers of 20 cm thickness and these layers
have to be compacted very well so that the refilling keeps the passive
earth pressure(earth resistance) resulting as re-action from the block,
Tese refillings have also to be covered by picking so that srosion
should not damage the ground surface,

____HMG Nepal Roads = Department Suspens'on Bridge  Division
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CONSTRUCTION WORK

Rock Excavation, Drilling and Rlasting, Rock Anchor

Dote : 26th Feb,77

Sig ‘ laudions

Very often we have to make rock excavation for our foundations. In soft
rock we can go on with the excavation in the same way as in the earth.
n hard rock this is not possible, Often excavation by manpower is not
possible. So we have to make the excavation by blasting. If the rock is
hard we do not have to make much excavation,Then we can connect the
concrete block with the rock with some rock anchors, Sometimes also the
anchor parts are fixed directly on rock anchors,

Depending on the kind of rock we alsc design special types of foundations.
In this way we can often save a lot of concrete. Some types of rock anchor-
age utilizing rock resistance in an excavated hole and utilizing drilled
rock holes are shown on page 3.605

Please take reference to page 3,201,
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: ‘;SA,‘T A , Swiss Associotion for Technical Assistance

CONSTRUCTION WORK Ho.19.203

Rock anchor, FPurpose, description, materiall Date: 7.11.,75
list, fitting and test Sig,:ta‘ FIR= P

l. Purpose by using rock anchors
Instead of anchoring cables on concrete blocks, reliable

hard rock feund at site can be uvsed as an anchorage
medium with the help of rock anchors, This will consider-
ably reduce costs and help to speed up the work.

Rock anchors used for main cable anchorage
Tatopani (Budhi Gandaki), 1974

2. Short description of a rock anchor system

' 1.80m* 0.60m

R e U SN N
N<_ 747777 77 7777777777 \\\\\\\\\Q\\\\\\\\\\\\)

ET‘-EEV-W-\“ e

Reinforcement steel 25mm dia Thread with nut

Mortar  confainer ( perforated)
sheet meial less than 0,4 mm

[ ]
Length as used in ordinary cases

T
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SAY A, Bwice Asseciotion for Tochnical Assistance

CONSTRUCTION WORK No. : 9,2ok4

Rock anchor, Furpose,description,material list Dote : 27.2.77

fitting and test

Sig ¢ GGLMO‘JM

&

Section of anchor Example : Caiculation of mortar quantity
: ifem dia (mm)| area (em?®)
anchor rod 25 4,9

morfar  comdoiner
'
/' | (quontity of mortar) 23 42

1‘::>tbm1 hole 34 9!

Ancher rod, 25mm ribbed Torsteel
Mortar container

Mortor pressed out through the holes of moriar cotainer
during insertion of anchor rod

The abcve mentioned rock anchors and mortar contalners

vwere already manufactured by variovus workshops

3.Material 1ist for anchor fitting

Rock anchors with lemgth according design N
Perforated mortar containers,2 half shells per anchor
Drilling machine and accessoirs

Drill rod with bit diameter min.34 mm

Galvanized wire for binding the mortar container
Cement

Steel pan ( coray )

Bucket

Plastic tube %" dia, 5 m long

Towel (mason's mortar shovel)

Hammer 5 kg

4. Fitting the anchor Bucket —, Tube
Drill the hole and
Fig.2 wash out the debris.
Check carefully that
the hole is finally
emply and clean.
HMG Nepal Roads Department Suspengion Bridgs Division
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CONSTRUCTION WORK Hoeor 9,205 -

Rock anchor, Purpose, description, material
list, fitting and test Dages 7.11.75
Siges

Fill the & mortar containers with a mixture Insert ihe mortar coniginer
of cement ond wafer forming a posie not and hammer the anchor rod
100 liquid and not too thick, Close and bind info it.

them with wire.

Inserting of mortar container
into the bore hole

5., Test of rock anchors

(after 14 days)

A number of tests have been
done and an ultimate breaking
load of 15-20 tons was found,
depending on quality of the
steel rod and the root dia of
the thread. Bond strength
never fails. With a safety
factor of 3. the working load
is recommended to be 5 tons
per anchor.

Left:

Tatopani bridge {(Budhi Gandaki)
The anchors were tested with

a centre hole hydraulic press
to lo tons (50% of ultimate
breaking load).

HMG Nepal Roads  Department Suspension Bridge Division




No. :
CONSTRUCTION WORK o 9.301

Concrete and Masonry Work Date : 26th Fed, 77

Sig_: \bmouowy

In the concrete, the addition of water is one of the most important
points, To get a good concrete we should work with a small quantity
of -dater, But neither too little a quantity because if the mixing

is too dry it will be difficult to work with it, To obtain a correct
addition of water the engineer or overseer must have a good portion
of insistence and a very firm stand in order to overcome the lazyness
of the group working with the cement,

The specifications of the conerete and the mixing proportions are
given in chapier 5,"Construction Materials", A1l the quantities given
there have to be considered very well because they fix the kind of
cancrete and the allavailable compressible tensions, bond stresses,
sheding which are taken into consideration in the caleculations,

Take also big care to the stones and boulders added to the concrete,
They should be clean and wet during concreting. If that is not so,
we do not have a good connection and s¢ no good aoncrete, So it
might even be possible that the block will not be strong enough to
keep the forces resulting from the bridge,

The bedding of the steelparts into the concrete is also very important.
All measures required can be taken out of the Iay~out drawing from

HMG Standard Designs or out of the Working-Detail-Drawings, This
operation shall not be carried out until the steelwork has been finally
levelled and plumbedy if necessary support the steelparts with rocks.
or bamboo and immediately before granting the space under the steel
shall be thoroughly cleaned. Around the steel parts there should be
rich concrete in a thickness of at least 10 cm,

On the following pages there are given some examples of anchor blocks,
A11 the things mentioned in the drawings are required and should be
considered at gsite,

HMG Nepal Roads Department Suspension Bridge Division

SAT A , Swiss Association for Technical Assistance




CONSTRUCTION WOLRK No. : 9.302 j‘

Main Anchorage Block of a Smspension Bridge | Date : 27 2 97

PLAN FRONT ELEVATION

Qi

CHANNEL
CuanNEL

1 s 7;; d —/:,//j;///” p
: H LoLe | -
;

CHaetams T

v — comem iee or [] MW\ E
)

=it g ‘Tgi\\.
) <IN L 5!& \}\\_m‘.

8on

4 4\
tA ~r

—_

. | T Y
el maSm "
PN OSTMCE TO TME CENTRE  p

Ll

T o T Pow
ISEE GENERAL ARRANGEMENT )

SIDE ELEVATION SECTION A-A

-~ 3103 _20cm 440 3 6 4 T) (mm dlz
N .ml.i L103 = H '\ = i ! J—
]L nc]z] ? . tJ //—

> —
B 3 / i 7 2 .
T = ‘mf‘ ] L4
ki 4d 17 - — -
3 g v | 1% : ) i
3 ’ d g o X BEE
LEN p _,/ g 9
B ¥ | 2 >
s : - v g ¥ llw
: 3 - Nz /_,//’ 5 435 -
s =+ |
: a [3.) 90 | w0 | 40 100 | 330
[ . 439
] ks
y z (g
— VOLUME OF ONE AMCHORAGE BLOOK = @379 M5
g —SIME WASOMAAY USED AS SHUTTERWG w2190 WY :
= .
= =~ LEAN CONCRETE = 224 M
] ~MASS  COMCRETE - 3 605 u°
.: ~ PLUMB CONCRETE = 43.92) #°
S FLUNG WITH SAND 8 STONE » 10 439 M
-
£
[
4
-
2
[
o
»
L.
<
(.3
2
B
1]
<
e
; HMG Nepal ‘Roads~ Department Suspension Bridge Division




9.303
27.2.77

No.

Date

Sig :‘Q;uc‘.sau

fLAN 2-2

Pylon and Walk Way Anchorage

CONSTRUCTION WORK
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CONSTRUCTION WORK No. : 9.305
Windguy Anchorage Date : 27+2.77 -
sig : fhdson |
10520
A
\ o A )
\ \ N e temt
\ |1 SATA STEEL
\ c 1
104.00
\ T
\ Wind—coble g1"
\ 5 bulldeg grips
\
\
\ SN
RO
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\ £
\ = o
‘ " i
10 cm_lean concrete l.
40 170 040
2.50
°
s PLAN
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§ 175 3 075 25¢] Wind-guy- anchorage _refer
L Reinforcement ¢ 5/8"(16mm ) to drowing 78/33
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CONSTRUCTION WORK

Concrete and Masonry Work

No. 9.306
Dote 26th Feb,T7 ~
Sig ¢ foundkomn

After reaching a certain levél in concreting, we have to fix the reinforce-
ment steel.The positions of the reinforcements are given in the Working
Drawings and reinforcement lists, The most important point to consider is
that the holding down bolts of the Pylons are well connected with the
reinforcement steel, So the vertical reinforcement should be placed around
the holding down bolts in order to keep the negative bearing forces.

;,‘ SAT A , Swiss Associotion for Technical Assistance
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No.
CONSTRUCTION WORK 9e306

Concrete and Masonry Work Dote : 26th Feb,T7

Sig : lounlkomn

After reaching a certain level in concreting, we have to fix the reinforce-~
ment steel.The positions of the reinforcements are given in the Working
Drawinge and reinforcement lists, The most important point to consider is
tha® the holding down bolts of the Pylons are well connected with the
reinforcement steel, So the vertical reinforcement should be placed around
the holding down bolis in order to keep the negative beering forcea.
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CONSTRUCTION WORE No. : 9:307 ;

Concrete and Masonry Work Dote : D26th Feb, 77

sig : foaudiom

Now the anchor parts remain which must be fitted into the anchor blocks.
A1l measures required are mentioned in the layout drawings and Detail
Drawings of the HMG Standard Design. On the following pages there are
some examples of foundations from Suspension Bridges as well as for
Suspended Bridges.

Spanning Cable and Fixation Cable anchorage hooks of a Suspension
Bridge

HMG Nepal Roads  Depariment Suspension Bridge Division

‘SMT A , Swiss Association for Technical Assistance
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CONSTRUCTION WORK No. *: 9,309 -

Fotos of Anchorage parts of a Suspended Bridge Dote : 27.2.77 -

bunghi o |

w
(-]

] Clamp of a Sugpended Bridge

HMG Nepal Roads Department Suspension Bridge Division

VSAT A , Swiss Association for Technical Assistance




CONSTRUCTION WORK No. :9.310 .
Lay out of a Suspended Bridge Date :27.2.77
Sig QQ,_.H&( (a7
MAIN ANCHORAGE .
LAN yad
- HANDRAIL CABLE 1
ANCOR HOOX
FIXATION CABLE 4
ANCHOHAGE R
TURN BUCKLE ';‘x
—2.)
e e S SNCRE CESPLE . S BULLDOGG GRIPS _1”
g / 454 1 e e HANDRAL CABLE # (*
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-] BRACING
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CONSTRUCTION WORK No:

Fitting of a Main Anchorage () Date :

Sig : <% .Z/W

Assistance

T echnicl

for

' SATA, Swiss Asscciation

in the skeich below are known

from the design - drawings: Ly Loy La, == Hy, H2' H3, H4,
S|, 52. 53, =

from the lay ~out- D, Dy, --- RL.,
L

Sketch: o e 2B 7“‘0"1

Hq, - - j |
Lo g e T AL 'f__! H3) 4 |
| ! ‘
| | ?
X o |
| ! X2 o |
- X3 . ,._“_.1 q
.- L e afe O .
Please refer to stondord Main Anchorage Block drawings span 7 20
For the fitting,the two points 1" and "I1" should be known
They are calcutated as follows:
FOR POINT |I: FOR POINT I1:
- S2 ) S2 .
Y4 = H4 + 2coso¢+ L3tanc< Y2 = Y4--2-cos-=c + S'sma
X2= Lyt %sind + S‘oosu.
- . Sz
Y = Yg— Sp cose« Y3- Ye—-é—z- cosa
X 2 Lgt Sp sine | (RLp= RL + Y) Xy = x2+—§ sin« | (RLg= RL; + Y
These colculations can be checked graphically with an exact drawing.
- HMG ‘ Nepal Roads Department Suspension Bridge Division
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CONSTRUCTION WORK _ Noos 9.

Fitting of a Main Anchorage (I1) Date: 20. 9.1975
Siget ) S Livee ]
T T B
1. Raise the plump concrete 1:3:6 4+ 40% i \\
boulders up to the levels shown in the Il PLUMB CONCRETE \
detail drawing (Standard Main Anchorage [ N \-.\
block span/20), | ‘ !
-k .
If = in special cases = reinforcement T v
steel 1s required already fit the bars, | ]
‘ 7
2, Pit the anchor-parts, r"’”“—_—_ﬂ_;\/\
Support the parts from the back : ' \\ _ -
\
with st . Check th yume try |
i stakes, Chec e symmetry Wm‘ g
of the rods in reference to the N I o
N ol vy
bridge center line, The proposed Sd-g ) - Y
supports in the front must be TR /§</ X; ’ /// ©
- o .
placed according to the standard o > 1%
drawving, in order to keep the - SUPPORTS
ecorrect gradient . e
3, Continue fhe concreting and re- a,b,c.d refer to
filling work (refer to standard s; ’ p ! 4 drowi
draving). andar rawings

The gradient of the anchor-rods and the reinforcement steel can
be checked with the aid of a plank, having the required angle,

and & carpenter's level.

Example : For an angle of 26,5650 (tan oc= 0,50) —= vhich is proposed at &tandard
Suspension Bridges - the wooden plank can have a base of 60 cm and a
perpendicular of 30 cm,

60 cm
o ~ ™
% &Km 26.565°
E -~ 7 K,) o P
o >/ o CARPENTER'S LEVEL .
m - ~— /
7 d T — -~ } tan..= 0.5

RODS

ANCHOR

REINFORCEMENT STEEL

SAT A, Swiss Asscciation for Technical Assistance
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CONSTRUCTION WORK No. : 9udol

Riverbank and Soil Protection Date : 26th Feb, 77

Sig @ Gt

After finishing the work the measures to protect the building have to be
taken, We should try to make our best to protect the bridge for a long
time., One of the most important and most efficlent measures is the back
filling, The backfill must be done in all types of subground buildings,
The backfill protects the surface ground against erosion, sliding etc.
A very important thing, also, is the drainage, If you make drainage in
such a way that no water flow can occur at the bridge site, then you
will most probably never have slides in this area, It is also important
to see that the water can flow away from the backside of the walls and
the blocks, Some kinds of Drainage and backfill are shown on the
sketch page 3,401,

A very common way to protect the river bank is to provide gabian walls.
he most important thing on constructing gabian walls is to fill them
very well and only with stones which are bigger than the holes of the
netting. The calculation of a gabian wall is also similar to the design
of a gravity wall (dry stone masonry) and shown in chapter 3. "Structure
Analysis" on page 3.507.

Some more types of retaining walls and their description are shown on
the pages "Retaining walls and Foundation Stiructures for Suspended and
Suspension Bridges" as part of chapter 3 "Structural Analysis",

Very often the decision about these things cannot be made out of the
contour lines cr out of the Survey Report. So the resident Engineer
should take care of such things. Tha last rainy season might have
changed the situation at Site, so that some retaining walls, gabian
walls etc., might be necessary, or the foundation structures may be
shifted. He should also consider exactly what might happen during
next season, It might also be that some stonefall might occur
during the rainy period. Also for that the resident engineer has to
take care and make the required protections.

Cabion under construction

HMG Nepal Roads Department Suspension Bridge Division

SAT A , Swiss Association for Technical Assistance




BRIDGE ERECTION
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BRIDGE ERECTICN ) No. ¢ 1lo.lcl

Susrension Briage rvlon Date oR A0 96

10, Bridge Erection

After all the concrete work has been dcre and all remaining excavations
have been refilled, there remains the erection of thre bridge. This is
one of the most interesting pieces of weork tut alsc one of the most
difficult and dangerous. In spite of the fact that all steel parts and
cables are heavy parts they still have to be handled very carefully,

The mest delicate parts of the whole bridge are the cables, The cables
are also very expensive ancd must be handled with great care, Evern slight
damage to the cables may make them useless, Alsc the imrortant regulations
such as retightening ihe oulldog-grip every cay, retightening the nuts
and putting on the lode nuts should not be forgotten., It is important

to finish all jobs properly, Things like loose cable enas, badly fixed
wire mesh, untied windtles etc, make a bad impreszsion ana show up bad
work.,

This chapter shows how to erect the bridge. How to fit the steel-parts

intc the concrete is shown 1n the chapter "Construction Work",

10,1 Pylon Krection

For all suspension bridges we now have hinged pylons. The erection of
such a pylon is quite difficult and has to be done carefully. During

erection time the pylons have to be fixed with steel cables, For this
purpose we will use cables @ 3" at site (see cost estimate for suspen-
sion bridges). The support cables have to be fixed at the front and at
the back of the pylon, The cable at the back can be fixed to the main

anchorage and the one at the front to the two blocks provided for this
purpose. These cables, the frontstay and the backstay should always be
under tension, Unly then is a good fixation at the pylon guaranteed.

SKETCH : ¢

_Plan Pylon foundation Foundation for
errection hooks.
R D) !
B Thox. 10° — i
— Fixation_(errection) - \ Max. 10° ,I
T Jeable ¢ 172" e {
i | —

LMain anchorblock

T A | Swies Asseciatioa for Tocksicol Assistasce

; H'MG Nepol Rudj Deperiment Suspension Bridge - Dlvision




BRIDGE ERECTION No. ' 10,102

Suspension Bridge Pylon Dote : 28,12,76

sig_: (hudiau

Stesl cable g 1/2"

\
\ Turn buckie

~Hook for
pyion errection

e,

If the ground 1s steep, it may not be possible to fix the tower with a cable
from the front. In thls case the tower can be supported from the back with
a wooden pale, At the front the tower may even be tied by a rope to the
tower on the other bank,

SKETCH: 3

Main enchorblock-L/ @ Tae great care
fo these deicile
conpection points
Backstay cable
under fension

\— The woodea poles have fto

}\M undor presswre

In the bearing some wedges or supports can pe provided in addit .. to

prevent movement of the tower at the beginning of the erection. However,
these wedges or supports musti be removed after fitting the third element
of the pylon. The wedges should be of good wood or steel,

SAT A , Swiss Associgtion for Technical Assistance

HMG@ Nepai Roads  Dapartment Suspension Bridge  Division




BRIDG!Z ERECTION No. lo.103

Suspension Bridge Pylon Date @ 28+12.76

sig : (buaduqua

SKETCH: 4

IMPORTANT :-

Don't forget to take
ou! these wedges

after fitting the third
/-Wedga element at the pylon

Tower base

For the erectlon of the tower use the Standard drawing "Pylon Assembling”

(span/.e.)s One example is shown on the following page.

SATA y Swiss Association for Technical Assistancs

HMG Nepal . Roads  Department Suspension ©Oridge  Division
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Scaffolding
The scaffolding is here to facilitate the work of the mecharics ard not

to fix the tower during erection, So the scaffolding ane the itower should
be fixed seperatly. There should be nc connection beiween the pylons and
the scaffolding.

Hoisting the parts

A kind of derrick, made of bamboo or other wWood, may be used to hoist the
parts for the erection, (ne possivility of how tc make tnis derrick is

shown in the sketch below.

3 SKETCH : 6
Derrick for the hoisting of paris C I
A kind of derrick, out of bamboo or
other wood, may ba used to hoist
the parts for the errection. 5
3

in_the sketch is:

@ A piece of bamboo or of other
wood, about 5 meters long. .

Pulley-wheel, fixed with a rope.

g @
o Y]
: (@ Hoisting rope. @) |
» (@) Hook, (bent piece of @

noe reinforcement —steel —bar.)

b <
5 @ Tower - part being hoisted. &
£1 (6 strings 1o attach the derrick-
8 pole fto the aiveady errected
= tower.
£ |
8
H
4
g \
3
1)
ot
- - -
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10.2 Hoisting main cable and spanning cable

Before the cables are taken across the river, mark some of the important

points for hoisting on them.

SKETCH: 6

Cable
0= @2\[ 2 ON—YC
Marks

- Start on one side. Measure the length of the return-end (length required
to fix the bulldog-grips). Mark point 1

- Measure the next sectlon, the direct distance from point 1 to the
tower top. Measure first with a tape as a rope at the site and then
along the cable, Mark point 2

- Calculate the length of the cable between the two towers.

8 x 52

L= 1+ 7% 1 1 = span s = holsting sag

Mark point 3 for the center of the bridge and peint 4 for the top
of the other tower,

- Measure the distance from the second tower to the fixation at the
other main anchorage (also in middle position, if adjustable), Mark
point §

- Check that the remaining part has at least the length required for
the clamping of the cable.

SKETCH:7 o

ANCHOR BEAM IN
KMIDOLE POSITION

MASONARY WORK OF
ANCHORAGE BLOCK
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~ For the spanning cable only the marks 1 , 3 and 5 are required,

All these marks have to be made before carrying the cables across the
river. The marks can be wmade with paint, Mark 3 can also be a
bulldog-grip. The cables can be taken across the river in two different
ways,

10,241 Pulling along the smaller cables

E- This method 1s mainly used for spans smaller than 102 m, Up to this
span we have spanning cables ¢ 1%,

- Bring the spanning cables into position, They can bte carried or
pulled across the river bty a few men.

- Pull the main cable along one of the spanning cables. On the sketch
below a suggestion for the pulling-fixatlon is shown.

All these cables can be pulled by manpower,

e 2 -8ULLDOG - CRIP
/ LOOP OF A ROPE
OR A STEEL CABLE 35
&5 ——
SPANNING CABLE \_
NYLON ROPE
ALREAOY HOISTED FOR. PULLING

10.2.2 Carrying the cables across the river

This method is very easy as long as th~y can be carried across a
" temporary bridge. If there is no brodge, a rope bound to the cable
-has to be ferried across the river and then the cable is pulled
through the river-bed,
This could zause difficultles because the cable, éspecially the
fixation between rope and cable may get struck between stones. To
avold this a second rope may be tied to the cable-end. With the aid
of this rope pulling from the ferry boat, the cable-end could be
lifted a little bit above the ground and with the other rope the cable

1s pulled at the same time through the river-bed, This is the most
common and also the easiest method.

SAT A ,» Swiss Associgtion for Technical Assistance
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10.2.3 Hoisting the cable into the tower

a) From the Side

This method may only be applied for spans up to ahout 102 meters,

Procedure

Phase 1 Take the cables across the river. “ix them tc¢ the
mainanchor-block on both sides. Use the marks on the
cables! The upstream cables siould be put upstream of

the tower and the downstiream cables downs*reanm.

Phase ? Lift the cables, one by one, first the inner then the
outer, onto the saddle as shown in the sketch for

phase 2.

Phase ? As soon as the cable is a little bit higher than the saddle,
loosen the tirfor machine slowly and, witn an auxiliary

rope, pull the cable into the saddle at the same time,

SKETCH: 9 3
R 32 _E______h‘l“
h Phdlo: | m LB:"L“———— Lowering of
Preperation . itting the cable into
7N Pully - , the saddle
y - wheel
4>< l Wooden
>< cantilever ~arm Rope, pulled
I b by l;l. man
>< Cable or rope fo bring the
< p for hg lifting ( cabdie into the
>< A Deboil saddle
2 p "Tirfor" - f
|m w 1 Mch
>< oa_shoet
4><N (m/ -gat) 10.206

Main cables joirecdy
fized fo the aeachorage
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SKETCH: 10

Longitudinal section
of the lifting

Phooe 3 /-mlin cabile

Rope going to the
troffer wmachkine (tirtor)

b w"lr" L et

tower top

Kark for the
tlain cable

Approx. length of the
f saddle I

The main difficulties in this method are found in the construction of the

wooden cantilever, How to calculate the forces on the tower-top is shown in
the example below,

Example
Span 66 m

Cable @ 13", welght 5.5 kg/m

Overall length = 100 m

Calculation: At the end of the lifting, near the tower top, almost all the
cable-weight should be 1ifted (Fl).

F, = 0.9 x 100 m x 5.5 kg/m = 495 kg
Fl = F‘2
out of Force Diagram F = 970 kg

The forces to be taken by ihe wooden construction can be taken out of the
Force Diagram,

Fy = 980 kg

et —————————

Fy = 230 kg

P2
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SKETCH: Il
Sketch of the Force -diagram
Towar - top E 498 |\\ao6
3
Fa
F
980
F Fa

b) From the tower front

SKETCH: 12
>

Tirfor - cable

Extension- ropa for pulling
Loop or cable-braks

Main cable

For this method you need two tirfer machines. Fix a loop at twe places

to the cable-end. How to prepare the cable for this hoisting method 1s

shown in sketch 13,

SKETCH : 13

Cable-ond Loops of steel-cable

or manila-repe

ek (1) or (B) for
the “thimble end”

L Returs aend L Appren. & meters I 1 2 to 2 metors |
r I o |
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To each loop bind an extension rcpe which is tied tc the cztle of a tirfer.,

Use two tirfors. Pﬁll in, turn with one and then the other,

SKETCH: |4
] Plan view:
Section: - —Hook
to anchor
/] the tirfor
&

e T T T

the tirfor | =1

* Tirfor two will stort working os soon as the cable of tirfor one is at the end.

This hoisting method causes difficulties on the tower-top. The sketches telow

show one means of passing the cable over the saddle.

Phase 1 #hen the cable-end comes close to the tower top, pull on the
second loop. Pull until the first locp has passed the saddle., The
cable-end with this loop is only loosely guiced or even not at all,

Phase 2 3ind the second loop tightly to the tower, Then loosen the second
tinfer so that the extension-rope becomes loose and the cable only

hangs on the fixation of the tower-top.

[ ]

o

; Phase 3  Take the extension-rope of the second loop out cf the saddle, Fut
& the cable-end into the saddle and start to pull on loop one.

"

< .

3 Phase 4 Take away the second loop as soon as its fixation is loose. Go on
E pulling on loop one to which a second extension-rope is tied for
K tirfor two.

8

[

2

5

0

°

°

3

[

21

>

»

<
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SKETCH IS
_Phase |:

Towards
Wain-arohorage

Phaose 3
Loo® one D -
\  Fixatior
\‘_.‘\‘:-‘\'F o the _}
c';:\o““; 0088 )
N Extension '
Towords loose i
Main-anchorage

Lubrication: Keep the friction-force between saddle and ropes cr cables small
by using some lubricant. If available use oil. Glee or a similar

product could alsoc be used,

The maximum tensile force during hoisting in the main cable is shown in the
list on page 2.303.

SAT A, Swiss Association for Technical Assistance
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10.2.4 Fix;ng the hoisting-sag

The required holsting-sag is given in the general arrangement and

also in the list on page 2,303, With the lavelling instrument you

can gix the exact hoisting-sag in the following way:

- Mark the level on the tower,

- Adjust the leyelling instrument in such a way that its line of sight
is at the level calculated for the lowest point of the caktle in the
middle of the bridge. (R.L. of the tower-top minus sag).

- Pull the cable until it reaches a level of about 0.20 m higher than
the erectiion ‘sag. .

- Clamp the cable around the thimble in the cross-beam of the anchor-rods.

-~ Loosen the tirfor.

- After all the main-cables have been hoisted in this manner, bring
them to the required level by moving the adjustable beam.

10.2.5 Holsting a spanning cable

The spanning cable can be hoisted in a similar way as the main catble.
.~ Fix the cable on one side to the anchorage (use the marks),

- Pull on the other side with a tirfor until a sag corresponding to
the camber required afterwards is reached.

Fix the cable on thls sag,

Check the sag with levelling instrument.

The force requlred for holsting the spanning cable is much higher
than that for the main cable although the cable-weight is smaller,
This is due to the small sag. If it is not possible to hoist the
walkway-cable to the required sag due to the high tensile force,
the cable can be re-adjusted after the central suspenders have
been connected.

“SAT A, Swiss Aassociction for Technical Assistance
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10,3 Fitting the suspenders and the walkway

While the catles are bteing holsted, get suspenders, beams and deck-

planks as well as cable-car or fitter-platform prepared.

First fit the central suspender

- Send two cable-cars or fitter-platforms along the main-cables to
the bridge-center,

- In the center bind the main-cables together at a distance of about
the walway-width, because they will hang at the aistance of the
saddles,

- With the aid of two tirfors or chain-pulleys 1ift the walkway-cables
until they can be connected with cross-beam and suspenders to the
main-cables, Use the mark on the cables to position the suspenders,
Check that the suspenders are perpendicular to the bridge-centerline.

-« Re-adjust the walkway-cables. Tighten fhem as much as possible to
glve some pre-tension,

KETCH: 16
Sketch of the bridge-center

f
cables
Rope o Protens ion Pretonsion

for the
keep the ..
distence weikway- cables ¢

e P, Al

Cross —section —Valkway-oqble

Now start fitting the other suspenders and the walkway, Start elther
from the towers or from the bridge-center. Measure the distance from
suspender to suspender carefully, e.g. with a ganged stick. at every
tenth suspender check the distance from the tower or the bridge-center

to this suspender by tape).
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SKETCH: I7

Sketch of the fitting
Detail of the connectlion
main cable to tirfor.

Sugpender —__

e ———

Tirfor cable— .
“Rope-loop

__Fitter for \Hook

Tirfor croes-beam
Cross beam Tirfor
Walkway- (J-bolt fitted) cable
cable e
FRONT VIEW SKETCH : 18
~Protaction friction Wain cables

sheot matal from oll-tin stc.

1 __Aﬁ__
Strong . . 3
bamboo-po Bracing with rope
or wires 8
Reinforcement- bar "
wind-guy ~tie
or eteel coblg §
o
T =7 1% pun —4
b w — T — — A —
\Bamboo or plask platform y;
PLAN VIEW (
]
Main cables Woodsn bracing l
Sheet matal or aome other steal
for friction-protection
i \ i —
Strong bemboo-poles 'E
g

e g
3

Bamboo poies or planks
joined to form a platform

ASSEMBLY:

it there ie only
one main-cable,
the hook can

hang on the
cable itself.

guy tie,or
Stael-cable

-
+— 0.50m t

Firet put the top
portion on the

main -cables.

Then hang the
platform under this,
connected with
stael - bars or cables.
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There are two main ways of fitting the suspenders: one is to start at th:
tover and go on up to the bridge center and the other is to start at the
bridge center and go on up to the vowers. The main advantages and dis-

advantages of these methods are mentioned below,

Fitting from the towers in towards the bridge center

Advantages: Supply of parts is easy. The fitters for the suspenders can
work in an almost upright position (near the towers and
easily check the distance from suspender to suspender.

Disadvantagesi Due to an unavoidable inaccuracy in the determination of
the span and the measurements from suspender to suspender
the remaining spacing in the bridge cenmter will be too long
or too short. Thls will require an adjustment of the planks
and means the walkway breacing will have to be left out or
adjusted. Access to their wcrking place is difficult for
the fitters,

SKETCH 19 SKETCH 20
oin cabie .
Susponder
Fitter \‘\h;’ﬂ
Gougad
stick
Progress of
e titiag -

Fitting from the

bridge-center out towards the towers

Advantages:-

isadvantagess

No problem with the adjustment of the walkway-bracings and
planks, The access to the working place is easy, the plat-

forms can b2 pulled into their positions in the morning,

The fitters will have to work in a bent position (near the
tower). The supply of parts must be well organised, Pulleys

and many ropes are required.
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10.4 Fitting of windguy cables and ties
Here also there are two possibilities to hoist the windguy cable and
connect the ties to the bridge. One is to fit first the windguy cable
and then the ties, and the other is to fit first the ties and then
the windguy cable to the anchorage blocks.

Procedure for the first method
After the windguy cables have been marked and the tles fixed, take

the cables across the river and fit them to the anchorages. They will
hang directly {rom one anchor-block to the other. As soon as the sus-
pender-walkway-fitting has been completed, comnect the windtie-cables
to the walkway-beans, Start with this work in the bridge-center. Use
two tirfors, one for the upstream-cable, the other one for the down-

stream-cable, Pull the windguy-cables simultaneously towards the walk-

way and connect the ties (see on sketch 21). Check wether the bridge is
still straight. In order to get hold of the windguy-cable throw the
hooked end of the tirfor-cable down from the walkway on to the cable.
If the tirfor cable is too short add an extension-rope.
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SKETCH: 21

—Suspoador

" DOWNSTREAM " "UPSTREAM"

Ropa to fix the tirter
Bolt - pin for the tia~rod
Tirtor - cable "2%

Rope to fix the tirfor
Tirior-ceble "1"

.l\m.- (— T

e, § - el ¥
N I AL BRI
(X D e r— ————

Continue tuo connzct the tles with the walkway. Displace the tirfors for
every tle. Always pull symmetrically and check the alignment of the bridge.

Procedure for the second method

Mark the windguy cables and fit the windties as in method one. Bring the
windguy cable in position along the bridge (outside the suspenders) and fix
the windties to the walkway beams, After that fix the two ends of the windguy
cable to the anchorage. With the tirfor you have to give the required pre-
tension in the windguy cables, Tie both windguy cables simultaneously to
avold an unsymmetrical load on the bridge.

After finishing all these jobs retie the windties with the clamps provided
for this purpose,
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Finishing off

lo.5 Finishing off

There now remains the fitting of the Fixation Cable,Handrail

cable,wiremesh and planking.The wiremesh has to be fixed

properly at the fixation cable and at the hanarail cable.

SKETCH

/- HANDRA!L CABLE

WIRE MESH

Ve FIXATION CABLE

MAIN CABLE CROSS BEAM

The planking should also be well and corréctly fixed.411l work
_required to finish off the bridge are mentioned at the end of
this chapter,

Fitting of planking

SAT A, Swiss Association for Technical Assistonce
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10,6  Erection of a suspended bridge

10,6.1 Fitting of main cable and handrail cable
The method of how to pull the cable over the river is the same

as shown under suspension bridges. The only difference is the
fixation of the cables. Each maincable has to be turned round the
drum three times, sometimes even more, If this is required it is
mentioned in the general arrangement. The cable end has to be
fixed with clamps at the back. All hooks and clamps and the drum
are shown in the lay-out example below,

MAIN ANCHORAGE N

PLAN -

HANDRAIL CABLE il
ANCOR HOOK -

FIXATION_CABLE a4

ARCHURAGE
TURN_BUCKLE (2
N2
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The following procedure should be used to get the cable into the

right position:

1. Turn the cable three times round the drum on one river bank,

2. Fix the cable end with the clamps.

3+ Do the same thing on the other bank., The sag should be about
20 em less than the required hoisting sag.

4, Loosen the clamps and adjust the main cable to the correct sag.
The cable will move round the drum if you hammer smoothly with a

Wwooden or rubtber hammer on the cable around the drum.

After fixing the main cables fix the hanarail cable in a parallel
position to the main catlie, The handrail cable is fixed to the

turnbuckle hanging on the handrall anchorage hook (see lay-out

drawing).

Walkway and hanger fitting

Y Te walkwau me8, ¢ross beam channel and the hangers will
arrive at the bridge site as one unit -e,g. the hangers
are menbers of the cross beam unit, To fit this item no
trally or such is required,

¢
? ' Handrail coble

\ !

\ /

\ /
® \ !
e L\——Wire mesh netting /
-]
® \ /
3 \ ,
[ ] .
< \ ]
° \\ Hanger rod —&-
L]
£ \ Fixation cable . ”
2 .
&
[
8
B
Q
&
-
<
2 wind tie Main cabies Cross beam Wind tie
'3 cable cable
0. (every 4.80m) (every 4.80m)
<
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Fitting Procedure

1. Hang up the first walkway element in the handrail cable and tie 1t to the
handrail ca*le and the main cable,

SKETCH 22
P

T

—

AN ELEVATION

—r

@,

-

XL -

2. Fix the uracing flats on the rext element, Fix also the bolt at the

crossing point. Hang this element just in front of you on the handrail cable,

SKETCH 23

3. FPush this whele element ir “ront until you can Tix the bracing onto the

channel where you are standing,

SKETCH 24
= PLAN ELEVATION

——

o
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L, Now you can lay some pianks over to this new cross beam and go on and

fit all nuts required and fit ﬁhe main cable to the channel,

PLAN EL EVATION

5+ Now everything is ready to bring the next cross beam and fit it in

the same way as shown,

After fitting the whole bridge retighten all nuts and fit all locknuts.

Then you can fit the remaining planks, the fixaticn catle and the wiremesh,

Ay

Fitted walkway of a Suspended Bridge
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10.7 BRIDGE ERECTION USING PARALLEL wIRik CLUSTER (P.W.C.) CABLzS

10.7.1 ERECTICGN PRUCHDURE

After completion of the foundations, as far as necessary for the
ﬁire anchorages, the "spinning" or pulling of the wires or wire
groups can te commenced. The pulling ana adjustment is in principal
exactly the same as for stranaed wire rope caoles, except that the
forces employed are very much smaller,

For small bridges up to 80 m span, a pilot wire is pulled across

from one anchorage and adjusted to the correct level. The remaining
wires are then erected using the pilot wire as a guice, Following
this, work can commence on the erection of the walkway which is

fixed to the cross-beams. In order to allow for any irregularities

in the parallel wire groups it is also possible to connect the cross-
beams together with wire netting. The cross-beams are then pulled
loose across the wires from both banks to the miadle. In this way
possible differences in the wire length are allowed for, All other

i erection stages are normal, such as erection of the wires for the
handrails and wind bracing and fixing of the clamps and other fittings
on the walkway,

For larger spans it is advisable to work from a cat-walk, which as
an erection aid is simply designed and easy in construction, It

consists of 2 main cables (12 wires for 300 m span), timber c¢ross~

beams at 1.5 m centres and wire mesh., The handrail supports are fixed
with steel bar stirrups at every second or third cross-beam. Single
bridge wires are used for both handrail and middle rail. If one river
bank 1s difficult to reach, then the cat-walk can be erected as the
first stage of construction.

The cat-walk can be anchored on either bank with the help of tree
trﬁnks sunk into the banks. Lrection of the cat-walk cross-beams and
the wire netting is carried out from each side., Since the wire nettirng
1s continuous and the cross-beams hang unaerneath tne cables, the
erection work can also be continucus. For this purpose a araw roce

is used from each side in order to pull the ¢ross-beams and the wWire
netiing into the middle., When both ends reach the middle, they are

Jolned and the cross-beams clamped to the cat-walk cables,

SAT A » Swiss Association for Technical Assistance

HMG Nepal Roads Depori‘mem Sugpension Bridge Division




"BRIDGE ERECTION No. 1 lo.702

Single wire k Date ¢ 28.12.76
Sig @ (s WVY

The cat-walk cables can be used later as either handrails or wind-
guys and incorporated into the final bridge. With the completion of
the cat-walk and the foundation, the pulling and erection of the
main cables is a comparitively simple business. After the erection
of the pllot wires for each cable, the remaining wires are pulled
over and adjusted in the middle to the same level as the pilot wire.
After pulling across between 30 to 40 wires, temporary clamps are
installed at every 30 to 40 m so that the loose wires are prevented
from belng displaced by either wind or sun effects, After this the
permanent cross-beams can be installed working from the middle out-
wards. All remaining works follow in the same order as for normal
wire rope cable bridges. It should be noted that the use of cat-walks
1s also well suited for the other wire rope cable bridges in order to
achleve optlmum erection., The cat-walk is especially useful for the
ad justment and collection together of the cables as well as enabling
much smaller pulling forces to be used during the pulling across of
the ropes. The safety of the whole operation is also considerably in-
creased.

For the laying out and bundelling of the wires the previously mentioned
temporary clamps should beused for guick opening and shutting. After
pulling across and adjustment of the first wires, these clamps can be
tied to the wires with thin wire or adhesive tape. After further
pulling, the wires are erected along the side of the parallel wire
cable and adjusted for height. In the evening after the temperature

has fallen the remaining loose wires are incorporated into the

cable after the opening of the clamps,.

The next morning any remaining wires are incorporated intc the cable
and the clamps shut again. This procedure holds good for all parallel
wire cables as well as for windguys, which have to be pretensioned
during erection, After the clamps have been attached to the windguy
cable, the ties can be attached which, with the help of further
clamps are used to provide the necessary pretension. The temporary
eréction of the windguy cable is carried out vertically from bank

to bank,

SAT A , Swiss Association for Technical Assistance

HMG Nepoal Roads Depurtment . Suspension Bridge Division
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BRIDGE ERECTION No. ' 10.703

Single wire Date : 28.12.76

sig_: (oudian

10.7.2 P.W,C, CABLE ANCHURAGES

In order io anchor the main F.W.C. cables the wires are looped
around the anchorage drum at one btank. (n the other side an

ad justable anchorage device has to pick up the two wire ends
coming from the other end of the bridge. There are two ways of
anchoring these, The enus can either be wound around concrete
drums and fixed with wire clamps or fixea using cones and wedges.
A steel plate is provided with conical holes in which ihe ccnes

and wedges of each wire end are incorporated,

After completion of the erection work the anchorage system has
to be embedded in concrete, The protection against corosion is

provided by the application of several layers of bpituminous paint,

', Swiss Association for Technical Assistance

SAT A

~ HMG Nepal Roads  Dapartment Suspension Bridge  Division




SAT A, Swiss Associotion for Technical Assistance

abpiig uoisuadsng juauijindag spooy jodaN O9WH

UOISIAI(

g

T afcaouonn

W3ISAS 3dIM

MNVE 1437 X008 FOVHOHONY

0SE

(L]

—

08 061

PIDDUDLG &

114

S9t

——— -

i
!

Y N—

CH S Fama |ﬂia
r R

8d£q Yoo[g eFexoysmy‘aata sTIUTY

NOILOEYH IOQIUH

&g

V-¥ NOILO3S

9l*21°ge *

H

RLTA




BRIDGE ERECTION No : lo.7¢5

Single.wire Dote 2 23.12,76
Sig 'MA-\GJA

DETAIL OF SINGLE WIRE ANCHORAGE

' Windguy
[*:T} . Tie Wire .
_______ Ej;.:g—. / \ ‘
B ;Lj}**?m-_ |
— ey —
aspare==2
. ieechd '
il.i-.; Closed System
o weided on flats

Cross-beam
Bridge Type 1

~ Main Suppoit Cable

Detail see / ﬁr‘-] .\
above \Liul L/'

Suspender Wire

HMG Nepal Roads Department Suspension Bridge Division
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BRIDGE ERECTION No 10.801

Final Check-Up Date : 19.10.1975

| Sig D Flies

10,8 Final Check-Up

The points mentioned in this chapter are important for the iifetime of the

bridge (pre-stress, check of all nuts) and tne ccmfort of tne oriage~crossing
(pre-stress, smooth curvature)., Even after the successful completion of a

oridge-construction these points should never be neglected,

1. Smooth curvature cof the suspension briage.

For the fitting of the walkway all suspender-adjustments (turnouckles) have
been put in the same position. After completion the walkway may still zigzag
up-down and left-right, Now adjust suspenders and winaguy-ties in crder %o
give the bridge a smooth and straignt line,

These adjustments are in particular:

- Cross-beams should be horizontal. Check with a carpenter's level or by
standing over each beam, legs straddled, ~nd "feeling" the uneveness,

- Due to the windguy-tles the bridge mav alsoc zigzag upstream-downstream,
Ad just the tles or even the whole windguy-cable until the bridge ist
straight, Check by eye, looking from the tower along the walkway.

- The camber of the oriage should show a smooth line, Adjust the suspenders
which are higher or lower than this line, Check by eye, keeping the eye
near the walkway-cable,

2, Pre-stress in the cable.

bparuiing-, windguy- and sidestay-cables should oe pre-stressed., This pre-
stress can be applied by the tirfor. Fix a loop on to the cable and anchor
the tirfor near the cable-end. (Similar to the hoisting), Pull as much as
possible, use even a pulley-block to increase the force,

Tighten the movable adjustment, Do not open the bulldog-grips unless the
ad justment~beam is at the end of the thread.

Pre-stress during the hottest time of the day when the elongation of the

cables reaches its maximum. Pre-stress two or three times, on consecutive days.

The pre-stress in the spanning-cables of a suspension cridge can oe increased

by loading the whole bridge with sandbags or stones (up to 5 of the life-load).
After the cable-fixations have been tightened, unload the cridge again,
This work could affect point 1 and thus require some re-adjustment of the

walkvay,

SAT A, Swise Aseociotion for Techaical Assistaece

HMG Nepal Roads  Dapartment Suspengion Bridge Division




BRIDGE LRBCIIUN No.

}—-..
Final Check-Up Date = .%.10.1975

Sig : D5 Mtpe

lo.802

3. Check of all nuuis. ‘

All the nuts anu oclts of pylons and walkway should be contreliiea ana
re+ightened, Do this work svsiematically so that no beclt remains unchecked.
Damage the threads of bolts unaer regular dynamic stress (e.g. pDolis for
the connection cf windguy-ties to the cross-beams; in orcer t¢ avoid a
self-opening of ihe nuts, This is not necessary if a lude nut is provided

for this purpose.

4, Tightening of pulldog-grips, Arrangements fcr cable-ercs,

All bulldog-grips have to pe checked and tightened agair. alreaayv auring
the erection-time they must be checked every morning anu evening. All
cable-ends shoulda re selzed and bouna with wire to avoid arn opening of the
cable,

The remaining
SKETCH | ELEVATION

ARRANGEMENT: STRAIGHT ALONG THE LOADED
should be fltted PART OF THE CABLE

with wire or better

cable (extra-length)

LOADED PART
OF THE
CABLE

ADDITIONAL GRIP

some spare-bulldog-
grips to the ANCHOR - BLOCK

loaded part of the — EXTRA LENGTH
o1 ~
oaced part ¢ T - BULLDOG GRIPS
cables. -
P - |
Cn the rigth twe ?/ Cable ﬂ! Nos.
iy 5
b ti
possibilities are |k' 7
suggested for this l’ﬁ" 7
arrangement. .
PLAN VIEW
Unless there is a SKETCH 2 — ARRANGEMENT: IN CIRCLES BETWEEN THE
LOADED PARTS OF THE
particular reason, CABLES
do not cut the !'}—-—---,--—— Tl .
remaining pieces ANCHOR -8 - | .
——— T (A
of the cables. If | CENTER LINE .|,.~4._L;EXTRA-LENGTH
OF THE BRIDGE j !
ever one day the =} #+——————1 —
tl ,' 7
bridge is dismantled | S { OADED PART
and set up at [ BULLDOS GRIPS OF THE CABLE

another site, this
extra-length of caole

may be useful.

5. Fitting of the wiremesh-net,

Pay attention that also the fitting of handrail-cable, fixation cable anc

wiremesh-net is done in a neat and clean way.

SAT A , Swize Associotion for Technicai Assisteace

1 HMG Nepal Roads Department Suspmipn Bridge Division
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TRATL IMPROVEMENT No. r 11,101 .

Maintenence Report Date * 27.2.77
Sig_t Yo sb ows

11. Trail Improvement

Very often on the way to a bridge- or survey-site you have to pass

o0ld bridges. Sometimes they are in very bad condition or even not
crossable., With a small maintenance wWork tiiese bridges could be brought
in a proper condition., If you see such bridges on the way, make a small
maintenance report as shown below in the example of Tamor Khola. The
work required should be in a good proportion with the bridge type.

Of course it is not possible to bring the bridge in a condition like

a new one, but to maintain it that it will be useful for some more

vears.

Bridege over Tamor Khola by Handrun

Span: 64 m
Koordinates: 87°37'/27°23'  Map 75/8/15
Actual condition of the bridge

The main cables of this bridge are hanging ir unequal position.
Also about 50% of the suspenders are not in good condition. The
planking also needs a revision.

Works reguired to do

- Revision of the planking
~ Replacement of some suspenders

-~ Correction of the catle positicn

View from left bank Wooden tower of the bridge

Roads  Department Suspension Bridge Division

_,SAT A , Swiss Association for Technical Assistance

HMG Nepal



TRATL IMPROVEMENT No. r 1i.lo2

Maintenence Reports Date : 27+2477

SLMM

Bridge over Tamor Khola near by Thumba

Spans 41 m

Koordinatess 87°40.5'/ 27°23' Map 72/M/15

Actual condition of the bridge

This old chain bridge 1s not in bad condition. Omly the planking is too old

and should be changed. The suspenders in the middle are very short, so that
it is difficult to cross the bridge with heavy loads. Like all chain bridges
it swings very much
during walking.

Works required to do

- new planking

View from leftl slae View from right side

HMG Nepal Roads  Department Suspension Bridge Division

SAT A , Swiss Association for Technical Assistance
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TRAII. IMPROVEMENT

Maintenence Reports

No :131,103

Dofe H 2702-77

sig : Upudspu

Bridge over Singe Khola near confluence with Tamor kKhcla

Sran: 3k np

Koordinates: 87°42.5'/ 27%2¢1

Actual cenditicn of the bridge

¥ap 72/F¥/15

The condition of this bridge is not bad. At the monent no srecial maintenance

work is required.

Side view of +the bridge

Wooden tower of the bridge

Walkway

HMG Nepail Roads

Department

Suspension Bridge Division




TRAIL IMPROVEMENT

Maintenence Reports

No : 1l.lok

Date
Sig

]

27.2.77 -

Buohaw

.-

Bridge over Tamor Khola near Sinwa

Spar: 83 m
Koordinates: 87042'/ 27027'
Actual condition of the bridge

to maintain this bridge

: is to bullt a new bridge.

Front view of the bridge

Tower left bank

This bridge is in a very dangerous condition. The tower (masonry tower) is

partly broken. Also the planking is in a very bad condition. The best way

HMG Nepal Roads Department Suspension

SAT A , Swiss Association for Technical Assistance

Bridge Division

|




TRAJL. IMPROVEMERT No. : 11.105

Dote * 27.2.77

Sig : MM

Maintenence Reports

Bridge over Tamor Khola near Numa Khola Dhoban

Span: 63 m

Koordinates: 87°44.9'/ 27°29' Map 72 M/11

' Actual condition of the bridge

Due to the length of the bridge the wind load is quite high. This bridge does
not have windguy anchorage. Due to that it wings very much in windy times.

Works required to do
. - Windguy is very necessary.

Front view of the bridge

Detail of the bridge

SAT A, Swiss Association for Technical Assistance

~HMG Nepal Roads  Depariment Suspension Bridge Division
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TRAIL IMPROVEMENT No : 1ll.lo6
Maintenence Report Date : 27.2.77
Sig : Yowdiom

Bridge over Tamor Khola near Simbua Khola Dhotan
Span: 43 m

Koordinates:

Actual condition of the bridge

This bridge fell down on 2020, With the remaining parts they built this new

bridge. But one of the cable is in a very bad condition. the bridge itself

is not bad but the cables will not work for a long time.

Works required to do

- New main cables

Walkway

Cable conneciion

HMG Nepal Roads Department Suspension

Bridge

Division




TRAIL IMPROVEMENT No. :1l.lo7

Maintenence Reports Date ¢ 27+2.77

Sig : VpuNam

.

Bridge over Tamor Khola

Span: 25 m
Koordinates:
. Actual condition of the bridge

On this bridge some maintenance work has been done some time ago. There is

a new planking. So no more maintenance work is required at the moment.

walkway

Left bank

HMG Nepal Roads  Department Suspension Bridge Division

SATA , Swiss Association for Technical Assistonce




TRAIL IMPROVEMENT No. 11,108 .

Maintenence Reports Date * 27.2.77

sig_: Youdion

Bridge over Tamor Khola
Span: 23.30
Koordinates:

Actual condition of the bridge
The suspenders are not attached in correct position, Also the planking is not

very good. The sag of this bridge is too less.

Works required to_do

./ Correct the suspender-
position
- Repalr the planking

- Correct the cable-position

Left bank

Right bank

SAT A , Swiss Association for Technical Assistance

HMG Nepal Roads Department Suspension Bridge  Divizion
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MAINTENANCE

General

Ne : 12,101

Date : 1st March 77

s - fo A

:
:
X
i
8
e
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It is a generally uncontestzd faect that consitrmactions should be checked regularly
and require periodic maintenance work, If this is neglected the r~onstructions are
damaged and if they are net maintained regularl , the costs for repairs become
unreasonable, They may even collapse which leads to expensive new constiructicns,

In tragic cases even lives nm:y oe¢ lost, 4 bridge dces not fulfill its purpose if
for example it becomes useless due to lock for other routes,

It 1s legimate to wise that existing and new bridges can be checked and maintained
by a repairs service. To make this possible the following is necessary :

a record of existing constructions
a supervision service
plans for the necessary repair -org

money

organisation and execution

The following two maintenance reports have been added to the record of existing
constructions vhich are in need of maintenance anc repair work (refer to pagus

12,207 to 12,303). Maintenance reports compiled by %ATA - Engineers may provide
a solution as to how to report on bridges hich are in need of maintenance work,

It is important to mention that the reports should contain exactly what material
and vork are necessary., This typ of report could easely be written up for example
when visiting building sites.

Hovever it seems important to me to stress the fact that the organisation of
maintenance is a component of the construction work, A bridge is not finished
just because it has been inaugurated and opened to the public,

CONSTRUCTION PHASES

--------------

MR RN X N

|
Ist.  Phase ] | o
! [
coNSTRUCTION & | | £
BUILDING MATERIAL | 1, ©
2nd. Phase Il [y *
-2
DESIGN I %?
PRODUCTION -ﬂ b .
3rd.  Phase T , fl -
‘ T+ 2
TRANSFORTATION Ly 3
L] o
4ih. Phase | EEE o
T
EXECUTION OF THE L _._J' 9
CONSTRUCTION WORK [T~ :3
5th. Phase I 2
 MAINTENANCE 530 f— ——J
HMG Nepal Roads  Department Suspension Bridge Division
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S*AT A , Swiss Association for Technical Assistance
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MATNTENANCE No. : 12,201 ]

Maintenance Report of the Adamghat Suspension Bridge Date : 1st March 77

Sig

Adamghat Suspension Bridge, completed 1977
Trisuli River, Span 113,20 m

Condition of the Bridge on April 1976
Presently the wind guy cables are hanging useless. The tie rods to the walk -

way (gangway) cable are not in the correct positions nor are they attached
properly, Because of this the bridge swings too much and the walk-way is
slightly crooked. The windguy anchor blocks are placed completely out of the
center line of the wind guy cable, The main anciiorage on the right bank is
needing a lot of beckfilling, otherwise there will once be an erosion problep,

Work required for finishing the bridge

a) Backfilling on the top behind the main anchorage block on the right river
bank; about 25 M3 ' ‘

b) The wind tie rods have to be replaced with wind tie cables @ 3/8",

c) There are on every second suspender one hand rail cable to be fixed.

d) The walk way cable should be tightened properly.

View of the left main cable The wrong placed wind guy anchor bleck
e achorage block on the left river bank

HMG. Nepal Roads . Departmerit Suspension Bridge Division




MAINTENANCE

Maintenance Rep-rt of the Adamghat Bridge (continuation)

front elevation of the main untightened wind tie is to replace
anchorage block on the left bank witnh cables
HMG Nepal Roads Department Suspension Bridge  Division

SAT A , Swiss Association for Technical Assistance




MAINTENANCE

Maintenance Report of the Jairamghat Suspension Bridge

No. @ 12,301

Dote : 1st March 77

Sig

Jairamghat Bridee, Dudh Kosi

Conditiur of the bridge on 29 Jan, 1976

the wina guy cables are han:ing uselese, ihe tie roas +to the

able are not in the corrsct positicrns nor are they attached

Eecause of this tne uridge swings tco much wher the wind

the walkway ls crocked, (ne wind zuy anchor block is teing

Yty & streom vhen it rains,

s
*®

sre Dn" mex, Mut, I addition manv of
ment reguires two ° " Hew Muts,
N larc are zizq »roout eznd enould
recuired for rerglr
PR
AN € e on tre aptire

face (mm) PC
L @6 @ 18
| 300 | 200 |
@D 9 Nt 54
[}
cavle 3P I, = 20m | 4
lg= 45m | 4
|3 = B.Om 4
|4 = 125m 4
Buldoggrip 3/; 100

T A, Swies Ascociohen for Tochaical Assistance

eruer rods are rresently attached tc the walkway cable clamps

tiiese nuts are missing,

be rerlaced.

2 4
|
. L 300 112001[' Ln I

L| = 0

Lp= 0.55m
Lz= 2.45m
Lg= 5.66m
Lg= 10.16m

‘Reads  Department ~ Suspension Bridge Division
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MAINTENANCE

Maintenance Report of the Jairamghat Bridge

No. :12,302 .

Sia 7 A

o’
[ ]
w0
=
=]
1
o
<L
2
1
=
Q
2
£

Second nuts should be attached and existing nuts tightended. Une walk-

way cable clamp is also required.

210

Il

Walk - Way Cable Ciamp

Pcs.
230 —f o
! —
Flat 350/65/8 ,L_esLLm
2 T % Nut 210
3 = § 3x%? sot-nut| |

c. Decking;

Six or seven planks should be replaced.

3« Costs

Steel and cables
Work and transportation
Total

3500/- ©Ne
1000 Ne
u5oo/- Ne

Tie rod and comnection to walkway

HMG Nepal Roads  Department Suspension Bridge Division
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MAINTENANCE

Maintenance Report of the Jairamghat Bridge

(continuation)

No.

12,303 .

Date : 1st March 77

Sig W;ZZ

Tie rods and windguy cable

The windguy-cable is no+t
in the correoi position,
It should be a parabola
and not straight,

4

Department

Suspension Bridge Division

"HMG Nepal Roads
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STEELPARTS
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PAOTOS OF STANDARD STERELPARTS

Suspension Bridges

No : 13,101

cross—beam of main anchorage]

Date : st March 77

pylon bracing element

sig_: o G~

HMG Nepal

Roads Department Suspension Bridge  Division




PHOTOS OF STANDARD STEELPARTS No. : 13,102 -

Suspension Bridges pylon's cable saddle Date : 1st March T7 .

columm shaft hinge element
sic : Fo

L

7 >

HMG Nepai Roads  Depariment Suspension Bridge  Division

SAT A, Swiss Association for Technical Assistance




PAOTOS OF STANDARD STEELPARTS

Suspension Bridges

connecting plates

pylon's shop assembly !
sig e '

No. : 13.103 .

: 1st March 77~

HMG Nepal Roads

Department

Suspension Bridge Division

"'S‘A,T A , Swiss Association for Technical Assistance




PHOTOS OF STANDAED STETLPARTS No : 13,104

Suspension Bridges wellt-way  column element Dotg : 18t March 77 -

J~bolt for walk- -
° = sig : A A~

HMG Nepal Roads Department Suspension Bridge Division

SAT A , Swiss Association for Technical Assistance




T
PAOTOS OF STANDARD STEELPARTS No. :13.201
Suspended Bridges main cable drum anchorage Dote : ist March 7T -
main cable-end clamp iﬁ“
Sig :p :

-

HMG Nepal Roads Department Suspension Bridge Division

‘SATA y Swiss Association for Technical Assistance




PHOTOS OF STANDARD STEELPARTS No. 13,202 -

Suspsnded Bridges main ancherage unit (s.e ) Date tist
main ancherage wnit (r.e.)
—oable_saddls

HMG Nepal Roads  Department Suspension Bridge Division

SAT A , Swiss Association for Tochnical Assistonce




PHOTOS OF STANDARD STEELPARTS Mo, :713,203

—WEY bly
Suspended Bridge walk-wey's shop assem 7
hand-rail cable anchorage Date 11st March 77

sig_: Ao //“/{/A\'

HMG Nepal Roads  Department Suspension Bridge DCivision

SAT A, Swiss Association for Technicol Assistance




INDE X

A

Access to the bridge, 3.801
Active earth pressure, 3,501 ff, 3,801, 3.804
Active wedge, 3,801
Adamghat 12,201 ff
Allowable bearing pressure, 3,102
Anchor bars, 3,604, 3.704 £f, 3,918
blocks, 3.601, 3.701 ff, 8,104, 9,302 £f, 9,312, 10,704
hook, 31918
par‘ts, 90309’9.311 ff,1o:7o3' 70214 '} 5.203 ff
rO\iB, 3.204, 9:20&, 91312
wall, 3,801 ff
Anchorage paris, T.214, 9.309, 9,311 ff, 10,703
Anchorage
Typ No. 1, 3,601 £f
Typ No. 2' 30601| 3‘603
Typ No. 3 3.601, 3.604
Typ No, 4, 3,601, 3,605
Angle, 5,301
Angle
internal friction, 3.801, 3.804
repose, 3,501, 3,801
trigonometry, 3.912
wall frietion, 3.502
Approach trail, 4,103
Arcus 3,912
Area, 3,915 ff
Assembly, 7.501, 7.503, 10,101 ff
Auger boring, 4.303
Available Standard Drawings, 2,305, 2.404
Axial force, 3,908 ff

Backfill
Compaction, %.401, 3,801
Drainage, 3.401
Filling, 3%.401, 12,202
Back stay angle , 2,101, 2,302
Bock stay ocable, 2.302
Bars, 5.305
Base, 2,304, 7.502, 9.307
Base of the Pylon, 2.304
Batter, 3.505
Bearing
capacity, 3.102
reaction, 2.304
rivet and bolt, 5.304




Bench mark, 4,210

Bending moments, 3,803, 3,911

Bi-axial compressed foundation, 3.803%,3%,901 ff

Black bolts, 5,304

Blasting, 9.202

Blocks, refer to anchor blocks etc,

Bolting, 7.501

Bolts, 5.304

Bond stress, 3.505

Boring, 4.302

Boulders, 3,101, 4.305

Bracing, 2,101, 2,302, 2,501, 13,101 £f, 13,202 ff

Breaking load, strength, 2,802, 5,103 ff

Breast wall, 3,505

Bridge
centre line, 8,105
costs, 4,101, 7,101 £f, 7,201 ff, 7.301 ff, 7.401 ff
design, refer to chapters 2, Bridge Design and 3. Structural Analysis
vire, 2,605, 5,106, 10,701 ff
position, 8,101 ff :
suspended, 2,102, 2,401 ff, 7,301 ff, 9,309, 10,601, 13,201 ff
suspension, 2,101, 2,301 ff, 7,401 £f, 12,101 ff

Buckling, 5,501 ff

Bulldog grips, 5.202

Buttressed wall, 3,504

Butts, T.502

Cable, 2.304, 2,802, 5,102 ff,
break, 6,304
C - Cla-mp’ 5-202
car, 2,701 ff _
end clamp, 5,203 f£f, 13.201
length, 2,403, 2,601, 2,604
saddle, 13,102, 13,201
welight, 5,102 ff
Camp establishment, 7.202, 7.222
Caps, 7.502
Cat - walk, see suspended bridge
Cat = walk, 10,701 ff
Cat = walk cable bridge 2.401 ff
Centre of gravity, 3.703, 5.301 ff
Centre line, 8,105
Central suspender, 10,301
Chacklighat, 1.103
Channels, 5,302
Check up, 10,501, 10,801
Chilimay ¥hola, 1,112



Classification, 44505, 4,309
nlay, 3.101 £f, 4,305
flearance, 7,501
Covble, 4,305
Coefficient
acvive earth pressure, 3,502, 5,301, 3,804 ff
friction, 3.501, 3,601 ff, 5,203 ff
passive earth pressure, 3,801, 3.804 ff
Collection of material, 9.101
Colour indication, 3%.917
Column base, 2,304
Column element, 2,302, 5,501, 7.502, 15,101 ff
Completed bridges, 1,301
Concentrated single load, 2,701 ff
Concrete, 5.401, 9,301, 9.306 ff, %,908 £f, 3,803
Condition of roads, 7.601 ff
flonnectins plates, 2,302, 10,103
Construction chart, 7,101
Container, 9,204
Conversation tables, 3,913 ff
Cross beam, 2,301, 2,401, 2.804
Cosine, 3,912
Cost, 4,101 and chaper 7. Cost estimate
Counterfort wall, 3,504, 3.508
Curva ture, 10,801
Cutting, 5,103, 7.501

D

Damise, 5,101

Dead = load, 2,301, 2,303, 2.401, 2,403

Deau load sags, 2,303, 2.403, 2,901

Deaaman, 3,801 ff

Decreasing of sags, 2.806

Deflection, 3,911

Delivery, T+.302. T+403

Desisn specification, 2,301 ff, 2,401 ff, 2,501
Jevighat, 1.203 :
Dhaunebagar, 1,102

Diagonal system, 2,501

Dilatancy, 4.306

Dimensioning of reinforced concrete, 3,706 ff, 3,908 ff
DI¥ 1052 (Buckling Numbers), 5,502

Distance, 4,208, 4,213 ff, 7,601

Double eccentric loading, 3.901 ff

Drainage, 3%.401

Draving, 2,305, 2,404




Dressing, 7.211

Drill bits, 6.107

Drilling, 9.202, 6,101 ff

Drum anchorage, 5,203 ff, 13,201 ff
Drystone retaining wall, 3,505

Dry strength, 4,306

Dyonamic behavior, 2,602

E

Earth pressure, 3,501, 3.506
coefficient, 3.502, 3,801, 3,804 ff
resistance, 3,501, 3,801
timbering, on, 3,201

Zeecentricity, 3.701

Reeentricloading, 3,901 ff

Flastic elongation, 2.601

Slongation, 2,601

Wstablishment of the camp, 7.202, 7.222

Trection hook, 10,101 7f, 10,206

Evaluation, 4,401 ff

Yqual angles, 5,301

Excavation, 3,201, 3,201 ff

Execution, 7,101 ff, chapter 9., 12,101

F:

Fabrication, 7.301 ff, 7.401 ff, 7,501 ff

Fabrication points, 7,601

Factor of friction (sliding), 3,501, 3.601 ff, 3.604 ff,
34701, 3.708, 5,203 ff

Factor of safety, 2.303, 2,403, 3,701, 3,705, 3,801 ff

Teed back, 12,101

Teet, 3,914

Tibre core construction, 5.105, 10,701 ff

Fibre glass plenks, 7.218

Field anchors, 6,304

Field welding, 7.503

Finish off, 10,501, 10,801

Fitting, 10,601 ff

Fixation cable, 2,301, 2,401 ff, 9,307

Fixing, 8,10%

Foundation, 3.301, 3,501, 3,708 (see anchor blocks)

Friction resistance, 3.503, 3,802 (see sliding, safety)

Free board line, 2,101 f£f, 3,301




G

Gabion wall, 34301, 3,504, 9.401
Gang-ay, see valk way

Geometry of the pylon, 2,304

Golgung thola, 1,113

Gravel, 3,101, 4.305, 9,101

Gravity block, 3,601 ff, 3,701
Gravity/Tesud: bloci, 3,601, 3,603
Gravity/Rock bloeck, 3.601, 3.604, 3,704
Gravity wall, 3,504, 3,507

Griding, 6.107

Ground surface, 3.401, 3,509, 3,603, 3,801 ff, 3,505

H

Yabegger, 6,303

Handling, 7,501

“anger, 2,401 ff, 10,602

iland rail cable, 2,301, 2,401, 13,:20%
Heel, 3,508

eight of the pylon, 2,303 ff, 7,216
Minwe, 2,502, 2,807, 13,101 ff
“inged Pylon, 2,302, 2,807, 13,101 ff
Noist block, 6,201 ff

Hoisting, 10,105, 10,201

Yook, 3,917

Holing, 7.501

Horizontal force, 2,501 ff, 2,701 ff, 2,807
lorizontal distances, 4.213 £f
""ydrology, 4,103

Inclination of slope, 3.201

Inclined bottom. 3,708, 3,905

Inclined span, 1,102, 1,108, 2,401, 2,604
Increase in sag, 2,303, 2,403, 2,601, 2,604
Increasing of span, 2.805

India cable, 5,103

Inspection, 7.503

Internal angle (friction), 3.501, 3,801
Interpolation, 4,401

J

Jairamghat, 12,301 ff
Japan cable, 5,103
Jauljibi, 1,107

Joint sealer, 5,203 ff




Yev, 3,503, 3.,50%
Yhoranga +hola, 1.117
vinks, 5,101

“othe bridge, 1,105

L

izvoratory test of soil, 4,304 ff
Iavers, 3.401, 3,801
Lay out, 8-104, E5.201, 9-3‘:)8. 2«310
Ienzth of the cavle, 2,403, 2,501, 2,604, 2,701
levellins, 4,210
levelling instrument, 4,216 ff
Limestone, 4,308
ioad
dead, 1,07, 2,703, 2,403
live, 2,501, 2,70%, 2,401, 2,403
ind, 2.3%01, 2.401, 2,501
full, 2,303, 2.403, 2,501
Local material, 4,103
Location, 4,102
lLodey Ghat, 1.115
Lubrication, 10,207

M

Vachining, 7.502

Yain anchor block, 3,304, 8,104, 9.302, 9,304, 9,311 ff,
refer also to anchor tlock

“ain catbles, 2,30%, 2,40%

Maintenance, 11,101 ff, 12,101, 12,201 {f, 12,301 ff

Mangmaya thola, 1,108

Marking, 7,503

Masonary work, 7.211, 9,306 ff

vaterial, 4,103, 5,101 ff, 5,201 £f, 5,301 £f, 5,401 ff,
5,501, %,101

Max, soil pressure, 3,102, 3,508, 3,701, 3,901 ff

Mensuration, 3,915 ff

Methods of survey, 4.201 ff

Moments, 3,803, 3,911

Mortar container, 9,204

Hetting, 2,301, 2.401
Network (roads), 7.601
ibu thola, 1,111
Nomenclature
Suspended Pridges, 2.107
Suspension Bridges, 2,101
Tools, 6,401




O

Overturning, 3,501, 3,503, 3,701
(peration and Mzintenance, 6,102 ff

P

Packing, 7.503
Painting, 7,205, 7,218 £f, 7.225, 7.236, 7.502
Parabela, 2,201 ff, 2,204, 2,601, 2,604
Parabolic system, 2,501
Parallel wire cluster, 10,701 ff
Papapets, 2,301, 2,401
Passive earth pressure, 3.501, 3,801, 3,804 ff
Pasgsive vedge, 3,801
Pebbles, 3,101
Pedestrian bridges, 1,301
Pikuva Xhola, 1,716, 4,205, 4,309
Pitching, 3,505
Pjontr, 6,101 f£f
Placing of foundation, 3,301 ff
Placing of steelparts, 9,312
Planks, 2,402, 5,501, 7.218
Planning, 1,302, 7,101, 12,101
Plates, 5.303
Plotting work, 4,401
Plumb concrete, 5,401
Pre = stress, 2,304, 10,801
Profile, 4,202
Protection, 9,401
Pulley, 6,201 £f, 6,304
Pulling machine, 6,301 ff
Purchudi Hat, 1,110
Pylen, 2,302 ff, 7.216, 10,101 ff, 13,101 ff
Pylon
anchorage, 9.304
base, 2,304
foundation, 3,903, 9,307
reometry, 2,304
height, 2,303, 2,304, 7.216
reaction, 2,304

Quotation
cuspended bridge, 7.301 ff
zuspension bridge, 7.401 ff
ferms of steelwork, 7.501 ff




R

Leaction, 2,304, 2,807
Recommended concrete mixes, 5,401
Reference pointa, 4,201
Reinforced Conecrete, 3.%03, 3,908 ff
Reinforcement, %,707, 3,908 ff, 5.305, 7.3%01, 7,401, 3,803
Retaining walls, 3,501, 3,50 ff
packfill compaction, 3,401
backfill drainage, 3.401
breast wall, 3,505
tutiresced all, 3,504
cantilever =l1, 3,504, 7,508
counterfort wall 3,504
deadmen, 3,801 ff
design, 3,507
drainage, 3.401
drystone, 3,505
earth pressure, 3,102, 3,501 ff, 3.801, 3,804
foundation stability, 3.503
Zabion, 3.301, 3,504, 9.401
gravity wall, 3%,503, 3,507, 3,503
overturning, 3,503
placing 3,301 ff
sliding, 3.501, 3,708, 3,801
soil failure, 3,102, 3,503
structural components, 3,503, 3.506 ff
gredish eirecle methods, 3,302 ff
types, 3,503 ff
Ribbed = Torsteel, 5,305
tiverbank, 9,401
Rivets, 5,304
Toads, 7.601 ff
Rock, 3,101, 4,203%, 4,308 .
anchor, 3.601, 3.605, 3.706 ff, 9,202 ff,
bearing, 3,102, 3,605
blas‘ting, 9,202
block, 3,601, 3,604, 3,704
drilling, 9,202
excavation, 9,201
resistance, 3.604 ff
Rods, 3,918, 5,303
. Ropeway Company, 5.105
Rounds, 5,303
Ttubbels, 9,101




Sadlle, 2,807, 13,102, 13,202
o " safe bearing capacity, 3,102
Safety,refer to stability etc, , 7.501
Sags, 2.301, 20,303, 2,401, 2-4051 34501
Sal, 5,501
Salla’ 5.501
5and, 3,101, 4.305, 9,10%
. Sandstone, 4,308
SATA, 1,301
Screw, 6,401
3ekhathum 1,109
Semigravity wall, 3.°504, 3,508
Shearing, 3.705, 3.911, 5.304
Shear value, 5,304
Shipaghat, 1,201
Shop assembly, 7.501, 13,102 ff, 13,201 ff
Shoring, 3%.201 ‘
Shuttering, 3.201, 9.301
Side stay
anchor block, 3%.906
cable, 2,302, 2,304
reaction, 2,304
2ilt, 3,101 £f, 4,305
Sine, 3,912
Single cable, 2,601 ff, 2,701 £f
Single load, 2,701 ff
Single wire, 5,106, 10,701 ff
Site selection, 1,108, 4,101 ff
5ite survey, 1,108, 4.201 ff
3lab, 7.502
Slenderness ratio, 5.501 ff
3liding, 3.501, 3.503, 3.701, 3.708, 5,203 ff
Sliding wedge, 3,501
Slope failure, 3,301 ff
S0il bearing, 3,102, 3.508, 3,701, 3,902
. Soil failure, 3,302 ff, 3.601
Soil investigation, 3.101, 4,301 ff, 4.309
Soil protection, 3,505, 9,401
. ~ Soil weight, 3,501
* Soils, 3,101 ff, 4,306 ff
Solid rounds, 7.502
Spanning cables, 2,301, 2.304, 9,307, 10.208, 10,801
Spans, 2,301 ff, 2,305, 2,401, 2.403, 2,501
Specification, 2,301 ff, 2,401 £f, 7.301 f£f, 7,401 ff, 7,501 ff
Spiral cable, 5.105, 5,203 ff
Stability, 3,501 ff, 3.701, 3,708
Stabilizing cables, 2,304




Standard
design, 2,301 ff, 2,401 ff, 2,501, 2,601 ff
draving, 2.305, 2.404
spans, 2,301 £f, 2,305, 2,401, 2.403, 2,501
steelparts, 9.309, 10,604, 13,101 £f, 13,201 ff
suspended bridge, 1,101 £f, 2,102, 2,401 ff, 7,301 ff, 9,309, 13.201 ff
suspension bridge, 1.101 £f, 2,101, 2,301 ff, 7.401, 13,101 £f
Statieal ealculation, 2,801
Steam, 3,508
Steel, 5.301 £f, 7.5071 ff
Steel construction, 7.301 £f, 7.401 £f, 7.501 £f, 13,101 £f, 13,201 ff
Steelparts, 9.309, 10,604, 13,101 ff, 13,201 ff
Steel temparature, 3,917
Step method, 4,211 £f
stiffness, 2,401, 2,601
Stones, 9.101
Storage, 7.503
Storage points, 7.601
Straightening, 7.501
Stresses, 5.501
Stresges in gravity wall, 3,508
Structure stability, 3.503
Sukhadik Bouldik, 1,114
Survey, 1,108, 4.201 ff
Suspender, 2,20%, 2,401, 2,804, 10.301 ff
Swedish circle methods, 3.302 ff, 3,601

Tacheometric survey, 4,204, 4,206 ff
Ta.ngan‘t, 3.912
Tagk, Purpose, 12,101
Technical Data, 2,301 £f, 2,401 ff, 2,501
Teohnical report, 4,101 ff
Temparature, 2,805, 3,917
Temporary erection fittings
cables, 10,101 ff
foundation, 10,101 ff
hooks, 10,101 ff
Tension, 2,303 ff, 2,403, 2,601 ff, 2,701 {f
Terms of steelwork, 7.501 ff
Test, 7503, 9.203, 9,205, 13,203
Test assembly, 7.301, T.401, 7.503
Thenatar, 5,205
Theodolite, 4,206, 4,219 ff
Thimbles, 5.201, 10.802
Timber, 5,501
Timbering, 3,201, 9.301
Tirfor, 6,301 £f, 10,401




Toe, 3,508

Tools, 6.401, 7,202 ff, 7.222 ff

Top soil, %.401, 3,801 ff, 9,201

Torsteel, 5,305

Toughness, 4,306

Tover, uncorrect name, because we cre dealing with
hinged systems - i,e. pylons

Transport, 7.201, 7.221, 7.601, 12,191

Transport routes, distances, 4,104, 7.601 ff

Trench, 3.201, 3,401, 9,201

Trench timbering, 3.201

Triangulation, 4,208

Trigonometry, 3,912

Tunnel excavation, 3,601

Types
trail suspension and suspension bridges 1,101 ff, 2,301 ff, 2,401 ff
walls, 3.504

U

tniformly loaded cable, 2,601 ff
Tnreeling, 5,101 ff

Uplift ecapacity, 3,801

USAID, 1,301

Vv

Vane test, 4,304
Vertical reactions on the pylon base, 2,304, 2,807
Volume, 3,915 ff

w

Walk way, 2,101, 2,301, 2,401 ff, 7,301, 7.401, 9,305, 10,302, 10,602
Yalls

anchor wall, 3,801 ff

breast wall, 3,505

butteressed -all, 3,504

cantilever wall, 3,504 3,508

counterfort wall, 3,504

deadman, 3,801 ff

design, 3.507

drainage, 3,401

drystone, 3,505

earth pressure, 3,102, 3,501 ff, 3,801, 3.804




- Walls (continuation)
gabion, 3.301, 3.504, 9'401
gravity wall, 3,503, 3.507, 3508
placing, 3,301 ff
sliding, 3,501, 3.503, 3,708, 3,801
stability, 3.503
structural components, 3.503%, 3.506 ff
types, 3.503 ff
‘ater, 3,401, 3,505
Weep holes, 3,401, 3,505
Weights of
cable , 5,103 ff
cable fittings, 5,201 ff
steel, 5,301 ff
soil, 3,501
Welding, 7,502, 7.503
Wind
bracing, 2.501
cable, 2,501
guy, 2,501, 2.808, 10,402
guy anchor block, 3,703, 3.803, 3. 90ﬁ ff, 8,106 ff
load, 2,301, 2,401, 2,501
load carrying systems, 2,501
tie, 2,501, 2.808, 10,402, 10,403
Wire, 5.106, 10,701 ff
Wire mesh netting, 2,301, 2.401, 7.218, T7.235
Wood, 5.501, 7.205, 7.225
Wooden deck, 2,403, 2,803, 5,501, 7,218, 7.235
World Bank, 1,301
Work execution, 7,101, 7.220, 9,101 ff, 10,101 £f, 12,101
Workshop, 7.301 ff, 7.401 f£f, 7.501 f£f, 13,101 £f, 13,201 £f

Refer to contents list for additional information
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