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to the second enlarged edition 

The manual for construction of suspension bridges will be quite 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 "he saz time I must appreciate +he commendable work done by IQ. 
H. Pfaffen, civil engineer with SATA. 

Rathmandu, March 1977 
C. B. Pradhanang 

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 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 bock 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 HE' 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 Leo Condrau and Robert Groeli for their 
unvaluable help to complete this manual. 

Hans Pfaffen 

Kathmandu, March 1977 SATA 



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 

constrxtion period will help all the bridge builders to 

avoid the mistakes that may even ILead to the failure of 

bridges. 

Kathmandu, September 1975 

C. B. Pradhanang 

Superintending Ehgineer 
Suspension Bridge 

Division 

The Suspension Bridge Divixion should construct more than 

go fQot - trail suspension bridges throughout the country 

during the 5431 Plan (1975 - 1980) period. Past experience 

has shown that little technical training was provided for 

newcomers in the field of suspension bridge desigtl and 

construction work. '1Ple I?&ual as presented now, is in a 

preliminary phase and should 6 '.P a basis for future 

technical training. III advance i would like to thank fhose 

who will give critical suggestions, and help for adding 

new pages. 

Kathmsndu, September 1975 
H. Aschmann 

SATA 
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TYPES OF TRAIL SUSPENSION OR SUSPENDED BRIDGES ( No. ‘*‘O’ 

GENERAL DESIGN. Voriotionr depending on Date: 30th DOG 76 

cross section and sail 

nor fbrther information and rmferenoer please refer to the ahapter 2. Bri&e ~eeir 

Bridge with 2 towers 

Bridge with I tower 

Bridge without towers 

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

L Inclined totes in both sides of river 

’ 
SOURCES: Design Section of 

SuspenSbn Bridae Division. 

.HMG Nepal ‘Roods Department Suspensior. Bridge Division 
-__ - 



TYPES OFSUSPENSIQN ORSUSPENDEDBRIM;Es No. r1.102 
General Deei= 
(e.g. 512 Dhaunebagar Suspended Bridge of 87 m span) 

m :13th DC=. 76 

Sig : 

'~oteworth : Ihe main an&or blot&a we plaaed at different levele. This system 
ie known as a inolined epanm For the type of a suspension bridge 
with two PY~CW either a huge exaavation or a high foundation 
would have been neceaeary on one river bank. lhie solution would 
be much costlier than the choiae of a suspended ~ei@ without 
pylone. 

1 
i 
i 

HMG Nepal Roads Department Suspension Bridge Division 



I 
!PYPliS OF SDSPENSICfNOR SUSPl3JDEDBRIDcEs 

I No. r1.102 
General Design 
(e.g. 512 Dhaunebagar Suspended BriagS of 87 m epan) ~ors :13th tic. 76 

-Noteworth I 'Ihe main anchor blocks are placed at different levels. This syetem 
ie known BB a holined span, For the type of a enepension bridge 
with two PYhne either a huge excavation or a hi& foundation 
would have been necessary on one river bar&. !&Is solution would 
be much costlier than the choice of a suspended Bridge without 
PYlon& 
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HMG Nepal Roads Department Suspension Bridge Division 



l"y-PEs OF TRAILSUSPENSION ORSlJSPBIDEDBRI3X2E5 
General Deal@ 
(e.g. 507 Chacklighat Bridgu of 70 m Span with one Pylon 

NOtewOrth t It has been proved that this is only ecenomioal for short spans, as 
the pylons get to hi&, or a relatively hi@ teneilo foroe has to be 
anchored. It should and must be mentioned, that this type mi&t 
only be ohoaen if the costs oan be expcroted lower than the normal 
solution with two pylonl3. 
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ELEVATION 

HMG Nepal Roads Department Suspension Bridge Division 
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TYPES OF TRAIL SUSPENSION BRIDGES No. : 1.104 

General Arrangement for a Suspension Bridge 
Date : 1st. Dec. 76 

(e.g. 517 Chutra Besi Bridge of 66 m Span) 
Sig : T/K 
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HMG Nepal Roads Department na Suspension Bridge Division 



!LT'P2SUF!FRAILSUSPBlSIORORSUSPEBJlSRD~ 
I No. r 1.105 

Botewortht ‘Ihe epanie ohesentith78mlmoaume the fkee boardlinetifh 
at least five (5) metros above the knoun hi&~ flood level has 
to be taken into amount. 

HMG Nepal Roads Department Suspension Bridge Division 
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TYPE3 OFTRAILStJSPBC3ION OR iiUSPEQIIIQ)lEtID(z&5 I NO. * 1;106 

General Design 
(e.g. 518 ~~~u.rad.~ BriW Of 60 8 @JR-) 

c 
m : 13th DW. 76 L 
Sig TV 

Noteworthr 01 one aide tie hard sound rock its wed 88 anoheram. !lhe needed 
volume of about 48 m3 for tie whale bride? make8 the brim &rap. 
Forthemainanohoragl: 3:6ror~ uuacmte, and for the wind guy 
anchorage on the left bank 1 I 2: 4aam wnorete irr used. 

h Q 
I 

: P I P P :I _’ _’ .; ;. ,, 

HMG Nepal Roads Department Suspension Bridge Division 



TYPES OF!PFUILSUSPR?SION ORSUSPEXBED?RI~ 
I 
I NO. 1 1~106 

General Design 

Noteworth: Ch one side the hard 6-d roak i@ wed a8 anohmage. lhe needed 
volume of about 46 a3 for t4me whale bridge makee the bridge oheap, 
Forthemainanchorag1:3:6mta8s ammr@te, and for the wind guy 
anchorage on the left bank 1 I 2: 4aae8 smarete is wed. 

3 82 ii I . . 
jf 
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HMG Nepal Roads Department Suspension Bridge Division 



TYPES OFTRAILSnSPaJsION ORSUSPEND~IptII)(3Es I No. t 1.107 

General Design 
(e.g. 506 Jauljibi SwpeWiaa midge of 114 m Spa) 

Not~wedh t Ch the left river benk the back stay cables are nearly horizontal. 
'Ihe pylon ie a hinge type, i.e. no different in the horizontal 
force oan be kept by the tower. To with&end the propensity to 
turu buok of the pyloa a epecial olamp at the saddle has to be 
used. Theee olmnpa [on each saddle one) should be aalculated by 
uelng a factor of sliding of 0.1 and a factor of eafety with 1.5 . 

3 

1 / ;;,iit;iiilfljtb;l;:J; <t;;:“!!.!’ 
‘$A 

HMG Nepoi Roads Department Suspension Bridge Division 



TYPES OFTRAILSnSPaJsION ORSUSPEND~IptII)(3Es I No. t 1.107 

General Design 
(e.g. 506 Jauljibi Suepenriaa midge of 114 m Spa) 

Not&wedh t Ch the left river bank the back stay cables are nearly horizontal. 
'Ihe pylon ie a hinge type, i.e. no different in the horizontal 
force oan be kept by the tower. To withstand the propensity to 
turu buok of the pyloa a epecial olamp at the saddle has to be 
used. Theee olmnpa [on each saddle one) should be aalculatcd by 
using a factor of sliding of 0.1 and a factor of safety with 1.5 . 

3 
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HMG Nepi Roods Department Suspension Bridge Division 



TYPES OFTRAILSnSPaJsION ORSUSPEND~IptII)(3Es I No. t 1.107 

General Design 
(e.g. 506 Jauljibi Suepenriaa Bridge of 114 m Span) 

Not&wedh t Ch the left river bank the back stay cables are nearly horizontal. 
'Ihe pylon ie a hinge type, i.e. no different in the horizontal 
force oan be kept by the tower. To withstand the propensity to 
turu buok of the pyloa a epecial olamp at the saddle has to be 
used. Theee olmnpa [on each saddle one) should be aalculatcd by 
using a factor of sliding of 0.1 and a factor of safety with 1.5 . 
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Noteworth : 'Ihe firet design has been a standard euepeneion bridge of 78 m span. 
After tie Divisional Engineer and SATA Field mgineers hare taken 
a field trip it we65 pr-ed, that the proposed suspension bridge 
oan be replaced with a'ataudard euepeuded bridge of 48 m span only. 
lbie latter typ of bridge will save about two thirda of the amount 
to be Epent on a taPepenelon br3.k. 'Ihe neu cite of the 48 m 
suspended bridge ie only about 25m upstream from the first proposed 
site. Tt muet and should be said, that euoh errors ehould be 
preventad by the eurvey teem which is oonduating the site eelection. 

Right bank I.eA bank 

Weight of Steelparts and Cables 

TRAIL SUSPENDED BRIDGE 
- 

spl,i ,~mm,: 48.00 

T’rLE ‘MANGMAYA KHOLA 
ZO”Ei loll m*“ICTI D”a*I”TT* 
Eo~WIDIWATe8: n I7V.P c 11’11.1 

HMG Nepal Roads 13epartment Suspension Bridge Division 



TYPES OF !I!FfAIL SUSPENSION BRIDGES 

General Design 

(e.g. 523 Seth -W a urn Suspended Bridge of 75 m span) 

1.109 

1st March 77 

HMG Nepal Roads Department Suspension Bridge Division 



TYPES OF TRAIL SUSPENSION BRIDGES 1.110 

General Design 
. 1st March -77 

(e.g. 522 Purchudi Hat Suspended Bridge of 48 m span:' 

; 56 ; F (8 IS :‘P:“P;P:: s SB 

.Iw-c- 
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HMG Nepal Roads Department Suspension Bridge Division 



(e.8. 524 !Mm Bhola i3uapeadeed. Baridgrj ef 57 m NW) 
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TYPES OF TRAIL SUSPEXEION OR SUSPENDED ERIDGES 

General Design 

(e.g. 510 Chilimay Xhola Suspended Bridge of 51 m Span) 

1.112 

1st March 77 - 
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TYPES OF TRAIL STSPENSIQN OR SUSPENDED REIDGES 

General Design 
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TYPES OF TRAIL SUSPENSION OR SUSPENDED BRIDGES 1.114 
General Design 1st March 77 
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TYPES OF TFfAIL SUSPENSION OR SUSPENDED ERIDGES 

(e.g. 521 .Lodey Ghat suspension Br%dge of 150 HI span) 
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!mPEs OF susPms1oE OR SlJsPmDm BRIDGB 

General Desi~ 
(e.g. 525 Pikuwa Bl0l.a Staepmaian Bid@@ of 174 m span) , 

1.116 
1zw 77 
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TYPES OFSUSPEXSION ORSlJSPEWZOBRIDGEs 
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General Design 

( e.e. 526 Khoranga Rhola Suepended Bridge of 84 m span) 
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TyPJEj OF TRAIL SUSPENSION OR SUSPENDED BRIDGEi 

Suspension Bridges 

HMG Nepal Roads Department Suspension Bridge Division 
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!PYPE3 OF TRAIL S-LJSPENSIO!i OE SUSPmDED BRID’XS 

The pictures are showing the Devighabt Suspended Bridge of 108 III span 

(Trishuli) 

HMG Nepal koads Deparlrrent Suspension Bridge Division 



BLaJmG WORK OF TRE SUSPENSION BRIDGE DIVISION 

lettd Pedeetrian Bridges within the Period 

s financed by US AlD 

Number of brid es financed by World Bank 

~oomooQ Totol length of brid 

( without bridges built for Local Development Department 1 
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PLQJNmG WORK OF !EET SUSPEXSION BRIIXZ DIVISION 

without Eridges built for the LDD 

s financed by US AlD 

Number of bridges financed by World Bank 

( without bridges built for Local Development Department ) 
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PLANNING WORK OF VIE SUSPENSION MIDGE DIVISION 

Planning, design end execution work an current L 
and proposed suspension and suspended bridges 
at the end of March 1977 

1.302 .I 

’31st March 77 
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BRIDGF, DESIGN 

Nomenclature for Suspended Bridge 
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i',:rabola construction,ti- factor method 
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BRIDGE DESIGN 

Calculating of suspender length 

No. f 2.203 

Dote : 14th Febr. 77 
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BRIDGE DESIlIN I No. : 2.204 

Parabola oonstrmYlA.on, analytiual method Date: 26th Febr. 77 
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BF3DGEDEsIGN No. 1 2.301 

Design Specification for Standard Suspension Bridges Date : 14th Fe@. 77 

juspension Bridge 

[he Standard Suspension Dridge is a light suspension bridge, chiefly meant for 

,edestrian and pack animal traffic. The walk way (gangway) is unstiffened. 

fhis bridge gyp is normally constructed with two pylons and the suspended walkway 

las an arched profile. The suspension bridge design is normally applied for river 

zross section with flat banks and is more expensive than the Suspended Dridge 

(:qithout 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 4.701 shows, that a suspension bridge is between 28 to 80 % 

expensiver aan a suspended bridge. 

Ihe main design characteristics of the suspension bridge are as follows : 

- standard spans available . . . ..* . . . 66 - 222 m 

- Span intervals of . . . . . . . . . . . . 12 m 

- Sag ratio (full loaded) . . . . . . . . . l/8 to l/9 

- Width of the wooden"deck (walkway) ,., 1.20 m 

- Live load... . . . . . . . . . ..a . . . 400 kg/m2 or 480 kg/ml 

- Wind load (exposed area) . . . . . . . . . 150 kg/m2 

- Available standardized drawings . . . . . . paw 2.305 

- Further technical data . . . . . . . . . pages 2.303 and 2.304 

; 

Valkway 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 oables at 1.20 m 

centres. 'Ihe spanning cables are pretensioned to minimise longitudinal oscillations. 

The following spanning cables are used : 
Walk-way 

Span iurn cable b (inches) 

66 -:102 1 11 

t , 

114 - 186 1* " 

198-222 18 " 
: j _ 

The walk way deck is supported on cross 

beams made of two mis. angles.The cross 

beams are spaced at 1.20 m centres and 

connected together with cross - bracing 

of rn.s* flat section. The wooden deck 

is bolted directly to the cross beams. The walkwqy papapets are constructed in wire 

netting (3mm wire; galvanized, 90 cm width) which is fastened top and bottom to $ ' 

diametre cables (handrail- and fixation cable). 

HMO N;tjmI Road, Repart~ent Swpaiyion Brid gr Divirioh 



BRIDGE DESIGN 

Design Specification for Standard Suspension Bridges 

(continuation) 

?ylons 

No. : 2.302 

Dote : 14th Febr.77 

sig : /@?c- 

?ylons are required 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 

Xvision by a Swiss Computer Static firm in Zurich. The structural analysis has been 

Dased on Indian Standards. 

!he pylons are constructed using standard units !.rith two main colums consisting of 

n.s. angles battened together, the colums being connected together by m.s. angle 

Dracing, For spans of 162 m andbeyond side stay cables are used to prevent side sway. 

ke front and backstay cables (main cable) should have th e same angels for the full 

loaded bridge. On the standardized Suspension Bridges the increasing of the back-, 

:tay cable angle - increasing of slope - of about tan, = 0,05 shows,that the total 

load on the pylon increases !t:ith 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’) .__--_- 
0.550 (28,81’ _~~- -.-__ 0.500 

100 % 

i 

” 
0.600 (3q96’ 

105 % 
.__ 

(33,02’ z-e--. __ 
0.500 ” 110 % 

0.650 
0.700 (34,99O) ~- 

0.500 ” 115 % 
0.500 ” 

0.750 (36,87O). _ ..I 0.500 
120 % 

” 125 % 

1.000 (45,ooO) __ -- 0.500 (26,56O) ___-___ 150 % 

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

pylons will be overloaded. 

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

bottom. 

Pylon 

welded or bolted 

Further information are available on page 2.304 
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BRIDmDEsIGN 

Technical Data for Standard Suspension Eridges 

No. : 2.303 . 
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BRlDmDEsIm No. : 2.304 - 

Reaction on the Pylon 3ase of Standard Suspension Bridges Date ? 14$h Febr. 77 
. . . . 

s+a?91 -I, m-and cables Numbers and Diametres Sip :A p// * 
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BRIDGE DESIGN No. I 2.305 

Available Standard Drawings for Suspension Eridges Date : 14th Febr. 77 

Sig :A &$/A 
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IGN I No. f 2.401 

Design Specification for Standard Suspended Bridges 

,uspended Bridge (cat walk cable bridge) 

his bridge typ is designed for pedestrian and pack animal traffic and is a modern 

rersion of Nepal's age old traditional bridge, the Jholunge, which was built using 

jamboo ropes, chains or used ropeway cables. The bridge cables are anchored directly 

;o the anchor blocks, thus avoiding the necessity of expensive structures of the 

nylon. The walkway (gangway) issunstiffened and directly fixed to the main support 

;tructure and has a slight sag profile. The sag of the maFn support structure is 

;mall and as experienced already on several bridges in Nepal, built with HMG~Standard 

)esign, longitudinal and lateral oscillations are surprisingly low. Being much lower 

.n the cost than the suspension bridge with pylons, the suspended bridge design has 

leen strongly applied within the bridge programme of the Roads* Department since 

:a11 1975, whenever the required free-board could be achieved. 

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

- Standard spans avail?ble ..* . . . 

- Span intervals of . . . . . . . . . 

m width of the timber deck (gangway) 

- Live load . . . . . . . . . . . . 

m Wind load (exposed area) . . . ..* 

- Available standard drawings . . . 

- Further dechnical data . . . . . . 

Salkway (Gangway) 

. . . . . . . . . 39 - 126 m 

. . . . . . . . . 3m ( 39 to 96 m > , 
6m (102 to 126 m) 

.‘. . . . . . . 1.10 m (39 to 60 m) 

0.97 m (63 to 87 m) 

0.98 m (90 to 126m) 

. . . . . . . . . 425 kg/ml (39 to 51 m) 

410 kg/ml (54 to 60 m) 

460 kg/ml (63 to 126m) 

. . . e . . . . . 150 kg/m2 

.*. . . . . . . page 2.404 

. . . ..* . . . page 2.403 

The ?lalk way cross section for a suspended bridge is shown on the next page. The 

bralkway 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 60 m span 
63 to 126 m span- $t 

U cable 
1' cable 

Differential movement between the handrail and main cables is prevented by mosr bar 

connectors. 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 

naed to the timber decking for spans 39 to 60 m or fastened to a s inch fixation 

cable for spans 63 to 126 m. 
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EWDGEDEsIGN 

Design Specification for Standard Suspended Bridges 

(continuation) 
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BRIDGE DESIGN 

Technical Data for Standard Suspended Bridges 

NO. ‘2.403 

STANDARD SUSPENDED .- y 
BRIDGES 39- 126m wpl ,-7ITrTfY 
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BRIDGE DESIGN 

@ailable stsndard Drawings for suspended Bridges 

No. ’ 2.404 . 

Date : 14th Febr. 77- 
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BRIDGE DESIGN No : 2.501 

Wind - Bracing for Suspension and Suspended Bridges Dote : 14th Febr. 7: 

slg : I/;: @z-- 

Wind .- Bracing 

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

cable diametres. Y&e detail shows, that adjustment to take up the pretension are 

proposed. 

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

the bridge span and the topography of the bridge site, two main systems are employed 

as shown below. 

The main rharaoteristics of the wind - bracing systems are as follows : 

- standard Icable! (guy) . . . . . . . . . d I", 12" and 1&1 ( 6 x 19, 6/12/l) 

- Standard wind tie . . . . . . . . . . . . 6 *tl :hlhen tie only ( below 60 m span) 

bt 
I 

when wind guy cable used 

- Wind tie intervals . . . . . . .., . . . 3.60 m at Suspension Bridges 

4.80 m at Suspended Bridges 

- Sag ratio . . . . . . . . . . . . . . . l/12 to l/14 

- Wind load (exposed area) . . . . . . . . . 150 kg/m2 

- Wind load supported by bracing . . . . . . 100 kg/ml 

- Available standardized drawings . . . . . . Pages 2.305 and 2.404 

Diagonal system (used at short span suspended bridges) 

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 

system is used. 

Paraboli 

._ 

Wind tie (normally @ 

.c system (used at suspended and suspension bridges) 
I mowable I Cable I 

Wind tie cable l/4” 

(breaking load 2.3 tons) 

ratio VI2 to l/l 

4.80 at suspended and 
3.60 at suspension bridge 

/- 3 tons Pretension Wind guy cable-J 
--. _.- 

HMG Nepal Roods Deportment Suspension E&id ge 01 wlsicn 



BRmI)qIGN I 
I No : 2.601 

Single cable under uniformly distributed load (level span) 

SIN&E CABLE UNDER UNIFORMLY DISTRIBUTED LOAD (lexiel span) 

A curve4 cable is a basic component of any suspension sizxture. Since the confi- 
guraticm 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 la&& is basic. ?he solid line in the sketch below represents the initial con- 
figuration of az~ unloaded hanging cable attached to izmovable supports at its ends, 
Since th+!~ cable will assume a parabolic configuration under uniform load, the initiz. 
curve could be assumed to be parabola. The assxmed initial configuration has no 
effect on further analysis. Ihe problem is to find the deflection (dotted) config- 
uration, the force in the cable, and the forces on the supports. 'lhe following 
notation is used. 

No load (initial contiguratbn): 

I ,$%orizontal distance between supports 
L ‘F-develwed length of caMe 
f &lg of cable 
A P‘crOas-sectional orea of cable 
E =~modulur of elasticity of cable 

Loaded cable: 

48 
I 

1 = tansion in cable at support coused 
by superlmpoasd loads 

9 = wright of cable per unit length 
(ouumed uniform ) 

bC = ongk between kwitmtoI. ond tangent to cable at wpport 
v = varticol wmponmt at T at support 
H = horirontsl component of T at support 
AI ..;w = incrrorl in length of cable &XJ to T 
Af 3: incrrorr /A sag of cabir due to ruparrimpoaad kmds 

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

. L of the cable 

7% tension T is given by T 

The approximate elastic elongation of the cable is 

E *W,SOO-16,000 Rmrn’ 

I 

(I) 

RI 

The increase in sag is 
AL 

A’ = ‘g/(&l) [5- 24(vL)q 

The angre a is given by tan lx= 4(f+L?if) 
I 

The vertical and horizontal v = T ein cf 

reactions are H ” T cane: 

(5) 
1 

(6) 
I 

o-1 
a 

I, 

: Structural mgineering Handbook : Edwin H, Gaylord, jr. 
.' -..,*A> (McGraw-Hill Book Company) Charles R. Gaylord 

H&3 Nepal Roods Depar Vment Suspuw~ion Bridge DIvlslon 
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BRIDGE DESIGN No : 2.632 

Single cable under uniformly distributed load (continuation) 14016 : 14th Febr, 77 

"Stiffness" 

jI::GLE CABLE UNDER 'UNIPORTjlLY DISTRIBUTED LOAD (level span) continuatio:. 

fie figure below shows a suspended cabie at rest (a), of any geometric configurz:ion 
..ith any assumed tension T. If the cable is plucked (for example, to she confi- 
guration in b and then released, it will vibrate. During such vibraticn it :,iiil 
zssume various COnfiguratiOnS. At some instant, it may assume a shape such a.s show-! 
in Fig. c, which varies from instand, depending on the manner of plucking :?s well 
as on the properties of the cable and its initial tension. Whatever configuration 
the cable has at Lany instant can be represented by a summation of the ordinates of 
w infinite number of harmonic curves, 
md f. 

the first three of ,<hich are showr, in d, e, 
Each harmonic has different amplitude, e.g., a,, a 

2’ &:, 
. . . . . . ) 2 

no 

Dynamic Behavior. Additional notations ore 
I 

q .= uniformly distributed load. 
9 = acceleration of gravity (9.8lm/Sec8) 

n = any integer. 
wn = frequency of vibra’tion of a harmonic. 

&he amplitudes are so prescribed that their summation results in the exact value of 
the ordinate of the actual configuration shown in C. 
the amplitude of each, 

Zhe number of harmonics, and 
necessary to represent the configuration depends on the spe- 

:ific problem. It should be realized that each harmonic is not an imaginary corn- 
ponent of a vibrating cable but is a physical entity. 1.t should also be noted that 
the amplitude of each harmonic changes as the cable vibrates. izach component har- 
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. PIUS, rr cable can have 
an infin:.tive number of natural frequencies. 'Ihe 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. 
'!%e first harmonic is called the fundamental mode of vibration and its frequency 
the natural frequency. 
outside the range ab of 

One approach in designing suspension structures is to stay 
the Fig. belocv 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. 

TF==-Ibl 
-(Cl 

al b 

Rolia of natural frequencies. 

‘Stir fne8Sl’ 
--- --Under dead load 

1. 
25 

-Under full load 

! I 

‘15 I I r. n I I 
I L! 

\ , I I 
/ ' 

7eference : *' a-kW'CUa1 Engineering I-iandbook (r.:c,;ra,,-Hill ':omu;L:T;:,r) - .ic r‘ 

HMG Nepal Roods Deportment Suspension Bridge Dlvlston 



BRIDGE DESIGN 1 No. : 2.60j 

Single cable under uniformly distributed load, example 

with graphical method 

DClt9 : 14th Pebr. 77 

Sig :& 

Given : Surpended bridge, span 120m, cable sag (full loaded) = 6.90 m, loading 
unifdrm, doad load 120Kp/m + live load 460 Kg/m = total load 580 Kg/m. 

To find: Fm 1 in the muin cabtes,diameter and number of cables. 

lr 

---.. ---.- 

en r4 

120 m - ~-___-- - __ _~---.-.- -.. 
-# 

Procrdura 

1 8 

W 

Force Diagram Scale : I cm =5O tons 

I. Calculate total wei#M @f the bridge 
W=O.58 tons/m x l20m = 69.60tons. 

2. Support the weight W by the 2 forces T at either end of the cable. 

3. Determine the forces T graphicaHy with the force diagram. 

4. Using 4 I !?L 6 x 19 (12/6/l ) wlth W.S.C, breaking load 77 tons, 

factor of sohty against rupture 3, calculate : 

Force T x Safety factor 155.25 x3 
Number of cables = = = 6.04 

Breaking lead of I cable 77 

If in this case 6 caMss are ubed , the factor of safety is reduced to 2.98 
which would be acceptable. Total cable weight per meter = 6 x5.53 = 33.18 gg{i 

5. Alternotiwe Solution 

Using Bridge Wire (@5mm) Required for equivalent strength , 

breaking strength I60 Kg /mm*. 

Allowable Stcmgth 72 Kg /mm2 (German Standard) 

Area 19.6 mm2 Weight per Wire 0.154 Kg /m 

Allowable. force per Wire = I.41 t I 

Force = 15s .25 tens / 

Number dd wires Muired 
Total Force 156.25 

= - = llO.lO6 
Alowable force = I.41 

SOY I12 Wlras of 0 5~1111 ( 5% Wires on each side) 

( Total win &#w I#r m = 11’2.0.154 = I7.m M/m’) 

HMG Nap01 f&O& Oeportnmt Suspension Bridge Division 
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BRIDGE DESIGN N o : i: .604 

1 

Single Cable under uniformly distributed load (inclined) . ;/!tk! cb~-, -,j1 
d-y .'--yL-. --._. ' 

: +.A. = 1 ._.- 
t 

SINGLE CABLE UNDER UNIFORMLY DISTRIBUTED LOAD 

I INCLINED SPAN 1 I 
I 

The suspended walkway has however the advantage, that no extra problems crop ’ 
up should the anchor block have to be placed at different helghts. The layout of 

the wind guy cable sometimes calls also for an inclined parabol 

~, ryyl Given i.;~y~~~x~ky, 

The following formulas give increments 
of deflection and slope due to inclination 
of the chord. 

” Down” slopes are usually considered 
as plus values an3 “Up” slopes as minus 
values. 

2 
yc =(*I+ $- s, =* ; s2 A/c 

a 

At any point - y = wx (s-x) 2+ * x tanu 

tonbl 8 
WS 

r+ tana; -tana 
Yc = Y, -y;:th 

b 
tana (at any point) = + (% -x) ,+ tan u 

=y,-+ 

2 ws 2 
When center deflection is known : f c L t - = 

8yc-4h Bb 

Low point of an inclined span occurs when tan,83= 0, .*. x = 5 + -& tan a 

When deflection at any other point is known: 

t = 
wx (s-x) 

2 (y-x tan*) 
t’ = t SBC #3l t” = t sac pa 

The lengths of cable in on inclined span is given by the formulas : 

L, or L 8 1/2+h2+ w2s3cos3u (approx); L,or L =j/ZZ(l +z k2- ?I<” -i- yk’) 
24 t2 

K = Ratio of deflectlon = 
w- s - COS2d 

8-t 



BRIDGE DESIGN I No. : 2.701 

Single cable under concentrated single load (level span) 

e.g. cable car m - 

SINGLE CABLE UNDER CONCENTRATED SINGLE LOAD e.g 

CABLE CAR ( LEVEL SPAN ) ( SIMPLIFIED CALCULATION ) 

The deflection produced by a concentrated load suspended midway between two 
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 negligibte. 

from : The center deflection is found 

G”+ US ’ s(2G + us) 

yc ’ 4t 8t m 0t 

t’ 8 t sect4 * t sec&= tH 

Example 

(II 
~(26 + WI) 

and t m (2) 
0 Yc 

(3) tanpc a 
GS WI 

8 tan$n (4) 
2t 

A rolling load weighing 600 Kg is to be supported in a level span IOOm long by 
o cable anchored at both ends. The deflection must not exceed 3m. No wind or ice condi?ions. 
Since this is a level span, a = o and w= w’ 
W = 2.46 kg per m 

From (21 t = 
100 (2 x600 + 2.46 x 100) 

8x3 
q 6.025 Kg 

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

b)From (4) tan& = 600 t (2.46 x 100) =. 0702 
2x6025 

BI = 4.02” 

Factor of safety = 
Breaking load = 25.000 

max. tension 6.040 
= 4. I4 > 4.0 

The maximum cable length occurs when load is at center of span 

SI =dm =1/m = 50.0899 m tan6= & =0.06t6=3.43” 

Lz2 (s,+Qfzq = 2 (50.0899 + 2.462x5O3x cos3 3.43” 

24 t2 24 x 6025L > 
= ,oo, l8 m 

We assume the elongation due to load as 0.15% 

The hoisting (erection) length of the cable : a I = 0.15 l 100.18 
iO0 

z. t5 m 

HMO Nepal Roods OIportment Buspmdon Bridge Division 



BRIDGE DEIGN 

Single cable under concentrated load (level span) 

c) Length (hoisting) = 100.18 -0.15 = 100.03 m 

span. 3(cable length - span7 
‘Hoisting ’ 

= 100’ 3(100.03-100.00) = I 06 m 
a 0 

tan& 4~ 1.0 6 = = Ix = 
100 

0.0424 2.43’ 

d) Tension during hoisting (erection) 

2 S’W 1002*2.46 I 
T Hoisting = - set Oc = seed = - 

8.y~ 8 - 1.06 
. 1.0009 =2904 Kg ( cos o( ) 

e) Tension when the cable car hangs 5 m in front of one support 

Knowing the tension t at the center of the span, the deflection at other 
points may be determined from : 

x(ws t2G)2(s-x) 
Y = 

= 95 (2.46. 100 + 1200) . 5 = 1.074 m 

2t(ws2 -k4G,&G7 2.6025 (2.46.1002 +24OO)m 

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 x y can be found. 

t 
II 

t 

II = x(s-x)(ws t2G) = 95 .5 (2.46 *IO0 +2.600) =3198 Kg 
2 SY 2 .I00 * 1.074 

G +w.s tanpa= 2 t = 600 f2.46. 100 = o l323 
2.3198 An = 7.54” 

f) Required force to pull the cable car ( when hanging 5 m toward the 
support) factor of friction between ‘cable and roller bearing af the car’=O.Oa 

Required pully force = E,V ( Sinfi2+ H * COSfin) 

R = 600 Kg (Sin 7.54”+0.03 . Cos 7.54O) 

= 96.58 Kg 

Say 100 Kg 

HMG Nepal Roads oepartment Surpension Br id oe Division ~- -- 



F: 
6 T No : 2.901 BRIDGE: DESIGfi 

Calculation examp le for a suspens ion bridge (unstiffened) i Date : 14th Febr. 77 , ( slg : / 

EXAMPLE FOR A STATICAL CALCULATION OF AN UNSTIFFENED 

SUSPENSION BRIDGE OF 60 M SPAN 

Sketches WALK - WAY 

?6.5&panning cable 
- pen&s\ 

-ISag full 
I 1 loaded= 

t Z50m(Q 
I 

LIT 
-‘a 

. +-1.30m 
is Camber 

c/c=1 Nrn-Highest water level 
Soil r 

condition 

-r-T...“.. 

I 
4 

Wate tr levpuribg survey 

L 
i 

Walk -way 
Wind ties 
(c/c = 3.60m 1 
Wind guy cable 

L Span’= 60m 

! 4.80- ;3.601 3.60 
SIDE ELEVATION 

y 

cable a\2 
Chnosen = 

Span = 6.50m 
sag = 7.00m 

z 
5 
0 
L 
n 

.- 
n 

4 

0 
.o 

x 

Y 
P 

PLAN 

System 

L = ‘60.00 m 

Walk- way width = 1.20 m 

Sag f 
Span 60 

=-= - = 7.50 m 
0 8 

3.50 -1.20 Span 
f” 

Width at pykm -Width af walk-way 
= 5 = l.l5m > 2 2 - 100 

t- 
8 HMG Nepal 

., -- 

ROQd8 .Departnsnt Suspenrion Bridge Division 
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3;’ TDr,E DES 7 GN 2L 

Calculation example for a suspension bride (car: tinmtior: 

Length of main cable ( between pylons ) Lc 

c 

3 
i 

0 

. 

I 

. 

c 

‘, : 

Lc = LOP 

32 Where p = I+%($$-)‘- 5 ( $+I’ 

p =I +; (c&e_ y (L&)4 

p = I -I- 0.04166- 0.0015625 = 1. 04010416 

LC = L-p= 60 ma 1~04010416 = 62.406m 

( middle span only) for full load case . 

Loading Cases, 

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

(b ) Uniformly distributed live load = 400 kg/m2 k80kg/mJ 

Wind : Wind load = 150kg/m2 
\ 

(i.e. for exposed area = IO0 kg/m’) 

Construction materials 

Cable 6 X I9 (12/6/l ) with W. S.C. (Wire Strand Core ) 

Tensile Strength of wite I6 0 kg /mm! 

(IS 2315- 1963) 



BRIDGE DESIGN No. !2.803 

Calculation example for a suspension bridge Dote : 14th Febr. 77 

(2nd continuation) 7-r 
sip :,r&r 7&h. 

Walk- way with Wooden deck 

System: 

Loading Case I. 

Uniformly distributed load 

Dead load 

Total load W 

Bearing reaction = 0,6-0,5 2 9 

Bending moment = was’ 
0 

Modulus of section = 6(1;5*) 

Sectional area = 6(19-5) 

8Bending = 
9522 
475 

s*3 
%/orb = F.2 

Loading Case 2. 

6 Plan ks 5/19 cm 

(dead load = 49kq/m’) 

= 480kg/m’ 

f 49kq/m’ 

= 529kq/m 

= 0.3174t 

= 0*52~1.22z0s09522mf 

q 475 cm’ 

= 570 cm* 

= 20,05kg/cm* < < 
OPermissible 

= 317.4*3 
570 l 2 =0.835kg/m2 <XT 

Permissible 

Single load of 100 kg on one Plan r( 
. . 

dead load of one Plan k = 8.075 kg/m’ 

M 
max. = OJ)O81-1.2* + O.lOO- I. 2 

8 4 
= 0 .OSi458mt. 

d max. = 
3145.8 

475 
= 6.62kg/cm2 < < ~Permissib,e 

HMG Nepol Roodr Deportment Su @pension Br Id ge Division 
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BRIDGE DESIGN"‘ 

Calculation example for a suspension bridge 

(3rd cnntimuktion~ 

I. I ’ 2.804 

Date : , 14th Febr. 77 

Siq :f& j$$Z- 

6 

Load = 529kq * I.2 = 634.8kg 

Weight of the Cross beam 

Loading Case I. 

2L 65/65/5 = 2.4.9kq/m= 9.8kq/m 

M 
max. = (1.2~0.~48~0.5~0.66)-(0.6~0,6348~0.3)+(0.0098’1.32*) 

M max. = 0.2514 - 0.1143 + 0.0029 = 0. i392mt 8 

Moduii of Section (IL) zxx = zyy = 5.2 cmsi A = 6. 25 cm* 

dmax. = 
13920 = 
2~5.2 1338kg/cm’< i65Okg/cm* 

T&s 0.6a 634.8+ 9.8’0.66 = 380.88 + 6.488 
(6.5- CL5)* 0.5 (6.5 -0.5)~ 0. 5 = i29.i16kq/cm2 

Loading Case 2. 

Single load of 100 kg + dead load. 

M max. = ( I. 2 0,O 4 9 0. 0 l 5 0.6 6 l ) - (0.6 l O. 049*0.3) + o-oog~“*322 + “o;-i’2 
M max. = 0.019404 -0. 00882 + 0.00213 + 0.03 = 0.042714mt 

th max. = 4271.4 
2m5.2 = 410.71 kg/cm’ 

3-E 0.5.iOO + 0.66.9.8 
(6.5--0.5j.O.5 

= i8.82kg/cm2 

Comparision Stress & = JZFiSZ = 412 kg/cm’ <<< i4(30kg/cm2 
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 ioad 

Total load Z 600kg/m’ 

I. Load on One Suspender = 6o02i*z = 36Okg. 

Suspender rods of $Y I3 mm ( i.327cm2 ) are used. 

d 
360 

tension = 1.327 = 27i.3kg/cm2 << 1400kg/,cm* 

During errection work o load of about IOOOkg might be suspended on one Suspender 

L errection = 
m= 
I.327 

753. 6kg/cm* < 1400 kg/cm* 



BRIDGE DESIGN I NO* 1 2.805 

Calculation exa.c,;siG for c suspension bridge 

(4th continuation) 
I 14th Febr, 77 

Main Cable T Vertical 
Tension 

Span = 60m Horizontal 

So9 = 7,50(fuii load sa 

We choose 2 Cables of $ i)j”(38mm) 6X19 (12/6/I) with W. S. C. having 
a breaking load of 77 tons. 
boading Cases r 

Hoisting = 2* 4.06kg/m’ = 8. i2kg/m’ 
Dead load = 120 kg/m’ 

Full load wf = 600 kg/m’ 

Max. Cclbie Tension 

T = J T,,2 + TV* 

T,., = wf* Span* 
8*Saq 

= 0.600~ 60’ 
8* 7.5 

= 36 tons 

TV = 
W,. Span 

2 
= 0.6060 

2 = I8 tons 

T = J36* + 18’ = Ji296 +324 E 40.25tons 

Safety factor of the ttio main Cables: 

S.F. = No. of Cables X breaking load = 2 - 77 
max. tenslon 40.25 

= 3.83 > 3.0 

TemDerature 

do lengthc = L,* df ’ At 

Lc = 62.406 m 

<f = 0.0000’2 

At = - IOOC 

A Lc = 6240.6*0.000012~(-IO’) = --‘0.749cm 

Lc’ = Lc$.ALc = 6240.6 + (-0.749) = 

InCreasing of the span 

Soan S’ = Span + 2 A Span 

A Span = i*O(t*At 

A’ = ‘880*0.0000’2* IO = 0.2256 cm 
Span S’ = 6000+ 200.2256 = 6000.4512 cm 

rldgc Divition 



BRIDGE DESIGN 

Calculation example for a suspension bridge 

(5th continuation) 
.- - L.^. 

NO. : 2.806 

Dote : 14th Febr. 7: 

Sip : I L&z- 

Oecr easirq cf thn Sag 

9’ 6239.851 
=6000.4512 

x = ml’ ( 1 2 
S’ 

= l.039897 
t----sP~ d-1 

TLA Sag 

I + -’ i *-+p = 1.039897 

6.4 Xg - 2.666* X +0.039897 = 0 

X 

Bu t 

Sag’ 

A SOg 

Increasing 

= 2.666-f d2.666’- 4*6.4*0.039897 cm 
2* 6.4 

=0.4OiOl73 cm ( absurd 1 

=0.015545 cm (possible) 

=s:JTq = 6000.4512~0.015545 = 748.133792 cm 

=Sag- Sag’ = 750 -748.133792 g I. 87cm 

of the force TH 

D rH = 1” z, -I) = 36 ( 74;,51i4 - I) = 0. 09t/10°C 

If we assume At = 3ooc 

TH =36 + 3mO.09 = 36.27 lons 

? 
=I8 tons 

Max. tension =JiGTZTZ = 40.491 tons 

Factor of Safety=. 2.77 c 
40.491 

= 3. 80 > 3.0 

HMG Nepal Rood8 Depar tmant Suspension Bridge 
-a 



BRIDGE DESIGN I 
No. ’ 2.807 

Calculation example for a suspension bridge 

(6th continuation 

I 
Da?e : 14th Febr, 77 

Vertical recrction on the Pylon (V) 

T = 40.25 tons 

c = 
J( 2s Sag)’ +(.*)’ 

c = ,/( 2=7.5)’ + (i?)’ 

C = 33, 541 

costx= -y- 
2*Z5 

= 33.541 

Sin& 
Z = Tm 

SinP * 

v = T*Cos& t Z*Cos/3 

cable 

= 0.4472 

When /3 <oC, the force Z is higher thon the force T 

In our case Cc =/3 

Z = T = 40,25 tons 

v = 2-T* Costi = 2* 40,25* 0,4472 = 35,9996 E 36 tons 

Due to the hinge bearing the horizontal forces H, and H, must be equal 

FI, = H, 

tanoC= *, 

H2 J =- 
T2- COSK 

= 
cosp Co@ 

V2 = T2* Sin d. 

“I = T, . Sin/3 

y 5 
Tzm CoscCa Sin0 

coti/ 

Y = T,* Cosd . tanp 

2 

“I “2 

/ hinge 

HMG Nepal Roads Department Suspension Bridge Division 



I B&DEE DESIGN 
'I I No. 1 2.808 

example for a su.spension bridge 

..” 
~~~~V#lnd guy Cable 

Sag Wind guy Cable= 6.50m W = 100 kg/m’ 

Ccntte to centre Wind tie Cable = 3. 60m 

=w.s2 = 0.1. 6de 

yg=&TZTH 

Tn 8.Sag 8~7.0 = 6.429 tons b- 60---d 

5 
= w-s 

2 
= O-I- 60 

2 = 3.00 tons 

T = yi$v= ,/6m42gg+32 = 6. 66 9ons 

Per Cable # 20 mm (Breaking load Z- 21.20 tons), 

foctor of Safety = 
21. 20 
6. 66 = 3.18 > 3.0 

F:br Wind ties # t/;‘(B:eaking load = 2.3tons, 

I “l&d on one Wind tie = 3.6OeO.l = 0.36.tons) 

fatior of Safety = 2.3 
0.36 

= 6.39- 3.0 

.‘I 

Air the Wind ties are carring also the Wind guy Cable they are subjsr9td ‘. <, 
to! :grrater forces. . ,, 
.’ ) 

,.,,*=d = gj = O.C83 i d= 4.76O 
-,-., ” 
:-‘. : 

-s;&& = 0.083; Cosd = 0.997 = 0.997 

hffsion in the inclined Wind ties 
‘__, 

3: 
360 IO 

’ EGZ+SinCf = 
360 IO 

o.gg7 + o.083 = 361 4 120 = 481kg 

Factor of Safety = 2300 
481 

= 4.78 > 3.0 
.= 
:: 
:: above Calculation are given just in the simplified form. For the So?%, which are 
a . . , ,‘iM?f0 be found out, for hoisting and dead load cases, refer to technical iii$rctures.The 
:: d%&ent Sags for the Suspended and Suspension Bridges according $0 11’1s HMG’s 

.- 
3 S%hdard Designs are given in the 03 ‘- “,. Pages 2,303 and 2.403. 
s 

a sr 
I- 
a $MG N epal Roads Department Suspension Bridge Dlvislon 
(I, I 10. 



BRIDGE DESIGN 

Calculation example for a three span suspension bridge 

(main cables only) - 

Done : 14th Febr. 7; 

STRUCTURAL ANALYSIS FOR A THREE SPAN BRIDGE 

(a) Basic data I (2) 

L; %Om ‘2 I,= 21Om 

cm3 t Cl K 
tot01 ; kgth 
I = 2.61:3+ 210.0 = 370 

9= = 0.1 50 

p =o.Li,-ro.~.8 2 0.380 

4= g+p = Q-i: ;;1 

E= =I 0.500 

rl =481mme = I $I% 

( reduction due to wide span) 

t Cl E 
I kJ1 -. ->, 
;.,nl,?+ !L, 
II 

(b) Main Cable Force St 

Full load sag for 2lOm Standard span according to 11- 55.5 

H.M.G. Standard Design: 26.25 m III + 

Total weight of the 2lOm span structure: 0.530-210 = Ill t l-i- 
55.5 

6~77 
cc---- III - 

Factor of safety for the 2lOm span : 124 = 3.73 > 3.0 =T 
required 

(c) Main Cable Force max. S+ 

Side spon: 8O.Om 

Total weight of the side span structure: 

0.530 * 80.0 = 42 t 

mox. s f = 127 t 

Factor of safety for the 80m span: 

(2) 

$$ 

I I 
+-- Illl __cJc_ lllt 4 

6.0 77.0 
= 3.63 > 

127 
3.0 = 

2 required 

HMG Nepdl Roads Deportment Su epennsion 8rid gs Division 



BRIDGE DESIGN 

~a.lculation exa,inple for a suspended brSd@ 

No. r 2.901 

EXAMPLE OF STRUCTURAL CALCULAT,lON FOR 
SUSPENDED BRIDGE 

I. Basic data ’ 

Factor 

Span 

of safety 3 

Hoisting kod 

min 

Dead load 
Full load 
Modulus of elasticity 
Cable cross section A 
Breaking load 4 

= 42m 

= 3.0 

= O.Oll t/mr 
= O.O75t/m’ 
= O.SDOt/m’ 
= IO 500kg/mm* 
: 962 mm2 (2 Cables # IV) 
= 2X77 = 154tons 

2,Allowable main Cable force 

Sf 
prx EL 2X77 

=-T-p=3 

3. Full load sag 

= 51.3 tons 

Sin df = full load X wan 
29 Sf 

df 
= 11.8P 3 tanMf 

hf = 
Span X tanHf 

.- 
4 

Say, full load sag hf 

4.Dead load soa 

= j&300 ? 4.2 

29 51.3 
= 0.20467 

= 0.2091 

= 47~0.2i39l 
4 f 2.196m 

= 2.20m 

6f 
zL= 51300 

A 962 

‘dead 

= _deod load 
foil lood l 6f 

= 55.326 kg/mm2 

= 0.075 
Gm* 53.326 = 8 kg/mm2 

Chosen .$ = 10.8 kg /mm2 

Sag dead 
< Sag 

full load 
&a = 0, - a,, = 53.326 - IO.8 = 42.526 kg/mm2 

42.3la 42.526 = o 17g3m 

= 42.307m g 42.3lm 

3 42 -*- = 0.1713 
= I6 2.20 

= 0.6132m 

dead load sag = 2. 2 0 -0.6132= 1.566s I. 59 
! 
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BRIDGE DESIGN I NO. : 2,902 

Calculation example for a suspended bridge (continuation) 

5. Check of chosan cd. = 10.8 kg/mm2 

t,an dd = 
401.59 

42 
= 0.1514 

&d = 8.6108° *Sin4 = 0.14972 

= 0.075~42 
Jd 2*0.14972 

= 10.5196 tons 

6 
-d =-%P- = IO.90 kg/mm2 z IO. f3kg/mm2 

6. Hoisting sag 

Sin “<b = 0.14972 = Sino( hoisting 

S” = Hoisting load l Span = 0.011* 42 
29 SincX 2.0.14 972 

= 1.5429 

(5 z + = ‘“s’s; q I.6 kg/mm’ 

A6 = 10.6-1.6 = 9.2kg/rnm2 

‘d = 42.188m 

At = 42.188 l 9.2 
10500 

= 0.037 

nsag= *- e #AI 

d 
= -&* gaO.037 = 0.183m 

sag H 
= Sogd - A-sag = I.59 - 0. I83 = 1.407 

Say, Sag 
H 

= I.41 m. 

All values depend very much on the modulus of elost icity which 

may differ by about ?s 20% 

In the above catculation the cable lengths beyond the saddles are 

not taken into account. * 

HMG Nepal Roads Department Suspension Bridge Division 





STRUC~L ANALYSIS 
Soils and soil.in$esti.gations 

No. : j.lOl 
T. 

m :1Oth Jan. 77 

__-... ._...~ .- 
OIis AND SOIL I@TVBTIGATIONS 

.I1 buildings are founded on ground. It is, therefore, very neaessary to study the 
tructure and compiaithm of the ground before going over the considerations of 
'cmndation. Soil me&anics is a branch of Engineering whicb studies the structure 
tf the soil and its behavioux under loading and changing weather conditions. 
[aterial which are found in exoavstion are classified into two types : one is the 
ioil, and the other, rook. soils are formed by the dishtegraticm and decomposition 
If rocks. It is an aggregats of mineral particles in loose condition, which can be 
!asely separated by meahanioal means; Rock, on the other handfis a natural aggregate 
If minerals whiah are eempcmnds of chemical elements consolidated under enormous 
mea sure. The here given informaticms are very briefly. Some more information of 
low to investigate the soil oonditions are given later in one of the chapter written 
my Iso Con&au, Civil E!ngineer with SATA. 

locks are classified under three categories: 
. Igenous Rooks 
l Sedimentary Rocks 
. Metamorphio Rooks 

Generally, rooks provide a very good foundation unless 
they are porous, or have fienures, or hollows etco 

ioils are four iqpes acoording to the size of the grains or particels as shown below 
~___ ----.__ -~ __-_- ___ .-- --~- -- 

1 

Coarse . . ._. . . . . . 60 mm to 20 mm 
Gravel Medium . . . . . . .._ . . . 20mm to 6mm 

Fine . . . . . . . . , . . . 6mmto 2mm 
--- --- _~~ ____--~ 

Coarse . . . . . . . . 2 mm to 0.6 mm 
Sand 

{ 
Medium . . . . . . ,.. . . . 0.6 mm to 0.2 mm 
Fine . . . . . . . . . . 0.2 mm to 0.06 mm 

__- ~-- - -.--._ _ _ _.. ---__ 

f 
Coarse . . . . . . . . . . . . 0.06 mm to 0.02 mm 

Silt 
‘1 

Medium . . . .._ . . . . 0.02 mm to 0006 mm 
Fine . . . . . . . . . . . . oQO6 mm to 0402 mm 

-.... - .-._- -- 
-Clay . . . . . . . . . .-. . . . 0002 mm 

Colloidal clay . . . . . . . , all sizes below OWL? mm 
-___ ---- 

Sizes above 60 mm are : 
Pebbles .*. . . . . . . . . . 60 mm to 200 mm 
Boulders ..* . . . . . . .-. larger than 200 mm 

_ 
;ource : A treatise on building aonstructum by: Deshpande and Vartak, 1968 

ke foundation for bridges designed by HE Roads Department (Suspension Bridge 
Division) are proposed in such a way to be easy and needing a simple execution work. 
Iowever, it is important to oheak the foundation's aaudition at site proper, and, 
Cf necessary redesign the foundations, 

:haracteristids of soils : 
Save1 : 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. It has g0-t noi.c&esim, but possesses good internal 
friction. Gravel has a high bessing capacity and thus forms a good 
foundation material. 

sand : like gravel, is cosrse-grained, It is also not affected by frost. It lacks 
oohesion, but possesses high internal friction. Up to a certain percentage 
of moisture it swells or bulks. Sand forms a very good found.ation 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 
silt, San& is very permable. Quicksand is not a soil type, but condition, 
which-is caused by water 000upying the pores in sand layer and thus re- 
ducing its power of,~~aistan!32, to loading, ---T- 

HMO Nepal 
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STRUCTUHAL ANALYSIS No. I 3.102 

Bearing capacity of soils m : 10th Jan. 77 -- 

Silt : 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 seen wth naked eye. It has no cohesion nor 
internal friction and is difficult to compact. Silt, when dry in form of a 
clod, can easily be pulverized between fingers. It sticks to fingers but 
can be readily dusted off. 

Clay z 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. Dry 
clods of clay can be offering considerable high resistance to crushing. 

BEWECNG CAPACITY OF SOIL!3 

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/d). 
If the load put upon it exeeds this limit, the soil yields by failure of shear 
indicated by its sinking. The maxim 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 oapacity 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 BEARTNG CAPACITIES OF DIFFERENT SOILS 

Description of Soil 
Safe Bearing Capacity in 

Tonnes/m9 

1. Soft, wet, pasty or muddy clay, and marshy clay , . 2 to 3.5 
2. Alluvial deposits of moderate depths in river-beds . . . 2 to 3.75 
3. Diluvial clay in beds of rivers . . . . . . . . . . . . 3.75 to 11.00 
4. Black cotton soil . . . . _._ . . . . . . . . 5 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 ) . . . . . . . . . . . . 7.5 to 16 

6. Moist clay . . . . . . . . . . . . .., . . . 11 to 18 
7. Compact clay, nearly dry . . . . . . . . . . ,,. 22 to 27 
8. Solid clay mixed with very fine sand . . . . . . . . . 44 

.9. Dry, compact clay of considerable thickness . . . . . . 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 . . . . . . . . . . . . .*. 22 to 33 
13. Compact sand, prevented from spreading . . . . . . 55 to 82 
14. Sr-tdy gravel, or ‘I kunkur ” . . . . . . . . . . . . 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 6.5 m 

and compact saudy gravel . . . ..; . . . 65 to 75 
17. Firm shale, protected from weather and clean gravel . . . 6.5 to 85 
18. Red earth . . 33 
19. “ Muram ” . . . :.: 1:: :I: 1:: 1.1 44 
20. Compact gravel . . . . . . . . . . . . . . . “. 75 to 95 
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 t A-treatise on building construction by : Deshpande and Vartak. 1968 

HMG Nepal Roads Department Suspension Bridge Division 



: 
: + a0 .- 
:: 
4 

z .- 
5 
t c 

P 
0' .- c 
.o, 
:: 
z: 
a 
z .- 
1 co 
I 

a 
b 
2 

-1 
STRUC'PURAL ANALYSIS 

Excavation for foundation, inclination of slope, 
Trench timbering 

No. : 3.201 
* ~ 

lfH,h a- 77 

/ 
F - 

EXCAVATION FOR FOUNDATIONS 

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 masonarjr is raised to the ground level. Rut 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 supported by some arrangement of 
boarding, called timbering or shoring. The latter is nacessary when the excavation 
adjoins a property line. Usually, when depth of excavation exceeds 2 m, shoring the 
sides is more economical. d-l the bridge sites in hill areas shoring &&fit be the 
costlier way, because t!imber is expensive and the labour costs are low. The resident 
engineeres should work out a proper comparison to ohoise the system which is cheaper. 
Rut 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 to be resorted to almost from the 
surface of the ground. At the usual1 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, end 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. 
Rut when the soil is looser, the poling boards must be placed closer together 
perpendicularly with walings 25 cm x 8 cm held horizontally against them on the inner 
side and strutted as before at intervals of about one meter. 
On bridge sites with theyr foundations we are dealing with excavation work done with- 
out timbering or shoring. For soms foundation Q-pea a trenoh 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 around 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 CF SLOPE : 

in a good stabil material depth : width = 3 : 1 or 4 8 1 

width 

in a medium stabil material .,...,*...* P 2 t 1 

in a rolling material . . . . . . . . . . . . . . . ..C -1 tl 

TRENCH TIMBERING (Earth pressure per kg@?, assuming horizontal ground level) TRENCH TIMBERING (Es&h pressure per kg@?, assuming horizontal ground level) 

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

Typa of loll 
btobll moraine Sand, gravel Sandy loams 

I 

soil molsturo sol1 molsturr ’ wet 
Weight prr cublcmrtrs of thr roll (tirn 3) 2-P t/m3 2.0 t/m3 .2.0 t/h3 

Sources : A treatise on building construction by : Deshpande and Vartak, 1968 
Taschenbuoh fuer Bufuehrer und Poliere: Buechel, Fng. ETH/SIA,1965 
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STRUCTURAL ANALYSIS No. :j.jOl 
r 

Placing of foundation - hh ~10th Jan. 77 

PLACING OF FOUNDATION 

Before conetruction of foundztions on sloping ground, the stability cf the slope it- 
self must be investigated, footings should not be constructed on slopes which are 
unstable. The stability of a stable slope may be endangered by the addition of foot- 
ings. Slopes failures whioh might arise should be proved with the well known different 
methods. To get more deeply into the matter of technologies the reference to the 
special books schould be made-e.g. Wayne C. Tengr Foundation Design, 1974 

H. Gaylord & N. Gaylord: Structural Ehgineering 
Handbook,New York, 1968 

Placinq of the fundation 

of the suspension bridge division 

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

if necessary 
gabion wall 

mixed soil with bouldersl ti = 30’ I 
medium rock: 

drum anchorage refer to 
standard drawing of tho 
suspension bridge division 

\ 
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I$,, = 0 analy sisl 

Fig. 23.5 shows d slope AB, the stability of which is to be 
determined. The method consists in assuming a number 
c f rriai siip circies, and finding the factor of saFety of each. The 
circle corresponding to the minimum factor of safety is the critical 
altp circie. Let AD be a triai s11p circle, with r as the radius and 
0 as the centre of rotation. Let IV be the weight ofthe soil of the 
wedge ABD,1 of unit thickness, acting through its centroid. The 
driving r-?ment MJJ will be equal to WX. where i is the distance 
of line of action of FV from the vertical line passing though the 

centre of rotation. If cU is the unit cohesion, and z=length of the 
2% 74 

slip arc AD= 3X, the shear resistance developed along the slip 
\ 

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

equal to r.cUX. 

FIG. 23.5 
&=O analysis 

The factor of safety F is then given by 

F=M_” cu rr 
MD’-vF 

AZtemutivdy, Let c,,=mobilised shear resistance of soil (+=O), 
necessary for equilibrium 

Then WZ=C,Z 
WZ 

Cm=- 
Lr 

Hence 

The distance x of the centroid of the wedge, from centre of 
rotation 0, 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. 



STRUCT’ZTFIAL ANALYSIS I NO r 3.303 

The Swedish circle method (continuation) 

(Analysis of a soil. poeeeesing both cohesion and friction) 

cc 1 -. -- 
and of widtli^l, ’ The weight W of each slice is assum 
centre. If this weight of each slice is resolved into normal (AT) and 
tangential (T) components, the normal, components will pass through 
the centre of rotation (O}, and hence do not cause any driving 
mmwnt on the slice. However, the tangential component T causes 
a driving moment MO =T x r, where r is the radius of the slip circle. 
The tangential components of the few slices at the base _m~v~aus~ 
resisting moment ; m that case !F is considered negative, 

Iic is the unit cohesion and AL is the curved length of euc 
slice, then the resisting force, from Coulomb’s equation is equal a& 

r e slipXGSmeXave 
- -. 

Diiving moment &=rCT 
Resisting moment Ma==r[cCAL+tan QCNI 

-where ZTealgebraic sum of all tangential com- 
ponente 

UV~sum of all normal components 

gAL=z m $$ =length AB of stip circle. 

A number. of trial slip circles are chosen and factor of each i 
ircle giving the minimum factor of fety in the 

n order to End PN and I N.curve~ and T-curves are 
drawn (Pig, 25’6 c, d) by .making the ordinates of 
equal to N and T valuer foe different stripe and j 

th curves. The area these diagrams can be 
elp of plaaifneter an N snd ET can then be computed. 

Scarcer Soil cxkmicg and found&lions by B,C, l%.nm.ia, 1973 



STRUCTCTRAL ANALYSIS 

Drainage and backfilling 

Backfill of a retaining wall is the portion of the soil retained by the wall which 
las been artificially placed behind the wall after the wall (tir any foundation' is 
completed and matured. The backfill material should be carefully selected. In &d., 
it should be compacted to prevent large ground subsidence due to consolidation un- 
3er its own weight. The material should be placad 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 ma terial in sloping layers toward the wall, thus 
forming segregated layers of poten%ial sliding surfaces. 
It is always a good practice to place an impervious soi_1 in the upper layer of the 
backfill for the purpose of cutting down the mount of infiltration from the rain 
/rater, thus decreasing the influence of the erosion too, Where the passive earth 
resistance (e.g. deadman, main anc;hor 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 carefuilg and the layers must be compacted very well. 

Drainage and backfilling 

The backfill murt be done In oil types of subground buildings. The backfill 
protects the surface ground ogainrt erosion, sliding etc. 

___ Pervious backfill 

(a) 

Weep holes I5cm diometar or larger at 1.5 to 3 m 

horizontal spacing 

Pervious bockflll 

-,--Filter material 

(b) 

-- open-joint clay pipe or porforated metal pipe should 
be provided with rod -out system 

, , ‘. Semipervious backflll 

Vertical strips of filter motortol obout 0.09 m2 ot 
midway between weep holeo; used In conjunction with 
continuous horizontal strip of filtrr material 

-.. 
Filter material in pocket0 at weep holes, 
or in contlnuour strlD 

Fine -Qrained backflll 

Longltudlnal drain plpes (as shown) 
or wrop holes con br used OS desirrd 

of pervious ma 

IdI 
,” 

Exponalve clay backflll 
,-P’ ,’ Common types of retaining wall drainage: 

a) weep holes; b) longltudlnal draln pipe; 

c) weep holes vrlth filter srrlps; d) blonket drain; 
(e) e) double blanket draln . 

Boulder and rubble backing used as 

tllter material 

HMG Nepal Roads Department Suspension Bridge Division 



STRUCTURAL ANALYSIS 

Retaining walls and foundation structures for 
Suspended and suspende'd bridges 

RETAINING W-ALES 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 types of retaining structures because it does not require external bracing 
for stability. For this reason, retaining walls have been widely used in a variety 
of purpoaes. 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. I& 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 structures often tensile forces are to be anchored, 
The calculation and design work, however, IS 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 made in each. 

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. Father expansion will cause a shear failure 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 e earth pressure. 
On 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 where sliding is formed. This wedge of soil moves upwards with respect to 
its original position, At this state of failure the earth pressure is at a maximum 
value known as g a 9 9 i v e earth pressure ore passive resistance. 

active earth pressure passive earth pressure 

Angle of repose (internal angle), weigi-ts and coefficients of friction of 
different soils 

HMG Nepal 
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Active earth pressur 

Ea = active earth pressure 

Ep = passive earth pressure 

K, = coefficient of active earth pressure 

Ep = coefflclent of passive earth pressure 

7 = unit weight of soil ( t /m3) h ts 
ECI 

B = angle of ground surface 

cc = angle of the back of the wall 

s - angle of the wall friction 
l!e I- ” f?- -b EP 

? = 
angle of internal friction 

h = height of the wall 

Ka = 
CosL (3 -l-d) 

2 
cos~.cos(d-~) Sin(9+S)*Sin(9-B) 

Cos(d-s )~c.cs(cc+p ) 1 
Kp = cos2w-oc) 

cos~~cos(d-s~~ - JW+JJ2 
Ea = &*‘b’*h2*Ka [t/mJ 

EP 
= I/2-y - h2- k,,[t /m] 

ea = 3 l h*Ka[t/m2] eP = d+h-Kp[t/m2] 

Horizontal earth pressure: 

E ah ’ E, Cos(&- 6) E 

Eah = b2* d l h2. Kah 
w = Ep Cos(G- b) 

r/m 

EARVH SSlJRE COEFl=lClENT 

(The angle of wall friction is assumed to be 20”) 

angle of ground 

% 
= 
z 

2 

Y 
0 

Y 

;: 
n 

2 
+ 

L 
0 

Q) 

0, 

5 

0 
n 
- 

Sucq~~~sion Bridge Dtvlslon 



..‘..,y..-‘T,s - 
7, . . . 

. !i ii ‘i: . i’ 
I No : . 

“.--;c:ILT~ st*:.t‘ilit;:- of’ ;dilctior + locRr , :. i ! ! ~ 
r- -. - -.- 

. ; 2 . 

: 

: . 
D 
i 

; 
. 

: 

1 

i . I 

c 
I 

c 

D 
. 

0 
” 
II 
D 

Structure stability of anchor blocks, falls etc. 

Stability against overturning 
. 

Factor of safety agalncit overturnlng = I .5 (for granular bcckfill) 

= 2.0 (for cohesive backflll) 

F. S, = = I. to 2.0 (mlnfmum) 

F.S = 
stabliltIng moment 

ovorturnlng moment 

Wbl 
: ------- rat least I.5 (2 0) 

%hhl- {ve 

1 where W: weight of wall f(werght of sol1 above 

B 
the buse uplrft due to Tenslan) 

L( 
: horlzontnl and vertical components 

of lareral pressure Pa respectlv54ly 

( and Tenslie forces 1 

Stability againa 

Factor of 0 (normal eases~ 

a 2.00 (anchar walla ste) 

F,S. 2 
Hcrlrontal force 

Rh 
C - at least I.5 (2.0) 

Pah+ Th 

where Rh : (Total weight -uplltt forces) a /1( 

fi 4 coefflclent of fricflon 

resistance 

Stability against bearing capacity and soi! failure 

to Ilteratur@ about sol I 

I 

I 
I 

--- < --- .._.---_. _._ “- .._.” . _ _- __ _ ._-- __.... -_- . . 

H Nepal Rood Depctrtmrnt Suspenwon &Id ge Dlvlston 
-- -I_ 



r:“7;,:r -- / ., , .., .~ 

Type.- .?I ._. 

- __ _ _. _-._. 

j No : - 

Dote : “.F. , : 
+ - _ --.. .-- + - ~ --T’-.- 

1. ..S_‘g ’ T /++Jp-‘--- -. -- .~ _-- 

Types of alls. 

Gabion walls. 

A barrier made of w Ii 

which are filled with 

-Stem 

-Ease slob- -Key 

,-Face of wall 

re mesh, forming cells 

stones or rubble 
any portion of the No tensile stress in 

building unit. The design is similar to 
g rovity W 0113. 

Gravity walls. 

Plain concrete or rubole (also drystone 
and breast walls), no tensile stress In 
any portion of wall. 
Rugged consiruc+ion is consarvatiwe 
but not in all COS95 economical for 
higher walls. 

Semigravity walls. 

A small amount of reinforcing stsel is 
used fcr reducing the moss of 
concrete. 

Cantilever walls 

In the form of on 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 small 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 wails, 
greater thon about 6m. 

Buttressed walls. 

Similar to counterfort wall except that the 
backfill is on the opposite side of verticcl 

brackets (known as buttresses ). 
Not commonly used because of the 
exposed buttresses. 

.~ _ ._. _-. --_--- ---- - 
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STRUCTITRAL ANALYSIS 1 No. t 3.505 

Drystone retaining wall, Breast wall, Pitching 

DRYSTONE RETAINING WALLS 

Utmost care is required in the selection of atones of the proper shape and size and 
in the bonding of the whole work, as the stability of these 
walls entirely depends on these two factors, there being no 
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, end 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 m. As a rule, no drystone retaining wall should be con - 
struated of a height greater than 6 m. in case, where the 
he&&t of the embankment is greater than this, the top 6 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. Weep-holes must be provided to protect the drystone masonary wall against more 
pressure resulting from the water behind the wall. 

BFEASTWALIS 

The main function of a breast wall is to protect the slopes of outting 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 much 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 cm 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 little exposure to weather 
makes the soil arumble 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, end 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. 

PITcHINNd 

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 slops of the cutting is fairly flat, it is sufficient to line the face with a 
uniform thickness of drystone work. The thickness 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. Ib constructing pitching, stones should be properly fitted 
in SL- as to leave no large gaps between adjacent stones. Pitching is many times used 
on slopes of channels and dams, 

Source : A treatise on building construction by : Deshpande and Vartak, 1968 
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Calculation E xomples for retaining walls. 

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

h=3 

angle of repose z 250 

angle of wall friction =200 

angle of the back of the wall ZOO 

detght of the sotI = 1600kg/in3 

Total pressure per m length. 

E, = +p. k, = + * l.6-32.0.547 =3.938t/m. 

E ah = 
+h’. koh + - I. 6. 32-0.538 = 3.874 t/m. 

acting at f = l.OOm. from bottom. 

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

Eli 
= + Y .h2. k, = $ -l.6*32.0.342 = 2.462t/m. 

h=3m 

E ah 
= + y.#. koh :+ l l.6-32-O.34O =2.4481/m. 

Example 3. Calculate the maximum thrust intensity and total pressure on 
a retaining wall of 5 m. height with the following assumptions: 

h=5 

angle of repose = 3o” 

angle of wall friction =200 

angle of the bock of the wall =9.46O 

weight of the soil = 2000kg/h? 

Total 
prlessure 

per m length. 
E, = 7v.h’. k, = + - 2.0*52*0.444 = III I t/m. 

Eah = + r * h2 - koh = 0.44 2 = II. 05t/m. 

acting at -$ = 5 
-z- = 1.67m. from bottom 

-_ .__._ ~--_~..- . -.Y 
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.m3ign of gravity ::a11 

rubblr stone, bricks or 
re is no rensile atress at 

r any condition of loading, 

P = total lateral pr@Icuro acting 

on bock of wgli above pt. c 
W = wslght of wall above section bc 
R- resultant of W and P 

Proportlon of wail muet satlefy the foilowing~ 
(I) Maxlmum vertical prrleurr at point b: 

p = $-!I f 6t)s allowable comproerion 

(2) Minlmum vsrtloai pressure at point cl 

(3 )Herizontai @hear along plans bc: 

oiiawabis ahear 

stre 8 Ln gravity all. 

of slmpie etaticc. Any 
o force@: a lateral force dur 

a vertical force equal to the weight 
direction and point of application of the 

determined, Fig. above. Let 
horizontal Bection at the point a, and let 

istance from- point a to the mlddle of the horlzon?al eection, 
subjected to a vertical preslsure q and o horizontal 

(Shear ) 

V, n= vertical and horizontal cc) ponent of the r 

= Widiti Of ?h horl%ontal 



Semigrawity wall Cantilever all. 

These type of wails consist of three structural elementsi the stem, the 
toe, and the heel, each acting as lndivldual cantllevere. Sometimes 
there is provided a key which may help to get a greater factor 
of safety against sliding by using 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 wail. 

2.4 
“7-- 213 

-+- 
i ? 

--I 

“4 min - 0 

I A 
sxab I i --Fore>:q =2!!! 

-7 6 ma* 320 

(0) 
>,Weight of soil above heel 

Weight of soil 
, Lateral pressure 

(may be neglected 
in design of heel 
slab) 

GO’ - 

(cl (d) 

Forces acting on 
ccntiiever and counterfort walls 

&5cm min. 
(35cm preferable) 

SixkId be below 
depfi of Beosana, 

effect. Preferobiy 
below frost !ine 

Cmmon propert ions of 
cant i iWe? retaining walls 

f-f N epol Roads 



S!CRUCTORALDESIGN 

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 

1 
e passive earth resistance (pressure) 1 

c load of refilled earth f) friction force 
In order to achieve the moat 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 investigations of possible soil failures specially in cases 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 
calied :!cell-type' foundatioa is proposed. 

Anchorage Type No. 2 (Gravity/Earth 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 ground 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 - weight of refill earth 
- passive earth pressure - friction force 

Four cases of possible soil failures and eart slides have to be considered : 
- horizontal sliding. The calculation results in a minimum bank width in front. 
- Sliding upward on a plane. 
- SIL‘l.ding upward on an arc. 
- (Classical) passive sliding triangle loading to the (minimum) earth resistance. 
in cases of endangered slopes their safety against earth failure has to be 
snalysed carefully (e.g. Swedish circle 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 assumed. 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 ace possible according to the embankment situation. 
The calculation of the block of Typ No. 3c takes "he rock resistance into account. This 
leads to a reduced concrete 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. 3d 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. Ihe 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 an-hor) 

in every case of good or medium rock, found at an anchorage site, the applicability 
of rook anchors should be investigated. 1. 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 m3. If a large tunnel should be excavated the required volume of a foundation 
(Types I,% 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. 

-- 
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STRUCTURAL ANALYSIS 

Gravity blocks typ no. 1 

: 3.602 . 

GRAVITY BLOCKS 
Type NO. I: Utilising ilcrmd friction only (partly weight of backfilling) (without passive earth pressure) 

.-\,m- 
I ,I-c 

NO 
Shops of anchoruge blocks 

General descriptioq, 

methods, permissible soil pressure 
I 

--+-+-- 
I I HMG standard design. The shape opplied I I 

moy vary. 

la 

0.45 Due to infill of sand, gravel ond rubble 

(SOlI) concrete can be saved. 

0.70 R. R. Masonary I: 6 

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

IC 

. ---- -- B ‘JYflll 1 
--------- 
~ I ,W;,% 

0.45 
(Soil 1 
0.70 

(Rock) 

Id 
- -- ---* 

mwtcrm~ =I \ =m.? I? r _ , j 
:=;i--r-T’ ,r-cT-:r~,? .‘. ;, ,,I ,y ,y ,‘,’ .A’ ,A’ ,I 

0.45 
ISoil 1 
0.70 

(Rock) 

Used on soil ond on rock. 
Concrete savings due to infill of sand, 
gravel and boulders. 
Economical type of Foundation. Certaln 
slope shape and earth protectlon In fro 
of the anchorage required. 
R. R. Mosonary I: 6 ond mainly Plumb 
concrete I: 3: 6 + 40% Boulder. 

Used on soil and on rock. 
Concrete soving due to infill of sand, 
gravel and boulders 

R.R. Masonory I: 6 ond ma:nly Plumb 
concrete I: 3 : 6 + 40% Boulder, 

Foor soil COni!iions "' 
. . 

morimum permissible sail pressure of 

NO soil resistance considered 

Sources:German Contultaits (Dr. Ing. Walter KG. DtWl) 
Design Section of HMG Suspension Brrdgs Divtston 
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STRUCTURAL ANALYSIS 

Gravity blocks typ no. 2 

GRAVITY BLOCKS 
Type NO. 2: Utilising passive soil resistance plus normol friction (using passive eorth pressure) 

I 
TYPE : coefficient I General description, 

NO ! 
Shape of gnchoroge blocks presupposed soil conditions, 

~~~__~~ _ 1 dion. 1 comparisonv cf’cu’ation 
methods, permlsslble soil pressure 

mm length required 
__~~ 

min. length requlred 

min h 

min. lengih L 

min IeVgth 

min length 

tan(0 9 v) 

an(0.9 PI 

0.45 

Application requires special shape of 
embankment. 
Considerable savings of concrete. 
Several cases of sliding or soil failure 
hove to be taken int? consideration. 

Assumed value of moximum soil pressure. 
3.0 kJ 

cm 2 

Softey foctore2.0 

Middle-wall modification of type 2a 
Application if a higher saddle level for 
the main cables is required. 
Other conditions and values according 
to 20. 

Very little concrete consumption, but 
requiring big excavotlon and refill. 
Certain minimum length I q nd height h 
necessary 
(a) Suspension Bridge. 
(b) Suspended Bridge. 
Slope to be Protected against erosion. 

Shape according to Id in principle. 
Certain omount of soil resistance 
additionally taken into considemtion. 
Certain slope shape and slope protection 
necessary. 

Very economica! wa!! type anchoioge. 
More dfflcuif application in case of 
horizontol acting force. 
Certoin slope shape and eorth protection 

an09 ?ii) in front of the anchorage required 

I 

Sources: German Consultants (Dr. Ing. Walter KG. DIWI) 
Design Section of HMG Suspension Bridge Division 

used ot 
bridge 

type 
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STRUCTURAL ANALYSIS 

Gravity rock blocks ty-pe no. 3 

GRAVITY ROCK BLOCKS 
Type No. 3: utilistng rock resistance 

TYPE 

NO 
Shape of anchorage blocks 

:oefficien 
of 

friction 

0.7 

0.7 

0.7 

0.7 

Sourcee: German Consultants (Dr. Ing. Wafter KG. DIWI) 
Design Ssction of HMG Suspension Bridge Divieion 

General descriotion. 
presupposed soil ‘conditions, 
comoariwn. calculation , 
methods, permissible soil pressure 

Sam variatione of the shape possible. 
Horizontal widening of thr rear orction of 
the anchor i filling b ond various numbrrr of 
steps. Calculation simplified by considering 
friction only. Red-d raMy factor 
posaibla. 
Medium rock with layers not in&tad 
towards the river. 
RR. Malonary I:6 and mainly Plumb concretm 
I: 3: 6 + 40% rubble. 

Differing from 3a by the application of 
anchor bars. Further rrductlon of concrete. 
volume. 
Rock conditions according to 3a. 
Mainly Plumb concrete I : 3: 6 + 40% boufde+ 

Reduced concrete volume, one strp only, 
anchor bars possibk. 
Reduced safety factor, rock’ rerietancr 
taken into account. 
Good rock conditions. 
Mainly Mass concrete I * 3: 6 

Minimum concrete volume u3ing a larger 
number of anchor bars. 
Good rock conditions. 
Mainly Mass concrete I: 3 : 6 

used at 
bridge 
type 

HMG Nepal Roads Department Suspension Bridge Division 



I STRUCTURAL ANALXSIS I No. : 3.605 _ 

Rock anchors tsp no. 4 

ROCK ANCHORS 
Type NO. 4 : Utibsing rock ret\stance in an excavated hole and utilising drilled rock holes 

TYPE 

NO 
Shape of anchorage comparison, calcutatian 

methods, permissib!e soil pressure 

Very small requirement of concrete. 
Many variations of the exca~*ation 
shape possible, dao a non-tunnel 

used at 

type 

Mainly Mass concrets !: 3: 6 

t holer timitod. 
fitted with system described 

No concrete required. 
Holes drilled with core drilltng equipment, 
rotation only. Length of holes extended. 
Anchors fitted with crment injectlon 
(hand operated injection pump). 
At least medium rock required 



STRUC'LFk'iI.. ANALYSIS 

3esign of gravity anchor blocks 

lified design of a ~~awi~~ anchor block 

on standard 

h 

ZH = horizontal corn nerd of the anchorage 

forces and sometimes also of the 

earth pressur 

against -Ii ding = 

BIOC eight required = bV 13.33 l ZH 

Safety against overturning = 
IV. el 

z 1.50 

eccentricity = ep +- 

a~im~m soil pr 
EV 

s 3.0 Kg /cm 2 

Safe bearing capacity 

imum soil pressur 

ntricity e 2 

=x -2 
b I (I*?- . ) = Safe bearing capacity 

Ro su bon &id Dlvlslon 
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‘slr,ttulat$on exsmple for a main mohor block for a 
.liRpendt+d bridge (without taking any earth preseure I_ * .,. 
tn to ;taaOUJlt -- -e-e-._- -_.- 

- --.~ . . ...= 

f... ..6...66 1 I_ 

TV... 1. -1...@6 lin C c 14,OP t 

T,... . . ..s...@@ Cggcc c t 

all qutllty P ten#4 I 0.50 
2. 5 Kg/d 
* 16gj.00 t 
1 lb. 5% t 
= p. 07 1, 

Vr ie-s.e8 t 
wm IP5.52 t 

3 

So u p 49@,53 - @ 2.52 r It5 I 9 7 . BI- 

0 0 1.494 v I,50 

-- --- .-e-e 

3U,P 
- *-- 



I 13:C9?,fiL ':UALYSIS No. : 3.701 

.a?culatior. example for a 5:ind guy anchor block 
Date : 245 Jan. 77 

CALCULATION EX.AMPLE FOR A WIND GUY 

ANCHOR BLOCK. 

/P 

1 / r--.2L!?3.00~~ ---I 
Side Elevation 

Tension 

27 tons 

3.00 -.~ -- _ / 

Plan 

Foundation width - 3.00m Coefficient of friction = 0.60 

Rock quality : weathered Permissible rock pressure = 6 Kg/cm2 

Tension = 27.0 tons Tv = T l Sin ,3 = I, 4 tons (uplifting 1 

tg d= 80 : 300 =0.267 d = 14.93’ TR= Ta Cos,B = 27.0tons 

V,l,me of the block ight of the block 

v= ‘2’80-o’80)+ 2’80.30 ,30=2l 60m3 
1 1 . . w = 21.6.2.3 = 49.68 t 

2 
Csntre of gravity 

l----l+ 
‘-f 

4 

= -I- bf2f = 3.0 . 2.8+4.0 r , 42m 
d 3*- 

b+f 3 2.8+2-O ’ 

r-d--1 
Stobllity against overturning 

c 
Mst 

49.68 . I .42 70.5456 
S.F= = = = 2.613 > 1.50 

c o 27.0 al.0 27.0 

Stability ogoinst sliding 

Due to the inclined span the following formula 
d = angle of the inclined bottom k= 

can be used 
factor of friction 

nAnnr+mAnt Brid a% Dlvrslon 

Sf = (cw - Tv 1 l (Cos d. /cr + Sin ol I = (49.68-l.4)40.966*0.6+0.258)=l 55 , , 5. 
C H . Cos 27.0 * 0.966 

Ox. rock bearing at A (simplified calculation) 

Moment stabilizing - Moment overturning 
b = E 

(70.5456-27.0) = o g02m 

cv (49.68. 1.4) ’ 

e = 1.42 -0.902 = 0.518 > l/6=0.50 

6 2 ’ cv 2 - 46.26 
max= 

= = Il.694 t/m2 = 1.19 
3* b. width of the foundation 3 ’ 0.902-3.0 

6 max= I.19 Kg /cm2 LC 6.0 Kg /cm2 



S!PRlJC!I'UFtAL ANALYSIS 

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

CALCULATION EXAMPLE FOR GRAVITY/ROCK BLOCK FOR A 

SUSPENDED BRIDGE. 

Weights 

Gangway __ ._. ..: I.SOm 
Foundation width... ._. -3.50m 

Rock quality ._. __. __, __. = medium 

fl q Angle of cable force=12.5D 

T = 601 

T” = T- Sind = 12.99t 

Ttl 
= T- Cosb = 58.581 

Permissible rack pressure = 8kg/m2 

Total 6.4 = 24 rod 4 I“ 

Coefficient of friction = 0.65 

WI = 1.5. 2.0.3.5.2.2 = 23. iO0’ 

WL = 1.5. 1.5*3.5.2.2 = 1.7. -225t 

w, = 1.5. 1.0.3.5. 2.2 = 11.550t 

w-4 = 1.5. l.3*(3.5-1.9).2.2 = 6. 864t -^ -..- 

WT =58.839t 
Volume = 26. 745m3 

Eccentricity of the total weight 
23.10.3.75+17. 325~2.25+11.550~0.75+6.864~0.75. 

e = 
58.839 

86.625+ 38.98125+ 8.6625+ 5.148 
e = = 2.37m. 

58.839 

Safety against overturning (with reference to A) without considering the steel bar 
anchors. 

S.F. = cv. 8. = 58.839-2.37 = 3.97 >I.5 
T~c0.5~~0.60 60 -0.9763-0.60 

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

tan oc =-& =0.222; d = 12.53” 

S.F =min.Zv (Cosoc -p + Sin4 ) 
mox. c ti *toss 

S.F. s 
(58.839+12.9 9~~0.976~0.65+0.217) = , o7 

58. 58.0.976 
. 

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

HMG Nepal Roads Department Suspension Bridge Division 
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STRUCTURAL ANALYSIS wo. : 3.705 

Calculation example for a gravity/rock block for 
a suspended 'bridge (continuation) 

Eccentricity of the resultant force 

e =aM 
cv 

(58.839.2.37)- (60.0.9763-0.6) = ,,77m 
50.839 

Max. pressure on rock 

I - = 0.768m < 0.535 
6 

4 bmax.=- . CV 
3 MI-2e7) = 6*33+‘m’ = 0.63 kgkm2<<8.0 

Note worth: The safety against overturning is greater than I.5 ( 3.92) just by weight 
The stability against sliding of 1.07 is a fictive value. The actual one 
is higher than required, as ,the foundation is provided with anchor 
bars and excavated steps. 

Anchor length of the bars required 

‘A 
Tension 

= G m bond stress 

We assume a bond stress of 2.0 kg/cm* 

IA = 
912. 5 kg 
2.5.7r.2.0 

= 58.1 cm 

Due to unknown rock formation, the anchor length is chosen with 1.00 m. 

In case the anchor bars are considered to take the load, the stress@8 are: 

Stresses in the anchor bars: 

a 

A = 4*A gel= 19.63 cm* 
25 

MA = T. Co+ * 0.6 

MA 
= 35.148mt 

Tension, 
Xtvt,j“k 25 

= (4.25e+3.25e+2.75L+l.75L+l.25L+0.25e) = 3*65+ 

6T in One rod = 

3.65’ 
19.63 cm* 

= 0.186+/m’ CC 6permissible. 

Shearing in the anchor bars 

?I 
ZH =- = 50.50 
ZF 117.78 = 0.497+/m’ < 2’permissible 

Comparison stress in the anchor bars 
6, = JGTi2= ,/0.186e+3.0,497P = 0.881 t/me* cpermissible. 

HMG Nepal Roads Department Suspension Bridge Division 



Talc.:l,ztion example for rock anchorage 

CALCULATION EXA PLE FOR ROCK ANCHORAGE 

;cJ..O% T = 56 tonoT H = 50.07 ton TV = 25.07 ton 

Concrete Volume: 

Slab = 0.75.2.50 . I.8 = 3.375 m3 

Post = 1.50, 1.80. 1.5 = 4.050 m3 

Tota I = 7.425 m3 

Concrete weight = 16.34 ton 

Rock condition is excellent 

Permissible bearing = I5 Kg/m2 

aring at A 

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

H. I .80 q H, . I.10 

1.80 
H, = - - 50.07 = 81.933 t 

I. IO 
2 * 81.933 

& - max - 
- 151.17 t/m2 P 15.0 Kg/cm2 

(3. 0.20).‘.8 - 

max. soil bearing at B 

.-Saddle 

0.75 rt- --- 
Side e!evation 

TV = 25.07 t 

Front elevation 

25070 
d r 

75.70 
= 4.775 Kg /m2<co’ permissible 

Roads Department Suspenmcn Rridge Dlvlston 



';?RUr='XR4L ANALYSIS 

Calculation example for rock anchorage (conthuation) 

2. 2 I Kg /cm2 < ‘Cpermissi bi@ 

nil = 0.50 - 50.07 = 25.035 rn? 

M 
required reinforeament steel = 

25.035 
= 14.19cm2 

0.9* h e 1.4 = 0.9-1.4*1,4 

soy 8 @IS z 16cm2 > 14.19cm 
2 

1 

circumferen t iel reinforcement 

4 @l*mm 

z = 50.07 tans 

required steel = 
5Q .07 

I. 4 
= 33,76cm* 

say =2x9 = I6 @is = 36Crn2793S.76 ml* 

2x9= 16 @l6mm 
. 

ion &id Dtvwon 

, 



tanp = PL q factor of frictioni 

T, = TH 
cos rc 

STRUCTURAL ANALYSIS 

i%CtOF Of fFiCtiOll 

Tension TR (Parallel to bottom) 

tans = 
(a-b) I c 

h h 

TH = T, * Cosac 

Resistant force due to weight (E W 1 

R.F 
parallel to bottom 

= Ft.5 = EW(Sinr+P*Cos*) 

P a3 - ton ( 

inclined bottom face ) 

Factor of safety against sliding: 

Road ri tige 
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STRUCTURAL ANALYSIS 

Passive es&h pressure on an anchor wall 

PA.SSJVEE~TR~SURE 6% AN ANCHOR WALL 

This kind of foundation is suitable when it can be installed below the level of 
the orig%nal ground. Short deadman near OUId surface is shown below. This dead- 

Oriqmal 

man with a length L is subjected to keep an anchor pull T (e*& Tension of the main- 
cables of a suspension bridge).'ihe system of the main anchor blocks for suspended 
bridges allovs 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 coefficient are useful1 f 

coefficient of active earth pressure 

For the ajove figures the soil surface is asummed as horizontal 

The total ultimate capacity of a short deadman in granula;r soil near 5-d Burfaoe 
is g 

__=- ~.. _.--- 
the deadman, m . . -. - - 

H= height of deadman 
9 = angle of internal friction 

Ep, Ea = total passive and active earth pressure, t per m 
Ko= coefficient of earth pressure at rest.It ma 

Y 
be taken as 0.4 for design of deadmon, 

T: unit wetight of soil, t/m? Kp, K,: toe ficlents of passive and active earth 
pressure, 

Ground surface 
--.I- I., , Al 

andhor Puil’# ‘% L I ̂  . 
Deadman ’ branular son 

A.-r;.,,3 w&-Inn Passive 

w .‘Deadman -- 

1 
H 

1 

e 

iuplift capacity=W +F 
(b) 

p L: total horiz. earth ine upllt~ capacity resulting from 

-granular soils1 O = ~~s$a~~e~~ 
the friction should normally not bo 
taken into account. This assumption 
may be unsafe in some cases 

W z weight of soil plus footing f I coeff of f rlction (e.g. backfilling @J 
F = friction =0.35-0.55 

me factors of safety should be taken at least with 1.5 for tie ultimate 
capacity as well as for the safe* against sliding, therefore a safety 
factor of 1.5 x 1.5 = 2*25 will be developed. 

Reference : Wayne C. Teng : Foundation design, Teng Assooiates, USA, 1974 

HMG Nepal Roads Department Suspension Bridge Division 
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STRUCTlTRBL ANALYSIS 

Calculation example for am anchor wall 
Deadman used as main cable anchorage by mtig the 

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

This system oiiows saving of COnCrOte and COsta. Csrtoin slops, shops and slope protection 
Ore necessary. The factors of safety should be token 05 foiiow5: 

Factor of safety ogoinst overturning = I. 5 (for gronuior backfill 1. 
= 2.0 (for cohesive bockfili ). 

Factor of safety ogoinst silding = 2.0 
Siipplng: Frictionoi resistance = Totoi weight x co-efficient of friction. 

Formuios refer to Chapter: Passive rorth pressure on an onchoroge woii. 

l-i = 3.00m. 

L = 3. 00 m.( Width) 

9 = 300 

Weight of soil = i.7t/m3 

Weight of concrete = 2.3t/m3 

Factor of sliding =O.Stan P = 0.52 

Tv=17.91 

Ttt= 35.77 

TV = T * Sin< = 17.911. 

T, = T. Cos< = 35.77t. 

Coefflcirnt of earth pressure: kp = 0.35; kp = 5.00 
Totol weight = I +w,+w?l = w, 

wi 
= (!.O ’ 0.50 l 3.00~2.3~+~1.0~3.0=3.0~2.3jiii.0y-~’2.5 . &Oj = 36.90 t 

Factor of sofoty ogoinst uplift = ff+ = 2.06 7 2.0. 

Weight acting on the bottom = W, 

WR = ‘T - ‘uplift = 36.90- 17.91 = 16.99. 

Frictionoi resistance F. R. = W*/A = 16.99 l 0.52 = 9.67 t 
ResIstonce force due to oorth prossure: 

T”ii. = L (Ep - Eo) + f*kor(Ap + ,&I ? tan9 

E. +. k,.y * HZ = $ -0.35. 1.7. 3’ = 2. C8 t/m’ 

I 
Ep =F kp.y. Hz= + *5.00. 1.7. 32 =36. 25 t/m’ 

T 
uit. = 3.0 (36.25 - 2.66) + $ - 0.4~ I.7 (6 + dE?X) 3’*tan 30. 

Tutt.L 112.476 t 
minimum length of ground surfocs in front of the foundotion=i.5* Hfip=i.5*3*~=i.!3~6.7i=i0.07m 

tcofety factor 
length of ground rurfoco In bock of the foundation = H& = 3.0 m = I. 77m 

Total horizontoi resistance = H. R. 

H.R. = Tuit. + F.R.=~+9.67= 64.765 surtoce t Surface to be 
protected 

Factor of sofety ogoinst rllding= E 
TH 

84.765 F.S. = 35 77 = 2.37 7 2.0 

HMG Nepal Roads Department Suspension Bridge Division 



StRUCiURAL ANALYSIS I 
No. : 3.803 

Cdc~b 
--_L_____ enamp% for a deadman used as wind giry UILIIU~U~~ Date : ifjffn -mra 77 

- Sig. : b PM+ 

CAPACITY OF THE DEADMAN 
9 = 25’ 

Lo 
rip 

= 3,78 ( p. 3.804i 
= 1700 kg/m3 = 0,441 (p.3.804) 
= 0,40 

a 

il, f L(E,- E,) ++. K;y* ( G-j%& H3. ton9 1 

,40 m 
3.Om = 4 273 t/m 

(12,Skt) 

Ep= !tir- 0’4m ’ Kd-r-3’40m 3 OOm ~36 6282 t/m width‘=.3.00m=L 
2 ( l69,8846 t ) 

TJte3.0(36,6282-4,2nj t f .0,4.1,7. (m--VW) * ot4+23,4 ’ 3,0 #0,5774 

Tult g 97,0656+0,2266... ( 1,2801439)~1,9~3,0~0,5774=97,0656+1,123516 = 98,189ll6 t 

sQ9 : lult’ 98 ton5 

90 tons 
DEADMAN RESISTANCE taken into account : -- 

factor of safety = I ,5 
= 65,33 tons 

Fortor against sliding = 
red. deadmctn’s capacity = 65,33 

tension guy 26 
= 2,51 ) 2 O.K. 

fheoreti,cal stobilily = sofety factor safety faclor = I ,5 * 2,51 = 3,765 = t&f. 
to the unsafe soil infotmotion,execution and backfilling ii is recommended ‘10 get 

m4hu I “...V. !?igh scftty figurzs. 

DIMENSIONING OF THE REINFORCED CONCRETE SHIELD(~~a~~) 
26 inox. Moment ( = T(n-A)= 3,0-0,401 = 

8 8 
8 1 45 mt 

max. Shearing = 
T( H-A 1 = 26(3,0- 014) 
2.H*O,9*S.H 2.3.0,9-c&7.3 = 5,9612 t /m2 

max. Sheoring = 0,60 kg/cm2 0. K. 

Because of the modulus af foundation and the differenceof the soil 
bearing on the bottom and top face, howsvar,the dimensioning of 
reinforcement should be done by taking the max. moment twice into 
consideroiion. 
Reinforcement required = 

Moment 2.8,45 

0.9. s .&Q. = 0,9.0,7.1,4 
= 19,161 cm2 

say: 14 14 mm s 2 I ,56cm2 > 19,161 cm2 2 100% 

The reinforcement should be placed crosswise - i.e. total 28 d l4mm 

Tot al = 100% = I4 g14 = 21,56 cm2 

To get no overturnIng moment with refsr@fU 
t;hpootn; A, the tenslle force might be an- 

OS follows: , 

T 
-e 

TAKE as co. 
e “= &j- 
- 

note worth : 
While takinq 
Ep =Tult the 
results will be 
a~“* E 
a** Ep= -f?- 

(E; z)-(ky) - W.x = 0 
b3.f. 

ne;leg m;; weight of the soil above 
2 

HMG NeDal Roads Deportment Susper,sion Bridge Division 
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~'TXJCTURAL X'lALY:,I~~ NO : 3.804 
1 
I ,';lculation example for a main anchor block of a 
I F>Jspended bridge taking the passive earth re~is ta.nce 

into accoull$ 

1 _ 6.00 

Cell-typs foundation ._ . . :F 2 t/m! 

Width . . . . . . . = 500m. . 

GangwW .., . ._. .,. . .., = 1.9 Om. 

T... . . . ._, ._. ., ,., . ..=130tons. 

5 =T. Sin d . . . = 25.47t. . 

Tti =T*Cos I... ._, .,, . . .:127.48t. 

-soil quality = P = JO0 SOII ” I. 9 t/m? 
--Coefficient of friction = 0.9 ton P = 0.52 

iblr FlBWB = 3 kg/cm! 
of t foundation 

w, = 2.0 ,8.5-5.Oa2.0 = t IO. oat. 

42 =4.0*4.0~5.0*2.0 = I 60.001. 

WEI =?3.0 0 I .3( S.G-!.9)*2.0 = 31.981 
= 301.9et 

Eccentricitv t hs foundation 

*1.0+ 13.0+ *I.5 I IO.00 + 480.00+ 47.97 
@= = 

301.98 301.98 
= 2,llm. 

Calculatio.n of the acting forces etc. 

Passive and active earth prsssure coefficient ( ground surfece = g =20’) 

Description Soil in Place ( B = 20’) 
-l 

internal friction 

Rood 

.-__. -.---.- -.- 

Dlvlolon 



C:alculation example for -: miz ::ncc'!orb.7- :"c':< ;.f 2 i 
suspended bridge taking the pdss.ive F-:rtc rcs1:;tance 
into account (continuation) 

-__----. 

Passive earth pressure = i ar *kp* He= 0.%* I. 9*3.76-5. 52= 108.63 t. 
Total passive earth pressure = 5.00 006.63 = 543.15 t. 

%I-! = .543.15- Cos( 45- 9) = 524.64t. 
Active earth pressure = ~+~k,+tZ= 0.50 1.9*0.441*5.5= 12.67t. 
Total active earth pressure 7 = 63.37 tons. 

6oH =63.37*Cos (45--?)=61.21 t 

Stability against overturning 

ZQ= CW+T,= 301.96+25.47 = 32745 
oment about A 

overturning = 127.48~5.5961.21~1.63 
= 813.15mt. 

AAstabititing = * 1.839301.99~2.11 

3 
=11277,24mt. 

1277.24 Safety against .overturning = 813., 5 

= 1.57>1.5 

XHsliding = ~27.4&+6~.~~=~$~.6$ psafety factor = “5 
1 E c H stabilizing = m 0 I-I+ ZQ.b l,5 = -I, *524.64+32X4 500.52 = 5 20.03 

520.03 
Safety agoinst sliding = l5s o8 = 3.27 > 1.58. 

Max. soil bearing 
b = Nloment stabilizing- Moment overturning 

CL 

b = 
1277.24 - 813.15 

327.45 = l.42m. 
b= 

max. soil bearing = fJrnax - 1@ EQ 
’ - 3eb.Width of the foundation 

dmax. = 
2* 3274 50 
30 1420500 

/cm’%3 kg/cm2 

Ground- Surface to be protected. 

I!& ‘f 6.00 _ 
I - 

safety factor 

' f 
~1.5~l-l = 1.5.5.5&$%$= I6.03m 

ifI = Ifa Cos B = 15.22 m 
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COEFFICIENTS FOR CALCULATING THE MAX. SOIL BEARING 

OF BI-AXIAL AND ECCENTRIC CO PRESSEQ FOUNDATION 

maxd q z * 
zv (P) 
2u.2v 

C= permissible pressure 

3’ 2 a -- 4 

Example : a = 2.00 m, u = 0.50m, CV = 26 tons 
b q 3.00 m, v = l.OOm, permissible pressure = 2 Kg/cm* 
U 0.50 V 1.00 
-= - = 0.25 
0 2.00 

; 
b 

= - = z = 
3.0 0 

0.33 ; 1.48 

max. soil bearing = 1.48 
26000 

l 

2*50-2.100 
= 1.924 d 2.OKg/cn 

Z- Factors 

U /a 

E$%g$$ 

1.42 

I, 42 

1.42 
- 

; 
1.42 

1.42 

142 

1.48 1.46 1.45 1.43 

I.46 1.46 1.45 1.43 

1.47 1.46 1.45 1.43 

1.47 1.46 I.45 1.43 

1.47 1.45 I.45 1.43 

I.45 1.45’1.44 1.43 

1.44 1.44 1.43 1.42 

1.43 1.43 1.42 I.41 

1.42 1.42 I.41 1.40 

I 

1.30 Il.25 ) 1.20 / I.201 0.46 
- 

1.36 1.35 1.34 1.32 ) 1.29 II.25 1.20 (I.20 1.25 0.48 

1.33 1.33 1.31 1.28 1.24jl.20 1.20 ‘1.25 1.30 0 50 

1.33 (1.30 ( 1.2511.2010.44 

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

!ies in the middle third of the foundation section. 

source : Stahl im kiochbau, Verlag .:.tzi~&se~ :'~.I:.;,.~esseldor'~t ----* ;;pw I-( J-Lid 
Roods Department Suspension &id ge Divlslon 



/ 

/ 

I , 

I 

i 

I 

I 
; 

. 

STFXlC?lX3AL ANALYSIS 

Calculation example for a Pylor! fnlmdation 

PYLQ 

Soil conditions 

ax. soil bearing Bmax. 
Coefficient of friction 
Weight of soil 

Loading case 8 s pz HY, “YE h 

Case I 46 -10 3.1 3.3 15 
Case 2 50 43 0.1 03 s7. 

Case I: Full wind and some load. 
Case2: Full load and some wind. 

= 3.5 kg/cm@ 
= 0.44 
= l.90t/m3 

Coeff. of active earth pre 
Angle of repose _._ . =26O 

Weiaht of the foundotion. 

=6.0-4.50-3.0-22 = 178.201 

=2(1.3-3.0*8.8-2.2) = 13.73t 

Total = 191.951 
Wolume = 87.25m3 

Earth pressure. 

E I Tot01 
= 6.73-6.00 = 40.38t 

2Total = 4.07-6.00 = 24.42t 

E 

E, = +*l.9*0.35*4.52 = 6.73t/m” 

E, = $1.9.0.35*3. 5e = 4. 07t/mq 

Nepal Roads Dlvlslon I 
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1 
I STIIUCTURAL ANALYSIS 

Caicuiatisa e~~~pls for- or Eyhn foundation 
1 (continuation) 

. 

Loadina I (full wind, som 

+48.0~2.0 -(-IOh 

Eccentrieitiea 

c to 6 oil bearln of bi-axial 

and ccentric 

u= so- 0.62 = 2.3 Uh 

= 1.07m V/b = 1.0’7/3.0 * 0. 36 

Cfmax. 
227950 = 1.43~2~2~~~~~~~~ = 1.43. 2.24 = 3.2Qk &?l 2 < 3.5 Kg/cm2 

3-2.0 = Ih7mt 

- 24.42*1.17+3.7~ .3 5 = 46.09mt 

Eccentricities 

OX. il basrin 

7 Q 0,06m 



STFRJCTURAL ANALYSIS 

Calculation example for a Pylon foundation 
(2nd continuation) 

Safety against sliding 

~. .-- -..-_ -._ .---.. 

S.F. = 
min. G V- coefficient of friction = 227-0.44 = 

max. CH 30.86 
3.23 > 1.5 [if1 

ty factor for a inclined bottom 

S.F = 

8.F. = 227(Cos ll.31* tan 26’+ Sin il.311 
30.96* Cos I I.31 

-.-- 
= 5.04 > I.5 lifnclined~ 

Safeties agoinst ow 

S.F = 
man. owiwturning moment 
min. stabilizing moment 

WI0 = IROm 4.35 + 40.38- I. 50 

0 = 125.82 mt 

= 191. 95e I.5 ~24.42.I.17 +36*l.S 

St = 3.Oal91.95 f 46-l&0= 521.85mt 

521.85 
8.F = 78 8. = 6.62 > > 1.5 

c 

- - -...-. .__ 
w N epaf Roods SU ton Bridge Dlwston 



7 ;cillatior. example for 2.n anci.or 2locX 25~:; -1 
ir.2 e'u~' am: sicie P tay cable mcnorage 

LOCK USED 

Stabilizing cable 
X 

Stabilizing 
cable Front elevation 

Description Case I Case 2 

WIndguy Hy 18 tons 3.0 tons ---- 
Slabillzing Hx 1.9 tons 2.3 tons 

cable Vz 3.3 tons 2.7 tons 

Case I : Full wind, some load 
Case 2. Full load , some wind 

Soil condition q factor of friction = 0.45 
max. soil bearing = 2.0 #g/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 - 

WT =3.2*3.1~3.0~2.2 =65.472 tons ; Volume = 29.76 m3 

Loading Case I (Full wind, some load! 

Hx = 1.9 tons; Hy = I8 tons ; k/l-, = Hx .3. IO = 1.9 .3. I 

My = Hy - 1.90 = 18.0. I.9 = 34.20 mt 

Eccentricities 

xv = WT-VZ =65.472-3.3 = 62.172 tons 
CMy _ 34.20 

ex = cv - 
62.172 

c Mx 5.89 
ey =- 

XV 
=- =O.O95m 

62. I72 

max. soil b~~~i~~ 

0 = 5.89 mt 

:: 0.5 5 0 m 

Refer to page 3.907.. Coefficients for calculating the max. soil bearing of bi-axial 

and eccentric compressed foundations. 

u = I.60 -0.095 = 1.505. u/a = 1.505 / 3.20 = 0.47 

v = 1.50-0.550 = 0.950 v/b = 0.950/ 3.00 = 0.32 
2 = 1.37 max. soil bearing = dmax cv = 2 - (P) 

62172 2u 2v . 

6 max. = l-37. 
2.150.5.2.95 

= l.49Kg/cm2 L 2-O Kg /cm2 
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Loading Case 2 (Full load, some wlnd) 

Hx = 2.3 tons; Hy = 3.0 tons, Mx = Hx*3.1 =2.3*i.l - 7.13 mt 

MY = Hy.l 9 = 3.0. I.9 = 5.70 mt 

Eccentricities 

ZV = WT -Vz = 65.472-2.7; 62.772tons, E MY 5.70 
ex = - = - 

CV 62.772 
= 0.091 m 

EM, _ 7. I3 

ey-CV- 
- = 0.114 m 
62.772 

I 
max. soil bearing \ 

LI - 1.60 -0 091 = 1.509 u/a = 1.509/3.2 = 0.47 
v = 150-o II4 = I386 v/b = 1.386/3.0 = 0.46 

.7= I2125 max so11 bearing dmax = z. 
Xii(P) --- 

cmax = l.2125* 
62772 

=0.91 Kg/cm2< 2.0 
2L.i. zv 

2~150.9~2~138.6 

Safety against sliding 

Horizontal forces F, = H, + H J-7 

Case I (Full wind, some load) 

Vertical weight =&ad load - VZ = WT 

F,;l.9 tl8.0 - 16.1 tons I”- W, = 65.472 -3.3 I: 62.172 :ons 

Safety against sliding = 
WT l factor of friction -----. 

FH 
62.172-0.45 

Safety factor = --~ 
18.1 

= 1.55 7 1.5 

Case 2 ( Full load, some wind) 

FH = dm = 3.78 tons W, =65.472 .-2.7 - 62.772 tons 

Safety factor = 62.772.0.45 
3.78 

= 7.47 77 I.5 

Safety against overturning 

S.F = 
max. overturning monPnt 
min. stabilizing rnGclerlt 

MO = “y -I 9 sv,~i.s z i9.s. ;.~+3.3.1.6 s 39.48 ;rct 

M St = W. 1.6 = 65.472 ml.6 = icj4.75 mt 

5. F 
104.7 5 

= --- = 2.73 -% I= 
3 9.48 

I .?.d 

S.-y = rn!-f..._‘llif~pinQ mQment 
mi 17 StabilizinG moment 

MO = H, -3.1 +vz l I.5 = 2.3 * 1.9 +2.7.1.5 = I I. IP mt 

m/ M 

i 

et = W. I.5 -65.472” I 5 ~99.208 mt 

E -- SF = 98.208 
II. I8 

z 8.78 77 1.5 

-______-_.__-- _ ._ --.------ __-.. - 
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I 2imensioning in reinforced concrete conztruction ( ()ate * ..5th ,r:br.'J7 
1 / tnking the axill compression force into zcount ----- --c-y 

/ s1g : i'c, ,._ 

DIMENSIONING IN REINFORCED CONCRETE CONSTRUCTION 

TAKING THE AXIAL FORCE INTO ACCOUNT 

Me z M -hi e, Tensile force 1 N (postrive ), Compression force = N (negatibe) 

In tne rectongulor section e = h - 2 

In case N acts OS tensile force ( t ) still 

withen the reinforcement, i.e. c < e 

Fel = 
N etc 
ig’T5 52 

for the 

tensile force action directly at the centre 

I= 
N 

ei 
= Fez= 

2e 

Rectangular section for uniaxial bendina ( with or without taking the axial force 

into account 1 

*b 

_ 

(the neutral frbre coincides with the main oxis of the section ) 

For the colculotron of voriaus problems concerning the dimensioning in Building COnStrUCtiOn, where 
the defermotton is moinly the bindrng, the permrssible stress for the steel hos been fixed as de. 

In order to reduce the volume of calculotron on con use the corresponding table for every 

permrssible stress of steel. 

Section without any compression reinforcement 

h = kh lf- 
- . . . ‘be 4 h in cm , M in mt , b in m 

In case the kh- value obtained from the above formula >= mat of kt given in the table 

I for the given bb , there is no need of .‘.....‘. ....” 

Me F,z~.K,+ -1 e, ........ PI 
For mainly bending cases Fe = 

+ Ke ........ ..[2,, ] 

Fe in 2 cm ; Me In mt i h in m; N in t 

6e in t/cm’; M in mt 

The K, - values / which corresponds to the next smollar recosumend value Of Kh wilt be 

taken from the table I 

HMG NeDal 

_--- 
Roads Decartment Susmtslon Bridge Divtsion 
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Sectlon with compresston reinforcement 

In case the K, - value obiomed from the form& I 15 smollur then thof of Kh given in 
the toble I, there IS need of compresstorI reinforcement 

Tenslon reinforcement and the equotlon 7 0nJ Zu , I K - value Itke In table 2 I starting with 

db and Kh 

Compression reinforcement 
M 

F, = ;2 kp ( !ji ig < (j C!h 1 Fe : 'zt - , J- tor J';-, ; 1 !TF j 

Dllmenslons OS in rhe equ,lttorl, K; 11s ho rron- Ihl’ to5te 2 L ‘or 13 = $ from the tuble 3 

TABLE I 

TABLE 2 

.I I-- 
l I8 

-1 23 
1.34 

46 

t < 

I 25-m ; 1.24 ! 1.22 i 
/ 77 , I32 ’ I.2i 
1.33 , ; 1.43 : I.lG ; 

cl- --- _..... - _--_---- --_ _ - 
Q 
v, 
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3TRUCY"'RAL A?:ALY:T:l 1 No. : 3,910 

Dimensioning in reinforced const,r~r;Lion 
taking the axial compression force into dccount 
(&d continuation) 
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Rending moments, shearing force:: md deflection 
of some loading cases 

N 0. : 5.31: 

/ Dove : i;St k?br. 77 

HMG Nepal 
-- . ’ 
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STRUC’IVRAL ANALYSIS No ’ 3.912 

Trigonometry 

Basic notations 

Angular 88 circular measure 

z= 7i.d0 
arc bc = - 

180” 
arc PC = 0.017453’~~ 

dcQ = 57.2967* orco< 

The length of the arc of a circle which makes an angl ,&with the Centre of the 
circle with radius r ie : 

The right- angled triangle - 

Sin& = 
Perpendicular a = 
Hypoteneus 77 

Cas o( q 
Base = b 

Hypoteneus c 

tanoc’ = 
Perpendicular 

= 
8ase +- 

Cotd = Base b 
Perpendicu!ar = 0 

Functional values of the important anglee 

Angle I o” 3o” 1 j60aj 45O 75’ 1 9001 1800~27Oj360’ 
I I I 
1 

1 I I I I 
Sine 0 0.500 1 0.707 0.066 0.966 I Cl -I 0 

I I i 

Cosine I 0.866 0.707 0.50 0 0.259 0 -I 0 I 

*rP DlviOIon __ -~ 



STRUC'ITJRAL ANALEIS 

General Conversion Table 

GENERAL CONvEwsloN TABLE 

I I I 

Multiply by I To Convert I To I 

2.54 

I 
Inches . . . * . Centimetres . . * . 0.3937 

30.48 1 Fe& ., ..I . . . . 1 I 0.3 228 -___-- 
0.914 Yards + . . . * Metres * I.094 

1609.3 Miles . . . . . ,, 0.000621 

6.45 , Square Inches . . Sq. cum. . * * . 0.155 

0.836 
16.39 

28.3 

Square Yards . . 19 1.196 
Cubic Inches . Cub. ems . . . . 0.06 I 

Cubic Feet . Litres . . . . 0.03 53 

6.24 ,, 31 . . 1 Gallons, . . . . 0. I602 

0.765 Cubic Yards . Cub. Metres. . . _ I. 308 

033732 Pounds (Troy) . . Kilogrammes. . . 2.6 8 

1016.0 Tons . . . _ . Ki logrammes. . , 0.000984 

4.546 Gallons . Litres. . 9.22 -- 
70.3 Lb. per sq. in. . . Gm./sq.cm. . 0.0 I42 

I .575 Tons per sq.ln.. . Kgms./sq.mm. . 0.6 35 
I I 

4 ,883 1 Lb. per sq. ft. ( Kgm./ Sq, meire . 1 0.2 05 
I I 1 

0.593 1 Lb. per cub. yd. . 1 Kgm./cub. metre . . i I .686 
16.02 

I I 

1 Lb.percub.ft. . .I ,, ,, ,, . .( 0.0 62 
L I 

0.1833 1 Foot lb. . . ] K’grammetres . . 1 7.23 

3.33 

197.0 

I .488 

Foot-tons. . . Tonne - metres . . 3 .o 

Metres sec. . , Ft./min. . . . . 

Lb. per ft. . Kgn per mstre . . 0.672 
I - 

0.496 Lb. per yd.. - . . ,, ,, ,, . . 2.0 I6 
\ 

3 333.33 Tons per ft. , S ,, , , . . ’ 0.0003 

I I II.11 Tons per yd. . . , , ,, , , . . 0.0009 

----.- ,-- 
Su epemon &id ge Dlvialon ~- __ 



I 
I 

1 
1 
b 
i 1 
. I 
: / 

i 

I 
5 
! f 
: I 
: j 

I i 
5 B i * - g - 1 D 

:mq~mmAL mAL"S1:' No : ;,.J',; 
I 

Conversion table inches - mm 
feet - mm 

oote : 3 i --._-._ _~ .__. 

-~ ~~_...._____ -- 

CONVERSION TABLE 

in. mm 

l/l6 I. 59 

I/ 8 3. I 8 

3/16 4.76 

l/4 6.35 

5/l 6 7.94 

318 9.53 

7/16 1141 I 

l/2 12,70 

9116 14-29 

5/ 8 15.88 

314 I905 

71 8 22.23 

I 25~40 

2 50.80 

3 76.20 

4 101~ 6 

5 127.0 

6 152.4 

7 177. 8 

8 203. 2 

9 228.6 

IO 254.0 

I I 279.4 

12 304.8 

ft. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

I I 

I2 

I3 

I4 

I5 

I6 

17 

I8 

19 

20 

21 

22 

23 

24 

mm 

30 4.8 

609.6 

914.4 

I21 9.2 

1524.0 

1828.8 

2133.6 

2438.4 

2743.2 

3048 C 

3352 8 

3657 6 

3962 .4 

4267 .? 

4572 -C 

4876. E 

5181 E 

5486.4 

5791 i 

6096 C 

6400, B 

6705 E 

7010.4 

7315 i 

ft 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

mm 

76 20.0 

7 92 4.8 

8229*6 

8534.4 

8839.2 

9 144-o 

9 448.8 

9753.6 

10058.4 

10363.2 

10668.0 

10972.8 

I 1277.6 

I 1582.4 

11887-Z 

I2 I9 2.0 

12496.8 

1280 l-6 

13106.4 

1341 I .2 

13716 .‘J 

14020.9 

14325.6 

14630.4 

_- -_--. ~~ ._ .- ~------ - .-- 

Ii N epol Roads Depar tmer t Suats+rwon Bridge D~vtston I 
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I Tlensura tiorlr of ~Ares:~ :~riil vo~urrwc 
( 

I 
---___ 

‘I--- 
Date : ‘,‘ie!. .c-:r 7-’ 

,. -.+g.--- 
I / s I g F 
!- 

: ,+. --.--. ----~ _----_ d . - ~_ _- 

M ENSURATION - Areas 

- A=area; C =circumference 
A = area. 

A = s2 

A=-jd2 

s=O7@7ld = v’T 

A = n r2= ?kl416r2= 0.7854 42 

A C = 2rr = 6.2832r=3.1416 d 
v r= C+6.2032=.~4~3.1416=0,564~ 

w d=C+3.1416=+/~-lI2t3& 
Length of arc for center angle of 1°=OO08727d 
Length of arc forcenterangleof n*O.O0872?d Square d:l414s = 1.414, A 
A=areai I=lengthdarc;~=angl in deg. 
I= r rd;g3d1416 = 0.01745~~ z v 

A:~2’1=0.CQ8727~r2 
<= -57.296 I 2A 57296 I 

crcuili, >ectsr r r=-= 7 I 

A = area. 

:::‘mbK$ 
d = -.&m 

a =-fd2- b2= A +b 

b=./m= A+-,, 

f 
a 

I 

-I A=area;I=lengthof arc; =angle indeg. 
Rectonqk 

c=2- A=‘/$-c(r-hjj 

c +4h 
‘= ---KiT-- 

I = 0.01’745r.f 

Cwcular Segment h = r - t/2&= M= =$m 

A= orea. 
A = ab 
a= Atb 
b= A+a 

Note that dimenswn a is 
measured at rlqht angles tollne b. 

A = area. 

C--b--+ 

Pomlleloqrem A= orea. 

ArTC(R2-r2) = 3.1416 (R2-r2) 

=3.1416~1416(R+r)(R-r) 

Ctrcular Rmq z0.7854(D2-d2)=0.7854(Dtd)(D-d) 
f 
b 

i 

A:& 
2 

O~JFTF 

b-m 

c=&T-I 

A=area; oc =angle in degrees. 

A=&$$&(R’-r2)=0.00873~(R2-r2) 

=4~~(D2-d2)=000218~(D2--d2) 

Riqht-anqled hanqk 

If S- i(a+b+c),then 
-..-. . 

A= ./ S(S-a)(S-b)(S-c) 
MENSURATION-Volumes of Solids a--b---J 

Acute-arq,!sd iriangb 

A= urea. 

“= volume. 
V=obc 

le.-a-.* V 
“‘ac 

bz ?t!- cz J!- 
Square Prism ac ab 

Obtuse-ongkdTr~angle 

r 

h 

Traperold 

A = area. 

Az (a+b)h 
2 

A = area. 
A= (Hth)o +bh+cH 

2 

V= volume. 

V= volume 

v~ (20 -1-c) bt< 
6 

A tropezurn can also be dwded mta 
two triangles as mdlcated by the&t&d 
Ime.The area If sachot these trlanale! 
IS computed a!?drt,r: results added h 
find the area of thr: ti ~~~.%zi~m 

A= area. 
R: radws of circumscribed ctrclb 
r = r J&US of mscrlbed circle. 
A= 2.598s2=2.59t3R2=3 464-2 
R= s = I. 155r 
r-0.866 s=O066R 
s=R=i l5Fr 

‘fledge 

V= volume; S=area of cyl.surface. 
V= 3.1416r2, = r) 78c,‘+d2h 
5: 6 :?3::.;rr1 = 3. 1416 dh 

Total ore-oA of cylindrical surface 
and end surfaces: 
A:6.2832r(r+h)=3.1416d(&d+h) 

HMG Nepor 
--. .- ._II__ -PI_---- 

Roads Deoar tment Suspension bridge DIVISION 
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,‘yi’;~!:~:“‘H.;~ .i)j ;,I”, :,: 

:"ensurztion of volumes jcor.tinu:btiori! 

- -__.. --~-_- .-_ _~. 

Volumes of Solids Continued, 

*-A my 

Q 

cl 

V = volume; S=area af cylindrical 
rf surf ace. 

Ld 4 V- l.5i08r2(h, +&@ 3,q27d2(h,+hE) 

POrtlOn Of Wnder S=3.l416r (h( +h2)-1.5708d (h, +h2) 

V-volume; S = area of cylindrical 
surface. 

V- go”& b Xareo ABC 
h 

-rq6 

S = (odi b X length of arc ABC) ;+\ 

Pnrtlcnef Wnder Use + when base ores is lurger, 
q nd- when base area 1s less than 
one- half the base circle. 

V= volume. 

id, V=3,1416h(R2-r2).P.7854h(DZ-de) 

:3.141FhtQR-1‘=3.1416ht(D-t ) 

-3.1416ht(Zr+t)=J 1416ht (D+t) 

Hollow Cyllrlder =3.1-il6ht(R+r)=l.57OBht(D+d) 

V= volume; A=area of conical 
surface 

V= vnlume; A = area of conical 
surface. 

- -..-.---- --- 

No :,‘n.;, 

--.--.- -._.- slg : /* r,.$/\ 

V = volume, A= orea of surface 

4rrr 3- nd3 vr --_ 
3 

~-~.ltJnf3r2-0 5236 d2 

A ~4,T,2=~r,2=l~.56+,~=.’ 14 IG d2 
Sohere 

V=volume; A = total area of 
conical and spherical surface 

v _2rr. 
3 

=20944r2h 

Spherlcol Sector 
A=3,1416r (2h+‘/2C) 

c =p ,q2,-zi- 

V= volume; A= area of spherical 
surface. 

SpherKdSegme!d A :2fTrb = 6 2b32rh z 

c :2.,%(2, - hi., , : -- ~- 
8 h 

V =volume; A=area of spherical 
surface. 

2 2 
v ZO.523GIL q +?$ +,,2 

A : IJTrli = 6.2 832 rh 

Spnerlcol Zone c22 c$ - q2-4h2 * 
r = 

Qi+ 
---- 

8h 

V= volume; A = area of spherical 
surface. 

d =center angle an degrees 

\ 4H *3 
\ : 

\/’ 
V = $$$ X 3 =0.01160(r3 

;ipJqJ V: I ?472h(R$Rr+r%0.2616h(O%Ddtd? 

k-h-4 A=~.l4lGs;R+r): 1.5708s(D+d: 

Frustum of Cbne 

a= R-r s= ‘22, .,;a +h 

Spherical Wedge 
A : co X 4rrr2 = 0.034Yr 2 

-- 
Tf 

I 

CJ 

,y-&q ;+ 

’ . _ -1 , -c 
-- l. 

Hollow Sphere 

V=volume. 

v,4r 2 $.-(h - 
_I 

2 
= FD - 

cr -- _..- 

HMG Nepal Roads Department Suspension Brid pe Division 
1 



STRUCTURAL ANA,LYSIS 

Coloux indication of temperature pi sscal 

f- /- 

/ f- / brown 

/.;/ / ;/-- purf2!e vi 

dark blue 

light blue 

FAHREi\lHEIT 

jusf visibk 

dull red 

dull cherry 

cherry red 

brighI red 

0 

red///J 

CENTIGRADE 

HMG Nepal 

- -.--. 

ROOdS Department Suspension Bridge Divlslon 



STRUCTURAL ?ZGALY:II:: 

Calculation of anchor rods or anchor hooks 

I 
, I , 
I 

: 
i 
I 
B 
c 

1st. Possibility 

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

the anchor neglected - 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 dlmensoned then in the second possible 

calculation which is shown below: 

T 
I) 0- =2.b.I < @ permissible 

(concrete) 
2) If e > 0.207 I the max. 

Bending moment is: 

M T.e2- 
maxT 2.1 

3) If e c 0.207 I the max. 
Bending moment is: 

M 
_!.L -~-- .,i” 

r-.$-(+-e) 

f 
4) Section of Modulus 

M 
W = -.-JSlL (cm3) 

2ndPossibiIity 2 - UJ al I. 

In case the external dimensions require the greater expansion of the different 

Anchor rods, the calculation should be carried out in the following way: 

I) 6= T 
2 b [(2d-b)+2e] ’ @permissible 

(cone rete) 

2) If e = d CT= T 

0eb f2b2 

3) If e = d M max = T 
4*e 

4) Section of modulus - 

HOOKS: TEC’HNICAL DATA 

W max = 3.4 d 

lperm. 
= 2*d2.F d -. 

4 

d 
perm. 

= 8kg/mm* 

d in mm 
a‘ in kg/mm* 
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SURVEY OF BRIDGE SITE 

Site Selection and Technical Report 

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 

is the SUSPENSION BRIDGE. The co& of the Suopended Bridge is much 

less than that of the Suspension Bridge, even when the span Is bigger, 

A general comparison of the costs is shown on the grafic below. 

RIDG COSTS 

Spon 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 iO2 m 



Site Selection and Technical Report 

Xlse the conditions for the foundation should be consiaered very carefully. 

Do not select sites where big rock excavations will be necessary. Do not 

put foundations in slopes where land slides may occur. big protection 

walls, Cabion walls and so on increase the costs of a bridge rapidly. 

A iittle 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 Faints: 

a, Location of proposed bridge site 

t lace : 

Ever: 

'Trail: 

tanchayat: 

district: 

Zone: 

Cne inch map: 

Co-ordinates: 

Altitude: 

Is there private or public land on the riverbank? 

bj i&sting 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? 

c) 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 ? Bhat kind of goods are thev 

carryitg mainly? Is it possible that there would be more traffic 

after the construction of a bridge? 

Ii N epoi Roads Dlvlslon 



i Y. e ,e;QCti@n and 'Technicai Iteport 

ei -otential oenefits from the construction of the uriac:e L 
e.g. r&c ferp charge, shorter uav from - tc 

L- _ Secnrintion of - rposed bridge ,L- - 
1 _. Les!gn caracteristics 

:ype cf bridge 

5>an 

?.a ?n cables 

balkway caoles 

?.ain anchorage types: left bank / right bank 

Hignt of towers 

!'ree board over bight flood level 

State whv vou selected this type of bridge 

2. Scundation conditions 

,eft bank, right bank 

Are there fielbs, rocks or big stones around? how steep is the 

slope? Are there trees or bushes on the site? Kay land sliaes OCCUr? 

[How to make soil investigations, see chapter 'Soil Investigation'.) 

'. Hgarolc~~ 

Nidth of the river 

nidth cf the river during hight flood 

.-iver bed gradient at centre line of the bridge 

is the river calm or not'? I 

Is the riverbed flat ore sloping? 

4. A ;'rcach trails 

is it necessary to build approach trails? Is olasting required for 

that? How long will this trail be? 

5. Local materials 

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

have to be carried from (distances)?! Stones 

Hubble 

Gravel 

5and 

hood 

La1 wood 

&alla wood 

tiamboo 



SURVEY OF BRIDC& SITE 

Site Selection and Technical Report 

6. Miscellaneous 

tieneral remarks about the site ana about existing houses, walls, 

protection Halls, etc. 

gj Cost of the proposed bridge 

n) Fotos of the bridge site 

In the fotos the main survey points should be shown. The fotos 

should also show the foundation conditions. 

I) Tranmort routes and access to the brid&te site 

1. Transport routes 

Nearest roadhead served bv trucks 

Is it possible that a road to a nearer point will be finished soon? 

Transport distance bv porters in miles and days 

Porter charge, availabilitv of porters and 

Favorable months for the transportation 

2, Accese to the bridge sit.e 

hearest air field (regular flights or not) 
Nearest bus or railwav station 

Walking distance in miles and days 

Distance to the nearest wireless station 

DiStanCCP to the nearest post office 

Other possibilities of communication 



dKTDGE SITES 

Material required: - Theodclite with tripod and levelling-staff 
- Pieasuring tape 20 to 30 rrmters long 
- Jarpentar - lavel (spirit level) 
- 3teel - tape, 2 t0 3 meters 1OriF 

I 
- jteel - pei.-s ) Paint 

Sketch 
PLAN 

Description: 

1. Determine the future bridge center-line witFL the aLid of two peg%, 
one on each bank (points "A" aid ",'I). The pegs should be 40 cm 
to 50 BIZI long ad driver? at least 2/3 of their length into the 
ground. They must be of good wood or steel and marked with paint. 

2. Measure soue reference points (R.Y.) for these two pegs, 
!&ke a sketch with the locatioc of the reference points. 

3. E'stablish a bench aarx as poirlt of origirA for t!le elevations 
(R,L. 100.00 n). This can be the toy of a 3i.g stone or one of 
2-1.e pees "A" or '9". 

4. Set up two additional pegs "J" md 'ID" ir; t1z center-line, 
at least 30 meters behind "A" 
at least 20 meters hi&er than”f;~::~~ri~~~~i~fK~kP~~p,‘~~l~~ Or 
sloped. 
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SURVEY IOF BRIDGE SITES 

Site Survey, after the Site Selection 

Sketch 

PROFILE -- 

-t- 

horizontal dirtanccp A - B L 
1 

RIGHT BANK 

IGH FLOOD LEVEL 

5. Yith thaodolite and staff, determine the distances and difierenoes 
in elevation between the pegs "k","B","C","D" (see 4.300). 
Two independent measurements of the distance "8-B" must 
be made (see 4.303). 

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

- The-survey should extend min 50 I upstre 
--- iream. 

7. Make the profile measurements either by the "step-method" 
(see 4.306) or by the tacheometric method (see 4.300). 
- If the ground ia flat the profile should extend at least 

So meters behind the probable tower place. 
- If the ground is steep the profile should extend at least 

20 meters higher than the probable tower place. 
For long spans (more than 120 meters) the profile should extend 
further than 50 meters. 

2. Make notes on:- Soil conditions for the construction. 
- Availability of construction materials. 
- Transport route for bridge-parts and cement; rates. 
- Living conditions (food,housing) for the ;:rLdt;e 

staff. 
- River-crossing during tne co~sfruct L:'li-Fe:'L'-'.. 
- Availability of laoourers and their rbtm. 

-?Slides at the bridge place, upstream fros: the 
bridge site and of tile nighest flood-leve:L cr' 
the past. (e.g. sun Loci 2oi1, Ga.huki deli:. 

_- - 



SURVEY UP BRIDGE SITES 

site survey, After Site Selection (III) 

1. On a perpendicular line to the bridge 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 'lb"). 

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

(4.306) m 

Information about Rock 

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

Note down the nature 
of the rock. or: 

e.g- - loose rock,soft rock,' 
can be broken with hammer 
and crow-bar. 

- rock with clearly developed 
layers, blasting partly 
required. 

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



SURVEY OF BRIDGE 8ITES 

Survey methods, Tacheometrlc survey 

Material required: Theodolite with tripod and levelling-staff 
Suxnary: dith the aid of the theodolite and the staff, horizontal 

distances and differences in elevation between the 
theodolite-station and the staff-,poi.nta are determined, 
independent of the uneveness of the ground between the 

. points. 

Sketch-in plan: 
. 9 
I 

Description: 

4 

l. Set the theodolite on point A, measure the height of instrument. 
,.3ring the CO-reading of the horizontal-circle in cozlncidence with 

the bridge axis (Direct the telescope towards point B with the 
horizontal-circle clamped in O"-position). 

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

Lt.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.bbing the tables "TACA" calculate the horizontal and vertical 
distances according to 4.301 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 
inolination from the vertical will result in a largesrror 
in the oalculated distances! 

- The aoouraoy obtained by this method is about 0.356 of the 
distance. The range oan be up to 200 to 250 meters. 

- In the oaloulations the horizontal distances are rounded Off 
to f 0.10 m and the differences in elevations to 2 0.05 m . 
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SURVEY OF BRIDGE SIT& 

Tachlmetrlc Survey with Kl-RA 

':'his survev can be done in the same nay as shown on page 4.204. There 

are only some differences in the reading and calculations, kith this 

instrument you will get directly the horizontal distance. No more calcu- 

lation for that Is necessary. You can also get directly the difference 

in elevation AH. This difference you can also get by the calculation 

AH = D. tang. \uhen the slope of the line of sight is snail, this 

method yields better results than direct reading, on the rod,. -. .~ 

JOB: -DATE: -_ I 

DI-a IN ELEVATION: 
anAH: I = Z:AM= Bead 

e.g. Horizontal circle 

Vertical circle (tangj 

Dlotance (direct reading) 

Mfference In elevation 

170.6530 
+0.2047 
15.60 m 

0.2047 x 15060 = 3.19 m 
or direct reading 

H Nepal i?oodr Departmc#nt SUW@WO~ Bridgr Dtvlsron 
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SVRVEY OF BRIDGE SITES 

Survey methods, Tacheometric survey 

Sketch to explain the caloulation of 
horizontal distance and difference 
in level out of inclined tacheo- 
metrical measurements. 
(For easier calculation use the 
tacheometrical tables "TACA") 

D I 

Instrument station A SIaff sfotion B 

Readings L,= Top Hair 
2 - Middle Hair 
L,= Bottom Hair 

w = Vertical angle 
I = HeigMot insfrumer8 

Calculation ; L = L,- L, d = L x cas o(. 
D’ - 100 x d = loOxLxcos~ 
D q D’x costi = 100 x L x cos2ot 

= D x sinix = 100 x L x SIPIN x cosw 
Or k = tan% I v= Dxtanb( 

&h = v-z 
AH =oh+I = v+1-2 

R.L. Of a = R.L.ofAabH 



SufivEY OF ihiLGi+, SL’I’dY 

.lurvey me LiiOd S , eE Ljist7.7 cc- icr(?ss t:ie river 

ri: ter the u ista1;ce-I~Iei~S *I'e:t;eI;t by tlie t,ac!iyi,,etric method (see 42 : 
&cross the river, a sec~~.,u i:iuej:ezl.. .'e::t 2easurement must be made. 

Ii, - Lvlclng uf the totaL ..~,stiti;ce ,:.tu twcj llarts 

if' t1.e river-rjeu is pal'tiy I'ree .)I' wate!' Tile distance Ab car, be diviued 
GY -,l:e :iely, 01’ :ii: acifiitlJx3.l ;eg x lr.tti twci p&rts. The ciistarlces Il to x 

ad h ts B cat, ther: be measured by tt:e tacnymetri.c method am Weir sum 
Will give the total dista.ce, 

.jketc!.: 

bj Triangulation !dethoci 
Pegging out of a baseline e perpendicular tc the bridge center-line in 
A or B . The length of e skiould be at least I-% of the distance A to B. 
Measurement of the distance e by tape. 
Measurement of the opposite angle &. L z~uld e must be measured as accurate 
as possible. 
Calculation of the Distance AtoB by the formula AB= e x cotg'6 = & 

Sketch in plan: 

(9 
Al! = tall& 

HMB Nepal Roada Department Suspension Bridge Division 



SmVby OF BHID(;r; ;ITLS 

Survey methods, Distance across the river 

No.: 4.rti9 

Date : 1.5 .l,JYc; 

Sig: SaCU 

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

-. .-.P. 

.,I==-- 

A X &i B 
-.-.Y. .- -. .-. 

‘1 

64 B -. . -.--. .--.-. .- 

c) Measurement by Hope or Tape 
Tne distance from A Co B can also be checked by measuring directly with 
a tape in several steps or with a rope (rope-length1 si‘terwards measured 
by the tape ) . 
These methods are often not very accurate because the river-banks may be 
ateep and thereforenot favorable for a thou measurement of horizontal 
distances. They should only be used for u rough check of the distar.ce. 

H.IJIG IJepal Roads Department Suspension aridge Division 



SURVEY OF BRIDGE SITES 

Survey methods, Levelling of Bench Marks 

1608 4.210 

Dntet 24. 7.1975 
S&5. I 8 .fc- 

In order to facilitate control of the construction process 
Bench Marks (B.M.), indicating elevations, should be set up 
on both banks. 
There should be a bench Mark r‘or every main anchorage as uell as 
for the tower foundations (abutments) and the rind-guy-anchorages. 
The tops of sUlii: .;ttiI!es or strong pegs may be zhose:l as Bench Marks. 
They xst be marked clearly with paint and a sketch of their 
location (reference iist:inzes: should be prepared. 

One Ben+ War& is fixed as point or origin with R.L. 100.00 m and 
then all the athers are leveiled by the "rise and fall method". 

Remarks concerning levelling across a river: 
To eliminate errors of the instrument as far as possiole 
the following proced<lre shoilld De applied. 

Sketch: 
Bat 

Ba2 
Bai 

- Xark the two staff points"Back" and "Front". 
- Set the instrument on the left bank iposition 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- 

sight-reading) for: 
instrument-position 1 aLl=Bal - Frl 

and instrument-position 2 pL2 = 3a 2 - Fr 2 

The mean of the two is to be taken as the difference of level 
AL = 

Important note for all levellinas 
C levelling must always be checked oy closing it on a point 
already known in elevation. 
That point may be elther the D.k. from which the levelling was 
started or another B.K. whose elevation has been determined in a 
previous levelling. 

Em HoPal Rood0 Dopartaoat srroprnmion Brids Diridon 
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SURVEY OF BRIDGE SITES NO.: !i.L!l 

Arvey methods, "Step-method" for profile 1 Dater 27. 7.1975 
aeasuremehts 1 

i Sig., S-S&, 

Katerial required: Level.".irL~-staff (4.0~~ .;:), ,:arsester'j: 1eTJei ::s' iri:, I 
levej. ) , 'Jteel-;lpe ( 2 .30 tc 7.05 1:. ' . 

Ammary: .ifter tr;e melrs~;re..!e?.t of Cis:a,.,-es and &i*c~~~~.er~ces in elo- *^"_ 
vation C)etweerl t:-,e Fe,-s 3 7 ,,,~~i,~tr,:~~~~ (iiee 4.201) the profile be- 
tween these ;;ejs is . .I'. )I "yye>G". 2':r.e ley,rell i!lf-sl;aff 
will te tr.e Iho:-izcr-~fa.1 line a5.i the st~+el-?;:~;:e t'le t :-~a; '/e Z' 
line of s,.:ch a ste- 

.L l 
I_‘l;e L t: ,-.f:- Ls ‘p:el;t hori-:,:;i;:.‘. j/it;-, t’cl&j 

;iid or’ t;:e carpl.ter's-level, file steel-t;s;e ,.Te.rtic-l -.qit,l! :> plumb 3~35, 3 .st!>::e ‘>eii ,.- ~~c);JI eti ;‘r j.:zt i;: s;t;. 
Description 
-7. -.I';: :;.e~:~:..re;..erlt starts ;':c:- IL ,-og, I:reI'or-91;- : <or 3 \:;i~et& orI 4.7oZ;. 
7: ,c> ..__.. firs‘" OiL‘2 or t;\VJ St.diij si-c!i.<~d , ,P _ -le:c-::ro:i f.ro:.. t::.: L >ez ~:;hill 
zy-2 t::e;: O::l>- 2Lob&ill tow-rdrj peg -i s!:c 3 re~pectiv~~~. 

Four persons are needed; one to watch the bubble and,together with 
a second one, to keep the staff in horizontal position, a third o:?e 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-staff. 
.I I ;.:_;ill -easl.?:e;..f~~:~ : 

- Xove the staff (0.00 m - end in the air, 4.00 m - end on the ground 
-;jhill :Witil the zero-end is rj.irec$lg ::.bCve ;pg J. 

- For the next step the staff must again be moved Aphiil until the 
zero-end is now directly above the point touched by the 4.00 m-end 
of the first step,and SC on. 

sketch: 

Downhill :ne:~surernent: 
- Set the zero 

and mark the 
- Now bring the zero-end down to this mark; the 4.00 m - end will 

then give the origin of the next step, and so on . 

Sketch: 

anr0 Nepal Roado Department Dirirrion 



Lurvey methad%? "Step-method" for profile 
measurementa, details 

Detail measurements: 
- In addition to the "step-nalgnts" sit The zero-end and 4.00 m - end, 

vertical distances are also measured at breaks in the gradLent oi 
the ground. 

- For all these points the horizontal. distances are read on the staff 
(always starting from the zero-end) and the vertical distances 
measured with the steel-tape. 

- In steep places the "step-length" may be reduced to 3.00 m , 2.00 m 
or 1.50 in e 

Sketch: 
L-- . .~~ _~ _~ ..-.--- - --- _.~_ ~-. -. -- _ - - 

step -length 
msasuretl by steel tap 

EXAMPLE FOR THE NOTES, 

wiz.lstancs vwtical distcmca remncje 

frQn peg l4pwards 

0.00 2.20 on me pet) 
2. IO 0.90 PieId, earth 
2.70 0.30 R&v, earvh 
4.00 0.00 field, ear& 

from peg ( ~downwrgrds 

a00 
0.80 
2.80 
4.00 
0.00 
3. IO 
4.00 
0.00 
0.90 
2.QO 
0.00 

al Vhe peg 
field earth 
field mixed 
fi&d w&h 
field stones 
,I 

@s$ stcm?s 
P St II 

II II 

3 Is4 step upwards 

i 3rd step downwQrds 
J 

Note: The measurements between two pegs (e.g. C and a) should be 
checked. 
- The sum of all the step-lengths should give the 

horizontal distance between the pegs, 
- The sum d$ the vertical distances at the step-ends 

(zero-end and 4+00 m - end) should give the 
difference in elevation between the pegs. 
: I 



f 1 

- ,iitr. l-;essuri!-ic Tspe 5rAd i-i-dxet !Plu~b bobj 

Judging by eye the tape is kept horizohtal. 
ilt least two persons are neede@, orAe at each end of the taibe. 
If the diZf?:vI>rp i:, e.lv>-~L*Lic;!. Sezo:..e.c - -44 > ZOO !~.T?C_Lt c-ox tl?;:.:. l.?G !:,j 
the distance should be divided into two,or ::lore parts. 

Aetci-i: 
3 = 21 + ii;2 + d:, 

Kote : The zero-end of the 
tape should always 1 

be on the side touching i 
the ground. 
tt~rt :.Le;lsurilit; i'I'O::I th* 

hicrier' +i:-l", to:Jsli2 tllc 
&ower o:;e. 
For greater accuracy 
put a pet at every inter- 
niediate point. 
(at tile points 1,2 . ..I 

- ;/it11 Ttieodoli.te and Levellinff-,jt;il:' [-?.: .Lsc q.josj 

cfith the aid of top and bottoa hair, -b:,y s-b&f 
is determined.. Together with the also 

- i;iterceptio:L IL 

the horizorltal distance 
i:leasilred vertical .Ciii;le w 

can theu :3e eaiculateL. 

&etch: 

AL = Ll - L2 

D = 1ooxnZx cos20c 

Late: 
The staff must be kept vertical (c:leci- i.[iti: pl'LLYyiet ;'y 

sg;irit i~e-~el 
kossible acmracy oStaixlal;le 3~ this -ietr;od is ZUOUT, 
0.3 $ of the distance. 

Road8 Department zxxlspeap~ ion Bridge Dlvi~ion 



- With Theodolite and Measuring Tape 

With the tape measure the direct distance '@Dan from the thsodoli 
axie to the peg "R". With the theodolite meaeure the vertioal 
angle I’ ” by aiming at the peg "R". 

Sketch: 
The horizontal dietance 
is found by 

D’ x 00s cx 

The difference of level 
can also be oalaulated by 

RL = D’x eina+ I 

Note: Thia method is limited to dietancea up to the length of 
the tape. 
It can also-be applied in very eteep places (rob), when 
R is not accessible by staff or theodolite. 

- With Meaaurina TaDe and known RL of the two point6 (R and S) 

If the RL of the pegs nR'l and nS'l are known from a levelling, we 
can measure the direct distance D’ between the two psge by tape. 

Sketch: 

The horizontal distanoe 
is found by 

D= YD’2- 

or by 

aino(= &?i 
D’ 

and then 

Note: This method is limited by the length of the tape and the 
presenoe of obetruu~lons bcltween the two psge. 

- Both of these methods, applied CarefUlly,Cu give - high aaOUFBOY* 



SURVEY OF BRIDGE SITES 

survey methods, Measurement of horizontal 
distances on slopes (III) 

- Yith "Trianalation" (see also 4.303) 

Starting from "R" or "S" set peg '9" on a line perpendioular to "IW, 
The dietance from "RS" to 9"' ehould be at leaet lo % of "D". 
Measure the horizontal diatanoe "e" by tape. 
Measure the angle 'I 'I oppoeite to "e" by theodolite. 

Sketches: 
Section 

Horizontal distance 
is found by: 

Plan D= 2 
q&e Or 

h 

D 
s-.-m 

._ 

----32 7 

D= e xcxrtanE 

-. 
\ 

--. 1 ,e I 

\\ I. 
-4 OP 1 

&L!% Always measure the angle opposite to distance Ire" and not 
the angle in "P". 
Measure angle '*&'I at least four times,uaing different poeitioru 
of the horizontal circle,and calculate the mean. 
Leasure 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 

4 -% ES % 
Reading on "S" 103037' 146'49 ' 

109'58' 
215'03,5' 278O59.5' 

Reading on '@PI' 153011.5' 221°26 ' 285'22 ' 

Angle II&l8 6O21' 6'22.5' 6'21.5' 6'22.5' 

Mean for "6" = 6'22l-ccotan 6'22' = 8.962 -Distance llD" = 61.5om 



ubservaticn ;,.irror 
Tubular Level Bubole 
Jirctiar Level &bole 

Telescope dyepiece 

Index ,A& 

:riorizorltal 2ircle 

Tubular Level Bubble 

d 
z 
.o 
B 
: a 

The Wild NKOl Dumpy Level dustred nnttal uearmg. Four dots 
IS a most convenient level for the around the circle mdicate rapidly 
burldtng sate. The telescope rotates the right angle settmgs. The circular 
under a frrctron-braked action, thus and tubular level bubbles are seen 
requrring no horizontal clamp. Frne freu from parallax. In the hunged 
pomtrng rs completed by means of observatron mirror which when 
a drive screw. Readings on the closed. protects the glass vtals 
metal horizontal circle are made by 

eye agamst a fixed index mark. 
wtth estrmation possible to a tenth 

of a degree or grade. according to 
the circle division. The crrcle nsell 
can he bv to set any 

- . . i Zocussing krew 

- Drive &crew (fine pointing) 
- 3ircular Level 3ubble 

Tilting Screw 

TheWildNlO(NKlO)Engineers’ 
Level IS small in srze but big in to avord excesstve accurnulatton of 
performance. It has all the qualrtres internal heat and it is also well 
of a larger level and grves accurate protected against damage. The 

results under all conditions. It IS NlO has an extremely short mi- 
suitable for general levelling. route nimum focusstng drstance of 1 m 
surveys. irrigation works, civil and (3.3 ft.), whrch rs most useful in 
constructtonal engineering. When restrrcted spaces, 

fitted wnh a glass circle (NKlO) n 

can be used in flat terrain for Contarners. The smaller rnstru- 
tacheometric work and for meas- 

uring and settmg out horizontal 
ments (NKOl. NlO and NKlO) 
have a shock-proof plastrc con- 

angles. ROtatiOn is fraction-braked tanner whrcti :i excepttonally strong to 0 0) 

and an endless drive screw IS used 
for fine pointing. The lrne of sight 

and long tastqt. although very 
lrght and easy IO Inmate. The lid of 

1s levelled wtth the aid of a tilting the conterner can be used to pro- 

screw and the well known Weld tect the Instrument at the workrng 
“split-bubble” Image system. The site. 

- tubular level is ventilated m order 
a 

I- 

a 



I ----r--- - .- 
I Ji’2’.‘,L‘i .P :.:I ‘_ ::‘:, / No : .,..._ 

13 14 

15 

16 

Engineer’s Level 
with rotatable telescope and 

reversible tubular level 

2 Foorscrwv 
3 M,,lud ““q 101 ,e,,w, ,llC hUfl,l,ll,ili 

5,,‘.,11 (““l” U” NK2I 
4 R‘!ddl”g nw,uaLopt: 101 Cllill. 

IO”iY on NK2 

The circle. dwded mto elther 360 or 400 intervals. 1s vIewed through 
it scale mrcroscope (4) left of and below the lelescope eyepiece. The 

circle graduations and the scale are brought into focus by turmng the 

eyepiece of the readmg 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 1s on the right. The scale ts dtwded into 6 Inter- 

vals of 10’ each (360 model) or 10 intervals of 10’ each (400” model). The 
zero of the scale IS the long upper line wth two short index hnes. 

Qz! 5 Cucle reed’ng r~odci NK2 (313-42 392 65(Jj 

HMG Nepal 
_. ____ ____. __--. ------- ----___ 

Roads Department Suspenston Bridge Dlvlslon 
.- -__- 



SURVEY OF BRIDGE SITE 

Survey instruments, Levelling instrument 

-... 

Na. ’ 4 218 . 

Date : &t&1211 376 

Sig : 

Karn GKO 
Simple Construction Le 

The operation of the GKO is extremaly simple an”. therefore. 
no special skill is required to use it. This manual shows how reliable 
mu&may be ouained in the simplest Way. 

Measuring 

Height 

. Open the bubble mirror (6) 

. Center the vertical hair on 
the rod using the horizontal 
slow-motion screw (7) 
. Use the tilting screw (8) 
to center the telescope bubble 

@ Take the reading of the 
horizontal hair on the rod: 
1.195 m (Fig. GKO) 

. 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) 
. Read the rod intercept 
between the two stadia hairs 
. Multiply the rod intercept 
by 100 to obtain the horizontal 
distance: 20.5 m (Fig.GKO-E) 

Specifications 

Mean error in 1 km (double run) 
Telescope magnification 
Objective aperture 
Shortest focusing distance 
Sensitivity of bull&eye level 
Sensitivity of telescope level 
Centering precision, telescope level 
Circle reading. by estimation 
Weight 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 (1Oj. then tighten the 
upper adjusting screw (11) 
. To raise the retieule 
(positive correction). first 
loosen the upper adjusting 
screw (11). than tighten the 
lower adjusting screw (10) 

t 0.02 ft/7 mm 
19 x 
0.94 in (24 mm) 
3 ft (0.9 m) 
12-15’ per2mm 
40-50” per 2 mm 
i4” 
0.1 p10.1 D 
1.9 lb (0.8 kg) 

1 .l lb (0.5 kg) 

6.7 x 3.9 x 3.9 in 
(17 x 10 x 10 cm) 

tripod legs 
. Level the instrument roughly 
. Set the vertical heir on the 
initial point 
. Orient the graduated circle. 
i.e., set it to zero, by turning 
the knurled ring (9) 
e Turn the telsecope to sight 
the second point 
@ Read the circle: Sl.3p 

Kern 6; Co. Ltd. 
Optical and 
Maafmnical Precision Instruments 
6001 Aarau Switzerland 

HMG Nepal Roads Department Suspension Bridge Division 
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1 SUW=:Y OP aRIDGE SITE3 lQ.8 4.219 

I : &J-ye.. J I2:str~uents, Theodolite 
I 

a%*@: 15. 7, 1975 
I ---___ Sig.r57 x&-cJ- 

t4IL.D Tli Direct iieadiug Theodolite (face left posi.tion) 

11 Fort w~+-i 
16 Ot>l&twe 

20 vvr,,cn, df,“,. PGl”iY 
21 Ad~uetiny screw lot p!nlo iovol 
22 Optlull pl”lllmOt DYODl”C“ 
23 Hor~rontnl drlvu ocr~w 
24 Horlzontnl ckmp 
25 AdjuatlnQ OC~WQ tar 26 
26 Footscrew 

The wild T16 (TlBE) Direct 
Reedlng Theodollte IS a IRCIIHO. 
m-tnr theodr,ltto s~lahl~! lor ail 
inbv.,olller trlangula!lon tacheo 

mc1r,c &tall Rlld tra”f?rse surveys 

mlrie surveys. propertv surveys 
Dullding sltc measurements mark 
l”g 011, etc 

The rashly read scales of the 
horlzonfal and vertical circl’.s WII~ 
est!maIIon to one tenth of a rn~nute 

nf arc (0.2’1. allow work to be 
c.arrled out quickly. All clamps and 
-Irtve screws are placed logtcally so 
that they can be manipulated safely 
and comfortably. The combination 
01 the simple cycle scale reading 
and the operation of the instrument 
itself makes the T13 a most useful 
Instrument for use by trainees. 
The detachable tribrach ensures 

that the T16 can be used with alf 
Wild traversing equipment and, of 
course, the normal accessories and 

attachments all provide additlonal 
uses. 

Bxample for the reading 
of the circles 

16. 
7 . ._- _ __. .- 

15 -..-----1 

14 
13 

,o--. -. 

8 -_. -.- 

6 ...-- --:,,w 
5 .-_ .-s 

"Le\le~~iI~g LP"CIL a theodolite 

-23 

-24 

-25 

-26 

C 

A 
1. Horizontal clamp (24) open and circle IoWIng lever (5) over a footscrew 

A. Footscrews Band C are turned by equal and opposite rotations until 
the plate level bubble (7) is centred. 

2. Turn the alidade through 90’ in a clockwise direction and centre the 
bubble with footscrew A. Repcot point iund 2 two timer. 

3. Turn the afidadeclockwise through 90 Nota the position of the bubble. 
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. Turn the alidade in the sama dlrection through 90’. By turning A, set the 

bubble to the mean (halfway) positjon obtained in step 3. 

5. The bubble should no-w rema in this position for all directions of the 
alldade. If it does not. rnpeat the procedure, but this time use the mean 

position obtained in step 3 as 11 It were the central position for the 

bubble. 
The instrument 1s levelled up when the bubble remains in the same, 
Ihough not necessarily central posltloll, tar all dIrectIons of the alidade 

It 1s conven~~~l! to keep thv plate levrl 1~1 adlustment so that the bubble 
remains an the central pos!l!oil. 



SURVEY OF BRID;E SITE No : 4.220 

Survey Instruments, Theodolite Dote : 2.8.12.1976 

Sig : 
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SURVEY OF BRIDGE SITE 

Survey Instruments, Theodolite 

No 4.221 - 

_ Data : 2fi.12.76 - 

Self-Reducing Tacheometer 

Levelling Up 

As a memory aid in levelllng-up, it should be noted that the level bubble 
follows the dlrectlon of the left thumb when turr.ing the footscrews. The 
elfdade level should be protected from direct mm r&s as these may cause 
the bubble to run off, giving a false level. An approximate levelling is made 
by using the tootscrews to centre the circular bubble. Then proceed as 
follows: 
1. Horizontal clamp (3) open and circle lochina lever (32) overa lootscrew A. 

Footscrews 6 and C we turned by equal and opposite rotations until the 
plate level (15) bubble 1s centred. 

2. Turn the alldade through 2O’in a clockwise direction until the horizontal 
clamp Is over footscrew A. Centre the bubble aoaln with this lootscrew 
remembering the rule of the left thumb. 

3. Turn the alldade clockwise through 90’. Note the position of the bubble. 
Brin2 the bubble to a point halfway between this position and the central 
position by turning Bend C by equal and opposite rotationa. 

4. Turn the alidade in the same dfrectfo” through 663 By turnfng A, set the 
bubble to the mean (halfway) position obtained In step 3. 

5. The bubble should now remain In this position for all directions of the 
alldade. If it does not, repeat the procedure. but this time use the mean 
position obtained in step 3 as if it rere 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 adjustment proce- 
dure. 

Measuring Vertical Angles 

With ths telescope in the Face Left positlon (open sights of the telescope 
me above) bring the short horlrantaf c,oss hair (43, fig. 2) on to the target 
by means of the vsrtlcal drive (6). Centte the index level (27) by turning It8 
sottlno ewow (231 until the two ends of the cpllt bubble are saen In colncl- 
dence-I” the ;r&. Now take the vertical circle reading. It the observer 
knows that the Instrument Is properly adjusted lor vertical colllmatlon 
(Index) error and a” accuracy al 1’ (29 is needed it will be sufflclent to 
observe In Face Left only. II more accuracy I8 requlred trenslt lo Face Rloht 
(open sights below the telescope) and repeat the observstlon. The melln 
vertical an~ls from the Face Left and Face Right readings is free from vsrtl- 
Cal calllnlellon error. 
The reading Af. in Face Left Is the zenith angle t. the reading AR In Face 
Right Is (3600<“) or (4060+). The vertIc.I angle I3 (elevatlon+or depres- 
don -) can be derived from the vertical circle resdlngs as follows: - 

PL = W - AL- or 160~ - Alp 
PR - AR’ - 270’ or A@ - 3WJP 
P = ‘1. CPL + Pfd 
5 = ‘Ir (AL - AR) (354)” or 4009 has to be added to AL) 

Example 

3800 At = 337?3.2 Or = f.5’36.8’ 
Ai = 276O36.4’ iii = +6’36.4’ 

AL + AR = 359’69.6’ Q = C6O36.6’ 
AL- AR = 166’46.6’ 5 = 3393.4’ 

21= -0.4’ 

4WD AL = 107.3640 = -7.3540 
AR = 262.15411 ;i = -7.646’J -- 

AL + AR = 400.016B p = -7.8550 
AL- AR = 215.7100 t = 107.6650 

2 I = +0.013(1 

Reduction by this method is self-checking. The sum AL + AR should 
always be constant within hO.2’ or 10.35. The difference of AL + AR from 
3600 or 4000 1s twice the vertical collimation error i, which can be adlusted 
If necessary as described in 6.6. 
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SURVEY OF BRIDGE SITE I No. : 4.222 . 

Survey Instruments, Theodolite 
Date : 28.12.1976 - 

lb 
Compass Theodolite 
3. Description 

Me.*Yrlng Mathod* 

-~ 30 

--1 
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SURVEY OF BRIDGE SITE I h!cJ : 4.223 

Survey Instruments, Theodolite --.-.- - . 

ielf-reducing 
inginser’s 
‘achymeter Theodolite 
;I-RA 

Illuminating mirror 
Circle reading eyepiece 

I Vertical slow-motion screw 
I Coarse-fine circle orienting drive with safety cover 
i Leveling knob 
i Focusing knob 
’ Selector ring for horizontal distsncs or difference in 

elevation 
i Finder-collimator 
1 Switch-over knob for clockwise or counterclockwise 

reading on the horizontal circle 
I Terminal for electric illumination 

Horizontal slow-motion screw 

1 Micrometer knob 

Fio. 5 ExamDIes of circle readings 

Vertical circle + 0.2047 Vertical circle -0.0054 _. .._- . - -. 
4000 Horizontal circle 

with micrometer. Clock- 
wise scale 1708 650 30cc 

4009 Horizontal circle 

with scale microscope. 
Counterclockwise scale 2810 22c 

Fig. 6 Horizontal distance reading 15.6 m 

Setting of se1ec.z ring D 

Fig. 7 Difference in elevation reading 6.4 m 
Setting of selector ring .I H 

Sighting height on rod 1.30 m 

/., ‘;a 
.i 

_” ‘h, 

.5 

.-, _, d“ 

Fig. 3 Cantering tripod 

1 Centering socket 9 Spherical zone 
2 Instrument plate support 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 statlon point) 

7 Bullseye level houslng 13 Bullseye level 
8 13ayonet lockmg lever 
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SURVEY OF BRID,;E SITE No : 4.301 

Soi.1 investigaton,Field tests 

2.1 Introduction 

‘:‘ke pur~9se fr87 ~711 irvestit-aticn is :: 5tta ir. icforma:l:r 5:: 53::~s for: 

1. The selec:ion of type ano ileptk. of f5k.naaticn 

? . ‘I’he L:eterminatioc of ‘ncriq: cay:acitp nf :“.e seie:7-2 !~ounc??io?, 

7. the evaluat.ion of the earxk. pre.s2re a.gair.st walls, ;?:iitmer.ts 

u. ‘he provisions against cor.stru~:ioml cifficulries. 

Ir. mrera1, an.v lnvestigatlon should sari i;l:i- the cclLec:icn anrL 

er.amlrlat,!?r -f‘ ‘.he . . & alreazv exlsrir.p, c?.*3 9;zl;t 7.r.e srl; ~ni: ;:‘pc; - ,-ica; 

ccnc:tiors.9? rke site. Ir: many dreaz v:;p er:s’.inf 15ci.l ;rruler:;-2 ant, 

*‘?e ‘riehavinur ?f exist!nc structures ?>-P ‘:ery he.lpful. 12 ; .c ezistLr.< 

~nformatiol. is r.0: sufficient or Is ?r.ccnc:usive, the s!Lr sr.r.lJll %e 

explored ir cetail. 

Ar. i?.s;,ectior. of -he site ant stauy of !~,:cgrrpf-.lcal f‘e;itc:-*:- i:.: .<-teT 

!vlpful in C’etting useful informa’ions atrol;t the soil ant ‘,r declz:ng 

the future rro6rramme of exploration. LP goin< over tr.e P’ 7.t’. a st~2!lv 

of the fcllo wing :‘eatures ma-f Se use?%: heal topopra??.v, nxoav:-itirns, 

c-utr:r.ys, eviasnc~ of erosion or lana slices, fills, water level Ir. tT:e 

river, flood marks etc. It there has t.een iiT earlier use oi ‘kp 3::e, _,_ 

^.._ CA ._I^ LC - “A-2 : rfrrm-; - : oI”c: q+..-.Tl’ De gathered, in ;srticuiar about fhe *Jncer~ro~N?d 

h’orkln::s, if ar.y, and about tk.e lncat-i :,Iis rf filY;s a:!c exzsvations. 

!.? Field tests 

I’t:e variyua nethds of site exg.l::rat.ir;r: nay De proupea as *‘oLloWs: 

1. -per. excavation 

%. bOrir.2-s 

2. Sub-surface sondings 

h. Geophysical methods. 

i’he first two net.h.ods are nes:riDed ia this cha,-ter. 

?*2.? Lpen excavation 

Test pits and trenches can be used for ail types of soils. Soils can 

be inspected in their natural conriition and. samples, niszurbed or un- 

disturber can be convenienclv taizpr,. ‘:‘!,ers are generaLl:r zcnsiserec 

depths a: excavation Cp tc : 7. 

HMG Nspol 
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SURVEY OF BRIDGE SITE No : 4.3~~ 

Soil investigation,Fielci tests 

.3en tent 71:s 3re suitable fcr tre exalr.!raC>nn of -rx;nratively 

I 

i 

: 
i 
: 
: 
1 

: 
i n 
L 
I 

stal1c.w founoations, for neteITiniry t.i-.I? n!r‘f!cult-7 .' e,ase rf 

oxzavatinr. ., i I the necessity or other.dise of s!.arir..- etc. 

J::t afford, within tneir !%i+s A - I tne mr.st satisfact:~r evioenc~ 

resarbica the true nature of the strati. ir -5: ;it sr.rl;-z te 

mirlimum O.?! a by 1.2 m in plan sc :hat 5 lar,curer car. easilv beno 

:';odn ant: plv his tools. 

A: shcula.ze rememoered that the locations C,:r a '-es: ;it shculn be 

SC sele,zted that it will not later come u.?ller the r‘ouno;i-iCn of the 

s':ructu~e. h tvpical open test pi5 is s:‘rWn in ?he ~yd:-.r. celoK. 

Open test pit 

0.5m. 

Im. 

075m. 

O-75m. 

045 m. 

0.33m. 
O-5 m. HARD MURUM * 

I * 
wrsol L 
---- 

BLACK SOIL 
-- -- 

SANDY CLAY ^ \ - - --- 

SAND 
---- L 
KUNKAR -- 

SOF~~~URUM - --- 

-- -- 
ROCK . 

3.2.2 sorings 

a) Probing 

Probing is confined to shallow founzations in soft strata like clay, 

sand, gravel etc. A steel bar of about 12 mm diameter, painted at 

one end, and of suitable length (Fig. :f according to the depth of 

the soft or loose material, is forced verticallv int,n the grcund 

and worked like a jumper until a !,ard s::cstratum Is tapTed. h Pazmer 

mav be used with advantage for driving ?.he bar down. It T.:!P be rrith- 

drawn from time to time and the Point examined fcr *ra-ps cf 'Lo 

material met with, st'cking to it. :'he rature of the firal hari s1.ra5~;m 

HMG Nepal 
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SURVEY OF BRIDGE SITE No : 4.503 

eroountered mav :‘I' recognized by the feel, sana, and tr.p ;art!c;es 

z:icking ?3 tr.e point and the depth of the xre zeas';reC. 

F C:T testins shallow founaations in clay or sand, an FrstT*in,eKL called 

'*k.ooa abrer" is c:‘ten very useful. It is ,ust 1i.j.e the ~L~:CY f'nr zrilling 

',oles in woos, but a little stronger 1,FI.g. Y::. 

Fig.2 

b) Ah&r boring . 

Axger are used ir. cohesive and other soft soils above water table. Hand- 

augers are usea for aepths up tc about 5 I;?. Aaiae-,les recoverer froir. the 

soil brought up by augers are badlv aisturbed and are useful for identi- 

fication purposes only. The sketch below shows a posthc2.e amer and a 

helical (spiral) auger. 

HAND AUGERS 

(al Pos ‘t hole auger (b) Helical auger 

HMG Nepal Roads Dapartment Suspcmcian 8ridge DIVISION 
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SURVEX O'E%FUDGE SIW3 

Soil investigation,E~e4a test6,laboratory tests 

c) Vane test 

This test is applied particularv to scft clays or silts, which, on 

account of their softness, do net stana other tests. The oevice as 

Illustrated in the sketch below, consists of an assembly of four vanes 

fixed to the bottom of the cer#tml vertical vod. It is pushed into soil 

at the bottom of a borehole and rotated. The torque required to rotate 

the vane is measured at the to?, which gives a measure of the consistency 

of the soil. 

for &me test 

HT. STEEL ROD 

-4Omm DIA. 
GUIDE TUBE 

~- VANE 2.5 mm 

3.3 Laboratom tests 

Some of the various experiments which can be done in the laboratory are 

described roughly in this chapter. 

a) &termination of water content bv ovendrvina method 

The object of this test is to determinate the water content of a soil 

sample in the laboratory by ovendrying method. This experiment forms 

an essential part of many other laboratory experiments. 

Reference to Indian Standard:IS:ZE?J (Part II) - 1969, Method of 

Test for Soils: Part II: Determination of Moisture content. 

b) Determination of specific gravitv of soil by detensity bottle 

The object of the test is :r, <et--..- m>-~+ne the specific gravity of scil 

fraction passing 4.75 mm IS sieve bv density bottle. This test caf: 

also be done by pycnometer. 

-. -- 



SURVEY OF BRIDGE SITE 

Soil investigation 

Laboratory tests,Classification, 

c) %term!r.at!Tc cf grain. s:zc c!istrl:.utiklr. ‘by slevlzi; 

‘l’he ob,ject of tnis experiment :s t? deterx1r.a r:rair. -,izb: distriuut,icE 

c!‘ CCIR~SCI p-ra!ned soil by sieving. .‘he test covers PC;!!, .:carse sieve 

annlys!s jt’cr crave1 frartim) as well as f1r.e sieve :~r*Lysis :for 

sand fract.iw.), 
,. 

d) +termSnat!on sf ig-ain s:ze distr’ +,* ’ (‘r, i.‘“L^ . . k.ydrometr,r 

::. ,A: The ob.‘ect of this experiment is t? determire tt,e ,.::.. ..r!:,~utlc~n rf 
,:r , ‘. 

r.;.:. 
j!artlclc size, finer than 75 micrcn sieve, ::y sedlmc~:hrioc afl;ilysis, 

ur;\,nr: R !ltinoity hydrometer, ana tr:ec TV\ ~lor the p,rr+!~! ~i.:ce r:!,r;tribu- 

:: on curve, This test can ~1s~ bc cone by usltig a sun; l!nt; [:ipette. 

l,lr CkGificA,_t.~~~ 

2s nasnl 

: ho purpwm S\!’ 8Cill ciss- .*04 d * ’ C4c,ntion Is to tirrango varicx :~;.LJ:’ crf : c,!: 

! r1t.c (~rnup~ n ?zordlng tc thtrlr engineerln& proportist and vilrlciut; cthe-r 

characterdatlca. Soil poneessinp, similar charactsrlstlce can ce placed 

ir: t.1;e 8alne ~:rr.)uJ), From the englneerlrw po1r.t uf’ vler, thr: r:iass!!'lct5t:on 

pay !JO dor.e with the objective o f findine the- sultabiilry of the ~ic,:l 

?‘rr constxuctlon of forindaticns etc. 
.r 

,I, .’ %rt Isle pl::e clnsnificatlon * 

,:t !n ?~:IR plyfitm, mile are arranged accoMlr.(,; to the muln ::lRs, l’fms 
I! : _, 
7;: , 
x-. 

SUCP ill3 ~WV61 ( sand, silt and clay ~2~3 uaor! to lnalents f:min ol:ww. 
. . 

,,"‘ .*..a ‘P,o,ti~‘r tarmr III”O used anly a8 d.iet.lnatlon cf partkle tlizeo and dc not 
: +!I ’ 
,:.., iA< 

signify thrj naturallv occurring soil types, which are nlxtrrres of p&r- 
:., ‘,, F’.. ticlea of difffwent eleee and exhibit definite charactaristlcs. II, Iw .- 
,,’ 1’ . . FrefWabaA t,o we the word ‘silt size’ and ‘clay 5b98’ Lr place of sfmply 

: ‘silt’ or C~RV’ lr: this eyatem, Thkre are varicus grain size clossifica- 

-. . . .,.- tlons in use. The more commonly used svstems are 1 The I-:, ?.‘I’. classification 
,::- . . ,: .: ..’ proposed hv Prof. ,_’ C., Cllbay of Massachusetts Institute a? l’echnology as a 

. i ,:’ _ 
.., simplification of the Bureau of Soils classification, and Standard 
,’ i- ., ” .,;.‘i ” ; ; classification (IS1l%&l97O) based on the R.l,‘l’. systea, (his system 
; : ,. : 
;;. ‘. ‘_ 5s showy. in the sketch below, 
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.3URVh'Y CF BRIlXiE SIT3 plo : . .._-' 

Soil investigeticn 
;--- ----...- _-____ 

Classification 
-_ 

I I 
UNIFIED SOIL CLASSIFICATION CHART 

UNIFIED SOIL CLASSIFICATION 
INCLUDING IDENTIFICATION AND DESCRIPTION 

FIELD IDENTIFICATION PROCEDURES 
Elrcludlnq particles larger than 3 inches on 

4 
baslnq fractions 

on estlrmted weishts 

TYPICAL NAMES 
-7 - 

8,: 2 Iv, 1 Wide ran9ein 9roinsizeandsubstantlal’ vI iWell graded-aravels. aravel-sond 1 
EY’ 9 amounts of 011 ikrmedlote particle 
-632 
Ii g q 

SiZSS. 
j GW mixtures, littie or no fines. 

f- 
2oc, -.ag Predominantly one size or o ronqe Poorly graded qrovels, gravel-sond 

of sizes with some Intermediate GP mixtures, little or no fines. 
“‘jik jd Sizes missing. 
Zz@ I -. 
cE_g r- # Non-plastic flnes(for idrntificotlon 

$f procedures see ML below). 
GM Silty gravels, poorly groded 

gravel-sand- silt mixtures. 

Plostlc fines (for identlflcotlon 
see CL below). 

GC Clayey gravels; poorly graded 
qravel- sand- clay mixtures. 

Wldr mnqe In qraln sizes ond su 
_-_ _-I_ _* ..I .-I . . . 

bstantlal 

=-I ~.~ 
amounm or 011 mrermealare particle SW 

Well graded sands, g1 jvelly sands1 
llttle or no fines. 

Predominantly one size or a range 1 
of sizes with some Intermediate 

sp Poorly graded sonds, gravelly sands6 

rlres missing. little or no fines. 

t ii i $,f Nan-plastic finestfor identlficoticn SM Silty sands, poorly graded 

c$_u ,o’i procedures see ML below). sand- silt mixtures. 
g = 3 co n 8 
!! if37 g Plastic fines (for Identification 

rocedures see CL below 

fine sands with 

ISIiqht to medium 1 
Organic silts and organic silt-clays 

Slow / / Slight .’ 10 L 1 of low plastlcity, ( 

Inorganic silts, micoceous or 

!i 5: 
Slight tomedium% ‘low we Slight to 

none medium 
Mn diatemaceoua fine sandy or silty 

dgg 
solls, elastic silts 

0 Ef High to very 

% OL high 
None 

Hlgh 
CH Inaqonlc clays of hlgh plasticltj, 

fat clays. 

fl 
32 ~-__ 
9 0 

1 -le 
0, CQ 

Me&m to hlqh ,,zsEw diqht to 
medium 

CN Orgortlc clays of medium to Mqh 
plasticity 

IIGHLY ORGANIC SOILS 
Readrly ldenrlfied by color, odor, 
spongy feel and frequently by Pt Peat and other highly organic Boil9 
fibrous tenture. # 

HMG Nepal 
- _____---- -- ___._.----. - _-. -.~- 
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GL'RVLY CF BRIDGE SIT:; I No : !*.,'*' 

UNIFIED SOIL CLASSIFICATION CHART 

Soil investigati-.n 
Classification 

UNIFIED SOIL CLASSIFICATION 
lNCLUDlNG IDENTIFICATION AND DESCRIPTION 

FIELD IDENTIFICATION PROCEDURES aY 
Iding Particles larger than 3 inches an 

an ertimated weights 4 
basing fractions 3 1~ 

TYPICAL NAMES 
lc3 

‘1 
Well graded qravels, grovel -8ond 

) GW mixtures, little or no fines. 

d Poorly graded gravels, grovel-sonc 

GP mixtures, littie or no fines. 

Non-plastic flnes(far identification GM Silty grovels, poorly graded 
grovel-send-silt mixtures. 

Plastic fines (for Identificotian GC Clayey gravels; poorly qroded 
grovel- sond- cloy mixtures. 

Wide range In groin sires and substantial 
amount3 of all intermediate particle SW 

Welt qraded sands, gravelly sonda 
llttie or no fines. 

Predominantly one size or o range Of Sires with some intermediate 
sP Poorly graded sands, gravelly sands 

sizes missing, ‘lIttIe or no fines. 

procedures see ML below). 
SM Silty sonds, poorly groded 

sand- silt mixtures. 

Plastic fines (for identification SC Clayey sands, poorly groded 
sand-clay mixtures. 

I 
IDEN?lflCATION PROCEDURES ON FFi 

SMALLER THAN No.40 SIEVE 

E 2 Slight tamedium ‘low to 
none 

d Es 

s 
Zf High to very None 

u -0. high 

r 
32 
,oo 

-I AZ 
cn 0, Medium to hlgh ,,zrreEw 

z20N 
DUGHNESS 
Zondstencv 

(Inorganic silt3 ond very flhe Sand, rock 
None IML 1 flour, silty or clayey fine sands with 

slight plasticity, 
Inorganic clays of low to medium - 

Medium CL plasticity, gravelly cloys, sandy clays, 
siltv clavs. leon clavs. 

Slight 
oL Organic silts and organic silt-clays 

of low plostlclty, 

Slight to 
Inorganic silts, micoceous or 

medlum 
MH diatemaeeoue flne sandy or silty 

solls, elastic silts. 

Hlgh 
CH lnagonlc clays of high plasticity, 

f0t Cl’Jy6. 
a1ght to 
medium 

0~ Organlo clays of medlum to high 
plasticity 

KHLY ORGANlC SOILS 
Readily identified by co10 lr, odor, 

- 

spongy feel and frequently by Pt Peat and other highly organic soils. 
flbrous texture. 

HMG Nepol Roads Deoartment Su snension_BridaeDLvlslon 
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SURVEY OF BRIDGE SITE I No : 4.37 

Soil investigation 

Classificatioxk 
- ~ivn, 

stg : L%.b&- 

ENGiNfXf?iNG USE CHART FOR SOILS CLASSIFIED 
BY UNIFIED SOIL CLASSIFCICATION SYSTEM * 

I 
Compressibility i Workability as 

Typical names carpoctsdwb?iftmnpoctadaoructian 

of scdl groups and saturated ; and saturated i material 
/ I 

Well -graded gravels, gravel -wmd : GW Porvisus Excslleilt Negligible Exollent 
mixtures, little or no fine8 

1 
Poorly graded gmveh,gmvel-esnd GP Verypewtouxj Good Negligible Goad 
mixturos, llffle cr no ftmxe I 

I 

Sil!y gravek, poorly grod8d gmve4 - 
sad- silt mlxturea 

; GM Semipervious 
j to lfnp5wloua 

ijagj 
/ 

Ne@igibie Good 
/ 

I / 

Cm-Y w=@a,pcorb w-d glonl- GC j lmperviour ’ Gwdkfatr / very low Good 
sond-Cloy mlxtumx / / 

/ I 

Well -gmded xu&s, Qrardly eandr, SW i Bxrvious Excdlent NX@lQlbk Excellenf ’ 
little or no fines I I 

1 
Poorly gmded sendx,gravelly wnde, SP I hrvious i GOOd i Very low Fulr 
Ilttle or no tines 

I 
I 

I 
/ 

Silty sondx,pcorly graded smd-sitt SM ! Smnipervioua ! 
I 

Good / Low Foir 
mixtures -; t0 bnpsrvkuS i 

sc j 
I 

Claysy sandq poorly graded sand - Impervious j Good to fa!r I Law Gmd 
clay mixtums / ) 

I 1 
Somiperb+ous Fair 1 Medium ’ Falr 

rak flour,ellty or to impafvicua 
with elight pleefici / ) ’ 

lnofwmfccioyxotbwtome#um hpervimm Folr Lfledhm Gad 10 fair 
NMbcIw: wav@W, sandh eiIty,and 

j CL 

lean clog5 
! I 

! 

Orgadc elk and crgonlo &it-we ; OL / s4mlipuvlou5 1 Paw i Me&urn Folr 
d low plaarlcity to lmpwvlous 

/ - 1 .-_ 
Inorganic silts, mioac.oou5 Or Ml4 / SefnipOrvious j Folrtopoor 1 Hlgh Poor 
diotomocboru flnewndyoreuty / / toimperwlws 
SdlS, olaetic MS 

Inorganic clayx of high pkiattoity, 1 I / CH bnpervlous Poor I High Poor 
fat clay9 1 

I 
I 

Organic days of mddlurn to high 
plaatlclty 

OH 1 lmpervlous I Poor Wh Poor 
I / 

Peat and other highly m &le i Pt j I 
, 

* euroall of Reclamation, ls$3. 
1 

j 

- ._____ 

t&d- t-l....*.-- 



r SURVEY O?? BRIDGE SITE 
Soil isvestigatian 

Classification 

No : 4.3or3 

Date: 2E.12.1976 

Sig : &.&?tJay 

Classificationof Rocks 

Rocks are classified into three major groups, namely, igneous, metamorphic, 

and sedimentary. The most notable properties of each grcup are summarized 

in the following sectionsi 

a) Igneous rocks (granite, diorlte, basalt, etc) 

Gcod structural characteristics - hard, dense and durable - good con- 

struction material. High bearing capacity - good foundation material. 

Joints in three dimensions - actual as potential joints are in three 

sew at anpr3ximately right angle to each other. 

Metamorphic rocks (gnelss, schist, marble, slate, serpentine etc.) 

Hard and strong If the rock is not weathered. Jointed, folded, lanl- 

mated or foliated - metamorphic rocks commonly have tno or three sets 

of joints. The strength of the rocks is greatly influenced by the joints 

and the folded, laminated or foliated structures. 

Containing neak layers between very hard ones. 
Sedlmentarv rocks (limestones, sandstones, shales) 

Limestones: The strength of limestones varies considerably, from soft 

calca&ous limestones to hard limestones and dalomites. It may vary 

even within one limestone formation. The strength depends generally 

upon the texture of the rock, A limestone with porous or cavernous 

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 cementing material: 

> 

Cementing material -- 
Iron oxide 

Clay 

Calcite (C~CO)~ 

Silica (SiO)2 

Usual COIOL' Strength 

Brown, red, orange Variable, cement often 

in irregular bands 

Dull, whitish grey Low ) treacherous when wei 

key, white, buff Good 

White (often stained by Excellent 

iron oxide), buff, 

yellow, pink 

Ha NODd *Raadn fhDartm4mt Suumait~n Bridae Dtvirto_n~~ - 



SURVEY OF BRIDGE SITE 

Soil investigation 
Classification 

No. : 4.309 _ 

DUN: 28.12.76 - 

Sig : y~&&~ 

The durability is generally in proportion to the strength. 

Three sets of joints exist in sandstones. Joints are generally spaced 

several feet apart. 

Shales: The strength of shales varies nidely. Soft shales may oe 

scratched by a fingernail or excavated by hand without the use of 

explosives. Hard shales houever, require blasting to excavate. 

Sources: - Wayne C. Teng, Foundation Design 

- B.C. PUNMIA, Soil, Mechanics and Foundations 

- Deshpaude, Vartak, A Treatise on Building Construction 

Pjkuwa ghola:Sand and Gravel depots on the bank of the Arun rive] 
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SURVEY iF BRIMiE SITE 

-valuation of the Surlre$ 

-. -- 
Fic,ttinF. AO~K 

In the office the jlotti? .S work has to be done.It is good to 

make The&e work soon after returning from the survey.So.you 

stili remeilbc;r hc:. the site is looking and to draw the counter- 

I 

li:.e:< IE much 1-axer. 

The 'urvey shoula be :,lotted on tracing gaper. 

The scaie is 1 : 200 (1 CIT, = 2 m) 
The drav:ir,;< l;.ust c,:ltain: 

- llan wisw of the Bridge Site 

- Sectio:i Z~O.'IF the Zrid*e Axis 'c' - b 
- Copy of the I" = 1 mile map sho'ging the Bridge Location 

The giotti.:lg is (,Lne in the same crder '1s the maesurements in 

the field: 

- Plain points such z.s tee gegs A,B C , . . . . 

- Clther ;.oints aibF::, tne bridge cerlter line. 

- 2oint.a us,- ant cc'hrnstrearn from the bridge center line 

- Interpolation of contour lines 

Interpolation of Jontour LInea (in the plan view) 

From the tacheometruz-survey we determine the looation and the 
elevation of points which will be scattered all over the brWge-=siW, 
In order to ehow the form of the bridge-area more clearly, oon%our 
lines of la-intervals are Interpolated between these polnte. 

Analytical Interpolation m--m ---------- ----e-m 
1. Connect nefghbouring points 

with linea. 
2. Measure the dietancea (d) 

along theee lines and 
oalculate the differences 
In elevation (&a) between two 
corresponding points. 
eg . for 39.40 to 402.fb 

d = 4.$cm AH - 3.70m 

3. Caloulate differences in elevation and distances from the 
lower point to the oonfour fines between the two pointe. 
e.g. fran 88.40 to 48930 Ab&LOm d-~~aO.*,rm m08uw 

fm 98.bOto h&i00 AL-lkon +~dQn ~2.4~44 . . ..dC. 

4. ~~th~ec&LOUIatione for all the oonneofing linee, WI the 

M&k the 8; oalaulated contour line-pointa on the @onneotin& 1-0 
Dy;%w the contour kinee by ~O;ining tti oorreeponding points. 



SURVEY OF BRIDQE SITES ll0.t 4,402 

Interpolation of Contour Lines (II), Graphic83 
Method 

1. aonnect neighbouring points with lines (line @ , eketoh 1). 
c. Draw a perpendicular line to line @ at the higher of the 

two points (line @ , sketah 1). 
Mark on line @ the difference in elevation between the two pointa 
e.gO for the connecting line 98.4r: - 99.80 

difference in elevation is AL = 1.40 m, mark 1.4 om 
for the connecting line 99.80 - 103.20 

difference in elevation ie AL = 3.40 m, mark 3.4 um 

This gives the revolved points (99.80)', (103.20)' eta.... 

Sketah 2 Sketch 1 

9B.k 

3. Draw line @ (sketch 2). Llnee @ and show the revolved 
sectioo along 

Mark on line @ the contour line points 
e 1 

elevaiion (sketch 2). 
e.g. for 99.80 - 103.20 

contour lbe loo is 0.20 m higher - 0.2 orn from point 103.20 
contour line 101 is 1.20 m higher -1.2 am from point 103.20 

4. Project these contour line points to the base line ae shown 
with line @ in sketch 3. Make this for all the connectinga (I.J . 

5. Thia projection gives the point of the contour line in plan. 
The point6 of the same elevation can then be oonnected to 
oontour linee (aketch 4). 



SURVEY OF BRIDGE SITE 

Evaluation of the Survey 
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CONSTRUCTION MATERIAL 

Steel cableo, Ibamago dluriltg tlcaQ8pQrt 
aad -91 

Emlkagwill the caBle8 and gmratly redmoe the life 

and stllangth. Already oristw loop@ c et be straightarwd 

by pulling the rop5 taut* Tw3. t the row fro the ~QCI to- 

ward8 the kink. Usso for practice a thin oable. 

HMG Nepal Roads Department Suspension Bridge Division 



CONSTRUCTION MATERUL No.: 5.102 

Steel cablea, Unreel %he cablea DQtos 6.7.75 
Sigrl- 

Cabies should be unreeled In a manner that prevents mall 
loops from forming. Do not attrwpt to lanreel or uncoil 
cables from stationary ooil or reel, ae this will oauae 
kinking (forming of loopa) 

Wrong method 

The most satisfactory method 
of unreeling cables is to 
mouat the reel on a pipe 
or red supported by two 
uprights. 

Reeling cables from one reel 

Correct method 

correct method 

to another 

Wrong method thod 



CONSTRUCTION MTERIAL 

Steel cables cables from India 

No. t 5.103 . 

Date t 2.1.77 - 

sjrp ? ysj.cp,-rz-: 
u 

All 

The 

metallic steel cables 

Indian Standard gives 

or strands are used for suspension bridges. 

the following spec ffications: ---. 

Is 2266 - 1970 

Specifications for steel wire ropes 

for general purposes. 

Table 1 : 6x19 (12/6/l) with W.S.C. 

(wire strand core). 

Tensile strength of wire 160 kg/mm2 

Cable diameter 

IS 1815 - d 1972 

IS 2363 - 1965 

1s 3973 - 196? 

Cable cutting 

sectional area 

56.07 

224.37 

340.00 

481.00 

Min. breaking 

load, tons 

8.79 

35.90 

54.40 

77.00 

Weight per m 

kg 

0.64 

2.57 

3.90 

5.53 

Secifications for steel wire ropes (2nd revision) 

Glossary of terms relating to wire ropes 

Code of practice for selection, installation 
and maintenance of wire ropes 

After welding the single strands on both sides of the cutting point, the 

steel cable is separated by the cutting-torch. 

HMG Nepal Roads Department Suspension Bridge Division 



CCNSTRUCTION MATRRIAL 

Steel cables cables from Japan 

No. 1 5.104 - 

6x7 with W.S.C. (Wire Strand Core) 
steel core construction for suspension 
bridges, galvanized, regular lay-right 
hand, tensile strength of the wire 
170 - 185 kg/mm2 

Right hand-regular lay (Z,) 

Cable-drum in Amlekhganj 

Cable diameter Wire diameter Min. breaking Weight per m 

inches mm mm load, tons kg 

LOI a 12.5 1.40 11.3 0.61 

1 8‘ 25.0 2.80 45.3 2.46 

l&" 32.0 3.55 71.0 4.02 

IQ” 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 

. 



Steel cables 

The Kathmandu-Hetau,da 8oFewa.y is c:c:lr~~-ouzi.y rrplaci:!~ steel c2.i.; 6~ _ - ._ . 

The usea ropewav cables 2re availablE br!c are ar. excelLe:.: 2~ ecc;ncr.;c 

material tc buils sus; tmion am s~:s;erce.: ~~rj~~jf3s, -iit always ahcr.~~rn& 

on drums. irders for s',cL cables Cab :;e ;k:ec to 

lb" Spiral Construction, used roc2wa.V Lrdck c2’312, U~~~:V?I:!~.Z~L. 

37 wires with Li.6 mm dia 

height per metre 5 kg 

Design breaking strength: 70 tons 

.:inimum bending rliameter fcr fixing ::-,t less 

than 0.00 m. Pna fixing with arum anchorage 

arum ar.ch,nrac:e 

.,ref'er t,- 

according to the stancarc crawlngs. sZar.::ar:- -rz.ning) 

3 LL" Fibre Core Construction, used ro>eway haulat:& -<-...le, ucga:varized. 

6 strands with 7 wires each ant fi.bre core 

(*eight per metre i.3 kg 

Design breaking strength: 12 tons 

6x7 (6/l) 

For end fixing the use of orzinary thimbles 

ana 5 bulldog grips is recommended. 

HMG Nepq! 

-. --__- 
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CL NSTRUCILN MT‘*‘~IAL No. 1 c.106 

Stee! cat,les wi ye= L_ Dote : 25.2.77 

S ig. : \2.Q@Z 

Equivalent to CclMe 
W.S.C. 6x 19(12/6/l] 

0 inch 

Bridge Wir-e (0 5 mm1 Requirement for 
equivalent strem, breaking strength 
I60 Kg /mm: Allowable strength 72 Kg /mm* 
(German Standard). Areo 19.6 mm8 We 
wire 0. 154 Kg/m 

Area No. of Wires 

( mm’) required 

40 2 

158 8 

251 13 

357 18 

Weighl 13 Wife6 

(h/m) 

0.31 

1.23 

2.00 

2.77 

WEDGE AND CONE ANCHORAGE 
Open system 

The size of this onchomge 

system IS manufactured for 

I wire or 7wires 

C losed system 

Closed (coupling) 

connecting system 

(connection of 2 w ires) 

HMG Nepal Roods Department Suarmston Bridge Division 



Cable fittings 

---.--..l_._. 

'Thimbles Dote: 2.1.n 

sig : l&qkac 

*$Pf% T%+WE THIMBLES IS : 23150 1963 

0 27 
10 io 

12 T5 

14 bl 

16 46 

18 52 

20 57 

22 64.1 

24 ?3 
--" 

25 n 
29 8i 

32 92 

19 

22 

23 

27 95 22 

31 106 24 

36 122 26 

36 

39 
43 

35 ?8 46 

38 Ilo ,, 52 

Jl F 

45 9 

50 11 

58 13 

68 15 
77 17 
86 19 

122 27 

135 31 

152 34 

162 38 

185 41 

1 
4 

c 

5 

7 

8 

9 

10 

11 

12 

14 

16 

16 

17 

19 

21 

23 

K x-4 H k'elght p,pc. 
1 

i&J 

3.040 

0.061 

0.07? 

0.125 

0.190 

0.290 

0.330 

0.500 

cr.600 

7 4.5 6.5 

8 5.5 7.5 

II 6.5 8.5 

12 7.5 9.5 

13 8.5 11.0 

15 9.5 12.5 

16 10.5 13.5 

18 12.0 15.5 

21 13.5 18.0 

21 13.5 1800 

33 15.0 19.5 

26 17.0 21.5 

28 18.0 23.0 

32 20.j 26.0 

0.710 

1.200 

1.500 

I.750 

2.100 



CONSTRUCTION MATEHIAL No. : 5.20;2 

Cable fittings Cable end fixed with 
bulldog grips and thimbles 

. Date : 17.7.75 

C-Clamp for easy pressiilg 0: the 

cables to the diameter of th!mt,lzs 

r e C-Clamp 
lcosly attached 

Cap (c) = 5-6 d 

Specification for 

bulldog grips 

I S : 2361-1970 

G 
ap 

mm 
Cable 

mm 
2 3.5 

4- 5 
5.5- 6.5 
7- 0 
8.5- 9.5 

Diameter 
inches 

“0 
3/16 
‘/4 

No. ot grips 
minimum 

3 
3 
3 
3 
3 

Weight * 

M./f%. 

0.01 I 
0.015 
0.018 
O-052 
0.065 IO - II I 7116 12 - 13 kJ 

* according to Kabelwerke Brugg Lta. Switzerland 

After completion of the bridge const~cticn. all 

bulldog grips must be tightened once again. 

HMG Nepal Roads Department Suspension Bridge Division 



I- --- ~-- -1 
I CO?!:iV?l’~‘TIO~~~ i!.~.7’E:HIAim 

I 
NO : 5.&l’ 

I t 
Cable fitting I-- Table end fixed by 

drum and clamp 
36th March 77 

It is very difficult to get the cable anchored by socket end, especially at the 
spot. Ihe cable sockets would have to be placed very correct or, the required 
hoisting alga could not be applied. Therefor, a high skill and accurate execution 
are necessary. 
Beside of the execution lark, there are other reasons why the socket end fixed 
cable ends are developing difficulties. The fixation of cable ends hy using the 
standardized drum anshcrcaga does not include any problem, Recent experience 
has shown and proved, that the drum anchored cables can ',e suspended to the right 
saga surprisingly easy and quick. 
The system of the drum anchorage has, however, the advantage that either spiral 
cable - e.g. used rope way ecble - or steel wire cable - e.g. 6 x 19 (12/6/i) - 
can be fixed and safely anchored. It is important to point cut, that the drum 
anchorage can be used for any kind of cable - even the parallel bridge wire 
cluster (single wire) - Lnd, the needed steel is only about l/5 of the normal 
anchor rod syrtem. 
me following example indicates how the drum cable anchorage might be calculated 1 

Given : 2 cables of b 1 3 " (38 mm) 
max. Total Tension = 53.16 tons ( from the statical calculation) 
Cable end anchcrnd by drum and cable end clamp with eight bolts M 24 rmp 
Factor of static friction steel on steel = 0.15 

To be calculated : HOW many times the cable must be wrepped on ? 
mat is the capacity of the cable end clamp (cable clip) 

<STEP: 

Slngle cable force : 
53.16 :2 = 26.58 t 

Jilled Ith -- 
concrete 

26.58 t 
* 0 II0 cm 

&tee1 sheet Pa- 
26.58 t 

about 2 mm 

If on both sides of the drum the same force will be anchorad, the Torsion Molpents 
*,ill be neglected. 
Ihe sheave pulley is the basic system to anchor the force by utilizing tie static 
friction cable on steel sheet of r.he drum. 

d I Cable friction : 1. 
Friction TF = (#&-- I) .Tc 

Forces: 

Upwards T = e” . Tc 

Downwards T’ = Tc 
eM* 

= Tc.I 
e* 

d = radian measure 

P = 
Static friction steel on steel = o ,. 

1.5 (Safety factor) * 
e = 2.71828183... 

-.- 
I 

HlllG Nepal Roadr Department Suaperuion Bridge Dtvmon 



CONSTFLUCTIO~~ MATW1.G 

Cable fitting Cable end fixed by 

drum ai-id clamp (II) 

dOx n 
1 rodim = l8O8 

cn’ = 3.14159654.. . 

d = 3.360’ = 1080° 4 6 'IT 
Tc = Cable force = 26.58 tons 
Tt = Remaining force ( to be kept as 

downwards by the cable clip) 

T’ = +L = Tc 0.152 = 26.58 . 0.152 :: 4.04 tons 

Contr% as upwards force (cable force) 

Tc 2 T’ . ,#’ G 4.04 . 6.586 = 26.6 5 26.58 ton8 

me calculation above shows that after turning the cable three times round the drum 
I.04 tons are orlly left - i. e. the cable drum will take due to friction cable on 
steel = 26.58 - 6,04 5 22,54 tons. Total anchore force kept by the drwi will be 
z x 22.54 = 45.08 tons. 
> m. STEP: 

me remaining 4.04 tons on each cable must be anchored now with the cable clip (oabl 

Cc&e clip (cable end clamp 1 

$$I 
Action 8 - 3.14 tons = 25.12 tons 

System 1 
L I Reaction 8 - 3. I4 tons = 25.12 @IO 

f 
Total force which con kept: 

T’> FT= Number of bolts = tension allow. - 2 * J,I ( static friction1 
I.5 

T’>FT = 8. 3.14. 2 * 0.15 
1.5 

= 5.024h4.04 

SAFETY FACTOR : 

I-‘- P 
cable force= 

5.024 * 6.586 
26.58 

= 1.24 

Ihe safety against bond failure is greather than just by calculation, because the 
dnun and the cables l.,ill be encased in concrete. At the discharge point the cable 
will Se safed against corosion with a joint sealer application ( see 5.205 ff):- 



dGNSTRUCTiGN MATLHIAL 

Cable fittings 

-~-_._ .,...._., 

joint sealer 

.- ,.._. _--. _ --. .__ 

No, f '.::[I'; 

Dote : 2.1.77 

sig : -i?-* 
J 

Everytime when main cables are fixed by arum-anchorages ana the final concrete 

work is finished, there is a joint between 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,' 

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 tno components which must be mixed thoroughly: 10 parts 

by weight of component A and one part by weight of component b. 

Condition of joints 

Preparation The cable in this part must be thoroughly dry and free of dust, 

oil and grease, 

Cross-section The thickness should be ~3 10 mm. 

Application 

Priming Apply Tl-!!RA-PRIM& on dry cables and ensure com;ilete coverage, 

THAi?A-PHIMXH 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 be 

warmed-in a water bath up to 20°C. 

Pot life Appr. 3 hour for a 2 kg mixture. Larger quantities should be 

mixed only if they can be applied within 20 minutes as the Fat 

life diminishes as the quantity mixed increases. 

Curing 

At normal temperatures (appr. 20°C), THANATAR will not stick anv more after 

4 to 6 hours and will be completely hardened after appr. 24 hours. 

I'RhCAUTIONS 

Fully hardened THANA'~'AR is not soluble and can almost not be remcvc:c ?echani- 

tally. Clean tools immediatly after use ! T~-QNA'L'AH IS IhFi~,UAl32! KF?F::: it :iway 

from fire! 

THANATAR stands for an example. &ch other product in this manner ic a;;;:iCat:le. 

(Meynadier Ltd. Vulkanstr. 110 804E Zurich, Switzerland) 

HMG., N.&pal ‘;:. ’ 
” ,> 
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SLhSiHtiC?'ILh U?'d!%iAh 

dabie iittlngs Joint se.z.ler Date : .e'a:- 

slg 

APPLICATIOly OF THE JOINT SEALER 

FOR 2 MAthI CABLES (39-60m Span 

-0.8lt Pt each cable 

total required ‘5.2 Lt. 

F3 - FOR 4 MAIN CABLES (63 -87 m Span) 
/ 

-3.8 Ltat each cable 

total required 6.4Lt. 17( p - 

FOR 6 MAIN CABLES (87 -926m Span) 
IO cn) 

Concrete 
level during 
erection 

-_ - -_--I___ -- -... _ __ 
WAG Nepal Roads Department Suspemron Br id ge Dlvlslon 
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CCNSTRUCTICN MATERIAL 

Steel 
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Steel Date : .:.^; 

St9 4 q ,&& 

ROUNDS: Dimensions and properties 

SectIonal Area 

Rectangular Bars: xt .-x 
I Dimensions and properties 

Y 
Designation Weight Sectional Area fvloduli of Section 

W 0 GX ZYY 

kg cm2 GIli cm3 
32/20 5 024 6 40 3 41 213 

32/20 8000 IO 24 5 46 5 46 

Flats and Plates 
Weir 

Flai 

I-l--l-- 

Plate 

IJe pa r 0 ment .3.:openrion Bridge Division 
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HIGH BOND HIGH STRENGTH 
STEEL FOR 
CONCRETE REINFORCEMENT 

-TORSTE E L RIBBED 
Pr 
InA 
III’ 
64 

fUllY conforms to the best known international standards and Codes of 
actices of reinforced concrete including : 
dion Standard: IS 1786-1966: lndion Code of Practice IS 456-1964: British Standard B.S. 
440nd B.S.4461 (metric) : British Code of Practice C.P. 114: French Standards B.A. 1968: 
srman Standords DIN 1045 : 

PERMISSIBLE STRESS: 

j 
~~ ~ 

Shear Reinf. 1750kg/cme (25,OOOpsi I I 

Compression Reinf. I750kg/cm* (25,OOOpsi) 1 ~~ 
Bond 50% more than Plain Bar 

Licensed Producer in Nepal: 

HIMAL IRON 81 STEEL (P) LTD. 
Regd. Office: ‘JYO BHAWAN’ KANTIPATH 

KATH ND&NEPAL 
Telephone: Il490/ 14902. Cable: HIMALIRON 

--I._-... Factory : PAR WANI PLJR, NEPAL .~ -.-. --- -__ __._ - _.._ __ ._. 

HMl3 Nepal Roads Departtrtwt Su spenrion Bridge ‘& Dtwmon 
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CONSTRUCTION @iiTERIAL 

Concrete recommended mixes 

RECOMMENDED MIXES FOR VAFiIOlJS TYPES OF CONSTRUCTION 

Depends on whether concrete is to be tamped, rodded or vibrated and 

on absorption of water by aggregate. 

Nature of Work 

Mixture 
Recom- 
mended 

Vol. 
Proport. 

r 
Maximum 

Size of 
&we&~ 

to use 

Long span reinforced concrete arches, 
high load reinforced concre%e 
columns 

Heavily stressed members of structures, 
small precast work such as Posts and 
Poles for Fencing, Telegraphs, Signals, 
Garden, furniture and decoratives and 1:2:2 g* to 
other work of very thin sections, water- 3/4” 
tight constructions for high heads, 
long piles. 

R.C. Columns and members subjected 
to medium loads, wall and floors of 
reservoir and tanks, cisterns, sewers, I 

well kerbs and platforms and other 
watertight constructions for moderate 
heads nonsurfaced roof slabs, concrete 1.2:2x4 
deposited under water. 

General R.C. Building work subjected 
to ordinary stresses such 2s 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 
pie- etc. exposed to action of water 
and fast, machine foundations sub- 

Mass concrete for heavy walls, foun- 
dations under column footings and 

Water ir 
gallons 
per k 
of c. 

3.5 to 
4.0 

-- 

Bast 
Consis- 
tency 

Medium 

Medium 
or 
Soft.. 

Medium 

Stiff for 
Roads 
Kedium 
for other 

Stiff 
Or 
Medium 

Medium 

HMO Nrval Rood@ Depart Su&qwNo~ Brldga Division 
~- 



I 
CONSTRUCTION MATERIAL No : 5.501 

limber Safe permissible stresses Date : 26.2.77 
round column 
planks 

s$t : ‘2. q ..-& 

I 

The IWO important Nepali - timbers are SAL ( Shorea robusta ) and DEBDARU 
well known OS SALLA. 

SAFE PERMISSIBLE STRESSES IS: 883 - 1966 

Trade 
name 

SALLA 515 92 
SAL 665 127 

Sverage 
meight 

kg/m3 t/cm* 

Modulus of 
elasticity 

Example for timber &sign : 

I. Design of u round column 

P = 700 kg A = Area of section, cm2 
h = 4.OOm 1~ = length of buckling 

r = radius of gyration 
lB I, = -r = slenderness ratio 

approximate formula for round timbers : A = ( I2 . P ) + ( 8 . I B2 ) 

A= 12.7 t 8.4* = 212cm* 
P in tons, Ig in m 

@ 
d l&m with A = 254cm* r = % = 4.5cm la = ‘s =I38f3E8! 

43 
w = 2.54 ( according to DIN 1052) f = y = 2.542g:oo = 70 kg /cm2C7@ 

on page 5.502 
permissible compression parallel to grain for SAL timber = 78kg /cm2 

2. Desisn for plunks ( /x? CIWI I 

4 = 300kg/m * 5 Section modulus 

I = 2.0m 
A=B= 300 kg $! zminz F!!m 

max 
2 

I3 M max =!g = 150mkg ‘min 
= JJf$Q =. 134cm3 

Section : 6/ 23 2 _ 23.6* 
6 

= 138 cm3 

Bending : f = !.?.$!iq = r’i3 rcg/cm’C II2 kg/cm’ 

Sneur : f = $-;$Q - 3.2Fiq/cm2c I? kg /cm* 
4 

( far rectangular sections only j Q = Max. shearing force, A = Area of section 1 

1 
s HMG h’epal Roads Department Suspension Bridge Division A 



CONSTRlJCTlON MATERIAL No. : 5.502 - 

Buckling - numbers 
Date : 26.2.77 - 

Timber for wooden buildings. Sig. ; 7 q&L 

I 

BUCKLING- NUMBERS FOR WOODEN BUILDINGS (according to DIN 1052) 

la = slenderness ratio 

El 

hl 
1, = length of buckling 

I,= 7 

r q radius of gyration 

HMG Nepal Roads Department Suspension Bridge Division 
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E"ACHINES AND TOOLS met 6.101 

Rook drilling machbm, Geusral Date, 13.7,75 
desoription Sig.: - 

1 Slow run oontrol 

2 Fuel val , speed regulator 

3 Corer of air filter, ohoke 
4 En@ne piston 
5 Gas chamber 
6n OF pAston 

r of f%ael tank 
Fuel vaPm 

Cover of air fjllt 
Slow run oontn1 
Control lever 

Starter wire 

Short-ccimmit sritsh 

Gas duct valve 

7 cyli?idcr 

a Short-0iTotad.t 0witoh 

9 I)acr duot with pwwisnent olea pin 
lo Gae duot 
11 Drill 6hamk: housing 

A 

c 

D 
E 
F 

G 

J 

L 



XACRINES AND TOOLS Il0.o 6.102 

Rook dr&lliag mmbe, 
Operation and 
naint@nanoe 

I . -, 
r 

Before starting 
Mix fuel 1 to 12, i.e. 8”‘o. Use 
ordinary P-stroke oil-mixture. 
Shake well. Fiil the tank. The 
right fuel-mixture IS vital1 

2 Open the fuel needle valve 
When the engine is warm the 
normal setting IS half a turn 

3 Close the choke fully (turn 
counter-clockwise) 

Check that the throttle IS 
open - idling latch turned 
aside 

Starting and stopping 
Pull the starter wire until fuel 
reaches the engine and ii 
fires 



s 
: a. ” 
z 
f 
; 
e 

1 

E 
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a 
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c 
. 
I 
. 
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MACHINES AND TOOI5 

Rook drilliws w-him, 

_-___._ 

t-ion awl 
EInanoe 

Open the choke fully. 

Pull the starter wire sharply. 
When the engine has started 
run it until warm and then 
adjust the fuel supply for 
even runnina 

For brief stops press the 
short-circuit leaf. For longer 
stops - close the fuel valve. 

kiialntenance 
Clean 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. 

Clean the air filter every day in oil-mixed 
fuel. If pure gasoline is used - moisten 
the filter element with oil before re- 
,ar.cp:,ir : 



~CHIHJM AND TOOLS 
Rook drills ohine, tlriatoaanor 

__ ___..__ -- .--.-..___ 

Replacing 0V starter wire 
Remove nuts and washers from the cover 
plate Lift up the cover together with the 
starter pulley Hold the spring against the 
cover while departing cover and pulley 

% Release the starter wfre screw and remove 
the wire 

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 on the cover 

Hold the assembled cover over the studs 
Turn ‘/2---‘.4 of a turn clockwise (to tension 
the sprmgJ and press it down on the studs. 
Pull at the same time slightly on the starter 
wire. Refit washers and nuts. 

C$n$g from drllllng to lmpsct work 

Lever down: drilling 
Lever up impact work 



MACHINESANDTOOLS 
/ NO.; 6.103 
I __ -_ _ 

. 1 
&i z ‘Z .o :: : 
a 

: .- 
: 
- 

a l- 

Rock"drilling machine, 
Toolbag for i 
maintenance 

Dater 1-j *7/& 
Sig. I (zi?4-+--.; 

m-51 BR-52 B&&o 

Spark plug wrenah 
Tool bag 

Starter wire 

n -. 

- 

T .- 8 

. 
li 

Hexagornai key 
(allsa wraaoh) 

Gauge for 
drill chuck 

spark plug 

Grin&ing gauge for drill bit 

II 

Cleaning needle 

for gas duet 

mm lapal R a Department Yu DiVii3ioB3 
.- - 



I 

I- I -i- I 

1 Striking eurfaca 
at Bitthlcknerr 

2.Shank . 
Balnrart cvldth 

3. Collar 
63 Wldth of cuttlno edge 

&Rod 0 Bit diameter 

6. Flushing hole H Inrwthrleht 

6. Carbide lnaert 
t, Elfeotiva dr!lbrteel lewh 

7.Cuttlng edge 
I.1 Shanklenwh 

8. Wine 
R Cutting edge rrdlua 

8. Bit 
c4 Clrarsn~e angle 

p cutting edes enele 

Atlw Copco (India) Pvt, Ltd. 
HcadO@z: 

Mahatma Gandhi Memorial BulldIng, 

Nsrajl Subhat Road, Bombay-2. 

Series Effective Bit. 
length diameter 
mm ft. in. mm in. 

ClMalogue 
NO. 

11 800 2' 7" 34 1"fm 714-9834 
1805 5'3" 33 l"lU 714-1633 
2400 7'10" 32 1 'I4 714-2432 
3x0 lo' 6" 31 1 'I" 714-3231 
4000 13' 1" 30 1 'IIS 714-4030 
4900 15' 9" 29 1 '164 714-4829 

t2 SO: 2' 7" 40 1"lbr 714-0040 
1600 6' 3" 39 1"lrr 714-1639 
2400 7'10" 38 1 '/a 714-2438 
3200 10' 6" 37 1% 714-3237 
4000 13' 1" 36 l"/U 714-4030 
4800 16' 8" 35 1 Vr 714-493s 
a300 18' 4" 34 l'%r 714-6634 
6400 21' 33 l'%r 714-6433 

13 4co 1' 4" 34 l"/¶a 714-0434 
800 2' 7" 33 l'%r 714-0933 

1200 3'11" 32 1 'id 714-1232 
1600 5' 3" 31 1 'Irr 714-1631 
2000 6' 8" 30 1 VU 714-2030 

16 600 2 3s 1 'It 714-0636 
1200 3'11" 34 Y"/'a 714-7234 
1800 6'71" 33 7% 714-1833 
2400 7'10" 32 1 'lr 714-2432 

77 600 2 41 1 "I8 714-0047 
1200 3'11" 40 Y"lb4 714-1240 
1800 5'11" 39 1"/11 714-1639 
2400 7'10" 38 1 '1, 714-2436 

Boulder 
steel 500 1' 8" 32 1 '14 714-0632 



MACHINES AND TOOLS 1 No.: 6.107 

Rock drilling machiue, Grinding of Date t 17.7.75 
drill bita S1g.r - - 

L 
Check the drill bPts 
frequently w3.th the 

grinding gauge for 
drill bits. Quality 
drill rod8 are very 
expenatve. Do not 
drill without main- 
tenance of the bita. 

The maintenance of drill bits can be done on ordinary 
grinding machines in any mechanical workshop* It ie 
not possible to sharpen the drfll bits with files, 
because the drill bit consists of very hard tungsten 
carbide steel. 

Under field conditions you can u@e# if available, a 
oial Pioajlr grindiug amchiue, driven by the drill- 
hine it4belf. 

Fir the drill bit a few 
millinmtres dilertance fxrom 
the grindiug wheel. In 
any cam use protective 
glasrree for the grinding 
work. 

Pep@&1 a Division 



XACH~S AND TOOLS 

PulXey eystems, Different combinationa 

&e-part Line 

Load on Rope Load on Rope 
sams as Su 

8 
- is one-half 

ported Loa Su t;tad 
E 

Four-part Line 

fr( ( ‘-I I 
‘L/ 

Load on Rapa 
is one-fourth 

s” :zt*d E 

Two-part Lina 
A 

Five-part Line 

Thea-part Line 

Load on Rope 
ir one-fifth 

su poyd 
E 

Load on Ropw 
ia one-third 

suppor>ed 
Load 



AND TOOLS 

Pulley eyeterns, Load calculation 

2800 kg 

2,. 1,4x2600 3700 kg 

* 
Z2 1,9x2600 5000 kg 22 

23 2x2600 5200 kg Z3 

Z4 ?zx 2600 3900kg 

Z4 

R 



PlfxHINES AND TOOLS 

Pulling Xachines , Tirfor (I) 

lo.: 6.301 

Datea 22.10.1975 
S&&g. a y $A- 

There are two models in use 
- Model T 13 Nominal capacity 2.5 tons (pulling) 
- Model T 35 Nominal capacity 5.2 tons (pulling) 

1. 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 Vt towards the hook (towards the anchor pin 

for T 35) into notched position. This opens the jaws. 
- Insertthe 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 

Pulling 5.2 ton8 
Lifting 3.2 tons 



3 

3 

Tirfor (II) 

- Fix and lock the telescopic operating handle on stub "L 1':. 
- Move the lever to and fro to move the ro?e through the machine, 
- 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 loweri= 
- Fix the telescope operating handle on stub “Ii 2”. 
- For T 35 only: Place "L 1" on fast speed. 
- Move to and fro aa above. --__c 

For T 35 to change speed: 
- Fast speed: for approach, lift button on top of "L 1." 

and give pin y'C" a half-turn. 
- Slow speed: for high load, reverse above operation, 

Note : - Make 6ure that the effort to 'be exerted J.EJ wxs;run tne ra%ea 
capacity of the machine. 

- Never operate forward and reverse IAF %he same tiine, 
- Levers lrPrr and "L 2" must move freely at all U.mes. 

Releasing or disengaging the wire-rope: 
It is Impossible to operate rope-release-handle 'rP" when there is 
8ny load on the machine, as the jaws are locked on the rap:: 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. Imbrioation 

- Lubrication should be carried out at regular intervals to ensure 
that all the rope gripping mechnniams are working freely. 
Before putting a machine Into service lubricate~enerously and, 
if convenient, lubricate before each application. 

- A symptom of lack of lubrication is jerkiness when lowering a load, 
- TO lubr$cate either pour heavy gear oil into the machine through 

the slot on the top of the machine, shake the machine and allow to 
drain, or squirt plenty of oil with an oil gun into the machine. 

- &ess lubrication cannot cause the wire-rope to slip. hire-roi? 
Should also be lubricated to keep it free from rue% and in qood 
cotition. 

Remark: These are the instructiona rrom the mantiaccuper~ 
0~ the Cbrkotap.bridge erection the cable &ha~keti t.0 :.*?L:I.I i::j:' 
Of the m&j.ne after it &d got b touch with C<>d--%a.:' /'_ '-:~.d 
Therefor gay attention &jle working on the bridgs-dC+cj~. I Im.i-*Tl - ..e-.> 



MCHINES AND i'CLLS No. I r . .:,;7 

Fulling Machines 

HAWBF:GGi3 G.zIFHL.IST T 35 / 

Special wire rope 

The special wire rope is oesigned to meet th 

requirements of the machine, iminary *wire 

ropes deform unaer the pressure of the jaws, 

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 loa~ec c:ri,ls tc rotate. 

- Kinked wire rope will not wcrk in the machines. hever use ihe cable for :; 

sling, instead a seperate wire rope or a c:.ai2 sling shculcl be used. 

- Never subject the wire rope to aorasion by rubbing over sharp edges. 

Cperation 

1 Fush clutch actuating lever "P" firmly towards position, "S", this opens boths 

pairs of jaws. 

2 Introduce tapered end of wire rope through +itie bushing "C" towards “II”. 

? Puli wire rope coming out of the anchor pin side by hano anu tighten to load. 

The push clutch actuating lever "i-" back into position "E". 

h Place telescopic hanale on power stroke lever "Ll" . &ngage notcn in locking 

pin and fix lever by turning it round. Fulling or lifting are carried out by 

a steady backward ana forward movement on power stroke lever. Jerking motion 

should be avoided to ensure a smooth operation. The load can oe lowered or 

released by operating release lever "L2" in the same way. I‘ievcr operate both 

levers at the same time, 

5 Cn 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 tne machine is unuer loaa exceeding 226 lhs. 

Ll 

D 



MACHINES AND TOOLS 

Pulling Machines accessories 

NO. f 6.304 

Date : 2.1.77 

sig : lp@z 
u 

Cable brake 

for cable $ IO-lhm 

capacity: 2.0 tons 

Hoist block 

one reel 

capacity: 5.0 tons 

Field anchors "Titan" 

Hoist block 

two reels 

capacity: 5.0 tons 

HMG Nepal Roads Department Suspension Bridge Division 



MACHINE AND TOOLS I No. 1 6.401 

Different Tools Dots : 2.1.77 

Crow bar m 

Lina aPin - 

I II SPW 

Spirit Level m 

Screw driver 
1 

Auger 

HMO Nepal ROMS 08partmont Surpenr~ Brldga Divirion 



Adam&at 12.201 ff 
Allowable bearing pressure, 3,102 
anchor bars, 3.604, ..704 ff, 3.9 8 

blocks, 3.601, 3.7( 1 ff, 8.104, 9.302 ff, 9.312, 10.704 
hook, 31918 
parts, 9.309,9.3ll ff,10.703, 7.214 , 5.203 ff 
rods, 3.204, 9.204, 9.312 
wall, 3.801 ff 

Anchorage parts, 7.2 4, 9.309, 9. ,I1 ff, 10.703 
AllchO~ge 

Typ No. 1, 3,601 ff 
Typ No. 2, 3.601, 3.603 
Typ No. 3, 3.601, 15.604 
TYP No. 4, 3.601, 3.605 

Angle, 5.3rjl 

\ 

internal fricticn, 3.801, 3.804 
repose, 3.501, 3.801 
trigonometry, 3.912 
wall friction, 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 DFawings, 2.305, 2.404 
Axial force, 3.908 ff 

ompaction, 3.401, 3.801 

illing, 3.431, 12.202 
k stay angle , 2.~,ol, 2e302 

Back stay cable, 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, 5.504 



bench mark, 4.210 
Bending moments, j;F !3, 3.911 
B&axial compressed foundation, 3.803,3.901 !'f 
Black bolts, 5.304 
Blasting, 9.202 
blocks, refer to anchor blocks etc. 
Bolting, 7.501 
uo1ts, 5.304 
Bond stress, 3.605 
Boring, 4.302 
Boulders, 3*101, 4.305 
Bracing, 2.101, 2.3~2, 2.501, 13.101 ff, 13.202 ff 
Breaking load, strenrgth, 2,802, 5.103 ff 
*east wall, 3.505 
Bridge 

centre line, 8.105 
costs, 4n101, 7.101 ff, 7.201 ff, 7.301 ff, 7.401 ff 
design, refer to chapters 2. Bridge Design end 3. Structural Analysis 
vire, 2.605, 5.106, 10.701 ff 
position, 8.101 ff 
suspended, 2.102, 2.401 ff, 7.:31 ff, 9.309, 10.601, 13.201 ff 
suspension, 2.101,.2.301 ff, 7.401 ff, 13.101 ff 

Buckling, 5.501 ff 
Bulldog grips, 5.202 
%ttressed wall, 3.504 
Eutts, 7.502 

Cable, 2.304, 2.802, 5.102 ff, 
break, 6.304 
c - clamp, 5.202 
car, 2.701 ff 
end ciamp, 5.203 f'f, 13.201 
length, 2.403, 2.631, 2.604 
saddle, 13.102, 13.201 
veight, 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, 13.301 
Chackligha-t, 1.103 
channels, 5.302 
Check up, 10.501, 10.801 
Chilimay Khola, 1.112 



Classification, 4.3C7, 4.309 
Clay, 3.101 ff, 4.3C5 
Clearance, 7.501 
Cobble, 4.305 
Coefficient 

active earth pressure, 3.502, 7.801, 3.804 ff 
friction, 3.501, 3.601 ff, 5.2C3 ff 
passive earth pressure, 3.801, 3.804 ff 

Collection of material, 9.101 
Colour indication, '.917 
Column base, 2.304 
column element, 2.3~~2, 5.501, 7.~02, Ij.101 ff 
Completed bridges, 1.301 
Concentrated single load, 2.701 f'f 
Concrete, 5.401, 9.301, 9.306 ff, 3,9OPff, ',.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 zall, 3.504, 3.508 
Curvature, 10.801 
Cutting, 5.103, 7.501 

Damage, 5.101 
Dead - Load, 2.301, 2.303, 2.401, 2.403 
Dead load sags, 2.303, 2.403, 2.1101 
Deadman, 3.801 ff 
Decreasing of sags, 2.806 
Deflection, 3.911 
Delivery, 7.302. 7.403 
Des&q specification, 2.301 ff, 2.401 ff, 2.501 
Devighat, I.203 
Dhaunebagar, 1.102 
Diagonal system, 2.501 
Dilatancy, 4.306 
Dimensioning of reinforced concrete, 3.706 ff, 3.908 ff 
DIN IO52 (Buckling Mmbers), 5.502 
Distance, 4.208, 4.213 ff, 7.601 
Double eccentric loading, 3.901 "f 
Drainage, 3.401 
Drawing, 2.305, 2.404 



Dressing, 7.211 
Drill bits, 6.107 
Drilling, 9.202, 6. 01 ff 
Drum anchorage, 5.2( 3 ff, 13.201 ff 
Drystone retaining fall, 3.505 
DI-Y strength, 4.306 
Dynamic behavior, 2.602 

Barth pressure, 3,'iO1, 3.506 
coefficient, 3.50:!, 3.801, 3.8t 4 ff 
resistance, 3.501.. 3.801 
timbering, on, 3,z!01 

Eoceqtricity, 3.701 
Eccentric'Loading, 3.. 901 ff 
Elastic elongation, 2.601 
Elongation, 2.601 
Establishment of the camp, 7.202, 7.22;: 
Erection hook, 10.101 ff, 10.206 
Evaluation, 4.401 fl‘ 
Equal angles, 5.301 
Excavation, 3.201, 1.201 ff 
Execution, 7.101 ff, chapter 9., 12.10- 

Fabrication, 7.301 r'f, 7.401 ff, 7.501 ff 
Fabrication points, 7.601 
Factor of friction (sliding), 3.501, 3.601 .'f, 3,604 ff, 

- 3.701, 3.70$ 5.203 ff 
Factor of safety, 2.303, 2.403, 5.701, 3.70'), 3.801 ff 
Feed back, 12.101 
Feet, 3.914 
Fibre core construction, 5.105, 10.701 ff 
Fibre glass planks, 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, 8.103 
Foundation, 3.301, 3.501, 3.708 (see anchor blocks) 
Friction resistance, 3.503, 3.302 (see slidLng, safety) 
Free board line, 2.101 ff, 3.301 



. Gabion wall, 3.301, i.504.9 9.401 
Gangway, see walk wt‘f 
Ciaometry of the pylc~, 2.304 
Golgung Khola, 1.11: 
Gravel, 3.101, 4.305, 9.101 
Gravity block, 3.601 ff, 3.701 
Gravity/Earth 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, 3.4(~1, 3.505, 3.f03, 3.301 ff, 3.805 

kabegger, 6.303 
Handling, 7.501 
Hanger, 2,401 ff, 10.602 
Hand rail cable, 2.301, 2.401, 1: ,203 
Heel, 3.508 
Reight 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, 3.917 
Holing, 7.501 
Horizontal force, 2.601 ff, 2.70.1 ff, 2.80'7 
Horizontal distances, 4.213 ff 
Hydrolok?lY, 4.103 

Inclination of 910p2, 3.201 
Inclined bottom, 3.708, 3.905 
Inclined span, 1.90'2, 1.108, 2.4X, 2.,;04 
Increase in sag, 2.503, 2.403, 2.601, 1.604 
Increasing of span, 2.805 
India cable, 5.103 
Inspection, 7.503 
Internal angle (friction), 3.501, 3.801 
Interpolation, 4.401 

Jairamghat, 12.301 ff 
Japan cable, 5.103 
Jauljibi, 1.107 
Joint sealer, 5.203 ff 



J&y, 3.503, 3.508 
Khorsnga Khola, l.11'7 
JCinks, 5.101 
Kothe bridge, 1.105 

Laboratory test of soil, 4.304 ff 
Layers, 3.401, 3.801 
J.ELY out, 8.104, 8.201, 9.308. 9.310 
kngm of the cable, 2.403, 2.601, 2*60-p 2*‘01 
I.evelling, 4.210 
tiwlling instrument, 4,216 ff 
bimestone, 4.308 
Load 

dead, 2.301, 2.303, 2.403 
live, 2.301, 2.303, 2.401, 2.405 
wind, 2.301, 2.401, 2.501 
full, 2.303, 2.403, 2.501 

Local material, 4.103 , 
Location, 4.102 
mdey Ghat, I.115 
Lubrication, 10.207 

Machining, 7.502 
Main anchor block, 3.804, 8.104, 9.302, 9.3C4, 9.311 ff, 

refer also to anchor block 
Main cables, 2.303, 2.403 
Maintenance, 11.101 ff, 12.101, ?2.201 ff, 12,301 ff 
Wngmaya Khola, 1.108 
M=kiw?, 7.503 
1~lasonar-y work, 7.211, 9.306 ff 
Material, 4.103, 5.101 ff, 5.201 ff, 5.301 ff, 5,401 ff, 

5.501, 9.lOl 
MB.X. soil pressure, 3.102, 3.508, 3.701, 3.SOl ff 
Mensuration, 3.915 ff 
Methods of survey, 4.201 ff 
Noments, 3.803, 3.9'1 
Mortar oontainer, 9.204 

Netting, 2.301, 2.401 
'Network (roads), 7.601 
Nibu Wola, 1.111 
Nomenclature 

Suspended Bridges, 2.101 
Suspension BridgeF, 2.101 
Tools, 6,401 



Lcking, 7.503 
Painting, 7,205, 7.218 ff, 7.225, 7.236, 7.552 
Parabola, 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 
Passive wedge, 3.801 
Pebbles, 3.101 

, 

Pedestrian bridges, 1.301 
Pikuwa Khola, 1.116, 4,205, 4.30cJ 
Pitching, 3.505 
Pjontfr, 6,101 ff 
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;40' 
Plumb concrete, 5.401 
Fre - stress, 2.304, 10.801 
Profile, 4.202 
Protection, 9.401 
Pulley, 6.201 ff, 6.304 
Pulling machine, 6.301 ff 
Furchudi Hat, 1.110 
Pylon, 2.302 ff, 7.216, 10.101 ff, 13.101 f' 
Pyla 

~chOw3=, 9.304 
base, 2.304 
foundation, 3.903, 9.307 
geometrs, 2.304 
height, 2.303, 2.304, 7.216 
reaction, 2.304 

suspended bridge, 7.301 ff 
suspension bridge, 7.401 ff 
tetenns of steelwork, 7.501 ff 

Overturning, 3.501, 3.503, 3.701 
Operation and Maintenance, 6.102 ff 



Reaction, 2.304, 2.307 
Recommended ooncret? mixes, 5.4C 1 
Reference points, 4.201 
Reinforced Conorete, 3.803, 3.903 ff 
Reinforcement, 3.7C7, 3.908 ff, 3.305, 7.301, 7.401, 3,803 
Retaining walls, 3.501, 3.50 ff 

backfill compaction, 3.401 
backfill drainage, 3.401 
breast wall, 3.5C5 
buttressed m,ll, 3,504 
cantilever .wall, 3.504, 3.50s 
counterfort wall 3.504 
deadman, 3.801 ff 
deei@-h 3.507 
drainage, 3.401 
drystone, 3.505 
earth pressure, 3.102, 3.501 ff, 3.801, 3.804 
foundation stability, 3.503 
gabion, 3.301, 3.504, 9.401 
t?mviW wall, 3.503, 3.507, 3.508 
overturning, 3.503 
placing 3.301 ff 
sliding, 3.501, 3.708, 3.801 
Boil failure, 3.102, 3.503 
structural components, 3.503, 3.506 ff 
Swedish circle methods, 3.302 ff 
types, 3.503 ff 

Ribb3d - Torsteel, 5.305 
Riverbank, 9.401 
Rivets, 5.304 
Roads, 7.601 ff 
Rock, 3.101, 4.203, 4.308 

anchor, 3.601, 3.605, 3.706 f:‘, 9.202 ff, 
bearing, 3.102, 3.605 
blasting, 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 
Rubbels, 9*101 



Sadlle. 2.807. Ij,lO:l, 13.202 
Safe bearing capacit;.; 3.102 
Safety,refer to stability etc. , '.501 
Sags, 2.301, 2.303, 2.401, 2.403, 3.501 
Sal, 5.501 
Salla, 5.501 
Sand, 3.101, 4.305, 3.101 
Sandstone, 4.308 
SATA. '1.301 
Screw, 6.401 
SekhaQmm 1.109 
Semigravity wall, 3.504, 3.508 
Shearinf=h 3.705, 3.911, 5.304 
Shear value, 5.304 
Shipaghat, 1.201 
Shop assembly, 7.501, lj,T% 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 

Silt, 3.101 ff, 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."08, 5.203 :'f 
sliding wedge, 3.501 
Slope failure, 3.301 ff 
soil bearing, 3.102, 3.508, 3.70'fr 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 we&@t, 3.501 
soils, 3.101 ff, 4.306 ff 
Solid rOUndB, 7.502 
spanning cables, 2.301, 2.304, 9.307, 10.2Oh lOdO 
Spsnn, 2.301 ff, 2.305, 2.401, 2.403, 2.501 
Specification, 2.301 ff, 2.401 ff, 7.301 ff., 'I.403 ff, 7,501 ff 
Spiral cable, 5.105, 5.203 ff 
Stability, 3.501 ff, 3.701, 3.703 
Stabilizing cables, 2.304 



, 

b 

. 

, 

standard 
design, 2,301 ff, 2.401 ff, 2.'01, 2.601 if 
drawing, 2,305, 2.404 
SPS~S, 2.301 ff, :.305, 2.401, 2.403, 2,5(1 
steelparts, 9.309, 10.604, 13: 01 ff, 13,;Ol ff 
suspended bridge, 1.101 ff, 2. 02, 2,401 If, 7.301 ff, 9.309, 13.201 ff 
suspension bridge, 1.101 ff, 2,101, :.301 ff, 7,405, 13.101 ff 

Statical calculatior., 2.801 
Steam, 3.508 
steel, 5.301 ff, 7.501 ff 
Steel construction, 7‘301 ff, 7.101 ff, 7.5'1 ff, 13.101 ff, 13,201 ff 
Steelparts, 9.309, .iO,6O4, 13.101 ff, '5.20. ff 
Steel temparature, i.917 
Step method, 4.211 I'f 
Stiffness, 2.401, 2.601 
stones, 9,101 
Storage, 7.503 
Storage points, 7.601 
Straightening, 7.501 
Stresses, 5.501 
Stresses in gravity wall, 3.508 
Struoture 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 

Tacheometric survey, 4.204, 4.2C16 ff 
Tangent, 3.912 
Task, Purpose, 12.101 
Technical Data, 2.301 ff, 2.401 ff, 2,501 
Technical report, 4.101 ff 
Temparature, 2.805, 3.917 
Temporary erection fittings 

cables, 10.101 ff 
foulldatien, 10.101 ff 
hooks, 10.101 ff 

Tension, 2.303 ff, 2.403, 2.601 ff, 2.704 If 
Terms of steelwork, 7.501 ff 
Test, 7.503, 9.203, 9.205, 13.203 
Test assembly, 7.301, 7.401, ?.!iO3 
!bnatar, 5.205 
Theodolite, 4.206, 4,219 ff 
Thimblea, 5.201, 10.802 
Timber, 5.501 
Timbering, 3.201, 9.301 
TLrfor, 6.301 ff, 10.401 



i 

'Lee, 3.508 
TOOlB, 6,401, 7.202 ff, 7.222 ff 
;:OP 8011, 3.401, 3.801 ff, 9.201 
‘i’crsteel, 5.305 
i oughess, 4.306 
'1:o?ier, uncorrect name, because we are dealing with 

l~inged system8 - i.e. pylons 
Wansport, 7.201, 7.221, 7.601, 1;~101 
Transport routes, distances, 4.1Oi, 7.6~: ff 
Trench, 3.201, 3.401, 9.201 
Trench timbering, 3.201 
Wiangulation, &208 
Trigonometry, 3.912 
'keel excavaticm, 3.601 
Types 

trail suspension and suspensfon bridge+ 1.101 ff, 2,301 ff, 2.401 ff 
trails, 3.504 

Uniformly loaded cable, 2.601 ff 
Unreeling, 5.101 ff 
Uplift capacity, 3.801 
USAID, 1.301 

ikne teot, 4.304 
Vertical reactions on the pylon base, 2.304, 2.807 
Volume, 3.915 ff 

‘da> way, 2.101, 2.301, 2.401 ff, 7.301, 794Clr 9*J”5* 10e302p ‘Oe602 
‘d2.llS 

clnchor wall, 3"801 ff 
breast wall, 3.505 
butteressed wall, 3d504 
cantilever wall, 3,504 3.508 
counterfort wall, 3.504 
deadman, 3.801 ff 
design, 3.507 
drainage, 3,401 



1 !'A3 (contixuation) 
:.,:Lbion, 3.301, 3.504, 9.401 
q-avity wall, 3,503, 3.507, 3.508 
placing, 3.301 ff 
sliding, 3.501, 3.503, 3,708, 3.801 
stability, 3.503 
structural components, 3.503, 3.506 ff 
i;:'pw, 3.503 ff 

'deep holes, 3,401, 3.505 
"--t,y?lts of 

cable ) 5,103 ff 
cable fIttin@, 5.201 ff 
uteel, 5.301 ff 
soil, 3.501 

~'?Id.in& 7.502, 7.503 

iJI:d.ng, 2.501 
c:lbzbls, 2.501 
ploy, 2.501, 2.808, 10,402 
guy anchor block, 3.703, 3.803, 3.905 ff, 8.106 ff 
load, 2,301, 2,401, 2.501 
l.oad carrying systems, 2.501 
"i-e, 2.501, 2.808, l0,4029 10.403 

'ir,!, 5.106, 10,701 ff 
‘;iw mesh netting, 2.301, 2.401, 7*218, 7.2315 
loo& 5.501, 7.205, 7.225 
/coden deck, 2.403, 2.803, 5.501, 7.218, 7.2'35 
I,wld Bank, 1.301 

J-k eXeCUtiOn, 7e101, 7.220, 9.101 ff, 101'01 ff, 12.101 
', orkshop, 7.301 ff, 7.401 ff, 7.501 ff, 13.'01 ff, 13.201 ff 

e?er to contents list for additional infonntion 
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The suspended bridge (bridge without pylons) was completely accepted 
as en equally valid solution to the suspension bridge, its standsrdized 
design has also been tsken into full consideration. 
We ha\e 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.construotions 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 eteel- 
work for suspended and suspension bridges of HEIR' Roads Department COW 
piled with SATA, Swiss Association for Technical Assistance. aie 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. 

The manual for Trail Suspension Ecidgzs which first appeared in autumn The manual for Trail Suspension Ecidgzs which first appeared in autumn 
1975 has now been reedited for this second enlarged edition. The con& 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 tents were increased at the wish of many for an extensive treatment of 
the deliberation and analysis necessary to plan, design, estimate and the deliberation and analysis necessary to plan, design, estimate and 
construct standardized bridges. construct standardized bridges. 
The suspended bridge (bridge without pylons) was completely accepted 
as en equally valid solution to the suspension bridge, its standsrdized 
design has also been tsken into full consideration. 
We ha\e 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.construotions 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 eteel- 
work for suspended and suspension bridges of HEIR' Roads Department COW 
piled with SATA, Swiss Association for Technical Assistance. aie 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. 
'&his edition was financed by SATA. At the same time I would like to thank 
all at the Suspension Dridge Division for their helpful comments, 
especially the SATA engineers Ieo Condrau and Robert Groeli for their 
unvaluable help to complete this manual, 

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

Hans Pfaffen 

Kathmzndu, Mrch 1977 SATA 

to the second enlarged edition 

The manual for construction of suspension bridges will be quite help- 
ful to the engineers who will constict suspension bridges in Nepal. 
It contains the details of methods of surveying, calculatione and de- 
sigma procedures. Previously we did not have sny 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 conslxuction of trail 
suspension bridges. 
At the same time I must appreciate the commendable work done by Mr. 
H. Pfaffen, Civil engineer with SATA. 

C.B. Pradhanang 
Kathmandu, March 1917 Superintending Engineer 



to the fir&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 +&at may even lead to the failure of 
bridges. 

Kathmandu, September 1975 

C. B. Pradhansng 
Superintending mgineer 

Suspension Bridge 
Division 

The Suspension Bridge Division should construct more than 
50 foot - trail suspension bridges throughout the country 
during the 5th Plan (1975 0 1980) period. Past experience 
has shown that little technical training was provided for 
newcomers in the field of suspension bridge desim 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 
who will give critical suggestions, and help for adding 
new pages. 

Kathmandu, September 1975 
H. Aschmann 

SATA 
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EXECUTION AND MAINTENANCE 

PLANNING, DES1GN AND SURVEY REFER TO PART A 
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1.2 

1.3 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.3 

TYPES OF TRAIL SUSPENSION 
OR SUSPENDED BRIDGES 
General lkigu, Ibamebagar, Chackligbat, Kothe Bridge, 
Maurasain, Jauljibi, Mangmaya Khola, Sekbathum, Purcbucli 
Hat, Nibu Khola, Chilimay Khola, Golguug Khola, Sukhadilc, 
Lodey Ghat, Pikuwa Kbola, xboranga Khola 

Photos of Suspension and Suspended ‘Bridges 

Completed Pedestrian Bridges by HMG' ~0ad.s Departmeut 
Planning by HMG' Suspension I!~idge Division of the RR 

BRIDGE DEW 
Ncmeuclature for Suspended and Suspension midges 

Parabolas, Graphical Method, Factor Method, Suspender 
Length, Aualytical Method 

Design Specification for Staudard Suspension Exridgee, 
!lkchuical Data, Reactiou on the Pylon Base, Stabilizing 
and Spanning Cables, Available Stauda.rd Drawings 

Design Specification for Staudard Suspended Bridges, 
Technical Data, Available Staudard Drawings 

Wind - Eracings for Suspended and Suspended Bridges 

Single Cable under uniformly distributed Load, Stiffhess, 
Stigle Cable under uniformly distributed Load,iucl.ined 
span 

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

Calculation Ekample for a Suspensitm Hridge, Aualysis for 
the Cable Forces on a three Span Suspension Hridge 

Calculation Example for a Suspended Bridge 

STRUCTURAL ANALYSES 
Soils and Soil Investigation, Bearing Capacity of Soils 

EXEVZ%titm for Foundation, Inclination of Slope, !l!rench 
Timbering 

Placing of Foundation, the Swedish Circle Methods 



3.4 Draina@ and Backfilling 

3.5 Retaining Wall? and Foundation Sfzuctures for Suspended and 
Suspension Bridges, Active Earthe Pressure, structure Stability 
Of Anchor Blocks, walls etc., Types of Walls, Dzqitone Re- 
tainingWal1, Breast Wall, Pitching, Calculation ESrample for 
a Retaining Wall, Design of Gravity Wall, Semigravity and 
Cantilever Wall 

3.6 Anchor Blocks for Suspension and Suspended Bridges, Gravity 
Block !l'yp No. 1, Gravity/Earth Block 'Q'P No. 2, Gravity/Rock 
Block !Cyp No. 3, Rock An&or Typ No. 4 

3.7 Des&a of Gravity Anchor Block, Calculation Example for a 
Main Anchor Block for a Suspended Bridge (without taking 
any Esrth Pressure into Account), Calculation Example for 
a Wind Guy Anchor Block, Calculation Example for a Gravity/ 
Rock Block for a Suspended Bridge, Example for a Rock An- 
chorage, Factor of Friction for Tkxlined Foundation Bottom 

3.8 Passive Earth Pressure on sn Anchor Wall, Caloulation Ex- 
example for an Anohoe Wall (Dsadman used as Main Cable An- 
chorage), Calculation ELxsmple of a Deadman as windguy An- 
ohorage, Calwation EZxsqle of an Anchorage Block for a 
Suspended Bridge utilizing the passive Barth pressure 

3.9 Double Eccentric Loading, Coefficient for Calculation the 
max. Soil Bearing of Bi-Axial and Eccentric compressed 
Foundations, Calculation Example for a pylon Foundation, 
Calculation EZample for an Anchor Block used as Wind Guy 
and Side Stay Cable Anchorage, Dimensioning in Reinforced 
Concrete Construction tsking 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 Books 

SURVEY OF BRIDGES SITES 
4.1 Site Selection and Technical Report 

4.2 Site Survey after site Selection, Survey M&hods, !Pacheo- 
metric Survey, Distances Across the River, levelling of Bench 
Msxks, NStep-methodl' for profile and measurement, Msasurement 
of Horizontal Distances on Slopes, Survey Instruments, 
Levelling and 'Iheodolite 



4.3 Soil Investigation, Field Tests, Laboratory Tests, 
Classification 

4.4 EXaluation of the Survey 

5. CONSTRUCTION 
5.1 Steel. Cables, Damage during Transportation and Dn- 

reeling, Unreeling the Cables, cables from India, 
Cables from Japan, Used Rope Way Cables, Wires 
P.W.C. (parallel wire cluster) 

5.2 Cable Fittings, Thimbles, Cable End fixed with Bulldog 
Grips and Thimbles, Fixed by Drum and Cable End Clamp, 
Joint Sealer, Application of the Joint Sealer 

. 5.3 Steel, Equal Angles,) Channels, Rounds, Rods, Bars, 
Flats, Plates, Rivet and Bolt, Ribbed Torsteel for 
Reinforced Concrete 

5.4 Concrete, Recommended Mixes 

5.5 Timber, Wood, Permissible Stresses, Round Column, 
Planks, Buckling Numbers (DIN 1052) 

. ACHINES AND TOOLS 
6.1 Rock Drilling, General Describtion, Operation and 

Maintenance, Toolbag, 7/8 inch integral Drill Steel, 
Grinding of Drill Bits 

6.2 Pulley System (Hoist Block), Different Combination, 
Load Calculation by using of Pulley 

6.3 Pulling Machines, Tirfor, Habegger, Accessories 

6.4 Different Tools 

COST EST1 
7.1 Planning and Execution Chart for Construction Work 

on Suspended and Suspension Bridges 

7.2 Cost Estimate (Rate Analysis) for Suspension Bridges, 
Photos of Execution work, Cost Estimate for Suspended 
Bridges (Rate Analysis), green printed 
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9.1 

9.2 
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9.4 

Quotation Form for a Standard Suspension Rcidge's 
Steel.constriction etc. 

Quotation Form for a Standard Suspended Rridge's 
Steelconstruction etc. 

Verms of Steelwork" for Suspension and Suspended 
Bridges as an integral Psrt 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 Dridge Position , Lay Out of the Blocks, Main 
Anchorage, Pylon Foundation, day Out along a Parallel to 
the Bridge Centre Line, Wind-Guy Anchorage 

Suspended Eridge, Main Anchor Dlock 

CONSTRUCT10 
General, Collection of Materials 

Excavation, Normal Excavation. wench Excavation, Rock 
Excavation, Drilling, Blasting, Rock Anchor 

Concrete and Masonary Work, !&in Anchor Block of a Suspension 
Bridge, Pylon - and Walk Way Anchorage, main Anchor Block of 
a Suspended R-ridge, Wind Guy Anchorage, Concrete and msonary 
Work, Lay Out of a Suspension Bridge, Photos of Anchorage 
Parts for a Suspended Bridge, Lay Out of a Suspended Bridge, 
Fitting of a lYain Anchor Block, Fitting of a Main Anchorage 

River Bank and Soil Protection 
. 

10. BRIDGE EREC?!GN 
10.1 SuSPensfOn bridge, Pylon, Pylon Assembling standard Drawing 

90/52, Suspension Bridge, Pylon 

10.2 Suspension Bridge, Hoisting 
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10.6 

10.7 

10.8 

II 11,; 

12 
12.1' 

12.2 

12.3 

I . 
13.1 

13.2 

Suspension Bridge, Suspenders and Walkway 

Suspension Bridge, Wind Guy and Windtie 

Finishing Off 

Suspended Bridge, Fitting of Anchor Parts, 
Walk - Way Assembling 

Single Wire (parallel wire cluster), Erection, 
P.W.C. Cable Anchorage, Details 

Final Check - Up, Curvature of the Suspension Bridge, 
Pre-Sixess in Cable, Check of all Nuts, Tightening of 
Bulldog Grips and Turn Buckles, Arrangements for Cable 
Ends, Fitting of Wire Mesh Netting 

TRAIL IMPROVEMENT 
Maintenance Report of Local Bridges with many Photos 

MAINTENANCE 
Maintenance, General 

Maintenance Report of the Ad-at Eiridge 

Maintenance Report of the Jairam&at Bridge 

070s OF 
STANDARD STEELPARTS 
Standardized Steelparts for Suspension Bridges 

Standardized Steelparts for Suspended Bridges 

I 
At the End of the Manual 
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COST !ETii%TE ! No. : 7.101 

Planning and execution chart for construct2on work Date : 26th Febr. 77 
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COST JZSTIMATE FOR SUSPENSION BRIDGES --I- No. t 7.201 
Item 1. Transportation to item 1.5.3 weight of 
camp equipment Dote : 22t-d Dec. 7 

INa ~rsjcs!y'~ GVJerumtnt 
Ministry of Pl!blic Works k Trnnsporr 

ROADS PARTMEN 

Suspension ridge ivision 

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. The 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 

taking csre to the way of desipn work done by AMG Suspension Bridge Division. are 
At 
the 

the &me moment it ia-import-n; to mention, that the intluenoe resulting from 
HMG'standard has beeu considered. 

1. 
1.1 

TRANSPORTATION ESTIMATE CRITERIAS 
Transportation by plane 
The rates for this kind of transportation can be get from the Royal Nepal 
Airlines Corporation. 

1.2 Transportation by trnok 
- Black top road : 0.00130 Ha. per kg per km 
- Gravel and mud road 8 0,00195 Rs. per kg per km 
- River bank road : 0,00320 I&, per kg per km 

1.3 Transportation on porters back 
- a porter walks 8 riles (13km) a day 
- a porter carries 40kg easily steel parto and wooden planks 
- a porter carries 5Okg easily steelparts if the overall measurements 

are limited (1.25m in length) 
- a porter carries 30kgof difficult parts -i.e. parts beyond 5Okg and 

1.25 m in length. 
- a porter carries 20kg of cables 
- wind-tie oables of fi p (6,3m) are estimated as easy steel parts 
- cement bags of 5Okg 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 amountvariz on the oonditions of the transportation for a certain bridge. 
The following assumption may be taken I 

1.4.1 Transportation by plain t 35 Rs. per m span 
1.4.2 Transportation by truok : 12 Ra. per m span 
1.4.3 Transportation by porter : 3 Rs. per m span 
1.5 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 : 

1.5.1 spans 66 to 11&J : 
Store to bridge site : 1'600 kg 
and back to store : 1'400 kg 

1.5.2 Spans 115 to 174m: 
Store to bridge site : 2*000 kg 
and back to store : 1'700 kg 

1.5.3 spans 175 to m: 
Store to bridge site : jllO0 kg 
baok to store (SBD) : 2'700 kg 



COST ESTIMATE FOR SUSPENSION BRIDGES 

Item I,.6 EquipmentIs weight for camp maintenance to 
4. Purchase of goods for camp maintenance and execution 

No. : 7.202 

DO& : 22l-d Dec. 76 

-- 1 Sig : d n& 
P- 

w-/. 

1.6 

1.7 

2. 

3. 

4. 

1-G bIojes:y'o Government 
Ministry of Public W:.rks & Transporr 

ROADS WPARTMENT 

Suspension ridge ivision 

Assumed weights of equipment for csmpe maintenance 
and small materials for work execution . 
7 kg per m span 
Additional wei&t of equipment for rock drilling work 
(Rock drilling machine, griding machine for drill bits, drill bits, fuel 
container, helmet, vioe, water pipe, 
Assumption: 150 kg store to site 

repairing and maintenance tools etc.) 

120 kg back to store of SBD (Roads Department) 

CAMP ESTABLISHMENT 
Area needed for a project : - 66 to 114 m span = 300 m2 

- 115 to 174 m span = 360 m2 

Cooliea FIanday 6 Nos. per m2 
CMlPMAlM'ENANCE 
Material t Kerosene - oil . . . . . . . t 54 Litres per month 

First aid, different goods, batteries, latern glasses, 
small materials etc. : 200 Rs. per month 

Labour : Supervisor............ : 1 Nos. (exept during rainy season) 
Store keeper . . . . . . . . . . : 1 Nos. 
Watchmen . . . . . . . . . . . . . . : 4 Nos. 

PURCHASE OF GOODS FOR CAMP MAINTEXANCEAND EXECUTION OF ?IrE WORK 
The amount of this item has not to be added to the estimatedl cost for a 
bridge site. The equipment can be us--d at more then one bridge site only. 
To purchase goods which is not available in the store of HMG Roads Department 
$5;~::;: Bridge Division) the amount of tie 5 76 contingencies is including 

. The il~.uipment must be brought back to the store8 (refer also 
to rate analysis item 1.5) after completion 02 the work, Befor taking the 
goods the drawingv of HMG'standard design should be read, because many items 
are put into the steelpartlists etc. spans in metres 
Desoription Unit 66 - 114 115 - 174 175 - . . . 

Tent, double corner PC. __- 2 
Camp cot, durable type___ pc. 4 
Tarpaulin of different sizes sq.ft.- ___ 750 900 1100 
Petromax with spare parts pc. 2-- 
Lanterns PC.- 4 
Torches -PC. 4- 
Camp tables PC. 3-- 
Camp chairs PC. 0 0 --__ 10 
Water filters _____ PC. 2 2 __- 3 
Hand bags PC. -~ 2 -- 2 2 
Cash boxes --.~ pc. 1 1 1 
Survey umbrella PC. ___ - -- -- 1 
Umbrellas PC. __ 4 5 5 



COST ESTIMATE FOR SUSPENSI!lN BRIDGES I No. : 7.203 

4. Purchase of goods (continuation) 
I 

c Date : 2&d. I&O. 76 

His i\hjrsly's Government 
Ministry of Public Works& Transport 

ROADS DEPARTMENT 

Suspension EL id Ige D’ ivision 

4. Purchase of goods and sq‘-icment for execution work, continuation 

Description Unit 66 - :I4 115 - 174 175 - .I. 
.- 

Kitchen utensils-, ~___~ ~~_ set -. ._ ~___ 1 1 
sleeping bags- pc. __. ' -___ 1 1 
Slide rule calculator_ _ ___. PC.-.-.. '--_- I- 1 
Theodclite (incl. stand) __-~ _- - pc.--~ -.I _____ 1 ! 
Level (incl. staff)-ma _ 2-2. _-. ~. i 1 
Isvelling staff-- 
Tape, about 3m length---- -1 -.l 

.'C.--- (I)--_-.- (l)- r:: 
.c. ____ 2 2 3 

Tape, 20 to 30 m length----_- P:, __ 1 2 ;: 
Spring balance, 50 kg capacit::---. Y.~ 1 2 ! 
Spring balance, 100 kg capacity-- :.c.- --__ 1 1 2 
Weighing balance, 100 kg capacity-- r):. 1 2 
Shovels ___- ___ pc. ___ 15 :op 

bar b l+ttp 
30 

crow - 15 
Chisels, medium size pc' -~ : PC. ____ : 
Iismmer, small 0,5 kg) ~. ___ PC.- 30-..--.- 
Haumc', medium 5,0 kg 

I j 
PC.- 6 

40 --- I; 

Hammer, big 6,5 kg PC.-_ 3 t 
13ason% squares __ - pc. ___ 2 2 z 
Carpenter's level (spirit-level)- pc. 2 2 2 
Plumb bob (plummet) PC. - 3 3 4 
Screw jack ( 611 size) PC.- 1 1 
Paint for marking (0.5 Litre)---.,- tin ----2 2- 3 
Buckets ( 20 Idtres ) PC. __ 12 24- 36 
Piration hook for pylon erection cable PC.- 4 6 - - 
Hack saw frame--- pc. - 2 2 ; 
haok saw blades, best quality- doz.---l 2 
Wood saws of different sizes- PC.- 4 :, 6 
Auger d +e and 3/4” doz 13-.--- 2 2 
Lay out frame of wooden planks pc.* - 1 1 1 
Piles of different sizes (halfround, 
triangular, flat, full round) 

set 
.- 1 -1 1 

Die sets (f,*,3/4,5/8,7/8,1" threads) set. 1 
Tongs pair. - : 3 4 
Nippers (pliers)--. PC. - 2 3 3 
Pincers pair - 2 2 
Screw drivers of different sizes -set ___ :-.-.- ~ 
Nylondori fi 1" _ m ~ 200 ;oo -....A00 
Manila rope $ lttp m ~ 140 240 --.-.34q 
Srtiasteelwire cable for front end 
baokstay during pylon erection b p -mp200- 320 - 350 
Bulldog grips (313/4,5/e,1,1&1@)- PC.- 24 
Cable brakes for b 1" 

24 24 
po. ___ 2 2 2 

Cable brakes for b l=" 
Cable brakes for $ I& 

PC. ___ 2 2 

Pulleys (double for cable b l")-PC.- pc'-- : : 
: 
4 

Chain pulleys, 2 tons capacity- PC.-.--.- 1 1 2 

HMG Nepal Roads Department Suspension Bridge Division 



COST ESTIMATE FOR SUSPENSION BRIDGES 

4. Purchase of goods (end) to 6.2 Clearance after 
completion of execution work 

‘- 

No. r-I.204 

, Date :22nd Dec. 76 
Sia 

Kid Majcstg’~ Government 
Ministry of Public CVorks & Transport 

ROADS 

idge ivision 

4. purchase CC goods and equipment for execution work, 2nd. continuation 

Description unit 66 - 114 115 - 174 175 - .*. 

z:: E22: [:~~~~:~ 9: :z- Bseett I-- 3 ; 
Rock anchorage for tirfor(R~begger)-- set 

; 

Wrenches for nut and bolts p 
Wrenches for nut and bolts 4 # 

(1) 
I1 po.- 

(p ___ $1 _ 
10 

1' __ .-5-- 
!drenches for nut and bolts + 3/4"- ,"I.- 

I- 9 
3- 16 

Wrenches for nut and bolts b 5/W-po. -14 - :: y-24 
Wrenches for nut and bolts b 7/8"---PC. ~ 2 -b 16 
Wrenches for nut and bolta fi 1" -.-.--PC.___ 2 _____ 2- 2 
wrenches for nut and bolts 4 1 

f 
v __ PO.- 2 2 2 

Wrenches for nut and bolts 4 1 I*__ 
-z 

. __ 2 2 2 
Wrenches for nut and bolts 4 4Omm 

'--: 
2 

Wrenohee of different other sizee -_-act. 1 : 
c-clamp-----~ pc. ___ 2 2 3 
glowers for black smith __ PC. ___ 1 1 2 

zcial equipment only if really required 
Blaster's pinoers 
Rook drilling machine, griding machine for drill bits, drill bits of different 
length, fuel container, helmet, vice, 
Water pump with flexible pipes 
Water pipe8 etc. 
Cable car for temporary crossing 
l'he total amount of the above items ehould not be added to the estimated cost 
of a proposed bridge. Most of the equipment oan be taken from the SBD store 
and muat be returned after oompletion of the bridge. lhe goods whioh oannot 
be taken from the SBD atore will be purchased u%thin the amount of 5% ocntin- 
genoies. The above list is a guideline for the preparation and should chow 
the kind of goods and their approximative amcunt. 

5. TEMPORARYCROSSING 
5.1 Hire a boat per month 
5.2 Boat Nanday 4 Noa. 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 ia never as long aa for the proposed bridge. 
LdoOUr : Untrkilled 5 Nanday per m span of temporm bridge 
Material : Takeanaasumption of about 25 Rs. per m length 

6. SITE CLEXRANCR 
6.1 Clearence before starting of the execution work : L.S. about 300 to 800 Rs. 
6.2 Clearance after completion, including collection of materials for preparation 

of auotion (but without backfilling) : L.S. about 500 to 1400 Rs. 

HMG Nepal Roads Department Suspension Bridge Division 
-. 



COST ESTIM4TE FOR S'IJSPEXSIOM BRIDGES No. f 7.205 

7. :good work to 9.1 painting of wooden longitudinal planks 
Date : 22nd Dec. 76 

Hi. hlajesig's Government 
Ministry of Public Works & Transport 

ROADS DEPARTMENT 

Suspension k5ri 
. 

- ‘dge Division 

7. WOOD WORK FOB 1 m3 
7.1 Sal wood for decking for 1 m3 

Assuming 40 % wastage, total wood required 1.67 m3 (56.6926 cubic feet). qhe 
wastage remains at the wooden location - i.e. only one m3 mt,at be transported 
to the bridge site. A porter carries 40 kg and walka S miles (13 lua) a day. 
One m3 is about 900 kg in weight (sal wwod). lhe planks must be aawed according 
to the standard drawings of BMG~Standard bridge design. 'Ihe lay out frame, 
supplied by SBD, must be uaed at the wooden looatian and the provided holee 
are to drill at the wooden location too. 
Material I 1.67 m3 (58,892B oublo feet) RoyallQ 
Iabour I 10 Manday Coolies for felling and dreseing 

35 Manday Cooliea for helping eto. 
7 C3oliea for helping etc. 
3 Manday Carpenter to drill holea e&r. 

22 3 Nos. of portera for transportation 
T, & P. Lumpsum I 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. Cme m3 of salla wood is assumed with 800 kg per m3. 
Material : 1.67 m3 (58,8928 cubic feet) 
Labour : 10 Mat-day Coolies for felling and dressing 

35 Nanday Saw men to make planks and boame 
9 Manday Cooliea for helping etc. 

20 Nos. of porters for transportation 
T. & P. Lumpsum ( 1/15th of the above labour 

8. LGNGIlVDINALFIBRE GLASS PLANKS FOR THB WALK- WAY 

8.1 Lfmgitudinal fihre glass planks can provide a useful1 alternativ eolution for 
longitudinal planks. The rates may be got from the Balaju Yantra Shala, BYS, 
at the mdustrial Estate Ealaju (Kathmandu). This alternative kind of fibre 
glass pkmks are oheaper then wooden planks if the wooden location is areating 
a long and costly transportation. By comparing the different kind of planka, 
the coalter painting and fixation costbavealeo to be taken into account. 

9. PAINTING OF WOOD DSSD AT TSE WALK- WAY 

9.1 Painting of wooden longitudinal planks per m span. Refer to standard walk - way 
drawing. 
Material I I.176 ~itre Coaltar paint 

0.300 Wtre Fuel 
Labour 0.3 Menday Painter 
T. & P. L&psum : 1/2Oth of the above 

HMG Nepal Roads Department Suspension Bridge Division 



COST ESTIMATE FOR SUSPEWIOM BRIDGES 

10. Excavation work to 10.7 Foundation excavation In 
dry hard rock 

-< 

d 

Hia hhjaslg’a Ckwernment 
Ministry of Public Works Br. Transport 

ROADS DEPARTMENT 

Suspension Bridge Division 

10.3 

10.4 

10.5 

MCAVA'PION IJORK 
(Based on lNormst of rate analysis by RX;, Roads Department) 

Excavation of top soil and carrying a\lay from the foundation 
areas (thiclaess 15 - 20 cm) per SQ.M. (m2) 

Labour : Manday 0.40 (unskilled) 

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 -;he axoavation must 
be calculated in suoh a way, that the item 10.1 is taken into account. 
Labour : Manday 0.80 (unskilled) 

Excavation of soft rock material, requiring use of crowbar, haulage 
distance lo m and disposal (take referen-e to item 10.1) per CU.M. (m3) 

Iabour I MSJldaY 2.00 (unskilled) 

Excavation - drilling & blasting - hard rock material, haulage distance 
10 m and disposal per Cu.M. (m3) 
Material : Celatine 0.25 kg 

Detonator 2.00 po. 
Fuse wire 2.00 m 

Jabour : Manday 3.59 unskilled) 
Man&Y 0.05 Blaster ) 

Foundation excavation in dry common material - vertical lift 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. 
labonr : Manday 1.34 (Unskilled) 
Vertical lift : for each additional lift per CU.M. (m3) per 1 m height 
Iabonr : Yanday 0.50 (Unskilled) 

10.6 

10.7 

Foundation excavation in dry soft rock material, vertical lift 1 m, horizontal 
haulage distance 10 m and disposal per CU.M. (m3) 

Iabonr : f%.nday 2.50 (Unskilled) 
Vertical lift : for each additional lift per CU.M. (m3) per 1 m height 
Labour : Manday 0.40 (unskilled) 

Foundation Eccavation in dry hard rock, material, drilling and blasting, 
vertival lift 1 m, horizontal haulage distance 10 m and disposal per CU.M. (m3) 
Material : Celatine 0.25 kg 

Detonator 2.00 pc. 
Imse :.! Ire 2.00 m 

HMG Nepal Roads Department Suspensior! Bridge Division 



COST ESTIMATE FOR SUSPEXSION BRIDSE 

10.7 continuation to 11.1.3 Gabion of size 2 x 1 x 0.5 m 

His hlajablp'r Government 
Ministry of Public Works 8.z Transport 

ROADS DEPARTMENT 

Suspension Bridge ivision 

10.7 

10.8 

10.9 

11. 

11.1 

Continuation 

Iabour : M=Il&Y 4.76 (unekilled'l 
W&Y 0.05 (Blaster j 

Vertical lift : for each additional lift per C3J.M. (1213) per m bight 
Iabour t m&Y 0.40 (Unskilled) 

Foundation excavation in shallow water, common material, vertical lift 1 m, 
horizontal haulage distance IO m and disposal per CU.M. (m3) 
This position may be used on the middle piers for multiple span suspension 
bridgea eto. . 
labour I Manday 2.25 (Unskilled) 
Vertical lift I for each additional lift per CU.M, (m3) per m bight 

Bottom trimming of rook foundation pit and olearanoe per 3Q.M. (m2) 
(refer to detaii drawings carefully) 
Iabour x Manday 0.61 (Unskilled) 

FABRICATION OF GABICN (Based on NCFlMS by EMG, Roads Department) 

Fabrication of gabion Including rolling, cutting and weaving complete. 
Meah size :80x 1oomm 
Mesh wire : 9 SWG 
Selvedge wire: 6 S!?G 

11.1.1 Box size 2 m 
Material : 

Iabour : 

1'1.1.2 Boxaize 3 m 
Material : 

Iabour t 

11.1.3 Box size 2 m 
Material : 

labour : 

x lm xlm 
G.I. Wire 36.00 kg 
Selvedge wire 3.75 kg 
Manday 2.42 Skilled) 
Manday 1.21 Unskilled) I 

x lm x lm 
G.I. Wire 52.35 kg 
Selvedge wire 4.85 kg 

-bY 3.52 (Skilled) 
Manday 1.76 (Unskilled) 

x lm x 0.5m 
G.I. Wire 24.55 kg 
Sevedge wire 3.00 kg 
Manday 
W&Y 

1.6501 (Skilled) 
0.825 (Unskilled) 

HM6 Nepal Roads Deportment Suspension Bridge Division 
. 



COST ESTIMATE FOR SUSPENSION BRIDGES 

11.1.4 Ga.bion box of size 3 x 1 x 0.5 m to 13. Filling 
of sand, stones, boulders etc. in cell-type foundation 

Hia bhjeslg’s Government 
Ministry of Public Works h Transport 

ROADS T)EPARTMDNT 

Suspension E Mge Division 

pol Roods Deportment Suspension Bridge Division 

11.1.4 B0xe size 3 m x 1 m x 0.5 m 

Material I GoI. W=e 36.00 kg 
selvedge wire 3.90 !q 

Iabour t M=bY 2.42 skilled) 
W&Y 1.21 Unskilled) 

11.2 Aesemble gabion, plaoe in poaition including szreohing, wi;-ing the gabion 
together and tying dorn lids. Aualye per box (piece) 
Binding wire I 11 S.W.G, 

11.2.1 Box size 2 m x 1 m x 1 m 

Eaterial : Binding wire 1.15 kg 

Labour t Manday O.dO (Unskilled) 

11.2.2Boxeizejm x lm x lm 

Material : Binding wire 1.60 kg 

labour ; W&Y 0.60 (unskilled) 

11.2.3Boxesiae2m I lm x 0.5m 

Material t Binding wire 0.90 kg 

Iabour I I%=hY 0.20 (Unekilled) 

11.2.4 Boxe size 3 m x 1 m x 0.5 m 
Material t Binding wire 1.20 kg 
iabour 1 M-w 0.30 (Unekilled) 

12. FILL:mG OF STONES IE GABION CKATEB ?ER CU.M. (m3) based on 'NORMS' by KEG R.D. 
Collection of rubble of required size, haulage distance 10 m, partly 
staoldng, filling in gabion orates per CU.M. (m3) 
Colleotion of rubble, atones etc. 
Labour z Manday 0.70 (Unskilled) 
Filling in gabion orates 
labour s Manday 0.80 (unskilled) 
Additional cost for additional haulage for every lo m more8 

labour I Manday 0.16 (unakilled) 

13. FILLING OFSAND,STOXZ?, BOULDERS, ROCKPIEXXS ETC. IN CELL- TYPE 
FOUNDATION INCLUDING COMPACTING PER CU. M. b33) 
lPle excavation material which lies around the foundation should be wed. 
labour s Manday 0.60 (Unskilled) 



COST ESTIMATE FOR SUSPENSION BRIDGES No. :7.209 

14. Collection of materials to 14.3.3 Size 5 to 20 mm 
m :22nd Dec. 76 

Hia \l.ijr~Iy‘~ (it vcr,tmrot 

SIini$try of Public \V~~rl;s d Tr.lns~:~~r~ 
ROADS DEPARTIIENT 

Suspension Bri dge Division 

14. COLLFCTION OF MATEBIAIS 
Based on NORMS by RMG Department of Roads 

14.1 Collection of rubble of required size, haul&e distance 10 m and stacking 
What are rubble8 ? bits of brocken stones, rock or brickwork, stones from 

a river bed, ooarae gravel (SO to 55 mm) e.g. build a 
road with a foundation of rubble 

Collcotion of rubble of required eiee per CU.M. (m3) 
Iabour I Menday 0.70 (Unskilled) 
Additional work foq extra haulage per 10 m per one cubicmetre 
Labour s Manday 0.16 (Unskilled) 

14.2 Collection of atones, gravel including aelection, screening and staoklng 
within 10 m haulage distance per CU.M. (m3) 

14.2.1 Size 40 to 70 mm 
Collection of stones aId gravel etc. per in3 
Iabour : Manday 5.00 (Unskilled) 
Additional work for extra haulage per 10 m per one cubicmetre 
Iabonr I Manday 0.16 (Unskilled) 

14.2.2 Size 70 to 100 mm 
Collection of stones and gravel etc. per m3 
Iabour : W&Y 4.00 (Unskilled) 
Additional work for extra haulage per IO m per one cubiometre 
Iabour t 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 stacking per one cubicmetre 
Iabour : Manday 2.5 (Unskilled) 
Additional work for extra haulage per 1Om per one cubicmetre 
Labour : Manday 0.16 (Unskilled) 

14.3.2 Size 5 to 40 mm 
C;op;tion, siEzyand sta;k:, per CO&?. (m3) 

: . (Unskilled) 
Additional work for extra ha;llage per 10 m per one cubicmetre 
Iabour : Manday 0.16 (Unskilled) 

14.3.3 Size 5 to 20 mm 
Collection, sieving ans stacking per CU.FI. (m3) 
Iabour : Manday 5.88 (Unskilled) 
Additional work for extra haulage per 10 m per one cubicmetre 
Labour : Wnday 0.16 (Unskilled) 

HMG Nepal Roads Department Suspension Bridge Division 



C06T ESTIMATE FOR SUSPENSION IBIDGES I 
No. : 7.210 -1 

14.3.4 Size 5 to 8 mm to 14.5.4 MiLking sand by 
Ij 

crushing of stones Date :22nd Dec. 76 

lib ll.ii 5:)‘s : tsFPr8 ~~LI~I 

‘\ilni;rrv 01 Pl.hiic I\‘c,tkc S: Tr.~n 
K~ADS 1~EL’ARThlENT ““‘: 

Suspension Bridge Division 

14.3 

14.3.4 

14.4 

14.4.1 

14.5 

14.5.1 

Continuation 

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 : ManbY 0.16 (Unskilled) 

Collection and sieving fine sand within 10 m haulage distance per CU.M. (m3) 

Collection and sieving sand in hill sreas, haulage distance lo m per CU,M. (m3) 

Iabour : Manday 1.49 (Unskilled) 
Additional work for extra haulage per 10 m per one cubicmetre 
Labour : Manday 0.12 (Unskilled) 

Ereacking stones including collection, sieving and stacking within 
10 m haulage per CLM, (m3) 

Size 40 to 70 mm 
Collection, breaoking,sieving etc. 
Iabour : Fanday 8.00 (Unskilled) 
Additional work for extra haulage per 10 m per one cubicmetre 
Labour : Nanday 0.12 (Unskilled) 

14.5.2 Size 20 to 40 mm 
Collection, breacking, sieving etc. 
Labour : Man&Y 12.00 (Unskilled) 
Additional work for extra haulage per 10 m per one cubicmetre 
Labour : Manday 0.12 (Unskilled) 

14.5.3 Size 10 to 20 mm 
Collection, breacking, sieving etc. 
Iabour : Manday 18.00 (Unskilled) 
Additional work for extra haulage per IO m per one cubicmetre 
Jabour : 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 :ray. A careful1 comparison should be made. 
This rate is sanctioned by the Suspension Bridge Division. 
Crushing of stones to get sand including collection, sieving and stacking 
rrithin 10 m haula,? distance per CIJ.M. 
labour : iGmda:i 35.00 (Unskilled) 
Additiunal -.iork for extra hauls&x per 10 m per one cubicmetre 
Labour : ilanday 0.12 (Unskilled) 

HMG Nepal Roads Department Suspension Bridge Division 



CC6T ESTIMATE FOR SUSFENSION BRIDGES No. : 7.211 

15. fry rubble masomq- to 16.3 Stone dressing 
&j+g : 221~3 Dec. 76 

His i&jeslp'r GLvernment 
Ministry of‘ Public Works & Transport 

ROADS PARTMENT 

Suspension ridge Division 

15. 

15,1 

16. 

16.1 

16,2 

16.3 

DRY RUBBLE MASCNARY PER CU.M. 
(Based on 'NORMS* by HIE Roads Department) 

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 ClJ.M. (m3) 

Collection of rubble refer to item 14,l 

Material : rubble 1.10 m3 
Iabour I Mmby 3.50 (Unskilled) 

R,R, MASONRY IR CEMENT MORTAR PMR CU.M. 
(Based on rates sanctioned in SBD) 

R.R. Masonry in cement mortar 1 I 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 epan 
suspension bridges. This kind of masonary work is not allowed for 
wind guy blocks and main anchor blocks. The detail drawings and 
general arrangement have to be taken into consideration. 
Material : Rubble 1.25 m3 

sand 0.34 m3 
Cement 2.55 bags of 50 kg in weight 

Labour I Man&Y 0.10 

i 

Head Mason) 
W&Y 2.00 Mason) 
M-&Y 3.20 Unskilled) 
rylbY 0.20 (Waterman) 

Scaffolding I I/jOth of the above lahonr 

T. & P. lumpsum 8 1/2Oth of the above labour only 

R.R. Masonry in cement mortar 1 I 6 per C&M. 
Material : Rubble 1.25 m3 

Sand 0.42 m3 
Cement 2.10 bags of 50 kg in weight 

.Labour : M=lbY 0.10 

I 

Head Mason) 
M=lhY 2.00 Mason) 
Manday 3.20 Unskilled) 
MbY 0.20 Waterman) 

Soaffolding t l/jOth of the above labour 

T. & P. D.naps~m : 1/2Oth of the above labour only 

Storelkessing per CU.M. 
lhis position is actually not necessary for suspension and suspended bridge 
project by the design section of SRD of KMG Roads Department. 

HMG Nepal Roads Department Suspension Bridge Division 



COST ESTIMATE FOR SUSPEXVSION BRIDGES 
I 
No. :7.212 

37. Concrete xork to 17.4 Mass concrete 1 : 2 : 4 

Hia .\t.~jrs:g’s C~~tv~ri,n,e,tt 

Ministry or Public W<JA~ h Tc~nspnrr 
ROADS DEPARTMENT 

dge D’ ivision Suspension 

I-- I 
u 
v) 1. 

HMG Nepal Reads Department Suspewion Bridge Division 

17. CONCRETE WORK PER CU.M. (Based on rates sanctioned in SBD) 

17.1 Lean concrete 1 : 4 : 8 per CU.M. (m3) 
O&J used as granular sub grade about 5 to 7 cm thick. 
Material : &gregate 0.90 m3 

Sand 0.45 m3 
Cement 3.30 bags of 50 kg in weight 

Iabour : Manday 0.10 Head Mason 
Manday 0.70 Mason 
Manday 1.20 \,laterman 
Manday 7.20 Unskilled 

T. & P. Lumpsum : 1/2Oth of the above labour only 

17.2 Plum oonorete consits of 60 % mass concrete and 40 % boulders and 
rubbles or hard rock pieces per CU.M. (m3) 
Material I Aggregate 0.528 m3 

Rubble,etc. 0.500 m3 
Sand 0.264 m3 
Cement g.s0+g bags of 50 kg in weight 

&bour : Manday 0.60 Head Mason 
IXnday 0.40 Pason 
MaTday 0.70 Waterman 
Mar.i-+y 4.3@ Unskilled 
Mandab 0.25 
Msnday 1.75 

Unskilled {washing rubble, based on ~NOF3St) 
Unskilled (Providing and laying rubble with- 

in a haulage distance up to 30 m) 

T. & P. LU~PSUJU : l/ZOth of the above labow only 

17.3 Mass concrete 1 : 3 : 6 per CU.M. (m3) 
Material : A&wtWe 0.88 m3 

Sand 0.44 m3 
Cement 4.30 bags og 50 kg in weight 

Iabour : Manday 0.10 Head Mason 
Manday 0.70 Mason 
Manday 1.20 Waterman 
Yenday 7.20 Unskilled 

T. & P. Lumpsum : 1/2Oth 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 pylon foundation. 
Katerid : Aggreete 0.88 m3 

Sand 0.44 m3 
Cement 6.60 bags of 50 kg in weigth 



COST ESTIMATE FOR SUSPENSION BRIDGES NO. :7.21j 

17.4 continuation to 21. Backfilling work 
Date :22nd Dec. 76 

His hlajeslg's &vfrnment 
Ministry of Public Works 8; Transport 

ROADS DEPARTMENT 

dge Division ’ Suspension Bril 

17.4 Mass concrete 1 : 2 : 4 per C1J.M. (continuation) 
Iabour : Manday 0.10 Head Mason 

Manday 0.70 Mason 
Manday 1.20 Waterman 
Manday 7.20 Unskilled 

T. & P. Lumpsum : 1/20th of the above labour only 

16. SHUTTEiUNC PER ONE S&M. (m2) (Based on rates sanctioned in SBD) 
For the foundation used at suspension and suspended bridges is E need of 
centering work. The shutzering faces sre always vertioal and plain. Please 
refer to the general arrangement and detail drawing ok" the Suspension Bridge 
Division of HMG Roads Department. For the oost of tne needed wood refer to 
coat item 7.2 (Salla wood for Shuttering). But for the ahuttering work 
of foundation designed for suspended and q uspeneion bridges the longitudinal 
gooden planks of the walk - way can be used for the wooden form work without 
wastage the planks too. 
Material : Nails 0.03 kg 
Iabour : Manday 0.10 Carpenter 

N-day 0.10 Unskilled 
T. & P. Lumpoiun : 1/15th of the above labour only 

1Y. 'PLACING OF REINFORCENE3IT IN CF!WNT CONCRETE WRK PER 100 KG (kg) 
The reinforcement steel for saspension and suspended bridges is rather 
simple and a easy design. There are easy bending form (only strei&t with 
hoot:r Ok their ends) or U-forms for starter bars. 
Material : Reinforcement 100 kg (it may supplied by SBD/SATA) 

Ainding wire 0.50 kg 
Iabow : Nanday Black smith 

!;Ianday : Dnskilled 
T. & P. Lumpsum : 1/20th of the above labour only 

20. CEKRNT QE?FER WORK 12 mm thick per S&H. (m2) (Eased on SBD rates) 
Celnent 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 I Man&Y 0.250 Mason 

Manday 0.333 Unskilled 
T. b P. L\unpsum 1/2Ot'n of above labour only 

21. BACKFILL&G !*IORK PER CU.M, (Based on rates sanctioned in SBD 
The backfilling work should be done at each foundation to pro 1 ect the blocks 
against erosion and sliding. The passiE=th pressure is also taken into 
account by the calculated safety factors of the foundation. The excavation 
material laying around the foundation must be used and the baokfilljmg should 
be done proper and compacted as much as possible. 
Labour : I?anday 0.50 Uns!cilled 

- 
I 

L.- HMG Nepal Roads Department Suspension Bridge Division 



COST ESTIMATE FOR SUSPmJSION 3RIDGES 

21. Placing of anchorage parts to 21.6 Placing of 
anchora& parts in rock foundation type 

No. : 7.214 

. Dote : 22nd Dec. 76 

lSio:fi. *, 

w 

Hia Majesly'~ Government 
Ministry of Public Works & Transport 

ROADS DEPARTMENT 

Suspension Bridg ;e Division 

21. PLACINGOFANCRORKEPAR'E3 FORSUSPENSION BRIDGES PERUWTAT ONESIDE 
(Based on rates sanctioned by the Suspension Ezidge Division of HMG 
Roads Department) 

21.1 Main aable anchorage for one anchorage block at one river side 
If a multiple spa has to be etimated the lenth of the middle span 
should be taken into reference, 
Span in metres 
Fitter 
Unskilled 

66-70 go-150 162 - 222 m 

2 
4 

12 

21.2 Pylon and walk - way anchorage for one foundation at one river side 
If a multiple span bridge hae to be estimated the span in the middle 
should be taken. 
Span in metres 
Fitter Manday 
Unskilled I 1 Manday 

66-70 go- 150 162 - 222 m 

2: 7':: 
3.4 

11.0 

21.3 Placing of standard wind - guy anohorage per anchor block - i.e. oable 
end. Please refer to standard lay out drawing, general arrangement and 
detail drawings of the wind guy blocks etc. 
Cable b in inch (n) 

Fitter 
Unskilled 

b 1"(25m) b l$'(32m) + 1&'(313mm) 

0.30 0.60 0.00 
0.30 0.90 1.40 

21.4 Placing of standard side stay cable anchorage hook per unit - i.e. cable 
end. Up to the span 150 metres there are no side stay cable provided. 
If there will be a speoial case the rate i% spans from 162 to I90 m may 
be taken. For multiple spans take the middle span. 
Spans in metree 162 to 790 210 - 222 m 
Fitter 0.50 0.60 
Unskilled 0.50 0.71, 

21.5 Placing of anchorage hook for front and back stay cable including turn- 
bucckle to take up the pre-tension. For the back stay cable the hook at 

+@A- 

the main anchor block (hoistinghook) should be used. The rate is estimated 
for one river side. For multiple span take the middle span. 

Spans in metres 66 - Il4 126 - 774 210 - 222 m 

Fitter o-&Y 1.20 1.00 
Unskilled (Nanday 

-2.40 
1.20 1.00 2.40 

21.6 Placing of enchora&!= Darts in rock anchor foundation types, tunnel or 
drilled holes in a hard end 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 6. 

a 
m HMG Nepal Roads Department Suspension Bridge Division 



ESTIMA!l?E FOR SUSPE3JSIONBRIBG~ 

22. pylon erection and scaffolding to 22.2 pylon erection 

Hir Majeslg'~ Government 
Ministry of Public Works & Transport 

ROADS DEPARTMENT 

Suspension Bridge Division 

22. PYUIN EREXTION AND SCAFFOLDINGPER MHIGHT OF ONEPYLON 
(Based on rates sanctioned by the suspension bridge division of 
HMG Roads Department) 
Some useful1 informrrtian I 
Span in metre Hei&t of the pylons 
(or middle span) in metres 

66 m . . . . . . ..s*........m......... 11.00 In 

18 m ,........................... 12.80 m 

90 m ,.,...........,,,.e........, 14.70 q 

102 m ,..............C.,.......... 16.50 m 
114 m . . . . . . . . . . . . . ..e............ 18.30 m 
126 m . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.30 m 
130 m . . . . ..*................a.... 21.90 m 
150 m . . . . . . ..*..........*........ 21.90 m 
162 m . . . . . . . . . . . . ..*..*.......... 25.50 m 
174 m . ..*........................ 25.50 m 
186 m . . . . . . . . . . . . . . . . . ..*......>. 29.10 m 
198 m . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29.10 m 
210 m . . . . . . . . . . . . . . . ..**......... 32.70 m 

h 22.i 

222 m . . . . . . . . . . ..o.........e..e.. 32.70 m 

scaffolding of pylon for each 4 metres height 
Wterial t Bamboo 50 Nos. (1st Pylon).... ;: g. (2nd Pylon) 

Nariwal dori 12 kg ,.,........,..... 
Iabour : ManhY 2 Carpenter . . . . . . . 2 Carpenter 

M=bY 12 Unskilled . . . . . . . 12 Unskilled 

Transportation : Up to 2 milee p coolies per bamboo = 0.25 
Up to 4 miles : coolies per bamboo = 0.50 
up to 8 miles I coolies per bamboo = 1.00 

me coats of the scaffolding for the second pylon will be cheaper, beoauee 
most of thebamboos can bs used twice. Take an assumption that 70 % of 
the bambcos can be used ones again for the second pylon.Ti?erefore only 
15 bamboos must be brought to the bridge site for the second pylon for 
each four metres hei&t. 

22.2 Pylon erection and liftxg arrangement per m pylon height including 
fixation of front and back stay cables durin_e assembling work. 
Iabour : Xanday 1.50 Fitter 

Man&Y 8.00 Unskilled 

HMG Nepal Roads Department Suspension Bridge Division 



His hlsjeslg's Government 
Ministry of Public Works & Transport 

ROADS DEPARTMENT h 
Suspension Bri 

. 
- ‘dge Division 

25. CAELX EOISTIFIG FOR SUSPEXjIOId 3IDG2S 
(Eased on rates sanctioned in 99~) 

23.1 Hoisting of side stay cables per'm length. (ml) 
Please refer to general arrangement and detail drwings.. 
For bridge spans up and including 150 m there are I?O side 
stay cables provided. For multiple spms take the zddle span. 
Span in metres 162 - lye m 210 - 222 m 

Fitter 
Unskilled 

0.08 0.09 
0.40 0.50 

In the above figwea the labour to take up the pre-tension ( 2 tons 
rsp. 2.5 tons) is inluded. 

23.2 lioisting of main cable per m span (ml/span) for ono main cable only 
The diametres are according to HHG'Standard desiKi!efer also t3 
chapter 2.5 (Standard design for suspension bridms). 
Spans in metres Fitter (Manday) Unskilled (Nanday) 

66 m ................ 0.15 .............. 0.90 
78 m ................ 0.15 .............. 0.90 
90 m ................ 0.10 .............. 0.60 

102 m ................ 0.10 .............. 0.60 
114 m ................ 0.15 .............. 
126 m 

0.90 
................ 0.15 .............. 0.90 

138 m ................ 0.15 .............. 0.90 
150 m ................ 0.15 .............. 
162 m 

0.90 
................ 0.10 .............. 0.60 

174 m ................ 0.15 .............. 
186 m 

0.90 
................ 0.15 .............. 0.90 

lye m ................ 0.15 .............. 0.90 
210 m ................ 0.15 .............. 0.90 
222 m ................ 0.15 .............. 0.90 

For multiple span bridges take the rate per m span from the span 
of the stanadard middle snan. 
.b!ote:.!orth : Fitter (Manday)-&d Unskilled (Nanday) are given per m 

span for one cable onle. Hoisting sag refer to *enera 
arrangement and chapter 2.5 (Standard design) 

COST ESTIMATE FOR SUSPEX3ION BRIDG.ES 

23. Cable hoisting to 23.3 hoisting of spanning cable 

23.3 FIoistinf: of spanning cable per m span for one cable only 
In the following rates the work to take upTe pre-tension is included. 
T‘ ere are turn - buckles provided for each cable nnd separately and they 
should be openedbeforehoisting the spanning cables. The cable b arc 
accordin? to ??G'Stzndard Design. 
Spans in metres Fitter (I&nday) Unskilled (!$.nday) 

66 to 102 m (7t) . . . . . . . . . 0.07 . . . . . . . . . . . . . . 0.45 

114 to 150 m (4t) . . . . . . . . . O.OC . . . . . . . . . . . . . . 0.55 

126 to 106 m (5t) . . . . . . . . . C.@C . . . . . . . . . . . . . . 0.60 

198 to 222 m (6t) . . . . . . . . . 0.12 . . . . . . . . . . . . . . 0.72 

For m:ltiul.- _ . co-1: Y.!:c t!le rr.tr. for j,!,c gicl.dlc st:nd:~ri sp'.?. 



COST ESTIMATE FOR SUSPENSION BRIDGES 

23.4 Hoisting of wind-guy cables to 24.1 Exe&ion of 
suspenders, cross beam, bracing flats etc. per m length 

No. : 7.217 

w :22nd Dec. 76 

Labour : Manday 0.08 Fitter 
W&Y 0.12 Enskilled 

24. EHECTION CF THE liALK - YAY PER M SPLN (LEWGTIC) 
(Pased on rates sanctioned in SZJD) 

24.1 Eceotion 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) 
show for all suspension bridges the same walk - way. &cause of that the 
assembling work can be standardized. 
Iilbour : Nanday 1.50 Fitter 

M8Ilday 2.25 Unskilled 

l- a 
u) 

HMG Nepal Roads Department Suspension Bridge Division 

His Majeslg'. Government 
Ministry of Public Works & Transport 

ROADS DEPARTMENT 

Suspension A g m n kkidge lpivis -I - ion 

23.4 Roissing of the wind - guy cables per m span of the wind-guy cable 
The span of the wind - gny cable is often not the same as the span 
of the bridge. Please take the correct spen-om the general arrangement. 
The distance between the wind tie cables (b 2) is 3.60 m according to 
HEIG'Standardization. In the general arrangement the real distances be- 
tween the wind - tie clamps schould be given. To mark e.g. with paint 
where the wind tie clamps should be placed is also included in the 
follo!ring rates. The wind guy cables should be pretensioned. To take 
up this force on eaah cable end turn bu&es etc. are provicied. Befor 
starting the hoisting tfork those turn-buckles must be l;ride opened. 

$ of rrind-guy oable Fitter (Nanday) Unskilled (wday) 
.......... 0.10 ................... 0.60 
.......... 0.12 ................... 0.75 
.......... 0.15 ................... o.po 

23.5 Roisting and fixation of the wind ties b l/4" per,piece. 
The numbers of wind ties oan be taken from the general arrulgement. 
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, 
Iabwz psr :!ind tie (piece) : pitter 0.15 (Vagday) 

Unskilled 0.15 (Manday) 
The above Labour includes the time needed for the fixation on the 
cross beam of the walk - way (Gangway) 

23.6 Fitting of fixation and hand railcablesper m span of the bridge. 
This work can be estimated per m length of the bridge, because the 
Standard de&.@ of the suspension bridges shows two hand rail and 
two fixation cable for each bridm. The hoisting for these four 
cables is very easy because this work will be done after erection of 
the ualk way. 
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24.2 pitting of longitudirial p!anks to 25.7 .ztli.? i~:~7. 
3f steel. co2striic:ioE oer :a p(fLoii 5ei.e.t 

._I_. -- ----I__ 

His AI~ljrsty'~ Govrrrlmcnt 

h4inistrp of Public Wurks & Trnnspnrr 
R0,SD.S D3iPARThlENT 

ridg ye ivision 

24.2 Fitting of longitudinal planks to the cross beams of the 
walk-May per m length of the bridge. 

In this connectionrefer also to the item 7.1 (Sal wood for longitudinal 
wooden planks) and item 8.1 (Fibre glass longitudinal planks). IP?e 
coalter painting of the wooden planks is included in the item 9.1 
(Painting of wooden longitudinal planks), 

24.2.1 Fitting of wooden longitudinal plank0 per m length of the bridge 
(Bolts and nuts are supplied by the workshop) 

Iabour e Manday 0.30 Fitter 
Manday 0.40 Unskilled 

24.2.2 Fitting of fibre-glaas longitudinal planks per m 
(Rolts and nuts are supplied by the workshop) 

Iabour : Manday 0.20 ?.tter 
Manday 0.10 bnskilled 

length of the bridge 

24.3 Fitttig of wire-mesh nstting per m length of the bridge 

Material : Rending wire 0.05 kg 
Iabour : i'Qnday 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 Standerd design provides for each cable 
end one turn-buckle. The turn-buckles are to open beforehoisting 
the spanning cables (refer also to item 23.3 Hoisting of spanning cable). 

o-&Y) 
ed 

Span of the bridge Labour 
(or length) Unskil 1 

66 - 126 m . . . . . . . . . . . . . . . . . 5 

927 - 222 m . . . . . . . . . . . . . . . ..lO 

223 - . . . m . . . . . ..e........* 13 

25. FINISHING WORK 

25.1 Painting of the steel construction per m pylon height. 
‘Ihe workshop will deliver the steelpart two times painted. Due to 
transportation some re-painting Work may be necessary, 'Ihis work 
is only to do at the pylons. Take care to the kind of paint used 

HMG Nepal Roads Department Suspension E:idge . Diwsion 



COST ESTIMATE FOR SUSPEWION BRIDGES 

25.1 Painting work (continuation) to 25.3 Retightening 
of cable clamps, bulldog grips, take up bolts and lock 
nuts of turn buckles etc. 

I@- 

25.1 

25.2 

25.3 

Iii:, I\l,~j*sIy’3 180vciS:;1~~at 
Minktry of Public Works k Trnnsporr 

ROADS DEPARTBZENT 

Suspension Brie: lge Division 

Painting work (continuation) 
h> the workshop. It is xssumed that 0.50 m2 par m pylon hei&t 
must he repainted. 
Iviaterial : Paint 0.05 Litre per m pylon height 
Labour : r*%.nday 0.07 Painter per m pylon heigfit 

Manday 0.05 Unskilled labour per m pylon height 

tiintain of the threads of the anchor bars for the main nnd 
wind guy cable per cable end. 
Iabouc : Manday 0.15 Fitter per cable end 

Retightening of the cable clamps, bulldog grips, take up bolts and 
lock nuts of the turn buckles etc. 
span or length of the bridge r”ittJr &uii;ay~ 

66 - 126 m . . . . . . . . . . . . . . . . . . . . 4 
127 - 222 m . . . . . . . . . . . . . . . . . . . . 6 
223 - . . . m . . . . . . . . . . . . . . . . . . . . 8 

For the estimate work of a suspended bridge (bridge without pylons) 
please refer to chapter 7.2 Cost ~stiate for a suspended bridge. 

Note-worth : There are different kind of material etc. needed for many of 
the items of this rats analysis for the cost estimates of 
standard suspension bridges. The site in charg should vork 
out a list of the goods to be purchased hut he should note, 
that the costs are already included in the rate analysis. 
hs a guide line at the following items are materials included : 
(Exept items 1.6, 1.7, 2., 3. and 4.) 

9.1 : Coalter paint and fuel 10.4 : Gelatine, detonator, fuse wire 
10.7: Gelatine, Detonator, fuse wire 11. G.I. wire, selvedge iiire 
16. : Cement bags : cement hags 
18. : Nails :;: : Reinforcement rods,binding wire 
20. : Cement 22.1 : Nariwal dori 
24.3: Dending wire 25.1 : Paint for pylon (repainting) 

HMG Nepal Roods Department Suspension Bridge Division 



COST ESTIMATE FOR SUSPENION AND SUSPENDED BRIDGES 

Photos shown the work execution 

NO r 7.220 

Date : 1st March 77- 

Sig : ,/+A 

HMG Nepal Roads Dkpartment Suspension Bridge Division 



CCtSTFS!l'IMATEFORSlJSPEMDMDBRIDGE NO. : 7.2,1 

Item 1. Transportation to item 1.5.4 weight of 
camp equipment 

I Sio 

His hlajesty's Government 
Ministry of Public Works & Transport 

ROADS DEPARTMENT 

sir, e ivisio 

The here,xith given rate analysis is based on the "NOPMS" for analysis of rate by 
PM,';, Department of Roads (guantity surveying branch) and on rates sanctioned in the 
Suspension Bridge Division. The foliowing analysis should be used only while the 
general arrangement and the detail drawing of a certain project of a suspended 
bridge are be taken into consideration. It must be said, Z.wt the following rates 
are taking care to the way of design work done by HMG Suspension Bridge Division. 
At the same moment it iS impOrtaUt t0 mention, that the influence resulting from 
the ~~C'standard has been considered. 

1. 'IR.ANSPORTATION ESTIMATE CRITERIAS 
1.1 'i'ransportation by Diane 

'l!'ie rates for this kind of transportation can be got from the Royal Nepal 
Urlines 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 : 0,0032U RS. per kg per km 

1.3 Transportation on porters back 
- a yr+er walks 8 miles (ljkm) a day 
- a porter carries 4Okg easily steel parts and wooden planks 
- a porter carries 5Okg easily steelparts if the overall measurements 

are limited (lo25m in length) 
- a porter carries j0kgof difficult, parts -i.e. parts beyond 5Okg and 

1.25 m in length. 
- a porter carries 20kg of cables 
- wind-tie cables of fi &I (6,3nm) are estimated as easy steel parts 
- cement bags of 5Okg Fn 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 varies on the conditions of the transportation for a certain bridge. 
The following assumption may be taken : 

1.4.1 Transportation by plain : 30 Rs= per m span 
1.4.2 Transportation by truck : 10 Rs. per m span 
1.4.3 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. 7%e following 
i:ei&ts may be taken as an average : 

1.5.; .?pans 39 to 60x1 : 
::tore to bridge site : 1'000 kg 
xnd back to store : 850 kg 

:.5.2 *'pru-is C5 to 87rn : 
:;tore to bridge site : 1’150 kp i 
,.nd back to store : 950 kg 

i.2:: "p':ns 90 to 126m : 
:tore t3 bridge site : 1’500 kg 
S-Id b,zck to store : 1’300 kg 

I .-. '+.ns beyond 126m : 
'tore to bridge site : 1'600 kg 

.!.nd. b,:ck to store : 1'400 k,r 

HMG Nepc! Roads Department Suspension Bridge Division 
- 



COSTESTIMATEFOR S'JSP- BRIDCZZ 

Item 1.6 Equipment's weight for camp maintenance to 
. Furchase of oods for camp mkintenance and execution 

Hia Ma jes!g’s Government 
Ministry of Public Works & Transport 

PARTMENT 

ric 
e 

ivision 

1.6 

1.7 

2. 

5. 

4. 

Assumed weights of equipment for campe maintenance 
and small materials for work execution . 
6 kg per m span 
Additional weight of equipment for rock drilling work 
(Rook drilling machine, griding machine for drill bits, drill bits, fusl 
container, helmet, vice, water pipe, repairing and maintenance tools etc.) 
Assumption: 150 kg store to site 

120 kg back to store of SBD (Roads Department) 

CAMF'ESTABLISRI#NT 
mea needed for a project : - 39 to 60 m span = 170 m2 (I cement store 

- 65 to 67 m span = 250 m2 (2 cement stores 
- 90 to 126 m span = 320 m2 (2 cement stores 
- 127 t0 . . . m span = 390 m2 (2 cement stores 1 

Coolies: Manday 6 Nos. per m2 

CAMP MAINTENANCE 
Material I Kerosene - oil .*..... : 54 Iitres per month 

First aid, different goods, batteries, latern glasses, 
small materials etc. : 200 Rs. per month 

Iabour : Supervisor............ : 1 Nos. (exept during rainy season) 
Store keeper.......... : 1 Nos. 
Watchmen ..*.*......... : 4 Nos. 

PURCHASE OF GOODS FCR 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. 
To purchase goods which is not available in the store of HMG Roads Department 
(Suspension Bridge Division) the amount of the 5 % contiu ncies is including 
these costs. The equipment must be brought back to A(refer also the stores 
to rate analysis item 1.5) after completion of the work. Hefor taking the 
goods the drawings of HMG'standsrd design should be read, because many items 
are put into the steelpartlists etc. spans in metres 
Description Unit 39-60 63-87 go-... 

Tent, double corner- PC* ___ 
Camp cot, durable type PC. 
Tarpaulin of different sizes sq.ft.- 
Petromax with spare parts PC. 
Ianterns ---- PC. 
Torches PC. 
Camp tables- PC.- 
Camp chairs PC* 
Water filters -- PC. ~ 
Hand bags- PC.- 
Cash boxes'- - PC. 
Survey umbrella _ pc. ~ 
Umbrellas PC. -- 

L- 
450 ~ 
2-..-.-- 

L-- 
3---- 
8 ____ 
2---.-- 
2 --- 
1 --- 

--- 
; --- 

P 2 
680 ~ 1000 
2 
4 : 
4---- 
3 : 
8- 8 
2- 2 
2 -~ 2 
l------- 1 
-- 1 

3 -- 4 

HMG Nepal Roads Department Suspension Bridge Division 
J 
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COSTEWBI4ATEFORSUSPENDEDRRIXES NO. t 7.223 . 

4. Purchase of goods (continuation) 

His Majesty's tiovernment 
Ministry of Public Works & Transport 

ROADS DEPARTMENT 

I. Purchase of goods and equipment for execution work, continuation 

Description Unit 39-60 63-87 90-e.. 

kitchen utensils- set 1 1 1 
Sleeping bags PC. 1 ~___ 1 1 
Slide rule calculator PC. 1 1 1 
Theodolite (incl. stand) PC* l-- 1 1 
Level (in&. staff) PC. 
Ievelling staff PO. - 
Tape, about 3rn length po* - 

(;I (1) --- ($ 

Tape, 20 to 30 m length pc* -- 1 1 1 
Spring balance, 50 kg oapacity-- PC* 1 1 1 
Spring balanae, 100 kg capacity PO. 1 1 2 
Weighing balance, 100 kg capacity- pc. 1 1 2 
Shovels PC. 15 20 25 
Crow - bar b l&" PC. 4 6 10 
Chisels, medium size PC. 5 6 7 
Hammer, small 095 kg PC. 15-25 35 
Hammer, medium 5r0 kg 

1 i 
PC. 4 6-8 

Hammer, big 6,5 kg PC* 2 2 3 
Mason's squares PC. 2 2 2 
Carpenter's level (spirit-level)- PC. 2 2 
Plumb bob (plummet) PC. 3 : 
Screw jack ( 6" size) P.o. :z 1 1 
paint for marking (0,5 Litre) tin 2-. 2 2 
Buckets ( 20 Litres ) PC. 12 16 24 
Blowers for black smith PC. 1 1 2 
Hack saw frame PC* 2 2. 2 
Hack saw blades, best quality doz. - 2 
Wood saws of different sizes PC. : : 5 
Auger b $?' and 3/4" doz. ___ Q 1 1 
Lay out frame of wooden planks~ PC* 1 1 1 
Files of different sizes (halfround, 
triangular, flat, full round) 

set * , 1 1 -~ 

Die sets (a,*,3/4,5/8,7/8,11* threads) se&-,----- 1 1 -1 
Tongs pair.- 2 2 3 
Nippers (pliers) PC* 2 2 2 
Pincers pair- 2 2 
Screw drivers of different sizes -set 1 2 1 

Nylondori $5 1" m 20 70 120 

Manila rope + 1" m 90 120 180 

Bulldog grips for cables b A If 
Bulldog grips for cables 4 4 It 

PC. ,lO-- 15 20 

PC* 4 6 6 

Bulldog grips for cables b 1 I'- pc. -- - 4 -- 4 
Bulldog grips for cables b 11"---- 2 

Bulldog grips for cables b 1f$1 
PC. 

- PC. : 2 8 
Cable brakes for b 1 It PC. 
Cable brakes for b l-$" PC.-- 2 P 

-- 
HMG Nepal Roads Department Suspension Bridge Division 



XSl'ESTIMATEFORSUSPRXDEDBRIDGRS 

Hia Majesty’s Chwrnment 
Ministry of Public Wo~ks&Transport 

ROADS DEPARTMENT 

ivision 

4. 

5. 

::: 
5.3 

6. 

2:: 

Purchase of goods and equipment for executian work, 2nd. continuation 

Description 39-60 63-87 90-... 

chain pulley, 2 tons capacity 

Rook anchorage for tirfor (iahegger) 
Wren&es for nut and bolt b It PC. 
Wrenches for nut and bolt 6 IV PC. 
Socket wrenches for nuts d i 11 
Wrenches for nut and bolt 6 1 I1 
Wrenches for nut and bolt 4 1 I1 

PC. 
PO. 
PC. 

Wrenches for nut and bolt # 1 II PC. 
Wrenches of different other sizes 
C - Clamp 

set. 
?C* 

1 1 
1 2 

6) (5 

: 2 
3 3 
2 2 
2 2 
-. 
‘I 1 
6 1 

2 

(%I 

6 
3 
2 
2 
2 
1 
2 

Special equipment only if really required 

Blaster's pinoers 
Rock drilling machine, griding machine for drill bits, drill bita of different 
length, fuel container, helmet, vies, 
Water pump with flexible pipes 
Water pipes eto. 
Cable car for temporary crossing 

lhe 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 SBD store 
and must be returned after completion of the bridge. l'he goods which cannot 
be taken from the SBD store will be purchased within the amount of 5% contin- 
gencies. Tl.e above list is a guideline for the preparation and should show 
the kind ai goods and their approximative amount. 

'BSMPORARYCROSSING 
Hire a boat per month 
Boat Manday 4 Nos. in dry season (for large river only) 
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. 
Iabour : Unsliilled 5 Msnday per m span of temporary bridge 
Material : Takeanassumption of about 25 Rs. per m leng-tb 

SITECLEARANCE 

Clearance before starting of the execution work : L.S. about 300 to 700 us. 
Clearance after completion, incluting collection of materials for preparation 
of auction (but without backfilling) : L.S. about 500 to 1200 f&. 

HMG Nepal Roads Department Suspension Bridge Division 
- 



COST E3TIMATE FOR SUSPENDED BRIDGES NO. : 7.225 . 

7. yoad -work to 9.1 Painting of :iooderi longitudinal plmks Oatr : 18th Jan. 77 

.I” Xajrsly’a Government 

Ministry of Public Works & Trnnsporr 
ROADS DEPARTMENT 

Suspension ridgt: ivision 

I. WOOD !V'OFiK FOR 1 m3 
7.1 Sal wood for decking for 1 m3 

Assuming 40 % wastage, total wood requi&d 1.67 m3 (5S.6928 cubic feet). me 
wastage remains at the wooden location - i.e. only one m3 must be tramsparted 
to the bridge site. A porter carries 40 kg and walks 8 miles (13 km) a day. 
Gne m3 is about 900 kg in weight (sal wwod). !Ihe planks must be sawed according 
to the stsndsrd drawings of HMG'Stsndard bridge deoign. The lay out frame, 
supplied by SDD, must be used at the wooden location and the provided holes 
are to drill at the wooden location too. 
Material I 1.67 m3 (5S,S928 oubic feet) Royali% 
Labour : 10 Manday Coolieo for felling and dressing 

35 Manday Coolies for helping etc. 
9 Coolies for helping etc. 
* Manday Carpenter to &ill holes eG.z. 

22 3 Nos. of porters for trenaportation 
T. & I'. Iumpcum I 1/15th of the above labour 

7.2 Salla wood for shuttering for 1 m3 
Assuming 40 96 wastage, total wood required = 1.67 m3 for 1 m3 sawed wood. 'ihe 
wastage remains at the wooden location. Only one m3 of salla wood must be carried 
to the bridge site. One m31 of salla wood is assumed with Boo kg per m3. 
Material : 1.67 m3 (58,A928 cubic feet) 
Iabour : 10 Ilanday Coolies for felling and dressing 

35 Manday Saw men to make planks and beams 
9 MRnday Cooliea for helping etc. 

20 Nos. of porters for transportation 
T. & I'. LUSIPSUJS : 1/15th of the above labour 

a. LONGITUDINAL FIHRE GLASS PLANKS FOR TfIE WALK - WAY 

8.1 Longitudinal fibre glass planks can provide a useful1 altornativ solution for 
longitudinal planks. The rates may be got from the Ralaju Yanlza Shala, g:S, 
at the Industrial Estate Ealaju (Kathmsndu), This alternetive kind of fibre 
glass planks are cheaper then wooden planks if the wooden location is creating 
a long and costly transportation. my comparing the different kind of planks, 
the coalter painting and fixation costhavealso to be taken into account, 

9. PAINTING OF WOOD USED AT TflR WALK - X~~AY 

9.1 Painting of wooden longitudinal planks per m span. Refer to standard walk - way 
drawing. 
Material : 1.176 Litre Coaltar paint 

0.300 Litre Fuel 
Iabour : 0.3 Manday Painter 
T. & P. LumPSum : 1/2CGh of the above 

HMG Nepal Roads Department Su sperlsion Brid ge Division 
-- 



COST ESTIMATE FOR SUSPENDED BRIDGEi 

10. ~Cava,tj.Cn work to IO.7 Foundation excavation in 
dry hard rock 

Hia hb~jeslg's Government 
Ministry of Public Works & Tr;,nsporr 

ROADS DEPARTMENT 

Suspension Bridge Division 

10. EXCAVATION WORK 
(Eased on 'Norms1 of rate analysis by HMC, Roads Impartment) 

10.1 

10.2 

10.3 

10.4 

10.5 

10.6 

10.7 

Bcavation of top soil and carrying away from the foundation 
areas (thiclmess 15 - 20 cm) per SQ.M. (m2) 
Iabour : Manday 0.40 (Unskilled) 

Nxcavation 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 ;he axcavation must 
be calculated in such a way, that the item 10.1 is taken into account. 
Iabour : Manday 0.80 (Unskilled) 

Excavation of soft rock material, requiring use of crowbar, haulage 
dis~tanoe lo m and disposal (take referenoe to item 10.1) per CI1.M. (m3) 
Labour : Menday 2.00 (Unskilled) 

IZxoavation w drilling & blasting - hard rock material, haulage distance 
10 m and disposal per Cu.& (m3) 
Material : Celatine 0.25 kg 

Detonator 2.00 pc. 
Fuse wire 2.00 m 

Labour : Manday 3.59 
M8.l-ic;ay 0.05 t 

Unskilled 
Blaster 1 

Foundation excavation in dry common material - vertical iift 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. 
Labour : Manday 1.34 (Unskilled) 
Vertical lift : for each additional lift per CU.M, (m3) per 1 m height 
labour : !%nday 0.30 (Unskilled) 

Foundation excavation in dry soft rock material, vertical lift 1 m, horizontal 
haulage distance 10 m and disposal perCU.M. (m3) 

labour : Wnday 2.50 (Unskilled) 
Vertical lift : for each additional lift per CU.M. (m3) per 1 m height 
Labour : Manday 0.45 (Unskilled) 

Foundation Excavation in dry hard rock, material, drilling and blasting, 
vertival lift 1 m, horizontal haulage distance 10 m and disposal per CU.M. (m3) 
Material : Celatine 0.25 kg 

Detonator 2.00 pc. 
lU.e ,;lire 2.00 m 

HMG Nepal 

,_ ,.. _-,-. _ 

Roads Department Suspension Bridge pi ;.;+pfl 
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c(~s'I: EzSTWIATI? FOR SUSPENDED BRI-Km 

lo,, nontinu:~tion to 11.1.3 Gabion of size '2 x : x 0.5 m 

P -. 

Hia hhjrsly’r GGvclumcnt 

P Lfinistrg of Public iVt'o:ks k Transport 
ROADS DE3’ARTMENT 

uspension Bri ldge Division 

10.7 

10.8 

10.9 

11. 

11.1 

@ntinuation 

Labour : Manday 4.76 (Unskiiled 
i%nday 0.05 (Blaster 

Vertical lift : for each additional lift per CU.M. (m3) per m hi&t 

Labour : Planday 0.40 (Unskilled) 

Foundation excavation ill shallow water, common material, vertical lift 1 m, 
horizontal haulage distance !O m and disposal per CU.M. (m3) 
~lis pooition may be used on the middle piers for multiple span sut.pensicu 
bridges etc. . 
I-15OQ : &nday 2.25 (Unskilled) 

.'-rtioal lift : for each additional lift per CU.% (m7) per m hi&t 

Bot+>m trimming of rook fomdation pit and clearance per S&M. (m2) 
(refer to detail drawings oarefully) 
Labour : lilanday 0.61 (Unskilled) 

FAERICATION OF GABION (Eased on NCRNS by RMG, Roads tipartment! 

FdDriCatiOn of gabion including rolling, cutting and weaving Complete. 
Mesh size : 80 x 100 mm 
Xeesh wire : 9 SWG 
Selvedge wire: 6 %!G 

11.1.1 Box size 2 m xln x Im 

Material : G I '.tire 36.00 kg 
Siltedge wire 3.75 kg 

Iabcur : Manday 2.42 (Skilled) 
Manday 1.21 (Unskilled) 

11.1.2 Boxsize 3 m xlm x lm 

i%terial : G.I. Wire 52.35 kg 
Selvedm wire 4.85 kg 

Labour : W&Y 3.52 (Skilled) 
Manday 1.76 (Unskilled) 

11.1*3 BOX 8:~s 2 m x lm x 0.5m 

Material : G.I. !dire 24.55 kg 
Sevedge wire 3.00 kg 

Iabour : Manday 
IQnday 

I- 
a 
v) 

HMG Nepal Roads Department Suspension Bridge Division 



COST ESTIMATE FOR sUSPENDhD BRIPGl!3 I No. :7.226 

11.1.4 Gabion box of size 3 I 1 x C.5 m to 13. Filling 

hia hhjeslg's Government 
Ministry of Pcblic Works & Transport 

ROADS DEPARTMENT 

Suspension Bridgs Division 

11.1.4 Boxe size 3 m x 1 m x 0.5 m 
Material I G.I. Wire P.00 ks 

Selredge wire 3.90 kg 
Iabour : W&Y 2.42 Skilled) 

-bY 1.21 t Unskilled) 

11.2 Aeeemble grrbion, place in position incrluding etreching, wiring the gabion 
together end tying down lids. Analya 3er box (piece) 
Binding wire I 11 S.W.G. 

11.2.1 Box size 2 m x 1 m x 1 m 

Katerial I Binding wire 1.15 kg 
Iabour I Mf-bY O.AO (Unakllled) 

11.2.2 Fw size 3 m I 1 m x 1 m 

Material t Binding wire 1.60 kg 

Iabour ; W&Y 0.60 (unekilled) 

11.2.3 Boxe size 2 m I 1 m x 0.5 m 

Material L tiding wire 0.90 kg 
Iabour I m&Y 0.20 (Unskilled) 

11.2.4 Boxe size 3 m x 1 m x 0.5 m 

Material I Binding wire 1.20 kg 

Labour I ManaaS 0.30 (Unskilled) 

12. FILLING OF STONES IN CABION CRA!cES PER CU.M, (m3) baaed on 'NcDz~' by HMG R.D. 
Colleotion of rubble of required size, haulage distance 10 m, partly 
stacking, filling in gabion crates per 0J.W. (m3) 
Collection of rabble, stones etc. 
Labour I -bY 0.70 (Unskilled) 
Filling h gabion crates 
Iabour : W&Y 0.80 (Unskilled) 
Additional cost for additional haulagc for every lo m morel 
Iabour : Menday 0.16 (Unskilled) 

13. FILLING OFSAND,STOXES,BOULDERS,RUCKPIECES ETC. IN CELL- TYPE 
FOUXDATION INCLUTXNG COMPACTING PER CU. MO (m3) 
The excavation material which lies around the foundatio;l should be used. 
Labour I M=QY 0.60 (Unekilled) 

HMG Nepal Roads Department Suspension Bridge Division 



COST ESTIMATE FOR SLSPaDED BRIDGES 

14. C!ollection of materials to 14.3.3 Size 5 to 20 mm 

dge Division Suspension Bri 

14. COLLECTION OF MATERIALS 
Based on NOhMS by UMC E-spartment of Roads 

14.1 Collection of rubble of required size, haul&e disiance 10 m and stacking 
What are rubbles ? bits of bracken stows, rock or brickwork, stones from 

a river bed, coarse gravel (30 to 55 mm) e.g. build a 
road with a foundation of nbble 

Collection of rubble of required size per W.M. (m5) 
labour , Manday 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 staoking 
within 10 m haulage distancs per CU.M. 'm5) 

14#.2.1 Size 40 to 70 mm 
Collection of stones and gravel etc. per m5 
Iabour : Manday 5.00 (Unakillad) 
Additional work for extra haulage per 10 m per one cubicmetre 
Labour : Manday 0.16 (Unskilled) 

14.2.2 Size 70 to loo mm 

Collection of stones and gravel etc. per m5 
Labour I W&Y 4.00 (Unskilled) 
Additional work for extra Laul?ge per 10 m per one cubicmetre 
IaiJour : Manday 0.16 (Unskilled) 

14.3 Collection and sievtilg gravel including stacking within 10 m haulage per CU.M. 

14.3.1 Size 5 to 70 mm 
Collsction, sieving and stacking per one cubicmetre 
Iabour : Kanddy 2.5 (Unskilled) 
Additional work for extra'haulage per 1.h per one Gubicmetre 
Iabour : &nday 0.16 (Unskilled) 

14.3.2 Size 5 to 40 mm 
Collection, sieving and stacking per CU.Y. 
Labour : Manday 4.0 (UnskilleJy3) 
Additional yrork for extra haulage per 10 m per one cubicmetre 
Iabour : Manday 0.16 (Unskilled) 

14.3.3 Size 5 to 20 mm 
Collection, sieving ans stacking per CU.!:. (m5) 
Iabour : Randay 5.88 (Unskilled) 
Additional work for extra haulage per 10 m per one cubicmetre 
!ZLbOUlT : pland:Ly 0.16 (mnskilled) 

- 
HMG Nepai Roads Department Suspension Bridge Division 
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COST ESTIMATE FOR sUSPENDED BRIDGES _--.- 
14.3.4 Size 5 to 8 mm to 14.5.4 Making sand by 
crushing of stows 

14.3 

14.3.4 

14.4 

14.4.1 

14.5 

14.5.1 

14.5.2 

14.5.3 

j$j Suspension Bsnl n ‘dge Division 

+ - 
a 
b> t_, 

HMG Nepal Roads Department Suspension Bridge Division 

‘s- 

Continuation 

Size 5 to 8 mm 
Coilectiorl, sieving and stacking per C~U.N. (n3) 
Labour : Manday 10.00 (Unskilieti) 
Additional work for extra haulage per 10 m per one cubicmetre 
labour : W&Y 0.16 (Unskilled) 

Collection and sieving fine sand within 10 m haulage distance per CU.M. (m3) 

Collection and sieving sand in hill areas, haulage distance lo m per C~J.M. (a) 
Iabour : Manday 1.49 (Unskilled) 
Additional work for extra haulage per 10 m per one cubicmetre 
Labour : Mandny 0.12 (Unskilled) 

meacking stones including collection, sieving and stacking within 
10 m haulage per CU.M. (m3) 

Size 40 to 70 mm 
Collection, breacking,sieving etc. 
Labour : Manday 8.00 (Unskilled) 
Additional work for extra haulage per 10 m per one cuuicmetre 
Iabour : Manday 0.12 (Unskilled) 

Size 20 to 40 mm 
Collection, breacking, sieving etc. 
labour : Manday 12.00 (Unskilled) 
Additional work for extra haulage psr 10 m per one CubicmetTe 
labour : Manday 0.12 (Unskilled) 

Size 10 to 20 mm 
Collection, breacking, sieving etc. 
Iabour : Manday 18.00 (Unskilled) 
Additional work for extra haulage per 10 m per one cubicmetre 
Iabour : Nanday 0.12 (Unskilled) 

14.5.4 Making s;& by crushing of stones per CU.& (mj) 
1f the sand locstion is quite far from the site, the crushing of stones to 
get sand might be the cheaper !ray. A careful1 comparison shouid be made. 
%is rate is sanctioned by the Suspension Bridge Division. 
Crushing of stones to get sand including collection, sieving and stacking 
:,ithin IO m haula,- distance per ,CU.N. 
Iabour : ;<anday 35.00 (Unskilled) 
‘Idditional .lork for extra haulage per IO m per one cubicmetre 
Labour : :?anday 0.12 (Unskilled) 

. 



COST ESTIMATE FOR SlJSPlDJi2~ BRIIEGES 

15. my rubble masonaxy to 16.3 Stone dEessiw3 

His Majes~g’a Government 
Mimstrg of ?ublic Works& Transpo t 

ROADS DEPARTMENT 

Suspension ridge ivision 

15. DRY RUEBT3 Y!S'3?NpJXY PW CU.M. 
(Based on lNCRI'Bt by HElG Roads Department) 

15.1 Providing and lying tiy m:bble masorry of hard block stones, hei&t of 
masoned body up to five metres and haulage distance within 30 metres 
per CU.M. (m3) 
Colleotion of rubble rafer to item 14,l 
Material : rubbl? 1.10 In3 
Iabour s Manday 3.50 (Unskilled) 

16. R.R. MASONRY IN CEMENT MORTAR PER CU.M. 
(l?as,dd on rates sanctioned in SBD) 

16.1 F.R. Masonry L? oement mortar 1 8 4 per CU.M, 
'Ihis item should only be used below the lmown hi@ flood level 
at the pylon and pier foundatiou for single and multiple span 
suspension bridges. 'Ihis kind of masonary work is not allowed for 
wind guy blocks and main anchor blocks. The detail drawings and 
general arrangement have to be taken 3x1:~ oonsideration. 
PIaterial : Rubble 1.25 m3 

Sand 0.34 m3 
Cemslkt 2.55 bags of 50 kg in wei&t 

Labour I Manday 0.10 

i 

Head Mason) 
Manday 2.00 MG3On) 
m.day 3.20. Unskilled) 
Manaay 0.20 Waterman) 

Soaffolding I l/jOth of the above labour 

T. & P. lumpsum s 1/2Oth of the above labour only 

16.2 R.R. Masonry Fn cement mortar 1 : 6 per CU.M. 

Material : Rubble 1.25 m3 
sad. 0.42 m3 
Cement 2.10 bags of 50 kg in weight 

I&our : W&Y (L-L; @-Lyon) 
-bY 
ManbY 3.20 

i 
Unskilled) 

m&Y 0.20 Waterman) 
Scaffolding : IjJOth of the above labour 

T, & P. lumpsum : 1/20-b of the above labour only 

* 16.3 StorzDressing per C7J.M. 
*is position is aotually not necessary for suspension end suspended bridge 
project by the design section of SBD of HMG Roads Department. 

HMG Nepal Roads Department Suspension Bridge Division 
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COST ESTIMATE FC'R SUSPENDED BRIDGES No. t 7.232 . 

17. Concrete work to 17.4 Mass concrete 1 : 2 : 4 - a 18th fan. 77 

His Majesty's Government 
Ministrp of Public SVorks & Transport 

PARTMENT 

r ic #F ivisio 

17. 

17.1 

17.2 

17.3 

17.4 

CONCRETE WORK PER CU.M. (Based oh rates sanctioned in SBD) 

Lean concrete 1 : 4 : 9 per CU.M. (m3) 
Only used as granular sub grade about 5 to 7 cm thick. 

Material : &wegate 0.90 m3 
SEUld 0.45 m3 
Cement 3.30 bags of 50 kg in weight 

Iabour P Manday 0.10 Head Mason 
Manday 0.70 Mason 
Manday 1.20 Waterman 
MaIlday 7.20 Unskilled 

T. & P. Lumpsum : 1/2Oth of the above lebour only 

Plum concrete consits of 60 96 mass concrete and 40 % boulders and 
rubbles or hard rock pieces per CU.& (mj) (Mass concrete 1 : 3 8 15 + 

Material : Aggregate 0.5.a m3 
Rubbla,etc. 0.500 m3 

40 % boulders) 1 

Sand 0.~264 rn3 
Cement f.58 +&i% bags of 50 kg in weight 

Iabour : Manday 0.60 Head Mason 
Manday 0.40 Mason 
Msnday 0.70 Waterman 
MUlday 4.30 Unskilled 
Manday 0.25 Unskilled Washing rubble, based on 'NORMS') 
Manday 1.75 Unskilled I Providing and laying rubble with- 

in a haulage distance up to 30 m) 

T. & P. Lumpsum : 1/2Oth of the above labour only 

mass concrete 1 : 3 : 6 per CU.M. (m3) 

Material : llggregate 0.88 m3 
sand 0,44 m3 
Cement 4.30 bags og 50 kg in weight 

Iabour : Manday 0.10 Head Mason 
M=hY 0.70 Mason 
MEUdZLY 1.20 Waterman. 
Manday 7.20 Unskilled 

T. & P. Lumpsunl : 1/2Oth of the above labour 

Mass concrete 1 : 2 : 4 per C!U.M. (m3) 
Refer to detail drawings because this kind of concrete is only used in small 
quantities at the top of the main anchor block 

Material : k3mwte 0.88 m3 
Sand 0.44 m3 
Cement 6.60 bags of 50 kg in weigth 

HMG Nepal Roads Department Suspension Bridge Division 



COST ESTIMATE FOR SUSPENIXD BRIDGES 

17.4 Mass concrete 1 : 2 : 4 (continuation) to 
20. Backfilling work per m3 

No. * 7.233 

, Date : 20th FebF. 77 
Sia : 

- 

Hia htnjcstg's Govcrrrnlctlt 
hfinistry of Public \V~dcs & Transporr 

ROADS DEPARThlENT 

s ge ivision 

17.4 Mass Concrete 1 : 2 : 4 per CtJ. M. (continuation) 

Labour : Manday 0.10 Head Mason 
Manday 0.70 Mason 
Manday 1.20 Waterman 
Manday 7.20 Unskilled 

T. & P. Lumpsum : l/20 of the above Labour only 

la. SHUTTERINC PER ONE SQ,M. (m2) (Based on rates sanctioned in SBD) 
For the foundation used at suspended bridges is not much need of cente.2 
ring work, The shuttering iaces are always vertical and plain. Please 
refer to general arrangement and detail drawings of the Suspension Bridge 
Division of HMG-'Roadsl 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 Br~~ongitudlnal 
wooden planks can be used for the wooden form workwithout wastage the 
planks. 

Material : Nails 0.03 kg 

Labour : Manday 0.10 Carpenter 
Manday 0.10 Unskilled 

T. & P. LumPSum : l/l 5th 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 etc. 

19.1 Reinforcement steel cutted and bended at the bridge site 

Material : Reinforcement 100 kg (it might be supplied by SBD/SATA etc) 
Binding wire 0.50 kg 

Labour : Manday s 3 Blacksmith 
Msnday 4 Unskilled 

T. & I?. Lumpsum : 1/2Oth of the above labour only 

19.2 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 

ZabOUr : Manday 0.20 Blacksmith 
Manday 2 Unskilled 

T. Rr P. Lumpsum : 1/2Oth of the above labour only 

20. BACKFILLING '.;CRK PW CU.M. (m3) (B ased on rates sanctioned in SBD) 
The backfilling work must be done at each foundation to protect the blocks 
against erosion and sliding. The passiveearth pressure is also often be 
taken into acco-mt 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 
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COST ESTIMATE FOR SUSPENDED BRIDGES No, : 7.234 

21. Placing-of anchorage parts 
floisting of main cables per m s 

His Ma jeslg’s Government 

hlinistry of Public works & Transport 
ROADS DEPARTMENT 

#p Suspension Hsidgz 
. - . . 

3 
w ivision 

21. PLACE?G 07 B,JC!!!OR~GE PAl15Yi FOR SV7".- L1 ~II)ND FRIDGS P&X UNIT AT ONE SITE 
(Rased on ra.les sanctioned by the Suspension Rridge Division of HMG 
Roads Department) 

21.1 Main cable anchorage for one anchore block iat one river side 

21.1.1 Suspended Bridges from 39 to 60 m span 
Tne analysis includes all .fork which is needed to place the anchor 
parts for the main and hand-rail cables. Yecause %he steelparts are 
standardized, the required ;rork is the same for all bridges xithin 
the spans from 39 to 60 m 

Fitter 
Unskilled [Et:;{ : 

21.1.2 Suspended Bridges from 63 to e7 m span 

21.1.3 

21.1.4 

21.2 

21.3 

22. 

22.1 

Fitter (Manday I,3 
Unskilled ( Mnnday I 2,6 
Suspended Rridges from 90 to 126 m span 

Fitter (Manday 
&skilled (Manday j g::: 

Suspended Bridges from 127 to . . . . m span 
Fitter (Manday) 
Unskilled (Manday) 2:: 

Flacing of standard *.zind 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 $ in inch (II) $ +l(tie cable only) fi 1" 6 I$’ 6 19 

Fitter 0,20 For short spans 0.30 0.60 
Unskilled g2:; i 

0.80 
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. 

Placing of anchorage parts in rock anchor foundation types, 'tunnel' or 
drilled holes in hard or sound rock per ax&wage unit (cable end) 

Take four (4) times the above rates (item 
to the cabie 8. 

21.2) which are confirmed 

CABLE HOISTING FOR SUSPENDED ERIDGES 
(Based on rates sanctioned in SRD) 

Hoisting of main cable per m span (ml/span) for one mai? cable only. 
The diametres are according to HMG'Standard desi= Refer also to 
chapter 2.4 (Standard design for suspended bridges) e.p.page 2.403. 
The cables must be at least three (5) times urepped 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 b 1~)~~ (breaking load 77 tons) are used. 

Fitter Manday 0,15 
Unskilled t I Manday O,YO 

Note : Fitter (Manday) and unskilled labour (Manday) are given per m 
span of the bridge for one cable only. Hoisting sage and numbers 
of cables refer to page 2.403 and general arrangement. 

HMG Nepal Rouds Department Suspension Bridge Division 



COST ESTIMATE FOR SUSPENDED BRIDGES 

22.2 Hoisting of wind guy cables to 23.1 
Erection of the 

Hid hrajestg’s Government 
Ministry of Public Works &1 Transport 

22.2 Foisting of the wind - gay cables per m span of the wind-guy cable 

The span of the wind - guy cable is often not the seme as the span 
of the bridge. Please take the correct spanTom the general arrangement. 
The distance between the wind tie cables (4 ,,,' is 4.8@ m according to 
HMG'Standardization. In the general arrangement the real distances be- 
tween the wind - tie clamps snoulc! be given. To mark e.g. with paint 
where 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 bu&es etc. are provided. Before 
starting the hoisting work those turn-buckles must be wide opened. 

b of wind cables Fitter (Manday) Unskilled (manday) 

f 4 y;;74 . . . . ...*... 0.07 .e........*...... 0.50 

1 i 

.ee.*....*. 0.10 . . ..*............ 0.60 

$ :‘s 

” 31,omm . . . . . . . ..I. 0.12 . . . . . . . . . . . . ...*. 0.75 
)1 38,lmm . . . . . . . . l . . 0.15 . . . . . . . . . . . . . . . . . 0.90 

22.3 Hoisting and fixation of the wind ties # l/4" per.piece. 
The numbers of wind ties can be taken from the general arrangement. 
The wind - ties are provided every 4.80 a 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. 

Labour per wind tie (piecej : Fitter 0.15 (Manday) 
Unskilled 0.15 (Menday) 

The above labour includes the time needed for the fixation on the 
zross beam of the walk - way (Gangway) 

22.4 Fitting of fixation and hand railcablespes m span of the bridge. 

This work can be estimate3 per m length of the bridge, because the 
Standard design of the suspension bridges shows two hand rail and partly 
two fixation cable fox each bridge. The hoisting for these four 
cables is very easy because this work will be done after erection of 
the walk way. spans from 39 to 60 63 to . . . m 
iabour : Manday 0.07 Fitter 0.08 Fitter 

Msnday 0.10 Unskilled 0.12 Unskilled 

23. ERECTION OF THE WALK - !gAY PER M SPAN (LENGTH) 
(Based on rates sanctioned in SBD) 

23-l 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 clesigc of HMG Roads Department shows foe all bridges the same 
way system. Because of that the assembling work can be standardized. 

Iabour : Manday 1.10 Fitter 
Manday 1.90 Unskilled 

HMG Nepal Roads Department Suspension Bridge Division 



COST ESTIIMATE FOR SUSPENDD BRIDGES ] No. 1 7.236 

23.2 Fitting of nailing strips to finishing work 24.1 

His Ma jestg’s Government 
Ministry of Public Works & Transport 

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 quickler than cn the swaying cables during the 
assembling work. 

Material : Bolts and nuts (washer&) supplied by workshop 

Labour t Manday 0.03 Carpenter 
Mm-day 0.01 Fitter 
Manday 0.01 Unskilled 

23.2.2 Fitting 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 etc. Supplied by the Workshop 

Iabour : Manday 0.15 Fitter 
Manday 0.30 Unskilled 

23.2.3 Pitting 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 kL 3 (either wood or fibre glass) must be taken. 

Material : Bolts (e.g. wooden screw) end washers Supplied by 
the Workshop 
Fibre glass planks supplied by the Workshop too 

Dabour : Menday 0.17 Fitter 
Manday 0.10 Unskilled 

23.3 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 
zapets of the bridge wire mesh must be fixed. 

Material : Wire mesh, binding wire etc. by the Workshop 

Labour : Manday 0.06 Fitter 
MaTlhY 0.30 Unskilled 

24. FINISHING WORK 

24.1 Maintain of threads of the main clamps, turnbuckles and wind- 
guy anchorage rodes per cable end. 

Iabour : Manday 0.08 Fitter per cable end 

HMG Nepal Roads Department Suspension Bridge Division 



COST E3T&ATE FOR SUSPFNDED BRTDG 

24.2 Retightening D.... to 24.4 Painting work 

Hia hktjeslp'a Gcvernment 

Ministry of Public \Vorks & Transport 
ROADS DEPARTIMENT 

24.2 Retightenj.hg of cable clamps, bulldog grips, turn buckles, 
lock nuts, etc. 

After the completion of the bridge this item is important and 
must be done carefully 

lengthe of the bridge in m Fitter (Manday) 
39 to 2; . . . . . . . . . . . . 1 

57 to 2 
36 to 126 1:: 1:: 1:: 1:: 3 

127 to . . . . . . . . . . . . . . . 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 
concrete. In such caties it is most useful to apply an elastic 
joint sealer to prevent rust in these section. 'Ihe reference to 
page 5.205 should also be made. 
'Ihe 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 Labour in Manday 
(Joint sealer) (Primer) unskilled Skilled 

- 60 . . . . 3.2 litres.....0,4 litre.......O.30.....,.0,30 
2; - 07 . . . . 6,4 litres.....O.S litre.......O.50.......0.50 
87 - 126 ..* 9,6 litres.....l.2 litres......O.70.......0.70 

T. & P. Lumpsum : 1/2Oth of the above labour only 

!%e above rates are for one bridge 

24.4 Painting of the steelconstruction 

me 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 :?hich has been used by the 
workshop. 
span in metres paint required Painter Helper (unskilled) 

39 - 54 eeameme..o.5~ li.tre.......O.SO.......O*SO...(Manday) 
- 60 •eeee.e.,~.~~ litre.......I.50.....=*1*50~=*(Manday 

z; - 126 eaeeebe.~.5~ litres...,..2.20.......2*20~~~ t Manday 
127 - 2.00 litres......3.00.~....*3.00**b(Manday i *.. e....... 

T.&P. LUmpsum : 1/2oth of tne above labour only 

Noteworth; mere are different kind of material etc. needed for m=Y 0f the 
item which are in this rate analysis for the preparation of cost 
estimates of stal,dard suspended bridges. The site in charge should 
work out 7 fist of the goods to be purchased, but he has to note, 
that the cos;s are already included in the rate analysis. 
me used cost items for a particular bridge must be overchecked 
to be certain, that the goods to be purchased are included. 

HMG Nepal Roods Department Suspension Bridge Division 



I 
COST ESTIMATE I No :7.301 

1 Transport of steel which is supplied 
by the Suspension Dridge Division from 
the SBD store to the !$orkshop . . . . . . . 

2 Gutting and Bending of reinforcement 
rods according the lists 
- with steel supplied by SBD . . . . . . . 

- with steel suppiied by the workshop . . . . . . . 

3 Fabrication cost of main cable, hand rail 
cable and wind guy anchorages 
- with steel supplied by SBD . . + . . . . 

- with steel supplied by the workshop . . . . . . . 

4 Fabrication sost of deck (walkway) incl. 
hanger rods, wind bracing clamps etcJ. 
- with steel supplied by SED . . . . . . . 

- with steel supplied by the workshop . . . . . . . 
5 Delivery of wire mesh netting, 120 cm 

wide, 3m galvanized, one transport unit 
has to be below 45 kg (prices per m length) 
- with wire supplied by SBD (manufacturing) . . . ...* 

- with wire supplied by the Workshop . . . . . . . 

6 Delivery of open thimbles IS 2315-1963, galvanized 
6.1 Thimbles for cable fi 4 11 (price per piece) l . . . . . . 

6.2 Thimbles for cable # 3 11 (price per piece) . ...*.. 

6.3 Thimbles for cable b 1 '1 (price per piece) . . . . . . . 

6.4 Thimbles for cable $ 1%' (price per piece) . . . . . . . 

6.5 Thimbles for cable B 19 (price per piece) . . . . . . . 

Quotation for a Suspended Bridge 
(steel construction) 

1 
Date : 22nd Febr. 77 

sig = 

Quotation for : . . . . . . ..*.**..............*...*... Span : . . . . . . m 

Dear Sirs, 

please let us have your best offer for the following items of the above mentioned 
Suspended Bridge (bridge without pylons) accordung to RMG'Standard Design. Eh- 
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 RMG* Roads* Department. 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 : 
i : !Ihe settlement of the final account for construction work will be based on 

the theoretical sleights of the steelparts list of HNG* Standard Drawings* 
ii : One test assembly must be made by the workshop and shown to the Suspension 

Dridge Division of HMG' Roads' Department. 
iii : The numbers of the steelparts list must be written on the finished steel- 

parts, units and members. 
iv : Threads etc. must be protected with Jute etc. 
V : !the workshop is responsible for seeing that all thimbles can be fitted on 

the provided pins, steelparts, bolts etc. 
vi : The points g5ven in the enclosed Yl'erms of steelworkW8 (refer to pagas 7.5) 

must be taken into consideration. 'Ihe Terms of steelwork" is an integral 
part of this quotation form. 

Item Specification, etc. 
Nos. Steel supplied by whom 

Quanity Rate per Total Item 
kg RS. Rs. 

. . . . . . . . . . . . . . . . . . 

........ .......... 

........ .......... 

........ .......... 

........ .......... 

........ .......... 

........ .......... 

. . . ..e.. e-.*0..... 

..w..... . . . . . . . ..- 

T 
. . . ..t.. . . . . . . . . . . (. 

i 
..I.... l . . . . . . . . . . . 

F 
. . . . . . . a . . . ..a...* < 

-: 
. . . . *... ..*...*... . 

: 
. . . . . . . . ..*....... . 
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COST E3TIMATE 

Quotation for a Suspended Eridge (continuation) 

1 No. : 7.302 

Date : 22nd Febr.77 
(steel construction) 

.tem Specification, etc. Quantity Rate per Total Item 
10s. Steel supplied by whom kg. Rs. Rs. 

7 Delivery of bulldog grips IS 2361-1970 , galiranized 

7.1 Bulldog grips for cable fl t 'I (price/piece) . ...*..* . . . . *... .*........ 

7.2 Bulldog grips for cable $ $J '1 (price/piece) . . . . . . . . ..*...*. ..*..*.... 

7.3 Bulldog grips for cable fi 1 '1 (price/piece) . . . . . . . . . . . . . . . . . . . . . . . . . . 

7.4 Bulldog grips for cable $ 19 (price/piece) . ..*.... . . ...*.. L......... 

7.5 Bulldog grips for cable $ 19 (price/piece) . . . . . . . . . ...*... . . . . ...*.. 

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) . . . . . . . . ......O. l . . . . . . ..e 

- second coat (finish coat) (price per m2) . . . . . . . . . . . . . . . . . . . . . . . . . . 

8.2 Painting and delivery of paint by the 
workshop 
- first coat (base coat) (price per m2) l . . . . . . . . . ...*.. . . . . . . . . . . 

- second coat (finish coat) (price per m2) . . . . . . . . . . . . . . . . ......e... 

9. Delivery of cables 6x19 (12/6/l) according to 
Indian Standard 2266-1970. The cables are to 
deliver with steel wire core and galvanized. 

9.1 Delivery of cables # t", Breaking load 2.3 t 
according to cable list (price per m length)........ l . . . . . . . . . . . . . . ..C 

9.2 Delivery of cables $ p, breaking load a.79 t 
according cable list (price per m length)........ . . . . . . . . . . . . . . . . . . 

9.j Delivery of cables b I", breaking load 35,9 t 
according cable list (price per m length)........ . . . . . . . . . . . . . . . . . . 

9.4 Delivery of cables # 19,breaking load 54.4 t 
according cable list (price per m length)........ . ...*... . . . . . . . . . . 

9.5 Delivery of cables # lp, breaking load 77 t 
according to cable list (price per m length)........ . . . . . . . . . . . . . . . . . . 

1-P Total cost without sale tax = ..*....... 
t 

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 Eridge 
Division of HMG Roads' Department : 
Item No. 2 . . . . . . . . . . . . . weeks Item No. 3 . . ..*........ weeks 

Item No. 4 . ..*......... weeks 

Item No. 5 . . . . . . . . . . . . . weeks Item No. 6 . . . . . . . . . . . . . weeks 

Item No. 7 . . . . . . . . . . . . . weeks Item No. 9 . . . . . . . . . . . . . weeks 

The closing date for receipt of quotations will be on . . . . . . ..*...... 

Date . . . . . . . . . . . . . . . 

signature and stamp of the !forkshop . . . . . . . . . . . . ..J......................... 

HMG Nepal Roads Department Suspension Bridge Dwslon 



COST ESTIMATE 

Quotation for a Suspension Bridge 
(Steel construction) 

Quotation for‘. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SF"" : . . . . . . . . .7 

Dear Sirs, 

Please let us have your best cffer for the following items of the above mentioned 
Suspension Bridge (bridge with pylons) according to HEG'Star.c!arJ Design. EnclGse& 
herewith please find all needed drawings and steelpartllsts, which give you all 
the information. Would ,ycu please fill in this list anti send it to the Suspension 
Bridge Division of I-!%' Roads' 3eFartment. The ccnstruction work ::I;-t bc done 
according to the Indian Standard and the enclosed Standard Drawings. In addition 
the below mentioned points have also to be ke?t : 
i : The settlement of the fi.nal account for constrrlctlon work will be based on 

tine theoretical weights of the steellarts list of RP:G' Standard Drawings. 
ii : One test assembly must be made by the workshor, and shown to the Suspension 

Bridge Division of HEG' Roads' Department. 
iii : The numbers cf the steelpart s list must be written on the finished steel- 

parts, units and members. 
i-f : Threads etc. must be protected h'ith jute etc. 
V : The workshop is resFon,.. rible for seeing that all thimbles can be fitted on 

the provided pins, steel-parts, bolts etc. 
vi : The points given in the enclosed "Terms of steeluork" (refer to pages 7.5) 

must be taken into consideration. The "Terms of steelwork" is an integral 
part of this quotation form. 

Item Specification, etc. 
Nos. Steel sunplied by whom 

Guantity Rate per Total Item 
kg Rs. Rs. _ -- 

1 Transport of steel which is supplied 
by the SusE;ension Bridge Divisicc from 
the SBD store to the Work&o> . ..a... 

2 Cutting and aending of reinforcement' 
rods according to the lists 
- with steel supplied by SBD . . . . . . . 

- with steel supplied by the workshop . . . . . . . 

3 Fabrication cost of main cable, walk-way 
pylon, side stay and wind t,uy anchorages 
- with steel supplied by SBD . . . . . . . 

- with steel supplied by the workshop . ..*... 

4 Fabrication of pylon construction 
- with steel supplied by SBBD . . . . . . . 

- with steel supplied by the workshop . . . . . . . 

5 Fabrication of deck (walk-way), Suspenders, 
stabilizing cable clamps, wind tie clamps, etc. 
- with steel supplied by SBD . . . . . . . 

- with steel supplied by the workshop . . . . . . . 

6 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 supplied by the workshop . . . . . . . 

. . . . ..o. . . . . . . . . . . 

........ .......... 

........ .......... 

........ .......... 

........ .......... 

......... .......... 

........ .......... 

........ .......... 

........ .......... 

........ .......... 

........ .......... 

. . . . . /continued 

WMG Nepal Roads Deportmwt Suspension Bridge Dwiston 



COST ESTIIT>TE 

Quotation for a Suspension Bridge (continuation) 
(steel construction) 

----f$yh2F 

Item Specification etc. Quantity Rate per Total Item 
Nos. Steel supplied by GJhOm Rs. Rs. 

7 

7.1 
7. ,- 

7.3 

7.4 

7.5 

8 

8.1 

8.2 

8.3 

8.4 

6.5 

9 

9.1 

9." 

10 

10.1 

TO.2 

10.3 

10.4 

10.5 

Delivery of open thimbles IS 2315-1963, 
galvanized. 
Qxi:lbles for cable 4 $ I1 (price per piece) . . . . . . . 

I%,. bles for cable 6 Q 'I (price per piece) 6 . . . . . . . 

&imbles for cable b I " (price per pi.:?.?) . . . . . . . 

Thimbles for cable b 1%" (price per piece) . . . . . . . 

%imbles for cable 4 13" (price per piece) . . . . . . . 

Delivery of bulldog grips IS 2361-1973, 
galvanized 

Bulldog grips for cable 4 Q l1 (price/piece) . . . . . . . 

Bulldog grips for cable b * '1 (price/piece) . . . . . . . 

Bulldog grips for cable fi 1 II (price/piece) . . . . . . . 

Bulldog grips for cable b 14" (price/piece) . . . . . . . 

Pulldog grips for cable b l*tf (price/piece) . . . . . . . 

Painting of the whole steel construction 
according to the drawings and steelparts 
lists after cleaning of the steel parts. 

Painting with paint supplied by SBD 

- first coat (base coat) (price per m2) . . . . . . . 

- second coat (finish coat) (price per m2) . . . . . . . 

Painting and delivery of paint by the 
workshop itself 

- first coat (base coat) (price per m2) . . . . . . . 

- second coat (finish coat) (price per m2) . . . . . . . 

Delivery of cables 6x19 (12/6/l) according to 
Indian Standard 226&1970. The cables are to 
deliver with steel wire c<re and galvanized. 

Delivery of cables 4 *I*, Breaking load 2,3 t 
according to cable list (price per m length)....... 

Delivery of cables b &I, Breaking load 8.79 t 
according to cable list (price per m l~ugthj....... 

Delivery of cables $ :'I, Breaking load 35,90 C 

according to cable list, (price per m length) I '...C 

Delivery of cables d l$", Breaking load 54,4 t 
according to cable list, (price per m length)...,... 

Delivery of cables # l&1, Rcealcing load 77,0 t 
according to cable list, (price per m length)....... 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

1 - 10 Total cost without sale tax = . . . . . . . . . . 

. . . ..C. / continued 
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COSTESTIMA!l% 

tie 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 HMC Roads' Department I 

Item No. 2 . . . . . . . . . . . . . . . ..*......... weeks 

Item No. 3 . . ..-...................... weeks 

Item No. 4 . . . . . . . . . . . . . . . . . . ..e....e. weeks 

Item No. 5 l . ..*..*................... weeks 

Item No. 6 ..*....*.I...**............ weeks 

Item No. 7 . . . ..e...**........e....... weeks 

Item No. 8 . . . . . . . . . . . ..*.........*... weeks 

Item No. 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . weeka 

The closing date for receipt of quotations will be on . . . . . . . . . . . . . . . . . . . . lg.... 

Date . . . . . . . . ..*........ 19 . . . 

Signature and stamp of the Vorkshop 

Enclosures :-Standsd Drawings 

- Verms of Steelwork" 

- Quotation forms ( 2 x ) 

- Cable list 

- Reinforcement steel list 

. . . . . . . . . . . . . . . . . . . ..“..........* 
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CCET liM?IMATE I No. : 7.501 . 

‘TERMS OF STEELWOFE for suspension and Suspended Bridges Dote : 1st March 

His Majesty’s Government 

Ministry of Public Works & Transport 
ROADS DEPARTMENT 

ension ivisio 

The k+r- ;:iven rointr eketern must be *.b -d--en ir.to consideration by offerire and maccfacturing of steel construction. 1" 
additicn tke Icdiar! Stancards dealing with the steel construction etcetera must also be kept in mind. These "terms of 
steelwork" if the SuspensLon bridge Division is an intega1 par+, o.* all orders concerning the constructloo of =cy ktd 
of trirlvs aP0 spare :;arts etc. These "tercs of steelwork" have the first priority. e.g. come before the 1s. 

2 SAP'hTTY lX&l!W,a!.'l'S ,,I& I.&!,‘I’H P!ILVISIUS 

For purpose cf safety requi-emcnta nnd health provisions. reference "ry be made to IS : 818-1968. 

3 Sl'f+AICF~i~hIKC 

All nlstcr1a1 nhxll DU str;tl,,ht and, If I!oceswry, before being worked shall be ctnightoncd and/or flattened by prersure, 
vn1er.s roqu!rcd to hc of curvlllnear form anl shall be free from twists. 

4 CLEAHA1APCk‘S 

The erection clearance for cleated or& of menbcrs conncctlnc steel to steel should preferably be not bimr then 1.0 mm 
nt each end. The erection clcan~ce at ends of beams without web cleats should be not nom then 2 mm at each end, but ,,bere 
for pmctlca reasons, b&or cleanncr 5s necesseiy , 
pression load, like column si-afts, 

suitably designed seatings should be pmvlded. For memherc under corn-' 
th: ch~ectinc steel to steel is usually designed as dlmct (contact) joints. Refer to 

'machining of butts. caps and bases' (Article 1G). ktlere black bolts are uied. the holes ,wiy be nado not more than 2.0 m 
blecer than the diameter of Lhe bolts, unless oth?rnlse specified by the engineer. rsp. Standard Drawicge of HNC. 

5 CU'lTING 

Cutting nuy be effected by shearing. cropping or saving. Gas cutting by mechanically controlled torch ray be permitted for 
mild steel only. Gas cuttine of high tensile steel may also be permitted provided special care is taken to leave sufficient 
metal to be renovea by machining so that all metal that has been hamened by flame is removed. Hand flame cottlng may be 
permitted subject to the approval of the inspcrtor of the Suspension Bridge Division. 
Except where the material is subsequcntl:r joined by welding. co loads shall be transmitted itic metal thmu& a es cut scrfar 
Shearing, cropping am gas ctitting, shall be clean. reasonably square ard free from any distortion and should the inspector 
find it necessary, the edK<fs shall be ground afterwards. 

6 HOLING 

Holes thmugh more than one thickness of material for members shall be drilled, where possible, after the members are 
assembled and tlptly clamped or bolted togsthor in the workshop. Punching ray be permitted before test assembly. provided 
the holes are punched 3 mm less in dinmetre than the required size and reamed after shop assembly to the full dlametre. The 
thickness of material punched shall not be bigger than 14 mm. 
When holes are drilled in one operation thmugb two or more sepanble parts, these parts. when so specified by the engineer, 
shall be separated titer drilling ana the burrs removed. 
Holes in connecting angles and plates. other than splices. also In roof members and light framing, ray be punched full size 
through material not over 10 mm thick, except where required for close tolerance or barrel bolts. 
Matching holes for rivets and black bolts shall register with each other so that a @,,ge of 1.5 mm or 2.0 mm (as the ca6e 
may be, deywdlng c" whether the diameter of bolts is less than or more than 25mm) less in diameter than the diameter of the 
hole will pans freely through the assembled members in the dlrecti?n at ript angle to such memben. pintshed boles hhe.11 

not more than 1.5 mm cr 2.0 mm (as the case ioay be) in diameter larger than the diameter of the black bolt passing throw& 
b 

them, unless otherwise specified by the engsineer of HMC' Roads Eepartment. 
Holes for turned and fitted bolts shall be drilled to a diameter equal to the nominal diameter of the shank or barrel subject 
to Hl3 tolerance specified in IS:919, last edition, "Recommecaations for Limits am Fits for Engineering". Referably. parts t< 
be connected with close tolerance or barrel bolts shall be firmly held together by tacking bolts or clamps ati the holes 
drilled through all the thicknesses i one operation and subsequer.tlp reamed to size. All holes not drilled through all thick! 
messes at one operation shall be arilled to a smeller size and reamed out after assembly. Were this 1s not practil ble. the 
parts shall be drilled and reamed separately through hard oushed steel jigs. 
Holes for rivets or bolts shall not be formed by a es cutting pmces~. 

7 ASSEVBLr 

The component parts shall be assembled in such a ranner that they are neither twisted nor othenise damaged and shall be so 
prepared that the specified cambers. if any, are provided. Refer also to point 15: Shop enction (Test assembly). 

S BOLTING 

Where necessary washers shall be tapered or otheinise suitably shaped to eve the heads and nuts of bolts a satisfactory 
bearing. 
The threaded portion of earh bolt shall pmject through the nut at least one thread. 
In all ce.ses where the full bearing area of '.ha bo?t is to be developed, the bolt shall be provided with a washer of scfflclet 
thickness under the nut to avoid any threaded portion of the bolt being within the thickness of the parts bolted to&her. 

- -- 
HMG Nepal Roads Department Suspension Bridge Division 



COST EEPIMAm I No. : 7.502 _ 

YlJBM!3 OF S-WORK for Suspension and Suspended Bridges 

(1 st coutiuuatian) 
Dote : 1st March 77 - 

His Majesty’s Government 
Ministry of Public Works & Transport 

ROADS DEPARTMEN 

sio ge ivisio 

9 WELDING 

The welders shall be trained in accordance With IS : 817-1%6+. They shall also be subjected to appropriate qoalifyl"g 
specified in IS : 1181-1%7. 
Welding shall be in accordance with any of the following standards as appmbriute: 

Is I 816-1969 Code of practice fc: use of metal arc welding for general construction in mild steel 
Is 1 819-1957 Code of practice for resistance spot welding for light assemblies in mild steel 
IS 1 flzo- Code of practice for "se of ueldi"g in tubular co"stNcti"" 
IS I m- Code of plirctlre for "se of WeldinS In pipelines 

IS : m- Code of practice for Inspection of welds 
IS : 823-1964 Code of Proced"rv for manual metal arc welding of mild steel 
IS :1024-1968 Code of practice for use of welding in bridges anl structures subject to dynamic lmdlng 
IS ~1261-1959 Code of practice for seam melding in nild steel 
IS 11323-1959 Code of practice for oar-acetylene welding for structural work I" mild steel 

For welding of any particular type of joint, welders shall give evidence acheptable to the purchaser of having satisfactorily 
completed appropriate tests as described In a~ of the folloul"S stanlards as relevant1 

+Is , 817-1957 Code of practice for training and testi”&! of metal arc welders 
+IS ,1181-1957 qualifying tests for metal arc welders (engaged 1" welding stNctwes other than Pipe") 

1s 11393-1961 rkde of nractice for trainin and tostin 
l-3 B 

of ov-acetylene welders 
If them nre any new editi,': of India" Stand8 those shou d be used as references. 

10 NACHINING OF BUI’TS, CAPS AND BASK+ 

Column splices and butt joints of struts and compressia" members depenaine on contact for stress C~“~~~ee~“” shell be 
accurately machined and close-butted over the whole section "lth a clearance not exceeding 0.1 mm locally et any place. 
I" column caps and bases. the ends of shafts together ulih the attached @wets, angels channels, etc. after rlvoti"g 
together, should be accurately machined so that the parts connecten butt over the entlre surfaces of contact. Care should 
be take" thnt those ConneCttnE ankles or channels ale fixed with such acc"racy that they --‘c not reduced i,, thickness by 
nachlninc by more than 1.0 mm. 
Ends of all bsartng stiffeners shall be nrlchined or gro"M to fir ti@tly aL both top a"<, w".nm. 

11 SLAB BAC:;S AND CAPS 

Slab bases and slab caps. except when cut from material uith 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 
(L foundation need not be machined if such face ia true and parallel to the upper face. 
To facilitate grouting, holes shall be provided where necessary in stanchion bases for the e-cape of air. 

12 SOLID ROUND STYEI. CCLUE!NS 

Solid round steel columns with shouldered ends shall be provided ulth 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 melded in position, shall not exceed 
0.25 mm. 
Where slabs are welded in posttion, the reduced end of the shaft shall be kept just sufficiently short to accomodate a fillet- 
veld "ro""d the hole without Meld-metal being proud of the slab. 
All bearing surfaces ci slabs intended for metal-to-metal contact shall be machined perpendicular to the shaft. 

13 PAINTING 

All surfaces which are to be painted, oiled or otherwise treated shall be dry ati thorou@ly cleaned t', remqve all loose 
scale and looso rusf. 
Surfaces not I" 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 Melded, 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 welde~ or impair the qvality of the welds. 
Welds and adjacent parex. metal shall not be painted prior to deslagging. inspection and approval. 
Parts to be encased in concrete shall not be winted or oiled. Aefer to standard drai:ings and steelpart lists. 

Before painting of steel is commenced, all surfaces to be painted shall be dry uld thoroughly cleaned from all loose sUIe 
and rust. ahe 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 costing shall be completed in the workshop after the test assembly. 

HMG Nepal Roads Department Suspension Bridge Division 



COST FSl’iNA’l’E 
M 0-j' S~sJo~ for s2.x3psnsion and Suspended Bridges 

(2nd continuation) 

Hia Majesty's Goverr,ment 
Ministry of Pub!ic Wotks & Transport 

iViSiOn 

14 MRKING 

E&h FieCe Of steelwork shall be distinctly marked before delivery, in accordance with a marking diagram, and ehall bear 
such other marks as uill facilitate erection. Ihe !aarking used by the standard d,auinge m,,et be taken. 

15 SHOP E!ECTION (TEST AsSZNiJLY) 

'The steelwork shall be temporarily shop erected complete "I as arranged with the inspector so that acceracy of fit may be 
checked before despatch. The parts shall be ahop assembled with a sufficient nomber of parallel drifts, to bring and keep 
the parts in place. 
In the caee 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 each position as lrranged with the inspector. 
The workshop is responsible for seeing that all thimbles etc. can be fitted on the provided pins, &e&parts, bolts etc. 
If there ere any differences the engineers Of "NC Roads’ Department must be contacted. The test assembly should be show 
to the Suspensisn Bridge Dlvisi"". 

16 PACKIliG 

All projecting plates or bars a”d all ends of members at joints shall be stiffened, all str;light bare ati plates sha:l be 
bundled, all screved ends and machined su-faces shall be suitably packed and all rivets. bolts, nuts, washers and awill 
loose parts shall be packed sepxately in cases so as to prevent damage or distortion during transjt. All threede shall bn 
protected with greas&nd jute. 
Thn transport units (:ncluuing wire ,,,esh netting) shall net exceed 45 kl: in wei&. 
Tak reference t3 the litanda~d Drawings. 
The packing work shall be dote in such a "ay, that after a rough trans,~"rtati"n by truck. aeroplanp. helicopter. rope way, 
boats, bensts of burden as well as porters, the pecking will be still I" good "tier. The costs of p;lsklng shall be lnrluded 
in the rates. Cable ends are to handle 8 ith care and their end must be protected corm3.ly against any accident. 

17 INS’SCTIO# AND T!BTINC 

Access to C"ntract,~r's Uork6 - The contractor should offer fitcllities for the inspection of the work at all stages. 
InsFec'.i"n of Fabrication - Unless otherwise agreed this inspection should be carried out at the place of fabrication. The 
c"nt,x~t"~ should be responsible for the accuracy of the work and for any error which may be subsequently diecovered: 
Iospection on Site - To facilitate inspection the contractor should. ouring all working hcurs, have a fo~man or properly 
accredited charge hand available on the work&op together with a Complete set of contract drawings and -iny further drawings 
snd instructions which may have been issued from time to time. 
The inspector shall heve free access at all rensonable times to thoee parts of the larnuf.w.cturer'e works which are concerned 
with the foxicai.i~n of the steelwork ati shall be afforded all reasonable facilities for satiefying himself that the fabri- 
oatior, is being undertaken in accordance with the provisions of the standard dravings and the “term of steelwork". 
Unless specifier, ..:"emlse !nepecti"n shall be made at the place of manufacture prior to despatch and shall be conducted eo 
as not to interfare nnnecessarily with the operation of the work. 
i'he mnnufact,,rer shall gaxantee conpllance with the pmvlsione of this standard, if required to do so by the purchaser. 
Shoul,, any etructure or part of a structure be found nor to comply with any of the provisions of this standard. it ehall be 
liable to rejec?ior. 
No structure or rar: of the strxture. once rejected shall be resubmitted for test, except in cneea where the pwchaeer or 
his authorized representative considers the defect a6 rectifiable. 
Defects ,,hich ,~,y apprar during fabrication shall be nadc good with the consent of arxi aCC"rdi"g to the pmcedure laid down 

by the inq’ector. 

~11 gnuge,er. and tem$ates necessary to satisfy the inspector shall he 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, end should the material eo tested be found to be uneatisfacto~, the costs of such tests shall be borne by the 
manufccturer, end If rJtlsf"ctory, the costs shall be borne by the purchaser. 

. 1R STGAINC AND HANDLIliC 

.&l~ structuraI &eel sh"uld be s" etored and handled to the Suspension Bridge Division that the members are not subject to 
excessive stresses and dmage. 

19 FE&D WELDING 

*xl fie?d assemb;y and "eldlng shall be executed In accordance vtth the requirements for shop fabrication. excepting such a= 
wnifeetly apply l-o shop conditions only. Where the steel has been delivered painted, the paint shall be removed before field 
welding, for a distance of at least 50 mm on either side of the joint% 
This point shall be very ",-used at euspensi"" aEd suspended bridges of "MC ' Roads' Departmerrt and mi&t only be necessary for 
maintenance an-3 repairing work at existing bridge sites. 

HMG Nepal Roads Department Suspension Bridge Division 
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LAY CUT OF A SUSPENSION BRIDGE 

Fixing of the Bridge Position 

No. : 8.10' 

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 aiong the new axis. 

How to do that see chapter 'Site Survey'. 

8.2 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 pegsand check if they are 

;Iccordlng to the measurements given in the general arrangement. 

SKETCH I: 

LEFT BANK 
RIGHT SANK 

?. Now fix the tower axis on one river bank. From this point measure 

the span and fix the toner axis on the other bark. (Methods how to 

do that see chapter 'Site Survey')D Then check the elevation of 

these pegs and look if they are according to the elevation given 

in the general arrangement. 

HM6 Nepol Rood8 Department Suegmeion Bridge DIviston 
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LAY 37: GF A SbSPENSiON bNIirw No : 8.102 

Fixing of the zridge 2osltion 

4. If all measurements dre correct accorcir Lg to the general arr:lrlgemer.* 
fix the positions of dll blocks in the way as shovn in tLe fnii~wir.~ 

Fages. 

SW-4 OF THE BRIK 
(PYLON - PYLON1 

WENT OWEN IN THE GENERAL ARRANGEMENT 

LEVEL Y-ZYW -FG5!fWIloN.-~“‘~ 

RIGHT BANK 

Sometimes It happens that you can't find the old pegs cr ttz.t the 

first survey has not Deen done very exactly or that land slides have 

occured at the proposed site. In that case you have to measure 
a new profile. &ran the again measured profile on tracing paper 

in the same scale as the general arrangement. 

how you can put the general arrangement under this profile and find 

out the best position of the brlage. It must be kept in mind tnat 

the tower-founaations should oe placed: 

- safe from river-scouring 

- in a position that rock-excavations are minlmal 

- in a position that the volume of excavation and concrete-nor?. 

remain small. 

After finding the best position of the bridge in the crawing YOU can 

fix the bridge position at site, too. 

,.+.. SKETCH 3: ..“‘.. 0.. 
/OENERAL ARRANOEHMT 

RIGHT BANK 

. M&G Nepal Roods Deportrnw?t !3~spsnsion &id pa i?~vmm 
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LAY GtiT GF A WSPENSIGN BRIDGE 

Fixing of the Bridge Position 

No. : 8.103 

Date: 28.12.76 

Sig :(&& 

$KETCH 4: awrerwnts are given 

HMG Nepal Roads Department Suspension Bridge Division 
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LAP OUT OF A SUSPENSION BRIDGE 

Lay-out of tb bI.ocks 
Main anchorage 

8.3,LaY-out of the blocks 

Already at the beginn- of the bridge-construction this work should 
be done carefUlly and in a detailed way, in order to save tFme and 
to facilitate the control of the work for the whole oonstruotion- 
period. 

E-ale for the lay-au* of a main-anchorage 

D1, D2, D3, RL 1 , RL 2 are kn0w-n 
from General Ar-w-e~en~ 
The dimension8 of the anchorage- 
block are from the 
General AE eat ad the Detail 

Drawing6 

Plan: 
. 9' 0 = temporary p,egw, 

(1,2,9,lo,lL,l2) They will 
disappear during the 
construotion-work, 

(j= permanent pegs. 
(3,4,5,6,7,8,13,14,15,16) 
They should be safe or 
protected from any 
construction-obetructione. 

- Measure along the bridge center-line the dietance from peg "A' to 
the front edge of tha anohorage-block and fix peg "1". 

- Measure from peg "1' the lengxn or the anchor-block and put peg "2", 

- Cheek the distanoe from peg "2" to peg V'. 
- Set up two additional. pegs qf the center:.li.na at places safe from 

excavation-work (pege "31t & lt4"). 
-,Stsrting 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,ll,8 and 12 are fixed. 

- With the help of the pegs ((9" and *U" the help-line of the down- 
etream edge is determined (pegs 13,14) and with the peg8 "10" and 
"12" that for the up&ream edge (pegs 15,16). 

h 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 correepondi& points. 



LAY OUT OF A SUSPENSION BRIDGE lb.: 8.105 

Tower Foundation, Lay-out along a parallel to the 
bridge center-line 

Dater 0. 9.19'75 
Sig.r %5-fL--.-.s 

Examnle 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 (pege 17 and 18 in the ekstch). 

0 = temporary peg8 

BRIDGE -.-. p'G- 

0 = permanent pegs 

Lay-out with a Parallel to the bridge center-line 
A~parallel-line t;o the bridge center-lins ie chosen, safe from all 
aonet.~~o&~rks. 
&l&sure equab'diatances, 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-anahorage and tower-foundation can be placed (1',2',3' ,*.. >. 

Sketch in,plan: 

Thug 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 be 

t 

fixed as proposed under 8.103 or with a theodollte and a measuring- 
tape (for the distances Dl, D2). 

m Waprl ion Brim Diri 



LAY OUT OF k SUBPtiLSICE SRIDGd 

i;lind - Guy - Anchorage (I) 

I Hoea 8,106 
i-- 
I Dater 13. 9.1975 

D = Distance along the tower 
center-line, from the 
bridge center-line to the 
wind-guy-cable. 

In the bridge-drawings the location of the wind-guy-ancnorages is 
usually given ti reference t6 the tower- and bridge center-ltie. 

Sketch: 
l-u-t- 

BRIDGE .-.- -9 
'2 

T4- Proceeding: Y 

D P = angle between wind-guy- 
cable and tower center- 
line. 

- Measure fr,om point "11" along the tower center-line the distance 
"D" and set up the pegs "R" and "S". 

- Measure the angle "PI' 
peg "R+" 

in "RI' (take as reference if possible the . 
on the other bank) and fix point "T". Leo the same from 

peg "S" and fix point 'V". 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 anohor-rod is usually thr same as the top 
of the tower-foundation. (see next sketch). 

Sketch: 
26 PHASE 

Choose the place of the anchor-block &F&m 
in such a way that excavation and 
concrete-work remain small. D,,Dt= DISTAUCES FOR -NE LN-OUT 

Note: For the lay-out of a new line, in any angle to an already 
given line, the reference-pqint on t;hi.uiven line should- 
be-c.hGsen as far away as gossible, for example on the other 
river bank. 

Near every foundation and anchorage)bench marks should be levelled 
as reference for the elevations. 
For this and for the meaeurement of horizo=ltal distances on slopes 
please refer to the chapter "Survey Methods" 

P R ion Bri DiriePoa 



DAY OUT OF A SUSPENSION BRUXiL 

M.nd - Guy - Anchorage (11) 

- 
Ho.1 8.10’7 

mter14, 9.1975 
s4. I sd-Ls 

If it is not noeaible to measure along the tower center-line due to 
obstacles (rock,trees.. ), the lay-out can also start from any other 
point of the bridge center-line (from Ql, Q,,(Q3....). 

Sketch in plan: 

Example: For "Ql" 

- Calculate the distance "Dl" from "Ql" to "Rl" and "2'1". 

% =D- dlxcotanp (D 3 would be : D + d3xcotanp) . 

- FIX the pegs 951" and "Sl". 

- Measure on these points the anglep and eet up the pegs "R""'S", 
IIT It -d t’u II 

. (Dietance "RlR" = $$- ) 

- Fix the location of the anchorage-block (see 8.105). 

Remark: 
The point "Ql " can also be in the river-bed if for one 

reafson or the other it will facilitate the lay out. - 

For the wind-guy-anchorage, 
help-lines and reference-points 
are fixed similarly to the 
main-anahorage. (see 8.103). 
A bench mark should be set up 
for the check of the elevation. 

-----.. 

See also chapter "Survey Methods", ., ..-. _..-.I 
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LAY CUT CF A S'ciS~WiJD ERIuGE No : 8.20~ 

Dote : . 
-z 15, 1& . ..L. 

The lay out of a sus;lended bridge car. be mane in a similar ray as the 

iav act of a sus;ensior, oriuge. ‘i’here are only son&e di:':‘erer.ces ir. ttle 

qiver. measuremects. So tne given spafl is not measured fron tower tr 

tower (there are Kc. towers) or from drum to crum. The s>.a~ ;s m;easu-ed 

from the front of tne foundation on the Left &&ark to tk.p r‘rcct of the 

foundation on the right bank, 

SKUSH5: 

t--- 
SPAN OF A SUSPENDED BRIDGE 

( FRONT OF FOUNDATION TD FRONT OF FOUNDATION 1 

I,. , 

- [ \ 1 _ -‘- /-MEASUREMENT GIVEN IN THE GENERAL ARRAMGE-NT. 

The fitting of the Dositlon of the wind&qy-anchorace car. oe 11cp.e lr 

the same way as shown under Suspensior, bridge. 

HAM; Nepal 
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LAY bL'T CiF A SL'riNdjEi~ SHIti& No : 8.202 

:Ir.ayle for the iay out of :he mair: anchor block 

E xampie for the lay - out of a main anchor block 

0 Permanent pegs 
They should be safe 
or protected from any 
construction - obstruction 

Temporary pegs 

. & Bridge 
arir 

They will dis;lppear 
during the 
construction work 

! 
1 v 4441 - The dimensions of the 

anchor block are known 
from the detail drawings 

- The position6 of the 
6teelparts are known from 
the LAY- OUT drawing6 

- Fix or. the center-line tl:e front of the foundation (peg 3). 

- Seasure from pei 1 the ler.gtn of the foundation anti aut peg 2. 

- ,se!t. up two aaait.onal ?egs of the center-line at places safe frcm 

excavation work \;egs 1 and *). 

- starting frcm peer j ?ut the ;)egs 21, 7, 11, 20 for the help-line of the 

fror.t edge. Do some for the help-line of the back edge; from peg 2 the 

pegs 14, 6, 10 and 13 are fixed. 

- with the help of the ;3egs 5 and 7 the help-line at the oown stream edge 

is determinated (pegs 5 and e) and with the pegs 10 and !I that for the 

upstream edge (pegs 4 and 12); 

- fix the axis lines of tte clamps, the drum ana the sadaie <pegs 15, 16 

and 17,18 and 19, ?Oj. cl 

I 

t 
t 
5 D 
. 

a 
c 
a 
v)- 

In this nay the edges or the cer.te r-line can be checkec ax any time with 

the aia of a thread or a rope tiec to correspondding p;.lnts. 

HMG Nepal 
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No : 9.101 
CGKSi!RUCTION WORK 

General, Collection of Material0 Dote : 26th Feb, 77 

Sig : pm&o, 

General 

Included in this chapter will be all works required at site after finish- 
ing the lay-out up to the erection of the bridge. One of the most im- 
portant points which must be remarked, ia the erosion. We should try to 
prevent erosion during oonetruction work and also afterwards. !lhe best 
way to prevent eroeien is to open the excavation only for a short time. 
SO excavation, concreting and refilling is one working prooess. The 
refilling is one of the most important works. Some methods, how to do 
it, are shown in this cha;rter. 

9.1. Collection of Materials 

The quantities of all material8 are given in the Coat Kstimate or can 
be oaloulated out of the quantitiee given in the detail drawings. store 
the oollected materiale near the places where they will be used after- 
wards. So you do not have to oarry them too far during the oonatruation 
period. ~180 do not oollect too hi& quantities of eaoh item. 

Required Materials 

Rubblea, Rubble6 are bits of broken stones, rock or brickwork. stones 
from a riverbed, coarse gravel (30 - 55 mm) 6. g. You Can ale0 
get them out of rock exoavation materials. 

Stones: Ihe size of the stones should be from 40 to 100 mm. If you have 
rock excavation, you oan 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 matter. 

Gravel: !ihe gravel can be found in the riverbeds or can be made by 
breaking stones. Also they should be clean and free of earth. 
!Ihe required size can be obtained by sieving. !Ihe smallest 
aize'of gravel is about 5 mm. 

sand: Ihe eand 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 stones 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 msxinnnn 3/16" (5 mm) of which 

10 - 30 % should pass through a sive of 52 meshes per sq.inCh. 

and not more 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 &~ds of materials are useful for construction work 
is given in the Chapter %oil investigation tf on page 4.307 

_. --. - 



CONSTRUCTION WOW 

E;xW~tion, normal EZoavatim 
and Trench Excavation 

- -- .__II__------ 

;I"nere are different types of Zxcavntion required for the .GX or, .;us- 
per:sion ana Suspended Ijridges. is the normal excavation, %he trench 
excavation ad the rock excavation. OK the c",eneral Arrs.ngemer,t :Lnd cn 
the detail iira,::ing there is remarked .:hat kind of excavation :;oJ; need. 
%e instru-tions @ven on these dra.:ings must be folloz:ed ver.' strictly, 
because in the orlculation of the blocks these points are included. 
:io if you do not make the excavation according to the dra,ings, the 
designed blocks might be too small (due to lack of earth resistance) 
<and. the safety factor too little. 

Ihe main thing you have to make sure is that you do not make too big 
excavations in order to save ?;ork and not to disturb 100 ImAr;!. me soil 
in pl:lce and to prevent erosion. 

Normal Exoavation 

If there is no special mention in tine General Arrangement as ::ell Rs in 
detail dra,..ings, :Ge have ;L normal excavation according to the block and 
the conditions at site. 'Ihe most important point to remark iz that 
sometimes ::e have blocks :,ith a bottom .:hich is not horizontal but in 
shspe. "a cnl!. this type Yncli!:ed bottom 11. SO also the foundation has 
to be made kiith an inclkled bottom. Do not make a horizontai eXOaV:ttiOn 
and refill it after:ards. In this ..:ay :,:e do not get the required effedt 
;lith this shape. ‘,:ith this shape in the excavation we can increase the 
factor of friction bet:+een the block and the earth and so save CmCrete. 
(See factor of friction for inclined bottom on page 3.708) 

Trench excavation 

A trench excavation is an excavation :iith vertical faces, ‘1Fle foundation 
must be exactly the siye of the block, If we need this kind of foundation 
this is mentioned in the !leneral Arrangement or detail dra:&ngsr Some- 
times this is not possible to make due to the scY.1 conditions. So the 
refilling has to be made in layers of 20 cm thickness and tiheee layer8 
have to be compacted very *dell so that the refilling keeps the passive 
earth pressure(earth resistance) resulting as re-action from the block. 
These refillings have alea tc ha cowred by picki;;g so tbt erseian 
should not damage the ground surface, 

HMG Nepal 
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C(wsTRUC!L'IoN WORK 

Rock Excavation, Drilling and Blasting, Rock Anchor 

very often we have to make rock excavation for our foundateons. In soft 
rock we can go on with the excavation in the same way as in the earth. 
In 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.!Ihen 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 also 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. 

5.00 

3.00 L 2.00 

1.50 1 3.50 L 
1 5.00 

1 1 
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CONSTRUCTION WORK 

Rock anchor, Purpose, descrip 

1. Purpose by using rock anchors 

Instead of anchoring cables on concrete blocks, reliable 

hard rock found at site can be used as an anchorage 

medium with the help of rock anchors. This will consider- 

ably reduce costs and help to speed up the work. 

,Hock anchors used for main cable anchorage 

Tatopani (Budhi Gandaki), 1974 

2. Short; description of a rock anchor system 

Reinfbrcerrxznt steel 25mm dia 

Mortar container (perfaruted) 
sheet Mal less than 0,4mm 

Thread with nut 

’ Length as used in ordinary cases 

HMG Nepal Roads Department Susper,sion Bridge Division 
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CONSTRUCTION WORK No. : 9.204 
Rock anchor, Furpose,description,material list 

Date : 27.2.77 
fitting and test 

Sip f o*ud,Q c 
Y 

Section of cm&r Cakubtkn of mortar quantity 

rod, 25mm rib&l Torsteel 

Morbr wnblner 

weeded out through the ha-lee of mortar cetainer 
ilwwtiaRofonchalad 

The above mentioned rock anchors and mortar containers 

were already manufactured by various workshops 

3.Material list for anchor fitting 

Rock anchors with length according design ' 

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 i coray > 

Bucket 

Plastic tube 3" dia, 5 m long 

Towel (mason's mortar shovel) 

Hammer 5 kg 

4. Fittina the amher 

Drill the hole and 

wash out the debris. 
Check carefully that 

the hOI0 is finally 
empty and clean. 

HP& Nepal 
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CONSTRUCTION WORK 

Rock anchor, Purpooen description, material 
list, fitting and test 

9.205 - 

Fill the 2 mortar containers with a mixture 
af cement and water farming a pasti not 
taa liquid arid nat toa thick, Close and bind 
them with wire. 

Insert the martor container 
and hammer the anchor rad 
into it. 

Filling mortar containers. Inserting of mortar container 
into the bore hole 

5. Test of rock anchors 

(after 14 days) 
A number of teats 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. Wfth 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 



CONSTRUCTION WORK 

Concrete and Masonry Work 

No. : 9.3~1 

Date : 26th Feb, '17~ 

sig : ik44huA 

In the concrete, the addition of water is one of the most important 
points. To get a good conorete we should work with a small quantity 
of -dater. Eut neither too little a quantiQ 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. 
Ihe specifications of the conorete and the mixing proportions are 
given in chapter 5,Vonstruction Materials". All the quantities given 
there have to be considered very well because they fix the kind of 
concrete and the allavailable compressible tensions, bond stresses, 
sheding which are taken into consideration in the calculations. 

Take also big care to the stones and boulders added to the concrete. 
!Bey should be clean and wet during concreting. If that is not so, 
we do not have a good connection and so no good aoncrete. So it 
might even be possible that the block will not be strong enou& to 
keep the forces resulting from the bridge. 

l'he bedding of the steelparts into the concrete is also very important. 
All measures required can be taken out of the Lay-out drawing from 
HMG Standard Designs or out of the Working-Detail-Drawings. This 
operation shall not be oarried out until the steelwork has been finally 
levelled and plumbed; if necessary sllpport the steelparts with rooks. 
or bamboo and immediately before grantin Q the space under the steel 
shall be thoroughly cleaned. Around the steel parts there should be 
rich concrete in a thiclmess of at least 10 cm. 
On the following pages there are given some examples of anchor blocks. 
All the things mentioned in the drawings are required and should be 
considered at site. 

HMG Nepal Roads Department Suspension Bridge Division 
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CONS!l!RUCTPON wtm NI 0. : 9.302 . 

Main Anchorage Block of a Suspension Bridge _ Bo(s 2 27.277 

Sia : 

PLAN FRONT ELEVATION 

SIDE ELEVATION SECTION A-A 

HMG Nepal Roads Department Suspension Bridge Division 



CONSTRUCTION WORK 

Pylon and Walk Way Anchorage 

No. : 9.303 -’ 

27.2.77 -’ 

f LAN 2-2 

SECTION C-C SECTION B -6 

0 n 

1 

/ 8 . 

c 
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CONSTRUCTION WOm No. : 9.304 . 

Hain AmhOr8ge of a Suspended Bridge 27.2.77 Oars: 
, Sig :UoLy * 

- 
HMG Nepal Roods 
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CoIwJ!RUCTION WORK No. : 9.305 

Windguy Anchorage 27.2.77 

PLA 
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CONSTRUCTION WORK 

Concrete and Masonry work 

Bfter reaching a certain lev&l in concreting, we have to fix the reinforce- 
ment steel.The positions of the reinforcement8 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. 

HMG Nepal Roads Department Suspension Bridge Division 



No. : 9.?io6 - 

CONSTFUJCTION WOEZ 

Concrete and Masonry Work 
Dab: 26th Feb,77 - 

Sig : Ylwh4 

Bfter reaching a certain letil in concreting, we have to fix the reinforoe- 
ment steel.me 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 h01iki.n~ down bolts in order to keep the negative bearing farces. 

-a,-+- 

* 
0; 

5 
5 
1 

*- -i-n -f- 

I I I‘ I L ! 0‘1 
I - ~--c,~~ ___c 
. ~A----- 
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CON!3!CRlJCTION WORK I 
No. : 9.307 _ 

Concrete and Masonry work me: 26th Feb. 7j 

Sig : !udJw 

Now the anchor parts remain which must be fitted into the anchor blocks. 
All measures required are mentioned in the layout drawings and Detail 
Drawings of the FDIG Standard Design. On the following pages there are 
some examples of foundations from Suspension Rcidges as well as for 
suspended Bridges. 

&Pylon Base Plate of a Suspension Bridge 

Spanning Cable and Fixation Cable anchorage hooks of a SuspansiOn 
Bridge 

HAAG Nepal Roads Department Suspension Bridge Division 



coEsTBocY!xoE 

Lay Out of a Snsper.mion Bridge 

- 

No. : 9.308 

Dare : 27.2.77 

’ Sig : PdcugGaU 
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CONSTRUCTION 'GORK 

Fotos of Anchorage parts of a Suspended Bridge 1zijzz-j 

Saddle, Drum and Clamps of a Suspended Bridge 

Handrail Cable Anchorage Hook of a Suspended Bridge 

Clam?3 of a StiaDer’uled Bride 

HMG Nepal ‘Roads Department Suspension Bridge Division 
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CONSTBUCTIOB WORK No. : 9,310 - 

Lay out of a Snepanded Bridge m ~27.2.77 - 

MAIN ANCHORAGE i.lYCS 
FLAN /- 

FII~TIO” CULL 

ONE LX9LE END hXS 7-O BE NRN RwNl S ??MES 

SECTION --__ 

<- . I 
a 

-n 
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CONSTRUCTION WORM 

Fitting of a Main Anchorage (1) 

In the sketch belcw are known 
from the destgn - drawings : L,, L2, L3, --- H,, H2, H3> H4, 

s, ) s2, sg, --- 

from the lay -out D, , D2, -- - R.L. , 

Sketch : 
+... 1-2k _._ --~---+ 

‘EG 
-A------- 

! y4r, 
1 

lH4 ,; 
!.. 4. LL 

I I / , 

&L--J 
‘i , 
I 

L... _ _~_ ----x2_.- _._-___I j i 
I 

i I ~-~~~.~-..--~---EL .-. .- ___- 
I 

( 
---.- ..-k --J,--- ._~ LI ~..._.. .___.__ _-.. .+---- DI -.--4-l 

Please refer to standard Main Anchorage Block drawings span 120 

For the fitting, the two points “I” and “I I” should be known 

They are calculated as follows: 

FOR POINT I : FOR POINT I I : 

= H4 + 2%s$ Lpn u S2 
I Y2 = Y4-~cosa t S,sina 

x2 = 25 L3t 2 Si!ld t SlcosQ 

(RLz= HLl + Yl’ (RL3= RL, + Y3: 

These calculatials cun be checked gra~hihicolly with an exact dmwing. 

8 Depar?men(l Suspension Bridge Divbion 
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CONSTRUCTION WORE 

Fitting of a Main Anchorage 

1. Raise the plump ccncrete 1:3:6 + 4096 
boulders up to the levels shown in the 
detail drawing (Standard Main Anchorage 
blook span/20). 

If - in special cases - reinforcement 
steel is required already fit the bars. 

2. Fit the ancnor-parts. 

Xpport the parts from the back 

:!ith stakes. Check the symmetq 

of the rods in reference to the 

bridge center line. The proposed 

supports in the front must be 

placed according to the standard 

drming, in order to keep the 
correct gradient . 

3. Continue the concreting and re- 
filling work (refer to standard 
drabcing) . 

r---- 
_-A- 7' 

i \ \ 
PLUMB CONCRETE \ 

\ 

r _____-_ ---I 
I +-7 * 

k 
--L-L 

L SUPPORTS 
a 

o,b,c,d refer to 

Standard drawings 

The gradient of the anchor-rods and the reinforcement steel can 
be checked with the aid of a plank, having the required angle, 
and a carpenter's level. 
Example : For an angle of 26,565' (tan== 0.50) - :,,hich is proposed st Standard 

Suspension Bridges - the wooden plank can have a base of 60 cm and a 
perpendicular of 30 cm. 

+- 6o cm I 

RElNFOFiCEMENT STEEL 

1 Roads Departmen* DfLT5a 3.&m 



CONSTRUCTION WORK I No. : 9.9431 

Riverbank and Soil Protectiou 
Do&: 26th Feb, 77 

Siq : 

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 efficient 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 thi.ng, also, is the drainage. Ifyoumake draina@ in 
such a way that no water flow can occur at the bridge site, then ycu 
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. 
The 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. TYbructure 
Analysisl' on page 3.507. 

some more types of retaining walls and their description are shown on 
the pages "Retaining walls and Foundation Structures for Suspended and 
Suspension Bridges" as part of chapter 3 Y%ructural Analysis*'. 

very often the decision about these things cannot be made out of the 
contour lines or out of the Survey Report. So the resident Engineer 
should take care of such things. !&a 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 mi&t 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 
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aRI3GE ERECTIc~h 

Suspension briade 

10. Bridge !%rection 

After all the concrete work has been done and all rema;ning excavakions 

have been refilled, there remains the erection of the Dridge. 'This is 

one of the most interesting pieces of work but also one of the rr.ost 

difficult and aangerous. In spite of the fact that all steel parts and 

cables are heavy parts they still have to be handled vey carefully, 

The most delicate parts of the whole briage are the cables. The cables 

are also very expensive and must be handled with great care. &en slight 

damage to the cables may make them useless. Also the important regulations 

such as retightening the DulldOg-grip every cay, retightening the nuts 

and putting on the lode nuts should not be forgotten. It is important 

to finish ali jobs properly, Things like loose cable enos, badly fixed 

wire mesh, untied winaties etc. make a bad impression ana show up bad 

work, 

This chapter shows how to erect the bridge. How to fit the steel-parts 

into the concrete is shown in the chapter "Construction Nork". 

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 $ 4" 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. tinly then is a good fixation at the pylon guaranteed. 

SKETCH : i 
Foundation tar 
rrroction hookr- 

Main anchorblock 



BRIDGE &RECTION 

Suspension Bridge 

/’ 
Main a 

If the ground is steep, it may not be possible to fix the tower with a cable 

from the front. In this 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. I 

dn one 

L- The wooden 
1 Pm 

t0 

In the bearing some wedges or supports Cai? oe provided in addit -',_ to 

prevent movement of the tower at the beginning of the erection. However, 

these wedges or supports must be removed after fitting the third element 

of the pylon. The wedges should be of good wood or steel. 

HMO Nepal Roadr nt 844 &Id Division 



BRILXX ERECTION 

Susr,ension Bridge 

- 

No. r 10.103 . 

Pylon 

- 

Tower base 
/- 

IMPORTANT :- 

Don’t ,forget to take 
out these wedges 
after fitting the third 

rWedgs element at the pylon 

For the erection of the tower use the Standard drawing "Pylon Assembling" 

(span/...). One example is shown on the following page. 

HMG Nepal Roads Department .-...-----:-- CJ”Sl.‘WKM”ll Sri6 _a . . 
Y" Di*iSl0n 



BRIDGE EXECTION No. : 10.104 _ 

pylon ~aembling Standard Drawing go/52 
Date : 25.2.e77 1 

Sig : f!&~ 

Details refer to Standard Drawing go/51 

FRONT EEVATWN 

[:- - 8-B SECTlON 
A-A SEcnOH .s-F--.a 
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BRIDGE .KXiGTICh 

Suspension ilridge 

Scaffolding 

The scaffolding is here to facilitate the work of the mechanics and not 

to fix the tower during erection, So l.no scaffolding and the tower should 

be fixed seperatly. There should oe no connection between the pylons and 

the scaffolding. 

Hoisting the parts 

A kind of derrick, made of bamboo or other wood, may be usec. to hoist the 

parts for the erection. Cne ~ossiolIl+..v ~,f how tc *make tnis clerrick is 

shown in the sketch below. 

SKETCH ~6 

Derrick for the hoisting of part8 
A kind of derrick, out of bamboo or 
other wood, may be used to hoist 
the parts for the errection. 

In the sketch is: 

@ A piece of bamboo or of othrr 
wood, about 5 meters long. 

@J Pulley-wheel, lilted th Q rope. 

0 3 Hoisting rope. 

co (bent piece of u 
cement-steel -bar.) 

0 r-part being hoi 

@J Strings to attach t 
pole to the already 
tower. 

HMO Nepal Roods DOPOf tlVlOttt Suqmsim &Id gs Di vi&ion 
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BRIIICE ERGCTIOR 

Suspension Bridge 

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 

- Start on one side. Measure the length of the return-end (length required 

to fix the bulldog-grips). Mark point 1 

- Measure the next section, the direct distance from point 1 to the 

toner top, Measure first nith 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. 

a x s2 L= 1+ - 
3x1 

l= span s = hoisting sag 

Mark point 3 for the center of the bridge and point 4 for the top 

of the other tower. 

- Measure the distance from the second tower to the fixatfon at the 

other main anchorage (also in middle position, if adjustable). Mark 

point 5 
- Check that the remaining part has at least the length required for 

the clamping of the cable. 

L-RETURN END 

U3OL.E POSITION 

HMG Nepal Roods Doportmerd Suapmioo Bridge Division 



I BRIDGE !XRECTICilv NO. ' 10.20s 

Suspension Bridge Hoisting : 2E.12.70 

: : klJi.u&w 

- 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 :nade with paint. Mark 3 can also be a 

bulldog-grip. The cables can be taken across the river in two different 

ways. 

10.2.1 Pullinu along the smaller cables 

This method is mainly used for spans smaller than !02 m. Up to this 

span we have spanning cables $ 1". 

- Bring the spanning cables into position, They can oe carried or 

pulled across the river by a few men. 

- Pull the main cable along one of the spanning cables. On the sketch 

below a suggestion for the pulling-fixation is shown. 

All these cables can be pulied by manpower, 

BULLDOB - QRIPS 

PULLED Acm88 TME RIVER 

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 cause .difflcult.ies because the cable, &.pecially the 

fixation between rope and cable may get struck between stones. To 

avoid 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 grclund and with the other rope the cable 

is pulled at the same time through the river-bed. This is the most 
common and also the easiest method. 

HMG N.-l Roadr Dapartmwt &I~B&I& &id.gr Division 
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BRIDGK ERECTION I No. r 10.203 
Suspension Aridge Hoisting Date : 28.12.76 

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 tr.e? tc the 

' mainanchor-block on both siaes, tise the marks on the 

cables! The upstream cables should be put upstream of 

the tower and the downstream cables 5owns?ream. 

Phase ,3 Lift the cables, one by one, first the inner then the 

outer, onto the saddle as shown in the sketch for 

phase 2. 

Phase 2 As soon as the cable is a little bit higher than the saddle, 

loosen the tirfor machine slowly ano, witn an auxiliary 

rope, pull the cable into the saddle at the same time. 

SKETCH : ‘0 
. 

I Phaee:P 
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BRIDGE J3RECTICN No. , lo.204 

Suspension Bridge Hoisting Doie : 28.12.76 

sig : cki#&oM 
g 

* SKETC”’ ‘* Ill IV 

%i 

Main cable 

The main difficulties in this method are found in the construction of the 

wooden cantilever, How to calculate the forces on the tower-top in shown in 

the example below, 

Example 

Span 66 m 

Cable # lp, weight 5.5 kg/m 

Overall length = 100 m 

Calculation: At the end of the lifting, near the tower top, almost all the 

cable-neight should be lifted (F1). 

F1 = 0.9 x 100 m x 5.5 kg/m = 495 kg 

F1 = F2 

out of Force Dlagram F3 = 970 kg 
The forces to be taken by the wooden construction can be taken out of the 

Force Diagram. 

FV =‘980 kg 

FH = 230 kg 

. 
,HMG ,Nepd 8 .., ” Roadr Diportmefi .su Grid@ Divirion 
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BRIDGE ~zXWCTILK 

Suspension Bridge 

SKETCH: II 
Sketch af tRe 

b) From the tower front 

-diapra 

SKETCH’ I2 Tirfor - cable 

Extension- rope for pulling 

Loop ar cable- bra 

For this method you need two tirfcr machines. i;ix a ?,:op at tuc places 

to the cable-end. How to prepare the cable for this hoisting> methc.a is 

shown in sketch 13. 

SKETCH : 13 

Loopr of @teal -coMe 
cr manila-raw 

HMG Nepal Roach Department Suspension Bridge Division; 



BRIDGE ERhr,TICN 

Suspension Eridge 

-- ._ 

No. : lti .ro6 

Hoisting 

To each loop bind an extension rrpe which is tied to the cable of a tirfcr. 

Use two tirfors. Pull in, turn with one and then the .othPr. 

SKETCH: 14 

Section : 
Plan view!- 

----- 

Hook to ancluw 

I- 

a--- 

L 

* TCfor two will etart working aa loon as ttm cable of tirfor om is at the end. 

This hoisting method causes difficulties on the tower-to&. The sketches telow 

show one means of passing the cable over the saddle. . 

Phase 1 

Phase 2 

Phase 3 

Phase 4 

ilhen the cable-end comes close to the tower top, pull on the 

second loop. Pull until the first loop has passed the saddle. The 

cable-end with this loop is only loosely guiaed or even not at all. 

3ind the second loop tightly to the tower. Tnen loosen the second 

tinfor so that the extension-rope becomes loose ana the cable only 

hangs on the fixation of the tower-top. 

Take the extension-rope of the second ioop out cf the saddle. Put 

the cable-end into the saddle and start to pull on loop one. 

Take away the second loop as soon as its fixation is loose. GO on 

pulling on loop one to which a second extension-rope is tied for 

tirfor two. 

iWG Nepol Roods Deportment sqtpmion Bridge Division 
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BRIDGE ERECTION 

Suspension Bridge 

NO. ' 10.207 

Fioisting Dote : ?F(.12.?6 

Sig : @A.daL~ 

Phore 3: 

- 
e 

T0wat& mwatdti 

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 also be used, 

The maximum tensile force during hoisting in the main cabls is shown in the 

list on page 2.303. 

HMO Nepal RoaQs Lbpartment Suspension SridQe Division 



BRUCE ERECTION 

Suspension Bridge 

No. r 10.208 

Hoisting oote : 26.12.76 

Sig : L&O, 

10.2.4 Fixing the hoisting-sag 

The required hoisting-sag is given in the general arrangement and 

also in the list on page 2.303. With the levelling instrument you 
~. 

can gix the exact hoisting-sag in the foliowing way: 

- Mark the level on the tower, 

- Adjust the levelling instrument in such a way that its line of sight 

is at the level calculated for the lowest point of the cabie in the 

middle of the bridge. (R.L. of the tower-?op minus sag). 

- Pull the cable until it reaches a level of about 0.20 m higher than 

the erection'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 Hoisting a spanning cable 

The spanning cable can be hoisted in a similar way as the main cable. 

:- 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 this sag. 

- Check the sag with levelling instrument. 

The force required for hoisting 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 

ualkway-cable to the required sag du e to the high tensile force, 

the cable can be re-adjusted after the central suspenders have 

been connected. 

HMG NewI Roods OepmAPsnt Suw Bridge Division 
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BRIDGE ERECTION 

Suspension Bridge 

10.3 Fitting the suspenders and the walkway 

While the cables are being hoisted, 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 lift the walkway-cables 

until they can be connected with cross-beam and suspenaers to the 

main-cables. Use the mark on the cables to position the suspenders. 

Check that the suspenders are perpendicular to the oridge-centerline. 

- Re-adjust the walkway-cables. Tighten them as much as possible to 

give some pre-tension. 

SKETCH : 16 

Sketch of NM bidgo-crnhr 

Now start fitting the other suspenders and the walkway. Start either 

from the towers or from the bridge-cemer. Measure the distance from 

suspender to suspender carefully, e.g. with a ganged stick. tit every 

tenth suspender check the distance from the tower or the bridge-center 

to this suspender (by tape). 

HMG Nspel Roods Department Surpensh Bridge Division 
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BRIDGE ERECTION NQ. I 10.302 

Suspension Eridge 
1 

MS : 28.12.76 

Sig : ituicba 

SKETCH : I7 

Detail of the connection 
main cable to tirtor. 

Tirfor cobls- 

FRONT VIEW SKETCH : I.& SIDE - VIM 
rFrotection friction $hmg bamboo-polrs 

/ rheet metal oil- tin etc\ 

‘Hook 
\Tiffor 

CQMO 

--t- 
i Bamboo or plmk platform 

PLAN VIEW 

ien bracing 

Distance between cables near to-f-top 

Bamboo poles or planks 
joimfl to form a platform 

ASSEMBLY : 
First put the top 
portion on the 
main-cables. 
Then hang the 
platform under this, 
connected with 
steel - bore or cables. 

HMG Nepal Roads Department Suspension Bridge Division 



13~x433 ~"LREGTIoN 

Suspension Bridge 

There are two main ways of fitting the SUSpenderS: oneis to start at thi: 

tower and go on up to the bridge center and the other is to start at thf, 

bridge center and go on up to the towers. 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. 

Disadvantages: Due to an unavoidable inaccuracy in the determination of 

the span and the measurements from suspender to suspender 

the remaining spacing in the bridge center will be too long 

or too short. This will require an adjustment of the planks 

and means the walkway breacing will have to be left out or 

adjusted. Access to their working place is difficult for 

the fitters. 

BKLTGH I8 1K21c#l20 

Fitting from the bridge-center out towards the towers 

Advantages: No problem with the adjustment of the waLknay-bracings and 

planks. The access to the working place is easy, the plat- 

forms can ba pulled into their positiono in the morning. 

DLsadvantagesr The fitters will have to work in a bent position (near the 

tower). The supply of parts must be we2 organised. Pulleys 

and many ropes are required. 

Sctapensl~~~ Btidps 



BRIDW ERECTION 

Suspension Bridge 

-- 

No. 1 10.401 - 

Date: 28.12.76 - 

Sip :&h&JCMA 

10.4 Pitting 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 ties fixed, take 

the cables across the river and fit them to the anchorages. They will 

hang directly from one anchor-block to the other. As soon as the SUS- 

pender-walkway-fitting has been completed, connect 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. 

HMG Nepal Roads Department Suspension Bridge Division 



BRIDGZ JZRIXCTION I No. 1 10.402 

Suspension Bridge Date: 28.i2.76 

Sig : kdvu4 

Continue t,. r' .!~act the ties with the walkway. Displace the tirfors for 

every tie. Always pull symmetrically and check the nlignsnent of the bridge, 

Procedure for the second method 

Mark the windguy cables and fit the windt-ies 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. Tfe both windguy cables simultaneously to 

avoid an unsymmetrical load on the bridge. 

After finishing all these jobs retie the wint$ties with the clamps provided 

for this purpose. 

Rood &id$+ Divirim 



SKETCH 22 

t-1 n 

Hanger rod ___ a\ 
‘\\ ,, ylanks 

,-Wind guy cable 

Wire mesh netting -- 

Fixation cable -...- 

i LThimble 

Bulldog grips 
Cross beom ’ L Main cables 



z 
: + .1 :: 
a 

z 
'is 
c 
: 
I- 

L 

: 
'Z 
0 
:: 
0 
a 

:: .- 
L 
fn 

. 

a 
I- 
a 
v) 

BRIDGE ERECTION 

Finishing off 

10.5 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 handrail cable. 

SKETCH 
/- HANDRA!L CABLE 

MAIN CABLE . 

rWIRE MESH 

FIXATION CABLE 

The planking should also be well and correctly fixed.hll work 

Jequired to finish off the bridge are mentioned at the end of 
this chapter. 

Fitting of planking 

HMG Nepal Roads Department Suspension Bridge Division 



BRIDGE ERECTION 

Suspended Bridge 

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 
PLA:\I 

ONE CABLE END HAS TO BE NRN f?OUhV 3 TIMES 

HMG Nepal Roads Department Suspension Bridge Division 
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aAI:)Ch EPWTICN No. r 10.602 

Suspended Bridge Date: 28.12.76 

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. Lkz the same thing on the other bank. The sag should be about 

20 cm less than the required hoisting sag. 

4. Loosen 'he clamps and adjust the mein cable to the correct sag. 

The cable will move round the drum if you hammer smoothly with a 

wooden or rubber hammer on the cable around the drum. 

After fixing the main cables !':I: the hanarail cable in a parallel 

position to the main cat;e. Tt-.e handrail cable is fixed to the 

;~.rn~~lcXle hanging on thr hancrail anchorage hook (see lay-out 

fimwlng). 

Walkway and hanger fittin& 
lo.".? me wal.kwau m.s. oross beam channel and the hangem ~111 

arrive a.t the bridge site as one unit -e.g. the bangs= 

are mmbers of the cross beam unit. TO fit this item no 

trally or such is required. 

Handmil CaMs 

Wire mesh netting 

.Fixation cable ., 

cable cable 
(every 4.80m) (every 4.80m) 

HMG Nepal Roads Department Su spmsion 8rid gs Division 



BHI:JC~ ERECTiC~ No. ’ 10.603 
Suspended Bridge Date : 28.12.76 

Siq : L&w 

Fitting Procedure 

1. Hang up the first walkway element in ihe handrail zable and tie it to the 
handrail csyle and the main cable. 

SKETCH 22 
PLAN 

2. Fix the ‘kxcin,: f?ar.s or. the r.ext eiement. Fir also the bolt at the 

zrossing Faint. ?3nt: :.hi.; e1eaer.t ‘u~t d ir. frozt of YOU on the handrail cable. 

SKETCH 23 

3. Push this whcle eleT?nt. ir. front until you can fix the bracing onto the 
channe: x-here you are starzing. 

SKETCH 24 
PLAN ELEVATIW 

HMG Nepal RCCdS Department Surpmnrion Bridge Division 
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BRIDGE ERECTION 

Suspended Bridge 

No. : 10.604 

Date : 28.12.76 .- 

Sig : (i&u.oCQ 

4. Now you can lay some planks over to this new cross beam and go on and 

fit all nuts required and fit the main cable to the channel, 

SKETCH 23 
PLAN EL EVATIBY 

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 fixnticn cable and the wiremesh. 

Fitted walkway of a Suspended Bridge 

HMG Nepal Roads Department Suspension Bridge Division 



BRIDGE EREZTION No. 1 lo.731 

Single wire Date : 26.12,76 

Sig : fbwh-4 

10.7 BRIDGE ERECTION USING PARALLEL WIRE CLLSTLR (P.W.C.) CAYilS 

10.7.1 ERECTIU PHOCEDLRE 

After completion of the foundations , as far as necessary for the 

wire anchorages, the "spinning" or pulling of the wires or wire 

groups can be ccmmenced. The pulling ana adjustment is in principal 

exactly the same as for stranaed wire rope cables, except that the 

forces employed are very much smaller. 

For small bridges up to 60 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 guise. Following 

this, work can ccmmence 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 difr'erences in the wire length are allowea f'or. All other 

erection stages are normal , such as erection of the wires for the 

handrails and wind bracing ana fixing of the clamps ana other fittings 

on the walkway. 

For larger spans it is aavisable to work from a cat-walk, which as 

an erection aid is simply aesigned and easy in construction. It 

consists of 2 main cables (12 wires for 300 m span), timber cross- 

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 is difficult to reach, then the cat-walk can be erectea as the 

first stage of construction. 

The cat-walk can be anchored on either bank with the help of tree 

trunks sunk into the banks. Erection of the cat-walk cross-beams and 

the wire netting is carried out from each side. since the wire nettin< 

is continuous and the cross-beams hang unuerneath the cables, the 

erection work can also be continucus. For this purpose a nraw rose 

is used from each side in order to pull the cross-beams and the wire 

netting into the middle. When both ends reach the middle, they are 

joined and the cross-beams clamped to the c,;.(;-walk cables. 

HMG Nepal Rood.8 Deporkent Suspension &id go Division 



'BRIJXE EREZTION 

Single wire 

No. r lo.702 

Dote4 : 28.12.76 

The cat-nalk cables can be used later as either handrails or winci- 

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 comparitlvely simple business. After the erection 

of the pilot 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 20 to 40 m so that the loose nires are prevented 

from being 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 

is also well suited for the other wire rope cable bridges in order to 

achieve optimum erection. The cat-walk is especially useful for the 

adjustment 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 conslaerably in- 

creased. 

For the laying out and bundelling of the wires the previously mentioned 

temporary clamps should beused for quick opening ana 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 into 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 temporal?, 

erection of the windguy cable is carril.?d out vertically from bank 

to bank. 

HMG Nspd Road6 Deportl?mt Suepemion Bridge Division -- 



BRIDGE ERiGCTION No. r 10.703 

Single wire Date : 20,12.76 

sig : s 

10,?.2 P.W.C. CABLE ANCHLiRAGW 

In order to anchor the main P.W.C. cables 'he iiires are looped 

around the anchorage drum at one bank, Ln the other side an 

adjustabie anchorage device has to pick uy the two wire ends 

coming from the other end of the triage. ‘here are two ways of 

anchoring these. The encls can either be wound around concrete 

drums and fixed with wire clamps or fixec using ccnes and wedges. 

A steel plate is provided with conicai holes in which Ihe ccnes 

and wedges of each wire end are incorporated. 

After completion of the ereLtion work the anchorage system has 

to be embedded in concrete. The protection against corosion is 

provided by the application of several layers of bituminous paint. 

.I 

.., . . , 
HMG Nepol Roads Dapor tment Surpeneion Bridge Division 
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BRIDGE ERECTION 

Single wire 

DETAIL OF SINGLE WIRE ANCHORAGE 

Windguy 

Closed System 

weidea on flats 

Cross-beam 

Bridge Type 1 

/ 

Suspender Wire 
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RRIDGE ERECTICN 

Final Check-Up 

10.8 Final Check-Up 

The points mentioned in this chapter are important for tne Lifetime of the 

bridge (pre-stress, check of all nuts) and tne cc,nfsrt of‘ the triage-crossing 

(pre-stress, smooth curvaturej. Even after the successfui com_cletion of a 

bridge-construction these points should never be neglectea, 

1. Smooth curvature of the suspension briage. 

For the fitting of the walkway all suspender-adjustments !turnouckles) have 

been put in the same position. After completion tne waikway may still zigzag 

up-down and left-right. Now adjust suspenaers and wincguuy-ties in crder to 

give the bridge a smooth and straignt line, 

These adjustments are in particlllar; 

- Cross-beams should be horizontal. Check with a carpenter's levei or by 

standing over each beam, legs straddled, c.rd "feeling" tne uneveness, 

- Due to the windguy-ties the oridge ma!' also zigzag upstream-downstream. 

Adjust the ties or even the whole windguy-cable until the bridge ist 

straight, Check by eye, looking from the tower aiong the walkway. 

- The camber of the oriage should show a smooth line, Aajust 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. 

Lpanrnng-, windguy- and sidestay-cables shouid 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 

adjustment-beam is at the end of the thread. 

Pre-stress during the hottest time of the aax when the elongation of the 

cables reaches its -maximum. Pre-stress two or three times, on consecutive days. 

The Ee-stress in the spanning-cables of a suspension uridge can oe increased 

by loading the whole bridge with sandbags or stones (up to 9 of the life-load). 

After the cable-fixations have been tightened, unload the c;rFdge again, 

This work could affect point 1 and thus require some re-ad&stmen: cf :hti 

walkway. 

HMO Nepal Roads 
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i3RIDGE Etlh~J~lCl‘i 

Final Check-Up 

No : 10.802 

), Check of all nuts. . 

All the nuts anu bcits of pylons and walkway snoulc be controllea ano 

re'ightened. Do this work svstematicallv so that no boit remains unchecked, 

Uamage the threads of bolts unoer regular aynamic stress :e.g;. nolts for 

the connection of windguy-ties to the cross-beams) in order to avoid a 

self-opening of the nuts. This is not necessary if a iuae nit is provided 

for this purpose. 

4. Tightening of oullaog-grips, Arrangements fcr cable-encs. 

All bulldog-grips have to oe checked and tightened again. ;ilreau.v auring 

the erection-time they must be checked every morning anu evening. All 

cable-ends should rr, selaed and bouna with wire to avoid ar. opening of the 

cable. 

The remaining 

cable (extra-length) 

should be fitted 

with wire or better 

some spare-bulldog- 

grips to the 

loaded part of the 

cables. 

Cn the rigth two 

possibilities are 

suggested for this 

arrangement. 

Unless there is a 

particular reason, 

do not cut the 

remaining pieces 

of the cables. If 

ever one day the 

SKETCH I ELEVATION 
)NG THE LOADED ARRANGEMENT 8TRAAHT AU 

PART OF WE CABLE 
PART 

ANCHOR - BLDCK ADDITIONAL GRIP 

’ SKET’CH 2 PLAN VIEW 
ARRANGEMENT: IN CIRCLES SfTWEEM THE 

LOADED PAKl3 OF l-HE 
CABLES 

-. EXTRA-LENGTH 

----- 

bridge is dismantled 

and. set up at 

another site, this 

extra-length of caole 

mav oe useful. 

& Fitting of the wiremesh-net. 

Pay attention that also the fitting of handrail-cable, fixation caole ano 

wiremesh-net is done in,a neat and clean way. 

H N epol Roads 





TRAIL IMPROVEMENT 

Maintenence Report 

11. Trail Improvement 

Very often on the way to a bridge- or survey-site you have to pass 

old bridges. Sometimes they are in very bad condition or even not 

crossable. With a small maintenance work these 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 

years. 

Bridge over Tamor Khola by Handrun 

Span: 64 m 

Koordinates: 8?"37'/27'23' Kap 75/K/15 
Actual condition of the bridge 

The main cables of'this bridge are hanging in unequal position. 

A&O about50$ of the suspenders are not in good condition. The 

planking also needs a revision. 

Works required to do 

- Revision of the planking 

- Replacement of some suspenders 

- Correction of the cable position 

View from left bank Wooden tower of the bridge 

HMG Nepal Roads Department Suspension Bridge Division 



‘mAIL IMPROVEMEET 

Maintenertce Reports 

No. 1 ll.102 . 

Date : 27.2.77 ~ 

Sia : la.&& 

Bridge over Tamor Khola near by Thumba 

Span: 41 m 

Koordinatesr 87’40.5’/ 27’23’ Map 72/M/15 

Actual condition of the bridge 

This old chain bridge is 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 

Bridge over ‘Pamor Khola 

View from lert 8me 

HMG Nepal Roads Department 

View from right side 

Suspension Bridge Division 



TRAIL IMPROVEMEN!C 

Maintenence Reports 

- 

No : 11.103 

Date : 27.2.77 

Sio : QwOL* 

Bridge over Sinse Khola near corrfluexe with Tanor ii.hcla 

Sy7.c: 311 m 

Koordinates: 87’42.:‘/ 27’26’ Xap ?3/i?/l: 

Actual condition. of t!?e bridge 

The cocditjon of this bridge is not baad. At +,he .qr;:.c?t 50 :-,:-ecial ~ai3.ennnce 

work is required. 

Side view of the bridge 

Wooden tower of the bridge 

HMG Nepal 

- 

Roads Department Suspension Bridge Division 



TRAIL IMPROVEMENT 

Maintenence Reports 

No. : 11.104 

Dole 5 27.2.77 -- _ - 
Sig : ~&.lfh.4 

Bridge over Tamor Khola near Sinwa 

Spat: 83 m 

Koordinates: 8?'42'/ 27'27' 

Actual condition of the bridge 

This bridge is in a very dangerous condition. The tower (masonry tower) is 

partly broken. Also the plbnking is in a very bad condition. The best way 

to maintain this bridge 

is to built a new bridge. 

Front view of the bridge 

Tower left bank Detail of planking 

HMG Nepal Roads Deportment Suspension Bridge Division 



!l!RAu IMPRO~ 

Haintenence Beporta 

- 
No. : 11.105 _ 

Date : 27.2.77 . 
’ Sig : b& 

Bridge over Tamor Khola near Numa Khola Dhoban 

Span: 63 m 

ICoordinates: 87°W.9’/ 27’29’ Map 72 M/l1 

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 uings very lnuch in nindy times. 

Works required to do 

- wi 

view 

De%ail 

is 

of 

very 

the 

the 

-‘_ 

necessa 

bridge 

bridge 

.w. 

HMG Nepal Roads Department Suspension Bridge Division 
- 
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TRAIL IMPROVEMENT No : Il.106 . 

Maintenence Report Date : 27.2.77 - 

sig : Lx&m-u 

Bridge over Tamor Khola near Simbua Khola 3hokan 

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, 'l'he bridge itself 

is not bad but the cables will not work for a long time. 

Works required to do 

- New main cables 

Walkway 

. 

Cable connection 

HMG Nepal Roads Department Suspension Bridge Division 
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TRAIL IMPROVEMENT 

Maintenence Reports 

No. : 11.107 _ 

Date : 27.2.77 -. 

Sig : Yr$AAo\laLI 

Bridge o,h Tamor Khola 

Span: 25 m 

Koordinates: 

Actual condition of the bridge 

On this bridge some maintenance work has been done some time ago. There 

a new planking. So no more maintenance work is required at the moment. 

w,al.kway 

Left bank Right bank 

HMG Nepal Roads Department Suspension Bridge Division 



TRAIL IMF’BoVE3fENT 

Haintenence Reports 

-- 

No. I 11.108 - 

oat% : 27.2.77 . 

’ Sig : q&a, 

Bridge over Tamor Kh0l.a 

Span: 23.30 

Koordinates: 

Actual condition of the bridPe 

The suspenders are not a:tached in correct position. Also the planking is not 

very good. The sag of this bridge is too less. 

Works required to do 

iCorrect the suspender- 

position 

- Repair the planking 

- Correct the cable-position 

Walhway 
Left bank 

Right bank 

HMG Nepal 

- _.._^_. _ .._.__. -____ 

Roads Department Suspension Bridge 3lvisian 
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MAI&TV!&WX 

General 

It is A generally uncontest& fact *hat constructions should be checked regularly 
and require periodic maintenance .?ork. If tiiu is neglected the aonstxuctions are 
damaged and if they are net maLntained regularl,, the costs for repairs become 
unreasonable. lhey may even collapse :!hich leads to expensive new constructicne. 

In tragic cases even lives li;'y oe lost. A bridge does not fulfill its purpose if 
for example it becomes useless due to look for other routes. 

Tt is leg&ate to wise that existing anal 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 “Oni 

-money 
- organisation and execution 

The following two maintenance reports have been added to the record of existing 
constructions bihioh are in need of maintenance and repair iJork (refer to pa&-,, 
1?,201 to 12.jOj). Maintenance reports compiled by ':ATA - bgineers 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 .dork are necessary. This typ of report oould easely be written up for example 
when visiting building sites. 

Ho\.ever it seems important to me to stress ths fact that the organiaation 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 

...................... 
: : ; ; : : .p,Jp.J’p SE ............. 
. . . . . . . ..*............. I 

I st. Phase I I 

CONSTRUCTION & 
BUILDING MATERIAL 

2 nd. Phase I I 

I 
* 

DESIGN 

3rd. Phase 

4th. Phase 

CONSTRUCTION WORK 
5th. Phase 

HMG Nepal 
..- -- 

Roads Departmsnf Suspension Bridge Dlvtslon 
- --- 



Hahtenanoe Report of the Adam&at Suspension midge 

Adamghat Suspension Bridge, completed 1977 

Trisuli River. Span 113.20 m 

Condition of the Bridge on April 1976 

Presently the nind guy cables are tanging useless. "dhe 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-nay is 

slightly crooked. 'lhe windguy anchor blocks are placed completely out of the 

center line of the wind gray cable. The main ancbiorage on the right bank is 

needing a lot of &&filling, otherwise there will once be an erosion problem. 

Uork required for f:nisbing the bridEe 

a) Eackfillfng 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/S". 

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 

exhorage block 

TRY wrong placed nlnGl guy anchor block 

on the left river bank 

HMG Nepal Roads Department Suspension Bridge Division 



Maintenance Rep-art of the Adam&at Bridge (continuation) 

walk-way of the iidamghet brjdqe soffit qf !.he bridge 

front el.eva-Ll.on of the mnin 
anchorage block on the left barlk 

untightened wind t2.e is to re~lacc: 

vith cabl.es 

HMG Nepal Roads Department Suspension Bridge Diwsion 



mintenmce Report of the Jaimughat Suspension bridge 

Jairamshat Brirlqe, tia!! Kosl c 
I. C0r.aiti.z of the bricge 01: 7Y 2x5. -2sL I?% 

Presently the vina [vy cables ar'i haxing ~~15s:. Ihe tie rccs to the 

ii21 ,-;:a,r <-:Lle nre not ir! the c;.rrect ysitiC’r,r nor are they a’.tached 

nrcperlv, rjecacee of it.ic r tne :,r?-dee swings Ico much wher. the wind 

Llcxs ant: tb.e ivalkh-2.: is crocked. Lne wina guy anchor block is being 
eri::~ld ty; ;, s:,r;. -7. ', her i'. ralr:-. 

'i‘:,e sus<ecj:e r x‘~:::c &re Fresr;ntl.:: attached TV the valkway cable clamps 
;,; :c r.nl-, ;r-.e z- S'L" ;.p.y, :>lJ*,* . * -_. J Ir R 6;!: i : or7 ,m2 ny of ti.ese nuts are missing. 
;a-~.+. p- tac:~ F,sF.*,~ rez-1: :.rp? '.-LO : g" ?ev t>utr. 

. -O ‘ec".; : ;- . !.ar 'Z ?re 2.~‘o 5' --T -,:t zrc : t :,Ad be r-rlaccd. 

e . I '-y;: rcs L; : re.5 C'c ;‘ L-e. :i i ?y 

:I . f, i ncj , :,. . . '.z' tr .! :. : 

New " I,.: ,:,,ui,. -6 ':-~..]:,-f.i on t!o c>nt.irc :,rjaje. . ._ 

300 12001 Ln 7 , 

Por face [mm) 

a/,,,/, ,,,, /u’r,, ,,,, , , 

1 

(Ii 16’ ’ ’ 
/1 

‘I = P.Om 
12 = 4.5m 
13 = 8.Om 

‘4 = 12.5m 

Buldqrip J/;; 

PC 

LI’ 0 
L2= 0.55m 
L3= 2.45m 
L4= 5.66m 
L5= IO. 16m 

HklO Nepal 
, ,._ 

- 
Roods Depar tnnynt Suapwion Bridge LItvisIon 



Maintenance Report of the Jai-at midge 

Ation) 

b. Suspender Rods: 

Second nuts should be attached and existing nuts tightended. Uce wlk- 

way cable clamp is also required. 

Walk - Way Cable Clamp 

PCS. 

,’ gYrirz*J% ’ 

2 cm ” !$j Nut 210 

3 - f$ 3% ‘i;@ Bolt - Nut 1 

C. Decking: 

Six or seven planks should be replaced, 

3. costs 

Steel and cables 

Hark and transportation 

Total w-------e- ---------- 

3500/- NC 

1000/- Nc 

4500/- Kc 
========== 

Tie rod and connection to walkway 

HMG Nepal Roads Department Suspension Bridge Division 



Maintenanoe Report of the Jairan@at Bridge 
(continuation) 

Tie rods and windguy cable 

The windguy-aable is not 
in the aorreot position. 
It shoul& be a parabola. 
end not straight. 

HMG Nepal Roads Department Suspension Bridge Division 

,’ 
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PHOTOS OF STANDARD ST!GLPAl?TS No : 13.101 -. 

Suspension Brides cross-beam of main anchorage Date : 1st March 77 - 
pylon bracing element 

. . " 

HMG Nepal Roads Department Suspension Bridge Division 



PHO’IW OF STANDARD S=ARm No : 73.102 - 

suspension Bridges pylonfs cable saddle 
column shaft hinge element 

HMG Nepal Roads Department Suspension Bridge Division 
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EWPOSOFSTANDAFfDSTEELpBBTs No. : 13.103 

Suspsneiaoz Eriages canneuting plates 
pylon's shap assembly 

HMG Nepal Roads Department Suspension Bridge Division 



WOTOSOFSTmDSWARTS 

Suspension midges walk-way 
J-bolt for walk-way 

column element-m 

HMG Nepal Roads Department Suspension Bridge Division 
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PIWl?CSOFST~AEDS~~E NO. : 13.201 _ 

suspended Bridgas main cable &ZUIII anchorage 
main cableend clamp 

: 1st Mamh 77 - 

1 

4 
,.tfMG Nepal Roads Department Suspension Bridge Division 



WOWS OF STdsDdaD STEELPAE!~~ 

HMG Nepal Roads Department Suspension Bridge Division 



PEIOTOS OFSTAhQARDSTEELPAnTS 
Suepsnded Bridge w&&-w~~s shop assembly 

hand-rail cable anchorage 

HMG Nepal Roads Department Suspension Bridge Division 



Aciessto the bridge, 3.801 
Active earth pressure, 3.501 ff, 3.801, 3.804 
Active wedge,- j.801 
Adam&at 12.201 ff 
Allowable bearing pressure, 3*102 
anchor bars, 3,604, 3&704 ff, Jy9 'I 

blocks, 3.601, 3.701 ff, 8.104, 
hook, 31918 
parts, 9.309,9.311 ff,10,703, 7 . 214 , 5.203 ff 
rode, 3.204, 9.204, 9.312 
wall, 3,001 ff 

g.302 ff, 9.312, 10.704 

1 

Anchorage parts, 7.214, 9.309, 9.311 ff, 10.703 
Anchorage 

'ry-p No. 1, 3.601 ff 
'J3p No. 2, 3.601, 3.603 
'-D-p No. 3, 3.601, 3.604 
Typ No. 4, 3.601, 3.605 

Angle, 5.301 
Axme 

internal friction., 3.801, 3.804 
repose, 3.501, 3.801 
trigonometry, 3.912 
wall friction, 3.502 

Approach trail, 4.103 
llr~ll~ 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, 3.401, 3.801 
Drainage, 3.401 
Filling, 3.401, 12.202 

Back stay angle , 2.101, 2.302 
Ba;k stay oable, 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, 3.803u 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, 3.605 
Boring, 4.302 
Boulders, 3.101, 4.305 
~aciJ'v% 2.101, 2.302, 2.501, 13.101 ff, 13.202 ff 
B=Ah load, strength, 2.802, 5.103 ff 
Beast wall, 3.505 
Bridge 

centre line, 8.105 
costs, 4a'ol, 7.101 ff, 7.201 ff, 7.301 ff, ,7.401 ff 
d-i@, refer to chapters 2. Bridge Design and 3. Structural halgsis 
:;ire, 2.605, 5.106, 10.701 ff 
position, 8.101 ff 
suw=nded, 2.102, 2.401 ff, 7.301 ff, 9.309, 10.601, 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 
Eutts, 7.502 

Cable, 2.304, 2.802, 5.102 ff, 
break, 6.304 
c - ~iamp, 5.202 
CU, 2.701 ff 
end clamp, 5.203 ff, 13.201 
length, 2.403, 2.601, 2.604 
saddle, 13.102, 13.201 
,,Teight, 5.102 ff 

Camp establishment, 7.202, 7n222 
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, 10.80: 
Chilimay Khola, I.112 



Classification, il.305, 4.309 
Play, 3.101 ff, 4.305 
Clearance, 7.501 
Polble, 4.505 
Coefficient 

aCCiVe earth pressure, 3.502, j.801, 3.304 ff 
friction, 3.501, 3.601 ff, 5.203 ff 
passive earth pressure, 3.301, 3.804 ff 

Coliection of material, 9.101 
Coiour indication, 3.917 
Colmm base, 2.304 
Column element, 2.302, 5.501, 7.502, lj.10; ff 
Completed brid,yes, I.301 
Concentrated single load, 2.701 ff 
Concrete, 5.401, 9.301, 9.306 ff, 3.908ff, 3.eo3 
Condition of roads, 7.601 ff 
Connectin? plates, 2.302, lO.lOj 
Construction chart , 7.101 
Container, 9.204 
Conversation tables, 3.913 ff 
Cross beam, 2.301, 2.401, 2.004 
Cosine , 3.912 
Cost, 4.101 and chaper 7. Cost estimate 
Sounterfori ,~all, 3,504, 3.506 
Curvalure, 10.801 
Cuttinr, 5.103, 7.501 

hJrK?~~, 5.101 
lead - Load, 2.501, 2.303, 2.401, 2.403 
!jeau load sags, 2.303, 2.403, 2.901 
geaciman, j.801 ff 
aecreasing of sags, 2,806 
Deflection, 3.911 
Z)elivery, 7.jO2. 7.403 
DesLy specification, 2.301 ff, 2.4111 ff, 2.501 
>ovi;rhat, 1.203 
3haunebagar, 1.102 
Diagonal system, 2.501 
Diletancy, 4.306 
Dimensioning of reinforced concrete, 
DE lo52 ('3uckling Xumbers), 5.502 

3.706 ff, 3.908 ff 

Distance, 4.208, 4.213 ff; 7.601 
Double eccentric loading, j.901 ff 
Drainage, 3.401 
Dral:iing, 2.305, 2.404 



Dressing, 7.211 
bill bits, 6.107 
Drilltic, 9.202, 6.101 ff 
Drum anchorage, 5.203 ff, 13.201 ff 
Drystone retaining wall, 3.505 
carry strength, 4.306 
Dynamic behavior, 2.602 

th pressure, 3.501, 3.506 
coefficient, j.502, 3.801, 3.804 ff 
resistace, j.501, 3.801 
timbering, on, 3.201 

Xccentricity, 3.701 
Cccentricloading, 3.901 ff 
Slastic elongation, 2.601 
Zlongation, 2.601 
%tablishment of the camp, 7.202, 7.222 
Erection hook, 'lO.101 Tf, 10.206 
Evaluation, 4.401 ff 
lX-unl mgles, 5.301 
Excavation, 3.201, 3.201 ff 
Execution, 7.10: ff, chapter V., 12.101 

Fabrication, 7.301 ff, 7.401 ff, 7.501 ff 
?aSrication points, 7.601 
Factor of friction (sliding), 3.501, 3.601 ff, 3.604 ff, 

3.701, 3.708, 5.203 ff 
Factor of safety, 2.303, 2.403, 3.701, 3.705, 3.801 ff 
Feed back, 12.101 
Feet, 3.914 
Fibre core constructian, 5.105, 10.701 ff 
Fibre glass pl~&s, 7.218 
Field anchors, 6.304 
Field ldelding, 7.503 
Finish off, 10.501, 10.801 
Fitting, 10.601 ff 
Fixation cable, 2.301, 2.401 ff, 9*307 
Fixing, 8.103 
Foundation, 3.301, 3.501, 3.708 (see anchor blocks) 
~VACtiOn resistance, 3.503, 3.802 (see sliding, safety) 
Free board line, 2.101 ff, 3.301 



Czbion ::nll, 3.301, 3.504., 9.401 
r,canpkly , scc i:nlk ::ny 
Geometry of the pylon, 2.304 
COl~wq KhOla, i.111 

Gravel, 3.101, 4.305, 9.101 
Gravity block, 3.601 ff, 3.701 
Gravity/%.,,.- ;i: 1:; dk, 3.601, j.GOj 
Gravity/Rock block, 3.601, 3.604, 3.704 
Gravity wall, 3.501, 3.507 
Griding, 6.107 
Ground surface, 3.X:, 2.505, 3.603, 3.801 ff, 3.~305 

Iiabegger, 6.303 
Yandling, 7.501 
%ri~~r, 2.401 ff, 10.602 
;Md rail cable, 2,301, 2.401, i3.::'oj 
{Ieel, 3.508 
iTei&t of the pylon, 2.303 ff, 7.216 
ml&g& ;. g:, 2.807, 13.101 ff 

1 , 2.302, 2.807, 13.101 ff 
!foi& b&k, 6,201 ff 
Hoisting, 10.105, 10.201 
Tiook, 3.917 
:Ioli.n,~, 7.501 
i'orizontal force, 2.601 ff, 2,701 ff, 2.807 
Torizontal distances, 4.213 ff 
'IYdrOlO,~~, 4.103 

Inclination of slope, 3,201 
Inclined hottom. 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, 7.505 
Internal angle (friction), 3.501, 3.801 
Interpolation, 4.401 

Jairamghat, 12,301 ff 
Japan cable, 5.103 
Jauljibi, 1.107 
Joint sealer, 5.203 ff 



Yey, 3.503, j.50'? 
rl-lorcanga :hola, 1,117 
W-iks, 5.101 
;:othe bridge, 1 .I05 

Laboratory test of soil, 4.304 ff 
Iayers, 3.401, j.COl 
j.Lt:r out, 8.104, 8.201, ?.3Of?. 9.310 
Ie-@h of tie cable, 2.403, 2.501, 2.604, 2,701 
levellinr, 4.210 
tivellinq instrument, 4.216 ff 
Limestone, 4.?108 
;,@wl 

zad, :I* '0-I , 2. '03, 2.403 
live, 2.501, 2.'::7, 2.401, 2.403 
,.ind, 2.301, 2.401, 2.501 
full, 2.303, 2.403, 2.501 

Local material, 4.103 \ 
Location, 4.102 
Lodey Chat, 1.115 
Lubrication, 10.207 

i,iachinin,?, 7.502 
:ain anchor block , j.304, 0.104, 9.302, 9.304, 9.311 ff, 

refer also to anchor block 
72.x cables, 2.303, 2.405 
Eaintenence, 11.101 ff, 12.101, 12.201 ff, 12,301 ff 
P~angInayn !Chola, 1.108 
Markix-, 7.503 
Kasonary work, 7.211, 9.306 ff 
Y'aterial, 4.103, 5.101 ff, 5.201 ff, 5.301 ff, 5,401 ff, 

5.501, ~~,I01 
Yax. soil presxre, 3.102, 3.508, 3.701, 3,901 ff 
Xensuration, 3.915 ff 
Methods of survey, 4.201 ff 
Xoments, 3.R03, '1.9'1 
Mortar container, 9.204 

Xetting, 2,301, 2.401 
:Tet;.:ork (roads), 7.601 
:Iihu Khola, '1.111 
Xomenclature 

Suspended Sridges, 2.10; 
juspension Pridges, 2.101 
Tools, 6.401 



(Xrerturniw, 3.501, 3.503, 3.701 
Operation and Fiintenance, 6,102 ff 

Packing, 7.503 
Painting, 7.205; 7.218 ff, 7.225, 7.236, 7.502 
Parabola, 2.201 ff, 2.2OC, 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 
Passive I.-edge, 3.801 
Pebbles, 3.101 
Pedestrian bridges, 1.301 
Pikuxa Khola, 1,116, 4.205, 4.309 
Pitching, 3.505 
?jontlr, 6.101 ff 
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 vork, 4.401 
Plumb concrete, 5.401 
?re - stress, 2.334, 10.801 
Profile, 4.202 
-Protection, 9.401 
Pulley, 6.201 ff, 6.304 
Pulling machine, 6.301 ff 
Purchudi Hat, 1.110 
Felon, 2.302 ff, 7*216, 10.101 ff, 13.101 ff 
Pylon 

anchorage, 9.304 
base, 2,304 
foundation, 3.903, 9.307 
?-eometry, 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 



- 

. 

!:eaction, 2.304, 2.~07 
Recommended concrete mixes, 5.401 
Reference points, 4.201 
Reinforced Concrete, i.~:i, 3.908 ff 
Reinforcement, 5.7(37, 5.008 ff, 5.305, 7.301, 7.401, 3.803 
??etaining l.:alls, 3.501, 3.50 ff 

backfill compaction, 3.401 
backfill drainage, 3.401 
breast wall, 3.505 
5:;>tr~.3;:& A!., '1 .ior, . . c2zlt1.: *;'V,72? Yl!, 3.?04, j.508 
counterfort wall 3.504 
deadmen, 3.801 ff 
d-&n, 3.507 
drainage, 3.431 
drystone, 3.505 
earth pressure, 3.102, 3.501 ff, 3.801, 3.804 
foundation stability, 3.503 
@ion, 3.301, 3.504, 9.401 
eravib wall, 3.503, 3.507, 3.503 
overtu-r-hg, 3.503 
placing 3.301 ff 
sliding, 3.501, 3.708, j.801 
soil failure, 3.102, 3.503 
structural components, 3.503, 3.506 ff 
s.edish circle methods, 3.302 ff 
tmes, 3.503 ff 

Rihbed - Torsteel, 5.305 
'tiverbank, 9.401 
Rivets, 5.304 
Roads, 7.601 ff 
Rock, 3.101, 4.203, 4.30@ 

mchor, 3.601, 3.605, 3.706 ff, 9.202 ff, 
bearing, 3.102, 3.605 
blasting, 9.202 
block, 3.601, 3.604, 3.704 
drilling, 9.202 
excavation, 9.201 
resistance, 3.604 ff 

Pods, 3.918, 5.303 
Zopeway Compaqr, 5.105 
Rounds, 5.303 
Rubbels, 9.101 



Sadlle, 2.807, 13.102, 73.202 
Safe bearing capacity, 3.102 
Safety,refer to stability etc. , 7.501 
!;ags, 2.301, 2.303, 2.401, 2.403, 3.501 
Sal, 5.501 
Salla, 5.501 
Sand, 3.101, 4.305, 9.10' 
Sandstone, 4.308 
SATA, 1.301 
Screw, 6.401 
Sekhathum 1.109 
Semigravity wall, 3.504, 3.508 
Shearing, 3.705, 3.911, 5.304 
Shear value, 5.304 
S!iipaghat, 1.201 
Shop assembly, 7.501, 13.?02 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 

Silt, 3.101 ff, 4.305 
Sine, 3.912 
Single cable, 2.601 ff, 2.701 ff 
Single load, 2.701 ff 
Single xire, 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, 3.709, 5.203 ff 
sliding wedge, 3.501 
Slope failure, 3,301 ff 
Soil 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 r:reight, 3.501 
soils, 3.101 ff, 4.306 ff 
Solid rounds, 7.502 
spanning cables, 2.301, 2.304, 9.307, 10.208, IO.801 
Spans, 2.301 ff, 2.305, 2.401, 2.403, 2e501 
Specification, 2.301 ff, 2.401 ff, 7.301 ff, 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 

,. 
:.:, / .: I 



Standaz'd 
deei&, 2.301 ff, 2,401 ff, 2.501, 2.601 ff 
drawing, 2.305, 2.404 
SPAS, 2.301 ff, 2.305, 2.401, 2.403, 2.501 
eteelparta, 9.309, 10.604, 13.101 ff, 13,201 ff 
suspended bridge, 1.101 ff, 2.102, 2.401 ff, 7.301 ff, 9.309, 13.201 ff 
suspension bridge, 1.101 ff, 2a101, 2.301 ff, 7.401, ~3~101 ff 

Statical calculation, 2.801 
Steam, 3.508 
steel, 5.301 ff, 7.501 ff 
Steel conetruotion, 7.301 ff, 7.401 ff, 7.501 ff, 13.101 ff, 13.201 ff 
steelparte, 9.309, 10.604, 13.101 ff, 13.201 ff 
Steel temperature, 3.917 
Step method, 4.211 ff 
stiffness, 2.401, 2.601 
Stones, 9.101 
Storage, 7.503 
storage points, 7.601 
Straightening, 7.501 
StXMu3f3~, 5.50; 
!ylmmaes in gravity wall, 3.508 

'$ Struoture stability, 3.503 
Sukhadik Bouldik, 1.114 
survey, 1.108, 4,201 ff 
Suspender, 2.203, 2.401, 2.804, 10.301 ff 
Swedish olxcle methods, 3.302 ff, 3.601 

~cheometric survey, 4.204, 4.206 ff 
Tangent, 3.912 
Tack, Purpose, 12.101 
Teakmica ata, 2.301 ff, 2.401 ff, 2.501 
hohnical report, 4.101 ff 
Tmparature, 2.805, 3.917 
Temporary ereotion fittings 

oablee, 10,101 ff 
foundation, 10.101 ff 
hoake, 10,101 ff 

Tension, 2.303 ff, 2e403, 2.601 ff, 2,701 ff 
Terme of eteelwork, 7.501 ff 
mid, 7.503, 9.203, 9,205, 13*203 
%B~aamy.Y~ 7.301, 7.401, 7.503 

%eodalf~e,*4.:06, 4,219 ff 
'J&imblee, 5.201, 10,602 
TfJlww, 5.501 
Timbering, ar201* 9.301 
TirforI 6,301 ff, 10.401 



Toe, 3.508 
Tools, 6.401, 7.202 ff, 7.222 ff 
Top soil, 3.401, 3.801 ff, 9.201 
Torsteel, 5.305 
?ou&ness, 4.306 
TOWr, uncorrect name, because ::e are dealing *.rith 

hinged systems - i.e. pylons 
Transport, 7.201, 7.221, 7.601, 12,131 
Transport routes, distances, 4.104, 7.601 ff 
Trench, 3.201, 3.401, 9.201 
Wench timbering, 3.201 
?ciangulation, 4.208 
Trigonometry, 3.912 
Tunnel excavation, 3.601 
?ypes 

trail suspension and suspension bridges, 1.101 ff, 2.301 ff, 2.401 ff 
WllS, 3.504 

!Iniformly loaded cable, 2.601 ff 
inreeling, 5.101 ff 
rplift capacity, 3.801 
lTS.llD, 1,301 

Vane test, 4.304 
Vertical reactions on the pylon base, 2.304, 2.807 
Volume, 3.915 ff 

'&a w-, 2.101, 2.301, 2.401 ff, 7.301, 7.401, 9.305, 10.302, 10.602 
'Jails 

anchor wall, 3.801 ff 
breast wall, 3.555 
butteressed :*all, 3QO4 
cantilever Trail, 3.504 3.508 
counterfort stall, 3.504 
deadman, 3.801 ff 
desim, 3.507 
drainage, 3.401 
drystone, 3.505 
earth pressure, 3.102, j.501 ff, 3.801, 3.804 



Yalls (continuation) 
grtbion, 3.301, 3.504, 9.401 
gravity wall, 3.503, 3.507, 3*5OQ 
placing, 3.301 ff 
sliding, 3.501, 3.503, 3.708, J.NH 
stability, 3.503 
structural components, 3.503, 3.505 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 
:di.nd 

bracing, 2.501 
cable, 2.501 
guy, 2.501, 2.808, 10.402 
gqy anchor block, 3.703, 3.RO3, 3.905 ff, 8.106 ff 
load, 2.301, 2a401, 2,501 
load carrying systems, 2.501 
tie, 2.501, 2.308, 10.402, 10.403 

!Jire , 5.106, 10.701 ff 
Wire mesh netting, 2.301, 2.401, 7.218, 7.235 
Wood, 5.501, 7.205, 7.225 
:looden deck, 2.403, 2.803, 5.501, 7.218, 7.235 
World Bank, 1.301 
IJork execution, 7.101, 7.220, 9.101 ff, 10.101 ff, 12.101 
Workshop, 7.301 ff, 7.401 ff, 7.501 ff, 13.101 ff, 13.201 ff 

Refer to contents list for additional information 
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Suspension Bridge 


