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U.S. Department of Agriculture 
Soil Conservation Service 
Engineering 

October 1984 

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 mrrelation 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. 

11. Definitions. 

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

111. References. 

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

B. Highway Materials-Tests, AASHTO, Part 11, 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 
~aborator~, ~incoln ,- Nebraska. 

- - 



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. 

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. 

(1) Procedure B unless wet preparation 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 Plasticity 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. 



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 B 1 .  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-vm) 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. 

SM Test B 4 .  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. 



Sli ht Reaction: Bare hint of cloud in water near the surface of 
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 B5. 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 8A1. 

(3) Calcium--method 6NlB. 

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 the percent Na in the TDS. Percent 

Na (meqlL) = Ca + Mg + Na + K 
(4) Use attached figure 2 to determine if soil 

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 f ine-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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Figure 2 PINHOLE TEST APPARATUS 
( Schematic - Not to scale ) 
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PIN HOLE TEST DATA 

Pin Hole Test No. Date: Page: 

Sample No. Specimen after test:  

Compact ion Characteristics ~ 0 0 d  
F/hw/ A& 

Water Content flew 0?f/j7um O ~ U U /  

Distilled water added: r/ or 25mm 
Yes No 

TYPICAL DATA FOR DISPERSIVE CLAY (Dl) 
Figure 4 



PIN HOLE TEST DATA 

P i n  Hole Test No. Date: Page: 

Sample No. Specimen after test :  

Compact ion Characteristics Soff S ~ ~ P A  
Water Content /9- 3% NO emsion 

r/ Distilled water added: or of ho/e 
Yes No 

TYPICAL DATA FOR DISPWSIVE CLAY ( D l )  
Figure 5 



main i n d i c a t o r  of f a i l u r e  i s  t h e  c o l l o i d a l  co lo r  of t h e  water .  Most d i s p e r s i v e  
c l ays  erode r ap id ly  under 2  i n  of head, wi th  pronounced co lor  i n  t h e  water 
coming through t h e  specimen. For d i s p e r s i v e  c l a y s ,  u sua l ly  t h e  flow cont inu-  
ous ly  inc reases  and reaches a  maximum value  l imi t ed  by t h e  hydraul ic  capac i ty  
of t h e  equipment i n  2  t o  5  rnin of flow (about 1 . 5  t o  2.0 ml/s ,  us ing  t h e  
n ipp le  and t h e  Harvard minia ture  permeameter). Run t h e  t e s t  f o r  10 min. 
Unless t h e  co lo r  of t h e  water c l e a r s  s u b s t a n t i a l l y ,  t h e  t e s t  i s  completed f o r  
t h e  t y p i c a l  d i s p e r s i v e  c l ay .  The hole  w i l l  normally be increased t o  about 
3  needle  diameters  a f t e r  10 rnin of flow. C l a s s i f y  a s  h ighly  d i s p e r s i v e  (DI).  

( c )  I f  t h e  flow a t  2  i n  of  head has s l i g h t  b u t  
e a s i l y  v i s i b l e  co lo r  a s  seen from t h e  s i d e  of t h e  f l a s k  a t  t h e  end of 5  min, 

.I 

continue t e s t  f o r  t o t a l  of 10 min. I f  t h e  flow remains colored,  s t o p  t h e  
t e s t .  I f  t h e  r a t e  of flow a t  t h e  end of 10 rnin has no t  exceeded 0.8 ml /s ,  and 
t h e  hole  diameter does no t  exceed 1.5 needle  diameters ,  c l a s s i f y  t h e  r e s u l t s  
a s  in te rmedia te  (ND4). I f  t h e  flow a t  t h e  end of 10 rnin exceeds 1 .0  ml/s ,  and 
hole  diameter exceeds 2  needle  d iameters ,  c l a s s i f y  a s  d i s p e r s i v e  (D2). I f  t h e  
t e s t  i s  stopped a t  t h e  end of 10 rnin and t h e  r e s u l t s  a r e  c l a s s i f i e d  a s  ND4 and 
D2, t h e  t e s t  should be repeated wi th  a new s p s i m e n  t o  s ee  what happens by 
r a i s i n g  t h e  head t o  7  i n .  

(d)  I f  flow under 2  i n  of head i s  c l e a r  ( o r  has 
only a  very  s l i g h t  t r a c e  of c o l o r ,  a s  seen from t h e  s i d e  of t h e  f l a s k )  r a i s e  
t h e  head t o  7  i n  a t  t h e  end of 5 rnin and cont inue t h e  t e s t  ( r a t e  of flow i s  
u sua l ly  0 . 3  t o  0.6 mils) . 

(2)  A t  7- in  head. 

( a )  A t  7 - in  head, i f  t h e  water cont inues t o  
flow c l e a r  o r  has only a  t r a c e  of co lo r  a s  seen from t h e  s i d e  of t h e  f l a s k ,  
r a i s e  t h e  head t o  15 i n  a f t e r  5 rnin of flow and cont inue t h e  t e s t  ( r a t e  of 
flow i s  u sua l ly  l e s s  than  1 .8  ml / s ) .  

\ 

(b )  I f  t he  water has co lo r  and r a t e  of flow 
inc reases  r ap id ly ,  s top  t h e  t e s t .  C l a s s i f y  t h e  r e s u l t s  a s  in te rmedia te  (ND3). 
The flow a t  end of t e s t  w i l l  g ene ra l ly  exceed 2.5 ml/s ,  and t h e  hole  s i z e  w i l l  
be l a r g e r  than  2 needle  diameters .  

(3)  A t  15-in head. 

( a )  I f  t h e  flow i s  completely c l e a r  a s  seen 
from t h e  top  of t h e  measuring f l a s k ,  r a i s e  t he  head t o  40 i n  a f t e r  5  rnin ( r a t e  
of flow i s  u sua l ly  l e s s  than  2.5 ml /s ) .  

(b) I f  t h e  flow has s l i g h t  co lo r  o r  exceeds 
3.5 m l l s ,  s t op  t e s t  and c l a s s i f y  t h e  r e s u l t s  a s  nondispersive (ND3). 

(4) A t  40-in head. 

( a )  I f  t h e  flow cont inues t o  be completely c l e a r  
a t  a  r a t e  u sua l ly  l e s s  than  4.0 ml/s ,  c l a s s i f y  t h e  r e s u l t s  a s  nondispersive 
(ND1). There should be no no t i ceab le  e ros ion  of t h e  ho le  i n  t h e  sample a t  t h e  
end of t h e  t e s t .  



(b) If the 
exceeds 5.0 ml/s, classify the results as 

(5) Examples of 
clay (Dl) and for a typical nondispersive 
and 6. 

flow has a bare trace of color or 
nondispersive (ND2). 

test data for a typical dispersive 
clay (ND1) are shown in figures 5 

(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 C1. 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-lb (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-lb (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. 



T A B L E  1 S U M M A R Y  OF C R I T E R I A  FOR EVALUATING R E S U L T S  

Visual  F i n a l  
Flow Through 

Specimen 
(mllsec)  

Color  of Flow 
a t  End of 

T e s t  (cloudy 
o r  c o l o r )  

Hole S i z e  
A f t e r  T e s t  

(Needle 
Diameters)  

T e s t  Time 
For Given 

Head 
(minutes ) 

Class  i f  i c a t i o n  Head I (Table 1 )  I (Inches) 

Very d i s t i n c t  

D i s t i n c t  t o  
s l i g h t  

S l i g h t  b u t  
e a s i l y  v i s i b l e  

S l i g h t  b u t  
e a s i l y  v i s i b l e  

Clear  o r  b a r e l j  
v i s i b l e  

C r y s t a l  c l e a r  No e ros ion  

T A B L E  2 C A T E G O R I E S  OF TEST R E S U L T S  

1 D l  and D2 1 Dispers ive  s o i l s :  f a i l  r a p i d l y  under 2-inch head. I 

C l a s s i f i c a t i o n  of 
I n d i v i d u a l  Tes t  

Resu l t s  

I ND4 and ND3 I In t e rmed ia t e  s o i l s  : erode  slowly under 2-inch 
o r  7-inch head. 

C l a s s i f i c a t i o n  of S o i l  

ND2 and ND1 

\ 

Non-dispersive s o i l :  no c o l l o i d a l  e ros ion  under 
15-inch o r  40-inch head. 



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 Densitv 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 D l .  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 D 3 .  Triaxial Compression Tests. 

a. Purpose. The determination of shear strength of soil 
under controlled drainage conditions. 



b.  Procedure. Appendix X: Engineering and Design 
Laboratory S o i l s  Tes t ing ,  Engineer Manual EM 1110-2-1906, November 30, 1970, 
Headquarters,  Department of t he  Army, Of f i ce  of t he  Chief of Engineers.  

The procedures of Appendix X a r e  used with some except ions.  The except ions 
a r e  referenced t o  t h e  paragraph and subparagraph of Appendix X where they  
apply a s  fol lows:  

2 .  Types of t e s t s .  S u b s t i t u t e  UU f o r  Q, CU f o r  R ,  
and CD f o r  S .  

(a)  S u b s t i t u t e  UU f o r  Q .  

(b)  S u b s t i t u t e  CU f o r  R .  

( c )  S u b s t i t u t e  CD f o r  S. 

3.b. A t r i a x i a l  compression chamber l i k e  Wykeham Farrance 
Model W10210 i s  acceptab le  when t h e  a c t u a l  p i s t o n  f r i c t i o n  i s  measured before  
t h e  s t a r t  of t h e  t e s t  a s  ou t l i ned  i n  subparagraph 3 .b . (2 ) .  - 

3.d. Prophylac t ics  a re  made of very  t h i n  rubber and make 
good membranes. s h e i k b r a n d  No. 23 works very  wel l  f o r  1.4 i n  diameter t e s t  
specimens. A double th ickness  (two per  specimen) i s  suggested.  Sea l ing  wi th  
two O-rings a t  each end i s  a l s o  suggested. 

4 . a . (2 ) .  The f l o a t i n g  mold compaction procedure ou t l i ned  
i n  attachment No. 2 may be used. 

5 .b . (4 ) .  No membrane c o r r e c t i o n  i s  required when using 
very t h i n  rubber membranes such a s  Sheik No. 23 p rophy lac t i c s .  

5 .c .  Form SCS-ENG-355A i s  used. - 

6.b.(2)  through (6) .  A l t e rna t e  procedure f o r  back-pressure 
s a t u r a t i o n ,  saturat ion-check,  and l e a k  checks a r e  given i n  Attachment No. 1. 

6 .b . (7 ) .  I f  pore p re s su re  measurements a r e  t o  be made, 
r e f e r  t o  "The Triaxial-Test"  by Bishop and Hinkel ,  pages 192 t o  204 f o r  
a l lowable s t r a i n  r a t e s .  For many s o i l s ,  a s t r a i n  r a t e  of 0.002 in/min on 
1.4" x 3" specimen i s  s a t i s f a c t o r y  i f  f i l t e r  s t r i p s  a r e  used. 

6 . c . (6 ) .  Membrane c o r r e c t i o n  i s  no t  necessary i f  very 
t h i n  rubber membranes such a s  prophylac t ics  (Sheik No. 23) a r e  used. 

6.d.  - Forms SCS-ENG-35% and 355B a r e  used. 

7.a.  Control led s t r a i n  can be used for r e l a t i v e l y  
impervious s o i l s  i f  a slow enough s t r a i n  r a t e  i s  used. 

7 .b . (2) .  The minimum time t o  f a i l u r e  requi red  t o  ensure a 
drained t e s t  can be est imated by mul t ip ly ing  50 x t t ime,  where t h e  t time 50 i s  determined from t h e  p l o t  of volume change vs .  time determined during5?he 
consol ida t ion  s t age .  



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 nun) high specimens formed in a compaction mold may 
be used. 

E. Com~ressibilitv/Conso~idation Tests. 

1. SM Test El. 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 314-in Diameter. 

a. Purpose. The determination of the permeability and 
the consolidation of compacted soil having particles as large as 314-in diameter. 1 

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. 

' 



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 314-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. 

b. Procedure. Designation &:rth ~anual, ~ureau 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. Durabilitv Tests. 

1. SM Test GI. 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 
bgregate by Use of the Los Angeles Machine. 

a. Purpose. The determination of the resistance to 
abrasion of coarse gravel larger than 314 in (19 mm) using the Los Angeles 
testing machine. 

b. Procedure. ASTM Designation C 535-81. 

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



and 
tes 

gravel to d 
t furnishes 

a. Purpose. The determination of the resistance of sand 
isintegration by saturated solution of sodium sulfate. The 
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. 

e 
b. Procedure. ASTM C 88-76, except that sodium sulfate 

only shall be used. 

4. SM Test G4. Soundness of Rock bv 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 

0 
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. 



b. Procedure. ASTM C 851-76. 

9.  SM Test G9. 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 HI. 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 ( 1 9 8 4 ) ,  may be used. 

(1) Saturated paste--method 8Clb. 

(2) Water Dilution--method 8Cla. 

3. SM Test H3. Resistivitv 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 stee; 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. 



Attachment No. 1 

Procedure f o r  Back-pressure 

1. The magnitude of t h e  requi red  back p re s su re  

100 - S 
ub (kg/cm2) = 2 

S a t u r a t i o n  

may be computed a s  follows: 

where S i s  t h e  degree of s a t u r a t i o n  of t h e  t e s t  specimen expressed a s  a 
percent  

2. To reach s a t u r a t i o n ,  t h e  chamber p re s su re  and t h e  back p re s su re  a r e  
increased i n  increments.  The number of increments requi red  w i l l  depend on t h e  
back p re s su re  requi red .  The s i z e  of each increment w i l l  depend on t h e  consol i -  
da t ing  p re s su re  t h a t  w i l l  be used. 

3 .  The upper l i m i t  (s ) of each increment should no t  be more than  one-half 
of t h e  consol ida t ing  A value  l e s s  than one-half i s  suggested where 
consol ida t ing  p re s su res  a r e  l e s s  than  50 l b / i n 2 .  

4 .  The lower l i m i t  (s ) must be high enough t o  ensure t h a t  t h e  membrane on L t h e  specimen i s  no t  blown ou t .  A minimum of 3 l b / i n 2  and a maximum of 5 l b / i n 2  
i s  suggested. 

5. S t a r t  t h e  back-pressure s a t u r a t i o n  by applying a chamber p re s su re  and a 
back p re s su re  wi th  t h e  d r a i n  va lves  c losed .  

The chamber p re s su re  appl ied  should equal  7 l b / i n 2  o r  one-half o f  t h e  upper 
l i m i t  f o r  each increment,  whichever i s  sma l l e r .  

The back p re s su re  appl ied  should equal  t h e  d i f f e r e n c e  between t h e  chamber 
pressure  appl ied  and t h e  lower l i m i t  o r  ze ro ,  whichever is g r e a t e r .  

6. Open t h e  d r a i n  va lves  and p l o t  b u r e t t e  and a x i a l  d i a l  readings vs .  
logari thm of t ime u n t i l  water has e s s e n t i a l l y  stopped e n t e r i n g  t h e  specimen. 

7 .  Close t h e  d r a i n  va lve .  

8. Increase  t h e  chamber p re s su re  t o  t h e  upper l i m i t  determined i n  s t e p  3 and 
inc rease  t h e  back p re s su re  by an  amount equal  t o  t h e  upper l i m i t  minus t h e  
lower l i m i t .  

9 .  Repeat s t e p s  6 and 7 .  

10. Increase  both t h e  chamber p re s su re  and t h e  back ,pressure  i n  increments 
equal  t o  t h e  upper l i m i t  minus t h e  lower l i m i t .  Then r e p e a t  s t e p s  6 and 7 .  

11. Repeat s t e p  10 u n t i l  t h e  back p re s su re  has been increased  t o  t h e  des i r ed  
value.  (Note t h a t  during t h e  f i n a l  s a t u r a t i o n  s t e p  t h e  inc rease  i n  chamber 
pressure  and back p re s su re  might have t o  be l e s s  than  (sU - sL) i n  o rde r  t o  
achieve t h e  d e s i r e d  va lue  of Ub.) 



12. Following s t e p  11, c l o s e  t h e  d r a i n  va lve .  Inc rease  t h e  chamber p re s su re  

about 5 t o  10 l b / i n 2  t o  v e r i f y  t h e  completeness of s a t u r a t i o n .  I f  t h e  measured 

inc rease  i n  pore p re s su re  (WU) immediately i s  equal  t o  t h e  appl ied inc rease  i n  
w chamber pressure  (Ws), $ = i s  u n i t y  and t h e  tpst specimen and t h e  system 

a r e  completely s a t u r a t e d .  

An inc rease  i n  pore water p re s su re  l e s s  than  t h e  app l i ed  c e l l  p ressure  i s  due 
t o  e i t h e r  a i r  s t i l l  remaining i n  t h e  sample and/or  pore wa te r l i nes  o r  t h e  
s t i f f n e s s  of t h e  sample. 

13. Following t h e  s a t u r a t i o n  check, monitor t h e  pore water  p re s su re  a s  a 
func t ion  of time t o  determine i f  t h e r e  a r e  any l eaks  i n  t h e  system. An 
e x t e r n a l  leak  shows up a s  an approximately cons tan t  r a t e  of decrease i n  pore 
p re s su re  with time whereas an i n t e r n a l  l e a k  causes an  approximately cons tan t  
r a t e  of i nc rease  with time. I f  a l e a k  i s  de t ec t ed  s t o p  the  t e s t ,  c o r r e c t  t h e  
problem and s t a r t  over  aga in .  A new test specimen is  needed i f  t h e  leak  
caused overconsol ida t ion .  

14. I f  t h e  s a t u r a t i o n  check i n d i c a t e s  a j parameter l e s s  than u n i t y ,  add 
another  increment of p re s su re  t o  t h e  chamber and t o  t h e  specimen ( s t e p  No. 11) .  

15. Repeat s t e p  12. I f  t h e  new va lue  of fi i s  l a r g e r  than  the  f i r s t  value 
obtained a t  t h e  lower back p re s su re  bu t  s t i l l  l e s s  than un i ty ,  t h e  system i s  
not  y e t  completely s a t u r a t e d .  Repeat s t e p  14. 

I f  t h e  new va lue  of $ i s  s t i l l  l e s s  than  u n i t y  b u t  equal  t o  t h e  va lue  obtained 
a t  t h e  lower back p re s su re ,  t h e  system i s  c o m ~ l e t e l y  - s a tu ra t ed .  

16. When it is  determined t h a t  t h e  system i s  completely s a t u r a t e d ,  i nc rease  
the  chamber p re s su re  t o  a va lue  equal  t o  t h e  back p re s su re  p lus  t h e  consol i -  
da t ing  p re s su re .  

1 7 .  Repeat s t e p  6 and al low conso l ida t ion  t o  proceed w e l l  i n t o  secondary. 

18. Following t h e  conso l ida t ion  pe r iod ,  c l o s e  t h e  d r a i n  va lve  and monitor 
pore pressure  a s  a func t ion  of t ime t o  determine i f  consol ida t ion  i s  complete 
and t o  determine i f  t h e r e  a r e  any l eaks  i n  t h e  system. Leaks w i l l  be  ev ident  
a s  ou t l i ned  i n  s t e p  13. Residual  pore water  p re s su re  due t o  incomplete consol- 
i d a t i o n  w i l l  be  ev iden t  by an  inc rease  i n  pore p re s su re  t h a t  does n o t  change 
with t ime. 

19. If every th ing  checks o u t ,  s t a r t  t h e  a x i a l  loading.  



Attachment No. 2 

The floating mold 

Floating Mold Compaction 

equipment is shown in figure 6. It consi sts 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 
test specimen. 



FLOATING MOLD COMPACTION DEVICE 

Figure 6 





APPENDIX 
Suggested Standard  S p e c i f i c a t i o n s  

f o r  use i n  C o n t r a c t i n g  
f o r  S o i l  Mechanics T e s t i n g  and 

A n a l y s i s  Work 





SUBPHASE S O I L  MECHANICS LABORATORY TESTING 

Scope: Pe r fo rm adequate s o i l  mechanics l a b o r a t o r y  t e s t i n g  t o  se rve  as  a  b a s i s  
f o r  d e s i q n  and c o n s t r u c t i o n  o f  t h e  s t r u c t u r e  and appurtenances.  The s o i l  
t e s t i n g  program s h a l l  i n c l u d e  b o t h  i ndex  and e n g i n e e r i n g  p r o p e r t y  t e s t s  when 
a p p r o p r i a t e .  A l l  t e s t i n g  s h a l l  be done on samples t h a t  r e p r e s e n t  t h e  range o f  
m a t e r i a l s  a t  t h e  s i t e .  T e s t i n g  methods s h a l l  b e  c o m p a t i b l e  w i t h  t h e  t y p e  o f  
e n g i n e e r i n g  a n a l y s i s  made and t h e  f i e l d  c o n d i t i o n s  t h a t  w i l l  e x i s t .  

C o o r d i n a t i o n :  

B e f o r e  t h e  l a b o r a t o r y  t e s t i n g  program i s  s t a r t e d ,  t h e  c o n t r a c t o r  s h a l l  
submi t  f o r  r e v i e w  and approva l  a p l a n  d e t a i l i n g  t h e  number and k i n d s  o f  
t e s t s  t o  be per formed,  t h e  sources o f  t h e  m a t e r i a l s  t o  be t e s t e d ,  and a  
schedule f o r  c o m p l e t i o n  o f  t h e  t e s t i n g  program, The p l a n  s h a l l  i n c l u d e  
n a r r a t i v e  s ta temen ts  i n d i c a t i n g  t h e  purpose f o r  making t h e  proposed t e s t s ,  
t h e  proposed use o f  t h e  t e s t  r e s u l t s ,  and a  r e f e r e n c e  t o  t h e  d e l i n e a t e d  
m a t e r i a l s  r e p r e s e n t e d  by t h e  samples t o  be t e s t e d .  c o p i e s  o f  t h i s  
p l a n  w i l l  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

When a p p r o x i m a t e l y  75% o f  t h e  t e s t i n g  has been completed,  t h e  c o n t r a c t o r  
and t h e  c o n t r a c t i n g  o f f i c e r  w i l l  r e v i e w  t h e  t e s t i n g  program and r e s u l t s ,  
and agree on rema in ing  needs and t e s t i n g  requ i remen ts .  

General  Requirements: e I .  A l l  s o i l  samples s h a l l  be t e s t e d  as  soon as p o s s i b l e  a f t e r  t h e y  a r e  
c e i v e d  b y  t h e  l a b o r a t o r y  i n  order t o  reduce s to rage  t i m e  and p o s s i b  

r e -  
l e  d i s -  

t u rbance  f rom unnecessary h a n d l i n g .  P a r t i c u l a r  c a r e  i s  t o  be t a k e n  w i t h  
u n d i s t u r b e d  samples t o  assu re  t h a t  t h e  w a t e r  c o n t e n t  ( e x c e p t  f o r  removal 
o f  f r e e  wa te r )  and p h y s i c a l  c o n d i t i o n  do n o t  change p r i o r  t o  t e s t i n g .  If 
u n d i s t u r b e d  samples a r e  t o  be s t o r e d  i n  excess o f  seven days b e f o r e  
t e s t i n g ,  t h e y  must be removed f rom t h e  tubes ,  waxed, and s t o r e d  i n  a  room 
w i t h  c o n t r o l l e d ,  h i g h  h u m i d i t y .  

A l l  samples s h a l l  be t r i nspec ted  p r i o r  t o  t e s t i n g  and t h e i r  genera l  c o n d i t i o n  
no ted .  Any unusual  c o n d i t i o n s  s h a l l  be r e p o r t e d .  Any sample d i s t u r b a n c e  
s h a l l  be d e s c r i b e d  and, i n  t h e  case o f  t u b e  samples, t h e  amount o f  wash 
m a t e r i a l ,  compression,  o r  o t h e r  d i s t o r t i o n  s h a l l  be  measured and r e p o r t e d .  

Any o t h e r  i n f o r m a t i o n  t h a t  t h e  t e s t i n g  o r g a n i z a t i o n  f e e l s  w i l l  be p e r t i n e n t  
t o  t h e  e n g i n e e r i n g  a p p l i c a t i o n  o f  t h e  t e s t  r e s u l t s  shall  be r e p o r t e d .  

The l a b o r a t o r y  s h a l l  v i s u a l l y  d e s c r i b e  a l l  samples and c l a s s i f y  each accord-  
i n g  t o  t h e  U n i f i e d  S o i l  C l a s s i f i c a t i o n  System. A l o g  o f  each u n d i s t u r b e d  
sample w i l l  be made i f  changes i n  t h e  c h a r a c t e r  o f  t h e  s o i l  a r e  n o t e d  w i t h i n  
a  s i n g l e  sample. T h i s  l o g  w i l l  show t h e  e x a c t  l o c a t i o n  o f  t e s t  samples. 



Subphase S o i l  Mechanics L a b o r a t o r y  
T e s t i  nq 
( c o n t i n u e d )  

4 .  A l l  necessary  s o i l  t e s t s  w i l l  be made on a  s u f f i c i e n t  number o f  samples 
t o  p r o v i d e  adequate d a t a  f o r  d e s i g n  and subsequent c o n s t r u c t i o n  c o n t r o l  o f  
t h e  works.  

S p e c i f i c  Requirements f o r  T e s t i n g :  

S o i l  t e s t i n g  s h a l l  be done i n  accordance w i t h  t h e  methods o r  p rocedures  l i s t e d  
i n  t h e  t e c h n i c a l  s p e c i f i c a t i o n s  f o r  each t e s t .  I f  o t h e r  p rocedures  a r e  used o r  
o t h e r  t e s t s  a r e  deemed necessary ,  t h e y  s h a l l  be t h o s e  g e n e r a l l y  accep ted  b y  t h e  . 
s o i l  e n g i n e e r i n g  p r o f e s s i o n  and must  be approved by  t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  
t o  b e g i n n i n g  t h e  t e s t .  The r e p o r t  fo rms s h a l l  i d e n t i f y  t h e  p r o j e c t  and sample and 
show a l l  d a t a  p e r t i n e n t  t o  t h e  t e s t ,  i n c l u d i n g  w e i g h t s  and measurements o f  t h e  
sample, method o f  t e s t i n g ,  and c o n d i t i o n s  o f  t e s t  such as d e n s i t y  and w a t e r  
c o n t e n t .  T e s t  r e s u l t s  s h o u l d  be shown g r a p h i c a l l y  where p o s s i b l e .  A t a b u l a t e d  
summary o f  t e s t  r e s u l t s  s h a l l  be  c o m p i l e d  f o r  i n c l u s i o n  i n  t h e  r e p o r t .  

Repor t i ng :  

Upon c o m p l e t i o n  o f  t h e  t e s t i n g  program, c o p i e s  o f  a r e p o r t ,  i n c l u d i n g  t e s t  
d a t a  and a  summary o f  t h e  e n g i n e e r i n g  p r o p e r t i e s  and suggested d e s i g n  parameters,  
w i l l  be s u b m i t t e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

The o r i g i n a l  t e s t  d a t a  shee ts  ( o r  s u i t a b l e  c o p i e s )  f o r  a l l  t e s t s  pe r fo rmed  s h a l l  
be i n c l u d e d  i n  a  separa te  r e p o r t  t h a t  accompanies t h e  t e s t  d a t a .  

T e s t  r e s u l t s  s h a l l  be  r e c o r d e d  on Standard  SCS fo rms as i d e n t i f i e d  under  each 
T e c h n i c a l  S p e c i f i c a t i o n .  Use o f  any fo rms o t h e r  t h a n  t h o s e  s p e c i f i e d  must  be 
approved by t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. A l t e r n a t i v e  fo rms must 
c o n t a i n  a l l  t h e  d a t a  r e p o r t e d  on t h e  S tandard  SCS forms.  



SCS-SM-TEST A1 

TECHNICAL SPECIFICATIONS FOR 

LABORATORY DETERMINATION OF 

WATER CONTENT OF SOIL 

P repa ra t i on  o f  Samples 

Not  appl  i c a b l  e. 

Tes t  Procedures 

The water  con ten t  o f  a  sample s h a l l  be determined i n  accordance w i t h  ASTM 
D 2216. 

P resen ta t i on  o f  Tes t  Resu l t s  

The t e s t  r e s u l t s  s h a l l  be expressed t o  t h e  neares t  t e n t h  as a  pe rcen t  
o f  t h e  ovendry we igh t  o f  t h e  s o i l  and s h a l l  be recorded on forms t o  be 
f u r n i s h e d  t o  t h e  c o n t r a c t o r  by t h e  c o n t r a c t i n g  o f f i c e r .  However, t h e  
c o n t r a c t o r  may use a l t e r n a t i v e  forms i f  t hey  c o n t a i n  t h e  same da ta  as t h e  
f u r n i s h e d  forms and i f  they  a re  approved i n  w r i t i n g  by t h e  c o n t r a c t i n g  
o f f i c e r  p r i o r  t o  t h e i r  use. I n  a d d i t i o n ,  t h e  o r i g i n a l  work da ta  sheet,  o r  
a  copy t h e r e o f ,  s h a l l  be fu rn ished  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

Measurement and Payment 

The number o f  wa te r  con ten t  t e s t s  performed and accepted under t h e  terms o f  
t h i s  c o n t r a c t  w i l l  be counted. Payment f o r  water  con ten t  t e s t s  performed 
as a  p a r t  o f  another  t e s t  w i l l  be i nc l uded  i n  t h e  compensation f o r  t h a t  
t e s t .  Payment f o r  each t e s t  accepted w i l l  be made a t  t h e  agreed u n i t  p r i c e  
p e r  t e s t  f o r  Labora to ry  De te rmina t ion  of Water Content o f  S o i l .  T h i s  
payment w i l l  be cons idered f u l l  compensation f o r  a l l  l a b o r ,  m a t e r i a l s ,  
equipment, and i n c i d e n t a l s  necessary f o r  t h e  complet ion o f  t h e  work. 



SCS-SM-TESTS A2&A3 
7-84 

TECHNICAL SPECIFICATIONS FOR 

ATTERBERG LIMITS TEST 

Scope 

T h i s  t e s t  cove rs  t h e  d e t e r m i n a t i o n  o f  t h e  l i q u i d  l i m i t ,  p l a s t i c  l i m i t ,  
and p l a s t i c i t y  i ndex  o f  a  s o i l .  The d e t e r m i n a t i o n  o f  t h e  sh r inkage  
l i m i t  i s  i n c l u d e d  i n  T e c h n i c a l  S p e c i f i c a t i o n  SCS-SM-TEST A4, Shr inkage 
F a c t o r s  o f  S o i l s .  

P r e p a r a t i o n  o f  Samples 

Samples shou ld  be p repared  f o r  t h e  A t t e r b e r g  L i m i t s  t e s t  i n  accordance 
w i t h  ASTM D 421. 

T e s t  Procedure 

Cons is tency  o f  a  s o i l  sample s h a l l  be de te rm ined  b y  p e r f o r m i n g  A t t e r b e r g  
L i m i t s  t e s t s  i n  accordance w i t h  ASTM S tandard  D 4318. The o n e p o i n t  method 
w i l l  n o t  be accep tab le .  A  minimum o f  f o u r  p o i n t s  s h a l l  c o n s t i t u t e  an 
accep tab le  t e s t ,  w i t h  a t  l e a s t  t h r e e  p o i n t s  p l o t t i n g  i n  a  s t r a i g h t  l i n e .  

P r e s e n t a t i o n  o f  Data  

The l i q u i d  l i m i t  ( LL ) ,  p l a s t i c  l i m i t  (PL), and t h e  p l a s t i c i t y  i n d e x  ( P I )  
s h a l l  be c a l c u l a t e d  t o  t h e  n e a r e s t  who le  number f o r  each sample. These 
va lues  s h a l l  be r e c o r d e d  on forms f u r n i s h e d  t o  t h e  c o n t r a c t o r  b y  t h e  
c o n t r a c t i n g  o f f i c e r .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  forms i f  
t h e y  c o n t a i n  t h e  same d a t a  as  t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  
w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. I n  a d d i t i o n ,  t h e  
o r i g i n a l  work  d a t a  sheet ,  o r  a  copy t h e r e o f ,  s h a l l  be f u r n i s h e d  t o  t h e  
c o n t r a c t i n g  o f f i c e r .  

Measurement and Pavment 

The number o f  A t t e r b e r g  L i m i t s  t e s t s  pe r fo rmed  and accepted under t h e  
te rms o f  t h i s  c o n t r a c t  w i l l  be counted.  Payment f o r  each t e s t  accepted 
w i l l  be made a t  t h e  agreed u n i t  p r i c e  p e r  t e s t  f o r  A t t e r b e r g  L i m i t s  T e s t .  
T h i s  payment w i l l  be c o n s i d e r e d  f u l l  compensat ion f o r  a l l  l a b o r ,  mater -  
i a l s ,  equipment,  and i n c i d e n t a l s  necessary  f o r  c o m p l e t i o n  o f  t h e  work.  



SCS-SM-TEST A4 
7-84 

TECHNICAL SPEC1 FICATIONS FOR 

SHRINKAGE FACTORS OF SOILS 

1. Prepa ra t i on  o f  Samples 

Samples f o r  t h i s  t e s t  s h a l l  be prepared i n  accordance w i t h  ASTM 0421. 

2. Tes t  Procedures 

The shr inkage l i m i t ,  shr inkage r a t i o ,  vo l ume t r i c  shr inkage and l i n e a r  
shr inkage s h a l l  be determined on a s o i l  sample i n  accordance w i t h  ASTM 
D 427. 

3. P resen ta t i on  o f  Tes t  Resu l t s  

T e s t  r e s u l t s  f o r  t h e  shr inkage l i m i t ,  shr inkage r a t i o ,  vo l ume t r i c  shr inkage 
and l i n e a r  shr inkage s h a l l  be recorded on forms f u r n i s h e d  t o  t h e  c o n t r a c t o r  
by  t h e  c o n t r a c t i n g  o f f i c e r .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  
forms i f  they  c o n t a i n  t h e  same da ta  as t h e  f u r n i s h e d  forms i f  t hey  a re  
approved i n  w r i t i n g  by t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. I n  
a d d i t i o n ,  t h e  o r i g i n a l  work da ta  sheets,  o r  a copy t he reo f ,  s h a l l  be 
f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

4. Measure and Payment 

The number o f  shr inkage f a c t o r  t e s t s  performed and accepted under t h e  terms 
o f  t h i s  c o n t r a c t  w i l l  be counted. One t e s t  w i l l  c o n s i s t  o f  t h e  shr inkage 
l i m i t ,  shr inkage r a t i o ,  vo l ume t r i c  shr inkage,  and l i n e a r  shr inkage da ta  f o r  
one sample. Payment f o r  each t e s t  accepted w i l l  be made a t  t h e  agreed u n i t  
p r i c e  p e r  t e s t  f o r  Shr inkage Fac to rs  o f  S o i l s .  T h i s  payment w i l l  be 
cons idered  f u l l  compensation f o r  a l l  l a b o r ,  m a t e r i a l s ,  equipment, and . . .  
i n c i d e n t a l s  necessary f o r  complet ion o f  t h e  work. 



SCS-SM-TEST A5 
7-84 

TECHNICAL SPEC1 FICATIONS FOR 

SAMPLE PREPARATION--WET METHOD 

P ickup  C o n d i t i o n  

Samples f o r  doub le  hydrometer  d i s p e r s i o n  t e s t s ,  crumb t e s t s ,  and p i n h o l e  
t e s t s  s h a l l  be s t o r e d  i n  a i r t i g h t  c o n t a i n e r s  p r i o r  t o  t e s t i n g  t o  p r e s e r v e  
t h e i r  i n  s i t u  m o i s t u r e  c o n t e n t .  

Procedure 

A. A  minimum o f  t h r e e  1 /4 - in .  s i z e  c l o d s  w i l  
and r e t a i n e d  i n  a  m o i s t u r e p r o o f  c o n t a i n e r  
T e s t .  

1  be s e l e c t e d  f rom t h e  sample 
t o  r u n  t h e  Crumb D i s p e r s i o n  

B. The remainder  o f  t h e  m o i s t  sample w i l l  be 
s i e v e  w i t h  no a d d i t i o n a l  m o i s t u r e  added. 

worked t h r o u g h  t h e  No. 10 

10 s i e v e  can then  be a i r d r i e d  and used f o r  
necessary .  

The s o i l  f i n e r  t h a n  t h e  No. 10 s i e v e  s h a l l  
c o n t a i n e r s  f o r  t h e  f o l l o w i n g  t e s t s :  

Sand S ieve  A n a l y s i s ,  SCS-SM-TEST 

The s o i l  r e t a  
g r a v e l  s i e v e  

be s t o r e d  i n  

i n e d  on t h e  No. 
a n a l y s i s  i f  

m o i s t u r e p r o o f  e ~ 
Double Hydrometer D i s p e r s i o n  T e s t ,  SCS-SM-TEST B3 
Hydrometer A n a l y s i s ,  SCS-SM-TEST B7 
P i n h o l e  Tes t ,  SCS-SM-TEST B6 

A l l  Minus No. 10 s o i l  n o t  used i n  t h e  above t e s t s  s h a l l  be s t o r e d  i n  
m o i s t u r e p r o o f  c o n t a i n e r s  and r e t a i n e d  b y  t h e  c o n t r a c t o r  u n t i l  t h e  s o i l  
mechanics l a b o r a t o r y  t e s t i n g  phase i s  accepted b y  t h e  c o n t r a c t i n g  
o f f i c e r .  

The s o i l  r e t a i n e d  on t h e  No. 10 s i e v e  may be d i s c a r d e d  a f t e r  t h e  
g r a v e l  s i e v e  a n a l y s i  s  i s  completed.  

Handling and Transportation 

A l l  m o i s t u r e p r o o f  c o n t a i n e r i z e d  samples w i l l  be hand led and t r a n s p o r t e d  
i n  a  manner t o  p r e v e n t  damage t o  bags and r e s u l t i n g  s p i l l a g e  o f  s o i l  i n  
s t o r a g e  and i n  t r a n s i t .  

Measurement and Payment 

No payment w i l l  be made f o r  t h i s  i t e m .  Cost  i n c u r r e d  by t h e  c o n t r a c t o r  
w i l l  be  i n c l u d e d  i n  t h e  agreed- to  u n i t  p r i c e  f o r  t h e  a p p l i c a b l e  t e s t s .  



SCS-SM-TEST A6 

TECHNICAL SPECIFICATION FOR 

DRY UNIT WEIGHT AND LOG OF UNDISTURBED SAMPLE 

1. Appl  i c a t i  on 

T h i s  s p e c i f i c a t i o n  c o v e r s  t h e  d e t e r m i n a t i o n  o f  t h e  dry u n i t  w e i g h t  
(ment ioned be low)  f o r  u n d i s t u r b e d  samples. 

2.  Procedure 

The t e s t  s h a l l  be pe r fo rmed  i n  accordance w i t h  t h e  U.S. Army Corps o f  
Eng ineers  EM111021906, Appendix 11. 

I n  a d d i t i o n ,  t h e  c o n d i t i o n  o f  t h e  sample i s  t o  be r e p o r t e d .  T h i s  w i l l  
i n c l u d e  c o n s i s t e n c y ,  t e x t u r e ,  f i e l d  c l a s s i f i c a t i o n ,  i d e n t i f i c a t i o n  and 
l o c a t i o n  o f  sample, s i z e  and t y p e  o f  sample, and t h e  amount and s i z e  o f  
sample saved f o r  a d d i t i o n a l  t e s t i n g .  O the r  i n f o r m a t i o n  deemed a p p r o p r i a t e  
b y  t h e  c o n t r a c t o r  s h o u l d  a l s o  be i n c l u d e d .  

3. P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

The d r y  u n i t  w e i g h t  o f  t h e  sample i n  pounds p e r  c u b i c  f o o t  and a  
d e s c r i p t i o n  o f  t h e  c o n d i t i o n  o f  t h e  sample s h a l l  be r e p o r t e d  on forms t o  be 
s u p p l i e d  b y  t h e  c o n t r a c t i n g  o f f i c e r  t o  t h e  c o n t r a c t o r .  However, t h e  
c o n t r a c t o r  may use a l t e r n a t i v e  f.orms i f  t h e y  c o n t a i n  t h e  same d a t a  as t h e  
f u r n i s h e d  forms i f  t h e y  a r e  approved i n  w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  
p r i o r  t o  t h e i r  use.  The o r i g i n a l  d a t a  sheet ,  o r  a  s u i t a b l e  copy, w i l l  be  
f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

4. Measurement and Payment 

The number o f  d r y  u n i t  w e i g h t  t e s t s  pe r fo rmed  and accep ted  under  t h e  te rms  
o f  t h i s  c o n t r a c t  w i l l  be  counted.  Payment f o r  each t e s t  accep ted  w i l l  be 
made a t  t h e  ag reed- to  u n i t  p r i c e  p e r  t e s t  f o r  D ry  U n i t  Weight  and Log of 
U n d i s t u r b e d  Sample. ' T h i s  payment w i l l  be c o n s i d e r e d  f u l l  compensat ion f o r  
a l l  l a b o r ,  m a t e r i a l s ,  equipment,  and i n c i d e n t a l s  necessary  f o r  t h e  
c o m p l e t i o n  o f  t h e  work.  





SCS-SM-TEST B1 

TECHNICAL SPECIFICATIONS FOR 

PARTICLE-SIZE ANALYSIS OF SOILS 

(GRAVEL SIEVE) 

1. P r e p a r a t i o n  o f  Samples 

Samples f o r  g r a v e l  s i e v e  a n a l y s i s  s h a l l  be p repared  i n  accordance 
w i t h  ASTM D 421. 

2. T e s t  Procedures  b 

S o i l  p a r t i c l e s  o f  each sample t o  be t e s t e d  s h a l l  be  s e p a r a t e d  i n t o  f r a c -  
t i o n s  b y  mechan ica l  a g i t a t i o n  i n  accordance w i t h  ASTM D e s i g n a t i o n  D 422. 
S e p a r a t i o n  s h a l l  be  made on t h e  f o l l o w i n g  s i e v e  s i z e s :  3 i n  , 1-1/2 i n ,  
1 i n ,  3/4 i n ,  1/2 i n ,  3/8 i n ,  and t h e  No. 4 s ieve .  O the r  s i z e s  may be 
s u b s t i t u t e d  f o r  t h e  above l i s t ,  i f  t h e y  p r o v i d e  a  f u l l  g r a i n - s i z e  c u r v e  
o v e r  t h e  range o f  g r a v e l  s i z e s .  S u b s t i t u t i o n s  must  be approved b y  t h e  
c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t e s t i n g .  

3.  P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

T e s t  r e s u l t s  s h a l l  be reco rded  as t h e  p e r c e n t  pass ing  each s i e v e  s i z e  on 
forms t o  be f u r n i s h e d  t o  t h e  c o n t r a c t o r  b y  t h e  c o n t r a c t i n g  o f f i c e r .  
However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  forms i f  t h e y  c o n t a i n  t h e  same 
d a t a  as  t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  w r i t i n g  b y  t h e  
c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use.  I n  a d d i t i o n ,  t h e  o r i g i n a l  work  
d a t a  sheet ,  o r  a copy t h e r e o f ,  s h a l l  be  f u r n i s h e d  t o  t h e  c o n t r a c t i n g  
o f f i c e r .  

4 .  Measurement and Payment 

The number o f  g r a v e l  s i e v e  t e s t s  pe r fo rmed  andsaccepted under  t h e  te rms o f  
t h i s  c o n t r a c t  w i l l  be  counted.  Payment f o r  each t e s t  accep ted  w i l l  be made 
a t  t h e  agreed- to  u n i t  p r i c e  f o r  ~ a k t i c l e - s i z e  A n a l y s i s  o f  S o i l s  (Grave l  
S ieve ) .  T h i s  Davment w i l l  be c o n s i d e r e d  f u l l  c o m ~ e n s a t i o n  f o r  a l l  l a b o r .  . - -  

m a t e r i a l  s, equipment,  and i n c i d e n t a l s  necessary f b r  c o m p l e t i o n  o f  t h e  work.  



SCS-SM-TEST B1.A 
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TECHNICAL SPECIFICATIONS FOR 

PARTICLE-SIZE ANALYSIS OF SOILS 

(SAND SIEVE) 

1. P r e p a r a t i o n  o f  Samples 

Samples f o r  sand s i e v e  a n a l y s i s  s h a l l  be p r e p a r e d  i n  accordance w i t h  ASTM 
D 421. 

2. TeSt Procedures 

S o i l  p a r t i c l e s  o f  each sample t o  be t e s t e d  s h a l l  be separa ted  in;o f r a c -  
t i o n s  by mechan ica l  a g i t a t i o n  i n  accordance w i t h  ASTM D 422. S e p a r a t i o n  
s h a l l  be made on t h e  f o l l o w i n g  s i e v e  s i z e s :  No. 4, No. 10, No. 20, No. 40, 
No. 60, No. 140, and No. 200. O the r  s i z e s  may be s u b s t i t u t e d  i f  t h e y  
p r o v i d e  a  f u l l  g r a d a t i o n  c u r v e  o v e r  t h e  range o f  sand s i z e s .  S u b s t i t u t i o n s  
must  be approved i n  w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t e s t i n g .  

3. P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

T e s t  r e s u l t s  s h a l l  be r e c o r d e d  as  t h e  p e r c e n t  p a s s i n g  each s i e v e  s i z e  on 
forms t o  be f u r n i s h e d  t o  t h e  c o n t r a c t o r  b y  t h e  c o n t r a c t i n g  o f f i c e r .  
However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  fo rms i f  t h e y  c o n t a i n  t h e  
same d a t a  as  t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  w r i t i n g  b y  t h e  
c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. I n  a d d i t i o n ,  t h e  o r i g i n a l  work  
d a t a  sheet ,  o r  a  copy t h e r e o f ,  s h a l l  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  
o f f i c e r .  

4. Measurement and Payment 

The number o f  sand s i e v e  t e s t s  pe r fo rmed  and accep ted  under t h e  te rms  o f  
t h i s  c o n t r a c t  w i l l  be counted.  Payment f o r  each t e s t  accep ted  w i l l  be made 
a t  t h e  agreed- to  u n i t  p r i c e  p e r  t e s t  f o r  P a r t i c l e - S i z e  A n a l y s i s  o f  S o i l s  
(Sand S ieve) .  T h i s  payment w i l l  be c o n s i d e r e d  f u l l  compensat ion f o r  a l l  
l a b o r ,  m a t e r i a l s ,  equipment, and i n c i d e n t a l s  necessary  f o r  c o m p l e t i o n  o f  
t h e  work. 



SCS-SM-TEST B1. B 

TECHNICAL SPECIFICATIONS FOR 

PARTICLE-SIZE ANALYSIS OF SOILS 

(HYDROMETER) 

Samples f o r  hydrometer  an 
w i t h  ASTM D 421. 

a l y s i s  s h a l l  be p r e p a r e d  i n  accordance 

2. T e s t  Procedures  

Hydrometer a n a l y s i s  s h a l l  be  pe r fo rmed  u s i n g  t h e  s e d i m e n t a t i o n  p rocess  i n  
accordance w i t h  ASTM D e s i g n a t i o n  D 422. R e p o r t i n g  s i z e s  r e q u i r e d  a r e  0.074 
mm, 0.05 mm, 0 .02  mm, 0.005 mm, and 0.002 mm. 

3. P r e s e n t a t i o n  o f  R e s u l t s  

T e s t  r e s u l t s  s h a l l  be r e c o r d e d  as t h e  p e r c e n t  f i n e r  t h a n  each s i z e  
r e q u e s t e d  on forms f u r n i s h e d  t o  t h e  c o n t r a c t o r  by t h e  c o n t r a c t i n g  o f f i c e r .  
However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  forms i f  t h e y  c o n t a i n  t h e  same 
d a t a  as  t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  w r i t i n g  b y  t h e  
c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. I n  a d d i t i o n ,  t h e  o r i g i n a l  work  
d a t a  sheet ,  o r  a copy t h e r e o f ,  s h a l l  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  
o f f i c e r .  

4 .  Measurement and Payment 

The number o f  hydrometer  a n a l y s i s  t e s t s  pe r fo rmed  and accep ted  under t h e  
te rms o f  t h i s  c o n t r a c t  w i l l  be counted.  Payment f o r  each t e s t  w i l l  be 
made a t  t h e  agreed- to  u n i t  p r i c e  p e r  t e s t  f o r  P a r t i c l e - S i z e  A n a l y s i s  o f  
S o i l s  (Hydrometer) .  Th i s  payment w i l l  be c o n s i d e r e d  f u l l  compensat ion f o r  
a l l  l a b o r ,  m a t e r i a l s ,  equipment,  and i n c i d e n t a l s  necessary  f o r  c o m p l e t i o n  
o f  t h e  work.  



SCS-SM-TEST B3 
7-84 

TECHNICAL SPECIFICATIONS FOR 

DOUBLE HYDROMETER DISPERSION TEST* 

I n t r o d u c t i o n  

T h i s  t e s t  r e q u i r e s  r u n n i n g  two hydrometer  t e s t s  on samples o f  t h e  same 
s o i l .  One hydrometer  t e s t  i s  t h e  s t a n d a r d  t e s t  i n  wh ich  t h e  sample i s  
d i s p e r s e d  by  u s i n g  mechan ica l  a g i t a t i o n  w i t h  a  chemica l  d i s p e r s a n t  as a  
c o n t r o l .  ( R e f e r  t o  T e c h n i c a l  S p e c i f i c a t i o n  SCS-SM-TEST B  7 f o r  Hydrometer 
A n a l y s i s . )  The second t e s t  p rocedure  s h a l l  be i n  accordance w i t h  ASTM 
S tandard  Method D 4221. 

2.  Sampl e  P r e p a r a t i o n  

A  r e p r e s e n t a t i v e  sample f rom t h e  m o i s t u r e p r o o f  c o n t a i n e r  s h a l l  be s e l e c t e d  
and processed t h r o u g h  a  No. 10 s i e v e .  The w a t e r  c o n t e n t  o f  t h e  m a t e r i a l  
passed t h r o u g h  t h e  No. 10 s i e v e  i s  de te rm ined .  

3 .  T e s t  Procedure 

The t e s t  p rocedure  g i v e n  i n  ASTM S tandard  Method D 4221 s h a l l  be used. 

4 .  P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

The r e s u l t s  s h a l l  be r e p o r t e d  as t h e  p e r c e n t  d i s p e r s i o n  f o r  each sample 
t e s t e d  on forms p r o v i d e d  t o  t h e  c o n t r a c t o r  b y  t h e  c o n t r a c t i n g  o f f i c e r .  
However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  fo rms i f  t h e y  c o n t a i n  t h e  same 
d a t a  as t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  w r i t i n g  b y  t h e  
c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. O r i g i n a l  d a t a  sheets  o r  s u i t a b l e  
c o p i e s  s h a l l  a l s o  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

5. Measurement and Payment 

The number o f  doub le  hydrometer  d i s p e r s i o n  t e s t s  pe r fo rmed  and accep ted  
under  t h e  te rms o f  t h i s  c o n t r a c t  w i l l  be counted.  Payment f o r  each t e s t  
accep ted  w i l l  be made a t  t h e  ag reed- to  u n i t  p r i c e  f o r  Double Hydrometer 
D i s p e r s i o n  Test. T h i s  payment w i l l  be  c o n s i d e r e d  f u l l  compensat ion f o r  
a l l  l a b o r ,  m a t e r i a l s ,  equipment,  and i n c i d e n t a l s  necessary  f o r  c o m p l e t i o n  
o f  t h e  work.  

* 
The Double Hydrometer D i s p e r s i o n  T e s t  i s  t h e  same t e s t  as  t h e  SCS 
L a b o r a t o r y  D i s p e r s i o n  T e s t .  



SCS-SM-TEST B4 
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TECHNICAL SPEC1 FICATIONS FOR 

CRUMB DISPERSION TEST 

1. Equipment and Appara tus  Needed 

Smal l  p l a s t i c  g l a s s e s  (80z.  f l a t b o t t o m e d  c o c k t a i l  g l a s s e s  work  b e s t ) .  

Supp ly  o f  f r e s h  d i s t i l l e d  w a t e r .  

Smal l  m o i s t  c l o d s  o f  sample t o  be t e s t e d .  

2. Sample P r e p a r a t i o n  

Three 1 /4 - in  s i z e  m o i s t  c l o d s  o f  s o i l  t o  be t e s t e d  s h a l l  be s e l e c t e d  
f r o m  t h e  m o i s t u r e p r o o f  c o n t a i n e r .  

3. T e s t  Procedure  

F i l l  t h r e e  g l a s s e s  abou t  one-third full of distilled water. 

P l a c e  one 1 /4 - in  s i z e  m o i s t  c l o d  i n  each g l a s s  c o n t a i n i n g  d i s t i l l e d  
w a t e r ,  v e r y  c a r e f u l l y ,  t oward  s i d e  o f  g l a s s .  

L e t  s t a n d  f o r  one hour  w i t h o u t  d i s t u r b a n c e .  

Observe and r e c o r d  r e a c t i o n  as  o u t l i n e d  be low:  

REACTION TO CRUMB TEST 

1. No React ion :  Crumb may s l a k e  and r u n  o u t  on bo t tom o f  c o n t a i n e r  i n  f l a t  
p i l e ,  b u t  no s i g n  o f  c l o u d y  w a t e r  caused b y  c o l l o i d s  i n  suspension.  

2. S l i g h t  Reac t ion :  C loud i n  w a t e r  i s  v i s i b l e  a t  t h e  s u r f a c e  o f  t h e  crumb 
and may e x t e n d  p a r t i a l l y  around t h e  bo t tom o f  t h e  c o n t a i n e r ,  b u t  c l o u d  
i s  n o t -  c o n t i n u o u s  a1 1  around t h e  bot tom.  

3 .  Moderate Reac t ion :  C loud o f  c o l l o i d s  i s  e a s i l y  r e c o g n i z a b l e  and ex tends  
ou tward  f rom t h e  crumb t o  c o m p l e t e l y  e n c i r c l e  t h e  bo t tom o f  t h e  
c o n t a i n e r ,  b u t  does n o t  c o m p l e t e l y  c o v e r  t h e  bot tom.  

4. S t r o n g  Reac t ion :  C o l l o i d a l  c l o u d  c o v e r s  who le  bo t tom o f  c o n t a i n e r ,  
u s u a l l y  i n  a  v e r y  t h i n  s k i n .  I n  some cases, a l l  w a t e r  i n  t h e  
c o n t a i n e r  becomes c l o u d y .  

4. P r e s e n t a t i o n  o f  R e s u l t s  

R e p o r t  t h e  numer i ca l  average o f  r e a c t i o n s  f o r  t h e  t h r e e  c l o d s ,  rounded t o  
t h e  n e a r e s t  who le  number. - 
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(Cont inued)  

5 .  Measurement and Payment 

The number o f  crumb t e s t s  ( t h r e e  c l o d s  w i l l  c o n s t i t u t e  one t e s t )  per formed 
and accep ted  under  t h i s  c o n t r a c t  w i l l  be counted.  Payment f o r  each t e s t  
accep ted  w i l l  be made a t  t h e  agreed- to  u n i t  p r i c e  f o r  Crumb D i s p e r s i o n  
T e s t .  T h i s  payment w i l l  be c o n s i d e r e d  f u l l  compensat ion f o r  a l l  l a b o r ,  
m a t e r i a l s ,  equipment,  and i n c i d e n t a l s  necessary  f o r  c o m p l e t i o n  o f  t h e  work.  



SCS-SM-TEST 06 

TECHNICAL SPECIFICATIONS FOR 

PINHOLE DISPERSION TEST 

1. Appl i c a t i o n  

T h i s  t e s t  p rov i des  f o r  a  d i r e c t  de te rm ina t i on  o f  t h e  d i s p e r s i b i l i t y  o f  
c e r t a i n  f i n e g r a i n e d  s o i l s  i n  which d i s t i l l e d  water  f l ows  th rough  a  smal l  
h o l e  punched i n  a  specimen. The t e s t  i s  a p p l i c a b l e  o n l y  t o  those s o i l s  
w i t h  12% o r  more pass ing t h e  0.005-mm s i z e  and w i t h  a  p l a s t i c i t y  index of  4 
o r  more. 

2. Sample P repa ra t i on  

A. S o i l  samples must be preserved a t  t h e i r  i n  s i t u  wa te r  con ten ts  
by be ing  shipped and s t o r e d  i n  a i r t i g h t  con ta i ne rs .  

0. I f  t h e  s o i l  con ta i ns  coarse sand o r  g rave l  p a r t i c l e s ,  these s h a l l  
be removed by s i e v i n g  t h e  s o i l  th rough  a  No. 10 (2-mm) s ieve .  

C. The i n  s i t u  water  con ten t  s h a l l  be determined and ad jus ted  t o  t h a t  o f  
t h e  P l a s t i c  L i m i t  by adding t h e  r e q u i r e d  d i s t i  1  l e d  wa te r  ( o r  by 
g r a d u a l l y  a i r - d r y i n g ,  i f  t o o  wet ) .  The pH of t h e  d i s t i l  l e d  wa te r  
s h a l l  be between 5.5 and 7.0 .  

3. Procedure 

The t e s t  specimen and t h e  apparatus a r e  shown schema t i ca l l y  i n  
f i g u r e s  1 and 2. 

The t e s t  specimen s h a l l  be compacted i n  t h e  c y l i n d e r  on t o p  of  pea 
g rave l  and a  w i r e  screen. It s h a l l  be compacted i n  f i v e  l a y e r s  w i t h  
16 tamps pe r  l a y e r  (15- lb  sp r i ng )  us i ng  a  Harvard m i n i a t u r e  compaction 
t e s t  tamper. T h i s  procedure r e s u l t s  i n  about 95% o f  ASTM D 698A 
compaction. 

The p l a s t i c  n i p p l e  s h a l l  be pushed i n t o  t h e  t o p  o f  t h e  specimen w i t h  
f i n g e r  pressure,  and a  h o l e  punched i n  t h e  specimen th rough  t h e  n i p p l e  
w i t h  a  1.0-mm diameter  s t i f f  s t e e l  w i r e  (hypodermic needle).  

A f t e r  t h e  apparatus i s  assembled. a  2 - i n  (50-mm) h y d r a u l i c  head i s  
a p p l i e d  t o  t h e  i n l e t  end o f  t h e  hamber, caus ing d i s t i l l e d  water  t o  
f l o w  h o r i z o n t a l  l y  th rough  t h e  1-mm-diameter h o l e  punched i n  t h e  
specimen. 

Flow th rough  t h e  p i n h o l e  s h a l l  be measured as soon as i t  emerges from 
t h e  apparatus.  The f l o w  , , a l l  be measured us i ng  a  s top watch 
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and an a p p r o p r i a t e l y  s i zed  graduated c y l i n d e r  (10 m l ,  25 m1, o r  50 m l  
i s  g e n e r a l l y  used). Flow measurements may be made as o f t e n  as every  
10s, but  i n  no i ns tance  l e s s  f r equenk l y  than  every  30s. Flow 
measurements s h a l l  be recorded a g a i n s t  e lapsed t ime.  The f l o w  r a t e s  
s h a l l  a l s o  be recorded i n  u n i t s  o f  m i l l i l i t e r s  pe r  second. 

F. The t u r b i d i t y  o f  t h e  water  c o l l e c t e d  s h a l l  be no ted  and descr ibed  f o r  
each f l o w  r a t e  increment  accord ing t o  t h e  f o l l o w i n s  c r i t e r i a :  
ve ry  dark ,  dark ,  moderate ly  d a r k , - s l  i g h t l y  dark ,  b a r e l y  v i s i b l e ,  o r  
comp le te ly  c l e a r .  

Note : I f  no f l o w  occurs  when t h e  t e s t  i s  s t a r t e d ,  s top t h e  t e s t ,  
d i smant le  t h e  i n l e t  end o f  t h e  apparatus and repunch t h e  
ho le ;  o r  seal  t h e  o r i g i n a l  h o l e  and punch a new one. 

G. Cont inue t h e  t e s t  under t h e  2 - i n  (50 mm) head f o r  a t  l e a s t  5-min. I f ,  
a t  t h e  end o f  5 min, t h e  c o l l e c t e d  wate r  i s  ve r y  dark ,  da rk ,  o r  
moderate ly  dark ,  and/or t h e  f l o w  r a t e s  have p r o g r e s s i v e l y  increased t o  
1 .0  t o  1.3 rnl/s, t h e  t e s t  may be stopped. Dismant le  t h e  apparatus and 
c a r e f u l l y  ex t rude  t h e  s o i l  specimen f rom t h e  c y l i n d e r .  Break open t h e  
specimen, t r a n s v e r s e l y  and l o n g i t u d i n a l l y ,  measure and reco rd  t h e  
d iameter  o f  t h e  ho le  by comparing w i t h  t h e  needle ( o r  w i r e )  used t o  
punch t he  ho le .  For c l a s s i f i c a t i o n  o f  t h e  r e s u l t s ,  r e f e r  t o  Sec t ion  4 
o f  t h i s  s p e c i f i c a t i o n ,  e n t i t l e d  C r i t e r i a  For Eva lua t i ng  Resu l t s .  

Note: Ex tens ive  t e s t i n g  has shown t h a t  t h e  h y d r a u l i c  c a p a c i t y  o f  
t h e  system us ing  a  n i p p l e  w i t h  a 1.5 mm h o l e  i s  1 .2 t o  1 .3  
ml/s under a  2 - in  head. Flow r a t e s  g r e a t e r  than t h i s  a t  a  
2 - i n  head i n d i c a t e  t h a t  t h e  o u t l e t  i s  ope ra t i ng  under a  
p a r t i a l  vacuum c o n d i t i o n ,  o r  t h a t  t h e  ac tua l  h y d r a u l i c  head 
i s  g r e a t e r  than  2 i n .  

H. I f ,  a t  t h e  end o f  5 min o f  f l o w  a t  t h e  2 - i n  head, t h e  t u r b i d i t y  o f  t h e  
c o l l e c t e d  water  i s  s l i g h t l y  dark o r  l i g h t e r  and t h e  f l o w  r a t e  i s  l e s s  
than 1.0 ml/s,  con t inue  t h e  t e s t  f o r  5 more minutes a t  t h e  2 - i n  head. 

A t  t h e  end o f  t h i s  a d d i t i o n a l  5 min, i f  t h e  f l o w  i s  s t i l l  moderately 
dark  o r  da rke r  and/or t h e  f l o w  r a t e  i s  g r e a t e r  than  0.8 ml/s, s top t h e  
t e s t .  D ismant le  t h e  apparatus,  and measure and reco rd  t h e  d iameter  o f  
t h e  h o l e  as s p e c i f i e d  i n  Step G. For  c l a s s i f i c a t i o n  o f  t h e  r e s u l t s ,  
r e f e r  t o  Sec t ion  4 o f  t h i s  s p e c i f i c a t i o n .  

I .  I f  t h e  c o l l e c t e d  f l o w  under t h e  2 - i n  head has a t u r b i d i t y  o f  s l i g h t l y  
da rk  o r  l i g h t e r  a f t e r  10 minutes o f  f l ow ,  and t h e  f l o w  r a t e  i s  between 
0 . 4  and 0.8 ml/s,  r a i s e  t h e  hydrau l  i c  head t o  7 i n  (180 mm) and 
con t inue  t h e  t e s t .  
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A f t e r  5 m in  o f  f l o w  a t  t h e  7 - i n  head, i f  t h e  c o l l e c t e d  f l o w  has a  
t u r b i d i t y  o f  s l i g h t l y  d a r k  o r  d a r k e r  and t h e  r a t e  o f  f l o w  has 
p rog ressed  t o  1 . 4  t o  2 .7  ml /s,  s t o p  t h e  t e s t .  Fo r  c l a s s i f i c a t i o n ,  
r e f e r  t o  S e c t i o n  4 o f  t h i s  s p e c i f i c a t i o n .  

I f ,  a f t e r  5 min o f  f l o w  a t  t h e  7 - i n  head, t h e  c o l l e c t e d  f l o w  has a  
b a r e l y  v i s i b l e  o r  c l e a r  t u r b i d i t y  and t h e  f l o w  r a t e  i s  between 0 .8  and 
1 . 4  ml /s ,  r a i s e  t h e  head t o  15 i n  (380 mm). 

A f t e r  5 m in  o f  f l o w  under t h e  1 5 - i n  head, i f  t h e  c o l l e c t e d  f l o w  has a  
t u r b i d i t y  d e s c r i b e d  as  s l i g h t l y  d a r k  o r  d a r k e r  o r  t h e  f l o w  r a t e  i s  1 .8  
t o  3.2 m l / s ,  s t o p  t h e  t e s t .  D isman t le  t h e  appara tus ,  measure and 
r e c o r d  t h e  d i a m e t e r  o f  t h e  h o l e  as s p e c i f i e d  i n  Step G. For  
c l a s s i f i c a t i o n  o f  t h e  r e s u l t s ,  r e f e r  t o  S e c t i o n  4 o f  t h i s  
s p e c i f i c a t i o n .  

I f ,  a f t e r  5  min o f  f l o w  
v i s i b l e  o r  c o m p l e t e l y  c  
r a i s e  t h e  head t o  40 i n  

A f t e r  5 m i n u t e s  o f  f l o w  

under t h e  1 5 - i n  head, t h e  t u r b i d i t y  i s  b a r e l y  
l e a r ,  and t h e  f l o w  r a t e  i s  1 .0  t o  1 . 8  m l / s ,  

(1020 mm) and c o n t i n u e  t h e  t e s t .  

a t  t h e  40 - in  head, t h e  t e s t  i s  comple te .  
D isman t le  t h e  appara tus ,  measure and r e c o r d  t h e  h o l e  d i a m e t e r  as  
s p e c i f i e d  i n  Step G. For  c l a s s i f i c a t i o n  o f  t h e  r e s u l t s ,  r e f e r  t o  
S e c t i o n  4 o f  t h i s  s p e c i f i c a t i o n .  

4 .  C r i t e r i a  For  Eva1 u a t i  ng R e s u l t s  

A .  General  

The p r i n c i p a l  d i f f e r e n t i a t i o n  between d i s p e r s i v e  and n o n d i s p e r s i v e  
s o i l s  i s  g i v e n  b y  t e s t  r e s u l t s  under 2  i n  o f  head. I f  f l o w  under  2 - i n  
o f  head i s  v i s i b l y  c l o u d y  and does n o t  become c l e a r e r  w i t h  t i m e ,  t h e  
specimen i s  f a i l i n g  i n  t h e  f a s h i o n  t y p i c a l  o f  d i s p e r s i v e  c l a y s .  The 
main i n d i c a t o r  o f  f a i l u r e  i s  t h e  c o l l o i d a l  t u r b i d i t y  o f  t h e  w a t e r .  
Most d i s p e r s i v e  c l a y s  erode r a p i d l y  under 2 i n  o f  head, w i t h  
pronounced t u r b i d i t y  i n  t h e  w a t e r  coming t h r o u g h  t h e  specimen. Fo r  
d i s p e r s i v e  c l a y s ,  u s u a l l y  t h e  f l o w  c o n t i n u o u s l y  i n c r e a s e s  and reaches 
a  maximum v a l u e  l i m i t e d  b y  t h e  h y d r a u l i c  c a p a c i t y  o f  t h e  equipment i n  
2 t o  5  min o f  f l o w  ( a b o u t  1 .2  t o  1 .3  ml /s ,  u s i n g  t h e  n i p p l e  
spec i  f i ed) . 

B. A t  a  H v d r a u l i c  Head o f  2  I n  (50 mm) 

( I )  I f ,  a t  t h e  end o f  5  min  o f  f l o w ,  t h e  t u r b i d i t y  o f  t h e  f l o w  i s  
modera te l y  d a r k  o r  d a r k e r  and/or  t h e  f l o w  r a t e s  have p r o g r e s s i v e l y  
i n c r e a s e d  t o  1.0 t o  1 .3  ml /s ,  c l a s s i f y  as  D-1. The h o l e  measured 
shou ld  be more t h a n  2 t i m e s  t h e  o r i g i n a l  d i a m e t e r .  
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( 2 )  I f ,  a t  t h e  end o f  10 min  o f  f l o w ,  t h e  t u r b i d i t y  i s  d e s c r i b e d  as 
s l i g h t l y  d a r k  o; d a r k e r ,  and t h e  f l o w  r a t e  i s  more t h a n  1 .0  ml /s ,  and 
t h e  h o l e  d i a m e t e r  i s  more t h a n  1 .5  t i m e s  t h e  o r i g i n a l  s i z e ,  c l a s s i f y  
t h e  r e s u l t s  as  D-2. 

I f  t h e  f l o w  r a t e  i s  l e s s  t h a n  1 . 0  ml /s  o r  t h e  h o l e  d i a m e t e r  i s  l e s s  
t h a n  1.5 t i m e s  t h e  o r i g i n a l  s i z e ,  b u t  t h e  t u r b i d i t y  i s  d e s c r i b e d  as 
s l i g h t l y  d a r k  o r  d a r k e r ,  c l a s s i f y  t h e  r e s u l t s  as ND-4. 

Note :  I f  t h e  specimen i s  c l a s s e d  as  an ND-4, p r e p a r e  a  new 
t e s t  specimen and . rerun t h e  t e s t  b e g i n n i n g  a t  t h e  7 - i n  head. 

C .  A t  a  H y d r a u l i c  Head o f  7  I n  (180 mm) 

I f ,  a t  t h e  end o f  5  min o f  f l o w ,  t h e  t u r b i d i t y  o f  t h e  c o l l e c t e d  f l o w  
i s  d e s c r i b e d  as s l i g h t l y  d a r k  o r  d a r k e r  and t h e  r a t e  o f  f l o w  as  
p r o g r e s s i v e l y  i n c r e a s e d  t o  1 . 4  t o  1 .7  m l / s ,  c l a s s i f y  t h e  r e s u l t s  as  
ND-3. The measured h o l e  d i a m e t e r  w i l l  u s u a l l y  be g r e a t e r  t h a n  1.5 
t i m e s  t h e  o r i g i n a l  s i z e .  I f  t h i s  i s  a  r e r u n  o f  an ND-4 specimen and 
t h e  f l o w  r a t e  i s  more t h a n  1 .4  ml /s,  l e a v e  t h e  c l a s s  as ND-4. 

D. A t  a  H y d r a u l i c  Head o f  15 I n  (380 mm) 

I f ,  a t  t h e  end o f  5  min  o f  f l o w ,  t h e  t u r b i d i t y  o f  t h e  c o l l e c t e d  w a t e r  
i s  d e s c r i b e d  as  s l i g h t l y  d a r k  o r  d a r k e r  o r  t h e  f l o w  r a t e  i s  more t h a n  
1 .8  ml /s ,  c l a s s i f y  t h e  r e s u l t s  as  ND-3. The measured h o l e  d iamete r  
s h o u l d  be more t h a n  1 .5  t i m e s  t h e  o r i g i n a l  s i z e .  

E. A t  a  H y d r a u l i c  Head o f  40 I n  (1,020 mm) 

(1) I f ,  a t  t h e  end o f  5  min  o f  f l o w ,  t h e  c o l l e c t e d  w a t e r  i s  a n y t h i n g  
excep t  c o m p l e t e l y  c l e a r ,  c l a s s i f y  t h e  r e s u l t s  as ND-2. The f l o w  r a t e  
shou ld  be more t h a n  3.0 ml /s  and t h e  measureed h o l e  d i a m e t e r  shou ld  be 
l e s s  t h a n  1.5 t i m e s  t h e  o r i g i n a l  s i z e .  

(2) I f ,  a t  t h e  end o f  5  min  o f  f l o w ,  t h e  t u r b i d i t y  o f  t h e  c o l l e c t e d  w a t e r  
i s  c o m p l e t e l y  c l e a r ,  c l a s s i f y  t h e  r e s u l t s  as  ND-1. Flow r a t e s  shou ld  
be l e s s  t h a n  3.0 m l / s  and t h e  h o l e  d i a m e t e r  s h o u l d  s t i l l  be abou t  
1 mm. 

5.  P r e s e n t a t i o n  o f  R e s u l t s  

The r e s u l t s  s h o u l d  be t a b u l a t e d  on forms f u r n i s h e d  t o  t h e  C o n t r a c t o r  by  t h e  
o o n t r a c t i n g  o f f i c e r .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  forms i f  
t h e y  c o n t a i n  t h e  same d a t a  as t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  
w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use.  The o r i g i n a l  t e s t  
gats shee t  o r  a  s u i t a b l e  copy s h a l l  a l s o  be f u r n i s h e d .  
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6. Measurement and Payment 

The number o f  p i n h o l e  d i s p e r s i o n  t e s t s  pe r fo rmed  and accep ted  under  t h e  
te rms o f  t h i s  c o n t r a c t  w i l l  be counted.  Payment f o r  each t e s t  w i l l  be 
a t  t h e  agreed- to  u n i t  p r i c e  p e r  t e s t  f o r  P i n h o l e  D i s p e r s i o n  T e s t .  These 
payments s h a l l  be c o n s i d e r e d  f u l l  compensat ion f o r  a l l  l a b o r ,  m a t e r i a l s ,  
equipment,  and i n c i d e n t a l s  necessary  f o r  c o m p l e t i o n  o f  t h e  work .  



I 1 Standpipe measures water 1 
I o f  upstream end 1 I I I Plas t i c  n i ~ ~ l e  I 

w i t h  0.06" diameter P las t i c  cy l inder  
1.32",  1.0, 4" long 

Water f lowing th ru  sample 
Ss caught i n  measuring f l ask  
and timed w i t h  stop watch 
( f o r  example 25 m l .  i n  31 

se~onds = 0.81 m l  /s ec ) 

PIN HOLE TEST APPARATUS 

I NOT TO SCALE I 
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Figure 2 

into the top of the 

punched i n  

(truncated cone) 
machined from p l a s t i c  
or metal with 1.5mm 

Compacted 

spec imen 

1 Pea gravel I 

DETAIL OF PIN HOLE TEST 

S P E C I M E N  
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Sample NO. F 79-1816 Specimen a f t e r  t e s t  

Date 7-9- 80 

3 )( Page / 

Compaction C h a r a c t e r i s t i c s  0 00d 
\dater Content  f i  ear 0 ~ f j h n 4  

D i s t i l l e d  water  added: Yes r/ o r  No 

C u r i n g T i m e  f i O r ) e  

S t a t e  
P r o j e c t  S i t e  No. Flow s t a r t e d  on /? t r i a l  - 

lead 

T u r b i d i t y  f r o m  S ide  

Remarks Flow 



Figure 4 
SCS-SM-TEST B6 
7-84 

0"" ' 
PINHOLE TEST DATA 

sample NO. F 79 - 2820 Specimen after test 

Compaction Characteristics SOJI s ~ c c h e n  
I 

Water Content /9,3 % 
Distilled water added: Yes or No r /  

Curing Time 176 

Date 7-80 

Page I 

State 
Project Site No. 

~ - 

Flow started on /$ trial 

Turbidity from Side 

Remarks Head Flow 
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TABLE 1. --SUMNARY OF CRITERIA FOR EVALUATING RESULTS 

C l a s s i f i c a t i o n  
(Table 2) 

He ad 
( inches) 

2 

T u r b i d i t y *  
o f  Flow 
a t  End 
o f  Tes t  

Tes t  Time 
For Given 

He ad 
(minutes) 

Hole Size 
A f t e r  Tes t  
(Need1 e 
Diameters) 

F i na l  Flow 
Rate Through 
Specimen 
( m l s  > 

Moderately dark  
darker  

s l i g h t l y  dark 
darker  

s l i g h t l y  dark 

s l i g h t l y  dark 

1 . 5 ~  

1 . 5 ~  

Comp le te l yc l ea r  
o r  ba re l y  
v i s i b l e  

* Use very  dark, dark, moderately dark, s l i g h t l y  dark, ba re l y  v i s i b l e ,  o r  completely 
c l ea r .  

1 . 5 ~  

completely c l e a r  

TABLE 2.--CATEGORIES OF TEST RESULTS 

v i r t u a l  l y  
no eros ion 

I D l  and D2 I Dispers ive  s o i l s :  f a l l  r a p i d l y  under 2 - i n  head. 

C l a s s i f i c a t i o n  o f  
I n d i v i d u a l  Tes t  

Resul ts  

ND4 and ND3 

C l a s s i f i c a t i o n  o f  S o i l  

In termediate s o i l s :  erode s l ow l y  under 2 - i n  o r  
r a p i d l y  under a 7 - i n  head and/or under a 15- in  head. 

I and ND1 I Nondispersi ve s o i  1 : no co l  l o i d a l  eros ion under 
15- in  o r  40- in head. 
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TECHNICAL SPECIFICATIONS FOR 

SPECIFIC GRAVITY TESTS 

ON THE MINUS NO. 10 FRACTION 

1. P r e p a r a t i o n  o f  Samples 

S o i l  used i n  t h i s  t e s t  s h a l l  be p repared  i n  accordance w i t h  ASTM D 421 and 
s h a l l  be processed f u r t h e r  so t h a t  o n l y  m a t e r i a l  s m a l l e r  t h a n  t h e  No. 10 
s i e v e  i s  used. 

2.  T e s t  Procedures 

T e s t  procedures  used s h a l l  be i n  accordance w i t h  ASTM D854, excep t  as n o t e d  
i n  I t e m  1. above. 

3. P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

T e s t  r e s u l t s  s h a l l  be  r e c o r d e d  on forms f u r n i s h e d  t o  t h e  c o n t r a c t o r  by  t h e  
c o n t r a c t i n g  o f f i c e r .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  forms i f  
t h e y  c o n t a i n  t h e  same d a t a  as t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  
w r i t i n g  by t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. The v a l u e s  s h a l l  be  
reco rded  t o  t h e  n e a r e s t  hundred th  ( f o r  example, 2.68).  I n  a d d i t i o n ,  t h e  
o r i g i n a l  work d a t a  sheet ,  o r  a  copy t h e r e o f ,  s h a l l  be f u r n i s h e d  t o  t h e  
c o n t r a c t i n g  o f f i c e r .  

4. Measurement and Payment 

The number o f  s p e c i f i c  g r a v i t y  t e s t s  pe r fo rmed  on t h e  Minus No. 10 f r a c t i o n  
o f  a  s o i l  and accep ted  under  t h e  te rms o f  t h i s  c o n t r a c t  w i l l  be counted.  
Payment f o r  each t e s t  accepted w i l l  be made a t  t h e  aareed- to  u n i t    rice Der 
t e i t  f o r  S p e c i f i c  G r a v i t y  ~ e s t  on t h e  Minus No. 10 ~ r a c t i o n .    his' 
w i l l  be c o n s i d e r e d  f u l l  compensat ion f o r  a l l  l a b o r ,  m a t e r i a l s ,  equipment,  
and i n c i d e n t a l s  necessary  f o r  c o m p l e t i o n  o f  t h e  work.  
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TECHNICAL SPECIFICATIONS FOR 

SPECIFIC GRAVITY TESTS ON 

THE PLUS NO. 4 FRACTION 

1. A p p l i c a t i o n  

T h i s  t e s t  i s  des igned  t o  de te rm ine  t h e  s p e c i f i c  g r a v i t y  o f  r o c k  m a t e r i a l s  
g r e a t e r  t han  t h e  No. 4 s i e v e .  It s h a l l  be r u n  on t h i s  f r a c t i o n  o f  any s o i l  
t h a t  c o n t a i n s  more t h a n  35% g r e a t e r  t h a n  t h e  No. 4 s i e v e .  

2. P r e p a r a t i o n  o f  Samples 

Samples f o r  t h i s  t e s t  w i l l  be p repared  i n  accordance w i t h  ASTM D 421. 

3. T e s t  Procedure 

The s p e c i f i c  g r a v i t y  o f  t h e  P l u s  No. 4 f r a c t i o n  o f  a  s o i l  sample s h a l l  be 
de te rm ined  i n  accordance w i t h  ASTM C 127. 

P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

T e s t  r e s u l t s  f o r  t h e  b u l k  s p e c i f i c  g r a v i t y ,  b u l k  s p e c i f i c  g r a v i t y  (Satu-  
ra ted -Sur face  D r y  Bas i  s) , t h e  apparen t  spec i  f i c  g r a v i t y ,  and t h e  p e r c e n t  
a b s o r p t i o n  s h a l l  be r e c o r d e d  on forms f u r n i s h e d  t o  t h e  c o n t r a c t o r  b y  t h e  
c o n t r a c t i n g  o f f i c e r .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  fo rms i f  
t h e y  c o n t a i n  t h e  same d a t a  as  t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  
w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. I n  a d d i t i o n ,  t h e  
o r i g i n a l  work  d a t a  sheet ,  o r  a  copy t h e r e o f ,  s h a l l  be f u r n i s h e d  t o  t h e  
c o n t r a c t i n g  o f f i c e r .  

5. Measurement and Payment 

The number o f  s p e c i f i c  g r a v i t y  t e s t s  on t h e  P l u s  No. 4 f r a c t i o n  pe r fo rmed  
and accepted under  t h e  te rms  o f  t h i s  c o n t r a c t  w i l l  be counted.  Payment f o r  
each t e s t  accep ted  w i l l  be made a t  t h e  agreed- to  u n i t  p r i c e  p e r  t e s t  f o r  
S p e c i f i c  G r a v i t y  T e s t s  on P l u s  No. 4 F r a c t i o n .  T h i s  payment w i l l  be 
c o n s i d e r e d  f u l l  compensat ion f o r  a l l  l a b o r ,  m a t e r i a l s ,  equipment,  and 
i n c i d e n t a l s  necessary  f o r  c o m p l e t i o n  o f  t h e  work.  
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TECHNICAL SPECIFICATIONS FOR 

STANDARD PROCTOR WATER 

CONTENT-DENSITY TEST 

1. P r e p a r a t i o n  o f  Samples 

Samples f o r  t h i s  t e s t  s h a l l  be p repared  i n  accordance w i t h  ASTM D421 excep t  
as no ted  i n  ASTM D  698. 

2. T e s t  Procedure  

The m o i s t u r e d e n s i t y  r e l a t i o n s h i p  o f  t h e  s o i l  sample s h a l l  be de te rm ined  i n  
accordance w i t h  ASTM D  698, Method A, u n l e s s  o t h e r w i s e  s p e c i f i e d  and i n  
accordance w i t h  t h e  f o l l o w i n g  s p e c i a l  requ i remen ts :  

a .  A  minimum o f  f i v e  p o i n t s  s h a l l  be used t o  d e f i n e  t h e  w a t e r  
c o n t e n t - d e n s i t y  c u r v e s .  A t  l e a s t  two p o i n t s  s h a l l  f a l l  above t h e  
optimum w a t e r  c o n t e n t  and a t  l e a s t  two p o i n t s  s h a l l  f a l l  be low t h e  
optimum w a t e r  c o n t e n t .  

b .  Develop t h e  w a t e r  c o n t e n t - d e n s i t y  c u r v e  on t h e  wet  s i d e  o f  optimum t o  
d e n s i t i e s  be low 95% o f  t h e  maximum d e n s i t y .  

c .  I f  t h e  sample c o n t a i n s  more t h a n  35% g r a v e l ,  use Method C o r  0, as 
a p p r o p r i a t e .  

d. A t e s t  i s  d e f i n e d  as t h e  c o m p l e t i o n  o f  one w a t e r  c o n t e n t - d e n s i t y  c u r v e .  

3. P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

T e s t  r e s u l t s  showing t h e  wet  d e n s i t y ,  d r y  d e n s i t y ,  and w a t e r  c o n t e n t  f o r  
each p o i n t  s h a l l  be r e c o r d e d  on forms t o  be f u r n i s h e d  t o  t h e  c o n t r a c t o r  b y  
t h e  c o n t r a c t i n g  o f f i c e r .  The d r y  and wet  d e n s i t i e s  s h a l l  be expressed i n  
pounds p e r  c u b i c  f o o t  t o  t h e  n e a r e s t  t e n t h ,  and t h e  optimum w a t e r  c o n t e n t  
s h a l l  be expressed i n  p e r c e n t  t o  t h e  n e a r e s t  t e n t h .  P l o t t e d  cu rves  showing 
t h e  t e s t  r e s u l t s  s h a l l  be p l o t t e d  on forms f u r n i s h e d  t o  t h e  c o n t r a c t o r  by  
t h e  c o n t r a c t i n g  o f f i c e r .  The ze ro  a i r  v o i d s ,  o r  100% s a t u r a t i o n  cu rve ,  
s h a l l  a l s o  be p l o t t e d .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  forms 
i f  t h e y  c o n t a i n  t h e  same d a t a  as  t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved 
i n  w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. I n  a d d i t i o n ,  t h e  
o r i g i n a l  work d a t a  sheet ,  o r  a  copy t h e r e o f ,  s h a l l  be f u r n i s h e d  t o  t h e  
c o n t r a c t i n g  o f f i c e r .  

4. Measurement and Payment 

The number o f  m o i s t u r e d e n s i t y  t e s t s  per formed and accep ted  under terms 
o f  t h i s  c o n t r a c t  w i l l  be  counted.  Payment f o r  each t e s t  accepted w i l l  
be made a t  t h e  agreed- to  u n i t  p r i c e  p e r  t e s t  f o r  S tandard  p r o c t o r  M o i s t u r e  
D e n s i t y  T e s t s .  T h i s  payment w i l l  be c o n s i d e r e d  f u l l  compensat ion f o r  
a l l  l a b o r ,  m a t e r i a l s ,  equipment,  and i n c i d e n t a l s  necessary  f o r  c o m p l e t i o n  
o f  t h e  work .  
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TECHNICAL SPECIFICATIONS FOR 

MAXIMUM INDEX DENSITY OF SOILS USING A  VIBRATORY TABLE* 

1. T e s t  Procedure  

The maximum i n d e x  d e n s i t y  f o r  c o h e s i o n l e s s ,  f r e e  d r a i n i n g  s o i l s  c o n t a i n i n g  
12% o r  l e s s  p a s s i n g  t h e  No. 200 s i e v e  s h a l l  be de te rm ined  i n  accordance 
w i t h  ASTM D 4253. 

2 .  P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

The maximum d e n s i t y  o b t a i n e d  s h a l l  be rounded t o  t h e  n e a r e s t  0.5 1 b / f t 3  and 
s h a l l  be r e c o r d e d  on fo rms  t o  be f u r n i s h e d  b y  t h e  c o n t r a c t i n g  o f f i c e r  t o  
t h e  c o n t r a c t o r .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  fo rms i f  t h e y  
c o n t a i n  t h e  same d a t a  as  t h e  f u r n i s h e d  fo rms i f  t h e y  a r e  approved i n  
w r i t i n g  by  t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use.  The o r i g i n a l  d a t a  
shee t  o r  a  s u i t a b l e  copy s h a l l  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

3.  Measurement and Payment 

The number o f  maximum i n d e x  d e n s i t y  t e s t s  pe r fo rmed  and accep ted  under  
t e r m s  o f  t h i s  c o n t r a c t  w i l l  be  counted.  Payment f o r  each t e s t  accep ted  
w i l l  be made a t  t h e  ag reed - to  u n i t  p r i c e  p e r  t e s t  f o r  R e l a t i v e  D e n s i t y  o f  
Cohes ion less  S o i l s .  T h i s  payment w i l l  be c o n s i d e r e d  f u l l  compensat ion f o r  
a l l  l a b o r ,  m a t e r i a l s ,  equipment,  and i n c i d e n t a l s  necessary  f o r  t h e  com- 
p l e t i o n  o f  t h e  work .  

* T h i s  t e s t  was f o r m e r l y  cove red  b y  ASTM D  2049, R e l a t i v e  D e n s i t y  o f  
Cohes ion less  S o i l s .  
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TECHNICAL SPECIFICATION FOR 

MINIMUM INDEX DENSITY OF SOILS AND 

CALCULATION OF RELATIVE DENSITY* 

1. T e s t  Procedure 

The minimum index  d e n s i t y  and r e l a t i v e  d e n s i t y  f o r  cohes ion less ,  f r e e  
d r a i n i n g  s o i l s  c o n t a i n i n g  12% o r  l e s s  p a s s i n g  t h e  No. 200 s i e v e  s h a l l  be 
de te rm ined  i n  accordance w i t h  ASTM D 4254. 

2. P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

The minimum d e n s i t y  o b t a i n e d  s h a l l  be rounded t o  t h e  n e a r e s t  0 .5  l b / f t 3  and 
s h a l l  be r e c o r d e d  on forms t o  be f u r n i s h e d  b y  t h e  c o n t r a c t i n g  o f f i c e r  t o  
t h e  c o n t r a c t o r .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  fo rms i f  t h e y  
c o n t a i n  t h e  same d a t a  as t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  
w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. The o r i g i n a l  d a t a  
sheet  o r  a  s u i t a b l e  copy s h a l l  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

e 3. Measurement and Payment 

The number o f  minimum index  d e n s i t y  t e s t s  pe r fo rmed  and accepted under  
te rms o f  t h i s  c o n t r a c t  w i l l  be counted.  Payment f o r  each t e s t  accepted 
w i l l  be  made a t  t h e  agreed- to  u n i t  p r i c e  p e r  t e s t  f o r  R e l a t i v e  D e n s i t y  o f  
Cohes ion less  S o i l s .  T h i s  payment w i l l  be c o n s i d e r e d  f u l l  compensat ion f o r  
a l l  l a b o r ,  m a t e r i a l s ,  equipment,  and i n c i d e n t a l s  necessary  f o r  t h e  
c o m p l e t i o n  o f  t h e  work.  

* T h i s  t e s t  was f o r m e r l y  cove red  b y  ASTM D 2049, R e l a t i v e  D e n s i t y  o f  Cohes ion less  
S o i l s .  
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TECHNICAL SPECIFICATIONS FOR 

UNCONFINED COMPRESSIVE STRENGTH OF 

COHESIVE SOIL 

A p p l i c a t i o n  

T h i s  s p e c i f i c a t i o n  cove rs  t h e  d e t e r m i n a t i o n  o f  t h e  unconf ined compres- 
s i v e  s t r e n g t h  o f  cohes ive  s o i l s  i n  t h e  u n d i s t u r b e d  and remolded c o n d i -  
t i o n s ,  u s i n g  e i t h e r  s t r e s s c o n t r o l l e d  o r  s t r a i n c o n t r o l l e d  l o a d i n g .  
T h i s  t e s t  i s  o f t e n  r e f e r r e d  t o  as a  qu t e s t .  

Procedure  

T e s t i n g  p rocedures  s h a l l  be i n  accordance w i t h  ASTM D 2166. 

P r e s e n t a t i o n  o f  Data 

The r e s u l t s  s h a l l  be p l o t t e d  on forms f u r n i s h e d  t o  t h e  c o n t r a c t o r  by  t h e  
c o n t r a c t i n g  o f f i c e r .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  forms if 
t h e y  c o n t a i n  t h e  same d a t a  as t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  
w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. As a  minimum, t h e  
f o l l o w i n g  i n f o r m a t i o n  s h a l l  be  shown: 

I n i t i a l  d r y  d e n s i t y ,  m o i s t u r e  c o n t e n t ,  and p e r c e n t  o f  s a t u r a t i o n .  

S i z e  o f  sample. 

H e i g h t  t o  d iamete r  r a t i o .  

Type o f  sample. 

V i s u a l  d e s c r i p t i o n  o f  t h e  s o i l .  

S t r e s s s t r a i n  cu rve .  

S t r a i n  a t  f a i  1  u r e .  

Uncon f ined  compress ive  s t r e n g t h .  

Any unusual  c o n d i t i o n s  t h a t  a f f e c t  t h e  t e s t  i n t e r p r e t a t i o n .  

O r i g i n a l  t e s t  d a t a  sheets  o r  s u i t a b l e  c o p i e s .  
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4. Measurement and  Payment 

The number o f  u n c o n f i n e d  compress ion  t e s t s  p e r f o r m e d  and a c c e p t e d  unde r  
t h e  t e rms  o f  t h i s  c o n t r a c t  w i l l  be  coun ted .  Payment f o r  each t e s t  w i l l  
be  a t  t h e  ag reed - to  u n i t  p r i c e  p e r  t e s t  f o r  U n c o n f i n e d  Compressive S t r e n g t h  
o f  Cohes ive  S o i l s .  These payments w i l l  be  c o n s i d e r e d  f u l l  compensat ion  - 
f o r  a l l  l a b o r ,  m a t e r i a l s ,  equ ipment ,  and i n c i d e n t a l s  necessa ry  f o r  com- 
p l e t i o n  o f  t h e  wo rk .  
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TECHNICAL SPECIFICATIONS FOR 

DIRECT SHEAR TESTS OF SOILS UNDER CONSOLIDATED, DRAINED CONDITIONS 

1. A p p l i c a t i o n  

T h i s  s p e c i f i c a t i o n  c o v e r s  t h e  d i r e c t  shear t e s t i n g  o f  s o i l s  under  
c o n s o l i d a t e d ,  d r a i n e d  c o n d i t i o n s .  D i r e c t  shear t e s t s  a r e  n o r m a l l y  used f o r  
n o n p l a s t i c  s o i l s  t h a t  canno t  be t r immed o r  remolded f o r  t r i a x i a l  shear 
t e s t s  o r  on s o f t  c l a y s ,  b u t  a r e  n o t  l i m i t e d  t o  t h e s e  t y p e  o f  s o i l s .  

2 .  Procedure 

T h i s  t e s t  s h a l l  be per formed i n  accordance w i t h  ASTM D 3080 o r  U.S. Army 
Corps o f  Eng ineers  EM111021906, Appendix I X ,  excep t  as n o t e d  below: 

a. The minimum s i z e  f o r  square specimens s h a l l  be 2 i n  X 2 i n .  

b .  The minimum s i z e  f o r  round specimens s h a l l  be 2 .5  i n  i n  d i a m e t e r .  

c. Th icknesses o f  3/4 i n  o r  l a r g e r  s h a l l  be used.  

d .  A  minimum o f  t h r e e  specimens s h a l l  c o n s t i t u t e  a  t e s t .  

3.  P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

Conso l i da ted ,  d r a i n e d ,  d i r e c t  shear t e s t  r e s u l t s  s h a l l  be p l o t t e d  on forms 
p r o v i d e d  t o  t h e  c o n t r a c t o r  by  t h e  c o n t r a c t i n g  o f f i c e r .  However, t h e  
c o n t r a c t o r  may use a l t e r n a t i v e  fo rms i f  t h e y  c o n t a i n  t h e  same d a t a  as t h e  
f u r n i s h e d  forms i f  t h e y  a r e  approved i n  w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  
p r i o r  t o  t h e i r  use.  The o r i g i n a l  d a t a  work  sheets ,  o r  s u i t a b l e  c o p i e s ,  
s h a l l  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

4 .  Measurement and Payment 

The number o f  d r a i n e d  d i r e c t  shear t e s t s  pe r fo rmed  and accep ted  under 
t h i s  c o n t r a c t  w i l l  be counted.  Payment f o r  each t e s t  accep ted  w i l l  be 
made a t  t h e  agreed- to  u n i t  p r i c e  p e r  t e s t  f o r  D i r e c t  Shear T e s t s  o f  S o i l s  ----- 
Under C o n s o l i d a t e d  D r a i n e d  C o n d i t i o n s .  T h i s  payment w i l l  be c o n s i d e r e d  
f u l l  compensat ion f o r  a l l  l a b o r ,  m a t e r i a l s ,  equipment,  and i n c i d e n t a l s  
necessary f o r  c o m p l e t i o n  o f  t h e  work.  
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TECHNICAL SPECIFICATIONS FOR 

TRIAXIAL COMPRESSION TEST 

1. Appl i c a t i o n  

T h i s  s p e c i f i c a t i o n  c o v e r s  t h e  t r i a x i a l  compression t e s t s  o f  s o i l s  w i t h  
c o n t r o l l e d  d r a i n a g e  and c o n s o l i d a t i o n  c o n d i t i o n s  t o  d e t e r m i n e  t h e  
f o l l o w i n g  shear  s t r e n g t h :  

a. Unconso l i da ted ,  Undra ined (UU o r  Q Tes ts )  

b .  C o n s o l i d a t e d ,  Undra ined (CU o r  R Tes ts )  

c .  Conso l i da ted ,  Undra ined w i t h  po re  p r e s s u r e  measured (a o r  R Tes ts )  

d .  C o n s o l i d a t e d ,  D r a i n e d  (CD o r  S) 

Note :  I f  p r o p e r l y  run ,  t h e  shear s t r e n g t h s  o b t a i n e d  i n  5 and - d a r e  
t h e  same f o r  most  s o i l s .  

2 .  Procedure 

T e s t s  s h a l l  be pe r fo rmed  i n  accordance w i t h  U.S. Army Corps o f  Eng ineers  
EM111021906, Appendix X ,  excep t  as m o d i f i e d  i n  At tachment  # 1  t o  t h i s  
s p e c i f i c a t i o n .  Except  as n o t e d  i n  t h e  S p e c i a l  Requirements s e c t i o n  o f  
t h i s  s p e c i f i c a t i o n ,  o n l y  o r  R w i  11 be r e q u i r e d .  

An a c c e p t a b l e  p rocedure  f o r  back  p r e s s u r e  s a t u r a t i o n  i s  p r o v i d e d  i n  
At tachment  #2 o f  t h i s  s p e c i f i c a t i o n .  

An a c c e p t a b l e  a l t e r n a t i v e  mo ld ing  procedure ,  f l o a t i n g  mold  compact ion,  
i s  p r o v i d e d  i n  At tachment  #3 o f  t h i s  s p e c i f i c a t i o n .  

3.  Speci a1 Requi rements 

a. Unconso l i da ted ,  und ra ined  t e s t s  (UU o r  Q) w i l l  be r e q u i r e d  on 
embankment m a t e r i a l s  a t  t h e  h i g h e s t  l i k e l y  p lacement w a t e r  c o n t e n t  
and on f o u n d a t i o n  m a t e r i a l s  a t  s a t u r a t i o n ,  i f  sampl ing  and t e s t i n g  
r e v e a l  t h e  presence o f  f o u n d a t i o n  s t r a t a  t h a t  m i g h t  cause 
e n d - o f - c o n s t r u c t i o n  s lope  s t a b i l i t y  a n a l y s i s  t o  be c r i t i c a l .  

b .  Shear t e s t s  on m a t e r i a l s  w i t h  maximum p a r t i c l e  s i z e s  l e s s  t h a n  3 /4 - in  
d i a m e t e r  w i l l  be t r i a x i a l  compression t e s t s ,  excep t  f o r  t hose  n o n p l a s t i c  
s o i l s  t h a t  canno t  be t r immed o r  remolded f o r  t r i a x i a l  t e s t i n g ,  i n  wh ich  
case, d i r e c t  shear t e s t s  w i l l  be r e q u i r e d .  S u b s t i t u t i o n  o f  d i r e c t  
t e s t s  f o r  t r i a x i a l  t e s t s  must have t h e  w r i t t e n  approva l  o f  t h e  
c o n t r a c t i n g  o f f i c e r .  
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The specimen d i a m e t e r  s h a l l  be a  minimum o f  8 t o  10 t i m e s  t h e  maximum 
s i z e  p a r t i c l e  t o  be t e s t e d .  The r a t i o  o f  h e i g h t  t o  d i a m e t e r  o f  t h e  
specimens s h a l l  be 1% t o  2 .  

T r i a x i a l ,  c o n s o l i d a t e d ,  u n d r a i n e d  t e s t s  w i t h  p o r e  p r e s s u r e s  measured (m) s h a l l  be pe r fo rmed  on r e p r e s e n t a t i v e  samples o f  m a t e r i a l s  p roposed 
f o r  use i n  each zone o f  t h e  embankment. T e s t s  w i l l  u s u a l l y  be  
per fo rmed on s a t u r a t e d  samples, b u t  t e s t s  may be pe r fo rmed  a t  h i g h e s t  
p r o b a b l e  p lacement  m o i s t u r e  t o  r e p r e s e n t  embankment m a t e r i a l s  above t h e  
f u l l y  deve loped  p h r e a t i c  l i n e .  

T r i a x i a l ,  c o n s o l i d a t e d ,  u n d r a i n e d  t e s t s  w i t h  p o r e  p r e s s u r e s  mea- 
sured (m) s h a l l  be pe r fo rmed  on c r i t i c a l  and r e p r e s e n t a t i v e  foun-  
d a t i o n  samples, e x c e p t  as n o t e d  i n  #l. above. 

S a t u r a t i o n  s h a l l  be c o n s i d e r e d  s a t i s f a c t o r y  i f  a  "B" pa ramete r  o f  
0.95 o r  h i g h e r  i s  measured w i t h i n  a  response t i m e  o f  1 m i n u t e ,  o r  
i f  a  minimum o f  95% o f  t h e o r e t i c a l  s a t u r a t i o n  i s  ach ieved .  

Samples s h a l l  be t e s t e d  t o  a  minimum o f  15% s t r a i n ,  and t h e  s t r e s s -  
s t r a i n  c u r v e s  w i l l  be i n c l u d e d  i n  t h e  r e p o r t .  

The maximum p r i n c i p a l  e f f e c t i v e  s t r e s s  r a t i o  ( a l & )  o r  t h e  
maximum d e v i a t o r  s t r e s s  may be used as t h e  f a i l u r e  c r i t e r i o n .  I f  
these  two methods a r e  used, t h e  f a i l u r e  c r i t e r i o n  must  n o t  ex- 
ceed 15% s t r a i n .  A  pq d iag ram ( s t r e s s  p a t h )  may be used t o  de- 
f i n e  t h e  f a i l u r e  enve lope .  

A minimum o f  t h r e e  sepa ra te  a c c e p t a b l e  specimens s h a l l  c o n s t i t u t e  
a  t e s t  and s h a l l  be used t o  d e f i n e  t h e  Mohr d iagrams.  

I f  a l l  t h r e e  t e s t  specimens a r e  n o t  o b t a i n e d  f r o m  t h e  same h o r i z o n -  
t a l  i n t e r v a l  o f  a  c o r e  sample, i n d e x  t e s t s  w i l l  be r e q u i r e d  on each 
specimen t o  show t h a t  s i m i l a r  m a t e r i a l s  were o r  were n o t  t e s t e d .  

Water c o n t e n t ,  d r y  d e n s i t y  b o t h  b e f o r e  and a f t e r  t e s t i n g ,  and a  "B" 
parameter  (when measured) w i l l  be d e t e r m i n e d  and r e p o r t e d  f o r  each 
specimen. 

V i s u a l  d i f f e r e n c e s  between specimens s h a l l  be  n o t e d  and v i s u a l  
f a i l u r e  c o n d i t i o n  o f  each specimen s h a l l  be n o t e d  and r e p o r t e d .  

M u l t i s t a g e  t r i a x i a l  shear t e s t i n g  w i l l  n o t  be a c c e p t a b l e .  

4 .  P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

The t e s t  r e s u l t s  s h a l l  be p l o t t e d  on forms p r o v i d e d  t o  t h e  C o n t r a c t o r  by  
t h e  c o n t r a c t i n g  o f f i c e r .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  fo rms 
i f  t h e y  c o n t a i n  t h e  same d a t a  as t h e  f u r n i s h e d  fo rms i f  t h e y  a r e  approved 
i n  w r i t i n g  by t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use.  As a  minimum, 
t h e  f o l l o w i n g  i n f o r m a t i o n  s h a l l  be p r o v i d e d :  
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a .  S t r e s s - s t r a i n  c u r v e s  f o r  each specrimen. (Minimum o f  t h r e e  s p e c i -  
mens r e q u i r e d . )  

b .  P o r e  p r e s s u r e  v s .  s t r a i n  c u r v e s  f o r  each specimen.  

c .  A pq ( s t r e s s  p a t h )  d i a g r a m  w i l l  be  p l o t t e d  f o r  each specimen when 
CU t e s t s  a r e  r u n .  

d .  Water  c o n t e n t s  and d r y  d e n s i t i e s ,  b o t h  b e f o r e  and a f t e r  t e s t i n g ,  
s h a l l  be d e t e r m i n e d  and shown on t h e  f o rms .  

e .  "B" p a r a m e t e r  o r  % s a t u r a t i o n .  ( B  p a r a m e t e r  n o t  r e q u i r e d  f o r  UU t e s t s . )  

f .  P l o t  o f  M o h r ' s  c i r c l e  enve lopes  f o r  b o t h  t o t a l  and e f f e c t i v e  s t r e s s .  

g .  F a i l u r e c r i t e r i a u s e d .  

h .  S t r a i n  r a t e  used and amount o f  back  p r e s s u r e  used.  

i. P r o p e r  sample i d e n t i f i c a t i o n .  

j. O r i g i n a l  d a t a  wo rkshee ts  o r  s u i t a b l e  c o p i e s .  

5 .  Measurement and Payment 

The number o f  UU (Q) ,  CU (R), a ( R ) ,  and CD (S) t e s t s  p e r f o r m e d  and 
a c c e p t e d  unde r  t h e  t e r m s  o f  t h i s  c o n t r a c t  w i l l  be c o u n t e d .  Payment f o r  
each  UU (Q)  and f o r  each CU (R) t e s t  a c c e p t e d  w i l l  be a t  t h e  ag reed - to  u n i t  
p i c e  f o r  T r i a x i a l  Compression T e s t ,  UU (Q)  and CU (R).  Payment f o r  each 
CU ( R ) t e s t  a c c e p t e d w i l l  be  a t  t h e  a g r e e d - t o  u n i t  p r i c e  f o r  T r i a x i a l  
Compress ion  T e s t ,  CU (R) Payment f o r  each CD (S) t e s t  a c c e p t e d  w i l l  be  a t  
t h e  a g r e e d - t o  u n i t  p r i c e  f o r  T r i a x i a l  Compression T e s t ,  CD (S) .  

These payments w i l l  be c o n s i d e r e d  f u l l  compensat ion  f o r  a l l  l a b o r ,  
m a t e r i a l s ,  equ ipment ,  and i n c i d e n t a l s  necessa ry  f o r  c o m p l e t i o n  o f  t h e  wo rk .  
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ATTACHMENT 1 

TECHNICAL SPEC1 FICATIONS FOR 

TRIAXIAL COMPRESSION TEST 

Re: U.S.  Army Corps o f  Eng inee rs  EM 111021906, Appendix X .  

I t e m  3 .b . ,  T r i a x i a l  Compression Chamber, pp.  X4 t h r o u g h  X6. 
Note :  T r i a x i a l  compress ion  chambers l i k e  Wykehem Far rance  Model 

WF 10210 a r e  a c c e p t a b l e  when t h e  a c t u a l  p i s t o n  f r i c t i o n  i s  
measured b e f o r e  t h e  s t a r t  o f  t h e  t e s t ,  as  o u t l i n e d  i n  ( 2 )  
on Page X6. 

I t e m  3 .d . ,  Rubber Membranes, pp.  X7 t h r o u g h  X8. 
Note :  P r o p h y l a c t i c s  a r e  made o f  v e r y  t h i n  r u b b e r  and make e x c e l l e n t  

membranes. She ik  No. 23 (Brand name and number) i s  an example 
o f  an a c c e p t a b l e  p r o p h y l a c t i c .  A  d o u b l e  t h i c k n e s s  ( t w o  p e r  
specimen) i s  suggested.  S e a l i n g  w i t h  two O- r i ngs  a t  each end i s  
a1 so recommended. 

I t e m  4 .a . (2 ) ,  "Compacting Specimens o f  Cohes ive  S o i l , "  pp .  X14, 15. 
Note :  The f l o a t i n g  mo ld  compac t i on  p rocedure  o u t 1  i n e d  i n  A t t a c h -  - 

ment No. 3  may be used. 

I t e m  5 .b .  ( 4 ) ,  Computa t ions ,  p .  X25. 
Note :  No membrane c o r r e c t i o n  i s  necessary  when u s i n g  r u b b e r  membrane 

l i k e  S h e i k  No. 23 p r o p h y l a c t i c s .  

I t e m  7 . b . ( l ) ( 6 ) ,  "Procedure  f o r  CU o r  R T e s t , "  pp .  X33 t h r o u g h  X36. 
Note :  An a l t e r n a t e  p rocedure  f o r  back  p r e s s u r e  s a t u r a t i o n ,  l e a k  

checks ,  and f o r  o b t a i n i n g  B parameters  i s  g i v e n  i n  A t t a c h -  - - 
ment No. 2 .  

I t e m  7 . b . ( 7 ) ,  "Procedure  f o r  o r  R Tes t , "  p .  X36. 
No te  : I f  p o r e  p r e s s u r ~ e a s u r e m e n t s  a r e  t o  be made, r e f e r  t o  "The - 

T r i a x i a l  T e s t "  by B ishop  and Henke l .  p  
i 

1 1 owabl e  
i n / m i n  on 

i s s a t i s f a c t o r y  i f  f i 1 t e r  
s t r a i n  r a t e s .    or many. s o i l s ,  a  s t r a  
1 . 4 - i n  d i a m e t e r  X 3 - i n  h i g h  specimens 
s t r i p s  a r e  used.  

I t e m  7 .c .  ( 6 ) ,  Computa t ions ,  pp .  X38. 
Note:  Membrane c o r r e c t i o n  i s  n o t  necessary  

No. 23 a r e  used. 

p .  192204, f o r  a  
n  r a t e  o f  0.002 

f p r o p h y l a c t i c s  l i k e  She ik  
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8. I t e m  8.a.  Appara tus .  
Note : C o n t r o l l e d  s t r a i n  can be used f o r  r e l a t i v e l y  imperv ious  s o i l s  

i f  a s low enough s t r a i n  r a t e  i s  used. 

9. I t e m  8. b .  (2) ,  Procedure.  
Note : The t i m e  t o  f a i l u r e  r e q u i r e d  f o r  a  d r a i n e d  t e s t  can be 

e s t i m a t e d  by  m u l t i p l y i n g  t h e  t50 t i m e  b y  50. The t t i m e  can be 
de te rm ined  f r o m  t h e  volume change vs .  t i m e  p l o t  d e t 8 m i n e d  d u r i n g  
t h e  c o n s o l i d a t i o n  phase o f  t h e  t e s t .  
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ATTACHMENT 2 

PROCEDURE FOR BACK PRESSURE 

SATURATION 

1. The magni tude o f  t h e  r e q u i r e d  back p r e s s u r e  may be computed as f o l l o w s :  

where S  i s  t h e  degree o f  s a t u r a t i o n  o f  t h e  t e s t  specimen 
expressed as a  p e r c e n t  

2 
kg/cm X 14.223 = p s i  

2. To r e a c h  s a t u r a t i o n ,  t h e  chamber p r e s s u r e  and t h e  back p r e s s u r e  a r e  
i n c r e a s e d  i n  i nc remen ts .  The number o f  i nc remen ts  r e q u i r e d  w i l l  depend 
on t h e  back p r e s s u r e  r e q u i r e d .  The s i z e  o f  each inc remen t  w i l l  depend 

a on t h e  c o n s o l i d a t i n g  p r e s s u r e  t h a t  w i l l  be used. 

3 .  The upper l i m i t  (&) o f  each inc remen t  s h a l l  n o t  be more t h a n  o n e h a l f  
o f  t h e  c o n s o l i d a t i n g -  p r e s s u r e .  A v a l u e  l e s s  than  onehal f i s  suggested 
where c o n s o l i d a t i n g  p r e s s u r e s  a r e  l e s s  t h a n  50 p s i .  

4 .  The lower  1  i m i t  (zL) must be h i g h  enough t o  i n s u r e  t h a t  t h e  membrane on t h e  
specimen i s  n o t  b lown o u t .  A minimum o f  3  p s i  and a  maximum o f  5 p s i  a r e  
suggested.  

5 .  S t a r t  t h e  back p r e s s u r e  s a t u r a t i o n  by  a p p l y i n g  a  chamber p r e s s u r e  and a  
back  p r e s s u r e  w i t h  t h e  d r a i n  v a l v e s  c l o s e d .  

The chamber p r e s s u r e  a p p l i e d  s h o u l d  equal  7 p s i  o r  o n e h a l f  o f  t h e  upper  
l i m i t  f o r  each inc remen t ,  wh ichever  i s  s m a l l e r .  

The back p r e s s u r e  a p p l i e d  shou ld  equal  t h e  d i f f e r e n c e  between t h e  chamber 
p r e s s u r e  a p p l i e d  and t h e  l o w e r  l i m i t ,  o r  ze ro ,  wh ichever  i s  g r e a t e r .  

6. Open t h e  d r a i n  v a l v e s  and p l o t  b u r e t t e  a n d ' a x i a l  d i a l  r e a d i n g s  vs .  
l o g a r i t h m  o f  t i m e  u n t i l  w a t e r  has e s s e n t i a l l y  stopped e n t e r i n g  t h e  
specimen. 

@ 7 .  C lose  t h e  d r a i n  v a l v e .  
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8. I n c r e a s e  t h e  chamber p r e s s u r e  t o  t h e  upper  l i m i t  de te rm ined  i n  Step 3 
and i n c r e a s e  t h e  back p r e s s u r e  b y  an amount equa l  t o  t h e  upper l i m i t  
minus t h e  l ower  l i m i t .  

9. Repeat Steps 6  and 7. 

10. I n c r e a s e  b o t h  t h e  chamber p r e s s u r e  and t h e  back p r e s s u r e  i n  i nc remen ts  
equal  t o  t h e  upper  l i m i t  minus t h e  l o w e r  l i m i t .  Repeat Steps 6  and 7 .  

11. Repeat Step 10 u n t i l  t h e  back  p r e s s u r e  has been i n c r e a s e d  t o  t h e  d e s i r e d  
va lue .  (Note t h a t  d u r i n g  t h e  f i n a l  s a t u r a t i o n  s t e p  t h e  i n c r e a s e  i n  - 
chamber p ressu re  and back p r e s s u r e  m i g h t  have t o  be l e s s  t h a n  [GU - aL] i n  
o r d e r  t o  ach ieve  t h e  d e s i r e d  f i n a l  v a l u e  o f  Ub.) 

12. F o l l o w i n g  Step 11, c l o s e  t h e  d r a i n  v a l v e .  I n c r e a s e  t h e  chamber p r e s s u r e  
about  5 t o  10 p s i  t o  v e r i f y  t h e  completeness o f  s a t u r a t i o n .  I f  t h e  
measured i n c r e a s e  i n  p o r e  p r e s s u r e  (AU) immed ia te l y  i s  equa l  t o  t h e  a p p l i e d  
i n c r e a s e  i n  chamber p r e s s u r e  (A;), B = @ i s  u n i t y  and t h e  t e s t  specimen 
and t h e  system a r e  c o m p l e t e l y  A3 
s a t u r a t e d .  

An i n c r e a s e  i n  p o r e  w a t e r  p r e s s u r e  l e s s  t h a n  t h e  a p p l i e d  c e l l  p r e s s u r e  
i s  due e i t h e r  t o  a i r  s t i l l  r e m a i n i n g  i n  t h e  sample and/or  p o r e  w a t e r  
l i n e s  o r  t o  t h e  s t i f f n e s s  o f  t h e  sample. 

13 .  F o l l o w i n g  t h e  s a t u r a t i o n  check, m o n i t o r  t h e  po rewa te r  p r e s s u r e  as a  
f u n c t i o n  o f  t i m e  t o  d e t e r m i n e  i f  t h e r e  a r e  any l e a k s  i n  t h e  system. An 
e x t e r n a l  l e a k  shows up as  an a p p r o x i m a t e l y  c o n s t a n t  r a t e  o f  p o r e  p r e s s u r e  
d rop  w i t h  t i m e ,  whereas an i n t e r n a l  l e a k  causes an a p p r o x i m a t e l y  c o n s t a n t  
r a t e  o f  i n c r e a s e  w i t h  t i m e .  

14. If t h e  s a t u r a t i o n  check i n d i c a t e s  a  B parameter  l e s s  t h a n  u n i t y ,  r e p e a t  
Step No. 10. 

15. Repeat Step 12. I f  t h e  new v a l u e  o f  B i s  l a r g e r  t h a n  t h e  f i r s t  v a l u e  
o b t a i n e d  a t  t h e  l o w e r  back  p r e s s u r e  b u t  s t i l l  l e s s  t h a n  u n i t y ,  t h e  system 
i s  n o t  y e t  c o m p l e t e l y  s a t u r a t e d .  Repeat Step 14. 

I f  t h e  new v a l u e  o f  B i s  s t i l l  l e s s  t h a n  u n i t y  b u t  equa l  t o  t h e  v a l u e  
o b t a i n e d  a t  t h e  l o w e r  back  p r e s s u r e ,  t h e  system i s  c o m p l e t e l y  s a t u r a t e d .  

16. When i t  i s  de te rm ined  t h a t  t h e  system i s  c o m p l e t e l y  s a t u r a t e d ,  i n c r e a s e  
t h e  chamber p r e s s u r e  t o  a  v a l u e  equal  t o  t h e  back p r e s s u r e  p l u s  t h e  con- 
s o l i d a t i n g  p ressu re .  
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17. Repeat Step 6 and a l l o w  conso l  i d a t i o n  t o  p roceed  we1 1  i n t o  t h e  secondary 
c o n s o l i d a t i o n  phase. 

18. F o l l o w i n g  t h e  c o n s o l i d a t i o n  p e r i o d ,  c l o s e  t h e  d r a i n  v a l v e ,  and m o n i t o r  
p o r e  p r e s s u r e  as  a  f u n c t i o n  o f  t i m e  t o  de te rm ine  i f  c o n s o l i d a t i o n  i s  
comple te  and t o  de te rm ine  i f  t h e r e  a r e  any l e a k s  i n  t h e  system. Leaks 
w i l l  be  e v i d e n t  as  o u t l i n e d  i n  Step 13. Res idua l  p o r e  w a t e r  p r e s s u r e  
caused b y  i ncomp le te  c o n s o l i d a t i o n  w i l l  be e v i d e n t  b y  an i n c r e a s e  i n  p o r e  
p r e s s u r e  t h a t  does n o t  change w i t h  t i m e .  

19. I f  a l l  checks a r e  s a t i s f a c t o r y ,  s t a r t  t h e  a x i a l  l o a d i n g .  
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ATTACHMENT 3  

FLOATING MOLD COMPACTION 

The f l o a t i n g  mold  equipment i s  shown i n  f i g u r e  1. It c o n s i s t s  o f  two p l u n g e r s  
wh ich  compress t h e  s o i l  i n s i d e  a  s p l i t  s t e e l  mold. The mold  f l o a t s  between t h e  
two p l u n g e r s ,  w i t h  i t s  w e i g h t  e n t i r e l y  suppor ted  b y  f r i c t i o n  a g a i n s t  t h e  s o i l .  
T h i s  p rocedure  d i f f e r s  f rom t h e  s tandard  l a b o r a t o r y  method o f  s t a t i c  compact ion 
i n  one v e r y  i m p o r t a n t  way. W i t h  t h i s  method, t h e  f i n a l  l e n g t h  o f  t h e  specimen 
i s  c o n t r o l l e d  by  means o f  an e x t e r n a l  j i g .  T h i s  a l l o w s  b o t h  p l u n g e r s  t o  move 
r i g h t  up t o  t h e  i n s t a n t  t h a t  t h e  f i n a l  compact ion i s  ach ieved  and h e l p s  t o  
i n s u r e  t h a t  t h e  specimen i s  compacted e q u a l l y  f rom b o t h  ends. The SCS procedure  
i s  t o  fo rm t h e  specimen i n  two s e c t i o n s  i n i t i a l l y  and then  p r e s s  t h e  two 
s e c t i o n s  t o g e t h e r  f o r  t h e  t e s t  specimen. 
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SCS-SM-TEST D4 

TECHNICAL SPECIFICATIONS FOR 

DRAINED, REPEATED DIRECT SHEAR TEST (RESIDUAL) 

1. A p p l i c a t i o n  

T h i s  s p e c i f i c a t i o n  cove rs  t h e  d i r e c t  shear t e s t i n g  o f  s o i l s  t o  o b t a i n  
t h e i r  r e s i d u a l  shear s t r e n g t h .  The t e s t  i s  n o r m a l l y  used f o r  sha ley  
c l a y s  and c l a y  sha les  where r e s i d u a l  shear s t r e n g t h  w i l l  c o n t r o l  t h e  
des ign .  

2. Procedure 

T h i s  t e s t  s h a l l  be pe r fo rmed  i n  accordance w i t h  U.S. Army Corps o f  Eng ineers  
EM111021906, Appendix I X  A, excep t  as  n o t e d  below. 

a .  The minimum s i z e  f o r  square specimens s h a l l  be 2 i n  X 2  i n .  

b. The minimum s i z e  f o r  round specimens s h a l l  be 2 .5  i n  i n  d i a m e t e r .  

c .  Th icknesses o f  3/4 i n  o r  l a r g e r  s h a l l  be used. 

d. A minimum o f  t h r e e  specimens s h a l l  c o n s t i t u t e  a  t e s t .  

3. P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

Dra ined ,  r e p e a t e d  d i r e c t  shear t e s t  r e s u l t s  s h a l l  be p l o t t e d  on forms 
p r o v i d e d  t o  t h e  c o n t r a c t o r  b y  t h e  c o n t r a c t i n g  o f f i c e r .  However, t h e  
c o n t r a c t o r  may use a l t e r n a t i v e  fo rms i f  t h e y  c o n t a i n  t h e  same d a t a  as  t h e  
f u r n i s h e d  forms i f  t h e y  a r e  approved i n  w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  
p r i o r  t o  t h e i r  use. The o r i g i n a l  d a t a  work  sheets ,  o r  s u i t a b l e  c o p i e s ,  s h a l l  
a l s o  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

4. Measurement and Payment 

The number o f  d r a i n e d ,  r e p e a t e d  d i r e c t  shear  t e s t s  pe r fo rmed  and accept -  
ed  under t h i s  c o n t r a c t  w i l l  be counted.  Pavment f o r  each t e s t  a c c e ~ t e d  

8 - -  

w i l l  be made a t  t h e  agreed- to  u n i t  p r i c e  peF t e s t  f o r  D ra ined ,  Repeated 
D i r e c t  Shear T e s t  -- ( --- R e s i d u a l ) .  T h i s  payment w i l l  be c o n s i d e r e d  f u l l  
compensat ion f o r  a l l  l a b o r ,  m a t e r i a l s ,  equipment,  and i n c i d e n t a l s  neces- 
s a r y  f o r  c o m p l e t i o n  o f  t h e  work.  
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C o n s o l i d a t i o n  r e s u l t s  w i l l  be p l o t t e d  as v o i d  r a t i o  vs .  l o g  o f  p r e s s u r e  
on forms p r o v i d e d  t o  t h e  c o n t r a c t o r  by  t h e  c o n t r a c t i n g  o f f i c e r .  However, t h e  
c o n t r a c t o r  may use a l t e r n a t i v e  fo rms i f  t h e y  c o n t a i n  t h e  same d a t a  as  t h e  
f u r n i s h e d  forms i f  t h e y  a r e  approved i n  w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  
p r i o r  t o  t h e i r  use.  O r i g i n a l  t e s t  d a t a  sheets ,  o r  s u i t a b l e  c o p i e s ,  s h a l l  be  
f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

TECHNICAL SPEC1 FICATIONS FOR 

ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS -- 

SATURATED AT START OF TEST 

1. A p p l i c a t i o n  

T h i s  s p e c i f i c a t i o n  c o v e r s  t h e  c o n s o l i d a t i o n  t e s t i n g  o f  u n d i s t u r b e d  f o u n d a t i o n  
samples and remolded embankment samples. I t i s  i n t e n d e d  t o  r e p r e s e n t  t h e  
c o n s o l i d a t i o n  p o t e n t i a l  o f  s o i l s  t h a t  a r e  o r  w i l l  be s u b j e c t  t o  comple te  
s a t u r a t i o n  i n  t h e  f i e l d .  

2. Procedure  

T h i s  t e s t  s h a l l  be  pe r fo rmed  i n  accordance w i t h  ASTM D  2435, w i t h  t h e  
f o l l o w i n g  e x c e p t i o n s  and/or  a d d i t i o n s :  

a. The minimum specimen s i z e  s h a l l  be 21/2 i n  i n  d iamete r .  

b.  Foundat ion  samples and f i l l  samples be low t h e  l i n e  o f  s a t u r a t i o n  w i l l  
be s a t u r a t e d  a t  t h e  s t a r t  o f  t h e  t e s t .  

c .  Load inc remen ts  w i l l  be added u n t i l  32,000 p s f  i s  reached o r  u n t i l  t h e  
s t r a i g h t - l i n e ,  o r  v i r g i n ,  p o r t i o n  o f  t h e  v o i d  r a t i o - p r e s s u r e  c u r v e  i s  
o b t a i n e d .  

d .  A t  l e a s t  one p o i n t  w i l l  be de te rm ined  on t h e  un load  o r  rebound p o r t i o n  
o f  t h e  v o i d  r a t i o - p r e s s u r e  c u r v e  f o r  f o u n d a t i o n  samples. 

e. Water c o n t e n t ,  d e n s i t y ,  and degree o f  s a t u r a t i o n  w i l l  be de te rm ined  
b o t h  b e f o r e  and a f t e r  t e s t i n g .  ( T h i s  w i l l  r e q u i r e  a  s p e c i f i c  g r a v i t y  
d e t e r m i  n a t i o n .  ) 

P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

Overburden p ressu re ,  p r e c o n s o l i d a t i o n  p r e s s u r e  ( i f  any) and compression 
i n d e x  s h a l l  be shown on t h i s  p l o t .  The c o e f f i c i e n t  o f  c o n s o l i d a t i o n  s h a l l  
be computed and shown on t h e  p l o t .  The compression i n d e x ,  C c ,  and t h e  
recompress ion i ndex ,  Cr, s h a l l  a l s o  be shown. The i n i t i a l  t e s t  d r y  u n i t  
w e i g h t  and i n i t i a l  w a t e r  c o n t e n t  s h a l l  a l s o  be s t a t e d .  
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A l l  c o n s o l i d a t i o n - t i m e  cu rves  s h a l l  be p l o t t e d  on forms p r o v i d e d  b y  t h e  
c o n t r a c t i n g  o f f i c e r .  However, t h e  c o n t r a c t o r  may use a1 t e r n a t i v e  forms i f  
t h e y  c o n t a i n  t h e  same d a t a  a s  t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  
w r i t i n g  by  t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. 

4. Measurement and Payment 

The number o f  c o n s o l i d a t i o n  t e s t s  per formed and accepted under t h e  te rms 
o f  t h i s  c o n t r a c t  w i l l  be counted.  Payment f o r  each t e s t  accepted w i l l  
be made a t  t h e  ag reed- to  u n i t  p r i c e  p e r  t e s t  f o r  One-Dimensional Conso l ida-  
t i o n  P r o p e r t i e s  -- o f  S o i l s  S a t u r a t e d  a t  S t a r t  o f  T e s t .  T h i s  payment 
w i l l  be c o n s i d e r e d  f u l l  compensat ion f o r  a l l  l a b o r .  m a t e r i a l s .  e a u i r  - . ,  
ment, and i n c i d e n t a l s  necessary f o r  c o m p l e t i o n  o f  t h e  work.  



SCS-SM-TEST E l . A  

TECHNICAL SPECIFICATIONS FOR 

ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS -- 

SATURATED DURING TESTING 

1. A p p l i c a t i o n  

T h i s  s p e c i f i c a t i o n  c o v e r s  t h e  c o n s o l i d a t i o n  t e s t i n g  o f  f i l l  m a t e r i a l s  t h a t  
w i l l  n o t  be s u b j e c t  t o  comple te  s a t u r a t i o n ,  o f  f o u n d a t i o n  m a t e r i a l s  
s u s c e p t i b l e  t o  c o l l a p s e  when loaded  and/or  we t ted ,  o r  o f  m a t e r i a l s  expec ted  
t o  s w e l l  when w e t t e d .  

2. Procedure  

The t e s t  s h a l l  be per formed i n  accordance w i t h  ASTM D  2435, w i t h  t h e  
f o l l o w i n g  e x c e p t i o n s  and/or  a d d i t i o n s :  

a. Proposed embankment s o i l s  ( d i s t u r b e d  samples) t h a t  w i l l  be p l a c e d  
above t h e  zone o f  s a t u r a t i o n  s h a l l  be t e s t e d  i n i t i a l l y  a t  a  w a t e r  
c o n t e n t  a p p r o x i m a t i n g  t h e  e s t i m a t e d  f i e l d  p lacement  m o i s t u r e .  

b. Fo r  f o u n d a t i o n  s o i l s ,  an i n d i c a t i o n  o f  t h e  p o s s i b i l i t y  o f  c o l l a p s e  may 
be o b t a i n e d  by  p l o t t i n g  t h e  i n  s i t u  d r y  u n i t  w e i g h t  vs .  t h e  i n  s i t u  
w a t e r  c o n t e n t  on At tachment  #1 t o  t h i s  s p e c i f i c a t i o n .  I f  t h e  p l o t  
f a l l s  w i t h i n  t h e  I n t e r m e d i a t e  o r  C o l l a p s i b l e  Zones, t h e  specimen 
s h o u l d  be t e s t e d  u s i n g  t h i s  s p e c i f i c a t i o n .  Founda t ion  samples s h a l l  
be t e s t e d  i n i t i a l l y  a t  t h e i r  n a t u r a l  w a t e r  c o n t e n t  up t o  t h e  expec ted  
l o a d .  Once t h e  expected l o a d  i s  a p p l i e d  and t h e  normal r e a d i n g s  a r e  
o b t a i n e d ,  t h e  t e s t  specimen i s  t h e n  s a t u r a t e d  under  t h i s  same l o a d .  
The r e a d i n g s  a r e  t a k e n  and t h e  t e s t  i s  resumed w i t h  t h e  r e m a i n i n g  
l o a d s  a p p l i e d  t o  t h e  s a t u r a t e d  specimen. The c o n t r a c t i n g  o f f i c e r  
s h a l l  be n o t i f i e d  when t h e  p l o t  o f  i n  s i t u  d r y  u n i t  w e i g h t  vs .  t h e  i n  
s i t u  w a t e r  c o n t e n t  i n d i c a t e s  a  c o l l a p s e  p o t e n t i a l .  No t e s t  s h a l l  be 
s t a r t e d  under t h i s  s p e c i f i c a t i o n  w i t h o u t  t h e  approva l  o f  t h e  
c o n t r a c t i n g  o f f i c e r .  

c .  The minimum specimen s i z e  s h a l l  be 2% i n  i n  d i a m e t e r .  

d .  Load inc remen ts  w i l l  be added t o  32,000 p s f  o r  u n t i l  t h e  
s t r a i g h t l i n e ,  o r  v i r g i n ,  p o r t i o n  o f  t h e  v o i d  r a t i o p r e s s u r e  c u r v e  
i s  o b t a i n e d .  

e .  A t  l e a s t  one p o i n t  w i l l  be de te rm ined  on t h e  u n l o a d  o r  rebound 
p o r t i o n  o f  t h e  v o i d  r a t i o p r e s s u r e  c u r v e  f o r  f o u n d a t i o n  samples. 

f .  Water c o n t e n t ,  d e n s i t y ,  and degree o f  s a t u r a t i o n  w i l l  be 
de te rm ined  b o t h  b e f o r e  and a f t e r  t e s t i n g .  ( T h i s  w i l l  r e q u i r e  a  
s p e c i f i c  g r a v i t y  d e t e r m i n a t i o n . )  
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3. P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

C o n s o l i d a t i o n  r e s u l t s  w i l l  be p l o t t e d  as v o i d  r a t i o  vs .  l o g  o f  p r e s s u r e  
on forms p r o v i d e d  t o  t h e  c o n t r a c t o r  b y  t h e  c o n t r a c t i n g  o f f i c e r .  However, t h e  
c o n t r a c t o r  may use a l t e r n a t i v e  fo rms i f  t h e y  c o n t a i n  t h e  same d a t a  as t h e  
f u r n i s h e d  forms i f  t h e y  a r e  approved i n  w r i t i n g  b y  t h e  c o n t r a c t i n g  o f f i c e r  
p r i o r  t o  t h e i r  use. 

Overburden p r e s s u r e ,  p reconso l  i d a t i o n  p r e s s u r e  ( i f  app l  i c a b l e )  and com- 
p r e s s i o n  i n d e x  ( i f  a p p l i c a b l e )  s h a l l  be  shown on t h i s  p l o t .  The p e r c e n t  
s w e l l  o r  c o l l a p s e  upon s a t u r a t i o n  s h a l l  a l s o  be shown on t h e  p l o t .  I n -  
f o r m a t i o n  on t h e  i n i t i a l  d r y  u n i t  w e i g h t  and m o i s t u r e  c o n t e n t  s h a l l  be 
i n c l  uded. 

A l l  c o n s o l i d a t i o n  vs .  t i m e  cu rves  s h a l l  be p l o t t e d  on forms p r o v i d e d  b y  t h e  
c o n t r a c t i n g  o f f i c e r .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  fo rms i f  
t h e y  c o n t a i n  t h e  same d a t a  as  t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  
w r i t i n g  by  t h e  c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. 

4 .  Measurement and Payment 

The number o f  c o n s o l i d a t i o n  t e s t s  per formed and accepted under t h e  te rms  
o f  t h i s  c o n t r a c t  w i l l  be  counted.  Payment f o r  each t e s t  accep ted  w i l l  
be made a t  t h e  agreed- to  u n i t  p r i c e  p e r  t e s t  f o r  One-Dimensional Conso l i da  
t i o n  P r o p e r t i e s  -- o f  S o i l s  -- S a t u r a t e d  D u r i n g  T e s t i n g .  T h i s  payment w i l l  
be cons ide red  f u l l  compensat ion f o r  a l l  l a b o r ,  m a t e r i a l s ,  equipment,  and 
i n c i d e n t a l s  necessary  f o r  c o m p l e t i o n  o f  t h e  work.  
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TECHNICAL SPECIFICATIONS FOR 

PERMEABILITY 

1. T e s t  Procedure 

P e r m e a b i l i t y  t e s t s  s h a l l  be  pe r fo rmed  i n  accordance w i t h  t h e  U.S. Army 
Corps o f  Eng ineers  EM 111021906, Appendix V I I .  The a p p r o p r i a t e  t y p e  o f  
p e r m e a b i l i t y  t e s t  pe r fo rmed  w i l l  be de te rm ined  based on t h e  m a t e r i a l  t o  be 
t e s t e d  and t h e  range o f  p e r m e a b i l i t i e s  expec ted  as  o u t l i n e d  i n  t h e  above 
r e f e r e n c e .  T e s t s  may a l s o  be r u n  i n  accordance w i t h  D e s i g n a t i o n s  E l 3  and 
E14, E a r t h  Manual, Bureau o f  Rec lamat ion .  

2. P r e s e n t a t i o n  o f  T e s t  R e s u l t s  

The c o e f f i c i e n t  o f  p e r m e a b i l i t y ,  k, s h a l l  be r e p o r t e d  i n  u n i t s  o f  f e e t  p e r  
day and s h a l l  be  r e p o r t e d  t o  two s i g n i f i c a n t  d i g i t s  (0.176 would  be 0.18).  
The r e s u l t s ,  a l o n g  w i t h  a l l  t h e  p e r t i n e n t  t e s t  i n f o r m a t i o n ,  s h a l l  be 
r e c o r d e d  on forms t o  be f u r n i s h e d  t o  t h e  c o n t r a c t o r  by  t h e  c o n t r a c t i n g  
o f f i c e r .  However, t h e  c o n t r a c t o r  may use a l t e r n a t i v e  forms i f  t h e y  c o n t a i n  
t h e  same d a t a  as  t h e  f u r n i s h e d  forms i f  t h e y  a r e  approved i n  w r i t i n g  b y  t h e  
c o n t r a c t i n g  o f f i c e r  p r i o r  t o  t h e i r  use. The t y p e  o f  t e s t  used w i l l  be 
s t a t e d  and t h e  t e s t  p rocedure  r e f e r e n c e d .  The o r i g i n a l  d a t a  sheet ,  o r  a  
s u i t a b l e  copy, w i l l  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

3 .  Measurement and Payment 

The number o f  p e r m e a b i l i t y  t e s t s  per formed and accepted under t h e  te rms o f  
t h i s  c o n t r a c t  w i l l  be counted.  Payment f o r  each t e s t  accepted,  r e g a r d l e s s  
o f  t h e  t y p e  o f  t e s t  r u n ,  w i l l  be made a t  t h e  agreed- to  u n i t  p r i c e  p e r  t e s t  
f o r  P e r m e a b i l i t y .  T h i s  payment w i l l  be c o n s i d e r e d  f u l l  compensat ion f o r  
a l l  l a b o r ,  m a t e r i a l s ,  equipment,  and i n c i d e n t a l s  necessary  f o r  t h e  
c o m p l e t i o n  o f  t h e  work.  



SUBPHASE GEOTECHNICAL ANALYSIS AND RECOMMENDATIONS REPORT 

Scope: The c o n t r a c t o r  s h a l l  e v a l u a t e  t h e  r e s u l t s  o f  t h e  g e o l o g i c a l  i n v e s -  
t i g a t i o n  and t h e  s o i l  mechanics t e s t i n g  program and p e r f o r m  t h e  necessary  
ana lyses  t o  deve lop  a  Geo techn ica l  Repor t .  The a n a l y s i s  and r e p o r t  s h a l l  be 
i n  accordance w i t h  t h e  requ i remen ts  o f  t h e  f o l l o w i n g  subpar t s  o f  t h i s  spec- 
i f i c a t i o n  and s h a l l  be adequate t o  p r o v i d e  d e s i g n ,  c o n s t r u c t i o n ,  and m o n i t o r -  
i n g  recommendations f o r  a l l  e lements o f  t h e  p r q j e c t .  

General  Requi rements:  

Comple t ion  o f  t h i s  subphase s h a l l  r e s u l t  i n  a  comple te  Geo techn ica l  Repor t  
wh ich  summarizes a l l  ana lyses  made and recommendations f o r  t h e  des ign ,  
c o n s t r u c t i o n ,  and m o n i t o r i n g  o f  t h e  s t r u c t u r e ( s ) .  The r e p o r t  s h a l l  i n c l u d e  a l l  
i n f o r m a t i o n  r e q u i r e d  i n  t h e  a p p r o p r i a t e  s u b p a r t s  o f  t h i s  s p e c i f i c a t i o n  and any 
o t h e r  m a t e r i a l  c o n s i d e r e d  b y  t h e  c o n t r a c t o r  t o  be r e l a v e n t  t o  t h e  d e s i g n .  
Un less  o t h e r w i s e  s p e c i f i e d ,  compu ta t i ons  and o t h e r  m a t e r i a l  adequate t o  document 
t h e  work  s h a l l  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

An o r i g i n a l  r e p o r t  and - c o p i e s  s h a l l  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r .  

The c o n t r a c t i n g  o f f i c e  may f u r n i s h  t h e  c o n t r a c t o r  w i t h  a  sample r e p o r t  t o  be used 
as  a  g u i d e .  

Measurement and Payment: 

Payment w i l l  be made a t  t h e  " j o b "  p r i c e  e s t a b l i s h e d  i n  t h e  c o n t r a c t  when t h e  
comple ted r e p o r t  and c o p i e s  a r e  f u r n i s h e d  t o  and accepted by  t h e  c o n t r a c t i n g  
o f f i c e r .  Such payment w i l l  c o n s t i t u t e  f u l l  compensat ion f o r  a l l  l a b o r ,  equipment,  
t o o l s ,  and o t h e r  i t e m s  necessary  and i n c i d e n t a l  t o  t h e  c o m p l e t i o n  o f  t h e  work.  
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SUBPART A  SUMMARY OF MATERIAL/SITE PARAMETERS 

Scope: The c o n t r a c t o r  s h a l l  summarize s i t e  p a r a ~ t c r s  a d  m a t e r i a l  parameters  
t h a t  a f f e c t  t h e  d e s i g n  o f  t h e  p r o j e c t .  

Procedures:  

The comple ted Geo techn ica l  Repor t  s h a l l  i n c l u d e  a summary o f  m a t e r i a l  s t r e n g t h ,  
c o n s o l i d a t i o n ,  p e r m e a b i l i t y ,  and i d e n t i f i c a t i o n  p r o p e r t i e s .  The summary s h a l l  
i n c l u d e ,  as  a p p r o p r i a t e ,  s e c t i o n s  on f o u n d a t i o n  bedrock ,  f o u n d a t i o n  s o i l s ,  
p roposed embankment fill m a t e r i a l s ,  and emergency s p i l l w a y  m t e r i a l s .  

The b a s i s  f o r  any assumed parameters s h a l l  be adequa te l y  documented i f  n o t  
s u b s t a n t i a t e d  b y  a c t u a l  b o r i n g s ,  f i e l d ,  o r  l a b o r a t o r y  t e s t s .  

P r e s e n t a t i o n  o f  R e s u l t s :  

The r e p o r t  s h a l l  i n c l u d e  a n a r r a t i v e  summary a c c w p a n i e d  by a p p r o p r i a t e  
v i s u a l  a i d s  ( s k e t c h e s  and/or  drawings)  and t a b u l a r  summaries o f  d a t a .  
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SUBPART B  FOUNDATION CUTOFF 

Scope: The c o n t r a c t o r  s h a l l  p r o v i d e  recommendations f o r  t h e  d e s i g n  o f  a  
f o u n d a t i o n  c u t o f f  f o r  t h e  p r o j e c t .  

Procedures :  

Based on r e s u l t s  o f  t h e  g e o l o g i c a l  i n v e s t i g a t i o n ,  f i e l d  p e r m e a b i l i t y  t e s t s ,  
l a b o r a t o r y  p e r m e a b i l i t y  t e s t s ,  and e s t i m a t e s  o f  p e r m e a b i l i t y ,  t h e  c o n t r a c t o r  w i l l  
i d e n t i f y  f o u n d a t i o n  c o n d i t i o n s  t h a t  a f f e c t  t h e  c u t o f f  des ign .  Recommendations f o r  
t h e  d e s i g n  o f  t h e  c u t o f f  s h a l l  i n c l u d e :  (1) l o c a t i o n  w i t h  r e s p e c t  t o  c e n t e r l i n e ,  
(2) 
dep ths  recommended a l o n g  t h e  embankment a1 ignment,  (3)  s i d e  s lopes  and bo t tom 
w i d t h  recommendations, (4 )  recommended b a c k f i l l  m a t e r i a l  and method o f  p lacement,  
( 5 )  recommended methods o f  dewa te r ing ,  if a p p r o p r i a t e ,  and (6) s u r f a c e  t r e a t m e n t  
o f  bo t tom and/or  s i d e  s lopes  when excavated i n t o  f r a c t u r e d  bedrock .  

I f  a  c u t o f f  method o t h e r  t h a n  a  c o n v e n t i o n a l ,  r o l l e d f i l l  c u t o f f  i s  recom- 
mended, o r  i f  a  p a r t i a l  c u t o f f ,  r e s e r v o i r  b l a n k e t i n g ,  o r  o t h e r  a l t e r n a t i v e s  
a r e  recommended, t h e  c o n t r a c t o r  s h a l l  i n c l u d e  r a t i o n a l e  f o r  s e l e c t i o n  o f  t h e  
a l t e r n a t i v e  method. J u s t i f i c a t i o n  s h a l l  i n c l u d e  b o t h  economic and t e c h n i c a l  
c o n s i d e r a t i o n .  

P r e s e n t a t i o n  o f  R e s u l t s :  

The c o n t r a c t o r  s h a l l  show recommended c u t o f f  dep ths  on a  p l o t t e d  c ross -  
s e c t i o n  o f  t h e  a l i g n m e n t  t h a t  i n c l u d e s  p l o t t e d  l o g s  o f  t e s t  h o l e s .  I f  o t h e r  
a l t e r n a t i v e s  a r e  recommended, a  n a r r a t i v e  accompanied b y  a p p r o p r i a t e  v i s u a l  
a i d s  w i l l  be  p r o v i d e d  i n  s u f f i c i e n t  d e t a i l  t o  f o r m  t h e  b a s i s  f o r  d e s i g n  o f  
t h e  recommended f e a t u r e s .  
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SUBPART C FOUNDATION PREPARATION ( SO1 L) 

Scope: The c o n t r a c t o r  s h a l l  p r o v i d e  recommendations f o r  any s p e c i a l  f o u n d a t i o n  
p r e p a r a t i o n  p rocedures ,  i n c l u d i n g  remova l ,  p r e l o a d i n g ,  s taged  c o n s t r u c t i o n ,  
d e w a t e r i n g ,  e t c .  

Procedures :  

Recommendations f o r  t r e a t m e n t  o f  s o i l  f o u n d a t i o n s  p r e p a r a t o r y  t o  c o n s t r u c t i o n  
s h a l l  be based on r e s u l t s  o f  f i e l d  and/or  l a b o r a t o r y  t e s t s ,  s o i l  mechanics 
ana lyses  and s i t e  geo logy .  

* 

Recommendations f o r  removal o f  u n d e s j r a b l e  m a t e r i a l  s h a l l  i n c l u d e :  (1) r a -  
t i o n a l e  f o r  t h e  recommendation; (2 )  t h e  e x t e n t ,  b o t h  l a t e r a l  and v e r t i c a l ,  o f  r e c -  
ommended remova l ;  ( 3 )  suggested f i e l d  p rocedures  f o r  i d e n t i f y i n g  m a t e r i a l s  
t o  be removed, and ( 4 )  a l t e r n a t i v e  methods o f  t r e a t m e n t  c o n s i d e r e d .  

Recommendations f o r  methods o t h e r  t h a n  removal  f o r  t r e a t i n g  u n d e s i r a b l e  foun-  
d a t i o n  s o i l s  s h a l l  i n c l u d e :  (1) r a t i o n a l e  f o r  s e l e c t i o n  o f  t h e  a l t e r n a t i v e ,  
i n c l u d i n g  c o s t  c o n s i d e r a t i o n s ;  and ( 2 )  d e t a i l s  o f  recommended p rocedures  adequate 
f o r  d e s i g n .  

P r e s e n t a t i o n  o f  R e s u l t s :  

Founda t i on  removal  s h a l l  be i d e n t i f i e d  on a  p l o t t e d  c r o s s  s e c t i o n  o f  t h e  a l i g n m e n t  
t h a t  i n c l u d e s  p l o t t e d  l o g s  o f  t e s t  h o l e s .  O t h e r  d e s i g n  pa ramete rs  may be i n c l u d e d  
i n  a  n a r r a t i v e  r e p o r t .  

Recommendations f o r  t r e a t m e n t  methods o t h e r  t h a n  removal s h a l l  be i n c l u d e d  
i n  t h e  n a r r a t i v e  r e p o r t  and s h a l l  be accompanied b y  s u f f i c i e n t  g r a p h i c a l  o r  
v i s u a l  m a t e r i a l  t o  p r o v i d e  an adequate b a s i s  f o r  d e s i g n .  
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SUBPART D FOUNDATION PREPARATION (ROCK) 

Scope: The c o n t r a c t o r  s h a l l  p r o v i d e  recommendations f o r  t r e a t m e n t  o f  r o c k  
f o u n d a t i o n s  necessary  t o  p r o t e c t  t h e  s t r u c t u r e  and, i f  a p p l i c a b l e ,  t o  p r o v i d e  a  
c u t o f f  o f  seepage. 

Procedures :  

Recommendations s h a l l  be based on t h e  n a t u r e  o f  bed ro  c k  m a t e r i a l s  as d e t  e r -  
mined f r o m  t h e  f o u n d a t i o n  i n v e s t i g a t i o n  and t h e  a p p r o p r i a t e  l a b o r a t o r y  t e s t s  and 
ana lyses  per formed.  

Recommendations f o r  p r e s s u r e  g r o u t i n g ,  d e n t a l  g r o u t i n g ,  s l u s h  g r o u t i n g ,  gun- 
n i t e  p r o t e c t i o n ,  c l e a n i n g  o p e r a t i o n s ,  o r  o t h e r  s p e c i a l  t r e a t m e n t s  s h a l l  i n -  
c l u d e :  (1) r a t i o n a l e  f o r  s e l e c t i o n  o f  t h e  method o r  methods o f  t r e a t m e n t ,  
i n c l u d i n g  c o s t  c o n s i d e r a t i o n s ;  and (2)  d e t a i l s  o f  t h e  t r e a t m e n t  methods 
adequate t o  p r o v i d e  t h e  b a s i s  f o r  d e s i g n .  

P r e s e n t a t i o n  o f  R e s u l t s :  

A n a r r a t i v e  summary o f  t h e  r a t i o n a l e  and t h e  t r e a t m e n t  methods recommended 
s h a l l  be  i n c l u d e d .  Fo r  c o m p l i c a t e d  f o u n d a t i o n  problems r e q u i r i n g  e x t e n s i v e  
t r e a t m e n t ,  t h e  n a r r a t i v e  s h a l l  be accompanied b y  g r a p h i c a l  and/or  t a b u l a r  
i l l u s t r a t i o n s .  
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SUBPART E PRINCIPAL SPILLWAY CONSIDERATIONS 

Scope: The c o n t r a c t o r  s h a l l  p r o v i d e  recommendations f o r  t h e  d e s i g n  and i n -  
s t a l l a t i o n  o f  t h e  p r i n c i p a l  s p i l l w a y  c o n d u i t .  

Procedures :  

Ftecommendations s h a l l  i n c l u d e :  (1) p r e p a r a t i o n  o f  t h e  s o i l  o r  r o c k  founda- 
t i o n  f o r  t h e  c o n d u i t ,  (2 )  parameters  f o r  e s t i m a t i n g  j o i n t  gap by  p rocedures  
i n  TR-18, (3 )  parameters  f o r  c a l c u l a t i n g  l o a d i n g  on t h e  c o n d u i t  b y  p rocedures  o f  
i n  TR-5, (4 )  d r a i n a g e  measures c o n s i d e r e d  necessary  t o  p r o v i d e  p r o t e c t i o n  a g a i n s t  
p i p i n g  a l o n g  t h e  c o n d u i t ,  and ( 5 )  t y p e  and p lacement  methods f o r  b a c k f i l l  t o  be 
used around t h e  c o n d u i t  i f  d i f f e r e n t  f rom recommendations f o r  t h e  remainder  o f  t h e  
embankment . 

P r e s e n t a t i o n  o f  R e s u l t s :  

A n a r r a t i v e  summary o f  recommendations s h a l l  be i n c l u d e d  i n  t h e  r e p o r t .  
Necessary compu ta t i ons  and a  n a r r a t i v e  documenta t ion  t o  s u p p o r t  t h e  method 
o f  s e l e c t i o n  o f  j o i n t  gap parameters  and p i p e l o a d i n g  parameters  s h a l l  be 
i n c l  uded. 
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SUBPART F EMBANKMENT ZONING AND PLACEMENT OF MATERIALS 

Scope: The c o n t r a c t o r  s h a l l  p r o v i d e  recommendations f o r  an embankment zon ing  
p l a n  and f o r  p lacement  o f  m a t e r i a l s ,  i n c l u d i n g  s p e c i f i e d  p lacement d e n s i t i e s  
and m o i s t u r e  c o n t e n t s ,  p lacement  methods, d r a i n a g e  o r  t r a n s i t i o n  zones, and 
i n s p e c t i o n  c o n s t r u c t i o n  c o n t r o l  g u i d e l i n e s .  

Procedure :  - 

Based on t h e  t y p e s  o f  s o i l / r o c k  m a t e r i a l s  a v a i l a b l e ,  r e l a t i v e  q u a n t i t i e s  o f  
each, t h e i r  sequence o f  a v a i l a b i l i t y  d u r i n g  c o n s t r u c t i o n ,  and e n g i n e e r i n g  
p r o p e r t i e s ,  t h e  c o n t r a c t o r  w i l l  d e v i s e  a  z o n i n g  p l a n  t o  g u i d e  placement o f  t h e s e  
d i f f e r e n t  t y p e s  o f  m a t e r i a l s  i n  a p p r o p r i a t e  zones o f  t h e  embankment. The zon ing  
p l a n  s h a l l :  (1) r e f l e c t  t h e  q u a n t i t i e s  o f  a v a i l a b l e  t y p e s  o f  m a t e r i a l  i n  t h e  
p r o p o r t i o n i n g  o f  zones; (2 )  c o n s i d e r  t h e  sequence i n  w h i c h  m a t e r i a l s  w i l l  become 
a v a i l a b l e  d u r i n g  c o n s t r u c t i o n ;  (3)  i n c l u d e  recommended p lacement  d e n s i t i e s  and 
m o i s t u r e  c o n t e n t  and/or  p lacement methods f o r  each t y p e  o f  m a t e r i a l  used; and (4 )  
i n c l u d e  recommendations f o r  t y p e s  o f  f i e l d  i n s p e c t i o n  t e s t s  f o r  each m a t e r i a l  
t y p e .  

The z o n i n g  p l a n  w i l l  c o n s i d e r  t h e  need f o r  any t r a n s i t i o n  f i l t e r s  and/or  
d r a i n s  between zones and i n c l u d e  recommendations f o r  t h e i r  d e s i g n  i f  a p p l i -  
cab1 e. 

The z o n i n g  p l a n  s h a l l  conform t o  t h e  requ i remen ts  on i n  TR-60. 

P r e s e n t a t i o n  o f  R e s u l t s :  

A  schemat ic  i l l u s t r a t i o n  o f  t h e  recommended z o n i n g  p l a n  and a  t a b u l a r  summary 
o f  p lacement  recommendations s h a l l  be  i n c l u d e d  i n  t h e  r e p o r t .  

A  n a r r a t i v e  summary o f  r a t i o n a l e  used i n  d e v e l o p i n g  t h e  zon ing  p l a n  and 
o t h e r  s i g n i f i c a n t  recommendations s h a l l  be i n c l u d e d  i n  t h e  r e p o r t .  
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SUBPART G SLOPE STABILITY ANALYSES 

Scope: The c o n t r a c t o r  w i l l  p e r f o r m  s l o p e  s t a b i l i t y  ana lyses  summarize r e s u l t s  o f  
t h e  ana lyses ,  and p r o v i d e  recommendations f o r  d e s i g n  f e a t u r e s  necessary  t o  s a t i s f y  
s t a b i l i t y  requ i remen ts .  

Procedures :  

S t a b i l i t y  ana lyses  w i l l  be pe r fo rmed  w i t h i n  t h e  genera l  g u i d e l i n e s  shown i n  SCS 
p u b l i c a t i o n  TR-60, w i t h  t h e  f o l l o w i n g  a d d i t i o n a l  p r o v i s i o n s :  

(1) The s t a b i l i t y  c o n d i t i o n  a t  t h e  e n d - o f - c o n s t r u c t i o n  need n o t  be ana lyzed  
i f ,  i n  t h e  o p i n i o n  o f  t h e  c o n t r a c t o r ,  and m u t u a l l y  agreed t o  b y  t h e  
c o n t r a c t i n g  o f f i c e r ,  i t  would  be l e s s  c r i t i c a l  t h a n  t h e  s teady seepage 
o r  sudden drawdown c o n d i t i o n .  I t w i l l  be ana lyzed,  however, f o r  
embankments on f o u n d a t i o n s  w i t h  s o f t  c l a y  d e p o s i t s  o r  embankments 
c o n s t r u c t e d  p r i m a r i l y  o f  f i n e - g r a i n e d  s o i l s  o v e r  40 f t  i n  h e i g h t .  

( 2 )  P a r t i a l  poo l  c o n d i t i o n s  s h a l l  be ana lyzed  f o r  m u n i c i p a l  o r  i r r i g a -  
t i o n  r e s e r v o i r s  where f l u c t u a t i o n s  o f  t h e  normal poo l  l e v e l  may 
be expected.  T o t a l  s t r e s s  shear parameters  s h a l l  be used and t h e  
minimum a c c e p t a b l e  s a f e t y  f a c t o r  s h a l l  be 1 .5 .  

( 3 )  Analyses may be made u s i n g  a  computer program t h a t  has t h e  
c a p a b i l i t y  o f  sea rch ing  f o r  t h e  most c r i t i c a l  f a i l u r e  s u r f a c e .  
The computer program t o  be used and t h e  method o f  a n a l y s i s  i t  
employs s h a l l  be f u r n i s h e d  t o  t h e  c o n t r a c t i n g  o f f i c e r  and w i l l  
be s u b j e c t  t o  h i s  o r  h e r  a p p r o v a l .  I f  noncomputer p rocedures  
a r e  used, s u f f i c i e n t  t r i a l s  s h a l l  be made t o  de te rm ine  t h e  most 
c r i t i c a l  f a i l u r e  s u r f a c e  f o r  each c o n d i t i o n  ana lyzed .  The use 
o f  computer methods o f  a n a l y s i s  o t h e r  than  t h o s e  f u r n i s h e d  w i l l  be 
s u b j e c t  t o  t h e  approva l  o f  t h e  c o n t r a c t i n g  o f f i c e r .  

(4 )  For  t h e  sudden drawdown ana lyses ,  an a c c e p t a b l e  a l t e r n a t i v e  t o  t h e  
use o f  a  compos i te  s t r e n g t h  enve lope f o r  embankment s o i l s  may be used 
i f  approved by  t h e  c o n t r a c t i n g  o f f i c e r .  

( 5 )  Minimum a c c e p t a b l e  s a f e t y  f a c t o r s  f o r  t h e  d e s i g n  s e l e c t e d  s h a l l  be 
as  o u t l i n e d  i n  TR-60. 

(6)  Assumpt ions used r e g a r d i n g  t h e  s e l e c t i o n  o f  shear parameters  and 
t h e  a p p r o p r i a t e  t y p e  o f  ana lyses  s h a l l  be c l e a r l y  s t a t e d .  Assump- 
t i o n s  used i n  d e v e l o p i n g  an assumed p h r e a t i c  s u r f a c e  and any u p l i f t  
s h a l l  be c l e a r l y  s t a t e d  and shown. 

P r e s e n t a t i o n  o f  R e s u l t s :  

A  g r a p h i c a l t a b u l a r  summary o f  t h e  r e s u l t s  o f  t h e  s lope  s t a b i l i t y  a n a l y s i s  
s h a l l  be i n c l u d e d  i n  t h e  r e p o r t .  On ly  t h e  most  c r i t i c a l  f a i l u r e  s u r f a c e s  
f o r  each c o n d i t i o n  ana lyzed  need be shown i n  t h e  summary. A  n a r r a t i v e  
summary o f  t h e  r a t i o n a l e  used i n  s e l e c t i n g  methods o f  ana lyses ,  any assump- 
t i o n s  p e r t i n e n t  t o  t h e  ana lyses,  and s e l e c t i o n  o f  d e s i g n  recommendations t o  
improve s t a b i l i t y  s h a l l  be i n c l u d e d  i n  t h e  r e p o r t .  

JULY 1984 



SUBPART G SLOPE S T A B I L I T Y  ANALYSES ( c o n t i n u e d )  

Complete computer  p r i n t o u t s  o f  s t a b i l i t y  a n a l y s i s  c a l c u l a t i o n s  need n o t  be 
i n c l u d e d  i n  t h e  r e p o r t .  However, t h i s  i n f o r m a t i o n  must  be a v a i l a b l e  t o  t h e  
c o n t r a c t i n g  o f f i c e r  on reques t .  

JULY 1984 



SUBPART H SETTLEMENT ANALYSIS 

Scope: The c o n t r a c t o r  s h a l l  e s t i m a t e  s e t t l e m e n t  i n  t h e  embankment and f o u n d a t i o n  
o f  t h e  proposed s t r u c t u r e  as  necessary  t o  p r o v i d e  d e s i g n  parameters  such as  
o v e r b u i l d ,  j o i n t  gap parameters  f o r  c o n d u i t s ,  and, as  necessary ,  t o  p r e d i c t  t h e  
occu r rence  o f  problems such as e x c e s s i v e  d i f f e r e n t i a l  s e t t l e m e n t .  Recommendations 
f o r  d e s i g n  measures t o  m i t i g a t e  any p r e d i c t e d  prob lems s h a l l  be i n c l u d e d .  

Procedures:  

The s e t t l e m e n t  ana lyses  s h a l l  be based on g e o l o g i c a l  s i t e  c o n d i t i o n s ,  eng ineer -  
i n g  p r o p e r t i e s  de te rm ined  by  l a b o r a t o r y  t e s t s ,  o r  by  documented r e f e r e n c e  t o  d a t a  
t h a t  can be c o r r e l a t e d .  C a l c u l a t i o n s  s h a l l  be made f o r  any p o t e n t i a l  d i f f e r e n t i a l  
s e t t l e m e n t  prob lems i n  a  d i r e c t i o n  b o t h  t r a n s v e r s e  and p a r a l l e l  t o  t h e  embankment 
c e n t e r l i n e .  

Recommendations based on l a b o r a t o r y  t e s t s ,  c o r r e l a t i o n s ,  and c a l c u l a t i o n s  made 
s h a l l  i n c l u d e ,  b u t  n o t  n e c e s s a r i l y  be l i m i t e d  t o :  (1) maximum s e t t l e m e n t  i n  t h e  
f o u n d a t i o n / c u t o f f  t r e n c h  and embankment, ( 2 )  e s t i m a t e d  pe rcen tage  o f  t o t a l  
s e t t l e m e n t  o c c u r r i n g  d u r i n g  c o n s t r u c t i o n ,  ( 3 )  s e t t l e m e n t  beneath  t h e  p r i n c i p a l  
s p i l l w a y  c o n d u i t ,  and (4 )  a l t e r n a t i v e s  f o r  c o r r e c t i n g  p rob lem s i t u a t i o n s ,  
i n c l u d i n g  shap ing o f  n a t u r a l  s lopes,  e x c a v a t i o n  and removal o f  h i g h l y  compress ib le  
d e p o s i t s ,  p r e w e t t i n g  o r  removal o f  c o l l a p s i b l e  s o i l s ,  o r  o t h e r  s p e c i a l  p rocedures  
such as  p r e l o a d i n g  and s taged c o n s t r u c t i o n  f o r  s o f t  c l a y s .  

P r e s e n t a t i o n  o f  R e s u l t s :  

A  n a r r a t i v e  summary o f  c o n d i t i o n s  ana lyzed  and assumpt ions,  t o g e t h e r  w i t h  
r e s u l t s  o f  t h e  ana lyses ,  s h a l l  be i n c l u d e d  i n  t h e  r e p o r t .  Any c o r r e l a t i o n s  
used w i l l  be c l e a r l y  s t a t e d .  

JULY 1984 



SUBPART I SEEPAGE ANALYSIS 

Scope: The c o n t r a c t o r  s h a l l  ana lyze  t h e  p o t e n t i a l  f o r  seepage t h r o u g h  t h e  
embankment. f o u n d a t i o n .  and abutments o f  t h e  s t r u c t u r e .  Recommendations s h a l l  

e 
be made f o r  any r e q u i r e d  d e s i g n  f e a t u r e s .  

Procedures :  

Seepage ana lyses  s h a l l  be based on s i t e  geo logy,  s o i l  and r o c k  p r o p e r t i e s  de- 
t e r m i n e d  f rom f i e l d  and l a b o r a t o r y  t e s t s ,  o r  on documented assumed p r o p e r t i e s  
based on c o r r e l a t i o n  t o  s i m i l a r ,  p r e v i o u s l y  t e s t e d  m a t e r i a l s .  

Ana lyses s h a l l  be b y  a p p r o p r i a t e  g r a p h i c a l  o r  numer i ca l  methods s u i t a b l e  t o  
t h e  c o m p l e x i t y  and haza rd  o f  t h e  s i t e  c o n d i t i o n s .  Assumpt ions o r  models used 
s h a l l  be c l e a r l y  s t a t e d .  Procedures l i s t e d  i n  S o i l  Mechanics Notes  No. 5 and 
No. 7 may be used. 

Recommendations s h a l l  i n c l u d e ,  b u t  w i l l  n o t  n e c e s s a r i l y  be  l i m i t e d  t o :  (1) 
embankment and/or  f o u n d a t i o n  d r a i n  t ypes ,  (2 )  d imens ions and recommended 
g r a d a t i o n  o f  m a t e r i a l s  f o r  each d r a i n a g e  zone, (3 )  l a t e r a l  and v e r t i c a l  
e x t e n t  o f  d r a i n a g e  i n s t a l l a t i o n  w i t h  r e s p e c t  t o  embankment, (4 )  any s p e c i a l  
measures r e q u i r e d  f o r  t r e a t i n g  u p l i f t  o r  h i g h  seepage q u a n t i t i e s  such as 
r e l i e f  w e l l s ,  b l a n k e t i n g  o f  r e s e r v o r  areas,  seepage berms, e t c .  

F i l t e r s  s h a l l  be des igned  i n  accordance w i t h  p rocedures  i n  S o i l  Mechanics Note 
No. 1. 

Seepage q u a n t i t i e s  s h a l l  be e s t i m a t e d ,  as necessary ,  t o  ensure  t h a t  d r a i n a g e  
zones and c o l l e c t o r  p i p e s  a r e  adequa te l y  s i z e d  and, where a p p r o p r i a t e ,  f o r  use 

o f  S o i l  Mechanics Note i n  a  w a t e r  budget  a n a l y s i s  o f  t h e  
No. 3 ,  o r  o t h e r  p rocedures  genera 
be used. 

r e s e r v o i r .  Procedures  
l l y  accepted b y  t h e  eng i n e e r i n g  p r o f e s s i o n ,  may 

P r e s e n t a t i o n  o f  R e s u l t s :  

A  n a r r a t i v e  summary o f  t h e  methods employed i n  t h e  a n a l y s i s  o f  seepage and 
o f  recommended d e s i g n  measures, accompanied b y  s u i t a b l e  i l l u s t r a t i o n s ,  i f  
a p p r o p r i a t e ,  s h a l l  be  i n c l u d e d  i n  t h e  r e p o r t .  I l l u s t r a t i o n s  o f  f l o w  n e t s  o r  
o t h e r  models used i n  t h e  a n a l y s i s  s h a l l  be i n c l u d e d .  

JULY 1984 



SUBPART J SEISMIC ASSESSMENT ( F o r  S i t e s  i n  Zones 2  o r  3 Se ismic  R i s k  Area) 

Scope: The c o n t r a c t o r  s h a l l  e v a l u a t e  t h e  h o r i z o n t a l  a c c e l e r a t i o n  caused b y  
ear thauakes a t  t h e  s t r u c t u r e  s i t e .  Cohes ion less  sand and s i l t  d e ~ o s i t s  i n  t h e  
f o u n d a t i o n  s h a l l  be e v a t u a t e d  as  t o  t h e i r  1  i q u e f a c t i o n  p o t e n t i a l  . '  Recommendations 
f o r  d e f e n s i v e  d e s i g n  f e a t u r e s ,  i f  c o n s i d e r e d  a p p r o p r i a t e ,  s h a l l  be  i n c l  uded. 

Procedures:  

H o r i z o n t a l  a c c e l e r a t i o n  a t  t h e  p r o j e c t  s i t e  w i l l  be e s t i m a t e d  b y  g e n e r a l l y  
accep ted  se i sm ic  r i s k  procedures .  No l e s s  t h a n  t h e  d e s i g n  a c c e l e r a t i o n s  
shown i n  SCS p u b l i c a t i o n  TR-60 w i l l  be  used, b u t  h i g h e r  v a l u e s  may be used i f  
c o n s i d e r e d  a d v i s a b l e  b y  t h e  c o n t r a c t o r .  Assumpt ions and methodology employed i n  
a r r i v i n g  a t  t h e  e s t i m a t e  w i l l  be c l e a r l y  s t a t e d .  

The l i q u e f a c t i o n  p o t e n t i a l  o f  s a t u r a t e d ,  c o h e s i o n l e s s  sand and s i l t  found- 
a t i o n  s o i  1  s  s h a l l  be e v a l u a t e d  b y  p rocedures  o u t 1  i n e d  i n  Seed's a r t i c l e ,  
"Simp1 i f i e d  Procedure f o r  Eva1 u a t i n g  So i  1  L i q u e f a c t i o n  P o t e n t i a l  ," J o u r n a l  
S o i l  Mechanics and Foundat ions  D i v i s i o n ,  ASCE, Vo l .  97, No. SM9, Sept .  1971, 
o r  b y  o t h e r  methods approved b y  t h e  c o n t r a c t i n g  o f f i c e r .  

D e f e n s i v e  d e s i g n  measures t o  be c o n s i d e r e d  s h a l l  i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  
t o :  (1) embankment d r a i n s  and t r a n s i t i o n  zones, (2 )  i n c r e a s e d  t o p  w i d t h  and 
f reeboard ,  and (3)  f o u n d a t i o n  removal o r  improvement. 

a P r e s e n t a t i o n  o f  R e s u l t s :  

A n a r r a t i v e  summary o f  t h e  r e s u l t s  o f  t h e  se i sm ic  e v a l u a t i o n  s h a l l  be i n c l u d e d  i n  
t h e  r e p o r t .  S i g n i f i c a n t  d e s i g n  recommendations s h a l l  be summarized and i 11 us- 
t r a t e d  as necessary .  

JULY 1984 



SUBPART K INSTRUMENTATION 

Scope: The c o n t r a c t o r  s h a l l  e v a l u a t e  t h e  need f o r  i n s t r u m e n t a t i o n  t o  m o n i t o r  
per formance o f  t h e  s t r u c t u r e  d u r i n g  c o n s t r u c t i o n  and on a  l o n g t e r m  b a s i s  f o l l o w i n g  
c o n s t r u c t i o n .  I f  i n s t r u m e n t s  a r e  recommended, s p e c i f i c  d e s i g n  recommendations 
s h a l l  i n c l u d e  i n s t r u m e n t  t ypes ,  numbers, and l o c a t i o n s .  Recommendations s h a l l  
i n c l u d e  a  p l a n  f o r  m o n i t o r i n g  t h e  ins t ruments ,  and p r o c e s s i n g  and r e c o r d i n g  t h e  
da ta ,  b o t h  d u r i n g  c o n s t r u c t i o n  and on a  l o n g t e r m  b a s i s .  

Procedures :  

The degree o f  u n c e r t a i n t y  i n  t h e  assumpt ions  made d u r i n g  d e s i g n  and t h e  haza rd  
c l a s s  o f  t h e  s t r u c t u r e  s h a l l  be c o n s i d e r e d  i n  e v a l u a t i n g  t h e  need f o r  
i n s t r u m e n t a t i o n .  

C o n s i d e r a t i o n  o f  i n s t r u m e n t a t i o n  s h a l l  i n c l u d e ,  b u t  n o t  be l i m i t e d  t o  
i n s t r u m e n t s  needed t o :  (1) measure p o r e  p r e s s u r e s  d u r i n g  c o n s t r u c t i o n ,  
(2) d e t e c t  movements o f  s t r u c t u r a l  e lements ,  (3)  measure e f f e c t i v e n e s s  o f  
seepage c o n t r o l  measures, and (4)  measure s e i s m i c  even ts .  

I n s t r u m e n t s  s p e c i f i e d  s h a l l  be  i d e n t i f i e d  as t o  t y p e  and accu racy  r e q u i r e -  
ments, b u t  n o t  as  t o  b r a n d  names. 

I n s t r u m e n t  p l a n s  s h a l l  i n c l u d e  t h e  suggested f requency  o f  r e a d i n g s ,  c a l i b r a -  
t i o n s ,  d a t a  p r o c e s s i n g  requ i remen ts ,  and "a larm"  l e v e l s  f o r  a l l  i n s t r u m e n t s ,  
i f  a p p r o p r i a t e .  

I f  i n s t r u m e n t a t i o n  i s  n o t  recommended. a  summary s ta temen t  i n d i c a t i n q  t h e  
r a t i o n a l e  f o r  a r r i v i n g  a t  t h i s  d e c i s i o n  s h a l l  be  i n c l u d e d .  

" 

P r e s e n t a t i o n  o f  R e s u l t s :  

A n a r r a t i v e  summary o f  t h e  recommendations, t o g e t h e r  w i t h  any necessary  i l l u s -  
t r a t i o n s ,  s h a l l  be i n c l u d e d  i n  t h e  r e p o r t .  A separa te  s e c t i o n  s h a l l  be  i n c l u d e d  
t h a t  c o n t a i n  recommendations f o r  m o n i t o r i n g  t h e  i n s t r u m e n t s .  

JULY 1984 



SUBPART L  EMERGENCY SPILLWAY EVALUATION (SOIL MATERIALS) 

Scope: The c o n t r a c t o r  s h a l l  p r o v i d e  an a n a l y s i s  o f  t e s t  r e s u l t s  on emergency 
s p i l l w a y  samples and p r o v i d e  recommendations on parameters  f o r  d e s i g n  o f  t h e  
emergency s p i l l w a y  t o ' r e s i s t  b r e a c h i n g ,  d e s i g n  o f  emergency s p i l l w a y  s i d e  
s lopes,  and d r a i n a g e  measures o r  o t h e r  s p e c i a l  s t r u c t u r a l  measures t o  ensure  
t h e  p r o p e r  f u n c t i o n i n g  o f  t h e  s p i l l w a y .  

Procedures :  

Parameters r e q u i r e d  f o r  a n a l y s i s  o f  emergency s p i l l w a y  b r e a c h i n g  u s i n g  procedures  
o f  TR-52 s h a l l  be p r o v i d e d .  These parameters  s h a l l  i n c l u d e ,  b u t  n o t  n e c e s s a r i l y  
be l i m i t e d  t o ,  c l a s s i f i c a t i o n ,  P I ,  v o i d  r a t i o ,  l i q u i d i t y  i n d e x ,  and d i s p e r s i o n  
va lues .  The parameters  s h a l l  be based on l a b o r a t o r y  t e s t s  on samples f r o m  
r e p r e s e n t a t i v e  s t r a t a  i n  t h e  emergency s p i l l w a y .  Samples t e s t e d  a r e  t o  be 
r e p r e s e n t a t i v e  o f  t h e  most  e r o d i b l e  s o i l  a t  any l o c a t i o n  i n  t h e  b u l k  l e n g t h  o f  t h e  
s p i l l w a y  t o  a  d e p t h  o f  30 f t  o r  t o  t h e  base o f  t h e  embankment, wh ichever  i s  l e a s t ,  
as  s p e c i f i e d  i n  TR-52. 

Supplemental  t e s t s  needed t o  assess t h e  e r o s i o n  r e s i s t a n c e  o f  emergency s p i l l w a y  
s o i l s  s h a l l  be pe r fo rmed  and t h e i r  e f f e c t s  on emergency s p i l l w a y  d e s i g n  ana lyzed.  

Recommendations f o r  c u t  s l o p e  c o n f i g u r a t i o n  i n  excavated emergency s p i l l w a y s  
s h a l l  be based on a p p r o p r i a t e  e n g i n e e r i n g  p r o p e r t y  t e s t s  and/or  c o r r e l a t i o n s ,  
t o g e t h e r  w i t h  a  s t a b i l i t y  a n a l y s i s  o f  t h e  s lope  u s i n g  accep ted  procedures .  

. Recommendations f o r  o t h e r  s p e c i a l  s p i l l w a y  f e a t u r e s  such as d ra inage ,  
s t a b i l i t y ,  berms, e t c . ,  t o  m i t i g a t e  unusual  problems s h a l l  be c l e a r l y  documented 
and j u s t i f i e d .  

P r e s e n t a t i o n  o f  R e s u l t s :  

A  n a r r a t i v e  and/or  t a b u l a r  summary o f  d a t a ,  accompanied by  a p p r o p r i a t e  v i s u a l  
a i d s  t h a t  adequa te l y  t o  convey recommendations f o r  des ign ,  s h a l l  be i n c l u d e d  i n  
t h e  r e p o r t .  

A  summary o f  any s t a b i l i t y  ana lyses  per formed,  t o g e t h e r  w i t h  assumed m a t e r i a l  
p r o p e r t i e s  and c o m p u t a t i o n a l  methods employed, s h a l l  be f u r n i s h e d .  Assumpt ions 
as t o  w a t e r  t a b l e ,  s o i l  p r o f i l e s ,  e t c .  s h a l l  be c l e a r l y  s t a t e d .  

A p p r o p r i a t e  d raw ings  w i l l  be f u r n i s h e d  f o r  s p e c i a l  d e s i g n  f e a t u r e s  recommend- 
ed, t o g e t h e r  w i t h  s u f f i c i e n t  n a r r a t i v e  t o  adequa te l y  d e s c r i b e  t h e  f e a t u r e s  
and f u r n i s h  t h e  b a s i s  f o r  d e s i g n .  

Complete compu ta t i ons  and computer p r i n t o u t s  f o r  t h e  s t a b i l i t y  a n a l y s i s  a r e  
n o t  r e q u i r e d .  However, t h i s  i n f o r m a t i o n  must be made a v a i l a b l e  t o  t h e  
c o n t r a c t i n g  o f f i c e r  on r e q u e s t .  

JULY 1984 



SUBPART M EMERGENCY SPILLWAY EVALUA TION (ROCK) 

Scope: The c o n t r a c t o r  s h a l l  p r o v i d e  
f e a t u r e s ,  o r  o t h e r  s p e c i a l  s t r u c t u r a  
f u n c t i o n i n g  o f  t h e  s p i l l w a y .  

recommendations f o r  c u t  s lopes ,  d r a i n a g e  
1  f e a t u r e s  necessary  t o  ensure  p r o p e r  

Procedures:  

A n a l y s i s  o f  r o c k  m a t e r i a l  p r o p e r t i e s  s h a l l  be based on g e o l o g i c a l  i n f o r m a t i o n ,  
r o c k  c o r e s ,  and a p p r o p r i a t e  e n g i n e e r i n g  t e s t s .  Procedures o f  NETSC Note  25 
may be used t o  c l a s s i f y  t h e  r o c k s  and t o  p r o v i d e  q u a l i t a t i v e  gu idance t o  
d e s i g n .  

Slope s t a b i  1  i ty  ana lyses ,  i f  perfomed, w i  11 be based on m a t e r i  a1 p r o p e r t y  
t e s t s  o r  assumpt ions,  as m u t u a l l y  agreed t o  b y  t h e  c o n t r a c t o r  and c o n t r a c t i n g  
o f f i c e r .  Computa t iona l  methods and o t h e r  assumpt ions employed r e g a r d i n g  r o c k  
p r o f i l e s ,  c r o s s  s e c t i o n a l  c o n f i g u r a t i o n s ,  w a t e r  t a b l e s ,  e t c . ,  s h a l l  be c l e a r l y  
s t a t e d .  

P r e s e n t a t i o n  o f  R e s u l t s :  

A  summary o f  t h e  a n a l y s i s  and recommendations f o r  d e s i g n  s h a l l  be  i n c l u d e d  
i n  t h e  r e p o r t .  

A p p r o p r i a t e  g e o l o g i c  maps and d raw ings  t o  document c o n c l u s i o n s  c o n c e r n i n g  
t h e  f e a t u r e s  o f  t h e  r o c k  a f f e c t i n g  d e s i g n  s h a l l  be i n c l u d e d .  An example 
i s  shown i n  F i g u r e  6-11, NETSC Note 25, wh ich  w i l l  be f u r n i s h e d  b y  t h e  
c o n t r a c t i n g  o f f i c e  on r e q u e s t .  

S t a b i l i t y  ana lyses,  i f  per formed,  s h a l l  be summarized u s i n g  a p p r o p r i a t e  v i s u a l  and 
n a r r a t i v e  a i d s  t o  d e s c r i b e  t h e  ana lyses .  Assumpt ions as t o  m a t e r i a l  p r o p e r t i e s ,  
p r o f i l e s ,  t h e  w a t e r  t a b l e ,  and compu ta t i ona l  methods employed s h a l l  be  c l e a r l y  
s t a t e d  and shown g r a p h i c a l l y  where a p p r o p r i a t e .  
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