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An Annotated Reproduction of

NAVFACDM 7.1

PLEASE NOTE

This extraordinary document, published in 1982, is now considerably out-of-date and, except as UFC
30220-10N, is no longer a sanctioned publication of the US Government. It is provided here as a
reference because of the incredible density of highly practical geotechnical design guidance it contains.
It is also of significant historical interest, and when combined with DM 7.2, it represents perhaps THE
principle compendium of geotechnical knowledge used by designers between 1982 and around the turn
of the century. Itis a testament to the strength of the document that some of the design methods
presented are still in use today. The importance of the Federal labs (particularly FHWA, Bureau of
Reclamation, Army and Navy labs) in pushing the practice of geotechnical engineering forward between
1930 and around the time of the publication of this manual cannot be overstated, and this manual is a
testament to that heritage. Thus, you are holding in your hands (or in your computer memory) a great
reference for preliminary design guidance and a knowledge artifact that will be recognized by nearly
every senior practicing geotechnical engineer.

This copy of NAVFAC DM 7.1 (1982) has been updated with the replacement of pages 125 and 126 to
comply in spirit with NAVFAC DM 7.01 (1986). DM 7.01 was actually a very minor update of DM 7.1
made principally to correct some out-of-date numbers that referenced other Federal publications, and
some notes are appended herein calling attention to pages which were rendered out-of-date with the
publication of the 1986 version. This reproduction has considerable advantages over the widely-
distributed and much-appreciated PDF version that has been floating around the net. That version was
hosted at Vulcan Hammer’s site (many thanks!) for years and reproduced on the internet with a new
cover but the same printing errors and no significant updates as UFC 30220-10N in 2005. The asterisks
and parentheses that were the artifact of an early PDF conversion have been replaced in this version
with the lines originally intended. Further, Greek symbols and the size of the figures are as per the
original paper publication of 1982 rather than the shrunken versions. The resulting file size is much
bigger, of course, but | believe the improved quality is worth it.

Enjoy this historic document, but please use it with caution.

J Ledlie Klosky
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FOREWORD

This design manual for Soil Mechanics is one of a series that has been
developed from an extensive re~evaluation of the relevant portions of Soil
Mechanics, Foundations, and Earth Structures, NAVFAC DM~7 of March 1971, from

surveys of available new materials and construction methods, and from selec-
tion of the best design practices of the Naval Facilities Engineering Command,
other Government agencies, and private industries. This manual includes a
modernization of the former criteria and the maximum use of national profes-
sional society, association and institute codes. Deviations from these cri-
teria should not be made without the prior approval of the Naval Facilities
Engineering Command Headquarters (NAVFAC HQ).

Design cannot remain static any more than can the naval functions it serves,
or the technologies it uses. Accordingly, this design manual, Soil Mechanics,
NAVFAC DM-7.1, along with the companion manuals, Foundations and Earth Struc-—
tures, NAVFAC DM-7.2 and Soil Dynamics, Deep Stabilization, and Special Geo-

technical Construction, NAVFAC DM-7.3, cancel and supersede Soil Mechanics,

Foundations, and Earth Structures, NAVFAC DM-7 of March 1971 in its entirety,

and all changes issued.

Commander
Naval Facilities Engineering Command

r
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PREFACE

This manual of soil mechanics covers the basic engineering principles of soil
mechanics necessary to design all foundations and earth structures for naval
shore facilities. Companion manuals (NAVFAC DM-7.2 and DM-7.3) discuss the
specific application of soil mechanics to the design of foundations and earth
structures along with special aspects of geotechnical engineering. These
criteria, together with the definitive designs and guideline specifications
of the Naval Facilities Engineering Command, constitute the Command's design
guidance. These standards are based on functional requirements, engineering
judgment, knowledge of materials and equipment, and the experience gained by
the Naval Facilities Engineering Command and other commands and bureaus of
the Navy in the design, construction, operation, and maintenance of naval
shore facilities.

The design manual series presents criteria that shall be used in the design
of facilities under the cognizance of the Naval Facilities Engineering
Command. The direction and standards for procedures, methods, dimensions,
materials, loads and stresses will be included. Design manuals are not text-
books, but are for the use of experienced architects and engineers. Many
criteria and standards appearing in technical texts issued by Government
agencies, professional architectural and engineering groups, and trade and
industry groups are suitable for, and have been made integral parts of, this
series. The latest edition of each publication source shall be used.

Bibliographies of publications containing background information and addi-
tional reading on the various subjects are included in the manuals. This
material, however, is not a part of the criteria, nor is a reading of these
sources necessary for the use of the criteria presented in the manuals.

To avoid duplication and to facilitate future revisions, criteria are pre-
sented only once in this series as far as possible. Criteria having general
applications appear in the basic manuals numbered DM-1 through DM-10 (numbers
DM~11 through DM-20 were unassigned in the original issues). Manuals number-
ed DM~21 and above contain criteria that usually are applicable only to the
specific facility class covered by each manual. When criteria for one
facility also have an application in another facility class, the basic rule
has been to present such criteria in the basic, or lowest numbered, manual
and cite it by reference where required in later manuals.

The specific design manuals (DM-21 and above), with but three exceptions,

list design criteria for specific facilities in the order of the category

codes, The exceptions are:

(1) Drydocking Facilities,kNAVFAC DM-29, which includes both Category
Codes 213 and 223.

(2) Criteria for facility class 800, Utilities and Ground Improvements,
which have been included in the basic manuals on mechanical, elec-~
trical, and civil engineering.

7o1=-vii



(3) Weight Handling Equipment and Service Craft, NAVFAC DM-38, which
includes the design criteria for these facilities under the
cognizance of the Naval Facilities Engineering Command that are not
classified as real property. These include weight and line
handling equipment, dredges, yard craft, and piledriving equipment.

For the effective use of these criteria, the designer must have access to:

(1) The basic and specific design manuals applicable to the project.
See list on page 7.l-ix.

(2) Published criteria sources.

(3) Applicable definitive designs, Definitive Designs for Naval Shore
Facilities, NAVFAC P-272.

(4) Command guideline specifications.

7ol=viii
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Requirements for

TABLE 4
Compacted Samples Tests

Test

Reference for Standard
Test Procedures(a),(b)

Variations from Standard
Test Procedures

Size or Weight of Sample
for Test\©

Molsture-density
relations:

Standard Proctor
5~1/2 1b. hammer,
12 in. drop

Modified Proctor
10 1b. hammer,
18 in. drop

(1, ASTM D508}

(1, ASTM D1557)

Preferable not to reuse
samples for successive
compaction determinations.

Preferable not to reuse
samples for successive
compaction determinations.

Each determination
(typically 4 or 5
determinations per test):

Method A: 6 1bs
Method B: 14 lbs
Method C: 10 lbs
Method D: 22 lbs
Method A: 7 lbs
Method B: 16 1bs
Method C: 12 lbs
Method D: 25 lbs

Maximum and Minimum
Densities of
Cohesionless Soils

(1, ASTM D2049), (4)

Varies from 10 to 130 lbs
depending on max, grain
size.

California Bearing
Ratio

(1, ASTM D1883)

Compaction energy ather
than that for Modified
Proctor may be utilized,

Each determination requires
15 to 25 1bs depending on
gradation.

Resistance R-value

(1, ASTM D2844)

10 - 15 1bs depending on
gradation.

7.
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TABLE 4 (continued)
Requirements for Compacted Samples Tests

Test

Reference for Standard
Test Procedures(a),(b)

Variations from Standard
Test Procedures

Size or Weight of Sample
for Testi€

Expansion Pressure

(7, AASHTO T190)

Alternatively, testing
precedures of Table 2 may
be utilized,

10 - 15 1bs depending on
gradation,

Permeability and
compression

(13)

Best suited for coarse-
grained soils. Alterna-
tively, testing procedures
of Table 2 may be utilized,

15 1bs of material passing
No. &4 sieve size.

(@) Number in parenthesis indicates Reference number,
(b)  For other sources of standard test procedures, see Table .

(c) Weight of samples for tests given on air-dried basis.

Change 1,

September 1986
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