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Standard Test Methods of
Static Tests of Wood Poles ?

This standard is issued under the fixed designation D 1036; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

One of the important factors involved in the design and economical use of poles for the support of
aerial communication and power lines is the value of the maximum fiber stress for the different species
of timber used for poles. In order to gain information on this characteristic, mechanical tests on pole
size specimens have been made by numerous investigators. These tests have been made in various
manners, such as the use of a testing machine, holding the pole butt horizontally in a crib and applying
the load at the tip, setting poles in the earth and applying the load at the tip, etc. The amount of
seasoning the test poles have received and the type of preservative treatment applied to the poles are
additional variables. The result is that it is difficult, if not impossible, to obtain sufficient information
pertaining to the various tests to permit accurate comparisons.

It is the purpose of these test methods to cover testing procedures in sufficient detail so that the
results of tests made in accordance with the test methods defined will be comparable. It is, of course,
not intended that using other test methods that may be better adapted to a particular investigation
should be discouraged. However, experience gained from tests of several hundred poles has indicated
the test methods specified are entirely practicable.

The data forms presented have been found to be convenient for recording the test data and for
making the calculations necessary for the proper analysis of the test results.

1. Scope priate safety and health practices and determine the applica-

1.1 These test methods cover determination of the bendin@ility of regulatory limitations prior to use.
strength and stlffne_ss of yvqod poles.. Knowledge of th.es _ Referenced Documents
properties is used in providing for reliable and economica _
design with poles of different species, size, or grade. 2.1 ASTM Standards: , ,

1.2 Two test methods are included: the cantilever test D 143 Methods of Testing Small Clear Specimens of Tim-

method, and the machine test method. e ) ) )
1.3 Provision is also made for extracting small clear speci- D 198 Test Methods of Static Tests of Timbers in Structural
mens from the butt section and determining static bending and Size$ _
compression parallel to grain strength values in accordance 2-2 ANSI Standard: , _
with Methods D 143. 05.1 Specifications and Dimensions for Wood Pdles
1.4 Th(_e procedures specified in these Fest methods apply Y Summary of Test Methods
tests of either treated or untreated material. )
1.5 The values stated in inch-pound units are to be regarded 3-1 Major Tests

as the standard. S| values are given in parentheses and are>-1-1 In the cantilever test method the pole is supported
provided for information only. securely from butt to ground line in a horizontal position, and

1.6 This standard does not purport to address all of the 102d is applied near the pole tip by means of a pulling line.

safety concemns, if any, associated with its use. It is the 3.1.2 In the machine test method, the pole is supported near
the butt and tip, and a load is applied at the ground line by the

responsibility of the user of this standard to establish appro- X ) ) :
moving head of a mechanical testing machine.
3.1.3 Determinations of age, rate of growth, moisture, and
density are also made.

1 These test methods are under the jurisdiction of ASTM Committee D-7 on
Wood and are the direct responsibility of Subcommittee D07.04 on Pole and Pile————————

Products. 2 Annual Book of ASTM Standardgol 04.10.
Current edition approved Oct. 10, 1999. Published April 2000. Originally  * Available from American National Standards Institute, 11 W. 42nd St., 13th
published as D 1036 — 49 T. Last previous edition D 1036 — 98. Floor, New York, NY 10036.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.2 Minor Tests Age in service (if pole had been in service)
3.2.1 Small clear specimens are taken from the butt section /S\ge of p?le siimze tref}tmem_ o limate), if pole had been | _
H H ource of pole (supplier, region and climate), if pole ha een In service
of the tgsted pqles for the dete_rm|nat|on of streng_th values such Jp e o standard
as static bending, compression parallel to grain, toughness, condition of pole (decay, woodpecker holes, splits), if pole had been
compression perpendicular to grain, and hardness. The overall  in service

objectives of the program will determine which of these tests

are desired. 8. Field Marking
. 8.1 Each specimen shall be legibly marked on the butt with
4. Significance and Use its length, class, and source of supply, in accordance with the
4.1 Tests of wood poles are made to determine: requirements of ANSI O5.1 using such symbols as may apply
4.1.1 Data for use in establishing allowable stresses, to each specimen.

4.1.2 Data upon which to base economical pole line design,
4.1.3 Data on the strength properties of different species in CONDITIONING AND MEASURING OF

pole sizes, SPECIMENS FOR TESTING
4.1.4 Data as to the influence of defects on the strength
properties of poles, 9. Conditioning

trettln'?en?:tc‘;inishéostt?gnzftfﬁC;r%fpperr?iz(:r\é?tr')\gelzsan;ngreservat've 9.1 Two basic_ procedures for conditioning and moisture
4 ”» .__content are provided as follows:
4.1.6 Data for correlating the strength properties of full-size 911 Test Method iding f . . d butt
poles with those of small clear specimens of the same species.™ est Methoc Aproviding for air seasoning and bu
4.2 Treating procedures to which poles have been subjectes'd)aklng of poles prior to tes.t.. .
may introduce variables that prohibit direct comparisons be- 9.1.2 Test Method .B.prowdmg for tests of poles in the
tween different groups of data. Complete information on thgull-length green condition.

treating techniques shall form a part of the test records. Note 2—Test Method A, providing for butt soaking of poles after
seasoning, has been used as a preconditioning test method when it is
COLLECTION OF MATERIAL desired to provide tests simulating, as nearly as possible, actual field use

under certain climatic conditions.

5. Identification Test Method B, providing for tests of poles in the green condition, has
5.1 The material for test shall be selected by one qualified tbeen used where the stability of moisture-strength relationships thus

identify the species. established is particularly desired for comparison between species, grades,
and testing procedures, and for establishing relationship of strength
6. Number of Major Specimens between full-size poles and that of small clear specimens taken from the

6.1 For each species under investigation it is desirable thé’tOle material

a minimum of 50 specimens be selected for test. The polegg Ajternative Conditioning Requirements
shall be carefully chosen as representative of the commercial

product being supplied. 10.1 Test Method A-All poles tested shall be air-seasoned

on skids at least 2 ft (600 mm) above the ground. Prior to
Note 1—Tests may be conducted to study the effect of some particulagesting, the butt sections (from the groundline to the butt) shall
charac_terlstlc and in such cases the selection of test specimens shal_l B@ soaked in water in order to bring the moisture content of this
umnzdei Quzlilcﬂaas ?::: 2rdzzl}gt:|r;s:;ng;:é.the range of the Chara‘:ter'sggctipn equal to or above _the fiber saturation point. Butt
soaking shall be conducted in a manner to prevent decay and
7. Field Notes with the poles in a vertical position. Moisture determinations of
7.1 Field notes fully describing the material shall be carehe butt section shall be made by means of increment borings.
fully made by the collector. These notes shall, so far ag € déterminations shall be made by using the portions of the
possible, supply data outlined as follows and shall be incorpoP0rings nearest the pole surface with a length of boring equal
rated into the test records: to one-half the pole radius.

. FIELD NOTES Note 3—For the purposes of these test methods, poles will be
Pfolel,“ No. considered air-seasoned when two successive determinations made one
E%‘ﬁf;’ cut week apart indicate the moisture content of the pole to have reached a
Slope .. Elevation practically constant value at or below 22 %.

Undergrowth

Crotore 10.2 Test Method B-All poles to be tested shall be selected
Soil in the green condition and shall be tested before any seasoning
ghipmem No. has taken place. If there is any delay in testing which would

ecles . . .

. result in seasoning, this shall be prevented by proper storage,
Seedling or sprout preferably by full-length immersion in water. If other methods
How and when transported from woods of maintaining the green condition are employed, care shall be
Age of tree in years . . .
Treatment exercised to prevent the development of stain or decay. Special
Seasoning moisture determinations of the test sections are not required
Preservative retention prlor to test (Sectlon 25)



A8y D 1036

11. Initial Measurements 12.2 A supportB shall be provided at a point about three
11.1 Before p|acing a p0|e in the testing apparatusy a recorﬁuarters of the distance from the grOUnd line to the pOint of

shall be made of the following items: load application to minimize vertical movement at that point
11.1.1 Weight, and reduce the stress from the weight of the pole. This support
11.1.2 Length to the nearest 1 in. (25 mm), shall be such that any friction associated with the deflection of
11.1.3 Class, the pole under load shall not be a significant portion of the
11.1.4 Circumference at butt, at tip, and at the ground line taneasured load on the pole.

the nearests in. (1.5 mm), 12.3 As a pole is placed in the testing apparatus, it shall be

(11.1.5 Diameter of each knot ovefz in. (13 mm) in | 4ia4ed to align the pole so as to minimize out-of-plane shear
diameter and its location on the surface of the pole relative tQiresses due to torque. The pole shall be shifted longitudinally

Lhoelebl:rt];nd to the longitudinal center line of the face of theuntil its ground line coincides with the front face of the crib,

11.1.6 Any possible strength reducing defects observegnd then it shall be secured firmly in place (see 12.1). A

other than knots, such as sweep, crook, checks, shakes, Spi%godendsaddlf, dFlg(.j L Wlthha”ctc:ncalve sdurfacg on tr?e polle
grain, insect damage, etc. side and rounded edges, shall be placed against the pole to

prevent injury to the ground-line section. This saddle shall be

STATIC BENDING TESTS OF POLES made of wood at least as soft as the pole under test and shall
Cantilever Test Method have dimensions as shown in Fig. 2.
12. Apparatus 13. Load

12.1 A schematic drawing of the testing apparatus and field . )
layout for conducting the tests is shown in Fig. 1. For 131 Theload shall be applied ata point 2 ft (600 mm) from

convenience of reference, the principal features of the layodf!® tip Of the pole by a power winch, or other means of
are denoted on the drawing by capital letters. The pole to béufficient capacity and capable of pulling at a constant rate of
tested shall be held securely from the butt to the ground line igPeed. The pulling line shall be kept level between the winch
the cribA. The crib shall be built in such a manner that thereposition and the point where load is applied to the pole. The
will be no significant movement of the pole butt during the test.load shall be applied continuously until the pole fails, and at
The design of the crib and holding devices shall be such that affuch a rate of speed as to cause a deflection at the point of load
vertical and rotational motion of the pole shall be prevented.of N in./min (mm/min), as determined by the equation:

Tape .y

N3 9Gvel|l

|

|

-D
Dynamometer

Ground Line of Pole Under Test

FIG. 1 Schematic Layout of Field Mechanical Tests of Wooden Poles
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{25mm)
2"Rj
(50 mm)
[ 42" -l
I (1100 mm) o

(a) Wooden Saddle, Solid or Laminated as Shown for Cradle.
|“R 6“ R

(25mm) (150mm}
fo o) S {E
84§ '
—_— 2" R e
l‘ {300 mm) ~ {200 mm)

(a) Wooden Saddle, Solid or Laminated as Shown for Cradle.
FIG. 2 Saddle and Cradle

N = 2mZL?/3C, (1) is a calibrated metal tension bar fitted with calibrated electric-
type strain gages, suitably wrapped or housed for protection
against shock when the pole breaks. This method permits

where: : S I

N = rate of deflection, in./min (mm/min), remote re_:qdlng of. loads and minimizes the p033|b_|llty of

Z =rate of fiber strain, in./in.-min  (mm/ personal injury during test. Alternatively, where electric-type
mm-min) = 0.0010, the value specified in Test Meth- strain gaging equipment is not available, load may be measured
ods D 198, by a dynamometer of suitable capacity, graduated in 50-Ib

L = lever arm, in. (mm), and (200-N) divisions. Calibration of the dynamometer shall be

circumference at point of load application, in. (mm). checked at frequent intervals during the tests. The load-
measuring device shall be supported on a sled or cradle moving

, ) on a suitable platform or level space. The sled or cradle and the

14. Pulling Line surface on which it moves shall be such that the force required

14.1 The pulling line shall be secured around the pole at theo pull it shall not add materially to the measured load on the

load point. The load measuring device shall be placed in serigsole.

with the pulling line and the line to the winch with a

free-running swivel on each side of it. 17. Deflections

15. Winch Positions 17.1 The deflection of the pole at the point of load shall be
15.1 If the winchG, Fig. 1, is set far enough away from the Measured at such intervals of load as to provide not less than

pole to make the angle between the initial and final positions of5 simultaneous readings of load and deflection. A greater

the pulling line small, the error in assuming that the pull ishumber of readings (25 to 40) is preferred. The measurement of

always perpendicular to the original direction of the pole axisthe deflection of the load point shall be made in a direction
will be negligible. The winch shall be located at the positionsperpendicular to the unloaded position of the pole axis. A

given in Table 1. measurement of the movement of the load point toward the butt
resulting from the deflection shall also be made at each
16. Load Measurement increment of load.

16.1 Load shall be measured by a suitable measuring device

placed in series in the pulling line. The recommended method Note 4—These measurements may be facilitated if a piece of plywood
(datum board)E, Fig. 1, is ruled with lines perpendicular to the unloaded

axis of the pole and spaced 1 in. (25 mm) apart. The edge of the plywood

TABLE 1 Winch Positions board away from the pole may be used as the datum line from which the

Pole Length, ft (m) Distance M from Distance N from deflection is measured. Then as the pole is deflected under load, the tape
Pole Axis, ft (m) Ground Line, ft (m) by which the deflection is measured is kept parallel to the ruled lines and

20 (6.1) 100 (30.5) 13.5 (4.1) its motion toward the butt may be measured by noting the line to which
22 (6.7) 110 (33.5) 15.5 (4.7) the tape is parallel when the deflection is measured.
25 (7.6) 125 (38.1) 175 (5.3)
30 (9.1) 150 (45.7) 22.0 (6.7) 17.2 A second datum line shall be establisheé,afFig. 1,
35 (10.7) 175 (53.3) 26.5 (8.1) . .
40 (12.2) 200 (61.0) 31.0 (9.4) from which movement of the ground line shall be measured.
45 (13.7) 225 (68.6) 355 (10.8) 17.3 Alternatively, the deflection of the pole may be mea-
50 (15.2) 250 (76.2) 40.0 (12.2) . . .
55 (16.8) 275 (83.8) 445 (13.6) sured with respect to a wire tightly stre.tched along the upper
60 (18.3) 300 (91.4) 49.0 (14.9) surface of the pole between the load point and a point 1 ft (300

ASee Fig. 1 for location of distances M and N. mm) from the butt. The movement of the wire relative to the
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position of the pole at the ground line can be observed by
means of a suitable horizontal scale attached to the upper
surface of the pole.

TABLE 2 Sample Data Sheet 1
Pole Sfrength Tests Test Pole No: 26

Species; oo, Fne Class and Length 6-30 Weight, tb.:

Plant and Treatment. Jporlanbury - daic

CIRCUMFERENCES (inches)

GL* 26-9 Load Point: /9./ Tip /85 -
. LENGTHS (Feet-Inches)
Butt to GL® 5-5% G®to Lood Point: 22-6" Load Point to Break: /6- 6%
Dyramometer |1
Reading, ib | Feet [inches | 8% in. #¥in. Remarks
Q 10 8 Ya 5 o
200 1 L | 5ty o
400 v | 3% | em ' Y-
600 1 % | 6u : 16+
800 2 | 1 6% | s
1000 1z | ¢ 6% | Yo | Jlal Lome
1200 12 | 10% 6% | Y
1400 /3 4hg | 7% Y
1600 3|\ TR e | 3m w4
1800 v 1 9% 7% | W
2000 (14,952 Loz, |(8 = fat) | 1840 Itan.
2200 0.0 dhot buak at knet whorl
2400 (9.9min)
2600
2800
3000
3200
3400
3600
3800
4000 Jotat o =5~

*GL (Ground Line) = Point of support.

1 Perpendicular distance from tip datum to load point.
H Distance load point moves toward butt.

g Distance pole moves at ground line.

Initials of Recorder: X.C.&.
Date: 9-5-39

Note 1—This data sheet is an example using inch-pound units. If the metric equivalents were being used the quantities would be measured as follows:

circumferences—mm

lengths—m, s—mm
dynamometer readings—N g—mm
t—m
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18. Procedure of break, to obtain the true lever arm for the calculation of the

18.1 Before any load is applied to the pole, take zerdiber stress at the ground line and at the breaking point,
readings for the following and enter in the appropriate columngespectively.

of Table 2 (Data Sheet 1): 19.3 Load-Deflection Curve-Plot a load-deflection curve
18.1.1 On the tape which measures the deflection of the loafdr each pole tested.
point to the edge of the datum boat, 19.4 Calculations—Calculate the maximum fiber stress at

18.1.2 On the datum board the line to which the tape of,o ground line as follows:
18.1.1 is parallels, , ,

18.1.3 On the tape for measuring ground line movenmnt, F=32n"P(L — A/C (2
and

18.1.4 On the horizontal scale at the ground line of the pOIewhere'
when the wire is used. '

18.2 At this time also make the following measurements p
and record them in the appropriate place in Table 2 (Data Sheqt
1): A

C

T

maximum fiber stress at ground line, psi (MPa),
load at failure (corrected), Ibf (N),

distance from ground line to point of load, in. (mm),
longitudinal deflection of the load point at the maxi-

18.2.1 Actual distance from butt of test pole to ground line mum load, in. (mm), and
(that is, point of support), = circumference at ground line, in. (cm).
18.2.2 The distance from ground line to point of load, If the maximum fiber stress at break is desired, calculate it as
18.2.3 Circumference at ground line and at point of load, ¢5|jows:
18.2.4 Species of timber,
18.2.5 Source of pole, F, = 32w °P(a — Aa)/C,° ®)
18.2.6 Preservative treatment if any, and
18.2.7 Test number. where:

18.3 Make the circumference measurements to the nearespfb
0.1 in. (2 mm). =)
18.4 The difference between the zero and any subsequenty’
readings measures the movement of the point of load in aA

maximum fiber stress, psi (MPa),

load at failure (corrected), Ibf (N),

distance from break to point of load, in. (mm),
longitudinal deflection of break point at maximum

direction perpendicular to the unloaded position of the pole load, a lever arm correction for stress at point of
axis. Similarly, the difference between the zero and subsequent break, accounting for the lever arm shortening
sreadings measures the movement of the point of load toward between the point of break and point of load, in.
the pole butt in a direction parallel to the unloaded position of (mm), calculated as:

the pole axis. The data relative to the ground line movengent,

readings, will be needed only for correction of the deflection Ay = A1 (b)) “)
readings and for a calculation of the modulus of elasticity if
this characteristic is desired. where:

18.5 Apply the load continuously and at a uniform rate until L = distance from ground line to point of load, in. (mm),
the pole fails. At each increment in the load, as indicated by theb = distance from gound line to point of break, in. (mm),
load measuring device, make simultaneous readingssoind and
g and record them in Table 2 (Data Sheet 1) until failure occursA, = longitudinal deflection of the load point at the maxi-
in the pole. Record the maximum load shown by the load mum load, a lever arm correction for maximum
measuring device. After failure estimate the break location and ground line stress, accounting for the lever arm
measure and record the distance from this location to the point shortening between ground line and point of load, in.
of load. (mm), and

C, = circumference at point of break, in. (mm).

19. Test Results The modulus of elasticity may be calculated as follows:

19.1 Load Correctior—Record the corrected load reading
in the appropriate column of Table 3 (Data Sheet 2). Determine -
these corrected readings from calibration curves of the load 3w AA"B
measuring device.

19.2 Lever Arm Correction-The difference between thte
andsreadings and the zero readings made during each test are,
respectively, measures of the movement of the point of load in
a direction perpendicular to and parallel to the unloaded
position of the pole axis. Deduct the difference between the
zero and finak readings from the distance from point of load
to ground line and from the distance from point of load to point

a3p
®)
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TABLE 3 Sample Data Sheet 2

Pole Strength Tests Tes! Pole No, 26
Dynamometer Corrected® » Circum - KL P KL P
Observed |Corrected ® {Detlection, | Section| ference, F= and F, =
Reading, 1b | Reading,1b in in. c? C?
0 Butt 27./ where:
200 /90 2 | 270 K= 3277% = 315.82734,
400 350 4' 26.8 L ond L' = Lever arms ininches,
600 550 6' 27/ P = maximum load n pounds,and
800 7&0 g8' 255 C and Cy = circumferences at
ground line and at
1000 780 10 4.9 break, respectively,
in inches.
1200 /1170 12" 24.5
1400 /1370 14 | 237 Distance Inches
1600 /560 16' 23/ Load Point to GL ¥ ¥ ¥ 270
Total s¥** 5
1800 /790 18' 22.8 265
2000 20' | 2/ L
2200 22 /4 Lood Point to Break /199
204 Total s*** 5
2400 24' | 20¢ U= /9%
2600 ! a.
© 26 L 201 | b = /835 1
2800 28’ 19.3
C3 =/94+€5./09
3000 30 /8.7
150"
3400 Breck | 24-6
3600 (MR): 7290 psi.
3800 Maximum fiber stress ot
4000 breck section (MB): 550 psi.

* Corrections based on calibration curves.
°* Corrected deflection =

minus a correction for movement at point of support.
*** See Table 2 {Data Sheet 1).

See Table I (Dato Sheet |)

cm for ft.

where:

—m

W>P>T
I

Note 5—If a crib consisting of vertical poles is used, the modulus of

modulus of elasticity, psi (MPa),

length from ground line to tip support of wire, in.
(mm)v

applied load at tip end, Ibf, (N),

observed deflection at the load point,

radius of pole at ground line, in. (mm), and

radius of pole at point where load is applied, in. (mm).

Difference between the t values of Table 2 (Data Sheet 1) for any load and zero load,

Initials of Recorderr A C &.
Date $-16-40

Note 6—Since shear deformation makes a negligible contribution to
the deflection of the pole in test, the modulus of elasticity calculated by the
formula will correspond more nearly to the true (compression) modulus of
elasticity of the wood than to the apparent (bending) modulus in the
standard test of a small clear specimen.

Machine Test Method

20. Apparatus
20.1 The poles shall be tested in a hydraulic or mechanical

elasticity shall be calculated from the wire deflection at ground line, usind€Sting machine with the load applied by the movable head of
the formula in 23.3.

the testing machine at the ground line of the pole.
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20.2 When the poles are short enough to permit supporting 20.4 The axis of rotation of the rocker bearings shall be 1 ft
the tip end on an extension of the weighing platform, the load300 mm) from the butt and 2 ft (600 mm) from the tip end of
may be observed by means of the weighing system of théhe pole, respectively. The poles shall be placed in the cradles
machine. The extension wing of the testing machine shall b&ith the grained side up.
secured in such a manner that it will be capable of carrying th 1 Deflection
loads applied to it. An arrangement of such a testing apparatus )
is shown schematically in Fig. 8( Alternatively, and for 21.1 Defle_ctlon of the pole under test shall be measured at
longer poles, one or both ends of the pole may be supporteiéte ground line.
independently of the testing machine with provision for 0b-  nore 7—The deflection may be measured by stringing a fine wire taut
serving the load by means of a properly calibrated weighingetween nails driven into the neutral axis of the pole directly over the end
device, such as a hydraulic weighing cell, at either or both endsupports, and crossing a scale secured to the pole at the ground line.
or at the load point. Such an arrangement is shown in Fi). 3(

20.3 The pole shall rest at each end in cradles (Fig. 2f2- Procedure
supported in rocker bearings free to rotate about a horizontal 22.1 Apply the load continuously until the pole fails and at
axis as the pole deflects. The cradle and rocker bearing at eaghch a rate of speed as to cause a deflection at the point of load
end shall rest on rollers to accommodate longitudinal moveof N in./min (mm/min), as determined by the equation:
ment of the pole during test. The wood used for the cradles N = 2mabZ/3C, (6)
shall be no harder than that of the poles being tested.

{ Tension Head ‘

U

Turnbuckle

Equalizing
Plate

Turnbuckle —..

Loading Head
i

—Turnbuckle
| - Scate N

Back Anchor
and Pin

T -
- oL —19-0" —_ 40 -
(5.8m) {l.2m
Weighing Platen

-E ha, Back Anchor
Extension Truss: _ I q;lu‘;:nq and Pin
S =T |y - - - - —H]
1 / KR b
(a) With extension wing of testing machine.
(600 mm)

Roller
Bearing~

NOTE : Mydraulic weighing cell
may be locoted of either
reoction or at the load point

Hydraulic
Weighing
Cell

. Hydroulic Line to
Weight [ndicator

[N
[T [

L Double 1-Beam

Roller L _J
Beoring

Timber _
crnb

Double [-Beom

(b) With pole support independent of testing machine.
FIG. 3 Schematic Diagram of Set-up for Testing Wooden Poles in Transverse Bending
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where: 22.3 Note each failure as it occurs and mark its location on
N = rate of deflection, in./min (mm/min), a sketch of the pole.
Z = rate of fiber strain, in./in..min  (mm/

mm-min), = 0.0010, which is the value specified in 23. Report and Calculation

Test Methods D 198, 23.1 Figs. 4 and 5 indicate two forms in which the test data

a = distance from tip bearing to point of load, in. (mm),
b = distance from butt bearing to point of load, in. (mm), May be recorded.
and 23.2 Calculations—If the weight of the section of pole from
C, = circumference at point of load, in. (mm). the load point to the tip end has been determined, the maximum
22.2 Take deflection readings at such increments of load &fber stress at ground line may be calculated as follows:
to provide not less than 15 simultaneous readings of load and T = POL %

deflection. A greater number of readings (25 to 40) is preferred.

U.S DEPARTMENT OF AGRICULTURE

TRUAT(L.D
SPECIES Devevas e FOREST SERVICE WORKED BY__ L. H.
SHPNO _ FOREST PRODUCTS LABORATORY CARDS WORKED BY
FROJECT NO 50- 3- tbl PoLe No. F-120 CHECKED BY
TABULATION SHEET DATE _SEPT. '3, 19506
LOAD DEFLECTIONS NOTES
AT GRoum» LinE AT _ MiDSPAN
_____ READING |P\FFrRENCE| READING |DIFTERENCE
Y L o= (3) (%) (5)
ibs- InN. M- IN- 1A
O | 23.55| o000 |3.15
_leo | .fo 25 | 13 Lo
Zoo 24. 08 -50 14.00
300 .29 T4 14.40
400 5y 49 1t.-%s
__ 500 -7 -2y 1528
boo 25 . 02 47 15 bS
700 .29 1T 16 .10
goo 54 99 16 -50
Qoo 79 224 1692
__toco 2L 04 2-49 i7-32
tioo ‘34 2179 180
1200 b 3 09 1730
{3100 27.- 00 345 /18-80
j4co ‘38 3.83 19-40
{500 -19 y-24 20-08
1600 | 28-32 N-TF7 20-8L
|1700 249.-00 545 2.1-%0
1755 | 50 | 595 22-50
__1795 | 30.00| 45 | 2345 —
815 -50 S5 23.80
MAx—%25 | 3t-00 | 74§ 24-35 .20 CerprEsg: NEAR toAB AT &/
__1780 -50 795 24.85 CREAK| NG
1620 32.00 T-HS_ | 24.95 CREAX NG
1585 _ 50 895 25.05 CREAK|fig AND S LTTiNe
1525 | 33 .00 9-45 | 2525 CAEAN G
445 50 ?.3¢ 25 45 CRACKING .
__ 1380 | 715 | ioto 25 2o
1220 | -85 | 1030 | 25.16 Faile i}
1130 | 3%.25 | 4070 | 25.18 _
- S |
- —1

Note 1—This figure is an example of data recorded using inch-pound units. The same arrangement could be used with the metric equivalents with
load in newtons and deflections in millimetres.
FIG. 4 Tabulation of Data Observed in Machine Test
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U.S. DEPARTMENT OF AGRICULTURE
FOREST SERVICE MEASURED
.- TESTED _LH- RS- 5D
FILENO _5TR. « - WEIGHED
COST CHARGE __ 50 -3 1!
LABORATORY NO. 4247w2 A

STATION - MADISON DATESD:1Y 56 SHIP NO POLE NO 120
PIECE NO _£__ MARK

3400
MAX LOAD  1825%
SPECIES TREATED TDoLotAs FiR DEF AT MAX LOAD 745"
KIND OF TEST MAcdine Teor 22001 LOAD AT EL -
LOADING DEF. ATE L
SPAN 24 LOAD AT O I"COMP
MAX. DROP
GAGE LENGTH ‘
WIDTH OF PLATE ____ _ _2800p  —— % e
MACHINE ___ B | ;
SPEED OF MACH ©1T7 INPER MIN. __ |
WEIGHT OF HAMMER __ ‘
HEIGHT 2400 ot
WIDTH o :
LENGTH _ . N
CROSS-SECTION ____ 22000 ! ) ) I
WEIGHT ___ 5«4 LBS. 2 !
RINGSPERINCH . __ 9
saP__ ..z
SUMMERWOOO .. .. Q
SEASONING _ GReen Q600
MOISTURE __
TESTED AT __TEMP ____ %RH
KIND OF FAILURE _ 1200
REMARKS
DioTANCE, — GROUND Ling  Te
BUTT  END ., Lk ~ 800F
DISTANCE - GROULND LiNE YO
BuYT suepoay , sa
SKETCH
400 p—-
200 . '
| |
ok A 1 i :
0 2 4 6 8 10.00
Note 1—Metric equivalents may be substituted for the inch-pound units.
FIG. 5 Load-Deflection Curve and Related Data in Machine Test
w Note 8—The equation assumes that the center of gravity of the section
<T ti= §>a of the pole above the ground line acts at a distanca/2ffrom the load
= T 0.0982° point. If so desired, the center of gravity can be determined by balancing

the section on a narrow fulcrum and the equation altered accordingly for

each pole. Experience has indicated that the error involved in using the
tip reaction at maximum load due to superimposed distancea/2 when calculating bending stress is usually negligible, except
load, Ibf (N), in long and large poles.

maximum superimposed load on pole, bf (N), 23.3 Annex A2 provides an equation for calculating an

distance from load point to butt support, in. (mm), ) - )
distance between the tip and butt supports, in. (mm),effectlye modulus of elasticity for atapereq rounq timber tested
maximum fiber stress at ground line, psi (MPa), following procedures recommended in this section.

distance from load point to tip support, in. (mm),

tip reaction due to dead weight of pole, Ibf (N), Note 9—Since shear deformation makes a negligible contribution to

di t f pole at load point. i d the deflection of the pole in test, the modulus of elasticity calculated by the
Ia_mﬁterf 0 pt(') e af Oall fp0|n t'hm.l (mdm), 'art1t the ti formula will correspond more nearly to the true (compression) modulus of
WEIGNL Of SECLION OF POIe 1rom e ioad PoINtIo e tp elasticity of the wood than to the apparent (bending) modulus in the

end, Ibf (N). standard test of a small clear specimen.

10



A8y D 1036

PROCEDURE AFTER TESTING 26.2 Handle all minor test specimens in such a manner as to
keep the moisture content above fiber saturation until tested.
24. Photographs
24.1 Take a photograph or make a sketch of each polé7. Procedure for Minor Tests
failure as a portion of the permanent record of the tests. 27.1 The procedure for conducting the minor tests, includ-
ing a determination of moisture content and specific gravity,

25. Age, Rate of Growth, and Moisture Determination shall conform to that prescribed in Methods D 143.

25.1 Cut two disks, each 1 in. (25 mm) in thickness, from
the pole approximately 1 ft (300 mm) from the ground line TABULATION OF RESULTS
toward the butt. Determine the age, sapwood thickness, and
number of rings per inch (average ring width in millimetres) 28. Tabulation of Results
from one disk. 28.1 A table shall be prepared, listing the following infor-
25.2 Reserve the other disk for moisture and specific gravitynation for each pole:
determinations. Split the disk along radii into six approxi- 28.1.1 Pole number,
mately equal sectors. If any of the sectors contain knots, split 28.1.2 Species,
these off and discard all knotty portions. 28.1.3 Treatment,
25.3 Select three alternative (nonadjacent) knot-free sectors 28.1.4 Seasoning condition,
for the determination of the moisture content, and if desired, 28.1.5 Preservative retention (if known),
the retention of preservative. Retain the other three sectors for 28.1.6 Age in service (if pole had been in service),
the determination of specific gravity (see 25.4). Split the 28.1.7 Age of pole since treatment,
sapwood off each of the moisture sectors and remove all 28.1.8 Source of pole (supplier, region and climate, if pole
splinters and sawdust from the sapwood and heartwood piecégd been in service),
remaining. Immediately obtain the weights of the sapwood and 28.1.9 Classification standard,
heartwood pieces. Store the specimens of sapwood and heart-28.1.10 Condition of pole (decay, woodpecker holes, splits)
wood in suitably labeled containers until tests for moistureif pole had been in service,
content (and preservative retention) can be made. Make mois-28.1.11 Average moisture content of butt section of pole,
ture determinations of untreated specimens and tests for the 28.1.12 Moisture content of heartwood at ground line,
moisture content and preservative retention of treated speci- 28.1.13 Moisture content of sapwood at ground line,
mens by standard methods. 28.1.14 Specific gravity of pole, volume as tested, weight
25.4 Determine the volume of the specific gravity sectors byoven-dry,
displacement as soon as possible after the sectors are cut. Overpg.1.15 Rate of growth, rings per inch (average ring width
dry the sectors and determine the specific gravity as followsin millimetres),
28.1.16 Age of tree, years,
28.1.17 Sapwood, percent of total cross-section,
28.1.18 Sapwood, depth in inches (millimetres),
26. Specimens for Minor Tests 28.1.19 Weight of pole, pounds (kilograms),

26.1 Cut minor specimens from the end of the butt section 28.1.20 Temperature of pole at time of test,
nearest the disks mentioned in Section 25 or from a section cut 28.1.21 Circumference of pole at ground line, inches (mil-
from the butt of the pole prior to the major test. Determine thelimetres),
number and types of specimens to be taken for minor tests in 28.1.22 Circumference of pole at break, inches (millime-
accordance with the overall objectives of the test progranires),
(3.2). As a minimum, however, take five 2 by 2 by 40-in. (50 28.1.23 Circumference of pole at butt, inches (millimetres),
by 50 by 1000-mm) test samples to furnish five static bending 28.1.24 Circumference of pole at tip, inches (millimetres),
and five compression-parallel-to-grain specimens. When poles 28.1.25 Maximum load, pounds-force (newtons),
are of such small size as to preclude the use of test specimens28.1.26 Maximum fiber stress at ground line, pounds-force
2 by 2 in. (50 by 50 mm) in cross section, specimens 1 by 1 inPer square inch (megapascals),
(25 by 25 mm) in cross section may be used in accordance with 28.1.27 Maximum fiber stress at break, pounds per square
Methods D 143. All specimens shall be clear and free offch (megapascals), if calculated, and
defects. When the minimum number of specimens mentioned 28.1.28 Modulus of elasticity, if calculated, pounds-force
above is taken, they shall be from as near the surface of the biR€r square inch (megapascals).
as possible and shall not have surface defects or imperfections. o .
Each specimen shall be marked to show its position relative t§9- Precision and Bias
the compression side of the pole and shall also bear the number29.1 A statement of precision and bias for this test method
of the pole from which it was taken as well as its own numberhas not yet been developed.

Specific gravity=_oven dry weight, g/volume, cin (8)

Note 10—If 40-in. (1000-mm) specimens cannot be obtained from the30 Kevywords
butt section, 30-in. (760-mm) specimens shall be obtained and five Y ] ) ) )
additional specimens each 2 by 2 by 10 in. (50 by 50 by 250 mm) shallbe 30.1 bending; cantilever; fiber stress; moisture content;
taken for tests of compression parallel to grain. poles

11
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ANNEXES
(Mandatory Information)

Al. APPARATUS DESIGN AND EXAMPLES OF OBTAINING DATA

Al.1 Since these test methods cover, in general, the kinds A1.5 The following is a method for recording knots and
of data to be collected in a series of tests, and specifidefects that has also proved convenient:
directions as to how these data should be taken are not given
it is thought the following information on apparatus design and
descriptions of how certain data were obtained in successft&
tests might be helpful.

'A1.5.1 The pole to be measured is laid out on skids.
Al1.5.2 Before measuring, the pole is rolled so that its face
hat is, its grain side) is up.
A1.5.3 The zero end of a steel tape is secured to the butt
Al1l.2 Fig. Al.1 shows a field layout which has been usedsurface of the pole in such a manner that the zero mark
with crib A, test pole, supporting raff, pulling tackleG, and  coincides with the uppermost point of the butt surface.
winchH. The sketch indicates winch positions for three lengths A1.5.4 The tape is then stretched taut along the longitudinal
of poles. Details of parts of the testing apparatus are alseenter line of the face of the pole and secured to the top surface
included. Point® andC are reference points for measuring the of the pole.
movement of the ground line and the load point of the test pole, A1.5.5 At the midpoint, the tape is secured to the pole to
respectively. The sand plank barrierlatis a safety device to prevent sag when the pole is subsequently rolled for knot
protect against failure of the tackle or pulling line. The screensneasurement.
F are to protect the person reading the dynamometer from A1.5.6 At intervals of 2 ft (600 mm), beginning at the
possible breaks in the pulling line. extreme butt, circumferences are measured and recorded. The

. . . . le is th lled th h le of 90° and d.
Al.3 Fig. Al.2 shows details of a concrete testing crib andOO © 15 then rofied through an angie o anc secure

crib fittings that have proven adequate for conducting pole ALS5.7 Using the tape as a reference line, the diameter of
tests 9 P q 9 PO'%ach knot more tha# in. (13 mm) in diameter, its distance

from the butt, and its distance circumferentially from the tape
Al.4 A convenient and satisfactory method of making theare measured and recorded.

readings of the various data required is to have the person A1.5.8 A record is made of any strength reducing defects
reading the load on the dynamometer blow a whistle for eaclather than knots that may be present. Fig. A1.4 shows a form
200-Ibf (1000-N) increment of load. The person reading thethat will assist in making those records.
deflection then reads the tape for deflection and the location of
the tape, and the tape for the movement of the pole at the A1.6 The “Working Plan for Grading Hardwood Logs”
ground line is then read. If one person is designated as tha@ated Jan. 1, 1947, and issued by the Forest Products Labora-
recorder, he may make his record easily if a sequence i®ry at Madison, WI, contains directions for noting defects,
established for the readings to be shouted out after eaaktc., on a form for logs. These directions and form could be
whistle. easily adapted for use in pole tests.

12
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S c!
2x4x9 Stud L
{40 x9C x 2700 mm) Scal
R ~
“ 4 x4 x1-6 2 {90x90x400mm)
Above & (Set in concrete)
A le Tape
~ch
B' Ly . 2 Cedar Stubs \
j i 'DT 1-0"( Top diu)uQ\'O' ‘ /
{300 x 2700 mm |
Sat approx. 51t (1L5m) deep | 'O 1! *(3miLong i D
L——— E—— - = Sand
; 2" Plank extending — |- 4
AI 1 1 £ (300 mm)} above 8 700V
G fo— — — - G - L -- - - -
— — = —
-~ |
£ . - - - B ——
@ Wedqer H
N : ' s

Detail of Crib shown in fig. 7
Detail of Saddle shown in fig. 2

5-6" Lottice-

~Metal Broce

Winch Line

1 6'x8'% 18" Tie
E (140x190x460mm)

Screen
30 ft (9m) Railroed roii /

I K Dynamometer
b --2x4 x1-2 (40x90x360mm) i
Above & (Set in concrete) |
i
s Double F
Block "~
Detail of B'
i Double !
N G Block
2" 4 Stud i
ﬂQOx QOMMN k
4 e |
g Triple”
I -1"x 10" Shiplap Block\
{20 x 240 mm)
N |
3
- —M - (,2,5,4905,',.""1) Truck 8 Winch - o
Detail of F' . oL e
Dimension Inch—Pound Metrlc Dimension Inch-Pound Units Metrlc
Units Equivalent Equivalent
A 8ft4in. 25m H 17 ft 9 in. 5.4 m
B 2ft9in. 840 mm | 22 ft 6in. 6.9 m
C 6 in. 150 mm J 2 ft 600 mm
D 8 in. 200 mm K 150 ft 457 m
E 5ft6in. 1.7m L 2ft6in. 760 mm
F 2 ft 10 in. 860 mm M 6 ft 1.8 m
G 23 ft 6 in. 72m N 4 ft 12m

FIG. A1.1 A Field Layout Which has Been Used for Pole Strength Tests
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T H
F G
A}Inqlg Iron \’\ 1
2'x 3" Va' T 1
(50x80x6mm) .
i
po
J -

-y
NOTE

Crib to be mode of 1:2:4
. concrete reinforced with
348" (I6mm} round, deformed,
\ Y steel bars.
N ~
Y

FIG. Al1.2 Concrete Testing Crib

34" (20 mm) Mach. bolt & nut

Va"x 3Va' Sq. Washer W
{ (20 x 80 mm) 3B x70" Plonk %

10" (250 mm) long A\ y, (40 x 190 x 2100 mm)
3"x 1'%32"x Z¥ea’ Chonnel - .
{80 x40 x 10 mm) Ve

2"x 4" (40x 90 mm) Blocks -,
bolted to web
of channel L

v

= - -2 %6 x6-0 Plank
7y . (40 x 140 ¢ IBOO mm)
D‘ )U
Ground Line - T

-~ s/
™ 77 kNOTES o
[P Plank bolted with /2°x 3" (10 x 8O mm}
Va R machine bolts into /2" { 10 mm) lead
~ "Tampin'' inserts set in the concrete walls

2"%8"x8-0" Plank —
(40 x 190 x 2400 mm)

2" 6" 6-0" Plank -
{40x 140 x 1800 mm)

Metric Dimen- Metric
Dimension Inch-Pound Units Equiva- sions Inch-Pound Units Equiva-
lents lents
A 6 ft 1.8 m L 2 ft 610 mm
B 7 ft 21m M 3ft6in. 1070 mm
C 2 ft 610 mm N 1ft3in. 380 mm
D 1ft1lin. 580 mm (¢] 1ft6in. 460 mm
E 2ft2in 660 mm P 5 ft 1.5m
F 1ft 10 in. 560 mm Q 9 ft 27m
G 1ft6in. 460 mm R 5in. 130 mm
H 1ft3in. 380 mm S 3ftlin. 940 mm
| 3ft2in. 970 mm T 1ft 300 mm
J 3ft2in. 970 mm ] 1ft 300 mm
K 1ft3in. 380 mm \% 5in. 130 mm

FIG. A1.3 Wood Plank and Steel Fittings for Crib
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PLANT: #porlarbusg - Cheslin KIND OF TIMBER: o, &ne  CLASS LENGTH: 6-30

ENGINEER: (. 4 M. ana RC £ DATE: #-/2-39
BUTT OF POLE SUM OF |CIRCUM-
28'24°20"16"12" B" 4" 0" 4" 8 12" 16" 20" 24" 2@{0IAMETERS | FERENCE REMARKS 287
H T = ! 277 | Jeat Forle 220, 26
T b F
P 27.0
1 i
" ‘
4 26 % TeerprgriLinee! Bl
5
3 27.7
-
g 255
9 10
‘ 24.9
10
‘ & 10
I j t
12" \20“ 51T |8 3 4.7 24.5
13
‘ 23.7
14 o
5 Lo W P
i
. T 23/
18 ]
17 12
18' 1 22.8
9 CHssCEERD
. 12H 2.8
20 T
21 ' I
e )
22' 10 ++14 204
23
2 16 16 17 20.%
2y !
ZG‘M J 1 20.7
27 @@ 7 #.7
: T /9.3
28 ] |§>
29
2 12441845 /8.7
3
32
33
34
35'
36 ] ¥ = BREAK POINT
37 (= MAX SINGLE AND
18 ; MAX GROUP OF
H KNOTS
39 [ .
40'

TOP OF POLE

Note 1—This form is an example for use with inch-pound units. A similar form could be used with metric equivalents, with the grid layed out in terms

of millimetres.
FIG. Al.4 Sample Form for Recording Defects

A2. CALCULATION OF MOE BASED ON DEFLECTION AT GROUND LINE

A2.1 The derivation of MOE presented in this annex isempirical equation of the distance from the tip reaction to the
based on the moment-area method applied to a beam of varyiqint of maximum deflection is used to simplify the derivation.
section properties with the load applied at a point located &his equation was derived using a simulation routine that
disance of 10 % of the pole length plus 2 ft from the butt endcomprised a range of pole lengths (40 to 80 ft), pole tapers

A2.2 Assumptions-Fhe derivation is intended to compute (0.001 t0 0.05 in-/in.) and tip diameters (6 to 12 in).

deflection of a tapered pole relative to its dead load deflection:
weight of the pole is not included. It assumes a linear taper
(siin./in.) and no variation in MOE along the length. An  A2.3.1 Estimate the point of maximum deflection:

A2.3 Outline of Basic Approach Used in the Derivation:
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(2) First moment of area under M/EI about butt end reaction A2.3.3 List of Parameters
divided by span will give the deflection angle at the tip.

(2) The point where the area under the M/EI, beginning at
tip, equals the angle found in Step 1 is the point of maximumdb
deflection. dt

(3) First moment of area between tip reaction and point of P
maximum deflection about an axis through the tip reactlonb
gives the maximum deflection.

(4) First moment of area under M/EI between the load pomtA
and point of maximum deflection about an axis through theg
load point gives maximum deflection relative to load point E
deflection.

A2.3.2 Solve resulting deflection equation tér

butt diameter (in.).

tip diameter (in.).

diameter at load point (in.).

test span (in.).

butt reaction to load.

distance from tip to load point (in.).

distance from tip to point of maximum deflection (in.).
taper (in./in.).

bending MOE.

8:

Lp.a-20.37 x2 P 120.37-P x—b 4
LE [d+s L=07" E [d+s-L-nF "%

9_8

L
_3395:P-a-b d;*(L+b)+s+L-a
- L-E dy-d,?d}?

4 dx = Curvature

_ [*2037-P-b x
o L-E (d,+s-x)

b 3.395 b
T ld s A @B & P
3.395-P-b-A? (3.+d,+54)
T T L E-d?  [d +s-A)]

Ay=(-3.395-4,—10.185:5:A)- P~

A is the point where 6 = A,

A%

3:d,+s-A d(L+b)+s-L-a
@ +s-AF ¢ dy-dy

A (3+d,+5A)—K-(d,+s-A°=0

Solve for A, the distance from the tip to the point of maximum deflection:

[ —1-df d; 163)
sx e) —a;
[‘2’(‘”’“2) ] [u——x—r‘] a
A== N T -=
[ 1.4} d? 1G) -1-4d} d? G) s
+ K- + JK = =
SRR FRSTPO) IR P 6

As this is primarily a function of span length (L), taper (s) and tip diameter (dt), values that can be measured only to a limited
accuracy, the following empirical expression was derived for pole lengths extending from 40 to 70 ft with tapers ranging from
0.001 in./in. to 0.05 in./in. and tip diameters ranging from 6 to 12 in.

1
A=L-(—0.0104~ﬁ~s°'5-L—1.6~s+0.0077-d,+0.5)

where L is the pole length in inches, s is the taper (%), and d, is the tip diameter in inches.
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Estimate the maximum deflection:

7 dx

A

_ [#*2037-P-p 2
- L-E (d,+s5°x)

b 6.79 b

@+ A @Bl 4 @Bl
A3
[(d1 +5 A)3 ‘ [L ¢ (E ¢ dr)]]

8,=(—6.79-d>—20.37+5*+A*=20.37 +d,*s*A)- P+

6,=679-P:b-

Estimate deflection at the load point:

P

_[2037:Pma) (a-x)-G-Lta) lati i
| I E [dt 5. (L—x)]4 X 1splacement relative to maximum

L—a)
8,=3395-P-(=1.-L+a)-
f[A%-(4+s-a—s-L+2-d)+3-A*(2-s-a*+L+-d)]-3:A-a-[2+d,-(L—a) +s-L+a]] +a**[2+5s+a-(a—L) + d,- (4-a—3"L)]
(@ +s-A)-[L-[E-Wd +s )]
A, =8,-8

14

A3
8, =679 P (L=a) Fr = A L (B )]

(=6.+5 A2 q?+ 4.5 q A~ 1. 5 L-A>+2.+dA*+6.-L-A+d,-a
-6.°d,*Aa*+3.+5-L-A*a*-3.-a* L-d,+2.+s°a*+4.-a>d—2.+5-a>* L-3.-L-d, - A?

+(3.395-P-(-1.*L+a)- (@ +s A [L[E-@+s a0

Solving for E gives:
3.395-P-(L—a)
LA, [d-@+s A @G+saT K
K=A[s"(2'sa’+d,'L)] +A%-[3:d,2*5*a>+L-d)]+A-[6-d? (a®*~L)-3+:d,sL-a*] + C
C=d,a*[d- (3 L-4-a)+2:sa-(l-a)]

E
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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