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INTRODUCTION 

General 

Piles are common structural elements used to transmit 

loads through weak or compressible surface soils to lower, 

more -suitable soil strata. They are relatively small diameter 

shafts that are forced into the ground. Typical examples of 

pile utilization can be found at nearly any site where a major 

structure is being constructed. 

Many waterfront structures are built on partially 

embedded pileso In this case� the pile transfers the load of 

the structure to the lower soil strata and also serves as a 

column for the portion of the structure above the mud line. 

Many bridges and buildings are also supported by partially 

embedded piles. This is especially true for structures -in 

permafrost areas. 



The load bearing capacity of totally embedded and 

partially embedded piles can usually be determined using readily 

accepted design procedures. However, the design of partially 

embedded piles is further complicated by the fact that the 

column portion of the pile extends below the surface to some 

point where it can be considered as fixed. It follows, then; 

that before the design process can proceed, this point of fixity 

must be definedo 

Literature Review 

Davisson and Robinson have presented an analytical 

approach for computing the depth to fixity for a long, partially 

embedded pile (1 ). They added this depth to fixity to the 

unrestrained length to . form an equivalent, idealized column. 

Euler's formula· was used to determine the buckling load. 

Klehn and Hughes conducted a full scale· pile loading 

test on a timber pile which had an unsupported length of 

52 feet (2). A buckling failure was observed and subsequent 

calculations indicated that the effective length of an equivalent 

column was 62 feet. Therefore, the depth to fixity was 

determined to be 10 feet. Davisson, in a discussion of their 

2 



paper, has shown that good agreement existed between the 

test results and the critical load calculated by using the 

analytical approach set forth by Davisson and Robinson (3). 

Lee conducted tests on a number of model piles partially 

embedded in sand ( 4) 0 He reported good agreement between the 

_depth to fixity determined experimentally and the depth to fixity 

predicted by the analytical approach· set forth by Davisson and 

Robinsono 

Timoshenko and Gere present a history of, and design 

formulas for, columns in their book, "Theory of Elastic 

Stability" (5) .. They state that for slenderness ratios greater 

than 105, experimental critical loads agreed very closely with 

critical loads calculated using Euler's equation. 

Rocha stated that for studies in cohesive soils, 

materials used in models can be the same as the mate rials 

of the prototype if the weight can be ignoredo In granular 

soils, the same materials can be used even if weight is a 

factor (6) 0 

Scope 

The analytical approach for determining the depth to 

fixity can be easily applied to· design problems. Once this 

3 



depth has been determined, design analysis can proceed 

utilizing common column design procedure so However, there. 

appear to be no experimental investigations confirming the 

validity of the analytical method for determining depth to fixity 

for partially embedded piles in pr�loaded cohesive soils and 

only two limited investigations to determine this depth experi-

mentally in noncohesive soils (2 and 4). 

In order to attempt to validate the analytical method 

for determining the depth to fixity for partially embedded piles 

in preloaded clays, a number of load tests were performed 

on miniature piles.. Tests were also performed on piles 

partially embedded in a noncohesive soil. 

This study is an analysis of these tests. 

4 



ANALYTICAL PR OCEDURES 

The analytical approach for defining the depth to fixity of 

a partially embedded pile has been presented by Davisson and 

R obinson (1 ) .  The primary features of the partially embedded 

pile utilized in their paper are shown in Figure la.  The pile has 

a length equal to an embedded length, L, plus an unrestrained 

portion, L .. The pile may be loaded by an axial load, P, or a u 

moment, M, or a lateral load, Q, or any possible comb ination 

of the three. Davisson and Robinson 's basic hypothesis was that 

the partially embedded pile could be idealized by a fixed base 

column of length, Le, equal to the un�2strained length, Lu, plus 

some length equal to the depth to fixity, Df. Euler 's b uckling 

equations are then used to find the critical load for the fixed base 

column length, Le.. Figure l b  shows the ideal column utilized 

in these ass um pti ons. 

The depth to fixity has been found to be a function of the 

soils. subgrade modulus, k, and the pile stiffness, E L The 

5 
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equation for subgrade modulus is 

k = p . / y (1) 

in which p is the lateral force of the soil per unit length of pile, 

and y is the lateral deflection. According to Terzaghi ,  the value 

of k may be assumed to be constant. for preloaded clays and to 

vary directly with depth for granular soils and normally loaded 

silts and clays (7}.  Figure 2 shows variations of_ subgrade 

modulus with depth o Davisson tabulated typical values of the 

subgrade modulus and these are presented in Appendixes B and 

C (8 ) .  

The basic equation which defines equilibrium for 

embedded and de flected piles has been presented by Hetenyi ( 9 ) .  

'fhis equation is 

E I d4 y + p 
d - x 4 

s/[' 

d 2 y 
. 2 d X 

+ k (x) y = 0 (2 ) 

in which P is the axial load; x and y are the coordinate system 

used; and k (x)  is the subgrade modulus. 

Preloaded .Cohe sive Soils 

In the analytical approach for defining the depth to 

fixity for preloaded clays, the applicability of the - s olutions to 

Equation 2 become more apparent if the follmving changes of 
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variables are made: 

R = 
49✓ E I I k (3 )  

F = X I R (4) 

u = P R 2 / E I  (5) 

Also, the physical properties of the pile can be expressed as 

a series of dimensionless numbers where 

Length of pile below ground, lmax = L / R · ( 6)  

Depth to fixity, SR = Df / R 

Unsupported length of pile above ground, 

JR = Lu / R 

(7) 

(8 ) 

The various nondimensional parameters are shown in Figure 3 .  

Equation 2 was solved by Davisson and R obinson for each 

loading conditiono The criterion for solution was that the pile 

could be assumed. to be infinitely long providing lmax exceeded 

four. 

The effect of the various types of loading systems they 

investigated resulted in two different stress situations. The 

lateral load, Q, and the moment, M, create bending stresses; 

the axial load, P, exerts a buckling force. 

The lateral load, Q, or the moment, . M, w ill create a 

deflection at the free end of the pile equal to y. By solving 

9 
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either the equq.tion where 

or where 

1 = 3J' 3 E I y / Q 

1 = z✓2 E I  y / M 

(9) 

(1 0 )  

one can obtain the length of an  equivalent cantilever pile (1 0).  

This length can then be converted to' a dimensionless number 

which will, in turn, be equal to SR plus JR
. S

R 
and JR 

can 

be varied and Equations 9 and 1 0  solved for the various 

lengths. This in turn yields a definite relationship between S 
R 

This relationship is shown in Figure 4a. As J . R 

increases, the relationship between S and J approaches a . R R 
value of 1. 3 ,  regardless of loading system. 

The solution of Equation 2 for buckling loads leads 

to 

P = U (E I / R 2 ) 
er  er  

(1 1 )  

Utilizing Euler ' s  equation, the buckling load may also be 

defined as 

p = er (12)  

where C is a constant, dependent on the end conditions of the 

equivalent column ( 5). By c ombinJng Equations 11 and 1 2, 

results outlined in Figure 4b are obtained. For values of JR 

1 1  
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greater than about tw o, SR remains ne arly c onstant and only 

depe nde nt on the particular end c onditions of the pile . F or the 

average situation SR will equal 1 .  5 .  By c ombining the re s ults 

indic ated in F igure s 4a and 4b, the ave rage value of S is 1 .  4 .  
. R-

The depth to  fixity then be c ome s 

= 1 .  4 R ( 1 3 ) 

Nonc ohesive Soils and Normally Loaded . Cohe s ive Soils 

The maj or diffe re nce betwe en the analytic al approach for 

preloaded c lay s oils and the analytic al approach for granular 

s oils is  a result of the ir different k values . As previously 

mentione d., the s ub grade modulus for nonc ohe sive s oils is  

depe ndent on  the de pth. Equation 2 can be re adily s olve d for 

the c as e  where 

k = ( 1 4)  

where nH is the c onstant of sub grade reaction for granular 

s oils if the following change s in variable s are made : 

T = Sj E I  / nH 

G = X / T 

V = P T2 / E I  

(1 5 )  

( 1 6 )  

( 1  7 )  

Als o, the phys ic al prope rties  of  the pile c an b e  expre s sed as  a 

2 5 6 7 6 5  
·souTH DAKOTA STATE UNlVERSlTY LlBRARY 

1 3  



series of dimens ionles ;3  numbers where· 

Length of pile below ground, z = L / T ( 1 8 ) · max 

Depth to fixity, ST = Df / T 

Unsupported length of pile above ground, · 

= L / T 

( 1 9 ) 

( 20 )  

This series of nondimens ional parameters i s  shown in Figure 5. 

The solution of Equation 2 for each loading _ condition, 

as suming that z exceeds four, leads to the relations hip max 

between . ST and J T expressed in Figures 6a and 6b. 

The various loads,  Q, M, and P create types of stres s 

similar to those in preloaded cohesive soils - the lateral load, 

Q, and the moment, M, create bending stres ses;  the axial _ 

load, P, creates · a buc kling load. 

When the stres s results from bending and J T exceeds 

four, ST c an be assumed to. equal approximately 1 .  7 5. When 

the stres s results from buckling and J T exceeds three, ST 

equals 1 .  8 .  A comparison of the bending and buckling results 

shows that the conservative value of ST is 1 .  8.  Therefore, the 

depth to fixity becomes 

= 1 . 8 T ( 2 1 )  

1 4  
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Design Formula for Buckling 

Because the cross-sectional area and the radius of 

gyrat�on for a specime n are constant, a critical buckling load 

may be computed by using Euler's formula for long, slender 

columns. This formula states that 

p er = C ;r 2 E A  ( 2 2)  

· where Le = Lu + Df, r is  the radius of gyration, E is the 

modulus of elasticity, and A is the cross-sectional area ( 5) .  

1 7  
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EXPER IMENTAL INVESTIGATIONS 

Loading tests to determine buckling loads were performed 

on thirty-five model pileso The model piles consisted of steel 

and copper specimens having tubular., rectangular., or circular 

cross-sections. Table 1 lists the various physical properties 

of the test specimenso 

Subgrade Modulus 

An integral part of the analytical considerations for 

determining depth to fixity is the k value of the particular soil. 

Before predicted · critical loads could be determined, it was 

necessary to determine the k value. 

Experimental Determination of k 

The first series of tests were performed in a c�hesive 

soil. Classification data for the clay used in this investigation 

are included in Appendix D. Because the soil was recom­

pacted for each test, it was almost impossible to maintain 



Specime n 

3 / 1 6  inch 
steel  rod 

1 / 4 inch 
ste el' rod 

5 /  1 6  inch 
steel  rod 

3 / 8 inch 
steel  rod 

1 / 4 inch 
steel  bar 

1 / 8 inc h 
steel  pip,e 

1 / 2 inch 
coppe r pipe 

TABLE 1 .  PHYSICAL PR OPER TIE S  OF MODEL PILE SPEC IMENS 

Le ngth in Outside 
inches diameter 

in inches 

48 o. 1 8 7 5  

48 0 . 2 5 

48  0 . 3 1 2 5  

48 0 . 3 7 6  

48 1 . 0 
(width) 

48 0 . 40 2 

4 8 o. 6 2 7 

Inside 
diameter 
in inches 

- -

- -

- -

- -

o .  2 5 
(thickness) 

o .  2 72 

o. 56 7 

I in E in 
inches4 pounds 

. h2 per inc 

0 . 0000 6 1  3 0  X 1 0 6 

0 . 0 00 1 9 2 3 0  X 1 0 6 

0 . 000468  3 0  X 1 0 6 

0 . 000 9 7 7 30 X 1 0 6 

0 . 00 1 30 2 3 0  X 1 0 6 

0. 00 1 0 1 3  30 X 1 0 6 

0 . 0 0 2 50 6  1 6 . 5 x 1 0 6 

E I  in 
pound 
inches2 

1 820 . 1 

5 7 52 . 4 

1 4044 . 0  

2 9 3 2 2 . 0  

3 9 0 6 2 . 5 

3 0 3 8 3 . 6 

4 1 348 . 6 

..... 
c.o 
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identical density and moisture c onditions in c onse cutive tests .  

The refore, it was  nece s s ary to  dete rmine k for: each te st. This 

was done using the loading apparatus shown in Figure 7. The 

proc e dure s employe d were a modific ation of those sugge sted by 

Te rz·aghi for field te sts ( 7) .  

The te st apparatus w a9 a s olid 7 / 8 -inch square, 4 2-inch 

long steel bar e mbedde d in the soil t o  a de pth equal to  L for the 

model pile being te ste d. The b ottom end was restraine d in a 

ball-and - s ocket arrange ment and a load, Q, was applied to the 

uppe r e nd of the bar. 

Whe n a late ral load was applied to the top of the bar,  a 

re sisting pre s sure develope d in the s oil. Figure Sb shows the 

anticipated s oil re action from a lateral load. The defle ction of 

the top of the bar., y1 , was measured for e ach load, Q. Figure  

9 show s  a graph of a typical load vs  defle ction te st. Summing 

moments ab out the pivot leads to the equation: 

k = 3 (H + H l )  (H + H2)  
H3 

Q 

Y1 

( 23 )  

where H,  H 1 , and H2 are as  shown in  Figure 8 a; and Q is a 

load at s ome deflection, y 1 • 



FIGURE 7 .  TEST TO DETER MINE SUBGHADE MODULUS 
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Because the soil did not act elas·tically ., the values of 

Q / y 1 varied within each testo This forced the calculation 

of a number of values for k. A value of k based on the initial 

tangent, k1 ., was found to have the greatest value, while k 

based on a secant through y = O. 0 5 inches, k2, was found to 

have a smaller value. 

Discussion regarding the incorporation of a width ratio, 

. B, has been presented by Terzaghi (7 ) and also by Davisson 

(3). There appears to be little agreement regarding the suit­

ability of using width factors in the various methods used to 

find k. 

Both k1 and k2 were modified to include the ratio of the 

width of the test pile to the w idth of the bar used to determine 

k, B, and the following formulas are the result : 

( 24) 

( 2 5 ) 

Values of k for a typical test are summarized in Table 2. 

Experimental Determinations of nH 

The method utilized for determing � was similar to 

the method. used for determining k for the cohes ive soil. The 

24 



TABLE 2. TYPICAL VALUE S OF k FOR THE CLAY 

Specimen 

3 I 8 inch stee 1 rod 

1 / 2 inch copper pipe 

1 / 4 inch steel bar . 

k1 in 
pounds 

per 
inch2 

1 4 7. 8 

1 67. 2 

1 9 1 .  7 

k2 in 
pounds 

per 
inch2 

79. 1 

1 0 5. 4 

9 7. 7 

k3 in . 
pounds 

per
2 inch 

6 3. 4 

1 1 9. 9 

219 . 1 

k4 in 
pounds 

per2 inch 

33. 9  

7 5. 6 

1 1 1 . 7 

2 5  



apparatus used was ide ntic al. It was  easie r  to maint ain 

consiste nt de nsitie s because the granular s oil w as d ry and was · 

not c ompacte d .  Therefore, i t  w as only ne c e s sary to  c onduct 

one serie s  of te sts to  determine nHo Modific ation of Equation 

2 3 for granular s oils re s ults in 

12 (H + ( 2 6 )  

The value s of nH are summariz ed i n  T able 3 . A value of nH 

e qual t o  1 5 0 6 pound s per inch3 was use d  in the the oretical 

c alculations o This is s omewhat highe r than the value of 

nH = 8 pounds pe r inch 3 sugge sted for a loose sand, but le s s  

than the sugge sted  value of nH = 2 4  pounds pe r inch 3 for a 

medium de nse sand ( 3 ) .  Clas s ific ation data for the s and used 

in thi s inve stigation are included in  Appe ndix E.  

Loading Te sts on  the Mode l Pile s 

Loading te sts were c onducted on thirty-five m odel  pile 

spec imens o The loading device was a s pe cially de s igned 

machine which was capable of exe rting an axial load in exc e s s 

of 50QO  pounds .  It cons isted o f  a box 2 ft x 2 ft x 3 ft and a 

loading frame . Figure 1 0  shows the machine with a te st  

spe cimen in place o  Figure 1 1  shows the arrange me nt of the 
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TABLE 3. VALUES OF nH FOR SAND 

Test number H in inches 

12. 0 

2 1 5. 7 5  

3 24. 13 

nH in pounds 
per inch 

24. 6 

1 6. 4 

1 4. 9 

2 7  



• 

FIGURE 1 0. PILE LOADING APPARATUS 



FIGUR E 11. DEF LE CTION GAGE AND PR OVING R ING 



proving ring which was used to measure loads and the 

deflection gage ·which was used to measure compres sion of 

each test specimeno 

Before loading, the modulus of elasticity, E ,  and the 

moment of ine rtia, I, were determined for each spe cimen. 

Calculations were then made to insure compliance with the 

_ limitations established for Equations 6, 8 ,  18 , and 20. 

Table 1 is a summary of the physical propertie s of the pile 

specimens. Table 4 is a summary of the range of nondimen­

sional parameters for the pile specimens .. 

A load was then applied to each pile at a controlled 

rate of strain; and pile loads and deflections were measured 

and recorded at uniform intervals .  A representative load vs 

deflection graph for a pile which failed elastically is shown in 

Figure 1 2. Each test was continued until the failing load had 

been reached. 

3 0  



Specimen 

3 /  16  inch 
steel rod 

1 / 4 inch 
steel rod 

5 / 16  inch 
steel rod 

3 / 8 inch 
steel rod 

1 / 4 inch 
steel bar 

1 / 8 inch , 
steel pipe 

1 / 2  inch 
c opper pipe 

TABLE 4. VALUES OF NONDIMENSIONAL PARAMETER S 

k = constant 

1max JR z max 

1 1. 1 0  10.  3 9  to 
1 5. 8 7  

- - - - 5 .  8 9  to 
8. 5 6  

- - - - 6 .  1 7 to 
6 .  3 3  

5. 3 0  to  6 .  46  to 
6.  13 7. 8 9  

5 .  5 9  to 6. 47 to 
5 .  79 6. 9 1  

5. 4 1  to 5.  00 to 4.  73 to 
6 .  60 7. 59 5.  3 3  

5 .  24 to 6.  88 to 
5 .  53 7 .  1 1  

k = nH x 

JT 

6. 12 to 
8.  79 

6. 0 1  to 
6. 1 7  

5 .  2 2  to 
5. 8 2  
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OBSERVED PER FOR MANCE 

C ohe s ive Soil 

Pre dicte d  c r itic al loads are c alc ulated us ing s ome length, 

Le ., which is equal to Lu plus Df. Be c ause Df is a function of 

k, the depe ndab ility of the pre d icte d c ritic al load de pe nds on the 

s e lection of an appropriate k value . �igure s 1 3  th rough 1 6  show 

expe rimental c ritic al load s ve rsus pre dicte d c ritic al loads. The 

predicte d c ritic al load in Figure 1 3  is b as e d  on k1 . Figure 1 4  

t ake s  into ac c ount the value , k2 . Figure 1 5  show s  re sult s us ing 

k3 and finally, k4 · is u s e d  in F igure . 1 6 . Of particular inte re st  

i s  the fact that while the value s of k vary by as much as a factor 

of 6.  2 (ave rage : k1 = 3 .  3 k4) ,  the expe rime ntal re sults 

c onsiste ntly fall within 20% of that pre dicte d by the the ory. 

It appe ars that the pre dicte d critic al loads us ing k1 give 

re sults most nearly duplicating the expe rime ntal c ritic al load s ,  

while the gre ate st deviation re sult s  from using the value of k4 • 

3 3  
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It should b e  noted., however ., that i n  nearly all cases ., 

experimental critic al loads exceeded the predi cted c ritic al loads.  

{i. e . ., the analyti c al appr oach tends t o  be c ons ervative . )  

F igure s 1 7 thr ough 2 1  re present test data of the criti c al 

experimental load s vs sle nde rne s s  rati o for the vari ous values 

of E L Value s plotted to the right of the the oret ic al line repre ­

s e nt experimental c ritic al loads which exceeded loads predicte d 

by s oluti on of Eule r ' s  equation. 

An analys is  of plotted data indi cate s ge ne ral agre e ment 

with the the or eti c al. This is  e s pe cially true for specime ns with 

highe r E I value s .  This c ould be explained by the fact that for 

s mall E I value s ., any pr oblems inhe re nt in the te sting pr oce dur e 

w ould tend to c ontr ibute a larger pe rce ntage of error t o  the 

final buc kli ng load than for similar specimens w ith large E I 

value s .  

Nonc ohe sive Soil 

Figu re 2 2  is  a graph c omparing expe ri me ntal c riti c al 

loads to predicted c ritical loads for a test s pecimen e�b e dded 

in  a loos e sand. Of particular importance is the fact that in 

almost all cases ., the predicted c riti c al load exceeded the 

experimental c ritic al load.  In a number of c as e s , the deviation 
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exce ede d  40 %. This would sugge st that - the s ubgrade modulus 

value used was too high. 

Figure s 2 3  through 2 5  represent data c omparing critic al 

expe rimental loads with sle nde rne s s  ratios for tests run in the 

granular s oiL The plot.ted data appe ar to follow the the oretic al 

pre dictions in a manne r similar to the re sults attaine d from 

cohe sive s oils . Howeve r, in a maj ority of te sts , - the p redicte d 

critic al load exceeded the expe rime ntal c ritical load. 
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CONCLUSIONS 

Cohesive Soil 

1 . Experimental critical loads are, in most cases, 

greater than the loads predicted using Davisson and Robinson 's  

analytical approach. 

2 .  There is a limited amount of latitude in selecting 

a value of k. 

3 .  The incorporation of a width ratio does not 

appreciably affect t he agreement between predicted and exper­

imental results o 

4. Using the slenderness rati0 of the equivalent column 

(L / -r) in conjunction with Euler ' s  buckling equation appears e 

to be a valid means of predicting approximate buckling loads. 

5.- The testing procedure used does not appear to be 

as applicable to smaller specimens as it is to larger 

specimens. 
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Nonc ohesive · Soil 

1 .  Experimental critical loads are , in most cases., 

less than the loads predicted using Davisson and Robinson's 

analytical method. 

2. Using the slenderness ratio of the equivalent column 

(Le / r) in conjunction with Euler's buckling equation appears 

to be a valid means of predicting approximate buckling loads. 

3 .  The testing procedure used does not appear to be 

as applicable to smaller specimens as it is to larger specimens. 
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R ECOMMENDAT IONS FOR F UR THER ST UDY 

1.  Model tests should be performed on piies partially 

embedded in silty soil. 

2.  An attempt should be made to compare test results 

from model tests in preloaded clays to model tests in normally 

loaded clays. 

3. The experiment should be extended to include model 

piles h�ving slenderness ratios ranging from 1 0 5  to 3 0 0 .  

4. Tests should �e performed on piles approaching the 

size of typical prototypes. 

5. The analytical approach should be extended to include 

piles of variable cross-section (tapered and step tapered). 

6.  Model tests should be performed on piles of 

variable cross-section (tapered and step tapered). 

7. Strain gages should be utiliz ed to determine stress 

patterns and points of flexure in that portion of the pile which 

is embedded i_n soil. 
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8 .  Model tests should b e  pe rformed on pile s w ith 

various type s of upper  end conditions . 
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APPENDIX A. NOTATION 

The following symbols are used in this paper: 

A = 

B = 

C = 

E I  = 

I = 

k = 

L = 

L = e 

cross sectional area 

ratio of pile width to width 
of bar used to determine k 

constant dependent on end 
conditions of a pile 

depth to fixity 

modulus of elasticity 

pile stiffness 

moment of inertia 

dimensionless unsupported 
length of pile above ground 
for pile in clay 

dimensionless unsupported 
length of pile above ground 
for pile in sand 

modulus of subgrade reaction 

embedded length of pile 

length of equivalent fixed base 
column 

dimensionless 

dimensio nless 

dimensionless 

dimensionless 

L 

L 
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L = unrestrained length of pile L 
u 

1 = length of equivalent cantilever L 
pile 

1 = max 

M = 

p = 

dimensionless length of pile 
below ground for c lay 

dime nsionless 

moment load FL 

c onstant of horiz ontal subgrade FL -3 

reaction for granular s oils 

axial load F 

P = critical buckling load 
er 

F 

Per EXP = experimental critical buckling F 
load 

P FRED = predicted critical buckling load F er 

p = 

Q = 

R = 

r = 

T = 

lateral force per unit length 
of pile 

lateral load 

nondimens ionalizing parameter 
for clay 

radius of gyration 

dimens ionless depth to fixity 
for clay 

dimens ionless depth to fixity 
for sand 

nondime ns ionalizing parameter 
for sand 

F 

L 

L 

dime nsionless 

dimens ionless 

L 
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u = dimensionless axial load for dimensionless 
clay 

uc r 
= dimensionless critical buckling dimensionless 

load for clay 

V = dimensionless axial load for dimensionless 
sand 

X = depth coordinate L 

y = lateral deflection L ·  

z = dimensionless length of pile dimensionless max 
below ground for sand 



APPENDIX B.  TYPICAL VALUES OF k FOR PR ELOADED CLAYS 

Consistency · Unc onfined 
compress ive 

strength in tons 
2 per foot 

R ange of k in 
pounds pe r inch2 

Probable . value 
of k in pou�ds  

per inch 

Medium ff. 2 - o. 4 100 - 600  110 

Stiff 1 - 2 46 3 - 9 2 6  694 

Very stiff 2 - 4 9 2 6  - 18 52 1 390  

Hard 4 18 52 2 78 0  

CJl 
CJl 



Sand : 

Silt : 

Clay: 

APPENDIX Co TYPICAL VALUES OF nH 

1 . d . h3 Soi Type � 1n poun s per inc 

Loose 

Medium 

Dense 

Ve ry loose, under 
repeated loading 

Very soft, organic 

Very soft 

static loads 

repeated loads 

Dry 

9. 4 

28 

75 

Submerged 

5. 3 

1 9  

4 5  

1 .  5 

o. 4 - 1 .  0 

2 

1 
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APPENDIX D.  COHE SNE SOIL CLASSIFICATION DATA 

Classification based on Unified system: Silty 

Percent passing 200  sieve 

Liquid Limit 

Plastic Limit 

Plastic Index 

Proctor Density: 1 26. 6 pounds per foot3 

CLAY, 

60. 4 % 

2 6. 3 %  

1 8. 7 %  

7. 6% 

Optimum Moisture 10.  5%  

Average density duri1:1g tests: 3 1 1 5. 3 pounds per foot 

Average moisture content during tests 1 5. 2% 

C L  
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APPENDIX E .  NONCOHE SIVE SOIL C LASSIFICATION DATA 

Clas sification b ased on Unified syste m :  SAND, SP 

Pe rce nt pas s ing 4 s ieve 1 00 .  0 %  

Pe rce nt pas s ing 200  sieve 0 .  5% 

Dl O  0 .· 2 0mm 

D50 O .  6 7mm 

CU 3 . 3 5 

De nsity at maximum void ratio:  1 0 1 .  3 pounds pe r foot 3 

Density at minimum yoid ratio: 1 1 2 . 0 pounds pe r foot 3 

R elative density during te sting 0 .  0 % 
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