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REMARKS ON THE'QEPORT “TRADITIONAL SUSPENSION BRIDGES IN TAPLEJUNG DISTRICT"

“Since the pub11cat1on nearly six years ago of the technical report "Tradional
Suspension Bridges in Taplejung 1n?TapTe3ung District" a considerable
amount. of experience has been accumulated in deve10pment of a bridge type

based on ideas inspired by the weport. During'most of those years I have

‘beer in ‘the employ of SATA in the field of tra11 bridges. These remarks
outline part of that experience,

The first br1dge built with the ideas from tHe br1dges found in Taplejung
District but with improvements based on engineering analysis was Thumma
Bridge on the Tamar River, Taplejung District, shown in the photo below.
This bridge type utilizing stone masonry towers, upper main cables and

ng Jower cables might fittingly be called a "Taplejung-type" bridge.

.fﬂ leties 2 : B R ,,,// .
Photo 58:24 _—" | , ; . |

ble span of the Thumma Bridge was 81 m, walkway length was 61 miand the
idae was completed in September 1979. The masonfy tower shown above

s 6.6 m tall measured from the base. A Tayer using cement was constructed
ery .9 m in which cement mortar was used-between the cut stones forming

e perimeter of the layer and cqncrete with very large plumbs was used

compiete the rest of the layer within the cut stone perimeter.
cement was used Detween the cement layers.

ent was used throughout the topmost Tayers

Otherwise
In order to cap the tower
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“The walkway of Thumma Bridge is
showﬁ at_ the left. .
The experience of Thumﬂa Br1dge~
appeared to be=a success ful example
of the application-of existing
local technique with efigineering.
jmprovements., The construction’
cost was relatively ‘low and con-
struction time relatively .short -
relative, that is, to certain other
- centrally funded projects. =
Thus, SATA was encouraged to sponsor
a further program aimed at bridge
building utilizing improved local
technique apd training local skilled
workers. That program took place
in- Dhading District, a district - - .
partly adjacent to and_west of '
Kathmandu Valdey., Six bridges
were built, two of which were of
the "Taplejung-type". Three others
“used a short masonry tower, about: |
1 m height, to carry handrail cables,
.while the -Tower main cables were
carried by a concrete block cast
in all cases cn rock. The remaining
bridge used steel pips sections
Photo £5:20 " . for towers with walkway of. the
T T ' "Taplejung-type".

1
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he first of © hose two ”Tap?egung the bridges in Dhad1nq District we -
(intang Bridge, shown belows-with cable“span of 108 m, walkway length s

f 82 m, and comp]et1on in June 19¢2. The height of the towey in the fore-
rourit was 6,5 m, However, since cement was not.as expensive as in Taplejung
istrict and the bridge Dudget was adequate -cement ngr‘ar was used betweeh
11 the cut <tones forming the oiter perimeter of al all i glkni of 'the masonry
tructure, Concret1ng within the outer per1meter - of cut stones was at

9 m intervais, the same as at Thumma Brndge
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The second of those two “Taptejung-
type" bridges in Dhading Mistrict
was Thopal Bridge, shown at the left,
with cable span of 101 m, walkway
Tength of 59 m and completion in
June 1984, Due to scarcity of good
stone. and Tower cement cost because
of vehicular transport up to the
site, . a greater amount of cement

was used in the masonry towers than -
at K“.tang R\Mdno -The \.t:ﬂl(wn\/
landing 1in- the foreground is bu11t
without cement.
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Although the highest-tower. built was 6.6 m, 1 wou1d not hes1tate to bu1]d
towers 1-2 m higher if the site profile and/or size of building stones
allows it. (P]acement of the stones up until now has been accomplished
by carrying them up a temporary ramp at the rear of the tower, Making
the ramp arid carrying the stones up it will become increasingly difficult
depend1n9 on ground profile behind the tower and required tower height.)

,T1me and spacé do not allow detailing here, of more of the. varkous e&per1ences
of the past, years Nor is it possible here to undertake a ‘review of ! he
1978 report .-, . Bridges'in Taplejung ...", some ideas of which proved""

good and others of wh1ch proved not so good or- remaxned untested
;fn conc1us1on, I' do recommend the "Taplejung- type” br1dge as a desirable
‘br1dge type where site'conditions are suitable. Suitability w11] epend
<0R ava1]ab111ty of stone stone cutters and masons, site profi]e, grans— 5
Mportat1on ‘cost, etc : ' :

Persons in Nepa] or Sw1tzer1and really interested in the above SUbJECt
might want to peruse periodic reports which I have been submitting since
1978 and which ought to be on file at SATA, Ekanta Kuna, Jawalakhel,
hathmandu, -at Suspension Bridge Divisioq, Kathmandu at~HELVETAS, ZUrwch,
and a2t Direktion fUr Entwicklungszusammenarbeit and human1t3re Ha]re (DEH),
Bern. A final report ofwexperiences of the past years is curvently in

the out11ne sLage

In any event, I have 1ﬁc1uded the anove remarks here to indicate that

the state of the art has. progressed squ1f1cant1y since the 1978 Taplejung
repoxt. It would be 1ike trying.to reinvent ihe wheel for anyone to pick
up ihat repert and start to develop ;mproved designs on the basis of that

nepo -t atone,
/Wﬂzu

Horbert Rice
SATA, Nenai
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1. Introduction * toe < :
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" The Local D?velopment Debertmént with the assistance of the-
' Suspansion BPlng DlVlslon ‘of Roads Depertment planned and’

gxecuted’ e'trlp to TepleJung DlStPlDt in northeest Nepal to

study locel bridges. The trip was mede by a ber of SAWA end‘
Lan Amerlcep Peace CDrps Velunteer in Februqry//:

978,1 Durlng ‘the”.
~trip 27 bnldgee were Qtudled 24 in TepleJung and 3 in Ilam and

'iPenchther Districts. The bridges of Ilam’ and Pamchthar represent
a leFerent tredltlon of bridge bulldlng and will not be dls—/

cussed i this repdrt A. drew1ng of en”ilem bridge ls imcluded

_fln the Appendlx, page 84 Another.trlp ‘to study the local
_bridges AF Ilam and Pencbther is suggested. &mK\W s

S ! \\\ AR

;Interest in 1nvestlget1ng Nepel’s local style brldges was Fyret

- stimulsted by the brldges of Baglung Dlstrlct Baglung Dlstrlot,
has a unlque herltege in local bPldgE bulldlnﬂ leFerent From
gTeplEJung The Baglung style brldge ‘has been descrlbed in

a report written durlng the summer of 1977 .~ Although some

'technlcal lmprovements are needed in these brldges, people
of Beglung Dlstrlct have shown much ldcel initiative in bridge
buxldlng. grese roots’ organlzetlon Has developed in the

Baglung area to respond tofbridge'building needs. This loose

‘organization includes loeal skilled workers, experienced bridge

builders, and the Dlstrlct government The ultimate goal -

in Taplejung is to estebllsh thls same locel brldge bulldlng
capability through technical assistance ‘and training.

The purpose'eFxthle repdrt_is to present the general componants
DF the Taplejung local bridges, to assess their technical merit

rd

’end to dLSCUSS notable especte of epec1F1c bridges. In the con-

Cluslen the Flndlngs of the report are ‘summarized and recommen-

‘dations For Further work are presented.’ The Appendix gives =

listing of the raw technical data, notes and photos of all the
24 bridges studied’, and specific technical calculations. This
report sholld be useful to.engineers working/in eastern Nepela

as a guide for bridge design work and constrdctiom.  Also the.

report will serve as the basis for & bridge marnual“to be used
by local builders 'in the Teblejung area. It is proposed that a

3
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preliminary manual be writtén For use in a tralning program
R d \ -

|
%

{

in Taple jung. - i ‘ )

Similar stediee should be carri%a oQt in B%herﬁareas where loca
bridge bULMdlng technologles EXlSt and re&ated reports and
manuals should be prepared. IFf technlcal lmprovements are. neede
they 5hould be suggested in the PEpDPt and presended in the
local manual For the area studied. As in Taplejung, a tralnlng
pragram For local bu1lders should be executed in each area. The
tralned local bu1lders hopeFully will go on to bulld brldges in

the dlstrlcts imn which they were tralned, . -

P

The‘fraining of local builders and the writing of local maruals

‘alone do not guarantee success fFor local bridge building pro-

grams. The districts involQed should assess their bri&ge buildii
needs and Formulats a development plan. Some main trail, long
span brldges should .be built by SBD while at other sites a loca
style brldge mlght be appropriate.:Once a dlStPlCt bridge build-
1ng program has been developed the quantltles of steel and
cab{e required can be determined. Building DF local brldgesA
cankbe expedited by stock piling of steel parts and cables

at the district center.‘Most of the‘sfeel work camn be dome in
the field faor loczal bridges ang therefore bull purchase ‘of
steel firom suppliers such as Natlanal Trading would be advan-
tageous. It is much easier to transport large quantltles of steg
and other materials one time for seveéral bPldgES than to “trans-

+

- +

port parts for each bridge separately.
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2. Seneral Brldgg DESCP{Ptth and Technical Assessements

A7 "

"plrotch 'to bridge BBiLa;
qaro cb to bridge. 3#sildin
ad by the followin m

1 The maln cables were above the walkway 1n =]
' ,‘w1th a variety- qF sag ratios. .
» i‘; o . w@(@ L .
2. Ihe walkways usuallyeweréybullt with steel’ Flat cross- mem-

-bers, three Londit inal stringers, fand transverse plankin

@

The suspender rods were cut to length and béﬁt‘by*é'Kami

3.
Glocal blacksmith]) during bridge construbtion Suspender r
were often secured to the cable by simply wrapplng them
around it.- -
— Lo - . )
Ihe towers were of rough stane masonry construstion often

' n

with weoden struts in front of the‘@asbnry. .
- ’ § » . & s
5. The cable anchorages were gererally of 2 Eypes hooked -
metal rods imbedded 1n bedréck or a large bgrled rock . The

- N

cable was wrapped around the hDDked rods.’

; The walkway shapa was often determined by the geometry of the
bridge site. Thls Flexible approach permitted the bridge to
conform to the|51te conditions. For axsmple the walkway mlght

be cambered if the cables could, be anqhored sufficiently hlgh
above the welkway landing. T

Br‘z a(jﬂ Pro{t'le q)?’éﬁyf’amb(rca( '&Ja//(waj

| - 3

|
A $g-t

{Q R Q;mbu'
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When h is large enough a cambersd walkway is posslbls Often

.

the csbles cannat be Essxly snchored 3t suFF1c1snt‘height tD»

perlt a_ horlzontal or cambered walkway, s a, saggxng wslkwa@
'

is necessary

i :‘ﬂj:i] N
ahJthj,

In this case the bridge has = préF;le similar to a suspended '’

bridge but the cable and waikway sags‘aqs diFgerent.

i

In the Fdilbwlng sub-ggctions the site lccatlons, cables, sus-
pendem rods snd connectloh details, walkways'and tower. anchorag

are desCPlbed and assessed technlcally oo = e

. .
N

i
| | |
. - ’ . o
2.1 Bridge Site Locations S . v
l
All of the bridges explored had roak on at least one side of

the river. Harely was the rock out Dut For the Foundatlon The .

local builders usually sslect e'd slt@s ‘with horizaontal rock on

one or both sides so ‘steel rods in shear could be used to anchor

the cable. In the bridge sketched below, it.was not necdssary’

to have the walkway come in below ths rock ledge since a dry .
stone wall ﬁermitted the cable to be anchored at thHe same elsb

vation as the walkway landing.

o .

Fovndation - b}a,ﬂ(p)f:?Ciﬁnp{ Prolile

v

masoner
marm cables

)

embedded L
arichor rool
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In some casas' such ae the Nuwa Khola Erldge, 15,
datlon is located

5

at least BD

the Foun-"
toa cloee ta-an srroded bank
FrDm

SBDW Jﬁ"“@mend
horlzontel be malntalnad fFor~

PPN

: TR -
.1-"&‘"-\\\&—,“ ;

) ? r Pl
o - . Pt 'F ”

"bottom of the

eroded bark tb the Frant oﬁ the Foundation.
' Nuwa Khola Brldge has an angle greater than 45°

By means of
ar

ape survey a local builder could correctly place aaFoundatlon
Frcm an ed bank.-

s

foundation

‘ercoded. -
banK’jﬂ_,:

oe

the llns between

o




-

“and allowable load capacity of the bridges the span,

In pnly one case was - ‘imadequats Freeboard observad and in that 0

case the monsoon of 1977 destroyed ths walkway For the brldgas

investigsted the average freeboard was 10 meters above the water
level at the tims of investigstion in February 1978. In. ~the\ 1977

, mensoon at least 3 brldgea were washad out along the Irwa Khola.

SBD suggests malntalnlng S meters above theabsolutahlgh f1cod
lpvql. When a bridge spans a steep gorge more Freaboard is neces-

sary. Local builders could easily measurs the Freeboard before
COhStPUCtLDn

2.2 Cables

T

The averagg sag ratio DF the bridges studied was 4.9 % ana\S\gyt

of 24 had ratios less than 4 %. Inorder to determine the ultlmate‘\

sag ratio and

\‘;




theicable area were tabulated. Then from this data the load
capécity was calculated. The calculations and the results are

in,ﬁhe Appéndix: pages 42 = 45. .

It was fFound that the allowable load cap;city [tﬁe allowaBls

load, is deFinedias the loading at which the cable is at one third
of iﬁs breaking;strength] of the cables For 22 bridges was an
aQérége of .48 kg/meter*. The allowable loading varied from 130
toAglﬁ?kg/matéY. The Ampdanda Bridge, T 3, was the only bridge

which is considered unsafe under heavy fraFFic due to high.

cable tension. | ) 5
N A - .

Bl

A higher allowsbie loading could be obtained for many of the
bridges studied. if the sag ratios wecgwihcreasad. The cable
should be permitted to sag to the walkway handrail in order to

maximize the sag ratit: The Sisne Khold Bridge, T 6, could_ have

siiy‘been buiit with more éag since the cable low point is over

ﬁmetéh higher than the handrail high point. Local builders o?@gn
11 cables as tight as they can~ragardless oF\the‘Eesulting smail
g ratio. The sag ratio could be set by a local builder to within-
inches to a foot with an Abney Handievel or similar instrument.
was pointed‘fut above, the walkway shape"ié Flexible and can

ally accommodate a higher sag ratio while maintaining the same

t

lkway ' landing points. )

This load includes the dead load of the bridge.
i
} A
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In two of the bridges studied cables were used ih'pahallel with
chain links. This practice leads to stress and strain incompa-
tibility since the cable is much mors Flexible than the steel
chain in tension and the links Fail at less strain than the
cable. It was computed for bridge T 2 that, whén the chain links

N : fail, the cable Stress is only 26 % of its ultimate. It is clear

that if chain Iink bridges have additional parallel cables, the
cables are only minimally sffective. In the Appendix, pages: 46 -~ 47
tha stress -Astragn compatibility calculations are shown For
bridge T 2.

Structural damaga to cablas was often Dbasrvaa Local builders -

| - tend to treat cable as they would a flexible ropa, tying it in

knots and wrapping it around small dlameter rods.
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The reduction in strength for atructurally damaged cables
varies and is difficult to determine without testing. Common
1bcal methods for joining cables, such ab g square knot with

clanps on both sides of the knot, could conceivably develop

full strength of the cable but a testing program must be carried

. . L B
out to determine this. , .

\\V-
. Local bulldog grlps are nslther wall made nor used in sufFLglent

~numbers. Thare‘ars baslpally 2 types of local grlps in use in

Taple jung. One type utlllZES 2 plates bolted together.

It was
computaed that, iF Four %"

bolis were used and if a gquFicient of
'fr;ction~oF .1 is sgsdhed, such a local grip caﬁ'develop? 302 kg

.davelop the full load‘qs:acity of a 19 mm haulage
would be necessary. If ‘

resistance. Tao

éabie 54 grips tre‘plates were: grooved the
cdeFFicient of friction could be increased Mechanical interlock

due to cable daFormatlon may also contrlbute significantly to |

'the capaclty of a local grip. Sae Appendlx, page 47.
v AJ7Ca_/ cable arip:
B . Yarholls
&, —-Plates ; 5 = l T
O

| . L:E‘__.u___l:l::!.‘l_.--,»

o —
. fr% 'z__lca.b/.ej W
© o

Side view

top view L -
7
he. other type of grip used locally 15 placed by a Kami while’

ed hot. There are 2 varlatlons Wthh were Dbsarvad bent flats

#lth hcles arnd metal Cllps, and wire strand wrapped around the

ﬂnly by

cablss. Both variations are shcwn in the photos above.
,Dﬁductlng a test program w1th lncal grlps can _the resistance

& accurately detgrmined. A tEStlhg prngram should include the

Dth types oF ‘grip since the coeFF1c19nt of Friction is uncertain,.

as noted that if Fabrlcatad bulldog gFips were used they were

sually backwards and/or too clasely spaced—A

oy & sdﬁblylng
tandard bulldog gréFa with cables sent to the dlstrlcts shﬁuld be
nstituted anddiocal -builders should be shown huw to use the

rips properly

- : e
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2.3 Suspender Rods and Conmnection Oetails

- g The cpmmonﬁapproaéh found Forlconnectipn of rods to the cable
was simply (to wrap the rod aﬁound the cable while hot. The rod
diameters ware normally 8 mm so that when heated they were highly
\\ : malleable. Nhen the main pables had a high sag ratio, suspender rod

s
slippage was often DbSBPVEd Three leFersnt approaches were ob-

served to prevent slldlng besides simply tightly wrapping the

; SJapendar,rod 1n1tlally.»0n several bridges slippage was preven-
ted by 1qgert1ng a nail into the strands of the cable. This meth-
od, although eFFectlve, cauld cause structural damage to the
cahble. Ancther/approach was to wira suspender - rods onto the steep

part of the cable. This approach warked well as long as the wire

.

was carefully wrapped sofés to develop good frictional resistance.

On one of the bridges studied hose clamps were attached below ,

‘the suspender red connections No glippage was observed on this

bridge ax suspender - cable connections. Hose clamps are a good

N




Slternative, since they cause no structural damage to the cable
nd are easy to attach and ad just; although rust may be a problem

Fter a few years.

51mple suspender ‘rod - cable comnector could be‘Fabnicéted

nd prov1ded to the dlStllDt for local builders. This connector
1ght consist of a Flat with 3 holes spaced such that when bent
round the cable, 2 holes align for a bolt, whlle the thlrd is used
[ attach the suspender rod. A second cable ghuld be attached

ximply with another U-shaped Flat with bolt holes.

abll — fufpcna’c/‘ fénnec o~

Ii 2 hott [::] ) |

o

) ey LA

Cress .S'ttf_"’rz { 1A vitw
N the Mewa Khola Bridge,.-I B} threaded eye hooks were used to
nrect the suspender rods to ‘the angle supports, thus permit-
ing suspender rod adjustment. For a bridge in Ilam Dlstrlct a

imilar scheme was used but in that case a long bolt was bent by

Kami to permit connection of the suspender rod. This method .
iminates the need for a fabricator to produce threaded eye
oks. Long bolts are available in a variety of lengths and
ameters. Adjustability, in suspender rods is desirabl e so

at they cam be tlghtened evenly as one of the Flnal steps in
)

ecthg_gﬁ/the brldge

. ‘
- ¥

J/(/y/t{é/ca j‘/{?(ﬂa/é/‘ fanﬂéc tors
£ye Hook:  Bent (’aff/ajt’_go/é’

@ f

o X

.

T

T —477 K rectron .
' (Cro_g_; suppart be’am)
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Most .of thé‘brfdges studied used a standard wallkway with Flat
Cross supports which were often extended to the height of the
harmdrail'and then attached to the suspender rods. A variatiaon
on this scheme could be easily adopted for the suspended type
bridge where the suspender,rods are equal lehgth. The flat, inm-.
stead of heing attached to the suspender could be directly
attached to the cable. The flat could be hacked at the ends
with holes so a bolt could clamp it to the cable. Other holes
in the flat would permit fFencing teo be 51mply wovenin and out
the flats. Steel  flats used as syspender rods would stiffen the

walkway ééd provide a cheap altermative to fencing.

I3
i b

Suspended Bnd\r;/e with Steel Flat Suspenders:

ma n cablts

I
BE N

/
\
/
\

s e |l 7 s s e s s s o 5 e e o

“side view tross section

.
z

There are mahy alternatives For SJspehdeE rods and connections’
which have been observed on the local bi~idges studied. If buil-
defs Bre aware of these alternatives,they ca; cheatively apgly
them to specific bridges. . . 4

kS
3

va

2.4 Walkway : e

The bridges of Taplejung had - .a distinctive; walkway syst ik
incorporates iﬁﬁr—fbﬁF—3~TE;gltudlnal stringers and trans-
verse planklng The steal flats were usually of 2 langths with
short and long one:altarnately attached down ;he walkway. The loqg

flats served as a support for tne fencing wires. The fFencing usu-

s v . . . .
atly consistedof wire and/or rod running longitudinally through
‘holes in the Flats. o
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Good strength was observed when the stringers,-flats and planking
were tightly clampédréogether. A significant loss in strength

occured when these 3 components were not well clamped. The middle

stringer, wher used, caused bending in the flat and was ineffec-
’ tiva in supportihé the planking if the system‘was'lobsaly'clam-'

ped together.

a

Several bridges ﬁare'studied that had a diFFerent"walkway”schemé

) The Mewa Khola Bﬁidgsg I 6, hgd a walkway w1th angle cross beams,
3 angltudlnaL str;ngehs and transverse plany ing. The good stiff-
ness of the bridge was due to & well built wpboden handrail system,

. A drawing of this walkﬁay is shown in the Apbsndix vII

It was noted that bridges with wooden handré&ls often were in

poor condition since the wood was exposed and subJect to rotting.

WOoden handrails running the length of the brldge 1mprovad the

st;FFne§§ of a walkway but often had poor durability. The standard

~ gystem ls more durable.

The Bargdln Brldga, K 3, had a narrow but stiff walkway composed
. A
~ QFE‘LE&& )

Hr~long1tud1nal planking with metal £lat crass supports
i
:Indepeﬁﬁén ﬂpovamant 6F the planks was pravented by transverse

plahks placed batweahﬁthe ends of the top %@yer of planklng Flats:

should have been secured with bolts through the planking but wers r

N v
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The:Lumbini Bridge, T 2, with a span aof 100 meters had a vs;y

un§pable walkway. Two longitudinal plaﬁks were placed on steel‘
flats with no fastening system. Although the longitudinal plan-
king was joined with transverae plaan,tha walkway had very bad

lateral stability and was dangerous Also the. flats wére DFteh

-

bent since they had to take a hlgh loadlng This type of walkway
should ‘ba -aveided-in- future local bridges, espedally over such

long spans.

A good repalr DF the standard walkway was obsgerved on the Phawa
Khola Bridge in Dumriche Panchayat, Bridge P 1. The walkway was
composed of flat cross supports, 3 lpngitudinﬁl stringers, trans-
verse beams at 30 cm and longitudinal plénking. The transverse
beams ‘were actually the old plankiﬁg before repair of the wa}kway.
Although the bridge was in poor repair and the-wood in the walk-

‘way was rotting, the bridge had good stability.

« The g ndard walkway system with flat gross. supports and longitu-
;f»dlnalustrlngers can have good structural inmntegrity if thE\msm—

bers are properly proportioned and the system acts as CDmp051te

beam with the flats in tansion and the plank above each F;at in
compression. %gis composite beam action only occurs if ﬁhé system
is securely clémped together with bolts. Two examples of ﬁ@ple—
jung style walkways have been designed with properly propo%tioned
components, one daesign with 2 longitudinal stringers ‘and ane with

3 longitudimal stringers. Prellmlnary calculations are sho%n in
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the Appendix, page 47. The advantage

.is that, when the planking begins to.

can be crossed more safely than.with

'advantage’ in the 3 stringer design

of the 3 stringer design
wear or rot but, the bridge
only 2 stringers. But this,

is also a disadvantage in-

advisable to place the stringers s close as possible ta the'

that, if the planking wears out or the clamping‘bolms come lcoge,
the middle stringer produces a high moment in the steel flat, cau-
sing it to yield an& perhaps‘break. This problem EQGWEighs the aé_
vahtages aof the 3 stringér design. With 2 stringers-at the edges

of the Flat the moment in the steel flat is minimized. It is

bend -in the flat. An example of ’hybrid’® walkway has. been desig-
ped incorparating c;mponants of several walkway’systems‘éeen

in Taplejung, I;ap~énd PangggggfvThis system utilizes angle cross
supports, 2 or 3 kgngitudinal stringers and transverse planking.
Steel flats arehgastened*ﬁo the, ends of the angles with bolts

and as in the standard local ,walkways t#e flats support the

8

Hg{ brid Walt(uaiq

-

v naes
handrail ——SUspe 15/

wire.

%" bolt

P — N SR SR S SN S U SR S W O ) SN Ay ’*"’/&_”bo/t
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. ¥ . il
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Fencing-wire and the handrail'stéel.-Eveh iF the bolta»oohhébting“a
the strlngers loosen, the angles will not yleld since’th y ara
deSlghEd For the resultlhg load. Simce the angle cross suggprts
~remaln structurally sound,. the walkway cah/be replaced w1thout
neaa to replace damaged cross aupports. Although thls walkway

is more expensive initially; it should be coatjeFFécFlve becaus?,

of its syperigr durability. The design calculztions For' the o

walkway are shown fhethe Appendlx, bages 51 - 52. . s

A-praoblem noted in most of the bridges studied was rotfl%g of
the langltudlnal stringers at the walkway landlngs Uaually the
stringers are extended beyoﬁd the .end of the walkway and rucks’
and soil are placed on tkp DF them to preveﬁt VEPtlcal and tor-
sional osc1llatlons. Ev1dently m01sture in-the SOll and under the
rocks-speed rotting of the wobden pants at the end of-the walk—
‘way. \lihtha end stringers rot out, the walkway loses .much of ltS
'stablllty There are many possible solutions which  could prevenq

or Petard this Pottlng Three selutions are suggested'heca:'

L. Increase the width of '‘the strlngers For;the last 2 pahels

and paint them with bltumlnous palnt o

1
-

N ’

2. Use 75 x 40 6hamnellsectioas on the la nel /sections and

extend them under the rocks. Protectio annels

adainst rust with paint would be advis

3. usé'75 x 40 éhanne%s as above but imbédsitéﬁ/{% concrete
> . o

at the ends,hThin metal sheeting cpuld be loosely wrapped
around the channels before placimg the cancrefa:so that,
a4fter the concrete set, the channels codld move, permitting
blongitudinal expansion of the walkway. To an}mize the con-
crete the channels sbould be independentiy/imbedded. The

" connection aF the channels to the wooden stringers could be
accomplished in several ways. The stringers could be cut to,
Fit insida,the channel and then bolted through the flanges.of
the channel.” Another simpler solution would be to have the’
channels run parallel inside the wood atringers which rest
on the next to last cross slpport. The channels could be bol-

" ted to theé cross support inside the wooden stringers, See
- »

drawing next page.

4.”["‘ 1l
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- condition .of the walkways\investigated in Taple jung:

in our Dplthn Six of the bridges were badly in need &f repair
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An empirical Yeting system of 1 to 10 was devised to describe the
- 1

1l to 3 Dangerous. Very little stability - little stiffness
against méﬁticai:oscillations and laterally unstable.

High priority for new walkway.
4 to B Intermediate.éondition. Walkway in need of repair but
. new - walkway unneceséary. e -

} 4 b
7 to 10 Basically in good dondition with good lateral and vertical

stability.

The average condltlon of the 24 brldgss investigated was a Pating
of 6. Five of the é:iages needed new walkways and were dangerous , j§
butidid not require a new walkway, It was often noted that the
stringers were in gobd~c;hdition thle the planking needad re-
placement. Forty-five percent of the bridges are in need of re-
pair or a new walkway. This is an 1nd1cat10n of low prlurlty
attached to walkway repé‘F‘and/or lack of effective organlzation
Foé bridge mainte@ahca. Training of local persons by actually
repairing existing bridges in Taplejﬁng is suggested. Thg rating
given to each of the bridge walkways studied is listed in the

Appendix, page 42. ’ ’




.S Towers and Anchors

here were basically 4 different arrangements of towers and
nchors for the bridges investigated. The first type4consistedkoF
masonry tower separate from the anchor block. Although\thls
rrangement was common in Ilam and Panchtar, only the Mor\h\lebu'
anchayat BPlng, T 7, and Phawa Khola Bridge, P 1, in TaplaJung ) ‘7
istrict had masonry towars and separata cable anchors. Thé . - =
ecpnd type was” the more common arrangement. It consisted of a
Ehbinéti&% tower - anchor,often with wooden struts in front
aging soma of the verticai load. The third basic type was a
hort masdnry‘wall-like structure whicH supported the cablesv
t handrail height. Tﬁis type of short masonry tower was used
o suspended type bridges where the harndrail cables were the
1ih.cables The Fourth type of arrangement simply involved
,chorlng the cables in rock above the walkway landlng point,

ylmlnatlng the need FDP towers.

. Separate Lower / AMcAor 1m buried
and anchor boulder or bedrock

= TrPE 4, TN
o 3 ro ek anchory ~
—Zl:—f:—— no Lewer”
TTTIIIT] : » e
: v . A
suspendeol’ bridge ‘
i ‘ / )
I // . i
ty-eight bridge towers were seen during thé étudy. Ssventy— i 7 ’
e percent,h33 in all, were of type 2 construction. Seven towar-‘ >

hor arrangements of type 1,

4 of type 3 and 4 of type 4q
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were slso seen. From these statistics it is apparent that the

type 2 tower is the most common variety.

The type 1 tower-anchor érrangemeﬁ% is a good solution if the
shear and moment is minimized in the tower. It is advantageous
to build this type of bridge with roughly equal forestay and
backstay angles but may not always be possible. The Phawa Khola
Bridge of Dumriche Panchayat, P 1, was‘the only bridge which had

approximately egual forestay and backstay angles on at least one

side of the bridge.

All of the other towers invastigated,.including those in Ilam
Cand Panchtar, had steep backstay apgles. The tower on tha'oﬁpé—
gite bamk across from the tower shown in picture P 1 had steep
a@d unegual backstay angles. The right bank tower of the Miwa.
Khola Bridge, I 6, also had a sta;p backstay angle with a dasign

similar to that of Phawa Khola Bridge. At first inspection .it

,Eppeé?ea that the masonry above the cable saddle pointsfoFsﬁiwa
e - ° S ’
Khola Bridge was unnecessary but under more careful analysis
"-batame evident that this sort of masonry icap adds dead weight

"which improves both the shear capacity and the moment resistance

of the tower. It should be noted that the weight of the masonry

-
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cdp was!in all cases transferred to the Masonry below with_

oIt reacting on the cables. This was usually accompl i shed

by bdilLimg 8 wooden frame at ‘the level of the cables,




With Cap :. : . Withou ca

first layer of rock : 7 /@gony cap
L L L
v ! W
A ' b

ln/,
| | , | s coel of Frict
. _¥_:Z__F 1#—72——+—— /L I?CKbY)fégkﬁ
shear resislance =Wy M Shear resistance = \'\/c - A
moment resistance =W+ "‘/:D%_ moment res. = (w, + WJ% ;

el We D> w, both the shear ama moment resistancs is
ﬁ{;/lé’/‘ with a )'nason:‘] cap. (Vertical cablt reaction ney /‘C'de‘)

HMo}em4Limbu éridge over the Tamur, T.7, bhad masonry towers
hout tower caps and had steep backstay angles. Both of the
onry towers had evidence of shear and moment irduced cracking.

this case the shear failure appaarad to be parallel to the

ltahtvForce of the 2 cable tensions. The moment induced

cking indicated that the unbalanced horizontal component of
ce af tha top of the towgr multiplied by the height OF the
er was iess than the resisting moment. The resisting moment
equal to the vertical cable Fcrcé plus the tower dead weight
es half the tower thickness. Also it should be noted that thé
N cable énchor block appeared to be of insufficient aiie, but

depth of the anchor could not be determined. :

is concluded: that with this type of tower-anchor arrangement
masonry cap on the tower is helpful in resgjisting ' moment and
) o oo

r. Also it is suggested that equal forestay and backstay
es be used when possible. . . T

ERE

e variations of the second type of tower weré seen and are

ssed here as types EA; 28 and 2C. The type 2A tower had a
. ’towar'\placed immedigtely’in front of the masonry tower-an-
“and usually secured against sway by a steel flat inserted in

masonry and wrapped around each wooden strut. The type ZBs

r had a wooden ‘cower several meterg in front of the masnnﬁy




| v
structure. The type 2C tower was entirely a maaonry\struqture

with no wooden supports. 0f the towers investigated which were
in the type 2 category, 3 fit in the type 2A subgategory, 16 in
typs 2B and 14 in typs 2C. The quality of waorkmanship of the

Variations on tjpf 2 ‘zf‘awers:

TYPE 2A: | TYPE 28:

L] Fand

R , LT Waood forser next Zower oﬁ.ffaj( of

tovnasunfj ¢ 7nason i

(T_Z;pe 2¢ i—ower“-anc,hor‘ has Mma wood. z.‘ower*>

stone tower construction was an 1mpnrtant factor in the stabil-

Ity of the atructure. Soma examples of good and bad. masonry con-

struction of the type 2 tower are discussed below.

The Sisung Khola Bridge, T S;Ahad a maéonry tower;anchor with

a wooden ﬁoweFMEnrﬁroht of Fhe maéonry. It was observed that
there was a 45° crack locatbd-half a meter from the top of thé
tower which opened and closed when the bridge ;as.lightly loaded.

The movement appeared to be caused by the unbalanced resultant

force at the top of the tower. The masonry work in the tower wag-

poor and parhépﬁfthéwcréék would not have Formed if the stones
‘had been broperlyvkaysd. Besides the poor masnnﬁy, the placement

of .the cable support beam was too close to the frant of the tower.

[
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Analysis indicates that the wooden tower is. determantal to ,

the strength of the masonry tower because the ‘cable forestay
angle is decreased. The result is a larger unbalanced force |,
orn the masonry tqwar. Also it should be noted that the wooden
towers observed were often rotten at the base and not able to

take a large vertical load.

e

The largest dry stone tower-anchor ancouﬁtaﬁéd was on tha Nuwa
Khola Bridge, I 5. The tower height was 5 meters. Despite unequel
Forestay and baékéta§ angles, 9% and_-450 respectively, the

Bridge was structurally sound under light dynamic loading. No

noted that the cable support beam was one and half meters back
- from €ha Facé of the towar; Having the support beam further back
_._from._ the tower face increases. the shear fesistance. Although'
accurate analysis of the type 2 tower is difficult, some cal-
culations are presanted together with|a discussion in the Ap-
pendix, page 53. The qdality of workmanship is difficult to

account for in.design caloulations.:

K]




The third type of toWer-anchbr system, conaieting of a short,
wall-like masanry structure, was used for suspended bridges.

Slmllar‘problems are encodnterad with this typa of masonry system

as with the type 2 tower-anchor. IF the cable backstay angle is
too stéep,.crecks may develop due }B'high shear through the
masorry. All of the type 3 toweﬂs{sean in Teplejung had the

' rocks placed horizontally. Suparlor ‘Bstability mlght ba achiaved..
if the rocks were placed. at-a silghéﬂangie. Areo 1F the éggg,nF

the wall is Blightly curved, the cable mare uniformly distributes
the force to the masorry. .

£

TYPE 3. ToWER-ANCHOR

ffl_[ | S I I |

Mg

_—
T

.

Plan View Side View

The fourth and last type of tower-anchor Bystem, consisting of
a direct anchorage without towers, utilized steel rods in shear :
to anchor the cables and had no masbnry or waood structures. In 3
all of the bridges seen the cahles were anchored to a large boul~
der or bedrock by means of hooked steel rods. With this type

of anchor there are 3 modes of failure pbséibla: shear of the

steel rods,. pullout of a buried boulder or crushing of- rock in

Fromt oF the rods. Direct pullou€ of the steel rods was not a

problam since in all the bridges studied the anchor rods had

ritin L kR

very little vertical force on them. The shear strength of the
anchor rods reduced tha averall load capaCLty of the bridge
in some casas. For & of the bridges the slzaa of ths anchor raods

are shown next Page. L, Co : . . : |
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he allowable and ultimate shear fForce for the anmchor rods on
" A
fach bridge was computed.>~As a comparison the allowable cablle

ension,. taken as one third breaking strength, is alsc listed.

ridge; No and size Total - Allowablex Ultimates Cable

=] " Anchor rods Area “Rod Force ‘Rod Farce Allowable
1. ..2,-32-mm- - -16.1 cm2 17.7 tonne  32.2 tonné 34.0 tonne )
3 2, 35 9.82 10.8 19.6 3z.2 3
5 2, 3 " 16.1 17.7 32.2 '34.0
‘ 32 & 25 12.95 _ 14.2 25.9 11.2
‘2, 32 16.1 17.7 33\.2 34.0
‘Allowable shear stress = 1.1 togne/cma. Ultimate shear stress

= 2.0 tanne/cm2 (Indian Civil Engineering Handbook)

3 cases out of 5 the rods would shear before the allowable
Bble tension is reached. In 4 out of 5 the allowable rod foroe
= less than the allowable cable Forcé. These findings indi-
bte local builders Ehﬁuid be assistad in the selection of the

mber and size,vashear rods. A simple chart might be deve-

bped listing cable sizes and theAcérreéponding nrumber and

Lze of rods reguired.

e pFoblem of boulder'pull aut is not easily attacked analyti-
-llyf When used Wi:h a type 2 tower the boulder should be par-
ally under the rocks in the tower. This way the ‘weight of the
spnfy tower resists the pullout. The steeper the back angle
e gFeater the vertical force on the anchor boulder. this is

other reason to minimize the steepness of the backstay angle.

o

Buried Bovider Anchor

3

.

Fe/a,flw—majn,%ud¢
of Hana Vdeptnaent
on B..

i buried. bouvlder
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The crushing of rock ahead of the steel rods was not observed
but, if the anchor rods sre placed in poor quality rock, crush-
inglis possible: Local people might be instructed in how to

identify gpod rock.

An alternative type of deadman anchor might be introduced ln
Taple jung. The cable could be wrapped around steel pipes or,
as in Baglung- District, arpund-a-boulder and then bulldog )
gripped tngéther. This anchor would aliminate the need for im-
bedding steel.rods in boulders. Also the cable would not have
to be wrapped around small diameter rods which might damage

the cable. All buried steel and cable should ba.protectaéu

against rusting by imbedding it in concrete or applying %ome

othef protective coating such as coal tar or bituminous paint.

It is suggested that'éimple guidelines should be developed

for masonry towers. The guidelines could establish several types

DFVtDWeFS and‘indicatg for specific site condition, span;and
rough bridge profile which tower can be used. Charts could be
developed to show tower and anchor proportions for different
bridge types_ and ininial geometry. For eﬁampfé, 1t mlght/be-
concluded that the type 2 t&wer anchoraarrangement is uneco-‘
nomical for very ;qng SpansL since a great valume aof stane
masonry is:requiééd: The type 1 tower-anchor arrangement might

!

be found more econaomical F?r long spans.
' i
|

In many of the masonry towérs studied the Forestay and backstay

cable forces produce a reagtion which intersects the front wall -

of the tawer. This reaction should be at ¥east w}thin the base’
of the powér. Towers can aTd have been built that take a high
shear force through the tower face but the resistance of the
tower against such fForce is highly dependﬁnt on the quality of

the stone work and such'tOWEFsmahé tharefore not recommended.

A superior design for a masonry tower could bae introduced in
Taplejung.. This tower would have a wider base than top so that
the reaction Farce would intersect inside the base. Since the

tower would be tapered, the reguired dry stone volume would be
. ; ‘-
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legs-or the same as is now used in the‘%ectangular towers. Cal-
! .

culations indicate that the masonry tower could be greatly im-

proved if the cable rested on a steel saddle at the top of

the towser inéteadfoF directly on rdck or on wood. The cabl

“steel friction coefficient is cnly'about .1, while the cablé_
stone canFiciént is sbout four times that. By reducing the
coefficient of friction the unbalanced force on the tower is
signiFicantly‘reduced. A géherél analytical approach to tower
design and -design examplesare given in the Appendix, pages 53-63.
These calculations and resultg are intended as a starting point
for the development of guidelines for stone masonry tower de-

. S
sign and construction.

2.6 Gther Components 1

Wind guy cables were seldom seen aqd, if thsy\wara used, they

were imeffective. On one of the bridges s;udiad a small dia-

meter wire was nailed to a wooden member of the bridgs walkway

and on shore the wire was wﬁépped around a tree. OF course thia

type aof winq.braping is-non‘Functional. It was noted that briégap
’ hhich had 2 or 3 longitudinal stringers rumning the length of

the walkway had good lateral etability and gkould be able to

Nithatand high wind loading.




A - 34 -
- A

In order to secure anchor rod steel in rock local people used
a locélly made 1ime cement (calléd chuna in Nepali). Pgrtland
éement, iF‘available, wasaléo used for anchor steel. The procedure
used in making chuna is described in the Appendix, pages EB-69.

UnFortunately the process is lengthy and often the Nnecessary

limestone rocks are hard ta Find. For these reasons it appears

that this local cement can have only limited use in local bridge
. -

construction in Taple jung.

Steerl parts For bridges often were purchased in Dar jeeling and
éranéported by local persons. The cast of steel parts Qas some -~
times paid by a single wealthy family mear the bridge site and
Ty - sometimes partly or in whole Fimanced by the Oistrict. It appea-
- ’ red that it was usually the imitiative of a single individual

whigh kindled the necessary local enthusiasm to build a bridge.

3. Conclusion

~ Basically the local approach to bridge construction in Taple jung
’ is structurally sound. Ideas for inexpensive improvement in local

bridges have been given in this report. Some of these are listed

below:

1. Standardized suspender rod - cable commectors should be

provided te the district

{ 2. Standardized magle sections for walkway crossbeams instead
, £ :

of steel Flats should be provided to the District

3. Improved dry stone masonry tower designs without wooden

towers should be adopted .

<

4. Three wdys to improve the durability of stﬁingers at the ends

of the-bﬁidge are“suggested ~
5. More and/or larger diameter steel rods should be used to
anchor the cables -~
8

Bulldog grips should be proved with cables to the District.

‘Local grips are not always dependable and should be avoided




A training program in Taplejung for local bridge builders is
currently planned and will be a good opportunity to introduce some
of the technical innovat{ons suggestéd in this report. The en-
gineer-trainer of the programJWill have the responsibility of
developing guidelines for local bridge construction in Taple jung.
These guidelines should be tentatively set down in a prelimi-

nary manual, which can be refined during.and after the training
pr&gram. This manual should, besides establishing guidelines,
present technical information in a simpl}Fied manner for use

by local persons with practiecal expefience but little or no

Formal technical ﬁraining. The training program should be Fél—
. lowed up by supervision of each of the new overseers as he B
builds or repafrs his First bridge. This could be accomplished

‘by having an experienced ehgihaer assigned to- saveral prqucts

to act as an advisor. IfF a new overseer successfully complétgs -
his first prajecﬁv it is likely he will coﬁtinu? to be involved
in lpocal bridge projects.

f;ésides the marual for the local bridge builders another marual
written for engineers would be useful. The need For an engineer’'s
marual has been observed in the Local Development Department and
inlmany districts. Peace Corps, S5B0 and other organizations also
‘would benefit from such a marwal. The engineer’s ménual Should

-

include the following: ?

o
-

1. Guidelines For the selection and survey of bridge sites

2. Design loadings listed imn chart form for different kinds

of anticipated bridge traffic andagiFFsrant walkway widths

3. Simplified ways to design bridges using charts whenever

possible

4. Design ideas for different site conditiomns and spans
5. Bridge consttruction methods ;
6. Useful technical data such as éabls areas, steel rod sizes

and areas, simple geometric relationships, yield strengths

and Madulus aof Elasticity for steel and cable and ather

inmfFormation

T FA




Special sections could be addad to the marual to describe local’;

bridges built in other regions as those sectiona become avail-

able. The local marual should be written both in English and

in Nepali. The engineer’s marual should be in English and per~’

haps also in Nepali.
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Glossary

&

Allowable Load: a load on a structure which causes the materials

to be stressad to a permissible stress level. The permissible

‘stress (or synonymously allowable stress) is given in.a code or

Dthap»raFarchss,Fpr specific materials.

’

Allowable Stress: the ultimate or yieid stress. of a material
divided by a safety factor. Allowable stress is EynonymDUs

with permissible or working stress.

{

i

Ahchor Block: a maacnry‘or concrete gtrugtuﬁa which ig used to
seCUPS’the'tensiiede?cé*iﬁJEEa éable{ﬁThe block is usually
buried or partially buried.

Angle Section: A steel section which is 'L’ shaped in cross

Baétiqn. The criticalkdimsnsiuns are those of the 'L’, including

thickness.

Backstay: the section of fhe main bridge cables behind the

towaer saddles or cablég%upport points.

Beam: A prismatic bar that is subjected to force acting perpen-
dicular to its axis. Usually the cross sectional dimensions are

much less than tHe axial length.

v

Bulldog Brip: a device used to clamp a cable.onto itself jor another
cable. It consists of a ‘U’ shéped bolt and a grgaved casting with
tw; holes in éhé casting permitting insertion DFfthE'JU' bolt..
Clamping force is mpplied by tightening rnuts anthe éndg of the

U’ bolt. | ' 'k -

‘Camber: the maximum rise in the walkway bgtﬁesn the landing
points. Walkways which are horizontal orn/sag have no camber.

= - e e R — q e -
See drawing page 5. Camber is often expressed as a percentage

of span length. : *

N

o
. ° . A
Channel Section: m steel section which bas a [ shape. The cri-

. . . \ I B
tical dimensions are.those of the [, including thickness.

AL L

L
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Coefficient of Friction: the fFactor wh#ch, when multiplied by

the normal faorce, gives the static or dynamic frictional

N

i

r551stanca to sliding between two Facss (
| | &
CDmEr3551Dn a Force _causing material to qundahsa or sgueezeg -

together Opposite of tensian,

= . ——

Cradle: 1ﬁ plan view the maxlmum deFlectlon of” tha cable, From
cable- supportaor saddle’ points toward the centerllne DF the

bridge. Cradle is ‘aften expressed as a percentage of span léngth.

Cross Support: a beam placed perpendicular to the walkway center-

line to support planking or stringers.

Dead Weight: the total weight .of all structural elemsnts alang

the bridge walkway. Usually expressed in weight per unit length

{
along the bridge centerline. :

Ory Stone Masonry: a cementiess structure built‘primarily af

i

rock or brick.

v

e

Dinamic Load: excess or 1mpact lDad caused by any moving load.
Opposite of static load. - - L ee?

Flat:- s steel section.of ractangular cross ssctlon w1th commoﬁ

dimehaiohs of 50 x 6 mm, 40 x 6 mm, 25 x 5 mm, etc.

.

Forestax: the aect@on of the main cable ahead of .the tower

saddles or cable support points. i —
R 4 . 5 j’_

Freeboerd the distance between the\lowast point of the walkway

to the watsr lavel.

N .

‘Full Live Load: the hlghest EhtLCLpatEd loadlng candition

excludifig the dead load. Ususlly expressed in wslght par unit
length along the brldge . . ]

O
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Hose Clamps: a daevice of thin steel strap oFtén used to secure
Flexible hose to metal tubes such as in a gaa or diesel engine
The steel strap has small transvgrsesllta at one end such that
it can be tightened by a8 screw in a hDuslng at the otherAend af

the strap.

Hybrid Walkway: a modified bridge walkway combining design ideas

seen in existing walkways of an area.

t}hﬁl Bridge' Eny brldge bullt by persons DF a specific area,

usually With no DutBlda tachnlcal advice. Often local bridges

of an area have similar deslgns

&'a
g -
Longitudinal: lengthwise. In the case of bridges any structural
element rumning parallel to the centerline can be described as

1longitudinal.

§

. _,/'/ ) . .
Modulus 8f-Elasticity: & constant of proportionality which
equates stress and strain linearly for a.-specific material.
Expressed in force per unit area.
Momént: the tendency of a force to cause rotation about a point

or axis.'ExpEessed im force times unit length.

Fad

Saddle: the part of the tower  on which the cable bears and
which in turn transfers the cable load to the tower. Usually «
made of steel. k

Sag Ratio: the ratio of maximum deflection, Yc; of the cable
betwaen'support p01nts -to the span length, S. Usually expressed

as a pgrcentsge. See drawing, paga 5.

Shear: the force tending to cause two parts which are in

contact to slide upon each pther in opposite directions.

hear Struss: the prassura caused by shear Force actlng DT'

the two parts which - are in contact with each other. Expressed

im:force per unit area.
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Span: the distance between tower -saddles Dﬁ‘cablé support points.
; )

s il

Stringer: a stryictural member used as a beam. In the case of

bridges it is j longitudinally running heam of the walkway. _

Suspendser Rod: ﬁ'stéel rod used to connect the main cables to

the walkway.¥5

Suspended Bridge: a bridge in which the-walkway sag is the

same as the cables sag. Usually the sag ratio is less than 5 %,

: a . s )
- . w Suspendion Bridge: a bridge in which the walkway is horizontal '
k ; ‘ or cambered. Usually the main cables have a sag ratio greater
) A than 5 %. ' |
= : : .
; o Jension: a force causing material to pull apart. Dpposite of

compression.

. ’ Tower: a structure supporting the cable at the ends of the
bridge. It can be made of steel, concrete, masonry or wood. ,

.

Narkins Load: xHe allowablavioéd. See definition of aiibﬁable’ I
: . |
load.

vu

Working Stress: the allaowable stress for a material. Ses

dafinition of allowable stress.
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Appendix ITI

Calculations

i

A Allowable loading for cables’

; > , .
Tha Following assumptions were made in the cable computations:

1.

cable-ultimate
d:‘l):.. =

The value of 160 kg/mm2 is from the Steel Wire Aope Bresking
Strengths and Weights Tables, USHA Martin Black (Wire Ropes)

.80 x 160 kg/mm2
144 kg/mm2°

LTD, page 13 - 26.

-The allowable cable stress is taken as a third of the ultimate

cable stress:

gy =

: 144/3 = 48 kg/mm2
The factor of 1/3 is suggested in Part A of the Standard

The‘ultimate cable stress was taken as 90 % of the new

Trail Suspended and Suspension Bridges by SBO

Modulus of Elasticity, E, is assumed to be 10.5 tonne/mm2.

T

T USS Tiger Brand Wire Hope Hand Book, pagquD, suggests

9. tonnﬁ/mma for Mew 6 x 7 and 6 x 18 ungalvanized wire rope.
The higher value is taken since the cable is used and there-

FoFe pretensioned.

-

Foyr different cable types were seen in Taple jung:

cable diawéter

assumed
construction

-, assumed

aresa

19 mm \
26 mm i
32‘mm i
44 mm

Abova .inFormation from USS Tiger Brand

Handbook, page 29.

Ex7 fFiber core-
BEx19 wire core
Ex19 wire core

Ex19 wire core

138.7 mm2
260.6 mm2
407 .7 mm2

©797.4 mm2

Wire Rope Enginesering

;

L

|
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Forla sample calculation Bridge I 3 is used. Data:

cables: . 4, 19 mm diameter haulage rope

span: 78 meﬁgr (= s)

imitial sag ratio: 0.038 at dead ioad (= ki]
araa cable = 4x138.7 mm2 = 554.8 mm2 (= A)
Modr. of Elasticity = 10.5 t/mm2

Allow. cable stress =‘D.D48 t/mm2

imitial cable length = L

o Lim $(1+2 1(5") - 98 Cf,,_ g(o_oxe)'j

' 78.300m

initial cable tension = t; ,
assuming a dead load of 60 kg/m ) 5

w5 C.a 78
»tzz. - G.op (78)

X 8 (0.038) -
(5.39 Zonnas '

1]

N

The Follo@ihg 3 basic cable equations are used to derive a.the
equation used to determine the allowahble cable load.

2.
Z[" = S{/ *g.‘(,_ ) - cable length equation
ZZ = ﬁﬂi;i - cable tengion equation [calbe tension
. 8k is assumed equal to the horizontal
' tension) -

Z _Z. = (ff —:C‘A,’)LL:
T TAE
The basic equation used For iteration is derived to be:
L 2L L'-—-S = &j"sj' . i -
ak (G ob) v Lins = s,
Substitute £ = LJ,{qg‘ i ! '

2032
- S
B ,) + s =Lk

- f?(z;: oY1 Z{ 242’7_
(Reference: USS Tiger Brand Wire Rope Engineering Handbook,
i g g g

page 40)

: , )
The variables are defined:

- cable slongation equation ‘ E

Li = initial cable length A% = cable area ;
Le = fimal cable length E = cable Modulus of BElasticity
ti = initial cable tension NF = final cable load
tF = final cable tension S = span

K = initial sag ratio
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_ 78.30 _ o
P fjr%gﬁa@J-aomqq/

o g 3
0.01394] zY (0.0/37‘0{‘

Zs

2_‘;’"* 6.9298 = AH?/O?@X/O”QJ:/Z:’L

1wa'the iteration can be carried out for different
“values of W.

«For diFFerent values of W, the load, the cable tension, t,
"ig calculated: '

W occurs when € = 26.6 tonnes -
all - ) ’ S

s0 wall is solved for by interpolation

between 100 and 200:
.1415 tonne/kg/m

100 + 26.~-22,45

all . 0_14/5—'

Yo, 130 kg/m

IF the bridée dead load is 50 kg/m then the allowable bridge
loading would only be BO kg/m.

/B Stress - Strain Incompatibility between Cable and

Chain Lirnks

For a sample calculation bridge T 2 is used. Basic Data:

= strain at yield-

£y

Q;; yield stress = 23.391 kg/mm2 : *
: -3

E3= 05 fr = 2391 /200 x 107 = L2172 X 10 mm /0,

(the above values are from Indian Civil Engineering
Handbook, page 18/3) .
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C Local Bulldog Grips

Data:
Allowable tensile stress -

 for bolts . = Jq, = 10.8 kg/mm2 N
Area ¥ " diameter bol&t—="A = 78 mm2 ’ I .

i t

(Ref. ICEHB, page 4/35) . °°F e ?
cQaFFicisnt of fFriction ‘ . ‘ »
cable on steel =1 L [] J]
Ultimate load capacity
13 mm haulage rope = 18 tons
N = & 4;7 x ,45 = 4 x Jo.6 -x 7B N

I}

- 3.31 tonne, *

- — = . 4
Fresisting N x g4= 3.31 x .l.iBQ.33l tonne .

" No of bulldog/grips required = =3 ° 54
If it were possible to increase the coefficient of friction

to .3 by grooving the plates the number of grips could be
reduced to 18.

1" wire core 6x19 galvanized cable

mumber of grips required = 5 (part A, Trail Bridge Marnual,
page 5/202) . ‘
breaking strength of cable = 41.7 tonne [assumingtﬁ:;: 160 kg/mmz,
area cable = 260.6 mm2)

sllowable normal force of grip = 4.14 tonre (assuming % "
diameter. U/fbolt,. 2.07 tonne allowable per side,
ICEHB, page 4/35}

effective coefficient of fFriction = 41.7 ? = 2.01

4.14 x 5

This result indicates that an effective coefficient of friction
of higher than .3 should be possible for local grips if they are
properly made. Testing would be necesgsary.

P

‘D Walkway Design Calculations \x

1. Flat with 3 stringers walkway design




. - ' Planking: specify at least 1%" sal wood to assure good
T durability. Less than 14" required for strength.

Stringers design:

Loading of stringer

o], RS TN AN L N ST

I AR

|
C ) 5P

o4 o4 . '
i/’ Agsume .5 P distributed to the middle stringer ahd .25 P to
;ﬁf . the outside stringers.s =
ﬁﬁﬁﬁﬁ e - ‘ ‘ ///'/,’//
data: i ' ’ T
q;ll = vallowablb’StPess in Sal stringer = 112 kg/cm2 '

(rstrenpe. ICEHB, page 9/28)

P = Factored point loading on one panel =
’ S.F. = 1.7 [squty Factor) f
- M = moment in stringer ¢
I = »moment‘oF inertia
c =

dlstance to the neutral axis from tan51mn Face

= width qustrlngar

1]

§§§*i§§

Assume, the unfactored paiht load to be 180 kg
P = 1.7 x 1B0 = 306 kg (1.7 is a dyTa

) T DgécFéEtor) it }
M ;= B8P x 40 = 20 P = 20 x 306 . i

: + na (b i
6,120 kg-cm ‘ CL |

Assume the stringer width to be 10 cm then, '

, ! 3 _ ] ' T
I =t>b h?, b=10 s . ‘J‘—’Lb !

, height of stringer, parallel to loading

ernje,— Cress i"cor‘,rf] .

e

’ : 10 3 , o -
I = — . .
' . i 1e h .
o = h/2 in the case of a rectanglilar section

. o =Mc substituting above value for M , _ L
all /<E and egquations for I and c,

‘ 3060 1936 3
- @4+70 x h 12 _ ‘
f ‘ Oau Zx/0xhAT T At

. . . oS .
: / 36 P3¢ % ‘
i . MT? /E 2 e, so, use B x 10 cm

For the middle stringer and 6 x 6 om For the side stringers.
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ross SJppDPt Flat design:

Sal Modulus DF Elasticity of Sal Nood i J
1.27 x 105 kg/cm2 (Reference ICEHB, page g9/28)

o Modulus of Elasticity of Steel
teel . )
=’ 2.1 x 10° kg/cm2 (Pefarence ICEHB,, page 5/47) .
sal _‘=‘ area sal. plank, cross section
Steel - - @re@ stéel flat, cross section ' .
Sal = allowable compressive stress of sal = 29 kg/cm2
\
Stéel =  allowable tensile stress steel = 1,260 kg/cma
i (Reference: ICEHB, page 10/3)°
=]
= moment of intertia of composite beam
. = distance to neutral axis from tensiie Féce S
! = distance from outside tensile to compresslva face
f = distance from lHSldE tenslle to 1nslda compraessive Face.
3  = allowable moment in, beam : ‘ h
all : . : .
q } = design loading Ffor beam ) ’ ST

. -
omposite action is assumed between tha flat and sal plank.

oﬁposita beam cross section:

L )5 0-c T L
o1 1 .
T ¢ o .
Ac_, = 15.x 3.8 = 57 cm2 s — |t 38cm ‘
Sal ; [: —_ .
= —Sa.l/ wood

CyEteel 1,260 kg/cm2 .

) N ) Ocm
A s [T e

" et ————F R

<’Stec/ Llat

=5
!

n order to obtain maximum efficiency the stael in the flat o
hould reach allowdble strasskat the same time the sal plank - T
saches the allowable gompressive stress. | .

) /4}"‘_,’ ‘ol = A,fétt/ 0-\;‘5"/ ) ) l‘ P . A

= Aeai Orns s~ 700 x 29 g -
/ = 2 = = L3 ¢m
/4_;-&&/ - Q\—/{:c/ - 7220

B

tensilewstress

! N
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Assuming that 1.31 cm2 of steel is used, a transformed area
can be considered im calculatihg I. The transformed area is
composed of two 15 x 3.8 cm sal planks separate ‘by 7.9 cm.
. | ) ,fa’
- 3 3 . . g
: : L b (D -) i
. { 12.
“ ; b=15cm, D = 11.7 cm, ~
d = 4.1 cm . o
» L.
. ) ' 3 3 e :
: : o : s (1.7 —L{./) ay
N T
‘ — 12, . < -
— 4 )
I = 1,915.86 cm l
: _{ 150 e
[N s
,Mqii! - Cﬁ:,]?s , _q::= 29 kb/kfﬂ?) C'='77/é = 3.95em
a a - -
1915, 96 2
Ma1 = 29 ¢ - EAL) = /4067 l;f]‘f.m. .
3.95 ,
Mfesign :;xoo kg x 40 em = 1%, 000 kg

hl

5

Mdesign < Mall
cross beam system is safe.
[N

Fldt Cross Support design

as;uming use of 3/8" bolts

A = LWEA - 0.7 k™
bolt !
Ao ired - 71+ 1.31 =1.42 cme (1.31 em2
. . ™ . calculation)
.ﬁ“.
‘ - ug}ng 6 om thick flats the required width of the: Flat
iiggg , but speci?y 40 x 6 cm-gince it will be more durable'and
. <y to work with,
S < o . .
B o e Aith 2 stringers walkway design
LT nff\ﬁh ) ‘ ' .
5 ’ ) Since the plank is narrow assume ﬂhﬁxfwﬂthud:

a poiknt. load, Unfactored,.of 150 kg.
“ All of the below variables are
.defined earlier R

. . 2

-

so if there is composite action ‘thd

for sbove

is 2.4 cm,

f

L

J

# :
. é&”

i

Cross seclion:

RN 777/ N

o

«m #ﬂda%

~

IPES
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75 | 3ene : :
= 150 x 40 = 54800 kg-cm '
= —2— s b i5
= h._"‘ . L ous /LJ .

] N /2 .

C ;. Cf;li = 1ll2 k%!cma

;.* éM ‘ Sol"lhj _:[‘of“ /'L}

= | é(%(] = 6 X 6000 3000 _
: 15 Saut ‘ \/ ;'/_5‘)( /12, 3 ,.3_27 Cig.

o use 2", (588 cm) planking
. ‘YL R 3.8/ | ‘ _
tringer Design:‘assume'f’ loads each sﬁringaﬁ in the center

£ the panel so the previously calculated 10 x 6 cm sal
action ia‘suﬁFicient.

lat Désign:i use the same 40 x 6 mm as previously calculated.
. N -

Cross section with shear
. . and moment diagrams:
wuse 1% thick 8 )

ank‘desigﬁ

1 planking % 

ringers . design: use 6 x 10 cm
iddle stringer and 6 x 6 cm 5

de stringers. Attach with r_]‘] L1 ] R 3
8" bolts through angle ’ 25P tsP tas P
) ’ :
gle cross support design: <F
- "G’ ' s ) P . .
ax.:‘La'gs“P ShCAF'D/&,: — I
= 366 kg (factored ' Ty
i .o L 25 P .
- point load) P
ox = 12:.25 x 306 = _
3,748 kg-cm Moment Dia. - enits:
1y = 1,260 kg/cm2 ‘ ‘ (Force-em)
= Section Modulus = - { 3P :
M _ 13,748 B ‘
Fa1y - 1,280 225 P
= 2,97 cm3

A

e a 50 x .50 x 5 angle with S = 3.1 cm3 (FICEHB, page 4m/4)




'

vall'f allowable shear Force = 800 kg/cm2 (ICEHB, page 10/3)
L 1= 150 kg’ ‘
= 0.1875 so lF %" @ bolts are used there is a
high saFaty fFactor of 3.4 °
3/8" @ bolts are ElSO alright.

It is suggested that the bolt have a gmall hole in it For a
cotter pin so therrnut can not come off.

/,z,cat ber pire

Z\ ¥ 6p/C, /"Glcnj ¥

Mg
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From eq. 5 it is possible to determine the“ratio of the’ horizontal
force to the vertical force at the /tower top if the For*estay
angle, backstay © angle

o

Ad coeFF101ent of friction ar‘e known.
The angle)ﬁ, can be determife

& Z@U”Ld

When designing a masonry tower the Follow1\\g information should

rom theJdlI:L_r“atl a:

. . v
be known in order to determirne the tower basa width, o :

. cenlber o/'
o ) //Sa.ddlc

= Forestay angle under
_ full bridge_load

S

:B= backstay angle
/L: tower height




The ceefFficient of Friction ranges from about .1 for a steel
saddle to .4 for a masonry rock saddle. The forestay under ‘full
load camn be determined using the iterative approach- described

on page 44 of the Appendix.

. b
The reaction force, R, should be within the base of tHeg tower.
N I}

This condition is described mathematically as:

5{ _>__ Ve fdﬁiﬂ ' c’gua.flf.ﬂ Ta :

or altermatively:

o d>h(I/—) eg. 7b

/ . ) '
caﬁeyfftgh“ CLZ:MS Ofl Co ﬁClt’H(’ o {,Vlciw’) sl\oufcl be wsed forrr.
\v¢ —ar erhdg\rt -+ W <y .
é/uod‘lo‘h Ta_ Is dn OVC\'S‘MPh \chNUH “ﬁ ude f\rﬂ: a/;//ro T .n,
See balows ) | LéaJ’L((,L
"B Design Examples . : C Havhere Rice -
S KﬁftLiﬂtho(l.‘ Aec /7 /7?” :

“For the same brldge geometry 4 different masonry tower and

anchor schemes are worked out in order to assess their relatilve

T
merit. The following data are the initial conditions used in

‘
’

all 4 examples. : . ’
R s/ [
) ' o A
iL ‘ S (‘ ’
r——"’"’r’r’r”/- D//‘_lj o !
Stene . .
masonry : j
;;;;; % e | SN}
N o Pl
iz = 3 meter;s at dead A = 4.8 meters | (
1 d . : }6
0= cable = 4, 19 mm Bx/Z. Flber‘f
S = ! SD meter‘s L - ——— . COPre - GE’ 51 e~ 'f“’:”
dead load = 35 kg/m . /fm(.* a4 x 138, = 554.8 mm2
fFull load = 200 kg/m R Eu@— 0. 5. tcmne/rnma ’
M = .1 [coeff of.friction . [Modulus of Elasticity
for steel saddle) tower width = 3.0 meter

/8 = 300 ) ' . P

M !
(CCML‘-MMCJ ’ffcnvm abeve ) . .
ﬁuar‘wa Te 1S Consevafyve i that “1//@5,59 P “”“j“"‘f P pnafenry
thive put unconservafiye b i Hhe stoita) reactroy force Ok dry

har’l%owfq/ CrosS fc'cﬁaz—‘ qL o J‘ﬁ«ucfun’ S‘lou\

/ d be S© e il re vnaved
From tHe edge (V!ofJuS(‘ wWithiy e eclge ) Fleo 56’(&\ 7
wd//dcfc?z:

o1y sola s & et
uu‘cnq m:tcssary h’?rtvem‘ ovcr/oaclw(j, Jw gf—y“cfourc
[/ALL L / /V((" '
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Design Example. "1

Type 2 Tower without Wooden Towers

step 1 Determine & , forestay angle, under full load
______ ' : : . " 2
initial cable length = £+ = (s +3Q Ye )
‘ g

initial cable tension = Z[ = LU.SF

S

R * \
e the lterative eguation, deecribed page » is used
™ to compute the cable tension under)Full load.
- /1
+ 1& - - = ujts .
Z; _P—' Z 24 P Z}

P Lijqr; T

R ..~ The final cable tensxon will be Bblved for a live
! loading of 200 kg/meter:

P' s . 42’“ 0. = 0.00856¢65 mu‘cr[t‘m,,% k
Z} .-/- LoHdb-50 _3.o4c _,ja.v_a)"'s‘o’ X
__0.008¢6¢s 24 (0.00866%) Z=
{:- —’;/2./40_4/9 x oY
Z + 5175 .

|

aolviné for

%}.: /9,5“fo*nng

the corresponding k , sag ratia, and Fnreetay angle
can now be solved for: .

Z = 5?- -_-g .200 !5_02'_ = 3 38 reter -
L 84 &lws) T

L K7 sagratio = 4 /g , : :

=338 5 0.067¢
: 150

o = {'or‘cséa\.y angle = Zan~ (A/K)

= z‘am."(ux a0674)~1513 ‘ o ‘
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Etep 2 Determine the ratio of H, horizontal foroe, to N,
————— normal Force, at the top of the tower

d.,: 157 /30 ' _v-"f )

& o
,9 30.0"
H cos (15.43) [/ + IS('YI.(BO)] ~ cos(gd.q)[l - .!s‘x'n(lfl'ﬂ'j
N - Sén (30) + 3en (15 13

. = Q.z'«tBG »
| dang - 4R, O~ zfm"(ﬂ/u) fan” (ozz%)

g;’ /2.60° /

step 3 Determine minimum dimension, d s

7 dm:n /l th«n,@,
U6 Lan(12.60) = |03 mefer

-

step 4 Set final proportions For tower-anchor

i
30°

Hée m

ASSm B PN "
Asmuming that the cable can be gradually curved ag shown above,
the tower “volume is

_ ’ ) 1
,\gz‘_/ ,_;5gq.cox3 +5?5"x4.(,x‘3xz
T 59,34 meter )

1

AThe 10 % increase in the backstay angle was Nnoted on tha |
Inwa Khola Bridge, I 5. ‘

|




Necign Example 2 .

Type 2 Tower with Wooden Towers
!

'

Determine forestay angle,

step 1
Since the cable is supported by wooden towers the angle oc
remains horizontal as the bridge is loaded. This means it
is cohstant and equal to zero independent of thae lcaglng,_‘

step 2 Determination oFJzﬁ and ﬁ{

o coso//+/rm30) Coss'o(/— /.snm,o)
A Srn_BO + SITL€J
. = 0.368
‘ -/
g -~ Zan~ (79‘-) Larn'(.368)
;KD.RO

step 3 Determination of d

éy;nn = A Zan @ = #4.¢ zleV(%O“;Q:)

=/ 69 771efCrJ~"

Final'proportions:

step 4
d=1.5 (1.838) = 2.55
(rounded to 5 cm) {
) - L .
» o = 15.1°
b4.L M

dry. sfone
7Haao7E:D

®

A

|

.55 fs’oﬂ\

¥

1{{ s‘fxzx‘{6+5‘5x3x44xi ’73/‘»/mu‘€/‘3




Design Examplé 3

Type 1 Tower with Modifications
Fhom‘example 1 the:Following values are thé same:
A= 15.13°
Hi= 0.22365
. @ = 12.80°
d;a: l.ﬁ3 meter '
Méscnry Tower Proportions:

e 4 L
v-ct‘ /.;”"

bl 1

.55 /0 M

V= 6o x Hex3 x4 + joxdhbx3 + S X Hex3x &

= 24.5 mate

Overturning:

Volume tower = 24.5 m3, W = 2.3 x 24.5 = 56.4 tonne

salve for x: /

x = 3(6téxtos) 4.5 + 333 x.5
. s

"

X = 0.92 meter

solve for N and H:

K = 0.2236 ) S

/] F U B

- 7;(/_~ 0.1 3thn /5‘./3>

76‘ = 7; (—————-—-j M sinX ‘b ’ aiua,f/d:n 3,

’ '/'0./3‘,;1 30.0
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7o = 09275 ¢
H=cosxTp ~cosp s spuantion 4,
“CosKX Tp ~ 09275 cosg Ty
=Cas (15:13)Tf - 0.9275 cos (30) g
H=oseziTe .
A = Semd 7;- + Senply
=sn Tp 4 09275 sop Ip
:34%/1,(1;.13)7? + 0.9275564(30)75

L N =07247 77

7r =185 Zinme S0,

H=o016 2/‘(/5.5) = 3.5"2(0?3?16' '
‘ A/.—“ 0'-724/7_(18.5) = /3.4 Lf‘O*nr\c

A

7'41(171) Moments arovng, ,orf./‘Q'.'

0wr7‘ur-nch"]‘ Moment = A x H
= 4. 6 x 3.0

=128 fonne -vmetesr

i

XW o+ LSS XN LT
092 (56.4) + 155(13.4)

72.¢ 6 fo nn‘c Cmeler

S

/‘ts:sl:rhj mMomemn

"

n

S’a,f’fj -/’q&u/“ '49‘1&}‘”51. Dﬂ*ﬂf‘fﬂ"f\"':j = _/’Zg%,?g_

2473 >0




Anchor Size Determination

Y
o 7m

A= =20 N
jium= 2.3 tonne ‘1 ]
Taay = 1B.5 tonne [E‘x. 1) //30 < I\n/
/bC = .55 (coefficient of )

’ friction)

H = T,{ cos B, ‘—‘ /E’fco;(:m) = 16.02 Fomne w'/"~
V' = Taa SLB -IS’S:m () = C)z;,écmng

H = Jp.02 Lernine

v = 925 Lonme
\r\/n5.= v ¢ H/,u, ‘?wa 02/0{5‘
‘ = '~ 38.37 tonne

Volume requirsd = —nggz— =

= 16.68 m3

24.5 + 16.7
\4#‘_/ = 41.2 m3

Total tower + anchor Volume
)

Design Example 4

Type 1 Towar with modification and store saddle

stone-cable coafficient of frictionm
assumed to be .4

a{’lS’l A=30° " "
% and¢ must be recalculated:
_cos 15:1(7 # .+ sem 30) cos 30( - 4sm/$‘/>
.) '/% Sim 30 + sen 15)
o503 : .

a = z’an”(o rosz) 26.7° | :
PANE L[a,n{?f-ﬁ\/.é,{(m 24,7
= R??/ n1¢f§r5 -

éi::/-YCQ?S{):_3.4'7IhIftr5

\ému-f 3oxHlx3xt +ixdex3
75X 4 ¢ x3 xL

2 -
= 379 m3

Véz'tl = 379 +16.7 =657 m?

asseme same anchor blec K
as example 3.) -

K__
—

a
—

7.5 Lo




-C. Discussion

1. The separata tower-anchor system uses less masornry volume »

The results of the Flrst 3 design examples indicate that the
modified type 1 tower and anchor syskemn is the most eFFlClent

in the use of stome For the 50 meter span briqge giyen the
previouély listéd inmnitial conditions. The type 2 tower-anchor
system with wood»towersirequired thé,highest valume of dry stoﬁe

masonry,v73}l m2. The type 2 tower without wood towers required

59 m3. The modified type ! tower and anchor only required 41.2 m3’

eFFlClent than the type 2 tower-anchor withaout wood towers and

44 % more efficient that the typeAE-tDwer—anchor with wood tower

3
o i ’

The use of wood towers in front of the type 2 masonry tower lead

to an excessive volume of stone masonry relative to the other towe

types considered. The ratio of the horizontal force to the vert;cﬁ

force for the type 2 tower with wood towers in the design exampl e
was 0.37, while the type tower without wood towers had a ratio o
0.22. The higheryhorizontal compeonent of Force Fur the type 2 towe
anchor with wood towers means more masonry is required aheaa of :
the saddle in ofder For the resultanmt cable force to be kept witﬁi

the tower base when the bridge is Furly loaded.

i
'

f : ! ‘ .
Oesign examples 3 and 4 show the importance of the cable-saddle:

coefficienmt of Friction. The type 1 tower with a stone saddlé
requlred 54.7 m3-of dry stone masonry, compared to the type 1
tower with a steel saddle, which required 41.2 m3. With all vari
ables held constant, the tower with the stone saddles recguired

25 % more dry stone masonry than the tower with ' steel saddles.

The following conclusions were reached For the design examples

studied:

thah the comblned tower-anchor Eystem S

2. The use of wood towers in fromnt of a combined tower-anchor

3. A tower with a steel saddle requires less stone masonry than

.

;ONe With a stone saddle due to the lower coefficient of fricg

of the steel.



bf the above conclusion; apply only to the,speciFic?désigﬁ
bles considered but it is suspected tHat they hold tfug in B
al, independent Df the initial conditions. (Here .the iniﬁiélg
tions are the glveh sag'r ratlo span, dead JDad 11ve load,
height, tower w1dtb, coeFF1c15nt of FPlCtan DF thevsaddle,
araa, Eable Modulus'DF‘Elagﬁlclty, forestay angle and ba;k—
angle) . s ) : ‘
= detalls were not’ considered °in the’ deslgn examples It is 7 .-
msnded that some cement be used in the top DF the tower to
transfer the cable ldad to the dry stone maSunry éelow K

ble solution 15 shown here':

Jh;nq§ ’ Z@b ﬁ?eu/
f)c’/cw/ : : .
- L4 - T - s ' / »
View - Jlee/ 5:Jr/h:1 PG )\7 - re o
. V7 TP - 8
A ) ) 2 ‘
,{’/, X Bolts eroafeo I/ ~ d - .
//r\ 5/ 7 holes . s nvikif®Las; ,
A\ e _cuf sfone - I X ' ’ -
. A _ B KA
: = ‘ > ” . ' J"-W?’a//( .I'/O//Q 6/0&(»_(
L f/’O/’?/ View " . /O,MC‘,( w ' Hy -
View Y fidle View- ' ff C 2 cem @uf moriar

e foréest’ concrefe o4 - l

7
-

Cenvestf Stone mororiry :
Pd i

; ﬁ/&’a’ rock f// ‘..

bles rest Dn stone blocks which dlstrlbute the load to a

ced concrete slab. In this deslgn a steel bearing plate lS
bd by grputed bolts to the stone saddle block. Local persons
berianced in 5tona carvang s0 the cutting of the stone
should be .no problem. HelnForcement both on tha bottom of

b and under the saddle stones 1s‘5uggested

local marual the modified type 1 tower and anchor dimensions -
be worked out For different spans so that the towers have

ient safety Factor against a worst case loading and geometry.
=

st case, for example, might be For a ‘high backstay angle

° and a live load of 300 kg/m2. ’

45




" Appesndix V»'

A a

: K J
Suggestsd Guldalxnes FDF Deslgn Loadlng

I : - B . e

iThe Followxng are suggested guldallnes for design loadegs of

‘strass] of materlals. The_allowable_stnesa method is assumed i

.to be used as a basis Far bridge design‘ In this method structuras7

1ocal br1dges and allowable strasa [Dr, synonymously, worklng

-ara d551gned s0o that the actual;stress undar the Cthlthﬂ oF d551g

loédlng doeg not axcsed the spechlsd allDWEblB strsss.‘De51gn

loadlngs shoulﬂ raallstlcally raeflect the axpscted brldge‘baFFlc

3
i
y
multlpllad by a saFety Factor F }
Al - & |
ey — i
San e posslble woﬁst case loadlngs are consldered below: !
s =
e o / e . W
Ttasé-l Bridgs'FullleDad:d with porters. a i
semoss . ' ¥, B 1
Assume: 1 porter weig . B5 kg oot ) !
- T 1" porter carri 00 kg . :
- - Total ~ : 165 kg ! . - ) . ;r
) porter density = 1 porter/m2 >
. = lSS.kg/mE )
- o ‘ 2 v 3 o
-xﬂhse 2 Brldge packed with unloaded people
Agsume: 1 parson welghs 65 kg ‘ !
person depslty = 4 persons/m2 ‘
. «! " = 260 'kg/m2 . ) ‘ \

Case 3 Bridge filled with large water buffaloes.

o

Assume: 1 buFFalc\walghs 300 kg

% buffalo/m2

e buffalo denSLty =
=. 150 kg/m2

'a_'

The second‘casea‘eates tha highestolivs‘loéding situation. It is

) p0551ble to place more than 4 porters per square meter but highly

unlikely. If six 55 kg persons stood every sguare meter .of a
"bridge, 390 kg/f2 live load could be reached. SBO recbmmands
aUD kg/m2 fFor.the live load. This represents a very High loading
and has a low probability of. ocourence. For example, in ordeﬁ to
load fully a”SD‘ﬂeter bridge with & meter wide walkwéy,'over 300
persons each walghlng 65 kg would have to stand on the bridge at’
one tlme..SBU reduces the per square meter loadlng for spans. abowv

“100 meéter according to the Follcw1ng equatlon

-




o4
S
Sy

Q= 400 - % [ S -100) , S >100 meters ~ [ Q in kg/m2 )

is equatlon reflects the decreasing probablllty of having a full

N
ad CDHdltan Aii; increasing spans. Perhaps an equatlon similar

this should be™developed for lacal bridges starting at a

orter span lehéth.

second design live load could be used faor local bridge—bullding

Live load of 300 kg/m2 is suggested. This represents a raa-

Btic. yet conservative loading condition? It is also suggested

pt reductions in the per meter llVB load with decrsaslng walk-
'w1dth be permitted only up to load of 150 kg/m and not beyond
p. The Following graph shows the suggested linear live lDads
the walkway width:

. g 1]
C sool ~
N
g Hee e
G
N 300
(£
NANEP Y
v 7
N T '
~ -r . fvuf
~ L P
RS T FUN S N a1 P AT S S '._/
.5 Lo LS Q L

w%/Kwaj bUdM“ﬁ%éQFﬂk

O

. . .
oad of 150 kg/m‘For narrow walkways represents s.cass

two persons are standing per meter accross the entire
e span.
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B.Point Loads

RIS 9T o

The Following are possible point loading conditions:

case 1 Loaded porter stepping with entire weight on one foot:

Assume: I'pgrter weighs 65 kg
1l porter carries 100 kg .
total porter load 165 kg EN

Sy

Eé%f;g © Water buffalo stepping on ohe point with half of
- "its weight: ~

%ésuma; -1 buffalo weighs 250 kg
total point load ESD - 125 kg

caég_g ~ Loaded pack animal stepping on one point with half
of it its weight ’

Assume: 1 mule weighs 150 kg
1 mule carries 100 kg
total mule load 250 kg
total point load Egg = 125 kg K

LA 16§1kgdﬁgint load of a porter with & heavy lopad is the Qbrst“
case qonéiderad. It is suggested that all bridge walkway be
designed to support at least a point load of 165 kg. A loaded
portif.willﬂtrQNtd cross almost any bridge if posgiblsa:

- .

C.Working Stress of Matérials

The Inai;n Civil Engineering Handbook {ICEHB] gives the
ailowag}e stress for most of the matarialq/uséi‘in bridge
building. ® >
1.  Wood (ICEHB, page 9/28)
Sal:
alf@ﬁéble bsndjng stress = 140 kg/cm2 [oﬁtside location]
allpwable shear stress parallel to grain = 9.4 kg/qma

'alﬂowable shear stress perpendicular to grain = 13.4 kg/cm2

Blues Pine:

8llowable bending stress = 56 kg/cm2 [outside location)

allowable shear strass parallel to grain = 5.8 kg/cm2

allowable shear stress perpendicular to grain = 8.0 kg/cm2 t

J ’
/ - v



s [(ICEHB, page 4/12 and 4/35)

wable_tensiie stress = 7.5 tons/in2 = 1,051 kg/cmZ
wable beari%g stress = 10 tons/in2 = 1,409 kg/cm2
wable shear stress = 5 tons/in2 = 704 kg/cm2

areas of different diameter bolts minus the threads is
ed on page 4/35, ICEHB.

L parts (ICEHB, page .10/3)

able tensile stress untested j%eel = 1,280 kg/cm2 (bending)

able tensiles stress tested stgel = 1,650 kg/em2 (bending)

Bble tensile. stress tested stksl = 1,500 kg/cm2 (axial)

Bble shear stress untested steel = 800 kg/om2 .
able shear stress tested steel = 1,100 kg/cm2

.

dbook by USHA MaPtlh Black Wire Ropes Ltd ;F Calcutta -
the ultlmate tensile stress of cable strand as 160 kg/mma. /
ld other sources suggest an allowable working stress of
ilPd of the ultimate, 54 kg/mm2. The steel areas of

ent diameter and construction cables are listed in the

inual and handbooks put out by cable manufactures.

stress~strain curve are available tor the cables
ly used in Nepal perhaps the working stress range )
be set for each cable independently. It might be found .

aking ane third, of the ultimate breaking strength is

consecvative and a saFety\Factor of. as low as 2.0 is

e.

idelines for Foundations

s that SEFety Factor of 1.5 should be used FDF anchor

1 Bridge Manual, page 3.701. It also has been suggastad
ddle 1/3 rule 'be used in anchor .block design. The T
ule states that the resultant Force of the anchor

and the’cable.FDPce must fFall in the middle 1/3 of

lock. Guidelines for foundatjion design .should be Further

use.in loecal brldge@; - \

H
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Appendix VI B

Method for Preparing Local Lime -~ "“Chuna"
Materials )

- 8 dokos of l;;QEﬁéﬁe rack

- Wood 5 :

-  Furnade, 3' x 3' x 5', made of stone masonry

- Water i

- Clay water jug o@ tin

- Tongs, long metal type

Procedure ) : !
1. Break up limestorne rock into pieces about 4 - 5§ tolas.in

waight, %" x %™ x %" approximately

2. The kiln should be built about 5 ft high and 3 ft on each
sige with a hole about 8" diameter about 1% ft up from the:
ground. The wall should be built up' S ft high with stones

and mud. \

3. Use Firewood 1% or 2 fFt long and as thick as

a man's arm. The fFirewocod should be placed
crigscross as shown on a flat rock serving
as cover for the hole in the kiln.

4. Put a layer of about 20 ser of the broken limestone on to
of the firewood followed by another layer of ;Firewood pla
ced as described above and then another layer of about 15
sar of limestone. Layers of rock and wood should be 4 - B
thick, with a total of 5 layers each.

5. After filling the kilm in the above mannd put firewood
the top and light a fire at the- bottom. After the fire-
wood on top of the cover of. the hole starts to burn, the
fige at the bottom may be removed.

6. . AF:::\apout 74 hours when the firewood has all burned, th
limestona should be red in color just like glowing live
coals., If mot, then add more firewood. Let the limestone

remain red for % hour, them remove the cover from the bot
tom of the kiln ard the limestone will fall oux,

7. Put about 1 pathi of water in a clay water jug or in e ti
and add the limestone pieces by using steel tongs [’chimt
The limestone will dissolve with a hissing, gurgling sound
Add more water gradually. '




8. Pour off the lime into another containmer. It should be
the consistency of yoghurt ('dahi’). Any rock pieces re-
maining are not sufficiently burnt and should be retour-
ned ta the kiln for reburning according to tha above
described process ]

9.  Water must be added to the'prsparad;lima in the tin or
clay water jug. The lime should not be dried. If it dries,
it getgzhard like a rock snd will not redissolve.

T

10. When used for making cemernt the lime should be the con-
sistency of thick buttermilk (’mahi’). About 4 - 5 mana
of scmewhat coarse, red-type 'kuring' sand should be added
and mixed to sbout 1 pathi of lime in order to make cement.

-
Firewood
- “ - .
) lime ~
] . cover
-
~ L] . Fire
—

:” 4£” open on side
T 3 ’
| |

O

Note should be made that the weight unit of ser is hot uniform
throughout Nepal. Further
meaning of red-type 'kurin
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research is necessary concerning the
g' sand. This isg evidently not river

The abpve described procedurs was given by a locel person and
88 not been tested by the authors of this report.
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