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SUMMARY 

The present report is lhc result of a study on the recycling of wood from fonnwcn in lhc Lalin American 
comttuctioo industty canied out in six counlrics of the region. The purpose of the SIUdy is to fonnulale 
m:ommendalions for improving eff..:iency in the use of wood and derived products in fonnwort. reducing 
pRSSUre on lhe exploitation of forests and improving productivity in the consttuction sector. 
The construction sector is one of lbe most important final COllSWDCIS of wood products. if not the most 
imponant. and represents approximardy S per cent of the regional GDP. In Lalin America there is a housing 
deficit of approximaldy 24 million dwellings. more dlan 30 per cent of lhe population being affecled. The most 
commonly used construction methods are based on the use of reinforced concrete. which requires the use of 
fonnwort ro give the elements their final form. 
Wood is now. wm pn-viously and will in lhe future cootinue to be the predominant construction material for 
fonnwort. especially in building one-family houses of one or two stor'C}s. which oo the average represe."'' mcn 
than 85 per cent of the Latin American housing stock. Fonnwort wood and ocher timber useJ tcmp<rarily in 
comttuction wort account for belwecn SO per cent and 70 per cent of the total consumption oC wood per housing 
uniL 
The new building maaerials used in fonnwort. especially of mcW. are mainly used in the consuuction of 
multifamily housing. large buildings or major engineering worts; even in those c.es. they do not completely 
fq)lace wood. Wood fonnwcrt rcpn:sents between s and 10 per cent of the direct COSIS of projects and is OD 

the average rcsponsal>le for lbe consumplion oC 17 per cent of sawn wood and plywood produced in die region. 
It is necessary to act immediately in optimizing the use of wood in fonnwort. and any effort made will be 
supported and wckomed boch by the fores1ry industty and die construction industry. particularly on die pan of 
die producers and/Or consumas of cement and concrere. Tbcre is a favourable scenario for die implementation 
of a plan of action tlw would act as a C11alyst for the concmrent intm:st of various sectors of the economy in 
the Latin American countries. 
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IN1RODUCI10N 

The fact tha1 fonnwork is used lelllporarily as an aid in the comttuctioo of a reinforced concrete sttuccurc and 
is used ·on1y· during the placement of lhe rcinforcemencs. the pouring and the later selling of the concrcse and 
tha1 afterwards is not part of !be structwc seems to indicarc tha1 it is of little or no importance in conttibuting 
to lhe overall Slability of the structure. In practice it is shown i."I actual fact thal the importance of fonnwort 
cannot be dissociated from the either componenlS of the sttucture. since the fonnwort and the quality of 
worbnanship arc responsible for various imponant facUJrs with regard to lhe stability of a sttucturc. such -. 
among ochers: 

• 
• 
• 
• 

Actual adherence to dimensims in a project 
The verticality and alignment of lhe suucturc. to avoid the occurrence of •mforcsecn stresses 
Support for appropialc compacting in order to guarantee lhe pujccled strength 
W alCrtighmess to guarantee homogeneous density and avoid dangerous porosity tha1 would 
pcnnit oxidation of the rcinforccmenas. 

From the economic point of view and speaking bodl of conventional systemS and industrial consttuction methods. 
the importance of fonnwort is of ever-increasing importance. since owing to the possibility of utilization several 
times. fonnwork is lhe only component of variable costs. which is not the case with the reinforcement rods or 
the ~ of concrete. which arc part of the finished structure and cannot be reutilizcd.. 
Civilian consttuclion in Lalin America is baically the applicabon of consuuctional systems based on reinforced 
concrete. there being a close relationship between the volumes and areas of structurcs and the consumption of 
ccmenL The use of tha1 maJerial as a basic component of structures is more important than its utilizalion in 
ocher pans of the building. such as floors. plaster. coatings. etc. At the same time, references to reinforced 
concrete structures indirectly mean reference to concrclC fonnwork. because sttucturcs cannot be made without 
them. 
From the early days of the utilizalion of fonnwork. the use of wood became widespread and it is still the 
principal raw material in the manufacture of fonnwort. al:hough alrernalive mareriaJs have recently begun to be 
used. cspccially steel in metal fonnwork. It can be stared thal. gc:nerally spealcing. al the Latin American level 
the more reinforced concrete is used in consuuction. the grea1er is the consumption of wood and wood-based 
products which arc used in fonnwork. 
There are differences from country to country in lhe tecbniqucs for utilizing and reutilizing wood and wood­
based products in fonnwork. Moreover. diffezcnt terms are used. In Mexico they are called cimbras. in 
Ecuador. Peru and Argentina encofrados. but in Brazil they arc/onnas and in Chile moldes or moldajes. In all 
cases the) perform the same function and arc mostly made of wood or wood-based products. 
Accordingly. lhc Uniled Nations Industrial Development Organization - UNIDO- thought it desirable to carry 
out a study in six Lalin American counuies on tbc use and recycling of wood in the consuuction indusuy, 
emphasizing the analysis of fonnwork made of wood or wood-based products. The purpose of the study is to 
f onnulale recommendalions to improve efficiency in the use of wood and derived products in fonnwork. 
reducing waste, improving reutilizalion and improving existing technology, thus conUibuting toward reducing 
pressure on lhe exploitation of forests and improving the productivity of the consuuction industty. 
The study was intended to analyse the volumes of concmc and the comparative costs of lhe various types of 
fonnwork and was to propose action on various aspects such as the pt>duction of raw malC:rial, standardization. 
uaining, technology. marketing. instirutional suppon. etc. As a consequence of the study a medium and long-temi 
programme was to be worked out involving a sc:ies of activities of a national or, if necessary, of a regional 
character. 
The research was carried out in Mexico, Ecuador, Argentina. Chile, Brazil and Peru, covering a period of four 
months. six weeks of which was devoced to fieldwork and the compilation of infonnalion. This was carried out 
by mean~ of interviews with housing and construction authorities in the public and private sectors, construction 
enterprises, forestry industries, manufacturers of f onnwork, research and standardi1.ation agencies. centres for 
vocational training and the training of f orcmen, associations of producers, organizations of pof essionals, ere. 
The study was concluded in February 1994. 
In lhe analysis of each country. a brief diagnosis was first made of the housing secror, the construction industry 
sector and the forestry industry sccror. These sectors were considered as being directly involved in tht: use of 
wood as a building material. Laler, the use of various fonnwork systems using wood and alternative materials 
and the volumes of consumption of wood were analysed in the light of existing construction systems. Also, the 
impact of the costs of f ormwork on the direct cost of the struchft was investigated and the comparative cosu 
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of fonnwcn made of wood and altemalive materials were cakulaled. Finally. conclusiom and rccommcndaliom 
were drafted at the level of each country and also conclmions and recommendations at the Latin American level. 



1.0 DIAGNOSIS OF MEXICO 

1.1 TI1E HOUSING SECTOR 

During the 1980s, Mexico, like the odlcr Lalin American counaics. cncounrcrcd a diffacult ccooomic situalioo 
which reduced the capacity of lhc population to meet their housing mquiremenas. In that period invesuncnts 
were hampered and national financial markets were exposed to pressure. This situalion led to a limitation of 
credit. reduced amoni7.ation periods and favoured high rales of interest. which affected access to credit. Also, 
the high costs of capital and the weak purchasing power of the population hampered the sol!llior! of the housing 
problem. 
In recent years. there has been an improvement of lhc Mexican economy as lhc result of control of inflation. 
rcorganizalion of public finances. rcncgotialion of the cxtcmal debt. opening of lhc market and economic 
deregulation. As a result. more resources arc available f<r mortgage loans. both in the public and priva1e sectors, 
interest ra1cs arc lower and amonizalion periods longer. up to 30 years in some cases. 
The problem of housing is affected by the inadequare. though growing. supply of housing in view of 
demographic growth. the needs for improvement and crowding conditions in the housing stock. 
According to the 1980 census. Mexico had a populatioo of 66.8 million. occupying 12.1 million dwelling units. 
Ten years Iau:r. the populalion had risen to 81.2 millioo, while the housing stock comprised 16.2 million units. 
This effort to scale up building activity represented a growth of 33.9 per cent in the supply of housing, l3lher 
higher than the population growth of 21.S per cent 
It is cstima1Cd that. on the basis of the Xth General Population Housing Census that the counay will have 8S.2 
million inhabitants and a housing stock of 17.7 million units in 1993. The occupational density in 1990 was 5.0 
persons per dwelling unit and the aowding index was l.S persons per room whereas 6S.S per cent of the total 
stock of tiouses had three or more dwellings. This situalion is quite encouraging in comparison with that of 
1980 when there was a housing density of 5.5 persons per dwelling and a crowding index of 2.2 persons per 
room. while only 38 per cent of the housing stock had three m more dwellings. 
Also, by comparison with the 1970 census. positive changes can be DOied in ttie availability of services in 
dwellings. for example. the proportion of dwellings with piped wa1Cr increased from 61 per cent to 79 per cent 
of the total stock; those with drainage from 42 per cent to 64 per cent and those with electricity from 59 per cent 
to 88 per cent 
Similarly. the census showed that 1.7 million dwelling units (10.S per cent of the toral) had problems of 
crowding, tha~ is to say they were occupied by more than one household or needed to be extended to house a 
family approprialcly. Similarly, in that year, 1.4 million residential houses nccdcd improvements or repairs 
owing to their dilapidated condition. 
The latter aspects determine what is called the qualitative deficit which, added to the quantitative deficit resulting 
from demographic growth, is the ham for calculating the total housing deficit al the national level of 
awoximately 6,400,000 units or dwellings. 
Table 1.01 shows the housing deficit for each of the 32 federal staleS, according to the 1990 census. With a 
population of 81.2 million, there were 16.2 million dwelling units, representing a deficit of 6.3S million in tams 
of the housing stock and a deficit of 74,000 in tennS of the population, giving a total housing deficit of 
6,423,263 units. 
The federal States with the largest absolute deficits are, in descending order: Mexico, Vciaauz. the Fcdcral 
DiSU'ict. Chiapu and Qucretaro. In proportional terms, however, it was noted that 60.4 per cent of the 
population in Chiapas suffered in some respect from a housing deficit. the national average for Mexico being 
39.5 per cent. 
Table 1.02 presents the development of the total housing deficit with a projection for 1980-2000. This estimate, 
made in 1987 by the Secretariat for Urban Development and Ecology (SEDUE). which has since 1992 been the 
Sccrerariat for Social Development (SEDESOL), agrees in general with figures contained in the previous table. 
In this second table. a deficit of 6,406,731 houses is estimated for 1990, a figure which is fairly similar to the 
previous one. it being specified that the cumulative deficit was 6,288.S04 units. the housing needs to cope with 
the population increase cotalled 274,S90 while needs resuiting from deterioration numbered 308,43S. The 
housing needs toealled 6,871.S29 and the estimated supply was 464,798. giving the figure of 6.406,731. 
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TABLE 1.01 

HOUSING DEFICIT BY FEDERAL STATE. I~ 

PIJJUAl. HOUSIJIG SHQl.T. SHO&TMZ. l'QPU. NOOSDIG SHQl.T. TOTAL 
ftCJVDICE STOat llQ. A8SOUJ'n l.Allllli MUDS MZllL llOlJSUiG .. to SHORTAGE 

l'OP\IU-
TIOfl 

TOTAL 16..1'7...Z l&.77 6.)&1.JU ll,Jet,615 16.271,Jllll n,. i.GUliJ 

AOJAS CAUl!Jlll'TIS DD.'llll!I JCLl9 )l,B2 719.6" ll0jl1 1• ,,_no 
LUA CAURJaHlA m.111 %156 IUSl I.MUS ]71Jfl/f1 "" 17,tlll 
llAIA CAIJFOUQA 
sua ..... )1.10 ..,, 317.76& •.tm :m 2'1.)M 
CAlll'l!CHE 110,)(6 51.07 56.JM m.w 110$7S 2llt 56..571 
COAllUll.A a . .s 31ll 131-2 l.flUtO 410,llM 2.G 131.:Z7l 
COL'MA to,lli) ..... 41.JIJ G,SIO tl.172 tot ~ 
CHL\PAS "7.n& St..12 JS7.SW 1.210.• ta5.754 UICI ... 
OUllUAIRIA 5«1.m - IG.4113 z.aun JG.Ill 1.716 IM,JDll 
DISDITD l'EDBAL l."9.410 2U7 Q,Slt IJ:SS.761 l.ll0..165 JG.m -.:rs 
OOUHaO JllJJtl 1s.n MJIJI l,Jlt.)'11 JllJJ50 3" t4,.Jtl 
GUAHAJUAto 7111,Jn T1.llO 2".•1 3JIUI] 711.177 t,tJO •"2 
GUDIDO Sl2.44S fl.SO 115J54 2,0U11 SIUIS ., 315,ssJ 
HIDAl.G(\ 1117.400 46.111 1•.1111 1-.- 39.103 111) 1•.'141 
IAIJSCIO 1_1114.IOS 2'.l4 )06.JM S.]02. .. IJllUH 1.710 D,1174 

MDJCO l.GDJ.tltl J4ll 6&6Jltl 9,11S.1'S 1,114.CBO m "1JID 

llllOfOo\CAJll 671J41 4151 2'U'2 ]Jtl.l" 82.)46 SJllS 2",lf7 
MOIE.OS >16.1'71 .o.J6 ".ta UtUM M.'11 "" ICIZ,SJ7 
NAftIT rn.ss 44A9 76..4• D.661 171.1111 154) 76,.0 

NV2V A L!Ol'I "1"1 JI.SO JID.'21 ],1111.7]6 MU70 (l.1Mi lm.l:ll 

OAXACA •.as :MJI 311111 1.D1t.!t0 ,._,,. ., Jlt,J30 

PUDLA mm 45.ll 3SUll 4J-.101 775,!11 • ]~ 

QUIUT.UO ltS,569 42.66 1).430 IJISUJS ltS.'MI ltl IU2I 
~NTAHA 100 lllli.llM S2.74 S5'54 "1JZ17 lOUlO 216 56..l'IO 

SAN LUIS POTOSI m.ms ..... 171.M 2,003.117 xz.- m 171.741 
SDIALOA 4J6.lS7 .UI llt,JDI 2)114.l1M 4J6)16 St llt.JllO 
SONOaA 11J.l90 34.94 ID.'22 1.m.a Jl3Jl7 m 131,549 

TAIASCO 21Utl 56.H ua.:zn IJOl.144 117J40 441 ID.719 

TAMAllUPAS 494.454 )IA6 ltS.112 2.249-"1 4'5.9112 1.1111 ltl,160 

TUXCALAI 117.412 43.ll St.472 761Zf7 117-"U 3 ,,...,, 
VllAACIUZ 1.271.457 4l.llS 61UJS 6,J3UJt 1.:zn.• l.212 611.147 
YUCATAH 2'7S.%SI 461S 121.Mf IJ62.940 2'15,3'1 110 12'Jl56 

ZAC\11!CAS Df.7m JIJIS tl.lllt 1.276,JD DfJIO 2ID tl ... 12 

• Source: SEDUE and INE, 1991 CENSUS 
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TABLE 1.02 

DEVELOPMENT OF TOTAL NATIONAL HOUSING DEFICIT 
1980- 2000 <PROJEcnoN) • 

Year Deficit Population Deterioralion Housing Housing 
growth needs supply 

1980 4.438.070 298.711 308.435 5.045.216 366.867 
1981 4.678.349 300.121 308.435 5.286.905 385.882 
1982 4.901.023 302.556 308.435 5.512.014 400.100 
1983 5.111.914 303.0'i4 308.435 5.723.423 410.117 
1984 5313306 301.921 308.435 5.923.662 417.593 
1985 5.506.069 299.367 308.435 6.113.871 420.224 

1986 5.693.647 295.670 308.435 6.297.752 426.()24 
1987 5.871.728 291.081 308.435 6.471.244 445.363 
1988 6.025.881 285.865 308.435 6.620.181 459.144 
1989 6.161.037 280.284 308.435 6.749.756 461.252 
1990 6.288.504 274.590 308.435 6.871.529 464.798 

1991 6.406.731 268.591 308.435 6,983.757 478.548 
1992 6.505.209 262.100 308.435 7.D75.744 498.479 
1993 6.STI.265 257.628 308.435 7.143.328 513.181 
1994 6.630.147 256.337 308.435 7.194.919 532.576 
1995 6.662.343 257.129 308.435 7127.907 543.620 

1996 6.684.287 257.566 308.435 7.250.288 569.406 
1997 6.680.882 257.895 308.435 7,247,212 599.SSO 
1998 6.647.362 258.385 308,435 7.214,182 636,240 
1999 6.5TI,942 258.831 308.435 7,14~.208 ~7,242 

2000 6,4TI.~ 259,053 308,435 7,045.454 700,000 

•Source: SEDUE. Housing Information System (1987). 

1.2 1llE CONSTRUCTION SECTOR 

1.2.l The economic context 

Deficit 

4.678.349 
4.901.023 
5.111.914 
5.313,306 
5.506.069 
5.593.647 

5.871.728 
6.()25.881 
6.161.037 
6.288.504 
6.406.731 

6.505.209 
6.STI.265 
6.630.147 
6.662.343 
6.684.287 

6.680.882 
6.647362 
6.STI.942 
6,4TI.966 
6.345.454 

The comcruction indusn-y plays an important part in the economy of Mexico, contributing more lhan 5 per cent 
of the GDP. creating approximately 10 per cent of natiooal employment and generating 3 per cent of wages and 
salaries. In the housing sectOr, 95 per cent of the inputs arc of local origin, being supplied by about 40 induscrial 
branches. Similarly, 61 per cent of the gross capital formation is duet> the Constnk.-tion indusn-y, in which 
housing has a 34.8 pc:- cent share. 
It is interesting co note that, according co National lnstirute of SWistics. Geopaphy and Information Sciences 
(INEGn for 1980. sawn wood and rhree-ply represented 3.1 per cent of the rolal of national inputs consumed 
in consuuction. basically used in formwork for concrece). For reference purposes, it is pointed out that lhis 
figure is equivalent co that for cement. which represents 3.3 per cent of the consumption of inputs, and that in 
lhe case of cement 87.6 per cent of national production is allocated to the conscruction se.ctor whereas lhis sector 
represents only 46.9 per cent of lhe consumption market for sawn wood and plywood panels. 
In 1991, the number of persons employed by the formal sector of the r.onscruction indusn-y was 448.134, 
consisting of wage earnen (70 per cent) and salary earners (22 per cent). The breakOOwrl of consuuction 
activities was as follows: 
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Housing 
Non-residential conslrUClion 
lmWJalions 
Industrial buildings 
Urban development 
Maritime and river 
Hydraulic worb 
Land commu;iicalions 
Professional scrvXes 
Olher 

939'1 
14.61'1 
7.07'1 

12.83'1 
9.58'1 

3.7'1 
7.Sl'I 

19.21'1 
4.17'1 

11.93'1 

The 1991 figure for nominal growth in the tolal value of production by enterprises affiliated to the Nalional 
Chamber for the Consuuctioo lndustty. which 1tp1esenu 40 per cent of the COOSlnJCtion cnlCrpises in Mexico. 
was S1 .02 per cent and n:aJ growth 37. I I per cent from the year 1990. 1 

1.2.2 Amual prodoction of housing 
As was mentioned before. in 1991. housing consuuaion represemed 9.39 per cent of the tolll value of 
proch£tion by cnlelprisc$ affdialed to lhc Nalional Chamber for the CODSlrUC1ion lndusuy (CNIC). However. 
the actual figure must be much grcaler. since CNIC ~ only 40 per cent of consuuction cnteqJrises in 
Mexico ar'CI the pcrccnrage quoted docs not include housing built by die infmnal sector. Iha& is to say. the 
incomplete dwellings produced by the social sector duougb self-help comttuetion. 

Year Tola! 
apparent 

production 

197S 369.6 
1980 446.1 
198S S38.I 
1986 SS8.7 
1987 580.0 
1988 602.0 
1989 62S.1 
1990 647.8 
1991 674.0 

TABll 1.03 

MEXICO. ANNUAL HOUSING PRODUCTION. 1975-1991 
('000) 

Acccplablc Public Private sector 
scctor 

Social Low<OSt. Inter- Resi-
housing. wilhout mcdialc denlial 

completed fmancing type 

- 62.4 - - -
- 113.0 - - -
-- 171.2 - -- --- 142.3 - - -

349.3 173.S 66.4 82.3 27.1 
302.2 16S.6 S0.9 6S.2 20.6 
350.S 144.4 95.9 86.1 24.2 
352.I 158.8 70.8 95.1 26.7 
381.2 202.2 62.7 90.0 26.7 

Social sector 

With dcfici-
cncics 

-
-
--
-
230.7 
299.8 
274.6 
295.8 
292.8 

Source: CIHAC 199i Consuuction Catalogue, based on lhc INEGI 1960, 1970 and 1980 censuses. The 1989 
and 1990 figmes for the public sector are taken from lhc 1989 and 1990 SEDUE housing SWistics, 
respectively. 

Table 1.03 gives detail or the annual production ol housina in Mexico over the period 197S-1991. EstimaleS 
according to lhc CIHAC calaloguc, based on information from INEGI and SEDUE, indicate a production or 
674.000 dwelling unilS for 1991, only S6.6 per cent or which were constructed by the public and privare formal 

Rwista Mezicana dt la Cons"ucci6n, No 45S - December 1992 



sector and were of die social housing scbcmc. low-cost without fiftallcing. inrcrmcdialc and residential types.. 
The remaining 43.4 per cent. thal is to say 292.800 dwelling units. were coosttucted by the self-help method in 
the informal sr:ca. 
These figures arc larger lhan those projected in 1987 and J.'l'CSCntcd in table 1.02. bc:cause of the much mare 
active presence of thc public sector •ilich in 1993 alone granted 320.000 loans for new dwelling unilS. including 
financing in respect of complclcd unilS. progrcsgve unils. ~financing and building on occupier·s own land. 
1bis more aggressive panicipalion of thc public sector in Mexico was a response to lbc 1990-1994 National 
Housing Programme. which envisages the implemcntalion of various lines of priority action inlendcd IO reverse 
the present cumulative ircnd towards a housing deficit by lbc year 2000. 
Table l.04 shows thc malerials predominantly used for walls and roofs for thc tocal of 16.035.233 private 
dwellings occupied on the day of die census. 
The malCrials predominantly used for walls arc thin .uid thick brick partitions and coocrcte blocks. which arc 
used in 70 per cent of die tocal dwelling units.. that is to say in ll.148.9'78 units. Adobe is die second 
commonest material. rqJl'CSCMing abnost 15 per cent of ~ tocal and wood accounts for 8 per cent of the 
national local. 
The predominant maaerials in roofs arc coocrcte slabs. brickwork band vaults and f1al brictwoit laid on tams. 
which IOgCtbcr represent 49 per cent of the IDlal. The odler predominant roofing maac:rials arc: ubcs1os or mcsal 
sheet (18 per cent). cenmic tiles (10 per cent). laminalcd cardboard (10 per cem.) and pabn leave:>. shingles or 
wood (8.5 per cent). Cement is thc predominant maraial for Doers with SJ.5 per cent. followed by mosaic or 
ocher floor covering wilh 26.7 per cem and bearen earth wi1h 19.S per CCDL 
In genera) it can be de&a.d thal a typical Mexican dwelling is made of the following predominant marerials: 

Aoors Cement (533%) 
Walls Thin or thick concrde wall blocks (69.5%) 
Roofmg ConcrelC slabs, brickwork barrel vaults and f1al 

brickwork roofs laid on beams (49.0%) 
As can be noted. cemem or concrelC arc die predominant malerials in the large majority of dwellings in Mexico. 
Wood is used for structural purposes in 5()..6() per cent of roofs. in combination with various types of roofing 
malCrials. 

1.2.3 Housing density 
The last census did not indicalC the quantity of dwellings in die housing Slock of 1990 rqwesenrcd by one- or 
two-storey one-family dwellings, nor muhifamily buildings of more than three storeys. 
However. this percmrage can be oblaincd by analysing the real value of production of one-family dwellings and 
multifamily buildings in the formal consauction sector. According to the National InstitulC for Statistics, 
Geography and Information Sciences (lNEGI), multifamily houses represented on the average 28.5 per cem of 
toca1 production in the period January 1992 - February 1993. while one-family dwellings represented die 
remaining 71.S per cent. 
It was shown in table 1.03 that the formal secuir consauctcd 55.5% of dwellings in Mexico and that the informal 
sector constructed the remaining 44.S%. basically incomplett dwellings of one or at most two srorcys. 
Accordingly. il can be deduced that die density of buildings in this cOUllll'y was broken down as follows: 

ONE-FAMil. Y MULTIFAMILY 
(1-2 SIOreY5) (3 or more storeys) 

- Formal SCCIOr 39.7% 1S.8'l 

- lnf onnal sector 44.S% 

TOTAL 84.2% 1S.8'l 

As is IO be expeclCd, the highest percen&age of multifamily houses is found in lar&e cities in the urban zones of 
the country which. for the purposes of the present study are those wirh the highesl consumplion of wood for 
form work. 



UNITED STA TES OF 
MEXICO 

Laminated cardboard 
Reeds, bamboo or palm 

w Mud 
A Wood 
L Asbestos or metal sheet 
L Adobe 
s Flat melt. brick. blocks 

Other materials 
M11erial not specified 

TABLE l.(>4 

HOUSING STOCK IN 1990 
PRIVATE DWELLING UNITS IN THE REPUBLIC. PREDOMINANT MATERIAL 

IN FLOORS AND WALLS BY PREDOMINANT MATERIAL IN ROOFS 

ROOFS 

Total private Laminated Palm leaves, Asbestos or Tiles Concn···~ or other 
dwellina cardboard ttjamanil or metal sheet shths ' 

units wood 

16,035,233 1,550,833 1,366,792 2,871.586 1,532,7"6 8)..44,MI 

199,788 157,652 13.709 17,913 3,728 3,748 
320,163 88,140 146,636 48,423 25,203 l,159 
376,844 102,225 121,045 76,Sl8 59,761 5,014 

1.303,481 442,596 358.879 373,618 98,421 S,134 
119,542 16,779 7,275 75,277 4,965 12,864 

2,342,987 184,409 357,202 497,279 804,660 324,365 
11,148,978 530,558 343,067 1,755,825 521,899 7,864,596 

139,594 26,464 16,967 24,334 12.131 23,091 
83,856 2,010 2,012 2,399 1,938 4,870 

Abo includes baml vauk roofs and flat brickwork roofs laid on beams. 

Soun:e: SEDUE and INE, 199! Census 

Other 
materials 

375,47S 

I ,8S7 
9,255 

11,449 
23,IOS 

t.296 
171,79S 
119,95 I 
36.313 

4SS 

Not 
specified 

92,999 

J,IKI 
l,347 

832 
1,728 
1,086 
3,277 

13,082 
294 

70,172 

I 

Cl' 
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13 THE FORESlltY SECTOR 

1.3.1 Forest resources 
According to lhc 1991-1992 economic memorandum ofthe National Chamber for- the Foresay lndusuy. Mexico 
has 3S.889.075 hccwcs of fcrcst. covered by lrCCS of which 27.482.917 ha (10.7 per cent) 1cpacscnt woods in 
the tempcralt-cool climalic zone wbc:re basicaDy 67 .9 per cent arc coniferous spcciCi and the remaining 32.1 
per cent broad-leaved species. The n:scut:CS in the sea of die llq>ical and sub-uopical climalic zone amount 
to 11.406.158 becwcs (29.3 per cent). of which 81.4 per cent .-e locared in medium-altitude forests and die 
remaining 18.6 per cent in high-altitude forests. 
The volume of standing timber is cstimaled 11 3.125.6 million m1 of logs. i.e. 1.989.4 millim m1 (63.7 per cent) 
in fOl'CSlS of lhc tempcr31e-cool climalic zone and 1.135.8 million m1 (36.3 per cent) in forests of the tropical 
and sub-tropical climalic zones. 
It is impor.ant to point out that the increase in the volume available owing to lhc growth of plantalions of 
coniferous species is 27.3 million m; per year. while it li estimaled dw the increase in broad-leaved species is 
equivalent to 1 per cent of the existing volume. ie. 13.0 million m1 in woods and forests. 

1.3.2 The forestty indusuy 
The most recent swisti~ available in the National Olalllber of the Foresu; Indusuy indicare dial the decline 
in growth of the sector wz 15.1 per cent in 1991. aldlough lhc manufacluring sector as a whole grew by some 
4.2 per cent over 1990. This declining ll'Clld has been obseried since 1986. and~ more acUIC last year. 
The annual share of wood and wood-based products fcO and represented 2.5 per cenl of the real gross product 
of lhc manufacturing sector in 1991, wbcmls lhc average in the previous five years had been 3.8 per cenL 
With regard to lhc forcsuy industry linked to lhe use of wood in fonnwork. the insWled capacity of the sawmill 
industry is as follows: 

Number of sawmills 
Inslalled capacity ('000 m1 of logs) 
Capacity utilil.alion (4l!) 
Production ('000 ml of logs) 
Number of persons employed 
Investment (USS '000) 

I.543 
I2,344 
44.62 
5,5()1) 

18.516 
'367).29 

The wood-based boards industry is a large supplier of inputs for constJUCtion fonnwork. Its characteristics in 
1991 wcte as follows: 

Plywood Particle board Fibre TocaJ 

Number of plants 35 14 2 49 

Installed capacity ('000 ml) 556 685 125 1,366 

Capacity utiliution (Ck) 33.1 60.4 '36.0 47.1 

Production ('000 ml) 184 414 45 643 

Investment CUSS '000) 720.232 

Pmons employed 11,433 

1.3.3 F~stty production 
The figures for timber fellings in I 991 indicale production of 7.6 million m1 of logs. there being a 5.5 per cent 
decrease from the previous year. or lhat tolal. 1 .2 million m1 representtd induslrial timber. the rest or the timber 
felled being used fer fuel, firewood. c~oal and brushwood. 
IndUSlrial timber wu used for products of rectangular cross-section, mainly sawn. which accounted for 70.1 per 
cent of the induslrial lOCal. and 21.2 per cent was used ro make pulp products, 2.6 per cent for panels and board 
and 1.2 per cent for log products such as posts, piles and fuedogs. 
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Wid1 regard ro lhc species extracted. they have traditionally been conifers. especially pines. which represent ~ 
lhan 83 per cent of logging in Mexico. the remainder being various types of broad-leaved species. chief among 
which is lhc oak. 
If forestry production is analysed from lhc point of view of origin. 46.9 per cent comes from the Sierra Madre 
Occidcnlal (the S1a1es of Durango and Chihuahua). 31.7 per cent from the Sierra Ncovolcanica (Swes of Jalisco. 
Michoacan. V cracna. Mtxico and Puebla). while lhc thild most impl'IWll area is the Sierra Madre dcl Sur 
(Stares of Guerrero and Oaxaca). wbe~ 9.6 per cent of forestry production was logged. 

1.3 .4 Foreign trade 
The preliminary figures available in the CNIF indicarc. a negative balance of trade for 1991 of USS 5233 
million. resulting from exports ro a value of USS 299 3 million and imports of USS 822.9 million. 
The largest deficit is consliruted by pulp prodocts. rcpesenting 65.5 per cent of imports. followr.d by prodocts 
with little value added. particularly sawn wood. with 20.2 per cent. and in third place wood-twed panels and 
boards. which represent 8.4 per cent of imports. 
The information available shows that imports grew in 1991 by between 50 and 90 per cent in relation to 1990. 
especially in sawn wood and wc00-based board. This increase in imports will probably be grearcr in flllurc. 
considering the aspect of costs and expediency in the suwly of forestry products from North America in the 
framework of the new North American Free Trade Agrccmen• (NAFf A) recently ratified between the United 
Stares. Canada and Mexico. 
In the opinion of the National Associalioo of Manufacturers of Board (ANAFATA). NAFfA may possibly 
inrensify the crisis in the forcsuy indusuy. which makes it necessary to analyse the possibility of injecting greater 
value added into the national product or to anempt joint venrures. making use of the advanaages of tropical 
timber. 
In 1992. the production of plywood in the 14 factories operating out of the existing 35 was 99.000 metric tons. 
whereas imports were alm<m 100.000 metric tons from the JJndcd Srates and 60.000 metric tons from Indonesia. 
a country which has been exporting plywood from Mera. •• ; for reasons of cost and type of finish (decorative). 
In general. 38 per cent of the trade in plywood is provided by Mexico and the remaining 62 per cent by the 
United Stares and Indonesia. 

1.4 THE USE OF WOOD IN FORMWORK 

1.4.1 Background 
Mexico has. without any doubt. world-wide prestige in archirecturc. In pre-Hispanic times. when the building 
of cathedrals began in Europe. pyramids and sauclUrCS were being erected in Mexico that still exist.. Various 
cultures have bequeathed to us suuctures scattered throughout Tajfn, Chic~n-ltza. Uxmal. Tula. Monte Al~. 
Milla. Teotihuac~. Palcnque. Bonampak. etc. 
These cultures doubtless had abundant manpower in the form of artists and artisans who were able to work stone 
and fit it together following a special geometry. the result of which was the structures that we can still admire 
today. 
The use of wood. in the form of tree-aunts, greatly helped in building these sttuetures, since neither the wheel 
nor steel were known. That can be considered as the original of structural frameworks in the countty. 
In the colonial epoch there emerged sttuctures of grcai value built with European rechnology but with the 
valuable collaboratior. of native manpower, giving a richer fmish and resulting in of a blend of two cultures. 
whose examples in the form of chun:hes. convents, buildings, etc. have their equal only in those in Lima. Peru. 
With the passage of time. the use of cement and concrete became widespread in Mexico, so that it was necessary 
to position moulds to receive, shape and support them. At thal time. wood was used for fonnwork. The forms 
inll'Oduced initially were boxes constructed of boards and strengthened by nails to keep the components in place: 
later, tluu-ply panels of "fonnwork grade", whose dimensions were normally 1.22 l 2.44 m and whose thickness 
was nonnally S/8w (15.9 mm) were used. 
In wharevcr type of conSll'Uction work. either urban development, buildings. heavy or industrial consuuction. the 
use of wooden fonnwork and cross-ties or stanchions was more than widespread. since both obtaining the raw 
material (wood) and manpower for manufacture and assembly were extremely cheap. apart from being abundant 
owing to the artisanal skill of the con.~truction workers. 
However, at present lhcrc has been a radical change from past conditions. The development of new techniques 
in fonnwork and structural frameworks has rcsulled from the high cost of purchasing wood. the rise in the price 
of manpower. the difficulty of finding it. the need to enhance productivity and to use more modem and much 
mm rapid systems for construction. as well as the fact that construction takes place in ~ changeable an 



economic environmenL apart from lhe enormous wasre of wood. a nabnl resource rhat is DOI abundant in 
Mexico. 
The need to alter lhe b'aditional system WU lhe prcpondcrant considc:l2lion and forced Mexican engineers and 
architects to develop ledmology wilh lhe USC of new maraials and new approaches. in which opamjzarion of 
the number of uses. speed in positioning and striking fonnwort and i1S ranoval. the avoidance of wasre. lhe 
faciliration of opcralions. are obligalory paramelCIS which must inevilably lead to a sub513nliaJ reduction in 
construction COS1S. 

1.4.2 Types of wooden fonnwort 
Wood Im b=l lbc mosa commonly used mar.erial for the fabricalion of fonnwork. and mos1 types are 
consuuctcd on lhc ha.us of experience. which is an apprqJriale systl'..m for ordinary suucturcs. However. Ibis 
is not 1n1e beyond that point. with anodlCr type of dcsip in which it is ~ possible to wort empirically but it 
is necessary to design and mate Slalic calculaliom of lbc structurcs of all ns constituent elements. taking into 
account onlilwy working and safe ~ factllrS rhat arc reflected in savings if the problem Im been corn:ctly 
solv:.ci. 
The fonnwork or moulds are normally made of wood because it is a mareriaJ rhat can wilh relalive facility take 
on different shapes and whose cost wz relali"Vely low. though it no longer is so. Wooden fonnwork in direct 
contact with concrete can be mi:d four ID six limes. given good manpower. If the elcmeDls are not in direct 
conract with the concrete. m is the cme with SlallChions. pos1S. flooring reinforcements. walings. suingers. wind­
bracing. CIC •• their useful life is normally ca1culared m ten ID twelve uses. 
Many systemS arc used in formwort for lhc various concrete elemcnlS and we shall tty ID analyse some examples 
wilh lhc purpose of CSlablishing a relevant airerioo. 

1.4.2.l Fonnwort for foundalions 
a) For foundation footings or mats: For the formwork in reinforced concrete foundations footings or mats, lhe 
laleral mould consisls d boards of 1~20 -:m width. according to lhc depdl of the fooling. and is fJXed to lhe 
ground by means of yokes set approximalely SO cm apart and nailed to the board. Board 2.S cm ( l ") thick is 
employed if it is inrended ID usc lhe formwort one ro three times, and 3.81 cm (l~") or 5.0S cm (2") board if 
it is intended ro use it more than that number of limes. 

FIGURE 1.01 Normal fonnwork for a fooling of 15-25 cm depth 

1x4" plank 

b) For foundation beams or walls: Probably die most correct and cheapest system with regard boch to 
manpower and wastage of ma"-rial in the manufacture of form work ior foundation walls, and in general for Olher 
elemenu such as floor slabs. is the use of prefabricated formwork made from 2.5 cm (l ") board with lareral 
bracing of 3.81 cm (I W') board, in sizes of about 1 m according \he module chosen and believed ro be most 
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suitable for lhc cxccutiotl of lhc wort. Using such pans avoids lhc wasiage of wood. since it need not be cut 
up conlinuously to oblain various sizes. and because special pans need be made only in order to adjust for 
differences between modules and lhe openings in the foundalions or dislances between centres.. 
It is very impooant to point out that the wood most used in Mexico City for lhc manufacture of fonnwort is 
10 cm (4.) board so that it is very advisable to me it in designing sections or concrete and distances between 
ccnaes. This I 0 cm module is used for n300S of expediency by lmnbcr deaJers and builders. so as to make tbc 
smallest number of cuts within the normal 30.4 cm (12.) boards that come from the sawmill. 

RGURE 1.02 Normal fonnwort for 20 x 80 cm foundation walls 

1.4.2.2 Columns 
For lhc fonnwork of a column of square or rcaangular aoss-scction. four side clements are made. equal in 
dimensions to the la1eral dimensions or the clement to be pourc::d. in which the contact surface is pcnnancndy 
nailed to aoss pieces or yokes localed 40 or SO cm apan. These cross-pieces are localCd edge on so that when 
lhc case for the column is made lhose on two opposing faces are mounrcd exactly on lhose of die laleraJ faces. 
This cmucs a series of right angles on the comers formed by the projecting portions of the aoss-picccs on which 
nailing suips can be positioned. by means of which the compleie fonnwork clement can be faxed by means of 
metal or wood clamps. 
The box thus formed is held upright by means of four inclined SUU1S n:sting on wedges set on the floor slab or 
the ground. In this way it is possible to build an clement which can be suuck simply and rapidly and above all 
wilhout destroying the wood in contaet with the concrece. To prevent thc wood from sticking to the concrcre and 
also to in~e the useful life of f ormwork. it is desirable to grcue it. using any normal product. such as crank­
case oil, yellow grease. linseed oil or any other type of special grease hued on pcuolcum or paraffin. In order 
co make mv.imum use of IO cm wide boards. the dimensions of the poured element must be multiples of 10 
less 2.S cm or less S cm. depending on the fonn in which the s1ands are placed. 
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FIGURE 1.03 Normal fonnwort for a SO x SO cm U>iumn 

4 x 4• SUUt 

1.4.2.3 Beams 
If the beam suucture is designt.d from die rop, die fonnwort fer such elemenlS is similar to dial for the 
foundalion beams. If lhe beams are mdemcalh die slab, the base and the sides are consuucted separately. 
It is desirable to use thicker wood (2") for the COllSlrUCtion of the base than for the sides (1 ") and the contact 
wood dial constitutes the base is supported on a number of 4 x 4 • suingen set at 1 m distance from one anodler. 
The sides are nailed to 2 x 4" lie elemenlS which are connected with the braces by 1 x 4• struts to stiffen the 
cue. Fmally, lhe hues are braced with diagonal elemenlS and are suppMed by 4 x 4• uprighlS resting on lhe 
floor and on floor blocks, also 4 x 4 •. 

FIGURE 1.04 Normal fonnwort for IS x 30 cm beam 

/ 
... 4 lt 4• lill 

1 lt 4" fish. plate 
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l.4.2.4. Slabs 
For the slabs formwork, a series of trays or boxes of appropriale dimensions should be constructed. according 
to the span to be covered, consisting of a conract fonnwork lining nailed to a rigid framework of thicker wood. 
These boxes should be made with grc&.t care. squaring them and planing their surface, so as to oblain a better 
finish in pouring concmc. 
They arc located side by side on a struclUIC consisting of supporting beams and bracing clements. spaced at a 
maxima;m of I m from one another and resting on appopriatcly spaced 4 x 4" uprights to which they arc joined 
by means of fish plates. Finally. the uprights resl oo the floor blocks and arc connected to them by means of 
wedges and fish plates. 

AGURE l.OS Normal fonnwork for floor slabs of S to 19 cm depth 

1x4" board 

4 x 4" sill 1x4" wedge 

/ 

1 x 4 .. fish plate 

l.4.3 Mi"ted fonnwork 
This sy'>lem of United States origin (the STEEL-PLY SYSTEM of SYMONS CORPORATION) has spread 
throughout the world and is based principally on modular panels with a melal framework and wooden conlaet 
face, which are joined together by means of elements specially designed to facilitate and optimize lhe operaliom 
of setting up and striking fonnwort for walls, beams, columns, slabs. etc. 
This system has been used in Mexico for men than twenty years ar.cl is offered on lhe maikel for sale and hire 
by the two best known enterprises, namely, CIMBRA-MEX. S.A. and INGENIERIA DE CIMBRAS S.A. Apart 
from the melal frames which supp<l't the plywood. reusable tie bollS and clips are used to join the panels and 
wedges thal serve to fix the tie-rods to the panels. The modules are supplied in slalldard dimensions of 30 cm 
and multiples up to (JO cm broad and 2.4 m high. 
CIMBRA-MEX uses marine three-ply board of heavy pine, 12 mm thick with one face covered with kraft paper 
impregnated with resin, which can thus be used between (JO and 70 times with the use of release agents. 
INGENIER.IA DE CIMBRA$ S.A. u~~ national Parral Duraply of 12 mm thickness (40-60 uses) or Eastwood 
plywood from Canada (100 uses). 
Since 1970. CIMBRA-MEX on its own has supplied formwort for the construction or about IS0,000 dwellings. 
principally in social housing projects, in addition to other civil engineering and industrial works. The system 
is appropriate for the construction or concrete walls or 8 to IS cm thickness and concrete slabs for floors and 
roofing. The second alternative for roofs is beams anC: arches, which is a prefabricated system tha1 is very 
popular in Mexico and requires hardly any fonns. 
TIM: advan&age or this type of composite fonnwork compared to 100 per cent metal types is the lower initial 
investment. the lower weight (a composite panel of 0.00 by 2.40 m weighs 40 kg and a metal ronn 4S-SO l~g), 
the greater versatility in respect or modules and the greater degree or reuse or the frames. The principal 
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advan!agc of mclal panels is the large number of possible uses {200). ht.:! much more equipncnt is needed foe 
handling. 

FIGURE 1.06 Mixed formwort system 

lnlemal angle irons 

Clip 

~ :__ Lugged lie rod 

.. tS-l_,_ (!:I ~ 
. ) 

Fial tie rod 

Exremal angle irons Fixing wedge 

1.4.4 Olher types of formwort 
There are many altemalives in the building market in Mexico, among which are the following: 

1.4.5 Climbing formwork system 
This technology originarcd in the United Scares and was modernized in Europe after lhe Second Woeld War. 
It was again utiliz.cd in North America and bas been used in Mexico foe about 2S years. It is used buically for 
the consttuction of silos, chimneys, high canks. elevator shafts, etc. 
The renn is used for formwort equipped with an independent S)'SICm dw permits die continuous raising of lhe 
forms. without the need for tie bolts or spacers, as the pouring of the concrete progreaes. The concrete is 
continuous and thus monolilhic. 
The system consists of form sides 1.20 m wide whose length varies from 1.2 to 6 m. They are consttucted of 
wood or melal and are connected by means of metal spacers which can be regulated according IO the lhickness 
of the concme wall. The whole system slides continuously by the use of high capacity hydraulic jacks which 
climb on special Sled bars res&:ing on the previously consttucted concrete. 
The concrete and reinf on:ernent rods are positioned from a wooden plad'orm resting on the melal bracing 
clements of the intcmal portion or lhe forms. The mcUll brackets fastened to the metal SJllCCf'S receive lhe 
exrernal wooden platform for the SIOlage or reinf on:ement rods. In Mexiw uieie are about 8 plants for sliding 
forms, half of which use wood an lhe fom ochers mela1 fonnwork smfaces. One or lhe cncerprises visited. 
OBRAS Y DESLIZADOS S.A. also uses tongue and groove pine boards from Michoacan of 4" and 6" widlh 
and 30 mm thickness. Pine from Chihuahua and Durango is also used. The wood is not kiln dried and can be 
used up IO 20 times allhough the optimum figure is 12. 

1.4.6 Melal fonnwork 
This type of formwort is still relalively little used in Mexico owing to ilS high initial cost. allhough its use is 
justified in all ma.cs production in which the high number of uses makes it possible to spread the initia1 
investmenL 
In this type or system. the use of wood is almost completely avoided since the uprights. posts and strulS are 
replaced by telescopic melal elements, which can be reused very many lime1 and are very simple to position and 
assemble. 
The finish or the saucnual elements is perfect in appearance, the surfaces being free from all irregularities so 
that it is possible • and this is the crend in the use of lhis method • to leave the concrete as it is without applying 
any laaer coating. 
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FIGURE 1.00 Climbing fomawort 

.· . 
.. . . · 

. . . 

. . 

1.4.7 Fonnwork of other marerials 
We can mention cardboanl or fibre rube (Sonotubo) formwork. which is made from kraft paper in the form of 
tubes which are used only once; however, the system offers grcat advanta1;es with regard to cost and the 
excellent fmish that is achieved. 
Fonnwork made with FIBRACEL sheet, which is intermediale between wooden and metal fonnwork. reduces 
costs and gives a finish similar to thal achieved with metal forms. 
Asbestos cement formwork is also used and is suitable for circular colmnns, in wtJch tubes of thal malCrial are 
used, leaving the asbestos tube as the fmisl.ed surface. 

1.S CONSUMPTION OF WOOD IN FORMWORK 

The volume of consumption of wood in fonnwort varies basically according to the construction sysaem used 
and the nmnber of uses that is made of the malerial. In the CaK of Mexico, wooden fonnwork for ttaditional 
concrete slabs is being replaced by prefabricaled slabs laid on joists and arches tha1 use less concrete and above 
all much less wood than the consttuction of uaditional slabs. 
According to the most recent census of 1990. Sl.4 per cent of the roofs of dwellings in Mexico use concrete 
slabs or a joist and arch system. Though the stalislics do not show the percentage corresponding to the joist and 
arch system, it can be staled that in the construction of large-scale housing programmes. this type of solution 
is being used more frcquendy day by day. 
Various consultation sources have been analysed IO establish the volume of consumption of wood in fonnwork. 
Table I.OS describes the consumption characteristics of a compleced dwelling of S2.87 ml, using four alternative 
construction sysrems of the National Workers' Housing Fund Institute (INFONA VIT) type, together with 
information provided by SEDESOL on the basis of a study on the macnHConomic impact of housing JD the 
construction industry. As an illustration. the construction of 110,000 such dwellings was programmed in 1993 
and 300,832 units of this type were built in the period 1989-1992. 
The fifth alternative represents a one-family social programme dwelling of 46.08 ml consideied in the monchly 
publication of BIMSA-COSTOS of May 1993, which serves as a reference for preparing preliminary budgets 
and as a guide for the cost of construction projects. The dwelling unit is designed for a sire measuring 7 x IS m 
(lOS ml), taking into account the minimum INFONAVIT areas. 
Thal table describes the characteristics of each consuuction sys rem which differ with regard IO die foundation 
(masonry or concrete block) and in the type of wall (ceramic brick and concrere slab) and in the type of roofing 
(concrete slabs and joist and arch system). 
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The consumption !>C wood varies from 344 to 6SS bd ft per dwelling unit (average, S06 bd ft). the avcragc 
conmmption per m1 being 9.9 bd ft The cost of fonnwmt repesents on the average 6.0 per cent of thc direct 
costs of the structure over a range of 4.1 per cent to 7.3 per cenL Finally, the average consumption of wood 
per volume of cooacre is 0.069 m1 of woocflml of coocrcte m. in other tams. 29.l bd ft/m1 of concrete and. 
by reference to the area of the dwelling unit, 0.0234 m1 of wood per ml of the dwelling uniL 
The programme for the support of self-help construction of SEDESOL amumcs a consumption of 311 bd ft of 
wood for progressive housing (self-help construction) and 93 bd ft for improved housing. the wood being used 
principally for fonnwort If we mumc the consumption of 529 bd ft per completed dwelling units obtained 
from table I .OS it would be possible to deduce the annual consumption of wood by relation to the raac of 
construction envisaged in the country. 
Table 1.06 shows the potential demand for basic building materials for a housing programme aa:mling to lhc 
study Mt:rico. Esunarios ill la lruhlstria ill la Constrvccwn y la Vivi~nda /9'Jl-2000 (Mexico. Scenarios of 
the construction industty and housing 1991-2000), prepared by the architect Angd Mercado. The number of 
dwelling units envisaged for construction in 10 years is 7,430 million units (taking into account complCICd. 
progressive and improved dwelling unirs constructed both by the public and the private sector). Taking the unit 
consumption of wood for formwork considered above. 671,400 m1 will be required per year. that is to say 6,714 
million m1 in the period 1991-2000. 
This figure should be slighdy higher if we consider dial the consumption of wood is grcarer in large buildings 
compared to tha1 required in one-family and multifamily units, which aeprcscnt approximately 15 per cent of the 
housing stock. 
Thal volume of wood would represent about 20-25 per cent of the total annual consumption of sawn wood and 
plywood, according to the statistics in the Y carbook of F<RSt Products 1980-1991 of FAO and of the National 
Chamber for the Forestry Industry (on the basis of 0.5 m1 of indusuial wood per m1 of logs). In the case of 
plywood intended for formwork alone, annual cc~.:SUmption of 150,000 m1 is estimated (30 per cent of total 
consumption), half being accounted for by national production and the other half by three-ply wood imported 
from the United States. 

1.6 COST OF FORMWORK 

According to infonnalion obtained during fidd visilS to industrialists and builders. melal fonnwork costs bctwccn 
20 and 30 per cent more than industrially produced formwodt using plywood. 
Nevertheless, metal forms are used for some type of work. because the unit costs can be lower, depending on 
the number of uses (200 uses on a conservative csti.'IWC), and finish is bcuer. Normally they are used in casting 
slabs for roadways. kerl>stones and pavements u well as for columns, slabs and beams in traditional structures. 
Their use is to be recommended in all mass production work in which the enonnous initial investment is 
justified. 
Wood or plywood still are (and will continue to be) the most veasatile and comparativdy cheapest materials for 
use in formwork, although their use can be made more competitive and efficient by the reduction of waste and 
the introduction of new fonnwork systems. 
A summary table is presented bdow that was prepared especially for the present study and tha1 compares the 
costs of concrete walls. using two systems of fonnwork, with the costs of traditional walls of clay brick and 
cor.crete blocks. 
Table 1.07 presents the cosrs of a concrete wall built with the CIMBRAMEX system (melal frames and 
plywood) and the costs of the rame concaete wall consttuctcd with the "traditional" system of fonnwork (wooden 
framework and plywood). 
The two alternatives are compared with walls of red baked brick and of 10 x 20 x 40 cm concrete blocks. The 
analysis was prepared in a simulated study on the construction of 100 dwelling units and was hued on the 
reutilization of coaled three-ply wood @. 70 times. normal three-ply wood 8 times and of the wood required in 
brickwork walls for the beams (cadtnas) and the columns (castillos) 15 times. This study, which was prepared 
in October 1993, made an analysis of unit prices for fonnwork. concrete, stccl and walls of the two types. 
The resulrs indicate that the most economical system is that of metal frames and plywood (CIMBRAMEX) 
followed by concrete block walls (39.7 per cent more expensive) concrete and traditional fonnwork walls (41.2 
per cent dearer) and clay brick walls, :he cost of which is 64.S per cent higher. 



TABLE I.OS 

CONSUMPTION OF WOOD FOR FORMWORK BY CONSTRUCTION SYSTEM 

~of Construction Area of Volume of Volume Consumption of wood Direct cost 
dwelling uniu Ila fonnwort concrete of wood 

mJ m2 mi mJ mJwg ml wQ!!i l!d n• y~~ % of d. c. 
m1 cone mi constr m2 constt m2 constr 

SEDESOL' Sl.87 n.a 18 1.47 0.082 0.029 12 ll.27 7.3 
SEDESOL 2 Sl.87 n.a. IS 0.81 o.oss 0.015 06 6.36 4.1 -°' SEDESOL' Sl.87 n.a. 20 I.SS 0.078 0.029 12 12.14 7.3 
SEDESOL 2 Sl.87 n.a. 17 0.89 O.OS2 0.017 07 6.98 4.2 

BIMSA 2 46.08 n.a. 16 1.25 0.077 0.027 12 23.44 7.0 

AVERAGE 0.080 0.023 10 12.08 6.0 

Soun:c: SEDESOL. "The macroeconomic impact of housing on the construction industry". 
FRAPOR 1991. BIMSA. 

(•) : I m1 wood • 424 bcsd feet (bd ft) 
1 : Masonry wall and flat oonc..,te floor 
2 : Masonry wall and joist and arch roof. 
n.a. : Information not anilable 



TABLE 1.06 

MEXICO: DEMAND FOR HOUSINO CONSTRUCTION MA TERJALS 
BY PRODUCTION BODY AND TYPE OF PROORAMME 1991·2000 ('<XX>) 

TYPE OF UNITS PUBLIC SECTOR NON-PUBLIC SECTOR 
MATERIAL 

TOTAL 
Dwell in& Dwell in& Dwelling Private Soc ill MATERIALS 

units units units Dwe!llna Dwellina 1991-2000 
compleced completed completed units uni ta 

completed completed 

TOUll housina Dwellin& 2,Gt3.0 206.4 1,036.0 1,450.6 2,694.1 7,430.1 
1991-2000 units 

BASIC 
MATERIALS 
•CEMENT TONNE 9,847.4 1,054.7 1.968.4 13,838.7 13,766.9 40,476.l 
•STEEL TONNE l,552. 7 70.2 124.3 913.9 916.0 3,577.1 
•FLAT BRICK '(X)() 13,034.5 586.2 953.1 6,716.3 7,651.2 28,941.3 
•SAND m' 4,739.8 2,710.0 5,066.0 3S,S2S.2 35,373.S 83,414.6 
• ORAVEL m' 7,()89.3 1,248.7 2.331.0 16,377.3 16,299.3 43,345.6 
•STONE m' 27,458.3 1,539.7 2,880.1 20,192.4 20,098.0 72,168.4 
•WOOD m' 2,548.9 lSl.4 227.8 1,809.8 1,976.1 6,714.0 

Source: Mcrado M, ·M~. Eacensios de la lndustria de la Construcci6n y la Vivienda 1991-2<XX>" 

ANNUAL A VBRAOE 

743.0 

4,047.6 
357.7 

2,894.l 
8,341.S 
4,334.6 
7,216.8 

671.4 

.. ..., 
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TABLE 1.07 

ANALYSIS OF COSTS FOR W AU..S OF CONCRETE AND MASONRY 
(Walls of social dwelling unils) Lenglb: 57.0 linear mcues 

- FORM 
Mak:rial 
Labour 

- CONCRETE 
MalCrial 
Labour 

- STEEL 
MalCrial 
Labour 

- WAU. 
Marcrial 
Labour 

1UTAL COST (pesos) 
~l(USS) 

COST (USS/ml) 

Source: OMBRA-MEX S.A. 

Height: 2.10 m 
lbictncE 0.10 m 

CIMBRAMEX 

1.117.92 
67S.91 

3.400.22 
37.91 

161.SS 
10353 

6.103.03 
1.994.S 
833 

(lOO'li) 

lRADmONAL 

2.6S4.38 
1.483.69 

31>7S.22 
37.91 

161.SS 
103.S3 

8/>12.27 
2.184.S 

11.76 
(141.2111) 

FLAT BRICK 

7.786.93 
2.236.99 

10,()23.92 
3.275.8 

13.7 
(164.Slll) 

BLOCKS 

6.7S3.26 
1.115.SS 

8.528.81 
2.787.2 
11.64 

(139.7111) 

The analysis undoubtedly ~veals the lower COF1S of an industtially based sysrem such as lhal or CIMBRAMEX 
in lhe mass consauction of 100 units. even lhough proponionally lower COSIS (not less lhan IS per ccnl) were 
oblained by using lhe uaditional system of fonnwodt with appropriale plywood. which can be used more than 
60 limes and nol 8 times like normal dm:e-ply. 

1.7 CONCLUSIONS AND RECOMMENDATIONS 

In general it is observed dial in Mexico lhe use of wood and ocher building nwerials in fonnwork for conc:rcte 

keeps pace with lhe suslained development and tecbnological lnel of the consuuction indusay. which is 
Slimulaled boch by the public and lhe privarc seer.ors. 
In the Federal District alone, there arc no less lhan 30 companies specializing in formwork dial offer different 
types of alternative services: hiring formwork (19 companies}, steel fonnwodt for the casting of concrece (2 
companies), climbing fonnwork (2 compi'Jlies) and fonnwork made of ocher marerials for the casting of conc:rcte 
(7 companies). However. wood is still the predominant macerial. accounting for between 80 and 90 per cent or 
lhc IOcal consumption of fonnwork. 
Mexico has buildings conslrUC1Cd with the mOSl modem formwork technology such as: prd'abricaled conc:rcte 
elemenu. formwork for projecting lllUCIUrel. inflatable fonnwork, runnel fonnwmk and cantilever fonnwork. 
Formwork is also used for the consuuccion or high conaete ranks. of hyperbolic paraboloid shape. whose 
diameters vary continuously so dW the possibility or overlap must be taken inco account in the system, apart 
from ilS having eicher hydraulic or pneumalic self propulsion medlanisms. Various leChnologies have been 
imported into Mexico, especially from die United S111e1. Germany. Fnnce, United Kingdom, Spain and llaly, 
akbouah it should be admitted dial they have not always been succcuful. 
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Widt rcprd to the production of raw marcrial. lhe wood used in fonnwort Im some poblems widl rcpnl to 
durabilicy. wear and warping. which have m effect on lhe possibilicy of reusing lhe Wial. optimizing ils use 
and reducing building COSIS. In lhe cze of plywood. dae is agrccmcn1 dial nabonal producers olfcr prodD:ts 
of good quality but low compeQtivcnw in C05l in rdalioa widl imponed plywood. Nalional lbrce-ply supplies 
38 per can of lbe consumption market and plan&s are opmling al 30 per ccn1 of inslalled capacity. According 
to ANAFATA. lhc Mexican quality Sllndard is Slriaa" 1ban lhe American. 
From lbe point of view of SWldardiDlioo of lbc use of wood in fonnwort. dac are no adeqm1e tccbnn• 
spcciflCalions or mndards and it IS merely lbe l'CCOIDlllCDdal of lhc American Concrete InSlilute (AO) which 
are used - lhesc arc lmcd on Nonh Americm ,roducls. In some cases. even when spccificalions exist. Ibey 
arc volunaary and non-mandarory. There is wort to be done in Ibis area. 
from lbc point of view of lbc llaining of Jab<u. DO infonnalion could ~ obWned conccming regular uaining 
comses for bluc-colbr' worms and c:arpcnrcrs in 1hc ICdmiqucs of fabl icabon.. posilioaing and Slriking of 
fonnwort. Howe~. lhc Nalional Oamhcr for lbc Consuuctioa lndusuy (CNIC} is doing inlensive work. 
duougb lbc Training lnslilufe for the Coosauction lnduslry {ICIC). on lbe lraining of carpenras fol' .rough 
wort•. on request by coostruction ClllC!prises al lbc naaional level which are members of CNIC. 
ICIC. in ~ with 1bc loser-American Rcscaicb and Documcna1ion Centre on Vocational Training 
(CINl'ERFOR). a specialized agency of lbc Intrmalional Labour Orpninrion (Il.0), bas pnxmccd a rough-wort 
carpcn11y IDJllual wbicb coarains lmic infOl'IDalioo on knowledge Jdaed to lbe ndc of arpentas for rough 
•-mt with regard to lbc ICdmiqucs for proccssi111g wood and i1s nrilizarinn in consuuaion wort. cspccially f« 
aempomy use. for instance in fcnccs. scaffolding and especially fmnwort. 1bis manual is an eumplc lhal 
could be adopled in Olhcr Lalila American counaries. 
As a bcna illusualion of the wort of ICC in lbe U'lining of CODSlrUClion arpcntcrs, suffJCC it to mention lhal 
127 courses. auendcd by 1.532 panicipmls aud comprising 30,4S2 man-hours ofnining f« 23 delegations from 
lbe various StaJCS of the country were organized in lbc period January-October 1993. Despite tbc effort made. 
lhis type or lraining musl still be suwed. cspcciaDy for masfering new r.ccbnology. wbicb always arouses 
rcsisWICe on lhc pan of building w<Rcrs. 
In addition. it has been found that dac is a lack of lraining f« engineers and consuuctorS. not so much widl 
regard to suuctural cak.-ularions but ralhcr in tbc pactic:al aspects or famcalion and die use of wood fOI' 
formwort. According to lhc Mexican Cement and Conactc lnslibne (IMCYC), not less than 10 per ccnl of lhe 
disputes in which lhc intenenlion of lbc inslilulioa is requested are rdalcd ro the inappropiarc use of fonnwort 
made or wood OI' plywood. There are many problems with rcprd to waraproofmg foonwort which affect lbc 
Sll'Cngtb and finish or lbe concrete. There is more c:oacan reprding the Sbalgdl of tbc formwort than with lhe 
concrae finish. According to IMCYC. 80 per cent of concrete surfaces were poorly finished. 
With regard to technology and tbc marcrials awilable fOI' formwort. an increase in the pasc:nce of melal 
formwork bas been observed in recent years, including almninimn formwork. aJlhougb lhcre arc also some 
difficullics in its large-scale urilinrion. Wilhoul any doubc, wood and plywood conlinuc to be lhc pn:dominant 
malCrials fOI' concrc1e formwmk and it is difl"icult 10 imagine large-scale substiblcion al nalional level. unless 
consuuction S)'SlCmS such as joisu and ardles rocally replace lhe aaditional consuuctioo sysiem or concrete slabs. 
Finally. in rcJalion with market mpects. in view of die n:cent signalure of lhe Fm: Trade Apmncnt bctwccn 
lhc Uniled StaleS. Canada and Mexico, it is envisaged that exports of sawn wood and plywood to Mexico will 
:.~ in lhc immcdiale fublrc owing to die competitiveness of North American producu in aams of price. 
At the moment. ilMU8l impons already amowlt to 7S,OOO m1. aepesenting half of die consumplion of plywood 
at national level. 
This Sludy suggcsu some recommendations aimed at optimizing and ralionalizing lhe use of formwort made of 
wood and wood-based products, laking into account lhe enormous volwne of consumption i.n this market f« lhe 
foresuy industty. The proposals will be pouped acconling to the following aspcas: 
(a) Production or raw material: 

To identify new foresl species sui1ablc fOI' formwork that would replace OI' reduce pressure on lhe 
consumption of lradilional species. 
To improve productivity in lhe manufacture of sawn wood and plywood. increasing value-added and 
improving quality control al compelitive prices. 
To improve lhc physical and mechanical properties of plywood. increasing the elastic limit and load· 
bearing capacicy of board i.1tended to be used in fonnwort. 

(b) Scandardization: 
To Slandardize wood or wood-based products intended for formwort. saandardizing dimensions and 
regulating quality control where necessary. 
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To promote types of rcgulalion 11 die lcveJ or mandarory specifiations or .srandards. DO( nccessari.ly or 
IWional scope but pcrblps taking info accounl regional or local building rcgulalioos. 

(c) Training: 
To dissaninale and promollC tnowlcdge or die imponancc or formwort in COD5UUCtion. not only z a 
suuctunl clcmcn1 but also owing lO i1S i.-nponancc widl regard rc die safety or the SllUCtUl'C. die need 
for supervision. and care wilh regard lO finish. 
To organize pnctical extension or specializ.acioo courses in die f*Lalion. a.ucmbly and Sb'Wng or 
formwort.. inlCDded for professionals in arcbilCCIUIC. engineering and consuuctioo.. 
To cvalua1.e the COOlelll and scope or courses a basic uaining impaned • wnversilics wilh regard to 
the USC or wooden fonnwod. not only wilh the purpose or opimizing USC or die rcsourcr but also witb 
die aim or reducing coosuuction costs. 
To prepare u:acbicg malerial. guides. manuals. elcmclary aexlboots and audio-visual aids. compiling 
recommcndalions OD good practice in die USC or fonnwort and laking inlO account the cbaracu:ristics 
or nwapower and raw mMCrial available in the courury. 
To expand the training or workers and arpcnlCl'S in teaching ccntrcS not ncccssarily conncclCd witb 
building cmaprises. 

(d) Tcchnology: 
To optimize die pcsmt use or tr.lditional wooden ronnwort. developing improved mdbods or design. 
reducing Wasle and increasing lhc number or limes dial wood can be reused. 
To promoce grcara indusaial manufactGrc or fonnwort and also beucr use or modules for archita:IUr.ll 
wort. suited to the available SJS(ICmS or prdabricacd fonnwort. 
To cnswc bcaer finish or the coacme surface. oprimizing the USc: or rcJeasc agcms. coaling resins or 
techniques (or the vibnling and casling or concrctc. 

(e) Institutional support: 
To develop joinl wort linking the timber 3CCfOr wilh traditional CCDSll'UCtion. laking inlO account the 
fact that various seaors and inslitulions mditiooally have divcrgcnl inlercsts and seldom devote their 
joint attention lO each othcr·s concerns and lO a subject like wooden ronnwort. 
M:cordingly. it is suggested that instilUtions such z the National Council for Wood for COOS'JUClion 
(COMACO). should work closdy with the Nalional Chamber fur the Construction Industry (CNIC) and 
the Mexican Cement and Conaae lnsblule (IMCYC). 

Finally. it is desirable to analyse the imJBCt on die rmesuy and consuuction indusuies or the impJementalion 
of the Free Trade Agreemem between Canada. the Uniled Stares and Mexico &om 1994. Since the two first­
mcntioned countries have enormous RSOUrCCS and forauy indusb'ics. it is possible thal. in order to increase 
trade. action will be developed lO promore grcarer and bcaer use or bodi imported and nabonal wood produCls. 
noc only in Mexico but also in the other Lalin American counlries. 

2.0 DIAGNOSIS OF ECUADOR 

2.1 THE HOUSING SECTOR 

According ID the Vlh Population Census and the IVth Housing Census or 1990. Ecuadcx' had a popularion or 
10.782.000 and a housing stock or 2339.281 dwelling units, S4 per cent or which were loca&cd in mban and 46 
per cent in nnJ areas. By comparison with the 1974 ccnsui. dae wz an incn:asc or 965347 dwelling wnts 
over a period or 16 yean. dial is lO say annual building or 60.334 units, both .n the formal and informal sectors. 
Population growth in the period 1985-1990 was 2.6 per cent and for 1992 die Ministry of Urban Development 
and Housing cstimased a housing deficit of 630.000. the quantilalivc deficit being 355.000 uniu (S6.4 per cent) 
and the qualiwive deficit 275.000 (43.6 per cent). The projection of the deficit for 1996 is 822.573 dwelling 
uniu (a quantiwive deficit or S47.S91 and a qualitalive deficit of 274.982). 
In lhc period 1989-1992 lhc supply or housing in the formal secror was I S1 .SOO units. dial is so say 2S per cent 
or the IOcal demand required to make good the housing deficit Thal means thal lhc public. mulbal and privar.c 
conslnJCtion sccun should supply t 40,000 dwelling uniu/year. various typCS of facilities(ncw wnu. 
improvemcnL loans. etc.). The 20.000 additional dwelling uniu conslrUCted annually would conespontJ lO the 
informal or self-help conscruction sector. The composition of the housing stoek by lypc of housing was as 
follows: 



Houses or villas 
AIJlll1lllCllU 
RClllCd rooms 
.,~,.,huts 

Subsandanl 
Fann 
Coaagc 
Odacrs 
TOTAL 
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1.520.465 
182.393 
IS9.637 
267.818 
IS1.23S 

9.194 
37.117 
S.422 

2.339.281 

( 6S.M-) 
( 7.8~) 

( 6.8~) 

( 11.S~) 
( 6.7~) 
( 0~) 
( 1.6~) 

( 02~) 
( 100 ~) 

If we msmne lbal only apanmcnas ~ COllSbUCICd in mallifamily buildings. lbc ocher typeS would 1q11eseaa 92.2 
per cent. comspowMling ao houses one or two sacxeys high. Simibdy. lbc last five typeS of buildings ae 
considered as scmi-pcrmancnt. with m average life ol S-10 years and 1epescot 20.4 per cem ol tbe nalWml 
IOlll. 

22 11IE CONSTRUCTION SECTOR 

One of lbc principal indicators ol 1be coaaay•s economic sjtnarim is 1be growdl ra1e of die poss domestic 
produa (GDP). According ID dial indialor. lbc Ecmdoriln c:coaomy bas sbnmt since die period of lbc oil 
boom. In 1973. ii acbieved a growth of 2S.3 per cent. but Im since dcdincd. mdling a neprive pOWlb ra1e 
of -2.8 per cent in 1983 al 1975 prices. 
Since dial. the are of grow1b ra:ovcml but Ibis was balrtJd in 1987 owing IO lbc pnlysis in oil expor1S caused 
by the earthquake in March of dial yes. lbc growdl Ille being nepliYe. a -6.0 per CCDL In 1992. the grow1b 
ra1e of GDP was 2.s per cenL Table 2.01 shows lbc smre of lbc coosuuaioo sector in GDP. 
From 1987. dlCl'e WIS a sharp dccreasc in lhc are of grow1b in the COllSllUC1ion area. amounting ao a 14.l per 
CCIH decrease in 1987. finally becoming .. 0.7 per cent decrease in 1992.. lhougb dlCl'e WIS a slight recovery of 
activity of the order of 3.3 per cent in 1989. 
Conslluclioa activity in Ecuador is undertaken by lbc Swe. wbicb promo1e5 70 per cea1 of l!lc nalional IOcal. 
while lbc priva1e scctt accomws for die remaining 30 per cem. Aa:ordingly. dlCl'e are grea hopes lbal lbc new 
Devdopment Plan 1993-1996 will aggressiYdy reaclivoe die construction sector since.• has been envisaged. 
it advocares die undertaking of CODSllUClioa pojecls for a least <i0.000 dwelling DDi1:s per yes on lbc avaage. 

TABLE2.01 

GROWTII RATE OF GDP AND CONS11UJCnON 1 

y ANNUAL GDP IN ANNUAL SHARE OF INDEX OF GROWTH OR DECJtEASE 
E USS MJUJON GROWIH OF GDP CX>NSTRUCllON IN IN ANNUAL <X>NSTilUCllON 
A GDP 
ll ~ 

1986 IO.SIS 3.1 - l.S 

1987 9.450 -6.0 4.4 2.s 

1988 9.129 10.S 3A -14.l 

1989 9,972 0.3 3.S 3.3 

1990 10,741 2.3 3.3 -4.9 

1991 11.693 4.4 1.6 -3.2 

1992 12.600 2.S 2.0 0.6 

Annual report 1992/1993. Chamber of Construction, Quito 
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Wida rqard lo lbalCrials used in house-building, cmcrete. brick or conac11e blocks predominale in walls (57.7 
per cenl) and tiles for roofs (20.1 per cem). Concmie slabs are thc second pmlominanl material with 18.9 per 
cent. Floors arc prcdominandy of boarding (42.6 per cenl) and brick and cemenl with 26.3 per cenL It can be 
dccb:ed from lable 2.02 dlal 9 .l per cenl of thc dwelling unils have walls of wood. allbough wooden SllUCIUreS 

are used in 81 per cenl of roofs with differenr types of sudacing material (a.sbcslos. zinc. tiles. straw. Cle.). 

2.3 11IE FORES1RY SECTOR 

23. l lnuoductioo 
Enaador is a counuy in which lbc use of and trade in wood and ilS derivatives have always been prcsenl in ilS 
economy. Ecuador bas always been zlf-sufflcicnl in wood produas. but imports aboul lW«>-dlirds of its domestic 
demand fm paper, leading lO a significant balance of paymenlS deflcil in lhc f<RSUy sector (USS 48 million in 
1990). Its principal exportS arc sawn balsa wood (USS 9.0 million in 1992) and plywood (USS 8.0S million in 
1992). 
In 1968. lhe counuy had a populalion of 5.8 million and consumed about 5.2 million mJ of wood per year. 
Coosumplion for energy gcncnlion .tp1esenled TI per cent of lbc IOCal. In 1992. the coumry had approximaldy 
10.7 million inhabilaDIS and coosumed 9.7 million ml of wood per year. ti6 per ccnl of which was intended for 
the gencialion of energy. HistoricalJy, die prqxx1ion of thc consumplion of wood for induslrial use bas 
inacmcd (23 per cent in 1968 and 34 per cenl of lhe roCll in 1992), wbilc consumplion for energy gcncralion 
bas clccRascd. 
The product whose domestic oonsumptioo incrcasCld IDOSI in thc period 1968-1992 was sawn wood (418 per 
cenl), followed by plywood (404 per cent). 

2.3.2 Forestty resources 
AllDOSl 42.4 per ccnl of lhe tolal area of Ecuador, m 11.5 million ha, is coveRd with naaural foresls, while forest 
plantations do not 1tp1CSdil more rhan 0.3 per cau of die naliooal area. About 29 per cent of die IOCal area of 
lbc natural forcsu in lhe counuy, or 12 per~ of die national terriu.y, has been declared as a proflCCtioo zone 
(proeective fCRStS or special or cxpcrimcnaal fOl'CSIS and areas). 
The nalive forests provide aboul 88 per cent of lhe cocal wood consumed in Ecuadcr, that is to say, about 8.S 
million mJ per year, ~b, added to lhe 1.2 million produced from planl3lions. meets the annual demand for 
apsmximalely 9.7 million m1 of wood. Of the cocaJ. almost 6 million m1 is felled for die gcneralion of energy, 
and 93 per cent of the wood med for that purpose is oblained from natural forests. Of lhe 3.7 million m1 used 
annually for the country's timber industry, 1S per cent or approximaldy 2.8 million m1 comes from nalive 
forcsrs. The North-Western region povidcs about 1.7 million m1 of wood per year for incmsuial use, and at the 
moment resources arc over-utilized. since thc SUSlained production pocential docs not exceed 900.000 ml per 
year. The Amamn region provides about 1.1 million ml per year, which does not exceed ilS capacity, being 
limited above all the defective infrasll'uc1ure of the region. 
The area of fon:st planWions is CSlimated at 78.000 ha, comisring of E11calypnu spp. (43 per cent), Pin11S spp. 
(30 per cent) and ocher native and exotic species ('1:7 per cent). Some 90 per cent of die planlations are localed 
in lhe inter-Andean region, 8 per cent in the coa.ul ~pan and the remaining 2 per cent in lbc Eastern region. 
The spt.eies Eucalyptus globulllS represents about 9S per cent oC die cuca1ypcus planrations of Ecuador. M to 
pines, 84 per cent is accounled for by PinllS radiata, and the ranaining 16 per cent by Pi1111S patula. 
The principal areas of planrations of balsa wood. laud. teak and pacltaco are csiablished in the coaml province. 
The planlalions in the Amazon ~gion are at the initial stage and cover not more than l.SOO ha. in which 
e1.pcrimcnlS with nalive species of die region are prominenL 
With a wcighled growth rare cstimaled at 11 per cent. die scock ( 11.3 million ml) in forestry planlalions makes 
possible SUSlaincd production of appro1.imardy 1.2 million ml/year, corresponding ro ihc present volume of 
supply, which shows chat planted Ecuadorian fCRSls are at die equilibrium limit for productior.. 

2.3.3 The forestty industry and foreign nck 
During recent years the f OR:SCry indusay of Ecuador lw devoted iu output to supplying internal demand. 
El.remal market operations cov"!f only small quantities, chiefly exporu of balsa wood and boards and impons 
of pulp and paper. Table 2.03 presents the data updated to 1992 for production, export and apparent 
consumption of the principal forcstty products. 



PREDOMINANT MATERIALS IN 
EXTERNAL WALLS 

REPUBLIC OF bCUAOOR: TOTAL 

CONC'R.E1E. BRICK OR BLOCKS 

ADOBE OR MUD (TArlA) 

WOOD 

MUD-PLASTER.ED CANE 
(BAHAREQUE) 

UNPLASlERED CANE 

ontER MA lERIALS 

TABLE 2.02 

PRIVATE DWELLINO UNITS OCCUPIED, BY PREOOMINANT 
BUll.DING MATERIALS IN W ALt.S AND ROOFS 

TOTAL PREOOMINANT ROOFING MA TERJAL 
DWELLINO 

UNITS CONCRBTE ASBESTOS ZINC TILES STRAW, 
SLABS ETC. ETC. 

2,008,655 380,119 208,317 917,044 404,296 94,806 

1,159,447 361,186 188,237 463,974 146,040 I 

279,488 9,090 l l,S64 42,246 196,722 19,788 

186,761 6.695 4,381 150,571 18,960 S,61S 

130,318 2,443 2,021 78,450 32,418 14,S47 

237,937 ---··· l.SS3 176,992 6,681 S0,653 

14,704 70S 561 4,811 3,47S 4,202 

Soun:e: National Institute for Slalistics and Censuses. Vth Population Census and IVlh Housing Census, 1990 

OTIIER 
MATERIALS 

4,073 

9 

78 

539 

439 

2,0S8 

950 

"' ""' 
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TABLE 2.03 

ECUADORIAN MARKET FOR FORESTRY PRODUCTS - 1990 (mi 

PRODL'CT PRODUCllON IMPOR"IS EXPORTS APP~"T 

COSSUMPTION 

IDdusanal lngs 3.TI0.000 -- 60.000 3.710.000 s.--- l.4SO.OOO 5 45.741 l.404.2S2 

Panidr: baud 51.000 22S 17.S.41 40.614 

Plywood bauds 71.000 -- 23.000 5~.000 

Np mcl pmw>cr ,_) 90.000 241.300 700 337.~ 

Source : Project PD 137191 Stra1egies for a susraincd timber industry in Ecuador. 

2.3.3.1 Sawn wood 
Tbcre .-c S66 sawmills. localed principally in die momuainous region and to a smaller extent in the coaml 
region or the country. The market for die coosumpcion or sawn wood in Ecuador consists or the civilian 
CODS1rUCtion sr.c:u.- and the industry for the manufacture or produc1s or higher value added and ocher less 
significant products. The civilian consttuelion sector is a bulk consumer or sawn wood for formwork. suucb1131 
timber. roofmg. etc. 
In the last 11 years die domestic market absorbed more than 90 per cent or production. The only product 
sysaematically intended for export is balsa wood. The principal consumption centres for sawn wood are locaaed 
in die major cities. chiefly Guayaquil. Quiao and Cuenca. which togcdlc:r account for m<JrC dlan 70 per cent oC 
consmnplion or sawn wood in die country. 
Table 2.04 shows the apparent consumpbon or sawn wood in the Ecuadorian domestic market in 1992. cslimaled 
at 1.404.252 mJ. The principal bulk consumplion sector for sawn wood is civilian consuuction. which absorbs 
60 per cent or the domestic martct.. The product is used in the form or boards for ronnwort. SbUC1UJ'al timber. 
beams. roofs. CIC. 

TABLE2.04 

CONSUMPTION OF SAWN WOOD IN ECUADOR 

CONSUMPTION SECTOR VOLUME(m1) .. 
Civilian consttUCtion 838,2S2 60.0 

Products wilh higher value added 566.000 40.0 

•Furniture 232.000 16.5 

• Mouldings. CIC. 84.000 6.0 

• Parquet flooring. CIC. 25.000 1.5 

• Ocher fmishcd products 225.000 16.5 

TOTAL 1.404.252 100.0 

Source : Project PD 137191 Sttategics for a sustained timber industry in Ecuador. 

Products or higher value added. including furnitme, parquet flooring. mouldings. doors, windows. floors. 
shealhing, boxes. palleu. etc. absorb about 40 per cent of lhe local market. equivalent to 566,00 mJ. The 
fumitme industry absorbed 16.5 per cent of lhe local market for sawn wood, that is to say 232.000 ml. 
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2.3.3.2 Plywood panch and board 
The domestic market absorbed 72.S per cent of Ecuadorian production of plywood in 1992. dial is to say. 
56.606 m3. Analysing the domestic market. the fumibll'C sector' absorbed about 92 per cent. or approximately 
S2JJ17 ml. The remaining 8 per cent. apprmimarcly 4.S29 m1• was consumed for various uses. chief among 
which WCIC the consuucbon of intrmaJ padilions and panels. shipbuilding and odler mimJr activities. 
The principal maatHqioas lbal consume plywood are the mounlainom rcgion and the coutal province. The 
mountainous rcgion accoums for about 69 per cent of the clomcstic market for plyv;ood. i.e. approximately 
39.058 m1• The c:oasaal province commnes 28 per cen1 of production intended for Ibis market wbttcas the 
Amazon region absorbs only some 3 per cenL Tbcrc arc in all 6 plywood factories in lhc country. 

2.3.3.3 Particle board 
Some 34 per cent of lhc particle board produced in Ecuado£ in 1992. was intended for export and 66 per cent 
consumed in the domestic market.. The principal use of Ibis product in the domestic market is in the production 
of fumiturc. which absorbed practically the entire production in 1992 intended for the local market. namely 
40.684 m1• Tbcrc arc only two particle board factories in the coumry. 
It is cstimaled dial the fumibll'C induslry COllSWDCS 9S per cent of the pa.."1iclc boarJ produced. dw is to say. 
appoximalely 38.9SO m1• while lhc rest. about 1. 734 m1• was consumed for OCbc:r uses such as intanal divisions. 
manufacture of small objects. craf1s. de. 

2-4 TIIE UTIUZA TION OF WOOD IN FORMWORK 

2.4.1 lnttoduction 
Wooden fonnwork plays a prominent role in lbc c:onsauction process in EcuaOOr allhough it is not sufficicndy 
recognized. owing to a IUllber of economic situalions tbal we shall tty IO outline in lbc course of the present 
report. The process of exttz...'1ion and processing of the raw mareriaJ. the cost of wood for fonnwork. the 
experience of manpower in woodwcning. the recbniqucs available. as well as lbc fact dw lhc wood is not 
generally reusable. create an alarming siDDlion. boch f<r indusuialists in the forcstty sccta and f<r the civilian 
consuuction sector. which 1epm1ts lhc principal consumer market. 
Non-governmental organiDlions of the ecological and coaservalionist type blame the industrialisls in the timber 
secror of Ecuador for the dcsttuclioo of the fon:sts and the laDer in tum maintain tbal the problem is not limircd 
to the extraction and processing of f orcsuy resources but also ro die po<r level of utilizalion of wood. 
panicularly as fonnwort in const:uction. In fact. the problem is more complex than it seems and deserves ro 
be rapidly lllCklcd by all the sectors involved.. 
The wood used in fonnwort comes from the ~cd lbin1 cycle of forcst cxploilation. The logs arc exlraelcd 
farstly for plywood. secondly comes commercial grade sawn wood and tbinlly ttunks for construction wood and 
ocher uses widl a smaller value-added component. using mocor saws. SS per cent of the output of sawn wood 
comes from thc usc of mocor saws and the products arc of very low quality and in general have to be resawn 
before being marketed. with a consequent ina'c:me in rotal losses of raw marerial. 
There arc boards. planks and Olbcr types of sawn wood. generally not of accurare dimension. which is logical 
in view of the equipment used in processing the logs. Because of the use of mocor saws and obsolete and worn 
equipment in the sawmills it is not possible to obcain more precise dimensions of boards. Oversized wood is 
always ordered in order ro compcnsalC for this inaccuracy. Sawn wood is normally marketed by intermediaries 
who are not on the cs&ablisbcd lists, in lhc green swc and not in fixed dimensions. 
On tbc other band. many conuacun in the consuuction sector do not lake sufficient intereSt themselves in the 
usc of wood for fonnwoak and disregard its imponance in tbc suueturc. In many cases not only do they not 
plan it but leave me initiative to the site foreman or overseer ro fabricate and assemble the fonnwork. Neither 
is it common practice in Ecuador. u it is. however. in other countries, for tbc conuactor ro subcontract 
piecework IO a manufactum' of formwork who provides bis own wood and, once d1c concrete bas set. recovers 
the wood and uses it on other sites. mus reducing waste and optimizing the usc of this resource. 
Another great problem of wood for fonnwork. or modtra dt montt ("mountain limber"), is its low selling price. 
since it origirwcs from forcsu cleared for agriculture or canle raising or is produced by d1c usc of motor saws. 
which reduces production costs to dle detriment of optimum utilization of forestry resources. The alternative. 
namely. plywood for fonnwork. bas a price of almost USS 400/m>, whcaeas "mountain timber" costs USS 4().. 

60/m>. so that a greater initial invesancnt is justified only in me case of major works. 
The level of the use and ~ycling of wood and wood-hued products in fonnwodc must be analysed in the light 
of dlese conditions. The task of optimizing the use of wood for f onnwork should also lake into account existing 
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practice on the part of the consuuction workers and operatives. who use the waste wood from the site as fuel 
for the preparation of meals. 

2.42 The use of wood in fonnwort 
There are lhrec rcchniqucs b the use of wood in fonnwort: the traditional technique with sawn wood oc boards 
from forest clearance. matcbboard and plywood panels. The two last-mcntiooed techniques are used only in 
multifamily buildings and series production. whcJcas the bulk of co.~ activity is for one-family dwellings 
and self-help building. Bamboo. or Guayaquil cane. is very widely used in the a.131 zones and. like guadua 
in Columbia. replaces sawn wood and logs for sVUCtW'aJ and non-suuctural mes. 

2.4.3 Traditional f'WTllwork 
Wood of low density is used (030-0.35 specific graviry) which under the designation of '"mountain timber'" for 
fonnwort includes an indefinite number of unclassified species chief among which arc: the avocado ll'CC, the 
white cedar. the sajo. the 111ngama and other white woods. The laurel and the santh are also used as harder and 
suonger woods to stiffen the focmwork surface. The commonest dimensions arc 2 x 25 x 240 cm for fonnwork 
boards and 4 x 25 x 240 cm for planks. Similarly. battens fl x 7 x 240 cm), scantling (4 x 4 x 240). Slrips (2.5 
x 2.S x 240 cm) and rails of eucalyptus (1.5 x 2.S x 240 cm) arc used. 
An element thal is much used in the Sierra is cucalypbJS battens. which arc used 10-15 limes as uprighlS in the 
form of logs 8-10 cm in diameter and 240 cm in length al a density of 4 or 5 poles per m2 of roof. Fmally. 
eucalypbJS '"pingos'" arc expmtcd to Europe as wood for pulping planlS, which has ~ their price in the 
local market. and bas stabili7.ed prices al a new level which Ytill stimulate new development in national forestry. 
The advantages offered by traditional fonnwork arc based on the low initial invcsuncnt. the pmibiliry of 
adapOng to complex forms. the ~ of aanspon and the tradition of use. The principal disadvanaagcs arc the 
limited reuse of wood (once or al most twice). waste of the order of 30 per cent (coning up in mating the 
fonnwork and destruction on striking the fonnwork), swelling and cracking of the wood and the longer time 
taken to execute the work. 

2.4.4 Mau:hboard 
This is used in fonnwork for walls. columns and concrete slabs. using eucalyptus tongue-and-groove boards of 
1.5 cm thickness and 10 cm width. The commonest dimensions arc 0.60 x 1.20 m and 0.80 x 1.20 m. 
Normally. two or three 4 x 4 cm walings of cinnamon wood or Colorado of varying lengths arc used. The 
panels can be reused four or six limes and are employed in the consttuction of blocks of fl3IS and multifamily 
houses. 
The advantages arc: lime-saving in the assembly of fmnwork, the relatively low initial invcsunent. the ease 
of placement of the elements. with little nailing required. the ease of striking the formwork and the advancagcs 
of storage. The disadvantages are: possible cracking. the necessiry of suengthening the end pieces to avoid 
warping and the weight and handling of the panels. 

2.4.S Plywood panels 
These are prefabricated elements using 12 or 15 mm plywood board with water- resistant glue and in some~ 
protective coatings. The plywood can be stiffened by the use of wood or mew elements and can be used 8 or 
10 limes. 
The boards are normally made in multiples or sub-multiples of 1.20 m IO make use of the module for plywood 
board, namely 1.2 x 2.44 m (4 x 8 ft). They arc used principally in formwork for columns. walls and solid slabs, 
replacing matchboard. 
The commonest dimensions of panels arc: module I of 0.30 x 1.20, module D of 0.40 x 1.20, module m of 
0.60 x 1.20 and module IV of 1.20 x 1.20 m. As in the case of matchboard panels, they are used in the 
consirUction of apartment buildings and multifamily houses as well as in other works. 
The principal advantages are smooth and bener finished surf aces. the large number of reuses, great rigidiry and 
resistance to bending. lhe possibility of covering large areas and flexibility for ad< pting curvc:1 shapes. The 
disadvantages may be the higher initial cost - so that their use is justified only if certain requirements have to 
be met - damage to edges when dropped and vulnerability to torsion during the striking of formwork. 

2.4.6 The use of bamboo in fonnwork 
Bamboo. or Guayaquil cane, is much used in the coaslal cities of Ecuador, where lhe material is abundant. its 
use spreading chiefly to the coaslal zones of Columbia and IO cities in the departments of Valle del Cauca and 
Caldas. 
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One oi lhc commonr.st uses is in lhc c:oastruc1ion of scaffolding to be used by workers and f« handling 
marerials in the c:onsauctioo « repair of all typeS of buildings. At present. melal scaffolding has replaced 
bamboo for vay high stn'Ctm'CS. but single «double bmlboo scaffolding is still very popular and in some czes 
can even be regarded m a genuine engineering suucture. 

FIGURE 2.01 Double bamboo scaffolding 

Plalfonn 
Walings 
-~~~~ 

Stringers 

SIDE ELEVATION FRONT ELEVATION 

Bamboo is used for bracing and suppon elements in the oonstruction of slabs. The stancilions are localrd al 
diSl3JICCS of between O.tiO and 1 m. depending on the diameter and slendrmess of the poles. The bamboo 
SlaDChions are localed vertically. fixed by means of horizonral and diagonal braces in bodl diJections. 
Not only split cane or bamboo ruaning can save as a conlaet smface for conae1e slabs. but coffering for 
lightweight slabs is also very widely used. The pmpose of this coffaing. which normally consists of lost 
fonnwork that is not reused. is to give die required fmn to the conaece beams and joists and to support flat 
ceilings. It replaces hollow roofing bricks which generally are very expensive and increase the weigbt of the 
slab. thus affecting the dimensioning of the focndalion, especially in soils with little resistance. 

2.5 CONSUMPTION OF WOOD IN FORMWORK 

Owing to the low level of reutili7.ation of wood for fonnwort in Ecuadcr. the consumption per unit of 
consb'UCtion is greater than that found in odler countries. included in the study. 
Three buildings are presented. two being one.-family social housing dwelling~ consuucted by the National 
Housing Board and the third a multifamily building conscructed by ~ pivate building finn. 
The average consumption in one-family dwellings was 0.29 mJ of wood/ml of conaete and 0.052 ml of wood/m2 

of construction area. or 22 bd ft per m2 of roofed-over ma. In the case of the seven-Ooor building, the 
consmnption was 0.13 ml wood/ml concrete and 0.059 ml wood/ml consb'UCtion area. or 25 board ft per m1 of 
roofed-over area. 
As can be obsetved. the consumption in multistorey buildings is generally more eff ICient than in one-family 
dwellings. owing to the greater use of plywood and the low proportion of "mountain timber". which rather tends 
to predominaae in the construction of houses. It is necessary to bear in mind that formwork was not used in the 
roofs of lhe first National Housing Board dwelling. since the lalter have a wooden structure. 



TYPES OF CONSTRUC110N 
DWELLINGS AREA 

m2 

J.N.V. 1 floor I 36 
J.N.V. 3 floors 2 372 

A. MORENO 1 floors 1 3.710 

n.a: Information not available 
' Mmonry wall; wood and Etcmh roof 
2 Mmonry wall; inaccessible concrete slabs 
1 Mmonry wall; curtain walls and concrete slabs 

TABLE 2.0S 

CONSUMPTION OF WOOD IN FORMWORK 

AREA OF VOLUME OF VOLUME OF 
FORMWORK CONCRETE WOOD 

m2 m' m' 

n.a 3.79 l.36 
n.a 107.89 24.S 

n.a 1.660 52.87 

CONSUMPTION OF WOOD 

m3wood m3wood bcU! 
m1 cone ml conslr ml conslr 

0.36 0.038 16 
0.22 0.066 28 

0.13 O.OS9 2S 

N 
CD 
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2.6 COSTS OF FORMWORK 

Owing to the low price of wood lha1 follows from the sysrcm used in ils processing and marketing. the unit cOSl 
of fonnwork is lower than in other countties. so dW its impact oo the dift:c:t COSl of the wort is also less. 
Table 2.06 presents the c:omparalivc costs in United Smcs dollars of the two houses of the Nariona1 Housing 
Board and lhc c051S of a seven-floor building with an area of 3,710 m1• 

CHARACIERISTICS 

Consttuction area 

COSl of fonnwork 

Tocal direct COSl 

Impact 

Cost/m1 constr. 

TABLE2.06 

CONSUMP1lON OF WOOD IN FORMWORK 
COMPARATIVE UNIT COSTS OF FORMWORK 

ONE-FAMILY lllREE-FAMil. Y 
HOUSE HOUSE 

(1 srorey) (3 stoKys) 

36m2 371.6 m2 

USS76 USS 1.214 

USS 3Kl7 USS 43.333 

1.96'11 2.8'11 

USS 2.11 USS 3:r1 

Source: Ministry of Urban Development and Housing. 

APARTMENT 
Bun.DING 
(7 SlOICys) 

3,710 m2 

USS48,718 

USS 1,061.723 

4.6'1 

USS 13.1 

It can be observed that on the average the cost of fonnwort accounts for only 238 per cent of the direct cOSl 
of one-family dwellings and 4.6 per cent in die case of multifamily buildings. The costs of fonnwort were 
USS 2.(f)/m2 in one-family dwellings and USS 13.10 in multifamily buildings. 
Finally, cable 2.07 presems the comparalive costs of five lenders (October 1992) f<I' fonnwort boards for slabs 
and walls quOICd by the constrUC1ion firm ELEPEVE f<I' the World Trade Center building in Quito. which is 
2S storeys high and has a constructioo area of 22,000 mi. 
It can be observed that the 1.20 x 0.80 cucalyplUS marchboard fabricalcd on sire fCJRSCDlS the best offer wilh 
a cost of USS lS.423 (USS 38,790 including labour). The other bids for marchboard panels and plywood panels 
offered bcuer prices than those of melal panels proposed by Bagant Ecuaroriana Cia. Lida. one of the two 
cnlerpriscs chat hire out melal fonnwort in the city of Quito. 

2.7 CONCLUSIONS AND RECOMMENDATIONS 

The situation in Ecuador regarding the consumplion of wood and wood-based products f<r formwort is ralher 
unusual and different from that of other Lalin American counlries. There are specific problems for which there 
are fortwwely possibilities of solution allhough die work to be done is considerable and requires immcdiale 
action. We shall indicare below in summary form the present situation of the sector in die country: 
With regard to the production of raw mau:rial, it can be noced that some aspects wm in favour of better use 
of wood in iormwm although 60 per cent of sawn wood is intended fm the civilian construc1ion market. a 
volume tha1 is exceeded ooly by tha1 of the consumption of wood as fuel. 
It is observed chat not much value is aaached to wooden fonnwork because wood is cheap, being processed wilh 
mocor saws (S l per cent of the total) and coming from forests cleared for agriculture and c:attJe raising. The 
price of wood is also related to the very poor quality of wood and the absence of any type of ueaanent, so that 
the level of rcutili7.ation is only once or at most twice. 
No attempts can be observed to promote new forest species tha1 would replace those used at present, which 
normally have a low average density of 0.30-0.35 gr/cm1 specific gravity. Similarly, the wood used for 
formwork is sold without quality conttol, in non-standard thicknesses. has little rcsislance to humidity, is hagile 
and warps because it is used in the green Stale and has very little mechanical strength. 
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From lbc point or view or Standardizatioll. sboncomings can be detected. llD\Jllg orher dlings. lbc absence of 
saandanh not only for wood but also foe odler' buikling malerials. In the case or wood lbere are problems of 
nomenclalurc and bannonizalion of meamremcnt units. since wood is still frequently sold by length in feet and 
wua.s (= rods). by dlicbcss in inches and by width in cenlimetres. 

TABLE 2..07 

COMPARATIVE STIJDY OF BOARDS FOR CONCRETE WAU.S AND SLABS 

BOARD Q{.;A!lo "lTTY SUPPUER. UNTTCOST TOTAL COST 
(l.'SS) (USS) -

01 ~ 3.000 Selx:mba:IUt S.62 16.146 
1..20 x O.IO 

02 ~ 3.000 Sab:aalnctm 6.li1 20.000 
1..20 ll, O.IO 

03 ~ 3.000 M.de11pae• 5-14 lS.423 
1..20 ll, O.IO 

04 Baud 3.000 M.de11pae• 7.57 22.691 
1.0 x O.IO 
IS _plywood 

OS Metal pmcl. 0.12 
maedlly bin: 4.166 .... 10-ms 34.113 
1..20 ll, 0.60 

Soun:e: ELEPEVE. building enraprise. 

"Mountain limber" for formwork belongs IO a group of species tbal is not clamfJCd. There are only twO 

srandards in the INF.N for melal scaffolding and duce ochers for plywood. but none wilh specific rd'crcnce IO 

formwork. Srandards aie worked OUl at die RqUCSt eruerprises or associations, for which reason none Im been 
worked out for wooden formwork. 
The subject of training is one of die mosl important aspects in any auempc IO optimize the use of wood f\W' 
fonnwork. In the opinion of the enterprises and insblUbons contacted. tbcte are limitations "in good building 
trade practice" with regard IO lhc use of formwork, both at die Jevcl of workers and carpenters and also of 
professionals in archirecture and civil engineering. 
There are no national textbooks or local technkal mareriaJ in die counay Jdeuing IO the use of wood for 
formwork, but only those of foreign origin, principally &om che Unircd States or in some cases written by Latin 
American authcrs specializing in che subject. Training is basically of a praaicaJ nature, self-taught and based 
on the aansmission of experience in training cenll'CS or on consuuction sires. 
Apparendy lhe uaditional programmes of the F.cuadorian VocabonaJ Training Service (SECAP) are not only 
sporadic but have not given lhe results expected. This Im motivated expc:rimencs in diRct on-site lrainjng in 
coordination with lhe building enaerpriscs. Recendy, pnctical courses have been carried out in che Faculty of 
Archit"=Cture of the Cenual University of Ecuador. 
At die universities, no in-depth study is carried out on the subject of formwort with regard IO calculation 
meahods and systems for assembling and striking formwork. In general, there is no cradition of ll'eating 
fonnwork ~ a structural elemen1 although it inilially resists a weight even greaser than that calculaled for lhe 
fanished concrete, that is IO say, 200-lSO kg/ml of live load. Wooden formwork must stand up to the weight 
of the concrete, namely 400 kg/m1, during the time of casting and setting of the maserial. 
On the other hand. no builders are trained at die univmitics but only civil engineers and architects. Recently 
courses have commenced at two new universities in Ee~. A cooperation agreement is also being 
implemenred between the Cenua.I University and lhe Timber Development Corporation (CORMADERA) in order 
IO emphasize the need for reaching regarding wooden formwork in faculties of engineering and archirecture. 
Finally, the very ust of wood in conscruction genc:r.&es tcchnical problems that must be solved, the main problem 
being the low level of f'CC'ycling of the material, which usually ends up as firewood for the building worten. 
In the case of ttuu-ply the situation is better since it is used slighdy more often (8-10 uses) and eucalypcus 
poles are normally used 10 IO 20 times. because they are not in contact with the concrete. 
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Despite tbc fact that wood is ~Y considcml m tbc fifth dement oC coacrcte (tbc ochers arc: cement. 
war. sand and stone). linle auention is dcvotal to fonnwort techniques and aboYC all tbc important problem 
of suiting techniques gives cause for conccm. Tbcrc arc no accessories such as double- beaded nails. which 
would facilita1e striking. and P.Cither arc wedges and oon-desauclive tools used. 
1bcrc arc problems in tbc orpnizabon oC wort. rcspoosibility being left to tbc foremen and overseers. who have 
learned by cxpcri:ncc. This gcncralC:S problems with reprd ID tbc finish and alignment of tbc sttucnnl 
elements. Though the rdalivcly high cost of plywood is a limiting facu. no effort is made to compcnsar,c for 
the initial investmcnl by using an appoprialC modular sysmn in an:hilieCbnl plans or by prefabricaling 
fmnwort dcmcnts. 
This silualion suggests a number of rccommendalions which are lftSCllled below: 
(a) Production of tbc raw material 

To improve tbc exuaction and poccsmg of wood in general (not only thal for fonnwort). id:ntifying 
an oplimizalioo programme starting al the primary processing sage. to eliminale WaslC and improve 
quality control in sawmills. 1b3l could facilitlle the Rlduction of COSIS. using offCUlS from boards and 
banens for tbc prcfabricalion of fonnwort. 
To identify new forest species to rq>lacc in quality and durability those tbal are at prcsenl marketed. 
mating exploitation and reafforestation DIOR profUablc. Almg these lines consideralion should be 

given ID tbc promotion of larger planlalioas of '""""" cane IO replace cucalypbls poles. wbicb are a 
valuablc export commodity. as well as planlalioas of low-density and npid-growtb wood. although such 
wood l'CC(Uires some proce:ssing for use in fonnwort.. 

(b) S&andanfation 
It is suggested that a practical piM be prepared insrrad of a standard for fonnwort. in wbicb 
insttuctions could be given for the bcuer use of wood. The practical guide would llOl have the 
character of a law but would be a rd'amce document accepred by INF.N and tbal would serve as a 
guide in tenders and conlraets. Rca1ily bas shown tbal srandardizalion actioo is less effective than 
training. promocion and the disseminalion of good building pracbce. 
Taking into account the classiflCalion by structural groups peparcd Wider projects of the Board o! the 
Canagena Agreement in earlier years. it would be possible to propose a new specialized group for 
fonnwork wood (Group "D" or "C-1 "), which would facilitue marteting. lrCalmcnt and use on sire. and 
would group less widely known species. 

(c) Training 
It is ncccssary to promore conditions !O ensure thal the Ecuadorian Fcdcralion of Cons11'UC1ion 
Chambers. as happens in other COUJllries, should establish a more dynamic relationship with the 
Ecuadorian Training Service. SECAB, in tbc nining of workers and carpenters with regard to 
fonnwort and ocher building specialities. 
While it becomes necessary to revise lbc content of present courses on formwort for arcbilecls and 
engineers or for the new profession of builders, it is necessary to carry out periodic extension oourses 
or seminars emphasizing building pl3Cliccs rclaled to new tccbniqucs for wooden formwork and for 
suiting fonnwork. 
It is essential to prepare technical and audio-visual material on wooden fonnwort systemS that can be 
used at various levels of training. The preparabon of a formwork "'°"""' could be suggested for 
construction professionals and a pactica1 primer for workers, carpcn1CrS and self-help builders. These 
technical documcms could serve as a guideline for tbc preparation of the INEN guide on practice. 

(d) Technology 
It is necessary to design. oplimi7.C and/or adopt new sys1ems for indusrrially or scmi-indusuially 
produced formwork that would permit incm1Scd recycling of wood by the use of appropriate release 
agents and trcased wood as well as appropria&c fonnwork striking rechniques that would facilitalC the 
utilization of formwort and improve the quality of finish. 
To promoce the utiliz.ation of new accessmes and wood-based formwort marcrials such as: double­
hcadcd nails. plywood boards dW are saongcr, rigid and have finished surfaces or iu,-w producu such 
as wood-cement particle boards (of the Bison type) or such as MDF (Medium Dcru.ity Board). It is 
necessary to increase the value-added component of formwork so that the higher ir;itial cost will be 
compensated for by greaser rcutilizalion. 
To improve lhe quality of formwork. promoting the prefabrication of supports. panels and coffering 
using new or waste sawn wood in combination with other consuuction malerials. 



- 32 -

(e) Markel 
To prepare a more &borough study on the use oC wood in fonnwort in Ecuador dlll would mate ii 
pcmible 10 identify real volumes ol consumptions. ~Y and demand for fmnwort and to analyse the 
~ lhal could be acccpled by lhe user. 
To stimulare lhe crcalion of storage cenues. yards or micro-enrapriscs for renting or hire specializing 
in wooden fonnwort lhal Ibey would cbicOy supply to building cooaaaors llOl working on series 
production and IO self-help builders. dlus promoting the reduc1ioo of waste and increasing dle number 
oC uses of wood. 

(f) Promotion 
To promote a competition on new consttUCtion sysaems for wooden fmnwort llOl only al dle lcvd of 
professionals but also oC workers and site foremen. 
To esaablish JRP31Dmes for oplimizalion. informalioo and ICChnical advice in the use of wood for 
fonnwork. under lhe auspices of the wood and consuuction sectors. professional colleges. universities 
and SECAB. 

Fmally. in lhe ligh1 of the conditions in which wood is used for fonnwort we bave idenlif.ed two programmes 
oC a regional namrc dial can be implemenled widl the as.sistance of international tecbnical cooperation. The fus1 
would be related IO lhe idcnlificalioo of joint action between the Lalin American uaining agencies. ID 

homogenize and harmonize levels of Ir.lining of workers and carpenlaS. in Ibis CZC diRcled IOwa'ds optimizing 
the use of wood in fonnwort.. 
Bodies such as IMCYC of Mexico. SENA of Colmnbia. SENAI of Brazil or SENOCO of Pau couJd lake pan 
in Ibis join1 project with lhe support ol lhe lnranalional Labour Orpnizalion or anocher 1«1mical cooperalion 
agency. The Building Chamber of Quito bas already signed a ICChnical cooperalioo agreemen1 with die Training 
lnstit111e for dle Consuuction lndusuy of Mexico (IMCYC). whose principal objective is inrensive and 
accelerated vocational IJ3ining of workers and iruermcdi3le level supervisors in industrial and consttuction 
activities. 
A second initiative idenlifled as a consequence of lhe presenl study is rdalcd to dle implementabon of a •Projec1 
for lhe Optimi7.alion of the Use of Wood in Fonnwort" in lhe framework of projeclS of the Intemalional 
Tropic Timber Organizalim (ITTO). which would enjoy the participation of the for.;.Stty and building indu.soy 
of the Latin American member countties and would be under die auspices of the rccendy csrabl.ishcd Andean 
Foresary Chamber. 

3.0 DIAGNOSIS OF ARGENI'INA 

3.1 TIIE HOUSING SECTOR 

According ID the most recent census carried out in 1991. Argentina had a populalion of 32.608.687 of whom 
862 per cen1 were localed in urban and 13.8 per cen1 in rural areas. The housing stoek consisled of 8.515.441 
houses. lhat is ro say approximalely 20 per cent nun lhan chose n:corded in the 1980 census. i.e. 7,103,853. 
Table 3.01 shows the housing deficil and the composition of the housing SIOCk as shown by die two most recent 
housing censuses. According ro dial table, 263 per cenl of the houses. or 2,233,520. rcprcsent the so-called 
"opcralive" deficil. which would be the qualitative housing deflcil consisting of type B houses, rented rooms in 
houses. dilapidated houses and ochers. Type B houses are considered as subsWldard because lhey have some 
of the following lhree characteristics: beaten eanh floor. lack of sanitation or absence of piped walCI'. 
It would be necessary to add ID this opc:rarional deficit a deficit of 411.848 houses Causecl by overcrowding since 
the number of householm was pcarer than lhe number of dwelling units in 1991 (8,927.289 howleholds in 
8,515,441 dwelling units). It would also be necessary ro add the quantitative deficit of not less Nil 50.000 
dwelling unilS which would make an approximalc rotal housing defacit of 2.700,000. 
This flgme agrees with some reference sourtes but depending on die various measuremen1 criteria employed 
i1 may be grcaaer. and it has been eslinwcd lhat it can be 3,200,000 units.' 
It can be observed from the same lable lhat in 1991, breaking down houses by type. 182 per cent of the housing 
srock consiSled of apartments which should be interpreted as dwellings loca1Cd in multifamily buildings of d1ree 
or more Ooors in height The remainder, llllll is IO say 81.8 per cent, is represerned by one-family dwellings 
of lypes A and B and other types of dwellings. 

Analysis of the current situation in lhe housing sector, Menen-Dualde. 
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3.2 TI1E CONSTRUCilON SECTOR 

The National Housing Food (FONA VI) was set~ by means of contributions oC 5 per CClll of total n:muaeralioo 
payable by lbc employer and oC a 20 per cent provisional conaibutioo of sdf-anploycd workers. This rcsowce 
an be estimated at USS 600 million. on lbc basis of an average evasion of 30 per ceaL In 1992 tbc 
administtalion of FONA VI was lakcn over by lbe Provincial Housing lnsritub:S and rcprcserm apprmimalely 
90 per cent of public investment in housing. 
In 1992. 35.661 dwelling mbts were construc1ICd widl FONA VI ICSl'.UCCS. although in the period 1976-1992 tbc 
average conslrUction wu lplll'Ox.imalcly 2.8.000 units. The annual average CODSllUC1ion of complele dwelling 
units apparendy c1ocs not reach the 1eYC1or10.000 units although SU1isrically between 1980 and 1991 128.326 
dwelling units were cOllS1rUCted on lbe annual average ir.cluding housing facilities. rcnacd rooms and odlCI' types 
or precarious housing. It is eslimaled dm in the period l ~ 1995 not less lhan 215.000 dwelling units per year 
will be required IO conrrol the housing deficit. such units being consuucted boch by lbe public and lbe private 
sector. 

TABLE 3.01 

HOUSING DEFICIT BY TYPE OF DWEU.ING 

YEAR 1910 I 9 9 I 

TOTAL DWELUSGS QUA."'llTTY 'I: QUAAITIY 'I: 

Noa«feaivc dwdling1: 
•• A. cltrelbap 
• ApullMMI 3,7U,673 S3.3 4.TD;t79 ss..s 

1,266.3S7 17.9 IJS4.M2 11.l 

~: SATISFACJORY S.OSS.0'24 71.l 6,211.921 73.7 

Ddccrivc dwclli.ip 
-·e- dwclliap 1.143,666 16.I 1,409.425 16.6 
• R8MCd roams 64,363 0.9 47Jn 0.6 
· Dillpiduccl dwellings 124,lOS 11.6 621,940 7.4 
• Olben ud aabowD 16,49S D.2 147.622 1.7 

Subcocal:l'NSATISFACTORY 2,()41,129 2U 2.233,520 26.3 

TOTAL DWELLINGS IN TilE 7.103,IS3 100.0 IJlS.441 100.0 
COU!lo-ntY 

Source: Argentine Chamber of Consuuction. 

In general. for approximarely IS yean (1975-1992) lbere was a dccl:ne in the rare of building in Argenlina. and 
the privaae sector reduced its share in the period 1984-1988 by 32.9 per cenL If die number of building pennies 
at nalional level in the period 1974-1990 are analysed. a decrease of 66.4 per cent can be noccd. with 142,064 
pcnnits granred in 1974 and 47 /JS7 permits in 1990. However. this siblation has been reversed in recent years 
owing IO the improved situation of the nalional economy. greater participation of the privaae sector and by the 
fact that FONAVI no longer depends on 1he Cenaal Govenunent but on the JWvincial housing institutes. 
Table 3.02 shows the predominant marerials used in consuuction according IO the most recent swistical 
information from the 1980 census. 
From analysis of that table it can be inferred that the typical dwelling unit in Argentina would consist of the 
following materials: 

FLOORS 

EXTERNAL W AllS 

EXTERNAL ROOFING 

mosaic or similar 

mawnry 

mosaic. slab or asphalt 

S4.8 per cent 

84.2 per cent 

47.9 per cent 
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It c=- also be deduced dlll only 6.7 per ccnt ol lbc chrdliq unils n conmuctal of wood. widl dial maaial 
asecJ for lbeir euanaJ walls ahbougb DO ieu lban 52.l per CCDl used wood in roofs and roof covering if we lite 
inlo ICCOUllt houses tbal me meW sheet. fibre cancnt sheet ud ocbc:r types of roofmg marerial. 

TABLE3.02 

PREDOMINANT Bun.DING MATERIALS. 1980 CENSUS 

PREDOMINAA'T MA lBUAL Q\iANnl'YOF 
DWEUJNG 

UNtTS 

I. Floan: 

·Mauic--- 3.192.710 
•Waod 911.223 
•C--•bridt 1.$06.247 
• &nit 6201I 
•CJdla--.U 99,295 

2.&laal Wllb: 

·~ 5,.971.171 
• Allabc 435.951 
•Waod 415.llO 
• Odla-...m.b 214.537 

3. &laal roof cuwaia&: 
• Mauic • Ila - uplld IOOCmi 3.401.n5 
• Mtlal m.t 2.172,691 
•Tile: •32.293 

·Filn--~ 463,.563 
• Odla- ....r.aiab 633,564 

TOTAL DWELLING UNTl'S IN 11iE 7.103,153 
COmmtY (19IO): 

SOURCE: Housing census 1980 

3.3 1llE FORESTRY SECTOR 

Argcmina has 36 million ha of forest rqxesentins 13 per cent of the counuy·s area. of which 35 million are 
nalUl3I r~ and slighdy less than 1 million new plantalions which account for 45 per cent of forcmy 
exploiwion. 
In 1989 it was estimated that 768,000 ha ofplanlalions consisted of die following species: cucalypus 231,000 
ha. conifen (Pinus tlliotis and saligne) 372..000 ba. Silicocu and poplars 48.000 ha and Olhers 17.000 ha.. 77 
per cent of the plantations are locarcd in four provinces. die most importanl bein~ Misiones with 210,000 ha. 
Corricntes with 120.000 and Buenos Aires with 97.000 ha.. 
AcaJrding ao die most recent statistics from 1987, mere were about 1 JOO sawmills, of which according to the 
Wood Technology Research Centre {CITEMA) only about 1.000 were ope:rabng and 44 per cent of these wae 
worting at less than SO per cent of installed capacity. 
Table 3.03 shows the produclion of sawn wood in die period 1983-1987. which averaged l,OlS.238 ml. 
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TABLE3.03 

PRODUCTION OF SAWN WOOD 1983-1987 

Years PRODUCTION Lop used 

·ooo m1 m, 
m1 

1983 44.122 1.120.708 2.47S.6S2 

1984 36.852 936.()36 2..069.816 

198S 35.SOS 901,823 1.953.638 

1986 38.SlO 978,161 2.111,073 

1987 44.861 1.139.460 2.417.982 

Source: IFONA. 1987 Ycarboot ol FcRslry Slalislics 

19 of die 440 species available ba"VC been studied in rapect of lbeir quality and sttengtb. 1bose most logged 
in 1987 ~ lbc following: 

CullivalCd species 

Leap 
Ancllico colorado 
Alpnobo 
Laurd 

S9.6S8 m1 
48.012 m1 
41,814 mJ 
39.959 m1 

203,862 ml 
17S,3SO ml 
93.6Sl m1 
21,878 m1 

A5 can be observed die largest quanlity of wood inlCDdcd for die consaucbon seaor in gencnl and for fonnwork 
in pmticular comes &om conifers cuhivarcd in new planlalims. lbese fas species 1epesendng 43 per cent of 
IOlal production. 
The rcmaindc:r of r~ production in 1987 caasisu:d of die following indusaic:s relaled to use in fonnwork: 

TABLE3.04 

PRODUCTION OF BOARDS 

Factories in lnsWled Production Urilizarion 
openlion capacity ~ 

m1 

Plywood 22 91.840 56.813 61.9 

Fibftboard 2 424,500 103J9S 24.4 

Particle board 7 298,207 lOS,717 69.0 

Source: IFONA. 1987 Yearbook or Foresay Slalistics 

Plywood panels arc produced in several qualities, the largest production being thal of board wilh a phenolic 
coaling used for rorm~:'lfk. which represents 2S per cent of the national IOlal (14,450 ml). 
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3.4 11IE USE OF WOOD IN FORMWORK 

3.4.1 Traditional fonnwork 
As in all Latin American counlrics lhe type of fonnwm most commonly used is made of wooden boards lhal 
arc used in 80-90 per cent of houses. P:ywood is lhe second ahanalive for lhc surface in conaact with a 
concmc. combined wilh metal or wooden support Sll'UCIURS. Fmally. a pca1c:r ttend can be observed rowarm 
the use oC plywood or ·multilaminates· ~ Ibey arc called. especially fer lhc consuuction of multifloor and 
multifamily buildings. 
The lllOSl commonly used species art saligM pine. ellibtis r;.,e and par.ma pine. all from plantations. The most 
common dimcnsims arc I x 3·. I x s· and I x 6 •• in lengths or 3-S m in lhe ~ of boards and balrcns. with 
reulitizalion lhrtt limes. The tic-rods or struts have cross sections oC 2 x J9 and 3 x 3· and lengdl oC 2.8 m. 
being used up IO six times. 
The plywood normally used is IS or 20 mm dlid. nonnally of the phenolic type wilh J.'las1ic coated surfaces. 
The quality of plywood depends on the quality oC origin oC die wood and it is llOl always possible ro obtain 
completely waterproof plywood on the surfaces and edges. lha1 docs not warp or become damaged in comact 
widl water unless llalCd. 
Compressed wood boards consist oC shccls of 11111Jt1ca. pnuibi. pine wood. eac.. I. 2 er 3 mm lhid. bonded 
wilh phenolic and urcic ~ and finished widl sandpapering or ~ COiiing. They are normally used 
IS-25 limes. for which purpose polyurelhanc. epoxy. polycsra or ncoprcnc rubber scaling compounds arc used. 
The commonest dimcr.sions arc 1.22 x 2.44 m. 1.22 x 2.20 and 1.00 x 2.00 m. 

3.42 Large wooden fonnwort 
Recendy. with the renewal of conSIJUCtion activity. modem wooden fonnwort of imported origin has begun to 
be used in Argentina.. which 1cp1ese11ts an upgrading of lhe value oC lhc maac:rial; this basically cmsists of 
Wll1'Cll type wooden beams glued in lanices form er Vicrendcl solid web type JS-36 cm in hcigbl and of ~-arious 
lengths. to which phenolic plywood panels. nmnally wilh plastic covered faces. arc screwed. 
This lypc of fonnwort originaled from Germany wilb lhe Sreidle beam. which was fal'Sl sold commcn:ially in 
1959. Almost 10 years laler. in 1968. awearcd lhc PERI type beam. which is also a lauicc work beam of lhc 
Warren lypc of glued wood. bul with flush ends lhal is to say dial the upper and lower beams are of equal 
length. ~ compared with lhc lypical form of lhc Steidle beam. in which one end projects and in addition lhc 
diagonal pans are solid. 

FIGURE 3.01: PERI fonnwort sysrem 
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Beans of glued wood bavc a Dlmlbc:r ol .avanaages over lhcir metal t.qllivalent such a: 
The possal>ility of using diem cilbcr fer roof er wall fonnwort.. 
The IOlal absence of saaples. clips. fastenings. etc.. dw is lO say small pans lhal can emily get out of 
line on lhc sile. which are accesS1ry fer faing die formwort lining lO die meul beam in die case or 
walls. 
The ligb111CS5 of pdabricalcd formWOlk panels of up to 20 mz. which can be moved on lhc site with 
normal cower cranes of 600 tp capacity 11 lhe cod of the boom. 
Ligbmess of the beam as compared widl metal beams so lbal one man can handle it (they weigh 6-8 
kg per linear mcler). 

The glQl durabilily ieacbing 180-200 uses for normally baodkd beams with the absence of maintenanee 
cosas which are elpensivc in lhe as of melal beams. 
Savings in labour costs of die order of 30 per CCd... 

Savings in inYCSUncnt per m2 of complefr fonnwork as compan:d with metal formwork. 
EJimina1ion ol specialized labour fer mdal fonnwort of a type lbal is difficult to find. requiring a blend 
of carpenuy and mdal wcding skills. thus encouraging lraditjonal wooden fonnwort. the malerial of 
which is best suiled fer good czting or die concrete and fer giving it an adequalely rough surface. but 
constiblling modcmizcd and more clevdop:d formwort.. 

3.4.3 <>mer 1ypes or fonnwort 

various 1ypes of fonnwork using ctiffc:ma mall:rials have been used in Arplina. especiallr flat metal typeS 
semi-cunnd and tunnel types. with wbicb large mulli-floor buildings and blocks of apartm~IS have been 
COllSlrUCU:d. In tbcsc cases bolh lhe Sb'UC1Ure proper and die fonnwork surfaces are of metal. The suucture 
consisu of sreel or bent sheet beams while die conlaet surface consisls of steel sheets 3 mm to 6 mm thick which 
can be used between SOO and 1.000 times. Also, climbing forms and sliding forms arc used and aluminimn 
formwort is also 1'cen employed. 

3.4.4 Conslruction sysaems lbal dimina1e fonnwort 
JUSl as in Mexico and Ecuador, die~ of prefabricalcd ceiling suucturcs with light concrete slabs, consisling 
of reinforced conaae beams and cenunic blocks is being incmasingly used. This type of consuuclion system 
significandy diminares lhe use ol wood fer fonnwort. wood being needed only fer posts or uprighlS and beams 
that aR not in conlact with concrete. lbm, only some boards ue needed for lhc braces or beams on the 
perimeter. 

AGURE 3.()2: S)'SIClll of pre-sucssed beams 
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1be system uses prc-sttcssr.d beams (single or double according ID the sp111 ao be covc:rcd) which suppmt 
ceramic blocks ol 9. 5. 12 and 19 an. so lhal it is possible ID comttuct ceilings of 13 to 35 an thick for spans 
or up to 7 m with pcnnmiblc overloading of 200 kgfm2. This type of ling slab is rq>lacing lhc ligbrwcighl 

ceilings consuucled in sil11 and ranrorced concrete roofs. 

3.5 CONSUMPTION OF WOOD IN FORMWORK 

Table 3.05 presents lhc analysis of thc consumplion of wood in 5 muhi-floor buildings and a mullifamily 
building oblained from 3 COllSllUCtion cnlerprises in Buenos Aires. ming the ttaditional system. plywood and lhc 

rationalized PERI system. 



TYPE OF DWELLING CONSTR. 
AREA 

ml 

A. T.C. 12 floors I 8.027 
A.T.C. 47 aplS I S.164 
A.T.C. 16 apts I 3.260 

KOCOUREK 02 floors 2 4.222 
KOCOUREK 3S 34.800 
23 floors I 

P.MIGLIORE 2S. 27.400 
34 floors I 

AVERAGE, MUL TIFAMll. Y BUILDINGS 

Soun:e 
na 

: Building enterprises 
: Information nol available. 

TABLE 3.0S 

RATES OF CONSUMPTION OF WOOD 

AREA OF VOLUME OF VOLUME OF 
FORMS CONCRETE WOOD 

ml m' m' 

na 1,816 187.8 
na 1,.377 200.6 
na 866 137.7 

na 717 S9.2 
80.400 17.300 1,330.9 

73.76S 9,840 UiO.O 

I : Concrete portals. ma.wnry walls and massive concrete floor. 
J : Masonry walls. concrete columns. concrete floor structure and wooden roof. 

CONSUMPTION OF 
WOOD 

m'wood m'woosJ 
m' concr m2 cons 

0.10 0.023 
0.15 0.03S 
0.16 0.042 

0.08 0.014 
0.08 0.038 

0.03 0.010 

0.10 0.030 

bd ft 
m2 cons 

IO 
IS 
18 

06 
16 

04 

13 

i...i 
-D 

I 
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The consumption of wood in fmnwork for one-family dwellings li 0.083 m1 wood/m1 cone and 0.014 m1 
woodlm1 construction area (6 bd ft/ml). Consumption is greater in the case of multistorey buildings and averages 
0.10 m1 wood/m1 cone and 0.030 m1 wood/ml consuuction area. thal is ro say 13 bd ff/1112 of consttuction area 

3.6 COST OF FORMWORK 

The impact of building labour on unit costs is ralher high in Argentina. and can represent about 50 per cent of 
the cost of the sttucture. 
Table 3.06 pesents the costs. the impact of foonwork costs on direct project costs for one dwelling and d.rcc 
multifamily buildings. 
The average impact of the cost of fonnwork in multifamily buildings in relation wilh lhe IOlal cost of the project 
averages 9.4 per cent. The average cost of fonnwork is USS 56.l0/m2 of consuuction area As a reference. the 
PERI wooden formwork system w a cost of USS 37.92/m1 of the sttucture and w a SJ per cent impact on 
the total c~ of the project. 

TABLE 3.06 

IMPACT OF FORMWORK COST 

TYPE OF DWEUJNG CONSllt. COST OF TOTAL DIRECT IMPACT COST OF 
AREA FORMS COST .. FORMS 

mz USS m2 coastr. 

Onc-funily dwdlmg 211 S.541 ISS.130 357 26-26 
020oon 

Muhifundy building 34.800 l,S4S.946 34.640.000 4.46 44.42 
2S floon 

Muhifunily building 1.027 372.632 :Z.7Sl.OOO 13-5 4'\.42 
12 Doon 

Muhifamdy building 27.400 2.121.2.61 20.sso.000 10.3 77.42 
36 floon 

A VERA.GE FOR MULTIFAMILY BUIIDINGS 9_4 S6.IO 

Source: Building enterprise 

3.7 COMPARATIVE STUDY OF FORMWORK COSTS 

3.7.I Introduction 
A comparative analysis of the coslS of two types of wooden fonnwork utilil.ed in Argentina is presented below. 
one the uaditional type wilh plywood panels and sawn wood and lhe olher a rationalized wooden sySlem. lhal 
is to say the PERI system explained under point 3.4.2 of Ibis report. 
The study spe.cially prepared for lhe present report was elaborated by lhe company Pablo Migliore 
ConS1nJcciones S.A. in November 1993. llS purpose was IO compare a rationaliz.ed system using imported wood 
(lhe PERI or Mn.LS system) wilh lhe uaditional formwork system. 
In general, the PERI or MIU.S formwork systems rationalize lhe use of wood by using standard elemenl~ such 
as framework beams which can be reused 200 times, joined by aluminium sections, melal uprighlS, standardized 
fasteners and specially designed scaffolding. 
By combining these pans, climbing formwork is conscructed for die vertical elemenlS. using beams and uprighlS 
for die ceilings. The fonnwork surf aces consist of phenolic plywood panels widl special surf ace ttealment 
guaranteed for 20 uses. The rationalized PERI system, was assumed for the purposes of die study to have an 
amortization value of 50 per cent.. dlat is ro say half for each of the two rowers IO be constructed. 
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RGL:'RE HU: Details of lhc PERI formwort !Wstem 

3.7.2 Project charncteristics 
For the purpose of economic evaluation of the two alternatives emisaged. a prnJect consisung of two tower.. of 
dwellings. each one with two hasemenl'i. a ground floor with mez1.anine and 34 lypical floor~. givmg a covered 
area of approximately 55.000 m:. 

For the purpose!'> of analysis. the f:~wcs for one of the 1win towers are taken. An exchange rate of I Argentmt: 
peso = I American dollar and the following characteristics were a.'isumed: 

Multifamily building <37 floors) 
27.400 m= 

PROJECT 
CONSTRUCTIO~ AREA 
CONSTRUCTION SYSTEM 
VOLUME OF CONCRETE 
AREA OF FOR!\.fWORK 
REINFORCEME!\TS 

Concrete ponals. ma<>onry walls and solid concrete slab. 
9.840 mi 
73.765 
1.138 t 

PERl-MlJLTIFLEX SYSTEM 
A. Excrntmn with rationali1ed sys1em 

I. Cos1 of reinforced concrete 
Concrctc H30 Pesos/m 1 110.000 x Pesos 9,840/m1 Pesn~ 

2. C os1 of labour 
h formwnrk m= 73.465 x 1.30 h/m2 h 
h reinforcement t 1.138 x 85.00 hit h 
h ca•iling m' 9 .840 x 3.00 h/l h 

T oial hours h 
E.;uma1ed hourly cos1 Pesos/m-h 6.85 

TOT AL COST OF LABOL'R Pesos 

3. Cosl of fonnwork materials 
Special phenolic m= 4,700 x Pesos 13.50/m= Pesos 
Bracing 3 x l" Im 2.700 x Pesos 0.92/lm Pesos 
Hardwarr Pesos 

Tola) formwork materials Pesos 
4. Cos1 ol rauonah1c<l sys1em 

Tola.I cosl insiallcd al Bs.As. Pesos 600.(XXl 
Amoni1.auon 50 per cen1 Pesos 

5. lndirccl projCCI COSL~ Pesos 

•. ll!C.400 

95.504 
96.730 
29,520 

221.754 

1519.01~ 

63.4~0 

2.484 
190<KI 
!W,934 

300,(XJO 
1.050,()()() 



B. Execution with traditional system 
1. Cost of reinforced conaete 

Concrete H30 Pesos/m3 

2. Cost of labour 
h fonnwort m1 

3. 

h reinforcement t 
h casting m3 

Estimated hourly cost Peso$/m-h 6.85 
TOTAL COST OF LABOUR 
Cost of formwort materials 
Ordinary phenolic m1 

Bracing 
Hardware 

4. Indirect project costs 
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110.000 x 9.840/ m3 

73.465 x 4.00 b/m1 

1.138 x 85.00 hit 
9.840 x 3.00 b/l 

Tocal hours 

Pesos 2.8n .753 

1 .ooo x Pesos lo.oewm2 

21,000 bn x Pesos 0.92Jlm 

Tolal formwork materials 

The following table shows the comparison of costs: 

TABLE 3.07 

COMPARATIVE COSTS OF FORMWORK 

Pesos 1.082.400 

h 293.860 
h 96.730 
h 29.520 
h 420.110 

Pesos 70,000 
Pesos 19.320 
Pesos 191000 
Pesos 108.320 

Pesos 1.050.000 

DESCRIPTION PERI FORMWORK TRADffiONAL FORMWORK 
USS USS 

Cost of reinforced concrete 1,082.400 1,082,400 
Cost of labour 1,519.015 2/,TI.753 
Cost of materia]/f onnwork 84,934 108,320 
Cost of imponed fonnwork 300.000 ---
Indirect work costs 1,050,000 1,050,000 

TOTAL COSTS 4,036,349 5,118.473 

COST/ m3 CONCRETE 410.20 520.17 

Source: Pablo Migliore Consaucciones S.A. 

As can be seen. the values obtained make it possible to identify the advamages of the PERI type rationalized 
system and show that owing to the improvement of labour output alone, savings are achieved that make it 
possible to amonize in 1wo towers the impon of fonnwork equipment of this type. Thal is particularly pactical 
in a country like Argentina, where the cost of building labour is rather high. 
Two comp ualive figures of labour outpUI are: 
- Rational,jud sys1em 221.754 m-h/9,838 m1 cone= 22.50 m-h/m1 cone 
- Traditional sysrem 420,110 m·h/9,838 ml cone = 42.70 m-h/m1 cone 
The srandard ouq>ut in Argentina is considered to lie between 40-45 man-hours per m1 of concrete. 

3.8 CONCLUSIONS AND RECOMMENDATIONS 

In general, the situation in Argentina with regard to the use of wood and wood-based products in fonnwork can 
be considered as optimal, owing to a reasonable use of the resource, which is due partly to the fact that it comes 
from reafforestation, and the necessiry for builden to systemaliz.e its use owing to the high cost of labour. This 
circwnstance compels building enterprises to anach appropriate importance to wooden fonnwork, rationalizing 
iu use and raising the technical level of the systems employed, with the aim of controlling the impact of these 
elements on the direct costs of projects. 
Similarly, the revival tha1 can be noticed al present in the construction industry, after more than 15 years of 
sragnation, make possible better programming and disb'ibution of fixed costs, and has even made it possible for 
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some years to impoo modem and more efficient fonnwork systems in which better use is made of wood in 
combination with other building malCrials. 
As an illustration of the level of development of the use of wood in formwork. there arc about 21 facrories 
producing fonnw<d. principally in the province of Buenos Aires (including Gran Buenos Aires and the Capital) 
as well as in Chubut and Rio Negro. Similarly. there arc about 35 enterprises for the distribution of fonnwork. 
bolh for hire and sale. in the Provinces of Buenos Aires. C6rdova. Choco and Misioncs. In general. there is 
great specialized activity in the field of formwork. 
However. some aspects have been identified that could be improved by the implemenration of specific short and 
medium-term action. 
With regard to the production of raw material. the type of wood most used is Pinus saligne (three to four uses) 

and parana pine (Pinw dlioris) which is used more often as the quality of finish improves. especially in fair­
faced concrete. However. untreated wood is used. in the green Stale and without planing (except for fair-faced 
concrete). which increases warping and losses. Nor is their much Slandanlizalion of dimensions. cspccially 
regarding length and widths. In general. there is no intermediate processing between the sawmill and th~ actual 
project. 
From the point of v~w of training of manpower. there has always been a tradition of good quality among 
workmen in Argentina owing to European immigration. spccially from Poland. However, the paralysis suffered 
by thc co~ction industry for more than 15 years until its recovery from 1992 affected continuity in 
enterprises. which prevented professionali7.alion of workers. As an illusualion. 700,000 operatives were 
regisrered in 1978 but ro.ooo in 1985. while the nmnbcr has now risen to 400.000. 
This situation affects enterprises. which were not able to mainrain their staffs. losing skilled workers. The 
construction enterprises subcontract all the work and therefore do not concern themselves with the training of 
Slaff since what they arc offered is good labour output and fulfilment of deadlines for the work. The two 
principal concerns with regard to output arc fmnwork and the bending of reinforcement rods. 
The average output for wooden formwork is 3.7 - 4.4 m-b/m2 of roofing for which reason modem formwork 
is gaining ground in construction by producing output of 0.8 - 12 m-h/m2 of roofed-over area. This aspect is 
extremely imponant because building wages have risen from USS 50hnonth to USS l.200hnonth, so tha1 the 
actual cost of formwork is not due to the cost of the wood but to the cost of Jabour. 
with regard to standardi7.ation. there are no technical specifications or standards for the use of wood in formworlt 
although this does not seem to be a problem with regard to quality. The Secretarial for Housing and 
environmental Regulations of the Ministry of Health and Social Welfare grants technical aptirude certificates 
valid for 1 -3 years and renewable, for constructional systems. 
With regard to the utilization or use of appropriale technology. wooden formworlt is still the pedominant 
material in the construction of 80 - 90 per cent of cases. The sectors tha1 make most use of f onnwork 
constructed of sawn wood or coated plywood are the medium-sized sectors in multifamily buildings. In one­
family dwellings they are used very litde. Low-cost or self-help housing uses prefabricated floors. with masonry 
suppon structures and prc-sucssed beams, which hardly ever use fonnwork. 
The wooden formwork systems have practically not changed over the last 15-20 years. It is now the intention 
to design work with the use of more massive concrete slabs and few recessed beams, in order to reduce the costs 
of formworlt. which represents between 3 and 14 per cent of the cost of the work. 
Metal formwork is justified only in large projects because it saves Jabour and working time although the initial 
investment is very high. ConlraCtol'S consider tha1 plywood competes with metal sheet owing to its lighter 
weight, the fact that surfaces of the same aspect arc obraincd, the fact tha1 Jess air pockets are present, the case 
of positioning and the greater thcnnal protection of the concrete. 
Plywood panels are considered more sophisticated and costly than sawn wood and arc used efficiently in fair­
faccd surfaces and in "undcrpiMing" (retaining walls). Sawn wood or board is considered a more flexible 
module than phenolic plywood because it can be better adapted to the modular coordination used in house 
construction. 
Owing to the cost of manpower a low level of maintenance of wooden formwork is noted, since. because wood 
is relatively cheaper than labour. no care is taken nor is it cleaned for recycling. being used on the average three 
times. Neither are appropriate oils or release agents used, except in the case of fair-faced concrete. Likewise 
it is considered that metal accessories are little developed in Argentina. which makes it more difficult to develop 
more efficient fonnwork systems. 
Finally. from the point of view of the market, it wu found that there arc a large number of enterprises 
manufacturing and distributing formwork, and that the impon of formwork of European and American origin 
is becoming increasingly common. Finally. and in the framework of MERCOSUR. phenolic plywood is being 
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imponcd from Brazil and also from Chile. a trend which should increase in lhe future. Complelc prefabricaled 
fonnwork systems have been imported from lhe company Indusvm MADEIRIT S.A. of Sao Paulo. Brazil. 
On the basis of the situalion in the use of wood in fonnwod. the following specif"ac actions are proposed: 
(a) Production of raw malCria1 

To identify new f<ftSt species that do not appreciably warp. are chemically inert to die action of 
Concrete. do not stick strongly to Concrcle and resist abrlWon dming casting. 
To stimulalc increased quality control during the processing of the raw marerial to guaranrce grcarer 
durability and thus recycling of wood. 
To increase value added of wood during the marketing process. offering for example fonnwork that 
has abcady been imprcgnarcd with a release agent IO increase the number of uses and durability of the 
wood. 

(b) Standantizalion 
To ensure the elaboration of tcchnical specifications of standards for wooden fonnwork to which 
technical suitability cenifJCaleS have been awarded. such ~ those dial are granaed for new construction 
systems by the Secretarial of Housing and Environmental Regulations of the Ministry of Health and 
Social Welfare. 
To pumo1e the aealion of groups of species of wood for formwork lhal would be offered in tlle market 
in different qualities and with different value-added componenlS which would permit various options 
regarding fmish and durability at prices com:sponding to the quality of the product. 

(c) Training 
To prepare technical and audio-visual mau:rial on wooden fonnwork that compile the good pnctice of 
stilled manpower. inlellded for technical staff. university SIUdents and building professionals. A kind 
of "Technical Manual for Wooden Fonnwort in Consuuction" could be developed. 
To resume the ttaining of operalivcs and foremen, mating usc of •he experience of stilled manpower 
of national and foreign origin. This 113ining should be uansfencd to ttaining cemres in other countries 
of the region. 

(d) Technology 
To increase the indusuial production of traditional wooden fonnwork, improving its present anisanal 
characremtics. It is possible to promore the prefabricalion of boards ~uring SO x SO or 60 x 60 cm. 
using cut wooden panels which can be reutilized many times. 
To promote better usc of simple m :>hen<>lic plywood in form work surfaces, combining lhcm with mc:tal 
support structure of gicat durability and ease of manipulation. 
To improve the quality of release agents for wood by agreement between producers and coosumers of 
wooden fonnwork, with manufacbD"CrS of this type of chemical for construction work. 

(e) Market 
To lay the basis for harmonizing the characteristics and quality standards for wood. plywood and 
fonnwork itself. with the aim of stimulaling more intensive rradc between Brazil, Paraguay, Uruguay 
and Argentina. mating usc of the integration advantages offered by MERCOSUR. 
To disseminate the manufacture. hiring or sale of modular elemenu and components for fonnwork for 
columns and beams that would make possible mass production and adaptation to different types of 
modular coordination in buildings. 

4.0 DIAGNOSIS OF CHILE 

4.1 TIIE HOUSING SECTOR 

In 1992. Chile had a population of 13,417.900; according to the preliminary resulu of the Vth housing census 
carried out in April 1992. the housing stock was 3,260.674 dwellings, 99.6 per cent of which were pivate 
dwellings and the rest had been consuuctcd under communal housing schemes. Between the 1982 and 1992 
censuses. more than 700,000 dwellings were built. which supposes 77 per cent growth, laking into account 
various rypes of dwellings. 
The housing deficit varies according to lhe various sources consulted between 450.000 and 1,000.000 dwelling 
units; according to the Ministry of Housing and Urban Development (MINVU), it is about 700,000 units. The 
assessment of this deficit is based on requesu or demands for various types of housing on the pan of savers who 
lack housing. Given the annual rate of building. it is envisaged thal the housing deficit will be eliminated by 
the year 2002. 



- 4S -

Tbcsc results arc thc consequence of dr. implcmcnwion over almost 15 years of a housing programme which 
offers various sysrcms of access IO housing. largely financed by thc privare sector. Accordingly. policies have 
been implcmcnled that continue ro stimulale pcnonal and family savings for the c:onsuoction or purchase of 
housing. at thc same time encouraging investors ID cbanncl n:sources IO the secror and guaranteeing thc saver 
or invcsaor thc recovery of his invcstmem with appropriale profilability in real lltrmS. 

Investors use various financial instruments for saving and invcsuncnt. the instrument most commonly used in 
Chile being •mongagc bonds •• which arc bought on the frc:c market owing ID their return and arc backed up by 
mortgages on the real propcny. 
Public resources arc voted in the annual naliooal budget and arc channelled by the Ministty of Housing and 
Urban Development towards fmancing direct subsidies for the sectms thal require some type of assistance in 
acquiring housing. These subsidies. which arc panled only once. are progressive. that is to say that families 
with less relalivc resources receive a L;qcr amount and. wilhin the total distribution. public resources benefit 
thc relatively most needy Slr3la. 

Between 1973 and 1992 invcstmcnt in housing grew by 108 per cent in real terms. and that target was reached 
with a public investment that was 41 per cent lower than that required in 1973. whereas priValC invcsuncnt 
increased more than five-fold in the period. The number of houses on the basis of building permits rose from 
an avenge level of 36.000 units per year to more than 100.000 in 199'.l. 
Table 4.01 shows the development of house-building in the fmmal SCCWI". The altemalivcs or programmes in 
the housing access sys1em arc six in number: 

- Progressive dwellings 
- Basic dwellings 
- Rural subsidies 
- Special ~ for workers 
- Standardi7.ed subsidy and 
- The market system. 

The monthly net income of applicants varies from less than USS SO IO more than USS 2.100 and the dwellings 
thal can be acquired vary from 31 m1 to 120 ml in area. The price of the dwelling fluctuates berween 
USS 4,400 for the smallest to USS 73.200 for the largest. For the year 1993, the construction of approximately 
100.000 dwelling units is projected. 
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TABLE 4.01 

RESII>emAL CONSTRUCTION 1973 - 1992 

YEAR HOUSING AUillORIZED 

No. ·ooo m1 m1/dwclling 

1973 37.863 2.341 61.83 
1974 23.756 1.873 78.84 
1975 18575 1.439 77.47 
1976 37.394 2.217 59.29 
lm 25.()43 1.709 68.24 
1978 23.226 1.645 70.83 
1979 37.615 2.413 64.15 
1980 46.284 3.214 69.44 
1981 54.550 3.929 72.03 
1982 27.336 1.501 54.91 
1983 37.724 2.023 53.63 
1984 46.769 2.396 5123 
1985 59.174 2.983 50.41 
1986 52,()82 U97 55.62 
1987 60.316 3.554 58.92 
1988 77.501 4.014 Sl.19 
1989 83.891 4.827 57.54 
1990 78,.904 4.495 56.97 
1991 88.481 5.213 58.92 
1992 I 105.669 6.877 65.08 

Soun:c : Nalional Stabstics Institute 
I Provisional estimale 

Table 4.02 shows the breakdown of the housing programmes from 1989 to 1993 by type of dwelling. 

TABLE4.02 

COMPOSmON OF RESIDF.NTIAL CONSTRUCTION 

NUMBER OF DWELLINGS 

TYPE OF DWELLING 1919 1990 1991 199'2 I 1993 I 

• Propusive S.406 l.llS 2.413 1.169 14,000 
·Buie: IS.537 IU9S lS,322 lS.162 26,000 
• Spec. wrtn" P"'lnmme 
• Runl subsidy 16J79 IS,UI 16.lSl 16.211 16.000 
• Unn mt?an mbsidy l,Oll 6,307 4.912 1.415 7.000 
• Muta pnnc. dwell11t11 

22JS1 21.970 19.519 19,73" 26.000 

IS,930 13.906 19.993 27.201 11.000 

TOT AU 13,191 71.904 11.411 lOS.669 100,000 

Provisional INE Estimaac 
Projection by Chilean Chamber of Construetion 
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Under the housing subsidy S)'Slelll. 330JXX> subsidies were granted between 1978 and 1991 (240.000 were paid); 
in dw conrext. 75 per cent of the public conlribution favoured bmilics with incomes lower than USS 200. 

The number of housing savings accounts. which were a rcquiremeol for application to subsidies up to 1992. 
exceeded 700.000 and lbc accumulated savings were almost USS 300 million. In 1993. the number of operalions 
widl mortgage bonds was cakulaled al 40.000. which signified loans of about USS 425 million. This~ 
impClus ID building activity was intensified widl lbc implemcnlalion of a housing lc2sing scbcmc. a mechanism 
of n:mal and purchase of housing dlat bas coonnous pocenrial. 

4.2 1llE CONSTRUCTION SECTOR 

From 1985 to 1992. the gnm domestic product of Chile grew ar an average rare of 7 per cent per year. 
repcscnting a cumulative increase of more mm 60 per cent over the period. exceeding tbc per capita threshold 
of us 3.000 in 1992. 
Over the same period tbc value added in building regiskrcd a real annual average increase of 9 .3 per cent. widl 
cumulative growth of 86.5 per cent so tbar its cooaibution ID tbc GDP rose from 4.9 per cent in 1985 to 5.4 per 
cent in 1992. Invesancnt in housing rtcOrdcd in 1992 was equivalent to 2.66 rimes tbar reconlcd in 1985 and 
investment in non-residcncial building rose by a factor of 2. 76. However. inVCS11Dcnl in civil engineering grew 
by only 20.8 per cent over 1985. 
The urgct of 100.000 dwellings authorized was exceeded in the housing subsector in 1982. and 105.669 units 
were approved. not including saniraboo improvemcnl. a figure tbar 1epesents growth of almost 80 per cent over 
the 1985 level. For the year 1993. approximaldy 100.000 dwdling units arc projected. and at tbar rare it is 
expected tbar lhe housing deficit will be under conuol by tbc end of lbc insent decade. 
During 1992. 9.454.052 m1 were built. 72.7 per cent of which aepescnted dwelling unirs (a~e 65.08 m1 per 
unit), 22.5 per cent indmtrial. commercial and financial establishment building and the remaining 4.8 per cent 
~ice buildings. 
The Vth Housing Census of 1992 did not indicate the predominant building mareria1s in the new housing 
consuuctcd. but table 4.03. which wa-; ~ with siatisrical information from the Chilean Chamber of 
Consttuction for the period 1987-1989. stales lbc predominant marerial for flooring. walls and roofing of the new 
housing constructed. 
The "typical" Chilean dwelling unit is constructed wilh cement Doors, masonry walls and conugarcd asbestos 
cement roofmg. In tbc case of roofs no dislinctioo is SlalCd regarding the type of suuc1U131 marerial used. 
although in view of the type of material used it can be deduced that not less than 80 per cent of tbc houses have 
wooden roof SUUCbJl'CS. In tbc cmc of walls. wooden structures, that is to say houses made completely of wood. 
represent approximaldy 20 per cent of IOcal new dwelling units. 

TABLE4.03 

PREDOMINANT CONSTRUC110N MATERIALS 1987-1989 

1917 .. 1911 .. 1919 .. 
TOTAL HOUSING CONSTitUCTION 60,316 100 77,SOI 100 13.191 100 

Floon: canen1 finish 39,38i 6S.3 S3,6S2 69.2 S0,330 60.0 

WallJ: masonry. brick 35,414 SI.I 44,652 S7.6 36.2X7 43.2 

Roofing: conugaled ubu1ol ccmcat 21,919 36.S 34.191 4S.O 30,741 36.7 

Source: Chilean Chamber of Consuuction 

4.3 TIIE FORESTRY SECTOR 

4.3. I Introduction 

Chile is a well-wooded counuy which, owing to its characlerislics and geographical location, has comparative 
advantages for the growth of its forests. The counuy has two forest masses. the first consistin& of native 
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species. almost all broad-leaved uces. widl an area of 4.100.00 ha. The second is made up of plancations of 
Pius radiata and eocalypcus. which lOgetber cover mere than 1.400.000 ha. 
The forcsuy sccroc is one of Ille most dynamic in Ille countty. las conml>ution to Ille n&lional product and the 
balance of uade is continuously increasing. representing 10 per cent of exports in 1990. The projections of bolh 
production and marketing arc exlrCmely provisional. 

43.2 Availability of raw material 
The countty has two forest ~- The fust.. c~isting of the nalive forests. Im an area of 4 .100,000 ha. of 
which only 800.000 are of commercial inrerest. The second. consisting of planlations of exotic species, 
principally Pinus radiata (1.243.293 ha and 152-5 million ml) and eocalyprus (101.700 ha and 20 million ml). 
Table 4.04 shows the rare of growth of planwioos in Ille Jml 13 ycais. The native forest consists almost 
exclusively of broad-leaved ll'CCS (oak. coilull, ruali. ttpa. ling~. laurel. ehn. Olhels). Only 10 per '%Ill is 
rcprescnlCd by conifers (larch. araucaria. cypress. maiiiu). all of which are of F.d commercial value. 
Planwioos of exotic species consisl JWincjpally of Pillll.S radiata. a conifer originaling from Calif omia. USA. 
which ~ inttoduced in Chile at the beginning of the cenrury. This species develops m<n rapidly than in other 
latitudes. ias cycle of rocation being 2S ycais and ilS growth having a mean rate of 2S ml per year and ha. 
It can be appreciated lhal die volwne of exotic plantations is quite constant (81.215 ha on the average) and lhal 
Olher species. specially eucalypblS. are beginning to become more important (in 1991 they rcpn:senled 29 per 
cent of the total planted). EucalypblS is intended principally for the 11Wlufacture of short-fibre pul~. 

TABLE4.04 

PLANTATIONS. BY SPECIES 1978-1991 

Year TOfal Pinw radiata GTHER SPECIES 

1978 nJn 65.413 11,958 
1979 55.226 48,869 3J57 
1980 72.164 (J().()86 12,.078 
1981 92.781 88.529 4.252 
1982 68.586 61,637 6.949 
1983 76.280 63.884 123% 
1984 93,(J()2 76.982 18.620 
1985 96.278 80.630 15,648 
1986 66.195 55.058 11.137 
1987 65,441 SSJ86 10.055 
1988 72.944 61.841 11.103 
1989 86.705 65.587 21.118 
1990 94.130 61310 32.820 
1991 107.SOO 68.471 39.039° 

• 31.672 represented by eucalyptus. 
Source: lnforme sobrt la lndwtria Fortstal Chiltna (Report on the Chilean forestry industty) UNDP. UNIOO 

The forcStty institute carried out a simulalcd calculalion on the future availability of raw material. This is shown 
in table 4.0S. which is based on various options regarding plancations, management and according to three 
distinct cri&cria as to supply. up to &he year 2019. 
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1990-92 
1993-9!5 
1996-91 
1999--01 
2002-04 
200!5-07 
200l-l0 
20li-13 
2014-16 
2017-19 
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TABl.£4.0S 

AV AILABll..ITY OF PINUS RADIATA TIMBER 
BY TYPE OF PRODUCT AND TRlENNIUM 

(million m' per year) 

TOTAL FORPUUING 

1!5.1 6.7 
17.2 7.9 
17.7 1.6 
22.2 9.3 
23.3 10.0 
22.9 9.6 
23.l 9.l 
23.1 I.I 
30.1 10.1 
36.9 11.0 

FOR.SAWING 

.... 
9.3 
9.l 

IZ.9 
13.3 
13.3 
14.0 
14.3 
20.0 
2S.9 

Source: l'nfortM sobr~ la llllbutria Forutal Chikaa (Report on lbe Cllilean fORSUy industty) UNDP. UNIOO 

The analysis according to the vsious crileria employed coofinns die important powdl of this 1esource. which 
will double as from tbc year 201S. 

43.3 Tbe forestry indusuy 
Cooiparing die sawmill iJiClJsuy with ochers in die forestry sector (pulp. chips). a relative lack of dynamism can 
be DOied. In 1981 almost die same quantity was czportcd as seven years later. Only from 1990 can greaaa­
production and export be DOied. 
Of tbc 1.618 sawmills in Chile in 1990. die 19 largcst produced l.34S.741 m1• representing 40 per cent of IOlal 
production. Table 4.()6 shows the OU1pUt of sawn wood over die period 1~1-1990. 

YEAR 

II 

12 

13 

"" 
15 

16 

17 

II 

19 

90 

TABl.£4.06 

PRODUCTION, EMPLOYMENT. EXPORT AND APPARENI' CONSUMPTION 
OF SAWN WOOD 1981-1990 

PRODUcnON EMPLOYME'O" EXPORlS APPARENT 
·ooom' ,_ ·ooom' CONSUMPTION 

·ooom' 

1.732 16,400 16!5 163 

1,172 12,700 619 5!51 

1.606 13,IOO 7!5!5 147 

2.001 14JOO 116 1,099 

2,190 17.!IOO 706 1.410 

2.D2!5 16,IOO 166 1,()32 

21m 11,100 1,020 1.434 

2,710 11.!IOO 906 1.419 

2,610 11,IOO 190 1,791 

3,()60 21.500 1.G52 2.275 

Source: Census of lhe sawmill indUSU'y, 1990. Forestry Institute. 
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In 1988. Pilua radiata sawn wood represenlled 87.8 per cent: lbal pc:n:auage was mainll!JjnC'A during the years 
1989 and 1990. 
Sawn wood. especially for the domcslic martct. is ncilbcr pveo imprcgnalion ll'CallDCllt nor kiln-dried. In 1988. 
only 9 .S per cent oC all sawn wood was kiln-dried. most oC which was exported. and less than I per CCIII was 
impqnalcd by ~ melbods. apparendy owing to a problem of cosu. The principal martet for sawn 
wood is lhe t.aikling SCiC10r in gcnml and for house building in pllticul.-. 
Table 4.CTT shows lhe development oC production of panels and bcmds. during the period 1~1990. 

TABLE4.CT7 

PRODUcnON. EXPORT AND NATIONAL CONSUMPTION OF PANELS 
AND BOARDS ("000 t) 

YEAR PRODUcnON EXPORT APPARENT 
CONSUMPTION 

1986 164.6 43.4 1213 

1987 179.9 4S.9 134.0 

1988 187.2 49.4 137.8 

1989 217.2 S9.2 lSB.O 

1990 272.1 BS.2 186.9 

Source: Census oC lhe sawmill induslry. 1990. Forcstty lnslitute. 

4.4 UTILIZATION OF WOOD IN FORMWORK (MOULDS/MOULDING) 

In lhe coune of lime. the form in which wood Im been used in formwort systems Im changed from lhe 
aadit!onal sections to plywood panels. passing lhrougb the inlmnediare sragc of particle board and prcsKd 
bolri. Plywood is mOSl commonly used in panel form to improve lhc quality of cast smfaces. 

4.4.1 Traditional formwork 
At lhc present day. ttaditional fonnwort is no longer consideRd for large buildings owing to its low efficiency. 
boch in materials and labour. The output dw can be oblained with this system is low in tmns of cost and lhc 
expenditure of lime. In lhe case of lhe maaerial (wood), the muimum nmnbcr of uses thal is possible to oblain 
on lhe average does not exceed three or fas, principally owing to the large losses occmring in sttik.ing lhc 
formwork. Funhennorc, each stage of lhe process (fabricalion. assembly and disassembly) ~uires inaensive 
use of manpower, which is rcflecu:d in higher costs and unsatisfactory utiliz•ion of resources. 
Tbe resul1ant quality also has disadvantages, since neither precision in dimensions nor lhc quality of lhe cast 

surfaces match lhc level of resources thal is neces.wy to employ. Funhcnnore. lhe fact thal lhc sysrem is little 
used is due co the increase in demands on formwort with regard to L'le system of calculating breakages in 
SlrUC1UrCS. 
Nevertheless. wooden fonnwort, owing to its versalili1y and~ availability is lhc malCrial mosl used in one­
family houses. It also Im great advantages as fonnwork for elements willl "difflcull" geomeuy (especially willl 
curves) which are often part of a concme strucbft. 

4.4.2 The Donath modular panel system 

This is a type of fonnwort dlll was inaoduced in Chile more than 2S years ago and was for a long lime the 
most popular fonnwork sySlem for large buildings. The histmy of the Donadt panel and the reason for its name 
go back to the year 1966. when Reuben Donath, an lnternalional Labour Organization expert. proposed L'le 
system at a Seminar on Efficiency and Productivity in Construction. Since then, many buildings. such as that 
of ECLAC in Santiago de Chile, have been conslrUC1Cd by using Donadt panels. 
Donaah pmels are manufactured with Pinus radiata wood and less and less willl poplar and measure 
0.60 x 1.20 m; they are manufactured to accuraae dimensions with two I x 6" tongue and groove boards 
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3.20 m in length. equivalent to 1.2 board incbcs1
• Cutting up dae boanb yields four pieces 1.2 m in length: two 

pieces 80 cm long arc left over. which are cut. oae ID a length of S7 cm and dae other to 65 cm. The lWO pans 
are apin cut lengthwise into two halves. giving lbc I x 3'" aoss-scction baaens for the panel 
To sum up. lhe panel consists of four I x 6. bmrds 1.20 m long and four I x 3· banms: two of the laner 
measure 51 cm and are fixed pc:rpcndicular IO the bolrd Ind lbc other two. measuring 65 cm. arc locarcd 
diagonally. The purpose of fixing dae cc:ntral baams (diagonals) al an angle is to stiffen the panel. avoiding 
angular disaonion of dae module and furtbennore facililaling the process of striking. 

FIGURE 4.0L Skclcb of dae Donadl panel 

In die cue of formwort for walls. die panels~ fixed by means of 2 x 4" or 4 x 4" studs thal arc locaaed in 
lbc fme spaces left between the diagonal and perpendicular ballcns.. To avoid piercing lhe panels, lhe system 
is fixed by means of f1aucned wires maced wilh diagonals resting on horiwnlal beams. 

FIGURE 4.D2: Wall fonnwork with Donalh pmeJ 

4 x 4" stud 

The syscem for use of lbc panels for cuting slabs is similar to that fm olha fonnwork methom. The panels 
rest on beams consisting of a l x 4" board lying flal and a 2 x 4" board placed end on. These beams are 
diSlribuled along the length of lhe slab and are spaced 1.2 m apart. 

The board inch is a unit of volume of l" thickness x 10 inch width and 3.2 m length in pine m 3.6 m 
in native wood. 
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On the beams. and perpendicular to these. are located the 2 x 3· or 2 x 4· joists or fosforos. which arc spaced 
60 cm apart so that they coincide with the spaces dcfmed by the diagonal and pcrpcndicular bancns. A joist 
is located edge on between the diagonal balrcns and a built-up joist consisting of two joists placed horizonlally 
runs bcrwecn the perpendicular battens. These elements facilita1e striking and make it possible to recover the 
Donath panels every three or four days without the necessity ro remove the beams or studs which remain for 
up IO 21 days or more. 
lbc advantages of the Donath fonnw<Xk system arc as follows: 

Facility of ttansport.. handling and st<nge owing to their module and weight: 
Aexibility for adaptation to various an:h.itectural modular systems: 
The suucture of the board has greater strength than boarding: 
Greater economies and bcncr productivity owing to the prefabrication system and the number of uses 
( 10 uses al a conservative cst.imale ); 
Maximum utilization of the commercial dimensions of wood; 
Reduct.ion of time for execution of the w<Xk and clean working: 
Ample free spaces that do not alter .in1ernal circulalion; 
Facility of striking owing to the characteristics of the system and the size of the module which has a 
small contact surface. 

Built-up joist 

Prop 

4.4.3 Prefabricated wooden modular fonnw<Xk 
This could be a more sophist.icaied vcrsil.ln of the Donalh panel system that uses similar techniques although in 
combination with metal elements. Merely by .including modulation and prefabricalion in wooden fonnwork. it 
is possible to achieve a substantial improvement of results, both with n:gard to output and the quality of the 
product. 
On the one hand prefabrication makes it possible to obtain a greaier output from maicrials in the fabricalion 
process: the use of a modular system makes it possible to increase the number of uses of the various elements. 
On the other hand, fabrication labour output increases substantially with prefabrication and the same is true of 
labour for assembly on the site and for striking of the elements. 
The system that is anaJysed consists basically of wooden boards of standard dimensions that are set vertically 
or horizontally. as the case may be. by means or extensible metal stanchions. The boards are fastened together. 
both in wall.; and in columns. by means or metal pans for tightening wall ties, etc. 
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4.4.3.l Fonnwort f<S" slabs 
~ consists of a support structure consisting of triple beams held up by extcDSil>le metal stanchions. The joists 
arc located al right angles to the bemm and the conaact surface. consisting of a double layer of lOOguc and 
groove wood boards (gal/etas). rests on them. 
To assemble the system. the lriple beams arc fim positioned. their ends resting on load-bearing wooden 
members located lengthwise along the line of lhe fonnwort. for lhe conaerc beam; then the support suucturc 
is positioned with the studs. and fmally lhe joists and the tongue and groove board arc placed in positioo. 
For striking. the joists and then the tongue and groove board arc first removed. The studs and the beams can. 
if desired. remain in place for the period thal is necessary f<X" support of the slab. 

RGURE 4.04: Skerch of fonnwort for slabs 

4.4.3.2 Fonnwork f<X" beams 
The contact surface consists of panels with a frame of 2 x 3" paru and Ix 4" boards. The support system 
consists basically of two 3 x 3" stmcbions and a beam of the same cross-section. as can be seen from the 
detailed drawing. 

RGURE 4.05: Skerch of fonnwork for beams 

t--~~~~~- Panel 
-t>or--- Support for lriple beam 

2 x 3" waling 

.. ··-- ·· 3 x 3" stanchion 

I x S" diagonal bracing 
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4.4.3.3 Foonwork for columns 
nm consists of panels similar to lhose used for beams. which arc fixed together by means of collaB located 
al diffc:rcnl hcighcs and braced with melal diagonal members. The collars (two per level) consist of two pieces 
of 3 x 3• wood with holes al the end through which a rod can be pmed and can Iller be tightened up and fixed 
wilh metal clamps. 

FIGURE 4.06: Sketch of fonnwork for columns 

10 mm rod 

4.4.3.4 Fonnwork for walls 

Panel 

Collar 

Block 

V cnical waling 

Tie 

Bagant prop 

The conract surface consiscs of panels of thc same type ~ those mentioned above. placed vertically and joined 
by mean of nails. To obtain longitudinal rigidity, four built-up beams are localed al different heights, each 
comisting of two 2 x 3" pieces scparalCd by blocks of lhc same cross-section. The aiple beams rest on these 
blocks. The rigidity of the two surfaces lha1 make up the formwort for the wall is achieved by means of melal 
bolts, with melal diagonal bracing. 

FIGURE 4.o7: Sketch of formwork for walls 

Panel __ -1 

Tie 

4.4.3.S Mixed fonnwort systems 

:-- Support for aiple beam 

-- Horimnlal beam 

These normally consist of a metal framework with a plywood panels, whose contact surface is coated with 
plastic in order to increase its useful life. The fastening systems are similar co those used for metal panels. 
Steel-and-wood formwork systems are of the type that wu analysed under Section 3.4.2 in this report on 
Argentina, tha1 is co say, the German PERI system which is characterized by the use of wooden open web or 
solid web beams. These beams are manufactured with a finger joint system which gives them great load-bearing 
capacity. in conaast co their own moderate weight 
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However. in aluminium-and-wood fonnwort. plywood panels arc also used although the utilizatioo of planed 
wood is also possible. The other elements arc of aluminium. which mluces weight and faciliwes handling. 
They arc considc:rcd as being more ezpensivc and vulnelable in use than steel fonnwort elemenas. 

4.5 CONSUMPilON OF WOOD IN R>RMWORK 

Below we present one example of a one-family dwelling and six examples of buildings coosttucted by duce 
building entr:lprises in Sanliago de Chile and Puc:no Monn. most of them using lhe Donalh type panels described 
above. 

TABLE4.08 

CONSUMPilON RATES: SAWN WOOD 

TYPES OF HOUSING CONST. FORM- VOL OF 
A.REA WORK CON-

ml A.REA t'RE1E 
m1 mJ 

INGETASCO UclL 
2 floon I 2,,290 6.700 730 
INtiET ASCO UclL 
I bucmml 10 ftoon 1 

INGETASCO Iida. s.soo 13.IOO 1,730 
I buement 6 floors 1 

1.722 S.316 663 

C. Cerro Marmo l..&da. 1 

1 floor 4S aa 1.5 
C. Cerro Marmo l..&da. 1 

6floon 1.833 6,2.39 630.1 
c. Cerro Marmo l..&da. J 

9 floon 6,S94 14.134 2.259 

Comlnxton AIRF.S 7,200 20.000 l.SOO 
4 Ooon J 

AVERAGE MULTIFAMILY HOUSES 

Sourc:e : Building encerprises 

na : Inf onnation not available 

2 
Reinforced masonry and solid conaelC slabs 
Reinforced concrelC 

) Reinforced masoll1Y and wooden roof 

VOL OF CONSUMPTION OF WOOD 
WOOD 

m1 m1wood m1wood bcl fl 
m1 c:oac m1 COllllr •'camtr 

124.6 0.17 O.OS4 23 

m.s O.IS 0.047 20 

98.0 O.lS O.OS7 24 

0.26 0.17 O.ll06 2.4 

93.1 O.IS O.OSl 22 

319.1 0.14 0.()41 21 

373.2 O.lS O.OS2 22 

O.IS O.OS2 22 

The six buildings analysed were consuucled by using sawn wood Donadt panels for fonnwork. The average 
conswnption was: 0.1 S m1 wood/1111 concrete or 0.052 m3 wood/m1 consuuction area = :a bd ft/m1 consttuction 
area. Details ~ given below of the consumption of wood in fonnwork for three other multifamily buildings 
and a one-family dwelling which used plywood panels as fonnwork. with melal frames. 
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TABLE 4.00 

CONSUMPTION RA lES: PLYWOOD PANELS 

-
lYPEOF CONST. VOLUME OF VOLUME OF CONSUMPllON OF WOOD 

S1RUCJ1JRE AREA CONCRETE WOOD 
AND NUMBER nr mJ mJ m1wood ~ ..!!!!!!_ml 

OFR.OORS m1concr. m1 COllll. COllll. 

Building 4,340 1.709 99.9 O.OSB 0.023 9.8 
(10 Ooon) 

Building 3,02.5 1.114 64.6 O.OSB 0.021 9.1 
(1 floon) 

Building 4,940 1.780 llS.2 0.06S 0.023 9.9 
(10 Doon) 

HOUIC 70.38 17.97 1.09 0.061 0.016 6.6 
(2 Doon) 

AVERAGE FOR MULTIFAMILY HOUSING 0.60 0.022 9.6 

Soun:e: Building enrerpriscs 

In this case it can be observed dial less wood is cons1D11ed owing IO die larger number of uses of plywood and 
the presence of metal frames. 

The average consumption was: 

0.060 ml wood 
m1 concr 

or 

4.6 COST OF FORMWORK. 

0.022 m1 wood 
m1 constr 

= 9.6 bd ft 
m1 const 

Table 4.10 presents an analysis of the cost of fonnwork in five buildings and its impact on the total cost of the 
structures. 
Of the buildings analysed, die impact of fmnwork is 83 per cent of the tolal direct cost of the structure and 
the average cost is USS 19.38/m1 of construction. As a comparison, the COSI of renting metal fonnwork for a 
building of 18 floors in Santiago de 01ile represented 7.3 per cent of the value of the structure, without 
considering the cost of labour. The cost of metal formwork was USS 18.18/1111 of roofed-over area without 
including the cost of labour. 
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TABLE4.10 

IMPACT OF FORMWORK. COSTS 

CONST. FORMWORK. TOfAL IMPACT USS 
AREA COST DIRECT % m2 conslr 

USS COST 
USS 

Building 2.290 41.250 563.750 7.3 18.01 
2 floors 

Building 5.500 50.000 592.SOO 8.4 9.09 
11 floors 

Building 1.722 34.SOO 665.000 5.2 20.03 
7 floors 

Building 1.833 49.844 490.413 10.l 27.20 
6 floors 

Building 6.594 148.858 1.430.623 10.4 22.58 
10 floors 

AVERAGE 8.3 19.38 

Source: Building enterprises 

4.6.1 Analysis of costs between a prefabricated modular system and an EFCO prefabricated metal 
fonnwork system. 
The costs of these two types of fonnwort are compared for ~ slab of 6.6 m span and 6.0 m length. analysing 
separately lhe costs of fonnwort for a slab. beam, columns and walls. The costs are expressed in terms of 
USS/m1/use. The following aspects were 1aken into account in analysing lhe costs of the fonnwork: 
(a) Analysis in tM Iighl of struct11Tal factors: it wu verified that the two systems satisfactorily met lhe 

structural design requirements for the building. 
(b) Programming tht utiliration of formwork". both systems are manual. so that they require similar 

equipment for assembly. The difference between them is in lhe use of labow'. in which respect the 
wooden system is more labour-intensive. 

(c) Analysis of costs: prefabricated wooden moduiar fonnwort is cheaper, making it possible IO oblain a 
good price per m1 and appropriate reutiliz.alion (eight uses for slabs and six uses for beams. columns 
and walls). The sole exception is formwort for colwnns. in which case the EFCO solution is in fact 
optimal. although lhe possibility of combining both systems is not discarded. 

Table 4.11 shows the comparalive costs. 
Except in the case of formwort for columns, wooden formwort is more economical. Even considering the 
option of buying metal formwork. the laacr would be slightly higher in costs than wooden formwork. 



- 58 -

TABLE 4.11 

COST COMPARISON BETWEEN WOODEN AND 
METAL FORMWORK 

SlltuCTURAL PREFABRJCAlED MODULAR. WOOD EFCO: INDUSllUALL y PRODUCED I 

ELEMe.1 
Effic:icncy: blm2 Unil price Efficimcy: blm2 Unit price 

USS/mZ,\ga USSlmzMca 

Slab S.29 I.II 3.00 13.07 
Beam 4.62 9.33 3.00 ls.47 
Column 4.71 IODI 1...50 S.U 
Wall 4.40 us 2.80 9.01 

Considering rental of the equipment as an alternative. 

Source: University of Santiago de Chile. Sisttmas dt Moldajt para Hormig6n Armado (Fonnwork systems for 
reinforced conacte) 

4.7 CONCLUSIONS AND RECOMMENDATIONS 

As in the Olher COWltties studied. wood is still the predominant marerial for fonnwork in consttuction especially 
in one-family dwellings and medium-sized sttucturcs. There are two l'C$OllS for which no Olher type of 
fonnwork is yet being used on a large scale: the first is relaled to the lower cost of uaditional wooden 
formwork, though the cost of wood and labour has risen. The second reason is the grca1Cr initial investment 
for metal formwork, which makes amorti7.3lion over time more difficult, with the risk of unproductive 
investments that can unnecessarily increase the opemiooal costs of a building enterprise. 
Donalh panels have been used for more than 25 years and only recendy have they become less common in view 
of the emergence of melamine-coaacd plywood and particle board. especially waaer-resistant types thal guarantee 
not less than eight uses as against the three-to-four uses for traditional Alamo or Pius radiata formwork. 
Pinus radiata accounts for 90 per cent of consumptioo. Finally, in the south of the COW1try, logs oblained by 
forest thinning are being used 10-12 times as studs. 
The high rate of consuuction achieved in recent years (approximarely 100,000 houses in 1992 and the same 
amount projected for 1993) has not necessarily increased the consumption of wood for fonnwort. since large 
structures use industtially produced fonnwork or structural sySfemS thal do not require fonnwork (presUessed 
cooaete beams and hollow bricks) except in the foundations and tie-beams of the walls. Wooden uusses arc 
used in a large percentage of houses and in many cmes are manufactured with the same boards as are used for 
concrete formwork. The use of wooden ausses is also commoo on concrete slabs in order to guarantee the 
warerproofmg of the roof. 
As was mentioned before, industrially produced fmnwork is used relalively liule, allhough it ~ already being 
imported from the United Srates, Brazil and Spain. In the consrruction nwket. there are about 15-20 entetprises 
that supply metal or aluminium fmnwork. and there are apparendy no enlel'prises thal hire out wooden 
formwork, for which reason wood is bought for each new house, thus reducing the possibilities for recycling 
the material. 
Though the level of consumption of wood and wood-based products in fonnwork can be considered as optimal 
in comparison with other countries, some aspectS have been identified thal could be improved. 
From the point of view of production of tht raw material, the extensive planrations of Pinus radiata, which is 
the species most used in fonnwork. make this wood a relatively cheap material so that no care or liule care is 
taken of iL As in Argentina and Ecuador, wam from fonnwork is very commonly used to heal the workers' 
meals in meal breaks, so that there is not much interest in devoting much auention to the recycling of wood. 
With regard to standardiration, there are no quality standards for the classification of wood and, though no 
criticisms have been observed with regard to the quality or wood, it is expected thal it might be better to 
standardize or specify a number of quality grades for wood offered on the market. Perhaps the relatively low 
cost of wood couilterbalances demands for a better producL 
In tcnns of training, there are no specialized crainins programmes for site carpenters in the area or f onnwork, 
although various eff ons are being made to improve the teehnical qualification of site staff. The Corporation f m 
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Training in construction, which is an integral pan of the company network of the Chilean Consuuction Chamber. 
gives SIIUCtured courses for the rraining of carpenters as ~istams, nmrer craftsmen and foremen, some of 
which arc rclaled to the use of wood in fonnwork.. 
Similarly, the University of Chile has f<J£ 12 years been offering elementary~ learning courses on 
builID.ag which have be.en followed hy more than 3,000 students. This effort is supplemented with regular night­
school courses which have been in openlion since 1938 and arc inlcnded for construction worms at various 
levels. 
Another important effort is the one carried out by the Chilean Institute for Cement and Concrete, which has 
propammed for 1994 both seminars and research on concrete fonnwort.. especially for fair-faced concrete. 
Apparently lhe low level of use of concrete for facing is due to the low quality of the fonnwork. although the 
dart colour of sand and gravel, which affects the colour of the concrete, is also a limiting factm. Apparently. 
after the depression in construction in the years 1983-1984, the quality of labour substantially ~ 
assistants being promoted to the level of master craftsmen without having the necessary qualifications. 
From the point of view of the 111ilization of wood in fonnwork in Chile, there is adequale rechnology for the 
appopriate use of the material. In general. there arc no prob~ in the use of wood and each enterprises finds 
solutions for its fonnwork needs. There is concern over quality, costs, and productivity in consttuction and 
accordingly fonnwork is a matter of permanent concern. 
However, there is large-scale wasiage of wood for fonnwcxt. Apparently, knowledge of sa'iking technique Im 
been lost and it is here that most wasiage of wood occms. Recently. for two years now. double-headed nails 
have begun to be used; these are a basic ncccssity for reducing the loss of material during striking. 
Fmally, from the point of view of the mart~t. lhere is a favourable economic situalion in Chile f<J£ imsmving 
the use of wood in fonnwork, since two of the three enterprises thal manufacture cement in the country have 
investments in forests. sawmills. and also in a factory for plywood panels. so thal it is possible to establish 
competitive strategies of mutual inten:st. 
The analysis makes it JJOSSlDle to identify some specific recommendations of a national and regional character 
described below: 
(a) Production of raw malerial 

To increase the value added component of wood fm fonnwork. establishing quality grades. using kiln 
drying and offering planed wood and not simply sawn wood. The presently relatively low COSi of Pinus 
radiata could make it pos51"ble to increase the quality and durability of wood. wilhout subs1antially 
affecting the impact of the cost of fonnwork on the direct coses of the structure. 

(b) Standardization 
To work out quality standards, establishing rules for the visual clmification of wood according to 
different grades of fmish. It is nc:cc:ssary to expand the present standardU.alion system for sawn wood 
developed by the National Standards Institute. 
To develop technical spccifJCalions fm whal could be "improved Donalh panels", incorporating the 
modifications and improvements that have been made to this type of fonnwork in the last 2S years. 

(c) Training 
To restructure and introduce modifacations in present ttaining courses for carpenters, training diem to 
do quality work at the stage of both rough work and finish. At present, separately qualified staff arc 
used for each of the consuvction stages. 
To develop descriptive handbooks on the use of wood in fonnwork, intended for the rechnical training 
of bolh workers and carpenters and for srudents in civil engineering, archirecturc and construction. 

(d) Technology 
To propose new induSU'ially produced systems for wooden fonnwork, stimulating beaer proposals by 
means of competitions of ~ or support f<X' specialized university theses on lhe subject. There arc 
many instirutions that might be interested in sponsoring this type of activity. 
To develop better rechniques for striking wooden fonnwork, promoting the use of new types of release 
agents and melhods of use thal would prolong the useful life of fonnwork and reduce labour fm 
maintenance or cleaning. The principal cause of wastage of wood is related to strikmg operations. 

(e) Market 
To promote an association of dealers in lumber for fonnwork purposes thal would specialize in a new 
form of marketing including the hiring of wooden f onnwork. 
To stimulale the establishment of enterprises thal would offer comprehensive fonnwork services. that 
is IO say. advice. hiring, specialized labour and assembly on a sub-conncting basis for building 
enterprises on the most advantageous conditions. 

(0 Institutional suppon. 
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To implcmcnl a Latin American regional prosl3JIUllC. with the suppM of UNDP. amoc.g thc imtirutions 
belonging to the Inter-American Cemcnl Federation - ACAM. since the use of wooden formwort. is 
a subject of mulual inlaest to lumber dealers and ccmcnl and conacte inslilutions. The programme 
could be established on the initialive of the Cllilcan Cemcnl and Concrete lnstinne and the Chile 
Foundation. 

S.O DIAGNOSIS OF BRAZil.. 

5.1 THE HOUSING SECTOR 

According lo die mosl recenl populaJ.ion ccmus of 1991 published in the Brazilian statistical year boot - 1992. 
the country had a populalion of 146.9 million. disttibuud in an irregular manner. with conccnllalioos in lhe large 
urban centres of the coast and the South and South-east regions as well as in a number of centtes in the interior. 
in which there has been acccnblated growth and development during recent decades. The ralC of populaiion 
growth in the period 1951-1991 dropped from 2.99 per cent to 1.89 per cent. the average size of families being 
4 .21 persons. 
A publication of the Fundacion Joao Pinheiro entitled Diogn6stico Nacional th la lndllstria d~ la Constr11cci6n 
(National diagnosis of the consuuction industry) of 1984. swes that estimares of thc country's housing deficit 
and needs fm new housing are nol easy IO eliciL Table 5.01 shows the quantiwive deficit i.."1 the light of 
population growth as well as the qualitative deficit in renns of replacement or repair estimared over the period 
1986-1990. 

TABLE 5.01 

ESTIMATED HOUSING NEEDS 
1986-1990 

y ESTIMATED DEACIT ('000 units) 
E 
A 
R POPULATION SUBSTinmON OR 
s GROWTII REPLACEMENT 

1986 911 318 
1987 947 331 
1988 985 344 
1989 1,()24 358 
1990 1.066 372 

TOTAL 4,933 1,722 

Source: Fundacion Joao Pinheiro 

The disuibution of lhe housing deficit by regions is as follows: 
South-east (45.2%) 
North-ecwt (26.2%) 
South (14.1%) 
Central West ( 9.5%) 
North ( 5.0%) 

TOTAL 

1.229 
1.278 
1,329 
1382 
1,475 

6.655 

According IO the most recent census, a housing stock of 35,!178,857 dwellings was estimated for 1990, of which 
76.7 per cent wee localed in urban areas and 23.3 per cent in rural zones. as is shown in table 5.02. 
As can be seen, approxirnarely 10 per cent of the dwellings were located in apartment buildings and the 
remaining 90 per cent were one- or two-storey one-family houses, rooms or rural dwellings, most of the laaer 
requiring replacement or improvement. 
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TABLE 5.02 

NUMBER OF DWELLINGS BY LOCATION IN 1llE COUN1RY 

CHARACTERISTICS 
OF DWELLING 

TOTAL LOCATION OF DWELLING 

TOTAL 

- HOUSE 
-APARTMENT 
- RURAL DWELLING 
-ROOM 

35.578.857 

29.Sn.090 
3.595,699 
1.903.659 

502,409 

URBAN 

27.279.586 

22.613.416 
3.529.203 

666,619 
470.348 

Source: Brazilian Institure for Geography and Swistics (IBGE) 1992 

5.2 1llE CONSTRUCTION SECTOR 

S.2.1. Participation of the sector in the GDP 

RURAL 

8.299.271 

6.963.674 
66,496 

1237.040 
32.061 

Indisputably. the construction industry plays a prominent part among macro-economic aggregates in Lalin 
America in general and Brazil in particular. In the Brazilian economy, the share of the consuuction ind~· 
fluctualed around 7.4 per cent in the period 1980-1991. although. u is shown in table 5.03. two distinct stages 
can be noted in recent years. separated by the period 1983-1985 in which the sector's share fcll to a low point 
of 6.0 per cent. A recovery was observed u from 1986, when its share reached its highest level, namely, 9.2 
per cent, in 1989. 

Source: 

YEAR 

1980 
1981 
1982 
1983 
1984 
1985 

TABLE 5.03 

SHARE OF 1llE CONSTRUCTION INDUSTRY 
IN 1llE COUNTRY'S GDP 

Const. sector/GDP YEAR 
% 

7.2 1986 
7.7 1987 
7.6 1988 
6.6 1989 
6.2 1990 
6.0 1991 

Brazilian Institute for Geography and Statistics (mGE) 1992 

Const. sector/GDP 
% 

7.1 
8.4 
8.0 
9.2 
7.8 
7.1 

As an illustration, the construction industty accounled for 6.JS per cent of the countty's economically active 
population in 1990, that is to say 3.823,IS4 wc:rtcrs, repruenting one-third of lhe industrial labour force. 
At the moment. three subsecurs can be identified in the consll'Uetion industty: the heavy infrasUuctule, industrial 
buildings and the general building subsector. The general building subsector includes among its activities the 
consttuction of commercial buildings and above all one-family and multifamily houses. National private capilal 
dominates the general building subsector, and this 1rcnd has consolidalcd dming the development of the civilian 
consttuction sector in the c<>1intty. 

c__ _________________________ ---------------- -- ---- -- - -
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The shm of the public sector. particularly that of the Federal Government. in housing construction is limited 
to financing housing through the Housing Fmanc:e SySICm - SFH. In the years 1980-1982, die SFH financed• 
average of 540.000 lmilS/year. In die period of the major rca:sRon (1983-1985} this average fell to 80.<XX> 
units/year. rising to 200.000 per year by die end of the 1980s. According to lhcse figures. die annual avenge 
for building furmced by the SFH in lbc 1980s ~ 270.<XX> unias per annum, representing 30 per cent of lbc 
annual avc:ragc coostruction al the national level. which is presented in table 5.04. 

TABLE 5.04 

ANNUAL AVERAGE RATE OF HOUSING CONSlRUCilON 

MAJOR 
REGIONS 

1950-1960 1960-1970 1970-1980 1980-1990 

North 9,933 13.812 45.1161 88.252 
Nonb-eut 66,343 90.n4 160.955 208,732 
Soulkau 174,062 182Ji89 378.327 380.201 
South 74.()24 87.850 110.237 139,044 
Centtal West 20,800 37.962 63.014 65,926 

BRAZll. 345.162 413,087 758.394 882.157 

Source : Brazilian Institute for Geography and Statistics (IBGE) 1992 

Though table 5.04 indicarcs lbc number of dwelling unias constructed in each decade, such dala arc of value 
ralhcr for census purposes. since the rented rooms. "pn:carious" housing or housing requiring replacement. 
which must rcprcscnt not less than JO per cent of the housing stock. are also consideicd statistically as dwellings. 
Accordingly, and adding die 30 per cent share of the public sector, the private sector must contribute lbc 
remaining 50 or 60 per cent of the tocaI housing consttuction in the countty. 
Fmally table 5.05 shows the predominant building mareriaJs in Brazil. accm:ling to the most recent infonnalion 
available from the 1970 census. 

TABLE 5.0S 

PREDOMINANT WAIL AND ROOFING MATERIALS ('000 units) 

WAU.. TOTAL PRFJ>OMINANT ROOFING MA TERlAL 
MA'JEUALS 

Cooc:m& Cay AabcllOI ZiDc S1raw Olber 
dabl niofina tilea roofiq 

M.umry 12,266 313 11.472 145 99 151 16 
Wood 4.259 - 3,312 31 130 321 319 
Mud 3,341 - 2,179 3 19 914 156 
Olber 1,191 - 419 5 11 537 156 

-TOTAL 21,()64 313 17,522 191 259 1.993 717 

Source: Real cscate census. Brazil, 1970. 

As can be deduced from lhe results of the 1970 census. the typical Brazilian house cor .. c:ists of the following 
clements: 

Cement floor 
Masonry walls 
Wooden roofs 
Clay roofing tiles 

(20.9%) 
(58.2%) 
(93.6%) 
(83.2%) 
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Houses wilh wooden walh arc found in 2'.J.2 per cent of cases. and roofs wilh a wooden strucnac (laking inro 
account various ~ of roofmg) are JRSCDl in abnost 95 per cent of the housing stock in Brazil. 

53 1HE FORES1RY SECIOR 

53.1 Forest resources 

The Amazon fmest rcpresentS the largest rcscrvc of 1ropical forem in the world. It bas a total area of 630 
million ha distnl>utcd over seven countries. among which Brazil possesses 63 per cent of the tocal. that is to say 
400 million ha. The ttopical forest in Brazil in tum rcprcsenlS 80 per cent of lhc total forests available in the 
country. 
Brazilian f<ftStry pocential is cstimar.ed al 15.400 billion m1• consisting of approximately 3.000 spc:cics. ooly 230 
of which arc used by industry. 80 per cent of timber production is accounted for by less than SO forest species. 
Up to the year 1988. about 25 million ha of forem had been felled repn:scnting 5.2 per cent of what is 
considered as "Legal Amazonia" (Cunha. R.P .• 1989). Also. induslrial planrations were initialed from the 
beginning of the prcsc:nt century and especially during the 1940s and the beginning of the 1950s. principally 
owing to lhc reduction of supplies of parana pine. 
From 1966. with the implcmcntalion of fiscal incentives. reafforcswion became a large-scale activity iP Brazil. 
According to information fnm the Brazilian Institute for the Environment and Rcncwable Nanni Resources 
OBAMA. formerly IBDF). rcafforeslalion projects using fiscal incentives IOlalled approximalely 6.2 million ha 
up to 1986. comprising 52 per cent eucalyptus and 30 per cent pine. 
Table 5.06 shows the annual rate of plantalions in lhc period 1978-1986. 
At prc:-.ent. almost all the wood from plantations is used for the production of pulp and paper. plywood. fibre 
panels and panicle board. satisfying 31 per cent of current denwid for wood in Brazil in 1991. The fiscal 
incentives were abolished in 1987 and al JRSCDt altc:malivcs arc being thought to guarantee appropriale supplies 
of induslrial timber. 

TABLE 5.06 

REAFFORESTATION WI11I RSCAL INCENTIVES 1978-1986 
rooo ha> 

YEAR PINE EUCAL YPI1JS 01llER 

1978 141 228 43 
1979 118 283 73 
1980 89 272 1S 
1981 117 230 71 
1982 158 187 86 
1983 74 91 so 
1984 71 124 91 
1985 6S 13 89 
1986 85 174 ISO 

Subtocal 
Average 918 1.720 728 

Source: mDF-IBAMA, 1988 

S.3.2 The forestry industty 

TOTAL 

412 
474 
436 
418 
431 
215 
286 
285 
409 

3.366 

There arc about 14.000 sawmills disuibuted throughout the country. In 1991, lhe apparent consumption of sawn 
wood was 9.7 million m1. while production was 10.4 million m1. Table S.07 shows apparent consumption over 
the period 1987-1991. by the type of species produced. 
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TABLE S.07 

CONSUMPTION OF SAWN WOOD ('000 m1
) 1987-1991 

YEAR BROAD- PARANAPINE OlHER TOTAL 
LEAVED CONIFERS 
SPECIES 

1987 9.S30 39S l.23S 11.l(J() 
1988 9.680 340 1.S20 11380 
1989 9.SOO 346 l,91S 11.761 
1990 6.826 353 2.370 9.549 
1991 6.476 232 2.988 9.698 

Source: FAO-ABPM-STCP 

It should be emphasized dial. al lhe beginning of the 1970s. approximafely SO per CCIII of all sawn wood 
consumed in Brazil~ par.ma pine. In 1991 lhis species aepesew:d only 2.4 per cent of IOcal consumpcion. 
having been replaced by broad-leaved species and above all by odler coniferous timber &om reafforestalioo. 
NaJional consumptioo of plywood panels is shown in the following rable: 

YEAR 

1987 
1988 
1989 
1990 
1991 

TABLES.08 

CONSUMPTION OF PLYWOOD PANELS: 1987 - 1991 
COOOm1

) 

CONSTRUcnON INTERIOR GRADE 
GRADE 

423 S48 
414 639 
400 730 
3S9 689 
400 S31 

Source: FAO-ABPM-STCP 

TOTAL 

971 
l,OS3 
1.130 
1.048 

The group of consuuc1ion grade panels is almost exclusively intended for concte1e fonnwork or moulds and lhe 
inlerior grade panels include veneer for the furniture industry. 

S.4 UTll.IZA TION OF WOOD IN CONCRETE FORMWORK 

S.4.1 Hislorical development 
Speaking of fonnwork in Brazil is tantamount to speaking of wood, which wu and continues to be the principal 
raw maleria1 used in the manufacture of fonnwort for concrete. The first change observed from the uaditional 
foam of pinewood boarm wm due to the advent of plywood board at the end of the 1940s. In lhis development 
pine wood panels were simply replaced by plywood, using the same processes for membly and formwork 
tcehniques as for sawn wood. The resultant appearance of the concme was not so important. and only the 
number of reuses lhal each product off em! was taken into accounL 
From 1960. a more decamined effort began for ralionalizalion in the manufacture and use of formwork for 
concrete, wilh the preparation of specific fonnwork designs for each type of suucture. The aim was lhcn to 
replace the so-called conventional system, in which lhe site superintendent or lhe carpentry supervisor produced 
and used the moulds. based exclusively on practical experience. This was in reality lack of experience and 
caused gmit wastage, specially in striking, owing to the excessive use of nails and the indiscrimiswe use of 
crow ban. 
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Accardingly. with projects for the prefabrication of fonnW<Xk it became possible to reduce costs owing to beac:r 
utilil.alioo of the raw malCrial and owing to rising labour productivity. Each part was accurately dimensioncc!, 
delailed and codified. enabling the site superinrendent, with the assiSWICC of the fonnwork designer. to monitor 
W<Xk output. and to direct assembly according to a planned timetable. 
From the second half of the 1970s. the third great ttansfonnation in fonnw<Xk for conacte occumd. The 
indusuial manufaclllre of specially clesigned panek and fonnw<Xk began. With manufacture. the advan1ages 
offered by ratiooalin:d products incnzcd. etiminaaing ~ on site and reducing the number or carpenters 
needed In the same period. principally due to the great incentive given by the BNH to the mass construction 
of housing. mclal fonnW<Xk. initially imported. came on to the marteL 
In l'CCCDl years. owing ao the demands of the consumer market. some impovements have occurred in the area 
of fonnwmt design. Projects that wen: formerly designed exclusively for the typical pJam of a building began 
to cover the design of aiypical plans also. This was pouible thanks to the establishment of specialin:d companies 
that made efforts to stanct.dize and permit repetitive use of almost all the formwmk in suucturcs. from the 
poming of the foundalion in the first level to lhe upper floors. 

5.4.2 "UENO" type wooden fonnwork 
Tbcrc are various systems for wooden formwmk on the nwket. all of which are designed taking into account 
working times required. cosu and quality of finish. Within Ibis range of alternatives there is one fonnW<Xk 
SyslCm which, being a pioneer. served u a basis for other variants cunently being used in Brazil. 
This system is fairly well known u "UENO-type" fonnwmt in honour of its inventor, Ing. Toshia Ueno. who 
u one of the firsl students of fonnwort made a dccmvc conlribution to progress in the cowitty's civilian 
comtruction sector. 
1k system is particularly advantageous for civilian building w<Xk. especially high buildings that have the 
following characreristics: 
(a) Fonnwmk can be used a large number of times (from 10 to 25 times); 
(b) The dimensions of lhe structural clements (colmnns, beams and slabs) are relalivcly small, and 

compau"ble with the mechanical strength of wood; 
(c\) The building site is nonnally small in si7.e, restricting the use of cranes or other types of mechanical 

transport. 
The principal characteristic of UENO type fonnwort is the simplicity of its design, so that it can easily be 
fabricaaed on the site with the help of a derailed plan. It uses only building maaerials available on the market: 
plywood panels, boards and wooden studs. 
Assembly is simple and is easily learned by workers, who need not be highly skilled. since all the modules are 
prefabricaled, rcdu..."ing the wort to that of assembling modules side by side, without the need for additional 
sawing. 
All the modules are small, easy to transport by hand, thus ensuring an appropriate level of labour productivity 
by comparison with other operations on the site. Also, die system makes it very euy to replace damaged pans, 
since wood is a common maaerial used in every srructure. 
Finally, it is a f onnwork system that is compatible with the inhercm weight of the relalively light sttuctures that 
are planned in high buildings, giving a very efficiem cost-benefit ratio. 
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AGURE 5.01: UENO type formwork system 

5.4.2.1 Fonnwork for columns 
Fonnwork for columns consists basically of four panels, two at the sides and two at the other faces, which can 
in turn be subdivided into two or more panels, according IO their dimensions. They arc generally made of 
plywood. reinforced with wooden frames. The ~bly of column panels must meet three basic requirements: 
positioning, levelling and verticality. The columns are located on the concrcle surface. The function of the sills 
is ID serve as reference levels for the fonnwork and their location is defined during the repositioning phase, 
following instructions on a location plan. 
The columns are levelled by means of two guide studs located vertically above the sills, thus permitting the 
alignment of the first panel. Finally. verticality is ensured once all the panels, duly faxed and stiffened with wood 
or melal diagonal braces, have been positioned. 
In the case of the column formwork system, the utilil.ation of nails is kept ID a minimum and the plywood panel 
is never nailed through, but only the wooden reinforcements, which facilitates not only assembly but above all 
the disassembly of panels without wastage of wood. 

S.4.2.2 Formwork for beams 
The formwork is assembled out of three panels, two at the sides and one at the bottom. They rest on garfos, 
which consist of two studs and cross-members, of U-shape at the rop, to support the three beam panels. These 
garfos give rigidity IO the laleral panels of the beam formwork and suppon a built-up wooden beam called a 
longarina, on which the slab panels resL 
The assembly of the beam panels is such that it permits the striking of the column panels without interference. 
Even the lateral panels of the can be withdrawn, leaving only the bouom of the beam, supported by the garfos. 
As in the case of columns, the formwork for beams is made in one day if it is intended ID cast one slab per 
week. 

5.4.2.3 Fonnwork for slabs 
The slab is assembled with the use of three basic pans: the slab panels. the beams or longarinas and the studs 
or tscoras. 
The slab panels are frequently plywood boards suengthened with rectangular wooden frames, which facilitates 
handling and striking. They are mounted on all the other parts and thus are the last to be struck. 
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The longarinas are built-up beams consisling of two clcmcnls whose dimensions are dercnnincd by thc span and 
thc load to be suppor1Cd. Owing to their compound form. thcy have inherent Slahility. rest OD the supports of 
thc garfos and suppcrt lhc slab panels. 
1be studs or ~scoras arc wooden stanchions lhat are housed in the longarinas. They arc kept rigid by means 
of wedges al their feet. which makes it pmsable. if required. to impart a specific camber ll' thc slab. 
The slab panels are distnbuled in such a way tbal suppmt lcop. similar in width to the beam panels. are left 
at regular inrcrvals and serve to keep the shoring of the slab in place once the principal plywood panels have 
been removed. 

5.4.3 Industrially produced wooden fonnwort 
These are wooden fmnwort systems prefabricaled in lhc plant and not OD lhc site. consisting of panels, studs 
and braces which are designed and manufactured specially for e.adl building. This type of fonnwort permits 
many reuses. optimizes lhc final quality of thc SlrUClUrC and permits more creative and economic solutions. It 
requires specialized equipment and labour, reducing waste on site with the use of prefabricaled and graded 
clement ready to be assembled accmling to a pre-established timetable. 
In the present study on fonnwort tbal was carried out in lhc six Latin American countties the level of 
technological implcmcnwion found was nowhere ~ developed m tbal in Brazil. at least with regard to the 
rational me of wood as a predominant maaerial for coocrete fonnwmt. 

FIGURE 5.02: The FORMA PRONT A fonnwort system 

Stud 
,? 

. Stud• -z. 
~ 

.· . 
.. . . 

We refer specially ro the FORMA PRONTA construction system of Industrias Madcirit in Sao Paulo. This 
system which originated from the "UENO" type wooden formwork explained above combines the characteristics 
and a:lvantages of previous experience with the advantage of industrial production of the f onnwork to specified 
dimensions in the factory so thal it is ready for assembly on sire. 
This type of industrially produced system has become an excellent alternative for structures on small sites where 
the in situ fabrication of formwort could not easily be planned and carried ouL It is also an appropria&e 



- 68 -

alternative for reducing wastage of wood for form work since losses owing to sawing and re-sawing of the wood 
are torally eliminated. 
The indllSb'ia.I production of fonnwork. permits an improvement in quality because all lhe ne.cessary equipment 
can be available in lhe planl which would be impossible on the site. All types of fonnwort and details can be 
produced. from lhe most simple IO the most complex. with industrial pecision. 
The ~ of Industrias Madeirit, is perhaps rather special from the point of view of indusuial inregration and 
the rational use of forest resources. It is a consortium of enterprises which has a complere timber chain. 
including a 22.000 ha reafforestation planwion in which 1.000.000 Pinus tlliotis seedlings are planted every 
year. they are used as from the seventh year of growth and supply 70 per cent of the raw material. 
The entrepreneurial group also produces plywood and was a pioneer in its manufacture from the year 1946. so 
thal plywood of other makes are known by the name of MADEIRIT. In addition it produces supplementary 
metal sysrems. offers an advisory and consultancy service on fonnwork. manufactures sealing stains and release 
agents for fonnwork. among other supplementary accessories. 
It was the leading enterprise in the introduction of prefabricated wooden fonnwork. supplies a substantial pan 
of the market in Brazil and has in recent yeaJS begun to export plywood and prefabricated formwork to several 
Latin American countries. It could be said tha1 it is a rather special case and one tha1 is difficult to imirare. but 
in any way it is an excellent example of SUSlainabiliry. conservation and the development of forest resources. 

5.5 CONSUMPTION OF WOOD IN FORMWORK 

The figures for the actual consumption of wood in a building consuuct.ed in Sao Paulo and six buildings 
comtructed in Curitiba are given below. Also. the results of a study at national level covering eight cities of the 
five regions of Brazil are compared. in relation with the consumption of wood in the construction sei:tor. Later 
the consumption figures for eight multifamily buildings that used plywood panels for formwork are presented. 

TABLE 5.09 

CONSUMPTION RATES: SAWN WOOD 

TYPES OF HOUSING CONST. FORM- CONCRETE WOOD CONSUMmON OF WOOD 
'lllJ WORK m, m' 

mz m' wood m' wood bd ft 
~ ;;;r; mz c:onst. 

c Bco. BRADESCO 3,109 6.200 440 sa.o 0.13 0.019 08 
u Bco. BRADESCO S.S02 12.621 9SO Ill.I 0.13 0.022 09 
R Bco. BRADESCO l.S07 16,560 1,310 IS4.I 0.11 0.011 08 
I Bco. BRADESCO 2.061 3,979 309 37.2 0.12 0.011 08 
B Bco. BRADESCO 4.90S 1,042 670 7S.2 0.11 O.OlS 06 
T Messn. BARAO 790 l,S46 IS2 14.S 0.10 0.011 08 

s. T. UENO 3.000 6,000 343 !16.J 0.16 0.019 08 
p 

AVERAGE: Ml:LllFAMILY BUILDINGS 0.12 0.011 01 

Source : Banco BRADESCO and building enrerprises 

The average consumption figures for these seven multifamily buildings would be: 
0.12 m1 wood or O.oJ8 ml wood equivalent to 8 bd ft 

m1 concr ml const m1 const 

The FORMA PRONT A system of lndusuias Madeirit obtains similar results with an aveiage varying between 
O.ol5 and 0.017 m1 wood/ml construction area. depending on whether 12 or 10 uses. respectively, are estimated 
for the fonnwork. According to experience (the company provides approximately IS.000 m1 of formworlc per 
month). 2.S ml of formwork are required for ever square metre of construction area (coinciding with the 
consumption rates for Argentina. Chile and Peru) and the average disb'ibution of fonnwork in a structure is: 
29 per cent for columns. 35 per cent for beams and 36 per cent fCK slabs. Editorial PNI de Brasil, which 
specializes in construction, takes 12 m1 of fonnworlc per m1 of concrete as the average consumption. 
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1besc consumption rates coincide with the range of figures obcained in the research srudy A Aplica,ao da 
Madtira t Stw Dtrivados Na Con.strll("do Habitacional (The utilization of wood and wood-based products in 
housing construction) published in 1978 by the Brazilian Forestry Development lnstirutc (IBDF). The Sbldy was 
intended to quantify the tolal consumption of wood by volume in the residential subsector in various cities and 
regions of Brazil. 
The surveys of building enterprises covered a sample of 22 per cent cf tolal consuuction activity in 1974 
(IS.571.621 m2) and were canied out in eight cities: Manaos of the Northern Region; Recife and Salv-ddor of 
the North-eastern region. Belo Horimnte. Rio de Janeiro and Sao Paulo of the South-eastern region; Cmiliba 
of the Southern region and Brasilia of the Central West region. The cities selected represented a substantial share 
of the tolal for each region. 
The total consumption of wood at national level per aVC13ge dwelling amit of 107 m2 was as follows: one- or 
two-storey houses used 1.8 m1 of sawn wood and 0.17 m1 of plywood panels. Dwellings in multifamily buildings 
consumed 7 .19 m1 of sawn wood and 0.69 m1 of plywood panels. In the analysis of consumption. wood used 
on a temporary basis was also considered, dw is to say: formwork. scaffolding. provisional structures. etc. as 
well as the permanent use of wood in roof structures. doors. windows. built-in furniture. etc. 
The consumption of sawn wood and plywood panels used in fonnwork and fm other temporary uses repesented 
47 per cent of the tolal of wood consumed in one-family dwellings and 82 per cent of the tolal of wood used 
in multifamily buildings. 
Table S.10 presents the consumption at national level for the two types of temporary use of wood. 
The consumption figures obtained by analysis of the seven buildings srudied earlier was O.ot8 m1/m2• rather 
lower than the consumption in multistcx'ey buildings. namely 0.0672 m1/m2 presented in table S.10. but this is 
within the range of 0.014 - 0.08 m1/m2• The lower current consumption of wood in multifamily buildings is due 
to the use of indusuially Jl'O(luced plywood fonnwork. which came on to the market at the beginning of the 
1970s. Since the study was carried out in 1974. it is most probable that fonnwork was predominantly made of 
sawn wood. with more wastage and a lower number of reuses. 

TYPE OF USE 

- Fonnwork 
for concrete 

- Fences, huts, 
scaffolding 

TABLE S.10 

CONSUMPTION RA TES: CUBIC METRE OF WOOD PER 
SQUARE METRE OF CONS1RUCilON AREA 

CONSUMPTION 
m1 
ml 

0.0168 
0.0672 

0.0285 

TYPE OF 
S1RUCIURE 

Houses 
Buildings 

a."MPACTOF 
.JAMPLE 

VARIATION IN 
RATES 

ml 
ml 

100% 0.014 - 0.08 
100% 0.003 - 0.07 

100 % 0.003 - o.oos 

Source: Brazilian Forestry Development Institute. WDF-1978 

It is interesting to present in table S.11 the types of species of wood most used according to the region of the 
country, on the basis of the same study. 



- 70 -

TABLE 5.11 

SPECIES OF TIMBER UTILIZED IN FORMWORK BY REGION 

NORTII NORTil-EAST SOUTil-EAST so urn CEN1ltAL 
WEST 

Laurel Pine Pine Pinc Virola 
Virola Agrtstt Cinnamon Bracatinga Pine 
Andiroba Jtquitibd Mararandllba Ptroba Sandbox ttee 
Jacarand.d Sandbox ttce Ptroba Nonhcrn pine 
Sandbox ttee Virola Virola 

Northern pine 
Eucalyptus 

Source: Brazilian Forestty Develqxnent lmtiblte. IBDF-1978 

5.6 COST OF FORMWORK 

Ing. Toshi Ueno, the inventor of lhe UENO fonnworlt systcm, repated at a symposium on "The global stability 
of reinforced concrete structures" held in Sao Paulo in 1985 that sawn wood fonnwork, used on a large scale 
up to the 1970s, accounted for 60 per cent of the cost of lhe suucture. 
When plywood and prefabricated formworlt is used it represents approximately 40 per cent of lhe costs of the 
sttucture and in bJm the struccure represents 25 per cent of the rotal cost of the project. which means that 
fonnworlt at present represents approximarely 10 per cent of lhe direct cost of consuuction. Ing. Ueno analysed 
the impact of lhree types of prefabricated fonnwork on the costs of one and the same building. The premisses 
for lhe analysis are given below, as follows: 

STRUCTIJRE 
N" OF STOREYS 
CONSTRUCTION AREA 
AREA OF FORMWORK 
COST PER m2 

TOTAL DIRECT COST 

Multifamily building 
10 
3,000 m2 

6,000 m2 

USS 126 
USS 377,400 

TABLE 5.12 

COST OF WOODEN FORMWORK WI1H 12 nun PLYWOOD PANELS 

QUANTITY UNIT PRICE TOTAL PRICE 
(10 uses) USS USS 

m2 

Fonnwork: columns, beams and 
slabs 600 33J4 19,884.00 
Base for beam (5%) 30 33.14 994.20 
Tocal manufacture 20,87820 
Replacement (10%) 2,087.82 
Labour, assembly and striking 6,000 2.44 14.640.00 
TOTAL 37,606.02 
Unit price/m2 12.54 
'* TOT AL DIRECT COST 9.97'* ... .- .. ~:~, -~ 

Source: Toshio Ueno Engenharia S/C Ltda. 
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TABLE 5.13 

COST OF MIXED FORMWORK WITH 20 mm PLYWOOD (duration 4 monf.hs) 

QUANTITY UNIT PRICE TOTAL PRICE 
(10 uses) USS USS 

m1 

Formwork, columns, beams and 
slabs 600 2232 13.992.00 
Base for beam (5%) 30 2232 _669.60 
Tolal manufacbJl'C 14,li61.60 
Replacement (10%) 1,46620 
Hiring of 'JICtal elements 600 2.96 1.776.00 
Labour. assembly and (x 4) 
striking 6.000 2.44 14,640.00 
T 0 TA L 32.543.80 
Unit price/m2 10.85 
.. TOT AL DIRECT COST 8..64 .. 

Source: Toshio Ueno Engenharia S/C. Lula. 

TABLE 5.14 

COST OF MIXED FORMWORK WITH 20 mm PLYWOOD (duration 5 months) 

QUANTITY UNIT PRICE TOTAL PRICE 
(10 uses) USS USS 

m1 

Formwork, columns. beams and 
slabs 600 22.32 13.9n.oo 
Base for beam (5%) 30 22.32 6ffJ.60 
Total manufacture 14.661.60 
Replacement (10%) 1.466.20 
Hiring of metal elements 600 2.96 8,880.00 
Labour. assembly and (x S) 
sttiking 6,000 2.44 14,64().00 
TOTAL 39.647.80 
Unit price/m2 1322 
CJl> TOT AL DIRECT COST 10.SCji, 

Source: Toshio Ueno Engenharia S/C Lula. 

The average impact of the cost of formwork on the total cost of the suucturc was ~.7%, on the twis of the three 
alternatives analysed. 

S.6. l Comparison of costs between a uaditional wood formwork system and an industrially p!'oduccd 
wooden formwork system 

As a reference, a comparative economic study carried out by FORMAPRONT A de Bruil. which analysed the 
costs of fonnwork exported for a l().slOfey suucrure in Uruguay, in comparison with a traditional wooden 
fonnwork system in that country 
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5.6.2 Traditional wooden formw<Jlt 

MATERIALS 

giving: 

!:!l!2!!! 

- Consumplion of wood 
- I m2 or roofed-over area 
- I bd ft of pine wood 
- In I 0 ceilings 

- 1.75 m1 x 180 bd ft/ln1 = 315 bd ft/Jn2 flOCX' 
- 315 x USS 0.27 = USS 85.00 + MV A/m2 of floor 
An MVA of22-~ of lhc value of lhc wood 
USS 85.00 x O.S x 1.22 = USS 93.5/1112 flOCX' 

- USS 3.S b/m2 

- I m1 of conaele/6.5 days 
Cost of labour with 15% carpentry component 
- 6.S x 0.75 = 4.875 days/m1 of concrctc 

- 4.875 x 0.175 = 0.853 days/m2 of floor 
- 0.853 x 10 ceilings= 8.S3 b/m1 of floor of lhc building 
- 8.53 x 3.S =USS 29.86/m2 of floor of lhc building 

TOTAL COSTS 
Marerials + labour = USS 93.SO + USS 29.86 = USS 123.26/m1 

5.6.3 FORMA PRONTA system 

MATERIALS (including manufacture) 
- USS 40.0/1111 or formw<Jlt (estimaled. with freight. mes, etc) 
Assuming an index of 2.S m1 of formwork/m1 of floor 
- USS 40.0/1111 x 2.5 m1 = USS 100.00/m2 of floor 

LaboW' for uscmbly 
Assuming an index of 1.4 b/m2 of formwork 

- 1.4 x 2.5 = 3.5 b/m1 fiOCX' 
- 3.5 Mn1 x USS 3.SJh = USS 12.25/1111 of floor 

TOTAL COSTS 
Material + Jabour = S 100.00 + S 12.25 = USS 112.25/1111 of floor 

180 bd fl/1111 of COllCICIC 

0.175 m1 of concrete 
USS 0.27 
0.175 x 10 = 1.75 m3 concrete 

To sum up, the indusuially produced wooden sysaem proves to be approximalcly 9 per cent more economical, 
and it uses approximately one-quana of die wood required in the uaditional system, i.e. 6.8 bd ft/Jn2 u 
compared with 31.4 bd fl,fml. 

S.1 CONCLUSJf)NS AND RECvMMENDATIONS 

It can be deduced !rom the analysis made on the use of wood and wood-based products in fonnwork that Brazil 
is the coumry in which the greaaest concern and efficiency has been identified, compared to the other Latin 
American countties studied with regard to the optimum use of wood and Olher malerials used in concme 
formwort. 
nus is partly due to the rapid and progressive development of the costs of wood in recent decades, causing 
unanimous concern among all builders so dw cff oru have been intensified to oven:omc difficulties and 
deficiencies in the use of wood on sites, particularly its use in fonnwork. 
In that situation the prices of fonnwork become a determining clement in the total costs of a suucturc, since 
builders initially delcpted responsibility for the fabrication and uscmbly of fonnwork to foremen, who had no 
knowledge o! calculation methods and prepared the form work on !he buis of !he experience acquired throughout 
their occupational life. 
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This procedure nonnally enlailed significant wastage of material and labour, since the fonnwmt •'3S fabricalcd 
and ~bled on the site. without any maj<x' planning and later reuse of materials. Labour, in him. became 
exccmvely expensive because of the absence of a disciplined scheme of wmt. enlailing unneccs.wy effort llDd 
creating ·dead time· between one stage of the wmk and the nexL 

Taking this situation into account. some pofessionals, plants and engineering entelprises developed formwmk 
within an integralcd scheme for the coocrete structure ~ a whole. without severing the link between rccbnology 
and a realistic working method appupriate to existing malCrials and labour in lhe marteL At pcscnt it can be 
said thal there are •fonnwork systems• in Brazil thal arc a combination of technology. through plans and designs 
for fonnwort. with a worting discipline thal results in raticnali7.cd use of labour. 
At present, fonnwork of wood and wood-tmcd products, as in the rest of the countries analysed. reprcscnlS the 
pmlominant alternative in coosttuction, both in multifamily and one-family housing. Other alternatives are used. 
especially metal fonnwork, but their use is limiu:d to large-scale structures <r special cases. particularly in 
shoring studs. Depending on ihe structure, the pmctwe of metal formwm may result in a high initial 
investment. or. in the case of hiring fonnwort. there is the risk that consuuction will proceed al an unplanned 
rate, which will make hiring costly. 
The problem of using wood in formwork is solved better in the country's industrial zones and areas of greaJer 

urban concentration. especially in the South and South-east regioos. The greatest coocentration of enterprises 
thal offer indusuially produced formwork systems al the nabonal level and for export is found in Sao Paulo. Tht: 
situation is different in zones thal are less industrialized and have lower levels of economic development. such 
as the North and North-ezt regions. where one-family houses predominate. in cmtrast to multifamily buildings. 
However. there is great concern al national level for increasing rationali7.ation of the use of wood and 
industtially produced fonnwort systems. This is reflected in the concern felt among professionals. marketing 
eoterprises and buiJders regarding the need to standardi7.C activities involving the use of fonnwork in 
construction. Meanwhile there are Slandards that regulate the characteristics of plywood used in fonnwork. by 
the resin-coated or plastic coated for external use. 
Recently the Brazilian Induslrializcd Construction Association (ABCO. with &he suppm of the Brazilian 
Association for Technical Srandards (ABNT), has set up a working group consisting of represenwives of 
enterprises manufacturing plywood and formwm. building enterprises. research workers in the academic world 
and other users. which is preparing a tmic text for the scandardization of f<rmwort for concrete. 
The Sbldy carried out in six countries reveals dw Ibis is the fust time dw interest has been found in 
standardizing formwork for concrete. All previous standardi1.atio was based on guidelines of the American 
Plywood Association (APA). At present. a Sbldy is being made of calculation systems and the f2crors that 
influence lateral pressure acting on formwmk, with die help of the Testing Laboratory for Building Materials 
of the University of Campinas (UNICAMP). This effort should serve u a guideline for a study al Lalin 
American level related ro the standardization of wooden fonnwm. 
A number of recommendations galhcred during the interviews have been identified that could be implemented 
for various levels of utilization of wood and wood-based products in fonnwork: 
(a) Production of raw material 

To promote the gradual replacement of uadilional broad-leaved species by newly discovered forest 
species, especially in regions in which there are less forestry plantations. 
To stimulate greater utilization of fmest species from re-afforeswim projects. particularly eucalyptus 
wood. in rationalised uaditional fonnwork systems. 
To improve the quality and durability of the sawn wood used in fonnwork. improving finishes in the 
processing of wood u well u applying appropriate preservation and drying rcchniques. 

(b) S:andardiz.ation 
To support the preparation of cechrUcal specifications or practical guides for users of traditional sawn 
wood or plywood formwork specifying alternative formwork systems, solutions for structural joints, 
relation or group of apparent species, permissible loads, construction details and recommendations for 
good practice. 
To promote testing for resistance IO lateral pressure in plywood, u well u of the waler-resistant 
property of glue and of the finished surface of exposed concrete. 

(c) Training 
Torrain the sile staff responsible for fonnwork in rcchniques of suiking with proper tools, reducing 
to the m!nimum the use of meral tools and encouraging the use of wooden wedges. 
To ensure the widespread and proper use of concrete vibrators in order to minimize wear and cear on 
f onnwork and increase reuse and the useful life of the material. 
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To make site Slaff aware of the desirability of observing a pre-cstablisilcd discipline for work. following 
a suict sequence of assembly operalions wilh liule modification OI' the site. 
To optimitt the architectural and sttuctural design capacity of architects and engineers. stimulating 
rationali7.ation on a modular ham. especially in Ille case of largc--scale SlrUCturCS or high buildings. 

(d) Technology 
To investigate and promote wide-spread adherence to the optimum cost-benefit ralio for Ille reutilizalion 
of fonnwort according ID the various thickne52S of sawn wood and plywood panels. 
To analyse the possibilities for the use of new alternatives for release agents according ID the type of 
fonnwort surface. Ille final finish of the concrete. lhe useful life of the wood and the resullallt cost of 
form work. 
To develop new analytical models It.at would incn:asc technical knowledge on the magnitude and 
behaviour of the dynamic forces acting on the formwork during poming of lhe cOOCICte. 
To stimulate the design of new and bcner semi-indusuialized fonnwort systems using sawn wood and 
pl)wood that can be used in one-family dwellings. incorporating the advantages of the UENO system 
or equivalent formwork.. 

(e) Market 
To promote the establishment of enterprises specializing in wooden formwork that offer SWldardized 
elements on a hiring lmis. intended ID meet the demand for the consuuction of one-family dwellings 
aaad multifamily buildings of medium height and high density. 

{f) Institutional support 
To sponsor the work of the Brazilian Industrialized Construction Association (ABCI) and the Brazilian 
Technical Standards Association (ABNl) in the current development of standards on wooden formwork 
and disseminate the results of such work. 

This laner recommendation can be implemenled al Lalin American level in the same manner and with the same 
aaention that UNIDO is currently devoting to the preparation of a Lalin American wood consuuction code 
among the countries of Ille region. Similarly. lhere is interest on the pan of lhe member countries of 
MERCOSUR. namely. Brazil. Uruguay. Paraguay and Argentina. in taking action that would improve uade 
between them. as a possible first step in standardizing the use and thus the marketing of wood-based formwork. 

6.0 DIAGNOSIS OF PERU 

6.1 THE HOUSING SECTOR 

According to the IXth Population Census carried out in 1993. the current population of Peru was 22.128.466. 
70 per cent of whom were in urban areas. The rate of growth over the period 1981-1993 was 2.2 per cent at 
national level. the urban growth rate being 2.9 per cent and the rural 0.9 per cent per annum. 
There are different figures regarding the housing deficit in Peru which • according to different sources varies 
from I ,S00.000 to 2.S00.000 dwelling units, considering population growth. the qualitative deficit and dwellings 
without water, drainage and electricity. of which thc:rc are stated to be more than 1.000.000 Wlits. Recendy, 
however. the figure considered as statistically accepcable fluccuateS between 1.200.000 and 1.300.000 for the 
housing deficit2. 
At the date of publication of this report. the official results of 1hc 1993 IXth National Population Census and 
the IVth Housing Census were not available. According to the 1991-1992 Statistical Compendium of the 
National Institute of Statistics and lnfonnation Sciences (INEI). the housing stock and the number of households 
in Peru was broken down as follows: 

2 Revista ~ dt Construcci6n, No. 84 - November 1993 
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TABLE 6.01 

HOUSING STOCK AND NUMBER OF HOUSEHOLDS IN PERU 

1972 1981 1991 

N9 OF DWELLINGS 2.686.471 3,257.124 3.970,416 

N9 OF HOUSEHOLDS 2.771.553 3.436.283 4.363,436 

Source: Statistical CompendilDD 1991-1992. INEl. 

The above lable shows that mm: than 390.000 dwellings were required in 1991, if only as a result of die grea1c:r 

number of households as compared with the number of available dwellings (lhe quantitative deficit). Similarly 
lhc annual rate of building, formal and informal. was approximately 70,000 units per year over lhc period 1 g8 l-
199 L 
The final results of lhc 1993 Census foc lhe Department of Lima indicate the existen:e of 1.399.530 dwelling 
units (941,427 units in 1981). Only 11.5 per :enl of this 10Cal ~localed in multifamily apartment buildings, 
most being detached houses (70 per cent) and the rest dwellings on lhc outskirts of towns, houses in lhe vicinity 
of towns. etc. all of one or two storeys. 
The number of high-rise dwellings in Lima. which represented 11.5 per cent of the total m 1993, is grealc:r lhan 
lhe percenlage registered in 1981 al lhc national level - namely, only 4.0 per cent- since Lima is lhe city with 
lhc grealest concenttation of population (6.3 million inhabitants, representing 28.5 per cent of the counay's 
population). 
Finally. with regard to the predominant nwerials used in building according to lhc fmal resulrs for the 
Department of Lima in the 1991 census. the typical dwelling would consist of the following malerials: 

Floors: Cement (44.1%) 
Walls: Brick or blocks (68.8%) 
Roofs: Light-weight slabs or concrerc (47.8%) 

According to the 1981 census. only 31 per cent of L'1e dwellings at national level had brick or concrerc-block 
walls and approximarcly 14 per cent had wooden or waule-and-daub (quincha) walls. 

6.2 THE CONSTRUCTION SECTOR 

In general it is agreed that the economic crisis in Peru, especially during lhc l 98<k. led to a crisis luting more 
than 10 years in lhe civilian consuuction secror. Since 1990. the countty bas been going duough one of the most 
radical processes of change in the history oC the Republic, a new economic model being launched for reduction 
of the size of the Swe secta and for dereguladon of die economy, leading rowanls an open market with free 
competition, as is happening in a number of counaies at die regional and world level 
Since 1992, the Minisuy oC Housing and Consuuction has been merged with the Minis1ry of Transpmt and 
Communications, and some executive organs from lhc lana have been transferred to the Minisuy of the 
Presidency. for instance, lhe National Housing Fund (FONA VI), the Malaials Bank. the National Buildings 
Enterprise (ENACE) and the Lima Drinking Waaer and Drainage Service (SEDAPAL). 
In lhe same period. the Housing Bank. the Cenllal Mortgage Bank of Peru and the Sysaem of MulUal Housing 
Associalions were dissolved. In the period 1981-1991, according IO ENACE. Ille public sector constructed 
130,489 dwellings. most of them the so-called "serviced locs". 
The present Government has expressed its inlerclt in the mumption by the privarc sector of a leading role in 
the consuuction of housing, limiting the public sector to a regulatory and promotional roie, to meet the needs 
of the exuemely poor sectors of the population through agencies lhal now belong to the Ministry of the 
Presidency. to which should be added the Compensation and Social Development Fund (FONCODES) and the 
National Institute for the F.ducational lnfl3suucturr and Health (INFES). 
Recently, FONAVI. which serves poor but not indigent sectors. has announced an investment of USS 360 
million for 1994 that would pennit the complete financing or the co-financing of 31.000 dwelling units. Also, 
a new mortgage sysrcm has just been implemenred in the first quarter 1994 for the c:onscruction and purclwe 
of dwelling units. using resources from the privarc sector, and will be adminisrcrcd and supervised by the privaie 
banks. 
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nm new mortgage system. which lw had greai success in Chile. is tmed on the utilization of mortgage bonds. 
which will be offered for sale !hrough the stock exdwlgc and will channel privare money IO the comtruction 
sector. using resources from the administrators of pemioo funds. the banks lhemselYCS and other privaae 
in~. It lw also been calculalcd lhat for 1994. the new mortgage sysl.Clll will make it possible IO raise 
USSSOO million. which will faciliwe the consuuction and sale of S0.000 dwellings in the medium and long ICml. 

Historically. the consauction sector lw bad a slwc of between S and 7 per cent of the gnm domestic product 
of Peru. although. as was mentioned earlier. its development lw been very erratic in recent years. Figure 6.01 
shows that construction had a 4.1 per cent growth in activity from the previous year in 1992. although national 
production decreased by 2.9 per cent Consauction was practically the only production sector to experience 
growth in that year. 

FIGURE 6.01: GDP development overall and in consuuction 
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SOURCE: Revista ¥.z th la Co11strucci6n N" 84 - November 1993 

It is estimated that construction grew by between 6 and 7 per cent in 1993, experiencing one of the best sectoral 
gro-.1h performances, IOgether with the mining and fishery sectors. In lhe fust six months of 1993 it grew by 
10.3 per cent over the similar period in 1992 The draft general budget of the Republic estimates 8 per cent 
growth for construction an 1994 and assumes lhat consll'Uction will lead IO an increase in the national GDP, 
which is envisaged IO be not less than 4.0 per cent (in 1993, Peru had approximate GDP growth of 6.5 per cent, 
the highest in Latin America). 

6.3 THE FORESTRY SECTOR 

6.3.1 Forestry resources 
Afler Brazil. Peru lw the largest area of forests in the largest river basin in the world. the Amawn twin. The 
tropical forest in the counuy lw an area of 69.8 million ha. representing 54 per cent of the national terrirory. 
Table 6.<U shows the forestry resources available IO the counuy. 
Without doubt. the dense heterogeneous foresu constitute the most important and abundant forest ecosystem of 
the jungle and thus of the counuy. They represent 69 per cent of the wooded area of the regions, being followed 
in imponance by the dense cloudy W• lads that cover 20 per cent of •he jungle terrirory. 



- 77 -

TABLE 6.02 

AREA OF NAllJRAL FORESTS BY REGIONS (ha) 

NA 1lJRAL REGIONS TOTAL AREA IN NA 11JRAL FOREST 'I 
COUNlltY 

Ccmt 13.637.000 3202,800 23 

Mountlins 39,198.000 2.761.100 01 

Forest 15,6P;T ,000 69,820,230 92 

TOTAL 128.521,600 75.784,130 59 

Source: National Forestry Action Plan of Peru. 1991. 

63.2 Reafforestation 
This began in 1870 on the initiative of the mining companies, pincipally in lhe mountainous region and by 1990 
21J2!J97 ha had been reafforested. It is calculalcd opWnislically lhat only SO per cent prospered of which 70,000 
would h3ve pocential for commercial logging. eucalyptm being the predominant species. Also, 10,000 ha is 
covettd by ttccs of the pine genus. 
Rcafforcswion in lhc coutal and jungle regions has been very low. being estimared at 20.SOO and 9,300 ha 
respectively. In general it is estimated that only 2.S per cent of lhe land potentially available for reafforestation 
in the country has been used up to lhe prcscnL 
At lhe same time it is estimared lhal about 250,000 ha is deforested annually. principally for agriculture or canle­
rearing. although a very high pcrceruage (up IO 75 per cent) of lhe standing timber of the trees used for indusuial 
pmposcs is wasted in sawing, logging and processing. 

6.3.3 Industrial processing of wood 
In 1990, logging for the f<RSUy industry reached 917.000 m1, 88 per cent of which was intended for the 
production of sawn wood. 6 per cent for laminarcd wood and plywood panels, 4 per cent flY pmquet. O.S per 
cent for sleepers and 0.3 per cent for decorative veneer. In the jungle. theie are 540 entelpriscs for lhe 
mechanical processing of wood. divided up into sawmills and plants for plywood panels, decorative venca. 
pmquet and Door-boards. Table 6.03 shows the production and apparent consumption of forestry products in 
1990. 
Approximately 40 per cent of the wood processed is used in the construction industry and a similar percentage 
in the handicraft and industrial production of furniture. In tum, the mining sector consumes approximately 12 
per cent of the national output of wood &om small eucalyptuS plantations in the mountains. 
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TABLE 6.03 

APPARENT CONSUMPTION OF TIMBER RESOURCES - 1990 
('000 m1

) 

ITEM PRODUCilON IMPORT EXPORT 

Sawn wood 4893 01 13 
Plywood 23.7 - -
Laminated wood 1.7 - -
Parquet 12.6 - 0.5 
Dccoralive veneers 1.6 -- 0.1 
Sleepers 2.4 01 ---
TOTAL S313 0.4 1.9 

Source: DGFF. Peruvian forestry in figures. 1990 

6.4 1llE USE OF WOOD IN FORMWORK 

6.4.1 Inttoduction 

APPARENT 
CONSUMPTION 

4881 
23.7 

1.7 
12.1 
l.S 
2.6 

S29.8 

In Peru. wood is the predominant fonnwork marerial. whether merely sawn or planed. used as boards and studs 
for formwork for walls, columns. beams and. nonnally. light-weight slabs. The other nwcrial commonly used 
is plywood board. especially f<Y fonnwork for arches, carcasses and fair-faced concrete. To a lesser extent 
plastic elements are used to produce ribbed slabs and metal fonnwork for lightweight and solid slabs. 

6.4.2 Traditional wooden fonnwork 
Oregon pine (Douglas fir) was used formerly, but owing to its cost and to the fact that it is imported. its use 
bas been discontinued. Al JRSCDl. die timber species most conunonly utilized is tornillo (CtdrtUnga 
cattnaeformis). which bas obvious physical and mechanical properties although it is not marketed in the lengths 
that used to be supplied in Oregon pine. 
For sawn wood formwork, boanls of the following dticknesses are used: 1". 1 W' and 2". in widths of 4". 6''. 
8", 10" and 12", and studs or stanehions. generally of 2 x 3", 3 x 3". 3 x 4" and 6 x 4" cross-section. 

6.4.2.1 Formworlc for walls 
The material principally used is 1~ x 8" boards, stiffened with 2 x 4" uprights or baaens and braced by single 
or double 2 x 4" longitudinal members (longarinas). The ocher principal elements are the spacers or separators 
which conuol the thickness of the walls, and the stanchions or braces, which have different dimensions according 
to their position. The consumption of wood for a wall with formwork on both surfaces is 4.07 bd ft/m2, on the 
basis of 8.64 uses of the elements on the average and wastage of 10 per cenL 
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FIGURE 6.02: Sketch oC fonnwmt. for walls 

6.4.2.2 Fonnwort for colmnns 
The typical fonnwort consists of I~ x 6" and 1 ~ x 8" vertical boards or planks, stiffened by means of a 
framework of 2 x 4" baaens fixed togedler with bolts or nails, and spaced at intervals of approximately 50 cm. 
Also, 2 x 3" studs fixed to the flocr are used to brace the fmnwork in both dilcctions. The boards are replaced 
by 19 mm plywood panels in the case of fair-faced concrele columns. 

FIGURE 6.03: Skerch of fonnwork for columns 
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The consumption of wood and plywood panels is 4.2A bd ft/ml in lhe case of fonnwork for fair-faced columns. 
Normal columns use 5.16 bd fr/ml of sawn wood and the average number of used is considered to be 7.07 for 
wood, with 10 per cent wutase. 

6.4.2.3 Formwork for beams 
The beam consists of the sides and the base. Depending upon whether the beam is in fair-faced concrete or not. 
19 mm plywood or 1 ~ x 8" wooden boards are used. The sides and the base of the beam are sti.ft'ened by a 
framework of 2 x 3" wooden elements. 
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A system consisting principally of stuck. suuts and bolsters is needed to support the beam formwort.. The studs 
SlaDd on wedges resting on the floor and are intc:n:onnectc: by means of laleral braces. 
The consumption of wood and plywood for formwcn for fair-faced concrelC beams is 2.93 bd ff/m2• In the case 
of normal fonnwcn of wooden boards. commnplion is 6.71 bd ft/m2• An avciage of 637 uses for lhe various 
elements of fhe entire fonnwcn and 10 per cem wastage are amuned. 

RGURE 6.04: Sterch of formwcn for beams 

6.4.3 Other wooden fonnwork.. 
There is only one enterprise tha1 manuf~ a semi-industrial wooden fonnwork system based on the use of 
PACCO OOanls which is a solution equivak.nt to the chat used widt OONATII boards and wi1h 1he gallttas 
(literally, "biscuits") of the prefabicated modular sySICm 111 Chile (sections 4.4.2 and 4.4.3). 
The dimensions of 1he PACCO boards are 0.60 x 1.2 m and their dllctness is 30 mm. They are manufacmred 
from 1 S mm 1hick boards nailed al right angles IO each Olher IO give grearer struCtWa1 strength. The wood is 
kiln-dried until a moislW'C content of 10 IO 16 per cent is reached. The boards have an average weight of 10 kg 
and are joined togedter wi1h 1 ~" nails bent IO increase resis1a11ce to ill-lrealmenL The use of 1his ~ of board 
offers 1he following advantages: 

Competitive price as compared wi1h fonnwork made of 19 mm plywood; 
Not less 1han 40 reuses are possible, since it is used on bolh faces, which are of planed wood; 
The 1hictness of 30 mm eliminates the necessity for reinforcement frames and reduces 1he time for 
assembly and sttiting by half; 
Manipulation cransport and storage are easy IO carry out owing IO 1he weight and the modular 
dimensions; 
It can be used eidter for beams, columns, slabs and horizontal slabs. 

6.5 CONSUMPTION OF WOOD IN FORMWORK 

Table 6.04 presents the unit consumption rales in 12 one- or two-surey one-family houses, which represent 
almost 90 per cent of the housing stock in Peru. The average consumption is 0.080 m3 of wood/m1 concrece 
and 0.034 ml wood/ml consuuction area. equivalent IO 14 bd ft/ml of C1Jnsauction area. The consauction sySICm 
used in the houses is the so-called aaditional sySICm, i.e. columns of concrece, walls of brick and light-weight 
roof or ceiling slabs. In housel of 1his type, sawn wood or planed wood is used u traditional formwork. 
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It is inlel'CSting ro no1e dw lhc IOcal consumption oC wood in one-family dwellings consuucled by lhc ttaditional 
method in Peru is 20.6 bd ft/m2 of consuuction'. which means thal lhc average figtR of 14 bd fr/m2 quoted in 
table 6.04 represents 70 per cent of the tOlal wood consumed in housing. The rcnWnder of lhc wood is used 
for joinery (doors. windows. cupboards. etc.) and for suuaural purposes. 
Tlble 6.0S gives details of tbc consumption rare for 10 muhifamily buildings of up ro 16 flocrs in height and 
13.SOO m2 CODSIIUCtion area. The comttuction system used in Pau for m11hifamily buildings consists of concrete 
columns and plalcs. walls of brick and lilht-wcight slab ceilings or in some cn:s solid concrelC slabs. The 
infonnalion comes from three building enterprises and three institutions rclaled ro consuuction. 

Arbaiza M .• Christian: Madera, Vivienda y Economla en Latinoamtrica (Wood, housing and economics 
in Latin America) 



TAJ\tE 6.04 

CONSUMPTION OF WOOD lN ONE-FAMILY DWELLINGS 

TYPE OF HOUSING CONST. FORM· CON- WOOD CONSUMPTION OF WOOD 
mi WORK CRE1E ml 

m2 ml m1wood m1 wood b<lrt 
m1 cone ml const ml const 

Vcntanilla 1 floor 48.0 101.2 27.6 1.6 0.058 0.033 14 
Tallancs 1 Door 1S.1 162.8 42.S 2.7 0.064 0.036 IS 
Santa Cruz 1 floor 80.2 192.4 36.S 3.7 0.101 0.046 20 
Esmcraldas I floor SS.1 112.l 28.4 2.2 0.078 0.040 17 
Ayacucho 1 floor 12S.S 240.8 S3.9 4.3 0.080 0.034 14 

C.Cucto 2 floors 85.l 174.6 38.2 3.1 0.081 0.036 16 
San Borja 2 floors 91.7 201.S 32.7 3.5 0.107 0.038 16 
La Paz 2 flOOl'S 86.6 119.S 29.4 3.6 0.122 0.042 18 
~ 2 floors 92.2 160.0 35.0 2.7 0.077 0.029 12 
Capullana 2 floors 169.4 284.0 53.S S.1 0.107 0.034 14 

G.M.L l l floor 136.0 328.S S1.6 2.0 0.034 0.014 06 
G.M.L.2 1 floor 1.100.0 2,662.0 505.0 23.7 0.047 0.022 09 

AVERAGE 0.080 0.034 14 

na: Information not available. 

DlRECTCOST 

USI % 
m1 const d. c. 

IS.6 9.1 
16.3 8.6 
22.6 12.0 
15.l 7.9 
IS.2 9.3 

16.S 9.1 
18.S 10.1 
11.9 6.8 
13.0 9.7 
14.S 9.4 

na na 
na na 

15.9 9.2 

OD ,.,., 



TABLE6.0S 

CONSUMPTION OF WOOD IN MULTIFAMILY BUILDINOS 

TYPE OF HOUSING CONST. FORM- CON- WOOD CONSUMPTION OF WOOD 
mi WORK CRETE mJ 

mi mJ mJw25!!1 mJwQS!I I!!! r1 
m1 conc mi const m1 const 

G.M.L I bucmt. 8 floors 2.663 7,4S4 1.094 44.3 0.041 0.017 07 
G.M.L. 2 basemt. 16 floors 9.SOO 24,41S 3,705 14S.I 0.039 O.OIS 07 
G.M.L 2 bascmt. 13 floors 11.400 24,248 3.876 144.l 0.037 0.013 OS 
G.M.L I bascmt. 12 floors 13,SOO 32,309 4,803 192.0 0.040 0.014 06 

H.V.S.A. I bucmt. 12 floors 4Jm 11,499 2,061 52.9 0.026 0.012 OS 

B.C.H.P. 4 floors 6M 1,149 187 8.3 0.045 0.014 06 
B.C.H.P. 10 floors 7.200 26,123 s.001 217.7 0.044 0.030 13 

CAPECO 4 noon l,400 2,874 371 35.S 0.096 0.025 II 

M.6.S. S Doors 2.200 7.232 827 99.0 0.120 0.045 19 

ENA CE 4 floors l,IS2 2,88S 289 11.S 0.040 O.OIO 04 

AVERAGE O.OS3 0.020 08 

na: lnfonnation not available. 

DIRECT COST 

YH ! 
m1 const d. c. 

na na 
22.5 6.7 
na na 
na na 

17.l 3.8 

na na 
18.7 9.2 

22.l 11.7 

33.7 12.7 

18.0 IS.2 

22.0 9.9 

co 
""" 



The average consumption nllCS obcaincd were 0.053 ml wood/m1 concrctc and 0.020 m• woodlm2 of comtruction 
area. cquivalcnl ro 8 bd ft/m2• As C8'I be observed. thc consumption of~ in multifamily buildings is JS per 
can less lhan i:a me-family dwellings. allhougb much more coocme is used in high-rise buildings and a grca1er 
area of fonnwort is lbcJdore n:quiml lhan in one- or two-storey houses. 
The cxplanalion is lhal ttadilional sawn wood fmnwort is used in one-family dwellings and plywood panels 
in mullilarnily buildi:lgs. especially in lhc cmc of fair-faced ccncrctc. Though thc invcstmcnl is grcarcr. lhc 
finish is bcner and bolb thc consumption of wood and working limes arc lower. 

6.6 TIIE COSTS OF FORMWORK 

Tables 6.04 and 6.0S mentioned earlier also show lhaL in lhc cze of one-family dwdlings. wooden fonnwort 
l'Cp'CSClllS on lhc average 9.2 per cenl of lhc diRct COSIS of lhc project. costing USS 1S.90/m2 of comttuction 
area In mullifamily buildings. lhc costs of fonnwort rcpmlS 9.9 per ccnl of lhe lOral for lhe strucbR and 
the unit COSl is USS 22.0lmz of roofcd-o~ area. 
As can be seen. lhc unit cost of fonnwork in multifamily buildings is higher but lhc impact on lhc direct cost 
of lhc sttucture is less. compared widl one-family dwellings. whae lhc fonnwort COSIS less but bas a gr"Cala 

impact on lhc projecl budget. The cxplanalion mighl be lhc higher prodactivity obc.aincd in the COllSllUC1ion of 
high-rise buildings. which arc cbaractaizcd by lhc repetilivmcss of tJlc llthifecbllal design; dlis does DOl ~ 
in one-family dwellings. which require scpara1e fonnwort in each cue. 

6.6.1 Comparative cost of wooden and melal formwort for lig .. -weight ceiling slabs 
Table 6.06 shows lhc breakdown of tw0 analyses of unit costs f« lightweight slab fonnwort. the traditional 
wooden system and mclal fonnwort belonging IO the H. V .SA building cnaaprise. As can be seen. lhc cost of 
the uaditional f«mwoak USS 7.41/m2, i.e. more lhan double the cost of lhc melal fonnwort. namely USS 3.S8. 
while dlc useful life of dlc laacr was considered robe 1.000 uses. 
There is no doubt dlal with regard ro rcutilizalioo, melal fonnwork can be a morc cconomic21 option dlan wood. 
although il involves a very high initial invesancnt. which becomes profitable only for large-scale suucturcs OI' 

in dlc case of great repetitiveness of design. 
If we assume dial lhc cost f« hiring mclal equipment for I m2 of lightweight slab is 3.30 soles (USS 1.Sl')fm2 

and this is prorared to 1.000 uses. it would mean that the initial investment is USS l.S10/m2 of slab (including 
the profai. from dlc hiring of Ille cquipnent). 
On a conservative estDnale. a building cnlaprise couJd not have less than 1.000 m2

• which means an invesanent 
of more lhan USS 1 million, discounling lhc possible profit from rcnL This initial invesunent limias dlc use of 
melal fonnwork for certain volwncs of wort OI' c:enain building encerprises. which must be isolared cases in 
relalion wilh lhc tolal building activity in the country, wbcrc more than 30-SO per cent of Ille houses are built 
by self-help medk>ds. 
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TABLE6.06 

COMPARATIVE COSTS OF FORMWORK FOR LIGIIT-WEIGIIT SLABS 

WOODEN FORMWORK METAL FORMWORK 

MATERIALS Unit QUANTITY PRICE ITEM QUAN111Y PRICE ITEM 

Black wfrc # 18 kg 0.1000 l.42 0.142 O.OllS l.42 0.02 
Builder .. s nails kg 0.1000 l.42 0.142 0.0444 l.42 0.06 
Tornillo wood bd ft 3.72SS l.90 7.079 0.07ll 1.90 0.14 
Diesel oil # 2 gl. o.os 2.86 0.143 o.os 2.86 0.14 

SUBTOTAL 1506 0.36 

LABOUR 
Foreman h 0.0571 6.08 0.347 - - -
Operalive h 0.5714 5.53 3.160 0.5333 S.S3 2.95 
Semi-skilled h 0.5714 4.SO 2.571 02667 4.SO 1.20 
Unskilled h 0.5714 4.04 2.308 - - -
SUBTOTAL 8.386 4.15 

EQUIPMENT 
3"1 labour ~ 0.03 8.386 0.252 
Extensihlc joist Set 
(7 days" hire) (24) 0.800 2.31 l.85 
Metal S1anChions Set 
(7 days' hire) (27) 0.900 1.61 l.45 

SUBTOTAL 0.252 3.30 

TOTALS Soles 16.144 7.81 
USS 7.41 3.58 

Source: H.V.S.A. building enterprise 

6.7 CONCLUSIONS AND RECOMMENDATIONS 

The consumption of wood in f onnwork in Peru can be considered as rclalively efficient owing ID the high cost 
of wood, about USS 430/m1• ~ species most used is tornillo, although Motna amarilla and sevenl varieties 
of oialc arc also used. The physical znd mechanical properties of tornillo make it possible ID use the wood 6-10 
times on the average. All die wood used comes from nanual cropical forests. In the case of the Uma market it 
comes from the cenual jungle and Ucayali. Finally, logs from eucalyptus plantalions from the mountmm arc 
being used. 
The other reason that would explain the modmuely good use of wood in fonnworlt is the fact thal the most 
common practice in one-family dwellings is ID sub-conttaet ID a maker of f ormwork who comes with his wood 
ID the sice and, when the formwork oper.Uion is concluded, takes it back ID be used at the following site. In this 
way. the sub<ontractor takes care of the wood, because it represents his working capital, so that he obtains a 
hiah race of reutilization. 
This form of sub-contracting for form work has limited the presence of large enterprises. specializing in the hiring 
or sale of formwork. and it can be noted thal not more than five encetprises offer this type of service in the 
conscruction sector. 
From the point of view of the production of raw mattrial, many deficiencies have been noted regarding the 
standardization of dimensions and the quality of wood. The sy!tem .Jf incermediaries in the marketing of wood 
leads ID an incn:ase in price. but not ID an improvement in quality nor ID the value-added component of wood. 
To some excenL the marltecer has been obliged ID buy wood of run-of-mill quality, that is ID say, mixed lots of 
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good and bad quality. On the other hand. the consumer has been accustomr.d to buying wood without its being 
grouped or classified in the warehouses or re-sawing plants. 
Another problem in hererogeneous aopical fOl'CSIS. as is the case in Peru. is lhe selective logging of certain 
species. such as 1ornillo. which aie used for fonnwort and wooden sttucture and aie becoming exhausled day 
by day wilhoul reafforestation or arc simply becoming men and more expensive owing to lhc dis1ances belWCCll 
the wood processing and coosumplion centres. 
Some pogrcss Im been made with regard to standardization. as a consequence of lhc interest shown by lhc 
board of lhc Cartagena Agreement over 15 years. 10 incorporare wood in lhc economy of the five Andean Paci 
counlrics. through its use as building malerial. However. those benefits do llOl include die use of wood in 
fonnwork. although there is a standard for lhc grouping of species for structural purposes. based on a visu.11 
classification rule and mechanical ICSlS carried oul during lhc projccls of lhc Board. which could be used to 
group wood for formwork on a structmal basis. 
Fmally. a Code fer Design and Consuuction with Wood has been approved but docs not cover the use of wood 
in formwork either. However. owing IO lhc progress made. Slandants for wood as a suucrural malerial can be 
applied to fonnwork since il also has a suucrural function. This could be done on lhc initiative of the Nalional 
Institute for Research and Standardiz.alion in Housing - ININVI. 
Training for professionals on the subjccl of wooden formwort is provided in lhc Faculties of Civil Engineering 
of die country"s universities. which do not offer courses for civilian consuuction. In addition. the subject d 
formwork in general is srudicd in courses and seminars sponsored by die Peruvian Chapter of die American 
Concrete Institute - ACI. the Associalion of Cement Producers - ASOCEM and the College of Engineers of 
Peru -CIP. 
The aaining of workers and carpcnlCrS is die responsibility of lhc National Service for Training in the 
Construction Industry (SENCICO). which offers four special subjccls. one of which is pm:isely that of wooden 
formwork. in courses inlendcd for different levels of skills. Recently SENCICO has been authorized to ttain 
consttuction teehnicians in intcrmcdiale courses lasling two to lhrec years, in which it will also have an 
opportunity to teach the use of wood in fonnwork.. 
From the 1echnological point of view. some serious problems can be nOlCd that militate against bener use of 
wood. One of them is the low or almost non-existent level of industrial production of wooden formwork. There 
arc no specialized enterprises that offer industridly based systems for iawn wood or plywood fonnwort.. This 
lack rcprcscnts an obstacle that will probably be solved by the effect of supply and demand in lhc martcL 
The two other problems arc lhc high COSIS of release agents, which have to be replaced by less efficient 
alternatives. such as ordinary pcttolcum. and the absence of waler-resistant plywood panels with phenolic 
adhesives. Only boar~ for internal use arc manufactured with formaldehyde adhesives but without any type of 
surface crcalmCnt that would increase their useful life. In recen1 months. and in vir-w of lhc expcctalion of 
reactivation of lhe consuuction sector, panels and formwork sysiems have begun to be imported from Chile and 
Argentina. 
Accordingly. the market aspects of supply and demand for wooden formwork have been affected by the general 
recession in the country over the last rcn years and by the crisis in the construction scctOr in particular. Al 
prescnl, timber warehouses sell only 30 per cent of the wood inrcndcd for building. whereas this sector formerly 
accowned for 80-90 per ccnl of sales. The most re;cnl mcasmes adopred by lhc Government in favour of 
construction and the economic rcaclivalion of the countty ilSClf give cxpcclation of an early reversal of the 
situation. 
In the con1ex1 of lhc si1uation dcsaibcd above. ii is possible to suggest a number of recommendations that could 
make the use of wood in formwork more efficient: 
(a) Production of raw material 

To promorc lhc creation of collection ccnttes for raw malerial in lhc production zones, with the 
availability of preservation services and above all facilities for drying wood. 
To implemem integrated programmes for sawing logs in order to reduce the pcrccmage of waste, 
stimulating the pre-dimensioning of boards for formwork, raking into consideration the preferred 
dimensions that arc mosl commonly used, i.e. 1 ~ x 8", I~ x 10" and 1 ~ x 12" in lengths of 8. 10 and 
12 feel 
ldenlification of new foresl species IO replace tornillo wilh more abundant species that have similar 
physical and mechanical properties. e.g. cachimbo, utucuro or lagarto from lhe Pucallpa zone and nogal 
amarillo. palo hutso. manzano, etc. from lhe cennl jungle. 
To improve lhe quality of plywood panels by introducing more resistant wood species. water-resistant 
phenolic adhesives and appropriate coating of surfaces in order to increase lhe useful life of panels in 
contact with concrelC. 
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(b) Standardizalion 
To de~op a visual classificatioo rule for defects. with relevant rolerances for fonnwort wood thal is 
inaended to withstand stresses thal arc not permanent but for which a process of analysis and SbUCtural 
design is ncccs.wy. 
To establish a SbUC1Ural group of wood for fonnwort taking u a basis c:onsttuclion recbnical standard 
E.101 "Grouping of wood for suucturaJ use". which esaablisbcs values for density. modules of emticity 
and pennmiblc sttcm:s for groups A. B and C. 

(c) Training 
The prcparalion of tcacbing material and refcrcncc worts with regards to the use of wood in fonnwart. 
inaended for different levels of teaching, e.g. technical manuals. praclical manuals and clemcnwy 
technical textbooks. 
TG implement courses and training for "Wood Classifiers" specializing in studies for middle managers. 
To stimulalc thc development of university theses on wooden fonnwort systems. especially for studcnlS 
of civil engineering, wilh the support of building enterprises and research cenues. 

(d) Technology 
To promote lhc cmuion of indusbially based solutions for formwort and the CSlablisbmcnl of 
specialized enterprises lhal would give technical usislance and offer hire-purchase sc:rviccs for 
prcfabric3lfd sawn wood formwort sysu:ms. 
To inlroduce new types of rckase agents whose quality and price would slimulale tbcir urilizadnn in 
lhc COllSlrUClion of one-family dwdlings and mt;dium-sized buildings. 

(e) Market 
To cany out a market SIUdy to identify present and polallial opponunilies fer the commercial 
promotion of building elemcnlS in general and wooden fonnwort in particular. 
To promote a "Compelition of ideu" amoog SlUdents and professionals in constructioo with the aim 
of fmding new solutions and induslrially-bascd sysrems for wooden formwort. 

(t) Institutional support 

To support lhe wort of lhe lnstitlllO Superior Enrich Magis de £1 Construcci6n, under the auspices of 
SENCICO, which would fer the fust lime in Peru train inlenr.c:diale-level building technicians who 
could specialize in the use of wood in concrete formwort. 
To promore coordinaled action on lhe beaer use of wood in formwort and tbe preparation of a plan 
of action oo wooden formwolk by inslilutiom such a lhe Associalion of Cement Producers, lhe 
Peruvian Chaplcr of the American Concme lnstib11C, SENCCO, the Narional Tunber Confedelalion. 
the National F'XCSlry Chamber and the Peruvian COllSlnX:tion Chamber. 

Finally. it is necessary to take into account and utilize lhe advantages of commercial integration existing within 
the Andean Pact, whose technical organ is the Bomd of the Canagena Apment. with headquancrs in Lima. 
Thus. the member coonaies, Bolivia. Colombia. Ealadcr, Pau and Verezuela arc pan of the Amazonian 
Coopcralion Treaty. jointly wilh Olher Lalin American counlries; as from 1994, the Temporary Secmariat will 
also have its institutional headquarters in Lima. Pau. 
Also, in Peru and in ocher coonlries wilh tropical form resources, na1ional f<estty action plans have been 
implemented for a number of yess Wider the auspices of FAO and various agencies for intanational technical 
cooperalion. In the case of Peru, thefe are Vll'ioos projects for lhe indusaial me d wood as a building malerial, 
which could include activilies relaled to the use of wood in formwork. 

7.0 THE MULTIPLIER EFFECT OF THE USE OF WOOD AS BUR.DING MATERIAL 

In a recent research project entitled Madera, Vivitnda y Economla !n Latinoamlrica (Wood, housing and 
economics in Lalin Americaf. it was demonsuared dial consauclion using wood was a beller alternative than 
"ttadilional" consll'UClion using cement. iron and brick, owing to ilS multiplier effect on the economy of the Lalin 
American countries, from the point of view of the generaaon of employment, the consumption of energy and 
the capiral goods requirements for the manufacture of building materials. 
Af tcr studying the process of production of each of the building malerials in the light of these three variables, 
a simulation model was run for solulion of the existing housing deficit in Peru. wilh four different consuuction 
systems. proving that construetion using wood was net only more economical lhan "uaditional" methods, but 

• Atbaiza. M. Christian. (1993) 
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also offered lhc advamage of a 77 per cent higher generalim oC employment. 58 per cent lower consumptioo 
of energy and 23 per cenl lower invcs1man in capital goods for lhc counuy. 
These conclusions were based m lhc use of wood as a structural malerial but lhc results arc not lhc same when 
wooden fonnwort is compared wilh its competitor. namely, me&al formwork. In Olhcr words. il is a qacslion 
of finding out lhe multiplier effect of lhe three above-mentioned variablC".s if all structures used mcW formwort 
as compan:d wilh \he prcscnl allanative of wooden formwort. 
While it would hypothetically be possible to solve outright the problem of constructing the housing necessary 
to mate good the housing deficit in Lalin America. which is cak:ulaaed al 24 million units. the mly advantage 
of using wooden formwort would be relaled to lhc crealion of new jobs. since ilS use would gcncratc 2.8 times 
more jobs lhan mclal fonnwort. However. lhc laaer type oC formwort has in tum the advaruagc of consuming 
65 per cent less energy and 63 per i:ent the manufacture of steel requires less machincry and olhcr tangible fixed 
ISSCIS than the processing of wood. 
A fi1st reason lhat explains Ibis unexpecled result woukl be thal in lhc iescan:h study mentioned. a wooden 
house was compared with a b"aditional brick. cement and iron house. in which the laltcr input had a minor 
impact on construction and in which. by contrasl. conaetc and brickwork fundamcnlally prcdominaled. 
Comparing formwork. steel has a major impact oo the sysr.em and Illus its multiplier effect is felt in another way. 
A second explanation is rclalcd to processing the raw malCrial in each cze to oblai.'1 the building malerial itself. 
It is possible to lalk of the industtial processing of steel but it is difficult IO stale that in Lalin America Ihm: 
is genuine indusuial processing oC wood. especially if it is merely sawn. 
The result oC the heterogeneity of the forest. lhe processes for exrraction of the raw marerial. climalic aspects. 
wastage during processing and in lhc marketing chain is dial "the indUS1rializalioo" of wood in fact gcnemcs 
many jobs but is a1 lhc same time proponionally a gicarer consumer of energy (especially if one lakes into 
accowit fhc process of kiln-drying) and requires more capital goods. owing to low productivity duough all stages 
of the so-called "wood chain". 
This cooclusion would rcaffum lhc necessiry of optimizing the usc of wood in formwork. which is funhcnnore 
used temporarily. and of increasing efficiency in its use. The alternative might be to incRze the present value­
addcd compoocnt of wood. for example. by a grca1er usc of wood as a permanent saucrural clement in the 
consuuctim of buildings. 

8.0 GENERAL CONCLUSIONS AND RECOMMENDATIONS 

Table 8.0I shows lhc pincipal characteristics oC lhe housing and construction sector in the six counlrics 
analysed. The housing deficit in lhose counlries affects approximalely one-third or the populalion. lhe deficit 
being lower than one-third in Peru and above the average in Mexico, Ecuad<r and Algeotina. The toeal housing 
deficit in the six counlries is 19 millioo units for a populalion of 291 millim. it being cstimalcd lhat the Lalin 
American deficit is approximately 24 million dwelling units. 
The annual rate of consttuction in Ecuador. Chile and Peru is equivalent IO an average of 60,()()().70.000 
dwellings, and the counlries with lhc highest figures aie Mexico with mon: lhan 600.000 units and Brazil wilh 
mon: lhan 800.000 uni:s. The consuuction sc:ctor has an average share of about S per cent of total GDP. being 
most dynamic in Brazil with 7 .4 per cent and least dynamic in Ecuador, namely. 2.8 per cent in the period 1986-
1992. 
The most commonly used consuuction system is based on cement and reinf orccd concre1e and is considered as 
the "ttaditionar consuuction system. In Ille case of floors. the predominant malerial is cement. except in 
Ecuador. which uses wood more (laid on cement). In walls. ceramic brick or concrelC blocks arc most 
commonly used in all cases. In roofs. concre1e or light-weight slabs arc used. with different lypCS of roofing 
malcrial. 



TABLE 8.01 

CHARACTERISTICS OF TI1E HOUSING SECTOR AND CONSTRUCTION 

MEXICO ECUADOR ARGENTINA CHll.E 

POPULATION 6S,200,000 I0,782,000 32,608,687 13,417,900 
No. OF HOUSES 17,700,000 2,339,281 8,Sl5,441 3,260,674 
HOUSING SHORTAGE 6,400,000 630,(XX) 2,700,(XX) 700,000 
ANNUAL CONSTRUCTION 62S,OOO 60,000 128,326 70,000 
GDP/CONSTRUCTION S.K 2.8% 4.8% 5.4% 

PREDOMINANT 
MATERIAL 
- Floors Cement Boarding Mosaic Cement 
- Walls Mmonry Muonry Masonry Muonry 
- Roof's Coner. slabs, arch Tiles, concr. slabs Coner. slabs, mosaic A."beslOS cement 

UTILIZATION OF WOOD 
- Walls 8.0% 9.2% 6.7% 20.0% 
- Roof's 55.0% 81.K 52.1% 80.0% 

TYPES OF HOUSING 
- One-family 84.2% 92.2% 81.8% n.a. 
- Multifami•y 15.8% 7.8% 18.2% n.a. 

Soun:e : Taken from the report 
n.a. : Information not available 

BRAZIL 

146,900,000 
35,578,857 

6,655,000 
880,000 

7.4% 

Cement 
Muonry 
Clay tiles 

20.2% 
93.6% 

90.0% 
I0.0% 

PERU 

22,128,466 
4,363,436 
1,300,(XX) 
70,000 
6.0% 

Cement 
Muonry 
Light-weight slabs, 
Concrete slabs 

14.8% 
69.0% 

95.0% 
5.0% 

00 

"' 
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As ~ said earlier. the use of wooden fonnwort is intimalely linked to the use of concrete and. as can be 
observed there is a prcdomimnt culture for the me of concrete in Latin America althoogh the use of wood lw 
recently tended to i~ in walls (13 per cent on the a\'\.-ragc) and especially in roofs (12 per cent on the 
average). 
Finally. stalistics indicate that the commonest type of housing in cities in thc six counuics srudied is the onc­
or I.WO-storey one-family dwelling. which rcprcscnts on thc average more than 88 per cent of the toaa.I housing 
stock. This aspect is very important for thc puIJ'OSCS ol thc present study. since. although metal fonnwort lw 
recently replaced wooden fmnwork in thc consuuction of multifamily buildings to some extent. that does not 
apply to the construction of one-family dwellings. whclc wooden fonnwort is the commonest system. 
This IJ'Cnd in consuuction confums the hypothesis that wood ~. is and will continue to be the JRdominant 
maacria1 fa use in fonnwort.. for which reason action should be taken to rationalize and optimize its use in the 
shortest possible time. This is particularly ;mponant if we bear in mind dw in some counttics self-help 
construction of low density housing is still thc rormula most commonly applied to solve the problem of the 
housing deficit. 
Table 8.02 describes the most imponant char3cterislics of the forestry sector in the six counuics studied. As 
can be seen. the forcsuy rescncs available in the countries analysed arc immense. Brazil being oulStanding as 
it posRSSCS 63 per cent of thc Amazon basin. followed by Peru. with an 11 per cent share of dw forest area. 
which in tum is the largest ttopical forest reserve in thc world. 
Forestry resources occupy on thc average 32 per ccnt of thc tolal territory. F.cuador. Brazil and Peru being the 
com11ries with the greatCSt percentage of forestry resources. which occupy 42. 48 and 59 per ccnt of the 
territory. respectively. The lowest percentage of forests in rclatior. to thc tolal territory is in Chile. with 7.5 per 
cent. followed by Argentina with 13 per cent and Mexico with 20 per cent. 
The largest areas of reaff <nslation arc in Brazil with 6.200.000 ha and Chile. Mexican and Argentina with figure 
fluctuating between one million and 1.400.000 ha. The reafforestation effort in Peru and F.cuador is even lower. 
above all in tenns of the potential of land available for tha1 purpose. To be precise. in the four coururics with 
the largest forestry plantations. it is wood from reaff<nstalion projects dw is most used in construetion 
fonnwork, the most suiting process being thal under way in Chile with Pinus radiata. 
Table 8.03 shows the per capita consumption of sawn wood and plywood pane!s in the six countries slUdicd. 
As mentioned before. the production of sawn wood and plywood panels is highly dynamic in Chile. particularly 
in the light of the volume of forestry resources available. Similarly. anention must be drawn to the case of 
F.cuador. both with regard to the per capita consumption of plywood panels and the production of sawn wood. 
although in the latter case SS per cent of production is carried out by using power saws. And ·mountain timber• 
produced by power-saw operalOrS is principally intended for the construction market and for use in concrete 
form work. 
1t is calculated that the principal market for sawn wood is the consuuction sector. which takes about 40-60 per 
cent. followed by the furniture market which absorbs between 20 and 40 per cent of production. while the rest 
goes to other indusuics. generating different levels of value added. 
There is a great diversity in the mcuurement units used in marketing wood in the six counttics studied. The 
board foot, which is a nominal dimension of 1 • thickness, tr width and tr length is used in Mexico and Peru. 
In Ecuador lengths arc mcuurcd in feet and rods (varas), thicknesses in inches and widths in centimeues. 1n 
Brazil and Argentina wood is marketed in cubic meues and finally in Chil' the board inch (pulgada modertra) 
is used. i.e. I" thickness. 10" width and 3.2 m length for pine wood and 3.6 m for native timber. 



TABLE 8.02 

PRINCIPAL CHARACTERISTICS OF TifE FORESTRY SECTOR 

MEXICO ECUADOR ARO ENTIN A CHD..E BRAZD.. PERU 

RESERVES: 
- Forests (ha) 38.890,000 11.soo.000 36,000.000 S,500,000 406,200,000 75,784,000 
- Conifers (ha) 18.660.000 78,000 1,000,000 1,400,000 6,200,000 263,000 
- ~leaved (ha) 8.000 11,422,000 35,000,000 4,100,000 400,000,000 75,521,000 

TERRITORIAL >&> 

COVERAGE 2Mi 42% 13% 7.5% 48% S9% -
TOTAL 1.300.000 78,000 1.100.000 1,400,000 6,200,000 263,000 
REAFFORESTATION 

No. or sawmills l,s43 S66 1,300 1,618 14,000 540 

Timber production (m1
) 5.so9.000 l,450,000 1.100.000 3,060,000 10,400,000 489,300 

No. of plywood plants 35 06 22 . n.a. n.a. 10 

Production of panels (m1) 184.000 78,000 56,800 272,000 1,251,000 23,700 

Soun:e : Taken from the report 
n.a. : Information not available 
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TABLE 8.03 

PER CAPITA CONSUMPTION OF SAWN WOOD AND PLYWOOD PANELS 1985-1990 
(m1/1000 inhabitanas) 

- YEAR MEXICO ECUADOR ARGEl'ftlNA Cllil£ BRAZIL PERL' 

Sawn wood 191S 32 127 39 122 130 28 
1990 35 132 54 173 117 43 

Plywood puiels 191S 3..5 4.9 1.4 1.4 4.4 1.0 
1990 u S.4 I.I 2..5 6.2 2.4 

Soun:e: Project PD 137~1 Estrategias para la lndllSITiD Sostenida tk la Matkra en Eclllldor (Strarcgies for 
a sustained limber indusay in Ecuador). 1993 

Table 8.04 shows the COl1SUl1lpWn nues for wood in formwort and the nmnbcr of uses or reuses depending on 
the type of poduct imd. 
It can be seen lhat various species of die pine family from rcafforestalion projects rqresent lhe types of timber 
most used in concrcre formwmt. To a lesser exte0t logs are used in Ecuador. Brazil and Peru. especially 
eucalyptUs stanchions or studs. In Ecuador and in Colmnbia. bamboo is much used f« various purposes. 
specially in the comraJ mnes. The broad-leaved species an: used in Brazil and c:spe.cially in F.cuador and Peru. 
With regard to the number or uses or sawn wood in formwort. better reutiliz.alion values arc observed in 
Mexico, Brazil and Peru. moderale values in Argentina and Chile. and w::ry low values in Ecuador. The 
explanation of lhe low level or utilization in the lallcr country is the low cost or ·mountain timber. used in 
fonnworlt whose price flucnwes at around USS 40-60/1111 in comparison with Pinus radiata in Chile, whose cost 
is USS IS0/1111

· or tornillo in Peru, whose approximale cost is USS 430. 
In relation with the rates of consumption of wood in fonnworlt it is necessary to diffcrcntiale between 
consmnplion in one-family dwellings and in multifamily buildings, since the laaer n:quire a larger quantity of 
reinforced concrece and lhus a larger area of fonnworlt. either sawn wood or plywood panels. 
In the case of one-family dwellings, the average consmnplion was 0.13 m1 of wood per m1 of concrcu:. The 
average consumption in terms of roofed-over area was 0.027 m1 of wood per m1 of consttuetion area or, which 
is the same. 12 bd ft per m1 of roofed-over area. Consumption was lowest in Argentina and Brazil (0.014 and 
O.ot 1 m1 wood/m1 consl) followed by Chile and Mexico (both 0.023 m1 wood,tm2 const), lhat of Peru with 0.034 
m1 wood/m1 const and ihe highest consumption figure, Ecuador with O.OS2 m1 wood/m1 const. 
The lower consumption of wood for fonnwork in dwellings in Argentina, Brazil and Mexico. is lhc result of 
the type of constructional syscem employed in floor SUUCIUl'CS and roofs, since prefabricated concrete joists and 
bricks for arches have recently been used. which nocably reduce requircmenas for fonnwork. In Chile, wood 
is much used above all in roofs. In lhe CaK of Peru, the higher level of coosumption is explained by the use 
of cast in situ light-weight slabs, which require formworlt; in Ecuador, it is explained by the low level of 
reutiliz.ation of "mountain timber". 



MEXICO 

- TYPE. SPECIES Pine 

- No. OF USES OF WOOD 04-12 
- No. OF USES OF THREE-PLY 07-SO 

- CONSUMP'l10N OF WOOD 

ml HOUSES 0.080 
m1conc BUILDINGS n.a. 

ml HOUSES 0.023 
m2const BUILDINGS n.a. 

bd ft HOUSES 10 
m2const BUILDINGS n.a. 

Soun:e : Taken from the report. Building enterprises 
n.a. : Information not available. 

TABLE 8.04 

RATES OF WOOD CONSUMPTION IN FORMWORK 

ECUADOR ARO ENTIN A CHD..E 

Broad-leaved, Pinc Pinc 
Eucalyptus. 

Bamboo 

01-03 03-06 02-06 
08-10 1S-2S 08-20 

0.29 0.08 0.12 
0.13 0.10 0.11 

0.052 0.014 0.023 
0.059 0.030 0.037 

22 06 10 
25 13 16 

BRAZIL 

Pinc, 
Broad-leaved 

04-IO 
10.20 

n.a. 
0.12 

0.017 
0.043 

07 
18 

PERU 

Broad-leaved 

04.,4 
03-0S 

0.080 
O.OS3 

0.034 
0.020 

14 
08 

"° \..I 

I 
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In multifamily buildings. lhc consumption of formw<d is grcaaer than in one-family dwellings owing co the 
greater requirement f<X" l'Cinf orced concme in the structure. The average consumption was 
0.10 m1 wood/m1 concrete <X' 0.038 m1 wood/m2 construction area. i.e. 16 bd ft/m2 of roofed-over area. Thal 
would mean thal on the average. large buildings consume almost 40 per c:nt more wood per unit of consuuctioo 
area than single family houses or dwellings. 
In the case of large buildings. in which plywood panels arc predominandy used insiead of sawn wood ~ in the 
cme of dwellings. the highest consumption levels were observed in Ecuador (0.059 m1 wood/m2 const) but 
moderate figures in Argentina. Chile and Brazil wilh 0.030. 0.037 and 0.043 m1 wood/m2 const. respectively. 
the lowest figure being found in Peru with 0.020 m1 wood/m2 const or. which is the same. 8 bd ft/m2 roofed-over 
area 
H we take into account the consumption ralCS for wood products in formwork and multiply them by the number 
of one-family dwellings and multifamily houses consttuCted annually per country. wooden fonnwork would be 
responsible on the average for consumption of 16.9 per cent of the tocal production of sawn wood and plywood 
panels. The figures oblaincd are: 16.4 per cent in Mexico. 14 per cent in Ecuador. 27.6 per cent in Argentina. 
6.0 per cent in Chile (considering only apparent consumption at national level). 10 per cent in Brazil and 27.6 
per cent in Peru. 
As was mentioned earlier. it is considered that the construction sector generally consumes between 40 and 60 
per cent of lhc outpUt of sawn wood and plywood panels. If wooden f<X"mwork accounts for l~ lhan 20 per 
cent. lhat means thal there are olhcr uses for wood in consuuction such as: suuctural elemenlS. carpentry. 
finishing and above all wooden roofs. which consume lhc rest of production. However. wooden f<X"mwork 
probably represents the most important product consumed in the construction sccur. 
Fmally. table 8.05 shows the impact of lhc costs of fonnwort on the direct costs of the projects. 
In the case of housing. the average cost of f<X"mwort was USS 15 per m2 of roofed-over area and USS 24.6 in 
the case of multifamily buildings. On the average. these costs account for 5.7 and 8.4 per cent of the direct cost 
of the project and constitute the only variable cost component of a project. cspc':ially in lhc case of SIJUCturcS. 

It often depcnm on the costs of fonnwort and the efficiency of its use whed.::.a .:. ;.-.!blic tender is awarded <X" 
a price competition is won. especially in large building projects. 
A final comment thal can be deduced from the above table is the high costs per m2 of fonnwork in Argentina. 
owing to the cost of labour. The conuary applies in Ecuador. where. as a result of the relative c'JSt of labour 
and wood for formwort. the figures for both typCS of housing are lower and their impact on the tolal direct costs 
of the project is less important. 
It is interesting to mention the existence of a series of standanls which building companies usc when they 
calculale the volumes of consumption of wood and concrete. For example. in almost all countties it is 
considered that it is necessary to multiply the roofed-over area by a factor of 2 to 2.5 to calculate the area of 
the formwork or what is also called the wmoistcncd arcaw. 
Similarly. in Brazil. EdilOrial PINI. which specializes in building. con.~idm thal on the average 12 m2 of 
formwork area is needed per m1 of concrete used in the structure. In Argentina it is assumed thal 0.18 - 0.20 m1 

of concrete is consumed per m2 of roofed-over area if the foundation is not included and 0.22 - 0.2A m2 of 
concrete per m2 of consuuction area if the foundations arc included. In Peru. this figure rises to 0.39 m1 of 
concrete per m2 of roofed-over area. perhaps because of the earthquake resisrancc requirements of buildings. 
Some recommendations of a subregional or Latin American character arc proposed below and could be 
implemented for the purpose of optimizing the usc of sawn wood and plywood panels in fonnwork for concrete. 
(a) Production of raw material 

To identify new forest species thal would replace in quality and durability those tha1 arc at present 
being marketed. making logging and rcafforcSlation of the woods m<X"C profitable. 
To improve the logging and processing of wood in general (not only thal for fonnwork). identifying 
an optimization programme starting with the primary process. so as to eliminate waste and improve 
quality concrol in sawmills. That could facilitate the reduction of coslS, using off-cuts from boards and 
planks for the prefabrication of formwork. 
To increase lhe value-added component of wood for fonnwork, establishing quality grades. using kiln­
drying and offering planed wood and not simply sawn wood. 
To impr:we the quality of plywood panels. in1roducing more rcsisrant species of wood. waicr-resiscant 
phenolic ad.icsivcs and suitably coated surfaces in order to improve the useful life of panels in contact 
with concrete. 



TABLE 8.0S 

IMPACT OF nm COSTS OF FORMWORK ON nm DIRECT COST OF STRUCTURES 

MEXICO ECUADOR ARGENTINA CHll.E BRAZll. 

- COST OF FORMWORK 

USS HOUSES 12.03 2.70 s 26.26 s 18.01 n.a. 
m1 coast BUB.DINGS n.a. 13.13 S S6.IO s 19.73 s 12.20 

lo- ... HOUSES 6.0., 2.4., 3.6% 7.3., n.a. 
direct cost BUILDINGS n.a. 4.6 9.4 % 8.S !Ji 9.7 % 

Soun:c : Taken from the report. Building ent'2prises. 
n.a. : lnfonnation not available. 

PERU 

S IS.9 
s 22.0 

9.2 % 
9.9 % 

oD ..,,. 



- 96 -

(b) Standardization 
To promote die CSlablishment of suuconl groups of timber species for fonnwort that would be offered 
on lhc market in different qualities and with different value-added components so as to permit various 
options for finish and durability at prim corresponding to the quality of die product. 
To support the preparalion of tcchnical specificalions or ~ guides for usm of uaditional 
fonnwort incorporating sawn wood or plywood panels. specifying altanalivc formwort sysiems. 

solutions for SUUCbnJ join~ groups of relaled species. pennissible loads. structmal deWls and 
recommendations for good building praaice. 
To develop a visual classificalion rule with regard to defects with relevat tolc:rances for wood to be 
used in fonnwork dW would be intended to withstand non-permanent suesses thal would. however. 
require a process of structmal design and analysis. 

(c) Training 
To prep;E rcdmical and audio-visual maraiaJ on wooden fmnwodt lhal would be a compilation fl 
good practice by skilled labour intcndod f<I' tt.chnic.al staff. university students and building 
professionals. Technical manuals. pra.~ manuals and elememary tt.chnical guides can be developed. 
To com:linale action between Latin American crganizalions for the araining of site aupenters and 
workmen. intended for lhe exchange C>f experience and fer hannonWng levels of training with regard 
to lhc use of wood in fonnwodt. 
To evaluate the content and scope of comes fer basic subjeas taught al universities with rqanl to the 
USC fl wooden fonnWCJrt. witb lhc aim not only of oplimizing USC fl the n:somce but also Of reducing 
comrruction costs. In addition. specialized courses er periodic extension seminars should be held wilh 
emplmis on consuuction practice and new tecbniqucs fer wooden fonnwmt and striking. 
To promoce lhe development m univenity aheses on wooden fonnwort systems. especially for civil 
engineering studcnrs. wilh the support of building emcrprises and research cenRS. 

{d) Technology 
To promote the design of new and bcua systems of induslrially or semi-induslrially produced 
fonnwork using sawn wood and plywood panels that can be used in multifamily buildings and in one­
family dwellings. 
To analyse the pos51"bility of using new altcmalive release agents according to the type of fonnwcd 
surface, the finish of the concrete, the useful life of lhe wood and the resullanl cost of fonnwodt. 
To i-omote lhe utilization of new aa:mories and malcrials for wood-based fonnwmt such as: double­
head nails, stronger and rigid plywood panels witb fanishcd surfaces. or new products such as wood 
cement particle boards (of the Bison type) or MDF (Medium Demity Board). 

(e) Market 
To carry out a market study to identify the present and potential oppmunities for the commercial 
promotion of construction elements in general and wooden formwork in particular. 
To promoce the establishment of enraprises specializing in wooden fonnwort tbal would offer 
Slandardil.ed elements on a rental basis in order to meet demand for the consuuction of one-family 
dwellings and multifamily buildings of medium height and high density. 
To promoce a "competition of ideas" at Latin American level among students and professionals in 
conslrUCtion with the purpose of highlighting the importance of wooden f onnwork and finding new 
induslrially bmed solutions and sysrems. 

(f) Institutional support 
To implement a Latin American regional programme with the support of UNDP, associaling the timber 
dealers' associalion with the instirutions that are members of the Inter-American Cement Federation 
or the Inter-American Federation of Chambers of Consuuction. The use of wood in fonnwort is a 
subject of mutual interest to lumber dealers and producers or coosumers of cement and concrete. 

(g) Financing sources 
For the financing of the exremal component of the initiatives proposed, assiSWlCC could be reqUCJtcd 
from bilateral cooperation agencies, such as JICA (Jap:<an), G1Z (Gennany), FINNIDA (Finland), CIDA 
(Canada). SIDA (Swiuerland), USAID (Uniled Swes) u well u from international organizations such 
as ll.0, ITIO, FAO, UNDP, ITC/UNCTAD/GAlT, the Treaty for Ama1.0nian Cooperation. etc. 
Similarly the assistance of financial agencies such as the World Bank could be sought, particularly 
through the GEF (Global Environmental Facility) or the Inter-American Development Bank (IDB). 
Internal resources can in general be made available as counterpart contributions of national agencies 
out of their budgeu. 
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Projects could be implemeneed in lbc b:ncwort of lbc ongoing inrepalion pocesses such as lbc Nor1b 
American Free Trade Agm:ment (NAFTA). lbe PamaneM Sec:relariat of the General Treaty on Ccntlal 
American Economic IDICgnlion (SIECA). lbe Andean Group (AG) or MERCOSUR. 
It is nc:ccssary to ICl immtdi•Jy in opcimizing lbe use of wood in fonnwuk. and any effort made will be 
supported and welcomed bodl by lbe forestry induslry and lbe comauc1ioo incmtty. particularly Oil the put o{ 

lhe poducas andlor consumers ~ cement and c:oncrete. Tbcre is a favourable scenario for lhe implcmcnlalioo 
of a plan of action that would act as a calalysl for lbe concmrent inrm:st of vsiom scctors of lbe economy in 
lhe Lalin American COUlllrics. 
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Tel: S64-S007 Fax: 273-0933 
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