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This report is the third of a series pre~d onder are­
search program that has been conducted at the Yale School 
of Forestry since 1947. In cooperation with the Office of 
Naval Research and the Bureau of Ships, United States Navy 
Depar~ent, this program was initiated to determine the ~asic 
pm:perues of a selected group of '!oods f~om the AJ?.encan 
trop1cs as a first step in evaluatmg theu: adaptability to 

various specific uses. 
Previous reports outlined the scope o~ the studies and 

de~cribed the test procedures tba~ are bemg employed on 
tlus project.t These reportS dealtWlth some fifty ~es ~d, 
for these, included results Of teStS tO detenJliDe s~C 
gravity, mechanical properti~ of ubseasoned woo~,~: 
age, decay resistance, and 8lt.,se.a&QtUn~~ 
formation relative tO the source Of the Its'&: ' 
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and general characteristics was ~lso presented, ~ogethcr with 
an evaluation of each wood wtth respect to Its present or 
potential utilization. 

The principal purpose of this paper ~s to prese~t the 
results of tests to detennine the mechamcal properties of 
the same woods in the air-dry condition. However, in. a 
number of instances additional material has been made avail­
able since publication of the earlier reports, and as a cor~­
sequence it has seemed desirable to incorporate in th1s 
report revised tables of the strength properties of the green 
wood, shrinkage. decay resistance, and air-seasoning char­
acteristics. Results of other phases of the over-all project 
including studies of gluing, moisture absorption, weathering, 
and steam bending, most of which have been published 
separately, have also been included here as a part of the 
descriptions of individual species ( 1, 2, 3, 1 6). Only to 
this extent should this report be considered to summarize 
available information concerning the characteristics of these 
woods. In the main, and this is particularly true of the 
principal portion dealing with the properties and character­
istics of individual species, this report is intended to supple­
ment rather than to summarize the infonnation presented 
in Tropical ·woods Nos. 95 and 97· 

Th~ species co~'ered by this report are listed in Table 1. 

In th1s table spec1es are arranged alphabetically by generic 
na~e. The same arrangemenr is followed in the section 
ent1tled Species Descriptions which begins on page 37· 

T ABI.£ I. hOE.'( TO SPECIF.S Co\'ER£P lN THIS REPORT 
Commc-n Ntm~ S · · _ __ -----.::.:..:.cte~Name 

Carabali - Albizzia ctrrib.-a-ea---:(:-:U::-r::-ba_n_)_B::--ri-tt_o_n_a_n_d_R_o_s_e __ 
Espavc An~cardium e:rcelsum (Ben. and Balb.) Skeels 
Brazilian Louro Amba Duckei Kosterrn., A. cf. riparia (Nees) 

Muir:l-juba 
1\Jylady 
Gon~alo Alves 
Tatajuba 
BraziJ :-\ut 
Cedro Espino 

Mez, Ocotea sp. 
Apulcia molarir Spruce 
Aspidosperma cruemum \ Voodson 
A stronium graveol ens J acq. 
Bagana guianemis Aubl. 
B,'Ttholletla excelra Humb. & Bonpl. 
Bombacopm quinata (}acq) Dugand 
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Common Name 

Yell ow Sanders 
Andiroba 
Piquia 
Cedro Branco 
Cedro Granadino 
Mora Amarillo 
Laurel Blanco 
Candelera 
Almendro 

Tauary 
Angelique 
Black Kakeralli 
Possumwood 
Courbaril 
Hububalli 
Vaco 
Bulletwood 
Angelino Aceituno 
Determa 
Ocote Pine 
Chup6n 
Cativo 
Frijolillo 
Sangre 
Gronfoeloe 
Wiswiskwalie 
Simaruba 
Mahogany 
Primavera 
Guayadn 

Roble Blanco 
Teak 
Nargusta 
Guayabo de Monte 
Masa 
Rajate Bien 
Fiddlewood 
Flor Azul 
Quaruba 
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Scientific Name 

Bucben.avia capitata (Vahl) Eich. 
Carapa guianensis Aubl., C. procera DC. 
Caryocar villosum (Aubl.) Pers. 
Cedrela Huberi Ducke 
Cedrela Tonduzii C. DC. 
Chlorop/Jora tinctoria (L.) Gaud. 
Cordia alliodora (R. & P.) Cham. 
Cordia Collococca L. 
Coumarorm~ oleifera (Benth.) Taub., 
C. odorata Aubl. 
Couratari pulchra Sandw. 
Dicorynia paraemis Benth. 
Escbweilera Sagotiaruz Miers 
Hura crepitans L. 
Hymenaea courbaril L., H. Dtwirii Sandw. 
Loxopterygium Sagotii Hook. f. 
Magnolia sororum Seibert 
Manilkara bidentata (A. DC). Cbev. 
Nectandra conci7UIJZ Nees 
Ocotea rubra Mez 
Pinus oocarpa Schiede 
Pouteria carahobensis Pittier 
Prioria Copaifera Gris. 
Pseudostrm.anea guacbapele (H.B.K.) Hanns 
PterocarpttS vernalis Pinier 
Qualea aJbiflora \Vann. 
Qualea sp. 
Simaruba amara Aubl. 
Swietenia macrophy/Ja King 
Tabebuia Do1111eli-Smithii Rose 
Tabebuia gruzyacan (Seem.) Hemsl., T. 
heterotricba (DC). Hemsl. 
T abebcua pentapbylla (L.) Hemsl. 
Tect011a grandis L. f. 
Terminalia amazonia. (G!l'el.) E.'l:ell 
Terminalia guyanenns Eichl. 
Tetragastris balsamifera (Sw.) Kuntze 
Vitex Cooperi Standi. 
Vitex Gaumeri Greenm. 

3 

Vitex Kuylenii Standi. . Sp 
Vochyria guianensis Aubl., V. hondurensu rague 

Mechanical Properties 
. the mechanical properties of about 

Table 2 summar~zes d in both the green and air-dry 
fifty tropical Amencan woo s 
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Species Source Condition Gra,·in· $1<&:1....-l 

1000 lb. io.-lb. in.·lb. ·- ~-- ~5.;; ~iil Hardness ~~9 .c 5 ~ 
per- oven· g~n lb. P_er lb.J?er 

1:<&:1....-l "' 
cent d~ vol. :<CI· tn. sq. 10. pe! per p~r 1b. (>Cf lb. P.Cf 1000 lb. End Side Suess at lb. lb. per lb. per in.-lb. 

sq. Jn. cu. in. cu. JD. :<q . 10. sq. sn. per lb. lb. ptO(>OrtiOnal per sq. in. in. of per_ 
vo. sq. in. hmit·l.b. _sq. width ~pea-

per sq. 1n. 10. men 

Almendro 
(Cozmr.rrorma 
olcifera) Panama! 46.7 1.02 o.89 12,100 17,95° 2,690 3·14 11.2 
( COf171lJTOU11i1 Green 6,400 8,6oo z,8oo 2200 2J8o 1970 1080 zo6o 48o 255-l 

Air Dry1 11.6 18,040 25,840 3,120 6.12 21.6 
odor au) Brazil 10>440 IJ,66o J,200 2700 3400 2400 ooo• 1J20 400. 

Greenhean::! 
Green 1.o6 o.88 1J,250 19.55° l,9JO 3·31 13-4 

(0cote.1 British 42·7 7·580 10,100 J,58o 2200 2Jl0 2040 1070 1730 610 -

Rodi.-zei) Guiana Air Dry1 14-8 r6,zoo• zs.soo· 3,7oo• 4.02• u.o• 1o,ooo• 12,920. 4,1oo• 2140. 263o• 1970. 1010. 183o• -

Bullerwood British 
(Mmilkara Guiana, 

l bidematJ) Puerto IJ.6 
Rico, Green 47 .6 1.03 o.85 u,uo 17,)10 2,700 2.51 7·030 8,6<)<> 3,o6o 2100 2230 248o 990 1900 4-Bo 264.8 

Surinam AirDry1 13.2 15,030 2],18o 3>450 3·76 28.5 8,o5o 11,640 3,J6o 2650 3190 zpo• 1100 2.500 330. 

Gonc;alo Alves 
Venezuela, Green 46.2 0.94 o.84 8,510 12,140 1,940 2.28 6.] 1840 1700 139·0 

(Amonium 4,620 6,58o 2,23~ 1640 1910 1000 420 

gra<:eolens J Honduras Air Dry1 13.4 1 t,po 16,620 2,230 3·34 10-4 7·8oo lO,JlO z,6:zo 2020 1100 2110 84o• I~ 450 

Black Kakeralli 
50.7 o.9B o.Sz to,68o 17·780 1.28 164-) 

( Esrb':.!.Jeilera British Green 2,910 13·4 6,170 7.78o z,88o 2.000 2480 158o 500 1790 390 

Sagoti.maJ Guiana AirD.ry1 14.2 12,86o 2.3>420 3·250 2.84 24·4 5·930. 11,210 3o750 " 2700 278o ISJO• 86o 2250 300. 

Guavadn 
(Tahebuia 
guayacm) Honduras ! 314.6 
(Tabebuia Green 38.0 o.¢ o.82 10.970 1Wt8o 2,350 3-01 23.0 7,16o 8,710 2,]20 2540 2840 1910 1080 218o 500 

heterotricba) Panama Air Dry1 13.0 . 14-,240 24>890 2,640 3.8o 24·4 7·290 11,700 2,740 J200 J%40 2280 68o• 2 490 390. 

~luir.i-juba 
Green 55.0 o.86 0.76 9,8oo 15,300 2,t8o t&)o 1180 186o s6o 277·3 

( ilpuJei.T 2.50 134 6,100 7·33° z,..SO 178o zo6o 

molaris) Bra1.il AirDry·1 12.1 14>470 2o,¢o 1,510 4-62 20.4 10,530 1,48o 188o u8o 1040 1130. 1970 sto• 
7·240 

Pi quia 
fCaryoc:ar Green 6r.3 o.84 0.71 8,200 fZA-50 1,820 2-17 84 6,290 2,210 1450 1720 zo8o 990 164-0 43° t;o.s 

~.oillosum) Br37.il AirDry1 q.8 1],000 2,160 15.8 4>990 r6zo• ]So. '990 JSo. 
10,<)90 3·07 8>410 2,200 r6to 1720 

:'\Irlad\· 
5.140 

r Aspidosperma British Green 57.: o.82 o.71 9·070 14,100 z,soo 1.83 8.9 6,65o 2,840 1500 1470 1100 700 1500 420 1p.8 

cru.cmrmz) Honduras Air Dry1 11.4 14,1 so 20,7CJO 2,76o 4·12 16.9 5·300 1820 1320 400. 1700 zoo• 

Courb'Uil Panama, 
8,J80 rr,uo 3o270 1950 

f Hymtmaea Pucno 
CIJUTbaril) Rico, 

J:londuras, Green 6o.8 o.81 0.71 7·9 10 12,940 1,840 t.87 14.6 1 ,C}OO n8o 1970 1640 !110 1770 54-0 :J0-5 

Surinam Air Dry~ 12.6 11,<)00 19400 2,16o .3·71 17.6 
4,200 s.Soo 2350 t88o ¢o• 1470 47°. 
6,soo 2,240 zpo t87.8 

H pnmaea British Green 64.8 0.79 o.67 8,230 11440 2,080 1.62 8.5 
9.510 

1480 1610 1(2.0 890 168o .po 

Oadrii) Guiana Air Dry•• rz.1 10,720 19,290 2,950 
4,26o 5·54° 1,450 

1700 12.30 8oo• 2130 390. 

\IM'l Amarilla Guatemala, 
2.JO 19·3 6430 9400 3,170 1070 

'Cbloropbora Honduras, Green 64·7 0-77 0-]1 9·320 14,840 I .SCJO J8oo 1030 1850 450 1!9-3 

tmctorial \'cnc:zuela Air Dry1 
3-45 144 4,86o 6,86o 1,6Qo 2070 !IC}O 

6so• 300. 
11.4 19,500 2,16o 238o• 1940 IC}90 

(;1mp6n 
14>420 5-44 174 8r470 IJ,o8o z,ooo 26oo 

I tr,~uteria Green 63.8 o.81 o.68 5·490 114-20 1,740 uoo 1150 I~ sSo !304 

CJ~TabobcnsisJ Venezuela AirDrvl 
1.02 12-9 

2,~ 4-,300 1,820 1470 1440 .ooo• 188o .uo• 
II. I 8.400 17.770 2.UO L "lA. ?.'Lt tSto J8oo 1500 L.~. ~ ••n 



Tatajuba 
(Bagassa 
guimzensir) 
Masa 
(T ma.!{artris 
balsamjfera) 
Carabali 
( Albiz.z.ia 
caribaea) 
Dogwood8 

(Comus 
florida) 
Shagbark 
Hickorf' 
(Cary a ovata) 
1\argusta 
{ T emriTUZlia 
amilZ0'11i a) 

Lou.ro (A11iba 
cf. riparia) 

Source 

Brazil 

Puerto 
Rico 

Venezuela 

United 
Stares 

Cnitcd 
Stares 
British 
Guiana. 
Panama. 
British 
llnndura' 

Brazilian ~ 

( Ocotea sp.) Brazil 
(AnibJ 
Duckei) 
White Oal..-3 United 
( Qunc:u alba) States 
Angclique 
( Dicory11ia 
paraenris) Surinam 
Yellow Sanders 
( Bucl)ma1.:ia Puerto 
ca{Jitata) Rico 
Brazil ~ut 
( Bertbolletia 
e:rcelsa) 
Teak~' 
(Tectona 
grand is) 
Sangre 
(Pterocarpus 
'ilt77Ul/is) 

Brazil 

Bunna 

Venezuela 

Condition 

Green 
Air Dry: 

-.. _ 
cg 

~- Ji•t: 
~§ .. 8 .. ~ 
·~ c: Specific ] o 6 
~8 GravitY ii:ci::.:i 
per- O\'efl· ~treeo lb. ~r 
cent dry vol. <;q. an. 

\'01. 

r:.o 

Green oo.s o.So o.67 i·6oo 
I0,6jO Air Dry• 11.: 

STATIC BF.~DI~G 

0 
~" -;2 
-ga. 
... :s 
..-:,:0: 

lb. per 
sq. in. 

1~,)10 

!0,0)0 

;; 
0 g a 
~.~ e·e e ~ 
i ·~ ~ ~·~ tS"i 
~iii ~ci::.:i i::J::S-!3 

1000 lb. in .-lb~in.·lb. 
per ~! ~r 

sq. in , (U, an. CU . IR. 

l,JOO l.8f I 1.3 
2,58o 4.18 1~4 

IZ,380 I ,6)0 I .<}(S 
I 6,0<)0 I ,890 3 40 

10.0 
13·3 

Green 
AirDry1 

78·3 0.73 0.66 5,8zo I J ,210 

12 . .3 9,070 I ~.480 
1,500 
1,800 

1.26 
2-57 

Greco 6z 
AirDry r:t 

o.8o o.64 4,8oo 8,800 1, r8o 
9,200 14,900 I ,530 

1.11 21.0 
3-10 I9·5 

Green oo 
AirDry 12 

o-78 o.64 5·900 11,000 1,570 
10,700 20,200 2,16o 

1.28 23·7 
J.OI 15.8 

Green 67.3 0.73 o.64 ;,710 n,IJO 2,010 1.70 12.2 
AirDry1 

12.9 11,310 li,(50 2,JOO J.16 16.4 

Green 54.6 0.71 o.6z 9.<}6o IJ,Z50 2,170 2.6o 9·7 
AirDry1 

13.5 n,;oo 19,030 2,570 3.12 t8.o 

Green 68 
AirDry n 

o.;r o.oo 4.700 
8,!00 

Green ;8.7 o.69 o.oo 
Air Dry1 1 I .8 

;.65o 
11,610 

8,300 I ,2 50 1.08 
15,200 '·78o !.27 

1,840 
2,190 

12.0 
15.2 

Green 65.1 o.66 0.59 6,330 10,050 1.400 1.62 8.8 
Air Dry

1 
14.2 7,670 12,970 1 ,6so z.o4 8.1 

Green 69·9 o.66 0.59 p8o 
Air Dry1 

1 3·9 8,-f80 
9.740 1,610 

I-J,68o I ,700 
1.01 

l.Oj 

A
G.rce

0
n 52 o.6.z 0.58 7,250 1 1 ,3s0 1,580 1.~ 

lr n.•1 II • 8 00 6 
-.. ·- •1 •3,770 1, 70 2.5, 

Green 6z.o o.65 o.57 s.6oo 
Air Dry1 11-4 9,000 

9,58o 
16,ozo 

1,58o 1.1 3 
2,000 241 

C0MPIU!SSION PARALLI!L 
TO GRAIN 

T .\IIU; 1-Caminut!d 

•- c;:; :i 
::~ 2 -o .g-e a .. 
~.2 § IOC..C: ,. "" .,01 ;.;: c C:;.;: c: " t 

(I) t: E c: t;;. " - - c - o c·- a~ c ;;; &.~ ._:.c c: :;:g c."~ ·- .. e 
..o o E x "' " "8 5 g ~r..:l c er..:l e ~ ~ -;i:&.;::-;.;:.:t~:..:i=--~;;z::.'"=~Ji.:...._~:;.~UJ::.,.,...._~Hardn= vo. g ~~ c ~ _ ~ 

lb. per lb. per 1000 lb. End Sidc:Strcss lit lb;:-.;::;._-;1;-Cb.:.:.pc:_: ""'Jb,..:.=-pc-r--=-io..!..""'-lb,_.. 
sq. 10 sq, in. per lb. lb. proponiorul per sq. in. io. of ptt 

sq. in. limir·lb. sq. wid:.h spca 

3>430 

4,810 
6,810 

3·790 
5,200 

4,120 
s.rSo 

5>400 
8,j8o 

4.830 
71UO 

6,s6o 
10,010 

5·13° 
7>440 

per sq , in. in. mea 

2,510 1fizo 
2,850 2140 

1,730 1]40 
2,JOO 2570 

r6;o 
1730 

1200 

16c)o 

<)f.IO 
1730 

1,670 1)20 1370 1540 
I,C)So 1150° IJ30° 1070° 

1410 1410 IOJO 
2430 2150 1920 

1,2]0 136o IJ20 1o6o 
2,520 IC}90 1610 12JO 

I,SSO 116o 1100 1000 

1,6oo 1440 1470 1110 

2,18o 
lt490 

1,820 
I,Sc)o 

IUO 
1520 

1100 

1700 

1000 

IJJO 

1020 

1570 

lo6o 
IJ6o 

1100 
1190 

830 
lj20 

1000 
u8o 

C)8o 1040 
1100 1190 

910 
lllO 

6;o 16;o 370 
740 ltJ.tO 290. 

I.ZJO 1700 590 
76o" 1770 400. 

840 1500 400 
;So" 1710 38o" 

1510 
2430 

Bso 1440 400 
67o" 1950 270• 

750 1410 430 
s6o· I&Jo 290. 

no 1250 .po 
8oo 2000 450 

700 1340 340 
s6o" 166o J6o 

8oo IJ40 430 
46o. 188o 290" 

68o 1140 liO 

6zo• 138o )10• 

1]00 

I]6o 

900 uzo 46o 
400• 1710 z6o• 

•;s.8 

ljl.1 

ll!.8 
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STAnc BBNDING COMPRBSSION PARALLllL 
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·- c Specific ·- 2.§ ~e .. ~00 
., 

~0 ;:gji.l ~~;.:l ~~.s ].!'! .. 
~ Species Source Condition Gravicy l<oll.o-1 ::Sp:; ·- .,;..,_ ~vJl Hardness ~g ~"o .c G ~u 

1000 lb. in.-lb. in.-lb. 
ll<O..o-1 ..... l:l 0..- (I) 

per· O\"Cn· green lb. ~r lb. per lb. \)C!I lb. J>Cr 1000 lb. End Side Sttess at lb. lb. per lb. per in .. Jb. 
cent ~ vol sq. 10. sq. in. pe! pe: pe_r 

sq. 10. sq . ln. pee lb. lb. pro{X>rrional per sq. in. in. of per_ 
vo sq. 10. cu. 10. cu. 10. 

sq. in. hmit-lb. sq. width spect• 
per sq. io. 10. meo 

Guayabode 
Monte 

7·8 (Termin41ia Green 73.6 o.62 0.57 ),]So 9.400 r,no 144 3,000 4.240 1,380 TIIO ¢o 700 790 1230 340 102.3 
guytmensis) Venezuela AirDry1 10.) 8,110 u,69o 1,570 2.36 9·7 4.250 6,730 1,570 1520 10]0 10]0 510° 1530 210° 
Hard Maples 

United Green 58 o.68 o.56 1.03 13-3 z,8so 8oo J46o (AceT 5,100 9·400 1,550 4,020 1070 970 
s.zccbarum) States Air Dry I:Z. 9.S00 15,800 I,8JO 2.]6 16.5 5·390 7,830 184£> 1450 1810 2330 
Fiddlewood 
(Vitex British Green 42.·5 0.64 0.56 6,1]0 10,190 I,6oo 1.33 9·9 3·240 4.750 1,870 u8o 1040 790 1140 IJIO 450 q).) 

GtnmreTi) Honduras AirDry1 l'l.-7 I 1,720 16,550 I,96o 3·65 I l.l 5·740 8,6()0 2,140 1700 1390 1100 470. 1700 po• 
Angelino 
Aceituno 
(Nectandra Green 88.o o.63 o.56 5,8JO J0440 1,540 1.26 104 3.66o 5,020 1,68o 1020 930 710 1020 r~ 430 nz.6 
concinna) Venezuela AirDry1 12.9 9,58o 14,230 1,650 3·1 2 124 4.720 7,200 r,88o 1170 J06o 1140 10]0 1400 440 
Hububalli British 
(Lo:copteTy- Guiana, Green 98.o o.6:t o.56 5·740 9.38o r,68o 1.19 7·6 3·790 4.700 r,910 ¢o 1040 88o 66o noo 370 uo.S 
giumSagotii) Surinam AirDry1 IZ4 9,900 lJ,66o t,750 3·•8 10.6 51540 7Jt20 21o8o 1020 IOfO 900 640 1430 340 
Frijolillo 
(Pseudo-
samanea) Green 6o4 o.6z o.56 4.910 8,190 1,200 t. I I 9·2 2,790 3·930 1,410 ro6o 1030 ¢o 710 1270 310 130·3 
guachapele) Honduras AirDry1 13.3 8,150 10,750 1,150• 1.91 6.o• 4,88o 6,570 1,790 10]0 1040 970 66o. 1430 290" 
Teak (planta-
tion-grown) 

I t6.! (Tectomz Green 71 ·3 0-59 o.s6 6,r6o 9·940 3.¢o 4·78o t,JSO 1140 1290 1190 940 1730 390 
grtmdis) Honduras Air Dry' 

'·350 1.59 10.9 
1110. no• r6oo 470" 1!.6 8.430 IJ,JIO '·390 2.92 IO.J • 5.300 6,77o 1,510 1140 1340 

Yellow Birch3 United Green 67 0.66 0.55 4,200 8,300 '·500 r6.r 2,620 J,J8o 810 78o 530 430 1110 z;o 
0.70 (Betula lutea) States AirDry1 rz 10,100 r6,6oo 1,010 1.89 20.8 6,130 8,170 l48o u6o 1190 910 r88o po 

• 
·whiteAsh8 

(Fraxinus United Green 41 0.64 0-55 5,100 9.6oo 1,46o 1.04 16.6 3·' 90 3·990 1010 ¢o 8ro 590 IJ8o 330 
americana) Srnres Air Dry 11 8,900 15>400 1,770 2.6o 17.6 5·790 7·410 1720 IJZO 1410 940 1950 48o 
Ocote Pine Green sSo JSo 1040 220 119-9 40.5 o.61 o.5s s.o6o 7·970 '·740 0.84 6.9 z,s8o 3·690 1,920 53° no 
(Pinus uocarpa) Honduras Air Dry1 r 3·5 10,010 '4·870 2,250 247 10.9 5,590 7,68o 2,110 IOSO 910 970 630 1710 34° 
Andiroba 
(Carapa 
guianensis) Brazil 
(Carapa Green 65.0 o.6o 0.54 6,640 I ,6(}0 '48 88o 730 s6o 1:10 340 Ill.O 
proceTa) Surinam 

JO,JOO 9·8 4,040 4.78o 1,720 940 
440. 140. 

Rajate Bien 
Alr Dry1 r 3.0 10,240 15,540 1,000 2.84 14.0 6,o8o 8,120 2,240 1500 1130 830 1510 

(Vitex 
Coo peri) Guatemala} 
Flor Azul Green 98.8 o.6o 0.53 s.86o 1050 u8o 6so u8o 310 Jo8.o 
(Virex Honduras Air Dryt IJ.8 

9>420 1>490 r.t8 7-2 J,700 4·78o 1,78o 1050 
¢o• 990. 400. 1540 :So• 

Kuylenii) 8,720 12,890 t,570 2.56 9·0 5·450 7.010 r,68o• 1330 
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1: .. ::> Species Sou.u Coodirioo Gravity :1~ :~~ ilta.o-~ i:£:J :1 II) :~~ Hardnns (l"o ~~E v {:. c..- <I) 

per• O'R'D· ~0 lb. P,er lb. ~r I 000 lb. in..lb. io.·lb. lb. ~r lb.~r 1000 lb. End Sid~ Stress at lb. lb. per lb. pn .tn • ..fb. am ~ \'OL sq. to. sq. m. pe~ per per sq. m. sq. an. per lb. lb. pro~rtional per sq. in. io. oi ~r sq. 10. cu. io. cu. in. sq. in. lamit-~b. ~ width Jpcci. 
~rsq. '" '"· mco Detenna British 

(Ocorca rubra) Guiana, Green 8J.l 0.58 0.52 5..420 7,8zo r4>0 1.18 4·8 3P40 3·700 ' ·740 450 520 550 6zo 86o z8o jj.KJ 
Surinam AirDry1 u.S ;,64() 10470 r,8zo 2.00 6.4 4..420 5.8oo 1,8ro 590 66o 640 440. C)8o zzo• 

Roble Blanco Honduras, 
(Tabebuia Panama, 
pemapbylla) British Green 68.z 0.57 0.52 6,6oo ro,77o '..450 r.66 II ·7 4-040 4J,910 r ,s ro IOJO 910 790 790 1250 J8o '47.KJ Honduras AirDry1 ' H 9t48o 13,78o r,6oo J.l8 l!.j 5.890 7·340 '·740 IJIO 900. 940 soo• 1450 170• Black \ Valnur' United Green 81 0.56 0.51 5400 9·500 1420 r.r6 '4·6 3,5zo 4.300 900 900 6oo 570 1%10 300 ( fu.~lans nigra) States Air Drv I! ro,5oo '4·6oo r,68o 3·70 ro.; 5,78o ;.s8o 1050 1010 1%50 690 1370 JlO Tauan· Brazil, 
(Coztr"atari British Green 68.8 o.s6 o.5o 5·390 9·240 '·730 0·94 R.3 3·390 4t16o 1,000 840 740 s6o 66o ro;o JZO 113-9 pztlrbra) Guiana Air0ry1 '34 9,68o IJ,j20 1,800 1.88 ll .! 5·110 7>400 1,¢<>• u6o 88o 86o sso• IJ8o 270 
Gnonfndoc ~ (Qualea 
albitlora) Surinam Green 151.8 0.56 0.50 s.96o 9·050 r,6;o 1.24 6.8 3,8zo 4.790 1,940 810 740 68o 66o lo8o 300 96-5 \ Vi~·wiskwalie Air Dry1 14.8 10,350 14·450 '·970 J.IZ 94 6,8oo 8,340 1,140 •440 910 740 340. ljZO 17o• ( Qualea sp.) 
Vaco 
( Maf{1lolia Panama Green 84.8 o.56 o.so 4950 8,500 1,6<)<> o.84 6.s 1,610 3·590 1,o6o 88o 86o 740 86o 11.10 410 u8.J soronnn} AirDry1 10.8 9.6oo 5,66o 7.85o 1,140 •58o 1091) 1190 63o• 14')0 z8o• Candclera 14,250 1·970 2 ·54 IO.R 
(Cordia Venezuela Green 874 0.54 047 46oo 6mo 0.78 2,370 3·510 I ,oliO 630 540 38o 6oo 730 z6o 85-9 Col/ococca} Air Dryt '·350 4-7 810 410. z8o American 1-:Ima 

IJ.3 6,990 1r,po 1,]50 1.61 9·6 s,uo 6,100 I,8JO 1100 900 1320 

(U/nms Unired Green 8c} 0·55 0.46 1,910 68o 610 440 590 1000 ameri CtiTUZ) Stares Air Dry 3·900 ],200 1,110 0.81 11 .8 1.910 
85o 66o 12 ;.6oo IJ,8oo 4P30 5·51° 1110 BJO 1510 ;\lahoganvfl 1,340 2.53 I _l.O 

fSwietrof., Central Green 79.6 0.51 045 8,900 3·o8o 1.$10 810 740 68o 740 l:l.fO 3JO 88.z macro pby/Ja) America Air0ry1 5·500 1•340 l.lj ?·• 4o340 
Cedro Espino "4 ; .C)OO 11400 •.soo z.o8 5.o8o 6.78o •.soo• wo 8oo 1090 740 UJO 340 i·5 
fTJt.mrb.Jcopsis Honduras, Green 116.7 o.so 045 4·78o 7·56o 1,340 66o 6so 56o 6oo C)6o z8o 101.7 quinat.z) Panam:1 Air Dry1 r :.5 

1,26o 1.11 8.8 2,740 3>440 
JZO• 1040 130• Laurel Blanco I londuras, 6,98o 104<)0 lt400 1.95 9·.! 4t38o 5,66o r.szo 830 710 740 

(Cordia .i\.'icaragua. 
afliodora) British 

f lcmcluras, Green ro44 o4 8 044 5·710 1,280 1,440 8)0 8o9 68o s40. 1140 1,0 1)8.1 Panama 9,0j0 r.so 9.fi 3..450 4P40 130• Air DJ)·1 IZ.J 8,170 12,180 •.s8o 8ro Sib 4lo JUO \1:thogany l,jiO 2 ·73 9-8 5,()40 6,330 IOSO 
lplanration-
grown) 
1 5-r.;;j nl"71i a 

Green 50.7 0.46 0.4~ ?SO tSOO • Jw marropbylla) Honduras AirOryt s.o8o R,JSO 1,140 '·'4 ;.; 1,730 3•SOO l,G40 ll~ ·= 1t* &o• IJIO • 134 7,6:o 1000 ,_ I SO 10,310 ' ·'50 2.51 7·5 4.110 s,680 s,zoo 





TROPICAL WOODS 

condition~. Species arc arranged in the table . in m:der of 
decreasing specific gravity (green \'OI~me basts) . 1 ests of 
air-drv wood were conducted at the motsrure content shown 
in column 4 of the table. but in most instances the prop_ertics 
have been adjusted to correspond to a 1 2 percent t~lotsrurc 
content using the equation method ( 1 z) . Excepttons are 
noted with an ~tstcrisk as stated in a table footnote . . \ number 
of well-known domestic and foreign woods are included in 
Table : for comparison with these tropical American woods. 

The value.-; sho\\ n in Table :! represent average strength 
\'alucs for each species. \\"hen material from more than one 
source was rested, the properties of the wood from each 
source arc sho\\ n separately in the tables included in the 
section on Species Desc1•i ptio'flS. The air-dry properties of 
individual species are also discussed in that section of the 
reporr. 

A ge.neral relationship between most of the strength 
properties of these '' oods and specific gravity is indicated 
frofl'! trends of .decreasing strength with decreasing specific 
gravtty shown rn Table 2. Figures r and 2, based upon data 
gat1.1ered in rhis. study supplemented by strength va lues 
dem·ed .from carltcr tests at the C niversity of \ fichigan ( 1 1), 

clearly 1llustrare these trends for bending strength as meas­
ured hy modulus o~ ll!P.ture. The_ plotted points represent 
:werage values for mdmdual spectes of tropical American 
woods. whereas the cun·cs are based upon data of the Forest 
Products Laboratory, ~ladison, \Visconsin for r68 domestic 
woods ( 1 2) . 

l.t is evident f;om Figure 1 that averages of the plotted 
pomts. rcprcsentmg the bending strength of the tr · . 1 i · 1 . optca 
woo's m r 1c green condttJOn lie above the curve for dornest"c 
woods throughout the entire range of specific · 

1 
·1· 1 1 . . g rav1ty. 

owarc t 1c . upper l1m1ts of specific gravity rhe tropical 
wood trend lmc exceeds the domestic wood curve by abo t 
25 pcrccm. u 

. Figu~c 2 shows the_ comparable relationship for air-dry 
\\ ood. Improvement m the bending strength of tropical 
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FIGURE I 

Relationship between modulus of rup~re and ~cific gravity for 
unseasoned tropical woods compared wtth domestic woods. (Curve 
representing U. S. woods prepared from data of the Forest Products 

Laboratory.) 

woods is indicated by comparison wi~h ~igure 1. In the ~ir­
dry condition, however, the supenonry of th.e troptc~l 
woods over the domestic woods is no longer ob\:tous and ~t 
appears that the curve derived for air-~ry domesnc woods IS 

also reasonably applicable to the trop1cal woods. 
Similar relationships may be shown for modulus of el~­

ticity, crushing strength, and a number of other propemes 

( 17 ). . . 
A 1 rule tropical woods do not 1mprove 111 strength 

s a gencr~ to the same degree that is characteristic of 
udpon s~asomngds Table 3 presents average ratios of air-dry 

omestlc woo · · 1 ds f th · th properties for the troptca woo o IS 
to green streng . . h . .1 r ratios for domestic hard­
study in comparJson Wit snru a . f ... : .. _,....,y to 

· n'on average ranos 0 I»&~ 1 
woods. Wtth one excep . ' le are lower for these 
green properties as shown 111 the tab 
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FIGURE l 

Relationship . between modulus of ru~ture and specific gravity for 
air-dry troptcal woods compared wuh domcsnc woods. (Curve 
representing U. S. woods prepared from data of the Forest Produces 

Laboratory.) 

tropical woods than for domestic hardwoods. Greatest 
improvement among the tropical wood properties is shown 
in elastic resilience in static bending and in maximum crush­
ing strength, bm these arc properties in which even greater 
improvement upon drying is shown normal1y by domestic 
woods. The lowest ratios, actually less than unity, for 
tropical woods are in tensile strength across the grain and 
cleavage resistance. Domestic woods arc also generally char­
::tctcrizcd by low ratios of air-dry to green strength in these 
propenies although in the case of domestic woods the ratio 
for ~ensile strength, at le~st, excc~ds unity. Upon drying, 
tropical woods show considerable Improvement in compres­
sion both parallel and perpendicular to the grain, but these 

TROPICAL WOODS 

properties are nevertheless among those which are least 
favorably affected by drying relative to the strength increases 
generally shown by domestic woods. 

TABLE 3· !Unos OF ArR-DRY TO GREEN STRENGTH PROPERTIES oF 
TRoPICAL AND DoMESnc HARDWOODs 

Tropical Domes~ic 
Pcoperry Woods Hardwoods! 

Static bending 
Fiber stress at proportional limit ............................... . 
Modulus of rupture ....................................................... . 
Modulus of elasticity ................................................... . 
Work to proportional limit. ...................................... . 
Work to maxunum load ............................................... . 

Compression pa.raUel to ~ain . . 
Fiber stress at proporoonal hm1t ............................... . 
Maximum crushing strength ....................................... . 
Modulus of elasticity ................................................... . 

Lp J.8o 
144 1.59 
1.16 I.JI 
1.98 2-49 
1.42 1.05 

1.58 1.74 
1.63 1.95 
1.13 

Hardness 
End ································-·················································· 1.36 1.55 

1.17 r.n Side ••••••••••••••••••t•tnunut""''••••••n••uuu•••u••u•uutauan•••"'"'' 

1.)1 1.84 
o.86 1.20 
1.24 143 
o.85 

Compression pefJ?endicular to. grain ............................. . 
Tens1on perpendtcular to gram ..................................... . 
Shear ..................................................................................... . 
Cleavage ............................................................................. . 

lU. S. Dept. Age. Tech. Bul. 479 ( I2). 

The only property of tropical woods that was more favo~­
ably affected by drying than its ~0\~nte~art for dom~c 
woods is work to maximum load, mdtcanve of ~hock resis~­
ance Most unseasoned tropical woods are relat.Ively low ~~ 
shock resistance when compared with d?mesnc_ woods o 
equal weight Hence the effect of drying ts. to raiSed t~emht? 

· bl to domestic woo s m t 1S a level more nearly compara e h · 
respect. The outstanding improyement shown bly t de tro~-

1 d . shock resistance ts apparently re at~ to t e 
ca woo s m . than domestic woods 
fact that they show lower mcreases ff f d · g 

. gth The e ects o rym 
in stiffness and compr~sl\:e .stren ~ies are discussed under 
upon the properties of mdtvtdual spe 
Species Descriptions. 
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Shrinkage 
Shrinkage values for tropical woods are given in Table 4· 

These revised results summarize all shrinkage data collected 
on these woods in this study. Shov.·n in the table are aver­
age values for radial, tangential, longitudinal, and volumetric 
shrinkage. Data for a number of well-known tropical and 
domestic woods are included in the table for comparison. 
It is apparent that the tropical woods generally exhibit 
lower shrinkage ''alues than domestic woods of similar 
density. 

Figure 3 shows the relationship between volumetric 
shrinkage and specific gravity for these tropical woods com­
pared wilh domestic \voods. The plotted points in the graph 
represent average shrinkage values for individual species of 
troptcal woods, whereas the regression line represents the 
relationship established by the Forest Products Laboratory 
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TABLE 4· SHRINKAGE PRoPERTJF.s oF TROPICAL A;-.n:~uCA~ Wooost 

SJBJNXAGl! (perceac) 

Species Source 
No. of Specific Ta118eD- Loagi- Voln· LocsZ Gravity:! Radial cUl mdioa.l =ic 

lllet'D 
volume 
basis 

Almendro 
( CoumaroU1lll oleifera) 
(Cotmrarouna odorata) 

Panama} 
Brazil 4 o.Sc) s.o 7·6 0.13 11.0 

Bulletwood British 
( Mtmilkara bidentata) Guiana, 

Puerto Rico, 
Surinam 7 o.85 6.J 94 0.13 I6.9 

Gon~alo Alves Venezuela, 
( Astronium graveo/ens) Honduras 4 
Black Kakeralli British 

0.84 4·0 ].6 043 IO.O 

( Eschweilera Sagotiana) Guiana 2 o.8z 4·9 10.5 0-34 I44 
Gualac:in 
(Ta ebuia guayacan) Panama ) 

o.8z (Tabebuia heterotricba) HondurasJ 6 6.z 8.6 0.18 13·5 

Muicl-juba 
( ApuJeia molaris) Brazil : 0.]6 4·6 6.8 0.0] ll.J 
Pi quia 

Brazil ( Caryocar 'l:illosr.mr) 3+4 
0.]2 5-0 8.0 0.10 IJ.O 

My lady 
British ( AspidospermJJ• 

cruentum) Honduras 3 0.]1 p 8.] 0.18 14·3 
Courbaril Panama, 
( H ymenaea courbaril) Puerto Rico, 

Honduras, 
Surinam 9 O.]I 4-5 s.s 0.2] 12-7 

( H ymen~~ea Davisii) British 
Guiana 3 o.67 4-I ].6 o.s• 14.8 

J\tora Amarilla Guatemala, 
( Cbloropbora tinr.toria) Honduras, 

Venezuela 4 O.]I 34 54 041 7.8 

Chup6n 
(Pouteria carabobensis) Venezuela 3 0.68 H to.s 0.11 14.8 

Tatajuba 
( Bagassa guianensis) Brazil z+• o.68 s.z 6.6 0-09 10.2 

Masa 
( Tetragastris 

PuenoRico 3 o.67 H s.s 0.18 •3·9 balsamifera) 
Carabali 

o.66 6.s 0-17 9-5 (AI bizzia caribaea) Venezuela 3 .p 
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TABLE 4-Continued T ABI.E 4-Continued 
SHRINICAGB (percent) 

SFnn-."XAGE ( percrnt) 
No. of Specific ad. al TanAeD· LoOAi· Volu· 

Source ~ Gravi[J3 R 1 tial tudinal metric No. of Specific T:t08tn- Loolri· Volu-Spec1ts Species Source loj!S:l Gr&\'ity3 Radial rial rudinal m=ic green green volwne 
basis •olume 

basis 
Shagbark Hickory~ United 

16.7 Ocote Pine 
(Carya o-:.•.rta) States o.64 7-0 10.5 (Pmus oocarpa) IJonduras 3 0.55 4·6 7-5 0.10 12.) 
Nargusta British Andiroba 
(T crmin.zlia mmr:.onia) Guiana, (Carapa guianensis) Brazil f 8.o • 0.11 Panama, ( Carapa pro cera) Surinam 4 O.H 3-9 12.1 

British RajateBien 
Honduras 9 o.64 +8 7·9 0.18 I 1.7 ( Vitez Cooperi) Gu.remal•l• 

Bnzilian Lou"' l Flor Azul O.SJ 3·2 64 0.16 104 

'Aniba cf. riparia) Brazil 3 0.61 4·6 7·0 0.36 11.1 ( V itez Kuylenii) Honduras 
fOcotea sp.) Determa British 
f Aniba Duckei) (Ocotea rubra) Guiana, 
\\'hire Oak6 United Surinam 5 0.51 J.7 7·7 0:17 104 
(Quercus alba) States o.6o 5·3 9·0 15.8 Roble Blanco Honduras, 
Angclique (Tabebuia pentapbylla) Panama, 
( Dicoryni.z paraensis) Surinam o.6o 4·6 8.2 0.16 14.0 British 
Yell ow Sanders Hondlli'2S 10 o.p 3·6 6.1 0-14 9·5 
( Bucben.r.:ia capitata) Pueno Rico 3 0-59 2.8 5·7 O.Jl 9·6 Black Walnut'~ United 
Brazil ~ur (]uglansnigra) States 0-51 5·1 7·• II.J 
(Bertholletia e:rc:elsa) Brazil z 0·59 3·9 8.3 0.16 I 1.1 Gronfoeloe 

l Teak ( Qualea albiflora) Surinam l o.so H 9·1 O.IJ 12.0 
(Tectotz:z gr.mdir) \Viswiskwalie 

Forc~t-grown Burma6 o.;S Z.J 4·2 6.8 ( Qualea sp.) 
Plantation-grown Honduras 3 o.;6 2.1 4·6 0.3] 5·1 \·aco 

Sangre (Magnolia sororum) Panama 3 o.so J.6 j.O 0.1J 11.1 
r Pterocarpus ':Jenzalis) \·cnczocla 3 0-57 3·9 6.8 0.26 10.8 Candelera 
Guayabo de \lonte (Cordia Collococca) Venezuela 3 047 4·8 9·2 0.15 13-J 
(Terminalia guyanensis) Vcnc-rucla 3 0.57 4·0 6.1 0.26 '9·3 Mahogany 
HardMapleG United ( Swietenia macrophylla) Cen~ 

11 ( Acer saccbtrrum) Stares o.56 4·9 9·5 14·9 Forest-~rown Amenca 045 H 4-8 7-7 
Fiddlcwood British Plantanon-grown Honduras 3 041 14 4·2 042 6.6 
( Vitc.T Gaumeri) llonduras 3 o.s6 4·8 7·3 0.15 "·9 Cedro Espino Honduras, 
A ngdino Accituno (Bombacopsis quinata) Panama 6 045 3-5 6.1 0.20 10.1 
fNect:mdr.t concinTUJ) Venezuela 2 o.s6 H 6.o 0.24 9·8 Laurel Blanco Honduras, 
Hububalli British (Cordia alliodora) Nicaragua, 
( Lo:ropt~:rygimn Sagotii) Guiana, British 

Surinam 4 o.s6 H 7-2 0.34 I I. I Honduras, 
Frijolillo Panama 13 044 H 7·1 0.16 C).l 

I Pseudcmrmane.t 
Cedro Granadino guacbapele) Honduras 0.)6 0-41 41 6.J o.t6 10,3 

Tauary 
2.9 4·5 0.37 j.6 (Cedrela Tonduzii) Panama 3 

f COtffatari pulchra) Brazil l o.56 4·' 7·3 0.11 "·3 
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TABLE 4-Continued 
SHlUNKAGB ( perc~nt) _ 

No. of Speci.6c T~eo· lo!13i· VoJu. 
Species Source Logs:: Grniry3 Rarual ual tud&nal meuic 

greeo 
volume 
b:uis 

r..sp;nc Panama, 
0.36 84 ( Anac-ardirmz excclnmz) Venezuela 6 0-JI 1.8 5·2 

Chesmurll United 
(C.manca dcnt.zt.a) States 0-JO H 6.j 11.6 
C:lti\'O 
( Prioria Cop.zifcr.z) Panama 3 0-40 1.4 5·3 o.o8 8.9 
Prima,·era 
(Tabebuia Donnell-
SmitbiiJ Honduras 4 0-40 3·' 5·' 0.24 9.1 
Quarub:t Brazil, 
(Vochysia guiancnsis) Surinam 
(Vocbysia bo11durensis) 

2 0-40 4·8 8.2 0.07 '5·4 

Possumwood 
'\:icaragua 
Venezuela, 

3 0.33 2.0 8.0 0.17 9·8 

~HurJ crepit:rns) Panama, 
Sunnam 7 0.38 2.7 H 048 i ·.1 

Cedro Branco 
(Cedrela Huberi) Brazil l 0.38 3·9 5·9 0.16 Rg 
Simaruha 
( Simaru ba am.1Ta) Surinam l 0.38 2.3 5-0 0.27 H.o 
Buttcmm6 United 
(Jugi~Vzs cinerea) St2tes 0.36 H 6.1 10 3 

IShnnkll,!;~ •-alues repr~nt s~r1Dk;l8e from gr~n to ov~-dry conditions expr~sed a~ 
a per~IJI&e of the 'J:,een d•mens&on. 

•Rq>rc-srnu o~ ss used in shnn~ determinations. 
BBascd~n ues for Joss included 10 col. 3. 
4:'1-f=' toted included plank represmuog an unknown num~r of u~ 
IIForeu Producu Laboratory. Mad&son. Wisconsin. · 
6Haodbook of Em puc Tim~rs ( 8). 

from tests of a large nu~nber of do~estic woods ( , 3). \Vith 
only one notable cxc_cpnon, Vocbysur guianensis, the tropical 
woods arc characrcnzed by lower volumetric -...hrinkanc than 
would _he :muciparcd on the basis of the relntionship for 
domcsuc _wood_s. It seems probable that the abnormal!\· high 
\'olum~tnc sh~·mkagc. shown by Vocbysic1 guianensi.1• 'in thi~ 
stu~y IS associated Wlth collapse which was oh~erved in the 
drymg of some of the material of this genus. 

Shri~kagc ~haracreristics of indi\'idual species were dis-
cussed 111 pre\'JOUS reports. ( 7· 10) and only in those · ·t · . - ms :mces 
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where new data arc presented here are these summarized 
under Species Descriptions. 

Decay Resistance1 

Results of decay resistance tests appear in Table 5· These 
results include and supersede those published previously 
(7, ro). As noted in prcYious reports these decay resistance 
tests are patterned after those conducted at the Forest Prod­
ucts Laboratory by Scheffer and Duncan ( 14-). Percentage 
weight losses sho'\vn in the table were determined on small 
heartwood specimens after four months of exposure to attack 
by pure cultures of white-rot and brown-rot organisms. 

Both average weight loss for all specimens of a species and 
maximum weight loss sho·wn by an individual specimen_ are 
given, together with durability ratings based on these weight 
losses. Decay resistance of individual species is discussed 
under Species Descriptions in all cases where a change from 
previous ratings is indicated. In that discussion emphas~ is 
placed upon the species rating based upon average w~tght 
loss and where variation is indicated, it is that assoc1ated 
with differences between trees rather than the \'ariation 
within the heartwood of a single log. 

Seasoning CharacteristicS: 

Air-seasoning characteristics a~e pres~nted_ in Table 6. 
The rating of seasoning defects IS explamed m table foot­
notes. Table 7 presents a classification of thes~ woods based 
u on ease of seasoning. The results shown m _these tables 
i!volve observation of considerably more. m~tenal than was 
available at the time of the previous pubhcattons and su~r­
scde the ratings given in earher reports (7, ·~).The seasol_lma 
characteristics of individual species are brtefiy summanze 
under Species Descriptions. 
- d d under the direction of IDecay resistance tests have been con ucre 
Professor]. S. Boyce, Yale Sc_hool of F~res:· direction of Professor 

~Seasoning srudies were earned out un cr . 
Fred E. Dickinson. 



, .. .. 
T.\Ul.H 5· \VRtGIIr Loss ,\:-;o Dn:.n REsisTANCE OF TROPICAL AMF.IUCAN \Vooos IN PuR£ CuLTURE TEStS 

White: Rot' Brown Rotl 

Avc:riAc: Maximum Avc:rage Maximum 

- Resisr- Rc:sisc· Rc:sisc· R; 
No. of Specific \Vei~;ht ancc: Weight :&nee: Weight ance Weisht ancc: 

Spec•c:s Source Lo~~ Gravity:! Loss Classl tou Cla5\ I Loss Class• Lou Class• 

~rccn pc~c:m percent percent percent 
vo . basis 

Almcndro ...; 
(Coumaromla odorat.I) Brazil I 0-9' 2.6 A J.6 A 1.1 A 4-5 A :::0 
(Coum.:rromuz oleift'Ta) Panama 3 o.87 7·6 A 39·7 c '·' A 10.5 B 0 
Bullctwood British Guiana, 

., -( Mfl11ilkar.z bi.lcntat.z) Puerto Rico, (j 

Surinam 7 o.8s 4·2 A 19 ·3 B o.s A 1.3 A > 
Gon~alo Aln:s Vcnczucl:l, 

·t""" 

(A ytronium gra<:eol ,-.,u) I Jonduras 4 o.84 3·3 :\ 5·' A 1.2 A 3-5 A ~ 
Black Kakcralli 0 
( Escbweiler.r s.zgotimM) Brirish Guiana 2 o.8z r.8 A 7·9 A o.s A L7 A 0 
Guh·ac:in 0 
(Ta cbuia guayaran) Honduras } 6 o.8z A A A 

CJ) 

(Tabebuia beterotrirboJ) Panama 
I. I 3· ' o.8 5·8 A 

J\ftJid-juba 
(A pul eia molar is) Brazil 2 0.76 3-l A 8.8 A 0.4 A 14 A 
Piquia 
( Caryoc.rr villosum) Brazil 3+6 

0.72 2.6 A 6.s A 3·2 A 7·7 A 

"~.tacz ~ ( spi osperma cruentum) British Guiana 3 0.71 1.0 A 4·1 A 1.9 A 5·7 A 
'() 
00 

TABLE 5-C()11tinutd z 
White Rcxl Brown Rcxl ? 

AYCtqe Muimum A•erage Maximum '0 
Resist· Resist· Resist· Resist· 00 

No. of Specilic Weisht ance Weisht ance Weight ancc: Weight ance 
Species Source Logs:! Gravicy3 Loss Oass• Loss Class• Loss Cll$s• Lou Class• 

vof':is 
percent percent percent percent 

Courbaril Panama, 
( H yme114ea cot~rbaril) Puerto Rico, 

Honduras, ...; 
Surinam 9 0.71 J.O A '7·3 B 6.J A JB.s c :;::::1 

( Hymenaea Dll'llisii) British Guiana 3 o.67 20.6 8 59·8 D II.J B 51·• D 0 
Mora Amarilla Honduras, 1-tj -( Cbloropbora tinctoria) Guatemala (j 

Venezuela 6 0.71 '·7 A J.7 A 1.1 A 4·0 A > 
Chup6n t"" 
(Poutnill cllf'abobensis) Venezuela 3 0.68 17·7 B 38.o c 3-3 A 8.8 A ~ Tatajuba 

Brazil z+5 o.68 A 0 ( BagiUsa guitmensis) 1.9 J.6 A 1.9 A J.7 A 0 Masa 0 
(Tetragastris balsamifera) Puerto Rico 3 o.67 7·• A J8.9 c II ,I B 54·3 D C/) 

Carabali 
( Albh:zia caribaea) Venezuela 2 o.6s 19·3 8 49-0 [) 2.9 A 6.s A 

N~na~· . J 
British Guiana, 

(T ra mnazonra Panama, 
British Honduras 9 0.64 s . .s A 49·1 I) z.H A z8.o c 

Bnzmon Louro ~ (Aniba cf. ripllf'ia) Brazil 3 o.6: •·4 A H A A A (Ocottasp.) :.4 4-5 
N 

( Aniba Drlt'lteiJ ...... 



TABI.£ 5-Cominucd 
N 
0\ 

WhiccRoc' Brown Rot! 
--Avrr:lftC M;x-i;;tun-- A••c:ra~te Maxi~ 
- --R~ -- R;s1H." - -R~ Resist· 

No. of Specific Wei~llc uncc: Wcit:hc ancc: Weight ance Wc:ijlht ance 
$pN"iH --~~- _ _ _ _ Source: ~z _9r•viry·' Loss Clt.H'' loss Clus• Loss Cla~s• Loss Clsus• 

green 
vol. basis 

percenc pcrcc:nc pc:rccnr percenr 

Angclitluc 
Surinam 8 c r6.z B 48.z. D ( ])icor;rni.~ paraNrsir) 2 o.6o 10.8 -!-24 

Yellow Santk•r:; 1-1 
(Bucbenm:ia c.lpit.Ita) Puerto Rico 3 0·59 '·4 A 2.8 A 14 A 4·7 A :::0 

0 Brazil ~ut "'t:: 
(R~bolli!tia l'XCc/S.l) 13razil 2 0.)9 93 A 24.1 B 0.4 A z.s A -Teak ~ (Tecto11.1 gram/is) 
Forcst-~rown 13uml:t r+0 o.;; o.:: \ 0.7 A 0.7 A I.J A 

~ Pl:mtntton-grow n J Innduras 3 o.56 H .\ .Jr.R c 3·7 A 34·0 c 
Sangre 0 
( Puroc;TTpus ':ll' nMI is) Venezuela 3 o.;; 37·3 c f>C).I [) 99 A 15·7 B 0 
Gua\·:tbo t.lc ,\lunre 0 
(Tenni11.lli.l p,uy11nmrir) Venezuela R 6s.5 0 A 6.0 A 

en 
3 0·57 '+5 2.1 

Fiddlcwood 
(Vitex Gaumeri) British Honduras 3 0.56 13·5 B )6·7 c 4·0 A 104 A 
Angelino Accinmo 
(Necffmdra concinn.t) Venezuela 2 o.;6 o.S A 2.6 A 0.5 A 74 A 
Hububalli British Guiana, 
( Lo:ro pterygium Sagotii) Surinam 4 0.56 1!.5 8 43·3 c 3·8 A 49·7 D ~ Frijolillo 
(Pseudosttmanea guachapele) Honduras 3 o.s6 7·9 A 36·9 c 4·2 A 2%..2 B \0 

00 

TABLE 5-Continued "lc 
While Rotl Brov.-o Rocl . 

Average Maximum Average Maximum. \0 
Resist- Res iS!· ResiSt- :Resist· 

00 

Source 
No. of Specific Weight aoce Weight ance Weitchr ance Weight ance 

Species Logs:! Graviry3 Loss Clusi Loss Clas~4 Lo~ Class~ Loss Oass• 
1reeo 

vo basis 
percenr percent percent percent 

Andiroba 
(Ctrrapa guianemis) Brazil 2 o.s6 8.6 A 46·5 D 1.5 A 9·5 A 
(Ctrrapa procera) Surinam 1 0.53 54·0 D 65·7 0 36.% c 57.0 D ;j OcotePinc 
(Pinus ooctrrpa) Honduras 3 o.ss 4·6 A 10.1 A 3J.O c 49·8 D 0 
RajateBicn ::9 
( Vitez Cooperi) Guatemala f A 8 

(j 

FlorAzul Honduras 4 0,53 4·1 I Z ,() l-0 A 7·3 A ;> 

( Yitn Kuylemi) t"" 

Detenna British Guiana, ~ 
(Ocounubra) Surinam 5 o.p 10.7 B 32.4 c '5·0 B 58·3 D 0 
Roble Blanco Honduras, Panama, 0 
(Tabebuia pentaphylla) British 0 

Honduras 10 o.p .~0.1 c 7°·7 0 ;.8 A B 
en 

Tauary Brazil, 
21.) 

(Courtltllri pulchra) British Guiana 3 0,50 16.6 B )0.9 )) 94 A 4;.9 D 
Gronfoeloe l ((}WJiea albiflrmz) Surinam 2 0.50 1.1 A :!.R A c 0 WJSWiskwalie 39·5 51.0 
(Qualea sp.) 
Vaco 
(Magnolia soronnn) Panama 3 0.50 s.s A 24·.~ R 1.4 A '4·4 B ... ....., 



,. 
TABLE s-Comhmcd 00 

Whice Roc' Brown Roct 
Average - -Maximum- Aver:&~~e Maximum --- -- Rcmr:-- -- Resist- · - - -Resist· Res iS!· 

No. of Specific Weigh! 2ncc Wcil':hl ance WC'ighc ance Wci~tht ance 
Sr>«it'S Source LogsZ Gravicy3 to~' Clous~ _ Lon Clas,• Los.~ Class• Loss Class• 

green percenc percent percent pe~ccnt 
vol. basis 

C:mdclcra 
( CorJi.1 Collor.ou.z) \ 1 enc-LUeb 3 047 '3·4 B 69·9 D 2.9 A 9-4 A 
.\lahoganr .-l 
fSwi,·tCIW'I111.1CTOPh.l·JI,r) ~ 
Forc~r-grown Central America r +u 0.46 zz.6 B 41.0 C o.z A 1.1 A '"0 
Pl:mtation-grown Honduras 3 0.41 9·4 A 37·5 C 0.2 A 1.7 A (=) 

Cedro Espino Honduras, > 
(Bombacoprir quin.rta) Panama 9 045 11.0 B 77.2 0 2.9 A 35.2 C t""' 
Laurel Blanco I Jonduras, 
(Cordia.1WoJor.r) '\icaragua, ~ 

Bntish Honduras, 0 
Panama 13 044 6.1 A 77.6 D o.6 A 6.1 A 0 

v • 0 
~~ ~ 
(Anacardiume.t·ct'lrmn) Panama z 0-42 15.0 B 43.0 C 12.8 B 443 C 
Cedro Granadino 
(Cedrel.z Tonduzii) Panama 3 0.41 37-5 C 63.2 0 z8.7 C 484 D 
Caci\'o 
(P:ioria Copi{craF Panama 3 040 40.0 C 66.6 D 21.0 B 50.9 D 
Pnma\'cra 
(Tabcbuia D01mdi-Smirbii) Honduras 3 0-40 1o.o A 42.1 C 6.5 A 3 ~,3 C Z 
Possum wood V cnezuela, ? 
( Hura crepitans) P:marna, Surinam 7 0.38 23-3 B 62.6 D zo.o B 52.1 D ~ 

Spec it'S 

Cedro Branco 
(Cedrela Huberi) 
Simaruba 
(Simllruba amara) 
Quaruba 
(Vocbysia guianensis) 
(Vocbysia bonduremis) 

TABLE 5-Cominued 

Whice Rcxt 
Average Maximum 

Rnist· Resist· 
No. of Specific Weight ance Wei&ht ance 
LogsZ GravitY', Loss Class4 Loss Class• Source 

Brazil 1 

Surinam 2 

Brazil, Surinam ~ 
Nicaragua 3 

green percc:nc 
vol. basis 

0.)8 14.6 

0.38 18.J 

0-40 8.5 
0.3J 25.1 

percenc 

c 51.8 D 

c 67·9 D 

A 3P c 
c s8.4 0 

Brown Rcxl 
Average Maximum 

Resist- Resist· 
\Veight ancc: Weight ance 

Loss Class-4 Loss Class• 
percent percent 

21.7 B 49·6 0 

r8.) B 4'·9 c 
4'-5 c 59·5 0 
JS·7 c 61.) D 

lWhia: rot--Poi,Ponu -~~color ( N~ .. 720): Brow':' rot-PoN. momicol• (Madison No. 698, OOividson's No. 106). 
2~reseod ooly lo~ used m decermmmg decay resmance. 
8BUecl upon .Uues for lop included in col. 3, 
•laiaaoce clules: 

A--0·10 percenc decay; wry durable. 
B--11-24 percent decay; durable. 
C--25-44 perceot decay; moderately durable. 
D--more than 44 percent decay; non-durable. 

IMacerial lrSUd included plsnlc reprexntinlt an unknown number of trees. 
8Planlc material lrSUd as control represented an unknown number of cr~es. 
7The bcanwood ol Ibis species was very small and the decay specimens oncluded material taken from the upwood. 
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1",\UU: 6 .\ tR· Sr;,\soN ts(; Cu~KAC:& t i Rt srrc:s OF I Rol.'rcAt. A;\-ti:IUCAN \\'oous I.N 
0 

Ca$e· 
No. of Speci.lic. R••C: of. ChKkinlt and hard · 

~J'I:(I~------ ~"' --
Logsl Gravny- Dry sn~t·1 Warpi . Splitting1 cninall 
- -~~iccn -- Crook cu,---rwT~I-intc' ' surtac;--

volume and 
b:uis Bow 

Almcndro Panama f (Cormr.rrorm.r o!t•i(cr.r) Brazil 4 o.89 Fa~t A -C A A n B A-B 
( CoumJ'f'OWllt odorat.7) 
Bullcrwood Puerto Rico, ~ (M.wi/k.uor bidcntata ) British Guiana, 

Surinam 5 o.85 Fast to Slow B A B B-D B-D A-C ~ 
Guavad.n Fast to 

(T,tbelmia guayacan) Hondura!> o.85 l\ toderatc B B A A-C B-D -3 A-D 

~ (Tabclmia beterotricba) Panama 3 o.8o Fast B A A B B B 

Gon~Yalo Ah·cs Venezuela, Fast to 

(A.srromtnll grm;eo/cns) H onduras 4 o.84 l\1oderatc c - B B B A a Bl:tck Kakcralli 
( Escb·weilera Sagotitma) British Guiana z o.82 l'vl odcrate B A A B A A g 
~tuid-juba Fast to 

rApuleia molaris) Brazil z 0.]6 Moderate B A B B B A r:n 

l\ tora Amarilla G uatemala, Fast to 

(Cbloropbora tinctoria) Venezuela 3 0-75 Moderate B A A B B A 

Piqui:i 
( Caryocar vil/osum) Brazil 1 0-74 Slow B - B B B B 
Courbaril Panama, 
( H ymenaea courbari/) Puerto Rico z 

Hondnras, Fast to ? 
Surinam 8 0.7% Moderate B B B B B B "& ( H ymenaea Davisii) British Guiana 3 o.67 Moderate B A B B c A 

T ABL £ 6-Conti?zued Z 
0 

Case· 
. No. of Specific Rate of Chedting and hard· '0 

SpKscs Source· Logs! Gravicy2 Drying:! W arp• Splitting' cnin,gS 00 
green Crook Cup Twist End Surface 

volume aod 
basis Bow 

My~y 
( llspidolflerma cruentUm) British Honduras 3 0 .71 Fast B A A B B A 
Qn~n ~ 
(P~cllf'abobensis) Venezuela 3 o.68 Fast A-C A A A-D A-C A ~ 
Tatajuba 0 (JJtrg~US~JgvUrrumsis) Brazil 1 o.67 Moderate B A B A A A :::2 
Maa .-- &? (Timaltfstris b/lhtlllfifera) Puerto Rico 3 o.67 Moderate B A A C C A r e. ._.. . Fastto 

.,.tli~~a) . · Venezuela 3 o.66 Moderate C A A A-C B A ~ 
. , . _. British Guiana, 0 

fT~M~) Pm~ Fastto 0 
British Honduras 9 o.64 Moderate B A B B-D B-D A 0 

~m~~ ' ~ (Aniba cf. ripllria) . (O ccnea ~-> Brazil 3 o.6:z Moderate A A A B B A 
( Aniba DUckri) 

~(ft! 'qu~ · ) S · F UJCO,.,nul IJIIf'llensJS unnam 1 o.6o ast B A B A -C C A 
V ellow Sanders 
(Buchmii'Vill ciiiJitata) Puerto Rico 3 0.59 Fast B A A B B A 

"" 



O,H 
N 

TMit.r: 6-CowimiL'd 
Cue· 

No. of Specific Rate of ChrckiAA and hard· 

..__1~!~ Souuc Logst Graviry~ DryingM Warp• Splitting4 ~ 

11rc:en Crook Cup Twi~t End Surface 
volume 11nd 

ba.~is 1'\ow 

Br:tzil Nut Fast to 
;3 ( Rcrtbo/l(ti.: c.w:du} Brazil 2 0·59 1\ loclcrare B A A 8 8 B 

Sangre 0 
( Ptt!'T'Ot:irrpus vcnz.1Hs J Venc7.uela 3 0.57 Fast c A A 8 8 B ::g 
Gu:~y:~ho de J\lontc (') 
(Tt>rmin.llia gtlyancrlsis) Venezuela 3 0.57 Fasr n A A 8 B A :»-
Fiddlcwood F:tst to r 
( Jlite.t' Gaumeri) British H onduras 3 o.56 Slow B A A B c A 

~ Angelino Accituno Fast to 
1 .\' ccr.:mdr.1 concimuz) Venezuela 2 o.s6 ,\ lodcratc A-C A A B B A 0 
liububalli British Guiana, Fast to 0 
( Loxopterygium Sagotii) Surinam 4 o.56 1\foderatc B A B B-D A-D A 0 

(J) 

Frijolmo 
( Pseudoram.me.l guadJ•7pclc) Honduras 3 o.s6 .\lode rate A-C A A 8 B A 
Teak (plantation-grown) 
(Tectoll•1 f{T(Jlldis) Honduras 3 o.56 Fast A A A A A A 
Andiroba 
(Carapa gui.merms) Brazil 1 o.s6 l\1oderatc 8 A A B B A 

~ (Carapa proccra) Surinam 1 0.5J Fast to Slow 8 A A A -D A-C A 

..0 
CIO 

TABLE 6-Continued 
z 
0 

-o 
Case- 00 

No. of SP«ilic Rate of Checking and hu d-
Sped~ Source l.ogsl G rniryZ Ory1ngl Warp I Splitting4 eniog-~ 

green Crook 
volWlll! and 

Cup Twist End Surface 

basis Bow 

OcotePine Fast to 
(Pintu OOCIII'pll) Honduras 3 o.ss Moderate B A B 8 B A ; RajateBien 
C Vile Coo-peri) Guatemala { Fast to Slow A -B A A-B B-D B-D A 

0 
FlorAzal Honcluras 4 0.53 ~ -(VboK~hmii) 

British Guiana, Q r··- r · . . -..ftlliN)· Surinam 5 0.52 Moderate c A B B B B 
~ lionduras, Panama 

British Honduras 9 o.sl Fast B B A B B A 0 
Bnzil. 0 
British Guiana 3 o.so Moderate B A A c B A 0 en 

Surinam 2 o.so Moderate B B B B A A r---·- ·•- a =·•> Clhpnllt 1tJtt11'U111) Panama 3 o.so Far 
CacJehn 

B A A A B A 

(CortiN Colloeocctl) Venezuela 3 0-f7 Fast B A B B B A 
..... ..... 



TAm.t: 6-Comi1111Cd 

_ No. of Specific Rate of 
Specu.•1 Sour<e Logsl Gravir1~ Drying~ Wat~ll;..~----

- green--· ---- ·croo'"kCuP Twist 

Cedro Espino 
( Bombacop.ris quinat.l) 
Lnurcl Blanco 
(Cordi.:~ al/iodoraJ 

1Yinhogam· 
(pl:mt:'n·i,in-grown) 
( Su:ictmia 1Jtacro pby/1.:~) 
Cedro Grnnallino 
(Cedrcla Tomfrt:ii) 
Fsp:an~ 
( An11ctrrdium excel rum) 
Cari\'o 
( Priori.1 Cop.li[cm) 
Prima\'cr:a 
( T .Jbelmia Dounc/1-Smirbii) 
Possumwood 
( Hura crepita1ls) 

l londuras, 
Panama 6 
l·londuras, 
~icar:agua. 
British I Jonduras, 
P.1nama 13 

llondurns 3 

Panama 3 
Pan:ama, 
Venezuela 6 

P.mama 3 

H onduras 3 
Venezuela, 
Panama, Surinam 7 

volume and 
basi< Bow 

o .. u Fast to Slo\\ B 

0-44 Fast B 

o .• p Fa,r B 

o .• p Fast A 

0.41 Fast to Slow C 

040 Fast B 

0.40 Fast B 

0.38 Fast A-D 

T ABU: 6-Conti11ued 

Species Sour(c 
No. of SP«wc Rare of 
l.o&sl Graviry!! Orying3 

green Crook 
volume and 

basis Bow 

Cedro Branco Fast to 
(Cedrelil Huberi) Brazil 1 0.38 Moderate A 
Simaruba 
(S#Iurruba tnnara) Surinam % 0.38 Fast A 
Quamba Brazil, l (VodJ,sia · · ) Surinam 5 0·37 Fast to Slow B 
(V~@ylid;~) ____ Ni~a _ 

A 

B 

A 

A 

A 

A 

A 

A 

Warp~ 

Cup 

A 

A 

B 

A 

B 

A 

A 

A 

A 

B 

B 

Twist 

A 

A 

B-C 

Case· 
Checking and hard· 
Spliuin~ eoin~ 

End Surface-

B 

B 

A 

A 

B 

A 

A 

B 

B 

B 

A 

A 

B 

A 

A 

B 

Checking and 
Splitting4 

End Surface 

A B 

B A 

A-B B 

A 

A 

A 

A 

A 

A 

A 

A 

Use· 
baed· 

eo in~ 

A 

A 

A-B 

.,, .. 

.....j 
~ 
0 
:g 
(") 
~ 
r 
~ 
0 
0 
0 
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0 
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"' 00 
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0 
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TROPICAL WOODS 

Cl..ASSIFICATION OF TROPICAL AMERICAN wOODS AS TO 

THEIR EASE OF S EASONING 

Group I 
(Easy to season) 

Specific Gravi!V 
_JS~pe~c~i~~--------------------~~~~nvolumebMis 
Almendro (Coumarorma olei(era, C. odorata) 
Guavac:in (Tabebuia !Jeterotric/Ja) 
l\1mcl-juba ( Apuleia molaris) . . 
Mora Amarilla ( Chloropbora tmctorta) 
\lylady (Aspidosperma cn~eruu"?) 
Yell ow Sanders r BucbenttVza capttata) 
Brazil Kut ( Ben!Jol/etia excelsa) 
Sangre (Pterocarpus vermzlis) 
Guavabo de \lonre (Terminalia guyanensis) 
Angelino Aceicuno (Nectandra conchrna) 
Teak (plantation-grown) (T ectomr gnmdis) 
Ocote Pine (Pinus oocarpa) 
Roble Blanco (Tabebuia pentapbyl/a) 
Yaco ( Magnolia sororum) 
Candelera (Cordia Coilococca) 
Shorrleaf Pine (Pinm echinata) 
Laurel Blanco (Cordia alliodora ) 
\lahogany (plantation-grown) ( Swietenia macrophy/la) 
Cedro Granadino (Cedrela Tonduzii) 
Cativo (Prioria Copaifera) 
Pnmavera (Tabebuia Domre/1-Smithii) 
Cedro Branco (Cedre/a Huberj) 
Simaruba (Simaruba amara ) 
Yellow Poplar (Liriodendro11 tulipi.fera) 

Species 

Group n 
{.\loJerarely difficult to season) 

o.&) 
o.8o 
0.76 
0·75 
0.71 
0-59 
0-59 
0.57 
0-57 
o.s6 
o.56 
0-55 
0.51 
o.so 
047 
0.46 
0.44 
0.42 

0.41 

0.40 
0.40 

0.38 
0.38 
0.38 

Specific GravitY 
green volume basis 

Gua\.'adn (Tabelmia gtta)•actm ) o 8 . 5 
Cons-alo Ah·cs ( <'lstronium grmleolem ) o.8

4 Black Kakcralli ( Eschweilera Sagotiana) o.82 
Courbaril (Hym~:naea courbaril, H. Dm:isii) 0.70 
Chup6n (l'omeria carabobenris) o.68 
Tarajuua (B,rgassa guitmerJSis ) o.67 
l\tasa (Tetragastrir balsa"IJii(t:ra) o.67 
C:u-abali ( Albiz-:3a caribaea} o.66 
Nargusta (Tmni1lalia hma·-~o7Jia) 6 .. o. 4 
Brazilian I..ouro ( Aniba ct. riparia, A. Duckei, Ocotea sp.) o.62 
~ngcliquc ( Dicor.::.y_n_ia-!...p_ar_a_er_ls_is~i ___ _ _ ______ o::·=..6o __ 

TROPICAL WOODS 
37 

TABLE 7-Comiuned 

Group II-Contimted 
Uvlodcrarely difficult to season) 

Species 
__:==------------------Specific Gravity 

Fiddlewood ( Vitex Gaumeri) 
Hububalli ( Loxopterygium Sagotii J 
Frijolillo ( Psettdosamanea guacbapele) 
Andiroba (Carapa guianensis) 
Raj ate Bien ( Vitex Coo peri) l 
Flor Azul (Vitex Kuylenii) ( 
Dercrma (Ocotea rubra) 
Walnut (}ttglans nigra) 
Tauary (Couratari pulchra) 
Gronfocloe ( Qualea albiflora) 
\Viswiskwalie (Qualca sp.) \ 
Paper Birch (Betula papyri/era) 
Cedro Espino (Bombacopsis quinata) 
Espave ( Anacardi1rm excelsum) 
Possumwood ( Hura crepittms) . 
Quaruba ( Voc!Jysia guianensis, V. l1ondurenns) 

Group m 
(Difficult to season) 

sr~n volume basTs 
0.56 
0-56 
o.s6 
o.s6 

0-53 
o.p 
0.51 
o.so 

o.so 

0.48 
045 
041 
0.38 
0.37 

Speci6c GnvitY _ 
_JS~p~ec~ies:!.._ __________________ ~areeu volume basis 

Bulletwood ( Manilkara bidentata) 
Piqui:l ( Caryocar villosum) 
White Oak (Quercus lllb11) 
Andiroba (Carapa procera) 

o.Ss 
0·74 
0.60 
O.SJ 

Species Descriptions . 
. . . ~ have included under this 

Prevwus reports m. t1ps sertes c 
5 

'es(
7
, 10).1ncluded 

heading detailed descnpttons J;! ea ~ ~ the tree-its size, 
in rhose descriptions were CUSSl~cteristics, properties, 
form, and occurrence-and of the • discu,Ssion presented 
and uses of its wood. In this te~K ~t that information 
in rhis section is intended to supp 1111$ reader is referred 
with the results of subsequent ddlf,~ (letails inCluding a 
to the pertinent earlier report~ til¢ prp~es and 
more complete bibliography 
uses of the individual species. 



TROPICAL WOODS 

CARABALI Albizz.ia caribaea (Urban) Britton & Rose 
Occurrence: In the monsoon forests of Venezuela. 

The tree and wood of Carabali were described in a pre­
vious publication which included a discussion of the prop­
erties and potential uses of the wood.1 The mechanical 
properties of the air-dry woo.d have been sub~equently 
determined and are presented m the accompanymg table 
together with green properties for comparison. 

The air-dry strength properties of Carabali are consider­
ablv below those of Shagbark Hickory. Insofar as com­
parable data are available, Carabali most nearly approaches 
Hickory in stress at proportional limit in static bending, 
stiffness, and crushing strength. It is only about two-thirds 
as strong as Hickory in maximum bending strength and 
shear, and has only about half the shock resistance of 
Hickory. A more nearly equal comparison may be made 
with White Oak. Carabali and Oak are much alike in all 
static-bending properties including work to maximum load, 
and also in compression parallel to the grain, side hardness, 
and tension across the grain. White Oak exceeds Carabali 
in end hardness, compression across the grain, and shear. 
D~on air dryi?g, CarabaH increased moderately in static­

bendi?g properties, compression parallel to grain, and shear, 
but etther showed no improvement or actually lost strength 
m such pro.perties as hardness, compression and tension 
a~ro~ t~e gam, and cleavage. Only in work to maximum load 
(m~IcatJve of shock resistance) did improvement upon air 
drymg exceed that shown generally by domestic hardwoods. 
~arncularly unusual \\:as the reduction in compressive 
strength across the gram which accompanied drying and 
amounted to 30 percent . 

. As pre~iously reported, Carabali is moderately difficult to 
~c~on. 1. he wood generally seasons rapidly but in so doing 
It JS s~bJCCt to moderate end checking and slight surface 
checkmg. A moderate amount of warp was also observed. 

1TrfJpical Woods 97: 27_30. 

g ~] ..ci .. c - ... ·-~.§ ~Q,::i 
0 ~ ·- .., 

~)1 

TROPICAL WOODS 

'0 t--oo -
"! "=' "! q 
- N - H\ 

~~~~ - - - ,.. 

~ ,q 
0 0 

• 0 0 ..,.oo 
oor-. 

• 0 0 .......... ......... --
• 0 0 .. .,.. 

""­--

I I 
c 
~ c e 

0 0 .. ~ .. ...., 
"' "'" ·o - .. e 

I I 

0 0 ..,. ..... 
0--.. 

I I 

.. 
-5 

2 

...... . 

39 



TROPICAL \ VOODS N o. 98 

If air seasoned at a slower rate, most of these defects could 
undoubtedly be avoided. . . . 

Additional data obtained from dura~ility tests v~nfy ~he 
high rating pre,·iously given to Carabah heartw~od m res!st­
ance to a brown-rot fungus. Subseq~e~t. tests usmg a white­
rot fungus indicate considerable nnabllity alt!1ou~h, on the 
aYerage, the wood may be cons~dered du~able m t~ respect. 
The wood ,weathers _well sho:' mg very ~1tde checkmg upon 
outdoor exposure Without pamt protectwn. 

Carabali is rated only fair in steam-bending quality based 
upon strength loss and appearance. 

Potential uses for this wood appear to be unaltered from 
those suggested in the previous report ( I o). 

ESPA \ Tt Anacardimn excelsum (Bert. & Balb.) Skeels 
Other common names: Caracoli, Marafi.6n, Mijao, Espavel, 

and \Vild Cashew. 

Occurrence: Costa Rica south through Panama to Colombia, 
Venezuela, and Ecuador. 

The tree and wood of Espave were described in a previous 
publication which included a discussion of the properties 
and uses of the wood.1 Subsequent tests to determine the 
strength properties of the air-dry wood yielded the results 
presented in the accompanying table. The properties of the 
green wood are included for comparison. 

In the air-dry condition Espave is inferior to the slightly 
denser Mahogany in all mechanical properties, the most 
significant differences in these "' oods occurring in static­
bending strength, elastic resilience, maximum crushing 
strength, hardness, and compr~ion across the grain. Espave 
is also surpassed in most properties by Y elJow Poplar of 
nearly comparable density. The differences between these 
woods are rather small but favorable to Yellow Poplar except 
in hardness where Espave enjoys a slight advantage. 

1Tropical Woods 97: 31-35. 

TROPICAL WOODS 
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Upon air dryi_ng, Espave i'?proved considerably in most 
strength properttes, but only m work to maximwn load and 
proportional limit stress in compression parallel to the grain 
d id the increase exceed that sho'\n generally by domestic 
hard woods. Among other properties greatest proportionate 
improvement was shown in elastic resilience, followed bv 
maximum crushing strength, proportional limit stress and 
maximum stress in static bending, end hardness, compression 
across the grain, shear, stiffness, and side hardness. Both 
cleavage resistance and tensile strength across the grain de­
creased measurably upon air drying. 

Espa,re is rated mo?erately .difficult t~ dry on the hasis_ of 
completed air-seasonmg stud1es. A vanahle rate of drymg 
was observed, the material that dried rapidly showing mod­
erate warp and a slight tendency to check. Thes.e defects 
could doubtless be minimized through slower drymg. 

Decay resistance tests now completed for the species sh~w 
the heartwood to be durable upon exposure to both white­
rot and brown-rot fungi. 

The wood weathers well, showing only slig?~ surt;~e 
checking upon exposure in the unpa~ted condition. e 
heartwood absorbs moisture very readily. f Es , 

d · I pave No change in the uses recomrnende preVIoUS y or 
is indicated on the basis of these data ( IO). 

Aniba Duckei Kostenn. 
Ocotea sp. 

Aniba cf. riparia (Nees) Mez 

BRAZILIAN LOURO 

Louro Rosa. Louro Faia, and Pau 
Other common names: 

Rosa. B~-=• 
· of l"'WJ• Occurrence: Amazon reglon • b imllar woods was 

· characterized DY 5 
• • f This g roup of s~c1es hich included a discusston ° 

descr ibed in an earlier ree:r U:S of the wood.1 The s~~ 
the properties and P?tentl wood Jiave been detemUD 
properties of the m-dry -1 Tropical W oods 97: 35-40· 
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Esp:l\'c 
( Amzcardiruu 
exr.el mm) 

\bhogany~ 
(Swietenia 
macropby/la} 
Y cllow Pc;r,Jar"' 
( Lirioden ron 
tulipifera) 

Puwna 

Venezuela 

Average 

STATIC BSNDING 

Fiber SueS$ ~iodulus Modulus - ·work u;--work to 

No. of Moisture Rt ProEonioo- of of Elu· Proportion· Maximu m 

Sourc,c l.ol(~ Condition Coment Specific Gravity al imH ~';IP~ ~~city al Limn Load 

percent Oven-dry --c;reen lb. ~er lb. per 1000 lb. in.· lb. in.·lb. 

wl. vol. sq. m. sq. in. per per. p~r 
sq , 10, cu. 10 , cu. ln. 

G reen Panama 3 ''7·7 0-47 0-43 J,l70 s,po t ,o6o 0.55 4·6 
Air Dry1 12.2 6,030 8,420 1,po !.57 6.J 

Venezuela 3 G reen 100.4 0.42 0-39 3.)30 5·3'0 t ,o5o o.6c} 3·6 

Air Dry1 
9·9 s.z40 M90 I,ZJO 1.31 4·9 

A,·cragc 6 Green ' 09·0 0.44 041 J.zso 5·320 1,0{)() o.6z 4·' 
Air Dry' 11 .0 5·640 7·900 1,180 '44 s.6 

Central Green 79·6 o.51 0.45 5·500 8,9{>0 1·340 1.13 9·' 
America AirDry1 114 7,¢o I I A{>O 1,500 2.08 7 ·5 

0.38 United Green 64 04 3 3·400 s • .;oo '·090 o.6z 5·4 

States AtrDrr I Z 6,100 9,200 1,500 1.43 6 .8 

Compression T ension 
Perpen- Perpen-
dicuJar dicular 
to Grain to Grain 

1:" lb. ~ lb. oer lb. oer io.· lb. 
. it sq. an. 

per sq. to. 

Green 1,28o 370 410 400 340 730 18o 69-4 1,700 1,410 
AirDry1 3.84«> 4.740 1,410 sso 500 58o 310• 88o 170. 

Green 1,710 1,110 450 38o JIO 400 750 200 45·1 z,po 
AirDry1. 3·330 4.320 1,330 640 440 440 po• 930 150. 

G1een 1,710 2#o 1,200 410 400 J6o 370 740 190 57·3 
3,58o 4tS30 l ,J70 6oo 470 510 J20. 900 roo• 

==:. 
' 
~b,Ua) 

Central America 

AirDty1 

Green 3,o8o 810 68o 1240 J30 88.z . . .. 
4-340 1,p.o 740 740 

AirDry1 s.o8o 6,78o 1,soo• 970 8oo IOC)O 740 1230 340 

Yellow PoplarS 
CLirioilmdrtm 
tuiiPfWII) Green 1,930 2,420 - 390 340 330 450 740 H O 

UniteclStates AirD!}' 3•SSO 5,290 - s6o 450 58o 510 1100 : So 
lAk-chf mas~ ro 12 percent moistwe conretu except where dC$ignated ( • ) in which case rhe acrual moi,rure comen< at tim<' of 

~..l~)~)Ky~ u.cJ Nonon ( t 1); unpublished Yal<' resuliS for plank ma1eriaJ received from the New York Naval Shipyard. 
i1J.S. 'Depc. A&r· Tech. Bul. 479 (12) . 
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STATIC BllNDING 
--Fiber Strc~~ Mod~MoJutu.---Work ro Work to 

No. of Moisture nt J>rolj,rtion· of of (]as· Proponion· Maximum 

SJ>C< ieJ SourC<• l.ogs Condition Content Specific Gr~vity nl imit R.,!!P~_cicity :tl J.imit J,oad 

peccem Oven-drv Gr« n lb. per lb. per 1000 lb. in.-lb. in.·lb. 
vol. yo I. sq. ln. sq. in. per per. pe.r 

sq , in. CU. JO. cu,Jn, 

'2,500 .z,r8o Pau R osa Rrazil I Green 6 t.o 0.]2 o.6J 9·300 2.22 10.0 

( Anibo~ DurJ.:ei) Air0ry 1 
' 3·5 12,2]0 rR,9 70 2,390 3 ·15 16.6 

Louro R osa 
( Anib.rc f. Rrazil I G reen 50·5 0.] 1 o.6z I O,J.tO '4·300 l , l80 2.6J 10.5 

rip,7ri.7) A ir Dry 1 13·9 , r,6so 19 ·590 2,540 2.9] 20.1 

l.ouro Faia Brazil I Green p.l 0.] 1 o.62 10 ,250 12,840 2,040 2·95 8.6 

(O cotea sp.) Air Dry1 ' 3·2 ''.J6o tR,54o 2,780 3·1 3 1].1 

A \'crag e 3 Green H·6 0.] 1 o.61 9·96<> 13,250 2,170 2.6o 9·7 
Air Dry 1 11 ·5 11,700 19,0 30 2,570 3·12 18.o 

'Vhitc Oak2 U n ited G reen 68 0 .71 o.()() 4·700 8,JOO l,ljO 1.08 11.6 
( Quercus alba) Stares Air Dry 12 8,200 '5·200 1,780 2.27 14.8 
TeaJ..-3 
( T ectona Burma G reen p .o o.61 0 .)8 ],250 11,38o 1,580 r.Sc) ro.o 
gra11dis) A ir D ry' I 1.2 R,r6o lj,7]0 1,670 2.51 9·3· 

z 
0 

COMPRESSI0:-1 PARALLEL TO GRAIN Compression Tension • 
-P~bCr Suess Muimum Perpen· Perpen. '0 
:u Proportion· Crushing Modul~ of dicul~ dicul~r OCl 

Socd~ Condition £1 Limit Strength El:uuCity Hardness to Grato to Gra10 Sh~:u Clea~ Tougbnes\ 
-- - - - ib:-per lb. per 1000 lb. End Side Str~nq~ro: lb. ~r lb. J!Cr J~. per in.-lb. 

sq. in. sq. in. per lb. lb. poruonal li!'m sq. m. sq. 10. 1~. of ~ 
sq. in. lb. per sq. 10. WJdth SpeetiiiCD 

Pau Rosa 
(Aniba Duckei) Green 5.470 6,¢<> 2,6go 1100 1()()0 970 goo 1520 430 tss.o 

Brazil Air Dry1 7·770 9.810 2,6so 1340 148o II 10 no• 18oo 240. --1 
Louro Rosa " 
!Anibacf.riparia) Green 6MQ 7,110 z,~o nso n8o 1140 ]So IJSo 490 21!.7 0 

Brazil Air Dry1 8,JJO 10,520 z,s6o t6oo I soo 111}0 140. 19JO JSo• ::g 
Lauro F aia ("') 
(0cote41 sp.) Green s,IJO 6,000 z,po to6o II JO I ORo 570 qoo _;So I 59·8 F= 

Brazil Air Dry1 7·630 9·710 2,58o 1370 IJSo 1040 400° 178o 250° 
Average Green 5,68o 6,500 2,550 11 00 1100 ro6o 750 1420 430 '75·8 ~ 

Air Dry1 UJIO 10,010 z,6oo 1440 1470 1110 soo• 1840 zgo• 0 
White0ak2 0 
(Quercttl tllb41) Green 3·090 J,soo - 11%0 ro6o 8JO no 1250 420 144·94 0 

United States Air Dry 4-700 7>440 - 1520 1300 1 po Soo zooo 450 U> 
Teak3 
(Tect0114grmuiis) Green <J.Ilo 5>490 1,7oo 900 98o 1040 C)6o 1300 4zo 8.H 

Burma Air Dry1 s,t8o 7,510 1,5oo• toto 1100 "90 98o 136o 34o• 
1Air-clry nlues ld{'usted 10 12 pcrceat moisture conrent acepc wbece dnianated ( •) in which case the actual moistwe cootenr ar rime of 

~(col)) app ies. 
:U. S. Qcpt. Aaf. Tech. Bw. 479 ( 12). 
•A. V. TliomaS (15); Handbook of Empice Timbers (8); unpublished Yale resulcs for plank material received from the New York 

Nawal Sbipyud. 
6Valae obcaiDed for plaalr matvial r~ftd from the New York Nanl Sbiprard. 
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subsequent tests and are presented in the accompanying table. 
Included for comparison are strength data for the green 
wood. 

Based on average air-dry properties these species of 
Brazilian Louro e;ceed W hite Oak of like density in all 
strength properties except end hardness, compression and 
tension across the grain. shear, and cleavage resistance. In 
this comparison with Oak, Brazilian Louro is outstanding in 
in; stiffness, crushing strength, bending strength, and elastic 
resilience. Its shock resistance is also distinctly greater than 
that of YVhite Oak. Brazilian Louro is much stronger than 
Teak in all static-bending and compression parallel to grain 
properties. har:dness, shear, and toughness. Brazilian Louro 
is comparable to Teak in compression across the grain, but 
Teak is clearly superior in tension across the grain and 
cleange resistance. 

Upon air drying, the wood improved moderately in most 
strength properties. Only in work to maximum 'load was 
the increase greater than that generally shown by domestic 
hardwo?ds. Greates~ pro~ortionate increase among other 
properties occurred m maXJmum crushing strength, modulus 
of rupture.' stress at proportional limit in compression parallel 
r? the gram, ~hear, hardness, e~astic resilience, and compres­
~ton perpendtcular to the gram. Strength in tension across 
the grain and cleavage resistance decreased considerab]y 
upon air drving. . '-' 

As repon ed pre\·ious1v, the wood is considered moder­
a~ely diffi~ult to season. drying at a moderate rate during the 
a1r-scasorung studies. Seasoning defects were limited to slight 
checking. 

Rrazilian Louro heartwood is highlv resistant to moisture 
absorp~ion and is comparable to Teak in this respect. The 
\\,:ood ts rated excellent in weathering characteristics based 
upon the resu lrs of exposure in the unpainted condition. 

The information presented here docs not alter the uses 
proposed for Brazilian Louro in a previous report ( 10). 

TROPICAL WOODS 
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MUIRA-JUBA 

Other common names: Amarclao, 
Cumararana, and Pau Mulato. 

Apuleia molaris Spruce 

Muirarana, Muiraruira, 

Occurrence: In the Amazon valley of South America. 

T~e tree a~d '~ood o~ M~ra-juba were described in a 
prevwus publication wh1ch mcluded a discussion of the 
properties and uses of the wood.1 In later tests to determine 
the mechanical properties of the air-dry wood, the values 
sho,vn in the accompanying table were determined. Green 
strength properties ;tre included for comparison. 

As in the case of its green strength properties, the air-dry 
properties of Apuleia molaris exceed those of most well 
known domestic woods. Air-dry Muira-juba is surpassed by 
Greenheart in all properties except compressio? acr?~ the 
grain, tension across the grain, shear, and el~oc resllie~c~. 
The w oods are nearly identical in shoe~ resiS~ce. Mwra­
juba is only slightly below Greenheart m crushi~ sn:ength 
and moderately so in bending strength, although 1ts snffness 
is only nvo-thirds that of Greenheart. . . . 

With the exception of work to maximum load (md1caove 
of shock resistance), air-drying effected . only a . modera~e 
increase in most of the properties .of A~lera molans. Onlyh m 

. th roporoonate mcrease greater t an 
shock resistance was e P . h d ds The greatest 
that characteristic of domesoc ar woo cries occurred in 
proportionate increase among other pr~pe a1 limit stress in 
elastic resilience, fo~owed by r;o:.~~gth modulus of 
static bending, m~XImum CC:e rain, stiff~ess, hardness, 
m pture, compr~ss10n acr~ ra! and cleavage resistance 
and shear. TensiOn across .e g 
decreased slightly upon drym~:-' . ba ·s made with White 

· f Muuli-)U 1 • 
A fur ther compans~n ° following tabulation. Relaove 

Oak (Quercus alba) m theking the value for Oak as 100. 
air-dry values are shown ta 

'Tropical W oods 97: 40-43• 
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Beodi~~~t 
screngch Scilfntu 

'4' 

Shock 

49 

Cnuhintt 
SUentl!!_ 

'·42 
Stdc Beari~ hardness Shear Ocavage 

--_::;~~----=:;::----.2!su~e:!!Jn8!!!_1~---!!'"~l.SISiaoce 
J68 1)8 155 '' 3 

Jr !s e\'ident ~hat M~ir.:i-juba surpasses White Oak on a 
"·e1ght for weight bas.Is m all of the above propenies except 
:.hear and cleavage resiStance. 

On the basis of completed air-seasoning studies the wood 
is considered easy to season. Drying was fast to moderate 
with only minor checking and warping . 

Additional durability data substantiate earlier results 
indicating high resistance to attack by both white-rot and 
brown-rot fungi. Muira-juba displays excellent weathering 
characteristics with a minimum development of surface 
checks upon exposure to the weather without paint pro­
tection. 

No changes are indicated in the potential uses for this 
\\ood as gi,·en in a previous report (10). 

\1\ LADY Aspidosperma cruentum Woodson 

Other common names: Colorado, Volador, Canamito, Chap­
erno. and Alcarreto. 

Occurrence: ~lexico and Centtal America . 
Descriptions of the tree and wood of Mylady, togeth~ 

\\ nh a discussion of the pro~es and uses of the ~00 
''ere presented in an earlier publication.l Testinf of atr-dry 
Tllatcnal has now been completed and results 0 hthese tests 
· · · . ...rwh data in t e accom­
•11 c shown together w1th green str~ .... 
panying table. . p rsimmon 
. ln Lhc air-dry condition, ~ylady.is:~~o~ ~el 
111 all static-bending pro~es a¥ ceoded by pemmmon 
~o the grain. In contrast, Mylady ~ ~-"' tenSion and com­
tn shear, hardness, cleavage, anCI"" WN' --lTropical Woods 95: 33-37· 
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pression across the grain. Mylad): is also surpassed ~y Whi~e 
Oak in shear. cleavage. and tenston a~ross the gram, b~t IS 

equivalent to \ Vhite Oak in compresston across the gram. 

Upon air drying, My lady increase~ moderately in. most 
of its strength properties but only m work to .maxtm~m 
load did this increase exceed that generally associated With 

the dry ing of domestic woods. Greatest impr.ovement oc­
cured in clastic resilience followed by crushing strength, 
bending strength, hardness. comp~ession ~cross the grai~, and 
shear. In tension across the gram and m cleavage arr-dry 
strength is substantially less than that in t he green condition. 

In the following tabulation the relati,,.e air-dry properties 
of ~lylady are sho\\ n in comparison with White Oak for 
which a value of 1 oo is taken. 

IJ8 

Side 
hardness 

~ndin~; 
\tren~th 

137 

Suffness 

155 

Shear 
Bearing 
strenglh 

100 

Shock 
resist2oce 

Ctusbiaa 
sueyda 

Oea\'a8e 
resistance 

ss 
~tylady appear~ to be a relatively easy wood to air season. 

Drying was uniformly rapid. Seasoning defects were limited 
to slight checking and slight warp. This is somewhat at vari­
ance with earlier obser\'at ions made on a limited amount of 
material in which checking appeared to be more prevalent. 

Final results of decav resistance tests of the heartwood of 
Aspidospmna crue1111im support earlier data showing that 
the wood is vcrv durable in resistance to both white- rot and 
brown-rot fungi. The wood is rated only fair in resistance to 
weathering in the unpainted condition, chiefly on the basis 
of surface checking. 

The wo~d of r\lylady docs not appear to be adapted to 
~-ream bcndmg. 

No ~hangcs in the proposed uses of the wood as given in 
a P~~1ous :eport appear to be warranted on the basis of the 
addmona1 mfurmation presented here ( 7 ). 
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GON<;ALO ALVES Astronium grll'Veolens jacq. 

Other common names: Ciruelillo, Gateado, Ronron, Gusa­
nero, Zebrawood. 

Occurrence: Common in upland forests from Mexi_co, 
through Central America. to northern South Amenca. 

Descriptions of the rree and w~od of Gon~alo Alves as 
well as a discussion of the propernes an~ u~es of the wood 
haYe been presented in a previous pubhcanon.1 Results of 
air-dn· testing arc now availallle and these results, together 
with green st~ength data, are presented in the acompanying 
table. 

Air-dry strengths of Gon~alo Alves from Honduras. and 
Venezuela arc in generally good agreement on the bas1s of 
tests reported here. Borh: however, are considerably below 
those detcrn1ined from a single Venezuelan log for which 
dara are available for comparison as shown in the table. 

On the basis of rhe results of Yale tests, Gon~alo Alves is 
generally \\ eaker than most woods of comparable high den­
sity. It is. however, superior to domestic Dogwood in static­
bending strength. crushing strength, and stiffness in the air­
dry condition. It is approximately comparable to Dogwood 
in side hardness and compression across the grain and slightly 
below Dogwood in shear strength, but possesses only half 
rhe shock resistance of the latter. 

Upon air drying, Gon9alo Alves increased only moder­
ately in most mechanical properties. In only one property­
\\ ork to maximum load-did the increase in strength exceed 
~at ge!'erally shm\ n by domestic hardwoods, and strength 
m tens10n across rhe grain decreased as a result of drying. 
Other properties, particularly compression across the grain, 
proportional limit ~tress in static bending, hardness, crush­
ing strength. and shear, improved considerabl\' less than 
anticipated on the hasis of domestic wood behavior. 

Completion of the air-seasoning srudv shows Gon~alo 
A lvcs to he moderately difficult ro season. ~loderate crook 

7ropzcaf W<Jotls 9~· 37-41. 
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or bo~v was ac~ompanied ~y a slight tendency to twist. 
Chcckmg was shght and, as m the case of twist most pro­
nounced in th~ material from Honduras repres~nted bv a 
single log. Drymg was fast to moderate in rate. · .... 

Previously unreported results of decay resistance tests 
conducted as a part of the present study show the heamvood 
of Gon~alo Alves to be very durable in resistance to both 
white-rot and brown-rot organisms. These results substan­
tiate the reputed high durability of this species. 

T hese results indicate no substantial change from the pro· 
posed uses for the wood as given previously (7). 

TAT AJUBA Bagassa guianensis Aubl. 

Other common names: Bagasse, Gele Bagasse. 
Occurrence: The Guianas, Surinam, and the lower Amazon 

region. 
The tree and wood of Tatajuba were described in a p~e­

vious publication that included a discussion of the properties 
and uses of the wood.1 Subsequent tests have yielded the 

· · · th accompany-data on air-drv strength propemes gtven m e . 
. · · f h green wood are mcluded mg table. Strength propemes o t e 
for comparison. f bl "th 

Air-drv strength of Tatajuba compares ~vora Y w~ 
that of Sh:vrbark Hickory in all static-bendmg propehr:Jesh 

• • • t> • d 1 th latter property w tc 
except work to ma~imum lo~ • n i: nearl twice as strong 
mca-.ur~s shock reslStan~e, Ht~~o~uch hi 6er than Hickory 
?s Tara1uba. Bagassa gutan~ 15 ed bygHickory in com­
m cr~•shing strength ~ut ts surpass Tata"uba exceeds White 
press10n across the gram an~ s~e~ll ro~es except work 
Oak hv a considerable margm. 10 f. shear, ten~on across 
to maximum load (shock s:es~~~co£ these: only cleavage 
the grain, and cleavage r~ · 
resistance is appreciably ~efiCl~D~ moderately~ m~ 

Upon air drying, Tata)Unlba ~ shoCk resjstance did this 
strength properties but o Y 



STATIC AnNDTNG 
Ptb~r Sues< MOduiu• - Modu-lu!-Work to- Work ro 

No. of Moisture at Pror.;,rtion· of of Elas· Proportion· Maximum 

Spe-cies S<>urcc IDJ:S Condition Content Specific Gr;wity AI .im11 Rupture ticitr al Limit Load 
percent Oven·dry Green lb.-pcr--lb.-rcr- Jooo lb. in ..lb. in.· lb. 

vol. vol. 5Q . 10 , S<t . an. rer per pe.r 
IQ, in , cu. in. cu. an. 

Gun~alo A In-s 
Green o.87 ( Astro1rium Vcnl'zud~ 3 43-2 0-9( 9.34° 12,650 ,,sso 1.66 8.o 

gr:n. ,eo/cns J Air Dry1 l_l .6 12,640 17,5)0 1,100 ·P7 10.8 

Honduras I Green 49·2 0.9~ o.81 7,68o 11,640 1,040 1.90 5-4 
A ir Dry' l_l . Z 10,000 15·700 2,300 1-41 9·9 

A,·cragc 4 Green ... 6.2 0-94 o.84 8,510 12,1-JO 1·940 1.18 6.7 
Air D ry1 13·4 ll,jlO t6,6zo 1,lj0 3-34 104 

V cnezucla~ I Green j l .j I. II 0.99 11,200 t6.soo 2,5Ro 2·75 I 5-4 
Air Dry1 lj.2 I).Roo'• l9,6oo. 3·300. 4·21· 19·5· 

L"nitcd Green 62 o.8o 0.64 4.Hoo R,Roo 1,18o 1.11 11.0 

States Air Drv 12 o.zoo 14.000 I ,H O 1.10 

COMPRES510S PARAJ..LEL TO GRAIN 

Green 1850 ) s.ooo 70170 •·990 2090 2140 1150 1920 530 127-4 
Venezuela AirDry1 S.17o 1o,8oo 97°. 2100 510. 2,350 2130 2j00 2300 
Honduras Green 4o230 6poo 2t470 1430 17}0 ISJO &Jo !610 J20 150.6 

Air Dry1 7-420 9>830 2.890 1910 2020 1910 720. liOO 390 
A-.erage GTeen 4-620 6,s8o 2,230 1640 1910 1840 1000 1700 410 139·0 

AirDry1 71/oo 10. 320 :z.,62o 1020 2100 2110 840. •900 450 
Veaemeta• Green 8,66o 9·500 2,870 •69o 2100 1490 940 1770 450 -

Air Dry1 10,18o• 13·o6o· 3,37o• z63o• 2570• JZOO• - 1910. -
Green - 3·64o - 1410 1410 1030 - 1520 
Air Dry - 7·700 - 2410 :u~o IQlO - zz6o 
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BRAZIL NUT Bertholletia excelsa Humb. and Bonpl 

Other common names: Castanha Verdadeira, Cast:anha do 
Para, Tucan·. ;\;h:i, Juvia, Yuvia, and Totoka. 

Occurrence: Co.mmon throughout the Amazon region of 
Brazil. V cnezuela (on the upper Orinoco and Rio 
~egro). Colombia, and Peru. 

The ~ee and wood of Brazil ~ut were described in an 
earlier publication which also included a disc?Ssion of t~e 
properties and uses of the wood. 1 The propemes of the air­
dry wood ha,·c subsequently been determined and are .pre­
sented. together wirh green strength values for companson, 
in the accompanying table. 

\Vhen air dry. the "ood of Brazil Nut is approximately 
equi,•alent to that of \Vhite Oak in static-bending properties 
and compression parallel to the grain. In shock resistance, 
measured by toughness and \\ ork to maximum load in bend­
ing. these \\'ood~ are also nearly equal. Brazil ~ut is dis­
tinctly surpa~cd by Oak in hardness. compression across the 
grain. shear. tension across the grain, and cleavage. Berthol­
Jeti•t exce/sa may also he contpared with Teak. These woods 
compare closely in bending strength, stiffness. hardness, 
shear. and clca\'agc rc.-.i~tancc. Brazil ~ut is markedlv 
superior to Teak "in shock resistance, but is slightlv lower 
than. T cak in compressive strength parallel ro the grain and 
conside.rably below Teak in compression and tension across 
the gram. 

Upon air drying, Brat.il Nut improved markedly in most 
propcrttcs but onlv in work to maximum load was the 
increase greater than that commonly shown bv domestic 
hard_woods. Among other properties t.he g reatest proportion­
are mc~ease \\:as !-ihown in clastic resilience, followed by 
propont~nal ]unit stress in bc~ding, modulus of rupture, 
compressiOn parallel to the gr:un, hardness, shear, stiffness, 
and compression ~erpcndicular. to the grain. Cleavage was 
unaffected lly drymg. and ten-;Jle srrength across the grain 
decreased slightly. 

Tropic;1/ Woods rn: 4;-46. 

TROPICAL WOODS 

Q ·~I oo-

- "'00 r-. Q Q Q ~ 
- N - N 

~~ 8 8 
r-. '() "' N c;. .f.oo .;.. 

o-,,., 
0 

- -

":" 
0 

00 

"' 0 

.. 
'<! 
0 

o-o- ~ 

.g.=-~ ::: ~: 

j 

-:,.... e- .. t-
~0 ~o 5o 
~~~~ ~~ 

• 0 0 
~.0 

§~ - -
ciS. ........ 
·.: 

0 0 ...... .,..,. 

~& - .. 

0 0 "' .. 00 .... 

0 0 .. .. - ..... 

I I 

59 

"' c .. 
c. 



6o TROPICAL '"'"OODS No. 98 

Brazil N ut is easy to air season. Earlier results, supple­
mented bv obsen·ationo; on additional material, indicate fast 
to moderate rates of drying with only slight checking. Warp 
was !)light and a minimum of casehardening occurred. 

Durability studi~ now completed indicate that the heart­
wood is ' 'erv durable to durable in resistance to a white-rot 
fungu~ and· ,·cry durable upon exposure to a brown-rot 
organi~m. The wood displays good weathering character­
istics retaining a relati,·cly smooth surface with only a slight 
amount of checking upon exposure in the unpainted con­
dition. 

Braz d '\ut is rated as a good steam-bcndina wood on the 
basis of rett.:ntion of strength :md appearance.b 

0~ the ?asJs of infornta ti<~n now a\·ailable, it appears that 
cc•n'>lderanon may \~ell he ~1\ en to the possibilities of Brazil 
'\ m for _hoar a~d. slup dcckmg and for steam-bending appli­
cmoru; m addJtJon to the uses discussed in a previous 
rcpon ( ro) . 

CEDRO ESPI.l\'0 Uombacopsis quiuatt1 ( Jacq.) Dugand 
Other common names: Pochote, T olu. and Saqui-saqui. 

Occurrence: \\'estern Nicaragua through Costa Rica and 
Panama to Colombia and \" enczuela. 

~e tree ~nd wood of Cedro Espino were described in an 
earlier publication \\ hich also included a discussion of the 
properties and uses of the wood.1 Subsequent tests have 
b~cn condu.ct~d to detcnnine the green srrength propertieS 
° Cedro ~pmo from Panama. The results shown in the 
~cc~panymg tab}~ rc\ cal considerable variation in the 
mens11)' and me.chamcal properties of this \\'OOd. The Panama 

atc;~al "as hghter and gcncra llv weaker than rhe wood 
prcHously tested which origin;Jtc·d in Honduras and con-
lt(JUcmlv the 5 · ' main ; pcclcs average values given here arc, in the 
e c. ' 1 )\\·er tha~ tho~~ presented prcviouslv. \ Vith the 

puon of elasnc rcsJhencc, work to maxim.um load, and 

,.,,,p cal IJ'ooJr 9S= 45 49· 
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roughness, Cedro Espino is somewhat weaker th C 1 · 'I h an entra Amcn can a a ogan)· of the same dcns1't" " . 1 I 
. . • · .t'\ \ cragc va ucs 

for B~m Jacopszs qumata ~xccc? publish.cd values for the 
closely related Bombacopszs sepmm from Venezuela. 

Air-dry strength valu~s for Cedro Espino are now avail­
a~le and a~e also shown m the table. As in the green condi­
non, the a1r-dry ~vood of Cedro Espino is somewhat weaker 
rhan j\ lahogany m most respects. Greatest differences are 
indi~arc.d i~ compr~ion and tension across the grain. Cedro 
Espmo 1s slightly higher than J\tahogany in shock resistance. 

Upon air ~rying, Cedro Espino improved moderately in 
most properties. In no respect .was this improvement equal 
to that shown bv most domestiC hardwoods. Greatest rela­
t ive increase w~s shown in elastic resilience followed by 
compressh'c strength parallel to the grain, static-bending 
strength, compression across the grain, hardness, stiffness, 
shear, and work to maximum load. Tension across the grain 
and cleavage resistance decreased substantially upon air 
drying. 

Completed air-seasoning studies modif>: somewhat the 
results presented in an earlier report. Matenal fro~ ~anama 
exhibited a variable rate of drying, and the specie~ JS c?n­
sidered moderately difficult to dry. Defect appeared.•d~nncal 
for materia l from Honduras and Panama ~d was bnuted to 
slight checking and slight warp. Ce~ro Es~I~O has a repu~: 
tion for air seasoning very slowly With a nurumum of chec 
mg and splitting, although the wood is reponed to hav~ ~en 
successfully kiln dried with a reasonably short rymg 
"chedule. · . 

. . 1 brinkage values for matenal from 
Rad1al and tangenna s ed earlier for material 

Panama arc lower than those refrtfor the species are con­
from H onduras. New average va ues h ase mutts are based 
~Ctjuenrly revised downward. In f,ac ~terlal from Panama 
on studies of three lo~. Values 0

{ r 8 related spec!es (B. 
ag ree closely with shrinkage valhes and Norton. Results are 
sepumz) as reported b~ K~oc. 
presented in the followJng table. 



SIA11C 8BNOING 
Fiber-Sere~•- "M(;J;;i~Modul~• Work ro Work ro 

No. of Moisture . ~~ Proporcion of of F.l.u- Proportion· Maximum 

0. 
t4 

!'pedes ~So'!'~ ___ -"()!!'- C~u1dirion Co~t£nt__§peci~cGr;~v•I_Y ___ 2IJ:i"!~' - _RupnH~~i!_Y ___ al Limit .~ 
percent Oven <If\' Grt-cn lb. rcr lb. f'CI 1 000 lb . in.-Jb. rn.·lb. ~ 

vol. vol .sq. 1n. .sq. 1n. flCr per_ pe_r :::0 
5q, 1n, cu. 1n. cu. rn. 0 

Cetfr11 E~pino , '"tl 
(Bomhnrop.ris Jlondur:1s 3 (,_rccn 

1 
Rll.o o.5R o.sr 4,/l;o 8,of10 I,JRo 0-95 7.8 (=) 

qui11oft,1 ) A1r Dry 9-5 R,.p o 11,1 f10 1,550 :.49 10.5 > 
Panama 3 Green r.p.4 0.41 0.39 4,910 7,o6o r,IJO 1.16 9·7 t""' 

AirDry1 15-4 ssso H,!ho 1,15o 1-40 7-9• 
A \'C.:ragc 6 Green 116.7 0.50 0.45 4,7Ro (,5f>0 1 ,1oo 1.11 8.8 < 

J\ ir Dl)·1 1 z ·5 6,9Ro 10490 1400 1 ·95 9 -1 0 
(Bumbacopris Venezuela 1 Green 204.2 0.39 0.36 4,100 6,500 1,070 o.C)S 6.7 g 
srpiumF Air Dry' 1 4.1 - - - - - 00 
\bho~an\'' 
rSwietmfa Central Green 79.6 o.51 0-45 s.soo 8,Qf><> 1,340 1.13 9·• 
macropby/1,, ) America Air Ory' 11.4 7,¢>0 11 ,460 1,500 z.o8 7·5 

Spec•es 

Cedro Espino 
(Bomb«copsis 
quiut41) 

Honduras 

Panama 

Av~ 
(Btmrbu01Jsil 
t.pium)l 

Venezuela 
Mahogany' 
( S<win.,. 

COMPRESSION PARALLEL TO GRAIN 

Fiber Suess .Maximum 
at Proportion· Cnuhing Modulus of 

Condition al i.iUta Su eQAtb Elasticiry 
lb. per lb. ~r 1000 lb. 
sq. in. sq. 10. pe~ 

sq. 10. 

Green Zt790 3·690 •,szo 
AirDry1 4t7SO 6,6zo .,,So 
Green 2,68o 3·•90 1,170 
Air Dry' 4P20 4-700 1,270 
Green 2,740 3-440 1,340 
AirDry1 4·38o s.66o •,szo 
Green 2,710 21C)30 I,:UO 
AirDry1 3.000. 4o01o• 1,210. 

CompreS$ion Tension 
Perpc:n· Perpcn· 
dicular dicular 

Hardness to Grain to Grain Shear Clravage Tou~ness 

End Side Stress at ceo- lb. ~r lb. per lb. per in.-lb. 
lb. lb. ponional imit .sq. 10. sq. in . in. of per 

lb. per sq. in. w idth specimen 

&Jo 790 66o 700 1110 J40 117-9 
1190 930 840 J8o. ljlO 240. 

470 510 ¢o 450 8zo 110 77-4 
470 soo• 640 16o• no• :no• 
66o 6so s6o 6oo ¢o 18o 101.7 
8JO 710 740 J:Zo • 1040 230• 

66o 6oo 1000 490 76o :ZJO -
36o. 400. sso• - -

nMC?'Df'byll4) Green 3,o8o 4-340 1,p.o 8zo 740 68o 740 1240 n o 88.1 
Central America Air Drv1 s,o8o 6,78o •.soo• 970 8oo IOQO 740 12 JO 340 
1Aif-clry alua=. ro 12 percent mobNrc con~ent a:ccpc where desianaled ( • ) in wbicb ~ the ~ecua.l moisrurc content ar rime of 

cetrlt~a ( CDL 5) • 
I)Cyalocb IDil - ( 11 ). 
IHeck (9): ltyoocb llld Nonoo ( II ): unpublished Yale results for plank material receiwd from the New York N aval Shipyard. 
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Specirs and Source 

Cedro 1-:.~pino 
( .Bomb.Jcopsis qui11ata 1 

Honduras 
Panama 
A \'Cf3(!C 

( Bomb:1copsis sepiumJ1 

Rad1al-

4·1 
:.8 

.H 

SHRINKAGE ( percmt) 
T~n!!t"ntial LonsitudinaJVolumetric 

- - ....... -- -- ----

;.6 
4·i 
6.: 

(), 10 

O.)ll 
o.:o 

12.8 
7·J 

10.0 

Venezuela 3.0 ·H - 6-4 
~y®ch 2nd ~onon ( 11 ) • -

As noted in an earlier report. the heartwood of Cedro 
Espino is \'ariablc in resistance to a white-rot fungus. When 
earlier results were supplemented by the addition of material 
from Panama. the wood was gi\'en an average rating of 
durable in irs resistance ro a white-rot organism and was 
found to be ,·e~· durable in resistance to a hr .. own-rot fungus. 

Cedro Espino is rated only fair in resistance to weathering. 
\Vhcn exposed to the ,.,.·eather in an unp.1intcd condition, 
~urface smoothness is lost rather quicklv and a considerable 
amount of checking occurs. · 

The wood does not appear to be adapted to steam bending. 

:-\? ~ha?ge in the prcYiously published list of proposed 
uses 1s mdtcared (7) . 

YEI.LO\V SA "'DrR~ Bucbenn'i:in cnpitnta ( Vahl) Eichl. 

Other common names: Granadillo. Boic; Gris-gris. Olivier, 
Almcndro. Amarillo Boj and Pcri<ptitcira. 

Occurrence: In the \Vest lndies and northern Sourh America. 
Closely related species arc found in the Amazon Valley 
of Brazil. 

The tree and wood of Yell ow Sander-. wrrc described in 
an earlier publication which also included a discussion of the 
propcnies and uses of the wood.1 Suhse'lucnr tests have 
y1cfded the air-dry mechanical properties th:lt :1 rc presented 
m the accompanying table. Green strength d ata arc also 

l V. n for comparison. 

fr(jp:caJ Woods 95= 49·52· 

No. 98 
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In the air-dry condition. the strength properties of Yellow 
Sanders arc gcnerallv below those of White Oak and Hard 
;\laple. Onl:~ in co1t1prcssion parallel to the grain and. end 
hardness docs Yellow Sanders equal or exceed Oak. Dtffer­
cnccs between these woods are particularly pronounced 
work to maximum load (shock resistance) , tension ..,..,.,,. ___ . 
the grain. and cleavage resistance. Yellow Sanders 
closely with Teak in static-bending and compression 
ro grain properties when air dry. It surpasses T 
wide margin in end hardness, toughness, and 
strength, and by a slight margin in side hardness and 
pre~ion perpendicular to the grain. Yellow Sanders 8 
dis~inctly below Teak in tension across the grain and cleavage 
resistance. 

Air drying effected relatively slight increases in most 
the properties of \ cllow Sanders, although very sullstmtid: 
decreases oc~urrcd in tension perpendicular to the grain 
clea\·agc resiStance. In no properrv was the increase 
ciated \\ ith drying as great as that generally found amtone 
domesti~ hardwood.s. G reatest proportionate increase 
currcd m comprcss1vc properties parallel to the grain 
sh~~~· followed by ~nd hardness, modulus of rupture, _,_......., 
res1hcncc, comprcssmn across the grain, and sti ffness. 
hardness remained Yirtuallv unchanaed and work to 
mum load decreased slightiy upon a~ drying. 

Completed air-seasoning studies of Yell ow Sanders 
care no change from the conclusions drawn in an c:aJ.nUI 

phase nf t~c study. The wood prO\·ed to be easy to 
s~ason, dr):mg at a rapid rate \\'ith only slight checking 
l1ttle \varpmg. 

The wood wc~thcrs well. Unpainted material exposed 
the weather "'11 hour paint protection retained 
~~oothncss. remained free from warp and developed 
"11ght surface checking. ' 

Ycll?w Sanders hearrwood is relatively high in r es· 
t~· moiSture absorption and is comparable to \Vhite Oak 
t 1 respect. The wood is rated as fair in its ., .... .,., .,..,, _h,• nt1Jtfll 
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characteristics on the basis of strength retcnt' d 10n an appear­
ance. 

Th.e ~or~going .results in~icatc n? change in the ltcmial 
u. ... cs tm th1s spcctes as previOusly listed (7). pc 

A~DIROBA Carapa guianemis Aubl. 
Carapa procera DC. 

Othe~. common names; Crabwood, Krappa, ~ajcsi, Carapa, 
F 1gueroa, T angare, and Cedro j\1acho. 

Occurrence: British Honduras through Central America 
and northern South America and in the West Indies. 

fhc tree and wood of Andiroba were described in an 
earlier publication that included a discussion of the properties 
and uses of the wood.1 The mechanical properties of the 
air-dry wood have been determined subsequently and are 
presented in the accompanying table which includes strength 
data in the green condition for comparison. As in the case 
of the properties of the unseasoned wood, air-dry properties 
of 1-\ndiroba as given here are applicable only to timber from 
the Amazon region and the Guianas and specifically to wood 
of density comparable to that shown in the table. 

A. verage air-dry strength values based upon _material. from 
Brazil and Surinam are in close agreement w1th prev1oustr 
dctcm1ined Yalues for Andiroba from British Guiana. _An~l­
roba compares closely with Yellow Birch in most .of Its aJr­
dr\' strength properties. Shock resistance, compressiOn acr~ss 
t h~ grain tension across the grain, shear, and cleafvaged~es~t­
ancc arc •hO\\~C\'Cf distinctly lower in the case O ~ d~O ;· 
In cnmp'a rison wi;h Central American Mahogany • . n lro a 
Is markcdl~· superior in all static-bending propdemes, hcom-

. . . hardness shear an roug ness. 
press10n parallel to the g~m, . ' ression and tension 
\ h hoganr surpasses And1roba ~~ comp 
across the gra in and cleavage restSta:ce. 'es of Andiroba ex­

Upon air drving, most of the pr petbnl shock resistance 
1 ·1 · • • eot but o Y 11 mcd substantial 1mprovem ' -1'/'ro pic.:z/ W oods 97: ~5%· 
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STATIC lkNDINC 
Fiber Strcs~ Modulus Mod~fu;--Work to Work to 

N o . ,,( Moi~rurc at Proronion· of of mas- Proportion· Maximum 

Sreric!_ __ Sourtt' 1Al_.l:5 ~:O !!<!ition Content Specific Guvity ill .imu Rupture ticity al Limit Luad 
- ~ - rcrcc:m Oven.dry Green- lb. per-- lb. per 1000 lb. in,·lb. in.·lb. 

val. val $<1 . tn . Sq. in. per per PC.r ;d sq. in, cu. in. cu. '" ~ 

,\ndiroha Gn:cn 
0 

(Car.tpa Dra7.il l 72·4 o.61 0,56 7,1C)<) I I ,I I 0 1 .st,o 1.92 ·'' ·4 '"C 

Air Dry' 9·650 15,620 1,850 -
guitmmsi.r) ' ··'·5 :.s5 134 (j 

(C.rrapa Sur·innm : Green 57·7 o.6o O.J.l 6,01)0 9·480 1,8zo 1.04 8.1 ~ 

Air0ry1 12.6 10,830 -
proccra) 

15·45° 2,140 2.89 '4·i 
L 

A wrage 4 Green 65.0 o.6o 0.54 6,640 10,300 1,6go qS 9·8 
..... 
< 

Air Dry' q.o 10,140 1),540 %,000 2.84 14.0 0 
(Carapa Hriti~h - Green ss - o.sz - 9·900 1,900 - - 0 
~ruit111cnsis )2 Gui:ma ,\ir Ory1 I 2 - '4·6oo 2,120 - - 0 
Yellow Birch3 United Green 6- o.66 0.55 4,200 H,JOO r.soo 0.70 16.1 C/) 

I 

(Betula lutca) States Air Dry 11 ro,roo I f>,(JOO 2,010 !.Sg 20.8 

Mahogany• 
Central Green ( S:!'ieteni.r i9 ·6 0.51 0·45 5·500 8,¢o 1,340 1.13 9·1 

macropbylla) America Air0ry1 I 1.4 7·¢o 11.460 1,500 2.08 7-5 

z 
p 

"' QO 

~ 
COMPRESSION PARAl.l.BL TO GRAIN Compression Tension '() 
Fiber Suess .Maximum Perpen- Perpeo· 00 

ar Proportion- Crushing Modul~~ of dicula~ dicular 
Species (:()ndition al Limit Srren&th Elasuctcy Hardn~s 10 Grasn to Grato Shear Cleavage To.ugbocss 

lb. per lb. per 1000 lb. End Side S1r~ss at P.ra; lb. ~r lb. ~r 1!>. per m.-lb. 
sq. in. sq. in. per lb. lb. poruonal limit sq. m. sq. tn. Jf:!. of ~r 

sq. in. lb. per SQ. tn, wtdth spec1men 
Andiroba 
(Carapaguimensis) Green J,91Jo 4930 1,170 rrso lo6o C)6o soo 1320 JSO 129·9 .....j 

Brazil Air Dry1 s,8IO j,CJOO 2,0]0 1670 1220 850. 550 168o 28o. :::0 
(Carapa proceTa) Green 4.100 4t6.¥> 1,28o 740 710 soo 6zo 1120 po 94.0 0 

Surinam AirDry1 6,350 8,340 2o46o 1330 1040 81o 330• 1340 21o• ;:g 
Average Green 4.040 4t78o 1,720 940 88o 730 56o 1220 HO 1 12.0 (") 

AirDry1 6,o8o 8,120 1,240 1500 IIJO 8JO 440. 15'0 Z40. ~ 
(Carapcguilmerui1)1 Gften - s,uo - 1020 830 - - - JlO - r 

British Guiana Air Dry' - s,sgo - rsso 1130 - - - 440 ~ 
Yellow Birch• 0 
(Betuldatu) Green 2,620 J,J8o - 810 78o no 430 1110 Z70 - 0 

UnitedStates AirDry 6,130 8,170 - 148o rz6o "90 920 1R8o szo - 0 
~~t ~ 
(5-wietema 
7nacropbylla) Green 3,o8o 4t340 l,szo 82o 740 68o 740 1240 1 ~o 88.: 

CentralAmerica AirDry1 s,o8o 6,78o r,soo• 970 8oo 101}0 740 1230 34o 
lAifOCiiJ ftluelldlasced co 12 perceac moiscure COGcent excepe where desi&narcd < • > in which cue the ~·tuaCmoi-s-ture conlenr at ti~e-cf testi ns ( col. s) applies. . 
2Handbook of llmplre Timbers ( 8) . 
•u. s. DePt.~- Tea. But 479 < 12>. 
4Hcck ( 9): Kyaocb and Nonoo ( 11): unpublished Yale results for plank mar:crial received from rhe New York Na,.,.) Ship~·a.rd . 

$ 
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and end hardness increased In· an amount greater than is 
nonnally shown bv domestic 11ardwoods. Greatest improve­
ment in other pr~pcrtics was shown in elastic resilience, 
followed by crushing strength, bending strength, proportion­
al limit stress in static bending, side hardness, shear, stiffness 

~ . ' 
and cornprcs.'>ion across the grain. Strength in tension across 
the grain and clca\'age resistance decreased 20-30 percent 
upon air drying. 

The t\\ o species exhibited somewhat different character­
istics in air-seasoning studies. In an earlier report both were 
classified as difficult to season, but subsequent results show 
Camp.1 gu.;ancnsis ro be only moderately difficult to air 
season. This species dried at a moderate rate with only slight 
checking and warp. Carapa procera, on the other hand, 
showed a ,·ariablc rate of drying, the faster drying material 
de,·cloping se,·ere end checking and moderate surface check­
ing. \ Varp in the fonn of crook or bow \'Vas slight. 

A striking difference in durabilitv is sho\vn bv the two 
species. The present 5rudy, supple~ented since· an earlier 
report by additional dam. shows Carapa guianensis to be 
very durable to durable upon exposure to a white-rot fungus 
and very durable with respect to a brown rot. Carapa procerll 
was found to be non-durable in resistance to a white-rot 
fungus and onl~: modera~el)• durable with respect to a 
brow.n-!ot o.rgamsm. Andtroba has good weathering char­
actcns[)cs Wlth some surface roughness and a minor amount 
of s~rfacc chec~ing de\'eloping '"as a result of exposure of 
unpamted marenal. 

Heartwood . is highly resistant to moisture absorption. 
~nd t;fle wood Js rated intermediate to Teak and \Vhite Oak 
m rhts property. The wood glues easily. Andiroba does 
app~ar to be adapted to steam bending. 

No c.hangcs arc suggested in the list of uses for A 
as prevJOusly proposed ( 10 ) . 

TROPICAL \\'OODS 
71 

I 

pJQlJIA Caryocar villosum (A ubi.) Pers. 

Other common names: Piquia Bra\'o, Souari, Bats Souari, 
and Arbe a Beurre. 

Occurrence: \Videly distributed in upland forests of the 
Amazon valley, .\laranhao (Brazil), and the Cuianas. 

~escriptions ~f the tree ~nd wood of Pit}uia together with 
a dts.cusston o~ Its properties and uses have been presented 
prevJOusly.1 A1r-dry st~eng:th data arc show~, together with 
green strength propcrttes, m the accompanymg table. 

In most air-dry strength properties for which comparable 
data are a\·ailable, Piquia is intermediate between Shagbark 
I lickory and \Vhite Oak. This is in contrast to its properties 
m the green condition which, except for shock resistance, 
exceed those of both these domestic woods. \Vhen air dry, 
Piquia compares closely with Hickory in stiffness and .elastic 
resilience; it occupies a position mid-way between Htckory 
and \Vhite Oak in bending and crushing strength, hardn~, 
and compression across the grain, and resem~les Oak m 
roughness, shearing strength, cleavage, and tensron perpen-
dicular to the grain. . 

Upon air drying, Piquia sh.o~ved far less i~provem~nt m 
strength than is generally exhibited by domesnc hardwo~ds. 
Only in work to maximum load indicative of shock resiSt-

. di · observed Among other ance was an outstan ng mcrease · . . 
. . t was shov.'tl m elasoc properttes greatest 1mprovemen . h 

. . d 1 of rupture maximum crus -
restltence, followed by mo u ~s . '. b nding shear 
ing str~ngth, proportionalli~ut su:: s~~~ n~gligib,le and 
and snffness. The change m har d in compression 
appreciable decreases in strengtthh occ~rreand cleavage. 
across the grain, tension across e gram, 

1 
. erties 

I . ·nusrrates the re aove prop 
The following tabu anon I f Oak taken as zoo). 

of Pi(JUia and White Oak (values or 

1Tropical Woods 95: 53-56. 



7! 

e I . . 9 ::>"tl .c .. c e" ~ ... -
~·-.Sci"'::i 
0 ~ ·- ... 

~~ 

c 
.9 
:; 
c 

_8 
o .. 
·« 
0~ z-

.. ...... 
0 

":'CX! 

TROPICAL \rVOODS 

r--oo -o co 
,.;....~...: ~ 
N N - -

oo-oor--
'1 C! C! "l 
- I"'\- N 

co ...... 
ci 

-...... 
0 

• 0 0 
QO ... 
0'0 ... -
0 0 ... ... 
................ 

0 0 
"'--.:t-'0 

~:' ~:.!~: 

.. 
+ ..., 

I I 

0 0 ... "" "' .,.. - ... 

I I 

0 0 -.:r ........ 
0 ... - ... 

I I 

I I 

0 0 
QO -"' ... -.f-0. 

No. 98 

" .g 
12.0 

Side 
hardness 

126 

TROPICAL \VOODS 
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Shear 

100 

Stiffness 

Ill 

Bearing 
srreogth 

llJ 

Shock 
re~istance 

107 

Oeav:age 
resistance 

73 

108 

It is evident that on the basis of equivalent weight Piquia 
exceeds White Oak only slightly in hardness and bearina 
strength across the grain and that it is generally less efficien~ 
than Oak in other strength properties. · 

Completed studies of the air-seasoning characteristics of 
the wood indicate a s}o·w rate of drying. Purely on the basis 
of this observation Piquia must be classified as difficult to 
season. Despite the slo\vness of drying, seasoning dcfecrs of 
various types were evident in the fom1 of warping, checking, 
and casehardening. All of these defects were of minor 
degree, however. 

Upon exposure to a brown-rot and white-rot flllloCJUS. as.~ 
part of the present testing program, the heam"·ood of Ptqma 
proved to be very durable in each case. . 

Piquia is rated only fair in its resistance to weathenng _on 
d f h. smdv whtch the basis of tests conducte as part o t IS. • , . 

contradicts its favorable reputation in the rroptcs. U~pdamtbeld 
h ·arp and a cons1 era e 

wood developed surface roug ness, "' ' . h p inred 
amount of surface checking upon exposure 10 t e un a 

condition. . f 
d . th previous hst of uses or 

No change is indicate m e d ) 
which this wood appears to be adapte ( 7 · 

Cedrela Huberi Ducke 
CEDRO BRANCO S anish Cedar. 
Other common names: Cedro, P n'-----:1 

reaion of .Dlli£U· • 
Occurrence: In the Amazon B~co were described man 

The tree and wood ?f ~drod d 8 discussion of ~e prop­
ear.lier publication which m~T;e strength properaes of the 
emes and uses of the wood. -1Tropical Woods 97: sz-s6. 



STATIC BENDING 
Fiber Suess Modulus Modulu;--Work to Work to 

No. of Moisture ~~ PropOrtion- of of Elas· Proportion· M:urimum 

~e·i~-- Source Logs Condition Con rent Speciftc Gravity al Limit Rupture ticicy al Limit Load 
pcr-cenc Ovcn-dq• G"-cn lb. per lb. per 1000 lb. in .. Jb. in.-Ib. 

vo l. vol. sq. tn. Sq. in. per per PI\C 
SQ in. cu. in. cu. '"· 

Cedro Branco 
Green 8j.8 0 .38 t Ccdrela Brazil l 0.41 4,020 6,730 1,170 o.So 74 

Huberi) Air Dry! 164 7,JOO 11 1JOO 1,420 2.08 12.5 
Cedro 
Granadino 
(Cedrela Panama 3 Green 67·4 0.46 0 .41 4,520 7,510 11JIO 0.94 7·• 

Tonduzii ) .-\ir Dry 1 II .8 7·940 11,5JO 1,4f0 2.4) 9·4 

Spanish Ccdar2 '\;icaragua Green 73 O.J8 O.J..J. 3·36o s.zzo 870 - 7·4 

(Cedrela sp.) Air Dry IZ 5·940 7,86o 1,010 - 5·6 

.\I ahogany3 

( Swietenia Central Green 79·6 0.51 0 .45 5·500 8,~ 1,340 I.lJ 9·1 
macropbylla ) :\merica Air Dry! I C.4 7·960 11-460 1,500 z.o8 7·5 

COMPRBSSTON PARALLEL TO GRAIN Compression Tension 

Species 

Cedro Branco 
(Cedrela Huberi) 

Brazil 
Cedro Granadino 
(Cedrela Tonduzii) 

Panama 
SpaUsh Cedar 
ct:e&rt~~t~ sp.> 

'N"ICU't.S'!Il 
Mah.....,.m,a 
(~ 

Fiber Suess 
at Proportion· 

Condition al Limit 
lb. per 
sq. in. 

Green :z,uo 
Air Dry1 s,26o 

Green 
Air Dry 

Green 
AUDry 

z,no 
S·I]O 

Maximum 
Cr-ushinl' Modulus of 
Srrengtb 

lb. per 
sq. in. 

3,100 
6,010 

3·370 
6,uo 

l ,76o 
4>450 

El:micirv 
1000 lb. 

pe~ 
sq. tn. 

1·340 
1,400 

1,330 
1,540 

Perpen· 
diculu 

Perpeo· 
dicUlar 

Hardness to Grain to Grain 
End Side 
lb. lb. 

Suess at flro- Lb. per 
porcional 'mit sq. in, 
lb. per sq. in. 

46o 
790 

650 
940 

38o 
580 

450 
570 

550 
6oo 

JS'O 
500 

390 
710 

6oo 
66o 

310 
710 

450 
390. 

430 
3so• 

She:u' Cleavage Toughness 
lb. per lb. per in.-i~ 
sq. in. in. of ~r 

width specunen 

790 z6o 8:u 
1200 :z5o• 

990 200 106.2 
1100 230• 

720 

'lnJICJ'OfJhyllaJ Green 3,o8o 4,340 1,po Szo 740 68o 740 11-JO HO 88.2 
CentralAmerica AirD!Y~ s_,o8o 6,78o 1,;oo• 970 Soo 10<)0 740 I!JO 340 
lAir-dry Ylllue ..Siusccd 10 12 percent moisture content except where! designated l •) in which case the -ne<ualm oisture conrcnr at rin•c of 

~~oJ col ~? applies. 

&Heck ~;); Kynoch and Nor10n ( t t); unpublishc<l Yale resuh• ft>r plank m<~tcrial rttcived from the New York NR,·~I Sh iPI'~rd . 
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air-dry ,, ood ha\'C been determin_ed in suhsellucnt tests and 
arc prc~emcd in the_ accompan;:mg table. Green strength 
value!) arc included tor companson. 

In the air-dry condition Cedro Branco shows a general 
strength ~uperiority o\·er publis~ed \'alue~ for Spanis~1 Cedar 
from ~icar<l'TU<l. Cedro Branco JS only slightly heaner than 
Sp:mi!>h Ccd~r but sho\\·s a marked supcriorit~· in bending 
strcnnth, snffncss, shock re:,IStance, and crushmg strength. 
Ccdr~ Branco appear~ to be only slightl_y superior t_o Spanish 
Cedar in side hardness and comparable m compression across 
the nram. Cedro Branco compares closely with another 
Ccd1~ ( Cedrc/a Tonduzli), also included in these tests, in 
ncarlr all nir-dry properties. Cedro Branco is also similar to 
Central Amencan t\lahogany in IJending and compression 
parallel to gram properoes, shear strength, and toughness, 
bur is surpassed by Mahogany in hardness, compression and 
tensiOn across the grain, and cleavage resistance. 

lJpon air drying, Cedro Branco improved markedly in 
most strength properties, equalling or exceeding the increases 
sho\\ n generally by domestic hardwoods in work to maxi­
mum load, bending strength, compressive strength parallel 
to thL S .m, end hardness, compression across the grain, and 
shear ~1dc hardness increased moderateh• and stiffness im­
prO\ ~d shghtlj, whereas cleavage resistance and tensile 
~trcngrh acro!>s the grain both decreased upon air drying. 

A~ previously reported, Cedro Branco is easv to air season. 
Drymg was f?st to moderate, accompanied by only slight 
surface chcckmg. 

Du.rabiliry tesrs,. comp!ered .since an earlier report, show 
the\\ ood to be qUJte vanable m its resistance to decay. The 
~~~anwo:>d proved to ~e durable to moderately durable upon 
~xpo~~rc to both a \\'hJte-rot fungus and a bro\\ n-rot organ-
15~1~. I hcsc results do not confirm the reputation for dura­
l.Hit.ty_ that ha~ been ascribed to woods of the genus Cedrela. 
It IS. mteres~mg to note, however, that present results for 
Ce~ 1 o llranco agree closely \\'lth those for Cedrc:la Touduzii, 
whte.h was also found to be variable in durabilitv as reported 
prcv10usly. • 

1' 010 •Y R<~bnl lr. /lt 

fJGt:RE 4 . at _
000 

fr. cle' ariun. 
T ndt~:iiJ lt"1" ang 

Cedro Cr:uudir111 (CC'.ircla Panamll. 
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Cedro Branco displays excellent weathering ch · . . • . 1 f aractenst1cs 
rerammg a smoot 1 sur ace and remaining \\'a f ' 

I f . . . . rp- ree and 
chec {- ree u~on exposure m the unp:unted condition. 

On the has1s of the forecroing no changes are 1• d. d · • e> • , n 1catc m 
the potential uses for the \vood as pre,·iously listed ( 10). 

CEDRO GRANADINO Cedre/a Tonduzii C. DC. 
Other common names: Cedro, Spanish Cedar. 

Occurrence: In the highlands of Chiriqui Province, Panama. 
The tree and wood of Cedro Granadino were described 

previously in a report which included a discussion of the 
properties and uses of the wood.1 Subsequent determination 
of the properties of air-dry \vood yielded the strength values 
shown in the accompanying table. Strength properties of the 
unseasoned wood are also given for comparison. 

Cedro Granadino is considerably denser, and accordingly 
stronger in the air-dry condition, than the Spanish Cedar 
from Nicaragua for which strength deterrninatio~ have b~en 
reported previously. Greatest differences appear m bendmg 
strength, stiffness, shock r~istance,. end hardn~, and com­
pression parallel to the gram. Only m compr~JOn across the 
grain is Cedro Granadino surpassed by the N1car~~an ~pa~­
ish Cedar. Cedro Granadino is, however, very. smular 10 tts 

air-dry strength properties to the slightly .lighterd ~e~o 
B1·anco (Cedrela Huberi) of Brazil which is discuGsse 10d~ e 

f h. rt Air dry Cedro rana mo 
preceding pages o t IS repo. · . - din stren rh and 
closely resembles Mahogany 10 sra~c-be~~ to th~ grain, 
stiffness, elastic resilien~e, co~r~100 

Pin shock resistance. 
and shear, and is supenor to . a ?180

J:rdness compression 
It is exceeded by Mahog~y 111 5~l:ava e res~rance. 
and tension across the gram, and ... g ved substantially 
. Upon air drying, Ced~ela T~~~r:e, work tom~-
111 most strength propert1C:S·~Jjmit streSS in compre5S10D 
mum load, and pr~portiO d ore than do the correspond­
parallel ro the gram mcrease JD 

1Tropical Woods 95: 57-6o. 



STATIC BBNDlNG 
Fiber Stress Modulus Modulus Work to Work to 

No. of .Mois~uce at Protortion- of of Elas· Proportion· Maximum 
Specie" Source logs Condition Content Specific Gmvity al imir "Rupture tic icy al Limit Load 

percent Oven-dry Green lb. per lb. J?Cr 1000 lb. in.· lb. in ,· lb. 
vol. vol. sq tn. sq. 10, per per per 

sq. in. cu. ln. cu. in. 

Ccdru 
Granadino 

Green (Cedre/a Panama 3 67-4 0.46 0.41 4,520 J,po I,JIO 0.94 7·1 
Tonduzii) Air Dry! I t.8 7·940 11,530 1,440 245 9·4 
Cedro Branco 

Green (Cedreltt Brazil 2 8J.8 0.41 0.38 4,010 6,]30 I ,170 o.So 7·4 
Huberi) Air Dry1 t6.4 7·300 I I,JOO 1,420 2.08 12.5 

Spanish Cedar Nicaragua Green 73 0.38 0·34 J,J6o ;,no 870 - 74 
(Cedrela sp.) AirDry1 12 5·94° 7,86o 1,010 - ;.6 
Mahogany3 

Central Green (Swietenia 79·6 o.;r 045 s.soo 8,900 11J40 I. I 3 9·• 
macbop/Jy/Ja) America AirDry1 

I 1.4 7·900 11,400 r,;oo 2.08 7-5 

CoMPRESSION PARALLEL TO GRAIN 
Fiber Stress Maxtm• " 

Compression Tension 
Perpen· Perpen-
dicular dicular 

Species 
at Proportion· Crushing Modulus o.f 

Condition al Limit Strength Elasticity Hardness to Grain to Grain Shear Oeavage Toughoess 

Cedro Granadino 
(Cedrela Tonduzii) 

Panama 
Cedro Btanco 
(Cedret. Huberi) 

Bruil 
SpuUsh CedarS 
(~4ret. sp.) 

Nsear.gua 

~u 

Green 
AirDry1 

Green 
AirDry1 

Green 
Air Dry 

lb. pu lb. per I 000 lb. 
sq. in. sq. iq. per 

sq. in. 

1,770 3·370 I,JJO 
s,130 6,210 1,540 

z,:no 3,100 •·340 
s,z6o 6,010 •t46o 

- 1,76o -- 4t450 -

End Side Stress at pro- lb. J?er 
lb. lb. portionallimit sq. m. 

lb. per sq. in. 

lb. pee lb. per in.·lb. 
sq. in. in. of per 

width specimen 

6;o 550 6oo 430 990 z6o 100.1 

940 6oo 66o 38o. 1100 130• 

400 450 390 450 790 200 8:.1 

790 570 710 390. 1200 zso· 

38o 350 JIO - 720 
sSo 500 710 

'm11C1'0f'bylla) Green 3,o8o 4-340 1 ,szo 8zo 740 68o 740 1240 330 88.: 
Central America AirD 1 s.oSo 6,780 l,soo• 970 8oo IOC)O 740 1230 340 
lAiz If values adJuMed CO 12 percent mois&urC: COBIC:RI except Where desisnated ( 0

) in which Ca\C: the aetu2l moi$tUrc: content at time of 
telli,ft.c~ cOL ~) appUet. 

•Heck f3f i Kyaocb aad Nonoo ( 11); unpublished Yale rauhs for plank ma~erlal received from the New York Na,•al Shipyard. 
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ing properties of domestic hardwoods. Among other prop­
erties greatest proportionate increase was sho\\'n in maximum 
crushing strength, bending strength, end hardness, stiffness, 
shearing strength, compression across the grain, and side 
hardness. Losses upon air drying were shown in both tension 
across the grain and cleavage resistance. 

Cedro Granadino air seasons readily. Drying was rapid 
without visible defect, and the wood compares favorably 
with Eastern \Vhire Pine (Pinus strobus) in its seasoning 
characteristics. 

Completion of decay resistance studies shows the heart­
wood of Cedro Granadino to be moderately durable to non­
durable in resistance to a ·white-rot organism and durable 
to moderately durable upon exposure to a brown rot. 
\Veathering characteristics of Cedro Granadino are excel­
lent. comparable to ~lahogany. Unpainted material exposed 
to the weather remained free of warp and surface checking 
and retained its original surface smoothness. 

Heartwood is resistant to moisture absorption, occupying 
a posi~on intennediate to White Oak and Mahogany. The 
wood ts easy to glue. Cedro Granadino is only fair in steam­
bending quality. 

"'\o change is indicated in the potential uses for this wood 
as li'.tcd preyiously ( 7). 

MORA Ai\lARILLA ChlorojJhora tinctoria (L.) Gaud. 
Other common names: l\lora, i\toral. 

Occurrence: \Vidcly distributed throughout Tropical 
America. 

The tree and wood of Mora Amarilla were described in a 
previou~ publication wh!ch also included a discussion of the 
properttes and us~s of thts wood.1 Results of air-dry strength 
~ests arc now avatlable and arc presented in the accorn an -
mg rablc. Gr~en strength data are included for compa~is/n. 

On the basts of_ the_ average air-dry values shown in the 
rable~ .\lora Amanlla IS comparab]e to Black Locust. These 

1TropicaJ Woods 97 : s6-6J. 
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woods are approximately equal in static-bend· . 
· · •ng propent~ 

shock ~eststandce1, maxtmuMm crushing strength, tension aero~ 
the gram, an c ~avage. ora Amarilla exceeds Black Locust 
in hardness but IS somewhat lower than Locust inc 

h . d h Ch ompres-sion acros~ t e gram an s ear. lorophora ti7lctoria is much 
stronger m all respects than the closely related Ir k 
(Cblorophora excelsa) of Africa. 

0 0 

Upon air drying, Mora Amarilla increased moderately in 
all strength properties except tension across the grain and 
cleavage. In both of. these properties drying was accom­
panied by_ an apprect~ble decrease. Gre~test improvement 
occurred m compresston parallel to gram properties, but 
only in modulus of elasticity in static bending did the im­
provement exceed that anticipated on the basis of the be­
havior of domestic hardwoods. Of particular note is the 
relatively slight effect of drying upon compression across 
the grain, hardness, and shear. 

On the basis of completed air-seasoning stUdies the wood 
of Mora Amarilla is rated as easy to season. This conclusion 
is based upon a fast to moderate rate of ~ accom.panied 
by only slight checking and slight warp. Included m the 
seasoning tests was material from Guatetilala to supplement 
the limited amount of material from Venezuela that was 
considered in an earlier report. 

Mora Amarilla is lacking 
~ctiviry. In contrast to its earl~ ·ml~~ 
In tests at Kure Beach, North !_OJ;roJjllll, 
~orted, subsequent exposure atH&~•r 
hna, led to very heavy attack -wn.IUIU ... ~~·.,.....-.,ftQI~ogany 
months. Mora Amarilla was COll~fJRJ~ 
these tests of small specimens. 8fujL,i-_~.f}dim~~· 
domestic woods as Southern Ye.wtlllJJftl. 
Oak, and White Oak 
tnonths ( 4, 5). 

l\·lora Amarilla weathers vo:-:a·• ·-Y·""' 

smoothness remaining free 
SUrf ' ace checking upon exi)OS1D,~ 



STATIC BBNDING 
Fiber Suess Modulus Modulus Work 10 Work to 

Proportion- Muimum No. of Moisture ar Pro~nion- of ofEJas-
SOUI(C Logs Condition Con rent Specific GravitY al imit Rul!ture ticicy al Limit to.d 

percent Oven-dry Green lb. per lb.~r 1000 lb. in.-lb. ia.-lb. 
vol vol. SQ. ID, sq. sn. PI;" per per 

sq, ID. cu. ia. cu. ia. 

l\1ora Amarilla 
(Cbloropborn Guatemala 1 Green 59-4 o.&J 0.78 ro,58o 16,J10 1,820 3·45 14-4 

tinctoria) Air Dry1 11.0 14t610 2o,po 2,020 5·93 r8.J 

\' enczuela- 1 Green 71.6 0-75 0-70 7·790 IJ,¢o 1,48o - -
AirDry1 11.7 14,110 r8,8ro 1,310 4-94. •6·5· 

H onduras I Green 61.1 0-72 o.6s 9,58o 14,150 lt46o - -
AirDry1 - - - - -

Average 4 Green 64·7 0-77 o.,. 9·310 14,840 '·590 3-45 '4-4 
AirDry1 11-4 14.420 19•56o 2,16o 5·44 •7·4 

lroko2 

( CIJloropiJora \Vest I Green 101-4 o.6t o.s6 51100 9.300 11%%0 1.23 7-8 
excelsa) Africa AirDry1 9.0 8,2oo• II ,6oo• I t470• z.63• 6.3• 

Black Locust1 

(Robinia United Green 40 0.71 o.66 8,8oo IJ,8oo r,8so 2.36 •S-4 
pseudoacacia) States Air Dry 12 12,800 19t400 2,050 4-62 18-4 

COMPRBSSION PARALLEL TO GRAIN - -- . Maximum 
Compres,ion Tension 

Perpcn· Petpen· 
dicular dicular 

Spedes 

Fiber ::.treSS 
:u PropOrtion· 

Condition al Limit 
Crusbjnr Modulus of 
Suength Elasticity HardneM to Grain to Grain Shear Cleavage Toughness 

Mora Amarilla 
(Cbloropbora 
tinctoria) 

Guatemala 

Venezuela 

Honduras 

A\'erage 

lrokol 

Green 
AirDry1 

Green 
AirDry1 

Green 
AirDry1 

Green 
AirDry1 

lb. per 
sq. in. 

6,ooo 
9,Z8o 
5·170 
7.66o 
3,<100 

4t86o 
8t470 

lb. per 1000 lb. 
sq. in. per 

sq. in. 

8,500 1,68o 
11,66o z,o:zo 
7·l90 lt910 

10t49Q •.98<> 
-t.8oo lt48o 

End Side Suess at pro- lb. {)Cf 
lb. lb. ponional limit sq. tn. 

z6oo 
2890 
IC)90 
2)00 
16)0 

lb. per sq. in. 

2670 
2640. 
Zl8o 
zr 10• 
1710 

1740 
'740 
ZIJO 
ll50 

1520 

1170 
730. 
870 
570. 

96o 
6,86o 

u,o8o 
I ,69<J 2070 2190 
1,000 :z6oo :Z38o. 

J8oo 
1940 

10)0 
6so• 

lb. per lb. per in.·lb. 
sq. in. in. of per 

:zo8o 
:z:z6o 
1840 
1720. 
16:zo 

•8so 
1990 

width specimen 

no 
420• 
390 
300. 
430 

450 
300. 

ZJ4.0 

203·9 

zso.o 

119·3 

( Cblorof'borll 
e:ccelu) Green 3·770 5,200 1,500 IZ40 u8o 88o - 1270 

WatAhica AU:Dry1 4t38o• 8,uo• 1,7•o• 148o• nSo• •Jso• - •s•o• 
Black Locust* 
(RD#mur Green 6,uo 6,8oo - •640 1570 1430 770 1700 400 -
flleudoacacilr) AirDry 6,8oo •o,•8o - •s8o 1700 noo 64o 248o 330 

lf.b-clry nlaes ~ 10 12 perceat moisture content acepc where desianatecl ( •) in which case the ae<ual moisture content ac tjme of -.~L .!llflnoa < 11). 
ii1.TD.,c. Aar. Tech. But. 479 ( 12). 
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Heamvood is extremely resistant to water 

nng. Teak in this respect. It appears to be mo<Wm 
te di 
adapted to steam ben ng . . 

The potential uses for this wood as nre:vifJ~mlv 
not appreciably altered as a result of 
presented here ( r o) · 

LACRELBLAKCO 
Other common names: Pardillo, Urua, Peterebi, 

Bois Soumis, Yaria, and Boj6n. 
Occurrence: Southern 1\lexico to northern 

in the \Vest Indies. 
The tree and wood of Laurel Blanco were 

an earlier publication which included a dis4CUS$iQj 
properties and uses of the wood.l Subsequendy 
testing bas been conducted on green material 
Panama and on air-dry material from Panama as 
other sources represented in the earlier tests. 
reported in the accompanying table. 

Laurel Blanco from Panama was found to be 
the average shown for the species in the tests 
r~poned, and. most strength properties are co1rresflj 
htgher. Inclusion of these data with those for ._. ...... u .... 

fro~ British Honduras, H onduras, and Nicaragua 
a slight effect upon a\·erage properties for the .,u.._ 
~~e values shown in t~e accompanying table 

gher ~han those previOusly given for all green 
properttes except work to maximum load · 
the g · d 1 ' ' ram, an c eavage resistance. 

Although a· d . d .. 
1 

• Ir- ry strength properttes of 
~spay considerable variation from source to 

0 .rh~e differences arc associated w ith 
vananons and tabl ' average results shown in the acc:orw bas: a~e ~egarded as representative of the species. 
lighte~ int es~ ~verage properties Laurel Blanco is 
- Weig t than the Venezuelan Cordia C 

I'J'ropical Woods 
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nev~rthel~ exceeds ~hat species in toughness and in all 
static-be~dmg pr~perttes exce~t modulus of elasticity. Laurel 
Blanco ts also slightly supenor to Cordia Collococca in 
crushing strength and tension across the grain, equal in hard­
ness, but weaker than that species in compression across 
the grain, shear, and cleavage. 

Air-dry strength properties of Laurel Blanco are quite 
similar to those of Mahogany. With the exception of shock 
resistance which is appreciably higher for Laurel Blanco, 
and compression across the grain, tension across the grain, 
and cleavage resistance which are lower, the properties of 
these woods are essentially the same. 

Upon air-drying, Laurel Blanco improved moderately in 
most strength properties but in none of these did the im­
provement equal that generally shown by domestic hard­
woods. Greatest proportionate improvement occurred in 
elastic resilience, followed by compressive strength ~el 
to the grain, bending strength, end hardness, comp~10n 
across the grain, stiffness, and shear. Si.de hardness ~ed 
unchanged. Both tension across the gram and cleavage resist-
ance de'"creased upon drying. 

The wood air seasons easily with a minimum ~f def~ 
Onlv slicrht checking and warp resulted from .raptd drying­
J\1i l ~ier drying conditions would likely farther reduce such 
minor defects as were observed. 

Shr inkage data for material from Panama somewhat :ddter · ..... _~ g~o...: .. lr ... ne values are coOSl er-
results previOusly repon..u.. '~7 · the following 
ablv hicrher for this source as s own m 

., I:' 

tabulation: ~GB~ur:~~)~=~ 
·~~----------j~~~~~~~d~~~~~~~Vi~~.~-~~i Species aod~ource ...,..... .:::;::s= 

La urel Blanco 
(Cordia alliodora) 

British Honduras 
H onduras 
N icaragua 
Panama 

Average 
Vcnezuela1 

IK)•ooch and Nonoo ( 11) · 



00 
00. 

STATIC 8P.NDINC 
l'i~r Stress Modu~MOdulus Work to Work 10 

No. of Moisture or ProiT,"ion· of of Elas- Proponion· Muimum 

Specles Source LollS Condition Coo rent St>«ilic Gravity al imit Rupture ticity ~I Limit Load 

percent Oven-dry Green lb. per lb. per 1000 lb. io.-lb. in.-lb. 

vol. vol . sq. an. sq. in. pc;r per_ per 
sq. sn .. cu. an. cu. in. 

Laurel Blanco 
(Cordill Panama 3 Green 51.0 0.)4 0 ·49 6,7CJO 10,040 1,6oo 1.62 8.9 

~ tllliodora) AirDry1 124 9-930 14,620 1,900 2.89 10.7 

British 3 Green 1o6.6 o._q 0.49 6,000 10,100 I,J30 1.59 10-5 0 
Honduras Air Dry' '2.0 9·050 12,900 1,500 J.08 1o.z• 

., -Honduras 4 Green 118.5 O+J 0-40 4·78o 7·640 l,o8o I .H 8.J (') 

Air Dry1 12.7 7·5 10 IO,SJO 1,28o J.26 7-4. > 
t"" 

Nicaragua 3 Green 1414 0.40 0.38 5·270 8410 1,100 '45 10-5 

Air Dry' 12.1 6,190 10,69<> I,JOO 1.6c} I 1.1 ~ 
A\'cragc IJ Green 104.4 0.48 0.44 5·710 9.o5o 1,28o 1.50 9·6 0 

AirDry1 ll.J 8,170 12,180 '·510 1 ·73 9·8 0 
V cnczucla2 , Green 58.4 o.s6 o.s: 5·900 10,100 '·590 1.24 10.7 0 

AirDry1 14.2 6,8oo• IJ 1JOO• ,,no• '-47. ] 3·'· en 
Candelera 
(Cordia Venezuela 3 Green 87·4 O.H 0·47 4.6oo 6,970 1,350 0.78 4·7 
Collococca) AirDry1 IJ.J 6,990 I I,J10 '·75° 1.61 9·6 
Mahogany3 

( Swietema Central Green 79·6 o.51 0-45 5·500 8,¢o '·340 1.13 9·' 
m~~crophyl/a) America AirDry1 

"4 7·900 11400 '·500 z.o8 7-S z 
? 

'I() 
00 

COMPRESSION PARALLEL TO GR/IlN Comor~\iOn Tension z -Fiber Suess Muimum Perpen· Perpen· 9 at Proponion· Crushing Modulus of dicular dicular 
Sp«jes Condition al Limit Strength El2sticiry Hardness to Grain tO Grain Shear Cleavage Toughness -o 

lb. per lb. per 1000 lb. End Side Stress' at pr~ lb. per lb. per lb. per in.-lb. 00 

sq. in. sq. in. per lb. lb. ponional limit sq. in. sq. in. in. of pc;r 
sq. in. lb. per sq. in. width spectmen 

Laurel Blanco 
(Cordia alliodora) 

Panama Green 3·700 4440 1,810 88o 990 610 6oo 1190 170 I 57-5 
AirDry1 s.¢o 7-410 2,140 II So 1050 850 490. 1190. 250. 

British Honduras Green 3·740 4tS30 1-440 1090 1030 910 630 IJ30 310 154.8 ;d 
AirDry1 5·350 6,920 1,570 IJ30 1010• II So 520. 1370 zzo• 

0 Honduras Green 3·•40 3·56o 1,140 730 630 640 58o 970 300 114·3 ., 
AirDry1 4t520 s,620 •·330 86o 590. 640. 510. 1190 :uo• -{j 
Gr~ . 3t,220 3,6so 1,250 630 56o sso 36o 98o 100 125-9 ~ !#nqt 4;'l5'0 5·370 1,290 Szo 590 590 390 1130 240 
~~ J;4SO +P40 1-440 810 8oo 68o 540 1140 170 lj8.t 

~ Ak:Dry1 ... 6,330 •·58o 1050 8ro 8zo 48o. 1220 230• . . . . . .. S"P40 

8 'O(een '· .... 4.¢o 1,700 900 610 48o 590 930 190 -
~PEr~· 6,z6o• 1.950• IOC)O• 910. 8zo• - - -
Gnea 2,370 

en 
3·510 lt410 630 S40 38o 6oo 730 z6o 85·9 Jt.k'Dryl s.• ro 6,100 1,830 1100 8to 900 420. IJ20 z8o 

68o 740 1240 HO 88.z 

---or 

materiel received from the Nrw York Nnal Shipyard. 00 -· 
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Atd.toqrh ~ous data for material 
...... iiowect uniformly high d~bility, comlPiel'ed 
asistance. studies including material ~rom 
Panama show LaURl Blanco as averagmg vel).' dur.ll.ble 
~some variation in resistance to a w~te-rOt 
ism. ReSIStance to a brown-rot fungus retnaJns unito.._,!Jl! 
high as reported previously. 

Otemical analyses made at the Institute of Paper ChleDUSJ 
show a total ash content of 0.98 percent wi~ 
indications of silicon obtained in spectrographic amu~u 
the ash ( r8). 

The wood has good weathering qualities, 
the standpoint of the resistance to checking. The 
result of exposure of unpainted material was a loss of 
face smoothness. 

Heanwood absorbs moisture at a moderate rate, and ap­
pears to be somewhat more permeable than Mahogany. 
Laurel Blanco is only fair in steam-bending quality. 

Recommendations with regard to prospective uses for the 
wood remain unchanged from those presented earlier ( 7). 

CA~DELERA 

Occurrence: West Indies, Central America, and noi'tJle:~ 
Venezuela. 

The £ree and wood of Candelera were described in 
pre\ ious publica£ion which also included a discussion 
properties and uses of the wood.1 The mechanical prCJ•pel• 
of rhe "ood in the air-dry condition have been sui>Se4C11H$.1~ 
de£ennined and are presented, together with green stnqt 
da£a for comparison, in the accompanying table. 

In its air-dry strength properties Candelera ClOl;eJ.V 
sembles the better known Laurel Blanco (Cordia IIIU04f.~ 
Candelera is slightly weaker in bending, somewhat J.UK.J.J~ 
stiffness, and approximately equivalent to Laurel --~ 
other properties including shock resistance (work 

1T~ Wqods '11 6•-'f. 
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mum load), hardness; CODlPft&Si.on and tension across the 
grain, shear, and .cleavage. ~delera ~ aJso be compared 
with Mahogany m most of 1tS These woods are 
similar in bending hardness. 
shear, and toughness. stitfer than 
~ahogany, even k 
is apprecia~ly above w,u~~W 
smtic bendmg, but is-:Jtl.ot~r~~--~,-~in 
grain. 

Upon air drying, :~-RJ~II 
prope~ies. ~~eatest P,[Jllll@!fi!M 
in elasnc resilience, 
to maximum loa4 m 
crushing strength, 
In several of 
exceeded that cruQ::Q)l 
age resistance was 
tensile strength 

As previously 
season. The wood 
and slight warp. 
cdly eliminate ~u .. ;u:.a 

Heartwood of 
ity in resistance to 
It was corlSISten:tlyr 
a brown-rot OlllrQ 



STATIC BliNDING 

fiber Suess Modulus Modulus Wotkto Work to 
No. of Moisture ar Prorunion· ol ofEJu. ~ MaiaauD ... Sautee ~ Coodicion Coo rem Specific Gravil}' al imic Ruenue rici!I d LiiDic Lo.t 

~()yeo-dry Gr~ lb. per lb. 'i:. 1000 lb. ilL-lb. ia.-DJ: 
wL vol. sq , ID. sq. n. ~ ~ ~ 

lq. 10. ca. 10. ca. iQ. 

Oandelera 
(Cort& Venezuela 3 Green 87-4 0.54 047 4·6oo 6,1}70 I,JSO o.,s 4·7 
Collococcll) Air0ry1 13·3 6,990 11,)10 •• ,so 1.61 9.6 

Laurel Blanco 
(Cordill Central IJ Green 1044 048 0-44 5·710 9PSO 1,18o r.so 9.6 
tdliodor11) America AirDry1 12.3 8,170 11,18o •·s•o 1-73 9.8 
Black Walnut! United Green 81 o.56 0.51 5>400 9·500 lf410 1.16 •4.6 
(Jugllms nigr11) States Air Dry IZ 10,500 14,6oo 1,68o 3-70 10.7 

Mahogany' 
(Srwiettmll Central Green 79·6 o.s• 045 s.soo 8.¢o lo340 1.13 9·• 
m~~crophylla) America AirDry1 ..... 7o¢o II ,¢a r,soo J.o8 1·5 

CoMPUSSION PAJLU.LEL TO GllAIN 
Piller Suess .Maximum 
• P~oo- Crushing Modulus of 

CoadkioD al Limic ~ Eluddtr 

CompreaioD TensiOD 
Pefl!eD· Perpea· 
dic:War dkwar 

Hardoess to GraiD to GraiD Sbesr Cleavtce_ T~ .. 
Q». JI:C!r ~ P.U 1000 lb. 
~.... • "-·... ' J;Mitla. -.n ~' _ .II[. 

BDd Side Suess ac ~ lb. F 
lb. lb. 1!9ftioDillimic Ill· aa. 

lb. pet lq. ln. 

lb. per lb. per io.-lb. 
Ill· in. in. of pee 

widcb specimea 

6oo no 169 Ss-9 
I;J20 280 

1140 270 138.1 
1210 230. 

IUO 36o 
IJ70 320 

_-. ·~··)die N:w Yclfk Nllftl ShfpJad. 
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Coumllf'OUJM oleifeTa (Benth.) 

Oilier common name: Ebo. 
Occmrence: Lowland forests of Nicaragua, Costa Rica, 

Panama. 
, 

CUMARU 
Other common names: Tonka Bean, Koemaroe, 

Kumaru, and Sarrapio. 
Occurrence: Venezuela, the Guianas, and the Amazon 

of Brazil. 
Because of their similarity these woods are corwa1ere 

together. The trees and the woods of Almendro 
Cumani were described in an earlier publication which 
included a discussion of the properties and uses of 
woods.1 Subsequent tests of air-dry material have resulted 
determination of the properties shown in the !trl'•mrl!tnvii'IICI; 

table. Data on green strength properties are also gtven 
comparison. 

In the air-dry condition the Cumani involved in these tests 
exceeds the slightly lower density Alrnendro in all · 
except stiffness, end hardness, and shear srrencYm 
differences are small, however, in all properties except 
to maximum load which denotes shock resistance. On 
hasis of a' erage values for Alrnendro and CurnarU, 
species compare favorably with Greenheart ( 
Rodiaei J _in most me~hanical properties. Only in m<KI11111 
of elasnc•t) and tens1on across the grain does 
sho\\ to advantage. 

The outsta.nding air-dry _strength properties of the 
of th~c spcc1~s may be md1cated by the following COI~P,II 
son wnh White Oak. Relative values are shown taltintlt ll 
value for White Oak in each case as 100. 

_These relative values emphasize 'the exceptionally 
~C$, hardness, bending strength, ancf 

1Tropic~ Woods 97• 6t~ 
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STATIC BENDING 
Fiber Suess ,1\.lodulu-, -Modulu~ Work 10 Work ro 

No. of Moisture at Pro~rtion- of of Elas- Proponion· Maximum 

S!M'cie$ Source Lo1:1 Condition Cootenc Specific Gravicy Rl imH Rupture clcicy al Limit Load 

percent 0•-en:dry Green lb. per lb. per 1000 lb. in.-lb. in.· lb. 
\'OI, vol. sq, 1n. sq. in. per pt'r per 

sq. in. cu. in. cu. in. 

Cumar\1 
(Cormt.rrorma Brazil I Green 4-9-Z 1.0-J 0.91 12,530 19,!90 z,6c)o 3-17 11-3 
odor at:~) Air Dry1 11.0 19,130 27;!;0 J,OJO 6-74 16.1 

Almcndro 
(Cormr.worma Panama 3 Green 44·2 0.99 o.87 11 ·790 r6,61o zl)C}O J.Ol 10.1 

oll'ife-ra} Air0ry1 I I.J 16,950 14-400 J,2ZO 5·5 1 17.0 
A\·crage 4 Green 46·7 1.02 o.89 12,100 17·950 z,<Sc}o 3·14 I 1.2 

AirDry1 I 1.6 r8,040 15,840 J,llO 6.12 21.6 
Greenhcart~ 
(Ocote.I British Green 41 ·7 J.o6 o.88 13,250 19·550 1.970 3-3' '3-4 
Rodial'i) Guiana AirDry1 '4·8 r6,2oo• 1.5·500. 3·700. 4-0l. u.o• 
\\'hire Oak8 United Green 68 0-7' o.6o 4·700 S,JOO 1,150 1.08 I 1.6 
(QufJTcus alba) States Air Dry 11 8,100 15,100 1,780 1.17 14-8 

C0MP.IlBSSJON PARALLEL TO GRAIN Comoress•on Tension 
Fiber Stress .Ma.ximUDl Perpen- Pecpen· 

at Proportion- Crushing Modulus of dicula.r dicular 
Specie$ Condie ion aJ Limit Suengch Elasticicy Ha.rdness to Gr:tin to Grain Sheac Cleavage Toughn~s 

lb. per lb. per 1000 lb. End Side Suess at firo- lb. rer lb. per lb. per in.-lb. 
sq. in. sq. in. pe~ lb. lb. ponional imit sq. in. sq. in. in. of ~r 

sq. tn. lb. per sq. in. width spec1men 

Green 7.420 9,020 2,700 1000 2200 n8o 1100 1990 48o 265.3 

Air Dry1 II ,720 IJ,710 3·•90 2490 3540 1740 710. :uoo 420. 

8,190 1,910 2390 2570 166o 1010 2140 490 244-9 
t3.6to 3·330 3020 3270 1070 soo• 2SJO 370. 
·s,csoo 2,8oo 2200 2J8o 1970 lo8o 1o6o 48o 155.1 
:1.3.66o 3,26o 276o 3400 2400 6oo. lJ:ZO 400. 

to,s6o J,S8o u6o 2320 2040 1070 1730 610 -
1·2tf20. ~16o• 2140• 263o• 1970. rozo• 183o• -
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TROPICAL WOODS 

TAUARY 
Other common names: W adara, Ingie-pipa. 
Occurrence: Brazil, British Guiana, and :SUI'illlati 

Descriptions of the tree and wood of 
sented together with a ~iscussion .of ~he '"''"'"'""""'-
of the wood in a prevtous publicanon. 
properties of the wood have been determined 
resrs and are shown in the accompanying table 
green strength properties for comparison. 

Based on average properties in the 
Tauan· exceeds \ Vhitc Oak in elastic 
at proportional limit in static bending. It is 
Oak in stiffness and crushing streng th, but is 
Oak in modulus of rupture and shock resis' :tar1ce~.~ 
l?" ·er in hardness,_ compression across the grain, 
ston across the gr_am, and cleavage. T auary is 
to Hard. ,\ 1aple. m all properties except n,.,.,..,. ... ...,.j 
srres~es 1~ _bendmg and compression para 
clasnc res1ltence, and stiffness. 

L'po~ air-drying. Tauary increased 
mec~arucal properties but onl)' in work to 
elast1c resilience . h · a . ''ere t ese mcreases greater 
~~ mc~eases ~hown by domestic hardwoods. b . pornona~c mcrease was that in elastic resilience 
~ proportional limit stress in static bendmg' ' 

strength com · ' ... , pressiOn across the grain end 
~~~n!;ph~:h.~ and side hardness. Mo,dulus of 
creases CJa Y ~ffected by drying and corlSidl~ftl 

occurred 10 de . .1 across the gr . avage rcs1stance and tens1 e am. 
Tauary prov d b 

c:;tudies now e to e modcratelv difficult to 
\\ tth modcr ~omp~eted in~icate a moderate rate 
<)light Warp ~V~ er checkmg and slight surface 
to be as critical :sso:\~l>s~rv~d. End checking does 
- ' as 1nd1cated in an earlier ............. .... 

JTropica/ Woods . 
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Considerable variability is shown by the heartwood of 
chis species in decay resistance. However, the wood averages 
durable in resistance to a white-rot organism and very dur­
able in resistance to a brown rot. 

T auary offers considerable resistance to attack by marine 
borers on the basis of data collected subsequent to the earlier 
report. In tests conducted at Harbor Islana, North Carolina, 
under conditions in which small specimens of such domestic 
woods as Southern Yellow Pine, Douglas Fir, Red Oak, and 
White Oak were heavily attacked within six months, com­
parable specimens of Tauary showed only Jight attack by 
ceredo after 1 z months of exposure. Mter 15 months, an­
other series of specimens of Tauary and the ~elated C. 
oblongifolia showed fairly heavy attack by manne borers 
and resistance appeared to be comparable to that of Teak 
( 4, 5). Determinations made at the Institute of Paper Ch~ 
istry show an ash content for Tauary of o.83 ~ WI~ 
strong indications of s~con. in a ~phic . aual'b: 
which was later dete~t;d lR quan~twe arwym. ~t of 
equivalent to o.z percent silica on i:be basis of total wag 
the wood ( 18). n1 fair. U 

W eathering characteristics of Tauary arc G .Yed free:£ 
painted material, exposed, to the ::£ther~ checking. 
warp but developed coiiSlderable ace 

Steam-bending quality~ to~r. ~ r the wood 
No change is indica~~ d]efto.r-··~,·· uses 

0 

as published previously (Jb~· 

ANGELI QUE 
!JWM"Jnitl fNl14nW Benth. 
~ AngQica do Pad., 

Ul't!U~ddinecl low-Wad ... in Sud-



STATIC B l iNDING 

Pi~r SttC» ~fodulu5 .Modulus Work tO Work to 
N o, 0 ( Moisture at Proportion· of of El.u· Proportion- Maximum 

S~dcs __ _!'ource Lop Condition Content Spcc!lic Gravity ~I_L!_mo_t -~R~tur~e~ deitY al Limit told 
percent O'·cn-dCT Gr~n lb. per lb. rcr 1000 lb. in.-lb. in -lb. ....., 

~-ol. vol. sq. on_, sq . on . pt'r per per :::0 
5q , in . cu. in. cu. in. 0 

~~ ~ 
( Couratari Brazil 1 Green 6o. 1 o.63 0.56 6,z6o 10,140 1 ,()So 1.1 1 8.6 (=) 
pulc/;r.1) Air Dry1 12.8 tt ,r8o 15,(>90 2,0<)0 3.36 14-1 ;l;o-

• flriti$h I \.rccn 77 4 0.50 0.45 4•5 20 8,230 I ,480 0.78 8.0 r 
Guiana Air Dry1 '3·9 8,190 11,340 1,500 2.39 104 ~ 
1\\'crage 3 Green 68.8 0.56 o.so 5.}90 9,140 1,730 0.94 8.3 C§ 

AirDry' '3·4 9,68o IJ,5ZO 1,8oo 2.88 12.2 
'Vhitc0ak2 United Green 68 0.71 o.6o 4,700 8,300 1,250 r.o8 11.6 § 
( Quercusalba) States AirDry n 8,zoo 15,200 1,78o 2.27 14.8 oo 
HardMaplc2 

(Acer United Green 58 o.68 0.56 5,Ioo 9400 r,sso r.o3 13-3 
saccharum) States Air Dry u 9,500 15,8oo 1,830 1.76 16.5 

Species 

Tauary 
(Couratari pulcbra) 

Brnzil 
British Guiana 

Average 

White0ak2 

(Quncw alba) 
United States 

HardMaple2 

C0NP&I!SSION PAJlALLBL TO GRAIN Comprt5$ion Tension 
C.O- -- "'--~---Fiber ..x..~~ 

u ProPOrtion· 
Condition al Limit 

Maximum Perpen· Pcrpen· 

Green 
AirDry1 

Green 
AirDry1 

Green 
AirDry1 

Green 
Air Dry 

lb.~ 
lq. Ill. 

'J,120 
s.s~o 
1,S6o 
s.sSo 
3·390 
S·720 

3,()90 
4t76o 

Ctu$hins Modulus of 
SUCII&th . ElasticitY 

dicular dicular 
Hardness 10 Grain to Grain Shear Cleavage Toughness 

lb. per 1000 lb. 
sq. in. per 

End Side Suess at pro- lb. ~r lb. per lb. per in.·lb. 
lb. lb. ponional limit sq. m. sq. in. in. of per 

4.840 
8,uo 
J,69o 
6,69o 
4,26o 
M6o 

3t56o 
7t440 

sq. in. 

2,220 9SO 
1,210. '440 
'·790 710 
1,7oo• 1070 
2,000 840 
•.900· 1200 

II 20 
rszo 

88o 
IOC)O 

S90 
68o 

740 
88o 

ro6o 
IJOO 

lb. per sq. in. width specimen 

sSo 
97° 
540 
76o 
s6o 
86o 

8Jo 
IJZO 

620 
540. 
69o 
s6o• 
Mo 
sso• 

no 
8oo 

1100 
1410 
1040 
1330 
1070 
1380 

1150 
2000 

J8o 
150. 
250 
1<)0 
310 
170 

420 
450 

14S·2 

101.6 

123·9 

144·93 

(Acnraccbtmmr) Green z.Sso .,020 - 1070 970 8oo - 146o - -
United States Air Dry 5·390 7.S3o - 1840 1450 1810 - 1330 
1Ai1 -dry nlua ldiusced co l:l percem moisture content excepc where desi&DAted ( • fin which case the IICtual moisture content at time of -a~ ( c.ol ~) applla. 
zu. S Dc-pc./W. Tech. Bul. -479 (121. 
IV~ obialncd" for plank JDMerial receawd from the New York Nan! SblpJVd. 

z 
? 
-o 
00 

; 
0 
:!! 

~ 
~ 

§ 
C/) 

~ 



100 TROPICAL \VOODS 

properties of the wood ha,•e been ~ubscquently detennined 
and arc presented in the accompany~ng table. Green strength 
properties are included for comp~~1son.. . 

In the air-dry condition Angehque IS supenor to Teak 
in all mechanical properties except t~nsion. perpendicular to 
the grain. The superiority of ~ngehque IS sho~ ra~cu­
larlv in shock resistance and stiffness, but substantia differ­
ences arc noted in all other static-bending propenies, com­
pression parallel to the. ~rain, e~d h~rdness,. and shear. 
Angcllquc also exc~eds \\hire Oak m sta~c-hendmg strength, 
stiffness, compression parallel to the gram, and end hardness. 
These \\ oods are comparable in shock resistance, side hard­
ness, and compression across the grain, but Angelique faUs 
below Oak in shear, tension across the grain, and cleavage 
resistance. 

Upon air drying Angeliquc improved substantially in 
strength properties. but only in work to maximum load 
static bending did the increase exceed that shown geJ[lerlllJr,; 
hy domestic hardwoods. Among other propenies an~ti~~ 
proportionate increase was shown in elastic resilience, 
lowed by maximum crushing strenath, end hardness, 
portiona 1 li~it srr~s. and maximum ~trength in static 
mg. prop?rt1onal hmtt stress in compression parallel to 
compression across the grain, shear, stiffness, side h ... w·tln,ll!!li!8 

and cle:l\'agc resistance. Strength in tension across the 
was reduced as a result of air drving. 
. Angcli<]UC is moderateh· diffic.ult to season. Tn 
mg tc:rs cond.ucted in the present srudy, drying was 
hut accom.pamc~ by moderate surface checking and 
end ch~ckmg ~light warp was also observed. Cast: an1elll111Jft 
~c~t~d '~ a pre.\ 1ous report, appears to he restricted to 
srock. Seasonmg defects would probably be minimized 
th: ."'000 were dried at a moderate rare. 

! he heartwood of Angcligue appears to be variable 
resistance to decay on the basis of tests now completed. 
\\ ood w~s found to be verv durable to durable in rP.~isaJ.ml! 
to a \\ lmc rot and · · hi. 1 · bl 'ana e. a though aYcragmg dura e, 

FIGUilE s 
. • aensis} fntm Surinam sho,,.ng 

l.o~s of :\ ngclilJUC ( /)!~oryma p.trarrh a1 1n cu Haven. 
C\l·cllcnt cumlmon upon 



STATIC Ba.L>tSG 

Fiber Suess ~todulu~ ~lodulus Work to Work to 
No. of Moisture at Pro~nion· of of Elas- Proportion- Maximum 

Species Source _ ---~gs Condition Conreot Specific Gravity al imu Rupture ticity al Limit Load 
percent Oven-dry Green lb. per lb. per 1000 lb. in.-lb. in..Jb. 

vol. vol. sq. in. sq. in. per per per 
sq. in. cu. in. cu. in. 

An~cHique 
Surinam Green 78·7 o.6c) o.6o 7.6so 1,8.~o q8 (D•corynia 2 II>'JIO 12.0 

paraensis) Air Dry1 11.8 11,610 17.390 2,1<)0 J.J2 15-2 
White02k2 United Green 68 0.71 o.6o 4·700 8,300 1,250 1.08 11.6 
(Quwcus IIIHI} States Air Dry 12 8,100 15,200 1,]8o 2.27 14.8 
TeaJr.4 
(t'eotoR. Bu:rm. Green sz.o o.6:& o.s8 ],:&so 11,38o r,s8o 1.8<) 10.0 
grt1111lil_( AirDryl ll.% 8,16o 1],770 1,670 2.51 9·3· 

CoMPaasiON-PAitALLBL TO GUJN Compression Tension 
Pl'bel' SCNIIi Muimum Perpen· Perpen-
• PIOOOnioa-~ Modulus of dicular dicular 

lpdl! Coadidoa all.imit ~ lllasUcily Hardness to Grain __ co_~n-Shear Cle:av:~~te Toughness 
lb. 11ft lb. per 1000 lb. Eocl Side Suess ar pro- lb. ~r lb. per lb. per in,· lb. 
sq. ilL sq. iA. per lb. lb. ponioullimir sq. on. sq. in. in. of per 

lq. in. lb. per ,q. in. ,.-idth sP<'('imen 

~,.,..emil) 
Surin.m 

While Oak' 
( Qu.r&m "'b•) 

Unital States 
Teak4 

Green 
AirDry1 

Green 
Air Dry 

...S•o S•SCJO 2,18o 
6,8ao 8,770 Zo4CJO 

},1)90 J,S6o -
4t76o 7t440 -

1100 1100 1000 700 IJ40 J40 
1700 1190 128o soo• J66o J6o 

1120 IOOo BJO 770 1250 .po 
•szo IJOO 1320 8oo :ooo 450 

(T~t:ltmll flJ'eulis) Green 4-110 S-490 1,76o 900 9Ro 1040 ¢o • 300 .po 

•sr.z 

I.J+98 

84-4 Burma AirDry' s.•8o 7,szo •.soo• 1010 11oo 1190 <)8o q(>O 34o• 
~~n:;e'~ 10 12 .PiftiiDC mo~ concet1t excepc where desianated ( •) in which one thr IICtual moiSture mnr-.. -~~~-;ar-..,ri,_m_e_o_,f 

1\r. S. ~ Aar. Tlda. Bal. 479 (12). 
IIValae obiallllllf for _plaalc IIIMCrill reulwcd from thr Nnr York Navll Shipyard. 
4.1\1 V. Tbonul ( I'J); Handbook of l!mpire Timbers (8): unpubliohrd Yale r~ults ror plank martri~l r«tivc-o.l from rhr N'""'· ,.ork Nnu llllpyanl 
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resistance to a brown-rot fungus. The wood is reported from 
other sources as resistant to decav and insect attack. 

Tests conducted at Harbor Island. ~orth C1rolina, to 
detennine resistance to marine-borer attack, generally con­
firm the favorable reputation of Angclique in this regard. 
After 10 months of exposure. small specimens showed no 
e\·idencc of marine-borer actiYiry. and after 15 months only 
moderate attack by teredo and pholads was noted. This per­
form:mce surpassed that of Teak. Under the same conditions 
comparable specimens of such domestic woods as Southern 
Pine. Dou~las_ Fi~, Red Oak, and \\'hire Oak were heavily 
attacked w1thin stx months (4, 5). In chemical analyses made 
at the Institute of Paper Chemistry, Angelique showed a 
normal ash content of o.64 percent with a silica content of 
0.46 percent expressed on the basis of total weight of the 
'':ood .< 1 8). Th~c results arc somewhat higher than those 
g1,·en m a prev1ous report but confirm the unusually high 
proportion of silica in the ash. 

\\"cathcring_quality o_f Angelique is fair. \\'hen exposed to 
rhe weather Without pamt protection, plain-sawed specimens 
tend to dc,·elop numerous rather fine surface checks. I Ieart­
w~o.d is quite resistant ro_ moisture absorption, comparable to 
\\ lure Oak. The wood JS moderately easy to glue. 

Potential uses for this wood were listed in a prcYious report 
(7 ). 

BLACK KAKERALLI Esclr..::eilcr,1 Sagotiana Miers 

Occurrence: Throughout most of the climax rain forests of 
B1:itish Guiana but most abundantly in the western dis­
rncts of that countr)~· Closely related species include 
1\l!111barklak (E. !ong1pes) of Surinam and Mata-mata 
( l~ . odora) of the Amazon basin. 

Dcscriptio_ns of the tree and wood of Black Kakeralli as 
well as a .dtscussion of its properties and uses have been 
presented m an earlier publication.1 The testing of air-dry 

2T ropical W oods 95: 6<]-iJ. 
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material has no~\' been completed, and results arc shown in 
the accompanymg table together with green strcncrth d t 
which are included for comparison. ~ a a 

In most mechanical properties in the air-drv condition 
Black Kakeralli exceeds all common domestic ·woods. Al­
though not equivalen~ to. Greenhearr (Ocowr Rodi.1ei) , it 
approaches that specJCs m many properties. The greatest 
s?perio_rity ?f Greenhe~rr is shown in fiber s?"css at propor­
uonallimtt m compresston parallel to the gram, bm in maxi­
mum crushing strength, maximum bending strength. and 
stiffness Greenheart exceeds Black Kakeralli by on!~· 10-15 

percent. Greenheart is also superior in compression across 
the grain, tension across the grain, and elastic resilience in 
bending, whereas Black Kakeralli is slightly superior ro 
Greenheart in hardness, shear, and shock resistance. 

Upon air drying, Black Kakeralli showed only a moderate 
increase in most strength properties. Improvement in bend­
ing strength properties (with the exception _of work to 
maximum load), maximum crushing strength, s1de ~ardness, 
and shear is considerably less than that show~ m these 
properties by domestic hardwoods. Work to ma.~mum load 
indicati\'e of shock resistance, on the other hand, showed an 
outstanding improvement upon dryin~. Values for fib~r 
stress at proportional limit ~n compress~on parallel to gra~ 
and in compression perpendicular to gram ~ere not chang 
appreciably upon drying, and cleavage r~IStance was con­
siderably iess than that in the green condltlon. . 

' f h · dry propemes of Black 
A comparison of some o .r e all'- lb ) taking 

Kakeralli with those of Whrte Oak (Quercus a a ' 
values for the latter wood as 100, follows: 

Shock CrusbiD& 

Specific BendinniBL_ __ JS!!!ri~ffness~--_!!res~iSPII«~~---'':=uenatb~--
_St:\,__vi:;.:tY ___ ..;::s'::.:'eng_!!t a6s 151 

, 38 a81 •54 
Bearl1lf Clean«e 

resistance 
Side sucn!!!!' 

hardne>s Shear 
116 

67 
%04 llJ ~ 

K keralli is stronger than te 
~7 eight for weight, Black . a t shear. bearing strength 
Oak in all of these properaes excep 
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in c?mpression.acro~s the ~rain, and cleavage resistance. Corn­
panson ?f these ratiOS With those presented prc,•ious)\'2 for 
green \\ ood, howc':er, reveals a ratio for drv wood less 
favorable to Black K?keralli than in the case of unseasoned 
·wood for all properties except shock re~istancc . 

\Vhcn air seasoned at a moderate rate Black Kakeralli 
displayed ~nly a minimum o~ warp and a 'slight amount of 
end checkmg. A general ratmg of moderatelv difficult to 
air season on t~e b~sis of thes~ tests would seem to dispute 
a local reputation m the trop1cs for considerable checkina 
by this species. ~ 

Black Kakcram sho\',:ed only light attack by teredo after 
12 months' exposure of small specimens to marine organisms 
at Harbor Island, North Carolina. These results substantiate 
the preliminary conclusions reported earlier. The closely 
related Eschweilera blanchetiana displaved similar resistance 
after nearly z years of comparable expo'sure. Un~er the same 
conditions such domestic woods as Southern Pme. Douglas 
Fir, Red Oak, and White Oak were heavily attacked within 
six months ( 4t 5). Black Kakeralli was found to have a no~al 
ash content of o.63 percent in tests conducted at the lnsn~te 
of Paper Chemistry. Spectrographic analysis indicated a high 
silicon content in the ash ( r8) . 

The wood is poor in its resistance to weathering. Vnpaint-
. 1 h urface and checks badh· ed wood qmckly deve ops a roug s . . . . 

upon exposure. Its steam-bending quality 15 only falf .. 

N h . . da'cated in the recommended potennal uses o c ange ISm • 
for this wood as listed previously (7). 

POSSU.\tWOOD 
Hura crepitans L. 

Hura Wood, Rakuda, Possentrie. 
Other common names: 

jabillo, and Assacu. h t Central America and 
Occurrence: West Indies ~roug 00 

northern Sout~ ~er•ca.ntains descriptions of the tree 
A previous pubbcatt~n co and includes a discusSion of the 

and wood of Hurll creflltiltiS 

ZTropical Woods 95: 72• 



STATIC BENDING 

Fiber Stre$s Mod~Mod-;iius Work to Work to 
No. of Moisrure at Proportion- of of Elas· Proportion· Maximum 

Spc.:i~ Source l.oi!S Condition Content . _ Spe~6c Gravity al Limit Ruprure de icy al Limit Load 

percent Oven-dry Gr~-cn lb. per lb.-per 1000 lb. in.-lb. in.-ib. 
vol. vol. sq. tn. w.in. per pc:~ PC:t 

sq. tn . cu. tn. cu.'"· 
Possum wood 
(Hrmr Panama 3 Green 64·7 0.42 0.38 J,6JO 6,po I,OJO 0-70 7·' 

ere pi tans) AirDry1 12.3 5·790 8.9~0 1,:uo 1.52 7·2. 

\·enezucla 3 Green 6o.9 0.42 0.38 3,650 s,67o 950 o.88 5·0 

Air Dry1 11.4 4,68o 8,130 t,t8o 1.05 6.7 

Surinam r Green 76.o o.~o 0-37 ~.5oo 6,940 t,qo 1.08 5·7 
AirDry1 12.0 5,660 9·050 r "120• 1.46 6.3 

ATeragc ' Green 67.2. 041 O.J8 3·930 6,JIO 1,040 o.89 5·9 
AirDry1 

"·9 5,3so 8,710 1,170 1.34 6.7 

Yellow Poplar~ 
( Liriodendron United Green 64 0-43 0.38 3·400 5·400 I ,OC)O 0.62. 5·4 
tulipifem) States Air Dry ll 6,100 9,100 1,5oo r..n 6.8 

COMPRI!SSION PARALLBL TO GRAIN Compression Tension 
Fiber Suess Maximum Perpen· Perpen-

Species 
at Proportion- Crushing Modulus of dkular dicular 

Condition a1 Limit Strength ElasticitY Hardness to Grain to Grain Shear Cleavage Toughness 

Possumwood 
(Hma Cf'epitlms) 

Panama 
Venezuela 

Surinam 

Avenge 

Yellow Poplar 
( Liriodtmdron 

Green 
AirDry1 

Green 
Air Dry' 
Green 
AirDry1 

Green 
AirDry1 

lb. per 
sq. in. 

1>410 
3>450 
I,QOO 
'1.,710 
z,s8o 
3·750 
l,¢o 
J,JOO 

lb. per 1000 lb. 
sq. in. pe~ 

sq. an. 

2.>430 I,Q90 

4,6so 1,2.<)0 
%,670 1,170 
4.610 l,J20 
J,2.70 1,240 
SoiJO 1,'1.70 
1,7<)0 1,170 
<J,8oo I ,2<)0 

End Side Suess at wo- lb. per lb. J?Cf lb. per 
lb. lb. ponional imir sq. to. w.ao. in. of 

lb. per sq. in. width 

510 440 410 330 870 210 

730 540 570 440 990 210 

46o 390 400 440 iJO 210 

730 soo sBo 300. 970 rso• 

590 500 4()() po 88o 250 
920 6oo 75° l(l()• 1270 180 
szo 440 410 430 830 2!0 

790 sso 630 350. 1080 l!O 

tulipifera) Green 1,930 1,420 - 390 340 no 450 740 :zo 
United States Air Dry 3o55o 5,290 - s6o 450 s8o 520 r1oo z8o 

in.-lb. 
per 

specimen 

78.6 

75·4 

57·0 

70-3 

tAir-dry values adjuslftl 10 12 percent moisrure concent excep! whece de:~isnare<l ( •) in which case. rhe :ICtual moisrure Goncen< ;l[ time of 
cestinJI (col. 5) applies. 

2U. S. Dept. Aar. Tech. Bul. 479 ( 12) .• 
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properties and uses of the wood. 1 Subsequent testing of air­
dry material has resulted in the data on mechanica l properties 
which ~rc. presented in the acc~~tpanyi~g table. Strength 
propcrttcs m the unseasoned condmon arc 10cludcd for com­
parison. 

On the basis of a\·erage air-dry properties, Possumwood 
compares closely with Yellow Poplar. \Vith t he exception of 
modulus of elasticity which is considerablv lower fo r Pos­
sum,~·ood, these. t\\:0 woods are \' irtuall): equal in static­
brndmg properttes and shock resistance, crushing strength, 
compressiOn across the grain, and shear. Possumwood ex­
ceeds \ ellow Poplar by a substantial amount in hardness, but 
hes bel<)\\ that \\·ood in tension across t he g rain and cleavage. 

L'pon air drying. Possumwood increased bv a moderate 
amount. in all properties except cleayage and tension across 
the gr~m. but tmpro,·ement was generally belo\\ that nor­
~nall~· tound for do~estic hard''?ods. G reatest proportional 
mcrcase occurred 10 compressiOn parallel to rhe arain, 
fol~~wcd . ~y end hardness, compression across rhe grain, 
cb~ttc resJitencc, shear. stde ha.rdness: and stiffness . .-\ strength 
loss of 20 percent was noted m tensiOn across the grain. 

The wood is considered moderately difficult to ;tir season 
on ~he basis of. completed sru~ies. Rapid drying was accom­
pa_nJCd by \·anable warp. wh1ch was se,·ere in some cases. 
Slight checking was also obsen·ed. 1\ lilder dr\'ing conditions 
would doubtless reduce defects encountered In r~pid drying. 
. Upon the completion of durability srudies Possumwood 
IS shcm n to exhibit. extreme variation in rcsisr~nce to decay. 
f Jowcvcr, the spec1es was found generally ro be d urable to 
moderately durable in its resistance ro a \\hire-rot fungus 
?nt! to a\:crage durable, although exhibiting wide variabilitY, 
~~ Its rc~Jstance to a ~r~wn rot. Possum\\ ood has excelle;u 
\\ eathenng cha racten sttcs. F reedom from surface c hecks 
a~d warp with only s~ght loss of surface smoothness upon 
exposure to weather 10 the unpainted cond ition confirms 
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earlier observations in which this species was rated com r-
able to Central American Mahogany. pa 

Potential uses for the wood were suggested in a pre,•ious 
report ( 10) . 

COCRBARIL Hymenaea courbaril L. 
H ymenaea Da.-..·isii Sandw. 

Other common names: Algarrobo, Guapinol, jarob:i, jurai­
acu, West Indian Locust, and South American Locust. 

Occurrence: A common tree throughout many pans of its 
range extending from Mexico throughout Central 
America, and the West Indies, through northern South 
America to Bolivia. 

The tree and wood of these species of Courbaril were 
described in an earlier publication which incl~ded a dis~us­
sion of the properties and uses of the wood.1 Smce that nme 
data have been secured on the properties of ~urbaril fr?m 
Panama and are included in the accompanymg tab~~on 
of mechanical properties of the wood. In the green conditton 
H ymenaea courbaril from Panama, although near~y average 
in density for the species, is considerably supenor to the 
' vood from other sources in most static-bending and co~-

. . · and in toughness but ts 
press10n parallel ~o gram propemes h the material 'of this 
generally lower m. other respec:rs t ~n the Panama wood in 
species tested previOusly. lncfiUSJo~ 0 ·es resulted in rela­
recompuring average values or t e spec• 
tively minor changes, however. . . h nical testS 

h earlier pubhcanon, mec a 
Subse<JUCnt to t e asoned wood. In the air-dry 

have also been co~fl~ed on ~rely equivalent to Black 
cond ition Courbarl 15• appro tries and shear strength, 
Locust in static-bending prok dness tension across the 
superior to Black Locust 1~ t ~elow 'mat species in com­
grain, and shear, and somew ~cular to the grain. It is ~Jso 
pres~ion parallel and pcrpe~hagbark Hickory in bending 
genera11y comparable to 

%piral W oods 95: 74·8•· 
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properties (other than work to maximum load in which 
Hickon· is outstanding), in crushing strength and shear, but 
is excec.ded by Hickory in compression across the grain. 

H ymenaea Dat'isii from British Guiana is also comparable 
to Black Locust and I Iickory in air-dry bending strength, 
surpasses both in stiffness, and is equivalent to Bla~k Locust 
in shock resistance and side hardness. In compressiOn across 
rhe grain it is decidedly inferior to Black Locust and Hick­
ory. Hymenaea Da'z:isii is clearly superior to White Oak in 
all properties except compression and tension across the 
grain, shea r, and cleayage resistance in v.-hich these two 
woods are approximately equal. 

Upon air-drying, both species of Courbaril improved con­
siderably in most strength properties. Greatest proportionate 
increase ·was shown by British Guiana Courbaril in work to 
ma:cimum load whereas Hymenaea courbaril increased only 
moderately in this respect. In other properties greatest rela­
riYe increase was shown by these species in elastic resilience, 
follo\\·ed by compressive strength parallel to the grain, static­
bending strength, end hardness, shear, stiffness, side hard­
ness, and compression perpendicular to the grain. Decreases 
oc:urred in tensile strength across the grain and cleavage 
resJstance. 

. Courbaril was found to be moderately difficult to air season 
m tests now complete~ as a part of the present study. Drying 
of Hy_menaea courbarll was fast t? moderate with only slight 
checkmg. warp, and casehardenmg. H. Davisii exhibited a 
moderate rate ?f dry~ng. Moderate. surf~ce checking was 
observed for th1s spectcs, to~et~er vmh shght end checking 
and warp. S:~~1plercd ttes~ _mdtcate that checking exhibited 
by H. DavlSll IS not so cnttcal as that reported in an earlier 
phase of the present srudy. 

Shrin~~ge data presented earlier are changed but little with 
the add1t10n of resultS for material of H. courbaril received 
from Panama. These data are shown in the accompanying 
rable. 

TROPICAL WOODS J I I 

SHRINXAGI! ( perc.ent ) 
Species :and Source Radial Tangenual l.ong•tlldinal Volll.alttric 
Courbaril 
( Hymenaea courbttril) 

Panama 4·6 8.3 0.19 IJ .1 
Species Average 
(Panama, Puerto Rico, 
Honduras, Surinam) 

British Guiana Courbaril 
4-5 s.s 0.1] 12.] 

( H ymenaea Davisii) 
British Guiana 4·' 7·6 o.sr 14.8 

Durability tests for Hymenaea courbaril were rec~ntly 
completed on material from Surinam a_nd Panama and mdJ­
cate slight changes in the results prev10usly reponed. The 
heartwood appears to be very durable in res~tanc~ to a 
white-rot fungus and very durable to durable_ m res~tance 
to a brown rot. H. Davisii appears to be vanable ~th an 
average rating of durable in r~sistance to both a white-rot 
fungus and a brown-rot orgamsm. 

il · high In rests Marine-borer resistance of Courbar IS nor · b C 
of small specimens conducted at Harbor Isla?~· Non d aro­
lina both H ymenaea courbaril and H. Dtrvtstt showe. v~ 

, . h. months Performance m uw 
heavy attack wtt m llyu ~~~p5 arable t~ that of Mahogan_y 
respect was genera ) A number of domesoc 
(Srl.l)iet~ia 111~cropbylugak (~~d ·"'hire Oak ·were heavily 
woods mcl~dt_ng ~ed nths Determinations made at the 
attacked w1thm SIX mo. · show an ash content of o.S; 
Institute of Paper Che~I?J.cations of silicon in a spectro­
perce~t with ~nly wea m I 
graph1c analys1s ( 18). x osure to the weather 

Courbaril che~ks badl~in~PTh: ~eartwood is relati\•ely 
without protectiOn of p . . eadily. Largely on the bastS 
enneable and abs~r~s 111?1sn:,~~- ra ears that boat decking 

~f these characteflStiCS ~ nl' olppotential uses previously 
should be deleted from e tst 
presented for this wood (7)· 



sn:rtc Br.NOIN;;.G _ _,_ __ 
I'ib~r Stress--Modulus ·:\todulus Work to waikiO 

l':o. of Momure . at l'roooruun· uf l>f !'las. Prooorrion· Maximum 
Sourtc 1.< ~:s Condition Content Spc:cilic Gravity al Limit Rupture cici11 al Limic Load 

- -- --- - ~-~--- · -~~em ~n-dry--Gr~n· lb. per lb~· r;:r ""lliOo"lb. in.·lb, in.·lb 
vol. vnl. sq . on . "' in . per per per 

~pt'Cit'5 

Conrh:tril 
( fl J'711C11QCtr 

r.ourbaril ) 

Britbh Guiana 
Courharil 
(llvmmaca 
Da7:isii) 
Black Locust2 

(Robinia 
pseudoacac.ia) 
Shagbark 
I Iickory2 

(Cary a o-:.>.tta) 
WhiteOak:: 
(Querc11s alba) 

1-londura~ : 

P .ul:lllU :; 

Puerto Rico 3 

Surinam 

A\'cragc 9 

British 3 
Guiana 

United 
States 

United 
States 
United 
States 

Green 
Air Dr\'1 

Green" 
Air Drv 1 

(;rccn · 
,\ir Drv1 

Green · 
Air Drv1 

Green· 
Air Dry' 

Green 
Air Dry' 

Green 
Air Dry 

Green 
Air Dry 
Green 
Air Dry 

49·6 
IJ.6 
63.8 
12 0 

)!.; 
11.8 

ij.O 
lj.O 

6o.8 
12.6 

64.8 
12.1 

.j.O 

12 

6o 
12 

68 
ll 

0.84 0.]4 

o.84 0.7J 

o.R-t 0.71. 

O.jJ o.65 

o.S t 0.71 

0.79 o.67 

0.71 o.66 

0.64 

0.71 o.6o 

COMPaBSSION PARALLEL TO GRAI:-.1 
Fiber Stress Maximum 

sq. >n. cu. in. cu , in 

7.25o 
IZ,JSO 

to,;6o 
14·93° 
5420 
8,440 
8,190 

I I ,890 
7·910 

JI,QOO 

8,230 
10,720 

8,800 
11,800 

5·900 
10,700 
4,700 
8,200 

ll,910 
19,820 
15,!40 
22,950 
to,;oo 
•s/Jf.o 
12,930 
19,1 50 
1!,940 
•9.400 

11>440 
19,290 

13,800 
19·400 

r 1,000 
20,100 
8,j00 

rs,zoo 

1,74° 
1.9!0 
z .. po 
!,920 
1,250 
1,540 
1 ·93° 
2,!j0 

1.840 
2,100 

l,Of!O 
2,950 

1,850 
2,050 

'·570 
2,100 
r,250 
'·78o 

Comprc)$ion Tcn~ion 
Pcrpcn· Perren· 
dicular dicular 

1.;6 
-+-JS 
Z.6J 
4·47 
1.19 
:.6o 
1.91 
J .. p 
1.87 
3·i 2 

1.62 
2.30 

2.J6 
4-62 

1.28 
3-01 
r.o8 
2.27 

12.8 
12.8" 
16.2 
11.0 
18.7 
15.8" 
to.; 
IQ.R 

q .6 
I j.6 

s.5 
'9·3 

'54 
184 

23·7 
25.8 
u.6 
14.8 

ac Proportion· 
SP«ics Condition al Limit 

Crushing Modulu~ of 
Sueogth Ela.sucny Hardnt'Ss 10 Grain to Grain Shear Cleavaf!C Tou11hness 

lb. per lb. 1!1!' 1000 lb. End Side Stress II wcr lb. ~r lb. per lb. per io..lb. 
,q. io. sq. 10. pe~ lb. lb. ponional imir sq. sn. sq. in, in. of per 

lb. per sq. in. ,..idth specimen sq. 10. 

Courbaril 
t86o ll8o 1874 ( H ymenata cortrbaril) Green 3·840 s.6lo 1,910 '940 2140 1700 520 

Honduras Air Dry' 6,oRo 9,200 l,06o 2590 2J8o 2140 790. 2290 48o. 
Panama Green 5,570 7,16o Z,540 1770 1970 llOO 1010 J68o 400 278.2 

Airl>ry' 8,790 r 1,6~o 2,9<)0 2S6o 2400 1890 1030 2190 46o 
Puerto Rico Green 2,840 4·530 I,JZO 1840 1140 tfX)O IJ!O 1910 6oo 267.2 

Airl>ry1 446o 8,190 1,65o 2700 z68o l<)f>O 11Ho• z86o soo• 
Surinam G1ecn 4<78o s.870 2,08o 1570 1630 1890 q8o 18oo 590 18Q.z 

AirDry1 6,68o 8,920 1,270 2170 1950 rsso• f!6o" !540 450" 
A\·eragc Green 4<26o s.Soo I ,C)6o 1780 1970 1640 1220 17]0 540 130.5 

Air Dry1 6,500 9·510 2,240 2510 1350 181!o <,l>o • 1470 470. 
British Guiana 
Courbaril 
( H ymnu~ta Dwisii) Green 4,26o S·S40 2,450 14llo t6to 1110 RQQ t6Ro 410 18;.8 

British Guiana Air Dry' 6430 9>400 3·170 2070 1760 I!JO 86o• !IJO 190. 
Black Locust2 

(Robinia 
pstudoacacU.) Green 6,110 6,8oo - 1640 1570 1430 no lj6o 400 United States Air Dry 6,8oo 10,18o - •sRo 1700 l26o 640 :48o HO Shagbark Hickory2 

(Cttrya O'IJata) Green 3>430 4,s8o - - - 11140 - lj!ll United States Air Dry - 9,210 - - - lljO - l4.lCl White0ak2 

(()uncus alba) Green 3.o90 J.soo - 1120 ·~ 8Jo nn 1250 ·FO '44·9
3 

United States Air Dry 4<76o iMO - t_po 1460 1\lU Roo :ooo ·HO 

... 

....j 

" 0 
::9 
(") 
)> -.. ..... 
<: 
0 
0 
0 en 

~ 
~ 

~ 

z 
0 

'() 
00 

~ 

" 0 
~ -("') 
>--
r 
~ 
0 
0 
0 en 

lAir-dry ulucs adluscc:d CO 12 peraat moisture: CODtCOI C:X(Cp( where desi&na!Cd ( •) in ,.hi(h- case ih'e &CIUI1 moiSI;;-c-conrent at ttme -of -Jf!. ~col 5) app ict. ....... 
•• Dept,~. Tech. Bill. 47p (12}. 

IValue obCai for plank macersal received from the New York Naval Shipyard. 
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HUBUBALLI Loxoptery gium Sagotii Hook.£. 

Other common names: Hoobooballi, Kooel Pialli, Hoeboe­
balli, Slangenhout. 

Occurrence: British Guiana, French Guiana, and Surinam. 

Descriptions of the tree a~d wood. of Hububa~li ap~eared 
in a previous publication which also m~Juded a dtscussJon of 
the properties and uses of the wood.1 Air-dry strength prop­
erties have been determined subsequently and are shown to­
gether \\ ith green strength data for comparison in the 
accompanying table. 

In contrast ro the favorable comparison of Hububalli with 
Yellow Birch which is permitted on the basis of strength 
properties of the unseasoned wood, Hububalli is surpassed 
by Birch in every air-dry property except elastic resilience. 
The shock resistance of H ububalli is only about half that of 
Y ello\'.· Birch, and bending strength and stiffness are about 
I s-!0 percent less than those of Yellow Birch. The air-dry 
mechanical properties of Hububalli compare closely with 
those of Teak in bending strength, crushing strength, stiff­
ness, shock resistance, hardness, shear, and cleavage, and are 
somewhat below those of Teak in compression and tension 
across the grain. 

Upon air drying, Loxopterygium Sagotii increased moder­
ately in most properties bur only in elastic resilience and 
shock resistance did the improvement exceed that anticipated 
on the basis of domestic hardwood behavior. The greatest 
proportional increase occurred in elastic resilience followed 
by proportional limit stress in static bending, crushing 
strength, bending strength, shear, and stiffness. H ardness and 
compres.c;ion across the grain were virtually unaffected, and 
slight losses were found in tension across the grain and 
cleavage resistance. 

As previously reported Hububalli displays variable air­
seasoning characterist ics. Material from British Guiana 
developed se\"ere checking and slight warp while drying at 

1Tropical W oods 95: 81-85. 
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a moderate rate. On the other hand, material from a single 
Surinam log dried rapidly with a minimum of checking and 
only slight warp. On the basis of these results the species is 
classed with those woods moderately difficult to season. 

Decay resistance tests, supplemented by additional results 
obtained since the earlier report, show the heam\'Ood of 
Huhuballi to be very durable to durable upon exposure to a 
white-rot fungus and very durable in resistance to a brown 
rot. 

The wood is only fair in weathering quality. Although 
remaining free from warp, unpainted material exposed to 
the weather lost its original surface smoothness and checked 
severely. Hububalli has be~n rep_orted as easy to glue,_ b~t 
results obtained in connectiOn with the pr~ent study_ md~­
cate that special care is required in the glumg operation if 
the full strength of the wood is to be developed. 

Potential uses of the wood were given previously (7). 

V ACO Magnolia soronnn Seibert 

0 In the highlands of Panama, probablv e~'tending ccurrence: . · 
into the mountains of Costa Rtca. . 

Th tr e and wood of Vaco were described in an .earlie~ 
e e. . l d d a discussion of the properttes an 

repo~ ;~~~;o~~o, ~~c s~b:cquent tests, the strength properti~s 
uses ? . d have been determined as shown m t e 
of atr-dry ."" oo bl Green strength properties are shown 
accompanymg ta c. • 

for comparison. d' . ' raco lS. surpassed bv Yellow 
I · drv con mon , . · di In oe a1r- . . Althol.tgh most sranc-bcn ng 

Birch in nearlv all propcrttes. . ro erties of Vaco are 
and compression parallel to 'f:i:mv!tuef for yell ow Birch, 
onlv slightly below com[ara ·woods arc noticeable in com­
the· differences between .r esc ·on across the crrain. shear, 
pression across the gram •. rer: load. In the latt~r. Vaco has 
cleavage, and work. t~ ~~:r.~w Birch to absorb work. Vaco 
only half the capacJt} 0 

1Tropical W oods 95: ss-RS. 



STATIC BENDING 
Fiber Sue•~ Modul~s-ModuiW-work to Work to 

1'\o. of Moisture 21 Pro!JOUion· of of Elas· Proportion· Muimum 
SI'C'('IC'S Source I 01:' C.ondirion Content Specific Grnity al Limit Rupture __ tidry a1 Limit J.oad 

r>crcenr Oven-dry Green lb. per Jh. IJC'r IOOIIlb. in ..lb. in..tb. 
\'Ol. \'OJ :1<1 '"· sq. in, per per per 

sq, in. cu. in. cu. in. 
Hubuhalli 
t l.o:ropterygium Surinam I Green 99·4 o.64 o.5R 5·530 9·700 1·750 1.03 8.3 
Sagotii) Air Dry1 I 2.! 11,210 1-J/>JU l,tS8o. 4·07 Jl.Z 

British 3 Green ¢·5 0.61 0.5-J ;.¢>o 9·000 l,fxx> 1.35 6.9 
Guiana 12.7 8,6oo 12,700 1,820 2.30 8.9 AirDry1 

A,·erage .. Green 98.0 0.62 0.56 5·74° 9·380 1,68o 1.19 7·6 

Yellow Birch' United 
(Bcmla /mea) States 
Tcak3 

(Tectona Burma 
gr1111dis) 

~es 

Hububalli 
( Lo:t01Jter:y g;u,, 
Sagotii) 

Surinam 

British Guiana 

Average 

YeUow Birch• 
(Bnulalraea) 

United States 
Teak8 

Air0ry1 I 2-4 9·900 IJ,66o 1,750 ].18 10.6 
Green 67 o.66 0.55 4,2()() 8,JOO 1,500 0.70 J6.J 

Air Dry I 2 10,100 16,6oo z.,oro z..89 10.8 

Green 52 o.6z o.;S y,:5o I I,J8o 1,58o r.89 lO.O 

Air Dry' 11.2 fl,16o 1.l.770 l,f-.70 2.51 9·3· 

CoWPU!SStON PAllALLEL TO GRAIN 
Pibec Suess Ma:imum 

at PfOIIORion· Crushing Modulus or 

Compression Teasion 
Perpen· Perpen. 
dicular diculu Condition al Limit Srreagtb ElasticitY 

lb. per lb. per 1000 lb. 
Hardness to Grain ro Grain 

EDd--side Suess ar pro- lb. ~r 
lb. lb. porrionallimir sq. 1n. 

lb. per sq. in. 

Shear Cleavage Toughness 

Green 
Air0ry1 

Green 
Air Dry' 
Green 
AirDry1 

Green 
Air Dry 

lq. in. sq. in. per 

4·670 
6,710 
2,910 
4·38o 

3·790 
S•S40 

2,6zo 
6,1JO 

s,z8o 
a,.. so 
4tll0 
6,JC)O 
4·700 
7t4ZO 

J,J80 
8,170 

sq. in. 

Z,OC)O I08o 
z,o6o• 1100 
1,76o &Jo 
2,ll0 930 

1,910 ¢o 
1,o8o 1010 

8to 
148o 

1140 
ll6o 
930 
910. 

1040 
1040 

78o 
126o 

IOZO 
920. 

750 
870 
88o 
C)OO 

no 
111}0 

730 
68o. 
580 
SCJO 
66o 
640 

4)0 
920 

lb. per lb. per in.·lb. 
sq. in. in. or per 

1220 
IJ8o 
118o 

148o 
1200 
143° 

II 10 

188o 

width specimen 

J40 
370 
400 
JlO• 

J70 
J40 

270 
520 

107·3 

114·4 

ll0.8 

(Tectona grlftldis) Green 4-120 So490 · r,76o 900 98o 1040 Q6o 1300 420 

Burma Air Dry' s.•So 7.szo l,soo• 1010 1100 IIC)O QRo q6o 340. 844 

IAif-dly nlues adJURed 10 12 PftCCOI moiRUre content ez~ wliere desi1nated ( •) in which case rhe acrual moiJrurt- conrent "' tim~ of -uw (col. 5) epplies. 
:ru: S. [)epr, AN. T«h. Bul. 479 C 12). . 
lA v. 111o- (15); Handbook of Empire Timben (8): unpublnhed Yale. tesulcs for plank marrrial rec~ived from r~ New York Nnal Sltipyard. 
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is onlv slightly less shock resistant than Evergreen Magnolia 
and is superior to that wood in all other p~operties in static 
bending, compression parallel to the gram,. ar~d hardness. 
Y aco is somewhat below Evergreen Magnoha m compres­
sion and tension across the grain, cleavage resistance, and 
shear. 

Upon air drying, Vaco improved markedly in a number 
of strength properties. Increases in shock resistance, elast~c 
resilience, bending strength, compression parallel to gram 
properties, and end hardness all exceeded those generally 
shown by domestic hardwoods. Shear strength, side hardness, 
compression across the grain, and modulus of elasricjty also 
increased in the order named, but tensile strength across the 
grain and cleavage resistance decreased considerably. 

Completed air-seasoning studies substantiate an earlier 
report based on results for limited material. The wood is 
easily air seasoned. Drying was rapid and accompanied only 
by slight surface checking and slight \Yarp. 

Upon completion of decay-resistance studies, Vaco is 
rated very durable "vith respect to deterioration by both 
white-rot and brown-rot organisms. The weathering char­
acteristics of Vaco are poor. Exposure of unpainted material 
resulted in severe surface and end checking. 

Hearnvood is resistant to moisture absorption, occupying 
a posit.ion intermediate ro White Oak and Mahogany. T he 
wood JS easy to glue. The ·wood appears to be fair to good 
in steam-bending quality. 

"'o changes are indicated m the potential uses for this 
spcctcs as previously given ( 7). 

BULLETWOOD Mauilkara bidemata (A.DC.) Chev. 

Other common names: Becfwood, Horseflesh, Bolletrie, 
Balata, Maparajuba, l\'lassaranduba, Ausubo, and Nis­
pcro. 

Occurrence: Common in northern South America, Panama, 
and parts of the \Vest Indies. 

_Descri~tion~ of the .tree and wood of Bullet\vood together 
With a dtscussJOn of 1ts properties and uses have been pre-
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sentcd previously.1 Subsequent testing of air-dry material 
has now been completed with the results shown in the 
accompanying table. Green strength data are also included 
for comparison. 

As in the case of strength properties in the green condi­
tion, considerable differences are shown in the air-dry prop­
erties of material from the three sow-ces, but these are of 
doubtful significance and the average values presented in the 
table are believed to represent the species. On the basis of 
these average air-dry properties, Bulletwood is equal or 
superior to Greenheart (Ocotea Rodiaei) in bending 
strength, shock resistance, hardness, shear, and in across-the­
gram propemes m compression and tension. Bulletwood is 
slightly \\ eaker than Greenheart in compression parallel to 
the grain and elastic resilience in bending, and is notably 
less snff than Greenheart. 

C pon air drying, Bullet\\ ood increased substantially in all 
strength properties except compression perpendicular to the 
grain and cleavage. Greatest increases were shown in modu­
lus of ruptill'e, work to proportional limit, and work to 
maxjmum load in static bending, followed in order of 
increase by side hardness, maximum crushing strength, fiber 
stress at proportio~al ~mit in static bending, and shear. 
Increases upon drymg m modulus of rupture, modulus of 
elastiCity, hardness, an~ shear are generally comparable to 
those shown by domesuc ha1·dwo?ds. Notable exceptions in 
this respect are the large mcrcase m \\ ork to maximum load 
and th~ relative}~ slight nnprovement in compression parallel 
w ~ram pr?pertJes and fiber stress ~t proportional limit in 
sr.anc bcndmg. De.creascd srre~gth m compression perpen­
dicular r.o th~ gram upon drymg represents a particularly 
outstandmg ddT erence between the behavior of Bulletwood 
and that of most domesnc hardwoods, but it should be 
noted that a similar effect is shov. n by Greenhean. 

T.hc ?utstanding air-dry s.trength properties of Bulletwood 
arc mdtcated by the followmg comparison with White Oak 

'Tropical Wood.r 95 : 89-93· 
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(Quercus alba) in which the value for the latter wood is 
taken as too. 

Spec•fiC Bending Shock Crush1n~: 
_,g~na:.:v.::ity!..----~:.::tr~en::!;!g~th:...._ __ ......,!!!Sr.:.:.:iff~nes~s::...._ __ .!,!res~•l!:IUI~n~ce~--srren~1h _ 

145 rRo 194 193 157 
Side Beo.ring Clc>va~e 

hardnes:::s ___ __::::Sh:.:.:e:.::ar:...._ __ _..:.;su~en."-'Sth::.:..._ __ ....:;:,:resis_.aa_ce __ 

~34 115 176 73 

Comparison of the above ratios and those gi,·cn previously~ 
for unseasoned wood 5hows an increase upon drying in rhe 
ratio for shock resistance and decreases in clea\·age resist­
ance, crushing su-engrh, and bearing strength ratios, rhus 
illustrating the chief difference between the effect of drying 
upon Bulletwood and most domestic hard" oods. 

As reported in an earlier phase of this study, Buller~,·oo.d 
is prone to check badly and .to c~scharden m?derarely m W: 
seasoning. \Varp was o?IY sl~ght m the matcnal seasoned £01 
this srudy. Bulletwood JS a ~c~t. \Yood to season and must 
be dried slO\vly in order to ourum1ze these defeccs. 

Heartwood of Bulletwood was found in dccay-resisca~ce 
tests conducted as a part of this study to be very durable "tth 
res ecr to deterioration by both '\\'hite-rot. and brown-rot 
fuJ i. Lack of appreciable resistance to manne-~>?rer attack 
rna g be accounted for on the basis of the low silica ~ontent 

f 
Y
1 

od Chemical analyses conducted at the Institute of 
o t 1e wo · · 1 h f .- to o ~o p Chemistry show a norma as content o o . .l./ 'I 

aper . h ly a slight amount of silicon as indtcated by 
percent Wit on . 
spectrographic methods ( 18). . . . . .. 

Th vood weathers poorlY, developmg se\ el e sur~acc 
e '\ to the· weather without protectiOn. 

checks upf on expbosuri~ng tests hav; been ,·ariablc, ratings for 
Results o steam- en{ I . ' 
Bulletwood ranging from f:ur to excellent. . . 

. d' ted in the uses for whtch Bullet\\ ood 
No changes are m JCa . l ( ) 

b daptcd as reported prev1ous y i · 
appears to e a · 

---;:;opical Woods 95: 9 1• 



Specic.-s 

Bulle£ wood 
( .lf,mi/l·ar.r 
birknttlfll) 

Grecnhcarr2 

(Ocotea 
Rodiaei) 
White0ak3 
(Quercus alba) 

No. of 
Source Lo~• Condition 

Surinam 

B1·itish _; 
Guiana 
Puerto Rico 3 

Average 7 

British 
Guiana 
United 
States 

Green 
AirDt·r' 
Green· 
Air Dry ' 
Green 
Air Drr' 
Green 
Air Dry1 

Green 
AirDry 1 

Green 
Air Dry 

r ibcr Stress 
Moisture ;n Proportion· 
Concem Specific Gravity al Ltmir 
pecceni OVen-dry Green- - lb. per 

vol. vol. sq. tn. 

-l-4·4 1 .o() 
I :!.J 
4)·5 1.0-J 
14.8 
SZ·9 o.98 
I :L~. 

4i·6 !.OJ 

'3 .2 

42·7 1.06 
'4·8 
68 0.71 
12 

o.87 

0.88 

o.8o 

o.85 

o.88 

o.6o 

12,910 
17,000 
12,740 
'4·610 
7·700 

12,88o 
11,120 

'5·030 

13,250 
16,zoo" 

4·700 
8,200 

STATIC BI!NDJNC 
Modulus Mod~w=-o-r,_k_t_o--::W-::-ork co 

of of Ebs- Proportion· Maximum 
Rupture ticicy al Limit wad 
lb." per 1000 lb~·lb. in.-lb. 
sq. in. pee per per 

18,420 
29,000 
18,430 
28,J20 
rs,o8o 
2.MJ0 
'7·310 
27,280 

'9.550 
25,500° 
8,300 

15,200 

sq. in. cu. in. cu. io. 

z,R6o 
3·840 
2,890 
3,630 
2,J40 

2,890 
2,700 
J,-450 

2,970 
3·700" 
l,ljO 

1,780 

2.96 

4·50 
3·11 
J.61 
1.45 
J.16 
2.jl 

3·76 

3·3' 
4-02. 
r.o8 
2.27 

14.1 
29.2 

12.6 
34·7 
14.0 
21.6 
q.6 
28.s 

'3·4 
zz.o• 
J r.6 
'4·8 

-... ... 

;d 
0 ::g 

~ 
~ 
0 
0 
a 
(J) 

~ 
-o 
00 

~ 
CoMPRESSION P..II.JtALLEL TO G!!AlN Compression Tension ~ 
Fiber Stress Muimum Perpen· PeepeD· 
ar PropOrtion· Crushing Modulus of dicular dicUlar 

Species Condition al Limit Stre!lltth Elasticicy H:udness tO Grain ro Grai~Sbear Cleavage Toughness 
lb. per lb. per 1000 lb. End Side Stress ar pro· lb. \>er lb. per lb. per in..lb. 
sq, in. sq. in. per lb. lb. pOrtiorW. limir sq. an. sq. ia. in. of per 

sq. in. lb. per sq. in. width speci~nen. 

Rulletwood 
( .w,milkara bidentata) Green 9,390 1 o,o6o 3,550 2240 2230 1940 970 188o soo z66.8 ...., 

Surinam Air Dry' 8,3oo• lt,z8o 3,37o• 1540 3510 2940 - zs8o 270• ~ 
British Guiana Green ;,810 9.570 2,940 n8o 1430 1500 ;oo 1980 370 274·3 0 

AirDry1 8,<)00 11,510 3,640 2720 3180 2190" 1380 1430 po• ::S 
Puerto Rico GJecn 3·870 6,430 z,68o 1950 1040 1010 IJIO !840 sBo 253·2 () 

AirDry1 6,<)6<> 11,120 3,000 16<)0 286o 1840" 81o• 2500 400" ~ 
A\'erage Green 7,030 8,6<)0 J,ooo 216o llJO 24Ro 990 IC)OO 480 264.8 t'"' 

A.irDry1 S,oso 11,640 3,300 z6so 3190 zJzo• 1100 1500 330" ~ 
Grcenhean2 0 
(Ocotea Rodiaei) Green 7.s8o 10,100 J,s!lo u6o zpo 2040 1070 1730 610 - 0 

BririshGuiana A.irDry1 1o,ooo• 11,9zo• 4,16o• 2140" 263o• 1970• 1020" 1830" - 0 
\Vhirc Oai....J c.n 
(Quercusalb.t} Green J,O<)O 3.;6o - 1120 1o6o 830 770 u5o 410 '44·9~ 

UnitcdStatcs AirDry 4.760 7440 - 1510 136o IJlo Roo 1000 450 
- -IAir.drv \'aluC$ adjusted co 12 percent moisture ~,;cepe where tlt,il!nau:d ( •} in which ca~ the J<tu.U moisture conrem '" time of 
rc:5ting (col.~) aprhes. 

~Kyn<>eh and Nonon ( 11) . 
~u. s . Ocpr. A.ar. Tech Bul. 479 ( 12). 
4Value obtained for plonk material rer:eoved lroon the New York Naval Shipy;ud, 

..... 
N ...... 
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ANGELI~O ACEITUNO Nectandra co11cinna Nees 

Other common names: Laurel, Aji de Monte. 
Occurrence: Costa Rica, Venezuela, and Colombia. 

The tree and wood of Angelino Aceituno were described 
in a previous publication which included a discussion of the 
properties and uses of the \\·ood.1 In the accompanying table 
a.re the results of subsequent tests conducted to determine 
the air-dry streng th properties of the wood. Green strength 
values are also included for comparison. 

In the air-dry condition rhe v;ood of Angelino Aceituno 
tested here is stronger than the wood of this species as shown 
in previous tests in static-bending strength, elastic resilience, 
sh?ck res~stance, compression parallel to the grain, and shear. 
S[lff_ness IS lower than that previously reported. Angelino 
Ace1runo compares closeh with T eak in most mechanical 
~r?perties incl_uding bending strength, stiffness, elastic re­
SI!Ience, crushmg ~rrength, hardness, compression perpen­
dicular to the gram, shear, tension across the grain, and 
c.leavage. It surpasses Teak in work to maximum load indica­
nve of shock resistance. Ano-clino Aceiruno also compares 
~~sely '' _ith Black \Va~nut, showing a slight advantage over 

~lnut m shock res1stance and an appreciablv greater 
resistance than Walnut to tension across the grain. ... 

u . d .· . pon ~1r rymg, Necta11dra concimut sho wed a moderate 
mcrcase m_ most strength properties but only work to maxi-

h
mudm load unprO\ cd to a greater extent t han in most domestic 

ar woods Otl1cr . · · · . ·. pmpc1 t1cs mcrcased m the follo\nng 
order: clasnc res1"1t'ence · 1 1. . . . b . , propow ona 1m1t stress m statiC 

endmg. compression across the gr ain crushing strength 
modulus of . ' . ' . · rupture, hardness, stiffness, tenswn across the 
W31dn, ~nd cleavage. Shear strength remained unchanged bv 
a1r rymg. .. 

Ac~i~urhc _basis ~f completed air-seasoning tesrs, Angelino 
no IS considered easv to season. T he rate of drying 

rantred from [at.;t r d · 0 1 . • ... • · o mo crate. n y sltghr checking was 
1Tropical IV oods 97 : 7r,.s0 . 
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observed for material that dried at a moderate rate. Observa­
tions made since an earlier phase of the study indicate that 
the occurrence of a moderate amount of warp was restricted 
to material which dried very rapidly. 

The wood displays good weathering characteristics, show­
ing little change in surface smoothness or plancness and very 
little surface checking although end checking was noticeable 
in panels exposed to the \veather without the protection of 
pamt. 

Potential uses for this wood remain unchanged from those 
previously reponed ( 1 o). 

DETERMA Ocotea rubra Mez 

Other common names: Wane, Grignon Rouge, and Louro 
Vermelho. 

Occurrence: The Guianas and lo"ver Amazon region of 

Brazil. . 
The tree and wood of Detenna ,~·ere _described m an 

earlier publication which included a dtsc~Jon of the prop-
f h d 1 The properoes reported pre-

erties and uses o t e woo · f · 1 
viousl from this study were based upon testS o matena 
from ~urinam to which are now adde~ ?ara. on _che g~e.en 

. of this species ongmanng m Brmsh 
strength propcrnes 
Guiana. · ·derably d . d from British GUtana was consl 

The woo recetve that tested earlier and consequently 
lighter a~d wca~er ::~ cies average considerably as shown 
its incluston lO\.\ c~ bpel . The average green strength 
. h panymg ra u at1on. . . 
m t e accom.. w that of Mahogany in all propertles 
of Determa IS bel~ lasticity and elastic resili~nce. _even 
except modulus o . e . bl lower in density· Differ­
though Mahogany lS app~e~~~ yhear hardness compression 
ences are particularly makr e maxsimu~ load in s~atic bending. 

h · 1 and wor to m 
across t e gran , . rt tests ha,·e also been 

the prev10us repo · f 
Subsequent to . h . -drv strength properues o 

completed to detcrmme t e air • 

~pical Woods 95: 93·97· 



ST ATIC BP.NOJSG 
Fiber ·suess Modulu~ Modulus \'(/o~ Work to 

N o. of Moi~ture at PropOrtion- of of Etas· Proportio n· Maximum 

Specie< Sourte I.o~s Condition Coo tent Specific Gravity al Limit Rupture ticiry a! Limit Load 

- ~ -- percent O ven-dry Green lb. per lb. J?Cr 1000 lb. in -lb. in . -lb. 
vol. vol. sq. In, sq . 1n. per per per 

sq. ln. cu. in. cu. in. 

Angelino 
Acciruno 
( X ecMndra \' cnczuela 2 G reen 88.0 o.6.l o.s6 s,8Jo 10,440 1·540 1.26 104 

concimza) Air Dry' I 2.9 9·580 14,130 1,65o 3·1 2 114 

Vcnczuela2 I G reen p .o o.oo 0.49 4,200 8,zoo 1,550 0.73 9 ·3 
"\irDry1 14.8 7,Joo• 13,400• 1,910. 146. to.s• 

Tcak8 

(T ecuma Burma Green 52.0 o.62 o.58 ?,250 I l,J80 1,580 I.89 10.0 

gmndis) Air0ry1 I 1.2 8 , J6o 13,770 t,670 2.51 9·3· 
Black 'Valnurf United Green 8t o.s6 0.51 5·400 9·500 1,420 1.16 14.6 
( jug/am nigra) States Air Dry 12 lO,SOO 14,6oo t,68o 3·70 10.7 

Compression Tension 
Perpen· Perpen· 

COMPRESSION P.Ali.ALLEL TO GRAIN 

Fiber Suess Maximum clicular dicular 
Hardness to Grain to Grain 

at Proportion· Crushing Modulus of 
Species Condition allimit Suengrh Elasticiry 

Shear Oeavage Toughness 
lb. per lb. per in~b~ 

Angelino Accituno 
( N ectandra concinnJJ) 

Venezuela 

Venczuela2 

Tcak3 

(Tecton4 grandis) 
Burma 

lb. per lb. per I 000 lb. End Side Suess at pro- lb. l?er 
lb. lb. parrionallimit sq. 10. sq. in. sq. in. per 

sq. in. lb. per sq. in. 

Green J,66o 
Air Dry1 4>720 
Green 3·990 
Air Dry1 4,16o• 

Green 4>110 
Air Dry1 s,ISo 

5,020 
7,200 
4>990 
s,Soo• 

5>490 
?,szo 

1,68o IOlO 930 
1,88o 1170 1000 
1,55o 830 610 
2,270. 1210. 1010. 

1,76o 900 
1,soo• 101o 

980 
1100 

710 
1140 
66o 
1030. 

1040 
111)0 

1020 
1070 
1050 
-

900 
980 

sq. in. in. of per 
width speCimen 

q6o 
146o 
1070 
Bso• 

1300 
J36o 

430 
440 
400 

.po 
340. 

I !1.6 

8-H 

Black \Valnut• 
( 1 uglans nigra) Green J,po 4>300 - C)6o 900 6oo 570 1 220 300 

UnitedStates AirDry 5,78o 7·580 - coso 1010 1250 6<)0 1370 320 
l Air-dry nlues-ad\'ustoed to 12 pe-rcent moisture content except where desi$nau~d- ( •) in which c:~se the acru•l moisrure content at time of 

t61in_B ( ~ol. 5) app 1es. 
ZKynoch and Norton { II ). , . _ 
8A. v. n 1umu ( I~ ): Handbook of Empm· T1mbeu (8); unpubl,.hoed Y~le results for plank materi3l received from the: New Y o rk 

Naval Shil'yard . •u. S. Dept. Agr. Tech. Bul. 479 (12). 

-N 
~ 

~ 
:::0 
0 ..., -~ 
t""" 
....... 
<! 
0 
0 
0 
{f) 

z 
9 

'& 

z 
0 

"' CX> 

~ , 
~ ...... 
() 

~ 
~ 
0 
0 
0 
C/) 

... 
-...) 



128 TROPICAL WOODS No. 98 

Oeterma shown in the accompanying table. Based on aver­
acre air-dry values, Oeterma is exceeded by Mahogany in 
e~ery property except stiffness. Greates~ differences between 
these '-\ oods are indicated in shear, tension and compression 
across the grain, and hardness. 

C pon air drying, Deterrna in~proved mod.erat~lY. in most 
propernes. Only in work to maximum load did. thiS Improve­
ment exceed that nom1ally shown by domestic hardwoods. 
Other properties improved in the following order: elastic 
restlience, compression parallel to the grain, static-bending 
strength, hardness, stiffness. compression across the grain, 
and shear. Air drying resulted in considerable reduction in 
tensiOn across the grain and cleavage resistance. 

Determa is moderately difficult to air season, drying at a 
moderate rate with slight checking and casehardening. 
,\~oderate warp wa~ also observed in this study. As pre­
VIOusly reported, th1ck stock tends to remain moist in the 
~enter for considerable time, resulting in slight caseharden­
mg. Determa has been successfully kiln dried using a mild 
schedule ( 6). 

,\l.inor change~ in shrinka~~ values result from completed 
srudtes of matenal from Bnnsh Guiana. Results are shown 
in the accompanying tabulation: 

SH RJNKAGI! ( percent) 
-=S\:;P«~ies:';a::n:=-d..::So::::ur::.:c:.:::e ______ _!:R~ad~i~ai~-T~an~s!!en!!!u~· a!_l _!lo~o~icudinal Vo11Jmetric 
Detcrma 
I Ocorea rubrttJ 

Bricish Guiana 
Species :\ ,·cragc 

<British Guiana 

;.6 

Surinam) ' 
--------=3~·7:._ __ .f..i.:..::·6:._ _ __:::_o.26 

Completed durability studies have resulted in minor 
chan.gcs. from prelimin-ary ratings. The heartwood of the 
sphc~tcs ts rated very durable to durable upon exposure to a 
,~,.. ttc-rot fungus R · . · esJstance to a brown-rot fungus was 
\'~nablc but averaged durable. Determa is included among 
t c .woods that exhibit considerable natural resistance to 
manne-borer attack 1 f ll . · n rests o sma specunens exposed to 
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marine organisms at Harbor_ Isl~nd~ North Carolina, bean­
wood sho,\·ed yery slight mdicauons of attack after 10 

months and moderate attack by teredo and pholads after 
,5 months. On the basis of. these. results Determ~ is superior 
to Teak. Domestic woods mcludmg Sout~crn Pme, Douglas 
Fir, Red Oak, and V\'hite Oak were heavily attacked within 
si.." months in these rests ( + 5) . The ash content of Detenna 
was found to be only 0.19 percent in tests conducted at the 
Institute of Paper Chemsirry, and spectrographic analysis of 
the ash revealed only a small amount of silicon present (18). 

Detenna shows excellent weathering characteristics. Upon 
exposure of unpainted material there occurred little or no 
checking, no warp, and only a moderate loss of original 
surface smoothness. Heartvlood is highly resistant to mois­
ture absorption, surpassing Teak in this respect. The wood 
glues readily. 

No change is indicated in potential uses for Determa as 
presented in an earlier report ( 7) . 

OCOTEPINE Pinus oocarpa Schiede 

Occurrence: On upper mountain slopes and flat highlands 
from northwestern Mexico to central Nicaragua. 

Descriptions of the tree and wood of Ocote Pine were 
p~esen~ed in an earlier publication which also included a 
discussiOn of the properties and uses of the wood.1 Subse­
quent tests of material in the air-dry condition have yielded 
the_ r~ults shown in the accompanying table. Strength prop­
emes m the green condition are included for comparison . 

. Oc~tc ~ine when air dry compares closely with Longl~af 
Pme m. Its mechanical properties. Among static-bending 
p~opert1es the greater stiff ness of Ocote Pine is the only 
d1fferenc~ that is clearly apparent. As in the green condition, 
the crushmg strength of Ocote Pine is intermediate to that 
of ~o?g~eaf and Shortleaf Pines. In compression across t~e 
gram 1t IS exceeded by both of these southern pines, but JI1 

1Tropical Woods 97 : So-83. 
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all other properties, including har~ess_, shear, tension acr?ss 
the grain. and cleavage, Ocote Pme IS somewhat supertor 
to Longleaf Pine. 

C pon air drying, Ocotc Pine io~reased substant~ally in all 
properties. \ Vith the single exccpuon of compressiOn across 
the grain, these increases :'ere greater than the average 
increases sho·wn by domestic softwoods .. The ~reate~t. pro­
portionate increase. in strength occmred m elasttc restli~nce, 
followed by cruslung strength, fiber stress at proportional 
limit in static bending, modulus of ruptme, compression 
across the grain, hardness, tension across the grain and cleav­
age, shear, shock resistance, and stiffness. 

A pre\'ious rating of easy to air season is not altered by 
the completion of seasoning studies on Ocote Pine. The rate 
of drying is fast to moderate with a minimum of checking 
and only slight warp. 

Completion of decay resistance tests involves a minor 
reYisJOn of the durability ratings for Ocote P.ine. As pre­
,jously reported this species is very durable in resistance to 
attack by a white-rot fungus, but its rating \Vith respect to 
a brown rot is now shown as moderately durable. The wood 
does not weather well \Vithout the protection of paint or 
other coating due to the development of raised grain and 
severe surface checking. 

A list of uses for \vhich this species appears to be suitable 
\vas prescmed in a previous report ( 10) . 

CHUPON Pouteria carabobensis Pittier 

Other common names: Chup6n T orito, T aco. 

Occurrence: In \' enezuela from t he coastal mountains of 
. Carabobo and\ aracuy south to the Rio A pure. 
fl~e o:cc and '" ood of Chup6n were described in an earlier 

publication_ \\ hich included a discussion of the propert~es 
and potential uses of the wood.1 T ests to determine the atr­
dry mechanical properties of the wood have since been com-

' Tropical Woods 97: s4-s7• 
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pleted with the .results shown in the accompanying table. 
Strength properttes of the unseasoned wood are included for 
comparison. 

In the air-dry condition Chup6n surpasses Persimmon in 
shock resistance (as measured by work to maximum load in 
static bending) and stiffness. These woods arc comparable in 
modulus of rupture, but Persimmon is slightly superior to 
Chup6n in shear strength and in tension across the grain, 
and distinctly above Chup6n in compressive strength parallel 
and perpendicular to the grain, hardness, cleavage, and elastic 
r esilience. 

Upon air drying, Chup6n increased su?stantially in all 
properties except tensi?n across the gram and clea~~ge 
resistance. Work to maXJmum load and modulus of elasnctty 
increased to a greater degree than is gene~ally shown. by 
domestic hardwoods. Among other properties greatest ~~­
provement was shown in compression parallel to _gram, 
elastic resilence, static-bending strength, modulus ot el~­
ticity, shear, hardness, and compression ac~oss the gram. 
Substantial decreases in tension across the gram and cleavage 
resistance accompanied air drying. . . . 

Final observations of material undergomg aJr ~e~orung 
have shown a wide variance in seasoning charactensucs not 

noted in the earlier report. Dering f;:~ f~~~~~~ '~~:~ec~~d 
pan;ed b~ ~~1n~h~~~~~ a~a~~~! reached moderate propor-
s~r ac~c e. f moderatelv difficult to season als? takes 
tlOOS. ~anng. o moderate amount of warp \Vhtch oc­
into cdonstde~nolnlya It is probable that more moderate dry-
curre occaswna · d f 
ing conditions would eliminate most of th~e. e ects.k b a 

f Ch 6n is durable in res•stmg attac '! 
Heamvood o. up d ble with respect to a brown 

white-rot orgamsm and very u~~ low rating arising chiefly 
rot. Chup6n weathers poorly, 1 f nd end checking that 

. us severe sur ace a . 
from the consptcuo the weather without pamt pro-
develops upon exposure to 

tection. . t steam-bending quality on the 
The wood IS of. exceflle~ . a\ strength and appearance. 

basis of high retennon o ongm 
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The potential uses prc\'iouslv indicated for Ch , 
are altered bv the inclusion of' st b . u~on ( 'o) 

h b 
. · earn- cot applicatto d 

on t e as1s of the relatively slight · . ns an · d . b . h . . mcrcase m hardness u 
rymg, } t e exclusiOn of uses im·oh·ing except' 1 h podn ness. · 1ona ar _ 

CATIVO Prioria Copaifera Gris. 

Other common c · T names: aum·o, rcrnontino, Floresa, and 
Tabasaro. 

Occurrence: Lowland areas from Nicaragua t c 1 b. 
f 

. o o om ta, 
o ten m nearly pure stands. 

T~e ~ee and. w~od of Cath·o were described in an earlier 
pubhcatJon whtch mclud~d a discussion of the properties and 
uses of the wood. 1 The atr-dry strength properties of Cativo 
have bee~ determined in recent tests and arc presented, to­
gether .with data on th~ green strength properties of the 
wood, m the accompanymg table. 

The air-dry properties of Cativo as determined in these 
tests substantiate, in general, the results of pre\·ious work b,­
K ynoch and Norton (II ) . In comrarison with yell ow Pop­
lar, Cativo is slightly weaker in al properties except elastic 
resilience, shock resistance, and hardness. Principal differ­
ences are in stiffness (about one-third less for Catt\'0) and 
crushing strength in which Cativo is about 20 percent below 
Yell ow Poplar. Cativo compares closely wirh Butternut in 
all air-dry mechanical properties except compressi\·e srrength 
parallel to the grain, which is slighrly below that of Butter­
nut, and hardness which is considerably greater in the case 

of Cativo. 
Cativo showed a marked improvement in most properties 

upon air drying. Stress at proporti~nal lim~t in s.t~tic bending 
and compression parallel to .rhe gram, clasttc rest hence, shock 
resistance, and hardness all unproved to a greater extent than 
is generally shown by don~csric h~rdwoods. Am~ng other 
properties, greatest proporttonate tmpro~·ement ''as s~own 
in crushing strength, followed by bendmg strength, shear, 

lTropical Woods 97: 87-9:. 



Fiber Suess 
No. of Moisture at Procr,nion· 

Species Sou ret' J.ogs Condition Content Specific Gravity al .imit 
~rcent Oven.drv Green lb. per 

\"Ol. voL Sq, an . 

Cath·o 
(Priori a Panama 3 Green 81.2 O.+J 0.40 3·240 
Cop.:ifera) Air Dry1 10.9 6,070 

Panama2 I Green 1~.4 042 040 MOO 
AirDry1 IO,l s.67o 

Yellow !;j,lar' 
(Liriod ron United Green 64 043 O.J8 3400 
tulipi{era) 
Buttemut3 

States :\irDry ll 6,100 

(juglans United Green 104 0-40 0.36 Z,90Q 

cinerea) States Air Dry 12 5·700 

STATIC BENtliNG 
Modulus .Modulus Work 10 Work 10 

of of Elas· Proportion- Maximum 
Rupture ticitY a1 Limit Lold 
lb ·~, 1000 lb. in.-lb. ia.-lb. 
sq . in. ~r J>ef. ~ 

sq. in. CU. ID. cu. an. 

5·910 94° o.s7 S-4 
s.soo 1,110 L8S 7•Z 
5·940 C)8o o.69 5-S 
9,ZJO 1,2.70 '-45 7·3 

5400 I ,()()0 o.6z S-4 
9,200 '·500 '-43 6.8 

5400 970 o.sz 8.z 
8,100 1,18o 1·59 8.z 

400 86o ZIO 88-4 
410. loOO 120 
470 86o 240 -
48o 970 z6o 

4SO 740 110 -
szo 1100 z8o 

220 
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stiffness, compression perpendicular to the grain, and cleav­
age resistance. A slight decrease occurred in tensile strenO'th 
~ 0 

across the g rain. 
As reported previously Catl\'O was found to dry readily in 

air-seasoning tests completed as a part of the present study. 
Drying was rapid with only slight ,,·arp and without checi(­
ing. Collapse is reported to occur some6mes in the darker 
streaks in the heartwood particularly during kiln drying. 
As noted preYiously, a characteristic heavy exudation of gum 
is an unusual difficulty encountered in drying the species. 

Completion of decav resistance studies results in a ratinO' 
for Cath·o of moderately durable to non-durable in resistanc~ 
to a white rot and an· a\Teragc rating of durable, although 
exhibiting consid_erable Yariability, with respect to a brown­
rot fungus. CanYo weathers moderately w ell with only 
minor checking and no appreciable warping , although con­
siderable loss of surface smoothness occurred upon exposure 
of unpajnred material. 

The '' _ood is rated fair to good in steam-bending quality. 
Potenttal uses for Cativo '\Vere pointed out in an earlier 

publication ( 1 o). 

FRIJOLILLO Pseudosamanea guachapele (H.B.K.) Hanns 

Other common names: Cadena. Tabaca, G uamarillo, Samani-
gua, and Guachapele. 

Occurrence: Guatemala and Honduras to V enezuela and 
Ecuador. 

. The tre~ and woo. d of Frijolillo were described in a pre-
VIOUs pubJ f h' h . . tea ton '' tc mcluded a discussion of the prop-
ernes _and uses_ of the wood. 1 Subsequent testino- of air-drv 
rnatc~lal has }Jclded the strength data shown inc-the accorri­
pan1ytdngdtafhle. Streng.th properties in the green condition are 
me II e or companson. 

F ~~ ~~~n~rasr to their similarity in the g reen condition 
n1o 1 0 JS exceeded by 'Vhite Oak in even · air-dry strenurh 

- " "' 0 
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property except str~s at proportional l.imit in compression 
par~llel to . the gram and work to proportional limit in 
stanc. bendmg. These two woods are also quite similar in 
crushmg strength and proportional limit stress in static bend­
ing, but Frijolillo has OL1ly about two-thirds of the bending 
strength, stiffness, end hardness, compressive strength across 
the grain, shear, and cleavage resistance of White Oak. Shock 
resistance as measured by work to maximum load 1s less than 
half that of Oak. 

Upon air drying, Frijolillo increased considerably in com­
pressive st~ength. p~rallel to. the g~ain, ela_sric resilie~ce, and 
in proportiOnal limit stress m static bendmg. Only 1~ stress 
at proportional limit in compression along the gram and 
elastic resilience did these increases exceed those shown 
generally by domestic hardwoods. Modulus of e!asticiry ,~·as 
not affected consistently nor were hardness and compressiOn 
across the grain. Tension across the grai~ and cleavage resist­
ance decreased slightly and sh?ck r~s1stance decreased by 
approximately one third upon air drymg. 

One of the unusual effects of drying is illustrated by ~he 
. · d l f hardness and compressiOn companson of arr- rv va ues or .. 

across the grain wid{ those of Har.d Maple. Wher~as F~~{;­
lill e ualled or surpassed 1\laple m these propemes '~ e 

0 \shows only about rwo-rhirds of the hardness and half 
~:e~~~isrance to compression across the gram shown by 

Hard JVlaple when air dry. . . .. . . 

U 
on completion of air-seasomng stud•es ~nJoltllo ts 

Pd d . tcly difficult to season. A mode• ate rare of 
classe as mo eJa . h k' 
dr 

. g resulted in variable warp and sltght c ec mg . 
ym . r er report. the 
In durability rests completed smcc an car 1 d bl 

f F .. lillo was found to be very ura c to 
heartwood o riJ0 b th white-rot 31\d brown-rot 
durable upon ~xposu~c toce ~f Frijolillo is excellent on rhe 
fungi. Weathc~mg ~eststr moothness and freedom from 
basis of retennon .o sur ace s osure of unpainted material. 
warping or che~king upon cxp limited number of species 

Frijolillo was .mcluded a~on~~ analysis at the Institute of 
which were subJected to c enu 
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Pa~er Che~istry. Ash content was found to be a 
percent Wtth only weak indications f ili normal o.s8 
spectrographic analysis (IS). 

0 5 
con as shown by 

Heart~o~d is highly resistant to moisture ab . th~ species IS rated intermediate to Teak and :~tiOOn, ka~d 
th1s respect. te a m 

Poten(ti)al uses for the species were suggested in an earlier 
report 7 . 

SANGRE Pterocarpus vernalis Pittier 

Other common names: Sangre de Drago, Lagunero, Mucu­
nana. 

Occurrence: Common on abandoned agricultural lands and 
cut-over forest areas in Venezuela. 

T~e ~ee and ~oo.d of Sangre were described in a previous 
publication_ which mel uded a discussion of the properties 
and potential uses of the wood.1 The properties of the air­
dry wood have been determined in subsequent tests and are 
reported in the accompanying table. Green strength prop­
erties are included for comparison. 

In its air-dry strength properties Sangre compares favor­
ably with White Ash in bending strength, stiffness, elastic 
resilience, shock resistance, compressive strength parallel to 
the grain, and side hardness. It is below \Vhite Ash, however, 
in compression and tension across the grain and resistance to 

cleavage. 
Upon air drying. Sangre improved substantially in most 

strength properties sho,ving increases equal to or greater than 
those shown by most domestic hardwoods in work to ma.xi­
mum load, modulus of rupture, and hardness. Among other 
properties, greatest proportionate incr~ase was sho\\'n in 
clastic resilience, followed by compress1ve strength parallel 
to the grain, proportional limit stress in _static be~ding, stiff­
ness, and compresssion across the gram. Tens1le strength 

1Tropical lVoods 97: 91-95· 
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across the grain and cleava e . 
decreases upon air drying. g resiStance showed marked 

. On the basis of completed seasonin stu . . 
ovely easy to air season. Ra id d ! ?Jes, San~re IS rela-
moderate warp and by slightp h ryk' g was assoctated with . c ec mg and caseharde · 

Sangre rs only fair in its resis . rung. 
surface .checking developed rat~e~ce ~?c~ea~enng. Severe 
of unpamted material. The wood hJ YU pon exposure 
ing characteristics. exce ent steam-bend-

The potential uses for the wood proposed in an li 
report are substantiated by the data presented here ( 10 ~ er 

Qualea albifiora Wann 

Other con_unon. nam~s: Wiswiskwalie, Meniridan, Jakopie, 
MandioqueJI3, Cedre Gris, Grignon Fou, and Florecillo . 

Occurrence: The Guianas and the Amazon valley. 
The tree and wood of Gronfoeloe were described in a 

previous publication which included a discussion of the 
properties and uses of the wood.1 Subsequent testing of the 
woOd in the air-dry condition has resulted in the strength 
values shown in the accompanying table. Green strength 
values are included for comparison. 

Both (}ulllea albifiora and Wiswiskwalie (Qualea sp.) 
were included in the air-dry testing with generally similar 
results. Average values are considered as representative of 
these species. With the exception of work to maximum load. 
the static-bending propemes of air-dry Gronfoeloe are 
similar to those of Yellow Birch which is a considerably 
denser wood. Gronfoeloe is characterized by only one-half 
the shock-resisting ability shown by Yellow Birch. Gron­
foeloe surpasses Birch in compress1ve strength parallel to 
the grain and is essentially equal to Birch in end hardness, 
but is exceeded by Birch in shear, side hardness, compression 
perpendicular to the grain, and particularly in teDSlOD per­
pendicular to the grain and cleavage resistance· 

GRONFOELOE 

-1Tropiul Woods 97: 96-100· 
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co Yellow Poplar in bending strength stiffness h k . hin . ' , s oc resiSt-
ance, crus g stren~th, a~d m tension and cleavage resist-
ance across the wam. Srmaruba slightly exceeds Yellow 
Poplar, however, m proportional hrnit srr·esses · · 

d
. . m stanc 

ben _rng and companson parallel to the grain, end hardness, 
and shear: These woods are comparable m side hardness and 
compressron across the grain. 

U p~n air dryi~g, Sirnaruba showe~ a substantial improve­
men~ m most of rts strength propernes but only in work to 
maxunum load and shear strength did this improvement 
exceed that shown by most domestic hardwoods. Greatest 
impr~vement was shown in elastic resilience followed by 
crushing strength, proportional limit stresses in bending and 
in compression along the grain, compression across the grain, 
shear, modulus of rupture, hardness, modulus of elasticity, 
and cleavage. Strength in tension across the grain was 
substantially reduced as a result of air drying . 

ResultS of the present srudy, supplemented by additional 
material since an earlier report, show the wood to be easy 
to air season. Rapid drying , ... as accompanied by only slight 
end checking. This is in concras~ to the rep~te~ tendency 
to split which has been reported ~ the .~e of wtde boards. 
Precautions should be taken to avord stamrng of the sap·wood 

during air seasoning. . 
Completed durability sru~ies show decax reststance of 

Simaruba to be extremely vanable, but averagmg moderate~y 
durable with respect to a whit~-rot fungus and. durable r.n 
resistance to a brown-rot orgamsm. The wood JS rated faJr 
in weathering resistance. Although remaining free of warp 
and retaining surface smoothness, se,·ere ~urface and. end 
checking occurred upon exposure of unpamtc~ matcnal .. 

The potential uses for Simaruba suggested m an earlier 

report remain unaltered ( 10) · 
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MAHOGANY Swietenia 11Ulcrophylla King 

The Mahogany logs used in th.is study came from young 
plantation-grown trees in Honduras. The properties and 
potential uses for such material were discussed in an earlier 
publication.1 The mechanical properties of the air-dry wood 
have subsequently been determined and are presented, to­
gether '' ith green strength data for comparison, in the 
accompanying table. 

In most air-dry properties young plantation-grown 
i\ ~ahogany is surpassed by the slightly heavier wood typical 
of fo.rest-grown Mahogany. Static-bending strength and 
cruslun.g stren~h are lower for plantation-grown material 
approx1?1~tel~ m proportion to its lower density. Modulus 
of elasticity IS, howe,~er, very much lo\.ver in the case of 
plantatio.n-grown material rhan for representative forest­
~rown omb~r. The two types of Mahogany are equivalent 
m shock resistance, and the plantation-grown wood shows 
greater \'alues for side hardness, compres.~ion across the grain, 
a~d sh~ar than does fores~-gro.wn ma_terial. Plantation-grown 
\\ ood IS apparently defic1em m tens10n across the grain and 
cleavage resistance. 

Upon air drying, ~oung plantation-grown Mahogany in­
creased moderately m a number of properties but in no 
re~pect did. the improvement equal that shown generally 
by domesttc hardwoods. Greatest proportionate increase 
occurred in elas~c resilien~e. fo.llo_wed by compression 
parallel to the gram, propomonallm11t stress in static bend­
mg. modulus of rupture, and compression across the grain. 
i\Iod.ulus of. elasticity, sho~k resistance, shear strength, and 
clca\ age resiStance were vJrtually unaffected by air drying 
hut dec_reases occuned in hardneSs and tensile strength acros~ 
~he gram. E~cept for the comparatively slight improvement 
10 comprcs~10n a~ross the grain observed in these tests, the 
e!fcc!S of a1r drymg are generally about the same for planta­
~on-grown and typical forest-grown timber. 

1T Topical Woods 95 : 101 _104. 
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_Air se~o~ng of the plantation-grown material was ra id 
w1th a mirumum of defect. Only slight crook or bow \~as 
observed. 

In d~cay resistance tests conducted as part of this study, 
planta.tiOn-grown Ma~ogany is rated very durable to durable 
m r<71stance to a white rot. As previously reported, it was 
consis.tently very durable with respect to a brown-rot 
orgarusm. 

Plantation-grown Mahogany heartwood is moderate in 
moisture absorption and appears to be comparable to forest­
grown Mahogany in this respect. It is moderately easy to 
glue. 

The potential uses for this type of t\1ahogany as listed in 
an earlier publication remain unchanged ( 7). 

PRIMAVERA Tabebuia Donne/1-Smithii Rose 

Other common names: Palo Blanco, San Juan. 
Occurrence: Southern Mexico, Guatemala, Salvador, and 

Honduras. 
The tree and wood of Primavera were described in a pre-

vious publication which included a discus~ion of the .prop­
erties and uses of the wood.1 The properties of the aLr-~ry 
wood have been determined as a result of subsequent testmg 
and are presented, together with the gr~en strength prop-
erties for comparison, in the a~com~anymg table. . 

As reviously noted in the dl~cussto~ of the properties of 
the u~easoned wood, the matenal studted, alth.ough of ~omd 
parable density, is considerably weaker than Pn~a~era w~~. 
from Honduras as reported by Heck. (9)· This ~~ equyai~ 
true of the air-drv strength properties. Compa~mg . 
results for Primave'ra with data on Maho~any, tt IS evtdenr 
that Primavera is surpassed by Mahogany I~ nearly ~lhp~~~ 
erties. Only in elastic resilience.;;~es~~~~~ :~e~imilar in 
Primavera exceed ~ffahogany ·. crushing strength, bending 
shock resistance. D1 erences 10 

~pica/ Woods 95 : 10~-• 08· 



Mahogaav 
(Swi#m/11 
,.cropbyllll) 
(Plantation-
~wn) (:::: 
f11Mt"fJ1Jby0.) 

No. of Moisru.re 
~ Condirion Conrenr Specific G rnu Soura 

~rcenr Oven.cJrv Green 
vol. vol. 

O.lf6 Honduras 3 Green 50.7 
AirDry1 134 

0.41 

Green 
Air Dry1 11.6 

Green 5s 
AirDry u 
Green 101.% 
AirD.ryl 

O.j2 

o.so 

o-46 

045 

Pit- Suess 
ar Proportion­

al Limir 
lb.~r 
sq. m. 

s.o8o 
7,6zo 

8,Jj0 
lO,JlO 

1,140 
1,150 

r,z8o 

1.14 
2 .$2 

J.f4 
2~ 

7·3 
7·5 

u ,, 

1: 
'& 

~ 
§ 
Cll 
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No. of Moisrure 

Species Source Logs Condition Conrent Specific Gravity 
percent Oven-dry Green 

voL vol. 

Prima,·cra 
(Tabebui.t 
Domze/1- Honduras 3 Green 57-7 O..;J4 0.40 

AirDry1 '4·0 Smitbii) 
Honduras2 Green 66 044 0.40 

Holly3 United 
(llex opaca) States 
Mahogany~ 
(Swietenia Central 
macropbylla) America 

Species 

Primavera ( Tabebuia 
Donneli..Snritbii) 

Honduras 

Honduras2 

Holly3 ( I lex opaca) 

Air Dry I 2 

Green 82 o.61 o.so 
Air Dry ll 

Green 79·6 O.jl 045 
Air Dry1 I 1.4 

CoMPRESSION PARALLBL TO GRAIN 
Fiber Suess Muimum 

at ProPQCtion- Crushing Modulus of 
Condition al Limit Stre:ngth Elasticity 

Green 
AirDry1 

Green 
Air Dry 
Green 
Air Dry 

lb. per lb. per 1000 lb. 
sq. in. sq. in. per 

sq. in. 

1,85o 
4·530 

z,oso 
3·38o 

3.510 
5·6oo 
4,18o 
6..t6o 
1,640 
5,540 

1,050 
1,170 

STATIC BSN'DlNC 

Fiber Stress Modulus Modulus Work w Work to 
:u Prorr,rdon- of of Elas- Proportion· Maximum 

al imit Ruprure ticity ~~Limit Load 

lb. per lb. per 1000 lb. in.-lb. in.-lb. 
sq. 1n. SQ. in. ~r pe~ pe.r 

SQ. 10. cu. ln. cu. ln. 

4·'70 ,,.so 990 0.99 7·1 

7·310 9·530 1,040 2.<)0 6.4• 
6,220 9·940 1,200 - 13.0 

7·840 II ,100 1,28o - Q.1 

3·400 6,soo 900 0.71 10.8 

6,100 101300 1,110 1.88 10.7 

s.soo 8,g6o l,J40 1.13 9·1 

7·g6o 11,400 l,jOO 2.08 7-5 

Compression Tension 
Perpen- Perpen-
dicular dicular 

Hardness to Grain to Gnio 
End Side Suess at pro- lb. ~ 

lb. lb. ponionallimit sq. 1n. 

810 
910 
710 

to6o 
86o 

1400 

lb. per sq. in. 

700 
66o. 
590 
730 
790 

1020 

Soo 
88o 
6c)o 

1140 
6to 

1130 

710 
440. 

610 
68o 

Shear Cleavage Toughness 
lb. per lb. per in.-lb. 
sq. in. in. of per 

IOJO 
1390 

1130 
1710 

width speciJJWl 

JlO 
140. 

300 

74.8 

United States 
Mahovnt 
(Swietema 
macrophylla) Green 3.08o 4,340 t,szo 8zo 740 68o 740 1240 no 

C'..entral America Air Dry' 5,080 6,78o I ,soo• 970 8oo 1090 740 1130 340 
88.1 

tAir.dry values adt'usred 10 12 percent moisture conrent except where designau:d ( • ) in which Uk the :acrulll rnoisrore con~ time of 
u:srin& (col. 5) app '"· 

•Heck ffi'. au S t, Agr. Tech. Bul. 479 ( 12) . 
•H~ck { 9 : Kynoch and Norton (II); unpublished Yale re•ults for pbnk material received from the New York N~val ShtPl'"rd 
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strength, compression across the grain, and hardness are not 
great, but .\lahogany is so percent higher than Primavera in 
stiffness. Although quite comparable to Holly in bending 
strength, stiffness, and crushing strength, Primavera is con­
siderably below Holly in air-dry hardness and compression 
across the grain. 

Upon air dry ing, PrimaYera increased moderately in a 
number of properties, but only in elastic resilience did this 
increase exceed that commonhr shown bv domestic hard­
woods. Among other properties greatest 'relative improve­
ment was sho" n in proportional limit stress in static bend­
ing, crushing strength, shear, bending strength, compression 
across the grain, and stiffness. H ardness was not appreciably 
affected, and shock resistance, cleavage, and tension across 
the grain all declined u pon air drying. 
~he w~od was fou.nd to be easy to air season, drying 

ra~tdly WJth no checkmg and only sl ight crook or bow and 
nnst. 

The heartwood of Primavera proved to be very durable 
to durable upon exposure to both white-rot and brown-rot 
fungi. Primavera shows good weathering cha1·acteristics. 
Exposure of unpainted material resulted in moderate loss of 
surface smoothness and a moderate amount of checking. 

He~~rw~od is res~stant to moisture absorption, occupying 
a postt~on mtermedtate to \ \'hire Oak and Mahogany. The 
"ood 1s easy to glue. · 
~o change is indicated in the uses proposed earlier for this 

species ( 7). 

TROPICAL WOODS 155 
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GUAYACAN Tabebuia guayacm1 (Seem. ) Hems!. 
T abebuia heterotricha (DC. ) Hemsl. 

Other common names: Cortez, Amapa Prieta, Verdecillo, 
and Mayflower. 

Occurrence: Southern Mexico through Central America to 
Colombia and Venezuela. Other similar species of 
Tabebuia occur as far south as Argentina. 

The tree and wood of these species were described in 
earlier publications which included discussion of the propc:­
ties and uses of the wood.1 In subsequent teste; the mecharu­
cal properties of air-dry wood ·were determined and a~e 
presented in the accompanying table. Included for compan­
son are the properties of the green wood. 

In the air-dry condition the average properties of Gu~y~­
dn are slightly below those of ~reen~e.art (Ocotea R~~tnez) 
in static-bending strength, elastiC resilience, and maXJmum 
crushing strength. Guayacan is considerably low~r than 
Greenheart in stiffness ·and tension acros.c; rhe gram, but 
exceeds Greenheart in shock resistance. hardness. compres-
sion across the grain, and shear strength. . 

I es Whr'te Oak bv a considerahle margm 
Guavacan surpass .· · b d •. . d rties The following tabulatton, ase 

in most atr- ryf propf c White Oak, pemlits a comparison of 
upon a scale o I oo or . 
more important properties: 

Specific 
gnavi!Y 

&ndi~~~t 
Strt'll81h 

Sriffne>s 

Crush in! 
<treflltlh 

CltaVJAt' 
resistancC' 

hardness 87 

1J8 114 •n . . n 
. f , . ht strength of Guayacan .m a 

The greater wetght or '' el l . ·age resistance is evtdenr. 

P
roperties except shear an c ea\ 

· ll true of hardness. . 
This is especta Y • ·mproved onlv slightly tn 

d · Guayacan 1 • ·d·d h Upon air rymg, . . k maximum load 1 t e 
most properties. Only 10 wor to 
- 8 •. 91' JQ4•Io8. 
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STATIC Br:NOI NG 
- ri ber S-,-,e;;- .MO<lu~\IZ><Iuiln-- W o1k to W o rk t O 

No. of Moisture a1 Prorr,nio n· of of l!lu- Proportion · .Maximum 
Sp«ics Sou ret- l.o,c:s Condilion Conll."nl Specific Gr.wity al .imi1 Ruprure ridry al Lim it Load - perct-nc Oven-dry Gr~n lb. per lb. per 1000 lb. in .- lb. in .-lb. 

vol. vol. sq . •n. sq. in . ~r per_ per 
sq 10., cu. ln. cu. In , 

Guavndn 
(T abebuia l londur:1s 3 Green 35-4 1.00 o.85 ' r ,o6o r8,48o 2,58o 2.71 18.7 
guayacan) Air Dry1 IJ .6 15,8.!0 27,150 2,970 3·74 22.9 
(Tabebuia P;tnam:t 3 Grl·cn -f0-5 O,QI o.8o ro,88o zo,o8o 2,120 3·3' 27-3 
beurotricba) Air Dry1 ':,r.so !2,6JO J .86 z.6.o• 12.-f 2,320 

.t\ vcragc 6 Green 3Ro o.¢ oJb 10,970 ' 9·28o 2,350 J .OI 2.J.O 
Air Dry1 IJ.O '4·240 24,8<)0 2,640 J.So 2.44 

G rccnhcartz 
(O corea British Green 4Z.~ l.o6 o .88 1J,250 '9·550 1,970 3-JI '34 
R odi.zei ) Guiana A ir Dry' '4·8 16,zoo• 25,500. 3·700. 4-02. 2.2.o• 
\Yhite Oak3 United Green 68 0 ,7 1 o.6o 4.700 8,300 1,250 1.08 11.6 
(Quercus alba) States Air Dry 1% 8,200 15,200 1,78o 1.27 14.8 

CoMPil.ESSION PAilALLEL TO GltAIN Compression Tension 
PibuSuas Maximum Peroen· Perpen· 
u Proportion- Crushi"" Modulus of dirular dirular 

Shear Cl~vage Toughne\\ Species Condition al Limit StrmRth- Elasticiry Hardness to Grain to Grain 
lb. per lb. per 1000 lb. End Side Suess at flro- lb. ~r lb. per lb. per in.- lb. 
sq. in. sq. in. per:_ lb. lb. poctional imir sq. 1n. sq. in. in. of per 

sq. an. lb. per sq. in. width specimen 

Guatadn 
Green 1820 286.3 (Ta ebuia guayacan) 7·730 9·740 1,910 3140 2JC)O 990 2230 510 

Honduras AirDry1 7•S7o• 11-470 ],010 3140 J48o 11oo• 81o• 2710 48o. 
(Tabebuia 

Green 6,6oo 7,68o beterotricba) 2,540 l170 1530 143° 1170 1140 490 343-0 
Panama AirDry1 

7·000 10,930 1-'JOO. JIOO 3010 1300 540. zz8o 300. 
Average Green 7,100 8,710 1,710 ZS40 1840 1910 108o 118o 500 314.6 

AirDry1 
7·190 11,700 2,740 ]200 ]140 n8o 68o. 1490 390. 

Greenheart2 
(Ocotea Rodiari) Green 7•SRo 10,100 J,SRo 2100 2]20 1040 1070 17]0 610 -

British Guiana Air Dry1 1o,ooo• 11,910. 4,1oo• 114o• z63o• '970. 1020. 18]0. -White0ak3 
( Qrurcus alba) Green J,()C)O J,soo - II ZO to6o 830 770 1150 420 '44·9· United States Air Dry 4-700 7-440 - 1po 1]00 1310 8oo 1000 450 

lAir-dry nlucs lldi!'sted to 12 percrat moiteurc content rzcept where desianatcd ( • ) in which case rhe IICtual moisture content at time Qf 
~ .. (COl ~) ~ ICS, 
~oocb and onon < 11 ) . 

. s. 1)csK. ~- Tech. Bul. 47.9 ( 12 ). . 
•Value obtai for plank matenal rrcerwcd from the New York Naval Sh,pyatd. 
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increase equal that shown by most do~estic. hardwoods. 
Greatest proportionate increase ~ccurre~ m maXlmum crus~­
ing strength, follO\\ cd by stat1c-ben~mg strength, elas~Jc 
rc..,ilience and end hardness. compressiOn across the gram, 
side hardncs..s, shear, and stiffness. Tensile strength across the 
grain and clca,·age resistance decreased markedly upon air 
drving. "' 

l:·h~ two species of Guayacan show some~\'hat different 
air-seasoning characteristics. Only slight checkmg, warp, and 
caschardcni~O' were observed in Tabebuia beterotricba 
despite irs rapid rate of drying :and resulted in the rating of 
this species as easy ro season. Slight warp, accompanied by 
se\ ere surface checking and moderate end checking, was 
obscr\'cd for T. guayacan. This species varied from fast to 
moderate in rate of drying. Severe c:asehardening was also 
noted in some of the material seasoned as a part of this study. 
A rating of moderately difficult to season was consequently 
assigned to To gua.vacan. 

Ash content of Guayadn was found to be only o. 33 per­
cent in analysis made at the Institute of Paper Chemistry. 
5p~.:ctrogr:tphic analysis for mineral components of the ash 
showed only small amounts of silicon ( 18). 

So,_n~ variability h~s b:,en ~oted in t!1e weathering char­
actcnstics of [;iuay~can. Unpamted spec1mens exposed to the 
weather rcmamed tree from wa rp and retained a generally 
smooth surface. hut \':tried in resistance to checking from 
fair to excellent. 

Uoth 'I' .. guayacan and T . beterotricba are extremely resist­
a~t to n~o1sture absorpt ion and surpass Teak in this respect. 
CtU:l)~acan docs no~ appear to be well adapted to steam 
hc.ndmg on t!lc basts of rests in " hich ratings of poor ro 
f:ur "ere as~tgned on the basis of proportion of ol'iginal 
~tr_cngth ret:uncd hy the bent material. The latter character­
IStic docs n,or appear to be consistent with the reported use 
of Guayacan for bent boat ribs in the tropics. 

t?ses f?r w hich ~uayac:in appears to be adapted on the 
basts. of Its propcm cs remain unchanged from those listed 
pre,·wusly ( i, 10) 

0 
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ROBLE BLANCO Tabebuia pemaphylla (L.) Hemsl. 

Other common names: Roble. Amapa, Rosa ,\lorado. May­
flower, ~taqueliz, Roble Morado, and Apamate. 

Occurrence: \texico, Central America, Ecuador. Colombia, 
Venezuela, and the \Vest Indies. 

Descriptions of the tree and wo?d ~f Roble Blan.co w~re 
published in an earlier report wh1ch mcluded a diSCUSSIOn 
of the properties and uses ~f the wood.1 Larer tests of ~r~en 
wood have included matcnal from Panama, results ~f '' hich 
are shown in the accompanying table and havoc been m~luded 
in computing the average values for the spec1es. Inclusto~ of 
the data for this additional source brought about only a sl~ht 
J·ncrease in most parallel-to-grain properties and a slight 

• 

0 

• rhe green reduction in the across-the-gram properties m 
condition. . 

Air-dry mechanical tests have also been co~ducted smce 
d 1 . presented m the accom-

the previous report an rcsu rs are rties for 
• . g table together wirh green srrength prope d 

pan~ m . . d condition rhe Roble Blanco teste 
companso~. In the al~-o~~ut stronger in all properties except 
here was slightly less stl . than venezuelan marenal 
com~ression across the I~ra~~m arison with the hea,·i~r 
preVIOUsly ~ested (II ).Wh" o:K air-drv Roble Blanco IS 

woods, White Ash and . ~~~e t r'hose indicari,·c of com­
deficient in all probrttes hex Pin (i~cluding proportional 
pressive str~ngth ~ on~n~i~ f~nd elastic rcsilien~e. Roble 
limit stress m st~ttc b 1 !. both of these woods m mod?­
Blanco is only shghrly be o m arable to \Vhite Oak m 
Ius of elasticity and IS near!~ ~:r£le differences between 
shock resistance. The mos h occur in side hardness, com­
Roble Blanco and Oak and As . tension perpendicular to 
pression perpendicular ro the gra~, ble Blanco is similar to 
the grain, clea~·age, a~d shi~:r ~ec~anical properties. _These 
Black \Valnut tn man). o~ .· bending strength. snffn~. 
woods are comparable m ens•~· and shear. Roble Blanco JS 

ohing strength. side hard~ess, d Walnut is somewhat 
crus d . shock res1srance an 
slightly favore m 

- d s· ••·-••6· !Tropical Woo s 9 . • 



SJ>«i~ 

Roble llhnco 
( T.zbcbuiJ 
pem.zpb)/l,r) 

\\nite Oak' 
f QuercttsalbJ) 
\Yhitc Ash a 

Sr .nac DnNDJNG 
_,r"'i.,..be_r_,S-tr_c_s~--~~1-o..,..;Juiu\Mo~iufu, -~w-o_r_k_tO __ W_ o_r_k_t_o_ 

No. t•f Mni<ture ''' Propon ion· o f of r:ta<· ProPOrtion· Maximum 
Content SpeCific Gravity al l.imir Ru11ture riciry a! Limit Load So nrC<• L.o~ CondHinn ;;crrn;, Ovcn:cJn Gr~-n---lb. per lb. J?Ct 1000 lb. in.- lb. in.· lb. 

vol. '·ol ~ . rn. $<1. rn . per per per 

British ~ 
I l unduras · 
H ondu ras 

Pa11:1ma 

A\'cragc y 

\ · cnczucla2 1 

t.: nited 
States 

Green 6;.4 
Air D ry1 

1 1·5 
Green 6~.8 
Air Drv1 'J·7 
G reen · 7'·4 
Air Dry 1 13-3 

Green 68.2 
A irDrv1 ~ ~ -5 
Green · ao7.8 
Air Drv 1 14.6 
Green · 68 
Air Dry 12 

0·59 

o.56 

0.55 

o.s; 

0.)0 

0.]1 

0.54 

0.5' 

o.so 

u.sz 

0·45 

o.6o 

6 ,o6o 
!!,870 
6,2JO 
9-970 
7·520 
9·6oo 
6,6oo 
9.4!!0 
6,000 

7>300. 
4·700 
8,200 

9·720 
14,050 
11 , 190 

I J ,500 
11400 
1 3,8oo 
10,(70 
IJ,780 

9·6oo 
tz,soo• 
8,300 

15,200 

~. rn . cu. in, cu . in. 

1,270 
1,500 
' ·470 
1,510 
1,610 

1,770 

1450 
J,6oo 
r,6zo 
'·750. 
1,250 
1,78o 

1.62 
l-93 
1.47 
3·6cJ 
J.QS 
2 ·93 
1.66 
J.18 
1.14 

1.70. 
1.08 

2.27 

10.6 
16.6 
I 1.9 

I 1.1 • 

12.5 
9·9· 

I 1.7 
12.5 
7·2 
9-4. 

I 1.6 

'4·8 

(Fra:cinus United Green 4z o.64 o.ss 5,100 Q,6oo 1.400 1.04 16.6 
americana) States Air Dry 12 8,<)00 15t400 1,770 z.6o r 7.6 

Species 

Roble Blanco 
(Tabebuia 
pentapbylla) 

British Honduras 

Honduras 

Panama 

Average 

Venezuela1 

CoWPUSSION PA.LU.LBL TO GRAIN 
Piber Suess Maximum 
• Proi!Ortion· Crushino: Modulus of 

Coodition al Umit ScrenP- Elasticity 

Green 
Air0ry1 

Green 
Air0ry1 

Green 
AirDryt 
Green 
Air0ry1 

Green 
Air0ry1 

lb. per lb. per 1000 lb. 
111. ia.. sq. in. per 

3..WO 
5,110 
4.140 

5·900 
4>400 
6,sso 
4.040 
s.Sc)o 
4.410 
4,63o• 

4t650 
7,16o 
4t78o 
7·190 
S,JIO 
,,5So 
4.910 
7·340 
5.030 
6,o1o• 

sq. in. 

1>470 
.,5So 
1,58o 
1,65o 
lo48o 
2,000 
1,510 
1·740 
1,6so 
2,1Jo• 

Compression Teasioo 
PeepeD· Pecpcn· 
dicular dicular 

Hardness tO Grain to Grain 
End Side Suess at pro- lb. ~r 
lb. lb. ponionallimit sq. rn. 

1070 
J56o 
II20 
1270 

900 
IIOO 
1030 
IJIO 

910 
1040. 

lb. per sq. in. 

950 
II40 
970 
910. 
820 
81o• 
910 
¢o• 
670 
700. 

980 
950. 
750 

1070 
640 
790 
790 
940 
610 

aooo• 

900 
no• 
710 
po• 
76o 
63o• 
790 
soo• 
670 

no 
8oo 

Shear Cleavage Toughness 
lb. per lb. per in.-lb. 
sq. in. in. of per 

IJ40 

1650 
1240 
148o 
118o 

1210 

ll50 
1450 
1100 

Sao• 

1250 
1000 

width specimen 

390 
200. 
430 
zzo• 
J I O 

330 
380 
170. 
320 

420 
450 

171 .J 

129.2 

140·8 

'47-0 

144·9
4 

'Air-di'J nlaes lldj~ 10 lZ pcrcm, moUIUff cooccm ft«'Pt -·~"' """'''"••~ \ • ) in which ctJC! the IICtual moisture content at rime of 
~~ ~L all ;r:- 11). 
at/. S. Dept.. Aat. TccL. Bul. 479 (12). 
'Vatae obiaiDCd' for plmk mamial receiftd from the New York Nanl Shipyard. 
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superior in tension and compression across the grain and 
clea,·age resistance. 
Up~n air drying. ~oble ~lanco. increased modc.rately in 

mosr strength propcrncs. bur m no mstance wa.s the Improve­
mcnr C<Jual to that shO\\n by most domestiC hardwoods. 
Greatest proportionate increase was shown in clastic resili­
ence. followed by compression parallel to grain, propor­
tional limit stress in bending, modulus of rupture, end hard­
ness, compression perpendicular to the grain, shear, stiffness, 
shock resistance, and side hardness. Cleavage resistance and 
tens10n across rhc grain were reduced about 30 percent as a 
result of air drying. 

Completed results of air-seasoning studies do not alter a 
previous rating of easy to season. Drying was rapid with only 
slight checking and warp. Such defects could doubtless be 
further minimized through slower drying. 

Shrmkage dara pre\'iously reported are little changed by 
the addition of results for material from Panama. Results are 
outlined in a table presented below: 

SHRll'o'XAGB 

~~~~----------~~c=~~~~~~~~~~~· 
Roble Blanco 
(Tabebui:z pemapiJylla) 

Panama 
Species A vcragc 
(Panama, 1 Iunduras. 

3·6 6.:!. 0.0<) 10-4 

British I tonduras) " n...r 
\

T 3·•> 6.1 0.14 r;, 
cnczuela1 

2 .6 5.9 9•3 
~om~No~no~o~(r.l11)'.------------~~----------~~ 

~~rlicr dc~a~·-rcsistance data are now supplemented on 
has~s of _addmonal material. Heartwood was found to be 
\'artablc 111 resistance to a ''hire-rot fungus but is given 
average rating of moderately durable. The wood was 
to be v~rr durable in its resistance to a brown rot. 
~anc~> 15 rated only fair in its weathering char:t"'""'"'"tit'j;.~ 

npamted material remained free from warp hut lost 
face smoothness and de\·eloped considerable checking 
exposure to the weather. 

TROPICAL WOODS 

H eartwood absorbs moisture readilv. Variabilitv in steam­
bending quality is apparent, and the \Vood has been ,·ariouslv 
rated as poor to good in this respect. 

so.me mo~ification~ ~f ~otential u~cs fo~ this species as 
pre\'IOusly listed. ehmmatmg uses 111\'olvmg ourstanding 
weathering characteristics and exceptional shock resistance, 
are indicated (7). 

TEAK Tectona gr.wdis L.f. 

The Teak referred to in this study is ~·oung plantation­
grown material from Honduras. The \vood was described in 
an earlier publication v.·hich included a discussion of its 
properties and potet~tial uses.1 J\1cc.hanical tests have no~ 
been completed on atr-dry wood wJth the results s~o,vn m 
the accompanying table. Green strength values are mcluded 
for comparison. 

The air-dry strength values of plantation-grown Tea~ 
compare closely with those of forest-~rown Burma Teak. 
Test material from Honduras was shgh_tly stronger ~han 
Burma Teak in compression across the gram, sh~ar, deavage, 
and toughness· slightly )ower in stiffness, cru~hmg srrengtdh, 

. ' · 1 rh r propemes both woo s and tens1on across the gram. n ° e 
are similar. · 1 li h · 

Plantation-grown Teak showed only rela~tve y .s g t Im-
. st of its properties upon air dn'mg. In no 

Provement m mo h h : erally 
- ct did this improvement equal t at s .o'' n g~n 

res~omestic hardwoods. Greatest proporuon.ate mere~ 
~~curred in elastic resilience, ~ollowed by crus~~~gaS::~~h~ 
bcndjng strength. cleavage resistance, compress d b all' 

. d stJ'tfncss· End hardness was unchange d yh k 
gram an · · d' s oc · . • b ·'d hardness showed a decrease as ' 
dr~mg, ut sl . e across the grain, and shear strength. 
resistance, tcndslon . ly plantation-grown Teak air seasons 

As reporte prevwus 
·d te without defect. 

at a rap1 ra d dis lays excellent weather-
The planta~i~n-grown ~o~tand/oint of surface smooth­

ing charactenstJCS from t e s 
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STAHC BnNDING 
-Fiber Srres\--Modulu~ -.'.to:duJu$--w ork co W ork to 

No. of .Moisture o f of Was- Proporr ion- .Maximum at Profi:nion· 
SoUHC'o~-l.oJ;$ QJndirion Con rent Spe~·~~vicy Jl imit Rur>rurc~ __!!.cicL_ -~1 Limit Load _ 

perccru Oven-dry Green lb. per lb. prr 1000 lb. in.· lb. in -lb. Sr>«ies 

Tc.tk 
(T~r.ton.7 

gr,mdis) 
{Pianmtion· 
grown) 
.:-f cak 
(Tectona 
gr.mdis) 

H ondur;ts 

Burma: 

Runna8 

Average 

3 

t + 

vol vol. sq. an. sq. in. per 
SQ. ln . 

Green 0.56 6, t6o 7!·3 0-59 9·9 .. 0 I,J50 
AirDry1 12.6 8.-430 IJ ,JIO 1·390 
Green - o.6 1 0-57 7·410 11,3JO 1480 
Air Dry' 104 8,1 00 IJ 1140 1490 

Green 52 o.64 o.6o 7·090 11440 1,670 
AirDry1 12 - 14·300 1,850 
Green 52 o.62 0.58 7·250 ll,j8o 1,580 
Air Dry' I 1.1 8,16o 13·770 1,670 

CoWPU!JSION PAULLEL TO GllAIN -·· .. ... Compression Tension 
- -~· -- JIUZimum Perpen- Perpen-

per per 
cu. in. cu in. 

1.59 10.9 
1.92 10.3. 
!.08 10.7 
2.)1 9·3· 

1.7 9·3 

1.89 10.0 
1-51 9·3· 

u Proponioo- Crushing Modulus of dicular dicular 
Species Condition a1 Limit Streo,nh £bs(icicy Hardness to Grain to Grain Shear Cleavage Toughness 

lb. per lb. per 1000 lb. End Side Suns at pro· lb. ~r lb. per lb. per in.-lb. 
tq. in. IQ. in. per lb. lb. porrional limit sq. 10. ~- in. in. of per 

sq. in. lb. per sq. in. width specimen Teak 
(Tecto114 grandis) 
(Plantation-grown) 

Honduras 
Teak 
(Tect0114 grandis) 

Burma2 

Bunna1 

Average 

Green 3,C)6o 4,78o 1,350 1140 1190 
Air Dry' s,JOO 6,770 1,510 1140 1110. 
Green 4,16o s,no I,S8o 89Q 910 
AirDry' s,18o 6,710 1,soo• 950 108o 
Green 4,o8o s,87o 1o94o 910 1040 
Air Dry' - 8,J10 - 1070 II JO 
Green 4-110 S-490 1,76o 900 98o 1o_.o ¢">a 1300 4:o 

1290 940 1730 390 116.2 
1340 no• 16oo• 470 
IOJO C)6o '490 420 R4.4 
11(}0 1)80 118o• HO. 
lo6o -- 1110 

1350 
s_. ... AirDry' s,•8o ,,po l,soo• 1010 1100 111)0 9&> 1~6o HO. 

IAir:<lry values ..Sj~trd ro 12 percrnt moisturr controt rzcrpr where drsian~trd ( •) in which ca~ rh~iu•l m'01su;;;;--co-'n-te_o_r _a_t_um,_· -e~of tati!!l (coL ) ) ~plies. . k 
:IBilecl 011 a shtpmrnt of plank matrrial ~rr~nuna an un nown numbrr of trees. 
lA. V. Tboaw ( U) ; Handbook of Emptrr Tambefs (8). 
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On the basis of average air-dry .st:ength v~lues, ~argusta 
is 15_30 percent srr~nger than \\ hire Oak m bendmg and 
crushing stren(Tth, suffness. :md hardness; comparable to Oak 
in sho~k rcsi~ancc and shearing strength; and somewhat 
below Oak in compression across the gr~in, tension aero~ 
the grain. and clca,·agc. Insofar as a\·atlable data pennat 
comparison. these average air-~1)· values lie betwce~ ~hose 
published for ?\argm.ta from Bnttsh Honduras and Tnmdad. 

Upon air drying, 1'\argusta shO\~·ed considcrahl~ improve­
ment in most properttes but only m 'vork to maxtmum load 
did the increase exceed that generally shown by domestic 
hardwoods. Greatest improvement in other properties oc­
curred in clastic resilience and crushing strength followed 
by bending strength, shear, side hardness and compression 
across the grain. ln both tension across the grain and cleav­
age, Nargust:t lost strength on drying. 

Considerable variation in air-seasoning characteristics was 
shown by material from different sources. ~argusta from 
British llonduras and Panama dried rapidly with only slight 
checking and warp. Completed studies for material from 
B_ritish Guiana indicate an e,·en greater variation than pre­
nously reponed. i\ foderate rate of drying was accompanied 
by moderate to ~cvcre checking and slight twist. A rating 
of moderate}y_ dtfficult ro season is gi,·en the species. al­
though no dtfficulrv was encountered in drvina the material 
from~Panama and British Honduras. • 0 

The ~nc~usion of shrinkage data for material from Panama 
:csults m !tttle change in the average for the species reported 
m an carltcr phase of this study. The data arc ~hown in the 
accompanying table. · 

~andSounr­
Nargllst.J 

(TcnninaU.r amaumia) 
Po1031!1:\ 

Species A \'cragc 
(P:tnama. Briti~h Guiana 
Rritish r londuras) ' 

Rritish llondurast 
Trinidad1 

4·~ 

4·8 
4·82 

6.o2 

i·7 0.17 12.5 

7·9 0.18 I !.7 
9-4:! 

1o.62 
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ness, and freedom from warp and checking when exposed to 
rhe '' cather ·without paint protection. 

The heartwood of plantation-grown stock is comparable 
ro forest-grown Teak in irs high degree of resistance to 
moisture absorption. The wood is moderately easy to glue. 
~o change in potential uses is indicated from those listed 

pre,·iously ( 7). 

~ARGUSTA T ermina/ia ama:onia (Gmel.) Exell 

Other common names: Cochun, BoJador, Guayabo, ~aranjo. 
Amarillo, Fukadi, and \Vhirc Olivier. 

Occurrence: From southern .\texico throughout <?e~tral 
America and northern South America and in Tnrudad. 

The tree and wood of Nargusta were dc~cribe? in a pre­
vious publication which also included a dtscusst?n of t~e 
properties and uses of this woo~l.· Subs:~ucnt rcstmg of air­
dry material from British Gmana, Bnttsh Honduras. ~nd 
Pa.nama produced the resu Its shown in the accompan~:mg 
table The table also includes green strength data for ~a~­
gusr; from Panama in addition to the sources reprcsente m 

~he earlier tests. f d be slinhtlv lower 
d f Panama was oun to Eo • 

The woo rom B .. h Honduras but not appre-
in density than .that from nn~~ndition except in crushing 
ciably weaker tn the ~ree ross the grain. The Panama 

h nd compression ac · · - . d' 1 srrengt a . low in compression pcrpen ICU ar 
material was particularly 1 1 · n of <lata for Nareusta . . h rests nc usto · • . 
to the gram tn t esc . f r the speeie.c; results in a shghr 
from P~nama in t~lC a\·erage o d val.ue.c; for most properties. 
lowering of prevtofiusly r~po~~rlc of others insofar as the 
These results con m1 . t ~ d 

.1. f this specte.c; IS concerne . d 
variabt tty o · . lso c\·ident in irs air- r~· 

The variabilitv of Nargusfra hts a ·.,ood from the several 
· Th · t ength o t e '~ . · b r 

Propcrttes. c 5 r ording to Its density, u 
sources tested varies genchraUy assccthe grain of the Panama 
. . . . ngt aero 1· · low compress": e stre t' on to this genera azanon. 
material appears to be an excep t 
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STATIC B ENDING 

Plbcr Stress Modul~fOdUlus Work to Work to 

N o. of Moisrurc at ProiT,r' ion· o£ of Elas· Proponion- Muimum 
al Limit Load 

Species __ Source l .oA• Condicion Con rem Specific Gravir~ al .imir Rueturc ticity 
. 

percent Oven-dry Green lb. ~r lb. per 1000 lb. in.·lb. in.-lb. 
vol. vol. sq . 10, sq. io. ~r per; pe_r 

sq. en. cu. 10, CU. 1n, 

'\:ugu!>ta 
' Tt·rmin.r/i,J British 3 Green 64-2 o.8z 0.70 9,16o 14·98o 2,620 1.81 13.8 

ama:onh1) Guiana Air Dry1 12.9 IJ,IOO 21,050 1,<)90 J.U zo.8 
British 3 Green 8o4 0.71 o.63 ?,IJO 10,470 1,700 1.77 8.9 
Honduras AirDry1 14·3 IO,JC)O t6,98o 2,020 2.98 14.1 
Panama 3 Green 574 o.67 o.6o 6,830 10,9-+0 1,] 10 1.5J '3·9 

Air Dry1 114 IO,J<}O 15,220 1,<)00 J.%7 14·3 
A\·erage 9 Green 67·3 0-73 o.64 ],]10 12,1 JO 2,010 J.70 11.2 

AirDry1 12.9 II ,JIO 1],]50 2,300 J.l6 164 
Trinidad2 - Green 51 - 0.]0 - 14,100 2,200 - -

Air Dry 11 - a8,8oo 2470 
British - Green 83 - o.s8 - 11,]00 1,8jO 
I londuras2 Air Dry 12 - 1],500 2,070 

White0ak3 United Green 68 0.71 o.6o 4·700 8,JOO 1,250 t.08 J J.6 
(Quercus alba) States Air Dry 12 8.100 rs,zoo 1,]8o 2.2] 14.8 

CoWPtBSSION PAULU!L TO GilA IN Compression Tension 
Fiber Sans Maximum Perpen- Perpeo-

u Proponioo- Crv.shina Modulut of dicular dicular 
Species Condition al Limit Srreoath Ebsticiry Hardness ro Grain ro Grain_Shear Cleav2ge Toughness 

lb. per lb. per 1000 lb. End Side Suess ar prcr lb. per lb. per lb. per in.-lb. 
Ill· in. sq. io. per lb. lb. ponionallimir sq. in. sq. in. in. of per 

sq. io. lb. per sq. in. .,·idrh specimen 
Nargusta 
(Terminalia tmrazonia) 

British Guiana 

British Honduras 

Panama 

Average 

Trinidad1 

British Hondunsl 

WhiteOak' 

Green 5·340 6,8zo 1-970 t64C) 
Air Dry1 8,130 1o,s6o 3,27o 2110 
Green 4.050 s.uo 1,950 1270 •.uu u 
AirDry' 7,11o 9-930 1,2so 116o 158o n~ 
Green 3,910 4o66o 1,76o 116o •uou o .. 
AirDry1 S-490 8,130 1,040 1710 1170 9l 
Green 4>440 s.no 2,130 IJ6o I j~U 10 
AirDry

1 
6>9so 9·540 z,po 1990 •u•u 1z~ 

Green - 7·330 - 161o • ·' . _ 
AirDry - 10,6oo 2sso 1100 - - u8o 
Green - S·S30 - nso 11 30 - - 146o 470 
AirDry - 9·38o IC)OO 13C)O - - 1910 370 

1700 440 212.1 
J40. 

390 184.6 
240. 
300 164-5 
z:o• 
400 187.1 
270. 
490 
200 

22.10 

(Quncusalb11) Green 3,DC)O M6o - n zo lo6o 830 770 1150 420 144.94 
United Scates Air Dry 4.76o 7>440 - 1 s zo 136o 1 310 l!oo moo 450 
lAir-dry nlues llli!lsud co 12 perccor moisture coorenr exccpc where d~ianated ( • ) in which Clltc the IICtual moisc~nt at rime ot 

lahna (coL ~) ~- • . 
2Handbook of 1rc Ttmben ( 8). 
au s. ~ .tw. ecb. Bal. 479 (12) . . 
•V~uc obiaioc4 for plank awcrial R«iftd from the New York Naval Shopyard. 
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DurabilitY data now available for material from Panama 
and British· H onduras alter the conclusions reported pre­
viously. The heartwood of Narg~sta was found to be pre­
dominanth· ,·err durable in resistance to both white-rot 
and browri-rot fungi. I'\argusta is only fair in its resistance to 
\n:athering when exposed without paint protection. Con­
siderable checking and loss of surface smoothness occurred 
under such conditions. 

HeamYood is moderatelv resistant to moisture absorption 
occupying a posit1on intenncdiate to \Vhite Oak and .\lahog~ 
any in this respect. The wood is moderately easy to glue. It 
is only· fair in steam-bending quality: · 

Suggested uses for ~ar&'usta lis~ed_ in . a pre,rious report 
are altered only bv the mdicated ehmmat1on of uses involv­
ing superior "·eathering qualities ( 7) . 

GCAYABO DE i\IO~TE Tenninalia guyanemis Eichl. 

Other common name: Guayabo. 

Occurrence: Common in the monsoon forests of Venezuela. 
. The m:e and \vood of Guayabo de .\l onte were described 
m ~n earlier report which included a discussion of the prop­
ewes and possible uses of the wood.1 Subsequently tests 
haY~ bee? conducted to determine the mechanical properties 
of atr-dned mate~ial. Results are shown in the accompanying 
table to~ether Wtth green properties '' hich are included for 
companson. 

fn rhe air-dn· condt"t'10 G b · · . n uaya o IS appreciablv weaker 
t1
1
1

1
an the closely rclared 1'\argusta (Tennimdia amcr·.onia) in 

a strength · · "" . h _properttes, averagmg about two-thirds as strong 
as t e hcaner '\argu t · · . 

II I . s a m stattc-bendmg and compression 
para c to gram propert' I . . . d. G tes. n companson w1rh T eak atr-

1 ~· u_ayaho de \lonte is slighrl Y lower in static-be~ding 
proplel r

1
nes (except \\ ork to maximum load ) compression 

para e to the grai ·d 1 d ' " the r · n: 51 e 1ar ness, and compression across 
_ ~am. Guayabo IS definitely belo\\ T eak in tension per-

'TropicaJ Woods 9:;: J08-JJ2. 
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pendicular to the grain and cleavage resistance, but surpasses 
Teak in end hardness _and shear. H a7d Mapl_e exceed_s G uay­
abo de Monte in all a1r-dry properties, part:Jcularly m shock 
resistance, hardness, compression across the grain and shear. 

U pon air drying, Guayabo de 1\lonte improved moder­
ately in most strength properties, exceeding t~c increase 
shown generally by domestiC hardwo~ds only m work to 
maximum load. Among other properties, greatest propor­
tionate increase was shown in elastic resilience, follO\\'ed by 
maximum crushing strength, compress~on across the grai~, 
proportional limit stresses in compresswn ~arallel to gr~m 
and static bending, end hardness,_ shear, stiffness, a~d side 
hardness. In tension across the gram and cleavage r esistance 
the air-dry wood was much weaker than unseasoned wood. . 

As reported in an early phase of the study, the wood ot 
Guayabo de Monte proved to be ~asy ro air _season. A _fast 
rate of drying resulted in only shght checlcing and slight 

w~. . . 
U on completion of decay resJstance s~dJes the heart-

woo~ is rated durable in its resistance to a white rot and very 
durable with respect to a brow_n-rot fung_u~· \Vhen ~ubd 
. ected to weathering in an unpamted condition~ th~ \\ oo 
J h cks considerably and loses sl.lrface smootlmess. lt IS .rated 
~ai~ in weathering quality. Heartwood absorbs moisture 

readily. . bli h d 
No change is in~ica.ted in rhe prevwusly pu s e uses 

for which this spec1es IS adapted ( 10). 

MASA 

Other common 
Amacey. 

T etragastris balsamifera (Sw. ) Kuntze 

names: Palo Cochino, Bois Cochon, and 

Occurrence: \Vest Indies. . . 
The tree and wood of Masa were described m a prcn~us 

. . on which included a discussion of ~he propcrt~cs 
pubhcatl . d t The strength propcrttes of the :ur-
and uses of the " oo · 



STATIC BENDI NG 
Fiber Strc<s~ulus ' MU..~~Work 10 W o rk to 

No. of Moisture at ProiT,rt ion· of of f: l.u- Proportion · Maximum 
Spe<aet _ _ . SourC! IA.•l':S Condition Content Specilic Gravity Jl imu Ruprurc IICity al Limit Load 

- "- · - - -percem Ove;.:dry Green lb. per lb. ptr 1000 lb. io ,· lb. in .- lb. 
vol. vol. sq . ln . Sq. in, per per per 

sq. in. cu. in. cu. in . 
Gu:l\';lUO de 
,\I mire 
(Termin,J/i,J Vene?.Uela 3 Green 7J.6 0.62 O._'i7 5·780 9·400 I ,J30 '44 7·8 
g!l) ,Jn,'llSir) Air Dry' 10.5 8, 11 0 ll,6c)o 1·570 2.J6 9·7 
:'\a rgu~t:l Briti~h 
f Tt·rminaliJ Guiana, 
mua:oniJ) British 

H o nd uras, 9 Green 67·3 0.7J o.64 7·7 10 12,1.10 2,010 1.70 12.1 
P.tnama 

H ard ,\lnple2 

( A rer United 
saccbarum) States 
Teak3 

(T erton,1 Bunna 
grand is) 

Species 

Guayabo de Monte 
(TeTmimdia 
guyanemis) 

Venezuela 
Nargusta 
( T mni1J41ia 
amazonia) 

British Guiana, 
British Honduras, 
Panama 

HardMaple2 

( Acer saccharum) 
United States 

Teak1 

Air Dry' 12.9 

Green s8 o.68 o.s6 
Air Dry 12 

Green 52 o.62 o.ss 
Air Dry' ( 1.2 

CoWPI.J!SSION PAJlALLBL TO GRAIN - -- . Muimum Fiber :stress 
at ProPOrtion­

Condition a1 Limic 
lb.pn 

Crushing Modulus of 
Sumath ElasticitY 

111. in. 
lb. per 1000 lb. 
IQ. in. per 

IQ. io. 

11 1JI 0 17·750 2,300 J.16 16.4 

5,100 9·400 1,550 I.OJ 13-J 
9·500 15,8oo 1,830 2.76 16.5 

7·250 I 1,380 r,s8o 1.89 10.0 
8,roo 13·770 r,67o 2.51 9·3· 

Compression Ten5ion 
Perpen- Perpen· 
dicular diculu 

Hardness 10 Grain to Grain Sheu Cleavage Toughness 

End Side Stress at pro- lb. {><!t 
lb. lb. ponional limit IQ. an. 

lb. per IQ. in. 

lb. per lb. per in.-lb. 
sq. in. io. of per 

width specimen 

Green 3,000 
Air Dry' 4o150 

4t140 
6.730 

l,J8o 1110 
'•S70 1510 

¢o 
1070 

700 
1070 

790 
s•o• 

IZJO 

1530 
340 
:uo• 

101.J 

Green 4>440 
Air Dry1 6>950 

Green 
Air Dry 

1,8so 
S·390 

S.S30 
9,540 

4t010 
7·830 

1,130 
z,sz.o 

1300 
IC)C)O 

1070 
1840 

1)20 
1610 

970 
1450 

lo6o 
1130 

8oo 
1810 

85o 
670. 

1440 
1950 

1400 
2J30 

400 
270. 

187.1 

(Tecto114grandis) Green 4ono S-490 1,76o C)OO C)8o 1040 <)6o 1300 420 
Burma AirDry

1 
s.l8o 7oS20 l,soo• 1010 1100 "90 98o IJOO 340. 14-4 

lAir-dry valuelldiusud co 12 !IU~t moisture contf'nr ""'cei!C whc.re deoiRnar...t I •! :~ .,.:!::ch --·- .L •• ~ • 

-- --- _ _ ____ ~--- .............. - ....... ""'" '110"'- ... umc 01 -~~cOL ~) applif'«h. Bul. ~79 (12). . 

l A: V.~{l~): Handbook of Empire Timbers (8): uapubluhed Yale results for plank material m:eived from the New York Nnal Shipyanl. 
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dn· wuod h;wc ~ub~el]Uently been determined an~ are pre­
!)C~tcd in the accompanying rablc together With green 
~rrcngth data for comparison. 

Air-dry \ lasa is intermediate to Hard Maple and Shagbark 
Hickory· in most propertic~ for which comparative data :ue 
available. Thi~ applies partt~ularly t~ bendm~ an.d crushmg 
strengTh and stiffness. ,\lasa IS exceptiOnally high m hardness 
and ~lastic resilience but is surpassed by both Maple and 
Hickon 111 comprC!;sion across the grain, shear, and work 
ro max~mum load in static bending. 

Cpon air Jrring, Teuagastris ba/sanzifem increased only 
moderate!; 111. most properties. \Vork ro maximum load 
(indicanve of shock resistance) was the only property that 
imprO\·cd more than is generally the case with domestic 
hardwoods. Among other properties, greatest proportionate 
increase \Vas shown in compression across the grain, followed 
by elastic resilience, crushing strength, end hardness, pro­
portional limit in static bending, modulus of rupture, side 
hardness, stiffness, and shear. Approximately one-third of the 
strength of the green wood in tension across the grain and 
cleavage resistance was lost upon air drying. 

As noted in an earlier report, the wood of Masa is subject 
to serious checking if permitted to d1y rapidly. Completed 
arr-seasoning studies sho\\ that a moderate rate of drying 
was accompanied bv moderate end and surface checking. 
Only slight warp ":·as observed. The wood is classified as 
moderately dit1icult to season. 

D~ra~ility tests nO\\ completed on heartwood of this 
spec1cs md1care that ,\1asa is very durable to durable in irs 
rcst~t:~~ce to both white-rot and ·l>ro\\ n-rot fungi, although 
~Xh1b1tmg some variation with respect to the latter. Wcathcr­
mg chara~reristics of .\ lasa are poor as se\·ere surface and 
end ch<.:ciHng de\clops upon exposure of unpainted wood. 
Hca~wood is relatively resistant to moisrure absorption, 

occu~ymg a position intermediate to White Oak and Mahog­
any. T11c. \\:ood is moderately easy to glue. Steam-bending 
ch~ractcnstJCS arc fair ro crood. 

• • b 

I he list of potential uses for this species remains unaltered 
fr(Jm that · · 
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FIDDLE,VOOD V it ex Gaumeri Greenm. 

Other common name: Y axnik. 
Occurrence: ~texico, Guatemala, British Honduras, and 

Honduras. 
The tree and wood of Fiddlewood were described in a 

previous publication which included a discussion of the 
properties and uses of the wood.1 Subsequent testing has 
pro,~i~ed da.ra on the mecha~ical properties of air-dry 
matenal '' hich are pr~ented m the accompanying table. 
Green strength properoes are shown for comparison. 

In th~ air-dry condition V itex Gaumeri surpasses the re­
lat~d V1~ex Cooperi and V. Kuylenii in all strength prop­
ern~s. It 1s ~lso superio~ to vVhite Oak and Hard Maple in all 
~tanc-be?dmg propernes except work to maximum load, and 
~~ crushmg strength, even though both are denser woods. 
~1ddle\\ ood is in~ermediate to White Oak and Hard Maple 
m hardness, b~t lies below both these woods in compression 
across the g~am and other properties for which comparable 
data a~e a~·rulable. The shock resistance of air-dry Fiddle­
" ood IS slightly below that of W hite Oak. 

t?pon air-drying, Fiddlewood showed a typical high ratio 
of nnpro,·ement · 1 · ·1 · . m e asttc res1 Jence, static-bending strength, 
~nd crushing strength. Increases in modulus of elasticity 

ardness, and sh~ar were slightly below those generally 
sho\\hn bky domcsnc hard'' oods. The relatively slight increase 
m s oc · res t · 1 h d 15 a~ce 15 a so characteristic of most domestic c!r \\ oo~:. but rs not so common among tropical species. 
o~prcsswn across the grain improved much less than is 

nmmal and a striking dr 
across ~he . d 

1 
°P oc~urred in tensile strength 

. gram an c eavage resiStance. 
Ftddlewood dried at · bl . . compl d . ' a vana e rate m :ur-seasoning studies 

ere smce the prev· 0 S . 
aencrallv sliaht d 

1 
1 us report. easorung defectS were 

~rely diffi~ j an ~ 1e w~od can be considered as moder­
surface ch:c~·to season. Slight end checking and moderate 
- mg were observed to result from rapid dry-

lFropical JJ' oodr 97: 112-J t6. 
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ing. The only warp noted was in the form of slight crook 

or bow. 
Completion of decay resistance studies involves a minor 

change in the durability ratings assigned to Fiddlewood. 
HeartWood was found to be very durable to durable in 
resistance to attack by a white-rot organism and very durable 
with respect to a brown rot. Fiddlewood is among the more 
resistant group of woods with reference to attack by marine 
borers. As previously reported no deterioration was observed 
after 10 months' exposure of small specimens at Kure Beach, 
North Carolina. These specimens were subsequently trans­
ferred to Harbor Island, North Carolina, and the testS con­
tinued. After 1 5 months' total exposure, only moderate attack 
by teredo and pholads had occurred. On this basis Vitex 
Gtntm.eri is superior to Teak in resisting marine-borer attack. 
Several domestic woods including Douglas Fir, Southern 
Pine Red Oak and White Oak were heavjjy attacked with-

' ' in six months under these conditions ( 4, 5). 
Vitex Gaumeri displays only fair weat~ering character­

istics. Considerable surface and end checkmg occurred as a 
result of exposure to the weather without p~otection. He~­
wood offers relatively little resistance to moisture absorpnon. 
Steam-bending quality is poor. 

Proposed uses for Fiddlewood remain unchanged from 
those previously listed ( 10). 

FLOR AZUL Vitex Kuylenii Standi. 
RAJATE BIEN Vitex Cooperi Standi. 

Other common names: Flor Azul: Fiddlewood, Barbas. 
Occurrence: Both species are found in Mexico, Guatemala, 

and Honduras and the range of Flor Azul extends into 
British Honduras. 

Descriptions of the tre.es ~nd wo.ods. of these sp~cies ~p­
peared in a previous pubhcat1on \Vhtch mcluded a d1scuss~on 
of the properties and uses of the wood.1 Subsequent testmg 

lTropical Woodr 95: n?-1 32· 



STATIC BENDIN G 

~Stress-Modulu~ ModuJu~ Work to Work to 

No of Moisture at Proportion- of of Elas- Ptoponion- M:aximum 

Spcci~ Sourc:e 1..<>1':' Condition Content Specific Gravitl' al Ltmit Rupture tic icy a! l imit Load 

-- percent Oven-dry Grct'n lb. per lb. per 1000 lb. in--lb. ~ 
vol. voL ~- in. sq. in. per per pe_r 

sq. in. cu. in. cu. to. 

Fiddlcwood 
(Vitc>x British 3 Green .Jl-5 o.64 u.s6 6,1 ] 0 10 ,1 90 1,6oo 1.33 9 ·9 

G aumeri) 1 [onduras Air Orr' r6,55o 1,96o 3·65 12. ] 11 ,720 I 1.1 

Raja« n;,, I 
(Vitc., Coowil Guot<m•l• Green 98.8 o.6o 0-53 5,86o 9·410 1490 1.18 7-1 

FlorAzul 4 Air0ry1 IJ.8 8,720 12,890 1·57° 1.56 9 ·0 

( Vitex 
KuyleniiJ H onduras 
\\ 'hi te O a k2 United Green 68 0 .] 1 o.6o 4·700 8,JOO 1,150 1.08 I r.6 

(Q uercus a/ btr) States Air Dry 11 8,200 15,200 1,78o 1..27 14.8 

Hard 1\taplcz 
(Acer United Gree n ss o.68 0.56 s.roo 9·400 1,550 !.OJ '3·3 

strccbantm) States Air Dry ll 9·500 15,8oo 1,830 2.]6 t6.5 

COMPRESSION PAilALLBL TO GJ.AlN Com,pression TeMion 
Fiber Suess Muimum P~en- P~n-
at PropOrtion- Crushing Modulus of d1CUI3f dtcula:r h 

· Condition a1 Limit Strength Elasticicy Hardness to Grato tO Gram Shear Cleavage Toug ness 
Speoes Jb. per lb. per 1000 lb. End Side Su~s at P.r<>: lb. ~ lb. l?Cr 1~. per in.-lb. 

-· 00 

t-i 
!;tl 
0 
I-C1 -("') 

> 
t""' 

~ 
0 
0 
0 
fJ) 

z 
p 
~ 
CIO 
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sq. in. sq. in. per lb. lb. poruonallimtt sq. tn. sq. 10. t~. of p~r 
sq. in. lb. per sq. in. w1dth speameo ..., 

Fiddlewood ~ 
( VitexGaumeri) Green 3,240 4,750 r,87o 118o 1040 790 1140 1310 450 143·3 O 

British Honduras AirDry1 
5·740 8,69o 2,140 1700 1390 1100 470• 1700 320• ~ 

Rajatc Bien . ( n 
( Vitex Coo pen) > 

Guatemala Green 3,700 4,78o 1,780 1050 1050 118o 650 128o 310 108.0 t""' 
Flor Azul Air Dry' 5t4SO 7,010 I ,68o• rno ¢o• 990. 400. 1540 28o. ~ 
( Vitex Kuylenii) <:: 

Honduras 0 
\Vhite Oak

2 
G!cen 3·090 J,S6o - 1120 to6o 830 770 1150 410 144.93 0 

(Quercus alba) Arr Dry 4,76o 7440 - 1510 136o 1320 8oo 1ooo 
450 

0 
Hard Maple2 en 
( Acer saccbarrmJ) G!ecn z,8so 4,020 - 1070 970 8oo _ 

1400 United States Atr Dry 5:390 7,830 - 1840 1450 1810 2330 
lAir-dry values ad!!'Sred 10 12 percent motSture conreot except where designated ( •) in which case the ·~t al • · f 

testi~nB c col. ~ ) applies. - u motsrure content at ttme o 
2U, S. Dcpc, Agr. Tech. Bul. 47.9 (12~. 
8\'alue obtained for plank matcnal recetved from the N"" York Naval Shipyard, 

...... 
'0 
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of air-dry material has been completed with results shown 
in the accompanying table. Strength properties in the green 
condition are included for comparison. 

The close similarity noted between these woods in their 
green strength properties is ret~ed in the air-dry condition 
and the average values are considered representative of both 
species. The resemblance of th~e ~voods to Hard Maple, 
however. docs not apply ro rheu air-dry properties. Based 
on rhe a\erage values shown in the table, Rajate Bien and 
F_lor Azul are ~urpassed ~y Hard Maple in practically all 
rur-~ry pro~eroes for ':"·hich comparison is permitted, and 
particularly m shock res1stance, compression across the grain, 
~? hardn~. ~laple is. about 2 5 percent stronger than these 
J ~:~x spec1es 1~ bendi~~- The closely related Fiddlewood 
( T ttex Gaumerz) of .Bnns~, H.onduras is apparently superior 
to Flor Azul and Ra)ate Bten m all mechanical properties to 
a much greater deg~ee than '":ould be anticipated on the basis 
of a rather small difference m specific gravity. 
. Upon ~ir drying, these woods showed only moderate 
mcreases m several properties and appreciable losses in a 
~umbe~ of ~t~1ers. Greatest proportional increase occurred 
m ~lasnc resilience, followed by proportional limit stress in 
stattc bending c h' h . . , rus mg strengt , bendmg strength shock 
resistance and sh 0 1 · h . ' .· • . ear. n y m s ock res1stance (work to 
maXlll1um load m static bending) did this increase exceed 
r?~t shown by most domestic hardwoods. l\lodulus of elas-
ncity was not · bl 
h d 

apprec1a Y altered upon dr)'ing but side 
ar ness co · • ' • mpress10n across the grain, cleavage and tensile 

strength across the grain all showed decreases. ' 
Both Flor Azul d R · n· , diffi 

1 
. J an ajate ten are classed as moderately 

cu t to a II season v ·t c· · d · . h . · 1 .ex oopert ned at a moderate 
rate wu shght ch k" . 
fast to 1 

cc mg and ·warp. Vttex K.uylenii exhibited 
sow rates f d · · ran ed fro . 0 rymg With variable checking that 

of ;h d ~ slight to severe and appeared to be independent 
e rytng rare. 

Incorporation of res . 1 f . previously d t tcsu .t'i or Vnex Cooperi with data 
repone for Vttex ]{uylenii introduces little 
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change in decay-resistance ratings. The heart,vood of these 
species averaged very durable upon exposure to both white­
rot and brown-rot organisms. 

The wood of both species exhibits good weathering char­
acteristics. Little surface checking and loss of smoothness 
occurred and no warp was observed upon exposure of un­
painted panels to the weather. Heartwood is moderate in 
moisture absorption characteristics and is rated somewhat 
more permeable than Mahogany. 

No changes are indicated in the proposed uses for these 
species as published previously ( 7). 

QUARUBA Vochysia guianensis Aubl. 
Vochysia hondurensis Sprague 

Other common names: Cedro-rana, Kwarie, Wanekwalie, 
I teballi, and Barba Chele. 

Occurrence: British Honduras through Central America to 
the Guianas and Amazon valley of Brazil. 

The trees and woods of these species were described in an 
earlier report which included a discussion of the properties 
and uses of the wood.1 The mechanical properties of air­
dried wood have been detennined in subsequent rests and are 
presented in the accompanying table. Green strength values 
are also shovm for comparison. 

In the air-dry condition Quaruba continued to show 
variation similar to that noted in the tests of unseasoned 
wood. On the basis of average values, air-dry Quaruba 
compares closely to Yellow Poplar. Slightly lower than 
Yell ow Poplar in static-bending properties, compression and 
tension across the grain, shear, and cleavage, Quaruha exceeds 
Yell ow Poplar by a small margin in compression parallel to 
the grain and hardness. 

Upon air drying. Quaruba increased considerably in most 
of its mechanical properties. The general increases shO\\:n 
by most domestic hardv.·oods are exceeded by Quaruba m 

1Tropical W oods 97: 11 6-1:1. 
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STATIC fii;NDJNC 
FibL"r Strc" ~fodui-;;;--SiOdulus Work ro Work to 

No. of Moi~ture :u Pro~rr ion· of of Elas· Proportion· Maximum 
S~ic>S S:a_uE_~ Lo.c:s Conduion Con rent Speeific Grt\·Jt~' nl .im 11 Ruprure ticiry al Limit Load 

r>er<em Oven-dry Gr~·n -ib. re7- --Jb,l;'cl~-1000- lb. in ..lb. in .. Jb. 
\ '01. vol. sq. in. S<J, an. per per per a-1 

sq. in. cu. in. cu. in. :;d 
Rajat~ Bien 

Green 
0 

( Vite:r CoofJcri) Guatr1mla 2 10i·4 0.61 0·54 5·5Ro 9>44° 1460 1.04 8.7 '"0 
Flor Azul Air Dn·1 s.s• -14.1 9,110 '3·000 r.po 1.71 (") 
( Vite.,· ll ondur;JS 2 Green 90·' o.s8 o.p 6,150 9·400 1,520 1.]2 5·6 > 

_\ir Drv1 H,po I ~.780 1,620 9·6 -'-~·5 240 ~ 

A\·eragc 4 Green 98.8 o.6o O.jJ 5,86o 9>420 1·490 1.18 7·2 ~ \rr Dry1 13.8 R,710 12,890 1,570 2.56 9·0 0 
British Green ·+2·5 o.6-t 0.)6 6,170 10,190 J,6oo 0 

3 1.3J 9·9 0 1-l onduras Air Dry' 12.7 11,720 16,550 1,<)6<> 3·65 II. I en 

l,;nircd Grcl'll 58 0.68 o.s6 5,100 
States AirDrv IZ 9·500 

z 
0 

'0 

COMPRESSION PARALLEL TO GRAIN Compression Ten~on 
Fiber Suess Maximum ~erpen· Perpen-
at Prooortion- Crushinl( Modulus of dacul~r d"ular h 

• <.:ondition al Limit Sttengrh Elasticity Hardness to Graan to Gul!l_Shcar Cle-avage Toug nes~ 
Speeaes l~per-lb-:J,er 1000 lb. End- Si<ie~~ss ar P.ro: lb~ l_>er lb. per 1~. per in.-lb. 

00 

sq. in. sq. in. per lb. lb. porraonal limn .sq. an. sq. an. ·~· of P~r 
sq. in. lb. per sq. in, wadth specamen --I ~~~n :;d 

(VitexCooperi) Green 3,6c)o 4,85o 1,76o 1110 1140 920 6_,o 1350 z8o 1224 0 
Guatemala Air Dry• s.38o 7·140 1,720° 1240 940. f}OO.. 420° IJSO 300 '"0 
~~ R 
( Vitcx Kuylenii) G!ccn 1 3·720 4.700 1,81 o 990 9f10 1440 ()so 1220 .36o 93.6 ;> 

Honduras ~·r Dry s,po 6,8Ro I ,640° 1420 990 108o" no• I 700 z6o" c-
i\\'Crl\gc G.rccn 1 3,700 4,78o 1,78o 1050 1050 tiRo 65o 128o po 1o8.o ,..... 

A1r Dry 5450 7,010 1,68o" 1330 9f><l" 990" 400" 1540 28o" <: Fiddlewood 0 
(VitcxGaumeri) G.rccn 3,240 ·h7So t,!!7o tt8o 104o 790 .,

40 
llJO 

450 14~.l Q 
British Honduras A1r Dryt S·74o 8,6c)o 2,a4o 1700 1390 11oo 470" 1700 3 :o• · · C:f} Hard i\·laplc2 

(Acersacc/Jarum) G!ccn 2,R5o 4,020 - 1oio rno 8oo -
1400 United States ~Dry S;._l~- i.S)o __ ----=-~~ ljS':_ -~81o _ l,Ho _ 

tO 12 ~rcrnt moauure ton tent CXC<p! .... h~rr dc!lgnatrd ( • ) in Whlth Case the D< maT moisture COntent ~~ time of 
'ech. Bul. 4 79 (12). 
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STATIC BllNDING 
Fiber Stress ~fodulus ~od~Work tO Work to 

No .. of ~foisture at Prorr,rrion- of of Elas- Proponion· Maximum 
Sr«i~-- Sourre l.o~Conclirion Content Specific Guvirr al .imit Rupture ticiry al Limit Load 

percent Oven-dry Green lb. per i"b. per 1000 lb. in.·lb. in.·lb. ...; vol. vol , Sq. 10, sq. in. per per per , 
sq. in. cu. io. cu. in. Quarub.t 0 

Green 6,]JO '"0 (Focbysia Brazil I ''9·-J O . .:JS 04) 4,000 '·38o 0.91 5·2 -gr1i.TTTe'llslS) Air Dry1 lj.O 6,930 10,3JO 1,5]0 ' ·73 7·3 
() 
~ Surinam I Green 2JO.O o .. p O.J6 J,fho 6,oso 1.1JO o.68 5.8 r Air Dry1 10.6 6,540 9.oso l,f.lO 1.67 5·2· 

( Vocbysi.r "\"icarJgua 3 Green 226.-f O.J; O.JJ J.SOO s.sso 1,040 0.67 4·6 ~ bondurmsis) Air Dry1 
"·9 4·930 7·900 1,100 1.20 s.s 0 A,·cr;tgc 5 Green 191·9 o .. J.l 0-37 3.970 6,120 1,220 0-75 5-2 0 

Air0ry1 12.) 61130 9·090 I,J90 1.5J 6.1 0 
Ycllo"· Poplar.!! (J> 

( Liriodt7ldron UnitcJ Green 6-t 0.-fJ 0.38 3·400 j,400 r,ogo o.6z 54 States AirDrv 12 6,100 Q,200 ,,,00 l.J.l 6.8 

z 
0 

'0 
00 Compression Tension 

Perpen· Perpen· 
cJiculu dicular 

Shear Cleavage Toughness Hardness to Grain to Grain 
End Side Stress at f;lo- lb:"""~r . lb. per lb. per io.-lb. lb. lb. ponional imit sq. •n. sq. in, in. of ~ ~ ..... lb. per sq. in. width spec amen Quaruba 

..., ( Voc:IJ)' si.1 , guianc11Sis J 

121.6 
0 Brazil Green I,QOO l.'7lln •,6so 590 6zo 400 440 750 210 '"0 -. ·- - ~-_,- 1,690 500. 740 610 36o• 1220 140 

&? 
Surinam Green 1,300 z,Bgo '·490 900 HJO 390 420 no 190 95·6 Voehysia Air Dry' 5·790 7,16o '·790 710. 400. 530 zRo• 68o. 140. c-IJoudur~zsis J 

Green 2,610 
~ 

':icaragua z,oso 1,170 s•o 410 •PO +JO ;oo 230 7J.5 
AirDry1 3·350 4.140 1,roo• 6]0 400. 450 410. IOJO •go• 0 

0 
Average Green z,o8o 2,]6o '490 6]0 (uo 400 4JO 740 210 QG.C) v 

AirDry1 
4·700 5·840 '·550 63o• Ho• SJO 35°• C)&> 190• Vl 

z,.po 
390 340 330 450 740 2!0 
56o 450 5Ho s:o 1100 zHo 

i£nat~d ( ' ) in whiCh C'll\t' tlle 11< IU3J m(liSture COnrent lll Ume of 

-00 ...... 
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work to maximum load and compressive strength parallel 
to the grain. Amo?g othe~ properties greatest r~lative in­
crease was shown m bendmg strength, compressiOn across 
the grain, !)hear, and stiffness. End and side hardness, tension 
acn~\.'i the grain, and clea,·age resistance decreased upon air 
drying. 

Both species are rated moderate~y difficult to. air season 
on the basis of tests completed smce an earlter report. 
Vocbysrn guinm:nsis is moderate to slow in rate of drying as 
compared to a rapid rate of drying shown in the case of 
Vochysin hondurensis. V. guianemis exhibited slight surface 
checking, casehardening, and warp, while V. bondurensis 
sho'' ed moderate twist accompanied by slight checking and 
slight crook or bO\\ and cup. In addition, considerable col­
lapse of 1

114 -inch boards was observed for the latter species. 
L pon completion of decay resistance studies, the heart­

wood of Vocbysia guinnensis is rated very durable in resist­
ance ro attack b) a ''hire-rot fungus, although showing some 
,·ariability in this respect, and moderately durable in resist­
ing a brown rot. Vocbysia bondurensis, on the other hand, 
was found to be durable to moderately durable in its resist­
?ncc to .a ''hire rot and moderately d~rable to non-durable 
In tests In~·olnng a brown-rot organism. Quaruba weathers 
well showmg only a moderate amount of surface roughness 
and .slight surface checking upon exposure '' ithout th'C pro­
tectton of p:um. 

' I~he ~\'ood exhibits fair steam-bending quality. 
1 he list of potential uses for the species remains unchanged 

f ro111 that reported pre\· iously ( 
10

) . 

1'1 b:J I'• } .l t 
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Tree Diameter Top dram· '8 
'T'rcc height, ~t scump, ter o( !C~t 
No. ~pe<i~ Smow: feet inche~ lof Inch~~ C.:harJcrcr Remltkt __ 

~40 · -(;0~di,1 .ilioJo-;:;-- --- ~ ~Par1;1111a 6s 14 11 Old growth Lowland rain forest. 
FlcY:aion 100 fccr. 

+f' 67 11 ro Old grm\th " " " 
H~ " " " 66 14 ro Old growth " ·~ '' 
.p r flomb.u:op.ri.' quin.u.r P;mama 6o 18 13 Old growth Lowland ram fore!>t. 

Elc,·ation roo feet. 
f!J " " so 22 20 Old growth " " •• ...., 
.p ; " '' " so 30 20 Old growth " " " :;o 
.n4 llylllt:Jl.lt!if courb,,ri/ P.w.una 90 19 r6 Old gnnnh Lowland rain fore:.t . ~ 
· Elcntion roo feet. -

4~s " " " 85 20 '5 Old growth " " .. CJ 
lis '' " ·• 92 zo r8 O ld growth " " " > 

.J. b B . ' I G . r 
2:1 Ocouu rtl ' ' ' rru~ 1 luana 29 
! 2! h \0 H •• 20 :;: 

2ll '' h H ., l l 0 
461~ Su:ictcni.rmacropbyl!.r Central America 0 
·P7 Tabt·bui,, flt'llt.7flbyll.r Panama <)0 n •7 Old growth Lowland rain forel>t . 0 

Ele\'3tion roo feet. VJ 
428 " " " 100 30 r8 Old growth " " " 
429 " " " So r6 13 Old growth " " " 
461::! Tatomr grandis Burma 
430 T cnuinalia awa:.onia Panama 70 30 1 1 Old growth Lowland rain forest. 

Elevation roo feet. Z 
43' " " " 8o r8 ' 7 Old growth " " " 

" " " 8 Old 
0 

432 5 r6 14 growth " " " • 
l Thit,llst i.nclud« only io8s n<X jlrniousl}'_reported in TropiuJ Woods Nos. 9S aod 97. ~ 
ZP.ecaftd to che form of plaok from the u . s. Na~ Depaiaaeor, New York Nam Sbip,ard. 
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Fu.cRE 11. 

Flt;URE 12. 

Fua.'RF. ll. 
Fu.L·R.- 1 

H ymc11aca courbaril (sap\\ ood) 
Cordia al/iodora 
l.o.\"opta.v gium S.Jgotii 
N t•ctandra coucitm.z 

fangcntiaJ, I 

Tangenrial, 
T.mJ!Cntial, 

khhal, 1 



Fu.tiU I i. 01'VICo1 rubr.1 I ang"~·tmal, • X 

Fu.tJu: I ti, ,')tz:il'tclli,r /lliiCI'O p/J y//11 
l'angcnti:tl, ,,, 

( ph111 at ion-gru\\ n) 

Fu:lJU. 17· 'Jrctowt g,.w,fis ( .mt.uion·gnl\\ n) R.tdial. I I .. , ' 


