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THE KENYAN LOW COST MODULAR TIMBER BRIDGE

ABSTRACT

A novel design of a type of timber truss bridge that has been duveloped in
tlenya is described. The bridge comprises a number of ideniicai timber : . i
frames that are assembled into trusses of the required span, Two or more
parallel trusses are supported on conventional abutments, and the timber ;
deck rests on Lop of the trusses, : ;

Loading tests carried out on individual frames, on groups of frames,
and on complete bridges, have indicated that the design is suitable for

Aman wnaemioan fae meemm Frocos 1 Mien Aon saruvatend dn nreer Heaisnd o -

biidges FANGINE ) 3pan O L im0 24m required 1o carry Bimited numbers
of vehicles up to 201 gross weight provided that the deck is accepled as
contributing to the structural strength of the bridge, This assumption
would not nonally be made for bridges ol this kind, but in practice
measurements show that the deck does contribute significantly to the
strepgtly of the bridge.

In lightly loaded situations, provided regular maintenance is under-
taken, the bridge can be experied to have a life of 20 yewrs, Fvidence of
the durability of the bridge at higher traffic leadings is not available,

The cost of the bridge in Kenya is between one-half and one-fifth of .
comparable steel or concrchcs.

1. INTRODUCTION
11 1973 a modular 1ype of timber truss bridge was designed by Mr J E Collins of the Forest Departmient of
" the Ministry of Natural Resources in Kenya, He subsequently developed the design under a project
sponsered by UNIDO (United Nations Industrial Development Organisation) and by early 1976 four bridges
had been built in Kenya, and twelve more were planned.

The objective of the UNIDO pioject was 1o provide reiatively cheap bridges to carry light commerciad
vehicles in rural areas. The design that was evolved fulfils that requirement but also has the additional
advantage that the bridges can be erected quickly. and can be dismantled and re-erected at another sile
if requited, As with the Bailey Bridge, the basic units can be stored in readiness for use in an emergency,
and can be used to build bridges of various spans and load carrying capacities.

This report assesses the design, suggests some minos modifications to the d'esign rei:crls the results of
loading Lests performed on sinple frames, groups of frames, and complete bridpes, and pmwdes guidance on
safe loadings and costs.




& W TR e o Rl e Rt

2, GENERAL DESCRIPTION

‘The bridge is a truss type, with the road deck carried on top of the trusses (sce Plate 1). The upper chords
of the wrusses, the verticals, diagonals, bracings, and deck are all constructed itom timber. The buttom
chords and the joints are made from mild steel. Except for some minor modifications to the design
supgested in Sections 5.2.3 and 7, all the details of he design, the dimensions, the metbnds of manufacture,
and the quality control recommendations, were provided by the Forest Depariment of the Kenyan Ministry
of Natural Resources, A set of drawings provided by the Forest Department is reproduced in Figures 1 to
10, The bridges built in Kenya were built to these drawings, using timber as specified in Section 3.1.1.

The use of timber with different characteristics is not discussed in detail in this report, because the loading
tests were made on frames buill from the same grade of Limber, and simple extrapolation of the resulis o
dissimilar tinbers is not possible.

In a typical bridge, four trusses are positioned side-by-tide, but the number of trusses can range {rom
two to eigit depending on the loading requirements (see Figure 1).

Each truss is assembled trom a number of identical frames {Figure 2), prefabricated and iransported
to the site iogether with the steel buttom chords (Figure 3). The frames are made of rough sawn softwood
boards 50 mm thick, dowelted and naited together to form an inverted triangte 3 metres long with a verical
brace. They weigh abous 140 kg each and are al} made in the same manner. Practical considecations limit

the number of fraines in a truss from 3 or 4 to about 8 or 10, according to the properties of the timber
employed.

Tiwe trusses are cohnected by timber ¢ross beams above, and diagonal bracing members, botiy
verticat and lorizontal, between the (russes. Lvngitudinat running boards are nailed to the cross beams
(Figures 1 and 10}, At their ends the trusses are supparted by angle brackets {Figure 4}, which act as the
biidge bearings. Stone, concrete, brick or timber abutinents may be us=d 10 support the brackets.

‘The inain features of the design are: ~

It utilises loca! timbe- and, tn Kenya's case, local steel as weil.

It is easy to Jabricate using relasively simple tools,

‘The largest component measures 3 metres by 134 metres and #s light enough to be manhandled.

All the frames are¢ identical and 50 may be made on 2 jig in # wurkshap, where inspection of guality
and finish is easier than on site.

5. In Kenya the cost is much lower than that of a steel or concrete bridge with similar loading capacity.

Eall ol

3. THE BRIDGE COMPONENTS

The frimes for the Kenyan bridges were construcied in a workshop of the Ministry of Natueal Resvurces
in Nairobi and were transported to site by lorry. The braces, steel chords and brackets were also pre-
fabricated so that site work was limiled 10 construction of the abutments, assembly of the trusses, and
the cutting to length and nailing of the deck 1imbers,




3.1 Timber

All the timber is of 50 mim nominal thickness and (he depths of the frame members vary from 100 10
250 mm according to their Cuty (Figure $). Each timber member comprises rwo identical pieces of 1imber
which are mailed together back-toback, except the 1op chords which are separated by 100 mm spacers. The
advantages of this double section design are: —

It facilitates a simple design for the top joinis,

1t increases the stiffness of the top compressive member.

Knots, checks and ather defects in the timber are more ¢ ily detected in the thinner sections.
If une section is weuk, the parallel section compensates by taking more load.

bl gl o
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3.1.1 Timber specification, The bridges in Kenya wete made of East African Cypress (Cupressus
Lusitanica). This softwood has an average density of 465 kg!m3 at 15 per cent moisture content. Tests
made at the University of Nairobi have given 8 mean value of 8000 N/mm? for the modulus of elasticity
of this timber with a minimum value of 3860 N/mm?2.

All the timber members of the frames, except the spacers between the 1.p chords, were visually
graded 1o comply with a standard equal o that of 5SS grade in British Standard 4978 : 1973, Timber
grades for structural usel. The modulus of elasticity mcasured at the University of Nairobi suggests that
the timber used may be classed as 83 species group: grade 58 according to British Standard code of
practice CP112, *The structural use of timber'2. The working stresses for this species gronp and grade are:—

Bending 52 Nhnm2

Tension 3.6 N/mm®

Compression parallel to the grain 5.0 N,u'rl'u:'n2 .
Compression perpendicular to the grain 1,16 N/mm?

Shear paraltel to 1he grain 0.66 N/mm?

Dry stress values are taken from Table 11a in the British Standard cr1122 being apptopriate in
most of Kenya, This may not be whe case in ather countries, or in some areas of Kenya which have a high
humidity for a significant part of the year.

3.1.2 Timber preservation. [n Nairobi cach member of the frzame after cutting, was dipped for half
an hour in 2 solution of dieldrin witl a small percentage of Pentrachloruphenol. This solution was also
painted onto newly exposed surfaces alter the holes had been bored for the bolts and dowels, On site, the

seil was poisoned to a depth of 300 mm for a distance of one metre behing the bridge abutments o guard
against termite attack.

3.2 Steet

Analysis cairied out at the University of Nairobi suggests that the sieel used for the Kenyan bridges inay
be classed as a grade 43, according o British Standard Specification BS 4360 : 1972, Specification for
weldable structural steels®, Values of permissible stresses in the steelwork given by British Standard
Specification BS 152 : parts 3B and 4 : 1972, Specification for siee] gimder bridges“, (assuming that the
steel meets the requiremernts of BS 43003) are; -




Tension 147 N/mm?
»
Shear at pin noles 91 N/mm~ permissible stresses for the bottom chord
Bearing on pin hioles t93 N}'mm2 )
dfor the steel pins: { Shear 100 N/mm?
anclor the seel pifis:— Boaring 209 Nfmm?

Some of the steel plates on the bridges in Kenya were painted after welding and some were not. No
tepainting las been dune and the original paint has deteriorated over the years (S years in the case of the
bridge at Nyeri). lowever, the sieel, whether painted or not, shows no signs of serious corrosion.

In a more severe environment however, regulur attention would be necessary 1o prevent both steel
corrosion and attack to the timber by fungus or termites.

3.3 The frames

Figure 2 details the frame on which this briige design is based. The 1op horizontal chords are always
in compression whereas most diagonal menbers take both compressive and tensile loads. On the end frames
of each truss however, one diagonial member will be permanently in tension and the other in comprzssion,
The verticzl members are under load only when the frame 1o which they belong is underneath a super-
imposed load. Tie pin locating the end frame 10 the bridge hearmg carries the largesi shear force on the
truss into the end juint of the ltame,

3.4 The frame joints

Steel dowels are used to join the timber members at cach corner of the frame. The 1wo top joints
are identical, cach consisting of 1w steel plates {Figure 6) ane ¢n each side, thraugh which the dowels
pass, penetrating through the horizontal limber member and then into the diagonal, Therse is no connection
through the joint but the two top steel plates are joined when the end plate (Figure 7) is wcldcd across
them; a male end plate a1 one end of the frame and 4 female at the other.

In the botivm joint, the two disgonal members afe not joined by the dowals but each is dowelled to
the bottum plates (Figure 8). Again similar plates are uszd cach side of the joint and dowels are driven
through them and into the timber from eack side, In addition two through-bolts hotd the plates .n place.
The vertical racmber 15 restraincd by one bult which also passes through both plates. The top of this
member is heid between the horizontal chords by two through-bolts. These bolis convey the load from
the horizontal chiord o 'he vertical member and so down to the bottom joint of the frame.

The multiple dowel approach to this problem is novel, !lowever, the joints have proved adequate,
both in tests carried out at TRRL and «t the Uaiversity of Nairmbi.

.

3.5 Bracing

Lateral bracing is 1equited since (he Trusses themselves have no lateral stability. Indeed it is difficuit

to make (hem hang in one plane between bearings if no Ya.cral support is present. This is becavse of 1he
forces induced by small variations in: ’

(i} the location of the pins in the boltom plate (l igure ¥) or the positioning of the plate on assembly
of the (rame,




(i) the distance between hole centres in the bortom chords {Figure 3) and
(5i) the squareness of the end plates (Figure 7) that burt together when the frames are assembled end to end.

A N e R TR QW DT 1

The “enica! cross-bracing shown in Figure 1, and the close boarded cross beams provide a large measure
of latera! stabuivy. In addition sway bracing is achieved by attaching long wooden meinks<rs diagonally in a
horizontal plane 1o the underside of the 10p chords and at bottom chiord level. The vertical braces are
attached Lo the top chord using a bracket (Figure 2) and are bolied to the fug on the botto.: plate (Figure 8).
The lower sway braces may be bolted 1o the bottom plates with the Jug turned through 0% or may be
nailed 10 the wooden spacers belween the bottom chords,

3.6 The deck

Of several designs tried by Mr Collins lor the deck the use of cluse nailed cross bzauns was preferred.
This puts a larger dead weight on the trusses (than using transomes or spaced crass beams but it also increases
the bending resistance of the whole bridge. in this Sesign the deck js a stress-carrying parl of the assembly
and it should be assembled 1o *he trusies as shown . Figure 10, This type of deck is still popular for
timber bridges in the USA, The cross beams used in Kenya are 75 mm or 100 mum deep. They are hailed
Ito the spacing timbers between the tap chords of the frames and to each other (Figure 10). Running
buards, 50 mm deep are attached by nails of coaeh bolis 10 the cross beams. These renning boards may be
replaced when worn without disturhing ihe structure.

T T
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3.7 Abutments

The bridge abutmenis are not port of this design. In Eanya, concrete black abutmems were used for
the bridges but timber or gabion abutments coid be used provided suitable bearing surlaces are made to
support the brackets (Figure 43 thae carry the weigin of the bridge. These less permaanent types of abutment
are adequate for emergency or shortt-lerm use, but concrete or masuary sbutments may be required 1o last
the full life of a bridge which, with good tinther protection. is expected to be in the order of 20 years.

4. MANUFACTURE

Two nnporiant aspects of this design are its simplicity and cheapness of manafacture. To this end, all the
frames are virtually identical: the only variation being willerent versions of the botlom plate {Figure 8)
according tu bracing requirements.,

The timber members of the frame are cut to the dimensions shown in Figure 5. 1t is important that
lengths and angles are cut accuralely, and for this reason it is recommended that siriple jigs are used 0 this
stage, OF equal imporiance is.an assembly jig to ensure that alt the frames are assembled to give constant
lensth, depth between centres of the locating pins (1343 mm), 2nd squareness of the end platez. The
vertical struts should not project above the t~p surface of the top chords,

Although the location ull' the dowel holes in the drilled plates (Figures 6 and 8} is no* very eritical,

a template {or the pilot drifling saves time marking out and gives a consistent result. The 40 mm holes in
the bottom chords (Figure 3) should be drilled accurately using a «emplate.

I is important that the timber graded fur structural vse should be kepl apart from the non-structural
timber, und that the structural members shoulu be cut so that the ends that are to take the dowels are {ree

from any defrets,




Poor welding could cavse the sudden collapse ~f the siruclure, so it is strongly recommended that
the welilers thould be cualified according to the appropriate section of B3 153 : parts 1 and 2: 1972,
Speciication Tor sicel gieder blidges5 , or ai least be proficient in stress relieving and have test picces of
thei: work examined for cavitalion, peretration, etc,

4.7 The Nairobi wotkshop

The frames used in the Kenyun bridges wete made in a workshop in Nairobi, which was equipped with
only basic tools, The timber was bought alre.dy cut 10 width and thickaess. A hand saw was used to cut
the lengths and angles. The steel plate profiies weas flame cut and the plates were trimmed and the holes
drilled in a commercial workshop. Electric hand drills were used to drill the holes in the timber to take
the dowels,

The wo:kshop was equipped with:

I oxy-acetylene welding and culting set
} eross-cut hand saw

2 poriable electrie drills

1 jig fot curiing

1 jig for assembly

vice and various handlools,

The staff consisted of:

2 carpenters
1 welder
5 labourer.

The production potensial of this workshop was estimated 10 be about 4 frames per day, sufficient
for one average sized bridge per weeli.,

4.2 Site eraction

The first bridge constructed at Isiolo was built by hand, with cach frame teing bolted into position in
its final place. This was done ia the dry season and the method would not be practical for a crossing with
deep water o across a raving, Subsequent bridges were built without support from below using a timber
dersick on each abutment with a wire rope siretched between them, The truss was then L vilt up at one
abutment and taunched across the river: this was done in stages adding further frames titil the full truss
length was reachud (Figure 11).

Normally two trusses would be launched in parallel by this method, thus permitting the timber bracing
between the (russes 1o be constructed at the same time as the frames are put together. 17 all goes smoothly
on site four trusses can be erected in about (uur hours.

After launching the trusses it is necessary Lo caeck al! bolts {or tiphitness and then weld up the nuis
o preveat theft. For the ersction of a bridge about 12 men are required with the following equipment: -

]
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2 derricks — timber poles

Wire ropes

4 *Tirfor" or similar winches

Handsaws, hammiers, bolt spanners, clisels, hand drill, ete
Welding equipment.

6. LABORATORY TESTS

5.1 taboratury tests at the University of Nairobi

In developing the design of tie bridge a series of tests were carried out at the University of Nairobi.
Tests were perfonned on joints, frames, and a 15m truss. The outcome of these 1ests is the design shown
in Figures | 1o 10, vt

5.2 Laboratory tests at TRRL

5.2.1 Frame tests. Six bridge frames were made in the TRRL workshops to drawings obtained in
kenya in 1976. East African Cypress was not available in the UK 21 the time, so timber was chosen from

a bateh of Hemtock having Similar phystcal properties. This was graded by sight 10 conform with the same
standard used in Nairobi. Siecl confonmng to grade 43B in British Standard Specification BS 4360 : 19723
was used for all the metal fittings, both plate and round bar.

As a result of the experience of miaking these frames minor modifications were made to the drawings.
These modificativns consisted mainly of the addition of tolerances or nutes to cnsure case of assembly of
the frames on site,

The lrames were ftted 0110 3 test rig one at a time and loads were applied to the horizontal members.

Mensurements of deflections and strains indicated that the horizomal members were weakest when hoaded
at a point ene metre from either end of the flame, 11 is possible that the running boards on a bridge iy
break or be butted over this weakest spot on a frame so that the weight from a wheel could be applisd
there directly and ~ot be distr.buled by the running board. Four lrares were toaded (o destruction in
this way as showr: in Fipure 12,

In alt four cases the frames failed when a split was opened in one of the horizontal members across
the bolt holes at its centre. This split progressed away from the load point under fusther louding until it
broke out near the end of the member, either into the dowel holes or into the tower surface. The failure
occusred gracually and in all cases the frame continued to sustain the foad that caused the hurizontal
member to split. A greater luad, or several applications of the same Yoad, were required tu cause the second
horizontal member Lo fail, The moisture content of the timbers measured with a resistance ineter ranged
from 15 per cent .o 17 per cent. The results are summarised in Table 1.

For this load test, the simulated cross beams wete spaced 25 nyn apart like those on the first bridge
built at Isivlo. The later, close-boarded cross beam design, with the beams also nailed wogether, would
give better distribution of the load and also more strength 1o the structure. This is discussed in more
detail in Section 8 :

[ ——
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TABLE 1

Applied loads to cause frame failure

Frame number

Load at failure of
1st horizontal

Load at failure of
2ad horizontal

No. of times load
applied 1o cause

member k¥ member kN 2nd member 1o fail
] 65 65 5
2 90 100 4
) 3 70 70 2
4 90-80 - -

The hoarizantal members of these Irames fziled because the bolts that translerred the load 1o (he
vertical memba2ys initiated the split, which ther spread until it broke out, Althiough each frame sustained
a useful toud before failure, there was some indication thar fajlure would have occurred ut a lower load
alter many more reversals. For example the louith fr.ae sustained a load of 90 kN when firsi loaded
and failed at 80 kN on a subsequent loading.

In order ta obiain better use of the sirength of the horizonial members of the lrame, the fuur hiled
units were repaired using new timber for the horizentals. The two bolis that caused the splitting were
removed from the holes on the centre line of the horizontal members and placed 60 mm from the lower
edge as shown in Figure 13,

The four frames were loaded as before. In all four cases failure occurred when the fiores regared
in tension betow the applied load due to the bending stress at that joint, Neither the two ba fs i he new
position, nor the empty holes on the centre ling, caused splitting 1o weaken the horizon al m=.nber, The
toading of these frames is sununariscd in Table 2 below,

In sone of these 1osts was there any sign of failure in any of the dowelled juints.

TABLE 2

Applied loads to cause failure of mcdificd frames

Frame number toad at failure, kN

75 afier 6 loadings of 8D
120

130 after 3 loadings of 110
110 afier 4 loadings of 100

PR

52,2 Three frame truss tests, Three frames were assembled with steet chords to form @ truss and
this was suspended on brackets placed o1 tripods. The truss would not hang in a vertical plane but bowed
10 one side. This was caused by a lack of squareness in the end plates of the frames, a'though the worst
individual discrepancy was only 2°. The truss was held straight while simulated cross beams and a running
board 200 ram x 50 nun were nailed on. When released ine Lyuss bowed again.

8




Rolling loads up to 30 kN were applied to the truss and stzains were measered in all the members.
The analysis of these strains showed that vhere was \El}' pour distribution of the load among the menbers

| P — Al s g lin mll slem oom ot
in irii 33, IUI' LMlllpll- oiic Ml.!.l LI]UI’U UI 4 I'l-l CRACY 10 IHIKE dll L 1€TSE1010,

5.2.3 Conclusions and recommendations drawn from the tests at TRRL.

() The dowelled joints showed no signs of weakness during these tesls.

(ii}  Strains we not well distributed in the frume unless special care is taken during manufacture to ensure

synunetry, and souareness o [ithe ends, 11 is reeoi
W SQUALCness ol the ends, 1T 1S recegt

dod that cara should he 1aken to cut the

Lwrizonal members i the sume fength and to line them up careltlly on assembly 50 that the end
plates (Figure Thare square when welded, 1t is also iwpostant to position the bottom plates (Figure 8)
so that the two 38 mm diameter pins line up and are pecisely on the centre line of 1he frame.

{iii) Placing the two bults un the centreline of the horizental members causes unnecessary weakening.,
This niay be avmd\.d by positioning these bolts 60 mm fromn the lower cdge ol these membess,

(iv)  The spacing nmbcr between the top chords could be o uselul struciural member il jt were conlinuous
between the top joints instead of being in two parts. one ezch side of the vertical inembers,
Re-positioning the two bolts mentioned in () above makes it possible to shorten the vertical
strut by 50 puw and so permit the spacing timber 10 run continucusly from end joinl 1o end joint
above the strut,

6. SITE TESTS IN KENYA IN 1975

6.7 Tests at Isiolo, 1976

A bridge at Isiolo was inspected by TRRL stafl in 1976, two years after it had been builr, 1t had a
span of 13 metres, four trusses, and the ;ross beams had air spaces between them. An empry Leyland
Sunce Mippa thaee axte lorry was driven slowly bachiwards and forwards oyer the bricdge and strain readings
wet s taken at 25 pasitions using 4 Demec gauge 200 um long, The strains were measured as neacly as
possible ont the neutral axes of the more highly stressed members, and away from knots in the timber,
which coneld have affected 1he readings. ‘

The live load applied to the bridge was as showr in Figure 14. The strains measured are shown in
Table 3 with (hie conesponding calculated stresses, assuming a modulus of elasticiny (E) Yor steel of
160 kl‘-h"mm2 amd for the timber 8 kN,"mmz. The figures 1ecorded were the maximum readings of the
gauge (or caeh member as the load passed over the bridge. Table 3 shows the inean of these and the highest
for corresponding inembers on parallel trusses. For comparison, the theorerical valuss are shown. These -
were obtained using an ICL computer program, Alulyﬂs of Mane Frames and Grids, System 4% 1 owas
assumed Lhat the plated joints are rigid and all other: pinned.

The correlition between the figures in columns 2 and 3 is intc'resiinlg-in that the stresses from the
measured strains {2) are lower than the thearetival values (3} (or the steel clldl’t:]:.. There is a good correlation
for all four diagonals, considering the variations w the value of E of dilferent samples within a timber. grade.
The measured vilue in the top chord, howevér. Talls far short of the theoretical figure and this, together
ity sumewlt lower values for the bottom chords, suggests that she deck was contributing extra strength
to the structure. For she puspuses of caleulating the forees in the bridge members, the contnbution ol the
cross heams, running boards and packing between the top chotds of each frame was ignored because it was
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thought 1o be small, difficult to quantify and unreliable. The suggested modificalian to the packing be.ween

the Lop chords (see Section 5.2.3) would make it a continuous member between the top joints and so mnre
likely to share the compression in the top chords.
TABLE 3
Stresses in the siolo bridge
¥ 2 3
Measured strains Corresponding Theoretical mean
Member at Isiolo calculated stresses stzesses
x 103 I*«I!rnrn2 Nimm<
Mezn Highest Mean Highest
Botiom chord A 15.7 194 283 349 360
Bottom ¢hord B 7.6 9.2 13.7 166 26.3
Diagenal C 178 4 L.42 1.7 1.47
Diagonal D ~17.8 =204 ~1.42 -1.63 -1.26
Diaponal E 15.1 16.3 Szl 130 0.89
Diagonal F -104 -153 -0.83 -122 -0.87
Top chord G -7.5 -80 .« -0.50 —0.64 =106
+ve Lensile
—¥¢ gonpressive

The bridge at Isiolo failed some years alter these rests were performed. The cause of failure is not
known definitively, but the circumsiancial evidence is rhat the bridge was repeatedly averloaded by heavy ;
vehjcles.

6.2 Tests at Nyeri, 1976

The bridge at Nyeri {Plate 1)} is 4 skew bridge with four trusses of seven frames designed to carry
loads up ta 10 tonnes. Close-naited ceoss beams support the running boards, The strain measurements
shown in Table 4 were obtained by Mr Collins and refer 10 load tests carried out in 1976 using a lorry
with a ireminal 5 tonne rear axle, 2 tonne front axle, and a wheelbase of 3,05 metres. The chords were
nun s - shown in Figure 15,

The strains measured in chords 7 and 8 are low and this inay be due to small variations in the
dimensions of frames or steel chosds, but as these two chords are adjacent, the frame common to both
may be non-standard. There is also a possibility that 1he vertical cross bracing between the (risses wag
causing a side Yoad at the point where the chords join. The summations shown In Table 4 simpiy indicate
that the load was centred well across the bridpe and that three of the trusses were equally loaded, but the
truss containing the two lightly Juaded chords carried less weight than thy: others, l

10




TABLE 4
Measured strains and resultant stresses in the steel chords of the Nyen bridge — 1976
Chord Measured strain Resultant siress* Resuliant load Summations
x 1073 N/mm?2 kN kN

I 189 340 219

2 20.5 369 2381 2

3 18.0 324 0o { & 847

4 15.6 281 18.1

5 15.6 28,1 181y 1438
6 19.7 35.5 229 { o s9.4

7 74 133 86 | = '

8 8.2 14.8 .35

9 8.0 324 209
0 18.0 324 209§ 9 799
11 14.8 266 172 { = '
12 18.0 324 209 1534
13 14.8 26.6 17.2
14 14.8 26.6 172 | % 22
15 13.1 236 152 2 -
16 19.7 _ 35.5 29

mean 28.7
X =

* Using the measured E = 180,000 N/ mm

An estimate of the stresses in the bottom chords inay be obtained by treating the structure as a séries
of rigid frames pinjuinted to each other, assuming even distribution between the trusses of the loads due
19 the passage of the lorry and ignoring the effect of 1he deck. Maximum tension in chord M, accurs with
t'.e losry positioned as shown in Figuse 15a. The steel chords at Nyeri were 4 in x-% in (1016 mm x
6.35 mm) in scetion with ¥4 in diameter (6,35 mm) nail holes. The theoretical maximun stress in the
chords, assuming even distribution of stress, was calculated as 50.2 thn: at the holes and the maximum
between the holes 47.2 N/mm=. The struins were measured oves & length of 200 mm between the holes.
Here, as at lsiolo, the mean siress calenlated from the measured steains — 28.7 N,hnm2 — is less than the
theoretical value — 47.2 N;'ll'll'l'lz. the ratio being 0.6.

6.3 Nyeri tests in 1979 — steel chords

The Nyeri bridge was again inspected by TRRL staif in 1979, On this ocenion sirains were measured
in the steel chords as before, but strains were also measured in the top chords of the end frames. The lorry
used for this test was a Bedford J6 with 2 measured rear axle weight of 6,400 kg, frant axle weight of 1,600 kg
and a wheelbase measuring 4,0 metres. Table S shows the measured strairs and resultant strasses in the
bottom chords.
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: TABLE 5
: Maximum straing and resultant stiesses in the steel chords of the Nyeri bridge — 1979
Chord Measured strain Resultant® stress Rcsull.lnt load Summations
x 103 N/mm?> kN
i 20,3 . 365 235
3
2 8.6 335 216 911
3 - - 26, 40:
4 17.8 320
¥
5 251 45.2 29 2 1928
. )
G 235 42.3 271.3 100.7
7 211 38.0 245
a 17.0 0.6 19.7
9 275 49.5 319
10 s 423 2173 .
1 250 45.2 . 29.2 1203
2 2.5 49.5 kIRY "
13 243 337 282 229.3
14 n3 - 408 26.3
L}
15 243 . 43.7 28.2 106
16 27 408 - 263
mean 1049 |
* £ vatue agsuimed = 180,000 Nf i ** mean of other loads

Readings on chord 3 were atol reproducibie. This was due ¢ither to a defective demee disc of to the
way it was glucd to the steel chord.
)
The maximum sesultant steess from messured strzins was 42,3 N,\'mm2 (chord 9). This is vne-hird
of the penmissible tensile stress for the steel chord, when the bridge was loaded 10 80 per cent of the
notified Himit, . '

1
This maxinum resultant stress and the mean stress derived (rom the measuied strains is shown in

Table 6 with the corresponding tiveoretical figure, calculated as in Section 6.2, logether with stmllar I
resulls lrom lhe other Lwo fests.

6.4 Summary of the strain tests on the steel chords

+ In all three tests the meusured maximum stress (2) was lower thun was expected (b), and by a sim "

amount in each case. ‘This is due 1o the contribution of the deck, which was ignored in the caleulation |

of the theoretical siresses, 1f the twa tests ot Nyeri weee carried vut with simitlar aceuracy it would se. in :
that the contribution of the deck diminished bevween 1976 and 1979, This, if’ true, may be attributed| ,.
to bedding is of the cross beams since g close exanunativn of the Bridge disclosed o loose juints,
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TABLE 6

Summary of stresses in the central steed chords al Isiolo and Nyeri

Isivlo bridge | Nyeri bridge 1976 ] Nyeri bridge 1979
ay mean (nreasored ) niax stress in chords 8.3 Njmmn= 28.7 Njmm? 409 N;mm:
b mean theoretical max stress in chords J6ON/ mm= a7.2 Nhnm2 54.3 N}mm:
©) max (measured) stress in clords 349 Nfmm? 169 N,(mm2 49.5 Nfmm?
afb 0.79 0.6) 0,35

6.5 Nyeri tests in 1979 — timber top chord

It is thoughn that the First bridge buiit at Isiolo failed when the horizontal top chords of the end
frames broke, due 1o being repeatedly overloaded, Conscquently strain measurements were taken with a
densec gauge on the lowes 1aces of four of the wp chords of the bridge at Nyeri in 1979 (Figure 16). The
resuits are shown in Table 7,

TABLE?7

Megsured strains and resultant stresses in the top chords of the Nyeii bridge

Measured tensile Carresponding extreme
strdn x I‘Zl'5 fibre siress, mem2
243 1.94
n? .92
MR 278
de J53
mean 283 n

The maximum stress in Lhis horicontal member comprises compression due 1o self weight of the
trusses and deck plus the applied load, coupled with bending stress due (o the heavier axle load as it
passes uver 1he {rame,

On the basis of the compuler pmgramc’. the calcwlated compressive axial load on .he timber top
chords of the four end (rames due 1o the weight of the trusses and deck was 33.5 kN, ind the compressive
foad due to the upplied kiad was 71,7 kN, totalling 105,2 kN, The combined arca of the 1op menbers was
O.1m=, Thes il e deck contnbated nothing to the bending resistance of the bridge, the mean compressive
stress in the horirontals woulbd be 1,05 N/ mm:.

If the tup clord ol a frame were pin-jointed at each end and at the centre, the bending moment on it
1 metre feum the end duc 1o the weight of the 6,400 kg axle at that point would be 1887 Num. IF it were
pin joimed 2t the centre and built in at each end, the bending moment at that point would be 1670 Nan,
Accepting that the appropriate value is bepween 1hese two, and as they are similar taking the mean value
1779 N, the extreme Jibre stvess in the (op chord due to hendmg | metre trom the end is 3,42 Nimne

compression at the top and 1ension o the bottom, Combining this with the axial compression, the
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expected maximum stresse: in this member ignoring the siruciural contribution of the deck, is 4.47 memz
2
compression at the top and 2.37 Nfmm* tension at the bottormn.

To summarise:

bending .iress axial comp. stress resultant stress
top —3.42 Nfmm? -1.05 Nfmm= —4.47 Nfinm? (a)
bottom +3.42 Nfmun? ~1.05 Njmm? £237Nmm? ()

The deck may be thought to relieve the top chords of a small part of the bending stress ang a Jarge
part of the compressive stress, The nett result of this would be little change in the tensile siress but a
reduction in the compressive stress.

For exampie il the deck absorbs 30 per cent of the compressive stress and 20 per cent of the
bending st.ess, these figures become;

bending siress axia! comp. stress resultant stress
top  -2.74 Njmm? -0.53 Nfmm? —3.27 Kjmm?
bottorn +2.74 N/mm?< -0,53 N/mm2 221 Nmm? )

The stresses calculated from the measured strains at the bottom of the members from Ta%le 7 are:

mean +2.27 Nfmm- (e)
maximum  +2.78 Nfmm?

-The pennissible working stresses for the timber are:

‘ bending  +5.2Npnm? (b)
' compression  — 5.0 Nfmm?
tension +3.6 Nhnm?

Hence without the contribution of the deck. the resultant compressive stress (a) in the wp of the
*op chords would be very close to the permissible stress (b), wil the bridge loaded to only 80 per cent
of its rated capacity o 10 tonnes. Strain measurenients on the bottom chords and the top chords at
Isiolo suppest that the deck relieves the trusses of a significant proportion of the expected stresses, but
measurements of the teasile strains on the lowar faces of the end top chords do not support or refule
thig, as they have been shiown to change little i the deck takes a proportion of the stress. Compare the
theorcrical stress ignoring the deck (¢} with the theoretical stress counting on the deck for some help (d)
and the stress from the measured straie {e). [t is unfortunate that it was not possible to saeasure the
extreme fibre strains un top of the (op ¢lords because of the deck tinibers,

7. LOADING AND SERVICE RECOMMENDATIONS

When deciding the strength required of a bridge it is important to know not only the current traffic
conditiuns, but also the Yikely flows and maximum 'oads during the projected life of the struciure,
Although additional trusses may be added after a bridge of this type has been buill, this would be
cunsiderably more expensive than building them in initially, when ihe cost of two Bose trusses would
al;nost cectainly be less than 15 per cent of the total cost of a bridge including abutments.
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‘There is of course no guaraniee that stipulated weight limits for vehicles will be obeyed, In most
citcumistanzes it must be assumed that the largest Jorries in an area will cross a bridge unless prevented by 2
permanent physical obstacle, '

TABLE 8
Number of trusses required
Span
Loadin® duty
17m 15m 18m 2m 24m 27m

HA® [ 8 - - - -
H0-44* 4 4 6 8 -
HIO-44% 2 2 4 "4 6

* See references Tand 8

Table 8 above showing the number of tiusses required for various loading duties and spans. using
timber of the grade described in Section 3.1.1, was provided by the designer. Calculations at TRRE suprort
these figures provided (hat the deck is accepied as a sigess sharing part of the siracture, Experimensal
results suggest (hat this is so, but it is the opinion of engincers in Bridges Division of TRRL and the
Building Research Establishment, Princes Risborough that it would be unwise (o rely on any conttibution
from the deck,

An essential feature of this design is that the deck absorbs some of the axiz! compressive load that
would otherwise bie born by the top chords of the trusses, but more importantly tiat the deck also
distributes uxie loads along these horizontals. If this is distegardedd, the most severe leadipg on the structure
is when a two axle velicle is near the centre of a \wo Lruss bridge, at a point to cause maximuim bending
moment on the trusses, and lience tnaxir-um compressive load on il top chords in the centre, il the
heavy axle is about a quarter of the way across the centre frame, there is also a severe bending momeni
on the horizontal :nembers of that frame {see Figure 17). 11 the heavy axle is assumed to apply a point
load directly onto the trusses, the combined bending and compressive stresses in the cenleal top chords
at the upper face would exceed the permissible compressive stress by about 200 per cent. A possible way
to reduce this {heoretical overload 1o less than 10 i:uer cent would be 10 replace the two hortizontal
members per frame measuring 250 mm by 50 mm with four others measuring 300 wm by 50 mm. This
would also entail changing the joint at the top of the ¥ertical member and using two steel plates with
dowels of bolts. ' .

Materials, both timber and steel, vary in quality above and belfow that specified here. Itis
recommended thst an engincer in ¢harge should check 1he adequacy of the malerial he proposes 10 use,
should it vary in any way from this. The items that should be checked are: -
steel chords Jor lepsion
lower pins for bearing stress
end diagonals for tension
herizontal members (or combined siresscs
moisture co .tent of timber in the proposed location.
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8. DISCUSSION

Wherever suitable timber is available this modular design of iimber bridge is celatively cheap to build. The
tests made, and the field performance of bridges buikt to this design, indicate that the design is basically
sound and that it is suitable for use for spans in the range 12m 10 24m at the loadings listed in Table 7.
However, caleulations ignosing 1lye structural effect of 1the deck svggest that some horizontal members
may be grossly overstressed, Light vehicles can be carried over spans grea. 51 than 24m, but at such spans
it may be necessary 10 take 1 asures to improve the lateral stability of tie swridge, and it would also
prubably be desirable to enlarge the size of the basic frame znd the other parts proportionately.

Apart from the cheapness of the bridge, its other advantages are:—
i} the materials and skills required to build the bridge are available loeally in most develuping countries, I
i}  the modular design permuts prefabrication of the frames in simple workshops, t

iii}  the frames way be siored for emergency use, and can be assembled to meke a bridge on prepared :
abutments very quickly, .

iv)  the bridge components are simall enough and light enough 1o be airfreighted to a remote site if a '
bridee is required urgently,

The disadvantages of the desipgn are: -

i) because the trusses are Jocated beneath the bridge deck it is necessary to raise the roud level, 2nd
hence the sbutments and approaches at least 2.5m above the expected maximum high water fevel
in 4 river being bridged (if floating debris is a hazard it may he necessary (o raise Uie bridee and
approaches even further).

i} spans must be a multiple of 3m, hence if it is being used to teplace a different type of bridge that
has been washed uway leaving 1he abutments intact, it may be necessary 10 modify the ahutmcnts
so that the new bridge beauings can be Jocated at a moltiple of 3m apan,

i) mure substantial abutnients are required for 1iis bridge than for other types of emergency bridging,
such as the Bailey Bridge,

There ure alsu several comparatively low cost alternatives 1¢ this design that should niot be overlooked.
In countries where locally-grown timber is available in (he reauisite sizes, whole log, ur rectanpular section
timber bean bridges can be built at low cost uver spans of up 1o FOm, or up 1o 153m if hardwouods are
available. Il the site conditions are favourable for the ereciion of piets, multispan bridges with timber
beam decks will be the clieapest solution, as lus been adopted in the Kenya Rural Access Roads

] . . . . . -
Proge: une ? This type of solution inay be economical even if steel girders zre used 1o span between the
picrs.

Wihere longer spans are unavorduble other 1ypes of timber truss bridge have given excellent service.
The Town latlice girder bridge and the Howe truss hridgcm have been used successtully in the United

States of Americy for over a century, us have variations of these designs. Both of these designs iilise
16




many identical struts and ties, which nvay be cut and prepared away {rown the erection site. The surviving

bridges of this type are mostly ‘through’” bridges which are roofed. in wet clinates this greatly extends the
life of the bridge.

Bridges constructed with other materials sucii as reinforced conerete, plain conerete {for arch bridges),
olled steel juisis with timber or concrete decks, and prefabricated sieel (such as Bailey and Callender
Hamilton bridges}) will nor:ually be the choice for spans greater than 1 2m where peranent or semi-
permanent bridges are tequired. They are however likely to be between two and four times gs expensive
as the Kenya modular timber bridge (sce Appendix), and access problems may rule oul the vse of large
rolled steel joists in remote locativns, Sintple reinforced concrete slab bridges are however very satisfactory
for short spans und .many are built an rural roads in Kenya each year, as in other devploping countries,

I the vaulted arcl technique is used, as in China, plain concrete can be utitised to bridge substantial
spans, but this solution requires complicated shuttering and is rarely adopted elsewhere.

It has not been nossible to investigale the effect of fatigue or wear on this design of timber bridge,
hence predictions of its lifz can be only very tenitative. For instance the performance of 1he dowelled
joints alter thuusands of reversaks of [oad near 1o the permissible limit is onknown. Similarly the long term
durability of the relatively thin timber sections in the frames is problematical, although expert upinion
(at the Princes Risborough Building Research Station)} puts the expected life at 20 years or more provided
the average timber moisture conten is fess thar 20 per cent and regular inspection and maintenance
proccdures are employed.

The oldest bridge of this design in existence is that a1 Nyeri, which is in good condition, but which
has nol carried more than a handful of commer:ial vehicles per day and a similar number of lighi vehicles
throughout its life, The availuble evidence therelore limits the known sale wiilisation of this design to
very lightly-trafficked roads carrying not more than 1000 heavy vehicles per year if 1 life of 20 yearsis
tequired, or 1o somewhat more hicavily traflicked rosds carrying suy 5000 heavy vehicles a year if a life of
less than five years is acceptable. The numbers of cars and light commercial vehicles are not likely 1 have
an apprecizble affect on the lite ol iliis 1ype of bridge.

Whatever the application selected for this design of bridge, it is strongly recouumended that each
application is checked by a competent engineer, and thai thorough structural inspections of the bridge
are made at least annually,

9. CONCLUSIONS

This assessment of the Kenya low cost modular limber bridge has shown that the design is generally sound
and weh balanced with the possible reservation mentioned above concerning the contribution of se deck.
More specifically it is concluded that: -

a}  the unusual dowelled joints used to make the frames shuwed no sign of weakness during 1ests or
in service,

b)  stresses and strains ure well distsibuted in the trusses only if special care is taken during manufacture
of the frames to ensusc dimensional infegrity and squareness oo the ends,
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<)

d)

€)

]

the frames can be strengthened by repositioning the twoe central bolts in the horsizontal member and
by using a cantinuous spacer between the two pieces of limber which comprise this member,

the close boarded deck makes a significant contribution to 1he strength of the bridges examined
in Kenya, .

it is a relatively cheap structure and is most usclul for bridge spans from 12 to 24 metres on low
volume roads,

with suitable regular maintenance the life of a bridge is expected o Ye at least 20 years,
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i2. APPENDIX
BRIDGE COSTS

Each site will impose conditions on bridge costs, which for a given span may vary by a large faclor.
Variations in cost due to non-typical foundations and abutments are not considered here. As with the
design, the cost of a bridge must be determined for each individual circumstance,

Below is a simple breakdown of costs for this design of iruss and deck, itemised so thal unit costs
applicable elsewhere may be inserted casily to build up the total cost. The prices quoted are the
commercial prices applicable in Kenya at the end of 1979, expressed in Kenyan shillings,

Material

Building grade Cypress 100 x 50 mm - 8/- — per metre or 1600/- per m:’. Assuming 30 per cent

excess for Jarge sections and 20 per cent excess for graded timber, the price becomes 2500/- per m3.
Quantities are for a bridge with four trusses.

Deck 0.4m3 per metre length & 1600/- 640/-
Frames 0.28m3 per metre length @ 2500/- 700/-
Steel plate and dowels 51 kg permetre length @ 5.3/ 2704-
Steel chords 34 kg per metre length @ 5.3/ 180/-
Nails and bolts per metre length BO/.
Total per metre length 1870/
for 18 metres 33660/
B bearings 44 kg & 5.3/ 233/
Paint, wood preservatives, soil poison 2000/
22334-
Material costs for 18m span 2233 + 33660/ = 353893
Wages

Wages for the staif listed in Section 4.1 allowing 2 weeks for manufacture of jigs and frames.

S labourers 10 days @ 50/ per day 15004-
3craftsmen 10 days @ 70/. per day 2100/-

_ 3600/~ 3500/-

Similar team for erection — 5 days 1800/- 1800/-
54004

13 per cent overheads on labour 1800/- 1800/.

7200/-

Labour for manufacture and erection 7200/-
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Transport

2 lorries 1o deliver materials to site

1

|

1 day € 1000/. each including drivers 2,000/ i

1 lorry for site work and raturn of equipment :
4 days @ 1000/ 4.000/- { ;

- {

6,000/- 6,000/ ;

*

Total cost of manufacture and erection for 18m span 49,093/. t

. This excludes the cost of the engincer and clericat stalT, i
For comparison purposes the cost of manufacture onty is: ! !
b

Materials 35,893/. :

Lzbour 3,600/- '
Total 39,493/ ' {
-
in approximate terms both Callender Hamilton and Bailey type bridges ccst about four times this sum i
ex works, or about (ive times delivered by sea to Mombasa, '
' !
Steel RSJ beams, if available at the same price as the small sections referred to in Section 3.2, would :
cost about 35,000/-, If imported the cost would be apout 50,000/-, and in addition some 15m° of !
reinforced concrete would be required for the deck, cost ing about 54,000/-. If cemnent were not available
a deck coutd be made with §m? of timber, costing about 13,200/.. Transport costs tu the site could be high ,
for two sieel beams 20 metres lung, weighing 3 tons cach. Costs of these four types of bridge are
summiarised in Table 9. .
!
TABLE 9 ‘
Cost of purchase or manufaciure in Kenya. 18 metre span bridge - H.10 loading
1979 prices in Kenyan shillings :

Kenya timber bridge 40,000/-

Bailey/Callender Hamilton . 200,000/ :
RSI with concrete deck 85,000 - 100,000/- :
RS with wooden dock 48000 -~ 63,000/ X
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