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. U.S. Department of Agriculture October 1984
Soil Conservation Service

Engineering
d Soil Mechanics Note No. 8: Soil Mechanics Testing Standards
- Trade names are used in this publication solely for the

purpose of providing specific information. The mention of
a trade name does not constitute a guarantee of the product
by the U.S. Department of Agriculture nor does it imply an
endorsement by the Department over other products not
mentioned.

I. Purpose and Scope.

This note contains current procedures for testing soil and rock materials for
engineering purposes. Most of these procedures comply with the American
Society for Testing and Materials (ASTM) Standards. Deviations from these
standards are noted.

Procedures adopted for physical or index properties must be followed consistently.
Otherwise, comparison and ceorrelation of data will not be valid.

Procedures used for determining engineering properties must be adapted to
existing or anticipated site conditions and to the load conditions that will
be imposed on the structure or foundation. If this is not done, the data may
not be representative. It is imperative that the engineer responsible for the
test program and design analyses inform testing personnel about site conditions
and the purpose of each test.

II. Definitions.

Soil Mechanics Note No. 6 contains a collection of terms used in SCS soil
mechanics.

III. References.

A. Annual Book of ASTM Standards, Section 4, Volume 04.08.

B. Highway Materials-Tests, AASHTO, Part II, 12th Edition, 1978.

C. Earth Manual, Bureau of Reclamation, USDI, First Edition,
revised 1963.

. This note prepared by Donald M. Sundberg and Lorn P. Dunnigan, Soil Mechanics
Laboratory, Lincoln, Nebraska.
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D. "Soil-Cement Slope Protection for Earth Dams: Laboratory
Tests," Portland Cement Assn., CB 11, 1967.

E. "Procedures for Collecting Soil Samples and Methods of Analysis
for Soil Survey," Soil Survey Investigations Report No. 1, USDA-SCS, 1984.

F. Diagnosis and Improvement of Saline and Alkali Soils, Agriculture
Handbook No. 60, 1954. :

G. "Laboratory Soil Testing," Engineer Manual EM1110-2-1906,
November 30, 1970, Headquarters, Department of the Army, Office of the Chief
of Engineers. : , :

IV. Test Procedures.

Test procedures are grouped in the following categories: (A) moisture content/
consistency; (B) gradation/dispersion; (C) density/moisture--density; (D) shear
strength; (E) compressibility (consolidation); (F) permeability; (G) durabil-
ity; (H) chemistry; and (I) miscellaneous.

'A. Moisture Content/Consistency Tests.

1. SM Test Al. Laboratory Determination of Moisture Content

of Soil.

a. Purpose. The determination of the weight of water in
relation to the weight of solid particles in a given soil mass.

b. Procedure. ASTM D 2216-80.

2. SM Test A2. Liquid Limit of Soils.

a. Purpose. The determination of the moisture content
at which the consistency of a soil changes from the liquid to the plastic
state.

b. Procedure. ASTM D 4318-83.
N (1) Procedure B unless wét prepafation is specified.
. (2) Use Procedure A when soil is suspected of being
a laterite, an organic silt or clay, or other material that will change irre-
versibly with thorough drying, the sample shall not be dried prior to testing.
The test shall be performed by either gradually wetting or drying the sample.

3. SM Test A3. Plastic Limit and‘Piasticity Index of Soils.

a. Purpose. The determination of (1) the moisture
content at which the consistency of a soil changes from the plastic to the
semisolid state and (2) the range of moisture within which the soil is
plastic.

b. Procedure. ASTM D 4318-83.
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4. SM Test A4. Shrinkage Factors of Soils.
a. Purpose. The determination of the moisture content
at which a reduction in moisture content will not cause a decrease in the
volume of a soil mass.

b. Procedure ASTM D 427-83.

B. Gradation/Dispersion Tests.

1. SM Test Bl. Particle-Size Analysis of Soils.

a. Purpose. The quantitative determination of the
distribution of particle sizes in soils.

b. Procedure. ASTM D 422-63.

2. SM Test B2. Material Finer Than No. 200 (75-pm) Sieve
in Mineral Aggregates by Washing.

a. Purpose. The determination of the amount of fines in
sand and gravel aggregate by washing.

b. Procedure. ASTM Designation C 117-80.

3. SM Test B3. SCS Dispersion Test (Double Hydrometer Test).

a. Purpose. The identification of dispersive clay soils
by determining the amount of water-stable aggregates finer than 5 pm in a
soil-water suspension to which a dispersing agent has not been added.

b. Procedure ASTM D 427-83a.
(1) Distilled water required.
4. SM Test B4. Crumb Test.

a. Purpose. An indicator test that can be used either
in the field or in the laboratory for preliminary classification of clay soils
as nondispersive or dispersive.

b. Procedure. A crumb of soil (about one-quarter of an
inch) preserved at the natural water content is dropped gently into a beaker
or clear plastic container of distilled water (about 150 ml). The tendency
for the clay particles to go into colloidal suspension is observed after 1 h
of immersion, using the following interpretation guide:

Evaluation of Results

Grade Definition
1 No Reaction: Crumb may slake and run out on bottom of the beaker in

a flat pile but there is no sign of cloudy water caused by colloids
in suspension.
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2 Slight Reaction: Bare hint of cloud in water near the surface of ‘
crumb. (If the cloud is easily visible, use group 3.)

3 Moderate Reaction: Easily recognizable cloud of colloids in suspen-~
‘ sion. Usually spreading out in thin streaks on bottom of beaker.

4 Strong Reaction: Colloidal cloud covers nearly whole bottom of
beaker, usually in a very thin skin. In extreme cases, all the
water in the beaker becomes cloudy. ) ” .

5. SM Test BS; Soluble Salts in Pore Water.

a. Purpose. This is a standard test of the agricultural
soil scientist used by the U.S. Department of Agriculture and others. Results
of this test are used with the attached interpretation chart to identify
dispersive clay soil.

b. Procedure. Use the following methods contained in
the "Procedures for Collecting Soil Samples and Method of Analysis for Soil
Survey," Soil Survey Investigations Report No. 1 (1984) are used.

(1) Saturated paste, mixed--method 8A.
(2) Saturation extract--method 8Al.

(3) Calcium--method 6N1B. | . .

(4) Magnesium--method 601b.

(5) Sodium--method 6Pla or 6P1b.
(6) Potassium~-method 6Qla or 6Q1b.
c. Calculations and Report.

(1) Calculate Ca,.Mg, Na and K in meq/L as shown in
the test methods. : '

(2) Sum up the total meq/L of Ca, Mg, Na, and K and
report as total dissolved salts (TDS).
Na (100) (3) Compute th¢ percent Na in the TDS. Percent
Ca + Mg + Na + K ‘ _
(4). Use attached flgure 2 to determlne if soil

Né (meq/L)M=

contains dispersive clay.
6. SM Test B6. Pinhole Test.

a. Purpose. This is a test for direct measurement of the
dispersibility (colloidal erodibility) of compacted fine-grained soils. - Water
is caused to flow through a small hole punched in a specimen. The water run-
ning through samples of dispersive clay carries a cloudy colored suspension
of colloidal particles, whereas the water running through erosion resistant
clays is crystal clear.
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b. Sample preparation.

(1) . Soil samples must be preserved at natural moisture
contents by shipping and storing them in airtight bags or containers.

(2) If the material contains coarse sand or gravel
particles, the particles are removed by gently working the material through
the No. 10 (2 mm) sieve.

(3) The natural moisture content is measured and the
moisture content is brought to near the plastic limit by adding distilled
water (or by gradually drying, if too wet).

c. Procedure.

(1) The test specimen and the apparatus are shown
schematically in figures 3 and 4.

(2) The test specimen is compacted in the cylinder on
top of pea gravel and a wire screen. It is compacted in five layers, with
16 tamps per layer (15 lb spring), using a Harvard miniature compaction test
tamper. This procedure gives about 95 percent of ASTM D 698 compaction.

(3) The plastic nipple is pushed into the top of the
specimen with finger pressure, and a hole is punched in the specimen through ]
the nipple with a 1.0 mm diameter stiff steel wire (hypodermic needle). .

(4) After the apparatus is assembled, water is
percolated through the hole in the sample under heads of 2 in, 7 in, 15 in,
and 40 in for time periods of 5 to 10 min at each head. The quantity of flow
is measured with a stop watch and graduated cylinders. Start with a 10 ml
graduated cylinder and, as flow increases, go to a 25 ml or 50 ml graduated
cylinder as necessary. Measure the flow continuously and record the time to
fill each graduated cylinder as shown in typical data sheets (figures 4 and
5). Cloudiness of water is observed by looking both through the side of the
flask and vertically through the column of fluid in the flask.

(5) At the end of successive flow tests, the apparatus
is dismantled. The soil specimen is extruded from the cylinder and broken
open so the size of the hole can be examined. The size is measured approxi-
mately by comparison with the needle used for punching the hole.

d. Criteria for evaluating results.
(1) At 2-in head.

(a) The test is started with a head of 2 in.
(If no flow occurs, stop the test, dismantle top of apparatus, and repunch the
hole or seal the first hole and make a new one. Flow generally occurs.)

(b) The principal differentiation between
dispersive and nondispersive soils is given by test results under 2 in of head.
If flow under 2 in of head is visibly cloudy and does not become clearer with
time, the specimen is failing in the fashion typical of dispersive clays. The
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PIN HOLE TEST DATA
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PIN HOLE TEST DATA .
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Figure 5
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main indicator of failure is the colloidal color of the water. Most dispersive
clays erode rapidly under 2 in of head, with pronounced color in the water
coming through the specimen. For dispersive clays, usually the flow continu-
ously increases and reaches a maximum value limited by the hydraulic capacity
of the equipment in 2 to 5 min of flow (about 1.5 to 2.0 ml/s, using the

nipple and the Harvard miniature permeameter). Run the test for 10 min.

Unless the color of the water clears substantially, the test is completed for
the typical dispersive clay. The hole will normally be increased to about

3 needle diameters after 10 min of flow. Classify as highly dispersive (DI).

(¢) If the flow at 2 in of head has slight but
easily visible color as seen from the side of the flask at the end of 5 min,
continue test for total of 10 min. If the flow remains colored, stop the
test. If the rate of flow at the end of 10 min has not exceeded 0.8 ml/s, and
the hole diameter does not exceed 1.5 needle diameters, classify the results
as intermediate (ND4). If the flow at the end of 10 min exceeds 1.0 ml/s, and
hole diameter exceeds 2 needle diameters, classify as dispersive (D2). If the
test is stopped at the end of 10 min and the results are classified as ND4 and
D2, the test should be repeated with a new specimen to see what happens by
raising the head to 7 in.

(d) If flow under 2 in of head is clear (or has
only a very slight trace of color, as seen from the side of the flask) raise
the head to 7 in at the end of 5 min and continue the test (rate of flow is
usually 0.3 to 0.6 ml/s).

(2) At 7-in head.

(a) At 7-in head, if the water continues to
flow clear or has only a trace of color as seen from the side of the flask,
raise the head to 15 in after 5 min of flow and continue the test (rate of
flow is usually less than 1.8 ml/s).

(b) If the water has color and rate of flow
increases rapidly, stop the test. Classify the results as intermediate (ND3).
The flow at end of test will generally exceed 2.5 ml/s, and the hole size will
be larger than 2 needle diameters. '

(3) At 15-in head.

(a) If the flow is completely clear as seen
from the top of the measuring flask, raise the head to 40 in after 5 min (rate
of flow is usually less than 2.5 ml/s).

(b) If the flow has slight color or exceeds
3.5 ml/s, stop test and classify the results as nondispersive (ND3).

(4) At 40-in head.

(a) 1If the flow continues to be completely clear
at a rate usually less than 4.0 ml/s, classify the results as nondispersive
(ND1). There should be no noticeable erosion of the hole in the sample at the
end of the test.

A
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(b) If the flow has a bare trace of color or ‘
exceeds 5.0 ml/s, classify the results as nondispersive (ND2). ‘

(5) Examples of test data for a typical dispersive
clay (D1) and for a typical nondispersive clay (ND1) are shown in figures 5
and 6. "

(6) Criteria for evaluating test results are
summarized in table 1.

e. Interpretation and report. The interpretation of
test results is outlined in table 2.

C. Density/Moisture-Density Tests.

1. SM Test Cl. Specific Gravity of Soil.

a. Purpose. The determination of the specific gravity
of soil finer than a No. 4 (4.75 mm) sieve by means of a pycnometer.

b. Procedure. ASTM D 854-~83 with the following
exceptions: ‘

(1) Paragraph 1.1. The minus No. 8 (2.36 mm) or
minus No. 10 (2.0 mm) fraction of a soil may be used.

(2) Paragraph 5.1. A 20-g sample may be used. .

(3) Paragraph 5.3. Soaking the sample in distilled
water for 12 h may be omitted.

2. SM Test C2. Specific Gravity and Absorption of Coarse

Aggregates.

a. Purpose. The determination of bulk and apparent
specific gravity and absorption of soil retained on a No. 4 (4.75 mm) sieve.

b. Procedure. ASTM C 127-81.

3. SM Test C3. Moisture-Density Relationships of Soils Using
5.5-1b (2.5-kg) Rammer and 12-in (305-mm) Drop.

a. Purpose. The determination of the relationship between
moisture content and density of soil by the standard compaction process.

b. Procedure. ASTM D 698-78.

4. SM Test C4. Moisture-Density Relationships of Soils Using
10-1b (4.5-kg) Rammer and 18-in (457-mm) Drop.

a. Purpose. The determination of the relationship between
moisture content and density of soil by the modified compaction process. .

b. Procedure. ASTM D 1557-78.
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. TABLE 1 SUMMARY OF CRITERIA FOR EVALUATING RESULTS

Test Time | Visual Final | Color of Flow | Hole Size
For Given | Flow Through at End of After Test
Classification Head Head Specimen Test (cloudy (Needle
(Table 1) (Inches) (minutes) (ml/sec) or color) Diameters)
Dl 2 5 > 1.5 Very distinct 2x
’ D2 2 10 > 1.0 Distinct to 2x
slight
* ND4 2 10 < 0.8 Slight but 1.5x
easily visible
ND3 7-15 5 > 2.5 Slight but 2x
easily visible
ND2 40 5 > 3.5 Clear or barely| 2x
visible
ND1 40 5 < 5.0 Crystal clear |No erosion
TABLE 2 CATEGORIES OF TEST RESULTS

Classification of
Individual Test
Results

.- -

Classification of Soil

D1 and D2 Dispersive soils: fail rapidly under 2-inch head.
ND4 and ND3 Intermediate soils: erode slowly under 2-inch

or 7-inch head.
ND2 and ND1 Non-dispersive soil: no colloidal erosion under

15-inch or 40-inch head.
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5. SM Test C5. Maximum Index Density of Soils Using a .

Vibratory Table.

a. Purpose. Maximum density represents the densest
condition of a cohesionless, free draining soil that can be attained by a
standard laboratory procedure. Maximum density is used to determine relative
density. Relative density expresses the degree of compaction with respect to
the loosest and the densest condition defined by standard laboratory procedures.

b. Procedure. ASTM D 4253-83.

6. SM Test 6. Minimum Index Density of Soils.

a. Purpose. Minimum density represents the loosest
condition of a cohesionless, free draining soil that can be attained by a
standard laboratory procedure. Minimum density is used to determine relative
density. Relative density expresses the degree of compaction with respect to
the loosest and the densest condition defined by standard laboratory procedures.

b. Procedure. ASTM D 4254-83

7. SM Test C7. Moisture-Density Relations of Soil-Cement

Mixtures.

a. Purpose. The determination of the relationship
between moisture and density of soil-cement mixtures when compacted by the
standard compaction process before the cement hydrates.

b. Procedure. ASTM D 558-82.

D. Shear Strength Tests.

1. SM Test D1. Unconfined Compression Strength of Cohesive

Soil.

a. Purpose. The determination of the unconfined
compressive strength of cohesive soils in undisturbed and remolded conditions.

b. Procedure. ASTM D 2166-66.

2. SM Test D2. Direct Shear Test of Soils Under Consolidated
Drained Conditions.

a. Purpose. The determination of the consolidated
drained shear strength of all soil materials in direct shear and on undisturbed
and remolded samples.

b. Procedure. ASTM D 3080-72.

3. SM Test D3. Triaxial Compression Tests.

a. Purpose. The determination of shear strength of soil
under controlled drainage conditions.
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b. Procedure. Appendix X: Engineering and Design
Laboratory Soils Testing, Engineer Manual EM 1110-2-1906, November 30, 1970,
Headquarters, Department of the Army, Office of the Chief of Engineers.

The procedures of Appendix X are used with some exceptions. The exceptions
are referenced to the paragraph and subparagraph of Appendix X where they
apply as follows:

2. Types of tests. Substitute UU for Q, CU for R,
and CD for S.

(a) Substitute UU for Q.
(b) Substitute CU for R.
(c) Substitute CD for S.

3.b. A triaxial compression chamber like Wykeham Farrance
Model WF10210 is acceptable when the actual piston friction is measured before
the start of the test as outlined in subparagraph 3.b.(2).

3.d. Prophylactics are made of very thin rubber and make
good membranes. Sheik brand No. 23 works very well for 1.4 in diameter test
specimens. A double thickness (two per specimen) is suggested. Sealing with
two O-rings at each end is also suggested.

4.a.(2). The floating mold compaction procedure outlined
in attachment No. 2 may be used.

5.b.(4). No membrane correction is required when using
very thin rubber membranes such as Sheik No. 23 prophylactics.

5.c. Form SCS-ENG-355A is used.

6.b.(2) through (6). Alternate procedure for back-pressure
saturation, saturation check, and leak checks are given in Attachment No. 1.

6.b.(7). If pore pressure measurements are to be made,
refer to "The Triaxial Test" by Bishop and Hinkel, pages 192 to 204 for
allowable straimn rates. For many soils, a strain rate of 0.002 in/min on
1.4" x 3" specimen is satisfactory if filter strips are used.

6.c.(6). Membrane correction is not necessary if very
thin rubber membranes such as prophylactics (Sheik No. 23) are used.

6.d. Forms SCS-ENG-355A and 355B are used.

7.a. Controlled strain can be used for relatively
impervious soils if a slow enough strain rate is used.

7.b.(2). The minimum time to failure required to ensure a
drained test can be estimated by multiplying 50 x t., time, where the te time
is determined from the plot of volume change vs. time determined during Qhe
consolidation stage.
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7.d. Form SCS-ENG-355A is used. ‘

4. SM Test D4. Repeated Direct Shear Test Under Consolidated
Drained Conditions.

a. Purpose. The determination of the consolidated
drained shear strength of a soil (primarily clay shale material under drained
conditions).

b. Procedure. Appendix IXA: Engineering and Design
Laboratory Soils Testing, Engineer Manual EM1110-2-1906, November 30, 1970,
Headquarters, Department of the Army, Office of the Chief of Engineers. .

5. SM Test D5. Compressive Strength of Molded Soil-Cement

Cylinders.

a. Purpose. The determination of the compressive strength
of soil-cement to be used for slope protection for earth dams in relation to
the rate of hardening and whether the soil mixture is reacting normally. The
compressive strength is not used for design purposes.

b. Procedure. ASTM D 1633-63 except: 4.0-in (101.6 mm)
diameter by 4.58-in (116.33 mm) high specimens formed in a compaction mold may
be used.

E. Compressibility/Consolidation Tests. .

1. SM Test E1. One-Dimensional Consolidation Properties of

Soils.

a. Purpose. The determination of the magnitude, rate of
consolidation, and the rebound of undisturbed and remolded soil when it is
restrained laterally and loaded (or unloaded) under axial drainage conditions.

b. Procedure. ASTM D 2435-80.

2. SM Test E2. Permeability and Consolidation of Soil
Containing Particles up to 3-in Diameter.

a. Purpose. The determination of the permeability and
the consolidation of compacted soil having particles as large as 3-in diameter.

b. Procedure. Designation E-14, Earth Manual, Bureau of
Reclamation, USDI.

3. SM Test E3. Permeability and Consolidation of Soil
Containing Particles up to 3/4-in Diameter.

a. Purpose. The determination of the permeability and
the consolidation of compacted soil having particles as large as 3/4-in diameter.

b. Procedure. Designation E-14, Earth Manual, Bureau of .
Reclamation, USDI, except that an 8-in-diameter permeability cylinder (see
Designation E-13) is used.
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F. Permeability Tests.

1. SM Test F1. Permeability of Soil Containing Particles up
to 3-in Diameter. See SM Test E2.

2. SM Test F2. Permeability of Soil Containing Particles up
to 3/4-in Diameter. See SM Test E3.

3. SM Test F3. Constant-Head Permeability Test.

a. Purpose. The determination of the coefficient of
permeability for remolded soils passing the No. 4 sieve and the permeability

of fine grained undisturbed soils. 3
b. Procedure. Designation<§£§§: Earth Manual, Bureau of

Reclamation, USDI, except that the permeameters and method of applying constant
head can vary from those shown in this designation.

4. SM Test F4. Permeability Tests with Consolidometer.

a. Purpose. The determination of the coefficient of
permeability of saturated test specimens in conjunction with the consolidation
test.

b. Procedure. Appendix VII, Engineering and Design,
Laboratory Soils Testing, Engineer Manual EM1110-2-1906, November 30, 1970,
Headquarters, Department of the Army, Office of the Chief of Engineers. The
permeability test is performed at the end of the consolidation phase under
each of at least three different load increments.

G. Durability Tests.

1. SM Test G1. Resistance to Abrasion of Small Size Coarse
Aggregate by Use of the Los Angeles Machine.

a. Purpose. The determination of the resistance to
abrasion of gravel and coarse sand smaller than 1% in (37.5 mm) using the Los
Angeles testing machine.

b. Procedure. ASTM Designation C 131-81.

2. SM Test G2. Resistance to Abrasion of Large Size Coarse
Aggregate by Use of the Los Angeles Machine.

a. Purpose. The determination of the resistance to
abrasion of coarse gravel larger than 3/4 in (19 mm) using the Los Angeles
testing machine.

b. Procedure. ASTM Designation C 535-81.

3. SM Test G3. Soundness of Aggregates by Use of Sodium

Sulfate.
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a. Purpose. The determination of the resistance of sand
and gravel to disintegration by saturated solution of sodium sulfate. The
test furnishes information that is helpful in judging the soundness of sand
and gravel subject to weathering action, particularly when adequate field
performance data are not available.

b. Procedure. ASTM C 88-76, except that sodium sulfate
only shall be used.

4. SM Test G4. Soundness of Rock by Use of Sodium Sulfate.

a. Purpose. The determination of the resistance to
disintegration of rock by use of saturated solution of sodium sulfate. The
test furnishes information that is helpful in judging the soundness of rock
subject to weathering action, particularly when adequate field performance
data are not available.

b. Procedure. AASHTO T 104-68 with the following
exceptions:

(1) Use only sodium sulfate.

(2) Use only the ledge rock procedure specified in
paragraph 5.3.

5. SM Test G5. Wetting-and-Drying Tests of Compacted Soil-
Cement Mixtures.

a. Purpose. The determination of the soil-cement losses,
moisture changes, and volume changes (swell and shrinkage) produced by repeated
wetting and drying of hardened soil-cement specimens.

b. Procedure. ASTM D 559-82.

6. SM Test G6. Freezing-and-Thawing Tests of Compacted
Soil-Cement Mixtures.

a. Purpose. The determination of the soil-cement losses,
moisture changes, and volume changes (swell and shrinkage) produced by repeated
freezing and thawing of hardened soil-cement specimens.

b. Procedure. ASTM D 560-82.

7. SM Test G7. Clay Lumps and Friable Particles in Aggregates.

a. Purpose. The approximate determination of clay lumps
and friable particles in natural sands and gravels.

b. Procedure. ASTM C 142-78.

8. SM Test G8. Scratch Hardness of Coarse Aggregate Particles.

a. Purpose. The determination of the quantity of soft
and poorly bonded particles in gravel on the basis of scratch hardness.
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b. Procedure. ASTM C 851-76.

9. ©SM Test GY. Organic Impurities in Sands for Concrete.

a. Purpose. The approximate determination of the presence
of injurious organic compounds in natural sands used in cement mortar or
concrete.

b. Procedure. ASTM C 40-79.

H. Chemical Tests.

1. SM Test Hl. Potential Reactivity of Aggregates (Chemical
Method) . .

a. Purpose. The chemical determination of the potential
reactivity of an aggregate with alkalies in portland cement concrete.

b. Procedure. ASTM C 289-81.

2. SM Test H2. pH Value (Soil Suspensions).

a. Purpose. The determination of the degree of acidity
or alkalinity of a soil.

b. Procedure. Either of the following methods contained
in Procedures for Collecting Soil Samples and Methods of Analysis for Soil
Survey, Soil Survey Investigations Report No. 1 (1984), may be used.

(1) Saturated paste--method 8Clb.
(2) Water Dilution--method 8Cla.

3. SM Test H3. Resistivity of Soil.

a. Purpose. The determination of the electrical
resistance of a soil paste for use in evaluating the corrosion potential of
buried iron or steel pipe.

b. Procedure. Method 8A2, Procedures for Collecting Soil
Samples and Methods of Analysis for Soil Survey, Soil Survey Investigations
Report No. 1 (1984) except that this method is not used to estimate percentage
of soluble salts.
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Attachment No. 1

Procedure for Back-pressure Saturation .

1. The magnitude of the required back pressure may be computed as follows
100 - S
2

where S is the degree of saturation of the test specimen expressed as a
percent ‘

Uy (kg/cm?) =

kg/cm? x 14.223 = 1b/in?

2. To reach saturation, the chamber pressure and the back pressure are
increased in increments. The number of increments required will depend on the
back pressure required. The size of each increment will depend on the consoli-
dating pressure that will be used.

3. The upper limit (s,) of each increment should not be more than one-half
of the consolidating préssure. A value less than one-half is suggested where
consolidating pressures are less than 50 1lb/in?.

4. The lower limit (§ ) must be high enough to ensure that the membrane on
the specimen is not blown out. A minimum of 3 1b/in? and a maximum of 5 1b/in?
is suggested.

5. Start the back-pressure saturation by applying a chamber pressure and a
back pressure with the drain valves closed.

The chamber pressure applied should equal 7 1b/in? or one-half of the upper
limit for each increment, whichever is smaller.

The back pressure applied should equal the difference between the chamber
pressure applied and the lower limit or zero, whichever is greater.

6. Open the drain valves and plot burette and axial dial readings vs.
logarithm of time until water has essentially stopped entering the specimen.

7. Clpse the drain valve.

8. Increase the chamber pressure to the upper limit determined in step 3 and
increase the back pressure by an amount equal to the upper limit minus the
lower limit.

9. Repeat steps 6 and 7.

10. Increase both the chamber pressure and the back pressure in increments
equal to the upper limit minus the lower limit. Then repeat steps 6 and 7.

11. Repeat step 10 until the back pressure has been increased to the desired
value. (Note that during the final saturation step the_increase in chamber
pressure and back pressure might have to be less than (s - SL) in order to
achieve the desired value of U )
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12. Following step 11, close the drain valve. Increase the chamber pressure
about 5 to 10 1lb/in? to verify the completeness of saturation. If the measured
increase in pore pressure (WU) immediately is equal to the applied increase in
chamber pressure (Ws), B = W is unity and the test specimen and the system

Ws
are completely saturated.

An increase in pore water pressure less than the applied cell pressure is due
to either air still remaining in the sample and/or pore waterlines or the
stiffness of the sample.

13. Following the saturation check, monitor the pore water pressure as a
function of time to determine if there are any leaks in the system. An
external leak shows up as an approximately constant rate of decrease in pore
pressure with time whereas an internal leak causes an approximately constant
rate of increase with time. If a leak is detected stop the test, correct the
problem and start over again. A new test specimen is needed if the leak
caused overconsolidation.

14. If the saturation check indicates a B parameter less than unity, add
another increment of pressure to the chamber and to the specimen (step No. 11).

15. Repeat step 12. If the new value of B is larger than the first value
obtained at the lower back pressure but still less than unity, the system is
not yet completely saturated. Repeat step 14.

If the new value of B is still less than unity but equal to the value obtained
at the lower back pressure, the system is completely saturated.

16. When it is determined that the system is completely saturated, increase
the chamber pressure to a value equal to the back pressure plus the consoli-
dating pressure.

17. Repeat step 6 and allow consolidation to proceed well into secondary.

18. Following the consolidation period, close the drain valve and monitor
pore pressure as a function of time to determine if consolidation is complete
and to determine if there are any leaks in the system. Leaks will be evident
as outlined in step 13. Residual pore water pressure due to incomplete consol-
idation will be evident by an increase in pore pressure that does not change
with time.

19. If everything checks out, start the axial loading.
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Attachment No. 2

Floating Mold Compaction .

The floating mold equipment is shown in figure 6. It consists of two plungers
that compress the soil inside a split steel mold. The mold floats between the
two plungers with its weight being entirely supported against the soil by
friction. This procedure differs from the standard laboratory method of
static compaction in one very important way. With this method, the final
length of the specimen is controlled by an external jig. This allows both
plungers to move right up to the instant that the final compaction is achieved
and helps to ensure that the specimen is compacted equally from both ends.
When using this molding technique, the SCS procedure is to form the specimen
in two sections initially and then press the two sections together for the v
test specimen. :
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FLOATING MOLD COMPACTION DEVICE

Figure ¢
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APPENDIX
Suggested Standard Specifications
for use in Contracting
for Soil Mechanics Testing and
Analysis Work






SUBPHASE SOIL MECHANICS LABORATORY TESTING

Scope: Perform adequate soil mechanics laboratory testing to serve as a basis
for design and construction of the structure and appurtenances. The soil
testing program shall include both index and engineering property tests when
appropriate. All testing shall be done on samples that represent the range of
materials at the site. Testing methods shall be compatible with the type of
engineering analysis made and the field conditions that will exist.

Coordination:

1. Before the laboratory testing program is started, the contractor shall
submit for review and approval a plan detailing the number and kinds of
tests to be performed, the sources of the materials to be tested, and a
schedule for completion of the testing program. The plan shall include
narrative statements indicating the purpose for making the proposed tests,
the proposed use of the test results, and a reference to the delineated
materials represented by the samples to be tested. =~ copies of this
plan will be furnished to the contracting officer.

2. When approximately 75% of the testing has been completed, the contractor

and the contracting officer will review the testing program and results,
and agree on remaining needs and testing requirements.

General Requirements:

1. All soil samples shall be tested as soon as possible after they are re-
ceived by the laboratory in order to reduce storage time and possible dis-
turbance from unnecessary handling. Particular care is to be taken with
undisturbed samples to assure that the water content (except for removal
of free water) and physical condition do not change prior to testing. If
undisturbed samples are to be stored in excess of seven days before
testing, they must be removed from the tubes, waxed, and stored in a room
with controlled, high humidity.

2. All samples shall be,inspected prior to testing and their general condition
noted. Any unusual conditions shall be reported. Any sample disturbance
shall be described and, in the case of tube samples, the amount of wash
material, compression, or other distortion shall be measured and reported.

Any other information that the testing organization feels will be pertinent
to the engineering application of the test results shall be reported.

3. The laboratory shall visually describe all samples and classify each accord-
ing to the Unified Soil Classification System. A log of each undisturbed
sample will be made if changes in the character of the soil are noted within
a single sample. This Tog will show the exact location of test samples.



Subphase Soil Mechanics Laboratory

Testing
(Continued) .
4. All necessary soil tests will be made on a sufficient number of samples

to provide adequate data for design and subsequent construction control of

the works.

Specific Requirements for Testing:

Soil testing shall be done in accordance with the methods or procedures listed

in the technical specifications for each test. If other procedures are used or

other tests are deemed necessary, they shall be those generally accepted by the :
soil engineering profession and must be approved by the contracting officer prior

to beginning the test. The report forms shall identify the project and sample and

show all data pertinent to the test, including weights and measurements of the

sample, method of testing, and conditions of test such as density and water

content. Test results should be shown graphically where possible. A tabulated

summary of test results shall be compiled for inclusion in the report.

Reporting:

Upon completion of the testing program, copies of a report, including test

data and a summary of the engineering properties and. suggested design parameters,

will be submitted to the contracting officer. ;

The original test data sheets (or suitable c0p1'és) for all tests performed shall .

be included in a separate report that accompanies the test data.

Test results shall be recorded on Standard SCS forms as identified under each
Technical Specification. Use of any forms other than those specified must be
approved by the contracting officer prior to their use. _Alternative forms must
conta1n all the data reported on the Standard SCS forms.




SCS-SM-TEST Al

7-84
TECHNICAL SPECIFICATIONS FOR
LABORATORY DETERMINATION OF
WATER CONTENT OF SOIL
1. Preparation of Samples

Not applicable.

2. Test Procedures

The water content of a sample shall be determined in accordance with ASTM
D 2216.

3. Presentation of Test Results

The test results shall be expressed to the nearest tenth as a percent

of the ovendry weight of the soil and shall be recorded on forms to be
furnished to the contractor by the contracting officer. However, the
contractor may use alternative forms if they contain the same data as the
furnished forms and if they are approved in writing by the contracting
officer prior to their use. In addition, the original work data sheet, or
a copy thereof, shall be furnished to the contracting officer.

4. Measurement and Payment

The number of water content tests performed and accepted under the terms of
this contract will be counted. Payment for water content tests performed
as a part of another test will be included in the compensation for that
test. Payment for each test accepted will be made at the agreed unit price
per test for Laboratory Determination of Water Content of Soil. This
payment will be considered full compensation for all labor, materials,
equipment, and incidentals necessary for the completion of the work.




SCS-SM-TESTS A2&A3

7-84

TECHNICAL SPECIFICATIONS FOR

ATTERBERG LIMITS TEST

Scope

This test covers the determination of the liquid limit, plastic limit,
and plasticity index of a soil. The determination of the shrinkage
1imit is included in Technical Specification SCS-SM-TEST A4, Shrinkage
Factors of Soils.

Preparation of Samples

Samples should be prepared for the Atterberg Limits test in accordance
with ASTM D 421.

Test Procedure

Consistency of a soil sample shall be determined by performing Atterberg

“Limits tests in accordance with ASTM Standard D 4318. The onepoint method

will not be acceptable. ' A minimum of four points shall constitute an
acceptable test, with at least three points plotting in a straight line.

Presentation of Data

The liquid 1imit (LL), plastic 1imit (PL), and the plasticity index (PI)
shall be calculated to the nearest whole number for each sample. These
values shall be recorded on forms furnished to the contractor by the
contracting officer. However, the contractor may use alternative forms if
they contain the same data as the furnished forms if they are approved in
writing by the contracting officer prior to their use. In addition, the
original work data sheet, or a copy thereof, shall be furnished to the
contracting officer.

Measurement and Payment

The number of Atterberg Limits tests performed and accepted under the
terms of this contract will be counted. Payment for each test accepted
will be made at the agreed unit price per test for Atterberg Limits Test.
This payment will be considered full compensation for all labor, mater-
jals, equipment, and incidentals necessary for completion of the work.




SCS-SM-TEST A4

7-84

TECHNICAL SPECIFICATIONS FOR

SHRINKAGE FACTORS OF SOILS

Preparation of Samples

Samples for this test shall be prepared in accordance with ASTM D421.

Test Procedures

The shrinkage 1imit, shrinkage ratio, volumetric shrinkage and linear
shrinkage shall be determined on a soil sample in accordance with ASTM
D 427.

Presentation of Test Results

Test results for the shrinkage limit, shrinkage ratio, volumetric shrinkage
and linear shrinkage shall be recorded on forms furnished to the contractor
by the contracting officer. However, the contractor may use alternative
forms if they contain the same data as the furnished forms if they are
approved in writing by the contracting officer prior to their use. In
addition, the original work data sheets, or a copy thereof, shall be
furnished to the contracting officer.

Measure and Payment

The number of shrinkage factor tests performed and accepted under the terms
of this contract will be counted. One test will consist of the shrinkage
1imit, shrinkage ratio, volumetric shrinkage, and linear shrinkage data for
one sample. Payment for each test accepted will be made at the agreed unit
price per test for Shrinkage Factors of Soils. This payment will be
considered full compensation for all labor, materials, equipment, and
incidentals necessary for completion of the work.




SCS-SM-TEST A5
7-84

TECHNICAL SPECIFICATIONS FOR

SAMPLE PREPARATION--WET METHOD

1. Pickup Condition

Samples for double hydrometer dispersion tests, crumb tests, and pinhole
tests shall be stored in airtight containers prior to testing to preserve
their in situ moisture content. v

2. Procedure

A. A minimum of three 1/4-in. size clods will be selected from the sample
and retained in a moistureproof container to run the Crumb Dispersion
Test.

B. The remainder of the moist sample will be worked through the No. 10
sieve with no additional moisture added. The soil retained on the No.
10 sieve can then be airdried and used for gravel sieve analysis if
necessary.

The soil finer than the No. 10 sieve shall be stored in moistureproof
containers for the following tests:

Sand Sieve Analysis, SCS-SM-TEST B1.A

Double Hydrometer Dispersion Test, SCS-SM-TEST B3
Hydrometer Analysis, SCS-SM-TEST B7

Pinhole Test, SCS-SM-TEST B6

A1l Minus No. 10 soil not used in the above tests shall be stored in
moistureproof containers and retained by the contractor until the soil
mechanics laboratory testing phase is accepted by the contracting
officer.

The soil retained on the No. 10 sieve may be discarded after the
gravel sieve analysis is completed.

3. Handling and Transportation

A11 moistureproof containerized samples will be handled and transported
in a manner to prevent damage to bags and resulting spillage of soil in
storage and in transit.

4. Measurement and Payment

No payment will be made for this item. Cost incurred by the contractor
will be included in the agreed-to unit price for the applicable tests.




SCS-SM-TEST A6

®

TECHNICAL SPECIFICATION FOR

DRY UNIT WEIGHT AND LOG OF UNDISTURBED SAMPLE

1. Application

This specification covers the determination of the dry unit weight
. (mentioned below) for undisturbed samples.

2. Procedure

The test shall be performed in accordance with the U.S. Army Corps of
Engineers EM111021906, Appendix II.

In addition, the condition of the sample is to be reported. This will
include consistency, texture, field classification, identification and
location of sample, size and type of sample, and the amount and size of
sample saved for additional testing. Other information deemed appropriate
by the contractor should also be included.

. 3. Presentation of Test Results

The dry unit weight of the sample in pounds per cubic foot and a
description of the condition of the sample shall be reported on forms to be
supplied by the contracting officer to the contractor. However, the
contractor may use alternative forms if they contain the same data as the
furnished forms if they are approved in writing by the contracting officer
prior to their use. The original data sheet, or a suitable copy, will be
furnished to the contracting officer.

4. Measurement and Payment

The number of dry unit weight tests performed and accepted under the terms
of this contract will be counted. Payment for each test accepted will be
made at the agreed-to unit price per test for Dry Unit Weight and Log of
Undisturbed Sample. This payment will be considered full compensation for
all labor, materials, equipment, and incidentals necessary for the
completion of the work.







SCS-SM-TEST Bl

7-84

TECHNICAL SPECIFICATIONS FOR

PARTICLE-SIZE ANALYSIS OF SOILS

(GRAVEL SIEVE)

Preparation of Samples

Samples for gravel sieve analysis shall be prepared in accordance
with ASTM D 421.

Test Procedures .

Soil particles of each sample to be tested shall be separated into frac-
tions by mechanical agitation in accordance with ASTM Designation D 422.
Separation shall be made on the following sieve sizes: 3 in , 1-1/2 in,
1 in, 3/4 in, 1/2 in, 3/8 in, and the No. 4 sieve. Other sizes may be
substituted for the above list, if they provide a full grain-size curve
over the range of gravel sizes. Substitutions must be approved by the
contracting officer prior to testing.

Presentation of Test Results

Test results shall be recorded as the percent passing each sieve size on
forms to be furnished to the contractor by the contracting officer.
However, the contractor may use alternative forms if they contain the same
data as the furnished forms if they are approved in writing by the
contracting officer prior to their use. In addition, the original work
data sheet, or a copy thereof, shall be furnished to the contracting
officer.

Measurement and Payment

The number of gravel sieve tests performed and accepted under the terms of
this contract will be counted. Payment for each test accepted will be made
at the agreed-to unit price for Particle-Size Analysis of Soils (Gravel
Sieve). This payment will be considered full compensation for all labor,
materials, equipment, and incidentals necessary for completion of the work.




SCS-SM-TEST B1.A

7-84

TECHNICAL SPECIFICATIONS FOR

PARTICLE-SIZE ANALYSIS OF SOILS

(SAND SIEVE)

Preparation of Samples

Samples for sand sieve analysis shall be ﬁrepared in accordance with ASTM .
D 421.

Test Procedures

Soil particles of each sample to be tested shall be separated into frac-
tions by mechanical agitation in accordance with ASTM D 422. Separation
shall be made on the following sieve sizes: No. 4, No. 10, No. 20, No. 40,
No. 60, No. 140, and No. 200. Other sizes may be substituted if they
provide a full gradation curve over the range of sand sizes. Substitutions
must be approved in writing by the contracting officer prior to testing.

Presentation of Test Results .

Test results shall be recorded as the percent passing each sieve size on
forms to be furnished to the contractor by the contracting officer.
However, the contractor may use alternative forms if they contain the
same data as the furnished forms if they are approved in writing by the
contracting officer prior to their use. In addition, the original work
data sheet, or a copy thereof, shall be furnished to the contracting
officer.

Measurement and Payment

The number of sand sieve tests performed and accepted under the terms of
this contract will be counted. Payment for each test accepted will be made
at the agreed-to unit price per test for Particle-Size Analysis of Soils
(Sand Sieve). This payment will be considered full compensation for all
labor, materials, equipment, and incidentals necessary for completion of
the work. :




SCS-SM-TEST B1.B

7-84

TECHNICAL SPECIFICATIONS FOR

PARTICLE-SIZE ANALYSIS OF SOILS

(HYDROMETER)

Preparation of Samples

Samples for hydrometer analysis shall be prepared in accordance
with ASTM D 421.

Test Procedures

Hydrometer analysis shall be performed using the sedimentation process in
accordance with ASTM Designation D 422. Reporting sizes required are 0.074
mm, 0.05 mm, 0.02 mm, 0.005 mm, and 0.002 mm.

Presentation of Results

Test results shall be recorded as the percent finer than each size
requested on forms furnished to the contractor by the contracting officer.
However, the contractor may use alternative forms if they contain the same
data as the furnished forms if they are approved in writing by the
contracting officer prior to their use. In addition, the original work
data sheet, or a copy thereof, shall be furnished to the contracting
officer. ‘

Measurement and Payment

The number of hydrometer analysis tests performed and accepted under the
terms of this contract will be counted. Payment for each test will be
made at the agreed-to unit price per test for Particle~Size Analysis of
Soils (Hydrometer). This payment will be considered full compensation for
all labor, materials, equipment, and incidentals necessary for completion
of the work. )




SCS-SM-TEST B3

7-84

TECHNICAL SPECIFICATIONS FOR

DOUBLE HYDROMETER DISPERSION TEST*

Introduction

This test requires running two hydrometer tests on samples of the same
soil. One hydrometer test is the standard test inm which the sample is
dispersed by using mechanical agitation with a chemical dispersant as a
control. (Refer to Technical Specification SCS-SM-TEST B 7 for Hydrometer
Analysis.) The second test procedure shall be in accordance with ASTM
Standard Method D 4221.

Sample Preparation

A representative sample from the moistureproof container shall be selected
and processed through a No. 10 sieve. The water content of the material
passed through the No. 10 sieve is determined.

Test Procedure

The test procedure given in ASTM Standard Method D 4221 shall be used.

Presentation of Test Results

The results shall be reported as the percent dispersion for each sample
tested on forms provided to the contractor by the contracting officer.
However, the contractor may use alternative forms if they contain the same
data as the furnished forms if they are approved in writing by the
contracting officer prior to their use. Original data sheets or suitable
copies shall also be furnished to the contracting officer.

Measurement and Payment

The number of double hydrometer dispersion tests performed and accepted
under the terms of- this contract will be counted. Payment for each test
accepted will be made at the agreed-to unit price for Double Hydrometer
Dispersion Test. This payment will be considered full compensation for
all Tabor, materials, equipment, and incidentals necessary for completion
of the work. -

*
The Double Hydrometer Dispersion Test is the same test as the SCS
Laboratory Dispersion Test.

. |
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TECHNICAL SPECIFICATIONS FOR

CRUMB DISPERSION TEST

1. Equipment and Apparatus Needed

* Small plastic glasses (80z. flatbottomed cocktail glasses work best).
* Supply of fresh distilled water.
* Small moist clods of sample to be tested.

2. Sample Preparation

Three 1/4-in size moist clods of soil to be tested shall be selected
from the moistureproof container.

3. Test Procedure

* Fill three glasses about one-third full of distilled water.

* Place one 1/4-in size moist clod in each glass containing distilled
water, very carefully, toward side of glass.

* Let stand for one hour without disturbance.
* Observe and record reaction as outlined below:

REACTION TO CRUMB TEST

1. No Reaction: Crumb may slake and run out on bottom of container in flat
pile, but no sign of cloudy water caused by colloids in suspension.

2. S1light Reaction: Cloud in water is visible at the surface of the crumb
and may extend partially around the bottom of the container, but cloud
is not continuous all around the bottom.

3. Moderate Reaction: Cloud of colloids is easily recognizable and extends
outward from the crumb to completely encircle the bottom of the
container, but does not completely cover the bottom.

4. Strong Reaction: Colloidal cloud covers whole bottom of container,
usually in a very thin skin. In some cases, all water in the
container becomes cloudy.

4. Presentation of Results

Report the numerical average of reactions for the three clods, rounded to
the nearest whole number.
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(Continued) ‘

5. Measurement and Payment

The number of crumb tests (three clods will constitute one test) performed
and accepted under this contract will be counted. Payment for each test
accepted will be made at the agreed-to unit price for Crumb Dispersion
Test. This payment will be considered full compensation for all labor,
materials, equipment, and incidentals necessary for completion of the work.
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TECHNICAL SPECIFICATIONS FOR

PINHOLE DISPERSION TEST

1. Application

This test provides for a direct determination of the dispersibility of
certain finegrained soils in which distilled water flows through a small
hole punched in a specimen. The test is applicable only to those soils
with 12% or more passing the 0.005-mm size and with a plasticity index of 4
or more.

2. Sample Preparation

A. Soil samples must be preserved at their in situ water contents
by being shipped and stored in airtight containers.

B. If the soil contains coarse sand or gravel particles, these shall
be removed by sieving the soil through a No. 10 (2-mm) sieve.

C. The in situ water content shall be determined and adjusted to that of
the Plastic Limit by adding the required distilled water (or by
gradually air-drying, if too wet). The pH of the distilled water
shall be between 5.5 and 7.0.

3. Procedure

A. The test specimen and the apparatus are shown schematically in
figures 1 and 2.

B. The test specimen shall be compacted in the cylinder on top of pea
gravel and a wire screen. It shall be compacted in five layers with
16 tamps per layer (15-1b spring) using a Harvard miniature compaction
test tamper. This procedure results in about 95% of ASTM D 698A
compaction.

C. The plastic nipple shall be pushed into the top of the specimen with
finger pressure, and a hole punched in the specimen through the nipple
with a 1.0-mm diameter stiff steel wire (hypodermic needle).

D. After the apparatus is assembled. a 2-in (50-mm) hydraulic head is
applied to the inlet end of the hamber, causing distilled water to
flow horizontally through the l-mm-diameter hole punched in the
specimen.

E. Flow through the pinhole shall be measured as soon as it emerges from
the apparatus. The flow .. all be measured using a stop watch
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and an appropriately sized graduated cylinder (10 ml, 25 ml, or 50 ml
is generally used). Flow measurements may be made as often as every
10s, but in no instance less frequently than every 30s. Flow
measurements shall be recorded against elapsed time. The flow rates
shall also be recorded in units of milliliters per second.

The turbidity of the water collected shall be noted and described for
each flow rate increment according to the following criteria;

very dark, dark, moderately dark, slightly dark, barely visible, or
completely clear.

Note: If no flow occurs when the test is started, stop the test,

dismantle the inlet end of the apparatus and repunch the
hole; or seal the original hole and punch a new ane.

Continue the test under the 2-in (50 mm) head for at least 5-min. If,
at the end of 5 min, the collected water is very dark, dark, or

moderately dark, and/or the flow rates have progressively increased to
1.0 to 1.3 ml/s, the test may be stopped. Dismantle the apparatus and

- carefully extrude the soil specimen from the cylinder. Break open the

specimen, transversely and longitudinally, measure and record the
diameter of the hole by comparing with the needle (or wire) used to
punch the hole. For classification of the results, refer to Section 4
of this specification, entitled Criteria For Evaluating Results.

Note: Extensive testing has shown that the hydraulic capacity of
the system using a nipple with a 1.5 mm hole is 1.2 to 1.3
ml/s under a 2-in head. Flow rates greater than this at a
2-in head indicate that the outlet is operating under a
partial vacuum condition, or that the actual hydraulic head
is greater than 2 in.

If, at the end of 5 min of flow at the 2-in head, the turbidity of the
collected water is slightly dark or lighter and the flow rate is less

~than 1.0 m1/s, continue the test for 5 more minutes at the 2-in head.

At the end of this additional 5 min, if the flow is still moderately
dark or darker and/or the flow rate is greater than 0.8 ml/s, stop the
test. Dismantle the apparatus, and measure and record the diameter of
the hole as specified in Step G. For classification of the results,
refer to Section 4 of this specification.

If the collected flow under the 2-in head has a turbidity of slightly
dark or lighter after 10 minutes of flow, and the flow rate is between
0.4 and 0.8 m1/s, raise the hydraulic head to 7 in (180 mm) and
continue the test.
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J.

After 5 min of flow at the 7-in head, if the collected flow has a
turbidity of slightly dark or darker and the rate of flow has
progressed to 1.4 to 2.7 m1/s, stop the test. For classification,
refer to Section 4 of this specification.

If, after 5 min of flow at the 7-in head, the collected flow has a
barely visible or clear turbidity and the flow rate is between 0.8 and
1.4 ml/s, raise the head to 15 in (380 mm).

After 5 min of flow under the 15-in head, if the collected flow has a
turbidity described as slightly dark or darker or the flow rate is 1.8
to 3.2 mi/s, stop the test. Dismantle the apparatus, measure and
record the diameter of the hole as specified in Step G. For
classification of the results, refer to Section 4 of this
specification.

If, after 5 min of flow under the 15-in head, the turbidity is barely
visible or completely clear, and the flow rate is 1.0 to 1.8 ml/s,
raise the head to 40 in (1020 mm) and continue the test.

After 5 minutes of flow at the 40-in head, the test is complete.

Dismantle the apparatus, measure and record the hole diameter as

specified in Step G. For classification of the results, refer to
Section 4 of this specification.

Criteria For Evaluating Results

A.

(1)

General

The principal differentiation between dispersive and nondispersive
soils is given by test results under 2 in of head. If flow under 2-in
of head is visibly cloudy and does not become clearer with time, the
specimen is failing in the fashion typical of dispersive clays. The
main indicator of failure is the colloidal turbidity of the water.
Most dispersive clays erode rapidly under 2 in of head, with
pronounced turbidity in the water coming through the specimen. For
dispersive clays, usually the flow continuously increases and reaches
a maximum value limited by the hydraulic capacity of the equipment in
2 to 5 min of flow (about 1.2 to 1.3 ml/s, using the nipple
specified).

At a Hydraulic Head of 2 In (50 mm)

If, at the end of 5 min of flow, the turbidity of the flow is
moderately dark or darker and/or the flow rates have progressively
increased to 1.0 to 1.3 ml/s, classify as D-1. The hole measured
should be more than 2 times the original diameter.
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(2)

(1)

(2)

the results as D-2.

If, at the end of 10 min of flow, the turbidity is described as
slightly dark o darker, and the flow rate is more than 1.0 m1/s, and
the hole diameter is more than 1.5 times the original size, classify

If the flow rate is less than 1.0 ml/s or the hole diameter is less
than 1.5 times the original size, but the turbidity is described as
slightly dark or darker, classify the results as ND-4.

Note: If the specimen is classed as an ND-4, prepare a new
test specimen and rerun the test beginning at the 7-in head.

At a Hydraulic Head of 7 In (180 mm)

If, at the end of 5 min of flow, the turbidity of the collected flow
is described as slightly dark or darker and the rate of flow as
progressively increased to 1.4 to 1.7 ml/s, classify the results as
ND-3. The measured hole diameter will usually be greater than 1.5
times the original size. If this is a rerun of an ND-4 specimen and
the flow rate is more than 1.4 ml/s, leave the class as ND-4.

At a Hydraulic Head of 15 In (380 mm)

If, at the end of 5 min of flow, the turbidity of the collected water
is described as slightly dark or darker or the flow rate is more than
1.8 m1/s, classify the results as ND-3. The measured hole diameter
should be more than 1.5 times the original size.

At a Hydraulic Head of 40 In (1,020 mm)

If, at the end of 5 min of flow, the collected water is anything
except completely clear, classify the results as ND-2. The flow rate
should be more than 3.0 m1/s and the measureed hole diameter should be
less than 1.5 times the original size.

If, at the end of 5 min of flow, the turbidity of the collected water
is completely clear, classify the results as ND-1. Flow rates should
be less than 3.0 m1/s and the hole diameter should still be about

1 mm.

5. Presentation of Results

The results should be tabulated on forms furnished to the Contractor by the
oontracting officer. However, the contractor may use alternative forms if
they contain the same data as the furnished forms if they are approved in
writing by the contracting officer prior to their use. The original test
ﬂata sheet or a suitable copy shall also be furnished.
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6.

Measurement and Payment

The number of pinhole dispersion tests performed and accepted under the
terms of this contract will be counted. Payment for each test will be

at the agreed-~to unit price per test for Pinhole Dispersion Test. These
payments shall be considered full compensation for all labor, materials,

equipment, and incidentals necessary for completion of the work.



Standpipe measures water
pressure of upstream end

Plastic nipple

with 0.06" diameter Plastic cylinder
hole 1/2" Jong 1.32", 1.0, 4" long

Vent hole in top of
chamber or in end plate

‘ [1.0 mm. holel

Harvard miniature
compaction permeameter

Distilled water from

ANN AN AN NN NN | ll

R |°°°°.°Zo;<7or

°| 0 00 0,4

o\k |

[] 1 0000000

K 0 o fo O -

o | 009 9 0 Water flowing thru sample

o |9 2 0? 00 . M

Pea gravel 0.9 9 is caught in measuring flask

0% 0o 0 a

and timed with stop watch

T e || & | (for example 25 ml, in 31
v I ET P ST TAT T :
: L7 7A7 T ~seconds = 0,81 ml/sec)
v
7
Compacted cTay /
specimen /
7L
/.

2 screens
(14 wires/inch)

PIN HOLE TEST APPARATUS

NOT TO SCALE

78-L

9 923ed
94 1SII-WS~-SOS

I TN91d



SCS-SM-TEST B6

7-84 Figure 2
Page 7
Plastic nipple
Plastic nipple is pushed (truncated cone)
into the top of the machined from plastic
specimen with fingers 0.4" or metal with 1,5mm
: hole drilled in center

[Pea_gravel]

&

[9)

e :E

. L 15 e

g‘) [

& [}

8 1.0 mm. hole g

~ » . oLe

. c ted -

S & punched in cmpacte ]

4 specim clay )

iy P =n specimen [ ]
" 1]
-3
[VIe]
>0
o o
—
=
N

Pea gravel
(about 1/4" size)
' DETAIL OF PIN HOLE TEST

SPECIMEN




SCS-SM~TEST B6 Figure 3

7-84
Page 8 PINHOLE TEST DATA ‘

sample No.  F 79-28/6 Specimen after test
Compaction Characteristics 9000/
Water Content__Neéar optimum Date 7-9- 80
Distilled water added: Yes V¥ or No 3
_— _— i
Curing Time Nnene X Page /
State I |
Project Site No. Flow started on /£ trial
| Turbidity from side |3
= S of
~ o | x = |> > > Remarks
G g [Head Flow s | = o |5 ~ols |2
o .= ] © x|LPx|Ex | 28|35
— =2 [ S |lo |G s o2le s 45 2
< =z >| Sls8|I=8 | £ oz 2| =+
=} [ < s g..- 2‘5 o
ml. |sec. | | = 2 =57 &
o o
. "
3.05| 2 10 125 .4V high colloida/ Flow
101106 |Lo|V " h "
25 |22 |i.it|lv " n "
25121 |9lv " " b
25120 |.25|” " " "
15 20 AZ; v h 4 i
25 20 ; v I 1" 1"
ZS I9 131 v "o 1 "
1‘08 25 19 Ic3' v

Sv‘o#m/ dect -
v ioue Lol
/b—/)




SCS-SM~TEST B6 Figure 4

7-84
‘age 9 PINHOLE TEST DATA
Sample No. F79-2820 Specimen after test
Compaction Characteristics_ sof# specimen
wa.tet' Content__ /9.3 % Date 7-&0
D1s'?111ec? water added: Yes or No_ v Ix | —» /
Curing Time 70 ne. Page [/
State
Project Site No. Flow started on /if trial
o | Turbidity from side | §
E © 5
o lhead| Frow (2| x| |2 |2 > | >+ Remarks
o g - S 218« L > 20w o B
— = (2 [} Lloc|S s |T2lh 5 9
N 2| 2| Sle8Ee |58
ml. |sec. || = 2 |7 @ = §u §
9:33(2" | 10 | 22 lays A S'puklinqu_[e&(
10 |20 s v |v
10 |19 bss v v
*.’38 10 119 p53 v |v
N 7" | 25 |26 |1.25] v | -
25 |20 |l& %
9:43 25 |20 k2 il
43 |15 "] 50 |27 |1.85 v | v
50 | 27 L85 v | v
145 50 |26 |l92 v |-
47 So |27 Y85 v v
50 2‘ /-’2— v |V
9:48 | 40" | 50 | 15 |33 v |e
50 (15 |3.33 L
¥
(Y4 6 3.'3 v |
.):57. 50 |15 B33 vl
. 5o | 1 bus vl J .
9:53 5o | 1t b v |* | End Test (NOD-1)




SCS-SM-TEST B6

7-84
Page 10
TABLE 1.--SUMMARY OF CRITERIA FOR EVALUATING RESULTS
' Test Time Final Flow Turbidity* Hole Size
Classification Head For Given Rate Through of Flow After Test
(Table 2) (inches) Head Specimen at End (Needle
(minutes) (m/s) of Test Diameters)
D1 2 5 > 1.0 Moderately dark 2x
darker
D2 2 10 > 1.0 slightly dark 1.5x
darker
ND4 2 10 <10 slightly dark 1.5x
ND3 7 5 > 1.4 slightly dark 1.5x
15 > 1.8
ND2 40 5 > 3.0 Completely clear 1.5x
or barely
visible
ND1 40 5 < 3.0 completely clear| virtually
no erosion

* Use very dark, dark, moderately dark, slightly dark, barely visible, or completely
clear. : :

TABLE 2.--CATEGORIES OF TEST RESULTS

Classification of
Individual Test

Results Classification of Soil
D1 and D2 Dispersive soils: fall rapidly under 2-in head.
ND4 and ND3 Intermediate soils: erode slowly under 2-in or

rapidly under a 7-in head and/or under a 15-in head.

ND2 and ND1 Nondispersive soil: no colloidal erosion under
15-in or 40-in head.
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TECHNICAL SPECIFICATIONS FOR
SPECIFIC GRAVITY TESTS

ON THE MINUS NO. 10 FRACTION

Preparation of Samples

Soil used in this test shall be prepared in accordance with ASTM D 421 and
shall be processed further so that only material smaller than the No. 10
sieve is used.

Test Procedures

Test procedures used shall be in accordance with ASTM D854, except as noted
in Item 1. above. -

Presentation of Test Results

Test results shall be recorded on forms furnished to the contractor by the
contracting officer. However, the contractor may use alternative forms if
they contain the same data as the furnished forms if they are approved in
writing by the contracting officer prior to their use. The values shall be
recorded to the nearest hundredth (for example, 2.68). In addition, the
original work data sheet, or a copy thereof, shall be furnished to the
contracting officer.

Measurement and Payment

The number of specific gravity tests performed on the Minus No. 10 fraction
of a soil and accepted under the terms of this contract will be counted.

Payment for each test accepted will be made at the agreed-to unit price per
test for Specific Gravity Test on the Minus No. 10 Fraction. This payment

will be considered full compensation for all labor, materials, equipment,
and incidentals necessary for completion of the work.
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TECHNICAL SPECIFICATIONS FOR

SPECIFIC GRAVITY TESTS ON

THE PLUS NO. 4 FRACTION

1. Application
This test is designed to determine the specific gravity of rock materials
greater than the No. 4 sieve. It shall be run on this fraction of any soil
that contains more than 35% greater than the No. 4 sieve.

2. Preparation of Samples

Samples for this test will be prepared in accordance with ASTM D 421.

3. Test Procedure

The specific gravity of the Plus No. 4 fraction of a soil sample shall be
determined in accordance with ASTM C 127.

4, Presentation of Test Results

Test results for the bulk specific gravity, bulk specific gravity (Satu-
rated-Surface Dry Basis), the apparent specific gravity, and the percent
absorption shall be recorded on forms furnished to the contractor by the
contracting officer. However, the contractor may use alternative forms if
they contain the same data as the furnished forms if they are approved in
writing by the contracting officer prior to their use. In addition, the
original work data sheet, or a copy thereof, shall be furnished to the
contracting officer.

5. Measurement and Payment

The number of specific gravity tests on the Plus No. 4 fraction performed
and accepted under the terms of this contract will be counted. Payment for
each test accepted will be made at the agreed-to unit price per test for
Specific Gravity Tests on Plus No. 4 Fraction. This payment will be
considered full compensation for all Tabor, materials, equipment, and
incidentals necessary for completion of the work.




SCS-SM=TEST C3

7-84

TECHNICAL SPECIFICATIONS FOR

STANDARD PROCTOR WATER

CONTENT-DENSITY TEST

Preparation of Samples

Samples for this test shall be prepared in accordance with ASTM D421 except
as noted in ASTM D 698.

Test Procedure

The moisturedensity relationship of the soil sample shall be determined in
accordance with ASTM D 698, Method A, unless otherwise specified and in
accordance with the following special requirements:

a. A minimum of five points shall be used to define the water
content-density curves. At least two points shall fall above the
optimum water content and at least two points shall fall below the
optimum water content. ”

b. Develop the water content-density curve on the wet side of optimum to
densities below 95% of the maximum density.

c. If the sample contains more than 35% gravel, use Method C or D, as
appropriate.

d. A test is defined as the compietion of one water content-density curve.

Presentation of Test Results

Test results showing the wet density, dry density, and water content for
each point shall be recorded on forms to be furnished to the contractor by
the contracting officer. The dry and wet densities shall be expressed in
pounds per cubic foot to the nearest tenth, and the optimum water content
shall be expressed in percent to the nearest tenth. Plotted curves showing
the test results shall be plotted on forms furnished to the contractor by
the contracting officer. The zero air voids, or 100% saturation curve,
shall also be plotted. However, the contractor may use alternative forms
if they contain the same data as the furnished forms if they are approved
in writing by the contracting officer prior to their use. In addition, the
original work data sheet, or a copy thereof, shall be furnished to the
contracting officer.

Measurement and Payment

The number of moisturedensity tests performed and accepted under terms
of this contract will be counted. Payment for each test accepted will
be made at the agreed-to unit price per test for Standard Proctor Moisture
Density Tests. This payment will be considered full compensation for

all labor, materials, equipment, and incidentals necessary for completion
of the work.
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TECHNICAL SPECIFICATIONS FOR

- MAXIMUM INDEX DENSITY OF SOILS USING.A VIBRATORY TABLE*

1. | Test Procedure

The maximum index density for cohesionless, free draining soils containing
12% or less passing the No. 200 sieve sha]] be determined in accordance
with ASTM D 4253.

2. Presentation of Test Results

The maximum density obtained shall be rounded to the nearest 0.5 1b/ft3 and
shall be recorded on forms to be furnished by the contracting officer to
the contractor. However, the contractor may use alternative forms if they
contain the same data as the furnished forms if they are approved in
writing by the contracting officer prior to their use. The original data
sheet or a suitable copy shall be furnished to the contracting officer.

3 Measurement and Payment .
The number of maximum index density tests performed and accepted under
terms of this contract will be counted. Payment for each test accepted
will be made at the agreed-to unit price per test for Relative Density of
Cohesionless Soils. This payment will be considered full compensation for
all labor, materials, equipment, and incidentals necessary for the com-
pletion of the work. .

* This test was formerly covered by ASTM D 2049, Re]at1ve Dens1ty of
Cohesionless Soils.
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‘ TECHNICAL SPECIFICATION FOR
MINIMUM INDEX DENSITY OF SOILS AND
CALCULATION OF RELATIVE DENSITY*
: 1. Test Procedure

The minimum index density and relative density for cohesionless, free
draining soils containing 12% or less passing the No. 200 sieve shall be
determined in accordance with ASTM D 4254,

2. Presentation of Test Results

The minimum density obtained shall be rounded to the nearest 0.5 1b/ft3 and
shall be recorded on forms to be furnished by the contracting officer to
the contractor. However, the. contractor may use alternative forms if they
contain the same data as the furnished forms if they are approved in
writing by the contracting officer prior to their use. The original data
sheet or a suitable copy shall be furnished to the contracting officer.

‘ 3. Measurement and Payment

The number of minimum index density tests performed and accepted under
terms of this contract will be counted. Payment for each test accepted
will be made at the agreed-to unit price per test for Relative Density of
Cohesionless Soils. This payment will be considered full compensation for
all labor, materials, equipment, and incidentals necessary for the
completion of the work.

*This test was formerly covered by ASTM D 2049, Relative Density of Cohesionless
Soils.
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TECHNICAL SPECIFICATIONS FOR

UNCONFINED COMPRESSIVE STRENGTH OF

COHESIVE SOIL

1. Application
This specification covers the determination of the unconfined compres=-
sive strength of cohesive soils in the undisturbed and remoided condi-

tions, using either stresscontrolled or straincontrolled loading.
This test is often referred to as a a, test.

2. Procedure

Testing procedures shall be in accordance with ASTM D 2166.

3. Presentation of Data
The results shall be plotted on forms furnished to the contractor by the
contracting officer. However, the contractor may use alternative forms if

they contain the same data as the furnished forms if they are approved in
writing by the contracting officer prior to their use. As a minimum, the
following information shall be shown:

a. Initial dry density, moisture content, and percent of saturation.
b. Size of sample.
c. Height to diameter ratio.

d. Type of sample.

e. Visual description of the soil.
f. Stressstrain curve.
g. Strain at failure.

h. Unconfined compressive strength.
i. Any unusual conditions that affect the test interpretation.

j. Original test data sheets or suitable copies.
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4, Measurement and Payment

The number of unconfined compression tests performed and accepted under
the terms of this contract will be counted. Payment for each test will
be at the agreed~to unit price per test for Unconfined Compressive Strength
of Cohesive Soils. These payments will be considered full compensation
for all labor, materials, equipment, and incidentals necessary for com-

pletion of the work.
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TECHNICAL SPECIFICATIONS FOR

DIRECT SHEAR TESTS OF SOILS UNDER CONSOLIDATED, DRAINED CONDITIONS

Application

This specification covers the direct shear testing of soils under
consolidated, drained conditions. Direct shear tests are normally used for
nonplastic soils that cannot be trimmed or remolded for triaxial shear
tests or on soft clays, but are not Timited to these type of soils.
Procedure

This test shall be performed in accordance with ASTM D 3080 or U.S. Army
Corps of Engineers EM111021906, Appendix IX, except as noted below:

a. The minimum size for square specimens shall be 2 in X 2 in.
b. The minimum size for round specimens shall be 2.5 in in diameter.
¢. Thicknesses of 3/4 in or larger shall be used.

d. A minimum of three specimens shall constitute a test.

Presentation of Test Results

Consolidated, drained, direct shear test results shall be plotted on forms
provided to the contractor by the contracting officer. However, the
contractor may use alternative forms if they contain the same data as the
furnished forms if they are approved in writing by the contracting officer
prior to their use. The original data work sheets, or suitable copies,
shall be furnished to the contracting officer.

Measurement and Payment

The number of drained direct shear tests performed and accepted under
this contract will be counted. Payment for each test accepted will be
made at the agreed-to unit price per test for Direct Shear Tests of Soils
Under Consolidated Drained Conditions. This payment will be considered
full compensation for all labor, materials, equipment, and incidentals
necessary for completion of the work.
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TECHNICAL SPECIFICATIONS FOR

TRIAXIAL COMPRESSION TEST

1. Application
This specification covers the triaxial compression tests of soils with

controlled drainage and consolidation conditions to determine the
following shear strength:

a. Unconsolidated, Undrained (UU or Q Tests)

b. Consolidated, Undrained (CU or R Tests)

c. Consolidated, Undrained with pore pressure measured (CU or R Tests)
d. Consolidated, Drained (CD or S)

Note: If properly run, the shear strengths obtained in c and d are
the same for most soils.

2. Procedure .

Tests shall be performed in accordance with U.S. Army Corps of Engineers
EM111021906, Appendix X, except as modified in Attachment #1 to this
specification. Except as noted in the Special Requirements section of
this specification, only CU or R will be required.

An acceptable procedure for back pressure saturation is provided in
Attachment #2 of this specification.

An acceptable alternative molding procedure, floating mold compaction,
is provided in Attachment #3 of this specification.

3. Special Requirements

a. Unconsolidated, undrained tests (UU or Q) will be required on
embankment materials at the highest 1ikely placement water content
and on foundation materials at saturation, if sampling and testing
reveal the presence of foundation strata that might cause
end-of-construction slope stability analysis to be critical.

b. Shear tests on materials with maximum particle sizes less than 3/4-in
diameter will be triaxial compression tests, except for those nonplastic
soils that cannot be trimmed or remolded for triaxial testing, in which
case, direct shear tests will be required. Substitution of direct shear, ,
tests for triaxial tests must have the written approval of the .
contracting officer.
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c. The specimen diameter shall be a minimum of 8 to 10 times the maximum
size particle to be tested. The ratio of height to diameter of the
specimens shall be 1% to 2.

d. Triaxial, consolidated, undrained tests with pore pressures measured
(CU) shall be performed on representative samples of materials proposed
for use in each zone of the embankment. Tests will usually be
performed on saturated samples, but tests may be performed at highest
probable placement moisture to represent embankment materials above the
fully developed phreatic line.

e. Triaxial, consolidated, undrained tests with pore pressures mea-
sured (CU) shall be performed on critical and representative foun-
dation samples, except as noted in #1. above.

f. Saturation shall be considered satisfactory if a "B" parameter of
0.95 or higher is measured within a response time of 1 minute, or
if a minimum of 95% of theoretical saturation is achieved.

g. Samples shall be tested to a minimum of 15% strain, and the stress-
strain curves will be included in the report.

maximum deviator stress may be used as the failure criterion. If
these two methods are used, the failure criterion must not ex-
ceed 15% strain. A pq diagram (stress path) may be used to de-
fine the failure envelope.

. h.  The maximum principal effective stress ratio (&;/63) or the

i. A minimum of three separate acceptable specimens shall constitute
a test and shall be used to define the Mohr diagrams.

J. If all three test specimens are not obtained from the same horizon-
tal interval of a core sample, index tests will be required on each
specimen to show that similar materials were or were not tested.

k. Water content, dry density both before and after testing, and a "B"
parameter (when measured) will be determined and reported for each
specimen.

1. Visual differences between specimens shall be noted and visual
failure condition of each specimen shall be noted and reported.

m. Multistage triaxial shear testing will not be acceptable.

4. Presentation of Test Results

The test results shall be plotted on forms provided to the Contractor by
the contracting officer. However, the contractor may use alternative forms

' if they contain the same data as the furnished forms if they are approved
in writing by the contracting officer prior to their use. As a minimum,
the following information shall be provided:
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a. Stress-strain curves for each specimen. (Minimum of three speci-
mens required.)

b. Pore pressure vs. strain curves for each specimen.

c. A pqg (stress path) diagram will be plotted for each specimen when
CU tests are run.

d. Water contents and dry densities, both before and after testing,
shall be determined and shown on the forms.

e. "B" parameter or % saturation. (B parameter not required for UU tests.)

f. Plot of Mohr's circle envelopes for both total and effective stress.

g. Failure criteria used.

h. Strain rate used and amount of back pressure used.

i. Proper sample identification.

J. Original data worksheets or suitable copies. .

Measurement and Payment

The number of UU (Q), CU (R), CU (R), and CD (S) tests performed and
accepted under the terms of this contract will be counted. Payment for
each UU (Q) and for each CU (R) test accepted will be at the agreed-to unit
price for Triaxial Compression Test, UU (Q) and CU (R). Payment for each
CU (R)test accepted will be at the agreed-to unit price for Triaxial
Compression Test, CU (R) Payment for each CD (S) test accepted will be at
the agreed-to unit price for Triaxial Compression Test, CD (S).

These payments will be considered full compensation for all labor,
materials, equipment, and incidentals necessary for completion of the work.
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TECHNICAL SPECIFICATIONS FOR

TRIAXTAL COMPRESSION TEST

Re: U.S. Army Corps of Engineers EM 111021906, Appendix X.

1. Item 3.b., Triaxial Compression Chamber, pp. X4 through X6.
Note: Triaxial compression chambers 1ike Wykehem Farrance Model
WF 10210 are acceptable when the actual piston friction is
measured before the start of the test, as outlined in (2)
on Page X6.

2. Item 3.d., Rubber Membranes, pp. X7 through X8.

Note: Prophylactics are made of very thin rubber and make excellent
membranes. Sheik No. 23 (Brand name and number) is an example
of an acceptable prophylactic. A double thickness (two per
specimen) is suggested. Sealing with two O-rings at each end is
also recommended.

3. Item 4.a.(2), "Compacting Specimens of Cohesive Soil," pp. X14, 15.
Note: The floating mold compaction procedure out11ned in Attach-
ment No. 3 may be used.

4. Item 5.b.(4), Computations, p. X25.
Note: No membrane correction is necessary when using rubber membrane
1ike Sheik No. 23 prophylactics.

5. Item 7.b.(1)(6), "Procedure for CU or R Test," pp. X33 through X36.

Note: An alternate procedure for back pr pressure saturation, leak
checks, and for obtaining B parameters is given in Attach-
ment No. 2.

6. Item 7.b.(7), “Procedure for CU or R Test," p. X36.

Note: If pore pressure measurements are to be made, refer to "The
Triaxial Test" by Bishop and Henkel, pp. 192204, for allowable
strain rates. For many soils, a strain rate of 0.002 in/min on
1.4-in diameter X 3-in high specimens is satisfactory if filter
strips are used.

7. Item 7.c.(6), Computations, pp. X38.
Note: Membrane correct1on is not necessary if prophylactics 1ike Sheik
No. 23 are used.
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8. Item 8.a. Apparatus.
Note: Controlled strain can be used for relatively impervious soils

if a slow enough strain rate is used.

9. Item 8.b.(2), Procedure.
Note: The time to failure required for a drained test can be
estimated by multiplying the tgy time by 50. The t 0 time can be
determined from the volume change vs. time plot det@¥mined during
the consolidation phase of the test.
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PROCEDURE FOR BACK PRESSURE

SATURATION

1. The magnitude of the required back pressure may be computed as follows:

U, (kg/cn?) = 100 - S
2

where S is the degree of saturation of the test specimen
expressed as a percent

kg/cm® X 14.223 = psi

2. To reach saturation, the chamber pressure and the back pressure are
increased in increments. The number of increments required will depend
on the back pressure required. The size of each increment will depend
on the consolidating pressure that will be used.

3. The upper limit (oy) of each increment shall not be more than onehalf
of the consolidating pressure. A value less than onehalf is suggested
where consolidating pressures are less than 50 psi.

4. The lower limit (op) must be high enough to insure that the membrane on the
specimen is not blown out. A minimum of 3 psi and a maximum of 5 psi are
suggested.

5. Start the back pressure saturation by applying a chamber pressure and a
back pressure with the drain valves closed.

The chamber pressure applied should equal 7 psi or onehalf of the upper
limit for each increment, whichever is smaller.

The back pressure applied should equal the difference between the chamber
pressure applied and the lower limit, or zero, whichever is greater.

6. Open the drain valves and plot burette and‘axial dial readings vs.
logarithm of time until water has essentially stopped entering the
specimen.

7. Close the drain valve.



SCS-SM-TEST D3
7-84

Attachment 2
Page 2

8. Increase the chamber pressure to the upper limit determined in Step 3
and increase the back pressure by an amount equal to the upper limit
minus the lower limit.

9. Repeat Steps 6 and 7.

10. Increase both the chamber pressure and the back pressure in increments
equal to the upper 1imit minus the lower 1imit. Repeat Steps 6 and 7. .

11. Repeat Step 10 until the back pressure has been increased to the desired
value. (Note that during the final saturation step the increase in _
chamber pressure and back pressure might have to be less than [cU - °L] in
order to achieve the desired final value of Ub.)

12. Following Step 11, close the drain valve. Increase the chamber pressure
about 5 to 10 psi to verify the completeness of saturation. If the
measured increase in pore pressure (AU) immediately is equal to the applied
increase in chamber pressure (Ac), B = AU is unity and the test specimen

and the system are completely AG
saturated. ‘

An increase in pore water pressure less than the applied cell pressure
is due either to air still remaining in the sample and/or pore water
lines or to the stiffness of the sample.

13. Following the saturation check, monitor the porewater pressure as a
function of time to determine if there are any leaks in the system. An
external leak shows up as an approximately constant rate of pore pressure
drop with time, whereas an internal leak causes an approximately constant
rate of increase with time.

14. If the saturation check indicates a B parameter less than unity, repeat
Step No. 10.

15. Repeat Step 12. If the new value of B is larger than the first value
obtained at the lower back pressure but still less than unity, the system
is not yet completely saturated. Repeat Step 14.

If the new value of Bis still less than unity but equal to the value
obtained at the lower back pressure, the system is completely saturated.

16. When it is determined that the system is completely saturated, increase .
the chamber pressure to a value equal to the back pressure plus the con-
solidating pressure.
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18.

19.

3

Repeat Step 6 and allow consolidation to proceed well into the secondary
consolidation phase.

Following the consolidation period, close the drain valve, and monitor
pore pressure as a function of time to determine if consolidation is
complete and to determine if there are any leaks in the system. Leaks
will be evident as outlined in Step 13. Residual pore water pressure
caused by incomplete consolidation will be evident by an increase in pore
pressure that does not change with time.

If all checks are satisfactory, start the axial locading.
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FLOATING MOLD COMPACTION

The floating mold equipment is shown in figure 1. It consists of two plungers
which compress the soil inside a split steel mold. The mold floats between the
two plungers, with its weight entirely supported by friction against the soil.
This procedure differs from the standard laboratory method of static compaction
in one very important way. With this method, the final length of the specimen
is controlled by means of an external jig. This allows both plungers to move
right up to the instant that the final compaction is achieved and helps to
insure that the specimen is compacted equally from both ends. The SCS procedure
is to form the specimen in two sections initially and then press the two
sections together for the test specimen.
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FLOATING MOLD COMPACTION DEVICE

FIGURE 1.
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TECHNICAL SPECIFICATIONS FOR

DRAINED, REPEATED DIRECT SHEAR TEST (RESIDUAL)

1. Application

This specification covers the direct shear testing of soils to obtain
their residual shear strength. The test is normally used for shaley
clays and clay shales where residual shear strength will control the
design.

2. Procedure

This test shall be performed in accordance with U.S. Army Corps of Engineers
EM111021906, Appendix IX A, except as noted below.

a. The minimum size for square specimens shall be 2 in X 2 in.
b. The minimum size for round specimens shall be 2.5 in in diameter.
c. Thicknesses of 3/4 in or larger shall be used.

d. A minimum of three specimens shall constitute a test.

3. Presentation of Test Results

Drained, repeated direct shear test results shall be plotted on forms
provided to the contractor by the contracting officer. However, the
contractor may use alternative forms if they contain the same data as the
furnished forms if they are approved in writing by the contracting officer
prior to their use. The original data work sheets, or suitable copies, shall
also be furnished to the contracting officer.

4. Measurement and Payment

The number of drained, repeated direct shear tests performed and accept-
ed under this contract will be counted. Payment for each test accepted
will be made at the agreed-to unit price per test for Drained, Repeated
Direct Shear Test -- (Residual). This payment will be considered full
compensation for all labor, materials, equipment, and incidentals neces-
sary for completion of the work.
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TECHNICAL SPECIFICATIONS FOR

ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS --

SATURATED AT START OF TEST

1. Application

This specification covers the consolidation testing of undisturbed foundation
samples and remolded embankment samples. It is intended to represent the
consolidation potential of soils that are or will be subject to complete
saturation in the field.

2. Procedure

This test shall be performed in accordance with ASTM D 2435, with the
following exceptions and/or additions:

a. The minimum specimen size shall be 21/2 in in diameter.

b. Foundation samples and fill samples below the line of saturation will
be saturated at the start of the test.

C. Load increments will be added until 32,000 psf is reached or until the
straight-line, or virgin, portion of the void ratio-pressure curve is
obtained.

d. At least one point will be determined on the unload or rebound portion
of the void ratio-pressure curve for foundation samples.

e. Water content, density, and degree of saturation will be determined

both before and after testing. (This will require a specific gravity
determination.)

3. Presentation of Test Results

Consolidation results will be plotted as void ratio vs. log of pressure

on forms provided to the contractor by the contracting officer. However, the
contractor may use alternative forms if they contain the same data as the
furnished forms if they are approved in writing by the contracting officer
prior to their use. Original test data sheets, or suitable copies, shall be
furnished to the contracting officer.

Overburden pressure, preconsolidation pressure (if any) and compression
index shall be shown on this plot. The coefficient of consolidation shall
be computed and shown on the plot. The compression index, C., and the
recompression index, C.., shall also be shown. The initial test dry unit
weight and initial water content shall also be stated.
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A1l consolidation-time curves shall be plotted on forms provided by the
contracting officer. However, the contractor may use alternative forms if
they contain the same data as the furnished forms if they are approved in
writing by the contracting officer prior to their use.

Measurement and Payment

The number of consolidation tests performed and accepted under the terms
of this contract will be counted. Payment for each test accepted will

be made at the agreed-to unit price per test for One-Dimensional Consolida-
tion Properties of Soils Saturated at Start of Test. This payment

will be considered full compensation for all Tabor, materials, equip-

ment, and incidentals necessary for completion of the work.
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TECHNICAL SPECIFICATIONS FOR

ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS --

SATURATED DURING TESTING

Application

This specification covers the consolidation testing of fill materials that
will not be subject to complete saturation, of foundation materials
susceptible to collapse when loaded and/or wetted, or of materials expected
to swell when wetted.

Procedure

The test shall be performed in accordance with ASTM D 2435, with the
following exceptions and/or additions:

a.

Proposed embankment soils (disturbed samples) that will be placed
above the zone of saturation shall be tested initially at a water
content approximating the estimated field placement moisture.

For foundation soils, an indication of the possibility of collapse may
be obtained by plotting the in situ dry unit weight vs. the in situ
water content on Attachment #1 to this specification. If the plot
falls within the Intermediate or Collapsible Zones, the specimen
should be tested using this specification. Foundation samples shall
be tested initially at their natural water content up to the expected
load. Once the expected load is applied and the normal readings are
obtained, the test specimen is then saturated under this same load.
The readings are taken and the test is resumed with the remaining
loads applied to the saturated specimen. The contracting officer
shall be notified when the plot of in situ dry unit weight vs. the in
situ water content indicates a collapse potential. No test shall be
started under this specification without the approval of the
contracting officer.

c. The minimum specimen size shall be 2% in in diameter.

d. Load increments will be added to 32,000 psf or until the
straightline, or virgin, portion of the void ratiopressure curve
is obtained.

e. At least one point will be determined on the unload or rebound
portion of the void ratiopressure curve for foundation samples.

f. Water content, density, and degree of saturation will be
determined both before and after testing. (This will require a
specific gravity determination.)
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3. Presentation of Test Results

Consolidation results will be plotted as void ratio vs. log of pressure

on forms provided to the contractor by the contracting officer. However, the
contractor may use alternative forms if they contain the same data as the
furnished forms if they are approved in writing by the contracting officer
prior to their use.

Overburden pressure, preconsolidation pressure (if applicable) and com-
pression index (if applicable) shall be shown on this plot. The percent
swell or collapse upon saturation shall also be shown on the plot. In-
formation on the initial dry unit weight and moisture content shall be
included.

A11 consolidation vs. time curves shall be plotted on forms provided by the
contracting officer. However, the contractor may use alternative forms if
they contain the same data as the furnished forms if they are approved in
writing by the contracting officer prior to their use.

4 Measurement and Payment
The number of consolidation tests performed and accepted under the terms .
of this contract will be counted. Payment for each test accepted will
be made at the agreed-to unit price per test for One-Dimensional Consolida
tion Properties of Soils -~ Saturated During Testing. This payment will
be considered full compensation for all labor, materials, equipment, and
incidentals necessary for completion of the work.




SCS-SM-TEST E1.A
Attachment 1

MATERIALS U. S. DEPARTMENT of AGRICULTURE SML EVALUATION OF
TESTING REPORT|SOIL CONSERVATION SERVICE COLLAPSE POTENTIAL
PROJECT and STATE B8Y DATE

REMARKS
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TECHNICAL SPECIFICATIONS FOR

PERMEABILITY

1. Test Procedure

Permeability tests shall be performed in accordance with the U.S. Army
Corps of Engineers EM 111021906, Appendix VII. The appropriate type of
permeability test performed will be determined based on the material to be
tested and the range of permeabilities expected as outlined in the above
reference. Tests may also be run in accordance with Designations E13 and
El4, Earth Manual, Bureau of Reclamation.

2. Presentation of Test Results

The coefficient of permeability, k, shall be reported in units of feet per
day and shall be reported to two significant digits (0.176 would be 0.18).
The results, along with all the pertinent test information, shall be
recorded on forms to be furnished to the contractor by the contracting
officer. However, the contractor may use alternative forms if they contain
the same data as the furnished forms if they are approved in writing by the
contracting officer prior to their use. The type of test used will be
stated and the test procedure referenced. The original data sheet, or a
suitable copy, will be furnished to the contracting officer.

3. Measurement and Payment

The number of permeability tests performed and accepted under the terms of
this contract will be counted. Payment for each test accepted, regardless
of the type of test run, will be made at the agreed-to unit price per test
for Permeability. This payment will be considered full compensation for
all labor, materials, equipment, and incidentals necessary for the
completion of the work.



SUBPHASE GEOTECHNICAL ANALYSIS AND RECOMMENDATIONS REPORT

Scope: The contractor shall evaluate the results of the geological inves- .
tigation and the soil mechanics testing program and perform the necessary

analyses to develop a Geotechnical Report. The analysis and report shall be

in accordance with the requirements of the following subparts of this spec-

ification and shall be adequate to provide design, construction, and monitor-

ing recommendations for all elements of the project.

Genera1vRequirements: : -

Completion of this subphase shall result in a complete Geotechnical Report

which summarizes all analyses made and recommendations for the design, R
construction, and monitoring of the structure(s). The report shall include all
information required in the appropriate subparts of this specification and any

other material considered by the contractor to be relavent to the design.

Unless otherwise specified, computations and other material adequate to document

the work shall be furnished to the contracting officer.

An original report and copies shall be furnished to the contfacting officer.
The contrécting office may furnish the contractor with a sample report to be used

as a guide.

Measurement and Payment:

Payment will be made at the "job" price established in the contract when the .
completed report and copies are furnished to and accepted by the contracting

officer. Such payment will constitute full compensation for all Tabor, equipment,

tools, and other items necessary and incidental to the completion of the work.

JULY 1984 .



SUBPART A SUMMARY OF MATERIAL/SITE PARAMETERS

Scope: The contractor shall summarize site parameters amd material parameters
that affect the design of the project.

Procedures:

The completed Geotechnical Report shall include a summary of material strength,
consolidation, permeability, and identificatien properties. The summary shall
include, as appropriate, sections on foundation bedrock, foundation soils,
proposed embankment fill materials, and emergency spillway materials.

The basis for any assumed parameters shall be adequately documented if not
substantiated by actual borings, field, or laboratory tests.

Presentation of Results:

The report'sha11 include a narrative summary accompamied by appropriate
visual aids (sketches and/or drawings) and tabular summaries of data.
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SUBPART B FOUNDATION CUTOFF

Scope: The contractor shall provide recommendations for the design of a .
foundation cutoff for the project.

Procedures:

Based on results of the geological investigation, field permeability tests,

laboratory permeability tests, and estimates of permeability, the contractor will <
identify foundation conditions that affect the cutoff design. Recommendations for

the design of the cutoff shall include: (1) location with respect to centerline,

(2)
depths recommended along the embankment alignment, (3) side slopes and bottom

width recommendations, (4) recommended backfill material and method of placement,

(5) recommended methods of dewatering, if appropriate, and (6) surface treatment

of bottom and/or side slopes when excavated into fractured bedrock.

If a cutoff method other than a conventional, rolledfill cutoff is recom-
mended, or if a partial cutoff, reservoir blanketing, or other alternatives
are recommended, the contractor shall include rationale for selection of the
alternative method. Justification shall include both economic and technical
consideration.

Presentation of Results:

The contractor shall show recommended cutoff depths on a plotted cross- .
section of the alignment that includes plotted logs of test holes. If other
alternatives are recommended, a narrative accompanied by appropriate visual

aids will be provided in sufficient detail to form the basis for design of

the recommended features.
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SUBPART C FOUNDATION PREPARATION (SOIL)

Scope: The contractor shall provide recommendations for any special foundation
preparation procedures, including removal, preloading, staged construction,
dewatering, etc.

Procedures:

Recommendations for treatment of soil foundations preparatory to construction
shall be based on results of field and/or laboratory tests, soil mechanics
analyses and site geology.

Recommendations for removal of undesirable material shall include: (1) ra-
tionale for the recommendation; (2) the extent, both lateral and vertical, of rec-
ommended removal; (3) suggested field procedures for identifying materials

to be removed, and (4) alternative methods of treatment considered.

Recommendations for methods other than removal for treating undesirable foun-
dation soils shall include: (1) rationale for selection of the alternative,
including cost considerations; and (2) details of recommended procedures adequate
for design.

Presentation of Results:

Foundation removal shall be identified on a plotted cross section of the alignment
that includes plotted logs of test holes. Other design parameters may be included
in a narrative report.

Recommendations for treatment methods other than removal shall be included

in the narrative report and shall be accompanied by sufficient graphical or
visual material to provide an adequate basis for design.
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SUBPART D FOUNDATION PREPARATION (ROCK)

Scope: The contractor shall provide recommendations for treatment of rock
foundations necessary to protect the structure and, if applicable, to provide a
cutoff of seepage.

Procedures:

Recommendations shall be based on the nature of bedrock materials as deter-
mined from the foundation investigation and the appropriate laboratory tests and
analyses performed.

Recommendations for pressure grouting, déntal grouting, slush grouting, gun-
nite protection, cleaning operations, or other special treatments shall in-
clude: (1) rationale for selection of the method or methods of treatment,
including cost considerations; and (2) details of the treatment methods
adequate to provide the basis for design.

Presentation of Results:

A narrative summary of the rationale and the treatment methods recommended
shall be included. For complicated foundation problems requiring extensive
treatment, the narrative shall be accompanied by graphical and/or tabular
illustrations.

JULY 1984
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SUBPART E PRINCIPAL SPILLWAY CONSIDERATIONS

Scope: The contractor shall provide recommendations for the design and in-
stallation of the principal spillway conduit.

Procedures:

Recommendations shall include: (1) preparation of the soil or rock founda-

tion for the conduit, (2) parameters for estimating joint gap by procedures

in TR-18, (3) parameters for calculating loading on the conduit by procedures of
in TR-5, (4) drainage measures considered necessary to provide protection against
piping along the conduit, and (5) type and placement methods for backfill to be
used around the conduit if different from recommendations for the remainder of the
embankment.

Presentation of Results:

A narrative summary of recommendations shall be included in the report.
Necessary computations and a narrative documentation to support the method
of selection of joint gap parameters and pipeloading parameters shall be
included.
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SUBPART F EMBANKMENT ZONING AND PLACEMENT OF MATERIALS

Scope: The contractor shall provide recommendations for an embankment zoning .
plan and for placement of materials, including specified placement densities

and moisture contents, placement methods, drainage or transition zones, and

inspection construction control guidelines.

Procedure:

Based on the types of soil/rock materials available, relative quantities of

each, their sequence of availability during construction, and engineering

properties, the contractor will devise a zoning plan to guide placement of these #
different types of materials in appropriate zones of the embankment. The zoning

plan shall: (1) reflect the quantities of available types of material in the
proportioning of zones; (2) consider the sequence in which materials will become
available during construction; (3) include recommended placement densities and
moisture content and/or placement methods for each type of material used; and (4)
include recommendations for types of field inspection tests for each material

type.

The zoning plan will consider the need for any transition filters and/or
drains between zones and include recommendations for their design if appli-
cable.

The zoning plan shall conform to the requirements on in TR-60.

Presentation of Results:

A schematic illustration of the recommended zoning plan and a tabular summary
of placement recommendations shall be included in the report.

A narrative summary of rationale used in developing the zoning plan and
other significant recommendations shall be included in the report.
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SUBPART G SLOPE STABILITY ANALYSES

. Scope: The contractor will perform slope stability analyses summarize results of
the analyses, and provide recommendations for design features necessary to satisfy
stability requirements.

Procedures:

Stability analyses will be performed within the general guidelines shown in SCS
publication TR-60, with the following additional provisions:

(1) The stability condition at the end-of-construction need not be analyzed
if, in the opinion of the contractor, and mutually agreed to by the
| contracting officer, it would be less critical than the steady seepage
or sudden drawdown condition. It will be analyzed, however, for
embankments on foundations with soft clay deposits or embankments
constructed primarily of fine-grained soils over 40 ft in height.

(2) Partial pool conditions shall be analyzed for municipal or irriga-
tion reservoirs where fluctuations of the normal pool level may
be expected. Total stress shear parameters shall be used and the
minimum acceptable safety factor shall be 1.5.

(3) Analyses may be made using a computer program that has the
capability of searching for the most critical failure surface.
The computer program to be used and the method of analysis it
employs shall be furnished to the contracting officer and will
be subject to his or her approval. If noncomputer procedures
are used, sufficient trials shall be made to determine the most
il critical failure surface for each condition analyzed. The use
of computer methods of analysis other than those furnished will be
subject to the approval of the contracting officer.

(4) For the sudden drawdown éna]yses, an acceptable alternative to the
use of a composite strength envelope for embankment soils may be used
if approved by the contracting officer.

(5) Minimum acceptable safety factors for the design selected shall be
as outlined in TR-60.

(6) Assumptions used regarding the selection of shear parameters and
the appropriate type of analyses shall be clearly stated. Assump-
tions used in developing an assumed phreatic surface and any uplift
shall be clearly stated and shown.

Presentation of Results:

A graphicaltabular summary of the results of the slope stability analysis
shall be included in the report. Only the most critical failure surfaces
for each condition analyzed need be shown in the summary. A narrative
summary of the rationale used in selecting methods of analyses, any assump-
tions pertinent to the analyses, and selection of design recommendations to
. improve stability shall be included in the report.
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SUBPART G SLOPE STABILITY ANALYSES (continued)

Complete computer printouts of stability analysis calculations need not be
included in the report. However, this information must be available to the
contracting officer on request.

o~
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SUBPART H SETTLEMENT ANALYSIS

. Scope: The contractor shall estimate settlement in the embankment and foundation
of the proposed structure as necessary to provide design parameters such as
overbuild, joint gap parameters for conduits, and, as necessary, to predict the
occurrence of problems such as excessive differential settlement. Recommendations
for design measures to mitigate any predicted problems shall be included.

Procedures:

The settlement analyses shall be based on geological site conditions, engineer-
~ ing properties determined by laboratory tests, or by documented reference to data
) that can be correlated. Calculations shall be made for any potential differential
settlement problems in a direction both transverse and parallel to the embankment
centerline.

Recommendations based on laboratory tests, correlations, and calculations made
shall include, but not necessarily be limited to: (1) maximum settlement in the
foundation/cutoff trench and embankment, (2) estimated percentage of total
settlement occurring during construction, (3) settlement beneath the principal
spillway conduit, and (4) alternatives for correcting problem situations,
including shaping of natural slopes, excavation and removal of highly compressible
deposits, prewetting or removal of collapsible soils, or other special procedures
such as preloading and staged construction for soft clays.

‘ Presentation of Results:

A narrative summary of conditions analyzed and assumptions, together with
results of the analyses, shall be included in the report. Any correlations
used will be clearly stated.
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SUBPART I SEEPAGE ANALYSIS

Scope: The contractor shall analyze the potential for seepage through the .
embankment, foundation, and abutments of the structure. Recommendations shall
be made for any required design features.

Procedures:

Seepage analyses shall be based on site geology, soil and rock properties de-
termined from field and Taboratory tests, or on documented assumed properties
based on correlation to similar, previously tested materials.

Analyses shall be by appropriate graphical or numerical methods suitable to
the complexity and hazard of the site conditions. Assumptions or models used
shall be clearly stated. Procedures listed in Soil Mechanics Notes No. 5 and
No. 7 may be used. ' ‘

Recommendations shall include, but will not necessarily be limited to: (1)
embankment and/or foundation drain types, (2) dimensions and recommended
gradation of materials for each drainage zone, (3) Tateral and vertical
extent of drainage installation with respect to embankment, (4) any special
measures required for treating uplift or high seepage quantities such as
relief wells, blanketing of reservor areas, seepage berms, etc.

Filters shall be designed in accordance with procedures in Soil Mechanics Note

No. 1. .

Seepage quantities shall be estimated, as necessary, to ensure that drainage
zones and collector pipes are adequately sized and, where appropriate, for use
in a water budget analysis of the reservoir. Procedures of Soil Mechanics Note
No. 3, or other procedures generally accepted by the engineering profession, may
be used.

Presentation of Results:

A narrative summary of the methods employed in the analysis of seepage and
of recommended design measures, accompanied by suitable illustrations, if
appropriate, shall be included in the report. ITlustrations of flow nets or
other models used in the analysis shall be included.
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SUBPART J SEISMIC ASSESSMENT (For Sites in Zones 2 or 3 Seismic Risk Area)

‘ Scope: The contractor shall evaluate the horizontal acceleration caused by
earthquakes at the structure site. Cohesionless sand and silt deposits in the
foundation shall be evatuated as to their liquefaction potential. Recommendations
for defensive design features, if considered appropriate, shall be included.

Procedures:

Horizontal acceleration at the project site will be estimated by generally
accepted seismic risk procedures. No less than the design accelerations

« shown in SCS publication TR-60 will be used, but higher values may be used if

' considered advisable by the contractor. Assumptions and methodology employed in
arriving at the estimate will be clearly stated. ‘

The liquefaction potential of saturated, cohesionless sand and silt found-
ation soils shall be evaluated by procedures outlined in Seed's article,
"Simplified Procedure for Evaluating Soil Liquefaction Potential," Journal

Soil Mechanics and Foundations Division, ASCE, Vol. 97, No. SM9, Sept. 1971,
or by other methods approved by the contracting officer.

Defensive design measures to be considered shall include, but are not limited
to: (1) embankment drains and transition zones, (2) increased top width and
freeboard, and (3) foundation removal or improvement.

‘ Presentation of Results:

A narrative summary of the results of the seismic evaluation shall be included in
the report. Significant design recommendations shall be summarized and illus-
trated as necessary.
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SUBPART K INSTRUMENTATION

Scope: The contractor shall evaluate the need for instrumentation to monitor
performance of the structure during construction and on a longterm basis following
construction. If instruments are recommended, specific design recommendations
shall include instrument types, numbers, and locations. Recommendations shall
include a plan for monitoring the instruments, and processing and recording the
data, both during construction and on a longterm basis.

Procedures:

The degree of uncertainty in the assumptions made during design and the hazard
class of the structure shall be considered in evaluating the need for
instrumentation.

Consideration of instrumentation shall include, but not be Tlimited to
instruments needed to: (1) measure pore pressures during construction,
(2) detect movements of structural elements, (3) measure effectiveness of
seepage control measures, and (4) measure seismic events.

Instruments specified shall be identified as to type and accuracy require~
ments, but not as to brand names.

Instrument plans shall include the suggested frequency of readings, calibra-
tions, data processing requirements, and "alarm" levels for all instruments,

if appropriate. ‘
If instrumentation is not recommended, a summary statement indicating the
rationale for arriving at this decision shall be included.

Presentation of Results:

A narrative summary of the recommendations, together with any necessary illus-
trations, shall be included in the report. A separate section shall be included
that contain recommendations for monitoring the instruments.
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SUBPART L EMERGENCY SPILLWAY EVALUATION (SOIL MATERIALS)

Scope: The contractor shall provide an analysis of test results on emergency
spillway samples and provide recommendations on parameters for design of the
emergency spillway to resist breaching, design of emergency spillway side
slopes, and drainage measures or other special structural measures to ensure
the proper functioning of the spiliway.

Procedures:

Parameters required for analysis of emergency spillway breaching using procedures
of TR-52 shall be provided. These parameters shall include, but not necessarily
be 1imited to, classification, PI, void ratio, liquidity index, and dispersion
values. The parameters shall be based on laboratory tests on samples from
representative strata in the emergency spillway. Samples tested are to be
representative of the most erodible soil at any location in the bulk length of the
spillway to a depth of 30 ft or to the base of the embankment, whichever is least,
as specified in TR-52.

Supplemental tests needed to assess the erosion resistance of emergency spillway
soils shall be performed and their effects on emergency spillway design analyzed.

Recommendations for cut slope configuration in excavated emergency spillways
shall be based on appropriate engineering property tests and/or correlations,
together with a stability analysis of the slope using accepted procedures.

Recommendations for other special spillway features such as drainage,

stability, berms, etc., to mitigate unusual problems shall be clearly documented
and justified.

Presentation of Results:

A narrative and/or tabular summary of data, accompanied by appropriate visual
aids that adequately to convey recommendations for design, shall be included in
the report.

A summary of any stability analyses performed, together with assumed material
properties and computational methods employed, shall be furnished. Assumptions
as to water table, soil profiles, etc. shall be clearly stated.

Appropriate drawings will be furnished for special design features recommend-
ed, together with sufficient narrative to adequately describe the features
and furnish the basis for design.

Complete computations and computer printouts for the stability analysis are

not required. However, this information must be made available to the
contracting officer on request.
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SUBPART M EMERGENCY SPILLWAY EVALUATION (ROCK)

Scope: The contractor shall provide recommendations for cut slopes, drainage
features, or other special structural features necessary to ensure proper
functioning of the spillway.

Procedures:

Analysis of rock material properties shall be based on geological information,

rock cores, and appropriate engineering tests. Procedures of NETSC Note 25 ,f
may be used to classify the rocks and to provide qualitative guidance to

design.

Slope stability analyses, if perfomed, will be based on material property
tests or assumptions, as mutually agreed to by the contractor and contracting
officer. Computational methods and other assumptions employed regarding rock

profiles, cross sectional configurations, water tables, etc., shall be clearly
stated.

Presentation of Results:

A summary of the analysis and recommendations for design shall be included
in the report.

the features of the rock affecting design shall be included. An example
is shown in Figure 6-11, NETSC Note 25, which will be furnished by the
contracting office on request.

Appropriate geologic maps and drawings to document conclusions concerning '

Stability analyses, if performed, shall be summarized using appropriate visual and
narrative aids to describe the analyses. Assumptions as to material properties,
profiles, the water table, and computational methods employed shall be clearly
stated and shown graphically where appropriate.
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