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PREFACE

The study reported herein was performed at the U. S. Army Engineer
Waterways Experiment Station (WES) as part of the support provided by
the Computer-Aided Design Group (CADG) of the Automatic Data Processing
(ADP) Center to the U. S. Army Engineer Division, Lower Mississippi
Valley (LMVD).

The work involved consolidation of two existing pile analysis pro-
grams, one from the St. Louis District and the other from the New
Orleans District. This work was performed by Ms. Deborah K. Martin,
formerly of CADG. The computer program PILESTF which is described in
Appendix A was coded and documented by Dr. William P. Dawkins, Consul-
tant, Oklahoma State University, Stillwater, Okla. PILESTF computes the
pile head stiffness coefficients for piles in soils with varying moduli.
The computer program FDRAW which is described in Appendix B was coded
and documented by Mr. John Jobst of the St. Louis District. FDRAW is an
interactive graphics post-processor program that can display pile geome-
try, resultant axial forces, pile loading factors, and elastic center
diagrams. The authors thank Dr. Dawkins and Mr. Jobst for their contri-
butions to this work.

This report was written by y§f7M§rtin, Mr. H. Wayne Jones, CADG,
Technical contact atdthe St. Louis District was Mr. Thomas J. Mudd and
at the New Orleans District was Mr. C. W. Ruckstuhl. The authors thank
Mr. Mudd, Mr. Ruckstuhl, and several of their co-workers for their
technical guidance.

The study was monitored at LMVD by Mr. Victor Agostinelli, Techni-
cal Engineering Branch. The work was done under the general supervision
of Mr. D. L. Neumann, Chief of the ADP Center.

CoL J. L. Cannon, CE, and COL N. P. Conover, CE, were Directors

and Mr. F. R. Brown was Technical Director of WES during the performance

of the work and the preparation of the report.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By
feet 0.3048
inches 2.54
kips (1000 1b L. 448222
force)
kips (force) per 47.88026
square foot
pounds {mass) 0.45359237
pounds (force) per 6.89uT757
square inch
pounds (mass) per 16.018k46

cubic foot

pounds (mass) per 0.02768
cubic inch

square inches 6.4516

To Obtain

metres
centimetres

kilonewtons

kilopascals

kilograms

kilopascals

kilograms per cubic
metre

kilograms per cubic
centimetre

square centimetres
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DOCUMENTATION FOR LMVDPILE PROGRAM

r PART I: INTRODUCTION

Background

A N XTI N

1. Many Corps of Engineers offices use the Hrennikoff (1950)

method to analyze pile foundations. This method was originally proposed

T SNy, =

for analyzing two-dimensional pile foundations but has been refined and

o

extended by Saul (1968) for three-dimensional foundations.
2. The U. S. Army Engineer Districts, St. Louis and New Orleans,
each use a different version of a pile analysis computer program, but

both use the Hrennikoff method. The Technical Engineering Branch of

IS YR T AR

the Lower Mississippi Valley Division (LMVD) was interested in standard-

izing the two Districts' programs into one program, LMVDPILE, that would

include all options from both programs. The work described herein was

performed at the regquest of LMVD. The result of this work provides the

capability of analyzing two-dimensional or three-dimensional pile founda-

]
:

tions according to the LMVD guidelines.

Scope

3. PFactors influencing pile group behavior, the analytical proce-
dure, a user's guide, and several example problems for the pile analysis v
program LMVDPILE are presented herein. User's guides for a pre-proces-
sor routine called PILESTF that can compute the pile head stiffness
matrix for a pile in a layered soil mass and for an interactive graphics

post-processor program, FDRAW, are also included.

3




PART II: FACTORS INFLUENCING PILE GROUP BEHAVIOR¥

k. TFoundation piles are supporting structural members which trans-
fer loads from the structure to the subsoil. Adequate design will insure
that excessive deflections and stresses in the "structure-pile-soil
system" will not occur. Generally, it is not a difficult task to deter-
mine the loads acting on the pile foundation from tle structure. How-
ever, the distribution of the loads from the piles to the soil is -~
highly indeterminate and sometimes nonlinear problem. This leads to
complex solutions of the pile-soil interaction problem. Many conditions
affect the resistance of the pile foundation to movement and the transfer

of loads from the structure to the pile-soil medium (Mudd 1969).

Factors that Influence Capacity of Pile Foundations

5. The capacity of a pile foundation can be defined as its ability
to resist applied loads without exceeding certain allowable deflections
or stresses. The following variables should be considered during analy-
sis of the load-carrying capacity of the soil-pile medium.

Subgrade modulus

6. A subgrade modulus can be employed to relate the lateral, axial,
and rotational resistance of the pile-soil medium to displacements. The
subgrade modulus is a function of the nature of the loading, the elastic-
ity of the pile, and the stress-strain characteristics of the surrounding
soil. Therefore, the determination of the subgrade modulus depends on
the nonlinear and nonelastic, pile-soil stress-strain relationshir char-
acteristics. The load-carrying capacity of the foundation is dependent
on these nonlinear and nonelastic characteristies.

Fixity

T. The fixity of the pile head into the pile cap influences the

load-carrying capacity of a pile foundation. Generally, fixing the pile

heads éompletely rather than pinning them into the pile cap will double

* Ma'or portions of Part II are extracted from Mudd (1969).




the lateral stiffness of the foundation. Thus the fixed pile can carry
twice the lateral load with the equivalent deflection as the pinned
pile foundation.
Batter

8. The direction and slope of batter affect the subgrade modulus.
Murthy (196L) has shown with model pile tests that piles battered up-
stream are more resistant to lateral loads than piles battered down-
stream. A pile battered upstream is defined as having its tip further
upstream than its top, and a pile battered downstream as having its tip
further downstream than its top.
Group effect

9. Close spacing of piles will affect the lateral and vertical
resistance of adjacent piles within a pile group. Prakash (1962) has
shown that piles spaced from three to eight pile diameters apart (normal
to the load) cause a reduction in the lateral capacity of the group. A
pile spacing of less than three diameters decreases the stiffness of the
pile grour by about one ualf of the sum of the same number of isolated
piles. The group effect can be accounted for by reducing the subgrade
modulus by an appropriate factor. Similar effects have been noted for
the axial capacity of group friction piles.

Position in group

10. Prakash has also shown that the position of the pile in a
group affects its individual stiffness influence coefficients. He has
shown that a pile in the interior of the group would be more flexible
than one on the perimeter. This is due to the interference of the zone
of influence of the pile by adjacent piles when these zones overlap.

Stiffness of pile cap

11, The stiffness of the pile cap will influence the distribution
of the structural loads to the individual piles. A multicolumn bent
can be approximated as having a rigid top if the cap is 10 or more times
stiffer than the columns. Therefore a rigid pile cap can generally be
assumed for gravity-type hydraulic structures. If the cap is less than
rigid, then the problem becomes one of achieving compatibility between

pile-head displacements and the structure deformation. The program
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SAPIV has been modified to include a pile element (Jones and
Radhakrishnan 1975). This will allow the analysis of flexible pile
caps if necessary.

Nature of loading

12. The different conditions of static, ecyclic, dynamic, and
transient loadings affect the ability of the pile foundation to resist
applied forces.

13. Cyclic loading (repeated application of a static load) causes
a greater deflection than the application of a sustained static load of
the same magnitude. In some pile tests the application of cyclic load-
ing doubles the deflection over that of the application of a single
static load for a given level of loading (U. S. Army Engineer District,
Little Rock 196L).

1Lk. Piles subjected to vibratory loads may produce greater pile
displacements than piles subjected to static loads. At present, little
is known of the quantitative effect vibrations may have on the load-
carrying capacity o1 pile-founded structures.

15. 1If tension and compression piles are present in a foundation,
the tension pile may have a reduced load-carrying capacity from that of
the compression pile for equivalent deflections. Also, the tension pile
may have less lateral stiffness than an equivalent compression pile.
Pile driving

16. Driving piles in a group increases the density of the soil
within and around a pile group. Consequently the stiffness of the soil
may increase by driving piles in closely spaced groups. Although tests
on a single pile within a group may indicate an increased stiffness due
to pile driving, the pile group as a whole may not reflect this increased
stiffness. A larger zone of stressed soil may not be favorably affected
by pile driving. Thus deflections larger than anticipated may result.
Therefore, lateral load tests on a single pile in a large group of piles
may indicate liberal stiffness coefficients.

Water table and seepage pressures

17. The position of the water table affects the lateral subgrade

modulus. Effects of submergence have been accounted for by some

8
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designers by reducing the lateral subgrade modulus by the ratio of sub-
merged unit weight of the soil to its dry unit weight. An additional
load on the pile foundation can be caused by seepage pressures under
structures that support unbalanced water loads. These seepage pressures
also may affect the subgrade modulus of the soil.

Sheet pile cutoffs

18. Sheet pile cutoffs inclosing the pile group may change the
distribution of stress in the suil, affecting the load-carrying capacity
of the foundation.

Length of pile

19. The length of a pile will affect the lateral and axial sub-~
grade modulus. The lateral subgrade modulus is different for short
rigid piles that act as poles and long flexible piles that act in flex-
ural bending. Piles can be considered to act in the flexural mode if
the nondimensional length L/T 1is greater than 5, as defined by Reese
and Matlock (1960).

Conclusion

20. All these factors must be considered if a valid analysis of
pile foundations is to be accomplished. The effects of most of these
variables can be accounted for in the analysis by appropriate changes in
the value of the subgrade modulus obtained from pile test data of a

single free pile.
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PART III: PROCEDURE FOR THE ANALYSIS OF PILE FOUNDATIONS*

21. A general direct stiffness analysis method for three-
dimensional pile foundations has been presented by Saul (1968), which
expands the Hrennikoff (1950) method from two dimensions to three.

This method appears to be general, provided the designer has an under-~
standing of matrix methods and structure-soil-pile interactions and an
electronic computer available to perform the computations. The method
uses exact numerical analysis solutions for solving the assumed soil-

pile model. However, the designer must have an adequate representation
of soil-pile interaction for input to the method. Various factors that

influence the soil-pile interaction have been discussed in Pari II.

The General Model

22. A generalized model of the structure-pile system can be de-
scribed as a rigid body supported by sets of springs which represent
the actions of the pile forces on the structure when the structure
undergoes unit displacements. It is assumed that the pile head loading
for any single pile in a batter grcup may be resolved intc a combina-
tion of axial load, bending moment, shear, and torque. Also, each of
these components can be represented by a proper spring constant and
results added vectorially to obtain the total movement of the pile
head. This method of analysis only considers the effect the piles
have on the pile cap at the top of the pile; i.e., each pile can be
replaced by the proper elastic spring restraints at the pile cap. The
assumptions required by this method are:

a. A rigid piling cap.
b. Elastic behavior of the system.

Effects of displacement for six degrees of freedom in a
three-dimensional analysis or for three degrees of free-
dom in a two-dimensional analysis can be superimposed.

Le]

o e .1.JJ

*¥ Major pertions of Part III are extracted from Mudd (1969).
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23. This method can also account for:

a. Any degree of fixity of any pile with the pile cap.

o' |

Piles with different bending stiffness about their princi-
pal axes.

c. Any degree of linear (elastic) torsional, axial, or lat-
eral resistance of any pile in the foundation.

d. Any position and batter of piles in the foundation.

e. Piles of different sizes or materials in the foundation.

2k, If the restrictions as stated in paragraph 22 are not allowed,
then the response of the system is nonlinear, and a closed form solu-
tion cannot be achieved. However, it is possible to include these in

some type of iterative procedure.

Analysis

Elastic pile constants,
three-dimensional system

25. Each pile has six degrees of freedom in a three-dimensional
system: two lateral, one axial, two moment, and one torsional. The
forces and displacements along the pile axes are shown in Figure 1 in
which axes Ul and U2 are principal axes of inertia and axis U3 coincides
with the longitudinal axis of the piling. In a two-dimensional system,
each pile has three degrees of freedom: one lateral, one axial, and
one moment. Figure 2 shows the forces and displacements along the pile
axes. The pile forces can be equated to the pile displacements by the

expression
(F}; = (b}, {x} (1)

such that bi are the individual pile stiffness influence coefficients

called the elastic pile constants. The {b}; matrix for a three-

ith prile as

dimensional system can be defined for the




X6
F
3 F1 X3 X1
F X5
4

Uit
X4
F X2
u2
Fa
u3
PILE AND FORCES
STRUCTURE AXES (PILE OR STRUCTURE AXIS) DISPLACEMENTS
Figure 1. Coordinate system fer three-dimensional system
F5 X5
F3 X3
r—sm ——F1 X1
PILE AND F ORCES (PILE OR
STRUCTURE AXES STRUCTURE AXIS) DISPLACEMENTS

Figure 2. Coordinate syster fcr two-dimensional system

(b 0] 0 0 b o )
11 15
0 b22 0 b2h 0 0
0 0 b 0] 0] 0
(v}, =< 33 ¢ (2)

0 bh2 0 bhh 0 0]
b51 0 0] 0 b55 0
0 0 0 0 0 b

\. 66)

26. The elastic pile constants are defined as follows:

bll is the force required to displace the pile head a unit
distance along the Ul-axis, FORCE/LENGTH
b is the force required to displace the pile head a unit

22

distance along the U2-axis, FORCE/LENGTH
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b is the force required to displace the pile head a unit

distance along the U3-axis, FORCE/LENGTH

bhh is the moment required to displace the pile head a unit

rotation around the Ul—axis, FORCE-LENGTH/RADIAN

b is the moment required to displace the pile head a unit

rotation around the U2—axis, FORCE-LENGTH/RADIAN

b66 is the torque required tc displace the pile head a unit

rotation around the U3-axis, FORCE/RADIAN

b is the force along the U;-axis caused by a unit rotation
of the pile head around the U2-axis, FORCE/RADIAN

_b2h is the force along the Us-~axis caused by a unit rctaticn
of the pile head around the Uj-axis, FORCE/RADIAN
(Note: The sign is negative.)

b is the mecment around the U.-axis caused by a unit of dis-
placement of the pile head along the Ul-axis,
FORCE~LENGTH/LENGTH

_bh2 is the moment around the U, -axis caused by a unit dis-
placement of the pile head along the Us-axis,
FORCE-LENGTH/LENGTH (Note: The sign is negative.)

Elastic pile constants,
two-dimensional system

k 27. The {b}; matrix for a two-dimensional system can be defined
for the ith pile as
b ° b13
{v}, =4{ 0 b,, O (3)
0 b
P31 33

28. The elastic pile constants are defined as follows:

bll is the force required to displace the pile head a unit
distance along the Ul-axis, FORCE/LENGTH
b22 is the force required to displace the pile head a unit

distance along the U3—axis, FORCE/LENGTH

b is the moment required to displace the pile head a unit
rotation around the Uz-axis, FORCE-LENGTH/RADIAN

b is the force along the U;-axis caused by a unit rotation
of the pile head around the U,-axis, FORCE/RADIAN




b31 is the moment around the U,_-axis caused by a unit dis-
placement of the pile head along the Ul-axis,
FORCE-LENGTH/LENGTH

29. The elements for the {b}i metrix are symmetric. That is:

bls = b5l

bo)y, = Py

for a three-dimensional system. For a two-dimensicnal system,
P13

Constant scil modulus

30. If it is assumed that the lateral subgrade modulus is con-
stant with depth, then the pile constants for a three-dimensional system

can be derived as follows. If

L E i E h
B, = / , B, = /-——- (4)
1 hE12 2 hEIl

then
By
b, = (1 + DF) (§§;> (5)
By
b,, = (1 + DF) <5§;> (6)
_ AR
by = K, () (1)
f
E
b,, = DF| — (8)
bk 3
232
1k




Constants

K5

E =
S
E =
101
DF =
and Kh =

by, = by,

lateral subgrade modulus, FORCE/LENGTHQ*
modulus of elasticity, FORCE/LENGTHS

= moment of inertia, LENGTHh, about the Ul

and U2

degree of fixity (fraction)

axes, respectively

degrees of pile rigidity under axial and
torsional behavior, respectively. K is
normally assumed to be 1.0 for bearing
piles and 2.0 for friction piles. K is
normally assumed to be zero as the tor-
sional behavior of the pile is not well
known.

effect, etc.

* The lateral subgrade modulus E
should include width effect of the pile, group effect, cyclic load

required in the program input

There are no provisions in the program to internally

calculate these effects.

15
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: A cross-sectional area of pile, LENGTH2
' L = length of pile, LENGTH

31. For a two-dimensional system, if

4 E

B, = = (15)

1 hEI2

then
ES

bll = (1 + DF) (EEI (16)

-k (AE
by, = K, (L ) (17)

ES
b33 = DF —-§
1

o
—
(V3]
H
e}
5|
TN
ot
SNS—— SN—
=
\O

Linearly varying subgrade moduli

32. If it is assumed that the lateral subgrade modulus varies
linearly with depth, E_ = KS(X3) , then the pile constants for a three-

dimensional system can be derived as follows. If

16
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T W o G Y TRt

= TR W ORI, < T

T = |—, T,=_|— (21)

{ then

EI,
' by =K [ 57 (23)
T2

R e 1 T ant ST

AE .
= - 2k :
b = KT ) (2k) ;
EI
= 31
by, = K3 (TQ ) (25)
EI
R ) )
P55~ K3 (Tl > (26)
i
- (8
bee = K, (L ) (27)




where

—

=
n ™

ET

no

3
= o

bg) = Kg —> (30)

:
(98]
=

_K6

N

E = modulus of elasticity, FORCE/LENGTH2

33.

= moments of inertia, LENGTHM, about Ul and U2 axes,
respectively

= coefficient of subgrade modulus, FORCE/LENGTH3

= cross-sectional area of pile, LENGTH2
= length of pile, LENGTH

= polar moment of inertia, LENGTH

= torsion modulus, FORCE/LENG'I‘H2

= lateral fixity coefficient

= pile axial resistance coefficient

= rota .ional fixity coefficient

= coefficient for torsion

= fixity coefficient

= fixity coefficient

For a two-dimensional system, if

T=_[|—— (32)

18




Fixity ccefficients

3k. The constants Kl through K6 depend on such variables as
the pile head fixity and the distribution of load from the pile to the
soil axially and torsionally. Values of Kl through K6 can be
derived for various degrees of fixity.

35. Knowing the degree of fixity, the following values of Kl

through K6 can be derived for a lateral subgrade modulus that varies

o s

linearly with depth:




Fixity Coefficients for Linear Subgrade Modulus

Degree of

Fixity (DF) Kl K2 K3 Kh Ks K6
1.0 1.0756 1.0 for bear- 1.4988 Torsion (as~ 0.9990 0©.9990
ing or 2.0 sumed 0.0
0.9 0.9263 for friow 1.3489 by some 0.8991 0.7736
0.8 0.8129 tion piles  1.1990 designers) 0.7992 0.603%

in compres-
0.7 0.72L2 cion. For 1.0k91 0.6993 0.h4704
0.6 0.6530 piles in 0.8993 0.599L 0.3636
c tension - c
0.5 0.59L45 the value 0.7hoL 0.4995 0.2759
0.4 0.5457 should be 0.5995 0.3996 0.2025
~ reduced.
0.3 0.5042 Suggest 1/2 0.4496 0.2997 0.1kok4
0.2 n.L4687 of value 0.2998 0.1998 0.0870
for com-
0.1 0.L4378 pression 0.1k99 0.0999 0.0L06
0.0 0.k107 piles. 0.0 0.0 0.0

36. The value of DF , degree of fixity of a pile into the cap
{expressed as a fraction), must be selected with a full understanding
of the conditions that must be met for a pile, which is assumed to be
fixed, to actually be fixed.

37. The fixity of the pile, DF , depends to a great extent on
the pile's embedment into the pile cap. A pretensioned prestressed
concrete pile is not fully fixed unless the extension of the pile ccn-
crete into the cap is at least as long as the bond development length
of the prestressing strands. Further, the pile cannot develop the full
moment capacity at the bottom of the cap. Any strand extension distance
beyond the end of the pile does not contribute to the bond develcpment
distance because the strand elongation needed to develop the strand
prestress will cause excessive cracking and loss of rigidity of the
concrete. However, a posttensioned concrete pile can be considered
fully fixed with less embedment than a pretensioned pile if the tendon(s)
are tensioned to the cap after the cap is placed. A nonprestressed
concrete pile may be considered fully fixed by a bar extension equal to

the bond development length.
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Orientation of the
pile to the foundation

38. In a three~dimensional system the pile may be located at a
position rctated to the foundation axis and may be battered. Its posi-
tion in the pile cap is fully defined by the clockwise angle a to
the direction of batter and the batter slope hi , as shown in Figure 3.
The major principal axis of a pile 1 , where Il # 12 , should coincide
with the angle a, . The components of force and displacement of the
rotated pile axis to the foundation axis are found by the transfcrmation
matrix {a}i for pile i where

h, = batter (hi Vertical on 1 Horizontal)

clockwise angle to the batter and/or major principal axis

QR
[t}

Y. = arc cot hi

In a three-dimensional system

(cosy cosa) -sina (siny cosa)
{a'}i =4 (cosy sina) cosa (siny sina) (38)
-siny 0 cosy

i l
UI
PARALLEL TO \\ l
N STRUCTURE AXIS
U/ —‘n' —_— UI
= ROTATION ANGLE
! h,= BATTER SLOPE
L LOCAL PILE AXIS
(DIRECTION OF BATTER)
AN
* \/‘7
v . .
2 U2 U3 U3
PLAN SECTION A-A

Fipure 3. Orientaticon of local pile axis and
global foundation axis
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In a two-dimensional system

(cosy cosa) (siny cosa) 0
{a}i = {-siny cosy 0 (4o)
0 0 cosa

39. By the use of the transformation matrix the pile forces can

be rotated into forces parallel to the foundation axis by

(7'}, = la), {F), (k1)
1 1 1
and
{x}, ={a)] (x"}, (12)
By substitution
(7'}, = {a}; (b}, {a}] {x'} (43)

which is the relationship of the pile forces to their deflections in

an orthogonal coordinate system parallel to the foundation axes.

Coordinate location of
the pile in the foundation

Lko. Pile i may be located in the foundation with axes through
its origin parallel to the foundation axes. The foundation loads {Q}
and displacements { A} are located with respect to the foundation axes.

L1. The forces {F'}i due to the pile on the pile cap are in
equilibrium with a set of forces {q}i at the coordinate center of the

pile cap. ]
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Equilibrium yields

{q}i = {c}i{F'} (L4)

i

in which {c}i . the statics matrix for a three-dimensional system, is

1 0 0 0 0 0
0 0 0 0 0
0 1 0 0 0
(c); =4 > (u5)

0 -u3 u2 1 0 0
u3 0 —ul 0 1 0

-u u 0 0 0 1

\ 2 1 J

The statics matrix {c}i for a two-dimensional system is

1 0 0
{c}i ={0 1 0 (L6)
u3 —ul 1

where
uy = Ul coordinate of the pile, LENGTH
u, = U2 coordinate of the pile, LENGTH
u3 = U3 coordinate of the pile, LENGTH

Foundation stiffness analysis

42, If the pile cap is assumed rigid, then the deflection of the !
pile cap can be related tc the deflection of the piling in the founda-

tion axis coordinates by
_ T
{x'}i = {c}; {8} (L7)
i

43. The foundation load {Q} is distributed to each pile so
that




n
@y = 2 {a) (18)
e

where n = number of piles. The relationships between the foundation

load and the pile cap deflections are

{Q) = {8} a} (L9)

in which {S} 1is the stiffness influence coefficients matrix for the
foundation as a whole. The {S} matrix is found by introducing the
contribution of each individual pile toward the stiffness of the pile

cap. This yields

= '
{a}; = {8'},{4} (50)
in which
15
{s'}, = {c}la} (b} {a)i{c)] (51)
i i i i i i
and finally
n
(s} = 2 {s'}, (52)
. i
i=1
Once the stiffness matrix is known for the total foundation, the prob-
lem is essentially solved and only requires back substitution to find l
the distribution of loads to the individual pile. It can be noted
that the foundation stiffness matrix {S} is independent of the J

external loads.

Loads and displacements

4k, The displacements of the pile cap can be found by inverting

the foundation stiffness matrix {S} and multiplying it by the

2k




external load matrix {Q} or
{8} = {s1Hq} (53)

Once the foundation deflections are known the deflection of pile 1

about its own axes can be found by

(x}, = (a}{{e)T(a) (5k)

Finally, the forces allotted to each pile about its axes can be found

from Equation 1 where
{F}i ={b}.{x}, (55)
i i

It may be desirable to resolve the forces along the pile axes to forces

parallel to the structure coordinate axes. These can be found by
' . : T, 4T
{F'}., ={a} {b} {a}.{c}{A} (56)
i i i i

i

Fajlure Criteria

Allowable loads
45. The allowable axial loads for combined bending (ACB), the

allowable moment about the minor principal axis (AMIN), Qnd the allow-
able moment about the major principal axis (AMAJ) differ in prestressed
concrete piles depending on whether the pile is in tension or compres-
sion. Therefore, the program allows the user to input two sets of
values for the above-mentioned variables, one set for piles in tension
and one set for piles in compression. The program checks whether the
value of the axial force in the pile is positive (compression) or

negative (tension) to determine which set of allowables will be used
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for checking failure. The program also allows the user to input an

allowable compressive load and an allowable tensile load.

Combined bending factor

46. The combined bending factor for a three-dimensional case is
computed as (a) the absolute value of the vertical pile force divided
by the allowable axial load plus (b) the absolute value of the moment
about the Ul axis divided by the allowable moment about the minor axis

plus (c) the absolute value of the moment about the U, axis divided by

the allowable moment about the major axis. The pile ?s considered to
fail if the combined bending factor is greater than one.
Buckling

47. The program calculates a buckling factor for a constant soil
modulus or a linearly varying soil modulus. For a constant soil modulus

the buckling factor is

(1 + PR)
56.0

PBUCK = (7 x DF x x E x AMIN1 ((I1 xE_), (1, x ES)) (57)

where
DF = degree of fixity
PR = pile resistance (end bearing or friction)
E = modulus of elasticity of pile material
AMIN]1 = minimum of two values in parentheses
X = pile dimension parallel to U -axis of the pile

1
48, TFor a linearly varying soil modulus the buckling factor is

g 120
PBUCK =<7 x DF x %gﬂ x 1.57 x ;s—)
(58)
0.2
y Es.o « AMINL (Xe.o y Il3.0 , Xe.o y 123.0)

L9, A pile fails in bucklineg if the buckling factor, PBUCK , is

preater than zero and less than the axial force in the pile.




Compression and tension

50. If a pile is in compression, it fails when the allowable
compressive load is exceeded by the axial force in the pile. If a

pile is in tension, it fails when the allowable tensile load is

exceeded by the absolute value of the axial force in the pile.
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PART IV: USER'S GUIDE FOR PROGRAM LMVDPILE

General Introduction

51. Documentation for the computer program LMVDPILE (analysis of
two- and three-dimensional pile foundations) is presented herein and in-
cludes a general introduction, program listing, flow charts, guide for
data input, and input-output data for several example problems.

52. LMVDPILE is a general direct stiffness analysis computer
program that can be used to determine structure deflections, pile de-
flections, and forces acting on a group of piles placed in soil and
topped with a rigid cap.

53. In the analysis used in LMVDPILE, the base (pile cap) is
assumed to be rigid, and the structure and soil are considered to behave
in a linear-elastic manner. Each pile behavior in a three-dimensional
problem is represented by a 6 by 6 stiffness matrix and in a two-
dimensional problem by a 3 by 3 stiffness matrix (Hrennikoff 1950, Saul
1968). The elastic pile constants biJ are dependent on many factors,
as shown in Part III, and can be obtained by using the sets of equations
given. The direct stiffness method is then used to analyze the problem.

S5L. Two companion programs are available for use with LMVDPILE.
One is a preprocessor routine (PILESTF) which will calculate the pile-

head stiffness matrix bi for a pile in layered soil with a lateral

J
subgrade modulus Es varying with depth as follows:

E = Ky + Kzzn (59)

where

Z depth

Ki’ K2, n = soil parameters

When K2 equals zero, Es is a constant (such as for clays). When
Kl equals zero and n equals 1.0, ES is linearly varying (such as
for sands). The pile-head stiffness can be used as input to the LMVD-

FILE program. Documentation for PILESTF is presented in Appendix A.
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55. The second program is an interactive graphics postprocessor
display program (FDRAW). Program LMVDPILE writes an output file which
is used by FDRAW to display geometry, batter, pile loads, and load
factors as calculated by program LMVDPILIF. Documentation for FDRAW is
presented in Appendix B. A pile optimization program that can help in
designing pile layouts is also being developed.

56. LMVDPILE can be run on the WES G-635, Macon H6000, and Boeing
CDC computers in the time-sharing mode. The program is part of the
CORPS (Conversationally Oriented Real-Time Program-Generating System)
library. It is identified by the program number X003L4. To execute the
program, issue the appropriate run command given below:

a. On the WES or Macon computer
RUN WESLIB/CORPS/X003k,R
b. On the Boeing computer
OLD,CORPS/UN=CECELB
CALL,CORPS, X003k
Data may be input interactively at execute time or may be input as a
prepared data file. Output may be directed to an output file or come

directly back to the terminal.

Flow Charts

5T. A flow chart for the program is shown in Figure L. The
sequence of operations for subroutine BMAT, a subroutine to calculate

elastic pile constants, is diagrammed in Figure 5.

Data Input for LMVDPILE

58. Data input to program LMVDPILE is basically the same for a
two- or three-dimensional analysis. However, for the user's convenicnce,
the data input guide for a two-dimensional analysis is given first.

Then the data input guide for a three-dimensional analysis is given.

Guide for two-
dimensional data input

59. Data for a two-dimensional analysis should be input to program
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MAIN PROGRAM LMVDPILE

INPUT TITLE

INPUT NUMBER OF PILES (NP), PILE
GROUPS (NPG), LOADING CONDITIONS (NLC)

CALL BMAT - SUBROUTINE TO
CALCULATE ELASTIC PILE CONSTANTS

I— - DO FOR EACH PILE, IP=1, NP

COMPUTE C~MATRIX COORDINATES

COMPUTE A-MATRIX
BATTER AND ANGLE ORIENTATION

MULTIPLY C-MATRIX TIMES

|
|
|
|
|
= A—MATRIX = CA
|
|
|
I
|
|

MULTIPLY CA—-MATRIX TIMES
B-MATRIX = CAB

MULTIPLY CAB-MATRIX TIMES TRANSPOSE
OF CA-MATRIX = S| MATRIX (STIFFNESS)

(B CONTINUE

Figure 4. Flow chart for LMVDPILE (sheet 1 of 2)

30




r— """ """ " """’/ ¥V/ / "/ 7/ /™

COMPUTE FLEXIBILITY MATRIX

S = INVERSE OF S

TIFFNESS MATRIX

COMPUTE COORDINATES QF

ELASTIC

CENTERS

DO FOR EACH LOADING CONDITION

LC =1

NLC

INPUT APPLIED

LOADS Q- MATRIX

COMPUTE STRUCTURE DEFLECTIONS
D =S (FLEXIBILITY) *Q (LOADS)

DO FOR EACH

PILE IP =1,NP

COMPUTE PILE DE
PILE AXIS Q

FLECTIONS ALONG
=CAT=*D

COMPUTE PILE FORCES ALONG PILE

AXIS Q

=SI*D

CHECK PILE FOR FAILURE

COMPUTE PILE FORCES ALONG STRUCTURE

AXIS D = A (ANGLE ORIENTATION) * Q
(PILE FORCES ALONG PILE AXIS)

r- - /"

CONTINUE

CONTINUE

Figure 4 (sheet

2 of 2)




SUBROUTINE BMAT

DO FOR EACH PILE GROUP
INPG =1,NPG

INPUT PILE GEOMETRIC,
MATERIAL, &
FIXITY PROPERTIES

COMPUTE B -MATRIX ELASTIC
PILE CONSTANTS

Figure 5. TFlow chart of sub-
routine BMAT for LMVDPILE

INPUT ALLOWABLE LOADS &
MOMENTS

7

— CONTINUE

RETURN

LMVDPILE according to the following guide. All input is in free field
{(a comma or at least one blank should separate data items). Data can
be input either interactively or from a data file. If a data file is
created, use line numbers for each data line.

Group 1 - Title

A. [TITLE 7
TITLE = 66-character problem heading
B. [ TITLEL |

TITLELl = second 66-character problem heading

— - e p—————

Group 2 - Control Data for Piles and Loads
A.  ITYPE B

ITYPE = code for type of analysis
2 --- two dimensional

B. [ NP, NPG, NLC ]

NP = number of pile rows

e e ——
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NPG
NLC

number of pile groups
number of loading conditions

Group 3 - Control and Data for Soil Properties

[ MV, ES J
MV = type of soil modulus variance
1 --- constant soil modulus
2 —-—-- linearly varying soil modulus

ES = subgrade modulus (units are in psi) for MV = 1
ES = KS = coefficient of subgrade modulus (peci) for MV = 2
Group 4 - Control and Data for Elastic Pile Constants

Note: Groups 4~8 should be repeated NPG (number of pile groups)
number of times,

A. | NPA, NPB, SLEN, NPS |

NPA = identification number of first pile in pile group

NPB = identification number of last pile in pile group

SLEN = length of pile (feet)

NPS = code for type of input to compute elastic pile con-
stants (B-matrix terms)

1l --- input B-matrix terms directly
2 -—- any shape pile
3 -—- round pile

B. Note: Necessary only if NPS =1
(B11, B22, B33, B3l |

BIJ = elastic pile constant for row I, column J
C. DMNote: Necessary only if NPS = 2
| AIX, AIY, AREA, X, Y |

AIX = Iy, moment of inertia about local Uy axis (in.h)
AIY = I,, moment of inertia about local Up axis (in.k4)
AREA = cross-sectional area of pile (in.e)

X = pile dimension parallel to Uy axis (in.)

Y = pile dimension parallel to U2 axis (in.;

D. Note: Necessary only if NPS = 3

(D 7

D = average diameter of piles in the groups (in.)

Group 5 - Control and Data for Tile Materinl

A [P |

MP = type of material
1 =—- conerete (E  caleulated from US input in item SR)
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2 -~ timber (E set to 1,760,000 psi%)
3 -— steel (E set to 29,000,000 psi)
4 -—— special (E input in item 5C)

B. DNote: DNecessary only if MP =1
(s, w |

US = ultimate strength of concrete (psi)
W = weight of concrete (pcf)

C. Note: WNecessary only if MP = L

[E ]

E = modulus of elasticity (psi)

Group 6 - Control and Data for Fixity Coefficients to Describe Pile

A. [NF ]

NF = code for input of fixities
1 --= input degree of fixity and all coefficients

2 ——- input degree of fixity
B. Note: Necessary only if NF = 1. See paragraph 35.
[DF, K1, K2, K3, K4, K5, K6 ]
DF = degree of fixity of pile head-to-base {values between
0 and 1)

K1 = lateral fixity coefficient

K2 = pile axial resistance coefficient
1.0 --- end bearing pile in compression
2.0 --- friction pile in compression

For piles in tension the value should be reduced.
Suggest ofle half of value for compression piles.

K3 = rotational fixity coefficient
K4 = coefficient for torsion

K5 = fixity constant

K6 = fixity constant

C. Note: Necessary only if NF = 2
[ DF, PR, PFT, G ]

DF = degree of fixity of pile head-to-base (one of the three
values given below)

0.0 --- hinged pile head
0.5 -=-- partially fixed pile head
1.0 -—-- fixed pile head

* A table of factors for converting U. S. -ustomary units of measure-

ment to metric (SI) units is presented on page ..

34

R Y PP T

R S, O
2. ey

oo

o = =

T A S £ D, T T S

e e g

S




PR = pile axial resistance coefficient, Ko
1.0 -—- end bearing pile in compression
2.0 =—- friction nile in compression

For piles in tension the value should be reduced.
Suggest one half of value for compression piles.

PFT = participation factor for torsion, Kh (values between
0 and 1) (equals zero for 2-D problem)
G = torsion modulus (psi) (equals zero for 2-D problem)
Group 7 - Data for 2-D Analysis (ITYPE = 2)
[(wrowW |

NROW = number of similar rows

Group 8 - Data for Allowable Pile Loads and Moments
[ ACL, ATL, ACB, AMAJ |

ACL = allowable compressive load (kips)
ATL = allowable tensile load (kips)
ACB = allowable compressive load in bending (kips)

AMAJ = allowable moment (kip-ft)

Note: Repeat groups L-8 data NPG (number of pile groups)
number of times.

Group 9 - Control and Data for Pile Orientation

A. [ IB ]

IB = code for input of batter and angle
0 -~- input batter and angle for each pile
>0 ~=- number of subgroups of piles in the group with
the same batter and angle orientation

B. Note: UNecessary only if IB (number of subgroups) > O .
Repeat IB number of times.

[ NFP, NLP, BATT ]

NFP = identification number of first pile in subgroup

NLP identification number of last pile in subgroup
BATT = batter "BATT" vertical on 1 horizontal
<0 --~ pile slopes from top right to lower left
=0 --- vertical pile
>0 —— pile slopes from top left to lower right

Group 10 ~ Pile Data for 2-D Pile Groups (ITYPE=2)
Note: Necessary only if IB > O
[vi(y) , vu(2) , va(3) ,... va{np) |
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* Ul = distance from origin to pile along Ul~axis.

Group 11 - Data for Pile Orientation

Note: Necessary only if IB = 0 and ITYPE = 2 (2-D pile
groups). Repeat NP (number of pile rows) number of
times

{H, UL ]

H = batter H vertical on 1 horizontal

<0 --- pile slopes from top right to lower left

0 --- vertical pile

>0 --~ pile slopes from top left to lower right
Ul = distance from origin to pile along Uj axis (feet)

Group 12 - Data for applied Loads and Moments

Note: Repeat NLC (number of loading conditions) number of
times.

(Q1, @3, Q5 ]

Ql = horizontal load along Uy axis (kips)
Q3 = vertical load along Us axis (kips)
Q5 = moment about Uy axis (kip-ft)

Guide for three-
dimensional data input

58. Data for a three-dimensional analysis should be input to pro-
gram LMVDPILE according to the following guide. All input is in free-
field (a comma or at least one blank should separate data items). Data
can be input either interactively or from a data file. If a data file
is created, use line numbers for each data line.

Group 1 - Title

A. [ TITLE ]
TITLE = 66-character problem heading
B. [ TITLE1 ]

TITLEl = second 66-character problem heading
Group 2 - Control Data for Piles and Loads
A. [ITYPE |

RO

* DSuccessive piles with the same coordinate may be input in the form:
N ¥*¥U

where N = the number of piles with the same coordinates
U = the value of the coordinate in feet
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ITYPE = code for type of analysis

3 ==~ three dimensional

B. | NP, NPG, NLC ]

NP = total number of piles
NPG = number of pile groups
NLC = number of loading conditions

Group 3 ~ Control and Data for Soil Properties
[Mv, ES ]

MV = type of soil modulus variance

1l -—-- constant soil modulus

2 ==- linearly varying soil modulus
ES = subgrade modulus (psi) for MV = 1
ES

i

Group 4 - Control and Data for Elastic Pile Constants

Note: Groups 4-7 should be repeated NPG (number of pile groups)

number of times.
A. | NPA, NPB, SLEN, NPS ]

NPA
NPB
SLEN = length of pile (feet)

NPS = code for type of input to compute elastic pile

constants (B-matrix terms)

1l ---~ input B-matrix terms directly
2 --~ any shape pile

3 —== round pile

B. Note: Necessary only if NPS =1
{ B11, B22, B33, BLL, B55, B66, BL2, B51 |

Bll, etc = elastic pile constants

C. Note: Necessary only if NPS = 2
[ AIX, ATY, AREA, X, Y ]

AIX = I;, moment of inertia about local U; axis (in,
AIY = I,, moment of inertia about local U§ axis (in.

AREA = cross-sectional area of pile (in.?
X = pile dimension parallel to U; axis (in.)
Y = pile dimension parallel to Us axis (in.)

D. Note: Necessary only if NPS = 3

LD ]

D = average diameter of piles in the groups (in.)
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Group 5 - Cont

rol and Data for Pile Material

A. [ MP

|

MP =

B. Note

type of material

1 --- concrete (E calculated from US input in item 5B)
2 ——— timber (E set to 1,760,000 psi)

3 —=- steel (E set to 29,000,000 psi)

b -=— special (E input in item 5C)

: Necessary only if MP =1

(us ,

W ]

us =
W =

C. Note

ultimate strength of concrete (psi)
weight of concrete (pef)

[E

: Necessary only if MP = L d

E =

Group 6 - Cont

modulus of elasticity (psi)

rol and Data for Fixity Chrefficients to Describe Pile

A. [ NF

|

NF =

B. Note

code for input of fixities
1 -—- input degree of fixity and all coefficients
2 —-- input degree of fixity

: Necessary only if NF = 1. See paragraph 35.

(_DF,

K1, K2, K3, K4, K5, K6 ]

DF

K1
K2

K3
Kk
K>
K6

C. Note:

degree of fixity of pile head-to-base (values between
0 and 1)

lateral fixity coefficient

pile axial resistance coefficient

1.0 ==~ end bearing pile in compression

2.0 === friction pile in compression

For piles in tension the value should be reduced.
Suggest one half of value for compression piles.

rotational fixity coefficient
coefficient for torsion
fixity constant

fixity constant

Necessary only if NF = 2

LDF,

PR, PFT, G {

DF =

degree of fixity of pile head-to-base (one of the three
values given below)

0.0 --- hinged pile head
0.5 --- partially fixed pile head
1.0 --- fixed pile head
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PR = pile axial resistance coefficient, K,
1.0 === end bearing pile in compression
2.0 === friction pile in compression

For piles in tension the wvalue should be reduced.
Suggest one half of value for compression piles.

PFT = participation factor for torsion (values between 0
and 1), Ky,
G = torsion modulus (psi)

Group 7 - Data for Allowable Pile lLoads and Moments

[ACBT, AMINT, AMAJT, ACBC, AMINC, AMAJC, ACL, ATL |

ACBT = allowable axial load used in combined bending equa-
tion for pile in tension (kips)
AMINT = allowable moment about minor principal axis for pile
in tension (kip-ft)
AMAJT = allowable moment about major principal axis for pile
in tension (kip-ft)
ACBC = allowable axial load used in combined bending egua-
tion for pile in compression (kips)
AMINC = agllowable moment about minor principal axis for pile
in compression (kip-ft)
AMAJC = allowable moment about major principal axis for pile
in compression (kip-ft)
ACL = allowable compressive load (kips)
ATL = allowable tensile load (kips)

Note: Repeat groups 4-7 data NPG (number of pile groups) number

of times

Group 8 ~ Control and Data for Pile Orientation

A. [1B J
IB = code for input of batter and angle
0 -—- input batter and angle for each pile
>0 -—- number of subgroups of piles in the group with

B.

the same batter and angle orientation

Note: Necessary only if IB (number of subgroups) > O .

[ NFP, NLP, BATT, ANGL ]

NFP = identification number of first pile in subgroup

NLP = identification number of last pile in subgroup

BATT = batter "BATT" vertical on 1 horizontal
0 --~ vertical pile

ANGL = clockwise angle between the positive U} axis of the
structure and the Uj axis (direction of batter) of the
pile (degrees)

Group 9 - Pile Data for 3-D Pile Groups (ITYPE = 3)
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Note: Necessary only if IB > O.
A.lu{n), vi(2), vi(3),... va(np) ]

¥ Ul = distance from origin to pile along U
B. {U2(1), v2(2), U2(3),... U2(NP) ]

¥ U2 = distance from origin to pile along U
c. [u3(1), u3(2), U3(3),... U3(NP) il

*¥ U3 = distance from origin to pile along U

PURN UF WD,

1 axis (feet)

5 axis (feet)

3 axis (feet)

Group 10 - Data for Pile Orientation 3-D Pile Group (ITYPE = 3)

Note: Necessary only if IB = 0. Repeat NP (number of piles)
number of times.

{ H, ANG, U1, U2, U3 ]

H = batter H vertical on 1 horizontal

O —~— vertical pile

ANG = clockwise angle between the positive Uy axis of the
structure and the U, axis (direction of batter) of
the pile (degrees) |

Ul = distance from origin to pile along Ul-axis (feet)
U2 = distance from origin to pile along Us-axis (feet)
U3 = distance from origin to pile along Uz-axis (feet)

Group 11 - Data for Applied Loads and Moments

Note: Repeat NLC (number of loading conditions) number of

times.
[Q1, @2, Q3, Qb, @5, Q6 |

Ql = horizontal load along U axis (kips)
Q2 = horizontal load along Us axis (kips)
Q3 = vertical load along Uz axis (kips)
Q4 = moment sabout U; axis kip-ft)

Q5 = moment about Us axis (kip-ft)

Q6 = moment about Uy axis (kip-ft)

* Successive piles with the same coordinate may be input in the form:

N *U

where N = the number of piles with the same coordinates
U = the value of the coordinate in feet

Lo




PART V: EXAMPLE PROBLEMS

Example Problem 1

Two-dimensional problem, 2 pinned
piles with constant soil modulus

59. This example problem illustrates the use of LMVDPILE for a two-
dimensional system supported by four vertical piles. The physical pro-
blem is shown in Figure 6. (Example problem 7 is the three-dimensional
run of this same problem; Figure 16, page 83, shows the plan view of the
system.) Figure 7 shows the properties and loading conditions for this
example. Input data are saved in a file and listed in Table 2. The
computer output is presented in Table 3.

60. This example serves as a means to verify the computer output

by comparison with manual calculations.

Yy
I
2 : 1
10.0" Ug 10.0"
yi —_—
A
Lo _JA 1.0' +
! bl

Figure 6, Physical problem for example
problem 1

Results and calculations

61. The pile forces can be calculated by satisfying equilibrium
IF = 0 . These were found to agree with the program output shown in !
Table 3. For example, in loading case 2 there are two rows of piles
each having 2 piles subjected to a 1-kip vertical load. The force on

each pile is J

Fy = 1/4 (applied vertical load) = 1/4 (1 kip) = 0.75 kip

The displacement in each pile is equal to

L1




Properties

Ult. str. of concrete = 5000.0 psi

Vertical (h = 0.0)

ES = 10.0 psi Degree of fixity = 0.0
L
Il = 833.333 in. Pile resistance (K2)
= 1.0
12 = 833.333 in.h Participation factor for
torsion (K4) = 0.0
Area = 100 in.2 Torsion modulus = 0.0
Length = 100 ft
Loading Ql Q2 Q3
Case (kips) (kips) (kip-ft)
1 1.0 0.0
2 0.0
3 0.0
L 1.0

Figure 7. Properties and loading conditicns for
example problem 1




Table 1
Interactively Input Data for Example Problem 1

INPUT DATA FILF NAMF IN 5 CHAPACTTRS Ci L¥5S. HIT 4
CARRIASE RETURN IF INPUT DATA eILL ZO4ME FROM TTRMINAL.
?

INPUT A FILE NAME FCR DATA. KIT A CARRIAGE RETURN
IF YOU DO NOT #ANT TO SAVE DATA FILF,
7 DATAL

INPUT Tw0 LINFS OF PROJECT IDENTIFICATION NOT
TO EXCEED 6€ CHARACTERS EACH

INPUT FIRST LINE
? EXAMPLF PROZLF™ MO, 1
INPUT SECOND LIN®
? VERTICAI PILeS #IT3 UNIT LIALS

DO YOU WANT TO RUN A 2-D OR 3-D ANALYSIS?
ENTER 2 CR 3 7 2

INPUT TOTAL NUMBER OF PILE ROWS IN FOUNDATION
NUMBER OF PILE GROUPS AND LOADING CONDITIONS
7 2,1.,4

INPUT SOIL PROPERTY DATA - MV AND FS:
MU=1=CONSTANT SOIL OR MV=2=[IVEAPLY VARYINS 3011
©S=SUBGRADE MODULUS (PSI IF 4v=1 OR PCI IF MV=2,
71,19.¢

DATA POR PIL™ GROUP NO. - 1

INPUT PILY SHAPE DATA:
NPA=]DENTIFICATION NUMB¥R OF FIRST PILT RCW IN °RCP
NPB=IDENTIFICATION NUMBER OF LAST PILE R0« IN GROUP
SLEN=LFNGTH CF PILES (FFET)
NPS=CODE FOR TYPE OF INPUT T0 COMPUIR FTASTIC PILE CONSTANTS
1=INPUT PILE B MATRIX TERMS DIRFCTLY
2=ANY SHAPE PILF
3=ROUND PILE

-

1,2,102.9,2

INPUT AIX & AIY-MOMENTS OF INERTIa (iN¥%4)

AREA = CRCSS SECTIONAL ARFA (N*%2)

X &Y ~ PIL7 DIMENSIONS ALONT X 3 Y AXKTS [INCHFS!
813.333,833.332,120.2,12.0,12.¢

-

INPUT PILY MATSRIAL DATA-%P (1:C0%CPTTF, Z:"I“BER, C:-STFEL, 4=SPZCIAL’
71

INPUT US=ULTI~ATF STRINGTE QF CONCOPTTE | Pyi
w=WSIGHT CF CONIRETE (PCF)
5ee0.0,124.¢

-

INPUT FIXITY DATA = NF (1=INPUT ALL FIXITY CCFFFICIENTS
OR 2=INPUT DFGREE CF FIXITY
72

INPUT DF - DFGREE OF FIXITY (2.2,2.%,1.8)
PP - PILY RPSISTANCE (1:=BTARI'S & @.8-FRICTION
PFT - PARTICIPATION FACTO® :OR TCRSICH
G ~ TORSION ™M0ODJLUS (PSI)
?74.8,0i.0,0.8,0.0

(Continued)
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Table 1 (Concluded)

INPUT NUMBFR CF SIMILAR ROaS IN $20J7 17¢2

INPUT ALLO®ABLF LOADS:
ACL = ALLO4ABIF COMPRESSIVE 1087 LKIP5,
ATL = ALLOYABL® TENSILE LOAD (KIF3)
AC3 = ALLOWABLE COMPRYSSIVE LOAD IN B:NDINS (XIFS)
AVAJ = ATLOaABLY MOMFNT (VIpP-FT,
7 122.2,106.2,122.0,1€2.2

INPUT 1B: 2=INPUT BATTFR FOR EACE rILY CR
THF NUMBFR OF SUBGROUPS WITH THE SAME EATTER
2

INPUT PILE ORI®NTATION DATA
H-BATTFR=H VFRTICAL ON 1 EQRIZONTAL
POSITIVF IF BATTERED TC RITaT 4 MEGATIVFE 1° 10 L¥77
U1=DISIANCT FROM ORIGIN TO FILF FO€(FTET)
7 e.¢,1.8
7T @.¢,~1.0¢

(S

INPUT APPLIFD LOALS 4ND MOMNT:
Q1-BORIZONTAL LOAD ALONG U1-AXi3S (KIPS/
Q3-VERTICAL LOAD ALONS U3-AXIS (KIPS)
QE-MOMENT AEQUT U2-AXIS (XIP-FFET,

FOR LOADING CONDITION - 1?1.8,2,2
FOR LOADING CONDITION - 2 7?7 2,1.0,@
FOR LOADING CONDITION - 3 ? 2,92,1.¢
FOR LOADING CONDITION = 4 ? 1.2,1.2,1.0

THIS PROGRAM GENERATES TRT FPILLIWING TABLFS:

TABLE NO. CONTENTS

FILT AND SOIL DATA

PILE COOPPINATFS aMD 3ATT=3

STIFFNESS AND FLE(IRILITY MAT®IJES FUR THT
STRUCTURF AND COORDINATTS OF ELASTIC C¥NTER
APPLIED LOADS

STRUCTURY DEFLECTIONS

PILT DEFLFCTICNS ALONG FILT AXIS

PILE FORCFS ALONG PILE AXIS

PILE FORCES ALONG STRUCTURY AXIS

M-  GN -

INPUT TYE NUMBTRS OF THE TABLFS FOR WHICR YOU WANT THT QUTPUT.
SEPARATE THE NUMBFRS WITH COMMAS. ? 1,2,3,4,£,6,7,8

INPUT A FILENAME FOR TABLY 8 IN 9 CHARACTFRS 0° LESS

IF YOU WANT TO US® THIS INFORVATION FOR A NEW UM

BEIT A CARRIAZT RFTURN IF YOU DO NOT WAN! THIS FILE,
?

INPUT A FILE NAME FOP CUTFUT IN - THARACTERS 0° u:S¢.
HEIT A CARRIAG® RFTURN IF OUPPUT IS TO SE FVINTFD ON TSRMINAL.
?

INPUT A FILE NAMZ IN 7 CLARACTF®R23 OR L7585 FOR PLOT (alA "ECPES..Y
FOR PROGRAM FDRA#4, HIT A CARRIAGE RTTURM IF YCJ LO NOT #ANT TO
SAVE THIS FILE

?

L =
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Table 2
Input Data for Example Problem 1

Group

1A 1000@¢ EXAMPLE PROBLEM NO. 1
18 1@021@ VERTICAL PILES WITH UNIT roaDS [TITLE]

2A 10022 2 [2-D_ANALYSIS]
2B 10030 2 1 4 [NUMBER OF PILES, PILE GROUPS, LOADING CONDITIONS
3A 10042 1 19.200 501l PROPERTIES

~ La 12252 1 2 106. |PILE GEOMETRY]

Lo 12069 833.333  833.333 100.009 120.000 10.000

5n 10070 1
su 10088 5000.000 150.000 [PTLE MATERIAL)
2

6A
6c 10100 2. 1.000 2. . [PILE FIXITY)
1 lﬁliﬁ 2 |NUMBER OF ROWS
5 10120 100.000 100.000 100.000  100.000 [ALLOWABLE LOADY _
o 10130 0
10140 2. 1.009 TPIIE BATTER AND LOCATION
1015@ 2. -1.000
10160 1.000 2. 2.
1> 10170 2. 1.000 @. [APPLIED LOADINGS
10180 2. 2. 1.000
10190 1.200 1.000 1.000
45




Table 3

Qutput Data for Example Problem 1

EXAMPLE PROFLYM NO, 1
YERTICAL PILES WITH UNIT LOADS

NO. OF PILE ROWS = 2 B MATRIX IS CALCOLATED FOR EACH ROW

1. TABLE OF PILE AND SOIL DATA
PILE NUMBRRS

1 2 E = 0.43% 27 PSI IT = 833.33 IN*%4 17 =
AREA = 100.0 IN®*2 X = 16.00 IN Y=
LENGTH = 1020.0 FTET ES = 10.909
XL = 0.4127 K2 = 1.0000 X3 = 0.
X4 = 9, X5 = Q. X6 = @.

ALLOVABLES: COMPRESSIVE LOAD = 100.920@ KIPS
TEINSILE LOAD = 100.008 X1PS
BPNDING = 100.808 YIPS
MOMENT = 100 .00@ YIP-FT

THE B MATRIX FOR PILES 1 THROUGH 2 IS
@.972F 283 @o. 2.

Q. 2.357E 26 Q.
Q. 2. a.

AR R R EENE

833.33 Inw*¢

1%.0¢ 1IN

2. TABLE OF PILE CGORDINATES AND BATTER

PILE RO¥W BATTER Ut (FT)
1 VERTICAL 1.000
2 VERTICAL -1.000

L A 212

* LA 2l 2

3. STIFPNESS MATRIX S POR THE STRUCTURE

0.389E 24 0. 0.
e. 2.143F 27 @.
0. Q. 2.208F 99

3A  PLEXIBILITY MATRIX ¥ FOR THE STRUCTURE

0.287E-03 Q. [.B
2. 8.7902-06 9.
Q. e. ¢.48€7-38

COORDINATES OF RLASTIC CENTER
21 = 2. EC2 = 2.

{Continued)
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Table 3 (Continued)

*xaxaxes [OADING CONDITION 1 *#sskxex

» Ok ok kR

4. MATRIX OF APPLIED LOADS Q (KIPS & FEET)

Q1 Q3 Q5
1.200@ Q. a.
* (223 hk

5. STRUCTURE DEPLECTIONS (INCHES)

D1 03 D5
Q.257E 29 e. Q.

* P T *ok kR o

6. PILE DEFLECTIONS ALONG PILE AXIS (INCHES)

PILE X1 X3 XS
1 0.,2%7E 00 0. @.
2 @.257E 00 2. e.
* * * L2141

7. PILE PORCES ALONG PILE AXIS (KIPS & FT)

PILE ¥ 3 5 FAILURE
BU CO TE
1 2.25¢ Q. (B
2 @.2%¢ 4. a.
TOTAL NO. PAILURES = @ LOAD CASE 1

8. PILE FORCES ALONG STRUCTURE AXIS (KIPS & FEET)

PILE n r P
1 8.250 2. .
2 9.250 2. .
S 1.000 2. 9.
ke Pl A 1] L2 SOEPRRROE
‘
Continued
( ) (Sheet 2 of 5)
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Table 3 (Continued)

#¥nsss® [OADING CONDITION 2 *essssss

» BERERSS

4. MATRIX OF APPLIED LOADS ¢ (KIPS & FEET)

Q1 Q3
2. 1.200

Q5
9.

LA

5. STRUCTURE DEFLECTIONS (INCHES)

D1 D3
2. 9.700F-03 0.

D5

* e

6. PILE DEFLECTIONS ALONG

PILE 11 X3
1 a. @.700E-03
2 0. 0.700%-0%

PILE AXIS (INCHES)
L&)

a9
P

ERERRk kR

L2l ]

7. PILE PORCES ALONG PILE AXIS (EIPS & PT)

PILE w1 mn 5 PAILURE
RU 20 TE

1 2. 2.2%0 2.

2 2. 0.2%¢ 2.

TOTAL NO. PAILURES = 2

LOAD CASE 2

SANEEBAERRRA RN S ER SRR R RS ENR R

L2 4]

8., PILE PORCES ALONG STRUCTURE AXIS (KIPS § FFET)

PILE T F3 L&)

1 e. Q.287 a.

2 2. 2.2%e 8.
SUM a. 1.2080 ~2.000

ARESSRRRENAEBARENL SRR RER DRSOV LGS AN R ORRYERNSARI RS RRI RS RN AR EAGR R RN E &

(Continued) (Sheet 3 of 5)
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Table 3 (Continued)

#aaeaess LOADING CONDITION 3 S#smbans

L
4. MATRIX OF APPLIED LOADS Q (KIPS & FEET)
Q1 Q3 Q5
2. a. 1.000
* (22 T KRk
&, STRUCTURE DEFLECTIONS (INCARS)
D1 D3 D
2. e. 0.5837-24
* * L LT *
€. PILE DEFLECTIONS ALONG PILE AXIS (INCRES)
PILE X1 X3 X5
1 Q. -0.7007-23 ©2.583%-7¢4
E . 2.700E-33 ©2.583E-04
SESABFEREF RSN RAREENES P L] *
7. PIL® FORCES ALONG PILE AXIS (KIPS & PT)
PILE Fi1 r3 PS5 FAILURE
BUCO TE
1 2. ~@.2%2 2.
2 Q. e.2%¢ Q.
TOTAL NO., PAILURT®S = 2 TOAD CASE 2
SEREBERRRASESRERE RN nrn 2ERNRR SRR RE

8. PILE FORCES ALONG STRUCTURE AXIS (KI®S & FEET)

PILF 1 ) F&

1 2. -2.282 2.

2 [ 2.2%2 Q.
SUM Q. 2. 1.000

SEBPSSEPSEINLESAN LSS RBNANEREEAERRSF AR AR RS RRERERACRIRERRERGS SR RAB RSB

(Continued) {Sheet 4 of 5)




Table 3 (Concluded)

*assasss LOADING CONDITION 4 #ssesiss

PR LS * - LI T TIY
4. MATRIX OF APPLIED LOADS Q (EIPS 5 FEET)
3} Q3 Qe
1.029 1.220 1.000
ok ERRUEFFRRAR AR AR
S. STRUCTURE DEFLECTIONS (INCHES)
D1 D3 e
9.257E 20 @.7090E-03 Q@.°B3IE-04
LI Rk RN Rk R
€. PILE DEFLECTIONS ALONG PILE AXIS (INCH?S)
PILE X1 X3 X5
1 0.257% 02 -0.364E-11 0.%93E-04
2 @.257F 20 0.140%-02 0.583E-04
1Y 1 SESERR AR RS
7. PILE FORCES ALONG PILE AXIS (KIPS R *T)
PILE F1 F3 F5 YAILURE
R0 CO TE
1 @.7%3 -0.00¢ [
2 9.252 9.%00 Q.
TOTAL NO. FAILURES = @ LOAD CASE ¢
L1 Ll * SERR SRS S

8. PILE PORCES ALONG STRUCTURE AXIS (KIPS < FEET)

PILE F1 F3 5

1 .25 -9.700 Q.

2 9.253 0.%00 e.
SUM 1.200 1.080 1.000

REERRSGENRAREEASL P AR RN ERARER UG AE RS PBS N ORNR RN N NN SRR ERE SN R RN R RS

(Sheet

of 5)
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% x 1 x 100 x 12

4300 x 14k x %‘j-

P
6:-—L=

E = 0.7 x 1073 in.

This result also agrees with the computer program results (page 48,
item 6).
62. In loading case 3, a 1 kip~ft moment is applied about the

U2-axis. The pile forces can be calculated by satisfying equilibrium

ZMU2 =0 .

ZMU2 = F3l x N x Ull + F32 x N x U12 + Q5

where
F3m = vertical force for pile row m, m = 1,2
N = number of piles in rows
U, = distance from origin to pile

. = + + ip-
..EMU2 2F3, + 2F3, + 1 kip-ft

From symmetry F31 = F32

~|F3| = 0.25 kip

This result also agrees with the computer program results (page 49,
iter 8).

63. Load case 4 can be obtained as a superposition of load cases
1 through 3. The deflections of the pile and the load on each pile can
be obtained by .uperimposing the respective results for load cases 1

through 3. The following computations verify these results.

51
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Pile Load Deflections

Yo. Case X, {in.) Xy (in.) x5 (rad.)
1 1 0.257 0. _3 0.
2 0. 0.7 x107% 0. L
3 0. -0.7 10 0.583 x 10~
L 0.257 0. 0.583 x 10‘h
(page 50, item 6)
2 1 0.257 0. 3 0.
2 0. 0.7 x 1073 0. i
3 0. 0.7 x 10 0.583 x 10
I 0.257 0.1k x 1072 0.583 x 10~"
(page 50, item 6)
Loads
Fy (kips) F3 (kips) F5 (kip-ft)
1 1 0.25 0. 0.
2 0. 0.25 0.
3 0. -0.25 0.
N 0.25 0 0.
(page 50, item T)
2 1 0.25 0. 0.
) 0. 0.25 0.
3 0. 0.25 0.
N 0.25 0.50 0.

(page 50, item T)

These results also agree with the computer program results.
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Example Problem 2

Two-dimensional prob-
lem, 1 fixed vertical pile

6L4. This example problem has only one vertical pile completely

fixed into the rigid cap. Figure 8 shows the physical problem. (Exam-

ple problem 8 is the three-dimensional run of this same problem; Figure

19, page 96, shows the plan view for this example.) Figure 9 shows the

loading and properties. The input data are stored in a file and are

presented in Table 4. The computer output is shown in Table 5. {
65. This example is also a means to verify output by comparison

with manual calculations and output from example problem 8.

1 KIP=FT
T 1U1
U3 "
10.0
—H—
Figure 8. Physical probtlem for example problem 2
Properties
Ult. str. of concrete = 5000.0 psi Kl = 1.0756
KS = 10.0 pei DF = 1.0 K2 = 1.0
I = 833.333 in.h PR = 1.0 K3 = 1.4988
12 = 833.333 in.h PFT = 0.0 K, = 0.0
Area = 100.0 in.2 G=0.0 K =0.9990
Length = 100.0 ft K6 = 0.9990
[Vertical (h = 0.0)
-
Loading Y "3 O
Case (kips) (kips) (kip~ft)
1 0.0 0.0 1.0

Figure 9. Properties and loading for example problem 2

g
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Table 4

Input Data for Example Problem 2

Group
1A 102029 EXAMPLF PROBLEM NO. 7
iB 10812 ONE FIXED VERTICZAL PIL® WITH "NIT MOMWNT APPLIED
24 1222¢ 2
2B 12032 1 1 1
3 12042 2 17.200
ko 12252 1 1 120.00e2 2
Lc 12269 R33,.333 B823.333 120.229 12.7200 12.200
SA  12@72 1
5B 10082 5000.202 152.020
6A 12092 2
6C__ 12100 1.2¢2 1.229 2. 7. *
7 12119 1
8 10120 102.229 120.007 120.209 17290.222
9A 12132 %
11 12142 2. 2.
12 12152 2. 2. 1.200
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Table 5
Output Data for Example Problem 2

tXaMPLe PROELeY WO. 2
One EIXeD VERTIGAL PILE #I7d UNIT MQMENT AFPLIED

ND. OF PILE %245 = 1 E MATEIX IS CALCJLATED FOR EACH 3Ca

By AR G K M K % X e ek ok N R R KXo e ac a0 M o X e e e e o e N e e R

1. Taole OF 2Ile AND SCIL DATA
PILe WJIMDERS

1 1 ¢ = 2.43F ¢7 PSI IX = 323 .02 wwEg Iy = 333.32 IN®#¥g
AREA = 1e@@.c¢ In%®2 £ = 12.22 N Y = 12.2¢ IN
LEN3Ta = 12¢.2 FEET ES = 1@.2@¢
K1 = 1.275€ £z = 1.0Q20 &3 = 1.4638
£4 = 28 Ks = ¢.3992 K6 = 2.9992
ALLO#ASLES: COMPRESSIVE LOaD = 120.22@ £IPS

TenSILE LOAD = 120 .¢ee Ips
sENDING = 12¢.22¢ »1ps
MM eNT = 120.2€¢ KIf~:1

BEUEEUEEEARBEE SRR AL RGO R R R R R R AR AR L SRR R E B R AR SRR R LR R R

2. TABLE OF PILE COORDINATES AND PATTER

PILE R0& oSATT:R J1 (FT)
1 VERTICAL 2.

ARRERSERERS RSB RSB R U A RE R A AR PR AR AR RN E RSS2 R RN AR R SRR

3. STIFFNESS MATRIA 5 FOR THE STAUSTURE

2.254E 25 e. .1258 27
é. 2.357F ¢e €.
@.13358 27 2. 2.124EF ¢¢

SA  FLEXIBILITY MATRIX F FOR Tit STRJUCTUAE

Jd.9z5E-¢4 2. =2.16E-¢%
é. 2.24¢k-25 Q.
-2.122e-25 2. 2.2%22-07

COORJDINATES OF ELASTIC CENTER
ECl = Q. eC2 = v.e13

(Continued)
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Table 5 (Concluded)

messsess [OADING CONDITION 1 *esssses

BRERESHE S AR REES S EREEB SRR F BB BB ERE R XS SR S & & SRESRE LS

4. MATRIX OF APPLIED LO4DS Q (KIPS & FEET)

PRS Q3 Q5
Q. Q. 1.c00

FEABHENRERRE SRR AR ERRER S AR EEE RSB R RE AR U R R R SRR R AR LR R AL S FEE RO R RE RS

5. STRUCTURE DEFLECTIONS (INCHES)

ul 23 s}
-2.144-21 @. .2€2E-23

SEEERRERRERE » » BEFRBNEREBRERELEER RN R AR R LSRRk

€. Plic DEFLECTIONS ALONG FIle AXIS (INCHES)

PILZ X1 X3 £
1 ~2.144E-¢1 2. 2.302F-223

EESBBRERRERLES SR ERERIERR L AR R ER A RN EER G R RR R Rs B RE R AR kRN SRR R R g

7. PILE FORCZES ALOWS FILE AXIS (4IPS § FT,

FILE £l IR FE FAILURZ
BU CC Te
1 2.22¢ 2. 1.0e¢
TJOTAL NO. FAILJR&S = 2 LJ4D CASE 1

HEISEF AR AR AN LR H S SIS RN SRR AEE S VR R AR S SRR EF R R AR ERE ERASEB S SRI L0000 8

s. PILE FJRCes ALONG STRJUCTJAL AXIS (KIPS & FYET)

FiL: Fl P2 F5
1 ¢.22¢ 2. 1.200
ERDY 2.20¢ 2. 1.8¢€¢

L 1] LI L Al Y SEEBERENBEEER RS IR ESR LR RAANARENNSE AR RN ERSEESN

e g,

P

o e

S Tm ey T

P




Results and calculations

66. A 1 kip-ft moment was applied about the U2 axis at the center
of the structure where the pile is located. The pile is completely
fixed into the rigid cap. Therefore, the resulting moment about the
U2 axis is equal to 1 kip-ft. This result agrees with the computer
output shown in Table 5 {item 8).




Example Problem 3

Two-dimensional problem,
Hremnikoff's example
case 2a (very weak soil)

67. This example problem is taken from Hrennikoff's (1950) paper,
case 2a. This example is for very weak soil with hinged piles. The
prysical problem is shown in Figure 10. The properties and loading
conditions are shown in Figure 11. The input data are stored in a file
prior io the run and are presented in Table 6. The computer output is
shown in Table T.

68. This example serves as a means to verify the computer output

with the classical method.

5.0' - 7.0

1
fe—2.5' —ofe—30'—] v]

i —>u,
ORIGIN ,
U
3
[t 2 3 4

Figure 10. Physical problem for examples 3, 4, and 5

)
(%]

Results and calculations

69. 1In Hrennikoff's paper manual calculations for this probler
are presented. The computer results shown in Table 7 agree closely with
his results. A comparison of the two results is presented below. For

pile 1,

5]
"

0.4k2 kips F 27.395 kips

as compared with

g2]
n

0.4L kips F

27.5 kips
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IR I e PO TR,

Properties ‘
E = 0.15 x 107 psi Degree of fixity = 0.0 :
ES = 3.123 psi Pile resistance (K2) é
= 0.5 ;
I, = 322.06 it Participation factor z
for torsion (Kk) i
_ ¢,

L = 0.0
I, = 322.06 in. Torsion modulus = 0.0 g
Area = 63.5 in.2 E
:
Length = 30 ft Z
f
Loading Ql Q3 Q5
Case (kips) { (kips) | (kip-ft)
1 -39.375 | 113.1 173.4
Figure 11. Properties and loading conditions
for example problem 3
from case 2a in Hrennikoff's paper. Pile forces along the pile axis for
piles 2-5 also agree closely as tabulated below.
Hrennikoff'c

Computer Output Example 14
Pile Fl F3 Fl F3 g
No. (kips) (kips) (xips) (kips) :
1 0.Lk2 27.395 0.4k 27.5 :
2 0.135 39.282 0.L3 39.3 s
3 0.ho7 51.170 0.h43 51.0 -

b 0.436 ~9.167 0.43 -9.0

5 0.436 10.881 0.43 10.9
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Table 6
Input Data for Example Problem 3

Group
: 1A 1000¢ EXAMPLE PROBLEM NO. 3
3 1B 18010 HRENNIKOFF’S EXAMPLE — CASE 2A

2A 10020 2
2B _ 10830 5 1 1
3 12048 1 3.123
LA 10059 1 5 50.009 3
YWD 10069 9.208
5A 10070 4
5C 10088 1500020 .220
f 6A 102992 2
6C 10100 2. 2.500 2. 2.
7T 10110 1
8 10128 82.000 40.0022 100.000 100.02¢
9A 101392 2
98 10140 1 N -3.200
10158 4 5 2.
10 10162 -5.009 -2.500 0. 3.000 7.000
12 12170 -39.375 113.1 173.4
60




Table T

Output Data for Example Problem 3

RIAMPLE PROBLEM NO. 3
BRENNIKOFT’S EXAMPLE -~ CASE <A

NO. OJ PILE ROWS = 3 5 MATKIX IS CaLCULATED FOR EACd ROV

1. TABLE OF PILE AND SOIL DATA
PILE NUMBERS

1 S B = 2.155 97 PSI I = 322.06 NS, 11 = 322.06 IN**4
AREA = 63.6 IN®®2 X = 9.8 IN 1= 9.00 IN
LANGTE = 00.0 FRET Es = 3.123
K1 = 9.4107 k2 = @.o000 LG = 0.

4 = e. Ko = 8. Ko = 8.

LENGTB OF PILES ( 30.90 FuBY) 1S INSURFICIENT
FOR PILK GBOUP - 1 MINIMUM aCCEPTABLE LENGTH IS 37.17 FEBT
FOR SEMI-INFINITE BBAM ON RLASTIC FOUNDATION

ALLOWABLES: C(OMPKESSIVE LOAD - 82.82@ KIPS
TENSILE LOAD = +0.8¢¢ LIPS
THE B MATRIX FOR PILSS 1 THROUGH o Is
B.24€E @3 Q. 4

2. @.133% 66 @.
0. 2. o,

ey

2. TABLE OF PILB COORDINATES AND BATTER

PILE RGW 3aTT:R vl (:?)
1 -5.89 -5.000
2 -3.¢ -2.500
3 -3.9 9.
+ VARTICAL 3.008
5 VERTICAL 7.008

3. STIJINRSS MaTklIX S FOR THE STRUCTUKE

9.400% 05 ~0.1198 06 -9.35% 47
-0.1191 86 9.623% 86 -9.5175 87
-9.3575 07 -9.517% ¥7 0.1645 10

34 FLEXIBILITY MATRIX r FOR THE STRUCTURR
0.1931-07 0.414:-¢4 9.5%9E-v6

9.4143-04 @.1805-9e 0.1235-96
0.5505-98 #.123i-06 ¢.219s:-98

COORDINATES OF BLASTIC CANTER
2C1 = B2 -

8.982

9.982

(Continued)
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S

Table 7 (Concluded)

Ssesssss LOADING CONDITION 1 vesteses

4. MATRIX GF APPLIRD LOALS Q (KIPS & Fra?)

Q1 qo Q5
-39.37% 113.108 173.400

oy

5. STRUCTURE DEFLECTIONS (INCHES)

D1 L3 Do
=0.177E 01 -0.133k 09 -0.315:~0¢

6. PILE LEFLBCTIONS ALONG PILE &XI5> (INCHES)

PILE X1 Lo Lo

1 -@,.186E 21 @.2@¢7: @@ V.3153-92
“8.17?E 91 @.296%L V@ -0.31br-¥2
-0.174E @1 0.386x @0 90.315:i-8¢
=0.1778 01 ~-0.6928-01 -B.315.02
-2.1778 91 0.8215-01 9.3155-92

[ Y

7. PILE FORCES ALONG PILE aXIS (KIPS & FT)

PILE F1 Fo ¥ FALLURE
30 CO TE
-0.442 27.395 9. ¥
-0.405 39.282 0. i
51.17¢ 0. F
~0.436 -9.167 6.
-9.436 12.881 2.

(L 20 NN o
]
®
»
I
~

TOTAL NO. FAILURES = o LOAD CaSe i

8. PILE FORCES ALONG STRUCTURE AXIS (KIPS o FERT)

PILE ) 31 3 Fo
1 -9.002 25.049 8.
2 -12.835 37.12¢% o.
3 -16.587 48 .408 0.
4 -8.436 ~y.107 e.
5 -0.436 14.081 0.

sSuM -39.37% 113.100 173 .400

e e

T AN & (e

i
'
g
i
%
é
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Example Problem L

Two-dimensional prob-
lem, Hrennikoff's
example case La (weak soil)

70. This example is also from Hrennikoff's paper, case La (weak
soil). Figure 10 shows the physical problem. The properties and load-
ing conditions are shown in Figure 12. The input data are presented in
Table 8. The computer output is shown in Table 9.

Tl. This example serves as a means to verify that output agrees

with the classical method.

Properties

E=0.15+x lO7 psi Degree of fixity = 0.0

ES = 31.230 psi Pile resistance (X2)
i = 1.0
Il = 322.06 in. Participation factor
for torsion (Kk)
)-l = 0.0
I2 = 322.06 in.
Area = 63.5 in.? Torsion modulus = 0.0
Length = 30 ft
Loading Q1 QB Q5
Case {kips) (kips) (kip-ft)
1 -39.375 113.1 173.4

Figure 12. Properties and loading conditions for
example problem L

Results and calculations

T2. The pile forces along pile axis in the computer output pre-
sented in Table 9 agree closely with the results in Hrennikoff's (1950)

paper, case 4a. For example, for pile 1 from the computer output
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Table 8
Input Data for Example Problem 4

Group
1A 1000@¢ EXAMPLE PROBLEM NO. 4
1B 10010 HRENNIKOFF’S EXAMPLE - CASE 44
on 10020 2
B 10030 o) 1 1
3 10040 1 31.2%
kp 12857 1 5 30.000 3
L4 19060 0,000
5o 10070 4
s¢ 10082 1502000 .0072
6n 10890 2
6C 13100 2. 1.020 2. 9.
7 10119 1
8 10120 82.000 40 .000 100.200 100.000
oA 10130 2
OB 12149 1 3 -3.200
10150 4 5 Q.
10 19160 -5.000 -2.500 0. 3.000 7.000
12 12170 -39.375 113.1 173.4

6k




Table 9 b
Output Data for Example Problem k

EXAMPLE PROBLEM NO. 4
BRENNIKOFF’S EXAMPLE - CASE 44

NO. OF PILE ROWS = 5 B MATRIX IS CALCOLATED FOR EACH ROW

* *REEES L 2ESEA %S

1. TABLE OF PILE AND SOIL DATA
PILE NUMBERS

1 5 ® = 0,15F 237 PS1 IX = 322.06 IN®*4¢ 17 = 322,0F IN*%
ARFA = 63.5 IN¥*2 X = 9.28 1IN Y = Q.29 IN
LENGTH = 37,0 FEET BS = 31.230
K1 = 2.4107 X2 = 1.0000 X3 = Q.

K4 = a. £S5 = 2. X5 = 2.
ALLOVABLES: COMPRYSSIVE LOAD = 82.200 KI°S
TENSILE LOAD = 40.000 KIPS

BENDING = 100.200 X1PS
MOMENT = 120.800 KIP~FT

P e R e

THE B MATRIX POR PILES 1 THRROUGH ®1s

3.138E 24 Q. Q.
2. @.265¢ @r Q.
a. 2. 2.

CHRRESI RSB ERBEARER RN AR RREEBHE SRR SR AAD RN S "skse LA LA LN 2 £ 2

2. TABLE OP PILE COORDINATES AND BATTVR

PILE RO¥ BATTER ur (FT)
1 ~3.00 -5.00¢
2 ~3.29 ~2.€20
3 ~3.20 2.
4 VERTICAL 3.002
5 VERTICAL 7.000
. LT L R T P P L T e e P Lt L PR T R T ]

3. STIFFNESS MATRIX S POR THE STRUCTURE
2.860T% 25 ~-2.237% 2€ -0.712F a7

-92.237F 06 ©0.12%% 07 -90.1@3E 78

~2.712F 97 -23.1e3E 78 @2,329E 12

3A FLEXIBILITY MATRIX F FOR TRY STRUCTUR®E
0.664E-24 @.142F-04 0.18BF-06

9.142E-04 @.%A61-25 0.429%-27
2.188E-26 0.4297-07 @.847P-29

COORDINATFS OF FLASTIC CENTER
FC1 = 2.00% 2C2 = -2.002

(Continued)
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Table 9 (Concluded)

*axs®sks [OADING CONDITION 1 *#ssdxus

RERRR 11X} R R KR ESEE

4. MATRIX OF APPLIED LOADS Q (KIPS 5 FRET)

Q1 93 Qe
~-39.375 113.12¢ 173.4320

ok LR HEE *h& LAt B T 2L RIS 2ttt L]

€. STRUCTUR® DEFLECTIONS (INCHES)

n D3 DS
~0.616E 2@ —2.332E-21 -2.BOSF-Q3

SEERREEER s - P - 4

€. PILE DEFLECTIONS ALONG PILE AXIS (INCHES)

PILE 11 X3 15 J
1 -2.610E 28 0.117F 20 -0.825F-73 :
-0.622E 00 2.140F 08 -0.805F-03
-0.505F 03 @.163F 89 -0.805E-23

-8.616% 20 -0.421%-82 -0.805E-73

-2.616E 20 0.3447-01 -0.805E-03

G Gl

EEPR RSB RARERAREERERESEBEC RN REEEET R RS k¥ * il 2

7. PILE PORCES ALONG PILE AXIS (KIPS § FT)

PILF LAl F3 FS FAILURE
BU CO TE
1 -0.845 31.13" a. 12
2 =-0.834 37.204 e. A4
3 =-0.824 42.276 a. A4
4 -0.853 -1.117 e.
s -0.853 9.12¢ 2.
TOTAL NO. PAILURES = LOAD CAS? t
LI I L T " RS RRER Rk ERRRBRERRARRBBE SRS ARND

8. PILE FORCES ALONG STRUCTURE AXIS (KIPS & FEET)

PILE F1 3 PS5 R
1 -10.646 29.267 e.
2 ~12.5%€ 35.231 Q.
3 -14.467 47,795 8.
4 -9.853 -1.11? Q.
8 -0.853 9.124 2.

SUM =-39.37¢ 113.120 171.420

SXAESSPISPERNAEE N VUSRS HEE AN RIS 2 AARAAE OB RSB AERSNSN RIS SN NSO RSN E S




Fl = 0.845 kips

in comparison with

Fl = 0.8 kips
from Hrennikoff's paper.
2-5 also agree closely.

are presented below.

End

and r3

L]
"

31.13 kips F 0 kip-ft

and F

3 31.2 kips F

0 kip-ft

The pile forces along the pile axis for piles

The computer results and Hrennikoff's results

Hrennikoff's

Computer Output Example
Pile F Fs Fy F3
No. (kips) (kips) (kips) (kips)
1 0.8Ls5 31.132 0.84 31.2
2 0.83k4 37,204 0.83 37.2
3 0.824 43.276 0.82 L3.2
L 0.853 -1.117 0.85 -1.0
5 0.853 9.124 0.85 9.1

B Ay pemaaeginiie JEEFAS I P 2

et o3

(BT b o g e o e et

TR

= XEETEY

PLVROMIR . ~ 7 270 D0t 0y ot
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Example Problem 5

Two-dimensional problem,
Hrennikoff's example
case 6a (medium soil)

73. This example is case 6a (medium soil) from Hrennikoff's paper.
The physical problem is shown in Figure 10. The properties and loading
conditions are shown in Figure 13. The input data are stored in a file
prior to the run and are shown in Table 10. The computer output is
presented in Table 11.

74. This example also serves as a means to verify that output

agrees with the classical method results.

Properties
E = 0.15 x 107 psi Degree of fixity = 0.0
ES = 312.30 psi . Pile rgsistance (k2)
= 1.
Il = 322.06 in.h Participation factor
for torsion (KL)
1, = 322.06 in, Y = 0.0
Area = 63.5 in.? Torsion modulus = 0.0
Length = 30 ft
Loading Q1 Q3 QS
Case (kips) (kips) (kip-ft) ,
1 -39.375 | 113.1 173.k

Figure 13, Properties and loading conditions
for example problem 5

Results and calculations

75. Manual calculations for this example are presented in
Hrennikoff's paper, case 6a. The computer results shown in Table 11
agree closely with the classical method results. For example, a com-

parison of the horizontal forces in each pile is shown below:

68




PEIR~a <250 - v I Opu T ._g

Table 10

Input Data for Example Problem 5

Y

Group
1A 10000 EXAMPLE PROBLEM NO. S
1B 1001¢ HRENNIKOFF’S EXAMPLE - CASE A4
2A 12020 2
2B 10030 5 1 1
3 10040 1 312.300

Lo 10050 1 5 30.200 3 :
LD 10060 9.200 5
5A 100872 4

°C 10088 1520000.000
6A 10090 2

6C 10100 2. 1.800 2. 2. q
T 10110 1 ‘
8 10120 82.200 40.000 100.020 100.220
9A 10130 2
98B 10140 1 3 ~3.08¢2

19152 4 5 2

10 10168  -5.000 —2.500 0. 3.000 7.000
12 10170 =39.375  113.1 173.4




Table 11
Output Data for Example Problem 5

EXAMPLE PROTULEM NO. £
BRENNIKOFF’S EXAMPLE - CASE 6A

NO. OF PILE ROWS = 5 B MATRIX IS CALCUOLATFD FOR EACH ROW

L2 2 L L i 2] 2 * L2 2t i

1. TABLE OF PILE AND SOIL DATA
PILE NU“BERS

1 5 P = 3.,15E @7 PSI X = 322.6F IN®%4¢ 17 = 322,36 [N*%4
AREA = 675 INS®2 X = 9.090 IN Y= Q.22 IN
LENGTH = 39.2 FERT TS = 312.300
K1 = 2.4107 K2 = 1.0000 K3 = 2,
4 = 2. K5 = 0. K6 = 2.
ALLOWABLES: COMPRESSIVE LOAD = /2.200 KIPS
TVNSILE LOAD = 40.000 XIPS
RENDING = 180.002 KIPS
MOMENT = 100.008 LIP-FT
THE B MATRIX POR PILES 1 TRROUGH 5 1S
3.779% 24 0. 2.
a. 9.265E 2€¢ @.
2. 2. Q.
LE L sew - SERB AR AR RERS
2. TABLE OF PILE COORDINATES AND BATTYR
PILE ROV BATTTR Ut (PT)
1 -3.239 -5.000
2 -3.22 -2.500
3 -3.00 2.
4 VERTICAL 3.000
5 VERTICAL 7.000
» L Ll *RSEEESEREE

3. STIFPNESS MATRIX S FOR THE STRUCTURE

2.116F 06 -2.732%F 06 -0.695% 27
-@,232E 06 0.1257 07 -0.133F 08
-2.895¢ 67 ~0.103% 0A @.329% 19

3A PLEXIBILITY MATRIX ¥ FOR THE STRUCTURE
0.2057-04 0.4>77-05 0.566E-027

0.4271-0%5 0.171E-05 0.1441-07
0.5€61-07 2.1447-07 @.468%-29

COORDINATES OF ELASTIC CENTER
IC1 = ) {

9.003 -0.002

(Cont.inued)
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Table 11 (Conecluded)

*rakukas LOADING CONDITINN 1 **svkxns

w¥Ey Rk BRESRGRARKERERERBREER RS RS SR RS E SRR B R G R kR S Uk

4. MATRIX OF APPLIED LOADS @ (KIPS & FEET)

3

Q1 Q3 :
-39.375 113.12¢ 173.4029

ASERBRRRRXERER RN E N R R AR R RR R E AR AR AR RE RN R Rk R R Rk TR R Rk

€. STRUCTURE DEFLECTIONS (INCHES)

D1 D3 D=
-8.22?E @9 @.553%7-01 Q.3€8F-03

BESREERERERERRAEEEREREERRRRRREE R R EE kA ko o R K o o o ok ok R ok

6. PILE DFFLECTIONS ALON7T PILE AXIS (INCHES)

PILF X1 X3 X5

1 -@.172E 22 @.139F 20 2.%48F-03
2 -3.17SE 00 @0.129F 00 @.378F-023
3 ~0.179% @ 02.1138F 92 0.388%-p3
4 -0.207% ¢ @.42¢E-#1 0.368E-23
5 -8.207F @2 Q.243E-21 0Q.36RE-33

AL ] LJ RES RS AR RS LRSS R P2 LS 1)

7. PILE FORCES ALONG PILE AXIS (KIPS & FT)

PILE F1 F3 F5 FAILURY
BU CO TE
1 -1.338 36.792 .
2 -1.36% 34.014 2.
3 -1.392 31.2%7 2.
4 -1.611 11.1%? 2.
5 -1.611 6.4%54 .
TOTAL NO. PAILURES = © LOAD CASY™ 1t

L2 PSR AT L S0 T a2 T d Y i T AT TSI T ALYy

8, PILE FORCES ALONG STRUCTURE AXIS (KI®S S PEET)

PILE Fi F= Fs
1 -12,0p7 34.479 f.
2 -12.0%1 31.834 e,
3 -11.199 29.194 e.
4 -1.¢11 11.137 Q.
5 -1.F11 8.454 Q.

SUM ~39.37% 113.100 173.427

CORRERSPPIREPSPICSRREOREOEPS RPN RPISON SN ONEONESNSEIIOSENREENPENIONRNS

AMK e 4 o




below:

F

Fl (kips) from
Pile Computer Hrennikoff's
No. OQutput Example
1 1.338 1.3h
2 1.365 1.37
3 1.392 1.39
Y 1.611 1.61
5 1.611 1.61

76. The vertical pile forces also agree closely and are shown

(kips) from

Pile Compuger Hrennikoff's
No. Output Example

1 36.790 36.8

2 3L.01k 3Lk.0

3 31.237 31.2

L 11.137 11.1

5 6.454 6.5




Example Problem 6

Two-dimensional prob-
lem, 16 piles with
linearly varying soil moduli

TT. To further illustrate the use of program LMVDPILE for two-

| dimensional systems, a sixth example problem was run. The B-matrix
terms are input directly. The physical problem is shown in Figure 1k.
The properties and loading conditions are shown in Figure 15. The input
data are stored in a file that is listed in Table 12. The computer out-
put is presented in Table 13.

78. This two-dimensional example was run to verify that the com-

puter results agree with the St. Louis District's program output.

6.5, 8.0' 8.0' 80" 80" 8.0 8.0 80 80 80 80 80 80 80 80 8.0

ORIGIN

JT T

Figure 14. Physical problem for example problem 6

Properties
. b, = 5.6 E = 30,000.0 psi
b22 = L48.0 KS = 0.001 pci
b33 = 0.001
b31 =0
Lecading Ql Q3 QS
Case (kips) (kips) (kip-ft)
1 -0.11 2.678 -177.5
2 -0.11 3.110 -206.67
3 -0.11 0.028 -1.233

Figure 15. Properties and loading condi-
tions for example problem 6

i 73




Table 12

Input Data for Example Problem 6

Group
1A 12@22 :xaciPLL P1I31EA NC. &
1B 1e€1¢ JJiv 4 CV=RTOn L3C: AND JAr JFAAME ADCACiin:
2A 1720 2
2B 14¢3¢ i85 1 a3
3 14408 2 2.2081
LA 17822 1 1c sZ.tee 1
LB 1c@cd 5.F8 £43.c28 2.2€1 Z.
SA 1872 4
5¢ 12252 2ewze.2e2
6a 1238 1
6B lclée 1.62¢ 1.2202 1.2¢2 1.%22 1.22@ 1.27¢ 1.229
7 12112 1
g 121:C . 368 3.223 ¢.1 2.1
9A 1213¢ 2
9B 1214¢ 1 2 ~4 .02 .
1¢1:2 3 16 2.
10 12162 6.2,1%1.5,22,3,22.9,35,%,4¢.5,54,5,72.5,77.5,73.5,5,5,04.¢5,
161728 122.5,110.5,112,5,12¢,5
12 12132 -2.112 2.673 -177,220
12135¢ -2.112 3.11¢ -27¢.,627
12z¢e -2.112 2.tz -1.¢23
v(h

e R g G

0 g AR Ty Y

=

Ereay




RN WGP [

Table 13

Output Data for Example Problem 6

ELAePLle PRODLEY UL v
Judh a OVEATON LUCK AND TAM UFRAAL ADJACENT

NC. UF PILE FCHS = 1t B MATRIX IS CALCULATED £JX EACY R0s

SENNNRSEISPELCUENRISISEIESNBERESKAVRES LRI LA RANORRLENSREEBEBIRINN O FIGS0 S

1. TAolE OF PIL: AND SOIL DATA
Plle nUMBERS
1 188 = @.32E 2% PSl ES = 2.22)

£1 =1.208¢ K< =1.22¢¢ & =1,0228
K4 =1.2002 % =1.200¢ <€ =1.208¢

ALLOAAsIeSt ©J4PRESSIVe LOAD = 2,3€5L LIPS
TINSILE LOAD = ¢ .e52 KIFsS
BINDING = €.122 :1PS
MOMENT = @.1¢@ sIF-FT

B AATRIX INPUT OIRECTLY AND THEN MCDIFIED kY 7IXITIES

THe o MATRIX f0R PILE: 1 T4ROU3d 15 1t

2.5€28 21 €. 2.
e. 2.4457 23 €.
[ e, i.180E-22
Ty . SR AEITEEPEIE PR ERRRSSERESSRLESNNRSS

2. TacLe JF FILE COOADINATES AND BATTER

PILE RJe BAITER J1(ET)
1 ~4.¢¢
2 -3.20
S vidTllaL
4 VERTICAL
< VEATICAL
] VERT[CAL
? JERTICAL
= VeRTICAL
El VEATICAL
12 VEATICAL
11 YERTICAL
1¢ VEATICAL
i3 TERTIIAL
14 VESTIOAL :
1z JEATICAL 11-.520
1 VEATICAL 12€.52¢€

rYYvrrrerrrerpemprrrere e T YR T TP R IN IE S AN A 2 DR L AL Al ad DL bl At d it b Al

S. TTLRFNESS “AIRIA o Fod THE §TRICTJAs

d.14ce 28 ~¢.2245 €7 2.7°2F @5
-€,2290 23 @71 § =271 47
Z.2tZe €5 ~?.571: 27 @.SW7E 17

SA PLeXKIEILITY MATPIX i FUR THE TTRUSTJAe
i Sh=8: i.e13:-¢3 2.-43E-vf

2. 141-83 2.71ve-@r ?.-7KP-@F
2.442-2° Q.F7hp-2F  2.-11F-23

2J0rDINATES Jr ELASTI T CENT:R
[ 2.1 [ e.ee’

{Continued) (Cheet 1 of T)
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Table 13 (Continued)

*Wessess [ CADING CONDITION 1 sssdnsss

BRSSP A ERNIRBLE LS RERN RS RASUP IS CHBATES SRS IS AL SRS

4, MAIRIX OF APPLIED LJADS 3 (¥1Ps § FLET)

1 3 S
-2.118 2.678 ~17?.%28
LIRS TR Y LTI LYYy LT
S. STAYCTJRE DEFLECTIONS (INCRES)

25

n 03
~¢.244% 2@ ?2.3€15 22 ~-2.1¢2:-04

FEEBBSARUASAASIINA SR I SRR NSSCRENERAERIERNREBLBESRRG A LANERNGLEISION SO0 S

£. PIL: DEFLECTIONS ALONG

PILz X1
1 -2.1458
o -Z,1498
3 -2.244L
4 -Z.z44%
5 ~d0.234: ¢
€ -3.244¢%
7 ~2.244L
3 ~¢,l44b
¥ =l.is4L

14 -2.244F

11 -2.244E

12 ~2.244F

15 ~<.244L

1a —2.244¢

15 -2.z34¢c

16 -2.2441

(14

X3
3.419%
2.411F
2. 3€48
2,268
€.2€6c
2¢.3678
2.352E
2,360t
2.27¢c
€.371:
2.272e
P.273F
2.374¢
2.37%%
e.17€L
e.377¢L

PILE AXIS (INCHES)

£z
—2.1038-24
-2.123%i-24
-2.123E-¢4
~3.103:-24
-3.122:-24
-€.,1¢2E-24
-2.123E-24
-2.183:-24
-2.12%E-24
=3.123E-24
~@.183e~24
-2.182:-04
-€.122:-24
-@.123t-2¢
-¢.123Ek-24
-@.122:-24

B e T L T T T L L Ly Y Y Y Y L LYY YT T

(Continued) (Sheet 2 of 7)
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Table 13 (Continued)

-
7. PILE FORCES ALOwG PILE AXIS (KIPS & F1) %
PILE £l B3 Pz Felline .
B0 S oTe ;
1 -2.221  C.1s4 -2.200 H
c ~£.281 ?.134 -2.220 H ¥
3 -2.221 @.163 -0.22¢ F 4
+ ~2.e0) 2,183 -e.e2e F 1
5 ~2.001 2,134 -2.20@ ¥ i
6 -2.€21 2.164¢ -e.e¢e F
7 ~2.8¢1 ¢.165 -2.000 ¥ i
5 -2.281 2.1€> -2.28¢ F 5
s ~2.281  ¢.16€ -2.20@ i i
1€ ~2.28.  2.166 ~-i.c@¢ 5
11 ~2.281 ©9.166 -2.a2@ i
1z -z.e€1 2.1€7 -0.e¢q 5
13 -2.¢€1  2.137 -2.e29 ¥
14 -~2.221  2.165 -2.202 F
1o ~2.201 2.163 -2.8¢0 H
1€ -2.2€1  ©@.165 ~-2.20¢ F
TCTAL MJ. FALLUZES = 1€ 10AD CaSE 1
RIBRERS * EL 2
&. PILE FJAceS ALONG STAUCTURE AXIS (KIPS 5 FiET) ]
FILE  F1 B3 rs n]
1 -2.i45 2,178 -e¢.e0e Ul
P -2, .45 2.173 -¢.20¢ I
X -z.zal 7.1c3  -e.0@0 3
4+ -2.0 2.1c3  -2.¢e0 g
5 -2.ee1 2,158 -g.eee I
¢ -e.eq1 2,154 -2.200 i
7 -z.ea1 z.es -z.zee X
s -l.2e 2.165  -3.820 :
3 -u.2e 7,166  -z.e20 |
12 -2.281 2.16€  -2.080 :
11 -2.021 ?.1t€  -z.e@e
e -2.421 2,1¢7? -2.28¢ !
18 -e.e@ 2.1e7  -2.eee
14 -e.e01 2,165 -¢.c00 :
15 -e.eer z.1zé -¢.oce 3
15 ~¢.e2) 2.1:9 -2.829 B
syUM -2.118 2,673 -177.500 j
|
(31T (1113 FEREN . ABERIEE LR X AN SV SRNASEERD S J’
i
)
)
;
]
f
N
i
|
Continued) .
( (Sheet 3 of T)
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Table 13 (Continued)

saesarse [HADING CONDITION 2 sasssess }

EIT Y L r Py Y R Y Y N S P PR A I S AN R YT P R T S PR P PR g

4. MATRIA OF APPLIED LOADS & (XIP8 » F-ETy b

<1 w2 v
~Z.112 2.110 ~225.€€7

PRI EY N e T Y Y Yy P T L P S I L LT LYY T e e e T PP L e

S. SiRUCTJRe ORFLECTICNS (INTHES) ‘

1 2 Pl
~2,142% € T.451: ¢2 -2.21wvi-23

A
LT L R L T Y L e T e RN Y L L e PP T Y Y P PR Y P Y "
1
'
S PILE ZErlECTIONG WlONS PILE ASIS (INCdES, 1
'
{

PlLE 1§ x5

1 -2.3378-21 28 -2.215.-22

2 =2, 43¢E~x1 i€ -¢.215:-¢8
~2.13%E .l 122 -@.212¢-28
-2, 1428 20 (€ -2.215i-2¢
-2.142: ¢ i2 -0.219E-(5 11
-2.1438 o2 22 -8.215F-¢é5
-6.1331 <k L 28 -8.215:-28
-2.1408 <2

22 -R.215:-¢E R
-2.143F ¢¢ 2.433: (€ -Q.21%i-28 i
-2.14%¢ 2¢ 7.433c ¢ —@.219E-2¢ f
-2 147E 22 C.457: €@ -2.213E-2% i
-¢.1428 <2 ¢ .434c L€ -2.716%-2%
-2.143%f 22 2.434:f 20 El £
-¢.1438F (¢ ¢.434I 20
-2.143E < 2.4u%: 20 2%
-2.142: ¢x 7.434: @@ —R.Z15&-4%

CURLN NG IO O D

bt e s e

RIS IE S P T R e P TS E S S e R T P R P e T T T L Y e ST I Py T Y 1

e

c

(Continued) (Sheet 4 of T)
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Table 13 (Continued)

7o 21l Forfes

aldes JILE AKIS (&IPS 5 b7

FIL: 1 b B FAILJRE
EJ 23 T2

1 -7.cee ieL ~2.2¢e r

L -r.zee o =2.2ee b

3 =221 c2 -e.lex ¥

4 -2.eel 2 =2.200 F

S -l 4 -e¢.lee 1]

T -d @8l 4 -2.228 F

7 -2.281 + -l.eee F

3 =¢.éer 9y -p.eee F

9 -l.¢81 + -2.2¢ee ¥

le =¢.¢81 zd =2.2¢0 ¥

11 -2.e21 4 -2.22@ i

12 -¢.2el ¢ -2.20¢ F

13 -2.221 2 -2.2@¢ ¥

14 -2.ee1 4 -Z2.200 !

1 =¢.2¢1 oE -2.0ee ¥

£ -2.,e@1 £ =R.eze h

TCTAL vO. FAILURES = i€ LIAD CASE ¢

LEIREEERABRSSAAI S SRR ABESN S AR SR L EFEDEE S S FUB SRR SIS S OIS S AS RS S TR RRRE RGN

4. PILE ¢JRIES

ALONG STRUCTURE AXIS (KIPS & F:07T)

PILE i 1N 2
1 ~d.245 ¢.137 -e.iee
< -2.243 2.157 -e.eee
< -2.2¢y ?.153 -z.eee
4 =<2 e.1:3 -2.c28
2 ~2.¢eL 2.1:4 -2.200
] =-2.221 2.124 -g.2ee
7 -¢.2¢1 Z.104 -2.2%2
= -2.¢¢1 2.154 -2.220
S -g.22} 2.1%4 -2.20¢
~2.¢81 2.1-4 -2.2¢e
~2.,k21 2.1:-4 -2.2¢¢
12 2.1:4 -2.22¢
-2.¢21 2.1-4 -2.2¢2
-2.2¢1 *.194 -0.e:¢
2.195 -¢.0e2
2.13¢ ~z.eee
3.11@ -20%.667

BEASIICNNIISRE SRS ARTLINAINEFREERINII RIS NANLIIRRRPEARRISIPCOREEEEARRS SR

(Continued) (Sheet 5 of T)
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Table 13 (Continued)

*ReeEess 1GAD[NG ONDITION 3 Sessssss

SRRHSSBIS RSB VR BCBANRSB LSRS0S SUESSHI LN IR IS HRESBRALIREIB SRS SRS EN S0 0R

4. MATRIX CF AFPLIED LOADS ¢ (alPs § F:ET)

¢ [ PH
~2.11¢ 2.428 -1.233

BEASPEEE SRR AL NLERNEARRABSSGE VO CHNBVSLRISE LRSS LS

5. STHJCTURE DEFL&CTIONS (INCHES)

21 13
=2.395F ¢¢ ~0.2i1E-21 -2.3

6i-24

PR R L e R e e P Py S T T PR P2 22 PN A S AN Y P Y LR T I IRy 2

€., PILe DEFLECTIONS ALONG PILE AXIS (14CHES)

PILE 1 A3 X5
ez 2.135L 28 -2.328I-24

-
)
o~
uw
&
s

< =2.38ot <@ @ —£.355F~24
3 558 ¢ -@.85%8E~24
4 e €1 -23.55BE~¢4
s @ -2.515£-21 -€.6853e~¢4
6 P ol ~B,4325-2) -P.355:-24
? £ <@ -2,352i-21 -0.358e~24
3 £ @0 -2.c63E-€1 -0.6585-24
S g -€.135e-21 -@.35d¢é-¢4
12 9 -2.105E-21 -@.3Z8i-24
11 ee -@.287E~22 -0.358E-24
12 €e 2.5178-02 -@.3%58E-24
13 E 3¢ 0.144,-01 2.35BE~2¢

SGEE 2@ @.226E-01 —©.23584i-04
15 ~2.:S5F &¢ €.103.-01 -@.3%8E-¢4
16 ~2.595F 2¢ @.391E-21 -0.353E-2¢

ERIPEREAREERBAEASLRBE ARSI SRIRARE R ES tnee

{Continued) (Chees o
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Table 13 (Concluded)

?. PILE FORCES ALONJ PILE &KIS (£1PS S F1)

Fli: il F3 [ 34 Falliga
BV CC Ti

10 -2.e@s -2.205 -e.ece

TOTAL NO. FAILURES = @ LOAD CaASE 2

PPy s [IT2 LY BESEN RGP ARNSBBANSS

8. PILE FORCLS ALONG STAJITURE ALIS (alPS & FEET)

2ILE Fi Fa 5
1 ~2.e2¢ 3.257 -2.200
2 -2.0c¢ g.261 -2.p0@
3 -2.208% -¢.232 -2.0002
4 -2.227 -2.eee
5 ~2.823 -2.200
& -2.21¢ -2.80¢
7 -2.21€ -2.e00
3 -2.212 ~3.20¢@
g -.8€3 -2.002
10 -¢.2e5 -2.082
1 -7.e2) -2.22¢
12 2.2 -9.280
13 2.2¢6 -2.822
14 2,210 -2.e:
15 2.214 -Q.¢02
16 3.2l -g.cee

Sum -2.112 2.323 -1.233

(T I X TT Y] { { ] (Y 11T (11
ready
Ll
(Sheet T of 7)
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Results and calculations

T9. The computer results presented in Table 13 agree closely

with answers from St. Louis program output. For example, for pile 1 and

loading case 1, the pile forces along the structure axis from Table 13

are

as compared with

from the St. Louis program. The

closely.

~0.045 kip

0.178 kip

0.0

k5.4 1p

178.1 1b

results for all piles arree very

ok i e T

A

R R Y

ey~ e

R o — ST
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Example Problem T

Trree-dimensional
problem, 4 pinned piles
and constant soil modulus

80. This example problem illustrates the use of program LMVDPILE,

given four vertical piles (similar to example problem 1 for 2-D system).

Figures 16 and 17 show the physical problem. There are six loading
conditions: a unit load applied along each axis, a unit moment about
the Ul and U2 axes and a combination of all loads. Figure 18 shows the
loading conditions and properties. The input data are stored in a data
file prior to running the program and are shown in Table 14. The com-
puter output is presented in Table 15.

81. This example illustrates how a three-dimensional problem with

linearly varying soil modulus is coded. It also serves as a means to

verify the computer output by comparison with manual calculations.

1.0

1.0

| 1.0 . 10
Y2

Figure 16. Plan view of example problem T

83

-y




) ORIGIN Uy |

Figure 17. Section A-A for
example problem T

Properties
Ult. str. of concrete = 5000 psi Vertical (h = 0.0)
KS = 10.000 pci
Il = 833.333 in.Z Degree of fixity = 0.0
12 = 833.333 in.2 Piielfgsistance (K2)
Area = 100.0 in. Participation factor
for torsion (Kb)
Length = 100.0 ft Torsion modulus = 0.0
Loading | 4 9 93 ! 9 %
Case (kips) | (kips) | (kips) | (ki; o+ | ’kip-ft) | (kip-ft)
1 1.0 0.0 0.0 0.0 0.0 0.0
2 0.0 1.0 0.0 0.0 0.0 0.0
3 0.0 0.0 1.0 0.0 0.0 0.0
L 0.0 0.0 0.0 1.0 0.0 0.0
5 0.0 0.0 0.0 0.0 1.0 0.0 p
6 1.0 1.0 1.0 1.0 1.0 0.0 1

Figure 18. Properties and losding conditions 4
for example problem 7

8l
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Table 14
Input Data for Example Problem T

Y caaias

Group
1A 132€Z TXAMLY PROBLEM “G. 7 [EITLiE]
1B 1¢€1¢ VFRTICAL PIL®S wITY UNIT LO&DS ¢
2h 12029 2 TYPE OF ANALYS1S 3-D |
2B 1Q03¢ 4 i 3 ER_OF PILES, PILE GROUPS, LOADING CONDITIONS | ;
3 10040 ) 12.¢0e@ 80 -iis'j i
LA 1¢05¢ 1 4 100.00¢ 2 P
5C  10@6¢ 833,332  A23.333 100.202 10 .000 1¢.0:¢ _ [PILE CEOMETRY ] i
SA 12e7F 1 i
5B 1205¢ S¢@Q.c¢¢ 150.c0¢ [PILE WATERIAL | ‘
6A 12¢9¢ z B
6C_121¢¢ e, 1.000 2. ¢ [PILE FIXITIES |
7T 10110 123,00 102.2¢ 1€0.<¢ 100./0 120.<c¢ 120.C¢ 100.7¢ 1<0.c
BA 10127 1 & MOMENTS
8p 12120 1 4 2. 2, BATTER AND. ANGLE ORIENTATION|
—L‘M‘T% 44 2%1.022,2%-1.000
o8 lel5e 1.222 2%~ 1.82¢ [UZ COORDIRATES
9c 1Q16¢ 4%Q,2
iP18C 1.@WIE §EE E 2. 2z, e. C.
12192 e. 1.00¢ 2. e. 2. c. TOADS
11 1220832 e. 2. 1.600 2. 2. e. ﬁ’"&“ '
18212 e. 2. 2. 1.000 9. e. B
1222¢ e. 2. 2. 0. 1.20e ¢
18220 1.€c2 i.cee 1.ee2 1.e:8 1.7¢0 2.

ix

et e




Table 15
Output Data for Example Problem 7

RIAMLE PROBLEM NO. 7
VERTICAL PIL¥S WITH UNIT LOADS

r
NO. OF PILES = 4 B MATRIX IS CALCULATED FOR EACH PILE ‘
i.‘
1. TABLE OF PILE AND SOIL DATA z
PILZ NUMBERS :
1 4 E = @.43F 07 PSI  IX = 833,33 IN®&g IT = 833.33 IN®*4 i
AREA = 10€.8 IN®®2 T =  10.08 IN T =  10.08 IN v
LINGTH = 180.2 FEET S = 10.000 :

Kl = 0.4187 K2 = 1.0000 E3 = €.
£ = @. 5 = 2. K6 = 4. !

ALLOWABLES: COMBINED BENDING FOR TENSION = 100.000 KIPS
MOMENT ABOUT MINOR AXIS FOR TENSION = 100 .009 XIP-FT
MOMENT ABOUT MAJOR AXIS FOR TENSION = 100 .080¢ KIP-FT
COMBINED BENDING TOR COMPRESSION = 100 .800 LIPS
MOMENT ABOUT MINOR AXIS FOR COMPRESSION =  100.200 XIP-FT
MOMENT ABOUT MAJOR AXIS FOR COMPRESSION = 1¢0e.800 L1p-FT
COMPRFSSIVE LOAD = 108 .000 KIPS
TENSILE LOAD = 120.902 KIPS

THE B MATRIXI FOR PILES 1 TEROUGH 4 IS

T TR P A T A, 7 .+

0.108F 05 . e. 2. e. e.
2. ©.108F 85 2. 8. 2. e.
2. o. 8.357F 26 8. e. 0.
R e. a. e. 2. 0.
°. o. 2. 2. 0. °.
. °. °. e. 2. 2.
L2 T l
i
2. TABLE OF PILE COORDINATES AND BATTER i
t
PILE NO, BATTER  ANGLE UL(FT) U2(PT) U3(FT) £
1 YERTICAL ©@. 1.200 1.9080 O. ¥
2 VERTICAL o, 1.000 -1.200 . ¢
3 VERTICAL 0. -1.000 ~1.200 ©.
4 VERTICAL . -1.008 1.000 0.
SEERD SRR $BS
3. STIPFNESS MATRIX S FOR THE STRUCTURE
9.433 25 0. 0. 0. e. 0.
0. 2.4332 €5 0. . °. 0.
. o. 0.1437 27 0. e. e.
'R e. . 9.206F 99 @. e.
. 9. e. . 8.206F 29 0.
0. e. 0. e. e. 2.125F <8
34 PLEKIBILITY MATRIX F FOR THE STRUCTURE
0.2312-04 0. °. 0. °. 2.
e. 8.231z-94 €. e. e. e.
0. . 0.7005-06 0. 0. °.
e o. 9. 0.486E~08 7. e. :
e. . . e. €.4861-08 . !
0. 9. .. .. 9. 9.8218-27
(Continued)

(Gheet 1 nf T)
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Table 15 (Continued)

*ssss4s LOADING CONDITION 1 seoonene

4. MATRIX OF APPLIED LOADS Q (KIPS & FFET)

Q1 Q2 Q3 Q4
1.000 2. e. 2.

5. STRUCTURE DEFLECTIONS {(INCHES)

D1 D2 D3
@.231E-21 9. a.

6. PILE DEFLECTIONS ALONG PILE AXIS (INCKES)

PILE X1 X2 X3 14
1 @.231E-01

3 ©.231F-01
4 9.2312-01

.

[}
2 @.2318-01 g.
@
[

7. PILE FORCES ALONG PILE AXIS (KIPS & PERT)

PILE F2 3 Fe F5 F6 CBFTR  FAILURE
CB BJ CO TE
2.
e.
Q.
8.

TOTAL NO. FAILURES = LOAD CASE 1

LA 111 ]

8. PILR FORCES ALONG STRICTURE AXIS (EIPS & FFET)
PILE r P4 F>
1 .
2 .
3 B
4 .

.

(Continued) (©heet 2 of 7)
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Tablie 15 (Continued)

48885 LOADING CONDITION 2 woessess

4. MATRIX OF APPLIED LOADS Q (KIPS & FEET)

Q 2 Q3 e 3e 06
0. 1.000 2. 2. g. °.
'Y 3
5. STRUCTURE DRFLECTIONS (INCEES)
D1 p2 03 Da DS 6
2. 2.231E-01 O, 2. a. a.
6. PILE DEFLECTIONS ALONG PILE AXIS (INCEES)
PILE n1 Xz 13 1s 15 X6
1 e, 0.2317-01 @, 0. 2. ¢.
2 0. 0.2313-91 0. 2. Q. 2.
3 0. 8.2318-91 9. 0. o e,
s 0. .2315-01 ©. e ¢ e
7. PILE JORCES ALONG PILE AXIS (EIPS & PEET)
PILE n F2 73 r4 5 F& CBFTR FAILURE
C3 BJ CO TE
1 e, 9.25 @ 2. 0. 2. e.
2 9. ?.250 [ 8 8. 8. 2. 2.
3 el 0.258 o, : e, °. 9.
. e a.25% 9. 8. °. 2. °.
T0TAL NO. PAILURES = @ LOAD CASE 2
t 3
8. PILE FORCES ALONG STRUCTURE AXIS (KIPS & FPET)
PILE M r2 ) 7 " ¥6
1 e, e.252 0. 0. 0. °.
2 e, e.250 8. 2. ‘. s
3 el a.259 9. .. 'Y .
i el 9.2 o, e, ‘. e,
sum o, 1.088  @. e. v o000
(Continued)

(Sheet 3 of T)
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Table 15 (Continued)

sssvoaes LOADING CONDITION 3 #ewssses

4. MATRIX OF APPLIED LOADS Q (KIPS & FEET)

Q1 Q2 Q3 Q4 QW
8. e. 1.000 2. 2.

5. STRUCTURE DEFLECTIONS (INCHES)

n D2 D3 D4 DS D6
8. e. 9.700E-03 ©. 2. Q.

[ 221 1]

8. PILE DEPLECTIONS ALONG PILE AXIS (INCHES)

89

P1LE It 12 X3 X4 xe X6
0. .. 2.7805-23 ©. 0. ..
2 9. e e.7001-23 4. 0. 0.
3 e o 0.7081-03 0. e o,
N s, 2.708L-83 . 2. o
7. PILE FORCES ALONG PILE AXIS (EIPS & FEET)
PILY n r2 13 F4 F5 F6 CBFTR FAILURE
CR BY CO TF
r e, 8. 0.25% @. o. s, 0.60
2 9, o, 9.2% . 0. o 2.00
3 el o 025 o, e e o.00
P o 8.2% o, o e 980
TOTAL NO. FAILURES = @ LOAD CAST 3
8. PILE JORCES ALONG STRUCTURE AXIS (KIPS & FPEET)
PIE T 12 3 " ¥ 76
1 e, 0. 0.250  @. 0. 0.
z e, . 0250 o, e, 0.
3 e o 0250 o, o o
PO o 8,250 e, o o
son e. 9. 1008 -8.000 -2.000 0.
008
(Continued)

(Sheet L o~ T)




e

Table 15 (Continued)

*eeksss% LOADING CONDITION 4 *5skasns

P

w%

4. MATRIX OF APPLIED LOADS Q (KIPS & FEET)

A

Q1 Q2 Q3 Q4 Q<
Q. 2. 9. 1.000 2.

<>
LNl

A

5. STRUCTURE DEFLECTIONS (INCHES)
D1 b2 D3 D4 D5 D€
2. e. 8. 9.583E-04 9. 2. &
TR ReERRS i
|4
6. PILE DEFLECTIONS ALONG PILE AXIS (INCHES) i
PILE I x2 x3 x4 xs xe |
1 e. . 2.700T-03 0.5833-04 €. ®. :
2 a. 2. -0.700E-83 0.5683F-24¢ 0. 2. i
3 9. 0. -0.700E-03 0.583F-04 . e. ;
4 e . 8.700E-83 0.583E-04 ©. e. %
]
7. PILE FORCES ALONG PILE AXIS (KIPS & FPEET)
PILE F1 P2 F3 F4 ¥5 FE CBFTR  FATLURE
CE BJ CO TF
1 2. °. 8.25¢ ©. 0. e. 2.00
2 o, e. -8.250 @. 8. e. 0.20 ]
3 e. 2. -¢.250 9. 9. . ¢.90 £
+ o, R 9.25¢ o. 2. 2. 2.00
TOTAL NO. FAILURES = © LOAD CASE 4
NEHEER K xh
8. PILE PORCES ALONG STRUCTURE AXIS (KIPS & FEET) |
PILE N1 F2 F3 P4 FS 6 1
1 e. 0. 0.252 0. e. 0.
2 °. e. -8.252 0. 0. .
3 e. e. -0.250 0. °. 0.
4 0. 0. 0.250 o. . °.
suM 8. 9. -2.000 1.000  -0.000 e.
TESER TR R TBE NS
ti .
(Continued) (Chemt, 5 of 7)Y
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Table 15 (Continued)

BeRe484% LOADING CONDITION 5 *hkdpunss

ey

4. MATRIX OF APPLIED LOADS Q (EIPS & FEET)

Q1 Q2 Q3 Q4 < Q6
0. 2. Q. Q. 1.0020 Q.

5. STRUCTURE DEFLECTIONS (INCHES)

D p2 3 D4 5 06
0. °. 0. 0. 0.5835-04 ©.
ke
6. PILE DEFLECTIONS ALONG PILE AXIS (INCETS)
PILE X1 12 13 Xs x: xs
1 e. a. -0.700E-03 ©. 2.583E-24 @,
2 . 2. -¢.7005-¢3 ©. ¢.5838-24 .
3 ol 0. 0.7005-03 ©. ¢.5835-0s ©.
: e, 2. 2.7e05-23 o. 2.5635-24 ©.
7. PILE PORCES ALONG PILE AXIS (KIPS & FFET)
PILT R F2 ¥3 ¥4 FE FE  CBFTR  FATLURF
¢ CB BU CO TE
t e o. -0.250 0. s. 2. 2.00
2 e, 0. —0.250 0. 0 2. 0.00
3 o, 0. 0.250 @. °. ¢. ¢ .00
+ 0. 2. 025 @, °. 2. 2.00
TOTAL NO. PAILURES = @ LOAD CASE §
*hh
. PILE PORCES ALONG STRUCTURE AXIS (KIPS & FEET)
PILE  F1 72 3 ¥4 Fs FE
1 e 0. -g.250 0. e. a.
> . 9. -0.256  @. 0. 2.
3 el " e.250 8. o ¢.
s e, °. ¢.25¢ 9. ¢. °
soN o, e. -0.000 -0.000 1.000 0.
(2233 P TII 312241181222 ]]
{Continued)
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Table 15 (Concluded)

*5044000 LOADING COMDITION & SvOSetn

4. MATRIX OF APPLIED LOADS Q (KIPS & FEET)

Q1 Q2 Q3 “ Q< Q6
1.000 ¢ 1.008 1.000 1.200 1.009 Q.

5. STRUCTURE DEFLECTIONS (INCHES)

‘n D2 D

3 D4 D5 b6
2.2313-81 ©0.2313-91 0.700E-03 ©.583E-04 0.583F—94 0.

6. PILE DEFLECTIONS ALONG PILE AXIS (INCHES)

PILE I1 X2 X3 X4 X5 X6
1 0.231F-01 ©.231F-91 0.720E-03 0@.583E-04 0,583E-¢4 @O,
2 ©.,2311-01 0.231E-@1 -0.700F-23 ©,.583F-J4¢ @.583F-04 8.
3 0.231F-91 0.231F-91 0.700E-03 0.583i-04 ©0.503E-04 0.
4 0.2318-91 ©0.231F-01 ©.2103-02 ©.5838-04 ©.5831-04 Q.
7. PILE PORCES ALONG PILE AXIS (KIPS & FEET)
PILE N P2 F3 F4 F5 F6 CBFTA  FAILURE
CB BU CO TE
1 6.25%¢ e.25¢ 0.2% 0. e. 9. 0.00
2 09.2% e.2%9 -0.2% O. e. e. 0.00
3 0.2% 0.250 9.2% @. 8. e. .00
4 ©.,2% @9.25% 0.7% 0. 0. 8. 0.01
TOTAL NO. FAILURES = @ LOAD CASE 6
8. PILE FORCES ALONG STRUCTURE AXIS (KIPS & FERT)
PILY i r2 r3 e FS I8
1 9.2% 0.250 0.250 8. 9. e.
2 0.250 0.250 -9.250 e. 9. Q.
3 0,250 0.250 9.258 e. 0. 0.
4 0.2%¢0 2.258 0.75¢ e. e. e.
SUM 1.000 1.000 1.000 1.009 1.000 e.000

(Sheet 7 of T)
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Results and calculations

82. The pile forces can be calculated by satisfying equilibrium
= 0 . These were found to agree with the program output shown in
Table 15. For example, in loading case 3 with a 1-kip vertical load,
the force in each pile is 0.25 kip. The force on each pile is

= 1/4 (epplied vertical load) = 1/4 (1 kip) = 0.25 kip

The displacement in each pile is equal to

oL %-x 1 x 100 x 12

§ =—7= = 0.7 x 10
AE 100
4300 x 1Lk x IEF

-3
in

This result also agrees with the computer program results.
83. 1In loading case 4, a 1 kip-ft moment is applied about the

Ul—axis. The pile forces can be calculated by satisfying equilibrium

M, =0.

1

ZMU = F3,U, (1) - F3,0,(2) - F3,U,(2) + F3,U, (1) +Q,

]
(V)]
[}

vertical force in pilen, n=1 - L
Qh = gpplied moment = 1 kip-ft

Ul = horizontal distance along the Ul-axis
Ul(l) = 1.0 ft
U, (2) = 1.0 ft

LZMul = F3l - F32 - F33 + F3h +1.0=0
From symmetry F3l = F3h and F32 = F3
L|F3n| = 0.25 kip
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. ‘ This result agrees with the computer output.
84. Load case 6 can be obtained as a superposition of load cases
1 through 5. The deflections of the piles and the load on each pile
can also be obtained by superimposing the respective results for load

cases 1 through 5. The following computations verify the computer

R

£ results in item 6 (deflections) and item 8 (loads).
Deflections
Pile Load Xl X2 X3 Xh Xs
No. Case (in.) (in.) (in.) (rad) (rad)
1 1 0.0231 0. 0. 0. 0.
2 0. 0.0231 0. _3 0. 0.
3 0. 0. 0.7 x 10_3 0. y O
4 0. 0. 0.7 x 10_3 0.583 x 10" O. L
5 0. 0. ~-0.7 x 10 0. 0.583 x 10
6 0.0231 0.0231 0.7 x 10°3 0.583 x 10°¢ 0.583 x 10~%
2 1 0.0231 O. 0. 0. 0.
2 0. 0.0231 0. 3 O 0.
3 0. 0. 0.7 1o_3 0. y O-
4 0. 0. -0.7 x 10_3 0.583 x 10" 0. L
5 0. 0. -0.7 x 10 0. 0.583 x 10
6 0.0231 0.0231 -0.7 x 1073 0.583 x 107" 0.583 x 107"
3 1 0.0231 0. 0 0. 0.
2 0 0.0231 0. -3 0. 0.
3 0 0. 0.7 x 10_3 0. y O
Y 0 0. -0.7 x 10_3 0.583 x 10 0. "
5 0. 0. 0.7 x 10 0. 0.583 x 10
6 0.0231 0.0231 0.7 x 1073 0.583 x 16:5 0.583 x _10")I
Y
i 1 0.0231 0. 0. 0 0.
2 0. 0.0231 0. -3 0 0.
3 0. 0. 0.7 x 10_3 0. _, O
4 0. 0. 0.7 x 10_3 0.583 x 107" O. ) i
5 0 0. 0.7 x 10 0 0.583 x 10 ¢
- - - t
6 0.023! 0.0231 0.21 x 10 2 0.583 x 10 b 0.583 x 10 4

(Continued)
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Loads ;
F F, F3 P, F,)_ :
Pile No. Load Case (kips) (kips) (kips) (kip-ft) (kip-ft) :
1 1 0.25 0. 0. 0. 0. .
2 0. 0.25 0. 0. 0.
3 0. 0. 0.25 0. 0.
L4 0. 0. 0.25 0. 0.
5 0. 0. -0.25 O. 0.
6 0.25 0.25 0.25 O. 0.
2 1 0.25 0. 0. 0. 0.
2 0. 0.25 0. 0. 0.
3 0. 0. 0.25 0. 0.
L 0. 0. -0.25 O. 0.
5 0. 0. -0.25 0. 0.
6 0.25 0.25 -0.25 0. 0.
3 1 0.25 0. 0. 0 0.
2 0. 0.25 0. 0 0.
3 0 0 0.25 0 0.
b 0 0 -0.25 O 0. .
5 0 0 0.25 0 0. j
6 0.25 0.25 0.25 0 0. :
h 1 0.25 0. 0. 0. 0.
2 0. 0.25 0. 0. 0.
3 0 0. 0.25 0. 0.
I 0 0. 0.25 0. 0. b
5 0 0. 0.25 0. 0.
6 0.25 0.25 0.75 O. 0.

These results also agree with the computer program results.
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Example Problem 8

Three-dimensional prob-
lem, 1 fixed vertical pile

85. This example problem has only one vertical pile completely
fixed into the rigid cap. It is similar to example 2 except the analy-
sis now is three-dimensional. Figure 19 shows the physical problem. A
s and U3 axes. Figure 20
shows the loading conditions and properties. The input data are stored

1 kip-ft moment is applied about the Ul’

in a file prior to running the program and are presented in Table 16.
The computer output is presented in Table 17.
86. This example serves as a means to verify the computer output

by comparison with manual calculations.

Figure 19. Plan view for
example problem 8

Results and calculations

87. 1In this example, 1 kip-ft moments about the U U2, and U

1,
axes were applied at the center of the structure where the pile is

3

located. The pile is completely fixed into the rigid cap. Therefore,

the resulting moments about the U,, U., and U, axes are 1 kip-ft. These

1’ 2 3
results agree with the program output presented in Table 17.




Properties

Ult. str. of conecrete = 5000 psi Kl = 1.0756
KS = 10.000 pci K2 =1.0
I, = 833.333 in.t K, = 1.L988
12 = 833.333 in. Kh = 1,000
Area = 100.0 in.2 K5 = 0.9990
Length = 100.0 ft K6 = 0.9990
Vertical = (h = 0.0)

Loading Q1 % Q3 Q QS %

Case (kipsy | (kips) | (kips) | (kxip-ft) | (kip-ft) | (kip-ft)
1 0.0 0.0 0.0 _ 1.0 1.0 1.0

Figare 20. Properties and loading conditions for example problem 8




Table 16

Input Data for Example Problem 8

120e¢ EXAMFLE
12€13 ONL FIXE

RIELZIM
Ical PILE &IT: JNIT MOMENTS APPLIZD

E
VE

1ze2¢
12030

p
J
1

1849

19.000

12852
19062

(19]

1

120.2¢¢
333.333

2
10@.02¢ 12.¢00 12.208@

12270
12€3¢

[
o

152.20¢2

1229¢
iciee

12119

1

8 Gy e [ Gl

1.276

1.02¢ 1.4538 1.222 £2.289 2.982
192,20 13Z.¢¢ 10Z7.2¢ 1P¢.t¢ 1298.2¢

1Z12¢

16139

2. [

12142

' 1.¢¢0 1.2¢@ 1.282
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Table 17

AT P

Output Data for Example Problem 8

EXAMPLE PROBLEM NO. 3
ONE FIXED VERTICAL PILE «ITH UNIT MOMENTS APPLIED

R Ty

NO. OF FILES = 1 B MATRIX IS CALCULATED FOR EACH PILZ

pryrey P

1. TABLE OF PILE AND SOIL DATA
PILE NUMBERS

1 1 I = 2.42:i 27 PSI IX = 333.33 In*%¢ 1Y = 333,33 InN®**4
AREA = 100.2 IN®*2 = 1.0 IN 1= 12.2¢ IN
LENGTd = 122.8 FIET ES = 12.%¢2
K1 = 1.8756 k2 = 1.0€88 K3 = 1.4958
K = 1.20€2 S = 2.36€9¢ 85 =  2.596¢

ALLJ#ABLES: COMBINED BENDING FOR TENSION = 122.020 XI?S
MOMENT ABOUT MINOR AXIS FOR TEwSION = 10€.228 KIP-FT
MOMENT ABOUT MAJOR AXIS FOR TEASION = 122.00¢ CIP-FT
COMBINED BENDING FOR COMPRESSION = 17e.e0¢ =12S
MOMENT ABOUT MINOR AX1S FOR COMPRESSION = 180.229 (IP~FT
“IMENT ABOUT MAJOR AXIS POR JOMPRESSION = 120,282 KI1P-FT
COMPRESSIVe LOAD = 1€0.20¢ K1PS
TENSILE LOAD = 12€.002 KIPS

THE B MATRIX FOR PIL:S 1 THROUGH 115 3

2.254E 25 €. e. z. 2.135F 27 @. i
2. 0.234% 25 0. -2.135E 7 @. e.
3 2. 2. 2.3:7% 2€ @, Q. 2z, ¢
- 2. ~2.135E 27 €. 2.1048 29 2. 2.
b 2.1258 27 2. 2. 2. 2.124F 25 @.
2. z. e. 2. e. 2.120% 24
LIl 213 SOEBB ISR RN S
2. TABLE OF PILE COORDINATES AND BATTER
PILE NO. BATTER  ANSLE JL(FT) Uz(FT)} J3(FT)
1 VERTICAL 2. 2. €. .
3. STIFFaESS MATRIL S FOR THE STRUSTURE
2.234L 25 2. 2. 2. 2.135F 27 e.
z. 2.2345 @5 @. -2.135F 27 €. ’.
z. .. L27E 26 €. 2. 7.
2. -2.135E 27 e. ¢.124e 29 2. e.
2.1358 27 ¢. 2. 2. ?.12¢4E 25 €.
e. e. 2. e. e. 7.102F 34
- 34 FLEXIBILITY MATRIX F FOR TH& STRUSTURF
2.9258-24 2. e. 2. -2.120:-25 .
. 7.5235-23 €. 2.1205-05 2. .
e. Z. 7.2:0E-25 2. ‘. e.
2. 7.12e5-05 2. 2.252E-27 2. 2.
-2.1205-¢3 €. ¢. e. 2.2520-¢7 2.
e. e. z. 2. ‘. . .120%-22
[l
!
.
(Continued)
P
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Table 17 (Concluded)

s2uesess LOADING COADITION | sesssass

4. MATRIA OF 4PPLIED LJADS ¢ (£IPS & FEET)

Y c2 3
2.

ot <& <
2. 2. 1.0¢2 1.020 1.228¢

R e Y L e P A Y Y 2

5. STRUCTJRE DEFLECTIONS (INCHES)

23

21 02 Ds ot Do
-C.144E-21 2.1442-21 @O. 2.302E-23 @.3221-e3 @.122:¢ 22

€. PILF DEFLeCTIORS ALONS PFILE AXIS (INCGES,

PILE X

1 X2 13
1 -2.144E-21 €.144i-21 9.

X4 x5 Xs
2.302%5-93 @.3e2:-23 €.12¢f 32

?. PILE FORCES ALONG PILE AKXIS (KIPS S FZET)

PILE F1 ¥2 F2 F4 F5 F6  CBFIR FAILJRE
C3 8BS 20 T
1 3.280 -g.200 @, 1.000 1.002 1.02e e¢.22
TOTAL NO. FAILURAS = 2 LOAD CASE 1

6. PILZ FORCES ALONS STRUCTURE AXIS (Z1PS S FEET)

PILi F1 F2 F3 Fe F5 3
1 0.eoe -2.000 9. 1.220 1.ee¢e 1.3¢¢
SuM d.e22 -2.282 2. 1.288 1.2e¢ j.eze
100
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Example Problem 9

Three-dimensional
problem, 27 piles
with constant soil modulus

88. To demonstrate further the use of program LMVDPILE an example
problem with a constant soil modulus is given. Figure 21 shows the
physical problem for this example. The properties and loading condi-

tions are presented in Figure 22. The input data are input interactively

and are shown in Table 18. These data are saved in a file and are listed
in Table 19. The computer output is presented in Table 20.

89. This example illustrates the option of inputting data inter-
actively for a three-dimensional problem with 27 piles (vertical and
battered) and a constant soil modulus. It also shows how the batter

can be input in groups.

ORIGIN

&)
Ir.str.s st

4,5

¥ ¥ h

20
4.0’ 2.0'|20'120'|20'|20'|20'|20|20|20|2.0']|2.0' |15

o]
©
151430' |

12 11 /r10 9

3 Lz 0|20
L

35.0'

NOTE: PILINGS NUMBERED 1~12 ROTATE
AT 270° IN DIRECTION SHOWN,

PILINGS NUMBERED 13-24 ROTATE
AT 90° IN DIRECTION SHOWN.

Figure 21. Physical problem for example
problem 9
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Properties
Ult. str. of concrete = 5000 psi Kl = 0.h107
ES = 200.0 psi K2 = 1.0
I. = 1728.0 in.h DF = 0.0 K_-K, = 0.0
1 L 376
I2 = 1728.0 in. PR = 1.0
Area = 1k4k.0 in.2 PFT = 0.0
Length = 70.0 ft G = 0.0
Loading Q1 % Q3 Q QS Q6
Case {kips) | (kips) (kips) | (kip-ft) | (kip-ft) | (kip-ft)
1 0.0 276.961 | 34k.9 5287.422 0.0 0.0
Figure 22. Properties and loading conditions for

Results and calculations

IF

example problem 9

The program output is shown in Table 20.

Ql

From statics,

applied horizontal load in the U, direction (kips)

horizontal pile forces along the structure axis (kips)

IF. = 8(-0.015) + 4(0.006) + 4{(0.008) + 8(0.018) + 3(-0.0011) = 0O

90.
IF=0.
where

Fl =

1
Similarly




Table 18
Interactively Input Data for Example Problem 9

INPUT DATA FILz NAMYT IN & CHASACTEZS OR LW¥ES., &I A
CARRIAGF RETURN IF INFUT DATA #ILL COM® 330w T.s~INIL,
?

INPUT A FILF NAME FCE DATA. FIT - CARRIAGT =TT7M:n
IF YOU DC NOT siNT TO SAVE DATA FILF.
? DEB2

INPUT T#C LINES OF PRCJECT IDENTIFICATICN NOT
10 EXCTEL €€ CHARACTERS FACH

INFUT FIRST LINFT
? FXAMPLT PRCELFM NO. 9
INPUT SECOND LIMNT
? NCL EXa%PLF PRCBLIY - CONT 2.7 ICI™ - LIt

DO YOU WANT TO RUN A 2~D OR 3-D ANALVTIS?
ENTIR 2 OR 3 7 3

INPUT NUMBER OF FILFS, PILT SROUPS, ANL 1C2DI5 IONIITICHS
? 27,1,1

INPUT SCIL PROFTIY DATA - MV ANL 7¢:
MV=1=CONSTANT SCIL OR VV=2=1INTAFLY VARYIN, SCIL
FS=SUBGRADE MODULUS (PSI IF My=1 OR PCI IF vi=2}
?1,2¢0¢.€

DATA FOR FILF GROUP 40, - 1

INPUT PILE SHAPZ CATA:

NPA=IDNTIFICATION NUMBER OF FIRST PILY IN GROUP

NEB=IDENTIFICATION NUMBER OF LAST PILF IN GROUF

SLEN=LFNGTH OF PILF (FFET)

NES=COLE FOF TYPY OF INFUT TO COMEUTT SLASTIC FILE CONST: TS
1=INPUT PILF B MATRIX TFRMS DIRECTLY
2=ANY SHAPE PILE
3=30UND PILE

71,27,7¢.0,2

INPUT AIX & AIY-MCMINTS OF INFPTIS  [ye#:)

ARFA - ZPOSS SFCTIONAL APtg (IN=%2)

X & Y - PILI DIMFNSIOUS ALON; { & Y &xFF  [.,l¥%s:
1726.2,1729,¢,144.¢,12.2,12.¢

-~

INPUT PILY MATERIAL DATA-MP (1=CONCP®I¥, 2-TIveik, 2=ST7FI. 4:S:%CJAL)
71

INFUT US=ULTIMATS STRVNGTH OF CCNCRTTIF (P31l
w=WFIGHT OF CONCRETT (PCF)
7 5ee€.2,154.¢

INFUT FIXITY DATA = NF (1=INPUT ALL FIYITY COTFFICIINTS
OR 2=INPUT DFGRFTE CF FIXITY
?2

INPUT DF - DEGREE OF FIXITY (2.8,¢.%,1.¢)

PF - PIL® R¥SISTANCT (123%A-ING 03 €.°=FFISTION,
PFT - FAKRITCIPATION FACTOF FCR TORSION

G - TORSION MCDULUS (PSI)

€.2,1.2,0.2,0.2

-

(Continued)
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Table 18 (Concluded)

TG

INPUT ALLOWABLF LCADS AND MCMFNTS:

ACBT=ALLOWAPBLT IXIAL LCAD USEDS IN COMBINED FE.IING
FOR PILE IN TENSION (XIPS)

AMINT*ALLOSABLF MOMFNT ABQUT MINCR PRINCIPIE AXIS
FOR PILF IN TENSION (XIP-FT)

AMAJT=ALLCWASLE MOMFNT ABCUT “MAJOR P-INCIFLI AXIS
FOR PILF IN TENSIOV {(XIP-FT)

ACBC=ALLOWABLE AXIAL LCAD USED IN COMBINED BEVDINS
FOR PILT IN COMPRESSION (KIPS)

AMINC*ALLOWABLY MCMFNT ABOUT MINOR PxINCIPLE 8XIT
FOR PILF IN COMPRESSION (XIP-FT)

AMAJC=ALLOWABLF MOMENT ABOUT MAJCR PNINCIPL® AXIS
FCR PILF IN COMPRFSSION (Z13-T)

ACL=ALLOWABLY CCMPRYSSIVE LOAD (XIPS)

ATL=ALLO¢ABLE TENSILE LCAD (XIPS)

7 162¢.¢,1¢00.¢,1.Q0.€,12.¢ 0,17 Lo, ,1 0v0.7,0 Peae,loaiat
INFUT 1k: @=INPUT BATTER FOR EACH PIL: C%
THE NUMBS® CF SUPRGROUPS WITH THF S4VME ZAITES
73
INPUT NFP-MO. OF FIZST PILE NLP-NC. OF LAST PILT®
BATT-BATTTR=BATT Y RTICAL ON 1 HQRIZOwNIAL
ANGL=CLOCKWISF ANGLE BYTJFE: PCSITIVE Y-aXIS OF 1. °
STRUCTURE AND X-AXIS (DIRECTION JF BAITFR) CF PILF
FOR FILE SUBGROUP -~ 1?7 1,12,3,27¢
7OR FILE SUBGROUP - 27 13,24,3,9¢
FOR PILE SUBGAOUP - 3?7 28,27,2,¢

IElS PROGHAM GENERATFS THP FOLLO#ING TABLIS:

CONTINTS
FILT a3 SOIL DiTA
PILZ COORDINATES ANy B3TIER
STIFFNTSS AND FLEXIEILITY MAT?I’:S FIF

TABLE NC.

G

TET

STRUCTURE AND COORDINATFS OF SLASTIZ CFuTT

APPLIED LOADS

STRICTJRY DFFLECTIONS

PILE DEFLECTICNS ALONG CSILF AXIS
PILE FORCFS ALONG PILF AXIS

PILE FORCTS ALONS STRUCTURYT AXIS

MARAD >

INPUT TET NUMBERS 07 TEE TABLES FCR #HICH YCU JANT THE CUIPUI.
SEPARATE THF NUMBEK> #ITH COMMAS. ? 1,2,3,4,%5,6,7,8

INPUT A FILENAME FOR TABLF 5 IN 8 CHARACTERS OR L:SE

IF YOU wANT TO USZ TUIS INFCRMATION FCR 8 NT¢ RU.

HIT A CARRIAGE RVTUEN IF YOU DO NOT aawI THIS FILF,
?

FOR GUTPUT IN = CHATACTERS OR L7ES.
PEINTFD ON T -

INPUT A FILE NAMI

HIT A CARRIAG® AETUPN 1F OUTPUT IS T. =1 4INALL
?

INPUT U1°S - DISTANCES FOR ORIGIN TO PILF

ALONG Ul 4AXIS
? 14,16,€,2,-2,-€,-12,-14,12,4,-4,-12,12,4,-4,-12,14,1¢ .7 7,
7 ~2,-€,-18,-14,16,12,8

INPUT U2°S - DISTANCES FROM OHIGIN TO PILT
ALONG U2 axics
7 E®1.5,4%4,5,4%9.0,6%12,€,3%2 ¢

INPUT U3’S - DISTANCYS FROM ORIGIM
ALONG U3 AXIS
7 27%2.2

TO #ILE

INPUT APPLIED LOADS AND MOMENTS:
Gl & Q7 ~ HOPIZONTAL LCADS ALONC Ui &£ U2 AXES (¥1PS)
Q3 = VFATICAL LCAD ALONG U3 AXIS (KIPS)
Q4,05,Q€6 - MOMINTS ABOUT U1,U2,U2 AXFS (KIP-FT)

TOR LOALING CONDITION - 12 €.2 27<.221,27°4.,4 $207 0270 §

RN Y 4

£

(DES) {

Ly o orar

A

Py

)
3
]
]
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Table 19

Input Data for Example Problem 9

Grou;
1Ap 1220¢ EXAMPLT PAOBLEIM NO, 2
1B 10€1¢ NOD EXAMPL¥® PROBLEM - CONSTANT SOIL MODULUS
2A 10020 3
2B 10€33 27 1 1
3 12040 1 200 .00¢
Ly 12dTC 1 2°¢ Te.eC0 <
4C 10@€2 1728.0¢@ 172%.4@2 144.70 12 .:0€ 12.2¢0€
SA 12¥7¢ 1
SB 10282 5¢2¢.¢€0 15¢.¢20
6A 1709¢ 2
6C 12129 2. 1.202¢ €. e.
T 12112 !
BA 1012¢ [4
121%¢ .20 2TeC.0¢ 14.20 1.27 [
10 120140 3.4¢ 272 .ke 12.29 1.5@ <.
1¢18¢ J.ee 27¢.2¢ €.72¢ 1.5¢ z.
1¢16¢ 3.0¢ 272.¢@ 2.70 1.5¢ e.
1217¢ 3.22 270.00 -2.20 RYs e.
1218¢ 2.¢0 272.00 -6.20 1.5¢ 2.
1219¢ 3.2¢ 27¢.ee -1¢.2¢ 1.50 2.
12200 .00 270.8€ -14.20 £e e.
18219 3.60 27¢.ce 12.0@ 4,52 e.
10222 3.0¢ 27¢.¢¢ 4.20 4.%5¢ e.
1423¢ 3.2¢ 27¢.¢¢ ~1,00 4.5¢ 2,
1824¢ 3.8 272.2¢ -12.¢2 4.5¢ e.
12252 3.00 9¢ .l 12.00 G.c e.
12260 3.20 oeg.ee 2.0 P C,
ie27e 3.d¢ ae .eo ~4 ,0¢ .- 2.
1026¢ 3.2¢ 92.6¢ -12.00 &2 2.
1¢29¢ 3.20 S .C¢ 14.00 12.0. 7.
123¢ee 2.22 92.(¢ 1¢.29 12 .00 2.
1231¢ 2.00 ©2.00 £.e¢ 12.2¢ e.
1e32¢ 2.ee 9€ . 2.20 12.¢¢ Z.
1233¢ 3.22 9¢.(0 ~2.¢0 12.72 2.
12344 3.e¢ g2.2¢ ~€.20 12.¢0 e.
1235¢ 2.0@ S¢.ke -12.e¢ 12.72 Z.
123€¢ 3.22 3¢.20 -14.2¢ 12.¢¢ 2.
1237¢ c. <. 1€.0¢ 3.8 e.
12282 g, e. 12.2¢ 3.2 2.
1239¢ <. 2. 2,40 3.20 2.
11 1¢4¢¢ ¢. 275,361 244,982 £287.4%2 ¢. d.
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Table 20
Output Data for Example Problem 9

BXAMPLE PROBLEM NO. S
NOD EXAMPLE PROBLEM - CONSTANT SOIL MCDULUS

NO. OF PILES = 27 B MATRIX IS CALCULATED FOR EACH Pllt

1. TABLE OF FILE AND SOIL DATA
PI1LE NUMBEERS

1 27 F = 2.43F <7 PSI IX = 1728.00 IN®%4q 1T = 1728.20 IN™*4
AREA = 144.9 [N¥*2 X = 12.00 IN 1= 12.e2 14
LENGTH = 7@.e FEFT ES = 200.08¢
K1 = 0.4127 X2 = 1.0¢02 X3 = 0.

K¢ = 8. kS = D, k6 = g,

ALLOWABLES: COMBINED BENDING FOR TFNSION = 1¢@2.028 KIPS
MOMENT ABOUT MINOR AXIS FOR TENSION = 1200€.:00 Y]2-FT
MOMENT ABOUT MAJOR AXIS FOR TENSION = 12€8.¢60 KIp-FT
COMBINED BENDING FOR COMPRESSION = 120€.002 KIFS
MOMENT ABOUT MINOR AXIS FOR COMFFESSION = 1€@2.228 KI1?-iT
MOMENT ABOUT MAJOR AXIS FOR COMPRYSSION = 1003.220 EIP-7T
COMPRESSIVE LOAD = 1002.200 XIPS
TENSILE LOAD = 1200.200 KIPS

TEE B MATRIX FOR PILES 1 TPROUGH 27 13

2.119E 5 ¢. 2. P ¢. e.
e. 2.110% 25 ©. e. é. Q.
e. ‘. d.735F ¢€ ¢. Q. e.
2. e. e. Q. [ e.
a. [ e. &, €. e.
2. 9. 2. 2. 2. z.
2. TABLF OF PILE COORDINATFTS AND BATTF:R
PILF NO. BATTER ANGL® UI(FT) U2(FT) UX(FT)
1 .20 270. 14.2922 JEeR 2.
2 3.40 27¢. 10.%e¢e 1.509 €.
3 3.2 27e. 6.200 1.5¢@ e.
4 3.20 279. 2.0¢0 1.5¢02 2.
£ 3.e¢ 27¢. -2.202 1.52¢ e.
6 3.e0 274. -6.008 1.%02 Q.
4 3.0¢ 27¢. -1e.e0@ 1.82¢ e.
8 3.ee 272. ~1a4,.000 1.5¢¢ 2.
9 3.ee 27¢. 12.e08 4.520 e.
10 3.00 274. 4.000 4.528 2,
11 3.ee 27¢. -~4.,20@ 4,520 2,
12 3.2 2ve. =12.200 4,508 2.
13 3.¢82 o¢. 12.200 9.e02 2.
14 3.00 o8. 4,202 o.000 .
15 3.00 96. -4.20€ 9.e0Q [N
16 3.20 9¢. =12,020 9.cee e,
1?7 3.0 92. 14.08¢ 12.2¢e e,
18 3.e0 9d. 1e.eee 12,202 e.
19 3.ee ad. 6.200 12..02 e,
2e 3.ee 9é. 2.e00 12.c020 €,
21 3.0 ¢, =~2.¢0C 12.0.2 2.
22 3.0 9@. -5.,c@¢ 12.00¢ 2.
23 3.¢0 v, =12.0¢ 12,00/ 2.
24 3.¢0 g, -14.222 12.Q00 2.
k34 VERIICAL [} 1£.e82 3.eee 2. p
2€ VERTICAL 0. 12,¢00 3.200 2.
27 VERTICAL e. B.c0Q 3.000 2, ;
BSOS PURPSOESEN SRR G 2P $EBRY L1211 * SRR -
{Continued)
(Sheet 1 of 3)
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L Table 20 (Continued)

3. STIFFNESS MATRIX S FOR THE STRUCTURE

0.298€ 06 -€.949E-¢2 @.337E-01 €.127FE @1 @.931E-09 -0,.22€F ¢5
~0.949E-02 2.204% 07 -D.234E-21 £.266F 09 ©.150E €1 2.477F &7
@.337F-21 =£.234F-C1 €.181F 28 ¢,137f 10 -@.317% ¢9 2.5¢.% 2@
0.127E 91 @.2€6F 05 @.137F 18 2.153F 12 -@.114F 11 @.Z5€F 3
©@.4€6E-20 €.520F ¢@ -2.317F @9 -@.114F 11 ¢.238F 12 @.54.% 23
-9.226F 28 ©.477E @7 0. C.25€F €3 2.64€F 23 e¢.2717 11

3a  FLEXIBILITY MATRIX 7 FOR THE STRUCTURE

@.328BE-05 -@.239F-7 -0 ,986F-28 2.1292-8S -7.695%-11 €.3787-2°
-@.239E-¢7 @.167E-85 Q.691%5-P€ -€.904F7-¢8 ¢.487F-09 ~€.314:-¢3
~0.9E€E-28 ©.691F-06 ¢.461E-0€ -C.529E-02 @.3€1F7-99 -2.132%-79

2.129E-29 -0.604¥-88 -¢,.529F-08 €.692:-1¢ -2.373E-11 €.17@%-11
-0.695E~11 ©@.487E-¢S 0.361F-80 -2.373F-11 ©0.4%2F~11 -2,515:-13

2.300X-08 -2.314E-09 ~0.1302-29 0.170P-11 -0.915F-13 ©.354E-19

wwswensn LOADING CONDITION 1 sesveswn ¢

4. MATRIX OF APPLIED LOADS Q (KIPS & FVFT)

Q1 Q2 Q3 04
2. 276.961 344.98¢ 5287 .422

~ o

P

5. STRUCTURE DEFLECTIONS (INCHES)

Tt D2 D3 D4 DS 13
~0.183E~02 ©.128F 02 @.148F-¢1 2.814E-04 @.2270-04 -€,24(%-24

6. PILE DEFLFCTIONS ALONG PILE AXIS (INCHES)

PILE X1 X2 X2 14 X< i€
1 -¢,122F 0% -0.139E-9§2 -0.278E-2) -@.139F-94 2.514%-04 -2.702%-C4
2 -9,123F @0 -0.,139F-82 -@,271E-Q1 -2.139E-04 (.€143-24 -0,.300V-¢4

3 -0.124F 00 -0.139:1-02 -0.264E-21 -P.136F~24 ¢.6147-04 -2.322--04
4 -2,126F @¢ -9,139E-22 -0.258E-Q1 -2,139E-04 @.614E-04 -€,27¢F-24
€ -0.127F 09 -2.1398-02 -9,251E-01 ~0.139F-24 @.614FE-84 -2.320v-04
6 -0.120F 8¢ -0.139E-02 -0,244E-01 -0,139%-24 @,5145-04 -0.302:-04
? «0.120F 00 -@,139F-02 -0.238%-0] -0,1396-04 @,.€14%-2¢ -2.30@% -4
8 -0,132F 00 -0.139¥-02 -@.,231E-01 -0.1397~24 2.614F-04
9 =0.123F 02 -0.529E-03 -€.253F-2) -2.139F-¢4 @.614F-04
10 -6.126F @9 -8.529Y-03 -2 ,24¢E-01 -0.139E-24 €.€147-24
11 -2.129F 0@ -0.529E-03 -0.227T-01 -€.139F-24 2.614E-04
12 -@.132E 00 -0 .5207-83 -2.213F-0] -0.139F-¢4 @ .€14F-24
13 ©.1132 @@ -9.770E~@3 ©.567E-21 @.291F-04 -2.514F-04
14 @.114F 00 ~@,770F-23 0.59%F-01 P2.2015-84 -2.614F-24
15 ©.116F 20 ~¢,77¢F-@3 ©@.623%v-2]1 2.2917-04 -¢.€147-24¢
16 ©8.117F €0 -9,770E-23 @.651F-d1 2.2917-€4 -2.6143-04 S
17 ©.3111F @0 -0,1647-02 ©0.5818~€1 0.291F-94 -2.614F-24 ~2.13€7-04
18 2.112F 99 ~0.164%-22 0,595F~¢1 0.2317-04 -0.F14E-24 -2.17F=/4
19 9.113F 08 -0.164E-¢2 @.689E-¢1 @€.291F-04 -2.€14¥-04 -@.1°€L-C4

20 ©.114% 0@ -0,164F-02 @.623E~81 0.291:-04 -€.F14F-04 -0,1%1€7-24
21 0.114F 00 -0.154F-¢2 ©.637E-01 ©0.2317-04 -0.614F-P4 -2,15€7-04
22 2.115F 20 -0.164F-82 ©.651F-21 @.291F-04 ~0.614F-Q4 -¢.15€F-04 v
23 ©.116F 20 -2.164F-02 @.66%E-21 0.291F-04 -0.614%-04 -C.15€7-04 i
24 2.117F €0 -2.164E-02 @.€78%T-21 0.2917-04 -0.614:-04 -7.156% -4 t

25 -6.9621-03 ©0.124F 82 2.127F-¢1 @.614F~04 @,227F7-04 -¢.2407-04¢
26 -0.9€21I-03 2,125¢ 00 0.138E-21 @.614F-04 .2277-04 -0.2:i¢F-04
27 -€.9625-03 ©.126 00 ©.1487-21 2 .614E-04 @.227F-P4 -0.242F-24

{Continued)
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Table 20 (Concluded)

2l 2 SREREEP
7. PILE FORCFS ALONG PILE AXIS (KIPS & PFET)
PILE P 72 P3 F4 F5 FE  CBFTR  FAILURS
€3 BJ cC 1%
1 -1.341 -¢.015 -22.396 @. 2. e. 0.2
2 -1.357 -2.g1% -19.905 . 2. e. 3.22
3 -1.373 -0.01% -19.415 o, e, 8. ?.iz
4 -1.289 -2.21¢ -18.925 . e. e. 8.02
5 -1.404 -¢.215 -13.43% 9. 2. e. 8.02
€ -1.42¢ -2.21F -17.944 €. °. e. 2.2z
7 -1.436 -2.81%5 -17.45¢ 0. e. 2. e.e2
8 -1.452 -¢.01% -16.964 @. e. 0. 0.e2
S -1.357 -0,006 -18.685 0. 2. e. 2.02
1 -1.388 -0.006 -17.628 o, 2. 2. 2.2z
11 -1.42¢ -0.20€ -16.648 0. e, 2. 0.02
12 -1.452 -2.006 -15.667 . e. 8. 9.p2
13 1.241 -2.008 41.544 0. 2, e. 2.24
14 1.258 -0.008 43.697 0. 2. 0. .24
15 1,274 -¢.208 45.751 0. e. °. e.ec
16 1.291 -¢.4#5 47.30% . <. e. e.0:
17 1.229 -2.018 42.572 @. 2. 0. 2.24
18 1.236 -0.21° 43.699 2. 8. e. 2.04
19 1.246 -2.018 44.726 @, e. 2. 2.4
20 1.25¢ -2.018 45.753 9. e. 2. e.p¢
21 1.263 -g.018 46.780 . 9. 2. 2.e5
22 1,271 -8.215 47.8¢5 ¢. e. e. z.ec
23 1.279 -2.018 48.833 @, e. 9. 0.e:
24  1.287 -0.218 49.86¢ @. e. e. 2.5
25 -0.211 1.363 9.329 9. e. 0. 2.1
26 -2.211 1,37 10.149 @. 0. .. z.e1
27 -0.e11 388 10.909 . 0. °. e.e1
TOTAL NO. FAILUAFS = @ LOAD CASZ 1
“BEPO SRS
8. PILE FCRCYS ALONG STRUCTURE AXIS (KIPS & PVET,
PILE  F1 F2 F3 F4 Fe e
1 -e.e18 7.722  ~18.925 0. 2. 2.
2 -e.e15 7.862  -18.455 9. . 2.
3 -e.e15 7.442  -17.935 e. 0. 2.
4 2.0 7.3¢2  -17.515 e. 8. 2.
5 -0.815 7.162  -17.244 e. e. e.
§  -0.01% ?.422  -1€.574 ¢. . e.
7 -e.e1E 6.982 ~-16.1¢4 2. e. 0.
8 -¢.e1% 6.742 ~15.624 e. ‘. e.
9 -¢.ees 7.172  -17.225 e. o, e.
10 -2.206 6.892 -16.285 e. e. 2.
11 -2.906 €.612 -15.344 2. 2. 2.
12 -2.006 €.332  -14.404 2. e. e.
13 2,800  14.347  39.114 €. e. 2.
1¢ 2.006  15.012  41.8%7 e. 2. ?.
15 2,088  15.677  43.280 'R 0. 2.
16 2,008  1€.342  44.943 e. o, e.
17 2.018  14.661  40.094 2. 2. 2.
18 2,018 14.993  41.96% °. e, 9.
19 2.018  15.326 42,37 °. 2. e.
2 2,018 15.658  43.pe8 °. e, e.
21 2.01E  15.391  43.98¢ 0. e. e.
22 2.016  16.323  44.9%1 e. e, e.
23 E.P1€  16.6%  45.923 . . e.
24 2.618  16.988 46,804 2. e. 2.
25 -2.e11 1.362 9,309 e. e. e.
26 -2.211 1.375  10.102 2. 0. 0.
27 -2.em 1.338  18.9e9 2. e. e.
SUM  -¢.900 27€.961  344.900 =287.422 e.oce  -2.¢00
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E
: f
i
IF, = 7.722 + 7.582 + T.Lk2 + 7.302 + T7.162 + 7.022 1
+ 6.882 + 6,7Th2 + T.172 + 6.892 + 6.612 + 6.332 ;
4+ 1L.347 + 15,012 + 15.677 + 16.342 + 1L.661 i
i + 14.993 + 15.326 + 15.658 + 15.991 + 16.323 ?
+ 16.656 + 16.988 + 1.363 + 1.375 + 1.388 :
IF, = 277 :
and j
ZF3 = Q3
‘ ZF3 = - 18.925 - 18.455 - 17.985 ~ 17.515 - 17.0kLk :
\ - 16.5T4 - 16.10h - 15.634 - 17.225 - 16.285 :
- 15.3hL - 14.404 + 39.114 + 41.057 + L3.0 A
+ Lh,ok3 + 40,094 + 41.065 + 42.037 + 43.008 H
3
+ 143,980 + LL.951 + 45,923 + L6.894 + 9.309 :
+ 10.109 + 10.909 g
ZF3 = 345 :

These results agree closely with the computer results (item 8).
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Example Problem 10

Three-dimensional prob-
lem, 9 piles and lin-
early varying soil moduli

91. The tenth example problem illustrating the use of program
LMVDPILE has linearly varying soil moduli and is taken from Saul (1968).
Figures 23 and 24 show the physical problem. Figure 25 shows the prop-
erties and loading conditions. The input data are stored in a data
file prior to running the program and are shown in Table 21. The com-
puter output is presented in Table 22. This example illustrates how a
three-dimensional problem with linearly varying soil moduli is coded.

It also shows how battered piles are coded.
Results and calculations

92. From statics IF = 0 . From the program output in Table 22

’ o '\f? -lnA
4 ° | =
~ 4 “
8 9 JE—
[}
' i
-
A A
‘©
1:4 o .
1_ )= o S I _u_,_f
S
1) ' -m
0.5—] ~
% ‘e )
1 A 4 hine 3 ol —_r
9
g}/ a in
e | Y
s s L o s
> -t >
12.0'

Figure 23. Plan view of example problem 10
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.' K i
3 ©
~ :
) :
' H
Figure 2L. Section A-A for example problem 10
: Properties
E=0.3x 108 psi K, = 0.576
KS = 100.0 pci = 2.0
I, =211.9 in.h Ky = 1.043
I, = 211.9 :'m.h K), = T063.3
Area = 16.1 in.2 K5 = 0.5h4k
Length = 120.0 ft K6 = 0.5L4
Loading Ql Q2 Q3 Q, QS Q6
Case (kips) | (kips) | (kips) | (kip-ft) | (kip-ft) [ (kip-ft)
1 200.0 100.0 1500.0 1000.0 4000.0 L16.667 _
!
) Figure 25, Properties and loading conditions
Y for example problem 10
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Table 21
Input Data for Example Problem 10

Group
1A 1¢20¢ EXAMPLE PROBLFTM NO. 1€

1B 10012 SLD CR¥CK PRO3LEM NO. 2 - S&YL ¢
2A 1092¢ 3 :

CATANRTG Y T UGN N N 7

28 100390 S 1
40 2 10¢.0C0 ]
— 50 S 120.028 2 .
kc_ 12060  211.020 211.90¢  15.122 1.¢22 1.00¢ ;
SA 10070 4 .
sc 18083 30000000.c00
e 10097 1 .
6810189 1.020 2,567 2. 400 1,047 7063.220 2.544 2.544 ‘
"7 1011¢ £¢C.00 333.33 333.33 500.7¢ 333.3% 33X.33 E€CC. : '
BA__10i2¢ 2
10 17134 4,007 1. 00T .50 [ 49 |48
12140 e. e. 4.£00 e. e. f
10152 3.20¢  £e.000 4.500 3.52¢ c.
10166 4.000 150.c00 2.5 0 2,500 2.
1017¢ 3.20¢  135.208  -4.522 3.£00 Z.
10180 3.60¢ 1:0.200  -4.500 e. 2.
12190 3.00¢ 225.600  -4.5/0  -2.528 °.
12222 4.000 212.000 ¢.c70  -3.ce0 c.

1210 3,900 3Jee.ege 4,34¢ ~3.520 e,
i1 1e22¢ 202.209 100.0¢2 1500.000 1008 .02 40ee.2C@ 412.6°7

1
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Table 22
Output Data for Example Problem 10

EXAMPLE PROWLEM NO. 1€
SLD CEECY PROBLEM NO. 2 - SAUL

NO, OF PILES = 9 ¥ MATRIX IS CALCTLATED FOR BACF PILE

1. TABLE OF PIL® AND SOIL DATA
PILE NUMBE®S

1 9 E = 2,38 380 PSI IX = 211.90 IN*®4 IV = 211.90 INswg
ARZA = 15,1 IN**2? X = 1.2¢ IN 1= 1.e¢ IN
L¥oTe = 120.0 PEPT IS = 184,003
Et = 2.5679 X2 = 2.00020 X3 = 1.0430
K4 =7063.3002 K5 = 0.5442 V6 =  @,5440

ALLOVANLYS: COMBINED 3ENDING FOR TINSION =  528.000 IIPS
MOMENT ABOUT MINOR AXIS YOR TENSION = 333,330 XIP-FT
MOMENT ABOUT MAJOR AXIS FOR TENSION = 333,330 [IP-PT
COMBINED BENDING FOR COMPRESSION =  %20.200 LIPS
MOMENT ABOUT MINOR AXIS FOR COMPRESSION =  333.330 KIp-F?
MOMENT ABOUT MAJOR AX1S TOR COMPRESSION = 333,330 KIpP-PT
COMPRVSSIVY LOAD =  €20.300 LIPS
TENSILE 1OAD =  100.00# XIPS

TRE B MATRIX YOR PILES 1 TEROUGE 9 IS

@.7%0% 0% 0. Q. 2. 2.2682% a7 9.
|5 2.,7%2% 25 @, -3.262F 07 @. 8.
9. 3. 0.%71F 26 . Q. 2.
e, -3.,282% &7 3, 9.1R2¢ 29 @. Q.
®.262¢ 97 3. 3. a. 2.182F 09 0,
Q. LN 8. 2. a. 2.706% @7

2, TAYL® OF PILE COORDIVATES AND BATTER
PILY NO. BATTER  ANGLT U1(PT) u2(¥?) 0U3(rD)
»w 1 [] 2.

4. . ©.520 .
YPRTICAL Q. 4.%80 @, 2.
3.7 Fo.  4.%20 v.%08 0.
4.29 1%@. 2.500 3.%0 6.
.20 135, -4.%90 3.500 @.
3.72 188, -4.%22 4. 8.
3.0 225, —4.%00 -3.50¢ @.
4,08 218, 0.%00 -3.%80 0.
3.08 30Q. 4.500 -3.%00 0.

LA X YO A7 R

3. STIPMNESS MATRIX S POR THF STRUCTURY

?.9112 08 9,732%-03 ~0,6%6F A5 @ .313% 80 ~4.80837 87 0,.625F-01
9.9772-33 Q.A41L 95 0.195%-02 @§.658C 27 6.250Kk 00 @.177F @7
-0.63€% 3# 9.391F-02 -0.11AT 08 -2.375% o0
9.2%0% f@ 0.%38% @7 . 2.8572 89
-9.P027 @7 0.196F 0¢ -7, 0.128T 11 0.280L 02
2.1867 20 2.177° 87 -~ 9.320% 22 0.30%7 10

SA PLEXIBILITY MATRIX P FOR THE STRUCTURE

9.1208-9% -0.1440-14 0.1377-26 -0.5347-1% 6.8762-09 #.%13E-19
=0.1288-14 2.120%-0% -7 ,6042-15 -8 9349-39 -§.,230°-16 -9 ,4325-09
€.137%-86 -~2.97597-15 2.1947-0F -9 ,1988-18 €.7°642-909 0,2440-16
~0.3922-1€ ~0,.93A"-29 -1,18%7-16 3.1231-00 $.622I-19 -0.3412-10
0.8782-00 ~§,1728-16 0,.°647-09 —0.11¢7-17 @.7802-10 -0.6677-11
~9.3352-1# <0.4328-99 0.3147-16 -3.3417-10 -0.828E-18 0,3388-99

(Continued)
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Table 22 (Concluded)

*sssssss LOADING CONDITION § esssesss

4. MATRIX OF APPLIED LOADS Q (KIPS X FPET)

Q 0?
200.000 100.289

Qo3 Q4
1500.002 120¢.000

Q5 Q6
40090.000 416,667

S. STRUCTURE DEFLECTIONS (INCHES)

D1 D2 D3
0.4A8F 00 J.106F "¢ 0.337F #0 0.1

Da

b

D6
222-02 0.4368-32 0.124E-02

6. PILE DEFLECTIONS ALONS

PILE AXIS (INCHES)

LELL 2]

PILE X1 b 4 X3 4 = X6
1 -0.549% 20 -2.114%. 20 2.177 00 —0.148%-22 -2 .476E-02 ©.90%E-23
2 72,4927 00 Q.173F 27 0.052F-01 2.122V-02 0.436B-02 0.124F-02
3 @.323F 99 -@.201F 82 0.25%E @@ 9.376%-32 ©,11%E-02 0.256E-02
4 -3.799% 20 -0.317F 7@ @.267F 39 ©2.797V-03 -D.43R8E-82 0.147F-02
% -2.451F 20 -0,.%37F 70 Q.49%T 00 0.172F-82 -0 .394F-92 £.1887-22
-] .F42% 20 -0 ,39%7-21 0.382F 00 -0.154E-02 -0.4767-22 @.7897-03
? ~0.552F% 0@ ©9.354F %2 Q.7358F 20 -0.413v-02 -0,2225-02 -2.7225-04
8 -2.571F 20 9.172F 28 Q.11AF 08 -0.3438-02 -0,316F-02 0.4177-03
9 0.120% 2¢ 0B.554F 7@ @.799L-81 -€.73%V—92 ¢.3231-22 £.172F-23
7. PILE FORCES ALONG PILE AXIS (KIPS 5§ FFIT)
PILE 1 r2 rn L3 ” 7S CIRPIR FAILURE
B BU CO TF
1 -52.443 -4.660 118.%77 2.319-18%.527 9.533 ©.80
2 48.00% 9.871 €3.888 -19.266 172.62¢ @.729 .70
T 25,657 -31.6R8 171.191 120.696 R1.134 1.586 2.95
4 -41.2F7 -25.81F 179.217 81.959-153.219 9.867 1.86 ¥
¢ -44.A82 -29,717 332,013 ©9.416-1€0,382 1.104 1.45 F
€ -59,533 1.074 256.359 -14.844-206.142 0,464 1.18 F
7 -47.167 T7,.34% 240.402-139,903-152,092 -0.943 1.3€ Tr
R -51.849 21.%48 79.427 -89.585-172.434 2.245 2.9¢
9 1%.951 £2.443 53.626-172.407 70.896 9,122 6.84
TOTAL NO. PAILURTS = 4 LOAD CASE 1
8, PILE YORCES ALONG STRUCTURE AXIS (XIPS & PERT)
PILE "t F? 3 4 re r6
1 22.118 4.0 127.7%8 -2.379 185,877 ~2.046
2 4R .0223 Q.51 63.988 -19.266 172.620 3.72%
3 £6.6A1 52,110 154,202 -14,%27 141.1413 -36.739
4 9.977 24.04° 183 .681 8.324 172.116  -183,819
. -23,322 65.%40  330.821 4€.470 180.344 ~30.391
€ -24.%99 -1.874 262.079 13.9%  206.142 5,13%
7 4.271 ~48.547 243,366 -1%5.023 292.741 44.201
8 37.13 ~2.791 A9 .437 -11.002 102.7%8 21.965
9 %9.731 -2.57¢ 45.830 -20.387 177.0€68 54.617
SUM 200.000 172.000 1500.000 1000.070 4000.000 416.6€7
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this can be shown. For example, for a 200-kip applied horizontal load

in the U1 direction

where
F1 = horizontal pile force along the structure axis
Ql = applied horizontal load in the Ul direction
IF. = 22.12 + 48.00 + 66.7 + 9.98 ~ 23.32 - 24.59 + L.27 + 37.13
1
+59.73
ZFl = 200.0 kips
Similarly

where
Q2 = applied horizontal locad in the U2 direction
IF, = 100.0 kips

2
IF3 = 95
where
F3 = vertical pile force along the structure axis
Q3 = gpplied vertical load in the U3 direction
ZF3 = 1500.0 kips

These results agree with the computer program results.

93. Manual calculations for this example are presented in Saul's
(1968) paper. The computer results presented in Table 22 agree closely

with the classical method results. For example, a comparison of the

moments about the Ul-axis (Fh's) is shown below:

Fi from
Pile Computer Saul's
No. Output (kip-ft) Example (kip-ft)
1 2.319 2.31
2 -19.266 -19.25
3 120.696 120.68
(Continued)
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Fi from

Pile Computer Saul's
No. Qutput (kip-ft) Example (kip-ft)
N 81.059 81.03
5 99.416 99.38
6 -1k .84k -14.85
7 -139.903 -139.88
8 -89.585 -89.58
9 -172.408 =172.36




Example Problem 11

Three-dimensional problem, 60 piles
with linearly varying soil moduli

94, This example problem is a three-dimensional system with 60
piles. The physical problem for this example is shown in Figure 26.
The properties and loading conditions are shown in Figure 27. Table 23
shows the data file saved prior to the run. The computer output is
presented in Table 2k,

95. This example was run to verify that the computer results agree
with the St. Louis District's program.

Results and calculations

96. The computer results shown in Table 24 agree closely with
those from the St. Louis program output. For example, for pile 1 for

load case 1, the pile forces along the structure axis from Table 24 are

e}
h

42,305 kips

1

F2 = 0.0 kips

F3 = 120.806 kips
Fh = 0 kip-ft

i
L}

0 kip-ft

&l
1}

6 0 kip-ft

The St. Louis program produced

e
n

4b2.3 kips

F, = 0.0 kips
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Properties
E = 0.3 x 107 psi K, = 0.411
KS = 2,000 peci ) K, = 0.5
I, = 54L61.333 in.h K,Kg = 0.0
I, = 5461.333 in.
Area = 256,000 in.2
Length = 60.0 ft
Loading Q1 Q2 QB QY QS %
Case (kips) (kips) | (kips) (kip-ft) (kip-ft) (kip-ft)
1 1207.5 0.0 3113.25 0.0 4825.5875 0.0
2 1454 .25 0.0 1683.15 0.0 —2743.53k42 0.0
3 1825.95 0.0 875.5 0.0 -5T779.62 0.0

Figure 27. Properties and loading conditions for example problem 11

F3 = 120.8 kips
Fh = 0.0 kip-ft
F5 = 0.0 kip-ft
F6 = 0.0 kip-ft
These results agree very closely. P
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Input Data for Example Problem 11

Group

1A 1092d EXAMPLF PROBLEM NO, 11

18 18212 TECHF-VERMILION OUTIFT STRUCTU™T 7.17 i SEaCIN,

2a 1082¢ 3

2B 18932 1 2

3y 10d4g Z 2.020

Lo 109%2 1 €€ B¢ 2

LC 10060 ©£4€1.333  54€1.333 £26.92. 1£.:80 1€.200

SA  1007¢C 4

5C 190289 2egeoee.2ee

6A 10292 1

68 10129 Q2. 2.411 C.5c8 ‘. 2, 2.

1 1¢ 268.8¢_  59.7¢ 39.7¢ 2F3.¢ 0.7 1t@8.¢ 1¢2.7¢

Ba 2122 [

10 213¢ 3.¢00 [ -11.28¢ 0.
10142 3.¢2¢ 0. ~35.752 Z.
1e1<e 3.c02 e, 3,00 e.
12160 3.200 e. 11.222 e.
12179 3.e00 160,000 ~11.252 Q.
1218¢ 3.002 180.¢082 -3.782 e.
10192 3.ee¢ 182.¢0¢ 3.7z22 e,
102¢ee 3.eee Q. 11.259 e.
1ez21¢ 3.22¢ e. ~11.2¢¢ e.
1e22e 2.é20 e. =3.78¢ 2.
10232 3.¢20 e. 3.75¢ e.
10242 3.z200 2, 11.28¢ 2.
18252 3.000 130,400 -11.2¢8¢ 2.
1026¢ 3.€20 182 .000 ~3.75¢ [
1027¢ 3.220 12¢.pee 3.75¢ 2.
iezee 3.¢d0 Q. 11.25¢ e.
18292 3.7e0 2. -11.28 e.
1230¢ 3.e00 3. -3.7%2 2.
1e31¢ 2.ee90 2. 3.75¢ C.
1932¢ 3.229 ' 11.z¢¢ e.
1033e 3.cee 180 .¢e0 -11,2¢2 2.
12342 3.eee 132,202 -3.782 2.
163%¢ 3.ee¢ 132.002 3.78¢ Q.
10362 3.eee 2. 11.252 e.
12372 2.220 . ~11,25¢ e.
12380 3.222 e, -3.75¢ e.
1839¢ 3.02@ e. 3.78¢ e.
10400 3.020 e. 11.25¢ 2.
1241 3.2322 18¢.02¢ -11.2¢2 e.
12422 3.c0@ 1€¢.,200 -3,75¢ 2.
12432 3.eee 132.¢0¢ 3.7%2 e.
10442 3.0ee . 11.2¢¢ e.
1€45¢ 3.8 [ -11.2¢<. 2.
134€¢ 3.cC0 2. =3.7¢7 e.
1247¢ 3.ee@ [ 3.7%¢e e.
1248¢ 3.e2¢ e. 11.287 .
12492 3.eee 1c@.222 -11.2%9 e.
1¢5¢¢ 3.0¢0 180.¢00¢ ~3.75¢ 2.
1851¢ 3.¢e0 1-¢.e0¢ 3.75e e.
iesze 3.c28 Q. 11.2¢¢ €.
10534 3.ce@ <. -11.2%@ 2.
1054¢ 3.e0¢ e. ~3.75¢ 2.
18550 3.00€ c, 3.750 e.
125€0 3.022 e. 11.z¢0 e.
1ec7e 3.2000 180,200 -11.2%¢ e.
10582 3.e¢0 162,200 -3.75¢ 2.
1459¢ 3.ce¢ 130.¢8¢ 2.78¢ e.
126¢¢ 2.020 e. 11.2%¢ 2.
1g€1¢ 3.029 [ -11.250 Z.
10€2¢ 2.200 e. -3.7¢¢ 2.
1€€34 3.cee 2, 3.750 [
1064¢ 3.00¢ d. 11.280 e.
1865¢ 2.¢20 142,000 ~11.-:0 C.
10€6¢ 3.22¢ 120 .00¢ -3,7¢@ e.
10€7¢ 3.cee 180 .2¢¢ 3.72¢ 2.
1e682 3.e0e l. 11.2%¢ 2.
1269¢ 2.00¢ 2, -11.2¢%¢ e.
127¢¢ 3.¢e0 e, -3.7: e.
1e71e@ 3.c20 Q. 1 7ce e.
1evze 3.8 e. 11.28¢ z, . o
1€73e 12@7.te¢ 4, 3113.250 482F 58%% [48

1 10742 14%4.2°¢ e, 1683.1% -2743.5%242 2.
127¢e 182%,3f¢ e, 875.%e0 -5779.62¢ <.
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Table 2L
Qutput Data for Example Problem 11

EXAMPLE PROBL3M NO. 11
TECHE-VERMILION OQUTLLT STRUCTUxs ?.17 ¢T SP-CINC

NO. O PILES = 6¢ 5 MATRIX IS CaiCUL-TED FOR BACH PIl:z

1. TABLE OF PILE aND SOIL DATA
PILE NUMBEKS
1 6@ E = 0.30s 97 PS1 1X = 5461.33 INv®y 1Y = 5461.33 IN®®4

ARZA = 256.¢ IN®*2 X = 15.¢v8 IN Y= 16.0¢ IN
LENGTH = 30.0 FZBT a5 = 2.000
k1= 0.4110 £« = @.5000 K3 = 2.
Le = [} v = 8. £o = e.
ALLOWABLES: CCMSINBL sENDINS :OR TENSION = 268.800 KIPS

MOMENT ABOUT MINOR AXIS #CR TuNSION = 59.700 KI1P-FT
MCMENT aBUUT MAJOR AXIS rOK TENSION = 59.708 K1p-FT

COMBINED BANDING FOR COMPRLSSION =  268.868 XIPS
MOMSNT 4BOUT MINOR akls FUR COMPRESSION = 59.78@ KIP-FT H
MCMNT ABUUT MAJOR AALIS sUR COMPRASSION = 59.7¢ve KIP-FT

COMPRaSSIVA LOAD = 150 .w¢@ K1 PS
T:NSILE L0al = 100.9€0 KIPS

THE B MATRIX iCR PILaS 1 THROUGH 6&¢ I3

:
9.7505 ¢¢ @. a. 2 2. o. ‘
0. 2.7595 ¢4 @. 0. 8. 8. !
2. 2. 8.533: .6 8. e. e. A
2. e. 0. 9. . 8. i
2. 8. 9. 2. 2. 'R
e. o. . 'R 0. .

o

(Continued) (Sheet 1 of 11)
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Table 24 (Continued)
2. TABLE OF PILB COORDINATES AND BATTER
PILE NO. BATTER ANGLe UL(FT) UeirT) U3(FT)
1 . 0. ~11.259 50.170 8.
2 0.09 8. =3.75¢ 50.17@ é.
3 3.990 3. b.700 50.174 8.
4 3.00 8. 11.25% %58.i70 9.
€ 3.00 160, -11.250 43.000 8.
6 3.0¢ 188, -3.75¢ 43.400 0.
? S.00 188. 3.709¢ 43.900 9.
-] .00 9. 11.200 43.000 d.
S 3.¢0 0. -11.256 35033 @.
14 3.00 0. =3.750 05,833 8.
11 3.09 2. 3.75¢8 $5.833 @.
12 3.00 Q. 11.25% J35.¢33 9.
13 J.00 168. -11.25¢ 28.067 9.
14 3.008 188. -3.7% <b.o67 9.
15 0.09  188.  5.750 B.667 <.
16 3.00 0. 11.250 2B.007 0.
17 3.0¢ ¥. -11.25¢ 21...@ @.
18 S.0e 0. -3.75 21..89 9.
1y 3.82 2. 3.7% 1.508 @.
20 3.0¢ 8. 11.25%4 21.908 9.
21 o.08 180, -11.25¢ 14..33 @.
22 3.09 168, =3.75%¢ 14.333 9.
23 3.0€ 188. 3.7u¢ 14.333 8.
24 3.00 8. 11.25% 14.333 @.
25 3.¢00 8. -11.2%0 7.170 @.
26 3.00 @. -3.75¢ 7.170 @.
27 .08 a. 3.7u4 7.17@ 0.
28 Z.08 ?. 11.2u¢ 7.179 @e.
26 3.08 160, -11.2259 0. e.
3¢ 2.9¢ 180, -3.75¢ 0. é.
31 l.00 160. 3.75¢ .. ve
32 3.09 0. 11.25% @. 8.
33 3.02 8. -11.2% -7.,17¢ @.
34 3.00 9. -3.7%9% -/.170 9.
35 3.08 0. 3.754 -/.170 .
36 3.00 0. 11.25 -7.17¢ 0.
37 o.00  160. -11.254 -14.333 0.
3 o.B0 168, =3.750 -14.033 8.
36 S .08 168, 5.750 -14,333 Q.
40 3.0¢ 9. 11.250 -14.333 8.
41 3.00 9. -11.25¢ -21.38¢ O.
42 3.0¢ 8. -3.790 -21.500 2.
43 3.09 8. 3.758 -¢1.500 @.
44 2.00 @. 11.25 -21.5¢8 4.
45 3.08 100, =31.:9@ -c8.507 0.
46 3.0 1o8. =3.759 -28.067 e.
47 3.8¢  le@. 3.73¢ -28,067 Q.
48 2.0¢ 9. 11.2354 -28.087 Q.
45 3.¢2 8. -11.250 -35.003 0.
5¢ 3.00 8. =5.72¢ =35.403 Q.
51 G.00 Q. 0750 -35.033 Q.
S2 S.dc 9. 11.¢50 -35.633 @.
53 S.08 168. -11.25¢ -43.400 e.
54 3.40 180. -3.7%¢ -43.000 0.
L] 3.08 180. 3,759 -43.000 @.
56 3.00 9. 11.20¢ -43.008 2.
57 2.00 @. -11.250 -5¢..70 d.
58 3.0 0. =3.750 -%8.179 Q.
5¢ 3.00 8. 3.75% -%0.17¢ 0.
6¢ 3.9 d. 11.25¢ -50.179 a.
nen
3. STIFFNESS MaTnlX S FUk THz STRUCTURSE
0.361% 07 -@.21se-¥2 @.204i 97 0.108. 92 -9.298k ¢v J.700F @1
-2.219E-82 @.455L do ©0.6.7e-¢2 0.18v.-¢7 @.lubu ¢@ @.547:i-¥1
©.284K 87 0.657L-02 @.2:8. @ 0.320. w2 @.5¢¢F 00 @.300F 21
0.16¢01 62 @.1boi-o7 ©.3¢du €2 B8.093. 13 0.512E €3 -¢.523F 12
-8.2958 8% @.iv0s 08 0. 0.102: da @B.co28 12 €.126E 94
. Q.oove-81 D.8.0z 01 -8.523. .2 2.044F 03 @.%03c !
SA  FLEXIEILITY AaTrIX F FOr THde STHUCTUR:
@.3304-96 0.loez-14 -0 .JcE-07 Q.2vs.-17 0.037u-8v €.711E-17
@.1E4k-14 ©.220:.-9> -0.651..-15 -¢.lod.-1y -@..46E-15 -@..70:~10
-0.3258-87 -0.0b1£-15 B.079.-¥7 -0.201.-1, -8,3328-18 -2..748-18
“2.1273=17 -0.5700-1» -¥.cole-1d @.uzl.-12 ~@.247:-2¢ 0.302E-12
V.3376-80 -0..455-18 “0.53cL-10 W.v47:-2v 0.077u-11 -0.184z-1y
~8.1235-17 -0.4346-10 -D.0dcu~l8 0.342.-12 -0.6838-2¢ 0.230E-1)
Continued . .
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Table 2L (Continued)

N YRR P I PR N

1 sss438 LOADING CONDITION 3 essesses

[

4. MATRIX UF APPLIRL LOADS q (£IPS o FuBT)

Q1 w< w e i
1207.50¢ é. 3113.20 Q. 4825.5438 9.

S. STRUCTUke DEFLECTIONS (INCHeS,

D1 L L3 I is Do
9.3178 8 0.804:i-1c¢ 0.7070-01 -0.340.-11 @.522:-93 -9.1858-1v

6. PILE DEFLECTIONS aLONu PILB aXl> (INCHKS)

PILE 1 ke iv 1 Lo X6

1 9.254% 00 0@.150i-0E 0.240s 00 0.v19s-~13 0.522p-93 -2.1108B-10

2 0.269% Y@ @8.555:-96 0.1951 0@ @.919L~13 0.522:.~03 ©.110E-10

3 D.284K 20 -4.392E-D9 @.1L1: o8 B.519:-10 8.522:-83 ~9.110E-12

4 0.2998 00 -0.134s~0€ 0.106: @ 2.v195-13 2.522.-03 -2.118:-10

S -0.3481 00 -@.213:-08 P.owdE-—¢1l 0.753.-11 9.522:-03 @.05%E-11 q
6 -0.3332 90 -0.11c:s-d8 —@.5285-9¢ ©.753&-11 -0.522:03 -@9.856E-11

7 -0.31c% 0 -0.230k-9Y B.eyyi-¥l B.750:-11 9.522:-00 —0.856E-11 3
8 ©.299F 00 -0.134:-48 9.100r @¢ #.9193-13 8.52:-03 -0.110E-10 ¥
9 @.254F @ ©0.1505-v8 0.249r 90 0.9195-13 0.522:-03 -0.110E-10
19 ©.2698 09 ©.553E-0% Q.195r ¥¢ 0.9195-13 0Q.522i-93 ¥.118:-12
11 2.284E 90 -0.392i8-69 ©.151F 0v @.9198-13 02.522:-03 —9.110E-10
12 9.299F 80 —0.134:-d8 0.1¢0E d@ 0.v1uE-13 0.522.-03 -0.110E-12
13 -9.348k 90 —0.213E-8c 0.33n-01 0.753:-11 -9,522(-03 -0.856E-11
14 =0.333k P -0.113598 -8.5cs.-d2 @.7535-11 -9.522:-83 -2.856i-11
15 -0.3168E 00 -2.2305-0Yy P.4v9r-¢1 V.753:-11 -0.522.,~03 —8.85635-11
16 ©.299%k 00 -0.134E-vE€ B.1¢0r v@ @.91yx-13 0.522-03 -9.1105~10

17 90.254i 0@ 0.1505-48 @.l4er 00 0.91924-13 2.522:.-93 -9.110E-1¢ E
18 ©P.269% 00 0.5533-¢¢ @0.1sue 00 B.9195-18 8.522i-93 -0.110R~-10
19 0.2844 00 -8.3925-09 ©0.151: 08 0.9195-13 0.522:-93 —0.110E-10
20 ©.299F 9B -0.1342-48 @.190F ¢@ B.¥19c-13 0.522:-03 -0.110E-10 T

21 -0.348% 00 -90.213.-¢8 0.393i-¥1 0.753E-11 0.522:903 -0.856E-11
22 -0.333E P -0.1168-¢3 -@,528e02 9.753.~11 8.522:-83 -0.856F~-11
23 -0.318L 00 0.230:2-0¢ —¥.4992-01 0.753c-11 -B.522:-03 -9.856E-11
24 0.2994 00 ~0.1340-48 0.18ci ¢ 0.219.-13 2.522:-05 4.110k-10
25 ©0.254E ¥0 0.1504-0c 0.240: <@ 0.919s-15 2.522:-03 -9.110%-10
26 ©.269E 00 ©.553i-¢v 9.193E o9 ¢.919E-13 2.5¢2:.-03 -0.110E-1¢
27 ©.284Lk 00 -2.3928-v9 .15l 00 @.919.-13 ¢ 22203 -9 .110E-14
28 0.299L 00 -0.1345-vd 8.100c S. D.YiP.-13 3.5¢2:-02 9.112E-10
29 -0.345% 0¢ -0.2135-¢€ 9..9ds-¥1 0.7535-11 9.522x-03 ~0.856L-11 4
30 -0.333% 00 -0.1165-98 9.5285v2 0.7535-11 —9.5:2:-83 -@.d5%5k-11
31 -0.31¢F 00 -0.233E-09 0.490k~41 @.7938-11 9.522.-03 -0.8%i-11
32 ©.299% 00 -0.134%-¢8 0.106L ¢@ @.J19L-13 0.522:-03 -9.110E-19
33 ©0.254F 0@ ©B.150:-98 0.24ve @Y 0.v19:-13 0.522¢-03 -9,110E-12
34 0.269E € 0.550:-05 0.195s o8 @.919E-18 0.522:-03 -0.1108-190
35 ©.<B4E 0¥ -9.3923-¢y ©.151% 2@ Q.v1Ys-13 0.522:-83 -9.119E-10
36 ©0.2998 00 -P.lo4i-0r 0.ldos 0. @.Y192-13 3.522:-03 -9.110L-10
37 -@.348E @0 -8.2155-¥8 @.3u3E-¢1 0.750n-11 D.522:.93 -0.836E-11 f‘
38 ~0.333k 00 -0.1145-08 —4.5285-02 ©0.753E-11 -0 .%522:~03 -8.856:-11 l‘.
39 -0.318k 0@ -9.230E-0Y -Q.499E-¢1 W.7038-11 0.522.-03 9.85%E-11 '
49 0.269% 90 -0.134E-0¢ 0.186: 00 0.%19yn-13 ©0.522E03 -9.110E-10 i
41 ©@.2545 00 ©€.150.-v8 0.24¢i 8¢ ©.919£-15 3.522.-93 ~0.110E-10 {
42 0.269F Q¥ 0.5535-0y @.1v5:5 .0 ¥.41v.-13 B8.522:-0. -0.110E-1¢ E

5

43 ©.284% @@ -9.ov2c-¢6¢ @.101b 00 @.v19:8-13 @.522:93 9.110E-12

44 0.2995 00 -0.1o4r-d¢ 0.10ue @ @.9198-13 3.522,-83 -0.110s-10

45 -0.c46k €0 -0.2135-08 B.5934-91 0.750£-11 9.522:-03 -90.856E-11

46 ~0.333F 090 -0.1l0u-0t —9.5¢d4-82 ©@.753c-11 -@.522:-03 —@.8L6E~11 2

47 -0.310L 00 -0 .(38E0y 0.4992-01 0.753.-11 0.5.2:-83 -¢.85%6E-11

48 @.cU9E 00 -0.154n-Yt B.106k @ B.Y19:i-15 2.522:-9! -0.110K-10 §

49 ©@.254F 8¢ 0.1508-4d £.24402 00 0.91ye-13 2.522:-95 —0.110E-18 :

B.LO3E-¥y B.1vbE 00 2.Y198-13 9.522E-83 —9.118:-10

-0.392:5-89 @.101E @ ©.¥195-13 ©8.522:~03 -0.110E-19

“@.1345-0t B.10v. o W.919s-18 @.522.-03 -0.110E-10 by

~0.210e-88 0.3%0s-C¢1 B8.795u-11 9.522:-03 ¥.85%6E-11 (

“0.1184-88 0.5¢v8-62 8.7.30-11 9.522,-083 -@.856E-11 -9

=0 .2306-00 @.4yfi-d1 ¥.755.-11 8.522:-83 -0.856E-11 : }

-$.134a-¢8 0.106: <@ ©.919:i-13 0.5¢2:.-¢3 -0.110E-10 |

@.150E-v8 @.2402 00 0.91ve-13 8.522.-03 -9.1108-1¢

@.5558-05 B.1s0r 00 0.410:£-13 ©.522:-83 -0.1108c-10 i

=0.392,9y 2.1051F 4@ V.vly-13 @.522.03 -0.1108-10 !

60 PR.cYOE 00 -¢¥.1345-¥E D.1dbe ¢¢ 0.919.-13 0.5¢2.-03 -9.110i-1¢ :
3

(Continued) (Sheet 3 of 11)
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Table 24 (Continued)

-

7. PILE FORCES ALONu PILE AXIS (KIPy « F2BT)
PILE Fl Fe o ta re o CoFTH FAILURE
Cd BUCO TR
1 1.931 R..080 12/¢.485 vae o, 9. Q.48
2 2.044 2.000 104 .200 e. 0. 8. .29
3 2,157 -0.008 oP.453 Q. é. 8. é.3¢
4 2.270 -v.008 956.657 e. e. d. 8.21
5 -2.638 -0.000 2@.857 o. 9. e. 9.0¢
6 =-2.525% -9.6090 -2.s8ldE 8. g 9. 4.81
7 -2.412 -0.000 -26.594 0. e. Q. 2.1
8 2.270 -@2.020 56.657 @e. d. 0. 8.21
9 1.931 0.008 127.905 2. 8. e. 9.48
19 2.044 0.002 124 .2¢> @e. 2. e. .99
11 2157 -0.490 o0 .403 o. e. #. 2.30
i2 2.270 -@.000 56.657 9. 9. e. 9.21
13 =2.636 <-2.2¢0 20.557 o. 9. e. 2.9u
14 ~2.525 -@.000 -2.31b 0. P 0. v.01
15 =-2,412 -0.000 —20.594 2. e. g. 2.10
16 2.27¢ -0.000 56.657 “. 9. 0. 8.21
1? 1.3 2.000 127 .985 8. 0. 2. B.40
18 2.044 V.00 10¢.20> e. e. Q. P 1]
19 2.157 ~6.000 OB.433 2. e. 2. 8.30
20 2.270 -@0.098 96.657 2. 8. . 0.21
21 -2.650 ~¢.009 20.uy07 9. Q. @é. 8.9
22 -2.%5¢5 -¢.000 -c.818 o. Q. e. 2.01
23 -2.412 -0.000 -20.594 e. 2. Q. 2.1¢
24 2.27¢ -v.008 56.657 2. o. Q. 8.21
25 1.831 @.800 127.985 0. 0. 8. @.48
26 2.044 0.002 104.2¢y 9. 8. Q. .3y
27 2.157 -0.000 o0.433 e. @. 2. .30
28 2.278 -0.94@0 56.657 9. 8. P 4.2%
29 -2.600 -¢.099 20.957 9. o. [ % 9.0¢
W ~z.2¢5 -0.000 -~z.E1B8 9. 9. - 9.91
31 -2.4lc -¢.000 26 .504 8. 9. 9. 2.19
32 2,270 -@.080 56.657 9. 9. e. ve2l
33 1.931 0.0909 127.985 2. 0. e. 9.48
3¢ 2.044 @.0vd 194.209 a. 0. e. ¢.39
35 2.157 -0.990 d0.433 8. Q. 9. ?.30
36 2,279 -0.ud@ 56.657 g. 0. 4. 8.21
37 -2.636 =-0.408 20.957 8. 2. 8. 9.088
38 -2.525 -0.00® <-<.k18 9. d. Q. 2.901
39 -2.412 -0.680 -20.5uy4 e. e. 9. 2.10
40 2.,27¢ -0.¢vP9 56.057 v 9. 9. @.21
41 1.931 2.000 127.885 2. 0. 9. Q.48
42 2.044 0.009 104 .20> e. 2. Q. 0.39
43 - e. . e. e.3¢
44 Q. 9. é. a.21
45 2. [8 a. ¢.048
46 a. 8. . 2.0}
47 9. e. Y. v.18
48 8. e. 2. 0.21
49 e. g. ¢. 0.438
"] 9. 8. 9. 0.39
51 e. d. [ 8 @8.3¢
52 2. e. Q. v.21
53 o. 9. e. 2.3
S4 8. e. . 0.91
55 2. 0. g, 9.18
56 8 o. 9. 8.21
57 d. é. ?. 2.44d
58 2. 8. 2. 8.39
59 8. . . 2.308
69 2.279 -9.088 H6.657 2. 2. 9. 8.21
TOYAL NO. FAILURZS = « LOAL CASE 1
Continued
( ) (Sheet 4 of 11)
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Table 24 (Continued)

€. PILE FORCES ALONG STRUCTURZ AXI5 K1#S . FaEl,

PILE ¥l Fe 3 b4 22 Fo
1 42.305 0.00¢ 120.006 9. e. a.
2 34.893 0.000 98.210 a. 0. (28
3 27.461 -0..00 75.5.3 0. °. 0.
[ 20.07¢ -2.0dd 53.432 Q. v Q.
- “4.1co @.000 20.716 9. ve a.
6 $.287 2..00 -1.87 9. e. 2.
? 10.698 -2.900 -24. 497 Q. 2. a.
] 20.97¢ -2.00¢ 53.832 8. d. 0.
4 42.3¢5 9.008 12@.800 9. ' e.

10 34.893 9.000 98.21% 8. e e.

11 27.481 -9.¢00 75.623 e. 6. 8.

12 20.070 -9.000 53.43. e. 0. Q.

13 -4.125 2.990 20.716 e. 2. o.

14 J3.287 @.¢00 -1.87: 9. @. 2.

15 10.698 -0.400 24,907 <. Q. Q.

16 0.870 -8.0908 53.23. 9. 9. Q.

1?7 42.30% 8.900  120.006 8. 8. 8.

18 34.893 9.900 9d.249 Q. 9. 0.

19 27.481 ~9.000 75.023 e. 9. .

20 20.070 2.400 53,032 a. 8. e,

21 -4.125 0.000 20.7i6 2. Q. Ve

22 3.287 9.2¢0 -1.87. 9. 9. '

23 12.098 -0.400 =24 .4067 0. 9. @.

24 20.07% -0. .00 53,032 8. 0. 0.

25 42.35 ©.080 120.800 [ B < .

26 34.895 9.000 98.210 8. 0. 9.

2?7 27.481 -2.v00 75.623 @. d. a.

28 20.07¢ -d.000 53.932 8. Q. 8.

29 -4.12% ¢.200 20.716 [ B 9. .

0 J.287 9.000 -1.87» 9. . v,

31 19.698 -0.,2¢0 -24.487 [ B 0. e.

32 20.07¢ -0.v@d 23.232 'B ) 2.

33 42,385 ©.v80 120 .88¢6 é. 4. e.

34 J4.d93 2.004 98.2i5 0. 'R e.

3% 27.481 -0.089 75.623 9. Q. Q.

36 20.279 -2.v08 53.032 é. 9. 2.

3? -4.12% 'z ®. 8.

d8 3.287 é. 9. e.

39 10.698 9. 9. 2.

8 <0.970 9. 2. P

4l 42.345 0. 8. 4.

42 34.893 @. . 2.

43 27.481 é. e. 8.

4" 20.07¢ 0. é. o.

45 -4.125 0. 2. 8.

46 3.87 a. Q. 8.

47 10.698 9. 9. [

48 20.079 a. 2. e.

49 42.3¢5 Q. 4. [

50 34.993 9. v, 8.

51 27.481 Q. 9. 9.

52 29.270 2. e. 2.

53 -4.12% Q. v 8.

54 3.287 9. J. 8.

55 18.698 9. e. 8.

3 20.¢70 . e. e.

57 42.305 'y e. 8. ‘.

%8 34.893 d. 9. e.

59 27.481 e. 9. é.

68 20.07¢ -2.000 83.932 2. v @.

SUN  1207.%¢0 8.900 3113.25 -¢.081 4825.587 -2.000
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Table 24 (Continued)

Sssseass LOADING CONUITION 2 *o0sates

4. MATRIX OF APPL1D LOADS ¢ (KiP$S o FoRT)

i Q< [}
2. -2740.554 8.

Q1 92 T
1454.250 2. 1683.158

€. STRUCTURE DEFLBCTIONS (INCHES)

b1 Lz »d e s D6
©.415E 00 0.1545-9d 9.175E-¥1 -0.3<¢2:-11 0.311E-05 -0.102E-1¢

6. PILE DZFLBCTIONS ALONG PILE AXIS (INJHES)

PILE 11 Xe Le X4 Ay X6
9.3758 0@ Q.292:-¥r O.183L 0B 9.1645-12 0.311i-93 -0.197:8-19
0.383F 00 @.200E—vs ©.161s 8@ 0.164c-12 0.311:-00 -0.187E-10
©.2928 00 Q.100:-00 0.130p Y9 03.1642-12 @.3115-02 -9.107E-108
@.481c €@ @.165s-¢y Q.1Uof <@ ©2.164r-12 @.311.:~03 -2.107E-10

-B.412F 00 -0.3742-0€ V.747:c-d1 D.687e-11 9.311:-03 -0.8458-11

00 -2.202:-08 9.101s @ ¢.687:-11 ~0.311:-03 -0.845E-11
-3.,395L v@ -0.1992-08 -B.1<8F 00 0.087:-11 0.311:-93 -0.845E-11
0.4015 04 9.1652-95 0.1¢d:. 00 B.1645-12 0.511:93 —@.1¢7E-10
V.575k 00 0.292:-¥c @.188: @0 B8,164s-12 ©0.311:-03 —0.107E-10
9.3835 v0 0,2005-08 P.lvl: J@ @.164.-12 0.311:i-03 9.107E-1¢

11 0.362s 00 0.190.-93 £.1358 «@ ¢¥.1642-12 0.311:-93 -9.1072-1¢

12 0.401% 00 @.165i-07 0.1¢8E v9 @.164.-12 3.3111-03 -@.107E-1¢

13 -0.4125 00 -0.5746-0¢ -0.747:v1 0.6875-11 —0.311K-23 -2.845E-11

14 -9.403C 00 -0.282:-98 0.1015 @¢ 9.687£-11 -0.311:~083 -8.845E-11

15 ~9.3953 90 -9,1905-08 9.120L 6P 9.687:-131 —9.311:i-03 -0.845E-11

16 0.403F 00 @.1605-vY @.100L 0¥ 2.164E-12 8.311c-03 -¥.1087E-1¢

17 @.3758 OY ©0.292E-0c 2.1881 0@ 9.164.-12 0.311:-85 -0.107E-19

18 0.383% v@ 0.2005i-0¢ O.l1o0lx v@ 0.164.-12 3.311:-83 -0.1072-10

19 8.392: 00 @.103:~48 @.135Z v® 0.164£-12 0.311.-23 -0.1075-1¢

20 0.4015 00 9.165x3-d> 9.104F 20 0.164.-12 0.311.-8S5 -0.1087E-10

21 ~0.4128 92 -0.072L-06 -0.747.-41 8.687c-11 —0.311:-23 ~0.8456-11

22 -0.40358 00 -9.202:i—00¢ €.101Z 08 0.687s-11 9.311.-03 -8.845E-11

23 ~8.3955 08 -9.1908-0uv D.1.0i 00 0.587:-11 -6.311:-93 ~@.845E-11

2¢ 9.401K 89 B8.165:-85 O.1do2 09 9.1645-12 I 311i-83 -9.1472-10

25 2.37°5 0@ Q.292i-0c 0.108. ¢@ 9.164c-12 2.3115-03 -2.107E-12

26 0.383% 00 0.2¢0i-vc V.161F @9 @.164.-12 0.311:-8. -B.107E-10

27 9.3925 v@ 0@.188L-vE @.135r 0 0.1643-12 0.311:-03 —0.1075-10

28 9.401F 00 2.1658-09 0.150L @ 0.164s-12 9.311.-03 -0.107E-10

28 -0.4126 00 -0.574i-8¢ 9.747,-¢1 #.087i-11 -9.311:-03 —0.845E-11

3¢ -0.403% 00 —9.202:-08 9.101i v® Q,0875-11 €9.311.,~03 6.845E-11

31 -0.3u58 09 -0.1v0i-08 9.1208 v@ 2.687:4-11 9.311:-93 -0.845E-11

32 9.4018 6& C.1655-9> @.1dds v@ @.164s-12 8.311:-03 -0.107E-10

33 $.3753 V9@ 0.292:-0c 0.108: B P.164:-12 2.311.-03 0.107k-10

34 98.383k of 0.2005-2d 9.1o0l1: 80 ¢.164.-12 ©.311:-03 -¥.1975-12

35 9.392K 99 9.108c-0€¢ 9.130L 20 B.164¥-12 0.311:-93 -B.1¢72-10

36 2.401: v9 2.165i-¢y @.1082 90 B.164.-12 0.311.-05 9.107E-10

37 -0.4128 02 -0.3745-908 R.747k-¥1 0.0875-11 9.311:-83 -0.345E-11

38 -0.483: 09 -0.202:-08 9.101: v ©¢.0875-11 9.311.-03 -0.8458~11

38 -0.365s 00 -0.1904i-98 B.120L v0® H.667:-11 0.311:i-03 -2.845E-11

A0 2.4915 99 2.18u.-0% D.ivor V0 @.164L-12 P.311E-8. -@.107:-18

41 9.075L O @.2v2i-d9 ¢.108: 00 0.164.-12 0.311.-035 -9.107E-10

42 9.383K 0@ 0.200i-vc 0.161. Q0v 0.1645-12 9.311:-03 -0.1872-10

43 0.9924i P RB.100i-¢8 D.1355s 0@ @.164r-12 8.311:~83 -0.107i-10

44 0.40158 02 «¢.1655-90¢ ©.10ds P 2.164:-12 0.311:-03 -2.107E-10

45 ~0.4123 90 —V.0740-0p <@.747:-91 9.087:-11 -0.311:-03 —9.8452-11

46 ~90.403% 20 -0.2025-98 9.101k 0@ @.687i-11 9.311,03 -0,845E-11

47 -2.395i 90 -V.1008-08 D.12d1 40 2.687:-11 0.311:-03 -9.845E-11

48 2.4015 00 9.16us-99 B.lucc @ 0.1642-12 0.311.-083 -0.187E-10

49 9.075K 90 9.292E-95 0.168:i of @.164.-12 0.311.-03 -0.107E-10

59 0.383s 00 9.200.~vt 0O.lols 09 9.1648-12 2.311:5-903 —9.147E-10

S1 @0.392s ¢@® 0.100c—vo @.135% ¢¢ 0.1644-12 20.311.-03 -0.107:-10

52 0.491s 90 Q.160s-vy 0.1lc0c 20 D.164.-12 0.311:i-93 -¥.187E-19

53 -9.4128 €9 -9.074:.-¥2 ¥.7475-¢1 0.087.-11 -9.511:-93 —0.845i-11

54 -@.423i 80 -0.282400 ©.1¢1: O ¥.uB7:-11 -2.311.-85 -9.B45E-11

55 -9,305s 00 -0.1904-vE D.128. J® P.o87u-11 @.311:-83 -D.845E-11

56 0.401: 0@ 0.160i~vs B.1¢0vi o0 £.164:-12 0.311.-063 ~2.127E5-19

97 @.375k 0 0.2025-¢¢ O.1BOE <@ 0.164.-12 0.311:-¢3 -2.107F-1¢

Sd #.383s 00 ¥.200:-9¢ O.10lc 99 9.164:-12 0.511:-83 -0.1073-18

%9 P.502i @¢ P.1¥0E-vd ¥.135c 8. 0.164.-12 @.311.-03 -9.107k-1@

68 @.4013 vP P,.165i-vs B.1%0. @ @.164.-12 0.311:-03 -2.1@7E-10

-
OIS LN
>
=
o
[ 3]
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Table 24 (Continued)

7. PILE FCRC2S ALONG PILZ salo (KiPo . FeBiy

Plla Bl te '™ I 3N I B o CBFTR FalLURE
C3 BU CO TE
1 Z.043 o« 000 198.227¢ e. 8. 9. @.o?
2 2.91¢ v.60¢ 35.880 9. e. 0. 0.3
3 2.977 .00 TL.744 2. 2. e. .27
4 .84 R.00. H?.602 @. e. 2. 0.2:
S5 3.1y -0.000 -Oy.sbs 2. 8. 2. 2.15
6 =-3.86c -0.090 -54.¢0. e. @. Q. 8.2¢
7 =<.995 -0.000 -oB.140 d. e. 2. @.25
b J.045 .00 07.6x2 8. @. Q. 6.21
] . 043 ¢.000 10€.927 8. 9. 2. B.37
19 2.910 W.0¢0 85.8480 2. Q. 2. 2.30
11 2.977 2.280 71.7%4 e. 2. 2. 8.27
12 3.045 2.00¢ 57.602 Q. 2. Q. l.21
13 =-3.12y -¢.000 -39.839 9. e. @. 2.15
14 -3.962 -0.000 -5«.4¢1 9. 2. @e. 2.2¢
1% -2.995 -9.000 -08.l4d 9. Q2. e. 9.25
16 3.045 2.00c 57.602 Q. 2. 2. 9.21
1?7 2.843 .00 100.827 a. 2. Q. 2.37
18 918 2.48s Jdu.oBo e v . 9.32
15 2.977 2.000 71.7+«4 @é. Q. Q. e.2?
29 3.045 Q.08 D57.602 e. [ Q. 2.2
21 =3,129 =-¢.090 -39.859 e. e. 2. 2.10
22 =3.¥6< -0.2900 -54.001 8. e. 2. 2.28
23 ~2.995 -8.990 -oB8.143 @e. 2. Q. 0.5
24 S.845 2.000 L7.602 8. 2. e. 2.21
25 L840 .09, 100,07 Q. 8. Q. @.37
26 2.91¢ 2.0¢8 co.H80 d. 2. Q. 2.3
27 2.977 C.080 71.744 2. 9. é. e.27
28 3.045 2.880 57.6d2 9. . [ % @.21
29 =3.129 -0.000 -36.859 e. 8. 9. 0.15
32 -3.062 -0.000 -54.001 a. [ 18 9. 0.20
31 2.995 -¢.000 -o8.140 8. 9. 9. 8.25
32 3.045 2.000 57.682 e. o. 8. @.21
33 2.843 ¢.000 180.827 2. Q. 2. P.07
34 2,910 2.48c 83.686 a. @. v. £.32 E
35 2.97?7 2.400 71.744 2. e. Q. 2.27
36 3.045 8.0.2 UJ7.642 0. . 2. Jd.21
37 =3.129 -0.200 -09.84v 2 9. Q. a.15
38 ~2.062 ~0.000 -24.401 Q. Q. 2. @.20
! 39 -2.995 -9.400 -63.143 9. Q. Q. L.29
] 40 3.845 2.400 57.682 2. 2. 8. #.21
41 2.843 9.049 100.027 @. 2. 2. .37
; 42 2.910 2.808 985.886 a. 8. e. 2.32
! 43 2.977 0.000 71.744 4. a. a. 0.27
r 44 3.045 e.000 57.692 2. Q. d. 8.21
‘ 45 -3.129 -€.600 -o9.udy N 9. @. @.15
} 46 -3,062 -9.000 -5+ .001 J. e. 9. 2.20
47 «2.995 -0.000 -60.143 2. e. e. @.c5
] 48 3.045 0.008 57.0d2 2. 9. a. @.21
, 49 2.843 0.900 100.927 2. 9. a. @.37
‘ 59 2.910 9.008 85.886 2. Q. é. 2.32
' 51 2.9M 0.000 71.744 @. 2. o. 2.27
52 J.045 0.000 57.642 @. Q. a. 0.21
[ 53 =3.129 -0.¢609 -39.d5v 0. 9. @. 2.15%
’ 5¢ -3.862 -0.000 -54.401 9. 9. 9. 2.2¢
55 «2.905 -0.000 -o5.143 e. 2. 9. 9.25
56 J3.045 ¢.00@ 57.6¢2 2. 3. e. #.c1
57 2.843 0.000 100.027 9. 0. 9. 0.07
58 2.918 2.080 85.886 . 2. o. 8.32
59 2.977 .88 7].7¢4 J. é. a. a.27
60 3.045 @.0¢8 b5o7.6€2 . 9. e. @.21
TOTAL NO. RAILUR.S = « LOns Cassd .
[ 22 ]
.
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Table 2k (Continued)
o
€. PILE FONCES ALONG STRUCTUKE AXI15 (K1i3 o FEET) ;
PILE F1 e ke I o Fo
1 34.329 2.000 93.992 8. 9. 2.

2 2v.92¢ .00 88 . 250 8. 2. 0. |2
3 25.512 2.40080 67.12i Q. 8. 0.

4 21.10s 8.00. 80.6c 8. . 2. 3
&  15.573 -0.000 -0o.024 8. 8. .. ,
6  19.981 -2.040 -8 .01 6. 0. .. 4
7 24.349 -0.400 -63.649 2. o 2. z
8 21.104 0.080  53.633 e. ‘. @. g
$  34.329 0.000 93.995 2. 8. 8. -
10 29.920 0.000 8d. .59 6. 8. 0. 4
11 25.512 8.¢00 w7.121 2. 2. 0.

12 21.104 d.000 53.53u 9. 9. i
13 15,573 -8.0080 -36.024 8. . 0. K
14 19.981 -2,.00 -20.201 0. e. 'R @
15 24.329 -¢.008  —63.649 2. . 2.

16 21.104 0.¢00 53.003 8. . °.

17 34.329 2.000 935,995 8. e. ¢, $
18 29.92¢ 0.009 80.050 8. 0. 8. B
19 25.512 2.000  67.121 0. . 0.

20 21.104 2 .000 53 .65 8. 0. o. b
21 15.573 -3.000  -06.524 o 2. 9. 5
22 19.981 -2,0080 -0 .20l 0. °. v 3
23 24.309 0.800 -63.099 0. 8. .
2¢  21.104 0.s20 53.633 8. 0. 0. !
25  34.329 2.909 ¥3.992 o 8. 2.

26  29.528 8.2400 89 .58 2. 8. 8.

27 25.512 8.000 67.121 2. 9. 0. f
28 21.194 8.000 §3.6do 2. 2. e.

29 £.573 -2.000 -36.024 0. J. 0.

30 15.981 -¢.0e8  -50.201 Q. o, 0.

31 24,309 -2.000  60.599 3. .. ..

32 21.104 2.008  55.503 8. 0. 0.

33 34.329 ¢.000 93.¥9% 8. °. 2. I
34 29.920 0.080 88 .53 2. . d.

35  25.512 0.000  67.121 0. e. 2.

36 21.104 0.000 53.653 2. e. 8.

37 15.573  -2.008  -36.024 . . 0.

38 19.981 -0.008 -50.251 0. 8. 2.

39 24.3¢9 -¢.200 63,69y v, 2. a.

40 21.104 0.9000 53.50. 2 . 2.

41 34.329 2.20. ¥3,995 [} . 9.

42 29.920 8.980 .25 9. 8. ..

43 25.512 2.900 67.121 8. 0. 2.

44 21.104 2.048 53,683 0. 8. V.

45 £.573 -8.9¢8 -36.024 8. Q. o

46 19.981 -0.088 -90.col 2. 2. ¢.

47 24.389 -0.9¢@ —63.099 8. 8.

48 21.104 2..00 53.503 9. . .

49  34.320 <. 000 93,995 e. e. 0.

o0 29.92¢ ¢.0080  Bd.550 0. . ¢.

51 2c.512 8.80¢  67.121 2. v .

52 21.104 0.900 50.603 °. 8. ¢.

53 15.570 -9.080  -36.52¢ 8. 'N 0.

54 19.981 -9.000  -59.251 8. 0. 0.

55  24.009 -0.000 65,699 0. °. 2.

56 21.1d4 0.200 50,08« @. 0. .

57 343 2.080 %5.99: e. 2. 2.

58  29.920 8.0¢c o0 . 280 Q. 2. ..

59  25.512 2.000 o7.121 0. 0. v. 1y
60 21.104 8..99 53.682 °. 8. 2. ;

SUM  1454.25¢0 -9.000 1683.1.8 -2.200 -c743.534 -8.200 N

:

!

4
ssem . E

2

L

f

1

i

;

o
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Table 2k (Continued)

*ssesese LOADING CONLITION o eeeemeee

LI T
4. MATRIX OF APPLIBD LOALS y (KiP5 o FoRT,
Q1 153 e ~% QL Q6
182£.950 Q. 875.5¢0 - -5779.62¢ 8.

S. STRUCTURE DEFLECTIONS (INCHso!

D1 iz Py o s oo
0.552F 00 V.Z7YE-¥8 ~0.23y:5-91 —€.007u-11 0.325:-05 —0.11v:s-10

6. PILE LEFLECTIONS ~LONG PILE nAlS (INCHLS)

PlLE L1 Le ™ X4 Ky e

1 @.517L €8 0.440i-00 0.133E @ 0.290.-12 ©.325:-83 -©.125E-12

2 9.526E 00 @.532c-4r 0.166i V¢ @.2:9:-12 0.325:-03 0.125E-1¢

3 2,935 o¥ 0.225p-¢d0 9.138E Q¢ B.2v6.-12 B.325.-03 9.1258-1¢

4 ©.56SE 90 0.118B-9E€ D.110f B¢ 0.290i-12 2.3¢5.-93 -¥.125E-1@

5 -Q.530E% 0@ -0.5498-00 -©,155C 08 ©.787.-11 -B.3:5:-83 -6 .9962-11

6 -0.E20L 00 —Q.44ci-Bc —¥.1002 @0 B.787E-11 -2.325i-83 —9.995s-11

7 -2.011e 38 -0.33459003 —.211% 8. 0.787:-11 ~9.3¢5:-83 9.9958-11

8 9.54538 @ @.lloc-dc @..18c 2¢ 0.290:-12

¢ 0017k 20 @.440i-¥3 d.1vde Vv B.Lade-12

16 2.5200F @ B.032i-¥9c Y.106: @ @.C290s-12 3 ~¥.1256-1¢

11 2.555e ¥0 ¢.2206-00 ¢.13¢c VO D.20d2-12 @.325:i-83 -B.125i-10

12 0.5452 ¢@ @.llos-v€ B.110r b B.250.-12 @.325.-83 -9.125E-10

13 ~8.530s 00 -0.5494-08 9.,135: <@ 8.787_-11 -2.325:.-03 ~0.996B-11

14 -B.52¢: 20 -0.442:-v0 ¥.lo3k @ ¥.787£-11 9,325.-03 —0.996L-11

15 -0.E11k 60 -0.534L£-00 -8.211% 00 0.787:-11 -2.3251-03 -2.996

16 v.5458 20 2.l1loe—¥e¢ 0.118r ¥¢ 0.2995-12 2.,325:-03 -0.12%5

17 8.517s @ B.4404i-00 @.132 8¢ B.co02-12 3.325.-8% -0.125

18 9.526¢ 8. 9.332:-0r @.106: 0 0.296E-12 9.325:€3 -©.125E-1¢

1y 8.555: @ 0.22%:-00 9.1338k w0 B.cs8L-12 2.325.-83 -0.125i-12

<6 ©.545: 00 d.llor-d¢ 0.110: @ B.290:-12 @.325:-03 ~¥.125E-10

21 -0.55¢r 0@ -0.549.-Yu ©.155: @ 2.787:-11 9.325.-83 -P.9965-11

22 -0.520L 090 -0.44ci-d9 —0.103F 0 0.787.-11 9.325.-83 -0.996E-11

23 -0.511% 90 -0.03410¢ -v.211c 80 0.787c-11 -2,.329:93 —0.995:~-11

24 ¥.545: du B.11E¥8 4.110r ¥ 8.204.-12 P.325:i-03 -9.125Z-19

<5 B.E17: ¥8 0.440c-dr Q.1vs: 98 0.290:-12 @.325:-03 —9.125E-12

<6 ©.026s 00 2.332p-00 0.166p 0 B.2v0E-12 2.325.-93 -9.125£-1@

27 0.535h 0@ 9.225:-@c @.13uc «@ 0.290:-12 2.325:-83 -0.125E-10

28 ©4.545p ¢® O.llou~d2 0.11.2 0@ ¢.299:-12 2.325.-03 -0.125E-1@

2y ~¥.53¢r 00 -0.54vi-do 9,155k <@ @.7875-11 -0.3251-03 -0.996E-11

30 -0.520e 90 -0.44c>~0k ¥.1832 ¥8 ¢.7875-11 -@.325i-83 —9.996E-11

31 ~9.511e 90 -0.334r9c 9.2115 & 0.7874-11 B.35.-03 0.9966-11

32 ©8.545: 8@ V.118c-9€ 0.110: @ ©.250.-12 0.325:-83 -8.12%E-10

33 9¥.017E ¢0 B.440:-9¢ D.193. R 0.2905-12 9,325:-03 -0.125E-10

34 9.526k ¢@ 0.3328~d3 ¥.1061 d. 0.2v63-12 0.325.-83 -8.125E-19

35 @.535h 60 Q.2gHE-08 B.1%0: ¢@ B.240.-12 0.325:-03 -0.125E-10

36 R.545: 49 @.llvi-¢8 8.1108 P 9.2902-12 0.325.-03 -B.12%E-1@

* 37 -0.5390% ¢@ -0.54yrL—93 ~4.155E €9 ©.787:.-11 -2.325.903 0.996E-11
38 -@.520r €00 -0.4425-0c —@.183: ¥ @.7875-11 —0.325:-03 —0.9955-11
36 -@,5112 88 -3.334c-d0 -¥.211s o8 0.787.-11 -8,3<5.-83 —0.995E-11
40 @.54%52 0¥ O.1l0:-d8 8.110: o¢ 3.2v0.-12 8.3205-83 -0.125E-10
41 ©9.5172 ¢@ 0.440e-¢8 ©.1981 «@ ©.25085-12 3.3:¢5.-03 -0.125E-10
v 42 Q.5con 09 0.332i-vd @.1066n ¢@ 8.290:-12 9.325.-083 -8 .125E-14
43 E352 ¢o B.2259E-¢k B8.130r @ 0.2900-12 0,325,803 -0.125i-12
4¢ ©0.545i v¢ @.1106-¥d ¢.110p ¢¥¥ ©.250.-12 0.325:-03
45 -0.53¢h @0 -0.04YE-0€ 0.155: 4@ B.787.-11 0 .325:-03
46 -9.520% 09 -0.442:-90 @.1d85c @ ©.7873i-11 -9.325:-03 i-11
47 -¢.511s 00 -8.334:93 9.211: €@ B.7875-11 9.325:-03 B.996£~11
48 ¥.5450 ¢@ .1l1pE-¥E 0.110. <@ 9.2vy0:-12 0.325c-83 -0.125E-10
49 ©.5172 V0 V.e46r-0r 0.ix3. P 9.2900-i2 0.325b-83 -0.1258-10
50 0.52z0F 00 0.032.-4Y¢ ¢.lo6. d¥ 0.20¢L-12 2.325:-83 0.125E-10
51 0.555L ¥@ 8.229%2-00 B.13cr @ €.ls@s-12 B.3¢5.-03 -0.125E-10
52 ©.545K ¢@ @.11ve-¢YE 0.110: .0 0.298:-12 0.325:-82 -8.125E-192

L 53 -9.53¢c ¥0 -0.5493-8c 9.155: 20 ©.787.~11 -9.325.-03 -0.996:-11
54 -@.520L 00 -0.44ce-¥3 -¥.1c3i 09 0.787:.-11 -9.325.-83 -0.9958-11
55 -¢.511: 9@ -3.034r-0c 9.211: & 0.787:.-11 —9.325:-83 -0.990z~11
£6 2545k @ B.llre-vg B.110. .0 B.240.-12 0.3c5.~00 —0.1256-10
97 0.517L v@ ¢.A40. %3 Q.luor @ 0.2508-12 2.3.5.-03 -0.125E-1@
58 8.%5.6c 20 ©.332e~c¢d B.106¢ € 8.200:-12 P . 3c0:-93 —¢.125E-10
59 8.93%. (@ 0.22uc-we 0.130k de B.292.-12 3.3c50-03 —0.125E-10
60 8.5452 v B.llou-de 0.110. ¢¢ d.2.¢:-12 2,325.-03 -9.125E-1@

£.1252-19
—0.125E~1p

LAl ] ] o Rl Ll 2] ]
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Table 2k (Continued)

?. ¢ILE FORveS ALONo PILE aalo (K.i: o FoBT,
PILE I3 fe s i ko ‘o CoFTH FAILURE
Cz BU CO TE
1 3.523 ¢.00¢ 103.135 e. @. v. ©.0d
2 2.993 ©0.400 o0.31v 2. 2. 8. 8.33
3 4.004 .00 Tv.aoe 0. 9. . 4.27
4 4.124 ¢.09¥8 08.073 Q. 0. 2. 9.c2
5 -4.01s -90.6P0 -oc.év4 0. .. . 9.31
6 Sed4y  —0.000 ~S7 .7l 9. Q. 2. .36
7 =3.87y -0.000-11c.u34 9. 0. e. .42 F
8  4.134 D.u00 50.674 P 0. a. 8.c2
9 3.923 ©6.400 163 .13 @. 2. e. 2.38
18 o990 2.90¢ oB.51v 9. Q. Q. 8.33
11 4.¢64 €00 75.499 . Q. 9. B.27
12 4.134 ¢.00¢ SP.07a 9. 2. 2. 8.2,
19 =4.91y -¢.000 -Bc.oY4% Q. e. 2. 2.31
14 -3.94y -€.000 -97.714 9. v ‘. d.30
15 ~5.d73 -0.200-1lc .004 9. Q. Q. Q.42 F
16 4.1%4 9.00¢ 38.079 ¢. 8. 0. @.2¢
1? V.wed ©¥.000 143.13 0. 2. Q. 9.36
18 $.993 0.00. 8,314 9. Q. 2. 0.:3
19 4.064 Q.00 T0.459 e. 4. Q. Q.27
20 4.124 Y.00¢ 08.907 9. . Q. 0..2
-9.000 -oc.c94 0. . o. 2.31
-0.¢08 ~¥/.7i4 2. 9. Q. we 6
-0.000-112.00¢ @. ¢. 2. .40 F
¢.008 58.07y Q. Q. 8. Q.2
@.u00 160.135 2. v 2. @.30
2.000 48.31v Q. 9. Q. 0.0
4008 7..499 ¢. Q. e. V.7
¢.099 38.579 0. e. e. .2«
29 -4.019 -0.000 -o..8Y4 [ . e. 3.31
30 ~i.94y  -0.000 -97.71a 2. [} e. 2.36
31 -3.873 -¢.008-112.554 Q. Q. e. Q.4c F
32 4.154 ¢.080 58.07y e. 9. o. @.z2
33 0. 923 ¢.000 103.139 @, é. v e
34 TR 2.000 48.31v é. e. 2. B8.03
35 4.064 2.000 70,499 0. e. 2. 2.27
36 4.134 2.000 03.07» 8. 2. Q. @.2:
37 ~4.019 =~0.080 -c<.o9a o. a. 2. @.31
38 -3.549 -0.4990 -97.714 @, 0. Q. 9.6
39 -0.87y -0.000-112.034 Q. 0. 0. 0.4z F
4 4.134 2.000 58.67y 2. Q. 2. Q.co
41 $.623 .08 100.13¢ 0. 9. Q. 2.3
42 0.9838 6.000 48.31» . a. e. ¥.03
43 4.06& £.008¢ V0.40v . 2. . 2.7
44  4.134 v¢.c@0 u8.073  @. 0. 9. 0.22
45 -4.0ly -¢.000 -cc.ov4 9. Q. Q. .31
46 -2.949 -2.000 -S7.714 Q. . ¢. ¢ .36
47 -3.87y -0.08¢-112.504 e. @. e. @.42 F
48 4.134 0.008 58.073 9. Q. 9. 9.2
49 0.6e3 €.990 145.139 9. 2. Q. .33
5@ 3990 0.900 ov.31vy 2. @. 8. 8.33
51 4.00% Qe Po.avy 9. 9. e. v 27
52 4.134 ¢.000 oB.o7y [ 6. Q. 2.22
53 -4.91y -¥.000 -02.8394 0. 9. . ¢.31
54 -J.999 -¢.0¥0 -97.7i4 @e. Q. o. .35
55 -3.2879 -€.¢00-112.534 e. 0. 8. Q.42 F
56 4.134% ¢.000 58.07y 9. a. @. Q.22
7 2.923 9.00¢ 183.13y Q. de o, Q.03
%8 3.993 C.089 o08.31Y9 9. 2. 9. 2.33
58 4.064 Q.600 70.499 9. 2. 2. a.27
60 4.134 2.099 Zo.o7y 2. e. 2. V.22
TOTAL NO. FAILURES = 7 LouD ChAox o
. e
(Continued) (Fhent
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Table 24 (Concluded)

1 8. PILE FOKCES ALONs >THUCTURE nxls .KIPS « F:BT,
PILE F1 Fo I - 1o Eo
1 36.337 8.¢0. Yo .0uh 2. e. .
k 2 31.717 0.000 oc.5eh 0. 2. ce
3 27.098 2.000 ofs. 440 . 2. ¢.
4 22.478 0.000 54,300 0. Q. Q.
5 30 .06 ~23.000 77,37 0. 8. Q.
6 34.646 ~0.400  -91.a.51 ¢ P Q.
k] ©9.286 -0.000 ~185.5.3 2. °. 'R
8 22.473 0..00 24,300 0. 2. 2.
Y 36.337 «.00d 55,645 0. J. ¢.
10 31.717 4.008 8c.u24 2. M 0.
11 27.490 ®.008 60.94c 0. PR Q.
12 22.4% o« .04 54.3 50 2. ‘. 2.
13 30 .20 -0.008  -77.57¢ 2. ¢. 2.
14 34.616 ~0.000 -91.401 Q. 0. 6.
15 39.266 -0.600 -105.533 ¢. G 2.
16 22.478 ¢.00v 54.30u e. 'R Q.
1?7 36,537 @000 95.645 2. Q. 2.
18 31.717 2.0008 8z.523 2. @. °.
19 27,098 8.000 66.44. 0. 'R 2.
20 22.478 8.90¢ S4.3.0 2. 9. e.
21 30.926 “2.000  -?7.304 2. 8. de
22 34.646 -@.00¢  -vl.4d1 R 2. 8.
23 39.266 -2.200 -165.503 2. Q.
24 22.478 B.600 54.300 e. 8. N
25 36.33? 0.u00 95,665 . 8. 8.
26 31.717 v 020 82.524 2. “. 2.
27 27.09c 8.000 60.44c . LB 8.
28 22.478 2.002 54.300 V. 'R 0.
25 3%.026 ~2.000  T.37e ¢. 2. 2.
30 34.646 -@.008  -91.45i G- e. Q.
31 39,266 -0.408 -105,5.3 8. Q. 0.
32 22.478 8.¢2¢ 54.300 0. Q. e.
33 36.337 0.000 95.6.5 0. 8. 2.
34 31.717 2.400 82..04 Q. Q. 0.
35 27.896 0.40. 03,440 e. 2. e.
36 22.478 0.00. 54.300 Q. 8. 2.
37 30.¢26 “@.000 -T7.37 Q. a. Q.
38 54.646 -@.000 -91.451 9. a. Q.
39 39,266 -9.400 -105,53. 2. 0. 0.
49 22.478 0.20v 54.300 0. 8. 2.
41 36, 237 2.000 90.645 6. 0. Q. )
42 31.717 0.000 82.324 0. e. 8. k
43 27.090 2.009 66.440 °. 8. 8. E
4 22.478 0.40. S54.50u e. 2. 0. F
4 30.926 -0.600  -W.3%¢ 0. 'B A,
46 34.646 -2.¢00  -yl.45i [ 2. g
47 39.266 ~0..08 -1085.553 8. 0. 8.
48 22.478 ©..00 24.300 9. 8. ¢.
49 36.337 v .00 96.645 e. o 4.
50 31.717 2 .200 82.524 0. Q. 8. J
51 27.098 [N 7] 60.44c . 8. 2.
52 22.478 @ .2¢e 54.360 0. Q. 2.
53 36.025 -¢.000  -77.37y 8. 0. 2.
54 34.646 -2.90¢  -wi.4cl @. 0. 'R E
55 39.266 -0.008 ~185.55¢ e. 0. 0.
56 22.473 Q.000 54.3950 0. @e. Q.
57 36,337 2.90¢ 90.6u5 e. [ 0.
58 3.7 0.000 32.0.4 8. “. V.
59 27,698 Q.000 60.442 e. 9. 6.
60 22.478 e .000 54.30¢ 0. e. 8.
SUM  1825.95¢ -2..00 875.540 -¢.800 -5779.62¢ -0.00"
£
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APPENDIX A: USER'S GUIDE FOR PROGRAM PILESTF

General Introduction

1. Documentation for the computer program PILESTF--to compute the
pile head stiffness matrix for a linearly elastic vile-soil system—-is
presented in this appendix and includes a general introduction, previous
work, general pile head stiffness analysis, guide for data input, and
input-output data for example problems.

2. PILESTF is a finite element computer code (developed by Dr. Wil-
liam P. Dawkins) that can solve for the pile head stiffness matrix. The
procedure used is a one-dimensional finite element analysis of a beam on
an elastic foundation. The pile is replaced by a linearly elastic sys-
tem of springs (pile stiffness coefficients) which describe the resis-
tance of thne pile to displacements of the structure.

3. PILESTF can be run on the WES G-635, Macon H-6000, and Boeing
CDC computers in the time-sharing mode. The program is part of the CORPS
library and is identified by the program number x0035. To execute the
program, issue one of the following appropriate run commands. On the WES
or Macon computer,

RUN WESLIB/CORPS/X0035,R
On the Boeing computer,

OLD, CORPS/UN=CECELB
CALL, CORPS, X0035

Data must be input interactively at execute time. Output comes directly

back to the terminal.

Background

4. A typically laterally loaded pile and the notation used in this
report are shown in Figure Al. Only a 2D system is shown; extension to
three dimensions in immediate. The relationship between forces applied

to the pile head and the resulting displacements may be expressed as

F b
* SR <10 (A1)
FZ = 0 b22 0 w
M b 0
y 31 b33) (°®
Al




Fx ,\My
— x x
'
b. SOIL
a. FORCES MODULUS c. DISPLACEMENTS

Figure Al. Notation for laterally loaded piles

The [b] matrix in Eguation Al is the pile head stiffness matrix and

each term in the matrix, bij , 1s equal to the force of type i prcduced

by a unit displacement cf type j with all other displacements equal to
zero. Because the pile-scil system is assumed tc be linearly elastic,
energy must be conserved which requires that bij = bji for every
i and j.

5. Assessment of the values of the bij cecefficients has been
based on the finite difference solutions by Reese and Matlock (1956)

of the fourth-order differential equation

EI Sﬁ% + k(z) u=0 (a2)
dz
where
EI = bending rigidity of the pile
u = lateral displacement
z = distance along the pile
k{z) = soil modulus which may be a function of =z as shown in

Figure Al.
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6. Reese and Matlock (1956) have expressed the lateral force-

deformation behavior in the form

FXT3 M T2
= A - R (A3)
and
FXT2 MyT2
= - +
6 ET AG ET BG (ak)
where, for instance, with k(z) = k.z" ,

T = h+n,%l
2

and Au s Bu R Ae . Be are ccefficients which depend on the rela-
tive magnitudes of EI , k(z) , and pile length. Charts giving values
of Au . Bu . Ae', Be for a variety of soil-pile parameters are
given in Reese and Matlock (1956).

T. The stiffness terms bij are readily obtained from Egqua-
ticns A3 and Ab and the tabulated coefficients of Reese and Matlock
(1956) by imposing successive unit values of u and & and evaluating
the resulting forces Fx and My .

8. Determination of the bij for extreme cases of a rigid pile-
structure connection or a pinned pile-structure connection is straight-
forward. However, an anomaly arises when the pile-structure ccnnection
is assumed to be only partially effective in resisting moment. A pre-
viously used method and an alternative procedure for evaluating the
b, stiffness terms for partially fixed head piles are described below.

id

Previous Pile Head Stiffness Evaluation

9. Niemi (1976) presents a procedure for determining the bij

coefficients under the assumption that the pile is "infinitely" long

and the pile-structure connection is capable of producing only a

A3




fraction (DF) of the resisting moment of a completely fixed head pile.
First, the relaticnship between the moment developed in a completely
fixed pile and a unit value of lateral displacement (u =1, 8 = 0)

is determined.

10. From Equation A4 for 6 =0 ,

=

=9
Mo = F T (A5)
3
The assumption is then made that the pile head produces fer any

displacement u ,

M= (DF) M . (A6)
where 0 < (DF) <1 .
11. From Equaticns A3 and A6,
FXT3 A ]
U= =T Au (DF) B Bu| (AT)
6 J
12. By definition,
b - x_y E
11 u 1 T3
where
_ 1
L Iy (A8)
A - (DF) Eg Bu

13. Similarly from Equations A5, AG, and AT, by definitien,

M (DF )M ¢
b = L= ¥
31 u u
cr
EI
b, = K, =
31 2 T




where

(DF)
K, = 5, (A9)
T Au - (DF) Bu
6
14. For evaluation cof ccefficients bl3 and b33 , the assump-
tion i1s made that the pile head moment for 6 =1, u=0 is
M_ = (DF) M (A10)
. (DF) e
15. From Equation A3 with u = 0 ,
B M
- _u _yf
F= AT (a11)

AGJ (A12)

16. By definition, from Equations AlQ0 and Al2,

M (DF)M
b= Lo ¥£_
33 ) 6
where

- (DF)

K3 = Bu
B =% %

u

(A13)

17. Alsc, from Equations All and Al2, as defined in this prccedure,

B =%=(DF)5{TX£=KQ
13 6 A 3] Ly 2
u T
where
- DF
K);—Au (All‘)
5. B~ Ay
u
AD




iy v — i —

' 18. In summary the pile head stiffness matrix established by this

procedure is

1 EI 0 (DF) EI
A 3 A 2
8 T u T
Ay - (DF) B. Bu B By = Ag
0 u
= *
[b] 0 b, 0 (A15)
(DF) EL 0 (DF) EI
By 7° B T
K—-Au - (DF) Bu B - —E-A
L 8 8" A 8
u
——

19. Necting that Ae = B, (see Reese and Matlcck (1956)), the

term b31 may be written as

31 A

B 6 u
u

20. It is apparent that except for pinned head piles ((DF) = 0)
or fixed head piles ((DF) = 1), the pile head stiffness matrix develcped
by this prccedure is unsymmetric and therefcre viclates the requirement
of ccnservation of energy.

21. It is further tc be ncted that the effect of partial fixity

is different for resistance to lateral translation wu that fer rota-
tien 6 . 1In the stiffness matrix, Equation AlS, resistance tc rotaticn
is directly precpertional to (DF) while resistance to translation is

inversely propertional to (DF).

* b,, 1is the axial stiffness cof the pile and is determined scparately

from the lateral ferce-displacement effects by procedures which are
nct covered in this appendix.

A6




Alternate Derivation

22. For a pinned head pile, ((DF) = C), Equations A3 and Ak

yield (with u=1, @ = O rree * My = 0)
FXT3
1= EI Au
and
FxT2 A 1
18rec! = 57 A6 = K;”T (A16)

23. For a partially restrained pile it is assumed that mcment

resistance develops at a reduced rate (propertional to (DF)-Gfree).

Then from Equations A3 and Al,

FXT3 M T2
=% A - m B (ALT)
Ay 4 FXT2 M T
o = (1 - DF)|6free| = -(1 - DF) K;'E = - T Ayt E%_ By (A18)

Equations Al7 and Al8 may be solved simultaneously to find




24, For bl3 and b33 .

imposed at the pile head. Then from Equations A3 and Ak,

displacements u =0 and 8 = (DF) are

FXT3 M T2
= - L 2
0=—F%1r 2 -~ B (a21)
FXT2 M T
(DF) = - A +=L-B (A22)

EI 0 EI )

Equations A2l and A22 may be solved simultanecusly to find

Pay = M= Ko

where
_ (DF)
Ky = —————3{:——— (A23)
By - % A
u
and
- = EI
by = F =K =5
T
where
- (DF)
Ky, = . (A2k)
B B~ P
u

25. In summary, by the alternate procedure, the fcllowing pile

head stiffness matrix is obtained:




[v] = 0 b22 0 (A25)
(DF) EI 0 (DF) EI
B, Te Bu T
AN By By -1 Aq
0 u
— -

Noting that Ae = Bu , the above stiffness matrix is symmetric and all
ccefficients are directly proporticnal tc (DF).
26. The values obtained for K and Kh are the same by either

3

procedure. Values from the two procedures for Kl and K2 are com-

pared in Figure A2 for the particular case cf an "infinitely" long pile

12—

o8

Q2

0
FIMITY IDFY

Figure A2. Comparison of stiffness
coefficients
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with soil modulus k(z) = LN (From Reese and Matlock (1956) and
Niemi (1976) for this case, A, = 2.435 B = Ay = 1.623 ,

8
Be = 1.7L49.)

General Pile Head Stiffness Analysis Intrcduction

2T7. The procedures discussed above may be used to develop pile
head stiffness matrices provided that appropriate values of Au R Bu R
AL, B are available for the particular combinations of EI , k(z) ,

agd pilz length under consideration. Reese and Matleck {1956) provide
these ccefficients for only a limited number of variations of pile-soil
parameters. In the remainder of this appendix a procedure and attendant
computer program are described which permit development cf pile head
stiffness matrices for either twc- or three-dimensional pile~socil sys-
tems for any combination of pile-soil parameters. It was anticipated
that the pile head stiffness matrices developed by the program weuld
subsequently be used as input for general purpose structural analysis
programs. Because many of these general purpose prcgrams do not accommo-

date unsymmetric stiffness matrices, the alternate procedure for partial

fixity described in previous section was adopted.

Pile-Soil Model

28. The procedure used in this appendix is a one-dimensional finite
element analysis of a beam on an elastic foundation. The continuous
pile-soil system is replaced by a beam resting on discrete springs as
shown in Figure A3a and A3b., Freebody diagrams of a general node i
and adjacent elements i and i+l are shown in Figure A3c. (Note:
subscripts refer to nodes, superscripts refer to elements; e.g., f§+l
is the shear force at node i in element i+l .) Each node undergoes
a translation ui in the x-direction and a rotation ei about a y-
axis, where x and y are principal sxes of the cross section. FEx-
ternal nodal forces Fx 5 and M 5 are assumed to act at each node,

9 2

although all nodal forces except at the pile head will subseqnently be

Al0
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Figure A3. Finite element model of pile-soil system

set to zero. The soil spring at each node prcduces a force whi:h re-
sists displacement equal to the product of the spring stiffness Si

and the x nodal displacement u; .

Soil Springs

29. Before analysis of the finite element model can be performed,
the stiffness Si , Figure A3, must be established from the properties
cf the surrounding soil. At any node the soil modulus is

= n _ RN
k(z)i k) + k,z k) + k, {ih)
A weighted averaging process is used to convert the s£o0il modulus to

discrete spring stiffnesses as follows.

All

R S S SR R R

-~ =33

£, T T eEnE
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[ At i =0 (pile head):

C
For 1 <i<m-1 ,
s. = 2 lk(z). . + bk(z), + k(z) p
i 6 -1 i i+l
And for i =m (bottem of pile):

Element Force-Displacement Relations

30. The end feorce-displacement relaticns are cobtained frem
ordinary beam analysis and may be expressed as follows. For element 1
at node 1i:

(Y r 1T Y T 10
. -12E1 -6F1 u 12ET -6EI uy
i h3 h2 i-1 h% h?
ﬁ &: { - L (A26)
i 6T 2RI -6EI LRI j 8,
m - — 9 —_ —_— i
i 2 h i-1 2 h
h h
. - : )
k k) \.

or

o)
!
o
e
o
e}
—_
>
s}
-3
—
T A TP, T

And, for element i+l , at node i:

) - ) :

141 [10FT  6EI [_1081  6ET :
B 3 2 3 ? Yi41 !
h h h h' g

3

Y = + ﬁ \ (A2 :
1%l (BT LEI —6F1 oR1 . %

: ~ ) 73 i

1 hL h hL h J H +1 g
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or

4 i+l i+l
= + 2
23 by Y el (£29)
:
Nodal Equilibrium §
§
31. For equilibrium at the ith ncde:
4
4 !
e et igy = (A30)
i i i7i X,1 ¥
m o+ 0ttt sy (£71) :
i i V,1i i
i
which may be written as
i+
£ pi*d s, o fu. F
i i i i X,1
+ + = (A32)
i+
m mi*t o ol fe. M
i i i N
Or, using the notation of Equaticns A27 and A29, and introducing
S. 0
- i
~ 0 0
Equation A28 may be written as
i i+l f
+ + 5, = F, 3
2]‘_ zj 3191 El (ABS) ;
Finally, ccmbinaticn of Equations A27, A29, and A32 yields :
1. i+l :
+ + + 5. )U, + c. =F. = L :
2i%i (Ei 24 .Bl)gl S 75 78 (A3t) "

Fquaticn A3h must be satisfied at every node, 1 < i <m - 1 (ncte:
Fi = 0 , since no external nodal ferces are applied except at the pile

head).
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Special Conditions at Nede m (Bottem cf File)

B

32. At ncde m, because element m+l deces not exist, Fquaticn A3L

reduces to

al . + (bm +8 )U =F =0, (20
~Tmam=1 ~m ~m/~m ~m ~

Special Conditicns at lede o (Pile Heud)

33. Because 10 element exists above ncde ¢, Yauaticn A32 reducec t-

(bl +5 )U +cU =F . (A3 3
~0  RoJco = <o~l  ~o L

34, Equations A34, A35, and A36 represent m+l simultanecuc

e

equations which relate pile head forces (FX o and My o) tc dizplacement.:
bl bl
along the pile. In crder tc develop the pile head stiffness matrix,

particular combinaticns of pile head displacements, Uy and 60 (HV o -4
Y,

for a pinned head pile), are impcsed. The ferces, FX o and Hy o
b 2

resulting from these specified ccnditions are, by definiticn, elements

3

.A_...._,__A

of the desired stiffness matrix.
35. Feor a pinned head pile, the conditions tc be specified at the
pile head are U =1 and M = 0 . To reflect these conditions

¥,0
Equaticn A36 (see also Equation A28) must be altered tc

1 0 u 0 0 u 1
0 1
+ = {ART)

-6E1 2EI 6 -6F1 LET o 0
h2 h o) h2 h J 1 1
The displacements obtained from the sclution of Fquations A3h, A35, and g
b
A37 are then substituted into Equations A26, A28, and A32 (with $
i = 0) to obtain ~f
]
- _ 12E1 6FL 1281 BT ‘

h h h h

ALk




and

bll = Fx,o (A39)
For the pinned head pile b13 = b31 = b33 = 0 . The value of
6 =286 cbtained from this solution is used subsequently for estab-

o} free
lishing the stiffness coefficients of a fixed or partially restrained

pile head.

36. For partially restrained, or fixed, head piles three steps in
the solution are required. First, the solution for a pinned head pile
is perfeormed tc obtain efree . Then, to establish the b1l and b31
terms of the stiffness matrix, conditions u, = 1 and
60 = (1 - DF)efree are imposed at the pile head. These ccnditions
result in altering Equations A36 (and A28) to

1 0 u 0 0 u ‘ 1
o 1
+ ? (ALO)
o 1 0, 0 © 8, (1 - DF)efree
The displacements from sclution of Equaticns A3k4, A35, and ALO, together
with Equations A28 and A32 for i = 0 , yield bll as in Equations A38
and A39, and

6EI LET E€ET cEI
= —_— - + —
M o2 % *h % -7 WP % (Al1)
h h
and
- )
b3l My,o (AL2)

Finally, for bl3 and b31 , conditions u, = 0 and 80 = (Dp)efree
are imposed which result in the following form cf Equations A36 (and

A28):

AlS
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1 0

0 0 ul ] )

gu
C
+ = LA
0 1J le 0 8 (DF Yo
C

Dicplacementn “rom sclutien of Fquaticns AL, A3, -ari ALT wi-h

(@]

Equations A2T, A32, A%, and Ahl yield

and

37T The precelins ooopuense of  pergt o cormrletes the determina-

tien of the pile head o+ 19Tnecs mrrix Toron fweedimenciconal syster

in the x-z plane where I ip all cquationo 10 the roment of inertia

of the cress section atout tie v oaxic ‘i,e., T =T ),

38. Fer a three=lirencions] oyctem the pile head ferce displace-

ment relaticn ic expanded *o

»

—
-
o

()
2
<

fALL)

2 % *

(. I 0] : . LO)

* b33 and b(( are ceefficients relatet v axial and torciennl ef-
M 2
fectn, respectively, and their deterrinat i 10 [0 ot the sut Yect of

this appendix.

Alf,




In this expression coefficients bll N b51 . b15 . b55 represent
effects due to displacements, u and 6 , in the x-z plane, and are
obtained as described in paragraphs 30 thrcugh 36 with I = Iy
Coefficients b . bh2 , b2h , and bhh , which are related to dis-

rlacements v iid ¢ , in the y-z plane, may also be cbtained from the
two-dimensional analysis with I = Ix {(moment of inertia of the cross
section about the x-x axis).

39. This procedure has been expanded to a layered soil system.
The ccntinuous system and the finite element model are shown in
Figure Aba and Abb.

40. The stiffness Si must be established from the properties

of the surrocunding soil. For any ncde i in layer 1, the scil modulus is

< —— X o w—f
E 1) = KIZ) =K, (1) + szz“
-1 V—M—E
g
: |
'}
o =
AR
E i+1 ‘—W\—E
(4]
2
Y (K (1) + K2mz”; +IK,(2) + K2(2}Z"/
w E =
~ s 20
N — i | g
(3]
[+ 4
i~
< K -Avu{
o _ _ n
3 E(2) = K(Z) = K, (2) + K,(2)Z
(7]
X J w g
!
a. CONTINUOUS b. FINITE ELEMENT
SYSTEM MODEL

Figure AL. Finite element model of
pile-multilayered soil system

s
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(1)
(1)

Kl the K constant for layer I
K2

It

the K2 constant for layer I

Z 1is a length factor that represents the confinement effect. Z will
be the depth from the top of the layer to the point if only one layer is
present. If more than one layer is present, Z = Zeff where Zeff is
the effective depth assuming that the layer properties under considera-
tion extend all the way to the top of the pile. Zeff is dependent on
the ratios of the unit weights of the layers and the depth of the over-
lying layers. Z is always measured from the top of the pile, not the
top of the layer. If node j is located at a soil layer (i.e., layers 1

and 2), the soil modulus is

eff Lot

s i~ 2.0

(1)z" ) + (Kl(Q) + K2(2)"n )

For any node K in any layer M, the soil modulus is

K(z). = K. (M) + KE(M)Zfo

Guide to Data Input

k1. Data should be input to program PILESTF according to the
fellowing guide. All input is free field (a comma or at least cne
tlank should separate data items).
RROUP 1 - Title
THFAD
THEAD = 60 Character Problem Heading
GROUP 2 - Pile Properties
A. E, G, XL, DF, NDIM

E = Modulus of elasticity

o =

XL

Shear modulus

Pile length (if length is input as zero, program
calculates increment length as h = MIN 12T _, 121
and XL = 200 x h, otherwise h = XL/200) Y

Al8
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DF = Degree of fixity, O< DF < 1
0 - pinned head
1l - fixed head
NDIM = 2 - two dimensional system
3

- three dimensional system
B. XI, YI, XJ, A, AXCO, TOCO
XI = Moment of inertia about X - axis
0 for two dimensional
YT = Moment of inertia about Y - axis
XJ = Torsional moment c¢f Inertia
0 for two dimensional
A = Cross-sectional area
AXCO = Axial stiffness factor

TOCO = Torsional stiffness factor

RO IR GT T e ST, SO, TV PPN N T T S I

0 for two dimensional
GROUP 3 - Soil Properties
A, NLAYER
NLAYER = number of soil layers
B. Necessary only if NLAYER =1
XK1, XK2, ZN
where ES = XK1 + XK2 **ZN
C. Necessary only if NLAYER > 1
¥1(I), Xxk2(1), zN(I), DEPTH(I), GAMMA(I)
XKL(I) + XKe(L) **2N(I)

DEPTH(I) = Bottom elevation of soil luyer I (feet) E
GAMMA(I) = Unit weight of soil in layer I

Note: Repeat Group 3-C data NLAYER {(number of layers) i
number of times ‘

where K

Example Solutions

42, A number of solutions have been obtained for the pile
parameters shown in Table Al. The pile problems sclved herein are in-
tended only to demonstrate the use of the program and to indicate the

influence of some prcblem parameters on the pile head stiffness.
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Discussion of Results

43, Stiffness coefficients obtained with the computer program are
compared in Table A2 with values obtained by the procedures in the pre-~
vious work section using data from Reese and Matlock (1956) for "in-
finitely" long piles. Except for problems 3A, 6, and 9, the difference
between values predicted by the program and those obtained as in the
previous work section are less than one percent. The differences in
problem 3A illustrate the effect of length; the pile in this problem
is not "infinitely" long. This is substantiated by the results of
problems 3B and 3C. The length calculated by the computer pregram for
problem 3C is only an approximatior to render the pile "infinitely"
long and no other significance should be attached to this value.

L4, Example problem 1-A is the same as problem 1 except 2 layers
of soil with the same prcperties were used instead of Jjust 1 layer.

The answers from both example prcblems are the same. The same situation
applies to example problems 2 and 2-A.

45, Problem 10 illustrates the effect of different cross section
moments of inertia. The pile-soil parameters were chosen tc permit
comparison of stiffness coefficients associated with forces and dis-
placements in the x-z plane. Data are nct available in Reese and
Matlock (1956) to permit compariscns for coefficients related to the

y-z plane.

L6, The e-ample solutions demonstrate the capabilities of the

computer profi. o develep the pile head stiffness matrix for lateral
effects of a 1 ~ly elastic pile-soil system. The program can
readily be ex ‘o permit analycis of piles having variable cress
cection propertien. If precedures were available to approximate the

resistance of the soil te axial and/or torcicnal displacements of the
pile, the numerical analycis preccedure used in the prorfram could he ex-

tended to include these effects as well.
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=PROB. 1 — cDs CONITANT ZOIL MODULU:=s PINNED HERD

ENTER HERDING (ol UCHARKCTERS MHX. 2

ENTER PILE DATA UNDER HEHDIMA:E

E > LENGTH FILITY HUIM
3. 3Do 0 12an o 0 o ;
I 1Y J H HxUO T0OCO
0 833,33 0 100 ) 1 0

INPUT THE NUMBER OF =0IL LHYERE
NHLAYER

T VR T Y ¥ S

ENTER :0IL DATH UNDER HERLIMNGS
FOR =Z0IL MODULU: ES=Kl+xceleelN
K1 Ke N L

10 1} 0

OUTPUT FROM PLETF
HERDIN=
PROEB. 1 — 2Dy CONZTANT =0IL MODULU:s PINNED HEML

PILE DRTH
E 15 LENGTH FIXITY Hiblm
4.300D 0a 1, 1.¢nub w3 . -4
Ix A 2} HACO  TOCD
i, 2, 333D e . 1.000D w2 1,000 u,

[
=

s0IL DARTR

NUMBER OF :0IL LAYERS
NLRYER
1
K1 Ke ZN
1.0000 a1 0, 0.

PILE HERD iTIFFMNEZS MRATRIX FOW &-D PILE

‘F.7317D e ., 0.
0. 3. 52330 05 .
0. [ 0,

DO vOU WANT ANOTHER RN/ Cl=vR e =Nl

AP3




ENTER HERDING

(60 CHARACTERS MAX.)

=PROB. 1A - 2Ds CONSTANT SOIL MODULWLS, 2 SOIL LRYERS
ENTER PILE DRTR UNDER HERDINGS
E 5 LENGTH FIXITY NDIM
= 4.3D6 0 1200 Q e
IX Iv J ] RXCO T1DOCO
= 1] 833,33 0 100 1 0
INPUT THE NUMBER OF SOIL LAYERS
NLRYER
= 2
ENTER SOIL DATR UNDER HERDINGS
FOR =0IL MODULUS ES=K1l+K2eZeeZN
K1 Ke ZN DEPTH SAMMA
= 10 0 0 600 50
= 190 U 0 1con 50
OUTPUT FROM PLSTF
HEADING
PROB. 1A - 2Dy CONSTANT SOIL MODULUSs & SOIL LRYERS
PILE DRTA
E 5] LENGTH FIXITY NDIM
4.300D 06 0. 1.200D0 02 0. 2
IX Iv J A AXCO TOCO
0. 8.333D 92 0. 1.000D 02 1.000 0.
S0IL DATA
NUMBER OF SOIL LAYERS
NLAYER
I~
K1 Ka ZN DEPTH GAMMA
1.000D 01 0. a. 6.000D V2 S5.000D 01
1.000D 01 0©. 0. 1.2000 03 5.000D 01

PILE HERD
3.7317D 02
0.
0.

nO vOU WAN

STIFFNESS MATRIX FOR 2-D PILE

0. 0.
2.5833D 05 0.
0. 0.

T ANOTHER RUN?7 <(1=YES» 0=ND>

A2k




ENTER HERLING (B CHARACTERE MHX,
=PROR. 2 - 2D+ LINEAR Z0IL MODULUI, FIXED HERD

-

ENTER PILE DATR UMDER MERDING:
E 3 LENBTH FL1ALTY nOlm
= 3, 30s i} 120 1 I~
I% Iv J H HXLO TOCO g
= 0 333,33 I 100 1 N ¥
| INPUT THE NUMBER OF 3DIL LAYERS
' NLFAER
= 1
ENTER :0IL DATA UNDER READIMa ¥
FOR 30IL MODULU: E3=K |+KZeZeelN
; ©1 Ke N
= 0 10 1

OUTPUT FROM PLETF

HERD NG F
! PROB.2 ~ 2Ds LINERR 01L MODUOLUZs FIAED HeRD V
PILE DATH %
(3 13 LENGTH FIXITY MLtim
4. 300D 08 0. 1.0l w3 1. 000 I
& I J H MU0 TOUO
: i, e 3320 N2 . 10000 0 1,0y o,
OIL DATH
NUMBER OF =0IL LAYER:
NLRTER
1
K1 Ke 2
0. 10000 wul 1. 0000 g0
PILE HERD :TIFFNE:Z MATRIX FOR 2-D RILE
2.3430D 09 . 1. 395920 0o
[ .93230 04 .
1. 35530 unm 0. 1.04510 0z

00 vOu wWaNT ANOTHER RPUNY cl1=YE >« I=N02

T
U]
—
SR = 2 TR RIS m Pouit MR PTG

o P TLr s, o e W T g 45
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ENTER HEADING (60 CHRRACTERS MARX.>
=PROB. 2R - 2D» LINEAR SOIL MODULUSs 2 SOIL LAYER:

ENTER PILE DATR UNDER HERDINGS

E G LENGTH FIXITY NDIM
- 43¢ 0 120 1 e
) P IY J A RXCO TOCO
= o samasm o 100 1
INPUT THE NUMBER OF SOIL LAYERS
NLAYER
- 2

ENTER SOIL DARTA UNDER HERDINGS
FOR SOIL MODULUS ES=K1+K2eZeeZN

K1 Ke ZN DEPTH GAMMA
= n 10 1 600 50
= 0 10 1 1200 o0

OQUTPUT FROM PLSTF
HEADING
PROB. 2R - &Ds» LINERR SOIL mMODULUS, 2 SOIL LAYERS

PILE DATA
E (] LENGTH FIXITY NDIM
4.300D 06 0. 1.200D 032 1.000 c
Ix Iv J A Rx~CO
a. £.333D0 02 0. 1.000D 02 1.000
zOIL DATA
NUMBER OF SOIL LAYERS
MLRYER
e
K1 ke ZN DEFPTH GHAMMA
a. 1.000D0 01 1.000D 00 6.000D 02 S.000D 0%
0. 1.000D 01 1.000D 00 1.200D 03 5.000D 01

PILE HERD STIFFNESS MATRIX FOR 2-D PILE

2.8490D 04 n. 1.35%%52D nNé
a. 3.5233D 05 0.
1.3558D 06 0. 1.0451D 08

DO vOU WANT ANOTHER RUN? (1=YES, 0=ND>

Toco
0.




T ” v . v ™ ~

ENTER HERDING (n) UHARARLTER:S MMx, 2
=PROE. 38 — 2Ds CONT.":0FT" Z0IC MAOD.» “:HORT" PILE

ENTER PILE DRTH UMDER HERD{MNGS:

E & LENGTH FlaelTy HLIm
- isme on w00z

Ix Iv A H HAL0  TOCO
= —-——ﬂ 3&&.Ué— _--U [ ) -;?; --;—

INPUT THE NUMBER DF :DIL LAYERX:
HLAYER

ENTER Z0IL DRTH UNDER HERDIMNS:
FOR 0IL MODULUE E3=K1+KceloelN
K1 K ZN

.12 1 1]

]
]

[

QuUTPUT FROM PLETF
HERDING
PROB. 3R - 2Ds CONET."SOFT™ 0IL mMmOD.s ":HORT ™ PILE

PILE IRTH
E 5] LENTH FIALYY LM
1.500D s 0. Fen0ul 112 u. 2
I1X Iy J H R0 1000
0. 2.2&e1D 0e 0. (SIS YTTURNTS SRR TP T T T

0IL DRTR

NUMBER OF S0IL LAYERE
NLHTER
1
K1 ke pidy |
I.1230 Q0 0, 0.

PILE HERD ZTIFFNEZ: MHRTRIX FOR e-D PILE

2. 30930 0z . W,
0. 1.32230 05 u,
. o, u,

DO YOV WANT ANOTHER RUNT? (1=YESs 0=

A7




ENTER HERDING (ol CHAFRUTER: MHx, 2
=PROE. 3B - ZAME RI 3R EACEPT "LONL" PILE

ENTER PILE DATH UNDER HERDINGL:

3 > LEMSTH FlxlTY rhm
- im0 1e v e

9 Ir J H HAL0 T0L0
= 0 sazae w sas ws

INPUT THE NUMBER OF Z0IL LHYERE
NLARYER

ENTER Z0IL DHTH UNDER HERDIMG:
FOR z0IL MODULUE ESSK1+KZeZeesN
K1 ke N

0 0

ot

]
(]

.12

DUTPUT FROM PLETF
HEADING
PROB. 3B = ZHME Wi 23R EXCEPT “LOMS" PILE

PILE DRTH
E 13 LENBTH FIRITY ND
1.5000 0O v, l.20ub 03 . <
I 1 A (2] HxCU  TOCO
i, 3.221D ue . ma 2000 W1 0,500,
I0IL DATH
NUMBER OF Z0IL LHYERS
NLAYER
1
K1 K N
2.1230 an o0, ",
PILE HERD ZTIFFNES: MRTRIX FOR co-D PILE
2. 30330 02 . U,
. 2.30330 09 1.
0. e 0.
DO YOU WANT HNOTHER RUN? 1=vESs 0=HU»
=1

A28




0IL DWTAR

NUMBER OF 0IL LAYERS

NLAYTER
1
K1 Ke ZN
2.1230 00 0, 0,
PILE HERD _TIFFNEZZ MRTRIX FOF <-D PILE
2. 443D u2 0. .
Lo 302010 0l 0,
0. . [N

DO YO WANT ANOTHER RUNT

(1=YEZ» D=0

A

I o e o -y
ENTER HERDING (ol CHARHALTERS MRX,. )
=PROEB. 20 — IHME RS 2R EXCERPT LEMGTH CALC. BY PROG.
ENTER PILE DRTH UNDER HERDING:
E > LENGTH FIRKITY NOIM
= 1.S0e 0 ) ] I~
Iv Jd ] R0 10c0
= 0 2. e 1] B3.5 n.s u
INPUT THE NUMEBER OF I01L LHYERX
HMLRAYER
= 1
ENTER :0IL [RATH UNDER HERDINGL:
FOR :=0IL MODULULE ES=K1+xcelZeslN
K1 Ke ZN
= 3.123 i 0
JUTPUT FROM PLITF
HERDING
PROB. 20 - IAME A: 3R EACEPT LENGTH CRLC. BY PROG.
PILE DATH
E 13 LENLTH FIAITY NDIM
1.500D 05 0. 1.9577D 113 (U e
I« 1Y N H HxCO 1000
0. 2.¢e1b ne . o, ISUD U1 w500 0,

ke ale B v e e ¢l

.

——
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e

ENTER HERLIMNG <ol CHARRUTERS MHX.
2

=PROB. 4 - IAME RE

R EXCEPT STIFFER 0IL

ENTER FPILE DRTR UNDER HERDIMAE

- E G LENGTH FI<(TY NDIM
= 1.500 ) 0 364 -—U ;
Ix I N H RO 100D
= i 322. Qe i 3.9 ) HeS -_;_
INPUT THE NUMBER OF Z01L LHYERS
HLAYER
= 1

ENTER 30IL DHTH UNDER HERDINGE
FOR ZDIL MODULUE El3=Kl+KceleelN

K1

Ke ZN

21.23

1] 1]

UJuTPUT FROM PLETF

HERDI NS
PRIOE. 4 -
PILE DRTH
E
1.500D a8
1%

.

*0IL DATA

HLUMEBER OF
HLATER
1
k1
21230 a1 a,

PILE HERD
1. 323400 032
.,

Da gl WA

IHME RS 3R EXCERY =TIFFER s0IL

> LENGTH FIALTY MLUIM
i, 2,000 N2 0. =

1y J " HALDO
F.2e1D ne 0. B d0UD Ul . Sun

10IL LAYER:

ke iy}
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ZTIFFNEZ: MATRIX FOR -l FILE
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ENTER HERDING (00 UHRRACTERS MHX,

=PFOB. S - IAME AZ 3/ AND 4 EXCEPT 3T

1

a

Ze

ENTER PILE DIHTH UNDER RHERDIMG:

»

{FFER :=DIL

E = LEN-TH FIXITY NItIM

1.5Dn o 0 ET] - 1} ;
IX I J H HALO  TOLD
e azews 0 R

INPUT THE NUMBER DF =DIL LHYERE
NLHYER

ENTER =0IL DARTA UNDER HERDINGI
FOR Z0IL MODULUE ES=sKlexceleeiN
K1 ke an

21

FL

fu

guTeUT FROM PLETF
HERADING
PROE. 5 - ZAME HS 3¢ AND 4 EXCEPT

PILE DRATR
E 3 LENGTH
Lo00D e u, S.ou0l e
Ix 1v N
. 3.e21D o2 0.

Z0IL DRTH

HUMBER OF ZDIL LRAYER:
HLRER

1
K 1 ke Fd) |
123D 0g 1. 0.

PILE HERD :TIFFNEZ: MATRI< FOR 2-
Fe7a130 03 . .
i, 1.32e3n 05 e
[N i, .

DO ¢O0 WANT BANOTHERF RUNG (1=YELe

sTIFFEF :0IL

FIAITY NIIM
i, e
H HxL0  T0C0
m, 3S0D 01 .0 o,

v PILE

=NU+
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ENTER HERDING (50 CHHRACTERS MHX. ;
g; =PROE. o - 3Dy LINEAR 0IL MODULUSs  PIHNED HERD .
1
. ENTER FILE DATA UNDER HERDI1MG: y
% E ] LENGTH FIALTY  NDIm :
+ i -
{8 = 4, 305 1.308 SEEDIT 0 3
 § Ix Iv J H HxCO TOCD
= 233,23 233,33 1660,.67 100 1 1

INPUT THE NUMBER OF UIL LHYER:
NLATER

ENTER ZOIL DATH UNDER HERDIMG:
FOR Z0IL MODULUE Ei=K1l+KceZeelN
K1 K.e ZN

OuUTPUT FROM PLITF
HERDING
PROB. o — 2De LINERR 010 MODULUES  PINNED HEMD

PILE DRATH
E (] LENL-TH FIRLTY NUIM
3. 2000 0o l.gaon ae t.cuul X e K]
1% Iv J H H<20  T0C0
2. 333D 02 B, 3330 0 l.oedD 02 100D G 1. u00 1,00y
3
01 DRTH ;
NUMBER OF -0IL LAYER: P
HLATER
1
K1 K& 2N
0. 10000 31 t.uoud un

FILE HERD :ZTIFFNEZZ MATRIX +0OF 2-D PILE

1.03010 04 0, i, . u. ”,
0. t.09010 ng 0, [N (18 i,
3, i, 2.922320 US e [ (U
R ", ", e U, .
i, 1, i, W b [
0. 0, i, [N o, Sl e
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ENTER HERDING (50 CHHRACTENS MAX. 2
=PROE. 7 — 3AME A3 o EXCEPT FIXED HERD

ENTER PILE DATH UNDER HEADIMY

E £} LENLTH FIXKITY NDIM
= 4. 3D 1.3De teun B 1 ;

1N} J ] HXLO 7000
= 53n.a3 833.a3  lese.e? 100 1 1

INPUT THE NUMBER OF ZDIL LAYER:

NLRTER

ENTER ZOIL DATH UNDER HERDIMGE

FOR =0IL MODULUY ES=K]1+K2eZeelN

K1 Ke 2N

= i1 10 1

QuUTPUT FROM PLITF
HERDI NS

PROB. 7 — ZAME AS o EXCEPT FIXED HERL

PILE DRTA

(3 i3 LENGTH
4. 300D 06 13000 0n 1.200D 03
1% Iy i
..333D 02 2. 233D 0 l.ea/D 03
z0IL DRTH
NUMBER OF 30IL LAYER:
NLAYER
1
K1 Ke ZN
it 10000 g1 1,000D oy
PILE HERD ZTIFFNEZZ MATRIX FOR
2.3430D 030, 0,
. . 34300 04 0,
i, 0, A.9a23h WS
0. —1.385%3an e 0,
Lo 39930 i 0, 0.
0. 0. 1§,

FILKITY LM

1. 000 ]

] HxLO  TOLO
10000 w2 1.0 1. 000

3-D ~ILE
0. 1.3%940 s w,
-1, 35930 us (LN .
0. . u.
1. 03510 = u, (I8
U, 1.0491D vz u,
. (1 c.auunb
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A33

e e R i

By =3 omaitons




ENTER HERDING «Bu UHHARARLTERY MHX. )
=PROB. 3 — ZAME RS 7 EXCEPT PHARTIALLY REZTRHINED HERD
ENTER FPILE DRTH UNDER HERDIMNG:
E ] LENGTH FIXITY NDIM
= 4. 3Do 1.20o 1200 [ 3
IX Iy J H HALCO  TOLLO
= d33. 323 232,33 1860, 67 100 1 1
INPUT THE NUMBER OF :=0IL LAvERS
NLRYER
= 1

ENTER :0IL DHTA U

NDEF HERDIM>S

FOR I0IL MADULUL: EI=K1+kceZeelN
K1 Ke ZN
= 0 10 1
QUTPUT FROM PLETF
HERDING
PROB. 3 ~ ZAME AY 7 EXCEPT PRARTIALLY REISTRHINED HERD
PILE DATRA
E i3 LEMNGTH FIAITY NUIM
4.300D D5 1.2000 On 1.enud u3 u, 500 3
I1X IY J (2] HXL0  T0eD
&, 3330 02 2. 333D 0e 1.867D U3 100D e 1ouuu 1,0
z0IL DRTwH
NUMBER OF 30IL LHYERS
NLRYER
1
K1 ke ZN
0. 1.0000 01 1.000b w0
PILE HERD STIFFMNESE MHMTRIX FUR 3-0IV FILE
1.32350 w4 4, a, e ©.773D us
. 1.20950 4 0, -5.7791D S .,
i, . 2.58330 sy, u.
o, -n, 77910 05 0, S,2e56D e,
6. 77310 05 0. [ . D.2¢%eDh uy
0, 0, I, u, i,
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ENTER HERDING (50 UMARACTERS MAX,»
=PROB. 9 - ZAME RS 7 EXUEPT EXPONENTIAL S0IL MODULU:

ENTER PILE DATH UNDER HEHDING:
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= —;?;DE -I.Hﬂé ) 1200 o -_;__- ;

IX IY J 2] H4L0 10wl
= 233,33 -;33.33- —I;éé.o; --;;;‘-- --I- --I-

INPUT THE NUMBRER OF =0IL LHYER:
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1
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¥, 10000 0t 2. o0nb g
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ENTER HERDING (n1) CHARAUTERS MRAx. )
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4 1
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F.42330 04 0, 18
0, 1.09330 0S5,
(8 0.

. =-5.16%93D s,
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ENTER HERDING <%0 CHARRCTERS MAX.D»
=PROE. 11 - ZAME A: 3 EXCEPT 2 S0IL LAYERE

ENTER PILE DRTR UNDER HEADINGE
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“4.3e  t.ame  t2e0 1 2
I IY A A R=C0
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ZOIL DATH
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", =1.23210 0S5 0, Z.e11D a7
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ENTER HERDING

=PROE. 12 - ZAME RS 11 EXCEPT DIFF,
ENTER PILE DATA UNDER HERDINGI
E ] LENGTH FIXITY
= 4. 20% 1,208 tzoa
IX Iv J ]
= 333,33 2R233 18R, 67 1an
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= 10 D] 0 200
= 1] 10 1 ann
= 1] 10 e 1200

& CHRRRCTERT MAX.?»
=Z0IL PROPERTIEE
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APPENDIX B: USER'S GUIDE FOR PROGRAM FDRAW

General Introduction

1. Documentation for the computer program FDRAW--an interactive
graphics post-processor--is presented in this appendix and includes a
general introduction, guide for data input, and example problems.
2. FDRAW is capable of displaying pile geometry, resultant axial
forces, several different pile loading factors, and elastic center dia-
grams. Program commands control the display. The program was developed
by Mr. John Jobst, St. Louis District.
3. FDRAW runs on the WES G-635, Macon H-6000, and Boeing CDC com-
puters in the time-sharing mode. It is limited to execution on a Tek-
tronix 4014. The program is part of the CORPS library and is identified
by the program number X0036. To execute the program, issue one of the
following run commands. On the WES or Macon computer,
OLD WESLIB/CORPS/X0036,R
GCs2Dp
device - TK4

On the Boeing computer,

OLD, CORPS /UN=CECELB
CALL,CORPS, X0036

L, Two bits of information are prompted for by the program before
any commands may be given:

a. The name of the plotting file created by an analysis run
of X0O03k.

b. The radius of the figures to be drawn on the screen (pile
coordinate units per inch of screen).

5. After this, any valid FDRAW command may be given. The program
assumes load case 1 to be the current load case until it is changed by

giving the "LOAD" command.

COMMANDS :
HELP To obtain a list of valid commands.
RADI To redefine the radius of the fipures drawn on the screen

(units that the coordinates of the piles are given in per
inch of screen).




LOAD
GEOM

COMB

PLF

AXFC

To change the current load case.

To display pile locations, with the options of printing
the batter for each battered pile and/or numbering the
pile.

To display the combined bending factor for each pile and
the portion of that factor due solely to the axial load
on the pile, for the current load case.

_a, %, 05
C.B.F. = gn * w1 * 785

where Q3 = vertical load along U_ axis (kips)

3
Ql = moment about U, axis (kip-ft)
Q5 = moment about U2 axis (kip-ft)

FA = allowable axial load (kips)

FB4Y = allowable moment about minor principal axis
(kip-ft)

FB5 = allowable moment about major principal axis
(kip-ft)

To display the pile load factor and P.L.F. Flag for each
pile for the current load case.

For pile in compression:

F.L.F. = MAX [C.B.F.] P.L.F. Flag = |BC
A.F. C

For pile in tension:

P.L.F. = MAX C.B.F.] P.L.F. Flag = [BT
A.F. T

To display the axial factor and P.L.F. Flag for each
pile for the current load case.

For pile in compression:

F. = 22
A-F. = Eow

Where CALOW = Allowable Compressive Load (kips)
For pile in tension:
_ |-Q3
AF. = TALOW|

B2

I
i3
i




where TALOW = Allowable Tensile Load (kips)

FORCE To display the axial force, Q3, for each pile for the
. current load case.
CCOMB Similar to "COMB" except that it displays the critical

combined bending factor for all load cases and the criti-
cal load case number, for each pile.

CPLF Similar to "PLF" except that it displays the critical
pile load factor for all load cases and the critical
1load case number, for each pile.

CCAXFC Similar to "AXFC" except that it displays the critical
axial factor for all load cases and the critical load
case number, for all pile in compression.

CTAXFC To display everything "CCAXFC" does, except for all pile
in tension.

ELCEN To display the elastic center and resultant force diagrams
for all load cases.
END To end FDRAW.

Guide for Data Input

6. Program X0034 of the CORPS library creates a plotting file to
be used as the input data file for this program. Data are written to
this file according to the following guide. All input is in free field
(a comma or at least one blank should separate data items) except Group

5.
Group 1 - Pile Data

A. [ LINE NP |

LINE = five digit line number

NP = total number of piles in the foundation

| LINE,U1,U2,U3,H,ANG ]

B. Note: Repeat NP (Number of Piles) number of times g

Ul = distance from origin to pile along Ul-axis (feet)

U2 = distance from origin to pile along U2-axiz (feet)

U3 = distance from origin to pile along U3-axis (feet)

H = batter H vertical on 1 horizontal 0 -- vertical pile

ANG = clockwise angle between the positive Ul axis of the
structure and the Ul axis (directicn of batter) of the
pile (degrees)




Group 2 - Loading Control Data

[ LINE

_NLDCS ]

NLDCS - Number of Loading Conditions

Group 3 - Elastic Center Data

| LINE,EC1,EC2,EC31,EC32 ]
EC1 - Ul coordinate of elastic center in Ul-U3 plane
EC2 - U2 coordinate of elastic center in U2-U3 plane
EC31 - U3 coordinate of elastic center in U2-U3 plane
EC32 - U3 coordinate of elastic center in U2-U3 plane

Group 4 - Applied Loads

[LINE,Q1,Q2,83,Q5,Qk 1

Q1 =
Q2 =
Q3 =
Q5 =
Qk

Group 5 - Load

horizontal load along Ul—axis (kips)
horizontal load along U,-axis (kips)

vertical load along U_-axis (kips)

3

moment about U,-axis (kip-ft)

moment about U,-axis (kip-ft)

Factors

[ LINE

LC
CBF
PLF

FLAG

,LC ,CBF,PLF,FLAG,AFFC,STFC,Q3 |
Cols
= Loading Case 6-8
= Combined bending factor 9-18
= Pile load factor 19-28
= Flag denoting compression or tension 30-31
C = compression
T = tension
BC = compression in combined bending
BT = tension in combined bending
B = if axial force = 0
= Axial factor 32-h1
= Steel axial factor Lho-s5]
- = Axial force 52-61

ir up 5 data NP (Number of piles) Number of times.
o Groups b and 5 data NLDCS (number of loading
namber of times.

BL




Example Problems

7. The examples which follow illustrate the displays available
from FDRAW. The data used are the output from example problem 9 pre-
sented on pages 101-109 of the main text ot this report. The input 3:.La
are stored in a rile and are presented in Table Bl. There is 1 load case

and 27 piles in the foundation.

BS
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Martin, Deborah K
Documentation for LMVDPILE program / by Deborah K. Martin,
H. Wayne Jones, N. Radhakrishnan. Vicksburg, Miss.

U. S. Waterways Experiment Station ; Springfield, Va.
available from National Technical Information Service, 1980.
132, 38, 18 p. : ill., ; 27 cm. (Technical report - U. S.

Army Enginecr Waterways Experiment Station ; K-80-3)
Prepared for U. S. Army Engineer Division, Lower Missis-
sippi Valley, Vicksburg, Miss.
References: p. 132.

1. Computer programs. 2. Computerized simulation. 3. Docu-
mentation. 4. Matrix analysis. 4. LMVDPILE (Computer program).
S. Pile caps. 6. Pile foundations. 1I. Jones, H. Wayne, joint
author. II. Radhakrishnan, Narayanswamy, joint author.

TII. United States. Army. Corps of Engineers. Lower Mississippi
Valley Division. 1IV. Series: United States. Waterways Experi-
ment Station, Vicksburg, Miss. Technical report ; K-80-3.
TA7.W34 no.K-80-3




