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It must be clearly understood that Conrail owns and uses its right of way for the primary purpose
of operating a railroad. All work shall therefore be done in a manner such that the rail operatidns
and facilities are not interfered with, interrupted or endangered. In addition, any facilities that
are a result of the proposed work shall be located to minimize encumbrance to the right of way so
that the railroad will have unrestricted use of its property for current and future operations.

The sponsor of the project is ultimately responsible for assuring that its agents, consultants, -
contractors and sub-contractors fully comply with the specifications contained herein. The term
'sponsor’ used throughout these specifications shall mean the sponsor, its employees, its agents,
consultants, contractors, sub-contractors, etc.

The following terms and conditions shall apply to any project which requires performance of
work on the right of way or property of Consolidated Rail Corporation (Conrail).

RIGHT OF ENTRY ON CONRAIL PROPERTY

No entry upon Conrail property will be permitted without the proper authorization by Conrail to
the sponsor in the form of an agreement or a proper permit-to-enter prepared by the Chief
Engineer - Construction. The applicant must pay the associated fees and execute the permit-to-
enter prior to entering Conrail property.

It is to be clearly understood that the issuance of a permit-to-enter does not constitute authority to
proceed with any construction work. Construction cannot begin until a formal agreement is
‘executed by Conrail and the sponsor, and the sponsor receives permission from the designated
inspection agency of Conrail to proceed with the work.

INSURANCE

In addition to any.other forms of insurance or bonds required under the terms of the contract and
specifications, Contractor will be required to carry insurance of the following kinds and amounts:

1. Public Liability I
Contractor shall furnish evidence that, with respect to the operations it performs, it carries
Public Liability Insurance, including contractual liability insurance with a limit of not less
than $5,000,000 single limit, bodily injury and/or property damage combined, for damages
arising out of bodily injuries to or death of all persons in any one occurrence and for
damage to or destruction of property, including the loss of use thereof, in any one
occurrence. '

2. Automobile Public Liability Insurance

When any motor vehicles are used in connection with the work to be performed,
Contractor shall furnish evidence that it carries Automobile Public Liability Insurance and
Property Damage Liability Insurance with a limit of not less than $5,000,000 covering
bodily injury and/or property damage for each occurrence.

3. Workers’ Compensation in Statutory Amounts

Contractor shall furnish evidence that it carries Employers’ Liability and Occupational
Disease Insurance with limits of $1,000,000 each accident, $1,000,000 policy limit and
$1,000,000 each employee.
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4. Railroad's Protective Public Liability Insurance s
In addition to Items 1 and 2 shown above, Contractor shall furnish evidence that, with -

respect to the operations it or any of its subcontractors perform, it has provided Railroad
Protective Public Liability Insurance (ISO-RIMA form) in the name of Consolidated Rail
Corporation providing for a limit of not less than $2,000,000 single limit, bodily injury
and/or property damage combined, for damages arising out of bodily injuries to or death of

" all persons in any one occurrence and for damage to or destruction of property, including
the loss of use thereof, in any one occurrence. Such insurance shall be furnished with an
aggregate of not less than $6,000,000 for all damages as a result of more than one
occurrence.

The insurance hereinbefore specified shall be carried until all work required to be performed

under the terms of the contract is satisfactorily completed and formally accepted. Failure to carry

or keep such insurance in force until all work is satisfactorily completed shall constitute a breach

of contract. The aforesaid insurance protection shall be enforceable by any legitimate claimant

after the termination or cancellation of the project whether by expiration of time, by operation of

law or otherwise, so long as the basis of the claim against the insurance company occurred

during the periods of time for which such insurance was obtained. Contractor shall furnish to

Conrail at the address listed below, certificates evidencing the insurance outlined in sections 1, 2

& 3 above, and shall furnish the original ISO-RIMA policy for the Railroad Protective Public

Liability Insurance referred to in section 4. Conrail must be named as additional insured under

insurances outlined in sections 1 & 2 above. Each insurance policy shall be endorsed to provide

that the insurance company shall notify the following via registered or certified mail at least

thirty (30) days in advance of termination of or any change in the policy:”

Insurance Department

Consolidated Rail Corporation

2001 Market Street - 25A s ' ST
PO Box 41425 . . : - ”
Philadelphia, Pennsylvama 191 01- 1425

Temporary and permanent changes of signal, communication, power transmission lines, trailers,
drainage and other railroad facilities required in connection with the project to clear temporary
and/or permanent work of the sponsor as shown on the approved construction plans will be made
or caused to be made by Conrail at the sole cost and expense of the sponsor in accordance with
Conrail's force account estimate. Any other changes made or services furnished by Conrail at the
request of the sponsor shall be the sole cost and expense of the sponsor.

PROTECTION OF RAILROAD OPERATIONS

The sponsor shall conduct the work in such a manner as to safeguard the operations, facilities,
right of way and property of Conrail. All work affecting the above items shall be subject to the
approval of the Chief Engineer - Construction or his designated representative. The sponsor's
operations adjacent to, over or under Conrail's tracks, facilities, right of way, and property shall
be governed by Conrail's standards and by such other requirements as specified by Conrail's
representative so as to insure the safe operation of trains, prevent delay to trains and insure the
safety of all concerned including the sponsor's forces.
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An operating track shall be considered obstructed or fouled when any object is brought closer
than fifteen (15) feet (4.6 m) horizontally from the centerline of track and projects above the top
of tie or as determined by the Conrail representative. A power line shall be considered fouled
when any object is brought to a point less than eight (8) feet (2.5 m) therefrom. A signal line
shall be considered fouled when any object is brought nearer than six (6) feet (1.8 m) to any wire
or cable. Cranes, trucks and other equipment shall be considered as fouling the track, power line
or signal line when failure of equipment, whether working or idle, with or without load, will
obstruct the track or other Conrail facilities. '

Equipment used by the sponsor shall be in first-class condition to preclude any failure that would
cause interfering with the operation of trains or damage to Conrail facilities. The sponsor's
equipment shall not be placed or put in operation adjacent to the tracks or facilities of Conrail
without obtaining clearance from the Conrail representative. All such equipment shall be
operated by the sponsor in a manner satisfactory to Conrail. No equipment or material is to be
stored on Conrail property.

In general, a hazard occurs and a flagman is necessary during (1) the driving of sheeting or piles
within twenty five (25) feet (7.6 m) of the tracks, (2) the removal or demolition of all or part of
an overhead or adjacent structure, (3) the erection of any structural material, or (4) the
performance of any other operation that could obstruct or foul (as described above) the tracks or
other facilities of Conrail as determined by Conrail's representative.

Minimum overhead and lateral clearances as specified by Conrail are to be maintained during the
performance of the work. Existing overhead and lateral clearances are to be maintained during
construction unless a temporary reduction in clearance for construction purposes is approved, in
writing, by Conrail. The sponsor shall erect a highly visible construction fence no closer than

* fifteen (15) feet (4.6 m) from the centerline of the track through the work area to insure that the
lateral clearance requirement is being met.

All wire and attachments shall be treated as live unless notified by the Conrail representative that
same have been grounded and de-energized. Particular attention shall be given to the use of hand
lines containing metal strands which cannot be used when working near or above exposed live
wires. When working over wires, tools and materials not in use shall be stored in a manner to
prevent them from falling. Tools or materials shall not be thrown to or from men working over

_ the wires to men on the ground. The sponsor shall be responsible for locating and protecting all
underground facilities.

Painting and paint removal procedures must be approved by the Chief Engineer - Construction,
and installed and inspected by his representative prior to beginning the work over railroad right
of way. The sponsor will be required to protect the track structure and railroad property from
any material used in conjunction with performing the work. A flagman will be required
whenever the above described work fouls the track as previously defined.

The sponsor shall give notice to Conrail's Chief Engineer - Construction or his designated

~ representative fourteen (14) days in advance of the time work is to be commenced. Conrail will
assign at the sole cost and expense of the sponsor, conductors and/or flagmen, or other similar
qualified employees to protect its trains and facilities when in the opinion of its representative,
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the construction work will cause or may cause a hazard to Conrail facilities and the safe
operation of trains. No operations of the sponsor shall be carried out without all the necessary
protection to properly safeguard the work.

The minimum hours per day for railroad employees engaged in flagging service shall be eight (8)
hours. The overtime rate will be charged for all time in excess of eight (8) hours. Flagmen are
paid from the time they leave headquarters until they arrive back at headquarters. The travel time
to and from project site is known as "deadheading" and is paid at full rate of pay, plus travel
expenses. No conductor or flagman may remain on duty longer than twelve (12) hours i in any
twenty-four (24) hour period.

The providing of flagmen, inspectors or other precautionary measures, shall not, however, relieve
the sponsor from liability for payment of damages caused by their operations. The sponsor must
obtain permission from the flagman before fouling or obstructing any track.

The sponsor shall be responsible for damage to Conrail facilities or property arising out of the
execution of its work. Conrail shall undertake any necessary repair work at the sole cost and
expense of the sponsor. Billing for the work shall be in accordance with Conrail’s standard -
billing procedures.

- Labor will be charged to sponsor at actual rate plus amount paid for insurance, railroad
retirement, excise tax, vacation allowance, holidays, health and welfare benefits, small tools and
overhead in accordance with Conrail's standard billing procedures. Materials will be charged to
the sponsor at actual cost to Conrail plus transportation costs, handling expense and applicable
taxes.

RAJLROAD ENGINEERING AND INSPECTION
Conrail, at its sole dxscretlon may a551gn an engmeer or mspector for the general protection of
railroad property and operations during the construction of the project. This inspection service
will be supplied at the sole cost and expense of the sponsor.

PAYMENT OF RAILROAD SERVICES
It is a requirement that the sponsor shall reimburse Conrail in full for work undertaken by
Conrail in accordance with any provision of these special requirements. Final contract payment

will not be made by the sponsor to its contractor, sub-contractor, consultant or agent, until
Conrail certifies that all railroad bills against them have been paid in full.

IEMPORARY GRADE CROSSING

Under most circumstances, a grade crossing of our track will not be permitted; however, the
creation of such a crossing will be at the sole discretion of the Chief Engineer - Construction.
Should the sponsor demonstrate a necessity for a temporary grade crossing of Conrail's tracks,
the sponsor will be required to apply for and execute the standard private grade crossing
agreement for each crossing required. Application for the crossing shall be made to Conrail at
least twelve (12) weeks before the crossing is required and addressed to:

-5-
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{’?“@g& Mr. J. D. Cossel, Chief Engineer - Construction
Consolidated Rail Corporation .
2001 Market Street -12B
PO Box 41412

Philadelphia, Pennsylvania 19101-14 1 2

- A letter size plan showing the location, size, construction details, and access to the requested
crossing should accompany the letter of application. The plan should be fully detailed and
dimensioned with all Conrail facilities shown and referenced. The letter should state the purpose
for which the crossing is needed and the expected life of the crossing. All application fees,
construction, maintenance, protection and removal costs will be at the sole cost and expense of
the sponsor. The roadbed and all other Conrail facilities will be restored to the original condition
subject to the approval of Conrail's Chief Engineer - Construction or his designated
representative. '

SHEETING AND SHORING REQUIREMENTS

The following items are to be included in the design and construction procedures for all

permanent and temporary facilities adjacent to Conrail tracks.

1) Footings for all piers, columns, walls or other facilities shall be located and designed so that
any temporary sheeting and shoring for support of adjacent track or tracks during construction
will not be closer than toe of ballast slope [7'-5" (2.3 m) is the dimension from gauge of rail to
toe of ballast for tangent track; see Conrail Standard Plan 48747 (attached) for dimensions on .
curved track].

2) When excavation for construction of the above mentioned facilities is within the theoretical
railroad embankment line (see drawing SK-1), interlocking steel sheet piling, driven prior to
excavation, must be used to protect track stability. The use of trench boxes or similar devices
is not acceptable. Soldier piling and lagging will be considered for supporting adjacent
track(s) only when its use is approved by the Chief Engineer - Construction. Consideration
for the use of soldier piling and lagging will be made if the required penetration of steel sheet
piling cannot be obtained and when dry, non-running, stable material will be encountered.

3) The sheeting shall be designed to support all lateral forces caused by the earth, raiiroad and
other surcharge loads. The railroad loading to be applied is an E-80 loading. This loading
consists of 80 Kip (356 KN) axles spaced five (5) feet (1.5 m) on centers. The lateral forces
acting on the sheeting shall be computed as follows:

a. The active earth pressure due to the weight of the soil is to be computed by the Rankine

theory.

b. The Boussinesq analysis shall be used to determine the lateral pressure caused by the

railroad loading. The load on the track shall be taken as a strip load with a width equal to the

length of the ties (8'-6" or 2.6 m). The vertical surcharge, q (psf), caused by each axle, shall

be uniform and equal to the axle weight divided by the tie length and the axle spacing (5'-0" or

1.5 m). For an E-80 loading, this results in: q = 80,000/ (8.5 X 5) = 1882 psf (90.1 KPa).

The horizontal pressure due to the live load surcharge at any point on the sheet piling wall is

Ph and can be calculated by the following: Ph = (2q/n)(B-sin B cos 2«) (see drawing SK-2). ‘

4) The allowable stresses for the sheet piling and other steel members (wales, struts, etc.) shall
be in accordance with AREA Chapter 15, Parts 1 and 2. These allowable stresses may be
increased ten percent (10%) due to the temporary nature of the installations.
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5) Where soil or rock anchors are used, all anchors must be tested. Testing shall bein
accordance with industry standards with ten percent (10%) of the anchors "Performance
Tested" and all others "Proof Tested".

6) Exploratory trenches, three (3) feet (0.9 m) deep and fifteen (15) inches (0.4 m) wide in the
form of an "H" with outside dimensions matching the outside of sheeting dimensions are to be
hand dug, prior to placing and driving steel sheeting, in areas where railroad underground
installations are known to exist. These trenches are for exploratory purposes only and are to
be backfilled with the backfill compacted immediately. This work must be done in the
presence of a Conrail representative, —~ ==t~ i S 5 o

- 7) Absolute use of track is required while driving sheeting within fifteen ( 15) feet (4 6 m) from
centerline of a live track. The procedure for arranging the use of track shall be as outlined on
Pages Three and Four. _

8) Cavities adjacent to the sheet piling, created by the driving of sheet piling, shall be filled with

.sand and any disturbed ballast must be restored and tamped immediately.

9) Sheet piling shall be cut off at the top of tie during construction. After construction and
backfilling has been completed, piling within ten (10) feet (3.0 m) from centerline of track,
or when bottom of excavation is below a line extending a 1:1 slope from end of tie to point of
intersection with sheeting, shall be cut off eighteen (18) inches (0.5 m) below existing ground

. line and left in place.

10)Any excavation adjacent to track shall be covered and ramped and provided with
barricades as required by Conrail. A lighted walkway with a handrail must be provided
adjacent to the track for any excavation within ten (10)_feet (3.0 m) of the centerline.

11)Final backfilling of excavation shall be as required by project specifications.

12)The sponsor is to advise Conrail of the time schedule of each operation and obtain approval of
Conrail for all work to be performed adjacent to Conrail tracks so that it may be properly
supervised by railroad personnel.

13)All drawings for temporary sheeting and shoring shall be prepared and stamped bya
“Registered Professional Engineer and shall be accompanied by complete design computatlons
when submitted for approval.

14)Where physical conditions of design impose insurmountable restrictions requiring the placing
of sheeting closer than specified above, the matter must be submitted to the Chief Engmeer -
Construction for approval of any modifications.

15)Five (5) copies of the submission are to be sent to Conrail's Area Engineer. The sponsor is
advised to expect a minimum thirty (30) day review period from the day the submission is
received by the Area Engineer. . _

16)Conrail's representative must be present at the site during the entire sheeting and shoring
procedure period. The sponsor must notify the railroad representative at least seventy-two
(72) hours in advance of the work. No changes will be accepted after that time.

ERECTION, HOISTING AND DEMOLITION REQUIREMENTS

1) A plan showing the locations of cranes, horizontally and vertically, operating radii, with
delivery or disposal locations shown. The location of all tracks and other railroad facilities
should also be shown.

2) Crane rating sheets showing cranes to be adequate for 150% of the actual weight of the pick.

A complete set of crane charts, including crane, counterweight, and boom nomenclature is to
be submitted.

AR305340
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{Red) 3) Plans and computations showing weight of picks must be submitted. Where beams are being
removed over Conrail facilities, the weight shall include the weight of concrete or other .
material that will be included in each pick. Calculations shall be made from plans of the
existing and/or proposed structure showing complete and sufficient details with supporting
data for the demolition or erection of the structure. _

4) If the sponsor can prove to Conrail that plans do not exist and weights must be calculated from
field measurements, the field measurements are to be made under the supervision of the
Registered Professional Engineer submitting the procedure and he shall include sketches and
estimated weight calculations with his procedure. If possible, field measurements shall be
taken with a Conrail representative present. Weights shall include the weight of concrete, or
other material, that will be included in the lifts.

5) If the procedure involves either the cutting of steel or the bolting of joints which would affect
Conrail operations, a detailed staging plan with estimated durations will be required.

6) A location plan showing all obstructions such as wires, poles, adjacent structures, etc., must be
provided to show that the proposed lifts are clear of these obstructions.

7) A data sheet shall be prepared listing the type, size and arrangements of slings, shackles, or
other connecting equipment. Include copies of a catalog or information sheets for specialized
equipment. - '

8) A complete procedure is to be included, indicating the order of lifts and any repositioning or
rehitching of the crane or cranes. h

9) Demolition shield submittals must include a plan showing the details of the shield, a written
installation and removal procedure and design calculations verifying the capacity of the shield.
The shield should be designed for a minimum load of fifty (50) pounds/sq.ft (245 kgs./sq.m) '
plus the weight of the equipment, debris and any other load to be carried.

10)Temporary support of any components (overhead or undergrade) or intermediate stages is to
be shown and detailed. A guardrail (railroad) will be required to be installed in a track where
a temporary bent is located within twelve (12) feet (3.7 m) from the centerline of that track.

11)A time schedule of the various stages must be shown as well as a schedule for the entire
lifting procedure.

12)All bridge erection or demolition procedures submitted will be prepared, signed and sealed by
a Registered Professional Engineer.

13)Five (5) copies of the lifting procedures are to be sent to Conrail's Area Engineer. The
sponsor is to expect a minimum thirty (30) day review period from the day the submission is
received by The Area Engineer.

14)Conrail's field representative must be present at the site during the entire demolition and
erection procedure period. The sponsor must notify the railroad representative at least
seventy-two (72) hours in advance of the work. No changes will be accepted after that
time.

15)The name and experience of the employee supervising the operation must be supplied to
Conrail.

OVERGRADE BRIDGE REQUIREMENTS

CLEARANCES

1) The minimum vertical clearance above the top of the higher rail shall be twenty three .
(23) feet (7 m) at all times. In areas where the railroad has been electrified with a
catenary wire, and areas which are likely to be electrified, the minimum vertical
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clearance must be twenty four (24) feet, six (6) mches (7. 5 m) above the top of the ¥
higher rail.

2) The minimum horizontal clearance measured from the centerline of track to the near
face of the obstruction must be twenty (20) feet (6.1 m) for tangent track and twenty one
(21) feet (6.4 m) for curves. See Conrail Standard Plan 48754-B attached.

3) Whenever practicable, bridge structures must have the piers and abutments located
outside of the railroad right of way. All piers located less than twenty five (25) feet
(7.6 m) from the centerline of track require a crashwall designed in accordance with
specifications outlined in the current AREA manual.

4) All piers should be located so that they do not interfere with ditches. Where special
conditions make this impossible, an explanation of these conditions must be
submitted with the drainage plans for review by Conrail.

5) The permanent clearances should be correlated with the methods of construction so that
temporary construction clearances will not be less than the minimum allowed.

6) Bridge structures shall provide sufficient lateral and vertical clearance for anticipated
future tracks, changes in track centers and raising of tracks for maintenance purposes.
The locations of these tracks shall be determined by inquiry to Conrail's Chief Engineer
- Construction. :

7) The profile of the top of rail should be examined to determme if the track is in a sag at
the location of the bridge. If the track is in a sag, the vertical clearance from the track to
the bridge should be increased sufficiently to allow raising the track to remove the sag.

8) Plans for bridges must show dimensioned locations of all utilities which might be
located on the railroad right of way.

9) Vertical and horizontal clearances must be adjusted so that the 81ght distance to railroad
signals is not reduced from what is existing.

10)All proposed temporary clearances which are less than those listed above must be
submitted to Conrail for review and must be approved by Conrail prior to construction.

11)Clearances are subject to the requirements of the state in which the construction
takes place and must be approved by the State and Conrail if less than those prescribed ]
by law. .

DRAINAGE

1) Maintaining the existing drainage and providing for future drainage improvements is of
the utmost importance. Conrail will give special attention to reviewing the drainage
details.

2) Drainage plans must be included with the general plans submitted to Conrail for
approval. These plans must include hydrologic and hydraulic studies and computations
showing the frequency and duration of the design storm used, as well as the method of
analysis such as Soil Conservation Service or the Rational method. Conrail uses storms
with a 100-year recurrence interval as the minimum design storm.

3) Lateral clearances must provide sufficient space for construction of the required track
ditch parallel to the standard roadbed section. If the ditch cannot be provided, or the
pier will interfere with the ditch, then a culvert of sufficient size must be provided. See
Conrail Standard Plan 48754-B, which is attached.

4) Ditches and culverts must be sized to accommodate all increased run-off due to the

" construction and the increased size must continue to the natural outlet of the ditch.
Ditches must be designed in accordance with good drainage engineering practices and
must meet all local codes and ordinances.

© 9.
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5) No scuppers or other deck drains, roadway drainage, catch basins. inlets or outlets are
permitted to drain onto Conrail property. Any variation of this policy must have the
prior approval of the Chief Engineer - Construction. If an exception is ultimately
granted, maintenance of such should not be Conrail's. Drainage from scuppers and deck

. drains must be conveyed through pipes, preferably to a point which is off Conrail
property. If the drainage must be conveyed into a railroad ditch, calculations must be
provided to Conrail which indicate the ability of the ditch to carry the additional run-off.

6) Additional drainage may require the installation of a pipe, new ditch or reprofiling of the
existing ditch. -

EROSION CONTROL

'1) Embankment slopes adjacent to the track must be paved for a minimum of two (2)

feet (0.6 m) beyond the outside edge of the bridge foundation structure. The purpose of
the pavement is to minimize erosion of the embankment material and to reduce
deterioration of the sub-grade material by drainage water. The pavement shall consist of
a prepared sub-base and/or filter fabric with grouted rip-rap on the surface.

2) The general plans for the bridge should indicate the proposed methods of erosion control
during construction and must specifically address means to prevent silt accumulation in
ditches and culverts and to prevent fouling the track ballast and sub-ballast. If the plans
do not show erosion control, the contractor must submit a proposed method of erosion
control and must have this method approved by Conrail prior to beginning any grading
on the site.

3) Existing track ditches must be maintained at all times throughout the construction
period. After the construction has been completed, all erosion and siltation must be
removed and the ditches must be restored.

4) Conrail's approval of drainage and erosion control plans will not relieve the sponsor
submitting these plans from ultimate responsibility for a satisfactory plan.

1) In areas where underground utilities may be affected, Conrail's C.E. 8, "Specifications
for Pipeline Occupancy” will govern.

2) In areas where power or communication lines will be affected, Conrail's C.E. 4,
"Specifications for Wire, Conduit and Cable Occupations” will govern,

-10-
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REOUTREMENTS FOR TEMPORARY SHEET PILING ADJACENT TO TRACK

T

STEEL SHEET PILING FOR TRACK SUPPORT IS NOT REQUIRED
FOR EXCAVATION OQUTSIDE THE THEORETICAL RAILROAD
EMBANKMENT LINE. SHORING IN ACCORDANCE WITH OSHA
REQUIREMENTS SHALL BE USED IN THIS AREA.

STEEL SHEET PILING. DRIVEN PRIOR TO EXCAVATION, IS
REQUIRED WHEN EXCAVATION IS WITHIN THE THEORETICAL
RAILROAD EMBANKMENT LINE.

ALL SHEET PILfNG IS TO BE DESIGNED FOR AN E-80 LOADING.
THE BOUSSINESQ ANALYSIS IS TO BE USED TO DETERMINE THE

"LATERAL PRESSURE CAUSED BY THE RAILROAD LOADING.

OFF ICE-OF CHIEF ENGINEER - D & C
FEB 1. 1995 DWG. NO.: SK-1
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LATERAL PRESSURE DIAGRAM
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P = (2g/7)(B- SIN B8 COS 2a) ®

P. = PRESSURE AT ANY GIVEN POINT

'q = STRIP LOAD SURCHARGE
a = ANGLE IN DEGREES

B = ANGLE IN RADIANS

LATERAL PRESSURE DUE TO STRIP LOAD

OFFICE OF CHIEF ENGINEER - D & (_‘
FEB 1, 1995 DWG. NO.: SK=2
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Engineering and Environmental Services, lnc

TO: Bill Mercurio '

FROM: Carole Sforza (&S

INFO: Bob Koto

DATE: 13 September 1985 7
RE: Conrail Procedures for

Subsurface Investigation

In accordance with a conversation with Mr. Mark Sawyer, Conrail Engineer, on 12 September 1995,
the following Conrail procedures are necessary for subsurface investigations in or near the railroad
embankment:

. excavate within the embankment using interlocking steel éheeting to support the L
weight of a train (250 tons); - S

. move sampling locations outside the embankment line (as shown on the attached

diagram); .
« ' collect samples using a drill rig; however, if the drill rig is within 12 feet of the rail, a B

Conrail engineer must be present to determine the available “windows” during the day
to drill as trains will not be stopped;

. coliect samples using a skid rig or jackhammer borings so that the rig is not close to
the track in order to eliminate the need to drill only during the available “windows";
and

‘ . collect samples using a backhoe; however, a Conrail engineer must be present to

determine the available “windows” during the day to excavate and backfill in between

AR3053L8
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train traffic. (Test pits shoyld be limited to a length of 3 feet paraliel to the raiiroad
and a compactor must be u§ed,) ’

Mr. Sawyer assigned an engineer to the Halby site starting Monday (18 September 1995). A cbpy
of the Republic insurance certificate shouid be given to the Conrail representative on Monday. Mr.

Sawyer wants to discuss the details of the subsurface investigation prior to Monday so thathe can

determine whether the presence of a Conrail engineer is necessary, whether shoring is necessary,

whether sampling during the available “windows” is necessary, etc. He also wants a confirmation

phone call on Friday, 15 September 1995.

sforza\conral.mem
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REQUIREMENTS FOR TEMPORARY SHEET PILING ADJACENT TO TRACK

. STEEL SHEET PILING FOR TRACK SUPPORT 1S NOT REQUIRID
FOR EXCAVATION OUTSIDE THE THEQRETICAL RAILRDAD
EMSANKMENT LINE. SHORING IN ACCORDANCE WiTH OSH4
REQUIREMENTS SHALL BE USED IN THIS. AREA.

2- ST==L SHEET PILING, DRIVEN PRIOR TD EXCAVAT]
REQUIRED WHEN EXCAVATION IS WITHIN THE THEOR

ON
RAILROAD EMBANKMENT LINE, =

v 1S
ICAL

3. ALL SWEZT PILING 1S TD BT DESIGNED FOR AN ‘E-B0 ‘LOADING.
THE 3DUSSINESQ ANALYSIS 1S TO BE USED TO DETEAMINE he
LATERAL PRESSURZ CAUSZD BY THE RAILROAD LORDING.

OFFICE OF CHIZF ENGINEER - D & ¢

JAN 11, 1983 DWG. NO.: SK-i

TOTAL Pr.01¢
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PIPELINE OCCUPANCY

; ' OF B ,

CONSOLIDATED RAIL CORPORATION

- PROPERTY
RECOMMENDED: AP?\,I@( i
. System Engineer Des Ctfief Engineer - Construction
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.- - Specifications For Pipéline Occupancy Of ‘
. . - Consolidated Rail Corporation Property

4.0  GENERAL

1 Scope

a. This specmcatlon shall apply to the dessgn and constructton of p:pehnes carrying flammabile
or non-flammable substances and casings containing wires and cables across and along Conrail
~ property and facilities. This specification shall also apply to tracks owned by others (sidings,
industry tracks, etc) over thCh Conrail operates ns equlpment

b it is to be clearly understood that Conrail owns its nght-of-way for the primary purpose of
operating a railroad. All occupancies shali therefore be designed and constructed so that rail
-operations and facilities are not interfered with, interrupted or endangered. In addition, the
proposed facility shall be located to minimize encumbrance to the right-of-way so that the
-railroad will have unrestncted use of its propeny for current and future operatnons

1.2 | Deﬂnmons | o B o T ,i -

a. >Conra|l o - Consolidated Rail Corporation

b. Chief Engineer - Conrail's Chief Engineer - Construction or his designated
' representative N s
- &, Owner (Applicant) - ‘individual, corporatlon or mumclpahty desiring occupancy of
Conrall propeny _
‘ d. Professional Engineer - Engineer licensed in the state where the facilities are to be
S . _.constructed.
e. Carrier Pipe - --= Pipe used to transport the product.
- f. Casing Pipe - - - = Pipe through which the carrier pipe is installed.

g. Sidings or industry tracks - Tracks located off of Conrail’s right-of-way, séwing an industry.

1.3 Application For Occupancy

- -a. Individuals, corporations or municipalities desiring occupancy of Conrail property by pipeline
occupations must agree, upon approval of the engineering and construction details by the Chief
Engineer, to execute an appropriate Conrail occupational agreement and pay any required fees

-and/or rentals specified therein.

b. The application for an occupancy’ shall be by letter addressed to the Chief Engineer -
Construction, Consolidated Rail Corporation, 2001 Market Street - 11C, P.O. Box 41411,
Philadelphia, PA., 18101-1411, giving the following:

(1) Full name of Owner.

(2) Compiete mailing address of the applicant.

(3) Name and titie of person who will sign the agreement.

. ‘ (4) The State in which the applicant is incorporated.

4.

Corl AR305354
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1.5

1.6

¢. All applications shall be accompanied with six (6) copies of all design and construction plans
and three (3) copies of all specifications and engineering computations for the proposed
occupancy. On extensive projects, only those plans involving work on, or affecting Conrail
property and operations, shall be submitted. included shali be a plan showing the extent of the
tota! proiest upo. which that portion nf the work affecting Conrail is clearly defined

d. All of the above plans, specifications and computations must be brepared by and bear the
seal of a Professional Engineer. '

Right Of Entry

a. No entry upon Conrail property for the purpose of conducting surveys, field inspections,
obtaining soils information or any other purposes associated with the design and construction for

-the proposed occupancy, will be permitted without a proper entry permit prepared by the Chief

Engineer, or his designated representative. The applicant must pay the associated fees and
execute the entry permit.

b. Itisto be clearly understood that the issuance of an entry permit does not constitute - o
authority to proceed with any construction. Construction can not begin until a formal agreement

is executed by Conrail and the Owner receives permission, from the designated inspection
agency of Conrail, to proceed with the work.

Site Inspection

a. For longitudinal occupancy of Conrail property a site inspection along the proposed pipeline
route may be required before final design plans are prepared. Whan a site inspection s
required, the applicant and/or his engineer must meet with representatives of the Chief
Engineer's Office to view the entire tength of the proposed occupancy.

b. Prior to the site inspection the applicant must submit the following information: |

(1) A plan view of the proposed route showing all tracks, both Conrail right-of-way lines and
______allother facilities located on the right-of-way. The distance from the proposed pipeline
_ tothe adjacent tragkr and to the right-of-way lines must be shown.

(2) A complete "Pipe Data Sheet” (See Plate 1)
(3) Typical cross sections along the proposed route. (See Plate V)

c. Site inspections for pipe crossings are not required unless, in the opinion of the Chief
Engineer, the size and location of the facility warrant an inspection.

Information Requiréd for SUbfnission

1.6.1 Plans and Computations

a. Plans for proposed pipeline occupancies shall be submitted to and approved by the Chief
Engineer prior to Conrail's issuance of an agreement and start of construction.

b. Plans are to be prepared in sizes as small as practical and shail be folded,
individually, by the applicant to an 8 1/2 inch by 11 inch (216 x 279 mm) size, as shown on
Plate X, prior to submission. Where more than one plan is involved, the folded plans shall be
assembled into complete sets by the applicant before submission. Failure of the applicant to
comply with these requirements may be sufficient cause for rejection of the application.

AR305355




c. Plans shall be drawn to scale and shall include the following (See Plates 110 Vil): -

(1) Plan view of proposed pipeline in relation to all Conrail facilities and facilities
immediately adjacent to Corrail including, but not limited to, tracks, buildings, signals,
pole lines, other utilities and al: other facilities thai may affect or influence the pipeline

~.design ana construciion. (Se¢ Plate Il) :

" (2) The location, in’ feet (meters) of the. pnpe crossmg from the nearest Conrau Milepost
and/or from the centerline of a Conrail bridge, giving the Conrail bridge number. If the

above is not available, provide distance to the nearest hlghway grade crossmg of the
. railroad. . L ,

- (3) In all cases the name of the State and County in whach the proposed facilities are
. located must be shown. In States where Townships, Ranges and Sections are used,

show the distance in feet to the nearest Section line and identify the Sectuon number,
T ownsmp and Range

“(4) The profule of the ground above the centerlme of the pxpe from fleld survey, showing
: relationship of the pipeline and/or casing pipe to the ground levels, the tracks and other
facilities, (See Plate lll). For longitudinal occupations, the top of rail profile of the
adjacent track shall be shown on the pipeline profile, (See Plate IV).

(5) All Conrail propenty lines indicated by dimensions, in feet (meters), to the centerfine of
adjacent track, as well as the overall width of the Conrail right-of-way. If the pipeline is
in a public highway, the limits of the dedicated highway right-of-way, as well as the limits

- of any paving, sidewalks etc., shall be defined, by dimensions in feet (meters), from the
centerline of the dedicated right-of-way.

"(6) The angle of the crassing in relation to'the centerline of the track(s).r (See Plate II)

. (7) On pipelines having valves, the distance in feet {meters) along the pipeline from the
: crossing to the nearest valves and/or control stations.

8) A separate "Pipe Data Sheet" (See Plate 1) shall be submmed on an 8 1/2 inch by 11

" inch (216 x 279 mm) sheet, for each crossing.

- d. The plan shall be specific, on Conrail property and under tracks that are not on Conratl
property, as to the: '

(1) Method of installation. (See Section 5.1)
(2) Size and material of the casing pipe.‘ (Se_e Section 4.3)
(3) Size and material of the carrier pipe. (See Section 4.4)

These items can not have an altermative and any application that is recewed that mdlcates
options in any of the above items will not be processed.

-

e. Once the application has been approved by the Chief Engineer, no variance frorﬁ the plans,

specifications, method of installation, construction, etc., as approved in the occupancy

document, will be considered or permitted without the payment to Conrail of additional fees for
the re-processing of the application. : :

f. All plans and computations associated with the work under the agreement shali be prepared
by, and bear the seal of, a Professional Engineer. If not so imprinted, the application will be
given no further consideration. This requirement also applies to all data submitted by the

-3-
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1.7

2.0

2.1

2.2

. carrier pipe meets the requirements provided in the AREA manual Chapter 1, Part 5, Section

Owner's contractor. Contractor's plans and computations that are not stamped will be returned
and construction will not be permitted to proceed. .

1.6.2 Specifications 2 ' " ‘ !

a, Project speciﬁcatiohs, for all work or and affecting the railroad right-of-way, shall be inciuded
with the submission. All pertinent requirements of this document shall be included.

Notification io Procee'd with Conétruction

a. After approval of the engineering plans and specifications and execution of the occupational
agreement, the Owner will be notified of the appropriate Conrail Area Engineer's Office that must
be contacted prior to start of construction. The Area Engineer's Office will provide Conrail's
inspection of the project and coordinate all other construction aspects of the project that relate to

-Conrail (flagging, track work, protection of signal cables, etc.).

b. The Area Engineer's Office must be notified a minimum of fourteen (14) working days prior

-to desired start of construction.

GENERAL REQUIREMENTS

Use of a Casing Pipe

a. A casing pipé will be required for all pipeline crossings carrying liquid flammable or non-

‘flammable substances under pressure.

b. For flammable and nonflammabie gas pipelines the casing pipe may be omitted provided the .

§.2.3. The Chief Engineer may require use of a casing pipe at locations where increased risks

.from specific site conditions (track speed, traffic density, etc.) are present.

c. For non-pressure sewer or drainage crossings, where the installation can be made by open
cut (see Section 5.1.2) or reinforced concrete pipe can be jacked under the railroad (see Section
5.1.4), the casing pipe may be omitted.

d. Pressure pipelines that do not cross under the track but are located within 25 feet (7.6 m) of

the centerline of any track or closer than 45 feet (13.7 m) to nearest point of any bridge, buiiding
or other important structure, shall be encased.

e. The casing pipe shall be laid across the entire width of the right-of-way, except where a
greater length is required to comply with Section 4.3.1.1. of this specification, even though such
extension is beyond the right-of-way. For non-pressure sewer or drainage crossings, where a

casing is used for carrier pipe installation purposes only, the casing need only to extend from the
boring pit to the receiving pit.

Locatioh of Pipeline on the Right-of-Way

a. Pipelines laid longitudinally on Conrail's right-of-way shall be located as far as practicable
from any tracks or other important structures and as close to the raiiroad property line as

possible. Longitudinal pipelines must not be located in earth embankments or within ditches
located on the right-of-way.

b. Pipelines shall be located, where bracticable. to cross tracks at approximate right angleé to
the track, but preferably at not less than 45 degrees.
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c. Pipelines shall not be piaced within a culvert, under railroad bridges, nor closer than 45 feet -

(13.7 m) to any portion of any railroad bridge, building, or other imporntant structure, except in

special cases, and then by special design, as approved by the Chief Engineer.

a. Pipelines snail nat be located within the limits of a turnout (switch) when crossing the track.
The limits of the turnout extend from the paint of the switch to the last long timber.

e. Pipeline installations shall not be designed as an open cut instaliation where the pipeline is to
be iocated within the limits of a grade crossing. If it is shown that no other method of installation
is possible, the owner will be responsible for reimbursing Conrail for all costs associated with the
removal and reconstruction of the grade crossing.

f. Pipelines carrying liquefied petroleum gas shall, where practicable, cross the railroad where
tracks are carried on embankment.

g. Uncased gas pipelines must not be located within 25 feet (7.6 m) of any tra;:k.

Depth of Instaliation
2.3.1 Pipelines conveying non-flammable substances

a. Casing/carrier pipes placed under Conrail track(s) shall be not less than 5% feet (1.7 m) from
base of rail to top of pipe at its closest point, except that under sidings or industry tracks this
distance may be 4; feet (1.4 m) as approved by the Chief Engineer. On other portions of the
right-of-way, where the pipe is not directly beneath any track, the depth from ground surface or
from bottom of ditch to top of pipe shall not be iess than 3 feet (0.9 m). Where 3 feet (0.9 m) of
cover can not be provided from bottom of ditch, a 6 inch 1152 mm) thick concrete slab shall be
provided over the pipeline for protection.

b. Pipelines laid longitudinally on Conrail's right-of-way, 50 feet (15.2 m) or less from centerline
track, shall be buried not less than 4 feet (1.2 m) from ground surface to top of pipe. Where the

pipeline is laid more than 50 feet (15.2 m) from centerline of track, the minimum cover shall be
at least 3 feet (0.9 m).

2.3.2 Pipelines conveying flammable substances

a. Casing pipes under Conrail track(s) shall be not less than 5% feet (1.7 m) from base of rail to
{op of pipe at its closest point, except that under sidings or industry tracks this distance may be
4Y: feet (1.4 m) as approved by the Chief Engineer. On other portions of the right-of-way, where
the pipe is not directly beneath any track, the depth from ground surface or from bottom of ditch
to top of pipe shall not be less than 3 feet (0.8 m). Where 3 feet (0.9 m) of cover can not be

provided from bottom of ditch, a 6 inch (152 mm) thick concrete slab shall be provided over the
pipeline for protection. v

b. Uncased gas pipelines, under Conrail track(s), shall not be less than 10 feet (3.0 m) from the
base of rail to the top of the pipe at its closest point. At all other locations where crossing the
right-of-way, the minimum ground cover must be 6 feet (1.8 m). Where it is not possible to
obtain the above depths, use of a casing pipe wiil be required.

c. Pipelines laid fongitudinally on Conrail's right-of-way, 50 feet (15.2 m) or less from centerline
track, shall be buried not iess than 6 feet (1.8 m) from ground surface to top of pipe. Where the

pipeline is laid more than 50 feet (15.2 m) from centerline of track, the minimum cover shall be
at least 5 feet (1.5 m).
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2.5

2.6

2.7

2.8

2.9

3.0

3.1

Pipelines within Limits of a Dedicated Highway

a. Pipelines within the limits of a dedicated highway are subject to all the requirements of this
specification and must be designed and installed in accordance with them.

b. The imits of the dedicated highway (right-of-way) inust be clearly shown on the plans.

c. Construction can not begin until an agreement has been executed between Conraii and the
Owner and proper notification has been given to Conrail's Area Engineer. (See Section 1.7)

Modification of Existing Facilities

a. Any replacement or modification of an existing carrier pipe and/or casing shall be considered
as a new instaliation, subject to the requirements of this specification.

Abandoned Facilities

a. The owner of all abandoned pipe crossings and other occupancies shall notify the Chief
Engineer, in writing, of the intention to abandon.

b. Abandoned pipelines shall be removed or completely filled with cement grout, compacted
sand or other methods as approved by the Chief Engineer.

¢. Abandoned manholes and other structures shail be removed to a minimum distance of 2 feet
(0.6 m) below finished grade and completely filled with cement grout or compacted sand.

Conflict of Specifications

a. Where laws or orders of public authority prescribe a higher degree of protection than .
specified herein, then the higher degree so prescribed shall be deemed a part of this
specification.

Insuiation ’

a. Pipelines and casings shall be suitably insuiated from underground conduits carmrying electric
wires on Conrail property.

Corrosion Protection and Petroleum Leak Prevention

a. Pipelines on Conrail property that carry petroleum products or hazardous liquids shall be
designed in accordance with current federal, state and/or local regulations that mandate leak

detection automatic shutoff, leak monitoring, and sacrificial anodes and/or exterior coatings to
minimize corrosion and prevent petroleum releases.

SOIL INVESTIGATION

General

a. Test borings or other soil investigations, approved by the Chief Engineer, shall be made to
determine the nature of the underlying material for all pipe crossings 60 inches (1524 mm) in
diameter and larger under track(s). (See Section 1.4 relative to procedures)

b. Test borings or other soil investigations, approved by the Chief Engineer, may be required
when, in the judgment of the Chief Engineer, they are necessary to determine the adequacy of
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33

3.4

35

the design and construction of pipe crossings fess than 60 inches (1524 mm) in diameter and for
other facilities located on the right-of-way.

Location'

a. Borings shall be made on each side of the track(s}, on the centerline of the pipe crossing,
and as close to the track(s) as practicable. (See Section 1.4 relative to procedures)

b. Test boring logs shall be accompanied with a plan, drawn to scale, showing the location of
the borings in relation to the track(s) and the proposed pipe.

Sampling

7

a. Test borings shall be made in accordance with current ASTM Designation D 1586 except
that sampling must be continuous from the ground surface to 5 feet (1.5 m) below the proposed
invert unless rock is encountered before this depth. Where rock is encountered, it is to be cored
using a Series "M" Double Tube Care Barrel, with a diamond bit, capable of retrieving a rock

core at least 1 5/8" (41.3 mm) in diameter. Individual core runs are not to exceed 5 feet (1.5 m)
in length. »

Boring Logs
a. Test boring logs shall comply with Plate Vil ahd clearly indicate all of the following:
(1) Boring number as shown on the required boring focation plan.
(2) Ground elevation at each boring using same datum as the pipeline construction plans.
(3) Engineering description of soils or rock encountered.
(4) Depth and percent recovery of all soil samples.
(5) Depth from surface for each change in strata.

(6) Blows for each 6 inches (152 mm) of penetration for the standard penetration test
described in ASTM D 1586. Blows for lesser penetrations should be recorded.

(7) Percent recovery and Rock Quality Designation (RQD) for all rock cores.
(8) Depth to ground water while sampling and when it has stabilized in the bore hole.

b. The location of the carrier pipe and/or casing pipe shall be superimposed on the boring logs
before submission to the Chief Engineer.

c. All borings shall be sealed, for their full depth, with a 4-3-1 bentonite-cement-sand grout after
accurate ground water readings have been taken and recorded.

d. Soil samples taken from auger vanes or retum washwater are not acceptable.
Additional Information
a. When directed by the Chief Engineer, additional borings may be‘required for the purpose of

taking undisturbed thin-wall piston sampies or Dennison type samples for laboratory testing to
determine the index and engineering properties of certain soil strata.

-7-
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4.0

4.1

DESIGN REQUIREMENTS
Design Loads

411 General Requirements

a. All pipes, manholes and other facilities shail be designed for the external and internal loads
to which they will be subjected.

b. To allow for placement of additional track(s) or shifting of the existing track(s), all proposed
pipelines or structures shall be designed as if a railroad loading is directly above the facility.

4.1.2 Earth Load

a. The dead load of the earth shall be considered as 120 pounds per cubic foot (18.9 kNlm3)
unless soil conditions warrant the use of a higher vaiue.

4.1.3 Railroad Load (live load and impact)

a. The railroad live load used shall be a Cooper E-80 loading. This loading consists of 80 kip
(356 kN) axle loads spaced 5 feet (1.5 m) on centers.

b. Animpact factor of 1.75 (multiply live load by the impact factor) shall be used for depth of
cover up to 5 feet (1.5 m). Between 5 and 30 feet (1.5 and 9.1 m), the impact factor is reduced

by 0.03 per foot (0.1 per m) of depth. Below a depth of 30 feet (8.1 m), the impact factor is one.

c. The values shown in Table 1 shall be used for the vertical pressure on a buried structure for
the various heights of cover.

Table 1
Live loads, including impact, for various heights of cover for a Caoper E-80 loading.
Height of Cover Load
feet {meter) Ib/sq ft (kPa)
2 (0.6) 3800 (162.8)
3 (0.9) 3150 (150.8)
4 (1.2) 2850 (136.5)
5 (1.5) 2550 (122.1)
(-] (1.8) 2250 (107.7)
7 (2.1) 1950 (93.4)
8 (2.4) 1700 (81.4)
9 2.7 1500 (71.8)
10 (3.0) 1300 {82.2)
12 {3.7) 1000 (47.9)
14 {4.3) 800 (38.3)
16 (4.9) 625 (29.9)
18 (5.5) 500 (23.9)
20 (6.1) 400 {18.2)
25 (7.6) 250 (12.0)
30 (9.1) 150 (7.2

d. To determine the horizontal pressure caused by the railroad loading on a sheet pile wall or
other structure adjacent to the track, the Boussinesq analysis shall be used. The load on the
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track shall be taken as a strip load with a width equal to the length of the ties, 8% feet (2.6 m).
The vertical surcharge, q (psf), caused by each axie, shall be uniform and equal to the axie ioad
divided by the tie length and the axie spacing, 5 feet (1.5 m). For the E-80 loading this resuits in;

q = 82.000/ (8.5 X 5) = 1882 psf. (q =356/ 2.591 x *.524) = 90.1 kFa)

The horizonta! pressure due to the live load surcharge at any point on the wall or other structure
is P and can be caiculated by the following:

P = (29/m){j3-sin p(cos2x)) (See PLATE 1X)
e. The vertical and hcrizontal pressures given above shall be used unless an alternate design
method is approved by the Chief Engineer. Proposals to use an alternate design method must

include acceptable references and a statement explaining the justification for choosing the
alternate method.

Design Assumptions

a. Todesign a casing pipe or an uncased carrier pipe for the external loads on Conrail's right-

of-way, the following design assumptions shall be used, unless site conditions indicate more
conservative values are required:

b. Flexibie Pipe (Steel, DIP, CMP, Tunnel Liner Plate)

(1) Steel Pipe (Bored and jacked in place)
e Spangier’s lowa formula shall be used for design with:

(a) Deflection lag factor - Di=1.5

(b) Modulus of soil reaction - E"=1080psi (7.45MPa)
(c) Bedding constant - Kb=0.096

(d) Soil loading constant - Ky =043

(e) Allowable deflection of pipe - 3% of pipe diameter

(2) Ductile iron Pipe (Open Cut)
+ ANSI Specification A 21.50 shall be used for design with:

(a) Pipe laying condition = Type 3 (see Sec. 5.1.2 for backfill requiremnents on RR R/W)
(b) Earth load - ANSI A 51.50 prism method

(3) Corrugated Steel Pipe & Corrugated Structural Steel Plate Pipe (Open Cut)

o AREA Chapter 1, Part 4, Sec.ions 4.9 & 4.10 shall be used for design with:
(a) Soil stiffness factor - K=0.33

(b) Railroad impact as per Sectiori 4.1.3.b. of this specification.

(4) Tunnel Liner Plate (Tunneled)

e AREA Chapter 1, Part 4, Section 4.16 shall be used for design with:
(a) Soil stiffness factor - K=033

(b) Railroad impact as per Section 4.1.3.b. of this specification.
¢. Rigid Pipe (RCP, Vitrified Clay Pipe and PCCP)

(1) Reinforced Concrete Pipe, Vitrified Clay Pipe & Prestressed Concrete Cylinder Pipe
(Open Cut)

e American Concrete Pipe Association design manual shall be used for design with:
() Marston load theory used for earth loaa
(b) Bedding (Load Factor) - Lf=1.9

(c) Factor of safety - FS=1.25forRCP FS =1.50 for VCP
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(d) Railroad impact as per Sectior 4.1.3.b. of this specification. .

(2) Reinforced Concrete Pipe (Jacked)
e American Concrete Pipe Association design manual shall be used for design with:
(a) Marston {oad theory used for earth Icad
(b) Bedding {Load Factor) - Lf=3.0
(c) Factor of safety = 1.25
(d) Railroad impact as per Section 4.1.3.b. of this specification.

Casing Pipe
4.3.1 General Requirements

a. Casing pipe shall be so constructed as to prevent leakage of any substance from the casing
throughout its length, except at ends of casing where ends are left open, or through

vent pipes when ends of casing are sealed. Casing shall be installed so as to prevent the
formation of a waterway under the railroad, and with an even bearing throughout its length, and
shall slope to one end (except for longitudinal occupancy).

b. The casing pipe and joints shall be of steel and of leakproof construction wheh the pipeline is
carrying liquid flammable products or highly volatile substances under pressure.

c. The inside diameter of the casing pipe shall be such as to allow the carrier pipe to be
removed subsequently without disturbing the casing or the roadbed. For stee! pipe casings, the
inside diameter of the casing pipe shall be at least 2 inches (51 mm) greater than the largest
outside diameter of the carrier pipe joints or couplings, for carrier pipe less than 6 inches (152
mm) in diameter; and at least 4 inches (102 mm) greater for carrier pipe 6 inches (152 mm) and

over in diameter. .

d. For flexible casing pipe, a maximum vertical deflection of the casing pipe of 3 percent of its
diameter, plus ¥ inch (13 mm) clearance shall be provided so that no loads from the roadbed, track,
traffic or casing pipe itself are transmitted to the carrier pipe. When insulators are used on the carrier
pipe, the inside diameter of the flexible casing pipe shall be at least 2 inches (51 mm) greater than
the outside diameter of the carrier pipe for pipe less than 8 inches (203 mm) in diameter; at least 3%
inches (83 mm) greater for pipe 8 inches to 16 inches (203 mm to 406 mm), inclusive, in diameter
and at least 4% inches (114 mm) greater for pipe 18 inches (457 mm) and over in diameter.

e. In no event shall the casing pipe diameter be larger than is necessary to permit the insertion of
the carrier pipe.

f. Casing pipe under railroad tracks and across Conrail's right-of-way shall extend the greater of the
following distances, measured at right angie to centerline of track:

(1) Across the entire width of the Conrail right-of-way.
(2) 3 feet (0.9 m) beyond ditch line.

(3) 2feet (0.6 m) beyond toe of siope.

(4) A minimum distance of 25 feet (7.6 m) from each side of centerline of outside track
when casing is sealed at both ends.

(5) A minimum distance of 45 feet (13.7 m) from centerline of outside track when casing is
open at both ends.
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(6) Beyona the theoretical railroad embankment line. This line begins at a point, on existing

grade, 10 feet (3 m) horizontally from centeiline track and extends downward on a 1%
(H) to 1 (V) slope. (See Plate 1ll).

g. If additional tracks are construcied in the fufiire, tae casing shall be extended
carrespondingly at the Owner's expense.

4.3.2 Steel Pipe
a. Steel pipe may be installed by open cut, boring or jacking. ’ -

b. Steel pipe shall have a specified minimum yield strength, SMYS, of at least 35,000 psi (241

MPa). The ASTM or API specification and grade for the pipe are to be shown on the Pipe Data
Sheet (Plate I).

c. Joints between the sections of pipe shall be fully welded around the complete circumference
of the pipe.

d. Steel casing pipe, with a minimum cover of 5% ft. (1.7 m), shail have a minimum wall
thickness as shown in Table 2, unless computations indicate that a thicker wall is required.

Table 2 -
Pipe Diameter Coated or Cathodicaily Protected] Uncoated and Unprotected
Nominal Pipe Size Nominal Wali Thickness Nominal Wall Thickness
inches {(mm) inches . {mm) inches (mm)
10 and under | (254 & under) 0.188 (4.78) 0.188 (4.78)
12 & 14 {305 & 356) 0.188 (4.78) 0.250 (6.35)
16 (406) 0.219 (5.54) 0.281 {7.14)
18 (457) 0.250 (6.35) 0.312 (7.92)
20 & 22 (508 & 559) 0.281 7.14 ~0.344 (8.74)
24 (610) 0.312 (7.92) 0.375 (9.53)
26 (660) 0.344 (8.74) 0.406 (10.31)
28 (711 0.375 (9.53) 0.438 (11.07)
30 (762) 0.406 (10.31) 0.469 (11.81)
32 (813) 0.438 (11.07) 0.500 (12.70)
34 & 36 (864 & 914) 0.469 (11.91) 0.532 (13.49)
38 (965) 0.500 (12.70) 0.562 (14.27)
40 (1016) 0.531 (13.49) 0.594 (15.09)
42 (1067) 0.562 (14.27) 0.625 (15.88)
44 & 46 (1118 & 1168) 0.594 (15.09) 0.657 (16.66)
48 (1219) 0.625 (15.88) 0.688 (17.48)
50 (1270) 0.656 (16.66) 0.719 (18.26)
52 (1321) 0.688 (17.48) 0.750 (19.05)
54 (1372) 0.7189 (18.26) 0.781 (19.84)
56 & 58 (1422 &1473) 0.750 (18.05) 0.812 (20.62)
60 (1524) 0.781 (18.84) 0.844 (21.44)
62 (1575) 0.812 (20.62) 0.875 (22.23)
64 (1626) 0.844 (21.44) 0.906 (23.01)
66 & 68 (1676 & 1727) 0.875 (22.23) 0.938 (23.83)
70 (1778) 0.906 (23.01) 0.968 (24.61)
72 (1829) 0.938 (23.83) 1.000 (25.40)
-11-
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e. Coated steel pipe that is bored or jacked into place shall conform to the wall thickness
requirements for uncoated steel pipe since the coating may be damaged during installation. .

f. Smooth wall steel pipes with a nominal diameter over 72 inches (1828 mm) will not be
permitied.

4.3.3 Ductile Iron Pipe

a. Ductile iron pipe may be used only when placed by the open cut method. Jacking or boring
through the railroad embankment is not permitted due to the bell and spigot joints.

b. Ductile iron pipe shail conform to the requirements of ANS! A21.51/AWWA C-151. Class 56
pipe shall be used unless computations, in accordance with Sections 4.1 and 4.2, are provided.

¢. Table 3 is based on the design assumptions given in Section 4.2. b. (2) with a minimum
cover of 5%z ft. (1.7 m). This table is provided for information only. -

Jable 3
Pipe diameter Thickness Class Pressure Class
Wall thickness Class Wall thickness Class

in. (mm) in. {mm) in. {mm)

3 (89) 0.25 (6.35) 51 0.25 (6.35) 350

4 (114) 0.26 (6.60) 51 0.25 {6.35) 350

.8 (168) 0.25 (6.35) 50 0.25 (6.33) 350

8 (219) 0.27 (6.86) 50 ———— D —
10 (273) 0.32 (8.13) 51 o ———
12 (324) 0.34 (8.64) 51 ——— ———- e
14 (356) 0.39 (9.91) 52 aaee — e
16 (406) 0.40 (10.2) 52 o —— e
18 (457) 0.44 (11.2) 53 ——— - —
20 (508) 0.45 (11.4) 53 e ——ee o
24 (610) 0.53 (13.5) 55 — e e
30 (762) 0.63 (16.0) 58 — —— —
38 (914) 0.73 (18.5) 58 — — -—
42 (1067) 0.83 (21.1) 56 e — e
48 (1219) 0.93 (23.6) 56 e — —
54 (1372) 1.05 (26.7) 56- w—— e R

d. The pipe shall have mechanical or push on type joints.
4.3.4 Corrugated Steel Pipe and Corrugated Structural Steel Plate Pipe

a. Corrugated steel pipe and corrugated structural steel plate pipe may be used for a casing

only when placed by the open cut method. Jacking or boring through the railroad embankment is
not permitted.

b. Corrugated steel pipe and corrugated structural steel plate pipe may be used for a casing
provided the pressure in the carrier pipe is less than 100 psi (689 kPa).

¢. Pipe shall be bituminous coated and shall conform to the current American Railway
Engineering Association Specifications Chapter 1, Part 4. ) ‘
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d. Corrugated stee! pipe shail have 2 minimum sheet thickness as shown in Table 4. . e
Corrugated structural steel plate pipe shall have a minimum piate thickness of 8 gage, 0.168 in.
(4.27 mm). If computations indicate that a greater thickness is required, the thicker sheet or
plate shall be used.

TABLE 4
Pipe Diameter Sheet Thickness
inches (mm) Gage inches (mm)
12 to 30 (305 to 762) 14 0.078 (2.01)
36 (914) 12 0.109 (2.77)
42 to 54 (1067 to 1372) 10 0.138 (3.51)
60 to 120 (1524 to 3048) 8 0.168 (4.27)

4.3.5 Steel Tunnel Liner Plates

a. Liner plates shall be installed by the tunneling method as detailed in Section 5.1.5 of this
specification.

- b. Tunnet liner plates shall be galvanized and bituminous coated and shall conform to current
AREA Specification Chapter 1, Part 4, Section 4.16. If the tunnel liner plates are used only to
maintain a tunneled opening until the carrier pipe is installed, and the annular space between the
carrier pipe and the tunnel liner is completely filled with cement grout within a reasonably short
time after compietion of the tunnel, then the tunnel liner piates need not be galvanized and
coated.

¢. Tunnei liner plates are to be a minimum of 12 gage and shall be fabricated from structural
quality, hot-rolled, carbon-steel sheets or plates conforming to ASTM Specification A 569.

d. The following liner plate information must be shown on the Pipe Data Sheet (Plate f):
(1) Number of flanges (2 or 4)
(2) Width of plate
(3) Type of plate (smooth or corrugated)

4.3.6 Reinforced Concrete Pipe

a. Reinforced concrete pipe shall be installed by the open cut or jacking méthod.

b. Reinforced concrete pipe shall conform to ASTM Specification C 76. Class V pipe, Wall B or
C shall be used unless computations, in accordance with Section 4.2, are provided.

c. Reinforced concrete pi-pe may be used for a casing provided the pressure in the carrier pipe
is less than 100 psi (689 kPa).

-

d. Pipe placed by open cut shall be installed in accordance with AREA Chapter 8, Part 10,

Section 10.4 except that backfill and compaction shall be in accordance with Sectlon 5.1.2 of this
specification.

e. Pipe jacked into place shall have tongue and groove joints and shall be installed in
accordance with Section 5.1.4 of this specification.

-13-

AR305366



4.4

f. Joints between sections of the RCP shall be sealed with a gasket conforming with ASTM
C 443 or approved equal.

4.3.7 Concrete Encasement

a. Atlocations where the installation is by open cut and a casing pipe is required, but can not

be installed due to elbows or other obstructions, concrete encasement may be used when
approved by the Chief Engineer.

b. The concrete encasement must provide a minimum cover of 8 inches of concrete (152 mm)
around the pipe. A6x6-W29xW2.8 (152 x 152 MW 18.7 x MW 18.7) welded wire fabric
shall be placed in the concrete on all sides.

Carrier Pipe

4.4.1 General Requirements

a. The pipe shall be laid with sufficient slack so that it is not in tension.

b. Steel pipe shall not be used to convey sewage, storm water or other liquids which could
cause cofrosion.

c. Carrier pipes located on Conrail's right-of-way or under tracks which Conrail operates, shall
be manufactured in accordance with the following specifications:

(1) Stcel Pipe - The ASTM or API specificaticn and grade for the pipe is to be shown on the
Pipe Data Sheet. The specified minimum yield strength is to be at least 35,000 psi (241

MPa). For flammable substances see Sections 4.4.2 and 4.4.3 for additional
requirements.

(2) Ductile iron Pipe - ANSI A21.51/AWWA C151
(3) Corrugated Metal Pipe - AREA Chapter 1, Part 4
(4) Reinforced Concrete Pipe - ASTM C 76

(5) Vitrified Clay Pipe - ASTM C 700

(6) Prestressed Concrete Cylinder Pipe - AWWA C301
Reinforced Concrete Cylinder Pipe - AWWA C300

(7) Others - As approved by the Chief Engineer.

d. Carrier pipes installed within a casing pipe shall be designed for the intemal pressure to
which it will be subjected.

e. Gravity flow carrier pipes, installed without a casing pipe, shall meet the requirements, of the
particuiar pipe material, as given in Section 4.3 of this specification.

f. Design computations, stamped by a P.E., must be submitted for all uncased pressure

pipelines installed on Conrail's right-of-way. The pipe must be designed for the intemal and

external loads (see Section 4.1) to which it may be subjected. The design assumptions given in
Section 4.2 shall apply.

-14 -
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4.4.2 Pipelines Carrying Flammable Substances

a. Pipelines carrying oil, liquefied petroleum gas and other flammable products shall be of steel
and conform to the requirements of the current ANS!I B 31.4 Liquid Transportation Systems for
Hydrocartone, Liquid Petroleum CGas, Anhydrous Ammonia, and Alcohols, and other applicatle
ANSI codes, except that the maximum allowable stresses for design of steel pipe shall not
exceed the following percentages of the specified minimum yield strength (multiplied by the
longitudinal joint factor) of the pipe as defined in the above codes:

(1) The following percentages apply to hoop stress in steel pipe within a casing under
railroad tracks, across railroad right-of-way and longitudinally on railroad right-of-way:

(a) Seventy-two percent on oil pipelines.

(b) Fifty percent for pipelines carrying condensate, natural gasoline, natural gas liquids,
liquefied petroleum gas, and other liquid petroleum products.

{©) S-ixty percent for installations on gas pipelines.

{2) The following percentages apply to hoop stress in steel pipe laid longitudinally on
railroad right-of-way without a casing:

(a) Sixty percent for oil pipelines.

(b) Forty percent for pipelines carrying condensate, naturai gasoline, natural gas liquids,
liquefied petroleum gas, and other liquid petroleum products.

(c) For gas pipelines see Section 4.4.3.h.

b. Computations, based on the above requirements and stamped by a P.E., shall be submitted
with the application for occupancy.

4.4.3 Uncased Pipelines Carrying Gas

a. Pipelines carrying flammable and nonflammable gas products shall be steel and shall
conform to the requirements of the current ANSI B 31.8 Gas Transmission and Distribution
Piping Systems, and other applicable ANSI codes.

b. The minimum wall thickness for uncased carrier pipe shall be in accordance with the vaiues
provided in AREA, Chapter 1, Part 5, Section 5.2, Tables 5.2.3 (a through j).

¢. A durable coating, which will resist abrasion (fusion bonded epoxy or other suitable material),
shall be used to protect the uncased pipeline when the boring method of installation is used.

d. If the Chief Engineer determines there is the potential for damage to the uncased pipeline
(foreign material in the subgrade, third party damage, etc.), special protection of the pipeline will

be required. Special protection may include the use of concrete jacketed carrier pipe, a
protection slab over the pipeline, increased depth of bury or other means.

Casing Pipe End Seais

a. Casings for carrier pipes of flammabie and hazardous substances shall be suitably sealed to
the outside of the carrier pipe. Details of the end seals shall be shown on the plans.
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4.6

4.7

4.3

b. Casings for carrier pipes of non-flammable substances shall have both ends of the casing

blocked up in such a way as to prevent the entrance of foreign material, but allowing leakage to ‘
pass in the event of a carrier break. _

c. The ends of a casing pipe may be left cpen when the ends are at or above ground suiface

and above high water level, provided drainage is affcided in such a manner that leakage wiil be
conducted away from raiiroad tracks and structures.

Vents

a. Sealed casings for flammabile substances shall be properly vented. Vent pipes shali be of
sufficient diameter, but in no case less than two inches (51 mm) in diameter, and shall be
attached near each end of the casing and project through the ground surface at right-of-way lines
or not less than 45 feet (13.7 m), measured at right angles from centerline of nearest track.

b. Vent pipes shall extend not less than 4 feet (1.2 m) above the ground surface. Top of vent
pipe shall have a down-tumed elbow, properly screened, or a relief valve. Vents in locations
subject to high water shall be extended above the maximum elevation of high water and shall be
supported and protected in a manner approved by the Chief Engineer.

c. Vent pipes shall be at least 4 feet (1.2 m), vertically, from aerial electric wires or greater if
required by National Electrical Safety Code (ANSI C2).

d. When the pipeline is in a public highway, street-type vents shall be installed.

Signs

prominently marked at right-of-way lines (on both sides of track for crossings) by durable,
weatherproof signs located over the centerline of the pipe. Signs shall show the following:

a. All pipelines (except those in streets where it would not be practical to do so0) shall be .
(1) Name and address of owner
(2) Contents of pipe
(3) Pressure in pipe
(4) Pipe depth below grade at point of a sign

(5) Emergency telephone number in event of pipe rupture

b. For pipelines running longitudinally on Conrail property, signs shall be placed over the pipe
(or offset and appropriately marked) at all changes in direction of the pipeline. Such signs
should also be located so that when standing at one sign the next adjacent marker in either

direction is visible. In no event shall they be placed more than 500 feet (152.4 m) apart unless
otherwise specified by the Chief Engineer,

c. The Owner must maintain all signs on Conrail's right-of-way as long as the occupational
agreement is in effect.

Warning Tape

a. Al pressure pipelines installed by the trench method, without a casing, shall have a waming
tape placed directly above the pipeline, 2 feet (0.6 m) below the ground surface.

j
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4.9

4.10

4.11

412

4.13

Shut-off Valves

a. Accessible emergency shut-off valves shall be installed within effective distances each side
of the railroad at locations selected by the Chief Engineer where hazard to life and property must
be guarded against. Nc additiona! valves will be required where pipeunes are provided with
automatic control stations ana within distances approved by the Chief Engineer,

Cathodic Protection

a. Cathodic protection shall be applied to all pipelines carrying flammable substances on
Conrail's right-of-way.

b. For crossings and at other locations where the pipeline must be placed within a casing, the

casing is to have cathodic protection or the wall thickness is to be increased to the requirements
of Section 4.3.2 Table 2.

¢. Uncased gas carrier pipes must be coated and cathodically protected to industry standards
and test sites, for monitoring the pipeline, provided within 50 feet (15.2 m) of the crossing.

d. Where casing and/or carrier pipes ‘are cathodicaily protected by other than anodes, the Chief
Engineer shall be notified and a suitable test made to ensure that other raiiroad structures and
facilities are adequately protected from the cathodic current in accordance with the
recommendation of current Reports of Correlating Committee on Cathodic Protection, published
by the National Association of Corrosion Engineers. '

e. Where sacrificial anodes are used the locations shall be marked with duradle signs.

Manholes

a. Manhoies shall not be located on Conrail property where possibie. At locations where this is
not practical, including longitudinal occupancies, manhoies shall be precast concrete sections
conforming to ASTM Designation C 478, "Specification for Precast Concrete Manhole Sections".
b. The top of manholes located on Conrail property shall be flush with top of ground.

c. The distance from centerline of adjacent track to centeriine of proposed manhoile shall be
shown on the pians.

Box Culverts

a. Reinforced concrete box culverts shall conform to the requirements of AREA Chaptér 8,
Parts 13 and 16.

Drainage

a. Occupancies shall be designed, and their construction shall be accomplished, so that
adequate and uninterrupted drainage of Conrail's right-of-way is maintained.

b. All pipes, ditches and other structures carrying surface drainage on Conrail property and/or
under Conrail track(s) shall be designed to carry the run-off from a one hundred (100) year
storm. Computations indicating this design, prepared by a Professional Engineer, and suitable
topographic plans, outlining the total drainage area, shall be submitted for Conrail's approval.
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and/or through a drainage structure under Conrail's track(s), the computations must include the
hydraulic analysis of any existing ditch and/or structure.

c. Ifthe drainage is to discharge intc an existing drainage channel on Canrail's right-of-way ‘
d. '‘When calculating the cap.city of existing or preposed drainage structures, under Conrai'’s
track(s), the headwater at the structure shall not be greater than cne (1).

e. Pipe(s) used to carry surface drainage on Conrail's right-of-way shall have a minimum
diameter of 18 inches (457 mm).

f. Detention ponds must not be placed on any part of Conrail's right-of-way. Also, the railroad
embankment must not be used as any part of a detention pond structure.

g. Formal approval of the proposed design, by the appropriate govermnmental agency having
jurisdiction, shall be submitted with the drainage computations.

4.14 Pipelines on Bridges

a. Pipelines of any type shail not be_installed on any bridge carrying Conrail tracks.

b. New overhead pipe bridges shall not be constructed over Conrail's right-of-way where
underground installation of the pipeline is possible. Where the Applicant can show that no

practicable alternative is available, this type of structure will be permitted provided the following
conditions are met:

(1) The vertical clearance, distance from top cf rail to bottom of structure, is shown and is a
minimum of 23 feet (7.01 m), measured at a point 6 feet (1.83 m) horizontaily from

centeriine track. | .

. (2) The support bents for the overhead structure are located off of Conrail's right-of-way or a

minimum clear distance of 18 feet (5.5 m) from centerline track, whichever distance is
greater.

(3) Support bents within 25 feet (7.6 m) of centerline track have pier protection in
accordance with AREA, Chapter 8, Part 2, Section 2.1.5.

(4) Complete structural plans and design computations for the structure and foundations,
stamped by a Professional Engineer, are submitted with the application.

(5) A fence (with barbed wire) or other measures are provided which will prevent access to
the bridge by unauthorized personnel or vandals.

¢. Pipelines carrying flammabie substances or non-flammable substances, which by their
nature might cause damage if escaping on or near railroad facilities or personnei, shall not be
installed on bndges over Conrail tracks. In special cases when it can be demonstrated to the
Chief Engineer's satisfaction that such an installation is necessary and that no practicable

alternative is available, the Chief Engineer may permit the installation and only by special design
approved by him.

d. When permitied, pipelines on bridges over Conrail tracks shail be so located as to minimize
the possibility of damage from vehicles, railroad equipment, vandalism and other extemnal

causes. They shall be encased in a casing pipe as directed by the Chief Engineer (See Plate
vil).
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5.0

5.1

CONSTRUCTION REQUIREMENTS
Method of Installation
5.1.1 General Requirements

a. Bored, jacked or tunneled installations shall have a bore hole essentially the same as the
outside diameter of the pipe plus the thickness of the protective coating.

b. The use of water or other liquids to facilitate casing emplacement and spoil removal is
prohibited.

¢. Ifduring installation an obstruction is encountered which prevents installation of the pipe in
accordance with this specification, the pipe shall be abandoned in place and immediately filled

with grout. A new installation procedure and revised plans must be submitted to, and approved
by, the Chief Engineer before work can resume.

5.1.2 Open Cut
a. The Owner must request open cut approval when making application for occupancy.

b. Installations beneath the track by open trench methods will be permitted only with the

approval of the General Manager Transportation & Customer Service of the Division
involved.

c. Installations by open cut will not e permitted under mainline tracks, tracks carrying neavy
tonnage or tracks carrying passenger trains. Also, open cut shall not be used within the limits of

a highway/railroad grade crossing or its approaches, 25 feet (7.6 m) either side of traveied way,
where possible.

d. Rigid pipe (RCP, VCP and PCCP) must be placed in a Class B bedding or better.

e. Atlocations where open cut is permitted, the trench is to be backfilied with crushed stone
with a top size of the aggregate to be a maximum of 2 inches (51 mm) and to have no more than
5% passing the number 200 sieve. The gradation of the material is to be such that a dense
stable mass is produced.

f. The backfill material shall be placed in loose 6 inch (152 mm) lifts and compacted to at least
95% of its maximum density with a moisture content that is no more than 1% greater than or 2%
less than the optimum moisture as determined in accordance with current ASTM Designation D -
1557 (Modified Proctor). When the backfill material is within 3 feet (3.1 m) of the subgrade
elevation (the interface of the ballast and the subsoil) a compaction of at least 98% will be

required. Compaction test results confirming compliance must be provided to Conrail's Area
Engineer by the Owner.

g. All backfilled pipes laid either perpendicular or paraliel to the tracks must be designed so that
the backfill material will be positively drained. This may require the placement of laterai drains
on pipes laid longitudinally to the track and the installation of stub perforated pipes at the edge of
the slopes.

h. Unless otherwise agreed upon, all work involving rail, ties and other track material will be
performed by railroad employees at the sole expense of the Owner.
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5.0

5.1

CONSTRUCTION REQUIREMENTS 7 , »E
Method of Installation

5.1.1 General Requirements

a. Bored, jacked or tunneled installations shall have a bore hole essentially the same as the
outside diameter of the pipe plus the thickness of the protective coating.

b. The use of water or other liquids to facilitate casing emplacement and spoil removal is
prohibited.

c. If during installation an obstruction is encountered which prevents installation of the pipe in S
accordance with this specification, the pipe shall be abandoned in place and immediately filled

with grout. A new installation procedure and revised plans must be submitted to, and approved
by, the Chief Engineer before work can resume.

5.1.2 Open Cut . , , —
a. The Owner must request open cut approval when making application for occupancy.

b. Instaliations beneath the track by open trench methods wiil be permitted only with the

approvai of the General Manager Transportation & Customer Service of the Division
involved.

c. Instailations by open cut will not 3e permitted under mainline tracks, tracks carmrying neavy
tonnage or tracks carrying passenger trains. Also, open cut shall not be used within the limits of

a highway/railroad grade crossing or its approaches, 25 feet (7.6 m) either side of traveled way,
where possible.

d. Rigid pipe (RCP, VCP and PCCP) must be placed in a Class B bedding or better.

e. Atlocations where open cut is permitted, the trench is to be backfilled with crushed stone
with a top size of the aggregate to be a maximum of 2 inches (51 mm) and to have no more than

5% passing the number 200 sieve. The gradation of the material is to be such that a dense
stabie mass is produced.

f. The backfill material shall be placed in loose 6 inch (152 mm) lifts and compacted to at least
95% of its maximum density with a moisture content that is no more than 1% greater than or 2%
less than the optimum moisture as determined in accordance with current ASTM Designation D -
1557 (Modified Proctor). When the backfill materiatl is within 3 feet (9.1 m) of the subgrade
elevation (the interface of the ballast and the subsoil) a compaction of at least 98% will be

required. Compaction test results confirming compliance must be provided to Conrail's Area
Engineer by the Owner.

g. All backfilled pipes laid either perpendicular or parallel to the tracks must be designed so that

the backfill materiai will be positively drained. This may require the placement of lateral drains

on pipes laid longitudinally to the track and the installation of stub perforated pipes at the edge of
the slopes.

h. Unless otherwise agreed upon, all work involving rail, ties and other track material wiil be
performed by railroad employees at the sole expense of the Owner.
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§.1.3 Bore and Jack (Steel Pipe)

a. This method consists of pushing the pipe into the earth with a boring auger rotating within the
nipe to remove the spail.

b. The boring operation shall be progressed on a 24-hour basis without stoppage (except for
adding lengths of pipe) until the leading edge of the pipe has reached the receiving pit.

¢. The front of the pipe shall be provided with mechanical arrangements or devices that will

positively prevent the auger from leading the pipe so that no unsupperted excavation is ahead of
the pipe.

d. The auger and cutting head arrangement shall be removabie from within the pipe in the
event an obstruction is encountered. If the obstruction cannot be removed without excavation in

advance of the pipe, procedures as outlined in Section 5.1.1 ¢. must be implemented
immediately.

e. The over-cut by the cutting head shall not exceed the outside diameter of the pipe by more
than ¥z inch (13 mm). If voids should deveiop or if the bored hole diameter is greater than the
outside diameter of the pipe (plus coating) by more than approximately 1 inch (25 mm), grouting

(see Section 5.2) or other methods approved by the Chief Engineer, shall be employed o fill
such voids.

f. The face of the cutting head shail be arranged to provide a reasonable obstruction to the free
flow of soft or poor material.

g. Plans and description of the arrangement to be used shali be submitied to the Chief
Engineer for approval and no work shall proceed until such approval is obtained.

h. Any method that employs simultaneous boring and jacking for pipes over 8 inches (203 mm)
in diameter that does not have the above approved arrangement will not be permitted. For
pipe 8 inches (203 mm) and less in diameter, augering or boring without this arrangement may
be considered for use only as approved by the Chief gngineer.

5.1.4 Jacking (RCP and Steel Pipe)

a. This method consists of pushing sections of pipe into position with jacks placed against a
backstop and excavation performed by hand from within the jacking shield at the head of the
pipe. Ordinarily 36 inch (914 mm) pipe is the least size that should be used, since it is not
practical to work within smaller diameter pipes.

b. Jacking shall be in accordance with the current American Railway Engineering Association
Specifications, Chapter 1, Part 4, "Jacking Culvert Pipe Through Fills.” This operation shall be

conducted without hand-mining ahead of the pipe and without the use of any type of boring,
auguring, or drilling equipment.

c. Bracing and backstops shall be so designed and jacks of sufficient rating used so that the
jacking can be progressed on a 24-hour basis without stoppage {except for adding lengths of
pipe) until the leading edge of the pipe has reached the receiving pit.

d. When jacking reinforced concrete pipe, a jacking shield shall be fabricated as a special

section of reinforced concrete pipe with a steel cuiting edge, hood, breasting attachments, etc.,
cast into the pipe. The wall thickness and reinforcing shall be designed for the jacking stresses.
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e. When jacking reinforced concrete pige, grout holes, tapped for no smaller than 1% inch

(38 mmj pipe, shall be cast into the pipe at rnanufacture. Three grout holes, equally spaced
around the circumference and 4 feet (12.2 m) longitudinally shall be provided for RCP 54 inches
(1372 mm) and smaller. Four grout holes, equally spaced around the circumference and 4 feet
(12 2 m) longitudinally shall be providec fer RCP 80 inches (1524 mm) and larger.

f. Immediately upon completion of jacking opérations, the installation shall be pressure grouted
as per Section 5.2 of this specification. '

§.1.5 Tunneling (Tunnel liner plate)

a. This method consists of placing rings of liner plate within the tail section of a tunneling shield
or tunneling machine. A tunneling shield shall be used for all liner plate installations unless
otherwise approved by the Chief Engineer.

b. The shield shali be of steel construction, designed to support a railroad track loading as

specified in Section 4.1.3 of this specification, in addition to the other loadings imposed. The

advancing face shall be provided with a hood, extending no less than 20 inches (508 mm) -
beyond the face and extending around no less than the upper 240 degrees of the total

circumference. |t shall be of sufficient iength to permit the installation of at least one complete

ring of liner plates within the shield before it is advanced for the installation of the next ring of

liner plates. The shield shall conform to and not exceed the outside dimensions of the liner plate

tunnet being placed by more than 1 inch (25.4 mm) at any point on the periphery unless

otherwise approved by the Chief Engineer.

¢. The shield shall be adequately braced and provided with necessary apnurtenances for
completely bulkheading the face with horizontal breastboards, and arranged so that the

excavation can be benched as may be necessary. Excavation shall not be advanced beyond the
edge of the hood, except in rock.

d. Manufacturer's shop detail plans and manufacturer's computations showing the ability of the

tunnel liner plates to resist the jacking stresses shall be submitted to the Chief Engineer for
approval.

e. Unless otherwise approved by the Chief Engineer, the tunneling shall be conducted

continuously, on a 24-hour basis, until the tunnel liner extends at least beyond the theoretical
railroad embankment line (See Plate 1lI).

f. At any interruption of the tunneling operation, the heading shall be completely bulkheaded.
g. The iiner plates shall have tapped grout holes for no smaller than 1%z inch (38 mm) pipe,

spaced at approximately 3 feet (0.9 m) around the circumference of the tunnel liner and 4 feet
(1.2 m) longitudinally.

h. Grouting behind the liner plates shall be in accordance with Section 5.2 of this specification.
5.1.6 Directional Boring / Horizontal Directional Drilling (Stee! Pipe)

Method “A”

a. This method consists of setting up specialized drilling equipment on existing grade
(launching and receiving pits are not required) and boring a small diameter pilot hole on the
desired vertical and horizontal alignment, using a mechanical cutting head with a high pressure
fluid (bentonite slurry) to remove the cuttings. The drill string is advanced with the bentonite
slurry pumped through the drill string to the cutting head and then forced back along the outside
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of the drill string, carrying the cuttings back to the susface for removal. When the cutting head
reaches the far side of the crossing, i is removed and a reamer (with a diameter greater than the
cutting head) is attached to the lead end of the drill string. The pipeline is attached to the reamer
and the piiot hole is then back reamed while the pipeline is pulled into place.

b. This method is used to place pipelines under rivers, wetlands and other obstructions which
would be difficuit to cross by conventional methods. The length of the bore is generally several
hundred feet in length, with installations over a thousand feet possible.

¢. lInstallations by this method are generally not acceptable, however, consideration will be
given where the depth of cover is substantial, greater than 40 feet (12.2 m), or the bore is in
rock. Factors considered will be track usage, pipe size, contents of pipeline, soil conditions, etc.

d. The following preliminary information must be submitted with the request for consideration of
this type of installation:

(1) A site plan of the area.

-(2) A plan view and profile of the crossing.

(3) A Pipe Data Sheet.

(4) Several soil borings along the proposed pipeline route.

(5) A construction procedure, including a general description of equipment {o be used.

If the Chief Engineer determines this method of installation is acceptable, final design plans and
specifications are to be prepared and submitted for approval.

e. The project specifications must require the contractor to submit, to the Chief Engineer for

- approval, a complete construction procedure of the proposed boring operation. Inciuded with the

submission shall be the manufacture’s cataiog information describing the type of equipment to
be used.

Method “B"

a. This method is used to place small diameter conduit for electric lines and other utilities. This
method consists of using hydraulic jacking equipment to push a solid steel rod under the railroad
from a launching pit to a receiving pit. At the receiving pit, a cone shaped “expander” is attached
to the end of the rod and the conduit (casing pipe) is attached to the expander. The rod,

expander and conduit are then pulled back from the launching pit until the fult length of the
conduit is in place.

b. This method may be used to place steel conduit (casing pipe), up to and including 6 inches
(152 mm) in diameter, under the railroad.

¢. The project specifications must require the contractor to submit, to the Chief Engineer for
approval, a compiete construction procedure of the proposed boring operation. included with the

submission shall be the manufacture’s catalog inforrnation describing the type of equipment to
be used.




5.2

53

54

55

Grouting

a. Forjacked and tunneled installations a uniform mixtura of 1.6 (cement:sand) cement grout
shall be p'aced under pressure through the grout holes to fil any voids whnich exist betwezn the
pipe or liner plate and the undisturbed earth.

b. Grouting shall start at the lowest hole in each grout panel and proceed upwards
simuitaneously on both sides of the pipe.

c. Athreaded plug shall be installed in each grout hole as the grouting is completed at that
hole.

d. When grouting tunnel liner plates, grouting shall be kept as close to the heading as possible,
using grout stops behind the iiner plates if necessary. Grouting shall proceed as directed by the
Chief Engineer, but in no event shall more than 6 lineal feet (1.8 m) of tunnel be progressed
beyond the grouting. ‘

Soil Stabilization

a. Pressure grouting of the soils or freezing of the soils before jacking, boring, or tunneling may
be required at the direction of the Chief Engineer to stabilize the soils, control water, prevent loss
of material and prevent settiement or displacement of embankment. Grout shall be cement,
chemical or other special injection material selected to accomplish the necessary stabilization.

b. The materials to be used and the method of injection shall be prepared by a Registered
Professional Soils Engineer, or by an experienced and qualified company specializing in this
work and submitted for approval to the Chief Engineer before the start of work. Proof of
experience and competency shall accompany the submission.

Dewatering

a. When water is known or expected to be encountered, pumps of sufficient capacity to handle
the flow shail be maintained at the site, provided the contractor has received approval from the
Chief Engineer to operate them. Pumps in operation shall be constantly attended on a 24-hour
basis until, in the sole judgment of the Chief Engineer, the operation can be safely halted. When
dewatering, close observation shall be maintained to detect any settiement or displacement of
raiiroad embankment, tracks, and facilities.

Safety Requirements

a. All operations shall be conducted so as not to interfere with, interrupt, or endanger the
operation of trains nor damage, destray, or endanger the integrity of railroad facilities. All work
on or near Conrail property shall be conducted in accordance with Conrail safety rules and
regulations. The contractor shall secure and comply with the Conrail safety rules and shalil give
written acknowledgment to Conrail that they have been received, read, and understood by the

contractor and its employees. Operations will be subject to Conrail inspection at any and all
times. »

b. All cranes, lifts, or other equipment that will be operated in the vicinity of the railroad's
electrification and power transmission facilities shali be electrically grounded as directed by the
Chief Engineer. :

c. At all times when the work is being progressed, a field supervisor for the work with no less
than twelve (12) months experience in the operation of the equipment being used shall be
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5.6

5.7

5'8

5.9

present. If boring equipment or similar machines are being used, the machine operator also

shall have no less than tweive (12) months experience in the operation of the equipment being
used.

d. Whe.aever equipment or personnel are working closer than 15 feet (4 & m) from the
centeriine of an adjacent track, that track shall be cansidered as being obstructed. Insofar as
possible, all operations shall be conducted no less than this distance. Operations closer than 15
feet (4.6 m) from the centerline of a track shall be conducted only with the permission of, and as
directed by, a duly qualified railroad employee present at the site of the work.

e. Crossing of tracks at grade by equipment and personnel is prohibited except by prior
arrangement with, and as directed by, the Chief Engineer.

Blasting
a. Blasting will not be permitted under or on Conrail's right-of-way.

Temporary Track Supports

a. When the jacking, boring or tunneling method of instailation is used, and depending upon the

size and location of the crossing, temporary track supports shall be installed at the direction of
the Chief Engineer,

b. Details of the temporary track supports shall conform to Conrail Standard Plan No. 43380-R1
(Rev. 4-10-90)

c. The Qwner's contractor shail supply the track supports with installation and removal
performed by Conrail employees.

d. The Owner shall reimburse Conrail for all costs associated with the installation and removal
of the track supports.

Protection of Drainage Facilities

a. |[f, in the course of construction, it may be necessary to block a ditch, pipe or other drainage
facility, temporary pipes, ditches or other drainage facilities shall be instalied to maintain
adequate drainage, as approved by the Chief Engineer. Upon completion of the work, the
temporary facilities shall be removed and the permanent facilities restored.

b. Soil erosion methods shall be used to protect rail-road ditches and other drainage facilities
during construction on and adjacent to Conrail's right-of-way.

Support of Excavation Adjacent to Track

5.9.1 Launching and Receiving Pits

a. The location and dimensions of all pits or excavations shall be shown on the plans. The
distance from centeriine of adjacent track to face of pit or excavation shall be clearly labeled.
Also, the elevation of the bottom of the pit or excavation must be shown on the profile.

b. The face of all pnts shall be located a minimum of 25 feet (7.6 m) from centerline of adjacent
track, measured at right angles to track unless otherwise approvad by tha Chief Enginaer.
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5.10

5.11

c. |If the bottom of the pit excavation intersects the theoretical railroad embankment fine (See
Plate ilf) interlocking steel sheet piling, driven prior to excavation, must be used {o protect the
track stability. The use of trench boxes or similar devices are not acceptable in this area.

d. Design plans and computations for the pils, starped by a Professional Engineer, must be
submitted by the Owner at time of application or by the contractor prior to start of construction. If
the pit design is to be submitted by the contractor, the project specifications must require the

contractor to obtain Conrail's approval prior to beginning any work on or which may affect Conrail
property.

e. The sheeting shall be designed to support all lateral forces caused by the earth, rallroad and
other surcharge loads. See Section 4.1.3 for railroad loading. ' D

f. After construction and backfilling, ali sheet piling within 10 feet (3.0 m) of centerline track
must be cut off 18 inches (457 mm) below final grade and left in place.

g. All excavated areas are to be illuminated (flashing warning lights not permitted), fenced and
otherwise protected as directed by the Chief Engineer or his designated representative.

§.9.2 Parallel Trenching and Other Excavation

a. When excavation for a pipeline or other structure will be within ihe theoretical railroad
embankment line (See Plate V) of an adjacent track, interlocking steel sheet piling wiil be
required to protect the track.

b. The design and construction requirements for this construction shall be in accordance with
the requirements of Section 5.9.1. | - -

Inspection and Testing

a. For pipelines carrying flammable or hazardous materials, ANSI Code§ ’current at tirﬁér of
constructing the pipeline, shall govern the inspection and testing of the facmty on Conrail o
property, except as follows: o -

(1) One-hundred percent of ail field welds shall be inspected by radiographic examinations, and
such field welds shall be inspected for 100 percent of the circumference.

(2) The proof testing of the strength of carrier pipe shall be in accordance with ANSI
requirements. ‘

Reimbursement of Conrail Costs

a. All Conrail costs associated with the pipe instailation (inspection, flagging, track work,
protection of signal cabies, eic.) shaii be reimbursed to Conrail by the Owner of the facility.
Reimbursement by the contractor is not acceptable.

.25.
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PLATE |

h“"“.‘!,-!-

PIPE DATA SHEET
(For crossings and iongitudinal occupancy) .

PIPE DATA I

CARRIER PIPE CASING PIPE

CONTENTS TO BE HANDLED

NORMAL OPERATING PRESSURE

NOMINAL SIZE OF PIPE

OUTSIDE DIAMETER

INSIDE DIAMETER

WALL THICKNESS

WEIGHT PER FOOT

MATERIAL

PROCESS OF MANUFACTURE

SPECIFICATION . :

GRADE OR CLASS

TEST PRESSURE

TYPE OF JOINT

TYPE QF COATING

DETAILS OF CATHODIC PROTECTION

DETAILS OF SEALS OR PROTECTION AT ENDS OF
CASING

METHOD OF INSTALLATION

CHARACTER OF SUBSURFACE MATERIAL AT THE
CROSSING LOCATION

APPROXIMATE GROUND WATER LEVEL

SOURCE OF INFORMATION ON SUBSURFACE
CONDITIONS (BORINGS, TEST PITS OR OTHER)

NOTE: Any soil investigation made on railroad property or adjacent to tracks shall be carried on under
the supervision of Conrail's Chief Engineer. (See Section 1.4)

-26-
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PLATE (I

o

= INFORMATION TO BE SHOWN ON PLAN VIEW OF DRAWNGS  » ™
% WHEN FACILITY IS A CROSSING | B
=z

N =, -
=5 I
o SHOW HIGHWAY LIMITS
zE SEE SECT. 2.4

PROPOSED PIPE

CONRAL R/W
VENT AND SIGN /3 , 7
SEE SECT. 4.6 / 9)
AND 4.7 / ,/
) /
9 MILEPO—;I'_ / TO MILEPOST
“TOR TOWN (2 QTRACK OR TOWN

N I
l[

l
I

Ll
[
T T

]/ /

, -2 RN
7T
= ,///3/ 7 R

a 7 / ‘E’\
,C,,’;SE'NG / : J / EXISTING POLE WITH CONRAIL
/ ! / // COMMUNICATION & SIGNAL LINE
Fa o -/ - A
Y A
3 SHOW DISTANCE ~ CONRAL R/W
VENT AND — SEE SECT. 1.6.1.c.(2)
SIGN

PLAN |
SCALE OF DRAWING TO BE SHOWN

NOTES:

IF THE PROPOSED PIPELINE IS WITHIN HIGHWAY LIMITS, THE SAME
INFORMATION IS REQUIRED AS SHOWN ON THIS PLATE.

IF THE PROPOSED PIPE IS TO SERVE A NEW DEVELOPMENT, A MAP SHOW-
ING THE AREA IN RELATION TO ESTABLISHED AREAS AND ROADS IS
TO BE SENT WITH THE REQUEST. :

- 27 -
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PLATE 11l

PIPELINE CROSSING

T
. -t
[EAR

— LAUNCHING RECEIVING —
PIT PIT |
? ? ?
? ?
. - Can

VENT, SECT.4.6

SIGN, SECT.4.7
10" CONRAL

; f 1 (3.0 m 1 R/W LINE

- ;?SHow ACTUAL — SHOW ACTUAL~_ 4/,

SEE SECT. 2.3 * SEE SECT. 2.3 euk

T TSR CRRER PIPE —— e . CTITIITTTICE
’\\’_ \ THEORETICAL R.R. —/ hEN .
-” \—END SEAL CASING . PIPE EMBANKMENT LINE >
SEE SECT. 4.5 SEE SECT.4.3.1.£.(6)
PROFILE

SCALE OF DRAWING TO BE SHOWN
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PLATE IV

LONGITUDINAL OCCUPANCY
CONRAIL R/W —
)
— —
TO MILEPCST
- LEPCS ¢ TRACK o-' |
OR TOWN f |
=== ===== :
o~
T 7— | TO MILEPOST
« PROP. PIPELINE £ TRACK o . -
/_ . ) OR TOWN
a0

Qx\ff |
\ \SIGN
T.4.7
M-SEE SECT. 1.6 SEC
SCALE OF DRAWING TO BE SHOWN

Ve

CONRAIL R/W j

. PROFILE OF TOP OF RAIL OF ADJACENT TRACK
MANHOLE

SEE SECT. 4.1

PROFILE OF GROUND
ALONG ¢ OF PIPE

i ELEVATIONS
/~_'\~ f 140
i ] - 130
120
/TPROFILE|OF PIPE 10
Y 4
. | 100 -
4+00 3+50 3+00 2+50 2+00 1+00 :
STATIONING
PROF”—E -SEE SECT. 1.6
SCALE: HORIZ. :
VERT. :
@
- 29 -
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PLATE V

LONGITUDINAL OCCUPANCY

? ? ?
n SEE SECT. 2.2
1 L}
NECEON

CONRAIL CONRAIL
R/W LINE R/W LINN
/-F"'——’-D\/d——‘-T'— ELEVATION B/R
v ‘\\\ 1%\ ‘
~
ul

SEE SECT. 2.3 ~ INVERT

EL.
THEORETICAL R.R. / ~. .

EMBANKMENT LINE
SEE SECT.4.3.1.1.(6)

LONGITUDINAL
PIPELINE

SECTION
SCALE OF DRAWING TO BE SHOWN

NOTE: SECTIONS TO BE TAKEN EVERY 500 FEET (152 m), MAXIMUM.
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PLATE VI

PIPELINE IN HIGHWAY UNDIR RAILROAD BRIDGE
,—CARRIER PIPE

6.
N CASING PIPE
fL.
ey . / ~-RAILROAD BRIDGE
'¢“,1’ \ . /l 'l
c§<3’ I
' X‘CONRNL R/W
— —-—— _\ L]
(‘LO MILEPOST / B
OR TOWN ¢ TRACK
| I O I | :;:L:I 1) A/-
L |
R il
| 1 | ¢ TRACK TO MILEPOST
i o g
i —[
i CONRAIL R/W
r-{
n HIGHWAY R/W

TOP OF
ROADWAY

BOTTOM OF
FOOTING EL.——

PLAN

SCALE OF DRAWING TO BE

SHOWN

TRENCH
WIDTH

CASING PIPE

SECTION

SCALE OF DRAWING TO BE SHOWN

EXTENDS FROM BOTTOM OF FOOTING.

PIPE INVERT EL.

BRIDGE ABUTMENT

CARRIER PIPE

-

NOTE: PIPE OR EXCAVATION MUST NbT BE WITHIN THE 1TO 1SLOPE LINE THAT

-31-

AR305384




PLATE VIl

PIPELINE ON HIGHWAY BRIDGE OVER RALROAD

CASING
- ' /A _,L _

/ | l CARRIER PIPE
| - - Vi
< \—SLEEVE THRU
BACKWALL
=S U
DL i

ELEVATION
SCALE OF DRAWING TO BE SHOWN

7
—

| —CARRIER PIPE

SECTION

SCALE OF DRAWING TO BE SHOWN
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P\ PC
Tavert
Elev.

PROJECT

LOCATION
DATE STARTED

N — NO. OF BLOWS TO DRIVE SAMPLER 12" W/140# HAMMER FALLING
30" — ASTM D-1586, STANDARD PENETRATION TEST

PLATE VIII

TEST BORING LOG

DATE COMPLETED

HOLE NO.
SURF. EL.
JOB NO.

Ty

GROUND WATER DEPTH

WHILE DRILLING

BEFORE CASING

REMOVED
C — NO. OF BLOWS TO DRIVE CASING 12" W/ # HAMMER FALLING AFTER CASING
L - VER .
IOR % CORE RECOVERY REMOVED
CASING TYPE - HOLLOW STEM AUGER SHEET 10OF 1
wE SAMPLE
o DRIVE STRATA
DEPTH | SIMPE 1SS! © |recoro| N DESCRIPTION OF MATERIAL CHANGE
BT 52| |eeme | DEPTH
0.0- | 11 6/14 Brown moist medium dense fine to
2.0 i | 14/19 128 | coarse SAND and fine to medium
2.0'"-1 2 | 9A5 GRAVEL, little silt
01 l 1523 130
5.0 4.0'-1 3 | 1748
L0 | 11/21 129 6.0
———— 6.0'-! 4 ! 9/ 6 . Brown moist stiff SILT
8.0°' i 5/7 11 | ‘ ‘ 8.5
. ' l - - e hd
10.0 13 g, 2 ' ﬁ)ﬁ%m Brown moist very stiff SILT, little
T0.0- 1 6 19 /11 fine to coarse sand, little fine gravel
11,3 : 50-. 3 12.5'
i Cray dry hard silty weathered SHALE
15.0 ! Top of Rock 15.0'
15.0'- [R-1Rec|BX Core Cray weathered steeply bedded
20.0' 1| P46"|  77% SHALE
20.0
| Bottom of Boring 20.0
|| i
{
i
|
a3 - AR305386




PLATE X

SHEET PILE WALL
OR OTHER STRUCTURE

LATERAL PRESSURE DIAGRAM

8.5'
(2.6 m)
q, LB/FT 2
(kPa)
— Y y
PIRLER P TR
< . B .~
‘/’, B/z
Ph « (2q,/M(B- SINB(COS 2 )
‘ ,
Ph - PRESSURE AT ANY GIVEN POINT
q, - STRIP LOAD SURCHARGE
o - ANGLE IN DEGREES
B = ANGLE IN RADIANS
L~ Ph
ELEVATION

LATERAL PRESSURE DUE TQ STRIP LOAD

- 34 -
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PLATE X
FOLDING OF PLANS

36”

%4 -
11
~
11
i~
...................... i
-w:
~
i~y
e "x-----m------ |l
' ' ~
[} ) V
' " ©
: ;
wll
dn 4lo4 NMOQ 4104

*
1

I

DIRECTION OF FOLD
__._>

:N\-@

@
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PUBLICATION STANDARDS SOURCES

Red)

ANSI American National Standards institute, inc.
1430 Broadway
New York, NY 10018
(212) 642-4900

AREA American Railway Engineering Association
50 F Street, N.W.
Washington, DC 20001
(202) 638-2190

ASTM American Society for Testing and Materials
1916 Race Street
Philadelphia, PA 19103-1187
(215) 299-5585

AWWA American Water Works Association, Inc.

6666 West Quincy Avenue
Denver, CO 80235

The National Assaciation of Corrosion Engineers
Houston, TX 77026

NOTE: If other than AREA, ASTM or AWWA specifications are referred to for design, materiais or
workmanship on the plans and specifications for the work, then copies of the applicable sections of such
other specifications referred to shall accompany the plans and specifications for the work.
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ql[m’ Designaﬁonz D 420 - 87

Standard Guide for

Investigating and Sampiing Soii and Rock

This stanaard 15 1ssuea unaer the tixed deuignauon D 420: the numoer immexiatelv following the desiEnauon indicates the vear of

Orpnal a30plon Of. 1N 1L CASE Of TEVISION. LNE vear Of Last revision. A QUMDE? 10 DATEHNCICS INAICALCS NS Vear Of 125t reanproval. A
SUPETICTITR CTMUOG 1¢7 INAICILES A0 CAUIONR! CHAREE UDCE INE S TEVINON OF rEADPTIOval.

INTRODUCTION

Invesugauon. sampiing. and idenuficanon of subsurface materiais invoive compiex techniques
accomplished by many different procedures and interpretauons. These are frequenuy stie specific
and are influenced by geologicai and geographicai conditions: purpose of the invesugation: design
requirements: and the background. training, and expenence of the invesugator.

This guide for soil. rock. and ground water invesugauon and sampiing, based on standard
procedures. wiil lessen tnconsistency and will encourage rauonai methods of site evaiuation. An
acceptabie ana consistent investigauon and sampung program wiil heip 1o determine the influence
of geologic ana geographic environment on subsuriace conditions.

1. Scope

..1 This guide idenuties recognized mewnods bv whnich
o, fock. and ground water conaiuons may be determined.
The objecuve of the invesugation shouid be to identify and
iocate. both honzoataily ana verucaily, sigimficant soii and
rock types and ground water condittions present wathin a

given site area and to establish the charactensucs of the

. maternials by sampiing and in situ tesang. Labora-
ng of soil and rock sampies is governed by other
A3 M standards.

l Z Key Words:
2.1 Site Investigations tsee Pracuce D 3584):
UF Reconnaissance Survevs
Subsuriace invesugations
Geoiogmical Invesugauons
Fieid Invesugauons
8T Expiorauons
Feasibiiity Studies
NT Hvdroiosie investugations
Foundaton invesugatuons
Geopnysical invesugation
RT Sail Surveys
Maps :
Preiiminary invesugauons '
Sampiing
1.3 The values stated in inch-pound unus are to be
regarded as the standard.

. "n

2. Referenced Documents

2.1 ASTM Standards:

C 119 Definiuons of Terms Relating to Dimenston
Stone®

is gwae s under wne unsaiction ot ASTM Commuittee D-18 on Sou ana
‘:o 1S the airect resoonsioiity ot Suocommuntee D18.01 on surtace ana
wnace Recoanumesce,
Current edinoa approves Aue. 19. 1987, Published Octover 1987, Onginails
dublishad as D 420 - 65 T. Last previous eciuon D 420 « 69 (1979
* 4nnuat Book of ASTM Stanaaras. b ol 04.08.

~

83

C 294 Descriouve Nomenciature of Constituents of Nat-
urai Minerai Aggregates-

"~ C 851 Practce for Esumaung Scrawcn Haraness of Coarse

Aggregate Parucies® _
D 75 Pracuce for Sampiing Aggregates® ,
D653 Termuinoiogy Relaung 1o Soil. Rock. and Contained
Fluids®

D 1194 Test Method for Beanng Capacty of Sail for Static.

Load on Spread Fooungs®

D 1452 Pracuce tor Soil lnvcsuganon and Samphng by
Auger Bonngs

D 1586 Method for Peneuauon Tesz and Split-Barrei
Sampiing of Soils*

D 1587 Pracuce for Thin-Walled Tube Sampling of Soils®

D2113 Pracuce for Diamond Core Drilling for Site

Investugauon-

D 2487 Test Method for Classmcauon of Soils for Engt-
oeenng Purposes”

D 2488 Practice for Descnipuon and identificaton of Soxls
(Visuai-Manuai Procegurer®

D 2573 Test Method for Field Vane Shear Test in Cohe-
sive Soil®

D 2607 Classificauon of Peats. Mosses. Humus. and Re-
lated Products®

D 2937 Test Method for Dcnsxty of Soil In Place by the
Drive-Cylinder Method?

D 3282 Pracuce for Classiiicauon of Soils and Soil-Ag- "

gregate Mixtures for Highway Construcion Purposes*

D 3385 Test Method for Infiltranon Rate of Soils in Field
Using Double-Ring infiltrometers~

D 3397 Methods for Triaxial Classificauon of Base Mate-
rials. Soiis. and Soil Mixtures®

D 3441 Test Method for Deep. Quasi-Stauc. Cone and
Friction-Cone Penetraton Tests of Soil®

D 3550 Pracuce for Ring-Lined Barret Sampiing of Soils*

3 4nnuas Boox of ASTM Stanaaras. Yol 04.02,
¢ 4nnuai Boox ot ASTM Stanaaras. Vol 04.03.

AR305390
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D 3584 Pracuce for indexing Pipers and Reporis on Soil
and Rock for Enpneenng Purposes®

) 3740 Pracuce for the Evaiuauon of Agencies Engaged in
the Tesung and/or inspecuon of Soil and Rock as Used
in Enmneening Design and Construction*

D 4083 Pracuce for Descripuon of Frozen Soils ( Visual-
Manuai Proceaures®

D 4220 Pracuces for Preserving and Transporung Soil
Sampies*

D 4427 Classificauon of Peat Samma by Laboratory
Tesung®

G 5] Test Method for pH of Soil for Use in Corrosion
Tesung

G 57 Method for Field Measurement of Soil Resistivity
Using the Wenner Four-Electroae Method*

3. Significance and Use

" 3.1 An adeguate soil. rock. and grouna water investiga-
tion provides perunent intormatan (or decision mMaking on
one or more of the following suojects:

3.1.1 Locauon of the proposea construction doth veru-
callv ana honzontaliv.

11.2 Locauon ana oprenminary evaiuauon of suiapie
DOfTow and Other 10cal SOUrces ol CONnStruclion. matenal.

3.1.3 Need for speciai excavaung ana dewatenng lecn-
niques.

3.1.4 Invesugauons ot slope stability 1n naxural slopes.
cuts. and embankments.

3.1.5 Conceptual ssiection of embankment types. founda-
tigns for structures., and hvdraulic barrier requirements.

1.6 Ground water resource planning and development
-. detailed invesugatons.

1.1.7 ldenuficauion of ground water contaminauon and
deveiopment of detatied monitonng studies.

3.1.8 Deveiopment of additionai detalled subsurface in-
vestigations for specific structures or facilities.

3.2 A subsurface soil. rock. and ground water mvcsuga-
non shouid provide suificientiv iarge soii and rock sampies of
such qualstv as to aliow aaeguate tesung 1o determine the sott
Of FOCK classtiication or mineralomic type. Of DOth. ana tne
enginesnng properues perunent 1o the proposea design.

3.3 This guide 1s not meznt to be an nilexibie aeseripuon

- of invesugauon requirements: otner techniques may be
applied as appropnate.

4. Apparaws -

4.1 The type of equipment required for a2 subsurface
invesugauon depends upon vanous factors inciuding the
type of subsurface matenal. the depth of expiorauon. the
nature of the terrain. and the intended use of the data.

4.2 Hand Augers. Hole Diggers. Shovets. and Push Tube
Sampters. suitable for exploration of suricial sous to deptns
of 3109 ft (! to 3 mi.

4.3 Eanh Excavaton Eguipmem:. such as backhoes.
draghines, and drilled pier augers 1screw or bucket) 1o aliow

in situ examnauon of soil deposits ana sampung of mate-
nais contaiming very large parucies.

Techniques
- 5.1 Geophysical or remote sznsing techmiques mayv be
used for mapping of the areat extent of geotomcai formauons

and for evaiuaung vanauons in sou ana rock properues.

5.1.1 Satellite and aircrant spectrat mapping toois. such as
LANDSAT. may be used to find ana map the areat extent of
subsuriace maternais and geojogic struciure. interpretatuon of
airerart pnotograpns ana sateilite imagery may locate and
idenufy signiicant geoiogic features tnat may be ndicauve
of fauits and fractures. Some grouna control 1s generally
required 1o veniy intormauon denvea from remote sensing
data. Table 13.8 of Ref. (1)° is a usetful summary of temote
sensing caoabilities.

§.1.2 Setsmic refraction/retlection and ground penetraung
radar tecnnigues may be used to map soil honzons and
depin profiles. water tables. and deptn 1o bedrock 1n many
situauons. with depth penetratton and resoiuton varving
with local conditions. Electromagneuc inducuon. elecineal
resistivity. and snduced poiarizanon (OF Compiex resistvity)
techniques may be used 10 map vanations in water content

and quainty. ciav honzons. strauficauon. and depth to

aquitersbedrock. Other geophvsicai techniques such as
gravitv and magneuc methods mav pe useful undger certamn
spectiic conditons. Crossnoie snear wave velocity measure-
ments mav proviae soll ang rock parameters for avnamic
anatvses. *

£.4 Currenuv avauabte ASTM stanaaras on nonng and
sampune are:

3.4.1 Pracuce D 1452 on auger oonng,

5.4.2 Method D 1586 on stanaara penetration test.

5.4.3 Pracuce D 1587 on thin wailed tube sampiing.

5.4.4 Pracuce D 2113 on aiamona core drlling.

5.4.5 Test Method D 2573 on tield vane shear.test.

5.4.6 Tést Method D 3385 on aouble ning infiltrometer.

3.4.7 Menhod D 3141 on cone penetration tess.

5.4.8 Pracuce D 3350 on ning-unea oarret samphing.

- 6. Exploration Plan

84

6.1 The project design and periormance requirements
must be ecstablished pnior 1o final deveiopment of the
expiorauon pian. A compiete sou. rock. and ground water
invesugaton snould encomoass tne foilowing actuvities:

6.1.1 Review o1 avauable intormation on the geologic
history. rock. soil. ana groung water congiuons occumng at
the proposed iocation and 1n tne immegiate vicinny of the
site.

1.2 Interpretauon of air-pnoto and other remote sensing
data.

6.1.3 Field reconnaissance for idenuiicauon of suricial
geoiogic condittons. mapping of straugraphe exposures and
outcrops. and examinauon of the performance of exisung
structures.

6.1.4 On site invesugauon of the suriace and subsuriace
matenais by geophvsicai survevs. bonngs. OF 165t pits,

6.1.5 Recovery of represeniative aisturbed sampies for
laboratory ciassification tests of soil. rock. and local con-
struction matenal. These snouid be suppiemented by undis-
turbed socecimens suitable for tne asterminauon of those
en@neenng properties perunent 10 the mnvesugauon.

6.1.6 Determinauon of the position of the ground water
1able. or warer tabies 1f there 1s percned or artesian ground

! The boidince numoers 1n orrentneses reter 1o tNe it of referemces at ine eng
af this stanaseg.
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water. and of the vanability of that posiuon in both short and
] ime frames.

T Determination of the iccation-of suitabie foundation
matenal. either bedrock or saustactorv ioad-beanng souls.

~.1.3 Field idenufication ot soiul ana rock tvpes with the

Jeptn of their occurrence ana the locanons of their szrucmral
Jisconunuites.

n.i.9 Evaiuauon of the pertormance of existing instaila-
uons. reiative 1o their founaation matenial ana environment
1n tne immediate vicinity ot the proposea site.

. Reconnaissance of Project Area

=1 Technical data shouid be reviewed before any ficld
program 1s started. This inciudes. but is not limited to.
topograpiic maps, airphotos. sateilite 1magery. geologic
maps. statewide or county soi survevs and minerai resource
survevs. and engineenng soil maops covenng the proposed
protect area. Reports of subsurface investugauons of nearpy
Of agiacent projects shouid be stuaiea.

\OTE |—=While certain of the oider maos and reports mav be
1os0iete ang Df hmueo vajue in 1ne unent Ot current xnowieage, 3

.2Mp3nson of e 0Id Wit tNe new win onen reveal vaiuaole unex-
"2‘.‘!23 iflormaton.

.1 The United States Geotoricai Survey and the zcoloz-
ca survcys of the various states are tne pnncpai sources of
zeotomIc maps and repons on minerat resources and ground
‘water.

.1.2 United States Department of Agncuiture Soil Con-
tion Service soil survey reports. wnere avatiable and of
date, shouid enabie the enzineer 10 esumate the range

... «J1i profiie charactenstics to aeptnsof oro ft (1.5 0r 2 m
' for eacn sotl mapped.

Nove 2—Each soil type has a distincuve soi profile due to age.
parent matenai. rehef. chimauc conaition. ana vegetauve cover. These
pronenties can assist in idennving the vanous soti types. eacn requinng
SDECIal engInecnINg 'Considerations ana treatment. Simiiar engineenng
01t properties are often found wnere simuar soil protile characienstcs

eust. Changes 1n soii properies in agiacent areas olten inaicate changes
.1 parent matenai or retief.

~ 2 ln areas where descripuve qata are timited by tnade-
quate geoiogic or soils maps. the soti and rock in open cuts 1n
tne vicimty of the proposea proiect snould be studied and

 ana bv re'nsmz pounaanes as aetermnea from the ueuned supsuriace

survey.

8. Determination of Subsurface Conditions

3.1 Subsurrace condttions are posmiveiv defined onty at
the individual test pit. hote. bonng. or open cut examined. A
straugrapnic protile can be devetopea bv detatied invesuga.
1ons oniy wnere determinations of a continuous reiauonsnip
of the aeptns and locations of various types ot soil and rock
can be made. This pnase of the invesugauon may be
impiemcmec by piotting logs ot soil and rock exposures 1n
walls ot excavations or cut areas or by plotting logs o the test
ponings. or both. and then interpolaune between these logs.
The spacing of these invesugations will depend on the
geologic compiexny of the project area and on the impor-
tance of soil and rock continuity 1o the project design.
Expioraton should be deep enougn 10 1denufy ail strata that
mught be significantly aifected by the proposed use of the site
and to deveiop thé engineenng data required to allow
analysis of the items listed tn Section 3 {or each project.

3.2 Geopnysical survey methods mav be used 10 supple-
ment DOTenoie 2Na OULCTOD 4ala ana 10 INterpolate pelween
notes. Seismmuc. grouna penetraung ragar. and elecincat
rESISUVILY Metnoas €an be particularny vaiuabie wnen distinct
differences 1n the properues ot contiguous subsurface mate-
nais are indicated.

8.2.1 The seismic retraction metnod 1s espectally useful in

" deterrminming depth to. or nppability of. rock 1n iocauons

where successively denser strata are encountered.

8.2.2 The seismic reflection method s useful in delin-
caung geciogical units at depths betow 10 ft (3 m). [t is not
constrained by lavers of low seismic veiocity and is especially
useful in areas of rapid straugraphic change,

8.2.3 The electrical resisuivity metnod 1s similarly usefulin

determning depth to rock and anomaties in the stratigraphic
profile. 1n evaluaung stratified formauons where a denser
stratum overites a iess dense stratum. and 1n investgauon of
prospective sand-gravel or othier sources of borrow matenai.

. Resistivity  parameters aiso are ceauired tor the design of

. vanous soil and rock prosiies noted. Field notes of such-

studies should inciude data outiined in 8.4. ©

“.3 Where a preliminary map covenng the area:of the
project 1s desired. it can be prepared on maps compiied from
airpnotos showing the ground conditions. The distnbution of
the predorminant soii and rock depostts likely to be encoun-
tered dunng the investigation mav be shown using data
ootained from geoiogic maos and iimited ground reconnais-
sance. Expenenced airphoto interpreters can deduce much
subsurtace data from a studyv of black and white, cotor. and
infrarea photographs because simiiar soti or rock conditions.
or both. usually have simiiar aironoto patterns in regions of
simitar climate or vegetauon.

*4 In areas where documentarv information 1s insuifi-
‘ some knowiedge of supsurtace conditions can be

n

Ined from land owners and local weil dnilers and
.struction peopie.

NOTE 3—This preiminarv man mav ce expanded 1nto a detasied
tnoincening map oy locaung ail test notes. pits. ana sampung stauons

e

grounaing systems ana catnodqic protecuon for bunea struc-
tures.

8.2.4 The ground penetraung raaar method is useful in
defining soil and rock iavers and manmade structures in the
depth range of 1 10 30 ft (1 10 lO mi.

NOTE t—Geophysicai lnvesuuuons can bc 2 useful gusde 1t deter-

mining bonng or test hole iocations. The tnterpreiauon of geopnysical '

studies snouid be veniied by bonngs or test excavations.

8.3 The depth of exploratorv bonngs or test pits for
roadbeds. airport paving. or vehicie parking areas shouid be
10 at least 3 ft (1.5 m) beiow the proposed subgrade eievation.
Speciai circumstances may increase this depth. Borings for
structures or embanxments should extend below the levet of
significant influence of the proposed load as determined by a
subsuriace stress anaivsis.

8.3.1 When drainage may be influenced by either per-

vious water-peanng matenals or 1mpervious matenais that

can block internai drainage. borings snhouid extend down
into these matenais sufficiently to determine those engi-

‘neenng and geotogIc properues reievant t0 the project

destgn.

1R305392




»

¢ o420

8.3.2 I ail borrow areas the ponngs or test pits snouid be
sufficient 1n number ana deptn tQ outiine the reguired
quanuues of matenai meeung tne speciied quaiity require-
ments. T

8.3.3 Where frost penetraton must be considered in the
benavior of sod and rock. conngs snoutd extena signiricanuy
below the deptnt of maximum trost penetratuon.

3.4 Explorauon recoras shall be kept 1n a svstemauc
manner {or eacn project. Such recoras shall inciude:

3.4.1 Description of eacn site or area investigated. Each
test hole. boning. test pit. or geophivsical test sute shall be
clearly located (honzontatly ana verticallv) with reference to
some established coorainate system. datwum. or permanent
monument.

8.4.2 Logs of each 1est nole, bonng. test pit. or cut surface
exposure 1n which the fieid descrniption and locauon of eacn

matenai encountered 1s ciearly shown either by symboi or
word description.

Note S—Colar pnotograons ot rock cores. sail samotes. and expased
$IT313 May DE Of CONSIGEranie vaiue. £3¢h PROIOETADN Snould inciude an
:gentifving numbper OF SVIMDOL. 3 Jale. anad a scate,

¥.4.3 Idenuticauon ot ayd sous vasea on Practice D 2488.
Ciassitication D 2607. or Pracuce D 3083, ldenurication ot
rock matenats based on Defintions of Terms C {19. De-
scnptive Nomenciature C 294, or Practice C 851. Classifica-
tion of sotl matenais 1s aiscussea 1n Sectron 10.

8.4.4 Seepage and water-beanng zones and piezomenc
elevations found 1n eacn test hoie. bonng. or test pit.

- 8.4.5 In situ test resulls. wnere required. such as the
pefneration resistance or vane shear tests discussed in 9.3.
plate load tests. or other in situ tests for engineenng
propertes of sotls or rocx.

8.4.6 Percentage of core recovery and rock quamv desig-
nation in core drilling as outlined 1n 9.3.5.

8.4.7 Graphical presentauon of field and laboratory data
and its interpretation facilitates comprenensive under-
standing of subsurtace conditions.

9. Sampling and In Situ Testung

9.1 Obtain represeniauve sampies of each supsurtace
matenal that 1s signtficant 10 the project design and construc-
uon. The size and type ot sampie required 1s dependent upon
the tests t0 be pertormea and the percentage of coarse
particles in the sample. oo

NOTE 6-=The uze of disturoed or bulk nmpta for !'ouune 1ests mav
vary at the discreuon of the geotecnnicas invesugator. but the foilowing
quanuties are suggested as sustable for most matenais: (@) Visuat
classificatuon—=50 to 500 g (2 oz 1a 1 [b): (&} Soul constants and particte
size anaiyss of non-graveily soi——500 g 10 2.5 kg {1 10 § ib): (¢} Saul
COMPICUOn 2SI ANK Sieve anaiveis ot praveily soiis~—20 to 40 kg (40 to

80 1b): (d) Aggregate manuraciure or aggITEAle Properties tests-—50 o
200 kg (100 to 400 Ib),

9.2 Accurately identifv each sampie with the bonng, test
hole. or testpit numoer and depin below reterence ground
surtace from which 1t was taken, Place a wateroroof identifi-
cauon 1ag inside the container, securely ciose the container.
protect 1t to wathstana rougn handling. and mark 1t wath
proper identification on the outside. Keep sampies tor
natural moisture determnauon (n seaied containers to
prevent mossture loss. When arving of sampies mav affect
classification Or engineenng properues test resuits. protect

86

tem to mummize moisture joss. Pracuces D 4220 a
the transportation ot samoles from tield to hbonmn,r.mr?

9.3 Recommended ASTM proceaures for in situ samplin
and tesung are as follows:

9.3.1 Pracuce D 75 descnipes the sampling of coarse and
fine aggregates 1or the preuminary investigation of 2 poten.
tial source ot suppiy.

9.3.2 Test Method D 1194 describes the esumauon of the
beanng capacity of sou in place by means of field lcading
tests. The results can be userutl for design of spread fooungs
based on stauc loading conditions. The {oad test should be
performed in conjunction with other field tests, generaily in
accordance with Method D 1586 or Method D 3441. 10
allow a determnauon ot the applicability of the results.

9.3.3 Pracuce D 1452 descnibes the use of augers n soil
invesugations and sampiing where disturbed soil sampies can
be used. This procedure 1s 2iso vaiuable in connecuon with
ground water expiorauon. Depths of auger invesugauons ase
limited by ground water conditions. soil charactensucs. and
equipment used.

9.3.4 Method D 1586 descnibes a procedure 10 obtain
representanve soil samntes for idenufication ang classiiica.
tion fapboratory tests and to measure the resistance of the sou

- 10 penetrauon oy a standardizeqd samopier.

9.3.5 Pracuce D 1587 descripes a procedure 10 recover
refauvely undisturbed soil sampies suttable {or {aboratory
tesung.

9.3.6 Pracuce D 2113 descnibes a procedure to recover
intact sampies of rock and certain sotls 100 hard to sample b'
Method D 1586 or Practice D 1587,

9.3.7 Pracuce D 3550 descnibes a procedure 10 recover
moderately disturped. representative sampies of soil for
classification testing ana in some cases shear or consolidation
testing.

9.3.8 Test Method D 2573 describes a procedure 10 mez-
sure the 1n situ umit shear resistance of cohesive soils by
rotauon of a four-bladed vane 1n 2 honzontai plane.

9.3.9 Test Method D 2937 descnibes a procedure for
pushing a thin-wall tube ¢ 10 6 1. (100 10 150 mmsintoa
sOIt mass to recover 1 relauvelv unaisturped sampte o
xnown votume ailowing tne measurement of wet or totu
density ana natural moisture content.

9.3.10 Test Method D 3385 describes a procedure for field
measurement of the infiltration rate of sotls. Water under 2
constant head is allowed to seep into the top surface of 2
fixed soil area and the volume rate of inflow into a known
volume of soil is measured.

9.3.1! Method D 3441 descrnibes the determinauon of the
end beanng and side friction components of the reustance 10
penetration of a conicat penerrometer nto a soil mass,

9.3.12 Method G 57 describes the measurement of the
eiectrical resisivity of a soil mass. A Wenner four-clectrode
configuration s used.

NOTE 7—Other in situ test procedures are being prepared bv ASTM
Committes D-18.
10. Classification of Earth Materiais .
10.1 Idenufy sampies of soil and rock after submassion tc
the laboratory tor idenuficauon and classificauon tests ic

accordance with ane or more of the followng mndzrds ot
applicabie reterences (2 through 11), or both,
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0.1.! Descripuve Nomenciature 294.
0.1.2 Test Method D 2487.

.1.3 Pracuce D 3282.

.1.4 Method D 3397.

.1.5 Pracuce D 2488.

.1.6 Pracuce D 4083.

1.7 Classificauon D 4427

11. Subsuriace Profile

11.1 Delineate subsurrace protiles oniy from actual
geopnysical. test-hole, test-pit, or cut-surrace data. interpoia-
ton Detween locauons shouid be made on the basis of
available geologic knowiedge of the area and shouid be
cieariy idenufied. The use ol geopnysicat techniques as
discussed in 8.2 is a vaiuable aid 1n such interpoiation.
Geopnysical survey data snouid be :denufied separately from
sampie data or mn sty test data.

12, Interpretation of Resuits
12.1 Interpret the resuits of an investizanon in terms of

ssivai findings ana maxe every etfort 10 coilect ana inciude
1 tield and laboratorv 0ata trom orevious investizauons in
ne same area. Extrapolauon of data into locai areas not
surveved and tested shouia s mage oniv for conceptuat
stuaies. Such extrapoiation ¢an oe gone oniv wnere geologi-

caily umxorm subsurface aisposiion of soit ana rock 1s

known 10 exist on the oasis ol otner data. Engmeenng'

properties of the soil and rock encountered on important
yects should not be preaiciea soiely on field idenuiication
idasiﬁcazion but shouid be venified by laboratory tests
de on sampies collectea 1n accoraance wnh Secuion 9 or

oy m sxm tesung, or both.

12.2 The recommendations 1or design parameters can be

made only by protessionai enmneers or geojogists special-

izing 1n tne fieid of geotecnnicai engineenng and famiiiar
with the purpose. condinons. ana requirements of the stuay.
Soii mechanics, rock mecnanics. and geomorpnoiomcai con-
cepts must be combined with a knowiedge of geotechnical
co@mneenng or hydrogeoiogy to maxke 2 compiete appicauon
of the resuits of the soii. rock. ana ground water nvesuga-

. tton. Compiete design recommendations may reguire a more

detatied stugy than that envisionea oy this guide.

13. Report

13.1 The report of a subsurrace invesugauon shall in- B

ciuae:

13.1.1 Locauon of the area mvesuzatcd in terms perunem;

10 the project. This may inciude sketcn maps or aenai photos
on wiich the test pis, bore holes. and sampie areas are
located. as weil as geomorpnolozical data reievant 10 the
determination of the vanous soil and rock types. Such data
inciudes eievauon contours. streamoeds. sink holes. cliffs,
and the itke. Where feasibie. inciude 1n the report a geolopic
map or an agronomic sotis map. or both. of the area
investigated.

13.1.2 Descnoe tne invesugauon orocegures ang mclude

- copies of aii bonnegs ana testnoie toes. all jacoratory test

resulls. ana grapaica: interpreiations of the geopavsicat
measurements.

13.1.3 Inciude cross sccnons deiineaung the extent of the

straugrapaic unis ana note anomasies or otherwise sxznm-
cant conditions.

13.1.4 Descripe and relate the findings obtained under
Secuions 7.
respective sections.

14. Precision and Bias

14.1 This guide provides quainative data oniy: therefore. 2
precision and bias statement 1s not agphcable.v
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qﬁ"’ Deasignation: D 421 - 85

Standard Practice for

Dry Preparation of Soii Sampies for Partxcie-Snze Anaiysis and

Determination of Soil Constants?

This standass Is 1ssuea unaer tne fixed deugnauon D 421 the numoer immeaistely following the aeuEnaLON tnaiCates the vear of
onpoal 300UON OF, 1N INE CAL Of MEVISION, INE Year of last revison. A NUMDET IN DASENINCIES INAICALES tNE vear Of last reaporoval, A
. SIDCINCTION COUKIN (o) 1OAAICELES AN editona) cmipu SINCE tHE At TVINON O MEADDIOVaRL.

1. Scope

l.1 This practice covers the ary preparauon of soil sam-
pies as recetved from the tieid tor parucie-size anaiysis and
the ceterminauon of the soii constants.

1.2 This standard mav invoive nazardous materials. oper-
auons. and equipment. Tius stanaard does not. purport 10
address all of the satetv prootems associated wuh its use. It ts
(ne responsibifity or whoever uses (s stanaara to consult ana
estaoiish appropriate saielv qna neaith practices and deter-
MMUNE (NC APPUCEDLINNY O regLIQLON: [1MIaions nrior (0 usc.

2. Referédced Documents

-} ASTAM Stanaaras.

D 2217 Pracuce for Wet Preparanon of Soil Samp{cs for
Pamclc-Slze Anaivsis ana Determinauon of Soil
Constams®

E 11 Specificanon ior Wire-Cloth Sieves for Tesung
Purposes®

3. Significance and Use

3.1 This pracuce can oe uscd 10 prepare sampies for
particie-size and plasticitv tests wnere 1t 1s desired to deter-
mine test vaiues on atr-gnea sampies. or where 1t 1s known
that air drying does not have an etfect on test resuits refative
10 sampies prepared 1n accoraance with Pracuce D 2217,

4. Apparatus
4.1 Balance. seasiuve 10 V.| &
4.2 Morntar and Ruboper-_overed Pestie.
breaxing up the aggregauons of soi parucies.
4.3 Sieves—A senes of sieves. of square mesh woven wire

suitable for

cloth. conforming to Specitication £ {1. The sxeves r:quxrcd '

are as follows:

No 4d TS-mmy
No 10 (2.00-mme
NO 0 1d25-ums

4.4 Sampier—A riflle samobier or sampie splitter. for
quartenng the sampies. .

5. Sampling
5.1 Expose the soil samoute as recetved from the ﬁcld to the

Thus pracuce 13 under the wnsdiction of ASTM Commuttee D-1& on Sou ana

~constants. matenat oasstng the No.

atr at room temperature unut dried thoroughiy. Break up the

aggregations thoroughiy in the mortar with'a rubber-covered
pestie. Select a representative sampte of the amouns required
10 perform the destred tests by the metnod of quartering or
by the use of a sampier. The amounts of materiai required 10
pertorm the tndividual tests are as follows:

5.1.1 Particie-Size Anatvsis—For ne particie-size anal-

vsts. matenat passing a No. 10 {2.00-mm sieve 1s required in

amounts equai 1o {13 g of sanav soiis and 63 g of enner siit
or clav souls.

312 Tests 1or Sou Constants —For ne tests for sot
<) (425-umu steve 15

requirea tn total amount of 222 g, auocatea as follows:
i Test Grams
Liousa it 1008
Plassie nemit 18
Centnituge moisture cquivaient 10
Volumetnie snnnkage 3o
Check tests 65

6. Preparation of Test bample_ .

6.1 Select that poruion of the air-dned sampie seiecxed for
purpose of tests and record the mass as the mass of the total
test sample uncorrected for hveroscopic moisture. Separate
the test samoie bv sieving with 2 No. 10 (2.00-mm) sieve.
Grind that fracuon retainea on tne No. 10 sieve 1n 2 mornar
with a rubber-coverea pestie untui the aggregauons of soil
parucies are oroken up iNto the separate grains. Then

~ separate the grouna SO1i 1INtO tWO (ractions OY Ssieving wity a

Rocx ana 13 the direet responsomty o Suocomemttee D18, 03 on Texture.

Plasucutv. and Density Charactensuss ot Sous

Current eciuion sporuved Juis oF. (Y84 Pyblished Semmeer 198S. Onpunasiv
pudisned a3 D 421 - 35 T. Last previous eqition D 431 - S8 (1978)*

* annuai Book of ASTM Stanaaras. voi 04 08,

* 4nnuat Boox of ASTM Stanaaras. vt 1402,

88

No. 10 sieve. )
6.2 Wash that fraction retained aiter the second sieving

. {ree of all fine matenal. dry. ana weigh. Record this mass as

the mass of coarse matenal. Sieve the coarse matenal. after
being wasnted and dried. on the No. 4 (4.75-mm sieve and
record the mass retained on the No. 4 sieve.

7. Test Sampie for Pamcle-Slze Anaivsis

7.1 Thoroughiy mix together tne fracuions passing the No. )
lO (2.00-mm) steve 1n both sieving operauons. and by the

method of quartenng Or the use of a sampier. seiect 2 portion
weghing approximateiy 115 g for sandy soils and approxie
mately 65 g for siit and clay soii for panxcte-slge anatysis.

R L

8. Test Szmpie for Soil Consiants

8.1 Separate the remaining poruon of the mateniat passing

the No. 10 (2.00-mm sieve 1nto two parts by means of a No.
40 (425-um) sieve. Discara the fraction retainea on the No.

40 sieve. Use the fracuon passing the No. 40 sieve for the
determination of the soti constants.
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qm}’ Designation: D 422 - 63 (Reapproved 1990)¢'

Standard Test Methad for

Particie-Size Analysis of Soils’

This sunaara ts 1ssuea yndaer the tixea desenauon O 422: the numoer immeaatetv foll

the desy

ngqicaes tne vesr of

onEnAl 3300ION Or. IR (NE CRIC GF FEVISION. {NC vear Of At EvISIon. A NUMDPET 1N OITENINESES INGICAIES e vear of (a5t reaooraval. A
SUPETICTIDT COION {¢} INCICALES AN SAIIONRY CRANRE VNCE LNEC 1A5T FEVITION OF ITAVDIOVAES,

4 NOTE==YecuOR 1Y Wi 3060 eLONALIV 1 deptemnoer 1990

1. Scope

1.1 This test method covers the guanutauve determina-
ton of the distnbution of parucie sizes 1n sotis. The
distnbution of particie sizes larger than 75 um trerained on
the No. 200 siever 1s determuned by sieving. while the
distnbuuon of parucie sizes smailer than 75 um 15 deter-
mined by a sedimentation process. using a hvdrometer o
secure the necessarv aata (Notes | and 2). '

NOTE | —Separation mas e mage on the No 4 (4 75-mms. No. <
+425-umi, or Na. 200 {73 -um1 sieve instead of tne No. 0. For wnatever
sieve used, the stze snail be tnaicatea 1 the repor.

NOTE 2—Two tvpes oO! qQISDErsion gevices are prowvigea: (/1 3
nign-speed mecnanicas surrer. and () air aispersion. Extensive mnvests-
gations indicate that air-QiSpersion Gevices proguce 2 more positve
dispersion of plasuc sous beiow tne 20-um si1ze and appreciaoiv less
degradauon on all sizes wnen usea with sandv sous. Because of the
definite advantages 1avonne air 1Spersion. its use 1s recommended. The
Tesuits from the two types of dewices differ 1n mazmitude. depending
upon sod type, ieading 10 marxed differences 1n parucie size distnoy-
non, especaaily for sizes 1niner tnan 20 um.

2. Referenced Documents

2.1 ASTM Stanaaras:
D421 Pracuce for Drv Preparauion of Soil Sampies for

Parucie-Size Anaivsis and Determinauon of Sail
Coansunts®

Ell Speaxxanon tor Wire-Cloth Sieves for Tesung
E 100 Speaification 1or ASTM Hvdromeiers®

3. Apparatus -

3.1 Balances—4 batance seasitive to 0.01 g for weighing
the materiai passing a No. 10 (2.00-mm) sieve. and a balance
seasitive to 0.1 % of the mass of the sampte to be wcxghed for
werghing the matenai retainea on a No. 10 sieve.

3.2 Stirmng Apparatus—tither apparatus A or B may bc
used.

3.2.1 Apparatus A shail consist of 2 mechamunv oper-

' This tem method 13 uncer the wnscicuon of ASTM Committee D-18 on Soil
and Rock and s the direct resoonsionty of Suocommuttee O13.03 on Texture.
Plasucity. and Deasty Charactenstics of Sous.

Current echimos spovovea oy ;. (963, Onpnailv puouisned 1935, Repuces
D422-62. ’

* annuat Book of ASTA Stanaarct oi 04 OR

} innuad Book of ASTM Stangaras vot 1402,

¢ Annuat ook o1 ASTA Siancaras. o1 1403

90

ated surnng device in which a suitably mounted electn:
mator turns a verucat shast at a speed of not less tan 10 00C
rom without load. The shaft shail be equipped with :
replaceable sumng paddle made ot metal, plasue. or haxe
rubber. as shown in Fig. {. The shaft shail be of such {enptr
that the summng paddle wiil operate not iess than % in. (19
mm} nor more than {2 1n. (38.] mm1 above the bottom o
the dispersion cup. A special dispersion cup conforming tc
either of the designs shown n Fig. 2 shail be provided 10 holc
the samn‘xe while 1t 1s being dispersea.

3.2.2 Apparatus B shall consist ot an air-iet gispersior

cup” (Note 31 conforming 10 tne generat detaus snown 1n Fig
3 (Notes 4 and 5).

Nore '—The amount of air required by an airetet ditveryion cupt
of the oraer of 2 fid/min: some smasi air comoressors are not capasle ¢
suppiying susficient air to operate a cup.

NOTE 4—Another 2Ir-tvpe aISPersion device. known as 3 di
tube, devetoped bv Chu and Daviason at lowa Sute College. nas
SNOWN 10 pIve resuits equivalent 10 those secured by the sireet

cups. When 1t 1s used. scaxing of the sampie can be done n th:

sedimentation cyviinger. thus enmnaune tne need for wransiernng th:

siurry. When the asr-dispersion tine 1s used. 1t shall be so indicated 1
the repori.

NOTE $-—=Water mav condense 1n air hines when not in use, Thic
WBLEr Mmust be removed, Citnee BV ULINg 4 Water (ras an the 81r ine, or o
niowing the water out o the {ine petore uung aav of the awe fe
dI1SDErsion purposes.

3.3 Hvdrometer—an ASTM hvdrometer. gnnuated ¢
read in einner speciiic gravity of tNe Suspension or prams pe'
iitre of suspension. ana CONIOrMINg 10 the requirements ic
hvdrometers 1 51H or 1 52H in Specuicauons E 100. Dimen
sions of both hydrometers are tne same. the scale being the
oniy 1tem of difference. ‘

3.4 Sedimentatton Cviinder—A glass cviinder essentiail*
18 in. (457 mm: 1n hewght and 2'2 1n. (63.5 mmiin diamerer
and marked for a voiume of 1000 mi. The insde diamew=
shail be such that the 1000-mi. mark 1s 36 = 2 cm from th:
bottom on the 1nside.

3.5 Thermometer—A
(0.5°C\.

3.6 Sieves—A senes of sieves. of square-mesh woven-wir
cloth. contorming 10 the recutrements of Specificauon E 11
A fuil set of sieves intiudes tne foliowming (Note 61

* Detasiea Worune arawines 107 1S CuD are avaiable at 3 nominat cost froe

tne Amencan Soctety for Tesung ana Matenats. 1716 Race dt.. Philage
1910}. Order Adunct No. 11-404210@ . :

AR305397
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~No.18 BW Ga=0.049"

| 0.203° 20.001"
4
{al {5}
Metne Ecavaioms
A 000t 3049 0.203 . | ke
mm 0.03 124 516 2T 19.0
FIG. 1 Detan of Simng Paaacies ,
S 17Semmy S Quemmy
-0 150-mm vy 2 (8M-um: — Y imm I Cemane
vem 137 5-mm No 40 425 .ums — - - ——
-1, 125.0-mme o 0UE2Suum IRk Jan
i, 119.0-mm) No. 140 ( luoum) Th Iy
ey, (9 Semmye No. 200 (75-ums ,“m ii! i
No 416 75-mm . Zermanens i Zemovaoie
NOTE b-—A set Of Sieves giving uniorm spacing ot points for tne :3“;‘;" ;l %ﬁ""
£rapn. as required 1n Section { T M3y be ysed it desireg. This set consists roas : o
of the {ollowing sieves: 7-
Jan. (78-mms Na. 16 (1.18.mmy
171e4m. (37.5.mms No. 30 (6tueum: i -
tetnt, (19.0-memy Na. S0 O0eumt A ! )
‘i, (9.5-mmy No. 10U (1 3u-um) | taffle
No. 4 (4.7%-mm} No. 200 (7S-ums ] Locanon "
No. 8 (2.36-~mm) : Plan i \
- . L »
3.7 Water Bath or Constani-Temperature Room —A UL 60% .
water bath or constant-iemperature room {Of mammaning
tne soli suspension at a constant temperature gunng the ‘°”” \ %]“‘
; \

nvaromerer anaivsis. A satisIactory water tank is an tnsulatea
lank that maintains Lhe temoerature ol the suspeasion at a
convenient constant temperature at or near 68°F (20°CL.
Such a device 15 illustrated 1n Fig. 4. In cases wnere the work
1s performed in a room at an automatcally controiied
constant temperature. the water path ts not necessary.

1.8 Beaker-——A beaker of 250-mL capaeny. . ° -

39 Timing Devu:e—A waten or clock with a second
hand.

4. Dispersing Agent

4.1 A soiution of sodium hexametwaphosohate tsomettmes
called sodium metapnospnate; shail be used in distilled or
at the rate of 40 g of sodium
nexametaphospnatesittre of soiution (Note 7.

Note 7—Solutions of this s3it. 11 3CIGIC. SIOWIV Tevert or nvdroivze
Back t0 the OTNOPACTUNALE 1OM With 2 resuttant decrease in ispersive
acuon. Solutions snould be preparea trequentv (at 1east once 3 montn:
or adiustea to oit of § or ¥ Rt means ot soaium caroonate. Botties
conuning sotutions shouid have tne gate of preparaton markea on
\nem, .

41 Al water used shall pe either disulled or
Gemineraiized water. The water for a hvarometer test shall

9

\lémss aase,

ewme ' i |\ Sager
ddo \."——"/'
- . Dl

\\\M\ S8
——— o ’/m— -
Metne Eawvalents
n ‘ 2.8 178
mm 3 66 5.2
FiG. 2

Dispersion Cups ot Apparatus

be brougnt to the temperature that 1s expected to prevail

dunng the hvarometer test. For examote, if the sedimenta-
uon cvitnaer 1s to be placed 1n the water bath. the distiiled or
demmeranzea water to be used shall be brougnt to the
temperature of the controiled water oath: or. if the segimen-
tation cviinder 1s used in 2 room with controlled tempera-
ture. the water for the test snall be at tne temperature of the
room. The pasic (emperature 10 the nvarometer 1est 1§ 68°F
{30°C:. Smail vanauons ot temperature do not introcauc:
differences tnat are of practical signilicance and do not
prevent tne use of correcuons dertved as prescnbed.
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FiG. 3 Awaet Disosrsion Cups ot Apparatus 8

3. Test Sample

I Prepare tne 1St sampie (Of MECnanical anaivsis as
outnnea 1n Pracuce +2:. Dunng the preparauon proce-
Jure the sample 1S divigea 1nto two portons. One porion
contains onty parucies rerainea on the No. 10 (2.00-mm
sieve witle the other partion conans only partcies passing
the No. 10 sieve. The mass of air-dried soit seiected for
purpose of tests. as prescnioed in Practice D 421, shall be
sufficient 1o yield quanutes rfor mechanical anaivsis as
follows:

5.1.1 The size of the portion retained on the No. 10 sieve
shail depena on the maximum size of parucie. according to
the followang schedule:

b RS I

Nomnal Dumeter ot
Lasgest Parucies. Aporonmate Mimmum
n. (mmi Mass ot Portion. ¢
Ve (9.5) 500
Vo 119.0 1000
o 1238.4) -o0n
tvr 1381 N
P11 2 ] 0N
P16 SO0

3.1.2 The size of the portion passing the No. {0 sieve snali
be approximatety 113 g for sanav soiis and approximatety 6:
g for siit and clay souis.

5.2 Provision 1s made 1n Section 5 of Pracncc D 421 for
weighung of the asr-dry soil selected for purpose of tests. the
separauon of the soil on the No. |0 steve by arv-sieving and
wastung. and the weighing of the wasned and dnied fraction
retuned on the No. 10 sieve. From these two masses the
percentages retuned and passing the No. 10 sieve can be
calculated in accordance wath {2,!.

NOTE 8—A check on the mass vaiues and the thorougnness of
puivenzauon of the clods mav Oe secured bv wemening tne pomrion
pasune tne Mo, 1Q sieve ana aading this vajue 1o the mass of the wasned
anag oven-gned portion rewamnes on tne Na. 10 sieve.

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

6. Proceaure

6.1 Sepvarate the poruon rerunea on the No. 10 (2.00-
M) Sieve 1Nto 2 series of fractions using the 3-n. (75-mmo.

- ——— . b
+ -
—im s
R O E‘\ ' l at
B+ —H ot AL
- " ,|?'|
“ —_— s
- - o o - s ot e e 5 0 e -
g -o‘:,.-----------:a-—.“"‘
/} ) Ve oy Siome PO e e . o0 s ety <o ".. .
y va . ik 2 M
, § OO Lase < - m -! 1:
o acmonnenene ¢ 'COrk INSUSIONsecomnem: smcended’ 3
¥ 2 - 3
14 .
R I LA P S
N S mey odroes Plore .
e R . W’
i -
i . -
Mewmne Eowrvsems
) . ’ 3 S-e 14 7
e 22 = Te 3 '£82 52 an
FiG. 4 Insuiatea Water Bath

2-in. (50-mmi. 1Yan. (37.5-mmy. 10 (25.0-mm). Lein.
{19.0-mmj). Y-tn. {9.5-mm1 No. 4 {3.75-mm). and No. 10
sieves. Or as many as mav be neesged depending on the
sampie. or upon the spectiicauons tor the matenal under
est.

6.2 Conduct the steving operation by means of a lateral
and verticai moton of the sieve. accompanted by a jamng
acuon in order 1o keep the sampie moving conunuaousiv over

the surtace of the sieve. in no case turmn or mampulawe

fragments 1n the sampie throuen the sieve bv hand. Conunue
sieving unti not more than | mass ¢ of the residue on a
sieve passes that sieve duning : mn of sieving, When
mecnanical sieving 1s used. test tne tnorougnness of sieving
bv using the hand metnod of sieving as aescrived above., ’
6.3 Determine the mass o! eacn fracuion on a balan
conforming to the reguirements of 3.l. At the end of
wemning. the sum of the masses retaned on all the sieves

used shouid equal closely the onginal mass of the quantty
sieved.

' AR305399
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HYDROMETER AND SIEVE ANALYSIS OF PORTION
PASSING THE NO. 10 (2.0U-mm) SIEVE

“. Determination of Composite Correction for Hydrometer
Reading

“ ! Equations for percentages ol soti remaining in suspen-
sion. as given 1n 14.3, are vasea on the use ol disulled or
J2mineratized water. A dispersing agent is usea in the water.
nowever. and the speciiic graviiv of the resuiting iilguid 1s
appreciably greater than that ot disulied or demineranzed

» water.

~.1.1 Both soii hydromezers are calibrated at 68°F (20°C).
ind vanations in temperature from this standard tempera-
ture proauce maccuracies 1n the actual hydrometer readings.
The amount of the tnaccuracy increases as the vanauon
from tne standard temperature increases.

~.1.2 Hvdrometers are graquatea bv the manufacturer to
se reaa at the bottom of the meniscus tormed by the hquid
an the stem. Since 1t 1s not possidie to secure readings of soil
suspensions at the bottom of tne meniscus, readings must be
‘1Ken at the 1o0p and a correction aoptied.

3 The net amount ot (he currections tor tne tnree
- :2ms enumerated ts designateg 1s (ne COMDOSIE correction.
53 mav be delermineg expernmentaiy.

- For convemence. . grapn or table of compostte
correcuions for a senes of .1° (emperature differencesstor the
range of expected test temperatures mav be prepared and
used as needed. Measurement of the composite corrections
may be made at two temperaturcs spanning the range of
expected test temperatures. and corrections for the interme-
diate temperatures cajcuiated assuming a straight-hne refa-

© uonsmp between the two observea vajues.
© 7.3 Prepare 1000 mi of liawa composed of distiiled or
demineraiized water and dispersing agent 1n the same
proportion as will prevaii in the seaimentauon (hvdrometer)
iest. Place the figwid in a scaimentauon cvehnder and the
cviinaer 1n the constant-temperature water bath. set tor one
f the two temperatures o be used. When the temperature of
‘=2 liIguid becomes constant. :nsert the nvarometer. and.
L1183 snor interval 10 Permit tNe nyvarometer to come (o the
‘emperature of the liguid. read tne nvdrometer at the op af

the meniscus formed on the stem. For hvdrometer 151H the-

composite correction 1s the ditlerence bétween this reading -

and one: for hydrometer !S2H 1t 1s the difference bétween
lne reading and zero. Bnng tne iiguid and the hvdrometer 10

tne other temperature 10 be used. ana secure the composite
correction as before.

8. Hygroscopic Moisture

3.1 When the sampie ts weigned tor the hvdrometer test.
weigh out an auxiiiary portton of trom 10 to 15 g 1n a small
metat or grass contamner. 4ry tne sampte to a constant mass in

anoven at 230 = 9°F (110 = :°C). ana wergn again. Rccord
the masses.

9. Dispersion of Soil Sampie

¥ 1 When the soil is mostis of the ciay ana siit sizes. weigh
vut 2 sampte of air-dry soit of approximateiy 30 g. When tne

sonl 1s mostty sand the sampte snouid be approximatety 100
2.

-
)u

50-mL beaker ang cover witn
125 mi of sodium nexametaonospnate soiution (40 g/L).
Stir unui the soii is thoroughly wetted. Allow to soak for at
ieast 16 h.

9.3 At the end of the soaking penod. disperse the sampie
further. using either sumng apparatus A or B. If sumng
apparatus A is used. transrer tne soii - water siurty from the
beaker 1nto the special disperston cup snown in Fig. 2.
wasnng any residue trom the beaker 1nto the cup wuh
disuiled or demineraiized water (Note v). Add distilled or
demneranzed water. if necessary. so that the cup i1s more
than haif full. Sur for a penod of | mun.

9.2 Place the sampie 10 the 23

NOTE Y—A large s1ze svnnge 1s 32 convenient gevice for handhing the

water in the wasning operation. Other gevices inctude tne wasp-water

hottie and a hose with nozzie connecied 10 a pressunzea distiled water
1ank.

9.4 If surnng apparatus B (Fig. 1) 1s used. remove the,
cover cap and connect the cup to a compressead air supply by
means of a rubber nose. A air gage must be on the hine

between the cup and the control vaive. Open the control
\alve $O that the gage naicates | osi {7 APar pressure tNote

. Transter tne sou - waler Siurmy trom ine peaker 1o tne
air-1et  Jdispersion  cup 0y wasnmng  wsitn disulled or
demineranzea water. Add distiiiea or cemm:rauzco water, 31

necessarv. so that the totat votume 1n tne cup1s 250 mi. out
no more. i

Note {U—=The tmuai air pressure of ! psi 1s required to prevent the
soul - water muxture 1rom entenng the ir-1c; cnamoer when the mixture
1S transierrea 1o the QIspersion cup.

9.5 Place the cover cap on the cup and open xhe arr
control vaive unul the gage pressure 15 20 pst (140 kPa)
Disperse the soil accoraing 10 tne following schedule:

Disoernon Penod.

Plasticity inaex . mn
Under ¢ o :
ot ll e
Over 20 1é

Sotis containing 1arge percentages ot mica neea be aispersea
10r ontv { min. Aller tne aispersion oenod. reguce ne gage
pressure 10 | pst preparatory 1o ransier of Soul - waler sium
10 the sedimentation cviinder.

10. Hydrometer Test

10.1 Immediately after dispersion. transier the soil - water
slurry to the giass sedimentauon cvitnder. and add disutied
or demnerahized water until the total volume s 1000 mL.

10.2 Using the paim of the hand over the open end of the

cylinder tor a rubber stopper in the open end), tumn the

cylinder upside down and back for a pertod of | mun to
compiete the agitation of the siurry (Note {{). At the end of
! min set the cviinder 1n a convenient locauon and take
hvdrometer readings at the following intervais of time
(measured from the peginning of sedimentaton). or as many
as may be needed. depenaing on me sampie Or the spectica-
uon for the matenai unaer test: 2. 5. 13, 30, 60, 230. and

1440 mun. {f the controiled water bath 1s used. the sedimen-

tauon cvinder snouid be piaced in the batn petween the 2-
and 3-mun readings.

NOTE | |—The numper of tums dunng tms minute shouid be
approximatesy 60, COUNNL te 1M upsIde oW aNa DaCK 3 two turns.
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ANy sou femaimng I tNe COUOM Of INC CYINGEr QUNINR tNE first Tew
1ums shouid be soosenea Dv viZorous SNaAXINg ot the cviinger whie 1t s
1n the mverted posiuon.

i0.3 When 1t 1s desirea to take 2 hvdromerer reading.
careruily insert the hvarometer aoout 20 to 23 s petore tne
reading 1s due to approxirmnaterv the depth 1t wiil have wnen
the reading ts taken. As soon as (e reaaing 1s taken. careruily
remove the hydrometer ana place 1t with a spinning motion
in a graduate of ciean aisuilea or aemineraiizea water.

NOTE |2-=[t 15 i1mponant 10 remove the hvdrometer immediateiy
after eacn reacung. Reaaings snail be taken at the 10p of the meniscus
lormea bv the suspension argund {Ne stem. SINCE 1t 1$ Nt Possioie tn
SeCUre reaqings at tne bottom of the meniscus.

10.4 After each reaaing. take the temperature of the sus-
pension by tnseriing the (nermometer o the suspension.

11, Sieve Anaijysis

11,1 After taking tne rinai hvdrometer reading. transter
the suspension 10 a2 No. 200 (73-um) Sieve ana wasn witn ap
water until the wasn water 1s ciear. Transter the matenai on
e No. 200 steve 10 & suilantie contaner. 4Arv 1t an oven at
230 = 9°F (110 = #°C ina make 2 sieve anaivsis ot tne
Joruon retained. Usine as many sieves as destrea, or required

lor the mateniai. or upon tne speciicatuon o! the matenai
under test.

. CALCLLATIONS AND REPORT

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

12.1 Calculate the nereentage passing the No. 10 sieve by
-dividing the mass passinc the No. 10 sieve by the mass of soil
ongnally spiit on the No. 10 sieve. and muitipiving the resuit
by 100. To obtain the mass passing the No. 10 sieve. subtract
the mass retained on the No. 10 sieve from the onginal mass.
12.2 To secure tne 101at mass of sotl passing the No. 4
(4.75-mm1 steve. add to tne mass of the matenat passing the
No. 10 sieve the mass of the traction passing the No. 4 sieve

ana retanea on the No 1t sieve. To secure the 1o1al mass ot
so1i passing the #sa1n. (Y S.mmysieve. add to tne totat mass ot

soil passing the No. 4 sieve. tne mass of the traction passing
the jn-1n. sieve ana retained on the No. 4 sieve, For the
. remaning sieves. continue the calculattons in the same
manner. _ , t

12.3 To deterrmne the total percentage passing for each
sieve. divide the total mass passing (see [2.2) bw the totai
mass of sampie and muitiply the resuit by 100.

13. Hygroscopic Moisture Correction Factor

13.3 The hydroscopic moisture correction factor 1s the
rauo between the mass of the oven-dried sampie and the
air-dry mass before arving. [t 1S a number less than one.
except wien there 1s no hygroscopic maoisture.

14. Percentages of Soil in Suspension

14.1 Calculate tne oven-drv mass of soil used n the
hvdrometer analysis ov muiupiving the air-ary mass ov the
hygroscopic moisture correction 1actor.

14.2 Calculate the mass of a totai sampie represented by
the mass of soil used in tne nvdrometer test. by dividing the
ovens=dry mass used Dv the percentage passing the No. 10

94

TABLE 1 Vaiues of Correcuon Factor. a. lor Differemt 3
Gravives of Soil Parucies*
Soeanc Gravity Correcvon Facior=
2.9% 0.94
2.90 0.95
2.85 Q36
2.80 097
2.75 .98
7 093
285 1.00
2.60 101
2.55 1.02
2.50 103
245 1.08

* For use N EQUALON 1OF DEFCENAOE Of 308 FEMANING IN SUSOINSIDN WNEN LIy
Hyaromerer 152H

(2.00-mm} sieve. and muitiplving the resuit by 100. This
value 1s the weight I!” in the equauon for percentage
remaining in suspension.

14.3 The percentage of soil remaining in suspension at the
tevel at which the hydrometer 1s measunng the densuy of the

syspension mav be calculated as toilows (Note 131 For
nvarometer {3 H:

P00/ H Yy x Gaw = gl =

Nare | i-=The pracketed paorion of the equation 1or marometer
1S1H 15 constant 107 2 $ENES OF rE3CINES ANA MAV DE CAUCUIAILA 1T AnC
then muitipited bv INE POrION 1t tne parentneses.

For hydrometer | S2H:

P = (Rasity x 100

where:
d

correcuon tacuon to be applied to the reading o
hvdrometer 152H. (Vaiues shown on the scale an
computed using a specific gravuty of 2.85. Comrecuor
factors are given in Table 1),

percentage of soti remaining 1n suspension at the leve
at which the hvdrometer measures the density of th
suspension.

hvdrometer reading with composite correction ar
piied (Section T ‘

oven-arv mass of soi tn a2 total test sampie repre
sented by mass ot soil dispersead tsee 4.2}, o
specttic gravity of the soui partscles. and

specific gravity of the iquid tn which soil partcies as
suspended. Use numencai vaiue of one in bot
instances 10 the equauon. [n the first instance ac
possible vanauon produces no significant effect, ar
in the second instance. the compostie correcunon for
is based on a vaiue of one for G,.

15. Diameter of Soil Particies

15.1 The diameter of a parucie corresponding to t
percentage indicated by a given hvdrometer reading shall
calculatea according to Stokes' law (Note 14). on the ba:
that a parucie of this diameter was at the surtace of t.
suspension at the bezanning of sedimentauon and had settt:
10 the level at which the hvarometer 1s measunng the d‘
of the suspenston. According to Stokes’ law:

D = «{30n/980G = b X L/T

where:
D = diameter of parucle, mm.
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n = coerficient of viscositv of tne susoending medium (in

. this case watery in poiscs (vanes with cnanges in

temperature of the suspenaing measumi,
= distance from the surtace of the suspension to the
ievet at which the aensuv of the suspension s being
measured. cm. (For 2 eiven nvdrometer and seaimen-
tauon cylinder, vatues vary according 1o the hvdrom-
¢ter readings. This wistance s known as effecuve
depth (Table 2)). ‘
= ntervat of time from opesinning of sedimentaton to
the taking of the reaaing. mun.
(7 = specific gravity of soil partictes. and
G, = speciiic gravity (refative aensity) of suspending me-
dium tvatue may oe usea as 1.000 for ail pracucal
purposes).

NOTE 14—Since Stokes jaw consigers the terrminai veloouv of a
ungie sonere 1alling 1n an infimity Ol nguid. tNe s1zes calculatea represent

1ne clameter Of spneres tnat woulg tall Jt ne same rate as the sou
particies.

[~
i

13.2 For convenience 1n caitcuiations the above equation
mav oe wnitien as follows:

AN
snere:

A = constant depending on tne temperature of the suspen-
sion and the spectfic gravity of the soil particies. Values
ot K for a range of temperatures and specitic graviues
are gaven 1n Table 3. The vatue of A does not change tor
a senes of readings consututing a test. while vaiues of L
and T do vary.

15.3 Values of D mav he computed with sufficient accu-
racy. using an ordinary (U-in. suae rute.

NoTE |5-=The vaiue of L 1s divided by 7 using the 4~ and 8-scaies.
the sauare root bewng sndicated on the £).5cate. Without ascentaining the
vaiue of the square root 1t mav oe muttotied by A, using enner the C- or
Cl-scate.

16. Sieve Analysis Values for Portion Finer than No. 10
(2.00-mm3 Sieve

0.1 Calculauon of percentaces passing the vanous sieves
useg in steving the portion ot tne sampie trom the hvarom-

eter test invoives severaj steps. The first step 1s 10 caicuiate

the mass of the fracuon that wouid have been retained on the -

No. 10 sieve had it not been removed. This mass 1s edqual t0
the totai percentage retained on the No. 10 sieve ¢ L0O minus
total percentage passing) times tne mass of the total sample
represented by the mass of soti used (as calculated in 14.2).
and the resuit divided by 100. .

16.2 Calcuiate next the total mass passing the No. 200
sieve. Add together the fractionat masses retatnead on ail the
sieves. inciuding the No. 10 steve. and subtract this sum trom
the mass of the totai sampte tas catculated in 14.2).

16.3 Calculate next the totat masses passing eacn of the
other sieves. in a manner stmiiar 10 that given tn 122,

16.4 Caicuiate last the totat percentages passing py di-
viding the total mass passing tas caicuiated in 16.3) bv the

l0tal mass of sampie tas catcuiatea 1n 14.2). and muttuply the
.:sun by 100.

17. Geaph '
71 When the hydrometer anaivsis ts performed. a graph

TABLE 72 Values ot Eﬂoein Oeotnh Based on Hydromewe ana
Sadimenanon Cylinder ot Soecihied Sizes*

rvorometer 1514 ) rivoromater 152H
Actua ZHecuve Actus Siecuve Actuss Ettectve
Hvarometer  Deotn. -varometer Oeotn.  —vorometer Oeom.
Resana - cm Reacing .. cm Sesang Lem
1 000 6.3 Y 163 3 11.2
1 003 16.0 ' 161 2 1"
1 002 158 2 16.0 3 109
1003 15.5 3 15.8 ) 10.7
1 004 15.2 3 1586 ki 106
1 00S 15.0 .5 15§
1 006 187 6 15.3 36 104
1.007 144 b 152 37 102
1 008 142 8 150 ki.} 10.%
1009 13.9 8 148 33 99
1010 13.7 10 a7 40 9.7
1 011 13.4 1" 146 4 98
1012 131 12 143 42 94
1013 129 13 142 43 .92
1014 126 'y 140 1 91
101§ 12.3 18 138 45 ae
1016 21 '5 T 16 a8
‘017 't 9 i crs 47 88
T 018 -1 ‘a "33 48 84
1019 ‘3 ] "is 49 83
1 020 110 2 "33 $0 91
t 021 107 21 129 $1 79
1022 ‘0.8 2 -ivd 52 - 78
1023 10.2 a3 128 s3 78
1.02¢4 10.0 .24 124 54 74
1.028 9?7 28 2 ss 73
1.026 94 28 120 58 Tt
1027 92 27 ‘19 57 70
1028 a9 28 17 58 68
1.029 a8 29 13 59 (1]
1.030 . 84 36 114 &0 (1]
1031 8.1 . o L
1.032 78 R
1033 Te _
1034 73
1 038 TaQ
1036 58 ‘ o
Aok g 3
1038 62
“ Yaises ot are cax from tne equavon’

Lol ="2ily = (Va/Al
where:
L = etfective deptn. cm. i )
Le = QISWANCE A10NR Lhe stem Of the hvdrometer trom tne 10p of the duibd to the
marx {or a hvarometer reaqng. cm.

L. = overail lenmin of the hvarometer ould. cm.
{ 3 = volume of hvarometer Butd, cm”. 3nd .
4 = CTOECUONA) Ares Of sedirnentauon cviinaer. cm*
VaUrs usec N CUALRAUNG e vaes N Tadie 2 are 83 10IOwS:
For Dotn nvorometers. 151M ana 152H-
L+ » 140cm
ig = 07.0 cm-
4 = 278cm-
For nycrometer 1514
L. = 10.$ cm 107 3 reaging ot § 000

= 2.3 cm tor a reaaing of 1.031 -
For nvorometer 152H:
L. = 10.5 cm tor a reacing of O einre

= 1.3 cm 10r a reaaine of 30 wnre

of the test resuits shail be made. protng tne diameters of the
particies on a logaminmic scaié 2s tne abscissa and the
percentages smailer than the corresoonaing diameters to an
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TABLE 3 Values ot K for Use i Eguanon tor Comounng Oiameter of Parhcie n Hydrometer Anatysis

Temoersuxe, Soscne Gravity ot Sod Paroces ’
°c 245 2.50 2.55 2.60 2.65 2.70 275 2.50 288
16 015810 S 01505 101481 3 01457 0.01435 0.01474 201394 2.01374 0.01358
17 301511 G 01486 J 01482 J 01439 001447 301396 301375 2.013%8 0.01338
18 0 01492 201467 0.01443 0.01421 0.01399 0.01378 0.01359 201339 0.01321
13 101474 101449 1.01425 001403 301382 0.01361 0.01342 01323 001305
20 301456 1.01431 2.01408 001386 0.01365 0.01344 0.0132% 001307 0.01289
21 001438 "3014%4 201391 0.01369 0.01248 0.01328 0.01309 0.01291 0.01273
22 01421 0.01397 0.01374 0.01353 Q01332 0.01312 0.0129¢ 0.0127¢ 0.01298
L 301404 301381 901358 0.01337 0.01317 0.01297 0.01273 0.01281 0.01243
4 .0 01388 301365 0.01342 0.01321 0.01301 0.01282 0.01264 001246 0.01229
25 0.01372 0.01349 0.01327 0.01306 0.01288 0.01267 0.01249 2.01232 0.0121%
26 001357 201334 201312 001291 0.01272 0.01253 0.0123% 0.01218 0.01201
27 001342 201319 0.01297 0.01277 0.01258 0.01239 0.01221 0.01204 0.01188
28 201327 2.01304 3.01283 0.01264 0.01244 0.01255 0.01208 001191 0.0117%
29 001312 001230 0.01269 0.01249 0.01230 0.01212 0.01195% 001178 001162
ks ] 7 0v298 101278 0.01256 G 01236 0.01217 a0%1199 Q01182 0.011¢% 30149

amthmeuc scale as tne ordinate. When the hvdrometer
anaiysis is not mage on a porten of the soil. the preparation

of the graphn 1s oplionat. since values mav oe securea directiy
rom tanuiated aata.

18. Report,

18.1 The report snail inciude the tollowing:

18.1.] Maximum size ot parucies. .

18.1.2 Percentage passing (or retamned on) each sieve.
which may be tabuiated or presented by plotting on a graph
(Note 16), ‘

18.1.3 Descniption of sand and gravei parucies:

18.1.3.1 Shape——rounded or anguiar,

18.1.3.2 Hardness-—nara ana durable. soft. or weathereg
and friable. .

18.1.4 Spectiic gravity, if unusually high or iow.

18.1.5 Any diflicuttv 1n dispersing the fracuon passing the
No. 10 (2.00-mm) sieve. indicauing any change 1n type and
amount of dispersing agent. anad

18.1.6 The dispersion gevice used and the {eneth of the
Jispersion penod.

NOTE 16~=This 30UIRUON Ol grapn represents the Lracalion of the
ampte tested. if panticies 1arger than those CONLAINSA 1N the sSampit were

removed before testng. ine reparn snall so state gving the amount and
maxmum size, .

18.2 For matenais tested for compliance with definite
specifications. the fractons called for 1n such-specificauons
shall be reported. The tractions smaller than the No. 10 sieve
shall be read from tne graph.

18.3 For matenais tor which compliance with definite
specifications 1s not inaicated and when the soil is composed
aimost enurely of partcies passing the No. ¢4 (4.75-mm

sieve, the resuits read trom the graph may be reported as
follows:

1V Gravel. passing 3+1n. 2na rewanes on No 4 ueve
10} Sana. pasung NO. ¢ steve ana retaineg on M. 200 sieve
1a) Coarse sand. passing INO 4 sieve ana retained on

NO. 1V sieve .
~1 Mediym sand. cIsUNE N U SIeve 303 FELINEG ON
Ny st sieve :
.1 FIne sand, DasUNE NO 46 SIEve 2nQ rELINEG ON NO
S0U sieve

151 Sult size. 0.074 10 U.005 mm
13y Clav size. smatler than v.008 mm
Collowds. smaier tnan v V01 mm

18.4 For matenais tor wnich comphanci: with deft

specifications 1s not indicated and when the soi ¢
matenal retained on the No. 4 sieve sufficient to

steve anaivsts on that portion. the resuits may be repo
follows 1Note 1 7Y

SIEVE ANALYSIS

Sieve Size

a0
<-in.

Yrean

lans

iy

-,

No 4 (d 75.mm
No. 10 (2.00-mm:
NO. 40 (4235-um)
Na. 200 (7S-umi

HYDROMETER ANALYSIS

J.074 mm
0.008 mm
0.001 mm

NOTE | —=No. § (2.36-mm and No. 50 {300-umi sieves m
supstituted for No. 10 and No. U sieves.

19. Keywords

19.1 gran-size: hvdrometer analysis: hygroscopic :
ture: partcie-size: sieve anaiysis

The amercan Socty tor Tmmmuu«mtuummmmmmmnmammm:Iumwnm
WAN 8NV HEM MENIONET MY (M3 SISNCEIT. LUISErS Of S STANCAID 879 CXDIESSIV SVIEEq INS! CHENTINBION Of (N vEsaRY Of 8nv sucn
OBONE 1arts and ING NISR Of NNMOINBNE Of SUCH NGINS. 80 SINNSNY (hOw OWN re2D0NTIONAY.

TR S13NCEra IS SUBIECT IO FEVIZION Bt SNV IME OV (NG MESDONSION LOCIHCE COMITATIEs 8N (MUt DE revewea every Ive vears ang

# 10t 1EVISEQ, @11NEY ISED0IOVEC OF WANGIEWN. YOUS COMINEITS &9 NVREQ GANEY IO FeVION Of 1118 SISNCAIE OF 107 2a0ING! SIRNCAIDY
&Na SNOuIa DE 200ressed 10 ASTM Hesoquarners. Your VNS W

CAZONU CONTICErNION 8 & MASHING Of (NG TSLDONBINN

(OCAMVCE! COMMATEN. WNCR VOU MAV anend. it vOU (08! (NS YOUr COMIMENTS NEVS NOT ICved 8 (8% NSAnNT YOu SNONG MAre your
views xnown 1o Ine ASTM Commeres on Stancarcs. 1918 Race St.. Phweoeona. PA 19103,
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qgn’ Designation: O 698 - 78 (Reapproved 1990)¢’

Standard Test Methods for

AN Amencan NSUONS HANGT

Moisture-Density Relations of Soiis and Soii-Aggregate
Mixtures Using 5.5-lb (2.49-kg) Rammer and 12-in. (305-mm)

Drop’

This stanaaras 1« ssuey under the tived designation D 694 the numoer immediatens l0lOwWIng tNE GESIENINAN INCICILES the rear ot

ONEINal 2a0CHVN 7 N INE €I O FEVISION. INE veIr OF JASE FEVISION A NUMPE? i DITCATNCILS INAICAICS INC LEar Of 1181 reaporonal |\
SUDETICTION COSIILIN 1o 1NULICIICS A CQILONA! CRANKE $INCE tNE 1ASL TEVISION OF FEIDHIONAL

Thete metmns. o, .
Sdndards ier ¢

S8 GAPPINEE WE TAE Y RERCIes o0 e Departmene o Detense L oasutt tne Dol Inges v Specitications una
- Lol (HOINSHE WIIEI HUS 1CUR ddaofied Py e Lt o faciens

'TNOTFaYeCtIan 10 W 3 JUUEE SAONINN IN Sememner

1. Scope

.1 These iaborator comnuacuon methods cover the de-
‘rominaunon of the retationsnip petween e moisiure content
Lod CBASHY O sous J sonegugreeate mxres o \ote
LmomoCompacted In 4 Mo of 2 ogiven size wun g ik
. S<eng) FAMMeEr Aropece fOm U actent ot Ll 303 mme
wate o:. Four atternause ~rocegures are provigeg as tot-
VWS .

i Methud i - UL 0-mm
passing 2 No. 4 (3.75-mm sieve:

1.1.2 Method B==a o0en. t132.3-mm
passing a No. 4 (4.75-mm steve:
~ L3 Method C—<a oan. 0152 4-mmy
passing a a-in(19.0-mm sieve: and

1.1.4 Metiwd D=—= o-n. (132.3-mm mold: matenat
passing a Ya-tn, (19.0-mm sicve, corrected bv reptacement
‘or matenial retatnea on 4 .-in. SIEVC.

-
cens

motd: matens
moid: matenal

moid. matenai

NOTE 1 —SOlis 3G SOM.dureLae MINULES snoutd De rezaracd as
~41Ur31 OCCUITING 1iNe- OF COAMW-LIINCY S01S OF COMDOSIICS OF mintures

AYLULAL SONS. OF MIXTULCS O NJALULJL AU NFOCESKU SUIY UF JERTegates

Lo 3% MEL, RIZVEL, OF CTUSACY fo.e

“ane . —These 1anoratir. . moIcuon st MeNOas waen uswed on
SIS NG SOH-ALETELAES WAICA Jry RO Iree-QraInNINg Wik, 1n MOost Casces.
wstannsn 3 weti«defined opumum moistyre CONtENt ang mMaximum
zenstsy tsee Section T Howeser. tor iree-araining sons ang sone
Jegregate mMixtures. LNESE MEINOUS Wil NOL. 1N MANN CAses, Proauce o
weti-defined moisture-gensity rCIJLONSNID aNG (NE MAXIMUM density
Jotained will generaily be teas (NN thal ONaINEd MY A IDFAILONN " MEINoUS

;.2 The method to be used shouid be inaicatea in the
specifications for the matenai being tested. I no metnod 1s
spectiied. the provistons or Secuon 3§ shail govern,

2. Referenced Documents

2.0 ASTM Swanaara

C 127 Test Method tor Specttic Gravity and Absorotion of
Coarse Aggregate”

These test MEnoas are unc.es o= unsacion of ASTN Committer D18 -
i and ROCK ana are tNe Cifodt PUstNMOmIne of SunCommittee i), 10
Tevure, Plasucity ang Density L naractensucs o1 Sous
LurTent, IO 20DMOVEd ADE. 2T TV Published Jun 19T Onemeati
suntisnes as D 69R «dX T, Lust oresious eadition D dwa = °
= inanat Buok of ST Standuras v o i U2 ang = G

162

D 834 Test Metnoa tor Specttic Geavity of Soils’

D 2168 Test Methoas tor Calihration of Laborators Me-
chanicai-Rammer sSoil Comopactors’

D224 Methoa tor Lanoratonn Determinaton or Water
~Motswure: content of dou, Roon. 2ag dSuneApgrepate
Miatures

D 2387 Test Method tor Classitication of Sotls lar engt-
‘neenng Purposes

D 24K% Practice tor Descnintion ana (denutication o Sonls

1 Visual-Manual Procegure:
E 11 Speciicauon tor Wire-Cloth Sieves tor Testing Pye.
o ®
2. Apparatus

1 Moluv—The motds shall be cvitnancat in shape. made
of nuud metal and be wuhin the capacitv and dimensions
indicated 1n 3.1.1 or 3.1.2. The moids mav be the “spht”
IVPE. CONSISUNE €1tNEr Of 1WO hall-rounad Secuons. or 2 section
0! pipe solt aiong one eiement. which can oe sccurety lockec
togetner 10 (Orm 2 CVIInAer mectne tne reguirements of thas
secuon. The moids mav wisy ©c tne “1aper (v pe. providine
1ne tniernal diameter Woer 1S UNITOPM ang 1S Ot more thar.
1).200 in.sitnear 1 (16.7 mmyunear my of moid hewent. kacr
moid shall have a base ptate assemoiv and an exiensior
collar assempiv. both maae o1 ngi@ metay and constructed s¢
tnev can be securelv attacnea 10 or detacned {rom tne moid
The extension coilar assemoiv shail have a height extendins
apove the top of the moid ot at teast 2 in. 130.8 mmy. whiek
mav include an upper section tnat tlares out to torm a funne
provided there 1s at least a va-in. { [Y-mmt straignt cvitndnea
section beneatn it

3L Mold, 20 . (1016 mm) in diameter. having .
capacity of s = 0.0004 {17 1943 = || cm*) ana contormin’
to Fig. i.

3.2 Mold, 6.0 in. 11323 mm 1in diameter. having .
capaciy of 'ra = 0.0009 10 (2124 = I8 cmtroamc
contorming to Fie. 2.

3.1.3 The average internai diameter. peght. ana volum:
of eacn moid snall be getarminea betore mual use a .
intervals not exceeding 1000 umes tne moid 15 tilled

tnnuae s ot ST Stanaaras ol U3 U
* tnnuar giva i (ST Stanuaras. Vois b il U3 Uo. ang 14 02
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710id voiume snali be caicutatzea from the average of at ieast
ax internal diameter and three neight measurements made
‘0 the nearest 0.001 in. (0.02 mm). or from the amount of
water required to commietety fill the mold. corrected for
ismperature vanance tn accoraance with Tabie . If the
jverage internai diameter ang voiume are not wattun tne
:olerances shown 1n Figs. | or . the moid shail not be used.
The determuned voiume snail be used in compuung the
rsquired deansites. .

3.2 Rammer—The rammer mav be either manualiv oper-
ated tsee 3.2.1) or mecnanicailv operated (see 3.2.2). The
ammer shall fall freeiv througn a distance of 12.0 = vie 0.
:304.8 = 1.6 mms from tne surtace of the speaxmen. The
manutactured weght of the rammer shall be 5.5 = 0.02 1b
249 = 0.0! kg). The spectmen contact face shail be flat.

3.2.1 Manual Rammer—The specimen contact face shail
2¢ circuiar with a diameter of 2.000 = 0.005 in. (50.80 =

713 mm). The rammer shail be equipped with a guidesteeve

«nich snail provide sutiicient ciearance so tnat the free fall or

e rammer shaft and heaa wiil not be restncted. The
snaesieeve shall have rour ven: noles at eacn ena teght hoies
saniocateg witn centers . = AL 119.0 = Lo mmy trom

TABLE 1 Volume ot Water per Gram oasea on Temoerature
Temoarsture. °C [*F)

Voume of Water, mirg

12 (53.6) 100048
1437.2) 1.00073
16 (80.8) 100103
18 184.4) 1.00138
20080 1.00177
2 1.0022%
2005 1 00268
: 28038 100320
. 28 (82.6) 1.00375
0 B, 1.00438
208 1.00497
“ Vaues OThar Sn shown may oe O0ILNES DY fRISMG 10 TV HANGDOOK of
| Cremwsiry ana Pryaxcs. -

TABLE 2 Dry Preosranon Method—Standing Times
Sasameanon O 2487

tArwrnum stanoing {ime ~

GW. GP, SW. sP NG FECUrEMENnt
GM. M 3

ML CL Ot GC. ST 18
MM. CH, OH. PT k]

TABLE 3 Precision .

osnany 19
Cowrum momnse coent 9.5
Mazrrem

cenany ' 66 40
Ooumum morsnare coment =986 15.0

‘T cousmn nocetes & WTYtma rane Of vaes wmen Snoua ot be
;mwumm‘mmm..lmlslm
Nwm.nmluluwmnmmmml

} ”‘“wamum N KNIMG JCCRTLAD FANOES SNOWN DEIOW Al

SRS ShowWn n gus e we Dasea on JVErsoe test resuns wom 3 vanety o
Oflerernt 10us ang are SUDIPETT 1C TULKE revision

e R
}
Avastabie from Chemems Rubber Pubiisning Co”
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¢ pe9s

TABLE 4
n.
2.018
g9.026
T2
e

Mewe Eaurvaients tor Figs. | sna 2

mm

oa
Q.88
0.80
' 16
’ o 32
‘e 6.4
ttaz : 87
> s
o 127
15.9
0.8
63.5
101.6
108.0
1143
11843
152.4
165.1
2032

puy

944
1"
212¢

~c

Se

2

2%

4

AVie M
4y ‘

4 584

[}

(4]

8

™

l,”
0.004
‘h9333
0 0009

cacn ena anag spaced 90 deg apart. The minimum diameter
of the vent hoies shail be #s 1n, (9.5 mm,

3.2.2 Mecnamical Rammer—The rammer shall operate
mechanicaily 1n such 2 manner as to provide uniform and
compiete coverage of the specimen surtace. There shall be
0.10 = 0.03 in. {2.5 = 0.8 mm) ciearance between the
rammer and the inside suriace of the moid at ns smailest
diameter. When used with the 4.0-n. (101.6-mm) mold. the
spectmen contact face snail be circutar with 3 diameter of
2.000 = 0.005 in. (50.80 = 0.13 mm). When used with the
6.0-in. (152.4-mm) mold. the specimen contact face shall
have the snape of a section of a circie of a radwus equal 1o
2.90 = 0.02 in. (73.7 = 0.5 mm). The sector face rammer
shail operate in such 2 manner that the ventex of the sector 15
posiionea at the center of the specimen. The: mechanicat
rammer shall be cahbratea and aaiustea. 35 necessanv. :n
accoraance with 3.2.3, - --

3.2.3 Caltbratton and Admusiment—The mechanscai
rammer shall be caiibrated. and adiusted as necessary. betore
initial use: near the end of eacn penod dunng which the
moid was filled 1000 times: before reuse after anvthing.
including repairs. which may affect the test resuits signii-
cantiy: and whenever the test resuits are quesuonable. Each
calibration and adjustment shall be in accoriance wath
Methods D 2168.

3.3 Sampie Exiruder {optionai}—4a jack. frame or other
device adapted for the purpose of extruding compacted
specimens from the moid.

3.4 Balances—A balance or scaie of at least 20-ke ca-
pacity sensiuve to = 1 g and a batance of at least 1000-¢
capacuy senstuve 10 =0.01 g.

3.5 Drving Oven. thermostaucailv controlled. preferabiv
of the forced-draft type. capable of maintanng a tempera-
ware of 230 = 9°F (110 = $°C) for astermining the moiswure
content of the compactea spectmen.

3.6 Strarznieaze—a suff mewt straghtedge of any con-
vement length but not less than 10 n. (254 mm) The
scraping edge shall have a straightness tolerance of +0.003

AR30SLAS
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FiG. 2 Cylinancai Mold. 6.0-in. for Soil Tests (see Tabie 4 tor metne sawvalents)
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¢ D698

:1.1=0.13 mm} and shail be peveled 11 1t IS LUCKEr than s 10.
) mm).

3.7 Sieves, 3-in. (75-mmy. .%s-n. (19.0-mm) and No. ¢

14.75-mm1. conforming to the requirements of Specificauon
£ilL

3.8 Mixing T ools--Mnsceuancous toals such as mixing
aan. spoon, trowel. spatula. or a suiable mecnanical

Jevice for thoroughly mixng the samme of soii with 1ncre-
ments of water.

3 Cad
Cinee

4. Procedure

1.1 Specimen Preparation—Select a representative por-
uon of quanuty adequaie to provide. after sieving. an
amount ot matenial weigning as follows: Method A—215 lb
11 kgk Methods B. C. and D—30 ib (23 kg). Prepare
specimens 1n accordance with eiher 4.1.1 through 4.1.3 or
d 1.4

3.1.1 Drv Preparatton Froceaure-\l the sampie 1s 100
Jamp to be friable. reguce the moisture content by drving
snui the matenai is friable: see 4.1.2. Drving mav bemn airor
~v the use of a drving apparatus sucn that tne temoperature ot
‘e samote aoes not exceea | <(°F (60°Ch. Anter arving it
-quireg). thoroughly oreak uo tne aggregauons 1n such a
Tanner as to avoid reducing the naturai size or the particies.
Pass tne matenal througn the specitied sieve as toliows:
Methods A and B—-No. 4 (1 75.mm» Methods, C and
D=miraeint. (19.0-mm. Correct tor oversize matenat in ac-
sordance wath Secuon 3. if Method D is specified. '

1.1.2 Whenever pracucable. soils classified as ML. CL.
OL. GC, SC. MH, CH. OH and PT by Test Method D 2487
shall be prepared in accoraance with 4.1.4.

+.1.3 Prepare a sentes of at least tour specimens by adding
ncreasing amounts of water to each sampie so that the
moisture contents vary by approximately 114 %. The mots-
ture contents seiected shall bracket the opumum mossture
content. thus providing specimens which. wnen compacted.
wil increase 1n mass 10 the maximum density and then
Jecrease 1n density (see 7.2 and 7.3). Thorougniv mix each
ipecImen 10 ensure even aistnbuuon Of MoIsture througnous
ing then place 1n a separatle coverea contaner ana allow o
sand prior to compacuon tn accoraance with Table 2. For
the purpose of seiecung a stanaing time. it is not required 10
periorm the actual classification procedures descnbed in Test
Method D 2487 (except in the case of refereetesting), if
previous data exist which provide a basis for cimmng the
ample.

4.1.4 Moist Preparation A ethad—The foliowing alzemate
procedure 15 recommended for sous ciassified as ML. CL.
OL. GC. SC. MH. CH. OH. and PT by Test Method D 2487.
\Mthouz previousty drving the sampie. pass it through the
“uan, (19.0-mmy and No. 4 (4.75-mm) sieves. Correct for
oversize matenal in accordance with Section 3. if Method D
1s specitied. Prepare 2 senes ot at teast four spcctmcns 'navmg
moisture contents that varv bv approximately {2 e, The
mosture contents selected shatl bracket the opumum mois-
lure content. thus providing specimens which. when com-
Pacted. wail increase 1n mass to the maximum denstity and
lhen decrease 1in density isee 7.2 apd 7.3). To obtain the
ippropnate moisture content ot each specimen. the addition
o 2 pregeterined amount of water tsee 4.1.3) or the
femoval of a predeterrmned amount of moisture by arving

may be necessary. Drving may oe i arr or by the use of 2

-.drying apparatus such that the temperature of the speamen

does not exceed 140°F {60°C). The prepared specimens shail
then oe thoroughly mixed and stand. as specified in 4.1.3
and Table 2. pnior to compacnon.

NOTE 3—With pracuce. 1t is usuaiiv possioie 10 visuallv judge the
point of opumum mOoIsture CiOselv enougn o that the prepared
specimens wiil bracket tne point 0f oplimum moisture content.

4.2 Spectmen Compacrion—Seiect the proper compaction
moid. in accordance with the method being used. and attach
the moid extension coilar. Compact each specimen in three
layers of approximateiy equal heignt. Each layer shall receive
15 blows 1n the case of the 4-in. (101.6-mm) moid: each laver
shall receive 56 blows in the case of the 6-in. (152.4-mm}
mold. The totat amount of matenai used shail be such that
the third compacted laver 1s slightiv above the top of the
moid. but not exceeding /s 1n. (6 mm). Durning compacuon
the moid shall rest on a uniform ngid foundation. such as
provided by a cvlinder or cube of concree weighing not less
than 200 Ib (91 kg).

4.2.1 In operauneg the manuai rammer. care shail be taken
1@ avolg reooung ot the rammer trom 1he top end of the
gutaesiceve. The guidesieeve snail be neid sieady and within
3 deg of the vertucal. Appiy ine biows at a uniform rate not
exceeding approximately 1.4 s per blow and in such a
manner as 10 provide compiete coverage of the specxmen

surtace.
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Following compacuon. remove the extension collar
carefully tnm the compacted specimen even with the top of
the moid by means of the siraightedge and determine the
mass of the specimen. Divide the mass of the compacted
specimen and moid. minus the mass of the moid. by the
volume of the moid (see 3.1.3). Record the resuit as the wet
density. v ... int pounds per cubic foot tor kilograms per cubic
metre? of the compacted specimen.

4.2.3 Remove the matenal from the mold. Determine
moisture content 1n accordance with Method D 2216. using
e1ither the whoie specimen or alternauvelv a representatve
specimen of the wnoie specimen.’ The wnole spectmen must
De usea wnen the permeabiiity of the compactea specimen 1s
high enougn so that the morsture content i1s not distnbuted
unformty throughout. {f the whole specimen 1s used. break it
up to facilitate drying. Obtain the representative spetimen by
slicing the compacted specimen axialiv through the center
and removing 100 to 500 g of matenai {rom one of the cut
faces.

4.2.4 Repeat 4.2 through 4. -.3 for each specxmen pre-
pared.

5. Oversize Corrections

5.1 1f 30 % or more of the sampie 1s retaned on 3 Yaein,
119.0-mm) sieve. then none of the methods descnbed'uyxder
these methods shall be used for the determinauon of either

'maxxmum density or optimum moisture content.

168

5.2 Methoas A and B~The matenai retained on the No.
4 {4.75-mm) sieve 1s discarded and no oversize correcuon 1s

made. However. 1t 1s recommended that i the amount ot
matenai rewned 1s ¢ e

msxead.

5.3 Method C—The materiai retaned on the Yasin. (19.0-

mm) sieve 1s discarded ang no oversize COTTECUON 1S made.
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However, if the amount ot matenai rewamed 1s |0 % or
greater. 1t 1s recommenaed that Method D be used instead.

24 Method D: -

:.4.1 This methed shall not be used uniess the amount of
matenai retamnea on the Jsain. (1Y.0-mms sieve 1s 10 % or
greater. When the amount o matenai rewained on the s-in,
sieve ts less than [0 %. use Methoa C.

$.5.2 Pass tne matenat retainea on the ¥a-n. (19.0-mmy
sieve througn a 3-in. or 73-mm sieve. Discard the matenai
retained on the 3-in. steve. The matenai passing the 3-in.
sieve ang rewned on tne ~s-in. sieve shall be repracea watn
an equai amount of matenal passing a Ya-in. sieve and
retamed on a No. 4 (4.73-mm) sieve. The matenal for

reptacement shall be taken 1rom an unused poruon of the
samole.

6. Calcuistions

~.1 Calcuiate the moisture content and the drv densutv of
2ach compacteg specimen as tollows:

wmft =M= ) x 10
-ng

v = ki) X 10

.

anere:
= moisture content 1n percent of the compacied spec:-
mens. .
mass of container ana motst specimen,
mass of container ana oven-aried specimen.
mass of container.
dry density. 1n pounus per cubic foot tor kilograms
. per cubic metre: ot the compacted specimen. and
~m = wet density. tn pounas per cubic foot tor kilograms
per cubic metre: of the compacted specimen.

NGLE
N

=. Moisture-Density Relationship

~ 1 From the data obtainea 1n o.!. piot the drv density
+aiues as ordinates with corresoonding moisture contents as
sgscissas. Draw a smootn curve connecuing the plotiea
omnts. Also draw a cune termega the “curve ol comptete
saturation” or “zero air voias curve” on thus piot. This curve
represents the relauonsnip detween dry density and corre-
sponding moisture contents wnen the voids are compietely
filied wath water. Values of drv density and corresponding
motsture contents for plotung e curve of compiele satura-
uon can be computed using tne following equation:

Wige = {(62.3.5 + =+ 1/G.)] % 100
wnere:
4y = TOIStUrE content 1n percent for compiete saturauon.

-, = dry density 1n pounas per cubic foot tor kilograms
per cubic metre?.

.-

., = speciic gravity of the matenal being testeg tsee No
4). and
62.4 = densuty of water in pounds per cubic foot (or
kilograms per cubic merre:.
NOTE <—=The spectiic Zravitv of the matenial can eitner oe assurmed
OT D2SEA ON tNE welgntea average vaues ol (g} the spectic graviy of the
matenat passing the No. 4 44.75-mm; steve 1n accoraance with Tﬂ

Methoa D 854: ana () the apparent spectic gravity of the mawenal
rewainea on tne INO. 4 sieve 1n accordance with Test Method C 127

-t

=.2 Opumum Moisture Content. w —The moisture con.
1ent corresponaing 10 the peak of the curve drawn as directeg
in 7.1 shail be termed the “optimum motsture content.”

~.3 Maximum Densuy, v e, —The dry density 1n pounds
per cubic foot (or kilograms per cubic metre) of the sampie at

“opumum moisture contént” shail be termed “maximum
densuty.”

8. Report

$.1 The repon shall inciude tne tollowing.

3.1.1 Methoa used (Method A. B. C. or D).

8.1.2 Opumum moisture content.

2.1.3 Maximum aensity,

s.1.4 Descnipuion of rammer twnetner manuat Qr me-

cnamicat).
3.1.53 Descniption of appearance ol matenai used in test
basea on Pracuce D 2488 (Test Methiog D 2487 may ve used
as an ainernauved,

8.1.6 Orngin of matenal usea 1n test.

8.1.7 Preparauon proceaure used tmoist or dry). .
9. Precision and Bias

9.1 Cntena for judging tne acceptabiiny of the maximum
aensiy and opumum moisture cContent 1est resuits are given
in Tabie 3. The siandard deviauon. s. 1s calculated from the
equauon:

- 4 ” .
0% WM wemmmeme x> Y - Y |"
Hoe=t -

where:

» = numpoer of determinations.

v = inatviaual valge of eacn getermmnauon. and
{ = numencai average of the acterminations.

-9.2 Critena for assigming stanaard deviauon values for
singie-operator precision are not available at the present
ume.

9.3 Bias—There 1s no acceptea reference value for this
test method theretore. bias cannot pe determined.

10. Keywords

10.] maximum dry density: moisture-density: optimum

moisture content: OpPUMUIM water CONtent: procior test:
standard proctor test

The Amencan Societv 1or Tesing BNG MatErias (RES NC DGINION IEIOECHING (NG VEIGRY Of BNV DISNT NIQMIS 2338A1EQ 11 CONNECTION
WRA BNV HEM MEMIONET i1 IS SIENCEIT. USEFS Of IN1S SIRNCAra 88 GXDIRISIV SOVISED (13 GHEMMMANON OF INE VEIGAY Of &Ny such
DEON NGNS, 30 ING 11SK OF ININNGEMENt Of SUCA MIGMLS. 8@ ENNEY (18N OWNT FESDONSIONRY.

TIMS STANOBIC 1S SUDIECT (G FEVISION 81 ANV (IME OY (N rESOONSIONE IECIIUCE COMIMATEE BNT MUS OE EVIEWeq Every Iive veers 8na
4 NOL FRYISEO. ©1INE* 1EROOrOVET OF WHRGIEWNR YOUS COMNTISNS 3@ NTVIEO IINET 107 IEVISION O IN1S SIANCAIT OF [Of 20GRIONAN SIANCATS
N0 NOWG DR 20CTE2NC 10 ASTM HEROOUSITErS. YOUr COMMEINS Wil [ECEIVE CRISIN CONSICENNION & &

ot ther

[SONMICSI COMITINI®® WIICH VOU MY ENIENG. If vOU 189! INET YOUr COMMENS NV NOt 1ECHVEd B AN NEENNG YOu SNOUS Make vour
VIeWS KNOWR (0 (ne ASTM Commatee on Stancaras. 1916 Race St.. Prracewa. FA 19103,

-

166 -

'AR305408

y.c§




qs'n, Designation: D 854 - 83 (Reapproved 1990)¢’

Standard Test Method for
Specific Gravity of Soiis’

Amenocan Assocseon Sine
. ana T weon Offans
AARKHTO No: T 10)

This ranaara 15 1ssuea under the fixed deuznauon D 354 the numoer immeaiatelv foilowing tne deusnanon inaicates tne vear of
OOgIAAS AA0DIION OF. 1N NE CAME Of TEVISION. e vear Of (ATt reviToNn. A NUIMDET 1N CITEANCIELS INCICIES LNE vear of jast reapproval. A

SUDETICTION COSION ter t 3 a0 1
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310Ce e 1A eVILon OF TaApproval.

This standara nas ceen aoprovea (or use ov agencies of the Depariment of Oefense. Consutt tne DoD Inaex or Specuications and

ov tne Depanment o1 D

4 NOTE—Dection 11 was acded eitonuty 1t Sesemoer 1990

1. Scope

1.1 This test method covers actermination of the spectiic
gravitv of soils by means ot a pycnometer. When the soil 1s
composed of parucies iarger than the No. 4 (4.75-mm) sieve.
the method outlinea 1n Test Method C 127 shall be toliowed.
When the soil 1s composea of parucies both larger ana
<matier than the No. 4 sieve, tne samote snall be separatea on
1ne No. 4 sieve and the appropnate test memnod usea on eacn
noruon. The specitic’ gravitv vaiue for the sou shall be the
weignted average of the two vaiues (Note [). When tne
specific gravity vaiue 1s 10 be used in calculations in
connectuon with the hvdrometer poruon of Method D 422, 1t
15 mtended that the specitic gravity test be made on that
poruon of the soil which passes the No. 10 (2.00-mm) sieve.

NOTE | —The wegntead averaze specific gravity should be caiculatea
uung whe following equation

A, P,

—— v ——

100G, 100G,

G =

where:

Gy = weghted average speciic gravity of sous composed of

parucics targer ana smatier than the No. <4 {3.75.mm)

"sieve.

percent of soit particies retaineg on the No. 4 sieve,

percent of soti particics pasung the No. 4 steve,

apparent specitic gravity of soti parucies retained on the

No. 4 sieve as determineg bv Test Method C 127, and-

G, = specific gravitv o1 sout partictes pasung the Nd 4 sieve as
determined bv tnis test metnod. .

1.2 The values stated 1n acceptable metnie umxs are to be
regarded as the standard.

1.3 This standard does not purport to address the satety
problems associated with 1us use. [t 1s the responsibiinty of the
user of this siandard (o establish appropriate sarety and
neaith practices and determne (ne appticadiiity o reguiatory
limutations prior to use.

]

Qo
0

2. Referenced Documents
2.1 ASTM Standaras:

' This sesz mewsod 13 uncer tne wnsaction ot ASTM Committee D-18 on Soil
and Rock and 8 the direet resconuouny of Subcommuttee D18.03 on Texture.
Plastcity, and Deamty Charactenstcs ot Souls.

Currens extshon approved Nos, 22, 1983, Published jaauarv 1984. Ongaaily
issued a3 D 854 =49, Last previous eqiuon D §54 « S8 (1979

C 127 Test Method for Spectiic Gravity and Absorption of
Coarse Aggregate®

C 670 Pracuce for Prepanng Precision and Bias State.
ments for Test Methods for Construction Matenais®

D 422 Method for Particie-Size Anatvsis of Soils’

E 12 Definions of Terms Relaung to Densuity and Spe-
aiiic Gravty ot Solids. Liguias. and Gases®

3. Definition

3.1 specuic gravuv—ine rauo of the mass of a unt
voilume of 2 matenal at a stated temoperature to the mass in

air of the same volume of gas-iree distilled water at a stated
temperature tper Definiuons E {2). .

4. Significance and Use

4.1 The specific gravity of a soil is used in aimost every
eguauon expressing the pnase reiationship of air, water. and
solids 1n 2 given volume of matenai.

4.2 The term “solid parucies.” as used in geotechnical
engineenng. 1s tvpicailv assumed to mean naturally occur-
nng muneral parucies that are not very soluble 1n water.
Theretore. the specific gravity of matenais contaning extra-
neous matter (such as cement. Lime. etc.). water-soluble
matter tsucn as soawum chionde). and sotis containing mater
with a4 Specuic gravitv of less (nan one. typicailv reguue
special treatment or a quaitfied definition of specttic gravity.

5. Apparatus

5.1 Pvcnometer—Either 2 volumerrnc flask having a ca-
pacity of at least 100 mi. or a stoppered bottie having 3
capacity of at least S0 mi (Note 2). The stopper shail be of
the same matenai as the bottie. and of such size and shape
that 1t can be easiiv inserted to a fixed depth in the neck of
the bottie. and shail have a smail hole through its center to0
perrant the emussion of air and surpius water.

NOTE 2—The use of cither tne volumewnc flask or the stoppered
potue 1s a matter of individual preference. but in general, the flask
shouid be usea when a larger sampie than can be used 1n the stoppersd
bote 1s needed due to maximum gran size of the samopie,

5.2 Balance—Either a balance sensitive t0 0.01 g for use

with the voiumetnc flask. or a balance sensitive t0 0.001 g for
use with the stoppered bottle.

: Annuar Book of ASTM Sianaeras. Vol 04.03.
3 Anmuas Book ot ASTM Stansaras. Vol 04.08.
¢ Anmua Book ot ASTM Stanaaras. Vol 15.08.
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0. Calibranon of Pycnometer

The pycnometer shaii be cieaned. dried. weighed. and
~eight recorded. The pycnometer shall be filled wath
Jistilied water tNote 3) essenualiv at room temperature. The
weight of the pycnometer ana water. .. shail be determined

1o disuiled water before piacxng in the flask, using thc
dispersing equipment specified in Method D 422 (Note 6).
1.3 Oven-Dried Samptes-—When an oven-dnied sampie 1s

0 be used. the sampte shall be dried for at least 12 h. or 10

and recorded. A thermometer snail be inserted 1in the water

Jnd its temperature 7. determinea to the nearest wnoie
Jegree.

NOTE J—Kerosine 1s a better wetung agent than water 10r most sous
1nG Mav O usea in piace ot distilleg water 10f oven-dned sampies.

4.2 From the weight H’ dJetermned at the observea
remperature 7, a table of vaiues of wewgnts H°, shall be
prepared for a senies of temperatures that are tikely to prevaii

when weights W, are determuineg tater (Note 4), These valucs
of W, shall be caicuiated as toilows:

L(at 7,) = «density of water at I, 'densuv of water at 7))
<A at T,y = )« M,
anere:
Ha weight of pycnometer ana water. g.
<Y wetght of pvenometer. 2.
- opservea temperature ot water. 'C. ana
anv other gesirea temperature. 'C.

]

]

[}

NOTE 4—Th|s methoa D}OVIO:S ‘A procequre that 1s most convenient
I3r 1300ratones maxing mans  Jdetermnations witn the  same
scnometer. {1 1S equaily appiecate 1o 4 sinyie aeterminauon. Bnnmng
ine pvenometer and contents 0 some designated tcmperature waen
waents M, and H’. are taxen. requires consiacraote ume. It 15 mucn

convenient to prepare 2 Ladie of weients W', for vanous tempera-

fikelv to prevait when weients i | are waken. It 1s important that

ts 4°, and M-, be basea on water at tne same temperature. Values
1or the retdtvé density of water at temoperatures trom t8 to 30°C are
pvenin Table . ~

7. Sampling

"1 The soul 10 be used in specitic gravity test mav contain
its natural motusture or pe oven-aned. The weignt of the test
sampte on an oven-drv basis snail be at ieast 23 g when the
~olumerric flask is to be useca. zna at teast iU ¢ wnen tne
sloppered bottie 1s 1o be usea.

=2 Samptes Containine MNuturar Motsture—When the

sampte contains its naturat moisture. tne weient of the soii.
i’

- On an oven-dry basis snail be determined at the end ot

the test by evaporating the water 1n an oven maptained at -

230 +9°F (110 =5°C) (Note ‘1. Samples of clay souls
containing thetr naturai moisture content shaii be’ dxspcxsed

TABLE 1 nmm Oensity ot Water snd Conversion Factor K For
' Vanous Temoperatures
Temoeranure, Relstive Osnarty Carrecuon

°c of Water Factor K
18 0 9988244 1 0004
19 0 9984347 1 0002
20 09982343 1 0000
21 Q9980233 0.9998
22 9 9978019 0.9996
23 Q 9978702 0.9933
24 09973288 09991

- 25 39370778 09989

. 26 0.9968156 0.9986
Fig 0 9365451 0.9983
a8 0.9962652 0.9980
3 0.9959761 0.9977
30 1.99%8780 0.9974
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constant weigiit. 10 an oven maintaned at 230 =9°F (110
=5°C) (Note 33, cooted 1n a desiccator. ana weighed upon
removai from the aesiccator. The sampie shall then be
soaked 1n disuiled water for at feast 12 h.

NOTE 5—Drving of cenan soiis at {10°C mav bnng about loss of
raoisture of COMPOSILION OF AVArauon. and In sucn cases arng shali be
done. 1if desired. in recuceg i pressure and at a lower temperature.

NOTE o—The mimmum votume ot siurrv that can de preparea by the
Jispersing equipment speaitied 18 Method D 422 is such that 3 500-mL
lask is neeged as the pycnometer.

8. Procedure

8.1 Place the sampie in the pycnometer. taking care not to
lose any of the soii in case the weignt of the sampie has been
getermined. Add disulled water 1o till the volumetnc tlask
about three-fourths full or the sxoppered bottie about haif
fuil.

3.2 Remove entrappea air bt eitner of the !ollowmg
metnoas: (/) supiect the contents 10 a paruial vacyum tair
pressure not exceeaing 100 mm Her or (2) bou geauv for at
ieast 10 min white occastonally rolhng the pycnometer 10
assist in the removat of the air. Subiect the contents to
reguced air pressure either by connecung the pycnometer
directly 10 an aspirator Of vacuum pump. Or by use ot a beil
jar. Some soils bou violently wnen subjected to reduced air
pressure. It wiill be necessary in those cases 10 reduce the air
pressure at a siower rate or 10 use a larger flask. Cool sampies
:hat are heated 10 room emperature.

8.3 Fill the pycnometer with distilled water. clean the
outside and dry with a ciean. dry cioth. Determine the wephit
of the pycnometer and contents. }i'.. and the temperature 1n
aegrees Celsius. T.. of the contents as aescrided in Section ©.

9. Calcutation and Report

41 Calcutate tns speciic gravits ot the soul
water at a temperature 7,. as toliows:

([

. basea on

Specitic g}avm. GatT. =i, -l

- uy)
where: '
e
He, =

weight of sampie of oven-arv soil. g.
weigiit of pycnometer tilled witn water at temperature
T, (Note 7). g.

11, = weight of pycnometer filled with water and soil at
- temperawre I g and )
T. = iemperature of the contents of the pycnometer wnen

weght 1. was determined. °C.

Note 7--This vaiue shail be taken trom tne wbie of vaiues of ",

preparea 10 accoraance witn 6.2, [Or the tCmMDErature prevaiing wnen

wegnt M4, was taken.

9.2 Unless otherwise requirea. spectiic graviy values re-
ported shall be based on water at 20°C. The value based on
water at 20°C shail be caicuiated trom the vaiue basea on
water at the oobservea 1emperature 7. as foliows:

Specttic gravity. U at 20°C = 1A x (specttic gravity. G at T}
where: ’
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K = a pumber founc bv qividing tne retative aensny of Acceptacie
X Ranse of Two Re.
water at temperature 7. by the reiauve density or water Stanaara suits tpercent of
at 20°C. Values 1or a range-oOf temoeratures are given in Matena: ana Tvoe ingex Deviauon-* mesn)*
Table 1.

9.3 When 1t 1s desirea to report the soecific gravitv value
based on water at 4°C. sucht 2 SDECUic Eravity vaiue may be
calculated by muitiptying tne speciic gravity vaiue at tem-
perature T, by the rerauve aensity of water at temperature
7, . :

9.4 When any poruon ot the onmnal sampte of soii is
2iiminated in the preparaton ot the test sampie. the portion
on wilich the test has peen maae shali be reported.

10. Precision and Bias

10.1 Critena for juaeing tne acceptability of specitic
gravitv test resuits optaineg oy this test method on matenai
passing the Na. 4 (4 73-mm cieve are given as tollows tNote

A

Singte-gperator nrevision
Conesive sotis 02l Vo6
Noncounesive ous N .
Mulianoratory: precision
Cohesive sous nose 0.16
“oncohesnive sous "

* These numbers reoresent. respectiven, the 115) and (D281 Limits as decndeg
2 Pracuce C 670,

¢ Critena 10r 2SUEMINE SLANAILA GEVILION VIIUCS 1OF NON-CONEUVE SONS 7€ RN
3vatiabie at the oresent ume.

10.2 Bigs—There 1s no accepted reference vaiue for this
test metnad. theretore pias cannot ve determined.

NOTE ®¥—The figures ven in Column 2 are tne stanaard deviations
that have ocen 1ound o De IDOTAPNIALE tar the matenals described 1a
Column | The figures ;iven 1n Column § are the tirnits that shouid not

oe exceeded bv the difference beiween tne resuits of two propesty
zonaucted tests.

11. Keywords
.4 1 specttic gravin
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qﬁ“’ Designation: D 1140 - 54 (Reapproved 1990)¢!

Sieve’ | | | SRR

Standard Test Method for
Amount of Material in Soils Finer Than the No. 200 (75-um)

This stanaara 18 1syuca unaer tne fixed gesgnation D 1140: the numoer iImmemateiy (olowing the GEIENALON 1nAICates the sear of
onEINat 300N Or. In 1N CISE OF FEVISION, tNe vear of 1ast fevision. A NUMDET IN DINENINESES INGICILES INE vear Of 1ast 1Ca0DrIoval, A
SUDCISCTIOt COSHON 161 INAICAES AN aI1tONAl Change nnez e last mnuon or \’EIDDIO\N . - e —
This stanaara nas reen anprovea 1or use ov agencres ot e Deparntment ot Detense onsutt ine DoD Inacx .Sn«'"u anens ana .
Stanaaras tor 11e spC g ACdr OF (SSUC WRICA RAS Decn agoMNea MY Ine Dtnamnem ot Detense o

¢4 NOTE—=EdILOMNN CNINRTY WeTe MAAL INFOURNOUL 10 deptemper (990

I. Scope

“.1 This 1est mewtnod covers determnaton of the total
imount of matenai in souts tiner tnan the No. 200 (75-um?

' sieve.

:. References Documents

L. ASTN Stanaaras
D422 Method for Paruicie-d1ze Anaijvsis of Soxlr

!l Specificauon for Wre-Cloth Sieves tor Tesung Pur-

" poses” *

). Apparatus

11 Sieves—aA nest of two sieves. the lower being a No.

J0 (75-um) sieve and the upper 2 No. 40 (425-um) sieve.
poth conforming 10 ASTM Specitication E 11,

3.2 Comainers—a pan or vessel of sutficient size to
contain the test sampie coveread with water and to permit
vigorous agitauon without aavertent loss of any pan of the
samopte. and a second pan or contamner tor use tn drving the
'est sampie after washing.

v

4. Test Sampie

2 i The test sampie snatt be setectea trom matenai that
7as been thorougniv mixed. A representative samote. sutfi-

cient 10 vieid not tess than the approximate weignt of dned.
matenai shown in the following 1able. shall be seiected using.

1 sample splitter or by the metnod of quartenng:+ -

‘ Am..m.';.-. the contents agitated for | min. Alter this aglauon the contems ot ihe
Nomnaj Diameter ot Mimmum werght | cup shall be transterred t0 the nested sicves and washing conunued. B

Largess Paruicte. 1n. - of Samote. ¢ If the surmng apoaratus nas not been used Dror 10 the drying of the
0.0787 (No. 10 suever 12.0 mm 200 poruon of the sampie larger than tne No. 200 (75-um) sieve. and 1t 18
0.187 {No. 4 siever (4 °5 mm 500 desiret 10 4o sO atter arving. the dned matenal shall be separated on the

" (19.0 mmy 1500 No. 40 (425-ums sieve: the portion rewined shail be saved: and the

! (25.0 mmy 2000 portion passing shall be piaced 1n the dispersion cup with water and.
12 o¢ aver t37.5 mm1 2500 agsated for ¢ mMin wun the surnng apparaws as oreviousiv deseribed.
Pmcedure The contenis of the cup shail be transterrea to the No. 200 sieve.

<

3.! Dry the test sampie to a constant werght at a lempcr-

L ————

“his test metnoa 15 unger the wnsaicion of ASTM Commattee O-1# on 3ou
3 Rock ang 1s the girest responsionns ot dyocommittee DI1X 03 on Texture.
suaity ang Denuty Charactensiics o1 Soiis.
Current eqiion approved Seot. (5. 1v34. Onmnauvy issued 1950, Repraces
dnan. T,
* 4nnuai Book of ASTAM Sianaaras. ©ol 04.08.
innuat Boox ot ASTM Stanaaras. N ois 04.03. 04.02, 04.06. 05 0‘ and 1402,

ature not exceeding 230 =9 F (110 = $ C) and weigh to the
nearest 0.05 percent. or alternatvely. weigh the test sampie
moist ‘and use an auxiiiary ‘moisture content sampie to
determine tne moisture content of the sampie. The weight of
the moisture content samote shail be between 20 and 30
percent of the weignt of the test samore. Calcut:nc the

aven-arv weignt ot the test sampte 1rom tne moist wemm ana . A

lhe moxsturc content.

2 Place tne test sampie i the comamcr. add sutlicient

dean water 10 cover it. and allow 1o soax a mmmimumof 2 h
{preterably overnight).

3.3 Agnate the contents of the container vigorousiy and

pour the wash water immediately over the nested sieves.
arranged with the coarser sieve on top. Repeat the process of
adding ciear water to the container 10 cover the sample.
agtaung the contents of the container. ana pounng the wash
water over the nested sieves unti the wash water 1s clear.
When the total sampie ts smail. the enure contents of the

soakmg container mav be transierred (0 the nested sieves .

after the first washing and the wasiing operation compieted
1n accordance with 5.4, The wasn water need not be saved.

NOTE | —The percentage vitue securea at tne ena of the test mav not
ne COTTECT {DEINE 100 [OW! 1Or SOUS CONMIIINING retiv e Nieh percentaces
Jt the mrnus ZUU tracuon.

~ dutauon. W her 1t 1S aestrea 10 secure the exact percentage 107 tNC mMenus
< 200 fraction tor such a soil. IN¢ pOrton o1 the sampie pasung the Na. i

sieve and rewaneg on the No. 20U steve securea In ‘the wasiune
operation. shall be transterred to ihe dispersion cup of the sumng
apparatus usea 1n Method D 422. The cyo filled haif full with water and

wasned. and dned. The reviseg total weignt retained on the No. 00 ]

sieve shall be securea bv commmnz ana weighing me two fractions.

5.4 Transfer the sampie to thc » nested sieves and wash v.nh
running water (Note .2). When tne sampie 1s larger than can
be handied at one ume on the nested sieves. wash a porion
of the sampie and transter 1o the container 11t wiich 1t is 10

be drnied.

NOTE 2—Tapping of sieves nas been found 1o expedite the wasmng

operations.

AR305L 2
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Dnrtne wasned mau:nal ma:ned on me Bestea eves

-inlmnmmmnconmm weaight at a temperatre 8ot

sieves {Note 3). Weighr thie dry matenal retuned on
the nested nieves to the neamxt)OS pereent.

NOTE J—Some matenas passes the No. 200 (75-.um um on arv

sieving that did ROt BIss dunne 1Ne wasning operauon. When desired. &
: umammumonmemonolmemalemmmm

" No. J.OOum in sccoraance win Memod 9421.

8. Calculadoa
6.1 Calcutate thc resulLs as l'ollows:

| u@d.ing 230 = 9F (110 = SC) and dry-sieve 1t on the

' u°'
) w‘ = gven-ary weuh: of sampre after wumnz and dry -

Pmy u',..- W,uu".l x 100

whenr

P = percentage of ma::m! rmeruun No. 200 (TS-um)" ;
. sieve.

= wegnt of onpnal sampe on aa dven-dnr basis. gand,

_ szevmg. L

7. Keywords |

b | m.m-s:zc: No. 200 sﬁeve- 'p:.mcle-ﬂze: steve nna.l)-su

he armencan Sacwty for rmmmmmmmmmMUcwmmmnm
W G SO FANONT I IR SISNONT. LSSTE OF IR SIAAGAT 808 SICYRELY SOVIBSS Nl BISITINARION 8F Ihe YeNOEY o SNY SUER
mmmmmdmummmmmmm :

mmnmnmtmmwmmmmwmummmmn
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TOCIVNCE! STMITPIeR, Wnph YOu IREY 0end, lmnuwmmﬂm.ﬂﬂnmmmm
mmnmasmmvnnnnmm t!?lhult m PA “103.
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qgn’ Designation: O 1452 ~ 80 (Reapproved 1990)¢'

Standard Practice for

Soil Investigation and Sampiing by Auger Borings’

This stanaara 1s 1ssuea unaer the tixed designauon D | 3152: the numoer iImmegiatelv 10liowing the desIERILION INQICILES tNE \ear o1

ONEINAL 3000110 LY. 1N INE TS OF TEVISION, INE VEIT O1 1ast TEVINON. A NUMDET i1 DITEAINESLS INAICALLS tNe \ear Of 15t FEaDorosal. A
SUPETSCRIPL COSHON (e INAICALES AN CAONAL ChANKE SINCE INE 123t TEVISION Of MCapProval.

This stanaara nas necn aoprovea I0r use ov agzencies o1 ine Depariment ot Detense Cunsui tne DuD [naex vt drecricaiions ana
Stanaaras 1or 1ne specuic vedr of 1Ssue wmcn nas peen adopiea ov tne Lepartment of Detense

4 NOTE=1ection ¢ was aaded editonaiy i julv 1990

1. Scope

1.1 This practice covers equipment and procedures for the
use of earth augers in shallow geotechnical expioraton. This
pracuce does not appiv to secuonai continuous tlight augers.

1.2 This stanaard does not purport to aadress (ne saietv
nroofems associated wun us use. {115 tne responsiniry of the
user of RIS siandara oo osiapusn appropriate | <aneiy ana
“ealtn Practices ana actermine (e anpucantitty 0! regualory
Lmanons prior 1o use ’

b Signiﬁcance and L'se

2.1 Auger bonngs otten provide the simplest method of

soil investigauon ang samoing. Thev may be used for any
purpose where disturped samoies can be used and are
valuable in connectton wun ground water levet determina-
tion and ndicauion of chaneges 1n strata and advancement of

_hole for spoon and tuoe sampung. Equipment required is

simple and readily avaiiable. Deptns of auger invesugations
are. however, limned bt grouna water conditions. soil
cnaractenstics. and the equipment used.

-

3. Apparaws
v Hana-Operarca i

L1 Helieal Augers—>maii higntweignt augers generaily
avaiable 1n sizes from t tnrougn 3 1n. (25.4 through 76.2
mmy. :

3.1.1.1 Spirai-Tvpe .tuver. consisung of a flat thin metal
strip, machine twisted to a sowrai configuration of uniform
pich: having at one end. & sharpened or hardened pomnt.
with a means of attaching a snatt or extension at the cfpposuc
end.

3.1.1.2 Ship-Type Auger—Simiiar to a carpenter’s wocd
bit, 1t is generailv forgea trom sicei and machined to the
desired size and contiguraton, it 1s normaily provided with
snarpened and haraenesa nios at the point end and with an

common charactenstic of appeanng essentially tubuiar whea
viewed from the digging end.

3.1.2.1 Orchard-Barrei Type. consisung essenuaily of 3
tube having cuting {ips or nibs hardenea and sharpened 1o
penetrate the formauon on one end and an adaptor fitting
for an extension or handle on tne opposite end.

3.1.2.2 Onen-Sptrar Trpe. consisting of 3 {lat thin mews
StND thal nas Deen nenicails woung aroung i cowcuty
manadre! 10 form a spiral in wnicn wtne tlat 1aces ot the stnp

. are paratlel (o the axis of the augerea hoie. The fower helis

. integrat shaft extenaing tnrougn s lengtn for attachment of

a handle or extension at the opposite end.

3.1.2 Open Tubuiar iuvers. rangng i1n size from 1.5

through 8 in. (38.1 tnrougn 203.2 mmy and having the

This oracuce 13 unoer the runsaiciion of ASTM Commuttee O-1% on Soil ang
Rack and 18 the direct resoonsiouiits o Suocommittee D1X.02 on damotine ang
Reistea Ficld Tesung tor 301 invesueauons '

Current eaition approved June ... 190 Published Autust 1980. Ongnatis
suptishea as D 1452 - ¢° T Last orevious eaitson D 13452 « A3 119731

eqges are hard-taced to improve wear charactenstcs. The
opposite ena Is litted with an aaaptor tor extension. }
3.1.2.3 Clused-Spiral Thvpe—>eariv idenucal to the open.
sptrat type except. the pitch of the heiicatly wound spiral is
much less than that of the open-spxral tvpe.
3.1.3 Post-Hole 4ugers. generaily 2 through 8 in. (50.8

through 203.2 mmy. and havine 1in common a means of

blocking the escape of soil from the auger.

3.1.3.1 Clam-Shell Tvpe. consisting of two haives. hinged
to allow opening and closing lor aliernately digging and
retneving. it 1s not usabie deeper than apout 1.5 ft (1.07 mL

3.1.3.2 Iwan Tvpe. consisung of two tubular steei sey
ments. connected 3t the 10p 1O 3 COMMON memoer to forma
neariv compiete tupe, but with diametncallv opposea open-
ings. |t 1s connectea at the pottom ov two raaial blades
pitched 1o serve as cutters waicn also block the escape of
containead soui. Auacnmem of handie or extension 1s at the
10p connccmr

3.2 Machine-Operated Augers:

3.2.1 Helicat Augers. generaily 3 through 48 in. (2032
through 1219 mm). consisung essenually of a center shaft
fitted with a shank or socket for appiicauon of power. and
having one to three compiete 360° (6. 28.rad) spirals for
convevance and storage of cut soil. Cutier bits and piiot bits
are available 1n moderate and hard formauon types and
normally repiaceable in the field. They are normaily oper-
ated by heavv-duty. high-torque macnines. designed for
heavy construction work.

3.2.2 Sunger ugers. generallv 6 through 30 in. (1524
through 762 mm. are simiiar 1o the hehical auger in 3.2.1.
but lighter and generally smaller. They are commoniy

- operatea bv hzm-dut\ macnmcs for post and power pOle

a2

holes.
3.2.3 Disk dugers. generaily 10 through 30 in. (25‘
through 762 mmy. consisung essenually of a flat. steel disk

with diametrnicativ opposea segments removeg and having 8 -

AR3O5L 1L
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snank or socket located ceatratly for applicauon of power.
Repiaceabie curter bits, located downward from the leading
o 't the remaining disk. dig and load soii that i1s heid on
i ..k by vaives or shutters hingea at the disk in order 1o
close the removed segments. The disk auger 1s specificaily
Jesigned 10 be operated by macnines naving iimnegd verucai
Jearance berween spindie ana grouna surrace.

3.2.4 Bucket Auger. generaiiv {2 througn 48 in. (304.8
:nrough 1219 mmy). consisung essenuaily of a disk auger.
~itnout shank or socket. but hunge-mounted 10 the bottom
oI a steet tube or bucket ot approximatety the same diameter
s the disk auger. A socket or snank for power appiicauon 1s
locatea 1 the top center of the bucket diametrat cross piece
asrovided for the purpose.

- 3.3 Casing (when needed). consisung of pipe of slightly
larger diameter than the auger usea.

3.4 Accessory Eqguipmenmi—Labeis. field log sheets. sampie
ars. sealing wax, sampie pags. ang otner necessary 10ois and
suppites.

4. Procedure

< i Make the auger bonne ov rotating and advancing the
sesireq distance 1nto tne sou. Withdraw the auger trom tne
701¢ and remove tne soli 107 exarminauon ang test. Return
me empty auger 10 the noie ana repeat the procedure.
Continue the sequence unul the reauired depth 1s reached.
< 2 Casing is reguired 1n unstaoie soil in wiich the boré
nole fails 1o stay open and especiaily when the bonng 1s
extended below the ground-water tevet, The snside diameter
~°-“e casing must be slightiv larger than the diameter of the
used. The casing shall be anven to a depth not greater
than the top of the next sampie ana shail be cieaned out by
means of the auger. The auger can then be tnserted into the
bore hole and turned beiow tne bottom of the casing 10
optain a sampie.

AN

-

4.3 The soil auger can be used both for bonng the hole
and for tringing up disturbed sampies of the soii encoun-
tered. The structure of a cohesive soil is compietely destroved
and the moisture may be changed by the auger. Seal all
sampies 1n a jar or other amrrught conwainer and label
appropnateiy. If more than one type of soil 1s pickead up in
the sampie. prepare a separate container for each type of soil.

4.4 Field Observations——Record compiete ground water
informauon 1n the field logs. Where casing 1s used. measure
ground water levels. both before and after the caung is
ouiled. In sands. determine the water jevei at ieast 30 mn
after the bonng 1s compieted: 1n siits. at ieast 24 h. In ciays.
no accurate water level determinauon 1s possible uniess
pervious seams are present. As a precaution, however, water
leveis 1n clays shail be taken after at least 24 h.

5. Report :

5.1 The data obtained in bonng shall be recorded in the
field logs and shall inciude the foliowing:

5.1.1 Date of start and compietion of bonng,
.1.2 ldenuiving number of bonng.
.1.3 Reference datum inctuding airection and distance of

(VIRV W V/

~onng retatve 10 reterence {1ine ot oroect or other suitaote .

reference points.
5.1.4 Type and size of auger useg 1n donng,
5.1.5 Depth of changes in strata.
§.1.6 Descniption of soit i eacn maior stratum.
5.1.7 Ground water elevauon and locauon of seepage

- zones. wnen tound. and

5.1.8 Condiuon of augered hoie upon removai of auger,
that is. whether the hole remains open or the sides cave,
wnen such can be observed.

6. Keywords
Auger bonngs: sampiing: soil invesugations
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qgn’) Designation: O 1557 - 78 (Reapproved 1990)¢’

Standard Test Methods for

Moisture-Density Reiations of Soiis and Soii-Aggregate
Mixtures Using 10-lb (4.54-kg) Rammer and 18-in. (457-mm)

Drop’

This SLANAArG 1 1s3ue unaer tne rixed desiznaton D [$57: the numoer IMmegtately t0IlOWING tNE GESIZNANUON INGICALES INE VE3T Of

ONINAI AC00tON OF. 1N the CA3e O TEVISION. LNE vear 01 1ast revision. A NUMOer 1n D2rentneses 1naicates me Vear Ol 1St Fe20proval. A
' SUDETICTIDt COTION 147 INQICALES 3N CAILONAL CAANEE SINCE tNE 1351 FEVISION OF FEIVPIONAL.

This sianaara nas reen anprovea tor use v aeencies of the Departmenr o1 Detense Consutt tne DoD Inaex or snmncnnnnt ane
Sianaaras 1or tne specitie \edr 0f 13Sue wAICR nas peen aaoptea v tne Depanment o Pctense

! NOTE—>ecion 1U was a0ded eatonaliv In Seotemoer 1990

1. Scope

! These taboratory compacuon metnoas cover tne de-
terminauon of the retationsnip detween tne moisture content
dng gensitv of somMs ana soli-aggregate rmixtures (Note !
wnen compacted in 2 moid ot 3 aven size wun 3 10-lb
14 3d.ig) rammer groppea trom a netignt of 18 1in. (457 mmy
tNote 2. Four alternative procegures are prowded as 1ol-
lows:

i.1.1 Method A—=A 3dan. (101.6-mm
passing 2 No. 4 (4.75-mm) sieve:

1.1.2 Method B—A 6-in. (132.4-mm)
assing 2 No. 4 (4.75-mm sieve:

1.1.3 Method C—A o-in. (132 3-mm
passing 3 Ye=ta1. (19.0-mm steve: and

1.1.4 Method D—A 64n. {132.43-mmi moid: matenal
passing 2 Ya-in. (19.0-mm sieve. corrected by repiacement
for matenai re1ained on a vs-in, sieve.

moid:

moid: matenai

moid: matenat

NOTE i —Soiis ana sou-aggregate mixtures snoutd he regaraed as
naturat OCCUITING 1ine- OF COIrsE-2raINEA S011S Or COMBOSIES Of Mixtures
1 N3LUrdl SOIS. OF MIXIUrEs Of NAIUCII JNA Drocessed SOis OF Azgregates
SUCR as Stil. 2ravet, OF crusnea roch ' ’
NOTE .—These 1aporatory COMDACLION test MEtnodas wnen used on
SOlIS ana soll-aggregates waicn are nNoOt free-araimine wiik, 1n most cases.
estaonusn 2 well-defineg opumum moisiure content and mMaximum
density 1sce Secuon 7). However. tor tree-aramning sous ang soil-
aggregate mixtures. these metnods witl not. 1n manv cases. 'proguce a
weil-detinea motsture-gensitv reiationsnip ang tne maximum density
obtaines wiil generaliv be {ess than tnat ootained by vioratory mMetnods.

1.2 The method to be used should be indicated in the
specificattons for the matenial bewng tested. If no method 1s
speciiied. the provisions ot Sectton 3 shall govern.

1.3 This standard does not purport to address the saretv
prooiems associated wua us use. {1 1s the responsibiliry o' the
user o this siandard (o estabiisi appropriate saretv and
heaith practices and determne the appiicadiiuy or requatory
iimuations prior to use.

These test metnods are under tne wunsoiction of ASTM Commuttee D-18 on

matenai

Soil ang Rock and sre the airecy resoonsiotity of Subcommiuitee D13.03 on

Texwre. Plasucity ang Deantv Charactenstics ot Soiis.
Current edition aporovea Aonl -, '9°R Pupiisned Juiv 1978, Ongnaiis
oudtisned as D 1587 = $8 T, Last previous eciion D 1583° - 74

19
-

1inaicated in 3

2. Referenced Documents

2.1 AST\ Sianaards:

C 127 Test Methoa for Specttic Gra\u\ and -\bsomuon of
Coarse aggrezate”

D 854 Test Methoa tor dpecttic Gravits ot Sotis N

D 2168 Test Metnoas tor Caitbration ot L;mor:uon Me.
chanicai-Rammer Soil Comoactors:

D22!5 Method tor Laboratory Determination of Water

(Moisturer Content of Soil. Rock. and Soil-Aggregate

Mixtures® B

D 2487 Test Method for Classitication ot Saiis tor Engi-
neenng Purposes’

D 2488 Pracuice for Descniption and Idenutication of Soils
(Visuai-Manuai Proceaure:

E 11 Specificanon tor Wire-Cloth Sieves for Tesung Pur-

poses

3. Apparatus

3.1 Molds—The moids shatl be cvuindneal in shape. made
of ngra metat and be within tne €3pacity ana dimensions
.1.1 or 3.i.2. The moids mav re tne “spht”
wpe. consisung either of two nait-rouna secuons. Or a secuon
of pipe spitt along one element. winich can pe securely iocked
togetner 10 form a cviinder meeung the rcauucmems of this
sectton. The moids may aiso be the “taper” type. providing
the 1nternai diameter taper 1s uniform and is not more than
0.200 in./linear 1t (16.7 mmviinear m of moid height. Each
moid shall have a base piate assemoly and an extension
collar assembiy. both made of ngid metal and constructed so
they can be securely attached to or detached from the moid.
The extension coliar assemoly shail have a height extending
above the 1op of the moid of at least 2 in. (30 mm) which
may inciude an upper sectton tnat tlares out to torm a funnel
providing tnere 1s at least a “e-in. (19-mms straignt cvio-
dnicai section beneath 1t.

3.1.1 Mold. 40 n. (101.6 mm) tn diameter. having 3
capacity of v = 0.0004 fi° {944 = ! k cm® rana comormmg

. to Fig. |,

* 4nnuar Boox o ASTM S:anaaras. Vol 04 02.
* 4nnuai Boox ot 4STM Sianaaras. v ol 04.08
* dnnuar goow o1 ASTAS Stanaaras. vots U4 01. U4 V6. ana 1402,

AR305416
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3.1.2 Mold. 6.0 in. (1324 mm! in diameter. having a
cavacity of Yiisss = J.0009 fr° (2129 = 23 ¢m-) ana
contorming to Fig. 2. -

3.1.3 The average internai Giameter. neweht. and voiume
ot eacn mold shail be aeterminea betore ininai use ana at
intervais not exceeang 1M} tmes tne moid 1s tilled. The
moid volume shall be caiculatea trom tne average or at jeast
six internal diameter anda three neignt measurements maae
10 the nearest 0.001 n. 1002 mms. or {from tne amount of
water required to comoietens till the moid. corrected for
lemperature vanance in accoraance with Table ! If the
average internai diameter 2ng volume are not within the
tolerances shown 1n Figs. | .r 2, the moid shall not be used.
The aetermmned voiume snall be used in compuung the
required densiues.

3.2 Rammer—The rammer mav he either manualiyv oper-
ated (see 3.2.1) or mecnanmicativ operatea (see 3.2.2). The
rammer shall fall freein tnrouen a distance of 13.0 = -~ 1n.
1437.2 = 1.6 mm) trom tne surtace of the specimen. The
manutactured weignt of 1he rammer shall be (0.00 = .02 b
+= 32 = 9.01 kel The LpeCiien contact tace snail be tiat.

220 Manuar Rumpnr — g specimen contact 1ace shail
~eoCIrcutar witt 3 iametsr 0 2K = 0008 in 13080 =
1t | 3 mm). The rammer snati e cquippea with a guigestees ¢

wien shall proviae sutiicient cicarance so that the tree tall of

tne rammer shatt anu nBead wiil not pe restridted. The
gutdesteeve shall have tour vent noles at eacn end teignt holies
total) located with centers . = ~1040.(19.0 = 1.0 mm trom

each end and spaced 90 upant. The mimimum diameter of

the vent holes shall be - .n 19 3 mm.
T

2.2 Mechancur Rampies—The rammer snail operate
mecnanically 1n such 3 manner as 10 provide unitorm ana

compiete coverage of the snecimen surtace. There shall be

0.10 = 0.03 1n. (2.7 = o» mm clearance between the

rammer-and the insige surtace ot the mold at 1ts smailest
alameter. When usea wun tne 4 van. (101.6-mm) moid. the
SDECHTICN COMIACE 1aCC SNAti Pe CIrCular with a diameter ot
2O0U = 0.005 . (30N = o U mmy When used with tRe
ay-in. (132.4-mmy mowd. e specimen comtact lace snati
have the shape of a section ol a circle of a ragius equal Lo
290 = 0.021n. (737 = 2 mm. The sector tace rammer
shall operate 1n such 2 manncer that the vertex of the sector s
posiuoned at the center of (he spectmen. The fecnanical
3y

TABLE 1 Volume of Water per Gram pasea on Temoerature*

Temoerature. °C !°F volume ot water. murg

12183.8) 1 00048
14 187.21 1 60073
16 (60.8) 1 00103
1884 4} 1 00138
20 (68.00 100177
2{Me 1 00221
24(75.2 1 Q0268
26Mm8 8 1 00320
28 (82.4) 1 Q0373
30(88.00 1 00432
32 (89.6 * Q04ST

© Yaiues Other N3N SNOWN Mav 32 gotaineq Ov reTerTNg 1o tne Mangoook ¢*
Snemestiry ana Prvscs ©

Avaitanie trom Chemicat ueres vunusming Lo L ievelang. UH

rammer snail be caitbratea and adjusted. as necessary. in
accoraance with 3.2.3. .

3.2.3 Culibranion  una  idiustmeni—The mechanicat
-ammer snail be caiibrated. ana aaiusteq as necessary. before
inial use: near the £0a of eacn penod dunng wnich the
mota was lilled 1000 umes: oetore reuse atter anvthing
inciuaing repairs. which mav arfect the test resutts signifi.
cantiv: ana wnenever tne test resuits are questonaoie. Eacn
cailbration and adiustment snail be 1n accoraance with Test
Metnoas D 2168.

3.3 Sumpte Extruacr topuonaii—< jack. trame. or other
device 2aapted tor the purpose oO! extruaing compacted
specimens trom the moid.

3.3 Balances—~ balance or scale ot at icast 20-kg ca.
pacity sensitive to0 =i g ana a balance of at ieast 10004
capacity senstuve 10 =0.01 g.

13 Drvineg Oven. thermostaucatlv-controlied. preferably
of the torced-dratt tvpe. capapie 0! maintaining a tempera.
ture of 230 = @*F (110 = 3°C) 1or determrning tne moisture
content of the compacted specimen.

YA Straientedge—s ST metat stratgntedee of any cons
centent tenewn but not less tnan 0 i o133 mma. The
scrapine eage snait flave 3 stragntness terance of 240,008
(ALt i Y mmeana snatl be tesvered it s tMICAer than .
-d mmy,

27 Sreves, dem tT3emmy, Lan (1Y U-mmy, and No. 4
,3.73.mm. contorming (0 lne reauirements ol Speciticauon
Etl. .

3.8 Muwang Touvis—Miscelianeous 1001S sucn as mi
pan..spoon. trowel. spatula. etc..’ or a sutable mcchz::b
aevice tor thoroughis minng tne samote ot soi with nere-
ments Of wWater.

4. Procedure

<1 Spectnen Preparanon—Select 2 representative por-
uon of auantity adequalc o proviae. Jdier sieving, ag
amount of matenat weigning as toilows “cmncs A==251H
111 her Metnoas B. C. ana D—-\H lh 123 ker Prepare
SDUCHTIENS 1N ACCOTQANCyE witn <iacr - o . tnmuun 4idor
- .=

3 1.1 Drv Preparatuen Proceaure—il the samopie 15 100
Jamp (o be tnaoie. requce the moisture content ov drying
unttl the matenat 1s friable: see 4.1.2. Drving mav be mnairof
ov the use of a drving apparatus such that the temperature of
tne sampie goes not exceea |SU°F 160°Cl. Aner arving o
required). thoroughly break up the aggrezauons in such 2
manner as to avoid reducing tne naturat size of the parucles.
Pass tne matenal througn tne spectiied sieve as follows
Methods A and B—No. < (4.75.mm: Methods C and
D—=iesmtnt. 119.0-mmy. Correct for oversize matenal in ac
coraance with Section 3. if Method D 1s specitied.

3.1.2 Whenever practicable. soiis ciassitied as ML, CL
OL. GC. SC. MH. CH. OH ana PT by Test Metnod D 2481
snall be prepared 1n accoraance with 4 1.4,

4.1.3 Prepare a series ot at ieast four specimens by addmt
INCreasing amounts of waler 10 each sumoie so that the
moisture contents \arv ov approximatets 'l Them
ture contents seciectea shatl bracket the opumum moist
content. thus providing specimens which. wnen compacted.
will increase 1in mass 0 tne maximum density and thes
decrease n gensity tsee o= and 7.3). Thorougnly mix each

AR305L 18
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TABLE 2 Dry frecamvon Methot—Stanaing Times
Clasascanon O 2487 Mrwwm Stanang Time. n
GW. GP. SW, §P - - NO recurement
GM. M 3
ML. CL. OL. GC. SC 18
MH. CH. OH. PT 36

TABLE 3 Precision ’

Stanoarg

Acceotanie Ranoe of Two
Resuns. Exoressea as
Owwavon. s Pereent of Mean Vaiue*

SINGUCORY BIOP DrecIIN: '

MAXSTRSTY CONRY 19

Cotrmusm Mogure conent 95
VuRNEOOTIIory Drecasn: .

MaxsTRsm Oenuty =1.66 40

Ootsnum Mmownse conten =0.88 15.0

4TS CORNTYY NONCATSE § WTWING IN0E O! VAUSS WINCHR ShOUIS MOt De
HCION OV TE CITIFENCE DETWESN 8NV TWO rESUNS. SXOre3sen &S § DSrcuntaoe
3 18 SVErSOR VNS, It CODDETAUVE 1eSt OrOOrams i N2 DEWt OeteNTTNed tnat
1'% Of INP WIS 00 NOt EXCANC N MWTYHNG ZCCECLADIS FANGES SNOWN De1ow. AH
U8 SNOWN 5 TN tADIS &/@ DASAO0 ON averaoe test resuns rome 8 vanety ot
erent SONS ang &re SUDISCT 10 fUtUre revision

TABLE 4 Metne Eauivaients for Figs. 1 ang 2

. mm
0.018 0.4% .
0.028 0.68
g [+2 ]
o 168
. ] 32
‘ ) Ve 6.4
A Vigy 8.7
e . 98
Yo - : ’ 127
Yo 159
2 s0.8
%A 638
4 101.6
4V - 1080
iy 1143
4584 116.43
6 152.4
6% 165.1
8 2032
1 o4 o
e 944
0.0004¢ 11
3w 212¢ :
0.0009 25 M
* Eatonasy correcwd.

‘pecimen to ensure even distribution of moisture throughout
ied then piace in a separate covered container and aliow to
sind prior 10 compaction 1n accordance with Table 2. For
the purpose of selecting a standing ume. it is not required to
periorm the actual classitication orocedures descnibed in Test
Method D 2487 (except 1n the case of referee tesung). if

brevious data exist which provide a basis for classifving the
ample,

oversize matenai in accordance with Section 3. if Method D
1s specified. Prepare a senies of at {east four specimens having
moasture contents that vary by approximatety 14 %. The
moisture contents seiected shail braciket the oppmum mots-
ture content. thus providing spectmens which, wnen com-
pacted. wiil increase 1n mass to the maximum density and
then decrease 1in deasity (see 7.2 and 7.3). To obtan the
appropnate motisture content of each specimen, the addition
of a predetermined amount of water (see 4.1.3) or the
removai of a predetermined amount of moisture by drying
may be necessary. Drying may be in air or by the use of a
drying apparatus such that the iemperature of the specimen
does not exceed {40°F (60°C). The prepared specimens shail
then be thoroughly mixed and stand. as specified 1n 4.1.3
and Tablie 2. pnor to compactuion.

NOTE 3~—~With pracuce. 1t is ususilv posuble 10 visuailv judge the
point of opumum rmoisture cioselv enougn so that the prepared
specimens will bracket the pont of optirmum motsture content.

4.2 Specimen Compacrion—Select the proper compacuon
mold. in accordance with the method being used. and avach
the moid extension collar. Compact each specimen 1n five
lavers of approximately equal herent. Each iaver snail receive
25 blows 1n the case of the d-in. { 101.6-mm) mold: each laver
shail recetve 36 blows 1n the case of the o-in. (151.4-mm
moid. The total amount of matenat used shail be such that
the {ifth compacied layer 1s slightly above the top of the
mold. but not exceeding Y 1n. (6 mm). Dunng compacuon
the moid shall rest on a uniform ngxd foundauon. such as
provided by a cyiinder or cube of concrete weighing not less
than 200 Ib (91 kg). }

4.2.!1 Inoperaung the manuai rammer. care shall be taken
to avoid rebound of the rammer trom the top end of the
guidesiceve. The guidesieeve shail be held steady and within
5 deg of the verucal. The blows shail be appiied at 2 uniform
rate not exceeding approximately 1.4 s per biow and in such

- a manner as 10 provide compiete and uniform coverage of

3.1.4 Moist Prebarauon Menod—The foliowing alternate

Procedure 1s recommended for souis classitied as ML. CL.
OL. GC. SC. MH. CH. OH and PT by Test Method D 2487.
"thout previousiy drving tne sampie. pass it through the
“en. (19.0-mm) and No. < i4.75.mm) sieves. Correct for

the specimen surface. , ]

4.2.2 Mold Sizes—The moid size used shall be as follows:
Method A. s-in. (101.6-mm: Methoas B. C. and D. o-in.
(152.4-mm:. R : '

4.2.3 Foliowing compacuon. remove the extension coilar:
carefully tnm the compacted specimen even with the top of
the moid by means of the swraightedge and determine the
mass of the specimen. Divide the mass of the compacted
specimen and moid. minus the mass of the moid. by the
volume of the moid (see 3.1.3). Record the resuit as the wet
density, ... in pounds per cubic foot tor kilograms per cubic
metre) of the compacted specimen.

4.2.4 Remove the material from the moid. Determine
moisture content 1n accordance with Method D 2216, using
either the whole compacted specitmen or alternauveiy a
representative specimen of the whole speaamen. The whole
specimen must be used when the permeability of the
compacted specimen 1s high enough so that the maoisture
content is not distnbuted uniformty throughout. If the winole
specimen 1s used. break it up to facilitate dryving. Obtain the
representatve specimen by slicing the compacted speaimen
axiaily through the center and removing (00 10 500 g of
matenal from one of the cut faces.

4.2.5 Repeat 4.2 through 4.1.4 for each spectmen pre.
pared.

AR305L19
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3. Oversize Corrections

3V IF 30 % or more of the sampie 1S retainea on a e-in.
- 19.U-mm) sieve, then none of (e metnoas descrioed unaer
inese metnoas shall be usea tor tne geterminauon ot eitner
TIAXIMUM densiy or oplimum moisture content.

3.2 Methoas 4 ana 5—The matenai retainea on the No.
2:d T3.mmy sieve 1s discardea and NO OVersize correcuon 1s
maae. However. 1t 1s recommenaed that if the amount of
matenai retamed 15 T~ or greater. Method C be used
:nstead. - )

3.3 Method C—The matenat retainea on the »a-in. ( 19.0-
mm1 steve s discaraed ana no oversize correction 1s made.
However. 1f the amount ot matenat retatnea s 10 ¢ or
greater. 1t 1s recommenaed that Method D be used instead.

34 Method D: .

$.4.1 This metnod shail not oe used uniess the amount of’
matenai retamea on the c:-in. (19.0-mmy sieve 1s 10 % or
zreater. When tne amount 0f matenat retanca on the -,
steve 1s iess than 10 %, use Metnod C.

i.+.2 Pass the matenat retatned on the su-in, (19.0-mma
sicve tnrougn 2 J-in. or " f.mm sieve. Discara the maternat
Slanea on tNe S«in. siese L Matenat passing e s-in
.¥v¢ UNa retainea on the  .-n sieve snatl pe reptacea win
-7 fUudl amount Of Materidl DASSING 2 C4-iR. SEve und
sotned on a No. <+ (= Ti.mmi sieve. The matenat tor

redtacement shall be taaen trom an unuseg portion of the
samote. *

6. Calcuiations

6.1 Calcuiate the moisture content and the drv densiiv of
¢acn compactieg spec en as uliows

wom il = = 1] X I

and
wa AL = HAN X L
wnere: N
© = moisture content 1n percent of the compactea speci-
mens.
= mass ol containey Lnd moist specimen.
4 = mass ol container u4ng oven-anea specimen.
{ = mass of container,
- =

dry density. tn pounas per cubic foot tor kilograms

per cubic metres of the compacted specimen. and

- . = wet density. 10 pounds per cubic foot tor kilograms
per cubic metre? of the compactea specimen..

“. Moisture-Density Relationship
“.1 From the data obtainea in 0.1, piot the drv-density

values as ordinates with corresponaing moisture contents as.

absaissas. Draw a2 smooth curve connecung the plotted
pomts. Also draw a curve termed the “curve of compiete
saturation’” or “zero air voias curve” on tns piot. This curve
reoresents the refauonsiip tetween drv densuv and corre-
soonding morsture CONtEnts wnen the voids are compietein
fitled with water. Values ot drv gensuty ang corresoonaing

mosture contents for protung the curve of compiete satura-

tion can be computea using the tollowing equation:

Wy = (6245 0 = 1/G )} x 100
where:

1 =

G = Moisture content i percent for compiete saturation,

., = Qrv censiyv in POUnaAs Per cuoic oot (0r Kiiograms
per cuoic metre).

spectiic gravity ot the matenai being tested tsee Note
<} and

02.4 = aensity of water 1n pounds per cubtc foot (or
kilograms per cuoic metre).

NOTE =e==The SPECIC gravits Ol 1NE Matenat can cither 0e assumed
IT DASEA ON tNE weIENted VErage Vaiues Of: [ () INe SPEcItic gravits of the
matenat passing the No < i3 “Somm sieve 1n accordance with Test
Metnod D 834: ang 11 the apoarent specitic graviis of the matenat

retainea on tne No. < 4 73.mmi sieve 1n accoraance witn Test Method
(o

i

tr,

=.2 Optunnun Mosture Content. w -1 he moisture cone
tent corresponding 10 the peax ot the curve drawn as directed
in 7.1 shatl be termed the “opumum moisture content.”

=3 Maximuon Densuy, - —The an densiy in pounds
per cudic 100t tor Kilograms Der cumMmce metre! of the sampie at
“vpumurm moisture content” <hall be rermed Cmaximum
Jdensity N

8. Report

X.1 The repont shail inctude the tollowine:
8.1.1 Method used (Mcthog A. B. C. or Dy,
¥.1.2 Opumum moisture content.

3.1.3 Maximum densiv

8.1.4 Descniption of rammer twhether manuai or rr.
chanicair.

8.3 Descnipuon ot appearance of matenat used 1n test
based on Pracuice D 2488 1 Test Metnod D 2487 may be used
as an aiternatuve).

8.1.6 Onain of matenat usea 1n test.

8.1.7 Preparauon proceaure uscd tmotst or drvs

9. Precision

< | Crtena tor ugeing tne accentannty of the maximum
Jensity Qna optimum moisture content st resully are given
in Table 3 The stanaara aeviation s s catcutated trom the
equauon:

\':..—c'q\ -

1”em | =

" where:

n = number of determinauans:
v = individuail vaiue of each determination: and
{ = numencal average of the determinanons.
9.2 Critena for assigming standard deviauon ‘alues for

singie-operator precision are not avatlabie at the present
ume.

10. Kevwords

10.! maximum dry densitv: modified proctor test: mois-
ture-density: opumum motsture content: opumum watef
content: oroctor test

= AR305L20
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qgn) Designation: O 1586 - 84

o -Standard Method  for -

Penetration Test and Sp!it-Barrel Samplmg of Smls‘ f::; N

: ﬂmmﬂnmma ummnm mlmmD L5R: 1ne numoer immesiatey (ollmmmmum NGICETES INE VveIT M
ONEIRL S0001ION OF. N INE CISE O TEVIRION. NE YEIr OF (A3t fPvision, A mmmmmmmmmwmmumu LY
SUDETICTION EDNON uumnmlumlim ING 5L FEVILON OF TRADDTOVEL.

. Siangaras

This mernod Res £ uPPPOYed IOF NI OV SEPRCIPS 1 IR Oe_unm o Detense dng e umnrm ine DOD Ingex o Soecircatms gna .

1. Scope -
1.1 This method describes the procedurc. geneta!lv

© known as the Standard Penetrauion Test tSPT). for dnvinga

“spliti-barret sampier to obtain 1 representeuve soil sampie

and a measure of the resmance of the sail 10 nencmnoa of -

tne sampier.

1.2 This standard mav vvene nusaraous materiats. opere

s and eglupment, Thus canaarg dues not purport (o
<ddress atl of the saretv proniens dsSOCIAIEG WA 1L use, I 1
20 PESPORSIBHILY OF waowever fes IS Stanaard 10 constiit anu

[N GPPFODRGIC SQIVTY Liid RUGHN PPACIICES.Qnd uctur- '

onHe (e appiicabiny of revuIaiory muations prmr i'u Il\t
For a specific precautionarny vatement. see 5.4.1.
! X The values statea in INCN-DOUNG LIS arc m oo

reg:\mcd as the standard.
' '\ ‘cfemwed Docnmems

. ST Standdrds

D 2487 Test Methoa tor L sswicanon of Souls lor Eng:-
neenng Purposes® -

D2428 Pucuce for Descnotion and !demmcauon of Smls E

1 Visual-Manual Proceaurer-
Samples®

X Dcscnmlnns of Tmns snmuc to This SIandard "

1.1 anvi—inal porion . tne QRve-welgnt assempn -
which the hammier SUKEs 3G 1AFOUED Swmen the nammer - 7 geo:ecnmcai expioration proiects.- Manv iocal corretanons
J cathead-=ihe rotaung grum or windlass § in :he muc i

enm\ passes 1nto the dnil roas.

cathead lift system arounc. WAIKCh the OPerator wrapy a rope

. loosening the rope turns around the drum. -

3.3 dril rods—rods used 10 ransmit downward (o l‘orce and

torque 10 the drill bit winie dnlling a oorehole, ¢

3.4 dnve-weight assemorn—s device” consisting of the"

hammer. hamxner fnll ;mne. me .'uwll anc am- hamrner
dren svstem.

33 hammen—thn porucn of lhe dn\-e-wesgh: lssembl\ i
= | kgt impact weght

constsung of the 140 = 27k 163.3

which s successively fules and dronm 10 provide the

energy that acc_omphshcs 1ne samonng 4nd mpmt_mn

\(_ This metnoa 1 uncer tne ranwisctiin o  ASTM Commer D-1s on Soiana

A 200 7 W1 BTTCT TUSDORSIMKT: 4 JUMOMmMities DLy on samoung ana
Reiated Freid Tesung for Sod Im neiuons

€ urrent ecition approves SCot. .
mmumm-ur.unwmmmom--u.mw
\ * lanual lnma ms:.m..'. Vit
- : D

“ oa- g
RO $

a3 Publnhed Noremner 1943 Ormmu ’j

-

3.6 hammer drop svsterm—ihat portion of the drive

weight assemoly by which the operator accompushes the
-tifting and dmmng of the hammer 10 produce the blow.

3.7 hammer fall pmude~ihar part of the dnve-weight
assgmbly used to guide the fall of the hammer.

LR \Vaaine—1he blowcount represeatation of the pene-
tration resistance ol the soil. The N.vaiue. reportea in blows
per foot. eauais the sum ot the numper of blows reguired to .
Jnve tne sampier over tne deotn aruerm or6 1o 1dm. 1150
0 -HU mmisee 7.5

) <V =—ine numoer o1 Diows om:med lrorn eacn of the
n-m |::‘u-mmr INLErVaIS W SAMDIer Cenelration isee 7.3,

31U numner .ot rope fums—=ine total contact angie be-

‘tween the rope and the cathead at the beginming of the -

_operator s rope siackening 10 rop tne hammer. divided by -
360° tsee Fig. 1) !

.3.11 sempune rogs=rods that connect the dm-e-weum .

~ assembiv 1o the sampier. Drill roas are ofien used for this

purpose.

BN P SPT—abbm 1auien for Stancard Penciration Test.a .

. term by which enpneers commaoniy refer 10 this method.

. _4.
D4220 Pracuces for Prcscn'mg :md Transuomn; SQII e Sieniflcance snd Use

1,

= This memnod is uses extensively n 3 great \aﬂﬂ\‘ of

and widely puyblisheg correiaucns whrch reiate SPT blowe -
- cEuUnt. Or A-vajue, and the engineenng behawor of eann- S

10 lift and drop the hammer ™y successively t:gmemna and S works md fnund.auons are amlahle. :

sy d0
t

.s. A’mm‘ . l' .- : R .. .-- . _"- —

8.1 Drlhine Eqmpmmr—-\nv dnllmz eqmmz tlm '
provides at the ume of sampiing a suttably ciean open hole
" betore imsertion of the sampter and ensures that the penetra- . *
" uon test 1s berformes on undisturped soil shaill be accepuable. .
The 1ollowmg picces of equipment have proven 1o be
- sunable for anvancmg ] oon:hole in some subsuriace condi- |

S Drat. Ciwppmw and F.-:imzd Bits. less than efin. .
- 1162 mmy ana greater than 2.2 .
.- be used 1n conmction with open-hole rotary dniling of =
. zasing-aavancement drilling metnods. To avoid disturbance
- af the unaeriving soil. bottom discharge bns are not pa- L
L mtea: oniv side discharge bits are pcmmwd.
302 Roﬂer-(‘one 8us. less than 6.5 in. liﬁ- mmi and

2 in. 136 mmoin diameter may

;reat:r than 2.2 in. t$% mm: n d:ame:cr ma\- be used in ’

ARGOS&ZZ

. 4.1 This method nrondés a so:i samulc for :denuucauou fo
nuwoses and for laboratorv tests appropnate for sod ob . . -

- tamnea from a sampoter nat mayv UfOQHCB farge shear stran .
: mszuroance N ine samoiy.
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FIG. 1 Dafinibons at the Number of Rope Tums and the Angle tor (8) Counterciockwise Rotaton and (b) Clockwise Rotanon of the
Cathesa

tonjupction with open-note rotary dniling or casing-ad-
ancement drilling methods if the dritling fluid discharge 1s
Jetlectea.

3.1.3 Hollow-Stem Conunuous Flielt Augers, with or
ainout a center bit assemoly. mav be used to dnil the
conne. The inside diameter ot the hollow-stem augers shall
“¢ tess than 6.5 in. (162 mm» ang greater tnan 2.2 :n. (30
=mu.

314 Soid. Conunuous iirent. Bucket ana Hana 4ugers.
£ssthan 6.5 in. (162 mm: ana greater than 2.2 in. (56 mm
:n qlameter may be used it the soii on the side of the bonng
Joes not cave onto the sampter or sampiing rods dunng
samoling. ¢

3.2 Sampiing Rods—Flush-joint steel drill rdds ‘shall be
used to connect the spiit-barret sampier to the dnve-weignt
ssemply. The sampling rod shall have a stiffness tmoment
dlinerual equal to or greater than that of paratiel wail “A”
rod (a2 steet rod which has an outside diameter of 1v in.
4.2 mmi and an inside aiameter of 1% in. (28.5 mm).

NOTE | —Recent researcht ana comozrauve testing indicates the tvpe
00 used. witn susiness rangming rrom A" s12e rogd to ~ N s1ze rod. wiil

ssustiv have a neghigible etfect on tne A-values to ceptns of at ieast 100
T30 ma.

8.3 Solit-Barrei Sammier—The sampier snail be con-
siructea witit the dimensions inaicated 1n Fig. 2. The dnving
snoe snall be of hardenea steet and shall be repiaced or
tpairea when it becomes dented or distorted. The use of
ners to proauce a2 constant inside diameter of 12 n. (33
mm)y 1s permtted. but shall be noted en tnhe penetration

(¥
L
DY

record i used. The use of a sampie retainer basket Is

permutted. and should also be noted on the penetraton
record if used.

NOTE 2 —Both theory and avauabie tost data suggest that M-salues
mav increase petween (U 10 30 ¢ wnen itners are used.

th

4 Drive-iterent Assempiv

A0 Hammer ana 4mn—The nammer shail weien 130
= 21b(63.3 = | kgl ana shall be a sona nzia mewtiic mass.
The nammer shall strnike the anvil ana make steet on steel
contact when 1t 1s dropped. A hammer 1ail guide permuting a
free fall shall be used, Hammers usea with the cathead and
rope method shall have an unimpeaed overlift capacuy of at
least 4 in. (100 mm. For satety reasons. the use of 2 hammer
assembiv with an internal anvii is encouraged.

“

NOTE 3—Iit 1s suggestea that the hammer fall guide be permanentis

marked 10 enaoie the operator Or 1NspPEctor 10 judge the hammer arop
heght.

5.4.2 Hammer Drop Svstem—Rope-cathead. tnp. semi-
automauc. or automauc hammer drop systems may be used.
providing the lifting apparatus wiil not cause penetration of
the sampier while re-engaging and lifuing the hammer.

3.5 dccessorv Equipmeni—Aaccessones sucit as labels.
sampie containers. data sheets. ana eroundwater levet mea-
surntng devices shall be provided tn accoraance with the
reguirements of the project ana other ASTM stanaards.

6. Drilling Procedure
6.1 The bonng shall be advancea incrementaliv to permnt

- AR305423
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FIG. 2 Split-Barret Samoier

.mucm or continuous samoiing. Test :ntervais and
lnations are normaily stuputatea by the project enmneer or
geotogist. Typicaily, the ntervais seiected are 3 ft (1.5 mmy
‘or less in homogeneous strata with test and sampiing
locations at every change of strata.

6.2 Any dniling procecure that provides a suitably ciean
and stabie hole before insertion of the sampier and assures
that tne penetration test 1s pertormed on essenuaily undis.
turpea soii. shail be acceptaoie. Each of the fotlowing
proceaures nave proven 10 D ACCEDaDIe 10r SOME supsuriace
conastions. The subsurtace conditions anticipated should be
considered when selecung tne dniling method to be usad.

6.2.! QOpen-hole rowary dailing method.

6.2.2 Conunuous flight hoilow-stem auger mcxhod'

6. 2.3 Wash boning method.

6.2.4 Conunuous flight soiid auger method.

6.3 Severai drilling methods produce unacccptab!e
bonngs. The process of jetting througn an open tibe sampier
ahd then sampiing when the desired depth is reached shall
not be permutted. The contnuous light solid auger method
shall not be used for advancing the bonng below a water
1able or below the upper confining bed of a confined
non-conestve stratusm that is under antestan pressure. Casing
may not be advanced below the sampiing elevation prior to
sampung. Advancing a bonng wuth bottom discharge bits 1s
not permussibie. [t is not permussidle 10 advance the bonneg

upsequent nseruon of the samoter soiely by means of
'ous sampiing with the SPT sampter.

+4 The dnilling fluid levet witnin the bonng or hollowe

stem augers shall be mainwnea at or above the in situ

234

groundwater tevel at ail umes dunng dnlling. removai of drilt
rods. ana sampiing.

7. Sampling and Testing Procedure

7.1 After the bonng has been advanced to the desired
sampiing eievauon and excessive cuitings have been re.
moved. prepare for the test with the tollowing sequence of
operauons.

~.1.1 Auacn the spiit-barret sampier to the sampiing rods
and lower into the dorenoie. Do not atlow the sampier 10
drop onto the soii to be sampted.

7.1.2 Posiuon the hammer apove and attach the anvii to
the top of the sampiing rods. This may be done before the
sampiing rods and sampier are iowered into the borehoie.

7.1.3 Rest tne dead weight of the sampier, rods. anvil. and
drive weight on the bottom of the bonng and appiy a seating
blow. If excessive cutungs are encountered at the bottom of
the boring, remove the sampier and sampliog rods from the
bonng and remove the cutungs.

7.1.4 Mark the drill rods in three successive 6-in. (0.15-m)
increments so that the advance of the sampier under the
impact of the hammer can be easily observed for each 6-in.
{0.15-m) increment.

7.2 Drive the sampier with blows from the 140.]b (63.5-
kg) hammer and count the number of blows appiied in each
6-in. (0.15-m) increment unut one of the following occurs:

T.2.1 A 1otat of 50 blows nave teen appiied dunng any
one of the three o-tn. (0.15-m) increments descnibed 1n 7.1.4.

7.2.2 A totai of 100 blows nave peen applied.

7.2.3 There 1s no observed advance of the sampier during
the appiication of 10 successive blows of the hammer.

nR3ﬁ5h2h
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~.2.4 The sampier 1s advancea the comotete 18 in. 10.45
mi wuhout the limiting blow counts occurring as described
¢ WL 722, 0r7.2.3,

. Recora the numboer ot blows-required 10 effect each 6
.1.10.15 m1 of penetration or tracuon thereot. The first o in.
.5 considereg 1o be a seaung anve. The sum of the aumoer of
~iows required for the second ang third 6 in. of penetrauon ts
:ermed the -stanaard penetratton resistance.” or the
“\-value.” If the sampter 1s driven tess than (8 in. (0.45 m».
35 permutted in 7.2.1. 7.2.2. or 7.2.3. the number of blows

cer each compiete 6-1n. (0.13-m1 increment and per each
pamal increment shall be recoraed on the bonng log. For
partiai increments. the deoth ot penetrauon shall be reported
:0 the nearest 1 n. (2§ mm). in addition to the numper of
piows. If the sampier advances beiow the bottom of the
pornng under the stauc wetght ot the dnil rods or the weignt
- of the drill rods plus the statc wesght of the hammer. this
:nformaton should be noteg on tnhe bonng log.

~.4 The raising and dropping of the 140.lb (63.5-ke)
sammer shall be accompiishea using either of the following
*wvo methoas:

4.1 Bv using a w1p. automauc.
-ammer arop svstem  wricn
~ammer ana ailows 1t 10 arop
smmpopeded.

“42 Bvusing a cathcnd 10 pull a rope attached to the
aammer. When the catheaa ana rooe mewnod ts used the
svstem and operauon shall contorm to the following:

7.4.2.1 The cathead shall be essentially free of rust. oil. or
grease and have a diameter in tnerange of 6 to 10 in. (150 10

mm).

4.2.2 The cathead should bc operated at a mmimum
speed of rotauon of 100 RPM. or the approximate speed ot
rotauon shall-be reporied on the bonng log.

~.4.2.3 No more than 2'/: rope wurns on the cathead mav

oe used dunng the pertormance of the penetrauon test. as
snown 1n Fig. 1.

or semi-automauc
uns e 150-lb 1n3.3-kel
W=aom 0.7 me= 23 mm

“NTE d4—The operator snoutd generany use ener 1. or 2% rope
.S, deDenaIng UpOn wnetner or not the rope comes ot the 1o t1 .
armss or the oottom (1's tums) Of tne catnead. [t 1S generauv xnown
ing accepted that 2% or more rope turns consiaeradly imoeaes the fail
1 the hammer and shouid not be usea to pertorm the test. The catneaa

‘ope snouid be mainuinea 1in a remauvetv dry. ciean. ang untravead .

sonditton.

.
0

¢

7.4.2.4 For each hammer blow. a 30-in. (0.76-m lift and
arop shall be employed by the operator. The operation of
oulling and throwing the rope shail be performed rhvthmi-
cally wathout holding the rope at tne top of the stroke.

".5 Bring the sampler to the surface and open. Record the
percent recovery or the leneth of sampie recovered. Descrie
'he soii samptes recovered as 10 composttion. color. straufi-
-auon. ana condition. then place one or more representatve
vortions of the sampie into seaiable moisture-proot’ con-
diners tjarsy without ramrmung or distorung any apparent
straufication. Seai eacn container to prevent evaporauon of
Wil maoisture. Affix labels 10 tne containers peanng joo

12

tn

designauocn. ponng number. sampie depthh. and the blow
count per 6-in. (0.15-m) increment. Protect the sampies
against extreme temperature changes. If there 1s a soii change
within the sampier. make a jar for each stratum and note its
iocauon 1n the sampier parre!.

8. Report

8.1 Drilling informatuon shail be recorded 1n the field and
shall inciude the following:

8.1.1 Name and locauon of job.

8.1.2 Names of crew.

.3 Tvpe ana maxke of driiling macnine.

Weather conditions.

Date and ume of start and f{inish of bonng:

.6 Boning number and locauon (stauon and coordi-
if avaiiable and applicable).

.7 Surface eievauon. if avaiiable.

8 Method of advancing and cleaning the bonng.

.9 Method of keeping bonng open.

9.1 10 Deptn of water surtace and dniling depth at the
ume of a noted loss of drithing fluid. ana tme and date when
reading or notation was maade.

¥.1.11 Lecauon ot strata cnanees.

3.1.12 Size o1 casing. aeptn ot caseg portion of bornng.

3.1.13 Equipment ana metnoa of dnving samoter.

8.1.14 Tvpe sampter and lengin and inside diameter of
oarret tnote use of liners).

8.1.15 Size. type. and section iength of the sampling rods.
and

8.1.16 Remarks.

8.2 Data obtained for each sampie shall be recorded in the
feld ana shall inciude the following:

3.2.1 Sampie deptn and. if uuhized. the sampie number.

8.2.2 Description of soil.

8.2.3 Strata changes within sample.

8. 2.4 Sampter penetraton and recovery {engths. and

8.2.5 Numper of blows per 6-in. (0.13-m) or parial
increment.

Q. Precision and Bias

v.1 Yanauons in N-vaiues of 100 < or more have been
observea wnen using different stanaarad penetration test
apparatus and dnilers for adiacent borings in the same soil
formauon. Current opimion. based on field expenence.
indicates that when using the same apparaws and driiler.
Nevalues in the same soil can be reproguced with a coeiffi-
cient of vanauon of about 10 S

9.2 The use of fauity equipment. such as an extremely
massive or damaged anwvii. a rustv cathead. a low speed
cathead. an oid. otiv rope. or massive or poorly lubricated
rope sheaves can sigmiicantiy contribute to differences in
V-values obtainea between operator-dnil ng systems.

9.3 The vanability in N-vaiues produced by different drill
1gs and operalors may be reauced by measunng that part of
the hammer energy deliverea 1nto the dnil rods from the
sampier and adwsung .\ on the basis of comparauve
enermies. A method for energy measurement and M-value
ld._mszmcm 1S currentty unaer aevetgopment.

AR305425
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qgﬂ? Designauon: D 2166 - 35%'

Standard Test Method for

Unconfined Compressive Strength ot Cohesive Soil’

This s1an0aro 1 13suca unaer the tixed aenenation D 2166 the numper immegiatelv 101OWINE tne GESIRNALION INAICALES the vear of
ONZING JUODUUN UF. 1N (NE CISE O FELISION, INE YEIr OF ASL TYISION. A NUMDET IN DAFCAINESES INCICILES tNE Vear Of 1St [TAVDIOvA), A
SUDETICIIOt COSION (¢) 1NAICALLS AN eqitonay change $NCEe INE 1358 revISIon OF TCIDOroval.

' NOTEwe YWClION 11 was 3aded eOIONANY 1N January (Y9

1. Scope

1.l This test method covers the dctermmauon of the
uncontined compressive strength of cohesive soit in the
undisturbed. remoided. or compaciea condition. using
sirain-controlled appucation ot the axial ioad.

1.2 This test metnoa provides an approximate vaiue of
e s:rcngm Of conesive soits in terms ot 1Qtat stresses.

.3 This test menoa 1S JppICapie ontv (0 conesive mate-
~ats whicn wiil not ¢xoct bieea water twater expetied from
ine soti due to. getormauon or compaction) dunng the
loading porion of the test and which wiil retain intnnsic
strengin atter removal of contining pressures. such 3s clavs or
cemented soils. Drv una crumoiy souis. lissurea or varvea
matenais. stits. peats. ana sanas cannot be tested with this
method to obtain vahd uncontined compression strength
values.

Norr |—The getermination of the unconsolidated. undrained
sirength of cohestve sous win taterat continement s covereg by Test
Method D 28350.

1.4 This test metnod is not a substitute tor Test Methoa
D 2850. .

1.5 The vaiues stated in SI units are 10 be regarded as the
standard. The vaiues stated tn incn-pouna units are 3pprox-
mate.

1.6 This stanaara mav ivoive nazgraous maiereals. oner-
Juons. ana cawpment. Tiis stanaara does not purport Lo
address all of the sarcery praniems associated with us use. It
e responsthiliey ot waoever uses this standard (o consuit and
establish appropriate satety and health pracuces and deter-
mine the appitcainity o1 reeuiatory irmuations prior (o usc.

2. Referenced Documents

2.1 ASTM Stanuards:

D422 Method for Parucie-Size Analvsis of Soils*

D653 Tgrmmoiog,v Relating 1o Soil. Rock. and Contained
Fluids®

D854 Test Method for Speciiic Gravity of Soils® .

D 1587 Pracuce tor Thin-Walled Tube Sampiing of Soils~

D 2216 Method tor Laboratory Determination of Water

(Morsturey Content of Soil. Rock. and Soil-Aggregate
Mixtures-

' This tent method 18 unacr the wnsawction of ASTM Committee O-1R on Soii '

and Rock ana 18 the girect responudiity of Subcommuttee D18.05 on Suuciuras
Properues ol Sous, '

Currens ecitton avoroved Juls 26, 19RS. Published Seotemoer 1985, Onanans
cublshed a3 D 2166 = o3T Last previous eattion O 2166 « 00 (1979Y*

3 Annust Boux ot ASTA Sianasras, Vol 04.08.

D 2487 Test Method for Classificauion of Soils for Enge
neenng Purposes‘

D 2488 Pracuce for Descripuon and Idenuiication of
{ Visual-Manuai Procegurer

D 2850 Test Method for Unconsolidated. Undmnec
Comoressive Strength of Cchesive Soils 1n Trma.
Comoression” )

D 3229 Pracuces ior P'escnmz and Transnorung So-.
Samptess

D 4318 Test Metnoa tor anum Limu, Plastc Lxmn.m
Plasticity {ndex of Soils® !*

3. Terminoiogy

R
3.1 Refer to Terminology D 653 for standard deﬁnmo:

of terms.

3.2 Descriptions of Terms Speetfic to this Standard:
. 3.2.1 uncontinca compressive strength (q,)—ihe compre
sive stress at which an unconfined cylindricai specimen
soti will fail in a simple compression test. in this test metho
unconiined compresstve strength is taken as the maximu
joad atwaineg per unit area or the load per unit area at 1§
axial strain. whichever 1s secured first dunng the perforr
ancc ox a test.

3.2.2 shear strenetn o, —=ior unconfined compres
strengtn test specimens. the snear strength 1s caiculated to
-+ of the compressive stress at atlure, as defined in 3.2.1.

4. Significance and Use

4.1 The pnmarv purpose of the unconfined compress
test 1s to quickiv obtain the approximate compress
strengin of soiis that possess sufficient cohesion to pem
testing 1n the uncontined state.

3.2 Samptes of sotls having slickensided or fissured str
ture. samptes of some types of loess. very soft clays. dry 2
crumbly solis and varved matenais. or samptes contain
significant poruons of silt or sand. or both (ail of wh
usuaily exhibit conestve properues). frequentiy display hig
shear strengths wnen tested in accordance with Test Mett
D 2850. Also. unsaturated sotis will usuaily exhibit differ
snear strengtns wnen tested 1n accordance with Test Met
D 2850.

4.3 If both an undisturoed and a remoided test’
pertormea on the same sampie. the sensttivity of the mate
can be determined. This method of determinine sensitivi
sunabie oniv for soils that can retain a stable speamen st
in the remoided state. ‘

NOte 2—For sous that wiil not retain a stable shaoe. 3 vane shea
or Test Method D 2850 can oe usea to dElEITMIDE senTuVItY.

AR30SU2T.
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Jaratus

... Compresston Devicv— Tne comipression device mav
~¢ 4 piatform weigning sCiie *QUIPPEd WALN 1 SCTEW-iacK-
scuivated {oad yoke. 2 nvaraulic 10aaing device, or anv other
comopression device wiun sutiicient capacity and controt to
~roviae the rate of loaaine orescnioea in 7.1, For soil watn an
.ncontined compressive strenetn of less than 100 kPa (1.0
:on/it™) the compression <oevice snall be capaoble of mea-
.unng the compressive stress (o withm  kPa (0.01 tonsfi=).
For soi with an uncontined comoressive strengwn ot 100 kPa
Y ton/ft*) or greater. compression device shail be
caoaoie of measunng the cumoressive stress 1o the nearest 3
P2 10.05 ton/ft*).

3.2 Sampie Extruuacr. ao30te ol extruding the soil core
‘rom the sampiing tube 1n tne same direcuon of travei 1n

anicn the sampie enterea tne tuge. at 3 umform rate. and

aun negitgible disturoance @1 the sampie. Condttions at the
ame oOf sample removal Mav dJictate the direcuon of ree
=oval, but the pnncipat concern 1s 10 Keep the gegree of
..sluroance negigiole.

© X Detormanon  [nui... - — ¢ 0¢ gelormation inaicator
=it oe 2 g1al inaicator eraciated 0 VU3 mm w001 1n or
sat1er ana having a traver runee ot at teast 20 e of the lengwn
110ne test SDECIMeEn, O \uMme VINEr MEeasunne device. suct as
:a etectronic deformutiun nivasunng gevice. mesung tnese
rsquirements.

3.4 Diai Comparator. o otner suitabie device. for mea-
- ~ng the physical dimensions of the specimen to within

¢ of the measured dimension.

e
e

\oTE l—Vernier canpers 4ro = recommenaed for soft specimens.

. amem witl deform as the cannces 2re set 0N the specimen.

$3 Timer—A umtng acsiec indicauing the efapsed testing
ume 10 the nearest second snail be used for estabhishing the
-ate of strain appiication rrescnibed 1n 7.1, .

{6 Balance—The butance usea 10 wewgh specimens shail
:stermine the mass of the soecimen 10 within U1 ¢ of s
1131 mass.

P Equpment. as specities in Method D 6.

13 Misceffanceous irpardins. including specimen tnm-

<ing and carving L001s. remuiding apparatus. water content
-ans. and data sheets. 2s reauirea.

a9y

6. Preparation of Test Specimens .v

5.1 Specimen S:-v—:ou mens shatl have a rmmmum
Jameter of 30 mm (1.3 7.1 and the largest parucie con-
uned wathin the test specimen shall be smailer than one.
“nth of the specimen wiameter, For specimens having a
sameter of 72 ram ¢ 2.8 1n.) or arger. the jargest particie size
‘nal be smatler than one sivtn of the specimen diameter. {f.
ilter completion of a test un an undisturoed specimen. 1t 1s
‘Jund. based on visuai obser auon. that larger particies than
Xmitted are present. :nuicale this informauon in the
‘marks secuon of the recon of test data (\Jote 4). The
“tight-to-dgiameter rato shail be between 2 and 2.5. Deter-
“une the average heignt una Jiameter of the test specimen

ing the apparatus specitied in 3
‘ree height measurements (120° aparu). and at least three
lameter measurements at tne quarter potnts of the hegit.

RN OTE 4if large sOi DAMUICICS 27C fOURA 1N tNE IMPIE Atter teSUNE. 2
s jmﬂe«ue analysis periormea in accoraance with Method D 422 maw
[
-y
. E

.

=

“€ PEriormes 10 CONIrMm tNe Yisudl 0oservation and the resuils proviced
Wity the test report.

0.2 L'naisturnea Specimens—Prepare undisturbea spect-
mens (rom iarge unqisturoed samples or {rom sampies
securea in accoraance with Practice D 1887 and preserved
and transportea in accoraance with the pracuces for Group
C samoies 1n Pracuces D 4220. Tube specimens mav be
testea without tnmming except tor the squanng ot enas. \f
conaiions of the sampie jusufv this procegure. Handle
spectmens carerully 10 prevent disturnance., changes 1n Cross
secuon. or {oss of water content. |f comoression oF any type
of noticeaote disturbance wouid be caused by the extrusion
device. spiit the sample tube lengthwise or cut it off in smait
sections 1o lacilitate removai of the spectmen without
aisturpance. Prepare carved specimens without disturbance,
and wnenever possible. in a humidity-controiled room.
Make every etfort 10 prevent anv change tn water content of’
the sou. Speciments shall be of uniform circular cross secuon
with enas perpendicuiar 10 the lonutudinat axis of the
‘pecimen. When carving or tnmming. remove any smatl
oepobles or shets encounterea. Caretutlv il voras on the
SurIace of the specimen with remoiaea soit obtainea rrom tne
inmmuings. When pebbies or crumoiing resuit in excessive

“irregutanty at the ends. cap the speciumen with 2 mmmimum

4. Take 2 mmmimum ot
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thickness of plaster of pans. hvdrostone. or simuiar matenat.
When sampie condition permus. a verucai lathe that will
accommoaate the total sample may be used as an aid in
carving the specimen 10 the reguired diameter. Where
prevention ot the development of appreciable capiitary torces
1s deemed 1mportant. seal the specimen with a rubber
memorane. thin plastic coatngs. or with a coaung of grease
ar spraved piasuc immediatelv after preparation and dunng
the entire tesung cycie. Determine the mass and dimenstons
of the test specimen. ({ the specimen 1s 10 be capped. its mass
and dimensions shouid be aeterminea betore capping. it the
Cntire test specumen s not 1o be used for determinauan ol
“water content, secure 3 representative sample Ol' culnes tor
this purpose. ptacing them immeagiately 1n 3 covereg con-
1atner. The water content determnauon shail be pertormed
in accordance with Method D 22!

6.3 Remoided Specimens—Specimens may be prepared
etther rrom a tailed undisturbed specimen or from a dis-
turbea sampie. providing it 1s representauve of the failed
unaisturoed specimen. In the case of failed undisturped
specimens. wrap the matenal in a thin rubber membrane
and work the matenai thorougnly with the fingers to assure
compiete remoiding. Avoid entrapping air in the speaimen.
Exercise care to obtain a uniform density. to remoid to the
same void ratio as the undisturbed specimen. and to preserve
the natural water content of the soil. Form the disturbed
matenai 1nto a mold of ctrcuiar cross section having dimen-
sions meetng the requirements of 6.1. After removal from
the moid. determine me mass and dimenstons of the test
specimens.

6.4 Cumpacted Specimens—Specimens shall be prepared
10 the preaetermined water content and density prescnbed
by the individual assigming the test (Note S5\ After a
specimen is formed. tnm the ends perpendicular to the
longitudinai axis. remove from the moid. and determine the
mass ana dimensions of the test speamen.

hR305
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Note $—Expenence naicates that 1t 1s difficuit to comoact. hanatle.
and obtain vana resuils witn SDcClmenS tnat navc a aezree Of saturauon
that 1s grester than YU ¢

7. Procedure

7.1 Place the specimen 1n the toading device so that 1t is
centered on the cottom piaten. Adjust thie {oading aevice
carefully so that tne upper piaten 1ust maxes contact wath the
specimen. Zero the aeformation indicator. Appiy the ioad so
as 1o produce an axiai strain at a rate of 2 to 2 S/mun.
Record load. deformauon. and time values at sufficient
intervais to define the snape of the stress-strain curve tusually
10 to 15 points are sutficient). The rate of strain should be
chosen so that the ume to failure does not exceed about 1§
mm (Note 6). Conunue ioading untii the load vaiues
decrease with increasing stramn. or untul 15 % stramn s
reached. The rate of strain used for 1esung seaied specimens
may be decreasea i’ deemed desirable for better test resuits.
Indicate the rate ot strain 1n the repon of the test data. as
required in Y.1.” Determine the water content of the test
specimen using tne enire specmen. uniess reeresenwative
cutlings are ootained lor this purpose. as in the case ot
undisturbed specimens. indicate on tne test report wnether
the water content samote was gbtainea before or aner the
shear test. as requirea 1in 9.1.2.

Note 6—3ofter matenais that wiil exhiubit iarger deformation at
failure shouid be testea at 3 higher rate of strain. Converseiy, sufl or

bnttie matenais that wui exnibit smail deformauons at fatlure shouid be
tested at 2 lower rate ot sirAn.

. 7.2 Make a sketen. or take a photo. of the test specimen at
failure showing ine siope angle of the tailure surtace if the
angie is measurabie.

7.3 A copy ot a sampie data sheet 1s included in Appendix
X1. Any data sneet can be used. provided the torm contains
all the requirea data.

8. Calcuiations

8.1 Calcuiate tne axial stram. ¢,. 10 the nearest V.1 <. for
a given appited loaa. as follows:

o= AMllo

- where:

AL = length change of specimen as rcnd from deformation
indicator. mm un.), and ‘
Ly = initial length of test specimen. mm (in.).

8.2 Calculate the average cross-secuonal area. .4. for a

given appiied loaa. as totlows:
A =AYl =,y
where:
Ag = mxual average cross-sectionai area of the specimen.
mm* (in."). and

¢; = axial stran for the given foad. %. .

8. 3 Calculate tne compressive stress. ¢ 10 three signifi-
cant figures. or nearest ¢ kPa (0.01 ton/ft*). for a gwcn
appiied load. as tollows:

a. = (P/A)

where:

P = gven appnied load. kPa (ton/ft). .
4 = comresponaing average cross-secuonai arez mm- (in.”).
8.4 Grapa—&t desired. 2 graph showing the reiauonsnip

between compressive stress (ordinate) and axial strany
scissa) may be piottea. Select the maximum vaiue s
compressive stress. or the comoressive stress at {5 % o
stratn. wihuchever 15 secureg lirst. and report s, . the

uncontined comoressive strengn. g,. Whenever 1t is com'

¢red niecessarv 10r proper interpretauon. inciude the graph o
ihe stress-sirain data as part of the qata reported. .

8.5 If the uncontined compressive strengn 1s determmeg
the sensiuvity. S. is caicuiatea as foilows:

A,
q., tundisturoed specimen) e
S r= " ce )
4, (\remoided speameny -
o
s

>

.

9. Report

9.1 The report shouid inciude the followmg: 43

9.1.1 ldenufication and visual descniption of the spg
umen. 1inciuding soil classification. symbol. and whether ¢
specimen s undisturped. remoided. compacted. ete. Al
include specimen identifving informauon. such as proje
location. bonng numoer. sampie number, depth. ete. Vi
Jdescrivuons shall be maage :n accoraance wath Pm::
D ’488

9.1.2 Imuai drv densuy ana water content (speafy 1!

water content spectmen was ootained betore or aner six
and whether from cuttings or the entire speamen?, -

9.1.3 Degree of saturauon tNate 7). if computed.

Note 7—The specific gravity getermined 1n accordance with .
Method D 854 1s required for calcuiauon of the degree of satunno

:mds

9.1.4 Uncontined compressive strength
strength.
9.1.5 Average height and diameter of specimen.
.6 Height-to-diameter rauo, o

9.1
9.1.7 Average rate of stramn to failure. .
9.1.8 Strain at failure. .

9.1.9 Liguid and plasuc iimuts. if dexermmed. inacx
ance with Test Method D 4318. .

2.1.10 Faiiure sxeicn or onoto.

9.1.11 Stress-strain grapan. 1f prepared,

9.1.12 Sensiuwnty. if determined.

9.1.13 Parucie size anaivsis. f determined. in accorc
with Method D 422, and

9.1.14 Remarks—Note any unusual conditions or
data that would be considered necessary to properiy intt
the resuits obtained. for exampie. siickensides. stratific
shells. pebbles. roots. or bnttieness. the type of failure
is. buige. diagonai shear. etc.).

10. Precision and Bias

10.1 No method prescmiv exists to evaiuate the pre
of a group of unconfined compression tests on undis
specimens due to specimen vanability. Undisturbe
specimens from apparently homogeneous soil depositt
same locauon often exhibit significanuy different st
and stress-strain properues.

'10.2 A sumnable test material and method of spr
preparauon have not been developed for the determ:
of laboratory variances due to the difficuity in prc
idenucai conesive soil specimens. No esumates of pt
for this test method are avaiiable.

: AR305L29
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strain curves: unconlinea compression test; uncontined coms-

APPENDIX
{ Nonmandatory informauon)

X1. Exampie Data Sheet

UNCONFINED COMPRESSION TEST—Ul

pressive sirengin.
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qm}’ Designation: 0 2216 - 90

Standard Test-Method for

Laboratory Determination of Water (Mdisture) Content of Sail,
Rock, and Soil-Aggregate Mixtures'

This stanaara s 1ssuea unaer the fixed designation D 2216: the numoper immeaiately tollowing the GeIZNAN0N 1INCICAtES the vear of

SN@Nas 33ootIoN of. in tNE C2S2 Of FEVISION, INE YEAr Of 1ast FEVIUON. A NUMDET 1N DIFENLNESLs tNAICIES tNE YEar Of 135t rEIoproval. A
SUDESSCTION CRSHORN 141 1 NUICIIES 2N CTIIONAL CNINEEC SINCE INEC 12ST rEVISION OF TCADPIOVaL.

1. Scope

..1 This test method covers the iaboratory determinauon
Jf the water {moisture! content of soil. rock. and simiiar
matenais by mass. For simpitcuyv. the word “matenat™
hereinatier aiso reters 10 euner soil or rock. whichever 15
most appiicabie.

..2 The water content ot 1 matenai 1s defined bv this
stlandard as the rauo. expressea as a percentage. of the mass
) “pore” or “free” water :n a civen mass of matenal 1o the
mass of the soiid matena:.

3 The term “solid zzrucies ' s useg i1n geotecnnical
znggneenne is typically assumea to mean naturaily occuming
minerat parucies of soll ana rocx that are not readiiv soiuble
:n water. Therefore. the water content of matenais con-
13ININE eXIranecus matier (such as cement. and the ftke) mas
require special treatment or 3 gualified definition of water
content. In addition. some organic matenais may be decom-

d by oven drving at the standard drving temperawure tor

1s method (110°C). Matenats containing gypsum tcaicium
suifate dihydrate or other compounds having sigmificant
amounts of hydrated water) mayv present a speciai probiem as
" this matenal slowly dehvarates ‘at the standard drving

temperawure (110°C) ana at very low reiauve humudites.
forming a compound (caicium suitate hermnvdrate) wnich s
not normally present 1n natural matenais except in some

desert soils. In order to reauce the degree of dehvdration of

zyvpsum 1n those matenais containing gypsum. of to reguce
JECOMDOSIUON 1N NIENIV Oreanic sous. il mav oe assiraoie 1o
arv these matenais at o0°C or 1n a desiccator at room
iemoperature. Thus, wnen a arving temperature 1s used whicn
1s different from the stanaarg drving temperature as defined
by this test method. tne resulting water contegt mav be
different {rom stangara water content dczermxncd at the
standard dryving temperature.

NoTte |—Test Method D 2973 oroviaes an aiternate procecure tor
Jdetermining water content of Deat matenais.

1.4 Matenais containing water with substantial amounts
of solubie solids tsuch as satt 1n tne case of marine sediments)
wnen tested by this metnod will give a mass of solids wnich
includes the previousiv solubie souds. These matenais re-
quire special treaument (o remove or account for the
presence of precipitatead soitds in the dry mass o!f the

‘ This mewnod i1s under the wnsaicuon ot ASTM Commuttee O-1% on Soit anc

Roch ana is (ne direct resoonsitinty of Subcommittee O18.03 on Testure.
Plassicits ang Densuv Charactenstics o1 Soiss.

Current ediuon approved Nov i), 1994 Publisned January 1991 Onpnais
suplisned as D 2216 = 63 T. Last orestous eaition D 2216 « a0
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specimen. or a qualified definition of water content must be
used. ’

1.5 This test method requires several hours for proper
drving of the water content specimen. Test Method D 4643
provides for arving of the test specimen 1n a microwave oven
which ts a shorter process.

1.6 This standard reguires the drving of material in an
oven at high temperatures. If the matenal being dried is
contamnated with certain chemicais. heaith and safety
nazards can exist. Thererore. this standard shouid not be
used 1n gelerminine e waler content of contaminated sous
ingess agdequate neattn and siatetv precautions are taken.

V.7 This stanaara uwes ner purport 1o aaaress aii ol the
satery probiems assoctated with s usc. it 1S tne responsiility
r'the user of this stanaara to estapiisir appropriate satety and
neaith practices and determine tne anpucaamn' or reguiatory
itmtaions prior (0 usc.

p Re;'erenced Documents

2.1 4STN! Stanaaras.

D653 Terminoiogy Relaung to Soil. Rock and Contained
Fluids-

D 2974 Test Methoas for Mossture. Ash. and Orgnmc
Matter of Peat and Other Organic Soiis*

D 4220 Practuce tor Preserving and Transporung Soil
Samoies*

D 4318 Test Method tor Liguid Limit. Plasuc Limit. and
Plasucitv inaex ot Sotis-

D4643 Test Mewoa !lor Determination of Water
(Moisturey Content ot Soil by the Microwave Oven
Method*

D 4753 Speciicauon for Evaluaung. Selecung. and Spea-
fving Balances and Scates for Use in Soii and Rock
Tesung-

E 145 Speaficauon for
Forcea— Venulauon Ovens'

Gravny—Convecnon and

3, Termmoiog)

3.1 Refer 10 Terminology D 653 for standard definitions
o 1crms.
3.2 Description of Term Spectiic to This Standara:
.2.1 water content (of 2 matenail—ihe rauo ot the mass
of water contained in the pore spaces of soii or rock matenal,
to the sond mass of partcies 1n tnat matenat. expressed asa
percentage.

-
-
3

* {nnuai Boox o1 ASTM Sianaaras. ‘ol 04 08
" innuat Boew or 4STM Sianaaras. Yol 14.02.

AR305L32
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. Summary of Method

< | Atestspecimen is dnieg in an oven {0 a CONStant mass.

i0ss Of mass gue 10 arving 1s considerea 1o be water. The

. ..sT content 1s calculatea using tne mass of water and the
-ass Of the dry specimen.

<. Significance and Use

3.1 For many matenais. the water content 15 one of the
=ost sigruficant index properues used In establishing a
- :arTelation petween soil benavior and-its properues.

1.2 The water content ot a matenal is usea 1n expressing
:2¢ phase relauonships of air. water. and soitds in a given
.olume of matenal.

:.3 In fine-grained (canesive! soiis. the cansistency of a
aven soil type dependas on s water content. The water
:antent of a sail. along with 1ts iquid and plastic limts as
:stermined by Test Method D 4318, 1s used 10 express 1ts
sative consistency or liquiaity index.

5. Apparatus

~'{ Drying Oven. tnermostaucailv-controiied. preteraoiv
:ine torcea-aratt tvpe, meeuneg tne requirements of Spect-
aauon £ 145 anad capaoie of Maintaining a uniorm temoer-
zure of 110 = 3°C throuenout the arving cnamoer.,

2.2 Balances—All balances must meet the requirements
¢ Speciicauon D 4732 una this Secuon. A Class GPI
satance of 0.01¢g readabsiity is required for specimens naving
1 mass of up to 200 g texciuding mass of specimen con-

aner) and a Class GP2 balance of 0.lg readability 1s

~~uired for specimens having a mass over 200 ¢.

.3 Specimen Contamers—Suntable containers made of
matenat resistant to corrosion and change 1n mass upon
repeated heaung. cooling. exposure 1o matenais of varving
oH. and cleaning. Containers with close-fitting lids shall be
ssed for tesung specimens having a mass of less than about
220 g: wmie for specimens having a mass greater than agout
-0 g. containers without lids mav oe used. One container is
~eeaed for each water content aetermination.

“oTF J—=The purpose ©f wiase-ntung ugs 1S to orevent 10ss o
=JIsture trom specumens bDerore mitidl mass aetermination ang

revent aosorpuon Of moisture trom tne atmosonere toliowing arnving
Ing pEtore 11nat mass aeterminatiun

6.4 Desiccator—A desiccator cabinet or large desiccator
ar of suitable size containing siiica gei or annvdrous caicium
snospnate. It is preferabie 1o use a desiccant which changes
“olor to indicate it needs reconstitution. See Section 0.5,

R \oTE l—Anhydrous caicium sullate 15 sold under the trade name
Jnemte.

6.5 Container Hanaliny Apparatus. gloves. tongs. or suit-
ible hoider for moving and handling not containers arter
iving.

0.6 Misceilaneous. hnives. spatuias. scoops. quanenng
Joth. sampie splitters. ¢1¢. as required.

°. Samples

" | Sampies shall be preservea and transportea 1n accora-
-nee with Pracuce 4220 Groups B. C. or D sotis. keep ne
Mpies that are stored prior 1o tesung in noncorrodibie
irught containers at a temperature petween approximatety 3
ind 30°C and 101 an area that prevents direct contact with

suniignt. Disturoea samptes in 1ars or other conruners shait
be storec tn sucn a8 wav as 10 prevent Or minimize motsture
conaensation on the insides of the containers.

7.2 The water content determination snouid be done as
soon as practicaocie atter sampung. especially 1f potenually
corrodible containers (such as thin-watled steet tupes. paint
cans. etc.) or ptastc sampie 'oags are usea.

8. Test Specimen

3.1 For water contents being determined in comunction
wth anotner ASTM metnoag. the specimen mass reguire-
ment statea in that mewnod shall be used if one 15 provided. If
no mnimum specimen mass 1s provided in that method
then the vaiues given betfore snall appiy.

8.2 The mimimum mass of moist matenal seiected 10 be
representatuive of the 1o1al sampie. if the 1otai sampie 1s not

tested by this metnod. shall be in accordance with the
following:

Recommenued Recommenacd
MINIMUM Mass 0f  MINUMUM Mass Of
mest test soove most test soey.
cmen 10r water LMER 1OF WALT
antent renuney .antent remntey

“{aximum narucie

SIZE LN’ SIINAAr dievy

o3ssnee AN - EIN

+ mm or ey S e . g
<TAimm No & 1Ky ¢ e
Y4 mm (21,3 dus g drve
90 mm win 2ie dug

*3mm 12 1 ke (N Y

“tO0mm lan, e g

NOTE=—"To be representative not less tnan 2t g shail be used.

8.2.1 If the towal samoie 1s used 1t docs not have to meet
the minimum mass reguirements provided 1n the tuble
above. The report shall inaicate that tne entire sample was
used.

8.3 Using a test specimen smaller than the mimimum
indicated 1n 8.2 requires discretion. thougn i1t mav be
adequate for the purposes of the test. Anv specimen used not
meeung these reguirements snail be noted in the repont of
results. .

3.4 When working witn a smatl iless tnan 200g) specimen
containing a refativelv iarge gravel partce. it is appropnawe
not to 1nctude this parucie tn tne test soecimen. However.,
any discarded matenai shail be aescnicea ana noted in the
report of the resuits.

9. Test Specimen Selection

9.1 When the test specimen 1s a portton of a larger
amount of matenal. the spectmen must be seiected to be
representauve of the water condition of the enure amount of
matenal. The manner 1n which the test specimen 1s sciected
depends on the purpose and aophication of the test. type of
matenai being tested. the water condition. and the type of
sample tfrom another test. bag. block. and the hikes.)

9.2 For disturbed samptes such as tnimmings. bag sam-
ples. and' the like. obtain the test specimen by one of the
following methods thistea 1n oraer of preterence:

9.2.1 If the matenai 1s sucn that it can be manmnulated
and handied without signiticant morsture loss. the matenat

snouid be mixed and then reauced to the required s1ze by

279

quanernng or sphtung.

9.2.2 If the matenai 1s such that 1t cannot be thoroughiy .
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MIXeqa ana/or spilt. form a stockoiie of the matenat. mixing
Qg cn as possibie. Take at 1east five portions of matenai at
fl m iocauons using a sampung lupe. shovel. scoop.
U, .l Or simiar device 1ppropnate to the maximum
particie size present in tne matenat. Comoine 2il the portions
1or tne test specimen. ‘

+ 2.3 If the matenai or condiions are such that a stockpiie
-annot oe formed. take as manv poruons of the matena: as
possidle at random locauons tnat wiil best represent the
moisture conditton. Comoine ail the poruons 1or the test
specimen.

4.3 Intact sampies sucn as block. tube. split barret, and the
hike. optain the test specimen ov one of the tollowing
metnoas depending on the purpose and potential use of the
sampie.

9.3.1 Carefully tnm at feast 3 mm of matenai from the
outer surtace of the sampic 1o see 1f matenai is laverea and 10
remove matenai that is aner or wetter than the main porion
ot the sample. Then caretuils tntm at least ¥ mm. or a
thickness equai to the maximum particle size present. irom
ne entre exposed suriace or trom tne nterval being tested.

< 32 Shice tne sampte :n nait. Y matenat 1s 1averea see

-

section ¥ 33, Then caretuihy iom 20 least & mm. or 3
'7ICANESS €QUAi 10 tNE MANMMUM DAMICIC SIZE Dresent. trom
e exposea sun'acc 0! one ndit. Or rom nNe nerval bcmg
tested. A void anv material on tNe eqagees that mayv ne wetter or

Jrier than the matn portion of the samoie.

NOTF d—=Migration of mmsturfe 1n some CONESIoNIess sons mas
require tnat the tull section ne sampiea.

..3 If a lavered matenal (or more than one matenal type
countered). seiect an average specimen. or individuag
specimens. or both. Spectmens must be properiv idenuiicd as
' to location. or what they represent. and appropnate remarks
entereg on data sheets.

1. Procedure

;0.1 Determine ana recora the mass of the ciean and drn
specimen container tana its nd, it usegl.

-2 Sclect representative osl SDECIMENs 1N accorgancy
witn Secuon Y.

10.3 Place the moist test specimen 1n the container and. 1f
used. set the lid secureiy in position. Determine the mass of
the container and moist matenai using a balance tSee 6.2}
selected on the basis of the specimen mass. Record this
vajue. < e

“OTE f—To prevent mising vt specimens ana vieiding ot incorrect
results. ail containers. and lids 11 used. shoutd be numonerea and the
container numoers shall be recoracy on tne taporaton gata sneets. The .,
11d numoers snouid matcn 1R cuNtainer numobers 10 enminate contu.

" sion.

NOTE 6—Ta asust In tne oven-arving ot (3rge test spectmens. thev
should be ptaced IR CONtAtNErS NANING 3 LATEE SUrIACC Area (SUC as pans!
4ng the matenal broken up N0 SMauer aggregauons.

10.4 Remove the id 111 useai ana oiace the container with
motst matenai in the arving oven., Drv the matenal 10 3
constant mass. Maintain tne anving oven at | 10 = 3°C uniess

rwise specified (see i 3. The ume reguired 1o ootain
rant mass will varv gepenaing on the type of matenat.

. Of specimen. oven voe ana capacity. and other factors.
The intluence of these 1actors generailv can be estabiished by
good ludgment. and expenence with the matenais being

- #

13steq ang the apparatus being usea.

NOTE 7—In most cases. drving a 1est specimen overnient (about |2
10 16 hros susficient. n cases wnere tnere 15 Jount concermng the
-Jeguicy ot drving. arving snouid be contnueg untis tne <NINge In masg
LUET 1RO SUCCEesSive DErtoas (greater than ¢ 1 0f aNing 1S an nsigni-
.40t amount 11ess than aoout V.1 7). Specimens O <ang mas often de

27164 10 Constant mass in 4 Denoad O ADoUt < 0. wien J (Ircea-aratt oven
'S UseqQ.

NOTE d—Since SOMe arv matenals mav aosorn moisture trom moist
:DECIMENS. ANEA SDECIMENS Sould De removea Helore DIaCIiNE Mo
spectmens n tne same oven. However, tnis would not pe apoticabie if
tNe previousiy drea specimens wiil remain 10 tNe N INE oven tOf an
-adittonat ume pernod ol about 16 h.

10.5 Atter the mawenal has dned 10 constant mass remove
the container trom the oven (and reptace tne hd if used).
Allow the matenai and container 10 cooi 0 room tempera.
ture or uniil the container can be hanaled comtonabiy with
pare hands and the operauon ot the paiance will not be
atfecrea by convection currents andsor 1ts hemng heated.
Determine the mass ot the contatner ana o\ en-dnea matenai
using the same baiance as used tn {U.3. Record this vaijue,
Tieht titung nds snall be used 1111 appears tnat the specimen
'S aNSOroINg MOotsiure ITOMm tRE QIr Pror (o acterminaton of
:1S arv mass.

NOFE Vet GOHAC 1IN 3 GESICCITOT 19 JCCCDILNIC 1N MIZCT it tieht ﬁ"ln;

1ds stace 11 ereatiy requees INSOMIION O MOISIULS ITOm e Jtmosonere
JULIine CoOtne espeiatiy tor containers without aent fnne iids

11. Calcuiation »
11.1 Calculate the water content of the matenat as fol-

lows:

wam e = WM - M X itk - .“_l,— x 100
where:
" = water content. ‘..
\/,.,. = mass 0! container ang wet specimen. ¢,
\/ = mass O! container ana oven arv specimen. L.
\! = mass Ot container. <.
¥4 = mass of watert.\/ =1/ -~V goand
\l = mass ot soitd partictes (M =\ = Vg

12. Report

12.1 The repom tdata sheet) shall inciude the following:

12.1.1 Idenuticauon of the sampie tmatenat) being ested.
such as bomng numper. sampic numoer. (est number.
container number eic.

12.1.2 Water content of the specimen to the nearest | %
or 0.1 <. as appropniate basea on tne munimum sampie
used. If this metnod is used 1 concert witn anotner method.
the water content of the specimen snouid be reponted to the
vaiue required bv the test metnhod for which the water
content 1s being determined.

12.1.5 Indicate 1f test specimen nad a4 mass tess than the
minimum tndicatea in 8.2,

2.1.% Indicate i1 test specimen contained mare than one
matenai type tiavereq. etc.l.

12.1.5 Inaicate tne method of drving it different trom
oven-arving at {10 = 3°C. ’

12.1.6 Indicate 1f any matenai (s1ze and amounty was
axciuded trom tne test soecimen.

AR305L3L
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3. Precision and Bias

i3 Statement on Bias—There 1s no acceplea reterence

ah * this test methog: theretore. bias cannot be aeter-
1neaq.
i 3.2 Statements on Precision

.-

13.2.0 Singte-Operator Precision—The  single-operator
Jetficient of vanauon nas teen toung to be 2.7 percent.
“hererore. resuits of two properiv conaucted tests by tne
Jme operator with the same zquipment snouild not be

The Amercan Sociery for Tesnng ana Materais (axes no posmion r8S0RCHNG NE VIt Of INV DITENT NCNtS 2sserneq 1n connecton
wiAn ANy Nem mentionea 1n tms SI3NCara. USers of INiS SIanNaarg are exoressiv aavised N3t C/IGITINALON Of the vandav Ot anv Such

considered suspect uniess tney aiffer ov more than 7.3
percent of thetr mean.

13.2.2 Muiniaboratory  Prectsion—-The  muluiaboratory
coerficient of vanation nas been round to be 3.0 percent.
Theretore. resuits of two properiv conauctea tests by dit-
lferent operators using duferent eguioment snouid not be
consigerea suspect uniess tnev gitfer ov more than 14.0
percent of thetr mean.

14. Keywords

14.1 Consistency: inagex propertyv: laboratorv: mousture
anaiysis: moisture content: soil aggregate: water content

OO 1igNs. ANA N NSK Of ININNGEMEeNnt Of SUCH FIGMS. 3re entnely (N Own 1eIDONSIDILY.

Thig 313NCArQ 1S SUBIECT IO rEVISION a7 3NV M@ OV (NS reSDONSIOI® (ECNMCR COMIMITIER 8Nd MUSE CE revIewed everv ive veNs ang
1] NOt 1@VISERQ. EiNEr rEIDOIGVET Of WNNATEWN YOUr COMMENS are NIVHED @ItNaY 107 1@viSION Of IS SISNARIG OF 10F 3CCTIONSI SIANCMCS
aNa SNOUIT Oe 20Cressea 1o ASTM HeaaouUArers Your COMMENS wii receve Careiul CoNSICEration 3t @ Meenna ot INe responsic™
1eCIHCE! COMMIfte® wch vou MAav JIGNT Il vOu 1861 N3L YOur COMMEs nave Not received & 1dir NEANNG vou SN0UIG Maxe vouwr

views anown 10 tne ASTM Cc on 3

- .
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as‘n’ Designation: D 2217 - 85

Standard Practice for

Wet Preparation of Soii Sampies for Particie-Size Analysis
and Determination of Soii Constants’

This stanaard ts issuea unaer the tixed desienauon D 2217 the sumoer immeaiatelv toliowIng e deNRNANUAN InAICItes the vear of

ongpaal dootIon O, i1t LNE C252 Ot FTVIKION. tNE vear of 1ast reViuon. A QUMDET IN DATENINSISE INAICALES e vear ot last teaooroval, A
SUDETICTID! EDSION te ) INGICAIES AN EQILONA! CNANES UNCE NS 125 FEVISION Of rEADPIOVAL.

This praciice nas ocen approvea ior use ov agenctes ot the Depariment of Detense ana for usune in tne DuD Inaex o1 Svecrcatnions and

> Siandaras.

i. Scope

.1 This pracuce covers the wet preparauon of. soit
sampies as recetved from tne tield for parucie-size analysis
and determinauon of soil constanis.

..2 Procegure A prowvides for arving tne tield sampie at a
temperature not exceeding i-<0°F (60°C)., making a wet
separation on the No. 10 (2.00-mm sieve. or No. <0
1425-um; sieve. or both. as neeaed. ana finaliv drving at a
remperature not exceeaing 1 <°F. Procecure 8 proviaes tnat
‘ne sampie snail be xept 2 4 motsture content egual to or
greater 1nan the naturag water content. he procequre 1o be
usea shouid be indicated in tne spectiication for the matenai
peing tested. If no proceaure s speciiied. the provisions ot
Proceaure B shall govern.

1.3 This stanaarad mayv tnverve nazaraous matertais. oper-

auons. and equipment. This stanaara does not purport to

“dress all of the sarety proniems assaciated with s use. It ts

responsibilitv of wiroever iuses 1mis stanaard 10 consult ana

establish appropriate saterv una neaun pracrces and deter-
rurne the applicability ot regutatory itrmitations prior 10 use.

2. Referenced Documents

2.1 .4STM Standards: :

D421 Pracuce tor Drv Preparation of Soil Samvies for
Parucie-Size Anaivsis ang Determinauon of Soul Con-
stants®

D 422 Method for Parucie-Size Anaivsis of Soils-

E {1 Speaiication tor \Wrwe-Clotn Sieves tor Tesung
Purposes’

3. Significance and Use ' L,

3.1 Procedure A is used to prepare soil sampies tor
plasucity tests and particte-size anatvsts when the coarse-
grained parucies of a sampie are soft ana puivenze readily. as
in Pracuce D421, or when tne fine parucles are very
cohestve and tend to resist removai from tne coarse partcies.

3.2 Some sotls never ary out in nature and mav change
their charactenistics greaunyv when aned. [f the true nawrai
gradation and plasticity cnaractenstics of sucnh sois are

' This pracuce 13 under the wnsaiction ot ASTM Commttee O-18 on Soik anag
Rock ang 1S the direct resoonsiomity o Suocommustee D18.0) on Texwure.
~asticity. ang Density Characienstics o3 Sous.

Current ediuon approvea Juiy 20, !9%S, Publisnea Seotemoer 1985, Onpnaiis

Lohanes as D 2217 - 63 T, Last previous eqinion O 2247 =60 11978

: qnnuat Book of ASTM Sianaaras. Vot U4 08,

5 4nnuas Book of ASTM Sianaaras. Vot 14.02.

desired. these soils shouid be shipped to the laboratory in

seated containers and processed in accordance with Proce.
dure B of this pracuce.

3.3 Lioud limit and plasticity index values derived from
samples contaiming their naturai moisture are usuailv. but
not atways. egual 10 or higher than values denved from
stmiiar sampies ot the dried soil. In the case of fine-gratned

oreganic soii. there is 3 raaicat drop 1n plasticity due to oven
arving.

4. Apparatus

<.1 Balance. sensiuve 10 0.1 g.

.2 Mortar and Rubber-Cuverea Pestic.
breaxing up tne aggregations Of soii partcies,

3.3 Sieves. No. 10 (2.00-mm) and No. 40 {425-pm). of
square mesn woven-wire cloth, comormmg 1o Specificauon
Ell.

43 Sampier— rffle sampier or sampie splitter for
quartering 1ne sampies.

4.5 Drving 4pparaxus—-Thcmosmncally controlied
drving aven for use at 140°F (60°C) or below and at 230°F

suitable for

(110°C). infrarea lamps: air dner: or other suitabie device for

drving sampoies.

4.6 Fiiter Funneis or Candles—Biichner funneis 10 in.
254 mm: in ciameter and filter paper or filter candies.

< 7 AMisccuaneous Equinmem—pans 1210, (3048 mmim
dlameter ana 3 1n. t76.2 mym1 1in aepth: 2 sustable container

that wiil prevent 10ss 0t mosture gunng storage of the motst

- 1est sampte prepared 1n Procecure B.

PROCEDURE A

5. Sampling

282

S.1 Drv tne soil sampie as received from the fieid. using
one of the foilowing methods: (/) 1n air at room empera-
wure. (2) in a drving oven at a lemperature not exceeding
140°F (60°C\. or t3) using anv warming device that wiil not
raise the temperature of the sampie above {40°F. Break up
thoroughly any aggregations of paruicies using the mortar
and rubber-covered pestie or other suitable device (Note 1).
Select a representauve portion by the method of quantering
or by use of the sampler. This portion must be suificient t0
provide sampies for particie-size anaiyses of material re-
tained on and passing the No. 10 (2.00-mm} sieve. and to
provide an agequate amount of matenai passing the No, 40

1$25-um) sieve for the tests to determine soil constants. The -

amounts of matenai required to pertorm the individual tests
are as follows:
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fanticie-Size Anuvas of Matena Rewsnea on
o, 10 (2.00-mm) Steve:

raveuv sous. g 4000 w0 10000
:3nav sous. g = 500
3lity OF C1avev sous. g <00

rucie-nze Anaivus of Matenar Passine No
1) (2.00-mm1 Sieve:

YInav sons. g s
~I1y OF C1avey sous. § =3
“:318 tor Determunation o1 Soii Cuastants ‘
SN imat, g 100
Jlastic nmit. g ‘s

| £ntnIuRe MOISIUrE equivalent. 2 - ]
INRNKage 1361003, ¢ 7 )
. Neck tests. g i ) as

NOTE {—WVhen (ne sampie contains parucies of soft snate or
anastone of simiar weax matenal. proper care must oe exercised (o
1010 exXcEssive requcion tn the size of tne partcies.

o. Preparation of Test Sampies

n i For Paruicie-Sizc Anatvsis

~ i.l Weigh the poruon of the test samoie seieciea tor
saructe-size anajysis and recorg as tne wegnt of test sampie
.ncorrected for fivgroscopic moisiure. Separate this matenai
~:10 two portons using tne No 11U (2.00-mmi sieve. 321 asiae
‘we ooruon passing for 1ater recomoinaunon with aaditionat
matenai wasned 1rom tne portion retnea on tne No. LU
~UU-mmy sieve.

~ .2 Place the matenai rerained on the No. {0 (2.00-mm»
31eVe 1N 3 Pan. cover witn water. and allow 10 soak unui the
sarucie aggregauons become soit. Alter soaking. wash the
matenal- on a No. 10 (2.00-mm: sieve in the foliowing
manner: Place an empty No. 10 (2.00-mm) sieve on the
_sottom of a clean pan ana pour tne water from tne soaked
sampie 1nto the sieve. Add sutricient water 10 bring the levei
approximateiy Y2 in. (12.7 mm) avove the mesh of the sieve.
Transter the soaked matenai 10 the sieve 1n increments not
steeeamng | lb (0.45 kgl sumning eacn increment with the
‘ingers wimle aguaung the sieve up and down. Crumbie or
masn anv lumps that have not siaked. using the tnumo ana
ingers. Raise the sieve aoove the water in the pan ana
..miplete tne wasiing operation using a smai amount o!
..2an water. Transier tne wasned matenal on the sieve 10 2
zean pan before piacing uanotner increment of soaked
matenai on the sieve. .

6.1.3 Dry the matenai retainea on the No. {0 (2.00-mm:
sieve at a temperature of 230 = 9°F (110 = $°Cl..sieve on the
No. 10 (2.00-mm) sieve. ana add the matenai passing the
sieve 10 similar matenai obtained in 6.1.1. Set amde the
matentai retained on the sieve tor use in the parucle-size
anatysts.

6.1.4 Set aside the pan comtaimng the washings for a
renod of several hours or unui the water above tne parucies
's clear. Decant. pipet. or sipnon off as much of the ciear
¥ater as possible (Note 2}, Drv the soil rematning 1n the pan
1t a temperature not exceeang {40°F (60°C). Gnna the dneg
soil in the mortar with the rubber-covered pestte or other
iuitable device. and combine witn stmiiar matenai obtained
‘neo.i.1.

5.1.3 Alternauveiv. anter 2 the soaked matenat has peen
+ashieq. remove most of tne water by filtenng the wasn water
0 one or more Biichner tunnefs fitted with filter paper or
W using filter candies. Remove tne moust soil from the filter
faper or filter candles. comome with any seaiment re-

mamng in the pan. and drv at a temoerature not exceeding
140°F (60°C). Grind the anea soti in the mortar with a

_rubber-covered pestie or other suitable device ana combine

witil simiiar matenai obtained 1n o.1.1.

-NoTE .—In some nstances. the wasn water Wi not become ciear in

3 reasonaote iengtn of UME: N S case the entre vorume must be
¢vaporatea.

6.2 For Determtnation o+ Suvil Constanis-—Proceed in
accoraance with 6.1. substituning a No. 40 (4235-um sieve for
the No. 10 (2.00-mm; sieve.

NOTE }—-in some arcas it is Dossidle that the cations of saits present
In the 1D waler Mmav EXCRanNge With the naturat cations in the o1l and
alter siznificantiv the vaiues ol the soil constants shouid tap water be
used 1n the soaking anad wasning operauons. Lniess it 1s known that sucn
canons are not present in the tap water. aistiled or demineraiized water
should be used. The soaking ana wasmng operation wili remove soiuble
salts contatnea 1n the sotl. When soluble saits are oresent in the soii. the

wash water should be savea ana evaporated. and the salts retumeg 1o the
sott sampte,

~. Test Sampies

" 1 Keeping eacn portion separate trom the otner poruon.
TIX tnorougniv the portions ol the soit sampte passing tne
No. 0 (2,00-mm) sieve ana the No < (325.uma sieve. By
ine metnod Ot QUartenne or DV tNe use O the sampter. sciect
and weign out test sampties ot the weights ingicated 1n
Section 3. as mav be neeaed 1o make the requireg tests.

PROCEDURE B

8. Sampies

8.1 Sampies prepared 1n accoraance with this procedure
must ce shipped from the fieid to the iaboratory 1n seaied
comainers and must contain all their naturai moisture.
Sampics obviousiy containing only parucies passing the No.
10 (2.00-mm 1 sieve may be testea in the parucie-size anatvsis
without first washing on the No. 10 (2.00-mm) sieve.
Sampies oobviousiv containing oniv panucies passing the No.
40 (325-um) sieve mav nDe usea in tne tests to determine sott

comstants without 1irst wasaing on tne No. <0 (d25.umr

sieve.

9. Preparation of Test Samples

9.1 For Partcie-Size Anavsis:

9.1.1 Seiect and weigh a representauve poruon of the
moist sampie esumated to contain 30 g of particies passing
the No. 10 (2.00-mm sieve for stity and clavey soil. or 100 g
for sandy soil. For sampies containing particies not passing
the No. 10 (2.00-mm) sieve for which a particie-size anaivsis
1s required. seiect and weign a representalive sample esu-
mated to contain the required amounts of parucies both
passing and not passing the No. 10 (2.00-mm) sieve. Deter-
mine the moisture content at 230 = 9°F (110 = 3°C) using an

" auxtitary sampte. for use in Method D 422,

283

9.1.2 Soak the moist sampte ana wash on a No. i0
12.00-mm) steve as deseribed 1n o.1.2. After wasning. dry the
matenal retained on the No. 10 (2.00-mm) sieve in an oven
at a temperature of 230 = 9°F (110 = 3°C). weign, and retain
ror tne paructe-size anatvsis. [f the voiume of the wash water
and soii 15 100 iarge 1or use 1n the sedimentation procedure of
the test tor particie-size anaiysis. evaporate excess water by
exposure 10 atr at room temperature. by heauneg in an oven

' AR305L37
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at a2 temperature not exceeaing 233°F (110°C). or by botling.
Regaraless of the metnod ot evaporauon used. the foliowing
precautions must be taxen: t {) str tne siurTy from ume to

" time 10 prevent a dry soi nneg rom (orming on the walls of
iNe evaporauon vessei. and {J! raturn the temperature of the
sample to room temperature petore tesung.

9.2 For Determnation ot Soui Counstants—Select a repre-
sentative poruon of the moist sampie esumatea 10 contaun
sutficient particies passing the No. <0 (425-um) sieve to0
make the required tests for aeterintnation of soil constants.
Soak this setected portion of the moist sampic and wasn on
the No. 40 (425-um) sieve as aescnibed 1n 6.2 (Note 2.
Reduce tnhe moisture content ot the maternial passing the No.

<0 (425-um) sieve unul the mass reaches a putty-like

The A S
wih any xem rr

v tor Test
n tms

consistency tsucn as 30 to 35 drops of the cup 1n the liquid
iimit testy but never below the nawrat moisture content.
Reducuon of moisiure content may be accompiished as
‘ollows: oy exposure to atr at ordinary room temperature. by
heaung in an oven at a temperature not exceeaing 230°F
(110°C). by boiiing. oy filtenng on a Bichner funnei. or by
use of filter candies. Dunng evaporauon ana cooling. st the
sampie often enougn to prevent overarving of the fringes and

~soii pinnacies on the surface. Cool the heated sampies to

normat room temperature before tesung. For soii sampies
sontaining soiuble saits. use a method of water reducuon
that wiil not eitminate the soiuble saits from the test sampie.
Protect the prepared sampie 1n a suitable container from
further drying unui all required tests have been performed.

7 81C MBIONSIS L8XeS 1O DOIRION 18300CHNG (NG VEHARY Of 3NV DN NOMS B336MT€C N CONNECTION
Q. USrs Of (S 312NCAra &re exorassv
DO NQNtS. aNG NG (ISK OF INIANGEMSN Of SUCA rIGNIS. 378 NIy (NEN OWN 18300NSIOIAY.
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on of the ©f anv sucn

Thig $1aNCEIQ IS SUDIECT 1O revISION & ANV 1IME OV (NS FESOONSIOIE (ECNMCEI COMMITIEN 81T MUSt OB rEvIeweq eVerV Iive veas and

f NOL revISea. GiINer rEIOCIOVET OF WANGIEWN YOUr
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enner for Of tIvS SIRNTAra OF 1Or aQARIONS! S1ANCEIaS
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qgnq Designation: D 2434 - 58 (Reapproved 1974)¢"

Standard Test-Method for

S A AN M

Permeability of Granuiar Soils (Constant Head)'

This stangard s issued user (e fixed designation D 1434 ine numoer immeaiateny fofiowsne the aesienation 1ngicates tne vear of

ONEANat adaption ur i Ne CIC O revIsion. tne '\'Cll' OF 1351 rEVISION. A NUMOETr 1N DULENINEIES INAICILES LNT VeIr OF 1382 1EABOrovAL, 3
SUDETICTION COBHON ¢ ¢ 17QICIIES 3N CAILONAL CRANKE SINCE INC 1231 fEVISION OF reapproval.

' NOTE«=eDECION - 443 JUJES EAIONANY NG SUDECUENL SECHONS renumMoerea I Juiv 19XS

1. Scope

1.1 This test method covers the determination of the
coetficient of permeabiiity nv u constant-head method for
_the lamnar flow of water 'nrough granuiar soils. The
proceaure is to establish representative vaiues ot the coetfi-
cient of permeability of granuiar soils that may occur in
naturat deposits as piacea 1n emoankments. or wnen usead as
base courses under pavements. In order to hmit consoiida-
1on intiuences dunng testing, (t1s procedure s iimued to

J1Sturoea granutar sotis containing not more tnan tU < son
~assing tne T3apm o tNo. U aeve,

2. Referenced Documents

2.0 AST\ Siandards ‘ .
D 422 Method for Parucic-Size Analysis of Soils®

D 1049 Test Method tor Reiauve Densuy of Cohesioniess
Soiis*

3. Fundamental Test Coaditions
11 The followang 1deal test conditions are prerequisites

for the lamnar flow ot water 1nrough granular soiis unaer-

constant-head conditions:

1.1 Conununy of flow with no soil voiume change
aunng g test.

* 1.2 Flow wuh the soit vouas s:uur:ncd witi water anag no
alr cuooxes in the sot voids.,

1i.5 Flow 1n the sicauy siaie witn no cnanges in ni-
Jrautic gradient, and

1.1.3 Direct proportonauits ot velocity of flow with hy-
draunc gradients below cenamn vaiues. at which turbuient
xlou'slans -

3.2. All other types of llow invoiving paruai saturauon of

soii vouds. turbulent tlow. una unsteady state of flow are
transtent tn character and vicid vanable and ime-depenaent
coetlicients of permeabiuy: ineretore. they require speciai
test conditions and procedures.

4. Apparatus

21 Permeameters. as snown n Fig. |. shall have spec.
imen cviinders with minimum diameters approximatety 8 or

Thus test metnod 18 unacr tne tuns3ision ot ASTM Commuter -1a on Son
J1aa Roch ana is the girect responsinu:i- -+ subcommittee 01N (14 an Hyvdrotoes,
Properties of Soil and Rocas
L urTent eQIIon 3DOTOVES Scmt.
DaabdT
- innual Book ot ASTM Stanaard: »~ 0308,
Discontinueg==See J¥¥S dnnuis oo w {STN Stanaaras. > o* 04 0N

8 Ongnaiy ssueg 1965 Reotaces

9

12 times ithe maximum particie size in accordance with
Tabie !. The permeameter shouid be titted with: (/) a
porous disk or suitabie reintorced screen at the bottom witha
permeabiiity greater than that of the soii specimen. but with
openings sufficientiv smail (not farger than 10 % (iner size
10 prevent movement of particics: t J) manometer outiets for
measunng the joss of head. /1. over a length. /. equivalent 10
at least tne diameter ot the cviinder: t J) a porous disk or
suitabie reintorcea screen with a spnng auached to the top.
Jr anv otner aevice. 107 appIving a ngnt spnne pressure of 22
10 43-N 13 10 10-1bf) 10121 l0aa. wnen tne too piate 1s attacnea
in prace. This wiil hotd the piacement gensity ang volume of
soil without sigmificant change dunng the saturaton of the
specimen and the permeabtiity testuing 10 sausty the require-
ment prescnbed in 3.1.1.

4.2 Constamt-Head Filter Tunk. as shown in Fig. 1. to
suppiy water and to remove most of the air from tap water.
fitted wun suitabie control vaives 10 matntain conditions

~ descrived 1n 3.1.2.

NOTE | —=De-atreg water mav ne used it preterred.

4.3 Laree Funners. fitted with spectai cviindneat spouts 25
mm (! 1n.) in diameter tor Y.3-mm { s-i10,) Maximum Size
paruicies and 13 mm t“: 1n.) in diameter for 2.00-mm (No.
'0) maximum size parucies. The lenewn of the spout should
ne greater tnan tne tull lengtn ot tne permeantiny cnamber—
at least |30 mm (o,

3.4 Spectmen Compaction Equipment*—Compaction
equipment as deemed desirabie mayv be used. The foilowing
are suggesteq: 2 vibraung amper fitted with a2 tamping foot
31 mm (2 in.) in diameter: a shding tamper with a tamping
foot 31 mm 12 in.; 0 diameter. and a rod for shding weights
of 100 g (V.23 ib) (for sands) to | kg (2.2£ 1b) (for souis witha
large gravel content). having an adiustabie height of drop to

102 mm 4 1n.) for sands and 203 mm (8 in.) for soiis with
large gravei contents. .

4.5 Vacuum Puma or Water-Fauce: Asprator. for evacy-

aung and for saturaung soil specimens under full vacuum

-1see Fig, 2.,

4.6 Manometer Tubes. with metnc scaics for mcasunnt
head of water.

4.7 Bafance. of 2-kg 14 4161 capacity. sensitive to | ¢

.(0.002 b1

3.8 Scoup. witn a capacity of about 100 2t0.23 by of sqiL
3.9 Miscentaneous Appararus—Thermometers. clock with
sweep second hand. 230-mL graduate. quart jar. mixing pat.
ete. ' o ' o
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FIG. 1. Constani-Heag Permeameter

3. Sampie

LU A representauve sampre of air-dned granutar soil.
-ntning jess than {0 ‘7 o tne matenal passing the 75.um
“o. 200) sieve ana equai 10 an amount sutlicient to satisty

- the requirements prescnibea in 5.2 and 3.3, shall be seiected

™ the method of quantenng.

1.2 A sieve anaivsis (see Metnod D 422} shaii be made on
- fepresentative sampie ot the compiete soil prior 10 ‘the
rmeability test. Anv particies larger than 'Y mm (', 1n.)
2t be separatea out r- seving tMethoa D 422 This

'er3iZe matenal snail not re usea tor the cermeaniiy test,
-4l ine percentage of the oversize matera shall be recorded.

\OTE 2—in orger to establisn feoresentative vaiues of coetlicients of
“meabilittes for the fange tnat mav eust in tne situadon being

Tesupated. samptes of tne tiner. 34 ¢rage. and coarser sous ‘snouid be
itained or tesung. '

.

.3 From the matenat tfrom which the oversize has been
“moved (see 5.2). select ov the method of quantenng. a
<mpie tor testing equal 10 an amount approximately twice

that required for filling the permeameter chamber.,

6. Preparation of Specimens

0.1 The size ol permeameter 10 be used shail be as
prescribed 1n Table .

6.2 Make the following initial measurements in centi-
metres or squarc' cenuimetres ana recora on the data shect
(Fig. 31 the inside qiameter. D. of the permeameter: the
length. L. between manometer outiets: the depth. //,.
measurea at lour s\mmewncaiiv soacea pownts trom the
4DPer surtace of the top piate of the permeanihity cvitnder 1o
ne top ot tne upper Dorous stone or screen temporanis
piacea on the lower porous piate or screen. This automau-
caliv deducts the wnickness of the upper porous piate or
screen from the height measurements used to determine the
voiume of soil placed in the permeability cviinder. Use a
dupiicate top piate contatming four large symmetncaiiv
spaced opemmngs through which the fiecessary measurements
can be made to determine the average vaiue for H,.
Calcuiate the cross-secuonai area. .{. of the specimen.

6.3 Take a small poruon of the sampie selected as
prescnited n 5.3 for water content determinauons. Record
the weight of the remaiming air-dned sampie tsee 5.3). i,

TABLE 1 Cylinger Oiameter
‘ Mmemum Cvunger Oameter
etManm.m pms.wsm'u ~€38 tnan 35 2 of Tota) Sou Retainea on Sieve Ooerna Viore tnan 35 % of Total Sou Retanea on Sweve Coenng
) 3. 9 S-rmem tigun y
: 2.00-mm No 104 9 S3.mm roman 2.00-mm tNno 104
S Ammen (NG 10) anG 9 S.mm TEmme3ing ‘e mmasing
AWM}
¥ 347 {hyanr.) ang 19.0-mm 152 mm 16 »n ) 29mmiQn
Ny

[P
0
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FIG. 2 Device for Evacuanng and Saturatng Specimen

10r unit weight determinations.

n.4 Place the preparea sou oy one of the following
procegures in uniform tnin lavers approximatelv equal In
nickness alter compacion (o tne Maxiumum Size of parnucie.
but not iess than approximatety {5 mm 10.60 in.).

6.4.1 For soils having 2 maximum size of 9.5 mm (Y1 in.)
or {ess. piace the appropnate size of funnei, as prescribed in
4.3, in the permeability device with the spout in contact with
the lower porous plate or screen. or previously formed layer,
and fill the funnel with suificient soti to form a laver. 1aking
soul from different areas ot the sampie in the pan. Lift the
tunnet by 15 mm (0.60 in.). or approximately the uncon-
“solidated layer thickness to be formed. and spread the soil
with a siow spiral moton. working from the penmeter of the
dewvice toward the center. so that 3 uniform iaver 1s formed.
Remux the soil in the pan for eacn successive {aver ta reduce
segregation caused by taking soil from the pan.

6.4.2 For soiis with a maximum size greater than 9.5 mm
i "s1n.1. spread the soit from a scoop. Uniform spreaaing can
" be ootained by sliding a scoopiul of saii in a nearly
honzontal position down aiong the inside surface of the
device ta the bottom or t0 the formed laver, then uiting the
scoop and drawing 1t towara the center with a single stow
mouon: this allows the soii to run smoothly from the scoop
in a windrow without segregation. Tum the ‘permeability
cylinder sufficiently for the next scoopful. thus progressing
around the inside penimeter 10 form a uniform compacted
layer of a thickness equai t0 the maximum paructe size.

6.5 Compact successive lavers of soil to the desired
relative density by appropnate procedures. as follows. 10 a
height of about 2 cm (0.8 in.; above the upper manometer
. outlet.

6.5.1 Minimum Densuv (0% Relanve .Densuvy—Con-
unue placing layvers of soii in succession by one of the
procedures described 1n 0.4.1 or 0.4.2 unti the device 1s filled
10 the proper level.

6.5.2 Maximum Densiyv 1 100 S Relatuve Densivy:

6.5.2.1 Compaction ov {10raung Tamper—Compact each
laver of soil thoroughiy witn the vibraung tamper. distrib-
uung the light 1amping action uniformiy over the surrace of

294

the laver 1n a reguiar pattern. The pressure of contact and the
lengtn of ume of the vioraung action at each spot should not
cause soii 10 escape from beneatn the eages of the mmmng
foot. thus tenaing to loosen the laver. Make a sufficieat
number of coverages to produce maximum density, as
evidenced by pracucaily no visible motion of surface parti
cles adjacent 10 the edges of the tamping foot.

6.5.2.2 Compaction by Sliding Weight Tamper-—Com-
pact each layer of soil tharoughly by tamping blows uni.
formiv distributed over the surface of the layer= Adjust the
height of drop and give sufficient coverages to produce
maximum density. depending on the coarseness and gravel
content of the soil.

6.5.2.3 Compaciion bv Other Methods—Compaction mxy
be accompiished by other approved methods. such as by
vibratory packer eguipment. where care 1s taken to obtain a
uniform specimen without segregauon of partcie sizes (see
Test Method D 2049).

6.5.3 Relauve Densuyv [ntermediatc Between 0 and
100 S3—38y tnai 1n a separate contaner of the same diameter

as the permeabtiity cyiinder. adjust the compacuon 10 obtain .

reproducible vaiues of rejauve density. Compact the soil in
the permeability cyiinder by these procedures in thin layers

10 a height about 2.0 cm (0.80 in.) above the upper ma-
nometer outiet.

NOTE 3—in order to bracket. sysiemaucally and representauvety, the
relative deamty conaiions that may govern i naturet deposns ot M
compacted empankments, a senies of permeabrlity tests should be mads
to bracket the range of field refauve densiues.

6.6 Preparation of Specimen for Permeabilitv Test:

6.6.1 Levei the upper surface of the soii by placing the
upper porous plate or screen 1n position and by rotaung it
gently back and forth.

6.6.2 Measure and record: the final height of specimen,
H, — H.. by measunng the depth. /». from the upper sur-
face of the perforated top piate empioved to measure /1, 10
the top of the upper porous plate or screen at four symmets
nically spaced points after compressing the spnng lightly 10
seat the porous piate or screen during the measurements: the
finai weigit of air-dried soil used in the test (B, — W,) by

AR30SLULI
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PERMEABILITY TEST ON GRANMULAR SO

o

i85t NO. Date of Test
gon of Sampe . - Dats Samoea Report
0MNGg=— Sanih—- Deoth—
21 Descrirmnon or Sow.
MATERIALS USED:
.0) UNIT WEIONT DETERMIMATION:
Oumeter. 0. cm Hewgm Sefore. M, Weqgnt Before, W.
Aras. A, amé Hewomt Atee, o, Wegnt Anee, W,
Lengtn, L. cm Hegm Net. cm Wegnt Net. 9
Mostre Content (87-0N00 e
W (max) Dry tUnet Wegne, /1 W reme———
W () Vous Ravo. ¢ ——
Relatve Qenarty. AD ———
«¢) Permeasiry Test (Ofanee or Cousacness)
Test No. lI Hum": Mew.mem | Qe | ts | ow | om e | rema
1 | i ! | !
! ' :
! ]
2 | ! ! ] | i ' |
| t i | 1 1 ] ! |
! | t | | ! |
3 i ' | | | | i :
| | | i | b |
| ! | | | | !
4 i l | | | | 1 |
f | | i 1 |
[ [ i | | |
5 ! | I ] ! ] | |
[ i | - | | | ; |
) ; ] 1 i | J |
|

FIG. 3 Permeaniity Test Data Sheet

weighing the remainder of soil. /%, left in the pan. Compute

and record the unit weignts. void rauo. and relative, deasity
of the test specimen. ¢

\

6.6.3 With its gasket in piace. press down the top plate
aanst the spring and attach 1t securely to the top of the
permeameter cylinder. making an air-ught seal. This satusfies
ihe condition described in 3.1.1 of holding the 1nitial densuty
without significant volume change durning the test.

6.6.4 Using a vacuum pump or suinable aspirator. cvac-
uate the specimen under 50 cm (20 in.) Hg mimnimum for 15
mmn 10 remove air adhenng to soii parucies and from the
vouds, Follow the evacuauon by a slow saturauon of the
speaimen from the bowtom upward (Fig. 2) under full
vacuum in order 10 free anv remaining air in the specimen.
Continued saturation of the specimen can be maintained

ore adequately by the use of (/) de-aired water. or (2)

ter mainained in an in-tlow temperature sufficiently high
10 cause a decreasing temperature gradient in the specimen
dunng the test. Native water or water of low minerat content

295

(Note 4) should be used for the test. but in any ¢ase the fluid
should be descnibed on the repon form (Fig. 3). Thu_sausﬁa
the condition described in 3.1.2 for saturauon of saii vmd.sT

NOTE 4-—Native water ts the water occumng 1a the rock or sod in
siw. it shouid be used if posnibie. but 1t (as well as de-aired water) may
be a refinement not orcunaniy feasible for iarge-scale producuon tesung.

" 6.6.5 After the specimen has been sawurated and the

permeameter 1s full of water. close the bottom vaive on the
outlet tube (Fig. 2} and disconnect the vacuum. Care shouid
be taken to ensure that the permeability flow system and the
manometer system are free of air and are working satisfacto-
niy. Fill the iniet tube with water from the constant-head
tank by slightly opening the filter tank vaive. Then connect
the iniet tube to the top of the permeameter, open the iniet
vaive siightly and open the manometer outiet cocks slightly.
to allow water ta flow, thus freeing them of air. Connect the
water magometer tubes to the manometer outlets and fill

with water 10 remove the air. Close the iniet vaive and open

AR305LL2
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the ouuet vaive 10 allow tne water tn 1n¢ manometer tubes to
reacn their stabie water levei unaer zero head.

“. Procedure -

~.1 Open the miet vaive trom tne tilter tank shehtly tor
tne first run to condiions acscrioed 1n 3.1.3. delav measure-
ments of quanmy of {low ana heat unui a stable head
condition without uappreciapic dnit in water manometer
leveis 15 attained. Measure ana recora the ume. 1. head. /t (the
difference in {evel 1n the manometersy. quantity of flow. Q.
and water temperature.

~.2 Repeat test runs at neaas increasing ov 0.3 cm 1n order
10 establish accurateiv the region of laminar tflow with
velocity. v (where + = (J/ |11 directiv proporuonai to
hvdrauiic gradient. : twhere 1 = n7L). When aepartures trom
the linear refauon pecome apparent. indicating the miation
of turbuient flow conditions. i-cm ntervais of head may be
used to carry the test run sutiicienttv aione in the regton ot

turbulent tlow to detine tnis reglon 1t it 1s signiticant tor fleid
condiions.

NOTE S—=Much fower vaiues of RVaraune gragient. © L., are regutred
‘1IN geNEraiiy recognIzZed. it UrAcT 10 CASUre 1amInar tiow conaions.
e tollowing values are suLuesicd. luuse COMDAactness raunes, 4. L trom

20 ULA ang dense comnactiness raunes, # L 1rom o S 1o v 2 ineioner
viiues Of /7L 2ppIInE 10 Luaner sony JAg the MIgNer vaiues W uner

50418,

T} At the compiction ot the permeapiinty test, drain the
specimen and inspect 1t 1o establish wnether 1t was essenuaily
homogeneous and tsotronic 1n cnaracter. Anv light and dark

alternaung honzomal sireaks or layers are evidence of

segreganon of fines.

8. Calcuiations

8.1 Calculate tnhe coetficient of permeability. &. as follow.

A= QLA

W ncrc'
= coetficient of permeantlity,
quanuty o1 water dischargea.
distance petween manometers.
Cross-sectionai area of specimen.
total uime of discharge.
i = difference in nead on manometers.

3.2 Correct the permeability to that for 20°C (68°F) by
muitpiving & (see 8.1) by the ratio of the viscosity of water at
1est temperawure to the viscosity of water at 20°C (68°F).

e PIQ

[

9. Report

9.1 The repont of permeability test shall inciude the
following information:

9.1.1 Prorect. dates. sampie numbocr. location. depth. and
any other perunent niormation.

9.1.2 Grawmn size anatvsis. classificaton. maximum parucie
size. ana percentage of anv oversize matenal not used.

S 1.3 Drvoumit weignt, .otd raiuo. rciative densuyv as
21aced. and Maximum Ina mnimum genstues.

.13 A statement Of any depanures [rom (nese test
conditions. so the resuits can be evaiuated and used.

9.1.53 Comptete test data. as inaicated in the laboratory
form tor test data tsee Fig. 3). and

9.1.6 Test curves plotting vetocits. Q/. 11, versus hvdraulic

gradient. /i/L. covenng the ranges ot soil idenufications
of relanve densies.
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qﬁn’ Designation: O 2487 - 90

Standard Test Method for

Classification of Soiis for Engineering Purposes’

This slanaard 1s 1ssuca unger tne tixed devignanon O 2487: the numoer immediatetv following tne JEULNANON INGICALES tne \ear of

ONWNA 3AO0DLON OF 11 LNE CISE Of FCVISION. LNE Vear Of 1ast revISION. A
SUDETSCYIDT CDSION (41 1NAICALLS 2N €ALIOTIAI CRANKE UNCE NS 1252 FEVISION OF TEIDDTOVAL.

rin c3 £3 INC YCaF O 1ast [CIDDIOVAI. A

This test mernna nas neen aonroved 1or use by avenctes of tne Department or Detense Cunsui tne DOD Inaex ot Soectnications ana
Stardaras 1or (ne <peCIIC Vear Of 1SSUE wAICR Nas peem adopred ov tne Depariment ot Detense

1. Scope

..1 This test method descnibes a system for classifying
mineral and organo-minerat soiis for engineenng purposes
basea on laboratory determinauon of parucie-size character-
stics. liouid limit and plasuciv index and shall be used
-wnen precise classification 1s reauired.

\are 1 —Use of this stanaara wui resuit sn a sineie classiicaton
2rouD $\MDOI 2NA LrOUD Name excent wnen a sou contamns > to 12 <
-nes OF WNEN te DIot 0! the NQuId imit AN DIASUCItY Inaex values faiis
<10 tNe Crossnatchea area Of the DIasicity cnam. In these two cases. a
131 svmMoot 18 used. tor examnie. LiP-(GM. CL-ML. ' When tne 1aoora-

~ test TeSUILs INAICAtE tNAt tNe SN IS C1OSE 10 ANOINREr SOH Classilication
Joup. he doraerimme conaitiun ¢un De naicated with le. SYmMools
«paratea bv a siash. The first ssmoor snouid be the one pasea on tnis
wianoard. tor exampie. CL.'CH. GM/SM. SC/CL. Borderune svmools
1re parucutariv usefut when the tguia fimit vajue of clavev souts s cldse
13 30. These soiis can nave expansive cnaraciensucs ana the use of a
poraeriine symool (CL/CH. CH/CL) wul alert the user of the assigned
-~<gyfications of expansive potential,

..~ The group svmboi portion of this svtem 1s based on
iaboratory tesis perrormec on the poruon of a soi sampie
passing the 3-in. (75-mm) sieve tsee Specificauon E 11).

1.3 As a classification svstem. this test method is limned
10 naturaily occurnng souis.

\nre 2—The group names ana syMOOIs usead I this test metnod
M3V pe used as 2 desCTIDUVE SVSIEM 20D1ied 10 SUCh mMmatenals as snale.
. avstone. snelis. crusnea rock. Cic. dSee Appenadix X2,

- This test metnod 1s 10r guantative appication oniv.

NOTE J—=When quanttative intormation 1s reguired for cetaied
designs Of IMPOTIANt SITUCIUTES. 1M1 165t method must be suppiementea
Ov laboratory 1ests or other quaniitative gata to gdetermine perrormance
:naractenstics under expected ficld conaiuons. e

1.5 The system 1s based on the widely recognized ‘Unified
Soil Classificauion System which was adopted by severai U.S.
Government agencies 1n 1952 as an outgrowth of the Airfieid
Classiiicauon System deveiooed by A. Casagrande.- .

1.6 This standard does not purport 10 address tne satery
Lrobiems associoted with us use. it 1s the responstoiney of the
user of this stanmdard !0 cstablish appropriate satety and
neaith practices and determine tne appiicabiiity ot reeuiatory
muanons prior 10 use.

———————r—

This test metnoad 13 unaer tne wunsaction of ASTM Committee D-1% on Sou
470 Rock ana ts the direct responsidinty ot Subcommuttee D18.07 on 1denunca-
% ana Clasuication of Souis.
Zurrent coiton aporovea June Y. 1990, Published Ausust 1990 Onmnaits
~ibmned as O 2487 « 66 T, Last previous eawtion D 2487 = RS

* Casagrance. A.. 'Qm‘:uuon ana ldenuticauon of Soils.” Transacrions.
1SCE. 1944, p. 901.
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2. Referem;ed Documents

2.} 4STN! Stanaards:

C 117 Test Method for Matenals Finer Than 75-um tNo.
200) Sieve 1n Minerai Aggregates pv Washing®

C 136 Method for Sieve Analvsis of Fine and Coarse
Aggregates®

C 702 Pracuce tor Reducing Field Sampies of Aggreeate
to Testing Size®

D420 Guide tor Invesugaung and Sampiing Soii and
Rock*

D421 Pracuce for Drv Preparauon o Soil Samopies tor
Particie-Size Anatvsis and Determiinauion of Soil Con-
stants® ~ '

D422 Method for Parucle-Size Anaivsis of Soils*

D653 Terminoiogy Relaung to Soii. Rock. and Con-
tained Fluids®

D 1140 Test Method for Amount of Matenai in Soils
Finer than the No. 200 (75-pm1 Sieve* -

D226 Method for Laboratory Determination of Water
{Moisture) Content of Soil. Roch. and Soil-Aggregate
Mixtures®

D 2217 Pracuce for Wet Preparation of Soil Sampies for
Partcie-Size Anaiysis and Determinauon of Soil Con-
stants®

D 2488 Pracuce tor Descripuon and denuiication of Soils
{Visuai-Manual Proceaure)®

D 43083 Pracuce tor Description of Frozen Soils ( Visual-
Manuai Proceaurey”

D 4318 Test Method for Liguid Limit. Plasuc Limit. and
Plasucity index of Soils®

D 4427 Classiicauon of Peat Samptes bv Laboratory Test-
ing*

El Ig Specification for Wire-Cloth Sieves for Tesung Pur-
poses® ‘

4

3. Terminoiogy

3.1 Definnions—Except as listed beiow. al! definitions are
1n accordance with Terms and Symoois D 633.

NOTE 3—For particies retained on 2 J-in. (73.mmy U.S. suanaard
sieve. tne tollowing gesinitions are sueggested:

Cubbies—oartctes ot rock that wilt pass a 1 2-in. 1300-mm) sauare
opeming and be rerainea on a 3-tn. (75-mm LS. stangard sieve. ana

Boulders—opaructes of rock that wiil not pass a ilin. (300-mm:
squarc openng

3.1.1 gravei—particies of rock that will pass a 3-in.

T —

* sanuas Book of ASTM Stanaaras, Vol 04.02.
¢ tnauai Hook ot 4STA Stanaaras. Vol 04.08.

AR305LYL



ko 2487

{75-mm) sieve and be retaineg on a No. 4 (4.75-mms U.S.
@ "Qard sieve with the z‘ollovnnz supdivisions:
. oarxe—pascs 3-in. (7 5-mmsieve and retamed on a-in.
(19-mm1 sieve. and
Fine—passes %-in.(19-mm1 sieve and retuned on No. 4
(4.73-mm) sieve.

3.1.2 sand—parucies o1 rock that wiil pass a No. 4
4.75-mm) steve and be retainea on a No. 200 (73-um) U.S.
stanaard sieve with the following subdivisions:

Cuarse—passes No. <+ (4 75-mmy sieve and retained on

No. 10 (2.00-mmi sieve,
* Medium—passes No. [0 (2.00-mm) sieve and retined on
No. 40 (423.um) sieve. and
Fine—passes No. 40 (423-um) steve ana retained on No.
200 (7 5-ums sieve.

3.1.3 clav—=soii passing a No. 200 (75-um) U.S. standard
sieve tnat can be made to exnibit piasucity (puttyv-like prop-
erues) within a range of water contents and that exnibits
constderable strength wnen wir arv. For ciassificauon. a clav

.15 a fine-grained soii. or tne tine-grained portion of a soil.
with 2 plasticity tnaex equas (o or greater than 4. and the piot
1 plasticity index versus naua umit 1alls on or anove the

A7 line,

314 suit—=sonl passing 4 . 200 ( 75-umy U.S. stanaara
sieve that 1s nomptasuc or verv shightly plasuc and that
exmibits hittle or no strengtn wnen air dry. For ciassitication.
a stlt 15 a fine-grainea soil. ur tne tine-grained poruon-of a

soil. with a plasucity index iess than 4 or if the plot of

plasticity index versus liguid limit talls beiow the “A™ line..
3.1.5 organic ciav—a ciav with suificient organic content
influence the soti propenes. For classification. an orgamce
clay is a soil that would be classuied as a ciay except that is
liquid limit value after oven drving is less than 75 % of its
liguid limit vaiue before oven drving.

3.1.6 orgamic sii—a stit wun sutficient organic content to

influence the soii properues. For classiticauon. an organic siit
15 a soil that wouid be ciassitied as a silt except that its itquid
limut value after oven arvine 1s iess than 75 % of its hguid
:imit value before oven anving.

3.1.7 peai—a soil composea of vegelapie tissue In vanous
stages of decomposition usuatlv with an organic odor. a
dark-brown to black coior. 1 spongy consistency. and a
texture ranging from fibrous 10 amorpnous.

3.2 .Descripuions or Terms Specttic to This Standard:

3.2.1 coefficient of curvature. Cc—ihe rauo (Dy5) /(Do <
Deo). where Do Dag. and D), are the parucie diameters
corresponding to 60. 30. and 10 % finer on the cumuiative
parucie-size distnbution curve. respectiveiy,

3.2.2 coefficient of unuormuy, Cu—ihe rauo D.o/Dio.
where Doy and D4 are the parucle diameters corresponding
to 60 and 10 % finer on tne cumulauve particie-size distn-
bution curve. respectiveis.

3. Summary of Test Method

4.1 Asillustrated in Table t. this classification svstem 1den-
tifies three major soi aivisions: coarse-grained souls. fine-

: tned soils. and highiv organic soiis. These tnree divisions
‘: further subdivided 1nto a totai of 15 basic soii eroups.

4.2 Based on the resuits of visual observations and pre-
scnibed laboratory tests. a soii 1s catalogued according 1o the
basic soil groups. assignea 2 2roup symboi(s) ana name. and
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thereoy classified. The tlow charts, Fig. | for fine-gramned
soiis. and Fig. 2 for coarse-grained sotis. can be used to asugn
the appropnate group svmooi(s) and name.

3. Significance and Use

$.1 This test method classifies soils from any gecgmphic
locauon 1n1o categories represenung the resuits of prescribed
laboratory tests 10 determine the particie-size charactenisucs,
the biquid imit. and the piasucity index.

3.2 The assigning of a group name and symboi(s) along
with the descnpuve informauon required in Pracuce D 2488
can be used 10 describe 2 soil to aid in the evaluauon of its
significant propertes for engineenng use.

3.3 The vanous groupings of this classificauon system
have been devised to correiate 1n a generai way with the
engineenng behavior of soils. This test method provides 3
useful first step 1n any field or {aboratory invesugauon for
geotechnical engineenng purposes.

3.4 This test method may aiso be used as an aid in
tratning personnei in the use of Pracuce D 2488,

3.5 This test method mav be usea in comoinauon with
Pracuce D 4083 wnen working with trozen sotis.

6. Apparatus

6.1 In addition to the apparatus that may be reguired for
obtaining and prepanng the sampies and conducung the
prescnibed laboratory tests. a plastcity chart. similar to Fig.

3. and a cumuiatve particie-size distnibution curve, similar
to Fig. 4. are required.

Nare i~The “.'" hine snown on Fiz 1 hiv heen empincally
Jdetermined 10 DE tNe 2pProxumate “upper nmit” tor natural soiis. it 38
200d check azamnst erroneous datd. and any test resuits that piot above
or to the feft of 1t shouid be veniied.

. Sampling

7.1 Sampies shail be obtamned and idenufied in accord-
ance with 3 metnod or metnods. recommended in Recom-
menaed Guide D 420 or ov otner acceptea procegures.

7.2 For accurate idenuficauon. the mimmum amount of
test sampie required for thus test method wiil depend on
which of the laboratory tests need to be periormed. Where
oniy the particie-size analysis of the sampie 1s required.
specimens naving the folloming mmxmum drv weights are
required:

Masimum Paructe Size. Mimimum Specimen Suze.
Sieve Ovening Drv Weght
475 mm (No. 4y 100 ¢ 10.25 1bY
IS mmivang 200 ¢ 0.5 I
190 mm e 1 LU kg2
381 mmotaang 8.0kg(i8ib)

S0 mmidin 60.0 kg ¢ 1321

Whenever possible. the field samples should have weights

two to four times larger than shown.

7.3 When e liquid and piasuc limit tests must aiso be
performea. additionat matenai will be required suflicient 10
provide 130 g to 200 g ot soil finer than the No. 40 (425-pm!
sieve.

7.4 If the ficld sampie or test specimen 1s smaller than the
minimum recommended amount. the report shail include as
appropnate remark.
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(h D 2487
TABLE 1 Soil Classicanon Chart )
. . . S A Sod Classmeanon
Cntena tor Assionng ufouo SVIMoois ana Groud Names Using Laooratory Tests™ m Groun Name
Zzarseicanea Sous Sravess Clean Gravess Cuz4angl s Cexlf GW Neh-Oraceq araver
:,;.s:,:: 50 % retanea on NO, ?:«:cr‘x::':g;zf:::s: Les3 than 3 % fes~  Cu<aéanaiort > Cc > 3* GP S00nv gracea oraver”
sieve Gravers witn Frnes More  Fines CIA3SIV a3 ML Of MH GM Sitv orgven’-% ~
an 12X tnes> Fnes cassiv as CL of CH GC Clavey graves’ ¢ 7
§anus i Clean Sanos Cuzsdangt = Cc =3 SwW Wel<raoea sang
;g;z:g;:’mm Less (han 3 % hnes~ Cu<6anarors > Ce> 3¢ It Poorny graced sang*
, . Sanas witn Fines Fies cassitv as ML or MH SM Sity sang-"*

More tnan 12 % hnes= Fines cassiv as CL or CH sC Clavey sangs#’
2ne-Granea Sois Suts ana Clavs NOrgaG PI> 7 ana piots on or soove ‘A’ ne*  CL Lean gy oM
ig;:"mmwm ~QUG WYt tess than 50 Pi < 4 of DICts DEIOW "A” ne” ML Sutes -

orgamc Lawa svt — ovenonea ., oL Qcoarec ciav* 4~

LGWIO MMt = Ot Onea m—_—m-
Sits anc Clavs NOrganc P1 piots on or aogve A" ine CH Fat cgve ™
-..:aua urmit 30 or more Pt DOt Derow A- ine M Clasne smh e ¥
crganc LGuQ Ut - ovenaned . QM Oroamc cavt* v ¢
LQUIG MMt — NOt anea Qraamc 3o v~ -
~ 7MY OrUANUC SONS Samanv OrQanic Mater. 0ark in CoOf, ANA Oraanic 0aor ar 991!_-
* 531540 ON NG MALGNY DASINA tHE - 7 3-mmy

teve . )

? 1 HetO SIMION CONAINET COOOHS OF DOUIKINTS. O
i, 3030 "with CoDORS Of Doulgers C° oot 2
10UD Name )

SGravers witnt 5 (0 12% tnes recure aual

SYMOOS:

GW-GM wes-qra0ea Oraves witn s«i
GW-GC wee-araced Qraves win clav
GP-GM DOOITY Gracea Qraver wiin it
GP.GC poony gracea oraver win ciay

“Sanas wnnn 5 10 12% tnes requwe quas

symoots: : :

" SW-SM was-arsoea $ana witn st

SW.SC wen-qraoeq $ano wiin Clay
SP-SM DOONY Gra0ea Sana win i
SP.SC poorty gracea sang witn clay

- - Oaal

R ——

STPIPN D..o

‘| con contans 2 15 T SaN0. aca “win 3ana 1O
roun name

* 1t tnes classitvas CL-ML. use ouat symool GC-
GM. or SC-SM

"1 hnes are orgamc. aca ‘wiln organc tnes 1o
QFOuD name,

‘i sot contans = 15 % Qraver. aag “win graver
10 Orouc name

- it Atterpera HTHtS DOt 1N NAIENEA Area, SOW 1S a
Ci'ML. suty clav.

"t sos contans 1S to 29 % ows No. 200. aca
‘W SaNag” Of TWAIY Graver.” wiuchever S ore-
corrnant.

it sow contans > 30% oius No 200,
gomnantiv $ana. ata ‘Sanav (o Group name

! éu - Ocmc'a

ore-

3

v oson comains 2
JOMnantty araver 280G ‘Cravewy 10 GrOUD name
¥ Pl = 4 ana DIO1S ON OF ACOVE ‘A’ ne
901 < 4 or DOt DEOW A’ kne
“ O1 piots on of aoove ‘A’ hne

9 Pt prots Delow “A° ine

iC% ows No 230 cCre-
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qgn', Designation: D 2488 - 90

Standard Practice for

Descnptxon and ldentlﬂcanon of Soiis (Visuail-Manuai

Procedure)

Thts stancarg 13 1ssucd unaer tne fiveg desienauon O 2488: tne numoer immediatelv (0llowing tne AEIIRNUON 1NAICALES the vear ot

INEINAL 3AODUON OF 0 tNE CIL OF FEVISION. (NE VEITr OF 1351 FELISION. A NUMNE? 1N DATENINEILS INGICAIES the vear Ot 1358 MeaDProVal, A
SUDETICTIOt £DSHON 101 1AYICATES 3D eQIONAI CNINRE SINCE tNE 123t TEVISION OF TEATPIOVAL.

l. Scope

! This practice covers proceaures 107 the nescnpuon of
ons 1or enginesnng purposes.

1.2 This practice a1so aescripes a proceaure for xccmu,\‘mg
«lis. at the opuon of the user. basea on the ciassitication
wstem descnioed in Test Methoa D 2487, The aenutication
» DAsea On visuai examinaton ana manuat tests. it must be
1231V stated 1N rePOnINe an dentiiication that it is pasea on

isugi-manuat procequres.

2.. When precise classiicaton Of sous {or engineenne.
Qurposes 1S required. (e Drocegures presernoea in Test
\lethod D 2487 shail be uscu.

i.2.2 In this pracuce. tne wenutication poruon assigning
4 group symbol and name s umitea 10 soui paructes smaier
than 3 1n. (75 mma. ,

1.2.3 The 1dentificanion portion ot this practice s limited

aturatlv occummng sotls (disturoed and unaisturoed).

SOTF | -=This practice mas nc used Js 3 AESCHIDUVE STSICM 3pnticd
10 such maienais as shaie. ciavsione. sneds. crusheg rock. eic. (See
Appendix. X2).

1.3 The descripuive intormation in this praclice mav de
used with other soil classification svstems or for matenais
Jther than naturally occurnne sots.

. 3 This standara does v purpert to aadress aif of tie
LY PPNNIENTS QSSOCIAIC v i1 M s [P IS the resnemanigy
S Lne user of this stanaard 1 o\dnisH aopropriae salely ana

‘reaiLit practices and dercrmne te gnpucagiiy: of reguidion:
imuations prror (0 wse. For speciic precautionary state-
- ments see Section 8. ‘
1.5 The vaiues stated 1n

nen-pound untts *are 10 be
! J
regarded as the stanaard. Y ‘

"2, Referenced Documents

2.1 AST\ Swandards.

D653 Terminoiogy Relating to Sail. Rock. and Contained
Fluids®

D 1452 Pracuce for Soii lmesuzzmon and Sampiing by
Auger Bonings®

D 1586 Method for Penetrauon Test ana Solit-Barre:
Sampiing of Soiis-

This pracuce 13 under the wnsaicusn o ASTA! Committee D-« A on S0 3nd
T and 13 1Ne aireet responsioings o Suncommattee DIE.U7 an 1gentinicauon
Classitication of Souls.
Current cdiuon appraved June o 1Y% Publisned August 1990 Ongnain
suoitsned as D 2488 - 66 T. Last orevious eciion D 248K = %3'*
S annnae Boow ot ASTM Stunaaras N os 44 us

This stanaara nas taen appemca tor use nv aeencres o tne Departmene or Deteme L onstat ine DoD Ingex of Specimeanons ana
31anaaras 1oe e SPeii vedr oF ISSHE WAICR 13 Deen adupted Py the Deparement ot Detense

.

D 1587 Pracuce tor Thin-Walled Tube Sampiing of Soils?

D2113 Pracuce for Diamond Core Drilling for Site
Invesugauon-

D 2487 Test Method tor Classification of Soils for Engi-
neenng Purposes-

D <4083 Pracuce tor Descripuon ot Frozen Soils (Visual
Manuat Proceaurer-

'l'ermmoioz\'
Detintnions

1. i.1 Except as iistea below. dail dcumuons are 1n accord-
ance with Terminotogy D 653.

NOTE 2—For paructes retamnea on 4 j-n §°
sieve. the totlowing aefinitions are suggestea:

Cubbies—parucies ot rock tnat wul pass a 1 2-n. (300-mm square
opening and be retained on a J-in. (75-mm sieve. and

Buntgers—particies of roek that wul not pass a 12an. (300.mm)
square ooenming.

S.mmy LS standard

3.1.1.2 luv——soil passing a No. 200 (73-um) sieve that can
be made to exhibit piasucity (putty-like properties) wathin s

range of water contents, and that exhibits considerable

strengin when air-dry. For classuicaton. a ciay 1s a fines
grained soil. or the tine-grainea portion of a soil. with a
piasticity index equai 1o or greater than 4. and the plot of
plasticity index versus itawd himzie falls on or above the A"
ane tsee Fig. 3 of Test Metnoa D 2487
graver—partictes Ot rock that will pass a 3-in.
i 73.-mm sieve and be retaineag on 3 No. 4 {34.75-mm) sieve
with tne tollowine subdivisions:

coarse—passes a 3-in. {75-mm1 sieve and 1s retained on 2
raetnl, (19-mm steve,

Nne——passes a ve-in. (19-mmy steve and 1s retamned on 3
No. 4 {(4.75-mm) sieve.

3.1.1.4 orgamic clav—a clay with sutficient organic content
10 1ntiuence the $oti propertes. For classification. an organic
clay 1s a soil that would be ciassified as a clay. except that its
liguid limit vaiue after oven dryving 1s less than 75 S of its
hguid limit vaiue pefore oven drving.

3.1.1.5 erganic siit—a silt with sufficient organic content (0
influence the soii properues. For ciassification. an organic silt
1s a soil that would be ciassiied as a siit except that us liquid
hmit vaiue after oven drving 1s iess than 75 % of its liquid
lxmu value betore oven drving.

3.1.1.6 pear—a sail composea pnmaniy of vegetabie 1ssué
in vanous stages of decompaosition usually with an organic
odor. a dark brown 1o black color. a spongy consistency. and

a texture ranging from fibrous t0 amorpnous.

KRR S

LLLT sana-pamcxcs of rocx zhaz wdl pass a No. 4
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GiOUP SYMBOL GROUP NAME

<30% oius No:200 ?( 15% olus No. 200 tean ctay

15.25% pius No. 200 -Q:: % 1and 2% rave) ————e= ¢ gan clav with tand
% tand <% graver ==———e= | oan ctay With graves

% sana >% of graver —:« 15% graver Sanav iean clay
30% plus No. zoo-<:

CL

215% §rave) et Sindy (00 Cloy with gravel

% ana <% gravet —T: <. 15% 140 ——me—em———t= Gravetiv l0an Clay
215% sana G v {a0n Clay with wnd

<30% plus No. 200 —? < 15% olus Na. 200 Silt
15-25% piur Ne. 2“)—?: % ANG 2% GrAVEN wan SiIE WITH 2000
% 120 <% §raves cumm—oes §iit with graved

’ % 1and >% of graves <15% graver Sanav uit
>30% pius No. 200 < \

215% §ravet s S3NAY 1118 WItN QrSVES

% 1ang <% rouo*:: < 15% 12N0 et Gravaily it
215% swone [} v 2it with sang

<30% plus Ne. 200 .—'\-__- <15% olus No. 200 Fet ctav

15-25% oW Ne., 200‘:‘ and 2% qravet == F 4y clay wih tane
% $an0 <% raver —————== £ 4¢ clay with groved

% und >% ot Ount-<< 15% oravet et Sanaiv tat clav
>30% plus No. 200<

= 215% grave) c——mce—en Sa0dv tat clav wih gravet

% 1ana <% graver ?< 15% 810 e Graveily 12t €lay

215% g g Graveiiv fat Clav with 200

;JD% Olus No 200 emrom——mam « 15%, oius NO. 200 ,
T 15.25% 0ius NO 200 =mermmmmmmcmnen % (ANE 2% §ravat —————em € {a4tic 1L WEth tatuE
T % 5800 <% graver e Elastic Bit WIH wever

% sana >% of graver -.<:< 15% qraver Sanav uis
230% olus No. 200 '<: 215% qraves

\

€tasne st

MH

AAA A

Sanay NI WIth graver
% 1ana <% graves —Q:< 15% tano Gravelly elastie ust
' 215% wna G v uit with ssne

NOTE==Fercantages are 0aSEC ON ESIMALNG AMOUNTS Of HNES, SaNA. ana graver |6 the nearest S %.
FIG. 1a Fiow Char for identitying inorganic Fine-Graied Soil (50 % or more fines)

< "3.mmi sieve and be retatnea on a No. 200 (73-um sieve 4. Summary of Practicc
- with the jollowing subdivisions: .

coarse—passes a No. 4 (4.753-mm ) sieve and 1s retained on
1No. 10 (2.00-mm) sieve.

meaium——-passes a No. 10 (2.00-mm sieve and s retained
:na No. 40 (415-um) sieve,

Tne==passes a No. 40 (425-um1 steve and 1s retatned on a

230 (T F-umi sieve,

4.1 Using visual examination and simpie manual tests,
this practice gives standardized critena and procedures for
descnibing ana idenurving sols.

4.2 The sou can be given an idenuticauon by assigning a
group symbolis) and name. The tlow cnans. Fies. la and Ib
for fine-grainea sotis. and Fig. 2. for coarse-grainea sotis. can
pe used 10 assign the Ipproonale eroup symooitsi ana name.
L3 smi—sont passing a2 No. 200 (T3-umy sieve that 15 [f the soii has properties wnten do not aisUncty piace 1t into
“onotastic or very siightly piastic and that exnubuts little or no 1 specific group. bordertine svmools may be used. see

urength wnen air drv. For ciassuication. a silt 1s a fine- Appenaix X3.

traineg soil. or the fine-grainea portion of a soil. with a NOTE 3—it 15 suggested that a disunction be made between dual
siasticity index less than 4. or the piot of plasucity,inaex svmnots anad haraertine svmnots .

«ersus iquid himint fails betow the " A ™ line 1see Fig.'3 of Test Duat Sympoi——A dual svmbot 15 iwo svmools scoarated b 3 hvphen.

for exampie. GP-GM. SW-SC. CL-ML usea 10 1ndicate that the soil has
been 1dentified as having 1ne properties ot 2 classiiicauon tn accorgance
with Test Method D 2487 wnere two svmopols are reguired. Two
svmbols are required wnen the soi has between § and 12 % fines or

“Method D 2487).

GROUP SYMBOL | ' GROUP_NAME
<30% pius No. 200 —_— 15% ows No 200 Organc sou
15.25% aius No. 2oo—<:~.mgs oreve Qrganse 10n wnh tane
raver mmmees Qreame wan greves
OL/OH % sand >% graver ?2:‘:.:’:: Sanav ',.: ]
‘ 230% oius No. 200 < » 215% graves Sanav ergenss 108 wan qravel

% 1800 <% graver -'=<‘< 15% Ne —————— G TIHY SIGOME 300
215% tanQ wesmm———r GrreilY Sr9MME 106 WEN 158

"OYI—PW 48 02300 ON ESUMAUNG AMOUNTS Of HNES. SANG. aNA Crave! 1O e nearest $ %
FiG. 1b Flow Chart for [dentitying Organic Fine-Gramnaed Soil (50 % or more tines)
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b o 2488
GROUP SYMBOL GROUP NAME
GW e W oiGrtenen
-~ - R ‘\-5:::2—-— m—-:::wn-
GP -
= \;:::::——-am::::mm
GW-GM 15% wne Well 47008 9rever wah it
215N 1A c—m—mn WG EISE W IV W (a0t 800 N
meveCl, or CH GW-GC 15% une won

~ e \..

GP-GM LT e 2 18% was e m-:::::zm“

L T~ "

19% tone So0riv ¢rEREn IV wul St
\:‘5‘“-———- Pattiv ¢renal GrEnes Wwh Nt SN 0N
GP-GC

< V5% WA s F SO0V I 000 QTIVE WK LIDY
\ 215% wnn s S00IY P EINE O SV WRA SV SR SaND

Z19% tinee
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FIG. 2 Flow Chart tor Idenutying Coarse-Grained Soiis (iess than 50 % tines)

en the irquid iimt ang olasticits inaex salues ptot 1n the CL-ML area
ot the prasucity cnan.

Boravrune Svmovi——A bordemne svmboi is two svmools separated
bv & siash. {or examoie. CL/CH. GM/SM. CL/ML. A borderiine svmool
snouid be usea 10 indicate that tne soil has dbeen idenutied as navine

propenies that do nOt GISLIRCHY DIace the soil 1INto 3 specitic group tsee
Appenaix N3l

-

£, Significance and Use

:.1 The aescriptive information required in this pracuce
can be used to describe a soii 10 aid in the evaiuauon of 1ts
significant properuics (O engineenng use.

5.2 The gescnipuive information required 1n this practice
shouid be used 10 suppiement the ciassificauon of a soil as
determined by Test Method D 2487. oy

5.3 This practice may be used in idenufving soils using the
classification group symbois and names as prescribed 'in Test
Method D 2487. Since the names and svmbols used in this
practice to identify the sois are the same as those used 1n
Test Method D 2487. it shall be cieariv stated 1n reponts and
ail other appropnate documents. that the classification
symbol and name are based on visual-manual procedures.

5.4 This pracuce 1s to be used not oniy for identification
of soiis in the field. but aiso in the office. laboratory. or
wherever soil samples are inspected and descnibed.

3.5 This pracuce has parucular vaiue 1n grouping similar
soil sampies so that onlv 2 mimmum numoer of laboratory
tests need be run for positive soii classification.

NOTE $-—=The abtistv to descnioe and identitv souis correcttv 1s learned
more readilv unaer the guicance of expenenced personnet. but 1t mav
1is0 de acquires svsiemaucallv by companng numencat laboratory test

a9

resuits for tvpical soiis of eacn hpe wih therr visual and manual
charactensucs.

$.6 When describing and identifving soil sampies from a
2iven bonng. test pit. or group of bonnes or pits. it is oot
necessary to fotlow all of the procedures in this practice for
every sampie. Soils which appear to be simiar can be
grouped together: one sample compietelv described and
identiiied with the others referred to as similar based on
sertofmIng oniv a few ol tne aescripuive and 1dentficaucs
proceaures aescriped in this practice.

$.7 This practice mav be used in combinaton with
Practice D 4083 when woriang with frozen soiis.

6. Apparatus

6.1 Reguired Apparatus:

6.1.1 Pocker Knife or Smail Spatuia.

6.2 Userul Auxiiary Apparatus:

6.2.1 Smail Test Tube and Stopper (or jar with a lid).
6.2.2 Smail Hand Lens. -

~. Reagents

7.1 Puruv of Water—Unless otherwise indicated. rcfgr
2nces 10 water shail be understood 10 mean water from a aty
water suppty or naturai source. :nciuding non-potable wate.

*.2 Hvarocnioric Acid—A small bottle of dilute hydro
chionc acid. HCL one part HCI (10 N) to three parts wals

(This reagent is opuonai for use with this pracuce), ¢
Secuon 8.

AR305LLS
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3. Safety Precauuons

3.1 When prepanng the dilute HCl soiution of one pan
‘oncentrated hvarocnionc acid (10 \) 1o three pans of
asulled water, slowiv add acid 1nto water following necessary

salety precautions. Handle with cauuon and store safely. [f

utuon comes Into contact with the skin. nnse thoroughiy
h water.

3.2 Caution—Do not add water to acid.

9. Sampiing

9.1 The sampie shail be constaerea 10 be representative of

‘ne stratum from which 1t was obtained by an appropnate.
iccepred. or stangard procedure.

“ITE 3.—Preferablv. tne samoline proceaure snoutd be identitiea as
.3ving Deen CORAUCTED N acCOrAance with Practces D 1452. D 1587. or
J2113. or Method D 1586.

9.2 The sampie shali be caretully idenuiied as to ongin.

- L]

NOTE 6—Remarxs as to the onen mav uke the form of a borine
‘Umber ang sample numoer 1t coniuncuon with a 106 numoer. a
folope stratum. 2 pedoiomc honzon or a iocauon aescniption witn
TIPECt 10 2 permanent monument. a end svsitem or a station numoer
ind offset witn FEIDCCT 10 2 stated centerine ana a depth or etevauon.

9.3 For accurate description and idenufication. the mn-
‘mum amount of the specimen to0 be examinea shall be 1n

TABLE 1 Critens for Oesenbing Angutanty of Coarse-Grainea
Parucies (see Fig. 3)

Desenonon Crena

Anguase Partices nave srarp €000S AN relativery Diane sines witn
UNOORENET SUNtaces

Sutanguiar Parncies are smawr 1o anguaar gescnotion dtut  nave
OUNcea ecaes

Suarouncea Pauoes nave neanv pune sices out have wes-rouncea
COmers ana sooes

Rounced Parscies nave smootwy eurvea siaes ana no ecqes

| id) Subsnautar
i
FIG. 3 Typical Anguianty of Bulky Grains

accoraance with the tollowing scneaute:

?Mlllmum Parucie Size. Mimmum Soecimen Size,

: Sieve Upening Dy wegme

: 475 mm i1Na. 4 100 £140..5 i}y

Y 9.5 mm e 200 £10.8 1by
19.0 mm t7¢ 10,3 1Oketdd by

. 38.0 mmet/z 8O0kg¢is I

© U TS0Ommiding M0 kg (i32 by

NOTE “—if random isolated particles are encountered that are
sxgmﬁc%nuv larger than ne particics 1n tne soit manx. (ne o1t Manx
can bei accuratety descrived and identified 1n accordance with the
preceeding scheduie.

i . ,

9.4 If the field sample or specimen pemng examtned 1s
smaller than the mmmimum recommended amount. the
report shail include an appropriate remark.

L N
| .
10. Descripuve information for Soils
10.1 Anguiaritv—Descrice the angutanty of the sand

: (coarse: stzes only), gravel. cobbies. ana bouiders. as angufar.,

subangular. subrounded. or rounded in accordance with the
cntena in Table | and Fig. 3. A range o angulanty may be

- stated.’such as: subrounded to rounded.

10.2' Shape—Describe the shape of the gravet. cobbies.
and boulders as flat. eiongated. or flat and elongated if they
meet the cnteria in Table 2 and Fig. 4. Otherwise. do not
menuon the shape. indicate the fracuon of the particies that
have the shape. such as: one-third of the gravet parucies are
flat. ’

10.3; Color—Describe the color. Color 1s an 1mportant
property in identifving orgamic sois. and wathin 3 given

TABLE 2 Critena tor Onenmhq Parncie Shavpe (see Fig. 4)

The partice snaoe snan oe. GE3CNOCa 28 10HOWS whnere engtn. wiom, ang
IMICKNESS reter (0 the Qreatest. NterMeciate. and least Cimensions of 3 carice.
re308CTVeY -
Fiat
Fiat anc eonaated

Parocies with wiotn/tickness > 3
Parocies wrn lengm/wiom > 3

3

.

PMmunmmnommmm
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PARTICLE SHAPE

W=wIDTH
T=THICKNESS
L=tENGTH

FLAT: W/T>1
ELONGATED: L/W >3

FLAT AND ELONGATED:
- meets both criterig

FiG. 4 Critena tor Paructe Shape

" TABLE 3 Cntens tar D

10ing M e Condition
Oesenction Cntena
Oy AD3SNCE O MOsture. Gusty. GrY 1O he touch
Morst Damo out No visiowe water
Net

VIS f18e Water USULV SO 1S DEIOW water tanie

)catity 1t may also be useful in idenurving matenais of

miiar geoiogic ongn. If the sampie contamns lavers or
-atches of varving colors. thts shall be noted and all
- 2presentative colors shail be aescnibed. The coior shail be
sscribed for moist sampies. If the cotor rcpresems a dry
ondition. this shall be stated 1n the repon.

10.4 Odor-—~Descnibe the odor if organic or unusual. Soils
ontaining a significant amount of organic matenai usuaily
iave a disuncuve odor of decaving vegerauon. This 1s
speciaily apparent in fresh samptes. but if the sampies are
ned. the odor mav often be revived by heaung a moistened
ampie. {f the odor 1s unusual (petroieum product. chemical.
.nd the ke, 1t shall be descnibed.

10.5 Mousture Condition—Describe the moisture condi-
10n as dry. moist. or wet. 1n accoraance with the cnitena in
“able 3. ‘

10.6 HACl Reacuon—Descnice the reacuon with HCI as

=. weak. or strong. In accoraance with the crtera in

Je 4, Since catcium carbonate 1s 3 common cemenung
(gent. 2 report of its presence on the basis of the reacuon
vith dilute hvdrochionc acid is important.

TABLE 4 Cntena tor Descnong the Reacuon With HCL
Oescnooon Crtena
None NO nisi0i@ rescuon
weax SOme rescucn. with DUCDIeS OMTING BIOWNY
Strona

VIO reacuon. witht BUSOIRS 1OrTTING RTYNSOIStely

TABLE 5 Critena tor Descndbing Consistency

Oescnouon Cntena
very sort THamo wil CENETTate SO8 MOrE tNan | In 125 mwm
Soft Thumd ww oenstrate sox apout 1 1n. {25 mmy
Frm Thumo wi inoent SOt aDout '/s . (5 mm1
~arg THUATO Wil NOT INGENT SO0 DUL FEBCKY NCENMET With IIRATIONSS
Very nara Thumonas wim NOt NCENT 304

4

10.7 Conststencv—For 1ntact fine-grained soil. describe
the consistency as very soft. soft. firm. hard. or very hard. in
accoraance with the critena in Table 3. This observauon is
inappropnate for soiis with significant amounts of gravel.

10.8 Cementaiion—Descrnibe the cementation of intact
coarse-grainea sotis as weak. moderate. or strong. tn accord-
ance witn the cnitena 1t Table o.

10.9 Structure—Descnive the structure ot intact sois in
lcecoraance witn tne cntena in Table

‘U.10 Range or Parncie Sizes—For gravet ana sand com-
ponents. descripe the range of parucie sizes within ecach
component as defined 1n 3.1.2 and 3.1.6. For exampie. about

20 % {ine to coarse gravei, about 40 ¢ [ine 10 coarse sand.

10.11 Maximum Parucic Size—Descnibe the maximum

. parucie size found in the sampie in accordance with the

324

following 1informanon:

10.11.1 Sand Size—If the maximum particle size is 2
sana size. aescnoe as fine. medium. or coarse as defined in
3.1.6. For exampie: maximum particie size. medium sand..,

10.11.2 Gravel Size—if the maximum parucie size is a
gravel size. descnbe the maximum particle size as the
smalilest sieve openming that the parucie will pass. For
exampie. maximum particie size. !’/ 1n. (will pass a |lA-in
sguare opening dut NOt a 7«-in. square openings.

10413 Cuome or Butuder Size—if the maximum parude
size 1s a4 cooble or pouider size. descnoe tne maximum
dimension of the largest pamcie. For exampie: maximum
dimenston. |8 1n. (450 mm..

10.12 Haraness—Descnibe the hardness of coarse sand
and larger particies as hard. or state wnat happens when the-
particies are hit by a hammer. for exampie. gravei-sus
parucles fracture with considerable hammer blow, some
gravei-size parucies crumbie with hammer blow. “Hard®
means particies do not crack. fracture. or crumble under$
hammer blow.

10.13 Addituonai comments shall be noted. such as the
presence of roots or root holes. difficuitv in drilling o
augenng hoie. caving of trencn or hoie, or the presence of
mica.

10.13 A local or commercial name or a geoloc interpro;

TABLE 6 Critena for Descnping Cemsntaton

Jesenoton Cntena

weak Crumoes Of Dreaxs with NANGNNG OF KTHE MO Dresss®
Maooerate Crumoees Or DreaKs Wit CONSIOSTADIS ANOEP DISAmNe
Strong Will ROt CRITIENG OF DIGAR WIth hNOer DIeTIRNe

—
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TABLE 7 Critena tor Oesenning Structure

Cntena

4
%l

Allemanng 1avers of Varving Matena: or Color with favers at
a3t 6 MM tIMCK: NOte ThiCKNess

3{1"“’(.0 Alternating lavers O! varving matenal or coior witn re
1avers 1ess than & mm thick: note tnickness

+55Ue0 Sreaxs 3oNg cennne oanes of tracture wuan  utue
resistance to fractunng

2 CRensices Fraciute Dianes 3008ar DOUSNES OF QIOSSV. sometmes
sinateg

E - Cohasive sO8 IN31 Can De Droken cown Mo smal anauiar
UMDY WIICT! TESIST fUTtNer Oreaxaown |

_ense0 1ICUSION Of SMan POCXers Of Cifterent sous. sucn as sman
ienses O SaNG SCAUEred Nrougn a mass of clay; note

» nekness :
“omogeneous

Same coor 3na 300L3raNCE tNroUCNOUL

:atton of the soii. or both. may be added if identitied as such.
10.15 A classification or identutication of the soti in

CCOraance with other Classification svstems mayv be added 1f

«enftifiea as sucn.

11. ldentificanion of Peat

..} A sambie cOmposed DRMAnIy ol vegelaple tssue n
iMous stages of QECOMDOSIOn that nas 4 (iorous (o
.moronous texture. usudtiv a aark brown to black coior. ang
.2 organic oaor. snail be gesignatea as a nigniv oreanic soit
.na snali be waenutiea as peat. PT. ana not subiectea 1o tne
Jentiticanon procegures aescnioed herearter.

1. Prepanlion for identification

a | The soi identification poruon of this pracuce 1s

on the porton of the soti sampie that wiil pass a 3-in.

qmisieve. The jarger than S-in. ¢ 73-mm) panucies must

¢ temoved. manuatiy. 107 3 100se sampie. or mentaily. 107
an intact sample betore ciassifving the soii.

12.2 Estimate ang note the percentage of cobbles and the

xercentage of boulders. Pertormed visuatlv. these esumates

il be on the basis of volume percentage. :

NNTE X—=Since N0 DCICONIITNS O INC DATUCIC-SIZe Wistrinytion
st Mettod D 2387 2re oy dM werent, and the esnmartes of Pereentaces

TOTANC. SJSMIL JOA HACS 10 NN OPACHLe J5T Py O wewent,
ammenced that tNC repor SI3M¢ N3l the DErcentaees o conies anc
Julders are oy volume ’

12.3 Ofthe fraction of the son smailer than 31n. (73 mm.
sumate and note tne percentage. by dry weignt. of the

inavel. sand. and fines tsee Appendin N4 tor sugzeszec
orocequres).

\OTE Y—Since the panicle-$1Zc components 3opear visudliy on tne
TS of volume. consigeradie eApenence 1y reguires (0 esimate the
Xrentages an the baus ot drv werent. Freguent comoansons witn
400r310ry particie-s12e anaivses snould be maae.

:2.3.1 The percentages shail be estimated 10 the closest

* %. The percentages of gravet. sand. and fines must add up
D00 %

DR B BN

\

.2.3.2 If one of the components is present but not in
-uifictent quanuty to be considerea 3 < of the smailer than
. (Ti.mm) portton. indicate 1ts presence oV the term
L. 10r example. (race of fines. A race v not 10 e

aersaq n the xoml ot 100 % for tne comnonems

- dreliminary ldeatification

-3.1 The soui is tine gramea 1f it contains 3¢ < or more

rines. Foilow tne procegures 1or 1gentving tine-grained sotis
of Secuon 14,
i 3.2 The so1i is cuarse ¢ratnea if it contans fess than 30 %

tines. Follow tne procegures tor iadenuiving coarse-grained
sous of Secuon (3.

14. Procedure for identifving Fine-(srained Soils

i+.1 Select a reoresentative sampie of the matenai lor
2xaminauon. Remove particies iarger tnan the No. 40 sieve
tmegium sand and larger) unui a specimen equivalent to
Jbout a handtul of matenai s available. Use this specimen
tfor performing the ary strength. dilatancy. and toughness
tests.

13.2 Drv Strenon:

14.2.1 From ine specimen, seiect enough matenat 1o mold
into a ball about | n. (23 mmy 1n diameter. Mold the
matenai unti 1t has the consistieney of putty. adding water tf’
neccss:m

1<.2.2 From tne moided matenai. make at least three test
specimens. 4 test specimen snatl be a pall ot mawenat about
Coan. )2 mmo in ailameter. Allow tne test specimens 1o dn

MaIr. or sun. ur o .mmcxax means. as long as tne
lemperature goes not exceea o) N
< 2.3 I ne test snecimen contains naturat drvoiumns.

tnhose m:u are apout 'L ULl mmiin glameter mav 0e used
1n prace of the moided bails.

Nott [u—=The process of moidme and dning usually  proguges
higner Sirengtns tnam are 10UNRA IR Natura: o lumps of sou. *

14.2.4 Test the strength of the drv balls or tumps by
crushing between the fingers. Note tne sirengtfi as nonge. low.
meaium. high. or veny men 1n accorance with the cnitena in
Tabile ». If natural drv iumps are used. do not use the resuits
of any of the tumps that are founa (o contain parucies of
coarse sand.

14.2.3 The presence of hign-strengin water-soiuble cu-
menting matenals. sucn as calcium caroonate. Mav cause
excepuionatiy high drv strenetns. The presence of calcium
Jarponate can usuaifv re getected trom the intensuy ot the
reaction with giiule Nvarocnione adid (see jU.00

ie N Didatancy

i<.3.1 From tne specimen. seiect enougn maternat 1o moid
into a ball about 2 . (12 mm in ciamerer. Mold the
matenal. adding water 1t necessarv. unti it has a soft. but not
SUCKL. consistencs.

14.3.2 Smooth the soil bail in the pauim of one hand witn
the blade of a knife or small spatuia. Shake honzontaily.
stnking the side of the hand \vigorousiv agawnst the other
hana severat umes. Note the reacton ol water appeanng on

TABLE 8 Cntena tor Descnoing Ory Strangth
Oescriotion

Crtena

None The Ofv specmen CrUMDIeS INtG DOWGE? Wilh Mmere Bressure
ot hanaung

Law The Orv SDecimen Crumnoles N0 DOWGEr Wit Some hnges
oressure

Meowm “he Gry soecHmen Ofeaxs !0 DIECES Of CRUTONS wir™
consiasratie tnaer cressure

regn’ Tre Qrv soecimen €anNGt De OrOXeN witn HinQer Oressure

’ SoscaTEn win OrgaR IO OieCes DElween tNUMD ang a Narg

sunace

very nion ’Mmsmnmummoemmmma
nara surtace

AR305L52
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TABLE 3 Critena ior Dsscnong Oilatancy
~ Thescnovon Crtens
None NO VISIONe CNaANoe N ING SOBCIMET
Sow Witer 200888 SIOWIY ON NE SNTACE Of the sSDeCIMen cunng
SNaXNG 2nNd GOES Nt CISID0EAS Of CISADORNS SIOWIY UDON
saueelng
a0

_Nater apORArS GUICKIV ON the SUace Of (he soeamen aung
SNBUNG NG CISZOORES CUICKIV UOON SQUESTING

TABLE 10 Critena for Descnoing Toughness

Sesenonon Crtena
" wow Oniv sugnt Dressre 1S /eQurea 10 (o4 NG UFead newr the
prasoe srxt. The Heas ana NE UMD e Weak ana soft
Meaum Meomam Oressure s reQuUres 0 row INe treaa to near the
plasac st The threst ana the RN NAVE MECREN STTNESS
Hgh Conuneraie Oressure 13 1eQUNred 10 rol the TYeaad 10 near the
- pasuc wmet. The (fveso ana the wmo nave very nigh
stness

tne surtace of the soil. Squeeze the sampie by closing the
hana or pincning the sotl between the fingers. and note the
rracuon 3s none. slow. or rapid 1n accoraance witn the
:mena in Table v The reacuon 1s the speeg witnh wnicn
+dter appears wntie shaking. ana aisappears vmuc sau:czmz

1% 4 Juuenness:

i+ 4.1 Following the compietion of the dilatancy test. the
test specimen s snaped.into an eiongated pat and rotled by
hana on a smootn suriace or between the paims into a thread
about “x in. (3 mm) in diameter. (If the sampie 1s 100 wet 10
roll easily, it should be spread into a thin iaver and allowed

lose some water by evaporation.) Fold the sampie threads
«0d reroll repeatediy unul the tnread crumbles at a diameter
of about ¥s in. The thread wiil crumble at a diameter of »
in. when the soil is near the piasuc limit. Note the pressure
requtred 10 roil the thread near the plasuc limit. Aiso. note
the strength of the thread. Atter the thread crumbies. the
preces snould be {umped togetner and kneaded unui-the
lump crumbles. Note the tougnness of the matenai dunng
\ncammz

.+.%.2 Descnioe the tougnness of the thiread ana lump as

iow. medium. or figh in accorgance with the critena in
Table 10.

14.5 Plasuciv—On the basis of observations made durmg )

the toughness test. descnibe the plasucity of the matenai in
accordance with the critena given tn Table t1.

14.6 Decide whether the soti is an (norganic or an organtc

fine-grained soii (see 14.8). If inorganic. follow tne steps
given 1n 4.7

14,7 ldemuication ot Inorganic Fine-Grained Souls:

TABLE 11 Critena for Descniing Plasticity

Oesenouon Cntena

Nonoasuc A rean, (3-TIMY INCRSC CAANOE OO rOHE] At ANV waler content

tow The Wweaa can carewv De fosed and tne WMES cannot oe
fONMEa wNen ONEr NIN INe DLESLC ITHL

Mecwum The threaa 13 easy (O fON aNG NOL MUCH M 13 requUIred 1o
rescn the owste wmrt. The thread Cannot De rerowed aner
(eacIINg tNe DASHC WTHt. The WMD Crumodies wnen aner
INAN e DaSUC wrvt

ron It LSS CONSIONANIE UME rOMNG 8nNA KNEAGING 10 reacn ne

OsuC amt, THa WSS Can De rETONSa SEVEers Imes aner
., rescrang e ouste wrut. The umo can De tOrmea without
CUMDING When ONEr NEN e OBIUC KTt

_ added to the group name. Add the word “sandv”

14.7.1 ldenurv the soti as a (ean ciav. CL. if the soil has
medium to high dry strengwi. no or siow dilatancy, and
medium tougnness and plasucity tsee Table 12).

14.7.2 ldenufy the soii as a sar ciav. CH. if the soil has
high to verv high drv sirength. no dilatancy. and high
tougnness and piastcity (see Table 12).

14.7.3 ldentry the soii as a sus. ML, if the soui has no to
low dry strengtn. slow to rapid dilatancy. and low toughness
and plastucity. or 1s nonpiasuc (see Table 12).

14.7.4 ldenufy the soil as an eiastic stit. MH. if the soil has
low 10 meatum dry strength. no to siow dilatancy. and iow 10
medtum toughiness and plasucity (see Table 12).

NOTE || —These properties are similar to those for a ican clav,
However. the siit wiil drv quickiv on 1ne hana ang have a2 smooth, stikky
feet wnen drv. Some sotis that woutd classiv as MH 1n accomance wih
the entena in Test Method D 2487 are visualiv difficult to qisunguish
from 1ean ciavs. CL. It mav be necessarv 10 penorm jaboratory tesung
tor proper 1aentitication.

14.8 Identuicanion of Organic Fine-Gratned Soils:

14.8.1 ldenuity the sou as an oreamc soi. OLJ/OH. if the
soti contains enougit organic parucies 10 influence the soil
oroperties. Organic sosis usuaily have a gark brown to black
<OlOr ana may nave an organic oaor. Often, organic solis\will
cnange coOlor. 10T example, DIAcK 10 Drown, when exposea to
the air. Some orgamic sous wiii lignten 1n cotor significanty
whnen air dned. Organic solis normallv wili not have a high
tougnness or piasucity. The tnreaa for the toughness test will
be spongy.

NOTE |—In some cases. through Practlice ang expenence. it mav be
possibie 10 turther idenufv the organic sois as Oryansc its or orgamc
clavs. OL or OH. Corretations oetween the dilatancy. dry strenguy,
tougnness tests. and i2boratory tests can de made 10 tdentiv organic sous
N CENlaIN AEPOSItS Of SIMIlar Mmatenais o known geoiowe ongn.

14.9 If the soil is estimated to have |5 10 25 % sand or
gravel. or both. the words “with sand™ or “with gravei”
(whicnever 1s more predominant) shail be added 1o the group
name. For exampie: “lean clav with sand. CL™ or “siit wath
gravel. ML™ (see Figs. 12 and 1b). If the percenuage of sand is
equal 1o the percentage of gravet. use “with sand.”

i4.10 If the sou 1s estimatea to nave 30 %o or more sana or
gravel. or botn. the woras “sanav™ or "graveilv™ shail be
if there
appears to be more sand than gravel. Add the word
~gravellv” if there appears to be more gravel than sand. For
exampie: “sandy lean clay. CL". “graveilv fat clay. CH", or
~sandy sit. ML" (see Figs. ta and 1b). If the percentage of
sand 1s equal to the percent of gravel. use “sandy.”

15. Procedure for Identifying Coarse-Grained Soils (Con-
wans less than 50 % f{ines)

15.1 The soii is a gravei if the percentage of gravel is
esumated to be more than the percentage of sand.

TABLE 12 Identfication ot inorganic Fine-Gramned Soils from
Manuai Testa
Sod Orv Strenatn Dratancy Tougnness
Svmoo - ’
S oML \one 10 oW Siow 10 120G LOW O thyeaa c3AnGt 08
tormeg
cL Meawum to hgn None 10 Bow Meoman
MM LOW 10 mecum NON® 10 1Oow  LOW %0 mecean
CH =M 10 Very fgh ~None Hof
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15.2 The soii 1s a sana if the percentage of gravei is
mated 10 be equai 1o or i1ess than 1ne percentage of sand.

):5.3 The sotl 1s a ciean gravet or ciean sana 1if the
_.reentage of fines 15 esumatea 10 Be 3 ¢ or iess.

13.3.1 ldenuty the somias a weu-eraa'ca gravet. GW. or as

1 weii-graaea sana. SW. if it has a wide range of partucie sizes

Jng substanuai amounts of the intermea:ate particie sizes.

:3.3.2 ldenury tne soii as a pooriv eraaed graver. GP, or as
1 puorty graded sand. SP. if it consists pregominantiv of one
size tumiormty graded). or 1t has a wide range of sizes with
some Intermeaiate sizes obviousity missing (gap or skip
graded). .

15.4 The soul is either a graver wuh tines or a sand with
'ines 1f the percentage of fines 1s esumated to be 15 % or
more.

t5.4.1 ldenufy the soii as a ciavey gravel. GC. or a ciaver
sand. SC. if the fines are ciavey as determined by the

" grocegures 1n Section 14.

15.4.2 ldenusv the sotl as a sutv gravel. GM. or a siiv
.gna. SM. 1f the fines are suty as deterrmned by
~roceaures 1n Section {4,

1.3 If the soui 1s esttmatea 10 contain 10 < lines. give tne

Ju a duai 1genuficalion using 1wo group SYMools.

331 The nirst group svmoo! shati COrrespona o a ciean
sraver or sana (GW. GP. SW. SP) ana the secona svmool
snall correspond 1o a gravei or sana witn fines (GC. GM. SC.
SM).

15.5.2 The group name shail correspond to tne first 2roup
svmool plus the words "with clay™ or “with silt™ to indicate

e plasticity charactensucs of the fines. For exampie:
deli-graacd gravel with clav. GW.GC™ or "pooriv graded

And with silt. SP-SM™ isee Fig. 2.,

13.6 If the specimen 1s precominantly sand or gravel but
contasns an estmated 15 % or more of the other coarse-
grained constituent. the words “ith gravel™ or “with sand”
shail be added 10 the group name. For exampte: “pooriv
raded gravet with sand. GP™ or “clavey sang with gravel.
SC” (see Fig. 2).

3.7 If the 1ield samuoie contains anv cobbles or bouiders.

¢ DOWN. tne worads ~withl Coobles  or “wilh cobples ana
ouigers * shail be aadea to tne grouo name. For exampie:
“silty gravet with cobbles. GM.”

16. Report

16.1" The report snall include tne informanon as w ongin.
ind the 1tems indicatea in Tabie 1 3.

NOTE |3=Ernampre: Claver Graver with Sund and Cobbles, GCm
About S0 % fine 10 coarse. subrounaed 10 supaneuiar gravel: acout 30 <
#Ne 10 coarse. suprounded sanda: aoout -0 ¢ lines wun meaum
Sasicity, mugn arv Stengih. no Qiatancy. Megium (OURNNESS: wean

the.

-4

TABLE 13 Checkiist for Descnooon of Soils

Grouo name

Grouo svmoos

Percant of coOOES OF COUIOETS. OF DOTN (DV vorRIMEY
Percent ot araver. Sand. of INES. Of IN UVEE 1DV OV wegnt)
Particie-size ranqe:

[YTIN O N o B

Gravet==tine. coarse
Sange=iine, Meawm. coase

Particie anquianty® ancWar. SUCANAQUISS, SLUCIOUNALA. TOLNKES
Particie snape: it 200rOONALES AL, SONGALEd. Nat ING SONGALeS
MAaXITULaT CAMDOS 328 Of CYNanNon
Haraness ot coarse sano ang iarger parnces
Plasucitv of fines: NONDIASTC. IOW. Meowm, nin
Orv strenatmn: NONE. IOW. MEMUM. NN, Verv mon
Duatancv: none. siow. raoc
Touanness: iow. meoram. hon
Color tn monst CONOINOM)
Oaor imenton Onv ¥ OroaMe oF LNUSUA
16. Mosture: Grv. morst, wet
‘7 Rescuon with HCI: nONE. weax. Strong
For intact samomes:

W W

Q.
"
12,
'3
14
1S,

18. CoNsistency (HNe=-Qranead SOIS ONVY very Soft. SO, tvm, hara. very narg

19. StuCtwre  Siratmed. 1aMWNated. NSSIEd  SICKENI0ED. WNeed. NOMO.
geneous

20. Cementanon: weax. mocerate. sirong

21. Local name

22. Geooae interoratanon

3

AGOIONS COMMEnts’ Oresence of roots o7 root holes. oresence OF MCE
Jjyosum. e, Sunace Coatngs on Ccoarse-raned carutes. caving of

SouanINg Of auaer NOIG OF trencn siges C:MICUILY 1 JUGENNA Or exXCavauna
elc

reaction witn HCL onnat field samote nag anout § %%
suproundea coodies. maximum aimension. |0 mm.
In-Place Conaiions—Firm. nomogeneous. drv. brown
Geologic Interpretation—-aliyvial fan
NOTE | <+-=Other examopies of soil gesenptions and sdenufication are
wiven in Appenaives N1 and N2,
Nary =i destreg. the nerccmazcs ot gravet. sand. and {ines mn
o€ stated in terIns INAICAUNE 3 Fange Of percentages. as tollows:
Trace—Pamicies are present but esumateg to be less than § ¢
Few—>1010%
Litie——=i 3 10 25 7
Somne=—) 10 45 T
Vosin—30 10 100 7

16.2 If. in the so1i description. tne soii 1s identiied using a
classitication group s\moo! ang name 25 desericed 1in Test
Method D 2487. 11 must be aisunctiv and cieariv stated in log
torms. summarv tables. reports. ana the itke. that the symbol
and name are based on visuai-manuai procedures.

t (hv voume?

17. Precision and Bias

17.1 This practice provides quaiitauve nformauon oniy.
theretore. a preciston and bias statement 1s not appitcable,

18. Keywords

18.1 classificauon: clay: gravei: organic sous: sand: sit:
soil classificauon: soil description: visual classiication

- ~ AR305454
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APPENDIXES

tNonrndatory information)

X1. EX$MPYE

X1.] The following exampies snow hc * .uon
required 1n 16.1 can be repornted. The a aat is
inciuded 10 descriptions snouid be - r vidual

sircumstances and need.
XI1.1.1 Well-Graded Graver suh

: -About
=5 % fine 10 coarse. hard. subangular iy % fine-
10 coarse. hard. subanguiar sana: 1r- .n iximum
size. 73 mm. brown. dry: no reacu- {¢

.\l.l.’ Silty Sand wuir Graver N~ U Se pre-
Jomtnanty fine sand: about 2° with low
olasticity. iow drv strengtn. rapid .. Iw tougn-
ness. aoout |5 T fine. nara. 2 el. a tew
Iravel-size Parucles (raciurea wit 't maximum
size. 25 mm: no reaction with He¢ - © ampie size

smatler than recommended).
In-Place Condittons—Firm, ¢ == ar

1tams lcqses
of stit 1 to 2 in. (25 10 50 mm: .0

‘own 1o gray:

\2. USING THE IDENTIFT ON

X3! The idenuiicaton p.’ e be used as a
descniptive system applied 10 «-crals st exist in-situ as
shale. clavstone. sandstone. ne. :.:udstone. eic.. but

. convert ta soiis after field or .
slaking. and the like),
2.2 Matenais such as sheils ;mshed rock. siag. and the
.:he. snouid be aentitiea ds . HOWC\'CT. the proccaures
used 1n thts praciice tor 4. - Jing tne parucie size and
piasticity charactenstics may be used in the gescription of the
matenal. If desired. an idenufication using a group name anag
svmbol according to this practice may be assxgned to ad in
descnbing the matenai.

X2.3 The group symbolis) and group names: sHouid be

-:0ry processing (crushing.

placed in quotauon marks .or noted with some type of

disungutshing symbol. See exampies.

X2.4 Exampies of how group names and symbols c:m be
incororated into a descriptive system for matenais that are
not naturally occurring sotls are as follows:

X2.4.1 Shale Chunks—Retneved as 2 10 4-in. (50 10

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIBLE

VISUAL SOIL DESCRIPTIONS

in-place density 106 Ib/ft’: in-ptace morsture 9 .

X1.1.3 Organic Soil {OL/OH1~—2bout 100 S fines with
low piasucrty. slow dilatancy. low dry strength. and low
tougnness: wet. dark brown. organic odor: weik reacuon
with HCI.

X1.1.4 Siliv Sand wuh Organic Fines (SiHh—~—About 75 %
fine to coarse. hard. subanguiar reddish sand: about 25 %
organic and sity dark brown nonpiasuc fines wuh no dry
strengin and slow dilatancy: wer: maximum size. coarse
sand: weak reaction wun HCl.

X118 Poorv Graaed Gravet wuir Sift. Sand, Cobbles and
Bowacrs  GP-GM,—about ~f 7 tine 10 coarse. hard,
suproungeg 10 supanguiar zravel ioout !¥ T fine. Jdard
uprounaea to subanguiar sana: asout 10 7 sty nonplasuc
!ines: moist. brown: no reaction witn HCl: onemnai field
sampie had about f 7 by volume) hard. subrounded
cobbles ana a trace of hard. suorounded bouiders. with a2
maximum dimension of 18 in. (450 mm..

OCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE. CLAYSTONE.
-L” SLAG. CRUSHED ROCK. AND THE LIRE

100-mm pieces of shale trom power auger hole. dry. brown.
no reaction with HCL After ‘slaking in water for 24 b
matenai identified as “Sandv Lean Clay (CL)": about 60 %
fines with medium piasticity. high drv strength. no dilataney.
and medium toughness: about 35 < fine 10 medium. had
sand: about 3 ¢ gravei-size preces of shale.

N2o42 Crusnea Sendsone—Proguct o commercial
Jrusning operauon: “Pooriv Graged Sana with Sily (SP-
SMY". about 90 % fine to medium sand: acout 0%
nonpiastic fines: drv. reddish-brown. sirong reacuon with
HClL.

X2.4.3 Broken Shefls—=About 60 T gravel-size broken
shells: about 30 % sand and sand-size snell pieces: about
10 % fines: “Pooriv Graded Gravei with Sand (GP).”

X2.4.4 Crusned Ruck—Processed from gravei and cob-

bles in Pit No. 7. “Pooriy Graded Gravel (GPY™: about 90 %

fine. hard. anguiar gravei-size parucles: about 10 % coarse.

hard. aneuiar sand-size particies: drv. 1an: no reacuon with
HCl.

IDENTIFICATIONS.

\3.1 Since this practice s basea on esumates ot partcie
ze distmbution and prasticitv cnaracrenstics. i may be
difficult 1o clearly idenuifv the soil as belonging to one
category. To indicate that the soit may (all into one of two

possible tasic groups. a borderiine svmbol mav oe used with
the 1wo symbois separated by a stash. For exampte: SC/CL of

CL/CH.

X3.1.1 A borderitne svmbol may: be used when tb¢-

AR305455
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sercentage of fines is esumatea to be perween 45 and §§ <.
svmooi should be for a coarse-grained so1i with fines
tne otner for a fine-grained soui..For exampie: GM/ML
ar CL/SC.

X3.1.2 A borderiine svmbol may be used when the
~ercentage of sand and the percentage of gravei are esumated
10 e about the same. For exampie: GP/SP. SC/GC. GM/
SM. lu1s pracucailv impossible to have a soil that would have
1 pordertine symboi of GW/SW. o

X3.1.3 A borderiine symboi mav be used wnen the soii
couid be enther weil graged or pooriy graaed. For exampie:
GW/GP. SW/SP.

X3.1.4 A boraerhine svmbol mayv be used when the soil
couid either be a siit or a clay. For exampie: CL/ML.
CH/MH. SC/SM.

N31.5 A borderhine symbol may be used when a fine.

grained soil has properties that indicate that it 1S at the
bounaary between a soii of low comoressibility and a sou of
high compressibility. For examopte: CL/CH. MH/ML.

X3.2 The order of the borderiine symbois shouid reflect
simianty 10 surrounding or agiacent soiis, For exampie: sois
1N a borrow area nave peen 1aenuried as CH, One sampie 1s
considered to have a poraerine svmeol of CL and CH. To
show similanty. the borderiine svmbol shouid be CH/CL.

X3.3 The group name for a soii with a borderitne symbol
shouid be the group name tor the tirst symool. except tor:

CL/CH lean 1o fat clay
ML/CL clavey siit
CL/ML siity clay

X3.4 The use of a borderiine svmbol shouid not be used
mqiscnmmaxel_v. Every effont snail be maae to first place the
soil in10 a single group.

\{. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL. SAND.
AND FINES IN A SOIL SAMPLE

N1 Jar Aleimoa—-The retative percentage o1 coarse- ana
‘ne-graineg matenal mav  De esumatea by thoroughnn
SUINIDE 3 mIXlure of soi ang water 1n a test tube or jar. ana
nen atlowing the mixture 1o sewle. The coarse parucies wili
:2f 10 the bottom and-successiveiy finer particies wiil be

Jepositea with 1ncreasing ume: the sand sizes wiil fall out of
suspension m 20 to 30 s. The reiative proportions can be .

ated from the relative volume of each size separate.
5 method shouid be correiated to particle-size laboraton
qelerminalons.

X4.2 1'nspai Methou=—Memally visuaiize the gravel size
sarticies piaced 1n a sack (or other container) or sacks. Then.
Jo the same with the sand size parcies and the fines. Then.
mentalis compare the numoper of sacks 10 esumate the
nercentage of pius No. 4 sieve size and minus No. 4 sieve size

present. The percentages 0t sand ana tines in the minus steve
size NO. 4 Matenat can tnen pe SSUMatay irom tne wasn test
X33,

X4.3 Wash Test ttor reignve cercentaees of sand and
tines/—Select and moisten enougn minus NO. ¢ sieve S1z¢
matenai to torm a l-in t23-mm cuoe ot soil. Cut the cubein
haif. set one-haif 10 the side. and place the other haif in a
smail dish. Wash and decant the tines out of the matenat in
the dish unuil the wasn water 15 ciear and then compare the
two sampies and esumate the percentace of sand and fines.
Remember that the percentage 1s based on weight. not
volume. However. the voiume companson wiil provide a
reasonable indicaton of grain size pereentages.

X4.3.! While wasning. 1t mas oe ncuessary to break down
lumps of fines with the finger to get the correct percentages.

\3. RATIONALE

X35! This practice was significantiv revised 1n the D 2488 -
 version trom the previous version D 2488 - 69 (1975,
The revisions are documented in the hterawure.” .

v

.

Hewara. 2 K. "The Revisea ASTM Slanoard on ine Desenotion ang
sentmication of Sotls ¢ v isudieM. Pr

STIODS vul U, No. 4. Decemper 1987

1 Gt al 1 ostne Jornd.

X5.2 Changes 1n this version (rom tne previous \ersion
include rewording of 1.2.5 to-sav tdisturbed and undis-
turbed). the addition of 3.7 to retér 10 the pracuce tor

descnibing trozen souls. and the addivion of Appendis N5 on
Rauonaie.
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