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Foreword 

The information contained herein was developed on Research Project 2-5-62-33 
entitled "Piling Behavior" which is a cooperative research project sponsored jointly 
by the Texas Highway Department and U. S. Department of Transportation7 Federal 
Highway Administration, Bureau of Public Roads. The broad objective of this 
project is to fully develop the use of the computer solution of the wave equation so 
that it may be used to predict driving stresses in piling and be used to estimate the 
static load bearing capacity of a piling from driving resistance records and basic 
soils data. This report covers the specific objective of explaining the use of the wave 
equation computer program. 

The opinions, findings, and conclusions expressed in this publication are those 
of the author and not necessarily those of the Bureau of Public Roads. 
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WAVE EQUATION COMPUTER PROGRAM UTILIZATION MANUAL 

Introduction 

This manual describes the utilization of the com­
puter program for the application of the one-dimensional 
wave equation to the investigation of a pile during driv­
ing. The program is based upon a procedure developed 
by E. A. L. Smith.1 

The program can be used to obtain the following 
information for one blow of the pile driver's ram for 
any specified soil resistance: 

1. Stresses in the pile. 

2. Displacement of the pile (penetration). 

3. Static load capacity of the pile for a specified 
soil resistance and distribution. This capacity is the 
static resistance at the time of driving and does not 
reflect soil set-up due to consolidation. 

The program is valuable in that system parameters 
heretofore ignored (in pile driving formulas) can be 
included and their effects investigated. It makes possible 
an engineering evaluation of driving equipment and pile 
type, rather than relying only upon experience and judg­
ment. 

General Pile System Simulation 

Figure l shows a typical pile system and the ideali­
zation (discrete weight-spring idealization for use in the 
numerical solution of the wave equation) for this system. 
The ideaiization includes a simulation of the soil medium 
as well as the pile driver and pile. The pile hammer and 
pile are idealized as a system of discrete masses conilected 
by massless springs. The springs represent the stiffness 
of the pile, cushion, and in some cases the pile driver's 
ram. The soil medium is assumed to be massless, i.e., 
the pile moves through the soil and does not move the 
adjacent soil mass, which is simulated by a spring and 
damper ( dashpot) on each pile segment whose real coun­
terpart is embedded in the medium. This system is com­
pletely general. Additions or deletions in the real sys­
tem (for example, no pile cushion or addition of an 
anvil between the ram and capblock) can be handled. 

In order to simulate a given system, the following 
information is essential: 

l. Pile driver. 

a) energy and efficiency of hammer, 

b) weight and dimensions of ram, 

c) weight and dimensions of anvil (if includ­
ed), 

d} dimensions and mechanical properties of 
capblocks, 

e) weight and dimensions of pile cap helmet, 

f) and dimensions and mechanical properties 
of cushion. 

2. Dimensions, weight and mechanical properties of 
the pile. 

3. Soil medium. 

a) embedment of pile, 

b) distribution of soil resistance over the em­
bedded length of the pile expressed as a per­
centage of the total static soil resistance, 

c) point soil resistance e~pressed as a percent­
age of the total static soil resistance, 

d) ultimate elastic displacement for the soil 
on the side and point of pile. 

e) and the damping constant for the soil on 
the side and point of the pile. 

It should be recognized that the solution obtained 
with the program represents the results for one blow of 
the hammer at ·the specified soil embedment and soil 
resistance. 

The techniques for idealization can be categorized 
in three groups: 

l. the hammer, 

2. the pile, and 

3. the soil. 

Idealization of Hammers 
The program is formulated to handle drop ham­

mers, single, double, and differential acting steam ham­
mers and diesel hammers that operate on the head of the 

PILE 

Klml• INTERNAL 
SPRING CONSTANT 

~ FOR SEGMENT "' 
~ K'tml• SOIL 

SPIII1'4G CONS'TIWr 
~ FOR SEGMENT m . 

!AI ACTUAL PILE (&)IDEALIZED PU 

SIDE 
FRICllONAL 
RESISTANCE 

Figure I. Idealization of a pile for purpose of analysis. 
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0------RAM, W(l) 

~ -------CAPBLOCK, K(!) 

ti ~il __ , -----:::: :N:~2:(2) 
Q -------PILE SEGl>mlT, W(3) 

Calculations for idealization 

W(l) • Weight of ram, (lb.) 

K(l) ~ A(l) E(l} , stiffness of the capblock, (lb./in.) L(l) 

where 

Note: 

A(l) • cross sectional area of the capblock, (1n.2) 
E(l) • modulus of elasticity of the capblock, (p~{) 

L(l) • thickness of the capblock, (in.) 

See reference 2 for capblock properties. 

Figure 2. ClUle 1-Ram, capblock, and pile cap. 

pile. The techniques presented in this section are gen­
eral in scope and are presented for illustration. Ap­
pendix A gives the idealizations and pertinent informa­
tion for the most common hammers. 

Figures 2 through 4 describe the idealization for 
the following cases: 

1. Case 1-Ram, capblock, pile cap, and pile (Fig· 
ure 1), · 

1)---- R.\.'1, 11(1) 

.,2 -------- CAPBLOCK, K(l) 

T-- PILE CAP, ll ( 2) 

CUSHlOX, K(2) C 

--~-----------, PILE SPRING, K(2)p 

Q- 1ST PILE SEG!!!~7, 11(3) 

C.lc.ulationa for idealization 

ll(l) • Weight of ram, (lb.) 

K(l) • Stiffness of the capblock. (lb./in.) 

K(2)C • Stiffness of cuahion, (lb./in.) 

!C(2)P • Stiffness of ?11• spring, (lb./in.) 

IC(2) 

JC(Z) K(2)C K(2) 
K(2)C + K(Z)P , collobinod stiffness of JC(2)C and 

K(2) P in series. 

~ote: See reference 2. for capblock and cuahion properties. 

Figure 3. ClUle //-Ram, capb, n. 
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0-
~----

rr-­
T-­Q-

IWI, V(l) 

IAlt St:IFFNESS, 11:(1) 

.AIIIVIL, V(Z) 

CAPBLOCE, lt(2) 

ntE CAP, 11(3) 

PQ.E Sl'llliC, lt{l) 

l'liiST i'IU: SEQIE!rr, W(4) 

CAlculations for idealizaeiolt 

where 

11(1) • Weight of r-, (lb.) 

1:(1) • A(l) E(l) , the aetffness of the r-, (l'b./ill.) 
L(1) 

A(1) • r- czosa sectional area, (ia,) 

1(1) • OS>dlllus of elasticity of r- •Udal. ~psi) 

L(l) • lSDcth of r-, (ill.) 

This calclllaUoD ass- thai: the pile cap aDd anvil are rf.&14. 

Figure 4. Case Ill-Ram, anvil, capblock, "anti pile cap. 

2. Case II-Ram, capblock,, pile cap, cushion and 
pile, (Figure 2), and 

3. Case III-Ram, anvi~ capblock, pile cap, and 
pile (Figure 3}. 

Methods of including coefficient of restimtion in 
capblock and cushion springs. In the cases when K(l) 
is a capblock (Cases I and II), and K(2) is a cush­
ion (Case II) , it is desirable to include the energy loss 
due the coefficient of restitution of the particular ma­
terial . 

e 
... I Area BCD _ 
V Area ABC 

.,. I Energy output 
V Energy input 

(1) 

· In Case II it is necessary to combine springs K ( 2) c 
and K(2)p to delermine the equivalent spring K(2). In 
this instance it is also necessary to determine the coeffi­
cient of restitution of the combined springs. The stiff­
ness of the spring in the restitution phase is the slope 
of the line DB in Figure 5. 

K - Fn (2) 
DB- Ac-~D 

Since, 

Energy output - Area BCD -

Energy input - Area ABC 

or 

Fn (~-~D) 
Fn tdc) Fn 

Fn (Ac-AD)/2 

Fs (Ac)/2 

(3) 



w 
(.) 
a:: 
0 ..... 

..... 

A C 

t:. - DEFORMATION 

Figure 5. Definition of coefficient of restitution. 

The combined restitution stiffness of K{2)c and 
K { 2) P can he determined from, 

1 1 
K(2) - K(2)c 

+ 1 
K(2)p· 

(for restitution phase 
DB in Figure 5) 

e(2) 2 

K(2) 
from Eq. 3, 

e(2) c2 

K(2)c + 

e(2) 2 = K(~/:k(2 )p [e{2)c2 K(2)p + e(2)p2 K(2)c] 

since K(2) = K(2)c K(2 )p 
K(,2)c + K(2)p 

e(2) (4) 

v K(2)c ~ K(2)~ [e(2)c2 K(2)p + e{2)1,2 K(2)c] 

Ram kinetic energies. The kinetic energy of the 
ram for specific hammer types can he calculated as 
follows: 

1: Drop hammers and single acting steam hammers; 

En = W(l) · h · er 

where 
Ea 

W(l) 

h 

- ram kinetic energy, (ft.-lb.) 

ram weight, (lb.) 

- ram stroke, (ft.) 

(5) 

er hammer mechanical efficiency ( usu­
ally between O.i5 and 0.85 for most 
single acting hammers) 

2. Differential and double-acting steam hammers; 

Ea=hll+ 
where 

h 
p actual 

p actual 
p rated 

Wili)_ r(l) 
W(1) 

actual ram stroke, (ft.) 

actual steam pressure, (psi) 

(6) 

p rated = manufacturers rated steam pres­
sure, (psi) 

W(h) 

W(l) 

= hammer housbg weight. (lb.) 

= ram weight, (lb.) 

3. Diesel hammers; 

EH = W(l) (h.,- C) • ec (7) 

where 
h., = actual ram stroke for open-end hammers, 

and the effective stroke (includes effect 
of bounce chamber pressure) for closed­
end hammers, (ft.) 

C = distance from bottom-dead-center of ram 
to exhaust ports, (ft.) 

Work done on the pile by the diesel explosive force is 
automatically accounted for by using an explosive pres­
sure (see Sample Problem and Table A2). 

In the hammer idealization, no!e that tl:e parts com­
posing the pile driver are physically separated, i.e., the 
ram is capable of transmitting compressive force to the 
anvil but not tension. The same is true of the interface 
between the anvil and pile cap, and the pile cap and the 
head of the pile. The program contains provisions for 
eliminating the capability of transmitting tensile- forces 
between adjacent segments. TI:.e mechanics of·this pro· 
vision are more fully explained in the following section. 

Idealization for Piles 

The idealization of the pile is handled by breaking 
the continuum of the pile it1to discrete segments. Each. 
segment is represented by its weight and spring repre­
senting the total segment stiffness. ln Figure 6 the­
weight representing the segment is assumed to he con­
centrated at the end of the segment away from the- impact. 
This places the spring on top of the weight whose stiff­
ness it represents, i.e., K(2)· is associated with W(3). 

Piles should be broken into segments not to exceed 
approximately 10 feet in lengths, but into not less than 
five segments. The stiffness of each pile segment spring 
is calculated from 

(8} 

where 
K(m- 1) - spring stiffness for segment m, (lb.­

in.) 

A(m) 

E(m) 

= cross sectional area of segment m, 
{in.:!) 

= modulus of elasticity of the material 
of segment m, (psi) 

U m) = length of segment m, fin.) 

The weight of each pile segment is calculated by 

W(m) = A(m) L(m) a 
where 

a unit weight of pile material., (lb/in.) 

If the pile is tapered the a\·erage value of A(m) 
should be used. 

The program has provisions for handling cases 
where the physical construction of the pile prohibits the 
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transmission of tensile stresses or is capable of trans­
mitting tensile stresses only after a specified movement 
of a mechanical joint (joint slack or looseness). These 
conditions occur with certain types of pile splices. The 
program provides for this eventuality by entering the 
following: 

1. If a joint (a joint is defined as the interface 
between two segments) can transmit tension the slack 
or looseness is entered as SLACK (m) = 0. (Refer to 
Figure 6.) 

RAM 

CAP BLOCK 
PILE CAP 
CUSHION 

I 

@ 

2. If a joint is completely loose, no tension can 
be transmitted and SLACK I m) should be made a very 

_ large number, i.e., SLACK (m) = 1000.0. 

3. If a joint is capable of moving 1.25 in. before 
transmitting tension, SLACK ( m) = 1.25, i.e., the physi­
cal value of the slack or looseness in a joint is entered 
in inches. 

The SLACK ( m) values are always associated with 
spring K ( m) . In Figure 6 if tension can be transmitted 

~ 
K(l) ~ -SLACK (I): 1000. 

® 
~-SLACK (2) = JOOO. 

- @ 
SLACK (3) = 0 

K(2)~ 

K(3) 

K'<s> a J'c 6) 

K (6) 

K (7) 

SLACK ( 8) = 0 ----~.f-:-~ rrr~-!r."'-
K'(8) SJ'(8) 

K (8) 

REAL IDEALIZED 
Figure 6. Pile idealization. 
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across the interface between segments 3 and 4 the slack 
value would be associated with spring K I 3), i.e., SLACK 
(3) = 0. 

The interfaces between the various p;uts composing 
the pile driver (ram, capblock, pile cap, etc.) which 
cannot transmit tension are also handled by setting the 
SLACK values equal to 1000. 

Ideali::atiou for Soils 

The true soil· resistance to dynamic loading is not 
clearly understood. Simplifying assumptions are used 
in the pro3ram. Figure 7 (a I shows the assumed static 
load deformation characteristic for the soil along the 
side of the pile or at the tip. For the soil on the side of 
the pile, path OABCDEFG represents the load-deforma­
tion that occurs as the pile moves· in the soil. For the 
soil at the point only compressive loading can occur, 
since the point of the pile is free to rebound, and the 
load-deformation path is OABCO. 

It can be seen that the characteristics of the spring 
representing the soil stiffness are defined by the quanti-· 
ties Q and RU. Q is the quake or maximum elastic 
deformation which occurs at the. maximum elastic force 
RU. A load deformation diagram like that of Figure 
7 (a) can be established for each soil spring. The stiff­
ness of a side soil spring is 

K'( ) = RUim) 
m Q'(m) 

where 

RU(m) = side soil resistance on segment m, 

. Q'(m) = side soil quake, (in.) 

For the soil at .the point 

K(p) - RU(p) 
Q(p) 

where 

RU (p) = soil resistance at the point (lb.) 

Q(p) = point soil quake, (in.) 

(9) 

(lb.) 

(10) 

The dynamic loading effects on the soil character­
istics are included by assuming that the soil has a damp­
er ( dashpot) in parallel with the spring (see Figure 1}. 
The resistance of the damper is assumed to be directly 
proportional to the velocity of the associated segment 
weight during the displacement. The total resistance of 
the spring and damper under dynamic load is expressed 
as3 

R(m) = [D(m)- D'(m)) K'(m'l [1 + J'Vtm)], 
in the elastic range 

R(m) = RU(m) [1 + J'VImJ], in the plastic 
range 

where 

R(m) = total resistance (static plus dy­
namics) 

D(m) - displacement of W(m) 

D'(m) -

K'(m) 

plastic displacement of soil 

spring stiffness of side soil 

J' 
Vtm) 

= damping constant of side soil spring 

= velocity of W(m) 

This equation will produce a dynamic load-deforma­
tion behavior as shown by path OABCDEFG in Figure 
7(b.t for the side soil and the path OABC for the point 
soil. Note in Figure 7(b) that the dynamic and static 
parts of R ( m) are easily separated. This point is im­
portant to the development that follo1vs. 

LOAD 

B 

r---------r T 

E I ·- D 

(a) STATIC 

LOAD 

0 
(b) DYNAMIC 

Ru(m) 

DE FORMAn OM 

Ru(m) 

J 

I 
Rutn) .Nb.t} 

l 
Ru(m) 

DEFORMATION 

Ru(m) 

! 
Figure 7. Soil (oad.Jejormation characteristics. 

PAGE FIVE 



Dse of the Program to Develop 
Dynamic-Static Soil Resistance Data 

The engineer is most interested in the static load 
carrying capacity of the piles he drives. In the past he 
has had to rely on judgment based on empirical pile 
equations (Hiley, ENR, etc.) or static load tests. With 
the wave equation method of analysis of pile driving, a 
much more realistic engineering estimate can be made 
using data generated by the program. If it is assumed 
that the method of approximating the dynamic soil re­
sistance is reasonably correct (this fact has yet to be 
proved), the static resistance of a pile, at the time of 
driving, . can be determined from the dynamic driving 
behavior. This is accomplished in the following manner. 

For any specified total static soil resistance and soil 
parameters, Q'(m), J'(m), Q(p), and J(p), the pene­
tration of the pile under one blow of the hammer can 
be de• ermined. The penetration per blow (or its recipro­
cal, blows/in.) is a measurable parameter which indi­
c~tes the dynamic behavior of the pile. By specifyiniZ 
v'!rious total static soil resistances a data table of total 
~t:1tic soil resistance, Rl! !TOTAL) and the correspond­
in!!; penetrations under one blow of the hammer (ex­
pressed as blows/in. i can be developed for any constant 
set of pile and soil parameters. The graph of tl:ese val­
ues can be used as a field guide to estimate the total 
static soil resistance, at the time of driving, for any 
observed pile penetration !blows/in.). It should be 
recolffiized that any pile "set up" due to consolidation 
in cohesive soils is not included. The static values ob­
tained should be viewed as a practical minimum of the 
static soil capacity that was achieved. 

E.-rplanalion of Data Input Sheets 

Data for the Pile Driving Analysis program is en· 
tered on two sheets. Page l contains data pertaining to 
the physical parameters of a particular pile. Page 2 is 
used to vary the soil, pile driver, or cushion character· 
istics for the pile described on page L Examples of the 
data sheets follow the explanation. 

Page 1 
Case No. 

No. of Probs. 

1/DELTA T 

p 

PAGE SIX 

== Any combination of up to six aloha­
betic or numerical characters used for 
identifyin~ information. These char­
acters will identify all problems asso­
ciated \\;th the pile data entered on 
sheets 1 and 2. 
Total number of problems listed on 
page 2. 

= This space may be left blank in most 
cases as the program calculates the 
critical time interval from the parame­
ters of the system. The value calcu­
lated is 

1/DELTA T = 2(19.698 \ 1 K/W) 
If, howe'\"er, one desires to use a spe­
cific 1/DELTA T, it may be entered. 
The problem will then compare the 
entered value \\;th the critical value 
calculated by the above formula and 
use the larger of the two. This is done 
so that the user cannot inad\·ertently 
enter a value too small and hence 
introduce instability into the numeri­
cal process. 
Total number of weights including 
ram of hammer, follower and helmet, 
etc. 

SLACK (1) 

SLACK (2), 
SLACK (3) 
Option 1 

Option 2 

Option 3 

Option 4 

!PRINT 

NSEG 1 

This indicates a specified looseness 
between W(1) and W(2) in inches. 
This is the amount of movement re­
quired before K(1) will take tension. 
If there is complete tensile freedom 
of K(1) then enter SLACK {1) = 
1000. Lean blank if optioll 3 JS "2". 

see notes on Slack (1). 
This is an option for the manual entry 
of the crou sectional area of each 
segment. _ 
(a) Enter "1" and all AREAS will 
automatically be set equal to 1.00. In 
this oase, draw a horizontal line 
through all AREA rows on the middle 
portion of page 1. If "1,. is used, do 
not enter areas in AREA rows. 
(b) Enter "2" if the cross sectional 
area of each segment is to be entered 
manually in the AREA rows. In this 
case enter AREAS (1) to (P) inclu-
sive. 
This is an option for the manual entry 
of soil resistances. . 
(a) Enter "2" if the soil resistances 

. (expressed as a percentage of the 
total soil resistance) are to be entered 
manually in the RU rows. The RU 
values are entered from (1) to ( P + 
I) inclusive. Note that (P + 1) is the 
point resistance and all others are side 
resistances. The total of aU RU per­
centages entered must total 100%. 
(b) Enter "1" if the soil resistances 
are not listed in the RU rows but are 
indicated under Option 12 on page 2. 
This is an option for manual entry of . 
the SLACK '\"alues. 
(a) Enter "1" if SLACK values· from 
SLACK (4) to SLACK (P- 1) are 
all 0.00 (indicating K(4) to K(P- 1) 
can take tension). In this case only 
SLACK (1) to SLACK (3) are entered 
in row 1. Draw a horizontal line 
through all SLACK rows in the !ower 
portion of page 1- In this ease do not 
enter any values in the Slack rows. 
(b) Enter "2" if SLACK values are to 
be entered manually. In this case, 
SLACK (1) to SLACK (3) in row 1 
may be left blank. 
This is an option on the routine used 
to simulate the material beha\ior of 
springs K(1}, K(2), and K(3). 
(a) Enter .. 1 .. for use of Smith's rou­
tine 3 and 4. 
(b) Enter ''2" for use of Texas A&l\l's 
routine: It is suggested that Option 
4 = 2. Option 4 may be left blank in 
which ease it is automatically set 
equal to 2. 
This is an option on the amount of 
data printed out when the Ion~ form 
output is used (Option 15 = 2). If 
Option 15 = 2, IPRINT is the print 
interval expressed as the number of 
time intervals. As an e.'i:ample, if a 
print out is required every lOth time 
interval. 10 would be entered for 
!PRINT. If Option 15 is "1" or "3" 
leave IPRINT blank. 

= NSEG 1 is the mass number of the 
first pile segment. If NSEG 1 is left 
blank NSEG 1 = 2 will be used by the 
program. 

The total weight of each segment. in pounds, is entered 
in the rows marked W(2). W(3i, •••••• W124L The 
weights, W's, are entered from 2 to P inclusive. Note 
that W ( l) is not entered as it will be included on page 2. 



The spring stiffness of e~ch segment, in lb./in., is 
entered in the rows marked Kt1), Kl2), • •• · ·, K(24). 
The stiffness . K's. are entered from 1 to P - 1 inclusive. 
Spring KIP) is the soil spring at the pile tip and is cal· 
culated by the program from the soil data entered on 
page 2. 

If Option 1 = 2, the average area of each segment 
must be entered in the rows marked A ( 1), A ( 2) , · • · · • , 
A ( 24). The units of A should be consistent with the 
stress units desired in the output. The basic force unit 
of the output is the pound. The areas, A's, are entered 
from 1 to P inclusive. A(P- 1) and A(P) in most 
instances will be the same. Areas of segments of the 
hammer are usually entered as A(1) = 1.00, etc., since 
stress values obtained for these segments are not usually 
of concern. If Option 1 = 1 the area row should be 
marked through with a solid horizontal line indicating 
no data cards are to be included. 

If Option 2 = 2, the side soil resistance on each 
segment, expressed as a percentage of t~e total r soil 
resistance, is entered in the rows marked RU(1), RU12), 
• . • • • • RUI24L The soil resistances, RU's, are entered 
from i to P + 1 inclusive. The value of RU (P + 1) 
is the pile tip resistance. Mark out all rows when Option 
2=1. . 

If Option 3 = 2 the physical slack or looseness, 
expressed in inches, is entered in each row marked 
SLACK (1), SLACK (2), • •• · ·, SLACK (24). 
SLACK'S are entered from 1 to P - 1 inclusive. If 
there is no slack. enter 0.0, if there is complete looseness, 
enter 1000.0. SLACK (P) is automatically set equal to 
1000.0 since the point soil spring cannot take tension. 
If Option 3 = 1, mark out all rows. . 

Note that the forms have 24 spaces for W's, K's, 
A's. RU's and SLACK's. The pro~Uam is capable of 
h~dling a pile with a maximum of 149 segments. Addi­
tional cards may be added to each parameter as needed. 

Page 2 

W(1) 

NC 

. K(NC) 

EFF 
ENERGY 

ERES (1) 

ERES (2) 

ERES (3) 

RU (TOTAL) 

% RU (TOTAL} 
AT POINT 

== The weight of the pile driver's 
ram in pounds. 

= The number of the spring for 
which K(NC) is being varied, see 
discussion on page 8. 
The spring constant of the spring 
being varied in pounds/inch. Only 
one spring can take on variable 
values per case. 

= The efficiency of the pile hammer. 
= The kinetic energy of the falling 

ram calculated by Equation 5, 6 
or 7. 

= The coefficient of restitution of 
spring K(1) 
The coefficient of restitution of 
spring K(2) 
The coefficient of restitution of 
spring K(3). 
This space should be used only 
when Option 11 = 2. In this case 
RU(TOTAL) is the desired ulti­
mate pile resistance in pounds. 
When Option 11 = 1 leave this 
entry blank. 
The percentage of the total pile 
soil resistance, RU(TOTAL), un­
der the point of the pile. This 
value is entered as a percentage. 

MO 

Q POINT 

Q SIDE 

J POINT 

JSIDE 

FEXP 

Option 11 

Option 12 

Option 13 

Option 14 

Option 15 

= If Option 12 is "1" or "2" enter 
the number of the first pile seg­
ment acted upon by soil resistance. 
This space may be left blank if 
Option 12 = 3. i.e., RU's are read · 
in on page 1. 

= Quake of the soil at the point. 
Normally "0.10" is used. 
Quake of the soil on the side of 
the pile. Normally "0.10" is used. 
Damping constant for the soil at 
the point. 

= Damping constant for the soil on 
the side of the pile. 

= The diesel explosh·e force (in 
pounds) "-'hich acts on the ram 
and anvil of a diesel hammer. In 
the case where no explosive force 
exists, as with drop hammers or 
steam hammers, leave FEXP 
blank. 

= This option provides for single or 
multiple calculations. 
(a) Enter "1" if multiple calc-cda­
tions for RU (TOTAL) V S • 
BLOW /IN., data are desired. The 
computer will assign suitable \"al­
ues of RU{TOTAL). Leave RU­
(TOTAL) space on page 2 blank. 
(b) Enter "2" if single calculation 
is to be made· with RUfTOT • .U.) 
value entered on page 2. 
This option is used for designation 
of the distribution of side friction 
on the' pi!e. 
(a) Enter "1" for a uniform dis­
tribution of side friction from seg­
ment MO toP. 
(b) Enter "2" for a triangular 
distribution of side friction from 
segment MO to P. 
(e) Enter "3" if Option 2 = 2, 
ie., RU values are entered on 
page 1. 
This option provides for computer 
plotted cun-es using the data gen­
erated for RU (TOTAL) VS. 
BLOW/IN. (Option 11 = 1). 
(a) Enter "1., for computer plot 
of data. If no plot is desired, 
leave blank. 
This is used to include or exclude 
gravity in the calculations. 
(a) Enter "1" if the forces of 
gravity are to be included in the 
calculations. 
(b) Enter "2" if the forces of 
gravity are to be e.'l:cluded from 
the calculation. This alternate in 
effect excludes the weight of the 
pile from the ca~culations. It is 
used when t.'le pile driver is in a 
horizontal position or for an ex­
treme batter. 
This option provides for v-ersatili­
ty in the output format. 
(a) Enter "1" for a normal data 
printout. 
(b) Enter "2" for extra detail in 
printout. This alternate gives per­
tinent stresses, deformations, ve­
locities, etc., at the print inter,·al, 
specified as !PRINT on page 1. 
(c) Enter ''3" for short output. 
This alternate gives only a tabu­
lar summaey· of BLOWS/IN. VS. 
RU(TOTAL). Option 15 = 3 
should be used only when Option 
11=2. 
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SPECIAL NOTE Where anything listed for Prob­
lem l is to he repeated for Problem 2, 3, etc., draw an 
arrow down through the last problem to indicate repe· 
tition. 

Comments on data input. On page 2 of the input 
forms, provisions are made for varying the stiffness of 
any spring, K(l) through K(P- l), in the hammer or 
pile idealization. This is accomplished by entering the 
number of the spring to be changed in the NC column 
and then the stiffness of spring K(NC) in tl:e KiNC) 
column. As soon as this problem is completed, the spring 
stiffnesses, K ( NC"I will he reset automatically to the value 
listed on page 1 of the input form. 

The various output options, Oplion 15," are discussed 
in Appendix B in conjunction with example problems. 

- - ---- - --
PILE DRIVING ANALYSIS 
TEXAS A 8 M UNIVERSITY 

The program is capable of handling pile idealizations 
\\;th a maximum of 149 segments. There is no limit on 
the number of problems that can he run for each ca..<oe. 

Sample Problems and Program Listing 

A sample problem showing tl:e use of the input 
forms and the output forms is presented in Appendix B. 

The program listed is presented in Appendi~ C. It 
is coded in IBM FORTRAN IV. A flow diagram of the 
program logic is also presented. An attempt has been 
made to use variable names which correspond to ~ 
nomenclature presented by Smith." 

OPTIONS ZN 

BY: 'DATE; 
PAGE •t ! e 

1:1.!':~ .... ~ 0 
OF 2 

;~a .., ... .. ... 

1LLII~21 I I I I I I I I 121 II I I I I I I 1~1 I I I I I I I I 1~1 I I iili•~ !k~ ~ ~ TITTT!SfTITTT11 I 1211 I I I I I I I 'i 
CASE NO.!PROas.! IIOELTA T P SLACK (I) SLACK (2) SLACK(3) 123 

i 11111111 111111111 111111111 111111111 I I I I II I If I II II II I II 111111111 ... W(l) w 12) w (3) w (4) W(5) w (6) W(7) W!8l 

· I I I I I I 1 I I II I I II Ir r -fl I I I I IT l II I! I ·rn1rrm r rn111LI ll Lllllll 
W(91 W(IOI W(ltl W(12) W(l31 W04 Wll:» W(l6) 

I I I I I l ll l IIIII! Ill lllllllll I I I I I 11 I I I I I I I I 1 I I llllllllf Ill T n 111 ., 1 1 1 r 1 1! , 
W(l7) W(l8) W(l9) W(201 W(20 WIHI W!23l W(24) 

111111111 111111111 111111111 111111111 II I 111 1 TITTT1111 111111111 I I I II I 11 I ... , .. K (I) K (2) K (3) K(4) K(5) K(6) K(7) K {8) 

111111111 I I I II I II I II II I II II II II I I I I I II II I Ill I IIIII I II II I Ill II I U LLIIIII 
K(9) KilO) K(ll) K(l2) K ('31 KO<Q KitS K(lll) 

II! !IIIII 111111111 111111111 111111111 TT -ITTI TTITIIIII I I I I I I l f I II II IIIII 
K(tn K(IB) K(l9) K(2Q K (21) K(2Z K(23l K12<Q 

111111111 111111111 111111111. 111111111 IIIII III! I IIIIIITT ffTTnlll lLUillll ..... . AP.EA (I) AREA (2) AP.EA 131 AREA (4) AREA (5) AREA (G) .:.REA rn .ur"...A (8) 

I Ill I 1111 111111111 111111111 111111111 1111 1111 liiiiTrfT lfTTTI 111 It UllLLl 
AREA (91 AREA (10) AREA (Ill AREA (12) AREA 031 AREA (l<Q AREA 05) AREA 06l 

I I II I I 11 I 111111111 111111111 I I l I I I 1 I I IT 111 1T TII111 111111111 111111111 
AREA (17) AREA (18) AREA (19) AREA (20) AREA (21) AREA (22) AREA 1231 AREA 1241 

1111111"11 I I I I I I 1 I I 111111111 111111111 111111111 I I I II I ll I I I II I 11 I I 111111111 
... RU (I) '1., R\J 121 '1., RU (3) '1., RU (4) '1., RU 151 '1., RU 161 '- Ru (7)"4 RU (8) '-

111111111 111111111 111111111 II f!TTnl fill II 1 TTrrfldl 111111111 111111111 
RU 191 '1., RU (101 '- RU (It) '1., RU (12) '- RU 031 '- RU 041 '1., Ru (15) "4 RU t&l "4 

I I 1 I I I II I I I 11 I I I II I I 111 l I I I IIlii II!! Ill I I I I I I I ! 1 I l I I f r I I I fl T ! I I 1!1111111 
RU (17) '1., RU 081 ~ RU (19) '1., Ru (201 "4 RU (21) "4 RU 122) "4. RU l23l "4. RU (24) "4 

111111111 111111111 I I 111 I I I I 111111111 I I I I II II I r 1 t I I l rT ·rrrm111 1.1 LLLLlll -· SLACK (I) SLACK 121 SLACK (31 SLACK (4) SLACK (5) SLACK (6) SLACK (7) SI.ACK (8) 

H-HIII111 H-HIIIlll H-H 111111 H-HIIIlll 1-H-1111111 F+Ritllll H-HIIIlll f-H-1111111 
SLACK (91 SLACK (10) SLACK (II) SLACK (12) SLACK P~ SI.ACIC (I<CI SLACK (151 SLACX (161 

1-#llllll I H-HIII111 H-HIIIlll H-HIII!II H-H IIIII H-H Ill f II H-H rn 111 1-t-H.JJ_U I I 
SLACK (17) SLACK (18) SLACK (19) SLACK 1201 SLACK 1211 SLACK I2Zl SLACK 12:51 SLACK n4l 

H-HIII111 H-HIIIlll H-Hill111 H-HIIIlll 1-+H IIIII H-HIIllll H-HiillU H-HIIIlll 
NOTES · ONE OR MORE PROBLEMS I\AIJST BE LISTED ON PAGE 2 

w's ANO AREAS I TO P INCL.; K'S AND SLACKs I TO P·l INCl.; RU's I TO P+l INCL (P+f IS "4 RU UI'IOEit POINT OF PILE.) 
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PILE DRIVING ANALYSIS BY: .joATE: 
PAGE •z 

TEXAS ASM UNIVERSITY OF Z: 

I I I t ~I II I I I I !al I I I I 1~1 I I I 1~1 i I 1.1 I I !:ill iII I I I ltill I I I I I I I .. I I I I I II I 10. 
p 

W(l) K(NC) ERES ERES ERES RU (TOTAL.) %AT Q Q J J OPTIONS R N MO 0 EFF. ENERGY (I) (2) (3) POUNDS POINT foiNT SID EfoNT SIDE FEXP 
8 POUNDS c POI:INDSIIHCH 1112 141 

I 

!a ·I 3 I 
i I I I 4 I 

5 I 
I, I I I I l i I I I ! 

7 I I ! I I I 

I I I i 8 I I 

9 
! i i 

I 0 I I I I 
I I I 
112 i I 

I 

I 3 I 
I 4 I I 

I 5 I I 
. lis I I I I 

I 

I 7 I I 

1 a I 
19 I i 
20 I 1 
NOTE : IF OPTION ,.II • I, RU (TOTAl.) NOT REQUIRED 
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Appendix A 
PILE DRIVING HAMMERS 

Table Al and A2 list the information needed for 
the simulation of the most common type of pile driving 
hammers. 

Equations (5) through (i), in the text, may be used 
to calculate the kinetic energy for a specific ram stroke. 
Capblock and cushion stiffness can be calculated using 

RAM W(l)~ a: 

CAPBLOCIC I< (I)---.......~ ; 

PILECAP~ 2 
W(2) ~ 

CUSHION ~ 

1<(2)c ~~ 
PILE I< 12)p -~ ~ 

PILE W (3)---o o. 

DROP HAMMERS DOUBLE 
SINGLE ACTING STEAM HAMMERS 

(A) 

the equation in Figures 2 through 4 of the ten. When 
it is necessary to calculate the coefficient of restitution 
of combined spriug stiffnesses, Equation (4) of the te:rt 
should be used. 

The mechanical properties of selected cushion and 
capblock materials can be found in Reference 2 of the 
text. 

w 
.I 

D. 

TABLE A I DROP HAMMERS AND STEAM HAMMERS 

HAMMER TYPE 
W(l) w (2)* w (") I( ( I ) I< (2)c IC C2lp STROKE Proted EFF. 
(LB;) (LB.) (LB.) (LB./IN.) (LB./INJ (LB~IINJ h, (FT.) (PSI) et 

llfKT s~ A 3000 -· - en cn 3.00 - 0.80 z z ..J 0 .J 0 -MKT S5 A 5000 - - c iii c iii til 3.25 - 0.80 ~ ~ -z i5 -IU w w w 
VULCAN I A 5000 1000 - !it 2 ~ 2 - til 3.o·o - 0.80 -2 Ci ::1 i5 til .I -VULCAN 2 A 3000 1000 - c 2.42 - 0.80 z d ! d .. o • VULCAN 30C 8 3000 1000 40'56 en 1.04 120 0.85 

cn cn 0 "' .. 
0 1&.1 IU -VULCAN 50C B 5000 1000 6800 z ~ 

z 
~ til 1.29 120 0.85 

IU IU 
D. ffi D. -VULCAN SOC 8 8000 2000 9185 IU IU .., 

¥ 1.38 120 0.85 
0 D. 0 D. 

VULCAN 140C 8 14000 - 13984 ~ ~ 1.29 140 0.85 D. * REPRESENTATIVE VALUES FOR PILE NORMALLY USED IN HIGHWAY CONSTRUCTION 
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TYPE HAMMER 

MKT DE-20 

MKT DE-30 

MKT 0£~40 

DELMAG 0 5 

DELMAG 012 

DELMAG 0 22 

DELMAG 0 44 

LINK-BELT 180 

LINK- BELT 312 

LINK-BELT 440 

LINK-BELT 520 

a: 
w 

W(l) 
(LB.) 

2000 

2800 

4000 

1100 

2750 

4850 

9500 

1724 

3857 

4000 

5070 

----- CAPSLOCK K (2) 

~~~~---PILE CAP W{3) 

CUSHION K (3)c 

----PILE K (3)p 

1---- PILE W(4) 

TABLE A2 DIESEL HAMMERS 

NOTES FOR TABLE A2 

* for octuol stroke use field observations 
(moy vorJ from 4.0 to 8.0 ft.) 

* • determine from bounce chamber 
pressure (he = E /W(I) where E,. lndlcoted 
Energy) 

't overage voluas 

W(2) W(3)+ K( I) K(2) MAX he c En EXPLOSiyE 
xl05 xiQ6 K(3lc K(3)p FORCE e, 

(LB.) (LB.) (LB./IN.) LB./IN.) (FT.) !FT.) (FT.-LB.) (LB.l 
640 oooo 14.2 8.00* 0.92 • 46300 1.00 .11: 

775 0 a~oo 38.7 63.8 8.00* 1.04 1&1 98000 1.00 ..,111oo - -- lit 
~~o 101.0 8.00* 1.16 - 0 138000 1.00 

I Ill ;;; g a: 
330 18.5 13.6 8.00* 0.83 ... 4&JOO 1.00 

i;j;;; t "' 816 31.5 18.6 8.oo• 1.08 • 93700 1.00 
0 Cl) ~::; .11: :! - Cit w ..... 

"" 1576 ! 49.7 23.8 a: 8.00* 1.08 - 158700 1.00 .. c - a: u -: ~ 
..... 

4081 .. a 106.2 56.5 " 8.00* 1.19 lit 200000 1.00 
8"':. z 

377 44.5 15.5 E 4.63- 0.64 .. 0 81000 1.00 . g I~ t3 :•%"- 142.5 
X 

3.87** 
en 

1188 18.6 0.50 0 98000 1.00 
---- 4.5s-

z 
705 <<<< 138.0 18.6 1.25 "' 98000 1.00 

0. 
1179 108.5 18.6 5.2o•* 0.83 "' 98000 1.00 0 
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Appendix B 

SAMPLE PROBLEM 

Consider the pile shown in Figure B-1. 

Pile: 16 in. square prestressed concrete pile, 26 ft. 
in length. The modulus of the concrete is 7.82 X 106 

psi and its unit weight is 154lb./ft.3 • The pile is assumed 
to be embedded for its full length. 

Pile hammer: Hypothetical diesel hammer with 
4850 lb. ram with an input ram kinetic energy of 39,800 
ft. lb. The explosive force produced by the diesel fuel 
is 158,700 lb. The stiffness of the ram is given as 42.25 
X 106 lb./in. The anvil is assumed rigid and weighs 
1150 lb. The capblock stiffness is 24.5 X 106 lb. /in. 

In order to illustrate the utilization of the input data 
sheets and explain the output data sheets four problems 
are considered. 

Problem 1 and Problem 2 are concerned with the 
driving effects produced by two different cushions. The 
object of these two cases is to determine the dynamic­
static resistance curves (RU(TOTAL) VS. BLOWS/IN.) 
for one blow of the hammer. In Problem 1, the cushion 
is assumed to have a cross sectional area equal to that 
of the pile, is 6¥1, in. thick and has a modulus of elas­
tacity of 1.0 X 106 psi. In Problem 2 the cushion area 
and properties are the same as in Problem 1 hut the 
thick!less is 3lfs in. In Problems l and 2 the soil side 
friction is assumed to have a triangular distribution with 
107r" point resistance. The soil constants are: 

(a) Q = Q' = 0.10 in. 

(b) J = 0.15 sec./ft. 
(c) J' = 0.05 sec./ft. 

FALLIHG 1 0--:- RAM ---DIHII•4Qo• 1 FALLING 

(al ACTUAL PILE 

ICU•41-.II •101•/1'...,. 

Ill) IDEALIZED PILE 

SID! 
FRICTIONAL 
R!StSTANCE 

Figure B-1. Sample problem. 

PAGE TWELVE 

Problem 3 and 4 illustrate the use of program to 
investigate. the penetration of a pile to 200 tons of static 
soil resistance produced by one blow of the hammer. In 
Problem 3 the soil resistance is distributed unifonnly 
along the side wilh 10% at the point. The cushion is 
the same as in Case 1. In Problem 4 the soil has a tri­
angular· distribution along the side with 10% soil resist­
ance (same as Problem 2). The cushion is the same as 
in Problem 2. Problem 4 will also illustrate the use of 
the output option (OPTION 15). 

The following calculations illustrate the computa­
tions for the hammer and pile idealization. 

(a) Pile: The pile is broken into eight equal length 
segments of 39 in. The spring stiffness for 
each segment is, 

K(3} = A(3)p£(3)~> 
" L(3)p 

where· 
A(3) 11 = 254 in.: 
E(3) 11 - 7.32 X 106 psi 
L(3)p = 39 in. 

therefore 

K(3)p = (254) (7.32 X 106) = 51.0 X IOS lb./in. 
39 

(b) Cushion: Spring K(3) in Figure Bl (b) rep­
resents the combined stiffness of the cushion 
and first pile segment. 

In Problem 1 and 3 

K(3)c = A(3)c E(3)c 
L(3)c 

where 

then 

A(3)c = 254 in.: 
E(3)c = 1.00 X lOS psi 
L(3)c = 6.25 in. 

K(3)c ::: (2S4) ~~X lOS) = 40.5 X 106 lb./in. 

The combined stiffness of K(3)c and K(3)p is 

K(3) = ~i!~:: ~~!!: - i~:i) + i~~:~; ~i~~ 
K (3) = 22.6 X 1()6 lb./in. 

The coefficient of restitution for the combined 
springs is assumed to be 0.50. 

For Problem 2 and 4 similar calculation yields 

K(3) = 31.3 X 106 lb./in. 

The output data sheets are completed as follows: 

Page 1 (Same for all 4 problems) 
No. of Problems = 4, there are 4 problems to be ~IV'I!d 
on page 2. 

1/DELTA T = 0.0~ since the program will calculate 
the correct value. 

P 11. there are 11 weights (3 for the 
hammer and 8 for the pile). 



SLACK'S = all set equal to 1000 since there is com­
plete looseness between the ram, anvil, 
capblock, pile cap, cushion, and pile 
head. 

OPTION 1 2, all areas are entered manually in 
AREA rows. 

OPTION 2 = 1, since OPTION 12 is used to describe 
the soil distribution. 

OPTION 3 = 1, all pile segments are connected, 
hence SLACK (4) to SLACK {10) = 
0.0. 

OPTION 4 = left blank since it is desired to use the 
A&M routine. 

IPRINT = · 10, in Problem 4, OPTION 15 = 2, it is 
desired to print output every 10 itera­
tions. 

NSEG1 4, the first pile segment, see Figure B1 
(b). 

W'S = enter the weight of each element in lb. 
Note that W(1) is blank since it will 
be entered on page 2. 

K'S enter all spring stiffnesses for the pile 
system considered to be basic, i.e., the 
program will automatically reset the 
stiffnesses to these values after each 
problem on page 2. 

A'S enter all cross sectional areas of pile 
segments only. 

EFF 

ENERGY 

ERES(l) 

ERES(2) 

1.00, diesel hammers are considered to 
be 100% efficient. 

= 39,800, the input energy for this par­
ticular hammer blow. 

= 0.60, coefficient of restitution of steel 
on steel impact. 

= 0.80, coefficient of restitution of cap­
block materiaL 

ERES(3) = 0.50, coefficient of restitution of com­
bined cushion and first pile spring. 

RU(TOTAL) =- leave blank, since OPTION 11 - 1, 
i.e., the program will generate suitable 
values for cun-e generation. 

%AT 
POINT 
MO 

QPOINT 
QSIDE 
JPOINT 
JSIDE 
FEXP 
OPTION 11 

= 10'*-
- 4, the f"U"St pile segment with side soil 

resistance. 
= 0.10, Q. 
== 0.10, Q·. 

- 0.15, ;J. 

- 0.05, ;J'. 

- 158,700, lb. the diesel explosive force. 
- 1, for program generated RU(TOTAL) 

VS. BLOWS/IN. curve. 
Page 2-Problem 1 OPTION 12 ""' 2, for triangular side soil resistance 

distribution. W(1) 4850 lb., the r!l-m weight. 
NC 3, the cushion spring number, see Fig­

ure B1 (b). OPTION 13 = leave blank since computeF plotted 
cun-e is not desired. 

K(NC) 
K(3) = 22,500,000, the stiffness of the com­

bined springs. 
OPTION 14 =- 1, to indicate gravity. 
OPTION 15 = 1, for normal data output. 

PILE DRIVING ANALYSIS OPTIONS !'::' I PAGE • 1 
TEXAS AS M UNIVERSITY · ..! ,.1 .. •I - BY: A..A9!fie !DATE; ~iiJ#7 OF 2 

~;:;~~~~~~~:;=;:~:::=;:::;::;;::;:;:::;:::;::;:;;:;::;:::;:,::;:::;:;;::;::;:;::;:;:I~!" ';11 ;ro S! • ~~~~~~~~~;;:r=;:i~:;:;:;; 
I I I I I ~21 I I I I I I I I 121 II I I I I I I !Sll I I I I I I I I 1~1 I I ~il~ ~~S il-1 I I I I lgJ I I I I I I I I 121 I I I I I I I I li 
CASE NO.IPROBS.I 1/0ELTA T l P I_ SLACK (II I SLACK (21 _I SLACK(3l 112 314 

111Pl11 11 "'I I If.! I I I 14.1.11 I I I 11/lllDiol11l I I l1 oi4!11l I I !ll11!1~. I I til II It o ~ I I I l I I I I I I I I U I I I I I I I I I I 
W(ll w (2) w (3) w (4) w (5) w (6) w (7) w (8) 

'I I IJIJ 15!o1 I I I I ltlzloioJ. I I I I I !S!S!Jl I I I I IS:StJ I I I I I IS!I!.Jt I ! I I I l818i.Jl I I I I I 19!9:&1 I I 
w (9) w (101 w (Ill w (12) w (13) w 041 w (l!t w (16) 

I I I 18~~11 I I I I IS!BI~I I II I Is~!~ I I I I I I I I 11 I I I I I I 111 I I I I I I Ill! ! I I I I lllt I I I I I llJl 
w (17) w (18) w (191 w 1201 w (20 w 1221 w (23f w (24) 

....,.. K (I) K (2) K (3) K (4) K (5) K (6) K l7l K (8) 

I !4lZI210117tololl:! I IZI+l5ltMI~i~lolo. I l2l2~111IIIIDIDio. I l511lolo!ololo!Q I ISIJI11Ioiolli',4J~ I !51/lolalala!o:o ! 15!J!o!o!D!D'.4t~ I s!J ID~~Iolo!ll 
K (9) K (10) K (II) K (12) K (13) K(141 K(IS) K t16) 

I !51JI11"'loiD"'b. I 1511 lo I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1_1 I I I I I I I I I I I I I 
Km K~ K~ K~ K~ K~ K~ K" 

• I' 

• ot AREA (I) AREA (2) AREA (3) AREA (4) AREA (5) AREA !61 AREA (7) AREA (8) 

I I I I I l1~ I I I I I I l1~ I I I I~~~~ I I I I I lt~~IL LLL~~~IL _Ill ~~I I IiI !z~~l I I II ~~~I I 
AREA (9) AREA (10) AREA (II) AREA (12) AREA P3l AREA Poet AREA (15) AREA (16) 

I I I IZI51+1 I I I I I 12!~1!. I I I I I !2!5111 I I I I I I I Ill I I I I I I 11 I I II II Ill I I I I I I 1!1 I I If I! I !ll 
AREA (17) AREA (18) AREA (19) AREA (20) AREA (21) AREA 1221 AREA (23) AREA 1241 

' .. 
... RU (I) '4 RU 121'4 RU (3) '4 RU (4) '4 RU (5) '4 RU (6) '4 RU (7) '4 RU (8) '4 

RU (9) '4 RU (10) '4 RU (I!) '4 RU (121 '4 RU 031 '4 RU (14) '4 RU 0Sl'4 RU OQ '4 

RU (17) '4 RU (181 '4 RU (19) '4 RU (21) '4 RU 1221 '4 RU (23) '4 RU 1241 '4 
'' ' 

' - SLACK (I) SLACK (2) SLACK (3) SLACK (4) SLACK (5) SLACK (6) SLACK (7) SLACK (8) 

' 
SLACK (9) SLACK {101 SLACK (II) SLACK 1121 SLACK 031 SLACK (14} SLACK (15) SLACK (16) 

' SLACK (17) SLACK (18) SLACK (19) SLACK 1201 SLACK (211 SLACK (221 SLACK 1231 SLACK (241 

' ' 
NOTES · ONE OR MORE PROBLEMS MUST BE LISTED ON PAGE 2 

W'S AND AREAS I TO P INCL.; K'S AND SLACK's I TO P•l INCL 1 RU's I TO P+l INCL. (P+t IS '4RU UNDER POINT OF PILE.) 
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Page 2, Problem 2 
Only the value of K(3) is changed. 

NC = 3. 
K(NC) = 
K(3) = 31,300,000. 

Page 2, Problem 3 
The value of K(3) and the OPTIONS are changed. 

NC = 3. 
K(NC) = 
K(3) = 22,500,000. 
RU (TOTAL) = 400,000, lb. for a 200 ton total static 

soil resistance. 
OPTION 1f = 2, for single calculation using RU 

(TOTAL) = 400,000. 
OPTION 12 = 1, for uniform side soil resistance dis­

tribution. 
Page 2, Problem 4 
In this problem the cushion and the options are changed. 

NC = 3. 
K(NC) = 
K(3) 
OPTION 12 

= 31,300,000. 
2, for triangular side soil resistance 
distribution. 

OPTION 15 = 2, for output at interval expressed by 
!PRINT on page 1. 

The output for the four sample problems are shown 
in Figures B2 through B6. Figure B2 is the output for 
one point on the RU(TOTAL) VS. BLOWS/INCH curve 
generated for Problem 1. The block of data on the 

upper part of the figure is a printout of the input data. 
The RU(TOTAL) value of 1,0:10,962.1 is the total static 
soil resistance for which this problem was run. This 
value was generated by the program and is only one point 
of 10 used to develop the data for the total RU(TOTAL) 
VS. BLOWS/INCH curve shown in Figure B3. The 
second block of data shows the ma."Cimum compressive 
and tensile stresses and the maximum displacement of 
each segment. The column labeled TIME N is the time 
interval at which the m:aimum compressive stress (MAX 
C STRESS) occurred, i.e., the maximum compressive 
stress of i432 psi occurred in segment 3 at time interval 
11 ( 11/9443.9 sec.). Similar data is printed for each 
point on the RU(TOTAL) VS. BLOWS/INCH shown in 
Figure 83. -

Figure B4 shows the summary of the data for the 
RU(TOTAL) VS. BLOWS/INCH for Problems 1 and 2. 
Data of this type can he used to construct curves like 
that shown in Figure B3. These curves can be used to 
compare the effects of cushion stiffness (the cushion 
stiffness, K ( 3) c, in Problem 2 was twice that in Problem 
1). Note the stiffer cushion (Problem 2) produces the 
most efficient driving since for a specified reSistance the 
penetration per blow is larger (BLOWS/IN. is smaller). 

Figure 85 is a !J-pical output when RU(TOTAL) is 
specified. The maximum penetration of the point of the 
pile under one blow of the hammer is 0.473011 in., listed 

I PILE • DRIVING ANALYSIS ev: A. Afi:Ji• I0ATE: 11b1J67 I PAGE #a 
TEXAS ASM UNIVERSITY - ·I - - ·J OF 2 

I I I I I I I I 1~1 l I I I I I I I lgl I I I I 
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TEX•S A • H UNIVERSITY PILE DRIVING ANALYSIS CASE NO.HSP 10 PR08LEH >ICo lOF 4 
1/0ELTA T p OPTIONS 1 2 3 .4 11 ll ll 14 15 EXP. FQltCE 

9443.9 11 2 1 1 2 1 2 0 1 1 15!1100. 
ENERGY HAMMER EFFIENCY RUt TOTAL I PERCENT U~OER POI~T MO O!POI!'ITI OISIOEI ,JIPO!Nfl .JISIOI:t NZ 

3990(1.00 1.oo 1040962.1 10.0 4 0.10 0.10 0.15 1).05 125 
M WIMI KIM I AREAIMI RUIMI SL~CKIMI ERESIMI VSTARTIHI KPRII!EIItt 
1 4850.000 Oo42200CCE 09 1.ooo o.o 1ooo.ooo 0.1>0 22.99 o.o 
2 1150.000 0.2450000E 09 1.ooo o.o 1000.000 o.ao a.o o.o 
3 1200.000 o.zz5ooooE oa 254.000 o.o 1000.000 0.50 o.o o.o 
4 983.000 Oo510000CE 08 254.000 14639.531 o.o 1.oo o.o 0.146385)£ 06 
5 883.000 o.51oooooE 08 254.000 43915.594 o.o 1.oo o.o 0.439151>1E 06 
I> 881.000 o.51ocoooe OR 254.000 13192.625 o.o 1.oo o.o a. nt9265E 06 
1 9AhCOO O.SlOOOOOF. 08 254.000 1021169.687 o.o 1.oo ·a.o Ool024697E 01 
8 883.000 0.5100000f 08 254.000 131746.750 o.o 1.oo o.o CoU17467E 01 
9 983.000 0.5IOOOOOE 08 254.000 161023.A1Z o.o 1.oo a.o D.lf>l0Zl8E 01 

10 883.000 o.s1oooooe 08 254.000 190300.875 o.o 1.oo a.o C'.190300'IE 07 
11 983.000 O.l040962E 07 254.000 219577.937 1000.000 1.oo o.o C.Z195780E 07 
1Z -o.o -o.o •OoO 104096.125 •0.0 -o.o -o.o o.o 

SEGMENT AREA TIME ~ MAX C STRESS TIME N MAX T STRESS Ol!UIMI DIM I .,, .. , 
1 1.ooo 4 2883699. 0 -o.o 0.481338 0.486179 -a. so 
z 1.000 1 Z24501J2o 0 -o.o 0.430214 0.410214 4.0T 
3 254.000 11 7432. 42 -o.o 0.359616 0.359616 -1.17 
4 254.000 13 1324. 0 -o.o 0.238627 0.223646 -).80 
5 254.000 15 7107. 0 -o.c 0.231331 0.2ll9U -1.14 
b 254.000 17 6883. 0 -o.o 0.2158?0 0.2C406l 0.51 
7 254.000 19 6633. )4 1o 0.203751 0.198904 -2.68 
H 254.000 21 6344.· 34 112. 0.1'10195 0.1~8150 -z.ss 
'* 254.000 23 5834. 29 1913. 0.182027 0.114308 0.39 

10 254.000 35 4195. 30 2491. 0.112878 0.168801 -o.01 
11 254.000 27 llZO. 0 -o.o 0.11>7608 0.166761 -1.43 
PERMANEI'<T SET Of PILE • 0.06160806 INCHES NUM8ER OF SLOwS PER IIICH • 14.79113579 TOTAL IIIT!RVALS • 49 

Figure B-2. Normal output 

under DMAX(M), and the permanent set is 0.473011 
(the ground quake Q) or 0.373911 in. Note that the 
input data is listed as well as the maximum stresses and 
the displacement of each segment. 

Figure B6 is a sampling of the output when data is 
desired at some specified interval (OPTION 15 = 2, 
IPRINT = I). The input information is listed in the 
first block of data. The next two blocks show tl:.e stresses 
at time interval N = 0 and N = I. The data is defined 
as follows: 

D(M) 
C(M) 
STRESS(M) 
F(M) 
R(M) 
W(M) 
V(M) 
DPRIME(M) 
KPRIME(M) 
FMAXCCM) 

FMAXT(M) 

= displacement of. each mass point, (in.), 
= the compression in each spring, (in.), 
= stress in each segment, (psi), 

force in each spring, (lb.), 
force in each soil spring, (lb.), 
weight of each segment, (lb.), 
velocity of each segment, (fps), 
elastic displacement of soil, (in.), 
soil spring stiffness, (lb./in.), 
maximum compressive force in seg­
ment, (lb.), and 
maximum tensile force in segment, 
(lb.). 

Time interval N = 0 is for the pile under the 
influence of gravity alone. The particular output listed 
in Figure B6 shows that the point of the pile of Problem 
4 would penetrate 0.002353 in. under gravity alone. 

(option 15 = 1) 

'.J • 1-
0 
I­..., 
;:) 
a: 

for prob. 1. 

BL.OWS PER INCH 

Figure B-3. Effect of varying cwhion stiffness. 

PAGE FIFTEEN 



PILE DRIVING ANALYSIS CASE NUMBER HSP LO Pi\OI!LEN NU,.8ER 
QPOlNT a 0.10 JPOINT • 0.15 

IILCIIS PER IN. RUTOTAL POI ... T FORCt: MAX C STRESS SEG HAlf T STRESS SEG 

1.0733 213593.• 101. r 9Z981. 7321. 4 44ll. 10 3.3072 ~62346.• 2n.T 185557. 7322. 4 H06. 10 
~.9lo01 601539.- 101.r 232773. 7322. 4 3158. 10 6.6525 708095.· 35lo. T 266561. 7323. " 3112. 10 8oll51 785875.· 393.T 285066. 7323. 4 2955. 10 10.780'1 917031.- 45'1. r 312727. 7324. 4 2708. 10 14. 7'111 1040962.- szo.r )351 '13. 7324. 4 2491. 10 18.8100 1118220.- 559.T 150215. 7324. 4 2362. 10 21.507'5 1166279.- 583.T 359397. 732"· 4 2285. 10 28.2780 1255360.- 628.T 175508. 7325. 4 2148. 10 36.2405 1321145.- 661.T 386685. 7325. 4 2051. 10 U.9512 1371145.- 686.T 394T90. 7325. 4 l'lllo 10 0 8.1772 H2ll4'i.• 7ll. T 402573. 7325. 4 1908. 10 n.8860 1471145.- 736.T 410044. 7325. 4 18)6. 10 

PI I.E DRIVING l~ALYSIS CASE I\IUM8ER HSP 10 I'IIOI!lflt NUI'I!Eit 2 
OPOI'<T • 0.10 JPOINT • o.u 

8LI'IIS PER 1'1. RUTOTAL POINT FORCE MAX C STRESS SEG MU r SJIU!SS SEG 

1.0377 21359).- 101. r 96645. 7664. 4 4171. 10 
3.1615 470888.- 235.r 196306. 7663. 4 3412. 10 
4.8150 622323.- 311. T 247556. 7662. 4 lOU. 10 
6.5367 736804.- J6R.T 29)0411. 7662. 4 21157. 10 
7.5466 Rl99l8o• 410. T 301190. 7661. 4 2703. 10 

11.4121 102567lto• 513.T 161561. ·7661. 4 2352. 10 
15.8643 1158745.- 579. T 392988. 7660. 4 2145. 10 
18.7758 1233466.- 617.r 409456. 7660. 4 2035. . 10 
22.0974 1297626.- 649.T 420576. 7659. 4 1950. 10 
29.1117 13'14207.- 697.T 430297. 7fo59. 4 1840. 10 
36.8446 1460959.- 730. T H6023. 7659. • 1766 • 10 
~5.1832 1510959.- 755.T 419816. 7659. 4 nu. 10 
57.8852 151>0959.- 7BO.T 443210. 7658. 4 .. 6). 10 
17.6870 1610959.- R05.T 446224. 7658. 4 1613. 10 

Figure B-4. Summary output for RU(total) vs blows/in. (option 11 = 1) for prob. 1 antll. 

TEXAS A • H UNIVERSITY PILE DRIVING ANALYSIS CASE NO.HSP 10 · PROBLEM NOa 3 OF 4 
1JDELTA T p OPTIONS 1 2 3 4 11 12 13 14 15 EliP. FORCE 

9443•9 11 2 I 1 2 2 1 0 1 1 158700. 
ENERGY HANMER EFFIENC'r RUITOTALl PERCENT UNDER PO I 'IT NO OlPOINTI QUICI!J .ICPOifllfl JCSIOI!J NZ 39800.00 1.oo 400000.0 10.0 4 0.10 0.10 Oo15 o.os 142 
It 111M I KIN I AREAl HI. RUIHI SLACK IHI ER!lSIMJ YST&RTfMJ IIPIUM!IHJ 
1 4150.000 0.4220000E 08 1.ooo o.o 1000.000 0.60 Uo99 o.o z 1150.000 0.245000DE 08 1.000 o.o 1000.000 o.ao o.o o.o 
3 t~co.cco 0.225COOOE 08 254.000 o.o 1000.000 o.so .. ., o.o 
4 an.ooo 0.5100000E 08 254.000 45000.000 o.o 1.00 o.o 0.45000011! 06 5 881.000 o.s1oooooE 08 254.000 45000.000 o.o loOO o.o Oo4500001E 06 
6 au.ooo o.noooooe 08 254.000 45000.000 o.o 1.00 o.o 0.4500001E 06 7 883.000 Oo5lOOOOOE 08 254.000 45000.000 o.o 1.00. o.o 0.4500001E 06 
a an.ooo 0.5100000E 08 254.000 45000.000 o.o 1.00 o.o Oo450000l E 06 9 883.000 o.s1oooooE oa 254.000 45000.000 ~ o.o 1.00 o.o 0.4500001E 06 

10 883.000 Oo5100000E Oft 254.000 45000.000 o.o 1.00 o.o 0.4500001E 06 
11 8n.ooo 0.3999999E 06 254.000 45000.000 1000.000 1.00 o.o o.uoooo1E 06 
12 -o.o -o.o -o.o 39999.984 -o.o -o.o -o.o o.o 

SEGMENT AREA TIME Ill MAX C STRESS TIME N MAX STRESS OIIAXIIIJ DINt YUU 
1 1.ooo 4 2881701. 0 -o.o 0.5021181 0.37'549] -4.67 
2 t.ooo 7 2245095. 93 -o.o 0.688212 0.688212' 1o00 3 254.000 11 7445. 97 -o.o 0.608394 0.606307 t.zz 4 254.000 13 7258. 41 2537. Oo4970U 0.495ZZ9 -z.so 

' 254.000 15 70l7. 39 3001. 0.41971t7 o.u95zo -o.u 6 254.000 17 6826. 31 2655. 0.484540 0.484376 1.46 7 254.000 19 6656· 35 2'>77. 0.481653 0.48165!1 o.sz 
I 254.000 21 6493. 34 3081. o.<t79475 0.479301 -0.90 
9 254.000 23 6133. 29 3078. Oo474198 0.47!1951 0.21 10 254.000 24 4278. 30 4194. 0.475263 0.470868 l.IJ 

11 254.000 27 61t7. 0 -o.o 0.473911 0.473011 -1.43 
PERMANENT SET OF PILE • 0.37391138 ti'ICHES NUMIIER OF 8~011S PER INCH • 2.67442989 TOJAL rNTERYALS • 98 

Figure B-5. Normal output for single RU(total} (option 11 = 2) for prob. 3. 
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TEXAS A • H UNIVE~SITY PILE DRIVING ANALYSIS CASE NO.HSP 10 PROBLEM 1'10. •OF .4 
1/DELTA T p OPTIONS 1 z ) 4 u 1Z ll 14 15 £XP. FO~CE 

944}.9 u 2 1 1 2 z 2 0 1. z 15!1700. 
ENERGY HAMIOER EFFIENCY RUITOTALI PERCENT UNDER PO lifT 100 QIPOI,!Tl QtSIDEI Jfi'OlNll JISIDU NZ 

H?DO.DO loOO 400000.0 10.0 4 0.10 0.10 0.15 o.os 140 

" WI HI KIM I AREAl HI RUIHI SLACK!~) ERESIHI VST4RTIMI RPRl!OEI"I 
1 4850.000 o.42200ooe 08 1.000 o.o 1000.000 O.ltO 22.9~ o.o 
z 1150.000 O.Z450000F. 08 1.000 o.o 1000.000 o.8o o.o o.o 
l uoo.ooo O.lllOOOOE ()R 254.000 o.o 1000.000 o.so o.o o.o 
4 881.000 o.51oooooe 08 254.000 562S.OOO o.o 1.00 o.o o.uzsoo2e CK 
5 883.000 o.s1oooooe OS 254.000 16875.000 o.o 1.00 o.o O.l61175GOE 0& 
6 883.000 o.s1oooooe ()8 254.()00 28125.000 o.o 1.00 o.o o.2UZ5ote 0& 
1 an.ooo O. 5100000E oa 254.000 39)75.000 o.o 1.00 o.o 0.)9)7501!! Of> 
a 883.000 0.5100000E OR 254.000 50625.000 o.o 1.00 o.o 0.506Z501E Of> 
9 883.000 0.5100000E OS 254.000 61875.000 o.o 1.00 o.o C.61875DlE 06 

10 883.000 0.5100000E 08 254.000 71125.000 o.o 1.ao o.o o.nusoze a& 
II an.ooo 0.199'1999E 01> 254.000 84175.000 1000.000 1.oa o.o 0.84l7502E 06 
12 -o.o -o.o -o.o 19999.984 -o.o -o._o -o.o o.o 

TIIOE INTERVAL N ~ 0 NET PENETRATION • o.o Nl .. I toO NZ• 
SEG•ENT M DIM I CIHI STRESSIMI FIMI RIM I WIN) VI HI DPNI"EIOU KIMtlMEIItl FI'&XCI"t FltAXTIMt 

I 0.002919 o.o o.o o.o o.o 4ft50.00 22.988647 O.CC0566 0.3 o.o o.o 
2 0.002919 0.000047 1150. 1150. o.o 1150.00 o.o O.<IC0566 o.o o.o o.o 
1 o.oozan 0.000(175 9. 2350. o.o 1200.00 o.o o.acos19 o.o o.o o.o 
4 0.002797 0.000061 12. HOI. ll2. 981.00 o.o 0.00044. 56250. o.o o.o 
5 0.002117 0.000070 14. 1586. )97. 881.00 o.o O.OC03U 16A750. o.o o.o 
6 0.002666 0.000075 15. 3808. 662. 883.00 o.o O.CC03ll 281250. o.o o.o 
7 0.002592 0.000074 IS. 3764. 927. 881.00 o.o O.OC021& 393750. o.o o.o 
8 0.002518 0.000068 14. 1455. 1191. 883.00 o.o O.CCOI64 506250. o.o a.o 

' 0.002450 0.000057 u. 2882. llo56. 883.00 o.o O.OCC09T 6UT5Q. o.o o.o 
10 0.002394 o.oooo4o ~. 2044. 1721. 883.00 o.o o.oc0040 731250. a.o a.o 
11 0.002353 o.o "· 941. 1986. 883.00 o.o o.o 84)750. a.o o.o 

lift~ INTERVAL N • NET PENETRATION • o.o I'll • 140 Nl • 
SEOME>IT M 01101 CIHI STRESSIMI Fl"l RIM I WIM) VIM I CPMI .. EIMI KPRIMEIMI FM&liCIM) FMAXTI!U 

I 0.012110 0.029211 1232689. 1212689. o.o 4850.00 22.126266 O.OC0566 o.o 1212689. o.o 
l o.oo2919 0.000047 1150. 1UO. o.a 1150.00 3.651348 o.ooo56& o.o usa. o.o 
1 0.002873 0.000075 9. 2350. o.o uoa.oo o.cooooo a.coos19 o.o 2350. o.o 
4 0.002797 0.000061 u. 1101. Ill. ~83.00 -o.oooooo O.CC044• 56250. llOl. o.o 
s o.oon31 0.000070 14. 1586. 3'17. A81 .oo -o.cooooo Q.OC038l 1·61!750. )586. o.o 
6 0.002666 0.0'.10075 15. 3808. 662. 881.00 o.cooooo O.CCOlll ZRIZSO. 3808. .o.o 
7 0.002592 0.000074 15. 3764. 927. 883.00 o.oooooo 0.000238 391750. ]764. o.o 
8 o.ooz51R o.oooo6R 14. 1455. 1191. 881.00 o.oooooo O.OCOI64 506250. ]455. o.o 
9 0.002450 0.000057 11. 2882. 1456. 883.00 -o.cooooo 0.000097 618150. ZU2. o.o 

10 o.oo2394 0.000040 a. 2044. 1721. R83.00 o.oooooa C.OC0040 lll250. 2044. o.o 
11 0.002353 o.o 4. 9tol. 1986. ~81.00 -o.cooooo o.o ••nso. 941. o.o 

Figure B-6. Detailed output for single RU(total) (option 15 = 2) for. prob. 4. 
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Appendix C 
FORTRAN IV. PROGRAM STATEMENT 

The listing that follows is known as an UNRA VI. 
listing. Each statement is numbered, for reference, con· 
secutiveh· from the first to the. last statement. The varia­
bles and program statement numbers are indexed by 

their reference number. This listing facilitates finding 
each variable in the program and makes the logic much 
easier to follow. 

PAGE 

ISN OOD2 
I ~N 0003 
I SN 0004 

IS~ OOt); 

ISN 0001> 
ISN 0007 
ISN ;IOU II 
ISN 0010 
I~N 0012 
Is:. OOH 
ISN OOlb 
ISN 0011 
ISN 0018 
ISN 001 .. 
I S'll 002n 
1 s~~ 0071 

IS'I ooa 
ISN OOH 
ISN 0024 
U" 00/S 

ISN 0021> 
ISH 0027 
1 SN 0028 
ISN 0029 
ISH OOJII 
ISN 0031 
I SN OOJZ 
ISN 0011 
ISN OOJS 
IS" 0031 
ISN OOJ8 
ISN 0039 
ISN 0040 
IS" 0041 
ISN 0042 
ISN 0043 
ISN 0044 
ISN 004~ 
ISH 0041> 
ISN 0047 
ISN 0048 
ISN 0049 
ISN 00~0 
ISN 00~1 
ISN 00~2 
ISN DOH 

ISN 0054 

ISN 0055 
ISN DOS& 
ISN OOS7 
ISN 0058 

ISN 0059 
ISN 0061 
ISN OObZ 
ISN OObl 
ISN 0064 
IS" OObS 
ISN 0066 
ISN 0001 
ISN 0068 
ISN OOC>'I 

ISN 0070 

EIGHTEEN 

C TE~AS A • M UNIVERSITY 
C PI~E DRIVING ANA~YSIS SV THE WAY( EOUATIUN 
C TEXAS A AND M PROGRAM REVISED 12/1/65 8V EAS 
C PERMANENT SET 0 8~UWS PER INCH 
C ~OCSEoTIGMT,Ok ~IMITEU MOTION AT JOINTS 
C ~AXIMUM STRfSSES OR FORCES 
C !OPT USE~ FOR OPTION. 
C loJToJTMo~AMPoLAY,~ToLACK, ARE USCD FOR CONTROL 
C X AT END OF NAME • ~AST PRECEDING VA~UE EXCtPT IN MAX • MAXIMUM 
C N AlloAVS I'EANS NUMBER OF TI~E INTERVAl. 
C NOTATION FO~~OWS SMITHS ASCE PAPER CLOSELY. TO DtCOCE NOTE THAT 
C NFMAXT • NO. OF TIME INTERVAL WHERE FORCE • MAXIMUM IN TENSI~ 

5000 KEA~ JPOI~T,JSIUEoK 0KPRIMEoNPASSoNPioKHO~O,CASE*8 
SDOI lkTEGER PoPP~USloPLESS1oPRUB,PR08S 
5002 UI~CNSION AREAC1501,CI1SOI 0 CXCISOioC"&XCl501oDCI501oDXli5CI 

1 ,CMAXII501 0 0PRIMEIISOiotRESI1SOiofll501oFXI1501oFMAXCil~Oio 
2 F~AXTII~OioKI1501oKPMIHEII~OioLAMI1501oNDMAXI1501o 
J ~FMAXCI1501oNFH&XTCI50ioRII501oRUC1~01,SLALKC1501o 
4 ~OLOWSCI501oUF"AXCCI501,UR~TTLI1501oVI1501o 
5 oii~OioMU~ISTil501oRUHI~I301oMWE~AI301oRWMICHI301o 
6 lP~OT~iOioYP~OTISOioSTRESSII501oKHOLDII501o 
1 FCMAXI501o~CMAXI50ioFTMAXISOI,NTMAXI501 

C 24 CF EACH CF ADOVE SUFFICI~NT FOR USUA~ PRU8LEM~ 
C---- INPUT -- GE'IERA~ 
~010 KEAU15o51131 CASEoPR08S,TTOELToPoSL~CKIII,SLACKili.~ACKI31oiUPTlo 

I ICPT2oiUPT3oiOPT4,1PRI"T,NSEGI. 
wMI TEI6o50031 

5001 FCMMATI IIIII 
lfiTTDE~T.LE.Ool TTCE~T•IoO 
IFIIOPT4.~E.OI IOPT4•2 
IF41P~INT.LE.OI !PRINT•! 
IFI~~[GI.LE.OI NSEG1•2 
TCELTAa TTDH T 

5010 uE~TAT •1./TU[LTA 
5021 PP~USI • P+l 
5022 P~E~Sl • P-1 
5030 "EAU C5,51141CWC~I,M•IoPI 
5011 wiPPLUSII • -0.0 

C-----CA~tULATL PI~E WEIGHT 
~oPJ~C•O. 
DC (> JT•"SEGioP 

6 wPilE•wPI~E+wiJTI 
5040 MiAU 15o511~11•CMioM•loPLESS11 

C KIPI IS D[TEKMI'IEO •T 5184 
5041 KIPPLUS11 • -0.0 
5083 DO ~084 M•loP 

K14CLIIIIII•KII'I 
5084 AREAIHI • loO 
5086 AMEAIPPLUSII • -0.0 
5U87 IFIIOPTI-21S090,5088o5088 
5088 REAO l5o5114IIAREAIMioM•l 0 PI 

IFIAREAIII.Lt.O.I AMEACII•I.O 
IFCAREACPI.LE.O.I AMEAIPl•l.O 

5090 IFCIOPT2-21~100oS092 0 50'12 
5092 READ 15,51161CMULISTIMioM•l 0 PPLUSil 
5100 IFIICPTJ-215101o5104o5104 
5101 UO 5102 M•4,P~ESSI 
5102 ~~AtKIMI • 0.0 
5103 GO TU 5105 
5104 READ l~o~II4IISlAtKIHI,~•IoP~E~~ll 
5105 S~ACKIPI • 1000.0 
5106 ~~ACKIPP~USII • -0.0 
5110 UC 5111 M•4oP 
~Ill ERESIMI • 1.0 
5112 ERESIP~LuSII • -o.o 
Sill FC~MATIA6olloFIOo4ol3olF7.Jo411,1XIlol2l 
5114 FCRMATIBFIO.JI 
5115 FCRMATISFIO.OI 
5116 FCKMATI8F10o7l 
5117 fO~MAT IIZ,F8o2ol1oF9.0,Fl.2,F6.0,3FJ.2oF9oloF4.1oll,4FJ.2of9.0 

loSill 
5118 FCRHAIIlHOoSH CASEoA7o4Xo5H PROO,A6o74H RU PERCENTAGES UN 0&1& ~HE 

lET PAGE I SHOU~D TOTAl 100.0 SUI ACTUALlY TOTAL,FI5.71 
C---- DO 5570 SOLV~S PR08~EMS U"E AFTER &~OTHER 

NC•l 
5110 UC 5~70 l•l,PROSS 

KINCI•KHO~UINtl 
5121 KEA015o~ll71 PR08oWIIIoNCoKINCioEFF,ENEKGV,£RES111oERESillofR(Sl31 

1 oRUSUHoPERCNTo"O,QPOINT,QSIDEoJPOI'IToJSIDEoFEXPolOPTlt. 
2 ICPTIZoiOPTlloiOPT14oiOPT15 

IFIIDPTIZ.LE.OI IOPI12•3 
VSTA~T• ~QRTI&4.4•EFF•IENERGY/WIIIII 
00 ~00'1 M•loSO 
FTI'AXIHI•O. 

9009 FCI'AXIMI•O. 
NKCNT•O 

~140 ~UTTLX • 0.0 
5141 8~CWSX • 0.0 
5150 VIII • VSTART 
~152 lT • 0 

C---- FIRST OETERMI"E VAlUE OF RUTOT~ 
5154 IFIIOPTII-2J515loS160,5151 



ISN 0071 
!SOl 0072 

IS" 0073 
I~N 0074 

ISN 001~ 
ISN 0071> 
I SOl 0077 
ISN 0076 
1 SOl 0079 
ISN 0080 
ISN OOBl 
ISN 00b2 
I SN 00b3 
I SOl 0084 
ISN 0085 
ISN 0086 
IS" 00b7 
IS>! 0088 
I SN 'lOa9 
!SN 00"0 

ISN 0091 
ISN 0092 
ISN OO"'J 
ISN 0094-

ISN 00'15 
ISN 00'16 
ISH 00'17 
ISN 00'18 

IS" 00'1'1 
ISr. 0100 
ISN 0101 
1sr-; 0102 

ISN 0101 
IS" 0104 
ISN 010> 
IS'I OIUC. 
I Sr. 0107 
ISN OIU8 
I SN 010'1 
ISN OliO 
1 sr• 0111 

ISH 0112 
ISN 0113 
ISN 011': 
ISII 0115 

1511 0116 

ISH 0117 

ISH 0118 

IS II 0119 
ISII 0120 
ISII 0121 
ISN 0122 
!SII 0123 
ISII 0124 
1511 0125 
!Sit 0126 
I Sit 0127 
ISII 0128 
ISit 0129 
ISit OllO 
ISN 0131 
I Sll 0132 
ISN 0133 
ISN 0134 
ISII 0135 
ISII 0136 

ISN 0137 
ISN 0138 
ISN 0139 

ISN OHO 
ISII Olio! 

ISN 0142 
ISII 01"o3 

ISN 0144 

ISN cu:.;s 
ISN 0146 
ISN OH7 

C FOR CURVE PLOTTING 
5151 RUTOTL • kill* VlliOOZ/12.0 
5153 GC TU 5170 

C FOR SIN!;L( PRORLEM 
5160 RUTUTL•~USUH 

1>0 TO 5170 
t CO~PUTEK CYCLES FRO~ 707 NEAR END OF PROGRAM 

701 SLCPE • IRUTOTL-RUTTLXI/IHLOWS-ALOWSXJ 
·HCPE•AMAX 1 I 10000., SLOPE I 
IFIBLOWS-7.015164o702o702 

5164 IFIIOPT4-215165,703,703 
702 IFIHLOWS-20.01704,704,705 

5165 1)8 • 1.1)0 
GC TO 706 

703 UB a 1.2~ 
tiC TO 706 

704 U8 • 2.5 
GC TO 706 

105 08 • 5.0 
GO TO 706 

706 RUTTLX • RUTOTL 
MUTOTL • RUTTLX+I080SLOPEI 
8LCWSX • BLOWS 

C---- SECOND DETERHINE·ALL VALUES OF RUIMI 
5170 00 13 H•loHO 

13 AUI HI • 0.0 
5171 RUPINT • IPERCNT/IOO.OI*RUTOTL 
5172 IFIIOPTI2-21143,I"o6,S176 

C FOR UNIFORM UISTRIRUTION 
143 DO 144 H•HO,P 
144 RUII'l • IRUTUTL-RUPIIITl/FLOATIP-HII+II 

5173 RUIPPLUS11 a RUPINT 
GC TO 713 

C FCR TRIANGULAR DISTMI8UTION 
146 UO 145 M•~O,P 
145 MUIMI • l2.0*IRUTOTL-RUPINTI*IFLOATIM-MOI+O.SII/IFLOATIP-M0+1tt••l 

5175 MUIPPLUSll a RUPINT 
GC TO 71-l 

C ~CR UISTMIBUTION PEM RU LIST UN DATA SHEET 
~176 TOTAL • 0.0 

UC 5177 H•loPPLUSl 
Sl77 TCTAL • TOTAL+RULISTIMI 
SI7B IFIIABSITOTAL-100.011-2.0JSI80,SI80,SI7'1 
5179 ~~ITE lboS1181CASF.,PRO~,TOTAl 

GO TO 5570 
5180 OC ~181 H•loPPLUSI 
51BI M~l~l • IRULISTIMI/IOO.OI*RUTOTL 

GO ro 713 
C---- THIKU UETERMINE STARTING VALUES OF VIMI 

713 Vlll•VSTART 
DO 180 11•2,P 

180 Vl!'l • 0.0 
5183 VIPPLUSII • -0.0 

C---- FO~RTH DETERMINE VALUE FOR KIP) 
5184 KIPI • RUIPPLUS11/QPOINT 

C FIFTH CHANGE CYCLE COUNT 
5186 LT • LT + 1 

C----CHECk ON DELTAT 
' CALL OELTCKINPASS,TTOELT,P,WoK,TDELTA,DELTAT,II21 
C----ENO UELTAT·CHECK 
C---- ASSIGN OTHER VALUES REQUIRED ITEXAS A AND II REPII 

DO S218 H•1oP 
32 KPRIMEIHI •RUIMI/QSIDE 

CIJOI • 0.0 
Filii • 0.0 
CIIAXIHI • 0.0 
LAI'IMI•I 
Dl~l • o.o 
IIFMAXCIMI • 0 
NFI'UTIIII • 0 
OIIAXIMI • 0.0 
NDI'AXIHI • 0 
FI!AXCIMI • 0.0 
FIIAXTIHI • 0.0 

"'"' • o.o 5218 DPRIMEIMI • 0.0 
KPRIHEIPPLUSli•O. 
OPRIMP • 0.0 
LAI'P • I 

C---- SIXTH PRIN7 INPUT FOR ONE PROBLEM 
51'10 WRITE 16o52001CASE,PROB,PRC8S 
51'11 IORITE lboSZOll 
51'12 ~MITE16,5Z021 TDELTAoPoiOPTiolOPT2,10PT3,10PT4o IOPTtl. 

I IOPTl2oiOPTI3olUPT14,10PT15oFEXP 
5193 WRITE 16,52031 
5194 WRITEI6o52041 ENERGY,EFF,RUTOTLoPERCNToMO,QPOINT,QSIDEoJPOINT•JSl 

lDEoNZ 
51'15 IORITE 16,52051 
51'16 WRITE 16,52061(M,WI~l,KIMI,AMEAIMioRUIHI,SLAtKIMioEMESIMt, 

I VIHloKPRIIIEIMJ,H•t,PPLUSII 
5200 FORMATI///27H TtXAS A o H UNIVERSITY o3X 0 22H PILE DRIVING ANAlY 

1SIS,4X,'IH CASE NQ.,A7olXol2~ PROBLEM NO.,I4o)H OFol"ol 
5201 FOAHATIZXIOH !/DELTA T3XIHP4X62HOPTIO~S l 2 3 4 

l II 12 13 14 1510XIOHEXP. FOKCEI 
5ZOZ FORHATIF11.1,15,11X415 0 10X515,Fl8.01 
5203 FORHATIIIJH ENERGY HAMMER EFFIENCY kUITDTAll PERCENT~ 

PAGE NINETEEN 



-ISIII 0148 
IS.. OHq 
!!>'< 0150 

ISN 01'>1 
ISN 0152 
ISN 01'>3 
IS" 01~4 
ISN 01'>5 
IS" Ol'Ho 
IS" 0157 
IS.. 01'>8 
ISN 015'1 
ISN 0160 
ISN 0161 
ISN 011.2 
lSN 0161 
l~N 011>4 
I SN 016~ 
IS'! 0166 
I SN 011>7 
ISN 0168 
ISN OHo'l 
I SN 0170 
ISio 0171 
ISN 0172 
ISN 0113 
lSN 0174 
IS" 0175 
lSN 0176 
ISN 0177 
ISN 0118 
ISN 011'1 
lS'I 01&0 
I ~N 0161 
ISN 0182 
ISN Old3 
ISN Old4 

I SN 0IM5 
lSN Oluto 

I SN 0187 

:s .. 0108 

ISS 01'11 
IS« 0191 
I~'< Ot•j 
I S>o 01•J" 
ISN 0195 
ISN 01'16 
IS" 01'17 

IS'! 01'18 
1St. 01~'1 

IS" 021)0 
IS" 0201 
I SN 02u2 

ISN 020j 

IS'< 0204 

I~N 02t5 
IS" 0206 
IS'Io 02Q7 
I SN 0208 
IS" 020'1 
l~N 0210 
ISI't OZIL 
!Sio 0212 
ISN OZIJ 

ISN 021" 
l~N 0215 
ISN 0216 
IS'I 0217 
IS" 0218 
!SN 021'1 
lSI< 0210 
I S•• 0221 
I S>l 02l2 
IS" 022J 
IS>o ;)2l4 
~~ .. OU5 
IS~ 0216 
1 S't OZZ7 
I SN 02l•l 
ISN 02"J1 

PAGE TWENTY 

lUE~ POI'IT MO OIPOlNTI OISIDEI JIPOINTI JISIDEI NZI 
5204 FCMM4TI2FI0.2oiOXFt2.loFI6.lol11oFIOa2oF'I.2,FIOa2oF9.2,171 
~206 FC~MATII3o F14.1oEI5a7oFIOa3o1F14.3,F'I,2,FII,2oE15.71 
5205-~CK~4Til~ ~,7Xo5H WIHI 0 7X 0 5H K(Mio7Xo8H 4R(AIM1o6X,6H RUIMI.7Xo41 

IH SLACKIMl EMESI14l VSTARTIHI KPRIMEIMII 
C---- EFFECT OF GRAVITY BEFORE MAI4 STRIKES--TEXAS A AND M SMITHS GMAVlTY 

5258 IFIIUPT14-2l5220o522lo5221 
5210 ~TCTAL ~ 0.0 

RTCTAL • 0.0 
UO 5 JT•2,PPLUS1 
wTCTAL • WTUTAL + WIJTl 

5 KTCTAL • RTOTAL + RU(JTI 
DO R JT • 2oPlES~l 
MIJTl • IRUIJTl*WTOTALI/RTOTAl 
FIJTI • FIJT-ll+WIJTl-RIJTI 
IFIK1Pil67,66o67 

66 IFIKPRIHEIPII67o63o67 
67 IIIPI ~ IFIPLESSII+WIPII/IKPMIIOEIPI+KIPII 

IFI~SIOE-D1Pl16•o65,65 
64 RIPI ~ RUIPI 

FIPI • FIPLESSll + wCPI - RIPl 
UIPI • FIPI/KIPl 
GC To ld 

65 MIPl • OCPI*KPRIMEIPI 
FIPI • OIPI• KIP) 

63 CCiNTI"'UE 
UO Ill JT ~ 1oPLESS1 
JTI' • P-JT 
CIJTMI • FIJTIOI/KCJTMl 
OIJTMI • CIJTM+ll+CIJTMI 
OPRIMEIJTI'I • DIJTMI-WTOTAL•OSIOE/RTOTAL 

lit tC'ITlNUE 
00 8000 M•loP 

0000 STRESSIMI~FC141/AMEAIMI 
5271 11•0 

L4V • 1 
5230 IFIIOPT15-215240o5231o52•0 
~211 wRITEI6o521 .. 1N,OPRI"P,M2 
5212 WRITC (6,52351 
5233 ~MITEC6o523611MoOIMloCIHioSTRE$$1MloFIMioAIHI,WIMt,vCMI 1GPA1RECMI. 

IKPMIMEI~IoF14AXCIMI,FMAXTIMioM~loPI 
NKC,•T•O 

5234 FCR~ATI/11811 TlME INTERVAL N •16,7X18HNET PENETRATION • UO.oo 
17X5H"'1 = 15,,a5HN2 ~ lSI 

5235 FOK,.ATI120H SEG"E'IT M DCHl CIMI STKESSIMI FIMI 
I ROO 11(101 VIMI OPKIMEIMI KPRIMEIHI FMt.XCIMt FMAllfCitJJ 

5236 rCRHATII8 0 Fll,6,Fl0.6,F1loOo2FlO.OoF10.2o2Fl0o6o3F1Ca01 t---- DYNAMIC tOMPUTATIO'I BASED ON SMITHS PAPER MODIFIED ITEXA$ RE,_I 

LACK • 1 
UO b<t "*l•P 
b8 IS 8~TWEEN 543~ AND 5440 
Ull'l • DINJ+VIMl•tz.o•DELTAT 
lf(IIMAXI~J-UIHII20o2lo21 

10 UI'AXIMI • DIMI 
NC"4XIMI • N + 1 

21 tXII4l • CIMI 
IFIM-Pt3•,5400 1 34 

34 CII'J • UII'I-UIM+Il-VCM+ll*l2.0•DELTAT 
c 

Sl42 
524, 
S244 
5245 
5<!46 

c 

~TATCME1T 34 IOUST USE 4 COMPUTED Vt.LUE FOR THE ACTUAL DIM+ll 
IFICIMIISZ•3,30o30 
JFIA8SICI~Il-SLACKI1'1152"••S244,5246 
,,,, • o.o 
l.C TO 30 
Cl"l • CII'J+SLACKIMI 
NCTE THAT UI';LY A I<EGATIVE VALUE Cf tiMl RESULTS FROM 5246 

30 Ht.~l • FIMI 
c 

52'.>0 
A T(XA~ RUUTINE FOM 81MI IS OMITTED HERE 
IFIIOPT~-7.l5l00o36oS300 c---- l6 T~ 1~ IS A TEXAS ROUTihE REPLACI~G SMITH ROUTINE 3 OM ~ 
lfiAb~IEMESI~J-I,OI-,00001138 1 38,1• 

c 

36 
3d fl~l ~ CIMI•KI141 

GC TO ~400 
14 IFICIMl-CXIHIII2o3S,!S 
15 Fl~l • FAIMJ+IICIMl-CXIMII*KIMII 

CO TO 3'> 
12 Fl~l • fXIHl+IICII'l-CXIMil•KIMI/EMESIHI••2l 
35 F 1~1 • AMAXIIO,O,FII'll 

vU TO S400 
A T(XAS KOUTI~E FOR GAM~A IS OMITTED HEME 

c---- S~ITH ROUT!~~ 3 OK 4 
5Joo 
5301 

S302 
5jC3 

5304 
S105 

Sl06 

5401) 

lfiEMESIMI-l.OOl5302,530loS301 
f I~ I • Cl~l••<t•41 
Gil TO 5400 -
!Fitll<ll~J01o5303o530~ 

Fl"l • 0.0 
GO Tu 5400 
JFICIMI-C14AXIHIJ5JOboS30S,S30S 
C~U(MI • t:IMI 
rt~l • Cll'l•KI14l 
t.C TO 5"00 
Fl~l•IKI~I/EKESIMJ••2l*CIMI-Cl,/EMESI141••2-l.I•KIHI•CMAAIMI 
Fl~l • 4MAXIIFI~l,O,Dl 

GC TO 5400 
IFIM.GT.Il GO TO 48 
IFirtXP.LE,O.I Gil TO 48 
"Pl•lll+l 



ISN 0232 
I$N 0234 
15N 02H 
I 5N 02Jio 
ISN 0237 
15N 02l8 
15N 0239 
ISN 02~0 
15N 0241 
15N 0242 
15N 0243 
15N 0244 
15N 0245 
15N 0246 
I 511 021t7. 
15N 0248 
ISN 0249 
15N 0250 
15N .0251 
ISN 0252 
ISN 0253 
IS'< 0254 
1 sr.a 0255 
I Sl< 0256 
IS"' 0257 
ISN 0258 
JSN 0259 
IS'< 0260 
ISN 0261 
15N 026Z 
UN 0263 
ISN 0264 
ISN 0265 
IS'< 0266 

15N 0267 
I Sill 0268 
ISN 0269 
ISN 0270 
IS'< 0271 
15111 0272 
ISN 0273 
ISIII 0274 
15N 0275 
15111 0276 
15N 0277 
ISN 0278 
I 5N 027'1 
l5N 02HO 
lSi~ 02112 
JSN 02H4 
ISN ozo; 
ISN 02H6 
lSN 0297 
lSN 02tH 
IS'< 028'1. 
IS'< 02'1•1 
IS>; OHI 

JSN 02'12 
ISN 0293 
JSN 02;14 
IS .. 02'15 
JSN 02'16 
IS'< 02'17 
I l>N 02'1U 

1511 029'1 
ISN 0300 
15N 0101 
ISN 030J 
ISN 030'o 
ISII 030<; 
IS>< 03116 
lSN 030<1 
l~'l 0309 
lSN 0310 
1!.-'o 0311 
1 s" I)JIZ 
lSN 031l 

ISN 0314 
ISN Oll'> 
lSN Olin 

l S:'< 0311 
!Sr. 031& 
ISN I)]J-1 
1 5'• 0120 
ISN 0121 

ISN 1)117 
.ISN Oll"J 
1 s•• 1)325 

IFINPI.GT.!I).I)J25/DELTATII GO TO 4& 
lFINP!-O.Ol/OELTATI46o41oo91) 

46 IFIFIII-FXI11147o48o48 
47 Flll•hMAXIIFIII,FEXP,O.I 

o>O TO 48 
'10 fiii•AMAXIIO.O,FEXP*II.O-IOELTAT*I'IPI-O.OI/UlLTATI/0.0025111 
48 IFIKPRIM(IMiiS0,55tSO 
~0 IFIDPRI~EIMI-OIHI+QSIDEI51,52,52 
51 UPAI~EIMI • OIHI-QSIOE 
52 CONTINUE 

IFIOPRIMEIMI-OIMI-QSIOEI53,53,54 
54 OPRIMEIHI • UIMI+CSIOE 
53 CCIIt TINUF. 

5410 LAP LAHIMI 
GC TOII0,~71,LAP 

10 IFIUIHI-uPKIHEIMI-QSIOE151o,57,57 
56 Rl~l • IOIHI-OPRIMEIHJI•KPRIHEIHIOIJ.O+JSIOE*VIMII 

GC TO 55 
57 Rl~l • IOIHI-OPRIMEIHI+JSIUE*OSIOE*VIMII•KPKIMEIHI 

LAI'IHI • 2 
55 CCN T INUE 
73 IFIM-P171,7~,71 
74 IFIUP~I~P-DIPI+CPOINTI75,76,76 
75 UPAIMP • UIPI-QPOINT 
76 CON T IIIUE 

LAI'P • LAMP 
GC TO 177,781 0 LAMP 

77 IFIOIPI-UPRIHP-CPOINTI7'1,78•78 
7'1 FIPI • IUIPI-OPRIHPI*KIPI*Il.O+JPOI~T*VIPII 

GC TO 171 
78 FIPI • IUIPI-OPRIMP+JPOINT*CPUINT•VIPII•KIPI 

LA~P • 1 
171 FCPI • AM-XIIO.O.FIPII 

71 CCI'< T INUE 
c 

5420 
5421 

58 

GRAVITY UPTIUN 
IFIIOPT14-215421,5423,5423 
IFILACK-Z15ti,72,72 
VIII ~ Vlll-lflli+KIII-Wlii1*12.17•DELTAT/WIII 
LACK • 1 
GO TO 5429 

72 Vl~l • VIMI+lFIH-11-FIMI-KIMI+WIMII*l2.17*0ELTAT/WI~I 
5422 Go ro 542'1 
5423 IFILACK-215424,5427.5427 
5424 VIII • VIII-IF!II+Rllll*l2.17•DELTAT/Will 
5425 LACK • 2 

GO ID 5429 
5477 Vl~l • V!HI+IFIH-li-FIMI-RIHII*l2.17*DELTAT/WIMI 
5429 CC"TINUE 

IFIM.•;T.ll GO TO 5430 
IFIFI11.LE.O •• AND.VIli.LE.-O.JI Vl11•-VSTART 

5410 ~~AXCIMI • AMAX1JFMAXCIMI,FIMII 
F~AXT(MI • AHI~11FMAXTIMI•FIMII 

5439 IFIFMAXCIMI-FIMIIllolo,llo7tl61o 
167 NF~A~CI~l • N+l 
166 lflrMAXTIHI-FIMII68o69o68 
69 NF~AXTI'Il • '1+1 
68 SI~E~SIMI•~I~l/AKEAIMI 

N•~•l 

c 
5to40 
3441 
7000 

THIS IS END OF DO 68 STARTING AI 5241 
IFIIOPTIS-215444,~441,5444 
I~IN-117U00,7001,7000 
t.~CNT•NKO ... T+I 
IFI'IKONT-IPMINTI5444 0 7001,544'o 

c 

7001 w~IT~ (lo,52341NoDPRIMPoN2 
"KITE 16.57!51 
W~l TE (6,52361 I M·,U!MI tC!HJ,S TKESS (HI ,F I M I ,otl"l ,wC IOioYIMI ,UPRIIO[(Itlo 

lkPMIMEIMI,FIOAXCIHI,FHAXTlMI•H•loPI 
7003 NKCNT•O 
5444 GC TU (;443t19?l.LAY 
54~J JFIIVIPI+0.1J.GT.O.I GO TO 1'f2 

wvao.o 
CD Jq3 JA•I'<SEG1,P 

l'f3 8V•hV+WIJAI*VIJAI 
IFIVIII.LT.O •• ANO.WY.LT.u •• ANO.OMAXIPI.GT.OIPII GU TQ 190 
1;c TO H2 

1'f0 LAY•Z 
:;r.; TU ll92tl94;1'121oiOPTl5 

1'14 •KITEI6o52)41 NtUPMIMP,N2 
WII1H(!.,57351 
-•llt(6,52!611MtOIMltCIMioSTKE5SIMitFIMJ,RIMI,WIMI,VIHI,UP~lMEIMI• 
lK~KI~t(~I,F~AXClMJ,F~AXT(~J,M•l,PJ 

lq2 lFIVI21/VSTAKT-l.ll6lo60,60 
60 ~RITt lb, 1~~~ 
10~ FCW~ATI74H THE ~ATI!I Of THC VELOCITY OF 10121 TO THE YELUCIIY 0~ T 

1Ht ~h~ CXI:lCUS loll 
GC Tu 5~70 

61 IFIV(PI/VSTAKT-3.1111o3o&7olo7 
~l •~ITE (6, lObi 

r;c Tt; ';,;70 
lCb ~c•~.\TI14H THE I<ATIO OF THE VtLOCIIY UF IOIPI TO THE VELUClTY OFT 

IH[ IIAM FXCEEOS 1.11 
C~C OF IEXAS ~EPN 

16) 1.1:~ ll'<U[ 
IFILAY.EC.?I GO TO 54'o7 
IFI~-N21'>240 0 5447,~447 

C---- 5240 CYCLES FOM ~EXT TI~E I"'IEMVAL 

PAGE TWENTY-ONE 



I SN 0326 
I S'l 0327 
IS~ 0318 
ISN 0329 
ISN 0330 
ISN 0331 

ISN 0332 
ISN 03lJ 
ISN 033~ 
ISN 0336 
ISN 0]31 

IS~ 0336 
1SN 03J9 (!,,. 0340 

1~'1 0341 
1SN 0342 

IS'I 03H 
ISN 0)44 
ISN 0345 
I~N ll't'ob 
ISN OH7 
IS" 01~8 
IS'- 0349 
!Sill 0350 
ISN 0151 
ISN 0352 
ISN 03H 
I S'l 035Lo 
ISN ons 
I SOl 0356 
ISII 03H 
ISN 035<1 
ISN 03~'1 

ISN 0]60 
IS·• 0361 

I SN 0362 
15111 0361 

ISN 0364 
I 511 0365 

ISN 0366 
ISN 0367 

15"1 ()3(.~ 

IS'I 01&q 
I Sll OHO 
IStr 0371 

PAGE TWENTY-TWO 

5447 uC ~449 M•I,P 
5448 F~AXClHl 2 FMAXCIHI/AREAIM) 
54Lo9 ~~AXTIMI•FMAXTIHI/1-AKEIIHII 

CC TOI5442,5442oSS531oiDPT15 
5442 oHITE 16,11051 
5~50 wRITtl6o2l061(H,AMEAIHl,~fMAXCIHl,FHAXCIMioNFHAXTIHI•FMAXTIMI•DM&X 

ll~l,uiMI,VI~I,M•1,Pl 
BLCW~•O.O 

5553 IFIDPRIMP,CT.O.OI BLOWS•l.O/OPKIHP 
5~51 UOLOWSILTI • BLOWS 

U~LTTLILTI • RUTOTL 
UF~AXCILTI • FMAXCIPI•ARE&IPI 

C INITIAL U ABOVE IDENTIFI~S FIGURES USED IN SUMMARY 
GO T0(5)52,)~52, 150loi0Pfl5 

5552 ~MITt l6o2107lOPRIMP,RLOWStN 
2105 FCRM~Tl//103H ~EGME~T ARE& TIME N MAX C STKESS flMt N 

1 ~AX T STNCSS CHAXlHI DIM I VIM! I 
2106 FCRHAflll,Fl5.3ti8,FI2.0,114,FI2.0tFI6.6,Fi0,6,FI3o21 
2107 FC~MAfl24H PERMANENT SET OF PILE •FIS.a, 38H INCHES NUMBER OF B 

1LC•S PER INCH • FI6.8,22H TOTAL INTERVALS • 181 
150 ""TINUE 

~558 UO ~~61 M•NSEGltP 
FT~AXlLTl•A~IXIIFTHAXILTI,F~AXTIMII 
FC~AXlLTI•A~AXlCFCMAXILfi,F~AXCIMII 

5561 
~~~~i7~::~!1-FMAX~I~II55b0o55ol,5560 

5560 IFCFTMAXCLTI-FHAXTI~II55o3,55b2t5563 
5562 NT~AXILTI•M 
5563 CCN TINUt 
5555 IFIIOPfll-215556t5570t5570 
5556 IF IUPRIMP-O.OOll5q,7o7,707 

707 IF IHLOWS-60.01701o70lo59 
5q CCPITINUF. 

k~ITE lbo8031 CASE,PKOB 
wMITE 16,80~1 QPCINT,JPOINT 
WHITE 16,8051 
DO ~01 J•loLT 
UHI;TU-.•UKUT TL I J 112000. 

aOl WRITE I 6,S021 U8LUWS IJ loUMUfTLIJI tUMIJTO"'oUFMAXCIJ ltFCit&X CJJ,NC.MUIJ 
?loFf~AXIJI,NfMAXlJI 

602 FOMM4TC4XF7,4,FlO.O.lH-F5•0oiHTflloO•Fll.0,4XI2,Fl3.0,4XI21 
803 tORM'f II~O,lOX,22H PILE URIYI~r, AN•lYSIS, 

I lOX,I'H CA~E ~UMbEKt3XoAbti0Xtl5H PKOSLE~ "UMOER,]X,I31 
804 ~0MHATC19X,'IHQP01Nf. F5.2olU.<JHJPIIINT. F5.21 
805 FORMATI1Xl3H8LO~S PER INo2X7HRUTOTAl7XllHPQI~f FOMCE2Xl2HMAX C STR 

ltSS2X3HSCG2XI2HMAX T STME~SlXlHSEG//1 
t-----PLCfTIN~ ~~UTIIIIF 

IFIIOPTll•ll5570,5574,557~ 

~>74 Chll "~'"'"Tcr..,.,..v_.,_,U8LCWSoLT,"SE,PMUBI 
C-----t~C >LOTTING ROUTINE 

5570 wHIT~I6,~~721 
C UC 5j70 STAKTS AT 5120 

5572 fC~MITI!Hll 
;; 71 GG TU 5'Jl 0 

LNC 



•••••F 0 K T R A N C R c s ~ R t F e • e " c. L I s T I 'C G••••• 
~YI'OOL I~TEK~AL ~TATl~E~T NU~~FR~ 

' 0004 Ol?l (•113 vl74 OlH4 0195 Ol'H 0198 0199 0200 0202 0202 020& 0208 0209 0211 0215 Oll7 OZ20 
0221 C222 0214 v2<~0 0313 

() OOOit 0125 0162 0161 0166 0168 0169 0174 0174 0175 0184 01<11 0191 0192 0191 0197 0197 0240 0241 
0243 C244 0148 024'~ 0251 025~ 0256 0260 0161 0263 0298 0306 0Jl3 (1331 
Oll04 0122 0159 0151 0162 0165 0165 0166 0169 0173 0178 0184 020) 0206 0209 0211 0212 0212 0215 
Oil~ C222 0224 v225 0225 'l2H 0236 023& 0238 ·Olt, 1 0263 0265 02&5 02&9 0272 0272 0275 027lt 0~8 
Ola2 C284 01&5 01Bo 02dR 0?9C 0298 OH3 

I Ov'i6 
J 0J')9 0360 03~ 1 0361 0361 0161 0361 0361 01&1 
k O<,(J2 0004 002o; ,)Q1~ 0028 OOH 0058 Ullt. Oll8 0143 0160 0161 01&6 0169 0171 020& 0209 0211 0Zl5 

0222 C224 ()}24 0261 02h3 
M 0~10 0020 0010 001~ 0025 0025 0027 0028 0028 OON 0032 0031 0032 0038 0038 00)8 0040 0041 004) 

0'43 0043 J046 0047 00&2 0063 ooo4 'l0 1H 0092 0095 0096 0099 0100 0100 0104 0105 0109 0110 0110 
Olll C114 .)llq 01211 0120 0121 0122 Olll 0124 01h 0126 0127 0128 0129 0130 0131 0132 OIU 014) 
:1141 014.1 0141 0141 0143 0143 OIH 0143 0143 0143 0177 0178 0178 0178 0184 018'< 01d4 ou .. 018 .. 
01d4 Cld4 0164 ~184 Old4 0184 0184 0184 0184 0190 0191 0191 0191 Gl92 G192 0193 0193 0194 0195 
01 .. ~ 0196 01'17 vl'17 OH7 0197 01'18 ot•n 019'1 070U 0202 0202 0202 0203 0201 0205 OlCIO 0201> 0206 
OL~b C20!i 071J'l ·l20" 0209 0209 0209 0211 0211 0211 0211 0211 0211 0212 0212 0214 0215 0215 0215 
0217 CZlll 0710 022(} 0221 0221 0222 0212 ouz 0Zl4 0224 0224 0224 0224 0224 0224 0225 0225 0227 
Oli'l C240 Ol4C 1)241 0741 0143 021tl 0244 OH4 074& 0248 0248 0249 0249 0249 02'o9 0249 0251 02U 
0.!')1 C2~1 U1~ 1 OZ5l 0254 0217 0272 0217 on2 0272 02 72 on2 0278 02.78 G278 0278 0278 0278 0280 
0164 C2l>lo 0784 078• 02d'> 0285 02811 018h 0287 026c 0288 0289 0290 0290 0290 02911 0298 0298 0298 
02"8 C2'l~ 0798 OZ<oil Ol'la 0298 0798 0290 0298 029~ OH3 OHl GlU 0313 0313 03ll OJU 0313 0313 
OHJ CH.\ OHJ 0111 0113 03211 0327 OlZ7 0327 0328 0328 0328 0)31 0331 0131 0))1 0131 OUl Olll 
OHI OlH l)lll uBI 0341, 0345 0346 0347 0148 014'1 0350 .. 017'1 0187 OP4 0231 02b7 0289 0291 0291 0293 02911 0311 0125 0339 

p OvOJ COOt; O•lla •101•) 0010 0021 0011 0032 0015 OOH 0044 0046 009'5 0096 0099 0100 011) 0116 ana 
0119 OIH 01uC Olnl 0111? 0162 01112 0162 Olbl 0164 0164 0165 01&5 01&5 01611 0166 0166 0168 0168 
01 .. 8 Cl6'l 01&9 Ulh~ 0172 0177 0184 0\90 01911 0254 0255 C25b 0260 02&1 02111 0261 02&1 02&3 026) 
O.tu3 02ol Jlo'i 02b'i 02'18 0301 0304 010& 0106 OllJ 03UI 03211 0331 0337 (1337 0344 

K 0C..(J4 0131 015~ 015·l Olb4 Olio~ OlbH 0184 0749 0251 026<J 0272 0275 0278 0298 01U 
v 0tJ04 00b6 OoHI 0111 C114 0115 014) 0184 01?1 OIH 0149 0151 0261 02111 0269 0269 o2n 02?l Ol15 

047~ 027~ <117~ 0262 02H2 0299 0301 030~ 0106 0313 OH4 0318 OBI 
II Ool04 0020 00<1 0024 oo•8 0061 0011 0118 0141 OU!> 0159 0162 011>5 0184 0269 02(>9 021l 0272 o.ns 

Ol75 C29a 010? OHJ 
(;X 0004 01'1~ o2oe v20<l 0111 
0" 0~80 0087 O·lH4 OOH6 OOHQ 
OJC OCU4 
FJC 0004· 0201 UlO'I 021,1 OH~ 
JA OJ04 030~ Olil~ 
JT Oc:;H 0024 01>4 "'~~ 01~1> 0157 01~8 015H 015'1 0159 0159 0159 0171 0111 
lf 00b9 0117 0117 OH~ OHb ()J)1 o·\45 ul45 0141> 034b 0347 0148 0349 0350 0359 0)117 
fo'.(o OC!>H 0091 00'1~ OOQih (,0'19 0100 0100 0141 

"'' Ou~S 0057 UtJr,7 J05R 0058 
'll Ol1H 0141 OIH2 Olqn 0311 0125 
KU 0004 0092 OOQII \lOQ7 0100 0101 OliO 0116 0170 0143 015& 0158 01114 

•••••F U k T R A " C K c ~ s R E F E ~ E ~ C E L I S T l N G••••• 

SYM80L INT[R~AL STATf"f.~T NUHbFRS 
wv 0303 0305 0305 0306 
ABS 0106 01'19 0205 
EFF 0058 C06l 0141 
JTIO 0172 017) 0173 0173 0174 0174 0174 OIH 0115 
LAM OCJ04 0124 0246 0252 
LAP 024& 0247 
LAY 01ao 0)00 0309 0323 
"P1 0002 C2ll 0132 ()234 0238 
AMEA 0004 0029 0030 0032 0033 OOH 0035 OJ3i 0143 017o 0290 Oll7 0320 OUt 0337 
CASE 0002 ooos 0107 0137 035b 03&7 
CMAJC 0004 0123 0210 0221 0214 
UMAX Ou04 oiz8 01'12 Ol'll 0306 0331 
O~AW 0367 
EJ<ES 0004 C047 0048 005~ 0058 0058 0143 010'!> 0711 'J214 0224 0224 
FClP 00'>8 0139 0229 02311 0238 
L~c• 0189 Cl68 0270 0274 021b 
lA}IIIP Oll6 0258 0258 025'1 01b4 
PMOa 01)01 oos8 0107 )131 03511 0367 
SQKT 01)61 
AMAXl 007& C212 0225 0236 0238 021>5 02H4 0345 0)41" 
AMINI 02115 
8l0oS 0075 0071 007'1 0090 OH2 Oll1 OHS 0)19 03~4 
F(;,_U 0004 0064 01411 03411 0347 0361 
Fll!A f 00~11 0100 0100 
FMU(; 0U04 0130 0184 028<, 0184 0281> 02CJ8 OH3 0317 0127 0331 0337 0)1.6 0347 
FtoAU OC04 0131 OIS4 0285 02aS 0288 0298 0311 01211 ~llo CHI 0)45 Olio~ 
Ffi04X 0004 0063 0345 0145 0349 031>1 
IUPf I 0005 0031 013'1 
IUPTZ Ool05 00)1 0139 
IOPfl 001)5 003CJ 0139 
IOPT4 0005 0010 Ol.liO OOH 0139 0204 
JSI.OE ouoz 0058 0141 024Q 0251 
KHULO 0002 0004 0028 v057 
"CMU 0U04 0148 0361 
~UMAX OC04 012'1 01~4 
l'tKU"T 001>5 0185 0294 0294 02'15 0299 
'!PASS 0002 0118 
.. ~e;:;1 0005 0014 0014 0023 0304 0344 
~TMU 0004 0350 0361 
PMC.BS 01)03 0005 00511 0131 
Q$10E 0058 0120 0141 011>3 01 7S 0240 0241 0241 0244 0148 0251 
RUHIL 0004 
KUSUM 0058 0073 
KWENK 0004 
SLA(;K 0004 0005 0005 OJ05 0041 0043 0044 0045 0143 019-1 020Z 
SLOPE 0075 00711 00711 0089 

PAGE TWENTY·THREE 



•••••F U R T It A 'I c ~ c s s M ~ F E R E Ill t E L I S T I H G••••• 
SY1460~ I~TEM~A~ STATE~~~T NUHBEMS 
TUfA~ 0103 0105 0105 ~lOb 0107 
wPI~E 01.22 002'o O'JZ~ 
XP~OT 0\104 
YP~UI 0004 
KlOWSX 0067 0075 0090 
OUT AI 0017 0118 Ot•ll 01'17 0232 02H 02J8 0138 011>9 0272 on• 0278 
OHTCK 0118 
UPR IME ouu4 OUt 0115 0184 0240 0241 024) 0244 02414 024'1 0151 0298 0113 
UPI<IMP 01 J5 0182 0255 02~6 Olt>O 021>1 0263 0296 0111 0133 033) 0139 0353 
EilitMC.Y ov~8 0061- 0141 
I(,Plll 0058 0070 OIH 0351 
lt.PI12 o~~s oo;q 005'1 ooq~o OU'I 
IUPTU Ov5S 01H 0)1>6 
lilPfl<o O•J;a 013'1 OISl 0267 
lOP II 5 0050 Oll'l 01111 02'12 0310 OU'I OHH 
IPRI'IT OQU5 0011 0012 02'15 
JPUINI 0002 0058 0141 n~ot 0263 0351 
KP~IMt 0002 0004 0120 0134 Otlol 'll61 011>2 016d Ol84 023'f 024CJ 0251 0298 031) 
l'<fMXC 0004 0121> 0287 0111 
'<f,.AH 0004 0127 0189 OH1 
PlKCIIII O<i~8 00'11 0141 
Plt~Sl OOCJ 001'1 0015 0040 0041 0157 01112 011>5 0171 
PPLUSl 0<10'1 0018 0021 oo2.-, 00)0 0018 0045 0048 0097 Ill OJ 0104 0109 0115 Ol16 OU4 Ol4.t 0154-
OPOI'H 0051:1 01111 Ol<ot 02'55 0251> 021>0 021>3 0157 
KTUTAl 0151 0156 01'>1> 111!>6 017>; 
ltUL l~T 0\11)4 0038 n1os Ollll 
MU~l'<T 00~3 00'16 011'17 0100 OH1 
KUTIITL 0~71 0073 oon OOtiH 00(19 00"1 0096 0100 0110 0141 0136 
IIUTILA Uilft6 001~ 0088 008 .. 
kR~iJCH 0~04 

H•e~~ OO:lll4 0176 011!4 02'" nzqa OHl 
TU~~ TA 0«16 0017 UIU lliH 
TIOEl T ouos C003 01JU8 ~ou. U111 
UlllQif~ OuC4 ons UJ61 0367 
UFSIX(; o~u• 03)1 Olb! 
UK\! TO.., 0Jb0 0361 
I,;H\;T Tl 0\.04 01)f, J3f>O tl)l>l tllb7 
VS TAK T O!.C.l 0068 Ol1l azez 0314 0118 
wll.Ul Oi'>l 0155 Oli~ iJl58 0175 0367 

•••••F OMI~A.N C II !l S S 1< e F E tt E !'f C E Ll~flUG••••• 

LABEL OEFI~EO ~EHIIENCES 
5 0151> 0154 
I> 0024 OOZt 
8 0159 OIH 

10 UH8 0247 
12 0211 OZOlS 
13 0092 00'11 
14 0208 ozcs 
15 020CJ 0208 
20 1)193 01'12 
21 01'15 Cl"2 01'12 
10 UZOl 01~0 0198 0201 
32 0120 
)4 0197 01"o 01'11> 
35 0212 020H 0210 
)I> 0105 0204 
38 0201> 0205 (1205 
41> ons 0214 OH4 
47 02311 023~ 
48 023CJ 0221 1)22CJ OUl 0235 0235 0237 
!>0 0240 0239 0219 
51 0241 0240 
52 0242 0240 0240 
Sl U245 0243 02'-3 
~,. 0244 0241 
ss 0253 0239 0250 
51> 0249 014~ 

57 0251 02<o7 0246 Ol<o8 
u G26'1 0266 
5~ 0355 01~) •ll~4 
t>O ilH~ 0)14 ~ll" 
61 0318 Oll<o 
62 Ull9 OH~ 0118 
b) i1170 Olbl 011>7 
64 U11>4 011>1 
65 0168 016) 016) 
66 011>1 01~0 
b7 U162 0160 011>0 01t.l 0161 
olt ul'fO otqo 0298 0288 
69 0289 0286 
11 021>6 0254 0254 
12 0272 Oli>H OZI>H 
7) 0254 
74 Ul~5 02~4 
75 02~6 02~~ 
76 C257 025S 02S5 
71 llli>O 02'H 

PAGE TWENTY·I"OUR 



•••••F o R r R A N C R 0 S S q E F E M E N C E L I S T I " G••••• 
LABEL OEFII<ED REFERENCES 

78 0263 025'1 0260 0260 
79 0261 0260 
90 0238 023~ 

105 0316 0315 
106 0321 0)19 
Ill 0176 0171 
141 0095 0094 

'"" 0096 0095 
145 0100 00'1'1 
146 00'19 OO'IIo 
ISO 0343 0338 
163 0322 0318 
166 0288 0286 0286 
167 0287 0286 
171 0265 0262 
180 0114. 0113 
1'10 0309 0306 
192 0114 0300 0301 0308 0310 OliO 193 0305 0304 
194 Olll 0310 
701 0075 0354 0354 
702 0079 0077 0077 
701 0082 0078 0078 
704 0084 0079 0079 
705 0086 0079 
106 0088 0081 0083 0085 0087 
707 0354 0353 0353 
713 0112 00'18 0102 0111 
801 0361 0359 
802 0362 0361 
803 0363 0356 
804 0364 0357 
805 0165 0358 

2105 0340 0310 
2106 03 .. 1 OHI 
2107 03U 033'1 
5003 0007 0006 
5010 0005 0370 
5020 0017 
5021 0018 
5022 0019 
5030 0020 
5031 0021 
50 itO 0025 
5041 0026 
5083 0027 

•••••F l ~ r ~ • ,.. : R 0 S S R E F E R E N C E L 1 S T l II G•• .. • 
LABEL DEFINED . REFEREIICE.S 
508 .. 0029 0027 
5086 0030 
5087 0011 
5088 0032 0031 00)1 
5090 0037 0031 
5092 U038 0017 0037 
5100 0039 0037 
5101 oo.,o 0019 
5102 0041 0040 
5103 0042 
5104 00it3 0019 0039 
5105 oo .... oou 
5106 DOltS 
5110 00 .. 6 
5111 0041 00it6 
5112 0048 
5113 00it9 0005 
5114 0050 0010 0032 0043 
5115 0051 0025 
5ll6 0052 0018 
5117 0053 00'58 
5118 0054 0107 
5120 0056 
5121 0058 
5140 0066 
51 .. 1 0067 
5150 0068 
5151 0071 
5152 0069 

0070 0070 

5153 0072 
5154 0010 
5160 0013 0070 
516 .. 0078 0017 
5165 0080 0078 
5170 0091 007Z 0074 
5111 0093 
5172 0094 
517J- 0097 
5115 0101 
5176 0103 0094 
5117 0105 OIOlt 
5178 0106 

( 5179 0107 ·0106 
5180 0109 0106 0106 
5181 0110 0109 
5183 OilS 



•••••F ORTRAI'I C R 0 S S R E F E R E N C E I. I S T l N G••••• 
LABEL OHINED REFEREI'ICES 
na" C116 
~186 0111 
~1'10 0137 
5l'H 0138 
Hn 013'1 
51'13 0140 
51'14 0141 
51'15 0142 
51'16 0143 
5200 0144 0137 
5201 0145 0138 
5202 0146 Oll'i 
5203 0147 0140 
5204 0148 0141 
~205 0150 0142 
~206 0149 Ollol 
5218 Ot33 011'1 
5220 0152 0151 
5221 0179 Ol51 Otst 
5230 0181 
5231 0182 0181 
5232 0183 
5233 0181o 
523" 0186 0182 02'16 0311 
5235 0187 0183 02'17 0312 
5236 0188 0184 02'18 0313 
5240 018'1 0181 0181 0325 
521ol ·0190 
5242 0198 
5243 0!'1'1 01'18 
5244 0200 0199 01'19 
5245 0201 
5246 0202 019'1 
5250 020 .. 
5258 0151 
5300 0214 0204 020 .. 
5301 0215 0211o 0214 
5302 0217 0214 
5303 0218 0211 0217 
5304 0220 0217 
'}305 0221 0220 0220 
H06 0224 0220 
5400 0227 01'16 0207 0213 0216 0219 0223 0226 
5410 0246 
5420 0267 
5421 0268 0267 

•••••F ORTRIN c R a s s REFERENCE t.lSTIIlG•--

LABEl. UEFI~ED· REFERENCES 
5"22 0173 
5423 0274 0267 0267 
542" 0275 0274 
5425 0276 
5427 0278 0274 0274 
5429 0279 0271 021) 0217 
5430 0284 ·o280 
543'1 0286 
~440 0292 
5441 02'13 02'12 
5442 0330 032'1 032'1 
5443 0301 0300 
5444 0300 0292 02'12 02'15 0295 
5447 0326 0123 0325 0325 
5449 0117 
~44'1 0328 0326 
55 SO 0331 
5551 C335 
5552 0339 0318 0338 
5553 0133 032'1 
5555 0352 
5556 0353 0352 
5558 0344 
5560 0349 0347 0147 
5561 0348 0347 
5562 0350 034'1 
5563 0351 0344 0349 034'1 
5570 0368 0056 0108 0317 0320 OlSZ 03S2 0361> 
551\ 0310 
5">72 036'1 0368 
5574 C367 0366 0366 
7000 0294 0293 02'13 
700>1 02'16 02'13 029S 
7003 02'19 
KOOO 0\18 0117 
9009 0064 0062 
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OS/3b0 FJl TU'l H 

CO~PllER OPTIC~S- NAME=· MAINtOPT•OOtliNECNT•~O,SCURCEtEBCClC,NuLIST.~CDECK,LOAUo~~APoNOEUIToiO,XREF 
IS .. 
1 s·• 
IS'i 
IS'< 
IS<'l 
!Sr. 
I;-. 
I~" 
1 s~• 
UN 
I!>'< 
IS'< 
1 s" 
I S"• 
1 s:1 
IS'l 
1 S1 .. 
ISN 
IS'l 
IS14 
IS,, 
1 s·, 
IS~ 
1 s·~ 
IS" 

SYMKOL 
ux 
UY 
IP 
lT 
"'2 
tASE 
()UW 
LrPl 
PKOI! 
Y!'I4X 
PPR08 
XI'I.OT 
YPI.OT 
URI.U~~ 
UMUTTL 
.. ruTAL 

L'lllEL 
3 
4 
5 
6 

10 
'>571 
5574 

001)2 
ootl 
oou4 
coo; 
COCo 
OOul 
COoS 
~OJ 'I 
0010 
o)0\1 
0012 
0014 
OOlb 
COlli 
0010 
0021 
0022 
0023 
0024 
nOlS 
OOlb 
aul7 
00/8 
OOl·< 
0~)30 

!>~SKOUTINf u~AWIWTUTAL,URUTTL,USLOWS,LT,CAS~,P•OBI 
0 I~E"~ IIJN URUTTLllSOlrUAlOWSIISO It YPLOT( Sll,XPLOTI511 

~574 YPLUTlli•WTOTAl 
XPLIIT 111•0. 
l TPI =l hl 
IJC 55H tPal,lT 
YPlOTIIP+1l•U~UTTliiPliZOOO, 

5573 ~PlOTIIP+ll•UBLUWSIIPI 
Y~AX=YPLUTILTPll 
N2•1'1l 
IFIYMAX.LE,400,) GO TO 3 
lfiYMAX.lEo800.l GO TO 4 
IFIY~AX.LC.loOO.I GC TO 5 
IFIYKAX.LE.3ZOO.I GC TO b 
UY•iO. 
GC TO 10 

4 t.Y•lOO. 
GC ro 10 

5 IJY•20J. 
GC TU 10 

6 U'r•400. 
10 OX•tO. 

P PMU•l~PI(Qfl 
KETU~N 
;;~c 

•••••F 0 R T R A N C R 0 S S R E f E M E N t E 

l"iTER~AL STATEMEIIf .• UMBERS 
0027 
0020 oozz 0024 0026 
0007 0008 OOJ8 000<> 0009 
ouoz COOl> 0·107 
ovu 0011 
OIJ02 
ooc.z 
0006 001<1 
OCO? CC28 
or.ro 0012 0014 UOit. 0010 
ac2e 
0003 000~ 01)0'1 
Ou03 0004 0008 oon 
0001 0003 0009 
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SUBROUTINE DELTCK{Nl'..4..SS 2 TTDELT ,P, H,K,TDEL'l'A,DELTA't)N2} 

REAL K,NPASS 

INTEGER P,PLESSl 

DIMENSION H(l50),!<(150),DELT1(300) 

PLESSlmP-1 

N•2*P-l 

SUH=O. 

nillJ=l. 

TDELTA=TTDELT 

DELTAT•l./TDELTA 

DO 1 H=l,PLESSl 

DELTl(H)=SQRTo-I(H+l) iK(M)) i19. 648 

~lN=PLESSl+M 

1. DELTl(l>I'N)=SQRT (W(H) /K(H)) /19. 61+8 

DELTl(N):al.O 

IF(K(P) .GT .0.) DELTl(N)=-SQRT(\·l(P) /K(P)) /19.648 

3 DO 4 M=l,N 

4 TiiiN=&'1INl(TMIN,DELTl(H)) 

IF{TMil:l/2.-DELTAT) 5, 6,6 

5 DELTAT=TI.G:Ni2. 

TDELTA=l.O/DELTAT 

!F{K(P).EQ.O.O) DELTl(N)~O.O 

6 DO 7 H=l,N 

N2..,4 .. 0'HSU:"1/(2.0*DELTAT) 

END 

.•--:_- .... 



SUBROUT:i:1>1E DELTCK(NPASS, TTDELT ,P, W ,K, TDELT.A,DELTA'I\N2) 

REAL K,NPASS 

I~7EGER P,PLESSl 

DIMENSION W(l50),K(150),DELT1(300) 

PLESSl•P-1 

TDELTAmTTDEI,.T 

DELTAT•l./TDELTA 

,. 

DELTl(M)•SQRT(W(M+l)/K(M))/19.648 

"NN=PLESSl+M 

l. DELTi(NN)•SQRT (W(M) /K(M)) /19.648 

DELTl(N)•l.O 

·. 

IF(K(P).GT.O.) DELTl(N)aSQRT(W(P}/K(P))/19.648 

3 DO 4 M•l,N 

4 TMIN•AMINl(TMIN,DELTl(!·l)) 

IF{TMIN/2.-DELTAT)5,6,6 

5 DEI.TAT=TMIN/2. 

TDELTA•l.O/DELTAT 

IF(K(P).EQ.O.O) DELTl(N)=O.O 

6 DO 7 M:al,N 

7 .SUM•SUM+DELTl(M) 

N2•4.0*SUM/(2.0*DELTAT) 

END 

··-
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