Report No. CDOH-DTP-R-84-19

PYCNOMETER SHAKER

Robert Somrak

Williamm Whittaker

Colorado Department of Highways
4201 East Arkansas Avenue
Denver Colorado B0222

Final Report
September 1984

Prepared in cooperation with the
U.S. Department of Transportation
Federal Highway Administration



The contents of this report reflect
the views of the author who is
responsible for the facts and the
accuracy of the data presented here-
in. The contents do not necessarily
reflect the official views of the
Colorado Department of Highways or

the Federal Highway Administration.
This report does not constitute a
standard, specification, or regulation.



Technical Report Documentation Page

. Repert Ne.

CDOH-DTP-R-84-19

2. Government Accession Neo.

3. Recipient's Catalog No.

Title and Subtitle

Pycnometer Shaker

5.

Report Date

September 1984

Authorls)

Robert Somrak, William Whittaker

6.

i3

Performing Orgonizotion Code

1483-A

Performing Orgonization Report No.

CDOH-DTP-R-84-19

Performing Organizetion Name and Address

Colorado Department of Highways
4201 E. Arkansas Ave.
Denver, C0. 80222

10. Work Unit Neo. (TRAIS)

11. Ceontroct or Grant Ne.

1483-A

12

Soonsering Agency Nome ond Address

Colorado Department of Highways
4201 E. Arkansas Ave.

Denver, CO. 80222

—
w

Type of Report and Period Covered

Final

14. Sponsoring Agency Code

15.

Supplementary Notes

Prepared in Cooporation. with the ﬁis. DOT, Federal Highway Administration

16.

Abstract p mechanical shaker, to provide a standard shake for the pycnometer test for
asphalt cement content of an asphalt concrete mix was built and tested.
‘with mechanical shaker indicate slightly higher specific gravities as compared to
This indicated that more of the entrained air is removed with the
The shaker dramatically improved consistency of the pycnometer
test results and eliminated the need for calibration of each individual tester.

the manual shake.
mechanical shake.

Implementation

This shaker is being used by the District III Materials Lab and is recom-

mend for use in other labs throughout the state.

Test resulf

17.

Key Words

Extrained Air

Pycnometer, Asphalt Content,

Virginia.

18, Distribution Stotement
No restrictions.
able to the public through the National
Technical Information Service/Springfield
22161

This document is avail-

19.

Security Classif. (of this report)

None

20. Security Classil, (of this page)

None

21- Ne. of Pages 22. Price

21

Form DOT F 1700.7 (8-72)

Reproduction of completed page authorized



ACENOWLEDGMENTS

The author would like to thank all of the
Department of Highways personnel who helped in

doing this research project.

Special appreciation for work and dinput
contributed to this report is expressed to Bill

Whittaker, District III Laboratory.

a B



TABLE OF CONTENTS

Page
Introduction..cescesccsveness VR SR S |
Shaker Design and Construction......... e i 1
Test Procedures and Results.......veceeennes- 2
CONCLUBTONE v o arwraiwuiamrmeermiones s w2e £ e wse 0w o6 3
Appendix A - CP-42 Method C ....... SRR cees 6
Appendix B - Shaker Design Drawing
gnd ‘Parte Ideb..seesvsann envvsns 13

iii



INTRODUCTION

The pycnometer method of asphalt content determination has been adopted
bty the Colorado Department of Highways. This method was adopted to help reduce
the use of methylene chloride (both a health hazard and expensive) assoclated
with the vacuum extractor. One problem with the pycnometer method is consistency
in removal of entrapped air in the asphalt mix sample bf hand shaking. ZEach tester
is required to obtain their own calibration due to individual shaking methods. Even
the same tester can obtain differing results due to fatigue or illness causing a dif-
ference 1n shaking methods. TEEE project was designed to develop and refine a me-
chanical shaker to obtain consistency in the removal of entrapped air in the pycno-

meter.

SHAKER DESIGN AND CONSTRUCTION

The original proposal was to design, build and test a mechanical shaker and
& vibration shaker. The mechanical shaker was built and initial tests taken and
the design concepts were started on the vibration shaker. Due to the positive
initial results from the mechanical shaker and the higher probable complexity,
construction difficulty, and cost of the vibration shaker, it was decided not to
5ﬁ11d a vibration shaker. A second mechanical shaker of similar design, but easier

to construct than the first mechanical shaker, was then designed and built.



TEST PRCCEDURES AND RESULTS

Before field use of the pycnometer, each tester must calibrate the pycno-
reter for the asphalt and aggregate being used. During calibration, the specific
gravity of the aggregate is determined. Colorado Test Procedure CP-42 Method C
(see Appendix A) for the pycnometer requires four calibration tests for the ag-
gregate specific gravity to have a maximum range of .005. A .005 range of the ag-
gregate specific gravity is equal to approximately .1% asphalt. This aggregate
specific gravity calibration test was used to determine the effect the shakers
have on test results. Three testers were used with each person doing both manual
and mechanical shaker tests. Aggregates and asphalt samples from the same source

and production were used throughout the tests.

The shaker shown in Appendix B was the first one built. The combination of
the up and down motion produced by the eccentric shaft and the four springs on the
spring plate produce an orbital up and down motion. The operating speed of the
shaker was obtained by visual observation of the mix during shaking. The pycno-
mater was filled to working weight with asphalt mix and water and placed in the
shaker. The desirable operating rpm of the eccentric shaft was then determined
using a variable speed motor. An eccentric shaft speed of 850 rpm seemed to give
good shaking of the mix but kept the shaker relatively quiet. Some speeds pro-
duced harmonics where the mix was either not being affected or the shaker would

attempt to self destruct. Two operators used this



shaker with the results shown on page 5. Both operators obtained four test

results with the specific gravity of the aggregate within a .005 range. Aver-
ege specific gravities of 2.619 and 2.618 with the shaker show that each ope-
rator would not have to do individual calibration for this mix. Neither ope-

rator obtained four test results within a .005 range with hand shaking.

A second mechanical shaker was constructed that used a hinge assembly in-
stead of the spring plates. This shaker was easier to build but only provided
an up and down motion. The best eccentric shaft operating speed for this shaker
was again determined to be aboﬁ%h850 rpm but at any speed, the hinge shaker seemed
more violent and noisy than the spring plate‘shaker and it was felt the shaker
would wear out quickly with much use. A third operator used this shaker and the
results are shown on page 5. The standard method used by each operator was as
follows: at each two minute interval during the 10 minute test period, turn on
the shaker and rotate the pycnometer 90° on its side until the sample slumps to
the side of the pycnometer, then rotate the pycnometer 180° until the sample slumps
to the other side, release the pycnometer and turn off the shaker until the end of

the next two minute period.

CONCLUSIONS AND IMPLEMENTATION

The results shown on page 5 for hand and mechanical shaking are not en-

couraging for use of the pycnometer without a shaker.



All three operators were careful to use the same techniques throughout the

hand shaking tests but the test results varied widely.

A consistently higher specific gravity is obtained using mechanical shaking
as opposed to hand shaking. This indicates more entrapped air is being removed
from the sample with the mechanical shaker; this is critical to the test pro-
cedure. The hinge shaker produces a higher specific gravity than the spring
ghaker, probably due partly to a more violent shaking action. The three specific
gravity averages for the mechanical shakers have a range of .006 which indicates
the shakers give consistent and adequate inter-operator results and multiple
calibrations should not be necessary. The results also show a high increase in

gingle operator accuracy.

Both shakers are now being used by District III field testers on active con-

struction projects with satisfactory results.



MECHANICALLY SHAKEN

HAND SHAKEN

COMPARISON
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(A
[43]
-~
(ae]
w
w
(]
J!
(e ]
n
o]
o

OF OPERATOR CONSISTANCY USING HAND and !MECHANICAL

o 2.6 .62 . .63 . Total Test
] ] ] l l : Average

Opelv'_ P s asadls e Sen

;
' X AVE, 2619
Lot ol i oot [ el [ .20

N DA e | Wi%d_‘ffi____'_:'_'_“"m a*ené'""_ oo
L | ,j"___hu__lsmmu modsl _no.1 | _;_“; _____ Tro__" e 2619
#2 A S B - {4 -
R T i
e T I T ' AVE 2654
e 2 e S s
Oper. | ' ] Shoker rnodel g oo * “‘ . l-_ - 2.625
#3 . Bl | P _ENMHJJg;_W“L;L. k&
o ] e l | = _____:_ . _‘
O 145 ISR I '1 i &? |
5 O R I S OO D 5 B el e
N : ' o | b g D e
N S i IF o) T s E__ DL n
Oper. = _ji_ e 7 " - 1 | {J ; { B e 2.504
#1 S .,._:'__.___,'____....,'______:-_._ bkl g . ._E__.'. el
- I ‘ T T SRS, MBI S
2 bl = E | i -
Oper. | 17| [ sl i By 4 2.601
i N EES ‘ ! ‘__..l ‘. :_;t" Sxsbiad.
o T D S R e e
o D R 2% B0 R D Lk
Oper. § dotarins B e ' m"“ *lll T | ‘. _ 2.599
#3 ) B ] e BN R RN N
i . H '

Object of testing was to obtain 4 tests within a range of. .005 Gg for

each operator.

in an error of 0.1% A.C. Content.
ilechanical Shaker #2 utilized an up and down motion for agitation.
ilechanical Shaker #1 utilized an orbital up and down motion for agitation.

All three operators had no previous experience with the Pycnometer Apparatus.
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An error of .005 Gg for the aggregate will result
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CALCULATIONS
1.1 Weigh 1o the nearest 0.1 g, subtract the weight of the pan and filter and determine the
percentage of bitumen extracted as follows:

(A-B) -C

1
AB x 100

Bitumen content of dry mix specimen, percent =

where:

A = weight of test specimen
B = weight of water in specimen
C = weight of extracted aggregate

15.2  Add the retention factor previously determined by CP-40to the percent bitumen extracted, and
report the total as percentage of bitumen in the mix. Where the retention factor is known to be 0.04 percent
or less, it may be disregarded.

NOTE 8: See example of DOH Form No. 578 and calculations in Chapter 400.

SIEVE ANALYSIS -

16.1 If a sieve analysis of the extracted aggregate is desired, it shall be determined in accordance
with CP-31, except that the size of the test specimen shall be determined in accordance with Table Il,
Section 13.

METHOD C - PYCNOMETER
APPARATUS

17.1  Large size plastic pycnometer having a capacity of at least 10,000 ml.

17.2  Asuitable vacuum connection assembly consisting of a vacuum gage, release valve and tubing
connector, a tapered stopper device for-maintaining consistent volume regulation, a 1000 ml water trap
made of plastic to withstand partial vacuums, thermometer with a range of 10 to 65 C and mixing bowls
large enough to mix 6000 g samples.

17.3 A balance capable of weighing 20 kg to an accuracy of 1 g.

17.4  Avacuum pump orwateraspirator capable of evacuating air from the pycnometer. The pump or
aspirator must provide a partial vacuum of 660 mm Hg at sea level reading on a vacuum gage.

17.56 6.3 mm |.D. tubing, approximately 183 cm.

DETERMINATION OF THE SPECIFIC GRAVITY OF THE AGGREGATE

NOTE 2: This specific gravity is determined only once for each source or when a significant change
in the gradation occurs. It will be determined by the project tester.
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18.1 Prepare four aggregate specimens, (about 5500 g each) representative of the material to be
used, by drying to a constant weight at 135 C + 5.

18.2 Place the aggregate in a tared mixing bowl and weigh.

18.3 Immediately add asphalt cement (preheated to 135 C) of the amount and type specified in the
job mix formula.

18.4 Thoroughly mix the asphalt cement and aggregate by hand until all aggregate is coated.

18.5 Repeat 18.2 through 18.4 to remaining specimens. Proceed to 20.1 through 21.1 to determine
specific gravity of the mix; Gm.

NOTE 3: The specific gravity of the premixed samples, Gm, must be determined before the specific
gravity of the aggregate, Ga, can be determined. Ga is determined in 19.1.
CALCULATION OF SPECIFIC GRAVITY OF AGGREGATE

Gm Gb (100 - P)
100 Gb - Gm P

where:
Ga = specific gravity of aggregate
Gm = specific gravity of mix
P = known asphalt content
Gb = specific gravity of asphalt cement

NOTE4: Seeexample of DOH Form No. 563 and calculations in Chapter400in the Materials Manual.

PROCEDURE

20.1  The test can be made on cold or hot samples. For a cold sample, separate the particles, being
careful not to fracture the mineral particles, so that the fine aggregate portion is not larger than 6.4 mm.

NOTE 5: If the mixture is difficult to manipulate, place it in a large flat pan and warm until it can be
separated manually.

20.2 Place thesamplein the pycnometerand weigh. Designate the net weightasa. With the lid on, fill
the pycnometer to a point approximately 5 cm below the top.

20.3 Remove the entrapped air by subjecting the contents to a partial vacuum of 630 mm Hg reading
on a vacuum gage for 10 minutes, + one minute. To help release the entrapped air, vigorously shake the
pycnometer at 2 minute intervals.

NCTE 6: 555 mm Hg is the required vacuum at 5000 feet above sea level. The vacuum must be
corrected at various altitudes for changes in atmospheric pressure. Therefore, the partial
vacuum required will increase or decrease 21 mm Hg per 1000 feetof increase or decreasein
elevation above or below 5000 feet.
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Example: When the test is performed at 8000 feet above sea level, the required corrected
partial vacuum would be 492 mm Hg ([8000 - 5000] / 1000 X 21 mm Hg = 63 mm Hg, 630 mm
Hg - 63 mm Hg = 492).

204 Immediately after the removal of entrapped air, fill the pycnometer with water, insert the vented
stopper, dry the outside, and determine the weight. Designate the weight as g (sample and pycnometer
filled with water). Remove the stopper and measure the temperature.

CALCULATION OF SPECIFIC GRAVITY OF MIX

2 - a dw
Bl e B ot ¥ e
where:
Gm = specific gravity of mix
a = weight of sample in air, g
f = weight of pycnometer filled with water
at test temperature, taken from Figure 1, g
g = weight of pycnometer filled with water and
sample at test temperature, g
h = correction for thermal expansion of asphalt,
g, from Figure 2
AW = multiplier, from Figure 3
9970

dw = density of water at test temperature, Mg/m?
9970 = density of water at 25 C, Mg/M?

NOTE7: Atcompletion of calculation referto 18.1 to determine Ga for each premixed specimen, The
average of the four will be considered the specific gravity of the aggregate, Ga. See example
of DOH Form No. 563 and calculations in Chapter 400 in the Materials Manual.

The acceptable range for the four trials shall be no greater than .005.

CALCULATION OF PERCENT ASPHALT CONTENT

100Gb [Ga
22.1 s 0G0 (Ga
P * Ga-Gb (Gm 1)

where:
P = percent asphalt content
Ga = specific gravity of aggregate
Gb = specific gravity of asphalt cement
Gm = specific gravity of mix

NOTE8: Seeexample of DOH Form No.563 and calculationsin Chapter400in the Materials Manual.

(CALIBRATION OF PYCNOMETER, Paragraphs 23.1 thru 23.4 appear in District Materials
Guide Manual.)

NOTE 9: A moisture correction is necessary for mixes containing more than 0.10% absorbed
moisture. Moisture will be determined according to Paragraph 3.1.
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Page 11A
CORRECTION FOR ASPHALT
EXPANSION, h, LINE 7
PYCNOMETER

Temp Grams Asphalt in Sample

°C 300 320 340 360 380 400 420
20 .6 6 b4 a 8 .8 9
21 .5 5 5 6 .6 .6 T
22 3 4 4 4 5 5 5
23 2 2 3 .3 3 3 3
24 5| 5] A 1 2 2 2
25 0 .0 .0 .0 .0 .0 0
26 -1 -1 -1 -1 -1 -1 -2
27 -2 -2 -2 -2 -3 -3 -3
28 -3 -3 ™ -3 -4 -4 -4 -5
29 -4 -5 -5 -5 -5 -5 -6
30 -5 -6 -8 -6 -6 -7 -7
31 -6 -6 -7 -7 -.8 -8 -9
32 -7 -7 -8 -8 -9 -9 -1.0
33 -8 -8 -9 -9 -1.0 -1.0 -1.1
34 -9 -9 -1.0 -1.0 -1.1 -1.2 -1.2
35 -9 -1.0 -1.1 -1.1 -1.2 -1.3 -1.4
36 -1.0 -1.1 -1.1 -1.2 -1.3 -1.4 -1.5
37 -1.1 -1.2 -1.2 -1.3 -1.4 -1.5 -1.6
38 -1.2 -1.2 -1.3 -1.4 -1.5 -1.6 -1.7
39 -1.2 -1.3 -1.4 -1.5 -1.6 -1.7 -1.8
40 -1.3 -1.4 -1.5 -1.6 -1.7 -1.8 -1.9

11
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Page 12A
FIGURE 4
PYCNOMETER
TEMPERATURE MULTIPLIER LINE 9 TEMPERATURE MULTIPLIER LINE 9

°C dw/.9970 °C dw/.9970
15 1.0021 41 .9949
1€ 1.0020 42 .9945
17 1.0018 43 .9941
18 1.0016 44 .9937
19 1.0014 45 ' .9933
20 1.0012 46 .9928
21 1.0010 47 .9924
22 1.0008 48 .9920
23 1.0006 e 49 .9915
24 1.0003 50 .9910
25 1.0000 51 .9906
26 .9998 52 .9902
27 .9995 53 .9897
28 .8993 54 _ .9892
29 .9990 55 .9887
30 .9987 56 .0882
31 .9984 57 .9877
32 9881 58 .9872
33 9977 59 .9867
34 .9974 60 .9862
35 .9971 61 .9857
36 9967 62 .9852
37 .9964 63 .9847
38 .. .9960 64 .9842
39 .9956 65 .9836
40 .8952

12



——

APPENDIX B
SHAKER DESIGN DRAWING
AND PARTS LIST

13



W R. M. PycNoHETER SHAKER

" -
Fon Use bviry N4 diemetenr MATERIALS Lisr

Afphaf‘f Pycnamdep “ a i
| = 1 x 1% %15 / % Fi : -
Cotepnve PRocsoyrsR4A-C f J_:X :‘f / . Akgle Tep Freme lress pine
3 = r};- X {’?l'- x.fé? Ahj[t‘a ch)"ﬁﬂﬂ'm Fiwesn
4= 2"diem x 30" Pipe ?;;—.-:f Legs

| = 4_.}: 12°x }5_" Plate Memwr Meeswt
{- {qJJMtM"X /8)3." Reend Sreck  Drive 5&:}{‘}'-
[~ 4;1}&} }gf Plare Reinfe reiug Plare

| = Ixl"@ey STELL t’é"ka, Suppert frm
] -5/'3" cremayer xj‘/'ﬁ"/n_, Rovneed Sreck Dewel
[ ~ % ¢o, ,-g"rp x 2 emg Tube  Dewel Sieeve
o 2 = [0 "diamerer x 4. thick plate 5,0!-&; Supperts
8- 14'cp Ridgs ~ 4 high Spring ReTsivers
cdr from 135 1.0~ pipe

4 -&:]&"qﬂ xl"!mf Springs Springs
(Valve spymgs)

4“‘";’;‘ ;ﬂ!; A‘“jlc Pyc %ﬂr Fr(ﬂxg
0&!”}. Morﬁd Hu‘.‘y be J'Hé.:fﬁ'&?ed)

| =54 xaxYy plare Tray / Beaving Gnnectizh
4- 3% 3" Machine NiTs+ Eolts  Spring Support Plate
L= 1% ¥, Machme Boit  Drive Shelt Gunecriry
|~2x -’Ig“ Machime Bzlt Tmy/ﬁmrmy (oinection
2~ Falfniv Bearmgs 4 RAK | Drive Shafr Sippert
I~ Fefniy Becrmg 2 REP 6110 Upper Trey Beoring
Meoror 4 Bepr Nor Sipawn I~Spherce  Gearnig# TR 10 lewer Trsy Bearmg

| ~ Fliamx X55-C" leng Threacled Sreck
Cut 1o heedloc! kivrﬁ"'ﬁﬂaw/ae'eh ﬁl?a‘h‘i,

Seafer= 10"

CounecTe
Prv?f‘f)rp& emffs‘yec! an 40 rpm mofér, 5"1413&?&;# huts anel belrs Te make g
a " pulley on Yha wpper |liwm. lyivrshft Connucrivns snel. Support pillew Boerings
= 3 " n a wub= 1
cud aF '?’“”*7 on the meter To ohtraty 2= 74 0.0, %" £p x2" Tubs hisge \Mc?‘rrff

: = " Evall 4 i -
@ Arivevshetr speecd o G50tpm . | = WCoNg TPr k" Tebe  Hinge

| = % " diom — 9 "1ong Reundd Srecle~hinge pm

}é;‘f 31)5-;)‘2?;" f/yw’eo-c( ~ f‘)’(. Tr'c'y Base

1y



fé"
T - U
\ T % \
21‘ _J 34; o+ u I l
:\"‘! % ﬁ-ﬂer 1 3
e . y h
:\va \ % R y ;il?' Plywee B
™ = ‘J-; ) ".\?: "/:.ff}ijf'?- FronT &[ Thsert i bﬁ. "h:__
= 8 TE | [T Amle
2] 3« Rre Trey &
S ~ ] A
‘ A e e X dien pige P L ¢
4
Frenr Tep View = wy Pye Tray
Tep View =~ Fye any remeved Fre. Tray F/ywwl BT te have '/*-"Jel-‘!o" H?:J:M
For d-cﬁ'fr centoredd vewreel ek pertien Lo Fyt i
i %= Pre. Tre ‘
apped for " “y - ray " X
X %"ﬁtff %Mf&ffd dn_‘{ Ny IxIx ¥y Axgle = %' Iﬂ"e gl’D
. and Fhscers 43 Cr 1k x 1K Angle R beng
reﬁm'yu( Te alfach
> \\h- "
o 1 - 5"
~q =2 :,t TR-10 Ree End ———s Weld
-]
b 5 ) o T %) Be
[ Adjusr Bearing : 7 ;’T e
£ Lennecticng Te Level 4‘:”15 ’_"f;" lvifted 10 High
__;[_ ¥ - Reinfeiving Plere Pyd_ Tpgy h sicles .
} . EEE - Bolley ~—2 = [ Reinferang
* | - Ia'\ 1 FRoNT < .;-':J plare
/?"'/ . Repr Emo M P T g
RAK~I B e
. ok Mirer Movat
/ 4;!.7&/;-"-%!};9:,@ TcP : N
é"‘/ .
< T ” p- T
-\§ _‘Q! ‘, A ﬁﬂ&- 30 “‘d’
[V N
oy
15x 158 Y, Angle
Top v Betfen
¥ //
| ] 1 |
FRrReNT

Scafe~ 1"=t2”

P ye- Tr‘qy MusT BE Rertarigre
Recorugnped Deive SHAFr RetATieN — §30 RPM

Pyc. Trey Ouvt sicle Dimensicus

13% 13"

4= hles ~ 3 dizm. 10 be drilled in Fye-They Sides~hear
corners fon Rubber Tiesdown Straps fer Preneswrer hold downs.

15



4 "
3/;'(, x !

MprcHINE 51. T 55*]}2{&'5
REPE M I
AT DT /
‘44 e cfrsﬁmﬁ
] b ALY 4
A S ‘A )
Tmﬂrso Te -———~:-: $ e
)ﬁ_ tJhim, 1 :
Wﬁ:’ffERS ¥ '
it u
I /8 ; Space ‘B‘{ &
DrRIVE SwarFT En < 72*'745 reguire _
AT BEARING 7 = DRIVE SHAET +
5 _ " S BEARING C2NNECTICN
Tareep For Vb die. Macine Bor 2% decp
SpArr RetaAtion To BE _ Fegluinf TR
Cenrir cekwise (4)) Drive Sysrr Ewp
BY Twts View - PETAILS
Seale =17~
]
y Tiick
* }d i
[ 17 i ' —
~Reramer Riwves AN
\ | }}. Jmmm c f D) 4
=~ 5" h b bieke |2 B
(o ‘5‘1)‘ £T0 T t‘ﬂ | Dn'" ‘P@}.
E Gitey Pn
g THIs Si0E Z'f Eé';':?;r
3 Be Weeoed Toe — 31
xﬂ;.razsop :\? Pre. Tray % " N
h-*—“‘—»' S ‘ Y% Oowes
g hele 34" leng
\ 4—3‘;(3{;"1“744”1:5 3 .
o] Bosrs — - {uunnlln -‘\T @]
Bxi0 " diam

A= SrEEL PLATES —

PRIt Fovr @) %" Heles ~ Egually
Speced Arcund the Plafes~
1" Frem  Plare Ea}e - Cenren

Yhe 5ﬁ;~;),? Re'rq';\;nr R:LI‘?_; on rhe
}én},a/g_; q,u/ We/ﬂ/fh p/q’ce 5.PA_,M/&/PAATE Weu&'f’ M ﬁfq{e‘-
DETAILS

4~ yalve. Springs =~
x 2" Lone
Springs #houdd not be

18_’!?__{5‘3!“3_



	Introduction

	Shaker Design and Construction

	Test Procedures and Results

	Conclusions and Implementation

	Appendix A - CP-42 Method C

	Appendix B - Shaker Design Drawing and Parts List


