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Preface

The people of Fapua New Guinea have a long history of mak-
ing and doing things which are compatible with their social and
cultural framework. From this rich and diverse heritage have
grown countless technolcgies, hoth simple and complex. Although
evolved under differirg conditions of climate, sub-culture and
region, these technologies share basic common features: they
utilize local materials, exert minimal impact on the environment
and reflect the basic nature of community life. Together they
form a tribute to the PNG people's cultural ingenuity and pro-
vide the basis for furiher technological development and assimil-
ation.

Since the introduction of foreign technologies, traditional
tools and technigues have diminished in importance often looked
upon as too primitive to be of use in a modernizing society.
Cash cropping for export and the lure of economic opportunity in
the urban areas have resulted in a reduction of villagers who
are available to carry on with community based technological
innovation. Consegquently, as the foreign influence has become
more prevelant new indigenous technological development has
slowec considerably. The older crafts people are less inclined
to maintain practically based traditions. Present day students,
especially those in technical fieids, consider the old tools and
techniques quaint but obsolete. Yet few are able to relate the

new foreign technologies to basic village needs.

The impact of these technological changes is notable.
Within % generation malnutrition rates have soared, currently
reaching 60% in some provinces. This has been directly related
to changing agricultural techniques and diets. The complex and
impressive ceremonial buildings at one time served as the central
point for community decision making. Now, for lack of able
bodied labour and traditional expertise, they are deteriorating
in many cases beyond salvation. These are but a few examples
of the numerous changes affecting the PNG people creating a

growing sense of alienation from traditional and new technology.




In order to create a greater awareness of the important
continuing role that indigenocus technology has in the society's
develcopment, the Appropriate Technclogy Development Institute
in collaboration with several members of the University of Tech-
nology's staff and students has established this Traditional
Technology Series. The Series is geared to record the techncolo-
gies which are in danger of h=ing lost, establish a forum for
addressing the issue of traditional technology preservation and
transfer, and encourage the development of technigques which com-
bine the old ways with new technology to meet people's basie
needs whide maintaining cultural integrity. With these ideas
in mind ATDI is pleased to present the first of this Series,
Traditional Bridges of Papua New Guinea by Jeff Siegal.

Paul R. Warpeha
Director
The Appropriate Technology Development Institute
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Introduction

Long before contact with Western society the people of what
is now Papua 7ew Guinea had indigenous technologies relating to
their own environment. Of these technologies, one of the most
impressive is that of bridge building. The terrain of the
inland areas of Papua New Guinea is extremely rugged with deep
gorges and rushing rivers. The traditional "civil engineers"
spanned these rivers with footbridges up to 96 metres long,
showing a remarkable knowledge of structural principles and

making the best possible use of the materials available.

Today many of these traditionally vonstructed bridges have
become obsolete with new motor vehicle roads and air strips.
Others have been replaced by "modern" bridges which use the
same structural principles but imported materials. However, in
quite a few areas of the country, bridges are still constructed
as they have been for centuries. Some of these areas are very
remote having little contact with the westernized areas of the
country. Others are not remote at all, but use traditional
methods because of the unavailability or prchibitive cost of
imported materials.

This report is based on research done in the "Traditional
Technology of Papua New Guinea" project, University of
Technology research project number 175. The aim of the proiect
is to rediscover and make a detailed permanent record of
traditional or pre-contact technologies which still exist in
Pagua New Guinea. It is mainly concerned with examples of
material culture such as bridges, traps, and tools. As many of
these technclogies are dving out or being replaced by imported
ones, it would be beneficial to have records so that now and in
the future Papua New Guineans, especially students of technology,
will have information about their own technological heritage.
Also, this information can be examined to see if traditional
solutions to technological problems may still be appropriate.

The information in this report is from research carried
out from 19579 to 198l. 1In this time 21 traditionally
constructed bridges in 8 provinces were inspected and photo-
graphed. Detailed measurements were taken and where possible,

people were interviewued to determine actual materials and
4




construction methods. Also, published materials were examined

for historical references to traditiconal bridge building.

The report begins with a general description of brivdiss:

terms used, materials, styvles, and construction methods, Tnen
historical references to traditional bridges are given., Folilow-
inyg this are detailed descriptions and photographs of individual
bridges within three regions of the countrv: the Highlands,

the western border area, and the Morobe Provincc. Finally,

there is a discussion on change and appropriateness.




Bridge Materials, Types & Construction
1.1 Materials

Traditional bridgess ars constructed with materials usually
found in the busikr. The mzin materials are wood, banboo, bark,

vines, cane, ang stones,

1.1.1 Wood (Tok Pisin : g}wai)

Rigid wooden posts cut fromw a varioiy of trees are
usec tor constructing approaches, abutments, anchorages, or
pylons (see Appendix for definitions of bridge partsj.
They mav be single thick posts planted in the ground or a
series of narrower poles lasiaed together (see Figures
1, 2, 3, and 13). Fo: cantilever bridges, more flexible
wooden poles are used to make up the main span of eithe rhe
walkway or handrails. Casuarina (Tok Pisin : yar) is o1 .:n
used {Fig. 4}. For suspension bridges, cables making up the
walkway often have cransverse wocden slats. Others have
planed wooden planks as the walkway (Fig. 5).

Live trees along the river bank are always used if
available for anchorages or abutments (see Fig. 6). Of e~
trees are planred so that they can be uscd in future bridge
construction,

1.1.2 Bamboo (mambu)

Bamboo is used mostly for short pole bridges in which
several pieces are lashed together to form a girder spanning
the stream. It is not zommonly used in larger bridges except
for stabi.ization in pylon suspension bridges.

1.1.3 Bark of trees (skin diwai}

The thin, flexible but strong bark of young treas is
often used as rope for lashing components tcgether or for

suspenders.
1.1.4 vines (rop diwai)

Many types of high climbing, weoody vines {(also called
lianas), common to the tropical forests, are used for

P
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bridge constructior, They are almost aiways used for

lashing together various components (Fig. 7). In some
instaunces they (re also wrad for spannina cables or suspenders
and even to mar<¢ up the walkway of the Lridye (Fia. §).

1.1.° <Cane {kanda)

Cane or ratts 3, mostly of the ¢ us calamus, 1s the maost
prizea material rfe; bridges because of its tensile sirength
and 1t 17 rm-.iy alvays used in some capacity if =+ .. lable.

It is sometimes use¢d for lashiig (Tig. 7}, hut mes. often
for spanning ox suspended cables. In many suspension hridges,

with tho exc-puien af the approaches and anchorages, cane is
uced Ffor the entire structure (Fig. 1C and 11}, It is
usuall, used whole, but sometimes it is stripped for suspenders

or lashing {(Fiq. 12) usually when it is in short zsupply.

~.1.6 Stoes

‘3= stones are used for counterweight in bridges
using the cantilever principle (Fig. 13)., Tney are also
sometimes huine from holdback cables in order to maintain

tension and help stabilize the bridee (Fig. 14},

Fig. 2
Logs wsed for an approach fo a cane 4

Luspension brdidge and, along with A abutment wmade of weoden polcs

thees, fon the anchorage {near Lashed together with vines [Ambud
Upupuro village, Wania Riven, dnidge, Lai Rivex, nean Wapenamanda,
Nowthean Province. Enga)l .




Fig. 4

Suspended cantiiever baidge with casuarina handraids and wakbey, wing
suspendens, and cane suspended cables [Awa Bradae, Lagaty Rivex, Eugal,
9




Fig. 5

Planned wooden wadhuay supported
ber Transverse wooden sfats and
vane suspendetrs {near Upupuwno
Village, Watdia River, Nenthean
Frgvinee! .

Thees used as abutments (Medlidnavi, Henganefd, Eastean Hightands)
{phete by Addan Kiagl and Nusela Gepave).

Vines used for Lashing togethen
verntical and honizontal memberns
{Kubib Bridge, Mendi River,
Southenn Highlands),




F:‘. g

Vines used for wallfuy,
suspendens and spanining cabfes
{Kobrenmdin Bridge, Sepih River,
West Sepik Province).

sl dasinong tegethen
cuodad venteead membens
DL wlondge, batda Roven,
Megebe Previnee).

[

Fig. 10
Cane suspension

bridge (Tewa
Bridge, Waria
River, Morobe
Province) .
(Pictured: Geonrge
Kumo) .
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F{fi A

Cane used jor wakkuay,
sushendess, spannditg cables,
aid Ssuspended cabfes (Tona
Seldiae, Warda River, Merobe
Provtee] .

Fig. 12

Suspessdion bridge using staipped
cane o suspendens and some
suppont cafbes {Nepinih Bridge,
Lal Riven, Enga/Western HighRands)




Fig.13
Pylon fon suspension bridae widi
stones piled up as the counter-
weight forn the cantilever walhd
Hofdback cables can also be seen
(Suburum Bridge, Lenon River,
Monobe Province). Picfured:
Maran Natefeo,

Fig. 14

Stones hung from a fwldback
cabfe to maintain fensdion i¢
stabilize the buidge (Subwertom
Buidge, Lewen River, Mewebe
Province) .




1.2 Tyoos of Rridges

1.2.1 Girder (Fig. '3)

The simplest type of bridge is the girder type, a beam
supnorted on both sides of a nariow river or stream. It may
be just a tkick log or two stretching across or a series of
thiancr poles lashed together. Some may have a handrail for

balance.

1.2,2 Snspansioan  (Fig. le;

The most common bridaos type for spanning rivers of up
to 70 metres wide are the suspension bridges, usually m=de
ocut of cane. Actually the technical name for this type of bridge
is a snspended or catwalk cable bridge. It is gen~rally a
walkway suspended acioss the river from trees or constructed
anchotagea, The faliowing bridges described in Scctinn 3 are
this type of suspension bridgz: Kapolame, Nepirik, Ol=ohipf

IamdAelmin, &thalmin, Tiaura, Tewa, and Bakeri.

1.2.3 Cantilever (Fig. 17}

If the bridgz is not suspended over the river, i1t uses
the cantilever principle in which a be&n projects out over
the water supported at the other end by an abutment, which
acts as a frlcrum, and counterweighted by large stones or
logs. Cantilever beams project from both banks and are
extended bv lashing on other wooden poles until they join
over the middle uvsually forming an arch as in the Saimanda

Bridge. (5ection 3.1.7, Figure 93}

1.2.4 Corwinations

Mnst often the cantilever and suspension principles are
both vsed:

(1) cantilever bridge with suspended walkway (Fig. 18):

A scaffold is built on each bank acting as the abutment
for a cantilever projection over the river, A cane or
K vine walkway is suspended from the ends of these
14




(2}

(3}

projections. The Kobrenmin Bridge is a good example,
(Section 3.2.2, Figures 108 and 109)

suspended arch (Fig. 19): A cantilever arch bridge is

given additional support by inclined support cables
archored to nearby trees or constructed anchorages.
Examples are the Kubib and Sau River Bridges. {Sections
3.1,3 and 3.1.5, Figures 59 and 76&)

suspension with cantilever walkway: There are two types:

{a) with constructed pylons (FPig. 20}: This type looks
most like Golden Gate variety. Pylons are
constructed to support the spanning cable (usually
because no trees are available}. Holdback cables
counterbalance the pulling of the spanning cables.
The pylons also act as abutments for the cantilever
walkway. Basically, the walkway is supported near
the banks by the cantilever principle and at the
middle by suspension. See the Sukurum and Gumbum
Bridges. (Sections 3.3.1 and 3.3.2, Figures 132
and 143)

(b) with trees and constructed anchorages (Fig. 21):
Anchorages are bullt to support spanning cables
while abutments, either separate or part of the
anchorage, suppert the cantilever part of the walk-
way. Inclined support cables from nearby trees
are used, See the Pulumita and Kopeme Bridges.

{Sections 3.1.1. and 3.l.4, Figures 42 and 69}

Girden Bridge.
[photo by Geoff Smith)

15




1.3 Construction

1.3.1 Materials

The first and most important, and often the most time-
consuming, step in constructing bridges is the gathering of
the materials. It takes an average of one week to get the
proper materials prepared. Long trips into the bush may be
required, especially to get cane in areas where it is rare.
Trees and saplincs of the proper diameter must be found and
cut to size. The right type of vines must also pe found and
cut at the correct time as some must be left a few days to
lose their brittleness while others must be used guickly before

they become brittle.

Thus, the bridge huilders must have a thorough knowledge
of the various construction materials. In many cases one
or two older men are the experts and direct others in
gathering materials and construction. But the importancé of
the materials is also reflected in language, For example,
the Imbongu language, spoken in the Ialibu area of the

Southern Highlands where many traditional bridges can be
found, has commonly used names for at least 1l varieties of
cane and vines. The English speaking layman would have
difficulty distinguishing them and would certainly not have
a word for each. Even botanists who were asked to identify

samples of the vines could not do so without seeing the whole
plant,

Specimens of these vines and cane (from the Kapolame
Bridge, Section 3.1.2) were brought back to the University
of Technology, identified by James B. Tende, and tested for
tensile strength in the Civil Engineering Laboratory by
John Kassman and Enok Poka. The results are given below.

In the test, a machine is used to apply a pulling force on
the specimen. The force is increased until the specimen
breaks. The amount of force which causes the breakage is
called the load of failure. It is measured in units called
Newtons. (The results may not be completely reliable, however,
because some of the specimens were old and strength decreases
with age while others had defects.)

1é




Tensile Test on Kapolame Bridge Materials

i
name (Imbongu | Diameter Description Load o

£
language) Failure
kelowa 18 mm cane used for spanning & 6000 N
support cables
kewaka 13 mm thick, straight woody 3900 N
vine used for cables
imi 18 mm twisting light brown 5060 N
vine used for cables
api 6 mm vine used for suspenders 60.8 N
topona 5 mm also used for reinforce- 188 N
ment in baskets '
kolgole 7 mm straight vine with ryough 245 N
bark, brown colecur in
baskets
glurembo 4 mm outer white part of a vine| 20.8 N
{(soft inner part removed),
white colour in baskets
ametoka 9 mm vine made up of several 184 N
strands
ponapi 11 mm bark covered straight vine| 5600 N
upi 8 mm curving, twisted vine with 106 ©
light brown bark
ponini 7 mm curving vine with U=-shaped NA

; cross section

The first seven listed are the preferred materials for
bridge construction. The last four will be used only if
the others are not available.

1.3.2 Construction methods

After materials are gathered and prepared, construction
begins. It is usually a communal effort with from 5 to 50
men taking part. Construction time varies from one day to
one week, depending on the size of the bridge and the
nunber of men.

For a cantilever bridge, first the abutments are con-
structed by planting vertical posts in the ground and then
lashing transverse posts to them. The cantilever beam poles
are then planted diagonally in the ground resting on the
transverse posts and counter-weighted by large stones, logs
or earth. This is done on both sides of the river. The men
work from both sides extendinc the projecting ends towards

17




the centre of the river until thev are joined. In some cases
the walkway is constructed first and the handrailis added
later. 1In others handrails are the primary suppcriing members

and a temporary walkway is used until the permanent one can

be constructed.

Tor a suspension bridge, first the anchorages or pylons
are constructed, i1f necessary. Then the first spanning
cable must be taken across the river. This can be done oy
having a man swim across with it. BAnother methad is to

attach a thinner vine to a stick or :si~nrm and throw it

across the river or to attach it to an . and shoot it
across. The spanning cable is then tied : hin vine
and pulled back across the river. Once the Tink

has beer. made, spanring cables are pulled bac. LA

strotchicd and then tied in place,

Tz support cables for both types of bridge ave ~ i
to brarzhes in the trees by men climbing up and thern

the other cond down to be attached to bhridge's spannirna

mamhber::,

m— - —

-

Crvpemiden (o suspepdod) buidae,
18




Fig. 17

The cantilever
e (e,

Fig. 1§

Cantidfeven - suapended
wallueay combing tion,
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Fig. 19

Suspended cantifever arch.




Fia. 20

Swspens fem-canti tever wackn combona oo, ot prders,

k.

B

1
1

=
Fig. 21

Suspension-cantileven walkway combination, using frees and cons tuceted
ainchorages and abutments,

20




SHOWC WS

HIHON

[

RO

3DUIACI4  BQ0LOW *w

AYWLINID

ealy spugjybiy 2
( IBOUOISIY) 3DUIADLY B D |

Lwhi ELIL, | bﬁ

=y

NITLIHE AN
153M

= .I||nl.t..-

VS
i S

n.ﬂ.ﬂi !

—

LETL TNTE L LT \\L\a\

iavi ..\
-
-
ty »
.
+
’
#
.
Y
~

- /

¢
fl H

000 OROL - ¢ 3TVIS

I

I

I

I

|

I '

1

| .

! i
ONY13H  M3N i ﬂm”% e e —————

] ebue) 1

!

] ¢

t

t

I

I

1

1

1

|
|
DNd 0 dVIN |

Fig. 22

Map showing areas where bridges discussed in this nepont are Located.
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Historical Background

21

The first published reports mentioning traditional bridges
came from various administrators, explorers and missionaries
around the turn of the century. Authors were mostly
impressed and often surprised by the scale and workmanship
of the bridges they saw. Their descriptions are often
gquite condescending in their astonishment that the people
they considered so "primitive"” had the technology to create
such sophisticated structures. But the descriptions are
revealing in what they tell us about the traditional tecano-

logy before contact with outsiders.

Papua

The earliest references to bridges come from wnat was
known as Papua or British New Guinea, In the Annual Report
for 4 September, 1888 to 30 June, 1889, the administrator,

Sir William Macgregor describes a bridge encountered on an
expedition up the Vanapa River {now Central Province) in
October, 1888:

"Soon afterwards a Luropean returned to re-
port that the river was crossed by a fine suspen-
sion bridge, about a quarter cof a mile above our
camp. I went at once to see and examine this
structure, which is well worth a detailed descrip-
tion, occurring in such a locality and built by
such a primitive people as the inland natives.are
in this distriet. At the spot where the ‘bridge
stands the river is narrowed by a rocky point
that encroaches on the left bank from a steep
hill immediately adjecining; advantage has been
taken of this in building. The bridge, which is
thus only about 70 yards long, is chiefly supported
by a large hanyan tree, which grows on the rock
on the left bank about 20 feet from the water's
edge; it starts from this tree at an elevation
of about 30 feet above the pool below, descends
in mid-stream to about 12 or 15 feet from the

water, and rises to about 20 feet on the right




sank, where it is suspended to a tree not suffi-
cien:ly large or strong to receive the whole of
this end of the bridge, and is therefore supple-
mented by a post put inte the ground, and this
again is strengthened by a cross-bar to the live
tree, and fixed by stays extending backwards to
trees behind. The material employed is rattan
cane, Of these, fifteen are used to form supports,
bat as they have not all been long enough to
cross the river, some of them have been joined

by knotting. The floor of the bridge is formed
of four of these canes, but as two appear to have
been broken, the second pair have probably been
laid down in effecting repairs. About 2 feet 6
inches from the floor there are twe rabttans on
each side, and about 2 feet 3 inches above these
again are three rattans on the lower, and four

on the upper side. They are not plaited or twisted
but are kept in position by split cane worked
from the floor te the middle and top rattans,
which serves the doubie purpose of connecting the
several strands, and would probably prevent one
from falling into the river should cne stumble

in crossing. A transverse section of the bridge
would show it to be nearly V-shaped, but with

the sides slightly rounded. The height of the

V is about 5 feet, the width at the top about

3 feet 6 inches, and the distance of the middle
strands from each other about 2 feet. The top
strands are kept apart by a c¢cross-stick, the ends
of which are tied to the top of each strand.
Suitable platform approaches nave been built at
the ends, and the whole structure is both strong
and graceful. Five of our people crossed it at
one time, and from all appearance it could have

borne many more." (p. 38}

An illustration of the same bridge is found in a book
by J.P. Thomson, British New Guinea, published in 1892

reproduced here in Fig. 23).




Robert W. Williamson describes several bridges in two

books about expeditions in mountainous areas of what are
now the Central and Northern Provinces. 1In The Ways of
the South Sea Savage published in 1914, the author includes

a photograph (reproduced here in Fig. 24) with the caption:
"A suspension bridge over the Angabunga River near Kuni
village of Ido-ide. Similar bridges are constructed by

the Mafulu and, though very lightly made out of lawyer
vine, they are quite strong and safe" (between pp 210 and
211), He describes the bridge as folliows: "One day we
took a walk down the river and inspected the suspension
bridge across it. The river was here 150 ft or more across
and the bridge, which was made of canes and rattan, was a
remarkable piece of native work. It had rattan hand rails
on each side and appeared to be perfectly easy and safe

to cross"  (p 183).

In an esarlier book, The Mafalu: Mountain People of

British New Guinea published in 1912, Williamson described
the same bridge as follows:

"I regret that I am unable to give a de-
tailed description of Mafulu suspension bridges,
but I think I am correct in saying that they are
very similar to those of the Kuni people, one of
whose bridges is described in the Annual Report
for June, 1209, as being 159 feet long and 20
feet above water at the lowest part, and as being
made of lawyer vine (I do not know whether this
would be right for Mafulu), with flooring of
pieces of stick supported on strips of bark, and
as presenting a crazy appearance, which made the
Governor's carriers afraid of crossing it, though
it was in fact perfectly safe, and had very
little movement, even in the middle.”" (pp 111-112)

The author goes on to describe the bamboo bridge
constructed by the Mafulu:

"This is a highly arched bridge of bamboo
stems. The people take two long stems, and splice
them together at their narrower ends, the total
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lenath of the spliced pair being considerably
gruater tharn the width of the river to be bridged,
They then place the spliced palr of bamboos across
the river, with one end against a strong backing
arnd sapport on ¢ne side of the river and the other
en.. at the other side, where i1t will extend for
some: little distance beyond the river bank. This
fusther end is then forcibly bent backward to the
Lank by a number of men working tegether, and is
thivre fixed and backed. The bamboo stems then
foem & high arch over the river., They then fix
apctiner pair ¢f stems in the same way, close to
a:} parallel with the first one; and the double
arvh s formed 1s connected all the way across with
short pieces of wood, tied firmly to the stems, so
as te strengthen the bridge and form a footway, by
which it can be crossed. They then generally add

a hand rail on one side." {(p 112)

4 photoygraph of such a bridge (reproduced here in Fig. 25)
appears in Papua or British New Guinea by J.H.P. Murray,

published in 1212, Murray also describes a suspension bridge
in the area:

"The track to the lower Aikora from the Govern-
ment station at Ioma, on Tamata Creek a few miles
above its junction with the Mambare, passes over
two native bridges of simple but ingenious con-
struction. A line of twisted vines, cut from the
neighbouring scrub, forms what in an ordinary
bridge would be the flooring, while about 4 feet
above this and a little to the side is ancther
line of vines which serves as a handrail. One
line is attached to the other so as to prevent
the two from swaying apart, and the whole is kept
steady by guys, also of vine, attached to either
bank. The bridge thus presents something of the
appearance of a ladder placed from bank to bank
and laid aslant. %These bridges are rather
Lerrifying in appearance, and the progress of
one who crosses for the first time is apt to be
somewhat deliberate, the irresistible teaptation
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beine to clutch the top line with a grip which

iz only slowly relmwed, 0 I-ona, koo,

bott>m line is strong there is little danger, and
some of the older hands merely rest their hand on
the uppcr line and trip along with a nonchalance
whicn, perscnally, 1 have never been able to
attain.” (p 32-3)

2.2 German New Guinea

While the British explorations were geoing on in Payua,
similar explorations were taking place over the mountains
in Gerwman New Guinea. One of the earliest was made by
Leonhard Schultze in the Upper Sepik area for the purpose
'of establishing the border between German and Dutch
New Guinea. In his report Forschungen im Innern der Insel

Neuguinea published in 1914, he describes a 90 metre
suspension suspension bridge over the Sepik as well as
other bridges in what is now the Yapsei subdistrict. This
bridge is shown in a photograph and drawings reproduced
here in Figures 26, 27 and 28. Schultze describes the
bridge as follows:

“The river, occasionally navigable by Papuan
dug-out canoces up to around the 47th settlement
though otherwise almost completely empty of human
traffie, is up here the biggest obstacle to com-
munication. We were amazed to see the masterly
way in which the natives have surmounted this
obstacle through their primitive construction.
400 metres downstream from the confluence of the
Bricken River we saw the first bridge and near
the wide bank about 1 km downstream and and 2%
km upstream from it, we saw two more stretched
across the river in an equally elegant curve with
a span of about 40 metres. ‘

The bridges represent basically suspension
types. Two strong suspension cables support the
flooxr of the bridge from above, connected to it
by suspenders. The bridge is supported on each
bank by an anchorage.
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vhe anchorage consists of supporting posts
driven firmly into the ground in V- or X-shaped
arrangements, Tied to them on either side are a
suspension cable above and the floor of the bridge
below. The supporting posts are connected by
struts placed straight across and diagonally.
These supporting posts continue without a break
into the row of suspenders. Twe well-rooted trees
stand pillar-like at the sides. A crossbar
presses the base of the floor of the bridge down
to the ground and down to its abutment. A tree
below the bank acts as a support butressing the
floor by leaning diagonally forward from below,

The anchorage acts as a support in two senses:
firstly in that it transfers the weight of the live
load as long as it is near the anchorage, for the
floor of the bridge directly to the lower parts of
the supporting posts and from there to the ground.
As soon as the load reaches the freefloating parts
of the bridge beyond the anchorage, tensile forces
become mobile which have an effect on the suspension
cables, and through them are transferred to the
upper ties of the anchorage.

The freefloating parts of the bridge consist
of strong rattan which is stretched across in
nultiple parallel cables for the formation of the
floor of the bridge" (p 69).

In Ivan Charpion's expedition to the same area 20 years
later, remains of the bridge described by Schultze were

found. And in December, 1980, we inspected a similar
bridge at what may be the same site (see the Atbalmin
Bridge in Section 3.2, Figure 126).

In what is now the Morobe Province, R. Neuhaus des-
cribed bridges over the Bulesom {(now called Mongi) River
and over the Waria River in his book Deutsch - Neu Guinea
published in 1911:

"I saw my first real suspension bridge on the
inland journey to the Hup area when we came to the
29




mighty, roaring Bulesom. A large boulder in the
middle of the river provided support for the
lianas which were stretched from bank to bank and
decked with roung logs 3 to 5 inches in diameter.
There was even & really serviceable handrail
provided. {photograph reproduced here in Fig. 29)
The bridge depicted (reproduced here in Fig. 30)

made of bamboo canes, which was also on the
Bulesom River, had been washed away in a heavy
downpoul shortly before our arrival. However,
the blacks had rebuilt the bridge in the shortest
possible time. ©On the other side of the large
midstream boulder is another identical bridge.

These tw> bridges are child's play in com-
parison with the big rattan suspension bridges
which span the 60 to 80 metres wide bed of "the
raging Waria River in a single span {photo repro-
duced here in Fig. 31). Figure 32 depicts the
left bank anchorage of this bridge. Rattan ropes
as thick as your arm are wound around thick well-
rooted trees and ropes extend from the middle of
the bridge to the tops of trees (not visible
against the white sky in the photograph). Ropes
had even been stretched horizontally to limit the
sideways sway of the bridge. In Figure 32 you
can see the skilful ramp-approach of the bridge.

The actual floor of the bridge ceonsists of a
fourfold rattan rope, on which you have to

balance, and a handrail of two to three rattan
ropes to the right and left” (p 245}.

Similar bridges can still be found today across the Waria.
See description of the Tiaura, Tewa and Bakeri bridges in
Section 3.3,

Some 0ld unpublished photographs of bridges in the
Morobe Province have been provided by Rev. Karl Holzknechy.
They were taken in the 1920's after Australia had taken
over from the Germans (see Figures 33, 34, and 35).
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A nmuch later photograph of a suspension bridge comes
from the German anthropologist H. Fischer in Watut, ppb-
lished in 1963 (Fig. 36}.

2.3 Border and Highlands Areas

A description of suspension bridges in what is now the
western part of Papua New Guinea near the Irian Jaya border
is given by Ivan F. Champion in his book Across Mew Guinea
from the Fly to the Sepik, published in 1932 (see Figures
37 and 38):

"2 single length of lawyer cane, an inch in
diameter, formed the footway of the bridge. It
was securely tied at each end to strong trees; a
scaffolding of thick saplings lashed together
formed supports for the two handrails, one on each
side about 4 feet above the footway. They were
braced by cross-pieces of wood., FRunning down from
the handrails to the footway were small ropes of
rattan forming an enclosed network. This is the
general outline of a New Guinean suspension
bridge" (pp 220-1}.

The Highlands was the last area of the country to be
openad up by explorers. One of the references to bridges
is found in The Land that Time Forgot by Michael J. Leahy
and Maurice Crain {see Fig. 39):

"We crossed the Gauil by the best native
bridge I have ever seen, a combination of the
cantilever and suspension types of construction.
The two end sections were anchored securely to
the banks and the centre section was suspended
by vines to pylons on either side. It was as
effective a use as could have been made of the
materials at hand" (pp 221-2).

Similar bridges can still be found today in the Southern and
Western Highlands {see the Kopeme Bridge, Part 3.1.4,
Figure 69},
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Another author, Alfred A. Vogel, gives his impressions
of bridge construction over the Jimi River, in the Western
llighlands (see Fig. 40):

"The suspension bridge was very interesting
and also very similar to the suspension bridge of
many other savage peoples. Apart from the actual

"carriage-~way," which was composed of branches
about eighteen inches long placed close together,
the whole construction consisted entirely of
lianas and sticks of bamboo, ingeniously plaited
together, and had the abutments several yards
kigh-=v up, each in a giant tree which was reached
by & plaited rope ladder. The lianas which
supportcd the whole construction were fastened
high up in the tops of the trees. When the Pygmies,
who cannot swim, wish to build such a bridge,
their first task is to get a man with a liana over
to the other side, This is how they do it.

A liana of sufficient length is fastened to
a branch that juts out over the water from a tall
tree at a place where there is a similarly tall
tree on the other side. The lower branches are
then cut off so that the liana, to the end of
which a man is fastened, can swing freely and
straight out over the water. The living pendulum
is then set in motion and swung until the man is
risinge so high as to be able to get hold of a
branch in the opposite tree with either his hands
or a hooked stick. That achieved, the initial
link is made and the actual bridge-building can
begin., The finished bridge will creak and sway
most horribly, but being so elastic it will support
even people with heavy burdens following closely
one behind the other. All the same, you scarcely
feel hercic when you first embark upon such a
bridge." {(p.89)
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Fig. 23
Bridge over tie

Vanapa Riven
(Themson 1592).

Fig. 25
Bridge, Majutu
Distnict

(Muizay T417)

Fig, 24

Buidge cven the
Angabunga (8t.
Jeseph]) Riven nean
Kwid village of Tde
Ide (Wallfiamsent 1914)




Fig. 26
Suspension bridge over the Sepik Rivern (Schuftze 1914],

Fig. 27
Drauning of the suspension bridge over the Sepil River (Schultze 1914)
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Fig, 16

Drawing of the end view of the anclvrage ¢§ the buridge cven the Sepik River
(Schuffze 1914).
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Fige 29
Bridge over the

Bufesom (Mongd) River
(Neuhauss 1911

Fig. 30

Bamboo bridge oven the
Bufesom (Mongil Rivet
{Newhauss 1971),

Fig. 31

Bridge oven the Waria .
River {Neuhauss 1911},




Fig. 37
Anchonage and approach
of the baidge overn the

Wania River {Newhauss
1911).,

Fig. 34

Suspension bridge cver
the Adlen (Busu) Riven

F.Q‘[. 33
Bridge-Like path over

the swamp near Lae
{probably at Labu).




Suspension bruidge aver Ehe Adfex
(Buau) Rivern, near Musom (pictured:
Rev Gottgaied Schmuttenen),

B Fio. 36
BEA¥ Suspension bridge

W over the Watut Riven
N (Fischen 1963).

Fig. 37

Suspension bridge,
Westenn New Guinea
(Champion 1932).
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In this section 17 of the bridges inspected as part of the
traditional technology research project are described by giving
data in outline form and photographs. The bridges are divided
into three main geographical areas: Highlands, Western and West

Sepik Provinces (near the Irian Jaya border), and Morcbe Province.

3.1 Highlands

Although the Highlands is one of the last major areas
of the country to be contacted by the outside world, it is
an area where traditionally constructed bridges are rapidly
disappearing. This is mainly because of the Highlands
Highway and a multitude of feeder roads which have been
constructed throughout the area. Even where motor vehicle
roads have not been built there is relatively easy access
to imported materials such as wire cable. (8ee Section 4.)
However, many fine examples of traditional bridges are
still in existence, some in remote areas but others guite
close to highways.

3.1.1

Name: Pulumita Bridge (Figures 42 - 52)

River: Iaro

Location: Talibu District, Southern Highlands Province; % hour
walk from Muli.

Type: cantilever - suspension combination with comstructed

anchorages

Materials: wood (for anchorages, abutments, and walkway), vines
and bark (for lashing components together), cane (for
cables), and stones. {for counterweights).

Names of types of wood used in Kewa language: pai,
mo, gili (a really strong wood) and muni (special

timber for deck).
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Dimensions:

total length: 27.5 m

clear span: 21.7 m

midspan height above water: 3.7 m

width of walkway: .70 m

distance between handrails: .80 m

handrail to walkway: 1.0 m

Construction details:

constructed bys people of Kada and Pulumita village
number of men: twoe men doing most of the walkway con-

struction, others helping with cables.

construction time: 3-4 weeks to gather materials

1 day to construct

method: 1) Anchorages and abutments are con-
structed on both sides.

2) Walkway construction is started on
abutments.

3} Spanning cables are tied on one side
of the river and a man swims across
the river carrying the other ends
to be tied on the other side.

4) Two men, one on each side, work
on extending the walkway and at
the same time supporting it
with suspenders from the
spanning cable.

5) Last, the suspended cables fron
the trees are attached.

lifespan: one year (broken parts replaced)
Date of inspection: % April, 1980
Additional Information: A wire cable was installed in

December 1979

3.1.2

Name : Kapolame Bridge (Figures 53 - 5RB)

River: Kaugel

Location: Ialibu Districl, Southern Highlands Province;
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2 km down Tea Plantation Road which turns off the
Highlands Highway south of the Kaugel River
highway bridge, then 40 minutes walk

TVpe: suspension (with constructed anchorages)

Materials: wood (for anchorages and walkway), cane and vines
(for cables and suspenders). See Section 1l.4.1
for description of types of cane and vines in
the Imbongu language.

Names of wood: miloko (for walkway and cross
beams) and karili and kaungo

Dimensions:
total length: 36.4 m
clean span: 32,0 m
midspan height above water: 2.4 m
width of walkway: .20 m
distance between handrails: .56 m
handrail to walkway: 1.04 m
height of south anchorage: 3.2 m
diameter of posts: 12 m
Constructed by: people of Kapolame and Kumunge village
Lifespan: 6 months
Date of Inspection: 8 April, 1980
Additional Information: now reinforced with wire
3.1-3
Name: Rubib Bridge {Figures 59-68)
River: Mendi
Location: Mendi District, Southern Highlands Province; just
below Mendi-Bela road, 12 km from Mendi town, on
the track from Was to Segip.

? Type: suspended cantilever arch; two spanning arches
make up the handrails, given additional support by
cables suspended from trees and an anchorage,
walkway suspended from handrails

Materials: wood (in Mendi language, wol for the handrails,
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nap which is casuarina for the walkway); vines
{topen and omap) for suspended cables; bark of
tree (won) for tying components together and
suspenders; also large stones for counterweights

Nimensions:

total length: 20,9 m
clear span: 19,1 m
midspan height above water: 4.65 m
width of walkway: .20 m
distance between handrails: 80 m
handrail to walkway: 1.0 m

" diameter of handrails: .15 m

Construction details:

constructed by: people of the Surup clan of Was village

with some help from people of Segip village

date: October, 1979

time: 4 days to get materials, 2 days construction
lifespan: 2-3 years

methods: 1} Abutments are constructed.

2) cCcables are suspended from trees.

3} Handrails are put in place.

4) Large flat stones are used a counter-
weights for the handrails.

5) The suspended cables are attached to

. the handrails.

6) Suspenders are attached to the handrails
for the walkway. A temporary walkway is
made to allow this construction to take
place,

7) The permanent walkway, a piece of planed
casuvarina timber, is put into place,

8) Additional suspension cables are tied
on and vertical posts are planted on
both sides of the abutments to keep the
handrails from moving apart.

'Date of Insnection: 7 April, 1980




3.1.4

Name: Kopeme Bridge (Figures 69 - 75)
River: Kaugel
Location: Tambul District, Kerepia subdistrict, Western

Highlands Province, % hour drive scuth of Tambul
on the Tambul-Ialibu road, % hour walk from the

road
Type: cantilever - suspension combination
Materials: timber, vines, one strand of green cane (brought up

from Morobe Province by truck)

Dimensions: .

total length: 21.5 m

clear span: 19.0 m

midspan height about water: 4.6 m

width of walkway: .14 m

distance between handrails: 1.0 m

handrail to walkway 1.4 m
Construction cetails:

constructed by: ‘ people of Kopeme village

number of men: 20 to 50

time: one month to slowly gather materials,

2 days to builgd

lifespan: Some parts last only a month and
must be replaced (e.g. some vines)
Others last for more than a gene-
ration {e.g. the large vertical
posts of the abutment).

Date of inspection: 9 April, 1980

Additional Information: This bridge site is a good example

of one which has been used for
generations. No one in the village
could remember a time when there was
not a bridge there,
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3.1.5

Name:
River:

Location:

Type:

Materials:

Dimensions:

total lencth: 24.7 m
clear span: 22.6 m
midspan height above water: 7.8 m
distance between handrails: 9 m

Copscrucuion details:
constructed by:
date:
number of men:

time:

lifespan:

methods:

Date of inspection:

3.1.6

Name:
River:

Locations

Sau River Bridge (Figures 76 - 82)
Sau

just below Kompiam station, Enga Province,
on the path to Pakaliyam School

suspended cantilever arch

wood (type used is called lokaiya in
Enga language), and cane (kiowa) purchased
from Maitumanda

people of Yawang and Malipin villages
August, 1980
50

one day to prepare materials, 2 days to

- builé

3 months

The cantilever arch structure is built
first. After it has been completed the
suspended cables are added for additional
support.

1 October, 1980

Nepirik Bridge (Figures 83 - 91)
Lai

Kompiam District, Enga Province, 2 hour

drive on terrible road to Mamanda, 55
46




Type:

Materials:

Mirensionss:

total length: 42.5 m
clear span: 41.8 m
midspan height above water: 9.3 m
maximum height above water: 10.1 m
distance between handrails: 1.2 m

Construction details:

constructed by:
number of men:

date:

time:

lifespan:
other information:

Date of inspection:

Name:
River:

Location:

Type:

minute walk down to bridge on track from
Baiyer River to Kompiam (the Lai River
is the border between Western Highlands
and Enga)

suspension

wood (landam} and cane (kiowa)

Lagakin line of Mamanda village

7 (names: Ariap, Hia, Koi, Tokowa, Pama,
Allan, and Win)

September, 1980

2 weeks to collect materials, e.g. the
cane from Legemas near the Sau River):

1 week to build (camping out at the site)
3 months

Ta get the cane across the river for the
spanning cables, a thin vine is tied to a
stick and thrown across to a man on the
opposite side. This vine is then attached
to the cane which is pulled across.

2 October, 1980

Saimanda Bridge (Figures 92 - 100)
Lagaip

Lagaip District, Enga Province; 10 km from
Laiagam station on the Pogera road, just
off the road

cantilever arch
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Materials: wood {mostly casuarina), vines, and stones

Dimensions:
total length: 25.0 m
clear span: 22.3 m
midspan height above water: 3.0 m
width of walkway: .6 m
distance between handrails: 1.1 m
diamecer ¢f handrails: .15 - 18 m
Construction details:
constructed by: pecple of Saimanda village
number of men: 10, five on each side
time: 3 days
lifespan: 4-6 years unless washed away by floods
Date of inspectieon: 7 April, 1979

» Baiyer

River
A WESTERN

I e
3

SOUTHERM Wandi
HGHLANDS

‘u
- . L HIGHLANDS

SCALE 1 2 BODODG

SOUTHERN HIGHLANDS, WESTERN HIGHLANDS AND ENGA

PROVINCES

-1 Pulumita Br%dge 5  Sau River Bridge
2 Kapolame Bridge 6 Nepirik Bridge
3  FKubib Bridge 7 Saimanda Bridge
4  Kopeme Bridge

Fig. 41
Map of the Highlands provinces showing bridge sites.
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Fig. 44
South anchonrage and

abwtment, Pufumita Bridge.

Fig. 45

Drawing of Aouth anchorage, Pulumita Baidge.
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POST APPROX,
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Fig. 46

South abutment viewed grom the
noith, Note Logs wsed as
countfenweights, (Pictured:
James Tende, Guli Peke,

Siang Lee).
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Pole mthway [§acing nonth) with vine spanning cables and Auspendens,
Pulumita Bridge., A recently added steef cable can be seen in the upper Left
hand connen.
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The engineers of the Pulumifa Biidge.
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Fig. 54

Kapolame Bridge [faom the scuth
banr. Nete the suspended
cabfes, |

Fig. 55

Kapotame Bridge from the nonth
bank
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Fig. 56

Kapelame Bridge Anom the
nonth bank,

Fig. 57

Kapolame Bridge from the
roih bank.
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Fig. 55

Nenth ancherage, Kapofane
Bridge .

Fig. 59

Kubib Bridge over Mewdi River, seen from the east bank Rooking south,
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Fig. 60

Drawing of Kubib Bridge (view grom west bank Looking south).
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L A e Dwiﬂg 05 east abumeybt, K[lb.Lb

Fig. 61
West abtment, Kubib Bridge. Note

stones used fon countemwelights and
plasred wooden walkway,




Fig. 63

Abuiment s cagjolding,
Kibéb Bridge,

Fig. 64

Detail of abutment,
showdan vine Lashing,
Kubib Bridge.

Fig. 65.

Kubib Bridge, grom
the east bank.




Fig.. 66
Detfall showing extrna support given to
hanSwall by Lashing it to the
suspended cable, Kubib Bridge.

Fig. 67
View ¢f Kubih Bridge grom
the wesit bank. Note the
suspended cables and the
contdnuens suspendens
goding under the wallway.

W Fig. 65

BT W i Cons tructed anchorage on the
east bank, Kubib Bridge.
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Fig, 69
Kopeme 8

widge (from the ww

- 5 - L]

wth bank ¢f the Kauged Riven).
A 5

il
70
1

Kepeme Buidge grom the sewth.

Fig. 7!

3

Seuth abubnent and anchorage, Note
the cantilfeven walkway and handnails.
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Fig. 74

The scwth abatment, Coobdnr wosd, Kepepic Sodie.

Fig. 75
Detail showing vine Lashing of vertical members of the abutment,
Kopeme Bridge.
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Fig. 76
Sau Riven Biidge.

Fig. 77

Sau River Baidge. Notfe
cane suspended cables

suppornting the middle of
the bridge.




Fig. 79

Lashing using stnipped cane,
Sau River Bridge.,
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Fig. 78

Sau River Bridge, walkiway showing
zhe U-shaped thansverse supports
made flexible green saplings.

Fig. §0

Detail of Lashing using stniprod
cane, Sain River Bridge.




Fig. &1

Sau Rivern Bridge
atom below,

Sau Riven Bridge,
anothen view.




Fig. §3

Mepiech Bridge,
dwom the west bank
of the Lai Riven,

Fig. &4

Nepirik Bridge. Note walkway
04 3-4 athands of whole cane
and suspenders of sinipped cane.

Fig. 85

Nepinth Bridge,
showing how the
walhway aags with
the weight of the
usen.




Fig. &3

Nepdndh Baidge,
fiiom the west bank
vf the Lal Riven,

Fig. 84

Nepirnik Bridge. Note wallway
04 3-4 strands of whole cane
and suspenders of stnipped cane.

Fig. 85

Nepinik Bridge,
showing how the
wallway sags with
the wedght of the
wher,




Fig. 87

Bridge.

Fig. 86

Nepinik Baidge, east
anchorage, using
trees fon additional

support.

Lashing on anchorage, Nepinik




e.

epinik Bl

-
§ walbway, west
(k Bridge.

N

89
M

Easi anchorage and
nming o
epind

approach
F 1 L]
Begd.
Adde,

Fig. 88




Fig. 92

Saimanda Bridge,
cver the Lagadp
Rever,

Fig. 93

Saimanda Bridge. VYoung Flexib{v casuctum

taees jodned to feun the arch,

Fig. 94

Squnanda Bridge, walfuvay and handradls
suppohted by the abufment, Lashed togethen
with vines, Note vine guy fo the night fon
additional stabilization,
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Fig. 95 Fig. 96

CLose-up of the wallway, shoicing Seuth abwiment, Saimanda Baidge.
vine Lasfing and suspeadens,

Sadmanda Baidge.

Fig. 97

South abutment seen from the
opposite bank, Saimanda Bridge.
Again nofe guy.




F»Lg . 98

Petadll, handnail €ashed tu the
abwtment with vines, Saimanda
Bridge.

Fig. 99

Luke Niap and Mank Kaegyo on the
Saimanda Bridge.
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Fig, 100

The author ¢n the Saimanda
Bridge,

3.2 Western and West Sepik Provinces(sce the map in Figuve 101)

The remote, rugged and sparsely populated mountainous areas
o0f the Western and West Sepik Provinces are the areas of the
country least affected by outside influences. Government
stations such as Olsobip were established only in the 19530's.
The bridge over the Sepik, photographed from an airplane (Figure
102) about halfway between Telefomin and the Irian Jaya border,
would be about four or five days walk to the nearest government
station or airstrip.

3.2.1

Name: Olsokip Bridge {(Figures 103 - 107)

River: Fly

Location: 20 minute walk below Olsobip station,
Western Province

Type: suspension

Materials: wood and cane, names given here in
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Faiwol language:

tanong -- large cane for cables

der -- smaller cane for lashing

Kirap -- wood used from cross beams
in anchorage

wap -- vertical wooden posts of
anchorages and apprcaches

trum -- slats of the approach

abal -- inclined logs of the

approach ramp
kave'et -- wood used for handrails
of approaches

Dimensions:

total length: 48.2 m

clear span: 3.3 m

midspan height above water: 3.9 m

distance between handrails: .B m

handrail to walkway: 1.0 m

average diameter of cane: 03 m

Construction details:

constructed by: people of Loubip and Kongabip villages

number of men: 30 - 40, divided into groups, some to
get cane, some to pr=pare the wood, etc.

construction times - 3 days to get materials, 2-3 days to
build

date: September, 1979

lifespan: 5~6 months before some cane has to be
replaced

other informaticn: Informants stressed the importance of

cooking food, especially taro, in an
earth oven (Tok Pisin: mumu) during

construction.
Date of ingpection: 12 December, 1980
Additional information: The people of this area of country are

unique in having specific words for
varicous components of the bridges, thus
testifying to the importance of
bridges in their culture. Here are the
components in the Faiwol language:
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fargegal -- suspended cables

wmu -- suspenders

tepam -- handrails (spanning cables)
yanam -- walkway

gubap -- crossbeams of anchorages
din -- handrails of approach

3.2.2
Name : Kobrenmin Bridge (Figures 108 - 117)
River: Sepik
Location: Telefomin District, West Sepik Province;
1% hour walk from Telefomin station
Type: cantilever with suspended walkway
Materials: wood and vines; names given below in Telefol
language:
at ~- wood in general
kalman
yegim -- types of wood used for abutment
tapet copnstruction
imo
sok -- vines in general
tawayam -- thin vine
balkul == thick and rough vine
ilin -- flat, dark brown vine
ifa -- thick vines used for cables
Dimensions:
total length: 39.3 m
clear span: 23,6 m
length of suspended walkway: 20.8 m
midspan height above water: 2.7 m
maximum height of walkway: 4.7 m
width of walkway: 6 m
distance between handrails: 1.0 m
handrail to walkway: 1.1 m
average width of abutments: 1.4 m
maximum load: 2 men
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Construction details:

constructed by: pecple of Kobrenmin village

date of construction: September, 1980

time: 1 week to gather materials, one day
to build

nunber of men: 50, some on each side (men either swim

across or use other bridges up and
down stream)

lifespan: 6 months
cookings mumu prepared during construction with

taro, marita, or pig

Date of inspection: 7 December, 1980
Additional Information: . Names of bridge components in Telefol
language:

saksuk -= suspended cables

siogirem =-- handrails (sPann{ng cablaes)
mu -- suspenders

yanam -~ walkway

dabomam -- apprcach/abutment

3.2.3

Name: Urapmin Bridge (Figures 118 - 121)

River: Sepik

Location: Telefomin District, West Sepik Province;
3 hours walk from Telefomin station,
between Atemkiakmin and Urapmin villages

Type: cantilever with rough trugs construction

Materials: wooden poles and vines

Dimensions:

total length: 14.6 m
clear span: 7.4 m
midspan height above water: 7.4 m
gverage width of walkway: .6 m
distance between handrails: 1.1 m
handrail to walkway: 1.5 m
average height of abutment: 3.1l 0 m
Date, of inspection: 8 December, 1980

77




Name:
River:

Location:

Type:

Materials:

Dimensions:

total length: 21,2 m
clear span: 14.4 m
midspan height above water: 3.5 m
width of walkway: .15 m
distance between handrails: .75 m
handrail to walkway: 1.5 m

Construction:

constructed by:

date of construction:

time:
number of men:

lifespan:

Date of inspection:

Additional information:

Iamdelmin Bridge (Figures 122 - 124)
Al

Atbalmin area of West Sepik Province,
10 hours hard walk from Tumolbil air-
strip, 12 hours walk from Yapsei

station
suspension

wood and cane

people of Iamdelmin villages {(there are
two, one on either side of the bridge)
December, 1979

one day after getting materials

8, & to do the actual construction, 2
to prepare the mumu of marita (long red

fruit of the pandanus}
one year (this bridge was beginning to
deteriorate}

11 December, 1980

The bridge included two sticks placed
transversely between the handrails to
keep them apart. Those crossing the
bridge have to duck under these cross-
sticks.
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Name:
River:

Location:

Type:

Materials:

Dimensions:

Atbalmin Bridge (Figures 125 - 130)
Sepik

Yapsei Subdistrict, West Sepik Province;
2% hours walk from Yapsei station

suspension

woOd, cane

total length: 75.4 m
lenyth of suspended section: 66.5 m
midspan height above water: 3.9 m
width of walkway: A0 m
distance between handrails: 270 = 95 m
handrail to walkway: 1.2 - 1.7 m
height of north approach: 10,4 m

Date of construction:
Date of inspection:

Additional information:

December, 1979
12 December, 19380

1} Compare this bridge to the one des-
cribed by Schultze (SectionZ, Figure
26)

2) The Atbalmin people traditionally built

bridges in this area to cross the river

to attack their enemies, the Mianmin,
who live on the other side, After the
attack, they would retreat, cutting
down the bridge behind them,

3) Remains of an uncompleted "modern®
bridge can be seen at the same spot.
Steel spanning cables and anchorages
still exist above the present bridge
{(See Fig. 125). Hanging from the
cables are fragments of a rotted
wooden walkway. Information about the
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origin of this imported bridge was not

available,
4) The present traditionally constructed
bridge was in very bad repair. The
cane was o0ld and brittle and many of
the suspenders were broken (See fig. 127).
5) In April, 1980 a carrier on a census
patrol lost his footing while crossing
the bridge. Because the suspenders were
too weak to hold him, he fell through and
down into the water. The rope of the
large tent he was carrying got tangled
around his neck and he drowned.

Fig. 101
Map of the Western and West Sepik Provinces showing bridge sites.

——

Olsobip Bridge
Kobrenmin Bridge
Urapmin Bridge
lamdelmin Bridge
Atbalmin Bridge

b oo -

WESTERN

Fig. 102

i SCALE 1:3500000 gemoﬁe buépenﬁiﬁndbnidge Euen the
- epik Riven, 4-5 s walk fr
WESTERN AND WEST SEPIK PROVINGES o R, s cays walh from
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Fig. 103
QELsvb(p station Tnd o

e
el v

Fig. 104
OLsebip Bridge over tic Fig River,
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Fig. 105
DLsobip Bridge.

Fig. 106

08s0bip Bridge, cane walk-
way, suspendens, and hand-
nolls




Fig. 107

Seme of the bridge builders: Bawrena, Su f4f,
Michael Rameng (01C), Wardp, and Phidi),

Fig. 108
Kobremnin Bridge Looking nonth across the Sepifs Riven,
83




Fig. 109

Kobrewnon Brodge, (ectttng sentin

KOBRENMIN BRIDGE

) ( L 2360m

208%0m

Fig. 110
Draweing ¢f Kebremmin Bruidge.
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Fig. 112

Detail, showing vine
Lashing, Kobrermin Bridge,
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Feg. 111

South abuwtment seaffeldog,
Kobireamdn Bridge.




Fig. 113
Newth abutment scaffolding, Kebremnin Brddge.

Fig. 114

North Abutment and appreach,
Kombreamin Bridge.
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Pl oo

Fea, 115

Doty o scagacldiny CoNSTRUC T Lo, heDrenmin Buidge,

Fig, 116

Fig. 117

Walbway suspended from cantilever Detact, walkway and suspendets made
section, Kebremmin Bridge,

04 vines, Kobrewmin Bridge,
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Fig. 118

Unapmin Bridge, over a nartow pant of
the Uppex Sepik River,

Fig. 119
JAaaamin Bridge.




Uwapmin Brddge, wocfoane
of peles fadiod res Do d
gougl TUuisy consE e o

T

Fig, 122
Tandedmiin Beddyge, cves tiee AC Rivos,
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Fig. 123

Ancliorage and appacach,
Tamde fmin Buidge.

Fig. 124

Watbeay and stiipped canc
suspendens, Tamdetfmin
Baidge.
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Fig. 146

South wicherage, Atbatmin Bridav.

Fig. 26.

Compate with Schiultze’s phetegraph,
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Fig. 128
Atbalmin Baidge fuom befow,

Athalmin Bridge showing the cross
bar and the poon state of repatin of
the bridge with many broken suspen-
dw.

Fig. 129
Atbalmin Bridge being crossed.
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Morcbe Province is one of the most diverse regions of
capua New Guinea with over one hundred language groups and
terrain ranging from sandy beaches to misty mountains, Kunai
grass to alpine grass. There are also diverse styles of
traditional bridge construction.

Besides the styles seen in other provinces, there is
the classical suspension bridge with constructed pylons
using the same basic design and structural principles

as Western susnpension bridges.

Alsu, there are the amazing cane bridges of the Waria
River. Cane is plentiful in this area and it is used
anything by sparingly to construct sturdy suspended
bridges in which the cane cables é;e pﬁfied so tight that
there is almost no sag or sway. %hese bridges are perhaps

‘the best constructed and best maintained of the those

inspected for this research proiject.

3.3.1

Name: Gumbum Bridge (Figures 132 - 142)

River: : Busu

Location: Boana District, Morcbe Provinee, 5 hours
walk from Boana station

Type: suspension with constructed pylons and
cantilever walkway

Materials: wood, bamboo, vines, cane and stones

Dimensions:

total length: 25.4

m
clear span: 19.8 m
midspan height abeve water: 2.2 m
height of pylons: ~ 7 ]
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width of pylons:

handrail to walkway {midspan): 1.2 m

Construction details:

constructed by:

date of construction:
number of men:
construction time:
lifespan:

method:

Date of inspection:

Additional information:

3.3.2

Name :
River:

Location:

Type:

Materials:
Dimensicns (estimated}:

tofal length:

people of Gumbum village

mid 1978

15 - 20

1 day (after collecting materials)
2 years

{see Figures 139 - 143)

17 Harch, 1979

This bridge was washed away in a flood
in around April, 1981.

Sukurum Bridge {(Figures 143 - 152}

Leron

1% hours walk from Leron Community
School which is about 20 km up from
the Highlands Highway, Mcrobe Province

suspension with constructed pylons and

cantilever walkway

wood, bamboo, vines, cane and stones

42 m
clear span: 38 m
midspan height above water: S5 m

height of pylons:

Constructed by:

Lifespan:
Dates of inspection:

Additional information:

10m and 12 m

people of Sukurum village ({(mainly so
so their children can get to the
school)

3 years
24 June, 1979 and 21 March, 1981
The bridge was in the process of being
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3.3.3

Name:
River:

Location:

Type:

Mz iorials:

Dimensions:

length:

midspan

Construction:

constructed by:

rebuilt when visited again in March,
1981. Everything was completed except
jeining the two cantilever sections of
the walkway with a slightly sagging
centre section.

Tiaura Bridge {Figures 153 - 156)
Waria

Garaina District, Morobe Province, 3 hours

walk from Garaina station
-suspension

wood and cane (itigiri in Guhusamani
langquage)

33.8 m
5.5 m

people of Tiaura village

date of construction: April, 1979

time:

nuwbher of men:

lifespan:

Date of inspection:

3.3.4

Name :

River:

Locatiogn:

one day after gathering materials
36
2 years

21 September, 1980

Tewa Bridge (Figures 157 - 16&)
Waria

Biawaria area, Garaina District, Morobe
Province; 3% hours walk from Kira airstrip
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Type: suspension
Materials: wood and cane

imensions:

total length: 58.7 m
clear span: 53.0 m
midspan height above water: 6.0 m
distance between handrails .9 m
handrail to deck: 1.6 m
Construction:
constructed by: peopls of Tewa village (especially

Nonckam, Sisiri, Heupe, Tuavi, Souro,
Iyania, Senilo, Jewase, Sogao, and
Same -=- see Fig. 166)

total number of men: 50
lifespan: cane must be replaced every six months;
maintenance: the bridge is constantly maintained

rather than allowed tc fall into ill-
repair and replaced

Date of inspection: 4 Novenber, 1980

3.3.5

Name: Bakeri Bridge (Figures 167 - 171)
River: Waria

Location: Biawaria area, Garaina District, Morobe

Province; 9 hours walk from Garaina
station or & hours walk from Kira airstrip

Types suspension
Materials: wood and cane
Dimensions:
total length: 70.6 m
clear span: 54.4 m
midspan height above water: 7.9 m
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length of north approach: 10.9 m
height of north appreoach: 5.6 m
length of south approach: 3.3 m
height of south appreoach: 5.9 m
distance between handrails: 1.2 m
maximum load: 12 men
Construction:
constructed by: people of Bakerji wvillage
number of men: 50
mainterance: constantly maintained inst-ad of entirely
replaced:
last new cans: October, 1980
date first buil=: heen on the same spot since World War II
method: 17 A thin vine is thrown across the

river attached to a stick. This
stick is fished out of the river
with another long stick. Thea ~ane
is then tied to it and pulled back.
Cane is then pulled back and forth
with a "pulley"” system,

Platforms are cunstructed in the

i

trees for men to sit on when pulling
the cane tight. Sevaral men will pull
on each strand to gzt it tight.

Date of inspection: : 5 November, 1980

Otner information: According to tradition, if the vine thrown

across the river breaks, there will be a

death in the family of the man who threw
it,




Fig. 132

Map of Merobe Province
showing bridge sites.

) CENTRAL ™\
b

MOROBE PROVINCE
SCALE 1 : 2500000

1 Gumbum Bridge 4 Tewa  Bridge
2 Sukurum Bridge 5 Baberi Bridpe
3 Tiaura Bridge

Fig. 133
Gumbum Bridge over the Busu River,
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GUMBUM BRIDGE

DSpanning cabte ;rxhﬁ"‘xx\
(@) Pylons

@ Holdback cabie

(B Suspenders

®walkway

® Stone counterweights

Fig, 134
Drating of Cumbum Brfadge.

Fig. 135
View of west pglon , Gumbum

West pylon , Gumbum Bridge.
Note the holdback cables at
the top and the abwiment and

Briidge. Note the stone counten- cantifeven design at the

welghts.

bottom,
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Wost sede o F Gumbn Bridye,
Lhete by Geedd Smidi) .

Fig. 138-142

Gunbum villagens, fed by Andrew
demonstnate with a model fow
they construct bridges:

Fig. 138
Finst the pylon is constructed.
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Fig. 139

Tien e cantilever pofes
are wlaced cven the foven
crossbeams of the pubon
and countercedghtod with
stoiies.,

Fig, 140

Inctined suspension eabfes
grom the pualon ane added

o give additionad support
Zo the cantilever walkway.

.




Fi{g. 141

Hotdback cablfes axe
anchesed to theos to
cewrferact forces on the
pilons from the wathicay,
A stone (s hung grom the
heldback cable to keep it
{n tensdion and thus
stabelize the buidge.

Fig. 142
See, 4t worhs!




Fig. 143

Stubwrwm Boodae oven #he Leweir Sivee,

Fig. 144
Dnaicong of the Subutn Brodge.
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Fig. 145

Progile of the Subwrum
Bridge.

Fig. 146

West Pylon, Subewrim
Baidge,




Fig. 147

East pylon, Sukwwm Bridge.
Note the joint in the
inelined support cable on
the Legt,

Fig. 148

View from unden the walk-
way showding the Lowen part
of the puylon §unctioning
as an abutment, Sukwium
Bridge.




Fig. 149

Another view of the east
pylon, Subwrum Bridge.

Fig. 150
Sukutum Bridge being
consthucted Ln Manch, 1987,

Note the incomplete middle
section,
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Fig. 151

Subwrum Bridge neviiited Ain
March, T98T,

Fig. 152

Watkway undet construuction with
Ancomplete middfe szction,
Subuwnum Bridge.




Fei, 7153

Ticura Bridge vven the
Yatca Reven,
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stuwdn condtruction of
mul Lo steands of o
qut the wadkway,
sudpendons, aid Spannong
cabies [feuing the Land-
wadly), Nefe adse the
maind swdpended cables,
Tiausa Bridge,

Fig. 156

Cane Lasling, Tiauza
Bridge.




Tawa Bradge grem the south bank of the Wania Riven.

Tewa Bridge from the south bank of the Waria Rivex.
i1




Fig. 159

T e TEWA BRIDGE T,

4 \"4 53 00m - \
N 3'30\114 ﬂ

Fig. 160

Drowing of Tewa Thidge,
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Fig. 161

South anchoraae, Tenwa
Bridge.

Fig. 162

Lateral support, south
anchonage, Tewa Bridge.




Fig. 143

Detail of walkway showing transvense stats, Tewa Bridge.

Fig. 164
Detall, cane Lashing, Tewa Bridae.
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Fig. 155
Noath approach, Tewa
Bridge.,

Fig. 166
Stidge builders, Tewa

vitlage. - ' : A -




Fig. 167

Bakerni Bridge, Looking
south oven the Waria
River.

Nornth anchorage abd appreach,
Bakeri Bridge.

Fig. 16%
Nonzh anchonage, mostly using trees,

Bakend Bridge.




Fig. 170

Detail of walhuway,
Bakerni Bridge.




CHAMGES

Traditional bridge construction has been changing in three
ways: 1) complete replacement by imported materials and design;
2) obtaining traditicnal materials in new ways; and 3) replecing
some traditional materials with imported materials in basically
traditional constructions. Each of these changes is described here.

4.1 Conplete replacement

Where motor vehicle roads have replaced walking tracks,
traditionally constructed bridges have of course been re-
placed. But also on many walking tracks, traditional
bridges have been replaced by footbridges using imported
materials and design. An example is 'in Pigure 172 and 173
showing a bridge constructed with wood and vines being super-
ceded by a larger bridge using steel cables and concrete
anchorages. This is just below Tambul station in the
Western Highlands #rovince (April, 1980).

Such "imported“ bridges, callad 'wire bridges' in PNG,
are more costly and require different knowledqe to construct
than traditional bridges, but they are supposed to be more
durable. However, whon Papua New Guinea's might rivers
flood, they can take wire as well as traditional bridges.

An example is the Fly River below Olzobip. In 1978 the
government built a costly wire bridge to replace the tradi-
tional bridge. The bridge described in Section 3.2.1 was
built in October 197% after the wire bridge built by the
government was washed away. There were no funds or matofia]s
for a new wire bridge, so a traditional one was built once
again,

Wire bridges are also supposed to be easier to maintain,
but the remnants of the bridge over the Sepik (Section 3.2.5)
illustrate that the wire bridge may not have been appropriate
because it could not. be maintained properly.
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4.2 Now ways of obtaining traditional materials

With money and new forms of transportation, penpl:: hove
new ways of getting heold of traditional materials thoy moy
want to use for bridge construction. Two examples howe heen
given earlier. Rather than go far into the bush to find
cane, the builders of the 5au River Bridge (Section 3.1.5)
purchased it from another wvillage. And the builders of
the Kopeme Bridge (Section 3.1.4) brought their cane up
from the Markham vValley by truck.

4.3 New materials in traditional constructions

If imported materials such as wire, steecl caliles, or
nylon rope are available, they are often used to repair or
reinforce traditional bridges. The Hopnlope Pridge (Seerion
3.1.2) uses wire for holdback cables as scen in the (op right
of Figure 174). The Pulunmita Bridge (Section 3.1.1) atso
uses some wire as spanning cables. The Ambum Bridge below
Wabag Iligh School in the Enga Province (Figure 175) ucea A
few bits of wire for suspenders and lashing. The Sako
Bridge, a 45 metre suspension bridge over the Waria (Fiqur.
176 and 177) uses wire along with cane for spanning an
support cables. Finally, the Ambui Bridge over Lhe Lai Rivoo
near Pompabus Mission (Figures 178 anil 179) has replarad

vines with red nylon rope for suspended cables.

For the purist, these foreign infrusions inrn broadi-
tional technolog: arc an ayesore, hut for the paopis neine
the technology, they are an improvement. Derhmoa thi-

compromise 1s thr future of traditional Eachnofory in

Papua New Guinea.
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Fig. 172

Traditional bridge nean
Tambut, Western Hightands,
bedng neplaced by an
dmponted one (in the back-
ghound} ,

Fig. 173

Conciete abutment and
steel spanning cabfes for
a new "wire b’bﬁdge" to
Aupercede the traditionas
one below [nean Tambud,
Western Hightands).




Fig. 174

Wire used gon holfdback
cables {upper night] fox
the anchonage of Kapelame
Bridge, Southenn HighLands,

Fig. 175

Wine wsed §orn some suspend-
ens and Lashing., Ambum
Bnidge, nean Wabay, Enga
Provdnee.,




Fig. 177

Gire used fon spanning cables
fastened Lo the anchorage
alongside the thaditional
cane, Sako Bridge, HMorobe
Province.,
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Fig. 176

fine 48 used forn additional
spanning eabfes, Sako Bridge,
Wania Rivexn, Morobe Province.




Fig. 1758
Nyton rope used as suspended cables especially, midspan, Ambui bridge,
overn the lai River wean Pompabus Mission, Wapenamanda, €nga Proviice.

Fig. 179

Nylon rope used fon suspended
cables, Ambui Bridge, lai Riven,
Enga Province.




Appencii;i 'B'ri'd_ge Cbmponents

Here is a list of the terms used to describe the traditional bridges

of Papua New Guinea in this report: (see Figures 134 and 160}

walkway —-- {also called gangwav or deck) the part of the
bridge spanning the river on which people walk,

handrails -- the two spanning members above the walkway which
bridge users can hold for balance as they cross or which
sometimes support the walkway.

abutment -- (or pier} structure on the bank which supports or
carries the weight of the part of the bridge which extends
over the water.

cantilever -- beam of a bridge which projects over the water
supported at one end by an abutiment {which acts as a
fulcrum} and counterbalanced behind the abutment by weights
such as logs or stones,

anchorage - structure to which spanning cables for a suspension
bridge are fastened.

spanning cable -— thick rope of steel or some natural material
which goes from one side of the river to the other in a

suspension bridge.

pylen (or tower) -~ tall structure of a suspension bridge of
which the upper part supports the spanning cables and the
lower part acts as an abutment for the walkway.

holdback cablie -- a cable which pulls on the pylon from the

direction opposite to that of the spanning cable.

suspenders -- vertical, thinaer cables connecting the walkway
to the spanning cahles or handrails.

inclined suspenders (or suspended cables) -~ cables to give

extra support or stabilization suspendesd at an angle from
a pylon or tree.

approach == part leading up to the bridge enabling people to
reach the walkway.
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