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Explanatory notes 

References     to  tons  (t)  are to  metric   tons. 

Besides  the common abbreviations and  symbols,   the following have been used 

in this   report : 

AASHO American Association of otate Highway Officials 

BS British  Standard 

EMC equilibrium moisture content 

kN kilonewton 

Mention of firm names and commercial  product« does not imply the endorse- 

ment  of the United Nations Industrial Development  Organization (UNIDO). 

( 
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ABSTRAo" 

i-'nl lowing a request   from the Government  of  the Kingdom of Lao  (now  the 

Ui "eople's   Democratic  Republik   to   the '.inited Nations   Development  "rogramme 

(iiTJnM  and  the   -nited Nattons  industrial   Development    ionization (ITNTTV1Ï   in 

197?  for  te-hm-al  assistance  to  its wood  processing  industries,   ! IN Tin has been 

continuously  involved  sin-e  1973  in providing  technical   assi ctan-e under  the 

pivjti.i,   "Iut.grated wuodw ,rkmg" ( 1'^ 1-A • In ' '1 ^   whu'h  emprises several   smaller 

projects using different   sour-es of financing. 

one  particular  facet  of  this assistance  took  piare when  in April   1976 

UNIDO approved  project  UV /LAO '76    '\ >  entitled ""îlot   plant  for  the production 

of modular  prefabricated   bridges" and   provided   the  services of James   K.   Collins, 

an expert  in  timber  structures engineering,   during  the  periods of 18  October 

1976  to  1«  January  1977  and  3o April   1977   to  26  August   1977-     ':he second part 

of  the expert's  split  mission was covered  by project  H¡ /LAO/77<oo1,   "Develop- 

ment  of  low-cost modular  prefabricated wooden  bridges".     The  purpose of the 

project was  to   introduce  a new concept   in bridge  building,   this  being a modular 

prefabricated  timber  bridge whi ch can  be  constructed  at   a minimum of  cost  and 

was first  devised  during   1973  in Kenya by  the same expert,  who   then worked  for 

the Korest  Department   in  that  country.     His  services were later  secured by 

UNID"  to assist  in  transforming the  fabrication and  erection of the  bridges  into 

a fully  commercial   venture whereby their application could be made available  to 

other developing  countries.    This particular activity  of  the   Integrated Wood- 

working "rojeot was  financed from 'JN Tun's Regular  Programme of  Technical 

Assistance for  the expert   component and UN I DO's General   Trust   l-\ind  for the 

equipment  and   supplies   to  produce the prototype bridge. 

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

of  timber bridges which was used by  the expert  and his   team during  the work  in 

the Lao   'eople's  Democratic republic.     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; 

(bl     The provision for employment  of unskilled   local   labour  in developing 
areas leading to  a reduction in the outlay   of foreign  currency; 

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

(à) The provision of a simple solution in many instances where it is 
necessary to open up new areas of the country for development of its natural 
resources, these low-cost bridges being commensurate with the quality of the 
latente roads for which  they are built. 
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'hey are made up of  triangular truss elementa,   3 m long and about 

The maximum  clear  span is 40 m and  the maximum  designed live load 

male metal  plug, 
These are rivi ted 

The low-cost modular prefabricated wooden bridges have  the following 

technical  characteristics: 

(a) 
1 .5 m high; 

(bi 
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, 
to the wooden frames of  the elements; 

(d) The  timber used  has  cross  sections of  50 mm x  150 mm,   *><) mm x 
200 mm and <j0 mm x  25 > mm.     These chorda are nail  laminated to 
make up  1o) 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; 

(ei    '!he roadway is made up of planking over the top of the composite 
trusses; 

(fi    A  minimum of  two  and a maximum of eight  composite trusses of 
3 m elements are used,   depending on loading,   span and characteristics and grade 
of the timber  species used.    These elements are braced; 

(g)    The abutments are either hollow core cement blocks,   concrete or 
logs anchored  in the embankment  using embedded  logs and cables; 

(h)    "he launching of the bridge is done with a pair of   shear legs, 
pulleys and a set of cables,   one of which    is the catenary holding the 
elements and the other is  the cable pulling the assembled elements over the 
chasm. 
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INTRODUCTION 

For the purpose of offering continued technical assistance in the develop- 

ment of the country's natural resources the United Nations Development Programme 

(UNDP)  and the United Nations Industrial Development Organization (UNIDO)   con* 

tinue their programme of assisting the Government of the Lao Peoples'  Democratic 

Republic through the project entitled "Integrated woodworking" (DP/LAO/74/010) 

as the result of the Government's request  for technical assistance in 1972.    In this 

connection UNIDO provided the services of James E.  Collins,  an expert  in timber 

structures engineering for the periods 18 October 1976 to  18 January 1977 and 30 April 

1977  to 26 August  1977t   t° furnish technical  training in design,   construction 

and erection of a low cost modular prefabricated timber bridge.    It  is hoped 

that this bridge will act as the fore-runner for some twenty bridges of this 

type which Government intends to erect throughout the country over the next 

several years. 

This particular aspect of the integrated woodworking project was financed 

from the Regular Programme of Technical Assistance of UNIDO for the expert 

component  (RP/LAO/76/OIO and RP/LAO/77/OOI )  and the General Trust Fund of UNIDO 

for the equipment and supplies to produce the prototype bridge ( VC/LAO/7 6/027) • 

This technical report is based on a manual which the expert used in 

designing,  producing and erecting the bridge herein referred to.    It describes 

bridges with a span of up to 30 m.    Designs are given for a number of load 

specifications including American (AASHO)  and British (BS) loadings. 

Any timber may be used given reasonable seasoning,   strength and working 

properties and designs for a number of species may be obtained from the tables. 

The basic element or modulo of construction is a timber panel of 3 m 

length.    A number of these are joined with light steel chords to form a ti-uss, 

the full  length of which  is a multiple of 3 m.    Two or moro truauo:: a <• U¡K»I 

to make a bridge. 



- io 

Figuro 1.  Design with bridge dock placed aerose 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 

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

and, with some training, persons without formal qualifications should be able 

to select an appropriate design. 

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

intended for trained technicians.  Close supervision is important and emphasis 

is placed on the use of jigs and templates to achieve the »equi red accurac. 

In particular, weldings must be of good quality to ensure the working load:-. 

indicated in the design tables. 

The proof test described in annex I serves to va'ify the stress grade for 

given timber.  Annex II contains timber gading rules and annex III is a list 

of stress grades for most of the commonly utilised timbar species.  Annex IV 

contains a classification of Lao timbers. 
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I.     DESIGN 

A.     Basic dimensions and bracing 
elements 

It   is  assumed   in the design of  the  bridges  described  in  this   report   that 

each   truss  carries  an  equal   share of  any   load.     However,   this   is only  trae   for 

single-carriageway  bridges.      Bridges  with more widely-spaced   trasses  or having 

wider  ca- nageways will  require  npec:al  consideration. 

Camber   is   built   into   the   bridge   so   that   deflection will   not   prove a 

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

Figure   ,?.     Bridge  arrangements 
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Basic components 

Modular panel 

Modular panels are joined with pairs of chords to form a truss (see figure 6). 

They consist of 50 mm (2") sawn timber membex's connected with steel plates 

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

direction of the span which 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 angles to the plane of the panel to receive the chords.  The pins are m 

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

chord is used the bottom pins are 3:J mm in diameter and where the hear/ chord 

is required they ha/e a diameter of 50 mm.  The top pins are either "32 mm or 

3 3 mm in diameter, the heavier pins being used with timbers whose stress grade 

is F 11 and above. 

Figure 6. Fabrication of a panel 

UB4 

_ sk. 
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Pigure 7.    Truss assembly method 

Chords 

Chords have been designed in two  basic  sizes.     The  lighter size  is 

generally used with timbers of stress grades F 3 or below and the heavier 

one for stronger timbers. 

Trusses 

The modular panels are assembled into trusses.     The number of trusses 

needed for different   loadings,  species and spans  is given in table 1. 
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Figure 3.    Chord designs 

100 mm CHORDS 

--^. é- 
•$^=- 

g^i 

150mm CHORDS 

j t 

Ed- - Ou- 

vert ical   bracing 

There  aro   t.wo   + ype3   of   vertical  bracings.      In a  two-truss   b-idge,   the 

b-acuig   is used  to   impart   lateral  stability  to   the  panels and  it   does  not   act 

a;-  a  load sha-ing device. 

Figure  9.      Truss   bracing for a  two-truss  bridge 
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Tlie component  consists of a simple 130 mm x 50 mm member with 6-mm (|") 

steel connector plates nailed to each end.    These are bolted with 100 mm x 25 mm 

diameter (4" x 1" diameter) bolts  into the bracing lugs on the panel. 

In a bridge with four or more trusses the bracing is  intended to give 

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

Figure 10.    Truss bracing for four-,   six- and 
eight-truss bridge 

They are bolted onto the bracing cleats 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 consists of I50 mm x 50 (6" x 2") mm members nailed 

diagonally to the underside of the trusses with 100 (4") mm nails driven into 

spacers inserted between the chords. 

Deck 

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

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

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

in the 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 

size. 
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Bearings 

Male and female bearing are located in the ends of the ba:;ic panels (::<.<> figure 

14).  A 12 mm plato is used throughout, the off-cuts from the top corne J 

cervini; as stjffeners.  The pin size depends on the pin used in the panels and 

will be either 32 mm or 38 mm. 

Figure 14.  Bearings located in the basic panel ondi; 

FEMALE 

B.    Design process 

The sequence is indicated graphically in figure 15« 

Selection of timber-species and stress grade 

Tables of timber species  from different parts 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.     Botanical 

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 7$,  6(# or 48$.    These grades are then 

used in annex III to determine the stress grade for the bridge design.     It   in 

obvious  that a standard set of grading rules has to be used where standard 

design:.? are  involved.     Local grading rules may be used provided that they are 

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

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

maximum defect  permitted is not exceeded. 

If the stress 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. 
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Figure  15.     Design process 

Identify timber 
species 

Select grade to 
be used 

Specify maximum 
wheel  load 

Determine stress 
grade from 
annex III 

Select  loading 
specification 

Loading shown 
on figure 16 

Loading not 
shown on figure 
 iL 

Calculate maximum bend- 
ing moment and end 
reaction J 

Select deck member 
size from 4 

Determine number of 
trusses from 
table 1 

Determine number of 
trusses from table 

2 
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Another grading classification has been developed for the UNDP/UNIDO Integrated 

Woodworking Project  by  the timber Research and Development Association (TRADA) 

as part of a subcontract given to them by UNIDO for the development of a wooden 

prefabricated community building system for Laos.    It  is given in annex  IV 

which contains an assessment of 44 species of Lao timbers grouped in three 

categories for strength,   durability and shrinkage.    When choosing timber com- 

ponents for the Lao bridge this latter system was applied. 

Loading 

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

including loadings H and H3 of the American Association of State Highway 

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

configurations are also  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-loading by height barriers 

or maximum load signs and when traffic  loads   increase considerably the capacity 

of the bridge should be    augmented by the addition of 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 ha/e 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  . gradea. 

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

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

evenly distributed over 4 ». 
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Figura 16,    Loadings 

RM 
I— 

«X H10 1.900 lbs MOOOIbt. HS 15. 6000lbi îkOOOlbs noooibs 

«X H15 
H 20 

SODO Ibi. 

«ÖGD lbs 

210031b* 

)20Q0lbs 

HS 20 6 000 Ib* 32 OOOtb* 320001b» 

ed 

«/> 

OlStflbutli  \<Hi 
22 00tb/ty^i» 

27000 Ib/tiM 

Initi lije loti i« 

want pati ti an 

I JUX 3 í= 
HA 

littributtd leid 

11000' Ib/jM 

(nifi tdjiUii in 

«ont   position 

*l to'weil for IM«>    "It 

SPA* 

2/3 HA 

1 

O  t/t 
OC M 

0> 
c 

:<-> 

Oiitrtbutid  loíd 

l-Htins/tt/int 

f 

7.2 toni/ini 

liiitt tdplotd 

km 

] torniti 7 tonnn 

Truck 1 

i km 

Stonnts K toniti 

Truck 2 

 Vi»  

ClassB 

a <> 
k«i 

lud MCtiOfl 
I Uni A in 

• *_ 

ilimt 1Ì:O.YIII lOtons 

Trailer 1 

k> 
km Im 

t tonfili 2 fftor.nìs 

Trailer 2. 
1$ tinnii 



- 26 - 

Table 1.    Number of trusses needed for a given span and loading 

A.     Stress grade F4 

a/ 
Span (m) 

Loading 6 9 12 I5 13        21 24 27 ^0 

H 10 4 4 4 4 6 

H 15 4 6 6 6 3 

H 20 4 6 6 6 3 

HS 15 6 6 3 3 - 

HS 20 6 6 8 3 - 

2/3 HA 4 4 6 3 - 

HA 6 8 - - - 

Indian B 4 4 4 6 3 

Trailer 1 6 6 6 6 8 

Trailer 2 6 8 3 3 - 

Truck 1 2 4 4 4 6 

Truck 2 6 6 6 3 3 

B.     Stress grade F5 

a/                                                              Span (m) 
Loading   

12 15 18 21 24      27 30 

4 4             6 

6 6             3 

6 6            3 

8 8- 

3 

3 '   - 

6 3 

6 8- 

6 -              - 

4 4 6 

6 3              3 

H10 2 2 2 

HI5 4 4 4 

H20 4 4 4 

HSI5 4 6 6 

HS"0 4 6 6 

2/3 HA 2 4 6 

HA 6 6 3 

Indian B 2 2 4 

Trailer 1 4 4 6 

Trailer 2 6 6 6 

Truck 1 2 2 4 

Truck 2 4 4 6 



- 27 

C.     Stress  grade F7 

Load ing^ 
Span (m) 

12 r. 21 27 30 

H   >0 

H V, 4 4 

H 20 4 4 

HS r 4 4 

HS 20 4 4 

2/3 HA 2 ? 

HA 4 6 

Indian B 2 o 

Trailer 1 4 4 

Trailer "> 4 4 

Truck 1 2 2 

Truck 2 4 4 

4 

4 

6 

6 

4 

6 

4 

4 

4 

2 

4 

4 

4 

4 

6 

6 

6 

3 

4 

4 

6 
2 

4 

4 

4 

6 

3 

3 

3 

6 

6 

3 

4 

6 

6 

10 

D.     Stress  grade  F3 

a/ 
Loading 

Span (m) 

6 9 12 ^ 13 "M 24 ^7 30 

H 10 2 o .? 2 4 4 4 6 6 

H r. 2 2 4 4 4 6 6 3 ) 

H 20 2 4 4 4 4 6 3 - - 

HS 1 4 4 4 4 6 3 3 - - 

HS 20 4 4 4 4 6 3 - - - 

?/)  HA 2 2 4 6 6 3 - - - 

HA 4 4 6 3 - - - - - 

Indian B 0 2 o 4 4 6 3 - - 

Trailer 1 4 4 4 4 6 6 3 - - 

Trailer 2 4 4 4 4 6 3 - - - 

Truck 1 2 o 2 2 4 4 4 6 6 

T uck 2 4 4 4 4 4 6 6 a 
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E.     StreBS grade F11 

Loading 5/ Span (m) 

12 15 21 24 27 Ì0 

H  10 

H  15 

H 20 

HS 15 4 4 

HS 20 2 4 
2 

2/3 HA 2 2 

HA 2 4 

Indian B 2 2 

Trai lar 1 2 2 

Trai lar 2 4 4 

Truck 1 2 2 

Truck 2 2 2 

F.     3tr.M erad» TI 4 

Loadi J 
H 10 

H 15 

H 20 

i r TT "T5 
Span (m) 

—w 21 24 27 30 

a 
4 

HS 15 

HS 20 2 4 
2 

2/3 HA 2 2 

HA 2 4 

Indian B 2 2 

Trai lar 1 2 2 

Trai lar 2 2 2 

Truck 1 2 2 

Truck 2 2 2 

10 

10 

6 
4 



-  29  - 

O.    Streaa grade F17 

Loading */ Span (m) 

12 15        13 21 24 27 iO 

H 10 

H 15 

H  20 

HS 15 2 2 

HS 20 2 4 
2 

2/3 HA 2 2 

HA 2 4 

Indian B 2 2 

Trailer 1 2 2 

Trailar 2 2 2 

Truok 1 2 2 

Truck 2 2 2 

10 

8 

H.     Streaa gradea F22.   27 and 34 

Load uS Span (m) 

12 15 21 24 27 30 

H 10 

H 15 2 

H 20 2 

HS 15 4 

MS 20 2 

2/3 HA 

HA 

Indian B 2 

Trailer 1 2 

Trailer 2 2 

Truck 1 2 

Truck 2 2 

a/       Por datai la see figure 16. 
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Table 2. 
( 

Safe 
Tons) 

loads 

A.     Two-t ru ^s  construction 

St ress 
ade 

Span (m) 

gl 6 9 12 15 18 21 24 27 30 

F 4 
r>.3 4. 4 3.9 2.7 2.2 1.6 1.2 0.3 0.5 

F 5 6.7 5. 5 4.9 3.4 2.3 2.0 1.4 0.9 0.6 

F 7 '3.1 7. 0 6. i 4.5 1.7 2.8 2.1 1.r; 0.3 

F 3 10.9 9. 0 8.1 5.3 4.7 3.6 2.6 2.0 1.4 

3.6 6.0 4.9 3.7 2.8 2.1 1.5 
F 11 13.ö 11. 5 

10.4 7.4 6.1 4.7 3.7 2.9 2.1 

13. 0 8.4 5.8 4.7 í.5 2.6 1.9 1.3 

F 14 17.0 
14 1 12.3 9.7 7.9 6.2 5.0 3.9 3.0 

1? .a 8.2 5.5 4.5 3.3 2.4 1.6 1.0 

F 17 16.8 
13 .9 12.6 10.0 3.2 6.4 5.0 4.0 3.0 

F 22    27 12 .6 7.9 5.1 4.3 3.0 2.1 1.3 0.4 

and 34 
1o.7 

1 3 .7 12.] 9.6 3.0 6.1 4.7 3.7 2.7 

B.     Four-truss construction 

Span (m) 

Stress 
6 9 12 1rj 13 21 24 27 30 

F 4 '».S 4.6 4.1 3.0 2. 3 1.6 1.2 0.3 0.1) 

F 5 6.9 W 5.n 3.3 3.0 '.1 1.6 1.1 0.3 

F 7 
q.8 7. 3 6.7 4.9 3.7 ".3 2.2 1.6 1.1 

F 8 10.7 9.4 3.6 6.4 4.3 3.7 2.9 2.2 1.6 

9.1 6.6 5.0 3.8 2.9 2.-> 1.6 

F 11 14.1 11.9 
10.9 3.1 6.2 4.3 3.3 3.0 2.3 

13.5 9.0 6.5 4.8 3.6 2.7 3.0 1.3 

F 14 17.4 
14.6 13.4 10.4 8.0 6.3 5.0 4.0 3.1 

1 3.4 8.9 6.3 4.6 3.4 2.5 1.7 1.0 

F 17 17.3 
14.7 13.3 10.3 8. 3 6.5 5.1 4.0 3.1 

13.2 8.7 6.1 4.4 3.1 2.2 1.3 0.6 

F 22    27 
and 34 

17.2 
14.4 13.1 10.6 8.1 6.2 4.8 3.7 2.7 
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C.     Six-truss construction 

Stress Span (m) 

grade é 9 12 15 13 21 ^4 "7 30 

F 4 5.6 4.6 4.2 i i ?. '. 1.3 1. ; 1.0 0.7 

F 5 7.0 5.3 5« ! 5.9 ',.0 2. 1. 5 1.3 1.0 

F 7 •'•.9 7.4 6. i 5.1 ;.9 .0 2.4 1.9 1.4 

F 3 11.3 9.5 8.7 6.5 5.0 4.0 3.2 Vj 2.0 

F 11 14.3 12.6 
9. i 

11.0 

6.3 

8.3 

5.2 

6.4 

4.1 

5.1 4.1 

2.6 2.0 

2.7 

F 14 17.6 
1 \.6 

14.8 

9.2 

1 \.6 

6.7 

10.6 

5.1 

8.3 

4.0 

6.6 

3.1 

5.4 

2.4 

4.4 

1.3 

3.6 

F 17 17.5 
13.6 

14.3 

9.1 

13.5 

6.6 

11.1 

5.0 

3.6 

3.3 

6.9 

2.9 

5.5 

2.2 

4.5 

1.5 

3.6 

F 22 27 13.4 9.0 6.4 4.8 3.6 2.6 1.9 1.2 

and 34 14.6 13.4 10.9 3.4 6.7 5. ". 4.2 3.3 

D.     Eight-truss  construction 

F 4 5.6 4.7 

F 5 7.0 5.9 

F 7 8.9 7.5 

F8 11.3 9.6 

14.9 

13.6 

13.5 

Span (m) 

-g g Ï2 ~ Ï3 21 24 27 30 

0.3 

1.1 

1.6 

2.1 

2.2 

F11 14-3 12,1 ILI <3.á 6.6 5.3 4.3 3.5 2.9 

13,7 9.3 6.3 5.i 4.1 J.> é«U 2.0 
F 14 1?'6        ,„ « 1.7 m.? 3.4 6.3 S.6 4.6 3.3 

4.4 3.2 

5.4 4.0 

6.9 5.1 

8.8 6.6 

9.4 6.9 

11.1 3.4 

9.3 6.3 

13.7 10.7 

9.2 6.6 

13.6 11.2 

9.1 6.6 

13.5 11.1 

1.8 

' 1? 17'5        14.8 n.Ä 11.? 8.8 7.1 5.8 4.7 3.9 

Ld23427       17*4       14.7 "-* 11-1 3-6 6'9 5.6 4.5 3.6 

2.4 1.3 1.4 1.0 

3.1 2.4 1.9 1.5 

4.0 3.1 °.5 2.0 

5.1 4.1 3.3 2.7 

5.4 4.3 3.4 2.7 

6.6 5.3 4.3 3.5 

5.3 4.1 3.3 2.6 

3.4 6.3 5.6 4.6 

5.1 4.0 3.1 2.4 

8.8 7.1 5.8 4.7 

5.0 3.8 2.9 2.2 

3.6 6.9 5.6 4.5 

1.5 
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Table 3. Live load bending moments 
and end reactions 

A.  Stress grade F 4 

Numuer of Span (m) 

trusses 
6 9 12 13 13 21 24 27 30 

a 71 63 64 61 56 54 31 47 - 

2            b 226 214 196 173 145 111 7'. 29 

0 226 214 196 173 143 111 7 3 29 " 

a 147 142 1 V3 133 129 124 120 115 111 

4           b 460 444 420 389 ',52 303 257 200 135 

c 460 444 420 339 352 308 237 200 1 35 

a 22 3 217 212 206 200 195 139 134 173 

6           b 694 6? 3 644 606 36O 505 442 370 29O 

c 694 67 5 644 60Ó 360 30s 44? 370 290 

a 299 292 283 279 272 265 258 232 243 

3           b 923 903 367 822 767 702 626 541 445 

c 923 90 i 367 322 767 702 626 541 445 

B. Stress grade   F 3 

Number' of Span    (m) 

t, russes 6 9 1? 13 13 21 24 27 30 

a 39 35 J'1 73 74 70 66 62 58 

2           b 2-li 26S 243 2?o 190 15 3 109 60 5 

c 23 3 263 248 222 190 15 3 109 60 5 

a 134 179 174 169 164 159 134 .149 145 

4          b 374 
c/;3 323 495 453 404 347 23 3 211 

c 374 333 328 493 45 3 404 347 283 211 

a 273 272 266 260 25 5 247 241 255 229 

6           b 36r) 341 309 767 716 653 536 5O6 413 

c 363 341 809 767 716 653 386 3 06 418 

a 373 366 358 351 343 i<6 329 321 314 

3           b 1   13 5 1   123 1  0;.9 1   0 39 979 906 324 7 30 624 

c 1   133 1   128 1  089 1   0S9 979 906 324 7 30 624 
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C.     Stress grade  F 7 

Number of 

6 9 12 

Span 

15 

(m) 

trusses 18 21 24 27 30 

a 114 110 105 101 96 92 38 33 79 

2             b 360 344 320 291 254 211 161 105 42 

c 360 544 320 291 254 211 161 105 42 

a 234 229 223 217 212 206 200 195 139 

4            b 729 7 Od 679 640 593 9 53 474 401 320 

c 729 703 679 64O 59 J 513 474 401 320 

a 355 343 341 334 327 320 m 306 299 

6               b 1  099 1 07; 1  037 990 9Ï2 364 786 697 593 

c 1  099 1  073 1  0 37 990 9 52 364 786 697 593 

a 47 5 467 459 490 442 434 426 413 409 

3             b 1  469 1  433 1   í9s 1   339          1 271 1   191 1  093 993 375 

c 1  469 1  43.3 1   599 1    ',39          1 271 1   191 1  093 993 375 

D. Stress  grade F 3 

Number of Span (m) 
t rustie» 6 9 12 IS 16 21 24 27 30 

i 146 141 1 36 1 31 126 120 115 110 105 

,!                   b 4''9 440 41 3 •79 5 37 237 2 30 16s 9! 

C 4'9 440 41 '. '•79 5 57 237 2 30 169 93 

i 299 29 < 2 3 ó 2 30 27 5 267 260 254 247 

4              b 92-' ) 04 •:70 '-27 77 5 710 6 37 s 5 S 46 3 

c .»2 - 904 •17O 327 773 710 6 37 555 46 3 

a 4' .2 444 437 429 421 41'. 405 397 "39 

6             b 1    Í9" 1   i 69 1    12J 1   27 9 1  209 1   1 !; 1   045 944 3 32 

c 1    -^ 3 1   3ó9 1    32'3 1  279 1  209 1    1 M 1   04r) 944 3 32 

a 6'"i6 796 9 31 ',73 969 959 V)0 541 5 32 

b 1   "tn 1   -U-: 1   73'; 1  722 1  646 1   r>[,6 1   452 1   3 34 1   202 

c 1   :6 ' 1.  'M 3 1   7 3b 1  722 1  646 1   9r>6 1   452 1   334 1   202 
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E.     St ress grade F 11 

Number of Span (m) 

trusses 6 9 12 13 13 21 24 27 30 

a 134 179 m 167 161 155 130 144 133 

2             b 433 461 4 30 59O 54 3 233 220 146 63 

c 573 557 326 437 4 59 ("2 '•17 242 159 

a 378 370 563 356 348 541 5 34 326 319 

4              b 973 950 912 362 802 7 30 647 534 449 

c 1  170 1  143 1   104 1   054 994 922 340 746 641 

a 571 562 533 544 5 35 527 313 r)09 500 

6            b 1  473 1  440 1   59 5 1   334 1  260 1   174 1   074 961 8 55 

c 1 762 1 723 1   632 1   622 1 549 1  462 1   362 1   249 1   123 

a 764 754 743 73 5 722 712 702 691 681 

8             b 1 969 1 9 50 1  375 1   305 1 719 1   618 1   301 1   368 1   220 

c 2   533 2   314 2   26O 2 189 2  104 2 002 1   333 1  753 1   605 

P.     Stress grade F 14 

Number of 
t russes 

Span    (m) 

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 25 3 173 92 

c 734 708 674 628 573 3O8 432 347 251 

a 463 455 446 438 430 421 413 404 396 

4            b 975 943 899 843 773 692 597 490 371 

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

a 700 690 680 670 660 649 639 629 619 

6            b 1 470 1 432 1   379 1   311 1   228 1  130 1  016 833 744 

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

a 936 925 913 901 889 378 866 854 842 

8            b 1 965 1 921 1  859 1 779 1 682 1 568 1  435 1   286 1  118 

c 2 981 2 937 2 375 2 796 2 699 2  584 2 452 2   302 2 134 



¿tro.-s  g.-ad>:   F   1 / 

N'.uni.e:     it' Opal)     (m) 

6             »                  17             1:               i -           ,:1           24           27 .0 

in 164 

26 0 

•19 

',•). 

1   007 '! ' 

a           697           6'6                 672              66'                oV           641            62 j           61- 617 

i:      1   2,66      1   42 <            1   io4         1   2V          1   194      1  0",          '):'.           -11 649 

c     2  212     2 797          2 240       2 16-        2 070     1 ')',')     1  -v      1 67 ' •><>••- 

47 r 44' 

!'••') 
MO 

461 4M 

i72 9  6 

1 ' ' 1   2 20 

w • '07 Y) A 1 -,6 1 ,") 

40' '/>7 294 219 1 • ' 

'('00 649 •>, 11 4." 

442 4i- 42 ', 4M 404 

•v6 M4 6     1 47 

470 1   406 1    7' ', 1   2 V 1   12: 

1 (•4 720 907 '-•'94 ',  '1 •- 6 " 4 41 

1. 1   9 60 1 911 1   742 1  7-, 1 644 1    '7 1      ',66 1 1 9 ' 1   010 

c •    12" 01) 010 2  920 •12 2    6"- ' 2   • • • 4 •',66 2   17 '• 

H otre;'..: ,CÍ'Hd.',   F Ci. |      .. '7   and 34 

Numi'». !      Of jpiri uo 
6 9 12 r 1 -, 21 24 27 ' ü 

i ;••;.'.:• 21 5 :'0r, 196 1 ".7 1 7 " 1 r>) 160 161 

!, 4 ¡' • 440 294 i-4 261 174 74 0 0 

C 7 66 7''? 676 626 '•M 466 '•i> ! 2' 4 1 

a 4'6! 447 4   6, 42 4 1 4 42 J < -</j 
•'!' 

4 b 0(->7 926 ::69 79- 707 2,9-, 471' ', :,6 120 

c 1   '.M 1 ',10 1  4!, i 1   379 1 219 1   IV 1 os 9 920 764 

a • 694 6 M 662 6r2» 642 629 616 60i 290 

6 b 1     461 1 412 1   W 1   276 1 149 1   022 .76 710 92 , 

c 2   M7 ¿ 2 V 2  200 2   I72 2 02', 1   79'- 1   727 1 2 76 1  401 

a 9 ',0 9IS 900 525 770 732 -• '3 V4 •309 

•l b 1 y,-, 1 -i9", 1   219 1   717 1 r'9 i 1  446 1  2/7 1 072 270 

0 i I;M >> 066 2 9:i7 2   -ji!S 2 761 2 614 2 44r- 2 27 5 7  OH 

Key:     a.     Available shear (kN) 

b. Available bending moment   light  chord (kN m) 

c. Available  bending moment  heavy chord (kN m) 
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Design of the deck 

Table 4  indicates recommended sizes  for deck members for different wheel 

loads  and timbers of various  stress  grades.     If timbers are used  that  are  likely 

to  wear quickly,   a harder or denser species  should be used for the  running 

boards.     This will probably be the case with most   timbers of stress grade F11 

and below.     An alternative  is to  fix a chequer p¿ate on top of the boards which 

acts as a wearing surface. 

Table 4.     Deck design 
(depth of deck required in mm) 

A.     Two-truss  bridges 

lb'^d ' 
s+ eo.i   s rade 

(t) F4 F5 F7 F8 F11 FU FU F22 F27 F}4 

1 100 100 75 75 75 75 75 75 75 75 

2 123 125 100 100 100 75 75 75 v.- 75 

I 150 150 125 125 100 100 100 75 75 75 

4 - - 150 125 125 100 100 100 75 75 

5 — - - 150 125 125 100 100 100 75 

ó - - - - 150 125 125 100 100 100 

B.    Four- ,  six- and eight-truss bridges 

Wheel 
load 
(t) 

Stress grade 

F4 P5 rj F8 F11 FU 'FI7 F22 F27 F34 

1 75 75 75 75 75 75 75 75 75 75 

2 100 75 75 75 75 75 75 75 75 75 

3 100 100 100 75 75 75 75 75 75 75 

4 125 100 100 100 75 75 75 75 75 75 

5 150 125 100 100 100 75 75 75 75 75 

6 150 125 125 100 100 100 75 75 75 75 
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II.  PROCUREMENT OP MATERIALS AND ASSEMBLY 

A.     Steel procurement 

It   is assumed that steel with a maximum tensile strength of 435-494 N/mm 
? 2 2 

( 28-32 t/in ) and a minimum yield stress of 236 N/mm    (15.25 Vin  )  is used. 

Mild steel  from the majority of producers will comply to this standard; 

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

materials testing laboratories should be consulted regarding the  quality of the 

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

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

from 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. 

B.    Timber procurament and treatment 

Procurement 

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 climate. 

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

with a minimum of wastage.    Even if a premium is charged on orders for specific 

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

when cutting 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. 

Cutting to  size 

The dimensions of the panel components are given in figure 4.    The  jigs 
shown on figure 5 can be used for cutting to size.     Timber can be sawn green; 

this will be necessary if the diffusion method of treatment  is used. 
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Table 5.    Quantité,    of steel required per panel 

(We^hts  and surface areas of steel platen   include drill holes  and bevel offcuU 

Length of round bar 

Figure 
number 

Plate 
Surface (m2) Weight (leg)                                       U) 

6 mm 9 mm 1 2 mm 1 5 mm 6 mm    9  mm 12 mm     15 mm     \2 mm  P  33 mm p    50 r 

19 1 0.086 6.05 O.O55 

20 

2\ 

U 

2 chord 0. V'5 

0.094 6.64 

15.27 

0.05 e) 

?.\ 2A chord 0.268 O.O54 12.59 5.07 

26 3 0.017 O.OI7 1.64 

26 4 0.017 O.OI7 1.64                  0.05e) 

2 S 5 O.O56 0.012 2.64    0.34 

24 6 chord 0.4^. O.OI5 21.3s    1.05 

2r> 6A  chord O.402 O.O77 18.38 9.23 

27 

¿1 

22 

1 

9 

9A 

0.022 

0.086 

0.094 

0. ^2 

6.O5 

6.64 

0.06 

0.06 

26 10 O.OI7 1.64 

26 11 O.OI7 1.64 

27 13 0.012 0.34 

29 Bearing 
(male) O.09I 8.55                   0.055(0.055)^ 

29 Bearing 
(female) 0.091 8.5e) 

a/       Heavy 

s per panel 

iuty. 
Bolts  per panel 

Dowel 

6-'  pes     l>8 mm  long;     4^ pes    100 mm  long; 
Length of  12 mm P round bar:    approx.   5.2 m 

Nails or panel 

100    mm x 4.8J mm p approx.   1.1  leg 

12 mm (¡S 2 pes 150 mm    long 
25 mm ^ 1 pes I50 mm long 

25 mm ¡zi 2 pos 250 mm long,   with  2.75-mm 
washers 



The  .''-mm diamet"r holes  can be d   illed  at   this  stage,   although   it    is 

••o-m, ss: Me   '•")   '1û   
f-h - aft" •   f he  assembly,   provided  that   the  holer,  a"e 

ini.v. dually   t.-atcJ  with  prer-rvat ¡ve. 

A   tolerance   of  ."' mm  can  be   regarded  as  aceptable  for  pre-sawn  timber' 

comi jneiib'.     Oversi.se components  will   not   fit   the assembly  jig.     Quant i t i eu  of 

t •nbe;    '"quired   pet'  panel   are  givri  m   table   o. 

Table   6.    Quantities  of timber  re-quired per  panel 

' òize  (mm) Length ordered  (m)     Number  pes  panel Vol'arri e  (m Member   'Xj 

1T .-"'0    x   l;0 O.Or' 

T 

4T 

roo x to :.'./! 4 0.0960 

V-0   x  '.0 1.7 •        ? °-0?'' 

100   x  '.0 1.  . ? 0.01 '.0 

rotai . 9im~h 

a/       oee  figure 4. 

\J       Net volume in assembled panel  = 0.101  m . 

Dr-' ' "g 

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

timber  seasoning.     The design calls  for   timber dried  to  within  l$ of the  equilibri 

moisture content   (EMC).     EMC  is the value which would be attained   in service and 

which depends on the humidity of the air and the tropical  region.    The  following 

may  be used as a  rough guide: 

EMC (i) 

urn 

Hot dry  region (desert,   savannah or 
scrub  land) 10"12 

Tropical highland (above  1,500 m) 12-14 

Tropical coast and  rain forest 14-13 

The moisture content   is most conveniently measured by using a moisture 

meter'.     Ensure  that the probes  are long enough to  reach the centre of  the timber. 

Steep moisture gradients  are  found in  some timbers and measurement at   the surface 

may give a false  impression of the moisture content  of the whole piece. 
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Most moisture meters are calibrated for species from the temperate   zone; 

therefore officers of the National torest  Departments  should be asked for 

calibration data  required for  local  timbers. 

Air drying 

Por air drying,  which is  the most common method,   timber should be stacked 

under cover on a well-drained surface,  clear of the ground,  as  shown m 

figure  H. 

Where a concrete base is not   practicable the soil under the  stack  should 

be poisoned with an appropriate  insecticide solution having long activity to 

prevent  possible  termite attack. 

Figure 17.     Stacking procedure for air-drying of timber 

>. 

'< 

3 

STICKERS 

-0» CONCRETE SLAB, 
OR POISOhEO SOIL 
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The thickness of the stickers will usually be about 13 mm. For timbers 

known to be difficult to season 12 mm-stickers should be used. The stickers 

should be placed directly under one another. 

The time  required for seasoning will  depend on the species and the climate. 

Some softwoods   in tropical climates  require only 6 weeks while some of the denser 

hardwoods need at   least   25 weeks. 

The  ends  of members tend to dry more quickly than the other part  and should 

be covered with polythene or painted with bitumen to prevent  splitting.     This 

is particularly  important  for dense hardwoods. 

Solar kilns 

Figure  13  shows  a solar kiln based on a design developed for the Uganda 

Forest   Department.-^     In this type of kiln air is heated  in the roof cavi'y 

and then circulated around the timber stack by one or more fans.    With this 

method  the  time  required  to  dry hardwoods  could be  reduced by up to  50% and 

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

Figure  1^.     Solar kiln 

A.     View from the  rear with fans 
above  the absorber 

1/     For   further   information see   ".Solar kilns  -  their suitabilit.. 
dev'loping countries"   by R.A.   Plumptre  ( 1D/WG. 1 r.l/4). 

for 



B.     Front   view  showing absorbers  and 
method of powering fans 

The  amour, t,   of vnt   used,   'he  stacking at'rangement:;   and  the   volume  of air 

flow will  depend on  the species   being dried  and  some expier iment i ng will  be 

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

the air  flow  should  be  reduced   m  the  eai'ly  stages   of drying,   when  high moisture 

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

Conventional  kiln drying 

This method 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 

caution as  severe degrade has been experienced with this  type of driers. 

Treatment 

The heartwood of most  of the hardwoods  listed  in annex III    can be 

regarded as  durable.     Where  sapwood,   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 cases 

where timber   is continually wet. 
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The diffusion process 

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  BFCA and  is a borofluoride-chrome-arsemc-compound 

which   is highly  termi t icidal.     Fungal growth   is prevented by adding  ^ sodium 

pentachlorophenate.     The chemical  is  soluble   in cold water,   and a solution of 30% 

by weight   m water  is  recommended. 

The minimum moisture content   required   in the   timber   is  l>Qffo which 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  species   and  then 

stacked  to   season   in  the usual  way. 

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

(a) So lut ion A:     Add   10  g of turmeric  powder-   to   100 ml  of 95$ methanol/ 
alcohol  and  bo : 1   the mixture   for  one hour under- a   reflux condensor.      Cool  and 
filter  the  solution.     This   solution should be  prepared   freshly  every   two  months; 

(b) Solut ion  B:     Add   20 ml  concentrated hydrochloric  acid  to   ^0 ml  of 
9r;$ ethanol/mothanol  and saturate   the solution with  salicylic  acid.     Allow 
solution  to   stand and  filter off excess  solids.     Tins   solution will   not   spoil. 

Control   piec.>r,  of   1  m   length are   treated with   the   standard  components.     After 

treatment   thin  biscuits  (10 mm   thick)  are cut,   at   least   ?00 mm  away  f^om  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 

soluti in  R   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. ',% boric  acid equivalent.     In general   a 9-mm depth of 

penetration of  0. ',% treatment   can  be   regarded  as   satisfactory.     If  the  depth   is 

less   than 9  mm,   a  larger1 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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Pressure treatment 

Two processes are  in general used,  one called    the  "full-cell" process and 

the other  the  "empty-cell" process.    In the full-cell  process water-borne preser- 

vatives are applied while for the empty-cell process  - except  in cases of very 

severe  exposure - oil-borne preservatives are used.     The standard preservatives 

are: 

Preservative oils and oil-borne preservatives 

Creosote 

Creosote-coal-tar solutions 

Creosote-petroleum solutions 

Pentachlorophenol 

Copper  naphthanate 

Water-bcrne preservatives 

Chromated zinc chloride (CZC) 

Copperized chromated zinc chloride (CCZC) 

Tanalith (WoIman salts) 

Acid copper Chromate  (Celcure) 

Chromate copper arsenate (ASCII,   dreensalt, Endalith)  (CCA) 

Zinc meta arsenite (ZMA) 

Ammonical copper arsenite (Chemonite) 

Chromated zinc arsenite (Boliden salt) 

The choice of the preservative to be used  depends on its availability and  its 

cost.    All preservatives are reported to be effective against termite attack; 

for use in tropical climates  it  is recomaended to add to the pentachlorophenol 

at  least  1% of a persistent chlorinated hydrocarbon insecticide such as Lindane 

or Aldrin. 

(a)    The full-cell process;    Use timber which has been seasoned to near 
its final moisture content. 

1. Seal the timber in the treatment cylinder and apply a vacuum to  remove 
the air from the cylinder and,  as much as  possible,   from the wood. 

2. Heat the preservative to slightly above  treatment temperature and 
feed it  into the cylinder without admitting air.    Treatment 
temperatures for oil-borne and most water-borne solutions should 
be between 88° C and 93°P and 200°F) ;    those for chromium salts 
should be about 70°C (160UP) to avoid precipitation of the preserva- 
tive. 
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3. When the cylinder is filled,  apply pressure until the required retention 
of oil has been achieved.     (Recommended retentions are given beloi* ) 
The pressure and the time of treatment  required to achieve these 
retentions depends on the species and the pressure used,   ranging from 
7 to 14 kg/cm^ (100 to 200 lb/in2).    Many softwoods are  sensitive to 
high temperatures and pressures and damage may occur at  pressures 
above 10 kg/cnr  (140 lb/in ). 

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 empty-cell process;    Two  empty-cell processes are  in common use, 
the Rueping and the Lowry process.    The following is the general procedure for 
the Rueping process: 

1. Seal the timber into the treatment cylinder and introduce air under 
pressure.    The pressure used and the time    of application varies accord- 
ing tu the species.     Usually pressures of  2 to   14 kg/cm    (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 using an 
equalizing tank. 

3. When the cylinder is full of preservative increase the pressure 
and maintain it  for a sufficiently long time to give thg 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 the Rueping process, the only difference 

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

cylinder by the introduction of preservative is at atmospheric pressure. 

Recommended retentions for bridges 

Net  ret ention 

Creosote 

Creosote-coal-tar solutions 

Creosote-petroleum solutions 

Pentachlorophenol 

Copper naphthanate 

96 

96 

112 

96 

96 

lb/ft: 

6 

6 

7 

6 

6 
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Celcure 

Ghemoni te 

Ghromated zinc chloride 

Tanalith 

Soliden silt 

Ghromated  copper arsenate 

lb/ft 3 

5 

12 

6 

3 

3 

0.5 

0. Ì 

0.75 

0. V) 

0.50 

0.50 

Facilities  for checking the net   retention usually exist   in most 

government  materials   laboratories. 

G.     Steel components 

Gutting and drilling 

Dimensions of steel components are shown in figures ^-23. All components 

except the chords may be flame cut provided the tolerances of H >,n for chords 

•>nà      +1   m-n   for'   .11   other   steel   components   are  not 
exceed'ed.     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  strip   f 'om 

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

wastage   if  the  standar! chord Mk  2,   which   is    >.1  m  long,   is   cut   f  om  a  standard 

J, ,ip.J     m such cases   it   is  p.eferable   to  use  the alternative  chords   2A and 6A shown 

in  figures   2 ]  and  25. 

Welding 

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

It   is   important,   therefore,   to  follow   the  drawings   in regard   to   *eld  sUe 

rigourously,   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. 

Unde     no  circumstances   should components  be made up  by  welding together- 

shorter or smaller pieces of  steel  except  whe.e specifically  indicated on the 

drawings. 

Wheie  steels  of different   composition are  to  be welded   together   the 

remarks made under section A "steel procurement» of chapter  II apply. 
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D.     Panel  assembly 

The assembly jig is shown in figures }0 and t1. The t russ is assembled 

: n ' wo hilves, each consisting oí' one piece mark 1T, two pieces mark 2T, one 

; i cce  mark     T  and   two  pieces mark  4T. 

rr-v'e.'-va' i v   t rea! mont   uv  one  of   the  methods   , . • 7M,I.:1 •   i.e. o. i   ei   should 

should   have   been  carried out  after cutting. 

The   two   200 mm  x ' 0 mm ( '"   x  2")   diagonals  mark  2T are  place i   ;n   the   jig 

with   'hoir  upper   edges  against   the diagonal   guides   and  the  sfut  mark    T   is 

p. sit loned   uetween   them and centred.     The   2l-0 mm   x   '0 HU (10"  x  2")   chord 

r'ii.'v:   1T   :r   ; lace I   across,   *he   iragonals   and   centr»'!   on   the marks  shown   m   the 

"ud  gu.de.'.     Ther.e  members,   ve   then  fixed   in  poni Mon w;th   a   100 mm  (4")   nail 

at   each   intersection. 

Plates   :    and   1   or   1A  (.)   ^r JX  for  heavy   construction)    ire  [.laced   m 

position.     0np   half  of the  panel   is assembled  using plate   1   (or  )),   the other 

naif  using plate   1A  (or  )A)   SO   that   the  completed   panel will   have  a  bracing 

cleat   on one   side   only.     Use   the  loose   template,   as   shown   in  figure   >0,   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   m   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  SO-mm (2")  nails  in the  3-mm (1/3")  holes  provided.     Drill 

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

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

a single member and of  100 mm depth where  the  200 mm x r)0 mm diagonal crosses 

the 23O mm x  dO mm 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.     Now  lift   the half 

panel with plate   1   (or 9)  and place  it   in the  jig,   face down,   i.e.  with  11 \ 3 

connector 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 ( SWG 6)  thick. 
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Figure 32.     Jig for drilling holes through the plates 

Insert  two  fillets mark 4T between the chords mark  1T and drill and nail 

with 100 mm (4") nails  at   I50 mm (6") centres.       Then drill and fix with two  12 mm 

P bolts using 50 mm square washers,   3 mm thick on each side. 

Lift the panel out, turn it over and nail fillets mark 4T from the other 

side ensuring that nails are staggered by 75 mm (3")« Stack vertically ready 

for welding. 

The dowels are  tack-welded first.    Ensure  that  the welds do not  project 

from the face  of the plate by more than 2 mm (1/I6").     Now weld plate   3  (or 11) 

at one end and plate  4 (or 12)  at   the other,   each  in the  centre of the vertical 

faces of plates 5 and 5A.     Ensure that a full-length 6-mm (I/4") weld  is made 

on all vertical edges. 
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Figure  33.     Nailing template 

Complete the panel by fitting two  275-mm (11")  bolts   in the chord with 

washers on the unprotected timber faces and one  175-mm (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 1ight  hammer. 



- 63 

III.     ERECTION 

Concrete or ho]low-block  foundation:, are  not  described  in  this   report ; 

it   u'  assumed that   those will   hive  boon prepared  beforehand.     Tho  d i stances 

required between  the  faces  of  Die abutment:.!  are   indicated   in   figure   34   together 

with  detail:;  assumed at   the  bearings. 

A.     Components   and   e  ect. ion  oqu.rm^nt 

Table 7   lista  all  components   required   for constructing a  b, ìdge accori m,*; 

to   the   instructions given  in thin  T'oport. 

'Erection equipment   for wet   eroding 

Table 8  lists  the equipment   required  for a crossing where   i ntermediate 

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

these  are not  essential  they have  been found  to  be  ve y  satisfactory   in use. 

In all  cases  the maximum  load per cable  - when the dimensions  in table 9  are 

applied - is  1.6 t  (except  where noted). 

Erection equipment   for dry  crossing 

The dry-crossing method does  not   require the purchase of  special  equipment 

such as winches  etc.  and  is preferable  if continuous   intermediate  support   is 

available under the span. 

B.     Wet-crossing method 

Preparation 

Erect shear legs on either bank (see figure   35).     These are made from 

130 mm (6")  diameter timber poles  or  100 mm (4")   steel tubes  (see  figure  36). 

Establish anchors on the line of the shear legs  for cable anchorage.    This 

is made by burying a log with a steel rope attached in a trench as shown in 

figures  37 and 39«    Ensure that  the  rope is led through the side of the  trench 

by cutting a groove as shown in the drawing.    Alternatively a  tree growing in 

a suitable location may be used. 
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A standing cable io inserted between the shear legs as shown in figure 33 

and attached to winch No. 1 which is in turn shackled to an anchor on the far 

side.  Adjust the slack in the wire to give the required length hanging between 

pulleys (see table 9). 

Component 

Panel 4 

Chord 4 

Vertical  bracing 4 

Bracing bolts 
(each with 2 nuts    •', 
1   wisher) 

Horizontal 
bracing ' 2 

a/ 
Decking,-' 
excluding waste 
(m) 456 

a/ 
Running strips,-* 
excluding waste 
(m) 43 

a/ 
Kerb,—' excluding    12 
want«  (m) 

Beirings 4 

Be tring bolts 
(o ich with 1  nut)    8 

150-mm (6  in) 
nails  (kg) 14 

100-mm (4 in) 
nails  (kg) 5 Í 

Temporary- 
erect ion 
bracing (m) 20 

Table 7«     Components 

A.     Two-truss bridge 

12 

684 

22 

78 

30 

Span (m) 

12 15 18 21 24 ?7 

6 8 10 12 

8 12 16 20 

6 8 10 12 

16 20 24 28 \2 36 

54 72 90 103 

13 24 30 36 

4 4 4 4 

8 8. 3 8 

30 

40 

37 

104        130 

50 

44 

155 

60 

52 

70 

60 

30 

67 

30 

30 

14 16 13 20 

24 23 \2 36 

14 16 13 20 

40 

10 

912 1 140  1 368   1 596  1 324 2 052  2 230 

126    144   162    130 

42    43    54    60 

74 

205   2 32    253 

100 
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B,     Four-truss bridge 

opan (m) 

Component 
6 9 12 15 13 21 24 27 30 

Pane 1 ) 12 16 20 24 2: '•2 '.6 40 

Chord .) 16 24 32 40 4; 36 64 72 

Vertical 
bracing 12 16 20 24 2:i ;2 36 40 

Bracing bolts 
(each with  2 
nuts,   1   washer] 16 24 32 40 43 r)ö 64 72 30 

Horizontal 
bracing 4 6 3 10 12 14 16 13 20 

±1 Decking,-' 
excluding 

4S6 5^4 912 1   MO 1   368      1 L;96 1  624 2 032 2  230 

waste  (m) 

43 
Running strips, 
excluding 
waste  (m) 

54 72 90 108 126 144 162 130 

a/ 
Kerb,-' 
excluding 
waste  (m) 

12 13 24 30 36 42 43 S4 60 

Bearings 3 3 3 3 3 3 8 -j 3 

Bearing bolts 
(each with  1 
nut) 

16 16 16 16 16 16 16 16 16 

150 mm (6  in) 
nails (kg) 14 22 30 37 44 52 50 57 74 

100-mm (4 in) 
nails (kg) 53 73 104 130 155 180 205 232 253 

Temporary 
erection 
bracing (m) 24 36 43 60 72 34 96 108 129 
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C.     Six-truss bridge 

Component 
Span in met res 

6 9 12 15 18 21 24 27 30 

Panel 12 18 24 30 \6 42 43 54 60 

Clio rei 12 24 j6 4:) 60 72 34 96 103 

Vert i cal 
braci rig j 12 16 20 24 23 32 36 40 

Bracing  bolt: 
(each with  2 
nuts,   1   washer )   16 24 32 40 43 56 64 72 30 

Horizontal 
bracing 4 6 3 10 12 14 16 13 20 

a/ 
Decking,-' 
excluding 
war,te   (m) 4'ì6 634 912 1   140 1    333 1   596 1 324 2 052 2  230 

Running 
s t rL p s  a/ 
excluding 
wan te  (m) 4 i 54 72 90 103 126 144 162 130 

Kertr^ 
excluding 
waste   (m) 12 13 24 ^0 V 42 43 54 60 

Bearings 12 12 12 12 12 12 12 12 12 

Bearing  bolts 
(each with  1 

nut ) 24 24 24 24 24 24 24 24 24 

1 !.0 mm ( 6   in) 
nails  (kg) 14 22 }0 Ì7 44 52 60 67 74 

100 mm  (4   in) 
na¡Is  (kg) 53 73 104 130 155 130 206 232 258 

Temporary 
erect ion 
bracing (m) 24 36 43 60 72 34 96 108 120 
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D.    Eight-truss bridge 

Span (m) 

Component 6 ? 12 15 18 21 24 27 30 

Panel 16 24 32 40 48 % 64 72 30 

Chord 16 32 48 64 80 96 112 123 144 

Vertical 
bracing 8 12 16 20 24 28 32 36 40 

Bracing bolts 
(each with    2 
nuts,   1  washer, 16 24 32 40 48 56 64 72 30 

Horizontal 
bracing 4 6 8 10 12 14 16 13 20 

Decking,-' 
excluding 
waste (m) 456 684 912 1   140       1 368 1  596 1 824 2 O52 2 28O 

+   •   ¿I Running strips-' 
excluding 
waste (m) 48 54 72 90 108 126 144 162 180 

Kerb^/ 
excluding 
waste (m) 12 18 24 30 36 42 48 54 60 

Bearings 16 16 16 16 16 16 16 16 16 

Bearing bolts 

nftf with 1 32 32 32 32 32 32 32 \2 32 

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

lOOnmm (4 in) 
nails (kg) 53 78 104 130 155 180 205 232 253 

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

3/      Por sizes see table 4 and figure 42. 
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Table 3.  Wet cross.n¿; equipment 

T tern Number' required 

Tirfor winches or similar  1.6 t  or 3  t  (see tablo 9) 

Double-sheaved blocks  safe working load  3 t 

Single-sheared block,   safe working load 3  t 

Bow snackles,   safe working load    2 t 

Anchor wires (see figure   37) 

Suspension wire with safety hook,   1 =  30 nf-/ 

a/ 
Rear and forward haul wires with safety hooks,   1 =   15 nr 

Rear and forward harness (see figure   39) 

Shear legs 

4 

2 

1 

2 

1 

2 

2 

2 

Temporary horizontal bracing (100 x 50) 

Nails for the above 

See table 7 

a/  i = hanging length between pulleys (see table 9). 

Table 9. Launching data 

S Dan 
M 

Length (l) 
hanging 
between 
vertical 

shear legs 
(m) 

Maximum 
permissible 
sag (h)   in 
cable between 
shear legs 

(m) 

Maximum wieght 
of panel when 
using   1.6-t 
winch a/ 

6 12.4 4 - 

9 12.4 4 - 

12 15.5 4 - 

15 19.0 4.5 240 

18 22.5 5 240 

21 26.0 5 240 

24 23.3 5 200 

27 32.3 5.5 190 

30 35.1 5.5 160 

a/ Por heavier panels use 3-t winches. 

Stress «rade 
Approximat 

panel 
,e wei 
ta) 

ght of 
Stress «rade panel l 

P4 108 

P5 118 

P7 131 

P8 147 

P11 165 

PH 186 

PH 208 

P22,   24, 27 237 
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Init, îal assembly 

The   tmsses  having  wt. ical  bracing  between  them are   e:'ec+>=d   first. 

Alembic   two   pairs   of  panels   together with   the  chords  undei'  the  cent   o   of one 

shear   leg with  pe manent,  vertical  bracing and  temporary horizontal  bracing   m 

posi'lin 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     oversod   to 

allow   the  bracing  lugs   to   face   inwards.     Attach   the   lifting harries:;   shown   in 

figure   ])   to   the  front   of   the   leading panels. 

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

Shackle wmch no.   1   to anchorage,   lead  the rope through the double sheave  block and 

attach   it   to   the  front   harness  as   shown   in  figure   -f(. 

Initìal  launch 

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

levf-s   to  ease  the  bottom of the panels over obstructions.     It   is  important  that 

the   bottom  chords   ar-e   always   in tension and   initially   it may be  necessary   to 

use winch 1   to   ensure   this. 

Successive  launches 

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

pe¡marient  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 

ohackle winch no. j to its anchor.  Use winches 2 and ^ to bring the ends 

of the assembled truss over the bearings.  Before lowe 'ing the truss, attach 

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

truss onto the bearings using winches 2 and 3 and slackening 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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Decking 

The decking  is   fixed as   shown   in figure  42.     The  temporary horizontal 

bracing is  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   beer 

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

progressively  one   bay   in arrears. 

Ext   a   trusses 

The method  described above  can  be used  satisfactorily for bridges  with 

two  or  foui'  trusses.     For more  than  four trusses   the  additional  panels   are 

launched one  at   a  time  before   the  pe manent   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  4}).     Place   two   100 mm  x   100 mm (4"  x  4")   Dea.err- of  4 m   length 

ac-oss   the  erected  trusses   and  lower  the panel   into   them with  the  bottom  facing 

i'„.    final   location (see  figure  44).     Slide  the  panel   into  vertical   position 

using   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   :n  figure 4r>. 

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

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

Pos, it ion    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 

aising 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.     Dry-crossing method 

Erect ion frames 

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

required    for spans  up   to   1 r> m and  three  for spans   longer than this.     The 

height   .should  be  the  maximum distance   between the   stream bed and   the  underside 

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

Levelling 

otretch 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 pe" 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-c ossing method the pairs  of  trusses with vertical  bracing 

are   erected   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 f-arne (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   ]3. 

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

as  sh-jim  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 

manner. 

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

support  and continue   the process using one additi<*ial f-ame. 

Final  stage  in truss   erection 

When the  last   bay has  been erected place  the  bearings at  the end of each 

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

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

lenocked out  when the  structure  is  free. 
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Figure  50.     Dry-c ros sing support 
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Er^c    the  remaining   t -usies   in  the  ¡jamo way.     Single   trusses   may  be  erected 

using   'he  same scaffolding  frames   but   each panel  must   be  attached  at   both   ends 

to   i   fully-braced pair affor erection. 

When all   the   trusses   have   been  e sec ted complete   the  at   uctu-o   as  described 

for   »he we,-c:'03sing me»" hod (p.   7'^). 

D,     Concreting and ear'hworks 

riace  holding-down   bolts   in   the  pockets   provided  and   g-out   with  a   1 : '   cement 

mor' ar (see   figure   '  •;).      Backfill   foundation  to   finished   road   level. 

oo i 1   p j ;r.on:np; should   now be   carried  out   wher«>   • .-• r-rti ; t e>  attacs   is   endemic: 

An   m. M of  abouf   b  m  x S   m  should   be  excavated  to  a depth of   300 mm and  the  soil 

heaped.     Mix   the  heaped   soil  Wlth   100   1 it'^s  of on" oT  ' hf   following    a  er 

emulsions:     aldnn O.'jfo;     dioldrin  0.'j%;    eh lordano  1.0%;     or  benzene 

hexicíiisrilo  0. >.     Replace the  soil  and  compact   as usual. 

Comi leU-   tt.e   bridge   by cone et mg  behind   »hr   bearings   »o   give  a   level 

runn mg su s'ac". 

Pituso   s \.     Anchor  bolts 

m 

—? 

crip     enr =-,ñy —•.'  _.— 

f 
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Annex I 

PROOF TEST FOR TIMBER PANELS 

This test   is not  intended to give an absolutely reliable proof of bridge 

st ength but   should be used to  determine or verify the correct  stress  grade of a 

given timbe1'.     The test  is suitable up to grade F 14;    above this grade  failure 

in the steel  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 timber strength tends  to be more 

variable in tension than under other loadings. 

For the  test proceed as follows: 

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

bearings.    Remove the 250-mm through bolts from the top chord togethe" with any 

nails used at   this  intersection for temporary fixing.     The 150 mm x 50 nun cent al 

strut   is strengthened by the addition of two   150 mm x 50 mm members,   0.75 m 

long,   nailed on either side with  100 mm nails at  150 mm centres.     Insert a mild 

25 mm x 75 nam  steel key of  150 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  mm 

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

Two tests are considered necessary. 

Design load test 

Depending on the stress grade of the panel to be tested,   the following 

design loads  should be applied: 

Design load 

 ill  

7.8 

9.7 

12.3 

15.6 

19.6 

24.3 

St ress g ade 

F4 

F5 

F7 

F8 

F11 

F14 
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Apply   the  load ove    a period not   exceeding  V» minutes  and then maintain 

it   for 24 hours.     Take  readings of each  gauge   1r> minutes after application of 

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

final   reading  taken  1'   minutes   late'. 

The  panel   is   regard --d  as   satisfactory when: 

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

(b)     The  residual deflection  is not  more than 2 mm. 

Ultimate   load  test 

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

]0 minutes.    The   following minimum ultimate  loads  are regarded as  satisfactory: 

Minimum ultimate  load 
(t) 

19.5 

24.2 

30.7 

39.0 

49.0 

62.0 

St ress grade 

P4 

F5 

F7 

Po' 

P11 

F14 



• t 





1.0 ' «     ill 2 5 

122 

II 

1.25 11.4 

12.0 

18 

1.6 

Vil    I" .    "I   r     I-I     i   i hi   • 'l\i     I I      '        "•'.!• 
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ORADmO HULES POR TIMBER 

*ch piece of timber should be truly sawn and be free from decay, shakes, 
•plits, fractures and occluded branch stubs. 

The following imperfections are permitted for the three gradea under 
consideration,  subject to the indicated limits. 

75< grade 

1*   Maximum knot size: 

Depth of Bection Knot  size (cm) 

 ^                                    On face On edge 

250 40 
200 

12 

30 12 

150 20 12 

100 15 12 

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

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

3. Seasoning checks should not  exceed 400 mm in length and 3 mm in width 
and must not  extend from one surface to another. 

4. The following maximum permissible values (in mm)   for spring, bow and twist 
should be observed: 

M*S£. MUX M Twiat 

1T                          5 20 10 
2T                          6 15 10 
3T                            3 10 5 
4T                           3 5 5 
Vertical bracing 3 10 5 
Deck                      t¿ 

3 • of 

20 

length  
5 
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5*    No wane or sapvrood susceptible to insect   attack should be permitted. 

6, Fissures admitting a feeler gauge of 0,15 mm thickness should   not be longer 

than 15 mm in 50-mm wide members and 30 mm in 100-mm wide members. 

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

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

to another the width should be less than 6 mm. 

605t grade 

1.    Maximum knot size: 

Depth of section 
Knot size  (mm) 

(mm) On face On edge 

25O 60 20 

200 50 20 

150 35 20 
100 25 20 

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

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

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

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 4 of the 

width of the face being considered. 

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

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

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

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

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

48g grade 

1.    Maximum knot size: 

Depth of section 
 issi  

250 

200 

150 

100 

Knot size {aaj, 
On faoe On edge 

75 25 
60 25 

45 25 
30 25 
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The overall dimensions of groups of knots shall not  exceed these values. 

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

3. Seasoning checks should not be longer than 600 mm. 

4. Spring,  bow and twist should not exceed the values given for 15% grade. 

5. Wane or sapwood susceptible to insect attack should be maximally i of the 
width of the face being considered. 

6. Fissures admitting a feeler gauge of 0.15 mm thickness should not exceed 

25 mm in 50-mm wide members and 50 mm in 100-mm wide members. 

7. dum 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 

face to another the width should be less than 9 mm. 
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Annex III 

STRESS GRADES OP COMMON TIMBER SPECIES 

A.    Indiantimbers 

Species 

Pterocarpus marsupium 

Soymida febrífuga 

Xylia xylocarpa 

(äjffi. X. dolabriformis) 

Pterocarpus dalbergioides 

Tectona grandis 

Albizia lebbeck 

Lagerstroamia lanceolata 

Kingiodendron pinnatum 

Xylocarpus granatum 

(syn. Carapa granatum) 

Albizia odoratissiraa 

Madhuca longifolia 
varT latifolia 

Dalbergia sisoo 

Dalbergia latifolia 

Cedrus deodara 

Ougeinia oojemeimensis 

tysoxylum malabaricum 

Strength 
group 

S2 

485È 

PI4 

Visual graded/ 

60# 

PI7 

75# 

S4 P8 F11 PI4 
S2 FI4 PI7 P22 
S1 PI7 P22 P27 

S3 P11 PU PI7 
S4 P8 P11 PI4 
S4 P8 P11 PI4 
S4 P3 P11 PI4 
S4 P8 P11 PU 
S5 P7 P8 P11 

P22 

S5 F7 P8 P11 
S4 P8 P11 PI4 
S4 P8 P11 PI4 
S5 F7 P8 P11 
S5 F7 P8 P11 
S4 P8 P11 PI4 
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B»    South and central American timhA^n 

Species 

Dioornynia guianenie 

Clathrotropis spp. 

Bagassa guianenis 

Manilkara bidentata 

Ocotea rubra 

Oootea rodiaéi 

Qualea rosea 

Qoupia glabra 

Eschweilera longipes and B. 
subglandosa 

Symphonia globulifera 

Mora excelsa 

Terminalia amazonia 

Pinus caribaea 

Peltogyne spp. 

O»lophyllum SPP. 

Hieronyma spp. 

Diplotropis purpura« 

RuBiria SPP. 

Tectona grandis 

*j>erua j^pj 

Strength 
group 

S3 

S2 

S2 

S1 

S5 

S1 

S3 

S3 

S1 

S3 

S2 

S2 

S4 

S2 

S4 

S3 

S1 

S3 

S4 

31 

48* 

Visual graded 

60g 75* 

P11 P14 P17 
P14 P17 P22 
P14 P17 P22 
P17 P22 P27 
FT P8 P11 
P17 P22 P27 
P11 P14 P17 
P11 P14 P17 

P17 P22 P27 
P11 P14 P17 
P14 P17 P22 
P14 P17 P22 
P8 P11 P14 
P14 P17 P22 
P8 P11 P14 
P11 P14 P17 
P17 P22 P27 
F11 P14 F17 
F8 F11 P14 
P17 P22 F27 
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C.    West African timbers 

Speoies Strength        

Pericopsis elata 33 
(gyn. Afronaosia elata) 

Afzelia africana 33 

A.  bella 

A* bipindensis 

A«   paohyloba 

A.  quanzonzis 

Aningeria epp. 

BailIoneIla spp. 

AutraneIla congolensis 

Burkea africana 

Chloraphora excelsa 

Ooula edulis 

Crypto sepalum staudtii 

Piptadenia gabunensis 

(jQU Cyl i co di sous gabunenais) 

Disteaonanthus denbthaaianus 
benthaaianuB 

34 
•ucalyptus pan i culata 31 

•ucalyptus propinqua 32 

Ouarea cedrata 35 

Ouibourtia «PP. 

a. arnoIdiana 33 

0. co leo «pora» 35 

0. deMuaei 33 

a. «ai« si 
O. pellecriniana 31 

Q. tea••anii 32 

Khajm JBB« 

K. anthoteoa 

K. ivoranaia 

K» nyaaio* 

K. grandifolia 
K« aenegalansii Î 84 

P11 

P11 

P11 

FI7 

PI4 

F7 

F11 

F7 

F11 

F17 

F17 

F14 

Visual 

605C 

FU 

PI4 

FU 

P22 

FI7 
F8 

FU 

F8 

FM 

F22 

F22 

FI7 

F8 

F7 

F11 

15% 

PI7 

PI7 

34 P11 F14 PH 

36 F5 F7 P8 
34 P11 FI4 PH 
S2 PI4 PI7 P22 
32 FU PH P22 

35 P7 P8 P11 
32 PI4 PH P22 
32 PU FI7 P22 
32 FU FI7 P22 

P17 
P27 

F22 

F11 

F7 

F11 

PH 

P27 

F27 

F22 

F6 

FU 
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Species Strength 
group 

S2 

Visual grade 

4856 

PI 4 

60$ 

P17 

15% 

Lophira spp. P22 
Mammea africana S4 F8 P11 P14 
Kanilkara lacera 31 P17 P22 P27 
Mansonia altissima S4 P3 P11 P14 
Microberlinea 

brazzavillenenis 

Nimusops SDC. 

M«  callophilloides 

M«  oboyata 

M.  djare 

Ceyn.   Baillonella toxisperma) 

N.  congolensis syn. 

C syn, Autrone11a congolensis) 

M.  heckeli 

(syn» Tieghemella heckeli) 

M.  africana 

( syn»    Tieghemella africana) 

Monis mesozygia 

Haue lea spp. 

Nesogordonia papaverifera 

Oxystigma oxyphyllum 

Eacryodes edulis 

Pinus spp« 

Low density (below 600 kg/m ) 

High density (above 600 kg/m ) 

Prosopsis africana 

Ptero carpus angolensis 

Pterocarpus eriaceus 

Pterocarpus soyauxii 

Sacoglottis gabonensis 

Strombosia spp, 

Heritiera utilis 

(syn. Terrietia utili«) 

Term inalia ivorensis 

S4 

S3 

S2 

S5 

S4 

P8 

P11 

P14 

P7 

P8 

P11 

P14 

P17 

P8 

F11 

P14 

P17 

P22 

P11 

P14 

31 F17 P22 P27 
34 P8 P11 P14 
S3 P11 Pi 4 P17 

S4 P8 P11 P14 
S4 F8 P11 P14 

S7 P4 P5 P7 

35 F7 P8 P11 

S3 P11 P14 P17 

S5 F7 P8 P11 
S3 F11 PI 4 P17 

34 P8 P11 P14 
S2 P14 P17 P22 
32 P14 P17 P22 
S5 P7 P8 P11 

35 P7 F8 P11 
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D.    Timbers from the Pacific region 

Species Strength 
group 

4356 

Visual grad J 
609Ê 75# 

Calophyllum kajewski 

Pometia pinnata 

Intsia bijuga 

Intsia palembica 

Pterocarpus   indicus 

Eucalyptus deglupta 

Homalium foptidum 

Hopea papuana 

Hopea forbesii 

Hopea iriana 

Hopea glabrifolea 

Tectona grandis 

Eucalyptus tereticornis 

Manilkara kanoBiensis 

Heritiera littoraliB 

Palaquium gornei 

Terminalia app. 

T. brasai, T. kaarnbaohii 

T. faveolata 

T. catappa, T. microcarpa 

T. canaliculata, T. complanata 

T. oalananaanii 

T. Bolomonenai«,  T. ggparggr 

T. oapelandi 

Sysygiun app. 

Araucaria   guntateinii 

Cltiatooalyx app, 

(wu AoioalyptuB app» («3DD«pt thoaa 
^H&alow) ^^ 

Cltiatooalyx «yrtoidas 

( «nu (A. agri-tolda«) 

ì 
1 

-] 

S4 P8 

S4 P8 

S2 FU 

S3 P11 

S4 P8 

S7 F4 
S2 PU 

S2 PU 

S3 F11 

S1 FI7 

31 PH 

S4 F8 

S3 F11 

31 FI7 

33 F11 

S3 F11 

37 

35 

36 

74 

F7 

S3 F11 

36 F5 

32 FI4 

34 F8 

P11 

P11 

P17 

P14 
P11 

P5 

FI7 

PI7 

FU 

P22 

F22 

F11 

FI4 
F22 

FU 

FM 

F8 

F7 

FM 

F7 

FI? 

F11 

PU 

PI4 
P22 

PH 

PU 

P7 
F22 

F22 

FI7 

P27 

F27 

FU 

PI7 

F27 

FI7 

FI7 

F7 

F11 

F8 

FI7 
F8 

F22 

FU 
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Species Strength 
group 

Visual grade 

48* 60* 75* 
Alatonia sonolaris 37 F4 F5 F7 
Amoora cuculiata 36 F5 P7 F8 
Anisoptera polyandra S5 P8 P11 F14 
Anthocephalus chinensis S7 P4 P5 F7 
Campnospenna brevipetiolata 37 P4 F5 F7 
Dracontomelum puperulum 35 F8 F11 P14 
Eloierrillia papuana 36 P5 F7 P8 
Endospermum medullosum 37 P4 F5 P7 
Eucalyptus deglupta 34 P8 P11 P14 
Vitex coffassua S7 P4 P5 P7 
Agathis dammara 37 P4 P5 P7 

(JE£.  (A. alba)) 

Pagraea gracilipes S1 P17 P22 P27 
turistica Bpp. S6 P5 F7 P3 
PodocarpuB neriifolius 34 P8 P11 P14 
Garcinia myrtifolia S3 P11 P14 P17 
Qonystylus punctatus S3 P11 P14 P17 
Heritiera ornithocephala S3 P11 F14 P17 
Sevianthes myriademia S5 P7 P8 P11 
Dacrydium intrioatus 36 P5 P7 P8 
Agathis vitiensis S5 P7 F8 P11 
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E.    South-Bast Asian Timbers 

Species 
Strength 
group 

Visual grade 

4856 60* 15% 

Hopea piagata S1 P17 F22 P27 

Hopea phillippinensis S2 P14 P17 P22 

Vatica mangachapoi S2 P14 P17 P22 

Intsia bijuga S2 F14 P17 P22 

Ctenolophon philippinens is          S2 P14 P17 P22 

Pagraea fragrans S3 P11 P14 P17 

Eusideroxylon zwageri 31 F17 P22 P27 

Madhuca ut i li s 31 P17 P22 P27 

Palaquium ridleyi S3 P11 P14 P17 

Palaquium stellatum S3 P11 P14 P17 

Balanocarpus gheimii S1 P17 P22 F27 

Vatica spp. S3 P11 P14 P17 

Dipterocarpus spp. S3 P11 P14 P17 

Dryobanalops spp. S3 P11 P14 P17 

Koompassia malaccensis S2 P14 PI 7 P27 

Hopea acuminata S2 P14 P17 P27 

Shorea spp. 

3. glauca 1 
S. maxwelliana 

3. semini s » balau   S1 P17 P22 P27 

S. laevis 

3. albida (heavy variety)} 

S. collina 
") 

S. guiso 

3. kunstleri i    red balau S3 F11 P14 F17 

S, ochrophloia J 
S. pauciflora 1 
3. curtisii 

S. pachphylla 

35 
\ dark red 
[ meranti 

F7 P8 P11 

3. platyclados 
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. .  
St rei 
groi 

igth 
¿P 

Visual grade 

Species 48* 60# 75$ 

S. albida               | 

S. argentifolia 

S.  leptociados 

S.  rugosa 
S, acuminata 

S.  leprosula 

•• 
light 
red 
merant i 

S6 F5 F7 FB 

S. macroptera        \ 

S.  ovalis                 \ 

S.  parvifolia 

5.   smithiana       J 

S, assamica        "S 

S. bracteolata  J 

S.  hypochra        l 

S.  resinosa         l 

white 
merant i 

34 P3 P11 P14 

S.  sericeifloraj 

S.  faguetiana           j 

S.  gibbosa                I 

S.  hopeifolia          \ 

S. multiflora          I 

yellow 
merant i 

S5 P7- P8 P11 

S,  resina-nigra      j 

S,  acuminatissima J 

Shorea and parashorea SEE« 

P, malaanonan       J 

S.  almon                 I 

S.   sqamata             . 

Philippine 
light red 
mahogany 

S5 F7 P8 P11 

P.  plicata            l 
Penacme conforta J 

Shorea spp. 

S.  nogrosensiB 

S.  polysperma 

Heritiera BPP« 

Aniaoptera jjyg. 

1 
J 

Philippine 
red 
mahogany 

35 

S4 

S6 

P7 

P3 

F5 

P8 

P11 

F7 

P11 

F14 

P8 
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Visual  grade-' 

Species 
Strength 

group 48$ ou* 15% 

Gonystylus spp. 

Sindora spp. 

Capaifera spp. 

(syn.  Pseudosindora SDOI ) 

34 

S4 

F3 

F8 

F11 

F11 

P14 

P14 

F. East  African t imbers 

Species 
Strength 

group 
Visual gradea/ 

48% 60% 75% 

Capressos lusitaraica 36 F5 P7 F^ 

Pinus spp. 37 F4 F 5 F7 

Podocarpus spp. 35 F7 F3 P11 

Juniperus procera 35 F7 fr] F11 

Brachylaena hutchinsii 34 F8 F11 F14 

Celt is soyauxi i 34 FS F11 F14 

Entandróphragma utile 35 F7 Fo F11 

Ent andrò phragma cylindricum S7 F4 F5 F7 

Eucalyptus paniculata 33 F11 F14 F17 

Eucalyptus saligna 35 F7 F8 F11 

Khaya anthotheca S6 F5 P7 F8 

Olea hochstetteri 33 F11 P14 F17 

Prunus africanus '34 F8 F11 F14 

Vit ex keniensis 37 F4 P5 F7 

a/      See annex II. 



- 108 - 

Annex TV 

CLASSIFICATION OF LAO TIMBERS 

Dry grade stresses and moduli of elasticity 
for grouped Lao timbers 

(N/mm2i 

Timber 
group Bending Tension 

Compression 
parallel 
to grain 

Compression 
perpendicular 

to grain 

Shear 
parallel 
to grain Mean 

A 

B 

C 

27-5 

I7.O 

11.0 

22.0 

14.0 

8.6 

20.5 

13.0 

fi.3 

9.0 

6.6 

4.1 

2.05 

1.45 

1.05 

18 500 

14 000 

10 500 

Minimum 

12 500 

9 100 

6 900 

^hese stresses apply to seasoned timber, subjected to conditions in which 

the average moisture content of the timber over a 12-month period is not expected 

to exceed I5'. The stresses are appropraite for designs following the recommenda- 

tions of British Standard Code of Practice rD  112, part ?, 1971. They correspond 

to a standard structural grade as defined in part 3 of the report by TRADA entitled 

"Grouping of Lao timbers". 
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Natural durability 

Class A 
Vary durable or durable 
in ground under 
tropical condition« 

Dnasia pasquieri 

Fagrnea fragrane 

Garcinia íagracoidei 

Hopea ferrea 

Hopea Pierre! 

Mesua ferrea 

Pterocarpus pedatue 

Shorea obtusa 

Vatica Dycri 

Xylia dolobriforale 

'lati B 
Moderately durable in 
ground under tropical 
conditions 

Class c 
Not durable in ground 
under tropical 
conditions 

Adina sctfailifolia Artocarpus integrifòlia* 

Aglaia gigantea* Calophyllum »pp.* 

Anisoptcra cochinchincnsisCanariiun spp.     "~ 

Cassia siamea Costnnopsis indica 

Chukrasia tabulari* Diptcrocarpus alatus* 

Dialiua cochinchincnsis*    Diptcrocarpus  intricatus* 

Erythrophlocum Fordii*        Diptcrocarpus obtus ifolius* 

Hopea odorata* Diptcrocarpus  tuberculatus* 

Lagcrstrocmia spn.* Litsca vang* 

Mclanorrhoca laccifera       Melia spp. 

Pabudia cochinchincnsis*    Parashorea stellata* 

Shorea cochinchinensis        Peltophorum dasyrachis 

Pinus Mcrkusii 

Quercus spp« 

Sondoricum indicun 

Stcrcospermum fimbriatum 

Talnuma Gioi* 

Tarriotia cochinchincnsis 

Toona febrífuga 

Shorea vulgaris 

Sindora cochinchincnsis 

Vitex pubescens* 

*    Indicate» that the average natural durability may fall in the next higher 

claw.    The reason nay either be that the classification has been based upon the 

least durable of the species that may be supplied together ae one timber,  or that 

the classification is cautious due to lack of ground teet data. 
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Shrinkage 

Group A 
Low shrinkage 
(coefficient of volumetric 
shrinkage less than 
or equal to 0.35*1 

Group B 
Moderate shrinkage 
(coefficient of volumetric 
shrinkage between 
0.35' and 0.55/1 

Fagraca iragrans 

Melanorrhoca laccifcra 

Pahudia cochinchincnsis 

Sandoricura indicuu 

Adina scssilifolia 

Aglaia gigantea 

Artocarpus integrifolia 

Canariura spp. 

Castanopsis indica 

C hu liras ia tabularis 

Hopea ferrea 

Hopea odorata 

Hopea Pi errei 

Lagerstrocmia BOP. 

Litsea vang 

Helia spp. 

Parashorea stellata 

Pcltophoruiu dasyrachia 

Pterocorpus pedatus 

Shorca cochinchincnsis 

Shorea obtusa 

Shorea vulgaris 

8indora cochinchincnsis 

Stcreospcrmum fimbria tu« 

Talouma Gioi 

Torrictio cochinchincnsii 

Vitcx pubescens 

Group 0 
High shrinkage 
(Coefficient of volumetrie 
shrinkage greater than 
or equal to 0.55.f1 

Anisoptera  cochinchincnr- 

Bassia pasquieri 

Calophyllum spp. 

Cassia siaraca 

Dial iura cochinchincnsis 

Dipterocarpus ala tus 

Dipterocarpus  intricatila 

Dipterocnrpus  obtusjfolit^ 

Dipterocarj)us  tuberculat^i 

Erythrophloeura Fordii 

Garcinia fagracoides 

Mesua ferrea 

Pinus Merkusii 

Qucrcus spp» 

Toona febrifuga 

Vatica Dyeri 

Xylia dolabriforiais 
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