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Summary

This report presents values of the moduli of rigidity of solid and glued
Sitka spruce specimens at two values of moisture content as determined by
tests performed at the Forest Products Laboratory. Summary tables are
included, presenting average values for the three moduli of rigidity

(GLR 9 GLT' and GRT ) and the ratios of these moduli to E L for each of

14 planks tested and for the species in general. A comparison of average
values obtained from solid and glued specimens is also provided.

-This—This report is one of a series of progress reports prepared by the
Forest Products Laboratory relating to the use of wood in aircraft.
Results here reported are preliminary and may be revised as additional
data become available. Original report dated September 1946.

?This report is the third of a series presenting the elastic properties of

wood. Previous reports have included data for balsa and quipo (Forest
Products Laboratory Report No. 1528), and Sitka spruce (Forest
Products Laboratory Report No. 1528-A).

3	 .—Maintained at Madison, Wis. , in cooperation with the University of
Wisconsin.
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The values obtained from tests exhibited great variability among individual
specimens. From the graphs that are included, showing the elastic
constants plotted against the specific gravity of the specimens, it is
apparent that no correlation with specific gravity was evident. The ratios
of the G values to E

L
 were also extremely variable and exhibited no

correlation with specific gravity.

The values of the moduli of rigidity at two moisture contents indicate an
increase in each of the three moduli with a decrease in moisture content.
This trend conforms with previous investigations of other strength
properties in their relationship with moisture.

A study of the reliability of using built-up plates by gluing together closely
related pieces indicates that values obtained from solid and glued specimens
do not differ significantly.

Introduction

This report is one of a series presenting the results of tests performed at
the Forest Products Laboratory for the determination of the elastic
properties of wood . 2— The Moduli of rigidity and the ratio of these moduli
to. EL

 for Sitka spruce at moisture contents of approximately 7 and 11 per-
cent are presented. A report has been published presenting the Young° s
moduli and Poisson' s ratios of Sitka spruce?—at several moistures.

Definitions and Symbols 

All symbols and terminology used in this report conform to the definitions
and nomenclature presented in the Forest Products Laboratory Report
No. 1528.

Types of Specimens

The specimens consisted of solid and glued 8- by 8- by 1/4-inch plates,
oriented with respect to the grain and growth rings of the tree to represent
the three places of symmetry. A complete series of test specimens in the
LR, LT, and RT planes was constructed by gluing together closely related
pieces from the same plank. The glued LR and LT specimens were
constructed by gluing together four 2- by 8- by 1/4-inch pieces, the long
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dimension being in the direction of the grain, and the RT specimens were
built up of 16 pieces 2- by 2- by 1/4-inch with the growth rings matched
as closely as possible.

In addition to the glued specimens, a number of solid specimens were cut
from those planks with a width of 8 inches or more. Four quarter-sawn
planks and seven flat-sawn planks provided solid LR and LT specimens,
respectively. Each solid specimen was matched as closely as possible
with a glued specimen of similar orientation. Table 1 lists the number,
construction, and types of specimens cut from each plank.

Particular care was taken in constructing the specimens to choose
material with minimum ring curvature and maximum freedom from defects,
and to aline the grain and growth rings parallel and perpendicular to the
axes of the specimen.

In general, a moisture section was cut from the material adjacent to each
LT and LR specimen during construction and conditioned with the specimen
until test. This provided a preliminary moisture content determination
without destroying the specimen.

Description of Material 

The material for these tests was obtained from 14 Sitka spruce planks
previously selected from Laboratory stock for the determination of other
elastic constants. In general, a section approximately 6 feet in length Iad
been cut from each plank for Young' s moduli and Poisson' s ratio tests
The remaining sections were used in the present series of tests for
determination of the moduli of rigidity.

Each plank was approximately 3-1/2 inches in thickness, and the planks
varied in width from 7-1/2 to 13-1/2 inches. Four planks were quarter-
sawn, or radial, sections of a tree and 10 were flat-sawn, or tangential,
sections.

Information regarding the origin, quality, initial cutting, drying, and
condition of the material has been reported previously . 2
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Marking and Matching

The plank form of the material available did not provide stock that would
fully meet the requirements for the proper matching of specimens. In
general, the planks were cut into sections approximately 12 to 24 inches
in length for ease in handling, determination of ring direction and
elimination of defects. Each section provided stock for the construction
of a group of similar specimens. This method did not provide for the
direct matching of shear-plate specimens or for the matching of these
specimens with the associated E L specimens. The solid specimens
however, were closely related to the pieces used for the glued specimens
of the same type.

The system of marking used in this study was similar to that used for the
Young° s modulus and Poisson' s ratio specimens of Sitka spruce. The
number to the left of the decimal point indicates the series or plank from
which the specimens were cut. The first digit to the right of the decimal
point designates the type of specimen and the second, the specimen number
within the plank.

Testing Procedure

The testing technique employed was in accordance with the standard procedure
as developed by the Laboratory.! The plate-shear apparatus commonly
used for the moduli-of-rigidity tests was employed in the determination
of GLR and GLT . The RT specimens were tested with the apparatus
designed for greater sensitivity, described in Forest Products Laboratory
Report No. 1528.

All specimens were conditioned at 75° F. and 64 percent relative humidity
until representative pieces showed constant weight. It was not possible to
conduct the tests under controlled temperature and humidity conditions. The
specimens were weighed upon removal from the conditioning room at the
beginning of the tests and again at the completion of the tests, the average of
the two weights being used in computing the average approximate moisture
content and specific gravity. These values were based on computed oven-dry

4
March, H. W. , Kuenzi, E. W. , and Kommers, W. J. , Forest Products

Laboratory Report No. 1301, Method of Measuring the Shear Moduli
in Wood, June 1944.
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weights for each specimen, determined on the assumption that, after
conditioning to equilibrium, the moisture content of the specimens was the
same as that of closely related moisture sections. A true moisture
content determination for the individual specimens was not obtained, as
the specimens were to be reserved for subsequent tests at moisture
content values other than those included in this study.

In general, one and, in some instances two independent determinations of
G were made on each specimen. A load-deflection curve was plotted
during each run, and the specimen rotated horizontally 90° for each
successive run until a total of four runs were completed for each determination
The load-deflection ratio used in computing the modulus of rigidity was the
average obtained from the four runs.

After the completion of these tests, all specimens were reconditioned at
80' F. and 30 percent relative humidity (approximately 7 percent moisture
content). They were then subjected to a test procedure identical with that
described in the preceding paragraphs, except that only one determination
of G was made on each specimen.

Presentation of Data

Table 1, referred to earlier in the report, shows the number of specimens
of each type tested and, therefore, the number of specimens represented
in the averages given in tables 2 and 3.

Table 2 presents a summary of the average moduli of rigidity and the ratios
of the moduli of rigidity to E L for each of the 14 planks at 2 moisture
contents. General averages, in which values for individual specimens were
given equal weight, are also presented. Column 2 of this table shows the
average approximate moisture-content values based on preliminary
moisture determinations of samples associated with the LR and LT
specimens. Likewise, the values in column 3 are approximate, as the
specific gravity values were computed only for those specimens for which
an approximate moisture determination had been obtained. In columns 7,
8, and 9 the values of EL used in determining the elastic ratios were those
determined for the same plank, previously reported . 2 The E L values were
corrected to the average moisture content of the corresponding G
specimens in each series.

Table 3 compares the average moduli of rigidity values for solid LR and
LT specimens at each moisture content with similar values from glued
specimens.
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Ihdividual values of moduli of rigidity for LR and LT specimens, obtained
from the tests at approximately 11 percent moisture content, are plotted
against the corresponding approximate specific -gravity values in figures
1 and 2.

In figures 3 and 4, values of the ratios GLR/EL, and GLT/EL, for each
series, listed in columns 7 and 8, table 2, are plotted against the average
approximate specific gravity listed in column 3, table 2.

Discussion of Results

The average estimated specific gravity of the specimens used in these
tests was 0.386 (based on an average estimated moisture content of
11. 1 percent), and the estimated specific gravity of the individual specimens
varied from 0.295 to 0.463. These values are approximate, as a true
moisture content determination was not obtained for the individual
specimens. Only specimens cut with an accompanying moisture disk
served as a basis for these averages.

The GLR and GLT values for individual specimens plotted against the
estimated specific gravity in figures 1 and 2 do not show a definite
relationship for either modulus. Likewise, no correlation could be
established between the ratios G LR/E L and GLT /EL and the estimated
specific gravity as may be seen from figures 3 and 4.

Frequently it is desirable to construct specimens by gluing together
closely related pieces. This method permits the construction of specimens
from material not otherwise suitable because of inadequate size, excessive
ring curvature or wide ranges of growth conditions. A comparison of
group averages for glued and solid specimens at two moisture content
values (table 3) shows that, in general, the glued specimens gave higher
values for G	 while the solid specimens gave higher values for GLR.
Considering the variation between specimens of either type, these
differences seem insignificant. The advantages gained by gluing together
ring-matched pieces presumably offset any effects resulting from the
presence of glue lines. The values for both glued and solid specimens
within a series were averaged to give the values of G listed in table 2.

Values of the moduli of rigidity at two moisture contents indicate an
increase in each of the three moduli with decrease in moisture content.
This trend conforms with previous investigations of most strength properties,
including modulus of elasticity. It cannot be concluded, however, that the
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moduli of rigidity-moisture relationships follow the exponential law
commonly applied to moisture relations, since the tests cover only two
moisture contents. Further tests on the same specimens at other moisture
contents will be necessary to substantiate a definite type of relationship.
These tests indicate that the effect of moisture on G LR and GLT values is
approximately the same, about 2.7 percent increase for 1 percent of
decrease in moisture content from 11 to 7 percent. The effect of moisture
on GRT values, as determined from these tests, is about 3.9 percent for
each 1 percent of decrease over the same range in moisture.

Conclusions

The conclusions from this study are based on the results obtained from tests
of 192 specimens including solid and glued construction, cut from 14 planks.
The moisture-content and specific-gravity values of the individual
specimens are subject to correction, the values reported being based on
the moisture content of material adjoining the LR and LT specimens.

(1) The moduli of rigidity values show no relationship with density. The
average values presented in table 1 probably best represent the species.

(2) The average ratios GLR/EL , GLT /EL and GRT /EL for the several
planks are extrememly variable and cannot be correlated with specific
gravity. It would be advisable, when possible, to obtain values of G by
direct measurements rather than to calculate for G by use of these ratios.

(3) With test values at only two moistures, no definite moduli of rigidity-
moisture relationship can be determined. It would appear, however, that
the three moduli of rigidity are affected by moisture in approximately the
same manner as other properties.

(4) The results indicate that values obtained from tests of glued specimens
can be used with the same reliability as those from solid specimens of the
same . type.
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Table l.--Number of solid and lued LR LT and RT s ecimens
cut from each of 1 planks for determination of
the moduli of rigidity of Sitka spruce

Series :
	

Number of specimens

LR Plates	 :	 LT Plates	 : RT Plates

Solid : Glued : Solid	 : Glued :	 Glued

	

10	 -	 •	 2	 •	 2	 1

	20 • 	 2	 2

	

30 :	 4	 4	 4	 1

	

4o :	 4	 4	 4	 4

	

50	 •

	

.	 4	 4	 • 	 4	 4

	

6o	 • 	 14	 :	 4	 4	 4

	

7o	 •	 	 4	 •

	

So •	  	 4	 4	 4	 4
	90 •	 	 4	 4	 4	 4
	100 	 	 4	 2	 :	 4	 4
	110	 :	 4	 :	 4	 •	 4	 4
	120	 •	 •	 4	 4	 :	 4	 4

	

130	 •	  	 4	 4	 :	 4	 4

	

14o	 •	  	 4	 •	 4	 4

	Total :	 16	 :	 52	 26:	 52	 46

:	 : 
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Table 2.--Summary of the moduli of rigidity and their ratios to I L for Sitka spruce

	

.	 .	 a	 I

Average

	

Series a Mirage 1 Average :	 Ratios of modulihof

	

number : approximate : approximates 	 moduli of rigidi tri	 :	 rigidity to Nym

	

: moister : specifig 3 	  n 	

	

: content& a gravity :	 Gyg	 t	 OLT	 :	 ORT	 : GLR/EL : OLT/IL : GReLL
	 : 	 : 	 : 	 :	 --: 	 : 	 a 	

	

(1)	 a	 (2)	 t	 (3)	 a	 (4)	 :	 (5)	 a	 (6)	 1 (7)	 a (8)	 a (9)
	 a- ---	 --:-	 ------: 	 :-	 s- 	 a 	 8________:___-____

	

a	 Percent 	 3	 : ;.000 lb. a 1.000 lbi a 1.000 lb. a	 :	 s

	

t	 1	 :per so. in.sper so. in.:per so. in.: 	 .	 1

	

4	 a	 :	 a	 i	 8	 :	 i

	

10	 a	 6.o	 a 	 a	 169	 i	 180	 a	 6.7	 a 0.123 : 0.131 a 0.005

	

a	 10.9	 a	 0.410	 a	 88	 I	 128	 a	 5.5	 t .070 a .102 a .004

	

a	 i	 s	 a	 t	 a	 a	 4

	

20	 a	 6.2	 a 	 a	 128	 a	 156	 1 	 a .085 a .104 a 	

	

a	 10.6	 s	 .444	 a	 121	 ;	 112	 : 	 : .083 : .077 : 	

	

:	 a	 :	 s	 s	 a	 S.	 a

	30	 a 	 	 a	 112	 a	 89	 1	
Z.: 	

a .02 : .050 a .003

	

a 	  : 	  s	 114	 a	 92	 a	 8 .0	 a .052 s .002

	

1	 a	 s	 r	 :	 a	 a	 a

	

40	 a	 5.5	 a 	 a	 150	 a	 142	 :	 6.1	 a .103 a .098 : .004

	

a	 9.3	 a	 .359	 a	 124	 1	 131	 a	 5.3	 a .085 a .090 a .004

	

a	 a	 a	 a	 a	 a	 a	 a
	50	 i	 5.6	 a 	 a	 124	 :	 103	 a	 6.6	 I .095 a .079 a .005

	

a	 9.5	 a	 .321	 s	 111	 &	 93	 a	 5.4	 a .094 a .078 a .005

	

a	 a	 a	 a	 a	 a	 a	 I

	

6o	 1	 6.7	 8 	 a	 158	 3	 133	 :	 7.1	 a .110 : .093 a 1102

	

.	 10.8	 a	 .361	 a	 130	 1	 104	 a	 5.6	 a .091 t .073 a

	

:	 a	 a	 :	 a	 a	 a	 t

	

7o	 a	 7.3	 a 	 :	 95	 1	 119	
1..11	

a .047 s .059 a .003

	

a	 12.1	 a	 .413	 :	 85	 a	 105	 1	 a .042 a .052 a .002

	

a	 a	 a	 a	 i	 a	 1	 a

	80	 a	 7.2	 4 	 :	 100	 1	 108	 a	 4.4	 1 .069 a .074 a .003

	

a	 11.9	 a	 .343	 a	 94	 a	 93	 I	 4.2	 a .066 a .065 8 .003

	

a	 a	 a	 a	 a	 a	 a	 a

	

90 :	 7.7	 a 	 a	 93	 :	 96	 a	 4.6	 1 .049 1 
In 

a .002

	

:	 11.8	 1	 .374	 a	 82	 4	 89	 1	 3.9	 s .043 a	 : .002

	

a

	 8	 1	 1	 a	 a	 a	 .
4

	

100 	 7.0	 a 	 a	 86	 a	 98	 a	 5.4	 1 .03/ a .041 a .002

	

t	 11.0	 a	 .422	 a	 86	 1	 91	 :	 5.3	 a .036 a .038 a .002

	

:	 a	 a	 a	 a	 a	 a	 a

	110	 a	 6.9	 a 	 t	 123	 a	 129	 a	 7.7	 a .067 ag: : .004

	

a	 11.7	 a	 .406	 t	 116	 a	 113	 1	 6.1	 a .063 a	 a .003
a	 a	 4	 a	 a	 a	 a

	

120	 a	 7.6	 a 	 a	 141	 a	 132	 a	 8.6	 I .9q; a .066 a .004

	

1	 11.5	 a	 .436	 a	 131	 a	 127	 :	 7.1	 1 .066 a .064 3 .004

	

a	 a	 a	 a	 a	 a	 a	 t
	130	 i	 7.2	 a 	  a	 139	 a	 127	 a	 9.2	 a .077 s .071 : .005

	

t	 12.0	 a	 .432	 :	 124	 :	 113	 1	 8.5	 a .073 a .066 a .005

	

t	
a 	  a

	

a

	 a	 a	 1	 a

	

240	 t	 7.1	 1	 a	 96	 a	 206	 a	 7.9	 : .048 s ".13 1 .004

	

:	 11.3	 :	 .384	 a	 89	 a	 95	 :	 6.7	 A .0115 4 .046 a .003

	

a	 a	 a	 a	 a	 a	 a
	Awsrageas	 6.8	 a 	 a	 122	 :	 118	 a	 6.6	 a .070 1 .068 1 .004

	

t	 11.1	 :	 .386	 a	 109	 a	 105	 :	 5.6	 I .0b4 I .061 & .003

	

_I	 1	 a	 1	 4	 1	 1	 a

Reed on average test weights and computed weights when oven-dry for the LR and LT specimens. the
weights when oven-dry being determined on the assumption that moisture content values of speci-
mens were the same as for their related moisture sections.

3/bud on weight when oven-dry. computed as in footnote 1, and volume at test.

leo table 1 for number of specimens represented in each average.
4
-The values of By are those reported in Forest Products Laboratory Report No. 1526-A for the same

series, corrected to the moisture content values shown in column 2.

51ndividual specimens were given equal weight in computing average values.
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Figure 1.--Modulus of rigidity (Gm) of Sitka spruce plotted

against specific gravity.

Z M 68792 1



0
0

0

o
0

0
0

0

o
CP 	0

o
0

0	 C)0

090  0

o °00
Q

0 0	 142,

0

a

o	 o 0•• •
°`' 1

OD	 c
0
0

0
OD

03
°

0

0	 0.1	 0.2	 0.3 0.4
	

05

/60

/40

Z /20

ct

80

O
k 60

O
O
O

40

20

0

SPECIFIC ORAV/TY

Figure 2.--Modulus of rigidity (G LT) of Sitka spruce-plotted
against specific gravity.

Z 88793 JP



0./2

0.04

0.02

0

0
0
0

0

0
0

0

0

0

0
0

0

0

0	 0./	 0.2	 0.3	 0.4	 0.5
SPEC/F/C GRAWTY

Figure 3.--The ratio GLR/EL for Sitka spruce plotted against
specific gravity.

Z M 68794 F

0./0

0.08

'0.06



0./2

0.10

0.08

0.04

0.02

0

0

0

0

0

0

0

0

0
0

0
0

0

0

1

0	 0.1	 0.2	 0.3
SPECIFIC GRAVITY

0.4
	

0.5

Figure 4.--The ratio GLT/EI for Sitka spruce plotted against

specific gravity.

Z X X8795



	

;-n 	 u	 •

-p 	V ',,,,'-'	 U a..1 En	 ,	 +-)	 a, 0.)

..9 . y, 4-, P:1	 - 2 11,	 •Crik° 44 a) CI'

ti	 ;ii.,1 ;-E3	 '-'

..•	 F.., t+-1	 F..,	 7-i *. ," '	 'd 0	 %-t	 k
U 0 0X-I .	 • H ..-i	 0

0 .1-I V i 
m 	 1 MI Cil CD U

u-i	
4 o Id (30

	

.. -0	 A if 	 1	 m 0

H o •	 a) 00 	 -

4-1

	

0 44	 I-I	 fil	 it	 tn 4aI

0 u .. 	 .-, ' 0 ' up '

O F-1	 ^	 Li)	 0	 - '-' C U)

q ......	 i!) u 5 Ft	 I-, : 	 I-, irilt n--4

o I- _ c... w —	 : 4..,

O -31.

r11 .i_	 0 >., 	 0 0 0

• a)

a)-0

m 0	 • ;••1	 r.4	 P4 ''" 'r-	
U

H o	 trl	 .-1 ° .'".-1 a,

ii2., 4a' 1J  . 0 Hew'
2; id	 r'`.3 4,-, 0	 a) N

q
	 H F..-1	 c.._,	 -,

----	 g	 fa., Ck)

>-• 4-,

1 

"4 0

.2 . q 6 fa d En --1 -0 N °
0 44 PI ° 	 tt
o in	 4-, 	 ,o
A cti Lii ii) 04	 Cil'–'	 ° 7j	 .... I...-.•,-II-I 	 r 0 .,t1 +4

	

7v •. 	 . ,ci 	 _ 0 rd t j

	

,--I	 • ,I 0

5,

a) a) 0	 .,1 	 a) ii 6..	 4) 	 4-. ro
..d ii (11 ;1, ,_ci 0	 ,.	 ti zn d

o H 2 	 o 	 kt- Ha 4_,
A	 ii A (-1 Ill	 (.) V rd

a)
uF.-.

	

..-.	 — ..,,,	 $4 'a'

	

i	
0

a)

	

..0	 .	 P71	 z	 sai 0
En +'

3 1-' 6 c:0 6 d 0-0 T1	 (21 tn 
E-4	 , 	Ln	 r:4 4-, .--	 u

	

0 	 H	 __, 4 o t.; 0

	

H o 	 , cr) 1-r
'6 cti)) .t . W	 0 Lj 0 k 4?00	 1-) 	 g	 --1000
O k	 -	 c,0	 E..., „ 4.., 

0-. -' `1' . ès' ICI
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