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INTRODUCTION

A growing interest in the utilization of bamboo produced in the West-
ern Hemisphere has recently been observed. This interest was aroused to a
large extent by the cutting off of supplies from the Orient as a result of
the last world war. In certain parts of the Orient, bamboo is used in
nearly every aspect of daily life. Common uses include bridges, houses,
fences, rafts, vessels for carrying and storing water, water pipe, cooking
utensils, splints for baskets, hats, mats, vehicle shafts, furniture, con-
crete reinforcing, paper pulp, packing and shipping, poles, masts, sporting
goods, phonograph needles, nails, handles, toys, and musical instruments.
Long experience and a considerable amount of technical data (1, 6)2 have
indicated the Eastern species best adapted to these various uses.

Similar information on the Western bamboos has not heretofore been
Obtained. While bamboos native to the Western Hemisphere are being used
for general construction work (3, It, 5) and for some industrial applica-
tions, very little is known of their properties and their adaptability to
the numerous uses to which bamboo might reasonably be applied.

The bamboos are true grasses characterized by hollow or rarely solid
stems thatare closed at the joints or nodes. Unlike tree stems, bamboo
culmsZ attain their full growth in a few weeks. Bamboo culms present a type
of structure entirely different from that of wood in that they do not
exhibit seasonal or annual growth layers. Instead, the harder, denser por-
tion is made up of fibrovascular bundles containing dense sclerenchyma
fibers. These bundles are more numerous toward the outside wall of the culm
and less closely packed toward the hollow center. Softer, low-density,
light-colored tissue, consisting of parenchyma cells, makes up the mass of
the culm between the fibrovascular bundles. This will be evident from
figure 1, which shows a magnified cross section of a bamboo culm of Bambusa
tuldoides. More than a foot per day is not an unusual rate of height

1Maintained at Madison, Wis., ' in cooperation with the University of
Wisconsin.

ENumbers in parentheses refer to Literature Cited, p. 13.
j ointedj 	 stem or stalk.
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growth, and an instance of 3 feet per day is on record. Some species often
reach heights of 80 feet. After attaining full growth, the culms may re-
quire 2 to 5 years to harden and ripen fully. If left standing too long or
until it becomes yellow, bamboo is reported to lose much of its elasticity.

Between 600 and 700 species of bamboo have been reported throughout
the world, but only two of these are native to the United States. These
constitute the so-called cane brakes of the South. During the earlier part
of this century many kinds of bamboo were introduced here for trial by way
of Europe or directly from the Orient. These plantings, however, were used
mainly for ornamental purposes and did not result in any widespread cultiva-
tion for commercial uses.

PURPOSE

In view of the increasing interest in bamboo in the Western Hemi-
sphere and of the difficulty in obtaining adequate supplies for industrial
uses from the East, the U. S. Forest Products Laboratory at Madison, Wis.,
undertook some tests of a few representative species of bamboos cultivated
in Puerto Rico and in South America to determine their strength properties
and to obtain an indication of the gluing and of the resin- and
preservative-treating characteristics of a limited number of samples of two
commercially important species. Strength tests were made on culm sections
and splints from four species grown in Puerto Rico and on splints from two
species from South America.

In addition, sections of clams of air-dry Guadua angustifolia and
Bambusa tuldoides from South America were studied from the standpoint of
determining ease of treatment with phenolic resin with the object of giving
them resistance to checking and resistance to attack by organisms. The
purpose of this study was to further their utilization in the furniture
industry in the United States and in house construction in the region of
their growth.

METHODS AND MATERIALS

The material for strength tests consisted of two lots, A and B.
Lot A consisted of the major portion of the test material, four culms each
of the four species= of bamboo from Puerto Rico listed in table 1. Each
culm was cut into approximately 5-foot sections or bolts. This material

liSmall specimens (usually rectangular) cut from the culm wall.
5
–Bambusa arundinacea Willd., B. tulda Roxb., and Dendrocalamus strictus
---tRoxb.) Nees., native to India, and Bambusa vulgaris Schrad. ex Wendl.,

native to Madagascar.
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was grown in Mayaguez Township, Mayaguez County, Puerto Rico. 6– It was
stored from 2 to 4 months in a ventilated shed from date of cutting to date
of shipment to the Forest Products Laboratory. Data on the age when cut,
height, outside diameter, wall thickness, and spacing of nodes are recorded
for the four species in table 1.

Lot B consisted of sections from base, middle, anq top cuts of one
culm each of Bambusa tuldoides! and Guadua angustifolia,_ two of the most
promising commercial species of bamboo growing in the Western Hemisphere.2

All test material was stored in a constant-humidity room maintained
at 64 percent relative humidity and 75° F. until of constant weight. The
tests were made in the same humidity room.

In general, the standard test procedure of the American Society for
Testing Materials for small clear specimens of timber was followed insofar
as practicable. Static-bending (fig. 2) and longitudinal-compression tests,
and moisture and specific-gravity determinations were made on full cross
sections from each 5-foot culm section or bolt of the Puerto Rican material.

Static-bending, longitudinal-compression, and tension tests ) as well
as moisture and specific-gravity determinations, were also made on rectangu-
lar splints cut from each bolt of the Puerto Rican bamboos. The splints
were surfaced on all faces before test. In the surfacing the outer enamel,
plus a portion of the dense outer zone, was necessarily removed. The
splints for static-bending tests were cut in pairs, and one of each pair was
tested with the outer surface up and the other with this surface down. In
this test, the sample was supported at each end, and the pressure was
applied from above midway between the points of support.

A few static-bending tests were made on internodal bamboo splints cut
from Bambusa tuldoides and Guadua angustifolia. These splints were cut from
the outer portion of the culm in pairs that were brought to approximately
the same radial thickness by removing material from the pith side only. The
outer enamel was left intact on the outer surface, which was slightly convex.
One of each pair was tested with the enamel surface up and the other with
this surface down. Moisture and specific-gravity determinations were made
on each specimen tested.

The material from Puerto Rico was selected and furnished by the Federal
Agricultural Experiment Station, Mayaguez, Puerto Rico.

1
Material from Brazil, from plants introduced from China.

8
–This species is native to Ecuador, where the test material was obtained,

and occurs commonly in other parts of northwestern South America.

-The material from South America was supplied from the documented collec-
tions of F. A. McClure, Field Service Consultant on Bamboo, Technical
Collaboration Branch, Office of Foreign Agricultural Relations, U. S.
Dept. of Agr., Washington, D. C.

Report No. D1765	 -3-



The material for the resin-treatment tests consisted of a series of
fourteen 1-inch rings cut from butt sections (2 meters in length) and a
similar series from upper sections (third 2-meter section from ground for
Guadua angustifolia and second 2-meter section for Bambusa tuldoides) for
each species. Twelve rings of each species were treated with phenolic
resin, and the remaining 16 rings of the species were used as controls
equally divided between butt and upper sections. The specimens for treat-
ment were immersed in a commercial water-soluble resin diluted to a resin-
forming-solids content of 30 percent. They were then subjected to air
pressure of 75 pounds per square inch for 48 hours in a treating cylinder.
Following treatment, the specimens were placed in a closed container for a
48-hour diffusion period and then air-dried for 2 days and kiln-dried for
48 hours at 140° F. The resin was then cured by heating for 4 days at
210° F. The average solution uptake and cured-resin contents for butt and
upper sections of the two species were calculated.

The rings, treated and controls, were then immersed in water for a
period of 12 days to allow complete swelling to take place, after which
average percentages of swelling in diameter and in wall thickness and of
moisture absorption after immersion were calculated.

. 10
Gluing-- experiments were made on material of two bamboo species,

Bambusa tulda from Puerto Rico and Guadua angustifolia from South America.

Split sections of Bambusa tulda about 7 inches long were surfaced on
a jointer 'on the inner surfaces, which were then glued together as shown in
figure 3,A. Thus low-density portions of the cross section were united at
the glue line. Three commercial cold-setting glues, casein, urea-resin, and
resorcinol-resin, were used. Five to 10 minutes were allowed for assembly
between the time of spreading the glue and applying the pressure. Pressure
was applied by means of C-clamps and held overnight at 75° F. The joints
were conditioned at 80° F. and 65 percent relative humidity for 3 days.
The glued sections were then cut into shear-test specimens to simulate as
nearly as possible the standard block-shear specimens shown in figure 3,B,
and tested in the standard block-shear apparatus (7).

The gluing experiments on Guadua angustifolia were made on one culm.
The culm was cut into strips 18 inches long and squared to the largest
dimension possible, which varied from 0.65 inch square for strips nearest
the base to 0.4 inch square for those farthest from the base. In squaring
the strips the outer shell and the inner pith were removed. Four adjacent
strips were selected for each separate glue, the outer faces (high density)
of two strips and the inner faces (low density) of two strips being glued
together.

Five different types of glue were selected for the experiment, as
follows: casein; phenol-resin, intermediate-temperature-setting;

10
--Tests made by H. D. Bruce and Fred W. Phelps at the Forest Products

Laboratory.
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resorcinol-resin, room-temperature-setting; urea-resin, roam-temperature-
setting; and animal glue. All glues were mixed and used according to manu-
facturers' instructions. Application of glue was by brushing. Pressure
was applied with C-clamps. All joints were cured at room temperature
except those with the phenol-resin glue, which were cured at 160° F.

The joints were cut into shear-test specimens of the type illustrated
in figure 3, B, except that they were smaller and conditioned for 1 week at
80° F. and 65 percent relative humidity before testing in the standard
block-shear apparatus. Two specimens for each glue and each density were
tested dry and two were tested wet after 48 hours' soaking in water at room
temperature. The remaining specimens were left in the 80° F. 65-percent-
relative-humidity room to be tested 6 months later.

Short sections of Bambusa vulgaris and Bambusa tuldoides culms were
furnished by the Tropical Forest Experiment Station, Rio Piedras, Puerto
Rico, for preservative treatment. 11 The sections were pressure-treated with
coal-tar creosote by the Lowry process, using a pressure of 50 pounds per
square inch for a period of 15 minutes with the creosote heated to 170° F.

EXPERIMENTAL RESULT'S

Strength

Material from Puerto Rico

The average results of the bending tests of full-sized bamboo-culm
sections of species grown in Puerto Rico are given in table 2.

The average results of bending tests of air-seasoned bamboo splints
of species grown in Puerto Rico are given in table 3. The results as
tabulated show percentage ratios of specimens containing nodes to matched
specimens without nodes, as well as percentage ratios for specimens tested
with the outside surface up to specimens tested with this surface down.

Table 4 gives average results of compression-parallel-to-grain tests
of air-seasoned bamboo-culm sections and rectangular splints for four
species of bamboo grown in Puerto Rico.

Table 5 gives average, minimum, and maximum values of tests in ten-
sion parallel to grain of splints from four species of bamboo grown in
Puerto Rico. Percentage ratios of nodal to internodal material are given
for two species.

Table 6 is a comparison of culms to internodal splints for static-
bending properties and maximum crushing strength parallel to grain for the

--
Reported by J. Oscar Blew of the Forest Products Laboratory.
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Puerto Rican material tested. The values are ratios of culms to splints for
individual species and for the averages of four species in percent for the
various properties.

Figure 4 and figures 5 and 6, show specific gravity-strength rela-
tions for culms and splints, respectively, of the four bamboo species from
Puerto Rico.

Material from South America

Table 7 gives the average results , of static-bending tests of inter-
nodal splints cut from basal, middle, and top cuts of Bambusa tuldoides and
Guadua angustifolia, the two species from South America.

Swelling, Moisture, and Antishrink Efficiency?

Material from South America

The average solution uptake and cured-resin contents of the sections
of the two phenolic-resin-treated species from South America were as
follows:

Butt section	 Upper section

Percent	 Percent

Guadua angustifolia

Solution uptake 89 99
Cured-resin content 26 30

Bambusa tuldoides

Solution uptake 87 95
Cured-resin content 23 28

The average percentages of swelling and of moisture absorption of
the sections after immersion for 12 days in water were as follows:

--Data are from experiments by Merrill A. Millett of the Forest Products
' Laboratory.
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Guadua angustifolia

Treated Controls

Percent Percent

Swelling in diameter 3.4 8.6
Swelling in wall thickness 5.5 22.9
Moisture absorption 23.0 77.3

Bambusa tuldoides

Swelling in diameter 3.6 9.8
Swelling in wall thickness 4.6 15.6
Moisture absorption 29.1 64.8

Gluing

Material from South America

The results of shear tests on glued sections of Bambusa tulda showed
average shear strengths of 1,295, 2,284, and 2,277 pounds per square inch,
and average percentages of fiber failures of 30, 86, and 64, for the casein,
urea, and resorcinol glues, respectively. The joints made with the urea and
resorcinol types of glues appeared good. Those with the casein glue showed
relatively little fiber failure, looked poor, and were quite variable. It
is probable that better joints could be made with all these glues with a
more even distribution of pressure and more careful conditioning before and
after gluing, as was done for Guadua angustifolia.

The results of shear tests on glued joints of Guadua angustifolia
after one week's conditioning are given in table 8. They show good
strengths for specimens tested dry but considerable reduction for all glues
tested wet. The results of the shear tests of Guadua angustifolia after
6 months' conditioning are given in table 9. Since there were only two
joints per average, it is questionable how much significance should be
placed on the differences between the results reported in tables 8 and 9.
The animal-glue joints decreased significantly during this exposure. In
general, joints made with the resin glues increased somewhat in either joint
strength, fiber failure, or both. This was particularly true in the wet-
strength tests and may have been due to some additional curing of the glues
during the 6-month exposure. Most of the specimens tested. after 6 months'
storage were badly affected by blue stain. Although no direct comparison is
possible, it was felt that the discoloration was much greater than the
slight discoloration noticed in the specimens tested after 1 week's condi-
tioning (table 8).
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Preservative Treatment

Material from Puerto Rico

The following observations were made on the preservative treatment of
sections of Bambusa vulgaris and Bambusa tuldoides culms:

(1) A short section of Bambusa tuldoides with nodes at both ends was
completely penetrated with preservative.

(2) A similar section with 1/16-inch-diameter holes around the cir-
cumference of the internode was also completely penetrated, and the holes
did not appear to improve the distribution of preservative, although they
did increase somewhat the quantity of preservative absorbed.

(3) In a section of Bambusa vulgaris including three nodes and two
internodes, with one of the internodes having holes bored around the circum-
ference, incomplete penetration was noted in both internodes. Penetrations
were noted longitudinally the full length of the internode with holes,
although penetration was confined to bands similar in width to the diameter
of the bored holes.

(4) A short section of Bambusa vulgaris without nodes present was
completely penetrated. This section also absorbed a greater quantity of
preservative than that absorbed by sections of both species having nodes
present.

The weights of sections before and after treatment were as follows:

Species 
	

Weight	 Gain

Bambusa tuldoides (1 internode,

Lb. Percent

node at each end)

Before treatment 2.16
After treatment 2.53 17

Bambusa tuldoides (1 internode with
1/16-inch holes, node at each end)

Before treatment 1.75
After treatment 2.43 39

Bambusa vulgaris (3 nodes,
2 internodes, one internode with
1/16-inch holes through wall)

Before treatment 5044
After treatment 6.59 21

Bambusa vulgaris (without nodes)
Before treatment 1,43
After treatment 2.57 80
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DISCUSSION

Strength

The data on the species grown in Puerto Rico show rather conclusively
that the strength of Bambusa arundinacea is lower than that of the other
three species tested. This difference accounts in part for the extreme
range in the various properties when the four species are considered as a
group.

The relations between the various strength properties and specific
gravity for culms and splints shown in figures 4 and 5 indicate slightly
higher powers of specific gravity than have been found for wood. A second
power curve seems to be the best fit for most properties. Exceptions are
modulus of elasticity (3/2 power) and work to maximum load (no relation) in
static bending of major specimens (culms) and maximum tensile strength
(9/4 power) of minor specimens (splints).

With the exception of work to maximum load in static bending and
maximum crushing strength parallel to grain, the bamboo culms averaged con-
siderably higher for the properties determined than the bamboo splints
(table 6). In the static-bending tests, this was apparently due to the
presence on the major specimens of the epidermis that reinforced the culms
at the nodes and more than offset their weakening influence, as well as that
of any checks and splits that were present. In preparing the rectangular
splints of the Puerto Rico-grown bamboo for test, the tough outer enamel, as
well as some of the dense outer portions of the calm, was removed in machin-
ing. The presence of the epidermis on the minor specimens with consequent
continuity of fibers resulted in higher values for most properties, as shown
in a later paragraph.

It is interesting to note that the properties for clear air-dry true
hickory (2) are intermediate between the values for bamboo culms and splints.
The average specific gravity of true hickory is appreciably higher than that
of the four bamboo species tested. Tension-parallel-to-grain tests have not
been made on true hickory, but such data on species such as ash, spruce,
pine, oak, and beech indicate that bamboo splints without nodal material
average from one and one-half to two times the ultimate tensile strength of
these species in the air-dry condition. In this connection, however, it
should be pointed out that the ultimate tension values are quite variable
for the four species from Puerto Rico, which show a I to 7 range between ex-
treme values for internodal material.

As already stated, the inner and outer portions of a bamboo culm
differ considerably in density. Some indication of the influence of this
characteristic on the bending strength of splints without the tough outer
portion of the culm was gained by reversing the position of the static-
bending specimens in test, with respect to whether the outer surface was up
(in compression) or down (in tension). In general, the results for the four
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species from Puerto Rico show that somewhat higher results are obtained,
when the outer or denser portion is placed up in test, for all bending prop-
erties except work to maximum load. Bambusa arundinacea, which was low in
strength as compared to the other three species, showed somewhat lower
strength values (except in work to proportional limit) when the outer side
was up.

An indication of variation of density and strength with distance from
the periphery is afforded by a few minor static-bending specimens of Bambusa
arundinacea representing internodal material. Specimens taken from the
inner portion of the culm wall showed only about two-thirds the density and
about one-half the strength of the material near the periphery. Tests were
made both with the periphery up and with the periphery down.

In comparison to splint specimens without nodes, those containing
nodal material showed considerably lower values in all properties determined
(tables 3, 4, and 5) except fiber stress at proportional limit in compres-
sion, for which a slightly higher value was indicated for one species
(Dendrocalamus strictus). Determinations of fiber stress at proportional
limit and modulus of elasticity in compression parallel to grain, however,
were based on only very few specimens.

It may be noted from table 7 that no consistent variation of specific
gravity or strength with height of the splint in the culm is indicated for
Bambusa tuldoides and Guadua angustifolia. The average values for the two
species do not differ appreciably.

Splints tested with the epidermis intact and up showed consistently
higher values for fiber stress at proportional limit, modulus of rupture,
and modulus of elasticity than when the epidermis was down in test. Work-
to-maximum-load values were lower when the epidermis was up in test. These
findings agree with similar tests of splints from bamboo grown in Puerto
Rico, from which the outer zone was removed. The effect of placement on
modulus of elasticity is appreciably less than on the other two properties
studied. The improved strength obtained with the epidermis up in test is
accounted for by the reinforcement of the compression area in the upper half
of the beam by the placement of the denser outer portion of the culm wall in
this position. The lower work values for this placement are due to the fact
that with the epidermis down enough greater deflection to maximum load was
Obtained, because of the high tensile strength of the epidermis, to give
higher work values, although the load was somewhat lower.

Antishrink Efficiency

Antishrink efficiencies (difference in swelling between treated and
untreated expressed in percent of untreated) for the two species from South
America treated with phenolic resin differed but little. Average values
based on swelling in ring diameter and in wall thickness were 61.4 and 72.9
percent, respectively.
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Some treating experiments with bamboo fly-rod sections resulted in
much less resin uptake than for the ring sections. This was because the
rings had the pithy interior present, while in the case of the fly-rod sec-
tions the relatively porous pith was removed in manufacture. Greater resin
uptake might be obtained if the bamboo strips were treated and cured prior
to assembly gluing into completed rods. It is doubtful, however, whether
resin treatment is advisable for applications of this type, because it is
unavoidably accompanied by embrittlement and increased weight, which would
seem to be serious disadvantages in such an item as a fly rod.

Preservative Treatment

Observations of preservative-treated and untreated control sections
of bamboo stored in a room maintained at 97 percent relative humidity showed
that untreated controls became completely covered with a mold growth and
also had a considerable number of insects present on the inside. Almost no
mold growth and no insects were present on or in the treated sections.

It is not safe to draw conclusions from results on a limited number
of small specimens, but the preliminary test on preservative treatments
indicates that Bambusa vulgaris may be more difficult to treat than Bambusa
tuldoides, probably because of greater blocking of penetration at the nodes.
The dense outer-surface shell of both species appeared also to resist
penetration from the sides. The drilling of holes in the internodal sec-
tions of Bambusa vulgaris permitted only limited improvement, and penetra-
tion was confined principally to the longitudinal channels opened by cutting
the fibers in the drilling of the holes.

Higher pressures and longer pressure periods might improve the re-
sults obtained with Bambusa vulgaris, but longer pieces and a greater number
of specimens should be treated if information of practical value is to be
obtained for either species.

CONCLUSIONS

Bambusa arundinacea averaged considerably lower in specific gravity
and in the various strength properties determined than the other three
species of Puerto Rican bamboo tested.

Strength-- specific-gravity relationships, except for work in
static-bending, showed slightly higher powers of specific gravity for all
properties than have been found for wood.

The higher strength values obtained for most properties of culms of
species from Puerto Rico than for those of splints cut from them may be
attributed to the presence of the tough epidermis on the culms and its
absence from the splints.
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The average static-bending and compression-parallel-to-grain values
for full-sized culms compared favorably to those for true hickory in spite
of an appreciably lower average specific gravity.

Bamboo splints without nodes had roughly one and one-half to two
times the ultimate tensile strength of species such as ash, spruce, pine,
oak, and beech, but showed greater variations between individual values.

Bamboo splints with and without nodes tested in static bending
showed, in general, appreciably higher values when the face nearest the
periphery was up in test; one exception, however, was work to maximum load.

In general, the presence of nodal material in splints caused sizable
reductions in all strength properties.

Limited experiments in treating the two South American species of
bamboo indicate that these species can be sufficiently impregnated with
phenolic resin to produce an. antishrink efficiency of about two-thirds and
to resist effectively mold growth and insect infestation.

It is possible to produce glued joints with high initial strength in
Bambusa tulda and Guadua angustifolia with casein, phenol-resin, resorcinol-
resin, urea-resin, and animal glues tested in the dry condition. Condi-
tioning for 6 months at 80° F. and 65 percent relative humidity resulted in
a large reduction in strengths of joints made with animal glue. Some
appreciable reductions were also observed for the other glues, particularly
when used with low-density bamboo. Only the resorcinol and phenolic types
of glue gave fair glue-joint strength after soaking ire water for 48 hours.

Bambusa vulgaris may be more difficult to treat with preservatives
than Bambusa tuldoides, as indicated by a few preliminary treatments. The
indications are also that some difficulty would be encountered with blocking
of penetration at the nodes, particularly in Bambusa vulgaris.
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Table 1. --Average, minimum, and maximum physical data for
bamboo culms from Puerto Rico

Species	 : Age : Height : Outside: Wall :Spacing •

	

:when :	 :diameter:thick-: of

	

: cut :	 .	 : ness : nodes

	

: Yr. :	 Ft.	 In. :	 In. : In.
•.	 •

	

.	 '.	 •

Bambusa vulgaris:	 Average : 2.0 :	 34	 •. 1.97 : 0.27 : 11.5

	

Minimum : 1.5 :	 22	 •. l.14	 .15 : 10.0

	

Maximum : 2.5 :	 45	 3.09	 .56 : 14.0
6	 A	 :

Bambusa arundinacea: 	 Average : 1.5 :	 28	 2.52	 .57 •	 9.6
Minimum :	 .9 :	 21	 : 1.89	 .27 :	 7.0

	

Maximum : 2.0 :	 31	 : 3.41	 .88 : 25.,o

Bambusa tulda:	 Average : 1.5 :	 42	 : 1.81	 .25 : 12.3

	

Minimum : .9 :	 31	 1.01	 .13 :	 8.0

	

Maximum : 2.0 :	 51	 : 2.33 :	 .51 : 16.0
1

	

Dendrocalamus strictus: Average : .9 :	 26	 : 1.31 : -.52 •	 8.5
Minimum :	 .8 :	 18	 .61 :	 .22 :	 4.0

	Maximum : 1.0 :	 34	 : 2.43 : .94 : 13.0

1Included in the average are same solid culms, the wall thicknesses
for which were taken as one-half their outside diameters.
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Table 5.--Tensile strength parallel to grain of bamboo splints from
material grown in Puerto Rico

:Number:Specific:Propor-:Ultimate: Modulus

	

of :gravityl:tional : stress : 	 of

	

:tests :	 : limit :	 : elas-

	

:	 :stress .	 : ticity
:

	

- P.sei,: P,s.i, :	 1,000 

	

:	 u s.i-

	

.	 ,	 .	 _

INTERNODAL SPLINTS 

Bambusa vulgaris:	 Average	 8	 ; 0.70 : :5,160. 26,130 : 1,865
Minimum :........:	 .48 : 5,970: 14,940 : 1,030
Maximum	 .89 : 28,230: 39,000 : 2,913

Bambusa arundinacea:	 Average : 8	 .54	 8.170: 14,760 : 1,210
Minimum :„.„.:	 .43 : 5,640: 8,000 :	 601
Maximum :....... 	 .68 : 11,440: 50,020 : 1,870

Bambusa tulda:	 Average : 8	 :	 .77 : 26,940: 32,980 : 2,712
Minimum	 .	 .56 : 18,400: 11,780. 1,260
Maximum	 .99 : 32,900: 58,000 : 5,190

Dendrocalamus strictus: Average 7 4	 .68 : 15,570:▪ 25,900	 1,974
Minimum :.	 .60 : 13, 500. 24,230 : 1,768
Maximum :.	 .73 : 17,630: 28,360 : 2,257

Average for four species	 .......:	 .67 : 16,460!• 24,940 : 1,940

SPLINTS CONTAINING NODES AND MATCHED INTERNODAL SPLINTS (CONTROLS) 

Bambusa arundinacea : Control	 2	 .60 • 7,930: 23,390 : 1,550
:With node : 1	 ..56 : 4,220: 8,280 :	 761

Ratio (percent)2	:...-	 93 :	 53 :	 35 :	 49

Bambusa tulda	 : Control : 4	 .90 : 26,940: 44.980. 3,710
:With node . 3	 .	 78 : 14,920: 17,360 : 2,710

Ratio (percent)2	..... .,. . - . : . .	 ..:	 88 :	 55 :	 39 •	 73

-1-Based on weight and volume when oven-dry.

_Ratio_Ratio of nodal to matched internodal specimens (percent).

Species
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Table 8.--Results of shear tests on glued joints in bamboo (Guadua
angListifolia) specimens after conditioning 1 week at
80 0 F. and 65 percent relative humidity

	

Density of bamboo 	 Tested dry	 Tested wetl
and

type of glue	 : Shear	 : Fiber : Shear	 : Fiber
strength : failure : strength : failure

	

P.s.i.	 : Percent :	 P.s.i.	 : Percent

	

High-density bamboo	 :	 :

Resorcinol-resin	 1,992	 :	 55	 1,062	 :	 18
Urea-resin,	 2,285	 :	 58	 572	 :	 8
Animal	 1,317	 :	 13	 :	 0	 :	 0
Casein	 2,049	 :	 25	 0	 :	 0
Phenol-resin	 :	 2,183	 :	 48	 1,151	 :	 10

	

Low-density bamboo: 	 :	 :

Resorcinol-resin	 :	 1,036	 :	 88	 664	 50
Urea-resin	 :	 1,155	 :	 90	 :	 204	 5
Animal	 :	 1,217	 :	 83	 :	 0	 0
Casein	 :	 1,052	 :	 95	 :	 0	 :	 0
Phenol-resin	 :	 1,476	 :	 100	 •

	

.	 870	 95

1
–Soaked in water 48 hours.

Report No. D1765



Table 9.--Results of shear tests on glued joints in bamboo (Guadua
anQastifolia) specimens after conditioning 6 months at
80° F, and 65 prcent relative humidity

Density of bamboo	 Tested dry	 Tested wet1-
and

type of glue	 Shear. 	 Fiber :	 Shear	 : Fiber
strength	 failure : strength : failure

P.s.i.	 : Percent	 P.s. .	 : Percent

High-density bamboo:

Resorcinol-resin	 1,409	 70	 1,458	 :	 48
Urea-resin	 1,790	 93	 1,060	 :	 16
Animal	 326	 0	 0	 0
Casein	 1,163	 :	 55	 53	 0
Phenol-resin	 1,532	 :	 43	 1,119	 50

Low-density bamboo:

Resorcinol-resin	 :	 1,170	 :	 83	 :	 1,058	 :	 68
Urea-resin	 •. 1,095	 :	 95	 :	 849	 :	 75
Animal	 :	 747	 :	 75	 0	 :	 o
Casein	 •• 920	 :	 93	 83	 :	 0
Phenol-resin	 1,219	 100	 643	 100

1
–Soaked in water 48 hours.
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Figure 1.--Cross section of a Bambusa tuldoides culm.

(zM 726O1  F)

Report No. D1765



	 1

ONE /NCH



r=4

U-'
H
LC\
H
►eN

N

Report No. D1765





Report No . D1765





Figure 4.--Specific-gravity— strength relations for

culms of four bamboo species cultivated in Puerto

Rico.

(ZM 77881 F) ....... OOOOOOO .........
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Figure 5.--Relation between specific gravity and fiber

stress at proportional limit, work to maximum load and

modulus of rupture in static bending, and maximum

crushing strength for splints of four bamboo species

cultivated in Puerto Rico.

(ZM 80929 F)
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Figure 6.--Relation between specific gravity and tensile

strength, work to proportional limit and modulus of

elasticity in static bending, and modulus of elas-

ticity in tension for splints of four bambdo species

cultivated in Puerto Rico.

(zM 80930 F)
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