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Abstract

The Popular Manual for Wooden House Construction presents a construction
system aimed at helping low-income families solve their housing needs. The
system can be used in regions that have ample timber. The Manual is written
in simple language and has many sketches to facilitate its use.

The first part of the Manual discusses the:
Design of the house
Quantities of materials needed
Pre-fabrication and pre-cutting of components
Construction of the house
Finishing
Adaptations and modifications

The major part of the Manual is devoted to the actual construction of the
house:

Layout and putting up piles
Laying the floor frame and floorboards
Erecting the panels

Erecting the roof frame and putting on the roof

Windows and doors

Although the construction system was conceived and implemented in the
Amazon region of Brazil, information on wood species found in Africa and Asia
is also included, as are data on the required physical and mechanical charac-
teristics of the wood used in the various parts of the house. Thus, the
Manual can be of use in many regions of Africa, Asia and Latin America.




Preface

The Popular Manual for Wooden House_ Construction was originally prepared
by the Instituto de Pesquisas Tecnolégicas (IPT), S8o0 Paulo, Brazil, for a
self-help community building project at Coroados, Manaus, under a contract
with the Housing Society for the Amazon State (SHAM). (Photographs 1 to 4

show the project at various stages, including a view of
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An experimental group of 40 houses was built during the period
November 1981-March 1982. The average cost was $US 49.70 to $US 59.50 per
square metre (as of March 1982), depending on the area, which averapged

40 square metres, and the type of foundation used (stone or ceramic blocks and
a cement or wooden floor). All houses were equipped with bathrooms built with
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concrete blocks. The cost included the materials delivered at the construc-
tion site and the labour for manufacture and assembly and for masonry, elec-
trical and pipe work. It did not include materials and labour for painting;
electrical, water and sewerage installations; nails and tools; and land acqui-
sition and infrastructure.

The purpose of this Manual is to provide direct and simple assistance to
people and communities that want to build their own houses either individually
or on a co-operative basis. Complicated design calculations have been omitted
and instructions are straightforward and easy to follow. The format used
enables interested parties to reproduce the Manugal in their own language by
translating the captions and inserting them in the appropriate places. The
United Nations Industrial Development Organization (UNIDO) is willing to make
available good originals for this purpose to Governments, national bodies or
groups. The only requirements are that full acknowledgement and credit must
be given to UNIDO and to IPT for the original work and that UNIDO must receive
two complimentary copies of any such reproduction.




Photo 1. Partial view of the IPT/SHAM houses under construction
in Coroados, Manaus, Brazil

Photo 2. The houses being painted with PVA-based paint




Photo 3. View of houses nearing completion. In the foreground,
house with ceramic block foundation and cement floor

Photo 4.
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View of finished houses, already occupied




rAH, I ALMOST FORGOT -ra
INTRODUCE YoU TO
SOMEDNE HERE ON MY
SHOULDER.

HER nNaME 1S POLLY
AND NOW THE TwO OF
US WIiLL SHoOW You
WHAT THE HOUSE IS LIKE.
YOU ARE GOING TO
LEARN ABOUT :

— THE HOUSE .3
— ITS COMPONENTS ., . .4
— THE TYPES
AVAlILABLE . ... . ..8
— How TO LOCATE IT
ON YOUR PLOT . .. .23

— WHAT TO DO WHEN
YOUR PLOT IS FLAT,
SWAMPY OR SLOPED, . .26
— How TO BUILD
TOILET AND BATH

FACIL\TIES ., . . .. 28
— WHAT CHANGES
VoU CAN MAKE . . . .29

AND , FINALLY,

— THE BEST WAV TO
BUILD
\ YOOR HOUSE . .sy




( ML, FRIENDS | \

MY NAME 15 TONY
T'™M GOING TO TELL YOU HOW TO BUILD A HOUSE

QRUICKLY AND CHEAPLY.

IT'™M GOING To SHOW You :

—~ WHAT THE HOUSE IS LIKE . .. . . 2
— HOW TO MAKE TS PARTS .. .. .33
— HOW TO ®BOILDb (T . . .. ... .. ... 46
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LET'S EXAMINE
THE PARTS OF THE HOOSE ...

THIS HOUSE 1S SIMILAR TO ONES You
OFTEN SEE,

S THE OIFFERENCE s THAT MANY PARTS
OF THIS HOUSE CAN BE MADE BEFORE

Yoo START CoNDSTRUCTION.

L -
- )

START THE

CONSTRUCTION

BY PUTTING

PILES FirRMLY PILED

INTO THE \»

_ D

BEAMS ARE
PLACED ACROSOS
THE PILEDS
AND

. dOISTS  WITH
STIEBFENING
CROSS PIeCES
ARE Las oON
THEDE .

STIFFENING
k CROSS PIECES

-

JONSTS

THEM TRE
Floon 20awDS
ARE NAWLED
TO THE J0\STS
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PANELS | THE WALLS ARE
Q\ / ; MADE. OUT OF
PREASSEMBLED

PANELS , THAT

IS, THEY ARE
MADE BefFfOord

K ; \J CONGTRUCTION

BEGINS,

BY USBING A .
NELS THE EREC-
TION OF WALLS
IS EASY .

YOU JUST LOCATE
SACW PaneL
N ITS RAGHT
PLACE AND N T
JO THE FRAME

ALL THE pPARTS
SHOWN FRrRoOM

Now oM ARE TO
BE ASSEMBLED
BEFORE DELNSRY

TO THE s \TE.
u w

A1 A Atsiagt L T
é g 1.1{ § J : g 4 %’ é wl TuERE ARE %
f % ¥ ) lzd 4 %& FOUR TYPES %
" LE’ ' ﬁﬂg f‘lf b ™ OF PANELS: |

0

4 Zzx 1 ] 1 %é

S B T HL1NE
)} 0 i z Y b 8

( OFEN &
FOR WINDOW

SINGLE
PANEL

THE OIFFERENT
PANELS ARE
ARRANGED 3O
THAT THE WAWLS,
boorS AND
WINDOWS Are

WHERE Yo

J WANT THEM,

INTER - PANEL
STO0S

/

THE. PANELDS ARE
FIXED FIRMLY

TOGETHER USING
VERTICAL CONNELC-
TING PIECEDS
(ALSO CALLED IN-




/ rosT BEAM 4\
NERT , TRWE &%-
' TERNAL POSTS
AND BEAMS MUST
BE INSTALLED |
kbr'M PoST j
——
TOP PLATE
AND  FINALLY
"TOP PLATES
ARE POT 1IN
PLACE.
YOU BEGIN TRE
ROOF ASSEM ALY
By SETTING OF
THE R\DEE BEAV]

. THEW
THE WRAFTERS
AND PURLINS

PUORLING

-

TO FINISH THE

ROOF | A ROOFING
MATERIAL 1S
LAID AND & FAC-

-iNG mOARD IS
FIXED AT THE ENDS,
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TO FINISH  ThHe
wWaLL S You SEAL
THE GAPS BETWEEN
THE PANELS AND AT
THE CORNERS WITH
BoARDDS,

- _

- ™

TO FINISH THE FLOCR:
ING YOU NAIL D0ARDS
To THE E&NDS OF
THE JOISTS OH}H THE
oLTS\DE OF THE
HOUSE

" _J

HANG THUE boors, &

WINDOWS, AND .

— )

.o NOW YOO CcAN
PAINT YOOUR HOUSE

FOR OGREATER
DuaAmLLTY,

\ .,




ErE ARE THE HOUSE TYPES

H

CAN BUILD .,

Yoo




TO CHOOSE BETWEEN HOUSE TYPES, YOO

MUST DECIDE ON THE NUMBER OF ROOMS Yol
NEED. YOU M™MOST ALSO CALCULATE THE AMOUNT
OF MATERIAL YoU CAN AFFORD TO =0Y.

NOW NYOU ARE GOING TO SEE IN MORE. DETAIL

THE FOUR TYPES OF HOUSEDS THAT YOoU CAN MAK’EJ

—— .

HERE. ARE THE
DIMENSIONS AND

QUANTITIES OF
: THE DIFFERENT
PIECES NECESSARY:
TO CONSTRULCT A
TYPE_A HOUSE.,

PORCH . I
ST ATTENTI
= onN !
7 RATCHEN ALL DIMENSIO

-’ ARE IN CENT1-

B
Rl
&
RS e,

i EEDROQ_V\
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QUAN-~ T =
TYPE OF PART | DIMENSIONS (au)ny TYPE OF PAET  |DIMENSIONS (Gu) | Ty
- T "N\ ( 5355 Y5 |3
D mes | ¢ \5mZO |1z / | Dr¥Sxzed | 4 |
‘ TPRAE 15435k 6t0 | Z
if \8O cun J__ R
MAIN 5xZoxtoo | 5 L=19%Benm |2
pEAMS =245 e F.‘
5r15x300 |2© TR Q=220 18
%&rs AT
srwpek Sv¥3xt00 |5 5x5% 640 o)
cRossS Plece PURLIN
Flook,
S 25 x1° v33o | 4
&5 x 20430 |50 FACING
— 1 -——Lh—]
LENGTH = 122 Cand
SINGLE 58 < 240 19 WIDTH = Bob o do
PANEL e
® (AsBESRS - cemEnT ) | THICKNESS = O4-cun
[ R\DGE
ofen PaNEL e LenNGTH = loZaun
i?:'LCHBJ 85 x 240 Z % WIDTH = 4_\'5 wan | 18
WiNbowW ® L THICKNESS 2O e
OPEN PANEN
e | 85k 240 |z (ot (zprzoxses |2
WINDOW g BOARD
OPEN PANEL INTER. PANEL 125x 20x 250 |3
FoR. DooR. | 8D » 240 3 FINISHING
® \&> x5 250 |6
— ot
SNTER-ANRL | w5 k2325 |2
STUD
m S 1‘515‘2_4,0 4 COOR, B 215 3
® sxnx32p |4 ®
PORCH
SuPPoT Sr¥Dr265 |2 KITCHEN 35 % 30 2
PosT WiNbow
@ 5 AD % 2-32-,5 Z.- ®
P LNING Zoom
R.
PO‘RH\ DxISx2RS | Z tbeoom | YOX ! 2
\ B4 J L WiNbow @ )

WHEN AN ASTERISK @ \S

PAZTS =~ oF

INDICATED Yoo SHOULD Look FOR, A
DESCRIPTION OF THE PleCces IN THE SENoN M o To WMAKE




THE SUMMAR/  BELOW 15 INTeNDED To HEW you CereR-
O <wWT THE  MATERIALS NECES&MZ)/ TO CONSTRUCT A TY?C

A HOUSE

DIMEN SIONS e QUANTITY CosT
e P——— - ———————
5 x 20 x 400 5
d x 15 x 300 20
25 x 20 x 300 56
1,25 x 20 x 250 37
1,25 x 20 x 2975 95
7,25 x20 x 152,5 70
725x 20 x 99,5 170
.,,25 X 20 X 25 35
5 x &5 x 320 16
5 x &5 x 325 4
5 x 5 x 240 52
5 x &5 x 2325 v/
5 x 5 x 75 119
5 x & x 60 18
5 x5 x 35 48
5 x5 » 30 18
5 x 75 x too 8
5 x 75 x 265 6
5 x 75 x 2325 2
&5 x 75 x 175 3
S x 785 x 60 2
5 x 25 x 20 4




DWMEN SVON S (om) QUANTITY COST

25 x 10 x 245 2
25 x 10 x 1975 4
25 x 75 x 830 4
425 x 5 x 250 6
725 x 5x2225 6
725 x5 x 125 4
725 x&5x J0 4

125 x5x 12,5 120
Q_: AO wmn NAILS 53%
{ = ©25 cun NALS 476

=5 ca NAILS 1381




HERE ARE THE
DIMENSIONS
AND QUANTITVES
OF THE DIFFER-
~ENT PigcES
NECESDHARY TO
CONSTRUCT A
TYPE

L HOUSE

i

LIVING ROOM

PORCH
KITCHEN

PORCH

13
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oo [ qon
TYPE OF PART | DIMENSIONS em)mY | | TYPE OF PART |DIMENSIONS (om)/TiTY
f N( Sx15x 135 | 4\
B PILES @ 15020 |\« Ex}ls;. 265 5
® L= 18O 4
MAIN S5xZox4o | 6 RDGE L - \13) 5 z
BEAMS SEAM 1 = Z.+5 CAsn., 1
% S¥xA5x 300 |26 L =330 s (272
JoOIsTs RAFTER
®
STIFFENING S5x}Pvwdoo | G 5x5r 820 B
CROSS PIRCES PURLIN
FLOOR
25x¥Sx»320 | 4
Boswn | 5 (2043 6 / px1S
—amo  |ZP*Y5r820 |2
SINGLE 85 x 240 5 LENGTW: 122 cun
PANEL » ¢ - WIDTH £ 50,6 cua |l 14
@ (ASBESM®S -CenenT ) | THCKNESS: O can.
OPEN PANEL ";Df: LENGTH = |OZ caun,
FOoR ]
RITCUEN &5 x 240 Z % WIDTY » 415 cun | 19
weew g THICKNESS: OB caan
OPEM PANEL
i FOR LIVING .
: &5 x 240 JOETSs |28 4 2 545
oxr ROOM PR EOx
l wm‘o‘:ﬂ & HEADER &
soaRD
OPEN PANEL
FOR DOOR 65*2-4‘0 1'2.5)(201:250 3
q- INTER - PANEL
FINISHING 425, Dx 250 | G
INTER . S:::‘sl' 5¢512325 Z
®| S5«5x325 5 ®
sc.u-ﬂ:kr 5x¥px2e5 |z KITCUEN
PosT — @ 35 90 2
®| Dwdald325 |2
® LNING RooMm
”
Poxcu\ SxY¥PxrL3ZD 2 g&m?ozm“ "Bri2zS 2
(o= J )

WHEN AN

DESCRIPTION OF THE PiERCES

ASTERISK ® 1

_ PARTS OF TWE MOUSE",

INDI\CATED
IN THE OSECTION

, YOU SHOULD LooK TOR A
"HOW TO MAKE "THE




THE SUMMABY  BELow 'S INTENDED To HELP  You
OR cutT THE MATERIALS NECGSS#(E)/ TO  CONSTBUCT AT)(PE

B +ouse
DM EN DO N D () QQANﬂTY COST
g 45020 ( piLes) 16 o
& x 20 x 400 6
g X 15 x 300 2
245 x 20 x 300 72
1,25 x 20% 250 39
125 x 20x2475 125
1,25 x 20 x 132,60 10
1,25 x 20 x 35 20
1,25 x Z0x 25 50
5x 5 x 325 5
5§ xS . 320 ié6
5 x5 x 240 76
5 X5 x 2.32,5 4
5 x5 » 180 8
5 x5 x 35 159
5 ¥ 5 x 60 F A
5 x5 «x 35 s3
5 x5S < 30 22
5 x 25 X 400 71
& x 785 x 2325 Zz
S x 75 x 175 4
5 ¥ 78 X &0 5]
5 x 75x 20 5
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DMEN DIONS (o)

QUANTITY CosT

25 x 10 x 248 z
26 x 10 x 1975 4
2,5 x 70 X 150 2
25 x A5 x 3530 04
125 x & x 250 (A
725 x § x 2225 &
125 x 5 x 125 &
725 x §x 90 4
= 10O o NAIL 658
Q= 6,25 cun NAIL £36

9~= 5 . NAL

1852




C TYPE

HOULSE

—

HERE ARE THE
DIMENSIONS

AND QUANTITIED
OF THE D\FFE.
RENT PIECESDS
NECESSARY TO
COMNSTRULT A

PORCH

KITCHEN

LWING ®Roo™M

i
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4 QuaN
TYPE OF PART [DIMENSIONS @M) Ty TYPE OF PART |DIMENSIONS (om){TITY
\.
f i ' Y ([ 5x35x135 |5 )
PILES ¢ I5p2o 18 / "5_17},5 rZ65 9_
TOP PLATE | 5% Y5 a \OOO Z
® L =180 au_ z
MAIN Ox ox & RIDGER ._ﬂ?_“& <
BEAMS BEAM 0= 245 wu 4
% . 5 x45 x 300 |32 RAETER { =330 ann. (26
JOIS @
snrsak 5xIPx 400 |8 5 x B A 1000 8
CROSS PIECED PORLIN
FLOOR
25x15x330 | 4
Soame® | 2,5%20x300 (83 %‘_‘NG i
| eoawp | ZPrIHA 1000 | 2,
—
LeENGTW= 122 cuan
SINGLE 65 X 240 29 WIDTY = 50,60\». ‘38
N e (A Ses . comenT)|  THICKNESSS Ofcas
:::“ PANEL roce | LENGM: 102 a
KATCHEN
WINDOW 85 x 240 < %ﬂha WIDTH = 445 Z_
OPEN PANEL
J:‘ e:;::.q & w240 18 Josts | 425%20x905 | Z
WINDOW HEADER
BoARD
OPEN PANGL )
A
DoCK, 1,25 % 20250 {4
e 65 X 2'4.0 5 INTER- PANEL %
FINISHING A2S K D> 250 | ¢
mm :::;L 5x5x2225 |2
m m 5x5x240 |8 boox ¥S» 215 =
©®] 5¢5x325 |6 ®
:uozggwr __5 1-34',51\ 65 r KITCHEN § 5 nS0 Z
PoOST 5% 5 2325 2. Winbow
@ LIVING Room
PORCH \ 5% I/ A 2325 2. g OR BeorooM [ 25 % 125 8
BEAM wmoow
. J J

WHEN

bescRPTION

AN

ASTERISK. @&

OF THE

PARTS OF THE WOUSE".

'S
PIECES

INODICATED
IN THE SECTION

YOU SHOOLD Look ok A
"HOow TO mMAKE THE




THE SUMMAZY

OB QT MATEBALS

C

BE(OW

1S INTeENDED O  HELP You  OR®d
ueces&-%ey TO CoNSTRUCT Ty P

HOOSE .

DIMENSION S (an) @UANTITY COsT
@ 45m20 (PiLes) 18
g x 20 X 400 g
5 x 15 x 300 32
2,5 x 20 x 30 © go
1,25 x 20 X 250 47
720 x 20 x 2425 145
7,25 x20 X 132, 10
4$25 x 20 x 97",5' 40
125 x20 X 25 7
5 x § x 325 5
5 x5 x 320 e
5 x5 x Z4O 28
5 x5 x z32,5 4
5 « 5 « 180 le
5 x5 « 5 193
5 x5 x 60 26
5 =8 » 35 14
5 <« 5 x 30 €
O x Z5 x fw 17
5 x 25 x 268 8
& x 25 x 2325 2
o X785 x 175 )
o x 75 x 60 4
0 x 76 @ ¢

[
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COST
DIMENSIONS (o)  QUANTITY
2

25 x 10 X 245
2 x 10 x 1974 7
25 x 10 X 180 ¢
25 x 7§ x 900 62
126 x & x 250 6
125 x § x 2225 70
7,25 x O x 126 76
17,25 x H x 70 4
125« Ox 128 276
Q: 10 cun.  NAIL 772K
Q: 6,&5&-\»\- NAAL 788

23F 7

L= 5 can NAIL




D =

HousE

HERE ARE THE
DIMENSIONS AND
RUANTITIES OF
THE DIFFERENT
PIECES NECESSARY
TO CONSTRUCT A

TYPE D

ROLSE

PORCH
KATCHEN
LINING oo™
PORCH
s 3so
'\l@ A5 o0
/ﬁ
< 360 ,2,\0

| eeoroOM

21
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s ) e
TYPE OF PART |DIMENSIONS ((m)|TTY| |Tyee oF ParT |DiMensions (om) Ty
\, _J
(¢ ' N ( 535135 | 6 )
mes | PISMRO |2 / | 5r354265 | ¥
®l 9= 180 cua 3
MAIN 5 %7-07( 4-% 9 —— _Q = \S*Ls [ L
BEAMS BEAM =245 0 1
% 5x45x300 |38 L=320ww {30
JOISTS RAFTER ®
sv\rpfk S*XSx too |3 \ Sx58 180 8
CROSS PIECES PURLIN
FLOOR 25 }5 4-
BoARD LXK ABO
Z5 yx Zox 200 |99 %m% .
Boaxp | 22 x Y58 80 | Z
L TH=122
SINGLE 85 x 240 35 NG o 162
PANEL TILe WIDTH 350,6 cua
C) (AsBESRS CeMEnT){ THICKNESS=04- can
OPEN PANEL RIDGE
() L!NGTH L loz-(.uA
FOR WITCREN TILE
WiNDow 85 x Z4o Z % WIDTH =H O o 2t
® THCKNESS “OS eana
. OPEN PAREL
FOR LIWVING
| ox seomeom| 85 % 240 |10 oSt 25x20 x 1085 | &
@ HEADER
BOARD
oren PANGL 125 x 20 x 260 {35
FoR ook 85 x Z4o0 e INTER, - PANE :
® FINSHING 125 x5 ¥ 250 |6
N ees | 5 x5r2325 |2
m m 5x5x240 |10 booR. Isx 215 G
®| 5535 |[f ®
forcH
e | ®r¥przes |z
POST T KATCHEN g IHx %o i
®| Dr5r2R5 (L Win bow o
® LIIVG 200M
O BEDROOM
PoRCH \ 5&},5 k2325 Z g WINDIW I 125 1O
= J U ° y
WHEN AN ASTERISK @ s INDICATED YOUu SHOLLD LooK wom
A DELCRIPTION OF THE PIECES IN THE SECYION — HOw TO

A

THE

PARTS OF THE HWOUSE '




ﬁu—e SUMMARY Below/ IS INTEWNDED T HELP You )
ORDTR. ©OF <CuUT MATERALS Necessmay TO CONSTRUCT

-r)/ e D Housts

DIMENSION § (o) QgsN'n TZ COST

& 1820 (PLes) 21
5 x 20 x 400 4
Sx 20 X 300 38
45 x 20 x 300 107
425 X 20 x 250 55
125 XZ0 x 2175 175
1,25x 20 x 132,5 10
7,25 x20 X 9%S &0
1,25 x2D x 25 70
5 x 5 x 325 Ex
5 x 5§ x 320 1¢
5 x5 v 240 14¢
5 x5 x 232,5 4
5x 5 x iBoO 24
5 x 5§ x 35 237
5 x 5 x 60 30
5 x & x 35 87
5 x5 x 30 30
& x 75 x 400 15"
5 x 75 X 265 4
5 x A5x 2325 2
5 x75x 125 é
S5 x785 x €0 5
5§ x 75 » 20 7

23




DIMEN3JION S (o)

QUANTITY

COST

Z,5x 10 X Z45
Z5x 10x 7925

2,5 x 10x 180
2,6 x 725 x 330

1,25%x §x 250
7,25 x § X 2225
4125 x § x 125

1,25 x 5 x 90

42
20

125 xS x 1285

260

Q: 10 Lunn NAIL
Q= 625 o NAIL

L= 5 can NAIL

72
748

2823




XA me TO LOCATE
THE HOUSE ON

YOOR PLOT.
—

b

e

~

\_

YOUR PLOT AREA W™MUST BE
LARGE ENOLGH TO [N
THE MmianitML™M ONDOILT
SPAE AS DETDCRABED HERE,
THERE SHOLLD ALSO B&
SPACE LEFT FOR FUTURE

POSSISLE EXTENSION |

THE DANGER OF A

YoUuR WEIGHmoUR. S

\©oF THE PLOT,

IN ORDER 7O kREDUCE

FIRE SPREADING FROM

HOWSE- 1O YOUR HOME |
THE. HOUSE SHOULD
NOT 2 80T MNEXT
TO  THE BOUNDARIE

BESIDES You

JHOVLD  NOT

ERECT YOUR .
ROUSE  TOO ’K
CLOSE TO THE

FENCES 2&-
CAUDE YOO

will NEED

SPACE TO...

DRY CLOTHES /—j (\

GET TO THE
Back YaArRD




.

WHAT TO DO

( )

\F YOUR PLCST 19
FLAT OR owlY
SLIGHTLY SLOPING,

L y

r—

You MUST BUILD THE
FLOOR OF THE HOUSE
AT LEAST TFO cw.
ABOVE GROUND.

, \F Your PLOT \S
SwAMPpY

- )

YOU MUsST pOUT THE
PILES AT LEAST

12O v HIGHER tTHAN
THE ™MinNiMUM FLOOD-
WATER HEIGHT
DonN'T FORGET TO
CRrROSS BRACE THE.
FPILES To AvOID
POSSIBLE INSTARIL .
LITY DUOE To wAaTeEr
FLOW UNDERNEATH
THE HOOLSE,

-/
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IS JLOPING

IF YOUR PLOT
SPECIAL. CARE 1S NEEDED,
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LOCATION OF
TOILET AND
BATH FACILITIES

:

THE COMPLETE
BATHROOM AND
TOILET cAN BE
COMNSTRVUCTED
IN THE BACK
YARD On ...

.. CLOSE. TO THE HOUSE
IN THE SPACE RESERVED
FOR THE @®ACK PORCH , IN
THIS CASE T woulD B&
BETTER TO USE AwCKS,

You ®MAY  ALSD  INSTALL A
SEPARATE SHED FOR
STORAGE- AND OUTSIDE WO R K,

S




Y, D

HERE ARE SOME
. MODIFICATIONS YOO CAN
® MAKE TO YOUR HOOUSE

JAY

ATTENTION | THESE ARe The MODIFICATIONS YOO CAN BO

YOURSELF, BOT \T's BETTER TO CONSULT A TECHN -
cian FIRST TO MAKE SOURE YOuU 7 RE DOING T PROFER LY

__ y
f )

N PLACE OF —THE
PILES You CcAN Bulld
THE FOOUN DATIONS
WITH mMASONEY AND
THE FLOOR CAN BE

A CONCRETE SLAR
REEMEMBER THAT TuHE
HOUSE  SHOLLD ®B®E PrRO-
PERLY ANCHORED INTO
THE FOOUNDATIONS ,

BATHROOM
CONMETROCTED WITH
BRICKDS CLOSE TO
THE HOUSE .




HOUDE RIGGER,
THAN  TyRe D

_

OR. IF TRE POV
AlLLOwWS , A House
WITH AN EXTENS\ON
ON THE S\hE

oe EVEN A HousE
WITH A SIDE PoecH
o SHADE ,
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- N
| THE BEST WAY
TO BUILD THE
HOOSE

READ Tais

T3 s h-ll

-l T o o 4
LI DLOK
CARE FLUOLLY AND DO
EVERYTHING exAacTLy

AS DESCRIBED HERE

O
- [ . ASK FOR ADVICE FrRom PEOPLE
{, EXPERIENCED IN (CoONSTRUCTION
7] Joms N ORDER TO CLEAR LP
DOURTS ABRGCUT THE HOUSE AND
\M | ALSO TO DOA\SCUSS MODIFI CA -
J._ TIONS YOU M™MAY WANT TO MAKE .

WHEN SoMe NEAGHBOURS o FRIENDS CEeEC\DE TO Buu.]

THEIR HOUSES AT  THE sAamME  TiMe | TuE CONSTREUCTION
oF ALl HOLUSES BECOMES EAB\ER " THE. FAMILIES
SEeT TOGETHER AND OHO-OPERATER .

Yyou cARN ORGANIZE THE WORK., SO THAT EVERY 20DY
HELPS TO MAKE THE rieces ((PANELS , BEAMS svc.)
THEN EVYERY aobYy Hewrs TO ASSEMGLE THE HOLUSES .
THIS wAY ,  You cAnN suwAREe TASKS AND FINISH THRE
WoRK FASTER ., TO ORGANIZE THE WORK IN THIS MANNER, ASK
o, HELP FRom PEOPLE WITH CEXPERIENCE IN
CONSTRUCTION,

—




HOW TO MAKE THE PARTS OF THE HOUSE

NOW WE ARE GOING TO SHOW

HOW TO M™MAKE AND ASSEMBRLE g )
ALL THOSE PIECES, y
WE ARE ALSO GOWNG TO
SHOW THE TOOLS AND THE
WORKBENCH WHICH YoOU WwW!LL
| NEED TO MAKE THE PIECES.
YOU CAN MAKE THESE PIECES
YOURSELF OR THEY CAN RE
ORDERED FROM A K
CARPENTER /= =
F SEVERAL i
FAMILIES GET /=

TOGETHER TO ORDER

THE PIECES FOR ALL THE

HOUSES, THE CARPENTER

MAY GIVE YOU A BETTER PRICE

TIMRER . SAW 1T \NTO THE
S1ZES, THEN MAKE Tue |




| THE TOOLS OSHOWN RELOW ARE INTENDED FOR
BOTH SWAPING THE PECES AND FOR
ASSEMBLING  THE HOUSE.
TAPE MEASURE
I g-\/\‘ LINE OR WIRE
\w CARPENTER'S PENCIL
M FOLDING ROLER
ooyl E’ SQUARE
[o L3 Y i e ] . l vy
RULER
PLUMEB BOB
........... R TN R
CLAW HAMMER
0 HAND SAW
rASP
PLANE.
- —) POST HOLE
—/ ° D\GGER

_

¥ YOU ALREADY HAVE TOOLS, FOR ERAMPLE AN ELECTRIC W
SAW , YOUR TASK WILL Be EASER,

YOUR, WORE WILL ALSO @E ECAS\&W 1¥  You FORM™M acroofPsS
WITH OTHER. PEOPLE WHO ARE GOING TO MAKE THEWR
OWN HOUSES |, ToOo.

THESE GROLPS CAN HIRE TOOLS Ok LEASE A WORKSHOP,
\_ _/




AT T

\ FOR SHAPING AND ASSEMBLING
THE PARTS YOU ARE ADVISED
To BUILD A BENCH WHERE JMES
CAN BE PLACED o AS TO

SIMPLIEY MAKING MEASUREMENTS.

e ™

~

FiZeT YoOU MAKE THE WORIKERENCH,
STAYS OR WOOOEN HORSES .,
THE VERTICAL SOPPORTS CAN BE

. OR. CAN STAY FREE,K6 S0 You
CAN SHIFT THE BENCH FRom
PLACE TO PLACE,

FIXED INTO THE GROUND .

355% 7,5 TIMRER »5x7,S5 TIMESER

0 RK
.
N

~

fnex'r YOU MARK THE D\P\E.NS\DN\
OR. (ENGTH OF THE P\ECce OW
THE BENCH ToP AND NAIL ThE
STOPS | SO YOU MAKE ALl THE
PIECES ALIKE.

YOU NAIL B0OARDS OwnN
OF THIS STRUCTURE.

Toe




HOW TO MAKE
THE PANELS

YOU ALREADY KNOW WHICH
TYPES OF PANELS ARE
NEEODED . HERE WE ARE
GOWWG TO SHOW How THEY

ARE MADE.

leT's Look AT
THE PANELS

h _A | S
SINGLE PANEL. &

T~ ?T T T LIST OF MATERIALS:

§ . FRAME.

O

‘L oz SyS % Z40 e TIMBER
‘ | o5 S5x5 x 1D . TIMBER
g ~ 20 _Q. (o'L'-'D CAAA, NALS
o 10 1240 can NAILS

COVERING

—

O4 4,25 Dx 17.,5 trm TIMBAER,
0% 1,25y 0x28Pawn TIMBER
53 9. 2 S cana NAILS

3
jg—— 90

|
Q--...........

e

\ FRAMEWORK, PANEL FRONT ViEW /
/ ~
OPEN PANEL. FOR LIVING OR BEDROOM WINDOW
FRAMEWORK, PANEL FRONT VIEW
N iy N R B R LIST OF MATERIALS:
FRAME
1! 1 ( 02 5x5x 2490 e TIMAER,
| ] O4 sx5x IS e TIMBER
~ NALLS
o & M 1 16 =625 wu LS
(l‘ \ 08 1: A0 CAAA
| l 2 N COVERING
|
,‘ O8 ALSX5x 128 can  Timecr
| $ | OL 425x5x12Dcw. TMSER
| | OB 4.25x20x 25 oun TMPER
. O5 1,254 zor 215 TMaek

TIMBER

. k——rs——){ _ ol 08 HEemzens R




"z

7

240

{g-—-rs——z‘]

FRAME WORK

—shes

o
2475

'Ir'

OPEN PANEL FOR KITCHEN WINDOW

L\ST OoF mMaAaTEIALSDS:

FRAME

0. 5v5xZ240 can
0L Sy5r 5 caun
2o 1:6,15 Crna.
10 L:40 cun

COYERING

OB 125x5x125 w
OZ 4251 5% 30 wrm

05 4,25,20x 4325 cnn
O5 1.25x8 o 25 cuna
6‘\' 17-5 Cann,

PANEL FRONT ViEW

TimMaerR
TMEER
NAILS
NAIWLS

TIMBAER
TIMBER
TIMRER,

TIM3ER
T\HoER

NAVLS

\

YOU SHOULD REINFORCE
THE BORDER OF THE PA-
NEL WITH mMore NAWLS

DonN'T FORGET TO
CROSS WmeRACE THE
PANEL TO AVOID
ANY DEFORMATION

5

FRAME WOoR K,

-

e

TR A

4

2ATS

4 OPEN PANEL FOR DOOR

_PANE_L FRONT ViEW

LIST ©OF MATERIALS:

FRAME

OZ 5x5HRZ40 cua
OZ 5x5x 15 can

OB L:=625 v~
O4 9.‘0%

COVERING

O4 A1295.52125 van
OZ 4,25x5 rZ2Z2D
OS5 {,25xZ2or 2S5 ann
34 (-5 cnn

TIMSER

TIMBER,
NAILS

NAIILS

TIMBER
TIMSER,

TIMBER
NAWS




TOo ASSEMSLE THE PAanNEL YoOU

MUST ASSEMBLE THE FRAmMme FIRST,

TO FMUNIMIZE WASTAGE YOU SHOULD A Dbeuwce Like
CUT THE TIMAER, USED FO®R THE THIS ONE CAN
Frame AL SHOWIN, B VsED TO

COT TimMac Rk

SQUARE ;

ottt

“_',,»l/',:l]\ll

~—7——\‘/|||| "x|| th
T/‘f\/‘l‘!‘;llll Iy |

SERRERE RN TN
I\HH\I [ |

THE PIlEecED

| OF cLT TiM-

i | BER MULST BE
‘ PiILED OLP

l HORIZONTALLY
N A DRY

I PLACE.,

BEFORE NAILING
TAKE CARE THAT THE FRAME S SQUARE . OV MOUST DriLL

THE TIMERER .
AL

fnow Yyou CAN S G\N TO NAVL THE W
CROSSMEMAERS AT THE ENDS[
hj

S—

oot >
£ 3

A
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[

NOW | A‘\'TENT\ON\.

THE PANELS MLUST BE MADE 1 i
CAREFULRY RECAUSE W ADNVICE ON
THE QUALITY OF THE WOUSE NAILING THE
wiLL DEPEND ON THEM | BOARDS .,

N »

(

/FIRST Yoo NAIL TWO 20a=DS AT\ \
THWE EDGES OF THE FRAME . THE THEN NAWL THE MIDDLE BOARD.

FACED SURFACLIS OF THE BOARDS ARE
ON THE TOP. LEAVE SOME BoaArRD OVER|
LAPING THE FRAME AT THE BOTTOM,
L-Scm NAILS

\
L 7 L _

(a.e_l‘—‘ote NAILING THE ULPPER \ /Nem_' YOU ONLY HAUVE -TO NAlL TH%
BOARDS , NAIL SPACERS CuUT UPPER. BOARDS , BEING CAREFULLL

FROM 1'25 xS cna TIMEEL, STRIPS, NOT TO WAMMER A NAIL INTO THE
SPACE BETWEEN THE BOARDS

. Som NAILS

AN

fmt TWE PANELS ARE
READY , STACK THEM OUP
TO A MAXIMUM OF A2
HIGH IN A PROTECTED

%\Aﬁ_!—

L

e

3
9,




HOowW TO MAKE THE
¢ INTER - PANEL STODS

-

THE INTER- PANEL 3STODS ARE CUT
BEFORE ®BEING TAKEN TO THE -(.
WoRK, I\Te 80T THE NAILING
(B DONE ON 1OCATI\ON,
L 5*5

_/

ThHE

INTER - PANEL $TODS ARE
coT

IN DIFFERENT LENGTHS,
ACCORDING TO THE PLACE TUEY
ARe INTENDED FOR..

THESE INTER - PANEL STOUDS ARE \
CUT SHORTER IN ORDER TO
SUPPORT THE PORCHR BEAMS,

’/ZTE-5
L %%\/ﬁ’

/A:JD HERE ARE THE INTER, - \ /Tuese INTER - PANEL 3ITODS ARE \
PANEL STUDS CcUT LONGEWR, IN ORDER TO FPER-
MIT THE  ASSE™M3LY

GE Beam.

A

325

OF THE =®=D-

D\

I~

-




HOW TO MAKE THE

L PORCH SUPPORT POST
-

( THIS POST 1S MADE FROM \
[T\&JO PIECES OF TIM2ER OF THE PIECES
' DIFFERENT SIZES AND FOUR
a2 O

ARE NAILED

‘:,’,,,v

| X

Vo

i
g Qs

i o NN
\\\ J

HOW TO MAKE THE [,

THE PORCH BEAM 1S COT e,e_Foz;

PORCH BEAWM HAND , BOT NAILED AT THE WORK

S\TE.




R\DGE

BEAaM
HOW TO MAKE THE
RIDGE BEAM
THE RIDGE Beam S ALSO CuT THE RIDGE BEAM 1S COMPOSED
BPEFORE BEING SENT TO THE OF TWO DIFFERENT PARTS: A
WORK SITE , BUT THE NAILING MIDDLE RIDGE BEAM AND AN
15 DONE ON S\TE END RIDGE BEAM,

e N/

THE ™MIDDbLE RIDGE BesAM IS s AND THE END =IDGE beAP\\
ARDE THIS WAY IS MADE TS WwWAY ..

1IF YOUR HOUSE 1S LARGER
THAN ThHe A, TYPe WOUSE,
YOU WILL NEED AN EYTEN-
SloN RIDGE ®meAM |, IT IS

MADE THIS ‘way ...

4>




- j (/¢ vou are Ga

ING TO MAKE

THE RIDGE BEAM
YOU mMAKE THE FOR A Tipe HOUSE
RIDGE BeEaMm NOU MUST 301 TWO
2Y JOINING THE 9 END 8camMms AND
MIDDLE AND E.NDF J&e MIODLE. BEAM)
RIDGE BEAMS,| (IS

N TM ONE MIDDLE

PaRTs PaRT

TO UOIN THE  PARTS YOO
FIT THE <TONGLE OF THE
MIDDLE PART INTO THE
GROOVE OF TUE END PaRT
AND NAIL THE TWO
COGETHE.R.

IF YOUR HOLSE 1S
\*0 LARGER THAN A
TYPE HOUSE YOO
USE AN EXTENSDSION
RIDGE WmEAM , THIS
way ...

_J




HOW TO MAKE

WTHE RAFTERS
b & \\‘«

EACY RAFTER |\ MADE
THS  wWAY

IT MUST BE NAILED
ON BOTH SIDES

\

- - )
f// 95°/
» g ‘\%/60 AN
o \@4’05

You MUST Bae
CAREFUL NOT
DRIVE THE NAILY
IN SxAcTLY obro-
S\TE BACH OT

RIGHT POSITION

WRONG PasiTion

2

55|
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HOW TO BUILD
YOOR HWOUSE

_
"M NOW GOING TO EXPLAIN EVERYTHING
YOO MUST DO TO ASSEMRLE THE HOULSE,

|
D | |
@ </ TO DEGIN WITH,

EXAMINE THE
SKETCH ON THRE
LEFT,
i IT SHOWS THE
: _@_% POSITIONS OF THE
PILES AND HOW
THEY WILL LOOK
AFTER TWEY ARE
INSTALL-ED AND
HAVE SLOTS QUT

__éa% IN THEM.

¥ BE SORE TD LUSE

' ONLY PILES WITH
I . HEART WOOD OF
fb DURABLE TlHBE.R.

180

180

180

fE

F 265
265 € % YOU tMUST LEemVEe T

THICKAESS
GROUND PLAN

oF PILE,

S
LENELLED
LINE
(Miniraom
SO

CROSS SECTION

LEAST MALF THE

IMPORTANT )
YOU MUST CUT A SLoT

IN EBACH PILE | MAKING BJURE THAT
ALL THE HORIZONTAL CUTS ARE AT THE SAamME (LEVEL AND
THAT THE VERTICAL CUTS ARE PROPERLY AUGNED,
WHEN MAKING THE SLOT LEAVE AT LEAST WALF TRHE
THICKMNESS OF THE PpPoLE,

J

4%




LET'S BEGIN WITH TuE

PREPARATION OF THE
BUILDING S\TE é

FIRST | YOU mMOST MARK ON THE
PLOT THE PLACE WHERE ThEe

NOUSE \§ GOING TO BE BLILT. YOU
MOST REMEMBER, THAT , AFTERWARDS,
YOU WILL OMLY BE& ABLE To enNlLARGE
YCOR HOULUSE FROMNTWARDS.

BOUNDARY
LINE

YOU MUST POT IN AND LENEL
THE ZATTERBOARDS . THESE WelP

You LocaTe EXACTLY THE POSITIONS
OF THE PILES,




LEVELLING AND FIXING BATTERBOARDS

CRrROSSPICCE

LEVELLED LINE

TRANSPARENT PLASTIC

HOSE WITH WATER

TO FIX THE BATTERGOARDS YOU MUST,
FIRST TAKE THE WGUEST CORNER OF

/7 THE PLACE YOU HAVE CHOSEN FOR. (>,

) == YOUR, HOULSE ,
(G/M FROM THIS POINT, ASOUT SO tm OUT FON
THE CORNER , YOU PUT N THE F\&ST SET OF
TRANSPARENT BATTERBOARDS MAKING  THE CRosS PIECE
FLASTIC HosSE HORVZONTAL AND ABOUT FO cma

WITY gA‘gg} ARBOME THE GROUND,
] 4 ﬁ You PUT 1y THE JECOND BATTER-
BOARDS AT THE NEXT CORNER. - Jou
LEYELLED 7“

FIND THE LEYEL OF TWs BATTER-
BOARD FROM THE FiesT ONEe,

USING A TRANSPARENT PLASTIc Moss
WITH WATER  AND NAIL TUR CrROSS
PIECE . ToR THE OTHER BATTEREOARD
(w\\)se THE SAME FrocEDURE,

cosS Place

ALWAYS TAKING THe Level FROM THE

T rirsy ONE .

You Now SsTRETH

STRINGDS BGETWEEN THE DATTeR -
BoARDS SQUARING THE CoBNes OF MAIN LiNes T w»,. ..

-
v S

STRING

-

Tue comrNers - \I\|~ ."
CAN ALSo EE L
SQUARED ‘ '
BY MEASLURING ]

THE DIAGONALS
(TH-E)I HAVE THE
SAME LENGTH )

N Y

49




STAKING AND LAYING OUT THE HOOSE...

STRING
OUTSIOE LINE OF THE PILES

You FIRST STAkE m
HOLSE CORNERS.. .

AND RNEXT, WITH A FOLDING
RULE OR A MEASORING TAPE
AND A PLOUMB B0B , YOU MARK

SQUARED THE OTHER INTERMEDIATE POINTS

TAUT LINES

ALWAYS MeEASURE FROM THE
CORNERS AND MEASLRE ON
THE STRINGS,

ONCE ALL THE PUWE PFPOSI
TIONS ARE MARKED WITH
STAKES YOU CAREFOLLY

REMONE THE STRINGDS,

You NOW D\ THE WOLWES
FOR THWE PILES,




PREPARING PILE HOLES..

\MPORTANT,

ZEMOVE ONLY THE
STRINGS .

YOU ARE GOING TO
USE BATTERBOARDS
AGAIN TO POSITION
THE PWLES , Maww
THE SLOTS AND
ALIGN THE 2eAMS.

THE HOLED MUST
HAVE A MiphimUOM
OF SO otma, OF
DlAMETER, ,

MINtMOM SO O

51




THE DEPTH OF
THE HOLES MUST
BE EQUAL To OR
LARGER THAMN
THE PILE THAT
STAYS ABOVE

N

.

&L o

} MINIMUM DEPTH 170

czeTe (10 cw).

OF THe HnoLe
PILE \TSELF,

PREPARE THE BOTTOM OF THE HOLE. FIRST |
THROW 1IN  GRAVEL (10 om) AND WEAK CON-

AFTER DOING THIS YOoU PACK THE 0TTOM

BY POUNDING WITH THE




THE PlLE |y PREPARED
R USE BY MAKING:

A,

P
D, BOTH QUTS SQUARED,

[ )

THE PILES ARE
ALIGNED &Y
STRETCHING THE
STRINGDS AGAIN,

~

~
VERTICAL CUTS,ALIGNED ™S
AND PLUMBED (wAre vzzno«t.)'./

-

WORIZONTAL CcuTS, -7
LevelLLeD,

.

e .5,_,,.@\—\,,
‘ AFTER CHEIKING -‘—;\
ALIG N ENT AND PLUMB,
You FiWX THE PILES By
FILLING THE HolEs WiITH
A Dol CEMENT MADE By
MIXING Tue EARTH RE-
MOVED FroOM THE RoleS
WITH CEMENT IN A

140 RATIO, WETTING
AND STAMPING THE

MIXTURE INTO The Mol

ﬁ
You MAY USE A METAL
TERMITE SHIELD A3 A
DARRIER, ON PLES  TO

PROTECT THE KREST OF TH¢
HousE.

FOR BesTE FECT FluL
THE ToP FUNNEL WITH

P\TCH . J

55




NOW THAT THE PILES ARE ALL AUGNED, FLUMBED

AND LEVELLED, WE ARE GOING To PLACE \\K

e MAIN BEAMS ./ K




AFTER. PLACING THE SPIRNT LEVE]

MAIN BEAM you cpEck
THE LEVEL ...

..... Ve

Do’ T FoRGET To ( .. \F N'ECESSAP-)/ USE wWeDees To seT
use oug)/ HeaeT- THE MAIN BEA AT RIGHT LEVEL AND
WOOD OF DURABRLE PosTiow,

TIMBRER. ON MAIN

BEAM S, |

—

. | _

use ML=10 cun NALS O NAIL THE MAN
PEAM To THE mites (MINimuM 4 NAILS) .

IN OEDER. TO BE ABLE
TO ENLARGE THE HouseE
LATER. OMN,Leave —Tuc

MAIN BCAM GVERLAPPING
BY BO aua, bE)IONb THE PILE.

55




cvo ON A SUPPORT
- MAIN BEAM NA\L@.ﬁ

To TWE PILE
£=10 can NALS

THE MAIN BEAM P\Ecesi}

ARE JOINED WwITH A CLEAT

(BLock  OF woob)

WooD CLEAT
>~ THICKNESS: 250

L=¥5 cun NAILS, /

PiLE

WooD CLEAT
“MAIN BEAMS ON
COTH Sdes
THICKNESS! 2 5 cua.
L=3%5 i nans

MAIN REA

You Awso uUseE

TS TYPE OoF

JOINT wieN
You ENLARGE
THE HOusE

k e «» NOT ON 4 SUPFOET j

Woob CLEAT JoisT (overlaP JomT.

THE JOISTS ABE NALED To JorsT e s ope

JOINED END To  THICKNES: Sow THE LINE OF
END LlKE T“"\S .. ".: 10 can NAILS, /’ THE PlEES)

JoisT

(vwis Type OF p ‘
JoinTis uset:oﬂ\-y =y

FOR. JOIETS ALIGHED

WITH THE ¥LeS )

NOTE! BE suzze/
TO LEAVE SPRLE
For NoTereSs .
(proe H9)




THE NAILING OF THE JOISTS To MAIN BEAMS
IS DoNE LIKE TWIS. ..

USE Two | EX TN
NVAILS, one ON BACH
S\De OF ThE JoidT.

AND THE JoiIsTs
ARE ANCHORED
LIKE THis .. .

Woob CLEAT
OR. METAL STRAP
To ANCHOR, ToisTS

Ay,

METAL STeaP




—

e « s THEW you ?LACE'W

TWO INTERMEDIATE PIsTS
BETwWEEN THEM LULIKE
THIS

THE FIRST JOISTS THAT yo

PlACE Are Those THA T
A

THESE JosTs MUST Be
cuT EXA,C.T\.)I TO S\zE

BEcause 'rHE)l JOIN
END Yo &ND . (270 an)

Y,

-

N UINE WITH THE PILES |

o)




THE NAILING OF JToisTS SPACERS 1S DONE
LIKE Tmis ., |

4 I
NOTCHES (SKScum) JosT INE UP NOTCHES
‘N Tof (B XxES )
of JoIsTs, N
ALL LINED
uP
__Yoisy
MAIN BEw
MAIN BEAM
STIFFENING STIFFENNG
cROsS PlecEs JSROSS Pleces
JosT
MAIN BRAM MAIN BEAW

j‘nFFE_NNG ceosS PIECES
7 T ‘7“‘ — -———T—-*




AND FlNALLy yov CAN PLACE THE FLOOR BOARDS...

THE FLOOR BOARD JOINTS §

MUST BE VeERy TIGHT, N —
TO NAIL THE FLOOR BOARDS
useE THREE L= %5 cuu NALS
N EAcH OF Tue U
RBORRDS, OM THE LINES OF
THE JoOwsts.
J

=)

VER\F){ THAT THE

EDGES OF THE FLooR, !
PLATFORNM ARG FACED

AND WELL FINI SHED.




NOW THAT THE FLOOR \S EEADY W
we 'L PLACE THE WAUS,

THE DRAWING BDELOW SDUHOWS THE
Lgy OUT OF THE WALL PANELS:

OPEN RANELS FOR WINDOWS AND
oFeEN PANELS FoR DOoRS

THE OTHEERS AEE SINGLE PANELS.

BUl, .. BeFoReE BEGINNING

To NAIL TME PANELS , IT'S
EBASIER F YOu DRAMW
THE LINES OF THE WALS
OR MARK. THE POSI\TION

OF THE PANMELS ON
THE FLOOR. ...




AND NOW WE AReE GOING TO
POSITION THE PANELS /

You wMARK THE FLOOR. LIKE THIS To
MAKE THE POSITIONING OF PANELS EASIER.

N_kas CONSIDER 'rutaj

LINE AS PASSING
THROUGH THE WIDDLE OF

THE PANEL FRAME.

_/
GT'S PLACE THE FiesT \
PANEL . NAIL THREE SMALL
.STOPS TO MARK THE
PosiTioN ©OF THE PANELS .
V7

ﬂ NOW POSH THE BoTToM OF
THE PANEL AGAINST THE

k $mP- L-IKE -n-“«& T s

—




( h

LET Us =EGIM INSTALLING

THE PANELS ,

N )

THE FIRST pPANEL

HAIL THE ouTsiDE
EDGE OF THE PANEL 1
WITH : 629 cvn NAILS
j;
T S —
St r =

63




NOW  FIX THE PANEL

T'}F ON THE INSIDE.

THE PANEL \'S FIRED wWITH

L : 10w HNAIL AT EACH CORNER




-

TAKE OFF THE sTOoP

INTER. -

AND NAIL AN

PANEL STOD WITH A

LENGTH OF 240 e¢w TiM.

BER, Use : lotm NAWS,

OFRIGHT AT MusT BE Proeep

TIPPING

VP TO Avoin

ovewr .

6O




NOW RAISE THE 3SECOND PANEL.
CHECK THAT THE BOTTOM OF THE PANEL

IS PUSHED UP AGAINST THE SToP Ar
THE COTHER [bde.

J

"/ )

AFTER NAILING Tyhe PANEL AND

CHECKING THAT \T s VEETICAL, you

ALSO  PROP IT UP WITH A
BOARD.

NOW FOR THE THIRD PANEL ...

N g
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a
AND HERE S THE

FRET WAL READY

DON'T FORGET TO NAIL
A WOOD CULEAT OM

THE PANELS 1IN ORDER
TO FASTEN THE PANELS

HRMLy To G THEER., )

/
IT WAS =AY,
wASN'T 1T 2
\

(’




~

NOW THAT You HAVE LearNED How

TO MOUNT THE PANELS JUST KeEeP

ON PUTTING THE OTHERS UP.

)

FoR. THOSE PANELS THAT
ARE GOING TO BE INSTAL-
LED DIRECT ON THe FLOOR,
BOARDS AND NOT AT AN ENGE
DONT FORGET To SAW
OFF THE LENGTH OF BRoAsd
JotrTing ouT BEYOND THE
FramMi .

X THE bPboo
PANEL oN THE FLOOR
WITH TWo NALS IN EAcH
STUD, LEAVING &5 o
FrOoM THE LINE OF TamE
MIDBLE  WaAlLlL.

CHECK THE PLUMB AnND
SUPPORT \T.

NAIL THE MIDLLE PANEL
AFTER. CENTERING \T
IN THE GAP , DIVIDING
EQUALLY THE SPACE
oN €AW SIbE.
e THE PLUMD
AND SUPPoRT T,
Jomd THE PANELS
TOGETHER. WITH
CLEATS TO STA-
BILIZE THEM .

3
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W
oF
¥ b4 Z_o </
COVERING THE
JOSTS BENDS.

M\
7
You ARE GoONnG TO
UTILIEE
STVDS
LENGTH
-
{Eb

'S DONE

INTER - PANEL
By PLACING oNG
BOARD

OF THE FLoog
2,

FRAME

THE FINISHING

NOY/ THE MIDDLE WALL.
THEY wiLL SUPPORT
—

S x5x 327 ecm




AND,TO COMPLETE THE
SUPPORT OF THE RooF FRAME,
You INSTALL THE PorcH FosT

AND BEAM.

.

—

- _J
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ATTENTION /

You MUST TAKE SOME CARE WHEN
NAIUING TRE TopP  PLATE.

_ usE onE 9= 10 cw NAIL
EVERY 45 camal

— ALWAYS USE IF PoOsSIBLE  WHOLE
Plece

— MAKE A JoinT ONL IN THE
MIDDLE OF THE PANeEL.

k — EXPOSED sibeEs AreE FACED.

|
ToP PATE §| R 5
(THS sipe N2
FACED ) 1
PANEL
STRUCTURE
PANEL
CONERING
BOARDS oN
OuUT SIbE

Aﬁ‘

TOP PLATE (5x £5 om)

NAILED ©N THE TOPsS
OF THe PANELS




NOW WE ARE GomNG TO BUILD
we ROOF FRAME

You BEGIN MOUNTING T
Tue ROCF Frame BY ! \]
JolNING AND FIXING
ThE RIDGE BEAM, ‘i

THE RIDGE BEAM 1S
COMPOSED OF TwWo m
BEAM S OF 1a3,5 v IN -
LENGTH AND ©NE OF

245 owa

Turee L= 635 NALS TUE RIDGE BBAM D
2 FIXED oOn THE
OF THE INTER -PANEL
STLDS.

>




You INSTALL A

BRACING STRUT, LIKE THIS ...

~

G X =
L ’,

\\
A ‘\
BRACING -smur\
(55 UAA)

TWo L= 65 cua NALS
oN EACH SIDE

~ ‘/" - B .
\\\_?_\;\ "‘4!} P W CLEAT[/ . \\ -
aac z THICKNESS : 2,5 cun ri
o L=635 om
\ ANLS oN BAR | you POSITION THE RAFTERS
INTER- PANEL. FOLLOWING THE MEASUREMENTS

GoOmMG To Cover THE House
WITH  ASBESTOS ~ ceMmeNT
O ALUMINIUN SHEETS OR

LSW\H.AR.

IF You ARE GOING
To JSE CLA}i

ROOF TILES, THE RAFTERS
HAVE A MAXIMUM
SPACING OF 45 oma.
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THE ToOP

A WooD SPUCING BoLk OF

5x5 x25 awme NAILED To THE TOP PLATE

®
2 Q=10 cmn NAILS .

LATE

T™ME RAFTERS ABRE LOCATED ON

P
WITH




NowW You ARE GOING
To SEE How THE
PAFTERS ARE FIXED.

—

TAFTERS ARE EIXED ON

RIDGE B©EAM AND ON TOF

PLATES WITH L =5 cun NALS
(oN BOTH =iDed ) LIKE Tws...




ANCHORING THE RAFTERS
TO RIDGE BEAM ...

TO ANCKOR. Ty RAFTERD To THE RIDGE
BEAM  USE TWO 55 cue WOOD CLEATS

NAILS ,

( oR METAL STRAPS ) NalLed WITH L:8%5aa

-




TO BINISH THE WALLDS ...

YOoU COVER THE GAPS BETWEEN
THE PANELS WITH BOARDS.,
THESE BOARDS ARE Tue SAMe T)'PE

AS USED VFoR, THE PANEL COVERING.




'S HOW THe

PURUNS SHOULD RE

NAILED . . .

Here
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ou CAN L.,\y T™HE TILES
MORE TASK . , .

e

DEFORE

THe PURLINS HAVE Been PLACED A3 RECOMMEN
ey BuT,
THERE 1> JUsT

(

\

\¥,
/ 4 N ‘
W / \/ \ N\
Y & \ \ \
: ; :w X

J
Y,
\2

5X 10 au )

(2

BATTENS
ON THE =nNDS OF THE PUBLINS AND

ROOF

NAIL

you

MR

BEAMS .

e
R\
E—
:.WM .

AND NOwW WE Can L_A\Y o THE ROOF




You FiX The TILES (THESE CAN BE

OF 4 MILIMETRES ) AND THE RoOF 13 READY !

W HEN L‘\yING
ON THE RoOF
‘,‘0\; MUST WAK
ON BOARDS

) CARERILL
VEE\I < =¥ y‘

DONT FALL AND

HURT yovrser /

J




DOORS AND \WINDOWS /

THE PDPOORD AMD WINDOWS CAN BE BOUGSHT
READY MADE . You cAN HAVE THEM MADE
To TR OR.ENVEN MAKE THEM YOURSELF,

FOLLOWING THE DRAWINGS AND DIMENSIONS
GIVEN BELOW,

USE BOARDS OF Z oR Z,5 om THICKNESS AND,
\F POSSIBLE , TONGUE ANND GROOYE TyPE AND

BOARDS OF 25X 10 cma. FOR. THE CROsS PIECES AND
DiA GOMNAL BEAC‘NGJ;

T 11 —y 7, =
3
W A
0
2 / 0 % ‘3
v L]
ﬁ / g; %
3 “
2 - L
x .
w U] . g
: o e e
3 = | | %
’ £ -3
0 " e %l— KITCHEN W/ INDOW/
‘E LiviNG oR
BEDROOM  WINDOW
5
o
@
z
C3) N N bf‘ YOU CAN ALSO MAKE THE DoOR.
,: 74,5 l WITH TwWo =SECTIONS,
SHOWING ,
INSIDE OF Door,
*
FOLLOW THE
DIMENSION S
CorrECTLY /

THE WINDOWDS CAN ALSO BE MADE WITR TWO 'SEC.T\Ole

83




RAILING AND STAIRS /

THE RAILING AND Tue
STARS CAN BE DESIGNED
AND BUILT By you,
T00. '
SEE SKETCHES BelOow,

You CHODSE THE Fosi-
TioN OF THE <STARS
AND . . .

N\

3 AN

., \\.
T

P

I

THWE RAILING  |S
BOILT WITH

25 % A0 o BOARDS
NAILED To THE
RAILING POSTS WITH
THREE  L=5cu. WS,

TWICKNESS OF
STEP BOARDS |
3‘5 Cana

RUN
27 -25

RISE
18-19
:%%\\\\
Q l‘ :




g A

AND FNALLY YOU CAN  PAINT

YOUR HOUSE FOR GREATER. DUR-
ABiLiITY BLT, BEFORE PAINTING |

APPLY TWo COATINGS OF A

K SUITABLE WOOD PRESERVATIVE |

' e

LA
A TION,

)

D
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/‘EF—yoo CANT FND

ANY OF THE WOOD SPELES
DESCRIBED IN THE PRE~
CEDING PAGES N THE
REGION WHERE you
LIVE, you will FIND
N THE NEXT TABLES
THE INFORMATICON THAT
VALL  HELP You TO

CHOOSE wiTH THE ADVI-
CE OF A TECHNICIAN,
TUE BEST SPECIES WITH

WHICH To BUILD YouR
HOU € .




Table 1. Wood species that can be used in wooden house construction

Name and species

Where found

Common local names

1. Piles and beams

Afzelia -

Afzelia bipindensis
(also A. pachyloba,
A. africana and

A. quanzensis)

Danta - Nesogordonia
papaverifera

Ekki - Lophira alata

Opepe - Nauclea
diderrichii

AFRICA

West, Middle and
East Africa

East Africa, from
Sierra Leone to
Cameroon and
northern Gabon

West Africa

From Sierra Leone
to the Congo and,
in the ©ast to
Uganda

2. Floor frame and platform

Idigbo - Terminalia
ivorensis a/

Guarea - Guarea cedrata

G. Thompsonii

a/ Only for floors.

From Guinea to
Cameroon

Ghana, Ivory Coast,
southern Nigeria
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Lingué (Ivory Coast, Senegal);
Papac (Ghana); Aps, Aligna
(Nigeria); M'Banga, Doussié
(Cameroon); N'Kokongo, Doussié
(Angola, Congo); Bolengu
(Zaire); Pau Conta (Guinea-
Bissau); Mkora, Mbembakaft
(United Republic of Tanzania);
Chanfuta, Mussacossa
(Mozambique); Beyo, Meli, Azza
(Uganda)

Otutu (Nigeria); Kotibé {Ivory
Coast); Owoé (Cameroon); Arbor-
bora (Gabon); Kondo findo
(Zaire); Naouya (Angola);
Abumana, Ajumaba, Epro (Ghana).

Bongossi, Bakunda (Cameroon);
Azobé (West Africa); Kabu (Ghana);
Eba, Ekki, Aba (Nigeria); Esoré
(Ivory Coast); Endwei (Sierra
Leone); Akoga (Gabon); Boukole
(Congo)

Jusia, Kusiaba (Ghana); Badi

(Ivory Coast); Bilinga, Akondoc
(Cameroon); N'Gou, Masa (Angola,
Congo, Zaire); Kilingi (Uganda);
Aloma (Equatorial Guinea, Gabon)

'

Black afara (Nigeria); Framiré
(France, Ivory Coast); Emeri
(Ghana)

Bossé (France, Ivory Coast); Kwabo
Koro (Ghana); Obobo (Nigeria),
Edoucié (Cameroon)




Name and species

Where found

Common local names

#Makoré - Tieghemella
heckelii

From Sierra Lecne to
Cameroon, Gabon and
southern Cabinda

3. Panels, roof frames and finishings

Abura - Mitragyna
ciliata b/

Agba -
Gossweilerodendron
balsamiferum

Limba - Terminalia
superba

Niangon - Tarrietisa
utilis

1. Piles and beams

Kapur - Dryobalanops

aromatica, D. lanceolata,

D. beccarii

Kempas - Koompassia
malaccensis

Keruing - Dipterocarpus
Spp

West Africa, from
Sierra Leone tc the
Congo and Angola

West Africa, southern
Nigeria to the Congo
basin

West Africa, from
Sierra Leone to Angola
and Zaire

From Sierra Leone to
Ghana, Cameroon and
Gabon

ASTA

Borneo, Sumatra,
Malaysia

Malaysia, Sumatra,
Borneo, Indonesia

Indo-Malaysian region

b/ A preservation treatment is advisable.

i

Baku (Ghana); Douka, Ukola
(Gabon); Makoré (Ivory Coast)

Bahia (Ivory Coast); Subaha,
Baya (Ghana); M'Boy (Sierra
Leone); M'Boy (Liberia); Elolom

[P amawn~e Ye BTalan Ifabkhand
ALaneroof/ , Gia€aln (wauliis,

YUyslres
vixku,

M'Voukou (Zaire); Nzingu (Uganda,
Zambia)

Achi, Egba, Emongi, Ayinre
(Nigeria); Tola blanc (Congo);
Tola branca (Angola}, N'Tola
(Zaire)

Ofram (Ghana); Akom (Cameroon);
Limbo, Chéne-Limbo, Fraké, Noyer
du Mayombe, Korina (West Africa);
Afara (Nigeria); Limba (Angola,
(Zaire); N'ganga (Central African
Republic)

Niankom (Ghana); Ogoué (Cameroon)
De--Orh (Liberia); Yawe (Sierra
Leone)

Keladan, Kapur (Malaysia);
Kapoer (Indonesia); Kapor
(Sabah)

Impas (Sabah); Mengaris
(Sarawak)

Keruing (Indonesia, Malaysia,
Sabah, Sarawak); Gurjun (Burma,
India); Yang (Thailand), Apitong
(Philippines); Eng Or In (Burma);
(Langan, Keroeing (Indonesia); Dau
(Democratic Kampuchea, Viet Nam)




Name and species

Where found

Merbau - Intsisa
palembanica, I. bijuga

Indo-Malaysian region,
Indonesia, Philippines
Australia and western
Pacific Islands

2. Floor frame and platform

Dark red meranti -
Shorea Spp

Kohko - Albizzia lebbek

Mengkulang - Heritiera
simplicifolia

Ramin - Gonystylus
bancanus b/

Peninsuiar Malasia,
Sabah and Sarawak,
Indonesia and
Philippines

South and South-East
Asia, Burma, India,
Indo-China,

Malaysia and

the Philippines

India, from Malaysia
to Indonesia,
Philippires and other
Pacific islands

Malaysia, Indonesia
and Philippines

3. Panels, roof frame and finishings

Geronggang - Cratoxylon
arborescens b/

Krabak - Anisoptera Spp

Lizht red meranti -
Shorea Spp

White seraya -
Parashorea plicata

South-East Asia,

Malaysia, Indonesia,
Brunei

Burma, Indonesia,
Malaysia, New Guinea,
Philippines, Thailand

Indonesia, Malaysia
and Philippines

Brunei Darussalam,
Malaysia and
Philippines

90

Common iocal names

Tat-Talum (Burma); Lumpha,
Lumpho (Thailand); Kwila
(New Guinea); Vesi (Fiji
Islands); Ipil (Philippines);
Merbau (Malaysia)

Saya (Thailand); Red seraya
(Malaysia); Meranti, Merah
(Indonesia); White lauan,
Almon, Mayapis (Philippines)

Siris, Siris tree, East Indian
walnut

Kembang (Malaysia); Kanze
(Burma); Chuprak (Theilandj;
Lumsayan, Lumbayau
(Philippines); Huyuh
(Democratic Kampuchea)

Melawis (Malaysia); Garu-Bugja
(Indonesia); Janutarn-Bagio

Serungan (Sabah, Sarawsak,
Brunei Darussalam)

Mersawa (Brunei Darussalam,
Maelaysia); Kanghmu Palosapis
(Philippines); Phdiek
(Democratic Kampuchea);
Ven-Ven (Viet Nam)

Light red seraya, red seraya
(Malaysia); Saya (Thailand);
Meranti merah (Indonesia); White
lausn, Almon, Mayapis
(Philippines)

Bagtikan (Philippines); Urak Mata

(Malaysia)




Name and species

Where found

Common local names

1. Piles and beams

Balata - Manilkara
bidentata

Courbaril - Hymenaea
courbaril

Manbarklak -
Eschweilera longipes

Tonka - Dipteryx
odorata

Wallaba - Eperua bijuga

LATIN AMERICA

West Indies, Central
America and northern
part of South America

South of Mexico,
Central America, West
Indies, Bolivia,
northern part of
Brazil and Peru

Amazon basin, Costa
Rica, Guyanas and
Trinidad

Brazilian Amazon
Region, Colombia,
Guyanas and Venezuela

Brazilian Amazon
region, Guyanas and
Venezuela

2. Floor frame and platform

Angelin - Andira inermis

Gronfoloe - Qualea
albiflora

From south of Mexico
through Central
America and northern
part of South America
(Brazil and Peru).
Also occurs in Guyana
and Trinidad

Tropical America, from
south of Mexico to
Peru. Abundant in
Brazil and Guyanas

91

Chicozapote (Mexico); Ausubo

{(Puerto Rico, Dominican Republic);

Nispero (Panama); Beefwood
(Guyana); Bolletri (Suriname);
Balate rouge (French Guyana);
Macaranduba (Brazil)

Cuapinol, Guapinol (Mexico);
Guapinol (Central America);
Locust, Kawanari (Guyana);
Rode lokus (Suriname);
Algarrobol (Spanish-speaking
Latin America); Jutai, Jatobd,
Jatai (Brazil)

Oxito, Olleto (Panama); Coco de
mono, Moutangero (Venezuela);
Coco cristal, Tete congo
{Colombia); Haudan, Kakeralli
(Guyana)

Almendro (Costa Rica, Panama);
Serrapia (Colombia, Venezuela);
Cumaru (Brazil); Charapilla,
Cumarut (Peru)

Palo machete (Venezuela);
Wallaba, Bijlhout (Suriname);
Wapa (French Guyana); Apa,
Apazeiro, Jébaro (Brazil)

Moca (Cuba, Puerto Rico);
Cuilimbuco, Maquilla (Mexico);
Barbosquillo, Arenillo
(Panama); Rodes kabbes
(Suriname); Acapurana (Brazil)

Florencillo (Venezuela); Kouali,
Gringnongou (French Guyana);
Gronfoloe (Suriname); Quaruba,
Mandioqueira (Brazil)




Name and species

Where found

Common local names

Kopie - Goupia glabra

Mahoe - Hibscus elatus

o™ R

3 n-nhnn:n
lllll b \)’ sV L O

globulifera

Nargusta — Terminallia
amazonia

3. Panels. rus

Amazon, Colombia and

Guyana

Brazil, Cuba, Jamaica,
Mexico, Peru and West
Indies

Lnacd TrAiao mEkwanl
wesSL indaies, Central

America and northern
part of South America

From south of Mexico
to Central America
and northern part of
South America. Also
ccours in Guyana and
tiest Indies

=€ frame and finishing

Determa — QOcotza rubra

Crabwood - Carapa
guianensis

Santa Maria -

Calophyllum brasiliense

Roble - Tabebuia rosea,
T. heterophylla

Brazil's lower Amazon
region, Guyana and
Trinidad

West Indies, from Cuba
to Trinidad, from
south Honduras,
through Central
America to Guyanas

and Brazil, Colombia
and Peru and high
countries of the
Orinoco in Venezuela

West Indies and from
south of Mexico,

through Central America

to northern part of
South America

West Indies, south of

Mexico to Ecuador
and Venezuela

92v.,

Saino, Sapino (Colombia};
Kopi (Suriname); Kabukalli
(Guyana); Groupie (French
Guyana); Cupitba (Brazil)

Emajagua excelsa (Puerto
Rico); Majagua, Majagua
azul (Cuba); Mountain mahoe
(Jamaica)

D

Baril 1llo
Cerillo

{Nuendbamala smam) .
{Guatemala, Honduras);

(Costa Rica, Panama);
Machare (Colombia); Mani,
Paramdn (Venezuela); Matalci
(Suriname); Manni (Guyana);
Breacaspi (Peru); Anani (Brazil)

Almendro {Honduras); Canshén
(Mexico); Amarillo carabazuelo
{Panama); Guayabo léon (Colombia);
Pardillo negro (Venezuela); Pau,
Mulato brancc (Brazil)

Louro vermelho (Brazil); Determa
(Guyana); Wana, Wane (Suriname);
Grignon rouge (French Guyana)

Cedro-macho (Venezuela); Kapra
(Suriname); Figueiro, Tangaré
(Ecuador); Andiroba (Brazil,
Peru)

Bari, Leche de Maria (Mexico);
Calaba (Panama); Aceite Maria
(Colombia); Edaballi kurahara.
(Guyana); Balsa Maria (Bolivia);
Guanandi, Jacareuba (Brazil)

Roble (Spanish-speaking Latin
America); Amapa, Roble blanco
(Mexico); Roble blanco, Roble de
sabana (Costa Rica); Roble del
rio (Colombia); Apamate
(Venezuelsa)




Table 2. Characteristics of woods from Acariquara
(Minquartia guianensis) and Jacareuba (Calophyllum brasiliense)

Properties Acariquara ' Jacareuba

Specific mass (density)
at 12% humidity 912 kg/m2 624 kg/m?

Volumetric shrinkage,
green-dry 14% 12.3%

Static bending strength =
at 12% humidity

- Rupture modulus (MOR) 135 MPa 101 MPa

- Elastic modulus (MOE) 16,840 MPa 12,630 MPa

Compression strength along
the grain at 12% humidity,

maximum strength 69 MPa 48 MPa

Natural durability for fungus

and termite attack Very durable Moderately durable

Preservability Not treatable Sapwood treatable;
heartwood not
treatable

Easiness of mechanical
fixing Regular Good

Other observations Difficult to work Tendency to split
and to warp

Source: Tropical Woods, No. 94 (1954) and No. 103 (1955).

Note: You can compare the characteristics of these types of wood with
those of wood found in your area.




Table 3. Requisites for each type of use

Floor frame

Joists, windows and doors,
joists' header boards,
inter-panel finishing boards,
inter-panel studs, facias,
purlins, beams, rafters

and posts

Use Requisites
Piles High specific mass 700 kg/m3
Beams High to very high mechanical properties:
Bending strengh
Rupture modulus 121 MPa
Elastic modulus 15,000 MPa
Parallel compression
maximum strength 56 MPa
Durability: high, resistant to more
than

12 years in contact with ground
Preservability: easy; permeable
Mechanical fixation: easy

Medium to high specific mass
500 kg/m>

Medium to very high mechanical
properties:

Bending strength
Rupture modulus
Elastic modulus

86 MPa
12,000 MPa

Parallel compression
maximum strength 56 MPa

Durability: high, resistant to more than
12 years in contact with ground

Preservability: easy/permeable
Mechanical fixation: easy

Medium to low specific mass
700 kg/m3

Volumetric shrinkage (percentage of the
dimension of green wood): 13.5 %

Medium mechanical properties

Bending strength
Rupture modulus
Elastic modulus

86 MPa
12,000 MPa




Use Requisites

Durability: high, resistant to more
than

12 years in contact with ground

Preservability: easy/permeable

Mechanical fixation: easy

Workability: moderate to very easy

Source : Grupamento de Madeira da Amazdnia por similaridade de
caracteristicas e usos (Sudam, Instituto de Pesquisas Tecnoldgicas, 1981).
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