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CE-6 REV 2-95

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 earn' insurance of the following kinds and amounts:

1. Public Liability Insurance
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 ' 4 "£
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
PO Box 41425 -
Philadelphia, Pennsylvania 19101 -1425

CHANGES IN RAILROAD FACILITIES

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,

^ AR305337



CE-6 REV 2-95

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 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.

RAILROAD ENGINEERING AND INSPECTION

Conrail, at its sole discretion, may assign an engineer or inspector 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.

TEMPORARY 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:
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Mr. J. D. Cossel, Chief Engineer - Construction
Consolidated Rail Corporation
2001 Market Street -12B
PO Box 41412
Philadelphia, Pennsylvania 19101-1412

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, railroad 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/7t)(p-sin P cos 2<x) (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 be in
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 mj 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 trenchesare 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. ---—-^===*^--------^--~---=—--' r, . -. - ,

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 (3.0ĵ  ojfjhj cgrjferjinê  _

1 l)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 by a
Registered Professional Engineer and shall be accompanied by complete design computations
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 Engineer -
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.
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(Rfcdj 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.

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) inches (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 determine 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 sight 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.

1 l)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.
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5) No scuppers or other deck drains, roadway drainage, catch basins, inlets or outlets are
Or''" - permitted to drain onto Conrail property. Any variation of this policy must have the

(r.t3/ 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.

REFERENCES

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.
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REQUIREMENTS FOR TEMPORARY SHEET PILING ADJACENT TO TRACK

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

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

3. ALL SHEET PILING 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.

OFFICE OF CHIEF ENGINEER - D & C

FEB 1 , 1995 DWG. NO. : SK-1
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LATERAL PRESSURE DIAGRAM

8.5'

SHEET PILE WALL

(2.6 m)

q LB/FT2
(kPa)

M \ \ M

P = (2q/ir)(/3- SIN /3 COS 2 a)h

Ph = PRESSURE AT ANY GIVEN POINT

•q = STRIP LOAD SURCHARGE

a = ANGLE IN'DEGREES

/3 = 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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Langan
Engineering and Environmental Services, Inc.

TO: Bill Mercurio

FROM: CaroleSforza

INFO: Bob Koto

DATE: 13 September 1995

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 sheeting to support the
weight of a train (250 tons);

• 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
Conraii engineer must be present to determine the available "windows" during the day
to drill as trains will not be stopped;

• collect 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

AB3Q53l*8



train traffic. (Test pits should be limited to a length of 3 feet parallel to the railroad
and a compactor must be used.)

Mr. Sawyer assigned an engineer to the Halby site starting Monday (18 September 1995). A copy
of the Republic insurance certificate should be given to the Conrail representative on Monday. Mr.
Sawyer wants to discuss the details of the subsurface investigation prior to Monday so that he 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\conrail.mem
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Specifications For Pipeline Occupancy Of
Consolidated Rail Corporation Property

1.0 GENERAL .

1.1 Scope

a. This specification shall apply to the design and construction of pipelines carrying flammable
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 which Conrail operates its equipment.

b. It is to be clearly understood that Conrail owns its right-of-way for the primary purpose of
operating a railroad. All occupancies shall 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 unrestricted use of its property for current and future operations.

1.2 Definitions - -

a. Conrail - Consolidated Rail Corporation

b. Chief Engineer - Conrail's Chief Engineer - Construction or his designated
representative

c. Owner (Applicant) - Individual, corporation or municipality desiring occupancy of
Conrail property.

d. Professional Engineer - Engineer licensed in the state where the facilities are to be
ĉonstructed.

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, serving 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., 19101-1411, giving the following:

(1) Full name of Owner.

(2) Complete mailing address of the applicant.

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

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

-1 -
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(Re3; c. 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 shall be a plan showing the extent of the
tota1 project upo.i which that portion of the work affecting Conrail is clearly defined

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

1.4 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. It is to be clearly understood that the issuance of an entry permit does not constitute
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.

1.5 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. When a site inspection is
required, the applicant and/or his engineer must meet with representatives of the Chief
Engineer's Office to view the entire length 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
all other facilities located on the right-of-way. The distance from the proposed pipeline
to the adjacent track and to the right-of-way lines must be shown.

(2) A complete "Pipe Data Sheet" (See Plate I)

(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.

1.6 Information Required for Submission

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 shall be folded,
individually, by the applicant to an 81/2 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.

•2-
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c. Plans shall be drawn to scale and shall include the following (See Plates I to VII):

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

-design anci construction. (See. Plate II)

(2) The location, in feet (meters), of the pipe crossing from the nearest Conrail 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 highway grade crossing of the
railroad.

(3) In all cases, the name of the State and County in which 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 Section number,
Township and Range.

(4) The profile of the ground above the centerline of the pipe, from field survey/showing
relationship of the pipeline and/or casing pipe to the ground levels, the tracks and other
facilities, (See Plate III). 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 property lines indicated by dimensions, in feet (meters), to the centerline 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 crossing in relation to the centerline of the track(s). (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 I) shall be submitted 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 Conrail
property, as to the:

(1) Method of installation. (See Section 5.1)

(2) Size and material of the casing pipe. (See Section 4.3)

(3) Size and material of the carrier pipe. (See Section 4.4)

These items can not have an alternative and any application that is received that indicates
options in any of the above items will not be processed.

e. Once the application has been approved by the Chief Engineer, no variance from 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 shall 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
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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 l

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

1.7 Notification to Proceed with Construction

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.

2.0 GENERAL REQUIREMENTS

2.1 Use of a Casing Pipe

a. A casing pipe will be required for all pipeline crossings carrying liquid flammable or non-
flammable substances under pressure.

b. For flammable and nonflammable gas pipelines the casing pipe may be omitted provided the
carrier pipe meets the requirements provided in the AREA manual Chapter 1, Part 5, Section
5.2.3. 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, building
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 .f. 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.

2.2 Location 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 railroad property line as
possible. Longitudinal pipelines must not be located in earth embankments or within ditches
located on the right-of-way.

b. Pipelines snail be located, where practicable, to cross tracks at approximate right angles to
the track, but preferably at not less than 45 degrees.

-4-
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c. Pipelines shall not be placed within a culvert, under railroad bridges, nor closer than 45 feet '
(13.7 m) to any portion of any railroad bridge, building, or other important structure, except in
special cases, and then by special design, as approved by the Chief Engineer.

a. Pipelines snail not be located within the limits of a turnout (switch) when crossing the track.
The limits of the turnout extend from the point of the switch to the last long timber.

e. Pipeline installations shall not be designed as an open cut installation where the pipeline is to
be located 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 track.

2.3 Depth of Installation

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 4Yx 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 (0.9 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.

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 centeriine 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
top of pipe at its closest point, except that under sidings or industry tracks this distance may be
4Vi 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 (0.9 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.

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 will be required.

c. Pipelines laid longitudinally on Conrail's right-of-way, 50 feet (15.2 m) or less from centeriine
track, shall be buried not less 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 centeriine of track, the minimum cover shall be
at least 5 feet (1.5m).

•5-
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•*• 2.4 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 limits of the dedicated highway (right-of-way; must be clearly shown on the plans.

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

2.5 Modification of Existing Facilities

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

2.6 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.

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

2.7 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.

2.8 Insulation

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

2.9 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.

3.0 SOIL INVESTIGATION

3.1 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

-6-
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the design and construction of pipe crossings less than 60 inches (1524 mm) in diameter and for
other facilities located on the right-of-way.

3.2 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.

3.3 Sampling

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 Core 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.

3.4 Boring Logs

a. Test boring logs shall comply with Plate VIII and clearly indicate aH of the following:

(1) Boring number as shown on the required boring location 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. AH 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 return washwater are not acceptable.

3.5 Additional Information

a. When directed by the Chief Engineer, additional borings may be required for the purpose of
taking undisturbed thin-wall piston samples 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 DESIGN REQUIREMENTS

4.1 Design Loads

4.1.1 General Requirements

a. All pipes, manholes and other facilities shall 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 kN/m3)
unless soil conditions warrant the use of a higher value.

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. An impact 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 (9.1 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 Cooper E-80 loading.

Height of Cover
feet
2
3
4
5
6
7
8
9
10
12
14
16
18
20
25
30

(meter)
(0.6)
(0.9)
(1.2)
(1.5)
(1.8)
(2.1)
(2.4)
(2.7)
(3.0)
(3.7)
(4.3)
(4.9)
(5.5)
(6.1)
(7.6)
(9.1)

Load
Ib/sqft
3800
3150
2850
2550
2250
1950
1700
1500
1300
1000
800
625
500
400
250
150

(kPa)
(162.8)
(150.8)
(136.5)
(122.1)
(107.7)
(93.4)
(81.4)
(71.8)
(62.2)
(47.9)
(38.3)
(29.9)
(23.9)
(19.2)
(12.0)
(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, 8Vj feet (2.6 m).
The vertical surcharge, q (psf), caused by each axle, shall oe uniform and equal to the axle load
divided by the tie length and the axle spacing, 5 feet (1.5 m). For the E-80 loading this results in;

q = 80,000 / (8.5 X 5) = 1882 psf. (q = 356 / '2.591 x -.524) ' 90.1 kPa)

The horizontal pressure due to the live load surcharge at any point on the wall or other structure
is p. and can be calculated by the following:

Ph = (2q/;t)(p-sin |Hcos2x)) (See PLATE IX)

e. The vertical and horizontal 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.

4.2 Design Assumptions

a. To design 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. Flexible Pipe (Steel, DIP, CMP, Tunnel Liner Plate)

(1) Steel Pipe (Bored and jacked in place)
• Spangler's Iowa formula shall be used for design with:
(a) Deflection lag factor - D( = 1.5
(b) Modulus of soil reaction - E'=1080psi (7.45 MPa)
(c) Bedding constant - Kb = 0.096
(d) Soil loading constant - Ku- = 0.13
(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 requirements on RR R/W)
(b) Earth load - ANSI A 51.50 prism method

(3) Corrugated Steel Pipe & Corrugated Structural Steel Plate Pipe (Open Cut)
• AREA Chapter 1, Part 4, Sections 4.9 & 4.10 shall be used for design with:
(a) Soil stiffness factor - K = 0.33
(b) Railroad impact as per Section 4.1.3.b. of this specification.

(4) Tunnel Liner Plate (Tunneled)
• AREA Chapter 1, Part 4, Section 4.16 shall be used for design with:
(a) Soil stiffness factor - K - 0.33
(b) Railroad impact as per Section 4.1.3.b. of this specification.

c. Rigid Pipe (RCP, Vitrified Clay Pipe and PCCP)

(1) Reinforced Concrete Pipe, Vitrified Clay Pipe & Prestressed Concrete Cylinder Pipe
(Open Cut)
• American Concrete Pipe Association design manual shall be used for design with:
(a) Marston load theory used for earth loaa
(b) Bedding (Load Factor) - If* 1.9
(c) Factor of safety - FS = 1.25 for RCP FS = 1.50 for VCP
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(d) Railroad impact as per Section 4.1.3.b. of this specification.

; (2) Reinforced Concrete Pipe (Jacked)
• American Concrete Pipe Association design manual shall be used for design with:
(a) Marston load theory used for earth lead
(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.

4.3 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 when 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 steel 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 Vi 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 (5t 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 4Yi 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 angle to centeriine of track:

(1) Across the entire width of the Conrail right-of-way.

(2) 3 feet (0.9 m) beyond ditch line.

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

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

(5) A minimum distance of 45 feet (13.7 m) from centeriine of outside track when casing is
open at both ends.
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(6) Beyond the theoretical railroad embankment line. This line begins at a point, on existing
grade, 10 feet (3 m) horizontally from centertine track and extends downward on a 1V4
(H) to 1 (V) slope. (See Plate III).

g. If additional tracks are coftsTfucfed in the futffreTiKe casing shall be extended
correspondingly 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 51/j ft. (1.7 m), shall have a minimum wall
thickness as shown in Table 2, unless computations indicate that a thicker wall is required.

Table 2

Pipe Diameter
Nominal Pipe Size

inches
10 and under

12&14
16
18

20&22
24
26
28
30
32

34&36
38
40
42

44&46
48
50
52
54

56&S8
60
62
64

66&6S
70
72

(mm)
(254 & under)
(305 & 356)

(406)
(457)

(508 & 559)
(610)
(660)
(711)
(762)
(813)

(864 & 91 4)
(965)
(1016)
(1067)

(1118 & 1168)
(1219)
(1270)
(1321)
(1372)

(1422 &1473)
(1524)
(1575)
(16261

(1 676 & 1727)
(1778)
(1829)

Coated or Cathodically Protected
Nominal Wall Thickness
inches
0.188
0.188
0.219
0.250
0.281
0.312
0.344
0.375
0.406
0.438
0.469
0.500
0.531
0.562
0.594
0.625
0.656
0.688
0.719
0.750
0.781
0.812
0.844
0.875
0.906
0.938

(mm)
(4.78)
(4.78)
(5.54)
(6.35)
(7.14)
(7.92)
(8.74)
(9.53)
(10.31)
(11.07)
(11.91)
(12.70)
(13.49)
(14.27)
(15.09)
(15.88)
(16.66)
(17.48)
(18.26)
(19.05)
(19.84)
(20.62)
(21.44)
(22.23)
(23.01)
(23.83)

Uncoated and Unprotected
Nominal Wall Thickness
inches
0.188
0.250
0.281
0.312
0.344
0.375
0.406
0.438
0.469
0.500
0.532
0.562
0.594
0.625
0.657
0.688
0.719
0.750
0.781
0.812
0.844
0.875
0.906
0.938
0.969
1.000

(mm)
(4.78)
(6.35)
(7.14)
(7.92)
(8.74)
(9.53)
(10.31)
(11.07)
(11.91)
(12.70)
(13.49)
(14.27)
(15.091
(15.88)
(16.66)
(17.48)
(18.26)
(19-05)
Q9.84L
(20.62)
(21.44)
(22.23)
(23.01)
(23.83L
(24.61)
(25.40)
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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 (1829 mm) will not be
permiUed.

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

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

Table 3

Pipe diameter

in.
3
4
6
8
10
12
14
16
18
20
24
30
36
42
48
54

(mm)
(89)
(114)
(168)
(219)
(273)
(324)
(356)
(406)
(457)
(508)
(610)
(762)
(914)
(1067)
(1219)
(1372)

Thickness Class
Wall thickness
in.
0.25
0.26
0.25
0.27
0.32
0.34
0.39
0.40
0.44
0.45
0.53
0.63
0.73
0.83
0.93
1.05

(mm)
(6.35)
(6.60)
(6.35)
(6.86)
(8.13)
(8.64)
(9.91)
(10.2)
(11.2)
(11.4)
(13.5)
(16.0)
(18.5)
(21.1)
(23.6)
(26.7)

Class

51
51
50
50
51
51
52
52
53
53
55
56
56
56
56
56-

Pressure Class
Wall thickness
in.
0.25
0.25
0.25
__
—
—
. — .
™
. — .
— .
—
__
_
—
„
—

(mm)
(6.35)
(6.35)
(6.35)
— .
—
—
—
—
—
—
—
_
— .
— .
—
—

Class

350
350
350
—
__
—
— .
_
— .
—
—
— ~
«
__
__
—

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).

c. 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 steel pipe shall have a minimum sheet thickness as shown in Table 4. _ '•••„
Corrugated structural steel plate pipe shall have a minimum plate 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
inches
12to30
36

42 to 54
60 to 120

(mm)
(305 to 762)

(914)
(1067to1372)_
(1524 to 3048)

Sheet Thickness
Gage
14
12
10
8

inches
0.079
0.109
0.138
0.168

(mm)
(2.01)
(2.77)
(3.51)
(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. Tunnel 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 completion of the tunnel, then the tunnel liner plates need not be galvanized and
coated.

c. Tunnel 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 I):

(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 method.

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 pipe 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 Section 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.
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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. At locations 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 6 inches of concrete (152 mm)
around the pipe. A 6 x 6 - W 2.9 x W 2.9 (152 x 152 MW 18.7 x MW 18.7) welded wire fabric
shall be placed in the concrete on all sides.

4.4 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 corrosion.

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) Steel Pipe - The ASTM or API specification 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 internal pressure to
which it will be subjected.

e. Gravity flow carrier pipes, installed without a casing pipe, shall meet the requirements, of the
particular 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 internal and
external loads (see Section 4.1) to which it may be subjected. The design assumptions given in
Section 4.2 shall apply.
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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 ANSI B 31.4 Liquid Transportation Systems for
Hydrocarbons, Liquid petroleum Gas, Anhydrous Ammonia, and Alcohols, and other applicable
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.

(c) Sixty 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, natural gasoline, natural gas liquids,
liquefied petroleum gas, and other liquid petroleum products.

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

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 values
provided in AREA, Chapter 1, Part 5, Section 5.2, Tables 5.2.3 (a through j).

c. 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.

4.5 Casing Pipe End Seals
i

a. Casings for carrier pipes of flammable 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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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 open when the ends are at or aoove ground surface
and above high water level, provided drainage is afforded in such a manner that leakage jviil be
conducted away from railroad tracks and structures.

4.6 Vents

a. Sealed casings for flammable substances shall be property vented. Vent pipes shall 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 centeriine 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-turned elbow, property 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.

4.7 Signs

a. All pipelines (except those in streets where it would not be practical to do so) shall be
prominently marked at right-of-way lines (on both sides of track for crossings) by durable,
weatherproof signs located over the centeriine of the pipe. Signs shall show the following:

(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 Conraii's right-of-way as long as the occupational
agreement is in effect.

4.8 Warning Tape

a. All pressure pipelines installed by the trench, method, without a casing, shall have a warning
tape placed directly above the pipeline, 2 feet (0.6 m) below the ground surface.
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4.9 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 nust
be guarded against. No additions1 valves will be required where pipelines aro provided with
automatic control stations anci within distances approved by the Chief Engineer,

4.10 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.

c. 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 cathodically protected by other than anodes, the Chief
Engineer shall be notified and a suitable test made to ensure that other railroad 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 durable signs.

4.11 Manholes

a. Manholes shall not be located on Conrail property where possible. At locations where this is
not practical, including longitudinal occupancies, manholes 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 centeriine of adjacent track to centerline of proposed manhole shall be
shown on the plans.

4.12 Box Culverts

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

4.13 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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c. If the drainage is to discharge ir.tc an existing drainage channel on Conrail's right-of-way
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.

d. When calculating the capacity of existing- or proposed drainage structures, under Conrai''s
track(s), the headwater ?t the structure shall not be greater than one (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 governmental agency having
jurisdiction, shall be submitted with the drainage computations.

4.14 Pipelines on Bridges

a. Pipelines of any type shall 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) horizontally 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.

c. Pipelines carrying flammable substances or non-flammable substances, which by their
nature might cause damage if escaping on or near railroad facilities or personnel, 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 permitted, pipelines on bridges over Conrail tracks shall be so located as to minimize
the possibility of damage from vehicles, railroad equipment, vandalism and other external
causes. They shall be encased in a casing pipe as directed by the Chief Engineer (See Plate
VII).
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5.0 CONSTRUCTION REQUIREMENTS >

5.1 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
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 'se parmitted 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 traveled way,
where possible.

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

e. At locations 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
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 (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 material 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 will be
performed by railroad employees at the sole expense of the Owner.

-19.

AR3-05372



5.0 CONSTRUCTION REQUIREMENTS >

5.1 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
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 'se 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 traveled way,
where possible.

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

e. At locations 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
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 (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 material 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 will be
performed by railroad employees at the sole expense of the Owner.
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5.1.3 Bore and Jack (Steel Pipe)

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

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.

c. 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 unsupported excavation is ahead of
the pipe.

d. The auger and cutting head arrangement shall be removable 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 c. must be implemented
immediately.

e. The over-cut by the cutting head shall not exceed the outside diameter of the pipe by more
than Vi inch (13 mm). If voids should develop 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 to fill
such voids.

f. The face of the cutting head shall 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 shall be submitted 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 Engineer.

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 cutting 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 pipe, grout holes, tapped for no smaller than 1Y* inch
(38 mm) pipe, shall be cast into the pipe at manufacture. 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
(122m) longitudinally shall be provided for RCP 60 inches (152* mm) anci larger.

f. Immediately upon completion 67 jacking operations, the installation shall be pressure grouted
as per Section 5.2 of this specification.

5.1.5 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 shall 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. It shall be of sufficient length 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
tunnel being placed by more than 1 inch (25.4 mm) at any point on the periphery unless
otherwise approved by the Chief Engineer.

c. The shield shall be adequately braced and provided with necessary appurtenances 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 111).

f. At any interruption of the tunneling operation, the heading shall be completely bulkheaded.

g. The liner plates shall have tapped grout holes for no smaller than 1% 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 (Steel 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 surface for removal. When the cutting head
reaches the far side of the crossing, it 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 pilot 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 difficult to cross by conventional methods. The length of the bore is generally several
hundred feet in length, with installations over a thousand feet possible.

c. Installations 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 to 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. Included with the
submission shall be the manufacture's catalog 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 full 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.

c. The project specifications must require the contractor to submit, to the Chief Engineer for
approval, a complete construction procedure of the proposed boring operation. Included with the
submission shall be the manufacture's catalog information describing the type of equipment to
be used.
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5.2 Grouting

a. For jacked and tunneled installations a uniform mixture of 1:6 (cement:sand) cement grout
shall be placed under pressure through the grout holes to f;ll any voids which exist betwesn the
pipe or liner plate and the undisturbed earth.

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

c. A threaded 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 liner 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.

5.3 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 settlement 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.

5.4 Dewatering

a. When water is known or expected to be encountered, pumps of sufficient capacity to handle
the flow shall 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 settlement or displacement of
railroad embankment, tracks, and facilities.

5.5 Safety Requirements

a. All operations shall be conducted so as not to interfere with, interrupt, or endanger the
operation of trains nor damage, destroy, or endanger the integrity of railroad facilities. All work
on or near Conraii property shall be conducted in accordance with Conrail safety rules and
regulations. The contractor shall secure and comply with the Conrail safety rules and shall 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 shall 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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»,. „ present. If boring equipment or similar machines are being used, the machine operator also
, •• * shall have no less than twelve (12) months experience in the operation of the equipment being
•'•• used.

d. Whenever equipment or personnel are wô i.ig closer than 15 feet (4 5 m) from the
centeriine of an adjacent track, that track shall be considered 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 centeriine 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.

5.6 Blasting

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

5.7 Temporary Track Supports

a. When the jacking, boring or tunneling method of installation 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 Owner's contractor shall 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.

5.8 Protection of Drainage Facilities

a. If, 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 installed 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 railroad ditches and other drainage facilities
during construction on and adjacent to Conrail's right-of-way.

5.9 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 pits shall be located a minimum of 25 feet (7.6 m) from centeriine of adjacent
track, measured aLrioht anole^ jo track, unless othifwise approved by Ihe Chief Engineer,
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c. If the bottom of the pit excavation intersects the theoretical railroad embankment line (See
Plate III) interlocking steel sheet piling, driven prior to excavation, must be used to 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 pits, staTper) by a Professional Engineer, must be
submitted by the Owner at time of application or by ihe 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, railroad and
other surcharge loads. See Section 4.1.3 for railroad loading.

f. After construction and backfilling, all sheet piling within 10 feet (3.0 m) of centeriine 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.

5.9.2 Parallel Trenching and Other Excavation

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

5.10 Inspection and Testing

a. For pipelines carrying flammable or hazardous materials, ANSI Codes, current at time of
constructing the pipeline, shall govern the inspection and testing of the facility on Conrail
property, except as follows:

(1) One-hundred percent of all 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.

5.11 Reimbursement of Conrail Costs

a. All Conrail costs associated with the pipe installation (inspection, flagging, track work,
protection of signal cables, etc.) shall be reimbursed to Conrail by the Owner of the facility.
Reimbursement by the contractor is not acceptable.
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PLATE I

PIPE DATA SHEET
(For crossings and longitudinal occupancy)

'

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 OF 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)

PIPE DATA

CARRIER PIPE CASING PIPE

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)
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PLATE II
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PLATE III

PIPELINE CROSSING
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PLATE IV

LONGITUDINAL OCCUPANCY
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PLATE V_______

LONGITUDINAL OCCUPANCY

SEE SECT. 2.2

CONRAIL
R/W LINE
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SEE SECT. 2.3
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SEE SECT.4.3.1.f.(6)

INVERT
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SCALE OF DRAWING TO BE SHOWN
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PLATE VI
PIPELINE IN HIGHWAY UNDER RAILROAD BRIDGE
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PLATE VII

PIPELINE ON HIGHWAY BRIDGE OVER RAILROAD
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PLATE VIII
TEST BORING LOG

PROJECT HOLE NO.

LOCATION SURF. EL "~"s---,-
DATE STARTED DATE COMPLETED JOB NO.

GROUND WATER DEPTH
N — NO. OF BLOWS TO DRIVE SAMPLER 12" W/140# HAMMER FALLING WHILE D UN

30" — ASTM 0-1586, STANDARD PENETRATION TEST BEFORE CASING
REMOVED

C — NO. OF BLOWS TO DRIVE CASING 12* W/ <. HAMMER FALLING
'/OR -% CORE RECOVERY

CASING TYPE - HOLLOW STEM AUGER SHEET 1 OF 1

t

\

DEPTH

5.0

10.0

15.0

20.0

SAMPLE
DEPTH

0.0'- i
2.0' i
2.0'- 1
4.0' i
4.0'-
6.0'
6.0'-
8.0'
8.0'-
10.0'
10.0'-
11.3'

15.0'-
20.0'

ujOC
jlU

|| c
5z

1 l
1

2 1
1

3 !
|

4 i '
i

5 1
i

6 1
1
1
1
i

R-1;Rec
i46"
I
I
I
|

1

1

1

1
I
1
Iii
i
|
i
!
1
i
1

SAMPLE
DRIVE
RECORD
PER6"
6/U |

14/19 1
9/15 !

15/23 |
17/18 1
11/21 1
9/ 6 !
5/7 !
10/12
11/11 1
12/11
50-. 3'

BX Con
77%

N

28

30

29
11

23

a

DESCRIPTION OF MATERIAL

Brown moist medium dense fine to
coarse SAND and fine to medium
GRAVEL, little silt

Brown moist stiff SILT

Brown moist very stiff SILT, little
fine to coarse sand, little fine gravel

Gray dry hard silty weathered SHALE
Top of ROCK

Gray weathered steeply bedded
SHALE

Bottom of Boring

.-

STRATA
CHANGE
DEPTH

6.0'

8.5'

12.5'

15.0'

20.0*
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PLATE IX

LATERAL PRESSURE DIAGRAM

8.5'
(2.6 m)

o^LB/FT2
(kPa)
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OR OTHER STRUCTURE

- SIN£ (COS 2°C ))

Ph - PRESSURE AT ANY GIVEN POINT
- STRIP LOAD SURCHARGE

oC - ANGLE IN DEGREES
B • ANGLE IN RADIANS

ELEVATION

LATERAL PRESSURE DUE TO STRIP LOAD
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PLATE X
FOLDING OF PLANS
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PUBLICATION STANDARDS SOURCES

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)639-2190

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 Association of Corrosion Engineers
Houston, TX 77026

NOTE: If other than AREA, ASTM or AWWA specifications are referred to for design, materials 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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Designation: 0 420 - 37 ^ :;
<i-, v,,

Standard Guide for
Investigating and Sampling Soii and Rock1
This namutd » issuea unaer tne tUed dnitiuuon O 420: the numoer immeauuiv ibllowinc tne aeouuuon indicates tne vear 01
onpnai MODUOH or. in tne ease 01 revision, me year 01 un revision. A oumoer in Micatncxs moiaia ine vev at uu icaeerevai. A
supenaitx cpuioo in incucatcs aa eoitonai cou«e unoe ine uus rrnson or renxnovu.

INTRODUCTtON

Investigation, sampling, and idemmcation of subsuriace maienais involve compicx techniques
accompiished by many different procedures and interpretations. These are frequently site specific
and are influenced by geological and geographical conditions: purpose of the investigation: design
requirements: and the background, training, and experience of the investigator.
This guide for soil. rock, and ground water investigation and sampling, based on standard

procedures, wiil lessen inconsistency and will encourage rational methods of site evaluation. An
acceptable ana consistent investigation and sampling program will heip to determine the influence
of geologic ana geographic environment on subsunace conditions.

1. Scope C 294 Descnouve Nomenclature of Constituents of Nat-
..1 This guide identities recognized metnoos bv wmch urai Mineral Aggregates-

soii. rock, and ground water conamons may be determined. c 85 "• Practice for Estiraaung Scratcn Haraness of Coarse
The objective of the investigation should be to identify and Aggregate Panicles
locate, both horizontally ana verucaily, significant soil and D 75 Practice for Sampling Aggregates-
rock types asd ground water conditions present within a O 653 Terminology Relating to Soii. Rock, and Contained
given site ana and to establish the characteristics of the Fluids*

ice materials by sampling and in situ testing. Labora- 01194 Test Method for Bearing Capacity of Soii for Static
ag of soil and rock samples is governed by other Load on Spread Footings'

standards. D 14S2 Practice for Soii Investigation and Sampling by
1.2 Key Words: Auger flonngs2
1.2.1 Site Investigations! see Practice D 3584): D1586 Method for Penetration Test and Split-Barrel
UF Reconnaissance Surveys Sampling of Soils2
Subsunace invesugauons D 1587 Practice for Thin-Walled Tube Sampling of Soils2
Geological Investigations D2I13 Practice for Diamond Core Drilling for Site
Field invesngauons Investigation2

BT Explorations D2487 Test Method for Classification of Soils for Enei-
Ĵ lh?vSnf?te neenng Punwses-
NT Hvdroiottc Investigations D 24gg Pracnce ,br Descnpnon and Identification of Soils
Foundation investigations (Visual-Manual Proceduxer
Geopnysicai Invesugation D 25 7 3 Test Method for Field Vane Shear Test m Cohe-

RTSqu Surveys . , siveSoii2
Preliminary Investigations ' •* D 2607 Classification of Peats. Mosses. Humus, and Re-

ij'jfaê aiues stated in inch-pound units are to be D2™ Tf51. Meth1°<1 [°T P6051̂  of Soil In PIace ̂  the
regarded as the standard. Dnye-Cvlmder Method-

D3282 Practice tor Classiucation of Soils and Soii-Ag-
, ___. _ gregate Mixtures for Highway Construction Purposes2.. Referenced Documents D 33g5 Tesi Method for infiltranon Rate of SQ̂  in Rejd
2.1 ASTM Standards: Using Double-Ring infiltrometen-
C 119 Definitions of Terms Relating to Dimension D 3397 Methods for Triaxiai Classification of Base Mate-
Stone- rials. Soils, and Soil Mixtures4

D344I Test Method for Deep. Quasi-Stauc. Cone and
——————— Friction-Cone Penetration Tests of Soil2

lure is under we luraainion 01 ASTM Cotnmmee D-IH on Soil ana Q 3550 Practice for Ring-Lined Bane! Sampling of Soils2
no is me aim ranon»otiii\ 01 Suocommmee 018.01 on aunace ana

Cuntm eamoa aporovea AUC. 19. 19*7. Published OcioBer 1987. Onginillv
WMnhedaiO420-65T. Ua orevtoui camon O 420-6911979)" > Animal BOOK ol'ASTM Stdnaonu. Vo) 04.02.
• liunut Boon at ASTM Stanaarat. \ ol 04.08. * 4nntuu Boat « ASTM Sianaanu. Vol 04.03.
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D 3584 Practice for indexing Papers and Reports on Soil and for evaluating variations m soil ana rock properties.
and Rock for Engineering Purposes- 5.1.1 Satellite and aircraft spectral mapping tools, such as

•"> 3740 Practice for the Evaluation of Agencies Engaged in LANDS AT. may be used to find ana map the areai extent of
the Testing and/or inspection of Soil and Rock as Used subsunace materials and geologic structure. Interpretation of
in Engineering Design and Construction- aircrari pnotograpns ana satellite imagery may locate and

D4083 Practice for Descnouon of Frozen Soils (Visual- identify significant geologic features mat may be indicative
Manual Procedure r of faults and fractures. Some ground control is generally

D 4220 Practices for Preserving and Transporting Soil required to venfy information dcnveo from remote sensing
Samples" . data. Table 13.8 of Ref. (l)i is a useful summary of remote

D4427 Classification of Peat Samples by Laboratory sensing capabilities.
Testing- 5. 1 .2 Seismic refraction/reflection and grouno penetrating

,G51 Test Method for pH of Soii for Use in Corrosion radar tecnntques may be used to map soil horizons and
Testing2 depth profiles, water tables, and deptn to bedrock in many

G 57 Method for Field Measurement of Soil Resistivity situations, with depth penetration and resoiuuon varying
Using the Wenner Four-Electroae Method2 with local conditions. Electromagnetic induction, electrical

resistivity, and induced polarization ior complex resistivity)
3. Significance and Use techniques may be used to map variations in water content

3.1 An adequate soil. rocK. and grouna water mvestiga- and quality, clay honzons. stratification, and depth to
tion provides penment information for aecision mawng on aquifer/bedrock. Other eeophvsicai techniques such as
one or more of the following suoiects: gravitv and magnetic metnods mav be useful unaer certain

3.1.1 Location of the prooosea construction both vent- specific conditions. Crossnoie snear wave velocity measure-
caliv ana honzontallv. ments mav provioe sou and TOCK parameters for avnamic

3.1.2 Locauon ana orenmmarv evaluation ot suitaole anaivses. x
oonrow ana other local sources ot construction- material. • •* Currently available ASTM stanaaras on nonne and

3.1.3 Need for special excavating and dewatenng teen- sampling are:
niques. 5.4.1 Practice D 1452 on auger Donne.

3.1.4 Investigations of slope stability in natural slopes. 5.4.2 Method D 1586 on stanoara penetration test.
cuts, and embankments. 5.4.3 Practice D 1587 on tnm walled tube sampling.

3.1.5 Conceptual selection of embankment tvpes. founda- 5.4.4 Practice D 21 13 on aiamona core drilling.
»ons for structures, and hydraulic bamer requirements. 5.4.5 Test Method D 2573 on field vane shortest.

'.1.6 Ground water resource planning and development 5.4.6 Test Method D 3385 on aouble ring infihrometer.
.. detailed investigations. 5.4.7 Method D 3-u i on cone oenetration tests.

3.1.7 Identification of ground water contamination and 5.4.8 Practice D 3550 on nng-unea Barret sampling.
development of detailed monitoring studies. API • pun

3.1.8 Development of additional detailed subsurface in- °* "P10™"0" rian
vesugations for specific structures or facilities. 6>l Thc P""6" design and uenormance requirements
3.2 A subsunace soil. rocK. and ground water invesuga- m"sl be established pnor to final development of the

tion should provide sufficienuv large soil and rocK samples of exploration plan. A complete sou. rock, and ground water
such quality as to allow aaeouate testing to determine tne son mves«£ation snould encomoass tne following activities:
or rooc classification or mmeraioeic type, or ootn. ana tne o.l.l Revtew 01 available miormation on the geoiocic
enpneenng propenies penment to tne proposeo design. history. roc*. soil, ana grouna water conaiuons occurring at
3.3 This guide is not meant to be an inflexible description the proposed location and in tne immeoiate vicinnv 01 the

of investigation requirements: other techniques may be Sltc-
applied as appropriate. 6-1-- Interpretation of air-pnoto and other remote sensing

' ) data.
4. Apparatus • '• - 6.1.3 Field reconnaissance for identification of suriicial
4.1 The type of equipment required for a subsurface geologic conditions, mapping of stratigraphic exposures and

mvesugauon depends upon vanous factors including the ouicrops. and examination o. the penormance ot exisum
type of subsunace matenal. the depth of exploration, the S11?5?lirt5: - u - ^ i^ -
nature of the terrain, and the intended use of the data. 6AA °" sue investigation ot the sunace and subsunace
4.2 Hand Augers. Hole Dwers. Shows, and Push Tube mmtenais by geophysical survevs. oonngs. ortest pits.

Samplers, suitable for exploration of sunicial soils to deptns , U6'1J R«ov^ °« representative aisturbed samp.cs for
of 3 to 9 ft (1 to 3 ml laboratory ciassiticauon tests oi soil. rock, and local con-
4.3 Earth Excavation Equipment, such as backhoes. struoion matenal. These snould be supplemented by undis-

dragimes. and drilled pier aueers .screw or bucket) to aiiou turbed s«amens suitable ior tne aeterminauon o. those
in situ examination of soil aeposits ana sampime of mate- enf ""n"g Pro«™« oerenem to the investigation
rials containing verv laree panicles. ' 6/1-6 Determination or the position of the ground water

table, or water tables it there is oercned or artesian ground
Techniques ______ _^
5.1 Geophysical or remote sensing techniques may be

used for mapping of the areat extent of geoiqgicai formations ot4thi»iunaan».
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water, and of the variability of that position in both short and ina Ov revising oounaanes as aeierminea tram tne aetaued suosuriace ~'_
e names. survey.
Determmauon of the iocanon-of suitable foundation

matenal. either bedrock or satisfactory ioad-beanng soils. g. Determination of Subsurface Conditions
rl.S field identification ot son ana roc* tvpes with the , . c .; . . . , ,. . .

aeptnoftheiroccurrenceanathe.ocattonsoftneVrstructurai . 3'1 Subsu"ace wnoinons are positively defined only at
. «.nmin...f..« tne moiviaual test pit. nole. bonne, or open cut examined. AulSvuuLinuiucs* - \ . _ , i i . , *
,.1.9 Evaluauon of the pertormance of existing mstalla- «ra«?raPnic Pr°«le can * developed by detailed investiga-

tions, relative to their founaauon matenal ana environment u?|!s only ̂neie aetemunauons 01 a continuous reiationsmp
m tne immediate vicinity of the proposed sue. ot the aepms allocations ot various types ot sod and rock

• can oe maae. This pnase ot the investigation may be
-. Reconnaissance of Project Area implemented by plotting logs of soil and rock exposures in
'_, ., . . . . _, u r -u walls of excavations or cut areas or bv plotting logs of the tea! Technical data should be reviewed before any ticld ^^ Qr ̂  and then imett)0iaunt, between'these logs.
program is staned. This memoes put !S not limned to. The - of these mvesngauons ».,„ depend on lhe
topograpmc maps, atrphotos. satellite imagery, geologic lo complejtllv of thc projea area and on the impor.
maps, statewide or county soil survevs and mineral resource n̂ce of SQll and' rock conunimv ,0 lhe projea deagju
survevs. and engineenng soil maps covenng the proposed Explorauon srtouid ̂  deep enousn to identify ail strata that
proiect area. Reports ot subsunace investigations ot nearby mighl ̂  slgmt-lcamty a,Tected bv -,he proposeti ̂  of lhe SIte
or ao.acent projects snould be stuaica. and tQ ae-ve(op ^ eng,neenn? data required to allow
NOTE l —While ceruin of the oiaer maos and reports mav be analysis of the items listed in Section 3 for each project.

:swiete ana of Itmuea vaiue in me item 01 current icnowieaee. a g.i Gcoonvsical survey methods mav be used to supple-
..-moanson 01 tne o.d wun tne ne« *m otten reveai vamaoie unex- ,nenl DOrenoie ana outcrop data ana to interpolate petween
?«.sa mtonnauon. noies. Seismic, grouna penetrating raaar. ana electncal
" '..! The United States Geoioeicai Survey and the geoiog- resistivitv memoes can oe panicuianv valuable wnen distinct

;cai surveys of the vanous states are tne pnncipai sources of differences in the properties of contiguous subsuriace mate-
geoioeic maps and reports on mineral resources and ground rials are indicated.
water. 8.2.1 The seismic refraction method is especially useful in
".1.2 United States Depanment of Agncuiture Soil Con- determining depth to. or nppabtiity of. rock in locations

Service soil survey reports, wnere available and of where successively denser strata are encountered.
date, should enable the engineer to estimate the range 8.2.2 The seismic reflection method is useful in delin-

i profile charactenstics to aeotns of 5 or o ft (1.5 or 2 m i eating geological units at depths beiow 10 ft (3 m). It is not
for eacn soil mapped. constrained by layers of low seismic velocity and is especially
Noii 2-Eaeh nil type has a ominaive soil profile due to age. useful in areas of rapid stratigraphic change.

parent matenai. relief, climatic conamon. ana ve«euuve cover. These 8.2.3 The eiectncal resistivity metnod is similarly useful in
pronenies can assist in identti'ving tne vanous soil types, eacn requiring determining depth to rock and anomalies in the stratigraphic
special enuneenng-considerations ana treatment. Similar engineenng profile, in evaluating stratified formations where a denser
son orooenies are often found wnere similar soil oronie charactenstics stratum overlies a ICSS dense Stratum, and in mvestlgauon of
«.«. Chante, m soil prooenies ,„ aa.acem areas often ma.cate cnan*es prosoecnve sand-eravei or Other sources of borrow matenai.
•n parent matenai or reitel. _ *• . . - . _ , -Reststivitv parameters aiso are rcautrea lor the design 01
" 1 In areas where descnptive aata are limited by made- grounding systems ana catnoaic protection for buned struc-

auate geologic or soils maps, the sou and rock in open cuts in lures.
tne vicinity of the proposea proiect snould be studied and 3.2.4 The ground penetrating radar method is useful in
vanous soil and rock profiles noted. Field notes of such defining soil and rock iavers and manmade structures in the
studies should include data outlined in 8.4. • ; depth range of I to 30 ftC/j to 10 mi.
".3 Where a preliminary map covenng the area:'of the

protect is desired, it can be prepared on maps compiled from NOTE -t-Geophysical investigations can be a useful guide m deter-
aironotos showing the ground conditions. The dlStnbution of rnin'n« bonn« °r ««tjwle locations. The interoirtation 01 geopnysicai
the preaommam soil and rock deposits likely to be encoun- studl"inould * venlied by bonn!$ or test ««V«MM-
tered dunng the investigation may be shown using data g.3 The depth of exploratory bonngs or test pits for
omamed from geologic maps and limned ground reconnais- roadbeds, airport paving, or vehicle parking areas should be
sance. Experienced airphoto interpreters can deduce much to at least 5 ft (1.5 m I beiow the proposed subgrade elevation.
sutsun'ace data from a study of black and white, color, and Special circumstances may increase this depth. Borings for
infrared photographs because simitar soil or rock conditions. structures or embankments should extend beiow the level of
or both, usually have similar airnnoto patterns in regions of significant influence of the proposed load as determined by a
similar climate or vegetation. subsunace stress analysis.
".4 In areas where documentary information is insuffi- 3.3.1 When drainage may be influenced by either per-

some knowledge of suosunace conditions can be vious water-beanne matenais or impervious materials that
""tied from land owners and local well drillers and can block internal drainage, bonngs should extend down
.struction people. into these matenais sufficiently to determine those engi-
NotT 3-Thii mrarninar. man mav oe exoanaed into a detailed neenng and geologic properties relevant to the project

map oy locating ail lest notes, cits, and sampling stations design.
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3.3.2 In ail borrow areas me bonngs or test pits snouid be mem to minimize moisture toss. Practices D 4220 ai
sufficient in number and depth to outline the required the transportation of samples from field to laboratory.
quantities of matenai meeting tne specified quality require- 9.3 Recommended ASTM procedures for in situ sampiinj
menu. ~ ' and testing are as follows:

8.3.3 Where frost penetration must be considered in the 9.3.1 Practice D75 descnbes the sampling of coarse and
behavior of soil ana TOCK. oonnes snouid extena significantly fine aggregates for the preliminary investigation of a poten-
below the deptn of maximum frost penetration. tial source of supply.
3.4 Exploration recoras shall be kept m a systematic 9.3.2 Test Method D 1194 descnfaes the estimauon of the

manner for eacn proiect. Such recoras shall include: beanng capacity of soil in place by means of field loading
8.4.1 Description of eacn site or area investigated. Each :ests. The results can be useful for design of spread footings

test hole, bonng. test pit. or geophysical test sue shall be based on static loading conditions. The load test Should be
dearly located (honzomaily ana vertically) with reference to peribrmed in conjunction with other field tests, generally in
some established coordinate system, datum, or permanent accordance with Method D 1586 or Method D344I. to
monument allow a determination of the applicability of the results.
8.4.2 Logs of each test noie. bonng. test pit. or cut sun'ace 9.3.3 Practice D 1452 descnbes the use of augers in soil

exposure in which the field description and location of each investigations and sampling where disturbed soil samples can
matenal encountered is clearly shown either by symbol or be used. This procedure is also valuable in connection with
word descnpuon. ground water exploration. Depths of auger investigations are
NOTE 5-Color pnotozraons 01 rocK cores, soil samo.es. and expose* limued bv &0™* waler conditions, soil characteristics, and

strata may oe of constoeraoie vame. eacn onotognon snouid inctuae an equipment used.
identifying numoer or svmooi. a uaie. ana a scale. 9.3.4 Method D 1586 descnbes a procedure to obtain

$.4.3 Identification o, ail sous pased on Practice D 2488. •ePr«enia«ve s°il ««™« »br identification and classifies
Classification D 2607. or Practice D 4083. Identification ot "on ôoratorv tests ana to measure tne resistance ot the sou
rock matenais basea on Definitions of Terms C 119. De- toapfft?uon Ov A ̂ naaraizea sampler.
scnptive Nomenclature C 294. or Practice C 851. Classifica- 19J"51 Prac"ce D 'JS' descnoes a Procedure to recover
lion of soil matenais is aiscussea in Section 10. relatively undisturped soil samples suitable for laboratory
8.4.4 Seepage and water-oeanng zones and piezometnc teSQI!Ĵ  n n> ->. i •> ̂  i_

elevations found in eacn test hole, bonng. or test pit. 9'16 Practice. D T113descnbcs a P1̂ "*6 to ref£r
8.4.5 In situ test results, wnere required, such as the '"tact ainpi« or rock and certain soils too hard to sample-•

penetration resistance or vane shear tests discussed in 9.3. **̂ ™̂̂ !̂ £1£!' nrrt̂ un. ,„ Tfmvff
plate load tests, or other m situ tests for enemeenne 9'}J Prac"ce D3f50 descnbes a Procedure to recover
properties of soils or rock. " " moderately disturoed. representative samples of soil for

- 8.4.6 Percentage of core recovery and rock quality desig. classincation testing ana in some cases shear or consolidauon
nation in core drilling as outlined in 9.3.5. ""o'S T>« M«hnH n -»w H«™h« , nrrv*H,,«. m ™«
8.4.7 Graphical presentation of field and laboratory data 9J'° Tesl Method D-573 descnbes a Procedure to me*-

and its interpretation faaiitates comprenensive under- sure the '? SI.1U """ s*Mr «*«««« of cô ve so'l$ *»
standing of suteunace conditions. ro»lloan °f a '°ur" Jladedva"e'" a horizontal plan*s 9.3.9 Test Method D2937 descnbes a procedure for
9. Samplingand In Situ Festme pushing a thin-wail tube 4 to o in. (100 to 150 mm) into a

_. sou mass to recover a retauveiv undisiuroed sample o:
9.1 Obtain representative samples or eacn suosunace Known vo|ume aiiowinz ine measurement of w« or totaj

matenj that is signmcam to tne project design and construe- densuv ana nawrai mo,"slure comenu
tion. The size and type ot sample required is dependent upon 9>3;10 Tesl Method D 3385 descnbes a procedure for fidd
the tests to be penormea and the percentage ot coarse measurement of the mfiitrauon rate of soils. Water under a
panicles in the sample. • • constant head is allowed to seep into the top surface of a
NOTE 6—The size of disturoed or bulk samples for routine tests mav fixed soil area and the volume rate of inflow into a known

vary ai the discreaoa of the geotecnmcai investigator, but tne following volume of soil is measured.
quantities are suggested aŝ  suitable for most matenais: (a) Visual 9.3.11 Method D 3441 descnbes the determmauon of the
cmjuidiioii***DV to 3wu K i* 02 to i IDI* [Ot doii constAnu dtnd o*iniclc *̂**̂  \̂ t̂ur*r*** »^<4 «<^^ f • j..,̂, ,«..»•••••̂•••̂•»*» «%^*WA rmft*̂ tr*mt» *n•--— — cno Dcŝ Tiiz dHQ SIQC irTwLioii comDOHviiui o» uic icsis'M.mcc ID
ĉ SStests3̂ ^̂  an«v̂ T ot gAveiiv'soiill"20Oto5 40 kg?40<.oi penetration of a conical penetrometer into a soil mass.
80 Ib): (d} Aggregate manufacture or aggregate prooenies tests—50 to 9.3.12 Method G 51 descnbes the measurement of the
:00 kg (100 to 400 Ib). eiectncai resistivity of a soil mass. A Wenner four-electrode

• 9.2 Accurately identify each sample with the bonng. test configuration is used.
hole, or testpit numoer and deptn below reference ground NOTE 7_other m situ test orocedures are being prepaieu bv ASTV
sun'ace from which it was taxen. Place a waterproof identifi- Committee D-18.
cauon tag inside the container, securely close the container.
protect it to withstand rough handling, and marie it with l0' Classification of Earth Matenais
proper identification on the outside. Keep samples for 10.1 Identify samples of soil and rock after submission
natural moisture determination m sealed containers to the laboratory tor identification and ciassificauon tests it
prevent moisture loss. When drying of samples may affect accordance with one or more of the following standards 01
classification or engineenng properties test results, proiect applicable references (2 thramih 11), or both.

86 AR305393



0420

i 0.1.1 Descriptive Nomenclature 294. izing in tne field of geotecnmcai engineenng and fanuiiar
Test Method D 2487. with the purpose, conditions, ana reauiremems of the stuay.
Practice D 3282. .. Soil mechanics, rocie raecnamcs. ana geomorpnoioncai con.

10.1.4 Method D3397. cepts must be combined with a knowledge of geotechnical
i 0.1.5 Practice D 2488. engineenng or hydrogeoiogy to maice a complete application
10.1.6 Pracuce D4083. of the results of the soil, rocic. ana ground water invesuga-
10.1.7 Classricauon D 4427. tion. Complete design recommenaations may require a more

detailed stuay than that envisioned oy this guide.
11. Subsunace Profile •

11.1 Delineate subsunace profiles only from actual !,. —. - . . , ,. -
geophysical, test.hole.test.pit. or cut-sunace data, interpoia- I3J The report ot a suosuna« 'nvesugauon shall in-
tion between locauons should be made on the basts of ,, , , , _ • ,. ,
available geologic knowiedee of the area and should be l̂ U L̂ n̂o'the area investigated in terms pertinent
cieariy identified. The use" of eeopnysical techniques as ^ ̂ e project. This may include sketcn maps or aenal photos
discussed m 8.2 is a valuable aid in such interpolation. °n w"ich the ,!est pus- bore h.oies' ,an,° samfie anas «
Geopnysical survey data snouid be idenufied separately from i°catcd- M we" * *romô nol°?lcai data reievanl to the
sample data or in situ test data ' determination of the vanous soil and rock types. Such data

includes elevation contours, streamoeds. sink holes, clifis.
i •» inr.nirM.tMH «/ o.«,iic and the 'ikc- W\\eTC feasible, include in the report a geologic1.. Interpretation of Results map Qr an agronom,c sot|s map of bQXh> flf .*., ̂

12.1 Interpret the results ot an investigation in terms of investigated.
iciuai findings and mane even1 etTort to collect ana include 13.1.2 Descnoe tne investieation oroceoures and include
i:l field and laboratory aata irom orevious investigations in . coples o,' aii bonnes ana testnoie JOBS, all Jaooratorv test
:ne same area. Extrapolation 01 data into local areas not resuus. ana graphical interpretations of the geopnvsicai
surveyed and tested should re maae oniv tor conceptual measurements.
stuotes. Such extrapolation can oe aone only wnere geoiogi- 13.1.3 include cross sections delineating the extent of the
cailv unttorm subsunace disposition of soil and rock is stratigrapmc units ana note anomalies or otherwise sizmfi-
known to exist on the oasis ot other data. Engineenng cant conditions.
properties of the soil and rock encountered on important 13.1.4 Descnbe and relate the findings obtained under

ijects should not be preaicteo solely on field identification Sections 7. S. and 12. using the subhead utles for the
fication but should be verified by laboratory tests respective sections.

16 on samples collected in accoraance with Section 9 or
by in situ testing, or both. 14. Precision and Bias
12.2 The recommendations tor design parameters can be 14.1 This guide provides qualitative data only: therefore, a

made only by professional engineers or geologists special- precision and bias statement is not applicable.
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t net ttrntta. tantr ntoonmo or wmtortwn tour eommunn tr» mm»a *»"•< ior rrraion ot tna kttnofro or tor taoitionti titnatm
ma tnoua M taortato te ASTU Hieaautnun. lout commtm WM tucttr* cvtn* eorantmion it * mtmmti ot tn» tuoonuo*
ttanctt eommntt. wnen vou mm tmra. u you r«« m*r vour connixm /»«• not ncmvuo • mr nttrmg you tnatiia m««« your
»!»•• «no»m to rn« ASUI CenimirM» en Sunatret. ISIS Rue* St.. rnnuotioni*. PA 19103.
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H||M Designation: D 421 -

Standard Practice for
Dry Preparation of Soii Samples for Particle-Size Analysis and
Determination of Soii Constants1 _
This nandara n isiuea unaer tne lixed daifnauon O 421: ute numoer immediately iollowinc me animation-indicates tnr vear 01'
onvuu »ooction or. in tne cue 01 irvnion. ine year 01 tan imaoo. A numoer in oajmweaa inoicata uie vear 01 las feamroval. A
ntoencnot eouMn m indicates an eoitonai cnance once ine uus rcvmon or reanorovai.

I. Scope air at room temperature until dried thoroughly. Break up the
1.1 This pracuce covers tne ary preparauon of soil sam- aggregations thoroughly in the monar wuh'a rubber-covered

pies as received from tne field tor panicle-size analysis and I*3"6-Select a representative sampte of the amount required
the oetemnnauon of the soti constants. to Perrorm the desired tests by the metnod of quanenng or
! .2 This standard mav tmwe nazardous materials, oper- bv tne use of a sampler. The amounts of matenai required to

anons. and equipment. Tins stanaard does not purport to Penorm the individual tests are as follows:
address all of the saietv prooiems associated with 'us use. It is *-lA Pemdt£i:e Anoints —For tne panicle-size anal-
ine responsibility ot'whoever uses mis stanaara to consult ana VSIS- matenal passing a No. 10 .2.00-mm» sieve » required in
estaoiish appropriate saw ana neaitn practices and deter- amounts equal to 115 g 01 sanov sons and 65 g 01 eitner silt
'nine tne appticaotiitv a rcvuiaian- limitations nnor to use. or clav SOI'S-

5.1.2 Tests tnr Sun Const am*-—For tne tests for soil
2. Referenced Documents constants, matenai passing tne No. -') (425-unu sieve is

required m total amount of 220 c. allocated as follows:
..I ASTM Stanaaras.
D 2217 Practice for w« Preparation of Soil Samples for ** ™~*
Panicle-Size Analysis ana Determination 'of Soil pltw.11'l'mii "15
Constants* Cemnlutc momure eauivaieni 10

£11 Specification for '̂ire-Cloth Sieves for Testing voiumeine mnnu«e 30
Purposeŝ  Cneot teiu 6)

3. Significance and Use 6. Preparation of Test sample
3.1 This pracuce can oe used to prepare samples for 6-l Select that ponion of the atr-dned sample seieaed for

panicle-size and plasucitv tests wnere it is desired to deter- purpose Of Iesis and record the mass as the mass of the total
mine test values on air-aneo samples, or where it is known tesl a,,,̂  uncorrected for nyeroscooic moisture. Separate
that air drying does not nave an ctTect on test results relative lhe test ̂ moie by sieving with a No. 10 .2.00-mm. sieve.
to samples prepared in accoraance with Practice D 2217. Grind lhat fracuon reumea on tne No. 10 sieve in a monar

, - with a rubber-covered pestle until the aggregations of soil
4. Apparatus pamcies are oroKen uo into tne sccarate exams. Then

-i. 1 Balance, sensitive to u. I g. separate the grouna sou into two tractions oy sieving witn a
4.2 Monar and Rubrer-^overed Pestle, suitable for No. 10 sieve.

breaiung up the aggregations of soil panicles. 6.2 Wash that fraction retained after the second sieving
4.3 Sieves—A senes oi sieves, of square mesh woven wire free of all fine matenaL dry. ana weigh. Record this mass as

cloth, conforming to Specification £11. The sieves,'required the mass of coarse matenai. Sieve the coarse matenal. after
are as follows: • '•: being washed and dried, on the No. 4 (4.75-mmi sieve and

NO 4.4 7$.mmi ' record the mass retained on the No. 4 sieve.
NO lOC.OO-mmi
NO-wuij-um, 7. Test Sample for Ptrticie-Size Analysis

4.4 Sampler—A riffle sampler or sample splitter, for 7.1 Thoroughly mix together tne fractions passing the No.
quanenng the samples. . 10 (2.00-mm i sieve in both sieving operations, and by the

method of quanenng or the use of a sampler, select a ponion
5. Sampling weighing approximately 115 g for ŝ ndy soils and approxi-

5.1 Expose the soil samme as received from the field to the mateiy 65 g for silt and clay soil for panicle-size analysis.

8. Test Sample for Soii Constants
This oneuce is under we lunvsiciion 01 *STM Committee D- 1 & on Sou and . , _ - , _ROCK ana « tne d.rm rwxjnuonnv _: juocommmee D18.03 on Texture. 8.1 Separate tne remaining ponion oi the matenal passing

piasueuv. «nd Oe«nv chanctemiu-t 01 So.* the No. 10 f 2.00-mmi sieve into two pans by means of a No.
iaMa JUK :t. :»f< Published Seotemeer 1985. On«iiu«v 40 (425-umi sieve. Discard the fracuon retameo on the No.

58"97"" *° ««ve. L'se me fracuon passing the No. 40 sieve for the
n̂nuai AW at ASTM sianaarai. v 01 u o:. determination of the sou constants.
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D 421

rum? ana Mmtrma MM. „ oo,,,,. rmxBcana tnt *t*m ot «w omnr .*7f.r» «u«N0 .n
t/j«r§ or mis tttnatra tru •carauw •ov««o m» owcnmninon or m» vwtairv or inv suen

Dtttr* ngna. tra trm rax ot mtrmgtmtn ot tucn ngna. trt tamnt tntir own waonuoiuN.

This tttnatra a luonct to revision tt trnr turn ov tn» nsoontioi* tucnncui commmuu tna must o« rwvwwwa «v«fv «v» vtirt tra
it not rtMMO. •untrntoarovta or wnrartwn. roor communa trt mrmma uantr tor rtwtmt ot ma sttnatra or tor taamonti iranavas
**nou>a °*f>"*° '° *s™ «««oe««iwrt. Your eommtna WH» r*ewv» canMK eanwMrwiwt «f • ITWWVNI w rn* rtaaoniiow

commit.**, wmen vou m«» tncna. I/ voo '••» m«f voor com»n«fiti niv« nof rectma t tmr netrmq you inooio mm* your
ww» «nown to rn« *STU Coammtf* on Sltnatn*. »9Tg flic* SI.. Pftrttoworwi. M . 9103.
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DMignation: 0 422 - €3 (Reapproved 1990)*1

Standard Test Method for
Particle-Size Analysis of Soils1
This standard n mued under the tiled descnauon O 422: the numoer immediately followint me dentnaiion inoiotn tne vear of
onpnai aoootion or. in me cue oi revision, me vear oi last revision. A numoer m oarcntnescs indicates tne vear ot lut reioorovai. A
supencnct eoinon in indicates an eoitonal chance iinee u»e un irmion or n-iuuiuvti.

" Non—.«cnon 11 was added editonaiiv in aeptemner 1990____________^______________

1. Scope ated stimng device in which a suitably mounted eiectnr
1.1 This test method covers tne quantitative determma- mmor turns a verttcal sha« ai a ***** oi n« less tnan 10 OOC

tion of the distnbution of panicle sizes m soils. The nJm without load. The shaft shall be equipped with ;
distnbution of panicle sizes larger than 75 urn (retained on replaceable stimng paddle made ol metal, plastic, or hare
the No. 200 sieve* is determined bv sieving, while the rubber, as shown in Fig. 1. The shaft shall be of such lenpr
dismfauuon of panicie sizes smaller than 75 van is deter- tnal tne su"*ng Paddle will operate not less than fe in. (19.C
mined by a sedimentation process, using a hydrometer to mm» nor more tnan |l/: m-(38-' mml a&°ve «*« bottom o
secure the necessarv data«Notes i and 2). the dispersion cup. A speaal dispersion cup conforming tc

either of the designs shown in Fie. 2 shall be provided to hole
NOTE I-Separation mî  ne maae on we No 4 ,4 75-mmi. .No. *• lfte ̂ ^ wh,,e ,t ,s ̂  disoer,ea

••»-5-umi. or No. 200 n:-umnieve instead oi tne No. 10. For wnatever ,.,.,. , n ,.:
sieve used, tne sue snail be mauaiea in tne repon. -•— Apparatus B shall consist ot an air-iet aisuersior
sore J-Two ivpes o. a.soenion aevtces are rrovioed: t.'i a CUD'f Note 3. comonnm? to tnc general dCUUS snown tn fig

ntgiMpeed meenanical stirrer. and (Ji air oispenton. Extensive tnvesti- 3 (Notes 4 and 5).
paiioni indicate tnai atr-ouoeraon devices produce a more positive NoTt t_The amount of air reauired bv an aiwet dinenton cupt
dispenaon of plastic sous he.o* me iO-um size and appreciaolv leu a|- ,he oraer of i ftJ/rmn: some small air comoresson are not capatte c
devntdauon on all sizes *nen used wim sandv sous. Because ot the supplying suiTment air to opente a cuo.
definite advuu«a ttvonn« air dispenion. m use is recommended. The Nore 4—Another air-tvpe oispenion de\ice. kno*-.. as a di._
rentita from toe two types oi devices differ m magnitude, depending tube> developed bv Chu and Oavioson at Iowa State College, naŝ
upon sod type, leading to mariced differences in panicle size dtstnPu- snown ,o pve irnilu eouivaient to those secured bv the air-tet daoel__
tion. espeoaUy for sizes liner tnan :o um. „,„. when it is used, soawng of tne samme can be dour in thi

sedimentation cvimoer. mus enminatinc me need ior transtemng Ib:
2. Referenced Oocnments slurry. When ine atr<dupenton tuoe is used, it shaU be so indicated u

_ i . ̂ jy,. . -, . , tne rcoon.
-.1 ASTM Ztanaaras: NoTE 5__water mav condense in air lines when not in use. ThL
D421 Practice tor Dry Preparation of Soii Samples for water must be removed, eitner ovusint a water trap on tne air tine, orb-
Parade-Size Analysis and Determination of Soil Blowing tne water out of the line oetore using anv of the air fo
Constants' disoenton purposes. :

E 11 Speancation tor v/ire-Cloih Sieves for Testing 3.3 Hvdrometer—An ASTM hvdrometer. graduated tc
Purposeŝ  read in eitner specific zravitv of tne suspension or erams pe-

E 100 Specification tor ASTM Hydrometers' litre of suspension, ana comorminz to tne requirements fo
hydrometers 151H or 152H in ioeciucauons £ 100. Dimes

3. Apptnms - Sj0ns Of both hydrometers are tne same, the scale being tiu
3.1 Balances—A balance sensitive to 0.01 g for weighing only item of difference.

the material passing a No. 10.2.00-mm. sieve. a|nd a balance 3.4 Sedimentation Cylinder-* glass cylinder essential!'
sensitive to 0.1 Tc of the mass of the sample to be weighed for 18 in. (457 mm) in height and 2'.-: in. .63.5 mmi m diameter
weighing the matenal retained on a No. 10 sieve. and marked for a volume of 1000 mi_ The inside diametc
3.2 Stimng Apparatus—Either apparatus A or B may be shall be such that the 1000-mL mark is 36 ± 2 cm from thi

used. bottom on the inside.
3.2.1 Apparatus A shall consist of a mechanically oper- 3.5 Thermometer—A thermometer accurate to IT

.0.5*0.
—— ' • 3.6 Sieves—A senes of sieves, of square-mesh woven-wiir

1 This tea memed is under tne lunumidn of ASTM Committee o-1« on Soil cloth, conforming to the reouirements of Specincauon E 11
and Rock and uuie direct moontieimv Oi Suocommmee OI8.03 on Texture. ^ fuJJ sel Of sievcs includes tne following (Note 6l:
Ptaoicuv. and Oeaotv Chaneiensties oi Sain.
Cuncm ednxM amoved Not ::. :V63. Onpnajlv puousned 1935. R

D «2-62.
; niuami Book of ASTM Stanaarat v Ol 04 0* • Oetaiiea wonunt drawints tor tms cuo are a\_uUWe at a nominal con froĉ
' .nnua_ Soon of ASTM Sianaora* vmi402. . me American Soctetv tor Tenint and Maienaii. IVI6 Race it.. Ph
• AIHOUI foot oi ASTM Stanaarai. »oil 4 03 19103. Order Adiunn .NO. 12-MM22IWX/
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-No. IS BW Go • 0.049*

Chrome Plated

0.203* 20-001""xjjjx;
(o)
_______________M«Hie Ggunmmnn____________
" 0001 3049 0.203 !"" ' *.
™̂ 0.03 i 24 5 16 '27 19.0

FIG. 1 0«UU o. Stimng Paddles

-n i
..niSO-mmi
:-m iJ7.5-mmi

.-in. (iV.O-mmi NO. UUUOo-umi
<-m. |9 S'tnmi So. 200 (75-umi
NO 4(47_.mmi

NOTE 6— A set of sieves gmne unuorn. spacing ot points lor me
graph, as required in Section I', mav ncusedifdesirca. This set consists
of the fallowing sieves:

3.in.<75-(n.n. Mo. 16 (1.18-mmi
I'IMH. (37.5-mmi NO. .'OlMHMimi
'~in. 1190-mmt . No. 50 (JOo-umi
•S**. <9.J.mmi • No. 100 1 1 MMimi
No. 4 (4.7}.mmt No. 200 (7}-umt
No. I (2.36Mi.m.

3.7 Water Bath or Constant-Temperature Room- — A
water bath or constant-temperature room for maintaining
me soil suspension at a constant temperature dunng the
nvarometer analysts. A sausiactorv water tame is an msuiaten
:anic mat maintains me temperature ot me suspension at a
convenient constant temperature at or near 68*F (20"C).
Such a device is illustrated in Fie. 4. In cases wnere tne work
is penbrmed in a room at an automaucaiiy controlled ._ ̂
constant temperature, the water bath is not necessary. M**>c e<""™"m*
3.8 Beaker—* beaker of 250-mL capacity. . < •• in •3 " 375
3.9 Timing Device—* watcn or clock with a second *"" 33

hand. FJQ. 2 DiMMion Cups ot Apparaats

4. Dispersing Agent be brougnt to the temperature that is expected to prevail
4.1 A solution of sodium hexametaohosohate (sometimes dunng the hyorometer test. For example, if the sedtmenta-

called sodium metaphospnatei shall be used tn distilled or tion cvimaer is to be placed in the water bath, the distilled or
demmeraiized water, at the rate of 40 e of sodium demineranzed water to be used shall be brouent to the
nexametaphosphate/htre of solution (Note .71. temperature of the controlled water oath: or. if the seatmen-
Nore 7—Solutions of this sait. u acidic, siow.v rev en or nvaroivze ta"<>n cvimder is used in a room wun controlled tempera-

ba«t to tne onnopnospnate tonm wnn a resultant decrease m oisoemve ture. tne water for the test snail be at tne temperature of the
action. Solutions snould be prepared treouentiv tat least once a montn s room. The oasic temperature tor tne nvarometer test is 68*F
or adiusteo to oH of 8 or v m means oi soaium caroonaie. Bottiej (2Q*C:. Small vanations of temperature do not mtroaucs
conuinmg somttons should have tne aate o, preparation marKeo on differ(.nc.s „„ are of pract:cat SJpnulcanCC and dO HOI

prevent tne use of corrections denved as prescribed.
4.2 All water used shall be either distilled or -

Qemmeraiized water. The water for a nvarometer test shall _

UR305398
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FIO. 3 AK*J«I Oisocrswn Cups ot Apparatus S

S. Test Sample
:".! Prepare tne test samoie :or mecnamcai analysis as

outnnea in Practice D 421. Dunng tne preoaration proce- . , O*
Jure tne sample is divioea into two portions. One ponion T«SSS -W
contains only panicles retained on the No. 10 . 2.00-mm i ?{ • J _ ^ _ _ ___ _______ _____
sieve while the other ponion contains only panicles passing I L« _ _ ____ «... ___________ ..
the No. 10 sieve. The- mass of air-dned soil selected for ————— ^ —
purpose of tests, as prescnbed in Practice D421. shall be "i~
sufficient to yield quantities for mechanical analysis as
follows:

5.1.1 The size of the ponion retained on the No. 10 sieve
shall depend on the maximum size of panicle, according to
the following schedule:

Nominal Diameter oi
LwveR Panicles. Aooroumtie Minimum

in. immi Mass oi Ponion. |t
* <9.SI 500
V, 119.01 1000 __________________M***e tounttmmti (25.<» :ooo ~———~———;———j———~.
!'/. (38,h '.(KKI m̂ ::: ;54 -c; .r

ut\n ——~———————•—————-————
:° (76--' 500° PIC. 4

5.1.2 The size of the ponion passing the No. 10 sieve snail
be approximately 115 g for sanov sous and approximately 6 5 :-in. (50-mmi. I'/.'-m. (37.5-mmi. i-m. (25.0-mnii. U-in.
g for silt and clay sods. . , (19.0-mm». J/i-m. (9.5-mmi. No. 4 U.75-mmi. and No. 10
5.2 Provision is made in Section 5 of Pracuce D421 for sieves. or as many as mav be needed dependmf on the

weighing of the air-dry soil selected for purpose of tests, the sample, or upon the specifications for the matenal under
separauon of the soil on the No. 10 sieve by dry-sieving and test
washing, and the weighing of the wasned and dned fracuon 6'.2 Conduct the sieving operation by means of a lateral
retained on the No. 10 sieve. From these two masses the and venical mouon of th; sieve. accompanied by a jamng
percentages retained and passing the No. 10 sieve can be acuon m order To keê  lhe ̂ ^̂  moving connnuou$Jv over
calculated in accordance with I..:. the sun-ace Q|. th(. $jeve |n no casfi tum Qr minipuUte
Nort 8—A cheek on tne mass vaiues and the thorouenness of fragments in the sample throuen the sieve bv hand. Continue

pulverization of the clods mav oe secured 5v weicning tne portion sievme until not more tnan i mass ?"c of the residue on asr̂ «srsr̂ owjisMWM̂  ««"p— "«< —dunn^! ™n °f sievin^ wh«mecnamcai sieving is used, test tne tnoroutumess of sieving
SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10 by using the hand metnod of sievme as aescnoed above.

O-OO-mmi SIEVE 6.3 Determine the mass oi eacn iraction on a batant!
conforming to the reauirements of 3.1. At the end of

6. Procedure weighing, the sum of the masses retained on all the sieves
6.1 Separate the ponion retained on the No. 10 .2.00- used should equal closely the onginai mass of the quantity

mm»sieve into a senes of fractions using the 3-in. < 75-mm i. sieved.

AR305399



D422

HYDROMETER AND SIEVE ANALYSIS OF PORTION 9.2 Place tne sample in the 250-mL beaner and cover'wun
PASSING THE NO. 10 (2.00-mmi SIEVE 125 mL of sodium nexamctannospnate soiuuon (40 g/LL

~ *" Stir until the soil is thoroughly wetted. Allow to soak for ai
". Determination of Composite Correction for Hydrometer least 16 h.

Reading 9.3 At the end of the soaking penod. disoerse the samoie
- I Eauations for percentages oi soil remaining in suspen- "inner, using either stimng apparatus A or B. If stimng

sion. as given in 14.3. are nasea on the use of distilled or apparatus A is used, transrer tne sou - water slurry tram the
usmmeratizea water. A dispersing aeent is used in tne water. beaKer into the special dispersion cup snown m fig. 2.
nowever. and the specific gravitv of the resulting iiauid is wasmng any residue trom the beaker into the cup wun
appreciably greater than that oi distilled or demmeralized distilled or demmeniized water (Note vi. Add distilled or
Aater. demmeralized water, it necessary, so that the cup is more

".1.1 Both soil hydrometers are calibrated at 68'F .20'C.. tnan haif fuU- Sur tor a P*"041 °f ' mtn-
and vanations in temperature tram this Standard tempera- NOT, «>—A larae size svnnce is a convenient aevice for nanohne the
:ure proauce inaccuracies m tne actual hvdrometer readings. *«er in the wasnins operation. Other aevices mcmde tne wash-water
The amount of the inaccuracy increases as the vanation N)uie ano a nose witn nozzle connected to a pressunzed dinilled water
from tne standard temperature increases. unlt'
" !.2 Hydrometers are graauatea bv the manufacturer to 9.4 If stimng apparatus B (Fie. 3) is used, remove the,

_.« read at the bottom of the meniscus lormed by the liquid cover cap and connect the cup to a compressed air supply by
on me stem. Since it is not possible to secure readings of soil means of a rubber nose. A air gage must DC on the line
•suspensions at the bottom of tne meniscus, readings must be between the cup and the control valve. Open the control
•aKen at tne top and a correction aooncd. valve so mat tne gage indicates i osi 17 kPai pressure iNote

'. ' The net amount ot :nc corrections tor tne tnree ;0). Transter tne sou • *ater siurrv trom tne oeaicer to tne
• :;ms enumerated is desienatea as tne composite correction. air-iet dispersion cuo nv wasninc --vim distilled or
_p.d mav ce determined expcnmcmaitv. aemineranzed water. Add distilled or aemmeratizea water, u
" I For convenience. J crapn or table of composite necessary, so that tne total volume in tne cup is 250 mL. out

:otrections for a senes of 1* temperature differences-for the no more. -
ranee of expected test temperatures mav be prepared and ..• _,_. .. • i_ ' NOTE 10—The initial air pressure ot I osi is rcomreo to prevent tneused as needed. Measurement ot the composite corrections S0((. „,.„ mixture Jrom „, tne i|Mn cnamncr wnen m mniwf
.may be made at two temperatures spanning the range ot 1S transierreo to tne dispersion cup.
'expected test temperatures, and corrections for the interme-
diate temperatures calculated assumme a siraieht-lme rela- 9-5 PIace the cover "P on the cu° =nd °P" 'hf air
tionsmp between the two onserved vaiu'es. " comro> valve untl1 lhe ?a?e Press.ure 1S -° PSI ' |4° kpal-
7.3 Prepare 1000 mL of liquid composed of disuiled or Disperse the soil accorotng to tne following scnedule:

demmeralized water and dispersing agent in the same Duoernon Ptnod.
proponton as will prevail in tne scatmentation l hydrometer! Piaweuv maex . . . . . . mm
:est. Place the liquid in a sedimentation cvcimder and the Under * '

' . a 10 '0 IUcvunaer in the constant-temperature water bath, set tor one Over ,0 ,«
•>i the two temperatures to nc used. When me temperature of
•r.e nbuid becomes constant, mscn tne nvarometer. ana. Soils containing large pcrcentaees oi mica neea be dispersea
urter a snon interval to permit tne nvarometer to come to tne !or om> ' min- Alter tne aspersion oenou. rcauce tne gage
•-emperature of the liquid, read tne nvarometer at the top of P™55"" to l Psl P«narator%- to transter o. sou - water slum
me meniscus formed on tne stem. For hydrometer 151H the- to tne sedimentation cylinder.
composite correction is the difference between this reading
and one: for hydrometer 152H u is the difference between 10- Hydr°m«w «»
tne reading and zero, flnng tne iiauid and the hydrometer to 10.1 I mmediately after dispersion, transter the soil • water
tne otner temperature to be useu. ana secure the composite slurry to the glass sedimentation cylinder, and add distilled
correction as before. or demmeralized water until the total volume is 1000 mL.

10.2 Using the palm of the hand over the open end of the
8. Hygroscopic Moisture cylinder lor a rubber stopper in the open end), turn the
. cylinder upside down and back for a penod of I mm to
v 1 When the sample is weiened for the hydrometer test. compiete me agitation of the slurry i Note 1 i i. At the end of

•*eigh out an auxiliary ponion of from 10 to 15 g in a small , mm set the "cylinder in a convenient locauon and take
metal or glass container, drv tne sample to a constant mass in hydrometer readings at the following intervals of time
M oven at 230 ± 9T (110 r :*C). and weign again. Record , measured from the'beginnmg of sedimentation i. or as many
tne masses. as may be needed, deoenoing on tne sample or tne specifica-

tion for tne matenai under test: 2. ;:. If. 30. 60. 250. and
Dispersion of Soii Sample 1440 mm. If the controlled water bath is used, the seatmen-
- ! When the soil is mosm ot tne ciay ana silt sizes. we,?h ta»on c>'imder snould be Piaced m lhe batn Between lhe :'

out a sample of air-dry soil of approximately 50 g. When tne and 5-mm iea*m&-
whs mostly sand the sample snouid be approximately 100 .NOTE n—The numoer of turns dunnt mis minute should be
\- approximately oO. coumtnt tne turn uosioe dnwn and oacie as two turns.
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\ny sou remaining in tne Dottom ot tne cvnnoer aunnz ine tint tew TABLE 1 VihMS ol Correction Factor, a, lor Oifftrtnt Sovcth
turns should be toosened DV vieorous inaxine ot the cylinder wnile it is __________Gnvmame* So.1 PartreWr*
m the mvetiea posiuon. - - ______SoecmcOrav.iv———————————Corncoon fie**'

10.3 When it is desirca to take_a hydrometer reading. 2.95 0.94
carefully msen the hyaromeier aooui 20 to 25 s before me 2.9° 0'95
reading is due to approximates the depth it will have when ^o oar
the reading is taken. As soon as me reaaing is taken, carefully 275 0'9i
remove tne hydrometer ana oiace it with a spinning motion z.ro 0,99
in a graduate of clean distilled or aemtneraiizea water. I;-** ' °°

2.60 1,01
NOTE 12—Ii is important to remove tne hvdrometer tmmediateiv 2.55 1.02

after eacn reading. Reaomes snail be taxen at me top of the meniscus 2.50 1 03
lormed bv tne suspension around tne stem, since it is not possiole to __________*45 *'Q*
secure readings at tne pottom ul me meniscus. * =or OM n -ouauon tor oercanuq* ot son rcmanng n momon wnm uu^

10.4 After each reaame. take the temperature of the sus- Hvarom«1«f 152H
pension by mserang me tnermometer into the suspension. (2.00-mmi sieve, and multiplying the result by 100. This
11. Sieve Analysis vaiuc 1S tne weight It' in the equauon for perctnufe

11.1 After takme tne rinal hvdrometer reading, transfer remaining in suspension.
the suspension to a No. IUO < 75-um. sieve ana wasn wun up '|3 The ̂"T °' S° rcmamin? m susfsl°n «lje
water until the wasn water » c.ear. Transter tne matenai on levd a|wmch ihe.hydrometer is measuring the density of die
:ne No. 200 sieve to a suiiaoie container, arv m an oven at 5U«*ns'°n ™v oe calculated as tollows <Note 13»: For
130 = 9T fllO = rC .ma maKe a sieve anaivsis ot tne n^rometer i:m.
aonton retained, usine as manv sieves as desirea. or reouired /'»iilUOOOO/ii i « .//to-•/,.!.fl --..i "
ior tne matenal. or upon tne specification ot the matenai N(in , ;_rhe oracKetea Donion 0, ,ne eauallon ,or morameter
under test. ! 51H is constant ior a series oi reaoincs and mav oe calculated tint aoc

men multiplied bv me ponion in me parentneses.
CALCL t.A I ION!s AND REPORT

For hydrometer 152H:
12. Sieve Analysis Values for the Ponion Coarser than the y m </?a/u i x 100

No. 10 (2.00-mmi Sieve .wnere:
12.1 Calculate the percentage passing the No. 10 sieve bv _ m corTecuon ,-acnon I0 be aDP|,ed to the reading o

•dividing the mass passmc tne No. 10 sieve by the mass of soil hvdrometer 152H. (Values shown on the scale an
ongmaliy split on the No. i 0 sieve, and multiplying the result computed using a specific gravity of 2.65. Correcuot
by 100. To obtain the mass passing the No. 10 sieve, subtract factors are given in Table 1).
the mass retained on tne No. 10 sieve from the ongmal mass. P s percentage of soil remaining m suspension at the ievc

12.2 To secure tne total mass of soil passing the No. 4 al which~tne hvdrometer measures the density of th
(4.73-mm. sieve, add to tne mass ot the matenai passing the suspension
No. 10 sieve the mass oi tne traction oassmg tne No. 4 sieve R _, hvdrometer reading with composite correction ap
ana retained on the No m sieve. To secure me total mass oi pliecj (Section 7i
soil passing the *Mn.t* 5-mm i sieve, add to tne total mass ot »• = Oven-arv mass of soii in a total test sarnote rcpn
soil passing the No. 4 sieve, tne mass ot the traction passing semed by mass of soil disoeneo isee 14.21 g.
the J/i-m. sieve and retamea on the No. 4 sieve. For the <j 3 specific gravity of the soil panicles, and

. remaining sieves, continue the calculations m the-same GI m specific gravity of the liquid in which soil panicles ai
mannfr- ' suspended. Use numencal value of one m bot

12.3 To determine the total percentage passing lor each instances in the equation. In the first instance an
sieve, divide the total mass passing (see 12.21 by. the total possible vanauon produces no significant effect, an
mass of sample and multiply the result by 100. m the second instance. lhe composite correction for
,, -, __ • . _ . « • f • t- is based on a value of one for (7,.13. Hygroscopic Moisture Correction Factor

13.1 The hydroscooic moisture correction factor is the 15 Diameter of Soil Particles
,ra.U°Ĵ  JJ! ™!"* ^ r?̂!*??'.™**? 15.1 The diameter of a panicle corresponding to t

14. Percentages of Soil in Suspension lhal a Parucle ot'this d'am=«r »« « the sunace of t. . _, . . .. suspension at the beginning of seaimentauon and had setti'
14.1 Calculate tne oven-dr>- mass ot soil used in the to the level at which the hvdrometer is measunng the d^

hydrometer analysis ov muitipiyinf the atr-ar>- mass DV the 0,- lhe suspension. Accord'tne to Stokes' law: V
hygroscopic moisture correction lactor. ———:———--—— ^̂

14.2 Calculate tne mass of a total sample represented by D " "(30n/y80<o - o,)l x UT
the mass of soii used m me Hydrometer test, by dividing tne where:
oven-dry mass used by tne percentage passing the No. 10 D « diameter of panicle, mm.
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coefficient of vtscosttv ot tne suspending medium tin TABLE 2 Vaiuw of etttean o«em Based on Hydremmw and
this case water, in poises t vanes with cnangcs in ______ SadimamMon Cylii.q«f ot SoacrtMd Sim* _____
temperature of the suspename meaiumi, - Hygrometer 151 H _________ Hygrometer ISZH _____
distance from the sunace ot' the suspension to the 1̂ 31 sweeny. Actual --f.ec.ive ~ "..
level at which the densitv Ot the suspension IS beme Hvaremcter Deotn. Hydrometer Oeotn "varonwttr Oeotn.
measured, cm. ( For a eiven nvarometer and sedimen- HeaoKM .. cm ____ aeaong .. em =eto*g :. an
union cylinder, values van- according to the hydrom- ' °oo '6.3 o 153 31 ita
eter readings. This distance :s known as effective ! ?j" !!_ I !!1 i.? Ill
S-J..MU /T- 1̂ 1*. -»\\ *̂"* 13.0 * lo.O 33 »u.»depth (Table 2... , 003 1S-S 3 ,5 a M 10T

f = interval of time trom oeemnmg of sedimentation to ' 004 .5.2 4 is 6 35 io.§
the taking of the readme, mm. " 1 °°s 15.0 s tss

(J = specific gravity of soil panicles, and , oos 1.7 s 15.3 is \o*
(// s specific gravity (relative oensuy i of suspending me- ' 007 144 r 152 37 to*

dium (value mav be useo as i.OOO for ail practical ' °°8 142 8 15° 38 iat
nitmrw-t ' °09 '3'9 9 '4 * 39 '•*purposesi. , 010 ]37 10 ,47 4Q 97

NOTE 14— Since Stokes la* considers the terminal velocity ot" a , Q11 ,34 n 14-
sing lesonere tailing in an intiniiv m MUUIU. tne sizes calculated represent , 012 .3, .2 :43 4j 9*
me diameter oi spneres mat v.oum uil at me same rate as tne sou 1013 12.9 13 142 43 92
panicles. ! 01* 12.6 '« . uo 4* 91
! 5.2 For convenience in calculations the above equation

ma% oe wntten as follows- ' oie '2i *5 -:r ae §8
• 017 •'. S •• • _ 5 4? 86

••' = ' > ' • « • • ' ^018 V5 '• •.; 3 48 34
Anere. .. 1019 -:3 •? •:: 49 sa

, . . 1 020 M 0 C2 -33 JO St,\ = constant depenaing on tne temperature ot the suspen-
sion and the specific eravuv ot the soil panicles. Values ' °21 'or I* 'H 51 T*
of A" for a range ot temperatures and specific gravities J £23 Jo 2 \\ ^5 53 rs
are given in Table 3. The vaiue of A" does not change for . 024 10.0 24 124 54 74
a senes of readings constituting a test, while values of I. ' ozs 97 25 -.2.2 ss 7.3
andTdovary. " 1MB 94 26 ,20 56 yt

15.3 Values of D mav he computed with sufficient accu- 1 027 92 27 -19 57 TO
racy, using an ordinary I U-m. snuc rutc. 1 02S 39 28 -i • 58 6.1

' 1029 8 6 29 1 1 5 59 « t
Sort IS— The value of L is divided tiv /"using the A -and B -scales. 1.030 . 8.4 30 M4 60 S3

the souare root being indicated on tne /j-vate. Without ascertaining the
vnue of the square root it mav oe mumoiiect bv A. using eitner tne C- or 1 "^ 8 '

• IS r!
1 034 73

16. Sieve Analysis Values for Portion Finer than No. 10 i 035 *0
(2.00-mm. Sieve ' 036 68

_ . . • 037 5 5. o. 1 Calculation ot percemaces oassme tne vanous sieves i oas 6 2
used in sieving the ponton oi tne sample from the hyarom- - V1MJM „, .„«..„- omn *• eanutM -om <n« <au.uo.i-
eter test involves several steps. The first step is to calculate ' .«.-'•» u. - ,^ M,I
the mass of the fraction that would have been retained on the • ' ~ * ' ' *
No. 10 sieve had it not been removed. This mass is equal to iT-effective acorn em
the total percentage retained on tne No. 10 sieve t LOOVnmus „, • oistance uon» we stem oi tne hvdrometer trom me 100 oi me euia to tnr
total percentage passing) times tne mass of the total sample ""««for» nvorometer reaomc. cm.
represented by the mass of soil used las calculated in 14.2). 'r- " ov"*" *""" 8f "* hvo«"iet";0"*;emj . t »• • i i i , i\t\ * • m volume oi nvaranieier DUIO* cm , inn
and the result divided by 100. . / . «..._-»*euonai a»«iaumeniauoii CMinoer. cm-

16.2 Calculate next the total mass passing the No. 200 yuuw us**« eaieuatno tn« VMJ« « raw* 2 art M t
sieve. Add together the fractional masses retained on ail the (;or ""̂  ""wom-wr*- ism ana is2H-
sieves, including the No. 10 sieve, and subtract this sum from "
the mass of the total sample us calculated in 14.2.. . » :i.s cm-

!6.3 Calculate next the total masses passing each of the Pornvarem»wisiM^
other sieves, in a manner similar to mat given in 12.2. L' '_ ~' ,,"„..,....

16.4 Calculate last the total percentages passing by di- Poriivorormt..̂ .̂ '̂ 1
viding the total mass passing tas calculated in 16.3. bv the -• - io.scn.iorareaamtoiO«/inre
Jptal mass of sample tas caicuiateam 14.2). and multiply me • :.J em tor a teaamt of so */mre
"suit by 100. ' ——'
... of the test results shall be made, plotting me diameters of the

• braph , panicles on a logamnmic scale as tne absossa and the
1 When the hydrometer anaivsis is penbrmed. a graph percentages smaller tnan the corresponding diameten to an
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TABLE 3 VikMM ot K for Us* m gauaoon tor Comcuonq Oumrwtvr ot Piraa* m Myaronwmr Analysis
-mmett. So-wnc Graviw of Sot Ptnat* |̂

•c
16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

arithmetic scale

2 45

; 01510
301SU
0 01492
001474
301456

0 01438
001421-
001404
.001388
0.01372

0 01357
0 01342
0 01327
001312
0 01298

as tne

2.50
: 01505
0 01486
0 01467
001449
0.01431

3.01414
0.01397
0 01381
0 01365
0.01349
0.01334
001319
0.01304
001290
001276

ordmate. When

2.55
D 01481
301462
0.01443
001425
0.01408

3 01391
0.01374
001358
0.01342
0.01327

0.01312
0.01297
0.01283
0.01269
0.01256

2.60
001457
001439
0.01421
0 01403
001386

0.01369
0.01353
001337
001321
0.01306

001291
0.01277
0.01264
0.01249
0 01236

the hvdrometer

2.65
0.01435
001417
0.01399
301382
0.01365
0.01348
001332
001317
0.01301
0.0128S

001272
0.01258
0.01244
0.01230
0.01217

.' 1 Gravel.

2.70
0.01414
001396
0.01378
0.01361
0.01344

0.01328
0.01312
0.01297
001282
0.01267

0.01253
0.01239
0.01255
0.01212
001199

2.75
3 01394
0 01375
3.01359
0.01342
0.01325

001309
0.01294
0.01279
0.01264
0.01249

0.01235
0.01221
3.01208
0.01195
001182

2.80
3.01374
0,01356
001339
01323
001307

0.01291
0.01276
0.01261
0 01246
0.01232

0.01218
0.01204
0011*1
001178
0.01165

2J5
0.01356
0.01338
0.01321
001305
0.01289
0.01273
0.01258
0.01243
0.01229
0.01215

0.01201
0.01188
0.01175
0.01162
0.01149

oauini J-m. ana retained on NO 4 ticte
inalv«i« ic nnt man,, rm •> nnmnn nf .h,. «nil t hi. •̂ •.rvii-iMnr, ' - ' Sana, oauinc .No. 4 <ieve ano reuineo on No: oo «oc
ot the grapn is optional, since values mav oe securea directiv So I0 ,,eve
;"0m taOUlated Oata. *' Meamm una. oauint Vi iiMieve ina reuineoon

NI> •»> «evt
18 RCDOn %l ^me uno-olllln* N° 4""«vt>n" reumwon NO

18.1 The repon snail include the following: i J» Silt size, u.07410 o.oos mm
18.1.1 Maximum s.ze ot oamcles. .
18.1.2 Percentaee passing ior retained ont each sieve.

which may be tabulatea or presented by plotting on a graph 18-4 For matenais tor wmch compliance with defi
(Note 16). ~ specmcations is not indicated and when the soil cc"

18.1.3 Descnption of sand and gravel panicles: ' matenal retained on the No. 4 sieve sufficient to
18.1.3.1 Shape—rounded or angular. sieve anaivsis on that ponton, the results may be
18.1.3.2 Hardness—nard ana durable, soft, or weathered follows (Note 17):

and friable. SIEVE ANALYSIS
18.1.4 Specific gravity, if unusually high or low.
18.1.5 Any difiicuitv m dispersing the fraction passing the s*«e Sue

No. 10 (2.00-mm i sieve, indicating any change m type and ••>»
amount of dispersing agent, and :;'n-

18.1.6 The dispersion aevtce used and the length of the ]'̂m
dispersion penod. ...n

Non 16—This uouiation oi grapn reoresents tne craoation ot tne s'o 4(4 J5.mm,
sarnie tested. If panicies urecr tnan tnose containea m tne samoie were NO. i o (2.00-mm t
removed before testing, me resort snail so state gtvmc tne amount and NO. 4O.42j.umi
maximum size. • No. iOO(7S-umi

. . HYDROMETER ANALYSIS
18.2 For matenais tested for compliance with definite 0074mm

specifications, the fractions called for in such: specifications 0!oos mm
shall be reponed. The tractions smaller than the No. 10 sieve o.ooi mm
shall be read from tne graph. NOTE I "—NO. 8 .136-mmi and No. 50 OOO-umi sieves m

18.3 For matenais for which compliance with definite suosmutea tor NO. 10 and No. -»o sieves.
specificauons is not maicated and when the soil is composed
almost entirely of panicles passing the No. 4 (4.75-mmi
sieve, the results read trom the graph may be reported as 19.1 grain-size: hydrometer analysis: hygroscopic
follows: turc: panicle-size: sieve analysis

r/>» Amtrtcin iocwfv tor Ttstnq tra Mtttntit tturn* no oouuon nsomctmq tn» <ttna*v ot «mr OMtn. norm mtrtto m conotcnon
wnn tnv item mtniionto m inn tttnatra. ustrt at tna xanoa/e tr* •mrasnv tavata tntt otttrmntiion ot tnt ***a*v ot tmt suen
oannt nonts tna tnf ntx ot mtnnqttmni ot suen norm, art •r*mt* trmr own tttoomiattv.

Tnit sttnaira it tuouet ta rtvaion tt tnv tunt ov tn» rwooraio** Hcnrxcti commntu tno mat Of f«>xi»«o «v»»v «v» vttrt tno
it not rtvrtta. tun* tuaarrrto or w*nor**n rourcarnmmtmmttovtntr njrrtvmonoitntttiinotfaortartaofiontiutnatnt
tna tnouia M taortuuo to ASTU Httogutntr*. four IX»I»I»»M* ww ncum ctrttm coramtman * » mt—mq ot tn» rtincrmett
Itenncti commntt. wnen you m«v tatna. H you tuui mm your cummira «•«• not rtetmua * ittr nttmq YOU tnouia CUM trout
VMM nwwn ro tn» ASTU Comma* on Sttnatm. 19H *«e* ST.. Prmovorm. M 19103.
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Designation: 0 698 - 73 (Reaoproved 1990)* »«***<**n wa^Mmm

Standard test Methods for
Moisture-Density Relations of Soiis and Soil-Aggregate
Mixtures Using 5.5-lb (2.49-kg) Rammer and 12-in. (305-mm)
Drop1
This itanoaro is i«ueu unaer tne fixed animation U A"x tne numoer immeatatet\ loilowint tne animation moicatet tne \ear i«
onttnai aaootum .<r .n me cave oi revuion. tne \ear oi ia .1 revision A numner in oaremnnn maicatn tnc \ear m uu reaocroxai \
luoencnm emnun i. • indicate* an eononai cnante since tne last re\tiion or reaoorotai

Hiftr fnH«**t*> •.. . "i i« (/rTwvfi/ tttr IMI* m' uprnuo • " '«_• Ih'rariwnt *•' O.'ftfiM* t. cntii/i tne /)*•/) /nt/ri »•( spmffcur.c'f' uiw

" Nrvrr—•xenon " -»js ouued eanonam m sememnrr

I. Scope D854 Test Metnod lor Soecitic Gravu\ of Soil*'
! These laboratorx ,-omnacuon metnoos cover tne de- D:i6x T«l M-««»s lor Calibration of Uboraton Sle-

• :rmmation of the reiationsmn nemeen tne moisture content chamcat-Rammer Soil C omoactors1
-no censitx oi sous ar.j -M-aucrccate mixtures .\ot_e : 322.fi Metnoo ior Linoraton Determination PI \Satcr
.-..T. comoactea in a moid ,u a men size wim a :Mb Moisture, content ,n ion. ROCK, .ina boii-Au^reiute
. -'-k.tii rammer aroopei: :rnm a neieni ol :2 :n. i305 mnr Mixtures
vile I:. Four attername rroceaurcs arc orovioeo as toi- O24ST Test Metnou ior cussiucation ot Sous ior tnpi-
|UVV neenne Purposes

. :.i Metnaa .i—A —n iiui.o-mmi moiu: matena; D245<S p'racttcc tor Descnmion and Identification o-'Soils
sassmz a No. 4 ,4.75-mmi iieve: ' visual-Manual Proceourei

1.1.2 Method B—A o-.n. ..52.4-mmi moid: matcnai E 11 Specification tor V.,rL.-Cloih Sieves tor Testin?
passing a No. 4 (4.73-mmi sieve: poses"

1.1.3 Method C—A r--m, i!:2.4-mmi moid: matcnai
passing a V4-in.-(19.0-.nm) stexe: ̂ nd -;- Apparatus

1.1.4 Method D—A p-m. il52.4-mmi mold: matenai 3.1 .W.;/</»—-The molds snail be evundncal in shape, made
passing a V<-in. (19.0-mmi sieve, corrected bv replacement of heid metal and be within the capacity and dimension*
:or matcnai retameo on a --m. sieve. indicated in 3.1.1 or 3.1.2. The molds mav he the "split"

txpc. consisting eitner 01 t*o nali-rouna sections, or a section
N..TI i-Soils ana soiMKBK.au- mixture* snouid n.- recaraca a. a,Qne Qne e!ement. ̂n)cn can ne sccurelx lockcc

-aturai occumne tine-or coarsc-uramcu sous or comoosiics or mixture* ,
na.ura, sous, or mixtures,-, natura, ana nr,K««.i ,u,,. or â rceau- togetner to torm 3 cvimoer mectmc tne reoutremcnt. ot thu
l.njxsm. uravei. or crusncu r.-.. section. The moias mav aisu re tne ".aocr t\oe. proxiuinc
'.mi. ̂  — These taoorator. . .•mpactum test metncxj* vknon usca or. :ne internal diameter tuocr is uniiorm ana is not more tnar.

-.'us ana sou-aggrejates wnu-n arc not ireu^jraimnii win. m most cases. 'J.20U in. /linear tt 1 16. T mm/linear mi 01 mold heipnt. hacr.
-.iianiisn a w«weimea ontitnum moisture content ana maximum mold shall have a base Diate assemni\ and an extension
oensitx .see Section ' Ho»«cr. tor .r«Hirainmt sot.s ana son- -oUaj. assemt3iv. both maOC 01 neiO metai'and constructed SCr % — «n be —eiv — e° » « cne *° tne ° id,jmameu will fenerailv txr te^ tnan mat ontamea nx Montoh-metnous The extension collar assemoiv Shall have a heifht extendtni

above me top of the moid ot at least 2 in. tau.is mmi. which
1.2 The method to oe used should be indicated in the mav include an upper section mat tlares out to lorm a funne

specifications for the matenat being testea. If no metnod is provided there is at least a va-m. I l^-mmi straignt cynndnca
sDeciftcd. the provisions of Section ? shall govern. " section oeneatn it.

3.1.1 Mold. -0 in. (101.6 mm) in diameter, having .
:. Referenced Documents capacity of '/«• = 0.00(14 ft ' i^Ja = it cm- 1 ana comormin

to Fie. i .
2.1 ASTM Sianaara> }.\.2. Mold. b.O in. 1 152.4 mmi in diameter, naving .
C 127 Test Method tor Specific Gravity and Absorption ot caoacttx of '-m« = 0.000̂  if (2124 = 2f cnri am
Coarse Aggregate- contormtne to Fig. 2.

3.1.3 The .average internal diameter, heignt. and volum
——————— of eacn moid snail be determined bietore initial use

These test metnooi are uric:: :-.- -unvjtetion oi ̂ STM C jmrnme? D-l* .«- mten'alS not CXCeedine 100() times tne mold IS
•~..:n ana ROCK ana are tne c::.-.-; rvxpoirammv ,u ^uncommittee I>.M>< .•-
Texture. Plajue.tv ana Oenutx i. naraciemtici oi sous

«. utrtnt, eanion aoorovco Ann. I" ' •<*« PuMitneu jun i>»'« Onttnaiiv
-untuneo as O69fi-a! T. Liit omumxeaition Ô >'» - ' \nmiai «"»» •" 4.STW i/anoaru>

• tnniuu Ow*. m 4STM ±ianuiir~* \,.i. iaui ana if <• • • <inuai aiuuk ••< iSH/ i;onuara«. Voi» »UOI UJ Oo. and U 1C
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moid volume shall be caicuiatea from the average of at least _____ TABLE 4 MO.C eovr*mtam» tor Ftqi. i and 2
M internal M*ynr*rr and three neight measurements made ».. im. "~
:o the nearest 0.00 1 in. (0.02 mm), or from the amount of 0015 ~""o7i —
*ater required to completely fill the mold, corrected for 0026 OM
::rnperature vanance in accoraance with Table 1 . If the '. a °'80
:verage internal diameter ana volume are not within tne ,* 3.2
iterances shown in Figs. I or 2. the moid shall not be used. • 64
The determined volume snail be used in computing me '_" ' •'
rrauired densities. "' ,37
3.2 Rammer— The rammer mav be either manually oper- '•• >s.§

jted (see 3.2.1) or mecnamcailv operated (see 3.2.2). The \,,t j£*
rammer shall fall freely througn a distance of 12.0 ± >/>« in. 4 * iot.g
: 304.8 ± 1.6 mm. from tne sun'ace of the specimen. The *"• ' 'Ot.O
rnanufaaured weight of the rammer shall be 5.5 ± 0.02 Ib *'̂  JJ**
149 ± 0.01 kg). The specimen contact face shall be flat. 6 152.4
3.2.1 Manual Rammer— The specimen contact face shall *•/» i«s!t

x circular with a diameter of 2.000 ± 0.005 in. (50.80 -s, _______ 2
} 1 3 mm>. The rammer shall he eouipped with a guidesieeve
*mch snail provide sutficient clearance so mat the free fall of '•» 944
:ne rammer shaft and head will not be restncted. The °004 "
;uiaesieeve shall have tour vent notes at eacn era < eight holes 00009
::au located witn centers • . r • :«, in. 1 19.0 r l.o mm> irom —— ~ — " — " — — — ~"-~~~"

TABLE 1 votanw at water oer Gram oat*o on r«mMranire" cacn ena ana soaced 90 dee apan. The minimum diameter
— of the vent holes shall be •*/» in. (V.a mmi.VOMINI o» wattr. rmiq , _ _ . . . „ __ . „———— 3.2.2 Mecnamcai Rammer—The rammer shall operate

t4J57_2J i.ooa73 mechanically in such a manner as to provide uniform and
i8«o.8i 100103 complete coverage of the specimen sun'ace. There shall be
'•«••*» "»'M 0.10 ± 0.03 in. (2.5 r 0.8 mm) clearance between the
â * J-J^ rammer and the inside surface of the moid at its smailesf
24(75.2. i 00268 diameter. When used with the 4.0-m. (101.6-mim mold, the
26(78.81 i 00320 specimen contact face shall be circular with a diameter of
2 £2 ! S2as ~°°9 - °-005 m-(50-80 - °-13 mm '•When vseA *****the32met 100497 6.0-in. (152.4-mm. moid, the speamen contaa face shall

*™ tn« S"3Pe ̂  » f"1̂ " °f 3 a«!C °f 3 "̂  «""* l°2.90 ± 0.02 in. (73.7 r 0.5 mmi. The sector face rammer
shall operate in such a manner that the vertex of the sector is

TABLE 2 Dry Preparation Memod—suimmq Tim** positioned at the center of the specimen. The-mecnantcat
,02«8:——————'..̂ mum aunomo (,me~—— rammer shall be caiibratea and aaiusted. as necessary. :r.

GW.GP.SW.SP —————————— K̂ ,̂ ————— accoraance with 3.15.
GM. SM 3 3.2.3 Calibration ana Adiustmeni—Tne mechanical
ML.CL.oucc.sc is rammer shall be calibrated, and adtustea as necessary, before
MM. CH. OH. PT ____________ 36 _______ initial use: near the end of eacn penod dunng which the

• ; mold was filled 1000 times: before reuse after anything.
TABLE 3 Precision • *• :• including repairs, which may affect me test results signu'i-

————————————————— TWO cantly: and whenever the test results are quesnonable. EachqBa tnot o WOstanoaro ovuton. Rwutt. ĝ,.,,., „ calibration and adjustment shall be in accordance with
\ ____ p*tmnoiu*nvtiu** Methods D 2 1 68.

3.3 Sampie Extruder (optional) — A jack, frame or other
1 9 device adapted for the purpose of extruding compactedQ ! . . . .speamens trom the mold.

=-66 40 3.4 Balances — A balance or scale of at least 20-kg ca-
=086 _______ is.0 ____ pacity sensitive to r I g and a balance of at least 1000-e

ooum nocMM a nmtmo ranot oi vaiun wrao. snouio not oe capaCllV sensitive to ±0.01 g.
e»«»*«wwo«w«i«|«an» rwo mum. •xomaM » • oranuo* 3.5 Drvtng Oven, thermostatically controlled, preferablyot"i «r* oaseo on ,»««» test resuns irom a v«n«v oi ture of 230 ± 9T (110 ± 5*C) for determining tne moisture

i to tutor* revu-on content of the compacted specimen.
3.6 Stratentedee—\ stiff metal straightedge of any con-

venient length but not less than 10 in. (254 mmi. The
' Amui* from chcnueai Rubber Pimiismni Co? scraping edge shall have a straightness tolerance of ±0.005
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:n. 1=0.13 mmi and shall be oeveied if it is uucxer than 'ft in. may oe necessary. Drying may be m air or by the use of a
• 3 mmi. drying apparatus such that the temperature of the-speomen
3.7 Sieves. 3-in. (75-mrai. .J.-4-m. (19.0-mm> and No. 4 does not exceed 140*F(60*O. The prepared specimens shall

'•i.75-mm». conforming to tne reauirements of Spearicauon then oe thoroughly mixed and stand, as specified in 4.1.3
H H. and Table 2. pnor to compaction.
3.8 Afixuif 700/j-M.sceiianeous tools such as mixing NOTE ,_with oranjcc. lt 1S usual(v „<,„,„„. lo v^yuUv jud |he

ran. spoon, trowel, spatuia. etc.. or a suitable mecnamcai poim 0, oottmum moisture cioseiv enou«n so mat the prepared
jevice tor thoroughly mixing tne sample ot soii with mere- specimens wul bracicei tne point of optimum moisture content.
m r* . 4.2 Specimen Compaction—Select the proper companion

mold, in accordance with the method being used, and attach
4. Procedure the moid extension collar. Compact each specimen in three
4.1 Specimen Preparation—Select a representative por- layers of approximately equal height. Each layer shall receive

;ion of quantity adequate to provide, after sieving, an 25 blows in the case of the 4-.n.< 101.6-mmi moid: each layer
amount of matenal weignme as follows: Method A—25 Ib shall receive 56 blows in the case of the 6-in. (152.4-mrm
• II kg): Methods B. C. and D—50 Ib (23 kg). Prepare moid. The total amount of matenai used shall be such that
specimens m accordance with either 4.1.1 through 4.1.3 or the third compacted layer is slightly above the top of the
* 1.4. moid, but not exceeding V* in. (6 mm). During compaction

4.1.1 Drv Preparation Prnceaure—(f the sample is too the moid shall rest on a uniform ngid foundation, such as
jamp to be friable, reduce tne moisture content by drying provided by a cylinder or cuoe of concrete weighing not less
jntii the matenal is friable: see 4. l .1. Drying may be m air or than 200 Ib (91 kg).
-v the use of a drying apparatus suen that tne temperature of 4.2.1 In operating the manual rammer, care shall be taken
•-; sample aoes not exccea l-n'F tftO'C'. Arter an-in? (it 'o avoid reoound of the rammer irom tne top end of the
-.'auiredi. thoroughly ores* uo tne aggregations in suen a guiocsieeve. The guidcsleeve snail be neid steady and within
manner as to avoid reducme tne natural size ot the panicles. i deg of the venical. Apply tne blows at a uniform rate not
Pass tne material througn the specified sieve as follows: exceeding approximately 1.4 s per blow and in such a
Methods A and B—No. J '-i 75-mm.: Methods. C and manner as to provide complete coverage of the specimen
0—.4-m. (19.0-mmi. Correct ior oversize matenal in ac- suriace.
romance with Section 5. if Method D is specified. 4.2.2 Following compaction, remove the extension collar
4.1.2 Whenever practicable, soils classified as ML CL carefully mm the compacted specimen even with the top of

OL GC SC MH, CH. OH and PT by Test Method D 2487 the mold by means of the straightedge and determine the
shall be prepared in accordance with 4.1.4. mass of the specimen. Divide tne mass of the compacted
.-t.1.3 Prepare a senes of at least tour specimens by adding specimen and moid, minus tne mass of the mold, by the

increasing amounts of water to each sample so that the volume of the moid (see 3.1.3). Record the result as the wet
moisture contents vary by approximately l'/: %. The mois- density. •> m. in pounds per cubic foot (or kilograms per cubic
lure contents selected shall bracKet the optimum moisture metre, of the compacted specimen.
content, thus providing specimens which, wnen compacted. -*---3 Remove the matenal from the mold. Determine
will increase in mass to the maximum density and then moisture content in accordance with Method D 2216. using
decrease in density (see 7.1 and 7.3). Thorougniy mix each either the whole specimen or alternatively a representative
ioectmen to ensure even atstnnuuon of moisture tnrouenour soecimen of the wnoie specimen.'The wnole specimen must
ina then mace in a separate covered container and allow to oe used wnen tne permeability ot the compacted specimen is
sand pnor to compaction in accordance with Table 2. For high enougn so that the moisture content is not distnbuted
:ne purpose of selecung a standing time, it is not required to uniformly throughout, if the whole specimen is used, break u
perform the actual classification procedures descnbed in Test up to facilitate drying. Obtain the representative specimen by
Method D2487 (except in the case of referee -testing), if slicing the compacted specimen axiallv through the center
previous data exist which provide a basis for classifying the and removing 100 to 500 g of matenai from one of the cut
ample. ' . faces.

4.1.4 Moist Preparation Method—The following alternate 4.2.4 Repeat 4.2 through 4.2.3 for each specimen pre-
procedure is recommended for soils classified as ML CL. pared.
OL GC. SC MH. CH. OH. and PT by Test Method D 2487.
Without previously drying the sample, pass it through the 5> Oversize Corrections
•"•m. (19.0-mm) and No. 4 .4.75-mmi sieves. Correct for 5.1 If 30 to or more of the sample is retained on a J/fin.
oversize matenai in accordance with Section 5. if Method D f 19.0-mm» sieve, then none of the methods described under
is soeciried. Prepare a senes of at least four specimens having these methods shall be used for tne determmauon of either
moisture contents that varv bv approximately I'/.. Tc. The maximum density or optimum moisture content.
fnoisture contents selected shall bracket the optimum mois- 5.2 Methoas A and B—The matenai retained on the No.
'ire content, thus providing specimens which, when com- 4 (4.75-mmi sieve is discarded and no oversize correction is
Patted, will increase in mass to tne maximum density and made. However, it is recommended that if the amount of
l"en decrease in density isee ~.l and 7.3). To obtain the matenai retained is T ̂  or greater. Method C be used
'Ppropnate moisture content ot each specimen, the addition instead.
01 » predetermined amount of water (see 4.1.3) or the 5.3 Method C—The material retained on the V4.jn. (l9.0-
removai of a predetermined amount of moisture by drying mmi sieve is discarded ano no oversize correction is made.
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However, if the amount 01 matenai retained is 10% or u. = specific gravity of the raatenal being tested (see
greater, it is recommenced that Method D be used instead. 4). and

5.4 Method D: - -~ 62.4 — density of water in pounds per cubic foot (or
:.4.1 This method shall not oe used unless the amount of kilograms per cubic metrei.

matenai retained on me ' i-m. 11 V.O-mmi sieve is 10 % or NOTE J—The specific travnv of the matenai can eitner oe assumed
greater. When the amount oi matcnai retained on the Va-m. or oasca on tne weiintea avenue vaiues oi: i a i the specific invnv of the
sieve is less than 10 To. use Metnoa C. matenai cassini the .No. 4 u 75-mmi sieve in accoroance witn Tea-

f.4.2 Pass tne matenai retained on the J^-in. (19.0-mmi Methoo D854: ano (/.I the apparent specific ?ravnv of the matenai
s.eve tnrougn a 3-in. or 75-mm sieve. Discard the matenal retainea on ine Na 4 5ieve m »«°«»nce wim Test Method C127.
retained on the 3-in. sieve. The matenai passing the 3-in. ".2 Optimum Moisture Content, w —The moisture con-
sieve and retained on ine »*-\ n. sieve shall be replaced witn tent corresponding to the peak of the curve drawn as directed
an equal amount of matenai oassing a V«-in. sieve and in 7.1 shall be termed the "opumum moisture content."
retained on a No. 4 (4.75-mmi sieve. The matenai for ".3 Maximum Density. tmt_—The dry density in pounds
replacement shall be taken irom an unused ponion of the per cubic foot (or kilograms per cubic metre) of the sample at
sampie. "optimum moisture content" shall be termed "maximum

density."
6. Calculations „ n8. Report

".1 Calculate the moisture content and the drv density oi
eacn compacted specimen as .o.lows: *'! The repon shall̂  include me following

3.1.1 Methoo used (Method A. B. C. or D).
„.(,,- ,v, ,/, . c>] x too stl 2 Optimum moisture content.

.r.a >..!.3 Maximum aensitv.
. ^ ,. . _ ,1M)(| x )00 vl.4 Descnptton oi rammer iwnetncr manual pr me-

. '"' " cnanicau.
Anere: S.I.5 Descnption 01 appearance oi matenai used in test.

= moisture content in nercent ol the compacted speci- baseQ on practice D 2488 (Test Method D 2487 may oe used
mens- ' as an alternative i.

i - mass ol container ana moist specimen. 3-1 6 Origin 0,- maienai usca m tesl.
3 - mass of container ana oven-aned specimen. 8-l-7 Preparation procedure used t moist or dry..
C » mass of container.
••_ ™ dry density, in pounas oer cubic foot ior kilograms 9. Precision and Bias

per cubic metrei ot tne compacted specimen, and 9 , Cntena for judging tne acceptability of the maximum
.-.„ - wet density, in pounas per cubic foot (or kilograms aensuy and optimum moisture content test results are given

per cubic metrei ot the compacted specimen. . m Taljie 3 jhe standard deviation, s. is calculated from the
equation:

". Moisture-Density Relationship
" 1 From the data obtained m o.l. plot the dry density r"

•.ames as ordinates with corresoondmg moisture contents as
.iOscissas. Draw a smoom curve connecting tne oiottea '*'here.
.joints. Also draw a cune termed me "curve of complete '' = numoer ot determinations.
saturation" or "zero air voios curve" on mis plot. This curve v s 'naivtduai value o. eacn determination, and
represents the relauonsmp oetween drv density and corre- v -numencai average oi the determinations.
soondmg moisture contents *nen the voids are completely 9'2 Cntena Ior ass*nmg stanaard ?c™uon value$ for
filled with water. Values of drv density and corresponding 'ingle-operator Precision "e not available at tne present
moisture contents for piottme me curve of cornplete satura- nm.e: D. _. _ .-_.̂  .,. .- ...
tion can be computed usme me following equation: 9'3 ̂r™** IS "° aCCC°reQ "I6™"" ̂  t0r thU6 • test method theretore. bias cannot oe determined.

tfu, m {(62.-*-> .' — • I/G.)| x 100
wnere: 10. Keywords
•<u, ^ moisture content in nercent for compiete saturation. 10.1 maximum dry density, moisture-density: optimum
• w » dry density in pounas oer cubic foot ior kilograms moisture content: optimum water content: proctor test:

per cubic metrei. standard proctor test

Thl <Vn«ncan SocitJv w Testing tno Mttentts rants no ooswon nsoeetmq tne vtno*v w aw ottent nants tsstnea m connection
w*n trrr Mem menttonea m mis sttnatra. user* ot tnn sttnatm tre eiaruurv tamea tntt oettrmnttion ot ine viiiaitv oi tnv suen
omen ngm. tna ine m* ot mitmgement ol suen ngntt. tre entire* mi* own moomx»m

r/wt sttnotra is suoiea to revttion tt any time ov tne resoonstote lecnructt commmee tna must ot remewea even ine vetn tno
ilnotrtvaea. tune' ntooroveo or witnortwn rout comments trt mvaea eitner tor revision ot ints Sltnotro or tor taaitionti tttnatrat
tna tnouia oe. taatnsea m ASTM Hetaoutntrs. rour comments ww receive even* eonsaermion tt t meetma ot ine rtsoonsiow
(•cnmea. eommmte wn*n you mt* tneno. it you leet in* vour tnmmerm ntve not recwea • MM- ntennq you tnouia nut* vour
newt Known to tne ASTM Committee on Sltnatras. 1916 Rtce St.. Pnntaetone. PA 19703.
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(|jj||) Designation: D 854 - 33 (Reapproved 1990)"

Standard Test Method for
Specific Gravity of Soils1

Al
ft

AASKTO N04 I 100

This tunoi.a u tuuea unaer me iixw omtniuon O 8541 me numoer tmmeataiclv followint tne animation indicate* tne vear of
omtett aaootion or. m me cue oi revnion. tne vear ot tan revision. A numoer tn oucntnaei inaicna tne vear ot last reaooroval. A
lupencnm ecnnon u i indicates ID eoiuxui cnanie siooe ice tut rcvuioo or raopravu.

This stanaara nas arm aaorovta for use ov ateneiei ot the Department ot Deftmt, Consult me OoD Inaex or Sotciiicanons tn*
• Sianaaras lor tnt joecinc vear or issut waicn nas oern aaopita ov me Department oi Dtltmt,

" NOTT—iecnon 11 v»u aaded eaiionauv in aetxemoer 1990 __ _____ __

1. Scope C 127 Test Method for Specific Gravity and Absorption of
1.1 This test method covers determination of the specific Coarse Aggregate*

gravity of soils by means of a pycnometer. When the soil is c 67° Practice for Prepanng Precision and Bias State-
composed of panicles larger tnan the No. 4 (4.75-mmi sieve. mems tor Test Methods for Construction MatenaisJ
the method outlineq in Test Method C 127 shall be followed. D 422 Method for Panicle-Size Analysis of Soils'
When the soil is comoosea of panicles both larger and E I2 Definitions of Terms Relating to Density and Spe-
-.maiier tnan the No. 4 sieve. :ne samote snail be seoarated on C1»c Gravity oi Solids. Liauias. and Gases'
:ne No. 4 sieve and the aooroonate test metnod usea on eacn , Definition
ponton. The specific' gravitv vaiue for the son shall be me
weiuited avenge of the two values (Note 1). When me 3-1 «7«:mc ?«™n>—tne ratio of the mass ot a unit
soeeulc gravity value is to be used in calculations m volume of a matenal at a stated temperature to the mass m
connection with the hvdrometer ponion of Method D 422. it ** ot the same volume of gas-free distilled water at a stated
is intended that the specific gravity test be made on that temperature tper Definitions £121.
oonion of the soil which passes the No. 10 (2.00-mm t sieve. ^ Significance and Use
NOTE l-The wetsnwcj avenue specific *nv,tv ,nould be calculated 4 , jf,,. soecific pv/ny of a soli is used in aimost Cvery

u»n« tne toiiow.ng equation equation expressing the pnase relationship of air. witer. and
j „ !___ solids in a given volume of matenal.
*** *• _ p- 4.2 The term "solid panicles." as used in feotechniad

iixio". iOOG; engineenng. is typically assumed to mean naturally occur-
wnere. . nng mineral panicles that are not very soluble m water.
0.̂  - w«ghted averaee socciik gravitv of sous composed of Therefore, the specific gravity of matenais containing extra-

panides lareer ana smaller tnan the No. 4 1475-tnmi n=ous matter tsuch as cement, lime. etc.). water-soluble
SKTVC. matter t suen as soamm chionde). and' soiis containing matter

/?. - pctwnt 01 soil oanictes retaineo on tne No. 4 sieve. w"« a specific eravitv of less man one. typicailv rcauire
P, » pcreent 01 soil oanictes Dasane tne No. 4 sieve. special treatment or a qualified definition of specific gravity.
G. = apparent specific zravitv ot' soil parades retained on tne -

No. 4 sieve as determmea bv Test Method C 127. and- PP
G, '- specific paviiv oi sou oamcles passing ihe- Nrf. 4 sieve u 5.1 Pycnometer— Either a volumctnc flask having » ca-

determined bv mis test metnod. . * - pacity of at least 100 mL or a stoppered bottle having a
1.2 The values stated in acceptable metnc units are to be capacity of at least 50 mL (Note 2). The stopper shall be of

regarded as the standard. the same matenal as the bottle, and of such size and shape
1.3 This standard does not purport to address the sat'etv th« « can be easilv inserted to a fixed depth in the neck of

problems associated with its use. Ii is the responsibility of the the bottle, and shall have a small hole through its center w
user of this standard to establish appropriate sat'etv and permit the emission of air and surplus water.
health practices and determine me applicability ot regulators NOTE 2—The use of either me volumetric flask or the stoppen*
limitations pnor to use. bottle is a matter of mdividuai oret'erence. but in central, the flaifc

should be usea when a latter sample than can be used in the noppend
2. Referenced Documents ' botue is needed due to maximum grain size of the sample.
i t Amr c. „ ^ -•- Balance-— Either a balance sensitive to 0.01 g for use..l A*IM stanaaras. ^̂  _̂ voiumnnc flask> or a balance seusmve to 0.001 8 for

________ use with the stoppered bottle.
1 ThM MR meiftod is unoer tne tunsotction ot ASTM Committee D-18 on Soil __________

and Rock ana a tM dueet moonuoiiiiv of Subcommittee OIS.03 on Tenure.
Pluucnv. and Oeamy Clui-etenniet oi Sail. : •««"»•• -«* <* ̂ST.\t StanaeMS. Vol 04.0:.
Cunm *danM aopravcd No>. 13. 19S3. PuMutwd J»nu«n. 1984. Onpnuiv ' <««•«/ Boole ot ASTM Sianmarms. Voi 04.01.

mma u o IS4.4). Uu previous eoiuon O 154 . it (I97QI ' 4nmiai Moon o. ASTM Sianourts. Voi I J.05.
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o. Calibration of Pycnometer in distilled water before placing in the flask, using the :
«The pycnometer shall be cleaned, dried, weighed, and dispersing equipment specified in Method D 422 (Note 6).

veieht recorded. The pycnomexer shall be tilled with 7J Oven-Dried Samples— When an oven-dned sample is
distilled water < Note 3) essentially at room temperature. The to ** used-tne sa~K»e shall be dned for at least 12 h. or to
weight of the pycnometer and water. If... shall be determined constant weight, m an oven maintained at 230 ±9T (110
and recorded. A thermometer snail be tnsened m tne water =-"° (Now 5|- coolea m a desiccator, and weighed upon
and us temperature T. determined to the nearest wnoie m̂ovai from the desiccator. The sampie shall then be

soaked in disuiled water for at least 12 h.
NOTE 3— Kerosine » a better wetting agent tnan water for most sous NOTE 5— Drying of certain soils at 1 1 0*C mav bring about loss of

jna mav oe usea m place ot distmea water tor oven-dnea samples. motsiure of composition or nvanuon. ana in suen cases onnng shall be
6.2 From the weight »'. determined at the observed ÔTEt-7hYrn,=̂ ^̂

•emperature T, a table ol values ot weients H., shall be .uspenmt equipment soecitied m Method D 4:: is such that a 500-mL
prepared for a senes of temperatures that are likely to prevail .last » needed as tne pycnometer.
*hen weights W>, are determined later i Note 4). These values
of W'j shall be calculated as follows: g_
n;.. air,)- (density of water at r.Mcnsiiv of waier at T.) g.i Place the sample m the pycnometer. taking care not to

* < H „ (at r.) - «'-) i- M '. |0se any Of lhe S0li jn case the we,gm Of the sample has been
•*ncre: determined. Add distilled water to till the volumetric tlask
:t' = weight of pycnometer and water, g. about mree-founhs full or the stoppered bottle about half
:i s weight of pycnometer. c. full.

= ooserveo temperature oi water. 'C. ano S.2 Remove entrapped air r>\ eitner of the following
= any other oestred tcmoerature. 'C. metnoos: 1 1 1 suoiect tne contents to a carnal vacuum tair

pressure not exceeding 100 mm Hui or i2) boil gentiv for at
NOTE -t—This metnoo o'rovioes a oroceaure mat is most convenient xast 10 mm while occasionally rolling the pycnometer to

:3t taooratones maune mam, ..etermtnations wim me same ass|sl ,n tt,e removal of the air. SublCCt the Contents to
Tonometer. It is eauaiiv applicant to a smue aetenmnai.on. Bnn«ng retluced air pressure either bv connecting the pvcnometer
:ne pvcnometer and contents to some designated temperature wnen ,7 ' __ . 7. ,,
•tuns VC. and H'. are taicen. reauires consideraole time. It » mucn directlV to an aspirator or vacuum pump, or by use Ot a bell
CDnvemem to prepaie a taoie oi *ei«nts w, for vanous tempera- J*r. Some soils bou violently wnen subjected to reduced air

celv to prevail when weients K . are taken, it is important that pressure. It will be necessary in those cases to reduce the air
n-. and H\ be based on water at tne same temperature. Values pressure at a slower rate or to use a larger flask. Cool samples

ior me reiauvt density oi water at temperatures irom is to 30*C are ;nal are heated to room temperature.
pveninTablel. gj pjjj the pycnometer with distilled water, clean the
7 Sampling outside and dry with a clean, dry cloth. Determine the weight
'. , _. . . . of the pycnometer and contents. M "... and the temperature in

1 The soil to be used in soccmc gravity test mav contain K ĉlsius. f. . of the contents as oescnbed m Section 6.
us natural moisture or be ovcn-oned. The weignt of the test
sample on an oven-drv basis snail be at least 25 g when me
••niumetnc flask is to be usco. and at least 10 e wnen me 9" C-lcula"on «nd Re°°«
-.'.oppered bottle is to oe useu. '•> 1 Calculate tr.c specific cra\it\ m me soil, based on
" '.2 Samples Coniaimnv \utiirat Moisture — When the water at a temperature T,. as follows:

ampie contains its natural moisture, me weight of the soil. . Specific gravux. o ai T. » u [" - < ir_ - irjj
"',. on an oven-dry basis snail be determined at the end of . " .
the test by evaporating the water in an oven maintained at 7t • **' u • i. «.- „ «., ,« i^ " = weieht ot sample ot oven-drv soil. g.

ll\ - weight of pvcnometer filled with water and soil at
or temperature T. g. and

r, = temperature of the contents of the pycnometer wnen
H«»w-ot..si.v cameuan weight H ". was determined. "C.ot wane Faetor n

18 09986244 10004
,9 09984347 t 0002 NOTE ?—This vame shall be taken trom tne table of values of tt\.
20 0 9982343 i 0000 prepared in accordance wan o.J. for tne temperature prevailing wnen
21 0 9980233 0.9998 weignt H'. was taken.
22 09978019 0.9996
23 0997S702 0.9993 9.2 Unless otherwise reouireo. soecitic gravity values re-
2* ° 9973286 o 9991 poned shall be based on water at 20*C. The value based on
?! nl«2«.i n«2« water at 20*C shall be calculated from tne value baseo onCD V. 99O019O U. 99BO -r- * 1127 o 996S4St 0.9983 water at the observed temperature T., as follows:
S oSS SiSS Specific gravity, o at 20*C>.A'ix .specific gravity. C at r,l
_30_____|_____09986780 _______OJ9974_____ where:

1"!
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A.' « a number found bv amding tne relative ocnsuv or"
water at temperature T. by the reiauve density of water ***"** °*T̂ ***
at 20*C. Values ior a ranee-of temoeratures are given in M«en« and Tvce index Devotion-' "'̂ maiir'**
l aoie 1. ^ 'iineie'oaeraior nrrctswn

°.3 When it is desired to renon me snectfic gravity vaiue Coneiive »m MCI 006
based on water at 4'C. sucn a soecific gravity vaiue mav oe Noncone«ve v>\n - •

. . ' Vullilannratan-precisioncalculated by multiplying tne specmc gravity vaiue at tem- Coheuv* uu. uo«6 oit
perature rr by the relative osnsity of water at temperature ___Nonconenve vxn - •

*° • ' These numoen reoirsem. resoeeiiveiv meilSianaiOZSilimiuuacxittM
9.4 When any ponion oi the onginai sample of soii is n Practice c 6 TO.

eliminated in the preparation oi the test sample, the ponion "Cnteni lor «"««•»« "̂ oara devi.i,on >*iu« ior noii<an«i%« VMSOCM
, . , , ,, . . jvtiUoie at tne oresent time.on wmch the test has oeen maoe shall be reponed.

10.2 Bias—There is no accepted reference value for this
test metnod. therefore otas cannot oe determined.

NOTE K—The figures given in Column 2 are tne standard deviations
10. Precision and Bias ltlat n*ve oeen tound «° oe appropriate tor tne matenais described m

Column I The figures tiven m Column .< are the limns that should not
10.1 Critena for luoeine tne acceptability of specific ^ exceeded bv the difference between tne results of two property

gravity test results ootainco nv this test metnod on matenai -onducted tests.
oassing the No. 4 <4 Tf-mmi MCVC are given as follows t Note 11. Keywords
" '• :'. l specific eravn\

me *me"ci" aacieiv ior testing tna Mtieritis tines no oasaion resoectina me vtiiaitv ot tnv oil*"' nams tsstrteo m conntetto-
wan tnv Hf" mfnuonett m tms sitnatra users or mis sitnatra tre eioressiv tavaea tntt aetermmttion ot me- vj.-onv OT tnv Sue-
Detent rKjnts tna tne 'is* ot tnutnoement ot suen nana. ire entirety tneir own resoonuaunv.

Trtis sitnatra is suoieet to revision it tnv lime ov tne resoansioie lecnnicu eomrrmue tna mat oe reviewea every live vetrt tne
it net revtseo. eitner retaerovea or wHnartwn Your comments ire mvneo eitner tor revision ot tna sttnatra or tor taaaionii sttnaifas
tna tnouia oe taartssea to ASTU Hteaoutaers. rour comment mm receive ctretui consaernion ir « meetma ot tne tisoonuote
leeancui eommmee wnien YOU mty tnena. H you leel met your comment neve not recenea t tin neermg you snoua mute/ rout
\nmtt mown to tne ASTU Commmee on Sttnattas. l9T8««e«Sf PnHtationii. PA 19103.
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Designation: 0 1140 - 54 (Reapproved 1990) «•> ««««».***** &

Standard Test Method for
Amount of Material in Soiis Finer Than the No. 200 (75-iim)
Sieve1
This standard is issued unuer tne fixed destination O 1 1 40: the numoer immediately loilowmt tne destination indicates me »eir oi
oncjnai aaootion or. m me case oi revnion. tne vear oi last revitton. A numoer m Mrentneses indicates me vear oi last rcioorovai. A
iupencnot emiion 1 1 < indicates an editonai cnante since me last revision or reaoerovai.

, . This stanaara not rrrn annrmea inr me ov atenetes rn me Deportment 01 Detenir t'tmju// me DiiD lnae.\ m Snertiiraitam ana
Stanaarat lar tnr imttiu \i-ar ot issue »nicn naseten aaoNira l>r tne Department ni Oettnse

" NOTF— editorial cnannci v>»fe maoe inroutnout in xoiemoer |9W ___

I. Scope ature not exceeding 230 ± f F . 1 10 ± 5 Ci and weigh to the
:.l This test metnod covers determination of the total nearesl °-05 Percent, or alternatively, weigh the test sample

amount of matenai in sous finer tnan the No. 200 (75-umi moisi and use an auxiliary ' mwsiire content sample to
MCVC determine me moisture content ot the sample. The weight oi

the moisture content sample shall be between 20 and 30
!. Referenced Documents percent of tne weient of the test samcie. Calculate the.

oven-<jrv weient of the test samote irom tne moist weieru ana
; . . iST.\f Stanaara\ • me moisture content.
3422 Method for Paniae-aue Anaivsis oi Soils- f-2 Place tne test sample in the container, add sufficient
£ ! 1 Specification ior W .re-Cloth Sieves for Testing Pur- ctean water 10 cover u. and allow ,0 soaK a mmimum of 2 h
SOSes" ' l preferably overnight).

5.3 Agitate the contents of the container vigorously and
3. Apparatus PQU,. ̂  wasjj water immediately over the nested sieves.

3.1 Sieves — A nest of two sieves, the lower being a No. arranged with the coarser sieve on top. Repieat the process of
JO f75-iun. sieve and the upper a No. 40 .425-nmi sieve. adding clear water to the container to cover the sample.
roth conforming to ASTM Specification £11. aeitaune the contents of the container, and pounng the wash
3.2 Containers—* pan or vessel ot sufficient size to water over the nested sieves until the wash water is clear.

contain the test sample covered with water and to permit When the total sample is small, the entire contents of the
vigorous agitation without aovenem loss of any pan of the soaking container may be transferred to the nested sieves
samcie. and a second pan or container for use m drying the after the first washing and the washing operation completed
:est sample after washing. in accordance with 5.4. The wasn water need not be saved.

_ _ ' NOTE I — The percemaee vaiue secured at me end of ihe test mav not
• 'est ̂ aniple re correct trvtne too inwi tor sous containing rttati\ei\ m«n nercentaei."-
- i The test sample snail he selected irom matenai that oi me minus .luu traction. This appears to oe due cmeitx to ma.jcau.iu

nas oeen thorougniv mixed. A representative sample. sulTi- afuuiion. * hen it is oesired to secure tne exaci oerctntate ior me minus
dent to vieid not less than tne approximate weieht of dned . ' :o° lrac"°B lor sucn • sou- '"< «""?" °' "" ̂.IT̂ ll »û '. • . , ,. ,, ;", , .. . ; , siê -e and retained on the No. 100 sieve secured in -tne wasiuncmatenal shown in the following table, shall be selected using- opemion. shall ^ mmlemO ,0 the dispersion CUB of the s.,mnc
a sample splitter or by the metnod of quanenng: • • apparatus used in Method D •»:! The CUP filled half full with water and

Aoocoumwe- the contents auuted for I mm. Alter mis agitation tne contents ot the
Nominal Diameter oi Minimum *et*hi , cuo shall be transierred to the nested sieves and wauim* continued.
Linen Panicie. m of Samote. « If the stimnc apparatus nas not been used pnor to me dry-in? ol the

0.0717 (No. 10 uevei ti.o mm. :00 ponton of the sample larger tnan tne No. 200 (75-umi sieve, and it i*
O.II7(No.4«eveH4 '5 mm. 500 ' desired to do so alter drying, the dried matenai shall be separated on the
i., (i9.o mmi 1500 No. 40 (425-umi sieve: tne ponion retained shall be saved: and lhe
i .23.0 mmi 2000 ponion passinc snail be placed in tne dispersion cup with water and
I'iordveri37.5 mmi :300 agiuted for i mm witn the stimnt apparatus as previously described.

< PnuvA ThC contents °{ the CUO $n»U **" »ran»errea t0 tnC N°- -°° $le%C--. rrocedure wasned. and dned. The revised total weitnt retained on the No. 200
5.! Dry the test sample to a constant weight at a temper- «eve shall be secured bv comomm* ano weicmn? tne two fractions. _^

5.4 Transfer the sample to the nested sieves and wash with
"""" ————— running water < Note 2). When tne sample is larger than can

TOT test metned is under tn<r .unsdicudn OI ASTM Commmetr D- 1 » on s«.i handled at one time on the nested sieves, wash a ponion
•••n Rock and is me direct moonsiotiii\ oi auocdtnmmee OIXOJ on fexiure. uc iiaMuisu. ̂ v "»•- ""•». y" ««. «>.»..» ,.
jutaiv and Oenuiv Charactenstics oi sous. of the sample and transter to the container in wmch tt is to
Current edition approved Scot. t:. ivj4. Onfunaiiv issued 1950. Replaces ^
. . . • • • • „ ,<««.« Boon of ASTM Stanaara*. v oi 04 08. NOTE 1— Tapping oi sieves nas been tound w expedite the wasiun?

<«nvat8ooKoiASTMSianaara\. \<iis 0401.04.03. 04.06. 05.05. and 14 0:. operations.

185 A.R305U12:
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5.5 Dry We wasned material retained on the nested sieves P •(<*'..- **M/H' I x IOO
. in » container to t constant weight it a temperature not
L weeding 230 * 9F (IIO *5Q and dry-sieve n on the where;
v— rfested neves (Note 3). Weigh" the dry material retained on F - percentage of matenal finer than No. .200 (75-ftin)

the nested sieves to the nearest 0.05 percent. sieve.
son J-&mw mitenai panel tne No. 200 (TSnuni t»%* on orv "/ " ̂BOt of onginai sampie on an dven-dry basis. | tad-

iievint mat aid not pus aunni tne wunmf openuon. When oestrea. * " : * oyen-ary weight of sample after waning aad dry.
iievcintivwimivocmioeonineoonionoiinettmoierrtiincaonine sieving, J.
No. 200 neve, m Kcoraance win Metnod O 421

6. Calculation 7- Keywords
' 6.1 Calculate the results as follows: T. 1 gram-size: No. 200 sieve: parade-size; sieve analysis

«•> anr «•» imimtMa m ma MWMVA uwn w KM **&»&&
ngtm. «w •»• «w * Mmytumn

**i memo o* toorwtg t* ASTU H»»ooumrr.. four eoinmvn mtt tic*** eamu 9otwo*r*ton m * nmmuty * *•
nawcv CBHMMTM. tM«i *w MW fntna. n you M« MM vour caiim̂ wi MV* MT racavM • MV mmny *ou mwa MW v«w>

19103.
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f

flR305«*!3



(j j!|M Designation: D 1452 - 80 (Reapproved 1990)*1

Standard Practice for
Soii investigation and Sampling by Auger Borings1
This standard is iuuea unaer tne fixed destination O 1452: the numoer immeatateiv loHowmt tne destination indicates me \nr oi
onpnai adootion or m me case oi revision, me vear oi last revision. A numoer in oarentnesex indicates me sear ot tan reaoorotai. A
supencnot eosuon m maicatci an eaaonai ctunte since tne tail revision or reaoprovai.

This stanaara nas wen aaormea ior use ov aeenciti oi me Department ol Deltntt Lonsuti me OnO Inaex at SPeriitcaiiuni ana
Siaiuaras tur tne \r<n tin icur oi usue »mcn nas oeen aaoptea e>\- me iieeanment m Defense

" Norf—>ection o vnt added tditonaiiv in Julv IVW__________________________

1. Scope common characteristic of appearing essentially tubular when
1.1 This practice covers eauipment and orocedures for the viewed from the digging end.

use of earth augers in shallow eeotechmcai exploration. This 3-1---I Orchard-Barrel Type, consisting essentially of a
practice does not apply to sectional continuous flight augers. moe having cutting lips or nibs hardened and sharpened to

1.2 This stanaard does not purport to address tne saietv penetrate the formation on one end and an adaptor lining
nrooiems assoaatea witn us use. It is tne revnonsthiiitv m tne tor an extension or handle on tne opposite end.
:iser nr' this stanaara :•• wannsn anpmrmatc ."jrctr ana 3.1.2.2 Onen-soirai Tvnt:. consisting ot a tlat thin mem
•'.eattn nracttces ana determine trie anpticannitv ni reematan sine mat nas oeen nctica.tv wound around a circular
:mttattons prior t a H.U- mandret to torm a spiral m wnicn tne tlat taces of the stnp

are parallel to me axis ol the augered hole. The lower helix
, edges are hard-faced to improve wear characteristics. The
.. significance and t se . opposite end is tilted with an adaptor tor extension.
I.I Auger bonngs oiten provide the simplest method of 3.1.2.3 Closed-Spiral Tvpe—Nearly identical to the open-

soil investigation and sampling. They may be used for an> spiral type except, the pitch of the helically wound spiral is
.purpose where disturbed samples can be used and are much less than that of the open-spiral type.
valuable in connection wun eround water level determma- 3.1.3 Pew-Hole Aiteers. generally 2 through 8 in. (50.!
tion and indication ot cnanecs in strata and advancement ot trough 203.2 mmi. and having in common a means of
. hole for spoon and tuoe sampling. Equipment required is blocking the escape of soil from the auger.
simple and readily available. Depths of auger investigations 3.1.3.1 clam-Shell Tvpe. consisting of two halves, hinged
are. however, limned hx ground water conditions, soil to aUow opening and closing for alternately digging and
cnaractenstics. and the equipment used. . removing. It is not usable deeper man about 3.5 ft (1.07 ml

3.1.3.2 /wart Tvpc. consisting of two tubular steel seg-
; Apparatus ments. connected at tne top to a common mcmoer to form a
. ,. „ :_ ( ( neanv complete tuoe. nut with dtametncailv opposed open-
3.1.1 Helical Auser^—>maii lientwetent auecrs eeneraih In?s" ' 1S conneciea at tn(

available m sizes from i tnrouen 3 ,n.".2M 'through 76.2 pucheci to sc™ as cuucrs w.n'cn... , ,,.- contained soil. Attacnment ot handle or extension is at the
3.1.1.1 SpmO-Tvpf Auver. consisting of a flat thin metal top connector. •

strip, machine twisted to a spiral contlcuraubn of uniform f~ MocMne-Operaied Auecrs-
pitch: having at one end. a sharpened'or hardened point. >-\ Ĥ ai Ausers' Senerail> 8 lh °û  48 '"• (:0.3-
wuh a means of attaching a snaft or extension at the opposite 'hrou?h f219 mml- consisting essentially ot a center shaft
end • fitted with a shank or socket tor application of power, and
3.'l.l.2 Ship-Tvpc ,inwr-Similar to a carpenter's wood havinS °™ «° «««e complete 360' (6.28-rad» spirals for

bit. It is generally forged trom steei and machined to the conveyance and storage of cut soil. Cutter bits and pilot bitt
desired size and configuration. It is normally provided with 3re available in moderate and hard tormation types and
sharpened and hardened nips at ihe point end and with an normally replaceable m the field. They are normally oper-
mteeral shaft extending tnrougn its leneth for attachment of awd b>' heaw-duty. high-torque macntnes. designed for
a handle or extension at the opposue end. heavy construction work.

3.1.2 Open Tubuiar \ueers. ranging in size from l.J 3..12 Sttnter Aueers. generallv A througn 30 in. (152.4
throueh 8 in. (38.1 mrougn 203.2 mmi and having the through 762 mmi. are similar to the helical auger m 3.-.I.

but lighter and generally smaller. They are commonly
——————— operated by light-duty machines for post and power pole

This oncuce is unaer tne mnviictton m \STM Committee D-l« on Soil ana holes.
Raekand is tnedireo resoon«iniiit\ ci buocommittee OI8.0-on aamoiint ana 3.2.3 Disk Angers, generally 10 through 30 in. (25

:UBIISH«O as o Mj: -. • T uu orevtous edition o u.*: - ".* < o*::. wttn diametncally opposed segments removed and having *

212 ,



01452

snank or socket located centrally tor application of power. 4.3 The soil auger can be used both for bonng the hole
Replaceable cutter bits, located downward from the leading and for bringing up disturbed samples of the soil encoun-
e. n' the remaining disk, dig ana load soii that is held on tered. The structure of a cohesive soil is completely destroyed
:m. -.ik by valves or shutters hinged at the disk in order to and the moisture may be changed by the auger. Seal all
;iose the removed segments. The disk auger is specifically samples in a jar or other airtight container and label
assigned to be operated by macnmes naving limited vertical appropriately. If more than one type of soil is picked up in
clearance between spindle and ground sun'ace. the sample, prepare a separate container for each type of soil.
3.2.4 Bucket Au%er. generaiiv \2 ihrougn 48 jn. (304.8 4.4 Field Observations—Record complete ground water

;nrouzh 1219 mmi. consisting essenualiy of a disk auger. information in the field logs. Where casing is used, measure
•* unout shank or socket, but hinge-mounted to the bottom ground water levels, both before and after the casing is
oi a steei tube or bucket of approximately the same diameter pulled. In sands, determine tne water level at least 30 mm
as the disk auger. A socket or snanic for power application is alter the bonng is completed: in silts, at least 24 h. in days.
located in the top center of the bucxet diametral cross piece no accurate water level determination is possible unless
provided for the purpose. pervious seams are present. AS a precaution, however, water

3.3 Casing (when needed), consisting of pipe of slightly levels in clays shall be taken after at least 24 h.
larger diameter than the auger used.
3.4 Accessory Equipment—Labels. Held log sheets, sample 5. Report

.an. sealing wax. sample bags, and otner necessary tools and 5.1 The data obtained in bonng shall be recorded in the
supplies. field logs and shall include the following:

5.1.1 Date of start and completion of bonng,
4. Procedure 5.1.2 Identifying number of bonng.
- i Make tne auger bonne pv rotating and advancing me 5.1.3 Reference datum including direction and distance of

jestred distance into me sou. \Vitnaraw me aueer trom tne bonng relative to reterence tine ot oroiect or otner suitaoie
noie and remove tne soil ior examination and test. Return reference points.
:ne empty auger to the noie and repeat the procedure. 5.1.4 Type and size of auger used in bonng,
Continue the sequence until the reauired depth is reached. 5.1.5 Depth of changes in strata.
- 1 Cosing is required in unstaoie soil in which the bort 5.1.6 Description of soil in eacn maidr stratum.

nole fails to stay open and esocciaiiv when the bonng is 5.1.7 Ground water elevation and location of seepage
extended beiow the ground-water tevei. The inside diameter zones, when found, and
r' -**• casing must be slightly larger than the diameter of the 5.1.8 Condition of augered hole upon removal of auger.

used. The casing shall be am-en to a depth not greater that is. whether the hole remains open or the sides cave,
than the top of the next sample and shall be cleaned out by wnen such can be observed.
means of .the auger. The auger can then be inserted into the
bore hole and turned below tne bottom of the casing to *: Keywords
ootatn a sample. Auger bonngs: sampling: soil investigations

IhtAtntacm Socittv tor Testno, ina Mmtnta ttttt no aottion ruseuamv tnt vtMfv ot tnv otttn riant tsstnta in eonntaan
wM tnv ttm mentionea in mis sttnetra. ustrt ot tntt sttnatra «/•• »*ontw tavaea tntt attmmnttioa ot tnt vtuoiiv ot tn<r suen
otttnt nertn. tno me m* ot intnnoeannt ot suen rtqms. trt tntirtrv .n*r own rasoonsMyMv

ThU sitnatra is suoitet to rtvaan tt tnv am* ov tnt ttsoantioio tucnnicti eommnrw tna must ot rttitmta tvtrv in* <rttrs tna
it nor nomto. titntr rttoorovea or mtnartvm. rout commtntt tr» mrma »*nur ior mauon ot ina tttnatta or tor taaiuontt sitnatm
tna tnouia ot taortssta to ASTU Httoaotntrs. tour comments mm reetneu ctrrnn* coratotrmnn tt • mvttina ot me reioonsio*
ttametl commute*, wsuen you mtv tntna. a you >••* mil vour cc»i»ii»n<j nav* not rtcttvta a itir nttttna you tnouia /n»« your

ttnownio tnt ASTM Commute* on Sttnatras. 1916 Rtct St.. Pntnavortu. PA 19103.
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Designation: 0 1557 - 78 (Reapproved 1990)*1

Standard Test Methods for
Moisture-Density Relations of Soiis and Soil-Aggregate
Mixtures Using 10-lb (4.54-kg) Rammer and 18-in. (457-mm)
Drop1
This standans is iisueo under tne itxed desiination O 15S71. (he numoer immeatateiv toi.ownt tne destination indicates tne vear oi
onnnai aaootion or. m me case oi revision, me vear oi tail tevmon. A number tn earemneses indicates tne vexr oi last reaoorovai. *
supencnm eosiion ui indicates an eaitonai cnante since tne last revision or reaoorotai.
r/iu stanaara nan r>een anprmea tor me nv atenciet ni the Department ni Detente lYnutiir me DflD Inaex m Speeiiieannnt one
Siaaaarat tor me jwom uur of issue *nicn nas aeen aaootea nr tne Department ,n Oeiense

" Nort—section lu »a» added edttonailv in aeotemoer two ,

I. Scope 2. Referenced Documents
'..! These laboratory compaction metnoos cover tne de- ;.l ASTM Standards:

termination of the reiationsmo oetween tne moisture content c 127 Test Method for Specific Gravuv and Absorption of
and acnsitv ot' sous and sou-aggregate mixtures .Note i> Coarse Aegregate*
•vnen comoacied in a moid oi a given size witn a lO-lb D85-1 Test Metnod tor soecitic Gravits cit Soils
i-i 5-i-l.ei rammer drooped trom a neigntof 18 in. (457 mmi D2168 Test Metnods ior Calibration oi Laooratorv Me-
(Note 2:. Four alternative procedures are provided as fol- chamcai-Rammer Soil Compactors'
lows: " . D22!6 Method for Laboratory Determination of Water

l.l.l Method A—A -t-m. 1101.6-mmi moid: matenai (Moisturei Content of Soil. ROCK, and Soil-Aggregate
passing a No. 4 (4.75-mmi sieve: Mixtures-

1.1.2 Method B—A o-m. d:2.4-mmi mold: matenal D2487 Test Method for Classification of Soiis for Engi-
assing a No. 4 (4.75-mmi sieve: neenne Purposes*

1.1.3 Method C-A o-m. .lf2.4-.mn> mold: matenai D2488 Practice for Descnptton and Identification of Soib
passineaY«-m.<19.0-mmisieve:and (Visual-Manual Procedure. _

1.1.4 Method .D-A 6-m. U52.4-mm! mold: matenal E 11 Sjxcincation ior W,re-Cloth Sieves tor Tesung Pur-
passing a V«-in. (19.0-mmi sieve, corrected by replacement poses
for matenal retained on a Va-m. sieve. """

3. ApparatusNOTE i—Soils ana sou-aggregate mixtures snouid be reearoed as
natural occumnt line- or coane-eratnea sous or comoosites or mixtures 3.1 Mala*—The molds Shall be cvtmdncai in snape. made

i natural sons, or mixtures 01 natural ana nrocessea sous or aggregatê  -""f ngid metat and be wuntn tne capacuv and dimensions
suen as sut. zravei. or crujnea rock indicated m 3.1.1 or 3.1.2. The molds mav re tne "split

NOTE .—These taooratorv comoacuon test metnoas wnen usea on type, consistme eitner of two naif-round sections, or a section
sons ana soii-a«regatej wmcn are not iree-aramint wiil. m most cases. Oj pjpe spin along one element, which can be securelv locked
estaoiisn a we.i-defmeo ootimum moisture content ana maximum together to form a cylinder meeting the rcduiremems of this
density .see Section 7i. However, tor tree-orainint sous an? soil- sectlon. The molds may also be the "taper" type, providing
aggretaie mixtures, these metnoas »,.i not. m manv cases, oroouce a internal diameter taper is uniform and is not more than
weiWeimea moistutexjensitv reiationsnio ana tne maximthn densux ^ . ft fi ? hnear ta, of moid helght. f^
omameo will genenliv be less tnan mat ootamea ov vioratorv-metnods. TT L. I! u i. i A ,« I....«n«mold shall have a base piate assemoly and an extension

1.2 The method to be used should be indicated tn the collar assembly, both made of ngid metal and constructed so
specifications for the matenal being tested. If no method is they can be securely attached to or detached from the mold.
specified, the provisions of Section 5 shall eovern. ""•« extension collar assembly shall have a height extending

1.3 This standard does not purport to address the satetv above lhe X°P of the mold ot at lefl 2 m" (:(J mml "
•prooiems associated with tts use. It ts the rcsvonstbilitv ot the m* mcluae an uPPer featon tnat lkr" out V0,1,0™"I1
user of this standard to esiahiisn appropriate satetv and 5r°̂|nlonnerbe " ̂'f3* a "*"1' ^
health oracttces and determine tne aopticabiinv ot rezutaion- "j.j.Ĵ Ĵ  Tô n."' 101.6 mmi in diameter, having a
limitations prior to use. capacuv of •/»<. = 0.0004 ft' (944 a 11 cm-i and contominf

____ to Fie. i
These test metnods are under tne luniotcuon oi xSTM Committee O-18 on __________

Sotl ana Rock and are me airee. mwniinutv oi Subcommittee DIX.03 on —\———————
Tenure. Pluucitv and Oemttv Characteristics oi Soils. : Annual Boon ot ASTM Sianaaras. V ol (M 02.

Cunent edition aooww Aonl :'. :i>*« PuMishea Juiv \<)'t. Onpiwilv ' Annual 601*: oi ASTM Stanaaras. vol IM.08
ouwisnedasO 155^-51 T. Last orevious edition O Uf" - "•) * <«»«« fl'*1* "t ASTM Stanaara*. Vols«MOI.lWU6. and 1401.
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3.1.2 Mold. 6.0 in. 11:2.4 mmi in diameter, having a rammer snail be calibrated and adjusted, as necessary, m
caoacitv of '/i3.333 = -J.0009 t'tj (2124 = 25 cm-) and accordance with 3.2.2.
coniormmg to Fig. 2. - " 3.2.3 Calibration ana \atitatment—The mechanical

3.1.3 The average internal diameter, height, and volume rammer snail be calibrated, and aomsted as necessarv. before
oi eacn mold shall be determined betore initial use and ai initial use: near tne end ot eacn penoo dunne wntch the
intervals not exceeding KM) times tne moid is tilled. The ™°ia was tilled 1000 times: oetorc reuse atter anythmt
mold volume shall be calculated irom tne average ot at least including repairs, which mav affect the test results signm.
six internal diameter and tnrce ncient measurements made canllv: ana wnenever me test results are duestionaoie. Eacn
to the nearest 0.001 m. ui 02 mmi. or from tne amount of calibration and adiustment snail be in accordance with Tea
water required to comoicten till the moid, corrected for Metnods D 2168.
temperature variance m accordance with Table ! If the •••» Swnwe £.vmifl«r lootionaii—A lack, irame. or other
average internal diameter ana volume are not wunm the devicc aaamca tor me P«n>ose o. extruding compacted
tolerances shown in Figs, i v-r 2. the mold shall not be used. spe.cl.m"̂  trom tnf m, „. n| ., . „ ,n .
The deterrnmed volume snail he used in computme the 'A aatance*—l °;™nce or ~™ " ', ,„ " ,̂?;
required densities. ' ^̂ SSveŵ  01"
3.2 Kamm«--The rammer mav he either manuallv oper- ̂ ^̂ "̂  ̂nriostaticallvcomrolled. pretenUt

ated .see 3.2.1. or mecnan.cauv operated .see ....:). The . !orced.drat-t tvpe. capaole 0, maintaining a temper*
rammer snail fall free* inrouen a distance o. 18.0 = ••:. m. lure o|- ,?0 . M<F (no ± rc, ,or dctermimn?'„«. moislu«
.45,.. - 1.6 mm) trom in,- surtace 01 the specimen. The comem Q|. lh(J cornpaclcd SDecimen.
manuiacturcd weignt oi in,- rummer shall be 10.00 ± 0.02 !b -. 6 .v,fajlf/Mam_A st.lV metal strainntcdce o. anv con.
•-^=0.01 kgi. The iiwsmcn contact lace snail be tlat. ,emem lcrmn pul nol less inan ;,, ,n ,;«a mmi. The

• . : Manual Rumm,-> — . nc specimen contact tace snail scr30inc eace snail rme a straismtness tolerance ot ±0.005
-e circular witn a diamet-.-r : 2..KKI r -J.OO* m. 150.SU = ,n ,..._,_-t; mm) ana sna,i he reseieu 11 it i- tmckcr tnan •/> in.
i' 1.; mmi. The rammer snail r>e equipped w-ttn a £utdestee\e , ; mm,
\\hicnshall provide sutiicient clearance so that tne tree fall ot' •- .Va-n-v .'-in. t"5-mmi. -in. 114 0-mmi. and No. 4
tne rammer shaft ana !v>-a.i \viii not re resmtfted. The . 4.75-mm i. conforming to tne requirements otipcciiicauon
euidesieeve shall have lour \cnt notes at eacn end teignt holes £ \ \.
total, located with centers . = vn. in. 119.0 = l.o mmi from 3.8 .\iixmy Toot*—Miscellaneous tools suen as mi:
each end and spaced 9»* anan. The minimum diameter of pan. spoon, trowel, spatula, etc.." or a suitable mechai
the vent holes shall be • .n i» < mmi. device tor tnoroughh mixmc tne sample oi soil with
.".2.2 Mechanical Rumnii- — "he rammer snail operate mcnts oi water.

mecnamcaliy in such a manner as to provide unitorm and
complete coverage of the specimen surface. There shall he 4, procedure
0.10 ± 0.03 in. .2.5 = -> mm, clearance between the ' Speenm-n /•rWw«,..—S«leet a representative por-
rammer and the msioe suriace o. the mold at its smallest . adcaualc ,0 proviatf. Mm sievinf. an
oiamcter. When used NMIH tne 4u.,n. (10l.6-mm, mold, tne jmflum o, malena, weicnm? as ,ollowv N1emoas A_:5 h
SDecimen contact lace siun re circular w,in a diameter ot (, , kc). Metnoas B> c. ana D_M. |b ,;;, kei. Pretare
:.'JUU = 0.005 in. CM M. - : mmi. When usea «im tr.e sptfc,mens in accordance wim eitner - . : tnroucn 4 5.3 or
"U-in. il22.4-mmi moiu. :r.e specimen contact tace snail ^ . ̂
have the shape of a section oi a citric of a raoms equal to 4 , ( Drr preparation r>rm-caur<?—\\ the samoie is too
Z.VO £ 0.02 in. l o." = " 5 mmi. The sector tace rammer aamp lo f,e tnabie. reduce tne moisture content m dninf
shall operate m such a manner mat the vertex of the sector is untlj lhe matenai is friable: see 4.1.2. Dmn? mav be m air or
positioned at the center CM the specimen. Ttte rt.ecnamcat Ov the use of a dmng apparatus such that the temperature of

• \: tne sampie ooes not exceed UO'F iftO'Ci. Atier dmnf (if
TABLE 1 Vo4um» of wattr per Gram oa««o on Temp.iMiuif*'* required), thorouehly breatc up the aegreganons in such*

Ttnunraturt. *c !*e vaunt ot water mi/a manner as to avoid reducing tne natural size of the parudes.
12(53.6) "———————i 00048—————— Pass Ine material througn tne specified sieve as follow*
14157.2) 100073 Methods A and B—No. -i (4.75-mmr. Methods C and
16(W'B1 100103 D__..4.in. tl9.0-mm>. Correct for oversize matenal in ac-
ÎM.OI \ MI?" coraance wuh Section 5. if Method D is specified.
22 {71 6i 100221 4.1.2 Whenever praaicable. soils classified as ML. CL
2< as 2> ' Q0268 OL. GC. SC. MH. CH. OH and PT b<. Test Method D 2487
jIUI!!! 100375 snail be prenared in accordance wuh 4 1.4,
no ms.oi i oo43i 4 i .3 Prepare a senes oi at least four specimens nv addict

______32H9,6i____________' oo4..r______ increasing amounts of water to eacn samoie so that
- vatots otntr man mown rr,v :j soiamto ov rettfnno to me nanoooon c- moisture Contents \ arv pv aOPrOXimatet\ I • : ' i. The n

cntmntrv tna pnvsict • ture contents selected shall bracxet tne omimum mou
content, thus providing speamens which. \\ nen compacted

——————— will increase tn mass to tne maximum densitv and theft
n.-- i-jninnmi«..j ^.icxeiana. UH decrease in density tsee 7.1 and 7.31. Thoroufniy mix each

AR305UI8
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«*•«. n caaatrtt*. test croonm* n rus o«n otitfm

TABLE 2 DryPf-M-OTBec. M«mofl--&tinttnq Tim.»« oversize matenai in accordance with Section 5. if Method D
nimi'iim o 2*87 MMI.JH sunong nnt. n is specified. Prepare a senes of at least four specimens having
aw. GP. sw. SP -""•"hafMuranMnT ! " moisture contents that vary fay approximately 1 ¥2 %. The
CM. SM 3 moisture contents selected shall bracket the optimum mois-
uu ™ nuG£'sc \l Iure content, thus providing specimens which, when com-wn, \_«n, \jn. r i jo . • . » • i i————————————————————————-——— pacted. will increase m mass to the maximum density and

then decrease m density .see 7.2 and 7.31. To obtain the
appropriate moisture content of each specimen, the addition

________TABLE 3 Pfea«ion __________ of a predetermined amount of water (see 4.1.3) or the
sunowo *aa**tB» Hanot ot TWO removal of a predetermined amount of moisture by drying
otvwion. x •"**"'"• &«»••»••• «̂  may be necessary. Drying may be in air or by the use of a

————————————.———————trunt °* *fy VT— drying apparatus such that the temperature of the specimen
, 9 does not exceed 140*F (60'C1. The prepared specimens shall
9.5 then be thoroughly mixed and stand, as specified in 4.1.3

and Table 2. pnor to compaction.
MAMTIUTI OHWfy ±1.66 4.0

=O.B8 15.0 NOTE 3—With practice, tt is usuaitv possible to visualiv judge the
point of optimum moisture closeiv enougn so tnat the pretared
specimens will bracket tne point of optimum moisture content.
4.2 Specimen Compaction—Select the proper compaction

_ _ _ _ mold, in .accordance with the method being used, and attach
mertm son *nd «• woitei to luturt revision the moid extension collar. Compact each soenmen in five

layers of approximately eoual hetent. Each laver snail receive
25 blows m the case of the 4-m. 1101.6-mmi mold: each laver

TABLE 4 M«tne £duiv«i«m« .or figs, i «nq 2____ shali receive 56 blows in the case of the o-m. < 152.4-.nmi
n. ____ mm______ moid. The total amount of matenal used shall be such that

0.016 " """ eui I the fifth compacted layer is slightly above the top of the
0-028 OM moid, but not exceeding '/« m. 16 mmi. Dunng compaction
*̂ '•* the mold shall rest on a uniform ngid foundation, such as

vt* 3̂  provided by a cylinder or cube of concrete weighing not less
•/. 6.4 than 200 Ib (91 kg..
U** *-* 42.1 in operating the manual rammer, care shall be taken
<ft . . . • 127 to avoid rebound of the rammer from the top end of the
«* 15.9 guidesieeve. The guidesieeve shali be held steady and within
2 s<>-8 S deg of the vertical. The blows shall be applied at a uniform
|'A "̂  rate not exceeding approximately 1.4 s per blow and in such
4% io8.o ' a manner as to provide complete and uniform coverage of
*•* 11« a the specimen surface.
**•* ""<3 4.2.2 Mold Sizes—The moid size used shall be as follows:
6Vi ,65J Method A. 4.»n. (101.6-mmi: Metnoos B. C. and D. o-m.
8_______________2033______ (152.4-mm..
I ? 5 ? 4.2 J Following compaction, remove the extension collar

——^——————————————JJ——————— ' carefully mm the compacted specimen even with the top of
OJX04t 11 'the moid by means of the straightedge and determine the
''n«». 2124 ' J mass of the specimen. Divide the mass of the compacted
°-0009_____________2S • ' • specimen and mold, minus the mass of the mold, by the

volume of the mold (see 3.1.3). Record the result as the w«
density, ym. in pounds per cubic foot (or kilograms per cubic

specimen to ensure even distnbuuon of moisture throughout metrei of the compacted specimen.
*ad then place in a separate covered container and allow to 4.2.4 Remove the matenai from the moid. Determine
stand pnor to compaction in accordance with Table 2. For moisture content in accordance with Method D 2216. using
Uie purpose of selecting a standing time, it is not required to ««*»« tne wn°le compacted specimen or alternatively a
wforai the actual classification procedures descnbed in Test representative specimen of the whole specimen. The whole
Method D2487 (except tn the case of referee testing), if specimen must be used when the permeabUity of the
previous data exist which provide a basis for classifving the «™paaed specimen is high enough so that the moisture
,.|e ' content is not distnbuted unuormty througnout. If the wnole
1.4 Main Preparation Metnod—The following alternate soe«men ss used- brea* » "P w

[Procedure is recommended for soils classified as ML. CL. ^̂fI!!̂I!iy.ti!''!?!me". !'? ,.-,««!«•, inn tn son aOLnr cr- \ju ru r»u -,~A PT v« T.«« M.ti,/̂  r» -MOT axialiy througn the center and removing 1UO to .sou g^ GC. SC MH. CH. OH and PT by Test Method D 2487. mau.nal frQm QM Q{ ̂  ̂  ̂ ^- .
Q 5T,"8 tne1s?eraple' pas$ U l?ough x,he 4.2.5 Repeat 4.2 through 4.2.4 for each specimen pre-(19.0-mm) and No. 4 .4.75-mmi sieves. Correct for pared.
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5. Oversue Corrections tion can oe computed using tne following equauon:
.? ! If 30 % or more of the samoie is retained on a V*.in. »u, *• ((62.4. •. ,;i - • i 'G,)) x IOO

• i^.U-mmi sieve, then none CH tne metnods descnbed under where-
tnese metnods shall be used tor tne determination of eitner ., = moismre comem ,„ Dercem IQr CQm salurauon.
maximum densitv or optimum moisture content. «. . . cu

._ Methoas A ana B — The matcnat retained on the No. ner CUDIC metrei
- -••* o-rnm, sieve is discarded and no oversize correction ,s , - eravuv Q, the maienai ̂  ^^ (S£e N
mane. However, it is recommended that tt the amount ot "'
matenai retained « "T or greater. Method C be used Q,>4 . |y of waler ,„ DOunQS per cub,e fool (0f
' . . ; . . . _ _ , , . ... ,. kiioerams per CUDIC metre).:..• .Uc//.o<7 C-The matenai retained on the *4.in. 1 1 9.0- Non — 7j,e soccl,,e pnmn ol ,ne matenai can cuncr ̂  assume<»
mm i sieve is discarded and no oversize correction is made. ,.r taseo on me weicnteo avenwe values or. i <; i tne speciiic ?«MIV 01 the
However, if the amount ot matenat retained is 10 cc or matenai oasstnt the So 4 u '5-mmi ve\e m accordance »«h Tnt
greater, tt is recommended mat Method D be used instead. Metnod D 8?J: ana i/»i the apparent socctiic ?ravu\ oi tne mitenal

5.4 Method D retameo on tne No. •* u 75-mmi sie\e in accoraancc »nn Tc« Method
f.4.1 This metnod shall not oe used unless the amount of c '- •

matenai retained on tne • ;-m. 1 19.0-mmi sieve is 10 'r or "•- Optimum Moisture Content. « — The moisture con-
greater. When me amount oi matenai retained on tne v4-m. tent corresponding to the peatc ot the curve drawn as directed
sieve is less tnan 10 'V. uie Metnod C. in 7.1 shall be termed the "optimum moisture comem."

:.4.I Pass the matenai retained on the vj-m. i i^.O-mmi "-3 Muxtmum Dcnsttv. :m^— Thedn densm in pounds
se\e tnrouen a 5-in. or *J-mm sie\e. Discard tne matenai oer cubic toot t or Kiloarams oer curie metre. oi the sample at
-.•-.r.ncd on me .;-m. Mexe " :-.e matenai cassme tne .;-m 'Motimum moisture comer.;' ^hall he termed "maximum
.;••-.- and retained on me .-.n sieve snail oe reotaccd wun aensiu '

_.". cuuai amount ot matenai passing a -a-m. iie\e anu
retained on a No. -J i4 "5-mmi sieve. The matenai ior **
r:piacement shall be IUKCII irom an unused ponion oi the *.! The repon shall include the tollowinc:
samoie. ' S.I.I Method used l Metnod \. B. C. or Di.

8.1.2 Optimum moisture content.
6. Calculations 8.1.3 Maximum densm
M Calculate the moisture content and the drv densitv of 8''-4 Descnptton of rammer .whether manual or

eacn compacted spec ren us loilowv chamcalrS. I .? Descnotu.n oi appearance ni matenal used in tea.
»• - (i i - in i n - . i| x HKI baseti on pracijcc D 2488 i Test Meinod D 24S7 may be used

and as an alternative).
. . j- , - HXIII x ux. s*-'-ft On?'n of matenai used in test.

8.1." Preparation procedure used t moist or dm•A nere:
• - moisture content m percent of the comoacted spect- 9. Precision

mens- J I Cntcna ior ludemc tne acccptaniiuv oi the maximum
= mass oi contained ur.o moist specimen. jensitv and oottmum moisture content test results are ctven

a * mass ot container anu .nen-dned specimen. m Tab|tf ; The stanuara aeviat.on s is catcuiaied irom the
f. =* mass of container. eduation:
• .. » dr>- density, in pounds per cubic foot (or kilograms

per cubic metrei ot the compacted specimen,, and ' .- * —— *• i \ - TV'
• . ̂  wet density, m pounds per cubic foot tor kilograms •• - i -

per cubic metre, of the compacted specimen.. where:
„ ,. . _ . _ . . ,. • » « number of determinations:
. Moisture-Density Relationship v , tndividuai vaiue ol- cach determination: and
".I From the data obtained in o.l. plot the drv densitv v ™ numencal average of tne deiermmations.

values as ordmates with corresponding moisture contents as 9.2 Cntena for assigning standard deviation \alues for
abscissas. Draw a smooth curve connecting the plotted singie-ooerator precision are not available at the present
points. Also draw a curve termed the "curve of complete time.
saturation" or "zero air voids curve" on tms plot. This curve
represents the reiauonship retween dry densitv and corre- '^ Keywords
spending moisture contents w nen the voios are completed 1 0. 1 maximum dry densitv: modified proctor test: mois-
silled with water. Values oi drv densitv and corresoondine ture-densitv: ootimum moisture content: optimum water
moisture contents for ptotune tne curve of complete satura- content: oroctor test
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(jCjM Designation: 01586-34

Standard Method for
Penetration Test and Split-Barrel Sampling of Soils1
Thn Maaart n IMAM unoer we tiud oetienuien O 151 ft: me minuter irntneoiatei v followim we eeuenauoo inamtn we \nr w
oncnuiMOonofior m we eue M tevmon. we veir M wu revwon. A numeer m eifenincaet mawatn we vev oi uu reioorovai. %
ttiaencnm eouion u • inoicaie> in tonorui enante fence we im revmea or rooprovit. . ,,
Ttntmmtoa Ml nt-* urrwnw tar ««• »i-«rmrm m mr OfMnmrm i« Dfttmr tat Mr nmnr m Mf OOO /»« IM .XHTincatHMf «n«i

I. Scope 3.6 hammer drop mwm—(hat ponion of the drive-
1.1 This method describes ihe procedure. generally **»«*» assemoly by which the operator accomplishes the

known as the Standard Penetration Test iSFD. for dnvtng a >'&"* nd dropping of the hammer to produce the blow.
split-barret sampler to obtain a representative soil sample 3.7 Aammrr M jinfl*—that part oi lhe dnve-weight
and a measure of the resistance ot the soil to penetration of assembly used to guide the fall of the hammer.
:ne sampler. •*•* V-va/MC—»he blowcount reoresentation of the pene-

-.2 TMs'standardma\-in\-*mt'na:araottsmatcnats.vr*r. trauon resistance of the soil. The >-%ame. reported in blow*
.<ww» and equipment, ":* Miwara does not /wmnrr r,. per foot, eauats the sum of the numoer of Wows reamred w
jjjrtM <i// of the satetv pmwiiin a.\soctatea nun its HW. /.* /t Jnve lne samoierj.»ver tne deptn interval pi h to IA in. 1150
'.ic rcwmsiottttvm'vnnevfr w»rT /«u stanaara to cvnsitit anu -° ̂u mm•'see '..M.
,-j/wiwi appropriate saw\ -/;*/ mw/« practices-ana ttcwr- •* ° iA—*ne numrcr oi bkm« optamed irom eacnoTthe

»fr»ic' /w appttcabiittv t» mrum/im- iimaanons pnw in jwi- n"m-'! -0-mmi mien-ais oi samoier cenetration is« T..M.
For a specific precautionarv «atemem. see 5.4.1. -;-»0 mimwr m rr»p«' twns—<he total contaa angle be-

I 3 The values statea in mcn-oouno units arc to tc '»'««» inc ™w and the cathead at the bepnmne of the
rczaracd as ihe standard operator s rope slackening to drop tne hammer, divided by
* V . . - " • - . 360*(seeFig. I ) .
'eferenced Documents . 3.11 sampnnv rna«—rods that connect the drive-weight

.-—,-- _,. . assemblv to the sampler. Drill rocs are often used for thaASTM Stanttarttx . we
D248T Ten Methoa tor i uuukaaon of Soils tor Enp. 5ti: 5rr-abbreviation for Stanoard Penetration Test.*
«55S1? "W0"- ,.. . . _ ../.' term by which engineers commomy refer to this method.D 2488 Practice for Description and Identification of Soils
iVisual-ManualProceourer ^ 4t significance tod Use , .,

D4220 Practices ior Preserving and Transporting Soil .,,«.- * ' ' ̂" ' \ _ i '/„ U4.....*.-...MSamnleŝ  . 4.1 This metnod provides a soil sample for identiiicauoa
purposes and for laboratory tests aoorepnate for soil ob-

X Descriptions of Terms sotcific w This Standard «wn« from a samoier mat mav produce large snear strain
:.l anm-thai portion ,;: me unve-««gnt assemr.x ^̂  melHodTû d extenstve.v m a great variety of

which the hammer stiues ana through wmcn the namrner geoiccnnicai esoiorailon proiccls. N,anv local correlations
energy passes into the dnil raok , ,, a ^ t publ|$hca correiauons which relate SP1 blow-
3r yS*?** rOUUn? ''T.0' *indl3SS m thC rOPC" count, or A-valuc. and the engineenng behavior of ear*-cathead lift system around wmcn the operator wrma rope JL,,. ..->-,..-,..*...- .-..taw*

10 lift and drop the hammer m successivei> tighyrmng and; '̂ >̂  ̂ -fa««*̂  •« »̂ «W*-.
loosening the tope turns around the drum. „ * . -, 5 ABParmms . ., -
3.3 dnll rods—rods used to transmit downward force and " _ „ ' " , ... " M...__. -.,!,

torduetothedriUbitwhilednllinttaporehoie. ' -*•» °""we EWP»™-*™ drtlhng equipment tba
3.4 tnv+wthi «*rm-n-_ device consisting of tW Pn̂ 065 « «« ««« « wnohnt a nmaUy denhOPcn hote

hammer, hammer fall guioe. tne anvil, and anv hammer ^̂  msenwn of lne samo'er '̂ ""f̂ Î lŜ fSTdropsvstem ' uon test« Penormed on undisturtsed soil shall be acceptable,
3.5 Aammet̂ hai ponion of the dnve-weight assemblv "The lollowing pieces of equipment hl̂ jwoven tojbe

consisting of the 140 s : :b .63.5 = I kgi impact «eight «"ttbl'lor wvancmg a oorehole in some subsunace condV
which is successively lifted and dropped to provide the Mons;, ./ ".."•
energy that accomplishes tne sampling ana penetration. ' fj;»-« *"• Cfcppiw.*• . 1162 mm tand greater tnan 12

: • -• . •-. ; be used tn conmction with open-hole rotary dnlling or
eriwr*ft»«:um^^ casint-aavanccment drilling metnods. To avoid disturbance

n IM *rm moominnii.«wKommmcc ox.u: on umtmnn MM ot the unocnvmg soil, bottom discharge bus are not per*
Kftt.ro Md TeamfcrSemmniMaiioa. ^ mmea: on|v j;de tfijcharje bits »re permttied.
Cumm e«uo» mmuw fcuL .. -*M PuMniwa .\o»«fwef i«« OntiMiiv 4 , , O-//-LX--_- p.,! i—. than Ai'in (9i«(«i.ea»oisi6.5iT.u«trf»io«e«ioiiOis>»..i.To«%. "-1-- Koller̂ Cone Bus. less wan o.a in. 1
• iwiMM *•* «.45TW SuiniM'-- «MMI» ; greater than 1.2 in. t56 mmi in diameter mav be usea
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i~r.
•flope

Section A-A
•11 couniefcxxxwu* rotation

aooroximjieix !*•« (urns

tr/ff/Ti
' U

i oi ewcKwue rotation Section 8-3
aoeroHTiaifiv J1/. turns

RO. 1 0««nttxx.« ot tli* Numotr of Hop* Turns and turn Angle tor (a) Counivmockwic* flotation ana lb\ Clocuwim* flotation at ft*
Cawtaa

conjunction with open-note rotary- dniling or casing-ad- record if used. The use ot a samoie retainer basket is
vancemem drilling methods if the drilling fluid discharge is permuted, and should also be noted on the penetration
deflected. ' record if used.

5.1.3 Hollos-Stem Gmmm.m. F!ie/t, ...,«-„. wuh or N<m ,_̂  |BMn. ana ava|lah(e |CM dj(a $uant that Vvaluo
Minout a center bit assemoly. may be used to dnil the mav Increase oeiwnn (U lo J0 «-r unen „«„ 3re usea.
ronne. The inside diameter ot the hollow-stcm augers shall
-i less man 6.5 in. < 162 .-nmi ana greater tnan I.I :n. irr> -•* DnvfHeieiu .-l.svrmmY
-m, " :.-i.l Hammer ana An\n—The nammer shall v^eien I4u
:.1.4 SoW. Cow//n«>«i /-Vitw. 5Mc.v« ana Hana Augers. - - lb (b3-5 = ' k?'ana sna" bc a soua n^a metallic mass.

.«$ than 6.5 in. (162 mmi ana greater tnan 1.2 in. (56 mmi The nammer shall stnKe the anvil ana make steet on steel
;n oiameter may be used if the soil on the side of the bonne contact when u is dropped. A hammer tall guide permuting a
Joes not cave onto the sampler or sampling rods dunng free faU snaU be used- Hammers usea with the cathead and
sampling. , rope method shall have an unimpeded overtoil caoacuy of at
5.2 Sampling Rods—Rush-joint steei drill rdds'-shall be least« "». 1100 mm i. For satetv reasons, the use of a hammer

used to connect the splu-barrei sampler to the dnve-weight assembiv wuh an internal anvil is encouraged.
usembly. The sampling rod shall have a stiffness (moment NOTE .«—U is suggested that the hammer fall guide be oemanentK
of inertia) equal to or greater than that of parallel wall "A" marked to enaole tne operator or inspector to .uage me nammer crop
rod (a steel rod which has an outside diameter of 1 •/<( in. height.
•M.2 mmi and an made aiameter of IV* in. CS.5 mm). 5,4>: Hammer Drop Svstein—Rope-cathead, tnp. semi-
NOTE l —Recent research and comoaranve tesiin* indicates me tvp* automatic, or automatic nammer drop systems may be used.

•M used, witn stiffness ranfine irom "V size rod to -N" size rod. wiii providing the lifting apparatus will not cause penetrauon of
jsatuv have a negiinble eiFeci on tne A-vatuei to demns oi" at least 100 the sampler while re-engaging and lifting the hammer.
'"30ini- 5.5 Accessor̂  Equipment—Accessones such as labels.
5.3 Solii-Banci Soin/wr—The sampler snail be con- samP'e contamen. data sheets, and groundwater level mea-

aniciea with the dimensions indicated m Fig.1. The dmina sunn? devices shatl be Provlded m accordance wuh the
woe snail be of hardened steei and shall'be replaced o'r requirements ot the proiect ana other ASTM standards.
•'coaired when it becomes dented or distorted. The use or'
uners to produce a constant inside diameter of l3/» m. (3;. 6> Drillin8 Procedure
mm« is permitted, but shall be noted en tne penetration 6.1 The bonng shall be advanced mcrementallv to permit
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OPEN SHQg HEAD ROLLPIN

(2 ar ̂8 fn.
dijnwter.y

i 0 to 2.0 m. 125 to SO mmi
18 0 10 30.0 m. (0.4S7 to 0 762 mi
' 375 = 0,005 n. 134.93 ± 0 1 3 mmi
• 50 s 0.05 - 0.00 «, (38.1 ±'3-00 mmi
•J :0 ; 0.02 in. (2.54 ±0.25 mmi
2 00 s 0.05 - 0.00 «. (SO.B s t 2 - 0 0 mmi
1 60* to 23.0*

'he l '» m (38 mmi root oiameief son oarret mgv oe USM vwm a 1 6-qtgt wv tmc*nn» tout *ner rne oenair atmg ena ol tne onv« snoe mav o* sngray round. MM
or OMSUC rtuwiar* may CM uiau 10 retain SON samoMS.

RO. 2 Split-Ban*. Samoiar

'ntttent or continuous sampling. Test intervals and groundwater tevei at ail times dunng drilling, removal of drill
are normally stipulated bv the project engineer or rods, ana sampling.

geologist. Typically, the intervals selected are 5 ft (1.5 mm > _ .. . _ . _
or "less m homogeneous strata wuh test and sampling Saunpiin* «nd Testing Proctdnre
locations at every change of strata. 7- ' After the bonng has been advanced to the desired
6.2 Anv dnlliijg procedure that provides a suitably clean samP.mg elevation and excessive cuttings have been re-

and stable hole before insertion of the sampler and assures moved, prepare for the test with the following sequence of
that tne penetration test is penormed on essentially undis- operations.
turned sou shall be acceotaole. Each of the following " L1 Attacn the split-barret sampler to the sampling rods
proceoures nave proven to DC acceotaote for some suosunace and lowcr mto tne borenoie- Do n°l allow tne samP'er w
conditions. The subsunace conditions anticipated should be drop onto tne soil to be sampled.
considered when selecting tne dnihng method to be used. '-L2 Pros"lon the lhammj:r ̂ ve and«^cn the anvil to
6.2.1 Open-hole rotaxv dnllmg method. the top of e "*1* .rods' 1S ". te d?nej±̂  *^ '<:h, 7̂2Ŝ sr«ŝ ^6.3 Several dnihng methods produce unacceptable lhe bonng. remove the ampler and sampling rods from the

bonngs. The process of jetting througn an open tube sampler r̂ing and remove the cuttings.
and then sampling when the desired depth is reached shall 7. , A Mark the dril, rods in three successlve 6-in. (0.1 5-m)
not be permitted. The continuous flight solid auger method increments so lhal the advance of the sampler under the
shall not be used for advancing tne bonng below a water ,mpact of the hammer can be easily observed for each 6-in.
table or below the upper comming bed of a confined (0.15-m» increment.
non-conesive stratum that is under anesian pressure. Casing 7.2 Drive tne sampler with blows from the 140-Ib (63.5-
may not be advanced below the sampling elevation pnor to kg) hammer and count the number of blows applied in each
sampling. Advancing a bonng witn bottom discharge bits is 6-in. (0. 1 5-m i increment until one of the following occun:
not permissible. It is not permissible to advance the bonne '.2.1 A total of 50 blows nave been applied dunng any
•ubsequent insertion of the sampler solely by means of one of the tnree o-m. (0.15-mi increments descnbed in 7.1.4.

:ous sampling with the SFT sampler. 7.2.2 A total of 100 blows nave been applied.
,,.4 The drilling fluid level within the bonng or hollow. 7.2.3 There is no observed advance of the sampler durinj

stem augers shall be maintained at or above the in situ the application of 10 successive blows of the hammer.
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".2.4 The sampler is advanced the comoiete 18 in. (0.45 designation, bonng number, sample depth, and the blow
m ̂ without the limiting blow counts occurring as described count per 6-in. (0.15-m> increment. Protect the samples

"..1. 1.22. or 7.2.3. against extreme temperature changes, if there is a soil change
. Record the number of blows- reauired to effect each 6 within the sampler, make a lar for each stratum and note its

.n. (0.15 mi of penetration or traction thereof. The first o in. location in the sampler barret.

.5 considered to be a seating dnve. The sum of the numoer of
r. lows required for the second ana tmrd 6 in. of penetration is Report
•.srmed the -standard penetration resistance." or the 8-1 Drilling mformauon shall be recorded in the field and
" V-value." If the sampler is dnven less tnan 18 in. (0.45 mi. sha11 inci"de the following:
as permitted in 7.2.1. 7.2.2. or 7.2.3. the number of blows 8-1-' Name and location of job.
per each complete 6-in. (0.15-mi increment and per each 8.1.2 Names oi crew.
partial increment shall be recorded on tne bonng log. For 8-1-3 Type ana maice ot drilling macnme.
partial increments, the depth of penetration shall be reponed 8- l -4 Weaiher conditions.
:o the nearest 1 in. (25 mm), in addition to the number of 8-1-5 Date and nme ot stan and fimsh <" bonng:
blows. If the sampler advances beiow the bottom of the 8'L6 Bonn* numoer and locauon (stauon a"d coonii-
bonng under the suuc weight of the dnll rods or the weient "*«*• if ava>iable ano applicable).
of the drill rods plus the static weient of the hammer, this 8- \'l Surface elevation, if availab e.
information should be noted on me'bonng log. 8- -8 Method of advancing and cleaning the bonng.
-.4 The raising and dropping of the 140-lb (63.5-kei 8-1-9 Method of keeping bonng open.

nammer shall be accomplished using either of the following 8-UO De<"n, of w?««llsun«:B.Jlnd dnilin? deotn at 'he,.vo moods' " " ume ot a noted 'oss ot dnihng tluid. and time and date when
--i.l Bv using a tnp. automatic, or semi-automatic reading or notation was made.

-immer arop system wnicn :i:ts tne UO-lb <o3.5-k*. S'L11 Location oi strata cnanees.
-.ammer ana allows it to arop Jy = :.u in. .0.76 m-s 2: mm. *-Li: Size ot casing, aeptn oi casea portion of bonng.
•nimoeded S.I. 13 Eauipment and metnod ol driving sampler.
" ' 4.2 Bv' using a cathead to pull a rope attached to the 8-U4 T>'P« """P" and len*tn and mside d'*n««- of
nammer. When the cathead ana rope metnod is used the oarrei (note use of liners).
s\ stem and operation shall comorm to the following: ' 8- ' • » 5 Slze- 1>'PC- and sec"on Ien?ln 01 the ̂mpi'ng rods.
7.4.2.1 The cathead shall be essentially free of rust. oil. or and

grease and have a diameter in tne range of 6 to 10 in. (150 to «'i .1 marks" _, , , ,,L _ , _ , - , .mm , 8.2 Data obtained for each sample shall be recorded in the
4.2.2" The cathead should be operated at a minimum field anQ shail Inciude tne 'bilowmc:

speed of rotation of 100 RPM. or the approximate speed of »~ * Sample deptn and. if utilized, the sample number.
rotation snail-be reponed on the bonng log. $T7 Descnpuon ot soil.
'.4.2.3 No more than 2 -A rope turns on the cathead mav S...3 Strata changes within sample.

* used dunng the periormance of the penetration test, as 8-;'c !amp'er pen"ranon and TK°vcrf '=n?tns- and . .snown in Fig. 1. " 8---- ;NumDer ot blows per 6-in. i0.l5-m» or panial
increment.

NOTE •*— The ooerator snouid eenennv use ettner r * or 2"4 rone 0 Precision and Bias

'^^ "•« Vanations ,n A-va.ues o, 100 r, or more nave been
jnoacceotea thai 2V. or more rooe turns consiaenolv ttnoeoes tne fall observed wnen using different standard penetration test
:i me nammer and should not oe usea to oenorm tne lest. The catneao apparatus and dnllers ior adtacent bonnes in the same soil
rooe snould be maintained in a reiauvetv dry. clean, ana untnved . formation. Current Opinion, based on field experience.
condition. . . indicates that when using the same apparatus and driller.

< .. \-valucs in the same soil can be reproduced with a coefil-
7.4.2.4 For each hammer blow, a 30-in. (0.76-mi lift and cient of variation of about 10 ?c.

arop shall be employed by the operator. The operation of 9.2 The use of faulty equipment, such as an extremely
Dulling and throwing the rope shall be performed rhythmi- massive or damaged anvil, a rustv cathead, a low speed
cally without holding the rope at tne top of the stroke. cathead, an old. oily rope, or massive or pooriv lubricated
".5 Bring the sampler to the sun'ace and open. Record the rope sheaves can significantly contnbute to differences in

percent recovery or the length of sample recovered. Descnbe \-valucs obtained between operator-dnll ng systems.
'•ne soil samples recovered as to composition, color, stratiu- 9.3 The variability m A-values produced by different drill
nation, and condition, then ptace one or more representative ngs and operators may be reduced by measuring that pan of
oonions of the sample into scalable moisture-proof con- the hammer energy delivered into the dnll rods from the
ainers ijarsi without ramming or distorting any apparent sampler and adjusting .V on the basis of comparative
stratification. Seal eacn container to prevent evaporation of energies. A method for energy measurement and A'-value
wu moisture. Affix labels to tne containers beanng joa adjustment is currently unaer development.
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Tht Antunetn ̂ocittv tor Ttaana tna Mtttnua tt*n no oatmon reoccur)? rn* vtMOitv ot tnv otttni ngna tsttata m connection
witn tnv item mennonto m tna tttnatra. ustrt ot inn tttnatra tn t*orttttv tavata tntt autmmmon ot tnt vtuaitv of any tucn
otttnt rignts, ina tnt nut or inrnngtmtnt ot suen ngna. tra tmirtiv tntir own rtsoomioiHlv

This titnatro u luoitet to revision tt tnv time ov me rexoonxro'c tecnnieti commmtu tna must ot reviewta tvtrv tivt years ana
'I not rtviiea. tuner rttoorovta or witnartwn. rour comments tru invnta tantr tor rtvitan ot ina sitnatra or ior taaitanti sttnatra*
'tna tnouia oe taartssta to ASTU Hetaautntn. roar comments wm rtctnt ctrttui eonsiatrttion tt t mewing ol int rtsoonsioit
tfcnnieti commute*, wntcn vou mtv tntna H vou few tntt vour commtm ntv* not rectivta t ttir netrma vou snoua mtxt vour
vi«w» Known to int ASTM CommnrM on Sttnatrat. i9T6 flac« S(.. Prnitattomt. PA 19103.
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Designation: 0 2166 - 35"

Standard Test Method for
Unconfined Compressive Strength of Cohesive Soil1
This nanoaro it IHUM unaer tne lined animation O 216h: me numoer immediately loilowint tne animation inaieatei tne vear ol
onunai auootion or. in me case oi rc.mon. me vear ot list revision. A numoer in oartmnnci maicates tne vear oi lau reaooravtl. A
.upcncnm coition i>i indicates an eaitonat cnange uncr tne last revmon or reaoorovai.

" NOU—x-uion ii »aiaooeaeaitonaiiv in January i1***_________________________________

I. Scope O2487 Test Method for Classification of Soils for i
I. t This test method covers the determination of the neenng Purposes-

uncontined compressive strength of cohesive soil in the D 2488 Practice tor Descnption and Idemificauon of S
undisturbed, remolded, or compacted condition, using (Visual-Manual Procedure)- _
strain-controllcd application ot the axial load. " D285° Tesl N1ethod for ĉonsolidated. Undone;

!.2 This test metnoa provides an approximate vaiue of Comnressive;Strength of Cohesive Soils in Tnaa
•..ne strenetn of conesive sons in terms oi total stresses. Compression- . _„

..3 This test metnoa is aopucaole omv to conesive mate- D4::° P«««?es =or Preserving and Transporting So:
nais whicn will not cxoct bleed water (water expelled from Samples* f
me soil due to- ueiormation or compaction) dunng tne D43is Tesl Metno° ''or M«uld Limu- PIast:c Linuua
loading ponion of the test and which will retain mtnnsic Plasticity Index oi Soils- ^
strengtn after removal oi confining pressures, such as ciavs or -
cementea soils. Drv ana crumply soils, fissured or varvca -• Terminology ^
matenais. silts, peats, and sands cannot be tested with this 3.1 Refer to Terminology D 653 for standard dcfinirioi
method to obtain valid uncontined compression strength of terms. :-
values. 3.2 Descrtpttnm ol'Terms Specific to this Standard:
Nwr .-The aeierm.nat.on o, the unconsolidated. undone* 3.2.1 uncwuimu COmpnxme Strength fjj-«he COtlUOT

sirengih bi cohesive sons w.m lateral comincmen. is covereo tiv Test «ye stress at which an unconlined cylmdncai spccunea t
Method O 2850. soil will fail in a simple compression test, in this test metho

1.4 This test metnod is not a substitute for Test Methoa «"«"'"«"«. compressive strength is taken as the maxima
D Tg5Q load attained per unit area or the load per unit area at 15

LS The values stated ,n SI units are to be regarded as the aml slram' *™cnevcr is secured first dunng the perfott
standard. The vaiues stated ,n mcn-pound units are approx- **?£ ̂  wwfw/f (^ _,br unconftncd compresa

. -' T-f • strenetn test specimens, tne sncar strength is calculated to1.6 Tins stanaara mm-im-nive iiasaranus materials. t>ner~ >uc.i...u. i»i »«»•.. «̂ »• ,,.,.,„,_* ri.r,.,~. ,n ; •> t-. •• oi the compressive stress at lailure. as denned in j._.l.Mttms. ana couipmrnt. THIS uanaara ain-s not purport in w
iiadressailafthexatttvnrnnfemxassociated with its list*. It n j c- T A \'
int? resptmstbilitv tn wntH-ver axes this standard to consult and . oiem icance an sc
cxtaMish appwpnau- \aiciv and health practices and deter- 4-1 The pnmarv purpose of the unconftned compress
mine the appiicabiinv oi remiiaiorv limitations prior to use. test is to quicklv obtain the approximate compress

• •. strengtn of soils that possess sufficient cohesion to pen
2. Referenced Documents ' testing tn the uncontined state.

. 4.2 Samples of soils having siickensided or fissured sir
~l̂ i*,(.?'!aar2S: , c- , ,.,.,' ture. samples of some types of loess, very soft clays, dry z
D422 Method lor Panicle-Size Analysis of Soils- crumblv soils and varved matenais. or samples contain
D 653 Terminology Relating to Soil. Rock, and Contained Slgmf,cam pon,ons of silt or sand, or both (all of wh
FJu'ds" , usuailv exhibit cohesive properties., frequently display hig

D 854 Test Method for Specinc Gravity of Soils- shear strenglhs Wnen tested in accordance with Test Met!
D 1587 Practice tor Thin-Walled Tube Sampling of Soils- D ,850 Also unsaiuraled soils will usually exhibit differ
D2216 Method for Laboratory Determination of Water snear sl'renEtnS when tested in accordance with Test Met
(Moisture) Content oi Soil. Rock, and Soil-Aggregate D''SSO
Mixtures- 4j jf boxh an un(iislurbed and a remolded test

_______ penbrmeo on the same sample, the sensitivity of the mau
,_ _ , c_. • . c , can be determined. This method of determining sensitivi
Thit MM metnod w under tne lunvjtci.on of ASTM Committee Ol * on Soil _ _ . _ • _ - i .u— __ ,-,*,* * uahU «n««»mi»n «Kand Rock and » me direct Tnoonvoiiiiv oi Subcommittee OI8.0J on stnieiuni sutubie only lor soils that can retain a stable specimen st

Prooenie»o.so.i». in the remolded state.
Current tdUHmM-oravedJulv.^. 1985. Publishwl Sewemner I9H5. Onenail\ .. . _ ._

wtmnieduOZlftn-o'T Luiorcoou* COI.KHI Oil 66 -<x>.19791" NOTE 2—For sons that wiil not rctun » SUM* miBfc « vine sne*
go* at ASTM Sianaann. voi 04.0S. or Test Method D 2830 can oe useo to oeienmae jeasmvnv.
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f Taratus oe oenormea to connrm tne visual ooservanon and the results orovtaed
... Compression Device— The compression device mav *un tne test rcnott-

re t platform weigntne scaie eauippea witn a screw-iacK- 0 2 L-aaisturnea Soecimem-PrnzK undisturbed speci-
•ctivated load yoke, a nvorauiic loaoinc device, or anv otner mens ,rom iaree unoisluroea „„„„ or trom „„,„,„
.-jmoresnon device wan suuicient caoacitv and control to securcQ m accoraance Wlth Practlce D (<87 and vmerf«i
rroviae the rate o« loaame orescnoea tn /. I. For soiliwitn an ^ transDOrtea m accoraance Wlh the pracuces Ior Group
jnconnned compressive strentin o, less tnan 100 kPa (1.0 c ta m Practjces D 4,-a Tube Pspcamens mav b*

=̂ 5j=wr==r=:
! u ton/ft-) or greater. :.-.* compression device shall be sPecimens careIU»V w P™«« disturoance. changes in cross
cacaoie of measure tne compressive stress to the nearest 5 bC5tton- °r °" ol water comei"; £comDrcs?°n ™ ™ "*P To 05 ton/fr. " ol nouceaDle disturoance would be caused by the extrusion
" :.I Sample Extntacr. .apaoie of extrudtne the soil core device' sphl ̂  fmple WDe *?***"? °r CUl" °ff in S™atl
trom the sampling tube m me same direction of travel in SCCtIOns l° 'acilllale re™0val of the sPCC!™n wllhoul
,n,cn the sample entered me tuoe. at a uniform rate, and a>«uroan«- ?«*»« «w«* specimens without disturoance.
»itn negligible disturoance •.-. tne sample. Conditions at the ™d wnenev" Possiole. in a humidity-controlled room.
urne oi" sample removal max dictate tne dircaion of re- Make *"T' lo.Prevuem anv cnan?= «n ̂««r content ot
•novai. but the pnncipa. concern is to keep tne aeeree of the sou' Specimens snail be ot unnorm circular cross section
sturoance negiigioie " wltn cnas Perpendicular to tne longitudinal axis ol the
"• J Dctormatwn //"../H... . — The uetornTation maicator ^Pectmcn. When carvme or tnmmtne. remove anv small
-M oe a dial indicator uru-jaicu to u.03 mm iu.001 m.. or :3eooles or snehs encountered. Caretuilv till voids on tne
r-.ter and having a travel- rur.ue 01 at least 20 cc of the iengtn sunacc OI lne *P««n«n w»" remolded sou obtained irom tne
! me test specimen, or some inner measunng device, suen as trimmings. When pebbles or crumpling result in excessive
a electronic deformation n.<:auinng device, meeting me* 'rreguiantv at the ends, cap the specimen wuh a minimum
rcQuirements. thickness ot piaster ot pans, hydrostone. or similar matcnai.
J.4 Dial Comparator. .T otner suitable device, for mea- When *»npie condition permits, a vertical lathe that will

- ~ng the physical dimensions of the specimen to within accommodate the total sample may be used as an aid in
'c of the measured dimension. carving the specimen to the required diameter. Where

prevention of the development of appreciable capiliarv forces.̂ .î sŝ ^ »d—* '""x™- -<ihe *~"r -h a -bbermembrane, thin plastic coatings, or with a coaung ol grease
: 5 Timer—* timtnc uc%. -.cc indicating the elapsed testing Or sprayed plastic immediatelv after preparation and dunng

::me to the nearest seconu snail be used for establishing the -he entire testing cycle. Determine tne mass and dimensions
•ne of strain application rwcnbcd in 7.1. . of the test spec,men. if the specimen is to be capped, us mass

f 6 Balance—The balance used to weigh specimens shall and dimensions snould be determined before capping. If the
:r.ermme the mass 01 me > recirr.cn to within 0.1 ci of us entire test specimen is not to be used lor determination t>i
r.aî mass. '.water content, secure a representative sample of cutttncs ior
: " Equipment, as spccii:eu in Method D 2216. lhis puroose> ptacing them immediatciv in a covered eon-
:.S MuceUanenm .I.V(//W;//N. including specimen tnm- tamen The water content determination shall be penormed

•nine and carving tools, remolding apparatus, water content m accordance Wlth Method D 2216.
ans. and data sheets, as rcuuirea. ^ • 6 3 R(.moi(Jt.̂  Specimen*—Srxcimcns may be prepared
, n . . either from a failed undisturoed specimen or from a dis-
*. Prepiration of Test Specimens . .. lurbea sampie- prov,a,ng u is representative of the failed
6.1 Specimen Size—Soeeimcns shall have a minimum undisturbed specimen. In the case of failed undisturbed

-lameter of 30 mm (l..; :r..i and the largest panicle con- specimens, wrap the matenal in a thin rubber membrane
'Jined within the test specimen shall be smaller than one- and work the matenai thorougnly wuh the fingers to assure
'Jnth of the specimen uumetcr. For specimens having a complete remolding. Avoid entrapping air in the specimen.
:nmeter of 72 mm (2.S in. i nr larger, the largest panicle size Exercise care to obtain a uniform density, to remold to the
•nail be smaller than one siun of the specimen diameter. If. same void ratio as the undisturbed specimen, and to preserve
wer completion of a test or. an undisturoed specimen, tt is the natural water content of the soil. Form the disturbed
'•Jund. based on visual obsen ation. that larger panicles than matenal into a mold of circular cross section having dimen-
xnmtted are present, .r.utcatc this information m the sions meeting the requirements of 6.1. After removal from
-marks section of the resort of test data (Note 4). The lhe mold. determine the mass and dimensions of the test
"«|ht-to-dtameter ratio snail he between 2 and 2.5. Deter- specimens
Tne tne average heignt ar.u diameter of the test specimen 6.4 compacted Specimens—Specimens shall be prepared
'"I the apparatus specified tn 5.4. Take a minimum ot lo the predetermined water content and density prescnbed

"fee height measurements ii:0'apani. and at least three by the individual assigning the test (Note 5.. After a
3<»meter measurements at tne quaner points of the height. specimen is formed, tnm the ends peipendicular to the

4—jrurge sou oanieics arc tound m tne samoie liter testm*. a longitudinal axis, remove from the moid, and determine the
j?"*le-*«e analysis penormea in accoraance with Method D 422 max mass ana dimensions of the test specimen.
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More 3— Exoenence indicates mat n is difficult to comoact. nandle. between compressive stress (ordinate. and axial
and obtain valid resuitsj*un soeaifiens tnat nave a aewee oi satuiauon scissai may be plotted. Select the maximum
mat is greater tnan w '7- compressive stress, or the compressive stress at 15 %
- pmrM strain, whichever is secured first, and repon
'• Proceaure uncomined compressive strengtn. qu. Whenever it is
7.1 Place me specimen in tne loading device so mat u is ercd necessary for proper interpretation, include the graph 0

centered on the oottom piaten. Adjust the loading device the stress-strain data as part of the data reponed. <frt_.
carefully so mat tne upper piaten mst manes contact with the 8.5 If the uncomined compressive strengtn is detenmnao
specimen. Zero me deformation indicator. Appiy the load so the sensitivity. Sr. is calculated as follows:
as to produce an axial strain at a rate of '/: to 2 %/mm. q_ tundmureed soecimeni "-, v
Record load, deformation, and time values at sufficient 5r » ———————— - —— — . . ,.
intervals to define me snape of the stress-strain curve t usually ^ iremoid«1 soeameni -^
10 to 15 points are sutficicnu. The rate of strain should be . ,' ±
chosen so thai the time to failure does not exceed about 1 5 9. Repon
mm (Note 6». Continue loading until the load values 9| The repon should include the following: 7.-
decrease wnh increasing strain, or until 15% strain is 9| , identlficauon and v,sual descnpuon of the n
reached. The rate oi strain used for testing sealed specimens ltnen, induding soll classification, symbol, and whether.
may be decreased u deemed desirable tor better test results. spec,men is undisturbed, remolded, compacted, etc. AI
Indicate the rate ot strain in the repon of the test data, as mdude speamen ldem,fyinB information, such as pro*
reauired m 9. 1 . Determine the water content ot the test |ocauon. bonn? numoer. ̂wic number, depth, etc. Vis
speamen using tne entire soecimen. unless representative aescnpttons shall be made in accordance with Pract
cuttings are ootamea ior mis purpose, as in me case ot Q T48g
undisturbed specimens, indicate on tne test repon wnetner £ , ̂  lnmai drv densuv ana water conlenl ,speafy tf
the water content samo.e was obtamea beiore or alter tne walfir contcnt spccimen was ootamcd ̂ ion or aner sfa,
shewiest.ureQuireain*.L2. . and whether from cuttings or the entire specimen.. r.

Non 6— Softer materials that will exhibit larger deformation ai 9.1.3 Degree of saturation t Note 7). if computed.
failure should be t«teo at a niftier rate ot strain. Conversely. nitT or _ ' '-
brittle materials that »m etnibtt small deformations at failure snouid be NOTE 7— The specific giavnv determined in accordance with ..
tested at a lower rate ui strain. Method O 854 is required tor calculation ol the degree of sauinoo
7.2 Make a sKctcn. or taice a photo, of the test specimen at 9.1.4 Uncontined compressive strength and i

. failure showing me slope angle of the failure sun'ace if the strength.
angle is measurable. 9.1.2 Average height and diameter of specimen.
7.3 A copy ot a sample data sheet is included in Appendix 9.1.6 Height-io-diameter ratio. . ,

XL Any data sncet can be used, provided the form contains 9.1.7 Average rate of strain to failure. To.
all the required data. ' 9.1.8 Strain at failure. ̂.

9.1.9 Liquid and plastic limits, if determined, in aa
8. Calculations ance with Test Method D431S.

8.1 Calculate me axiai strain. ...to me nearest 0.1 1. for 4-1-^ Failure SKctcn or onoto.
a given applied load, as follows: 9- » • 1 1 Stress-strain grapn. n prepared.

9.1.12 Sensitivity, if determined.
«, = ILJL* 9.1.13 Panicle size analysis, if determined, in accorc

where: . . with Method D 422. and
_1L 3 length change of specimen as read from deformation 9.1.14 Remarns — Note any unusual conditions or

indicator, mm tin... and * •: data that would be considered necessary to properiy inti
LO ** initial length of test speamen. mm (in.)'. the results obtained, for example, siickensides. stratific
8.2 Calculate the average cross-sectional area. A. for a shells, pebbles, roots, or bnttteness. the type of failure

given applied load, as follows: is. bulge, diagonal shear, etc.).

10. Precision «nd Bias
A9 - initial average cross-sectionai area of the spccimen. {Ql NQ method presemiv exist$ to evaluate the p«

. ««I ««,« .vH th. -,w« tn,H <* of a 8T°UP of uncontined compression tests on undir
1 o r r ^ ,str3in °r the * en load* "• u T specimens due to specimen variability. Undisturbe8.3 Calculate tne compressive stress. a~ to three signifi- aw-mrcna uus iu 3*w-""lp ; . j__._;_
cant figures, or nearest l kPa (0.01 ton/ft2!, for a given specimens trom apparently h omogeneous so ddem
appUed load, as follows: ame iocauon often exmblt ******* dlffcrent r'and stress-strain propentes.

ar*\PlA) 10.2 A suitable test material and method of sp<
where: preparation have not been developed for the deternr
P - given applied load. kPa (too/ft*.. of laboratory variances due to the difficulty in prc
.-1 » corresponding average cross-sectional area mm- (in.-). identical cohesive soil specimens. No estimates of pi
8.4 Grapn— 4f desired, a grapn showing the reiauonsmp for this test method are available.
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strain curves: unconftnea compression test: uncontined com-
.. i Cohesive soils: sensitivity. :near strengtn: stress- pressive strenetn.

APPENDIX

. Nonmandatory information i

XI. Example Data Sheet

UNCONFINED COMPRESSION TEST—m

n.» JOB NO

" 1ft NO ———_______———— ———————————————_

.vt Sotomcn w«t •» Twt
•tn Sotomtn Ofv * Tart
, vvittr __________________ wawr Conttm n * Dry wi
. Ti/t __________________ «'°S*C ——
Wt Sote»T>tn W«l __________________ Wtt Ocntatv —
wtrSoccmnOry ' _̂ ———————".———'.—————. OoOtmiW —

jr«tmoeo Ccmnam Strtnotn *——
numoumtitr 0.__________________ So.wncG.iv.lv —————
ntttt Art! *. ___—__——_________

-i*v*un*

"•"Oi"

*«"«».
••«.•- i -̂

CO-T.A,..- • - unrt St/im

iieito t«t̂ »«n i LeadOoi -.̂ .Loao Slf»iOai i Totusuam ' unK Slrm i Corttetw Arti

__ Aitacn a onoto or «ticn o» tnt lotoman tntr• yot o« S*mo» to BW torn

7*7
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Designation: 0 2216 - 90

Standard Test-Method for
Laboratory Determination of Water (Moisture) Content of Soii,
Rock, and Soil-Aggregate Mixtures1
This lunaara is issueo unaer tne lixea destination O 2216: tne numoer immeaiateiv loliowinr tne aeuuiauon maieatei tne vear ol"
annual aaomion or m me cue oi revision, me vear ot list revision. A numoer m oartmnnes indicates tne year oi tail reaovrovai. A
.upencnot etnuon u • indicates an eaitonat cnanie since tne tan revision or reaoprovai.

'1. Scope specimen, or a qualified definition of water content must be
• :. I This test method covers tne iaboratorv determination used.
of the water (moisture i content of soil. rock, and similar '•-* This tesl metn°d reauires several hours for proper
matenais by mass. For simpitcitv. me word "matenal" dryme of the water content specimen. Test Method D 464}
hereinafter also refers to eimer soil or rock, whichever is provides for drying ot the test spccimen in a microwave oven
most applicable which is a shorter process.

:.2 The water content ot a matenai .s defined by this L6 This sland«d r«uires lne drvm? of material in an
standard as the ratio, exoressea as a percentage, of the mass oven at h!?h temperatures. If the matenal being dried is
of "pore" or "free" water in a aiven mass of matenai to the contaminated with certain chemicals, health and saiety
-ass of the solid maten-' Hazards can exist. Thereiore. mis standard should not be

3 The term "solid traces -s used in eeotecnmcai used m aetermtmne me water content of contaminated soils
rntineennt is tvp.callv assumed to mean natura.lv occumne jmc!s aa"uaie nealin ana Saletv orecaul'°ns are taKen;. .
mineral panicles of soil ana rocK mat are not readilv soluble :'' Thts. stanaara "M'x '"" *"""'" ]° aaa™ a'! °! 'he
:n water. Therefore, the water content of matenais con- ^av proniems aaoaatea wnn as use. It a tor rnponaô

.___.._ _____ treatmem ̂  â Sdê n̂ "oi'̂ wr "eailh fracttc" ana determine tne anpiicabiiuv ot rcwlatorv
content. In addition, some organic matenais may be decom- "m"attons t>r'°r'° ««".

by oven drying at the standard drying temperature for
is method . 110*O. Matcnais containing gypsum tcaicium -• Referenced Documents

suifate dihydrate or otner compounds having significant - j +STM Stanaara\
amounts of hydrated water, mav present a special problem as 5 65'3 Terminology Relating to Soil. Rock and Contained
this matenal slowly dehvarates at the standard drying Fluidŝ  V.UUU.UKU
temperature (110'C) and at vcrv low relative humidities. D2974 Test Methoas for Moisture. Ash. and Organic
tormmg a compound (caictum suitate hemmvdratei which is Mauer of Peat and other Oreamc Soiis*
not normally present in natural matenais except in some D42:0 Pracuce for Preserving and Transporting Sofl
aesen soils. In oraer to reauce me degree of dehydration of Samples'
iypsum m those matena.s containing gypsum, or to reauce D4ji8 Test Method for Liauid Limit. Plastic Limit, and
decomposition m mgniv oreanic sons, u mav oe aesiraoie tc Plasticitv inaex ot Soiis-
ary these matenais at o(TC or in a desiccator at room D4643 Test Metnoa for Determination of Water
temperature. Thus, wnen a on-ing temperature is used whicn (Moisture! Content of Soil by the Microwave Oven
is different irom the stanaara drying temperature as defined Method*
by this test method, me resulting water content mav be D4753 Specification for Evaluating. Selecting, and Sped-
different irom standard \vater content determined at the fytng Balances and Scales for Use in Soil and Rock
standard drying temperature. ' • festing*

\jn« i T-. u..h~4 n -01 j , E 145 Specification for Gravity—Convection andNOTE I—7«t Method D :"*•! oroviaes an alternate oroceoure tor p«—.n v—..!-,.«- r»«.««-'
Jeiermmmg water content oi ocat matenais. Forced—V entllauon Ovens

1.4 Matenais containing water with substantial amounts 3. Terminology
0S2̂ ?,!SfiŜ J'" n"e C3Se °f ma""e S1ejimenlsj 3.1 Refer to Terminology D 653 for standard definitionswnen tested by this metnoa will eive a mass ot solids wmch ,.- lerms
includes the previously somble souds. These matenais re- :o DescrtDlton ofTem Specillc to This Standard:
quire special treatment to remove or account .or the 3.2.j HWr«7««i«oi a matenai.-the ratio of the ma»
presence 01 precipitated souos m me dn- mass ot the of water contained m the pore spaces of soil or rock material

__________ to the sond mass of panicies in mat matenai. expressed as »
This metnoa u unaer tne mnsaiction oi ASTM Committee O-IK on Soil ano •

"Rocl. ana is me direa rnoonsioinn <,i Suoeommittee 018.03 on re»ture.
Pliiiie«\ »nd Ocnitiv Chiraaemiiei oi soin. ————————

Current canton ipcnvea No* AO. i«.<«» Publtined Januan I-.9I Onpntuv : \nnuai BOOK oi ASTM Stanaarat. Voi 040*
::.6-63 T LMtortMouteomon D ::..<-»o {nnuai Bn* m ASTMSianaarai. >ol 14.02.
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.. Summary of Method suoiight. Disturoeo samples in tars or other containers shall
- 1 A test speamen is dned m an oven to a constant mass. ** storea m sucn 3 wav *? lo Prevem or minimize moisture

!oss of mass due to drying is considered to oe water. The condensation on the insides ol the containers.
- ,..r content is calculated using me mass of water and the "•- The water coment determination snouid be done as
-.ass ot'the dry specimen. soon as practicaole after sampling, especially if potentially

corrodtble containers .sucn as mtn-walled steet tuoes. paint
:. Significance uid Use cans, etc.i or plastic sample bags are usea.
:.! For many matenais. the water content is one of the

T.OSI significant index propcmes used in establishing a '̂ st ̂P*6'111611
rsrreiation oetween soil benavior and-its propenies. 3.1 For water contents being determined in coniuncnon
5.2 The water content ot a matenai is usea in expressing '*1lh anotner ASTM metnoa. me specimen mass require-

.r.e'pnase relationships of air. water, and solids m a given mem stated in that metnod shall be used if one is provided. If
•oiume of matcnai. no minimum specimen mass is provided in that method
5.3 In fine-grained iconesivci soils, the consistency of a then tne values given before shall apply.

aven soil type depends on its water content. The water 8.2 The minimum mass of moist matenai selected to be
:ontcni of a soil, along with us liquid and plastic limits as representative of the total sample, if the total sample is not
::termmed by Test Method D4318. is used to express us tested by this method, shall be in accordance with the
•native consistency or liquidity index. following:

Reoommcnoca RecommenacJ
0. Apparatus minimum mau oi minimum mats PI

- 1 Dmm. Oven, tnermostaucaliv̂ ontroiled. preferaoh ,u,,mumo_mcic Tel. .""£." 'ZZZSZ
:'.ne lorced-dratt tvpe. meeting me reaUtrementS 01 Sped- .item"' Manaaro sicu- .>mem rrnonm .omem renonca
:2tion £ 145 ana caoaoie m maintaining a uniiorm temper- rasunc' si/c .< =•• > <as\'
;:urc oi 110 ± :'C throuenout tne crying cnamoer. ;.-nmon«» •-..... ;-. :•..-•
?.2 Balances—All balances must meet the requirements -:* mm No • IIIU|! :o'"
: Specification D4753 -no this Section. A Class GPI °'mm "'" '!"« ,;!!<. — -i, ,,i ,/. k !** i> fnnt ••*« » . fcu *.u F:aiance ot 0.01 g readability is required for specimens naving ..- j mm i... ,n m ie i kp
i mass of up to 200 g (excluding mass of specimen con- "j.Onin. j-.n. viu ?k»
ainen and a Class GP2 balance of 0.1 g readability is NOT-_- To be representative not less tnan :u g shall be used.
--Hired for specimens naving a mass over 200 g.

.3 Specimen Container —Suitable containers made of 8-~' If'he loial samole IS uscd ll docs not nave to mcet
matenal resistant to corrosion and change in mass upon Inc rmmiTmrn mass requirements provided in ihe table
repeated'heating, cooling, exposure to matenais of varying above- The n̂ °n shail Inaicale inat lnc entire -̂ P'6 wa$
M. and cleaning. Container.; with close-fitting lids shall be used-
jsed for tesung specimens having a mass of less tnan aoout 8J Usm^ a test spec'01'" smaller than the minimum
:00g:wmle for speamens havme a mass ereater than about indicated m 8.2 requires discretion, though u may be
:DO e. containers without lids mav be used. One container is adequate for the purposes ot the test. Anv speamen used not
-.eeaed for eacn water content aetermmatton. meeting these requirements snail be noted m the repon ol

results.
•...-F :_.he purpose ,«• ,u»e.iiitini nas n to owent ion i-r 54 When womne witn a small ilcss man 200gl specimen

-aisture irom JDenmens netore initial maa aetenninatian ana 10 . _ _ ____..
-tv-fli at»onnion of mowiure trorn ,ne atmosonenr toliow.n. amne containing a relatively targe grave, pamcie. it is appropnattf
wo oetore fmai mau aetermtnauon " not to include this particle in me test specimen. However.
, . „ . , ,_ , . anv discarded matenai shall be oescnoed and noted in the
6.4 Desiccator—A desiccator cabinet or large desiccator renon of the results

•arof suitable size contamine silica gel or annvdrous calcium
-nospnate. It is preferable to use a daiccam whtcfi changes g Test Specimen Selection
:olor to indicate it needs reconstuution. See Section 10.5. -9.1 When the test speamen is a ponion of a larger

3~Anhrdrous ca'CIUm $ullate 1S sold unacr tne traac name amount of matenai. the speamen must be seieaed to be
representative of the water condition of the enure amount of

6.5 Container Handiintr Apparatus, gloves, tongs, or suit- material. The manner m which the test speamen is selected
able holder for moving and handling not containers after depends on the purpose and application of the test, type of
3rYing. matenai being tested, the water condition, and the type of
0.6 Miscellaneous, knives, spatulas, scoops, auanenne sample (from"another test. bag. block, and the likes.)

:ioth. sample splitters, etc. as required. 9.2 For disturbed samples sucn as tnmmmgs. bag sam-
. pies, and the like, obtain the test speamen by one of the
• Samples following methods (listed in oracr of preterencei:
" 1 Samples shall be oresen-ea and transportea in accora- 9.2.1 "if the matenal is sucn that it can be manipulated

•ice wuh Pracuce 4220 Groups B. C. or D soils. Keen me and handled wttnout significant moisture loss, me matenal
•Tipies that are stored pnor to tesung in noncorrodibie should be mixed and then reauced to me required size by

unieht container, at a temperature oetween approximately 5 quanenng or splitting.
Jnd 30*C and m an area mat prevents direct contact with 9.2.2 If the matenat is such that u cannot be thoroughly.
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mixeo ana/or split, form a stocKoiie of the matenai. mixing .sstea and the apparatus being usea.
as oosaoie. Take at least five portions of matenai at
iocauons using a sampling..̂ , shove,, scoop. :o

-1. Of Similar device aoprOPnatC .O me maximum _JMuacvo,dmne.amn«snou,dbecominueaum,,tnecnan..emmw
oanicie size present m me matenai. Lomome ail the ponions .uer two successive ocnoos (greater tnan i m ot arune is an msn.ni!..
tor tne test specimen. .am amount ness man aoout u.l '71. boectmens oi una ma\ onen Be

•> 2.3 If the matenai or conditions are sucn that a siocKptie ;nea lo constant mass m a ocnoa ot aoout 4 n. wnen a lorcea-arait oven
cannot DC formed, take as manv pontons of the matenai as "• usca-
possipie at random locations mat \viii best represent me NoTE *—Since some arv ""tei-ais ""V aosoro moisture irom mom
moisture condmon. Comoine ail the pomons for the test ^Z™ SŜ Ŝ̂ . ̂Ĵ Ŝ T.
specimen. ,ne DreViousi\ oneo specimens »iil remain in tne unmc oven lor an

•U Intact samples sucn as block, tube, split barrel, and the -uumonai time penoa oi aooui ic h.
like, obtain the test specimen nv one of the following ,_ , .
memoes depending on the purpose and potential use of the _ l0'5 Atler the matenal has flncti to constant massfremove
sample " e conlainer trom tne °ven land replace me lid if usedL
9.3. l' CarefuUv tnm at least ; mm of matenai from me Allow tne matenal and -°nl->n-r i° «°«<° ™°™ "™pera.

outer sunace of the samp.e to see if matenai is iavered and to lure or unnl the cowamer ran -* hanaled comionsWy with
remove matenai that is ancr or wetter man the mam ponion oarre nands and the °Pera"on ol the bata-»« *'» not **
of the sample. Then caremih tnm at least 5 mm. or a T̂ectea bv c°nv««°" currents ana/or us hemg heated.
thiCKness equal to me maximum pantcie size present, trom D-K»™' <« mass ot the container ana cnon-dnea matenai
tne entire exposed sunace or .rom me interval bcmn tested. "?n* tne same b-la"(Le as uscd m ILU- Record lhls vaiue'
- • 2 Slice me samp.e m nail. I: matenai ,s lavered see Tl?ht mun? uas snail he uscd " II aODears tnat tne SDecimen.

-..•ction - 5.3. Then careiuuv ;r:m at least : mm. ur a :S ansorome moisture irom me air nnor to actermtnation oi
•.r!ic>.ness eauai to tne maximum panicic size present, irom ts an" mass-
;nc cxnosca sun'ace or one run. or trom tne interval beinc N«»H «—i oonne in a cosiccator n jcixotanic >» niacc i«i tmni titttnc
icstea. Avoid anv matenai on tne eaces mat mav he wetter or 'J» since u cream reduces ansomtton »i moivure irom tno uimosoneit
Oner tnan me main ponton ill mi; samoie. . Jurtnc coonne vscvctatl\ tor contamci-. uunout mint intini: lids

\IITF •*—Mifration oi mniMurc in <omc ccinesioniess <>oiis ma\
require tnat the full section PC umnica. . '•• Calculation

1.3 If a layered matenal (or more than one matenal type '' •' Calculate the water content of the matcnai as fol-
ĉountered), select an avcracc soectmcn. or individual lows:

specimens, or both. Specimens must be properly identified as \r
to location, orwhat they represent, and appropnate remarks >•• •• ((.U.,.. - U .)/(.»/ - u )| x MMI « — x 100
entered on data sheets. • "

where:
10, Procedure . u = water content. '..

;u. 1 Determine ana record the mass of the clean and dr. u- •• • = mass °' coniamer ana wet specimen. 11.
specimen container tana its nd. u useai. u * mass OI container ana oven an- 'inccimcn. •.:.

. -I iidect representati\c u-si soccimens m accoraance '' = mass o. container. •.:.
••van section V. '•' = mass 01 water t .W = W . - '•' . e- -na

10.3 Place the moist test spccimen in tne container and. if u- ** mass oi solid oamcies t.W = W . - W i. p.
used, set the lid securely tn position. Determine the mass of , _
the container and moist matenai usine a balance (See 6.2)' Keport
selected on the basis of the specimen mass. RecoW this •-•! The repon (data sheet) shall include the following:
value. • "1 •• 12.1.1 Identification of the samoie tmatenali being tested.

. _ . such as bonne numoer. sample numner. test number.NOTE :—To prevent mixing oi soectmens ana Yielding oi incorrect n h
results, all containers, and lids n uscu. should he numnerea and tne container numoer etc.
container numoen snail be reroraai on tne i30orator> aata snects. The. ':-!-- %Vater content ot the specimen to the nearest I .«
lid numoers snould matcn tne container numoer.. to eliminate comu- or 0.1 cc. as appropnate based on tne minimum sample
sion. used. If this metnod is used in concen witn anotner method.
NOTE fi—To assist in tne oven-amne oi large test soectmens. tne\ the water content of the specimen snouid be reponed to the

snouid be oiaced in containers naxma a targe sunace area isucn as oansi vajue reauired hv the test method for \\hich the water
.no tne matena. broken U0 ,n«o smauer aggregations. conien{ ,s bemg detenn,ned.

10.4 Remove the lid i if used i and olace the container wuh 12.1.3 Indicate if test specimen nad a mass less than the
moist matenal in the arnng o\en. Dry me matenal to a minimum indicated tn S.2.
constant mass. Maintain me arvmg oven at 110 ± f*C unless 12.1.4 Indicate if test specimen contained more man one

specified (see !..:i. The time reoutred to ootatn matenai type t layered, etc. i.
mass will van' aeoenaing on tne type oi matenai. 12.1.f inatcate tne method of drying u different from

of speamen. oven tvoe ana capacity, and other factors. oven-arying at 110 ± i*C.
The influence of these .actors eenerai.v can be established by 12.1.6 Indicate it" any matenai isize and amount, was
good judgment, and exoenence with the matenais bemg excluded trom tne test specimen.
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J. Precision and Bias considered suspect unless mey aiiTer oy more man 7.8
_, . _ „ _. . percent of their mean.
|j Statement on Bias-Then is no accepted reterence !3 2-2 Mtl{lliaborainn- Preasmn-Tte muiuiaboratory

oil • this test metnoa: theretore. nias cannot be aeter- coefficient of vanatton nas oeen found to be 5.0 percent.
"ined. Therefore, results of two property conauctea tests bv dif-

i 3.2 Statements tin Pm-iMiw ferent operators using ditTerent equipment snouid not be
13.2.1 Stneie-Operaior .;j'ra....»/.—The smgie-ooerator jonsioerea suspect umess mey differ ny more man 14,0

ocificiem of vanation nas oeen touna to be 2.T percent. percent of their mean.
"hereiore. results of two prooeriv conducted .tests by me i. Kevwords
ame operator wuh the same equipment snouid not be '...'.- , __- 14.1 Consistency: maex property, laboratory; moisture

analysis: moisture content: sou aggregate', water content

Tnt Amtnctn Socittv ior Teaina tna Mtitntis raxes no oosition resotcung tnt vtuaav ot tnv otitnt nants tsstnea m connection ,
win tnv item mentionea in mis sitnatra. ustrs ot tnis sttnatra tr* t*ortssiv tavisea mir atttrminttan ot tne vtnanv oi tnv sucn
otttnt ngna. tna tnt tan ot infringement ot sucn rignts. trt tnuntv tneir own resoonsiotuiv

This sttnatra n suoiect to revision tt tnv time ov tne rtsoonsioif teennreti commme* tna must Of reviewto tvtrv live vein tno
,i not ttvista. eitner retoorovea or wnnartwn rour comments trt mmea eitner tor revision or mis sttnatra or tor taanionti sitnotros
tna snouia oe tooressea to ASTM Hetaautners rour comments wm receive cartful cansiaerttion tt t meetma ot tne reioonsir"
'.ecnmcti commute* wmcn vou mtv tntna it vou leei tntt vour comments ntvt not receivea t tut netrma vou snooio mtxe vour
vxw* unown to tne ASTM Committee on Sttnatras. 19)6 Ptct St.. Pntitationit. PA '9103
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Designation: 0 2217 - 35

Standard Practice for
Wet Preparation of Soii Samples for Panicle-Size Anaiysis
and Determination of Soii Constants1
This standard is issued unaer tne lixeo animation O 221"!: the nuraoer immediately toiiowint me aentnauon indicates tne vear of
onnnai adootion or. :n me cue oi revision, me vear ot last revision. A oumoer in oarrntneies indiata tne veir at last nangrovu. A
supencnm eosiion i < i indicates an eaitonai cnante since tne tan revision or reaoorovai.
Thit praeticr nai oeen aoorovra tor use ov atenetes ot the Deoanment ot Oeirnte ana ior name m me DaO Inati ot Soertntaitons and
Sieaaarai.

1. Scope desired, these soils should be shipped to the laboratory in
1.1 This pracuce covers me wet preparation of soil sealed containers and processed in accordance with Proce-

samples as received from tne field for pamcie-size analysts ciure -* ot tm$ Practice.
and determination of soil constants. ' 3-3 Liatnci lim" and Plasticity index values derived from

\:2 Procedure A provides ior arvme tne field sample at a samples containing their natural moisture are usually, but
temperature not exceeding i-KTF loVo. maicing a wet not alwavs- eaual lo or n'̂ -r tnan vaiu-- ̂ enved from
separation on the No. i6 (2.00-mm i sieve, or "No. 40 similar samples of the dned soil. In the case of fine-grained
i425-um> sieve, or both, as neeaea. ana finally drvmg at a organic soti. mere ts a raaical drop tn plasticity due to oven
temperature not exceeame i-f)*F. Proceaure B provtaes mat Jrving.
:ne samoie snail be Kept a: a moisture content eaual to or
greater man tne natural \vater content. The proceaure to oe ' APParaius
useo should be indicated in tne specification for the matenai •>•' Balance, sensitive to 0.1 g.
being tested. If no proceaure :s specified, the provisions of 4 - Mortar and Rttbber-Cuverea Pestle, suitable for
Proceaure B shall govern. ' breaicing up me aggregations of soil panicles.

1.3 This standard mav mvmve na:araous materials, oper- 4.3 Sieves. No. 10 (2.00-mmi and No. 40 (425-nm). of
ations. and equipment. This stanaard does not purport to square mesn woven-wire cloth, conforming to Speaficauon
'iress all of the satetv prnniems associated with its use. It ts E 11 •
responsibility or'wiifievcr :i\ca tuts stanaard to consult ana -•* Samntcr—A rifTle samoier or sample splitter for

establish appropriate sateiv ana neaitn practices and deter- quanenng me samples.
mine the applicability ot reewatorv limitations pnor to use. 4-5 Drying Apparatus—Thermostatically controlled

dmng oven for use at I40T .60*C. or beiow and at 230T
" Referenced Documents ''' ®'̂ ' intrarea lamps: air dner. or otner suitable device for

drying samples.
2.1 ASTM Standards: ' 4 6 Filler Funnels or Candles—Btichner funnels 10 in.
D42I Practice for Dn.- Preparation of Soil Samples for 254 mmi m aiameter and filter paper or filter candles.
Panicie-Size Analysis ana Determination of Soil Con- - " Miscellaneous Eamnineni—Pans 12 in. (304.8 mmlin
stants* diameter ana 3 in. t "6.2 mmi in aeom: a suitable container

0 422 Method for Panicie-Sizc Anaivsis of Soils* mat wtii prevent loss oi moisture aunne storage of the moist
E 11 Specification for v.'tre-Ciotn Sieves for Testing -.est sample prepared in Proceaure B.
Purposes'1

PROCEDURE A

3. Significance and Use . ,;.. 5. Sampling
3.1 Procedure A is used to prepare soil samples for s>, Drv me soil sample as received from the field, using

plasticity tests and pantcie-size anaivsis when the coarse- Qne Qf lh(. ioi[omnt, methods: , j} m air al room iempeta.
grained pamcloi o a sample are sort ano puivenze readily, as lurfc (,, m _ d^ oven u a temperalure not exceeding
in Practice D421. or wnen tne tine panicles are very 140'F (60'O. or t J) usms anv warming device that will not
cohesive and tend to resist removal from me coarse panicles. ^ ,he temoerature ot- ihe ̂ mvit above 140T. Break up
3.2 Some soils never ory out in nature and may change thoroUBhlv anv aggregauons Of particles using the monar

their cnaraaenstics greatly wnen anea. If the true natural and rubber-covered pestle or other suitable device (Note I).
gradation and plasticity cnaractenstics of such soils are Sdect _ reoresenlauve portlon by lhe melhod of quanering
_______ or by use of the sampler. This ponion must be sufficient to
"""IT "~" „ „ r,...- « „ orovide samples for panicie-size anaivses of material re-1 This oncuce a under the tunsaiaion oi «,STM Committee O-18 on soil and *" . '. in,-inA__.. ... j •/•ROCK ana is tne direei reiaomieimv ,M juoeommmet Dis.03 on Tenure. tamed on and passing me No. 10 (2.00-mm> sieve, and to
"uucitv. and Oensitv Chanctenitm oi Sous provide an adequate amount of matenai passing the No. 40

ruiremeditionloqrewn Juiv :e.!-.«. Pubiuneo xotemoer i985. Oniunaiiv ,425-umi sieve for the tests to determine soil constants. The
J?̂ SliSi±rro,<SS ° "'•" •"""7"" -̂ "nts of matenai required to perform the mdwiduai tes»
• .nnuu Book ofA'STM Stanaaras. v ol 140:. are as toilows.
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Aruuvns of Material Retainea on maimng in the pan. and drv at a temperature not exceeding
mm'SieVe: a 000,0 ,0000 l40'F (60*a- Grind the an" s°» »» the monar with a

. andv sous, t : 500 rubber-covered pestle or omer suitable device and combine
iiuvor cuvev wiis.» " •»» wuh similar matenai obtained in o.l.I.
jrticie-ai« Anaivsis oi' Matenai Passim No

'ja.OO-mmi sieve: . NOTE I—In some instances, tne wasn water will not oecome near tn
.mav tons, t ':. a reasonaoie ienztn ot time: in tnts case tne entire votume must be
"it* or ciavcv uiu. t -j evaporated.

'.-•/.s ior Determination oi soii Consum.
..i-iuia iimu. i :oo 6.2 For Determination m Soil Constants—Proceed in
»!-«« nmit. c « accordance with 6.1. substituting a No. 40 (425-u m i sieve for
;nfn~S7"BIVllC"l-t * .0 the No. 10 (2.00-mm. sieve.
.'nee* te«s.t ~5 NOTE 3—In some areas u is possiote tnat tne canons ot" salu oresent

in tne uo water mav excnance win tne natural cations in tne soil and
NOTE l—When tne samoie contains panicles ot' sou snate or alter siuitsicamiv the values oi the soil constants snould tap water be

•jnastone or similar weax matenai. proper care must DC exercised to used in tne soaking and wasning operations. Unless a is Known mat men
• -010 excessive reaucuon in the size ot tne oantcles. cations are not present in the tao water, distilled or demtnenltzed water

snould be used. The soaung ana wasninc operation will remove soluble
o. Preparation of Test Samples salu contained in the soil. When soluble satis are oresent m tne soil the

_ _ , _. wash water snould be saved and evaporated, ana me salts returned to tne
"I For Panicte-Sizc Anaivsis sou samote.
•• i.l Weigh the ponion oi the test samoie selected for

:articie-size analysis and recora as me weignt of test samoie "• Test Samples
..-.corrected for hygroscopic moisture. Separate mis matenai - i Keening eacn ponion separate from the omer pomon.
-.0 two oonions using tne .\o iu 12.00-mm i sieve. i*t asiae mix marougniv me ponions 01 me sou samoie passmf me
-.; somon oassine ior tatcr recomotnatton witn aaditionai \o. IQ (2.0U-mm. sieve ana me No -'> (42:-umi sieve. Bv
-atenat wasned from tne ponton retamea on me No. in lr.e metnoa oi quanenng or m me use oi me sampler, select
..UU-mmi sieve. aiuj weien out test samples ot the wetehts indicated in
- 1.2 Place the matenai retained on the No. 10 .2.00-mm i Section 5. as mav be neeaed to make the required tests.

iieve in a pan. cover witn water, and allow to soaK uftul the
:amcle aggregations become soft. After soaking, wash the PROCEDURE B
maienal on a No. 10 .2.00-mm. sieve in the following
manner Place an empty No. 10 (2.00-mm i sieve on the &• Samples
:ottom of a clean pan ana pour me water from me soaked S.I Samples prepared in accoraance with this procedure
sample into the sieve. Add suuicient water to bnng me level must ce shipped from the fteid to me laboratory in sealed
approximately Viin.( 12.7 mm i aoove the mesh of the sieve, containers and must contain all their natural moisture.
Transter the soaked matcnai to the sieve in increments not Samples obviously containing only panicles passing the No.
jxceeamg 1 Ib (0.45 kgi. stimng eacn increment with the 10 (2.00-mm i sieve may be testea in the panicle-size analysis
rmgere while agitating the sieve up and down. Crumble or without first washing on the No. 10 (2.00-mm i sieve.
Tiasn anv lumps that nave not slaked, using me mump and Samples ooviousiy containing oniy panicles passing the No.
::nsers. Raise the sieve aoove me water in tne pan and 40 (425-ami sieve mav ne used in me tests to oetermine sou
.;~ioiete me wasning operation using a smati amount o: constants wunout first \\asntne on tne No. 40 (425-umt
..ean water. Transter me wasnea matenai on me sieve to a sieve.
:::an pan before placing anotner increment of soaned
-latenai on the sieve. 9. Preparation of Test Samples
b. 1.3 Dry the matenal retamea on the No. 10 (2.00-mrai 9.1 For Pdrncie-Stzc Anaivsis:

sieve at a temperature of 230 r 9TU 10 ± 5"O..sieve on the 9.1.1 Select and weigh a representative ponton of the
NO. 10 (2.00-mm) sieve, ano add the matenal, passing the moist sample estimated to contain 50 g of pamcies passing
sieve to similar matenai obtained in 6.1.1. Set aside the the No. 10 (2.00-mm i sieve for siity and clayey soil, or 100 g
matenai retained on the sieve tor use in the particle-size for sandy soii. For samples containing panicles not passing
analysis. the No. 10 (2.00-mm i sieve for which a panicle-size analysis
6.1.4 Set aside the pan containing the washings for a is required, select and weign a representative sample estt-

;enod of several hours or until the water above me panicles mated to contain the reauired amounts of panicles both
:s clear. Decant, pipet. or stpnon off as much of the clear passing and not passing tne No. 10 (2.00-mmi sieve. Deter-
*ater as possible (Note 2.. Drv the soil remaining tn the pan mine the moisture content at 230 ± 9*F(110 ± f'Cl using an
it a temperature not exceeding 140"F (60*O. Gnna the dned ' auxiiiarv sample, for use in Method D 422.
soil in the monar with the ruober-covered pestle or other 9.1.2 Soak the moist sample ana wash on a No. 10
suitable device, and combine wtm similar matenai obtained ' 2.00-mm i sieve as descnbed in o. 1.2. After wasning. dry the
=n 6.1.1. matenal retained on the No. 10 (2.00-mm. sieve in an oven
r 1.5 Alternativê , atter a.i the soaked matenal has been at a temperature of230r<.)'FniO± **O. weigh, and retain

-ashea. remove most of tne water by ftitenng the wasn water tor tne panicle-size analysts. If the volume of the wash water
™ one or more Btichner tunnels fitted with filter paper or and soii is too large for use tn the sedimentation procedure of
y>' using niter candies. Remove tne motsi soil from the filter the test ibr panicie-size analysis, evaporate excess water by
?aoer or filter candles, comome with any sediment re- exposure to air at room temperature, by heating m an oven
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ai a temperature not exceeamg 230*F (110*0, or by boiling. consistency isucn as 30 to 35 drops of the cup in the liquid
Regardless of the metnod of evaporation used, the following limit test, but never beiow the natural moisture content
precautions must be taxen: (/) siir tne siurry from time to Reduction of moisture content may be accomplished as
time to prevent a dry soii nng irom forming on the wails of follows: oy exposure to air at ordinary room temperature, by
me evaporation vessel, ana 12! return the temperature of the heating in an oven at a temperature not exceeamg 230*F
sample to room temperature oefore testing. (110'C.. by boiling, oy filtenng on a Buchner funnel, or by
°.2 For Determination oi Soil Constants—Select a repre- use of filter candles. Dunng evaporation ana cooling, stir the

sentative ponton of the moist sample estimated to contain sample orten enougn to prevent overarying of the fringes and
sufficient panicles passing me No. 40 (425-umi sieve to soii pinnacles on the sunace. Cool the heated samples to
make the required tests for aeterinmation of soil constants. normal room temperature before testing. For soil samples
Soak this selected portion ot the moist sample and wasn on containing soluble salts, use a method of water reduction
the No. 40 (425-um) sieve as described in 6.2 (Note 2.. that will not eliminate the soluble salts from the test sample.
Reduce me moisture content ot me matenai passing the No. Protect me prepared sample in a suitable container from
40 (425-um) sieve until the mass reaches a putty-like further drying until all required tests have been periormed.

Tnt Amtnctn Socittv tor Testing tna Umtnttt tsxes no oastion rttowama int vmairv ot tnv event rtonts tsstnta m connection
wtn tnv ram mentioneo m tms stinatra. users ot ina sttnatra trt eiortssrv tavtsea tntt aetermmttion ot tnt vtnam o» *nv suen
MMM ngntt. tna tnt us* ot infringement ot sucn ngntt. trt entmrv ine» own resoaeutourv.

This stinatra is suoitct to revision tt tnv time ov tnt rmsoonsioit tecnmcti committee, tna must oe, temtmea everv live vetrt tna
it not revised, tuner retoorovea or wnnartwn rour comments in mvttea eitner tor revision oi tms stinatra or tor loaxionti sttnoira*
tna tnouia ot taonssta to ASTM Heeooutners rour comments wm receive cirtitM conaaerttan it t meeting ot ine ttsoonsioit
:ecnnicti commmee wmcn vou mtv tnena it vou itet intt vour comments nive not recenea t tur netting vou snouia mi«» vouf
vittH inown 10 tne *S "M Commmee on sttnatras. I9T6 fl»e« at.. Pnittationu. f>A 19103
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Designation: 0 2434 - €8 (Reapproved 1974)*'

Standard Test Method for
Permeability of Granular Soils (Constant Head)1
This standard t$ i«uea unuer me t'ued destination D 2-l3-»- me numcer immediately tbllowint tne destination indicates tne vear 01"
onfinii addotion at :r. :r.e case oi revision, tne vear oi last revnion. A numoer in ourentneses maicatn me vear oi lau reaoorovji. \
supenenot eosiion i> < muicain an cditonai cnante since tne lau revision or reaoorovai.

' NOTTS—xctton .•».»- auued eaitonatlv and sumeauent sections renumoerea in juiv I")*-*

I. Scope 12 times me maximum panicle size in accordance with
I.I This test method covers the determination of the Table '•• The permeamcter should be fitted wuh: (/. a

coefficient of permeability m a constant-head method for porous disk or suitable reinforced screen at the bottom with a
the laminar flow of water -.-.rough granular soils. The permeability greater man that of the soil specimen, but with
proceaure is to establish representative values of the coeffi- openings sufficiently small mot larger than 10 r? finer size)
cient of permeability of eranuiar soils that may occur tn to prevent movement of panicles: t J . manometer outlets for
natural deposits as piacea in emnanKmems. or wnen usea as measuring the toss of head. h. over a length. /. equivalent to
base courses under pavements. In order to limit consoiida- at least tne diameter of the cylinder, t J. a porous disk or
:.on influences dunne testm.:. -.-is procedure is limited to suitable rctnforcea screen with a spnng attached to the top.
jisturoea eranuiar sous contamtne not more man 10 '" ion or anv otner aevice. ior applying a nent spnng pressure o(22
rassine tne "5-iimiNo. I.'in M_.\C. .o45-X<5to iO-lbfi total loaa. wnen me top piate is attacnett

tn place. This will hold the placement oensitv and volume of
2. Referenced Documents soil without significant change dunng the saturation of the
1 1 4ST.M Standards • specimen and the permeability testing to satisfy the requite*
D4:2 Method for Particle-Sue Analysis of Soils: mem or«-nbed m 3.1.1.
D2049 Test Method tor Relative Density of Cohesiontess 4-2 Cunaam-Head Filter rank, as shown m Fig. 1. to

Soils-1 ' supply water and to remove most of the air from tap water.
fitted witn suitable control valves to maintain conditions •

3. Fundamental Test Conditions descnned in 3.1.2.
3.1 The following ideal test conditions are prerequisites Nore , _,*.„,« water miv oe used u or-ienrt.

tor me laminar flow ot water .nrough granular soils under-
constant-head conditions: 4.3 Larttc runncis. fitted wun special cvhndncal spouts 25

5.1.1 Continuity of flow \vun no soil %oiume change mm (1 in.) in diameter for v.5-mm i!'i.in.» maximum size
ounng a test. panicles and 13 mm .'•: in.) in diameter for 2.00-mm (No.

'• :.l Flow wuh the son \ mas saturated with water ana no ; o. maximum size panicles. The lengtn of the spout should
uir cuboies in the son soiux ne greater tnan me mil lenetn 01 tne oermeaniiuv cnamber—

J.i.3 Flow in the stcau\ vate witn no cnanges in n\. at least ifUmmiom.i.
arauiic gradient, and 44 Specimen Cnmnacitt»i Eauipmcnt- — Compaction

3.1.4 Direct propomonauu ot velocity of now wuh h\- equipment as deemed desirable may be used. The following
drauuc gradients belou ccnam vames. at which turbuient are SUggestea: a vibrating tamper fitted with a tamping fool
How stans. • • 51 mm 1 2 in.) in diameter, a sliding tamper wuh a tamping

5.2. All other types ot flow involving pamai saturation oi ,-oot 5 1 mm (: in.) in diameter, and a rod for sliding weights
soii yoids. turbulent flo*. ana unsteady state of flow are of 100 g (0.25 lb)( for sandsno I kg ( 2.25 IbH for soils with a
transient in character and \ icid vanable and ume-deoenaem la_e g^vet content , havin? an adiustable height of drop to
coefficients of permeaotlitN : tneittore. they require special ,02 mm (4 mj fof ̂ ^ ^ :03 mm ,g itu for solls wW|
test conditions and procedures. large gravel contents. .

4.5 I acitimt Pump tir Water- Faucet Aspirator, for evacu-
4. Apparatus aung and Jbr ̂ ^̂ mg soli specimens under full vacuum
- 1 Pertneamcicn. as shown m Fig. I. shall have spec- .lSee Fie. 2:.

tmen cylinders with minimum ammeters approximately 8 or 4.6 '.Manometer Tubes, with metnc scales for measuring
_______ head of water. _
——————— 4.7 Balance, of 2-ke .44-lb> capacity, sensitive to I I

This test metnod is under tni- iun«i:tion ui ASTM Committee O- 1 n on Si«ii n HCP 1h
and ROCK and is me direct resnonMou;:- ••• iuocommittee OIMU on Hxdrototu (U.Uw- 101. /,-»•. f •«

Soil and ROCM 4.8 Stvun. v^ ttn a caoacuv oi about 100 g (0.2: Ibi of sou.
<. untnt caiuo» aoof-ned scm -"<• Onpnauv is.ueo i^< Reoiace. 49 Misccttaneous Apparatus — -Thermometers, clock with
Si* L. * ...ST.U *,anaarJ. , - c« o». sw«P second hand. 250-mL graduate, quan jar. mixing pan.
Discontinued— Sec Mi Innmx oi«» ••» ̂Ŝ A/ Stanaaru\. V o1 04 OS CtC.

292 RR305U39



0 2434

CONSTANT-HEAD FILTER TANK
; Ta tmouir scant

TANK VALVE
AP^

Ujj__ • O——•""
-r—7AP ''• W WATER .-.NLET VALVE

, OVERFLOW V V*l-Ve ' /^
•!..!! _" TOP PLATE

i ea
-WOMETE.I | '
•-8ES ,

FIQ. i. Coi.sMnt.Heaa P0m.ean.eter

5. Sample

M A representative samn, o, a,,dned eranuiar so,, TpreT̂  '"VT '*'
.--ntaimng less man 10 '; ... m,- matenal oassmg tne "-um pr*P»«"°n of Specimens
Vj. 200) sieve ana equal to an amount sufficient to satisf\ ^ Thc S'M ol Permeam«er to be used shall be a_
:ne requirements prescribe.? in :.2 and 5 3 shall be selected P«-a-oed m Table 1.
-• the method of quanennu ' 6- Make th= following initial measurements in cemi-
5.2 A sieve analysis isee Metnoa D 4'2. shall be maae on IpS"5- orsq"a« centimetres ana rccora on ||w ̂  shect

- representative sample o, me complete soil onoT̂ '.h Lnl'.h / \ ^^^ ^ of lhe Perm«R««n the•wmeabihtv test Anv „-„„., °'ete SO1' pnor To the ien?in- -~ b«ween manometer outlets: the depth //
" IUr?Cr man '^ mm (!j '"•' measur« at four sMnmetncatlv soacea points from the

' PIMe "-tiMhP S" "°l PL' UiCa '°r ttle ccrmeaoimy test. tne too oi tne upper norous stone or screen temponum
me percentage 01 the oversize matenai shall be recorded. P'acea on tne lower porous oiate or screen. This automati-

cally deducts me tmocness of the upper porous plate or
MTE :_|n oreer to estaoi.sn reoresenuuve vames oi coeiricients oi XKen lTOm lhe hetght measurements used to determine the
-̂measilities tor the ranee tnat mav exwt ,„ ,ne s,tuauon oeme v°«ume oi soil placed in the permeability cylinder. Use a
•"-Luted, samples of tne finer, aseraee. ana coarser sous 'snould be auP»cate top plate containing four large symmetncallv
stained tor testing. • spaced openings through which the necessary measurements

can be made to determine the averaee value for //,
-.3 From the matenal from which the oversize has been cajc«-«eJhe cross-sectional area. A. of the specimen.

•'moved (see 5.2). select ov the method of quanenne a nrlrrĴ  *• Tr*" P°m°n of lhe Samp'C Seieaed as
•-mote for testing equal to an amount approximately tw.« T̂̂ f/h, f "V °F *•*" K?ntenl det-rminauon-- Recordum dpproximatei\ twice the weignt ot the remaining air-dned sample (see 5.3). .r,.

TABLE 1 CyUnoer Oiameter
Minanum Cvunoar Oiamctcr
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Fid. 2 Oavice lor Evacuating and Saturating Speamen

for unit weight determinations. the layer in a regular pattern. The pressure of contact and the
0.4 Place the preparea sou bv one of the following length of time of the viorating action at eacn spot snouid not

proceoures in uniform mm layers approximately eaual in cause soil to escape from oeneath the cages of the tamping
mtcKness after compaction to tne maximum size of panicle. foot, thus tenamg to loosen the layer. Make a sufficient
but not less than approximately 15 mm (0.60 in.). number of coverages to produce maximum density, as
6.4. l For soils having a maximum size of 9.5 mm t Vt in.) evidenced by practically no visible motion of sunace parti-

or less, place the appropnate size of funnel, as prescribed in cles adjacent to the edges of the tamping foot.
4.3. in me permeability device with the spout in contact with 6.5.2.2 Compaction by Sliding Weight Tamper—Corn-
the lower porous plate or screen, or previously formed layer. P«- each layer of soil thoroughly by tamping blow* tin*.
and fill the funnel with sufficient soil to form a laver. taking fortniy distnbuted over the sunace of the layers Adjust the
soil from different areas of the sample in the pan. Lift the "«**" of dr°P and ?lve sufficient coverages to produce
funnel by 15 mm (0.60 .m.i. or approximately the uncon- maximum density, depending on the coarseness and gravel
'solidated layer thickness to be formed, and spread the soil content of the soiL ,
with a slow spiral motion, working from the penmeter of the 6.5.2.3 Compaction bv Other Methoas—Compaction may
device toward the center, so that a uniform layer is formed. -* accomplished by other approved methods, such as by
Remix the soii in the pan for eacn successive iaver to reduce ôratory packer equipment, where care is taken to obtain a
setreganon caused by taking soil from the pan. !iniform spea!P.;" wunoul ̂ ûon of P*™6*6 slzes <«
6.4.2 For soils with a maximum size greater than 9.5 mm Te?™™°? D 2019>' , 0 „ ,

.,, nospread the soil from a scoop. Uniform sorcaame can „_:*? R*latlve DenS"V l̂ meaiate Bet̂ n 0 and
be ootamed by sliding a scoopfui of soii m a nearly I0°f°-̂  tna » a sepaw—»«—- - -*—--——-——
honzomai position down along the inside suriace of the as the permeability cyiinde

in a windrow without segregation. Turn the •permeability
cylinder sufficiently for the next scoopfui. thus progressing NOTE 3—{nortertobnckevsysteit«ucaUvandrepiaematmly,.hi.
around the inside penmeter to form a uniform compacted relative densitv conditions mat may govern in natunt depona or m
layer of a thickness equal to the maximum particle size. compacted emoaiwunems. a senes of permeability tests mould be mad*
6.5 Compact successive layer* of soil to the desired w btwicet the nnte of field reiauve densities.

relative density by appropnate procedures, as follows, to a 6.6 Preparation of Speamen for Permeability Test:
height of about 2 cm (0.8 in.) above the upper manometer 6.6.1 Level the upper sunace of the soii by placing the
outlet. upper porous plate or screen m position and by rotating it
6.5.1 Minimum Densnv tO% Relative .Densttvi—Con- gently back and fonh.

tinue placing layers of soil in succession by one of the 6.6.2 Measure and record: the final height of specimen,
procedures described in o.4.1 or 0.4.2 until the device is filled //, - //,. by measunng the depth. //>. from the upper sur-
to the proper level. face of the perforated top plate employed to measure //, to
6.5.2 Maximum Densitv 1100 % Relative Densitvi: the top of the upper porous plate or screen at four symmet-
6.5.2.1 Compaction bv l 'ibrattng Tamper—Compact each ncally spaced points after compressing the spnng lightly to

layer of soil thoroughly wtm the vibrating tamper, disthb- seat the porous piate or screen dunng the measurements: tbe
uung tne light tamping action uniformly over the sun'ace of final weight of air-dried soil used in the test (W", — tV-) by
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POUKMUTY TEST ON aftAMUUU.SOO.
I NO. Oat* rt Tnt

lot Samoa _ ._ OttaS-n0M Raoort
Sonno— Sail 01
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F1O. 3 PeflneattUty Teat Data Sheet

weighing the remainder of soil. H':. left in the pan. Compute (Note 4) should be used for the test, but in any case the fluid
and record the unit weights, void ratio, and relative, density should be descnbcd on the repon form (Fig. 3). This satisfies
of the test specimen. ; the condition descnbed in 3.1.2 for saturation of soii voids.
6.6.3 With its gasket m place, press down the top plate ,_ _..

ipinst the spring and atuch it securely to the top of the JTshoT̂ T̂ ^̂ ^̂
p-rmeameter cyfanden malang an air.ught s«U. This satisfies «J iSilS2£SS-* for lar̂ wcaie ptoduc«» «*,,.
the condition descnbed in 3.1.1 of holding the initial density
without significant volume change dunng the test. 6.6.5 After the specimen has been saturated and the
6.6.4 Using a vacuum pump or suitable aspirator, evac- penneameter is full of water, close the bottom valve on the

uate the specimen under 50 cm (20 in.) Hg minimum for 15 outlet tube (Fig. 2. and disconnect the vacuum. Care should
mm to remove air adhenng to soil panicles and from the be taken to ensure that the permeability flow system and the
voids. Follow the evacuation by a slow saturation of the manometer system are free of air and are working satisfacto-
specimen from the bottom upward (Fig. 2) under full niy. Fill the inlet tube with water from the constant-head
vacuum in order to free any remaining air in the specimen. tank by slightly opening the filter tank valve. Then connect
Continued saturation of the specimen can be maintained the inlet tube to the top of the permeameter. open the inlet
ore adequately by the use of (/) de-aired water, or (2. valve slightly and open the manometer outlet cocks slightly.

maintained in an in-flow temperature sufficiently high to allow water to flow, thus freeing them of air. Connect the
to cause a decreasing temperature gradient in the specimen water manometer tubes to Ihe manometer outlets and fill
dunng the test Native water or water of low mineral content with water to remove the air. Close the inlet valve and open
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the outlet vaive to allow me water in tne manometer tubes to 8. Calculations
reacn their stable water level unaer zero head. 8 , Calculate the coefficient of permeability. K. as follow*,
". Procedure - " * " QLiAin

~.\ Open tne iniet yai\e trom tne filter tank slightly for ••vhere:
tne first run to conditions acscnned in 3.1.3. delav measure- ••' = coefficient of permeability.
mems of quantity of flew and heat until a stable head Q a uuanutv ot water discharged.
condition without appreciable Unit in water manometer L = distance between manometers.
levels is attained. Measure and record the time... head, ii (the i * cross-sectional area of specimen.
difference in level in tne manometers), quantity of flow. Q. ' = total time of discharge.
and water temperature. " " s difference in head on manometers.
'.2 Repeat test runs at neaos increasing by 0.5 cm in order 8.2 Correct the permeability to mat for 20*C .68*F) by

to establish accurately the region of "laminar flow with multiplying/c (see ti.n by the ratio of the viscosity of watcrat
velocity. \- (where » - '_"!"• directly proponional to test temperature to the viscosity of water at 2Q*C (68'F).
hydraulic gradient.. < where. = n / L}. When oepanures from
ihe linear relation become apparent, indicating the mutation Report
of turbulent flow conditions, i -cm intervals of head may be 9.1 The repon of permeabiiitN test shall include the
used to carry the test run sufficiently along in the region of following information:
turbulent flow 10 define mis region it it is significant for field 4.1 • I Proiect. dates, sample numocr. location, depth, and
conditions. any other pentnem miormation.

9. 1.2 Grain size analysis, classification, maximum parade>-Much loner ̂uc, o. nvcrauuc eradient.,: /.. are reautrcU
•nan tenenilv rm̂ mzca. :r. orocr to ensure laminar tiow conamonv *ze. and percentage Ol anv oversize matenal not used.
"he .o.lowini values are suuucitcu. touw comoactncss raunes. /;. L irom ^l.." Drv unit v.eignt. '.Old ratio, relative densitv as
1 :o u..i. ana dense computtnL-ss ratmci. n L irom n MO i. ?. me umer niacca. ana maximum ana minimum uensuies.

o.uci oi' ii/L appiunt 10 iiurscr MU» ana tne mener \aiucs to uner .̂1.4 A statement oi any acnanurcs irom tncse test
so"s- conditions, so the results can be evaluated and used.

" 3 At the completion ni tne permeability test.tdram the .̂1.5 Complete test data, as moicated in the laboratory
specimen and inspect it to establish u. nether u was essenuaih form tor test data tsee Fig. 3). and
homogeneous and isotrontc in cnaracter. Any light and dark 9.1.6 Test curves plotting velocit%. Q/.lt. versus hydraulic
alternating horizontal streass or layers are evidence of gradient. Ii/L, covenng the ranges of soil identifications
segregation of fines. of relative densities.

Tne Amertctn Societv ior Testing ina Mitentit tines no aotmon resotctmg tnt vmanv or tnv latent nams tsstnea m connection
wwi tn» Hem menmnea tn inn sttnaira. Ustrt ot tna stinatra m eioreasn tavmta (/ur aetermnution ot int vtumiv oi tat Men
omunt nams. ina ine rn* ot intrmaemem et sucn rignts. ire emrttv tntrr own rnoonMMMv

Tnrs sttnatra is suoitct to revision it inv time ov me rtsoonsioit tecnmeti commmee ina must oe revievno every five veers tna
il not revtsea. eitner retoorovea or wnnartwn i our comments trt mvitea eitner tor revision ot tnis stinatra or tor taaitionii sttnatras
tna snauKJ oe taartssea to ASTU Hetaautrters rour comments wnt recenm ciretm consaerttion tt i meeting o> tne resoonuoie
lecmcti committee, wnien vou miv inena n you leet tna vour comments ntvt not recmeo t ttir netnna vou tnouia mt*t vour
views unawn ic -r» A JTU Commmee on sianairas I9'6fl»c«s: Pnntationit P* )9'03
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Designation: O 2487 - 90

Standard Test Method for
Classification of Soils for Engineering Purposes1
This stannara is issuea unaer tne thed destination D :487. me numoer tmmeaiatetv followint me aeiicnauon indicate! tne \«r oi
onctui aoooiion ur m me me ot revision, me >ear oi last revision. A numoer m oarentnesei maicaustnc vear oi lau rnoorotji. A
supencmn eosiion ui indicates an eauonai enante since me last revision or reaoorovai.
This lest manna na. ncrn aonrovea lor usr ».• atenetes el inr Department nt Oeiense <.'onsun me DOD Inaex ni Soectiicaitant ana
Staiuam ior me <w .w rear at issue wmrn nas item aaoetea nv me Department <>t Detente

I. Scope 2. Referenced Documents
;.l This test method descnbcs a system for classifying •> j ASTM Stanaards:

mineral and organo-mmerai soils for engineenng purposes £ 117 Test Method for Matenais Finer Than 75-nm (No.
sasea on laboratory determination ot panicle-size character- -QQI Sieve m Mineral Aggregates bv Washing-
.stics. houid limit, and plasticity index and shall be used c I36 Method for Sieve Analysis of Fine and Coarse
<*nen precise ciassincation is required. Aggregates-5

NOTE i—Use of th« sianoara «.„. resuii m a smwe classification C 702 Practice for Reducing Field Samples of Aggregate
jrouo SM-iooi ana trauo name erceot wnen a soil contains ? to 12 H to Testing SizeJ
• -r.es or wnen tne oiot oi me nuuiu umii ana oiasticitv maex values tails D420 Guide for investigating and Sampling Soii and
r.c tne crossnatcnea area oi me oiasncitv cnan. In tnese two cases, a Rock"
:M svmoo. is usea. tor examnie. OP-GM. CUM L/when tne laoora- D421 pracuce ,-Qr Drv Preparation ot Soil Samples for
r̂SŜ ^̂ Ŝ̂  P-'-l------ Analysis and Determination of Soil Con-

ttoaratea bv a stash. The lint s\mnoi snould be tne one oaseo on tms Slants
.tjnaara. ior example. CL'CH. GM/SM. SC/CL. Borderline svmoois D422 Method for Panicle-Size Anaivsis of Soils'1
we-anicuiartv usetul when tne IIQUIQ limit value of clavev sous is clcSse D655 Terminology Relating to Soil. Rock, and Con-
10 :0. These soils can nave exoansive cnaractenstics ana the use ot' a tamed Fluids4
Donenme symooi CCL/CH. CH/CL) »... alert tne user of the assigned D1140 Test Method for Amount of Matenai in Soils
•--manon o, extensive po.emial. Rner th_n the NQ 2QQ (75̂ m| Sieve,

..1 The group svmbol ponion of this sytem is based on D22I6 Method for Laboratorv Determinatton of Water
laboratory tests pcnbrmeo on tne ponion ot a soii sample (Moisture) Content of Soil. Rock, and Soil-Aggregate
passing the 3-in. (75-mmi sieve tsee Specification Ell). Mixtures4

1.3 As a classification svstem. this test method is limned D2217 Practice for W« Preparation of Soil Samples for
to naturally occumng soiis. Panicle-Size Analysis and Determination of Soil Con-

, _ . stants4
NOTE —The «rouo names ana ssmools usea in inn lest metnod D ,4gg Pracnce ,br Descnption and Identification of Soils

rnav oe usea as a descnotive svsiem aooiied to sucn matenais as snaie. ~ ° . '•"•"-'='"' -*fc w v ,
. av«one. snells.crusnea rock. etc. ice Aoocnaw XI ' Visual-Manuai Proceaurel

D4083 Practice for Descnption oi Frozen Soils (Visuai-
- This test memod is tor Qualitative application oniv. Manual Procedure."

NOTE J-Wh«n auanuume tmomtaiion ,s reouired for detailed D4318 Test Method for LldUld Limit. Plastic Limit, and
a«wns oi imoorum stniaum. tnts test metnoa must be suooiementea ' Plasticity index Ot Soils
DV laooraiorv tens or omer Quantitative oau to determine penormance O 4427 Classillcation of Peal Samples ov Laboratory Test-
.•nannensttn under expected field conditions. • • ing4

1.5 The system ,s based on the widely recognized Unified E J l Specification for Wire-Cloth Sieves for Testing Pur-
Soil Classificauon System which was adopted by several U.S. poses
Government agencies in 1952 as an outgrowth of the Airfield , T . .
Classification System developed by A. Casagrande.: . J. terminology „.,...

1.6 This standard does nn purport to address me satetv 3.1 Definitions—Except as listed below, all definitions are
prooiems associated with its, use. It is the responsibility of the m accordance with Terms and Svmoois D 63 3.
user of this standard to establish appropriate satetv and NOTE -—For oanictes retained on a 3-m. i75-mmi U.S. standard
"faith practices and determine tne applicability nt repittatorv sieve, tne following definitions are suggested:
limitations prior to use. Ct>bhie*—panicles 01 rock tnat will pass a il-in. t300-mmi sauare

opening and be retamea on a 3-in. .75-mmi L.S. sunoard sieve, ana
__________ Botaaers—oanicies oi rock mat wiil not pass a 12m. (JOO-mmi

This mt metnod is unoer me mnsoiction of ̂STM Committee O-1 x on Sou Muare opening
<»o Rock ana nine direct resDonsioiiit\ oi Suocommittee O18.0T on ideminca- 311 gravel—panicles of rock that will paSS a 3-in.
i ina CUmiieuion oi Soiiv
."urrtnt eaiuon iDOrovca June ;v. !"«0. Published Autust |V<H> Onuniu\ ______

^wmw u 0IW - 06 T. Uu ot-vtoiw eaiuon 0:4*7.!.?" ———————
; CuMnnoe. A.. •C.inuicauon ana Idemiticauon oi Soils.' Tranaaioni. ' .-nuai Bonn oi .4STM Stanaaras. Voi 04.01

'SCE. 1948. o. .01. ' ' Annual BOOK o. ASTM Stanaaras. Voi 04.0H.
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("3-mmi sieve and be retained on a No. 4 .4.75-mmi U.S. thereoy classified. The tlow charts. Fig. 1 for fine-grained
" ,noard sieve with the following suodivisions: soils, and Fig. 2 for coarse-grained soils, can be used to assign
i-'oarse—passes 3-in. 175-mmi-Sieve and retained on V.-in. the appropnate group symooi(s) and name.

.19-mm. sieve, and
Fine-passes V«-m.'(19-mmi sieve and retained on .No. 4 5> Significance and Use

,4.7r-mm. sieve.
3.1.2 sand—panicles oi rocK that will pass a No. 4 -•' This test method classifies soils from any geographic

<4,75-mm. sieve and be retained on a No. 200 (75-umi U.S. location into categones representing the results of prescnbed
standard sieve with the following subdivisions: laboratory tests to determine the panicle-size charactensncs,
Coarse—passes No. 4 u 75-mnu sieve and retained on the hquici hmu- and tne Plasncny index.

No. 10 .2.0l)-mmi sieve. -•- The assigning ot a group name and symboUs. along
' Medium—passes No. I u"( 2.00-mm i sieve and retained on wuh the d«cnptive information required in Pracuce D 2488

No 40 (4^-umi sieve and can °* uscd to descnbe a soil to aid in the evaluauon of its
Fine—passes No." 40 .425-umi sieve and retained on No. significant properties for engineenng use. _

200 (7'-urni sieve. -•-" The vanous groupings ot this ctassincauon system
3.1.3 c/av—soil passing a No. 200 (75-nm) U.S. standard have been deviscd lo correlate in a general way with the

sieve tnat can be made to exmbit piasticuv (putty-like prop- engineenng behavior of soils. This test method provides a
emesi within a range of water contents and that exhibits uselul firsx -«" m anv field or laboratory mvesugauon for
considerable strength wnen air on-. For classification, a ciav eeotechmcai engineenng purposes.
.s a fine-grained soil, or tne tine-gramed ponion of a soil. --4 This tesl m-tnod maV also be used as an aid m

a plasticity moex cduai to or greater tnan 4. and the piot training personnel in the use of Practice D 2488.
Piasucitv index versus uuuiu limit tails on or aoove tne ;-5 This lesi metnoa mav «* usca m comomauon with

••.. •• |me Practice D 4083 wnen wonting with frozen soils.
.vl.4 siii—-soil passing a No. 100 (75-umi U.S. standard

sieve that is nonpias'tic ur verv slightly plastic and that 6. Apparatus
exmbits little or no strengtn wnen air dry. For classification. 6_, ,„ additlon lo the apparatus that may be required for
a silt is a fine-grained sou. or tne tine-grained pomon-of a obtaiBing ana prepanng the samples and conducung the
soil, wuh a plasticity index less than 4 or if the plot of prescnbed laboratory tests, a piasticuv chan. similar to Fig.
plasticity index versus liquid limit falls below the "A" line. 3> and _ cumuiaiive panicie-size distnbution curve, similar
~Lj.l.5 organic ctav—a ciav wuh sufficient organic content to Fig 4 are required.
_̂ influence the soii prooenics. For classification, an organic
"ciay is a soil that would be Classified as a day except that us N°TF 5—The "'.'" line snown on Ftc .' lw been empmcalhr
liquid limit vaiue after oven drvtng IS less than 75 To of its determined to oe me approximate "upper nmu tor natural soils, it is*
liquid limit vaiue before oven drvmg. good «*-?«*»« «""»» -*»•««»»* '«' «*"«-«**» «**tbow, , , , . J: . • or to ihe leit of it snould be ventied.3.1.6 organic silt—a sin wun sutficient organic content to
influence the soil properties. Fur classification, an organic silt
is a soil that would be classified as a silt except that us liquid "• Sampling
limit value after oven orvine is iess than 75 ̂  of us liquid ~.l Samples shall be obtained and identified tn accord-
limit value before oven uninu. ance wun a metnoo or methods, recommended in Recom*

3.1.7 peat—A soil comoosed of vegetaoie tissue in vanous mended Guide D 420 or ov otner accepted procedures.
stages of decomposition usually wuh an organic odor, a ".2 For accurate identification, the minimum amount of
dark-brown to black color, a spongy consistency, and a test sample required for this test method will depend on
texture ranging from fibrous to amorphous. which of the laboratory tests need to be performed. What

1.2 Descriptions of Term* Sneciiicio This Standard: only the panicle-size anaivsis of the sample is required.
3.2.1 coefficient oi cun-ature. Cc—the ratio cD3o):/(D,0 x specimens having the following minimum dry weights are

DM). where D«O. D,0. and D,0 are the particle diameters required:
corresponding to 60. 30. and 10 % finer on the cumulative Maumum pantcieSue. Minimum Sooimca Su«.
panicle-size distnbution curve, respectively. Sieve ooemnt on *«f_u
3.2.2 coefficient of unitormm: Cu—the ratio D̂ D̂ . 47$mmtNo. -i ioot 10.23 IM

where DM and Dto are tne panicle diameters corresponding <» s mm •*• m.i -00 »ifl.J mi
to 60 and 10 % finer on tne cumulative panicle-size distn- 1!"mm''"'"•' i'"SlTfS1. __ . 38.1 mm 111/: m.i S.Okgllllolbution curve, respecti vei\ - 5 o mm 13 in. i 60.0 k» 1132 ibi

Whenever possible, the field samples should have weights
4. Summary of Test Method lwo lo ,-our umes larger than shown.
4.| AS illustrated in Table t. this classification svstem iden- 7.3 When me liquid and plastic limit tests must also be

tifies three major soil divisions: coarse-grained soils, fine- peribrmeo. additional matenal will be required sufficient to
soils, and highiv organic soils. These tnree divisions provide 150 g to 200 g oi soil finer tnan the No. 40 (422-iinu

funher subdivided into a total of IS basic soil groups. sieve.
4.2 Based on the results of visual observations and prc- 7.4 If the field sample or test speamen is smaller than the

scnbed laboratory tests, a soil is catalogued according to the minimum recommended amount, the repon shall include M
basic soil groups, assigned a group symboi(s) and name, and appropnate remark.
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TABLE 1 Soil CUMmcanon Chart

Cmena tor ASJKXWXJ Orouo avmoois ana Grouo Names usmq Laooratorv Tests'

:;trse+ji-nea Sons
:-ye man 60 X retaiwo on NO,

:0 X or more oasses in* No

-~»voraanic VMS

More tnan SO x ot coarse
"action retamea on NO 4
sieve

Sanas
50 *. or more ot coarse
traction oasses NO 4 sieve

Suts ana Clavs
..aaa wm tess man SO

Suts ana Clavs
i..auxj limit 60 or more

Clean «jrave«s
uess man a x fines-

Gravets witn f nes More
tnan 12 5 tines-

Leas tnan s X fines -

Sanas wun Fines
Mar* tnan 12 X rrwj-

<norqane

organic

inorqanc

orqane

Cu 2 4 ana l < Cc s 1°
Cu < 4 ana/or i > Cc > 3"
r.nes aassnv as ML or MH
~mes aassnv tt CL or CH
Cu 2 6 ana i < Cc s 3*
Cu < 6 ana/or i > Ce > 3'
Fines aassnv as ML or MH
Pines aassnv as CL or CH
PI •> 1 ana dots on or aoove 'A* line-
Pl< 4 or otots oeiow 'A" kne-
UOUM wwi - oven oneo r ...
LXHM «mii - not orwa
PI otots on or aoove 'A' kne
PI otots oetow 'A' line
UOUKI WTOT - oven onea , ,.
uauia win - "ot ariea

J~marav oroarue matter oarx in coax, ina oroanic oaor

So4 CUmncaoon
Grout
Svmoc
GW

GP
CM
GC
SW

SP
SM

SC
CL
ML

OL

CH
MH

OH

ar

', GrouoNam.'

•vtft-oracMa aravt*'
3OOTIV QT.K3CO Of IW

siltvqravet''0"
CUvevqrtv*'0'*

wê prmasana
°oanv qnaea sana'
Sirtvsano-̂ '
Qavav sana'*-'"
Lunaa**--"
an**-"
Oroineaa.'--"
Omsacvrr"-""
F«a_v*-«
euanesn*-"
Oroaneaav*'*"
Oroarac sr. r" - *"•
Peat

- 3as«a on tne mattnai oassma trie j-r .;5.mmi t _ . Q̂ .t. " •> «.. contains s. JC *, oius NO 2:3 C't-
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<l Designation: 0 2488 - 90

Standard Practice for
Description and Identification of Soils (Visual-Manual
Procedure)1
This itanoara is tuucu unoer trie mca destination O 2488: tne numoer tmmeaiateiv lollownt tne animation maicaiei tne vear oi
onurui saootion or .n me case oi revmon. tne vear oi .ait remion. A numner in oarentnnes inaicates tne veir oi ust reaoorovji A
iuoencnot emiion 1. 1 indicates ari eattonai cnante since tne last reunion or reaoorovai.

This sianaara na< /•-•.•« arrnxca n<r ./«• m- aecnrtn m »><• Urtiartinnit »< Dften\e <. untun me />•«/> lnar\ HI ,\rceiitfaninn ana
iianaarat iur int irein/. uw ui i.fw »mrn no. iwm aaunira nr im- Department <n Detente

l. Scope D 1587 Pracuce tor Thin-Walled Tube Sampling of Soils*
1.! This practice covers procedures Tor the descnpnqn of D21I3 Practice for Diamond Core Drilling for Site

;ous for enemeenng purposes. Investigation*
: . ' This practice aiso aescnoes a oroceaure ior identifying ° -487 Test Method for Classification of Soils for Engj-

•oils, at the ootion of the user, based on tne classification neenne Purposes*
astern aescnoed in Test Metnoa D 24S7. The laenmication D4083 Pracuce for Descnption of Frozen Soils (Visual-
s oasea on visual examination ana manual tests, h must ne Manual Proceaurcr
.:canv statca tn repomne an laemmcation tnat it is oasea on , ...
;suai-manuai oroceaures. • .<. lermmoJoBy

I.; \^hen precise ciussincaiion oi sous tor •enemeennu. ' : Dclinninn\
..urooses is required, tne procedures prescnoed m Test •' '•' Except as listed below, ail definitions are in accord-
Method D 2487 shall be useu. ance W|tn Terminology D 653.

1.2.2 In this practice. tr.C lUemiticatlOn ponion assigning NOTE :— For oamcies retamea on a .5-m iV-mmi US standard
j group symbol and name is umitea to soil panicles smaifcr sie\e. tne lollowme aefmitions are suttgestea:
lhan 5 m. (75 mmi. Ctihhle\ — panicles oi rock, tnat wni pass a iZ-in. (JOO-mmi jquare

1.2.3 The identification portion of this practice is limited opemn* aod «* ret"inetl on * i"n- (75-min' sieve- -n<»
-turallv occumng sous loisturoed and unoisturoedi. Am/̂ M-pamew m rocic ihat ...l no, pass a i2-,n. (JOO-mrn.

.ouare ooeninc.
N..TF ,-Thi, pna.ee max no usca as a aesenmive svvem aopncc 3 , j , '{ so,j SQ :QO (75.un|| Sleve lhat

10 sucn matenais as shale. cia\ stone, sneiis. crusneo rocK. etc. (bee . . . . , , , . •^ made to exhibit plasticity (putty-like propenies) within a
ranee of water contents, and that exhibits considerable

1.3 The descriptive information m this practice mav be strengtn when air-dry. For classification, a clay is a fine-
used wuh other soil ciassiticauon s\ stems or tor materials gramed soil, or the fine-grameo ponion of a soil, wuh a
otner tnan naturally occumnc sons. piasticuv index equal to or greater than 4. and the plot of

: 4 This standard dw> /;... nurnmi m uadrcs*; ati ot tin- piasticuv index versus iiduid limit fails on or above the "A"
..7f.v rrnniems associated » .-.•/; ;M ..••. .'; ;.. me rr r"n\initn: • ,me tsec FJ£. j« Of Tesl MCtnoa D 2-»8~i
•'ineuserbithisstanaarti ti-f\iaflit!>ii aoitrnnnaicsuictvuiiu .-.;.!.:> yravei — oamcies ot rocK tnat ^ill pass a 3-io.
•teatiii nracttces and determine tne unmicaonnv tn rcvtitaton- . -;k.mm~t sieve and be retained on a No. -i u.75-mm» sieve
imitations prior to mi: For specific precautionan- state- wuh tne following subdivisions:
ments see Senton 8. coarse — passes a 3-in. ( 75-mmi sieve and is retained on a

1.5 The values stated in men-pound units -are to be /4-m. < 19-mmi sieve.
regarded as the stanaard. . »' . tine— passes a ;/«-m. ( 19-mmi sieve and is retained on a

No. 4 (4.75-mmi sieve.
2. Referenced Documents 3.1.1.4 organic ciav — a clay wuh sutllcieni organic contest

"* 1 -.STU Standards to «n''uence the soii prooenies. For classification, an organic
D 653 Termtnoiogv Relating to Soil. Rock, and Contained cla*V IS a so'1 that wouid be -iassified as a clay, exceot that its
pqujjjs: liquid limit value alter oven drying is less than 75 ~c of its

D 1452 Practice for Soil investigation and Sampling bv lic>uid limu vaiue b«'ore °ven drying
\uger Bonngs; " ' J- 1 . 1 .5 organic -.//—a silt wun sufficient organic content to

OIS86' Method for Penetration Test and Split-Barrei influence tne soil propenies. For ctassification. an organic silt
Sampling of Soiis: IS a S0li tnat wou'd be Classified as a silt except that us liquid

limit value after oven drying is less tnan 75 *"; of its liquid
-__»____- limit vaiue before oven drying.

Thuo.w.ticeii-1-oertnetun.o.ci..m..i »STM Commmee O-.« on soil anu .".1.1.6 peat — A SOli Composed pnmanlv of vegetable USSUC
. ana n tne airm rnoonnoinu m luncammittee ois.u" on laenmication m vanous staees oi decomposition usually wuh an organic
;uisnieation cfSotu. odor a dark b"rown lo b|acic color a spongy consistency, and

Current coition approve* June .•' !•"" Publunw AUIUU l̂ ^ Onufuut3UM»ixa a> o 24»» - *6 T. u« oret.ou, eon.on o :4«x - w • a texture ranging trom tibrous to amorpnous.
nt ASTM Siunaaru* \.ii«i4ii> 3.1.1.7 iflnfl— paniCtCS Ot* TOC* that will P3SS 3 Nfl. *
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10UP SYMBOL GROUP NAMEri
'

<30* Dim Wo. 700 • '-̂ —̂ "* *" IS* olut No. 200 •—————————————————•———-—— ..t.neuv
15-25* Olut No. 200 *-—-~^_"' % Mna •-* V*it» • tun euv witn und

"~~»- % un« «.X -rn« ———• Ltan ciiv wim v*~~*
^^____ X uno >X ot f r»v»l «-̂ __̂  ••• OS* «»«•! ——————-- Sandy Itan ei«v

£30* plui No. "W-̂ Ĉ  ~̂—-*. > 15* -rant ——————— ŝ ŷ ,.„, ellv „,,„ wwrt
% una <* <)r»»«. -—̂ ^̂ "̂ <.15X Una • —•—» Grimly itMlciav

~" fc >15* und • Grwra.lv t**n cuv w«lt und

<3O% olu. No. 200 •*=~~~~~"~- < '5X olut No. ZOO ———————————————————————-*»Silt
^ '5-25% olut No. 200 ""—-~̂ ,̂ ""' % **"** £* ejmn —•——•• Silt wim und

~~~~~«fc% und <X«ra»«t———— Sill wim«ra**t
^_____ X und >t> ot «.•«-• >*̂ ^̂  • < IS* ».»»•.———————» Sandv till

>30* Olu. No. _ ^
% und <X etnet

<30* olut No. 200 ~*~~~~~̂ ~~~** < IS* olut No. 200 -»M eUv
~ X und >% «raM< ———— -f „ euv wrt|, MB-

und <-X «r*Mi ———— **f it city wnn«rn
^ —— ^^ < 15* -ra»«. • •• S«nd» Ui ciav

>MX p.u. No. 200<̂ ""7 —— «-. >15* <r.». ——————— . Sln-y til elw wttnf.1**.
*̂~ < 15* und

i15* und •• On»«uv tat etav wnn und

iut No 200 • ̂ _̂̂ "̂ < 15X olut No. 2OO ————— - —— - ——————— - ———— - ——— — €ume tin v
^̂  ~̂~~~!~*' 15-25* eiut No 200 —?—^——-» % und -iX «»•••« ———— ->€l*itieini wnn un«

MH "-C. • """- % und «.% vttet m €li»tic tilt witn tftvet
~* T- X«««m >X ot ermnt â ___̂ ^ —— «: 15* «_«»«« — — -» Sandv •intw tilt

>30X Olut No. 200 -«=Ĉ "_̂  ~— • -». >15* «r».« ——————— - Sandv tlatlic tilt witu «r«Mt
"̂"""~"" <15* und « G>»«<Uv tltttic Ml

• >15X uno - —— . —— . —— m- GXM.IV •Mitw tilt wnn und
NOTI— Cfrctmtcfn tit ottea on •sumatna amounts oi inn. sana. ana gravm to tnc rmmntt S x.

FIG. 1a Flowchart tor Idanntymg inorganic Fir.o-Grati.od Soil (50% or mow .mn»

- "5-mmi sieve and be retained on a No. 200 (75-nmi sieve 4. Summary of Practice
*-Ui the followtng subdivisions: 4, Using visual examination and simple manuai tests.
ccoarst— passes a No. 4 (4.75-mmi sieve and is retained on tn,s practice gives standardized cmena and procedures for

i No. 10 (2.00-mm) sieve. descnbmg and identifying soils.
m«7.i/.»>— passes a No. 10 (2.00-mmi sieve and is retained 4.2 The soil can be given an identification by assigning a

;n a No. 40 (425-umi sieve. group symboi(s) and name. The .low cnans. Figs, la and Ib
•'if— passes a No. 40 (425-umi sieve and is retained on a for tlne-grainea soils, and Fie. 2. for coarse-eramea soils, can
IJO (~5-umi sieve. oe usea to assign tne appropriate croup svmooitsi ana name.

."...:... sin — sou passing a No. 200 (75-nmi sieve that is If the soii has propenies wnicn ao not distinctly pace it into
•onoiastic or very slightly plastic ana that exmbits little or no 3 specific group, borderline svmoois may be used, see
iirenetn wnen air dry. For classification, a silt is a fine- Appendix X3.
.rained soil, or the fine-gramea ponion of a soil, with a NOTE 3 — U is suggested thai a distinction be made Oetween aval
:iasticitv index less than 4. or trie olot of plasticity '. maex irmoots *na tiaraenine i\-mnois
•ersusliauid limit falls beiow the "A" linetsee Fie. '3 of-Test Owa/ 5t-mw>/— A dual svmooi is two svmoois seoaraten bv a n\-jhen.
Method D *4871 " ' for e*an"9le- CP-CM. SW.SC. CL-ML used to indicate that tne soil has

been identified u havinc me oropenies oi a ciassmcauon in accordance
with Test Method D2487 wnere two svmoois are reauired. Two
svmoois are required wnen tne soil has oetween j and 12 Tt fines or

GROUP SYMBOL GROUP NAME

<MX Olut No. 200 --̂ ^ • < 15X Okit No 200 • ———— • ——— - —— — — —— • ———— "• Or»«»e Mil
15-25* Olut NO. 200 ̂^̂ ^ ii % und >% frwti—— —— *• Off MI* ton wnn und

^~~%und<X«f...-« »• Ortann tod wnn ejittei
X und >% «r«M. î _. __ • < 15* «>(•«

~ ~^
^^ __

>30X Olut No. 200 «SĈ "7 ~ ~̂  — -̂ » >15* %t»m —— •• Sanov otfMM to« witti ff trtl
^""""% und v% t'»n, — L___ -~- < IS* und —— —————— — Oraw.lv

""

art oasoo on •snmannq amounts Ot tints, sana. ana aravw to tn« nemr«st S X
Fid. 1b Flew Chait tor Id-nutying Organic ftn9<Gn»n»a Soil (SO % or mor* timsi

321 HR.3Q5UU8



— "T
4$H) D 2488

GROUP SYMBOL GROUP NAME

GW-GM
GW-GC
GP-GM
GP-GC

NOT!—Peretmaqt* art otsoa on estimatra amounts ot line), sana. ana qravei to tno nearest 6 X
Fia. 2 Flow Chart tor Identifying Coar.io-Gam.wc. Soil* <!••• titan 50 % lmt»»

en the Iiauid limit snd olasticitv index values oiot in tneCL-ML area results ior tvptcal soils ot' eacn t\oe wuh their visual and manual
oi ihe otasticnv cnan. characteristics.

Barasrttne Svmnot—A bordentne svmbol ts two svmoois separated
bv a slash, for examole. CU CH. CM/SM. CUML. A borderline svmool 5.6 When descnbing and identifying soil samples from a
snould be usea to indicate that tne soil has neen identified as navmc given bonng. test pit. or group of bonngs or pits, it is not
prooen.es tnat ao not aistmcm oiace tne soil into a soectric erouo isee necessarv to "follow ail of the procedures "m this practice for
Appendix X3i. . ^^ j^^ Soijs whtch appear to be similar can be

grouped together one sample completely descnbed and
5. Sicnificance and Use identified wun the others referred to as similar based on

:.l The oescnpuve information reauirea in this practice pertormm? omv a few of tne aescnntive and loentificauoa
can be used to oescnbe a soii to aid in the evaluation of us proceaures aescnoed m tms practice.
significant propenies for engineenng use. 5.7 This practice may be used in combination with
5.2 The oescnptive information required in this practice Practice D 4083 when working wuh frozen soils.

should be used to supplement the classification pf a soil as
determined by Test Method D 2487. <
5.3 This pracuce may be used in identifying soils.using the 6- Apparatus

classification group symbols and names as prescnbed'in Test 6. i Required Apparatus:
Method D 2487. Since tne names and symbols uscd in this 6.1.1 Pocket Knife or Small Spatula.
practice to identify the soils are the same as those used in 6.2 L'setui Auxtltarv Apparatus:
Test Method D 2487. it shall be clearly stated in reoons and 6.2.1 S.Tja/7 Test Tube and Stopper (or jar with a lid).
all other appropnate documents, that the classification 6.2.2 Smati Hand Lens. -
symbol and name are based on visual-manual procedures.
• 5.4 This pracuce is to be used not only for identification
of soils in the field, but also m the otfice. laboratory, or "• Reagents
wherever soil samples are inspected and descnbed. 7.1 f uritv of Water—Unless otherwise indicated, refer-

5.5 This practice has particular vaiue m grouotng similar ences to water shall be understood to mean water from a city
soil samples so that onlv a minimum numoer of laboratory water supply or natural source, including non-potable watet-
tests need be run for positive soii classification. - _ Hvarocnioric Acid—* small bottle of dilute hvdro-
Sort u-TheabdiwtodescnocandKienuivsoiisco.-eaivis.eaxned ™̂ «ld. HCI. One pan HQ (10 A't 10 thrtt parts

more readilv under the fuioance oi exoeneneea oenonnei. but it may 'This reagent IS optional for use With this praaiCC).
iiso be acouireo systematically bv comoanni numerical laboratory test Section 8.

A.R305H9



D 2488

niRounoca

[ id) Subaniuur
RG. 3 Typical Angularity of Bulky Grains

1. Safely Precautions . accordance with th
3.1 When prepanng the dilute HC1 solution of one pan -Ma«mum Panieie Sue. Minimum:

:oncemrated hyarocnlonc acid (10 .V. to tnree pans of j Sieve opening or\
aisulled water, slowly add acid into water following necessary \. •« 's mm INO. -».
safety precautions. Handle with caution and store safely. If j ôTmtt.'ln i i ok-.iiibi
—iuuon comes into contact with the skin, nnse thoroughly ; 3s'.t ™*,, '/w'̂., s o k( i u n>i

.h water. I .5,0mm... m i M)0k|ii3:tbi
3.2 Caution—Oo not add water to acid. NOTE "—if random isolated oanicies arc encountered that arc

sicjiiAcantiv larger man me panicles in tne sou mams, the sou matrix
can be| accurately descnoed and identified m accordance with the
prectedint schedule.9. Sampiinf; i

, , _. . , „. . . 9.4 If the field sample or specimen being examined is9.1 The sample shall be consiaerea to oe representative ot smaile^ than the mimmum rec0mmenaed amount, the
:ne stratum trom wn.ch it was ooutned by an appropnate. repon:shall indude an apprOpnate remarK.icceoted. or stanaara procedure. |

10. Descriptive information for .oils
D 1 586. -.u ,587. or 10.1. ̂ û/amv-Descnoe me angularity of the sand

9-2 The samoie shall be carM»ii» ,,.. . .- j (coarse sizes only), gravel, cobbles, ana boulders, as angular.
sample shall be caretully laemmed as to ongin. subangular. subrounded. or rounded in accordance with the

SOTE 6-Remarics as to the onun mav take the tbrm of a bonne cmena >n Table I and Fig. 3. A range of anguiamy may be
moer and sample numoer in coniunction wim a tob numoer a Stated, such as: subrounded to rounded.

* oedo'0flc Bon-on or » "»«on descnwion-witn '0.2 Shapê - Descnbe the shape of the gravel, cobbles
0n num0er ind b°,UiderS " flaU ***"*• or tlat and don«attd if theCe.evauon. meet the cntena in Table 2 and Fig. 4. Otherwise, do not

9.3 For accurate descnption and identification, the mm- meni>on lhe shape, indicate the fraction of the panides that
•mum amount of the speamen to be examined shall be in have lt" shape- sucn as: one-lhird of the gravel panicles aretlat. ,
TABLE i Cntwi«foro«M.n.jm9Anguun.vo.Co«i«.Mi«in«.i '0.3; Co/or— Descnbe the color. Color is an imponant

Panxaaa <»•• «=ig. 3) property m identifying organic soils, and within a given
- .

.. TABLE 2 Cnttn. for Oe.cno.nq P.melt Sh.o, , w flg. 4)
SuDanouu, p̂ Z?*9 **"*** Tnt oarttot snao. sna» oe.oesenota as lowows wncrt «nqm. WOT,. ̂
*«-™uar nanots art smw to anquar oescnonon out nav« "wewwss reier to tn« oreatest. mtermeoiatr. ano least eunensia-i of a oanot

rounotatopt* reseteovtiv
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PARTICLE SHAPE

1 = 1
L-LENGTH

TABLE 4
Descnorxxi
NOO*

Strono

Cnttna tor OMowmq tn« ftttcttoo WHh HCt
Cmtna

NO WHOM rBtLUUII
Somt rttcoon. wnn OUOOM tonmnq siomw

TABLE 5 Cntena for Oescnomg Consisttncy
Oesenouon

very son
Son
Firm

ve»vnaro

Cmtna
TTuno wu oentnrmtm sot man van i m i25 mm>
Thumo w» oentmtt son aoout 1 m. i25 mmi
Thurxj win motM so< aoout v< m. 16 mmi
Tnuno ww not notm soi out rtaoiv notmto wiin tnummt
Thumonai w» not notm son

10.7 Consistency — For intact fine-grained soil, describe
the consistency as very soft. soft. firm. hard, or very hard, in
accoraance wuh the cntena in Table 5. This observauon is
inappropriate for soils with significant amounts of gravel.

10.8 Cementation — Describe the cementation of intact
coarse-eramea sons as weak, moderate, or strong, in accord-
ance wun the cntena in Table o.

1 0.9 Structure — Descnoe tne structure of intact soils in
accoraance \«.un tne cntena in Table "

'.U.10 Ranee ct Panicic Size* — For eravet ana sand com-
ponents. descnoe the range of panicie sizes within each

FLAT: W/T>2 component as defined in 3. 1.2 and 3.1.6. For example, about
ELONGATED' L/ W > 3 • 20 ""c fine to coarse gravel, about 40 ̂  fine to coarse sand.
PI AT AMR ci nwrATrn \Q.\\ -^faxtmiim Particle Si:e — Descnoe the maximum
l-LAl ANU LLUNWX I EQ: panicle size found in the sample m accordance with the
-meets both criteria following information:
FIG. 4 Criteria lor Pameie Shaoe 10.11.1 Sand Si:e — If the maximum oantcle size is a

sana size, aescnbe as fine, medium, or coarse as defined in
. ' . 3.1.6. For example: maximum panicle size, medium sand.',
TABLE 3 Cnttnt for Oetcnoinq Mo.»turo Condition 1 0.1 1.2 Gravel Size — If the maximum panicle size is a

D..X-C-ICTI cnttn.i gravel size, descnbe the maximum panicle size as the
. ouitv an, to in* toucn "~ smallest sieve opening that the panicle will pass. For

oamo out no vtsot water examote. maximum panicie size, i1/: in. iwiU pass a k'/MO.
MM ______ Vt**>> lr<!* *•""* usu>w ̂  '* oeK'w "•'•• ""̂  yiuare ooenme but not a v«-m. sauare ooemngi.

; 0.1 i.3 i. (jdhie or Buuider size—\f the maximum oaruck
)caaty it may also be useful m identifving matenais of $ize IS a cooble or °ouidcT size, descnoe tne maximum
miiar geologic ongin. If the sample contains layers or dimension of the largest panicle. For example: maximum
•atches of varying colors, this shall be noted and all dimension. 13 m. (450 mmi.
epresentative colors shall be oescnbed. The color shall be 10-12 Haraness—Descnbe the hardness ot coarse sand
sscnoed for moist samples. If the coior represents a dry and lar?er oanicies as hard, or state wnat happens when the-
ondihon. this shall be stated in the repon. ' '• ' panicles are hit by a hammer, ior example, gravei-sae
10.4 Odor—Descnbe the odor if organic or unusual. Soils Panicles fracture wuh considerable hammer blow, some

ontatmng a significant amount of organic matenai usually gravei-sizc panicles crumble with hammer blow. -Htri
iave a disunctive odor of decaying vegetation. This is means Panicies do not crack- fracture, or crumble under •
specially apparent in fresh samples, but if the samples are hammer blow.
•.ned. the odor may often be revived by heating a moistened 10-13 Ad-tmonai comments shall be noted, such as U*
ample, if the odor is unusual .petroleum product, chemical. Presence of roots or root holes. ditTicuuv in dnllins or
.nd the like), it shall be descnbed. augenne hole, caving of trencn or nole. or the presence «
10.5 Moisiure Condition—Descnbe the moisture condi- mica-

ion as dry. moist, or wet. m accoraance with the cntena in 10.14 A local or commercial name or a geologic interptt?
'able 3.
10.6 HCl Reaction—Descnoe the reaction wuh HC1 as _____TABLE 6 Crit.m.i for Dt.enomq Cti.wtMt.on
?. weak, or strong, in accoraance with the cntera in sesenetion____________Cnttna____________
At 4. Since Caiaum Carbonate IS a common cementing WMK &umat« or nrtana wnn nano«nq or »mt tnm erts*n

igent. a repon of its presence on the basis of the reaction Mooaratt ourot*or i»̂ m»vnintaiuiincm*ftfirtmmrt
vith dilute hydrochionc acid is important. —swno w«.«enm»eye.™*»**.».—cam-*———̂ .̂
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TABLE 7 enter™ for Otaenoing stnicaif-i ___ tines. Follow tne proccoures ior laentttytng line-grainea sous
cmtna of Section 14.

Aittmanno avers at vuvma mattnai or coior w,,n iav«r» a; ' - •- The soii is co arse zratnea if it contains less tnan 50 1
east 6 mm mtot: norttnofness tines. Follow tne proceaures tor laentifvine coarse-grained

Aitematma lavers or varv.no matenai or coior wun tre <-olls of Section 1 *
.avers less tnan b mm W.ICK: note tniCKness o--uuu i-.

-•ssurto Brians aionq aewwe oiants ot fracture wnn nine
resistance to tractunnq j 4. Procedure for identifying Fine-ij rained Soils

fracture tuanes aooear ooiuneo or aiossv. sometimes . . , c- , ' • ,sinatto ' i4.l Select a representative sample ot the matenai lor
canusnt sat tnat can oe oronen oown miO smau anouar examination. Remove oarucies larger tnan the No. 40 Steve
:umos wn.cn resist tunner oreaKoown i meoium sand and iarzen until a specimen equivalent to

.i'sta inausion ot smaii oocxets or ailterem sous, sucn as smaii _, • i ' • i i__ _ • L_
en... a, sano scan.™ tnrouan a mas, Tciay-̂ e UDOUt 3 na"dtui °' matCnal IS avatlable- Ls- tn*- S«Cimen
motnws tor periorming the an- strength, dilatancy. and toughness

•Hjniooeneem ____ Same eeior ana appearance tnrouonoui ICSIS.
1 4.2 Drr Strenzttr

ation of the so.i. or both, mav be added if identified as sucn. ' *~ rom tne ***m sdecl enou?h matenal to moid
'

,
10.15 A classification or identification of the soil m mt° a ba" f0"1 ' ,'"* '" mm' '" d'amct"* M°'d lnc.

accoraance wun otner ciassuleation svstems mav b, aadea ,f matenai unt" " has the consislcncv ol ̂ "V- -dd'n? ™« «
•tientifiea as sucn necessary.

1 4.:.I From tne molded matenai. make at least three test
M. Identification of Peat specimens. A test soecimen snail be a nail ot material about

, . : in. t ! 2 mmi in aiameter. Allow tne test specimens to dn. , A samote composea pnmarm o. veeetame t.ssue ,n ;n air_ or sun_ or h, an]ticiaj mcans. JS |one as inc
,nous staees or aecomoosiuon tnat nas a norous u- -emoerature aoes not e-ceeo w»r
..•̂ oronous texture, usuauv a oar, orown to niacK coior. anc . ; _, [f tnc ̂ 5p(fcimcn eonlam, -„„„„, dn. lumpy
.a organic oaor. snail be .aesienatea as a m«m oreamc sou lnose are l . .. ,n. , 1 2 mm . in atameter mav ne used
,na snail be laemmea as peat. PT. ana not suo.ectea to tne ,„ of |he molded balls.
jcntitication proceaures aescnocd hereatter.

NOT. in—The process oi moidine ana urung usualK proaucĉ
[2. Preparation for identification hipncr strengtns tnan arc icuna in natural un lumps ol soil. '

The soil identification ponton of this practice is 14.2.4 Test the strength of the dry balls or lump.; by
n the ponion of the soil samoie that will pass a 3-m. crushme between the lingers. Note me strength as none. low.

•<mi sieve. The larger tnan 3-m. i "5-mmi panicles musi mcaium. high, or \cn men in accnrancc with the cntena tn
re removed, manually, lor a loose sample, or mentally, tor Table n. If natural dn lumps arc usea. do not use tne results
an intact sample before classifying tne soil. of any of the lumps that are founa to contain panicles of

12.2 Estimate and note the percentage of cobbles and the coarse sand.
sercentage of boulders. Pertormed visuailv. these estimates 14.2.f The presence or hien-strenetn water-soluble cc-
-til be on the basis oi volume percentage. • menting matenais. sucn as calcium caroonate. mav cause
xorr x_Smcc tne ocrccmaccs o, me nn'ieie-si/c ui-mnuiion -n "ceptionailv hich dn- strengths. The presence of calcium

'rit Method D :-SXT are P\ an -.-tent, ana tne e«imate< oi m.-rcentacfv carnonate can usuailv ne aetcctcd trom tne intensitv ot tho
• ;ra\ci. uinu. jna lines in mi\ nractiti; jri- r\ ur. ui-tcnt. :: reaction ^Itn OllUti: n'-OrOCmonc acid IS(.'C lU^I
•commenaea tnat tne rcoon state mat tne nereentaees m connies unc i -1 .» Dtlctlunc\'
••juwers are PV vomme 14. .VI From tne specimen, select enouen matenat to moid

\2.2 Of the fraction of the son smaller tnan 3 m. ("5 mmi. ">to a ball about '•: m. (12 mmi m aiameter. Mold the
tttimate and note tne percentage, by dry weight, of the matenal. adding water it necessan-. until it has a soft, but not
aavei. sand, and fines isee Appendix X4 for 'suagestea stickv. consistency.
•roceauresj. • •"" 14.3.2 Smooth the soil ball in the patm of one hand wun

\«rr u c ... , ., the blade of a knife or small spatuia. Shake honzontalh.NOTE v— Since tne panicle-size components aonear \isualv on tne . , , • _ . - . _ , . „ _ ...,i. ,„-...,. t*.. «.i...
tM oi volume, consideraote experience n reauircd ,o estimate tno slnKin? lhe Slde ot the nand VI?orous|v a?ainsl tnff otner
wenta-es on tne busis oi dn ueitm. Freauent comoansons vum hana several times. Note tne reaction oi water appeanne on
jooratorv panicle-size anaivsn snould be made.
::.3.I The percsntaees shall be estimated to the closest _____ TABLE B cnt»n« for oesenamq pry strtn-Tt. ____

•' 1. The percentages of gravel, sand, and tines must add up otscnotion __________ cmtna ______________
;3 100 T Non« Tru orv soeomen crumows into oowoer wim mer* oressure

• lj.2 If one of the comoonents is present nut not m otnano-mo
,,,f. • j . ,_ . , ., LO* Tno orv SDtamtn crumoit* mio oowoer witn somt tmoef"•"ucient quantity to oe considerea ; T oi the smaller tnan orwiiirt
'•in. ("5-mmi ponton, indicate its oresence ry the term Mtowm *nt orv sotonen orea«* irro OIKCS o' crumcws w«-
'̂ji: tor example, trace of fines. A trace is not to ne conuotrawt «naw oressure
£aerea ,n the total of 100 -, for tne comoonents. ^ ẐZẐ Z

sufract
• - Preliminary Identification • vtrv ntan *n« orv so-omen cmnot ot ora-tn oeiwm. me tnuno ina i

-'•I The soii is line yratnea if it contains 50 r or more ________ -am suna-e ————————— -
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TABLE 9 Crit-Kui lor Oescnwng ouauncy 14.7.1 Idenufv the soii as a lean ciav. CL. if the soil has
___ _______c-ttna_______ medium to nigh dry strengtn. no or stow dilatancy, and

Novnatcnanotninesoeanen - medium tougnness and plasucuv .see Table 121.
water acoeara iiowtv on me sunace ot me sooomen ounna 14.7.2 Identify the SOli 3S 3. tdl ClOV. CH. if the SOli has
snaxno ana ooe» not aisaootar or oisaooevs SKJWW uoon h,gh to very hlgh dpf strength. HO dllatanCV. and high

MawTr̂ s ououv on me sunace at tne soeomen aunnq tougnness and plasticity (SCO Table 121. _
snantq ana asaooears ououv uoon soueeano 14.7.3 Identify the SOli as a Sill. ML. if the SOli has no to

' • low dry strenetn. slow to rapid dilatancv. and low toughness
and plasticity, or is nonpiasuc (see Table 12).TABLE 10 Criten. lor Oetcnq.no Touqnn... , 4 - 4 ,d_nnfy the ̂  ̂  ̂  ̂^ ^ MH .f ̂ ̂  ̂

Cmtn*___________ low to meamm dry strength, no to slow dilatancy. and low to
Onlv sugm prtsaurt » rtowta to re* tne tnrtta near tnt medium toughness and plaSUCttV (SCC Table 12..
paste «rrm. Tne tnrtao tra tnt umo art wea* ana son

Meaiun ortssurt is reouvta to ro» me mreta to nete tne N'OTE ' ' —These properties are similar to tnose for a lean day.
oiasnc *mrt. Tht tnrtta ana tnt una nave mtoun sonnni However, tne silt will drv quickiv on me hand and have a smooth, silky

"•on Conoaenae ortsswe i» reourta 10 ro» tne tnrtta to near tne feel wnen dn'. Some soils that would classify as MH in accoraance with
waste «m. The tnrtaa ana tne *umo navt very nan \ne cntena tn Test Method D 2487 are visuailv difficult to disuniniah

r_ _______ strmwis _____ _ __________ _ from ,Mn CUvs. CL. It mav be necessary to penonn labontotv tessint
tor proper identification.

tne sunace of the soil. Squeeze the sample by closing the 14-8 Idcmiricatton of Organic Finegrained Soils:
hana or pmcnmg tne soil between tne fingers, and note tne t4-8-1 Identify the soil as an organic soil. OUOH. if the
fraction as none. slow, or rapid in accoraance wun the sotl contains enough organic panicles to influence the soil
.-ntena m Table - The reaction is me soeea wun wmcn orooerues. Organic soils usuailv have a carle brown to black
*ater aooears wn.ie snaking, ana aisappears wntie saucezme. color ana mav nave an or?an!C Mor' Often' or?anic sous'wlU

i ' 4 I'uugnness- ' • " cnanee coior. tor example. oiacK to orown. wnen exoosea to
II 4. 1 Follow.™ the completion of the dilatancv test, the me air' Some organic sous w,u hgnten m color signuicanUy

test specimen ,s snaped.mto an elongated pat and rolled bv wnen air aned- Organic sons normallv w, I not have a high
hana on a smootn surface or betweenVhe paims into a thread ?WJSJ or Pla-«aiV. The tnreaa tor tne toughne.3 test will
about '/it in. (3 mmi in diameter. (If the sample is too wet to "* sponsv'
roil easiiv. it should be spread into a thin laver and allowed NOTE ' :~ln »me case-- tftrou-n 0(-nice ana "oei-e"-*- « "»» **

lose some water by evaporation. Fold the samp.e threads %£*» -«<£ *5££X̂ £̂ X̂
-nd reroll repeatedlv until the thread crumbles at a ammeter louennes$ ,„„. ana laboraton- tests can oe made to idenuiv oqutnic soils
of about '/t in. 'The thfead will crumble at a diameter of '/>. in cenam oeoostu ot similar matenais 01 known teoiopc onpn.
in. when the soil is near the plastic limit. Note the pressure 14 9 ,f the SQll is ̂ ^^ to have 1 5 to 25 % sand or
reauired to roil the thread near the plastic limit. Also, note graveL or bolh- lhe words ..̂^ ̂ n_- or -^h ?fvnr
the strength ot the thread. Alter tne thread crumbles, the , whichever is more predominant I shall be added to the group
pieces snouid be lumped togetner and kneaded until -the name For examoie: »|ean ciav with sand. CL" or -silt with
lumo crumbles. Note the toughness of the matenal dunng ^_vcif ML» (see Figs. la and ib). if lhe percentage of sand is
\neaainE. equal to the oercentaee of eravei. use "wth sand."
.4.4.2 Descnoe the tougnness ot me tnreaa ana lump as [4̂ 0 If the sou is esttmateo to nave 30 To or more sana or

iow. medium, or high in accoraance wun the cntena m gravel, or botn. the woras "sanav" or "graveilv" shali be
Table 10. added to the group name. Add the word "sandv" if there

14.5 Piasticuv — On the basis of observations made during appears to be more sand than gravel. Add the word
the toughness test, descnbe the plasticity of the matenal in "graveilv" if there appears to be more gravel than sand. For
accordance wuh the cntena given tn Table It. ! example: "sandy lean clay. CL". "graveilv fat clay. CH". or

14.6 Decide whether the soii is an inorganic Or znorgamc "sandy silt. ML" (see Figs, la and Ib). If the percentage of
fine-grained soil (see 14.8). If inorganic, follow me 'steps sand is equal to the percent of gravel, use "sandy.**

14.7 Idemincaiion of Inorganic Fine-Oramea Soils: • IS- Procedure for Identifying Coarse-Grained Soils (Con-
tains less than SO % finest

TABLE n cm.MM ior otaenbmq Plasticity 15.1 The soii is a gravel if the percentage of gravel is
— Otienooon ——————————— cmtna —————————— estimated to be more than the percentage of sand.

Nonoiastic A '/»*.. i3^nm_ tnreaa cannot o» raneo at anv water content
LOW The mreao can oantv oe roNtd ana tne mmo cannot oe TABLE 12 Idtntilicanon ol Inorganic Finc-Ora-Md Soils Irom

tormeo wnen oner tnan tn* otuuc Mm MmtMi Tests
Medium The Mwtao is eaiv to rod ana not mucn time ts reaurta to

rtacn tn« otasoe «mn. The tnrtM cannot oe reroneo antr °"! Orv Stranqtn Otttancv Toopmtss
rtacnnq tne puuoc wnn. The mmo crumtxts wnen oner Svmooi
tnan tne waste »mrt ML Nonetoxjw Stowtoraoio LOW or tnrtao cannot c*

it tana consoeracw time rownq and Knetoma to reacn me tcrmwa
cxattc unit. The wvtto can oe ttroaea sewti ome* tntr CL Meoum to nign None to sow Meaum

, 'ttasnq me OMMC OTM. The umo can oe tormta vmnout MH LOW to meaum Mane 10 siow UMHB mtaun
oumnna wntn oner tnan tne ouuoc tmn CH -non to vtrv wqn None Hqt»________
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;5.2 The soti is a sana if the percentage of gravel is _____TABLE 13 cĥ eiciiat tor oeaenppon o« so*»
mated to be eauai to or less tnan me percentage of sand. • G.OOO name

r;5.3 The soil is a dean gravet or dean sand if the ' Grouosvmeoi
'rcentaee of fines is estimatea to 6e 5 ̂  or less. 3 Pman ot <»»«- <* oouwen. or com iov vowmt.
'..,', j • • • —,,, * Percent ot aravei. sana. or tmes. or an tnree iov orv weignti:;._).! Identity tne sou as a « ett-graaca gravet. G W. or as = Partioe-size ranqe:
j Kiui-graaed sana. SW. if it has a wide range of panicle sizes Gravet—ttne. coarse
jno substantial amounts of the mtermeaiate pamcic sizes. . Sana—«me. meo-jm. coarse

; 5.3.2 Identify tne soii as a ooortv graaed gravel. GP. or as ' p̂ tee snaoir'
j puoriv graded sand. SP. if it consists preaommantiy of one a. Maxmum otnat Jze or t
Size luniformiv graaed). or It has a wide range Ot Sizes with ? Haroness ot coarse sana ana uroer aaraaes
some mtermeaiate sizes obviously missing (gap or skip ;? o"̂ !̂̂ _
graded). . 12. Oiiatancv: none. sww. raoa

15.4 The soil is either a gravel with tines or a sand with '3. Touannns: »w. meowm. mgn
•ines if the percentaee of fines is estimated to be 15 To or '* COOT i« mc»« eonomeni

IS. Odor l men nun onv it organe or unusuail
more- 16. Moisture: orv. masi. wet

15.4.1 Identify the soil as a ciavev gravel. GC. or a ciavev -7 Reaction wnn nci: none. went, strong
(and. SC. if the fines are clayey as determined bv the tor »*»a suno**-

. _„,„««,., c«...nn u ' 18. Consist-nev itmt-aramea sons omvr verv son. son. firm, nam. vity nanlproceaures in Section 14. ,g Slnjcture strlwl(M Ianwwiw. Mluwa ê̂ oto. *»«. nomo.
15.4.2 Identity the soil as a sttiv gravel. GM. or a stltv aeneous

•ana. SM. if the tines are snty as determined b> tne_ '"• Cementaior.: w««. mootrate. strong
rroceaures in Section 14. Hi' Locainame. . ,- . . ._ . ^2. Geotoo* ntenxttation

:.: If the S011_1S estimatea tO contain 10 1 lines, give tne :3 Â non. comments- presence 01 rcxjts or root notes. cxtMnce oi m-ca
Oil a Qua! laentltication USinZ tv-O eiOUO SvmOOIS. ;ypsum. etc.. sunact coatinos on coarie-arimea oanxm. cavma or

. :.f.! The tint erOUO SVmOOl Snail COn-CSPOna tO a Clean Siouon.no oi auoer noie or trencn sioes omcutv « lugenna or e>cava<ma
:ravet or sana iG\V. GP. SW. SP) ana the secona svmooi ———————————————————————————————
.nail corresoona to a gravel or sana wun fines (GC. GM. SC.
SM). . reaction *nn HCI: onunai field samoie ma anout 5 1 (hv volume*
! 5.5.2 The group name shall correspond to tne first group luorounaeo coootes. maximum dimension. i:0 mm.

svmooi plus the words "with clay" or "wuh Slit" to indicate In-Place Conditions— Firm. Homogeneous, urv. brown
plasticitv charactenstics of the fines. For example: Geolopc intei-jretauon-Aiiuvial fan
.. .- . 1 . 1 -̂.,. .-, — .. i ^ j ÔTE I- — Other examoies oi soil descnotions and identitieation arer ell-graaed gravel wuh ciav. Ĝ ÎC or "poorly graded ^ ,„ AnBeiiaixes Xl and x:.

jnd wuh silt. SP-SM ( see Fie. .:. NnT,. , <_jf desirea. ,ne nereentaees oi zra.ei. sand, and tines ma\
15.6 If the specimen is predominantly sand or gravel but oe stated in terms indicating a ranee oi perccnuto. as loltowv

contains an estimated 1 5 % or more of the other coarse- Trace — Particles are present but estimated to oe less tnan 5 T
pained constituent, the words "with gravel" or "wuh sand" • /•'<•«—> <o 10^ ^
shall be added to the group name. For example: "poorh /-«//<•— ' MO 25 ̂
ziaded gravel wuh sand. GP" or "clayey sana wuh gravel. \'I""I~̂Q°M too <"

: 5(MfFthe field samote contains anv cobbles or bou.dcrs. ' 6r If- in tne S0lt d«cnption. tne soil is identified using a
r notn. tne woras "wun coootes ' or -.Mtn coooies ana -lassiiication crouo svmooi ana name as descnoea in Test
Tomaer., ' shall be aadea to tne erouo name. For examp.e: M«hoa D 2^' ll must De aistmctlv ̂ na ̂ear'v suted m ?*
•silty gravel wuh cobbles. GM " " torms. summarv- tables, reoons. ana the like, that the symbol

and name are based on visual-manual procedures.
16. Report ,7 precjsjon _n_ Bias

i 6. 1 The reoon snail include tne information as w ongin. 1 7. j This practice provides auaiitauve informauon only.
and the items maicatea in Table 13. • • :' therefore, a precision and bias statement is not applicable.

13 — E\amntif: Ciavev (iravet null Sana ana CuMn. G'C — 10 KevwordS
*J fine to coarse, suoroundea to suoancutar erasei: aoout ..0 ̂

to coane. suoroundca sano: aoout :o ". fines »un medium 18.1 classification: clay: gravel: organic sous: sand: silt:
MUIKIIV. nitn dn- strengtn. no dilatancv medium tougnness: weak soil classification: soil descnption: visual classification

J-7 Aft305-*5i*



(Jill) 0 2488

APPENDIXES

i Nonr-nndatory Information)

xi. EX.* MP'.E: VISUAL SOIL DESCRIPTIONS
XI. 1 The following examples snow hr r uion :n-piace density 106 Ib/fr1: m-place moisture 9 °"c.

required in 16.1 can be reponed. The a ..at is XI. 1.3 Organic Soil 'OL/OH/ — About iQQTc fines with
mciuded in descriptions snouid be h- >r viduai low plasticity, slow dilatancy. low dry strength, and low
circumstances and need. toughness: wet. dark brown, organic odor weak reaction
XL 1.1 Well-Graded Gravet with : -About W1tn HCI-

"5 """c fine to coarse, hard, subangular .t % fine • XI. 1.4 SiltvSand with Organic Fines .5.U.— About 75 %
to coarse, hard, sufaanguiar sana: t-- .r jximum fme to coarse- hard- -"̂ angular reddish sand: about 25 %
size. ?? mm. brown, dry: no reactr i< organic and silty dark brown nonpiastic fines wuh no dty-
XI. 1. 2 Siliv Sand w,,h Grave, .t 0 Tc pre- Slre"gm and slow dllata"ĉ  wet: maximum S1«- c0--*

uommantlv fine sand: about 2: *,,h low «*»: "™™™n "'!" ,H?* , , „, , ,, XI. I.? rnnrivGraai'd (jravcl win Sill. Sana,D«ast,cuv. ,ow dn; .trengm. rapia .. ow tough- Bowam cp.̂,,̂^ -« «- ,lne to
-sss: aoout 15 .c tine. naw. it ei. a leu ,uorounaea to suoaneuiar eravei: aoout !:<7 fine, vhaid.
gravel-size panicles tracturea wu r maximum ,Uorounaea to suoaneuiar sana: aoout in <" siitv nonplasuc
-.ue. 2: mm: no reaction *.m Hi. - -ample size fmes: moist, brown: no reaction wun HC1: onnnai field
smaller tnan recommended). sample had about 5 "/ iby volume) hard, subrounded

til-Place Condition* — Firm, r- ar -itams lenses cobbles ana a trace of hard, suorounded boulders, with a
of silt I to I'm. (25 to 50 mm: .o -own to gray: maximum dimension of 18 in. (450 mmi.

X2. USING THE IDENTIFT ON OCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE. CLAYSTONE.
.L' SLAG. CRUSHED ROCK. AND THE LIKE

X2.1 The identification p. .e be used as a 100-m mi pieces of shale from power auger hole. dry. brown.
descnptive system applied to r- -cnals .it exist m-situ as no reaction with HCI. After slaking m water for 24 h.
shale, claystone. sandstone. ne. :.:udstone. etc.. but matenai identified as "Sandy Lean Gay (CD": about 60 %
conven to soils after field or .-.ory processing (crushing. fines with medium plasticity, high drv strength, no dilatancy.
slaking, and the like). and medium toughness: about 35 ~r fine to medium, hard
X2.2 Matenais such as shells, crushed rock. slag, and the sana: about 5 "_• eravei-size oieces of shale.

.;ke. snouid be laentitiea as • :„•:.. However, tne oroccaures X2.4.2 c niwu \^iia.\it>in- — Proauc; ->i commercial
usea in this practice tor a. • 3ing tne panicle size anu .-rusnine operation: "Poonv Graaed Sana with Silt (SP-
plasticity charactensttcs may be used in theaescnptionofthe SM)": about ^0 r? fine to medium sand: aoout 10*
matenai. If desirea. an identification using a group name ana nonotasttc tines: dry. reddish-brown, strong reacuon with
symbol according to this practice may be assigned to aid tn HG.
descnbing the matenai. • | X2.4.3 Broken Sheik — About 60 ~c gravel-size broken
X2.3 The group symbol! s) and group names: should be shells: about 30 <"o sand and sand-size sneil pieces: about

placed in quotation marks or noted wun some type of 10?o fines: "Poorly Graded Gravel wuh Sand (GP)."
distinguishing symbol. See examples. X2.4.4 Cntsned Rock — Processed from gravel and cob-
X2.4 Examples of how group names and symbols can be bles in Pit No. 7. "Poony Graded Gravel (GP)": about 90 *

mcororated into a descnptive system for matenais that arc fine. hard, angular eravei-size panicles: about 10 fa coane.
not naturally occurring soils are as follows: hard, angular sand-size panicles: dry. tan: no reaction with
X2.4.1 Sh'ale Chunks— Retrieved as 2 to 4-m. (50 to HG.

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIBLE
IDENTIFICATIONS.

X3.1 Since this practice is basea on estimates of oantcie possible basic arouos. a borderline svmbol mav oe used
ze distnbution and piasticitv cnaractenstics. tt may be the two svmoois seoarated by a slash. For example: SC/CL or

difficult to clearly identify me soii as belonging to one CL/CH.
category. To 'indicate that the soil may fail into one of two X3.1.1 A borderitne symbol may -he used when ti*'
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percentage of fines ts estimatea to be between 45 and 55 Tc. grained soil has properties tnat indicate that it is at the
svmooi should be for a coarse-grained soii with fines boundary oetween a soii of low comoressibiiity and a soil of
tne otner for a fine-grained soiU-For example: CM/ML high compressibility. For example: CL/CH. MH/ML.

or CL/SC. X3.2 The order of the borderline symbols should reflect
\3A.2 A borderline svmbol may be used when tne similarity 10 surrounding or adtacent soiis. For example: soiis

percentage of sana and the percentage of gravel are estimated '" a borrow area nave been laentitied as CH. One sample is
.0 be aoout tne same. For example: GP/SP. SC/GC GM/ considerea to have a ooraenme svmcoi of CL and CH. To
SM. It is practtcailv impossible to nave a soil that would have show sim*'anty. the borderline svmooi should be CH/CL.
i borderline symbol of GW/SW x3-3 The &~°*-P nam« »°r a soil with a borderline symbol
X3.1.3 A borderline svmooi may be used when the soil shouid ** the *roup name for tne fjrsl s>'mboL excepl fon

couid be either weii graaed or poorly graaed. For example: CL/CH lean to fat clay
GVV/GP. SW/SP. ML/CL clavey silt
X3.1.4 A boraerhne symbol may be used when the soil CL/ML siity cia>

could either be a silt or a clay. For example: CL/ML. X3.4 The use of a borderline svmbol shouid not be used
CH/MH. SC/SM. indiscriminately. Every eiTon snail be maae to first place the
X3.1.: A borderline symbol may be used when a fine- soii into a single group.

X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL. SAND.
AND FINES IN A SOIL SAMPLE

\4. i Jar MCIIHKI—The relative percentage oi coarse- ana present. The percentages oi sana ana tines in the minus sieve
:-?-eramea matenai ma% oe estimatea bv tnorougnn size No. 4 matenai can men re cstimatec trom tne wasn te<t
•naMna a mixture of soii and water in a test tube or jar. ana i X4.3).
:.*en allowing the mixture to settle. The coarse panicles will X4.3 Ha../; Test nor relative rmvntayes "' taiui anil
nil to tne bottom ana-successively finer panicles will he './res;—Select and moisten cnouen minus No. 4 sieve size
acpositea wun increasing time: the sand sizes will fail out of matenai to form a l-mi25-mn..cuoeofsoil. Cut the cube in
suspension in 20 to 30 s. The relative proportions can be half, set one-half to the side, and place tne'other half in a

from the relative volume of each size separate. small dish. Wash and decant the fines out of the matenai in
method should be correlated to panicle-size laboratory the dish until the wasn water is clear and then compare the

aeterminauons. . two samples and estimate thu pcrccmacc of sand and fines.
X.4.2 i'twai A/O//.CU/—Mentally visualize the gravel size Remember that the percentage is based on weight, not

panicles placed m a sack (or other container) or sacks. Then. volume. However, the volume cornpanson will provide a
do the same with the sand size panicles and the fines. Then. reasonable indication 01 grain size percentages.
-lentalh compare the numoer of sacks to estimate the X4.3.1 While wasning. it ma\ oe necessary to breakdown
xrcentaee of plus No. 4 sieve size and minus No. 4 sieve size lumps of fines wuh the linger to get the correct percentages.

\S. RATIONALE

\5.! This practice was significantiv revised in the D 2488 - XJ.2 Changes in this version irom tne previous version
'4 version trom the previous version D 2488 -69 (1975). include rewording of 1.2.3 to-sa\ (disturbed and undis-
The revisions are documented in the literature.-'. • turbed). the addition of 5." to refer to the practice for

•_ f., descnbing frozen soils, and the addition of Appendix X5 on
' • , Rationale.

Howard. * K "The RcviKtl ASTM Standard on me Oetcnotinn und
:«wt.c3iu.n oi Soils lV luui.Manuai Procedure., iniiniiitui I <-\UIHI jimma,

10. No. 4. Uccrmoer W

The Amman Socrttv tor Testing tna Muernis tints no oasitan nsauama tnt vtnanv ot tnv otttnr nams tsstrtea m connection
wnn tnv item mentionea m tnis sttnaira. users at this stinatra ire enortasiv tavtsea tntt aettrminition ol tnt vtiiottv ot tnv suen
otttn nqnts. ma tne m* ,ot intnngtment ot sucn rignts. in ennreiv tneir own resoonsioiiav

This sttnatta is suoieet to revision tt tnv time ov ing rtsoonsioif teennieti comrnrtte tna must oe reviewed even five vein ina
<t not itvisea. tuner retaarovta or witnaawn rour comments ire tnvttea tuner tor revision or tms sttnatra or tor taaeitonii stinatrot
ina *nouta ot taartssta to ASTU Hetaautners rour comments win receive ctrtrui eansatrttion it a meetina ot tne reioonstew
lecnneii commmee wnien vou mtv intno. U vou teei tntt vour comments ntve not rectnea t ttir netrma vou snouia mm vour
views itnown to tne ASTM Committee on Stinatras. )9'6 Rice S:. Phiitaiionn. PA 19103
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