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PREFACE 

This report presents procedures for the design of drilled shafts 

under axial loading and is the final report on Project 3-5-72-176. A 

comprehensive review was made of existing data, design procedures were 

formulated, and computer programs were written to facilitate the required 

analyses. 

The authors wish to thank the State Department of Highways and Public 

Transportation for their sponsorship of the work and to express appreciation 

for the assistance given by many members of their staff. Appreciation is 

also expressed to Dr. Kenneth H. Stokoe II who made many helpful suggestions 

during the preparation of the manuscript, to Mrs. Cathy L. Collins for her 

patience in the typing of the many drafts, and to Mrs. Joan Cantu for 

excellent work in the preparation of the figures. 
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ABSTRACT 

This report represents the culmination of a series of studies that 

have been conducted on the behavior of axially loaded drilled shafts. Of 

primary interest are shafts that receive support from the soil along the 

sides of the shaft. 

Design procedures established from extensive research on drilled 

shafts installed in clays, clay-shales, sand, and cemented fine-grained 

alluvial fan deposits are evaluated and summarized. Revised correlations 

between dynamic penetration resistance and undrained shear strength for 

clays, and between dynamic penetration resistance and load transfer in sand 

are presented. The developed computer programs SHAFT1 and BSHAFT were 

developed to shorten the time involved in computing curves giving ultimate 

capacity versus depth. Check design problems utilizing SHAFT1 and BSHAFT 

are included in this report. 

Uncertainty of in situ soil properties remains a major obstacle in 

establishing a more generalized design procedure. However, the design 

procedures presented herein will give satisfactory predictions of shaft 

ultimate capacities. 
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SUMMARY 

This study presents the design procedures for axially loaded drilled 

shafts thus far developed from extensive research programs. These procedures 

can be used for the design of shafts installed in clay, clay shale, sand, 

or alluvial fan deposits that are cemented and fine-grained. 

A review of data from previous load tests was undertaken and some 

revisions in previous design procedures are suggested. A major portion of 

the revisions involve the correlation between dynamic penetration resistance 

and undrained shear strength of cohesive soils, and the correlation between 

dynamic penetration resistance and load transfer in the case of sand. 

Two computer programs are presented which can serve as time-saving 

tolls when making computations of ultimate load capacity. One program is 

based on the primary design procedure for computation of ultimate load 

capacity; that is, the computer program requires information on soil 

properties obtained from an extensive field exploratory investigation. The 

other computer program is based on the secondary design procedure for 

computation of ultimate load capacity. In this instance, the computer 

program only requires results from dynamic penetration tests. A detailed 

explanation of each program is given, along with example problems. 
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IMPLEMENTATION STATEMENT 

The design procedures in this report are recommended for use in 

design offices of the Texas Highway Department. The proposed design methods 

and computer programs can be useful in determining the ultimate capacity for 

a drilled shaft of a given size. Further, the methods can be used to inves­

tigate a number of geometries in order to achieve the most economical design. 

The methods presented herein will generally give a conservative 

design but the designs should be more economical than those made using 

previously available methods. The engineer should employ caution, however, 

when utilizing results from dynamic penetration tests because of the limited 

reliability of these tests. 

The methods presented in this report should not be employed for 

the design of drilled shafts for areas or for soil profiles that have not 

been investigated by the performance of a load test of an instrumented 

drilled shaft. However, the methods will be useful in the detailed design 

of the test shaft. 
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CHAPTER 1. INTRODUCTION 

RECENT STUDIES ON DRILLED SHAFTS 

Cooperative Program in Texas 

Since 1965, the Center for Highway Research at The University of 

Texas at Austin, in cooperation with the State Department of Highways and 

Public Transportation, has conducted extensive research on the behavior of 

axially loaded drilled shafts. A series of reports has been published on 

the topic, with Report No. 89-1, by Reese and Hudson (1968), laying the 

foundation for the investigations. 

Reese and Hudson (1968) established a plan of research for investi­

gating the load-carrying capacity of such shafts through field tests. The 

scheme called for developing instrumentation to obtain information on the 

soil and shaft interaction, performing full-scale load tests of drilled 

shafts, determining significant soil properties, and using the results from 

field and laboratory tests to develop theories of drilled shaft behavior. 

Subsequently, these theories were to be verified with additional load tests 

and a design procedure was to be established from the results of the 

stud ies. 

Pursuing the research objectives established by Reese and Hudson 

(1968), Reese, Brown, and Dalrymple (1968) reported the conclusions of their 

study involving the design, construction, and testing of instrumentation 

capable of measuring lateral earth pressures along a drilled shaft. This 

project produced a pressure cell that measured lateral pressures against a 

drilled shaft up to 50 psi. The cell was used to measure the pressures 

under curing as well as under loading conditions. The authors felt that the 

lateral-pressure measuring gage was adequate for drilled shafts installed in 

sand or in clay strata. 

Sequentially, the Center for Highway Research published the results 

of an investigation regarding the nature of moisture migration from unset 

cement mortar to soil (Chuang and Reese, 1969). The study also consisted of 
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an investigation of the interaction between the soil and the ,::ement mortar. 

Over 200 cement mortar-soil samples were tested to determine the factors 

affecting moisture migration, and another 70 such samples were tested to 

study the shear strength reduction factor for soils adjacent to fresh 

concrete. Information was presented on moisture migration, and shear 

strength reduction factors (a) were suggested for estimating the skin friction 

of drilled shafts in homogenous clay. 

Because the research project on drilled shafts also included the 

need for determining soil properties, Ehlers, Reese, and Anagnos (1969) 

conducted an investigation for the purpose of studying the capabilities, 

limitations, and problems associated with the nuclear method of moisture 

determination at depth. Nuclear equipment manufactured by Troxler Elec­

tronic Laboratories was used to make measurements of moisture change. 

Briefly, the results of the investigation demonstrated that the nuclear 

method was a fast and efficient means of determining the soil moisture 

content. The accuracy of the method established by using results from 

gravimetric testing, proved to be satisfactory. Recalibration of the 

nuclear equipment was found not necessary. 

Campbell and Hudson (1969) completed an investigation which involved 

methods of in situ determination of soil properties. In their report, the 

authors were concerned with three devices: the Menard Pressuremeter, the 

Texas Highway Department cone penetrometer, and the University of Texas I~ 

Situ shear strength testing device. Each device was described and evaluated 

in reference to equipment, testing procedure, data analysis and limitations. 

A major problem in studying the interaction between B, drilled shaft 

and the supporting soil consists of defining the load distribution along the 

length of the shaft, or the measurement of load at various points along the 

length of the shaft. Consequently, there was a need to develop suitable 

instrumentation for measuring load in drilled shafts as a function of depth. 

A total of five different instrumentation systems were testec, at The Univer­

sity of Texas. One such system was adopted and used principcLlly in the 

instrumentation of test shafts for the project and is shown in Fig. 1.1'. 

Barker and Reese (1970) discussed the proposed load-measuring system in a 

report at the Center for Highway Research. 
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From 1968 to 1975, a total of 19 full-scale drilled shafts were 

tested under axial load by the Center for Highway Research (CFHR). The test 

shafts were installed.at sites having different soil types,such as clay, 

clay shale, and sand. The majority of the shafts were located in Texas at 

sites shown in Fig. 1.2. Two drilled shafts were tested in Puento Rico. 

Evaluations of load tests performed primarily in clay were reported 

by O'Neill and Reese (1970), Barker and Reese (1970), and Enge1ing and Reese 

(1974). Vijayvergiya and Reese (1969) and Aurora and Reese (1976) reported 

the results of testing done in shale. Results of load tests conducted in 

sand can be found in the reports by Touma and Reese (1972) and by Engeling 

and Reese (1974). In a majority of these reports, construction procedures 

are discussed as well as their effects on soil-shaft interaction. 

Wooley and Reese (1975) reported a study in which a drilled shaft 

supporting a bridge was instrumented and the behavior of the shaft under 

in-service loading was studied. The shaft was installed in a stiff clay in 

Houston and no significant settlement or change in load distribution was 

observed over a two-year period. 

Another of the objectives of the drilled shaft project was to 

investigate the behavior of laterally loaded drilled shafts. Welch and 

Reese (1972) subjected a full-scale, instrumented shaft to repeated lateral 

loads. From the observations, a procedure was developed for predicting the 

response of a stiff clay to short-term static loading or to repeated 

load ing. 

In a separate investigation, Parker and Reese (1970) performed 

combined axial and lateral load tests on small-sized piles installed in 

sand. From the test results the authors generated axial and lateral inter­

action curves to be used in design. 

Arizona Highway Department Studies 

During the period from September 1970 to February 1973, the Arizona 

Highway Department in cooperation with the Federal Highway Administration of 

the U.S. Department of Transportation sponsored an extensive investigation 

of the load-carrying capacity of drilled shafts (Beckwith and Bedenkop, 1973). 

The objective of that study was to determine the support that drilled shafts 

can derive from very coarse granular deposits and from cemented, fine-grained, 
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fan deposits. This type of soils predominates in the heavily populated areas 

of central and southern Arizona. 
A total of 27 drilled shafts were tested during that investigation. 

Seven load tests were performed in coarse granular soils and 20 tests were 

conducted in cemented, alluvial fan deposits. The results of that study are 

summarized in the following chapter. 

SCOPE OF THIS REPORT 

The purpose of this report is to review existing design procedures 

for axially loaded drilled shafts and to propose any revisions deemed 

desirable. In addition, two computer programs were developed to serve as 

time-saving tools in the design computations of drilled-shaft foundations. 

These programs, SHAFTl and BSHAFT, are described in detail in this report. 



GENERAL 

CHAPTER 2. PREVIOUS PROCEDURES FOR THE 
DESIGN OF DRILLED SHAFTS 

For the convenience of the reader, the relevant procedures that have 

been suggested for the design of drilled shafts are reviewed in this 

section. Some discussions are presented of the various aspects of the 

design methods. 

CENTER FOR HIGHWAY RESEARCH PROCEDURE 

Drilled Shafts in Clay 

Research on drilled shafts conducted by the University of Texas at 

Austin indicates that the ultimate side resistance and ultimate tip resistance 

developed by a drilled shaft can be superimposed to obtain the total ultimate 

capacity. 

= (2.1) 

where 

QuIt = the total ultimate axial load capacity of 

the shaft, 

(Qs)ult = the ultimate side resistance, and 

(QB)ult = the ultimate base capacity. 

For clays, the total ultimate capacity, Q 
'

corresponds to the 
ult 

"plunging" failure load. This is the load which will cause an increase in 

settlement with no further increase in load. 

The ultimate side resistance, 

following expression: 

= a. s A 
avg u s 

= 

7 

(Q) 
'

can be computed by the 
suIt 

a. CCQ + yz tan ~Q) A avg s (2.2) 
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where 

(l 
avg 

= a shear strength reduction factor, which is a cor­

relation between the shear strength of a soil layer 

and the shear stress mobilized within that layer. 

A = the effective surface area of the side ot 
s 

c
Q 

¢Q 

z 

= 

= 

= 

= 

= 

the shaft, 

the undrained cohesion of the soil, 

the undrained angle of internal friction 

of the soil, 

the average effective density of the soil 

above depth z, 

the undrained shear strength of the soil, 

and 

depth from ground surface to center of 

section considered. 

The undrained shear strength, s ,is obtained from the results of 
u 

laboratory tests on representative soil samples or from subsurface pene­

trometer soundings. 

The undrained shear strength should be obtained from unconsolidated­

undrained triaxial tests at confining pressures equal to the field over­

burden pressures. However, if only sound ings of the texas State Department 

of Highways and Public Transportation (SDHPT) dynamic cone penetrometer or 

of the Standard Penetration Test are available, Touma and Reese (1972) 

recommended the following correlations: 

For the SDHPT Dynamic Penetration Test, 

s 
u 

= (2.3 ) 



where 

s 
u 

the approximate undrained shear strength, tsf, 

the average number of blows/ft the SOHPT cone 

penetrometer. 

For the Stand'ard Penetration Test, 

where 

s 
u 

9 

(2.4) 

= the average number of blows/ft for the Standard 

Penetration Test. 

The full undrained shear strength is not mobilized in skin friction 

due to several factors. These include the remolding of the soil during 

drilling, the opening of fissures or cracks during and after the drilling 

operation, and the migration of excess water from the concrete to the 

adjacent soil (O'Neill and Reese, 1970). Other elements that may contribute 

to the reduction in mobilized shear strength are the mechanical interaction 

between the soil near the base of the shaft and along the sides, the 

shrinking of surface soils due to drying, and the use of drilling fluid 

during construction of the shaft. 

In design, one can account for this reduction in shear strength 

through the use of the factor a This parameter is actually the ratio 
avg 

of the average peak mobilized shear stress to the average shear strength of 

the soil. The value of a avg will vary, depending on the construction 

procedure, geometrical shape of the drilled shaft, and the type of soil. 

Engeling and Reese (1974) reported values of a avg 
to be used in calcu-

lating the ultimate side capacity. These values are listed in Table 2.1. 

Results from load tests of drilled shafts have demonstrated that the 

top 5 feet of soil generally contribute no support against the sides of the 

shaft. Therefore, it follows that one should regard that portion as con­

tributing no resistance to the ultimate side capacity (O'Neill and Reese, 

1970). Furthermore, some test shafts showed little side resistance along 

the bottom few feet in straight shafts. An underreamed drilled shaft that 
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TABLE 2.1. DESIGN PARAMETERS FOR DRILLED SHAFTS IN CIAY 
(After Engeling and Reese, 1974) 

Design Category* 

Parameter A.l A.2 B.l B .2 C 

ex 0.6 0.3
a 

0.3 0.1.5 
c 0 

Side Resistance 
avg 

in Clay Limit on Side 
O.sb 0.3

d 
Shear (tsf) 2.0 0.5 0 

N 9 9 9 9 9 c 

Tip Resistance p (SPT) 1.6 1.6 1.6 1.6 1.6 
in Clay 

p (SDHPT 
penetrometer) 2.8 2.8 2.8 2.8 2.8 

* As described in the text later in this chapter. 

a May be increased to Category A.l value for segments of shaft drilled 
dry 

b L" "" "d h 2 0 t f ~m~t~ng s~ e sear = • s for segments of shaft drUled dry 

c May be increased to Category B.l value for segments of shaft drilled 
dry 

d Limiting side shear = 0.5 tsf for segments of shaft drtlled dry 

D 

0 

0 

9 

1.6 

2.8 
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was tested, also, demonstrated that as much as 5 feet of the stem immediately 

above the bell obtained no support from the surrounding soil (Fig 2.1). Yet 

other tests (Engeling and Reese, 1974) indicated no such phenomenom. For in­

stance, load tests in shales (Vijayvergiya, Hudson, and Reese, 1969; Aurora and 

Reese, 1976) revealed that a large percentage of the side resistance was ac­

quired over all of the bottom portion of the straight shaft where a shale 

layer was situated. In such a cas~ an extremely conservative and uneconomi­

cal design would result had one disregarded the bottom 5 feet of soil because 

it offered no support. Consequently, the amount of lower length of shaft to 

be ignored in computing the side resistance depends on the founding type of 

soil and is a matter to be studied as further research is conducted. The re­

commendations of O'Neill and Reese (1970) and Engelingand Reese (1974) are 

shown in Fig. 2.1. 

To calculate the ultimate base capacity, one can use the following 

bearing capacity equation: 

where 

= N c A 
c Q B 

c = the average undrained cohesion of the 
Q 

N c 

soil for a depth of two base diameters 

beneath the base. The undrained shear 

strength, s ,can be substituted for 
u 

c for soils with an undrained angle of 
Q' 

internal friction of 10 degrees or less 

(psf), 

a bearing capacity factor, and 

= the area of the base (sq ft). 

(2.5) 

If unconsolidated-undrained triaxial test results are not available, 

O'Neill and Reese (1970) recommended the following correlations for dynamic 

penetration test blow counts: 

(2.6) 
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• Top 5 Feet 
Noncontri buting 
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t 
Bottom 5 Feet 

Noncontributing 

t 
B.,ttom 5 
Fl!et of Stem 

____ N, on ellr i buling 

Periphery of Bell 
Noncontributing 

L...-------I----.L 
Straight Shaft 

Fig. 2.1 

Bell ed Shoft 

Recommendations for Drilled Shafts in Clay 
ter Enge1ing and Reese, 1974) 



where 

N the average number of blows/ft from either the 

SDHPT cone penetration test or the Standard Pene­

tration Test for a distance of two base diameters 

below the tip, 

= the correlation factor as shown in Table 2.1, and 

the area of the base (sq ft). 
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This correlation was proposed for clays with soil properties similar 

to those of Beaumont Clay. 

As mentioned earlier in this chapter, the geometry of a drilled 

shaft as well as its method of construction will invariably affect the load 

transfer characteristics of the shaft. For this reason, the design 

criteria have been classified into four major categories according to the 

shaft geometry and type of founding soil. Two major categories are sub­

divided into minor groups in order to consider the effects of the construc­

tion method of installation (O'Neill and Reese, 1970). The different types 

of construction methods of shaft installation are discussed in Appendix C. 

Category A: Straight-sided shafts in homogeneous or layered soil 

with no soil of exceptional stiffness relative to soil around the stem, 

below the base. 

Subcategory A.l: Shafts installed dry or by the slurry dis­

placement method. 

Subcategory A.2: Shafts installed with drilling mud along 

some portion of the hole such that entrapment of drilling mud be­

tween the sides of the shaft and the natural soil is possible. 

Category B: Underreamed drilled shaft in either homogeneous or 

layered clay with no soil of exceptional stiffness relative to the soil 

around the stem, below the base. 

Subcategory B.l: Shafts installed dry or by the slurry dis­

placement method. 

Subcategory B. 2: Shafts installed with drilling mud along some 

portion of the hole such that entrapment of drilling mud between the 

sides of the shaft and the natural soil is possible. 
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Category C: Straigh~-sided shafts with base resting on soil signi­

ficantly stiffer than the soil around the stem. The stiffer soil will not 

allow the shaft side resistance to be developed. 

Category D.: Underreamed shaft with base resting on soil signifi­

cantly stiffer than the soil around the stem. The stiffer soil will not 

allow the shaft side resistance to be developed. 

The design criteria for each design category are found in Table 2.1. 

Once the ultimate axial capacity of a drilled shaft is deterolined, one must 

apply an appropriate factor of safety to the failure load. Fleese and 

O'Neill (1971) suggested that a factor of safety of not less than 2.2 be 

applied to the total ultimate capacity Q 1 ' to obtain one working load 
u t 

for highway bridges. Then, to insure against excessive immediate settlement 

that may occur for large diameter shafts, a factor of safety of 1.0 should 

be applied to the ultimate side resistance and a factor of sl:Lfety of 3.0 

should be applied to the ultimate tip capacity to obtain a sE!cond working 

load. The smaller of the two working capacities is selected as the design 

load. 

Drilled Shafts in Clay-Shale 

Early in 1976, Aurora and Reese published the results of a series 

of load tests that were performed on drilled shafts installed in clay­

shales. The term "clay-shale" used here is in accordance with the classifi­

cation method suggested by Morgenstern and Eigenbrod (1974). The knowledge 

obtained from the study permitted the researchers to suggest a rational 

approach for designing shafts in such soil. However, since nIl the shafts 

tested were less than 30 feet long, Aurora and Reese carefully limited 

the proposed design criteria for drilled shafts of comparabll~ lengths that 

penetrate approximately 5 feet into a shale stratum. 

From the investigation, Aurora and Reese (1976) concluded that 

shaft construction procedures had a marked effect on the load transfer 

characteristics of the deep foundation. For drilled shafts installed by the 

dry method, it was suggested that the shear strength reduction factor, a, 

could be as high as 0.75 in shale. On the other hand, this 'Talue mus t be 

reduced to 0.5 for shafts installed by the casing method or by the slurry 
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displacement method. 

The shear strength of the clay-shale was investigated by in situ 

methods and by testing "undisturbed" samples in the laboratory. The 

undrained shear strength was obtained from laboratory triaxial tests; how­

ever, field tests using the static cone gave results reasonable close to 

those from laboratory testing. Because of the difficulty of sampling clay­

shale and because it is strongly anisotropic, the shear strength determina­

tions must be considered to be somewhat uncertain. Therefore, the value 

of a for the clay-shale must be considered as approximate. 

To determine the bearing capacity of drilled shafts in shales, it 

was suggested that a value of 7.0 be used for the bearing capacity factor, 

N , for shafts built by the slurry displacement method. This value can be 
c 

increased to 8.0 when shafts are constructed by the casing method or by the 

dry method. 

The research program of shafts in clay-shales also resulted in the 

establishing of correlations between dynamic-penetration-resistance data and 

unconsolidated-undrained shear strength of shales, and between dynamic 

penetration resistance and unit base resistance. For the shear strength 

correlation, the following equation was suggested: 

where 

cQ = 

NSDHPT 

NSDHPT 
75 

(2.7) 

the unconsolidated-undrained shear strength of 

the clay-shale, tsf, and 

the average number of blows/ft from the SDHPT cone 

penetrometer test for a distance of two base dia-

meters below the tip. 

For the bearing capacity correlation, the following equation was 

suggested: 

where 

NSDHPT 
10 

unit base resistance, tsf. 

(2.8) 



16 

These correlations are discussed in more detail in the next chapter and are 

summarized in Table 3.2 

Aurora and Reese (1976) proposed that the working load be computed 

by applying a factor of safety of 2.0 to the ultimate base capacity, (QB)u1t' 

and a factor of safety of 1.0 to the ultimate side resistance, (Q) . 
s u1t 

This design recommendation was suggested for shafts with total lengths under 

30 feet and penetrating 5 feet into clay-shale. The designer should be 

aware that such a recommendation results in an overall factor of safety of 

less than 2.0 with respect to the total ultimate shaft capacity. Consequent­

ly, suitable adjustments should be made for variability in sei1 conditions, 

and to meet shaft movement requirements. 

Drilled Shafts in Sand 

From 1970 to 1971, a total of five load tests were pE,rformed on 

drilled shafts installed at sites with soil profiles containing sand. Touma 

and Reese (1972) reported the results of this research project. The 

following sections briefly discuss the recommendations which were made for 

the design of shafts in sand. 

To calculate the total ultimate capacity of a drilled shaft in 

sand, the same equation for drilled shaft in clay is used: 

(2.1) 

However, because the load-settlement characteristics of a drilled shaft in 

sand differ significantly from those of one in clay, the "plunging" load 

of a shaft in sand must be defined differently. In the load tests, research­

ers observed the long, sweeping nature of the load-settlement curves for 

shafts in sand. Furthermore, it was discovered that large settlements were 

necessary to mobilize a large fraction of the ultimate axial capacity. 

The entire side resistance was generally mobilized at disp1aeements of 0.25 

to 0.50 inch, whereas a large portion of the tip resistance was not mobilized 

until the shaft achieved a tip movement of approximately 5.0 percent of the 

tip diameter. Therefore, Touma and Reese (1972) recommended that the 

"plunging" load be designated at a shaft displacement of 5.0 percent of the 



diameter and the "failure" load be defined at a shaft displacement of 1.0 

inch. One could then calculate a working load by applying a factor of 

safety of 2.0 to the "failure" load. This "failure" load is the ultimate 

axial capacity, Q 1 ' for drilled shafts installed in sand. 
u t 

To find the ultimate side resistance supporting a shaft, one can 

use the following expression: 

H 

17 

a C J P tan ~ dz 
avg 0 

(2.9) 

where 

c 

H 

dz 

p 

a avg 

circumference of the shaft, ft, 

total depth of embedment of the shaft in sand, ft, 

differential element of length, ft, 

effective friction angle, degree, 

effective overburden pressure, psf, and 

correlation factor between the shear strength of 

a soil layer and the shear stress mobilized 

within that layer. 

Results from the load tests indicated that a decreased with 
avg 

depth. Thus, Touma and Reese (1972) suggested that a value for a of 
avg 

0.70 be used in sand up to a depth of 25 ft; 0.60 from 25 ft to 40 ft; and 

0.50 for depths greater than 40 feet. 

It is very difficult to recover sand samples that are representative 

of field conditions, but the angle of internal friction, ~, can be estimated 

from the results of the SDHPT cone penetration test or the Standard 

Penetration Test using charts such as those in Fig. 2.2 and Fig. 2.3. 

For obtaining the base resistance, (QB)ult' in sand at a shaft down­

ward displacement of one inch, the following expression is suggested: 

(2.10) 
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where 

D 

k 

= base diameter, ft, 

1.0 for D ~ 1.67; k = 0.6D for D ~ 1.67; and 

base capacity at five percent tip movement. 

For loose sand, qb is taken as 0 psf; for medium 

dense sand, as 32,000 psf; for very dense sand, 

as 80,000 psf. These values are for tips at 

depths greater than 10 shaft diameters. 

The term, k, which is shown in Eq. 2.10, reduceB the tip 

capacity for shafts with a base diameter larger than 20 inches so as to limit 

the shaft settlement to one inch. 

TEXAS STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION 

The Texas State Department of Highways and Pub1ic'ltansportation has 

published a foundation manual which presents several methods of designing 

drilled shafts. Basically, the different methods of computir.,g the shaft 

working loads depend on the procedures used in obtaining shea.r and bearing 

strength values of the supporting soils. The State Departmer..t of Highways 

and Public Transportation determines the shear and bearing strength of a 

soil from the results of the transmatic triaxial test (TAT) c,nd the SDHPT 

cone penetrometer test (SDHPT Manual, 1972). Since the majority of the lab­

oratory testing programs for drilled shaft projects did not lnvo1ve perfor­

mance of the TAT test, we can compare CFHR design methods with those of the 

State Department of Highways and Public Transportation only by making use of 

the SDHPT cone penetrometer results. 

Over the years, the State Department of Highways and Public 

Transportation has developed empirical relationships between their cone 

penetrometer values and soil strength. These correlations are presently 

being used to determine design shear strengths to be used in computing shaft 

side resistance as well as allowable unit bearing resistance. Figures 2.4 

through 2.7 are from the State Department of Highway and Public Transporta-
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1:ion Bridge Division Foundation Exploration and Design Manual (1972). 

Figures 2.4 and 2.5 are used for soils with NSDHPT values that exceed 100 

blows per ft. In order to obtain the angle of internal friction of a 

eohesionless soil, one can refer to Fig. 2.7 if SDHPT cone penetrometer data 

are available. 

In conjunction with the above figures (and Equations 2.1,2.2, 2.5, 2.9, 

2.10) an engineer is required to employ a strength reduction factor a as follows: 

(1) a 0.6 for shafts that are drilled dry without casing 
and where the concrete is placed normally. 

(2) a 0.5 for portions of shafts requiring casing with or 
without drilling mud and where the concrete is placed normally. 
a 0.6 can be employed below the casing if the lower portion 
is drilled dry. 

(3) a 0.5 for shafts where concrete is placed under water or 
where casing and/or "drilling mud is required. 

(4) For underreamed drilled shafts, the three preceding criteria 
also apply. However, side resistance is discounted for a 
distance of one base diameter above tip. 

In Chapter 3, working loads computed by the SDHPT procedure 

~re compared with working loads computed by other procedures. 

ARIZONA DESIGN PROCEDURES 

The drilled shaft load test project completed for the Arizona 

Highway Department (Beckwith and Bedenkop, 1973) was a significant contribu­

tion to the understanding of the load-carrying characteristics of shafts in 

::;oils possessing engineering properties quite different from those which were 

tested by the Center for Highway Research. 

Drilled shafts were installed at three different sites designated 

as A, B, and C, which are described in the following sections. 

The sole purpose for testing shafts at site A was to determine 

the relationship between width of a loaded area and settlement under a series 

of bearing pressures. The bearing stratum was located at a depth of 

approximately 15 feet. This soil, termed SGC, consisted predominately of 

sandy gravel and cobbles with a small amount of silt and was found to 

classify as GP in the Unified Soil Classification system. The soil typically 

contained particles of up to 12 inches and scattered boulders of up to 



26 

24 inches. The SGC soil had a high percentage of quartzite, chert, and other 

hard materials, and it was found to be uncemented. Empirical curves were 

established for use as design aids. 

The load tests that were performed at sites Band C are of primary 

interest because the majority of the shafts tested at those sites acquired 

resistance from soil along the sides as well as at the base. Some other 

shafts were tested for "side shear" only or for "end bearing" only. Moreover, 

a few shafts were drilled with shear cellars belled at various depths to in­

vestigate any benefit such a geometry might offer in increasing axial capacity. 

Only results of the tests Band C will be presented in th.is report. 

The soil profile at site B consisted of weakly cemented, moderately 

firm, silty clays with a few stratifications of silty sand and clayey sand 

to a depth of 19 feet. Underlaying these soils were hard, gtrongly cemented, 

highly plastic clays, silty clays, and sandy silts which extended to 

approximately 27 feet. Below this depth there existed moderately to strongly 

cemented, firm silty clays, sandy silts, and clayey sands. A generalized 

soil profile is shown in Fig. A.23 of Appendix A. 

The soil at site C was similar to that found at site B. The first 

stratum was a moderately firm, weakly to moderately cemented, silty clay 

two to three feet thick. Below this stratum, highly stratified clayey sands 

and sandy clays of medium to high plasticity extended to a depth of 30 feet. 

Generally, these soils were found to be moderately to strongly cemented 

with lime and to contain varying amounts of gravel. A generalized soil 

profile of the site is in Fig. A.25 of Appendix A. 

Atboth sites Band C, there existed great variations in the soil 

profile in both the vertical and horizontal directions. Furthermore, 

because of the texture of the soil at these sites, it was difficult to 

recover undisturbed samples representative of field conditions. Direct 

shear tests greatly underestimated the actual field strengths. Pressuremeter 

tests conducted in the field gave a better representation of the actual soil 

engineering characteristics. 

The soils that were tested by the Center for Highway Research for the 

drilled shaft invest igation were entirely different from tho:;:e found in 

Arizona. If the CFHR design criteria were applied to the Arizona soils 



using the measured direct shear strength results, the ultimate axial 

capacities of the shafts would be greatly underestimated. Therefore, the 

main procedures suggested by Beckwith and Bedenkop (1973) are presented 

in the following sections. 

Investigated Design Procedures 
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Due to the fact that undisturbed soil samples could not be recovered, 

the criteria that were established were basically empirical. In order to 

determine the best possible method of calculating the total ultimate 

capacity of a drilled shaft in the Arizona cemented alluvial fan deposits, 

Beckwith and Bedenkop (1973) considered eight different methods of analysis. 

The basic approach involves the use of Eq. 2.1, 

(Q)u1t (2.1) 

Method 1. For the first method of analysis, the direct shear test 

data are utilized and side shear is computed: 

where 

= (2.11) 

cd = the cohesion shear strength obtained from direct 

A 
s 

a. 
c 

k 
o 

y 

z 

shear test results 

the peripheral surface area, 

cohesion reduction factor, assumed equal to 1.0, 

angle of friction between soil and surface of 

shaft, assumed equal to ~, 

earth pressure coefficient, assumed equal to 1.0, 

average effective density of soil above depth z, and 

= depth from ground surface to center of section 

considered. 
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End-bearing was determined using the following equation: 

where 

D 

y 

Nand N 
c q 

(2.12) 

cohesive shear strength, 

= depth of the shaft, 

average effective density of soil above depth D, and 

dimensionless bearing capacity factors, as proposed 

by various investigators, which depend on the angle 

of internal friction, ~, the geometry of the drilled 

shaft, the shape of the failure plane, and the 

roughness of the base. 

For this first method, the average values of strength parameters from the 

direct shear tests were used in computing the ultimate side r'esistance. 

Values of N (Terzaghi, 1943) and N (Vesic, 1965) were employed in Eq. 2.12 
c q 

to compute base resistance. 

Method 2. The second method that was considered involves using 

the upper range of the shear strength from direct shear testf: in estimating 

the side shear by use of Eqs. 2~1 and 2.12. 

Method 3 and Method 4. Both of these methods of analysis use the 

same equations to define the ultimate load transfer and the ultimate bearing 

pressure. 

where 

The ultimate peripheral unit load transfer, q , is determined by 
s 

s avg 

s 
avg 

(2.13) 

the average shear strength obtained from the direct 

shear test (Method 3 and Method 4). 



To compute the unit bearing pressure, qB' an empirical relation is used as 

shown in Eq. 2.14: 
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qb = lOs (2.14) 

lJhere 

s 

s 

s (Method 3) and 
avg 

upper range of shear strength from direct shear 

tests (Method 4). 

Method 5 and Method 6. These two methods make use of pressuremeter 

test results to estimate the total ultimate capacity. In Method 5, the 

Jltimate unit side shear, q , is defined by s , which is the shear strength 
s 0 

:omputed from pressuremeter test; that is, 

qs s (2.15) 
0 

Therefore, the ultimate side resistance is determined in the following 

manner: 

(Qs) ult A 
s qs (2.16) 

End-bearing by Method 5 involves the use of 

where 

(2.17) 

the limit pressure determined from pressuremeter 

tests. 

Method 6 is merely a more conservative version of Method 5. This 
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computation procedure places the following limitations on side shear: 

qs < 7.0 ksf for shafts with a rough surface texture 

(as occurred at site C) and 

qs < 5.0 skf for shafts with a relatively smooth 

surface texture (as occurred at site B). 

Maximum end-bearing pressure was limited to the limit pressure, PL, such 

that 

PL (in ks£) (2.19) 

Method 7. An effort was made to correlate the Standard Penetration 

Test blow count, NSPT ' with the unit side resistance and the '.mit base 

resistance. The study resulted in the following relationships: 

= (2.20) 

and 

NSPT (in ksf) (2.21) 

where 

< 7.0 ksf for shafts with a rough sur::ace texture 

(as occurred at site C), 

< 5.0 ksf for shafts with a smooth surface texture 

(as occurred at site B). and 

< 75.0 ksf. 

Method 8. For shaft drilled shafts like some tested at site B 

where samples could be obtained at shallow depths to run unconfined 

compression tests, capacity computations were suggested using the following 



31 

equations: 

q /4 
u 

(2.22) 

and 

4.5 q 
u 

(2.23) 

where 

the unconfined compressive strength 

Recommended Design Procedures 

Of the methods used in the Arizona study for computing ultimate 

capacity, four procedures stand out as the most reliable, Methods 3 through 

6. Explanations for rejection of the other methods are given in the 

following paragraphs. 

Methods 1 and 2 proved to be highly sensitive to the angle of internal 

friction, ~, which cannot be determined with the required precision from 

the results of the direct shear test. In these cases, the direct shear test 

gave values of ~, which when used in the analysis, greatly overestimated the 

ultimate bearing capacity, (QB) ult· 

Method 7, which is based on Standard Penetration Test data, tended 

to predict capacities very conservatively and, thus, uneconomically. 

Method 8 was rejected mainly because of the difficulty in obtaining 

undisturbed samples from the cemented soil deposits for performing unconfined 

compression tests. However, should a technique be developed for obtaining 

samples representative of actual soil conditions, further study of this 

method would be desirable. 

The study by Beckwith and Bedenkop (1973) indicates that the 

pressuremeter can give reliable estimates of the engineering properties of the 

soils they tested. Methods 5 and 6 for computing ultimate capacities are 

based on such pressuremeter testing. On major construction pr.ojects where 
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a large number of pressuremeter tests can be performed, presBuremeter test 

results can be used to calculate the ultimate axial capacitY1 Q 1. A 
u t 

summary of the equations is given below: 

where 

(Qs)u1t 

qs 

(QB)u1t 

qb 

Qu1t 

s 
o 

A 
s 

= 

qs A 
s (2.16) 

s 
0 

(2.15) 

qb ~ (2.17) 

1. 4PL (2.18) 

(Qs)u1t + (QB)u1t (2.1) 

load transfer along pheriphery of ~haft, psf, 

average shear strength computed from the pressure­

meter data, psf, 

peripheral area of shaft, sq ft, 

ultimate bearing pressure, psf, 

PL = limit pressure determined from pressuremeter 

tests, psf, and 

area of the base of the shaft, sq ft. 

However, in cases where only a few pressuremeter tests can be performed, the 

factor of 1.4 is dropped from Eq. 2.18 and load transfer is limited to the 

following values: 

< 7.0 ksf for shafts with a rough surfact texture and 

< 5.0 ksf for shafts with a smooth surfact texture. 



When pressuremeter tests are not available, Beckwith and Bedenkop 

(1973) recommed the use of results from the direct shear tests in the 

following manner. Combining Methods 3 and 4 into one procedure gives the 

following relationship for computing side resistance: 
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s 
avg 

(2.19) 

where 

s 
avg 

the average strength from results of the direct 

shear test, 

the unit load transfer. 

For computing the ultimate bearing pressure, 

where 

s 

lOs (2.20) 

the average direct shear strength for weakly 

cemented soils, or the upper limit of data from 

direct shear tests for strongly cemented soils. 

Table 2.2 summarizes the recommended design procedures for drilled shafts 

as installed in cemented alluvial fan deposits by the Arizona investigators. 

Because of the erratic variations' that occurred in the soil profile 

across the sites, a factor safety of 3.0 was suggested for design. This 

criterion limits working stresses to the elastic portion of the load­

deformation curves, keeping settlements to a maximum of 0.25 inch. 

Other Recommendations 

Beckwith and Bedenkop (1973) also investigated the effect of cleaning 

the base and the effect shear collars might have on load capacity. 
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TABLE 2.2. DESIGN PARAMETERS FOR DRILLED SHAFTS IN ARIZONA 
CEMENTED FINE-GRAINED ALLUVIAL FAN DEPOSITS 

SOIL TESTING METHOD qs (ksf) qb (ksf) REMARK.S 

Pressuremeter Test: s = aVerElge shear 
a strength computed 

Large nLlmber of tests s 1. 4PL from pressuremeter 
performed a data 

PL = limit pressure 
determined from 
pressuremeter data 

Pressuremeter Test: 

Small number of tests s '* PL same 
performed 

a 

Direct Shear Test s lOs s = average of the direct 
avg avg shear test results 

s = average of direct 
sheal: test results 
for weakly cemented 
soil, or the upper 
limi': of direct shear 
test data for 
strongly cemented 
soil 

'*q < 7.0 ksf for shafts with a rough surface texture and 
s 

q < 5.0 ksf for shafts with a smooth surface texture 
s -
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Two drilled shafts were used to study the effect of cleaning the base 

on ultimate capacity. One shaft was completely cleaned while the companion 

shaft was left with approximately 3 inches of cuttings on the base, which 

is the amount it is estimated "machine cleaning" generally leaves on the 

base. Upon completion of the load testing, it was observed that the "machine 

cleaned" shaft settled much more than the hand cleaned shaft for the same 

working loads. However, some contractors have claimed that in some soils 

careful techniques in "machine cleaning" can reduce the amount of cuttings 

1eft at the base to as little as one inch, or less. Therefore, cleaning 

techniques should be considered when design capacities are computed. 

The investigation of the use of shear collars proved to be inconclu­

sive. Numerous shafts installed with shear collars were tested and compared 

with companion straight-stemmed shafts. Some shafts with shear collars 

failed at greater capacities than their companion shafts while in other cases 

the straight-stemmed shafts exceeded the capacity of the drilled shafts 

with shear collars. In some cases both types of shafts sustained the same 

ultimate capacities. Consequently, the use of shear collars may not be 

economically justified, especially for the soils involved, because of extra 

machine time required as well as because of the need to mobilize additional 

equipment. 
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CHAPTER 3. RECOMMENDED DESIGN PROCEDURES 

INTRODUCTION 

A reevaluation was made of the current design procedures for drilled 

shafts in clay, clay-shale, sand, and fine-grained alluvial fan deposits. 

This study revealed a need for modifying certain current recommendations 

for the design of shafts in clay and in sand. These modifications are 

presented in the following sections. 

Throughout the discussions that follow, design procedures are 

classified under two main categories: primary design procedure and secondary 

design procedure. The term "primary design procedure" refers to the 

procedure employed in computing the total ultimate resistance of a shaft 

when the engineer has reasonably good information on soil properties. Know­

ledge of these properties is obtained from an extensive field exploration 

effort combined with a complete laboratory testing program. For 

example, a sufficient number of samples should be recovered from a substan­

tial number of borings, and laboratory tests should be performed in order 

to make a good estimate of actual soil conditions in the field. Details 

of laboratory testing will not be discussed, but, with regard to cohesive 

soils, unconsolidated-undrained triaxial tests at confining pressures equal 

to field overburden pressures should be run to determine the undrained 

shear strength parameters. 

Many times a situation arises where an engineer has very little 

informaton regarding actual soil engineering properties obtained from 

laboratory tests. The only information available may be results from a 

dynamic penetration test, and, from such meager data, an engineer must try 

to determine the soil properties necessary to design drilled shafts. The 

term "secondary design procedure" refers to such a method of designing 

drilled shafts. In clays and clay-shales, the principal difference between 

the primary and secondary procedures is that dynamic penetration tests are 

employed in the secondary procedure to obtain the shear strengths. The 

ultimate base resistance in the secondary procedure is computed through use 
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of an ultimate unit bearing pressure obtained from a direct correlation 

with dynamic penetrometer b10wcounts. 

Touma and Reese (1972) has suggested the use of Eq. 2.3 or 2.4 for 

estimating the undrained shear strength of clay from dynamic penetration 

tests. Later, Hamoudi, et a1, (1974) made a more thorough investigation 

in correlating results from the SDHPT cone penetration tests with results 

from unconsolidated-undrained triaxial tests. A substantial number of 

tests were performed on a variety of soil samples which consisted of silty 

clays (CL), sandy clays (CL), homogenous clays of high p1asttcity (CH), and 

clays (CH) with a well-developed secondary structure. The Ha.moudi correla­

tions for silty clays (CL), sandy clays (CL), and homogeneouEi clays (CH) 

were adopted because in this study it was felt that the correlations gave 

better values for the undrained shear strength of these coheElive soils 

than did the relationships suggested by Touma and Reese. Ho~~ver, the 

correlation for clays (CH) with a well-developed secondary structure was 

not adopted because it seemed to underestimate greatly the undrained shear 

strengths of such soils. 

The shear strength correlations adopted for clay-shales are those 

recommended by Aurora and Reese (1976). 

For drilled shafts installed in sand, the primary procedures involves 

the use of the angle of internal friction which is determined by the best 

available method. The secondary procedure involves the use of correlations 

between b10wcount and load transfer. These correlations were developed from 

the Texas load test program and are discussed in later sectD>ns of this 

chapter. 

The nature of the design procedures for drilled shafts installed in 

fine-grained alluvial fan deposits, such as those tested in Arizona, did 

not warrant classification into a primary design procedure and a secondary 

design procedure as defined in the beginning of this chapter. Consequently, 

the Arizona design procedures were treated separately. 

In the following sections of this chapter, recommendl~d design 

procedures are presented for drilled shafts in soils thus far tested. In 

employing the suggested methods, the designer should appropriately modify 



parameters in cases where the soil profile and soil engineering properties 

differ significantly from those which were encountered in the research 

projects. Furthermore, such a situation should also call for a load test 

at the shaft installation site. In general, load tests are advisable at 

a site where correlations have not been obtained between load transfer 
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characteristics and soil properties. Internal instrumentation should normal­

ly be used for obtaining the distribution of load with depth. The design 

correlations that follow will prove useful in designing such load tests 

and in exceptional circumstances may be useful in making final designs. 

DESIGN PROCEDURES FOR CLAY 

Primary Design Procedure 

The routines of the computer program, SHAFT 1 , are based on the 

primary design procedures. Documentation of the program is presented in 

the next chapter. As shown below in Table 3.1, computations with SHAFTI were 

used to develop a revised primary design procedure. ill making fue computations 

the top 5 feet of clay iwmediately below the ground surface was ignored 

because it was considered to contribute no side resistance. Furthermore, 

if the bottom portion of the shaft was embedded in clay, one diameter 

above the tip was regarded as offering no peripheral resistance (this differs 

from the 5 feet recommended by O'Neill and Reese, 1970). 

For test shafts embedded in a soil whose profile included both 

clay and sand, the load transfer in clay layers was obtained from load­

distribution curves developed from the field experiments. With the criteria 

stated above, SHAFTI was used to compute the ultimate side resistance from 

undrained shear strengths, assuming the value of the shear strength reduc­

tion factor, a, to be equal to one. The top 5 feet of each shaft and one 

diameter above the tip were ignored in making the computations. The actual 

measured side resistance, reduced by the measured load transfer in sand 

for those shafts in layered soils, was divided by the computed side resis­

tance to obtain a 
avg 

For computing base resistance by the primary design procedure, the 



40 

TABLE 3.1. VALUES OF (l BASED ON LOAD TESTS avg 
(ignoring top 5 ft. and bottom one diametE~r) 

Effective Measured Computed 
Test Shaft Diameter Depth in Side Side (l 

Designation Clay Resistance Resistance avg 

(in) (ft) (tons) (tons) 

US59 30 4 70 47 1.49 

HH 24 6 45 93 0.48 

Gl 36 28 130 261 0.50 

G2 30 65 490 773 0.63 

BB 30 25 225 258 0.87 

Sl 30 16 90 141 0.64 

S2 30 11 90 90 1.0 

S3 30 17 54 141 0.38 

S4 30 38 179 358 0.50 

Bryan 30 35 240 455 0.53 

RBT 33.5 44 588 980 0.60 

Note: 1. Weighted average value of (l '" 0.61 avg 
2. Two load tests conducted in Puerto Rico were not included because 

the shafts were not loaded to failure. 

3. See Table 3.10 for detailed information on these tests. 



parameters used in the current design procedure are recommended. 

Suggested design parameters for computing side and bearing 

resistances in clay are listed in Table 3.2. The design categories shown 

in Table 3.2 are the same as those discussed in Chapter 2 in relation to 
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Table 2.1. In subcategory A.l, the suggested value for a has been rounded 
avg 

from 0.61 to 0.60. In considering the reduction in load transfer due to 

shaft construction procedures, shaft geometry, and abrupt changes in soil 

strength with depth, O'Neill and Reese (1970) recommended reduced values of 

a , which are also presented in Table 3.2 under different subcategories. avg 
Portions of the shaft to be ignored in computing side resistance are shown 

in the figure in Table 3.2. 

To obtain a design load in clay, two working loads are computed 

and the lower of the two is selected as the design load. One working load 

is calculated by applying an overall factor of safety of 2.2 to the total 

ultimate capacity. To obtain the other working load, a factor of safety 

of one is used in computing the side resistance and a factor of safety of 

3.0 is used in computing the base resistance. In selecting a factor of 

safety, one should keep in mind that as the base diameter increases in size, 

the factor of safety of the base must be increased because more settlement 

will be required to mobilize a given percentage of the base capacity. 

Reese and O'Neill (1971) have proposed that in clays, for base diameters 

greater than 9 ft, the factor of safety of 3.0 be increased linearly up to 

a value of 4.0 for shafts with a base diameter of 15 feet. The use of 

larger factors of safety for base resistance will insure that the load 

corresponding to a settlement of one inch will be no greater than 2.2 times 

the working load. 

Secondary Design Procedure 

As mentioned earlier in this chapter, the secondary procedure for 

designing drilled shafts in clay is based on obtaining undrained shear 

strengths and ultimate unit base resistances from dynamic penetrometer blow­

counts. The following expressions were adopted from correlations suggested 

by Hamoudi, et al. (1974) for the SDHPT cone penetration tests. 
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TABLE 3.2. REVISED DESIGN PARAMETERS FOR DRILLED SHAFTS IN CLAY 

(Primary Design Procedure) 

Design Category 

Parameter A.l A.2 B.l B.2 C D 

Side Resistance* c a 
in clay a 0.6 o. 3 0.3 0.15 0 0 avg 

Limit on 
side shear 

0.5 b 0.3 d (tsf) 2.0 0.5 0 0 

Tip Resistance** 
in clay N 9 9 9 9 9 9 

c 

a May be increased to category A.l value for segments of shaft drilled dry. 

b Limiting side shear = 2.0 tsf for segments of shaft drilled dry. 

c May be increased to category B.l value for segments of shafts drilled dry. 

d Limiting side shear = 0.5 tsf for segments of shaft drilled dry. 

*Equation for computing side resistance: 

**Equation for computing base resistance: 

• Top 5 ft. 
Noncontributing 

t 

1 
Bottom 
One Diameter 
Noncontributing , 

(Qs)ult = 

(QB)ult = 

a s A 
avg u s 

N c AE c Q 

1 
One Stem Diameter 
Above the Bell 
Noncontributing 

I 
Periphery of Bell 
Non cont r ibut ing , 
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For homogeneous clays (CH), 

s 0.07NSDHPT u (3.1) 

For silty clays (CL) , 

s = 
u 0.063NSDHPT (3.2) 

For sandy clays (CL), 

s '" 0.053NSDHPT u 
(3.3) 

where 

s = the undrained shear strength, tsf, and 
u 

SDHPT cone penetrometer blowcount, blows/ft. 

To establish similar correlations for results from the Standard 

Penetration Test, the following relationship (Touma and Reese, 1972) can 

be used: 

= 

where 

== 

0.70 NSDHPT (3.4) 

the Standard Penetration Test blowcount, blows/ft, 
and 

the SDHPT cone penetrometer blowcount, blows/ft. 

Substituting Eq. 3.4 into Eqs. 3.1 through 3.3 gives the following relation­

ships for SPT results. 

For homogeneous calys (CH), 

s 
u 

O.lON
SPT (3.5) 
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For silty clay (CL), 

s 
u 

For sandy clay (CL), 

s 
u 

= O.09N
SPT (3.6) 

O.076NSPT 
(3.7) 

In using the above correlations to obtain load transf,er, one must 

select an appropriate value of a from Table 3.2. avg 
Table 3.3 includes the necessary parameters for computing base 

resistance from the results of dynamic penetrometer tests. The parameters are 

identical to those found on Table 2.1 except that an upper 1tmit of 35 tsf 

is shown for the bearing pressure to keep within the range of our load test 

results for clays. The limiting pressure can be increased if it is justified 

by future research. 

TABLE 3.3. DESIGN PARAMETERS FOR BASE RESISTANCE FOR DRILLED SHAFTS IN CLAY 

(Secondary Design Procedure) 

Parameter Design Category 

A.2 B.l B.2 C D 

p (SPT) 1.6 1.6 1.6 1.6 1.6 1.6 

p (SDHPT) 2.8 2.8 2.8 2.8 2.8 2.8 

Limit on bearing 
pressure (tsf) 35 35 35 35 35 35 

Note: Equation for computing base resistance; == 

DESIGN PROCEDURES FOR CLAY-SHALE 

The procedures discussed in Chapter 2 are recommended for the design 

of drilled shafts in clay-shale. The parameters to be used in the primary 

design procedure are presented in Table 3.4. 



TABLE 3.4. 

Side resistance* 

DESIGN PARAMETERS FOR DRILLED SHAFTS IN CLAY-SHALE 

(Primary Design Procedure) 

Design Category 

Parameter A B C 

45 

in clay-shale 0- 0.75 0.50 0.50 avg 

Tip resistance*;'t 
in clay-shale N 8 8 c 

Category A: Shafts installed by the dry method. 

Category B: Shafts installed by the casing method. 

Category C: Shafts installed by the slurry displacement method. 

*Equation for computing side resistance: (Qs)ult = O-avg Su As 

**Equation for computing base resistance: (QB)ult = Nc ~ AB 

The parameters required for the secondary design procedure are listed in 

Table 3.5. The N
SPT 

correlations with undrained shear strength and with 

unit base resistance were developed by using Eq. 3.4. Substituting 

Eq. 3.4 into Eqs. 2.7 and 2.8 gives the following equations: 

7 

c Q 
N

SPT (3.8) 
53 

and 

qb 
N

SPT (3.9) 
7 
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TABLE 3.5. DESIGN PARAMETERS FOR DRILLED SHAFTS IN CLAY-SHALE 

(Secondary Design Procedure) 

Design Ca.tegory 

Parameter A B 

Side resistance* 
in clay-shale a 0.75 0.6 avg 

Tip resistance** p (SPT) 7 7 
in clay-shale 

p (SDHPT) 10 10 

Category A: Shafts installed by the dry method. 

Category B: Shafts installed by the casing method. 

Category C: Shafts installed by the slurry displacement method. 

*Equation for computing side resistance: (Qs)u1t = aavg s A 
u s 

**Equation 

Note: s 
u 

for computing 

NSDHPT 
75 

or 

base 

s 
u 

resistance: (QB)u1t = .!'! ~ p 

C 

0.5 

7 

10 

No definite recommendation can be made with regard to what portion of 

the shaft to ignore in computing the side resistance. Load tests have not 

been performed on shafts installed in clay-shale profiles which completely 

envelop the periphery of the shaft. Therefore, there is no way of telling 

how the load transfer along the shaft would vary with depth. Results of 

load tests conducted thus far have indicated that skin resistance is 

mobilized down to the tip of the shaft. However, this may not be the case 

for a shaft embedded solely in clay-shale. On the basis of the limited 

results presently available, it is suggested that, for compu.ting side resis­

tance for clay-shales, the top 5 feet of the shaft be ignored and that load 

transfer be assumed over the remaining portion of the shaft down to the tip. 

DESIGN PROCEDURES IN SAND 

Primary Design Procedure 

No revisions are recommended in the procedure presented earlier in 

Chapter 2. The design parameters are summarized in Table 3.6. 
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TABLE 3.6 DESIGN PAR,AHETERS FOR DRILLED SHAFTS IN SAND 

(Primary Design Procedure) 

Parameter Value Remarks 

Side Resistance* 0.70 depth < 25 ft 
in sand a 

0.60 25 ft < depth < avg 
40 ft 

0.50 depth > 40 ft 
Side resistance 
should be 
limited to 2.5 
tsf. 

Base resistance** 0 loose sand 
in sand q b(tsf) 16 medium-dense 

sand 

40 very dense sand 

H 
*Equation for computing side resistance: (Qs) ult = aC f p tan <P dz 

0 

**Equation for computing base resistance: (QB) u1t 
lTD2 

= \ 

Tip movement is limited to one inch. The ultimate bearing pressure, q , 
b 

can be interpolated for intermediate densities. 

Secondary Design Procedure 

In developing a method for estimating load transfer in sand from 

dynamic penetration test results, load transfer information was acquired 

from load distribution curves from the load test results. This information 

was correlated with data from dynamic penetration tests. The data for the 

State Department of Highways and Public Transportation cone penetrometer 
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correlations and the Standard Penetration Test correlations are listed in 

Tables 3.7 and 3.8, respectively. Because of the wide scatter in the data 

and because of the small number of data points that were available, the 

linear regression equations on pages 48 and 49 were simplified in order 

to limit computed load transfer to the lower bound of the measured load 

transfer data. For the State Department of Highways and Public Transporta­

tion load transfer correlation, the following expression is suggested: 

0.014 ~ NSDHPT (3.10) 

For the Standard Penetration Test relationship, the following equation 

can be used to compute load transfer: 

where 

= 0.026 . N
SPT 

(3.11) 

qs == the load transferred along the sides of the shaft, 

tsf, 

= the State Department of Highways and Public Trans­

portation cone penetrometer blow count, blows/ft, and 

== the Standard Penetration Test blow count, blows/ft. 

Although load transfers greater than 3.50 tsf were achieved in the sand 

layers, an upper limit of 2.00 tsf is recommended when usinl~ Eqs. 3.10 

and 3.ll. 

The load transfer that is calculated by Eq. 3.10 or 3.11 seems 

reasonable. These equations are similar to the Standard Pe:letration Test 

correlation suggested by Schmertamann (1967) for computing load transfer 

in sand for cylindrical driven piles: 

0.019 • NSPT (qs < 1.14 tsf) (3.12) 



TABLE 3.7. 

SDHPT 

LINEAR REGRESSION ANALYSIS FOR SDHPT CONE 
PENETROMETER AND LOAD TRANSFER IN SAND 

Cone Penetration Measured load 
Test transfer 

(b1ows/ft) (tsf) 

67 1.02 

*390 2.61 

*450 3.06 

35 0.87 

46 0.91 

58 1.17 

67 1.17 

63 1.17 

90 1.58 

60 1.46 

68 1.82 

*100 2.18 

*Disregarded in linear regression analysis 

Linear regression equation: load transfer = 0.37 + 0.014 • NSDHPT 
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TABLE 3.8. LINEAR REGRESSION ANALYSIS FOR SPT 
RESULTS AND LOAD TRANSFER IN SAND 

NSPT 
Standard Penetration Measured load 
Test b1owcount transfer 

(b1ows/ft) (tsf) 

30 0.94 

49 2.02 

*95 3.17 

*90 3.31 

83 2.09 

30 0.82 

]2 1.15 

17 1. 37 

28 1.15 

40 1.87 

53 1.83 

*130 2.00 

*160 2.22 

8 0.41 

8 0.47 

15 1.08 

14 1.15 

18 0.98 

*Disregarded in linear regression analysis 

Linear regression equations: load transfer 0.20 + 0.021 . NSPT 
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Schmertmann recognized that the above expression generally gave quite 

conservative estimates. When used wisely, it is felt that Eqs. 3.10 and 3.11 

give reasonable estimates of load transfer in sand. 

In calculating tip capacity, no deviation is made from the 

primary procedure. The density of the sand is estimated from a dynamic 

penetration test and the bearing pressure is limited so as to produce no 

more than one inch of settlement. The design parameters for drilled shafts 

in sand to be used in the secondary procedure are listed in Table 3.9. 

TABLE 3.9. DESIGN PARAMETERS FOR DRILLED SHAFTS IN SAND 

(Secondary Design Procedure) 

Parameter Value Remarks 

Side resistance* for SDHPT cone 
in sand q (tsf) o .014N SDHPT penetration test 

s results 

0.026 N for SPT results 
SPT 

side resistance 
should be 
limited to 2.0 
tsf 

Base resistance** 0 loose sand 
in sand qb(tsf) 16 medium-dense 

sand 

40 very dense sand 

*Equation for computing side resistance: (Qs)u1t 

**Equation for computing base resistance: (QB)u1t 

Tip movement is limited to one inch. The ultimate bearing pressure, qb' can 

be interpolated for intermediate densities. 

When designing drilled shafts tipping in sand by the primary design 

procedure, an overall factor of safety of 2.0 appears reasonable. However, 

when shafts are being designed by the secondary procedure, an overall 
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factor of safety of at least 2.5 should be employed. This sterns from the 

fact that dynamic penetration tests have a limited reliability as far 

as using the test results as the sole means of determining ~;oil properties. 

DESIGN PROCEDURES FOR CEMENTED ALLUVIAL FAN DEPOSITS 

The design methods recommended by Beckwith and Bedenkop (1973) 

appear to be the most practical for predicting drilled shaft capacities in 

cemented alluvial fan deposits. The design parameters are ~iummarized in 

Table 2.2 and are based on the four best computational methods of a total 

of eight that were analyzed. A factor of safety of 3.0 applied to the 

total ultimate capacity gives a reasonable working load. 

COMPARISON OF MEASURED CAPACITIES AND PREDICTED CAPACITIES 

Texas and California Load Tests 

The revised design procedures recommended in the previous sections 

were used to calculate the ultimate side resistances and total ultimate 

capacities of 16 instrumented drilled shafts tested by the Center for 

Highway Research and one uninstrumented drilled shaft tested by the Califor­

nia Department of Transportation. 

Table 3.10 lists the load tests that were treated in this study. 

The soil properties at the sites where the test shafts were installed were 

found in Appendix A (Figs. A.l-A.22,27, 28). Included in that appendix are 

shear strength profiles as well as results of dynamic penetration tests. 

Two computer programs were used to compute the ultimate side and 

the total resistances: SHAFTl, which is based on the prima:,y design 

procedure, and BSHAFT, which is based on the secondary design procedure. 

Figures 3.1 through 3.4 present the results of these computations. The 

graphs reveal that both design procedures in most instances predict the 

shaft capacities within 20 percent of the actual ultimate loads. In only 

one instance does a prediction method yield an error on the unsafe side 

greater than 20 percent. Predictions within 20 percent of the measured 

results are relatively good when one considers that shafts 3f identical 

geometry and size within a few feet of each other may differ in total ulti-



Test 
Code 

SA 

HB&T 

S1 

S2 

S3 

S4 

US59 

HH 

G1 

G2 

BB 

BRY 

MT1 

MT2 

MT3 

DT1 

CALl 

TAtlLt: 3.10 DATA FROM LOAD TESTS OF DRILLED SHAFTS IN TEXAS AND 
(Adapted from Reese, Touma, and O'Neill, 1975) 

Dimensions 

Location ShaH Underream 
Penetratclon Construction Method Diameter Diameter 

(ft) (ft) (ft) 

San Antonio 2.5 None 26.8 Dry 

Houston 2.79 None 60 Slurry&casing to 54 ft; 
bottom 6 ft drv 

Houston 2.5 None 23.1 Dry 

Houston 2.5 7.5 23 Dry 

Houston 2.5 None 23 Dry 

Houston 2.5 None 45 Slurry&casin~ to 
bottom 5 ft ry 

40 ft; 

George West 2.5 None 25.4 Dry 

George West 2.0 None 19.8 Dry 

Houston 3.0 None 54.8 Slurry 

Houston 2.5 None 73.5 Slurry 

Houston 2.5 None 45 Slurry 

Bryan 2.5 None 42 Dry 

Austin 2.5 None 23.75 Casing 

Austin 2.5 None 23.5 Slurry 

Austin 2.5 None 24 Dry 

Dallas 3.0 None 20 Casing 

San Jose, 4.0 
California 

None 83 Slurry 

Date of 
Test 

May 68 

Jun 69 

Aug 68 

Mar 69 

Oct 69 

Dec 69 

Sep 70 

Oct 70 

Oct 71 

Oct 71 

Oct 71 

May 73 

Jan 75 

Jan 75 

Nov 74 

Feb 75 

Mar 75 
l.Jl 
L.V 
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mate capacity by as much as 20 percent. 

The California test shaft was not instrumented. Thin precluded any 

opportunity for measuring the side resistance of the shaft. Consequently, 

only the total ultimate capacities could be compared. 

As a matter of interest, shaft capacities were computed using the 

previously recommended secondary design procedures, and these results were 

plotted in Figs. 3.5 and 3.6. These figures demonstrate that the previous 

secondary procedures do not give as good an estimate of the actual resis­

tances as the secondary procedures recommended in earlier portions of this 

chapter. 

The State Department of Highways and Public Transportation (SDHPT) 

procedure for designing drilled shafts is discussed in Chapter 2 of this 

report. To compare our recommended primary and secondary design methods with 

the SDHPT method, total working loads were computed by the three methods and 

the results are listed in Table 3.11. The results show that the SDHPT pro­

cedure generally gives more conservative working loads than those computed by 

either of the other two methods. 

Arizona Load Tests 

The measured ultimate side resistances and total ult:lmate capacities 

for the Arizona load tests are compared in Figs. 3.7 through 3.14, with the 

predicted values using computational Methods 3 through 6, di::lcussed in 

Chapter 2. From the figures, it is clear that the computations based on the 

pressuremeter test results (Methods 5 and 6) gave much bette:r estimates of 

the actual capacities than computations based on Methods 3 and 4. Unfortu­

nately, the pressuremeter test data are not always available and one must 

resort to Methods 3 and 4 for design purposes. Information on the drilled 

shafts for which capacities were computed is listed on Table 3.12. 

Discussion of Comparisons 

In the preceding sections, figures were plotted comp.aring measured 

resistances to predicted resistances. Comparisons of the side resistances 

were included in the previous section mainly so that the reader could 
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TABLE 3.11 TOTAL DESIGN CAPACITIES FOR TEXAS 
SITES USING THREE DESIGN PROCEDURES 

Test 5DHPT Primary Design Secondary Design 
Procedure Procedure Procedure 

(tons) (tons) (tons) 

SA 334 366 367 

HBT 242 313 304 

51 46 72 32 

52 85 160 185 

53 46 72 32 

S4 85 145 99 

U559 218 137 166 

HH 85 106 139 

G1 259 212 263 

G2 216 294 357 

BB 252 258 322 
Bry 167 219 181 

Mt1 224 398 311 

MT2 224 379 311 

MT3 191 364 322 

DT1 157 259 
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TABLE 3.12 

DATA FROM LOAD TESTS OF DRILLED SHAFTS IN ARIZONA 

Dimensions 

Test Shaft Underream Type of 
Code 

Diameter Diameter Penetration Soil Resistance 

(ft) (ft) (ft) 

TPB-1 2.74 None 21.5 Side and base 
resistance 

TPB-3 2.44 None 35.S Side and base 
resistance 

TPB-5 2.69 None 31.7 Side and base 
resistance 

TPB-6 3.0 None 16.2 Side and base 
resistance 

TPB-S 3.0 None 15.6 Side and base 
resistance 

TPC-1 2.5 None 20,3 Side and base 
resistance 

TPC-3 3. 1 None 15.4 
Side a.nd base 
resistance 

TPC-4 2.5 4.15 16.2 Base resistance 
only 

TPC-5 2.5 3.54 16.1 Base resistance 
only 

TPC-6 2.5 4.92 17 
Base resistance 
only 

TPC-7 2.5 None 22.4 Side resistance 
only 

TPC-9 3.0 None 16.S Side resistance 
only 



have a general idea of how the computations for side resistance compared 

as a part of the total ultimate capacity. A design procedure would be un­

safe and inadequate if it consistently overestimated the side resistance 

by a large margin. 
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Figures 3.1 through 3.6 indicate that the recommended design 

procedures for drilled shafts in clay, clay-shale, and sand give reasonably 

good estimates of the total ultimate capacity. For the Texas and Califor­

nia load tests, errors in the prediction of the total capacities varied from 

-41 to +34 percent. [A positive (+) percent error indicates overestimating 

the actual capacity and a negative (-) percent error indicates underestima­

ting the actual capacity]. Sixty-five percent of the predictions varied 

within a range of ± 20 percent of the measured values. Of all the computed 

loads 76 percent were conservative. For the Texas and California load tests, 

total capacities predicted by the secondary design procedures had errors 

that varied from -21 to +41 percent. However, as many as 86 percent of the 

predictions were within ± 20 percent of the measured values. Sixty-eight 

percent of all the computed loads were conservative. 

The four methods for computing shaft capacities in cemented alluvial 

fan deposits varied significantly with respect to margin of error. Compu­

tations by Method 3 show errors varying from -77 to +36 percent, with 92 

percent of the loads computed conservatively. Unfortunately, only 8 percent 

of all the predictions fell within a range ± 20 percent of the measured 

values. Like Method 3, errors in loads computed by Method 4 varied widely, 

from -65 percent to +72 percent, with 83 percent of the predictions being 

conservative. Here again, only 8 percent of the computed loads fell within 

a range of ± 20 percent of the actual values. As discussed in Chapter 2, 

the large errors generated by Methods 3 and 4 were mainly the result of the 

lack of better techniques for obtaining undistrubed samples in soils similar 

to those tested in Arizona. Computational Methods 5 and 6, which are based 

on results from pressuremeter tests, gave superior predictions of total 

capacities. Loads computed by Method 5 varied within a range of error of 

-42 to +33 percent, with 50 percent of the predictions being conservative. 

Eighty-three percent of the computed loads were within ± 20 percent of the 

actual loads. Capacities computed by Method 6 gave a margin of error of 
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-40 to +14 percent, with 83 percent of the predictions being conservative. 

For this computational method, 58 percent of the predictions were within 

± 20 percent of the actual values. 



CHAPTER 4. 

GENERAL 

COMPUTER PROGRAMS FOR THE 
DESIGN OF DRILLED SHAFTS 

Two computer programs were developed to serve as design aids in 

computing the total ultimate capacity of drilled shafts by the primary design 

procedure as well as by the secondary design procedure. The following sec­

tions give a detailed explanation of input variables of the computer programs. 

In addition, a detailed discussion of the program routines is presented. 

Appendix B serves as a quick reference in finding the definitions of the 

input variables for both computer programs. 

PROGRAM SHAFTI 

The routines of program SHAFTI are based on the primary design pro­

cedure for calculating the total ultimate capacity of a shaft. 

Input Variables 

To make it as easy as possible for a user of the program to become 

familiar with the terminology used for the input variables, variable names 

were selected to be as similar as possible to the actual terminology 

presented in previous chapters. The same pertinent soil information that is 

required to make design calculations by hand is fed into the computer. The 

variables consist of the bottom depth of a particular soil layer; the type 

of soil in that layer (sand, clay, shale, etc); the average total unit 

weight for that layer; the average undrained angle of internal friction for 

each layer; the undrained cohesion; the bearing capacity factor, N ; the 
c 

shear strength reduction factor, a; and the maximum load transfer that is 

allowed in each soil layer. Other information, such as water table depth, 

shaft geometry, and factor of safety, must also be input into the computer. 

In the following paragraphs, each input variable is defined and its role 

in the program routines is explained. The reader should refer to the input 

formats for this program in Appendix B. 
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NHEAD. This is the number of cards that comprise the heading des­

cription for each set of soil profile data. This integer variable must have 

a value of one or greater, but less than four. Setting NHE~) equal to zero 

will end the program. 

HEADNG. These are singly subscripted alphanumeric "ariables used 

to store any information to describe a design case. The number of cards of 

description variables is defined by the value of NHEAD. The heading infor­

mation can be punched anywhere on the cards. 

NTYPDS. This integer variable serves as a flag to signa,l to the computer 

the type of calculations that are to be completed with one particular soil 

profile. When NTYPDS is set equal to one, ultimate capacities are computed 

for the soil profile information furnished in set A of the illput format. 

Upon completion of the calculations, the computer returns to the beginning 

of the program to read a new set of soil profile data (i.e., a new set A). 

However, if one wishes to reutilize the same soil profile data to make 

computations with variables different from those found on th,= original card 

No. 3 of set A, NTYPDS is given a value of two. Immediately following set 

A, a new card No. 3 is placed with the revised data. If one wishes to 

reutilize particular soil profile data and change the shear strength reduc­

tion factor for each soil layer in addition to the variables found on card 

No.3, WTYPDS is given a value of three. In this case, the cards that 

comprise set B must be placed immediately after set A (see input format). 

DSTART. The computer program will calculate the total ultimate 

capacities for a series of stem diameters for both straight-sided shafts and 

underreamed shafts. The first diameter to be considered is DSTART. This 

value is increased in increments of 0.5 ft up to a limit determined by 

DIALIM. The units of DSTART are feet. 

DIALIM. The units of this input variable are also feet. DIALIM 

represents the largest diameter to be considered of a series of stem dia­

meters. If only one stem diameter is of interest for a particular soil 

profile, then DSTART is set equal to that diameter and DIALIM is set equal 

to zero. 

RATIO. This variable is given a value of zero for a straight-sided 

shaft. 



For belled drilled shafts, RATIO is the ratio of the base diameter to the 

stem diameter. 
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BELANG. This is the angle of the bell with respect to the vertical. 

For straight shafts, set BELANG equal to zero. 

TOPLEN. This is the length of the top section of the shaft that 

does not contribute to side resistance. The units are in feet. 

BS. This is the length of the bottom section of the shaft that does 

not contribute to side resistance. The units are in feet. 

N. This variable represents the number of soil layers in a soil pro­

file. N can be as large as 29. 

WTD. WTD defines the water table depth. The units are in feet. 

When inputing the values for the bottom depth of each layer of soil (DEPTH), 

WTD must be made a soil boundary. If the water table depth actually falls 

within the boundaries of a soil layer, then that layer must be considered 

as two layers, with WTD as the common boundary of the two layers. 

P. P is the design, or working, capacity of the drilled shaft. As 

soon as this design load is reached or exceeded for a particular soil profile 

and shaft diameter, the computations cease and the computer returns to the 

beginning of the program or begins calculations for another shaft diameter, 

depending on the values of NTYPDS and DIALIM. 

QCHECK. The efficiency of a drilled shaft can be evaluated in terms 

of its ratio of tons of load capacity per cubic yard of concrete. A section 

of the computer program makes efficiency computations by comparing the values 

of the load-volume ratios of straight-sided and/or belled shafts of different 

lengths in one particular soil profile. Upon completion of the calculations 

for that soil profile, the length, stem and base diameters, load-volume 

ratio, and total ultimate resistance, as well as volume of concrete, are 

printed for the shaft size with the largest load-volume ratio. 

It was thought unnecessary to make efficiency computations for 

drilled shafts with small penetrations at the very start of the analyses. 

Therefore, a load is selected called QCHECK. At computed loads less than 

QCHECK, the efficiency computations are eliminated. QCHECK has units in 

pounds. 

FST. This is the factor of safety to be applied to the ultimate 
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capacity, Qult' 

FSB. This factor of safety is applied only to the ultimate base 

resistance to limit excessive settlement. 

The following variables pertain to each layer of soil in a particular 

profile: 

ALPHA. This is the strength reduction factor. 

CNC. The bearing capacity factor for clay. If the soil is sand, 

CNC can be left blank. 

GAMMA. This is the total unit weight in units of pounds per cubic 

feet. The program makes the necessary calculations to convert to buoyant, 

or effective, unit weight below the water table. 

PHI. This variable represents the angle of internal friction. As 

presented in Chapter 2, the undrained angle of internal friction is used for 

clay and the effective angle of internal friction is used for sand. The 

units are in degrees. 

CUTOP. CUTOP represents the undrained cohesion at the !££ boundary 

of a soil layer, in units of psf. For sand, CUTOP is equal co zero. 

CUBOT. CUBOT represents the undrained cohesion at the bottom bound­

ary of a soil layer, in units of psf. For sand, CUBOT is equal to zero. 

For clay layers where the undrained cohesion is practically equal 

to the undrained shear strength, CUTOP and CUBOT can be set equal to the 

appropriate values and PHI can be set equal to zero. 

TRANLM. This is the maximum load transfer (in psf) that is permit-

ted for a particular soil layer. 

SOIL. A code is used to represent the soil type. For sand, SOIL 

is given a value of 1.0. For cohesive soil, SOIL is set equal to 2.0. 

DEPTH. This input variable defines the lower boundary of a soil 

layer (in feet). See the definition of WTD for information related to DEPTH. 

Program Routines 

In the main routine of program SHAFTl, the computer first calculates 

the shear strength profile for the soil deposit. Then the side resistance is 

computed by increasing the length of the shaft in one-foot increments. The 

starting length of the shaft is one foot plus the noncontributing sections 



along the shaft determined by the input variables TOPLEN and BS. For 

underreamed drilled shafts, the bell height, which is calculated by the 

computer, is also included as part of the shaft length not contributing to 

side resistance. 

After side resistance for a particular length is determined, the 

base capacity is computed. In making this computation, the computer can 

use a number of subroutines. The influence of all soil within two base 
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diameters below the base of the shaft is considered. When the two-base-dia­

meter distance falls within the same clay layer, SUBROUTINE SUATB1 computes 

the bearing capacity. If the base capacity of the shaft is influenced only 

by sand, then the bearing capacity is determined by SUBROUTINE PHIATB. When 

two or more soil layers are within the base bearing capacity influence zone, 

SUBROUTINE SUATB2 is called to calculate the base resistance. A weighted 

average of the bearing capacities relative to thickness of the strata that 

are within the two-diameters influence zone below the base is used as the 

ultimate bearing capacity. 

Once both side and base resistances are computed, the total ultimate 

resistance is calculated and the appropriate factors of safety (FST, FSB) 

are applied to obtain working loads. The length of the shaft is then 

increased one foot and the whole procedure is repeated. This process 

continues until anyone of the following events occur: 

(1) the design load is reached or exceeded or 

(2) the shaft reaches a depth where no more soil information is 
available to the computer beyond a distance of two base dia­
meters below the base. 

In order to end the program, the computer must read in a value of 

zero for NHEAD. This calls for inserting a blank card following the last 

set of soil profile information; that is, the last set A or set B (see input 

format). The flow chart for SHAFT1 is shown in Fig. 4.1. 

Program Applications 

The computer program SHAFT1 lends itself to a number of useful ap­

plications. Primarily, it can be employed in obtaining curves which are 

useful in design. Figure 4.2 gives an example of such an application. The 

information for the graph was obtained from the check problem output in 
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Appendix B. 

The output information of SHAFTl can also be used to design drilled 

shafts with a "step-tapered" geometry. This can be done by running the 

program for a series of diameters and using the difference it:. ultimate capa­

cities with the respective difference in lengths for each diameter that will 

comprise the final design. 

Another valuable feature of this program is that it can be easily 

modified to incorporate other design criteria that may be establised with 

future research. The base capacity and side resistance are computed in 

different routines of the program. Therefore, if later investigations 

demonstrate that there is a better method of calculating sidE~ resistance, the 

portion of the program that deals with side resistance can bE~ modified with­

out having to change the base capacity routine. Similarly, the base capacity 

routine can be modified and the side resistance routine left unaltered if 

future studies so indicate. Future investigations may call for modifying the 

method of computing side resistance as well as base capacity! and this can 

also be done without having to alter the whole program. For example, if the 

pressuremeter tests results prove to give the best estimate of actual soil 

engineering properties and this method of testing becomes economically avail­

able, program SHAFTl can be easily modified to use the pressuremeter test 

results to calculate the total ultimate resistance of a dril:~ed shaft. 

A fourth possible use of SHAFTl is in conjunction with another pro­

gram, such as PX4C3, to produce a more detailed study of a proposed design. 

PX4C3 is a computer program developed at The University of Texas which enables 

one to establish load-settlement curves for a shaft of known diameter and 

length installed in a soil medium with known or estimated st;~ess-strain 

properties. SHAFTl can be used to select the desired diameter and length for 

a particular working load. That information is then supplied to program 

PX4C3 to determine an appropriate load-settlement curve. 

PROGRAM BSHAFT 

Input Variables 

BSHAFT was developed to compute ultimate capacities by the secondary 
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design procedure. All input variables for the program are the same as those 

for SHAFTI with the following exceptions: 

(1) On the card where NHEAD appears, TYPB must also be inserted. 
TYPB refers to the type of dynamic-penetration-test information 
available for a specific soil profile. For the SDHPT cone­
penetration-test results, the letters SDHPT are inserted for 
TYPB; for the Standard Penetration Test results, SPT is used. 

(2) The information for the each soil layer is also different. For 
BSHAFT, only ALPHA, BLOWS, SOIL, DEPTH, and TRANLM are 
required for each soil stratum. These are discussed in the 
following paragraphs. 

ALPHA. For clay soil, the same parameters as those on Table 3.2 are 

suggested. For sand, however, a value for ALPHA of 1.0 can be employed 

because a direct correlation between blowcount and load transfer, which was 

established in Chapter 3, is used. If required, a lower value of ALPHA may 

be used. 

BLOWS. This variable refers to the average numbers of blows per foot 

for a soil stratum for either kind of dynamic penetration test. 

SOIL. Similarly to its use in program SHAFTl, SOIL identifies the 

soil type. For program BSHAFT, clay soils are subdivided into different 

groups. SOIL is assigned a value of 2.0 for homogeneous clays (CH). A value 

of 3.0 is for clay-shale, 4.0 for silty clays (CL), and 5.0 for sandy clays 

(CL). Sands are identified by a value of 1.0. 

DEPTH AND TRANLM. These symbols are the same for BLSHAFT as they 

are for SHAFTI. However, since WTD, the water table depth, does not come 

into play in the blowcount-shear strength correlations in clays or the blow­

count-load transfer correlations in sand, there is no need to consider WTD as 

a soil depth boundary as is required in program SHAFTI. 

Program Routines 

The program routines for BSHAFT are similar to those of SHAFTI 

except for some minor modifications. The main routine in BSHAFT contains 

a section for computing the shear strengths and load transfers from dynamic-

penetration-test results. Furthermore, since the shear strength is computed 

to be constant for each soil stratum, there is need for only one subroutine 
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for calculating the base capacity of the drilled shaft. 

Program Applications 

The output information for BSHAFT is similar to that: for program 

SHAFTl (see sample output for BSHAFT in APPENDIX B). Therefore, the reader 

is referred to the previous section for a detailed discussion of applications 

of program SHAFTl. 



follows: 

CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of this study, conclusions can be drawn as 

(1) The design parameters proposed in this report give satisfactory 
predictions of shaft ultimate capacities as demonstrated in 
Chapter 3. 

(2) Although the revised correlations between dynamic penetration 
resistance and undrained shear strength for clays, and between 
dynamic penetration resistance and load transfer in sand, gave 
relatively good estimates of actual shaft capacities, the second­
ary design procedure should be used with caution because of the 
many factors that can affect the penetration resistance. The 
method should not be employed for soils with properties and 
conditions significantly different from those reported herein. 

(3) Uncertainty of in situ soil properties remains a major obstacle 
in establishing a more generalized design procedure. Existing 
sampling techniques and testing methods are often inadequate 
for accurate determination of in situ soil properties. This 
situation was especially evident in the Arizona soils investi­
gation. The pressuremeter shows great promise as an in situ 
testing device. 

(4) The developed computer programs SHAFTI and BSHAFT are time­
saving tools that should be used as design aids. The programs 
can be easily modified should future research so indicate. 

The following recommendations are made in connection with future 

research in the area of drilled shafts: 

(1) More instrumented shafts should be tested to improve the present 
design procedures or to verify more definitely the existing 
criteria. 

(2) An effort should be made to test shafts in soils different from 
those thus far encountered. 

(3) Emphasis should also be placed on improving present sampling 
techniques and developing reliable in situ soil testing methods. 
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APPENDIX A 

SOIL INFORMATION FOR DIFFERENT TEST SITES 
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Fig. A.lS Houston BB Test, Soil Profile and Test Shaft 
(after Touma and Reese, 1972) 
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A.16 Houston BB Test, Shear Strength and Dynamic-Penetrometer 
Data Used in Analysis (after Touma and Reese, 1972) 
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. A.17 Bryan Test, Soil Profile and Test Shaft 
(after Engeling and Reese, 1974) 
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in Analysis (after Engeling and Reese, 1974) 
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Gravel, clayey, with sand 
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Clay, tan, with sand and 
gravel (CH) 
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Clay- Shale, dark gray (CH) 

30 

35 

Fig. A.19 Montopolis MT1, MT2, and MT3 Tests; Soil Profile and 
Test Shafts (after Aurora and Reese, 1976) 
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Fig. A.20 Montopo1is MT1, MT2 and MT3 Tests; Shear Strength and Dynamic-Penetrometer 
Data Used in Analysis (after Aurora and Reese, 1976) 
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Fig. A.2l Dallas DTl Test, Soil Profile and Test Shaft 
(after Aurora and Reese, 1976) 
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Fig A.22 Dallas DTl Test, Shear Strength and Dynamic-Penetrometer 
Data Used in Analysis (after Aurora and Reese, 1976) 
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*This number indicates average NSPT in blows/ft 

Fig. A.23 Arizona Site B Tests, Soil Profile 
(after Beckwith and Bedenkop, 1973) 
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Fig. A.24 Arizona Site B Tests, Shear Strength Data Used in 
Analysis (after Beckwith and Bedenkop, 1973) 

• 

• 



35 

* This number indicates average NSPT In blows/ ft 

Fig. A.25 Arizona Site C Tests. Soil Profile 
(after Beckwith and Bedenkop, 1973) 
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Fig. A.Z6 Arizona Site C Tests, Shear Strength Data Used in 
Analysis (after Beckwith and Bedenkop, 1973) 
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Silt, gray, slightly clayey and 
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Fig. A.27 California Test, Soil Profile and Test Shaft 
(after Wilhelms, 1975) 
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Fig. A.28 California Test, Shear Strength and Dynamic-Penetrometer 
Data Used in Analysis (after Wilhelms, 1975) 
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TABLE A.1 SUMMARY OF ARIZONA PRESSUREMETER TEST RESULTS, SITE B 

(After Beckwith and Bedenkop, 1973) 

Depth 
Boring to Center Po 2 Pf 2 P E S 
Location (feet) (kg/em) (kg/em) (ksb (ksf) (ks~) 

1 3 3.84 5.46 12.37 327 0.68 
4 1.19 6.76 18.19 520 2.79 
1 6 3.43 8.20 21.46 351 2.72 
2 3.26 7.28 20.95 1269 2.09 
4 2.20 6.47 16.57 284 2.29 
1 9 3.70 7.17 18.29 277 1. 99 
2 3.02 5.67 10.65 513 0.63 
1 12 2.82 5.97 13.13 189 1.37 
4 0.42 4.34 12.78 260 2.29 
2 15 2.34 4.12 8.50 250 0.57 
3 2.23 4.03 9.32 319 2.31 
1 18 3.20 9.03 25.09 1441 2.76 
2 2.65 8.76 33.05 923 4.85 
3 1.77 4.22 20.36 1358 2.48 
4 0.77 4.83 18.84 508 3.11 
1 21 4.44 14.57 56.20 1397 8.07 
3 1. 72 13.90 62.53 1616 10.22 
4 2.86 15.97 72.99 2124 11.02 
1 24 5.53 22.26 81. 31 3209 11.53 
2 2.86 7.46 35.70 1170 4.96 
3 5.64 21.42 91.42 3369 13.39 
4 27 2.20 5.48 32.60 1168 4.73 
1 30 1. 58 16.41 54.03 601 10.40 
2 3.30 7.44 31. 99 1372 4.03 
4 1.01 4.39 14.77 393 2.27 
1 33 2.71 13.80 56.93 881 10.57 
2 3.27 5.97 28.67 1075 3.58 
4 2.33 8.80 31. 33 516 5.30 
1 36 2.55 12.80 60.62 818 11.86 

LEGEND: 

P Initial Pressure, the beginning of the elastic stress range 
0 (sealing pressure) 

P
f 

Creep Pressure, the end of the elastic stress range 

P
L 

Limit Pressure, the failure pressure 

E Compression Modulus, derived from the slope of the compression curve 
between Po and Pf 

S Shear Strength 
0 
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TABLE A.2 SUMMARY OF ARIZONA PRESSUREMETER TEST RESULTS, SITE C 

(After Beckwith and Bedenkop, 1973) 

Depth 
Boring to Center P E 
Location (feet) 

Po 2 
(kg/ern ) 

Pf 2 
(kg/ern ) (ksh (ksf) 

4 
4 
4 
4 

LEGEND: 

P 
o 

3 3.24 8.77 35.84 653 
6 2.10 4.66 19.09 264 

12 6.95 15.93 53.45 535 
15 6.71 14.46 59.23 2382 

Initial Pressure, the beginning of the elastic stress range 
(sealing pressure) 

Creep Pressure, the end of the elastic stress range 

Limit Pressure, the failure pressure 

S 
(k~f) 

5.63 
3.01 
8.58 
7.31 

E Compression Modulus, derived from the slope of the compression curve 
between Po and Pf 

S Shear Strength 
o 
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COMPUTER PROGRAMS SHAFTl and BSHAFT 
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SHAFTI LISTING 
PROGRA~ SHAFT1(INPUT,OUTPUT) 
DIM!~SION MEADNG(50),SUB(~0),TRANLM(30) 
DIMENSION AL~HA(3~),PHI(10),GAMMA(30),8UTOP(30),SU80T(]0) 
DI~ENSION CUTOP(30),CU80T(30),CNC(1~),DEPTH(30),SOIL(30) 
COM~ON/SAMEI SUX,DEPTH,X,I,M,SUS,DELTA,MDELTA,",MH,LONG,~ACT, 
lA8A8E,Q8A,LTEMP,Q8ATEM,SOIL,DIAMB,8L,PHI,~,CNC,NACT,FINAL, 
~STAR,8S,TOPLEN,CUTOP,CUBOT 

C******************************************************************* 
C**** THIS PROGRAM IS BASED ON THE DESIGN CRITERIA ESTASLISHED IN 
C**** C'HR REPORT NO. 17b_1, 
C**** ALPHA *** T~E CORRELATION 'ACTOR 8ETWEEN TH! SHEAR STRENGTH OF 
C**** THE STRATUM TO THE SHEAR RESISTANCE OEVELOPEO IN THE 
C**** IN THE STRATUM. 
C**** ~ELANG * THE ANGLE OF THE BELL (DEGREES) WITH R!SPECT TO VERTICAL 
C**** as ****** THE BOTTOM PORTION OF THE SHAFT TO BE IGNORED(IN FEET) 
C**** CUBOT *** UNDRAINED COHESION AT TH! BOTTOM BOUNOARY OF 
C**** A SOIL LAYER(IN PSF) 
C**** CUTOp *** UND~AINED COHESION AT THE TOP BOUNOARY OF 
C**** A SOIL LAYER(IN PSF) 
C**** DEpTH *** THE DEpTH To THE BOTTOM 0' EACH SOIL LAYER{FEET) 
C**** DIALIM ** THE LARGEST DIAMETER (FEET) TO BE CONSIDERED 
C**** DIAM **** THE DIAMETER (FEET) OF THE STEM 
C**** DSTART ** THE FIRST VALuE DIAM Is TO ASSUM[ 
C**** DIAM IS INCREASED IN INCREMENTS OF ~.5 FT. 
C**** FSB ***** THE FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE 
C**** CAPACITY, Q8 
C**** FST ***** THE FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE 
C**** CAPACITY, QU, WHICH RESULTS IN QON 
c**** GAMMA *** TOTAL UNIT WEIGHT (PCF). THE PROGRAM MAK!S T~E NECES 
C**** SARY CHANGES BELOW THE WATER TABLE 
C**** NHEAO *** THE NUM8EH OF CARDS IN HEADI~G 
C**** HEAONG * DESCRIPTION OF THE DESIGN 
C**** N ******* NUMBER OF SOIL LAYERS 
C**** CNC ***** THE HEARING CAPACITY FACTOR 
C**** NTYPDS * SPECIFIES THE TYPE OF DESIGN CALCULATIONS DESIRED 
C**_* P ******* THE TOTAL DESIGN LOAD DESIRED (LAS.) 

123 

C**** PHI ***** ANGLE OF INTERNAL FRICTION O~ T~E SOIL LAYER(IN DEGREES) 
C**** Q8 ****** THE ULT1MAT! ~ASE RESISTANCE. AN ASTERISK 8ESIDE 
C**** THIS VALUE SIGNIFIES THAT TH~ RESISTANCE wAS 
C**** CALCULATED CONSIDERING TwO ON MORE SOIL LAYERS 
C**** THAT ARE wITHIN TWO 8ASE DIAMETERS FROM THE BASE 
C**** QBD ***** THE TOTAL DESIGN LOAO uSING A FACTOR OF SA'ETY 
C*-** OF FSB APPLIED TO THE ULTIMATE BASE RESISTA~C[ 
C**** QCHECK ** EFFICIENCY COMPUTATIONS ARE ELI~INATED FOR COMPUTED 
C**** LOADS LESS THAN QCHECK (LSS.) 
C**** QDN ***** TOTAL DESIGN RESISTANCE WITH A FACTOR OF SAFETV 
C**** OF FST APPLIED TO QU 
C**** QS ****** ULTIMATE SIDE RESISTANCE 
C**** QU ****** TOTAL ULTIMATE RESISTANCE 
C**** RATIO *** THIS IS THE RATIO OF THE DIAMETER OF THE aASE 
C**** TO THE DIAMETER OF THE STEM 
C**** suIL **** THE TVPE OF SOIL IN A GIVEN LAVER - (1) 
C**** STANDS FOR SAND AND (2) aTANDS FOR CLAY 
C**** TOPLEN * TOP PORTION OF THE SHAFT TO BE IGNORED('E!T) 
C**** TRANLM * T~E MAXIMUM LOAD TRANSFER ALLOWED WITHIN 
C**** A GIVEN SOIL LAVER (PSF) 
C**** wTD ***** DEPTH of THE WATER TASLf 
C**** NOTE - ONE BLANK CARD IS REQUIRED TO END THE PROGRAM 
C*********************************************************************** 

b1 READ 23,NHEAD 
23 FORMAT(Il) 
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tFCN~!AD.EQ.~)GO TO qe 
PRINT 28 

28 FORMATC1Hl) 
C**** READ COM~ENTS ********** 

DO 27 n-l,NHfAD 
READ 25,(H!ADNG(IH),IH-l,6) 

25 FORMATC8A10) 
PRINT 20,(HEAONGCIH),IH-l,S) 

ib FORMAT(1~,8Al~) 
QV2.". S QV1=0. 

27 CONTINUE 
READ le00,NTVPDS,DSTART,DIALIM,RATIO,BELANG,TOPLE~I,BS 

1000 FORMATCll,9X,oF10) 
READ i,N,WTD,P,QCHECk,FST,FSB 

2 FORMAT(I2,8X,F10,2F20,2FI0) 
PRINT 20, P 

20 FORMATCIII,lX*DESIGN LOAD -*Flm.0*LBS.*II) 
PRINT 4,QCHECK 

4 FORMATC1X*MAKE COMPARISONS OF QU/VOLUME*/l~ 
I.FOR DESIGN LOADS GREATER THAN *2X,Fl~.0*LBS.*II) 
p-P/2ellle. 
QCHECK.QCHEC~/20"0, 
PRINT S,N 

5 FORMATC1~*NUMBER OF LAYERS -*151/) 
PI - 3,142 
N-N+l 
PRINT q, WTO 

q FORMAT(lX*WATER TA~lE DEPTH -*'1~,0* fT.*II) 
C**** READ SOIL INFORMATION ********** 
]"~1 00 500 I • 2,N 

READ 11,ALPHACI),CNCCI),GAMMACI),PHICI),CUTOP(I),tU80TCI), 
lTRANLMCI),SOlLCI),DEPTHCI) 

11 FORMATC2F5,7FI0) 
500 CONTINUE 

OEP TH (1 "11'." 
OVERP1.". $ OVeRPZ-0. 
DO lq7b hZ,N 
OVERP1-0VERP2 
PHI(I).PHICI)/S7,29 
IFCWTO,LT,DEPTH(I»OVERPZ-CGAMMACl).o2.4)*rDEPTHCI1-OEPTHCI-l» 

1+0VERPI 
IFCWTO.GE.DEPTHCI»OVERPZ-GAMMA(I)*COEPTH(I).O!PTHCI-1»+OV!RPI 
SUTOPCI)·OVERP1*TANCPHICI»)+CUTOP(I) 
SUBOTCI)·OVERP2*TAN(PHICI)+CUBOT(I) 
PHI(I)-PHICI'*S7.2Q 

U7e CONTI NUE 
J000 DIAI'I.DSTART 

50] NRATIO.RUIO 
PRINT 1001,NTYPOs,DSTART,DIALI~,RATIO,FST,FSB 

1001 FO~MAT(1111X*NTYPOS.*I5/1X*D8TART -*FS.2,iX*FT.*/1X*DIALIM .*'5,2 
l/1X*RATIO -*FS,Z/1X*FST -*F5.2/1~*'S8 -*F5.211) 

PRINT II1l 
10 FORMAT(I~*ALPHA*7X*NC*7X*GAMMACPC')*7X*PHI(DEGRE!8)*7X 

I*CUTOPCp8F)*7X*CU80TCP8F)*7~*TRANLMCPSF)*7X*SOIL*7X*DEPTHC'T,)* 
111) 
DEPTH(I).~.0 
PRINT 12,D!PTH(1) 

12 FORMATC114X,Ft5,1/) 
DO !i01 I-Z,N 
PRINT 1],ALPHArI),CNCCI),GAMMACI),PHI(I),tUTOPCI),CU80TCI), 

lTRANLMCl),SOILCI),DEPTHCI) 
13 FORMAT(F5.2,Fll.Z,f14,~,FI7.0"1q.0,'11.0,'lq.0,'12.011114X, 



lFI5,1/) 
501 CO~TINUE 

1804 CONTINUE 
C**** DETERMINE BAS[ DIAMETER ********** 

8QDIAM.DIA~*DIAM 
AREAST.PI*SQDIAM/4, 
IF(NRATIO.EQ.0)GO TO l~10 
OlAMB'DIAM*RATIO 
SDIAMB'DIAMB*DIAM8 
ABASEISOIAMB*Pl/4. 
IF(DIAM.LE.3.S21TL·0.25~ 
IFCDIAM.GT,3.521TL·0.5~ 
8ELANG.eELANG/S7,29 
BL.TL+«(DIAMS_OIAM)/Ci.*TAN(8ELANG») 
8ELANGIBELANG*57.l9 
VOL8L.«PI*(BL-TL1*CSQDIAM/4,+SOIAMB/4.+8QRTCDIAMB*OIAM/4,» 

1/3.)+(AeASE*TL»/27. 
GO TO 2015 

2010 DIAMS.DIAM 
ABASE I PI *DIAM8*DIAMB/4. 
8La0. 
VOL8LI0, 

2015 CONTINU! 
1005 SU~.0, 

QBATEM'0, 
OVERPI0. 
SQsa0,SQSla0.SQ~AI~. 
FINAL1e, 
Ial 
ASIDE'PI*DIAM 
FACT a2,*DIAM8 
~ACT'l'IXCFACT) 
STEEL1'(,01*PI*DIAM**2/4,)*1 44 , 
PRINT 21,DIAM,DIAM8,BL,BELANG,TOPL!N,eS,STfEL1,VOLBL 

II FORMAT(IHl,*DIAMETEA OF STEM .*F5.2,2X*FT.*/l~ 
l*DIAMETER O~ BASE a*'~.2,2~*FT.*/IX*END OF STEM TO eASE 
1 a*'O,2,2X*FT.*/IX*ANGLE 0' B!LL a*F5,1, 
l1X*DEGAEE8*/lX*IGNORED TOP PORTION .*F5.2,lX*'T.*/IX*IGNOREO 
180TTOM PORTION _*".2,IX*'T,*/IX*AREA OF ONE PERCENT STEEL-* 
lF~.l,lX*SQ.IN.*/1X*VOLUME 0' UNOERREAM .*F~.2* CU,YDS,*II) 
PRINT 81 

81 FORMATClx*EITIMATEO*/lx*SHAFT LlNGTH*~X*vOLUME*11X*Q8*13X*Q8*1]X 
1*aU*12x*QBD*12X*QDN*13X*QU/VOLUME*/1X*(FEET)*9X*<CU,Y08.)* 
2QX*(TONS1*QX*CTONS>*9X*<TONS)*QX*(TONS)*9X*(TONS)*qX 
l*(TONI/CU,YOS.)*) 

125 

C**** IF ONE NEEDS MORE SOIL INFORMATION THAN FURNI8H~D, END PROGRAM *** 
50 IF(I.EQ,(N+l»GO TO 800 

!FCCDEPTH(I)-TOPLEN).LE.0,e)GO TO 70 
LAYER. (O!PTH(I) • H) 

C***********_*****************·*.*************************************** 
C**** DETERMINING THE TyPE OF SOIL,SAND OR CLAY,TO "AKE SIDE 
C**** RESISTANCE COMPUTATIONS 
C*****.*********************·******************************************* 

00 10 L-l,LAVER 
XaL 
I'(ALPHA(I).LE,0,0)QSI-SQS 
IF(ALPHA(I).LE.0.0)GO TO i0B 
SUX.SUTOP(I)+«SU80T(I).SUTOP(Il)/(OEPTH(I).DEPTM(I-l))*(X-,50) 
TRANSaALPHAC!)*SUX 
I'(TR.NS.GT.TRAN~M(1)TRAN8.TAANLM(I' 
QSIa(TAAN&*ASID!/2HI0,'+SQS 

200 0!LTA.X+8S+8L+l.*DIA~9 
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Mar 
STAR.0. 
MOELTA.OELTA 

C**** DETER~INING THE BASE RESISTANCE IF THE SECTION IS IN CLAY ****** 
IFCMDELTA.LE.LAVER.ANO.90ILCI).EQ.2.)CALL SUAT81 
IF(MOELTA.LE.LAVER.A NO.SOILCI).EQ.2.)GD TO 55 

C**** DETERMINING THE SASE RESISTANCE IF THE SECTION IS IN SAND ****** 
C*********************************************************************** 

IF(MDELTA.LE.LAVER)CALL PHIATS 
IFCMDELTA.LE.LAVER)GO TO 55 
CALL SUAT8c 
IFCCI+l).EQ.(N+l»)~O TO 8~0 
IF(FINAL.EQ.l.)GO TO 800 

55 V.H+x+BS+8L 
NYaV 
VN.NV 
IFCCV·VN).GE.0.5~)VESTIMaVN+1. 
IF(CV.VN).LT.~.50)VESTIM.VN 

VOLV.VOLBL+CYESTIM.8L)*AREAST/27. 
QS • QSI 
Q~ a QSA 
QUaQSI+QSA 
QONaaU/FST 
Q80.QS+QS/FSB 
GVc·QU/VOLV 
IF(STAR.EQ.l.)GO TO 90 
PRINT Ql,VESTIM,VOLV,QS,QB,QU,Q8D,QON,QVZ 

Q1 FORMAT(lX,Fb.0,2F11.c,4F15.l,F17.Z) 
GO TO 717 

90 PRINT 92,VESTIM,VOLV,QS,QS,QU,QSO,QDN,QV2 
q2 FOR~ATCtX,Fb.0,2F11.l,~15.2,1H*,~14.c,2F15.2,F17.2) 

717 CONTINUE . 
C**** FIND THE LARGEST VALUE OF QU/VOLUME ********** 

IFCQVc.LT.QV1)GO TO &cl 
IFCQON.LT.QCHECK)GO TO 821 
SAVELIVESTIMSSAVEO.OIAMSSAVEOSaDIAMBSSAVQV2.QVc 
SAVEVaVOLYSSAVEQU.QU 
Qvl·QVi 

821 CONTINUE 
IFCQ80.GT.P.AND.Q8D.LE.QDN)QO TO 80~ 
IFCQON.GT.P)GO TO 800 
SQS • QSI 

3~ CONTINUE 
C**** SELECT A DEEPER LAVER OF SOIL ********** 

70 I a 1.1 
HaDEPTHCI-l) 
IFCCOEP TH CI.1).TOPLEN).LE.0.)H.TOPLEN 
GO TO 50 

800 CONTINUE 
DIAM.DIAM+0.5 
IFCNTVPD8.EQ.l.ANO.OIA~.GT.(DIALIM+.02»PRINT 1l4b,SAVEO, 

lSAVEDB,SAvEL,SAVEV,SAVEQU,SAVQVl 
ll4b FORMATCIII*THE MOST E~FICIENT SHA~T FOR THIS SOIL PROFILE APPEARS 

lTO BE THE FOLLOwING ONEI*111X*OIAMETER O~ STEM a*'S.2,lX*'T.* 
2111X*DIAMETER OF SASE -*F5.2,lX*FT.*111X*ESTIMATED SHAFT L!NG 
lTH-*F5.0,tX*FT.*111X*VOLUME OF CONCRETE .*'7.i,lX*CU.VOI.*111X 
4*ULTIMATE ~OAD CAPACITV.*F7.2,lX*TONS*111X 
S*QU/VOLUME OF CONCRETE .*F7.2,lX*TONS/CU,VD.*) 

IFCOIAM.GT.COIALIM+.02'.ANO.NTVPDS.EQ.1)GO TO bl 
IFCOIAM.GT.COIALIM+.02»GO TO bbbb 
GO TO 19~q 

C**** COME HERE IF THE SAME SOIL PROFILE 18 TO BE USED 



C**** BUT wITH THE FOLLowING NEw VARIABLES ********** 
ebbb NTYPLO.NTYPDS 

READ lB00,NTVPDS,DSTART,OIALIM,RATIO,BELANG,TOPLEN,8S 
IF(NTYP~D.EQ.2)GO TO 30~0 
READ b&&7,CALPHACJ),JDi,N) 

&b&7 FORMATC1&FS) 
GO TO 30"0 

qb CONTINUE 
END 
SUBROUTINE SUATBI 
DIMENSION DEPTHC]0),8U8C20),PHIC]0),CNCC10), 
lSOI~Cl"),CUTOPC10),CU80TC10) 

COMMON/SAMEI SUX,DEPTH,X,I,M,SUB,OE~TA,MDELTA,H,MH,~ONG,'ACT, 
1A8ASE,QBA,LTEMP,QBATEM,SOIL,DIAMB,BL,PHI,N,CNC,NACT"INAL, 
lSTAR,BS,TOPLEN,CUTOP,CUBOT 

127 

C*********************************************************************** 
C**** THIS SUBROUTINE CALCULATES TH! BASE RESISTANCE 
C**** IN A HOMOGENEOUS SOIL LAYER ********** 
C*********************************************************************** 

LONG·H+X+BS+BL 
IFCDEPTHCI-l).EQ.0.)DEPTHCI-l).TOPLEN 
MDUDEPTHCI-t) 
MD2.DEPTH(I) 
O-lONG-MDl 
SUBT.il, 
00 3& JL.Ma1,NACT 
TJDJL.M 
DEPT.TJ+D-.5 
SUBT.SU8T+(CUTOPCI)+CCCUBOTCI)-CUTOPCI»/CDEPTH(I)-OEPTHCI-l»)* 

1 DEPT) I' ACT 
3& CONTINUE 
11 Q8ADCCNCCIl*SUBT*A8A8E)/2000. 

RETURN 
END 
SUBROUTINE 8UATBZ 
DIMENSION DEPTH(]0),SUeCi0),PHIC10),CNCC10), 

lSOIL.(10),CUTOPC10),CUBOT(10) 
COMMON/SAMEI SUX,DEPTH,X,I,M,SUB,D!L.TA,MDELTA,H,MH,~ONG,'ACT, 
lABASE,Q8A,L.TE~P,Q9AT!M,SOIL.,DIAMB,8L.,PHI,N,CNC,NACT,FINAL., 
2STAR,Bs,TOPLEN,CUTOP,CUBOT 

C*** •• ****.***************** •• *** •• ******** •• ******.******************** 
C**** THIS SUBROUTINE FINDS THE BEARING CAPACITY. IT TAKES INTO ACCOUNT 
C**** THE CASES ~HERE THE BOTTOM OF THE SHAFT IS IN ONE TYPE OF 80I~ 
C**** BUT 18 C~08E ENOUGH TO A ~O~ER L.AYER WHICH MAY AF'ECT THE BEARING 
C**** CAPACITY. A STAR IN THE OUTPUT DISTINGUISHES A BEARING CAPACITY 
C**** CALCULATED wHICH CONSIDER8 TWO OR MORE L.AyER8 0' SOI~ 
C*********************************·************************************* 

LONGDH.-+BI+8l 
IFCDEPTHCI-l).EQ.0.)OEPTHCI-l).TOPL.EN 
MHaH 

20 IFCCI+t),EQ.CN+1)RETURN 
MDPTH1.OEPTHCI+t) I KDEPTH80EPTHCI) 
IFCMDPTHt,LE.L.ONG)I.I+1 
IFCMDPTH1.L.E.L.ONG)GO TO 20 
IFCMDPTH1.LT.CLONG+NACT»GO TO 18 
IFCKOEPTM.GT.LONG)GO TO 3 
1111l+1 
I'CSOIL.CI),NE.l.)GO TO 17 
CALL PHI ATB 
IBM 
RETURN 

17 CAL.L SUHB1 
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I_M 
RETURN 

1& IF(CI+2'.N!.(N+1»QO TO lq 
FINAL.-l," 
RETURN 

lq ~DPTH2-DEPTH(I+l) 
IFCMOPTH2.LT.CLONG+NACT)GO TO 4~ 

3f21 1-1+1 
3 CONTINUE 

IFCSOIL.Cl).EQ.2 •• AND.SOIL.CI+I).£Q.I.)GO TO il 
IF(SOIL.CI).EQ.l •• AND.SOlL.(1+1).!Q.1.)GO TO 11 
IFCSOIL.CZ).EQ.l •• ANO.SOIL.CI+l).EQ.a.)GO TO II 

C**** COME HERE IF ROTH L.AyeRS BEING CONSIDERED ARE CLAYS ***** 
22 ITl-I 

ITa-I 
OIST18oEPTHCIT1)·LONG 
DIST2-LONG+FACT_DEPTHCITl) 

31 MOlar-DIST1 
1>40IShOIST2 
JC-1r;1 
DO 770 JM-l,~DIST 
TJM_JM 
DEPcTJM_IIJ.S 
5USCJM).CUTOPCITt)+(CCUBOT(IT1).CUTOP(ITl»/COEPTH(IT1).DEPTH(IT1-

1!»)*(DEP+LONG.OEPTHCIT1-l) 
JC·JC+l 

176 CONTINUE 
DO 777 JM.l,NOI8T 
TJM.JM 
DEP·TJM-IIl.5 
8UBCJM+MOIST).cUTOP(ITl+ll+(CCUBOT(IT2+1)-CUTOP(IT2+1)l/(OEPTH(IT2 

1+1)-OEPTH(IT2»)*OEP 
JC·JC+l 

777 CONTINUE 
Q8A22110. 
00 776 JM.t ,JC 
Q8A22.QBA22+«((CNCCIT1)*SU8(JM)*ABA8E)/20~0.)/FACT) 

778 CONTINUE 
QBAaQBAcc+Q8ATEM 
r.HU TEMa". 
JC·0 
I_M 
STAR.l. 
RETURN 

C**** COME HERE IF THE TOP LAVER IS A CL.AV A~O THE L.OwER 
C**** LAYER IS A SAND ********** 

21 Ill-I 
Il2-1 
OIST1.DEPTH(IT1)-L.ONG 
OISTiaLONG+FACT_DEPTH(ITi) 

32 MOISTaOIST! 
""OISTaDISTl 
JC.0 
00 877 JM.l,MDIST 
TJMiIIJM 
DEP.TJM-0.5 
SUS(JM).CUTOPCIT1)+«(CUBOTCIT1).CUTOP(IT1»)/(OEPTH(ITl)-DEPTH(lTl-

11»)*(DEP+LONG.OEPTH(IT1-1» 
JC-JC+l 

877 CONTINUE 
IiIIIll+1 
CALL PHIATB 



I-IT 1 
QBAi!U_IilU 
QBA21C.". 
DO 878 JL..l,JC 
QBAilC-(jJBAllC+(C(CNC(I)*SUBCJL.)*A8ASE)/i~00.)/FACT) 

878 CONTINUE 
Q8A-Q8A21C+QBATEM+C(Q8AlIS*DIIT21/FACTl 
IilBATEM-0. 
JC-~ 
laM 
STAR_l. 
RETURN 

C**** COME HE~E IF BOTH LAYERS 8EINw CONSIDERED ARE SAND ***** 
11 ITI-I 

IT2-1 
DIST1.0[PTH(IT1).LONG 
OIST2·LONG+FACT.DEPTHCITi) 

33 I-ITl 
CAL.L. PIHATB 
GlBA ltA-IilBA 
I.IT2+1 
CALL PHIATS 
I-IT 1 
QBAIIB_QBA 
QBA-CQBA11A*DIST1+QBA11B*0IST2'/FACT+QBAT[M 
QBATEM-kl. 
I.M 
STAR_l. 
RETURN 

C**** COME HERE IF THE TOP LAVER IS A SAND AND THE LOWER 
C**** L.AvER IS A CLAY ********** 

li ITUI 
Ili-I 
DIST1.OEPTHCIT1)-LONG 
DISTi·LONw+'ACT-OEPTH(ITi) 

34 NDIST_OISTi 
JC·kI 
I-IT 1 
CALL PHIATS 
(jJ~A 1 i!S.(~BA 
DO 977 JM.l,~DIST 
TJM_JM 
OEP.TJM-".5 
SU8(JM)-CUTOPCITi+l)+C(CUeOT(ITl+l).CUBOT(ITZ+l)/(DEPTHCITi+l)-

IDEPTMCITZ)))*OEP 
JC·JC+l 

977 CONTINUE 
QBAliC-0, 
00 978 JM-l,JC 
Q8AIZC-Q8A12C+CCCCNCCITi+l)*SU8CJM)*ABA81)/ii00.)/FACT) 

978 CONTINUE 
QBA-QBA12C+QBATEM+(QBAliS*DISTl/FACT) 
Q8A TEM_0. 
JC-e 
III'" 
STARd. 

HE TURN 
C**** COME HERE AND CAL.CULATE A WEIGHTED BEARING CAPACITY 
C**** FOR A L.AYER OF SoIL FULLV WITHIN THE TWO DIAMETER 
C**** DISTANCE BELD~ THE 8ASE 0' THE 8HA'T ********** 

£1O Ial+1 
Ill-l 

129 
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OIST1.DEPT~(I)-LONG 
b~ 1-1+1 

OI"fR.OEPTMCI)-DEPTHCI-l) 
IF(80I~(I),EQ,1,)CA~L PHIAT8 
IF(SOIL(I),EQ,l,)QBA-QBA*DIFFER/FACT 
IF(80I~(1),EQ,1,)GO TO 45 
SU8HAR-(CUTOP(I)+CUBOT(I»/2, 

QBA.0, 
Q~A.QBA+(((CNCCI)*SUS~AR*A8ASE)/2~~0,)/FACT) 

45 ~BATEM-Q8ATEM+QBA 
IFCCI+l),EQ,CN+l»RETURN 
~UPTH2·DEPTH(I+l) 
IF(CMOPTH2-(~ONG+NACT»,GE,0)GO TO 50 
GO TO b~ 

50 IT2_I 
181+1 
DlST2.~ONG+FACT·DEPTHCIT2) 
IF(SOI~(IT1),EQ,2"AND,80IL(I),EQ,2,)GO TO 31 
IF(SOI~(IT1),EQ,2"AND,SOI~(I),EQ,1,)GO TO 32 
IF(SOI~(IT1),EQ,1"AND,SOIL(I).EQ,1,)GQ TO 33 
GO TO 34 
END 
SUBROUTINE PHIATS 
DIMENSION DEPTH(30),8UB(201,PHI(30),CNC(30), 
1S0I~(]0),CUTOPC30),CUBOT(30) 

COMMON/SAME/ SUX,DEPTH,X,I,M,8U8,DELTA,MDE~TA,H,MH,~ONG,FACT, 
lABASE,Q8A,LTEMP,QBATEM,SOIL,DIAMB,B~,PHI,N,CNC,NACT,FINA~, 
2STAR,8S,TOP~EN,CUTOP,CU80T 

C*********************************************************************** 
C**** THIS SUBROUTINE FINDS THE BEARING CAPACITY OF THE SHAFT IN SAND, 
C*********************************************************************** 

IFCP~I(I),~E,30,0)GO TO 10 
I'CPHICI),LE.3b,0)GO TO 2~ 
IFCPHI(I),~E,41,0)GO TO 3~ 
QBA.CA8ASE/C.b*OIAM8»*40, 
RETURN 

h'I Q8A80, 
~ETI.iRN 

20 QBA.CABAS!/C.b*DIAMB»*C2,bb7*(PHICI)-3~,0» 
RETURN 

30 QBA8CABASE/C,b*OIAMB»*Clb,+C4,8*CPHICI)-3b,0») 
RETURN 
END 
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EXPLANATION OF INPUT FORMAT FOR SHAFTl 

As a matter of convenience in explaining the input format, the data 

cards are broken down into two groups: set A and set B (see later discus­

sion). The cards in set A contain information for a soil profile. The cards 

in set B contain information related to the soil-profile data in set A. In 

using both sets of cards, one can reuse the soil-profile data in set A but 

with the modified values that are found in set B. 

To use the data found in set A just once for a series of capacity 

computations in a soil profile without use of set B, NTYPDS is assigned a 

value of one. If another soil profile is to be considered, a second set A 

immediately follows the first set A. 

NTYPDS is assigned a value of two when the information in set A is 

to be used again with modified values of the variables found in Card No.3. 

The modified values are furnished in set B. If a new soil profile (set A) 

is to be considered following the capacity computations based on the modified 

values, then NTYPDS in set B must be given a value of one. However, if the 

values of Card No. 3 are to be modified another time, then NTYPDS in set B 

must be given a value of two. Any number of sets B may follow any set A. 

NTYPDS is given a value of three for a case similar to the one in 

which NTYPDS is equal to two except that the strength reduction factor, 

ALPHA, for every soil layer can be modified. This information is furnished 

in set B in the order shown later. No more than two cards of the No. 6 type 

are required because not more than 29 layers of soil can be considered in 

this program. 

In order to end the program or in order to consider a new set A, the 

last assigned value of NTYPDS must have been one. Furthermore, another 

requirement for ending the program is the use of a blank card following sets 

A (or set B when used), Card No.7. 

Card Type No.1. NHEAD is an integer refering to the number of cards 

that comprise NHEADNG. NHEAD must be less than or equal to four. If 

NHEAD is equal to zero, 

Card Type No.2. 

the program will end; there is one card per set A. 

Data cards of this type consist of alphanumeric 

information which can be used to describe a design case. No more than four 

cards can comprise HEADNG for each set A. 
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Card Type No.3. There is only one such card for eac.h set A. How­

ever, any information on this card can be changed by the method explained 

earlier in this section by assigning a proper value of WTYPD:3 and the appro­

priate information in set B. 

DSTART is the first stem diameter to be considered for each set A. 

Units are feet. 

DIALIM is the size of the diameter to be considered 1l1hen capacity 

computations are made for more than one shaft diameter. When only one shaft 

size is of interest, the DIALIM is assigned a value of zero. Units are feet. 

RATIO is the ratio of the base diameter to the stem diameter. In 

the case of straight shafts, the value of RATIO must be zero. 

BELANG is the angle of the bell with respect to the vertical. In 

the case of straight shafts, BELANG is zero. Units are deg:cees. 

TOPLEN is the top portion of the shaft that is noncontributing to 

side resistance. Units are feet. 

BS is the bottom section of the shaft that has no resistance from the 

soil. Units are feet. 

Card Type No.4. There is only one card per set A. N is an integer 

refering to the number of strata in the soil profile. N must be less than 

or equal to 29. 

WTD is the water table depth with units in feet. 

P is the design load. Units are pounds. 

QCHECK also has units in pounds. As discussed in Ch,:lpter 4, efficien­

cy computations are eliminated for computed loads less than QCHECK. QCHECK 

should be given a suitable value to avoid making unnecessary efficiency com­

putations for drilled shafts with small penetrations. 

FST refers to the factor of safety that must be applied to the total 

ultimate capactiy. 

FSB refers to the factor of safety that must be applied to the ulti­

mate base capacity. 

Card Type No.5. There are as many of these cards as there are 

layers of soil. The data cards are arranged in order of increasing depth. 

ALPHA is the strength reduction factor, a. 



CNC is the bearing capacity factor, N. For sand layers this para~ 
c 

meter is given a value of zero. 

GAMMA is the total unit weight in pounds per cubic foot. 

133 

PHI has units of degrees. PHI refers to the undrained angle of 

internal friction in cohesive material and to the effective angle of internal 

friction in granular soil. 

CUTOP and CUBOT refer to the undrained cohesion at the top and bottom, 

respectively, of a cohesive soil layer. Units are in pounds per square foot. 

For granular soil layers, CUTOP and CUBOT are assigned values of zero. 

TRANLM is the maximum load transfer permissible for a given stratum. 

Units are in pounds per square foot. 

SOIL refers to the soil type. A value of 1.0 identifies a granular 

soil layer and a value of 2.0 identifies a cohesive soil stratum. 

DEPTH specifies the bottom depth of each layer of soil. Units are 

in feet. 

Card Type No.6. This card is used in set B when the previously 

specified strength reduction factors are to be modified without changing any 

of the other information in set A. Even if only one ALPHA value is to be 

changed, desired vailles for all soil layers must be included. When this type 

of card is used, it must be preceded by Card Type No. 3 in set B. No more 

than two No. 6 cards can be used because of the limit of 29 soil layers per 

profile. 

Card Type No.7. This data card should always be the last one of the 

deck and may follow a set A or B, whichever is the case. Upon reading this 

blank card, the computer will assign NHEAD a value of zero, thus causing the 

program to be terminated. 



INPUT FORMAT FOR PROGRAH SHAFTl 

CARD TYPE 
NUMBER 

1 

2 

3 

4 

5 

1 

HEAPMG 

N 

Li2J 
1 2 

1 5 

(YALUE MUST BE $i 4) 

11 20 21 
WTD 
FlO 

11 20 21 

6 10 11 20 21 

30 31 
P 

F20 

PHI 
FlO 

30 31 

NTYPDS DSTART DIALIM 

3 LllJ FlO FlO 
1 11 20 21 30 31 

ALPHA(l) ALPHA(2) ALPHA (3) • 

6 t' F5 I F5 F5 I . 
5 6 10 11 15 16 

ONE 
CARD 

SAIQ 
I NUMBER OF 

CARD S =NHEAD 
80 

ONE 
CARD 

40 41 50 51 60 61 70 
FST FSB ONE 
FlO FlO I CARD 

qCHECK 
F20 

40 41 60 61 70 71 80 
TRAN:..H SOIL DEPTH AS l1ANY 

flO FlO FlO CARDS AS 

40 41 50 51 60 61 70 71 
THERE ARE 

80 SOIL LAYERS 

"\ 
RATIO BELANG TOPLEN BS 

ONE 
flO flO FlO FlO CARD 

40 41 50 51 60 61 70 
ALPHA(N) ONE OR TWO 

F5 I CARDS, AS 

75 76 80 
REQUIRED 

~(B~LANK~~C~ARD~~TO~E~ND~P~R~O~G~RAM~)~ ________________________________________ -----------------ONE 
7 CARD 

SET 
A 

SET 
B 



SAMPLE OUTPUT FOR PROGRAM SHAFTI 
HOU8TO~CG2) • OCT 1q71 (SLURRY) 
13~5 FT, PENETRATION .. ~Uab70 TONS. GS-b00 TONS Gea10 TONS 

OESIGN LOAO = 128001'!0L8S, 

MAKE COMPARISONI OF GU/VOLUME 
FOR OESIGN LOAOS GREATER THAN 

NUMB!R OF LAyERS. , 

WATER TABLE DEPTH. 13 FT. 

NTYPon. 
OITART a 2,62 FT. 
OULIM ."111,11 
UTtO a"I,11 
FIT • 2,11 
FI8 • hll 

ALPMA ~C GAMMACPCF) 

~61 5.1111 121 

~6' 9.10 125 

~u , ,II 125 

.611 9.llI 125 

~!II o ~ I/l0 130 

~50 I.Ilill tl5 

~'lI 9.lIl1l 125 

PHI(DEGREU) CUTOP(PSn 

UII 

t9U 

lnlll 

IIUIIl 

32 

112 

IUl1l0 

CUBOT(PSF) TRANSlM(PSF) SOIL OEPTH en.) 

1'1.1 

19,.. 4111 l 

13.1 

]flU UII 2 

40,1 

/lUI 41111 Z 

5',1 

h211l 41'101 2 

1»8,1 

I 50110 

15.0 

I1l 5 I!!I1l iii 

t7 ,0 
....... 

"810 401i10 w 
V1 

85,0 



I-' 
W 

DIAMETER OF STEM = i!,oi! FT, 0' 

DIAMETER OF BASE = i!,oi! FT. 
END OF STEM TO 8AS~ • 0,0e FT, 
ANGLE OF 8ELL e -0,0 DEGRfES 
tGNORED TOP PORTION II 8,00 FT, 
IGNORED BOTTOM PORTION --0,00 FT, 
AREA OF ONE PERCENT STEELe 7.70 SQ.IN~ 
VOLUME OF UNOERREAM = 0.00 ell,YOS, 

ESTIMATED 
SHAFT LENGTH VOLUME OS Q8 QU Q80 QDN Qu/vOLUME 

(FEET) (CU,YOS~) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU,YOS,) 
~ 1~80 i!'50 i!I,311* i!3.~0 ~.07 11,~5 13,30 

If! i! , I!Il 5'711 i!3.2~. 2~,011 11,51 14,52 111.54 
II 2.20 ~, All 211.~1* :U.31 17,70 17,15 15.02 
Ii! 2 ~ 4i!I 13~53 2"~lh }q,71 2l.l5 1~,80 10,57 

II l.00 18,13 118,8l ob.~5 34,110 33.117 i!5.7~ 

III 2:80 l3,011 50 ,1 9 H.i!1I }q,77 30.02 20.1~ 

15 3'00 28, til 51,57 7~."7 115.l9 :n.811 20,0111 
Ib 3'20 33,:U 52,911 80.25 5e.~0 1Il,13 20,~~ 

11 3P }q lB,oo 511.3l 9i!.~8 50,77 lIo.lI~ i!7.H 
18 3r5~ 44,10 55.'" 9~.80 02,73 1I~,~1 i!7.76 , 
I~ 3,n 1I~,81 57.01 tIlo,88 08,83 53,1111 28,17 

2" 3,~~ 55,01 58.1111 114 ,05 75,0~ 57. Ill! 28,55 

II II,I~ DI , 55 5~.82 121,31> 81.1I~ 00,"8 l8.~11 

22 1I;'3~ 07,U 01,1' 1i!8.8l 88,n 1>11,111 2~,32 

23 q,5~ 73,1:11 112,51 Ilo ./1/1 ~1I.7i! 68.22 2~,H' 

211 1I,7~ 8111 t l5 ol,~11 11I4.1~ 111,50 72, II! 30.01:1 
25 II~~~ 8",18 115,3l 152.n 118.55 70.05 3111.110 
i!o 5:1~ HilS 00,0' 100,1 11 115."8 80,1117 3111,811 
27 5;'3~ 100:27 08. lilT 108,111 12i!,~0 811.17 ll.i!2 
28 '5.5~ tIl7,211 o~ ,l1li 1711,"8 lle.3~ 88.111 31.0111 

2' 5~H 1111 r 35 70 .82 185,1'7 1l7. ~o ~i!,5~ 31.~7 

!II 5~~~ liB ,01 72.1 9 193.81 145.08 90 , 91!1 12,35 

11 0.1 ~ 129 t 02 n~57 2111l,59 153,511 101,l9 ll,72 
32 0~39 llo,57 74,911 211,5l 101,55 105,7" 33,10 
11 0,59 IU,27 70.3l 2l0.59 109,71 11 e, 3111 33,117 
311 o,7~ 152 r 12 17,09 2i!9,8l 178,1112 114,91 33.85 
35 0~99 100,12 79, PJ7 239,19 180,117 119.59 311.22 
So 7.19 108,lo 80.114 i!48.7f1 195,87 1i!II,3'S 111,59 
37 7~39 170,511 81,8i! i!58,10 i!IiI3,82 1i!9,18 311,97 ,. 7'59 1811,98 n,i!1II i!08,11 212.71 134,09 35.34 
39 7~79 193,50 811,51 i!18,1l i!i!I,75 1l9,00 35,71 
40 7~99 20i!,29 8'5,95 288.23 i!le'93 1IIII,Il 16,II!8 
III II ~ 19 i!U,to 81,H i!98,118 i!U.l7 1119,24 10,115 
IIi! 8~19 220,18 88,01. 3118,79 lll9,7l 1~II,l~ 111:1.82 
III 8,59 229,15 89,7l* 119,i17 259,20 159,53 17.1b 
lOCI 8.7~ lUioo 911!.bo* 129.ll! 2"8,88 1011.60 17,118 
liS 8,9~ 2118,12 91.112. 339,54 278,bIil 10~,77 17.78 
110 9.1 ~ 257,73 92,n 149.711 288."0 1711,87 38.07 
47 9'l~ 207,11/1 9l,50 159,94 298.27 179,97 18.35 
118 9:59 277 ,20 93.1ilI! 3711!,2e 311!8,21!j 185. !II! l8.0i! 
119 9' 79 287 tl!ll 91,5e 189,51 318.18 1~e.20 18.89 
5111 </'99 290,88 911.00 199,88 328,21 195,l1li 39.15 
51 10:16 lII!6,811! 94.50 1101,30 118.30 20111,05 3</.110 
5i! 111,18 310,77 95.00 1111,77 1118. 11 11 205,89 39.05 
53 10,58 120,110 95,50 1Ii!?,lII! 158.03 211,15 39.90 
51j 10~78 316;118 </5.99 1132.87 108.88 21",1111 'Ii!. 111 
55 111,98 3117;1!Il 90.55* 11111,50 379,20 221,78 IIII!.18 
50 11.18 157,20 97,22* 11511,1j2 189,01 227,21 1III!,01 
51 II ~18 107~111 98.01" 1I05.1j5 1,I11!0.11 232.13 1,10.89 



58 11~58 377;71 98.92* 4H1.b5 4U.70 238.33 41.15 
59 11~78 388,O8 99.94 488.O2 421.39 244.O1 41.42 
bit 11 ,98 398,51 181.82 499.53 432.18 249.7b 41.b9 
bl 12,18 409,05 U 2. 111 !!>ll.lb 443.09 255.58 41.9b 
b2 12.38 419," 11'3.18 522.90 454.11 2bl.45 42.23 
b3 12~58 43O,49 10 4 ,2b 534.75 4b5.24 2b7.38 42.5" 
b4 12,78 441,38 88.17* 529.55 478.77 2b4,78 41.43 
b5 12,98 452,39 71.03* 523.41 4H1.0b 2bl.71 40,32 
bb 13,18 4b3,51 53,b'7* 517 .17 481.4O 258.59 39.24 
b7 13.38 474,74 3b.09* 5U.83 48b.77 255.42 38.18 
b8 13~58 48b,lI 18 ,31 584.3' 492.19 252.2O 37 ,14 
b9 13,78 492,57 18.3O 5U.87 498.b7 255.43 37 .07 
70 13,98 499,14 18.31 517.43 505.24 258.72 37."'1 
71 14,18 505,79 4b.43* 552.22 521.27 2H1.11 38.95 
72 14.38 512,53 b9.13* 581.U 535.5'7 290.83 40,45 
13 14~58 519,3b 123.2b* b42,U 5b0.44 321.31 44.B8 
711 14~ 78 52bj27 115.59* b41.8b 5b4.81 321.93 43.43 
75 14,98 533,27 10'7.93* b41.21J 5b9.25 328.bi!I 42.81 
7b 15;18 543,118 101.27* b43.'7b 57b.91 321.88 42.42 
77 15,38 553,84 -92.U b4b.AS 584.'71 323.22 42.04 
18 15,58 5b3,71 92.U b5b.31 594.58 328&lb 42,13 
19 15,78 5'73,59 92.U bbb.21 MI4. lib 333.10 42,23 
80 15.98 583,4'7 92,bl Ub.08 b 14. 34 338.04 42.32 

THE ~OST EFFICIENT Sll4FT FOR THIS SOIL PROFILE .PPE.RS TO 8f TH! FOLLOWING ONE. 

OUMETER OF STEM a 2.b2 FT. 

OIU!ETER 01' S.SE '" 2.b2 I'T. 

ESTIMATEO SHAFT LENGTH- 73 P'T. 

V0I.UME 01' CONCRETE - 14.58 CU.YDS~ 

ULTIMATE LDAO CAPACITY- b42.U TONS 

QU/VOLUHE OF CONCRETE - 44.118 TON8/CU~YO, 
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BSHAFT LISTING 
PROGRAM BSHAFT(INPUT,OUTPUT) 
DIMENSION HEADNG(50),aIDREa(10),8RESIS(30),TRANLM(3~1) 
DIMENSION ALPHA(10),8LOWS(1~),SOIL(10),DEPTH(1~) 
COMMON/SAME1/DEPTH,X,M,DELTA,MDELTA,H,MH'LONG,FACT,~18ATEM, 

lS0IL,N,NACT,FINAL,8TAR,J,BS,TOPLEN,SIDRES,BRESIS,I,GISA, 
lA8A8E,DIAMB,BL 

C********************************************************~r********** 
C**** ALPHA *** THE CORRELATION FACTOR BETWEEN THE SHEAR STRENGTH 
C**** OF THE STRATUM TO TH! SHEAR RESISTANCE DEVELOPED 
C**** IN THE STRATUM, 
C**** BELANG * THE ANGLE OF THE 8ELL (DEGREES) WITH RESPEC:T TO VERTICAL 
C**** BLOWS *** THE NUMBER OF BLOWS/FT, OBTAINED FROM THE T,H,D, 
C**** DYNAMIC PENETRATION TEST OR THE S,P,T, FOR EACH 
C**** LAYER OF SOIL 
C**** as ****** THE BOTTOM PORTION OF THE SHAFT TO BE IGNORED 
C**** (IN FEET) 
C**** DEPTH *** THE DEpTH TO THE BOTTOM OF EACH SOIL LAYER(~EET) 
C**** DIALIM ** THE LARGEST DIAMETER (FEET) TO BE CONSIDE~IED 
C**** ClAM **** THE DIAMETER (FEET) OF THE STEM 
C**** DSTART ** THE FIRST VALUE DIAM IS TO ASSUM! 
C**** DIAM IS INCREASED IN INCREMENTS OF 0,S FTo 
C**** FSB ***** THE FACTOR OF SA~ETY APPLIED TO THE ULTIMjlTE BASE 
C**** CAPACITY, Q8 
C**** FST ***** THE FACTOR OF SA~ETY APPLIED TO THE TOTAL ULTIMATE 
C**** CAPACITY, QU, WHICH RESULTS IN QDN 
C**** NHEAD *** THE NU~8ER OF CARDS IN HEADING 
C**** HEADNG * DESCRIPTION OF THE DESIGN 
C**** N ******* NUMBER OF SOIL LAYERS 
C**** NTYPDS * SPECIFIES THE TYPE OF DESIGN CALCULATIONS OESIRED 
C**** P ******* THE TOTAL DESIGN LOAD DESIRED (LAS,) 
C**** QB ****** THE ULTIMATE BASE RESISTANCE, AN ASTE~I1K 8ESIDE 
C**** THIS VALUE SIGNIFIES THAT THE RESISTANCE ~AS 
C**** CALCULATED CONSIDERING TWO OR MORE SOIL LAYERS 
C**** THAT ARE WITHIN TWO BASE DIAMETERS FROM THE BASE 
C**** QBD ***** THE TOTAL DESIGN LOAD USING A FAtTON OF S~FETY 
C***. OF FSB APPLIED TO THE ULTIMATE BASE RESISTANCE 
C**** QCHECK ** EFFICIENCY COMPUTATIONS ARE ELIMJNA1ED FOI~ COMPUTED 
C**** LOAOS LESS THAN QCHECK (LBS.) 
C**** CON ***** TOTAL DESIGN RESISTANCE WITH A FACTOR OF SAFETY 
C**** OF FST APPLIED TO QU 
C**** QS ****** ULTIMATE SIDE RESISTANCE 
C**** au ****** TOTAL ULTIMATE RESISTANCE 
C**** RATIO *** THIs IS THE RATIO of THE DIAMETER OF THE BASE 
C**** TO THE DIAMETER OF THE STEM 
C**** SOIL **** THE TYPE OF SOIL IN A ~IVEN LAYER 
C**** SOILCI). 1 REPRESENTS A SAND 
C**** SOIL(I). Z REPRESENTS A HOMOGENEOUS CM :~OIL, 
C**** SOILCI). 1 REPRESENTS A CLAY SHALE 
C**** SOIL(I). 4 REPRESENTS A SILTY CLAY(CL) 
C**** SOIL(I). 5 REPRESENTS A SA~DY CLAY(CL) 
C**** TOPLEN * TOP PORTION OF THE SHAFT TO BE IGNORED(FEET) 
C**** TRANLM * THE MAXIMUM LOAD TRANS~ER ALLOWED ~IT~IN 
C**** A GIVE~ SOIL LAYER (IN PSF) 
C**** TYPB **** THE TYPE OF DYNAMIC PENETRATION TEST USED. *SPT* DE-
C**** NOTES THE STANDARD PENETRATION TEST AND '-SDHPT* 
C**** DENOTES THE STATE DEPARTMENT OF HIGHWAYS AND PUBLIC 
C**** TRANSPORTATION PENETRATION TEST, 
C**** WTD ***** DEPTH OF THE ~ATER TABLE 
C**** NOTE - ONE BLANK CARD IS REQUIR[D TO END THE PROGRA~ 
C*************************************·*·****************-********.***** 

&1 READ 2l,NHEAD,TYPB 



DATA A,8/SHSDHPT,lHSPTI 
23 FORMAT(11,~X,A5) 

IFCNHEAO.!Q.0)GO TO 96 
PRINT 28 

28 F'ORMATC1Hll 
C**** READ COMMENTS **** 

DO 27 IT-1,NHEAO 
READ i5,CHEADNGCIH),IH.1,8) 

25 F'QRMATC8U0) 
PRINT 26,CHEAONGCIH),IH.l,8) 

26 FORMATC1X,8A10) 
QV2a", S QV1-". 

27 CONTINUE 
READ 1a~0'NTVPDS,DSTART,DIALIM,RATIO,8ELANG,TOPLEN,BS 

1000 FORMATCI1,9X,oF10) 
READ 2,N,WTD,P,QCHECK,FST,FSB 

2 FORMATCI2,8X,F1~,2F20,2F10) 
PRINT 2e, P 

20 FORMATCIII,lX*DEsIGN LOAD -*F10.9*LBS,*II) 
PRINT ",QCHECK 

" FORMATCtX*MAKE COMPARISONS OF QU/VOLUMf*/1X 
I*FOR DESIGN LOADS GREATER THAN*2x,FtB.0*LB8,*II) 
P.P/2YI0, 
QCHECK.QCHECK/200~, 
PRINT S,N 

5 FORMATC1X*NUMBER OF LAVERS -*1511) 
PI - 3.142 
NIII'>! .. 1 
PRINT 9, WTO 

9 fORMATCtX*WATfR TABLE DEPTH -*'t~,0* FT,*) 
C**** READ SOIL INFORMATION **** 
3~01 DO 500 I - 2,N 

READtl, ALPHACI),BLOWSCI),SOILCI),OEPTHCI),TRANLMCI) 
11 FQRMAT(5F10) 

TRANLHCI).TRANLMCI)/200~. 
500 CONTINUE 

C**** MAKE CONVERSION OF 8LDWCOUNT TO UNIT SIDE R~SISTANCE AND UNIT 
C**** eAsE RESISTANCE uSING THE T.T.I, CORRELATIONS **** 

888 DO 70~ 1-2,N < 

C**** STAY HERE IF USING T,H.D. PENETRO~ETER VALUES **** 
IFCTVP8.!Q.B)GO TO sas 
IFCSOILCI).GT.1.)GO TO 771 
SIDRESCI).0.0t~*BLOW8CI) 
IF(SIDR!SCI).GT,TRANLM(I»SIDR~8(I)-TRANLMCI) 
IF(BLO~8CI).LE,20.)GO TO 700 
IF(8LO~S(I).LE.b5.)GO TO 701 
IF(8LO.SCI1.LE.110.1GO TO 702 
BRES IS CI) ."0." 
GO TO 700 

1b~ 8RESISCl).m.0 
(lu TO 700 

701 BRESISCI).".355e*C8LOWS(I).20,1 
GO TO 70" 

702 8RESISCI).te ... C,5133*(8LO~SCI).b5.» 
GO TO no 

771 IFCSOILCI),GT,2,)GO TO 741 
SIDRE8CI).0.070*BLOWSCI'*ALPHACI) 
IFCSIDR!SCI).GT,TRANLMCI»)SIORESCI).TRANLMCIl 
BRESISCI).SLOWSCI)/2.8 
IFCBRE8%SCl),GT.15,)BRE8ISCI)·l5. 
GO TO 7U 

741 IFCSOILCI),GT.3,)GO TO 742 
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8IDR[S(Il.0.Y13*B~OWS(Il*A~PHA(I) 
IF(8IORES(I).GT.TRAN~M(1»SIDRE8CIl.TRAN~M(I) 
8RE8I8CI1.B~OWS(t)/10.~ 
GO TO 7me 

742 IF(IOI~CI).GT.Q.)GO TO 743 
SIORESCI)'0.0b3*e~OW8CI)*A~PHA(I) 
IFC'IDRES(Il.GT.TRAN~M(I»)8IORES(Il.TRAN~MCI) 
8R!8ISCI).8~OW8(I)/Z.8 
IF(8RESIS(I).GT.35.)BRESII(I)·3S. 
GO TO 700 

74J 8IDR[8CI).0,B!3*B~OWSCI)*A~PHACI) 
IF(8IDRE8(I).GT,TRAN~HCI»SIORES(I)'TRAN~M(I) 
8RESI8CI).8~OW8CI)/l,8 
IF(8RESIS(I),GT.l5,)BRfSISCI)·]5, 
GO TO 700 

C**** COME HERE IF USING a,p,T, P[NETROMET[R vA~UEa **** 
585 CONTINUE 

IF(80I~(I),GT.l.)GO TO 881 
SIORE8(I)'0,02b*8~OWa(I) 
IFC8IDRESCI).GT,TRAN~HCI1)8IORE8CI)'TRAN~HCI) 
IFC8~OWSCI).~E,l0.)GO TO 800 
IFC8~OW$CI),~E.30,)GO TO 801 
IFC8~OW8(I),LE,50,)GO TO a.z 
BRESISCI).40.0 
GO TO 700 

8bB 8RESIS(I).0.0 
GO TO 700 

8bl BRESIS(I)'0,80*(B~OWICI).10) 
GO TO 700 

80l BRE8IS(I).10 •• 1,Z*(8~OWS(I).]0.) 
GO TO 700 

881 IF(SOI~(I).GT,2.)GO TO &41 
SIDRES(I).0ftlB0*8~OWS(I)*A~PHA(I) 
IFCSIORE8CI).;T.TRAN~H(I»)'IDRES(I)'TRANLM(I) 
BRESISCI).SLOW8(I)/1,0 
IF(BRESISCI).GT.35.)BRESIS(I)'35. 
GO TD 700 

841 IF(SOI~(I).GT.l.)aO TO 8G2 
SlDRE8(I).0.018*BLOW8(I)*A~PHA(I) 
IF(SIDRE8(I).GT.TRAN~M(1»SIDAE'(1).TRANLMCI) 
8RESISCI).B~OW8(I)/7.0 
GO TO 70~ 

842 IFC80I~(I),GT.a.)GO TD 843 
SIDRE8(Il.0.0~0*8~OWS(1)*A~PHArI) 
IFC8IDRE8(I).GT.TRAN~H(I»&IDRESCI).TRANLM(I) 
BRESI8(IlaBLOWSCI)/1.0 
IF(8RESIS(I).GT,35,)BAESISCI1·]5. 
~O TO 100 

8a3 8IOR£SCI).0,S7b*B~O~8(I)*ALPHA(I) 
IF(SIDRE8(1).GT.TRAN~HCI1)SIDRES(I)'TAA~~"CI) 
BRESI8(I).B~OW8(I)/l •• 
IFCBRESI8(I).aT.35.)8R!SISCI)"5, 

700 CONTINUE 
3000 OIAM-OSTART 
7778 PRINT 7779 
7779 FORHAT(lllX*80ILCI)' 1 REPRESENTS A SANO*I 

l1X*BOILCI)' 2 REPRESENTS A HOMOGENEOUS eM SOI~*I 
ZlX*SOIL(I). 3 REPRESENTS A C~AV SHALE*I 
41X*801~(I). 4 REPRESENTS A SI~TV CLAV(C~)*I 
51X*SOIL(I)' 5 REPRESENTS A SANDY CLAV(C~)*lll 

50] NRATIO.RATIO 
PRINT 1001,NTVPOS,D'TART,DIA~IH,RATIO,F8T,'88 



1~~1 FO~MAT(IIIIX*NTVPDS.*I5/1X*OSTART -*'5.2,ax*FT.*/1X*OIALIM -*'5.2 
1/1X*RATIO -*F5.a/lx*FST -*F5.2/1X*FSB =*F5.ZIIJ 

IFCTVP8.EQ.A)PRINT 0 
Q FORMAT(7X*REOUCTION FACTOR*7X 

1*SIDRESt TSF)*7X*8RESISCTSF'*7X*SDHPTCBLOWS/FT.l*7X 
a*soIL*7X*OEPTHCFT.)*II) 

lFCTVPB.EG.B)PRINT 7 
7 FORMAT(7X*REOUCTION 'ACTOR*7X 
1*SIORE8(TSF)*7X*8R!SIS(TSF'*7X*SPTN(BLO~S/FT.)*7X 
2*SOIL*1X*DEPTH(FT.,*II) 
OEPTH(1)ae.~ 
PRINT 12,DEPTH(1) 

12 FORMAT(9]X'Fl~.0/) 
00 501 I-2,N 
PRINT13, ALPHA(I), SIORESCI),8RESISCI),BLOWS(I),SOIL([),OEPTH(I) 

13 'ORMAT(F17.a,FI8.Z,F19.2,F20.~,FI7.011~lX,F14.0/) 
501 CONTINUE 

10e4 CONTINUf 
C**** DETERMINE THE BASE DIAMETER **** 

SQOIAMaOIAM*DIAM 
A~EA9T.PI*SQDIAM/Q. 
IF(NRATIO.EQ.~)GO TO 2010 
DIAMBaDIAM*RATIO 
SOIA~B·DIAMB*DIAMB 
A8ASE.PI*SDIAMB/4. 
IF(OIAM.LE.l.52)TLa0.Z50 
IF(OIAH,GT.3.52)TL·~.S~ 
BELANQaSELANG/51.2 9 
BLaTL+CCDIAHB-DIAM)/C2.*TAN(BELANG») 
BELANQa8ELANG*S7.29 
VOLBL.(CPI*(8L-TL)*CSQDIAH/U,+SDIAMS/U.+SQRT(DIAMB*DIAM/4,» 

1/1.)+CABA8E*TL»/17, . 
GO TO 2015 

2010 DIAMS.OIAM 
8La0. 
VOLBL-0.0 
ABASE·PI*OIAM8*DIAM8/4. 

2015 CONTINUE 
Q8ATEM.~. 
SQS-0.SQSI a 0.SQBA-0. 
FINAL-e. 
H-0. 
I-I 

C**.* DETERMINE THE STEM UNIT SURFACE A~EA **** 
ASIDfaPI*DIAM 
FACT-2,*DIAMS 
NACTaIFIXCFACT) 

C •• ** DETERMINE T~E AREA OF THE BASE **** 
STEEL1.(.01*PI*DIA~**Z/~.)*lU4. 
PRINT 21,DIAH,DIAHB,BL,BELANG,TOPLEN,88,8TffL1,VOL8L 

21 FORMAT(lHl,*OIAMETER OF STEM -*F5.2,2X*FT,*/IX 
1*DIAMETER OF SASE .*Fb.l,2X*FT.*/1X*!ND OF STEM TO SASE 
1 .*Fb.2,2X.FT.*/1X*ANGLE OF BELL -.F5.1, 
l1X*OEGREES*/1X*IGNOREO TOP PORTION -.FS.2,1X*FT.*/1X*IGNOREO 
180TTOM PORTION -*F5.Z,IX*FT.*/1X*AREA OF ONE PERCENT STEEL-* 
lFb,2,1X.SQ.IN.*/IX*VOlUME OF UNDERREAM -*Fo,2* CU.YDS.*II) 
~RINT 81 

81 FORMAT(lX*E8TIMATED*/1X.SHAFT lENGTH*oX*VOLUM£*13x*;S*1lX 
1*QB*13X*QU*1ZX*QBO*12X*QDN*1lX*QU/VOLUME·/1X 
2*CF£ET)*9X*CCU.YDS.)*9X*CTONS).9X*CTONS)*9X 
3*CTONS)·9X*CTONS)*9X*(TONS)*9X*CTONS/CU.YD8.).) 

50 IFCI.EQ.CN+l»GO TO 800 
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IF«OEPTH(I)·TOPLf~).LE.~.0)GO TO 70 
~AYERa(DEPTH(I).H) 
00 ]1 ~.l,LAYER 
X·L 

C*********************************************************************** 
C**** DETERMINING THE SIDE RESISTANCE IF THE SECTION IS IN CLAY 
C*********************************************************************** 

QSlaSIORES(I)*ASIOE+SQS 
l00 DELTA_X+BS+BL+2.*DIAMB 

Mal 
STAR.~. 

MDELTA-DELTA 
C*********************************************************************** 
C**** DElERMINING THE BASE RESISTANCE IF THE SECTION IS IN CLAY 
C*********************************************************************** 

IF(MOELTA.LE.LAYER.AND.SOIL(I).GT.l.)Q8A.BRESIS(I)*ABASE 
IF(MDELTA.LE.LAYER.AND.SOIL(I).GT.l.)~O TO 55 

C*********************************************************************** 
C**** DETERMINING THE BASE RESISTANCE IF THE SECTION IS IN SAND 
C*********************************************************************** 

IF(~DE~TA.L!.LAYER)Q8A'8RESIS(I)*A8ASE/(.~~*OIAMB) 
IF(MOELTA.LE.LAYER)GO TO 5S 
CALL SUATBZ 
IF«I+l).EQ.(N+l»GO TO 8~0 
IF(FINAL.EQ.l.)GO TO 800 

C**** DETERMINE THE LEN~TH O~ THE SHA'T **** 
55 Y.H+X+BS+BL 

NY.Y 
YN=NY 
IF«Y.YN).GE.~.50)YESTIM.YN+l. 
If«Y.YN).LT.0.5S)YESTIM.YN 

C**** DETERMINE THE VOLUME OF CONCRETE **** 
VOLYaVOL8L+(YESTIM-BL>*AREA8T/i1. 

C**** DETERMINE THE DIFFERENT SHAFT CAPACITIES **** 
QS e QSI 
Q6 • GSA 
QU • QSI + QSA 
GUNeaU/FIT 
QBDaaS+Q8/FSS 
QV2.QU/VOLY 
IF(8TAR.~Q.l.)GO TO ~0 
PRINT Ql,YESTIM,vOLY,QS,QB,aU,Q80,GDN,QVi 

ql ~ORMAT(lX,F~.0,lF17.2,~F15.2,F17.i) 
~O TO 717 

Q0 PRINT Ql,YE&TIM,VOLY,Q8,QB,QU,QBD,QON,QV2 
Q2 FORMAT(lX,F&.0,lF17.i,F15.Z,lH*,F14.2,2F15.l,F17.2) 

117 CONTINUE 
C**** COMPARE THE PREVIOUS VALUE OF *QU/~OLUME* ~ITH THE N!~ VALUE 
C**** AND SAVE THE LARGEST VALUE 0' THE T~O **** 

IF(Qv2,LT.QvllGO TO 821 
IF(QDN.~T.QCHECK)GO TO 821 
8AVEL.VESTIMSSAVED,OIAMSSAVEDS.DIAMBSSAVQV2aQv2 
8AVEVavOLVI8AVEQUaQU 
QV1.QVl 

811 CONTINUE 
C**** IF THE DESIGN LOAD EXCEEDS *P* ~O TO 800 **** 

IF(Q8D.GT.P.AND.QBO.LE.QDN)QO TO 800 
IF(QDN.GT.P)GO TO 800 
8QS • QSI 

]0 CONTINUE 
10 HTEMPaH 

I • 1+1 



HaDEPTHCI-11 
IF((UEPTHCI-1).TOPLEN),LE.0.)H.TOPLEN 
GO TO 50 

80~ CONTINUE 
DIAM aOIAM+0.5 

C**** IF ANOT~ER DIAMETER IS TO 8E CONSIDERED GO TO 3900. OTHERWIS!, 
IFCNTYPDS.EQ.1.AND.DIAM.GT,(DIALIH+.0Z)PRINT 134b,SAVEO, 

lSAVED8,SAVEL,SAVEV,8AVEQU,SAVQVi 
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134b 'ORMATCIII*THE MOST E~FICIENT S~AFT FOR THIS SOIL PROFILE APPEARS 
lTD BE THE FOLLOwING ONEI*111X*DIAHETER OF STEM .*FS.l,lX*~T.* 
2111X*OIAMETER OF BASE -*F5.1,lX*FT.*111X*ESTIMATEO 8HAFT LEN; 
lTH-*F5.0,lX*FT,*111X*VOLUHE OF CONCRETE a*F7,Z,1X*CU.YOa.*111X 
Q*ULTIMATE LOAD CAPACITV.*F7,i,1X*TON8*111X 
S*QU/VOLUME OF CONCRETE _*F7,2,1X*TON8/CU.YD.*) 

C**** GO TO 01 TO SE! IF ANOTHER SOIL PROFILE IS TO 8E CONSIDERED 
C**** OR I' THE PROGRAM IS TO BE ENDED **** 

IFCOIAM,GT.CDIALIM+.021.AND.NTYPDS.EQ.1)GO TO b1 
IF(DIAM.GT.(OIALIM+.021)GO TO bobo 
GO TO 1004 

C**** COME HERE IF THE SAME SOIL PROFILE IS TO BE RE-USED ~ITH 
C**** THE FOLLOWING NEW VARIABLES **** 

obob NTYPLD.NTYPDS 
READ le00,NTYPDS,DSTART,OIALl~,RATIO,8ELANG,TOPLEN,8S 
IFCNTYPLD.EQ.2)GO TO 30~~ 
READ Obb7, (ALPHAeJ),Jc2,N) 

O~b7 FQRMATClbFS, 
GO TO 10~~ 

9& CO~TINUE 
ENO 
SUBROUTINE SUATB2 
DIMENSION DEPTH(lB),SOILC10),SIORES(1~),8AESISC30) 
CUMMON/SA~El/DEPTH,X,M,DELTA,~DELTA,H,MH,LONG,FAtT,QBATEM, 

180IL,N,NACT,FINAL,STAR,J,BS,TOPLEN,SIDRES,BRE8I8,I,QBA, 
cA8ASE,OIAMB,8L 

C*********************************************************************** 
C**** TMIS SUBROUTI~E 'INDS THE SEARING CAPACITY. IT TAKES INTO ACCOUNT 
C**** THE CASES -HERE THE BOTTOM OF THE SHAFT IS I~ ONE TYPE OF SOIL 
C**** BUT IS C~OSE ENOUGH TO A LO~ER LAYER wHICH MAY AFFECT THE BEARING 
C**** CAPACITY, A STAR 'IN THE OUTPUT DISTINGUISHES A BEARING CAPACITY 
C**** CALCULATED WHICH CONSIDERS TWO LAVE~8. 
C*********************************************************************** 

LONGaH+X+BS+~L 

I~(DEPTH(I-ll.EQ.0.)D!PTH(I-l)aTOPLEN 
MH_H 

i~ IF«(I+l).EQ.(N+l))RETU~N 
MDPTH1.OEPTH(I+1) S KOEPTH.OEPTH(I) 
IF(MDPTH1.LE.LONG)1.I+l 
IFCMOPTH1.LE.LONG,GO TO 20 
IF(MOPTHl.LT.CLONG+NACT1)GO TO 18 
I~(~DEPTH.GT.LONG)GO TO 3 
1=1+1 
IFCSOILCI).NE.l.)GO TO 11 
Q8A.BRESIS(I)*ABASE/(.b~*OIAM8) 

I=M 
RETURN 

17 QBA-SRESISCI)*ABASE 
I_M 
RETURN 

18 IF«(I+Z).NE.(N+l»)GO TO 19 
FINAL_l.0 
RETURN 

19 MOPTHZ-DEPTH(I+c) 
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IFCMDPTHi.LT.(LONG+NACT»GO TO "~ 
30 IaI+l 

3 CONTINUE 
IFCSOIL(I).GT.l •• AND.SOILCI+l).EQ.l.)GO TO 21 
IFCSOIL(I).EQ.l •• AND.SOILCI+l).EG.l.)GO TO 11 
IFCSOIL(I).EG.l •• AN D.SOILCI+l).GT.1.)GO TO 12 

C**** COME HERE IF BOTH LAY!RS BEING CONSIDERED ARE CLAYS ***** 
22 ITll1I 

IT ill I 
DIST1 I1DEPTHCIT1)-LONG 
DISTZIILONG+FACT-DEPTH(ITi) 

31 QBAIICQ8ATEM+CCBRESISCI T1)*DIST1)+CBRESISCIT2+1)*DISTi)l* 
UBASEl/FACT 

QBATEMa". 
111M 
STARal. 
RETURN 

C**** COME HERE IF THE TOP LAYER IS A CLAY AND THE LOwER 
C**** LAYER IS A SAND ********** 

21 ITlIII 
IT2-! 
DIST1 I1 0EPTHCIT1)-LONG 
DIST2I1LONG+FACT.OEPTH(IT2) 

32 QBA21SISRESIS(IT2+1)*ABASE/C.b0*DIAM8) 
QBAa(QBATf M+CQBA21S*DIST2)+C8REIISCIT1)*ABASE*OIST1)/FACT 
QBATEMII". 
UM 
STARIII. 
RETURN 

C**** COME HERE IF BOTH LAYERS BEING CONSIDERED ARE SANO ***** 
11 ITl-I 

IT 211 I 
OIST1110EPTHCITll.LONG 
DIST2aLONG+FACT.OEPTH(IT2) 

33 UBAlIAIiBRESISCIT1)*ABASE/C.b0*DIAMB) 
Q~A11BaBRESIS(IT2+1)*ABAS~/C.b0*OIAMB) 
QBAII(QBATEM+CQBA11A*OIST1+QBAl18*OIST2l)/FACT 
GBATE"'II". 
111M 
STARlll. 
RETURN 

C.*** COME HERE IF TH~ TOP LAYER IS A SANO AND THE LOWER 
C**** LAyER IS A CLAY ********** 

12 ITiI;I 
tT211I 
DIST1 I1 DEPTHCIT1)-LONG 
DIST2 I1 LONG+FACT.OEPTH(IT2) 

34 hITl 
QBAIISRESISCI)*ABASE/C.b0*DIAMB) 
QBAIICCQBA*DIST1)+(BRESISCIT2+1)*ABA8E*DI8T2)+QBATE'~)1FACT 
QfUTEMII0. 
laM 
STARlll. 

RETURN 
C**** COME HERE AND CALCULATE A W!IGHTED BEARING CAPACITY 
C**** FOR A LAYER OF SOIL 'ULLY WITHIN THE TwO DIAMETER 
C**** DISTANCE 8ELO~ THE BASE OF THE SHAFT ********** 

40 1111+1 
IT 1111 
DIST1110EPTH(I)-LONG 

b0 1111+1 
DIFFERIIOEPTHCI)·O[PTHCl-l) 



IFCSOILCI).GT.l.'GO To b7 
QBA aaRESISCI,.ASASE*OIFFER/C.b0*DIAMB) 
GO TO 45 

b7 QBAaSRESISCI'.ABASE*PIFFER 
45 QBATEMaQBATEM+QBA 

IF(CI+1'.EG.(N+t,)RETURN 
MDpTH~·DEPTHCI+l) 
IF((MDPTH2.C~ONG+~ACT».GE.~)aO TO S0 
GO TO &0 

50 IT2aI 
IaI+1 
DIST2aLONG+FACT-OEPTHCIT2) 
IF(SOIL(ITt).GT.l •• AND.SOILCI).Gl.l.)GO TO 11 
IFtSOILCIT1).Gl,1 •• AND.SOILCI).EQ.t,lGO TO 32 
IFCSOILCIT1'.EG.1 •• AND.SDILCI).EQ.1.)GO TO )3 
GO TO 34 
ENO 

145 
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EXPLANATION OF INPUT FORMAT FOR BSHAFT 

As a matter of convenience in explaining the input f~rmat, the data 

cards are broken down into two groups: set A and set B. The cards in set 

A consist of all necessary information for a soil profile. The cards in set 

B contain information related to the soil profile in set A. In using both 

sets of cards, one can reuse the soil profile data in set A with the modified 

values that are found in set B. 

If one wishes to use the data found in set A just once for a series 

of capacity computations in a soil profile without use of set B, then NTYPDS 

is assigned a value of one. If another soil profile is to be considered, 

this second set A immediately follows the first set A. 

NTYPDS is assigned a value of two when the information in set A is 

to be used again with modified values of the variables found in Card No.3. 

The modified values are furnished in set B. If a new soil profile (set A) 

is to be considered following the capacity computations based on the modified 

values, NTYPDS in set B must be given a value of one. However, if the values 

of Card No. 3 are to be modified another time, NTYPDS in set B can be given 

a value of two. Any number of sets B can follow any set A. 

NTYPDS is given a value of three for a case similar to the one in 

which NTYPDS is equal to two except that the strength reduction factor, 

ALPHA, for every soil layer can be modified. This information is furnished 

in set B in the order shown later. No more than two cards of the No.6 type 

are required because not more than 29 layers of soil can be considered in 

this program. 

In order to end the program or in order to consider a new set A, the 

last assigned value of NTYPDS must have been one. Furthermore, another 

requirement for ending the program is to follow set A (or set B when used) 

with a blank card, Card No.7. 

Card Type No.1. NHEAD is an integer refering to the number of cards 

that comprise HEADNG. NHEAD must be less than or equal to four. IF NHEAD 

is equal to zero, the program will end. There is one card per set A. 

TYPB is an alphanumeric identifier. If the SDHPT cone penetrometer 

results are used, then the letters "SDHPT" are punched in columns six through 

ten as shown later. However, if the Standard Penetration Test results are 
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used, the letters "SPT" are punched instead of "SDHPT". 

Card Type No.2. Data cards of this type consist of alphanumeric 

information which can be used to describe a design case. No more than four 

cards can comprise HEADNG for each set A. 

Card Type No.3. There is only one such card for each set A. How­

ever any information on this card can be changed by the method explained 

earlier in this section by assigning a proper value of NTYPDS and the 

appropriate information in set B. 

DSTART is the first stem diameter to be considered for each set A. 

Units are feet. 

DIALIM is the final diameter size to be considered when capacity 

computations are made for more than one shaft diameter. When only one shaft 

size is of interest, DIALIM is assigned a value of zero. 

RATIO is the ratio of the base diameter to the stem diameter. In the 

case of straight shafts, the value of RATIO must be zero. 

BELANG is the angle of the bell with respect to the vertical. In the 

case of straight shafts, BELANG is zero. Units are degrees. 

TOPLEN is the top portion of the shaft that is noncontributing to 

side resistance. Units are feet. 

BS is the bottom section of the shaft that obtains no resistance from 

the soil. Units are feet. 

Card Type No.4. There is only one card per set A. N is an integer 

refering to the number of strata in the soil profile. N must be less than 

or equal to 29. 

WTD is the water table depth with units in feet. 

P is the design load. Units are pounds. 

QCHECK also has units pounds. As discussed in Chapter 4, efficiency 

computations are eliminated for computed loads less than QCHECK. QCHECK 

should be given a suitable value so as to avoid making unnecessary efficiency 

computations for drilled shafts with small penetrations. 

FST refers to the factor of safety that must be applied to the total 

ultimate capacity. 

FSB refers to the factor of safety that must be applied to the ulti­

mate base capacity. 
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Card Type No.5. There are as many of these cards as there are 

layers of soil. The data cards are arranged in order of increasing depth. 

ALPHA is the strength reduction factor, a. For sand, ALPHA may be 

assigned a value of 1.0 as discussed in Chapter 3. However, if a lower load 

transfer is expected than that calculated by the correlations listed in Table 

3.9, ALPHA can be assigned a value lower than 1.0. 

BLOWS refers to the average number of blows per foot for a soil 

stratum obtained from the dynamic penetration test (SDHPT or SPT). 

SOIL is used to specify a type of soil layer. For this computer 

program, the soil types are broken down into five classes as follows: 

1.0 defines a sand layer, 

2.0 defines a homogeneous CH soil layer, 

3.0 defines a clay-shale, 

4.0 defines a silty clay (CL) , and 

5.0 defines a sandy clay (CL). 

DEPTH specifies the bottom depth of each layer of soil. Units are 

in feet. 

TRANLM is the maximum load transfer permissible for a given stratum. 

Units are in pounds per square foot. 

Card Type No.6. This card is used in set B when the previously 

spec ied strength reduction factors are to be modified without changing any 

of the other information in set A. Even if only one ALPHA value is to be 

changed, desired values for all soil layers must be included. When this type 

of card is used, it must be preceded by Card Type No. 3 in set B. No more 

than two No. 6 cards can be used because of the limit of 29 soil layers per 

profile. 

This data card should always be the last one of 

the deck and may follow a set A or B, whichever is the case. Upon reading 

this blank card, the computer will assign NHEAD a value of zero, thus causing 

the program to be terminated. 



INPUT FORMAT FOR PROGRAH BSHAFT 

CARD TYPE 
NHEAD TYPB NUMBER 

lilJ 
ONE 

AS CARD 
1 6 10 

HEADNG 
NUMBER OF 

2 I 8A10 CARDS=NHEAD 
1 80 

NTYPDS DSTART DIALIM RATIO BELANG TOPLEN BS ONE 
3 liiJ FlO FlO FlO FlO FlO FlO J CARD SET 

11 20 21 30 31 40 41 50 51 60 61 A 

N WTD P QCHECK FST FSB 
4 LiLJ FlO F20 I F20 I FlO I FlO 

80 I 
ONE 

60 61 70 71 CARD 
1 2 11 20 21 40 41 

ALPHA BLOWS SOIL DEPTH TRANLM 
FlO FlO FlO FlO AS MANY 

FlO 5 CARDS AS 
10 11 20 21 30 31 40 41 50 THERE ARE 

SOIL LAYERS 

NTYPDS DSTART DIALIM RATIO BELANG TOPLEN BS ONE 
3 LlJ FlO FlO FlO FlO FlO I FlO I CARD 

1 11 20 21 30 31 110 41 50 51 60 61 70 
ALPHA( 1) ALPHA(2) ALPllA(3) ALPHA(N) ONE OR TWO SET 

F5 F5 F5 I . F5 I CARDS, AS B 6 
5 6 10 11 15 16 75 76 80 REQUIRED 

~(~B~LA~N~K_C~A~R~D~T~O~E~N~D~P~R~OG~RAM~~) _____________________________________________________________ ONE 

7 CARD 



SAMPLE OUTPUT FOR PROGRAM BSHAFT 
BRYAN,TX - MAR 1973[DRY) 
/12 FT; ~lNETRATION - QU./l2S TONS - QSc25S TONS 

OEUSN lOAD. geeellllilAS. 

MAKE COMPARISONS OF QU/VOlUME 
FOR DESIGN lO~DS GME~TER THA~ 

NUMBER OF lAYERS • /I 

!BeaUles. 

MATER T~BlE DEPTH. 29 FT. 

SDIl(I). I REPRESENTS A SAND 
SOIL[I). 2 REPRESENTS A HOHOGE~EOUS CN SOIL 
SOll[IJ. 3 REPRESENTS A CLAY SN_lE 
SOILCI). /I REPRESENTS A SILTY ClAY[Cl) 
SOllCI). 5 REPRESENTS _ SANDY ClAY[tlJ 

NTYPDU. 1 
DaTUT • 2,5' FT. 
DUll .. --II," 
RATIO .-.... 
FIT • l,.' FIB • 3." 

REDUCTION FACTOR SIDERES(TSF) 

.'" 1.3' 

."11 .7" 

.'" l.IIIB 

.". 2.B. 

BRESISCTSf) TItDN (AlOWS/FT.' 

II.B7 31 

".43 111 

35.11 15. 

35." 17' 

SOIL 

2 

5 

5 

DEPTH [FT.) 

0 

\2 

32 

III 

511 

>-' 
\..Jl 
o 



DIAMETER OF STEM .. 2.50 FT. 
DUIIIETER OF SASE .. 2.50 I'T. 
ENO OF STE* TO SASE .. 0,00 FT. 
ANGLE OF BELL. = -0.0 DEGREES 
IGNORED TOP PORTION = 5,00 I'T. 
IGNO~EO BOTTOM PORTION -2,0111 FT. 
AREA OF ONE P~RCE~T STEEL- 7.07 SQ.IN~ 
vOLUME OF UNO~RREAM .. 111.00 CU.YDS • 

ESTIMATED 
SHAFT LENGTH VOLUI'IE QS QB QU QBD QDN ~U/VOLUMl!. 

(FEET) (CU.YOS~) (TONS) (TONS) (TONS) (TONS) (TONS) (TO"-S/CU, YDS,) 
5 1,115 10;23 119,110* Ml,02 2b,83 3111.01 1.11.2& 
9 I.bll 20,45 115,211* b',b9 35,53 32.e5 "1i:I.l~ 

10 I ~ 112 UfU 110,&B* 71,3b 114,24 35.b8 39.25 
11 2,00 110,91 3b,12* 77 ,03 52,95 3B .51 38.51 
12 2 ~ III 51,1 11 31,5b 82,10 bl.bb 111.35 37.90 
13 2.3b 6\ f 3b 31,5& 92. 92 '1,88 IIb,lIb 39.31 
14 2,55 11,59 31,5b 103,15 B2.11 51.511 Q".52 
15 2,73 77 r53 31,5b 189,09 8B,II5 5".511 <1&.00 
lb 2,91 113,117 31 ,5b 115,1113 93,'9 57,51 39.5 11 
P 3,IIJ9 89,111 31.5b 12O.97 99,93 b0,111 5~.13 
III 3,27 95 34 H,5b 12b,911 105,lIb b3,45 ~ .. ~77 
~9 3,45 1111:28 31,56 III ,1111 111,110 bb.42 38,115 
2B 3,bll 1117 .22 31,5b 131,111 111,711 b9,l9 38.110 
21 l~1I2 11 l; 111 31,5b 144,12 123.bIl 12,36 37 .9O 
22 11,00 119,111 ll.5b 150,bb 129,U 15,33 37,&b 
23 1I,1t1 125,011 31,5b 15b,bl'! 135,5b 18.30 37.114 
211 1I'3b 138,97 31,5b Ib2,53 141,49 111,27 37.25 
25 11:55 13b,91 31,5b lbll,II7 1117,113 114.211 37,06 
at. II~ 73 142,115 31,5b 174,111 153.37 81,21 30,89 
27 4,91 1411,'" 31.5b 1l1li.35 159,31 90.17 3b.711 
211 5~1I9 154,73 59.bI. 214.34 174.'0 11117.17 42.10 
29 5~21 IbO,b7 87.b7. 241.:53 159,119 124.11 lit. 10 
3Ia 5.115 Ibb,bI 115,'''''' 212,33 205,111 141,1' 5'.7b 
:31 5,114 172,54 143,17. 316,32 22",47 15S.1e 5b.l~ 
32 5,112 1711,411 171,53 3511.31 235,1b 175.15 b0, ill 
33 b,"" 11l11,42 171,&3 356,25 2111,70 lTS.12 59,37 
34 b,1 8 1911,3b 171,&3 3112.19 247,b3 lel.09 58.59 
35 b.311 2011,117 171.&3 377 ,'II!! 263,34 185,95 59,38 
3b b;55 2i?1,7S 171,&3 393.U 27Q,05 19b,II0 001,13 
37 6,73 237,49 171.&3 4"'.32 294,1b 2011.b6 bll.811 
311 b,91 253,20 171.111. 425,1'13 310.47 212,51 fIl.51 
39 1."9 2b8,'H 171.13* UII.7A 32b,IS 220.37 62,15 
4" 7~27 25/i,&2 171,8l* 11511.45 341,89 2211,22 "2.76 
111 7.45 3011,33 171.53 .. 1112.lb 357.bIIJ 23fJ.011 b3.33 
42 7~bll 31b,II11 171,53 487 .57 3'73,31 243.93 b3.88 
43 7~1I2 331,'5 171,83 5n,5/! 389,02 251, .,. 114,41 
11/1 e."" 347,4b 111.&3 519,29 1I1!111.73 259,bIi b'l,'11 
45 II~ 18 3b3.11 171,53 535,01'1 1120,411 2b1,'50 b5,38 

THE MOST EFFICIENT SHAFT FOR HUS SOIL PROFILE APPEARS TO BE THE FOLLOWING ONEI 

DUMETER OF STEM • 2.5 FT • 

DIAMETER OF 8~SI:: ~ ".5 FT. 
l-' 

ESTIM~TEO SH~FT LENGTH. 45 FT. V! 
I-' 



VO~UME OF CONCRETE 8,18 CU,YDS; 

ULTIMATE LOAD CAPACITYc 535.00 TONS 

QU/~OLUHE OF CONCRETE. 65.38 TONS/CU. YO. 



APPENDIX C 

DRILLED SHAFT CONSTRUCTION METHODS 
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DRILLED SHAFT CONSTRUCTION METHODS 

In the following paragraphs, three methods of installing drilled 

shafts are briefly discussed. However, the reader is advised that every 

contractor may have a construction method that deviates slightly from those 

presented below. 

Dry Method 

This method of construcion entails excavating the shaft without the 

aid of any fluid and following the excavation phase with complete concreting 

of the hole. This method of constructing drilled shafts is used in firm to 

stiff cohesive soils above the water table which do not have a pronounced 

secondary structure that will cause the soil to slough into the excavated 

hole. Drilled holes in similar soils below the water table will remain 

open for small time periods. However, at greater depths below the water 

table, the high seepage pressures will cause softening of the soil and induce 

caving of the shaft walls. Under such circumstances, the hole is advanced 

with the aid of a steel casing which is withdrawn as the hole is filled with 

concrete. 

Slurry Displacement Method 

In areas where excavation shafts will not remain open due to the 

softness or pronounced secondary structure of the cohesive soil, the presence 

of cohesionless soil or high seepage pressures, or a combination of any of 

these cases, a shaft hole can be advanced by filling the hole with a slurry 

of drilling mud of sufficient specific gravity to stabilize the hole. 

After the shaft is excavated to design grade, the concrete is poured with a 

tremie pipe in a cuatious operation so as to displace the slurry with con­

crete and ensuring that no slurry is trapped along the sides of the shaft. 

Disadvantages of this method are that the use of the slurry precludes 

any visual inspection of the drilled hole and that a highly experienced 

drilling crew familiar with the method is necessary to ascertain proper dis­

placement of the slurry during the concreting operation. 
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Casing Method 

In this method of construction, which is also used for unstable 

soils, the shaft can first be advanced with drilling fluid until a strong 

clay layer is encountered beneath the caving soils. A steel casing is then 

inserted into the hole and pushed into the strong clay to form a tight seal. 

The slurry is then removed with a cleaning bucket and the hole is advanced 

in the clay. Upon completion of the drilling operation, concrete is poured 

to a suitable elevation so as to allow proper withdrawal of the steel 

casing. A major advantage of this method is that the hole the be visually 

inspected upon completion of the drilling operation. 
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