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REMARKS ON THE "REPORT "TRADITTONAL'SUSPENSIDN BRIDGES IN TAPLEJUNG DISTRICT"

 Since the‘pub11cat1on nearly six years ago of the technical report "Tradional
Suspension Bridges in Taplejung 1n¢Tap1eJung District" a considerable

amount, of experience has been accumulated in developnent of .a bridge type

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

‘been in ‘the employ. of SATA in the field of tra11 bridges. These remarks
0utl1ne part of that experience. _

The “first br1dge built with the ideas from the br1dges found in Taplejung
District but with improvements based on engineering ana1y515 was Thumma
BrIdge on the Tamar River, Taplejung District, shown in the photo below.
This br1dge type ut111z1ng stone masonry towers, upper main cables and

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

Photo 58:24 _—" -/ - S

ble span of the Thumma Bridge was 81 m, walkway length was 61 miand the
idar was completed in September 1979, The mason?y towar shown above

s 6.6 m tall measured from the base. A layer using cement was constructed
ery .9 m in which cement mortar was used-between the cut stones forming
perimeter of the layer and cqncrete with very large plumbs was used

conpiete the rest of the layer within the cut stone perimeter.
cement was used between the cement layers. -

nt was used throughout the fopmost layers

Otherwise
In order to cap the tower




The walkway Of Thumma Br1dge 15
shown at. the Teft, . _
The experience of Thumma Br1dge
appeared to be-a successful example
of the application-of existing
local technique: w1th.eﬁ91neer1ng.‘
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
technigque apd training local skilled
workers. That program took ptace
in- Dhading District, a district - - .
partly adjacent to and_west of
Kathmandu Valley. Six bridges
were built, two of which were of
T the “Tap1e3ung-type Three others
" used a short masonry tower, about |
1 m height, to carry handrail cables,
.while the ‘lower main cables were
carried by a concrete block cast
in ali cases ¢n rock. The remaining
bridge used steel pime sections '
. for towers with walkway of. the
T © L "Taplejung-type™,

-

he first of these two "Taplejung-type” bridges in Dhading District we -

{intang Brido:, shown below,;-with cabTe span of 108 m, waikway length ,

f 82 w, end completion in June 16&2. The height of the towsr in the fore-

voune was 6,5 m, However, since cement was not.as expensive as in Taplejung . -
istrict and the bridge’ Dudget was adequate ~cement Toriar was used between
11 the cut ctones forming the outer perimeter of a all Jeyears of ‘the masonry -
tructure. Concreting within the outer per1meter of cui stones was at =~

9 m intervals, the same &@s at Thumma Bradgeu :




.
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The second of those two "Taplejung-
type” bridges in Dhading fistrict

~was Thopal Bridge, shown at the left,
with cable span of 101 m, walkway
Tength of 59 m and completion in i
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 Kintang Bridge. - The walkway
landing in the foreground is built

- wWithout cement.

e h‘-%t\“”x B
Photo 101.:37 - ‘ S . [

\-’/
uring the bridge building exper19rces outlined above a standard prciile
ar Lhc masonry towers was estab11shed as shgwn bﬁ10w ' oot
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Although the h1ghest tower built was 6.6 m, 1 wou1d not he;?tate to bu11d
towers 1-¢ m higher if the site profile and/or size of building stopes
allows it. (P]acement of the stones up until now has been agcomplished
by carrying them up a temporary ramp at the rear of the tower. Making
the ramp arrd carrying the stones up it will become increasingly difficult
dependwng on ground profile behind the tower and required tower height.)

Time and spaceé do not allow detailing here, of more of the. varmous e&per1ences
of the past,years., Nov is it possible here to andertake a review of 1 he
1978 report M., Biidges' in TapTejuig ...", some ideas of which proved '
good and others of. wh1ch proved not 50 good or- rema1ned untested
- Tn c0nc1us1on ‘T do recommend the "Taplejung- type“ bridge as a desirable
'br1dge ‘type where site-conditions are suitable. Suitability w111 epend
~on"availability of stone, stone cutters and masons, site profi]e, Erans- .
"portatzon cost, etc. ' : - 5

Pers ons in Nepa1 or Sw1tzer1and really 1nterested in the above subJect
might want to peruse periodic reports which 1 have been submitting since . .
1978 and which.ought to be on file at SATA, Ekanta Kuna, Jawalakhel,
Kathmandu,. -at Suspen510n Bridge Division, Ka*hmandu, at~HELVETAS, IUrxch
and et Direktidn flir EntwicklTungszusamnenarbeit and humanitire Hilfe (DEH)
Bern. A final report of;exper1ences of the past years 15 cur*ent]y in

the uut11ne sLage.

In any event, I have 1ﬁc1uded the above remarks here to indicaté that

the staty of the art has progressed s1gn1f1canL1y since the 1978 Taplejung
repcrt. It would be Tike trying.to reinvent the wheel for anyone to pick
up taat repcri and start to develop ;mproved designs on the basis of that

nepo*t atone,
/Wﬂ@u

Herbert Rice }
SATA, Nenai '
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1. Introductiion = o R Y,
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" The Loecal DFvelopment Department’ with the assistance of the -

_ Suspension Brldge Division ‘of Adads Dapartmant planned ard-
fexecuted a trlp to TapleJung DlEtrlct in northeast Nagal to

study loc51 bridges. The trip was made by a member of SAWA'Jnd
.an, Amerlcaf'\ Peace Curps volunteer in Febr"l':_lﬂr“y;fSTB.- ; Dur-lng ‘the .
orip 27 bﬁidgas'wsrs dgtudied, 24 in Taplsjung and 3;in Ilam and

' Parchthar Dlstricts Tha bridges of Ilamh and Pamchthar raprasent
a leFaranf tradltlnn of hridge bulldlng and will not be dls—/
'_cussed i thisg repnrtx‘ A draw;ng of arTTam bridge 13 ineludad
fln the Append1x, page éh Anacher,trlp to study the local
. bridges LF Ilam and Fancbthar is suggegtéﬂ. %mkﬁﬁ ot
T1_E ! - \\\\ S _ .
‘Intersst in invastigating Népal's lecal style bridges was first

. stimulated by the brldges of Baglung Dlstrlct. Eaglung District.
has a unlque herltage in local brldge bulldlrln leFerent Fram
uTaplaang. The Bsglung stylelbrldge_has been dqscrlbed in

a Teport written during the summer oF 1972, w'Althaugh some
"technlcal lmprnvamants are neaded im these bridges, peopla

af Eaglung ﬂlstrlct have shown, mach lncal initiative in bridge
buxldlng. A grase roots’ organlzatlcn Has develaped im the
Baglung area to respond o bridge building needs. This laase )
'brganizatinn includes local skilled workers, axpsrienced bridgse
‘builders, and the DLStPICt govarnment. Ther ultimate goal .
in Taplejung is to establlsh thls same local brldge bulldlng

capablllty through technical aBSLStance ‘and tralnlng

The purpose of, this repnrt‘ié to present- the general componants

of the Taplejung local brigges, to assess their techrnical merit
Fd
-and to dLscuss notable aspects of speczF;c bridges. In ths con-

Elus;un th; Flndlngs of the report are summarized and recommen-
‘dations For Furthar wnrk are presented Y The Appendix glves a
listimg of tha raw tachnlcal data, notes and photos nF all the
- 24 bridges studied’ andg specific technlcal cal lat10n5. ThlSII
report sholuld ba.useFul to-engineers working/in eastern Nepal‘
as a gJdide for bridge design work and constriction. . Also the.
report will'sarve as tbe basis For & bridge manualto be used
by lotal builders in the Taﬁle}ung area. It is proposed that m
#
. .




i . e
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preliminary manual be wrlttén Fnr use in ?.tqalnlng.program

o ’ )

-ln-TapleJung. - o . A

- . &
u

Slmllar studles should, be carrled out in nther‘areas where loca
bridge bulrdlng technolaglas EXlSt and related repcrts and

‘ maruals shnuld be prepared. IFf technlcal meruVsments are. nsede

they shauld be suggastad im the rspbrt and Presantkd in the

local manual Fur the area studied. As in Taplejung, a tralnlpg

pragram for local bULIdEPS shauld ba executed im each area. The

tralned local bulldars hopeFully Nlll go on to build brldges in

the dlstrlcts in which they were tralned, h B

The fraining of local buildérs-and the writing nF local maruals
‘alone do not guarantesa success Far lacal bridge bulldlng pro-
grams. The districts xnvolved should assess their brldga buildi)
needs and formulats a development plan. Some main trail, long
span brldgeg should be built by SBD while at other sites s, loca.
style brldge MLth be appropriste.:0Once a dlstFlEt bridge build.
1ng program bas been developed the quantltles of steel and
cable required can be determined. Building of local brldges.
can be expeditad by stock piling of steel parts and cables

at the district center. Most of the_s£361 work can be done in
the field for local bridges anh-thereFare_bplD purchase "of
steal Firom suppliers such as Natiénal-Trading would be advan-
tageous. It is much easier to transport large quéngitiQS'cF steg

and uther materials one time for seveéral bridges than to "trans-
port parts for each bridge- saparately

¥

o= E]
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2. Benéra; Br o Dascwiptjnn and Téchﬁ’cal Asssssements

J ’

The lncal apa‘r*a‘éch to brldga,ﬂﬁdlng in aplsJung ean be
charagterizad by the FOllOWlhg slmllarltl 5

brlﬁges studied: =0

.Faund inm tha 23

B
-

17 The main cables were above the walkway 1ru;@%%3.

-
'

leth a varisty- uF sag ratios.

as

2. Iha walkways usuzlly WEPB.bullt wlth steel’ Flat Cross- mem-

-bers, thraa Yongi

iNal stringers, fand transverse plarnkin

3. The suspender rods”were cut teo length and béht‘by'é Kami
Elc:al blacksmith] during bridge cohstrubtion Suspender r~
were often secured to the cable by simply wrapp1ng them

sroGnd it. - - .
. . ' B C !
4. The towers were of rough stane masonry ccnstruotlan UF;en

with weoden struts in Frant of the: masanry.

i . 8 e

. 5. The cable anchorages were gsnBPally.DF 2 bypes: hooked-

matal rods imbedded 1n bedrdck or a large b&rled rnck. The

cable wag wrapped aruund the haokad rods.

¢ The walkwéy shaEa‘was often determined Ey the geometry of the
‘bridge site. ThisnFlaxibla approach permitted the bridge to-

conform to the.site conditions. Fuﬁ axahple tﬁa walkway might'
be cambered ifF the cables could, ba anghnrad sufficiently thh
abova the walkway landing.” . < - .

Bry dqe F’roﬁle With Cambered 'Uz;fi(wéj

i " T - . '-'-'-.‘
Ha v . amber
. e S .,

o5 . -
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When b is large enaugh a :amberad walkway is pnsglble DFten_
the cablss cannot be aasxly anchnred at suFF1c1ent he1ght tn_

perm:.t a hc:r-lzn:mtal or cambered walkm/gy, so =, sagglng wal!{wa@f

Bmdq( P&{’f@_ .S'af:,

| : : L.

is necessary:

1 :‘_J:.h\j ; .
W&“G..sd._j_ - ' .

In this case the bridge has a profile similar to a suspended '

bridge but the cable and waikway sags are diFgerent. T

n the Fcﬂlbwlng aubs gsctlans the site lncat;uns, cables, sust

pendsn rods and connect ion dBtallS, walkways. ﬁnd tower. anchnrag

. are descrxbed and assessed technlcally S MU

.
L4 .."
. .

|
2.1 Bridge Site Looations ) E“ I hd
. All of the bridges explored had rock on at least one side of
the river, Hal"ely was the rock out Du‘t. For the FDUI"IdEIt].DI"T The -
lecal builders usually salected szmes ‘with harlzontal rock arf

ohe or both sides so ‘steel rods in shean could be used to anchnr

the cable. In the bridge sketched bélow it .was not nacé%sary'
to have the walkway come in bealow the rock ladge since a dry
stohe wall permltted the cable to be ,anchored at the same ele—

vation as the walkway landing.

»

r
- + - .

Foum dalion - L«Jaﬂ(ua\j/_{f‘ﬂd B0 Lile

masoens
mam cables

embeddad - |
arvichor rool
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In some casaes, aqch as the Nuwa Khola Erldge, 1'5, tha Fourn- ;Q;f

datlan im lncated too close to: an errnded bank SH@%ﬁggﬁﬁmendg

T
at laast 30 Frcm horlznntal be malntalnad For the llna batween'

'bbttom of the eroded bark tb tha Front aﬁ the Fcundat;nh

' Nuwa Khola Bridge has an angle greater than as” By means of

ape survey a_lacal buildar‘cquld-cohractly placg ayFDQnéatiun
from an

ed bank. - g

o -

Cerreded.
bankK
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In only one case was - inadeguate freeboard observed and in that

. . 4
case the monscon of 1977 déstroyed the walkway . For the brldgas

investigated the averages Fﬁeebnaﬁd wasﬁlﬂ meteré above the water
level at the lime DF'invastigatinn in February 1378, In.-the“1977
ananEUOH at laast 3 brldgas warns washud out along the Inwa Khola.
SBU suggesto maintaining 5 meters above theabsolutehlgh Flood
levsl When a bridge spams a steep gorge more fresboard is neces-

sary Local builders could easily measure the Freeboard ‘before

cohstructlnn

2.2 Cables . . ;

B

The a@éragg sag ratio of the bridges studied was 4.9 % an&“ﬁuayt
of 24 had ratios less than 4 %. Imorder to determine the UltlmEtB

and allcwable load capacxty DF the bridges the span, gag ratic and \\\'J




thélcable area were tabulated. Then from this data tha load
capécity was calfculated. The calculations and the results are

in_ﬁha Appendix, pages 42 - 4as5.

It was_faQnd that the allowable load capanity [t%e allowaﬁla

load is defined as the loading at which the cable is at one third
of iﬁs breakingjstrength] of the cables For 22 bridges was an
éQ@ﬁ%ge of 4BD kg/meterk. The allawabiq loading varied From 130
talsléykg/mata(. The Ampdanda Bridgat T 3, was the only bridge
which is consiqfredjuhsaFu under heavy FraFFic due to high.

*
cable tension. | . % /
- | ;N . .

.- o - "

4 figher allowsbie loading could be cbtained For many of the
bridgaS'studiad.iF the sag ratios weéé_incrsased. The cable
éhpyld be permitted to sag'fo the walkway handrail in order to

naximize the sag ratid: The Sisme Khola Bridge, T B, ‘could_ have

sily.bean buiit with more éag since the cable low point is over
"matéﬁ Righer than the handrail'ﬁigh point. Local builders afpgn
11 cables as tight as they can-+sgardlese of the resulting small
g retio. The sag ratio could be set by = local buiider to within-
irches to a foot with am Abney Handievel or similar instrument.
was haiﬁteq.fut above, the walkway éﬁapg'ié Flexihle and can
ally accommeodate a higher sag ratio while maihﬁaining the same

lkwqy'landing points, )

This@luad inrcludes the dead load of the- bridge.
' B

: . R .
!




. cables aréranly minimally effective. In the Appendix, pagas 45 - a7

- 10 -

L
.

In two of the bridges studied cableg were used in parallel with

chain links. This pracdtice leads to streas and etrain incompa-
tibility sirce the cable is wmuch more flexible than the stmee)l
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
Fail, the cable €tremses is only 26 % of its ultimatm. It is clear
that if chain Iink bridges heave additiunaf'parallal cables, the

tha stress - strain compatibility calculatluns Bre shown For
bFlng T E .

Structural damaga to cebles was often nbasrvaH Local builders

tend ta treat cabla as they would a fFlaxible rope, tylng it in

‘kmots and wrapping it around emall diamutar rods,







Ay
=
®.

C13 - : TN

The reduction in strength for aﬁructurally damaged cables
varies and is difficult to determine without testing. Common

local methods For jnining cables, such ab a8 sguare knot with

clanmps on bath sides of the knot, could cnncei@ably develiop

Full strength of the cable but a tBStlﬁg pragram must be carried

aJt to determlna thlS. _ 4 .
\|I

. Local bulldng grlps arsa nalthar wall made nor used in EUfFLQlEﬁt
- numbers. Thare'aru baslpally 2 types of locsl grlps in use in

Taplejung. 0One

type utilizes 2 plates bolted togather.
cnmputed'that,

It was
if Fcur %" bolts were used and if = gquFiciant of
Frictibn of .1 is sgsdhad, such a local grip can devalops 302 kg

.davalap the full luad‘qg;acity af a 19 mm haulage
{cébie 54 grips would be necessary. IF
coefficient of

resistance. Ta

= plates were grooved the
Friction could be increased. Mechanicdal intarlock
due to cable deFormatlan may also cnntrlbuta significantly to

[}
the capacxty of a losal grip. Sae Appandlx, page 47.

LOCa_ f cable grig:

. ._'.. jf;‘_‘-ﬁofﬁ_s
go — Plates - SN PR - ’

poe e
E%'

. N . cuxe} _
O © ”

orde e ' i

%bp Vifuwl .

‘ha othar type of grip u;;d locally LE placud by a Kami while’
ed hct. Thure are 2 VEFLEtanE whlch were obssrved: bent flats
zlth hnlas and metal cllps, and wire strand wrapped sround the
;lblas. Both variaticns are éhawn irm the photos above. Only by
”anductlng & test pragram thh lncal gr;ps can the resistance

é accurately dﬂtprmlned. A tastlng program should include the
"ath typas’ ‘oF ‘grip since the coefFiciant, of Fristion is uncertain.

Jwaa noted that if Fabrlcated bulldog grfips ware used thay were

sually backwards and/or too anseLy—spaeﬂd——#—pUT sﬁﬁply;ng
tandard bul ldag grgPa with cables sent to the dLstrxcts shuuld be

fAstituted and lacal builders should be shown hnw to use the
rips properly . CoE T

o -
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2.3 Busgpender Rods and Connection Details

e

The common}appraaeh found for connection of rods to the cable

wds simply ;to wrap the rod aﬂbund the cable while hot. The rod

diameters were ncrmally B mm s0 that when hegated they were highly

malleable. ! Hhen the main cables had a high sag ratio, suspender rnd

served to prevent Slldhng bESldBS simply tightly wrapping the

SJapender.rcd 1n1t1a11y.-0n several bridges slippage was preven-

. slippage was aften nbserved Three leFarsnt approaches were ob.-

ted by 1qsert1ng - nail

od, althuugh eFFeCtlve,

cable. Anotherjapprcach

part of the péble.

was carefully wrapped sa;és to develop good Frictional resistance.

On one of the bridges studiad hose clamps were attached below

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

This

the asuspender rod cunnectinns Neo alippage was observed oh this

into the strands of the cable. This math-

ST YW PENEN UG P!

cayld cause structural damage to the

i
x : . E |
was to wire suspender rods onta the steep B
O g 1

approach worked well as long as the wire

bl 4 it i At i

[P

e

r

A
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'Ltgﬁﬁativa, slnce they cause no structural damage to the cable
ng are sasy to attach and ad just; although rust may be a problsm

Fter a few years,

simple suspeﬁdernrod - cable connector could be‘Fébnicéted

nd DFDVldEd to the dlStllBt fFor lacal bullders. This connector
ight consist of a Flat with 3 holes spaced such that when bent
round the cable, 2 holes align for a bolt, while the thlPd is used
a attach the suspender rod. A second cable gbuld be attached

imply wi€h another U-shaped Flat wifh_bolt holes.

nble - Sispenaer Eonmnectors

-

o gleel Lint

Cresy s;crao*’i i M vriewt

n the Mewa Khola Bridge,.-I B}, threaded eye hooks were used to .
ohnect the suspender rods to the angle supports, thus permit-
ing suspender rod adjustment. For a bridge in Ilam District a

imilar scheme was used but in that case & long bolt was ‘bent hy"

Kami to permit connection aof tha suspender rod. Thi's method
iminates the peed for a fabricator to produce threaded eye
oks. Long bolts are available in a variety of lemgths and
ameters. Adjustability, in suspender rods is desirable so

at” they can be tlghtensd evenly as one of the Flnal steps in

ection o the brldge.

J,r'b’ﬂjdcf/c; fu{p(na’ff (onmee tors

E_j.c’ Kook Bent ()ﬂ-'/‘ffa')f,go/d:‘

9

" ey

b

f\/' |

T e -471 Z srectron .
’ (Cras_r supporé .éc'am/
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Most of the bridges studied used a standard walkway with flat
cross supports which were often extended to the height of the
handrail ‘and then attachsd to the suspender rods. A variation
on this scheme coauld be éasily adopted for the suspended type
bridge where the suspendsr,rods are equal length. The Flat, in-.
stead ofF being attached to the suspender chuld be directly b
attached to the‘cable The flat could be hooked at the ends
with holes so a bolt could clamp it to the cable. Other holes
in the Flat would permit Fencing te be s;mply wovenin and ocut
the fFlats. Steel Flats wused as suspender rods would stifFen the

walkway 3 d provide a cheap altermative to ferncing.

Surpended 5f:cé§e wiith Steel Flat Sucpenders:

. ) ) man cables

L3
N

e
N N

ade wew Lross seclion

’ i

There are mahy slternatives For syspender rods and connections’
which have been observed on the local bhidgas studied. If buil-
ders Sre aware.of these alternatives, they can cheat;vely apply

them to specific bPlngE.
i

T -
F

!

|

|

2.4 Walkwaz . Tl
. b

The bridges of Taplejung had - & distinctive; walkway sys _
inccrporatas_giaal‘£4a%fn-i?fF‘E'TEHgitudinal stringers and trans-
versa blanking. The 5téal Flgts ware usually of 2 langthé with
short and long onesalternately attached down the walkway. The ldqg

flats served ss a support for tne Fancing wires. The fencing usu-

-

. v
atly consistedof wire and/or rod running longitudinally throuagh

- . holes in the Flats.
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.nese of the bridge was due to a well built w

"mutal QEﬁ&;:¥§‘system is more durablie.

waere tightly clamped tcgether. A sigan;cant lass in strenyth
occured when these 3 components were not well clamped. The middle
stringer, wher used, csused bending in the flat and was ineffec-
tive in supporting the plamking if the system was loasely”clam-“

red together. . ] : a

Several brldgas Wore studied that had a leFsrant -waikway schema.

The Mewa Khola Brldge, I 6, had a walkway wlth angle cross beams,

3 longltudlna; strungar*s and transverse planking. The gaad =tiFf-
Zodsn handrail system,

A drawing of this walkway is shown in the Appendlx vII.

Tt was notad that bridges with wooden handralls often wers in

poor condition since the wood was exposed aqd sibject ta rnttlng.

Nooden bandrails running the length of the bl‘ldge improved the

ﬁstiFanﬁg of a walkway but aften had poor durability. Tha standard

T

The Barudln Brldga, K 2, had a narrow but stiffF walkway compesed

m’ziaﬁiraﬁa?longltudlnal planking with mutal £lat cross suppnrts
érﬁ%pdﬁ%%n%gpnvament -af the planks was pravented by transverse ”
planka placed betwgen;the ends of the toﬁ'Lgysr of planklng Flats
Ehauld hava haﬂh secured with bolts through the planking but warar

+
l
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The tumbini Bridge, T 2, with a span of 100 ‘meters had a ve;y
unstable walkway. Two longitudinal planks were placed on steel

flats with no fastening system. Although the longitudinal plan-

king was joined with transveras planks,ths walkway had very bad

"

lateral stability and was dangerous Also the Flats were eFten

- < ) )
bent since they had to take a high loading. This type of walkway
should ‘ba avoided in future locel bridgas,espmdaﬂgrnéar such

long spans.

A good ;apair_nF the standard walkwéy was observed on the Phawa
Khola Bridge in Dumriche Panchayat, Bridge P 1. The walkwasy was
composad of flat cross supports, 3 longitudinal stringers, trana-

- varae beams at 30 cm and longitudinal planking. The transverse

teams ware actually the old planking before repair of the walkway.
Although tbhe bridge was in poor repair arid the-woed in the walk-

‘way was rotting, the bridge had good stability.

. Ths_;tﬁﬁda%d walkway systam with Flet grass supparts and longitu-
;;“giﬁéiggmringera can have good etructural integrity if thesmem-
+ berag are propsely proportionsd and the system acte as composite

beam with the Flats in tansion and the plank above sach flet in

compression. %his composite beam action only occura iF-fhﬁ systam
is securely clemped together with bolta. Two examples of ﬂpple-
jung style walkways have been designed with praperly‘prnpnftionad

components, one design with 2 longitudinal stringers snd ane with

3 longitudinal stringers. Préliminary calculations are Bhaﬁn in
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. o X oM hm salf bggm_'
60 ¥ pO0mm Saf pram - . :

oross Sectronmy

40 X 100 mm Jai bram,

the Appendix, page 47, The advantage of the 3 stringer dasign

.is that, when the planking begins to
can be crossed more safely than.with

Tadvantage’ in the 3 stringer design

-wear or rot but, the bridge
only 2 stringers. But this,

ig algo a disadvantage io-

that, if the planking wears out or the clamping bolts come lDDAﬂ, -
the middle stringer produces a high moment in the steel flat, cau-
sing it to yield and perhsps‘break. This problem bﬁﬁweighs the ad-
vantages of the 3 stringér design. With 2 stringers-at the edges
of the Flat the moment in the steel Flat is minimized. It is,
_ddvisable to place the stringers as close as possible ta the’
- bend -in the Flat. An exasmple of 'hybrid!' walkway haé-béan desig-
ned incorporating c;mpunents of several walkway'systems'éeen
in Taple jung, Ilap‘énd ?angﬁ&ﬂgfvThis system utilizes angle cross
sJpports, & or 3 longitudinal stringers and transverse planking.
Steel flats arelgastened’ﬁb the, ends of the angles with bolts

and as in the standard local walkways f*le flats support the

L3

'H_gbr:‘d Wa!Kwag

handrait —SUspen a’c{‘;/
T l- wire & . 3
/// ‘\\\ .
Rt ‘ | loxe ﬁatvn___
\ ' /;ﬁ' we Planis Yot hol t
phes g | | N Wt g mns S vl I SN W S s . A “'%_Nbﬂf(t.
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Lb’o X 50 A Fd-njff-t/’ &-J;Ox 100 sal peam
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fencing wire and the handrail steel. Even if the bolts connegcting |

the stringers loosen, . the angles will mot yleld since they are
des;gned for the resultlng load. Simce the angle cross su rts
‘remain structurally éﬁLnd the walkway can’ be replaced wlthout
neg; to replace dasmaged cross Supports. Although thxs walkway
is more expensive initially, it should be cust eFFéstlve bacaus?

of its sgperlqr durability, The de51gn calculatlons For tha

walkway are shown 1n=the Append;x, bages Sl - 52, : |

A problem noted in most of the bridges stulied was ﬁatfgég of
t£he lengitudinal stringers at the walkway landings, Usually the
stringers are extended beyu#d the .end of thg walkway and rocks
and soil are placed on tEp of thEm to prevert vertlcal and tor-
sional oscillations. Ev1dently molsture in-the sa;l and under the
rocks -speed rafting of the wobden pants at ‘the end of -the wall-
Tway. \Tﬁ\theendstrlngers rot dut, the walkway loses .much of 1ts
Stablllty There are many p0551bie solutions which could prévent

or retard this PUttlng. Trree sulutlons are suggestad here: ’

t. Increase the width of ‘the strlngers for,

‘the last 2 paf-els
and paint them with bltumlnnus palnt or |

A
A \ , 4

2. Use 75 x 40 6hannel sectinns on the 181' a?el sections and
extend them under the rocks. Protectiof .
against rust with paint would be advisable.

3. Use 75 x 40 dhannels a; above but imbed fhé"{n concrete

at the ends. Thin metal sheeting could be lccsaly wrapped
around the channels before placimg the cancrete so that,
after the cuncrete set, the channels could move, permlttxng
longitudinal expahslon of the walkway. To minimize the con-
crete the chamnmnels sbuuld be Lndepaﬁdentty/lmbedded. The
" commection of the channels to the wooden stringers could be
accomplished in several ways. The stringers could be cut to
Fit imside, the channel and then bolted through the Flanges.of
the chanmel.- Another simpler solution would be to have the
channels run parallel inside the wood étringers which rest
an the next to last cross sIpport. The chamnels could be bol-
,//tad tO Ehé cross SUpport inside the wooden strlngere. Seg

drawing next page.

L | e
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‘ - . . 4 . .
) ;- Channel-bra -
.. ¢, Possible chanmel— ammeeh
. = heam connection wmethods:
: ' —--—-n——-_'—'_ elarinef
Fpeam E 5 |7fX13$A*"“d e il
T T
) _ mﬂfwd.u’ Side vrew, meTho 2. Lop vi e,
, e 1 bear insertes in c}La'n‘nt,l' bearm b.o.‘ﬁ!d o ehannel web
» AR amplr;cal %atxng systam of 1 to 10 was davissd to describe the :
st -condition .of the walkways:invastigated in Tapls jung: '
1 to 3 Déngerbus. Very little stability - little BtlFFness

" against vért;cal oscillations and laterally unstable

High priority For new walkway.

4 to 6 Intermadiata.bonditinn. Walkway in need of repair but

raw - walkway unnacsséary. o

! : ‘ - 5 3

7 te 10 Basically in good dendition with good lateral and verticald
stability. ' E

The average condition of the 24 brfdgss investigated was a reting

of 6. Five aF‘thg'qubgas'nesded rew walkways and were dangerous
An our Dpiniua. ‘

S9ix of the bridges were bacdly in need of repair

‘butidid not require a new walkway,. It was often noted that the
stringers were in gdbd-cénditiun while the planking needed re-
placement. Fnrty-F1va parnant oF tha bridges are ln need af re-
pair ar = Naw. walkway. This is an 1ndlcatlnn of low prlurlty
attachad ta walkway repé‘?—and{nr lack of affective nrganlzatlon

For bridge malntaganca. Training of local persons by mctually

repairing existing bridges in Taplajﬁng is suggested. Thg rating
given to msach 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 typa-cnnsisteqkoF

masonry tower separate from the anchor block. ﬁlthaugh\thls
rrangement was common in Ilam and Fanchtar, only the Mnr\thlmbu*

anchayat BPlng, T 7, and Phawa Khola 8ridge, P 1, in TaplaJung ) o
istrict bhad masonry. towers and seperate cable anchors. The . " -
econd type was ‘the more common arrangement. It congisted of a
'ﬁmbihét56; tower - anchar ,often with waoden strutes ih Front
aking some of the verticai lovad. The third basic type was a
hort masohry wall-like structure which supported the cablesl

t handrail height. This type of shart masorky tower was used
ar suspended type bridges where the hardrail cables were tha ‘
_thCEbles. The Fourth type of arrangement simply involved

.chorlng the cables'in rock sbove the walkway landlng point,

lmlhatlhg “the need Fmr towers.

, Separate Lower - /J anchar 'n boried
anad anchor bovider or pedrockl

&/J . [ % ’,.-‘-
; TrPeE 4, TN
CIZPEii [bct{a.nc)\qq ~
o Lower
. 1 prox. -
ansaits| e
su:pcndui ﬁpdgc 2
A f
- ..// N
ty-eight bridge towers were seen during the gtudy. Saventy- !
&2 percent, 33 in all, were of type 2 construction. Seven tower— >

her arranhgements of type 1, 4 of type 3 and 4 of type 4

o i
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were also seen. From these statistics it is apparent that the

type-a.tower is the most common variety.

Tha type 1 tower-anchor érrangsmeﬁ% is a good solution if the
shear and moment is minimized in the toweir. It is advantageous
to build this type of bridge with roughly squal forestay and
backstay nngies but may mot elways be possible. The Phawa Khola
_Ehidga of Dumriche Panchayat, P 1, was the only bridge which had

epproximately mgual forestay and backstay angles on at least one
side of the bridgs.

ALl of ﬁha other towers invegtigated,.including thosa in Ilam
snd Panchtar, had stesp backstay angles. The towsr oh tha'nppﬁ—

' pite bamk across From the tower shown in picture P 1 had steep
and unegual backstay angles. The right bank tower of the Miwa.
‘Khola 8ridge, I &, also had = stu;p backstay angle with a design

- gimilar to that of Phawa Khale Bridge. At first inspection it

 mppesered that the masorry above the cable eaddls paintsﬂcF\ﬁiwa
'Kgﬁla-Bridga was unnacéséary but under more careful analysié

“batame evident that this sort of masonry :cap adds dead weight

" which improves bbtb the dghear campacity and the moment resistance

of the tower. Tt should be noted thaet the weight of the masonry

-




out rea tlng on tha cables.
by burilé

This was usually accompl i shed
irmg a wacden frame at the lavel of the cables,

i
i
i
i
K




with Cap :. Without ¢a )
. first layer of rock ' _ ﬂk‘somj cap
:‘P . pod ' _ 4P y o~
v o %
X ) L h .
h -
" | ]“"

: . ) . . 2 poef of frichd
shear resislance =Wy M Shear resistance = W - f
moment resisEance =y r W)X ent res. = (v + We )2
. nt resisftaners F\v iy e moment résx, /] /2o
imee We D> v/, both The shear ana »mement resistanes is
higher cirth a masoncy cap. (Verfical cabic reaction ney lected.)
gﬂn#em Limbuy éridge over the Tamur, T.7, bhad magonry towers

hout tower ceps and had steep backstay angles. Both of the

onry towers had evidence of shear and moment irduced cracking.

this case the shear failure sppsarsﬂ to be parallel to the 4
lta.nt_ Force of the 2 cable tensions. The moment induced
cking indicated that the unbalanced horizontal component of
cea aﬁ the top of the tower multiplied by the height D._F the
ar was Iiass than the resisting moment. The resigting moment
eqgual to the vertical cable Fl::r‘cé plus the towaer dead weight
es half the tower thickress. Also it should be noted that the
cable anchor block appeared to be of insufFicient siie, bt

depth of ti—:e_ anchor could net beo determined, I

is concluded. that with this type of tower-anchor arrangement
masonry cap on the tower is helpful inm resjsting goment and

r. Aleo it ie a_lgéestad thet egual _Fnrveatjﬁf{‘ﬁu’fﬂ ‘Bédkata,y
es be usad when possible. . : ] i T

e variatiaong of the sacond type of tower werg seen and are
Jesed here ms types EAi 28 and 2C. The type 2A tower had a
’towur-'\‘-.placad immediliately' in Front of Fhe masonry tower-an-
" and r_iéuul.ly securad a;gainst sway by = steel Flat inserted in
masorry and wrapped around sach wooden strut. The type EBKZF.."

r had a wooden cTower several maters in front of the masnnr?y
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. v
structure. The type 2C tower was entirely a masonry' structure

with no wooden supports. 0f the towers investigated which were 5
in the typa 2 catagury, 3 Fit in the type .2A subpategory, 16 in i
typa 2B and 14 in typ;:EC. The quality of workmamship of the .

Variations on tjpﬂ 2 'zf'awers:

TYPE 24: ' TYPE 280 o

B )

o e S wooo forser next
4 ) bOTﬂASUﬂCJ

Zower sAran of

magenryd

: (7'_2”4 2 ¢ fower-anchor has Mo wood éower‘)

¥ i

-« . ) . e . - N
stone tower construction was an impartant fFactor in the stabil. 3
Ey of the structure. Some sxemples of goad and bad masonry con- 4

struction of thq_fype 2 tower ars discussed below,

"The Sisung Khola Bridge, T Q;Ihad a'maénnry tower-anchor with

............. a woodmn ﬁowegngn_ﬁhoﬁt of the maéonry. It was observed that
there was a 45° crack locut;d-halF & metar Frqm the top of thﬁ
tower which opened and closed when the bridge was iightly loaded.

The movement appsared to be caused by the unbalsrced resultsnt

85

force at the top ' of the tower. The masonry work in the tower was 7

poor and perhéps the- crack would not heve formed if the stonas

.had'bééh'hruparly_kayad. Resides the poor masunéy, the pleacament

af .the cable support beam was too close to the Front of the towsr.

T = S vt et

' - ] . r~al LS . ) .
a4 - ! —— 0.5 m] [ e )

" bloei mavement

" of wond focer—
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Analysis indicates-that the wooden tower is determental to

the atrength of the mesorvy tower because the ceble Foreatay

angle is decreased. The result is a larger unbalanced Force

ori the masorry tgwer. Also it should be noted that tha wooden

towers obeet~ved wers often rotten at the bass and not sble ta o

taks a large vertical load.

) [ . e Rgmeemame—e - e e — ..
The largest dry stone tower-anchor encountered wag on tha Nuwa

Khola Bridge, I 5. The tower height was 5 msters. Despite uneguel
Forestay and baéksta§ angles, g° and,45° regpectivaely, the
Bridge was strubturally sound under light dynamic loading. No

evidence of moment or shesr cracking 60ld ba Found., It was

notad that the cable support beam was one and half metera‘back:
- -from tha face of the tnwar; Having the support beam Further back
_ _From _the tower. face increages the shesar rFesistances. Although_

acourete analysis of the type 2 tower ies difficult, some cal-
"culetions are presented tugethar-withia discusslon in the Ap-

pendix, page 53. The quality of workmanghip is difficult to

sccount fFor in-dgsign caloulations.

e
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The third type of tower-anchér system, consisting of a short,
wall-like masanry structura, was uesed fFor suspendad bridges.

‘Similar: problems are uncuqnterud with this type of masonry aystemj%

as 'with the type 2 tower-anchor. If the ceble backstay angle is
too stéep,.cracks may develop dua te high shear through the
masorry. All of the type 3 towersfaaan in Teplejung had the
' rocks placad horizontally. Superior™ ‘stability mlght be achisved.
if the rocks wera placed. st-a ﬂilghf angls, AIea 1F the back af

the wall is Blightly curved, the cable mare uniformly dlstributaa
the forca to the masorvcy. .

-

TYPE 3. TowWER -ANCHOR

;l’!_{llJf

- LJadle reacktron
o - ;
=l - ' force olisTribuist
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Plarn View Side View
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The Fourth and last type of tawar-anchor Bysten, consisting of
a direct anchoraga'hithGJt towers, utilized steel rodg in shaar E
to anchor the cables and had no magbnry or woad structures. In ;
all of the bridges seen the cables were anchored to large boul-
der or bedrock by means of hocked steel rods., With this type

of arnchor there sre 3 modes of failura pbséibla: shear of the

steel rode,. pullout of a buried boulder or crushing of rock in 1
Frant oF the rods. Direct pullou€ of the steel rods was mot a
problef;i,sinca in all the bridges studied the anchor rode had B

vary little vertical force on them. The chear strength of the
snchor rods reduced the averall load BBpEBlty of the bridga

in same casss. For 5 of the bridges the BiZﬂB-OF tha anchor ods

.

ares shown next Page. - . . . ) : S

F
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he allowable and ultimate shear forcé for the anchor rods on
fjach bridge was computed.~As @ comparisocn the =sllowable cable

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

idge. Mo and size Total  Allowable# Ultimate: Cable

o ' Anchor rods Area Aod Force ‘Rod Farce Allowable
Al - .2,-32-wm- - -1B.1 cm2 17.7 tonne  32.2 tomné 34.0 torne
a3 2, 35 8.82 10.8 19.6 2.2 5
S e, 32 16,1 17.7 J2.2 34.0

2 32 & 25 12.85 | 14.2. : 25.9 11.2

33 e, 32 8.1 17.7 33.2 34.0
Allowable shear stress = 1.1 tnpne/cme. Ultimate shear streds

i—!E.D tonne/em2 {(Indian Civil Engineering Handbook)

3 cases out of 5 the rods would shesr before the allowable
Bble tension is reached. In 4 out of 3 the allowable rod foroe
L les= than the allowable cable Force. These Findings indi-
bte local builders should be assistad in the selection of the
mber and size,pFlshaar rods. A simple chart might be deve-
bped listing cable sizes and the cérresponding rumber and .
ze of rods reqguired. E
e pFoblam of buulder.pull 6ut is not easily attacked analyti-
lly. When used ﬁith a type 2 tower the boulder shold be par-
ally under the rocks in the tower. This way the ‘'weight of the
sorey tower resists the pulloﬁt. The steeper the back angle
e gﬁeatar the vertical force on the anchor boulder. this is

other reason to minimize the stespneas OFlthe'backstay angle,.

b

v Buried Bovider Anchor

relative maantvae
of H ana Vadept noent
on ﬁ\

. - o

vried. fovider
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The crushing of rock ahead of the steel rods was not observed
I::t.rt;uII if the anchor rods are placed in poor quallty rock, crush-
ing is pﬂSSlblE- Local people might be instructed in how ta

iderntify gpad rock.

An altermative type of deadman anchar might be introduced in
Taplejung. The cable could be wrapped around steel pipes gr,
as in Eaglupg'ﬂistriet? arpund a ‘bollder and then bulldog )
gripped tagéther. This anchor would eliminate the need for im-
bedding steel.rods in bauldFrs. Also the cable would nét have
to be wrappsd arcund small diameter rods which might damage

the cable. All buried steel and cable should be. prntacted

-_“agalnst rust;ng by lmbEddlng ic in concrete or applying Eome

ather pPGtecthB caat4ng such as coal tar or bituminous palnt

It is suggested that simple guidelines should be developed

for masonry towers. The guidelines could establish several types
DF_tnweks and'indicatp for specific site cordition, span;and
rough bridge profile ﬁhich tower can be used. Charts could ba
devalopsd Lo show towar and anchcr propcrtxons for different
bridge types and initial geometry. For example, it mlghpjbe-
concluded that the type 2 téwar-anchoraarrangemeﬁt is ureco-
nomical For very long EpansL gsince a great valume of stane
masonry is reguired. The type 1l tower-anchor arrangement might

be Found more econeomical qu long spans.

In many nF"the masonry towérs studied the forestay and backstay
cable forces produce a reagtion which intersects tﬁe front wall -
of the tower. This resctiof should be ét Feast within the base
aof thes ﬁowér. Towers can a?d have been built that take a bhigh
shear force through the toker face kut the resistance of the
tower against such Forece is highly dependént on the guality of

the stone work and such towsar's are therefore not recommended.

" A saperior design for a masonry tower could be intcuducéd in

Taple jung.. This tower would have a wider base than tap so that
the reaction Faorce would intersect inside the base. Since the

tower would be tapered, the reguired dry stone volume would be

LI

[,
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less-or the sams as ig now used in the hectangular towers. Cal-
eulations indicats that the magonry tower could be greatly im-

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

the tower inétead'oF directly on rdck or on wood. The cabl .
steel friction coefficient is'nle'about .1, while the cablﬁ.
stone coeFFiciént is ebout four times thart. By reducing the
cosfficient of friction the unbalanced force on the tower is
significantly reduced. A geherél snalytical approach to tower
deaign and - design examplesare given in the Appendix, pages S3-63.
These calculations aad resilts sre intended as = starting point
for the development of guidelines for stone masonry tower de-

sign snd construction.

2.6 Gther Components 1

Wind guy cables were seldom seen aqd; if thay}wera uged, they
were inefFFective. On one of the bridges studied a small dia-
meter wire was nailed to = wooden member of the bridge welkway
and on shore the wire was wﬁéppsd around a tree. OF course thia
type of winq.braping is mon ‘fumctional. It was noted that hriagag
Which had E_br 3 longitudinel stringers rumning the length of

thé walkway had good latersl stability and ghould be eble to
withstand high wind loading.
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Im order to secure enchor rod steel in rock local people used .
& lmcélly made lime cemermt [calldd chunma in Nepalil). Portland .
éement, if available, was also used for anchor steel. The procedure
used in making chuna is described in the Appendix, pages EB-53.
Unfortunately the procéss is lengthy and often the necesgary .
limestorne rocks =re hard to Find., For these reasons it sppears

1

I
that this local cement can have only limited use in local bridge 5
- ]

cnn5trqgtion in Taple jung.

Steel parts for bridges often were purchased in Darjeeling and
érahéported by local persons. The cost of steel parts was some-
times paid by & single wealthy family near the bridge site and

' . gometimes partly or in whole Financed by the District. It appea-
- . red that it was usually the initistive of a single individual

whioh kindled the necessary local enthusiasm to build a bridge.

3. Conclusion

) Basically the local appreach to bridge consgruction in Taple jung

T - is structurally sound. Ideas For inexpensive improvement in local
bridges have been given inm this treport. Some of these are listed
below: . .

* 1. Standardized suspender rod - cable confiectors should be

provided to the district

i 2. Standardized wagle sections for walkway crossbeams instead
T

aF steel Flats should he provided to the District

3. Improved dry stone masonry tower designs without wooden
towers should be adopted )

. -

-

4. Three wlys to improve the durability of stringers at the ends
of the Bridge are suggested -

5. More and/or larger diameter steel rads should be used to
anchar the cahbles -

8

Bulldeg grips should be proved with cables to the District.

‘Local gripg are not always dependable and should be avoided
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A training program in Taplejung for local bridge builders is
currently plarmed a2rnd will be a good opportunity to intfoduce soma
of the technical innovations suggestéd inmn this report. The Bn-
ginger-crainer of the pragram-@ill have the responeihility of
developing guidelines for local bridge construction in Taple jung.
These guidelines should be tentatively sat down in a_pralimi—.
mary manual, which can be refined during and after the training
Prsgram. This manusl should, besides establishing guidelines,
present technical information in = simplEFied mannar for use
by local persong with practical expefiehce but little or no-
Formal technical ﬁrainiﬁg. The training program should bs Fol-

. lowed up by supervision of each of the new overseers as he -
builds or repafrs his First bridge. This could be accomplished
by having an experienced engineer assignad to- sevaral prqucts
to act as an advisor. IF a new overseer successfully complétps -
his first p’r—njecr‘\, it is likely he will cortinue to be involved
in lpcal bridge projects.

- i _

Besides the maryal for the local bridge builders another merusal
written for engineers would be useful. The need For an enginear’s

marual has been chsarved in the Local Qsvelopment Qepartment and
in many districts. Peace Corps, 5B0 and other organizations also

‘would benefFit From such a mamuwal. The engineer’s manual Sould
include the following: !

o

1. Guidelires for the selection and survey of bridge sites

2. Design loadings listed in chart form for different kinds

of anticlpated bridge traffic andagiFFsrunt walkway widths

+ -~

3. Simplified ways to design bridges using charts whenever
possible ' ' -

4. Design ideas for different site conditions and spans

5. Bridge consttuction methods f
€. Useful technical data such as cable areas, steel rod sizes
and areas, simple geometric relationships, yield strangths

and Modulus of Elasticity for steel and cable and other

information : . .

el
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Special eections could be addad to the marusl to describe local®

bridges built in otber regions se those sectione become avail-

ebla. The local marual should be written both in English and
im Nepali. The enginear’s maruel should be im Emglish and per-
haps aisa_in Nepali.

¥
H
L




Glossary ’

“J -
Allowsble Load: a load on a structure which causes the materisls

to be strassed to a pBFNISSLblB stress level., Tha permissible

‘atress [or synonymously allowable stress] is given in a code or

other references for specific materials.
“ . -

.

Allowsble Stress;: the ultimate or yieid stress of & matarial

cdivided by a safety Factor. Allowable stress is synonymous

with permissible or working stress.

!

! ) s

“ahchor Block: a massonry or concrete structure which is used to
gscure the tensile-Force {W the cable: The hlock ie usually
burisd or partially buried.

Angle Section: A stesl saction which ie ’L' shaped in cross
“smction. The eritical dimensions are those of the 'L’, including
thickness.

-Backagtay: Thes Sactluh o€ Hhe main bridge cables beh;nd the

tower saddles or cahIEJSUppart points.

Beam; A prismatic bar that is subjemcted to force acting perpen-

diculer to its axis. Usually the cross sectional dimensions are

much less than tHe axial length. .

Eulldog Brip: & device used to clamp a ceble onto 1tsalF|nr another

cable. 1t cons;sta of a U’ shaped bolt and a grnuvad cagbting with

twn halems in tne casting permitting imsertiaon. aof the Sy bolt.
Clamping fForce is epplied by tightening ruts on the ends of the
‘U’ bolt. ' '

-
_Camﬁer:-tha maximum rise in the walkway bqtﬁaeﬁ the landing
points. Walkways which are horizontal Unfsag have na camber.

Ses drawing page §. Eambsr 'is often expressad as a percentage
of span length. : v
s .

Channel Section: a steel sectiaon whlch has a I: shape. The cri-

tical dimensions are.those of the [:, 1nc1ud1ng thlcknasa.

I

e 11




Coefficient of Frictiaon: the factor whqéh} when multiplied by

the rnormal force, gives the static or dynamic Frictional _ M
' S ,
resistance to sliding between two Faces. [
' - Co

i ' .
CDmEPESSlDH a Fnrce causing materisl to #nndanss or sgQUBezse -
togathar DppDEltE of tensiaon. o

- i . .
Cradle: 1ﬁ plan view the méiipum dHFlEDtan'DF the cable, fFrom
cablae - auppnrtsar sad#ie points toward tha cantarllne cf the

‘bridge. Cradle is often sxpressed as a percentage of apan l&ngth.

Croes Support: a beam placed perpendicular to the walkway canter-

line to support planking or stringers,

Daad Weight: the total weight of alil structural elamants alang }?
tha bridge walkway. Usually expressed in weight par Dhlt langth

along the bridge centsrllne. ) '

qu Stone Masorry: s cementless structure bullt prlmarlly DF

rock or brick. o é‘ !

s :
Dxnamlc Load: excess or lmbact 1oad caused by any moving load.

Dppositu of static load. - S et

Flat: = steel section. of raectangular eross BBthDﬁ Wlth commmﬂ
dimanaxons of 50 x 6 mm, 40 x & mm, 25 x 5 mm, etg.

4
.

Forustax the gact;on of the maein cable ahead of tha towar

saddles or cable auppnrt points.
. \. . & 'IlI .

! —

Fraaboard' the distarce betwaeen tha‘lnwast point of the walkway
to the watar lmvel.

e f

‘Full Live Load: the hlghEEt antlcxpatad lnadlng condition

excludifg the dead load. Ususlly exprassed in welght per unit
length along the brxdga. _ . ]
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Hogse Clampg: a davice of thin staeel strap oFtén usaed to secure
Flexible hose to metal tubes such ag in @& gas or diesel engine
The steel strap has small transvarsesllts at ohe end such that
it can be tightened by B sorew in a bousing at the otherlend of
the strap. « . . L

Hybrid Walkway: @ modified bridge walkway combining design ideas

spen in existing walkways of an area.

Logal Bridge: any brldgs bullt by. persons cF a specific ares,

usually “with no Uutalda technlcal advice. OFten local bridges
of am area have similar desxgnsw

7

&
Longitudinal: lengthwise. In the case af bridges any structural
element rumning parsilel ta the centerline can be described as
‘1ongitudinal. . .

B

: o .
Modulus &F-Elasticity: a constant of propoartionality which
equetsé'ﬁtrass and strein linearly for a.-specific material.
Expressed in Force per unit ares.
Hnmént: the tendency ofF @ force to cause rotation about a point

or ast.'Expﬁessad in force times unit length.

Sadd]le: the part of the tower on which the cable bears ard
which in turn trensfers the ecable load to the tower. Usually .

made of steel.

L -

Sag Aatia: the retia af maximum deflection, Y : of the cable
between‘euppnrt lehtB -to the span length, S. Usually exprassad

as a’ parcentsge. SEE drawing, paga 5.

: the furce terding to cause two parts which are in

=z

contact to slide upon each pther in opposite directions.

haar Struss: the prassure caused by shear force actlng on

thu two parts which 'are in contact with each other. Expressed

in Force per unit ares.
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Span: the distance between tower 'saddles or cable support points.

Stringer: = st' ctural member used as = beam. In the case of

bridges it 15. longitudinally running beam of the walkway. |

Suspendar Aod: steel rod used to connect the main cables to

the walkway.*g

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

samne as tha_caﬁEa sag. Usually the asag ratio is less than 5 %,

Suspendion Bridge: a bridgé in which the walkway is horizantal

or ‘cambegred. Ussally the main cables have a sag ratio greater
than 5 %. ' )

Jension: a force causing material to pull apart. Opposita of

comprassion,

Tower: a structurs supporting the cabla at the ends of the
bridge. It can be made of steel, concrete, masonry or wood.
K . ' . FI . : CL P ’
Working Load: the allowsble losd. See definition of allowable
. -
load. :

o

Working Streage: the allowable strasc for a materisl. See
dafinition of allowable streas.- '
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Appendix ITI

Caloulations

A A;lnwabie loading for cables

Thﬁ_FollUJing assumptions were made in ‘the cable computations:

1. Thunultimuta cable stress was taken as 90 % of the new
cable Gltimatae

Our. =

= .90 x 1B0 kg/mmZ o '
= 144 kg/mm2’ : o ;
" The valusa aof 160 kg/mm2 is From the Steel Wira Rope Bresking

Strengths and Haights Tables, USHA Martin- Black {(Wira Ropesa)
- LTD, paga 13 - 2E. )

.The allaowable caeble stress is taker 2s 8 third of the ultimate
.. GAble stress:

d:;f ‘= 14473 = aB kg/mm2 U

_The factar of 1/3 is suggested in Part A of tha'Standard
" Trail Suspended and Suspension Bridges by SBD

"

Modulus of Elasticity, E

, is assummad ta be 10,5 tonne/mm2.
: USS Tiger Brand Wire Rops Hand Book, page’ 30, suggests
9.p tonng/mm2 for new B x 7 and 6 x 19 ungalvanized wire ropa.
Th highj

r value is taken since the cable is .useéed and there-
Fofe phgﬂunsinnad.

-

different cable types ware seen in Taple jung:

cable diaT%tsr assumed - assumed '
, | congtruction ., area

‘19 mm 3: Bx7 Fiber cnra  138.7 mm2

26 mm : 6x19 wirs cora . 260.8 mm2

aa:mm } 6x19 wire core b 407 .7 mm2 )

44 mm Ex13 wire core "797.4 mm2

Above information from USS Tiger Brand Wire Aope Enginaering
Handbook, pags 29,

l
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For ia sample calculstion Bridge I 3 is used. Data:

cablés:, 4,.19 mm diameter haulage rope

span: 78 mefgh {= 5]

iritial sag ratic: 0.039 at deasd load {= ki}
area cable= 4x138.7 mm2Z = 554.8 mm2 (= A)
Mad. of Elasticity = 10.5 t/am2

Allow. cable stress =IO 048 +/mmg

initial cable length = B

Lz $ f'f‘--i’{i z ?8 (+ (o.oae):)

= 78.30 m

imitial cable tension = Ty
assuming 8 dead load OF 50 kg/m 4y

2 = w s - S0 78 :
1 e¢ &x 8 (0.038) -
=¢85, 37 ronnes ) "

Thea Follcﬁing 3 basic cable eguations are used to derive a.the
equation used to determine the allaowable cable load,

T.
é(- = S(f “_-g--iﬁ ) - <cable lengch equation |
ZZ :.fﬁLii - cable tension equation {calbe tension
8K is assumed egual to the harizontal
tension]

Z;.-—Z = (""f C‘)Ln

—= - cable slongation equation ) i
AE : _

The basic eguation used For iteration is derived to be:

F & - = éd afz S :

wE (G be) 4 LS EEr )
Substitute P2 L, /,q[ 7 o

s ' C i

P{L} t-‘) + Z{ -5 = 2‘? 2;"' _'.'.

[Herrence. UsSS Tiger Brand Wire Rope Engineering Handbook,
pﬂga 40)

s s N e i ot

The variablas are defined:

Li = initia} cable length A; = cable area i
Lé = Firml cable length E = cable Modulus of Elast1c1ty
t, = initiasl cable tension NF = Final cable load
tF = final cable tension =) = span

K = initial sag ratio:
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__78.30 _ _ .
P = 5B G0E) 0.0(34‘-{1

1

- : E
783478, | caq . w78 .
0.0/394] 24 (001399 )t

4t 69298 T Lw7/096 x foé‘t’:/é;"

A = 1071094 % I0F (a2

- Now the iteration can be carried out for diFferent

T values of W,

i

,:For different values of W, the load, the cable tension, t,

“ig calculated:

W occurs when t = 26.% tonnes . -
all - ) T

L1 "311 is splved for by interpolstion

betwesn 100 and 200:
L1415 tonne/kg/m

W = Jjoo + Zée.o~ 22,45

all . o145

wall = 130 kg/m

If the bridge dead load ie SO kg/m them the allowsble bridge
loading would only be 80 kg/m,

'8 Stress - Strain Incompatibility batwaen Cable and

Chain Lirks

For o sample celculation h—idga T 2 is used. Basic Data:

£4= strain at yield-

ly T yield strees = 23.8]1 kg/mm2 - ~
. g
‘sz "5/5_‘ = 23-9*"/2.;;&{ x 0% = 172 X 180w/,

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

‘Data: : . .
Allowable tensile stress -7
_ for bolts . = 0;_, = 10.6 kg/mm2 N N
Area % " diameter bols-—--—="A = 78 mm2 i foa
= bolt
(Ref. ICEHB, page 4/35) 70 J— _m"'"‘" 4

—

coefficient of Friction _ )
cables on steal = M Sl I I

Ultimate load capacity h _
19 mm haulage rape = 1B tons
N 4 x bpy x Ay = ¥ X W06 x T8 .

3.3l tonne, -

= = = . f
. Fr‘eaigtj_ng =N x,gb.. 3.31 x .1 _laq.33l tanne
Mo of bulldog. .grips required = o - B4

LI -

L]

IF it were possible to increase the coefficient of friction

to .3 by grooving the plates the mumber of grips could bse
reduced to 18.

1" wire core 6x19 galvanized cable

rumber of grips reguired = 5 (part A, Trail Bridge Manual,
‘page 5/202) .
breaking strength of cable = 41.7 torne [assc.!mingd:;tz 160 kg/mme,
area cabla = 260.6 mm2)

@llowable normal force of grip, = 4.l4 tonmne [assuming X "
diameter Ufbolt,, 2.07 tonhe allowable per side,
ICEHB, page 4/35)

offective cosfficient of friction = 41,7 * = 2.01
. "4.1d x 5

This result imdicates that am effective cosfficiemt of friction
of higher tham .3 shauld be posaible for local grips if they are
properly made. Testing would be necesssry.

‘0 Walkway Design Calculatiaons x

—flat
\/;)/A n J(;;U

Ih necs




Flarking: specify at least 1%" eal wood to assure good
durability. Less than 1%" required for strength.

Stringers design: .

Loading of stringer ' .

P P P

l___l—l : o a2sP 5P o
: a4 a4 ' .

5P
Agzume .5 P distributed to the middle stringer ahd .25 P to i
the outside stringers.s ) T
data: i ' ' : e

allowable !stress in Sal stringer = 112 kg/cm2
'(r—aFar—erJ a: ICEHE, page 9/28)

O;Il

= Ffactored point loading on one panel

.F. = 1.7 (safety Factor] r

P

5

"M = moment jj'n stringei . ' ; .
I = moment cﬁ inertia

c = distanc\;a to the neutral axis from tQHsinn Face

b = width of ﬁtringar .

\P"h\ = , height of stringer, parallel to loading ' B

Asoume, the unfactored point load to be 180 kg
P A = 1.7 x 180 = 3086 Lfg (1.7 19 a dyngécFadctnr} —
M = .85 P x 40 = 20 P = 20 x 306 : !

6,120 kg-cm _ {lﬂ'

Assume the str-ingar-'yidth to be 10 em then,

' = L 3 = . ' L | _ T
I -labh,b—]:l) 80, : %

,j'rm'n‘?er- Cress s'toﬁrﬂ :

. = 20,3 ) —~ . i
I - 12 h - . ) Iy
=) = h/7 in the case of s rectangilar section i

< =M< substituting sbove value for M ) ’
all /I and egustions for 1 end &, 1

e, 193¢ "'.
- o x = 3 ﬂg
Oaui = 2 x/0xhAT A

r"——\ L P 3¢ ;""S |
- Jé"?Zw;: 32 rF - - '
A.. | ———————m e ,5?/’2 4n?, so, use B x 10 f:m

For the middle stringer and 6 x B cm For the side stringers.
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ross suppart Flat dasign:

k!

Sél = Modulus of Elasticity of Sal Wood ;

= 1.27 x 105 kg/cm2 {Aeference ICEHB, page 9/2B)
2teel =T Madulus ;ﬁ Elasticity of Steel | ;

=- 2.1 x 10" kg/cm2 (Faference ICEHB,. page 5/47) .
531 - = arma sal plank, CI"'D.SE saction -
Stesl — - °Ted® steel Flet, cross section . )
Sal = allowable compressive stress of sal = 29 kg/cmz

b

Steel = . @llowable tensile etraess steel = 1,260 Ks/cma

(Aeference: ICEHB, page 10/3)
= moment of intertia of compnslte beam s
= . distance to peutrsl axis from temsile Faca‘“
= distance From odtside tensile to compragazva face
distance from 1n51da tengile to lnEldB cnmprusslva Faca.
éli. = allowable moment in, beam
|

= design loading Fer beam ' ] o -
'Qﬁstite action is assumed between the flat and sal plenk.
o#pbsita beam cross section:

F-T - hik)

L L
4 1 _
) Y
Ac., = 15.x 3.8 = 57 ce2 ‘L | [ 3Bom .
- T { wood,
Cfgteal = 1,2B0 kg/cm2 S
19¢ .
- \ _cw, 6.0cm
Ogal = 29 kg/cme
- e ) N ‘._...[._- ' LENC I
(.Séecf Flat g

[
!

n order to cbtain maximum efficiency the stedl in the Flat ) -
hould reasch allowsble gtreswkat the eame tihpe the =sal plank T

msaches the allowable gompressive @tress. i ' Lt

.'43"-.‘ ol ’4&‘«.: q;::‘-/ ) ) L

/4( ; = /4:‘.; _r.A./ = S 700 X 29 ~ .~ R
sTLe . d;—ﬁ-g{ " 7260

&

‘tensvilesnstress

! K]
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Assuming that 1.31 cm2 of steel is used, a transFormed area
can be considered im calculating 1. The transformed area is
composad of two 15 x 3.8 cm sal planks geparate ‘by 7.8 em.
- N b
3 ¥ . ) o
T b (D _d) N
§ 12
:\ g . b= 15cm, D = 1.7 cm, _ -
- d= 4.1 cm o . .
P
: 3 T
: 1501177 - 3) /./ PR
= P : S
_ 4
I = 1,915.8B em
R 158 e
. -
Malln = 0':4.‘ r. > o; =29 Aﬁ/cm‘!—) a = 7-?/2 = 3_‘?5-‘;”;] -
z .
i 15 Bé ¥ )
Ma]_-l = 29 (¢ ‘_?f ) _) - /%067 i{]_am R .
' 395 .
Mdesign :juu kg x 40 cm = 18,000 kg _
Hdesign < Hall sc If there is compas{ta action ‘thd .
cross beam system is safe, - ! - ~
oy
b
Fldt. Cross Support design |, . = ) .
agéuming use of 3/8" bolts N o A
A = 35T L 077 kv ' :
bolt : : .
Ar'e ired 271+ 1.31 = 1.42 em2 (1.31 em2 fFor above
.. e o™ . calculatlon}
4

W
us;ng 6 cm thick Flats the required width of the:flet i=s 2.4 cm,
1322

y but spacify 40 x 6 cm gince it will be more durable snd

“"Sane the plank is narrow assume
a point load, unFacturad,.oF 150 kg.
e ® All of the belaw VEPlEblBB =sra .’W
A deFlned earlier L_.

ﬂaﬂ,{(‘pwﬂi foad:

L

’f
]

e —

. 4p.0cm

1 .
i

Lross sechion:

G/

Ry

/Socw|

~

4&Jam

R




T
i - 5]: - b oy

- . Zowe ’ )
= 158 x 40 = §.800 kg-cm '
= —g— ; b= 15
= 3’ . _‘. 5 }?_J - '

, Nz .
= [ , . Cr;li-: 112 k%!cme

= . GM ou;'n.';:‘; h.
}11 %J_WS: g For R,

required } o N B OGO 3oe° :
b ‘5- A \/ L ISx 112 - 327 Ces
o g,aﬂ am P _ _

o use 27, (;AEIEI cm) plank:.rlg

. YL 3.

tanger Design: assume’ A loada each strlngar in the center

f the panel sa the previcusly calculated 10 x 6 cm sal
ct:nn 15 sufificient,

lat_UESLQﬂ:. use the same 40 x 6 mm as previously calculated.

N,

a .

. Hybrid Lgtal Design Walkway

_ Cross section with shsér
ahkldesigh wse 1% thick - @nd moment diagramB{
1 planking'ﬂ1

ringers design: use 6 x 10 cm
iddle stringef and B x 6 cm . '

de stringers. Attach with i _I‘[ L ] '. 3
2" holts through angle ’ t,25P 1P tacp I )
v : .
fle crass support design: P
- 2 ' )
ax 12,25 P Shear Dia. - :f.____l_]
:f3=-396 kg (factored 2P ' T !
© point load) P - )
o = 12:25 x 306 = _
3,748 kg-cm , Moment. .D;a_ ) o vnits:
] = 1:260 kg/em2 : ' (Force -em)
. = Section Modulus = .. L 3P
.M _ 3,748 . Lo
. Fﬂll i,e60 ji,t;P
= 2,97 cm3

1

@ S0 x 50 x 5 angle with § = 3.1 cm3 (ICEHB, page 4m/47

il




E R, -

Flat-angle bolf connector design

Vall 5> allowable shear Force = BO0O kg/cm2 (ICEHB, page i0/3]-
—-—; =" 1850 k o -
M ! .
A i -z 150 d.1875 so iF.K" @ boltas are used there is
reguired + 800 : e ' |

high safety factor of 3.4

-

3/8" @ bolts ars also alright,

It is suggested that the bulﬁ have a small hole in it For =
cotter pin so the-rut can not coma offF.

/_,J.r.cd- e~ pirt
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P

(12508 o alpe

re

,--(./ _-f"lﬂ-')‘#;qﬁ)_ /
/= pesemd .

[rpaSrn By
- [ cos a (:-Asénﬂ()—c"‘*ﬁlu'-

L rpsm B - +pt.5ma(
f = AL 2agy o

= #m:a((f'fk‘-fmlﬁ) ;Lco;,a[r—,.c.s.ﬂar)
,u_s’m.,s +/4.s-mq

K : Co.SG\’.(.’ +,u..5¢a~nﬁ) Cosﬁ(""MS‘ma{) ﬁfu,a,h_
=

.S‘:nﬁ # Smct

RPRE——— N

From eq, 5 it is possible to determine the"ratio ofF the' horizontal

Force to the vertical force at the towar- top- if the For*estay rr

LW

r_( m
Pyrac

S-cr_ ho'tc & q”ﬁVIO"*S

p— —pany e

an o r ibrlwa"{tc\.
Qkf?ye.ffr H/N,'

Buf‘ e
Freqe ﬁm’

angle, backstay - angke-and CDBFF.LCJ.EI‘\‘I: of Friction ar-e known T
The angla,ﬁ, can be determihe rom tha_ki.ﬁ:L_r*atla- ' ’

Zan g =
)

When des:.gn1hg a masohry tower the Foyl\lkh\g information shr:.uld
ba knnwn in order to determ:ne the tower baledth a

eg. ¢ &

. ! o \ aﬂ{er of'
R %.// Saa i

A= Forestay angle under
_full bridge_load - - -

*

backstay angle
= tawer height




} . - 55 - ' - L

The cosfficient of Friction ranges from about .1 for a steesl

saddle to .4 fFor a masonry rock gaddle. The Forestay under ‘full
load cam be determimed using the iterative approach described
on page 44 of the Appendix.

.

. had .
The reaction Force, A, showld be within the base of tHe tower.

This ceonditien is described mathematically as:

a—/ 2 A Z’]:foﬁ - egu.u‘.fd:n. 74L

or alternatively: .

i . “—/
_ 2 2h (& .78
c«umﬁe }ij-tjm :‘.i:“ﬁ O}{: Co(%a“f- ° {,“'“Lw? should be wsed fov.
wvddive v klhay . e
@"“‘«hiﬁi"fq ;5 QX otcvsnmrlaf::;;1T Guj l'“SE}C"‘! )e"’ ]C\VIC a0 < 11
-ee 2ot i

K e e
‘B Design Examples’ Herhuer & !'\Ir.‘e. B

o Karthmsacln Dec 17 (98
“For tha Same l:u-ldge geametry 4 cl:.f’f’erent. masocnry tower and s

anchor schemes are worked out in order to assess their relative
) em

’ .
merit. The Following data are the initial conditions used in
all 4 examples: '

I -—- s/2 ) . T L ——

A

A
-—--‘-"'"f‘.’"'r_r'r‘r !
: Stone . Vo
’mann_r:j B
_ =5 ! .
. ‘92-= 3 rnetar's at dead " .h‘: 4,8‘ metears I (’
lnad J°
S cable = 4, 12 mm S:&? _F,m\aer* -------- -

= 50 meters

[ - L. e core catile T
= 4 X’ ].38;7 = 554 B mme

. . __5,;@- Ac. 5~-t.crhne{'mma ’

M = .1 (coeff DF Fr-:.cticm - [Modulus off Elasticity
. for steel saddle)

ﬂ = 30°
(CCM"&*MU ’I!Ym above )

ﬁ-uahaw Tee 15 Conservafive oo that r«/@-f,ef oy ;,3[&41"‘7( rl pera N F

thave byt u"'ca"—f‘”"""’(wt’ in Hho ,TLN(.*:.«/ Feectroy 7[!;#(:' by iy
1‘!0?’#}0141’12/ Cross Sechon -

Of- @ $Fr wcfure S‘l:»oh{d b Sk‘ﬁ\(lt‘“lﬂf( R vnoved -
tﬂ:;!?; eel I'4 (Hof' L\Ef' wf}ﬂ:ﬁr ‘fﬁn:‘ ed(e) !L/I'd SeCtior S‘OZ‘IF o md‘f
e

G U”("""‘ ”‘3‘:"—'55&’7 T previut overloaddin :an: S Fricfpcre.
iy it

Full load = 200 kg/m

tower width = 3.0 meter

N .
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Oesign Examplae. ]

Type 2 Towsr without Wooden Towers

step 1 Determine & , forestay angls, under Full load
initial cable length =j} = _5(1 + B 9;7‘)

initiel cmble tengion = z[ = ‘U'SF

v

' 1
the iterative egustion, deecribsd page » is used
to compute the cable tension under full load.

2+ &5t = gL
P Lijge B

el . . The Flnaf cable tensxnn will be ablvudiFnP_a live
: loading of EDD kg/meter:

4 - Y g.%i%%_'“ jo.c = 0.008665 met‘crltm-me K
" o z‘f O+ so#8~50 ~3.845 = (0.1_0)‘ 503
b _o.008éés 2Y (0.00866%) z;,
é =/ RANoHNE * oY _ 5
’ L+ 5L75 s ‘

aolviné For

Z} /0.5 Zenng

the cnrﬁaspunding‘ k , sag ratiac, ard Fnraetéy anglm
can now be molved for: .

Y = WS v _200 (5'02" = 3. 38 meter

__________________ o o B& ® (185 L
Keseyratio=tifs -
=238 3 g.067¢
! 50 ,

X+ forrstaj angle = I.‘an (HK)
= Z‘a’rz“’(&fx a.owé)—- 15713° -
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ﬁtap 2 Determine the ratio ofF H, horizantal foroa, to N,
normal Force, at the top of the tower

o T 15.13° , Ca
H é : )
B =300
H = cos (!5‘.#3) [f + .1 .5':71.(30)] - cos(aa.g)[i - .Ira'—n._(:f.'fij
7'\7 ' Sin (30) + 3¢n(i5 i3
= 0.2.'2.34,
zém &= 4R, #- zfan"(ﬂ/d) tan” (o.-zzsr.)
F=r2 s0° _.f

step 3 Determine minimum dimersion, d .

P domin TA Fan g
= 4.¢ Lan(r2.60)= /.03 mefer

T

ASEm TN

Asmuming that the cable can be gradually curved as shown above,
the tower ‘volume is

K’“ ts"f-‘xqcoxg +5“5‘x.q¢,x 3 X 4=

7 ,
T 59 '3‘4 e ber? o ) . =

AThe 10 % increags in the backatay unglu was moted on the |
Inwa Khola Bridge, I 5. E




legign Example 2

Tvpe 2 Tower .withfwnadan Towers
!

Determine forestay angle, '
Since the cable is supported by wooden towers the angle o
remains horizontal as the bridge is loaded. This means | S
is canstant and aqual to zero independent of the J.c:ag:ung._

Datermination DF'% and ﬂ”

step_2
Moo casaﬂf-/rms'q) c:osao(:-.zsmo)
Sin 30 + Stnﬂ
= 0.368 '
B Zan) = zanTae) B
g : : '_ - ;;g ;‘o

5593_9 Determimnation af d_
O = (L Zan & = H¢ Z‘an_._/;w‘.zo'_)___

= /69 me ters.

B

d= 1.9 (1.683) = 2.55
[rounded to 5 cm) -

J | P [ S— .
I o = I5uT
. -
. Y& A
' dry. srfone '
) ?nasorl.:p'
: " | k | i L
2,55~ 55 M

' " )g/-_’z.ﬁ‘f"x:sx‘f.s +§$x3x46xé:73._14mtf"3




Degign Examplé 3

Typa 1 Tower with Modifications

From example 1 the Ffollowing values are the sams:

0= 15.13°
/= 0.2236
= 12.60° '

d;;: 1.03 meter

9 &

1.5‘5] /0 M
_—1.05'x4.c.33x-§'4~/.oxq.6_x3+.5'x4{.éx3xé 1
=245 mete

Overturning:

Volume tower = 24.5 m3, W =2.3 x 24.5 = 55.4 tonne
solve for x: i

x = 3(6t6x105) 4.5 2 I33 x.5
. } 5

X = 0.92 mefer

salve For N and H:

AN = 6.2236 | __ T

I AU 8

’7‘:‘ = 7; (} "'/-“-Sl’:n‘;( i | Rfua.-ffﬂ':n 3
= 77 (<< a.fsv‘nrs.f3> |

7 4+ 0./300, 20.0




- B0 -

T = 09275 Ir

H= cosex 77 ~cos g T gf“g,fnﬁ o
“CosKX Tf — 09275 cosg T
= Cas(15:43) T -0.9275 cos (30) Tg
H=orwz21T;
W= shadTr + snply

s,

* s T 4 0.9275—.:‘,;.‘)372
-, :3:%(151:3)7? + O.?Z?S’SM(B’!:)?E
o N =024 77

77 = 18.5 fnme s,

H =06 2{'@5_’.5‘) :I 3,.;'.?5%}{5' -
A/‘ 0,72‘/7(18.5) = 73.Y Lonne
7‘2?.(!71) Moments aroung, /oé.)fl’.'
owralarnch‘:?_ Moment = A x H
= 4 ¢ X 3.0
128 fonne -meter

rt

B /‘ts:sd‘rﬁj momeni W o+ S5 AN

x
0.92 (56.4) + !s’;‘(, 3:9
’7’?' é 6 éﬂ nne - meler e

L

. ,S’a_r"z."‘j factor 'dga,i}hsz‘.- omerfurﬂ"r:j‘:%'é,l

53 >a0
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Anchor Size Determination

B = 0°
ﬁus.= 2.3 tonna
sy = ~1B8.5 tanne (Ex. 1]

/& = .55 [(coefficient of
: friction]

Tmay COS B, S 18.5 cos (3¢} = lb.o2 Fenne Wp
Tmag STAB = 18.5 5 (323 = .26 donne
Jo.02 Lennge ‘ -
7.25 £donme i
v o+ f{/&L :«Zzs‘\tﬁi&.oz!ﬁlg3—
38.37 tonne <

Volume required E_ _Eg;%z_ =

= 16,68 m3

1}

s.

22,'{.1 < I

u

24.5 + 16.7
41.2 m3

Total tower + enchor Volume

vl.‘vt‘l./

|}

basign Example 4

Typa 1 Tower with modificetion and stome saddla

store-cable cosfficient of fFrictian
agaimed to be .4

9 "o, E
y d-:(s’,:) ,3=90° . e
A& andﬁﬁ muet be recalculeted;

_ %_ cos 15:1(7 # . 57 30)«@530(;—.4:@357/) :
g ‘St 80 + sn 5./

g = Zan(0.503) = 26.7°

Hopin = h Zanf = 44 fan 247
=23 meters

A= 15(23)= 3.4 metees

\,é”u-f 3.bx4{.4¥3'x-‘!,_—_ +Ix¥ex3
FSX MG x3 xk

=379 m3

-

\/ém = 379 +16.7 =57 m?

(a_ﬁ‘amc Jamé anchor bla K
as exarmple 3‘) -

—_—
—
—

2.5 T to |




" C. Discussion

- This means that the modified type'i tower and anchor is 30 % morfg

-1, The separate tower-anchor system uses less masonry volume »

El

The results of the first 3 design examples indicate that the

a

modiFied type 1 tower and anchor syseem is the_mpsf efFicient
in the use of stome For the 50 ﬁeter span bridge diyen -the
previously listed initial conditions, The type 2 tower-anchor

system with wood towers required thé,highest valume of dry stone

masnﬁry,,?B?l m2. The type @ towsr without wood towers required

59 m3. The modified type 1 tower and anmchor only reguired 41.2 mj%

mh

efficient than the type 2 tower-anchor without wood towers and

- » o

44 % more efficient that the tybe 2 tower-anchor with wood towers]
’ : F :t._',-

)

The use of wood towers in front of the type 2 masonry tower leads?
to an excessive volume of stone masconry relative to the other toﬁg
types considered. The ratio of the horizontal Force to the vert@cﬁ

- : %
Force for the type 2 tower with wood towers in the design examples

was 0.37, while the type tower without wopd towers had a ratio o
0.22. The higher_harizontai component of force Fu~ the type tog;
anchor with wood towers means more mésoﬁry'is recqulred ahéad DF_#
the saddle in order For the resultant cable Force to be kept witﬁi

the tower base when the bridge is Fully.lgadgd.

. ) ps
Désign examplas-a and 4 show the importance of the cable—saddle*&i
coefFiciemt of Friction. The type 1 tower with 2 stone saddle
required 54.7 m3'of dry stone masornry, compared to the type 1
tower with a steel saddle, which required 41.2 m3. With all vari-
ables held constant, the tawer with the stone saddles PEQJiréd

25 % mare dry stone masonry than the tower with’ steel saddles,
The following conclusions were reached For the design examples
studied: .

"

thah the combined tower—anchor éys;em. Co

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

By
: leads to a higher volume of masonry than without the wood tow
i

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

;-0ne with a stone saddle dues to the lower coefficient of fric
]

of the steel.




al,

height,
'araa,

angle]

Aﬂhd

-

Vrew

st case,
ag?

tower widthi

,~h“- Soiis

) ) boe:__ T
=

- cuf sAong

ingependent of the initial conditions.

tions are the given sag*ﬁétiu

v ]

- —l'— .
JHeel bearing é;/-".-‘-t‘.«;-d -}"7
i

B detalls were not” cdnsideread ¢ in the’ dsslgﬂ examples

) r
transfer the cable ldad to the dry stona magnnry below
hle solution 15 shown here:
Z?g&'."ﬂ{?

f the above comclusions apply only to the speciFic\désign

les congidered but it is suspected that they hold true in

{Here .the initiéki
span, dead Jnad,plive ioad,

i
COEFFIDlEnt af Frlctlon DF thevsaddle,

cabla Modiilus of Elastlclty, forestay angle and ba;k-

It is

manded that some cament be used in the tup of the tower to

i f & o

Y Side Vidw

ek foréeal’ concrefe (4L

.

Senvessf SPoNE mroroMEL

For example, might

A
76/0 View .
I .
]
p
iR E{ ]
4’ g 7 v
T (A To \
. 3eo 4 S
) - T v
: _r.:qw: Howe 6{9‘:&
Fronf !/few | fermes with

L'

cemr Errf Arof /.;r

S

ﬁﬁa’ rock /‘.}:’5’

les rest nn stone blccks which dlstrlbute the load to a
ced concrete slak.

be For

JLT'

Inm this design a stesl bearing plate 19
d by grputed bolts to the stcne saddle block. Local persuns

erisnced in stona carvung 50 the cutting of the stans
sfould be no problem.

local marueal the modified type 1 tower and anchor dimensions
be worked out For different spans so that the towers have
ient safety Factor againsE a worst rcage loading and genmetry:
a ‘high backatay angle

and a live load of 3200 kg/m2. .

ReinfForcement both on thu bottom of :
b and under the saddle stones Ls‘suggasted




Appﬁndax Ve 3{“ o e . . .

-
Suggestsd Euldaixne% Fcr Daslgn Laading

# . . P

‘The F;flnﬂlng d@re suggested guldallneg for design lcadlqgs of
lacal brldgus and allowabla streaa [ar, synonymously, wcrk;ng ;
'strass] of matarlals~ The sllowable strass method is assumed :
. to bg used a5 a basis Ffar bridge daalgn. In thls msthnd structures
lere deslgﬂed s0 that the actual,strege under the cnndltlnn aF dpslg
lohd;ng does ot uxcaed the spuuiFled allnwable strass.‘0351gn
lnad;hgs shpulB raallstlcally raflect the axpected brldge‘raFFxc

atic ahnuld nnt'

.'.V . s
Y =t PR

[T

et it e b R ! et e i s e 2 ¢

A busxgn Live Laads £
> T [ J
~  Si me pnsslble onst case loadlngs are canéldared below:
:l.,- '.n: i s ) . * My L : .
ftagé;é @ridga'ﬁully'lnad:d with porters. - Y )
Assume::ﬁi'pﬁr;er waig 68 kg oo '
o ‘1"porter carri 00 kg . . i
2T . Total = 165 kg : S Lo
) porter density = .1 porter/m2 '
’ = 16%. kg/m2

E]

,5ihse ea Brldge packed with unloaded penple ) ;

Assume: 1 person wexghs 65 kg

parson density = 4 persons/m2 . :
. Tl = 2B0 kg/m2 | . : . N

Case 3 Bridpge filled with large water buffaloss.

Assume: 1 buffalo waighs 300 kg

* buffalo density % bufFfalo/me . !

AASO kg/m2

.

L S

1

i“J The sacond casecreatas thé Higheetaliva'laédiﬁg situation. It is
pasalbla to placa ‘more tbéﬁ 4 porters paﬁ.sqyara meter but highly
unlikely. If six 65 kg persons stood every squere metar of a
‘bridge, 380 kg)ﬁ? ii@a load could be reached. SBD'remﬁmmandg
ADD kg/m2 for.the live lcad, This repressnts a very High loading -
and has =a icw probavility of ococurence. For example, in orde& to
load fully a 50 meter bridge with s meter wide walkwéy,'avar 300
persons each walghlng 65 kg would have to stand oh the bridge at
one tlme. SBD reduceg the per sguare meﬁer laadlng for spang abowv

} =100 meter accnrding to the following aquatlon‘ . '

8 -
+
Ll

e e




Q= 400 - % (S - 100 ) , S > 100 meters {Qin kg/m2 )

is equation reflects tha:dacreasing probability of havipng a Full

ad condition A{:; increasing spans. Perhaps an equation similar
this should be developed for local bridges starting st a
ortar span length.

acund deslgn live load could be used For local bridge - bulldxng.

1va load of 300 kg/w2 is suggested. This repressnts a rea-

t1c yet conservative loading :ondltlan.'lt is also suggested

At redustions in the per meter live load with decreaslng walk-
_width be permitted only up to load of 150 kg/m and not beyond

t, The Fallowxng graph sheows the suggested llnear live laads
Ithe walkway width:

. q 13
_~3 georT - "
0, L,
AT Tee '
\q\\" ’
x‘mJOO
(&
RNET
\Jgﬁ T
PN 1
~ rea -
\I 1 -
i i I L i i ] A 4 i 1 'l i A i 'l g
5 Lo LS ,-*""”f .

Wa lkway Width, (merirry”

- LI
oad of 150 kg/m For narrow walkways represents a.case

two persans are standing per meter sccross tha entire
e span. '

-~

e
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B.Point Loads

The Following are possible point loading conditions:

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

Agsume: L-pgrter weighs 6S kg
l porter carries 100 k .
total parter load 165 kg W

cake 2 Water buffalo stepping on onme point with half of
Tits weight: :

fasumg: -1 buffalo weighs 250 kg _
total poxjf load 220 - laﬁ.kg

Egéa 3 . Loaded pack animal stepping on one point with half
of it its weight ’

Assume: 1 mule weighs 150 kg
1l mule carries 100 kg
total mule luoad 250 kg

250
2

- 4

total point load = 125 kg

.

' A 165 kg point load of a porter with & heavy load is the worst’

case considered. It is suggested that all bridge walkway ba
designed ta suppart at least a peint leoad of 165 kg. A loaded

porter.will*tr§‘td cross slmost any bridge if posgible,
4

—

C.Working Stress of Materials

The Indian Civil Emgineering Handbook (ICEHB) gives the
ailowanu strass for most of the materials ad in bridge
building. - N .

1. Weod [ICEHE, page 9/28)
Sal:
alféﬁébls Eending stress = 140 kg/om2 [oﬁtaide locatiun)
allgwable shear strass parallel to grain = 9.4 kg/qma

"alﬁawabls shear stresa perpsndicular to grain = 13.4 kg/em

L

Blue Fine:

allowable banding stress = 5B kg/cme [outside locetion] .+

allowable shmar stréss parallel to grain = 5.8 kg/cm2

allowable shesr stress psrpendioular.tu grain = 8.0 kg/cm?ff

L4

i




r

tensile stress = 7.5 tons/in2 = 1,051 kg/cme
bearing stress = 10 tons/in2 = 1,409 kg/cm2
shear stress = 5 tons/in2 = 704 kg/cm2

of difFerent diameter bolts mirnus the threads 15

(IcEHB, page 4/12 and 4/35]
wable, : = 7.
wable i
wable i
areas
ed an paga 4/35, 1CEHB,

_é@cgg {ICEHB, page 10/3)

able tensile stress urtested ael = 1,280 kg/cm2 [(bending)
able tensile stress tssted:stj:l = 1,650 kg/em2 (bending]

abie tensila. stress tested sthl = 1,500 kg/em2 {axiall
_ébie'shaar stress untested stesl = 800 kg/om2 . .
sble shear sﬁrgss tested stsel = 1,100 kg/ocm2

dbnnk by USHA Hartxn Black Wire Aopes Ltd of Calcutts -

‘the ultimate ternsile stress of cable strand as 160 kg/mma.

:d other sources suggest an allowable worklng strass of

_1Pd

ent

of the ultimate, 54 kg/mm2. The stael areas of

diameter and construction cables are listed in tha

inual and handbooks put out by csble marnufactures,

stress-gtrain curve are avallable rFor the cables

ly used in Nepal perhaps the working stress range

be set four each cable independently, It might be found

king ane third, of the ultimate breaking strength is

conservative and a saFety\Factor of. as low as 2.0 i=s

e.

idelines for Foundations

s that saFety Factor of 1.5 should be used Fnﬁ anchor

lations invelving sliding Aand averturoing in Part A

1 Eridga Manual, page 3.701. It also has bean auggastad
ddle 1/3 rile 'be used in anchor.block design. The

ula states that the resultant force of the anchor

and the cable‘Fnrce must fFall in the middle 1/3 of

lock. Guidelines For Foundatjion design .should be Furthar
use:in local brigges.. )

Fl




Appendix VI .
Method Faor Preparing Locel Lime - "Chung"

—a,
o

Materials

Wood E :
Furnade, 3' x 3’ x 5', made of stone masanry
Water :

Clay water jug cé tin

= Yal=] 1AaRA ma+al +vyna
=, Siiig MEL -Fes

Procedure ‘ : !

1. Break up limastone rock into piecas about 4 - 5 tolas.in
waight, %" x 4™ x X" approximately

2, The kiln should be built sbout § ft high and 3 ft on each
sice with & hole ghout 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 ft long and as thick as
a man's arm. The Firewood should be placed 3
crisscross as shawn on a flat rock serving Y
as cover for the hols in the kilm,

4. Put a layer of about 20 ser of the broken limestone on- top
of the firewood followed by another layer GF ‘Firewood pla-i
ced as described sbove and then another layé? af about 1% 73
ser of limestone. Layers of rock and wood should be 4 - B“'
thick, with @ totml of 5 laysrs each, ¥,

A

5. After filling the kiln ip the sbove manndr put firewood ’
the top and light a fire at the bottom. After the fire-
woad on top of the cover of. the hole starts to burn, the i
FiRe at the bottom may be removed. :

5. AFE-\{bcut 7% hours when the firewood has all burned, the

limestone should be red in color just like glowing live -
coals. If not, then add more firewood. Let the limestone.;
remain red Fnr % hour, than remove the cover from the bots
tom of the kiln arid the limestone will Fall out, :

Put about 1 pathi of water in a clay water jug or in e tin
Bnd add the limestons pieces by using steel tongs (’chimts
The limestone will dissolve with a hissing, gurgling sound
Add more water gradually. 3

i




10,

- BY -

Pour off the lime into another container., It should be
the congistency of yoghurt ['danhit']. Any rock pieces ra-
maining are not sufficiently burnt and should be retour-
nad ta the kiln for rebarning accarding to tha abave
described process !

Water must be added to the prepared lime in the tin Er
clay water jug. The lime should not be dried. IF it dries,
it getsyhard like & rock snd will not redissolve.

When used for making cement the lime should be the con-
sistenoy of thick buttermilk ('mahi’). About 4 - 5 mana

of somewhat coarese, red-type ‘kuring' sand should be added
and mixed to gbout 1 pathi of lime in order to make cemant.

—IP-—'
firewood
% lime -
_ cover
X ’(“—-——--—-___L______,__Fir'a

o 45” open on side
e 3.

O

Note .should be mads that ths weight unit of eer is hot uniform

throughout Nepal. Further
mesning of red-type ’kuri
sand.

The
as

research is necessary concesrning the
ng’ sand. Thie is evidently not river

above described procedure was given by a looasl person and
Not been tested by the suthors of this reaport.

NN TR
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Appandix VI

"Photos and Drawingse
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A4 salection . of photos not

in the main bﬁdy'pffiha
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Contents:

Overall View of Bridgas
Cables, Chaine, Grips and Connection Oetails

Walkways .

Towsrs and Anchors
Details of Mewa Khole Eridge, I B
Bridge Ilam 2 '

Detsils from other Elgm Brfdgas
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Overall View of Bridges




Overnall View of Bridges




Overall View of Bridges
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Cables, Chains, Grips and Connectiocn Detalls

- - -
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Towers and Anchors




Oetails of Mewa Khcola Bridge, 1 &
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Bridge IlaT 2

Left Bark Tower
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