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1.0 INTRODUCTION
1.1  Project Overview

Mount Polley Mine is a copper and gold mine owned by Imperial Metals Corporation and
operated by Mount Polley Mining Corporation (MPMC). The site is located 56 km northeast of
Williams Lake, British Columbia. Mount Polley began mine production in 1997 and operated
until October 2001, when operations were suspended for economic reasons. In March 2005,
the mine restarted production and has been in continuous operation since. The current mill
throughput is approximately 20,000 tpd. Tailings are deposited as slurry into the tailings storage
facility (TSF). The TSF is comprised of one overalt embankment that is approximately 4.2km in
length. The embankment, based upon original separate embankments, is subdivided into
three (3) sections; referred to as the Main Embankment, Perimeter Embankment and South
Embankment. Heights vary along the embankment and are approximately 45 m, 27 m, and
17 m respectively (based upon the Main, Perimeter and South nomenclature). The design and
construction monitoring of the TSF embankments from mine start up fo early 2011 had been
completed under the direction of Knight Piésoid Limited (KP). AMEC Earth and Environmenial,
a division AMEC Americas (AMEC) assumed the role of engineer of record for the TSF
embankment as of 28 January 2011. The overall embankment has incorporated a staged
expansion design utilizing a modified centerline construction methodology. The latest
expansion was completed in August 2010, which entailed a four (4) m embankment raise fo a
crest elevation of 258 m.

1.2 Construction Schedule

The optimal construction season for placement of the moisture-sensitive till core material at the
Mount Polley Project site typically falls between May and September, The 2011 Stage 7
Embankment raise (2.5 m to crest EL. 860.5 m) is targeted for completion by the end of
September 2011. Two-dimensional limit equilibrium stability analyses of the dam were
undertaken to validate the stability of the 2011 raise, the results of the stability analyses is
summarized in Appendix A.

For the 2011 construction season, MPMC will use a contractor to carry out the majority of
earthworks associated with the annual raise. Haulage of waste rock and cell construction using
failings will be performed by MPMC.

1.3 Construction Monitoring

The generai ievei of consiruction monitoring and QA/QC performed in previous years is to be
continued, but MPMC will take a greater role and responsibility in this regard than has been
previous practice. Specifically, MPMUC will engage its own engineers, techniclans, or summer
student to provide full-time construction monitoring and field inspection. This monitor will,
working under the direct supervision of Mr. Luke Moger of MPMC, produce daily
progressf/technical reports for MPMC and for AMEC.,

At the commencement of construction, AMEC will provide approximately ten (10) days of full-
time dayshift supervision during which AMEC will verify that construction methods consistent
with design expectations are employed during dam construction, material specifications are
adhered to and that the monitoring and testing requirements are understood by MPMC

VMOG560.2011
Mt Pollay Consttuction Manual FINAL_20Apr! 2011.doc Page 1



Mount Polley Mining Corparation ««D)

Tailings Management FacHity ]
2011 Construction Monitoring Manual ame —

20 April 2011

personnel, and are being satisfied. This time would also be used to make certain that daily
technical/progress reports are being completed properly, site and AMEC home office
responsibilities are thoroughly understood by ali parties, and lines of communication between
the site and AMEC office-based support are clearly established and functional,

Once AMEC is satisfied that the design intent is being met, and that MPMC's fleld inspectors
are fully trained and prepared to undertake the construction monitoring and reporting role with
primarily remote suppaort required by AMEC, AMEC will reduce monitoring presence to maonthly
visits (though actual timing will vary somewhat with visits timed for key consfruction activities
such as foundation preparation and approval, and till core trench approval). To be successful,
this arrangement will require MPMC’s field inspector, devoted full-time to the dam construction
project, to have good support and cooperation from senior Mt. Polley personnel, and from the
Mt. Polley construction team, along with regular technical support as needed from AMEC project
personnel, '

Todd Martin, Senior Geotechnical Engineer and Daryl Dufault, Project Manager, will visit the site
during construction activities. The objective of these senior personnel visits will be to view first-
hand the construction, liaise in person with the MPMC construction monitor and other project
personnel, discuss any issues with construction or design, and get a “look-ahead" so that any
future upcoming issues can be proactively identified and resolved. These visits will also be
used to ensure that a good working relationship is being maintained between AMEC and MPMC
project personnei, which will be critical to AMEC having the requisite confidence to provide as-
built report sign off following the end of each stage of dam raising.

1.4 Purpose of Manual

AMEC has prepared this manual for use by MPMC's on-sife personnel and for AMEC's
engineering support personnel, who will maintain close communication with the site throughout
the construction season and carry out periodic site visits as required.

The objectives of this manual are as follows:

« Summarize the annual construction plans.

+ Detail the technical specffications for the dam consfruction as presented in the design
drawings.

« Qutline the requirements for monitoring and reporting of the dam construction.
» Present the proposed performance monitoring procedures and design criteria.

= Clearly define the roles and responsibiliies of both MPMC and AMEC personnel
associated with the 2011 embankment construction activities.

VMO0580.2011
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2.0 CONSTRUCTION MONITORING AND TESTING REQUIREMENTS
2.1  Construction Activities

The 2011 construction of the TSF embankment will include the following activities:

« Foundation preparation abuiment extensions to expose suitable foundation materials,
including excavation of the cutoff trench,

+« Davelopment of glacial till borrow areas.

s Development of non-acid-generating (NAG) rock borrow areas (assumed to be mine
rock).

« Development of the sand and gravel borrow area or production of sand and gravel from
mine waste rock. '

o Excavating, hauling, placing, and compacting acceptable structural fills and waste zones
to raise the dam core and shell in accordance with design specifications.

The guideiines for quality control testing procedures outlined in this manual are {o be observed
during construction o satisfy and document that the dam is constructed in accordance with the
design. The intent of this manual is to be clear and concise. If there is anything provided that
raises questions amongst MPMC personnel, please immediately contact AMEC for clarification.
The manual should allow for pragmatic and cost-effective construction that meets design
requirements and, as such, any items found to be difficult to interpret or follow by MPMC should
be immediately flagged and addressed.

2.2 Monitoring and Testing

The general monitoring and testing requirements for construction of the 2011 construction of the
TSF embankment correspond to the construction activities outlined in Section 2.1; these general
requirements are:

¢ Review and confirm that the prepared foundation areas are acceptable for support of
structural fills.

+ Review and confirm that the borrow materials are acceptable for use as structural fill.

+« Monitor and test (where required) the placement and compaction of accepted structural
fill.

« Monitor dam performance by reading and recording instruments in the dam(s) and
preparing cumulative change and time plots of the results.

s Monitor drain performance by measuring flow and inspecting water quality.

These requirements are typical for similar structures and are consistent with past procedures at
the mine. Construction monitoring of activities such as placement of structural fills and
foundation preparation will proceed on a continuous basis. Schedules based on minimum test
frequencies per unit volume of compacted structural fill will be followed for the various field and
laboratory tests, with additional tests {o be performed as required to reassess out-of-compliance
results or at the discretion of AMEC.,

VMO0560.2011
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The results of the monitoring and testing program will be reported to the appropriate parties
(MPMC, AMEC) as they are obtained.

2.3 Organization and Responsibilities
2.3.1 Overall

At the commencement of the 2011 construction season, AMEC will provide a dayshift
supervisor for approximately a ten (10} day period (longer if required), during which AMEC will
monitor the construction methodology, material testing procedures, instrumentation monitoring
frequency, and daily technical/progress reporting to ensure that the design specifications are
satisfied. Drain performance will also be observed and reported.

After AMEC is satisfied that the design specifications intent is being met, site and AMEC home
office responsibilities are thoroughly understood by all parties, and that the MPMC construction
rmonitor is fully trained and capable to monitor and report on construction, MPMC will undertake
day-to-day quality control for the construction. AMEC will continue to provide remote support
though out the project, and conduct monthly site visits (actual timing of site visits will vary to
coordinate with critical construction activities} to monitor ongoing progress on the embankment
construction. To be successful, this arrangement will require that the MPMC field inspector is
dedicated full-time to the dam construction project with support and cooperation of senior
MPMC personnel, and from the MPMC construction team.

Figure 2.1 outlines the overall organizational structure for Stage 7 TSF embankment
construction, while the responsibilities associated with the construction monitoring is
summatized in Table 2.1.

2.3.2 MPMC Field Inspector

MPMC is to provide a full-time dayshift field inspector to monitor daily embankment expansion
construction. The MPMC field inspector is to have support and cooperation from senior MPMC
personnel and the construction team.

The responsibilities of MPMC field inspector will include:

¢ Monitor and photograph daily construction activities related to TSF embankment.
* Prepare daily technicalfactivity reports. (See Appendix B).

s Measure and record instrumentation readings on a weekly basis.

« Document and conduct material testing as per specifications.

e Report any non-compliance issues observed to AMEC and MPMC.

VMO0550.2011
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Figure 2.1: 2011 Consiruction Organization Chart
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Table 2.11:  Construction Monitoring Tasks
No. Tasks Description Responsibliity
1.0_[ Foundation Praparat|on )
1.1 | Abulment Extensions: Review of exposed soil and or rock condifions and confirmation that suitable dense, undisturbed,
Y E——— o . AMEC
nalive soil, or sound bedrock conditions are exposed for darm consiruciion,
1.2 | Core Trench Gonstruction: Review of exposad soll andfor rock conditiens, petform test pits as required to condirm the
thickness of glacial lill over bedrock along the cors trench alighmant. Review of core trench excavation and confirmation AMEC
of praper excavation slepes. Direct rock exgavation and cleaning work as desmed necessary.
1.3 | Approval; Review the provided phetos of the foundation preparation and provide approval. AMEC
2.0 | Review of Borrow Arsas and Materials
2.1 | Glacial Til Borraw Pi;
+ Review cut slopes.
s+ Collect and prepare samples of borrow material for testing fo assess both sultabllity of materials and to svaivate MPMC
the Standard Proctor maximum dry dansiy and eptimum moisture cantent of the material.
+ Repoit test resulis 1o AMEC and MPMC's Project Manager as they are obtained,
2.2 | NAG Rock Sturce;
+  Review the selective borrowing / classification of material for the coarse NAG rockdiil. MPMC
» Visual verification of the eaterial for conformance o the gradation specifications.
+__Report observalion and test results fo MPMC's Projest Manager as they are chiained.
2.3 | NAG Rock Source:
+ Monitoring the seleclive borrowing/classification/processing of material for the fine NAG rock transition zone, MPMC
+ Sampling and testing the material for conformance to the gradation specifications.
+ _Report observation and test results to AMEC and MPMC's Project Manager as they are obtained.
24 i NAG Crushing Operation: .
» Monitoring the filter sand and gravel crushing and decking operation. MEMC
» Tesling the material for conformance to the gradation specifications.
= Raport observation and est results to AMEC and MPMC's Project Manager as they are obtained.
2.5 | Materials roval:
«  Conduct quality assurance testing. AMEC
+__ Approve the materials to be used during construction of the embankmenl.
4.0 | Review of Structural FIll Placement
31 | Zone )
+ Review and confirm that the locations of Zone intarfaces are in their correct locations.
+  Confirm the wicth of the core zone Is sufficient.
+ Test the placed and compacted Zone $ structural fill for in-place density. MPIC
+  Collect samples for moisture content geterminations and density (rock content) corractions.
+  Collect samples of fill for confirmation index testing.
+ _Report observations and test results to AMEC and MPMC's Project Manager as they are obtained.
3.2 | Zone C:
»  Review and confirm tha! the MAG rock is in conformance 1o the gradation specifications, MPMC
+ Observe and confirm the compaction specification is followad.
33 | Zone T;
s Raview and confirm thaft the NAG transifion zone rock is in conformance to the gradation specifications.
" . MPMC
¢ QObserve and confirm the compaction specification is folowed.
»__ Report oysenalions and test results to AMEC and MPMC's Project Mapager as they are obtained,
34 [ Zone
» Review and confirm that the zone interfaces are in their correct locations.
» Confirm the width of the filier zone &s sufficient. MPMC
+ Review and confim that the crushed fine filter matarial is in conformance to the gradation specifications.
» Confirm via hand-excavaled test pits that segregation of filter sand and gravel is not occurring.
+  Report obssrvations and test resuits to AMEC and MPMC's Project idanager as they are oblained.,
3.5 | Zone U
+ Review and confirm that the zone interface is in the comest location.
s Callect soil samples for gradation analysls, MPMC
«  Monitor material reworking to ensure proper distribution within the cefl,
= Report observations and test resulis io AMEC and MPMC's Preject Manager as they are oblained.
4.0 | Dam Parformance Monitering
4.1 | Coordinete weekly readings of vibrating wire piezometers and slope incfinometers during the construction; enter the data
into a spreadshest and submit the recorded data to AMEC for analysis. Also, prapare summary table of R, values for til} MPMC
filt piezometers. Check piszometer levels against thresheld levels, and immediately report any values anproaching these
levels.
4.2 | Review submitted weekly readings, prepare assoclated graphs and analyze the collected data. AMEC.
4.3 | Report monitoring resulls to AMEG and MPMC's Project Manager as they are cblained. AMEC
5.0 | Construction Monitering
5.1 | Meeting daily with MPMC's TSF Foreman and Project Manager to review the construction program, ConcGerns, upcoming MEME
work, and other reievant issues.
5.2 | Mesting monthly with the MPMC Fieid Inspecter, Project Managsr and TSF Foreman. MPMG/AMEG
5.3 | Direcling the survey personnel io addrass the survey requirements, resulls, etc. MPMG
5.4 | Addressing any congcems er out-of-compliance siluations observed and recorded during consiruction. MPMC/AMEC
8.0 | Record Keaping
8.1 | Maintaln daily consirusction sife photographic record of construction actvities. MPMC
6.2 | Completing daily construction reports, and delivering a cepy to MPMC’s Mine Superintendent, and by email to AMEC's MPME
Support Engineer,
6.3 | Completing monthly construction reports, with copies to MPMC's Project Manager and AMEC's Project Manager and
. . . AMEC
Senior Geolechnical Engineer.
VM00560.2611
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2.3.3 AMEC Support Engineer

The AMEC Support Engineer will provide full-time construction monitoring at the
commencement of the Stage 7 construction. After the MPMC Field Inspector has achieved
sufficient confidence and commensurate approval, the AMEC Support Engineer will provide
remote assistance by reviewing daily reports and instrumentation results as required. The
AMEC Support Engineer will also perform monthly site visits (actual frequency to be determined
by site performance) to verify construction methods and specifications are being adhered to.

The responsibilities of AMEC Support Engineer are as follows:

* Provide remote assistance to MPMC Field Inspector on an as-needed basis.

e Review daily construction reports, communicate and document any concerns arising
from the review to AMEC Project Manager and/or Senior Geotechnical Engineer.

= Review and interpretation of instrumentation reading plots, and communication of any
concerns to AMEC Project Manager and/or Senior Geotechnical Engineer.

s Camry out monthly site visits to monitor construction progress and perform quality
assurance testing.

s Prepare monthly progress reports summarizing construction activities, test results, and
milestone achievements.

= Prepare site As-built/Annual Review Report.
2.3.4 AMEC Project Manager

AMEC’s Project Manager will have overall responsibiiity for AMEC's role with upcoming and
future dam raising projects. He wifl review all monthly construction progress reports. He will
liaise with the AMEC Senior Geotechnical Engineer and MPMC Project Manager to review any
problems that may arise.

The AMEC Project Manager will liaise with the AMEC Support Engineer and the MPMC Project
Manager {(and through him the MPMC Field inspector), and will make site visits as deemed
necessary during construction. The exact timing and duration of the site visits will be
determined in consultation with MPMC’s Project Manager so that critical aspects of the
construction can be viewed during these visits,

The responsibiiities of AMEC's Project Manager will inciude:

» Review weekly construction reports prepared by the AMEC Support Engineer and
MPMC Field Inspector, and document and communicate any concerns arising from
these reviews to MPMC'’s Project Manager and AMEC's Senior Geotechnical Engineer.

= Review instrumentation interpretations and communication of any concerns to MPMC's
Project Manager and the AMEC Senior Geotechnical Engineer.

» Review monthly progress reports prepared by the AMEC Support Engineer and
document and communicate any concerns arising from these reviews to MPMC's Project
Manager and AMEC's Senior Geotechnical Engineer.

VMO0560-2011 _
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« Carry out periodic site visits as appropriate during the construction season, timed to
coincide with critical aspects of the construction.

s |dentification, review, and approval {in writing) of any design changes determined fo be
required by AMEC and/or MPMC's Project Manager.

2.3.5 AMEC Benior Geotechinical Enginesr

AMEC’s Senicr Geotechnical Engineer will serve as the enginser of racord for the Mount Polley
TSF embankment. He will review weekly construction and instrumentation reports as required
and review the As-built/Annual Review reports. AMEC's Senior Geotechnical Engineer will also
conduct a site visit early in the construction season to become familiar with the site.

2.3.6 AMEC Soils Laboratory — ’P_rince George

Confirmatory gectechnical index testing of barrow soils and filter material will be carried out in
AMEC’s Prince George office soils laboratory. AMEC's laboratory technician, based in Prince
George, will be responsible for carrying out the required testing and reporting of results to the
AMEC Support Engineer,

2.3.7 Soils Testing — Mount Polley Site

The Mount Polley site will have the capabiliies 1o carry of sieve analysis for grain size
determination of all granuiar materials as per the ASTM Standards presented in Appendix C. All
test results will be completed by the MPMC Field inspector, and are to be submitted to AMEC
Suppori Engineer for review and approval.

2.3.8 MPMC Project Manager

MPMC’s Project Manager shall assume overall responsibility for MPMC’s construction
management and MPMC's supervision, monitoring, and quality control testing activities when
AMEG is not on site. This person shall ensure that the design specifications and the QA/QC
requirements as outlined in this manual are adhered to. In the absence of the MPMC Project
Manager, the TSF Foreman shall assume this role.

MPMC’'s Project Manager shall liaise with AMEC's Support Engineer, and AMEC's Project
Manager to discuss construction progress, any problems encountered and their resolution, and
the timing of site visits by AMEC personnel to view the construction.

The MPMC Project Manager will address any concerns raised by the Field Inspector/Support
Engineer, including, but not limited fo, the following:

= Placement of material unacceptable as dam fill.

» Unacceptable construction procedures (excassive lift thickness, inadequate compaction,
inadequate foundation preparation, etc.).

o Non-compliance issues Identified by the AMEC Support Engineer and MPMC Field
Inspector that are not immediately recfified by the construction forces, he they those of
the contractors or MPMC.

VMO0560-2011
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2.3.9 MPMC Environmental Superintendent

The MPMC Environmental Superintendent will address any concemns raised by the Field
Inspector/Support Engineer as related to any potential environmental issues or concemns.
Moreover full compliance with existing permits will be assessed and confirmed by the MPMC
Environmental Superintendent.

2.3.10 MPMC Survey Crew

Survey control for the dam construction will be provided by MPMC. The MPMC surveyors will
be responsible for the following tasks:

» Locating the centerline and cutoff trenches for the Dam as identified on the appropriate
AMEC construction drawings.

e Establishing and maintaining upstream and downstream slope stakes as required during
dam construction.

e Locating the upstream and downstream toes of the slopes in the field, based on the
identified centerline locations.

e Providing location and elevation data as required by field staff,

= Collecting data required for the as-built drawings, including a complete survey of the
cutoff trench, dam crest, and dam toe as constructad.

The Field Inspector will record survey data as provided for compacted density test locations,
etc. in the daily construction reports.

VMMO0560-2011
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3.0 MATERIALS TESTING AND CONSTRUCTION INSPECTION
3.1 General

The detailed technical requirements for the 2011 raise of the TSF Embankment are shown in
attached Drawing 560.2011.01 through 560.2011.06. The ftechnical requirements for the
construction are indicated on attached drawing and are restated in Sections 3.3 through 3.6.

3.2 Estimated Fiii Voiumes
Table 3.1 below summarizes the estimated material quantities for Stage 7 expansion.

Table 3.1: Stage 7 Expansion (El. 960.5) Estimated Fill

i Estimated Fili Volumes (M%)
Section
Zone G Zone T Zone F Zone 8§ Zone U
Main Embankment 55,000 6,000 6,000 17,600 77,000
Perimeter Embankment 87,000 9,000 9,000 27,000 144,000
South Embankment 47,000 5,000 5,000 15,000 77,000
Total 189,000 20,000 20,000 59,000 298,000

Notes:
1. Volumes are estimated from Drawings 560.2011.02 through 560.2011.08, and are rounded up fo the
nearest 1000 m°.
2. No sstifement allowance has been considered.
- 3. Quanlities are based on neat construction lines; with no confingency or alfowance for overbuild.

3.3 Foundation Preparation, Inspection, and Approval
33.1 General

Foundation preparation for the 2011 dam construction along the abutment extensions are to be
completed to the following specifications:

» All topsoil, organic material, soft or loose sciis, and other deleterious materials are o be
removed from the foundation area.

» The exposed abutment foundation subgrade will consist of dense to very dense glacial
till, or bedrock.

¢ The abutment subgrade shall be proof-rolled with & smooth drum compactor.

Foundation preparation for the abutment cutoff trench extensions will be completed o the
following specifications and in accordance with Detail 1 on Drawing 560.2011.03 in Appendix C.

s The cutoif trench shall extend a minimum of 0.5 m into the undisturbed glacial till, where
the glacial till is in excess of 1 m thick.

e Where less than 1 m thickness of glacial till exists, the cutoff trench shatl extend to
sound bedrock with removal of weathered or fractured bedrock completed to the
approval of the AMEC Support Engineer. Additional specifications related to bedrock
encountered in the cutoff trench are provided in Section 3.3.4 below.
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s The thickness of glacial till at the cutoff trench is to be confirmed by performing test pits
at locations along the cutoff trench alignment selected by the AMEC Support Engineer.

s The cutoff trench shall be constructed with a minimum 2 m width at its base. Where
bedrock is encountered, the AMEC Support Engineer may direct that overburden be
removed for the full 5 m width of the Zone S core.

s The cutoff french shall have side slopes of 1H:1V or flatter. Steepér slopes may be
accepted in bedrock at the discretion of the AMEC Support Engineer.

+ Surface runoff water or groundwater shall not be permitted to collect in the cutoff trench.

Prior to placement and compaction of structural fill in the cutoff trench excavation, the Field
Inspector will send photos to the AMEC Support Engineer for review and, as appropriate,
approval. The Field inspector will verify that the cutoff trench is founded in the minimum
specified depth of glacial till (and will conduct or oversee soil probing as required), or that the
cutoff trench is founded on sound bedrock. Cutoff trench excavation inspections will be
performed as required, and inspection dates and results will be tracked by the Field Inspecior
on copies of the construction drawings or by station number. MPMC surveyors will provide a
survey pick-up of the cutoff trenches and maintain a project database for use in the as-built
documentation.

3.3.2 Tie-in fo Existing Till Core

The 2011 raise of the core zones of the embankment will involve placement of structural fill on
the existing dam crests. On the sxisting dam crests, removal of the crest running surface (by
grading it off the upstream edge of the dam crest) may be required, followed by removal and/or
drying and re-compaction of any loose, over-wet zones within the till fill,

3.3.3 Foundation Preparation

The dam foundation areas for 2011 construction will be drained (where required) and will be
stripped of all organic material, loose or soft soils, and all other deletericus materials. These
unacceptable materials will be wasted in an approved manner, in an approved location as
designated by MPMC personnel. Salvageable topsoil and organic material that could be used
for reclamation will be stockpiled in appropriate locations for future use, as directed by MPMC's
Project Manager.

Suitable dense subgrade for Zone S will be exposed for dam construction, then proof-rolied and
scarified (if deemed necessary by the Support Engineer) prior to piacement of structurai fill. The
exposed subgrade is to be protected from moisture softening due to surface water runoff or
excessive precipitation.

The cutoff trench location will be identified in the field by surveyors, and the design vertical
(depth) extent of the cutoff in native soil or weathered bedrock verified by test pits or soil probes
that extend below the minimum specified trench depth {see Detail 1, Drawing 560.2011.03).
The cutoff trench excavationt will be protected from moisture softening due to surface water
inflow or excessive precipitation. Water seeping into the culoff trench excavation will be
removed by pumping, and will not be permitted to collect and remain in the excavation.

VMO0560-2011
Mt Palfey Conslruction Manual FINAL_20April 2011.docx Page 11



Mount Poiley Mining Corporation

Tallings Management Facility
2011 Construction Monitoring Manual ame
20 April 2011

Prior to piacement and compaction of structural fill in the cutoff trench excavation, the Field
Inspector will send photos of the prepared foundation to the AMEC Support Engineer for review
and, as appropriate, approval. Inspections will occur as foundation areas are completed and
the approval will be documented as part of the daily construction reports. Field copies
(11X17" size) of the construction drawings and a photographic record will be maintained to
identify foundation areas that have been inspected and approved, clearly indicating their date of
inspection. Areas not approved for placement of structural fill by the AMEC Support Engineer
are not to be covered with fill under any circumstances to avoid having to remove/replace
materials.

The Support Engineer will report on the approved or unacceptable foundation areas to MPMC's
Field Inspector, Project Manager and TSF Foreman. The Field Inspector will record the location
and state of any unacceptable prepared foundation areas in the daily construction report. The
~ contractor will be required to perform the appropriate work to the satisfaction of the AMEC
Support Engineer.

3.3.4 Special Considerations for Bedrock Exposed in Till Cutoff Trench

If bedrock is encountered in the dam foundaticn cutoff trench, special considerations exist and
special bedrock treatment measures may be required. Guidelines and procedures for dealing
with bedrock exposed in the cutoff trenches are as follows:

Weathered or fractured bedrock is defined as bedrock that can be readily excavated by a dozer
or a hoe excavator equipped with a digging bucket and that, based on visual assessment, is
highly pervious to groundwater flow due to the presence of fractures/jointsifaults. Sound
{competent) bedrock, is defined as bedrock that can be excavated only with significant difficuity
(or not at ali} by a hoe excavator equipped with a digging bucket. When excavating in bedrock,
frequent communication with AMEC Senior Geotechnical Engineer, and transmission of
photographs is to be carried out.

If shearffault zones are encountered within the bedrock exposed in the core to abutment
contacts, the following information should be collected and passed on to AMEC’s Senior
Geotechnical Engineer:

+ Photographs of the shear zone from a variety of vantage points (both close-ups and
photos giving an overall perspective),

= Orientation (strike & dip) of the feature and its orientation relative to that of the core zons
{i.e. does it provide a potential upstream-downstream seepage pathway?)

¢ Thickness and continuity.

< Infilling (clayey gouge, granular material). The infilling material should be sampled and
sent to the AMEC Prince George soils laboratory for grain size and Atterberg limits
testing.

AMEC's Senior Geotechnical Engineer, upon analysis of the information provided, will
determine what (if any) special treatment is required for the shear/fault zone. Such treatment
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may include hand excavation a few centimeters into the shear zone, followed by placement of
bentonite powder in advance of till placement.

Once sound bedrock is encountered, the surface shouid be cleaned of loose materials using a
hoe excavator equipped with a narrow cleaning bucket, followed by pressure washing using
either air or water. Where the slope of the cleaned and approved sound bedrock surface, along
the axis of the dam (i.e. up the abutment), is flatter than 1H:1V, then Zone S structural fill
nlacement may nrocead. Good compaction of the Zone S fill against the bedrock surface is
required. If the undulations in the bedrock surface along the bottom of the trench are such that
this cannot be achieved using dozers and the compactor, then such undulations (i.e. rock
protrusions) should be removed if possible. If this is not possibie, then compaction of thin till lifts
with a walk-behind or plate-tamping compactor, or with tamping with a hoe bucket, will be
required, to fill in the undulations. Once this is done, then normal spreading and compaction
procedures can be undertaken. '

Where the slope of the sound bedrock surface is steeper {overall) than 1H:1V, but flatter than
0.5H:1V, then the AMEC design office should be consulted for a decision on the need for any
further treatment measures. Photographs of the bedrock surface should be sent to the design
office. If the roughness of the rock surface is such that it is judged that effective compaction of
till fill against the bedrock on the base of the french cannot be achieved, then additional {smal
scale) bedrock excavation (removal of profrusions) should be atitermpted to attain a surface
against which it is judged till fill can be effectively compacted. If this measure is unsuccessful,
then one of the following additiona! measures will be reguired;

(a) Additional (large scale) bedrock excavation should be undertaken to achieve a maximum
1H:1V overall slope for the bedrock surface. This can be achieved by mechanical
means (dozers, hoe excavators), or by small scale, controlled drilling and blasting.

(b) Dental concrete or shotcrete application will be required fo fill in the undulations in the
bedrock surface, and yield a maximum slope of 0.5H:1V, against which ftill fill can be
effectively compacted.

Where the bedrock surface is steeper than 0.5H:1V, the same two measures outiined above will
apply.

Where dental concrete is required against steep bedrock faces, it will likely be necessary to use
formwork. Dental concrete, if used, will conform to the following specifications:

s 28 day strength — minimum 25 MPa if flyash included in mix, otherwise minimum 30
MPa.

e  Water to cement ratio: 0.45:1 by mass.

e Air enfrainment: to provide for 5% to 7% air entrainment.

» Cement to flyash ratio (if flyash used): 4:1 by mass, which would allow overall
water.cement.flyash ratio of 0.45:0.8:0.2.
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The dental concrete need not be of high strength. It does need to be sufficiently fluid that it will
fill in irregularities in the bedrock surface fo a reasonable extent. Addition of flyash to the mix
would achieve that objective, as well as save on cement costs.

Should shotcrete be selected, then MPMC will prepare a mix design for review and approval by
AMEC.

Prior to placement and compaction of structural fill in the cutoff trench excavation, the Field
Inspector wilt send photos to the AMEC Support Engineer for approval. Core french excavation
inspections will be performed as required, and the Field Inspector will track inspection dates and
results on copies of the construction drawings or by station number. MPMC surveyors will
provide a survey pick-up of the core trench excavations and maintain a project database for use
in the as-built documentation.

3.4 Borrow Materials Site Development and Operation

The proposed borrow pit will he subjected fo laboratory testing and approval by AMEC’s
Support Engineer and Project Manager. During the TSF embankment construction, detailed
documentation will be maintained to ensure the source of the material being placed is known
and material testing requirements are satisfied.

Topsoil and other overburden judged to be unsuitable as structural fill will be stripped from the
borrow pit and hauled tc an acceptable waste dump.

The borrow material site shall be developed such that groundwater inflow and precipitation
runoff are directed in a conirolled manner to designated sump area(s} of the site, and then
removed as required. External surface water runoff shall be prevented from flowing into the
borrow materials area by construction of diversion difches as required.

The performance of the cut slopes in borrow areas will be inspected and recorded as required
by the MPMC Field Inspector for documentation within the construction reports. AMEC Support
Engineer may request modifications to the excavation plan, including flattening of the siopes
and water control measures, based on the observed performance of the cut slopes.

3.5 Material Specifications, Material Testing, Inspection, and Approval

The approved structural fill fo be used for embankment construction is to meet the specifications
shown on Drawing 560.2011.03. Addilional comments periaining to each of the zones are
provided below.

3.51 Zone 8 (Core) - Glacial Till

The glacial till borrow materials approved for construction are to be well graded, organic-free
mineral soils, having moisture contents near their optimum for compaction and conforming to
the specified gradation envelope provided on Drawing 560.2011.03. The optimum moisture
content range of the borrow soils is to be determined by Standard Proctor moisture-density
relationship testing. A general guideline for allowable moisture contents for the Zone S
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structural fill is £1% of the optimum moisture content as determined by the Standard Proctor
test.

Routine con-site laboratory testing of borrow soil includes determination of natural moisture
content and material gradations. These determinations are used to correct the in-situ fisld
density values obtained with the nuclear densometer (ND) or Moisture + Density Indicator (MDI)
gauge. It is understood the MPMC Field Engineer will use the MD! gauge and the AMEC
Support Engineer will use a nuclear densometer. Off-site testing to be carried out in AMEC’s
Prince George office soils laboratory includes confirmatory gradation, specific gravity, Atterberg
limits, and Standard Proctor moisture-density relationships. Borrow material approved by the
AMEC Support Engineer, based on the results of the above testing and other factors, may be
used as structural fill for construction of the TSF embankment.

The proposed till borrow soils are to be visually inspected for consistency on a daily basis and
tested once (1) per 10,000 m® following ASTM standard tests: D698-07 (Standard Proctor
determination), D422-07 (gradation test), D4318-10 (Atterberg Limits), D2216-10 (moisture
determination); with a confirmatory duplicate off site gradational test once (1) per 20,000 m®.
Testing frequency may gradually be reduced at the discretion of AMEC's Support Engineer if
consistency in test values is established.

The approved Zone S structural fill is to be spread in 0.3 m loose lift thicknesses spread with a
dozer and then compacted by a 10 ton vibratory smooth drum compactar. A minimum of 95%
of the Standard Proctor maximum dry density is to be achieved.

The field QA/QC personnel will perform in-situ determinations of structural fill compacted density
and moisture content utilizing the ND method (ASTM D6938-10) or with the MDI gauge (ASTM
D6780). Periodic samples will be collected for laboratory rock and moisture content
determinations as required fo make corrections to the ND density calculation. In the event that
a test result indicates that the fill did not achieve the specified density, subsequent fill placement
will be suspended in the test area until addifional compaction effort has been applied and
positive test resuits are obtained.

The in-situ MDI gauge testing of the till fill is specified at a minimum frequency of one (1) test
per lift per 150 linear meters of compacted Zone S fill. Test site locations will be identified by
three dimensions: elevation, chainage along setting out line (5.0.L) and perpendicular distance
upstream or downstream of S,0.L. or crest. Test site elevations will be based on the elevations
shown on the slope stakes maintained by the MPMC surveyors, or otherwise determined by the
QA/QC personnel. The field density testing schedule is intended to provide sufficient
construction inspection of the compacted fill within the dam while permitting the QA/QC
personnel enough time to assess the field density values, complete the associated soils testing,
and fulfill other monitoring/inspection duties on site.

A sample of placed Zone S material should be taken from the dam for grain size determination
once (1) per 10,000 m® of material placed This sampling and testing should be offset from the
grain size testing of the borrow material. A sample is to be sent to Prince George for grain size
testing every 20,000 m® of material placed.
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3.5.2 Zone F (Fiiter) —~ Manufaciured Sand and Gravel

The sand and gravel filter material is {0 be well graded, organic-free mineral soil, falling within
the gradation envelope shown on Drawing 560.2011.03. Preliminary grain size testing of
stockpiled material is to be carried out on site in order to establish the suitability of the material
prior to its use as fill in the dam. Manufactured sand and gravel is assumed fo be crushed on
site utilizing NAG.

Routine testing of produced material is to be carried out fo ensure the material is within
specification. The test program should determine if the manufacturing process is consistent,
and if the produced material is within the gradational specification. During production of the
manufactured sand and gravel, on site testing of this material will consist of a gradational test
once (1)3per 5,000 m® with a confirmatory duplicate off site gradational test once (1) per
10,000 m”. :

Zone F material is to be placed in maximum lift thicknesses of 0.6 m. Care will be taken during
handling and placement of the material to minimize segregation. A sample of placed Zone F
material should be taken from the dam for grain size determination once (1) per 5,000 m® of
material placed. This sampling and testing should be offset from the grain size testing of the
stockpile material. A sample is fo be sent to Prince George for grain size testing every
10,000 m® of material placed. Zone F is to be compacted utilizing previously established
compaction paftern of a minimum of four passes with a 10 ton vibratory smooth drum. Visual
inspection after compaction will be carried out and approved by the MPMC Field Inspector.

3.5.3 Zone T {Transition} — Fine NAG Rock Transition

Fine NAG rock transition material shall be confirmed to be NAG by MPMC, and shall fall within
the gradation limits indicated on Drawing 560.2011.03. On site testing of this material includes
visual determination of upper and lower bound grain sizes, suitability of rock hardness, and a
gradational test once (1) per 5,000 m®. Off site testing of this material, will consist of a
gradational test once (1) per 10,000 m*. Special care shall be taken during sampling to ensure
that representative samples are obtained. Phoiographs of this material when exposed in the
excavated filter trenches are to be taken frequently, as the best means of assessing the ability
of Zone T to serve as a filter for Zone F is through visual means,

The fine NAG rock transition zone serves as filter protection for the adjacent Zone F filter sand
and graveil which in turm serves as filter protection for the Zone S core. The importance of
conformance with gradation specifications for both of these fiter zones cannot be over
emphasized.

Prior to placement of Zone T material adjacent to the Zone C Rock Shell, the Zone CfZone T
interface is to be inspected for openwork areas created by concentrations of larger size rocks.
Removal of openwork areas will be carried out prior to placement of Zone T.

Zone T material is to be placed in maximum lift thicknesses of 0.6 m. Care will be taken during
handling and placement of the material {0 minimize segregation. Zone T lifts will be compacted
by uniform routing of haul trucks and spreading equipment. Visual inspection after compaction
will be carried out and approved by the MPMC Field Inspector.
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3.5.4 Zone C (General Rockfill} — Coarse NAG Rock Sheiji

Coarse NAG rockfill shall be confirmed to be NAG by MPMC prior to being used as fill on the
dam. QA/QC personnel are to visually confirm that particles no larger than 1 m are used as
structural fill. Larger sizes are to be dozed away from the contact with Zone T.

The rockfill shell (Zone C) will be constructed using approved coarse NAG rockfill, placed in [ift
thicknesses of 2 m or less. The Zone C lifts will be compacted by uniform routing of haul trucks
and spreading equipment. Some degree of compaction of Zone C is required nearer Zone T as
excessive settlement of the rockfill could disrupt the continuity of the overlying transition and fine
filter materials (Zones T and F respectively). If Zone C material contains appreciable quantities
of fines, and the compacted lift surfaces assume a ‘pavement’ type appearance that might
impede vertical drainage, then these lift surfaces may require scarification prior to placement of
a subsaquent iift.

3.5.5 Zone U (Upstream Fill) -Select Fill

The selected upstream fill (Zone U) will be constructed using cells of total tailings. The cells are
constructed by confining the discharged tailings with berms. The confining berms are to have a
culvert to allow for the water and fine materials to escape into the TSF. The coarse tailings
sand that setiies out info the celis are to be constantly reworked with the help of a dozer to
ensure proper distribution within the cells, provide compaction and to expedite the excess water
drainage. This construction method has been used and proved effective in previous TSF
embankment raises. In areas of the dam (along the Main Embankment) where there is not
sufficient tailings line pressure to deposit with the cell method, NAG mine waste rock will be
substituted for Zone U Material.

3.6 Criteria for Suspension of Work

The till borrow material is highly sensitive to moisture in terms of its compaction characteristics
and workability. Consequently, during periods of wet weather, construction of the core zone will
be suspended. Adequate slopes will be maintained on till fill surfaces, and they will be sealed
with a smootih drum vibratory roller, to promote surface water runoff and prevent excessive
softening of compacled fill. Moisture-softened lifts must be removed or scarified, dried to
acceptable moisture content and re-compacted.

Embankment construction work will stop for the season when freezing weather prevents
acceptable fill placement and compaction.
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4.0 TEST PROCEDURES
41 Scheduled Tests

The following tests, as described by the American Society for Testing and Materials (ASTM), will
be used for quality conifrol of materials and earthworks during the 2011 construction.

ASTM Standard Practice Designation
Particfe Size Analysis of Soils (Gradation test) D422-07
Water (Moisture) Content of Soil and Rock D2216-10
Liquid Limit, Plastic Limit, and Plasticity index of Soils D4318-10

Laboratory Compaction Characteristics of Soil Using

Standard Effort (12,400 ft-Ibf/ft® (600 kN-m/m%)) D698-07
Standard Test Method for In-Place Density and Water Content of Soil D6938-10
and Soil-Aggregate by Nuclear Methods (Shallow Depth)
Correction of Unit Weight and Water Content for Soils Containing

- . D4718-07
Qversize Particles
Standard Test Method for Water Content and Density of Soil in Place DE780-05

by Time Domain Reflectometry

Laboratory and field procedures for each test are provided in the corresponding ASTM Standard
Practice document. Copies of those standards for the tesis to be performed on site are
provided in Appendix C of this manual. Moistures and density tests will be conducted by the
Field Inspectors and Engineers on site. Replicate samples of those tests carried out on site will
be forwarded fo the AMEC Prince George laboratory for confirmation testing, typically at a rate
of cne confirmation test per fifteen field tests. Limits and proctor tests will be carried out in the
AMEC Prince George solls laboratory.

The iests outlined above will be carried out initially at the minimum frequencies indicated on
Drawing 560.2011.03. As trends and consistency in the test results develop, AMEC’s Support
Engineer may reduce testing frequencies where deemed appropriate.

Determinations of specific gravity {ASTM D854-10) for the approved glacial till and borrow soils
may be reguired if significant material changes are observed. These tests will be conducted at
the AMEC Prince George laboratory, following the Standard Practice noted below. Typically,
two or three specific gravity determinations would be required for each soil type.

4.3 Sample Collection Procedures

Samples fo be fransported to the AMEC Prince George laboratory for field laboratory verification
testing will be sealed to minimize soil moisture losses, and shipped in an expedient manner.
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The shipping address of the Prince George lab is:

Attn: Shana Grover or Dmitri Ostritchenko
AMEC Earth and Environmental
3456 Opie Crescent
Prince George, BC
V2N 2P9

The Field Inspector shall include transmittals with the samples outlining the tests to be carried
out for each respective sample. These transmittals will be faxed to AMEC Prince George
Laboratary (250-562-7045) and emailed to AMEC's Support Engineer in advance of the
shipment. The Prince George laboratory will ensure that the iabel information attached to each
sample is incorporated onto the corresponding test sheets, and that copies of the test sheets
and results are forwarded to the Field Inspectors and the AMEC Support Engineer as the tests
are completed.

Samples collected by the Field Inspectors for the scheduled tests during the 2011 construction
will be identified hy a detailed labeling scheme, the following is an example:

Sample Label
Project name: Mt. Polley Mines Project
Construction: Stage 7 Raise — 2011
Material: Glacial Till (Zone 5}
Source: Main Embankment
Location: Elev. 960, 1 m d/s of CL, sta 21+00
Date: 06/20/11
Sample Number: 06/20/11-(inftials) 1
Sampie Destination: AMEC Prince George laboratory
Test Type(s): . Standard Proctor, Gradation

Sample locations, material descriptions, and other relevant notes will be recorded by the Field
Inspectors. The sample label information, accompanying field notes, and test resulis will be
included in the construction reporis as part of the permanent record of the 2011 construction
program.

Samples will be collected and preserved in a manner consistent with their scheduled tests, such
as the placing and sealing of samples for natural moisture content determinations in plastic
bags.
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5.0 REPORTING
5.1 Construction Documentation

The Field Inspector will document the monitoring and testing program for Stage 7 Embankment
raise construction by means of daily construction reports, field and laboratory test sheets,
weekly progress reports, survey reports as pravided, and notes from relevant on-site meetings,
~ discussions, and decisions. Other documents, such as borrow area excavation diagrams or
dam construction progress maps, may be included with the construction records. A
photographic record will also be maintained on site. Select photographs will be captioned,
dated, and included in the final as-built report.

5.2 Daily Construction Reports and Test Records

Borrow pit development, dam construction, site conditions, weather, and other related field
activities will be documented each day on daily construction reports. Field copies of
Drawing 560.2011.2 (letter size) will be annotated with sample and/or test locations, notes, etc.
on an as-required basis. Each annotated drawing will be attached to its corresponding daily
construction report. Records of all samples collected and test resulis will be maintained by the
Field inspectors on standard laboratory test forms. Coples of each day's dam performance
monitoring data are to be kept with the daily reports as they are generated. A sample copy of a
daily report is provided in Appendix B.

The Field Inspector has the responsibility for the preparation of the reports. The daily reports
will be submitted by noon of the following day to MPMC’s Project Manager in hard copy and
electronically, with a copy also emailed to AMEC's Support Engineer.

5.3 Monthly Progress Reports

Monthly progress reports will be prepared by the AMEC Support Engineer for those periods
when active construction is ongoing; documenting the construction activities, equipment in use,
construction supervision and quality control testing activities, borrow area development, and
conformance of quality control test resuits with the design specifications. The monthly progress
report shall include copies of all instrumentation and survey monument data, plan and sections
showing the areas of consfruction and progress fo date and a brief discussion on these
enciosures and milestones of the past months activities. These reports will be issued to
MPMC's Project Manager, AMEC’s Project Manager and Senior Geotechnical Engineer, and
the appropriate Ministry representative(s).

534 As-Built Report/Anntal Review

AMEC will prepare a report summarizing the construction methodology followed and
documenting the as-built dam conditions for the 2011 construction season. This as-built report
for 2011 will be combined with the 2011 annual review report. The report will be confirmation
that the dam was raised in conformance with design intent, and will serve as a guide for
construction of TSF embankment in subsequent years,
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The as-built report will also outline any modifications made in the field to the initial methods of
foundation preparation; borrow soils excavation, hauling, placement, and compaction; or other
relevant work. Documentation of any such refinements made during construction will be of
benefit for subsequent dam raising. The as-built report will also include recommendations
pertinent to the construction and QA/QC monitoring of future dam construction.

MPMC will mark-up the construction drawings based on as-built surveys of the raised dam.
These marked-up drawings will be used by AMEC to produce CADD as-built drawings for the
report.
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6.0 INSTRUMENTATION & MONITORING
6.1 General

As part of the 2011 construction program AMEC will conduct a full review of the instrumentation
currently functional for the TSF embankment. Recommendations for replacement or additional
instruments will be presented in a separate report.

6.2 Inclinometers

Five inclinometers have been installed in the main embankment to measure the potential
displacement in the glaciolacustrine unit that underlies the embankment. One of the
inclinometers has sustained damage (SI01-01), while another (S101-02) is showing slight
deviations (less than 3mm). The need for additional inclinometers will be assessed during the
2011 construction period.

6.3 Vibrating Wire Piezometer

The vibrating wire piezometers are required for monitoring changes in pore pressure during
construction and dam foundation pore pressure changes over time. As the dam height
increases, undrained response of the compacted till fill to load addition results in near-
immediate increases in pore pressure. The data obtalned provides the pore pressure
parameters that are used for limit equilibrium stability analyses. This information will continue to
be required for monitoring the short and fong term performarice of the structure and for design
optimization of future raises.

During active construction the piezometers are fo be read weekly and the data reduced and
plofted such that a minimum amount of time lapses between the recording of the data and the
inclusion of the charts in the monthly report. Based on dam performance the reading frequency
may be increased or decreased to provide requisite information for design stewardship at the
discretion of the AMEC Senior Geotechnical Engineer. The piezometer readings shall be
plotted in terms of equivalent hydraulic head in elevation units. All plots shall be prepared at the
same scale to facilitate comparison. The Field inspector shall indicate on these plots when
construction activities have taken place within 100m of §.0.L chainage from the piezometers,
This is required so that changes in piezometric pressures and measured displacements can be
correlated with construction activities.
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7.0 CLOSURE NOTE

This report has been prepared for the exclusive use of Mount Polley Mining Corporation for
specific application to the area within this report. Any use which a third party makes of this
report, or any reliance on or decisions made based on it, are the responsibility of such third
parties. AMEC accepts no responsibility for damages, if any, suffered by any third party as a
result of decisions made or actions based on this report. It has been prepared in accordance
with generally accepted engineering geology and geotechnical engineering practices. No other
warranty, expressed or implied, is made.

i you have any questions about the content of this manual, please do not hesitate to call.
Respecifully submitted,

AMEC Earth & Environmental,
a division of AMEC Americas Limited Reviewed by:

Dmitri Ostritchén Davies, Michael P., P.Eng.
Geotechnical Engineer Vice-President, Mining

Daryl Dufauit, P.Eng.
Project Manager

Todd E. Martin, P.Eng., P.Geo.
Senior Geotechnical Engineer
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1.0 INTRODUCTION

Mount Polley Mine is wholly owned by Imperial Metals Corporation and operated by the Mount
Poliey Mining Corporation (MPMC), and is located 56 kilometres northeast of Williams Lake.
Mount Polley began mine production in 1997 and operated until October 2001 when operations
were suspended for economic reasons. In March 2005, the mine restarted production and has
been in continuous operation since. Currently, it is estimated that the mill throughput is
approximately 20,000 tpd. Tailings are deposited as slurry into the tailings storage facility
(TSF). The TSF is comprised of one overall embankment that is approximately 4.2km in length.
The embankment, based upon original separate embankments, is subdivided into three (3)
sections referred to as the Main Embankment, Perimeter Embankment and South Embankment.
Heights vary along the embankment and are approximately 45m, 27m, and 17m respectively,
{based upon the Main, Perimeter and South nomenclature). The design and construction
monitoring of the TSF embankments {o date has been completed under the direction of Knight
‘Pigsold Limited (KP). The overall embankment has incorporated a staged expansion design
utilizing a modified centreline construction methodology. The latest expansion was completed
in August 2010, which entailed a four (4) m embankment raise to a consistent crest elevation of
958 m.

AMEC Earth & Environmental (AMEC) was retained by MPMC to provide design and
construction monitoring for future expansions. To facilitate the additional volume of tailings from
planned operations, the next expansion (Stage 7) is scheduled for 2011 and entails a 2.5m
embankment raise to a crest elevation of 960.5m. -

The ohjective of the analyses presented herein was to assess the shori-term stability of the TSF
under static loading conditions. The factor of safety (FoS) required for long-term conditions is
1.5, while for the short-term conditions the FaS required is 1.3; both values consistent with the
Canadian Dam Association Guidelines (CDA) (CDA, 2007) which is an industry standard for
these facilities and endorsed for use by regulatory authority in British Columbia.

The analyses presented herein considered the stability related only to the 2011 expansion. This
analyses is considered consistent with the shori-term conditions but, at the same time, we
would use the long-term CDA requirements for farget values. in order to complete the stability
analyses, three as-built sections of the embankments were modeled. The locatlons of these
sections are shown in Appendix A, Figure 1.1.

2.0 ANALYSIS PARAMETERS AND METHODOLOGY
2.1 General

Two-dimensional limit equilibrium stability analyses were carried out using the computer code
SLOPEMW (GeoStudio, 2007). The analyses utilized the Morgenstern-Price method of slices
solution. There are seven main materials incorporated inte the analyzed sections, Zone S
(compacted till fill), Zone C (rockfilf), tailings, foundation tills (ablation, basal),
glaciolacusirine/glacioftuvial sediments, and bedrock. The material properties used for the
analyses are based on previously established parameters assumed by KP (2005) with minor

AMEC File: VIM0D560-2011
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modifications deemed appropriate by AMEC. The parameters used in the stability analyses
presented herein are summarized in Table 2.1.

The stability of the three dam sections is dependent on the sirength of the downstream rockfill
shell and foundation materials. The compacted till core is supported by the downstream rockfill
shell and does not directly contribute to the stability of the embankment.

2.2 Material Parameters
Compacted Till Fill

Not enough information is currently available to confirm or modify the material parameters, thus
the material properties assumed by KP are utilized.

Rockfill

The rockfill shear strength is taken as stress-level dependent as per Leps (1970}, as illustrated
in Figure 2.1.

It is anticipated that the rockfill used for construction of the 2011 expansion will be comparable
to that used for the past dam raises. As such, the trend for average rockfill was used because
the rockfill is anticipated to be;

» strong and durable with high compressive strength;
o well-graded, and comprised of highly angular rock; and
« will receive moderate compactive effort.

Figure 2.1  Shear Strength Relationship Used for Rockfill
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In-Situ Foundation

KP (2005} summarized the foundation conditions for the dam as follows:

“The tailings basin is generally blanketed by naturally occurring well graded flow
permeability glacial till which functions as an in-situ soff liner and preciudes seepage foss
from the facility. However, a basin liner was consifructed just upstream of the Main
Embankment to ensure that the basin liner had a minimum thickness of 2 melers
throughout the tailings basin. The constructed basin finer was fied info the Main
Embankment core zone and the existing basin liner where the in-situ thickness
exceeded 2 m.

The foundation conditions at the Main Embankment consist of fow permeability glacial till
material at surface underlain by fluvial and lacustrine silts up fo 20 m thick. The
foundation conditions at the Perimeter Embankment consist of low permeability glacial
till throughout that is generally in excess of § m. The foundation conditions at the South
Embankment consist of a refatively thin, low permeability glacial till material overlying
bedrock. The glacial tilf is a few meters thick but its thickness is not consistent
throughout the South Embankment foundation. It is important not to expose the fractured
bedrock and fo ensure that the giacial tili cover is atf least 2 m fthick throughout the
foundation and that it is tied info the cors zone.

Laboratory testwork on the foundation soifs indicates that the materials have adequate
shear strength to ensure foundation stabilily of the embankments. Artesian pressures
exist at the base of the Main Embankment. Pressure relief wells frenches have been
installed at this location to depressurize the underlying glaciofiuvial deposits.”

Summary of Material Strength Parameters

The material strength parameters used in the stability analyses are as summarized in Table 2.1.

Table 2.1 Material Strength Parameters

To ! !
Material (Butk Unit Weight) (Friction Angle) Mg
{(KN/m®) {degrees)
Defined by Lep's (1970) shear
Rockfilt (Zone C} 22 normal function for average quality 0
rockfill (Note 1)
Compacted Tl Fiil {Zone S} 2z 35 ]
Ablation Till 21 28 0
) " , . 33
Giaciolacustrine/Glaciofluvial 20 24 (residual) 0
Glacial Till 21 33 0
Tailings 18 30 (drained) 0

Sylo,’ = 0.1 {undrained)
Nofe 1. The shear normal function used for the rockfill accounts for the stress-level dependency of the normalized
shear strength as expressed by the effective friction angle (@) — see Figure 2.1.
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Mt Polley Stability Analyses.docx Page 3



Mount Polley Mining Corporation

2011 Stage 7 Expansion m .
Stability Analysis e

2.3 Pore Pressure Assumptions

Where possible, the current phreatic surfaces were derived from vibrating wire plezometer
readings installed in the embankments or into the embankment foundation, as reported in Stage
68 construction report (KP, 2011). Where no piezometric pressure data was available, the
phreatic surface was estimated using typical phreatic surfaces observed from similar projects.

The phreatic surface for the 2011 expansion was estimated by increasing current phreatic
surface on the upstream side of the core by 2.5 m, equivalent to the Stage 7 raise, while
maintaining the phreatic surface downstream of the core.

The rockfill was assigned zero pore pressure except where located below the phreatic surface,
below which pore pressures at any given point were taken as hydrostatic.

Artesian conditions are modelled in the main embankment to reflect the pore pressures
observed in the glaciolacustrine/glaciofluvial sediment unit in that area. Note that as stated in
KP’'s Stage 6 Construction Report (KP, 2007) piezometric trigger level of 15m above ground
reduces the FoS to 1.1. For Stage 7 expansion the same piezometric trigger level is adopted.

2.4 Minimum Factor of Safety Criteria

The minimum FoS criteria for design is 1.3 for short-term (during construction) and 1.5 for long-
term {closure} steady siate conditions.

AMEC File: VM00560-2011
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3.0 STABILITY ANALYSES RESULTS

The stability analyses of the TSF 2011 expansion were carried out for three sections of the
embankment described above. These sections are typical as-built sections as reported in the
Stage 6B Construction report (KP, 2011). In addition to the stability analysis of the expansion
the current embankment siability was assessed to establish a FoS baseline for comparison.
The sections modeled are shown in Figures 3.1 through 3.4 in Appendix A, with a summary
provided below in Table 3.1 Factor of Safety Summary.

Table 3.1 Factor of Safety Summary

Approximate
Section Embankment Current Conditions 2011 Stage 7 Expansion FoS Reduction
Main (Ch. 20+45) 1.8 17 3%
Main (Ch.20+45) o
Glaciolacusirine (Residual) 14 1.4 0%
Perimeter {Ch. 39+80) 241 2.0 5%
South {Ch. 7+15)} 2.6 24 10%

The stability analyses identified that the main embankment was the critical stability section for
the 2011 expansion. To analyze the 2011 expansion impact on the overall stability of the
embankment, a comparisoin between the current conditions and 2011 expansion was
performed, A FoS raduction of about 3% was observed in the main embankment, while a 0%
reduction was observed uilizing residual strength in the glaciolacustrine unit and deemed
insignificant to the overall stability of the embankment. Similarly, due to the negligible reduction
in FoS§, the seismic stability situation would remain unchanged relative to KP's 2007 analyses
and the deformations would stili be considered negligible. Thus, the stability requirement is
satisfied for the 2011 expansion.

A more comprehensive embankment stability assessment will be carried out after additional
information is gathered during the 2011 expansion and instrumentation installation program.

AMEC File: VIMD0560-2011
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Mount Poiley Mine 2t l i
Tailing Storage Facility Embankment - Stage 7 (2011} LY mp eria
CONSTRUCTION DALY REPORT amec /\/\ Meta]s

PAILY REPORT NO.; __ TSF11-07-10

DATE: 7/10/2011
PROJECT TITLE: _ TSE Embankment

AMEC PROJECT No:  VMO0560

HOQURS WORKED: 12 hours { 7:00 AM to 7:00PM}
WEATHER: 12° C {Rain in the moming cloud in Aftemoon)

DESCRIPTION OF WORK PERFORMED TODAY

Construction Activities:

- Placement Zone C @ ch. 20+00 to 21400, el. 958.5m), full width, 1m lit, dozer

- Placement Zone 5 @ ch. 34+00 to 35+50, ef. 960.0m, 2m wide (near Zone U,} 0.35m lifl, dozer
- Placement Zone F @ ch, 35450 to 36+00, el. 958.5m, Tull width, 0.6m liff, excavator

- Compaction Zane § @ ch. 32+00 fo 34400, el. 960.0m, full width, vibratory sheeps faot

I- Cormpaction Zone F/T @ ch. 17+00 fo 19400, ol. 858.5m, 4 passes, vibratory smooth drum

- Final grading @ ch.10+00 to 14+00

l Ongoing celt construction Zone U @ ch. 39+00 te 42+00, dozer

- Established downstream/upstream slope stakes @ 43+5G to 47+50, el. 958.0m

= Zone FIT boundary established @ 43-+50 to 47+50 &1, 959.0m

- Activity, changage, fop elevation, perpendicutar disfance/width, depth, equipment used, ofher comments, (highlight information ouf of scopa/needing altenfion}

WMaterial Testing:

- 07/5/11-D020 - gradation test - Approved

- 07/8/11-0021 - gradation iesi - Received, Awaiting Approval

- 07/10M 1-DOR2 - gradation test, Afterbarg Limits - Shipped to PG lab

-~ Sample ID - Type of Tesl{s} - Staius of the Test (Sample removed from the list day after Approval}

Compaction Tasting:

- D50: Ch. 32+25, 10m upstream of SOL, @ $85.5m (5819384, 586050} - 96%

.« D51: Ch. 32+75, 12m upsiream of SOL, @ 885.5m (5819399, 536052) - 99%

- D52: Ch. 33+25, 14m upstream of SO, @ 985.5m (5819445, 596080) - 84% (Failed, requested recompaction betwesn 32475 to 34-+00)
- D53; Ch. 33+25, 1'1m upsiream of SOL, @ 985.5m (5818490, 536094) - 93% (Failed, requested recompaction between 32+75 to 34+00)

- D52a: Ch. 33425, 13m upsiream of SOL, @ 985.5m (5819448, 596080) - 99% Relest
- D53a: Ch. 33425, 10m upstream of SOL, @ 985.5m (5819491, 596093) - 101% Retest

- Test ID: changage, offsef from SOL, elevalion (Northing, Fasting) - Result Commients

Instrumentation Monitoring:
- Read all Main Embankment Piezos (G7-10-11 Piszo Dala.xisx)

- Activity {submitfad fila name raference)

REMARKS (Detays, interruptions, exira work activities, unusual ocourrences, ete, relevant to teday's work)

- if rainy weather continuous placement of Zone S should be suspanded.
- Down one excavator, scheduled {o be back in 1 week,

ICRITICAL INFOCRMATION

- 07/08/11-D0O21 Immediate Approval Needed
- Lift thickness questionable for Zone S between ch. 34+00 to 35+5) @960,0m - Please Comment

Field Inspector: Field Inspector 10-Jui-11
Signature Tife Date

MPMC Site Engineer: SHe Engineer 10-Jui-11
Signature Tiife Data

Page 10f4




fouﬁt Polley Mine o s }
ailing Storage Facility Embankment - Stage 7 (2011) ¥ m eria
ONSTRUCTION DAILY REPORT amec ,\/\ Meta

EPORT NO.: _ TSF11-07-10
7 2 & DAILY Rl
10/2011 PROJECT TITLE: __ TSF Embankment

DATE:

AMEG PROJECT No:  VM00560

ALY PHOTOGRAPHS

10fp 5; Placement of Zone 5 : Phofo 10 Compaction of Zone F/T

wio 15: Final Grading 10+00 fo 14+00 Phota # (referencing file name). Brief description
Istribution List:

Page 2 of 4
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11 1 K

INTERNATIONAL

Standard Test Method for

[‘Iw Designation: D 422 - 63 (Reapproved 2067)

Particle-Size Analysis of Soils?

This standard is issved under the fixed designation D 422: the number inunedinely folowing il desigantion sndicates e year of
original adopiion o, in the case of revision. the year of lasi revision. A number in parembeses ndicates the year of 1ast reapproval, A
sugerserip epsiton (e} indicates an ednorial change since the last revision or reapproval.

I. Scope

1.1 This test method covers the quantitative determination
of the disuribution of particle sizes in soils. The distribution of
pariicle sizes larger than 75 pm (retained on the No. 200 sieve)
is determined by sieving, while the disiriburion of particle sizes
smaller than 75 um is determined by a sedimentation process,
using a hydrometer lo secure the necessary data (Note | and
Nl 2)

Moy b-—Separation may be made on the Mo, 4 {4.75-mm). No. 40
(425-pum). or No. 200 (75-um) sicve instead of the No. 10. For whaever
sieve used. the size shall be indicated in the report.

Non: 2—Twa types of dispersion devices are provided: (f) a high-
speed mechanical strrer. and {2) air dispersion. Exiensive investigations
indicae that air-dispersion devices produce 2 more positive dispersion of
plastic soils below the 20-um size and appreciably l2ss degradation on all
sizes when used with sendy seils. Because of the definite advantages
favoring air dispersion. is use is recommended, The results from the two
types of devices differ in magnide, depending upon soil Lype. eading to
marked differences in particle size distribution. especially for sizes fner
than 20 um.

2. Referenced Documents

2.1 ASTM Standards: *
1142} Praciice for Dry Preparation of Soil Samples for
Particle-Size Analysis and Determination of Soil Con-

stanfs
F 4l Specification for Wire Cloth and Sieves for Testing
Purposes

I 100 Specification for ASTM Hydrometers
2.2 ASTM Adjuncts:
Air-let Dispersion Cup For Grain-Size Analysis of Soil®

! This 1est method is under the jurisdiction of ASTM Comminze D18 on Sotl and
Rock and is the direct sesponsibility of Subcommittee D18.03 on Texture. Plasticily
and Density Characteristics of Soils.

Cusrent edition approved Gct. 15, 2007. Published Qctober 2007, Originally
approved in 1935, Last previous edition approved in 3002 as D 427 - 63 (20027,

? For referenced ASTM siandards. visil the ASTM website. www.astin.org. or
contact ASTM Cusiouner Service 2t service @ asem.org. For Al Book of ASTM
Standarely volumie mfonmanion. refer to the standard’s Document Summary page on
the ASTM websise.

"Avaitable from ASTM Iaternutional Headguarters. Ordes Adjercr No.
ADIDO422.

3. Apparatus

3.1 Balances—A balance sensitive to .01 g for weighing
the material passing a No. 10 (2.00-mm) sieve, and 2 balance
sensitive to 0.1 % of the mass of the sample o be weighed for
weighing the material retained on a No. 10 sieve.

3.2 Stirving Apparatus—Either apparawus A or B may be

" used.

3.2.1 Apparatus A shall consist of a mechanically operated
stirring device in which a suitably mounted electric molor wrns
a vertical shaft at a speed of not iess than 10 000 rpm withour
load. The shaft shall be equipped with a replaceable stirring
paddle made of metal, plastic, or hard rubber, as showa ialig
i. The shaft shall be of such fength that the stirring paddfe will
operate nol fess than ¥ in. {19.0 mm) nor more than V5 in.
{38.1 mm} above the bottom of the dispersion cup. A special
dispersion cup conforming 1o either of the desigrs shown in
Fie 2 shall be provided to hold the sample while it is being
dispersed.

3.2.2 Apparatus B shall consist of an air-jet dispersion cup
(See drawing®) (Mot 3) conforming o the general details
shown i1 fre. 3 (hoae 4 and None 5).

Mo 3—The amount of air required by an air-jer dispersion cup is of
the order of 2 fi¥%min: some small air compressars are not capahle of
supplying sufficient air (o operale & cup.

Note: 4—Another air-type dispersion device. known as a dispersion
tube. developed by Chu and Davidson at towa State College. has been
shown to give resulis equivalent to those secured by Lhe air-jet dispersion
cups. When it is used, sooking of (ke sample can be donc in the
sedimentation cytinder. thus elimizating the need for wansferring ihe
slurry, When the air-dispersion tube is used. it shall be so indicated in the
reporl.

MNune S—Waler inay condense in air lines when not in use. This waier
musl be removed. either by using g water trap on the air line. or by
blowing the water out of the fine before using any of the air for dispersion
purposes.,

33 Hydrometer—An ASTM hydrometer, graduated to read
in either specific gravily of the suspension or grams per htre of
suspension, and confonming to the requiremems for hydrom-
eters 151H or 152H in Specifications F 1411 Dimensions of
both hydromelters are the same. the scale being the only trem of
difference.

Copyright © AST# Intemational, 100 Bar Hatbor Drive, PO Box S700. Wesl Conshohorken, PA 1942820839, United States.

t

ghi ASTM inte:nellonal
#d by tHS under Eoensa with ABTM
fotudtion of notwnriang pernilied withow Ueanse from (HS

LicensercAmas Grovp LIISR47 155D
Mot for Resate, 03312011 14:18:48 MDT
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FIG. 2 Dispersion Cups of Apparatus

34 Sedimeniation Cylinder—A glass cylinder essentialty 18
in. {457 mm) in height and 2% in. (63.5 mm} in diameter, and
marked for a volume of 1000 ml. The inside diameter shall be
such that the 1000-mL mark is 36 = 2 cm from the bottom on
the inside.

1.5 Thennometer—A thermomerer accaraie o 1°F (0.5°C).

3.6 Sieves—A series of sieves. of square-mesh woven-wire
cloth, conforming (o the requirements of Specification L 11, A
full set of sieves includes the following (Nl ey

3+in. (75-mm) Ne. 10 {2.00-rmm)
2-in. {50-mm) No. 26 {850-um)
1%-in. (37.5-mm) N¢. 40 1425-um)
1-int, {25.0-mm) No. 63 {(250-umj
Y-tn. {19.0-mm) Mo, 140 (106-um)
F-in, {5.5-mm} No. 260 (75-um)

Me, 4 (4,75-mmj}

Non: 6—a set of sieves giving uniforn spacing of points for the graph.
as required in Section ., may be wsed if desirec. This sel consists of the
following sieves:

3-in. (75-mym) No. 16 (1.18-mm)

1ve-In. (37.5mm} MNe. 30 {600-pm)
Shein. (19.0-mmm) No. 50 {300-um}
Yein, (9,5-mm) No. 100 {150-m)
Ne. 4 (4.75-min) No. 200 {75-um)

No. 8 (2.38-mm)

3.7 Water Bath or Constani-Temperature Room—A water
bath or conslant-temperature room for maintaining the soil
suspension at a constant temperature during the hydrometer
analysis. A satisfactory water tank is an insulawd ank that
maintains the temperature of the suspension ai a convenient
constant lemperature at or near 68°F (20°C). Such a device is
ilustrated i e 4. In cases where the work is performed in a
rotm af an aromatically controlled constant emperature. the
waler bath is not necessary.

3.8 Beaker—A heaker of 250-ml capaciry.

1.9 Timing Device—A watch or clock with a second hand.

4. Dispersing Agent

4.1 A solution of sodium hexametaphosphate {(sometimes
called sodium metaphosphate} shall be used in distilled or
demineralized water, at the rate of 40 g of sodium

hexametaphosphateflitre of solution (Nowe 7).

Motz 7—Solutions of this sall. i acidic. slowly rever! or hydrolyze
back 0 the orthophosphate form with a resuliant decrease in dispersive
action. Solutions should e prepared frequently {at feast once a month) or
adiusied 1o pH of 8 or 9 by means of sodiem carbonate. Boulus containing

Copyrighi ASTH internztional
Prynded by 45 sndar Beange wih ABTRY
Ho [ i edt without liconse from I6S

-

Liognseg=Ames (roup LIUSH7 HB8501
Nt tor Resate, B3/3112011 74:1048 6407
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FIG. 4 Insulated Water Bath

sofutions should have the date of preparation marked on them. only particles retained on the No, 10 (2.00-mm) sieve while the
42 Al water used shall be cither distilled or demineralized ~ Other portion contains only particles passing the No. {0 sieve.

water. The water for a hydrometer test shall be brought to the  The mass of air-dried soil selected for purpose of tests. as

temperature that is expecied (o prevail during the hydrometer  prescribed in Practice 3421, shall be sufficient to yield

west. For example, i the sedimenlation cylinder is 10 be placed  guantities lor mechanical analysis as follows:

in the water bath. the disiilled or demineralized water to be 5.1.1 The size of the portion retained on the No. 10 sieve

ased shah’_ be hrmig.ht 0 ch«? ieiperatire of the controfied Watet  ghaf depend on the maximum size of particle, according to the

bath; er, if the sedimentation cvlinder is used in & room with following schedule:

controlled temperature, the water for the test shal be at the

. . MNeminal Diameater of Approsimate Minkmum
temperature of the ream. The basic temperature for the Largest Particles. Mass of Portion, g
hydrometer test is 68°F (20°C). Small vanations of tempera- in. (mm)
- . . - - u g 5

wmre do not introduce differences that are of practical signifi- 3:‘ (%Z}) 1333
cance and do notl prevent the use of corrections derved as 1 [25.4) 2000
prescribed. 1ve [38.1) 3000

2 (50.8) 4600

3 (76.2) 5000

5, Test Sample

3.1 Prepare the test sample for mechanical analysis as 5.1.2 The size of the portion passing the No. 10 sieve shall
ontlined in Practice [) 2. During the preparation procedure  be approximately 115 g for sandy soils and approximately 63
the sample is divided into two pontions. One portion contains g for sill and clay soils.

k3
He ASTH intemationai '
2 by S under bconsa with AGTIA Lizersea=Ames Group LIWSEI 7195001
EUSEON Or TwG2King pormined wihout lizense trom IHS ot for Resale, G33172G11 18:19:48 MOT
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5.2 Provision s made in Section 5 of Practice {342} for

weighing of the airdry soif selected for purpose of tests, the
separation of the soil on the No. 10 sieve by dry-sieving and
washing, and the weighing of the washed and dried fraction
retained on the MNo. 10 sieve. From these rwo masses the
percenlages retained and passing the No. 10 sieve can be
calculated i accordance with 121,

Not: 8—A check on the mass valves and the thoroughaess of pulveri-
zation of the clods may be secured by weighing the portion passing the
No, 10 sieve and adding this value to the mass of the washed and
oven-dried portion retained on the No. 10 sieve.

SIEVE ANALYSIS OF PORTION RETAINED OGN NO.
10
(2.00-mm) SIEVE

6. Procedure

6.1 Separate the portion retained on the No. 10 (2.00-mm)
sieve into a series of fractions using the 3-in. (75-mm), 2-in.
(50-mm), VA-in. (37.5-mm), {-in. {25.0-mm), ¥4-in. (19.0-
mm), ¥s-in. (9.5-mm), No. 4 (4.75-mm), and No. 10 sieves, or
as many as may be needed depending on the sample, or upon
the specifications for the material under test.

6.2 Conduct the sieving operation by means of a Jateral and
vertical motion of the sieve. accompanied by a jarring action in
order to keep the sample moving continuously over the surface
of the sieve. In no case wrn or manipulate fragments in the
swhple through the sieve by hand. Continue sieving until not
more than { mass % of the residue on a sieve passes that sieve
during I min of sieving. When mechanical steving is used. test
the thoroughness of sieving by using the hand method of
sieving as described above.

6.3 Determine the mass of each fraction on a balance
conforming 1o the requirements of 7 1. At the end of weighing.
the sum of the masses retnined on all the sieves used should
equal closely the original mass of the guantily sieved.

HYDROMETER AND SIEVE ANALYSIS OF PORTION
PASSING THE NO. 10 2.06-mm) SIEVE

7. Petermination of Composite Correction for
Hydrometer Reading

7.1 Equations for perceniages of sofl remaining in suspen-
sion, as given in 143, are based on the use of distilled or
demineralized water. A dispersing agent is used in the water.
however, and the specific gravily of the resulting liguid is
appreciably greater than that of distilled or demineralized
wiler.

7.1.1 Both soil hydrometers are calibrated at 68°F (20°C).
and variations in temperature from this slandard temperature
produce inaccuracies in the acteal hydrometer readings. The
amount of the inaccuracy increases as the variation from the
standard temperature increases.

7.1.2 Hydrometers are graduated by the manufacturer 1o be
read al the bottom of the meniscus formed by the liguid op the
siem. Since it is not possible to secure readings of soil
suspensions at the bottom of the meniscus, readings must be
taken at the top and a correction apphed.

Capytight ASTM atacostiong

Povided by IHS under Leansg wift ASTH

o

withorl 0ensSE HOm IHS

il

7.1.3 The net amount of the corrections for the three items
enumerated is designated as the composiie correction, and may
be derermined experimentally.

7.2 For convenience, a graph or table of composite correc-
tions for a series of |° temperature differences for the range of
expected sl temperaturss may be prepared and used as
needed. Measurement of the composite corrections may be
made at two temperatures spanning the range of expecied sest
temperatures, and corrections for the intermediate emperatures
calcolated assuming a straight-line relationship between the
two observed values.

7.3 Prepare 1000 mL of liquid composed of distilled or
demineralized water and dispersing agent in the same propor-
tion as will prevall in the sedimentation (hydrometer} test.
Place the liguid in a sedimentation cylinder and the cylinder in
the constant-temperature water bath, set for one of the two
temperatures to be used. When the temperature of the liquid
hecomes constant, insert the hydrometer, and, after a short
interval to permit the hydrometer 1o come ta the iemperatire of
the fiquid, read the hydrometer at the top of the meniscus
formed on the slem, For hydrometer 15{H the composite
cotrection is the difference between this reading and one; for
hydrometer 152H # is the difference berween the reading and
zero. Bring the liquid and the hydrometer to the other tempera-
ture to he used. and secure the composite cormegction as before,

W
8. Hygroscopic Moistere

8.1 When the sampie is weighed for the hydrometer test,
weigh out an auxiliary portion of from 1040 15 g in a smali
metal or glass container, dry the sample to a constant mass in
an gven al 230 = 9°F (i 10 = 5°C), and weigh again. Record
the masses.

9, Dispersion of Soil Sample

9.1 When the soil is mostly of the clay and silt sizes, weigh
ot a sample of air-dry soil of approximately 50 g. When the
soi} is mostly sand the sampie shovld be approximately 100 g

9.2 Place the sample in the 250-mL, beaker and cover with
125 mL of sodium hexametaphosphate solution (40 g/L). Stir
until the soil is thoroughly wetted. Allow o soak for at feast i6
h.

9.3 Al the end of the sosking period, disperse the sample
further. using either stirring apparatus A or B. If stiring
apparatus A is used, wansfer the soil-water slurry from the
heaker into the special dispersion cup shown in itg. 2, washing
any residue from the beaker into the cup with distilled or
demineralized water {(Noie ), Add distilled or demineralized
waler, if necessary, so thai the cup is more than half full. Str
for a period of [ min.

Non: 9—aA large size syvinge is a convenient device for handhing the
witler in the washing operanion, Other devices include the wash-water
botlle and a hose with nozzie connected o a pressurized distiled waler
uink.

9.4 1f stirring apparatus B o1z, *) is used, remove the cover
cap and connect e cup io a compressed air supply by means
of a rubber hose. A air gage must be on the line between the
cup and the comrol valve. Open the control valve so that the
gage indicates | psi (7 kPa) pressure (Noae 1), Transfer the

A

LiconaoesAmet Group L B047 1RE0D1
ot {or Rosals, CHMAT201T 14:10.46 MOT
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soil-water slurry from the beaker to the air-jet dispersion cup
by washing with distilled or demineralized water. Add distilled
or demincraiized water, if necessary, so that the total volume in
the cup is 250 mL, but no more.

Now: 10—The initial air pressare of ! psi s requived 10 prevent the
soil-water mixture ffom eniering the air-jet chamber when the mixture is
iransferred 1o the dispersian cup.

9.5 Place the cover cap on the cup and open the air conirol
valve wntil the gage pressure is 20 pst (140 kPa}. Disperse the
sotl according to the following schedule:

Prasticity Index Dispersion Period,
min
Under 8§ 5
61020 1
Over 20 15

Soils containing large percentages of mica need be dispersed
for only 1 min. After the dispersion period, reduce the gage
* pressure (0 1 psi preparatory o transter of soif-water siurry (o
the sedimentation cylinder.

10. Hydrometer Test

10.1 Immediately after dispersion. transfer the soif-water
shurry to the glass sedimentation cylinder, and add distilled or
demineralized water untif the total volume is 1000 mL.,

10.2 Using the palim of the hand over the open end of the
cylinder (or a vubber stopper in the open end), turn the cylinder
upside down and back for a period of | min to complete the
agitation of the slurry {Noae 1), AL the end of | min set the
cylinder by a convenient location and take hydrometer readings
ai the following intervals of time (measured from the beginning
of sedimentation), or as many as may be needed, depending on
the sample or the speciication for the matertal under test: 2, 5,
15, 30, 6G, 250, and 1440 min. If the controlled water bath is
used, the sedimentation cylinder should be placed in the bath
between the 2- and 5-min readings.

Noti 1 1—The number of wims during this srinute should be approxi-
mately 60, counting the tum upside down and back as two toras, Any soil
remaining in the bottem of the cylinder during the first few tumns should
be loosened by vigorous shaking of the cylinder while 31 38 in the inveried
position.

10.3 When it is desired to lake a hvdrometer reading,
carefully insert the hydromeger about 20 10 25 s before the
reading is due (o approxiniately the depth it will have when the
reading is taken. As soon as the reading is taken, carefully
remove the hydrometer and place it with a spinning motton in
& graduate of clean distilled or demincralized watcr.

Mo 12—h is importani 10 remove the hydrometer isnmediacely after
each reading. Readings shall be taken at the top of the meniscus formed
by the sespension arcund the stem, since it is not possible (0 secwre
readings at the bottom of the meniscus.

10.4 Afier each reading, take the temperature of the suspen-
ston by inserting the thermometer into the suspension.

1L Sleve Analysis

11.1 Afier taking the final hydrometer reading, transfer the
suspension (o a No, 200 (75-um) sieve and wash with tap water
until the wash water is clear. Transfer the material on the No.
200 sieve to a suitable conlainer, dry in an oven at 230 + 9°F

{110 = 5°C) and make a sieve analysis of the portion retained,
using as many sieves as desired, or required for the material, or
upon the specification of the material under test.

CALCULATIONS AND REPORT

12, Sieve Analysis Values for the Portion Coarser than
the No. 10 (2.00-mm) Sieve

12.} Caleculate the percentage passing the Mo, 10 sieve by
dividing the mass passing the No. 10 sieve by the mass of soil
originally split on the No. 10 sieve, and muliiplying the result
by 100, To obtain the mass passing the No, |0 sieve, subtract
the mass retained on the No. 10 sieve from the original mass.

12.2 To secure the total mass of soil passing the No. 4
{4.75-mm) sieve, add to the mass of the malterial passing the
No. 10 sieve the mass of the fraction passing the No. 4 sieve
and retained on the No. 10 sieve. To secure the total mass of
soif passing the Y-1n. {9.5-mm) sieve, add to the total mass of
soii passing the No. 4 sieve, the mass of the fraction passing the
Ye-in. sieve and retained on the No. 4 sieve. For the remaining
sieves. continue the calculations in the same manner.

12.3 To determine the totai percentage passing for each
sieve, divide the total mass passing (see 1 2) by the total mass
of sample and multiply the result by 100

13, Hygroscopic Moisture Correction Factor

i3.} The hydroscopic moisture correction factor is the ralio
between the mass of the oven-dried sample and the ab-dry
mags hefore drying. fu is a number less than one, excepl when
there is no hygroscopic moistire.

14. Percentages of Soil in Suspension

[4.]1 Calcwiate the oven-dry mass of soil used in the
hydrometer analysis by multiplying the air-dry muass by the
hygroscopic moistiwre correction Factor.

14.2 Calcwdate the mass of a toral sample represented by the
mass ol soil used in the hydrometer test, by dividing the
oven-dry mass used by the percentage passing the Mo, 10
{2.00-mm} sieve, and mulidplying the result by [08. This valoe
is the weight W in the equation for percentage remaining in
SUSHension.

14.3 The percentage of soit remaining n suspenston at the
level at which the hydromeler is measuring the density of the
suspension may be calculated as follows (“oie $3): For
hydrometer [51H:

P = [{ 160 000/%} X GHG - G YR ~ ) ()

Neyit: 13-=The bracketed portion of the equation for hydvometer (51 H
is constant for a series of readings and may be caleulaied first and then
multiplied by the portion in the parenrheses.

For hydrometer i52H:

P o= (Ru/Wix 100 (2)

where:
¢ = congction faction to be applied to the reading of
hydrometer 1532H. (Values shown on the scale are
computed using a specific gravily of 2.65. Correction

factors are given in ubic 1),
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TABLE 2 Values of Effective Depth Based on Hydrometer ang

F = perceniage of soil remaining in suspension al the level "
P & s 3pe Sedimentation Cylinder of Specified Sizes®

at which the hydrometer measures Lhe density of the

suspension, Hydrometer 151H Hydrameter 1524
R = hydrometer reading with composite correction ap- Actual ; Actual ; Actual  Effective
I};e d {Section 7) g p i Hydromelar DE?gctEvecm Hydromeler Df T:czthm Hydrometer Depth, L,
P - L. Reading epth, L Aeading Pl & Reading om
W = oven-dry mass of soil in a tolal test sample repre-
45 F soil dispersed (see |4 3. 1.000 16.3 0 16.3 ar 1.2
sented by mass of soll aisperse SEAN -3 1.001 16.0 1 181 ) 1.1
G = specific gravity of the soil particles, and 1002 15.8 2 16.9 33 10.8
G, = specific gravity of the Hquid in which s0il particles 1.008 15.% 3 15.8 34 10.7
are suspended. Use numerical value of one in both Jpous 5 : 18 35 106
instances in the equation. In the frst instance any 1.008 14.7 5 153 ag 10.4
possible variation preduces no signiffcant effect. and 1.007 14.4 7 15.2 37 10.2
in the second instance, the composite correction for R i'ggg :‘;g g ne gg Py
is based on a value of one for G,. 1.010 13.7 10 14,7 40 a7
1.011 134 1 14.5 41 9.6
1.012 13.1 12 14.3 42 9.4
= T N o - 1.013 12.9 13 14.2 43 ]
15. Diameter of Soil Particles ‘ 1,014 125 s 140 w o1
5.1 The diameter of a pariicle corresponding 1o the per- 1.015 123 (18 - 138 45 8.9
centage indicated by a given hydrometer reading shall be 1‘32? E; :; fgg :g g'g
calculaied according 1o Stokes’ faw (MNuie 1), on the basis that 1018 1.5 8 13.3 48 B.4
a panicle of this diameter was at the surface of the suspension 1018 e 19 132 49 53
at the beginning of sedimentation and had settled 1o the level at 1‘32? ;;'?, g? ;g’g g? ?';
which the hydrometer is measuring the density of the suspen- 1022 105 2 127 52 18
sion. According to Stokes’ law: see fidsde 7 - 1.023 102 a3 12.5 52 78
1.024 10.0 24 124 54 74
D=~ /TA30n980(C - G M X LT <)) 1.025 9.7 25 12.2 585 7.3
1.026 9.4 26 12.0 56 7.1
where: 1.087 9.2 27 1.8 57 70
D = dismeter of particke, mm, Voo 4 e e il 4
n = coefficient of viscosity of the suspending medium (in 1,030 8.4 30 1.4 60 6.5
this case water) In poises {varies with changes in 1.03 8.1
temperature of the suspending medivm), 1'2;23 Z'g
L = distance from the swface of the suspension 1o Lhe +.084 7.3
fevel al which the density of the suspension is being 1.085 7.0
measured, em. (For a given hydrometer and sedimen- }'333‘; g'g
tation cylinder, values vary according to the hydrom- 1.038 6.2
cter "eadmgs' This distance is known as effective A Valyes of affecive depth are calculated krom the equation:
depth {see Tubic 2)), L=y, + 1721, — (Vya) (5)
T = interval of fime from beginning of sedimentation Lo
the taking of the reading, min e
T M eading, ma, t = effactive daplh, cm,
G = specific gravity ol soil panijcles, and . L. = distance along ihe stem of the hydromaer kom the top of 1he Bulb 1o
G, = specific gravity (relative density) of suspending me- the mark for a hydrometer reeding, em,
divm (value may be used as t.000 for alt practical Ly = overallisngih of the nydrometes hulb, e,
. Vy = volume of hydrometar bulb. em®, ang
pUrposes), 4 = cross-sectional area of sedimeniation cyiinder, om?
Vaiues used in calculating the values in innls v are as lollows:
TABLE 1 Values of Correction Faclor, «, for Different Specific For both hydromelers, 151H and 152H:
Gravities of Soif Particles” Ly, = 140¢m
Specitic Gravi Gorraction Faclor Vo = 67.0 0o
pacingG rawky orreclion -aclor A = 978 sz
2.95 0.94
2.80 .95 For hiydromaeler 151H:
2.85 0.96 L, = 105 o lor a reading of 1.000
2.80 0.87 = 23 com lor areading of 1.03
2.75 0.98
2,70 n.9g For hydrometer 1520:
2.85 1.00 L, = 10.5 cm lor a reading of 0 gflive
2.80 1.01 = 2.3 cm for a reading of 50 glitre
2.55 102
2.50 1.03
2.45 105
A For yse in equation for percentagre of soil remaining in suspension when esing Non: M4--Siace Stokes” law considers the terminal velocily of 2 single
Hydromater 152H. sphere falling in an infipity of figuid. the sizes calowlmed represent the
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dinmeier of spheres ihal would Fal a the same rate as the sofl particles.

5.2 For convenience in caleulations the above equation
may he written as follows: see Tuable 3

b= K /LUT {4

where:

X = constant depending on the temperature of the suspen-
sion and the specific gravity of the soil parmicles.
Values of X for a range of temperatures and specific
gravities are given in Tuhle 3 The value of & does rot
change for a series of readings constituting a 1est.
while values of L and T do vary.

15.3 Values of D may be computed with sufficient accuracy,
using an ordinary 10-in. slide rule.

Nom 15—The value of L is divided by 7 using the A- and B-scales. the
square root being indicated on the D-stale. Withoul ascertaining the vafue
of the square vool it may be multiplied by K. vsing either the C- or
Cl-scale.

16. Sieve Analysis Yalues for Portion Finer than No. 10
(2.00-mm) Sieve

16.1 Calculation of percentages passing the various sieves
used in sieving the portion of ihe sample from the hydromeier
test involves several steps. The first step is 1o calculate the miass
of the fraction that would have been retained on the No. 10
sieve had it pol been removed. This mass is equal to the tofal
percentage retained on the No. 10 sieve (100 minus (otal
percentage passing) times the mass of the klal sample repre-
senfed by the mass of soil used (as calculated in 14 2}, and the
result divided by 100

16.2 Calcutate next the lotal mass passing the No. 200 sieve,
Add together the fractional masses relained on ali the sieves,
including the No. 10 sieve, and subtract this sum from the mass
of the total sample (as caleuwlated in 14 ).

16.3 Calculate nexl the total masses passing each of the
other sieves, in a manner similar to that given i 12 %

16.4 Calculale last the 1otal percentages possing by dividing
the wual mass passing {as calculated in 16.3) by the total mass
of sample {as calculated in t1 2). and muliply the result by
106.

17. Graph

17.1 When the hydrometer analysis is performed, a graph of
the test results shalf be made, plotting the diameters of lhe
particles on a logarithmic scale as the abscissa and the
percentages smaller than the comrespoading diamerers © an
arithmetic scale as the ordinate. When the hydrometer analysis
is not made on a portion of the sotl, the preparation of the graph
is optional, since valties may be secured directly from tabulated
data.

18, Report

18.} The report shall include the following:

18.1.1 Maximum size of particles,

18.1.2 Percentage passing (or retained on) each sieve, which
may be tabulated or presented by ploling on a graph (Newi: 10),

18.1.3 Description of sand and gravel particles:

18.1.3.1 Shape—rounded or angular,

18.1.3.2 Hardness—hard and durable. soft, or weathered
and friable,

18.1.4 Specific gravity, if unusually high or low,

I8.1.5 Any difticulty in dispersing the fraction passing the
No. 10 (2.00-rmm) sieve, indicating any change in type and
amount of dispersing agent, and

18.1.6 The dispersion device used and the length of the
dispersion period.

Non: t6~—This tabulation of graph represents the gradation of the
sample tested. i particles farger than those coatained in the sample were
remaved before testing. the report shall so sime giving the amount and
MAXIMUT SHZE.

18.2 For materials (ested for compliance with definite speci-
fications, the fractions called for in such specifications shall be
reported. The fractions smaller than the No. 10 sieve shall be
read from the graph.

{8.3 For malterials for which compliance with deflnite
specifications is not indicared and when the soit is composed
almost entirely of pariicles passing the No. 4 (4.75-mm} sicve,
the resulls read from the graph may be reported as follows:

{1} Gravel, passing 3-in. and relained on No. 4 sieve

{3) Band, passing Mo. 4 sieve and retained on No. 200 sieve
(a} Coarsa sand, passing No. 4 sieve and relained on No. 10 sigve
{8 Medium sand, passing No. 10 sleve and retgined on Mo, 40 sieve

TABLE 3 Values of K for Use in Equation for Computing Diameter of Patticle in Hydrometer Analysis

Termnperature,”

Specific Gravity of Soil Paricles

c 2.45 2.50 2.55 250 2.82 270 275 2,80 2.858

16 0.01520 0.01505 0.01481 001457 0.01435 0.01414 0.01394 0.01374 {.01356
17 c01511 0.01486 0.01462 0.01439 co1417 0.01386 0.01376 0.01356 0.01338
18 0.01492 0.01467 0.01443 0.01421 001398 0.01378 0.01358 001339 0.01321
12 0.01474 0.01448 0.01425 0.01403 0.01382 0.01361 Q.01342 01323 (.01305
20 0.01456 Q01431 0.01408 0.013288 ¢.01365 407344 0.01325 0.01307 Q.01288
21 001438 0.01414 0.01391 0.01368 0.01348 001328 4.01308 0.01281 0.0%273
22 0.01421 0.01387 0.01374 0.01353 .01332 0.01312 0.01294 0.01276 0.01268
23 0.01404 Q.0%381 0.01358 0.01337 a.M13i7 0.01287 001278 001281 0.01243
24 0.01388 0.01365 0.01342 a.01321 0,01301 G.04282 0.01264 0.01246 0.01229
25 0.01372 0.G61349 0.01327 0.01303 001288 0.01267 0.01248 C.01232 Q.01215
28 0.01357 0.31334 Q.01312 0.01291 0.01272 0.01253 0.0123% o.01218 Q.00
27 001342 Q01318 Q.01207 c.01277 Q01258 0.0%239 2.01221 0.01204 o.g11ae
28 0.01327 0.01304 a.01283 0.01264 0.01244 0.05258 0.01208 20113 Q.Mi75
29 001312 301290 0.01268 0.01249 001230 Dotet2 0611498 001178 o182
30 0.01268 0.03276 0.01256 0.01236 0.M1817 0.01199 001182 0o1ses 0.01148
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(€) Fine sand, passing No. 40 sisve and relained on No. 200 sieve - % iein

{8) Silt size, 0.074 4o 0.605 min L e

{4) Chay size, smaffer than 0.005 mm Lo %% S, ve e e
Colloids, smaller than 000 mm % No. 4 [4.75-mm) e

X . N . . No. 10 {2.60-mm}) ..
184 For materials for which compliance with definite  wNo.4o(s25emy . )

specifications is not indicated and when the soil containg  No- 200 {75-um)

. ; . . - . HYDBOMETER ANALY!
material retained on the No. 4 sigve sufficient to require a sieve DROME 88
analysis on that portion, the results may be reported as foliows  0.074 mm AU,
{Nete 17): 0.005 mm e
0.00t mm ' e
BIEVE ANALYSIS
Mo 17--No, 8 (2.36-mm) and No. 50 (300-pm) sieves may be
. Parcentags substituted Tor No, 10 and No. 40 sieves.
Sieve Size Passing
ain 19. Keywords
=i, PR
2-in, oo 19.1 grain-size; hydrometer analysis; hygroscopic moisture;
Viin. EEREAY particle-size; sieve analysis
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INTERNATIONAL

Standard Test Methods for

Laboratory Compaction Characteristics of Soil Using
Standard Effort (12 400 fi-Ibf/ft® (600 kN-m/m?))’

This standard i5 issucd under ke fixed desigmution D 698: the number imediately following the Jesianarion iudicales the year of
original adoeplion or, in the case of revision. the vear of last revision. A number in pnientheses indicates the vear of Iasi reapproval, A
superscripl epsilon {e} indicaies an editorial change since the last revision ar reapproval.

Thix sreovdurd has beet approved for ae by agencies of ihe Deparonan of Dufenve.

€' Nuw——Figure 2 was editorially correctad in July 2007,

1. Scope®

I.T These test methods cover iaboraiory compaction meth-
ods used to determine the relationship between molding water
content and dry unit weight of soils (compaction curve)
ecompacied in a 4 or 6-in. (131.6 or 157.4-mm) diarmeter mold
with 2 3.50-16f (24.5-N) rammer dropped [rom a height of 12.0
in, (305 mm) producing a compactive effort of 12 400 fr-1bY
fi* (600 kN-m/m”).

Nt {—The equipment and procedures are similar as those proposed
by R. R. Proclar (Enginerring News Record—September 7. 1933) with
this one major exception: his rammer blows were applied as =12 inch finn
strokes™ insiead of free fall. producing variable compactive effort depend-
ing on the operalor. bul probably in the range 15000 o 25000
F-IBfIR™ (700 to 1200 kN-m/m™). The standard effort test (see « | 3} ig
sometimes referved o as the Proctor Tesl.

I.1.1 Soiis and soil-aggregate mixnires are (o be regarded ag
natural accumring fing- or coarse-grained soils, or composites or
mixtures of natwral soils, or mixtures of natural and processed
soils or agaregates such as gravel or crushed rock. Hereafter
referred to as either soil or material.

1.2 These test methods apply only to soils (materials) that
have 30 % or less by mass of particles retaiped on the Y-in.
(19.0-mim} sieve and have aol been previously compacted in
the laboratory; that is, do not reuse compacied soil.

12,1 For relationships between snit weights and molding
water contents of seils with 30 % or less by mass of material
retained on the Yi-in. {19.0-mm) sicve 1o unil weights and
molding water contents of the fraction passing ¥i-in. (19.0-
mm) sieve, see Practice [} 171K,

1.3 Three ahernative methods are provided, The method
used shall be as indicated in the specification for the material
being (ested. If no method is specified. the choice should be
based on the material gradation.

1.3.1 Method A:

' These Test Methods ave under the jurisdiciion of ASTM Conuniltee DIS on
Soit and Rock and are the direct responsibilivy of Subcomminee D18.03 on Texture,
Plasticity and Density Chamaieristics of Soils,

Current cdition approved Apei? 15, 2007.- Peblished July 2007 Orighnally
approved in 1932, Last previous edition approved ik 2000 as [ 698 — Gn™

b Mold—4-in. (101.6-mm) diameter.
.2 Marerial-—Passing No, 4 {(4.75-mm) sieve.
.3 Lavers—Three.

1.1 ) by mass of the material is retained on the No. 4 {4,75-mm)
sieve,

1.3.1.6 Omrer Usage—If this gradation requirement cannot
be met, then Method C may be used.

1.3.2 Methad B:

1.3.2.1 Mdald—4-in. (181.6-mm) diameter,

1.3.2.2 Material—Passing ¥-in. (2.5-mm) sieve.

1.3.2.3 Lavers—Three.

1.3.2.4 Blows per Layer—25.

1.3.25 Usage—May be used if 25 % or less {see Section
£ 1) by nyass of the maierial is retained on the %-in. (9.5-mm)
sieve.

1.3.2.6 Orther Usage—IF this gradation requirement cannot
be met, then Method C may be used.

1.3.3 Method C:

1331 Mold—6-in, (152.4-mm)} diameter.

1.3.3.2 Mareriai—Passing Ya-in, (19.0-mm) sieve,

L3.33 Lavers—Three.

1.3.34 Blows per Laver—56.

1.3.3.5 Usage—Miay be vsed if 30 % or less (see Section
1.4} hy mass of the material is retained on the ¥4-in. {19.0-mm)
sieve.

1.3.4 The 6-in. (152.4-mm)} diameter meld shall not be used
with Method A or B.

Mo 2---Resulrs have been found 1o vary slightly when a material is
lested 2t the same compaciive effort in different size molds. with the
smalier mold size typicatly yielding larger values of density/uniz weight
(1. pp. 214).2

{4 I the test specimen coutains more than 5 % by mass of
oversize fraction (Coarse fraction) and the material will not be
irciuded in the test, corrections must be made to the unit mass

* The bobdfavs numbers in parenthieses refer o the list of references a1 the end of
this standard.

=A Summary of Changes section appears al the end of this standard,

Caogyright @ ASTM Inlematicnal, 100 Barr Habor Drive, PO Box C700, West Conshohockan, PA 18428-2058, Unfted Stales.
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and imolding water content of the specimen or to the -appropri-
ate field-in-place density est specimen using Practice {3 4715,

1.5 This test method wili generally produce a well-defined
maximum dry unit weight for non-free draining soils. If this
test method is used for free-draining soils the maximum wnit
weight may not be well defined, and can be less than obtained
using Test Methods F) 4354,

1.6 All ohserved and calculated values shall conform to the
guidelines for significant digits and rounding established in
Practice 13 #0206, unless superseded by this standard.

{.6.1 For purposes of comparing measured or calculated
value(s) with specified limits, the measured or caleulated
value(s) shall be rounded to the nearest decimal or significant
digits in the specified limits.

1.6.2 The procedures used 1o specily how data are collected/
recorded or calcutaled, in this standard are regarded as the
industry standwd. In addition, they are representative of the
significant digits that generally should be retained. The proce-
dures used do not consider material variation. purpose for
obtaining the data, special purpose studies, or any consider-
ations for the user’s objectives: and it is common practice (©
increase or reduce significant digits of reporled data 1o be
commensurate with these considerations. It is beyond the scope
of this standard to consider significant digits used in anaiytical
methods for engineering design.

1.7 The values in inch-pound units are to be regarded as the
standard. The values stated in SI units are provided for
information only, excepl for units of mass. The units for mass
are given in Si unils only. g or kg.

1.7.1 Tt is common praciice in the engineering profession to
concurrently use pounds to represent hoth a unit of mass (brn)
and a force (Ibf)., This imphlcitly combines two separale
systems of units; that is, the absolute system and the gravita-
tional sysien. [t is scientifically undesirable to combine the use
of two separate sets of inch-pound units within a single
standard. This standard has been written using the gravitational
sysiem of units when dealing wilh the inch-pound system. In
this system, the pound (Ibf) represents a unit of force (weight).
However, the use of balances or scales recording pounds of
mass {lbm) or the recording of density in fom/ft® shall not be
regarded as a nonconformance with this standard.

V.8 This standard does not purpart to address all of the
saferv concerns, if any, associated with its wse. It is the
responsibilive of the user of this standard 1o esiablish appro-
priate safetv and health practices and determing the applica-
bility of regulatory limitations prior 1o use.

2. Referenced Documents

2.t ASTAM Standards: *

¢ 127 Test Method for, Density, Relative Density {Specific
Gravity). and Absorption of Coarse Aggregate

¢ 150 Test Method for Sieve Analysis of Fine and Coarse
Aguaregates

T For referenced ASTM siandards, visit the ASTM websile, www.astinorg. of
contacl ASThY Customer Service at service@astim,ore. Far Al Bonk of ASTA
Stetnderrels voneme infomiation. refer 10 dhe siandard’s Docmment Smmmary puge on
the ASTM website.

13633 Terminology Relating to Soil, Rock, and Contained
Fluids

13 854 Test Methods for Specific Gravity of Soil Solids by
Water Pycnometer

17 21as Test Methods for Calibration of Laboratory
Mechanical-Rammer Soi! Compactors

13 221h Test Methods for Laboratory Determination of Wa-
ter {Moisture)} Content of Soil and Rock by Mass

[0 2457 Practice for Classification of Soifs for Engineering
Purposes (Unified Soil Classification System)

{7 2w Practice for Description and Identification of Soils
(Visual-Manual Procedure)

13 3740 Practice for Minimum Requirements for Agencies
Engaged in the Testing and/or Inspection of Soil and Rock
as Used in Engineering Design and Construction

1y 42535 Test Methods for Maximum Index Density and Unit
Weight of Soils Using a Vibratory Table

131715 Practice for Correction of Unit Weight and Water
Content for Soils Containing Oversize Particles

£ 375% Guide Ffor Evaluating, Selecting, and Specifying
Balances and Standard Masses for Use in Soil. Rock. and
Construction Materials Testing

1Y 4013 Test Methods for Density of Seoil and Rock in Place
by the Sand Repiacement Method in a Test Pit

Py A Test Method for Density of Soil and Rock in Place
by the Water Replacement Method in a Test Pit

1y 6026 Practice for Using Significant Digits in Geotechni-
cal Dala

1Y 611} Test Methods for Particle-Size Distribution (Grada-
tion) of Soils Using Sieve Analysis

b 11 Specification for Wire Cloth and Sieves for Testing
Purposes

P 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods

I ~ut Praclice for Conducting an Interlaboratory Study o
Determine the Precision of 3 Test Method

IEEE/ASTM S1 10 Standard for Use of the International

System of Units (8I): the Modern Melric System

3. Terminology

3.1 Definitions—See Terminology 17 i3 for general defini-
tions.

3.1V molding warer content, n—the adjusted water content
of a soil (material) that will be compacted/reconstituted.

312 standard effort—in compaction testing, the term for
the 12 400 B-1bHf (600 kN-m/m™) compactive effort applied
by the equipment and methods of thig test

313 standord maximpm dryounit weight, vy, i [/
i (KN/mMYY—iir compretion lesting, the maximum value de-
fined by the compaction curve for a compaction test using
standard effore.

3.14 standard optinum water content, W, i %—iir com-
paction lesiing, the molding water conter at which 2 soil can
be compacted o the maximum dry unit weight using standard
compactive effort.

3.2 Definitions of Terns Specific to This Suwmdard:

3.2.1 oversize fraction (coarse fraction), Pr o %—the por-
tion of total specimen not used in performing the compaction
test: it may he the portion of Lotal specimen retained on the No.
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4 (4.75-mm) sieve in Method A, Wein. (9.5-mm) sieve In
Method B, or ¥-in. (19.0-mm) sieve in Method C.

3.2.2 rest fraciion {finer fracrion), Pr in %—the portion of
the total specimen used in performing the compaction test; il is
the fraction passing the No. 4 {4.75-mm) sieve in Method A,
passing the Ye-in, (2.5-mum) sieve in Method B, or passing the
Ya-in. {19.0-mm) sieve in Method C.

4, Summary of Test Method

4.1 A soil at a selecied molding water content is placed in
three layers inte a mold of given dimensions, with each layer
compacted by 25 or 56 biows of a 5.50-1bf (24.47-N) rammer
dropped from a distance of 12.00 in. (304.8 mm), subjecting
the soit to 2 tolal compactive effort of about 12 400 fr-ibf/
' {600 KN-m/m’). The resulting dry umit weight is deter-
mined. The procedore is repeated for a sufficient number of
molding water contents to establish a relationship between the
dry unit weight and the molding water content for the soil. This
data, when plotted, represents a curvilinear relationship known
as 1the compaction curve. The values of optimum water content
and standard maximuny dry unil weight are determined from
the compaction curve. ‘

5. Significance and Use

5.1 Soil placed as engineering Al {embankmenls, founda-
tion pads, road bases) is compacted 10 a dense state to obtain
satisfactory engineering properties such as, shear strength,
compressibility, or permeability. In addition, foundation soils
are ofien compactled to improve their engineering properties,
Lahoratory compaction lests provide the basis for determining
the percenti compaction and molding water conlent needed to
achieve the required engingering properties, and for controlling
CONSIrUCtion 1o assure that the required compaction and water
contents are achieved,

5.2 During design of an engineered fil. shear. consolidation,
permeability, or other tests require preparation of test speci-
mens by compacting al some molding water content (0 some
umit weight. It is common practice to first determine the
oplimum water content (w,,, )} and maximum dry unit weight
{(Vomes) Dy means of a compaction test. Test specimens are
compacted at a selected molding water content (w), either wel
or dry of optimum {w,,,,} or at optimum (w,,, ). and at a selected
dry unit weight related 10 a percemage of wmaximum dry unit
weight {7y, . ). The selection of melding water content (),
cither wet or dry of optimum (w,,) or at optimum {w,, ) and
the dry unit weighl (yyma) may be based on past experience.

oo

A 11

or & range of valies may be investigated to determine
necessary percent of compaction.

5.3 Experience indicates that the methods outlined in 3 2 or
the construction control aspects discussed in 3 1 dre extremely
difficull to implement or yield erroneous resuits when dealing
with cenain soils. 3 %1 5.3.3 describe typical prablem soils.
the problems encountered when dealing with such soils and
passible solutions for these problems.

5.3.1 Oversize Fraction-—S80ils containing move than 30 %
ovarsize {raction {(matertal retained on the %-in. (19-mm)
sieve) are a problem. For such soils, there is no ASTM 1est
method to control their compaction and very few laboratories
are equipped to determine the Jaboratory maximum unil weight

(density) of such soits {USDI Bureau of Reclamation, Denver,
CO and U.S. Army Corps of Engineers, Vicksburg, MS).
Although Test Methods 13 4914 and 1) %030 determine the
“field™ dry unit weight of such soils, they are difiicude and
expensive to perform.

5.3.1.1 One method to design and control the compaction of
such 50ils is 1o use a test fijl to dewermine the required degree
of compaction and the method o obtain that compaction,
followed by use of a method specification to control the
compaction. Components of a method specification Lypically
contain the type and size of compaclion equipment (¢ be used,
the lift thickness, acceptable range in molding water contemn,
and the number of passes.

Muwe 3—Success in executing the compaction conirol of an garthwork
praject. especially when a method specification is used. is highly
dependent upon the quality and experience of the contractor and inspector.

5.3.1.2 Another method is to apply the use of density
cortection factors developed by the USDI Bureau of Reclama-
tion {2.3) and U.S. Corps of Engineers (4). These correction
{actors may be applied for soils containing up o about 56 o
70 % oversize fraction. Each agency uses a different term for
these density correction factors. The USDI Bureau of Recla-
mation uses D ratio (or D-VALUE), while the U.S. Corps of
Engincers uses Density Interference Coefficient (£,).

5.3.1.3 The uvse of the replacemen technique (Test Method
D 698-78, Method D), in which the oversize fraction is
replaced with a finer fraction, is nappropriate io determine the
maximum dry onit weight, ¥ ... of soils containing oversize
fractions (4).

5.3.2 Degradation—Soils containing particies (hal degrade
during compaction are a problem. especially when more
degradation occurs during laboratory compaction than field
compaction, as is typical. Degradation typicaily ocowrs during
the compaction of a granular-residua! soil or aggregate. When
degradation occurs, the maximum dry-unit weight increases (1,
p- 73) 50 that the laboratory maximom value is nol represen-
tative of field conditions. Ofen. in these cases, the maximum
dry unit weight is impossibie to achieve in the field.

5.3.2.0 Again, for soils subject 1o depradation. the use of
test fills and method specifications may help. Use of replace-
ment techpiques is not correct.

5.3.3 Gap Graded—Gap-graded soils (scils coutaining
many large particles with limited smail particles) are a problem
because the compacled soit will have larger voids than usual.
To handle these large voids, standard test methods (faboratory
or field) typically bave to be modified using engineering
judgement.

Noyn; 4—The quality of rthe resull prodeced by (his standard is
dependent on the competence of the personnel performing i and the
suilability of e equipmeni and facilities wsed. Agencies thal meel the
¢riteria of Pracce ¥ ¢80 are genevafly congidered capable of competemt
and objeclive testing/somplingfinspection. and the like. Users of this
standard are cautipned thal compliance with Praclice §+ 37 ki dogs not in
itseif assure reliable resulte, Reliable resuits depend on many faciors:
-Practice |1 37 - provides a means of evaluating some of those facrors.

6. Apparatns

6.1 Mold Assemblv—The molds shall be cvlindrical in
shape. made of rigid metal and be within the capaciiy and

Pl
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FIG. 1 4.0-in. Cylindrical Moid

dimensions indicated th & 1.8 or 6.1.2 and Ties | and 2. See
also Tuble 1. The walls of the mold may be solid, split, or
tapered. The “split" type may consist of iwo half-round
sections, or a section of pipe split along one element, which can
be securely locked ogether 1o form a cylinder meeting he
requirements of this section. The “tapered” type shall have an
internal diameter taper that is uniformo and not maore than 0.260
it /1t (16,7 mm/ni) of mold height. Each mold shall have a base
plate and an extension cotlar assembly, both made of rigid
metal and constructed so they can bhe securely attached and
easily detached from the mold. The extension collar assembily
shall have a height extending above the top of the mold of at
teast 2.0 in. (51 mum) which may include an upper section that
flares out to form a funnel, provided there is at Jeast a 0.75 in.
{19 mm) straight cylindrical section beneath it. The extension
coblar shalt align with the inside of the mold. The bottom of the
base plate and bottom of the cenwvally vecessed area that
accepts the cylindrical mold shall be planar within £0.005 in.
{(£0.1 mm).

6.1.1 Mold, 4 in—A mold having a 4.000 £ 0.0i6-in.
{101.6 = 0.4-mum) average inside diameter, a height of 4,584 =
0.018 in. (1164 * 0.5 mm) and a volume of 0.0333 = .0005
ft* 9430 = 14 e’y A mold assembly having 1he minimum
required Yeatures is shown in lig i,

6.1.2 Mold, & in—A mold having a 6000 %= 0.026-in.
(132.4 * 0.7-nmin) average inside diameter, a height of 4,584 =
(.08 in. (1164 % 0.5 mm), and a volume of (.0750 = 0.0009
ft* (2124 = 25 em®). A mold assembly having the minimum
required features is shown in hg. 2,

6.2 Ranvmer—A rammer, either manually operated as de-
scribed further in 1 2 1 or mechanically operated as described
in .22 The rammer shall fall freely through a distance of
1200 = 005 in. (304.8 = | mm) from the surlace of the
specimen. The welight of the rammer shall be 5.50 % 0.02 Ibf
(24.47 = 0.00 N, or mass of 2.495 = 0.023 kg), except that the
weight of the mechanical rammers may be adjusted as de-
scribed in Test Methods 17 21A%0 see Note 5. The siriking face
of the rammer shall be planar and circelar, except as noted in
o 2.2 ). with a diameter when new of 2,000 % 0.005 in, (50.80
=& 0.13 tam). The rammer shalt be replaced if the striking face
hecomes worn or bellied 1o the extent tha the diameter exceeds
2.000 % 0.04 in. {(50.80 = 0.25 mm),

Nom 5—I is a commion and acceptable practice o determine the
weight of the rasmmer using either a kilogram or pound balance and
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FIG. 2 8.0-in. Cylingrical Mold

TABLE 1 Matric Equivaients for Flge. 1 and 2

i, mm
0.016 o.41
{.026 0586
0032 .61
4.028 0717
1% 1270
2¥e 63,50
2% 86.70
4 101.60
4% 11430
4.584 116,43
4% 120.80
B 152.4C
6% 165.10
8% 1688.30
6% 171.40
BYa 209.60
f? cm®
Yie (0.0333) 943
0.0005 14
(0.0750) 2,124
0.0041 31

assume | Ibf is eguivalens to 0.4536 ke, 1 1bf is equivalent (o | Ibm. or |
N is equivaleni to 0.2248 bl or 6.1020 ka.

6.2.0 Manua! Rammer—The rammer shall be equipped
with a guide sleeve that has safficient clearance that the free
fall of the rammer shaft and head is nol restricted. The guide
steeve shall have at least four vent holes at each end (eight
holes total) located with centers ¥ = Vs in. (19 = 2 mm) from
each end and spaced 90 degrees apart. The minimum diameter
of the venl holes shall be % in. (8.5 mm). Additional holes or
slots may be incorporated in the guide sleeve.

6.2.2 Mechanical Rammer-Circlar Face~~The tammer
shatl operate mechanically in such a manner as to provide
uniform and complete coverage of the specimen sourface. There
shal be 0,10 = 0.03-in, (2.5 £ 0.8-mm) clearance between the
rammer and the inside surface of the mold at its smabless
diameter. The mechanical rammer shall meer  the
standardization/catibration requirements of Test Methods
13 2168, The mechanical rammer shal be equipped with a
positive mechanical means to support the rammer when not in
operation.

A
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6.2.2.1 Mechanical Ranmmer-Sector Face—The sector face
shall be used with the 6-in. (£52.4-mm) mold. in place of the
circular face rammer. The striking face shall have the shape of
a sector of a circle of radius equal 1o 2.90 & 0.02.3n. (73.7 =
0.5.mm) and an area about the same as the circular face. see
6.2, The rammer shall operate in such a manner that the vertex
of the sector is positioned at the cemer of the specimen.

6.3 Sample Extruder {oprional}—A jack, with frame or
other device adapted for the purpose of extruding compacted
specimens from the mold.

6.4 Balance—A Class GP5 balance meeting the require-
ments of Specification Ly 4753 for a balance of 1-g readabiiity.
If the water content of the compacted specimens is determined
using a representative portion of the specimen, rather than the
whole specimen, and if the representative portion is fess than
1060 g. a Class GP2 balance having a 0.t-g readability is
needed in order to comply with Test Methods 13 2210 require-
menis for determining water content to 0.1 %.

Mo 6—Use of a balance having an equivaleat capacity and a
readabitity of 0.002 Ibm as an altemative 1o a class GP3 batance should
nol be reparded as nonconformance o this slandard.

6.3 Drying Ovepn—Thermostatically conerolled oven, ca-
pable of maintaining 2 uniform temperature of 230 = 9°F (110
* 3°C) thronghout the drying chamber, These requirements
typically require the use of a forced-drafl type oven. Preferably
the oven should be vented outside the building.

6.6 Straightedee—A stiff roelal straightedge of any conve-
nient Jength but not less than 10 in. (250 mm). The total length
of the siraightedge shall be machined straight 10 a tolerance of
* 0.005 in. (% 0.1 mm). The scraping edge shal! be beveled if
it is thicker than A& in. (3 mm).

6.7 Sieves— in. (19.0 mm), % in. (95 mm). and No. 4
{475 mm), conforming to the requirements of Specification
I

6.8 Mixing Tools—Miscellanecus tools such as mixing pan,
spoon. trowel, spatula, spraying device {to add water evenly),
and (preferably, but optional)} suitable mechanical device for
thoroughly mixing lhe subspecimen of soil with increments of
water.

7. Standardizetion/Calibration

7.1 Perform standardizations before initial vse, afier repairs
or other occurrences that might affect the test results, at
intervals not exceeding 1000 test specimens. or annually,
whichever occurs first, for the foliowing apparatus:

7.1.1 Balance—Evaluate in accordance with Specification
SR

7.1.2 Molds—Determine the volume as described in Annes
At

7.1.3 Manuai Rammer—Verify the free fali distance, ram-
mer weight, and rammer face are in accordance with 0.7, Verify
the guide sleeve requirements are in accordance with 2 |,

7.1.4 Mechanical Rammer—Nerify and adiust if necessary
that the mechanical rammer is in accordance with Test Method
13 216, Ty addition, the clearance between the rammer and the

inside surface of the mold shall be verified in accordance with
a0
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8. Test Specimen

8.1 The minimum specimen (test fraction} mass for Meth-
ods A and B is aboul 16 kg, and for Method C is ahour 29 kg
of dry soil. Therefore, the field sarmple should have a moist
mass of at least 23 kg and 45 kg, respectively. Grealer masses
would be required if the oversize fraction is large {see {112 or
11} 2) ar an additionat molding water content is taken during
compaction of each point (see .4 I 1),

8.2 If gradation data is not available, estimate the percent-
age of material (by mass) retained on the No. 4 (4.75-mm),
Yi-tn. (9.5-mm). or Ya-in. (19.0-mm) sieve as appropriate for
selecting Method A, B, or C, respectively. IF il appears the
percenlage retained of interest is close to the allowable value
for a given Method {(A. B, or C), then either:

8.2.1 Select a Method that allows a higher percentage
retained (B or C).

8.2.2 Using the Method of interest, process the specimen in
accordance with 1107 or 1003, this determines the percentage
retained for that method. IT acceplable, proceed, if not go 1o the
aext Method (B or C).

8.2.3 Determine percentage retained values by using a
represenfative portion fram the total sample, and performing a
simplified or complete gradayion analysis using the sieve(s) of
inerest and Test Method 1Yot 3 or £ 130, It is only necessary
1o calculaie the retained percentage(s) for the sieve or sieves
for which information is desired.

9. Preparation of Apparatus

9.1 Select the proper compaction mold(s), collar, and base
plate in accordance with the Method (A, B, or C) being used.
Check that its volume is known and determined with or without
buse plaie, free of nicks or dents, and will fit together properly.

MNom: 7—Mass requirements are given in 1434,

9.2 Check that the manual or mechanical rammer assembly
15 in good working condition and thal parts are not foose of
worn. Make any necessary adjustments or repairs. If adjust-
ments or repairs are made, the rammer must be re-standardized,

10. Procedure

10.1 Soils:

10.5.1 Do not reuse soil that has been previously compacted
i the laboratory, The ieuse of previously compacted soil yietds
a significantly greater maximum dry unil weight (1, p. 31).

10.1.2 When asing this test method for soils containing
hydrated halloysite. or in which past experience indicates that
results will be altered by air-dryving, use the moist preparation
method (see 10.2). In referee Lesting, each laboratory has to use
the same method of preparation. either moist (preferred) or
air-dited.

13.1.3 Prepare the soil specimens for testing in accordance
with 0.7 (preferred) or with i1 3.

10.2 Moist Preparation Method (preferred)—Without pre-
viously drying the samplefspecimen, process it aver a No. 4
(4.75-mm}. Ye-in, {(9.5-mm). or Ya-in, {19.0-mm) sieve. de-
pending on the Method (A, B, or C) being used or requited as
covered in 5.2, For additional processing details, see Test
Method 1) 0w} 3, Determine and record the mass of both the
retained and passing portions (oversize fraction and test

=
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fraction, respectively) 10 the nearest g. Oven dry the oversize

TABLE 2 Renuired Standing Times of Moisturized Specimens

fraction and determine and record its dry mass to the nearest g. Classification Minimum Standing Time, h
If it appeass more than 0.5 % of the total dry mass of the GW, GP. 8w 3P No Requiremant
specimen is adhering to the oversize fraction, wash that GM, SM 3

fraction. Then determine and record its oven dry mass (o the
rearest g, Determine and record the water content of the
processed soil (test fraction). Using that water content. deter-
mine and record the oven dry mass of the test fraction to the
nearcst g. Based on these oven dry masses, the percent Oversize
fraction. P, and test fraction, P, shall be determined and
recorded, unless a gradation analysis has already been per-
formed, see Section 1 on Calculations,

10.2.1 From the test fraction, select and prepare at Jeast four
(preferably five) subspecimens having molding water conteats
such that they bracket the estimated oplimum water contenl. A
subspecimen having a molding water content close to oplimum
should be prepared first by trial additions or removals of water

and mixing (see Now 8). Select molding water contents for the,

rest of the subspecimens to provide at teast {wo subspecimens
wet and iwo subspecimens dry of optimum, and molding water
contents varying by abour 2 %. At least two molding water
contenis are necessary on the wet and dry side of optimum to
define the dry-unit-weight compaction curve (see 141.5), Some
soits with very high optimum water content or a relatively fat
compaction curve may require larger molding water content
increments to obtain a well-defined maximum diy unil weight.
Molding water content increments should not excesd about
4 %.

Nom: B—With practice it is usually possible o visually judge a poin
neas optimum water content, Fypically. cohesive soils at the optimum
water content can be squeezed into o fump that siicks wgether when hand
pressure is refeased. bt will break eleanly o two sections when “bent.”
They tend 0 crumbie al molding waler contenis dry of optimum: while.
they tend to stick 10gether in a sticky cohesive mass wet of oplinium, The
optimum warter contenl is typically slightly fess than the plastic limit.
While for cohesionless soils, the optimuem water contend is typicaily close
© zere or ai the point where bleeding occurs.

10.2.2 Thoroughly mix the test fraction, ther using a scoop
select representative soil for each subspecimen {compaction
point). Select ahout 2.3 kg when using Method A or B, or abowt
5.9 kg for Method C. Test Method ) 6Y1 3 section on Specimen
and Anpex A2 gives additional details on oblaining represen-
tative soil using this procedure and why it is the preferred
method. To obtain the subspecimen’s molding water contents
selected in 162§, add or remove the required amounts of
water as follows. To add water. spray it into the soil during
mixing: 1o remove water, atlow the soil to dey in air ot ambient
temperatare or in a drying apparatus such that the temperature
of the sample does nol exceed MG°F (60°C). Mix the sofl
frequently during drying 1o facilitate an even water content
disiribution. Thoroughty mix each subspecimen o facilitate
even distribution of water throughont and them place in a
scparate cavered container to stand {cure)} in accordance with
Tahle ¥ prior (o compaction, For selecting a standing time, the
soil may be classified using Practice |3 2487, Practice 13 2485
or data on other samples from the same mnaierial source. For
referee tesling. classification shall be by Practice 1) 2487,

10.3 Dry Preparation Method—If the samplefspecimen is
too damp o be [riable, reduce the water content by air drying

Al other soils 18

until the material is friable. Drying may be in atr or by the use
of dryving apparatus such that the temperature of the sample
does not exceed 140°F (60°C). Thoroughly break uwp the
aggregations in such a manner as to avoid breaking individual
particles. Process the material over the appropriate sieve: No.
4 (4.75-mm), Ve-in. (©0.5-mm}, or ¥-in. (19.0-mm). When
preparing the material by passing over the Yi-in. sieve for
compaction in the 6-in. mold, break up aggregations suffi-
ciently 1o al least pass the Ve-in. sieve in order to facilitate the
distribution of water throughout the soil in later mixing.
Determine and record the water content of the test fraction and
all masses covered in 102, as applicable to determine the
percent oversize fraction, P, and test fraction, Pr

10.3.1 From the test fraction, seleci and prepare at least four
{preferably five) subspecimens in accordance with 1002 1 and
1122 except for the Pollowitg: Use either 2 mechanical
splitting or quartering process o oblain the subspecimens. As
staled in Test Method P oY1 5, both of these processes will
yield non-uniform subspecimens compared o the moist pro-
cedure. Typically, only the addition of water 10 each subspeci-
men will be required.

104 Compaction—Afier standing {curing), if required, éach
subspecimen {compaction point) shall be compacted as fol-
lows:

104.1 Determine and secord the mass of the mold or mold
and base plate, see {147

10.4.2 Assemble and secure the mold and collar o the base
plaie. Check the alignment of the inser wall of the mold and
mold extension collar. Adjust if necessary. The mold shall rest,
without wobblingfrocking on a uriform rigid foundation. such
as provided by a cylinder or cube of concrete with a weight or
mass of not less than 200-16f or 91-kg, respectively. Secure the
base plate o the rigid foundation. The method of attachment 1o
the rigid foundation shall allow easy removal of the assembled
mold, collar and base plate after compaction is completed.

i0.4.2.1 During compaction, i is advantageous bui not
required 10 determine the water content of each subspecimen,
This provides a check on the molding water content determined
for each compaction point and the magnitude of bleeding, see
Hi g However, more soil will have to be selected For each
subspecimen than stated in {1 1.2,

10.4.3 Compact the soil in three layers. After compaction,
each layer showld be approximately equal in thickness and
extend into the coltar. Prior 1o compaction, place the loose soil
into the mold and spread into a layer of uniform thickness.
Lightly tamp the soil prior to compaction until it is not in a
fluffy or loose state. using either the manual rammer or a
22-n. {(30*.mm) digmeter cylinder. Following compaction of
each of the Grst rwo lavers, any soil that has not been
compacret; such as adjacent to the mold walls or extends
above the compacied surface (up the mold walisy shall be
trimmed. The trimmed soil shail be discarded. A knife or cther

&
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FiG. 3 Rammer Pattern for Compaction in 4 in. (107.6 mm) Moid

suitable device may he used. The total amotnt of soil used shatl
be such that the third compacted layer slightly extends into the
colfar, but does not extend more than approximately Y4-in.
{6-mm) above the top of the mold. If the third layer does
extend above this limit, then the compaction point shall be
discarded. In addition, the compaction point shall be discarded
when the last blow on the rammer for the third layer resulls in
the bottom of the rammer extending below the 1op of the
compaction mold; eniess the soil is pliable enough. that this
surface can easily be forced ahove the top of the compaction
mold during trimming (see hote v,

10.4.4 Compact each layer with 25 blows for the 4-in.
(I01.6-mm) mold or with 56 blows for the 6-in. (152.4-mm)
mold. The manual rammer shall be used for referee testing,

10.4.5 In operating the manual rammer, take care to avoid
lifting the guide sleeve during the rammer upstroke. Hold the
guile sleeve steady and within 5° of vertical. Apply the blows
at a uriform rate of about 25 blows/min and in such a manner
a5 to provide complete, uniform coverage of the specimen
surface. When using 2 4-in. (101.6-mm) mold and manual
rammer. follow the biew patiern given in Fie. sa and 1ig 3b;
while for a mechanical rammer, follow the pattern in g, 3h.
When using a 6-in. (132.4-mm) mold and manual rammer,
follow the blow pattern givenin I'ig | up 1o the 9th blow. then
systematically around the mold (Fiy., b)Y and in the middle;
while for a mechanical rammer use a sector face and a pattern
having the logic given in big. Sh. TF the swrface of the
compacted soil hecomes highly uneven (see Note Y), then
adjust the patiern to follow the logic given in s laor b, 1,
This will most likely void the use of a mechanical rammer for
such compaction points,

M 9-—When compacting specimens welier than oplimum waler
content. uneven compacted surfaces can occur and operalor judgemen? is
required as to the average height of the specimen and rammer pattern
during compaction.

i0.4.6 Following compaction of the last layer. remove the
collar and base plate (except as noted in 100 3 7) from the mold.
A knife may be wsed 1o trim the soil adjacent to the collar 1o
loosen the soil from the collar before removal io avoid
disrupting the soil below the top of the mold. In addition, ©
prevent/reduce soil sticking to the cotlar or base plare, rotae
them before removal,

10.4.7 Carefully trim the compacted specimen even with the
top of the mold by means of the siraightedge seraped across the

top of the mold 1o form a plane surface even with the top of the
mold. Initial trimming of the specimen above the op of the
motd with a knife may prevent the seil from tearing below the
top of the mold. Fill any holes in the top surface with unused
or tiimmed soil from the specimen. press in with the fingers,
and again scrape the straightedge across the top of the moid. If
gravel size particles are encouniered. trim around them or
remove theny, whichever is Lhe easiest and reduces the distur-
bance of the compacred soil. The estimated volume of particles
above the surface of the compacted scil and holes in that
surface shall be equal, Gl in remeaining holes as mentioned
above. Repeat the appropriaie preceding operations on the
bottom of the specimen when the mold volume was determined
without the base plate. For very wet or dry soils, soil or water
may be jost if the base plate is retnoved. For these situations,
leave the base plate artached to the mold. When the base plate
is left altached, the volume of the mold must he catibrated with
ihe base plate atiached to the mold rather than a plastic or glass
plate as noted in A AL AL

10.4.8 Determine and record the mass of the specimen and
mold to the nearest g When the base plate is left aitached,
delermine and record the mass of Lhe specimen, mold and base
plate to the nearcst g.

10.4.8 Remove the material from the mold. Oblain a speci-
men for molding waler conteni by using either the whole
specimen (preferred wethod) or a representative portion. When
Lhe entire specimen is nsed, break it up to facilitate drying.
Otherwise. obtain a representative portion of the three fayers,
removing enough material from the specimen (o report the
waler content to §.1 %. The mass of the representative portion
of soil shall canform to the requirements of Table |, Method B,
of Test Methods 1 2216, Determine the molding water content
in accordance with Test Methods 13 220,

10.5 Following compaction of the last specimen, compare
the wet unit weights to ensure that a desired pattern of
obtaining data on each side of the oplimum water content will
be attained for the dry-nnit-weight compaction corve. Plotting
the wet unil weight and molding water contend of each
compacted specimen can be an aid in making the above
evaluation. If the desired pattern is not obtained. additional
compecled specimens will be reguired. Generally, for experi-
enced plotters of compaction curves. one compaction point wet
of the optimum water contenl is adequate to define the
maxinem wet unit weight, see 11.2,
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FIG. 4 Rammer Pattern for Compaction in 6 in. (152.4 mm) Mold

11, Calculations and Pletiing (Compaction Curve)

VLY Fracrion Percentages——if gradaiion data from Test
Method 12 6011 is not available, calculate the dry mass of the
lest fraceion, percentage of oversize fraclion and 1es1 fraction as
covered betow and using the data from (6.2 or HE L

YLt Test Fraciion—Deiermine the dry mass of the rest
fraction as Follows:

il

L
f+ %

100

Moy = i

where:

My, = dry mass of test fraction, nearest g or 0.001 kg,
gy = M0ist mass of west fraction, nearest g or 0.001 kg,
and
W = waier content of iesi fraciion, nearest 8.1 %o

11.L.2 Oversize Fraction Percentage—Determine the over-
size {coarse) fraction percentage as follows:

Mitg

Fp=g—t— 2
d Mr-',rg,' + M:J.h'
where:
P, = percentage of oversize (coarse) fraction. near
est 9o, and
M, = dry mags of oversize fraction, nearest g or 0.001

kg.
1413 Test Fraction Percentage—Determine the test {finer)
fraction percentage as follows:

P = 100~ P, &)

where:
Py = percentuge of test (finer) fraction, nearest %.

1.2 Densiny and Unit Weighr—Calculate the molding water
comeit, moist deasity, dry density, and dry unit weight of each
compacted speciimen as explained below.

[1.2.1 Molding Water Content, w—Calculate in accordance
with Test Methods 1) 2 1n 10 nearest 0.1 %,

11.2.2 Density and Unir Weighss—Calculate the moist (to-
1al) density {Eq 4}, the dry densiy (Eq 5), and then the dry unit
weight (Eq 6} as follows:

H.2.2.1 Moist Densire

{-Mf - Mlml)
W

P, =KX {4}
where:
Do = moist densily of compacted subspecimen {compac-
tion point), four significant digits, g/om? or kg/m”,
M, = mass of moist soil in mold and mold. nearest g,
M, = mass of compaction mold, nearest g,
v = volume of compaction mold, cm® or m* (see Anney
Al), and
K = conversion constant, depending on density units

and volume unils.

Use 1 for gfem™ angd volume in cm’.
Usc 1000 for giem™ and volume in m™.
Use 0.001 for kg/icm™ and votume in m™.
Use 1000 for kg/m® and volume in cm™

11.2.2.2 Dy Densiny:
pl”

Py = .

v (3}
b+ 0

where:

py = dry density of compaction point, four significant
digits, g!cm"' or kg/m®, and

malding water conieml of compaction point, nearest
0.1 %,

H.22.3 Dey Unit Weight:
v, = K X p, inlof’

W o=

)

?
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or
Yo = Ky Xopy in ki/m'® 7
where:
¥, = dry unil weight of compacted specimen, four signifi-
cant digits, in IbP or kKN/m?,
K, = conversion constant, depending on density units.
Use 62.428 for densily in glem®, or
Use 0.062428 for density in kg/m®,
K, = conaversion constant, depending on density units,

Use 9.8066 for density in glem®, or
Use 0.0098066 for density in kgfm™.

H.3 Compacrion Curve—Plot the dry unil weight and
molding waler content values, the saturation curve {see 11,2.2),
and draw the compaction carve as a smooth curve through the
points {see example, | ig. 3). For each point on the compaction
curve, calculate, record, and plot dry unit weight to the nearest
0.1 bR (0.02 XN’y and molding waier content 1o the
nearest 0.1 % From the compaction curve, determine the
compaction results: optimum water contenl, 1o nearest 0.1 %
and maximum dry unit weight, to the aearest 0.1 Ih#E (0.02
kN/m*). If more than 5 % by mass of oversize material was
removed from the samplefspecimen. calculate the comrected
optimum water content and maximum dry unit weight.of the
total material using Practice 7 1715, This corection may he
made 1o the appropriate field in-place density test specimen
rather than fo the lzboratory compaciion resulis.

11.3.1 In ihese plots, the scale sensitivilies should remain
the same, that is the change in molding water costent or dry
unit weight per division is conslant between plots. Typically,
the change in dry unit weight per division is twice that of
molding water contenr’s {2 b/ 1o | % w per major division).
Therefore, any change in the shape of the compaction curve is

D 698 — 071

a result of testing different material, no¢ the plotting scale.
However. a one 0 one ratio should be used for soils that have
a refatively flat compaction curve (see 1482 {), such as highly
plastic soils or refatively free draining ones up o the point of
bieeding.

H.3.E 1 The shape of the compaction curve on the wet side
on optimum should typically follow that of the saturation
curve. The shape of the compacton carve on the dry side of
optimum may be relatively fat or up and down when testing
some soils, such as relatively free draining ones or plastic soils
prepared uasing the moist procedure and having molding water
contents close to or less than the shrinkage limit.

11.3.2 Plot the 100 % saturation curve, based on either an
estimated or a measured specific gravity, Values of water
conient for the condition of 100 % saturation can be calculased
as explained in 11 4 {see example, Fiv 9).

Nom: i0—The 100 % saturation curve is an aid in drawing the
cosmpaction eurve. For soils containing more than about E0 9% fnes and
molding walgr contents well above oplinum. the two curves generaily
become roughly parallel with the wel side of the compaction curve
between 92 10 95 % saturation. Theoreticalty. the compaetion curve cannot
plot to the right of the 100 % saunation curve. If it does. there is an esror
in specific gravity. in measyrements. in calculstions. in festing. or in
plotting. The 00 % sawraton curve is sometimes referred (0 as the o
air vords curve or the complete saturation curve.

ibd Samrarion Points—To calculate points for plotting the
100 % saturalion curve or zero air voids curve. selecl values of
dry unit weight, calculate corresponding values of water
conlent corresponding 1o the condition of 100 % saturation as
follows:

NG~y

o = ey 00 @
whure;
w., = water comtent for complele saturation, nearest
0.1 %,
e = unil weight of water, 62.32 thEff (9,789 kN/m™) at
20°C,
Yo = dry unit weight of soil. bi/ft" (kN/m™), three signifi-
canl digits, and
G, = specific gravity of soil (estimated or measured).
nearest 0.01 value, see 1.4 1,
1141 Specific gravity may be estimated for the test fraction

based on test dala from other soils having the same soil
classification and source or experience. Otherwise. & specific
gravity test {Test Method € 127, Test Method 11 854, or both)
15 necessary,

12. Report: Data Sheet(s}Form(s)

12,1 The methodology used 1o specify how data are re-
corded on the test dita sheet{syTorm(s), as described below, is
covered in | A,

12.2 The data sheeysyformis) shall contain as a minimam
the following information:

12.2,1 Method used (A, B, or Ch

12.2.2 Preparation method nsed (moist or drv).

12.2.3 Asreceived water content if determined, nearest | %.

1224 Standard optimum waler conlenl, Std-w,, 10 nearest
0.1 %.
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TABLE 3 Summary of Tes! Resulis frora Triplicate Test
Laboratories {Siendard Effort Compaction)

TABLE 4 Summary of Single Test Results from Each
Lahoratories (Standard Effort Compaction)*

( {2) &) 4 8 1 2} 3 (L] (5}
Nurmber of Acceplable Number of Acceptable
Triplicate Teat  Test vaiwe”® Standard  Range of Twe Test Test Value Stendard  Range of Two

Labs {Unite} Average Vaiue®  Deviation®  Resulls®F Lahboratoties {Unlts} Average Value  Deviation Results
Sofl Type: Soil Type:
CH CL ML GH CE ML  CHCL ML CHGL W CH CL ML CHELML CHSLML CHCL M
Single-Operalor Aesults (Within-Laboralory Aepeatabiliiyt: Multilaborateny Aesults (Batween-l aboratory Reprogucibilily):
11 12 11 Yamax (PG} 972 1092 1063 0.5 04 05 1.3 12 1.3 26 26 25 Yamax PO} 97.3 108.2 1062 15 1.1 1.0 45 30 29
1412 11 Wos (%) 228166171 02 0303 07 0909 we, (%) 226 164 167 08 07 10 24 1.8 29

Muttifaboratory Resulls {Between-Laboratory Reproducibifity):
1112 11 Yo mox (PCH 97.2 1032 1063 1.4 08 06 3923 1.5
"mi2n Wt (o) 228 166 171 Or D505 1.8 15 1.3

* Ya.max (P} = standard meximum dry unit weight in BI? and w,, (%) =
standard optimum waler in pefcent.

& The number of significant digits and decimal places presentad are represan-
lalive of the inpul date. in accordance with Practice D 606, the standard devialion
and seceplable range of resulls can aof have more dacimat places than the input
dala.

© Standard davialion is calculated in accordance with Prackice I v and is
referred {0 as the 1 g limit.

P Accaplable range of two resuits is referred 1o as the d2s limil. 1 is calculated
as 1.960 /2 . 1s, as dafined by Practice & 177. The diflerence betwean two
properly conducted izets should not exceed this limit. The number of significant
dipitsidecimat places presented is equal 0 that prescribad by this standard of
Pracfica -1 ()dn, In addition, the value presented ¢an have the same number of
decimal pfaces as the siandard deviation. even if that result has more significant
digits than the standard deviation.

£ Bolh values of vy max 8Nd Wop, have to fall within vaiues given for the selected
soil lyps.

12.2.5 Swandard maximum dry unil weight, Std-vy, .. near-
est 0.1 Ibf6® or 0.02 kN/m™,

12.2.6 Type of rammer {manual or mechanical).

12.2.7 Soil sieve data when applicable for selection of
Method (A, B, or C) used.

12.2.8 Description of sample used i test (a5 a minimum,
color and group name and symbol), by Practice b ViR, or
classification by Practice {7 287,

12.2.9 Specific gravity and method of determination, near-
est 0.0 value.

£2.2.10 Ydentification of sample used in test: for example,
project number/name, location, depth, and the fike.

12.2.11 Compaction curve plol showing campaction points
used to establish compaction curve, and 100 % saturalion
curve, value or point of maximum dry wvnil weight and
optimum water conent.

12.2.12 Percentages for the fractions retained (Pp) and
passing (Po) the gieve used in Method A, B or C, nearest | 9,
In addition, if compaction data (Std-w,,, and Sid-y, ) are
corrected for the oversize fraction, include that data.

13. Precision and Bias

13.1 Precision—Criteria for judging the aceeptability of test
results obtained hy these test methods on a range of soil types
are given in Jabdee  and | These estimates of precision are
based on the results of the intertaboratory program conducted
by the ASTM Reference Soils and Testing Program.? In this

 Research Report RR:D 18- 1008 contains the data and statistical anulysis used 10
establish these precision sttements and il 13 available fram ASTM Headguarters.
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4 See footndies in Table X,

program, Method A and the Dry Preparation Method were
used. In addition, some laboratories performed three replicate
tests per soif iype (triplicate test laboratory), while other
laboratories performed a single test per soil fype (single tes!
laboratory}. A description of the soils tested is given in (3.4 4.
The precision estimates vary with soll type, and may vary with
methods used (Method A, B, or C. or wet/dry preparation
method). Judgement is required when applying these estimates
o another soil, method. or preparation method.

13.1.1 The data in fuble * are based on three replicate tests
performed by each triplicate test taborstory on each soil Lype.
The single operator and multilaboratory standard deviation
show in Tuble 3, Columa 4 were obtained in accordance with
Practice | &v1, which recommends each testing laboratory
perform a minimum of three replicate tests. Results of two
properly conducted tests performed by the same operator an
the same material. using the same equipment, and in the
shortest practical period of thme stould not differ by more than
the single-operalor d2¢ shown in labke 3, Column 5, For
definition of d2s, see footnote T3 in Tuble 1. Results of two
properly condacted tests performed by different operators and
on different days should not differ by more than the muitilabo-
ratoyy d2s limits shown in table 3, Column 3,

£3.1.2 In the ASTM Reference Soils and Testing Program,
many of the laboratories performed only a single test on each
soil type, This is common practice ip the design and construc-
tion industry. The data for each soil type in lable 4 are based
upon the fivst test result from the triplicate test {aboratories and
the single 1est resuits from the other laborarories. Resuits of
two properly conducted tests performed by two different
laboratories with different operators using differeny equipment
and on different days should not vary by more thap the d2s
limizs shown in Table 4. Column 5. The results in Libles 3l
4 are dissimilar because the data sets ave different.

13.1.3 tuble 3 presents a rigorous interpretation of triplicate
test data in accordance with Practice I 9| from pre-qualified
laboratories. Tubic 4 is derived from test data that represents
common practice.

13.1.4 Seil Tvpes—Based on the multilaboratory tesl results
the soils used in the program are described below in accor-
dance with Practice |} 2157 In addition. the local names of the
soils are given.

CH Fatclay, CH, 99 % {ines. LL=60, Pi=39, grayish brown, soil hiad been
air dried and pulverized. Logal name~—Vicksburg Buckshol Clay

CL  Lear ciay, CL, B9 % fines, LL=33, Pi=13, gray, soil had been air dried
and pulverized. Locat name-—Annapalis Clay

Liconsee=Ames Group LI0E047 185007
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ML Silt, ML, 98 % fines, LL=27, Pi=4, light brown, soil had boen air dried
and pulverized. Local name—Vicksburg Sill

13.2 Bias—There is no accepled reference values for this
test method, therefore, bias cannot be determined.

14. Keywords

14.} cempaction characteristics; density: impact compac-
tion; laborasory 1ests; moisture-density curves: proctor (est;
soil: soil compaction; standard effort

ANNEX

{Mandatory Information)

Al. VOLUME OF COMPACTION MOLD

Al.l Scope

Ab.1.1 This annex describes the procedure for determining
the volume of a compaction mold.

Al..2 The volume is determined by two methods. a water-
filted and linear-measurement method.

Al L3 The water filling method for the 4-in. {106.5-mm)
mold, when using a balance readable t0 necarest g, does not
yield four significant figures for s volume, just three. Based
on Practice D 6026, this limits the density/unit weight deter-
minations previously presented fromy four to three sigmificant
figures. To prevent this limitation, the water filiing method has
heen adjusied from that presented in early versions of this lest
method.

AL2 Apparatus

AL L In addition o the apparatus fisted in Section & the
following items are required:

AL2V Vernier or Diaf Caliper, having a measuring range
of at least 010 5 in. {0 to 150 mm)} and readable (o at east 0.001]
in. {0.02 mm).

A1.2.1.2 Tuside Micromeier (optional}. having a measuring
range of at least 2 to 12 in. {50 to 300 mm} and readable 10 &t
feast ©.00) in. (0.02 mm).

A1.2.L.3 Depth Micromeier {opiional}. having a measuring
range of at least 0 1o 6 in. (O to 150 mm) aud readable 10 at least
Q.001 in. (0.02 mm).

A1214 Plasiic or Glass Plates—Two plastic or glass
plates about 8§ in, square by Y4 in. thick {200 by 200 by & mm).

A1.2.1.5 Thermomerer or Other Thermometric Device, hav-
ing graduation increments of 0.1°C.

A12.1.G6 Stopeock Grease, or similar sealant.

A2.1.7T Miscellaneous Equipmenr-—Bulb syringe. towels,
elg.

Al.3 Precautions

A1.3.1 Perform this methed in an area isclated from drafts
or extreme temperature fuctuations.

Ald Procedure

Ald Water-Filling Method:

Al4. 1} Lightly grease the hottom of the compaction moid
and place it on one of the plastic or glass plates. Lightly grease
the top of the mold. Be careful not 10 get grease on the inside
ol the mold. If it is necessary 1o use the base plate, as noled in
itr 37 place the greased mold onte the base plate and sectae
with the locking studs.

Al4.1.2 Derermine the mass of the greased mold and both
plastic or glass plates to the nearest 1 g and record, M,,.,. When
the base plate is being used in liew of (he bottem plastic or glass
plate. determine the mass of the mold. base plate and a single
piastic or glass plate to be used on top of the mold 1o the
nearest [ g and record,

Ai4.13 Place the mold and the hottorn plastic or glass
plate on a firm, level surface and Al (he mold with waler to
slightly above its rim,

Al 414 Slide the second piate over the top surface of the
mold so that the mold remains completely filfed with water and
aiv bubhles are not entrapped. Add or remove water as
aecessary with a bulb syringe.

At4.1.5 Compielely dry any excess water from the oulside
of the mold and plates.

Al.4.1.6 Delermine the mass of the mold, plates and water
and record to the nearest | g, M, .

A14.1.77 Determine the tempevauwe of the water in the
moid to the nearest 0. [ °C and record. Determine and record the
density of waler from the table given in Test Method {1 554 or
as follows:

P = 100034038 (777 X 10T X T~ (405 X 107" x 1*
{ALT}

wiere:
Pue = density of water, nearest 0.00001 g/om®, and
= calibration test wemperawre. nearest 0.1°C.

Al.4.1.8 Calculate the mass of water in the mold by
subtracting the mass determined in 1.4 12 from the mass
determined in Al.L] fH

Al4.1.9 Calcalawe the volume of water by dividing the
mass of waler by the density of water. Record this volume 10
the nearest 0.1 cm® for the 4-in. (101.6-mm)} mold or nearest |
em® for the 6-in. (152 4-mm) mold. To determine the volume
of the mold in m", multiply the volume in em” by 1 X 10,
Record this volume, as prescribed.

Al 4.0 10 If the fitling method is being used 1o dejermine
the mold's volume and checked by linear measurement
method. repeat this volume determination { A1 4.3 - AT 41w
and determine and record the average value, V. as prescribed.

ALA2 Linear Measurement Methiod:

At42.1 Using either the vernier caliper or the inside
micrometer (preferable), measure the inside diameter (1D) of
the moid 6 times at the top of the mold and 6 tmes at the
bottom of the mold, spacing each of the six (op and bottom
measurements equally around the ID of the mold. Record the

&
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values o the nearest 0.001-in. (0.02-mm). Determine and
record the average ID to the nearest 0.001-in. (0.02-mm), 4.
Verify that this ID is within specified tolerances, 4.000 = 0.016
in. (101.6 = 0.4 mm), if not discard the mold.

Al14.2.2 Using the vernier caliper or depth micrometer
{preferably), measure the inside height of the mold atrached o
the base plate, In these measurements, make three or more
measurernenis equally spaced around the ID of the mold, and
preferably one in the center of the mold, bt not required {used
the siraighiedge to facititate the later measurement and correct
mensurement for thickness of straighiedze). Record these
values fo the nearest (0.001-is. (0.02-mm). Determine and
record the average of these height measurements w the nearesi
0,001 . (0.02 wm). f,.. Verify thal this height is within
specified tolerances, 4.584 = 0.018 in. (1164 = 0.5 mm}, if
not discard the mold.

A1.4.2.3 Calculate the volume of the mold to four signifi-
cont digits in cm® as follows:

wXh, X,V
Wy = Ky —— S (AL2}
where:
v = volume of mold by linear measurements, o four
tn Y
significant digits, cm™,
Ky = coastani to convert measurements made in inch (in.)

OF mm,
Use 16,387 for measurements in inches.
Use 107 for measurements in mm.

3,14159,
average height, in. (mun), and
vy average of the top and bottom diameters, in. (mm).
Al1.4.2.4 If the volume in m” is required, then multiply the
above value by 10°%,

1]

i

It H

Lrvs

1t

ALS Comparisan of Results and Standardized Volume of
Mold

Al5.1 The volume obtained by either method should be
within the volume tolerance requiremenis of & 1.1 and n .2,
using either or em” 1o ft™. To convert cm” to %, divide cm® by
28 217, record to the nearest 0.0001 ft'.

A1.5.2 The difference between the two methods should not
exceed 0.5 % of the nominal volume of the mold, cm® 1o i,

Al153 Repent the determination of volume, which is most
suspect or both if these criteria are not met. .

Al154 Failure to obtain satisfactory agreement. hetween
these methods, even afier several irials 1s an indication the
mold is badly deformed and should be replaced.

AL55 Use the volume of the meld determined using the
water-filling or linear method, or average of both methods as
the standardized voleme for calculating the moist density {see
11 4). This value (¥} I em® or m shall have four significant
digits. The use of a volume in T, along with masses in fbm
shall not be regarded as a nonconformance with this standard.
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SUMMARY OF CHANGES

fn accordance with Committee DR policy, this section identifies the location of changes 1o this standard since
the last published edition (2000a%') that may impact the use of this siandard.

(/) Changed Notes Z and 3 to ext. Also, added in § I thar
compacted soli cannot be reused, simce if is such an important
158ue.

(2} The amount of allowabie oversize fraction increased to at
least 25 % for Methods A and B.

(3) bi {5, simphlified the description of the gradation control-
fing the selection of the method.

{4) Updated the section on units.

(5) Added reference to Test Methods {1 41 4 for gradation and
sample/specimen processing.

{6} In Terminotogy. relocated some terms 10 definitions and
made editorial changes.

(7} In apparatus for ovens. added the guidance that they should

Capynght ASTR: Keeratiaoal
Provided by 45 undor beense with ASTM
w0

o r g 3 wrihican ingnst lom HS

he vented outside the building. In mixing tools, added a sprayer
and made the mixer optional. The sector face has 1o be used for
the 6-in. mold and the area of its face the same as the circular
one. The reguirement for balances was changed to conform o
the latest version of Test Methods 13 2216 used to determine
waler content.

(&) More guidance is provided in following areas: (o) why one
shall not reuse compacted soil; {5} ploting compaction curve:
{c} using molding water content o check the one taken after
compaction and to determine magnitide of bleeding: {d] proper
paitern of rammer during compaction and whal te do when the
rammer causes o soil to fow up the sides; {e) removing the
collar and mold from base plate; (fi trimming subspecimens
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containing gravel; and (g) calculaling the percentages for  (/2) Updated the Annex on volume of mold o allow either
oversize and test fractions. water filling or linear method to determine the volume of the
(2} Section [+ 4.1 was reworded to permit alternative methods mold |, 1o measure remperature (o O.1°C instead of nearest [°C,
for obtaining water comtent samples from compacted speéci-  and 1o use Test Methods 1D K54 {or equation) for density of
mens and to clarify the requirements of Test Methods [2 2240, waler,

(/8 Changed the title and revised the Caleularions section.

(/1) Updated the Report section lo agree with D18.91 require-

menls.

ASTM Internalional lakes no position respacting (he validily of any palen! righis asseried in connsclion with any ftem mentioned
in this standard. Users of ihis slandard are expressly advised thel delerminakion of ihe validily of any such paignt rights, and the risk
of infringemant of such rights, sre snilrsly their owi fesponsibifit.

This standard s subfeci 1o ravision al any time by the responsitie iechnical committae and must ba reviewed every five yezrs and
it not revised, either reapproved or withdrawn, Your comments are invited either for revision of this standart or for additional standards
and shotdd be addressed to ASTM Intemational Headquarters. Your comments will recaive careful consideration at 2 meeling of the
responsible technical commities, which you may attend. I you les! that your commentis have not received a fair hearing you should
rnake your views known lo the ASTM Committee on Slandards. at the address shown below. '

This slandard is copyrighted by ASTM Intermationsl, 160 Barr Harbor Drive, PO Box C700, Wes! Gonshohocken, PA 19428-2955,
United! States. Individual reprints (single or mulliple copies) of this slandard may be oblained by confacting ASTM at the above
address or al §10-832-9505 (phone), 610-B32-8555 (lax), or service@asim.org {e-mail}; or through the ASTM websile
(wuw.asiom.org).
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INTERNATIONAL

Standard Test Methods for

Specific Gravity of Soil Solids by Water Pycnometer®

This standard is issued uader the fixed designation D854 the number immediaiely following the designation indivates |he year of
original adopion or. in the case of revision. the year of kasi revision. A numiber in parentheses indicates the vear of last reapproval. A
superscrips epsilor (£} indicales an editerial change since the tast revision or reapproval.

This stendard bas Been upproved Jor tse by agesedes of the Departinenr of Defenize.

1. Scope*

1.1 These test methods cover the determination of the
specific gravity of soil solids that pass the 4.75-mm (No. 4)
sieve, by means of a water pycnometer. When the s0il contains
particles larger than the 4.75-mm sieve, Test Method € 12
shall be used for the soif solids retained on the 4.75-mm sieve
and these test methods shall be used for the soil solids passing
the 4.75-mm sieve.

1.1.1 Soit sotids for these test methods do not include solids
which can be altered by these methods, contaminated with a
substance thal prohibits the vse of these methods, or are highly
organic soif solids, such as fibrous matter which foats in water.

Neov: {—The use of Test Method 11335 may be vsed o determine the
specific gravity of sail solids having solids which rzadily dissoive in water
or float in water. oF where it is impracticable 1o 1se water,

1.2 Two methods for performing the specific gravity are
provided. The method o be used shall be specified by the
requesting authority. except when testing the types of soils
listed in 1.2.1

1.2.1 Method A—Procedure for Moist Specimens, described
in W2, This procedure is lhe preferred method. For organic
soils; highly plastic, fine grained soils; Lropical soils; and soils
containing halloysite, Method A shall be used.

1.2.2 Method B—Frocedure for Qven-Dry Specimens, de-
scribed in YA,

£.3 AT observed and calculated values shalt conform to the
guidelines for significant digits and rounding established in
Practice [Mit326,

1.3.1 The procedures used to specify how data are collected/
recorded and calculated in this standard are regarded as the
industry standard. In addition, they are representative of the
significant digits that generally should be retained. The proce-
dures used do not consider material variation. parpose for
obtaining the data, special purpose studies, or any consider-
ations Tor the aser's objectives: and il is common practice 1o
increase or reduce significanl digits of reponed data to be

' This standard is under the jurisdioiion of ASTM Commiltee DS on Sail and
Rock and is the dircet responsibitiny of Subcomminee D18.03 on Tewmure. Plasticity
smd Density Characieristics of Soits,

Curreni editton approved Jan. 1. 2000, Published March 2010, Quiginally
approved in 1943, Lust previous edition approved in 2006 as D834 - 06 *'. DOt:
10.1326/D0854-10.

cemmensurate with these considerations. It is beyond the scope
of these test methods to consider significant digits used in
analysis methods for engineering design.

{.4 The values stated in SI units are to be regarded as
standard. The inch-pound units given in parentheses are
mathematical conversions which are provided for information
purposes only and are not considered standard.

V.5 This srandard does nor purport to address oll of the
safery concerns, if any, associgred with ks use. Ir is rhe
responsibility of the user of this stoudard 1o establish appro-
pridie safefy and health praciices and defermine the applica-
biliry of regulerory limitations prior to use.

2. Referenced Documents

2.1 ASTM Srandards:*

€127 Test Method for Densily. Relative Pensity (Spuecific
Chavity) and Absorpuion of Coarse Apgresaie

D33 Jermunology Relating 1o Soil, Rock, and Contained
Fhuidy

X216 Test Metheds Tor Laboratory Determination of Wa-
ter {(Maoistare) Content of Soit and Rock by Mass

P2ART Practiee tor Classilication of Soils o FEagineering
Purposes {Uniticd Soil Classiticutinn Systenn

DA Practice for Minknan Requirements for Agencies
Engaved in Testing andfor inspection ol Seit and Ruck as
Useel in Engineering Design and Construction

34733 Guide for Lyalunling, Sclecing. and Speciiving
Bulances and Standared Masses for Use in Snil. Rock, and
Construction Materials Tesling

[ISSS0 Tost Mothod Tor Specilic Gravity of Soii Sofids by
Gas Pyenometer

DaiZe Practice for Using Significant Dhigits in Geotechnicat
Duta

Sieves

U177 Practice Tor Use of the Terms Precision and Bias in
ASTM Test Methods

el Pracuce for Conducting an Interfauboratory Study 1o

* Far referenced ASTM standids. visic the ASTM website. wwiw,asim.ary, or
contact ASTM Cuslomer Service at service@usim.ore. For Al Bouk af ASTM
Srndderrds olume informapion. refer 1 the standasd™s Documens Sumsnary page on
the ASTR websire.

A Bummary of Changes section gppears al the end of this siondard.
Copynght & ASTM mitemitional, 160 Basr Harbor Drive, PO Box G700, Wesl Conshehacken, PA 19428-2959, United States,

Topyeght ASTH Intemoligas!
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Determine the Precision of a Test Methad

3, Terminology

3.1 Definitions—For definitions of technical terms used in
these test methods, refer 10 Terminology 633,

3.2 Definitions of Terms Specific 10 This Srandard:

321 specific gravity of seil solids, G, n—ithe ratio of the
mass of a unit volume of a soil solids to the mass of the same
volume of gas-free distilled water at 20°C.

4. Significance and Use

4.} The specific gravity of a soil solids is used in caleulating
the phase relationships of soils, such as void ratio and degree
of saturation.

4.1.1 The specific gravily of soil solids is used to calcuiaie
the density of the soi) solids. This is done by muliiplying its
specific gravity by the density of water (al proper lemperature).

4.2 The term soil solids is rypicaily assumed to mean
naturally occurring mineral particles or soil like particies that
are nol readily soluble in water. Therefore, the specific gravity
of soil solids containing extraneous matter, such as cement,
lime, and the like, water-soluble matier, such as sodinm
chioride. and soils containing matter with a specific gravity less
than onc. lypically require special treatment {see Now 1) or a
gualified definition of their specific gravity.

4.3 The hatances, pycaometer sizes, and specimen masses
are established 1o obtain test results with three significant
digits.

Mo 2—The quality of the result produced by these test methods is
dependent on the competence of the personnel performing &, and Lbe
suitabikity of the equipment and facilities used, Agencies (hal meet the
griteria of Practice 11> 7 are generally considered capable of competem
and objective lesting/sampling/inspection/elc. Users of these test methods
are cautioned thal compliance with Pracuce 11740 does not in itself
assure refiable results. Reliable results depend on many factors: Practice
1137 10 provides a nweans of evaluating some of those Taciors.

S. Apparatus

5.1 Pyenamewgr—-The water pyepometer shall be either a
stoppered flask, stoppered iodine flask, or volumetric Aask with
& minimum capacity of 250 mL. The volume of the pycnometer
must be 2 to 3 times greater thaa the volume of the soil-water
imixture used during the deairing portion of the test,

5.1.1 The stoppered flask mechanically sets the volume, The
stoppered iodine {lask has a Aared collar that allows the stopper
lo be placed at an angle during thermal equilibration and
prevents water from spilling down the sides of the Hask when
the stopper is installed. The wetling the outside of the flask is
undesirable because it creates changes in the thermal equilib-
rium. When using a stopper flask, make sure that the stopper is
properiy tabeled 1o correspond Lo the flagk.

5.2 Balance—aA balance meeting the requirements of Guide
P2:753 for a halance of 0.01 g readability. When using the
250—mL pycnometers. the balance capacity shall be at least 500
& and when using the 500—ml pycnometers. the baiance
capacity shalt be at least 1000 g

5.3 Diving QOven-—Thermosiatically controlled oven, ca-
pable of mainaining a uniform temperawre of 110 + 5°C
throughout the drying chamber. These requiremenis usually
require the use of a forced-dratft oven.

3.4 Thermometric Device, capable of measuring the em-
peratore range within which the test is being performed, having
a readability of 0.1°C and a maximum permissible error of
0.5°C. The device must be capable of being immersed in the
sample and calibration solutions 1o a depth ranging between 25
and 50 mm. Full immersion thermometers shall not be used. To
ensure the accuracy of the thermomelric device, the thermo-
metric device shall be siandardized by comparison to a NIST
traceable thermometric device. The standardization shall in-
clude ar feast one temperature reading wilhin the range of
testing. The thermometric device shalt be standardized ar least
once every twelve months.

3.5 Desicearor—A desiccator cabinet or large desiceator jar
of suilable size containing sifica gel or amhydrons calcium
suifate.

Nowe: 3—3 is preferable to use a desiccant chat changes color o
indicate when it needs reconstizution,

3.6 Entrapped Air Removal Apparatns—To remove en-
trapped air (deairing process), use one of the following:

5.6.1 Hot Plare or Bunsen Burner, capable of maintaining a
temperature adequate 10 boil water.

5.6.2 Vacuum Sysiem, a vacuum pump or water aspirator,
capable of producing a partial vacuwn of 100 mm of mercury
{Hg) or less absolute gressure. Warning—Mercury has been
designated by EPA and many stale agencies as a hazardous
maierial that can cause central nervous system, kidney and
liver damage. Mercury, or ils vapor. may be hazardous o
health and corrosive 1o materials. Caution should be taken
when handling mercury and mercury containing products. See
the applicable product Material Safety Data Sheet (MSDS) for
details and EPA's website — hup/fwww.epa.govimercury/
fag.hitm - for additional information. Users should be aware
that selling mercury and/or miercury containing products into
your state may be prohibited by state taw.

News: 4—A patial vacuum of 100 mm Hg absolute pressure is
approximately equivalent 1o a 660 mm (26 in.} He reading on vacuum
sauge at sea level.

5.7 Insnlaied Container—A Styrofoam cooler and cover or
equivalent conlainer that can hold between three and six
pycnometers plus a beaker (or bolide) of deaired water, and a
thermometer. This is required lo maintain a controfled tem-
perature environment whers changes will be wniform and
gradual.

3.8 Funnel—A non-comrosive smooth surface funnel with 2
stem that extends past the calibrasion mark on the volumetric
Aask or stoppered seai on the stoppered flasks. The diameter of
the stem of the funnel muost be farge encugh that soit solids will
easily pass through.

5.9 Pycnometer Filling Tube with Lareral VYeuus
{optionat}—A device ro assist in adding deaired waler to the
pycnometer withoui dislurbing the soil-water mixture. The
device may be fabricated as follows. Plug a 6 1o 10-mm (V4 1o
¥ in.} diameter plastic tube af one end and cut twe smali vents
{noiches) just above the plug. The veats shoeld be perpendicu-
tay to the axis of the rube and diametrically opposed. Connect
a valve (o the other end of the wwbe and run a line 1o the valve
from a supply of deaired water.

Trght ASTM ntemiincat
dad by {HE undar licease with ASTIA
igr; ot ing parmited without license hom S
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5.10 Sieve— 4.75 mm (No. 4) conforming o the requirve-
ments of Specification 1.

5.11 Blender (oprionai)—A blender with mixing blades
huilt into the base of the mixing conainer.

3.12 Miscellaeons Eguipment, such as a computer or
calculator {optional}, specimen dishes, and insulated gloves,

6. Reagents

6.1 Purity of Warer—Distifled water is used in this tese
method. This water may be purchased and is readily available
ai most grocery stores: hereafter, disiilled warer will be referred
10 as waier.

7. Test Specimen

7.1 The test specimen may be moist or oven-dry soif and
shall be representative of the soil solids that pass the 4.75-mm
(MNo. 4) sieve in the total sample. labhle | gives guidelines on
recommended dry soil mass versus soil type and pycaometer
size. :

7.1.1 Two important facters conceraning the amount of soil
solids being tested are as Follows. First, the mass of the soil
solids divided by its specific gravity will yield four-significant
digits. Secondly, the mixiure of soil solids and water is a slurry
not a highly vistous Ruid {thick paint} during the deairing
process.

8. Calibration of Pycnometer

8.1 Determine the mass of the clean and dry pycnometer 1o
the nearest (.01 g (typically five significant digits). Repear this
derermination five times. One balance should be used for ail of
the mass measurements. Determine and record the average and
standard deviation. The standard deviation shall be less than or
equal to 0.02 g. IF it is greater, anempt additional measure-
menis oF use a more stable or precise balance.

8.2 Fill the pycnometer with deaired water to above or
below the calibration mark depending on the type of pycnom-
eter and laboratory preference to add or remove water.

8.2.1 Itis recommended that water be removedsto bring the
water level to the calibration mark. The removal method
reduces the chances of ahering the thermal equilibrivum by
reducing the number of Limes the insulated container is opened.

8.2.2 The water must be deaired to ensure that there are no
air bubbles in the water. The water may be deaired using efther
hoiling, vacuum, combination of vacoum and hear, or a
deairing device, This deaired water should not be used umit i
has equilibrated o room emperaiure. Also, this water shall be
added Lo the pyenometer following the guidance given in 9.6,

8.3 Up to six pyenomelers can be calibrated concurrently in
each insulated container. Put the pycnomeser(s) into a covered
insulated contniner along with the thermometric device (or the

TAELE 1 Regommended Mass for Test Specimen

Solt Type Specimen Dry Mass (g) Specimen Dry iass (g)
When Using 280 mt When Using 500 mL_
Pycnonwter Pyanomestar
5P, 8P-3M 60 = 10 100 = 16
3P-8C, SM, 5C 45 * 10 75+ i0
Bilt or Clay s 5019

Copyright ASTM hoternational
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temperature sensing portion of the thermormeltric device), a
beaker (or bottle) of deaired water, stopper(s) (if a stoppered
pycnometer is being used), and either an eyedropper or pipetie.
Let the pycnomeier(s) come to thermal equifibrium (for at least
3 h). The equilibrium temperature should be within 4°C of
rovm lemperature and between 15 and 30°C,

8.4 Move the insulated container near the halance or vice
versa. Open the container and remove one pycnometer. Only
the rim of the pycnoimeter shall be touched as to prevent the
heat from handling changing the thermal equilibrium. Either
work in the container or place the pycnometer on an insulated
biock {Styrofoam) whife making waier levei adjustments.

B.A.1 If using a volumetric Rask as a pycnometer, adjust the
water to the calibration mark, with the bottom of the meniscus
level with the mark. If water has 1o be added, use the thermally
equilibraled waler from the insulated container. If water has (o
be removed, use a smak suction tube or paper towel. Check for
and remove any water beads on the pycrometer stem or on the
exierior of the flask. Measure and record ihe mass of pycnom-
eler and water to the nearest 0.01 g.

84.2 If a stoppered fask is used. adjust the water to prevent
entrapment of any air bubbles below the stopper during its
placement, I waler has to be added, use the thermaily
equilibraied water from the insulated container. Then, place the
stopper in the bottle. If water has to be removed, before or after
inserting the stopper, use an eyedropper. Dry the rim ysing a
paper towel. Be sure (he entire exterior of the flask is dry.
Measure and record the mass of pychometer and water i the
nearest 0.01 g.

8.5 Measure and record the temperature of the water o the
nearest 0.1°C using the thermametric device that has been
thermally equilibrated in the insulated container. Inserr the
thermometric device {or the temperature sensing portion of the
thermometric device) to the appropriate depth of immersion
{see 3.1). Rewrn the pycnometer o the insulaied container.
Repeat the measurements for all pycnoeters in the container.

8.6 Readjust the water level in each pycnometer 1o above or
below the calibration line or empty the pycnometer and fill 10
the above or hefow the calibration (ine. Allow the pycnometers
to thermally equifibrate (for at least 3 h) in the covered
insulated container. Adjust the water level 10 the calibration
line by removing water from the pycnometer or by flling the
pycaomeier to the calibration mark with the thermatly equili-
brated deaired water from the insulated comtainer. Measure and
record the mass and temperature of the filled pycnometer.

8.6.1 Repeat the procedure in w6 uniil a (ot of five
independent measurements of the mass of the filled pycnom-
eter and temperature readings are obtained. The wemperatures
do not need io bracket any particular temperalure range.

8.7 Using each of these five dalz points, compute the
calibrated volume of each pycnometer. V,,. using the following
ec}uaimn:

{M M3

Vo= mvwe ” Mg }
r Pll'.f r )
where:
M, = the mass of the pycnometer and water al the

calibration temperature, g,

LisgnsaeeAmag Grau 047185001
Hal for Rezahe, G201 T4:39:32 MDY
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M, = the average mass of the dry pycnometer at
calibration, g, and
P = the mass density of waler at the calibration

temperature g/mb., (Takle 2).

8.8 Calculate the average and the standard deviation of the
five voline determinations. The standard deviation shall be
less than or coual 1o Q.05 mL (rounded to two decimal places).
If the standard deviation is greater than 0.05 mL, the calibra-
tion procedure has toc much variability and will not yield
accurale specific gravity determinations. Evaluate areas of
possibie refinement (adiusting the volume o the calibration
mark, achieving temperature equilibrium, measuring tempera-

ture, deairing method or changing to the stoppered flasks) and
revise the procedure until the standard deviation is tess than or
equal to 0.05 mL.

9. Procedure

9.1 Pycnomerer Mass—Using the same balance used 1o
calibrate the pycnometer, verify that the mass of the pycnom-
eier is within 0.06 g of the average calibrated mass, If it is nat,
re-calibrate the dry mass of the pycnomerer.

9.2 Method A—Procedure for Moist Specimeis:

9.2.1 Demerming the water content of 2 portion of the sample
in accordance wilh Test Method 12216, Using this water

TABLE 2 Density of Water and Temperature Coefficient (K) for Various Temperatures™?

Temperaiure Density T%";’;‘;:g;:;? Tempeialure Densityc Tegf:ﬁ?;ﬁrempe rz:lure Densi t;éTeg‘ é};ﬁli:; emperalure Densiiy:: Teén;p:ﬁra?;ﬁ
C) {gimt ) °cy fgfmt.) ! ¢y (gml) C) (gfraL)
. - (K} L] K) (K}

15.0 0.99810 1.00030 18.0 0.99835 1.00074 7.0 0.88878 1.00057 18.0 C.99860 1.00038

1 (.99909 1.00088 1 (.99893 1.00072 1 (.99876 1.00085 1 0.89858 1.00037

.2 0.89507 1.00687 2 0.59891 1.000714 2 0.59874 1.00054 2 4.99856 1.00035

8 0.98906 1.000B5 3 0.998580 1.00069 3 0.99872 1.00052 3 0.99854 1.60034

A 0.89904 1.00084 4 0.99B88 1.00067 4 0.99871 1.00050 4 0.99852 1.00032

5 £.99902 1.00082 5 £.99886 1.00066 5 (.95869 1.00048 5 0.99850 1.06030

& 0.88901 1.00080 [ (.609885 1.06064 8 0.59867 1.00047 & 0.55348 1.00028

7 C.99889 1.00079 7 0.99883 1.00062 7 (.99865 1.00045 7 0.99847 1.00026

8 0.95808 1.00077 2 0.99881 1.00061 B 0.99863 1.00043 8 0.98845 1.00024

8 0.99695 1.00076 9 0.89879 1.00059 g 0.99862 1.00041 .9 0.99843 1.00022

134 0.99841 1.Q0020 20.0 0.99821 1.00000 21.0 0.99799 0.59979 22.0 099777 0.99857

1 0.99830 1.0C018 1 0.08819 0.98998 1 0.05797  0.9%977 i 0.99775 0.99954

2 0.99837 1.00016 2 Q.89816 0.99996 2 Q.897856  0.99974 2 0.99773 0,99952

3 0.98835 1.00014 3 0.99814 0.99994 3 0.99793 0.98872 3 G.99770 0.93950

A (.99833 1.00012 4 0.90812 0.99992 A 0.89701 0.98970 A 0.99769 099947

5 0.99831 1.00010 5 G.99610 0.89980 5 0.98789 0.89958 5 C.89766 (.98845

B 0.09825 1.C00008 & 0.29808 {.99987 B 0.99786  0.99966 B 0.50764 (.59943

7 0.98827 1.00006 7 0.99806 0.95985 7 0.95784 (.89953 7 G.99761 C.98940

k! 0.89825 1.00004 8 0.99804 0.99983 8 0.99782 0.99961 8 098758 0.88038

9 086823 1.00002 8 0.99802 0.953081 9 099780  (.59859 R C.99756 C.99936

230 0.89754 0.99833 24.0 0.88730 .98308 250 0.99705 0.99884 26.0 C.99679 0.99858

k! 0.99752 0.99031 1 C.09727 0.98807 H 0.89702  0.089B81 A 0.99576 0.99855

2 0.98749 C.99928 2 0.98725 0.98904 .2 0.99700  0.908879 2 0.99873 0.90852

3 0.99747 0.99926 3 0.99723 0.99902 3 0.98637 0.99876 3 0.99671 £.99850

4 089745 0.95524 4 0.99720 0.99889 4 0.99694 0.99874 A 0.99668 0.99847

5 0.99742 0.59921 5 0.99717 0.99897 3 G.996%2  0.99871 3 0.98665 098844

b 0.89740 0.80919 B 0.95715 {.89894 8 0.99589  0.09868 B 0.98663 0.95042

7 0.99737 0.99917 7 0.99712 G.998492 7 CO06BT  0.92868 7 0.99660 0.99829%

B 0.99735 0.99914 8 0.98710 0.99889 8 0.99684 {.98863 8 0.98657 0.98838

8 0.99732 0.98012 9 0.99707 ¢.99887 9 0.98681 0.95860 9 0.995654 0.99833

27.0 0.99852 0.99831 28.0 0.89524 0.99803 29.0 099595 0.99774 30.0 0.98565 €.89744

1 0.99649 0.90828 1 0.94621 (.839800 1 C.99582  0.99771 A 0.99562 0.99741

2 0.90646 0.99825 2 0.99618 0.99797 .2 0.99589  0.99788 .2 0.99559 0.89738

3 0.99543 0.59822 3 G.99515 0.89794 3 0.99586  0.99765 3 0.99556 0.09735

4 0.99841 0.49820 4 0.99612 0.99791 K] 099583  0.997862 A 0.99553 0.99732

g 0.98538 0.88817 5 0.99608 0.99788 5 0.99580 0.99758 5 (.99550 0.99729

B 0.99635 0.99814 8 0.99807 0.99785 6 0.99577  0.08756 £ 0.69547 0.99726

7 £.99632 0.89811 7 0.99604 0,99783 i 0.99574 ¢.99753 7 0.99544 0.93723

8 0.89629 0.99808 8 0.59601 0.99780 K| 0.99571 0.89750 ) 0.88541 0.99720

2 0.99627 0.98806 g 0.99598 0.99777 8 0.98568  0.90747 9 0.99538 0.89716

* Reterence: GRG Handbook of Chemistry and Physics, David B, Lide, Editor-in-Chief, 74™ Edition, 1993-1934.
e

o = 1.00034038 ~ (777 % 10 "% % 70405 % 10 "y » 12

where:
P
T
K

nonon

"0 0GRZ063

Sl = cm®.
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content, calcutate the range of wet masses for the specific
gravity specimen in accordance with 7.1, From the sample,
obtain a specimen within this range. Do not sample 1o oblain an
exact predetermined mass.

9.2.2 To disperse the soil put about 100 mL of waler into the
mixing container of a blender or equivalent device. Add the
soil and blend. The minimurm volume of slurry that can be
prepared by this equipment will typically require using a
500-mL nycnometer.

9.2.3 Using the funnel. pour the shurry into the pycnometer.
Rinse any soil particles remaining on the fuanel into the
pycaometer using a wash/spray sguirt bottle.

3.2.4 Proceed as described in Y 4,

9.3 Method B—Procedure for Oven-Dried Specimens:

9.3.1 Dry the specimen (0 a constant mass in an oven
maintained ai 110 = 5°C. Break up any clods of soil using a
mortar and pestle. If the soi! will not easily disperse after
drying or has changed composition, use Test Method A. Refer
to 1 2 for soils that require use of Test Method A,

8.3.2 Place the funnel into the pycnometer. The stem of the
funnel must exiend past the calibration mark or stopper seal.
Spoen the sofl solids directly inio the funpel. Rinse any soil
particles remaining on the funnel into the pycnometer using a
wash/spray squirl hottle.

9.4 Preparing the Soil Sturry—Add water until the water
level is between 14 and V2 of the depth of the main body of the
pycnometer. Agitate the waler until slurry js formed. Rinse any
soil adhering 1o the pycnometer into the slairy.

9.4.¢ If slusry is not formed, but a viscous pasle, use a
pyenometer having a larger volume. See 7 1 L

Ners §—For some soils conlaining a significanl fraction of organic
matter, kerosene is a betier wetting agen than water and may be used in
place of distifled water for oven-dried specisens. If keroseng is used. the
entvapped air shouid only be removed by use of an aspirator. Kerosene is
a fammable liquid that must be used with extreme caution.

9.3 Deairing the Soil Sturvy—Entrapped air in the soil
slurry can be removed using either heat (boiling), vaceum or
combining heat and vacuum.

0.5.1 When using the heat-only method (boiling), use a
duration of at least 2 h after the soil-water mixiore comes to &
full boil. Use only enough heat to keep the slurry boiling.
Agitate the slurry as necessary 1o prevent any 50l from sticking
to or drying onto the glass above the storry surface.

9.5.2 if only a vacuum is used, the pycnometer must be
continually agitated under vacuum for at least 2 h. Continually
agitated means the sil/clay soi} solids will vemain in suspen-
sion, and the slurry 15 in constant motion. The vacuum must
remain relatively constant and be sufficient to cause bubbling at
the beginning of the deairing process.

33.3 I 2 combinanon of heat and vacvumn are used, the
pycnometers ean be placed in a warm water bath {not more
than 40°C) while applying the vacuum, The water fevel in the
baih should be shightly below the water level in the pycnom-
eter, if the pycnometer glass becomes hot, the soil will
typicalty stick to or dry onio the glass. The doration of vacusm
and heal must be at least | b afier the initiation of boiling.

Comaghl ASTM Intoima et
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During the process, the slurry should be agitated as necessary
to maintain boiling and prevent soil from drying onto the
pycnometer.

9.6 Filling the Pyenometer with Warer—Fill the pycnometer
with deaired water (see 8 7 ) by introducing the water through
a piece of small-diameter fexible whing with ifs outlet end
kept just below the surface of the slurry in the pycnemeier or
by using the pycnometer {illing tube. If the pycnometer filling
tube is used, fill the tube with water, and close the valve. Place
the tube such that the drainage holes are just al the surface of
the slurry. Open the valve slightly to allow the water 10 flow
over the top of the siurry. As the clear water layer deveiops,
raise the tube and increase the fow rate. If the added water
becomes cloudy, do not add water above the calibration mark
or into the stopper seal area. Add the remaining water the next
day. .

9.6.1 if using the stoppered iodine fask, fll the fagk, such
thal the base of the stapper will be submerged in water. Then
rest the stopper at an angle on the fared peck to prevent air
entrapment uader the stopper. I using a volumetric or stop-
pered flask, il the flask to above or below the calibration mark
depending on preference.

9.7 1f heat has been used, allow the specimen to cool to
approximately room lemperature,

9.8 Thermal Equilibrimm—Put the pycnometer(s} into a
covered insulated container along with the thermometric de-
vice (or the temperature sensing portion of the thermometric
device}, a beaker {or bottle) of deaired water, stopper(s) (if a
stoppered pycnometer is being used), and either an eyedropper
or pipetie. Keep these items in the closed container overnight
to achieve thermal equilibrivm,

99 Pycnometer Mass Determination—If the insulated con-
tainer is not positioned near a balance, move the insulated
container near the balance or vice versa. Open the container
and remove the pycnometer. Only touch the rim of the
pycnometer because the heat from hands can change the
thermal eguilibrium. Place the pycnomerer on an insulated
block (Styrofoam or equivalent).

8.9.1 If using a volwaetric Bask, adjusi the waier o the
calibration mark following the procedure in %11

9.9.2 1f a stoppered Rask is used, adjust the water to prevent
entrapment of any air bubbles below the stopper during its
placement. If water has to be added, use the thermally
equilibrated water from the insulated conmainer. Then, place the
stopper in the bottle. If water has to be removed, before or after
inserting the stopper, use an eyedropper. Dry the rim using a
paper towel. Be sure the entire exterior of the fask is dry.

-9.10 Measure and record the mass of pycnomeler, soil, and
water o the nearest 0.0 g vsing the same balance used for
pycnometer calibration.

9. Pycnometer Temperature Derermination—Measure
and record the temperature of the slurry/soil-water mixtare 1w
the nearest 0.1°C using the thermoimetric device and method
used during calibration in ~ 5. This is the test emperature, T,.

.12 Mass of Dry Soil—Determine the mass of a tare or pan
to the nearest 0.04 g. Transter the soil slurry to the tare or pan.
It is tmperative thai all of the soil he transferred. Water can be
added. Dry the specimen 1o a consfanl mass in an oven

Lizgngea=Amec-Goup Lidgdanasin
Nal tor Resat, 0333201 143032 MDT
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maintained at 110 * 5°C and cool it in a desiccator. If the tare
can be sealed so that the soil can not absorb moisture during
cooling, a desiceator is not required, Measure the dry mass of
soil solids plus tare 1o the nearest 0.01 g using the designated
balance. Calculate and record the mass of dry soil solids to the
rearest .01 g.

Now: 6—This method has been proven 1o provide more consistent.
repeatable results than determining the dry mass prior to testing. This is
maest probably due 1o the loss of soil solids during the de-airing phase of
testing.

1. Calcolation

0.1 Calculate sthe mass of the pycnometer and water al the
test remperature as follows:

Mpu:t gMn + (Vp © Py (2)

where

M., = mass of the pycnometer and water at the test
temperature (7)), g,

M, = the average calibrated mass of the dry
pycnometei. g,

Y. = the average calibrated volume of the pycnometer,
mil, and

P = the density of waler & the 1est temperature (7).

afml from Tabe 2.
[0.2 Calculate the specific gravity at soil solids the test
temperature. G, as follows:
m M

O T, = My, =~ H0) S
where:
Py = the densiry of the soil solids Ma/m” or giem®,
Py = the density of water at the test temperature (T,),
from ‘table 2. g/mb or glem®.
M, = the mass of the oven dry soil solids (g), and
Mo, = the mass of pycnometer. water, and soil solids a

the tesl temperature, (7)), g
10.3 Calculate the specific gravity of soil solids at 20°C as
follows:

Gure =K-G, ()

where:
K = the temperature coefficient given in Table 2.

10.4 Far soil solids containing particles greater than the
4.75-mum (No. 4) sieve for which Test Method ( 117 was used
10 determine the snecific gravity of these particles, calculate an
average specific gravity. Test Method € 127 requires the rest be
performed at 23 * 1.7°C and does nol require the specific
gravity data 10 be corrected o 20°C. Use 14073 to correct Lhis
measurement to 20°C. Use the following equation to calculate
the average specifie gravity:

i

Gt = B P &}
100-G pme * 0 - Gagare
where:
R = the percenat of soil retained on the 4.75-mm
sieve,
e = the percent of soil passing the 4.75-mm sieve,

Crware = the apparent specific gravity of soils retained
on the 4.75-mm sieve as determined by Test
Method €127, corrected to 20°C

G = the specific gravity of soil solids passing the
4.75-mm sieve as determined by these test
methods (Equation 4).

11. Reports Test Data Sheets(s)Form(s)

[L.§ The method wsed to specify how data are recorded on
the test data sheets or forms, as given below, is the indusiry
standard, and are representative of the significant digits that
shouid be retained. These requirements do not consider in siiu
material variation, use of the data. special purpose studies, or
any considerations for the user's objectives. It is commeon
practice to increase or reduee significam digits of reported data
commensurate with these considerations. It is beyond the scope
of the standard o consider significant digits used in analysis
methods for engineering design.

£1.2 Record as 2 minimum the following information {data):

H.2.1 Identification of the soil (material) being tested, such
as boring number, sampie number, depth, and test nwmber.

11.2.2 Visual classification of the soil being iested (group
name and symbol in accordance with Practice i31487),

F1.2.3 Percent of soit particles passing the 4.75-mm {No, 4)
sigve.

H.2.4 §f any soil or material was excluded from the test
specimen, describe the excluded material,

11.2.5 Method used (Method A or Method B).

F1.2.6 All mass measurements (Lo the nearest 0.01 g).

11.2.7 Test temperatuie (to the pearest 0.5°C).

11.2.8 Specific gravity at 20°C (G, G,, Gagee) L0 the nearesi
.01, IT desired, values (o the nearest 0.001 may be recorded.

11.2.9 Average specific gravity at 20°C (G,.., or G,ppe 2000
to the nearest 0.01, if applicable. (See 0 1),

12. Precision and Bias

12.1 Precision—Criteria for judging the accepiability of 1est
results obtained by these fest methods on a range of soil types
using Method A {except the soil was air dried) is given in
Tables ¥ and 4, These estimales of precision are based on the
resuhts of the interlaboratory program conducted by the ASTM
Reference Soils and Testing Program.” In this program, some
laboratories performed (hree replicate tests per soil type
(triplicate test lahoratory), while other laboratories performed a
single test persoil type {single test 1ehoratory). A description of
the soils tesfed is given in §2.1.4. The precision cstimates may
vary with soil type and method used (Method A or B).
Judgement is required when applying these estimates 1o
another soil or method.

[2.1.1 The data in Table @ are based on three replicate tests
performed by each triplicare test taboratory on each soif type.
The single operator and multitaboratory standard deviation
shown in bibic 3, Column 4 were obtained in accordance with
Practice §.n L. which reconunends each testing laboratory
perform a minimuie of three replicare tesis. Resulis of two

* Supporting data have been filed ar ASTM lntemational Headguaness and may
be abiained by requesting Research Repont RR: RR:DIS-1000
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TABLE 3 Summary of Test Results from Triplicate Test
Laboratories (Specific Gravity)

(1 @ 3 @) (8
Number of Acceplable
Tripficate Test Average Standard Range of Two
Soil Typs Labs Valug" Deviation® Results®
Singte-Operalor Results (within- L abaratory Repaatabillity):
CH 14 2V 0.009 .03
CL 13 2.670 0.006 0.02
ML 14 2725 006 0.02
sk 14 2.658 008 0.02
Muliitaboratory Results (Belween- Laboratory Reproducitilify):

CH 14 2.717 0.028 0.08
cL 13 2.670 0.Gz2 0.08
ML 14 2.725 2.022 0.08
5P 4 2.658 0.008 0.02

A The number of significant dights and decimal places presented are reprasen-
tative of the input data. n accordarce whh Praclice D60, the standard deviation
and acceptable range of results cannot have more decimal places than the input
data.

g Standarc deviation is caloulatod i accordance with Practice #65! and is
relesred 10 as the 18 limil,

S Accaptable range of two resulls is relerrad to as the d2s limit. 3t is calculated
as 1.980+/2 ts, as defined by Pracice ©:177. The diflerance between Iwo
properly conducled lests should not exceed this limil, The number of significant
digits/decimal places prasanted is aqual o that prescribed by these test methods
or Praclice i 720, In addilion, the value presented can have the same number of
decimal places as the standard deviation, even il thal rasull has more significant
digils than the sltandard deviation.

TABLE 4 Summary of Single Test Result from Each Laboratory
{Specific Gravity)?

) 2 3 (4} (5)
Acceptable
Number of Test  Average Siandard Range of Two
Soil Type Laboralories Vajue Davistion Ragsulis

Multleboratory Resuits (Single-Test Ferdormed by Each Latoratory):
CH ig 2715 0.027 0.08
CiL 18 2.673 0.018 0.05
ML 18 2.726 0.022 .08
&P 18 2.660 0.007 0.02

A See footnotes in "k

properly conducted tests performed by the same operator on
the same material, using the same equipment, and in the
shortest practical period of time should not differ by more than
the single-operator d2s limits shown in Fable 3, Column 3. For
definition of d2s see Footnote € in labic 3. Resulis of two
properly conducted tests perforined by difTereat operators and
on different days should not differ by more than the maltilabo-
ratory d2s limits shown in Tuble 3, Columg 5.

12.1.2 In the ASTM Reference Soils and Testing Progran,
many of the laboratories performed only a single test. This s
common practice in the design and construction industry, The
data in hibde 4 are based upon ihe first iest result from e
triplicate tes! laboratories and the single test results from the
other laboratories. Results of two properly conducted tests
performed by two different laboratories with different operators
using different equipment and on different days should not vary
by more than the d2y limits shown in Table 4. Column 5. The
results in Lubles inwd 4 are dissimilar hecause the data sets are
different, : -

12.1.3 lahle 3 presents a rigorous inlerpretation of tripticate
test data in accordance with Practice Ho%l from prequalified
laboratories, Table 1 is derived from test data that represents
common practice.

12.1.4 Soil Type—Based on the muttilaboratory test resulis,
the soil used in the program is described below in accordance
with Practice 112487, In addition. the local name of the soil is
given.

CH-—Fal clay, CH, 98 % fines, LL=60, PI=38, grayish brown, soll had been

alr drigd and pulverized. Lozal name--Vicksburg Buckshot Clay

Cl—Lean clay, CL, 89% fings, LL=33, Pi=13, gray, soll had been air dried

and pulverized. Locat name—Annapolis Clay

ML—5ilt, ML, 99 % lines, LL=27, Pl=4, ligh brown, scil hag baen air drisd

and pulverized. Local name—Vicksburg Silt

SP—Poorly graded sand; SP, 20 % coarse sand, 48 % medium sand, 30 %

fine sand, 2 % fines, yeltowish brown. Locat name-~Frederick sand

12.2 Bies—There is no acceptable reference value for this
lest method, therefore, bias cannot be determined.

SUMMARY OF CHANGES

In accordance with Committee D18 policy, this section identifies the location of changes to this standard since
the last edition (06°') that may impact the use of this standard.

(F) Subsections 5.4, 8 3, K3, 8.6, UK, and Y. 1] were changed
to permit the use of standardized non-mercury thermometers.

{2) Subsection #.6 was changed and subsection 50 | was
added to clarify the pycnometer calibration procedure,

ASTM Intarnational lakas ne position respecting the validity of any patent fights asserted in connattion with any itern mantioned
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ﬂ Designation: D2216 - 10
1

INTERNATIONAL

Standard Test Methods for

Laboratory Determination of Water (Moisture) Content of

Soil and Rock by Mass’

This standard is issued under the fixed designation D2216: the swmber immediately following the designation indicmes the year of
original adoption or. in the case of sevision. the year of last revision, A number in parentheses indicaes Lhe year of last reapproval. A
superscripl epsiton (£) indicates an editorial change since the last revision or reapproval.

This standerd has fiven approved for wie Oy ageneies of the Depariment af Detense.

I. Scope*

1.1 These test methods cover the laboratory determination
of the water (moisture) content by mass of soil, rock, and
similar materials where the reduction in mass by drying is due
10 loss of water except as noted in- 14, {5, and 1.7, For
simmplicity, the word “material” shall refer to soil, rock or
aggregate whichever s most applicable.

1.2 Some disciplines, such as soil science, need tw deter-
mine water conient on the basis of volume. Such determina-
tions are beyond the scope of this test method.

1.3 The water content of a material is defined in 31.0.1,

14 The term “solid makerial” as used in geotechnical
engipeering is typically assumed to mean naturally occurring
mineral pariicles of soil and rock that are not readily seluble in
water. Therefore, the water content of malerials containing
exlrancous matter {such as cement ete.) may require special
treatment or a qualified defirition of water content. In addition,
some organic materials may be decompased by oven drying at
the standard drying temperature for this method (110°C).
Matertals containing gypsum (calcium sutfate dihydrate) or
other compounds having significant amounts of hydrated water
may present a special praoblem as this material slowly dehy-
drates at the standard drying temperature (10°C) and at very
low relative humidity, forming a compound (such as calcium
sulfate hemihydrate) that is not normally present in natural
materiats except in some desert soils. la order to reduce the
degree of deliydration of gypsum in those materials contairing
gypsum or to reduce decomposition in highly/tibrous organic
soils, H may be desirable to dry the materials a1 60°C or in a
desiccator al room temperature. Thus, when a drying lempera-
ture is used which is differenl from the slandard drying
temperature as defined by this test method, the resulting water
content may he different from the standard water content
delermined at the standard drying temperature of H10°C.

Norp 1—Test -Method 1" ! provides an alternate procedure for

! This Lest method Is under the jurisdiction of ASTM Committee D18 on Seil and
Rock end is 1he direct responsibiling of Subconininee D803 on Texture, Plasticity
and Density Characieristics of Soils.

Curvent edition approved July 1. 2010, Published August 211G Griginally
approved in 953, Last previous edition approved in 2005 as D2216-05. DOL
10.1520/D2206- 1L

delermining water content of peal materials,

1.5 Materials containing water with substantial amounts of
soluble solids (such as sall in the case of marine sediments)
when tested by this methed will give a mass of solids that
includes the previously soluble dissolved solids. These mate-
rials require special treatment [0 remove or account for the
presence of precipitated solids in the dry mass of the specimen,
or a qualified definition of waler contenl must be used, For
example, see Test Method 14342 regarding information on
marine sedimenis.

[.6 This test standard requires several hours for proper
drying of the water conienl specimen. Test Methods 643,
Dy and D959 provide less time-consuming processes for
determining water contenl. See Gilbert® for details on the
background of Test Method D643,

[.7 Two test methods are provided in ihis standard. The
methods differ in the significant digils reporied and the size of
the specimen (mass) required. The method (o be used may be
specified by the requesting authority; otherwise Method A shall
he performed.

1.7.1 Merhod A—The water conlenl by muss is recorded Lo
the nearest 1 %. For cases of dispute, Method A is the referce
method.

t.7.2 Merhod B—The water contenl by mass is recorded to
the nearest 0.1 9.

£.8 This standard requires the drying of materiat in an oven.
If the material being dried is contaminated with certain
chiemicals, heatth and safety hazards can exisl. Theretore, this
standard should not be used in determining the water coment of
contaminated soils unless adequate health and safety precau-
tions are 1aken.

b9 Units—The values stated in 51 units shal) be regarded as
standard excluding the Aiternative Sieve Sizeslisted in"Tubic 1
No other units of measurement are included in this test method.

1.10 Refer 10 Practice P26 for guidance concerning the
use of significant figures that shall determine whether Methed,
A or B is required. This is especially important if the water
content will be used to calculate other refationships such as

* Gilhert. P A.. “Computer Controfied Mictowave Dven System for Rapid Water
Comtest Derermination,” Tech. Repor GL-88-21. Bepariman of the Amyy. Waler-
ways Dxperimem Siation. Corps of Engmeers. Vicksburg. MS. November 988 .

‘& Sunmnary of Changes section appeers ail the end of this standard,

Copyright © ASTH infernational, 190 Bar Harbor Drive, PO Box G700, West Conshohocken. PR 19428-2938, Unilgd Siates.
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TABLE 1 Minlmum Reguirements for Mass of Test Specimen, and Balance Readability®

. . . . Mathod A tleihod B
o
Maximum Panicte Size (100 % Passing) Water Content Recorded o =1 3% Water Content Recorded 1o 0.1 %
Sl untt Aliernative Sieve Specimen Balance Specimen Balance
Sieve Size Bize Mass HAeadability (g} Mess (Q) Raadabilily (g}
75.0 mim 3in 5 kg 10 50 kg 10
375 mm 1-% in. 1kg i0 10 kg il
1.0 mm ¥ in, 250 g 1 2.5 kg i
8.5 mm P in. 50g 0.1 500 q 0.1
4.75 mm No. 4 0q 0.1 100 g 0.1
200 mm No. 10 20g G.1 20g 4.01

Al water confen! data Is to be used to cafculate other relationships, such as moist or dry mass, wel or dry unit weighl or tolal or dry density, then specimen mass up

10 200 g must be determined using a balance accurate 10 0.01 g.

moist mass 1o dry mass or vice versa, wet unif weight to dry
unit weight or vice versa, and tolal density to dry density or
vice versa. For example, il four significant digits are required
in any of the above calculations, then the water content must be
recorded to the nearesi 0.1 %. This vccurs since | phus the
water content (nof in percent) will have four significant digils
regardiess of whal the value of the water contert is; that is, |
plus 01100 = 1.004, a value with four significant digits,
While, if three significant digits are acceptabfe. then the warer
conlent can be recorded to the nearest | %.

LD This srandard does nor puiport 1o address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard 10 establish appro-
priate safery and health practices and derermine the applica-
biliry of regwlotory limitations prior 1o use.

2. Referenced Documents

2.8 ASTM Standards:’

D653 Temmimology Rekuing o Seill Rock. and Containesd
Flaids

P20 Test Mothods for Moisture, Ashi, and Oreanic Mauer
of Peat and Other OUrganic Soilg

103740 Pracrice for Minnnum Requiremeats for Agencies
Cngaged in Testing and/or Inspection of Soil and Rock as
Used i Engineering Design and Construction

D220 Practices for Preserving and Transporing Soil
Sumntes

DAY Test Muethods Tor Ligoud Limie Plastic Limie and
Plasticity Index of Suils

34342 Fesi Muothod for Pore Water Extraciion and Deter-
mination of the Sokuble Sull Conient of Soils by Refrac-
lomieter

EHnEY Tose Method for Dejernsisation of Waicr D oisange)
Coment of Soil by Microwase Owen Heating

(1733 Guide Tor Evalumling. Sclecting. and Specifying
Batunces and Standard Nusses for Use in Soil. Rock. and
Construction Materials Testing

Dravdd Tesi Method Tor Field Dewenminainm of Wae
iMuoistarey Content of Sodd by the Caleram Cavbide Gas
Pressure Tester

* For referenced ASTM standards. visit the ASTM website, www.usimoiz. or
comiact ASTh Costomer Service @t servicels anm_org. For dmeal Book af ASTA
Stendardy volume informatica. vefer 10 the siandard’s Docemem Summary page on
e ASTM wehsite.

Copynght ASTAL Intemplonat

Peovdid by IHS wnder foanse with ASTH
Na rep i

Susdion pr o vithoul icense trom HS

Past Test Method For Determination of Wier (Moistare)
Content of Seil By Direct Heating

1070 Practices Tor Preserving and Transporting Rock
Core Samiples

0026 Practice Tor Using Signiticant Digits in Geotechnicul
Data Co

[YE2000 "Tust Methods for Laboratory Determination of en-
sity (Unis Weighty of Seil Specimens

L4 Specilicadon Tor Gravity-Convection and orced-
VMenidfarion Ovens

3. Terminology

3.1 Refer to Terminology 1333 for standard definitions of
terms.

3.2 Definirions:

32V warer content by mass {of a material)—he ratio of the
mass of water contained in the pore spaces of soil or rock
material, (0 the solid mass of particles in that material,
expressed as a perceniage. A standard temperature of (10 £
5°C is wged to determine these masses.

3.3 Definitions of Terms Specific 1o This Standard:

331 coustamt dry mass {of o materiaf)—the siate thay a
water content specimen has attained when further heating
causes, or would cause, less than § % or 0.1 % additional loss
in mass for Method A or B respectively. The time required to
obtain constant dry mass will vary depending on numerous
factors. The influence of these factors generally can be estab-
lished by good judgement, and experience with the materials
heing tested and the apparatus being used.

4. Summary of Test Method

4.1 A tesl specimen is dried 1n an oven al a temperature of
110 = 5°C to a constant mass. The loss of mass due o drying
is considered to be water, The water content is calculated using
the mass of water and the mass of the dry specimen.

5. Significance and Use

5.1 For many materials, the water confent is one of the most
significan! index properties used in establishing a correlation
between soil behavior and its index properties.

5.2 The water conlent of a malerial is used in expressing the
phase relationships of air, water, and solids in a given volume
of material,

5.3 In fine-grained (cohesive) soils. the consistency of a
given s0it (ype depends on its water content. The waler content

Lirgaser=Amec Groun LI BS00T
Nol for Rgsele, §30U201Y 14:20:03 40T
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of & soil, along with its tiquid and plastc limits as determined
by Test Method 13 41%, is used to express its relative consis-
tency or fiquidity index.

Nor: 2—The quality of the resul produced by this standard is
dependent on the competence of the personne! performing it, and the
suflabitity of the equipment and facilities used. Agesicies thal meet the
criteria of Practice 1137 21 are generally considered capable of compeieal
and objective testingfsampling/inspectionletc. Users of this standard are
cautioned that compliance with Practice 1337160 does not in itself easure
reliable resulis. Refiable resulis depend on many factors: Practice £137 a
provides a means of evaluating some of those factors.

6. Apparatus

6.1 Drying Oven—Vented, thermostatically-controlied,
preferably of the forced-drafl type, meeting ihe requirements of
Specification | 115 and capable of maintaining a uniform
temperature of 1 x 5°C throwghout the drying chamber.

6.2 Balances—All balances must meer the requirements of
Specification 134753 and this section. A Class GPI bafance of
0.01 g readahility is required for specimens having a mass of
up to 200 g {excluding mass of specimen container] and a Class
GP2 balance of 0.1 g readability is required for specimens
having a mass over 200 g. However, the balance used may be
controlled by the number of significant digits needed (see
i, _

6.3 Specimen Containers—Suitable containers made of ma-
terial resistant Lo corrosion and change in mass upon repeated
heating, cooling, exposurg to materials of varying pH, and
cleaning. Unless a dessicator is used, containers with ¢lose-
fitting lids shall be vsed For testing specimens having a mass of
less than about 200 g; while for specimens having a mass
greater than abowt 200 g, containers without 1ids may be used
{see Nule 31 One uniquely auwmbered (identified) container or
number-matched container and lid combination as required is
needed for each water content determination.

Mo 3—The purpose of close-Aitting Yids is 1o prevent loss of moisture
from specimens before initial wass detesmination, and [© prevent absorp-
tion of moisttne from the atmosphere foliowing drying and before final
mass deternnation,

6.4 Desiccator (Optional)}—A desiceator cabinet or farge
desiccator jar of suitable size containing silica gel or anhydrous
calcium sulfae. It is preferable 10 use a desiceant that changes
color when it needs to be reconstituled,

Nori: 4—Anbydrous calcium suifate is sold under e tade mame
Drierite,

6.5 Comainer Handling Apparaius, heat resistant ghoves,
tongs, or suitable holder for moving and handling hot contain-
ers after drying.

6.6 Miscellaneous. knives, spawlas. sceops. quartering
cloth, wire saws, etc., as required.

7. Samples

7.1 Soit samples shall be preserved and tramsporied in
accordance with Practice 134226 Seetion 8 Groups B. C, or D
soils. Rock samples shall be preserved and transported in
accordance with Practice 133070 section 7.5.2, Special Caje
Rock. Keep the samples that are stored prior 10 testing in
nan-corrodible airtight containers at a temperature between

approximately 3 and 30°C and in an area that prevemts direct
contact with senlight. Disturbed samples in jars or other
containers shall be stored in such a way as to minimize
moisture condensation on the insides of the containers.

7.2 The warer content derermination should be done as soon
as practicabie after sampling, especiaily if potentially corrod-
ible containers {such as thin-walled stee] tubes, paint cans, e(c.)
oF plastic sample bags are used.

8. Test Specimen

€.} For water contents heing determined in conjunction with
another ASTM method. the specimen mass requirement stated
in that method shall be used if one is provided. If no minimum
specimen mass is provided in that method then the values given
below shall apply. See Howard® for background data for the
values listed.

8.2 The minimum specimen mass of moist malerial selected
0 he representative of the total sample is based on visual
maximam particle size in the sample and the Method (Method
A or B) used to record the data. Mintmum specimen mass and
halance readability shall be in accordance with Tulde 1,

8.3 Using & lest specimen smalier than the minimwm indi-
cated in 8. requires discrelion, though it may be adeguate for
the purposes of the test, Asy specimen used not meeling these
requirernents shall be poted on the test data forms or test data
sheels.

8.4 When working with a small (fess than 200 g) specimen
containing a relatively large gravel particle, it is appropriate
not to include this particle in the wst specimen. However, any
discarded material shall be described and noted on the test dala
form/sheet.

8.5 For those samples cousisting entirely of intact rock or
aravel-size aggregare. the minimum specimen mass shalt be
500 . Representative portions of the sample may be broken
intle smaller particles. The particle size is dictated by the
specimen mass. the container volume and the balance being
used to determine coastant mass, see {(t 4. Specimen masses as
small as 200 g may he tested if water contents of only two
significant digits are acceptable.

9. Test Specimen Selection

9.1 When the test specimen is a portion of a larger amount
of material, the specimen must be selected to be representative
of the water condition of the entire amount of material, The
manner in which the test specimen is selected depends on the
purpuse and appiicaton of the iest. iype of maierial being
tested, Lhe waler condition, and the type of sample (from
another test, bag. block. etc.}.

9.2 For disturbed samples such as trimmings. bag samples,
erc: obtain the test specimen by one of the following methods
{listed in arder of prefereace):

9.2.1 If the material is such that it can be manipulaled and
handled without significant moisture loss and segregaiion, the
material should be mixed thoroughly. Select a represeniative

* Howard, A, K.. “Misimum Test Specimen Mass for Meisture Contenl Derer-
minmion.” Geeteclmivat Testing Jowrnad, ASTM.. Vol. 12, No. 1, March 1989, pp.
3944,
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portion using a scoop of a size that no more than a few
scoopfuls are required to obtain the proper size of specimen
defined in N.2. Combine all the porfions for the test specimen.

9.2.2 1f the material is such that it cannot be thoroughly
mixed or mixed and sampled by a scoop, form a stockpile of
the imaterial, mixing as much as possible. Take at least five
portions of material af random locations using a sampling tube,
shovel, scoop, trowel, or simifar device appropriate to the
maximum particle size present in the material. Combine all the
portions for the test specimen.

9.2.3 If the material or conditions are such thal a stockpile
cantot be formed, take as many portions of the material as
practical, using random locations that will best represent the
moistere condition. Combine all the portions for the test
specimen.

9.3 Intact samples such as block, tube, split barel, etc,
obtain the test specimen by one of the following methods
depending on the purposc and potential usc of the sample:

9.3.1 Using a knife, wire saw, or other sharp cutting device,
trim the cutside portion of the sample a sufficlent distance 10
see i the material is layered. and 1o remove malerial that
appears more dry or more wet than the main portion of the
sample. If the existence of layering is questionable, slice the
sample in bhalf. It the material is layered, see B 3 4

9.3.2 If the material ts not fayered, oblain the specimen
meeting the mass requirements in 8 1 by: (/) taking all or
one-half of the intervai being lested; (2) irimming a represen-
tative slice from the interval heing tested; or (3) rimming the
exposed surface of one-half or from the Inferval being tested.

MNerpti 5—Migrmion of moisture in some coliesionless soils may reguire
that the entire sample be iested.

9.3.3 If a tayered material (or more than one material type is
encountered), select an average specimen, or individual speci-
mens, or both, Specimens must be properly identified as to
location, or what they represent, and appropriate remarks
entered on the wst data forms or test data sheets.

10. Procedure

10.1 Determine and record the mass of the clean and dry
specimen container and its tid. if used along with its identifi-
cation number.

10.2 Select representative test specimens in accordance with
Section .

i0.3 Place the moist test specimen in the contaiper and, if
used, set the lid securely in position. Determine the mass of the
container and moist specimen using a balance {see » ¥ and
Tuhie 1) selected on the basis of the specimen mass or required
significant digits. Record this value.

Not: 6—To assist in the oven drying of large st specimens. they
should be placed it containers having o larpe surface area fsuch as puns)
and (he material broken up into srgller aggregations.

{34 Remaove the lid (if used) and place the container with
the moist specimen in the drying oven. Dry the specimen tu a
comsiant mass. Maintain the drying oven al 110 & 3°C unless
otherwise specified (see 1 4). The tme required to obain
constant mass witl vary depending on the type of material, size
of specimen. oven type and capacity, and other factors. The
influence of these factors generally can be established hy good

Copyngts ASTHN internnnens!
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judgment and experience with the materials being tested and
the apparatus being used,

10.4.} In most cases, drying a test specimen overnight
(about 12 to 16 h} is sufficient, especially when using forced
draft ovens. In cases where there is doubt concerning the
adequacy of drying to a constant dry mass, see 3.3 1 and check
for additional oss in mass with additional oven drying over an
acgequate time period. A minimum time pericd of two hours
should be used, increasing the drying time with increasing
specimen mass. A rapid check to see if a relatively large
specimen (> than about 100 g of material) is dry: place a small
strip of torn paper on top of the material while it 1S in the oven
or just upon removal from the over. If the paper strip curls the
material is mot dry and requires additional drying time.
Specimens of sand may often be dried to constant mass in a
period of about 4 i, when a forced-draft oven is used.

10,42 Since some dry materials may absorb moisture from
drying specimens that stiil retain moisture, dried specimens
shall be removed before placing moist specimens in the same
oven: unless they are heing dried overnight.

10.5 After the specimen has dried f0 constant mass. remove
the container from the oven {and replace the lid it used). Allow
the specimen and container to cool to room temperature or uitil
the container can be handied comfortably with bare hands and
the operation of the balance will not be affected by convection
currents or heat transmission or both. Delerming the mass of
the container and oven-dried specimen using the same type/
capacily batance used in 10 3, Record this value. Tight fitting
lids shall be used if it appears that the specimen is absorbing
moisture from the alr prior (o determination of fis dry mass.

10.5.1 Cooling in & desiceator is acceptable in place of tight
fitting lids since it greally reduces absorption of moisture {rom
the atmosphere during cooling.

0.6 A copy of a sample data sheet is shown in Appendis
¥ 1. Any data sheet can be used, provided the form contains alt
the requived data.

11. Calculation
1.1 Calculate the waler content of the maierial as foliows:

W= (M, — MM, — M]X 500 = (M M) X 100 (1)
where:
W = waler coatent, %,
M, = mass of container and moist specimen, g.
M, = mass of container and oven dry specimen, g,
M, = mass of container, g,
M., = mass of water (M. =M. — M. n) & and
M, = mass of oven dry specimen (M, =M _, - M) g

12. Report: Test Data Form/Sheet

{2.1 The method used 1o specify how data are recorded on
the test data sheets or forms. as given below, is the industry
standard. and are represemtative of the significam digits that
should bhe retained. These requirements do not consider in situ
material variation, use of the daa. special purpose swdies, or
any considerations for the user’s objectives. It is common
practice (o increase or reduce significant digits of reported data
commesnsurate with these considerations. It s heyond the scope

" Licenseemimes Group Lidhg 47485057
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of the standard to consider significant digits used in analysis
method for engineering design.

12.1.1 Test data forms or test data sheets shall include the
following:

12.1.2 Kdensification of the sample (material) being tested,
such as boring number, sample nuimber, test number, container
namber ete.

12,13 Water content of the specimen (o the nearest | % for
Method A or 0.1 % for Method B, as appropriate based on the
minimum mass of the specimen. If this method is used in
concert with another method, the water content of the specimen
shouid be reported to the value required by the test method for
which the water content is being determined. Refer o Practice
D602t for guidance concerning significant digits, especially if
the valug obtained from this test method is to be used to
calcutate other redationships such as unit weight or density. For
instance, i it is desired to express dry unil weighi, as
determined by 7263 to the nearest 0.1 1bEF° (0.02 kN/m™), it
may be necessary (0 use a balance with a grealer readability or
use a larger specimen mass 1o obwin the required significant
digits the mass of water so thai the water content can he
determined to the required significant digits. Also, the signifi-
cant digits in Practice 30026 may need to be increased when
calcutating phase relationships requiring four significant digis.

12.1.4 Indicate if test specimen had a mass less than the
mnimum indicated in % I,

12.1.5 Indicate if test specimen contained more than one
material type {layered, etc.).

12.1.6 Indicate the drying temperature if different from |10
+ 5°C.

12.1.7 Indicate if any material (size and amouni) was
excluded from the test specimen.

12.2 When reporting water content in tables, figures, ete.,
any data not meeting the requirements of this test method shall
be noted, such as not meeting the mass, balance, or temperaiure
requirenients or a portion of the material is excluded from the
1St speciman.

13, Precision and Bias

13.1 Statemenrs on Precision®:

13.1.1 Precision—Test data on precision is not presented
due to the nature of the soil or rock materials tested by this test
method. 1 is either not feasible or too costly at this time 1o have
ten or more laboratories participate in a round-rohin testing
program. Any varialion observed in the data is just as likely to
be due to specimen varfalion as o operator or laboratory
lesting variation.

§2.1.2 Subcommitiee D18.03 is seeking any dats from the
users of this test method that might be used 1o make a limited
slatement on precision.

13.1.3 Bins—There it no accepted reference value for this
test method, therefore, bias cannot be dewermined.

14. Keywords

4.1 aggregate; consistency; index property; lahoratory;
moisture analysis; moisture content; soil; water coment

“ Supporting data have been filed a1 ASTM Inlernational Headquanars and may
bt ohigined by requesiing Research Regon RR:DI3-1308
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APPENDIX
{Ronmandatory Information)

X1, WATER CONTENT OF SOIL AND ROCK SAMPLE DATA SHEET

Project Name: Praject Numbaer;
. X Method A
Test Method: — Melhod B
Laboratory Number G4-725-5 04-726-5 04-727-S
Boring Number B-1 B-2 B-2
Field Mumber SPT-1 £PT-2 SPT-2a
Coniainer / Lid Nomber 725 728 787
Container Mass, g M, 7701 731.7 77086
Conlaingr+Moist Specimen Mass, g My, 1695.3 2008.4 1827.9
8/20/2004 820620604 8/20/2004
Cate / Time In Oven o790 0700 0700
initial Container+«Oven Diy Speacimen Mass, g 1721.4 18721 178
BI20/2004 B2012004 B20/2004
Dakg / Tire Oui of Oven 1200 1500 1200
Secondary Conlaingr+Oven Dry Specimen Mass, g 17214 1801 .2 1660.8
- B20/2004 B20/2004
Date / Time Cu of Oven - 1660 1600
Final Conlziner+Oven Dry Specimen Mass, g, M, 1721.4 1801.2 1660.5
B21/2004 B/2172004
Date / Time Qut of Oven - 0700 4700
Mass of Water, g, M, = M. - M_.. 17349 207.2 167 1
Mass of Sclids, g, M, = Moy - M, 981.3 10689.5 8902
Water Content, %, w = (M, /M) X 100 18 19 19
Unified Soll Classification Group Symbol {Visual) GG GC GC
Jin., t%in, Jin, 1% In., din, i4in, 3in, 1Yin, %in, | 3 in, 1% in., % in.,
Bold Approximate Mazitimurn Grain Size {Visugl) % in,, Y in., #4, Y4 in., % in., #4, Ya n., Yain., #4, Yain., #4, #10, < Ya ., #4, #10, <
#ig, < 210 #iQ, < #10 #10, < 210 #10 ¥10
Oven Temperature if Other Than 110°0 — — —
Remarks:
Tesiad By Date: Chetked By:
Dry Mass By: Date: Spol Ghecked:
Calculaied By: Date: Reviewed By:

Capyriht ASTM ffomanosas!
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SUMMARY OF CHANGES

Committee D18 has identified the location of selected changes to these test methods since the last issue,
D2216-03. thal may impact the use of these test methods. (Approved July 1, 2010)

{7} Replaced "has to” with “must™ in 1.10), (6 Added “that siill retain moisture” ip 10042,
(2) Added the “hear resisiant” 1o “gloves” in 6 <. (7) Replaced “its being heated” with “heat transmission” in
{3) Replaced “reduce™ with “minimize” in 7 1. s,
“w .. P . - A L y R .
(4} Added “or required significant digits” in 1.3, (8) Added “as determined by DTV in 12,1

(5} Revised 104§ to clarify the process of obtaining and
checking to determine if a specimen had reached constant
mass.

{9) Added Footnote A 1o Fuble | refiecting balance require-
rments outhined in 6 2,

ASTM Infemational 1zkes no position respecling the validily of any palent rights asserted in connaction with any jtem mentioned
i1 thig standard. Users of this standard are éxpressly advised that deterrrination of the validily of any such patent rights, and the sisk
of infringement of such rights, are entirely their own responsibility.

- This standard is subject to tevision at any time by the responsible lechnical commillee and rust be reviewed every live years and
i not revised, either reapproved ar withdrawn. Your comments are invited either for revision of this standard or for sdditional slandards
and should be addressed lo ASTM International Headgquariers. Your comments will raceive careful consideration at a meeting of the
responsible lechnical commiltes, which you may allend. I you feel that vour comments have nol reécelved a fair hearing you stould
make your views known o fhe AST Commities on Standards, at the address shown below.

This standard Is copyrighted by ASTM international, 100 Barr Harbor Diive, PO Box C700, West Conshohocken, PA 19428-2959,
United Siales. Individual feprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 810-832-9555 (fax), or service@astm.org (e-mail}; or lhrough the ASTM websile
fwwwasim.org) Permussion rghis to pholocopy the sitandard may also be secwred from the ASTHM websile (wwvasim.ong!

COPYRIGHT)).
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Designation: D 4220 — 95 (Reapproved 2007)

L .
il

INTERNATIONAL
Standard Practices for
P i dTi ting Soil S fes?

resServing an ransporing ook wanmpies

This siandard 35 issued wnder the fixed designation D 4220: the number immediately folowing the desigsalion indicaes the year of
eriginal adoption or. in the case of revision. the year of last revision, A munber in parentheses indicaes the year of last reapproval. A
superscript epsilon {e) indicates an editorial change since the kast revision or reagproval.
Thix stenelurd fure heent approved for wve by agenvies of the Depurtent of Defense.

1. Scope*

1.} These practices cover procedures for preserving soil
samples immediately after they are obtained in the field and
accompanying procedures for trapsporting and handling the
samples.

1.2 Limitations—These practices are not intended to ad-
dress requirements applicable to transporting of soil samples
known or suspecied to contain hazardows materials.

1.3 This standaid does not purport 10 address afl of the
safety concerns, If any, associated will its use. It iy the
responsibility of the user of this siandard to esiablish appro-
privte safety and health practices and determine the applica-
bitity of regulatory limitations prior to use. See Section ¢

2. Referenced Pocuments

2.1 ASTM Siandards: >

1Y 120 Guide to Site Characterization for Engineering De-
sign and Construction Purposes

1055 Terminolngy Relating to Seil, Rock, and Contained
Fluids

Jr 115 Practice for Soit Investigation and Samwpling by
Auger Botings

P 15R6 Test Method for Peretration Test and Split-Barrel
Sampling of Soils

17 1357 Practice for Thin-Walled Tube Sampling of Soils
for Geotechnical Purposes

13 2488 Practice for Description and tdentification of Soils
{Visual-Manual Procedure)

' These practices are under tie jurisdicuon of ASTM Commities D1 on Soil and
Rock and are ghe direer respansibility of Subcammines 218,02 on Sampling and
Reimed Field Testing for Soif Evaluntions.

Coment edition approved July 1. 2007. Published August 2007, Criginally
approved i 1983 Last previcas edition spproved in 2000 &3 B 4220 95 (2000

* For referenced ASTM siandards. visil the ASTM website. wivw.astm.org. ar
contact ASTM Customer Service af servica@asun.org, For Amuwd Bowk af ASTM
Stcoederredy volume infoemation, vefer io the standard s Docwinen: Symmary page on
the ASTM websire,

1Y 35560 Practice for Thick Wall, Ring-Lined. Split Barrel,
Drive Sampling of Soils

D 4564 Test Method for Density of Soil in Place by the
Sleeve Method

P 4700 Guide for Soil Sampling from the Vadose Zone

3. Terminology

3.1 Terminology in these practices is in accordance with
Terminology 13 653,

4. Summary of Practices

4.1 The various procedures are given under four groupings
as follows:

4.1.1 Group A—Samples for which only general visual
identification is necessary.

4.1.2 Group B—Samples for which only water conteni and
classification fests. procior and refalive density, or profife
loggipg is required, and bolk samples that will be remolded or
compacted o specimens for swell pressure, percens swell,
consofidation. permeability, shear testing, CBR, stabilimeter,
etc.

4.1.3 Group C—Intact, naturaily formed or field fabricated,
samples for density determinations: or for swell pressure.
percent swell, consolidation, permeability 1esting and shear
testing with or without stress-strain and volume change mea-
surements, o include dynamic and cyclic testing.

4.1.4 Group D—Samples that are fragile or highly sensitive
for which tests in Group C are reguired.

4.2 The proceduse(s) to be used shouid be included in the
project specifications or defined by the designated responsible
person.

5. Significance and Use

3.t Use of the various procedurss recommended in these
practices is dependent on the type of samples obtained (Prac-
tice Ly 420), the type of testing and engineering propertics
requived, the fragility and sensitivity of the soil, and the

=4 Summury of Changes seclion appears at the end of this standard.
Copynghl @ ASTM fnlemakonal, 100 Barr Harbar Diive, PO Box G700, West Conshoharker, FA 18428-2359. Unied Stales.
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48 D 4220 - 95 (2007)

climalic conditions. In all cases, the primary purpose is [0
preserve the desired inherent conditions.

5.2 The procedures presented in Lhese practices were prima-
rily developed for soil samples that are to be tested for
engineering properties, however, they may be applicable for
samples of soil and other materials obtained for other purposes.

6. Apparatos

4.1 The type of materials and containers needed depend
upon the conditions and requiremenis listed under the four
groupings A to D in Section 4. and also on the climawe and
ransporting mode and distance.

6.1.1 Sealing Wax, includes microcrysialline wax, paraffin,
beeswax, ceresine, carnaubawax, or combinations thereof.

6.1.2 Mewl Disks, about s in. (about 2 mm) thick and
having & diameter slightly less than the inside diameter of the
tube, liner, or ring and to be used in union with wax or caps and
tape, or hoth.

6.1.3 Wood Disks. prewaxed, | in. (23 mm) thick and having
a diameter slightly tess than the inside diameter of the liner or
tube.

6.1.4 Tape, either waterproof piastic, adhesive friction. or
duct tape.

$.1.5 Cheesecloh, 10 be used in union with wax in aiterna-
tive lavers.

6.1.6 Caps, either phastic, rubber or metal. to be placed aver
the end of thin-walled tubes (Practice |} [587), Hners and rings
{Practice 1} 3333). in union with tape or wax.

6.1.7 O'ring (Sealing End Caps). used 0 seal the ends of
samples within thin-walled tubes, by mechanically expanding
an Oring against the tube wall.

Nuw: I—Plastic expandable end caps are preferred. Metal expandable
end caps seal equally well: however. long-term storage may cause
corrosion problems.

G.1.8 Jars, wide mouthed, with rubber-ringed lids or lids
hned with a coated paper seal and of a size o comfortably
receive the sample. commonly ¥2 pt (250 mL), | pt (500 mL)
and quart-sized (1000 mL).

8.1.9 Bag, either plastic, hulap with liner. burlap or cloth
type (Practice 0 14572,

6.1.30 Packing Material, to protect against vibration and
shock.

6.1.11 Insulaiion. either granule {bead). sheet or foam type,
0 resist temperature change of soil or o prevent freezing,

6.1.12 Sample Cube Boxes, For transporting cube (block)
samples. Constructed with Y w0 3 in. (13 to 19 mm) thick
plywood (marine type).

6.1.13 Cxlindrical Sample Containers. somewhat larger in
dimension than the thin-walled tube or liner samples, such as
cvlindrical frozen food carlons.

6.1.14 Shipping Containers, either bax or cylindrical type
and of proper construction to protect against vibration, shock,
and the elements. to the degree required.

Now 2--The length. ginh and weighi restrictions for cominercial
ransportalion must be considered.

G.1.15 ldeniification Material—This Includes the necessary
writing pens, tags, and labels to properly identify the
sample(s).

7. Precautions

1.1 Special instructions, descriptions, and marking of con-
tainers must accompany any sample that may include radioac-
tive, chemical, toxic, or other contaminamt material.

7.2 Luerstate transporiation containment, storage, and dis-
posal of soil samples obtained from certain areas within the
United States and the transporiation of foreign solls into or
through the United States are subject (o regulations established
by the U.S. Department of Agricolture. Animal. and Plant
Health Service, Plamt Protection and Quarantine Programs, and
possibly to regulations of other federal, state. or local agencies.

7.2.1 Samples shipped by way of common carrier or U.S.
Postal Service must comply with the Department of Transpor-
tation Hazardous Materials Regolation, 49CRF Part [72,

7.3 Sample traceability records (see 11z 1) are encouraged
and should be required for suspected contaminated samples.

7.3.1 The possession of all samples smust be traceable, from
collection o shipmerd to laboratory o disposition, and should
be handled by as few persons as possible,

7.3.2 The sample collector(s} should be responsible for
initiating the sampie traceability record; recording the project,
sample dentification and location, sample type, date, and the
number and types of containers.

7.3.3 A sepavate traceability record shall accompany each
shipment.

7.3.4 When teansferring the possession of samples the
person(s) relinquishing and receiving the samples shail sign,
date, record the time, and check for compléleness of the
iraceability record.

8. Procedure

8.1 Al Samples—Properly idenlify samples with tags, la-
bels, and markings prior to transporting them as follows:

&.1.1 Job name or number, or both,

8.1.2 Sampling date,

8.1.3 Sample/boring number and location,

8.1.4 Depth or elevation, or hioth.

8.1.5 Sample orientation.

8.1.6 Special shipping or laboratory handling insiructions,
ot both. including sampling orientation, and

8.0.7 Pevetration test data, if applicable (Test Method
Fa 1 556).

8.1.8 Subdivided samples must be identified while main-
taining association (o the original sample,

8.1.9 If required, sample traceabulity record.

8.2 Group A—Transport samples in any type of container by
way of available transporation. I wransported commerciaily.,
the container need onfy meet the minimuim requirements of the
lranspoiting agency and any other requirements necessary ©
agsure against sampie loss.

8.3 Group B:

8.3.1 Preserve and transport these samples in sealed. mois-
tureprool containers. All containers shall be of suRicient
thickness and strength 1o ensure against breakage and moisture
loss, The container types include: plastic bags or pails, glass or
plastic {provided they are waterproof) jars, thin walled tubes.
tners. and rings. Wrap cylindrical and cube samples in suitable

~
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Projeti:

Sample identitication/Traceability Record
{Controlied Document)

*

Shippad by:

w.0.

Shipped to:

Autsntion of:

Comments:

Harardens materialp suspacied?

lyasinol

hpml!nn Ssinple Ha, oy Anatysie/Tozt  CapHonal)
oInt Locatien Flolg io & Dyte Tyew Coniainore Haquited Lep 13
Sampler(s) {(signolure)
Fleid ID Reotaguished by: {xignaiura) DulefTima Recelvag by: {aigadfure} DarglTims Commgniz

Sklpment prapared by: {signaiura)

Reécelved tor Lab by: {signafural

BatalTima

DatefTime ___ _-

Rocsiving Laboratery: Figase return originel form sfter slgning 1or recolipt of samples.

Shipment methoa:

Gommente

FiG. 1 Exampie Layoul of Record Form

plastic film or aluminum foil, or both, (hwe 3) and coat with
several tayers of wax, or seal in several layers of cheesecloth
and wax,

8.3.2 Transport these samples hy any availgble transporta-
tion. Ship these samples as prepared or placed in larger
shipping containers, including bags, cardboard, or wooden
boxes or barrels.

Nz 3-—Some soils may cause holes 1o develop in afuminum foit, due
to corrosion. Avoid direct contact where adverse affecis o sample
COMposUIpn are a coacern.

8.3.3 Plastic Bags—Place the plastic bags as tightly as
possible arcund the sample, squeezing out as much air as
possible, They shall he 3 mil or thicker to prevent leakage.

8.3.4 Glass-Plastic Jars—IE the jar lids are not rubber
ringed or fined with new waxed paper seals, seal the lids with
Wax.

8.3.5 Plastic Pails—1f the plastic pail lids are not air tight.
seal them with wax or tape.

8.3.6 Thin-Walled Tubes:

8.3.6.1 Expandafie Pockers—The preferred method of
sealing sample ends within tubes is with plastic. expandable
packers.

Copynght ASTM Intemationat

Ne

Provided by 1HS uiddor tcanss witk ASTM
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8.3.6,2 Wux With Disks—For short-term sealing, paraffin
wax is acceplable. For {ong term sealing {in excess of 3 days)
use microcrystalline waxes or combine with up to 5%
beeswax or resin, for betier adherence to the wall of the tube
and to reduce shrinkage. Several thin layers of wax are
preferred over ope thick layer The minimum fnal thickness
shail be 0.4 in. (10 mm).

8.3.6.3 End Caps—Seal metal, subber, or plastic end caps
with tape. For long term siorage (longer than 3 days), also dip
them in wax, applying two or more layers of wax.

8.3.64 Cheesecloth and Wax—Use alternating layers (a
minimum of two each) of cheesecloth and wax to seal ¢ach end
of the tube and stabilize the sample,

Mo 4—Where necessary. spacers of approprisie packing materiais, or
both. must de placed prioy 10 sealing the wbe ends to provide proper
confinement. Packing material nwust be nonabsorbent and must maiutain
its properties © provide the sume degree of continved samaple snppoit.

B3.7 Liners and Rings—Refer to 536 sor 40005,

8.3.8 Exposed Samples:

8.3.8.10 Crlindrical, Cubical or Other Samples Wrapped in
Plastic, such as polyethylene and polypropylene. or foil should
be further prolecied with & minimum of three coats of wax.

]
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8.3.8.2 Cvlindrical and Cube Samples Wrapped in Cheese-
clotir and Wax, shall be sealed with 2 minimum of three fayers
of each, placed alternatively.

8.3.8.3 Carton Samples (Frozen Food Cartons)—Samples
placed in these containers must be situaled so thal wax can be
poured completely around the sample. The wax should il the
void between the sample and container wall. The wax should
be sufficiently warm to flow, but not so hot that it penetrates the
pores of the soil. Generally, the samples should bhe wrapped in
plastic or fotl before being surrounded with wax.

8.4 Group C:

8.4.1 Preserve and seal these samples in containers as
covered in 5.2 In addition, they must be protected against
vibration and shock, and protected from extreme heat or cold.

$.4.2 Samples iransported by the sampling or testing agency
personnel on seats of antomobiles and trucks need only be
placcd in cardboard boxes, or similar containers into which the
sealed samples fit snugly. preventing bumping, rolling, drop-
ping, etc.

8.4.3 For uH other methods of ransporting samples, incfud-
ing automobite trunk, bus. parcel services, truck, boat, air, ete.,
place the sealed samples in wood, metal. or other type of
suitable shipping containers that provide cushioning or insula-
tion, or hoth, for each sample and conlainer. Avoid trangporting
by any agency whose handling of containers is suspect.

8.4.4 The cushioning material {sawdust, rubber. polysty-
reng, wrethane foam, or matevial with simitar resiliency) should
completely encase each sample. The cushioning between the
samples and walls of the shipping containers should have a
minimum thickness of | in. (25 mm). A minimem thickress of
2 in. (50 nvm) shall be provided on the coatainer foor.

8.4.5 When required, the samples should be shipped in the
same orientation in which they were sampled. Otherwise,
special conditions shall be provided such as freezing, con-
totled drainage, or sufficient confinement, or a combination
thereof, (0 maintain sample integrity.

8.5 Group D

8.5.1 The requirements of 8.4 must be mel. in addition to the
following:

8.5.1 1 Samples should be handied in the same orientation
in which they were sampled, including during transportation or
shipping. with appropriate markings on the shipping container.

$.5.1.2 For all modes of private or commercial transporla-
tion, the toading, transporting and untoading of the shipmem
containers should he supervised as much as possible by a
qualified persom.

Mo 5-—A qualified person may be an engineer. geologist. soil
scigniist, soils technician or responsibie person designated by the project
MANRGLY.

8.6 Shipping Contoingrs {(see Lig. - for typical contain-
ers}:

8.6.1 The following features should be included in the
design of the shipping cortainer for Groups C and D.

8.6.1 I 11 shouid be reuseable,

5.6.1.2 1t shontd be constructed so that the samples can be
maintained, at all times. in the same position as when sampled

or packed, or both.

§.6.1.3 It should include sufficient packing material (0
cusfion or isolate. or both, the tubes from the adverse effect of
vibration and shock, and

8.6.1.4 It should include sufficient insulating material o
prevent freezing, sublimation and thawing, or undesirable
temperature changes.

8.6.2 Wood Shipping Containers:

8.6.2.1 Wood is preferred over metal. Quidoor (marine)
plywood haviag a thickness of V2 and ¥ in. (13 0 |9 mm) may
be used. The top (cover) should be hinged and latched, or
fastened with serews.

8.6.2.2 The cushioning requircments are given i B.4.4.

B.6.2.3 For protection against freezing or extreme tempera-
ire variation. the entire shipping container should be lined
with a mintmum insulation thickness of 2 in, (50 mm).

8.6.3 Metal Shipping Containers—The metal shipping con-
tainers must wmcorporale cushioning and insulation material to
minimum thicknesses in accordance with X 6.2 although
slightly greater thicknesses would he appropriate. Allerna-
tively, the cushion effect could be achieved with a spring
suspension system, or any other means that would provide
sinnlar protection,

8.6.4 Shrene Shipping Containers—Bulk styrene with slots
cul to the dimeasions of the sample tube or Huer. A proleciive
outer box of plywood or reinforced cardboard is recommended.

8.6.5 Orher Containers—Containers constructed with fami-
nated fiberboard, plasiic or reinforced cardboard outer walis,
and properly lined, may alse be used.

9. Reporting

9.1 The data obtained in the field shall be rvecorded and
shoutd incfude the following:

9.1.1 Job name or number. or both,

9.1.2 Sampling daic(s),

9.1.3 Sample/boring number(s) and location(s),

9.1.4 Depth(s) or elevation(s), or hoth,

9.1.5 Sample orientation.

9.1.6 Groundwater observation, if any.

9.1.7 Method of samapling, and penetration test da, if
applicable,

9.1.8 Sample dimensions.

9.1.9 Soil description (Practice D) 248¥),

9110 Names of techaician/crewman, engineer, project
chief, etc.,

%111 Comments regarding contaminated or possible con-
lamminated samptes.

9.1.12 I used, a copy of lraceability records.

9.1.13 Weather conditions, and

9.1.14 General remarks.

10. Precision and Bias

10.1 This practice provides qualitative and general informa-
tion enly. Therefore, 2 precision and bias statemenl is not
applicable.

11, Keywords
H.1 preservation: soil samples: transportation
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{356 mm)

4* {102 mm) Dia. Hole
‘1 holes eath, top &
bottom dividers)

/2% (13 mm) Dia. RODE_{,II’///Z////
Hardle (one this side

& one opposite side)

Minimum of 7 nails in

each Tong edge {preferably
also glued with waterproof
glue)

Paddin

am 2 tm) of urethane foam

4 b 4220 - 95 (2007)

{or equivalent) in the bottom
of the box. 1" {25 mm} around

the tubes and on top.

Ma terial

3747 {18 mm) thick plywood

(exterior grade)

FIG. 2 Shipping Box for 3-in, (76-mm) Thin-Walfed Tubes
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Top & bottom nust be screwed
into place {top may be hinged
and latched)
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(254 mm)

18"
(457 mm)

9"
(254 mm)
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(2} Photo of Open Box For 5™ (127 mm) Tubes

2 mm)
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(483 mm)
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{b) Top View

-
{1027 mm)

30 {1016 mm)

VA (38 man) T 37 (940 pun) TN 1B 38 mm)

{c) Froni View

e
{76 mm) v
{192 mm|

[—'— R A v
" T! \TJ ¥ TR

{d} Side View

M {=-Top and bottom hatves are identical.
FIG. 3 Styrene Shipping Comtainer for 3-in. (78-mm) Thin-Walled Tuhes
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A TOPVIEW
{ild open} )
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Yo mnoad? ¥

B FRONT ViEW

O _FUOTOGAAPHOFR OREN BOY
Bit.L OF MATERIALS
ltem Itam
Mo, Descriplion of tem Cuanfity  No, Dascription of ltem Quantity
1 Phwood, 4 1t by & fl by 36 in. (1220 mm by 2440 mm by 18.1 1 Sheet 13 Aope, nylon, '4in. {12.7-mm) diameter, sofid braided 5 H (1524 mm)
mim) exterior, Grade AC 14 Cushioning Materizl, expanded polysiyrene foam 10 126,26 mP)
2 Hinge. sirap, 4 in. (102 mm), heavy duty with screws 4 Each  Notes- (3} Alf wooden components can be sawed from one shest of plywoad.
3 Hasp, hinged, 42 in. {114 mm), with screws 3 Each (b) This shipping box will accommodate approximately three 3-in. {76-mm}
4 Seraw, Wood, Steal, Flathead, No. 10 by 134 in, (44,5 mm) 72 Each diameter tubes OF two B4n (127-mm) diameter tbes up to 30 in. (762
& Bofl, Maching, 3 in (8.5 mm), with nut 1o secure hasps 3 Each mm) in length. For longer ubes the inside height of the box musl be &
6 Washer, Hal, % in. (8.5 mwn} 3 Each minimum of &«in. (152 mm} greater than the length of the fube.
7 Eye Bolt, Vi by 2 in, (6.4 mm by 51 ram), Zinc-plated, with nut 8 Each {¢) All joints to be glued and fasiened with scraws.
8 \Washer, flal, ¥ r, (6.4 mm), lor hasp balt 8 Each {d) Stercil all sides as loflows {See Views B and C).
G 8 Hooks, 2 In. (21 mm), open, zinc-plated 8 Each T0 PROTECT FROM FREEZING
10 Clarmp, adjuslable, hose, steel, worm scréw adjusiment 2 Each (e} Alter suspending samples as indicated above, all vold space must be
11 Spring, expansion 8 Each fiked with a suilable resilient packing material.
12 Adhesive, wootworking ilb (454 g)

FIG. 4 Suspension System Containgr for Thin-Walled Tubes
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{a) 55-gallon {0.27 m3} o0il barrels
with sections of styrofecam insula-
tion; welded handies on each sida.

{b) Same as {a) showirg barrel ready
for shipment. Steel 1ids bolted
on to provide tight seat.

MNone [—Twg in (51 mm) of foam rubber covers 2 in. of styrofoam at
the base. One in. (25 mm) of foam rubber overtays the top of the tubes.
and the remaining space {o the Hid is fitled with styrofoam.

FiGi. 5 Shipping Barref for Thin-Walled Tubes

?
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Semi Syonge Rubber

* {25mm) top and all side
surfaces; or, 24" (64 m)
insulatipn.

34" (1% mm} Binding Steel

3" (76 mn) foam rubber over base; or
1" {25 mm) foam rubber and 21 (64 mm)
18 CGauge Galvanized Steel insulation over base,

1" % 14" (25 mm x 38 mm)

FiG. 6 Shipping Box for Liner {Short Tube} or Ring Samples

1]

Capyrighl ASTM rewnakonat .
Hursvidnd by IS vader leanse vith ASTH Lienseem Ames Group LIE947 185001
Ha raproduciion ot king ¢ fted withou leanse kom MG Mol (or Respla, £2/312011 1422208 MOT




&l 4220 - 95 (2007)
{1

Yo additional layers of cheese
cloth and warm rubbed wax
are required to seal

the sample.

g I (,——"
W One thickness of cheese cloth

is placed ageinst so0i), follewed

by an application of warm wax,
s /{ rubbed by hand,
T \

A. METHDD FOR SEALING HAND-CUT INDISTURBED SAMPLES

Fill space between seated
sample and box with moist

sawdust packed to support
sample,

B. ENCASE EASILY DISTURBED SAMPLES IN 20% PRICR TO CUTTING

Box constructed with 172%-374" {13 -39 mm) exterior plywood.
FIG. 7 Preparing and Packaging 2 Block Sample

SUMMARY OF CHANGES

This section identifies the location of changes (© these praclices thar have been incorporated since the last
issue. Commitlee D-18 has highlighted those changes that affect the technical interpretation or use of these
practices.

{1y Section 1! was added since the last revision.

{2} Section 2 was expanded since the fast revision.

I3
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ASTM International takes no position respecling the validity of any palent rghts asserted in comnaction with any ferm menplioned
in this siandard. Users of this standard are expregsly advised that delesmination of the validity of any such palen righls, and the sisk
of infringament of such rfghls, ere entirely thair own rasponsibifity.

This slangdard is subject Io revision at any lime by ihe responsible tachnical cormmiitee 2rd must be mviewed svery fivg years and
ifnel revised, either reapproved ar withdrawn. Your comments are invited either for revision of this standard or for additional standards
and shauld be addresséd to ASTM Internaficnal Headguantars. Your comments will receive carelut consitderation al a meeting of the
rasponsile lechnical committee, which you may sttend, If you leef thal your commenis have nol received a fair hearing you should
make your views knowrn 10 the ASTR Commiliee on Standards, at the atldress shown below.

This standard is copyrighted by ASTH Infernalional, 100 Barr Harbor Drive, PO Box (700, Wes! Canshgahpchen, PA 18428-2958,
Unitad Stzles, Intividual reprinls (single or mulliple coples) of this standard may be obtained by conlacling ASTM af the above
address or at G10-832-9585 (phonej, B10-B32-9555 {lax), or service @astm.org (e-mail); or through the ASTM websie
{wwwasim.org).
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INTERNATIONAL

Standard Test Methods for
N . X " o o |

Liquid Limit, Plastic Limit, and Plasticity Index of Soils
This standard is issued under the fised designation D4318: the number inunediaiely following the designation indicates the year of
original adoption or. in the case of revision. the year of fast revision. A number in parentheses indicates the year of tast reapproval, A
superseript epsilon (&) indicates an editordal change since the last revision or reapproval.
This standered bus heen approved for use by ugencies of the Deparinent of Definse.

1. Scope”

.1 These test methods cover the determinagion of the liguid
limis, plastic timit, and the plasticity index of soils as defined
in Section ¥ on Terminology.

i.2 Two methods for preparing test specimens are provided
as follows: Wer prepararion method, as described in 10|, Dry
preparafion method, as described in 1112, The method to be
used shall be specified by the requesting authority. If no
method is specified, use the wet preparation method.

1.2} The liquid and plastic {imits of many soils thay have
been allowed to dry before lesing may be considerably
ditferent from values obtained on noo-dried samples. IF the
liquid and plastic limits of soils are wsed o correlate or
estimale the engineering behavior of soils in their natural nmoist
state, samples should notl be permitied io dry before tesiing
unless dala on dried samples are specifically desired.

1.3 Two methods for determining the liquid limil are pro-
vided as follows: Method A, Multipoint test as described in
Sections T w12, Merhod B, One-point test as described in
Sections 1% and T4, Fhe method to be used shall be specified
by the requesting authority. If no method is specified. use
Method A,

1AF The multipotot Hguid limit method is generally more
precise than the one-point method. It is cecommended that the
spultipoint method be used i cases where test results may be
subject to dispute. or where greater precision is required.

1.3.2 Because the one-point method requires the operaior o
judge when the test specimen is approximately at ils liquid
limit, it is particularly not recommended for use by inexperi-
enced operators.

£.3.3 The correlation on which the calculations of the
one-point method are based may not be valid for cerlain soils.
such as organic soils or soils from a marine environmen, It is

P This standard is under the jurisdiction off ASTM Comminee 18 on Soil and
Rock and is the direct responsibility of Subcomminee 118.03 on Texture, Plusticity
and Density Characteristics ol Seils.

Cuzrent edition approved Jon. 15, 2010, Published iMarch 2010, Giginally
approved in 1983 Lagt previous edition appsoved in 2005 as D4318 - 05, DOL
16.1520/D4318-10.

strongly recommended that the liquid limit of these soils be
determined by the multipoint method.

1.4 The plastic Hmil test is performed on material prepared
for the liguid limit test.

[.5 The liguid fimit and plastic limit of soils (along with the
shrinkage limi} are often collectively referred to as the
Atterberg limits, These limits distinguished the boundaries of
the several consistency states of plastic soils.

1.6 The composition and concentration of soluble salis in a
soil affect the values of the liquid and plastic lirits as well as
the water content values of soils (see Method [345.4}). Special
consideration should thercfore be given to soils from a marine
enviromment or other sources where high soluble salt concen-
tralions may be present. The degree to which the salts presemt
in these soils are diluted or concentrated must be given careful
consideralion.

1.7 The methods described herein are performed only on
that portion of a soil that passes (he 425-pum (No. 40) sieve.
Therefore, the relative contributior of this portion of 1he s0il 10
the properties of the sample as a whole must be considered
when using these tesls (o evaluate properties of a soil.

1.8 The values stated in SI units are ro be vegarded as the
standard, except as noted below. The vatues given in parenthe-
ses are for information only.

I.8.1 The standard units for the resilience ester covered in
Annes Al are inch-pound. not S1. The 51 values given are for
information only.

1.9 All observed and calculated values shall conform to the
guidelines for significant digits and rounding established in
Practice {0t)2n,

£.9.1 For purposes of comparing a measured or calculated
value(s) with specified limits, the measured or calculaied
value(s) shall be rounded to the nearest decimal or significant
digils in the specified limits

1.9.2 The procedures used 1o specify how data are collected/
recorded or caleulated, in this slandard are regarded as the
industry standard. In addition, they are represemtative of the
significant digits that generally should be retained. The proce-
dures do not consider material variation, purpose for obtaining
the data, special purpose studies, or any considerations for the

*A Bwmmacy of Chanpges section appears af the end of this standard,
Copyright € ASTM nlemational, 100 Barr Harbor Drive, FO Box CT00, West Conshohgcken, PA 19425-2859. United Stales.
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user’s objectives: and it is common praclice [0 increase or
reduce significant digits of reporied data to be commensurate
with these considerations. It is beyond the scope of this
standard o consider significant digits used in analysis methods
for engineering design,

V10 This standard does not prport 1o address all gf the
safery concerns, if ainy, associated with its use. it is the
responsibilite of the user of this standard to establish appro-
priate safety and health practices and derermine the applica-
bility of reguiarory {imitations prior to use.

2. Referenced Documernts

2.1 ASTM Stondards:*

U702 Pracrice for Reducing Samples of Apgregaie 1o Test-
ing Size

P75 Praciice Tor Sampling Aggregates

DA Goide 1o Stre Characterization lor Engineering e-
sign wnd Construction Purposes

DGR3 Terminology Refating 1o Soit, Rock, and Comained
Fluids

241 Specslication for Makerials Tor Soif-Aggreese Sub-
hasse. Base. wmnd Susface Courses

BTG Test Methads For Laborarory Determination of Wy-
e (Maoistarey Content of Soil and Roek by Mass

PVERT Practice Tor Clussification of Soils for Engineering
Purposes (Unithed Soil Classification Systemi

P38 Practice Tor Classification of Soils and Soil-
Aggregale Mistures Tor Highwisy Constrietsion Purposes

D240 Practice for Minhinen Regudrements for Agencies
Engaged in Testing and/or Inspection of Soil amd Rock as
Used in Ungineering BDesion and Consteuction

P52 Tewe Metlod Tor Pore Water Esyrsctoon and Deter-
mination of the Sclubie Sulr Conmtent ol Saoils by Refrae-
me ey

1735 Gide For Bvaluating, Sclecting. and Specifying
Bakunces and Standard Masses for Use in Soil, Rock, and
Consbruction Migerials Tosting

130026 Priactice fiv Using Significain Digis in Geoteehiniend
an

FEE Specificaton for Woven Wire fost Sieve Cloth and Test
Sheves

FEP7 Practice dor Use of e Terms Precision and Bias in
ASTR] Fest Methods

L0 Practice Tor Comnducting an Inserlaboraiory Stady 1o
Determing the Precision of o fes Methiod

3. Terminciogy

3.t Definitions:

3.1.1 For common definitions of terms in this standard, refer
to Terminology N33,

3.1.2 Anterberg Limirs—Originally, six “limits of consis-
tency” of fine-grained soils were defined by Albert Aterbers:
the upper limit of viscous flow, the liquid Hmid, the sticky limit,
the cobesion Himit, the plastic limit, and the shrinkage limit. In

* For refeienced ASTM standards, wisil the ASTM website. WWSLIEITLOE. 07
contact ASTM Cusiomer Service & serviced asim.org. For Amsied Book of ASTM
Stnufenels volume information, refer (o the standard’s Document Summary page on
the ASTM website,

currenl engineering usage, the term usuafly refers only (o the
liguid Himit, plastic limit, and in some references, the shrinkage
lbmit.

312 consistency—the relative ease with which a soil can be
deformed.

314 liguid limit (LL, w,}—the water content, in percent, of
& soil at the arbitrarily defined boundary between the semi-
liquid and plastic states.

i.1.4.1 Discussion—The uadrained shear strength of soil at
the fiquid limit is considered to be approximalely 2 kPa (0.28
psil.

3.5 plastic fimit {PL, w,)—the water conient, in percent,
of a soil at the boundary between the plastic and semi-solid
states.

3.1.6 plastic soil—a soil which has a range of water conten!
over which i exhibits plasticity and which will retain its shape
on drying.

3.1.7 plasticity index (PI)—the range of waler content over
which a soil behaves plastically. Numerically, it is the differ-
ence between the liquid limil and the plastic timit.

3 1.8 liguidity index—the ratio, expressed as a percentage of
{1} the waler conten) of a soil minus its plastic limit, to (2) its
plasticity index.

39 aoriviny namber (A)—the ratio of (1) the plasticity
index of a seil to (2) the percemt by masy of particles having an
eguivalent diameter smaller than 2 pm.

4. Summary of Test Method

4.1 The specimen is processed o remove any material
retained on & 425-pm (No. 40) sieve. The liquid limit is
determined by performing wials in which a portion of the
specimen is spread in a brass cop, divided in two by a grooving
tool, and then allowed to Row together from the shocks caused
by repeatedly dropping the cup in 2 standard mechanical
device. The muttipoin: Hauid iimit, Method A, requires three ar
more Irials over a range of waler conlents to be performed and
the daia from the trials plotred or caleulated 10 make a
relationship from which the liquid limit is determined. The
one-point liguid limit, Method B, vses the data from two trials
at one waler conient nmultiplied by a correction factor to
determine the tquid limil,

4.2 The plastic limit is determined by alternately pressing
fogether and rolling into a 3.2-mm (¥-in.) diameter thread a
smal] portion of plastic soil until its waler content i5 reduced to
a point at which the thread crumbles and can no fopger be
pressed together and re-roffed. The waier contenl of the soil at
this point is reported as the plastic limit.

4.3 The plasticity index is calculated as the difference
between the liquid limit and the plastie Hmit.

5. Significance and Use

3.1 These test methods are used as an integral part of several
engincering classificarion systems (o characierize the fine-
grained fractions of soils (see Practices 112457 and 1Y32%2) and
to specify the Bne-grained fraction of copstruction materials
(see Specification 121 241). The liguid fimit, plastic limit, and
plasticity index of scils are also used extensively, either
individually or together, with other soil propertics to correlate

Copyright ASTM Imternatons
Frovided by 115 under lioense viih ASTM
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with engineering behavior such as compressibility, hydraulic
conductivity (permeability), compactibility, shrink-swell, and
shear strength.

5.2 The liquid and plastic limits of a soil and is water
content can be used lo express its relative consistency or
fiquidity index. In addition, the plasticity index and the
percentage finer than 2.pm particle size can be used to
determine its activity aumber,

5.3 These methods are sometimes used to evaluate the
weathering characteristics of clay-shale materials. When sub-
Jjected to repeated wetting and drying cycles, the Hquid limirs
of these materials tend w increase. The amount of increase is
considered to be a measure of a shale's susceptibility to
weathering.

5.4 The tiquid limir of a soil containing sebstantial amounts
of organic matler decreases dramatically when the soil is
oven-dried before testing. Comparison of the liquid limit of a
sample before and after oven-drying can therefore be used as a
qualirative measure of organic matter conlent of a soil fsee
Practice 132187,

Notr: 1—The quality of the resull produced by this standard s
dependent on the competence of the personnel performing it and the
suitability of the equipment and facilities used. Agencies thai meet the
ceiieria of Praciice 1137 1, generally, are considered capable of comperens
and objective tesling/sampling/inspection/fete. Users of this siandard are
cautioned that compliinee with Practice 17 1) does Aol in ltsel assure
reliable resoils, Refiable resuits depend on many factors; Praclice 41+ tu
peovides 2 means of evatusting some of those factors.

6. Apparatus

6.1 Lignid Limit Device—A mechanical device consisting
of a brass cup suspended from a carriage designed to conrol its

drop anto the surface of a block of resilient material that serves
as the base of the device. {4y, | shows the essential featurss
and critical dimensions of the device. The device may be
operaled by either a hand crank or electric motor.

6.1.1 Buse—A block of material having a resitience re-
bound of at feast 77 % but ne more than 90 %. Conduct
resilience tests on the finished base with the feet attached.
Details for measuring the resilience of the base are given in
ey AL

6.1.2 Rubber Feet, supporting the hase, designed to provide
dynamic isolation of the haze from the work surface.

6.1.3 Cup, brass, with a mass, including cup hanger, of [8S
o215 g

6.1.4 Cam—Designed to raise the cup smeothly and con-
tinuously 10 its maximum height. over a distance of ar least
180¢ of cam rowation, withoat developing an upward or
downward velocity of the cup when the cam follower leaves
the cam. (The preferred cam motion is a uniformly accelerated
1ift curve)

Now: 2—The cam and (oflower design in biy 1 is for uniformly
acecteraied (parabolic) motion after contact and assures that the cup has
a0 velocity at drop off, Other cam designs also provide this teature and
may be used. However. if the cam-foltower 1ifl patlera is not kngwa, zero
velocity at drap off can be assured by carefully fling or machining (he
cam and foliower so thal the cup height remains corstant over the tast 20
to 45° of cam rotation.

6.1.5 Carriage, constructed in a way that aliows convenient
but secure adjustment of the height-of-drop of the cup to 10
mm {0.394 in.), ard designed such that the cup and cup hanger
assembly 15 only atlached io the cariage by means of a
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SPECIFICATION N 6.1.2
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removable pin. See 1y, . for defipition and determination of
the height-of-drop of the cup.

0.1.6 Motor Brive (Optional}—As an aliersative o the
hand crank shown in Fig 1, the device may be eguipped with
a motor to tura the cam. Such a motor must turn the cam at
2 % 0.1 revolutions per second and must be isolated from the
rest of the device by rubber mounts or in some other way that
prevents vibration from the motor being wansmikted 1o the rest
of the apparatus. It must be equipped with an ON-OFF swich
and a means of conveniently positioning the cam for height-
of-drop adjusiments. The resulis obtained using a motor-driven
device must not differ from those obtained using o manually
operated device.

6.2 Flat Grooving Tool—A toot made of plastic or
noncorroding-metal having the dimensions shown in iy 3
The design of the tool may vary as long as the essential
dimensions are maintained. The tool may. bul need not

ineorporate the gauge for adjusting the height-of-drop of the

liguid himit device.

Nom: 3—Prior 1o the adoption of this test method. a curved grooving
100} was specified as past of the apparatus for performing the igoid himi
lesl. The curved ool is not considered to be as accurme as the flat ool
described in « 2 since H does not condral the depth of the soil in the liguid
fimnit cup. However, theee are some data wiich indicate that 1ypically the
liquid Bmit is stighdy increased when the Rat tool is used instead of the
curved tool.

6.3 Gauge—A metal gauge block for adjusting the height-
of-drop of the cup. having the dimensions shown in 12, 4. The
design of the ool may vary provided the gauge will rest
securely on the base without being suscepiible 10 rocking, and
the edge which contacts the cup during adjusunent is straight,
at least 10 mm (% in.) wide, and without bevel or radius.

6.4 Water Contenr Comainers—Small corrosion-resisiant
comainers with snug-fitting lids for water content specimens.
Alunmiinum oy stainless steel cans 2.5 em (1 in.) high by 5 om
(2 in.) in diameter are appropriaie.

6.5 Brlonce, conforming to Specification 134733, Class GP1
{readabitity of 0.01 g).

6.6 Mixing and Storage Container—A container Lo mix the
soif specimen (material) and store the prepared material.
During mixing and storage, the container shall not contaminate
the material in any way. and prevenl moisture loss during
storage. A porcelain, glass, or plastic dish about 1.4 ¢m (44

POINT WHERE
CUP CONTACTS BaSE

HEIGHT GAUGE

.} in diameter and a plastic bag large enough o enclose the
dish and be folded over is adequate.

6.7 Plastic Limit:

6.7.1 Ground Glass Plate—A ground glass plate of suffi-
cient size for rolling plastic ifmit threads.

6.1.2 Plastic Limir-Rolling Device {optional}—A device
made of acrylic conforming to the dimensions shown in [y
554 The type of unglazed paper stiached to the top and bottor
plate {see 112 2) shall be such that it does not add foreign
matter (fibers, paper fragments, etc.) to the soil during the
rolling process.

6.8 Spatulo—A spatula or pill knife having a blade about 2
cm (¥ in.) wide, and about 1010 13 em (3 t0 4 in.) long.

6.9 Sieve(s)}—A 200-mm (8-ip.) diameter, 425-pum (No. 40)
sieve conforming ro the requirements of Specification | 11 and
having a rim al feast 5 cm (2 in.} above the mesh. A 2.00-mm
(MNo. [0} steve meeting the same requirements may also be
needed.

6.10 Wash Bottle, or similar container for adding controtled
amounts of water to soil and washing fines from coarse
particles.

6.1} Drying Oven. thermostatically controlied, preferably of
the forced-draft type, capable of continuously maintaining a
temperature of 110 & 5°C (230 * 9°F} throughowt the drying
chamber.

6.12 Washing Pan, round, flai-bottomed, at least 7.6 em (3
i) deep, and shightly larger ai the bottom than a 20.3-cm
{8-in.} diameler sieve.

7. Reagents and Materials

7.3 Puriry of Water—Where distibed water is referred Lo in
this test methad, either distilled or demineralized water may be
used. See Nuie 7 covering the use of ap water,

*The plastic limit-rofling device is covered by a patem (U.S. Paent No.
S027.6600.7 Imerested parties are invited to subnil information veparcing the
wdentification of an altemative(s) 1o this patented ftem to ASTM Headquarnters. Your
commens will receive careful consideraiion al & weeting of the responsible
subconninee. which you may auend.

* Bobrowski. L. J.. Jr. and Griekspoor, D. M.. " Determination of the Mostic Limil
of a Soil by Means of a Rolling Device.™ Gerrerimical Testing hanned. GTIODI.
Vol 15. No. 3, Sepiember 1992, pp. 284-287.
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DIMENSIONS IN MILLIMETRES

FiG. 4 Height-of-Drop Gauge

8. Sampling and Specimen

B.1 Sampies may be taken from any focation that satisfics
testing needs. Howewver, Practices £ 702, D 'S and 11420 shouid
be used as guides for selecting and preserving samples from
various types of sampling operations. Samples in which
specimens will be prepared using the wet-preparation method
(10 13} must be kept at their as~sampled water content prior to
preparation.

8.1.1 Where sampling operations have preserved the naturai
stratification of a sample, the various sirata must be kept
separated and tests performed os the particular statum of
interest with as little comtamination as possible from other
strata. Where a mixture of marerials wifl be used in construce-

right ASTH: [atemaiional

ded by 1S under license w1h ASTH
i ion o 3 ilted withaw! {ivenss frem 1HS

tton, combine the various components in such proportions that
the resultanl sample represents the actual construction case.

8.1.2 Where dala from these lest methads are to be used for
correlaiion with other laboralory or field test data, use the same
material as used for those tests where possible.

8.2 Specimen—Obuain a representalive portion from the
tolat sample sufficient 10 provide 150 w 200 g of malerial
passing the 425-uym {No. 40) sieve. Free Rowing samples
(malerials) may be reduved by the methods of quartering or
splitting. Non-free flowing or cohesive materials shall be
mixed thoroughly in 2 pan with a spatula or scoop and a
representative portion scooped [rom the totat mass by making
one of more sweeps with a scoop through the mixed mass.

9. Calibration of Apparatus

9.V luspeciion of Wear:

9. L1 Liguid Limir Device-—Determine thar the Hguid limit
device is vlean and in good working order. Check the following
specific poinis,

9.1 1.1 Wear of Base—The spot on the base where the cup
makes vontact should be worn no greater than 16 mm (Y% in.}
in diameter. If Lhe wear spot is greater than this, the base can
be machined {0 remove the worn spot provided the resurfacing
does nol make the base thinner than specified in &1 and the

_other dimensional relationships are maintained.
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Dimensions:

TW=100 rm {4 I}, more or jess

L~200 ym (8 ir ), more or less

Thop-10 ko 15 mm {38 do 12 in.) or thicker, see Note B
T-boftorn—5 men (194 i} o¢ thicker

H-Is the height of the slide safis. I shall equat 3,2 mm
{18 in.) plus 1he totat thickness of the unglazed paper
that is not in contact with the tep or botiom surdace of the
glide ralls. The tierance on his height is 14 mm
{1100 in.}, see Hote G.

W-Ses Mol A

N

Top Piate

/< T-sotiom

Figure 4 Notes:

{A} The tolerance betwean lhe widih of the lop piate (W)
and the inside widh of the boltam plale HW) shall be
such lhat the top plate slides freely on the sails
without wobbling.

{B) The top plate shell ba rigid eneugh so fhat the
thickness af the rolled thveads Is within the
{ulerances given 10r the rait height {H).

{C} The width of the slide rafis shall be between 3 ang 6
mar: (148 and 1/4 in,).

FiG. § Plastic Limil-Roiling Device

9.1.1.2 Wear of Cup~—Replace the cup when the grooving
tool has worn a depression in the cup (L1 mm (0.004 in.) deep
or when the rim of the cup has been reduced o half its original
thickness. Verify that the cup is finmly attached to the cup
hanger.

G1.1.3 Wear of Crup Hanger-—Verily thal the cup hanger
pivol does nol bind and is nol worn 10 an extent that allows
more than 3 mm (V% in.) side-to-side movement of the lpowest
point on the rim.

9.1.1.4 Wear of Cam-—The cam shall not be worn to an
extent that the cup drops before the cup hanger (cam follower)
loses contact with the cam.

9.0.1.5 Rubber Feer—~The Feet should prevent the base from
bouncing or sliding on the work surface. Replace rubber fee
that become hard, cracked, or brittle from age.

9.1.2 Grooving Tools-—lInspect grooving tools for wear on a
frequent and regular basis. The rapidity of wear depends on the
rnaterial from which the tool is made, and the types of soils
being tested. Soils containing a large proportion of fine sand
pariticles may cause rapid wear of grooving iools; rherefore,
when l{esting these malerials, tools should be inspected more
frequenily than for other soils.

Mo 4—The width of the 1ip of grooving 1ools is conveniently checked
using o pockei-sized measuring mwmgnifier equipped with a mitlimeter
scale. Magnifiers of this type are available from most faboraiory supply
companies. The depth of the tip of grooving tools can be checked using the
depth-measuring feature of vernier colipers.

9.2 Adjustment of Heighi-of-Drop—Adjust the height-of-
drop of the cup so thal the point on the cup that comes in
rontact with the base rises to a height of 10 = 0.2 mm. Seel 1
2 for proper location of the gavge relative to the cup doring
adjustment.

Nuti S--A convenient procedure for adjusting the heighi-of-drop is as

Copytigh ASTM inlemaliona!
Peoided by MS whdr [.reeuse with ARSTH
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follows: place a piece of masking tape across the outside bottom of the cup
paraltel with the axis of the cup hanger pivot. The edge of the iape away
from the cup hanger should bisect the spol on the cup thal contacts the
base. For new cups. placing a piece of carbon paper on the base and
allowing the cup to drop several times wilt mark the contacl spot. Attach
the cup to the device and turn the crank until the cup Is raised 1o its
maximum height. Slide the beight gauge onder the cop from the fronl. and
observe whether the gauge contacts the cup or the tape. {See f3e *) if the
tape and cup are both simuitaneousty contacted. the height-of-drop is
ready lo be checked. If not. adjust the cup sntil simultancous contact is
made. Check adiusiment by turning the crank at 2 revotulions per second
while holding the gavpe in position against 1he tape and cup. ¥f u faint
ringing or clicking sound is heard without the cup rising from the gouge.
the adjustment is correct. 1f po ringing is heard or if the cup rises from (he
gauge. readjust the height-of-drop. If the cup rocks on lhe gauvge during
this checking operation. the cam follower pivol is extessively worn and
the worn parts should be replaced. Always remove tape after completion
of adjustment operalion,

10. Preparation of Test Specimen

10.1 Wet Preparation Method—Except where the dry
method of specimen preparation is specified {10 1), prepare the
specimen for testing as described in the following sections.

V0.1t Marerial Passes the 425-pum (No. 40) Sieve:

10.5. 1.1 Determine by visual and manual methods that the
specimeen from R.2 has fittle or no material retained on a
425-pn (No. 40) sieve. If this is the case, prepure 150 10 200
g of material by mixing thoroughly with distifled or deminer-
alized water on the glass plate or mixing dish vsing the spatula.
Il desired, soak the material in a mixing/storage dish with a
small amount of water ro sofen the material before ihe start of
mixing. If using Method A, adjust the waier content of the
straferial to bring it to a consistency that would require about 25
10 35 blows of the fiquid limil device to close the groove (Mo
). For Method B, the number of blows should be between
about 28 and 30 blows.

Licensesrfmes Groyp LISG94T 185001
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10.1.1.2 1f, during mixing, a smal percentage of material is
encouniered that would be retained on a 423-pm (No. 40)
sieve, remove these particles by hand {if possible). If it is
impractical to remove the coarser material by hand, remove
small percentages (less than about 15 %} of coarser material by
working the material {having the above consistency) through a
425-um sieve. Diuring this procedure, use a piece of rubber
sheeting, rubber stopper, or other convenient device provided
the procedure does not distort ibe sieve or degrade materiai that
would be retained if the washing method described in 101 0
were used. If larger pereemages of coarse material are encoun-
iered during mixing, or il is considered impractical o remove
the coarser material by the procedures just described, wash the
sampie as described in 10 | 2. When the coarse particles found
during mixing are concretions, shells, or other fragile particles,
do not crush these particles 1o make themn pass 2 425-um sieve,
but remove by hand or by washing.

10.1.1.3 Place the prepared material in the mixing/storage
dish, check its consistency {adjust if required). cover to prevent
loss ol moisture, and allow to stand (cure) for at least 16 h
(overnight). After the standing period and immediately before
starting the test, thoroughly remix the soil.

Num: 6—The fime aken (o adequalely mix a soil wili vary greatly.
depending on the plasticity and initial water content, Initial mixing times
of more than 30 min may be needed For stiif. fat clays.

10.1.2 Material Conraining Porticles Retained on a 425-um
{No., 40) Sieve:

10.1.2,1 Place the specimen (see » 1) in a pan or dish and
add sufficient water to cover ihe material. Allow the material w0
sozk until all lumps have softened and the fines no longer
adhere w the surfaces of the coarse particles (Mo ")

Mot T—In some eases, the cations of salts present in tap water will
exchuange with the aatural cations in the soil and significantly alter the est
results if tap water Is used in the scaking and washing operations. Unless
it is known thal such cations are nol preseat in the tap water, disiified or
demineralized water should be used. Ag a general rule, water containing
more than 100 mg/L of dissolved solids should not b used for either the
soaking or washing operations.

10.1.2.2 When the material containg a large percentage of
particles retained on the 425-pm (Mo, 40) sieve, perform the
following washing operation in increments, washing n0 more
than 0.5 kg (1 Ib) of material at one time. Place the 425-um
sieve in the bottom of the clean pan. Transfer, withour any loss
of material, the soil-water mixture onio the sieve, I gravel or
coarse sand particles are present, rinse as many of these as
possible with small quantities of water from a wash bottle, and
discard. Alternatively, transfer the soil-water mixture over a
2.00-mm (No. 10} sieve nested atop the 425-pm sieve, rinse the
fine malerial through and remove the 2.00-mm sieve. Alter
washing and removing as much of the coarser material as
possible, add sufficient water to the pan to bring the level (0
about 13 mm (2 in.) above the surface of the 425-pum sieve.
Agitate the slurry by stircing with the fingers while raising and
lowering the sieve in the pan and swirling the suspension so
that fine material is washed from the coarser particles, Disag-
gregate fine soil lumps that have not slaked by gently rubbing
them over the sieve with the fingertips. Complete the washing
operation by raigsing the sieve mbove the waler surface and
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rinsing the material retained with a small amount of clean
water, Discard material retained on the 425-um sieve.

10.1.2.3 Reduce the water content of the material passing
the 425—m (No. 40) sieve until i approaches the lguid Hmit,
Reduction of water conlent may be accomplished by one or &
combination of the following methods: (@) exposing to air
currenis at roqim temperature, () exposing (o wanm air currents
from a source such as an electric hair dryer, (¢) decanting clear
water rom surface of the suspension, {d} filtering in a Biichner
funnel or using filier candles, or (e) draining in a colander or
plasier of Paris dish fined with high retemivity,” high wer-
srength filwer paper. If a plaster of Paris dish is used, 1ake care
that the dish never becomes sufficiently saturated that il fails o
absorb water into its surface. Thoroughly dry dish between
uses. Duiing evaporation and cooling, stir the material ofien
enough to prevent over-drying of the ringes and soil pinnacles
on the surface of the mixture. For materials containing soluble
salts, use a method of water reduction (g or £) that will not
eliminate the soluble salts rom the test specimen.

{0.1.2.4 If applicable, remove the material retained on the
filter paper. Thoraughly mix this material or the above material
on the glass plate or in the mixing dish using the spalla.
Adjust the water content of the mixiure, if necessary, by adding
small increments of distilled or demineralized waier or by
aHowing the mixture to dry al room temperature while mixing
un the glass plate. If using Method A, the malerial should be at
& warter content that would require about 25 to 35 blows of the
hquid Timit device to close the groove. For Method B, the
numher of blows should be between about 20 and 30. Pul, if
necessary, ihe mixed material in the storage dish. cover {o
prevent loss of moisture, and allow 1o stand (cure} for at least
16 h. After the slanding period and immediately before starting
the tesi. thoroughly remix the specimen.

10.2 Dry Preparation Method:

H0.2.1 Dry the specimen from 5.2 ak room lemperaiure or in
an oven al a temperatuie not exceeding 60°C until the soil
clods will pulverize readily. Disaggregation is expedited if the
material is not alfowed to completely dry. However, the
material should have a dry appearance when pulverized.

10.2.2 Pulverize the material in a mortar with a rubber-
tipped pestle or in some other way that does not cause
breakdown of individual particles. When the coarse particles
found during pulverization are concretions. shells, or other
tragile particles, de not crush these particles to make them pass
a 425-pm (No. 40) sieve. but remove by hand or other suitable
meansg, such as washing. If 2 washing procedurs is used, follow
MY § ANy g

10.2.3 Separaie the material on a 425-um (No. 40} sicve.
shaking the sieve by hand to assure thorough separation of the
firer fraction. Return the material retained on the 425-um sieve
to the pulverizing apparatus and repeat the pulverizing and
sieving operations. Stop this procedure when most of the fine
maierial has been disaggregated and material retained on the
425 sieve consists of individual particles.

5 aud § 595 filier paper available in 320-mm circles has proven satisfaciory. 1f
you are aware of allernative suppliers, please provide this iformaion 10 ASTM
International Headegquarlers. Your comments will receive careful considerarion at 8
meeting of the responsible iechnical commities.! which you may artend.

LicanszesAinec Geoup LG94 7185005
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10.2.4 Place material retained on the 425-pym (No. 40) sieve
after the final pulverizing operations in a dish and scak in a
small amount of water. Stir this mixture and transfer it to a
425-pm sieve, catching the water and any suspended fines in
the washing pan. Peur this suspension into a dish containing
the dry soil previously sieved through the 425-um sieve.
Discard material retained on the 425-um sieve.

10.2.5 Proceed as described in 1012 % and 100} 2 4

MULTIPOINT LIQUID LIMIT—METHOD A

11, Procedure

1.1 Thoroughly remix the specimen {soil} in its mixing
dish, and, if necessary, adjust its water content uniil the
consistency requires about 25 to 33 blows of the fiquid limit
device to close the groove. Using a spatula, place a portion(s)
of the prepared soil in the cup of the figuid Hmit device at the
point where the cup rests on the base, squeeze it down, and

" spread i into the cup to a depth of about 10 mm a1 its deepest

point, tapering 10 form an approximately horizontal surface,
Take care to eliminate air bubbles from the soil pat, but form
the pat with as few strokes as possible. Keep the unused soil in
the mixing/storage dish. Cover the dish with a wet towel {or
use other means) o retain the moisture in the soil.

11.2 Form a groove in the soil pat by drawing the tool,
beveled edge forward, through the sofl on a line joining the
highest point to the lowest point on the rim of the cup. When
cutling the groove, hold the grooving tool against the surface of
the cup and draw in an arc, mainiaining the tool perpendicular
io the surface of the cup thronghout its movement. See i1z«
In soils where a groove cannot be made in one stroke withow

Copyrighl ASTM Infsrmalions!
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tearing the soil, cut the groove with several strokes of the
groaving tool, Alternatively, cut the groove to slightly less than
required dimensions with a spatula and use the grooving ol 10
bring lhe groove 10 final dimensions. Exercise exireme care o
prevent sliding the soil pat relative to the sueface of the cup.

11.3 Verify that no crumbs of soil are present on the hase or
the underside of the cup. Lift and drop the cup by turning the
crask at a rate of 1.9 to 2. drops per second until the (wo
halves of the soil pat come in contact at the bottom of the
groove along a distance of 13 mm (!4 in.). See fie.  and 7y
%. The hase of the machine shall not be hefd with the hand. or
hands. while the crank is turned.

Nom: 8—Use of a scale is recommiended to verify that the groove has
closed 13 mm (Y2 in.)L

114 Verify that an air bubble has not caused prematur
closing of the groove by ohserving that both sides of the groove
have Rowed together with approximately the same shape. IF a
‘bubble has caused premature closing of the groove, reform the
50il in the cup, adding a small amount of soil o make up for
that lost in the grooving operation and repeat 11 ¢ il 4 If the
soil slides on the surface of the cup. repeat i1 ! "1 3at a higher
waler contenl. If, after several trials at successively higher
waler contents, the soil pat continues fo slide in the cup or if the
number of blows required o close the groove is always less
lthan 25, record that the liquid limit could not be determined,
and repori the soil as nonplastic wiihout performing the plastic
fimit test.

1.5 Record she number of drops, N, required to close the
groove, Remove a slice of soil approximately the widih of the
spatula, exfending from edge to edge of the soil cake at right

Fia, 6 Example of Grooving Tool Placed in a Properly Grooved Soif Pat

“Llcenseesame Group Ldi5347185001
Not for Resafe, 033112071 44:20:57 K0T



4l pasie - 10

FIG. 7 Greoved Soil Pat in Liquid Limit Device

FiG. 8 Soll Pat After Groove Has Closed

angles 1o the groove and including that portion of the groove in
which the soil Bowed together, place in a container of known
atass, and cover.

H.6 Rewrn the soil remaining in the cup to the dish. Wash
and dry the cup and grooving tool and reattach the cup to the
carrizge in preparation for the next trial.

117 Remix tire entire soil specimen in the dish adding
distilled water 1o increase the water content of the soil and

decrease the number of blows reguired to close the grogve.
Repeat +f - 115 for at least two additional wials prodiucing
successively lower numbers of blows to close the groove. Qne
of the trials shalt be for a closure requiring 25 10 35 blows. one
for closure between 20 and 30 blows, and one trial tor a closure
requiring 15 to 25 blows,

11.8 Determine the water content, W, of the soil specimen
from each trial in accordance with Test Method 1377 i,

yeighl ASTH Inlernations] AN
Ades by 145 vnder licanse with ASTH Licensea=Amec Group [16/5947 185001
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11.8.] Deiermination of initial masses {container plus moist
soi]) should be performed immediately after completion of the
lest. If the test is o be interrupted for more than about 15
minutes, determine the mass of the water contenl specimens
already obiained at the time of Lhe imerreption.

12. Calcnlation

12.1 Plot the relationship between the water content, W,
and the corresponding number of drops, ¥, of the cup on a
semilogarithmic graph with the water content as ordinates on
the arithmetical scale, and the number of drops as abseissas on
a logarithmic scale. Draw the best siraight Hne through the
three or more plolted poinis.

12.2 Take the water conient corresponding 1o the intersec-
tion of the line with the 25-drop abscissa as the liquid limit of
the soil and round 1o the nearest whoke number. Computational
methods may be substitwied for the graphical method for fitting
a straight line to the data and determining the liquid limit

ONE-POINT LIQUID LIMIT—METHOD B

13, Procedure

13.} Proceed as described i 111 1.3 except that the
number of blows required to close the groove shall be 20 10 30.
If less than 20 or more than 30 blows are required, adjust (he
water content of the soil and repeat the procedure.

13.2 Immediately afier removing a waier conlent specimen
as described in ¢ 1 3, reform the soi} in the cup, adding a small
amounl of s0il 1o make up for that lost in the grooving and
waler contend sampling processes.

13.2.1 As an alternative 10 reforming the soil in the brass
cup after removing the water comen! specimen, the soil
remaining in the cup can be removed from the cup, remixed
with the soll in the mixing container and a new specimen
placed in the cup as described in 1 .

13.3 Repeat 110 1) ¢

13.4 If the second closing of the groove requires the same
oumber of drops or no mare than two drops difference. secure
another water content spectmen. If the differcnce of the number
of drops between the first and second closings of the groove is
greater than two, remix the entire specimen and vepeat the
procedure, begioning at 131, untl two successive closures
having the same number of drops or no more than two drops
difference are obtained.

Moy 9—Excessive drying or inadequate mixing wili cause the nurnber
of blows to vary.

13.5 Petermine water contents -of the two specimens in
accordance wilh 1

where:
LL’ = one point liquid lim#t for given trial, %,
N = number of blows cansing closure of the groove for
given trial,
W' = water content For given uial, %, and
k£ = factor given in lube 1
[4.1.1 The liguid limit, LL, is the average of the {wo (rial

liquid-fimit values, to the nearest whole number (witheus the
percenl designation).

142 I the difference between the two wial liquid-Timit
values is greater than one percentage potnl. répeat the test as
described in 13 ¢ through 14| .

PLASTIC LIMIT

15. Preparation of Test Specimen

15.1 Select a 20-g or more portion of soil from the material
prepared for the liquid limit test; either, after the second mixing
before the test, or from the soil remaining after completion of
the liguid limit test. Reduce the water content of the soil to a
consistency at which it can be rolled withoul siicking o the
hands by spreading or mixing continuousty on the glass plate
or in the mixing/storage dish. The drying process may be
accelerated by exposing the sof [0 the air clwrent from an
electric fan. or by blotting with paper, that does not add any
fiber to the soil, Paper such as hard surface paper toweling or
high wet-strength Rlier paper is adequate.

16. Procedure

16,1 From this plastic-limit specimen, selecta 151020 ¢
portion. Form the sefected portion into an ellipsoidal mass.

16.2 Roll the soil mass by ene of the tollowing methods
(hand or rolling device):

16.2.1 Hand Method—-Roll the mass between the palm or
fingers and the ground-glass plate with just sufficient pressure
1o rofl the mass into a thread of uniform diameter throughout its
tength {see “ore 105 The thread shall be further deformed on
each stroke so that its diameter reaches 3.2 mm (% in.), taking
no more han 2 min (see o i) The amount of hand or
finger pressure required will vary greatly according io the soil
being tested, that is, the required pressure typically increases
with increasing plasticity. Fragile soils of low plasticity are
hest roHled under the outer edge of the paim or at the base of the
thumb,

TABLE 1 Factors for Obtaining Liquid Limit from Water Content
and Number of Drops Causing Closure of Groove

N k
{Mumber of Drops) (Fattor tor Liguid Limit)

20 0.973
14. Calculation 21 0.879
) o 22 0.985
141 Determine the fiquid Hmit for each water content 23 0.980
specimen using one of the following equations: gg ?—ggg
. , Ny 26 1.005
LU =W (53' 27 1.008
28 1.014
or 29 1018
30 1.022

LU =k W
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Nore 10—A normal rate of rolling for most soils should be 80 to 90
strokes per minute, counting a siwoke as one compliete motion of the hand
forward and back to the starting position. This rate of rolling may have o
be decreased for very fragiie soils.

Noyr fl—A 3.2Z-mm { YA-in.} diameter rod or wbe is usefut for frequent
comparison with the soil thread to ascertain when the thread has reached
the proper diameler.,

16.2.2 Rolling Device Merhod—aAttach smooth unglazed
paper to both the top and bottom plates of the plastic
limit-rolling device. Place the soil mass on the bottom plate at
the midpoint between the slide rails. Place the top plate in
contact with ihe soil mass(es). Simuliancousiy apply a siighi
downward force and back and forth motion 10 he 1op plate 50
that the top plate comes into contact with the side rails within
2 min (see Notes 1t ancl 12). During this relling process, the
end(s) the soil thread(s) shall not contact the side rail(s). If this
oecurs, roll a smafler mass of soil {even if it s less than thal
mentioned in Section ).

Mot 12—In most cages, two soil masses {threads) cun be rolled
simuttaneously in the piastic limit-rofling device,

16.3 When the diameter of the thread becomes 3.2 mm,
break the thread ino several pieces. Squeeze the pieces
together, knead between the thumb and first finger of each
hand, reform into an ellipsoidal mass, and re-coll. Continue this
aleernare rolling (o a thread 3.2 mm in diameter. gathering
together, kneading and re-rolling, until the thread crumbles
under the pressure required for rolling and the soil can no
fonger be rolled into a 3.2-mm diameler thread (see fqp. 9 It
has no sigpificance if the thread breaks into threads of shorter
length. Roll each of these shorter threads to 3.2 mm o
diameter. The only requirement for comtinuing the test is that

these threads can be reformed into an ellipsoidal mass and
rolled owt again. The operator shall at no time attempt to
produce falure ai exactly 3.2-nwm diameter by allowing the
thread to reach 3.2 mm, then reducing the rate of rolling or the
hand pressure. or hoth, while continuing the rolling without
further defarmation until the thread falls apart. It is permis-
sible, however, to reduce the toial amount of deformation for
feebly plastic soils by making the initial diamerer of the
eliipsoidal mass nearer to the required 3.2-mm final diameter.
If crumbling occurs when the thread has a diameter grealer
ihan 3.2 i, this shall be considered # saitsfaciory end poing,
provided the soil has been previously rolled into a thread 3.2
mm in diameier. Crumbling of the thread will manifest itsetf
differently with the various types of soil. Some soils fail apart
in nuinerous small aggregations of particles, others may form
an outside uboelar Tayer that staris splitting at both ends. The
splitting progresses loward the middle, and finally, the thread
falls apart in many small platy particles. Fat clay soils require
much pressure to deform the thread, particutarly as they
approach the plastic limit. With these sofls, the thread breaks
inlo a series of barrel-shaped segments about 3.2 10 9.5 mimn (4
w ¥ in.) in length.

16.4 Gather the portions of the crumbled thread together
and place in a container of known mass. lmmediately cover the
container.

6.5 Select another 1.5 fo 2.0-g portion of soil from the
plastic—fimit specimen and repeal the operations described in
Bl amd 167 antil the container has at jeast 6 g of soil,
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16.6 Repeat [} 16 5 o make another container holding at
least ¢ g of soil. Determine the water content of the soil
contained in the containers in accordance with Test Method
Y236, See 1) 81,

17. Calculation

7.1 Compute the average of the two waler contents (trial
plastic limits) and round to the nearest whole number. This
value is the plastic Timit, PL. Repeat the test if ihe difference
between the two trial plastic Yimits is greater than the accept-
ahfe range for two resulis listed in fuble  For single-operator
precision, that is, 1.4 percentage points; i.e.. (2.8 X% 0.5).

PLASTICITY INDEX

18. Calculation
8.1 Calculats the plasticity index as follows;

Pl= Ll — PL
where:
LL = liquid limit {whole number), and
FL = plastic limit (whole nurber).

18.1.1 Both LL and PL are whole numbers. If either the
liquid limil or plastic limit could noi be determined, or if the
plastic limir is equal to or greater than the liquid limit, report
the soil as nonplastic, NP

19. Report: Test Data Sheet(s)/Form(s)

19.1 The terminclogy used to specify how data are recorded
on the test data shest{s)/form(s), as given below, is covered in
1.9,

9.2 Record as a minimum the following information:

19.2.1 Samplefspecimen identifying information, such as
project name , project pumber, boring number, depth (m or f1).

19.2.2 Descripiios of sample, such as approximate maxij-
miun gratn size, estimate of the percentage of sample retatned
on the 425-um {No. 40 sieve, as-received water content.

{9.2.3 Delails of specimen preparation, such as wet or dry
(air-dried or oven-dried), method of removing particles larger
than the 425-um {No. 40) sicve,

[9.2.4 Any special specimen sefection process used, such as
removal of sand leases from an intact (undisturbed) sample.

19.2.5 Equipment used, such as hand rofled or mechanical
rofling device for plastic limit, manual or mechanical liquid
limit device, metal or plastic grooving tool.

19.2.6 Liquid fimit. plastic limit, and plasticity index to the
nearest whole number, omining the percent designation. IF the
liguid limit or plastic Timit tests could not be performed, or if
the plastic limit is equal to or greater than the liquid limit,
report the 501l as nonplastic, NP,

19.2.7 Procedure by which liquid fimit was performed, it it
differs from the multipoint method.

20. Precision and Bias

20.1 Precision—Criteria for judging the acceptability of test
results obfained hy these test methods on a range of soil types
are given in [ibls 2 a3 o performing these test methods,
Method A and the Wel Preparation Method (except soil was
air-dried) were-used.

20.1.1 These estimates of precision are based on the resulis
of the interlaboratory program conducted by the ASTM Ref-
erence Soils and Testing Program.® In this program, some
laboratories performed three replicale tests per soil type
{triplicate (est laboralory}. while other laboratories performed a
single test per soil type (single-rest laboratory). A description
of the soils tested is given in 70 1 5. The precision estimates
vary with soil type and method(s) used. Judgment is reguired
when applying these estimates to another soil and method used
(Method A or B, or Wet or Dry Preparation Method).

20.1.2 Thedata in libie  are based on three replicate tests
performed by each triplicate test laborarory on each sail type.
The single operator and multilaboratory standard deviation
shown in Libic 2. Column 4, were obtained in accordance with
Practice 1091, which recommends each testing lahoratory
perform a minimum of three replicate tests. Results of two
properly conducted tests performed by the same operator on

* Supporting data have been filed at ASTM hteniations? Headquariers and muy
be obtained by requesting Research Repon RR:DAS-1013,

TABLE 2 Summary of Test Results from Triplicate Test Laboratories (Atterberg Limits)

m (2 (3

MNuambar o Tripllcate Tast

Average Value® (Percentage

(4)
Standard Deviation®

(5)
Acceptable Range of Two

Soil Type Laboratories Points} {Percenlage Points) Rasults® (Percentage Poinis)
Type Test
LL PL Pi LL PL Pt il PL Pl LL PL Pl
Single-Operator Results (Within-Laboratory Repealability}
CH 13 13 13 59.8 20.6 8.2 2.7 0.5 0.8 2 1 2
CL 14 i3 13 334 18.9 138 0.3 04 0.5 1 1 1
AL i2 i1 1 27.4 234" 4.2 Q.5 2.3 0.8 2 1 2
Mullitaboratory Resuils (Betwesn-Lahoratory Reproducibitity)
GH 13 13 13 588 206 38.2 1.3 20 25 4 B 7
CL 14 13 13 334 199 13.6 1.0 1.2 1.7 3 3 5
ML 12 1 1f 27.4 23.4° 4.1° 1.3 0.9 1.9 4 3 5

“ The number of significant digits and decimal pfaces presented are representative of the input data. In accordsrice with Praclice "

acceptable range of results can not have more decimal places than the inpu! dala.
£ Standard deviation is caloulaled in aceordance with Practice 1.

- the standard deviation and

* and is relarced 1o as e 15 limis,
©Acceptable eange of two resulls is referred io as the d2s fimil. I is calculated as ~ 1.960 /2 13 as defined by Practioe : !

The differance Delwaen wo properly

canducied tests should not exceed this timi. The number of sigeificam digitsidecimal places presenied is equat to that prescribed by this test method ar Practice -
In zddition, the value presented can have {he same number of decimai places as the standard deviation, aven if 1ha! result hias more significant digils than the standard

deviation.

2 For the ML sofl, 2 cut of 14 trplicate lest labaralories reported the soil as nonplastic.
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TABLE 3 Summary of SEngle«T&ét Result from Each Laboratory
{Attarberg Limits)*?

{n {2} @ (4 =)
Acceptatiie
Standarg Aange of Two
Average Value Deviation Resuls
Number of Test  (Percentage {Pescenlage {Percentage
Soil Type  Laboratorles Paoints) Paints) Poins)
Type Tesl
L. PL Pl L PL Pl LL PL PI

CH - g4 529 204 385 21 27 31 & 7 @
oL 24 333 198 134 08 13 15 2 & 4
ML 18 27,1 2325 309 13 12 18 2 3 5

A Far column foolnotes, see Tl & 3.
S For the ML soil, & out of 24 laboralories reporied the soil as nonplastic.

the same material, using the same equipment, and in the
shortest practical period of time should not differ by more than
the single-operator d2s limits shown in Table 2, Column 3. For
definition of d2s see Foomnote C in dublc 2. Results of two
properly conducted tests performed by different operators and
on different days should aot differ by more than the muitilabo-
ratory d2s limits shown in luhic 2. Cohsnn 5.

20.0.3 In the ASTM Reference Soils and Testing Program,
many of the laboratories performed only a single test on gach
soil type. This i common pracrice in the design and construc-
tion industry. The data for each soil type in fsbiv 3 are based
upon the first test resolts from the triplicate test laboratories

and the single test sesults from the other laboralories. Results
of two properly conducted tests performed by two different
faboratories with different operators using different equipment
and on differemt days should not vary by more than the d2s
Hmits shown in fuble 3, Column S. The results in Yable 2 and
labje 3 are dissimilar because the data sets are different.

20.1.4 "Tale 2 presents a rigorous interpretation of triplicate
test data in accordance with Practice 1691 from pre-qualified
laboratories, 1nidv 3 is derived from test data that represents
common practice.

2{0.1.5 Soil Types—Based on the muitilaboratory test re-
sults, the soils used in the program are described below in
accordance with Practice 12287, In addition. the local names
of the soils are given.

CH—Fat ciay, CH, 89 % lines, LL=60, Pi=38, grayish brown, soif had been
air dried and puiverizett. Looal name—WVicksburg Buckshol Clay

Ci—Lean clay, CL, 89 % lines, Li=33, P1=13, gray, soil had been air drisd
and putverized. | ocal name—Annapolis Clay

ML—Silt, ML, 93 % fines, LL=27, Pl=4, lighl brown, soil had been air dried
and puiverized. {ocal narme—Vicksburg Sikt

20.2 Bias—There is no acceptable reference value for these
test methods; theeefore, bias cannol be determined.

21. Keywords

21.1 activity: Atterberg limits: liguid limit; plasticity index:
plastic limit

ANNEX

{Mandatory Information)

Al. Resilience Tester

Al.l A device for measuring the resilience of liquid limit
device hases is shown in 11 A¥ |, The device consists of a
clear acrylic plastic rube and cap, a ¥io-in. diameter stee! ball,
and a small bar magnet. The cylinder may he cemented i the
cap or threaded as shown. The small bar magnet is held in the
recess of the cap and the steel ball is fixed into the recess in the
underside of the cap with the bar magnet, The cylinder is then
turred upright and placed on the top surface of the base 1o be

st ASTES nlemmational
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tested. Holding the tube lightly against the liquid fimit device
base with one hand, refease the ball by pulling the magnet oul
of the cap. Use the scale markings on the outside of the
cylinder to determine the highest point reached by the bottom
of e ball, Repeatl the drop at least three times, placing the
tester in a differem location for each drop. Tests should be
conducted at room temperature.
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CLEAR PLASTIC (SUCH AS ACRYLIC)

CAP AND TUBE
!
m-—-le.m—-a:
8
[ ¥
/ % 7 c g TABLE OF HEASOREMENTS
.
A ¢k
N e R
N nrt =+ [ e e o
CEMENT CAP 70 TUBE N ;5] g DIHENS IR DESGRIFTION FRGLISH, 1n. 3%, am
- i‘ A A DLAM. OF CAP 112 38,10
i I
,/b, S\ B DYa¥. OF HOLE 3/8 9.52
g i
/ R N C DEPTH OF HOLE 10/16 15.88
.\ mvared
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FIG, At.1 Resilience Tester
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Laboratony flame: Example Praject Name: Example Froject Mumber; Erample
Beil Typer i3 Eauing Number: W8, Degth{m ot ) AIA
Inttial Yisyal Qe scription:_DH brown. highdy plastic slay
Sample Mumber: hEA
| INETEAL WSUAL USCS GROUP SYRMEDL: 1 cH |
3
S . TESTING EQUIPMENT USED |
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werl ¥ Washedon B4l Sieve] | Tonhanica Fioling Derioe
Oy (i) Oy Sieued on 840 Siewey | Liguid Limit: Tanual] %
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Mising Water: Qiztilled | ¥} Denvneralized: Dby Groaving Tack Flastic] %
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Mass On) Sof - Container, 142 (] 2552 2050 2548 ! w ath 5 25 Blous=]
Mass Cortainel, M5 () I7.1% 18.56 575 [ Coef D Cetnrrnation, 1}
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FlG, X1.1 Sample Data Sheet

SUMMARY OF CHANGES

Committer D18 has idemtified the focation of selected changes to this standard since the last issue
{D4318 - 05} thar may impact the use of this standard. (Approved January 15, 2010.)

(/) Corrected 1.6 1o reference D4542 and added D4542 10 (6) In 6.7.1 removed the dimensional reguirements for the

Referenced Documents in Section 2.

{2) In 1.8 and 1.8.1, clarificd use of I units.
{3y Added 1.9 referencing D6026 and the use of significan (8) In 1.4 changed “cup™ to “dish” lor consistency,

digits and renumbered 1.9 as 1100

Ground Glass Plate.
(7} In 9.5.1.5 added guidance for replacement of rabber feet.

{9 In 1.3 added Instruction thal the hase shall not he held

) In 6.4 and 6.1.0 reworded the requirements for the com-  during tesiing.

position of the base and removed the ward “rubber.”™ “Rubber”  (JO) Tn §3.2 10 13.5 clarified the instructions o allow two
was afso removed from the label in Fig. |
{5} In 6.1.2 removed the Durometer hardness requirement for  (/7) Section 19 was updated 0 comply with the DI8.91

the rubber feet,

uight ATTHA jtemaronal
ided by IHE undtr Feaosa with AETIL
apeaduction ov nekeorng permilled wihom keanse fram (HS

alternative st provedures.
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ASTM internalional takes ro position respecting the validity of any palent rights asserted in connectian with any item mentioned
in this standard. Users of this standard are expressly agvised tha! determinalion of the validity of any such paleni righls, and the rsk
of infringement of sUch rights, are entirely their own responsitility,

This standard is subec! to revision af any tima by the respansitile technical committee and must be reviawed every five years and
it rot revised, either reapirovad or withdrawn. Your Comments are invited sither for revision of this standard or for additional standards
andd should be addressed to ASTM Intematfonal Headquarters, Your comments will receive careful consideration &t a mgeting of the
respensibie technical commitiae, which you may attend. if you feel that your comments have nol raceived a fair hearing you should
make your vigws known Ip the ASTM Commiiles on Standards, al tha address shown balow

This standard is copyrightad by ASTM Interational, 100 Barr Harbor Drive, PO Box G700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or mulliple copies) of this standard may be obiained by confacting ASTM at the above
address ar al 610-832-9585 (phone}, Gi0-832-9555 (fax), or service@astm.org (s-malll; or through the ASTA websile
(www.asim.org). Permission righls fo pholocopy the standard may aiso be secured fiom the ASTM website fwww.astm.og’
COPYRIGHT/).
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INTERNATIONAL

Standard Practice for

Designation: D 4718 — 87 (Reapproved 2007)

Correction of Unit Weight and Water Content for Soils

Containing Oversize Particles’

This standasd is issued under the fixed desigration 4718 the sumber mmediaiely following 1he designation indicales the year of
origital adopiion or, in the case of revision. the year of iusi revision. /& mumber in parentheses indicates the vear of bast reapproval. &
superscripl epsitor [e) indicales an eduorini change since the fast revision or reapproval.

This simdand has beew appoved for use by agenvies of the Departneni of Definse.

1. Scope

1.1 This practice presens a procedure for calculating the
unit weights and water contents of soils conmaining oversize
particles when the data are known for the sail fraction with the
oversize particles removed.

1.2 The practice also can be uwsed to calculaic the unit
weights and water contenis of soil fractions when the dara are
known for the 1otal soii sample containing oversize particies.

1.3 This practice is based on tests performed on soiis and
soil-rock mixtures in which the portion considered oversize is
that fraction of the material retained on the No. 4 sieve, Based
on these tests, this practice is applicable 1¢ sotls and soil-rock
mixtures in which up 1o 40 % of the material is retained on the
No. 4 sieve. The practice also is considered valid when the
oversize fraction is thal portion relained on some other sieve,
such as the Ya-in. sieve, but the Hrmiting percentage of oversize
particles for which the correction s valid may be lower
However, the practice is considered valid for materials having
up 1o 30 9 oversize particles when the oversize fraction is that
portion retained on the Ya-in. sieve.

}.4 The factor controlling the maximum permissibie per-
centage of oversize particles s whether inferference between
the oversize paiticles affects the unit weight of the finer
fraction. For some gradations, this interference may begin {o
occur at lower percentages of oversize particles, so the limiting
percentage must be lower for these materials to avoid inaccu-
racies in the computed correction. The person or agency using
this practice shalf determine whether a lower percentage is ©
be used.

.5 This practice may be applied 10 soils with any percent-
age of pversize particles subject 1o the limitations given in 1 »
and 4. However, the correclion may not be of practical
significance for soils with only small percentages of oversize
particles. The person or agency specifying this practice shall
specify a minimum percentage of oversize particles befow

This practice is under the jurisdiction of ASTM Commitee D18 oi Soil and
Rock and is the direct responsibility of Subromminee D803 on Texture. Phsticity
md Density Characteristics of Soils.

Crrrem edition approved Sept. b, 2007, Published Seplember 2007, Originally
approved n 1987, Lasi previous edition approved in 3001 as £ 4718 - 87 12001),

which the practice need not be applied. If 2 minimum percent-
age is not specified, 5 % shall be used.

1.6 This practice may not be applicable to soil-rock mix-
tures which degrade under field compaction. ’

L7 This pracrice offers a set of instructions for performing
ang or more specific operations. This docunient cannot replace
education or experience and should be used in conjunction
with professional judgmeni. Nat all aspects af this praciice may
be applicable in all circumstances. This ASTM standard is nor
intended 10 represent or replace ihe standard of care by which
the adeguacy of o given professional service musr be juedged.
nor should this document be applied without considerarion of
a project's many uigue aspects. The word “Standacd™ in the
sitle of this document meauns only thar the document has been
approved through the ASTM consensus process.

2. Referenced Documents

21 ASTM Srandurds: 2

LT Test Method for Density, Relative Density (Specific
Gravity), and Absorption of Coarse Aggregate

13 090 Test Methods for Laboratory Compaction Character-
istics of Soil Using Standard Effort (12 400 f-1bf7ft' (600
kN-m/m™))

13153 Test Method for Density and Unit Weight of Soil in
Place by the Sand-Cone Method

{2 1337 Test Methods for Laboratory Compaction Charac-
teristics of Sotl Using Modified Effort {56,000 fi-Ibfid
(2,700 kN-m/m™))

Py ia® Test Method for Density and Unit Weight of Soif in
Place by the Rubber Balloon Method

[y 2216 Test Methods for Laboratory Delermination of Wa-
ter (Maisture) Conteri of Soit and Rock by Mass

122 Test Methods for Density of Seil and Soil-
Aggregaie in Place by Nuctear Methods (Shallow Depth)®

D 3017 Test Method for Water Content of Soil and Rock in

* For referenced ASTM swndards, visn the ASTM webshie. WA LML OTE. O
cottact ASTM Custonrer Bervice ar service@astorg. For Annd Band of ASTH
Sty volume informaiion. refer o the standacd s Document Summary page on
he ASTM wetsire.

* Withdeawn.

Cepyright © ASTM Intermational. 100 Bar Harbor Dhve, PO Box CY00, West Conshohocken, PA 10428-2858, United Slates.

1
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Place by Nuclear Methods (Shaliow Depth)

by 1250 Test Methods for Maximum Index Density and Unit
Weight of Soils Using a Vibratory Table

E 11 Specification for Wire Cloth and Sieves for Testing
Purposes

3. Significance and Use

3.1 Compaction lests on soils performed in accordance wish
Test Methods [ 0UR P) (337 nd 13 4255 place Hmitations on
the maxiraum size of particies thai may be used in ihe test, if
a soil contains cobbles or gravel, or hoth, test options may be
selected which result in particles retained on a specific sieve
being discarded (for example the No. 4 {4.75-mm) or the ¥i-in.
(19-mm) or other appropriate size}. and the test performed on
the finer fraction. The unil weight—water content relations
determined by the tests reflect the characteristics of the actual
maierial tested. and nol the characteristics of the total soif
material from which the test specimen was obtained.

3.2 It is common engineering practive to use laboratory
compaction ests for the design, specification. and consiruction
control of soils used in earth construetion. 1€ a soil used in
construction containg large particles, and only the finer fraction
is used for laboratory tests, somne method of correcting the
laboratory test resufis 10 reflect the characteristics of the lotal
soit is needed. This practice provides a mathematical equation
for correcting the unit weight and warter content of the tested
finer fraction of a soil, lo determing the unit weight and water
content of the total soil,

3.3 Similarly, this practice provides a means for correcting
the unit weight and water content of field compacied samples
of the total soil, so that values can be compared with Lhose for
a laboralory compacted finer fraction.

Non: §—When this practice is used Jor construction control. the using
agency shoutd specify whether the maximum wt weight valug used for
reference is the unil weight including oversize Fraction or the unil weight
of the firer fraction. Caicyliated values of pereent compaction based on
s correction practice wilh vary depending on which unit weight value is
used for reference.

4, Procedure

4.1 Correction of Unit Weight and Warer Comrent for Toial
Semple:

4.1.1 Prepare the sample from which compaction test speci-
mens are o bhe taken in accordance with provisions of Test
Methods [) 645 1) 1537 a0 D 423 ¢, Determine the mass of the
moist fine fraction of the sample and the mass of the moisl
oversize (plus No. 4 or plus ¥-in., or other appropriate size)
fraclion of the total sample. IF Test Methods 17 4235 s used, the
carrection for water content does npot apply. Delermine the
water content of each of the two fractions in accordance with
Method |3 77 16, Caleulate the mass of the dry Bner fraction
and the dry oversize fraction as follows:

Mp = Mgl + ) iy
where:
My = mass of the dry mawerial (finer or oversize fraction),
[
.

Copynght ASTH Imermnl:anel
Provigor by HS under frante with ASTH

o

or nelwsiking whcut franse from IHS

My, = mass of the moist material (finer or oversize frac-
tion), g. and
w = waler conlent of the respective finer or oversize
fractions expressed as a decimal.
4.1.2 Calewlate the percentage of the finer fraction and of
the oversize fraction of the sample by dry weight as follows:

P = 100 My My + My (2
and
P(‘ = {00 Mnr/{Mn,e -+ M,u;('] (3)
where:
Pz = percent of finer fraction by weight,
P- = percent of oversize fraction by weight,
Mpe = mass of dry finer fraction, and

Mpe = wass of dry oversize fraction.

4.1.3 Delermine the bulk specific gravity (G,) of the
oversize fraction as set forth in Test Method ¢ [27.

4.1.4 Calculate the corrected water content and corrected
dry unil weight of the total maierial {(combined finer and
oversize fractions), as follows:

Cy = lwpfe + 0P 14
where:
C,. = corrected water content of combined and oversize
fractions,
w = water content of finer fraction expressed as a deci-
mal,
we = water contenl of oversize fraction expressed as a
decimal,
ang
T8y = 100 8:G, 8, H45:P + G, Pr) (5)
where:

(8, = corrected wnil dry weight of the total material
(combined finer and oversize fractions),

= hulk specific gravity.

= dry unit weight of the finer fraction, and

unit weight of water (62.42 1bi76t* or 9.802 kNim™).

o7 Oy
3
I

5
i

o7
1l

4.2 Correction of Unit Weight and Water Conment for Finer
Fraction of a Soil Saniple:

4.2.% When #t is desired to compare the unit weight and
water content of a field-compacted soil containing oversize
particies with the results of laboratory compaction tests on the
finer fraction, the following procedure may be used:

4.2.1.1 A sample of the total material is obtained in the Reld
at the desired test location in copjunction with a unit dry weight
{Bp} and warer content {w) defermination by methods such as
Test Methods 131556 1) a7 (o 1y 22 and D30T com-
bined. Since this practice is usualy ased For materials contain-
ing coarse gravel and cobble size particles, special care shooid
be taken 1o assure thal the volume of material sampled is
adeguate to accurately represent the material in the field al the
test location.

4.2.1.2 Remove the oversize particles {plus No. 4 or %-in,,
or other appropriate size) from the field sample and determine
the percemage of gversize particies in the total sample, H. in
the laboratory testing of the materials, the bulk specific gravity

el

Litenseo=Amet Group LdIS4T1B5001
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and the water conteni of the oversize particles have been
determined, these values may be used in the calculations.
Otherwise, it will be necessary to determine the bulk specific
gravity by Test Method ¢ 137,

4.2.1.3 Calculate the water content of the finer fraction of
the field sample as follows:

e = (100w — weP P {6)

4.2.1.4 Caiculate the dry unit weight of the fner fraction of
the field sample as foltows:

5.1.3 The’ method used to obtain the field sample {(as
appropriate).

5.1.4 The sieve size used to separate the oversize pasticles.

5.1.5 The percentage by weight of oversize particles.

5.1.6 The valune of buik specific gravity. G,,. used in the
calculatiens.

5.1.7 For |aboratory compacted samples, the dry unit weight
and water content of the finer fraction, and the comected value
for the total sample.

5.1.8 For samples obtained in the field. the dry unit weight

8y = 8,08, PSA10G GpB, ~ B,,P1) h
r T Sttt "" P and water conteni of the total sample, and the corrected vahse
5. Report for the finer fraction.
5.1 The seport shall contain the following:
5.1.1 The identification of the sample. 6. Keywords
5.1.2 The method nsed in compacting the sample, 6.1 oversize particles; wnit weight; waler content
APPENDIX

{Nonmandatory Information)

X1l The calculations 1o correct the unit weight and waler
conterd of soil samples containing oversize particles are hased
on the premise that the percentage of such particles is small
enough that they do not interfere with the compaction of the
finer fraction during the compaction process. Thus, the finer
fraction of the soif will achieve the same unit weight and water
content with ke oversize particles absent as with them present.
The equation used for the calculation of unit weight is hased on
the work of Ziegler”

X 1.2 Tests vonducted by the Bureau of Reclamation™ © and

‘Ziegler. E. 1. “Effect of Materinis Retained on ihe No. 4 Sieve on the
Compaction Test of Soil.” Proceedings. Highway Research Boacd. Vol. 28. 1948, pp
40914,

* Merriam. J.. “Research on Compaction Comrel Testing for Gravetly Soils.”
Earth Researel Program Repore EMG62. U.S. Bereau of Rectamaion. Desver. CO.
August 1963,

“Hojtz, W, G. and Lowitz. €. A, ‘Compaction Chwacieristics of Gravelly
Seils’ (L8 Burenn of Rectomation Fartly Laborgrory Report No, 500 Denver, CO.
Seplember 1957,

X1. RATIONALE

the Waterways Experiment Station’ indicate that the fimiting
oversize particte (plus No. 4 sieve) content may be as high as
40 %. 1t is necessary in evaluating such studies to ensure that
the gradation of the finer fraction does not change as the
oversize particle content changes. The upper limi of oversize
particles in this practice has heen set at 40 % of the plus No., 4
material and 30 % of the plus Y-in. maeial,

X1.3 It assumed that in a moist, compacted sample of soil
containing oversize particles, those oversize particles absorh
moisture from the surrounding medium, The maximum water
conlent that the oversize particles can achicve approaches as a
fimit the percent ahsorption of the oversize fraction, as mea-
sured by Test Method € 127, The water content of the oversize
fraction aiso may be measured directly by Method 13 2 e,

? Domaghe. R. T.. and Townsend. F. C.. “Compavtion Characieristics of Enrti-
Rock Mintres” Repon 2 "Blended Material.” Misc. Paper $-73-25. UL, Ay
Engineer Waterways Experiment Siation. Vicksburg. M1, August 1975,

ASTM Inlernational takes no pasilion respeciing the validily of any palen! righls assened in connegtion with any ilem mentioned
in this standard. Lisers of Ihis standard are expressly agvised that delerminalion of the validily of any such pateal righls, and the risk
of infringement of such rights, are entirely their own responsibility.

This slanuard is subject to revision at any lime by ihe responsibie tachnical commitiee and must be reviewed every live years ang
i not revised, either raapproved or withdrawn. Your comments ars invited elther lor ravision of this standsrd or for agdditional slandards
and shiowld be addressed to ASTM Internalional Headquareds. Yaur comments will recaive careful consideration al 8 mealing of ihe
responsibie fechnical commatze, which you may atiend I you leel that your comments have niof received & lair hearing you shouid
make your views kncwnt 1o the ASTM Commiltae on Slandards, al the address shawn below,

This slandard is copyrighted by ASTM Inlernationz!, 100 Barr Harhior Drive, PO Bex U700, West Conshohocken, PA 19428-2959,
United Sigtes. individual reprinis (single or multiple copies} of this slandard may be oblained by conlacting ASTM al lhe atove
address or al §10-B32-9585 {phone), 610-832-8555 flax), or service@astm.crg (s-mal; or through the ASTM websile
{www.asim,org).
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) Designation: D 6780 - 05
“aiil

INTERNATIONAL
Standard Test Method for
Water Content and Density of Soil in Place by Time Domain
1
Reflectometry (TDR)
This standard is issued under the fixed designation D 6780; the munber immediatety following the kdesignalinn indicates the year of
original ndopsion or. m she case of revision. the year of lasi revision. A number in parenrtheses indicates the year of st reapproval. A
superscelpt epsiton (e} indicates an editorin! change since (he last revision or reapproval.
L. Scope* priate safery and health practices and determine the applice-

1.1 This test method may be used to determine the water DIty of regulatory limitaiians prior 1o nse.
content of soils and the in-place density of soils using a TDR
apparatus.

t.2 This test imethod applies 1o soils thal have 30 % or less
by weight of their particies retained on the 19.0-mm (¥-in.)
sieve.

.3 This test method is suitable for use as a means of
acceptance for compacted fill or embankmenis.

1.4 This test method may ol be suitable for organic and
highly plastic soils.

1.5 All observed and calculated vaiues shall conform 10 the
guidelines for significant digits and rounding established in
Practice 13 610,

1.5.1 The method used (o specify how data are colfected.
catculated, or recorded in this standard is not directly related wo
the aceuracy to which the data can be applied in design or other
uses, of both. How ane applies the resudis obtained using this

2. Referenced Documents

2.} ASTM Siandards: 2

13454 Terminology Relating 1o Soil, Rock, and Contained
Fluids

£2 s Test Methods for Moisture-Density Relations of
Soils and Soil-Aggregaie Mixtures, Using 5.5 b (2.49 kg)
Rammer and 12-in. (305-mm) Drop

by 2216 Method for Laboratery Deterrnination of Water
(Moisture) Content of Soil, Rock, and Soii-Aggregate
Mixtures

13 3740 Practice for Minimum Requiremenis for Agencies
Engaged in the Testing and/or Inspection of Soif and Rock
as Used in Engineering Design and Construction

£ 4753 Specification for Evaluating, Selecting, and Speci-
fying Balances and Scales for Use in Soil and Rock

standard is beyond its scope. Testing e _ .
1.6 Two alternative procedures are provided. L¥nitln Practice for Using Significant Digits in Geotechni-
cal Data

1.6.1 Procedure A involves two tests in the field. an in-place
test and a test in a mold containing material excavated from the
in-place test location. The apparem dielectric constant is
determined in both tests,

F&.2 Procedure B involves only an in-place test by incor-
porating a butk electrical conductivity in addition to the
apparent dieleclric constant.

1.7 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; thecefore, each
system shatl be used independently of the other. Combining
values from the two systems may resell in non-conformance
with the standard. For additional information consult ASTM
51 1

1.8 This standard does not purport to address afl of the
safery concerns, if anx, associated with i1s use. I is the
vesponsibilit of the wser of this standard 10 establish appro-

1 (5363 Test Method for Determination of Water (Moisture)
Content of Soil by the Time Domain Reflectomerry
Method

I. 1 Specification for ASTM Thermometers

8110 Standard For Use of the bternational System of Units
{SI): The Modera Metric System

3. Terminology

3.1 Definitions—Refer to Terminology 13 ¢33 for standard
definitions of terms.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 appagrent dieleciric constand, Ky, Koo —the
squared ratio of the velocity of light in air to the apparent
velocity of electromagnetic wave propagation in the soil
measured by a TDR apparatus in place and in the cylindrical
mold. respeciively.

322 apparent lengih, {—on a plot of electromagnetic
wave signal versus scaled distance measured by s TDR

! This st mwthod is ider the jurisdiction of ASTM Comminge D18 on Soil and

Rock and is the dived) responsibifity of Subcommitee D108 on Special and ? For teferenced ASTM stondards. visit the ASTM websile. www.astm.om. or
Conshruction Comrol Tesis, conact ASTM Cunipmer Service 8 service® asimoorg. For Annuad Beak of ASTM

Cirent edition approved Iday t. 2005, Published Jume 2005, Onamally Stunderids volusie information. refer to the standard’s Qociment Susmary page on
upproved in 2002, Last previcus edition approved in 2002 &3 D 6780 - 02, the ASTM website.

*A Summary of Changes section appears 2t the end of this standard.
Copyright @ ASTM Internalienal, 100 Barr Heroor Drive. PO Box G700, Wesi Conshohotken, PA 19428-2958. United States.

1
Copyright ASYM Icternolonal .. .
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apparatus as shown in My 1, ir is the horizontal distance
between the point on the waveform due to the reflection from
the surface of the soil where the probe is inserted into the soil
to the point on the waveform due to the reflection from the end
of the probe.

3.2.3 bulk electrical conductivity, ECh——electrical conduc-
tivity is a measure of how well 2 material accommodates the
transport of electric charge. Its 81 derived unit is Siemens per
meter (5/m). As an electromagnetic wave propagates along
TDR probed buried in soil. the signal energy is attenuated in
proportion to (he elecirical conductivily along the travel path,
Determination of bulk electrical conductivity is illustrated in
RTINS

324 coaxial head. CH —a device that Forms a transition
from the coaxial cable connected to the TDR apparatus to the
Multipte Rod Probe or to a Cylindrical Mold Probe,

3.2.5 cvlindrical mold prabe, CMP—a probe formed by a

cylindsical metal mold as the outer conducior having a non-

metallic end plate, filled with compacted soil, and with an inner
conductor consisting ol a rod driven into the soil along Lhe axis
of the mold.

3.2.6 muliiple rod probe, MRP*—sz probe formed by driving
four rods of equal length into the soil in a pattem where thres
of the rods define the outer conductor of a “coaxial cable” and
one of the rods is the inner conductor,

3.2.7 probe length, L—the length of the TDR probe that is
below the surface of the soil.

3.2.8 scaled distance, i~—the product of the velocity of light
in air and electromagnetic wave travel time in the soif divided
hy two.

' The apparins is covered by piients. Inleresied parlies ave invited 1o submis
inforimation regarding the identification of alteriativels) 10 1his patenled ilem ta the
ASTM Headguaviers. Your comments wili receive carefol consideration a1 n meeting
of Lhe responsibic technical commiuee. which you may aitend.

3.2.9 TDR internaf resistance, R—ihe imernal resistance of
the TDR's pulse generator (generally 50 ohms).

3.2.10 veltage source, V.—the source voliage and equal o
twice the step voltage generated by the TDR.

3.2.11 voltage, long term, Vi—the long term vollage as
iftusirated in f1g 1.

4. Summary of Test Method

4.1 Procedure A—The dielectric consianl of the soii in-
place is determined using 2 multiple rod probe (MRP). a
coaxial head (CH), and TDR apparatus. The soil al Lhe location
of the insitu measarement is then excavated and compacted in
a mold. By measurement of the mass of the mold and soil and
with the mass and volume of the mold known, the wet density
of the sotl in the mold is determined. A rod driven fnto the soil
along the axis of the mold creales a cylindrical mold probe
(CMPj). Using the same coaxial head (CH), an adapler ring, and
the TDR apparatus the dielectric constant of the soil in the
motd is measured, The water content of the soil in the mold is
determined using 2 correlation between the dielectric constant,
moisture content and soil density. The correlation requires rwo
constanis that are somewiial soit specific. Tt is assumed that the
water coptent of the soil in place is Lhe same as the water
content in the mold. The density of the soil in place is
determined from the density of the soil in the mold and the
dielectric constants measured in Lhe mold and in place.

4.2 Procedure B-——The apparen! dielectric constant and the
hulk electrical conductivity of the soil in-place is determined
using a multiple rod probe (MRP), a coaxial head (CH), and
TDR apparatws. The waler content and density of the soil
in-place are determjned from the measured apparent dielectric
constant, the hulk electrical conductivity and six constants, The
six so0il constants are soil and in-place pore Ruid dependent.
The six soil comslanls are deiermined in conjunction with
lahoratory compaction procedures using specified compaction
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procedures, for example, Test Method 13 0Y5, and by aking
measuremenis of the apparent dielectric constant and the bhulk
electrical conductivity for each compaction point.

5. Significance and Use

5.1 This test method can be used to determine the density
and water content of naturally oceurring soils and of soils
placed during the construction of earth embankments, road
fills, and structural backRlis.

5.2 Time domain reflectometry (TDR) measurec the appar-
ent dielectric constant (Procedure A) and both the apparent
dielectric constant and the bulk electrical conductivity (Proce-
dure B) of soil. The apparent dielectric constant is affected
significantly by the water content and density of soil, and to a
lesser exrent by the chemical composidon of soil and pore
water, and by temperature. The bulk electrical conductivity is
affected significantly by the water content, density, and the
chemical composition of the in-place pore water, and (o a lesser
exsent the chemical composition of the soii solids. This test
method measures the gravimetric water conient and makes use
of a different relationship between the electrical properties and
water content from Test Method i) 65035 which measures the
volumetric water content.

3.3 Sotl and pore water characteristics are accounted for in
Procedure A with two calibration constants and for Procedure
B with six calibration constants. The soil constants for Proce-
dure A are determined for a given soil by performing compac-
tion tests in a special mold as described in Ve AL The six
s0i] constants for Procedure B are determined in conjunction
with compaction testing in accordance with specified compac-
tion procedures, for example, Test Method 1) 6938 as described
in Aunes MY Both Procedures A and B use Test Methed
13 2016 o determine the water contents.

54 When following Procedure A, the water content is the
average value over the length of the cylindrical mold and the
density s the average value over the Jength of the multiple-rod
probe embedded in the soil. When foliowing Procedure B. the
water content and density is the average values over the length
of the multiple-rod embedded in the soil,

N |—The quality of the result produced by this standard is
dependent on the competence of the personnel performing it. and the
suitability of the squipment and facilities vsed, Ageneies 1hat meet the

criteria of Practice |3 37 il are generally considered capable of competent
and objective testing/samplingfinspectionfete. Users of thns siandard are
cautioned that compliance with Practice 1) 7 ity does not in ilself assure
setiable résuits. Rehiable resulis depend on many faeiors: Practice 11 %
provides o means of evaluating some of those faciors.

6. Interferences

6.4 Quality and accuracy of the lest resulls significantly
depend on soil having contact with the inner conductor of the
probes. To assist this, when installing the rods of the MRP, the
rad that forms the inner conductor must be the last rod
installed. if in the instalation process. the rod hits upon a large
particle thal causes it Lo drift from verlical alignment, all rods
shouid be removed and the test conducted in a new location at
feast 0.2-m (8-in.) from the previous test location,

6.2 The quality of the signal read by the TDR apparains
depends on having clean contacts between the CH and the

MRP and the CMP. The contacting surfaces should be wiped
with a clean cloth prior to placing the CH on the MRP and the
CMP. Once placed. abserve the signal on the TDR apparatus.
If the characteristic signal is not present, the CH may have to
be slightly rotated aboul its axis to make betier contact.

6.3 This test method only applies to non-frozen soil. The
apparent dielectric constant is slightly temperature dependent
for soils and depends on sofl type. For soil temperatures
between 15°C and 25°C (59°F and 77°F), no lemperature
corrections are needed for most soils. A simple temperature
adjustment for water content determination is parl of the test
method,

7. Apparatus

7.1 TDR Apparatus. a Metallic Time Domain Refleciometer
with a scaled length resoletion of ot least Z.4-mm (0.10-in.)
(this corresponds approximately (o a time belween data points
less than or equal Lo sixteen picoseconds (16 X 107'? 53 A
portable computer with a communication porl to the TDR is
sugpested for controlling the apparatus, acquiring and saving
the data, and for making the calculations as the test proceeds,

7.2 Multiple Rod Probe (MRPF with Coaxial Head (CHS

7.2.1 The MRP consists of four common steel spikes,
typically 250-mm (10-in.} in length and unifonm diameters of
9.5-mm (¥-in.). (Other length spikes, bul with the same
diameter, may be used but in #o case should they have lengths
less than 150-mm (6-in.). For lengths longer lhan 250-mm
(10-in.}, drift in the alisnment of the spikes and loss of
reflected signal from the end of the MRP may occar.)

7.2.2 A MRP guide template (see | iy '} is used to guide the
spikes as they are driven into the soil. The emplale must allow
for its removal afier the spikes are driven aind before a TDR
measvrement is made. (The radius rom the cenlral spike (o the
outer spikes must be within the rangé of 5 to 7.5 times the
diameter of the central spike.)

7.2.3 The Coaxial Head (CH)' (see 11y 1) forms a transi-
tion from the coaxial cable coming from the TDR apparatus to
the MRP.

1.3 Cylindrical Mold Probe {CMP), the CMP consists of a
cylindrical mold. a guide template. a central rod, and a ring
coltar. Details for these items are shown in e 4.

7.3.1 The central rod is a stainless steel rod with a diameter
of 80-mm (Ye-in) and a length of 284-mm (1040 in
length.

74 Balances or Scufes, meeting Specification GPI0 of
Specification 1Y 4751 o determine the mass of the soil and the
eylindrical mold. A battery-operated balance or scale having a
minimum capacity of [0 kg is suitable when an apparatus with
the dimension given in Fiy ¢ is used.

7.5 Driving Toofs, a brass-headed hammer for driving
spikes for the MRP and the centval rod into the cylindiicat
mold. A resin-headed hammer also ay be used for driving the
central rod into the cylindrical mold. {Use of these hapuners
prevents peening of the driving end of the steei rods from
repeated vse.}

1.6 Tamping Rod. an aluminum rod with flat ends. o
diameter of 37-ram (1.5-in.). and a length of 380-mm {15-in.).
Other tamping devices which provide a relatively tniformly
compacted specimen also may be used.

ki
Conyrigh! ASTR intomationst . . . -
Provided By [H8 yndur Ecanse wuin advin | by ASTM Int't (all rights reserved); Uisensemamec Group LG4 IS00
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See Takle 1 For tolerances ond metiric equivalents.

FIG. 2 MRP Guide Template

TABLE 1 Wetric Equivalents for Dimensions in Fig. 2

(in.} Tel. {in.) {mm) Fol. {mm)
0.391 + 0.0p2 16.00 005
1.000 + 0.005 2500 * 015
1.350 z D015 34.30 £ 040
1.500 + 0015 28.00 x 0.40
2.589 * 0.005 65.7C +0.13
2.200 x 0020 80.00 * 8.50
7.7 Thermometer, O 10 50°C range. 0.5°C gradunations,

conforming 1o requiremenis of Specification | 1.

7.8 Verier or Dial Caliper, baving a measuring range of at
least O o 250-mm (0 to 10-in.) and readable 1o at least
0.02-mm (0.001-in.)

1.9 Miscellaneous Tools, a battery-powered hand drill with
a spare battery and charger and with a 25-mm (1-in.) diameter
auger bit (aiternatively, a small pick will work}. siraighl edge
for smoothing the surface of the soil for the in-place test and
for smoothing the surtace of the soil in the cylindrical mold.
pliers for removing the spikes and central rod, small scoap or

ighf ASTM Intemalionat ‘e -
Ry 148 wder bountn wanaSTi | by ASTM Tnt] (all rights reserved);

koo o natwarkiag

spoen for removal of the loosened soil and for placement in the
cylindrical mold, and a brush for remaving excess soil from
around the base of the cylindrical meld prior to determining its
11ass.

8. Preparation of Apparatus

8.1 Charge or replace. as appropriate bateeries in the TDR
apparatus, the hand drill, and the balance.

9. Calibration and Standardization

9.1 Determine the average length of the spikes that will
penetrate into the soil surface in the in-place test. L, ... m
{in.}. by inserting each spike into the MRP guide template and
measuring the length that each spike protrudes from the
wmplate when fully inserted. Alt measured iengths should be
equal within 0.5-mm (0.020-in.).

9.2 Determine the volume of the cylindrical mold, v,
m’ (in."), in accordance with \unes Vi

Herlels

A

Ueanseanpmoc Group LES94? 1H5001
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BNC Conneclor

Stainiess Steel

One leg with adjustable height

Delrin’

65.7 mm
{2.588 in.)

FiG. 3 Coaxial Head (CH)

9.3 Determine the mass of the emply and clean cylindrical
mold inclnding the base, but without the ring collar, M,, kg
(Ibf), by piacing on a calibrated bafance,

2.4 Determine Lhe length of the central rod for insertion into
the compaction mold, L. ree ™ G0

9.5 Calibration Constants:

9.5.1 Procedure A—Determine the values of « and b for the
soils 10 be tested in the field by procedures in \unes 17

9.5.2 Procedure B—Determine the values ¢, b. ¢, d, f, and g
for the sciis to be wested in the field by procedures I dinen A

18. Procedure

10.1 Fhe following is applicable for Procedures A and B:

10.t 1 Prepare the surface at the tesi locarion so that it is
plane and level,

10.1.2 Seal the MRP guide 1emplaie on the plane surface.

10.1.3 Drive the outer spikes through the guide holes so that
the botiom surfaces of the spike heads touch the template,
Drive the central spike Jast. {See 11y 5}

[0.1.4 Remove the template as shown in (1, », Check that
all spikes are driven properly without any air gap around the
spikes where they penetrate the soil.

Copyrighl A5 : L. . .
P:ﬁmluyggmxﬁ:masmt by ASTM Int'l (ail rights reserved);

Mo rep

o

g

10.1.5 Connect the coaxial cabie to the CH and the TDR
device, Twim on the device.

10.1.6 Wipe the top surfaces of the spike heads and ends of
the stids on the CH and place the CH on the spikes. centering
the CH on the heads of all the spikes as shown in 1y ~

10.1.7 Delermine and record the apparent length, 7,4, m
(in.) with the TDR equipment.?

10.1.8 When following Procedure B, determine and record
the source vollage, V| and the long term voltage, V. from the
TDR waveform® as illustrated in |1y '

10.1.9 Remove the spikes.

10.2 For Procedure A, do the following:

18.2.1 Measure the apparent fength in the cylindrical mold.

10.2.2 Assemble and secure the cylindrical mold to the base
plate and attach the ring codlar.

¥ Automated pracedures for doing this are usually contained in 2 program on the
porible comper. Alsorithms Tor vartons procedares are discussed by Baker and
Alimaris (1990, Feng ef o5, 11998), Heimovaam and Bouten {19903, and Wraith_ 1.
M.. and Or, D.. {1999,

* Background for making these measwrements are provided by Yu nnd Druevich
2004},

Licansee=Amuae Group LIdrEa47 185087
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FIG. 4 Cylindrical Mold, Ring Coflar, and Guide Template

TABLE 2 Metric Equivalents for Dimensions in Fig. d

{in.} Tol. {in.} {mm} Tol. (mm)

0.138 +0.005 3.50 + 013

0250 = 0.005 B.30 =013

G.313 +0.002, - 0.000 7.88 +0.05, - 0.00

0.750 = 0.010 15.90 £025

1.000 * 0.010 25.00 = (.25

1.200 + 0,002 30,24 © *=0.05

1.450 + 0.005 35.54 =013

2.000 + £.020 50:00 = (.50

4.000 2 0.016 100.00 * 0.40

4,248 +0.000, - 0.003 107.80 +0.00, - 008

4250 +0.003, - 0.000 107.95 +0.08, -0.00

4.500 = 0.020 115.00 * 0.50 2

550D = 0.020 140.00 = 0.50 v S 4

€.000 = 0.020 160.00 * 0,50 AA LA 8
9.168 * 0.020 231.00 = 0.50 FiG. 5 Driving Spikes Through Template

10.2.3 With the use of the power drill or other suilable  holes lefr by the outer rods of the MRP and to a deph
digging implement, excavale the soil from the hetween the  comesponding to the rod penetration and place the soif into the

" 3
Jht ASTH Il Vonal . . .
0 by WS und scange min ASTAL DY ASTM Int'l (all rights reserved); LicenseesAmec Group LIiS9sT 125907
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FiG. 7 Placement of Coaxial Head on Spikes

cytindrical mold in 6 uniform lifts appiying {0 blows per lift
using the aluminum-tamping rod or other suitable tamiping
device, Soil should be taken uniformly over the entire depth of
in-place measurement and placed directly and quickly inlo the
cylindrical mold 10 mirimize moislure loss. Remave the ring
collar and strike the surface level with the straight edge after
compaction. Remove any spilled sotl from around rhe exterior
of the base plate with the brush,

10.2.4 Make sure the balance is jeveled, measure and record
the mass of the soil-filled cylindrical mold including the base
plate, M,. kg (Ib).

10.2.5 Clean the shoulder at the top of the mold and mounl
the cylindrical mold guide remplate on to the cylindrical mold.

10.2.6 Using the brass-headed or resin-headed hammer,
drive the central rod through the guide hole into the soil wntit
the top of rod is Aush with the template.

10.2.7 Remove the guide template from the cylindrical
mold.

10.2.8 Detenmine and record the lengrth of the central rod
above the soil surface. Lo,y woposers M (023

10.2.9 Clean the shoulder at the top of the mold and place
the ring collar on the cylindrical mold. Rotate the ring back and
forth on the mold 1w facilitate good electrical contact.

10.2,10 Wipe the top surface of the ring collar, the central
rod and the ends of studs of the CH and then place the CH on
the ring collar, centering the central stud on the cenival rod as
shown in g

FIG. 8 Coaxial Head on Ring Collar

[0.2.11 Determine and record the apparent length, /.., m,
with the TDR device.?

18.2.12 Remove the central rod from the mold.

10.2.13 1f the soil is a cohesive soil and iF the emperature
of the 50tl is estimated to be outside the range of 150 25°C {59
o 77°F), inser! a metal thermomelter into the hole created by
the central rod, wait until the temperature stabilizes, and record
the emperaure, °C.

10.2.14 Remove the soil from the cylindrical mold.

11. Calculation or Interpretation of Results

[1.1 Calculate the apparent dielectric constant of the soil in
place as fotlows:

JATIRT
Kf‘"ﬂ‘ﬂl = ( zj!f.:::ln') (I)
where:
Kim = apparent dielectric constant of the sail in place,

= measured apparent length insitu, m (in.), and
= length of the spikes inserted into the spil, m
Gin.).
1.2 Procedure A:
11.2.1 Calculate the dieleciric constant of the soil in the
mold as follows:

A invini

insiit

”u )MU.,-‘I' 2
Klmn'ﬂ' = (_ITMR:) (2)
where:
Ko = apparent dielectric constant of soil in the mold,
(e = measured apparent length in the mold. m (in.),
and
Lootd = length of the rod inserted into the soil in the
mold, m(n.)
= L ~L

cemrid v = L expused

11.2.2 Calculate the wet density of the soil in mold as
follows:

M, — M,
= 13

Pravotd
et

where:
= wel density of the soit in the mold, kg/m® (Ibf/
ft'),

P maested

-
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M, = mass of the soil-fitled mold, and base plate, kg
(1bf),

M, = mass of the empiy motd and base plate, kg {IbD,

Vs = volume of the mold, m® (fth.

11.2.3 Calculate the Apparent Dielectric Constant of the soil
in the mold at 20°C from:

Kopotawre = Ky ¢ X TCF @)

where:
TCF = Temperature Correction Factor.
= 097 +0.0015 7,7 for cohesioniess soifs, 4°C
= el 7°C = 400C
= Li0-0.005 7T, u7e for
4°C = T, o = 40°C.
11.2.4 Calculate the water content of the soil in the moid
and in place gs follows:

cohesive  soils,

— ARty
v lerm.lri'.?.l\'l'.' - _F’u

T %100 N}

Ottt
e R st ae

Wit = Wosptd =

where:
Wosa = water content of the sotl in the mold, %,
Wiin, = water content of the soil in place, %,
o = density of waier = FO00 ke/m™(62.4 Ib¥/i),
a = calibration constant, (see Atmis ALY, and
b = calibration constant, (see Sntwy AF).
H.2.3 Calculate the in place dry density of the soil as
follows:
K Vi R
Bnsinn = WX i % - pl.:;l..'.‘ - (6)
e} e
1+ Tl
where:

Paisin = dry density of the soit in place, kg/m” (Ibf/i),
11.3 Procedure B:
1831 Calculpte the Bulk Electrical Conductivity using
vollages from the insitt TDR waveform obtained in 11 | from:

11V,
EC‘,zE('p;—') %3]
where:
EC, = bulk electricat conductivity, S/m,
V., = source voltage and equal to twice the step voliage
(see Fig. 1),
v, = long term voltage level (see iy 1), and
< = ¢onstant refated to probe configuration, and for a
coaxial probe, calculated from:
¢ = (2t ()
In(z_ }
where!
Loy = length of the TDR probe that is below the surface
of the soi,
R, = ipternal resistance of the TDR's puolse generator,
d, = outer conducior diameter, and
d, = jmer conductor diameter.

11.3.2 Correct the Apparent Dielectric Constant calculated
tn i1 | & 20°C from:

HATTM Inematianal L. .
o by 148 gt ficerr with 578 L by ASTIVE [nt'] {al) ights reserved);

eiucton of netorking petmiled witon lanse hom M3 per License Agreement with Kathe Ho

K.Fmim.zu‘(' = K:‘nﬂm.?" XTCF %)

where:
TCF = Temperawre Correction Factor

0.97 + 8.0045 X T, ro for cohesionless soifs,
4°C = Tiu.rim.T'L"—: 40°C

10 - 0005 X T r for cohesive sails, 4°C =
Tl'usim.T’C = 40°C.

11.3.3 Calcutate the water conlent of the soil in place as
follows:

i

— =
— a4 Kf&fj LAY ‘t'ch.m‘[

L = |
W e b ,‘EChlmﬁ —_ d.‘ AK”‘H ( G}
where:
Wiisite = water content ol the soil in place, %
= Km.!j =K irrsiten 20°C s “ E)
T ECh =+ 5Ky (12)

a b ¢ d f and ¢ = calibration constants, (see \nucy A3).
1134 Calculate the in place dry density of the soil as
follows:

_W_b\/EC»..w (13}

Putjusing = afl — tlr

where:
= dry density of the s0il in place, kgfm” ¢lit?).

B, tusirre

i2. Report

12.1 The report shall include the following:

t2.1.} Procedure used (A or B).

[2.1.2 Test site identification.

12.1.3 Date and time of test,

12.4.4 Name of the operator(s).

12.1.5 Visual description of the materal tested.

{2.1.6 Make, model and serial number of the TDR appara-
tus.

12.1.7 Average length of the spikes thar penetrated into the
sotl surface in the in-place tesy, L;, ;.. m (in.),

12.2 The report shall include the following for Procedure A:

£2.2.1 Volume of the cylindrical mold, V. m® (i1,

12.2.2 Length of the central rod, L me M (0 the
length of the central Tod exposed. L.s oy ™ (in.), and
inserted Jength of the centsal rod in the mold. L, ., m {in.).

12.2.3 Temperature of the soil in the mold, 7., 7 ¢

12.2.4 Values of apparent dielectric constant for the in-place
1esl, Ko and tite test in the mold, K.,

12.2.5 Water contenl in percent. w, from Eg 5.

12.2.6 Dry density of the soil in place, g, .. kg/m (b
ft") from Eq 6.

12.2.7 Calibration constams « and b.

12.2.8 Other comments as appropriate.

12,3 The report shall include the foliowing for Procedure B:

1231 Temperature of the soil ia place. T r o

12.3.2 Value of the apparent dielectric constant for the in
place test, Kj,up,

12.3.3 Value of the bulk elecwical conductivity, ECp i

12.3.4 Water content in percent, w, from Eq 10.

12.3.3 Dry density of the soif in place. 9, ;... from Eg 13,

12.3.6 Calibration constants @, &. ¢. d, f, and g.

12.3.7 Other comments as appropriate.

Licensgr=fimec Growy LISiS84T125001
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13. Precision and Bias

3.1 Precision—Test data on precision is not presented due
to the nature of this test method. It is either not feasible or too
costly at this time to have ten or more agencies participate in
an in situ testing program at a given site. The Subcommitiee
{D18.08) is seeking any data from the users of this test method
that might be used to make a iimited statement on precision,

13.2 Bigs—There is no accepled reference values for this
tesi method, therefore, bias cannot be determined.

Mo 2—Guidance ts available in Ref 7 for delermining test variability
for a given soil from laboratory tests simulating field tests,

14, Keywords

14.1 compaction test; construction control, density: diefec-
tric constant; elecirical permittivity; efectromagnelic waves;
field control: field tests; inspection; moistwe content; guality
control: soil compaction: soil density; tme domain reflectom-
efry: waler conte

ANNEXES

{Maadatory Informaiion)

Al. VOLUME OF CYLINDRICAL MOLD

AL1 Scope

Al.1.1 This annex describes the procedure for determining
the volume of a compaclion mold.

Al.1.2 The volume is determined by s water-filled method
and checked hy a linear-meagurement method.

Al.Z Apparatus

A2 In addition 1o the appuaratus listed in Section 7 the
following items are required:

A1.2.1.0 Vernier or Diad Caliper, having a measuring range
of at feast € o 250-mm {0 o 10-in.) and readable 10 at least
0.02-mm (0.001-in.),

AL 2.1.2 Inside Micromerer, having a measuring range of at
least {00 to [30-mm {4 to 5-in.) and readable o at least
0.02-mm (G.001-in.).

A1.2.1.3 Plastic or Glass Plares, iwo plastic or glass plaies
approximately 200 by 200 by ¢-mm thick (8 by 8 by Y-in.
thick).

AlL2.14 Thermomerer, O 1o 50°C range, 0.5°C graduations,
conforming to the requirements of Specification 1 1,

AL2.1L5 Sropcock Grease, or similar sealant,

AL2LLG Miscellaneous Equipment, bulb syringe, wowels,
ete,

AL3 Precautions

Al.3.} Perform this method in an area isolated fromy drafts
or extreme temperature fluctuations.

Al4 Procedure
AlAr Water-Fiifling Method.

single plastic or glass plate to he used oo top of the mold to the
nearest i-g (0.04-1bm) and record.

Al.4.1.3 Place the mold and the hotlom plastic or glass
plate on a firm, level surface and fill the mold with water to
slightly shove its rim.

Al4.1.4 Slide the second plate over the lop surface of the
mold so that the mold remains completely filled with water and
air bubbles are nol entrapped. Add or remove water as
necessary with a bulb syringe.

Ai1.4.1.5 Completely dry any excess waler from the outside
of the mold and plates.

Al4.1.6 Deienmine the mass of the maold. plates and water
and record to the nearest 1-g (0.01-1bm).

AL4.1.7 Determine the emperature of the waier in the
mold to the nearest 1°C and record. Determine and record the
absolule densily of water from il 41 ),

Al4.1.8 Calcutate the mass of waler i the maold by
subtracting the mass determined in %141 2 from the mass
determined in AT 6

ALA4. 19 Caleulate the volume of water by dividing the
mass of water by the density of waler and record to the ncarest
i o’ (0.000F ).

Al14,1.10 When the base plate is used for the calibration of
the mold volume repeat A4 1 13-4 119

A1.4.2 Linear Measurement Method:

Ab42.0 Using either the vernier caliper or the inside
miicrometer, measure the diameter of the mold 6 times al the
top of the mold and 6 times at the hotiom of the mold, spacing

TABLE A1.1 Density of Water”

Av4 L Lightly grease the bottom of the compaction mokd Tempermure, *C (F) Density of Warer. s
and place it on one of the plastic or glass plates. Lightly grease I3 th.d) 0.998062
the top of the mold. Be careful not to get grease on the inside 19.166.2; 0.99843 .
of the mold. If it is nccessary 10 use the hase plate, place the (28801 099823 .
ereased mold onto the base plate and secure with the locking 521 :g?::i 3:2323; ;
studs. 23 734 0.9975% ]
Al4.1.2 Delermine the muss of the greased mold and either 24 (752} 0.99731 :
plastic or giass plates to the nearest F-g (0.01-1bm} and record. 25 (77.0 099707
When the basc plate is being used in licu of the bottom plastic 26 (78.8) 0.9968

or glass plate determine the mass of the mold, base plate and a

€t

4 Yalues other than shown may be obtainag by refarring to the Handbook of

G AT L g 3 - .
Proaiadty 46 under feamsm vacn 570 By ASTM Int't (all rights reserved);
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each of the six top and bottom measurements equally around f = average height, mum (in.),
the circumference of the mold. Record the values to the nearest d, = average top diameter, mm (in.}, and
0.02-mm (0.001-in.). d, = average bottom diameter, mm {in.).

A1.4272 Using the vernier caliper, measure the inside
height of the mold hy making three measuremenis equally
spaced around the circimference of the mold. Record values 10
the nearest 0.02-mm (0.001-in.).

A1.4.2.3 Calculate the average top diameter. average bot-
form diameter and average height.

Al.4.24 Calcutate the volume of the mold and record 1o the
nearest | cm” {0.0001 £) as follows:

ALS Comparison of Resulis
A1.5.1 The volume obtained by either method should be
within the volume tolerance reguirements of 6.1,1 and 6.1.2.

A1.5.2 The difference between the twe methods should not
exceed 0.5 % of the nominal volume of the mold,

AL.5.3 Repeat the determinalion of volume if these criteria

wld, + d‘b)zh 1 ﬁ3 ) are not melL.
= X (5728 in,‘) {inch—pound system) AL.5.4 Fatlure to obtain satisFactory agreement between the
(ALLTY iwo rnethods, even after several trals, 15 an indication that the
d, + dyh - mold is badly deformed and should be replaced.
R (10" mm.\) (S systens) (ALD) A1.5.5 Use the volume of the mold determined using the

where:
1%

volume of mold. m* (f*,

water-fHling method as the assigned volume value for calcu-
lating the wet density (see il 3).

A2, DETERMINATION OF PARAMETERS a AND

A2.1 Secope

A2 L1 This annex describes the procedure for determining
the soil specific parameters a4 and 6 for use m Eq 5 of Sechion
IE

A2.1.2 The determination requires that five tests al different
water contents be performed using the eylindrical mold probe.

A2.2 Apparafus

A2.2.1 Sse items 7 1, Tacand L ow,

A2.2.2 Guide Templare, similar 1o that shown on bz, 4, bt
modified te conform 1o user’s 4-in. compaction mold.

A2.2.3 Ring Collar. similar 1o that shown on Fie 4 but
modified 10 conform to user’s 4-in. compaction motd.

A2.24 Mold, 2-in.—See 6.1 of Test Method Iy A0k,

Mo A2 b—Molds From most manulactirers are swade from mild stee!
and zinc plated (o resist rust. With age and corresion these plated steet
molds may interfere with the TDRs elecuical signal. The user may wish
1o consider vsing mold bodies constructed of serfes 303 siainless steel.

23,

A2.2.5 Non-conductive Base Plate, a non-conductive bage
plate made of UHMW or Delrin®™ similar to that shown on | 1
i, but modified to conform to user’s 4-in, compaction moid.

A22.6 Central Rod, a stainless steel central rod with a
digmeter of 8-mm (Yie-tn.) and a teagth of 147-mm (5.791-in.).

A227 See 6.2, 6.3, 64. 6.5 6.6, 6.7, and 6.8 of Test
Method Iy fua,

A2.3 Precantions

A2.3.! Perform this method in an area where the ambient
temperatures and the temperature of the soil are within the
range of 15 1o 25°C (59 to 77°F).

A24d Procedure

AZ4 L Obtain a representative sample of soif from the site
where in-place testing has been conducted or from the borrow

in

area pianned as a source of material. The sample should be of
sufficient mass for at least Bve compaction specimens, typi-
cafly about 20-kg (44-1b). More material may be required if
ancillary testing is planned such as particle size analysis.

A2.4.2 Ajr-dry the seil sample.

AZ.4.3 Thoroughly break up the soil clumps in such a
manner as (0 avoid breaking individual particles. Pass the
material through a No. 4 (4.75-mm) sieve.

A2.4.4 Prepare five specimens having water contents such
that they bracket the estimaled fiefd water content and vary by
aboul 2 %. Preparation procedure showld be as specified in
section 10.2 or 10.3 of Test Methods 13 ik,

AZ.45 Determine the volume of the cylindrical mold in
accordance with Annces AL,

A2.4.6 Determine and record the mass of the cylindrical
mold and base plare, and the length of the central rod.

A247 Assemble and secure the cylindrical mold and ring
collar to the base plate,

A2.48 Compactian—Afer curing, if required, each speci-
men shall be compacted in accordance 10.4.1 through 10.4.7 of
Test Method 1) fius,

A2.4.9 Remove the ring collar and strike the surface level
with the straight edge afier compaciion, Remove any soil from
around the exterior of the base plate with ke brush.

A2.4.10 Do procedures 12 304 2 {4,

A24.11 Remove the soil from the cylindrical mold. Obiain
a partion of the sample for water content determination by
slicing the compacted specimen axially through the center and
removing ai feast 0.300 kg (/ ) of soi! from the cut [aces.
Obtain the water content in accordance with Test Method
[RIRAETN

AZA412 Repeat \1 16 o A2 49 for each soil specimen.

AT : .. , .
iy 143 o Geovs win AT | by ASTM Int't (all rights reserved);
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A2ZS Calculation

A2.5.1 For each of the soll specimens, caiculate the dielec-
tric constant of soil tn the cylindrical mold ( ,,,,,,,,) using Eq 2.

A2.52 Calculate water content, w,., u. in accordance
with Test Method 13 32 1n.

A235.3 Calculate the wet density of the soil in the cylindri-
cat mold using Eq 3.

A2.54 Caleulate the dry density of the sotl in the cybndrical
mold as follows:

12

Py = (AZ.1}
I+ ez ifey

where:

o = dry density of the soil in the cylindrical mold,
kg/m® UbFY,

g, = wet density of the soil in the cylindrical meld,
ke/m® (/). and

Woren ary = Oven dry water content from step \2.5 2L %

A2355 Plol for determining calibration coetficients a and &

Plot /K,,J,,,,,gil‘ N Wi (&2.2)

where:

K opotd = dielectric constant of soil in the cylindrical
moid,

P = dry dmsi!y of the soil in the cylindrical mold,
kgim® (Ibfft*), from Eg A2.1,

P.. = density of water = 1000 kg/m® (62.4 1ofHcY),
and

Worn g = OvEN dry water contenl. %, from step A2 &

A2.5.6 Determine calibration coefficients @ and & from plot
AT where:

&

b

zero intercept of the best-fit straight line, and
slope of the best-ft straight hne.

11

Nem: AZ.2—Values of o typically are between 0.7 and 1.8 and values
of b are typically benween 7.5 and 1 for cominonly encouniered natoral
s0ils.

AL DETERMINATION OF PARAMETERS a, b, ¢, 4, f, AND g

A3.1 Scope

Al.i.l This annex describes the procedure for determining
the soil specific parameters a, b. ¢, ¢, £ and g for use in Eq
-1 < of Seetion t1,

A3.1.2 The determination requires that five tests al different
water content be performed using a 4-in. diameter mold similar
thal described in Test Method by 6vh, Procedure A or B.

A3.2 Apparates

A32T Seeilems T 1, P73 T A and VA

A322 Guide Template, similor to that shown on Iz 4. but
modified © confosm {o user’s 4-in. compaction mold.

A3.2.3 Ring Collar, simifar lo that shown on [y, d, but
modified to conform to user’s 4-in, compaction mold.

A324 Mold, 4-in.—See 6.1 of Test Method 13 (495,

Nom: A3.1—Molds from most manufacturers are made from mild sieet
and zinc plated 1o resist vust, With age and corrosion Lhese plated sieel
molds may interfere with the TDR's clectrical signal. The user may wish
to consider using mold bodies constructed of series 303 stainless steel,

A323 Non-conductive Base Plate, & non-conductive base
plate made of UHMW or Deltin® similar 1o that shown on Fig
4. but modified to conform to user’s 4-in. compaction mold.

A326 Central Rod, a siainless steel central rod with a
diameter of B-mm (Ma-in) and a length of 147-mem (5.791-in.).

A3ZT See 8.2,6.3, 64,65, 6.6, 6.7, and 6.8 Test Method
(BRI

A3.3 Precauiions

A3 1 Perform this method in an area where the aimbignl
temperatures and the temperature of the test soil are within the
range of 15 to 25°C (59 10 77°F).
A3.4 Procedure

A4 Oblain a representative sample of soit from the site
where in-place testing has been conducted or from the borow

Copynght ASTM Inemslionad N
Provides by 1HS under!mnse wihagTitt by ASTM Int] {all rights reserved);
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area planned as a source of material, The sample should be of
sufficient mass for al least five compaction specimens, Lypi-
cally about 20-kg (44-ib). Mare material may be sequired if
ancillary lesiing is planned such as particle size analysis.

A34.2 Airdry the soil sample.

A34.3 Thoroughly break up the soil clumps in such a
manner as to avoid breaking individual particles. Pass the
material through a No. 4 (4.75-mm) sieve.

A344 Prepare five specimens having water contents such
that they brackel the estimated field water content and the
optimum water contenl. Incrementally increase the water
contert from driest compaction point by about 2 %. Prepara-
tion procedures should be as specified in section 10.2 or 103
of Test Method 13 nbi,

A3.4.5 Determinge (he volume of the 4-in. cylindrical mold
in accordance with Annes Af.

Ad46 Determine and record the mass of the cylindrical
mold and base plate, and the length of the central rod.

A347 Assemble and secure the cylindrical mold and collar
to the base plate.

A34.8 Compaction—After curing. if required. each speci-
men shall be compacted in accordance 19.4.1 through 10.4.7 of
Test Method 13 hus,

A3.4.9 Determine and record the mass of the specimen and
mold to the nearest gram. When the base plaie is left attached.
dewermine and record the mass of the specimen, moid and base
plate to the nearest gram.

A3.4.10 Do proceduce 102 4 1011y,

A3.4.1] Remove the soil from the cylindricat mold. Gbrain
a portion of the sample for water content determination by
shicing the compacted specimes axially through the center and
removing at feast 0.5 kg (I 1b) of foil from the cut faces. Obtain
the water conterd in accordance with Test Method 13 2 21n,

A34.12 Repeat 253710 Vet for each soil specimen.

Lirgasea=Amec Gicun Liih947 105001
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A3.5 Caleulations

A3.5.1 For each of the soil specimens, calculate the dielec-
tric constant of soil in the cylindrical mold (K} using Eq 2
and the buik electrical conductivity of soil in the cylindrical
mold {EC, ...} using Eg 7 and Eqg 8.

A3.3.2 Do calcalations AT 3% AT3h,

A3.53 Plot for obtaining calibralion coefficients ¢ and o

i}

zero intercept of the bese-ft straight line, and
slope of the best-fit straight line.

A35.5 Calculate the cafibration coefficients f and g as
follows:

¢
a

[t

Plat v EC’;_mnM V&, v A)n Al

A3.5.6 Determine calibration coefficients £ and £ from plor

(A32}

Plot Y Eclum.dd % V8 W {AZ1) in 4348 whese:
where; . ' .
EC miw = bulk electrical conductiviry of soif i (he [ = zero intercept of the best-fit straishe line, and
cylindrical mold, 5/m. g = slope of the best-At straight line.
A35.4 Determine calibration coefficients ¢ and & from plot
AYS 3 where:
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SUMMARY OF CHANGES

Committee D2 has identified the location of selecied changes o ihis siandard since the last issus
{D 6780 —~ 02} that may impact the use of this standard.

(/) The field testing procedure and test apparatus for Proce-
dure B is simifar to Procedure A. but omiis the steps of
excavating the soil, compacting il in a mold, and running a
second TDR test on the soil in the mold.

(Z) ‘ines v has been modified to explicitly allow the use of
the 4.0-in Standard Compaction meld and hammer in deler-
mining calibration faciors @ and b.
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(3} Reporling requirements have been changed to provide
information on the procedure used (12 1 1) and measured items
assaciated with Procedure B (all items in 12 5.

(4) ‘anes VG has heen added for gridance in determining
calibration constants a, b. ¢, o, f, and g 1bat are associated with
Procedure B.

i7
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Designation: 6938 - 10

IRTERNATIONAL

Standard Test Method for

in-Piace Density and Water Content of Soil and Soil-
Aggregate by Nuclear Methods (Shallow Depth)’

This standard {5 issued under the fixed designwion DGB38: the number immedinely following the designmion indicues the year of
originat adopiion o in the case of revision, the year of Jast revision. A sumber in parentheses indieates the yeor of fast reapproval. A
superserip epsilon {8} Indicaies an editorial change since the lasi revision of reapproval.

i. Scope*

f.1 This test method describes the procedares for measuring
in-place density and moisture of soil and soil-aggregate by use
of nuclear equipment. The density of the material may be
measured by direct transmission, backscatter, or backscatier/
air-gap ratio methods. Measurements for water (moistuee)
content are taken at the swriace in backscatier mode regardless
of the mode being used for density. It is the intent of this
subcommittee that this standard replace D2922 and D3017.

I.1.1 For limitations see Section 3 on Interferences.

1.2 The total or wet densily of soil and soil-aggregate is
seasured by Lhe attenuation of gamma radiation where, in
direct iransmission, the source is placed at a known depth up to
300 mm (12 in.) and the detector (5} remains on the surface
(some gauges may reverse this orientation): or in backscatier or
backscatter/air-gap the source and detector(s) both remainr on
the surface.

1.2.1 The density of the test sample in mass per unit volume
is calculated by comparing the detected rate of gamma radia-
tion with previously established calibration data.

1.2.2 The dry density of the test sample is oblained by
subtracting the water mass per unit volume from the tes
sample wet density {Secrion 113, Most gauges display this
vatue directly.

1.3 The gauge is calibrated to read the water mass per unit
volume of soil or soil-aggregate. When divided by the density
of water and then multiplied by 100, the water mass per unit
volume is equivalent to the volumetric water contenl. The
water mass per unit volume is determined by the thermalizing
or slowing of fast neutrons by hydrogen, a component of waler.
The neutron source and the thermal nestron detector are both
located at the surface of the maierial being lesied. The water
conient most prevalent in engineering and coastruction activi-
ties is known as the gravimetric water contenl, w, and is the
ratio of the mass of the water in pore spaces o the Lotal mass
ol solids. expressed as a percentage.

! This resl method is under the jurisdiction of ASTM Commitee D18 on Soit and
Rock and is the divert responsibility of Subrommitiee DINGS on Special and
Coasteueiion Control Tests.

Currem cdition approved May 1. 2010. Fublished June 20f0. Originaliy
approved in 2006, Lasi previous edition approved in 2008 as D693%-08a. DOL:
10.15204D6938-10.

t.4 Two aHernative procedures are provided.

4.} Procedure A deseribes the direct transmission method
in which the gamma source rod extends through the hase of the
gauge info a pre-formed hole to a desired depth. The direct
transmission 1§ the preferred method.

1.4.2 Procedure B involves the use of a dedicated backscat-
ter gauge or the source rod in the hackscater position. This
places the gamma and neunron sources and the detectors in the
same plane.

1.5 8§71 Units—-The values staled in ST units are to be
regarded as the standard. The values in inch-pound oaits (£t -
tb units) are provided for information only.

1.6 All observed and calculated values shall conform o the
zuide for significant digits and rounding established in Praclice
IR LIRS

1.6.1 The procedures used to specify how data are collected,
recorded, and calealated in this standard are vegarded as the
industry standard. In addition, they are represeniative of ihe
significant digits thal should generally be retained. The proce-
dures used do nol consider material variation, purpose for
ohtaining the data, special purpose studies, or any consider-
ations For the user’s objectives: and it is common practice o
increase or reduce significant digits of reported daia to be
commensurate with these considerations, It is beyond the scope
of this standard to consider significant digits used in analysis
methods for engineering design.

1.7 This standard does not purport to address all of the
safety concerus, if any, associgied with its nse. It is the .
responsibiliry of the wser of this standard 1o establish appro-
priate safery and health pracrices and derermine rhe applica-
bility of regulatory lmirations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*

3 TTerminology Relating o Soil, Rewl, and Contained
Fuids

Dy Tesi Methods for Laboratory Compaction Characier
istics of Soil Using Standard Effort (12 400 b 600
kN-msm')

* For referenced ASTM standards. visit the ASTh website. www.asim.org, Or
contiact ASTM Cosromer Service at service®@ astmora, Far Anmned Buok af ASTM
Stereereds volume infarnation. refer wo 1he stapdard’s Docwinent Susmary puge on
the ASTM website, :

4 Summary of Changes section appears 2t the end of this standard,

Cagyright & ASTM Intermational, 100 Bag Hashar Drive, PO Sox G700, West Conshohiccken, PA 19428-2958, Unlted Siates.
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131856 Test Methad Tor Density and Unit Werghe of Soil in
Place by Sand-Cone Methad

PEAET Test Methods for Laboratory Cownpaction Charac-
teristics of Soil Using Modilied Sdforr (56,000 (1-1biY
{102,700 kiN-m/m )}

Brrbed Test Method for Density and Unit Weight of Soil
Place by the Rubber Balloon Method

28T Practice Jor Classitication of Suils for Engiscering
Purposes {Unitied Soil Classification System)

112485 Practice for Description and Idenssfication of Soils
t Visuab-Mannal Feocadure?

T¥226 TFent Methods for Laboratory Petermination of Wa-
ter (Moisture) Content of Soil and Rovle by Mass

132987 Test Method For Density of Soil in Place by 1he
Drive-Cylinder Method

23240 Practive Tor Mininwsan Reguirements for Agencivs
Engaged in Testing and/or Tospection of Soit amd Rock as
Used in Engineering Desizo and Conslruction

{253 Test Neghads Tor Maxinenn index Density and Unit
Weight of Soils Using a Vibratory Tahie

[H250 Test Methods for Minimum Jadeas Density and Uit
Weight of Sails amd Caleultion of Relative Density

PG Test Metluwd for Dewseminaaion of Waler (Muoisture}
Content of Soit hy Microwave Oven {eating

DTS Practice for Correction of Unil Weight and Water
Content For Soils Containing Oversize Parlicles

PR Test Method for Field  Determination of  Waier
iMoisture) Content of Soil by the Calvium Carbide Gas
Pressure Tesler

frdusy Test Moethod for Dlerermination of Waier (Mostare}
Content of Soil By Divect Heating

DA Practice for Using Signiticant Digiiy in Geotechnical
Duta

D7 Guade Tor Nuelear Surtace Muoistere and Densjty
Guuge Calibration Facility Seiup

3, Terminology

3.1 Definitions: See Terminology 3034 for general defini-
tions.

32 Definitions of Terms Specific 10 This Standard:

3.2.1 nueiear gange—a device containing one or more
radioactive sources used to measure certain properties of soil
and soil-aggregaies.

3.2.2 wer densiry-—same as bulk density (as defined in
Terminology 16331 the total mass (solids plus water) per total
volume of soil or soil-aggregate.

3.2.3 dry density—same as density of dry soil or rack (as
defined in Terminology DA3 ) the mass of solid particies per
the tolal volume of soil or soil-aggregate.

3.2.4 gamme {radiation) soprce—a sealed source of radio-
active material that emits gaymma vadiation as it decays.

3.2.5 neutron {radiarion) sonrce—a sealed source of radio-
active material that emils pentron radiation as i1 decays.

3.2.6 Compten scattering—the imeraction between a
gamma ray {photon) and an orbital electron where the gamma
ray loses energy and rebounds in a different direction.

3.2.7 derector—a device to detect and meastre radiation,

3.2.8 probe—a metal rod attached 1o a nuclear gauge in
which a radigactive source or a detector is housed. The rod can

Gonynghl ASTH Infamptional
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be towered to specilied depths for testing. Probes containing
only a radioactive source are commonly referred to as “Source
Rods."

329 thermalizniion—the process of “slowing down™ fasi
neutrens by coflisions with light-weight atoms, such as hydro-
gen.

3210 warer contem—the ratio of the mass of water con-
tained in rhe-pore spaces of soil orsoil-aggregaté, 1o the solid
mass of particles in that material. expressed as a percentage
(this is somerimes referred to in some scienmiific fields as
gravimelric water conrent o differentiare i from volumelric
wager cotenr),

3211 volumetric water content—ihe volume of water as a
percent of the towal volume of soil or rock matesial.

3.2.32 test connt, n—the measured output of a deiector for
a speciic type of radiation for a given lest.

3.2.13 prepared blocks—blocks prepared of sail, solid rock,
concrete, and engineered materials. that have characteristics of
various degrees of reproducible uniformivy.

4. Significance and Use

4.1 The test method described is useful 2s a rapid. nende-
structive technigue for in-place measurements of wet density
and water content of soil and soil-aggregate and the determi-
nation of dry density.

4.2 The test method is used for quality control and aceep-
tance testing of compacied soil and soil-aggregate mixtures as
used fn consiruction and also For research and development,
The nondestructive nature allows repetitive measuremends al a
stngle test location and statistical analysis of the results,

4.3 Densiry—The fundamental assumptions inherent in the
methods are that Compton scatrering is the dominam interac-
lion and that ihe material is homogeneous.

4.4 Water Content—The fundamental assumptions inherent
in the lest method are that the hydrogen ions present in the soil
or soil-aggregaie are in the form of water as defined by the
water content derived from Test Methods D225, and tha the
malerial is homogeneous. (See 3.2)

Mo 1--The quatity of ihe result produced by this siandard 1est
method s dependent on the compeience of the personnel performing it
and the sublability of the equipment and facilities vsed. Agencies thal meet
the criteria of Practice 3% 4i are penerolly considered capable of
competent and objective testing/sampling/inspection. and the like. Users
of shis standard are cautioned that compiignce with Practice 134 40 does
not in dtself assure religble resulis. Reliable results depend on many
factors: Practice #5710 provides a means of evaluating some of those
factors.

5, Interferences

5.1 In-Place Density [nierferences

5.1} Measurements may be affecied by the chemical com-
position of the material being tested.

5.1.2 Measurements may be affected by non-homogencous
soils and sucface texture {(see 10 1),

5.1.3 Measprements in the Backscatter Mode are influenced
more by the densily and wateér content of the material in close
proxumity o the surface.

LizanseesAmes Group L5847 565001
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5.1.4 Measuremenis in the Direct Transmission mode are an
average of the density from the bottom of the probe in the soil
or soil aggregate back up o the surface of the gauge.

5.1.5 Owersize particles or large voids in the source-detector
path may cause higher or lower densily measuremenis. Where
lack of uniformity in the soil due (o layering, aggregate or
voids is suspected, the test site should be excavated and
_visually examined to determine if the test material is represen-
“dlive of the in-situ material in aeneral and if an oversize
correction js required in accordance with Practice D374%.

5 1.6 The measured volume s app.mimateiy 0.0028
m(0.10 ™) for the Backscatter Made and 0.0057 15°(0.20 ft &)
for the Direct Transmission Mode when the test depth is 150
mim {6 in.}, The actual measured voluime is indeterminate and
varies with the apparatus and the density of the malerial,

5.1.7 Other radioacrive sources must nol be within 9 m (30
f1.) of equipment in operation.

5.2 In-Place Water {Moisture) Conteut Interfersices

5.2.1 The chemical composition of the material being rested
can affect the measurement and adjusiments may be necessary
(see Section {00}, Hydrogen in forms other than water and
carbon will cause measurements in excess of the true valse.
Some chemical elements such as boron, chlorine, and cadmium
will cause measurements lower than the true valye,

5.2.2 The water content measured by this est method is nol
necessarily the average water contenl within the volume of the
sample involved in the measurement. Since this measurement
is by backscatier in all cases. the value is biased by the water
content of the material closest to the surface, The volume of
sotl and soil-aggregate represenied in the measurement is
indeterminate and will vary with the waler contentl of the
material. In general, the greater the water content of lhe
material, the smaler the volume involved in the measurernent.
Approximately 50 % of the typical measurement resulis from
the water content of the upper 50 10 75 mm (2 to 3 i),

5.2.3 Other nedlron sources must not be within 9 m (30 1)
of equipment in operation.

6. Apparafus

6.1 Nuclear Densiry / Moisinre Gange—While exact details
of construction of the apparatus may vary, the system shall
consist of:

6.1.1 Garmma Source-—A sealed source of high-energy
gamumna radiation such as cesium or radium.

6.1.2 Gamma Detector—Any type of gamma detector such
as & Geiger-Muelter tube(s).

6.1.3 Fast Neutron Source—A sealed mixture of a radioac-
tive material such as americium, radium and 2 target material
such as beryliium, or a neutron emitter such as californivm-
252, _

6.1.4 Slow Neutron Derector—Any type of slow neutros
detecior such as boren triflworide or helium-3 proportional
counter,

6.2 Reference Srumdard-—A biock of maierial used for
checking instruinent aperation, correction ol source decay, and
to establish conditions for a reproducible reference count rate.

6.3 Site Preparation Device——p plate, straightedge, or other
suitable leveling tool that may be used for planing the test site

10 the required smoothness, and in the Direct Transmission
Method, guiding the drive pin to prepare a perpendicular hole.

6.4 Drive Pin—A pin of slightly larger diameter than the
probe in the Direct Transmission Instrument used 1o prepare a
hole in the test site for inserting the probe.

8.4.0 Drive Pin Guide—A fixture that keeps the drive pin
perpendicular 0 the test site. Generally part of the site
preparation_device.

6.5 Hammer—Heavy enough to drive the pin o the required
depth without undue distortion of the hote.

6.6 Drive Pin Extracror—A tooh that may be used © remove
the drive pin in a vertical direction so ihat the pin will not
distort the hole in the extraction process.

6.7 Slide Hammer, with a drive pin anached, may also he
used hoth to prepare a hole in the material 1o be tested and io
extract the pin without distortion Lo the hole.

7. Hazards

7.} These gauges utilize radioactive materials thar may be
hazardous (o the heaith of the users unless proper precautions
are taken. Users of these gauges mus! become familiar with
applhicable safety procedures and governmen! regulations.

7.2 Effeciive user instructions, together with routine safety
procedures and knowledge of and compliance with Regularory
Requirements, are & mandatory part of the operation and
storage of these gauges.

8. Calibration

8.1 Calibsaifon of the gauge will be in accordance with
Ynpes AL aad Anoes A2,

8.2 For further reference on gauge calibration, see Guide
V14, Standard Guide for Nuclear Surface Moisture and
Density Gauge Calibration Faciliy Setup.

9. Standardization

9.1 Nuclear moisture density gasges are subject 1o long-
term aging of the radjoaclive sources, which may change the
relationship betweer count raies and the material density and
water content. To correct for this aging effect, gauges are
calibrated as a ratio of the méasurement count rale © a count
rate made on a reference standard or to an air-gap count (for the
backscatter/ai-gap ratio method).

9.2 Standardization of the gauge shall be performed at the
start of each day’s use, and a record of these data should be
retained for the amount of rime required Lo ensure compliance
with either subsection ¥ ¥ 2 or 4.7 3, whichever is applicable.
Perform the standardization with he gauge located at least 9 m
(30 §ty away from other nuclear moisiure density gauges and
clear of large masses of waler or other items which can affect
the reference couns rates.

9.2.1 Turn on the gauge and allow for stabitization accord-
ing to the manufacturer’s recommendations.

9.2.2 Using the reference standard, take a reading that is at
teast four times the duration of a normal measurement period
{where a normal measurement period is typically one minuee)
lo constilwle one siandardization check. Use the procedure
recommended by the gauge manufacturer to esiablish the
compiiance of the standard measurement to the acceplted range.
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Without specific recommendations from the gauge manufac.
terer, use the procedure in 9.2 5,

9.2.3 If the values of the current slandardization counls are
outside the limits set by BEq | and Eq 2, repeat the standard-
ization check. If the second standardization check satisfies Bq
| and BEq 2, the gauge is considered in satisfactory operating
condision.

—_ e — e - - - - = - ril23

BIUN, Yo Toa = Ny = LOHN I Toun n
and

~hE20

0.98(N, YT =

g

~emi3y

Ly = LOXN, ¢ T {2)

where:

Tywm = the half-life of the isotope that is used [or the
density determination in the gauge. For ex-
ample, for 7'Cs, the radioactive isotope most
commonly used for density determination in
these gauges, Ty, is H 023 days,

the half-life of the isotope that is used for the
waler content determination in the gauge. For
example, for ***Am, the radioactive isotope in
Am:Be, the radioactive source mast commonly
used for water conlent determination in these
gauges. Ty p,. 15 137 788 days,

the density system standardization count ac-
quired at the ume of the last calibraton or
verification,

the moisture system standardizalion count ac-
quired al the lime of the lasi calibration or
verification.

the cument density system standardization
COMIIL,

the currenl moisture system standardization
counl,

the time that has elapsed between the current
standardization test and the date of the last
calibration or verification. The units selected for
t, Fuimy 20d Ty, should be consistent, that s,
if Tyg1szy 1s expressed in days. then t should also
be expressed in days,

the natural logarithm of 2. which has a value of
approximately 0.69315,

the inverse of the nawral logarithm function,
which has a value of approximately 2.71828.

8.2.4 If for any reason 1he measured density or moisture
becomes suspect during (he day’s use, perform another stan-
dardization check.

Y3 Evample—A nuclear gauge containing a '*’Cs source
for density determination {(half-life = 1l 023 days) and
an ™ aAm:Be soumte for moisture determination thalf-life = 157
788 days) 15 calibrated on March | of a specific year. At the
time of calibration, the density standard count was 2800 counts
per minate (prescaled), and the moisture standard count was
720 counts per minute (prescaled). According 10 Eq | and Eq
2 from Section *t 2 4, what is the allowed range of standard
counts for November 1 of the same year?

Tmr 1431 =

N =

H

N =

LS

N =

HH}

{2} =
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9.3.1 For 1his example, a total of 245 days have elapsed
between the date of calibration or verification (March {) and
the date of the gauge standardization {November I). Therefore:

t= 245 days

Taum= 11 023 days
Touny= 137 768 days
Ny= 2800 counts

Ny =720 counts

9.3.2 According to Eq 1. therefore, the lower limit for the
density standard count taken on November I, denoted by N,
fs:

I

099N, Yo T = (.99(2800)¢

-lA2)) 235
13 23

= 2772 = 2730 connes

9.3.3 Likewise. the upper limit for the density standard
count taken on November 1, denoled by Ny, is;

~tin 2 -tin(23) - 145

LOHN, JeTom = LOT(2800) Tims = 282867 = 3785 conrprrs

9.3.4 Therefore. the density standard count acquived on
November 1 should He somewhere between 2730 and 2785
counts, or 2730 = N,,= 2785, According to Eq 2, the lower
Hmit for the moisture standard couni laken dn November |,
denoted by N, is:

~intapy

Q98N N7

i

~Lii2a)- 245

= (.98 720" AT

= 706" = 705 comms
9.3.5 Likewise, the upper limit for the moisture standard
count taken on November |, denoted by N, is:

~Lhe 28 245
37 70

=ihii 21

LO2(W, e = L.02(720)e

e

= P37 = 233 cons

9.3.6 Therefore, the moisture standard count acquired on
November | should le somewhere between 705 and 733
counts, of 705 = N,= 733,

10, Procedure

10.} When possible, select a test ocation where the gauge
will be placed at feast 600 mm {24.0 in) away from any object
sitting on or projecling above the surface of the est location,
when the presence of this object has the poential 10 modily
Zauge response. Any time a measurement musl be made at a
specific location and the aforementioned clearance cannot be
achieved, such as in a trench, follow the gauge manufaciurer’s
correciion procedure(s),

10.2 Prepare the test site in the following manner:

10.2.1 Remove ali ioose and disturbed material and addi-
tional material as necessary o expose the true surface of the
material 1o be tesied.

10.2.2 Prepare an arca safficient in size to accommodare the
gauge by grading or scraping the area 10 a smooth condition $o
as 10 obtain maximum conlacl berween the gauge and malerial
being tested.

10.2.3 The depth of the maximum void beneath the gange
shali not exceed 3 mm (% in.}. Use netive fines or fipe sand to
fill the voids and smooth the surface with a rigid straight edge
or other suitable tool. The depth of the filler should not exceed
approximately 3 mm (% in.).

' Liutmeammechup Lidi5g4 7785001
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10.2.4 The placement of the gauge on the surface of the
maierial 1o be lested is critical to accurate density measure-
meats. The optimum condition is total comtact between the
bottom surface of the gauge and the susface of the material
being tested. The total area filled should not exceed approxi-
mately 10 percent of the bottom arca of the gauge.

10.3 Turn on and allow the gauge (o sabilize (warm up)
according (o the manufacturer’s recommendations (see Section
200

104 Proceditre A - The Direct Transmission Procedure:

10.4.1 Select a test location where the gauge in test position
will be at least 150 mm (6 in) away from any vertical
proiection '

10.4.2 Make a hole perpendicular to the prepared surface
using the rod guide and drive pin. The hole should be a
minimum of 50 mm {2 inches) deeper than the desired
measurement depth and of an alignment that insertion of the
probe will not cause the gauge 1 tilt from the plane of the
prepared area.

[0.4:3 Mark the test area to allow the placement of the
gauge over the lest site and 1o atign the source rod to the hole.
Follow the manufacturer’s recommendations if applicable.

t0.4.4 Remove the hole-forming device carefulty 1o prevent
the distortion of the hole, damage o the surface, or loose
material to fall into the hole.

Ny 2-—Care st be taken in the preparation of the access hote in
uniform cohesionless granular soils. Measurements can be affecied by
damage to the density of surrounding materials when forming the hole.

10.4.5 Place the gauge on the material 1o be tested, ensuring
maximum surface contact as described previously in 107 i,

10.4.6 Lower the probe into the hole o the desived test
depth. Pull the gauge gently 1oward the back, or detector end,
so that the back side of the probe is in intimate contact with the
side of the hole in the gamma measurement path.

Nute 3—As a safely measure. it is recoramended that a probe conlain.
ing radicactive sources not be extended ot of its shielded position prior
1o placing it into the st site, When possible. atign the gauge soas 10 allow
placing the prohe direcily lete the test hole from the shielded posision.

10.4.7 Keep all other radioactive sources at least 9 m (30
feet) away from the gauge 1o avoid any effect on the measure-
ment.

10.4.8 1f the gauge is so equipped, set the depth selector 1o
the same depth as the probe.

10.4.9 Secure and record one or more one-minute density
and water contenl readings. Read the in-place wel density
directly or determine one by use of the calibration curve or
table previously established,

10.4.10 Read the water content directly or determine the
water conlent hy use of the calibration curve or table previ-
ously established,

10.5 Procedure B -The Backscaiter or Backseaner/Air-Gap
Ruiio Procedure: .

10.5.1 Seat the gauge firmly {see Now: 2.

10.5.2 Keep all other radicactive sources at Jeast 9m (30 f1}
away from the gauge 10 avoid affecting the measurement,

10.5.3 Set the gauge inio the Backscatter (BS) position.

10.5.4 Secure and record one or more selfs) of one-minute
density and waler conteat readings. When using the

“ghl AT ntermational
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backscatterfair-gap ratio mode, follow the manufacturer’s in-
structions regarding gauge setup. Take the same number of
readings for the normal measurement period in the air-gap
position as in the standard backscatier position. Caleulate the
air-gap ratio by dividing the counts per minute obtained in the
air-gap position by the counts per minute obtained in the
standard position. Many gauges have buil-in provisions for
automatically- calculating-the-air-gap ratio-and-wel- density.-

10.5.5 Read the in-place wet density or determine one by
use of the calibration curve or table previously established.

10.5.6 Read fhe water content or determine one by use of
the calibration curve or previously established table (see
Section ).

10.6 Water Conrent Correction and Oversize Particte Cor-
rection

10.6.1 For proper use of the gauge and accurate valves of
both water content and dev density, both of these corrections
need to he made when applicable, :

Prior lo using the gauge-derived water content on any new
miaterial, the value should be verified by comparison 10 another
ASTM method such as Test Methods 12216, D63, dud,
or DAYSY. As part of a user developed procedure, occasional
samples should be tken from beneath the gauge and compari-
son festing done to confirm gauge-derived waler conlent
values. All gauge manufacturers have a procedure for correct-
ing the gauge-derived waler content values.

10.6.2 When oversize particles are present. the gauge can be
votated about the axis of the probe 1o obtain additional readings
as a check. When there is any uncertainty as to the presence of
these particles it is advisable 10 sample the material benemh the
gauge to verify the presence and the relative proportion of the
oversize particles. A rock corvection can then be made for both
waler conten! and wel density by the method in Praciice
P17 |5,

10.6.3 When sampling for water contenl correction or
oversize particle correction, the sample should be lakea from a
zone direcly under the gauge. The size of the zone is
approximately 200 mm (8 in.) in diameter and a depth equal 1o
the depth seiting of the probe when using the direct transmis-
sion mode; or approximalely 75 min (3 in.) in depth when
using the backscatter mode.

11. Calculation of Results

Y.V Derermine the Wer Densiry

.11 On most gauges read the vaiue directly in ke/m (lbm/
fe*). If the density reading is in “counts”, determine the in-place
wel density by use of this reading and the previcusly estab-
lished calibration curve or table for density.

It.1.2 Record the density to the nearest | kg/m™(0.1 [bim/
Fe).,

11.2 Warer Caontem

11.2.1 Use the gavge reading for w if the gauge converts to
that value.

H.2.2 1f the gauge determines water mass per unil volume.

in kg/m{ibm / fi}. calculate w using the formuls:
#, X 100
o= o T )
B

or,
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M, * 100

R, Wi )
" p_'Mm @

where:

w = waler content

p, = dry density in ke/m® or (Ibm/ft®),

p = wel density in kg/m® or (Ibm/ft"), and

M, = water mass per unit volume in kg/m" or (bmvft")

A L2330 thewater content -reading-was -in~counts;“deter- - -

mine the water mass per unil volume by use of this reading and
previously established calibration curve or able. Then convent
to gravimetric water content as per |1 2,

11.2.4 Record water content o the nearest 0.1 %,

11.2 Determine the Dry Density of the soil by one of the
Jollowing methods:

11.3.1 If the waier content is obtained by noclear methods,
use the gauge readings directly for dry density in kg/m(tbm/
ft'). The value can also be calculated from:

Py pe M, {5)

11.3.2 If the water content s to be determined from a
sample of soil taken as preseribed in (110.6.3), follow the
procedures and perform the caleniations of the chosen Test
Method (122316, 11613, DO o (1145w,

11.3.3 With a water content value from 11 ¢ calculate the
dry densiy from:

106 % p

M T w (6}

F1.3.4 Report the dry densily o the nearest { kg/m*(0.1
tbm/fe").

bt.4 Determine the Percenr Compaction:

[1.4.0 Tt may be desired to express the in-place dry density
as a percentage of a laboratory density such as Test Methods
Dats, DISST, D253, or 14254, This refationship can be
calculated by dividing the in-place dry density by the labora-
tory maximum dry density and muitiplying by 100, Procedures
for calculating relative density are provided in Test Method
24251 which requires that Test Method 124257 also be
performed. Corrections for aversize material, if required.
should be performed in accordance with Practice PHT IR,

12. Report: Test Data Sheei(s)Form(s)/Final Report(s)

£2.1 The Field Data Records sholl include, as o minimm,
the following:

12,14 Tagt Member or Test Ideniification,

12.1.2 Location of test {for example, Station number or GPS
or Coordinales or other ideatifiable information).

12,1.3 Visual description of materiai tested.

12.1.4 Lift number or elevation or depth.

12.1.5 Name of the operator(s).

12.1.6 Mauke, mode] and serial number of the test gauge.

12.1.7 Test mode, Method A (direct transmission and [est
depth), or Method B (backscatter. backscauter/air-gap),

12.1.8 Swandardizavion and adjustment data for the date of
the fests.

12.1.9 Anv corections made in the reporied values and
reasons for these corrections (that is, over-sized particles. water
content).
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12.1.10 Maximum laboratory density value in kg/m* ar
Thav/ee.

£2.1.11 Dry density in kg/m® or ibhm/ft®.

12.1.12 Wet density in kg/m” or lbm/ft’.

12.1.13 Water content in percent.

12:1. 14 Percent Compaciion.

2.2 Final Repor! (minimum required biformation):
. 1221 Test.Number.

12.2,7 Gauge Serial number.

12,2.3 Location of test (for example, Station number or GPS
or Coordinates or other identifiable information).

12.2.4 Lift number or elevation or depth.

12.2.5 Moisture (Water) content as a percent.

12.2.6 Maximum lahoratory density value in kg/m® or
Ibm/fe.

12.2.7 Dry Density sesult in kg/m® or b/’

12.2.8 Percent Compaction.

12.2.9 Name of Operator(s).

13, Precision and Bias

13, Precision:

1331 Precisicii: Wer Density—Cilteria for judging the
acceplahility of wet density test resulls obiained by this test
method are given in Vihle 1.7 The values given are based upon
an interlaboralory study in which five test sites containing
soils. with wel densities as shown in cohmnn two were {ested
by eight different nuclear gauges and operators. The wet
density of each test site was measured three times by cach
device.

13.1.2 Precision: Warer Mass Per Unit Volume—Criweria
for judging the acceptability of the water mass per unit volume
results obtained by this test method are given in labic ' The
values given are based upon an inter-laboratory study in which
five 1est siles containing soHs with waler mass per unil volume
as shown in colwmn two were tested by eight different nuclear
gauges and operators. The water mass per unil volume of gach
est site was measured three tmes by cach device.

13.0.3 Precision: Water Contenr—Criteria for judging the
acceptability of the water content results abrained by this test
method are given in fablc 3 The valves given ave based upon
an inter-laboratory study in which five lest siles containing
soils, with water contenl as shown in column {wo were tested
by eight differemt noclear gauges and operators. The water
content of each lesl site was measured three times by each
device.

13.2 Bias:

13.2.1 There are no accepted reference values for these test
methaods, therefore, bias cannot he determined

14, Keywords

4.4 Corapaction test; acceptance (esting; CORsiTuction con-
rol: quality control: field density; in-place density. wer dea-
sity: waler content; dry density; nuclear methods, nuclear
gauge

* Suppaorting data have been filed at ASTM luternational Headguaniers and may
b obained by reyuesiing Reseacch Repon RR:D)3- 1004
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TABLE 1 Resuits of Siatistical Analysis {Wet Density)?

Direct Transmission:
Iaterial® Average Repeatabiity Reproducibility 95 % Repeatability 85 % Reprodutibility
kgfm? or (lbmiil3) Standard Devwiafion Standard Deviation Limit on {he Difterence Limii ant the Difference
ka/m? or {Ibm/h?) kgfm® or (lomi3) Belween Two Between Two
Tesl Besulls Tes{ Resylls
_ kghm® o {omAR)E kg o7 (lhmA)e
M 2084 {130.1) 7.4 0.46) 12,3 (0.77) 21 (1.9) 34 (2.1)
el 1B37 (114.7) _B4eay 10.5 (0.68). (S
faas= o T 1837 (120.9Y 4.2 {(3.28) 11.0 [0.68) 12 (0.7} 31 {1.5)
Backscatter:
Materiai® Average Repeatability Reproducibiiity 95 % Repeafability 95 % Reproducibility
kgfm® or {Jbrmit®} Standard Deviatiorn Standard Deviation Limil on the Difterence Limil on the Ditterenge
kgim?® or (ibm/it®) kg/m?® or {Ibm/h®) Between Two Betwaen Two
Tesl Resulis Test Hesults
kgim?® or [lbmfe kg/m® or {lbmit?) S
ML 1897 (124.6} 16.0 {1.00) 32.0 {2.00) 45 {2.8) 80 {6.8)

“The dala used 10 establish this precision statement are contained in a Research Report available from ASTM Headquarters.®
Spaterials are dislinguished by soil types. For definitions of soil types see Praclices [ak/ ang M4t
©Two separate reatfings a1 a singular site with constant gauge orfeaiation and sellings.

TABLE 2 Results of Statistical Analysis (Water Mass Per Unit Volume)”

Material® Average Repealability Repradugibiity 45 % Repeatability 95 % Reproducibility
katm® or {Ibm/if?) Standard Deviation Slandard Devialion Limit on the Diflerence Limi gn the Diffarence
Kkg/m® or (Ibm/it3) kg/m® or (lbm/(i®} Between Two Between Two
Test Resulls Tes! Resuits
kg/m® or {Ibm/t%)°© kg/m* or (fomiP)ye
L 313 {19.6) 5.7 (0.36) 8.1 (0.50) 18 {1.0) 23(1.4)
CL 193 (12.1} 6.1 {0.38) 8.5 {0.53) 17 {1.1) 24 {1.5)
SP 320 {20.0) 4.3 (0.27) 10.3 (0.64) 12 {0.7} 29 (3.5}

“The dats used la establish tis precision stalement are contained in a Research Repor? available from ASTM Headquariers.®
Aatesiats ave dislinguished by soil types. For definitions of soif types see Praclices 11737 " and N0ank
“Two separate readings af a singular site with constani gauge oriemalion and sallings.

TABLE 3 Results of Statistical Analysis (% Water Content)”

Materiat® Avgrage Repeatability Heproducibility 95 % Repealabifity 95 % Reproducibility
o Srandard Deviation Standard Devialion Limit on the Difference Limit on the Difference
% % Belwean Two Belween Two
Test Resuls Test Resuits
%~ %"
wL 17.7 (.39 0.59 1.1 1.7
CL 1.8 0.40 0.58 1.1 16
sP 18.8 0.32 0.81 0.8 2.3

“The data used lo eslablish this precision statement afe contained in a Research Report available from ASTM Headquarters®
Bnsalerials are distinguished by soil fypes. For definitions of s0ff lypes see Practices 7124kT and §i/aks.
“Twa separate readings al a singular site with constant gauge orientalion and setlings.

ANNEXES
{(Mandatory Information)

Al. WET DENSITY CALIBRATION & VERIFICATION

ALt Calibration: Gauges shafl be calibrated initaily and
alter any repairs that cen affect the gavge geomeiry or the
existing calibration. To he within specified olerances by
procedures described in Vi 2. calibration curves, tables, or
equivalent cocfficients shall be verified, at periods not
exceed 12 months. At any time these tolerances cannot he met,
the gauge shall be calibraled to establish new calibration
curves, tables, or equivalent coefficienis. If the owner does not

cstablish a verification procedure, the gauge shall be calibrated
at a period noi 10 exceed 12 months.

Al.l} Gauge Calibration Response shall be within = J6
ke/m (£ 1.0 thim/fry on the block(s) on which the gauge was
calibrated. This calibration may be done by the manofaciures,
the user, or an independent vendor, Nuclear gauge response is
influenced by the chemical composition of measured materials.

gl ASTRA inlesmational
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This response must be taken into account in establishing the
block density. The method used for calibration shall be capable
of generafing a general curve covering the entite density range
of the materials to be tested in the field. The density of the
block{s) shall be determined in such a manner that lthe
estimated standard deviation of the measurement results shall
nof exceed 0.2 % of the measured bleck density.

Al.1.2 Reestabtish or verify the density of the block(s) used

10 calibrate of verify calibrations at a period not fo exceed 3

years. The density vaiues of the established hlock(s) of
mascrials that have the potential for changes over time in
density or moisture comtent, such as soil, concrete, or solid
rock. shal) be reestablished or verified al periods nol exceeding
i2 months.

Nowe At t—Changes in background conditions or locations of blocks
used for gauge calibrations or verificgtion of calibrations ¢an fimpact
measurements on those blocks. Care must be 1aken 10 ensure uniform
conditions when performing gauge calibrations or verifying gauge cali-
brations.

A1.1.3 Sufficient data shall be taken on each density block
to enswre a gauge count precision of at least vae-half the gauge
count precision required for feld use assuming field use
measurement of one minute duration aad four-rinute duration
used for calibration, or an equivalen: refalionship. The dama
may be presented in the form of a graph, table, equation
coefficients, or stored in the gauge, to alow converling the
couni rate data to densiry.

Al 1.4 The method and test procedures used in establishing
the calibration count rate data shall be the same as those used
for obtaining the field count rale data.

Al.L5 The material type, actual density, or established
density of each calibration block used to establish or verify the
aauge calibration shall be stated as part of the calibration daia
fer each measurement depth, If the acfual or established block
density varies with measuremen( depth, then the density daga
for each measurement depth shall be stated as part of the
calibration,

A1.1.6 The calibration blocks should be sufficient in size so
that the count raie will not change if the block is enfarged in
any dimension.

Nun: A L2Z—Minimem surfoce dimensions of approximatefy 610 mm
by 430 mm (24 X 17 inches). have proven salisfactory. For the backscater
method 2 minimam depth of 230 mm (9 inches) is adequate; while for the
direct wansmission method the depth should be at least 50 mm (2 inches)
deeper than the deepest rod penetration depth. A larger surtace area should

be considered For the backscauter/air-gap method. For blocks with widiths
or lengths smaller than the sizes specified. follow the block manufacturer's
recommendations for proper instaflation and use,

The most successful blocks that have been esiablished for calibration
have been made of magnesivm. aluminum. alomimun/magnesium. gran-
ite. and liniestone, These blocks have been used in combinmion with each
other. with historical curve information. and with ether prepaced bloek{s)
tp produce accurate and reliable calibration.

Al.2 Verification: The method used for vertfication should
be capable of confirming the accuracy of the general calibra-
fion curve ropresenting the density range of the matcrials o be
tested in the feld. The verification process and the resuliing
tolerances ohtained over the depths at which the gange will be
used, shall be formally vecorded and documented. If this
verification process indicates a variance beyond the specified
tolerances, the gauge shall be calibrated

Al.2 Gauge verificalion response shall be within %32
kg/m™(£2.0 bovft’) on block(s) of established density at each |
calibration depth.

A1.2.2 Using the procedure described in either V30 | or
\id 7, easure a gauge counl precision of at least one-half the
gauge count precision required For field use, assuming ficld use
measarement of one-minute duration and [our-rainute duration
are used for calibralion, or an equivalent relationship.

A1.2.3 The gauge calibration may be verified on calibration
block(s) which were used for calibration of the gawge. or
prepared biocks.

A1.24 Prepared block(s} of soil, solid rock, conerete. and
engineered block(s) that have characleristics of reproducible
uniformity may be used, bul care musl be taken o establish
density values and 10 minimize changes in densily and waler
conlent over time.

AF.2.5 Density values of prepared block(s) shall be deter-
mined in such a manner that the estimated siandard deviation
ol the rocasurernent resubts shall not exceed 0.5 % of the
measured block density value,

A1.2.6 Reestablish or verify density values lor prepared
block{s) of soil, solid rock, or concrete that have the potential
of changes over lime in density or moisture content al periods
not exceeding 12 months.

A1Z7 The methed used to establish or verify the block(s)
density values shall be stated as part of the verification data.

AT2Z8 AN gauges shall be verified or calibrated at a
minimum frequency of 12 months,

A2, WATER CONTENT CALIBRATION and VERIFICATION

C A2 Calibration: Gauges shall be calibrated infuiatly and
after any repairs that can affect the gauge geomweiry or the
existing calibration. Cabibralion curves, lables. or eguivalent
coefficients shall be verified at periods. not exceeding 12
months, 10 be within specified tolerances by procedures de-
scribed in A2 L At any time these tolerances cannot be mel, the
gauge shall be calibrated to establish new calibration curves,
ables, or equivalent coefficients. If the owner does not estab-
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lish a verification procedure, the gauge shall be calibrated at a
period not o exceed 12 months,

A2 b1 Gauge Calibration Response shall be within [6
kg/m (1 tbin/fY) on the block(s} on which the gsauge was
calibrated. This calibration may be done by the gauge manu-
facturer, the user, or an independent vendor. The block(s) used
for calibration should be capable of generating a general curve
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covering the entire water content range of the materials to be
tested in the field. The calibration curve ean be cstablished
using counts and water contents of standard hlocks, previous
factory curve information, or historical data. Due to the effect
of chemical composition, the calibration supplied by the
manufacturer with the gauge wilt nol be applicable to all
materials. it shall be accurate for silica and water; therefore, the
calibration must be verified and adjusted, if necessary, in
accordance with section A 2

A2.1.2 Reestablish or verify the assigned water content of
blocks used to calibrate or verify calibrations at periods which
shall be recommended by the block manufacturer. The water
conlen! values of blocks prepared of materials that have the
potential of changes over time in densily or moisture content,
such as soil, concrete, or solid rock, shalt be reestablished or
verified al periods not exceeding |2 months.

AZ. 13 Al calibration blocks should be sutficient in size so
that the count rate will not change if the block is enfarged in
any dimension,

M A2, l--Dimensions of approximately 610 mm long by 460 mm
wide by 200 mm deep (approximately 24 by |8 by 8 inches) have proven
salisfaciory, For blocks with widih or length smaller ihan the sizes
specified. follow block manufacturer’s recommendations for proper in-
stallation and use.

AZ.1.4 Prepare a homogeneous block of hydrogenous ma-
terials having an equivalent water inass per urit volume value
determined by comparison {using a nuclear insirument) with a
saturated silica sand standard prepared in accordance with
v 13 Metallic blocks used for wet density calibration such as
mzagnesium or aluminum are a convenient zero waler mass per
unil volume biock. A block of alterrating sheets of alunvinum
or magnesium and polyethylene is convenient for a high water
mass per unit volume block,

A2.1.5 Prepare containers of compacted material with a
walker content determined by oven dry (Test Method 132210
and a wet density calcuiated from the mass of the malerial and
the inside dimensions of the conainer. The water mass per unit
volume may be calculated as follows:

pHw
M, = I (A2.1)
Where: .
M, = water mass per unit volume, kg/m” or [bmy/it’,

1t

water conienl. percent of dry mass, and
wet (total) density, kg/im' or hm/fe.

Ly
o

n

A2.1.6 Where neither of the previous calibration standards
are available. the gauge may be calibrated by using a minimum
of three selecied test sites in an area of a compaciion project
where malerial has been placed at several different water
contents. The test siles shall represent the range of water
contents over which the calibration is to be used. At least three
replicate nuclear measurements shal) be made al each test site.
The density at each site shall be verified by measurements with
calibrated equipment in accordance with the procedures de-
scribed in this standard, Test Methods D330, 112167, or
32437 The water content of the maierial ai each of ihe test
sites shall be determined using Test Method 132216, Use the
mean value of the replicate readings as the calibration point
vajue for each tesi site,

A2 Verification: The method used for verification should
be capable of confirming the accuracy of the general calibra-
lion curve representing the water content of the materials 1o be
tested in the feld. The verification process and resultant
iolerances obtained shall be formally recorded and doco-
mented. If the verification process indicates a variance heyond
the specified tolerances, new calibration curves, tables, or
equivalent coefficients shall be established.

A2 Verify an existing calibration by taking sufficient
number of counts on one or more blocks of established water
contenl to ensure the accuracy of the existing calibration within
=16 kg/m or (= | thm/itY). The water content biock(s) shoutd
be prepared in accordance with sectian A2 §.4 and A 13

A2.22 Sufficient data shall be taken to ensure a gauge count
precision of al least one half the gauge count precision required
for field use assuming feld use measwement of one minute
duration and four minute duration vsed for calibration, or an
equivalent relationship.

A2723 Calibration block(s) used to establish caiibration
paramelers and prepared blocks can be used to verify calibra-
tion.

A2.2.4 Prepared block(s) thal have characteristics of repro-
ducible uniformity can be used, but care must be taken 10
minimize changes tn densily and water content over time.

A2.2.5 The cstablished water content of the block(s) used
for verification of the gauge shall be stated as part of the
verification data.

A22.6 All gauges shall be verified or calibraled al a
minimum frequency of 12 months.

A3. GAUGE PRECISION

AX 1 Gauge precision is defined as the change in density or
water mass per unit volume that occurs corresponding 1o a one
standard deviation change in the count due to the random decay
of the radioactive source. The density of the material and time
period of the count must be stated.

Caleulate nsing the methods in either 44 1 1 or A3 1 2, For
wel density , use a material haviag a density of 2000 = 80
kg/m3(125.0 £ 50 thwfit'). Typical valees af P are < 10
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ka/m’t0.6 Ibm/ft) in backscaller o backscatter/air-gap: and <
5 kg/m (0.3 Ibm/ft™) for direet ransmission measored at a 15
cm (6 in) depth. Use a water mass per unit volume value of 160
= 10 kg/m (100 = 0.6 lbm/ft®) for dewermining siope and
count rates. The value of P is typicaily less than 4.8 ke/m*(0.3
Ibm/Fe™).

AMLY Gange Precision - Slope Method
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Determine the gauge precision of the system, 2. from the
slope of the calibration curve, 5, and the standard deviation, o,
of the signals (detected samma rays or detected peutrens) in
counts per minute (cpm), as follows:

P = ol {A%.0

where:
£ = precision
¢ = stindard d&viarion, cpm

§ = slope, cpm/kg/m” or cpm/ibm/ic®

MNern: ARl —Displayed gange counts may be scaled. Contact the
manufacturer to obtain the appropriate pre-seale factor.

A3 1.2 Gauge Precision — Repetitive Method

Determine the standard deviation of a minimum of 20
repeiitive readings of one minpge each, without moving the
gauge.between readings. Calculate -the standard-deviation of
the resulting readings. This is the gauge precision.

A4, FIELD MOISTURE CONTENT ADJUSTMENTS

A4l The calibration should be checked prior to performing
tests on materials that are distinctly different from material
types previousty used in obtaining or adjusting the calibration.
Sample materials may be selecied by either A2 | 5or A2 Lo,
The amoun! of water shall be within 12 % of the water content
established as optimum for compaction for these materials.
Determine the waler content w. A microwave oven or direct
heater may be uvtilized for drying materials that are not
sengitive o corabustion of arganic material, in addition w the
method listed in A2 1 6. A minimum of three comparisons is
recornmended and the mean of the observed differences used as
the correction Factor.

A4.2 Container(s} of compacted matesial taken from the
test sile shall be prepared in accordance with \2 | 5.

A4.3 Testsite(s) or the compacted material shall be selected
in accordance with the procedures in A7 1.0,

A4.4 The method and test procedures used in obiaining the
count rate 10 establish the error must be the same as those used
for measuring the water content of the material to be tested.

A4.5 The mean value of the difference between the
moisture content of the test samples as determined in A2 1.5 or
A2 1 6 and the values measured with the gaoge shall be vsed as
a correction lo measurements made in the field. Many gauges
utilizing a microprocessor have provision to inpul a correction
factor that is established by the relative values of water content
as a percentage of dry density, thus eliminating the need to
determine the difterence in mass units of water.

SUMMARY OF CHANGES

Comnittee D18 has identified the location of selected changes to this standard since the last issue, D6938-08a.
that may tmpact the use of this standard. (Approved May 1, 2010)

(/) Revised Section 12 Precision and Bias lo include a table of

single-operator and multi-laboratory precision values for the
measurement quantity water mass per unit volume. Rovised
significant digits in this section for consistency wilh Practice
E9,

{2) Added new Iuble ? and renumbered subsequent Tables.

{3) Revised Lubic i and lubhe 3 for consistency with Practice
E691.

ASTM Inlemational takes no position respecling the vatidity of any paten! rights assented in connection with any ifem meationsd
in this standerd. Users of Ihis standerd are expressly agvised thal delermination of the validity of any such palent righls, and the risk
of infringement of such rights, are entirgly their gwn responsibifity.

This siandard fs subjeci to revision ai any iime by the responsible lechnical commiies and must be reviewsd evary five years and

if not revised, either rapproved or withdrawn. Your commaents sre invited gilher for revision of this standard or for additional standards
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