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ABSTRACT 

In reBponae to a requeBt by the Qovernment of Kenya to the United Hat ion« 

Development Programme (UNDP) and the United NationB Industrial Development 

Organization (UNIDO),  the services of a timber structures engineer were 

provided for the period 30 January 1975 to 15 October 1976 and from 

3 January to 30 April 1977,  and those of an associate expert  in timber 

engineering from 6 October 1975 to  5 October 1978.    The purpose of the missions 

was to assist and train employees of the Kenya Forestry Department  in design 

and testing programmes for low-cost modular prefabricated wooden bridges and 

other timber-engineered products. 

The present   -eport  is based on a manual on design,   production and erection 

of timber bridges which was used by the team of experts during their work in 

Kenya.    The approach to bridge building as described in the report has a number 

of objectives among which are the following: 

(a) The utilization of the country's natural resources instead of 
relying on imported building materials; 

(b) The provision for employment of unskilled local  labour in 
developing areas,  leading to a reduction in the outlay of foreign currency} 

(c) The introduction of bridges which can be produced at  low cost and 
with a minimum need for graduate engineers and site technicians; 

(d) The provision of a simple solution in many instances where it ia 
necessary to open up new areas of the country for development of its natural 
resourcesVthese low-cost bridges being commensurate with the quality of the 
laterite roàd| for which they are built. 

The low-costNnodular prefabricated wooden bridges have the following 

technical characteristics: 

(a) They are made up of triangular ti-uss elements,   3 m long and about 
1.5 m high; 

(b) The maximum clear span is 30 m and the maximum designed live load 
is 40 tons; 

(c) Elements are  joined at two ends by a male and female metal plug, 
which is welded on to the metal gusset plates at each end.      These are    iveted 
to the wooden frames of the elements; 

(d) The timber used has cross sections of 50 mm x 150 mm,   50 mm x 200 mm 
and 50 mm x °50 mm respectively.    These chors are nail laminated to make up 
100 mm thicknesses where applicable.    Nail laminations allow for visual quality 
control with respect to both spacing of nails and any bending in driving them 
in; 
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it Mi« up of »laakiag mr ta« top Of til« «OapSSlt« 

(f)   A niniaua of two «adi   » «MUN» of oigat ooaposit« truss«« sad« up 
«f 3 • «l«a«nta ar« usad, d«p«nding on loading, span and oharaot«ri«tio« «ad 

of ta« t labor «p«ei«« us«d,   BMS« •Issanti an braood» 

(g)   Ih« abuta«nt« ar« «ith«r hollow oor« o«a«nt block«, oonorot« or 
lass anohortd in th« «abanlaiwit using «ab«dd«d log« and cables ; 

(h)   Th« launohint of th« bridf« ii don« using a pair of tripods» 
pullAja «ad a o«t of oabl««, on« of whioh i« th« oat «nary holding th« ol«a«ntt 
ani ta« oth«r i« th« oabl« pulling th« aa««abl«d «l«a«nt« ov«r th« ohasa. 

I 
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nrraonuorioi 

In oonn«otion with the low-oost typ« bridgs which had been devised in 19T3 

by JIMB'I.  Collins, who was then working at the Kenya Forestry Department, 

government officials quickly recognized that the design could be ueed in many 

areas of the county and could also be applied in other developing countries. 

In 1974,  because of its extreme interest in this seemingly flexible approach 

to bridge building,  as well as the associated cost savings and substantial 

reduction in foreign exchange requirements in pursuing necessary expansion and 

upgrading of the road transport system,  the Government of Kenya requested 

assistance from the United Nations Development Programme  (UNDP)  and the United 

Nations Industrial Development Organization (UNIDO)  for the completion of the design 

and testing programmes, as well as for transforming the fabrication and erection 

of the bridges  into a fully commercial venture.    The services of James E.  Collins 

„ere provided by UNIDO in the capacity of expert in timber structures engineering 

for the period from 30 January 1975 to  15 October 1976,  and from 3 January to 

30 April  1977,  while the services of Svend K.  Petersen,   in the capacity of 

associate expert  in timber engineering,   were also provided over the pe.iod of 

6 October 1975 to  5 October 1978.     Both of   these experts worked alongside their 

counterparts  in the Department of Forestry, Ministry of Natural Resources,   in 

the development  of these bridges  and other timber-engineered products. 

While other departments of the Government,  such as Agriculture and 

Ministry of Works,  have been interested in making use of the prefabricated 

low-cost bridge,  the main benefactor has been the Forestry Department,  which 

continues to favour its use.    The map shows the development of this system of 

bridge construction throughout Kenya:    as of July 1973 a total of seven 

bridges had been completed,  four were under const motion and two were in the 

planning stage.     Since the introduction of the system in Kenya,   similar 

assistance has been provided to other developing countries through UNDP- or 

UNIDO-financed projects. 

This technical report is based on a manual on design, production and 

erection of timber bridges which was used by the team of experts during their 

work in Kenya. 

It describes bridges with spans up to 30 m.    Designs are given for a 

number of load specifications inelAing American (AASHO) and British (BS) 

loadings. 
Any timber Day be used given reasonable seasoning,  strength and working 

properties and designs for a number of speci OB may be obtained from the tables« 
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ni« bMio element or nodule of oonetruotion is a timber panel of 3 « 

length.    A number of these are joined with light steel ohords to form a trues, 

the full length of which ie a multiple of 3 m.    Two or more trusses are used 

to make a bridge» 

Figure 1.    Design with bridge deck placed across the top 
of the trusses 

Fabrication and erection can be carried out with a minimum of skilled 

labour and the heaviest component can be lifted by four or six men, depending 

on timber species« 

Chapter I, dealing with the design of the bridges, is intended for 

persona with an engineering background.    However, the design method is simple 

and, with some training, persons without formal qualifications should be able 
to «elect an appropriate design. 

Chapters II and III on procurement of materials, assembly and ereotion, are 

intended for trained technician«.    Close supervision is important and emphasis 

is placed on the use of jigs and templates to achieve +he required accuracy. 

In particular, welding« must be of good quality to ensure the working loads 
indioated in the design tables. 

The proof teat described in annex I serves to varify the stress grade for 

given timber.    Annex II contain« timbar grading rule« and annex III is a list 

of stress grades for moat of the oommonly utilised timber specie«.    The photograph« 
shown in annex IV illustrate the «it« work. 
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*• 1M19 mimi?« *na mem 

Xt il aaiwad in th« design of th« bridge described in thia report that 

•«oh truM oarriaa an equal share of any load*    However, this is only true for 

•iagle-oarriageway bridges.    Bridges with more widely-Bpaced timiio or having 

wider carriageways will require special consideration* 

Oanber is built  into the bridge BO that deflection will not prove a 

significant factor in design provided the indioated span limits are observed. 

Figure 2,    Bridge arrangements 
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Modular panal 

Nodular panela are joined with paira of chord« to fora a trues (see figure 6). 

Biey ooneiet of 50 ma (2") aawn timber «embers ooimeoted with it eel platea 

and dowels.    At one end of the top ohord there is a pin projecting in the 

direction of the span whioh locates in the hole of the next panel as shown in 

figure 7.    At the bottom of the panel pins are projecting on each side at 

right angleB to the plane of the panel to receive the ohords.    The pins are in 

two sizes depending on the timber used and the load carried.    Where the light 

ohord is used the bottom pins are 38 ma in diameter and where the heavy chord 

is required they have a diameter of 50 mm.    The top pins are either 32 mm or 

38 ma in diameter,  the heavier pina being used with timbers whose stress grade 

is F 11 and above. 

figure 6.    fabrication of a panal 

* 
JUL 

i 
MJUUULí 

fea 4 ^- 
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Chorda 

Chorda hava baan daaignad in two baaic aia«*.    Hi« listar alia ia 
faatrally uaad with tiabara of itraaa ¿rade« F 8 or balow and th« haaviar 
ona for at roncar timbara. 

Truaaaa 

Via nodular panala ara aaaanblad into truaaaa«    Ina nuabar of truaaaa 
naadad for diffarant loadinfa, apaoiaa and apana ia fivan in tabla 1« 
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fiffurt 8.   Chord design« 

W ff FÎ CHORP? 

—:—: :— i  , -^ 

•d- —Ju- 

Vertical bracing 

There are two types of vertical bracings.    In a two-trues bridge, the 

bracing is used to impart lateral stability to the panels and it does not act 

as a load sharing device* 

Figure 9*    Truss bracing for a two-truss bridge 
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nii oomponent oonsists of a s tapi t I50 M X 50 mm member with 6HM (4") 

stasi oonnector plat«! nailed to eaoh tnd.    These are bolt ad with 100 MI x 25 

diameter (4" x 1" diameter) bolt« into the braoing luffa on the panal. 

In a bridge with four or «ore trasses the bracing ia intended to give 

lateral stability and to share the load between the trusses thus oonneoted. 

Figure 10«    Truss bracing for four», six- and 
sight-truss bridffs 

They are bolted onto the bracing oleata with 25-mm diameter (1") bolts with a 

50-mm (2") square washer under the nut on the timber face» 

Deck bracing 

The deck bracing oonsists of I50 mm x 50 (6" x 2") 1 

diagonally to the underside of the trusses with 100 (4") 

spacers inserted betwean the ohords. 

members nailed 

1 nails driven into 

Deok 

The deok is made from 50 mm (2") wide timber nailed together in a depth 

which depends on the whsel loading (see table 4) and spanned across the trusses 

as shown in figures 9 and 10. Running boards are fixed on top of theae members 

in ths direction of the span which have an essential function in distributing 

wheel loads over several cross members and should not be omitted or reduced in 

sisa« 
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Bearing» 

Hale and feemle bringt are loceted in the end» of the basic panels ( ••• figura 

14)*    A 12 MB plate is used throughout, the off-outs fro« the top corners 

serving as at iff ene re.   the pin sise depends on the pin used in the panela and 
will be either 32 am or 3d sa. 

Figure 14.   Bearings located in the baaio panel enda 

B. 

FINALE 

The sequence i a indi oat ed graphically in figure 15. 

Seleotion of timber-speoies and stress grada 

TableB of timber species from different parte of the world are given in 

annex III.    This is not a comprehensive listing but it  includes suitable timbers 

made known to the expert by about 50 national forest departments.    Botanioal 

names are given to avoid confusion when using trade or vernacular names. 

Grading rules (see annex II) are used to classify timber from any 

particular species as being of grade 75& 6Q# or 4856»    These grades are then 

used in annex III to determine the stress grade for the bridge design.    It ia 
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figaro 15.   Dooign procooo 
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obvious that a standard set of gradin« rules has to be used where standard 

designs are involved.    Local grading rules may be uaed provided that they are 

comparable with the standard set.    It has to be ensured that the looal grading 

rules include all the defects given for any grade in annex II, and that the 

maximum defect permitted is not exceeded. 

If the s tre ss grade for a timber which is not included in the list has to 

be determined, the stress grades applying to unidentified timber of that region 

should be used. It should be noted, however, that there are many timbers which 

by virtue of their durability, seasoning characteristics and working properties 

are unsuitable for bridge-building. 

In doubt  refer to the local forest  departments. 

¡¿adjjtf 

Designs for 12 different load specifications are given in figure 16, 

including loadings H and HS of the American Association of State Highway 

Officials (AASHO) and British Standard HA loadings.    Typical truck and trailer 

configurations are alBO shown in figure 16 for comparison with the standard 

loadings. 

Highway bridges,  on which there is  likely to be heavy truck loading, 

should normally be designed for a minimum load of H20.    Bridges for rural 

access roads can be designed for less heavy loadings but it  should be remembered 

that there  is a tendency in all countries for loads to increase.     Bridges of a 

limited capacity should be protected against over-lo.iding by height barriers 

or maximum load signs and when traffic  loads  increas : considerably the capacity 

of the bridge should be    augmented by the addition ol' extra trusses. 

Determining the design (number of trusses) 

After determination of the timber stress grade and selection of the loading 

applicable in a given situation, the design (number of trusses) can be read 

directly from table 1.    For loads which are not  indicated in table 1,  the 

maximum live-load bending moment and the end-reactions have to be determined 

first.    Designs can then be read from table 3 which shows available live-load 

bending moments and end-reactions for different spans and timber stress    grades. 

The 8afe load tables (table 2) give    the maximum capacity of single- 

oarriageway bridges when supporting a single-tracked vehicle with its weight 

evenly distributed over 4 »• 
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Figart 16,   Loaiiaf» 
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teilt 1.   ftwtor of truMM naaáa* for * fiva* »M Mí Ua4ii« 
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M?0 4 f 8 • . — . — 
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freak 1 t 2 4 4 4 « 6 8 — 

freak 2 4 4 < « 8 8 - - - 



- IT - 

U**i9¿/ 
6 

Span (») 

9 12 15 13 21 ?4 27 30 

K 10 2 2 2 4 4 4 6 6 3 

H 15 4 4 4 4 6 6 3 - 

N 20 4 4 4 6 3 - - - 
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Lo «di ne 
t/ Span (•) 

6 9 12 15 13 21 24 V 30 

H 10 2 2 2 2 4 4 4 6 6 

H 15 2 2 4 4 6 6 3 3 

M 20 2 4 4 4 6 3 - - 

HS 15 4 4 4 6 8 3 - - 

Ri 20 4 4 4 6 3 - - - 

2/3 Râ 2 2 6 6 3 - - - 

HA 4 4 3 - - - - - 

Indian ] i 2 2 4 4 6 3 - - 

fr*ll«r 1 4 4 4 6 6 3 - - 

frailar 2 4 4 4 6 3 - - - 

Truok 1 2 2 2 2 4 4 4 6 6 

tnaok 2 4 4 4 4 4 6 6 8 ~ 
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• 20 t 4 
2 8 10 

2/1 M > 2 . 

» 2 4 

MM • 2 2 
« 

frailar 1 2 2 
*           4'            4 4 

frailar « 2 2 
0 10 

fraak 1 2 2 4 
4 

fraak 2 2 2 2            «               J 8 
6 
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ffcbl* 2.    Safa lo*da 
(Tont) 

A.     T»0-trttM  oonatmctlnyi 

Straaa 
ffnd« 6 9 12 15 "^ft— 2Í 24 S?   '•• —w 
M 5.3 4.4 3.9 2.7 2.2 1.6 1.2 0.8 0.5 
r 5 6.7 5.5 4.9 3.4 2.8 2.0 1.4 0.9 0.6 
F7 8.1 7.0 6.3 4.5 3.7 2.8 2.1 1.5 0.8 
F 8 10.9 9.0 8.1 5.8 4.7 3.6 2.6 2.0 1.4 

F ti 13.8 11.5 
8.6 6.0 4.9 3.7 2.8 2.1 1.5 

10.4 7.4 6.1 4.7 3.7 2.9 2.1 

F 14 17.0 
13.0 8.4 5.8 4.7 3.5 2.6 1.9 1.3 
14.1 12.8 9.7 7.9 6.2 5.0 3.9 3.0 

F 1? 16.8 12.8 8.2 5.5 4.5 3.3 2.4 1.6 1.0 
13.9 12.6 10.0 8.2 6.4 5.0 4.0 3.0 

F 22    27 
16.7 

12.6 7.9 5.1 4.3 3.0 2.1 1.3 0.4 
*nd 34 13.7 12.3 9.6 8.0 6.1 4.7 3,7 2.7 

B.    Foulât ruai ooruit ruction 

Strass 
Span » 

Crtd« 6 9 12 15 10 l\    '" 24 27 30 

F 4 5.5 4.6 4.1 3.0 2.3 1.6 1.2 0.3 0.5 
F5 6.9 5.7 5.2 3.8 3.0 2.1 1.6 1.1 0.8 
F7 8.8 7.3 6.7 4.9 3.7 2.8 2.2 1.6 1.1 
F 8 10.7 9.4 8.6 6.4 4.8 3.7 2.9 2.2 1.6 

F 11 14.1 11.9 
9.1 6.6 5.0 3.8 2.9 2.2 1.6 

10.9 8.1 6.2 4.8 3.3 3.0 2.3 

F 14 17.4 
13.5 9.0 6.5 4.8 3.6 2.7 3.0 1.3 
14.6 13.4 10.4 8.0 6.3 5.0 4.0 3.1 

F 17 17.3 
13.4 8.9 6.3 4.6 3.4 2.5 1.7 1.0 
14.7 13.3 10.3 8.3 6.5 5.1 4.0 3.1 

F 22   27 17.2 
13.2 8.7 6.1 4.4 3.1 2.2 1.3 0.6 

Md 34 14.4 13.1 10.6 8.1 6.2 4.8 3.7 2.7 
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0.    ai».trttM ooMtruction 

Strtaa 
grada 

Span   (•) 

IT ly 15 IT ir w 30 

r 4 
F 5 
F7 
F8 

P 11 

F 14 

P 17 

F 22   27 
MMt 34 

P4 
P5 
P7 
re 

pu 

P 14 

P 17 

P 22   27 
•J* 34 

5.6 4.6 
7.0 5.8 

8.9 7.4 
11.3 9.5 

14.3       12.6 

17.6 

17.5 

13.6 

14.8 

13.6 

14.8 

13.4 

14.6 

4.2 3.1 2.3 1.8 1.3 1.0 0.7 

5.Ì 3.9 3.0 2.5 1.3 1.3 1.0 

6.3 5.1 3.9 3.0 2.4 1.9 1.4 

8.7 6.5 5.0 4.0 3.2 ?.5 2.0 

9.3 6.8 5.2 4.1 3.2 2.6 2.0 

11.0 8.3 6.4 5.1 4.1 3.3 2.7 

9.2 6.7 5.1 4.0 3.1 2.4 1.3 

13.6 10.6 8.3 6.6 5.4 4.4 3.6 

9.1 6.6 5.0 3.3 2.9 2.2 1.5 

13.5 11.1 3.6 6.9 5.5 4.5 3.6 

9.0 6.4 4.8 3.6 2.6 1.9 1.2 

13.4 10.9 3.4 6.7 5.3 4.2 3.3 

Straaa 
T— "TT— 

Span (m) 

grada 12             15               18 21 24 37 5ó 

5.6 
7.0 

8.9 
11.3 

17.6 

17.5 

17.4 

4.7 
5.9 
7.5 
9.6 

14.3       12.1 

13.7 

14.9 

13.6 

14.8 

13.5 

14.7 

4.4 

5.4 

6.9 

8.8 

9.4 

11.1 

9.3 

13.7 

9.2 

13.6 

9.1 

13.5 

3.2 

4.0 

5.1 
6.6 

6.9 
8.4 
6.8 

10.7 

6.6 

11.2 

6.6 
11.1 

2. A 

3.1 

4.0 

5.1 

5.4 

6.6 

5.3 

3.4 

5.1 
8.8 

5.0 
8.6 

1.8 

2.4 

3.1 

4.1 

4.3 

5.3 

4.1 

6.8 

4.0 

7.1 

3.8 
6.9 

1.4 

1.9 

2.5 

3.3 

3.4 

4.3 

3.3 

5.6 

3.1 

5.8 

2.9 
5.6 

1.0 

1.5 

2.0 

2.7 

2.7 
3.5 
2.6 
4.6 

2.4 
4.7 

2.2 

4.5 

0.3 

1.1 

1.6 

2.1 

2.2 

2.9 

2.0 

3.3 

1.8 

3.9 

1.5 
3.6 
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Tabi« 3*   Livi load bendine   aoMuti 
•ad end reaction« 

A.    yrtn jradey 4 

MUaber of 
trunes 

12 

Span   (m) 

15 18 21 24 27 30 

a 71 68 
b 226 214 

0 226 214 

a 147 142 

b 460 444 
0 460 444 

a 223 217 

b 694 673 

0 694 673 

a 299 292 

b 928 903 

c 928 903 

64 61 56 54 51 47 
196 173 145 111 73 29 
196 173 145 111 73 29 

138 133 129 124 120 115 
420 389 352 308 257 200 

420 389 352 308 257 200 

212 206 200 195 189 184 

644 606 560 505 442 370 

644 606 560 505 442 370 

285 279 272 265 258 252 

867 822 767 702 626 541 

867 822 767 702 626 541 

111 

135 

135 

173 

290 

290 

245 

445 

445 

Bt    Stress grade F 5 

Humber of 
truesee  "g" 12 

Span   (m) 

15 21 24 27 30 

a 89 85 81 78 74 70 66 62 

b 283 268 248 222 190 153 109 60 

0 283 268 248 222 190 153 109 60 

a 184 179 174 169 164 159 154 ,149 

b 574 555 528 495 453 404 347 283 

0 574 555 528 495 453 404 347 283 

a 278 2?2 266 260 253 247 241 235 
b 865 841 809 767 716 655 586 506 

0 865 841 809 767 716 655 586 506 

a 373 366 358 351 343 336 329 321 

b 1 155 1 128 1 089 1 039 979 906 824 730 

0 1 155 1 128 1 089 1 039 979 906 824 730 

58 

5 

5 

145 

211 

211 

229 
418 

418 

314 

624 

624 
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Wmbw of Fpan   (B) 

truiHB 6 9 12 15 IS 2\ 24 27 30 

a 114 110 105 101 96 92 88 83 79 

2           b 360 344 320 291 254 211 161 105 42 

o 360 344 320 291 254 211 161 105 42 

a 234 229 223 217 212 206 200 195 189 

4          b 729 708 679 64O 593 538 474 401 320 

0 729 708 679 64O 593 538 474 401 320 

a 355 348 341 334 327 320 313 306 299 

6           b 1 099 1 073 1 037 990 932 864 786 697 598 

0 1 099 1 073 1 037 990 932 864 786 697 598 

a 475 467 459 450 442 434 426 418 409 

8           b 1 469 1 438 1  395 1  339 1  271 1 191 1 098 993 375 

c 1 469 1 438 1 395 1  339 1   271 1  191 1 098 993 875 

D. Stress jjrade P 8 

Humb«r of Span   (m) 
t raises 6 9 12 15 16 21 24 27 30 

a 146 141 136 131 126 120 115 110 105 

2            b 459 440 413 379 337 287 230 I65 9i 

0 459 440 413 379 337 287 2 30 I65 93 

a 299 293 286 280 273 267 260 254 247 

4           b 928 904 870 827 773 710 637 555 463 

0 923 904 870 327 773 710 637 555 463 

a 452 444 437 429 421 413 405 397 389 

6           b 1 398 1  369 1 328 1  275 1 209 1  133 1  045 944 33? 

0 1 398 1  369 1   328 1  275 1 209 1  133 1   045 944 832 

a 606 596 531 578 569 559 550 541 532 

8             b 1 868 1  833 1 785 1 722 1 646 1 556 1  452 1 334 1   202 

0 1 868 1. 833 1 785 1 722 1 646 1 556 1  452 1 334 1   202 
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E.    gtrjBe gr|4e f 11 

Vunbi ir of 
•ta 

Span (m) 
6 9 12 15 18 21 24 27 30 

a 184 179 173 167 161 155 150 144 138 
2 b 483 461 430 390 343 283 220 146 63            • 

0 578 557 526 487 439 382 317 242 159 
a 376 370 363 356 348 341 334 326 319 

4 b 978 950 912 862 802 730 647 554 449           • 
0 1 170 1 143 1  104 1  054 994 922 340 746 641              • 

a 571 562 553 544 535 527 518 509 500 
6 b 1 473 1 440 1 393 1  334 1  260 1  174 1 074 961 8 55 

0 1 762 1 728 1 682 1  622 1 549 1 462 1   362 1  249 1  123 

a 764 754 743 733 722 712 702 691 681 
8 b 1 969 1 930 1 875 1  8O5 1 719 1 618 1   501 1  368 1   220 

0 2 353 2 314 2 260 2  189 2  104 2 002 1  335 1  753 1   6O5                        ] 

P.     Í atraes «rade F 14 

Bimba r of 
108 

Span    (m) 
truci 6 9 12 15 18 21 24 27 30 

a 227 220 213 206 200 193 186 180 173 
2 b 479 455 420 374 319 253 178 92 - 

0 734 708 674 628 573 508 432 347 251 

a 463 455 446 438 430 421 413 404 396 
4 b 975 943 899 843 773 692 597 490 371 

0 1 483 1 451 1 408 1  351 1 282 1  200 1 105 998 879 

a 700 690 680 67O 660 649 639 629 619 
6 b 1 470 1 432 1 379 1  311 1  228 1 130 1 016 838 744 

0 2 232 2 194 2 141 2 073 1 990 1 892 1 779 1  650 1 507 

a 936 925 913 901 889 878 866 854 842 
8 b 1 965 1 921 1 859 1 779 1 682 1 568 1 435 1  286 1 118 

0 2 981 2 937 2 875 2 796 2 699 2 584 2 452 2 302 2 134 
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o. 

Ralbar of 
tru»B«e 

Span    (m) 

6 9 12 15          18 "•2T- 
24 27 30 

a 225 217 209 202 194 186 179 m 164 
2             b 477 448 408 357 294 219 133 36 0 

0 769 740 700 649 586 511 425 328 219 

a 461 451 442 433 423 414 404 395 385 
4              b 972 936 886 322 744 651 544 423 283 

0 1  555 1 520 1 470 1 406 1   328 1   235 1  128 1  007 372 

a 697 686 675 663 652 641 629 618 607 

6            b 1 466 1 423 1  364 1 287 1   194 1  083 9^5 311 649 
0 2 342 2 299 2 240 2 163 2  070 1 959 1 831 1  637 1  525 

» 934 920 907 894 831 868 854 341 328 
8             b 1 960 1 911 1 842 1 753 1  644 1  515 1   366 1   198 1   010 

0 3 128 3 079 3 010 2 920 2  312 2 683 2 534 2 366 2  178 

H. ä*£l§? grades P 22,  27 and H 

*»bar of 
trusaa* 

3pan    ( m ) 

6 9 12 15 18 21 u " 2f  —w 
« 222 213 205 196 187 178 169 160 151 

2              b 473 440 394 334 261 174 74 0 0 

0 765 732 686 626 553 466 367 254 128 

» 458 447 436 425 414 40, 593 382 371 
4            b 967 926 869 795 705 598 475 336 180 

e 1 551 1  510 1 453 1  379 1   289 1   182 1 059 920 764 

a- 694 681 668 655 642 629 616 603 590 

6            b 1    461 1 412 1 344 1 256 1   149 1   022 876 710 525 
0 2 337 2 288 2 200 2  132 2 025 1  898 1 752 1  586 1 401 

» 930 915 900 885 87O 855 339 824 809 

3            b 1 955 1 898 1 819 1   717 1  593 1 446 1 277 1  O85 870 

0 3 123 3 066 2 987 2 885 2 761 2 614 2 445 2  253 2 038 

ft«    Available «haar (kV) 

b«    Available bendine aoaent light abord (Ml •) 

e.    Aval Ubi« banding ««want haavy attor* (kl •} 
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Btilrof th* A<ok 

Table 4 indicates reoommended eiaes for deck members for different wheel 

loads and timbers of various atre« gradea.    If timbers are used that are likely 

to wear quiekly,  a harder or denser apeoies should be used for the running 

boards.    This will probably be the case with most timbers of stress grade P11 

and i»elow.    An alternative is to fix a chequer piate on top of the boards which 

acts as a wearing surface. 

Table 4«    Stoic design 
(depth of deck required in m) 

  

Who? 1 
load, 

(t) 

Stress grade 

14 IT  —ff  '"f'S tU PU H7 F22 F27 

"*           \ 
1 100 100 75 75 75 75 75 75 75 75 

2 125 125 100 100 100 75 75 75 75 75 

i 150 150 125 125 100 100 loo 75 75 75 

4 

5 
6 

— 150 125 125 100 100 100 75 75 

150 125 125 100 100 100 75 

- - - - 150 125 125 100 100 100 

». FUE .. • lá- ut-ira— 

Wheel 
strese grade 

lead 

ill  
1 

IT FÖ -m m 'Hf Mi rr\ F34 

T5 75 75 75 75 75 75 75 75 75 

2 100 75 75 75 75 75 75 75 75 75 

J 
4 

100 100 100 75 75 Î5 75 75 75 75 

1t5 100 100 100 75 75 T5 T3 75 75                • 

$ 150 1*5 100 100 100 T3 75 T5 75 75               • 

1 150 115 115 100 100 100 75 75 75 75 
• 
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ix. raoounwr or MATHIIALS AID ASSBOLY 

A.    Stool procurement 

It is assumed that steel with a maximum tensile strength of 435-494 If/mm 

( 28-32 t/in2) and a minimum yield stress of 236 H/am2 (15.25 Vin2} is used. 

Mild steel fron the Majority of producers will oonply to this standard; 

sub-standard steel should not be used.    In case of doubt government or private 

•ateriale testing laboratories should be consulted regarding the quality of the 

steel in question.    In soae places difficulties have been experienced in 

obtaining supplies of bars of a larger diameter.    If they are not available 

froa stuructural steel merchants, mechanical engineering suppliers may have 

shaft steel of the required size on stock.    Shaft steel is usually made of an 

alloy different from steel and has to be welded with special rods, depending 

on its composition. 

The quantities of steel required per panel are given in table 5. 

tent and treatment 

Timber of the species and stress grade foreseen^in the design should be 

ordered and the timber should be allowed to dry.    The actual time 

required for drying will depend on the species, the method of drying, and 

the olimate. 

It is an advantage to order timber in such lengths that pieces can be out 

with a minimum of wastage.   IVen if a premium is oharged on orders for speci fio 

lengths, this will normally still be cheaper than having a high rate of wastage 

whan outting from random lengths. 

A check should be made on dimension and green timber must be sawn oversize 

to allow for shrinkage during drying. The actual amount of oversize will again 

depend on the species. 

Pattine to size 

The dimensions of the panel components are given in figure 4«    The Jigs 
shown on figure 5 can be used for outting to size.    Timber oan be «aim greenj 

this will be necessary if the diffusion method of treatment is used. 
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*Mt 5. Quantities of steal r«quir«d par panal 

(weights and surface areas of steel platee include drill holes and bevel offouts) 

Figure  Plate 
nuabar 

19 

20 

23 

23 

26 

26 

28 

24 

25 

27 

21 

22 

26 

26 

27 

29 

29 

1 

U 

2 ohord 

2A chord 

3 

4 

5 

6 ohord 

6A ohord 

8 

9 

9A 

10 

11 

13 

»ring 
ie) 

Bearing 
(female) 

Surface (m ) Weight (kg) 
Length of round bar 

(m) 

mm 9 ma      12 mm    I5 mm     6 mm   9 mm      12 ram    15 mm    32 mm p 33 mm p   50 

0.086 

O.094 

0.325 

0.268 O.O54 

0.017 

0.017 

O.056   0.012 

O.485   0.015 

0.402 

0.022 

0.086 

0.094 

O.OI7 

O.OI7 

0.012 

O.OI7 

O.OI7 

O.O77 

0.091 

O.09I 

§/     Heavy duty. 

68 pea    58 mm long}    48 pee    100 mm long) 
Length of 12 mm p round bari   approx, 8,2 m 

»ile or cane! 

100   ma x 4.88 m p appro«, 1,1 kg 

6.05 

6.64 
O.055 

O.055 
15.27 

12.59 5.07 

1.64 

1.64 O.055 

2.64 0.84 

21.85 1.05 

18.88 9.2Í 
0.32 

6.O5 

6.64 

1.64 

1.64 

0.84 

0.06 

0.06 

8.55 

8.55 

0.055(0.055)^ 

Bo Ite per panel 

12 mm ¿ 
25 mm 4 

25 ma 4 
WMham 

2 pos 
1 pes 

2 pos 

150 mm    long 
150 mm long 

250 mm long, with 2.75-aa 

< 
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The 27-oun diameter holes can be drilled at this stage, although it is 

permissible to do this after the assembly,  provided that the holes are 

individually treated with preservative, 

A tolerance of 2 ram can be regarded as acceptable for pre-sawn timber 

components.    Oversize components will not fit the assembly jig.    Quantities of 

timber required per panel are given in table 6. 

Table 6,    Quantities of timber required per panel 

Member a/ Size (ma) Length ordered <•) Number per panel Volume (m 

1T 250 x 50 3.3 2 O.O825 
2T 200 x 50 2.4 4 O.O96O 
3T 150 x 50 1.7 2 O.O255 
4T 
Total 

100 x 50 1.3 2 0.0130 

0.2170^ 

1/ See figure 4» 

V Set volume in assembled panel - 0, ,191 m3. 

It  is outside the scope of this report to describe fully all methods of 

timber seasoning.    The design calls for timber dried to within 5# of the equilibrium 

moisture content (3IC),    9IC is the value which would be attained in service and 

which depends on the humidity of the air and the tropical region.    The following 
•ay be used as a rough guide t 

»C It) 

Hot dry region (desert, savannah or 
aorub land) 

Tropical highland (above 1,500 •) 

Tropical coast and rain forest 

10-12 

12-14 

14-18 

Tha moisture oontent is most conveniently measured by using a moisture 

••tar.    Insure that the probes are long enough to reach the oentre of the timber. 
Steep moisture gradients are found in some timbers and measurement at the surfaoe 

may give a false impression of the moisture oontent of the whole piece. 
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Moat »o i J tur« ntiri are calibrated for •peoi e« from th« tMMnti WM| 

tharafora offioars of th« Ifctional Porast Departíante should b« Mk«4 for 

calibration data required for looal timber«. 

Air dryinf 

fbr »ir dryinf, whioh is th« »o«t ooMon «ethodt tiibar «hould b« staokad 

und«r oover on a well-drained surface, ol«ar of th« ground, as shown in 

fiffure 17. 

Where a concrete base is not practicable the «oil under the stack »hould 

be poisoned with an appropriate inaeotioid« solution having long activity to 

prevent possible termite attack* 

Figure 17.    Staokin* prooedure for air-dryinf of timbar 

i^^:r^Ah^A 

CMCKTt SIM, 
ninni sin 
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Th« thiokneea of th« stiokers will ustaUly b« »beut 13 m. Iter timbera 

known to b« diffioult to ••Mon 12 aa-atiokera should b« used. Ute atiokera 

should bo plao«d directly under on« another, 

Th« ti»« r«quir«d for ••esoni ng will d«p«nd on th« ap«oi«s and th« oliaate* 

Soae aoftwooda in tropical oliaatea reagir« only 6 w««ks whila BOM of th« danaar 

hardwood« n««d at leaat 25 w««ka, 

Th« ende of a«ab«rs tend to dry mor« quiokly than tha othar part and should 

ba oovarad with polython« or paintad with bituaan to pravant aplittinf.    Thia 
is particularly important for dans« hardwood«. 

Solar kilna 

Fi4*ur« 18 shows a solar kiln based on a design developed for th« Uganda 

Por«st Department.-' In this type of kiln air is heated in the roof cavity 

and than circulated around the timber stack by one or more fans. With thiB 

method the time required to dry hardwoods could be reduced by up to 505É and 

it would clearly be attractive where plain air drying presents difficulties. 

Figure 13.     Solar kiln 

A«    View from the rear with fans 
above the absorber 

\J    For further information see "Solar kilns - their suitability for 
developing countries" by R.A. Plumptre (ID/WXJ.I5I/4). 
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B. Front view showing absorbers and 
method of powering fans 

, = '<• 

The amount of vent used,  the stacking arrangements and the volume of air 

flow will depend on the species  being dried and some experimenting will be 

needed to determine these.    Experience with the original kilns  indicated that 

the air flow should be reduced in the early stages of drying,  when high moisture 

gradients are to be avoided, but can be greatly increased later. 

Conventional kiln drying 

Ulis net hod will only prove economical when production of the bridges is 

linked to the manufacture of other products requiring dried timber. 

Low-cost hot air kilns using oil drums or similar means should be employed with 

oaution as severe degrade has been experienced with this type of driers, 

*—tBMlt 

nie heartwood of most of the hardwoods listed in annex III   oan be 

regarded as durable.    Where aapwood, softwoods or non-durable hardwoods are 

used some method of chemical treatment will be necessary.    Of the two methods 

described hereunder - diffusion and pressure treatment - the former has the 

advantage of requiring little capital expenditure but is not suitable in oaaes 

where timber is continually wet. 
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The diffusion prooess 

A concentrated solution of suitable chemicals is applied to the outer surface 

of green timber;    the solution diffuses into the interior of the material by 

molecules moving down a concentration gradient.    The chemical usually applied 

in this process is known as BPCA and is a borofluoride-chrome-arsenic-compound 

whioh is highly tenniticidal.    Fungal growth is prevented by adding 1% sodium 

pentachlorophenate.     The chemical is soluble in cold water,  and a solution of 3036 
by weight in water  is recommended. 

The minimum moisture content required in the timber is 5$ nh.<oh means that 

the treatment should be carried out within a week or two after felling.     By this 

method the precut  pieces are simply dipped in the solution (alternatively a 

spray race may be used),  then stacked closely and wrapped in plastic sheeting. 

The timber is left   for four to eight weeks depending on the specks and then 
stacked to season in the usual way. 

The depth of penetration may be tested by using the following test   reagents: 

_.    .   {*}    Solution A:    Add  10 g of turmeric powder to  100 ml of 95* methanol/ 

f      er thf'r    the m^Ure f0r °ne hOUr Under a -flux -ndensorf OoÎÎZ/ filter the solution.     This  solution should be prepared freshly every two months; 

v     ¡>)    » Iff ion B:    Add 20 ml concentrated hydrochloric acid to 30 ml of 
95*i ethanol/methanol and saturate the solution with salicylic acid.    Allow 
solution to stand and filter off excess  solids.    This  solution will not  spoil. 

Control pieces  of 1  m  length are treated with the  standard components.    After 

treatment thin biscuits (10 mm thick) are cut, at  least  200 mir, away from the 

end of the piece.    The slices are dried if not already seasoned.    Then solution 

A is sprayed uniformly across the entire surface of a piece.    After five minutes 

solution B is evenly sprayed on,  taking care to saturate the wood.    The samples 

should then be allowed to stand for 10 minutes. 

A red colour indicates 0.3* boric acid equivalent.     In general a 9-mm depth of 

penetration of 0.3* treatment can be regarded as satisfactory.    If the depth is 

less than 9 mm,  a larger diffusion time  is required. 

It  is important  to remember that the salts are poisonous and dangerous both 

in dry form and as a solution.    All persons handling the material should wear 

protective clothing and wash their face and hands before breaks and at the end 
of the day. 
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Preeaure treatment 

fm prooeeeee are in general used, on« oall«d   th« "full-c«ll" pro o e« s and 

th« other the "«mpty-cell" proceee.   In the full-oell procese water-borne preser- 

vative« are applied while for the empty-cell procese - «xo«pt in oaa«« of v«ry 

»«v«r« exposure - oil-born« préservât i vee are used.    The standard preservatives 
are i 

fttJimtivt oil« and oil-born« preservative« 

Oreosot« 

Creosote-ooal-tar solutions 

Or«o«ot«-potroleum solutions 

Pantaohlorophenol 

Obpper naphthanate 

Mater-born« pr«g8r^iv» 

Chromat«d sino chloride (CZC) 

Oopperized chromât ed zinc Chlorid« (CCZC) 

nmalith (wolnan salts) 

Acid ooppor Chromate (Celcure) 

Ohromate copper arsenate (ASCÜ,  dmnnlt, mndelith) (00á) 
Zino mata arsenite (aia) 

Aamonioal coppor arsenite (Chemonite) 

Ohroaated sino arsenite (Boliden «alt) 

Ih« olioic« of th« preaervative to be used depends on it« availability and it« 

«ort.    All preservative« ara reported to be «ff«otiv« «fainat tarait« attack ; 

tor UM in tropioal climat«« it is recommended to add to the pentaohlorophenol 

«I l«Mt 1% of a persistant ohlorin»ted hydrooarbon inaaoticid« auch as. Lindan« 
•r Aldrin. 

(•)   lit fr««-9tta WWW   "•• **•*•* which has b««n seasoned to n«ar 
it« final moistur« oontent. 

n   Sü^'fÍÜ^ Ín ÎÎVtrefttrnt blinder and apply a vacuum to remove 
th« air from th« oylinder and, a« much a« po««ibl«, from th« wood. 

2*   Heat tha preaarvative to alifhtly above treatment temperature and 
feed it into th« oylind«r without admitting air.   Treatment 
temperature« for oil-borne «id«oet water-borne aolutiona should 
be between 88° C and 93°P and 20C°F) j   those for ohromium malta 
•hould be about 70°C (160ÜF) to avoid precipitation of the preserva- 
tive. 
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3.   Mum the cylinder is filled, apply pressure until the required retention 
of oil has been achieved.    (Recommended retentions are given belo«) 
The pressure and the time of treatment required to achieve these 
retentions depende on the species and the pressure used, ranging from 
7 to 14 kg/oar (100 to 200 lb/in2).    Many softwoods are sensitive to 
high temperatures and pressures and damage may occur at pressures 
above 10 kg/om2 (140 lb/in2). 

4*   Withdraw the preservative from the cylinder. 

5. Apply a short final vacuum to remove excess preservative. 

6, Leave the timber to dry until it reaches service moisture content. 

(b)    The e«>ty-oell prooeast    Two empty-cell processes are in common use, 
the Rueping and the Lowry process.    The following is the general procedure for 
the Rasping procese: 

1. Seal the timber into the treatment cylinder and introduoe air under 
pressure.    The pressure used and the time   of application varies acoord- 2 
ing to the species.    Usually pressures of 2 to 14 kg/01"   (35 to 200 lb/in ) 
are applied for about 10 minutes or less. 

2. Pump the preservative into the cylinder and allow the air to escape 
while maintaining the initial pressure.    This is achieved by uBing an 
equal i ting tank. 

3, When the oylinder is full of preservative increase the pressure 
and maintain it for a sufficiently long time to give tha required 
retention,.   Pressures will vary between 10 and 14 kg/cm   (140 and 
200 lb/in ) with softwoods being treated at the lower pressures. 

4, Apply a final vacuum to remove surplus preservative from the cylinder. 

The Lowry process is similar to tha Rueping process, the only difference 

being that no initial air pressure is used and that the air expelled from the 

oylinder by the introduction of preservative is at atmospheric pressure. 

retentions for bridles 

Oteosote 

Oreoeote-ooal-tar so lut ions 

Oreoeote-petroleum solutions 

Pentaohlorophenol 

(topper naph-khmaate 

•et rat eut ion 

am^l3 lb/ft3 

96 6 

* 6 

112 7 

9« 6 

H 6 
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Celeur« 

Chomonite 

Chromated zinc chloride 

Tanalith 

Bol iden salt 

Chromated copper arsenate 

kg/»3 

*T" 
5 

12 

6 

8 

8 

Het retention 
lb/ft3 

0.3 

0.75 

0.35 

0.50 

0.50 

Facilities for checking the net retention usually exist in most 

government materials laboratories. 

C.    Steel components 

Patting and drilling 

Dimensions of steel components are shown in figures 19-29« All components 

except the chords may be flame cut provided the tolerances of +1 mm for chords 

and      +1 mm for all  other steel   components  are not 

exceeded.    Drill holes should be set out by centre-punching through templates 

made from 24-gauge steel sheets. 

In some countries the standard length of the 100 mm x 6 mm atrip f^om 

which the steel chords are made is 6 m.    This means that   there   is considerable 

wastage if the standard chord Mc 2,  which is 3.1 m  long,   is cut   from a standard 

strip.    In such cases it  is preferable to use the alternative chords 2A and 6k ?hown 

in figures 23 and 25. 

When testing steel components, most failures have been found in welds. 

It   is important,  therefore,  to  follow the drawings  in regard to weld size 

rigouroualy,  particularly when a pin is inserted through a hole  in a plate and 

welded on the reverse side,  such as in panel plates  1 and 9. 

Under no circumstances should components be made up by welding together 

shorter or smaller pieces of steel except where specifically indicated on the 

drawings. 

Where steels of different  composition are to be welded together the 

remarks made under section A "ateel procurement" of chapter II apply* 
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0.   Fanti assembly 

The »•••ably jig is shown in figures 30 and 31. The truss is assembled 

in two halves, each consisting of one piece mark 1T, two pieces nark 2T, one 

piece mark 3T and two pieces mark 4T. 

Preservative treatment by one of the methods previously described should 

should have been carried out after cutting« 

The two  200 mm x 50 mm (8" x 2") diagonals mark 2T are placed in the jig 

with their upper edges against the diagonal guideB and the strut mark 3T is 

positioned between them and centred.    The 250 mm x 50 mm (10" x 2") chord 

mark 1T is placed across the diagonals and centred on the marks shown on the 

end guides.    These members are then fixed in position with a 100 mm (4") nail 

at each intersection. 

Plates 5 and 1 or 1A (9 or 9A for heavy construction) are placed in 

position.    One half of the panel is assembled using plate  1   (or 9)» the other 

half using plate  1A (or 9A) so that the completed panel will have a bracing 

oleat on one side only.    Use the loose template, as shown in figure 30, to 

position plates  1  or 9* 

A hole of a diameter equal to that of the pin plus 6 mm and having a 

depth of 6 mm is then drilled or cut in the members mark 2T to allow plate 1 

or 9 to lie flat.    All plates are centered using the marks on the jig and fixed 

in position with 50-mm (2") nails in the 3-mm (1/8") holes provided.    Drill 

12HMB holes through the plates into the timber using a stop on the drill as 

shown in figure 32      to give a hole of 50 mm (2") depth where the hole is over 

a single member and of 100 mm depth where the 200 mm x 50 nun diagonal crosses 

the 250 mm x 50 nun chord.    Insert in all holes dowels of a length equal to the 

depth of the hole by tapping with a light  (1 kg) hammer. 

Assemble the second half of the panel in the same way.    Bow lift the half 

panel with plate  1  (or 9) and place it  in the jig,  face down,   i.e. with the 

oonnector plates against the jig bed.    Place the other half with 1A (or 9A), 

face up, on top of its and centre all plates again on the centre marks.    Drill 

the two diagonals with 4-mm (5/32") holes using the template shown in figure 33 
and nail with 100-mm (4") nails.    It has been assumed that  100 mm nails will 

be 4.88 mm (SWO 6) thick. 
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Fijare 3t*   ¿if for drillt* hol« **ro«fh «ha pl*ta« 

Xnaert tuo filleti »arte 4T between the ohorde «ark 1T and drill «ad nail 

with 100 M (4") «111 at 150 a» (6") eentres.     Then drill «ad fix with two 12 

É teli« ueinf 50 m aqaare itubiri, 3 a* thiek on »»oh •id«. 

Lift the panel out, turn it over and nail fi Hata «ark 4T fro« tha othar 

aida aneurinf that natii ara staggered by 75 •• (3"). Stack vertically raady 

for welding. 

Tha dowela ara tack-welded first,   ftuure that tha welda do not project 

fro« tha faoa of tha plata by «ora than 2 «a (1/16").    *>w »aid plate 3 (or 11) 
at on« and and plate 4 (or 12) at tha othar, each in tha centre of the vertical 

facaa of plate« 5 and 5A.    «naure that a full-lenfth 6-aai (1/4") weld ia «ade 

on all vartioal edfee. 
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rifu* 33«   felli!« template 

Complete the panai by fitting two 275**a (11") bolts in the ohord with 
waaherB on the unprotected timber faoes and one 175-«» (7") bolt in the bottom 

of the strut.   One bracing cleat  13 is fitted at this stage«    Do not attempt 

to force the bolts through the holes |    they should be inserted by tapping with 
a light hammer. 



» 

• 

- 63 - 

III.    IKBOriON 

»nor.« or hollow-blook foundation, are not deecribed In this report, 

lt i0 a.eum.d that th-. Ill have been prepared beforehand. The dirt«. 

r.,uired between the faoee of the abutment, are indioated in figure 34 together 

with details assumed at the bearings. 

A.    Components and erection equipment 

Table 7  lists all components reared for contracting a bridge according 

to the instructions given in this report. 

lection equipment for wet crossing 

Table 3 lists the equipment  requxred for a crossing where intermediate 

supports cannot be used.    The winches are of the «Tirfor« type and while 

these «. not essential they have been found to be very satisfactory, « use. 

m all cases the maximum load per cab!e - when the di-nsions x. tabi. 9 

applied - is 1.6 t (except where noted). 

flection -Ariffflf *»" drv Q">MiMC 

The dry-crossing method does not rehire th. purchase of special equipment 

.uoh as winches etc. and is preferable if continuous intendiate support  xs 

available under the span. 

frjgarjUÌJÌ 

*,ot .h«r um - *«-' *-* <~,liur* 35)-   •"" T "** fr°"^ 
130 - (6") di—t.r ti-ber pol- or 100 - (4») rt-1 *>»•' (- "«"" 36)- 

»tabli-h anchor, on th. line of th. eh«r lag. for oabl. anchorage.    Thi. 

i. »ad. by burying a log «it» • .t-1 »I» »»»<*•* in » ""** " °*°m "   „ 
C * J£   — -t th. rope i. 1- « - .«. - - --; 

I, cutting a groove a. .how» in th. drawing.    A».r»tiv.ly a tre. gro«i»g 

a suitable location may be used. 

¡r~0»d.r th. n- projaot "»»•>»<•-*. '* "" $£?££l£ p«a»<rtlon 

» 
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A •tandil« ©able it inserted between the shear legs M shown in figure 35 
•ad attached to winch lb. 1 which is in turn shackled to an anchor on tht far 
sidt.   Adjust the slack in ths wir« to fivs ths required length hanging between 

pulleys (see table 9)* 

Table 7*    Componenti 

A. 

Span (a) 

Ooaponent 12 15 18 21 24 27 

Panel 4 
Chord 4 
Vertioal braoing 4 

feaoWit^ 2* nut s 8 
1 washer) 

6 8 

8 12 

6 8 

12 16 

10 

16 

10 

20 

12 

20 

12 

24 

14 
24 
14 

28 

16 

28 

16 

32 

18 

32 

18 

36 

30 

20 

36 
20 

40 

Horizontal 
braoing ' 

Decking,*/ 
excluding waste 

2 3 4 5 6 7 8 9 10 

156 684 912 1 140 1 368 1 596 1 824 2 052 2 280 

tunning strips,* 
excluding waste 
(>) 48 54 72 90 108 126 144 162 180 

Kerb,*'e»luding 
waste (m) 

12 18 24 30 36 42 48 54 60 

Bearings 4 4 4 4 4 4 4 4 4 

Bearing bolts 
(each with 1 nut) 8 8 8. 8 8 8 8 8 8 

150-ssi (6 in) 
nails (kg) 14 22 30 37 44 52 60 67 74 

100-s» (4 in) 
nails (kg) 53 78 104 130 155 180 205 232 258 

Temporary 
ereotion 
braoing (•) 20 30 40 50 60 70 80 30 100 
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B,    Paur-tru— brida» 

Ctaponant 
Span ( a) 

6 9 12 15 18 .   21 24 27 30 

Panel 8 12 16 20 24 23 32 36 40 
Chord 8 16 24 32 40 48 56 64 72 
Vertioal 
bracing 8 12 16 20 24 28 32 36 40 
Bracing boIta 
(•ach with 2 

nuts,  1 washeri 16 24 32 40 48 56 64 72 30 
Horizontal 
bracing 

Decking,-' 
•xoluding 
waste (m) 

4 6 8 10 12 14 16 18 20 
456 584 912 1 140 1  368 1 596 1 624 2 052 2 280 

Running strips, y 
excluding 
waste (m) 

48 54 72 90 108 126 144 162 180 

Karb,^ 
•xoluding 
waste (m) 

12 18 24 30 36 42 48 54 60 

Bearings 8 8 8 8 8 8 8 8 8 
Bearing bolts 
(each with 1 
nut) 

16 16 16 16 16 16 16 16 16 

150 m (6 in) 
nails (kg) 14 22 30 37 44 52 50 57 74 
100HM (4 in) 
nails (kg) 53 78 104 130 155 180 205 232 258 
Twporary 
•rootion 
braoing (•) 24 16 48 60 72 84 96 108 129 
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Panel 

Chord 

12 

12 

18 

24 

24 
36 

30 

48 

36 

60 
42 
72 

48 

84 

54 
96 

60 

108 

Vertioal 
bracing 8 12 16 20 24 28 32 36 40 

Bracing bolt* 
( aaoh with 2 
nata,  1 waaher) 16 24 32 40 48 56 64 72 80 

Horizontal 
bi*acing 

Backing,*' 

4 6 8 ' 10 12 14 16 18 20 

excluding 
Maate (m) 456 684 912 1 140 1 388 1 596 1 824 2 052 2 280 

Running 
•trips §/ 
excluding 
waste (m) 48 54 72 90 108 126 144 162 180 

Kerb*/ 
excluding 
waste (m) 

Bearings 

12 

12 

18 

12 

24 

12 

30 

12 

36 

12 

42 

12 

48 

12 

54 

12 

60 

12 

Bearing bolts 
(aaoh with 1 

nut) 24 24 24 24 24 24 24 24 24 

150 ran (6 in) 
nails (kg) 14 22 30 37 44 52 60 67 74 

100 BIB (4 in) 
nails (kg) 53 78 104 130 155 180 206 232 258 

Temporary 
erection 
bracing (a) 24 36 48 60 72 84 96 108 120 
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Osaponsnt 

Span (•) 

i Ï 12 15 18 21 24 27 38 
Psnsl 16 24 32 40 48 56 64 72 80 

abord 16 32 46 64 80 96 112 128 144 
fsrtiosl 
brsoinf 8 12 16 20 24 28 32 36 40 
Brsoinff bolt« 
(••oh with   2 
nuts, 1 MMhir) 16 24 32 40 48 56 64 72 80 
HoriBontal 
braoinf 4 6 8 10 12 14 16 18 20 
Dsokinf,*' 
•aoluding 
wssts (•)          4,56 664 912 1 140    1 m 1 596 1 824 2 052 2 260 

Ihinning »trip«* 
•»Indine 
NUtl  (•) 

t»T\P 
•aoludinf 
Miti (•) 

46 

12 

54 

18 

72 

24 

90 

30 

108 

36 

126 

42 

144 

48 

162 

54 

180 

60 
Btftriaga 16 16 16 16 16 16 16 16 16 
iMtrinf bolts 
jj|É*h with 1 

I5CH» (6 in) 
mils (kff) 

32 

14 

32 

22 

32 

30 

32 

37 

32 

44 

32 

51 

32 

60 

32 

6T 

32 

74 
100-s*(4 in) 
Mill (kff) 53 78 104 130 155 180 205 232 258 

Tsnporsry 
•rtetion 
bmoiaff (•) 24 36 48 60 72 84 96 108 120 

•/     Bar aiits sss tsbls 4 sad fifurs 42* 
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Table 3. Wet crossing equipment 

Item 
»umber required 

Tirfor winches or Bimilar 1.6 t or 3 t (*ee table 9) 

Deuble-sheaved blooks »afe working load 3 t 

Single-sheared blook, safe working load 3 t 

Bow sheokles, safe working load 2 t 

anchor wires (see figure 37) . 

Suspension wire with safety hook, 1 - 30 mr* 

Rear and forward haul wires with safety hooks, 1 - 15 r 

Rear and forward harness (see figure 39) 

Shear legs 

4 

2 

1 

8 

2 

1 

2 

2 

2 

Temporary horizontal bracing (100 x 50) 

•ails for the above 

»V  1 . hanging length between pulley. (••• t«U W« 

Table 9. Launohing data 

SM table 7 

JSL 

Length (l) 
hanging 
between 
vertical 
•hear legs 

(•) 

6 

t 
12 

15 

18 

ti 

M 

ff 

30 

12.4 

12.4 

15.5 

19.0 

22.5 

26.0 

26.3 

32.3 

35.1 

Maximum 
permissible 
sag (h) in 
oable between 
shear legs 

(•) 

4 

4 
4 
4.5 

5 
5 

5 
5.5 
5.5 

Maximum wieght 
of panel when 
using 1 • 6-t 
winch a/ 

(kg) 

240 

240 

240 

200 

190 

160 

m/    Par heavier panels 3-t winohee. 

Approximate weight of 

14 

F5 
IT 
16 

f11 

f14 

FIT 

F22, 24«  27 

106 

118 

131 

147 

165 
166 
206 

237 
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Initial assembly 

The trusses having vertioal braoing between them are erected first. 

Assemble two pairs of panels together with the chords under the cent e of one 

, shear leg with permanent vertical bracing and temporary horizontal bracing in 

position as shown in figure 37« Secure the chords with 6-mm pins or nails and 

nail 100 mm x 100 mm fillets between them. Note that one truss is reversed to 

»    allow the bracing lugs to face inwards. Attach the lifting harness shown in 

figure 39 to the front of the leading panels. 

Shackle snatch block to the harness and attach it to the standing cable. 

Shackle winch no, 1 to anchoragef lead the rope through the double sheave blook and 

attach it to the front harness as shown in figure 37« 

Initial launoh 

Use winch no, 2 to pull the assembly out onto the span using timber 

levers to ease the bottom of the panels over obstructions. It is important that 

the bottom chords are always in tension and initially it may be necessary to 

use winch    1 to ensure this. 

Successive launches 

Attach a further pair of panelB to the assembly together with the 

permanent vertical and temporary horizontal bracing. Use winch no, 2 to pull 

the assembly out onto the span as shown in figure 40, Repeat the process until 

all the panels in the span have been assembled. 

Final stage 

Shaokle winch no« 3 to its anchor.    Use winches 2 and 3 to bring the ends 

of the assembled truss over the bearings.    Before lowering the truss, attach 

it to the end panels and secure it with nails in holes.    Lower the assembled 

t trues onto the bearings using winches 2 and 3 and Blaokening winch 1 at the 

same time.    While lowering, the. trusses can be moved easily sideways by using 

levers at each end     (see figure 41)* 
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•Ble deoking is fixed as shown in figure 42.    The temporary horizontal 

bracing íB removed from one bay at a time and the deck,  together with the 

permanent horizontal bracing(  is fixed in position.    A new bay can be started 

when the previous one has been completed. 

Erect  the decking on the first bay when all extra trusses have been 

fixed in bay 2.    Repeat this procedure for the remaining bays,   erecting the deck 

progressively one bay in arrears, 

Bxt •••a trusses 

The method described above can be used satisfactorily for bridges with 

two or four trusses.    Por more than four trusses the additional panels are 

launched one at a time before the peimanent horizontal bracing and decking is 

fixed.    The standing cable and winches  1  and 2 are used to carry the panels to 

their final location. 

Attach the first panel with a wire sling to the snatch block on the 

standing cable,  and use winches 2 and 3 to transport  it  to the first  position 

(see figure 43).    Place two 100 mm x 100 mm (4" x 4") bearers of 4 m  length 

across the erected trusses and lower the panel into them with the bottom facing 

its final  location (see figure 44).    Slide the panel into vertical position 

UBing the winches and bearers as  levers and locate it  in bearing.    Level the 

top of the panel with the erected trusses and secure temporarily with the 

support  shown in figure 45« 

Erect the remaining panels in the first bay using the same means.    Place 

staging    across chords of erected trusses  in the first and second bays. 

Position    the panel in bay 2 using the same procedure as for bay 1 and attach 

the chord to first and second panels.    Remove the temporary support by slightly 

raising the panels and use it to support the second panel.    Repeat for all 

panels in bay 2, and for all remaining bays. 

Completion 

Complete the bridge by adding kerbs, handrail and running strips (see 

figures 42 and 46 to 49). 
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C    Bnrorossing method 

•motion fmte 

Frames of the type shown in f iéfure 50 should be prepared.    Only two are 

recpiired   for spans up to  15m and three for spans longer than this.    The 

height should be the maximum dietanoe between the stream bed and the underside 

of the panel top chords plus 300 mm (12"). 

Levelling 

Stretch a line across the span close to the final position of the outer- 

most truss.    It should be at the level of the top of the panel at the nearside 

end and 10 mm per metre of span higher at the far end to allow for camber in 

the trusses.    This means that only the first  bay of panels will  be level with 

the stringline and that  the remaining ones will be successively below this level. 

Truss erection 

As with the wet-crossing method the pairs of trusses with vertical bracing 

are ereoted first. 

Place one female and one male bearing on the foundation and fit two 

panels onto them with the other ends supported by an erection frame (see figure 

51).    Position both panels level with the stringline by moving the bottom of 

the frame in the line of the span and by adjusting the folding wedges. 

Attach the permanent vertical bracing and permanent horizontal bracing as shown 

in figure 39. 

Repeat the prooess using a second erection frame on another pair of panels 

as shown in figure 52.    When all bracing has been fixed remove the first frame. 

Successive frames, up to a maximum of five pairs, are then added in a similar 

•anner. 

When the span is longer than 15 n> leave one frame in position as a temporary 

support and oontinue the process using one additional frame. 

tage in truss erection 

When the laBt bay has been erected place the bearings at the end of eaoh 

panel.    If theBe do not touch the foundation, folding wedges have to be placed 

under each bearing before the temporary staging is removed.    These may be 

knocked out when the structure is free. 
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sot the remaining tmsses in the sane way.    Single trusses may be ereoted 

using the same soaffolding frames but each panel must be attached at both ends 

to a fully-braoed pair after erection. 

Wien all the trusses have been erected complete the structure aB described 
for the wet-crossing method ( p. 78). 

D.    Oonoreting and earthworks 

Plaoe holding-down bolts in the pockets provided and grout with a 113 cement 

aortar (see figure 53).    Backfill foundation to finished road level. 

Soil poisoning should now be carried out where termite attack is endemici 

An area of about  5 m x 5 m should be excavated to a depth of 300 mm and the soil 

heaped.    Mix the heaped soil with 100 litres of one of the following rfaber 

emulsions t    aldrin 0.5^j    dieldrin 0.5)6}    chlordane 1.0J&;    or benzene 

hexachloride 0.8%.    Replace the soil and compact as usual, 

Oomplete the bridge by concreting behind the bearings to give a level 
running surface. 

Figure 53.    Anchor bolt« 
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PAX» TEST POR TDŒR PAULS 

This test it not intend«! to give an absolutely reliable proof of bridge 

sti-ength but should be used to determine or verify the oorreot etrese grade of a 

fi ven tiaber.   The teat ia suitable up to grade F 14|    above thie grade failure 
in the eteel dowels is to be expected. 

Specifically the test is to proof the strength of the diagonals in tension; 

this is considered a good overall indication, as tiaber strength tends to be aore 
variable in tension than under other loadings. 

Por the test prooeed as follows i 

Place a panel in the rig shown in figure 54 and support it on two standard 

bearings.    Remove the 250-ma through bolts from the top chord together with any 

nails used at this intersection for temporary fixing.    The I50 ma x 50 aa central 

strut  is strengthened by the addition of two 150 am x 50 ma members, O.75 a 

long, nailed on either side with 100 mm nails at I50 mm centres.    Insert a mild 

25 •• x 75 na steel key of I50 mm length in the strut to rest on the top of the lower 

plates (1 or 9) to give a stronger connection at this point.    Place a hardwood 

loading pad on top of the strut and ensure that the pad is clear of all members 

and able to pass between them.    Finally place dial gauges calibrated to read 0.1 m 

at each end of the panel in the positions shown in figure 54. 

Two tests are considered neoessary. 

Desia« load test 

Depending on the stress grade of the panel to be tested, the following 
design loads should be applied! 

_. Bssign load 
E*fff Pint» it) 

»4 7.8 

*5 9.7 

T 12.3 
W 15.6 

HI 19.« 
H4 24*8 
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Apply the load over a pari od not exceeding 15 mirait eB and then maintain 

it for 24 hours.    Take readings of each gauge 15 « imites after application of 

the load and later at one hour intervals«    The load is then released and a 

final reading taken 15 minutes later. 

The panel is regarded as satisfactory when l 

(a) The rate of increase of deflection during the 24 hours of the test 
•                   is the highest at the beginning and decreases towards the end of the test ; 

(b) The residual deflection is not «ore than 2 aa. 

ulti—te load teBt 

The panel should now be loaded to destruction over a period not exceeding 

JO minutes.    The following Binismm ultimate loads are regarded as satisfactory I 

Minima ultimate load 
gtrtff ut*«  ili  

F4 19.5 

F5 24.2 

«7 30.7 
re 39.0 
FÏ1 49.0 

M4 62.0 

• 

• 



• 
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CHUDDPO Un« FOR TDOatt 

•toh pieoe of tiabar should be truly sawn and be free fro« deoay, shakes, 
splits, fraotures and oooluded branch stubs. 

The following iaperfections are permitted for the three gradee under 
consideration, subjeot to the indicated linite. 

1. Maxiaua knot siisi 

Depth of seotion 
(— ) On f»os On sdge 

250 40 12 

200 30 12 

150 20 12 

100 15 12 

The overall disensión of knots in groups should not exoeed these values. 

2. The slope of the grain should not exoeed 1 in 15. 

3. Seasoning oheoks should not exoeed 400 sa in length and 3 sai in width 
and aust not extend fron one aurfaoe to another. 

4. The following saxiaua permissible values ( in sai) for spring, bow and twist 
should be observed1 

ftÜfif £ow Twist 

1T                          5 20 10 

2T                           6 15 10 

3T                          3 10 5 
4T                          3 5 5 
fertioal bracing 3 10 5 
Deck                     12 

• of 
20 

lanata  
5 
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5. Kb wane or sapvood suaoeptible to inaect   attack should be permitted. 

6. Fissures admitting a feeler gauge of 0.15 a« thioknees should not be longar 

than 15 mm in 50-mm wide aembers and 30 an in 100-aa wide aeabers. 

7. Oust pockets or overgrowths of injury should not exceed 300 mm in length or 

12 a« in width on one face of the timber.    Where a pooket extends from one face 

to another the width should be less than 6 an. 

1.   Maximum knot size: 

Depth of section 
(mm) On face 

60 

On edge 

250 20 

200 50 20 

150 35 20 
100 25 20 

The overall dimensions of knots in groups should not .exceed these values. 

2. Slope of grain should not exceed 1  in 10. 

3. Seasoning checks should be not longer than 400 am. 

4. Spring,  bow and twist should not exceed the values given for 75^ grade. 

5. Wane or sapwood susceptible to insect attack should be maximally i of the 

width of the face being considered, 

6. PiBsures admitting a feeler gauge of 0.15 mm thickness should not be longer 

than 20 mm in 50-mm wide members and 40 am in 100-aa wide members. 

7. Oum pockets or overgrowths of injury should not exoeed 300 mm in length or 

20 am in width on the face of the timber.    Where a pocket extends from one 

face to another the width should be less than 6 ma. 

*°* ***** 

1,   Maximua knot eiset set 

Depth of seotion 
9JLÍI2S 

75 250 25 

200 60 25 

ISO 45 25 

100 30 25 
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The overall dimensions of groups of knote shall not exceed these values, 

2, Slope of grain should not exceed 1  in 8. 

3, Seasoning cheoks should not be longer than 600 nun. 

4, Spring, bow and twist should not exceed the values given for 75# grade. 

5, Wane or sapwood susceptible to insect attack should be maximally T of the 

width of the face being considered. 

6, Fissures admitting a feeler gauge of 0.15 mm thicknesb should not exceed 

25 an in 50-œm wide members and 50 mm in 100-<nm wide members, 

7, Sum pockets or overgrowths of injury should not  exceed 300 mm in length or 

25 mm in width on the face of the timber.    Where a pocket extends from one 

faoe to another the width should be less than 9 nun. 

( 
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tot* i1! 

8TM88 ORAOS OF COMMON TIKBHl SPECKS 

A.    Indian timbers 

Species Strength 
group 

48* 

Visual graded 

60* 75* 

Pterooarpus mareupium 

Soymida febrífuga 

Xylia xylocarpa 
(ayn. X. dolabriformis) 

Pterocarpus dalbergioides 

Tectona grandis 

Albizia lebbeck 

Lagerst roam ia lanceolata 

Kingiodendron pinnatum 

Xylocarpus granatum 

(ayn» Gara pa granatum) 

Albizia odoratissima 

Madhuca longifolia 
vart  latifolia 

Dalbergia sisoo 

Dalbergia latifolia 

Cedrus deodara 

Ougeinia oojemeimeneiB 

I^BOiylum ma labari cum 

34 F8 P11 F14 

32 P14 P17 P22 

31 P17 P22 P27 

33 P11 Fl 4 Fl 7 

S4 P8 P11 F14 

S4 P8 F11 Fl 4 

S4 F3 F11 F14 

34 P8 F11 F14 

35 P7 F8 F11 

32 F14 F17 F22 

35 P7 F8 P11 

S4 P8 P11 F14 

S4 P8 F11 P14 

S5 P7 F8 F11 

S5 F7 F8 F11 

34 P8 F11 Fl 4 
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Spec i «8 Strength 
group 

Visual graded 

'48* 605Í 

PI4 

75* 

DIoomomia guianenis S3 P11 PI7 
Clathrotropis spp. S2 PU PI7 P22 
Bagassa guianenis 32 PU PI7 P22 
•anilkara bidentata 31 PH P22 P27 
Oootea rubra S5 P7 P8 P11 
Oootea rodiaei 31 PI7 P22 P27 
Qualea rosea 33 P11 PI4 P17 
Ooupia glabra S3 P11 PI4 P17 
Ischweilera longipes and B. 

subglandosa 
31 Fl 7 P22 P27 

Synphonia globulifera S3 F11 FI4 P17 
Mora exoelsa 32 FU PH P22 
Terminalia amazonia 32 PU FIT P22 
PinuB oaribaea 34 P8 F11 PU 
Peltogyne app. 32 FU PI7 P22 
Oalophyllu« app. 34 P8 P11 PU 
Hieronjm app. *   S3 F11 FM PH 
Diplotropie purpura* S1 PH F22 F27 
Hua irla JEPJ 33 F11 FU FI7 
Teotona grandie 34 F8 F11 FI4 
•pena app. S1 PH F22 F27 
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Strängt h 
group 

Viaual grada• 
Spaoiaa 

48* 60* 75* 

Parieopaia «lata S3 F11 F14 F17 
(gyn. Afroraoaia alata) 

Afztli» africana S3 F11 F14 F17 

A. balla 

A* bipindaneia 

A,  paohyloba 

A« «piantonaia 34 P11 F14 F17 

aningaria f£g. 36 F5 F7 F8 

Bai llontl la sSk» 34 F11 F14 F17 

Autranalla oongolanaia 32 F14 F17 F22 

Burkaa afrioana 32 FI 4 F17 F22 

Chloraphora axoalaa 35 F7 F8 F11 

Ooula «dulia 32 F14 F17 F22 

Crypto ••pali»« ataudtii 32 F14 F17 F22 

Fiptadania gabunanaia 32 F14 FH F22 

(jQ* Qjrlioodiacua gabunanaia) 

Diataaonanthua danbtbaaianua 
banthaaianua 

34 F11 F14 F17 
•aoalyptu« panioulata 31 F17 F22 F27 

•aoalyptua propinqua 32 F14 FI 7 F22 

Quarta cadrât a 85 F7 F8 F11 

Ottibourtia aj£. 

0. arno Idi ana 33 F11 F14 F7 

0. oolaoeporaa 85 F7 F8 F11 

0« daaauaai 83 F11 F14 F17 
0. ahi« 81 F17 F22 F27 

0. pallafriniam 81 F17 F22 F27 

0. taaaaanii 82 F14 F17 F22 

Khaja JBB' 

K» anthotaoa               1 

I. IVONMia                      V 86 F5 F7 F8 

K. nyaaioa                  J 

K. grandifolia             [ 
K. ••nagalanaia           ) 84 F8 F11 F14 
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Species 

Lophira s pp. 

Mammea africana 

Manilkara lacera 

Mansonia altissima 

Microberlinea 
brazzavillenenis 

Strength 
group 

Visual grade 

S4 

S3 

MimUBOpS   BPD. 

M*  callophilloides 

M* oboyata 

M.  djare 

(ayn.   Baillonella toxisperma) 

K. congolenais syn. 

( ayn« Aut rone Ila congolensis) S2 

M. heckeli 

(ayn» Tieghemella heckeli)       S5 

M. africana 

(gyn»    Tieghemella africana) S4 

Morus mesosygia 

Hauelea spp. 

Nesogordonia papaverifera 

Oxyatigma oxyphyllum 

Dacryodes edulis 

PinuB app. 
Low denBity (below 600 kg/m ) 

High density (above 600 kg/m ) 

ProBopsis africana 

Pterocarpus angoleñais 

Pterocarpus eriaceua 

Pterocarpus soyauxii 

Sacoglottis gabonenais 

Stromboaia Bpp. 
Heritiera utilia 

(syn« Terrietia utilia) 
Term inalia ivo renai a 35 

48# 

P8 

P11 

P14 

F7 

P8 

6C# 

P11 

P14 

PI 7 

P8 

P11 

75# 

S2 P14 P17 P22 

S4 F8 P11 P14 
S1 P17 P22 P27 
S4 P8 P11 P14 

P14 

P17 

P22 

F11 

F14 

S1 P17 P22 P27 
S4 P8 P11 P14 
S3 P11 P14 P17 

S4 P8 P11 P14 
S4 P8 P11 F14 

S7 P4 F5 F7 

35 F7 P8 P11 

S3 P11 P14 P17 

35 P7 P8 P11 
S3 P11 P14 P17 
34 P8 P11 P14 
S2 F14 P17 F22 
S2 P14 P17 P22 
S5 P7 P8 F11 

( 

F7 P8 P11 
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D. Timbera from the Paoifio region 

Species Strength 
group 

4856 

Visual 

60JÊ 75* 

Galophyllum kajewski 

Pometia pianata 

Intsia bijuga 

Intsia palembica 

Pterocarpus indicus 

Eucalyptus deglupta 

Homalium foptidum 

Hopea papuana 

Hopea forbesii 

Hopea iriana 

Hopea glabrifolea 

feotona grandis 

Eucalyptus tereticornis 

Manilkara kanosieneis 

Heritiera littoralia 

Palaquiuo go mei 

Terminal ia »pp. 

T. brasei, T, kaernbachii 

T. faveolata 

T* oatappa, T. microoarpa 

T, oanalioulata, T. oomplanata 

T. oalamanianii 

T. aolomoneniia, T. 

T. oapelandi 

Sjtygivm •££. 

Araucaria   guntitainii 

Cleietooalyx spp. 

( muAoioalyptue j££, (exoept thoee 

Cleietooalyx myrtoides 

(iQ* (A* myrtoida«) 

Ì 

Ì 
} 

S4 P8 P11 

S4 F8 P11 

S2 P14 P17 

S3 P11 P14 

S4 F8 P11 

S7 P4 P5 
S2 P14 P17 

S2 P14 P17 

S3 P11 P14 

31 P17 P22 

31 P17 P22 

34 P8 P11 

33 F11 P14 

31 F17 F22 

33 P11 P14 

S3 PU P14 

37 

35 

36 

F4 

F7 P8 

rr 

S3 F11 F14 
36 F5 F7 

82 F14 F17 

34 F8 F11 

P14 

P14 
P22 

P17 

P14 

P7 
P22 

P22 

P17 

P27 

P27 

P14 

P17 

P27 

F17 

F17 

F7 

F11 

F8 

F17 
F8 

F22 

F14 
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Species Strength 
group 

Visual grade 

4# 60)1 75* 

Aletonia sono lari a 37 F4 F5 F7 
Amoora cuculiata 36 F5 FT F8 
Ani soptera polyandra 35 F8 F11 FU 
Anthocephalus chinenais 37 F4 P5 F7 
Oampnosperma brevipetiolata 37 F4 F5 F7 
Draoontomelun puperulum 35 F8 F11 FU 
Elmerrillia papuana 36 F5 F7 F8 
Bidospermum medullosum 37 F4 P5 F7 
Eucalyptus deglupta 34 F8 F11    ' FI4 
Vit ex coffassuB S7 F4 F5 F7 
Agathis dammara 37 F4 F5 F7 

(JXS* (A. alba)) 

Fagraea gracillpes 31 F17 F22 F27 
Kyrietica spp. 36 F5 F7 F8 
Podocarpus neriifolius 34 F8 F11 FI4 
Garcinia myrtifolia 33 F11 FM PH 
Qonystylus punctatus S3 F11 FU FI7 
Heritiera ornithocephala 33 F11 FU " FI7 
Sevianthes myriademia S5 F7 F8 F11 

Daerydiurn intrioatus 36 F5 F7 F8 
Agathis vit iensiB 35 F7 F8 F11 
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Species Strength 
group 

Visual grade 

48* 60* 75* 

Hopea piagata 31 P17 P22 P27 

Hopea phillippinensis S2 Pi 4 P17 P22 

Vatica mangaohapoi S2 P14 F17 P22 

Intsia bijuga S2 P14 P17 P22 

Ctenolophon philippinensia S2 P14 P17 P22 

Pagraea fragrane S3 P11 PI 4 F17 
Eusideroxylon zwageri S1 P17 P22 P27 

Madhuca ut ili s S1 P17 P22 P27 

Palaquium ridleyi S3 P11 P14 P17 
Palaquium stellatum S3 P11 P14 P17 
Balanocarpus gheimii 31 P17 P22 P27 

Vatica spp. S3 P11 P14 P17 
Dipterocarpua spp« S3 P11 P14 P17 
Dryobanalops  app. S3 F11 P14 P17 
Koompasaia malaccensis S2 P14 P17 F 27 

Hopea acuminata S2 P14 P17 P27 

Shorea spp« 

3. glauca "j 
S. maxwelliana 

3,  semini s » balau S1 P17 P22 P27 

S.   laevia 

3.  albida (heavy variety)\ 

S.  collina •) 
3«  guiso ( 
S. kunstleri i    red balau S3 P11 P14 P17 

3.  ochrophloia i 
S.  pauciflora Ì 
S«  curt isii 

S. pachphylla 

S. platycladoa 

35 
>    dark red 
/    meranti 

P7 P8 P11 
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Species Strength 
group 

Visual grade 

43* 60* 75* 

3. albida     ~) 

S. argentifolia 

S« leptoclados 

S* rugosa 

S« acuminata 

S« leprosula 

S. macroptera 

S. ovalis 

S. parvifolia 

S* smithiana 

S* assamica 

S. bracteolata 

S. hypochra 

S* resinosa 

St sericeiflora 

S. faguetiana 

S. gibbosa 

S. hopeifolia 

S. multiflora 

S. resina-nigra 

S. acuminatiss ima 

light 
red 
merant i 

white 
merant i 

yellow 
merant i 

I 
Shorea and parashorea spp, 

P. malaanonan 

Si almon 

S. sqamata 

P. plicata I 

Penacrae conforta J 

Shorea spp. 

5. nogrosensis 

S. poly sperma 

Heritiera spp, 

Anisoptera j££. 

Philippine 
light red 
mahogany 

I 
J 

S6 

S4 

S5 

S5 

P5 P7 P8 

P8 P11 P14 

P7 P8 P11 

F7 P8 P11 

Philippine 
red 
mahogany 

S5 F7 P8 F11 

S4 P3 P11 P14 

36 F5 P7 P8 
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Species 
Strength 

group 43$ 

Visual grad 

60$ 75* 

Qonystylus  spp. 

Sindora spp. 

Capaifera spp. 

(syn.  Pf:eur]o3indora  SDD. ) 

S4 

34 

F8 

F8 

F11 

F11 

F14 

F14 

F. East  African t imberu 

Species 
St rengt h 
group 

Vi suai gradea/ 

e$ ÓOfo 757« 

Capressos   lusitamica S6 F 5 F7 F-i 

Pinus  spp. 37 F4 F 5 F7 

Podocarpus  spp. S5 FY F-, F11 

Juniperus  procera 35 VI Pò F11 

Brachylaena hutchinsii S4 FS F11 F14 

Celt is Goyauxi I 34 p-j F11 F14 

Ent andrò phragma utile 35 F/ F/- F11 

Entandrophragma cylindricum 37 F4 F5 F7 

Eucalyptus  pani culata £33 F11 F14 P17 

Eucalyptus  traligna S 5 P7 pe. P11 

Khaya anthotheca 36 F5 P7 Pr: 

Olea hochstetteri S3 F11 F14 P17 

Prunus africanus S4 F3 F11 FM 

Vitex keniensis S7 F4 P5 P7 

a/      See annex II. 
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Annex IV 

PHOTOORAPHS OP SITE WORK ON SOME BRIDGES IN KENYA BY THE PROJECT STAFF 

1.   Zi-Jiat"'   '">f n.vri  timber 

2. Treatment by dipping into 
preservative solution 

3. Assembly of Baum  components 
onto jig 
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Assembly   dotali   of apex of 
pr<;í;tt.r i ci*.ed  élément 

5.   Bolting metal gtiseet 
plate  on apex of element 

6.Nail   lamination of pre- 
fabricated element 



7»   Welding uf metal   component 
for assembling two  adjacent 
elements 

8.   Weitung of  lugs  for 
filing of cross  bracinp 

9.   Completed elements prior 
to shipment  to  site 
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#'\ff1  *' 

10.   Erection of  tower  supporting 
the cable  used  for   launching 

11.   Digging of trench  to 
anchor the  cable  used 
for launching 

12.  Anchor of cable used for 
launching (in position in 
trench) 
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13«   Pilling jp of trench 

14.   Inserting cable used 
for launching block 15>   Assembly of two elementa 

showing permanent cross bracing and 
temporary etuds for alignment 
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17« Inside of bridge showing 
decking construction and 
incomplete  railing 

16.   Launching of a pair of 
trusses a/ 

18.  View of bridge with incomplete 
and complete railings 

a,' Thir photograph was  taken  on  a different   project  site.   In  this  case   the  tower UBed for 
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19«   Detail of completed railing 

<iu.   Detail  of truoses supporting 
decking 

JÊÊÊÊfWÊÊtNÊf, 

21.  Completed brido» lide 
view 
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22. Completed bridge, showing construction of abutment! 

23. Completed bridge in uee 
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