/ STATE OF THE ART SOIL INVESTIGATION T
IN KANSAS

by

Gregory A. Swoyer
B. S., Kansas State University, 1982

A MASTER'S REPORT

submitted in partial fulfillment of the
requirements for the degree

MASTER OF SCIENCE

Department of Civil Engineering

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1984

Approved by:

daj% Professbr



57 TAL].EDE bbb?bY
o TABLE OF CONTENTS
7

LS

"—’b n™~
o N [ T

/7

~

LA
o

INTROBUCTION o oo o ¢ = mosive o g woam e v w o m oo 6 o % @ 5% & = o =
LITERATURE REVIEW . . . . v o v v v v v v v v v v oo e e
REVIEW OF ASCE GEOTECHNICAL JOURNALS . . . .« . v &« v v v v v o v o
WRITTEN SURVEY OF COMMERCIAL TESTING LABORATORIES IN KANSAS . . . . .
PERSONAL SURVEY OF LABORATORIES . . . . & + v v v v v v v v s v v v
CONBLUSION « v w = o » o % m a0 & 2 w0 5 5 4 w o = s o w o o 3 g =

1i



1.
2

LIST OF FIGURES

Letter That Accompanied Written Survey

Written Survey Form . . . . . . . ..



L.
2.

LIST OF TABLES

Topics of ASCE Geotechnical Journals

Results of Written Survey . . . . .

---------------

iv



INTRODUCTION

One of the requirements of Advanced Soil Testing, Civil Engineering 724,
offered at KSU during the spring of 1983, was for participating students to
visit each commercial testing laboratory serving Kansas engineers. The students
were directed to observe the available equipment and to determine, from the
principal of the firm if possible, the methods of sampling, testing and analysis.
These students were well acquainted with "state of the art" soil tests and
analytical procedures, and their goal was to determine how Kansas geotechnical
firms rated with regard to the "state of the art" as defined in the commonly
used soil mechanics textbooks.

It is obvious that the practice of geotechnical engineering in Kansas
is some forty years out-of-date with most firms relying heavily on the split-
tube sampler and pocket penetrometer for determining the bearing capacity
of the soil. It also is obvious that the "state of the art" needs to be defined.

Following this study, the students in Foundation Engineering (spring
1983) were asked to contact foundation engineers in Kansas with a single
question: What is the engineers' definition of the bearing capacity of the
soil. The answer was to be more specific than "the Toad the soil can hold
up." The students were enthusiastic, and there were very few foundation
engineers that were not contacted. The survey indicated that, for the most
part, few engineers understand that bearing capacity is a function of the
shearing strength and compressibility of the soil, with an appropriate safety
factor applied; almost all agree it can be, and is being, determined by the
split-tube sampler.

[t is the purpose of this paper to review the literature to identify
what the "state of the art" actually is, and based upon the surveys described,

to compare the practice in Kansas with the "state of the art."



LITERATURE REVIEW

The scope of the study was a review of the literature from the Terzaghi
work of 1925-1950 and a specific enumeration and classification of papers

in the ASCE Geotechnical Journal during the past five years as evidence of

the direction of research in this area.

The rationale for this approach is that the preliminary review indicated
great strides in geotechnical knowledge and a wide dissemination of this know-
ledge during Terzaghi's 1ife in the U.S. and a general regression and stagnation
since he became inactive.

It is commonly accepted that Erdbaumechaniks by Terzaghi (99), published
in 1925, was the beginning of soil mechanics as we know it today. Terzaghi
(98) introduced the material to U.S. engineers, which resulted in Terzaghi
accepting a position as Associate Professor of Foundation Engineering at MIT.
Erdbaumechaniks and "Modern Concepts Concerning Foundation Engineering" were

followed by papers in the Engineering News Record and the Boston Society of

Civil Engineers (96, 97). The work by Terzaghi was based upon the works of

Coulomb (20), Rankine (79), Prandtl (74), Boussinesq (10) and others who worked
in the area of solid mechanics.

In 1932 and 1933, Casagrande (13, 14) published two papers giving the
basic equipment and analytical methods still in use today for determining
the consolidation of clay soils. In 1933, Proctor (76) developed the moisture

density relationship; in 1937, Tolman published Ground Water (101), a textbook;

Casagrande (15) published the flow-net concept; Taylor (95) published Stability
of Earth Slopes; and Newmark (65), in 1940, presented charts on stress distri-
bution.

When World War II began, the pressure of war "crash-program" building

of huge free-span airport hangers and pavement led to the development of test



procedures that were easy and quick, the results of which could be used directly
in design. The thin-wall tube was developed by H. A. Mohr (64) in 1936, the
split tube by Sprague and Henwood (91) in 1937, and the piston sampler by
Raymond Concrete Pile Company (80) in 1942. Inasmuch as the split tube was
reusable and was simple enough for use by unskilled personnel, it came into

very wide usage during the after World War II.

Methods for using the data from the split-tube samplier were developed
by Terzaghi and Peck (100) and Mohr (63). The use of the split-tube became
a standard method for determining the allowable design soil pressure. In
1949, Hvorslev (37) presented a comparison of the analytical methods in use.

Taylor (94) in 1948 showed that the bearing capacity of the soil is a
function of the shearing resistance of the soil in terms of friction angle
and cohesion and the settlement of the soil under loading. He dismissed the
split tube as giving "an idea of the stiffness of the sample."

Spangler (90) ignored the split-tube sampling and analyzed the bearing
capacity of the soil by conventional friction angle, cohesion, and settlement
criteria. In 1958, the standard test method for the penetration of soil
(ASTM D-1586-58) (3) was adopted. In 1957, Hough (34) presented figures showing
the presumptive bearing values of silts, clays and sands based upon the "N"
value. In Hough's text he also shows the accepted Terzaghi analysis for shear
and compressibility. Hough (35) included the chart of presumptive bearing
values in the second edition of his book and during 1957 he became a recognized
expert in soil consolidation (36).

In 1965, Fletcher (26) began a movement to accept the standard penetration
test as ideal for computing bearing capacity, but he insisted that certain

mechanical procedures needed to be improved.



REVIEW OF ASCE GEQTECHNICAL JOURNALS

Issues of the American Society of Civil Engineers Journal of Geotechnical

Engineering for the years 1979 to 1983 were reviewed to learn more of what
is considered the "state of the art" in soil mechanics. In the last five

years, 74 articles were published that described new research and testing

in the field of soil mechanics.

The subjects of the articles and number of articles on each are listed
in Table 1. The articles were then categorized into eight major groups in
order to establish which areas of interest were receiving the greatest and
least concentration.

The first group, Analytical Testing Methods, included the following topics:

finite element analysis, computer modeling, and model testing. These articles
described methods that are being researched and about which much new information
is being discovered. A large number of the articles was found to fall in

this group. Much work was being done with the finite element method (5, 6,

7, 9, 17, 22, 29, 49, 50, 51, 55, 67, 89, 102) with the use of a computer,

and with computer modeling (72, 77, 87). It can be seen that much of our
research in Soil Mechanics is being concentrated on the computer. The third
topic listed in this group was model testing (31, 38, 52, 68, 69). The model
tests were used to predict bearing capacity, settlement, and uplift of shafts,
topics about which additional research would reveal more about soil characteris-
tics.

Group two was titled Sampling Methods. 1In this group only three articles

(12, 24, 92) related to techniques of sampling. Sampling methods are important
and should be uniform. Research was concentrated on ways of getting samples
that are less disturbed. If an economical method can be found that will reduce

the disturbance of the sample, then it will be widely used. Results of tests



Table 1.

Topics of ASCE Geotechnical

Journals

Group Subject of Articles Number of Articles
1. Analytical Testing Finite Element Method 14
Methods Computer Modeling 3
Model Testing 5
2. Sampling Methods Sampling 3
3. Field Testing Stepped Blade 1
Vane Shear L
Piezometer 3
Dutch Cone 1
Dilatometer 2
Pressuremeter 4
Standard Penetration Test 8
4. Fundamental Soil Permeability 3
Properties
5. Fundamental Strength Soil Strength 7
Properties Dynamic Testing 3
Young's Modulus 3
6. Fundamental Consolidation 6
Compressibility Stress Path Method 1
Properties Impact Densification s
7. Footing Design Yield Line Analysis 1
8. Project Descriptions Project Descriptions 3




are affected by the amount of disturbance to which a sample is subjected.

Group three, titled, Field Testing, included abundant l1jterature. The

following field testing devices were reviewed: stepped blade (30), vane

shear (2), piezometer (32, 42, 54) Dutch cone (4), dilatometer (58, 83),
pressuremeter (11, 18, 19, 75), and split tube (25, 33, 46, 47, 61, 81, 84,
85). These devices were being evaluated and studied to determine what improve-
ment can be made in the device and in techniques related to their application.

The stepped blade, dilatometer, and pressurementer are all devices in
which some sort of membrane is sued to measure pressure at various depths.
Each of the three is placed into soil and the pressure that is being exerted
on them read at the surface. These three devices do not give any valid soil
parameters; they just record what the pressure is on the device. These devices
do not give friction angle or cohesion.

The vane shear, Dutch cone, and split tube (standard penetration test)
are field-test instruments that supposedly give a shear strength or bearing
capacity of the soil. Much research is being done with the split tube to
find the amount of energy delivered to the hammer. The split tube gives
a blow count "N", which tells how many blows are required by a 140-pound
hammer dropped from a height of 30 inches, to drive the tube 12 inches. This
value can then be used to find the bearing capacity of the soil.

The Dutch cone is a similar penetration test that is used to find soil
density. The vane shear is a device in which the amount of torsion required
to fail the soil is recorded.

The last testing device in this group is the piezometer. The piezometer
is buried in the soil to measure pore-water pressure, information useful
in design.

Groups 4, 5 and 6 were titled Fundamental Soil Properties, Fundamenta'

Strength Properties, and Fundamental Compressibility Properties, respectively.




Group 4, Fundamental Soil Properties, included articles only on permeability

(27, 44, 93); nothing was found on void ratio, porosity, saturation, water
content, grain size, or Atterberg limits.

Group 5, Fundamental Strength Properties, included papers on soil strength

(8, 28, 39, 48, 60, 82, 86), dynamic testing (16, 73, 88), and Young's modulus
(21, 59, 62). These articles basically described new methods of dynamic testing
to find Young's modulus and the shear modulus.

Group 6, Fundamental Compressibility Properties, topics of consolidation

(1, 41, 45, 66, 70, 71), stress-path method (53) and impact densification
(56, 78) were all related to the compressibility of the soil, an important
soil characteristic for the soil investigator.

The last two groups, Footing Design and Project Descriptions, were reviewed.

Yield-Tine analysis is a method that was being researched for square footing
design (40); three project descriptions (23, 43, 57) constitute the papers

in Group 8.



WRITTEN SURVEY OF COMMERCIAL TESTING LABORATORIES IN KANSAS

A survey was made of geotechnical laboratories in the Kansas area to
identify their use of current technology in soil investigations; 14 letters
were mailed to geotechnical laboratories in the state (Figure 1). Each firm
was asked to fill out a short, one-page survey of their use of tests, drilling
equipment, and methods of analysis. An example of the survey form is shown
in Figure 2. Nine of the fourteen surveys were returned, which provided a
reasonable representation of the testing laboratories in Kansas.

After review of the surveys it was found that all of the laboratories
owned some sort of drilling equipment and could do all of their own drilling.
Question 3, Methods of Analysis, was unclear to those who replied and was
left blank by severa]. Anticipated answers were, e.g. "Terzaghi's equation
for bearing capacity" and "method of settlement analysis." Instead, answers
were received that were more related to specifications such as: ASTM, AASHTO,
and MIL STD. These were not useful answers.

Question 2, the heart of the survey, was designed to identify which soil
tests are considered to be important and which tests are not. The laboratories
were asked to place a number by each of the tests to indicate how commonly
each test was conducted in a typical soil investigation. A number 1 indicated
that the test was never used, 2 meant the test was seldom used, and 3 indicated
regular usage of that test. The results of question 2 are summarized in Table
2. In this table, the number of answers received from the 9 replies was totaled,
then averaged. As an example, the specific gravity was never used by two
labs, seldom used by three labs, and regularly used by four labs with an average
of 2.22. The average shows the relative importance placed on the test as
compared with the other tests.

It was discovered that six of the twenty tests were run regularly by



Figure 1. Letter That Accompanied

Written Survey

March 7, 1984

Dear Sirs:

I am a graduate student at Kansas State University in geotechnical engineering.
I am writing my Master's Report on the "State of the Art of Soil Investigation."
I am writing to each Geotechnical Laboratory in Kansas to survey present
technology on this topic. Would you please fill out the enclosed survey and
return it to me in the enclosed envelope. The information will be strictly
confidential and will be used only in a general sense in my report.

Thank you for your time and attention. I will appreciate it if you will
expedite your reply since I hope to graduate in May.

Sincerely,

Greg Swoyer

Enclosure



10

Figure 2. Written Survey Form

1. List drilling equipment.

2. Tests: Indicate best answer by placing the most appropriate number next
to the test. Please 1ist any additional tests.

We run the following tests: (1) Never (2) Seldom (3) Regularly

Specific Gravity

Sieve Analysis

Hydrometer Analysis

Atterberg Limits

Constant Head Permeability Tests
Falling Head Permeability Tests
Proctor Density

California Bearing Ratio
Unconfined Compression

Direct Shear

Triaxial Shear

Consolidation

Moisture Density (Lab.)
Moisture Density (Field)
Nuclear Density

Field Piezometers Installation
Penetration Tests

Pressure Meter Tests

Vane Shear Tests

Pocket Penetrometer Tests

3. List methods of analysis.
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TABLE 2. RESULTS OF WRITTEN SURVEY

Test No answer 1 4 3 Avg.

Specific Gravity 0 2 3 4 2.22
Sieve Analysis 0 0 2 7 2.78
Hydrometer Analysis 0 0 4 5 2.56
Atterberg Limits 0 0 0 9 3.00
Constant Head Permeability Tests 0 1 4 4 2.33
Falling Head Permeability Tests 1 0 2 6 2.75
Proctor Density 0 0 0 9 3.00
California Bearing Ratio 0 1 2 6 2.56
Unconfined Compression 0 0 0 9 3.00
Direct Shear 0 3 & 2 1.89
Triaxial Shear 0 2 4 3 2 11
Consolidation 0 0 3 6 2.67
Moisture Density (Lab.) 0 0 0 9 3.00
Moisture Density (Field) 1 0 1 7 2.88
Nuclear Density 0 0 0 9 3.00
Field Peizometers Installation 0 1 6 2 211
Penetration Tests 0 0 0 9 3.00
Pressure Meter Tests 0 5 2 2 1.67
Vane Shear Tests 0 4 3 2 1.78
Pocket Penetrometer Tests 0 0 3 6 2.67
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all of the nine laboratories. The tests were: Atterberg limits, Proctor
density, unconfined, compression, moisture density (laboratory), nuclear density,
and penetration test. It appears that results of these tests are considered
very important for the soil investigator. Other tests that seem to be important
are: sieve analysis, hydrometer, permeability (falling head), California
Bearing Ratio, consolidation, moisture density (field), and pocket penetrometer
test. The survey suggests that many of these laboratories use the standard
penetration test, unconfined compression test, and pocket penetrometer test
to find bearing capacity of the soil. The high indicated usage of the consoli-
dation test is surprising inasmuch as it is the most difficult and expensive
soil test.

Two tests that are used very little are the direct shear and triaxial
shear tests; these tests give very valuable results in computation of bearing
capacity. The values of friction angle and cohesion can be computed by these
two tests, and these values can be used in Terzaghi's equation to find the
bearing capacity. These two tests are seldom being run, and the most 1ikely
reason is their relatively higher cost. The relative importance of the other

tests can be seen in Table 2.
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PERSONAL SURVEY OF LABORATORIES

The author was a member of the 1983 (spring) Advanced Soil Testing class
that visited the soil testing laboratories in Kansas. Each student was directed
to visit one commercial testing laboratory and to report on the findings.

The author visited three of the testing laboratories, together with Bill
Brundgardt and Pat Levalley, which were also included in the written sruvey

of this report. Of the three laboratories, one had very poor testing equipment,
one had very Tittle testing equipment, and one had excellent testing equipment.

In surveying the laboratories it was quite clear which equipment was
used on a regular basis. A direct shear machine was not seen, so obviously
that test was not conducted at the three laboratories. At one laboratory
it was stated that they had a triaxial machine, but it was never seen by the
author. At a different laboratory, personnel there stated that they could
have triaxial and direct shear tests completed at their main office at a different
location. A1l three tour guides at the laboratories admitted that they very
seldom conducted triaxial and shear tests, and it was apparent that it was
possible that they never ran these tests. The unconfined compression test
and standard penetration test are conducted by all three laboratories and
seems to be the way they determine bearing capacity. A complete explanation
of the way in which the results of these tests are used to determine bearing
capacity was not given.

The written survey of commercial testing laboratories indicated that
the consolidation test was run quite regularly. During the visit to the three
laboratories, only one machine that resembled a consolidometer was seen.
Probably, at one time or another, this machine had been used, but it had been
quite some time. The machine, covered with a thick layer of dust, was in

a room upstairs. At the top of the stairs a pipe blocked the entry to the
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room at a height of about 3 feet; entry to the room could only be obtained
by ducking under the pipe. Thus, it was clear that the consolidometer test
was not run regularly, despite the results in Table 2.

When the person directing the tours of the three laboratories was asked
why direct and triaxial shear were not run, he answered, "Money!" There is
a great amount of competition, and the laboratory that charges the lowest
prices will get the job. It was pointed out to him that if a thorough investi-
gation of the soil was done, there could possibly be a considerable savings
in the foundation design, which then could be passed on to the client. His
reply was that this idea was very hard to sell and if this approach was tried
their business would suffer. This lack of accuracy in footing design is poor
engineering. Engineers should try to design a structure as economically and
efficiently as possible. In Terzaghi's equation, a safety factor of three
is used in determining the allowable soil pressure. These firms were using
safety factors on the order of six or greater. Until better practices in
s0oil mechanics become mandatory, poor engineering design will continue.

Two other members of the Advanced Soil Testing class also visited two
additional laboratories where they saw very little equipment; those laboratories
were not contacted in the written survey. A third lab visited by still another
student in the class revealed basically the same conditions that had been

found in others, i.e. the equipment was available but not being used.



15

CONCLUSION

The "state of the art" in Geotechnical Engineering was clearly defined
by the Taylor textbook of 1948 (94). As with any engineering material, the
designer must know the strength of the material. Unlike most engineering
materials, however, soil is compressible, and the analysis of the soil must
include measurements of this compressibility. Designing foundations without
these values would be similar to designing concrete beams based upon the color
of the concrete.

Firms in the larger cities such as New York, Chicago, Houston, and Seattle
are practicing Geotechnical Engineering as outlined by Terzaghi, using the
triaxial shear the consolidation testing procedures on their projects.

The firms surveyed in Kansas are not, for the most part, practicing even
the barest rudiments of Geotechnical Engineering. Most of them are blaming
the client and citing the competition as excuses, but it is apparent that
they are reluctant to change their methods.

The "state of the art" soil investigation is one that finds bearing capacity
with direct or triaxial shear tests and consolidation with a consolidometer.
Surprisingly, in the review of 60 months of the ASCE journals, it was found
that "state of the art" was not reflected in the contents of the articles
therein.

In writing this paper it has been the intent of the author to point out
the deficiencies of the practice of Soil Mechanics in Kansas. The wide usage
of the standard penetration test, pocket penetrometer and unconfined compression

to find bearing capacity are proof of these deficiencies.
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ABSTRACT

The "state of the art soil investigation in Kansas" is reviewed. The purpose

of this report is to discover if the "state of the art soil investigation"

is being practiced in Kansas. American Society of Civil Engineers journals

of the years 1979 to 1983 were first reviewed to help find a definition for

the "state of the art soil investigation." Fourteen geotechnical laboratories

in Kansas were contacted to learn what is being practiced in Kansas. The
fourteen laboratories were asked to fill out a one-page survey of their use

of tests, drilling equipment, and methods of analysis. Geotechnical Taboratories
were personally visited and the results of these visits were recorded in

this report. The conclusion of this paper is that, on the whole, "state

of the art" is not up-to-date in Kansas and the primary reason is economics.



