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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 Transportation, 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 ekpressed 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.!

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 1 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 idealization 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 connected
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:

1. Pilq driver.
a) energy and efficiency of hammer,
b) weight and dimensions of ram,

¢) 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 expressed 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:

1. 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 kead of the

RAM

-cap sLock X3
PILE Cap —fWgi]

CUSHION BLOCK & KE‘_
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LE SEGMENT -

=

SIDE
FRICTIONAL
RESISTANCE

NOTE?
9 Kgn" INTERNAL
IS SPRING CONSTANT

FOR SEGMENT m

{A)ACTUAL PILE
Figure 1. Idealization of a pile for purpose of analysis.
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e RAM, W(1)

§ e CAPBLOCK, K(1)

H tmecceemneemm PILE  CAP, W(2)

“*PILE SPRING, K(2)

e PILE SEGMENT, W{(3)

S

Calculations for idealization
W(1) = Weight of ram, (1b.)

R(1) -'AL%;@- , stiffness of the capblock, (lb./{n.)

where A(l) = cross sectional area of the capblock, (in. 2)

E(l) = modulus of elasticity of the capblock, (pgi)
L(1) = thickness of the capblock, (in.)

Note: See reference 2 for capblock properties.

Figure 2. Case I—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 I—Ram capblock, pile cap, and pile (Fig-

ure 1),

CAPBLOCR, K(1)

g —_———————————— PILE CA?, W(2)

CUsHION, K(z)c
s k(Q2)
2 PILE SPRING, K(Z)P

1ST PILE SEGMENT, W(3)

<

Calculations for idealizacion
W(l) = WVeight of ram, (1b.)
R(1) = Stiffness of che capblock, (1b./in.)
X(Z)c = Stiffness of cushion, (1b./in.) ’

x(z)p = Stiffness of jile spring, (1b./in.)
K(Z)c K(2)

R(2) = ch TR ¢ cosbined stiffness of l:(2)c and
- K(Z)P in series.
Note: See reference 2, for capblock and cushion properties.
Figure 3. Case {[—Ram, capb. n.
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A, w(1)

RAM STIFFNESS, K(1)

wwi

e r———————
—————eereees.  ANVIL, ¥(2)

oo CAPBLOCK, K(2)
e ———————————————

PILE CAP, W(3)

)

PILE SPRING, K{J)

[‘*_-— FIRST PILE SEGMENY, W(4)

Jwi

Calculations for idealization
#(l) = Weight of ram, (Ib.)

() - ADED | che seittaess of the ram, (1b./12.)

vhere A(l) = ram cross sectiomal area, (in,)
E(1) = modulus of elasticity of ram material, (psi)
L(1) = length of ram, (in.)

This calculation assumes that the pile cap and anvil are rigid.

Figure 4. Case III—Ram, anvil, capblock, and pile cap.

2. Case II—Ram, capblock, pile cap, cushxon and
pile, (Figure 2}, and

3. Case III—Ram, anvnl, capblock, pile eap, and
pile (Figure 2).

Methods of including coefficient of restitution in
capblock and cushion springs. In the cases when K(1)
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.

o = Area BCD __ Energy output 1)
Area ABC Energy input

In Case II it is necessary to combine spnn,,s K(2)¢
and K(2), to determine 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.

— __Fs
Kos = 20 @
Since,

Energy output = Area BCD = Fy (A¢—Ap)/2
Energy input = Area ABC = Fg (A¢)/2

Fu
2 = Fe (Ac—Ap) — Ac — Kae
Fr (Ac) Fn Kor
{Ac—Ap)
or Kpp = —32E (3)
P
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Figure 5. Definition of coefficient of restitution.

The combined restitution stiffness of K(2)¢ and
K(2), can be determined from,

1 + 1 (for restitution phase
K(2) — K(2)¢ K(2),. DB in Figure 5)
e(2)? _ e(2)¢ e(2),?
from Eq. 3, 0] K2 + K@),
2 — K(2) a ) -
. — K(2)cK(2),
. ,smcg K(2) = Ko + K2,
e(2) = (4)

T . - —
\/K(2)c TRy @K@, + e(2),7K(2)c]

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

1. Drop hammers and single acting steam hammers;

Exa = W() - h - e (5)
where '
Ex = ram kinetic energy, (ft.-lb.)
W(1) = ram weight, (b.)
h = ram stroke, (ft.)
er = hammer mechanical efficiency (usu-

ally between 0.75 and 0.85 for most
single acting hammers)

2. Differential and double-acting steam hammers;

p actual W(h)

Eg=h} 1+ p rated WM W(l) (6)
where

h ‘= actual ram stroke, (ft.)

p actual = actual steam pressure, (psi)

p rated = manufacturers rated steam pres.

sure, {psi)
W(h) = hammer housing weight, (lb.)
W(l) = = ram weight, (lb.)
3. Diesel hammers;
Ex = W(1) fhe C) e (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, note that tke 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 transmiiting tensile forces
between adjacent segments. Tke 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 into discrete segments. Each
segment is represented by its weight and spring repre-
senting the total segment stiffness. In Figure 6 the
weight representing the segment is assumed to be 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

Af{m) E(m)

Km—1 = A Em (8)
where :
K(m — 1) = spring stiffness for segment m, (lb..
in.)
A(m) = cross sectional area of segment m,
(in.®)
E(m) = modulus of elasticity of the material
of segment m, (psi)
L{m)} = length of segment m, {in.)

The weight of each pile segment is calculated by
W{m) = A(m) Lim) &
where
o = unit weight of pile material. (lb/in.)

- I the pile is tapered the average 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 entermc the
following:

1. lf 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.)
E—RAM
= —— CAP BLOCK
| %qu_s CAP
CUSHION

®

SLACK (7)= 0—

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

. large number, ie., 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(1).

%'—SLACK (2)= 1000

K(2)—<é

-—SLACK (1)= 1000.

RE)
SLACK (3)=0 -
K(3)
®
» , ©
——— _ SLACK (4)=0
125 LOQSENESS - -
| § INJOINT ® _
- f SLACK (5)= 125— % K'(5) aJ(5)
K (5) % _
SLACK (8)= O © K'(6) & J'(6)
K (6) % -
@

% K7)8&J'(7)
THEY

K(7)

K'(e)aa'(e)

, SLACK (8)=0
} K(8) %i

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(3), i.e., SLACK
(3) = 0.

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

Idealization for Soils

The true soil resistance to dynamic loading is not
clearly understood. Simplifying assumptions are used
in the program. Figure 7(a) 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(m) = So- (9)
where
RU(m) = side sdil resistance on segrﬁer.t m, (lb.)
Q'(m) = side soil quake. (in.)
For the soil at the point
Kip) = 2! (10)

where
RU(p) = soil resistance at the point (lb.)
Q(p) = point soil quake, (in.)

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
as?

Rim) = [Dim)—D'im)] K'(m) [1 + JVm)],

in the elastic range

R(m) = RU(m) [1+ JVim)}], in the plastic

range
where
R(m) = total resistance (static plus dy-
namics)
Di(m) = displacement of W{m)

D'(m) = plastic displacement of soil

K'(m) = spring stiffness of side soil

T = damping constant of side soil spring
Vim) = velocity of W(m)

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

LOAD
AN

- om-—‘A

. - |
Ru(m)

]

l DEFORMATION
e

Ao
[/

u (m)

{(a) STATIC
A .
L‘KD ‘
- -‘ ]
[ —————
/ ¥/
/ /
/ 6 , Ru(m)
/ [ :
/
DEFORMATION
o c ]V >
Ru{m}
Y

D
{(b) DYNAMIC
Figure 7. Soil load-deformation characteristics.
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Use of the Pregram 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-
cates the dynamic behavior of the pile. By specifying
various total static soil resistances a data table of total
static soil resistance, RU(TOTAL) and the correspond-
ing penetrations under one blow of the hammer (ex-
pressed as blows/in.) can be developed for any constant
set of pile and soil parameters. The graph of these val-
ues can be used as a field guide to estimate the total
static soil resistance, at the time of driving, for any
chserved pile penetration (blows/in.). It should be
recognized 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.

Explanation of Data Input Sheels

Data for the Pile Driving Analysis program is en-
tered on two sheets. Page 1 contains data pertaining to
the physical parameters of a particular pile. Page 2 is
used to vary tke soil, pile driver, or cushion character-
istics for the pile described on page 1. Examples of the
data sheets follow the explanation.

Page 1
Case No. = Any combination of up to six alpha-

betic or numerical characters used for

identifying information. These char-

acters will identify all problems asso-

ciated with the pile data entered on

sheets 1 and 2.

Total number of problems listed on

page 2. :

1/DELTA T = This space may be left blank in most
cases as the program calculates the
eritical time interval from the parame-
ters of the system. The value calcu-
lated is

1/DELTA T = 2(19.698 Vv K/W)

If, however, one desires to use a spe-
cific 1/DELTA T, it may be entered.
The problem will then compare the
entered value with the eritical value
calculated by the above formula and
use the larger of the two. This is done
so that the user cannot inadvertently
enter a value too small and hence
introduce instability into the numeri-
cal process.

No. of Probs.

P " = Total number of weights including
r:.m of hammer, follower and helmet,
etc. .

PAGE SIX . -

SLACK (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. Leave blank if option 3 is “2”.

SLACK (2),

SLACK (3) = see notes on Slack (1).

Option 1 = This is an option for the mannal entry
of the cross sectional area of each
segment. : i
(a) Enter “1” and all AREAS will
automatically be set equal to 1.00. In
this case, 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.
Option 2 = This is an option for the manual entry
of soil resistances. .
(a2) 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 4+
1) inclusive. Note that (P + 1) is the
point resistance and all others are side
resistances. The total of all 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.
Option 3 = This is an option for manual entry of
the SLACK values.
(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 ail SLACK rows in the lower
portion of page 1. In this case 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.
Option 4 = This is an option on the routine used
- to simulate the material behavior 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&M’s
routine.' It is suggested that Option
4 = 2. Option 4 may be left blank in
which case it is automatically set
equal to 2. :
= This is an option on the amount of
data printed out when the long 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 example, if a
print out is required every 10th time
interval, 10 would be entered for
IPRINT. If Option 15 is “1” or “3”
leave IPRINT blank.
NSEG 1 = 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

IPRINT

program. - .
The total weight of each segment, in pounds, is entered
in the rows marked W(2). W(3}, ----., Wi24). The

weights, W’s, are entered from 2 to P inclusive. Note
that W(1) is not entered as it will be included on page 2.



The spring stiffness of each segment, in 1b./in., is
entered in the rows marked K(1), K(2), ----- , K(24).
The stiffness, K’s, are entered from 1 to P — 1 inclusive.
Spring K(P) is the soil spring at the pile tip and is cal-
culated by the program from the soil data entered on

page 2. N
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 inclusivee A(P — 1) and A(P) in most
instances will be the same. Areas of segments of the
hammer are usually eniered 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 the total soil
resistance, is entered in the rows marked RU(1), RU(2),
----- , RU(24). The soil resistances, RU’s, are entered
from 1 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 frem 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 program is capable of
handling a pile with a maximum of 149 segments. Addi-
tional cards may be added to each parameter as needed.

Page 2
W(1) = The weight of the pile driver’s
ram in pounds.
NC = The number of the spring for

which K(NC) is being varied, see
discussion on page 8.

"K(NC) = The spring constant of the spring
being varied in pounds/inch. Only
one spring can take on variable

: values per case.
EFF = The efficiency of the pile hammer.

ENERGY = The kinetic energy of the falling
. ram'7 calculated by Equation 5, 6

or 7.

ERES (1) = The coefficient of restitution of
spring K(1)

ERES (2) = The coefficient of restitution of
spring K(2)

ERES (3) = The coefficient of restitution of
spring K(3).

RU (TOTAL) = 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.

% RU (TOTAL) = The percentage of the total pile

AT POINT 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
J SIDE

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 explosive force (in
pounds) which acts on the ram
and anvil of a diesel hammer. In
the case where no explosive farce
exists, as with drop hammers or
steam hammers, leave FEXP
blank.

This option provides for single or
muitiple calculations.

(a) Enter “1” if multiple calcula-
tions for RU (TOTAL) VS.
BLOW/IN., data are desired. The
computer will assign suitable val-
ues of RU(TOTAL). Leave RU-
(TOTAL) space on page 2 blank.
(b) Enter “2” if single calculation
is to be made with RU¢(TOTAL)
value entered on page 2.

This option is used for designation
of the distribution of side friction
on the! pile.

(a) Enter “1” for a uniform dis-
tribution of side friction from seg-
ment MO to P.

{b) Enter “2” for a triangnlar‘

_distribution of side friction from

segment MO to P.

(c) Enter “3” if Option 2 = 2,
ie, RU values are entered on
page 1.

This option provides for computer
plotted curves 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 excluded from
the calculation. This alternate in
effect excludes the weight of the
pile from the calculations. It is
used when the pile driver is in a
horizontal position or for an ex-
treme batter.

This option provides for versatili-
ty in the output format.

(2) 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 interval,
specified as IPRINT on page 1.
(c) Enter “3” for short output.
This alternate gives only a tabu-
larv summary of BLOWS/IN, VS.
RU(TOTAL). Option 15 = 3
sii{ouldzf.»e used only when Option
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SPECIAL NOTE Where anything listed for Prob-
lem 1 is to be 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(1) through K(P — 1}, in the hammer or
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 the K(NC)
column. As soon as this problem is completed, the spring
stiffnesses, K (NC) will be reset automatically to the value
listed on page 1 of the input form.

pile idealization.

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

The program is capable of handling pile idealizations
with a maximum of 149 segments. There is no limit on
the number of problems that can be run for each case.

Sample Problems and Pregram Listing

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

The program listed is presented in Appendix 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 mames which correspond to the
nomenclature presented by Smith.?

PILE DRIVING ANALYSIS

VoéTléN Ly A »y
TEXAS_ABM UNIVERSITY 41 ;§§ s Lm i
TR T T O TR T T T TR T T T T 5%3HIHEHHHLH&HlLHH[ﬂ
CASE NO.jpROSs| 1/DELTA T P | suack (1) | stack (2) | stack(3) fil2islal - :
EENENNENRNARRRRRRRRRRANEDNN [FERRREERAE! AEERREEREERINERENARRRRRRRRENAE]
s W (1) w (2} W (3) W (3) W (5) w (8) w7 W (8) ‘
enesarex=NINERSRENENNRRASURERREERRDURERRARENRARRRNARNNRANRERERESVRRRNERRANUN
w (9] w10 w (i1} w (12) W {3 3 w4 wis w(18)
NEERE NN EA AR RE AR NN E AN RN N ERRREDNRR AR RN ANRRNAREDRRRENARNADYE
w7 w(18) w(19) weo w2y w22 wWEeR wi(24)
ERENRDNRRNREREENUREAERENEUARRARUREDUARANNEERNEE! JSAEANRRREANNRRNRRENRANE
wsrm K K (2) K (3) K (4) K{5) K6 K (7) K (8)
RN RER AN NR RN R RN NN RN ARRRNRARUDARRRARRANRREREREENY
K (9) K {10} [ K (1) K (13) X (14} K (1S K {16) :
NEAEENRERNAREREENR RN RN E VRN RNV RR NSV RRERRR RNV RAENRRARNDNRRRRRNEN
KN X (18) K (19) K (20) K 2 K 22) K{23) K (24)
ENRRERRRFEARNRNEREVAREERRNRFRENERRREVRRAERERERFRRIRARERRDRRRRARENND
sow AREA (1) AREA (2) AREA (3) AREA (4) AREA  (5) AREA (6} AREA (7} AREA (&)
NEERANURE AR RN RN RN E RN R NN RN E RN R RNV ARRERRERDARA NN
AREA (9} AREA (10} AREA _(H) AREA  (12) AREA ™ (3) AREA  (14) AREA  (i5) AREA (6}
AIERESUEERERRE RN R AN RN DNER NN RN RR RN ENNNNER N RSN IRRRNRREN]
AREA (7) AREA {18} AREA (19 AREA {20) AREA (20) AREA (22} AREA 23) AREA f24) |
BERREDSERRRENRNNNAR RN ANNRRR IR RS REARAERABURERRESREDNRENANARESURERRENNEREN
* RU (1) % RU (2) % RU (3) % RU (4) % RU (8) % RU (6) % RU (7) % RU (8) %
T T I LT T T T T P T P A PRI ITTT0T ,
RU (9) % RU (10} % RU (Ih % RU (12} % RU 03 % RU 04) % RU (5} % RU 6 %
B AN NN RN NN RN RN RN UA RN RN NN RNNENNTUNERED
RU (IT) % RU_ (&) % RU_ (9) % RU (200 % RU () % RU 22} % RU (23 % RU_{26) %
RN RN RN RN RN R RN AR RN AR RN AR DR AR RN NANRERANEBRARRERERN
oS SLACK (1) SLACK (2) SLACK _(3) SLACK (4) SLACK _(5) SLACK  (6) SLACK (7) SLAGK  (9)
S T T T T T T T T T I T e T T DT P T I TP DI
SLACK _(9) SLACK (10) SLACK _{I1} SLACK (12} SLACK (13 SLACK (19 SLACK _(15) SLACK (16}
T T T T T T T A T P R T T I T T TP LTI
SLACK (i1} SLACK (18) SLACK  (19) SLACK (20) SLACK (20) SLACK (22} SLAGK 23 SLACK (29)
I EH I T ST T T T P PP I T T EA T T T TP TTT T
NOTES: ONE OR MORE PROBLEMS MUST BE LISTED ON PAGE 2

W's AND AREAS | TO P INCL.; K'S AND SLACKS | TO P-i INCL; RU'S | TO P+i INCL. (P+i IS % RU UNDER POINT OF PILE.)
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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 (7), 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 (1) et

CAPBLOCK K1) I

PILE CAP =
w(2)
CUSHION g
——tten

K(2)¢

PILE K (2)p —

PILE <= HAMMER

PILE W(3)—=

DROP HAMMERS
SINGLE ACTING STEAM HAMMERS

the equation in Figures 2 through 4 of the text. When
it is necessary to calculate the coefficient of restitution
of combined spring stiffnesses, Equation (4) of the text
should be used.

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

Lo HOUSING w,

RAM W(1)}
—— CAPBLOCK K(I)

PILE CAP W(2)

E-———-cusmon K(2)g

Q - .

PILE -=—1—> HAMMER

DOUBLE AND DIFFERENTIAL ACTING

STEAM HAMMERS

(A) (B)
TABLE A | DROP HAMMERS AND STEAM HAMMERS
wammer | Type| WO | W (2)%] wn) | k (1) | K(2)e | K(2)p | STROKE | Proted| EFF.
{LB.) (LB.) | (LB) [(LB./IN.)[(LB.ZIN) {(LB./IN) | n,(FT) |(PSI}]| €%
MKT §3 A 3000 - - @ a 3.00 - 0.80
R 1 4 o -
MKT S8 A 5000 - - = ] s g Ll 3.25 - 0.80
i . wie~
VULCAN | A 5000 1000 - E oy k3 -l 3.00 - 0.80
- = 5 s O Nl
VULCAN 2 A 3000 1000 - z z < 2.42 - 0.80
VULCAN 30C| B 3000 1000 4036 : N 2 o . 1.04 120 | 0.85 -
vuLcan soc | B 5000 1000 esoo | 2 2 z g ~ L29 120 | o.8s
VULCAN 80C B8 8000 2000 988s § § § w x .38 1z0 | o.8s
- (=]
VULCAN 140C] B8 14000 - 13984 % € .29 140 | o.83

# REPRESENTATIVE

PAGE TEN

a
VALUES FOR PILE NORMALLY USED IN HIGHWAY CONSTRUCTION




e RAM W (1) NOTES FOR TABLE A2

» for actual sfrokc use fisld observations

! . Al EW {may vary from 4.0 to 8.0 ft.)
= K===m
» % determine from bounce chamber
m_____ ANVIL W (2) %r::'s:;; {hg=E/W(I) where Ezindicated

[

‘é’ w—————— CAPBLOCK K {2) ¥ average values

] M—— PILE CAP W (3)

f E«——— CUSHION K (3)¢

* %._—_ PILE K (3)p

w

] e PILE W (4)

Q

— TABLE A2 DIESEL HAMMERS
o K| K2 {exPLOsIVE
w(l wi2) | w(3) MAX h c E
rvee wanneR | (o | (o | lay | 2108 ] XI08 kg |k [WETR L oy he S FORCGE e
. -} [(LB./IN.JK LB./IN.) . - -~ {LB)
MKT DE-20 2000 | 840 | 00 142 800*| o0.92 2] 4e300] 100
MKT DE-30 2800 | 773 gggg 387 | 638 8.00*| 104 Wl 98000 | 1.00
MKT DE-40 4000 | 1350 |~ T 101.0 soo*| 116 | 5 © | 138000 | 1.00
DELMAG 05 oo | 330 |l 111 _es| e ol [Ceco*|os3 | | & [ 4es00] 00
DELMAG D2 2750 816 | 315 86 | o 5 | 800%| 108 | £ = | 93700} 1.00
DELMAG D 22 4850 | 1576 |3 ¥ 497 238 = 2 8oo*| 108 | = F | iss700 | 100
§ < < S -

DELMAG D 44 9500 | 4081 |5 ¢ 106.2 56.5 > » 8.00%] 1.i9 ® _ | 200000} 100
LINK-BELT 180 | 1724 | 377 | 373 445 | 138 e 463" 0.4 :f © | 8000 | 100
UNK-BELT 312 | 3857 | 11es | @3T8 425 | 188 3.87" 0.50 § 98000 { 100
LINK-BELT 440 | 4000 708 | 3333] 1380 | 188 4.55"] 1.25 W ! 98000 | 10O
LINK-BELT 520 | 35070 | 1179 1085 | 186 5.20"% o83 ‘81 9so00 | w00
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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 10°
psi and its unit weight is 154 Ib./ft.3. The pile is assumed
to be embedded for its full length..

Pile hammer: Hypothetical diesel hammer with
4850 1b. ram with an input ram kinetic energy of 39,800
ft. lb. The explosive force produced by the diesel fuel
is 158,700 Ib. The stiffness of the ram is given as 42.25
X 10°% 1b./in. The anvil is assumed rigid and weighs
1150 Ib. 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 614 in. thick and has a modulus of elas-
tacity of 1.0 X 10% psi. In Problem 2 the cushion area
and properties are the same as in Problem 1 but the
thickness is 313 in. In Problems 1 and 2 the soil side
friction is assumed to have a triangular distribution with
109 point resistance. The soil constants are:

(a) Q = Q = 0.10 in.
(b) J = 0.15 sec./ft.
(¢} ¥ = 0.05 scc./ft.

FALLING] l i RAM

ANVIL

{ lm“ o lnu.mc
li‘lmul—.u-m"/m

(@0 24.8110%

- PRE cap ——=f. |yimuzoo
wttle 22.0110% Yiw cases a3
31.3:10% V. caseszae

sLock

Stz

18)
:Illo'.%
: HHH
e PiLE
: - 5 sioe

e, FRICTIONAL
RESISTANCE

X(10):
W
POINT RESISTANCE—=

(b} IDEALIZED PILE

(a) ACTUAL PILE

Figure B-1. Sample problem,
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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 uniformly
along the side with 109 at the point. The cushion is
the same as in Case 1. In Problem 4 tke soil has a tri-
angular distribution along the side with 105 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,
— A3 E(3),

where ° :

A(3)y = 254 in.2

E(3), = 7.32 X 10°® psi

L(3), = 39 in.
therefore
- - - X
K(3), = B8 (32 X 109 _ 545 x 10° b./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 ‘

K3)e = A(3)e E(3)c

L{3)¢
where
A(3)¢ = 254 in?
E(3)c = 100 X 10% psi
L(3)c = 625 in.
then
K@3)e = BN A X 10°) _ 105 % 10° Ib./in.

6.25
The combined stiffness of K(3)c and K(3), is
K(3) = K(3)CX K(3)p — (40..?) (:’_S'I.Oi) (10%)
’ K3)¢ + K(3), (40.5 + 51.0) (10%)
K(3) = 226 X 10% Ib./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 108 Ib./in.
The output data sheets are completed as follows:

Page 1 (Same for all 4 problems)

No. of Problems = &, there are 4 problems to be golved
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- EFF = 1.00, diesel hammers are considered to
plete looseness between the ram, anvil, be 1009: efficient.
;-;avgbck pile’ cap, cushion, and pile ENERGY = 39,800, the input energy for this par-
OPTION 1 Zea 0 tered manually in - ticular hammer blow.
0 = Lo, Ureas are entered manually ERES(1) = 0.60, coefficient of restitution of steel
OPTION 2 = 1, since OPTION 12 is used to describe on steel impact.
. the soil distribution. ERES(2) = 0.80, coefficient of restitution of cap-
OPTION 8 = 1, all pile segments are cormected block material.
hence SLACK (4) to SLACK (10) = ERES(3) = 0.50, coefficient of restitution of com-
bined cushion and first pile spring. :
OPTION 4 = kgﬁﬂ?g&isg:ce it is desired to use the RU(TOTAL) = le av:hbl ank, since I?PTIONt 11 ?ML
IPRINT =-10, in Problem 4, OPTION 15 = 2, it is ' ::.i’uesefg: oglr:v!: :elnexg:tf;g: ¢ suntane
desired to print output every 10 itera-
tions. gooi%’l;'r
NSEG1 = 4, the first pile segment, see Figure Bl + = 10%.
. (b). MO = 4, the first pile segment with side soil
w’S = enter the weight of each element in 1b. resxstance.
Note that W(1) is blank since it will QPOINT = 0.10, Q.
be entered on page 2. QSIDE = 010, Q"
X’'S = enter all spring stiffnesses for the pile e
system consxﬁiered to tze bﬁsm, 1et ?ﬁe JPOINT = 0.15, J.
program will automatically rese e - ,
stiffnesses to these values after each JSIDE 0.05, J'.
problem on-page 2. FEXP = 158,700, 1b. the diesel explosxve force.
A’S = enter all cross sectional areas of pile OPTION 11 =}, for program generated RU(TOTAL) .
segments only. VS. BLOWS/IN. curve.
Page 2—Problem 1 OPTION 12 = 2, for triangular side soil resistance
W(1) = 4850 Ib,, the ram weight. distribution. -
NC = ﬁ}:hglctzsislon spring number, see Fig- OPTION 13 = leave blank since computer plotted
K(NC) . curve is not desired.
K(3) — 22,500,000, the stiffness of the com- OPTION 14 = 1, to indicate gravity.
bined springs. OPTION 15 = 1, for normal data output.
PILE DRIVING ANALYSIS OPTIONS| ¢ ] PAGE ® 1
TEXAS ASM UNIVERSITY . glgi{ i:g E M‘ﬁﬁ_m&m OF 2
TR T T R LT TR T T LT | (=48 ST e T TR LTI T8
| CASE NO._leacms]| _ I/DELTA T P | SLACK (1) | SLACK (2) | SLACK(3) |1|2|3|4]
wiesl ol [ [ |11 ol |l /llllo'ololllldlv'OlHllowHZII ACZENRSEARAN RN RN RREREREAN!
L W (1) W (2) W (3) W (6) W (7) W (8)
A T sl [ [ [ 1 aoid [ 1111 l 8‘11 [1]l HTS”LJ [iifilgestiji{iigasl [[}][![p@s[[]
_ wW(® w0 w (i) W (13) w04 W (5) W (i6)
REECCIONN | g8l | | HH_g'slH llHI'HH IR ENARENEE RN RR NN RNRNE N ERERNNNAE
w7 Ww(18) W W20 w22 W (2% W (24)
Ll Lllllllllllllllllllil I R O R O O T - N A 2 D A S R I rrr—irTrr
O T A A W 0 T W Y O " O 0 1 R 0 P AR O N R 00 T P " O 0 O O Y P A LI I AP YR AN 1t
v KD K (2) K (3) X (3) K(5) K (8} K (1 X (8)
[ #izl2lo]ololola] | [Ziei5loldlelot] | [212lelololololo} [ [si4lolololololo] | 8l loloololele! | 'slriolololalo’s] [ Islslololololole] T Sl lolololololal
X {9) K (10) K K12 K 03) K XS K (i)
| Slilobololololn) | istiolololalo] 11 [ 1111 Et i I tidtitr i T idiqgb PRl Y ITTTITTTIGTTHTTTTIT,
K (7) K (18) K (1% K20 K 2} K22y K (23} K24
[ S D A N SN O AR N A A 1O AR U A R A O N M O AR O AL | S O N N VU D A O 'O 5O T O I O N N S G N O A N 2 S 0 N N N AN R TV N AN A A 0 N O
| 2 R 0 O S O A D P Y S TV 0 O A U R ™ S0 VO A O 1D 2 A O T N I A A I A S | [ N M S O T ) PR T A O R I R A
na AREA (1) AREA  (2) AREA  (3) AREA (4) AREA (5) AREA  {6) AREA (7 AREA (8)
HHHIIOH JIlI Tl [ 11t [t [T] (! [2slel [ []1 ]2l TT} I Tlelsld TTTTT2se [T [ 1] 2o [ ]
(9) AREA_ (10) AREA_ (1) AREA (12) AREA_ 03) AREA (19} AREA  (iS) AREA (1§)
IIHZISHH [11l2isg | [ [ [ /2ol [ DT D00 (LT EDT DT ORI R ITIITIIITITITIIdTTI0T
AREA_ (7) AREA_(18) AREA (19} AREA (20) AREA (21 AREA (22} AREA” (23) AREA_ (24)
1 T L T it vt P T T T ] 17 I A 0 DO A S ) N O O I L e b 11 117 N S O A SO T A 0 S VU A A ) S L S |
[ A I I N | | R I N I I W ] | S T T I 0P N S Lt 1 a s U | ) S5 N A [ S R P TONIE I N A P Y ol L ad 1
- RU_ (1) % RU_(2) % RU_(3) % RU_(4) % RU (5) % RU (6) % RU () % RU (8) %
L 1t U Ly 3 1 ¢ U T ¢ 1 & 1 31 171 | AR R SR T (R A R N D T A N T A T 1 i1 T 7 L A A A S S MO 3 T 7111
il e g 8 1 1 1 L i al Lt 11 L1 o i J ] B il a i L) t19 | S0 N N I R ! Lt t VU T ia L i 31
AU (9) % RU (10) % RU (i) % RU (12) % RU_ 03 % RU (4 % RU_(85) % RU_ 06 %
I A R O | Ll 1.t 1 T T 1- 1 1 11 1 ) S SN I N A O 1] T 1T T ) N A A A Y L I U L VO O A A A S R A IO Y I N ) IO N
1t & 1 1 1 1 i LI AT 1T 1 1 §3 [P Lol ) A T O ) i1l a1ttt if | D P S I N S TE I T i | S-S TR T A |
RU (M % RU_(18) % RU_(19) % RU_20) % RU (20 % RU (22} % RU (23 % RU (24 %
 J SR S U S N A i R VA R S TN § I f Y N O O A O | R0 N IV N O N SN A U A O N D I NS O Y M N N NN Y B X [N A LS 1 LA M N T W O 2O §
I A N | | I ) Il L 0 OV N B I A I A | TS N O N I O N O v s A ) | I N S N R TR N N A PN |
) SLACK (1) SLACK _(2) SLACK _(3) SLACK (4) SLACK (5) SUACK _(5) SLACK (D) SLACK (8)
I S IR I I A it L i bt ) N O 1 S 2 ) A N I 0 O A N M } O N O 5 00 O N S M I R B 0| AL VA AR A AL NI A A I
| G O TS O O P | S S I O O AV N | W I T I P 1 | 100 A A I At O 9 IO doi 1 f V& ¢ 1 Vo3 b 1 1 g ¢ ¢ Ll oot 1 e ¢ 1 a1 LAl 1
SLACK _(9) SLACK (0} SLACK (1) SLACK (12} SLACK (3 SLACK (4 SLACK (%) SLACK (i)
| I O I R A IR N N NN A A A OOV A Y N O IR O T N N N OO O VO O A I Y T R A 20 2O} L 0 N N G N O A 0% (0 0 50 2 1N 2N ¢ A 2
| I T ) Y ' I T W | S T A T | IS OO Bl I O M) ) S S A Y T S T - 2 —r Lt L At it b1 4 A
SLACK (I7) SLACK (B) SLACK (19) SLACK (20) SLACK (2! SLACK (22) SLACK 23 SLACK (24}
| T N O S OO R N VO S Y A 0 T 0 O B | D N O O e | UL N T UL LI ) Il r i 1 1 20 T O TR S O LY | LA A R 0 S | ) S A Y Y S 0 Y A
WO T A S T WOl M Y T O O N T | L I O | LIS S I O M O AR } 2 R S A J A i P T A i 11 o f g 1
NOTES: ONE OR MORE PROBLEMS MUST BE LISTED ON PAGE 2

W's AND AREAS | TO P INGL.; K'S AND SLACKS | TO P=~l INCL; RU's | TGO P+i INCL. (P* 1S B RU UNOER 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, 1b. for a 200 ton total static

soil resistance.

OPTION 11" = 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) = 31,300,000.
OPTION 12 = 2, for triangular side soil resistance

distribution.
OPTION 15 = 2, for output at interval expressed by
IPRINT 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 1,010,962.1 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 tke data for the total RU(TOTAL)
VS. BLOWS/INCH curve shown in Figure B3. The
second block of data shows the maximum compressive
and tensile stresses and the maximum displacement of
each segment. The column labeled TIME N is the time
interval at which the maximum compressive stress (MAX
C STRESS) occurred, ie., the maximum conipressive
stress of 7432 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 B3. )

Figure B4 shows tke summary of the data for the
RU(TOTAL) VS. BLOWS/INCH for Problems 1 and 2.
Data of this type can be used to censtruct curves like
that shown in Figure B3. These curves can be used to
compare the effects of cushion stiffness (the cushion
stiffness, K(3)¢, 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 BS is a typical output when RU(TOTAL) is
specified. The maximum penetration of the point of the
pile under one blow of the hammer is 0.472011 in., listed
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TEXAS A e M UNIVERSITY PILE DRIVING ANALYSIS CASE NQ.HSP 10 PROBLEM NCe 1 OF 4
1/0ELTA T 4 QPTIONS 1 2 3 .4 11 12 13 14 15 EXP. FURCE
9443.9 1 2 1 1 2 1 2 0 1 1 158700.

ENERGY HAMMER EFFIENCY RULTATAL) PERCENT UNNER POINT MO GUPOINT) Q(SICE} JtPOINFY J(SIDED N2
35800.00 1.00 - 1040962.1 10.0 4 0.10 .10 8.15 0.05 125
M . WiM) K{Mm) AREA(M) RU(M} SLACK{M) ERESIM} VSTARTIM) KPRIME( M)
| 4850.000 0,42200C0¢ 08 1.000 0.0 1000.000 0.60 22.99 0.0
2 1150.000 0.2450000£ 08 1.000 G.0 1000.000 0.80 .0 0.0
3 1200.000 0,22500008 04 254,000 0.0 1000.000 0.50 9.0 0.0
< 383.000 04510000CE 08 254,000 14638.531 0.0 1.00 ¢.0 0.16463853€ 06
5 883,000 0.51000Q00e 08 2%54.000 43915.594 0.0 1.00 .0 0.4391561E 08
6 883,000 0.510C000f of 254.000 73192.625 0.0 1.00 Q.0 0.7319265€ 06
7 8R3.C00 0.5100000F 08 254.000 1024669.687 0.0 1.00 9.0 0.1024437€ Q7
8 883.000 0.5100000€ 08 256,000 1317466.750 0.0 1.00 0.0 C.LILT46TE Q7
9 883.000 0.5100000E 08 254,000 161023.812 .0 1.00 ¢.0 @.16102328€ 07
10 883.000 O0.5100000€ 08 254.000 190300.875 0.0 1.00 g.Q 0.1903009E 07
11 883.000 0.1040962E8 07 254.000 219577.937 1000.000 l.00 G.0 C.2195730€ Q7
12 -0.0 ~-0.0 . ~0.0 104096.125 -0.0 -C.0 -0.0 (1]

SEGMENT AREA TIME N max C STRESS TIME N MaX T STRESS OMaX{M) otny M)

1 1.000 4 28835499, 0 =0.9 0.487338 0.486179 -0, 50
2 1.000 7 2245092, o «0.0 0.430216 0.430216 4.07
3 254,000 11 7432, 42 -0.0 0.359616 0.359616 =-1.17

& 254.000 13 1324, Q =0.0 0.238627 0.223646 -3, 80
5 254.000 15 7107, ] ~0.C 0.231331  0.211913 =lalés
& 254,000 17 6883, [} -0.0 0.215890 0.204061 0.57
7 254.000 19 6633, 34 le 0.203751 0.158906 -2.68
# 254.000 21 6344 34 172, 0.190195 0.128150 -2.5%

9 254,000 23 5834, 29 1913, 0.182027 0.174308 2.39
10 254.000 35 4195, 30 2491, 0.172878 Q.l148807 -0.03
11 254,000 27 1320, [+] -0.0 0.167608 0.l466761 ~leb}d

PERMANENT SET OF PILE = 0.086760806 INCHES NUMBER OF BLOWS PER INCH = 16.79113579 TOTAL INTERVALS = 43

Figure B-2. Normal output (option 15 = 1) for prob. 1.

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 = 1). The input information is listed in the -

first block of data. The next two blocks show the stresses
at time interval N = 0 and N = 1. The data is defined
as follows: '

displacement of.each mass point, (in.),

D(M) =

C(M) = the compression in each spring, (in.),
STRESS(M) = stress in each segment, (psi),

F(M) = force in each spring, (1b.),

R(M) = force in each soil spring, (lb.),
W(M) = weight of each segment, (lb.),

V(M) = velocity of each segment, (fps),
DPRIME(M) = elastic displacement of soil, (in.),
KPRIME(M) = soil spring stiffness, (lb./in.),
FMAXC(M) =

maximum comgressive force in seg-
ment, (lb.), an

FMAXT(M) = r(rigx)imum tensile force in segment,
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.

TONS

RU (TOTAL)

900
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A& CASE
8 CASE 2

S0 6 70 80

Figure B-3. Effect of varying cushion stiffness.
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PILE DRIVING ANALYSIS CASE NUMBER HSP 10 T PROBLEM NUMBER

QPOINT = 0.10 JPOINT = Q.15
BLCHS PER IN. RUTQTAL POINT FORCE MAX C STRESS SEG MAX T STRESS SEG
1.0733 213593.~- 107.7 92981. 1321, 4 4611, 10
3.3072 462346.= 231,.7 185557, 7322, 4 3706 10
4.9401 601539.- 301.°T 232773, 7322, 4 3358. 10
6.6525 708095.~ 354.T 266561, 7323. 4 312, 10
8.1351 785875.~ 393.T 2850586. 7323, 4 2955, 13
10.7809 917031.~ 459.T - 312r27. 7324, 4 2708. 10
14.7911 1040962.- 520.7 335193, 7324, 4 2491, 10
18.8100 1118220.- 559.7 350215, 7326, & 2362. 10
21.5075 1166279.- 5813,T 359397, 7324, 4 2285. 10
2842760 1255360.+ 628.7 375508. 7325. 4 2148, 10
36,2405 1321165.- 561.T 386685, 1325, 4 2051. 10
46,9512 1371145.- 686.T 394790, 7325. 4 1981, 10
SR.1T72  1621145.- TLL1.T 402573, 7325. L) 1908. i
€7.8860 1671145.~ 736.7 410064, 7325, 4 1836. 10
PILE ODRIVING ANALYSIS CASE NUMBER HSP 10 PROBLEM NUMBER 2
QPOINT = Q.10 JPOINT = 0.18

BLTWS PER IN. AuTOTAL POINT FORCE MAX C STRESS SEG Max ¥ SYRESS SEG
1.0377 213593.~ 107.7 964645, T666. 4 4171, 10
3.1618 470888.~ 235,.7T 196306, 7663, 4 3412. 10
4.8150 622323.~ 311.7 2475558, 7662. 4 3083. 10
6§.5367 736804,~ 36A8.T 293048, 7662, [ 2857, 10
7.5466 A19918.- 410.T 307190. To61. - 2703. 10
11.4121 1025674.~ 513.T 361561, Té6l. L 2352. 10
15,8643 1158745.~ 579.7 392988. 1660, L 21454 10
18,7758 1233466.- 617.7 409456, T660. L 2035. 10
22,0974 12976264~ 649.T 420576, 7659, L] 1950. 10
29.3317 1394207.- 697.7 430297, 7659, - 4 1840. 10
36,8448 14560959, 730.7 436023, 1659, 4 1768, 10
45,1832 1510959.-~ 755.7 ©39816. 7659, . 1713, 10
57.3852 1560959.- 780,7 443210, 7658, 4 1863, 10
77.6870 1610959.~ 805.T 446224, T658. . 1613. 10

Figure B-4. Summary output for RU(total) vs blows/in. (option 11 = 1) for prob. 1 and 2.

TEXAS A ® M UNIVERSITY PILE DRIVING ANALYSIS CASE NO.HSP 10 - PROBLEM NO. 3 OF [ g
1/DELTA T ¢ QPTIONS i 2 3 4 1 12 13 L4 13 EXP. FORCE
94643.9 1 4 i 1 2 2 1 0 1 1 158700,

ENERGY HAMMER EFFIENCY RULTOTAL) PERCENT UNDER POINT MO QUPOINT) GQUISICE} J(POINT) JUSIDE) N2
39600.00 1.00 : 400000.0 10.0 L Q.10 0.10 O.13 0.05 142

" Wimy KMy AREAIM) RUINM) SLACK(M) ERESIM) VSTAAT(N} KPRIMEIN)

1 4850.000 0.4220000€ 08 1.000 0.0 1000.000 0.60 22.99 Q.0

2 1150.000 0.2450000F 08 1.000 0.0 1000.000 0.80 0.0 ©.0

3 1200.008 0.22508008 08 254,000 Q.0 1000.000 0.50 0.0 G.0

4 883.000 0.5100000€ 08 254.000 45000, 000 0.0 1.00 0.0  0.4500001€ Qs
5 883.000 0.5100000€ 08 254.000 45000.000 3.0 1.00 G.0 0.43500001E 06
[ 883,000 0.51000008 08 254.000 45000.000 0.0 1.00 0.0  0.4500001€ Q6
7 883,000 0.5100000€ 08 254.000 45000.000 0.0 t1.00 0.0 0.4500031£ 06
8 983.000 0.5100000E 08 254.000 45000.000 0.0 1.00 0.0  0.43500021€ 06
9 883.000 0.5100000€ 08  254.000 45000.000 T 0.0 1.00 0.0 0.4500001€ 06
10 983,000 0.51000008 04 254,000 45000.000 0.0 1.00 0.0 . 0.4500001E 06
11 883,000 0.2999999E 06 254.000 45000.000 1000.000 1.00 0.0 0.4S00001E 06
12 «0.0 =0.0 -0.0 39999,984 =0.0 -0.0 0.0 0.0

SEGMENT AREA TIME N MAX C STRESS TIME N MAX T STRESS OMAX (M) o(m} vEn)

i 1.000 4 2883701, 0 -0.0 0.502888 0,375493 -%,67

2 1.000 7 2245095, 93 -0.0 0.688212 0.688212 1.00
3 254.000 i1 T445, 97 ~0.0 0.608394 0.506307 1.22
4 254.000 13 7258, (33 25317, 0.497042 0.495229 -2.50
H 256.000 15 7017, 33 3001. 0.489747 0.489520 -Q.17
6 254,000 17 6826, 38 2655. 0.484540 0.424376 1.46
7 254.000 19 6656« 35 2477 0.481653 0.481653 0.52

3 254.000 21 6493, 34 3081. 0.479475 0.479301 =0.90
9 254.000 23 6133, 29 3078. "0.474198 Q.473951 0.21
10 254,000 ‘26 4278, 30 4196, 0.475263 0.470868 t.83
11 254.000 27 667, 0 =0.0 0.473911 0,.47301) ~1.43
PERMANENT SET OF PILE = 0.37391138 INCHES NUMBER OF BLONWS PER INCH » 2.67462989 TOTAL INTERVALS =

Figure B-5. Normal output for single RU(total) (option 11 = 2) for prob. 3.
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TEXAS & & M UNIVERSITY PILE ORIVING ANALYSIS CASE NQ.HSP 10 PROBLEM NO. ©QOF . &

1/DELTA T 4 OPTIONS 1 2 3 s 1 12 i3 14 15 EXP. FOACE
9443.9 11 2 1 3 2 2 2 1 2 158700,
ENERGY HAMMER EFFIENCY RUITOTAL} PERCENT UNDER POINT MG QUPOINT) QUSIDEY JEPOINT) J(SIDE)} N2
39900.00 1.00 400000.0 10.0 & 0.10 g.10 0.15 0.05 140
" WiM} KM} AREA{M) RUIM) SLACK(M) ERESIM) VSTARTIM) KPRIMEM)
1 4850.000 0,4220000¢ 08 1.000 .0 1000.000 0.60 22.9% 0.0
2 1150.000 0.2450000¢ 08 1.000 0.0 1000.C00 0.80 0.0 0.0
3 1200,000 0.31300C0E 08 254,000 0.0 1000.000 0.50 0.0 8.0
b 883.000 0.510000CE 08 2%54.000 5625.000 © 0.0 1.00 0.0 0.562%002F 05
5 883,000 0.5100000¢ 08 254.000 16875.000 0.0 1.00 0.0 0. 1687500 06
6 883,000 0.5100000€ 08 254.000 28125.000 0.0 t1.00 .0 0.2812501E Q6
7 883,000 0.51000C0€ 08 254,000 39375.000 0.0 1.00 0.0 0.3937501E Q&
8 883,000 0.5100000¢ 08 254,000 50625.000 0.0 1.00 8.0 0.50623501E 06
9 883,000 0.5100000€ o8 254,000 61875.000 0.0 1.00 0.0 C.6187502E 06
10 883.000 0.5100000€ 03 254,000 73125.000 0.0 1.00 G.0 0.7312502€ C&
11 883.000 0.3999999€ 06 254,000 84375.000 1000.000 1.00 0.0 0.8437502€ 06
12 =-0.0 -0.0 =-0.0 39999.984 =-0.0 -0.0 -0.8 C.0
TIME INTERVAL N & Qo NET PENETRATION = (0.0 N = 140 N2 »
SEGAENT m Dim} C(M) STRESS(M) Fimy Riny - Win) Vin} CPRIME(M) XKPRAIMEIM) FrRAXCIM] FMAXTIM}
1. 0,002919 0.0 2.0 0.0 G.0 4R50.00 22.988647 0.CCOS46 0.2 0.0 8.0
2 0.002919 0.000047 1150, 1150, 0.0 1150.00 0,0 0.0C056& 0.0 0.0 9.0
3  0.002873 0.000075 9. 2350, 9.0 1200.00 0.0 9.0C0519 G.0 2.0 0.0
4 0.002797 0.000061 12. 3101. 132. 883.00 0.0 0.000444 56250. G.0 0.0
5 0.002737 0,000070 14, 3586. 397, 883,00 0.0 8.0C0383 168753, G.0 ¢.0Q
6 0.002666 0.000075 15. 3808, 862, 283.00 0.0 0.CCO313 281250. 0.0 9.0
7 0.002592 0.000C74 15. 3764 927. £83.00 0.0 0.0C0238 393750. .0 0.0
8 0.002518 0.0G0068 6. 3455, 1191, 883.00 0.0 G.CCOL66 50625C. 2.0 0.0
9 0.002450 0.900057 11. 2882. 1456, 883.00 0.0 0.0C0097 613750, 0.0 0.0
10 0.002394 0.000040 8. 2044, 1721. 883,00 0.0 . 0.0C00+0  73125Q. 0.0 0.0
1 1 0.0023%3 0.0 4. 941, 1986. 883,00 0.0 G0 843750. 0.0 .0
TINE INTERVAL N = t NET PENETRATION = 0.0 N = 140 NZ =
SEGMENT M Din) C{M) STRESSIM) Ftm) R{n) WM} VIn) CONIMEIN) APRIMNSIM) FMAXCIMN) FNAXTIMN}
1 0,032130 0.029211 1232689, 1232489, 0.0 4850.00 22.126266 0.0C0566 Ced 1232689. 0.0
2 0.002919 0.000047 1150, 1150, 0.0 1150.00 3.551348 Q.0C0566 [ 2% 115Q. 0.0
3 0.002873 0.000375 - 9 2350. 0.0 1200.00 0.£00C00 Q.CQO519 0.3 23504 0.0
& 0.002797 0.00006} 12. 3101. 132, %83.00 -0.000000 Q.CCOM4 $62%0. 310t. 0.0
s 0.002737 0.000070 14, 3586, 397. 483,00 -0.C00000 Q.CCO383 168750, 3586. 2.0
& 0.002666 0.020075 15. 3808. - 6624 883.00 0.CC000C 0.CCO313 28125Q. 3808, .0.0
7 0.002592 0.000074 15. 3764, 927. 883,00 0.,000000 2.000238  39373C. 3765, 0.0
8  0.002518 0.000064 14, 3455, 1191. 983,00 0.000000 0.0C0164 506250. 3455, .0
9 0.002450 0.000057 ii. 2882. 1656, 883.00 -0.C00000 0.060097 418750. 2982, 0.0
10 0.002396¢ 0.000040 8. 2044, 1721. 883.00 0.009000 C.0C0040  731250. 2064, 0.0
i1 0.002353 0.0 6. 961. 1996, 483.00 -0.00000C 0C.C 843750, 9%le 0.0

Figure B-6. Detailed output for single RU(total) (option 15 = 2} for prob. 4.
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The listing that follows is known as an UNRAVL
listing. Each statement is numbered, for reference, con-

Appendix C
FORTRAN IV. PROGRAM STATEMENT

secutively from the first to the last statement. The varia- easier to follow.
bles and program statement numbers are indexed by

1SN
188
iSN

1SN

ISn
SN
15N
1SN
Isn
1S
1SN
(SN
ISN
1SN
1SN
Isi

1SN
1SN
(31
TSN

1SN
131]
1SN
ISN
158
1SN
IS
1SN
ISN
1SN
Isn
ISN
ISN
1SN
1SN
ISN
IS8
15N
{SN
ISN
1SN
ISN
1SN
1SN
{SN
1SN

isSN

ISN
{SN
15N
ISn

15N
ISN
1SN
ISN
(32
15N
SN
ISN
(31 ]
ISN

ISN

Q002
0003
00Ga

a00d

0008
0007
J0us
oolo
Qo012
Q014
0016
oor?
0018
0019
0020
oozt

0022
0023
0024
0075

0026
0027
0028
0029
0030
0031
0032
0033
0035
0037
0038
Q0139
0040
Q041

0042
0043
0044
Q045
0046
0067
Q048
4049
0050
0051

0052

0053

0054

0035
0056
Q057
0058

0059
0061
0062
00463
0064
0065
0065
0067
00638
0009

0070
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$000
5001
5002

NP W N e

c
[
5010

5003

5020
5021
5022
50130
50131

TEXAS A & M UNIVERSITY
PILE DRIVING ANALYSIS BY THE wWAVE EQUATIUN
TEXAS A AND M PROGRAM REVISED 12/1765 8Y EAS
PERMANENT SET,BLUWS PER INCH
LCCSE,TIGHT,0k LIMITED MOTION AT JOINTS
MAXIMUM STRESSES OR FORCES
1OPT USEDC FOR OPTION.
T9dToJTHoLAMP,LAY,LT,LACK, ARE USCD FOR CONTROL
%X AT ENO OF NAME = LAST PHRECEDING VALUE EXCEPT IN MAX = MAXIMUM
N ALWAYS MEANS NUMBER QF TIME [NTERVAL.
NOTATION FOLLOWS SMITHS ASCE PAPER CLOSELY. TO DECOCE NOVE THAT
NFMAXT = NO. OF TIME INTERVAL WHERE FORCE = MAXIMUM IN TENSIOMN
REAL JPOINTZJSIUE oK oKPRIME yNPASS JNPL ¢KHOLD,CASE®S
IKTEGER PoPPLUSL,PLESSL,PRUE,PRQBS
DIMENSION AREA{150),C1150),CX(150)¢CMAX{L150),D(150),0XL15C)
+CMAX (1501 ,DPRINE(150) 4 ERES{150)+FL150)FXL150) +FMAXCIL5Q),
FrAXT{150) 4K{150) o KPRIME(150) +LAM{150) ;NOMAX(15Q)
NFRAXC(150) JNFMAXT (15002 RU1501,RUTL150)4SLALKL 150D
LBLOWS (150) 4UFMAXC(150),URUTTLL150) V{1500,
WEL50) ¢RULIST{150) s RUHILE30) yRWENR{30) yRWMICH( 30},
XPLOTI50) o YPLOTIS0) « STRESS {150 ,KHOLD(150),
FCMAXLISO) JACMAXISO ) FTMAX(50) NTRAX(50)
24 CF EACH CF ADOVE SUFFICIENT FOR USUAL PRUBLEMS
INPUT -= GENERAL
KEAU(Sy5113) CASE,PROBS, TTOELT.P,SLACKIL),SLACKE2)+5LACKE3)IUPTL,
L ICPT2,1UPT3,I0PT4, IPRINT,NSEGL.
WRITE{6,5003)
FORMAT{IND)
[F(TTDELT.LE.O.) TYCELT=1.0
IFLIOPT4LLELQ) [OPTAS2
TEEIPRINT.LELO) [PRINT=]
1FINDEGLLLELO) NSEGL=2
TCELTASTTIDELT
VELTAT =1,/TUELTA
PPLUSE = P+l
PLESSL = P=-1
REAU  (5,5114)InIM),Mul,P)
wiPPLUSL) = =00

C=====CALCULATE PILE WEIGHT

6
5040
4
5041

wP{LE*0,

oc JTeNSEGL P

WPILEawPILE*W(JT)

HEAL  {5,5115V(R{H} M=, PLESST)

Ki{P) [S DETERMINED AT 5184 . -

K{PPLUST) = =0.0

- 5083 DO 5UB4 Mal,pP

KHCLO (M) =K {¥)

5086 AREA(M) = 1.0

5086 AREA(PPLUSE) = =0.0

5087 (FI10PT1=2)5090,5088,5088
SO0R8 READ (5:5114)(AREA(M)4M2L,4P)

IFLAREA(1}.LE.C.} AREA(Ll)=1.0
IF({AREALP) LE.O.) AREA(P)=]1.0 B N

5090 [F(I0RT2-215100+5092,5092
5092 READ 15,5116 {RULISTIM) s M=), PPLUST)
5100 (F{ICPT3~2)5101,5106:5104

5101
5102
5103

DG 5102 M=4,PLESS]
SLACK(M) = 0.0
GQ To 5105

5104 READ 15,5114) (SLACK(M),#=1,PLESSD)

5105

SLACKIP) = 1000.0 .

5106 SLACKIPPLUSL) = -0.0

5110
5tit
5112
5113
5114
5119
5116
5117

5t18
Commm
5120
5121

Ut S1l1 M=4,P

ERESIM) = 1.0

ERES(PPLUSL) = =-0.0

FORMAT(AG, [33F 1069 [343FT03,411,1X13,52)

FCAMAT(8F10.3)

FCRMAT{BF10.0)

FORMAT{8F10.71

FORMAT (12,F842,114F9.0,F3.2,F8.0,3F3.2,FF.1sF4alel3e4F3.2,F9.0
1,511)

FORMAT{ LHO,S5H CASESAT,4Xe5H PROD,AL,T4H RU PERCENTAGES UN DATA SHE
1ET PAGE 1 SHOULD TOTAL 100.0 BUT ACTUALLY TUTAL,F15.7}

D0 5570 SOLVES PROBLEMS UNE AFTER ANOTHER

NCal

uC 5570 1=1,PROBS

K{NCI}aKHOLDINC)

REAUES,5117) PROB,NLL)JNC,K{NC), EFF,ENERGY ERES{ 1) +ERESIZ) ERESEIY
1 +RUSUM,PERCNT +MO,QPOINT,QSIDE,IPAINTJSIDE,FEXP,[OPTLL,

2 {CPT12,10PT13,10PT14,10PTLS

IFI10PTI2.LE.O) IQPF12e)

VSTARYs SQART (64 .4%EFFY(ENERGY/H{L1)}])

UQ 3009 M=1,50

FIFMAXIM}=O.

FCMAX{M)=O,

NKCNT=0 -~

RUTTLX = 0.0

BLCWSX = 0.0

V{1) = VSTART

Lt =0

FIRST OETERMINE VALUE OF RUTOTL

IFLI0PTL1-235151,5160,5151

their reference number.
each variable in the program and makes the logic much

This listing facilitates finding



ISN
(81

1SN
1sn

1SN
1SN
1SN
1SN
1SN
1SN
1SN
15N
1SN
1SN
1SN
1SN
1SN
1SN
15N
15N

1SN
ISN
158
1SN

1SN
ISN

1SN

15N
1SN

15N

ISN
1SN
1SN
1SN
1SN
1SN
iSN
1SN
15K

SN
ISN
1SN
ISN

1SN
1SN
ISN

ISN
ISN
it
ISN
ISN
ISN
1SN
1SN
1SN

SN

‘ISN
1sn
IS8
1SN
1SN
1SN
1SN
15N

ISN
1SN
1SN

1SN
1SN

1SN
1SN

1SN
15N

ISN
Isn

0071
0072

0073
0074

0075
0076
0077
0078
0079
0080
aosl
0082
0083
0084
0085
0086
0067
0088
3069
0030

0091
00932
0093
0094

0045
0096
8097
0098

0099
o100
o101
o102

gL013
Otue
010>
oloe
07
o1us
0109
01to
o1

ot12
o113
0114
olts

o11ls
0117
o118

o119
0120
ar21
0122
o123
0124
ot2s
0126
o127
o128
0129
0130
0131
0132
0133
0134
0135
01348

0137
oL3s
0139

0140
14l

0142
0143

o144
Bi4S

Ql4s
0l47

4 FOR CURVE PLOTTING
5151 RUTQTL = Ww{l)® v(1l)*s2/12.0
5153 GCQ TU 5170
c FOR SINGLE PROBLEM
5160 RUTOTL=RUSUM
60 TO S170
C COMPUTER CYCLES FROM 70T NEAR END OF PROGRAM
701 SLCPE = (RUTOTL-RUTTLX)/(BLONS~BLOWSX)
-SLCPE=AMAX1 {10000, SLOPE)
IFIALONS~7.015164,702,702
5164 IF{10PT4-2)5165,703,703
702 IF{HLOWS=20.031704,704, 705
5165 08 = 1.90
GC TU 706
703 L8 = 1.2%
wC 10 706
704 UB = 2.5
GC TU 706
105 08 s 5.0
GO TQ 7086
706 RUTTLX = RUTCTL
RUTOTL = RUTTLX+{DB¥SLOPE)
BLCWSX = BLOWS
C-=== SECOND DETERMINE-ALL VALUES OF RU(M)
5170 DO 13 M=1,MO
13 RuUlM) = 0.0
5171 RUPINT = {PERCNT/100.0)sRUTGTL
5172 [FUIOPT12-21143,146,5176
[ FOR UNIFORM LISTRIRUTION
143 00 144 M=MO,P
144 RU(P) = (RUTOTL=RUPINT)I/FLOAT(P~-MO+])
5173 RUIPPLUSIL) = RUPINT
GC 10 713
[ FCR TRIANGULAR DISTRIBUTIOUN
146 DG 165 mapQ,p
165 RUIM) = (2,0%(RUTOTL-RUPINT ) $IFLOATIN=-M0)+0.5) }/ (FLOAT(P=MOQ+L) )08
5175 RU(PPLUSL) = RUPINT
GC TU 713
4 FCR ULISTRIBUTION PER RU LIST ON DATA SHEET
5176 TOTAL = 0.0
: DC SL77 M=1,PPLUSL
SY77 TCTAL = TOTALSRULLISTIMY
5178 1F{{ABS(TOTAL-100.0})~2.0)5180,5180,5179
S179 wRITE (6,5L18)1CASE,PROS, TOTAL
GO TO 5570
5180 LC 5181 M=1,PPLUSI
SL8L RUIM) = (RULIST(M)/100.0)*RUTUTL
GQ ro 7113

Co=== THIRD OETERMINE STARTING VALUES OF V(M)
713 V{L)}sVSTART
00 180 M=2,P .
© 180 V(&) = 0.0 .
5183 V{PPLUSL) = -0.0
Ce=== FOLRTH DETERMINE VALUE FOR K{P)
5184 K{P) = RUIPPLUSL}/QPOINT
[ FIFTH CHANGE CYCLE COUNT
5186 LT = LT + 1
Cm==-CHECK ON OELTAT
CALL DELTCKINPASS,TTOELT+PsMsK¢TDELTA,DELTAT,N2)
C====END DELTAT CHECK
C-=== ASSIGN OTHER VALUES REQUIRED (TEXAS A AND M REP1}
00 5218 M=1,p
32 XPRIME(M) =RU(MI/GQSIDE
Cix) = 0.0
F(M) = 3.0
CMAX(M) = 0.0
LAM(M)=}
Dir) = 0.0
NFMAXC(M)} = O
NFMAXT(M) = O
UMAXIM} = 0.0
NOMAX{M} = O
FMAXC(M) = 0.0
FRAXTIM) = 0.0
Rik) = 0.0
5218 OPRIME(M) = 0.0
KPRIME(PPLUSL)=0.
0PRI{MP = 0.0
LApP =1
C==== SIXTH PRINT INPUT FOR ONE PROUBLEM
5190 WRITE (6+52001CASE,PROD,PRUBS
5191 wRITE (6.5201)
5192 wRITE(6,5202) TOELTA,P+IUPT1,I0PT2,10PT3,i0PT4, 1QPTLLe
1 10PT12,I0PT13,IUPT14,10PTLIS,FEXP
5193 WRITE 16,5203)
5194 WRITE6,5204) ENERGY,EFF,RUTOTL,PERCNT M0y CPOINT ¢QSIDE ¢+ JPOINTHJISE
LDE,N2
5195 wRITE (6,5205)
5196 WRITE (695206) ({MyMIM) 4K {M)AREAL M) yRUIM) ,SLACK M), ERESIMY,
1 VIM) KPRIME(M) yM=1,PPLUSL)
5200 FORMAT(//7/727H TEXAS A & M UNIVERSITY +3Xe22H PILE DRIVING ANALY
1S1S,4X491 CASE NU.vAT3X,12F PROBLEM NO.sI14¢3H OF; (4}
5201 FORMAT{Z2X10H L/DELTA T3XLHPX62HOPTIONS 1 2 3 L3
1 11 12 13 14 1S10X10MEXP,. FORCE)
5202 FORMAT{F1l.1415,11X615,10X515,F18.0)
5203 FORMAT{L13H ENERGY HAMMER EFF IENCY RULTOTAL) PERCENT UM
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REL
15N

SN
1SN
ISN
ISN
ISN
iSN
1SN

1SN
1SN
ISN
158
15N
ISN
[ $11
ISN
ISN
ISN
1SN
ISN
1SN
ISN
1SN
ISN
1SN
ISN
1SN
1SN
ISN
15N
{5n
1SN
1SN
IsN

1SN
ISN

1SN

b1

158
SN

1SN
1S
15N
ISh
ISN
ISN
IsNn

1SN
15h
I5N
1SN
(31

1SN
15N

1SN
ISN
1SN
1SN
1SN
IS8
1SN
15N
158

1SN
Isi
1SN
158
15N
1SN
15N
1S~
1SN
ISN
158
15N
158
1SN
158
1SN

0148
0149
0150

o151
0152
0153
0154
0155
0156
0157
0158
0159
[ 114
0161
0182
Ole3
0164
0165
G166
o167
Olod
0169
0170

1%4%

0172
0173
o174
0175
0176
o177
0178
oL79
0180
0151
0182
0la3
Olu4

orss
Olue

o187
0188

Qla9
0199

o191l
o192
0143
alae
0195
0196
0197

2198

0149
Q200
Q201
0262

0203
0204

02¢5
0206
02G¢1
0208
0209
g210
az211
0212
0213

021«
0215
0216
o217
0218
0219
0220
Q221
0222
0223
Y226
022%
0220
0227
0229
02131

PAGE TWENTY

1UER POINT MO GIPOINT) Q(SIDE} J{(POINT) JISIDE) N2)
5204 FCRMATI2F10.2910XF12.1sF16.1¢111sFL0.2+F9.2,F10.24F%9.2,1T)
5206 FURMATI(I3y Fl4.3sE15e79F10e312F14e3+FF.2,F11.24E15.7)
5205 FCRMATEIH My TX SH WMo TXySH K{M) s 7TXo8H ARCA(M) 16X 36H RUIM) oTX o461
tH SLACK(M) ERES{M) VSTART(M)  KPRIME(M}}
Ce~we EFFECT OF GRAVITY BEFORE RAM STRIKES=-TEXAS A AND M SMITHS GRAVLTY
$258 IF(JUPT14~2)522045221,5221
5220 wICTAL = 0.0
RTCTAL = 0.0
00 5 JT=2,PPLUSL
WICTAL = WIUTAL * W4T
HRTICTAL = RTOTAL ¢ RU(JT)
NG 8 4T = 2,PLESSE
R{JT) = (RUGJITISWTOTAL)/RTOTAL
8 FLIT) = FUIT=1)ewlIT)=RISTY
1F(KIP) 167066467
66 IF{KPRIME{P))6T,+63,67
67 BIP) = (FIPLESS1I+W(P)II/(KPRIME(PIK(P})
IFIQSIDE~DIP) 164,65,65
64 R(P) = RU{P)
Fi{P) = F(PLESS1) ¢ WiP) - R(P}
VIP) = F(P}/K{P)
GC Tu 63
65 R(P) = D(PIeKPRIME(P)
FIP) = D{P)® KiP)
63 CONTINUE
U0 111 JT = 1,PLESS]
JIe = P=ytT
CLITHMY = F{JTMI/KIJITM)
c DUJTM) = CLITMeLI+C(ITM)
DPRIME[JIT™) = D{JTM)~WTOTAL*QSILE/RTOTAL
11E CCONTINUE
00 8000 M={,P
8000 STRESS{M)=F(M}/AREAIM}
$221 N0
Lay = 1
5230 IF{10PTLI5-21526005231,5240.
5231 WRITE(695234)N,DPRIPP N2
5232 WRITC (5,45235) .
5233 WRITE(695236) IMiDLMIoCIMIoSTRESSIM)oFIMIRIMIoHINY V(M) OPRINRECHY,
IKPRIMEIM) pFMAXC M) s FHAXT (M) ¢M=1,4P)
NKCNT=0
5234 FCRMAT(//18H TIME INTERVAL N =16,7X18HNET PENETRATION = E10.64
L7X5HNL = 19,5X5HN2 = 15) .
5235 FORMAT(120H SEGMENT M DMy CiM) STRESS(M} Fim)
1 R(MY WM V(M) DPRIME(M)} KPRIMEIN) FMAXCIM) FMAXTINID
5236 FCRMATUIB F1l48¢F10.6¢F11.042F10.0,F10.2,2F10.8,3F1C.0}
C-=~= DYNAMIC COMPUTATION BASED ON SMITHS PAPER MOOIFLIED (TEXAS REPN}

5240 LACK = 1
52641 UL 68 Mx1,P
< 68 5 BETWEEN 5439 AND 5440
BN} = DiMIeViMI®L2,040ELTAT -7
LFLOMAXIM)~UEME 20, 21,21 -
20 DPAXIM) = D(M)
NCMAX{M) =2 N + 1
21 CxiM) = C(M)
1F{%=-P) 34,5400, 3%
34 CUr) = DIMY=-DIMOL)=VIMIL)®L12 . 0%DELTAT
c STATEMENT 34 MUST USE A COMPUTED VALUE FOR THE ACTUAL OiMe})
5242 1FICIM}I15243,30,30
5243 JFLABSICIM))I-SLACKIN))5244,5244,5246
5244 Cir) = 0,0
5245 LC TQ 30
5246 CIF) = C{M)eSLACKIM)
NUTE THAT UNLY A NEGATIVE VALUE CF C(M) KESULTS FROM 5246
30 FX(#) = Fim}
4 A TCXAS ROUTINE FOR 8i{M) 1S OMITTED HERE
5250 1F{]0PT&=-215300,36,5300
Cem== 356 TG 35 [S A TEXAS ROUTINE REPLACING SMITH ROUTINE 3 OR &
36 IF(ABSIERES(MI-1,0)-,00001)138,38,1¢
33 FIM) = C{M)eKiM} :
GC TO 5400 -
164 (FICIMI=~CXIM))12,35,15
15 FIM) = FX{MISLICIMI-CXIN)I®KIM))
G0 10 3v
12 F{M) 2 FXIMIF{ICIMI-CXIM)IBKIM)I/ERES(M) 922}
35 F(F) = AMAXLI{0.0,F{¥)}
U TG 5400
C A TEXAS KOUTINE FOR GAMMA IS QMITTED HEKE
Co~== SMITH ROUTINE 3 OR 4
5300 IF{ERES(M)I=1.00)5302,5301,5301
5301 F(M) = CIMISK(M)
G0 TO 5«00
5302 1FLLIMIIS303,5303,5306
53C3 FIM} = 0.0
GG Tu 5400
5304 IF{CEMI-CMAXI{M))ISI06,5305,5305
5305 CrMaxX{M) = C{M)
FIv) = CtrIex(M)
LC TC 5400
5306 FIM)=(K(X)/ERES (M} n22)8C{M)=(]1 /ERESIMIS82=],)0K{N)SCHAXI(M)
FIV) = AMAXI(F{M),0.0})
GC TO 5400
5400 IF(=.3T.1}) GO 0 48
IFIFEXPLLELQ.) GO TG 48
NP1zN¢l

w



1SN
IsN
1SN
1SN
ISN
1SN
ISN
ISN
15N
SN
ISN
1SN
1SN
ISN
150
ISN
ISN
15N
ISN
ISN
ISN
1SN
1SN
15K
IsSN
1SN
{SN
{SN
18N
ISN

SN’

15N
ISN
ISN

15N
SN
1SN
15N
ISN
ISN
1SN
1SN
15N
15N
15N
ISN
158

ISN
IS

1SN
15N
15N
1SN
1SN
1SN
sy

1SN
15N
15N
1SN
{5N
TSN
15N

| $17]
SN
ISN
1SN
1SN
150
ESN
1SN
13N
1SN
1SN
1SN
18N

ISN
ISN
1SN

1SN
15N
1SN
1SN
1SN

158
N3
15W

Q232
0234
Q23S
0236
Q237
0238
0239
0240
0241
0242
0243
0244
02645
0246

0247

0248
Q249
0250

-0251

0252
0253
0254
0255
0256
0257
0258
0259
8260
0261
02462
0263
0264
0265
0266

0267
0268
0269
0270
0271
0272
0273
0214
0275
0276
Q217
0278
0279
0280
02u2
0284
0265
02us
0287
02u8

0289 -

0299
0231

0292
0293
0246
0295
0296
0297
029y

0299
9300
0301
9303
0304
0305
03us
0304
0309
0310
03t}
0312
0313

03le
0319
0316

o37
0318
0319
9320
0321

0322
0323
0325

IF(NPL.GT.(0.0125/DELTAT)) GO TO 46
IF(NP1~0.01/0ELTAT) 46446490

46 JFIF(L)=FX{1)1147,48448

@7 FUL)=AMAXLUF{L) FEXP,0.)
GQ TQ 48

90 Fll1)=AMAXLI0.,0¢FEXP*(].0~{0ELTAT*(NPL-0.0L/DELTAT)/0.002501)

48 IFIKPRIME(MIIS04+55,50

S0 IF(DPRIME{M)-DIM)I+QSIDEISL. 52,52

51 DPRIME(M) = D{MI-QSIDE

52 CONTINUE
TFLUPRIME(M)-DIMI-QSIDEYSI, 53,54

54 DPRIME(M) = U(M)+CSIDE

53 CONTINUE

5410 LAP = LAMIM)

GG TOL10,57),LAP

10 IF(D(MI-CPRIMEIMI-QSIVE)S56,457,57

56 R{¥) = (DIMI-DPRIME(M))OKPRIME(MIS(1.0+ISIDESVIMY)
GC TO 55

ST R{P) = (DIMI=DPRIME(M)I+JSTOE*QSIDESVIM) ) sKPRIMEIM)
LAP (M) = 2

55 CONTINUE

T3 1F{M=PIT1474,71

T4 IF(UPRIMP=D{PI+0POINT)IT7S5,76476

75 DPRIMP = UIP)=QPRINT

76 CUNTINUE
LAMP = LANMP
GC YO (77,78),LAMP

77 IF{DIPI~DPRIMP-CPOINT)}T79,78,78

T9 F(P) = (U(PI-DPRIMPISK{PIS{1.0+JPCINTAVIP))

6 TOo 171
78 FIP) = (L(P)-DPRIMP+IPOINTSCPUINT®V(P) )X (P)
LAMP = 2

171 F(P) 2 AMAX110.0,F(P))
71 CONTINUE
- - GRAVITY UPTIUN
5420 [F(10PT14~2)5621,5423,5623
5421 LFILACK=2158,72,72
58 VIL) = VILI={F{I)oR{1I=N{1)}#32, LTSDELTAT/RIL)
LACK = ?
G0 TO 5429
T2 VI®) = VIMI+IF(M=11=FiM)=R(HI+WI M) ) #32. L7SOELTAT /W (M)
5422 GG 10 5429
5623 IF(LACK=2)5424,5627,5627
5424 V(1) = V(LI-{F{1I+RI1119032, 1 TDELTAT/N{1})
5425 LACK = 2
G0 10 5429
5427 VIM) = VIMISIFIM-1)-F{M)=RIN1 1232, 1 T*OELTAT/WIM)
5429 CONTINUE

IF{M.T,1) GO TN S430
TF(F(11.LE.CL aND VI 1) akEe=0s]l) VI1)==VSTARY
5430 FMAXCIM) = AMAXLIFMAXC{M) F(M))
FPMAXT(M) = AMINLIFMAXTIMI,F(M))
5439 IF(FMAXCIMI~-F{M))I166,167,166
167 NFFAXC(M) = Ne)
166 IFITNAXTIMI=F(M))168+569,68
69 NFMAXTI{M] =2 Ne)
68 STRESS{MYI=F{M}/AREAIM)
N=Ne]

4 THIS {5 END OF DO 68 STARTING AT 5241

5460 1F{I0PTI5=2)5440,544],544%
3441 1H{N-])T000,7001,7000
7000 NKCNTaNKONT+}
TF(NKONT-IPRINT 5444, T001,5444
7008 WRAITE {(6,5234)IN,0PRIMP,N2
WRITE (545235)
WRITE(6¢5236) IMaDIMI)CIMI ) STRESSIMI (FIMIGRIMY (W{M) VM) LPRINE (M) o
IKPRIME(M) JFMAXC M) FMAXT LM yMu P}
7003 NKCNT=0
5464 G0 TU (34434192),LAY
5443 1FUI(VIP)*0.1).GT,0,) GO TO 192
Wvzu,0
CO 193 JAaNSEGL,P
193 wVanVeniJa) sy {JA)
FEAVIL) o LT.00. ANDHY LT Qe o ANGLLMAXIP) GT.O(P)Y GO TO 190
GG To 192
190 LAY=2
GL TU (192,194,192),10PT1S
194 wrRITE(6.5234) NIUPRIMP,N2
WRITE{6.5235)
nRITE(6452362(Ms0{MIICIMIoSTRESSIMIGF(MISRIMINIM) o VIME,UPRIME(M),
IKPRIVE (M), FMAXC (M) FMAXT (M) 4 Mx1,P)
192 IFIVI2)/VSTART=3.1161,60,60
60 WRITE {0, 105)
105 FORMAT{74H THE RATIO OF THE VELACITY OF w(2) YO THE VELUCLTY OF T
IHE RAM CXCETUS 3.1)
GE Tu 5970
&1 [F(VI{P)/VSTANT~3,1)163,62,62
62 wWRITE (6, 106) o
nC Te 5570
106 FCAVAT({741 THE KATIO OF THE VELOCITY UF %W(P) TU THE VELUCLITY OF T
IHE RaM £XCEEDS 3.1)

C === ENC OF TEXAS REPN

163 CONTINUD
IFILAY.EC.2) GO TO 5447
IFIN=N2)5240,5447,5427

Co=== 5240 CYCLES FOR NEXT TIME INTERVAL
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TSN
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15N
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1SN
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tsh
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iISN
ISN
15N
1SN
iSN
ISNh
1SN
ISN
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1SN
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0326
0327
0328
0329
0330
8331

0332
0333
Q0335
0336
0337

0338
0333
0349

0341
0342

0343
0344
0345
0346
0347
0348
0349
0350
0351
0352
0353
0354
0355
0356
033517
0353
03%9
0360
036t

0362
0363

0364
0385
03s6
Q367
gice
0309

0370
937t

5447 LC 5449 M=l ,P
5448 FPAXC(M) = FMAXCIM}/AREA(M)
5649 FMAXTIM)SFMAXT{M)/(~AREAL{M))
GC T0(5442,5442,5553),10PT15
5442 WRITE {6,2105)
5550 WRITE(6,2106) (M AREAIM) JNFMAXCIM) o FMAXC M) JNFHAXTIM) JFMAXT (M) ,DMAX
LM} 2 UEM V(M) Ma1,P)
GLCWS=0.0
5553 [F(OPRIMP,GT.0.0) BLOWS=L1.0/DPRIMP
5951 UBLOWSILT) = BLOWS
URLTTLILT) = RUTQTL
. UFMAXCILT) = FMAXC(P)®AREA(P)
4 INETIAL U ABOVE IDENTIFIES FIGURES USED IN SUMMARY
GO TOU5552,5952, 150).10P11S
5552 WRITE (64210710PRIMP,BLOWSHN
2105 FCRMAT{//103H SEGMEAT AREA TIME N MAX C STHESS TiMe »
1 MAX T STRCSS CMAX (M} otm) ) vimM)}
2106 FCRMAT(I3 4 F15.3918+F1l2.00114¢F12.0+FLl6484F10.69F13.2)
2107 FCRMAT{24H PERMANENT SET OF PILE =F15.3+ 38H INCHES NUMBER GF 8
1LChS PER INCH = F16.8,22H TOTAL INTERVALS = [8)
150 CCNTINUE
5558 UQ 5563 MaNSEGL,P
FTMAX(LT)SAMAKL (FTMAX(LT),FRAXT(M))
FCrPAX(LT)=aMAXL(FCMAXILT ), FMAXCINY)
TF{FCMAX(LT)-FMAXCIM] 15560955610 5560
5561 NCMAXILT)sM
5560 [F{FTMAXILT)I-FMAXTIM))5563,5562,5563
§562 NIMAX({LT)sM
5563 CCNTINUE
5555 IF(IOPT11-215556,5570+5570
5556 |F (UPRIMP=0.001)59,707,707
707 IF (HLOWS=60.0)701,701,59
59 CCNTINUE
WRITE (54803} CASE,PrOB
wRITE (6+4804) QPCINT,JPQINT
WHITE {64805}
OC ©0l J=1,LT
. URUTON2URUTTLISYI/2000.
501 WRITE(6,802) UBLUNSIJ)sURUTTLLJ) (URUTONUFMAXCLI ) ,FOMAX LS} yNCHARED
21 FTMAX{Z) $NTMAX(Y)
B02 FORMATIOXFT,49F10.0sIH=FSi0s lHTF13,0sFL13.0,4X12,F13,0,4X12)
803 FORMAT (1MU,10X,22¢ PILE URIVING ANALYSIS,
I 10X:17H CASE NUMBER »3IXsA6410X%, 15H PROBLEM NUMBER,3IX,13)
804 FORMATIIIXsINQPOINT = FS.2411XeIHIPNINT & FS5.2)
305 FORMAT{2X1IHBLOWS PER INJ2XTHRUTOTALTX1IHPOINT FORCEZXI2HMAX C STR
1£SS2XIMSLG2X12AMAX T STRESSZXIHSEG//)
Ce====PLCTTING AUUTINF
IF{I0PT13-1)55704557445574
5374 CALL RRAWIWTOTansunu. . o UBLEWS, LT CASE, PRUB)
Co====fNC PLOTTING ROUTINE
SS57G WRITEL6,45572)
c L2 5370 STARTS AT 5120
5572 FCHMAT(LIHL)
5371 GC TG 5910
NG



ssxssf QR T R AN CRCS $ REFERENCE LL STl ¥ Geeess

SYMDOL  INTCRAAL STATEMENT NUMKFRS
c 0004 0121 6173 0174 0186 0195 0197 0198 0199 0200 0202 0202 0206 0208 0209 0211 0215 0217 0220
0221 €222 0224 0290 0313

L - 0004 0125 0162 Ol63 0166 0168 0169 01764 0174 0175 0186 0171 019t 0192 0193 Q19T 0197 Q240 O02sl
0243 €246 0248 0269 0251 0255 025 0260 0261 0263 Q298 0306 0313 0331
F . 0004 0122 0LS9 J15? 0ls62 0165 0165 0166 0169 0173 0178 0184 G203 0206 0209 0211 0212 0212 0215

0218 €222 0224 0225 0225 0235 0236 0235 0238 0261 0263 0265 0265 0269 0272 0272 Q2715 0278 02718
0242 (€284 0255 0286 0248 Q29C 0298 0313

1 0use

J 0359 0360 03¢l 0361 0361 0361 0361 036t 0361

K 01:62 0004 0925 U026 0028 0057 0058 0lls 0118 0143 0160 0162 0166 0169 0173 0208 0209 G211 0215
0222 (G224 0224 0261 0263

] 0C20 0020 0020 0025 0025 Q025 0027 0028 0N28 0029 0032 0032 0032 0038 (@33 Q038 0040 0041 0043

Gc43  0G43 0046 Q04T QU2 0063 0064 0091 0092 0095 0096 0099 0100 0100 OLQ% 0105 0109 G110 010
0113 Clis Olis 0l20 2120 0121 0122 0l23 012¢ 01235 Ol26 0127 01238 0129 0130 013%F G132 0133 0143
dlaed Jléed 0143 0143 Gtad 0l43 0143 0143 0163 0143 0117 O178 OL78 0178 01864 0184 Ol36 Ol86 Olae
Qlaé Cl84 0184 G184 O0ige 0184 0184 0184 0184 0190 0191 0191 0191 0192 0192 0193 0193 0194 0195
Qtd% €196 0197 0197 Q197 Q197 0198 0193 0199 0200 0202 0202 0202 0203 Q203 G205 0206 0206 0206
Oc¢uk  €20% 0209 209 0209 0209 0209 0211 0211 0211 0211 0211 0211 0212 0212 0214 0215 0215 0213
0217 C218 0270 0220 0221 0221 0222 0222 0222 022% 0226 0226 0224 0226 0224 022« 0225 0225 0227
0239 €240 0Q24C 0241 0261 0243 0243 0244 0244 0246 0248 0248 02649 Q249 0249 0249 0249 0251 0251
-0s51 €251 9231 0252 0254 0272 0272 0272 0272 02712 02712 02712 0276 02?3 0278 0278 0278 0218 0280
0284 C24 0234 028> 0285 0285 0286 3286 0287 028s 0288 0289 0290 0290 0290 0293 0298 0298 0298
0298 C298 0798 0298 0293 0298 0298 0298 0298 029 0313 0313 0313 0313 0313 0313 0313 0313 0313
0s13 C313 O3313 0313 0313 0326 0327 0327 0327 0328 0328 0328 0331 0331 G331 0331 0331 0331 0331
0331 0331 6331 0331 Q364 0345 0346 0347 0348 0349 0350 .

N 0179 0187 02176 0231 0287 0283 0291 0291 0293 0296 0311 032% 0339

P Qu0o3 €005 0nLg 901Y 0020 0023 0027 0032 0035 0035 004% 0046 0095 0096 0099 G100 0113 0Ol1s Ol18
0119 0137 0loC 0161 0162 0162 0162 Q162 Ol63 0Ol64 Oleé 0165 0165 0l65S 0166 0166 0166 0168 Gl68
0168 Cl69 0169 G163 0172 OL77 0184 3190 0196 0254 0255 C256 0260 0261 026% 0261 026 02583 0263
0263 0263 2209 0265 0298 0301 0304 0306 0306 0313 0318 0326 0331 0337 0337 0344

® QuGs 0132 0158 0157 0164 0165 01638 O0l84 0749 0251 3289 0272 0275 0278 0298 0313

v 0ud4 0068 0071 Ot12 (114 015 0143 0184 0191 OIS7 0249 0251 0261 0263 0269 0269 0272 0212 0275
Q7% 0278 027w 0232 0282 0298 0301 0305 0306 0313 0314 0318 033

[} - 04004 0020 0021 0024 "0058 0061 0071 Ol18 Ol43 0135 0159 0162 0165 0186 0269 0269 0272 0272 0271%
0275 €298 039% 0313

cx oGLs  019% 0208 2209 0211

: 1 0C80 0082 0Quué 0086 €089

ox [ DHTY

FX 0004 €203 0209 - 221t 0235

JA 0304 0305 0305 .

J1 0C23 0026 0154 U155 0146 0157 0158 0158 0159 0159 0159 0159 0171 0172

LT 0u69 OL17 OLET 043% 0936 0337 0345 0365 0346 0345 0347 0348 0349 0350 0359 0367

»G 0CS58 009t 0093 0094 GOY9 0100 O0lu0 0lsl -

NC QUS55 0057 Qus? J0SR 0058

N2 Oll# Cl4l 0lmw2 0296 0311 0325

Ky 0004 G092 0096 0097 010G 0101 0110 O0ll6 0120 0143 0156 C158 0Olés

*se38F U R T R AN CRCS5S REFEAENCE LIS T LN Gesses

SYMBOL INTERAAL STATEMENT NUMGFRS

wy 9303 0305 0305 0306

A8S 010& 0199 0205

EFF 0658 €061 0141

Jim 0172 G173 0173 0173 0174 CI?4 0174 4175 O175
LaM Q006 G124 0246 0252

LAP Q246 0247

LAY 0180 Q300 0309 0323

NPL 8002 €231 0232 0236 0238

AREA 0004 0029 0030 0032 0033 0033 0035 0035 0143 017a 0290 0327 0323 0331 0337
CASE Quoz 0003 0107 0137 0356 0367

Crax 0604 0123 0220 0221 0224 .

OmMax Ou0s 0128 0192 0193 0306 033t

ORAw 0367 - -

ERES 0004 G047 0048 0055 0058 0058 0143 0205 0211 9J21e 022¢ 0224
FCxp 00%8 0139 0229 0236 0238

LACK 0189 (248 0270 0274 Q276

Lamp 0136 0258 0258 0259 0264

PROB 0003 0058 0107 3137 0356 0367

SONT oUubl

AMAX] 0076 €212 0225 0236 0238 0265 0284 0345 0344

AMINT Q285

BLOWS Q075 0077 0079 0090 0332 03331 0335 0339 0354

FCMax 0004 0064 Q346 0346 0347 0361

FLuat 0U96 G100 0130

FMAXC 0u0é Q130 0184 (0284 0284 0286 0298 0313 0327 0327 0331 0337 0346 0347
FMaXT 0G04 0131 Olss 0285 028% 0288 0293 0313 0328 9325 G331 Q345 0349
Fimax 0004 0063 0345 0363 0349 0361

uPti 0u0S 003F Q139

iupt2 0005 0037 0139

10PT3 0005 0039 0139

Igpta 0305 0010 Oui0 0073 0l39 0204

JSI0E 0u02 0058 Olel 0249 0251

KHULO 0002 0004 0028 0087

NCMAX 0u04 0348 0361

NOMAX QLo4 0129 0174

NKUNT 0065 Cl85 0294 0294 0295 0299

NPASS 0002 oO1l18

NSEGL 0005 0014 0014 0023 0304 0344

NTMAX 0C04 0350 0361

PRGBS 0003 Q005 0056 0137

QSIDE 0uS8 0120 0141 0163 0175 0240 0241 0243 0246 0263 0251

RUHIL 0004

RUSUM 0058 0073

RWENR 0004

SLACK 0004 0005 0005 0005 0041 0043 0044 0045 0143 0193 0292

SLOPE G978 0GC76 0078 0089

PAGE TWENTY-THREE



. ¥esssf UR T RAN . CrRCSS REFERENCE LIEST 1N Gossss

SYMBUL  INTERNAL STATEMENT NUMBERS

TutaL 0103 0105 0105 vi0e 0107

wWPILE 0L22 Q024 0924

XPLOT Q004

YPLOt 0036

BLOWSX 0067 Q07S 0090

CELTAT 0017 0118 9191 0197 0232 023¢ 0238 0233 0269 0272 027% 0278
DELTCx  Olls

UPRIME 0004 0133 0175 0184 0260 0241 0243 0244 0248 0269 0251 0298 0313
OPRIAP 0135 0182 0255 02% 0260 0251 0263 0296 0311 0333 0333 0339 0353
ENENGY 0QUD8 0061 014l

1LPTLIL 0038 0070 0137 0352

ILPTL2 Quas 0059 0059 Q09¢ 0139

(UPTL3  0G58 0139 0366

tupfle 03%8 0139 0151 0267

1OPTLES 0058 Q139 0181 0292 0310 0329 0138

IPRINT 0005 Q012 0012 0295

JPUINT 0002 0058 O0Olsl J26%1 0263 0357

KPiIME 0002 Q004 0120 0134 0143 0161 0162 0168 0186 0239 0249 0251 0298 0313
NFMAXC 0004 0OL26 0287 0331

NFHAXT 0006 Q127 0289 033t

PERCNE  0GS58 0093 014l

PLESSL ONG3 0019 0025 0040 004} OJ1ST 01682 0165 2NT1

PPLUSL 0003 0018 0021 0025 0030 0038 0045 0048 0097 010L 0104 0109 OLlS Oll6 OLd& Oles OLSA
QPUINT 0054 0lle O0lsl 0255 0256 0269 0263 0357

RTOTAL 0tS3 0QiS56 O0OLlv6 0198 0175

RULIST Oudé Q034 910% O1l10

RUPINT 0033 0096 0097 @100 019l

RUTUTL  QLZ1 0073 0075 O0O0HK (039 QO0Y3 0096 0100 OIL0 04l 0336

RUTILX Oub& 0075 0088 0089

AwdilCM 0504

STHESS 0004 0178 Olhé 029) 0298 0313

TUELTA O¢ls QOL7 Olld 0139

TIDELT 0GOS €008 0Q0u8 0016 0llS

URLNWS OuGe 0335 0ulsl 0367

UFNAXC Q006 0337 0351

Urt10N 0360 0361

UKUTFL  OLUse 9336 D360 0361 0307

VSTART 0461 CO68 01l 0282 0314 J318

wiLTAL Q132 0155 0155 o158 0175 0367

$9sssf O R T R AN CROSS ®EFERENCE L1535 T 13 Gesess

LABEL QEFINED  REFERENCES
S

o156 0154
6 . G024 0024
8 o159 Q187
10 0248 0247 N
12 021t 0208
13 0092 0091
16 0208 0265
13 0209 0208
20 o193 0192
21 019% C192 0192
30 0203 0198 0198 cC20t "
32 u120
3% o197 0196 0196 .
3 Q212 Q208 0210 . . T
38 0205 0204
38 0206 0205 0205
L& 0235 0234 0234
&7 0236 0235
48 G239 0227 0229 0232 0235 0235 0237
50 C240 0239 0239 .
S1 0241 0240
52 0242 0240 0240
53 0245 0243 0243
56 U244 0243
55 0253 0239 0250
56 02649 0248
57 0251 0247 0246 0248
58 G269 0268
5% Q355 0353 03%
60 J31% 0314 ulie
sl G3te 03te
62 03te O3ty 0318
63 ol70 0lel  Ole7?
ob G166 0163
69 ates 0163 0183
66 olsl 0140
&7 u1s2 0160 0160 0i&l Qlot
68 w290 0190 0288 0288
69 0289 02885
71 0266 0256 0254
12 0212 0268 Q264
i) 0254
T4 02ss 025%
75 02%6 a25%%
78 £287 0255 02%9%
7 U250 0259
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5061
$083

LASEL
5084
5086
5087
5088
5090
5092
5100
s101
5102
5103
5104
5105
5106
5110
Si11
5112
5113
5114
5118
5116
5117
5118
5t20
5121
5140
514l
5150
5151
5152
5153
5154
5160
5164
5168
5170
5171
5172
5173
51715
5176
5177
5178
5179
$180
5181
5183

DEFINED
0263
0261
0238
03ls
0321
o176
0095
0096
0100
0099
0343
0322
0288
0287
0265
0114 -
0309
0314
a30s
0311
0o7s
4079
0082
0084
0086
00as
0354
o112
0361
0362
0363
0364
0363
0340
0341
0342
0007
0005
0017
0018
0019
0020
0021
0025
0026
o027

DEFINED
0029
0030
0031
0032
0037
V038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0069
0030
0051
0052
0053
0ose
Q086
0058
0066
0067
0068
0071
0069
0072
0070
0073
0078
0080
0091
0093
Q094
0097
0101
0103
0103
0106
oto7
0109
0110
o113

s92%2F O R TR AN CROSS REFERENCE

REFERENCES

0259
0260
0234
a3ls
0319
0171
009«
009%
0099
0094
0333
0318
0286
0286
0262
o113
0306
0300
0304
0310
03354
0077
0078
0079
0079
6oat
0353
0098
0359
0351
0356
0357
0358
0330
0331
0339
0006
0370

003}
0031
0037
0037
0039
0040

0039
0042

0046

0205
0020
00z2s
0038
0058
o107

¢070

0070
0077
0678
0072

0094
o104

0106

0106
0109

02460

2286

0301

0354
ge?7
0078
00719

0083
0353
0102

" REFERENCES
0027

0031

0037

0039

0032

0070

0074

0106

8260

G308 0310 0310

0085 0047
o111

$E343F JR TR AN SROSS REFERENCE

0043
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LABEL
5184
5186
5190
5191
5192
5193
5194
5195
5196
5200
5201
5202
5203
5204
52035
5206
5218
5220
5221

5230

5231
5232
5233
5234
5235
5236
5240
5241
5242
5243
5264
5245
5246
5250
5258
5300
5301
5302
5303
5304
5308
5306
5400
5410
5420
se21

LABEL
5422
5423
5424
5425
5627
5429
5430
5439
5440
Sahl
5462
5443
S4ak
5447
5448
5449
5550
5551
5552
5593
5555
5556
5558
5580
5561
5562
5563
5570
5571
. 8572
5574
1000
7001
1003
8000
9009

GEFINED
o116
o117
0137
o138
01239
ule0
0141
0142
0143
Ot4s
0145
Gies
0147
0148
01s0
0149
0133
0152
079
0181
o182
0183
o184
0186
o187
0188
0189

- 0190

0198
0199
0200
0201
0202
0204
0151
02146
o215
o217
0218
0z20
0221
0224
0227
0246
0267
0268

VEFINED
0273
0274
0275
0276
0278
0279
0284
0286
0292
0293
0330
0301
0300
0326
0327
G328
0331
€335
0339
0333
0352
0353
0344
0349
G348
G350
0351
0368
0370
0369
€367
0294
0296
0299
o178
U084

PAGE TWENTY-SIX

#1%eeF GRTRAN CROSS REFERENCE

REFERENCES

0137

o138

oy

0140

0lel

0142

9143

o119

0i51

o151 01s1

0181

0t8z 0296

0183 0297

0184 0298

o181 o018t

0198

0199 0199

0199

0204 Q204

0214 0214

0214

02171 o217

0217

0220 0220

0220

o196 0207

02567
PSS

REFERENCES

0267 0267

0274

0274 0274

0271 02713

‘0280

0292

0329 0329

0300

0292 0292

0323 0325

0326

0338 0338

0329

0352

0347 0347

0347

0349

0344 0349

0056 0108

0368

0366 0366

0293 0293

0293 0295

ar77

0062

031t
0312
0313
0325

0213 0216 Q219 0223 0228

CRTRAN CROSS REFERENCE

0277

0295 0295

03235

0349
0317 0320 03%2 0352 0366

LIS TINGresns

LIST 1N Gereese



I1Sn
15%
15
isN
| $1]
1§39
1SN
15N
Isn
158
1%
1SN
5N
154
158
sy
15h
1SN
154
1Sn
18
18%
15y
1SN
IsN

SYmnoL

UruTTL
wTuTaL

LAZEL
3

&

5

&

10
5573
5574

SIBBER

158
1S
158
158
ISN
tsh
ISN
1sn
Isn
15N
1SN
1Sk
1SN
TN
1SN
15n
18N
153
15%
154
1SN
(841
1SN
135
184
1SN
184
1sn

057360 FJIITAN #

COMPLILER OPTICNS - NAMES. MAIN,OPT#00s LINECNT 250, SCURCE ¢ EBCOIC yNULIST oNCOECK 9L UAU ¢ NOMAP(NOEVI T o109 XREF

agu2
00C)
C00s
Cod5
00<s
!
Cous
90359
2010
J011
Q912
Q014
0016
00ts
0020
Qo2t
2022
0023
0024
0025
0026
Q027
q028
0024
0930

L}

3

574

513

w

[~ N S

SLBROUTINE URAWIWTOTAL JURUTTL,UBLOWS,LT+CASE,PRCB)
DIMENSION URUTTLLI1S0) (UBLOWS{150),YPLOTISL)XPLOTIST)
YPLUT(1)3wTGTAL

XPLUTIL) =0,

LTP1=LT»1

DC 5573 1P=1,LT .
YPLOTIIPe1}2URUTTLLIP) /2000,
APLOTIIP+1)sUBLUWS(IP)
YNAX=YPLUTILYPL)

N22N2

IF{YMAX.LE.400.) GO TO 3
TF{YMAX.LEL820.) GO TO 4
1F{YMAX.LEL1600.) GG TO S
IF{Y¥AX.LEL3200.) GC TO &
LY=390.

GC T0 10

LY=100.

GC 0 10

bY3200.

Gt 10 10

UY=400.

Oxs10.

PPRUB=PRON

RETURN

ENG

sessef N R TAR AN CROSS REFERENCE

INTERNAL STATEMENT NUMBERS

ou27
Qu2¢ 0022
JUCT 0008
0u02 C006
ooit  ooll
Qu02
0062
0026 0010
0c02  cG28
o100 0012
0c28
0003 Q00N
Qud3 0004
0002 0Ca3
Oud2 0003
Q202 QCOs
LEFINED
cQ20
od22
G024
0326
0027
0909
0004

0024 0026
0028 0009 0009
0007
0214 uGlae 0018
0009
onvg 00t
0009
ov08
sssssf G R TR AN CRESS AEFERLCNCE
REFERENCES
, 0012
0014
0ole
00t
0021 0923 0025
ooor

ENU GF CUMPILATICN #4ss3s

0S/360 FNRTRAN H

LIST LN Gesses

LI ST 1 gesess

CCMPILFR OPTICNS = NAMEx MAIN,UPT300,LINECNT=250,SCURCEERCUIC yNOLTST ¢NCUECK oLURD W NIFAPINDELT Ty BBy XREF

00G2
Q0C3
Q0us
0005
0due
2007
9058
0009
Q010
Q01
0012
0013
0014
Q013
a0L6
Q018
coty
0920
J02t
Q022
3023
2024
0025
Q026
Q3217
0928
2029
0030

SWN 4

~e> W

SURKOUTINE CELTCKINPASSTYDELY oP o WsK, TUELTA,DELTAT,N2)
RESL K,NPASS

INTEGER P,PLESS]

LIMELSIGN WilS0),K(15C),UELTL(300)
PLESS1=P=1

N=2ep-l

Su¥=J.

TMiLizle

TUELTA=TICLLY

DELTFAT=1,/TUELTA

GC 1 P=1,9LESST
UELTI{MIaSGRTIWIMOL)I/KIM)I/19.648
NNSPLESSIeM
CELTLINWISSORT{w{M)I/KIM})/19.648
IF(KIP)GTa0) GIY TC 2
CELTLINI=1.0

GC T 3
VELTTIN)=SCRT{W{PI/KIP})/19.648
OC & M=i,N
THINSAMINI(THAINGUFLTLIMY)
IF(TMIN/2.-VELTAT)S,646
DELTAT=TRIN/2,.

TCELTA=1.0/0ELTAT

OC 7 M=ten

SUN=SUMELELTL{M)
N234,0%SUM/(2,0%0LELTAT)

KETUAN

EAC
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sesexf o R T R AN CROSS REF ERENCE LIST N Grssss

Sy¥eil L TCRAAL STATINENT NUMKERS

X 0en2 G0 005 OCE3 Q0I5 0016 0020

" . 0uvl2 6Cl3d 013 9ty wOl4 0015 3015 Q021 0022 0026 G027
N N 007 ety 072C 3921 0026 -

4 0512 0006 0028 JI0T 0016 0927 01220

w 032 Ju6s  Jelld 30t G020

N Ovls 0CtS

N2 0402 9024

SUY Quug €027 0027 2028

ST Qul3 ©€o1s  on2¢

L Juuq? €022 0022 3023 0024

LETET Jues )

pLLTL Quus Q013 905 U0l Qo020 0022 Qo027
NPASS 0u92 CLo3

LELTAT Jou2 GOLY 0uZ3 2025 (025 0c28
LLLICK QL2

PLLSSE UGd4e CQO0& 0712 OJt4

TuklLTA  0v32 CCLO O3kl 202

THELE Oun2  CeLD

eses2sfF J R TR AN CROSS REFERENCE LIS TN Geesen
tasee OEF INED REFLRENCES

1 0015 0012
2 uo20 20t6

3 o021 0019 .
& w022 0021

s co2e 0023

6 0026 0023 0023

T 0027 0026

ssesex ENG OF COMPILATICN seessa

1LF2851 SYSE8134,T145405,KPI01. 4693 9%, RI000% 44 DELETEC -

[FF2851 VOL SER 'H1S= 555555.

1LF28n1 5YS68134.T145405.4PD01.449394.R0000445 CELETEC
1EF2451 VoL SER NOS=3 STudau,.

1eF2851 SYSCUY syYsnut
{LF23%1 ° vOL SER MOS= .

{EF2351 SYSE8134.T1454C5.RPI01.449394.LCAUSET PASSED
1LF23851 VCL SER NOY= 6664606,

ICF23%1 SYSEH134,.T145405.RPI0T. 449394 LCADSET NELETEL

IFF2851 VL SER NOS= 666656,
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CHANGE TO FLOATING
POINT  JPOINT, JSIDE,
K, KPRME , NPASS, NP

L

{CHANGE YO FIXED POINT
P, PPLUSI, PLESSI, PROS,

3
#ROSS. ALL VALUES FOR
T Mal TG PLES:
DIMENSION
PROGRAM
VARIABLE S

©, __READ
PROGRAM
VARIABLES

TTOELT =
10
]
NO YES
IOPT4e 2
]
NG YE 3
€A
IPRINT»] 5 ALL VALVES FOR
T Mel T
-] hi
NSEGIe2 Angadero)
T - . T
et i .
TOELTA= v NO
TYDELT ’
. SELTAT - AREAA»LO
- 1.0 il }
PPLUSI=
Pei
I
PLESSIs
READ
Pl RULIST (M)
ALL VALUEZS FOR
Mst TO PPLY.
READ
WiM) ALL VALUES
MelTOP

wirrLysi)s 0.0
WPRE = 0.0
ALL VALUES FOR .
m Ml 7O PLESS] M= 4
©
WPHE « WHLE s W) a.A:xo(w-

3 ®
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PAGE THIRTY

Y&$

s |

SLACK{N « 1000,
SLACK(PRUS)2D.0

M= 4

>l

]

ERES(M) =10

NO,
R YES

ERES(PALUSI) 0.0
NCe=!

@

(3
10sTI2 < O. xe
No 10PTI2e3
i
M=i
=

FrMaR(Mle 0.0
FCMAR(M) 50.0

NO, ‘
YES

KONT =0

WTTLL=0.0
SLOWSEn 0.0
Vi« VITARY
pTeO

RUTOTL = MWSUM

ATOTLs WO V(ijey2
/712




®

Ru(M)= 0.0

- 1F
MaMO NO
TEs .

- RCENT
 e———em— |
RUPNT i00. )

RUTOTL

TOTALe0.0 MmO
! M= MO
W 's(2.0¢(RUTOTY, —
Mat ) AUPINT) S FLOAT(M=M3)
RU(M)= (RUTOTL ~RUPNT} &3 treoat(r-mo-i)

7PLOAT{P=-MO)

TOTALe TOTAL +
RULIST (M}

Au{PrLUSY = RUMNT -
Au{pPLUS)a
RUPINT
(ABS{TOTAL~i00.
~2.0)
waiTe
CASE, Pro8,
TOTAL
M=l
V(M) = (RUL1ST(M) /100.) . .
> a AUTOTL : .
i
VI «VSTART
1
M=2
—
viMi=0.0
NO
YeS
v(pPLUSI) = 0.0
]
k{Pyaru(PrLUS)/QPOINT]

LT =T+
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ALl SUSROUTINI
oe:..f:n(unss.

WTATALSQ
RTYOTAL=O

i

IT=2

e T

WTOT A= WTOTAL
RTOTAL «ATOTAL®RUJITY

KT h, x4
Tt i MARZ REAL
N, NPASS
1
MAKE INTERGER
M=1 P, PLESS
1]
DIMENSION
VARUABLES
KPRUME (M) » RU{M}/Q510€ —
T PLE SSE *P=1
ClMi= 0.0 NFMAXC(Meo) Nw2sp=)
FiM)= 0.0 NFMAXTIMrd T
CMAX(M}*0.0 DMAR (M0 IR
LAMUM=I  NOMARDMe o T 1o o -
m:%g :mﬁm‘”“ PELTAT = ./ TORLTA
OPRY 20.0 |

RPRIE(PPLUSE 0.0
OPRIME(P}=0.0
LAMP o |

WRITE
CASE, PROS, PROBS

WETE ToeTa
10°TI,2 ToPY3,
TorTe TorTi, 0P Ti2 o
10PT14, 107113, FEXP

WRITE RUTOTAL MO,
PERCENT, QPOINT, 03108,
JromT, Ju0e, NPASS, N2 |

WRITE M WS, (M), Vi
ARE. u).nu(m,mcnlu,
fnou

ey

uu':M-senﬂth)I
- u. 648

e e

DELTI{N) = SORT WP}/ n(s)
oELTIN) = L.O 719648

YES

IT=2

RAZT) =(RUTT)P WTOTAL)
JRTOTAL
PO ;g%-') *wirt}-

NO

PAGE THIRTY-TWO

1]

0P} ={F(PLESSI) rW(PY)
7{kPRIMEP) +X(P))

®

TMIN = AMIN  PICK A
MINIMUM  VALUE FROM
T™MIN OR DELTI(M}

DELTAT=aTMINY 2.
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PLESS1=P-1

SUBROUTINE DELTCK(NPASS,TTDELT,P,¥,K, "DEL’IA DELTAT,82)
REAL K,NPASS
INTEGER P,PLESS)

DIMENSION W(150),K(150),DELTL(300) el

il sl b aseninesd ok (N

N=2#P-1 - .
S=0, |
THMIN=1.

TDELTA=TTDELT

DELTAT=1. /TDELTA

Do 1 M=.L,PL‘-'SS3.

DELTl(u =8QRT{ U(M"'l) R f19.648

NN=PLESS1+4
DELT1(NN)=SQRT(W(M) /K(M)}/15.548
DELT1{N)=1.0

IF(X(P).GT.0.) DELTI(N)=SQRT{W{P)/X(P)}/19.648

DO 4 M=1,N
TMIN=AMINI{TMIN,DELT1 (}))

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

TDELTA=1.0/DELIAT

1
1

]
¢
»

fin

DO 7 M=1,H ‘t

ST=SUM+DELTI (M}
N2=4,0%3UM/ {2, 0%DELTAT)
RETURN

END -



SUBROUT{E DELTCK(NPASS, TTDELT,P,W,K, TDELTA, DELTAT, N2)
REAL K,NPASS -

INTEGER P,PLESS1 |
DIMENSION W(150),K(150),DELT1(300) e
PLESS1=P-1 '
Ne24p-1

Sti=Q,

THIN=1,

’TDELTAnTTDELf
DELTAT=1. /TDELTA
Lo i ﬁel,PL3551 )

DELTI(M)=SQRT(Wkﬁ;l)/K(M))/19.648

i - NN=PLESS1+M

[

DELTi(NN)asqu(w(M)/K05)5/19;648

DELT1(N)=1.0

IF(K(P).GT.0.) DELTL(N)=SQRT(W(P)/K(P))/19.648

3 DO 4 M=1,N

4 TMIN=AMIN1(TMIN,DELT1(M))
iF(TMIu/z.-DELTAT)s,s,a

5 DELTAT=TMIN/2.
TDELTA=1.0/DELTAT
IF(K(P).EQ.0.0) DELT1(N)=0.0

6 DO 7 M=1,N

7 SUM=sSUMHDELTL (M)

N2=4,0%SUM/ (2. 0*DELTAT)

RETURN

" END -
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