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I. INTRODUCTION

Reinforced earth is a s0il mass composed of soil and reinforcing
elements (Figure 1). The reinforcing elements provide tensile
strength to the soil mass.

The concept of strengthening soil by adding reinforcing elements
is not new. Some animals and birds have used straw and branches
mixed with soil to build their habitations. Straw has also been
used since biblical time to strengthen adobe bricks (1)}.
Alternating layers of earth and logs were used by the Gauls to
build fortifications (2). 1In China, mattresses made of wood
branches have been placed in soil to form dikes and revetments
along the Yellow River for more than a thousand years. Bundles

of brushwood called faggots were used in stabilizing the bank of
the Mississippi River in the 1880's (3). 1In England, faggots

were used extensively for erosion control of levees and repairing
landslides (4,5). 1In Taiwan, China, bamboo or steel wire mesh

has been used for a long time to enclose stone or gravel in a
cylindrical form called wire-stone sausage for building spur dikes
and revetments (6). The California Division of Highways utilized
redwood logs as reinforcing elements to build highway embankments
in the 1930's (7) by laying 20-foot long woeod logs in rows and
covered with earth to form the embankment section. The concept

of using wooden beams as reinforcement for constructing vertical
retaining walls was patented in 1930 (8). The strengthening of
the downstream slope of earth dams by layers of metal reinforce-
ments along with metal grids or concrete panels for facing elements
was proposed early in 1904 (9). Using this concept, several dams
were constructed in Mexico in the 1930's and 1940°'s (10). Similar
types of construction have been used in Africa (11), Australia
(12, 13, 14) and New Guinea (15),

The California Division of Highways used wire mesh in the 1940's
to stabilize embankment slopes against erosion and to prevent
Slumping (16). Wire mesh fence of 5 feet in width were laid
horizontally in the outer edge of the embankment at 10 to 15 Ffoot
intervals.

In the 1960's a French engineer, Henri Vidal, developed a disci-
plined approach based upon a rational design procedure for the
use of reinforced earth for application to important engineering
structures (17, 18, 19).

Most recently, Harrison and Gerrard (20) used the concept of
composite elastic properties of reinforced media proposed by
Westergaard (21} to develop mathematical expressions of the elastic
constants of reinforced earth, Model testing has been conducted

by Yamanouchi (22, 23) to study the improvement of bearing capacity
of soft ground by layers of resinous net.



Lee et. al., (24,25) conducted laboratory model tests to study
the failure mode of a small-scale reinforced earth wall model

and the stresses developed in the reinforcements and soil due

to static and horizontal sinusoidal seismic loading.

In July 1970, a research work plan entitled "Earthwork
Reinforcement Techniques" was initiated by the Transportation
Laborateory, California Department of Transportation, to develop

a design method based on éstablished pPrinciples of soil mechanics.
A field performance study was proposed to study the engineering
behavior of a prototype reinforced earth fill on Califonia

State Highway 39 near Crystal Lake, Los Angeles County. A compre-
hensive instrumentation was then installed in the embankment and
the reinforced earth fill. Observation of field data was con-
ducted during construction and extended for one year after
completion of construction. Laboratory tests were performed to
investigate the pulling resistance for different type of rein-
forcements. Design equations were developed for designing the
reinforcement and the skin plate enclosed at the front face of
reinforced earth fill. Finite element analyses were conducted

to predict the field behavior.

A movie film was also developed to present the basic theory,
design method, field data, construction cost, and all aspects
of soil investigation, construction, instrumentation and
reading instruments,

{




; . II. CONCLUSIONS
The study substantiates the following conclusions.

A, Field Behavior

1. The settlement of the reinforced earth embankment
is primarily attributable to the densification and
the associated slight horizontal movements of the
deep foundation slide debris. These large foundation
settlements and the associated horizontal movement
are probably the main cause of continuing change in
stresses of the steel and soil after completion of
the filjl.

The differential settlements between the center
portion and each end of the reinforced earth embank-
ment are the primary causes of the axial tensile
Stresses in the skin plates. It has been proven

that the continucus steel skin elements are very
effective in linking the reinforced earth embankment
into a monolithic soil mass. This monolithic action
helps the redistribution of the horizontal movement
along the alignment of the reinforced earth embankment.

2. The measured vertical soil stresses generally agree
. with the calculated, theoretical vertical earth
pressures. The stress ratios, X, between the horizontal
and vertical soil stresses were their highest during
construction and then decreased after completion of the
fill with large variations from point to point.

3. The measured stresses in the steel strips near the
wall face were generally smaller than, but approached
the calculated theoretical stresses, 05, based on
Rankine's active state-of-stress theory. The highest
Steel stresses developed in the inner middie portion
of the reinforced earth section. The steel stresses
may increase to the value corresponding to the
theoretical "at rest" earth pressure.

4. The strains measured in the steel strips and soil
generally agreed with each other. The converted steel
sStresses, however, were generally smaller than the
horizontal soil stresses. This phenomenon is probably

- attributable to the scil arching action.

5. The structural behavior of the skin Plates was as
expected in the design assumptions in deformed shape



and stress values. The vertical deformation of the
skin plate, which is a measurement of settlement
within each skin element, is proportional to the
overburden height.

Field pulling test results indicate that the load-
deformation curves resembled the stress-strain
curves obtained from laboratory triaxial compression
tests on dense sands, When the strips were pulled
loose, the yielding, peak, and residual load points
are all clearly defined. The frictional forces
developed on the steel strips were proportional to
the overburden load for each overburden height.

The field measured skin friction angle agreed well
with the laboratory test results under equal overburden
height.

Design Methods

1.

Equation 4 presented in this paper for the design of
reinforcing strips has been verified., The use of the
active earth pressure coefficient, Kz, for calcu-
lating the steel stress is applicable for the end
portion of the reinforcements. For the middle portion
of the reinforcement, the coefficient of "at rest"
earth pressure, Ko, should be used in the design.

The relationships between overburden height, strip
length, and the factor of safety against slippage
shown in Figure 21-g can be used for determining the
minimum length of reinforcement, providing the
regquirement for stability is met.

bPesign Equation 7, developed in this paper for design
of the steel skin plate, accurately predicted the
stresses developed in the skin plate. Use of the
vertical deformation, 8y, of the skin plate for one
of the major design functions has proven to be a
satisfactory approach. The assumption of a semi-
circular shape simplified the calculation of the
stresses in the skin plate and accurately predicted
the measured stresses.

Theoretical Analysis

The theoretically analyzed results of soil stresses
and horizontal movement by the finite element method in

general compare favorably with the measured values. The

distribution patterns of calculated steel stresses gen-
erally agree with the measured data but magnitude areé
different. The calculated stresses in the skin plate are

i
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all smaller than the measured values. The difference is
probably because the finite element Program calculated the
hoop tension only without consideration of bending. The

field data indicates that the predominant stresses developed

in the skin plate are due to bending.

The discrepancies between the calculated and measured
results are thought to be attributable to the following
factors:

1, Two dimensional analysis - The finite element mesh
model assumes a two~dimensional structure. The
prototype embankment, however, is a three~dimensional
structure. The alignment of the reinforced earth
fill follows three chords of a horizontal arc, and
the embankment was placed in cone shape canyon.

2, Time function - The measured data shows significant
changes in steel stress with time because of the
continued settlement of the embankment foundation.
The finite element program does not include time
function of foundation settlement in the analysis.

3. Construction increments - The number of constructicn
increments assumed in the analysis may have a
significant effect on the stresses computed in the
reinforcing strips. For moderately large increments,
the top layer of strips initially have compressive
stresses (much like the compression steel in concrete
beams). As subsequent layers are added the initial
compression is overcome by the expected tensile forces.
The actual construction process is almost continuous.

4, Edge effect - The skin plate is ‘curved in shape. The

soil may not be in continuous contact with the skin plate.

A void may exist between the skin plate and the com-
Pacted soil mass at some points. This "edge effect"
was not accounted for in the composite element
representation of soil-strip behavior.

Cost

Even though this demonstration project of the reinforced
earth embankment was the first of its kind in the United
States and was located in a relatively remote mountainous
area with very limited work space, it was found that the
reinforced earth embankment was still more economical than
all three other types of retaining walls (metal crib wall,
reinforced concrete crib wall, and reinforced concrete
retaining wall).



III. RECOMMENDATION

The basic concept of reinforced earth design using conventional
soil mechanics theory for determining the stress developed in
the reinforcement has been verified from the research project.
The field data indicates, however, a wide range of variation,
depending on boundry geometry and foundation conditions of the
site. Additional research is necessary to further define the
factors which influence behavior of soil-reinforcement inter-
action. In addition, one of the major unknowns is the possible
effect of an earthquake on the stability of reinforced earth
fill. Following are the specific recommendations for further
studies,

A, Continual Field Studies

The Transportation District 2 of the California Department
of Transportation is constructing a reinforced earth fill
on Interstate Highway 5, near Dunsmuir, Siskiyou County.
Another one near Lakehead, Shasta County will be construc~
ted in 1975. Both of these will be constructed on relative
rigid foundations using steel strips for reinforcement and
concrete panels for facing. These sites offer the ideal
location for theoretical analyses by the finite element
- method. It is proposed to install instrumentation on these
_projects to further study reinforced earth field behavior.
A research work plan was submitted to the Federal Highway
Administration for approval on January 31, 1974.

B. Improving the Finite Element Analysis Computer Program

It is proposed to improve the finite element analysis
computer program by taking into consideration the following:

1. Accounting for possible movement of reinforcement
relative to the soil

2. Consideration of including elasto-plastic behavior
of so0il and reinforcement

3. Consideration of the "edge effects" on using skin
plate and concrete facing

4, Improving pfocedure for handling the overburden
dependent and time dependent effects on the elastic
properties of the composite material.
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C. Barthquake Resistance Studies

. The objective of the earthquake resistance studies are
necessary to develop a method for evaluating the dynamic
response, and the stability of reinforced earth £ill under
earthquake loading. This study will involve two phases.

1. Theoretical Analysis by the Finite Element Method
In cooperation with University of California at Davis
a computer program similar to the QUAD4 program (26)
will be developed by considering the follow1ng factors.

a. The stress-strain behav1or of the steel-soil
comp051te material

b. The damping behav1or of the steel~soil compesite
material

c. The Poisson's ratio of the steel-soil composite
material '

2. Field Dynamic Test on Prototype Structure

Instruments for measurlng dynamic response of stress
and strains under seismic loading will be installed
in the field prototype structure. A steady-state-

. vibration and a controlled dynamic blasting to produce
earthquake-like seismic excitation will be conducted
in the field. The dynamic response will be measured by
the installed instrumentation. The field test data will
then be compared with the analytical results by the
finite element method.




IV. DISCUSSION

Basic Theory

The basic mechanism of a reinforced earth embankment can
be explained by Rankine's State-of-Stress theory. Assuming
that an element of cohesionless soil mass in a fill is
acted on by vertical and lateral stresses, the element of
s0il mass will be compressed (Figure 2). If the lateral
stresses are smaller than the vertical stresses, lateral
expansion and vertical compression will occur (Figure 3).
When the lateral strain reaches a critical value, the

- element of soil mass will fail by shearing along a failure

plane. A triaxial compression test indicates the same

. mechanism as described above. The state-of-stress at an

imminent failure condition can be described by a Mohr
diagram (Figure 4) in which Point A represents the state-
of-stress shown by Figure 2 where ¢y, equals ¢3. In order to
to hold the soil element without failure the lateral stress
(03) must be increased. By Providing reinforcement in a
s0il element (Figure 5), the skin friction of the reinforce-
ment will supply additional lateral strain. This additional
lateral resistance acts as an imaginary plate fixed at each
end of the socil element to prevent failure. The state-of-
stress at a stable condition is shown by Figure 6.

The state-of-stress developed in a reinforced earth
embankment may vary from an "at rest" state in the inner
portion of the embankment to the "active" state near the
outer face of the embankment. However, the maximum

o frictional force required to prevent the soil mass from
s - failure can be assumed to be equal to the active earth

pressure as shown in Figure 4. The frictional force
developed along the surface of the reinforcement is then
resisted by its tensile strength.

Referring to Figures 1 and 7, the frictional forces along
the surfaces of the reinforcing strips will create a soil
arching action in the vertical plane which, in effect,
causes the soil particles to link together to form a series
of vertical counterfort walls or reinforcing wedges which
provide internal stability of the soil mass in a reinforced
earth fill. '

The determination of the maximum allowable vertical and
horizontal spacing of the reinforcements is still uncertain.
However, it can be assumed that the reinforcements must

be closely spaced so that an arch action within the soil
mass can be developed between reinforcements. This arch
action, which causes the soil particles to link together




without separation, may depend upon the size of soil
particles, the skin friction between the soil and re-
inforcements, the internal frictional angle of the soil,
and the stress developed within the soil mass. Because

it is difficult to determine the influence of these unknown
factors, the only rational way to select the maximum rein-
forcement spacing is through large-scale model tests and
field performance studies. However, experience has shown
that rather small size reinforcements at relatively

close spacing (5-foot horizontally and l-foot vertically)
are satisfactory.

Design of Reinforcement

Based on the theory and principle discussed in the previous
paragraph, the basic equations for designing the reinforce-
ment are presented as follows:

Reférring to Figures 4 and 7, following are the notations
to be used in developing the basic design equations:

active earth pressure in pounds per square foot
steel tensile stress, in psi

Rankine active earth pressure coefficient
steel strip width, in inches

steel strip thickness, in inches

80il density, in pounds per cubic foot

= overburden height, in feet

= horizontal steel strip spacing, in feet
= vertical steel strip spacing, in feet
tensile force in steel strip, in pounds
frictional resistance, in pounds

length of steel strip, in feet

friction angle between steel and soil
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It is believed that the wall face may rotate slightly
outward after compaction, A Rankine's active earth

pressure may develop on the inner face of the skin plate,
as... . - -

p =03.= K, YH (1)

The total earth pressure acting on the inner face of the

skin plate will tend to either pull out or break the steel
strips. The pull force, T, developed in each steel strip
will be then

0

T = Kz YHd Ah, . (2)

and T fg b t, (3)



_forcing plate will be then

expressed as

K, YH @ An
or e T : (4)

The friction force developed on each face of the rein-

P o= vH bllz. tan ¢ (5)

Therefore, the factor of safety agalnst slippage can be

5. = 2F _ 2 YHDb L tan § _b L tan § (6)
F.8S. =5 = 17X, 78 4 oA t Xz d fn

Equations 4 and 6 are the basic equations developed by the
Transportation Laboratory for evaluating the reinforcement
design provided by the Reinforced Earth Company.

Design of Skin Plates

The skin plate which provides restraint for the soil bet-
ween individual rows of reinforcing strips must be rigid
enough to resist anticipated impact or shocks and flexible
enough to tolerate a certain degree of deformation to
conform with the settlement of the soil mass upon loading.
The standard shape of the skin plate used by the Reinforced
Earth Company consists of semi-elliptical element of 10 to
13 inches high with a thickness of about 1/8" (3mm).

For simplicity in stress analysis, a semicircular sectlon

of skin plate with the assumed soil pressure and deformation
configuration is shown in Figure 8. The vertical load, P,
which represents the resulting force transferred from a
uniform vertical pressure acting along an effective length
of reinforcing strip will cause a vertical deformation,

3v, on the skin plate. This vertical deformation is assumed
to have the same magnitude as the settlement of the soil
mass caused by a uniform vertical soil pressure acting on
the top and bottom row of reinforcement. Using strain energy
principles (27), the equations for computing the vertical
load, P, and end moment, M,, are developed (see Appendix A)
as follows:

For hinged end conditions at A and B (Figure 8),
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and for fixed end conditions at A and B (Figure 8),

6 _EI 4-4%

P=“‘;3 (4—8”)+YHR(3Wa"%ﬂ)
_ 8yHR (4;4Ka _ (1+n ~ Ky . lq s - {(8)
g a® 3w . | 8 ‘ ) -
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In Equations 7 and 8, magnitude of P depends upon the
restraint conditions at the ends A and B and the value of
vertical settlement, §y. In Equation 9, the value of M,
also depends upon the value of 8§y which can be measured or
estimated for settlements of embankment based on field
observed data or previous experience.

Once the load, P, and the end moment, M5, are known, the
calculation of the stresses in the skin plate becomes a
statically determinate problem. These stresses can be readily

computed. Equations 7 and 9 can be verified by measuring
strain and thus, stresses at “selected p01nts on the skin

plate and the vertical deformakions, 6y, in field perfor-
mance studies on prototype structure or laboratory scale

model tests.

Stability

The overall stability of a reinforced earth embankment under
all expected loading conditions was analyzed by considering
the reinforced earth mass as a solid block or a gravity type
of concrete retaining wall. Sliding instability and earth
pressure developed within the backfill behind the reinforced
earth mass, and the potential slldlng or bearing failure of
the foundation was investigated in the same manner as is
ordinarily done for design of embankments and retaining walls.
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"As a rule of thumb suggested by the Reinforced Earth Company,
for stability considerations, the ratio of depth to clear
height of a reinforced earth embankment is suggested to be -
at least 0.8. It is also suggested that the footing of
the reinforced earth embankment be embedded in an excavated
or backfilled berm to one-fifth of the clear height of the
reinforced earth embankment:; the width of the berm should be
at least 5 feet and the outer slope of the berm should be
not steeper than 1.5 feet horizontal on 1 foot vertical
{(Figure 9}). :

E. Corrosion

The durability of the steel reinforcement and skin plate
is one of the major ‘concerns in the design of reinforced
earth structures. According to Herbert Uhlig (28), the
major factors that govern corrosivity of a given soil are
porosity (aeration), electrical conductivity, content of

~.dissolved salts including depolarizers or inhibitors,
moisture content, and acidity or alkalinity. 1In general,

' life expectancy of steel strips is governed by the rate
;of metal.loss due to corrosion. Havilard, Bellair and
Morrell (29) reported the results of ten studies concerning
the durability of galvanized steel culverts. It was found
that the rate of metal loss for uncoated steel culvert
varies from 0.0001 to 0.0056 inch Per yvear,

The California Trahsportation Laboratory developed a method
for estimating relative soil corrosivity by combining the.
relative influences of the hydrogen-ion concentration (pH)
and the minimum resistivity of the soil (30). Figure 10 is
a chart developed for estimating underground corrosion rate
of steel pipe. This chart shows the relationship between

- corrosion rate, minimum soil resistivity (ohm/cm?) and

PH values for acid soils and alkaline soils. A thorough
investigation of soil samples and corrosive environment for
a given construction site is recommended. Laboratory and
field soil tests should be conducted to determine various
factors which affect .corrosion.

Figure 10 can be used for estimating the rate of metal
loss, and to establish the required thickness {corrosion
allowance) of steel reinforcement for the design life,
In excessively corrosive soils, cathodic protection {31)
may be employed to prevent reinforcement deterioration.

F. Demonstration Project

A reinforced earth £fill, the first in the United States,
was constructed between August 1 and October 18, 1972.

Al
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This project is located on Route 39, near Crystal Lake,

in the San Gabriel Mountains, Los Angeles County. The
reinforced earth fill is constructed on top of a random

fill embankment founded over slide debris. At the bottom

of the slide debris a toe buttress was built to act as a
stabilizing fill embankment. The overall height of the

system is approximately 360 feet. The reinforced earth

fill has a maximum height of 55 feet and a length of

528 feet. A drainage system consisting of surface and
subsurface drain pipes were installed to remove surface

water and seepage. The detailed design and stability analysis
of the Route 39 embankment was reported in Highway Focus,
January, 1972, published by the U.S. Department of Transporta-
tion (32). Figure 11 shows a plan view and a sectional

view. Photo 1 shows the completed view of the project.

-Several important features pertaining to the demonstration

project are discussed as follows:

Soil Testing

Soil matexial for the embankment and reinforced earth fill con-
sists primarily of decomposed granite obtained Ffrom twa cources;
(1) slide debris at construction site and (2) borrow material

from a borrow site located approximately 1.5 miles northwest of the
construction site on California State Highway 2, Soil samples wexe

taken from these two sources for laboratory tests, A summary of
testing results of the borrow material is shown in Table 1.

The coefficient of earth pressure at rest, K5, was computed
based on J. Jaky's (33) expression, K5 = l-sing. Laboratory
pulling tests to determine the skin friction were conducted
using a specially designed small shear box (32). The stress-
deformation curve obtained from the laboratory pulling test
is shown in Figure 12. Based on the residual shear stress

as indicated in Figure 12, the envelope line shown in

Figure 13 indicates a skin friction angle of 31 degrees
between the galvanized reinforcing steel strip and the
decomposed granite borrow material.

Corrosion tests were also conducted for the borrow
material. It was found that the borrow material is an
alkaline soil with a pH value of 7.7 and an average resis-
tivity of 13,000 ohms per cubic centimeter. The rate of
metal loss is less than 1 mil per year based on Figure 10.
A life of more than 50 years can be expected for the gal-
vanized steel strip.

Skin Plates and Steel Reinforcement

The galvanized reinforcing steel and the skin plate were
all purchased from the Reinforced Earth Company and imported
from France at $750 per ton. The dimensions of the steel
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reinforcing strips are as follows:

Thickness: 0.118 inches (3 rm)
Width: 2.362 inches (60 mm)
Length: 22,79 to 46.0 feet (7 to 14 m)

2 standard tension test was conducted at the structural
material laboratory of the Transportation Laboratory.
Testing results are as follows:

Yielding strength: Fy 37,000 pounds per square 1nch
Ultimate strength: Fu = 50, 000 "

Young's Modulus: E = 28.5 x 106 v " " "
Poisson's ratios = 0,28

The skin plates ére semi~elliptical in shape, 10 inches
high along‘the_major axis, and 3.7 inches deep along the
minor axis. The skin plate has a thickness of 0.118 inches

" (3 mm) and length varying from 6.56 feet (2 meters) to

39.37 feet (12 meters).

Construction Operation

The construction of the embankment was started on March 14,
1972 and completed to Elevation 6353, the footing of the

- reinforced earth £ill, on July 31, 1972, Figure 14 shows

the daily history of the £ill height,

The construction of the reinforced earth was begun August 1,
1972. The £ill area was leveled with an approximately 1%
downward slope back from the face of the wall. Batter
boards (Photo 2) were erected at approximately 10-foot
spacing to provide the initial horizontal and vertical
control for placing the skin elements which are laid
against the batter boards and brought to a precise level.
The reinforcing strips were laid perpendicular to the
alignment of the skin element on the compacted fill

(Photo 3). Each strip was then bolted to the skin element.
Wooden wedges were driven between the skin elements to tilt
the elements inward towards the £ill (Photo 4). As the fill
was placed and compacted against the upper edge of the
skin plate (Photo 5), the skin element was forced outward
teo a plumb position. The correct amount of inward cant
determined by trial and error to be approximately one-half
inch. At each end of the skin element an expansion gap of
one inch was provided. Connection plates were placed over
the gap at each end of the skin elements to prevent local
s0il sloughing. Three skin elements were erected prior to
Placing and compacting the first 10-inch 1ift of fill.
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The purpose of maintaining three skin elements above the last
compacted lift of £ill throughout the wall construction is
to provide a sufficient resistance to the ocutward force
during compaction of the fill and to serve as a safety
barrier at the wall face. Compaction control of the fill
was maintained using a nuclear gage. The field measured
densities are shown in Table 2. '

Construction Equipment and Labor Work

The construction of the reinforced earth fill reqguires
only ordinary highway construction equipment and the usual
labor force. Tables 3 and 4 show, respectively, the
equipment and labor work with hourly rates used in con-
struction of the California Highway 39 reinforced earth
project.

Construction Cost

The cﬁnstruction cost of the reinforced earth fill
consists primarily of the following three parts described
below:

a. The galvanized steel skin elements and reinforcing
strips were imported from the Reinforced Earth Company
of France. The price of steel was $750 per ton,
delivered from France to the job site, which include
patent rights, transportation, packing, custom duty,
and required service in design and supervision of
construction,

b. The borrow material is a contract item. The bid price
was $1.80 per cubic yard, which includes excavation,
grading, and transportation of the fill material from
the borrow site to the job site. '

¢. The erection of the skin element, placing and compaction
of fill material were paid by force account. The hours
of rent for each piece of construction equipment and
labor work hours were recorded daily by the Resident
Engineer's Staff. The hourly rate was based on the
values listed in Tables 3 and 4. Figure 15 shows the
daily record of construction quantities. The cost
spent each week for rent of the construction equipment
and labor service, together with the unit cost are
shown in Figure 16. It is seen that at the time when
the equipment and labor were mobilized at the highest
peak, the unit cost of compacted fill and the total
unit cost including equipment, labor, - steel and fill
material became the minimum at $3.50 and $7.40 per
cubic yard of fill, respectively. Average unit
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quantities and costs are shown in Table 5., It shonld

be pointed out that this project was the first of its
kind in the United States and was located in relatively
remote mountain area with very limited working space.
Thus, the cost data may not be representative of present~
day construction in a more accessible site.

Based on the unit price of $750 per ton for the steel
and $5.00 per cubic yard for placing and compaction of
the fill material, the unit cost of reinforced earth
£ill versus height is plotted in Figure 17 and tabulated
in Table 6. For comparison purposes, the unit cost for
reinforced concrete crib wall, metal crib wall, and
Type 1 reinforced concrete retaining wall (spread
footing), which are indicated in California Division of
Highways' 1973 "Standard Plans" pages 35, 37, 87,
respectively, are also plotted in Figure 17 based on
current contract bid prices furnished by the Office of
Structures of the California Department of Transportation.
The structural backfill is estimated to be $8.00 per
cubic yard for the crib walls and the reinforced
concrete wall. It is seen that the reinforced earth
fill is lower in cost than the three types of retaining
walls,

Instrumentation

In order to monitor the behavior of the completed
structure, a comprehensive instrumentation program was
Planned and implemented. These instruments included

(1) slope indicators to measure the internal movement
0f the embankment and the slide debris, (2) settlement
platforms (Photo 6) to measure the vertical settlements,
{3) extensometers (Photo 7) to measure the soil strains
(4) soil pressure cells (Photo 8} to measure soil stresses,
(5) strain gages to measure the stresses developed in
the reinforcing strips’ (Photo 9) and skin elements
(Photo 2), (6) gage points to measure the deformations
of the skin plates and the wall face, (7) monuments

to measure the displacements on the wall face, top of
fill, and top of the berm. ILocations of the instru-
ments are shown in Figures 11 and 18. Photo 10 shows
three instrumentation shelters for reading the
instruments. Installation details of instruments

are shown in Table 7, 8 and 9., The detailed data of
slope indicator holes and its installation are shown

in Table 10.

Field Data
All instruments in the reinforced earth fill were read

periodically during construction and after completion
of construction for approximately one year. The slope
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indicators installed in the embankment were read
' periodically since March 28, 1972, The various field
" data are discussed separately as follows:

- Internal Movement of Embankment

The internal movements in the embankment were measured
by slope indicators. A total of 10 slope indicators
was originally planned for the embankment and the
reinforced earth fill. Due to the difficulty of
drilling through the talus and the considerable expense
involved, only three slope indicators were installed.
The locations of the three slope indicators are shown
by Figure 11,

Horizontal movements measured by slope indicators SI-1
through SI-3 are shown in Figures 19 through 24. Slope
indicator SI~1 initially deflected about 1.5 inches
westward during construction and almost recovered to
the vertical position at 15 feet deep about one year
later. In the southward direction, the top of SI-1,
deflected continuously to more than 3 inches but
‘recovered almost to the vertical position at about

15 feet deep. The slope indicator SI-2, deflected
continuously westward and northward for 0.9 inch at

10 to 20 feet deep. The slope indicator SI-3 deflected
about 3.9 inches westward but only 0.5 inch northward.
- The pattern of the plotted data shown in Figures 23

and 24 indicate that the slope indicator casing is not
locally deflected but the whole section of embankment
was moving in the down slope direction. This movement
is probably the cause of the cracking of the roadway
pavement directly above and behind the reinforced earth
£ill (Photo 14) between Station 552+95 and Station 553+75
observed in April 1974,

The settlements of the embankment were also measured by
slope indicators SI-1, Si-2, and SI-3 and shown in
Figures 25 through 27. The maximum settlements are
0.55 foot, 0.73 foot, and 0,95 foot measured by SI-1,
5I-2, and SI-3, respectively.

Movements of the Reinforced Earth Fill

The horizontal movements of the reinforced earth fill
were measured by three series of survey monuments located
on the embankment berm (Series "A", Figure 28), on the
wall face (Series "B", Figure 29), and on top of the

wall (Series "C", Figure 30). Appreciable horizontal
movements were observed along the left wing of the
reinforced earth fill (wall Station 13+04 to 14+75).

The horizontal movements vary from 0.3 foot to 0.45 foot

-17-



on the berm (Figure 28), 0.1 foot to 0.55 foot on the
wall face (Figure 29), and 0.1 foot to 0.65 foot on top
of the wall (Figure 30). The largest horizontal movement
cccurred between wall Station 13+25 and Station 14+50
where the crack was observed in April 1973 (Photo 14).
This horizontal movement is consistent with the movement
measured by slope indicator SI-3, These cracks were
patched by District 07 Maintenance Department personnel
in the summer of 1973, The data shown in Figures 28
through 30 indicate that movement diminished consider-
ably after June 1973, Figures 31 and 32 show the
displacements of the wall face. An appreciable rotation

‘of the wall face was observed at Stations 12+75, and

14+00.

Settlement of Reinforced Earth Fill

A daily history of settlements and f£fill heights of the
reinforced earth fill are shown in Figure 33. At Station
551+75, approximately at the middle of the wall alignment,
the measured sSettlements were proportional to the
increases in fill height and continued to increase at

a reduced rate after completion of fill. The settle-
ments at Levels B and C were comparable. Much larger
settlements occurred at Level A. The readings on

June 20, 1973 indicate an average settlement of 1.3 feet
at Levels B and C and 3.5 feet at Level A. The average
difference in settlement between Level A and the average
of Levels B and C from Section I through Section IV

is about 1.2 feet which is believed to be primarily
attributable to densification of the slide debris

below the embankment.

At Station 550+25, much smaller settlements were
observed, due to the lower wall height (36 feet as
compared to 53 feet at Station 551+75) and lesser
thickness of slide debris in the foundation. The
readings on June 20 indicate the average settlements are
0.75, 0.68 and 0.50 feet at Levels A, B, C respectlvely,

from Section I through IV, The average difference in

settlement is only 0.07 foot between Levels B and C.
The rate of settlement after completion of fill at
Station 550+25 was much smaller than that at Station
551+75.

Scoil Stresses in the Reinforced Earth Fill

Figures 34 and 35 show the s0il stresses measured at
Station 550+25 and Station 551+75, respectively.
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The ratio, K, between the horizontal stress and

vertical stress is also plotted on these two figures.
The YH lines represent the theoretical vertical soil
Stresses in pounds per sg. in. computed from the

unit weight, v, 143 pounds per cubic foot and the depth
of fill, H, over each instrument level, The K values
varied irregularly during and immediately after
construction. The values of the vertical and horizontal
Stresses were close in magnitude in the beginning which
is believed to be due to the equal influence of the
compaction operation, As the fill height increased

over the instrumentation level, the influence of the
compaction operation diminished. After completion of
the fill, the K values still varied slightly in the
range of 0.11 to 0.41 at Station 550+25. The calculated
Rankine's coefficient of active earth pressure, K is
0.22 and the coefficient of earth at rest, K,, is

0.36, based on an internal friction angle of 40°
obtained from laboratory triaxial compression tests on
the borrow material {Table I).

art

At Station 551+75, the K values range from 0.20 to 0.90,
The K values at this station are much greater than K,
and K5 except at Section I, Level C where some bulging
has been observed on the skin plates. _

Stresses in Steel Strips

The daily history of stresses in the steel strips is

shown in Figure 36. The steel stressas are computed
from products of the average values of strains recorded
on tops and bottoms of the strips and the modulus of
elasticity (28.5 x 106 psi) obtained from laboratory
tests of the steel strip. For comparison, the steel
stresses for the active earth pressure case and "at
rest" case were computed and are shown on Figure 36
using Equation 4 based on data as shown.

At Station 550425, on Level A tensile steel stresses
were observed at one foot from the wall face. After
completion of the £ill, the stresses near the wall
face decreased with time and eventually became com-
Pressive on Level A. This Phenomenon was probably
due to the restraint provided by the berm. At 15 and
25 feet from the wall face, the tensile steel stresses

increased with time andg finally reached Ogs the calculated

active earth pressure. At Level B, the tensile steel
stresses at 15 feet from the wall face decreased with
time to values much lower than O5, While the stresses
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at 25 feet from wall face increased with time and
approached the calculated earth pressure at rest, Uo.
At Level C, the magnitude of tensile steel stresses at
15 and 25 feet from wall face decreased with time, and
approached 0,. The steel stress at one foot from wall
face decreased to below 05 but approached 05 at a later
time, «

At Station 551475, all strips on lLevel A were in com-
pPression with the maximum stresses developed near the
wall face. This phenomenon is undoubtedly due to the
restraint provided by the berm, since Level A is about
10 feet below the top of the berm. At Level B, ali
strips were stressed in tension with the magnitude
much less than 05 near the wall face and at 30 feet
from the wall face, while the strip at 15 feet from
the wall face was stressed to approach 0a. At Level C,
all steel stresses increased with time. The reading on
June 20, 1973 shows that the stress approached Oy hear
the wall face, and becomes greater than o, at 15 and

30 feet away from the wall face,

Strain in S5teel and Soil

Daily history of horizontal strains in the steel strips
and soil are compared in Figure 37. ‘The strains in the
steel strip were measured by strain gages glued one each
on bottom and top face of the strip at each planned
location. The strains in the so0il were measured by an
extensometer and read out electronically. The strains
measured in both the steel strip and soil were reasonably
consistent with each other and approach the same magnitude
with increasing time after completion of the £ill, except
for those measured at Section II, Level C, at Station
551+75. :

The constant discrepancy in strains measured by strain
gages C~15 and 16 on the steel strip and by Extensometer
78 for the soil on Level C, Section II, at Station
531+75, may indicate that slippage of the steel strips
occurred since bulging out of the skin plate occurred

at this level. This may explain the high steel stresses,
with magnitudes greater than o,, (Figure 36, Gages C-15,
lo, 17 and 18) and the horizontal soil stress approach-
ing o, (Figure 35, PC 135).

Horizontal Soil Stresses and Converted Steel Stresses

The daily histories of horizontal soil stress and
converted steel stress are compared in Figure 38, fThe
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converted stekl stresses, representing the eguivalent
soil stress, are computed using Equation 4 with measured
steel strain_data and the elastic modulus of steel egual
to 28.5 x 10° psi. All the converted steel stresses

are smaller than the comparable soil stresses. This
difference is probably due to the soil arching action.
This would cause the soil near the steel strip to be
strained less than that at the center of the interval
between two steel strips.

Axial Force in Dummy Strips

Addition instrumented steel strips were installed in the
£ill for pulling tests. Strain gages were installed at '
each 5 feet spacing for measuring the strains along the
steel strips before and during pulling tests. The case
histories of the axial forces developed in two of the
instrumented dummy strips are shown by dotted lines in
Figures 39~a and 39-b for the 23~foot and 46-foot strip,
respectively. The maximum stresses are all developed

at about 10 feet from the wall face for the 46-~foot
strlp. In the 23-foot strip, it is believed that the
maximum stresses developed between 10 and 15 feet from
the wall face. Figure 39-c shows the relationship
between overburden loads and the maximum axial force
observed at gage Point 10 for the 46-foot strip and the
extrapolated maximum axial force between gage Points 10
and 15 for the 23-foot strip. The axial forces developed
during construction are all lower than the calculated
tensile force, T, from Equation 4, based on the Rankine's
active earth pressure case. However, after the fill was
completed the axial force continued to increase and the
maximum axial force reached Ta, in the 23-foot strip.

In the 46-foot strip the maximum axial force finally
reached To, the calculated tensile force from Equation 4
based on the "at rest" earth pressure case. The continu-
ous increase in tensile force after completion of the
£fill was probably due to the continuing settlement
developed in the fill as shown in Figure 33. It has also
been observed that the face of the wall has been con-
tinuwously moving horizontally downslope since completion
of the £ill (Figures 28 through 32),.

. The solid line shown in Figures 39-a and 39~b are the

axial forces observed during field pulling tests to be
discussed later.

Stress in Skin Element

Figure 40 shows .the daily history of stresses in the skin
elements. The locations and the identification numbers
of the strain gages are shown on the upper right of the
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figure., Gages 1, 5 and 9 measure strains on the front
face in the axial direction; Gages 3, 7 and 11, measure
strains on the inner face in the axial direction; Gages
2, 6 and 10, measure the circumferéntial strain on the
front face; and Gages 4, 8 and 12, measure the circum-
ferential strain on the inner face. The actual deforma-
tion of the skin elements closely approximated the
deformation assumed in developing Egquations 7, 8 and 9
for designing the skin plates. Tensile circumferential
stresses developed on the front face and compressive
circumferential stresses on the inner face., The axial
stresses were in tension except for skin element 8 which
is embedded in the embankment berm. The tensile axial
stresses are believed to be attributable to the greatest
settlement occurring at the middle of the reinforced
earth fill, Because the largest settlement occurred

at the middle of the £ill, all skin plates were being
pulled toward the middle where end to end buckling has
been observed for many of the skin elements,

i
~—

j. ~ Field Behavior of Steel Skin Plate

Deformation of the skin elements were measured at

5 separate gage points on the faces of the skin plates
with a specially designed vernier-micrometer caliper
capable of accurately measuring to one-thousandth of an
inch.

The defeormation of skin element No. 20 (on Elevation
6368.92, near Station 551+75), which is a typical case,
is shown in Figure 41, The relationship between the
magnitude of deformation and £ill height is alsoc shown.
These deformations agree very well with the assumptions
made in developing the design Equations 7, 8 and 9.
Based on the vertical deformations observed in the
field, the stresses in the skin plates were calculated
using these equations, for both hinged and fixed end
conditions. & comparison of the measured and computed
stresses is shown in Figuré 4l1. The calculated Stresses
based on hinged end assumption (Eguation 7) agree
reasonably well with the measured data, while the cal-
culated stresses using Equations 8 and 9 (fixed end
condition) are almost three times larger than those
measured. .

8. Field Pulling Tests

Additional dummy steel strips were installed in the £ill

at 5 levels for field pulling tests. Three strips, 5, 10,
and 15 feet in length, were embedded at each of three levels
under overburden heights of 7.5, 12.4 and 18.2 feet. Three
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23-foot strips were embedded at a depth of 18 feet and three
46-foot strips were embedded at a depth of 38 feet. One
each of the 23-foot and 46-foot strips was instrumented with
strain gages on both top and bottom at 5-foot intervals.

Pulling loads were applied using a hydraulic jack acting
against wooden blocks for bearing pads (Photo 11). The
pulling loads were measured with a load cell. Deformation
or extension of the steel strips was measured with two
extensometers fastened on each side of the steel strip
(Photo 12). A Hewlett-Packard 2010A Data Acquigition
System (Photo 13) was used tec record electronically the
pulling loads and strains of the steel strips.

Load deformation curves obtained from field pulling tests
are shown in Figure 42 for the 5~, 10- and 15-foot strips
and Figure 43 for the 23- and 46-foot strips. Three -
pulling loads were selected for analysis and are indicated
on the curves. These three loads are (1) yield load repre-~
senting the proprotional limit of *he load~deformation
~relationship; (2) peak load representing the maximum pulling
load observed; (3) the residual load representing the pull-
ing load when deformation increased appreciably without
changing in the pulling load.

One. of the 23-foot strips was broken at a pulling load of
14,000 pounds. Three of the 46-~foot strips were broken
at pulling loads of 13,460; 14,200 and 14,450 pounds.

The rest of the strips failed by slipping at the residual
loads shown in Figures 42 and 43.

The yielding loads represent the elastic properties of

the steel. When the strip is long encugh and the over—
burden load is high enough, i.e., when the frictional grip

is large enough, the yield load will reach the yield capacity
of the steel (about 10,300 pounds). If the frictional dgrip
is not sufficient at. the front end of the strip, the soil will
start to strain before reaching the vield strength of the
steel. Therefore, it appears that the yvield load represents
the yvield capacity of the steel or the maximum possible
frictional grip of the compacted soil without the introduc-
tion of strain of the soil. The peak load represents the
maximum mobile pulling resistance of the composite material
of the reinforcement and soil. After the peak load, the
strip becomes partially loose and progressively, the whole
length of the strip starts sliding when the pulling loads
drop to the residual level. If the strips break there will
be no peak load or residual load. FPigures 44-a, 44-b and
44~c show the relationship between the three types of pulling
loads and the overburden height and strip length. The skin-
friction angles, @, decrease with increasing overburden
height as shown in Figure 44~c. This phenomenon cannot be
explained theoretically.
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It is interesting to note that under a constant overburden
height, the yield, peak and residual loads are all propor-
tional to the overburden loads which are the products of

the overburden height, H, the unit weight, y, the width of
steel strip, b and the length of the steel strip, L. Since
Y, b and H are constant under a constant overburden height,
the yield, peak and residual loads are all proportional

to the strip length. A field soil unit weight of 143 pounds
per cubic foot was used in calculating the overburden loads.
When the length of strip is constant, the relationships
between the yield load and peak load with the overburden
load are nearly linear. This is not the case, however, with
respect to the relationship between the residual and over-
burden load. This phenomenon is probably attributable to
the fact that the residual loads are not well defined on

the pulling test curves as shown on Figures 42 and 43. Some
of the pull tests were not continued long enough to estab-
lish the flat portion of the load~deformation curve. Because
the peak load represents-the maximum mobilized friction grip,
the - factors of safety were evaluated using the peak loads

as failure loads and the designed tensile loads were cal-
culated using Equation 2. The relationships between over-
burden height, H, strip length, L and the factor of safety
{.S.) are shown.in Figure 44-d,

Because the residual load, representing a complete slippage
" failure, is much lower than the peak locad, a conservative
factor of safety of 4 is recommended for design purposes to
select the minimum length of strip at different overburden
heights. According to Figure 44-d, for a factor of safety
of 4 and under a fill height of 10 feet, the minimum strip
length required is about 9 feet.

Referring to Figures 39-a and 39-b, during pulling tests,
the externally applied pulling force strained the 46-foot
strip only up to Gage Point 10. There was no increase in
axial stress in the 46-foot strip beyond Gage Point 10.

The 46-foot strips were all broken at the external extended
portion. It appears that the frictional grip was so great
along the 46-foot strip that the strip was acting as though
fixed at Gage Point 10, so that there was no change in
stress occurring beyond this point due to the externally
applied pulling load. 1In the 23-foot strip, only a slight
increase in stresses were observed beyond Gage Point 15 due
to the externally applied pulling load.

Figure 45 shows the relationship between peak pull load
and the calculated skin friction force. It is interesting
to note that the peak pull loads exceed the skin friction
force as the strip length exceeds 10 feet. It may be con-
cluded that strip length should be at least 10 feet.
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Theoretical Analysis by the Finite Element Method

A finite element computer program was developed by
Professors L. R. Herrmann and K. M. Romstad of the .
University of California, Davis, under a special service
contract. A detailed description of the formulation of
the material properties of reinforced earth are given in
Appendix B with the user's manual for the computer pro-
gram in Appendix C.

In the theoretical analysis, the reinforced earth is
assumed to be a composite material, and that if the
pattern of the reinforcement is repeated a sufficiently
large number of times, the composite material can be
considered homogeneous at the phenomenological level.
Each strip of reinforcement bounded by the centerline of
both the vertical and horizontal spacing can be viewed
as a "unit cell" which, when it is repeated in all
directions, results in the configuration at the
pPhenomenological level of a composite material.

The "unit cell" of the reinforced earth mass shown in
Figure B-2 (Appendix B), consists of a soil with thin )
steel strips parallel to each other at chosen spacings and
extend deep into the soil mass, In formulating the com-
posite stress-strain relationship it is assumed that the
composite stress—strain state in the 2 and 3 directions
equals the stress-—strain state of soil, and the displace-
ments of all points in any 2-3 plane are equal for both
soil and strip, therefore, the composite material exhibits
an isotropic behavior with perfect bond at the gsoil-gtrip
contact. The mathematical expression of the composite
stress-strain state is given in Appendix B. :

Although this program was specifically designed for the
analysis of reinforced earth émbankments, it can be apprlied
to a wide range of problems such as the calculation of
stresses and deformations in embankments and foundations;
computation of rebound in slope and foundation excavations;
and determination of stresses and strains developed in
embedded conduit in a large soil mass. The brogram cal-
culates the composite stresses and strains of the composite
material in the "unit cell". Using the composite stresses
and strains the corresponding stresses and strains in the
soil and axial forces and moments developed in the rein-
forcing strips are then determined, Several gpecial pro-
visions contained in this program are as follows:

l. The incremental construction gequence

2. Overburden dependent material properties
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3. Orthoﬁrdpic material behavior

4. PReinforced earth construction

5. Bending members

The details of using this program to solve various problems
relating to the above provisions are referred to in

Appendix C.

Elastic Property of Fill Material

For evaluating the elastic property of the fill material,
three soil samplées as identified in Table 11 were taken
during construction. These soil samples were subjected
to triaxial compression tests for determining the shear
strength parameters (Table 12), which are required for
evaluating the elastic constants. To arrive at the shear
strength parameters, three failure criteria as suggested
by Chang, et. al., (34) were investigated. :

1. The peak or the maximum deviator stress represents the
"failure stress" of the specimen.

2. When the deviator stress and the axial strain increase
continuously during the test and there is no well
© defined peak on the stress-strain curve, the deviator
stress at 15 percent axial strain is considered the
"failure stress",

3. The ultimate deviator stress, represented by the
deviator stress at the asymptote of an idealized
hyperbolic fit of the stress-strain curve, is to
be considered as the "failure stress",

According to Chang, et. al., (35) the equation for
computing the tangent modulus, Et' of soil is

- _ YH sin¢(1—sin¢ﬂ2
Et__ Ei[-l 2C cos¢+2qsin¢] (10)
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Ei = A+B(1-Sin¢}vH = initial tangent modulus in
pounds per sgquare foot,

shear strength parameters determined from
ultimate strength criterion (c is expressed
with unit in pounds per square foot),
density of soil in pounds per cubic foot,
height of embankment overburden in feet,
tans (45 deg +8), and

vH 2c 2

N, T N#
N, N,

Q
-
=

I

& <
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Q
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A and B are constants to be determined from the arithmetic
plots of the initial tangent modulus, Ei, and the confining
pressure, 03, obtained from the triaxial compression stress-—
strain curve.

The calculated tangent modulus values are shown in Table 13.
Figure 46 shows typical stress-~strain curves obtained from
triaxial compression test on Sample No. RE~7. Figure 47 is
a plot of the stress-strain data in a transformed hyperbolic
form from which the ultimate deviator stress and the initial
tangent modulus, Ej, was determined (34). Figure 48 shows
the typical Mohr Circles on which the ultimate friction angle
for Sample No. RE-7 wag determined based on the ultimate
deviator stress obtained from Figure 47. The variation of
the initial modulus with confining pressure is shown in
Figure 49 from which the A and B constants was then cbtained.

Poisson's ratio of the £ill material was also evaluated

using the method and equations develcoped by Rulhawy, Duncan
and Seed (36). The computed results of Poisson's ratio are
shown in Figures 50 and 51. Tables 14 and 15 show respec-
tively, the values of the calculated parameters and Poisson's
ratio based on the equations suggested by XKulhawy, et. al({(36).
The Poisson's ratio ranges from 0.13 to 0.78 for the fill
material. Based on previous experience for the finite element
analysis of the stresses and strainsg in the Jail Gulch
embankment (34), a Poisson's ratio of 0.3 was chosen in this
study.
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Finite Element Analysis

In the finite element method, the c¢ross-section of a
continuous body is idealized as a set of small, but
finite elements connected at their joints or nodal points.
The finite element mesh or assemblage of elements for
this study is shown in Figure 52, which represents a
section at Station 551+75 of the reinforced earth £ill.
The assumed boundary condition construction sequence and
representative materials samples are also shown in

Figure 52.

The boundary on foundation rock is considered to be fixed
assuming no deformation. The right side vertical bound-
ary is considered to be a free surface assuming that a
crack is developed in the slide debris area behind the
reinforced earth £ill (crack lines were observed in that
area in the field). Several roller joints were assumed
along the rock foundation immediately below the right
side vertical boundary to allow the downward movement

of the slide debris upon loading, The vertical boundary
at the left side is considered to be on rollers to allow
downward movement due to settlement of the embankment.

The material of the model consists of foundation rock,
original overburden, slide debris, and borrow material.
Each material was represented by the elastic property
of the selected soil samples as indicated in Figure 52.
Soil Sample No. RE-8 which was taken from the borrow
material represents the soil material for the original
overburden, the embankment, the berm, and the backfill.
The slide debris is represented by Soil Sample No.
1384-85 which was obtained from the slide debris
material, The reinforced earth fill is represented

by Soil Sample No, “RE-7, which was obtained from the
borrow material during construction of the reinforced
earth fill, Composite elastic properties were evaluated
by considering the elastic property of the reinforcing
strip and the soil. Due to variations of spacing of
the reinforcing strip at three different elevations,
the composite material is represented by three ficti-
tious sub-grouped soil samples, RE-7-A through RE-7-C,
representing the composite material in the reinforced
earth £ill as shown in Figure 52. 'The elastic property
of the composite material was automatically computed
by the computer with the special provigions in the
finite element program.

The construction sequence ig divided in 12 sequential
stages as shown in Figure 52 by c¢ircled numbers.
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Analvzed Results and Comparison With Field Data

The theoretically analyzed results by the finite element
method are all compared with the field data obtained at
Station 551+75 on November 1, 1973, which is about two
weeks after completion of the reinforced earth £ill
coinciding with the date of completion of the embankment
berm and the roadway pavement. Most of the field data
at Station 551+75 has continued to change. It appears
that the field data obtained on November 1, 1972 in

general compared more favorably to the theoretically
analyzed results,

a. Vertical Soil Stresses

The theoretical vertical so0il stresses are shown by
contours in Figure 53. Field data are also shown
in parentheses. The contours of the theoretical
vertical scil stress indicate two particularly
interesting characteristics:

l. Stress concentration at the toe of the rein-

' forced earth f£fill which is also substantiated
by the field data. This phenomenon may be due
to the combination effect of the overturning
moment from the backfill earth pressure and
the lateral restraint of the berm;

2. A substantial reduction in wvertical soil stress
occurs along the boundary line (the inclined
dashed line -~ Fig. 53) between the slide debris
and the backfill and embankment (Figure 52).
This characteristic is obviougly due to the
sudden change in rigidity of the soil from a
high wvalue of tangent modulus in the embank-
ment and backfill to the low tangent modulus
in the slide debris.

Figure 54 shows a comparison of vertical soil
stress distribution between the theoretical
results and field data. It is seen that a
relatively good agreement exists between the
theoretical results and field data.

b. Horizontal Soil Stresses

The contours of the theoretical horizontal soil
stress are shown in Figure 55. It is interesting
to note that the backfill behind the reinforced
£ill is almost completely in tension which ob-
viously cannot be sustained by the soil, Field
observation indicated numerous seam cracks in the
backfill area (Photo 16). The observed substantial
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settlement and horizontal movement of the wall face
of the reinforced earth fill could be the evidence
that a slight slide movement occurred along the
boundary line of the slide debris due to considerable
densification of the slide debris material. Figure 55
shows an extremely large buildup of horizontal stress
at the toe of the wall corresponding to the concentra-
tion of the vertical soil stress shown in Figure 53.

The comparison of the distribution of the horizontal
soil stress between the field data and the analytical
results are shown in Figure 56, It alsc indicates
moderately good agreement.

Figure 57 shows the contours of the theoretical stress
ratio, K (0_/o_ ), which is in poor agreement with the
field data (Fifure 35).

Shear Stresses

Figure 58 shows the contours of the theoretical shear
stress. It shows additional evidence of the stress
concentration at the toe of the reinforced earth fill.
The calculated maximum! shear stress of 1600 pounds per
square foot is well below the available shear strength
of the soil at that location. Contours of zero shear
stress developed at the upper part, the back part of
the reinforced earth £ill, and also the berm of the
embankment. This indicates changes in direction of
Shear stresses occurred along the zero contours.

Figure 59 shows contours of factor of safety based on
the ratio of the available shear strength and the
theoretical maximum shear stress.

Theoretical Steel Strip Forces

The contours of the forces developed in the reinforcing

steel strip are shown in Figure 60, All the theoretical

strip forces are in tension with force concentrations
at Level B and at back side on Level A. The field data
are much smaller than the theoretical results at Levels
B and C. At Level A, the field data indicates compres-—
sion forces developed in the steel strip at the toe of
the reinforced earth fill. Therefore, the comparison
between the analytical and field data shows rather poor
guantitative agreement but similar patterns of stress
distribution (Figure 61).

Stresses in the Skin Plate

A comparison of the theoretical and observed stresses

in the skin plate is shown in Figure 62. The theoretical
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stresses are generally smaller than those measured.
This discrepancy is due to the assumption that the skin
plate is treated as a hoop tension member in the

finite element program and no bending stress is con-
sidered. In the field data the predominant stresses
are due to bending.

Settlement in the Reinforced Earth Fill

A relative comparison of the theoretical and field
settlements is shown in Figure 63. These settlement
data are with respect to the reference point at the
berm by assuming zero settlement at the berm reference
point. The actual settlement should be the sum of

the actual settlement at the berm reference point

and the data shown in Figure 63.

The theoretical setilements are smaller than those cof
the field data at Levels A and C, but larger at Level
B. The agreement between the theoretical and field
data is rather poor in magnitude.

Horizontal Movement of Berm and Wall Face

The results of finite element analysis for the hori-
zontal movement at three different levels along the
wall face are compared with field data in Figures 28
through 31. It is seen that the theoretical results
agree well with the field data observed in March
through May 1973 for all three levels of measure-
ment.

The theoretical results of wall face displacement
agree well with the field data at the lower part of
the wall face, however, they are much smaller than
the field data near the top of the wall (Figure 31).

Horizontal Movement in Embankment

The theoretical horizontal movements in the embankment
are also plotted in Figures 21 and 23 for comparison
with the field data measured by slope indicators. The
results of finite element analysis agree well with

the field data measured by slope indicator SI-1 in
November 1972 through April 1973 (Figure 21). How-
ever, in Figure 23 only part of the theoretical
results agree with the field data observed by slope
indicator SI-3 in April 1973, Within a 10 to 30 feet
depth, the theoretical results are much smaller than
the field data (Figure 23).
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Diécussion of'Finite Element Results

The results of the finite element study were very
encouraging, in consideration of the complexity of the
geometry and of the materials. The analyses show that:

(="

b.

The use of the "composite material property" in
the analysis is a satisfactory approach.

The general trend of stress and deformation patterns
agree reasonably well with the field data.

Further improvements of the finite element analysis
Program are needed which take into consideration the
factors such as the edge effect by the skin plate,
the number and size of construction increments,

the linearity of the Poisson's ratio of the soil,
the time effects, and three dimensional nature of
field behavior.
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TABLE 1 - LABORATORY SOIL TEST RESULTS

~ Slide Debris Borrow Material -
Soil 1384-85 | 1617 RE-2 RE-7 RE-8 -
Property
May 1970 |June 1971 |June 1971 % 17'31 A!fg%g_t
£§;§§f°gal 35,5° 44° 37° | 38.5° 40°
Qoo 2.5 0 4.2 5.6 4.2
Max. Dry '
Dens Lty 141 141 141 143 139
Ka = %i%%%% 0.27 0.18 0.25 0.23 0.22
Ko = l-sing| 0.42 0.31 0.40 0.38 0.36
Grading Percent Passing by Weight
3 100 93 100 98 99
23 100 87 99 96 98
20 99 79 98 9% - 97
13" 97 71 89 90 92
1" 92 59 83 83 84
3/4% 86 48 77 - 78 77
1/2" 79 35 66 - 68
3/8" 75 30 59 66 62
#h 66 23 46 54 49
#8 55 19 35 50 41
#16 48 14 24 36 30
#30 40 10 17 25 23
#50 32 8 11 17 16
#100 21 5 8 12 12
#200 13 4 6 9 9
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TABLE 3:

+ Item
Crawler Tractor

Crawler Tractor
Vibratory Roller
Road Grader
Front End

Loader

Watey Truck

Water Monitor

Generator

Acetylene Torch

Surveying
Equipment

Water pump

Construction Equipment and Rental Rate

)

Type or Rental
Model Rate Function
Cat, D=8 $28.50/hr  Spreading of fill material
John Deer $5.35/hr Towing vibratory roller
JD=450
Essick $7.75/hr Compaction of fill
V72S8 material
Cat $7.50/hr Leveling of fill material
Cat
966 B & C  $17.00/hr  Spreading of fill material
$11.00/hr  Moisture conditioning
£ill material
$2.00/day Adding moisture to fill
material
10 KW $1.80/hr Provide electrical power
‘ as necessary for small tools,
etc.
$2.00/day Cutting skin and strip

State supplied

$4.50/day

—-38-

Transit & level for align-
ment & elevations

High pressure supply to
water monitor




TABLE &: Construction Labor Description and Hourly Rate

No. of Hourly
Item Description Laborers Rate

Carpenter get batter boards and 2 $9.50/hr
erect skin elements ’

Equipment Operate construction b $9,69/hr
Operator equipment such as hauling,

spreading, compacting of

£i1ll material & handling

of steel strips & skin

elements

Common frection of skin element 3 $7.54/br
laborer & steel strips, hand

shoveling & hand compact-

ing £ill material near

the wall face

Grade Setter Insure the proper thick- 1 $10.18 /hx
ness & grade of f£ill
material
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"TABLE 5 - AVERAGE UNIT QUANTITIES AND COSTS

ITEM DESCRIPTION

STEEL'PER SQUARE FOOT OF WaLL FACE
STEEL PER CUBIC YARD OF prrf,
BORROW MATERIAL COST pgg CUBIC YARD

STEEL COST PER 5Q. FT. OF WALL FACE

FILL COSsT " " ] " n "
TOTAL COST n 1 2] " 1] "

STEEL cosT PER CU. YD, OF WALL FILL
FILL CoSsT PER cU. YD, "on rt
TOTAL cosT v " n o te

QUANTITY OR CosT

9.876 x 103 Topg

0.164
$1.80

$7.40

8.15

15.55

$4.55

15.00

9.55




TABLE 6 -~ COST COMPARISON BETWEEN FOUR
TYPES OF WALLS

(Cost in Dollars per Sq. Ft. of Wall Face)

Height of Wall (ft)
Type of
Wall Description
10 20 30 36 40 50
| ety Meobers| $3.70 | $4.30 | $5.20 | $6.00 | $6.60 | $8.40
; Reinforced A S AR
Wall BaCkfill 2.40 3.50 4.50 5. 1.0 5.60 6.00
Total 6.10 7.80 9,70 11,10 | 12,20 | 14.40
Cost of 8,50 9.35 112,00 | 15.00 - -
Wall Members :
' Metal PR T
i Crib Cost of : - -
; Wall Backfill 1.50 2.80 4.10 4,80
| Total 16.00 {12,15 | 16.10 { 19.80 | - -
P___ﬁ__ e
Cost of ;
. Wall Members 9.50 110,50 { 13,00 | 15,60 | 17.30 122.30
Reinforced
i Concrete
Crib Cost of 3.10 4,50 5.90 6.80 7.40 8,0u
Wall Rackfill
Total 12.60 { 15,00 | 18,90 | 22,40 | 24,70 | 30.30
" Cost of . : — WTW‘N
! Wall Members 10.50 113,75 {20.80 | 26,10 - i -
i Reinforced _ ; e ]
! Concrete Cost of ;
. Retaining ost o 1.20 | 2.05] 3,05 3.60 - 0=
; Walil Backfill _ ! |
Type 1 e : l
Total 11.70 [ 15,80 | 23.85 | 29,70 - ; - '
| N ;
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TABLE 11 - IDENTIFICATION OF SOIL SAMPLES

Sample No. ‘Material Elevation
1384-85 Slide Debris 6150-6410
RE-8 Embankment 6150-6356
RE-7 R.E. Backfill 6356=-6400

~d 6

Description

loose granular combination
of cobbles and sand. Loca-
ted immediately below em-
bankment material.

Weathered Gneiss embank-
ment compacted above
slide debris., Forms R.E.
wall foundation,

Weathered Gneiss backfill
used in R.E, wall con-
struction., 10" maximum
material.
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TABLE 13 - TANGENT MODULUS VALUES

()

S;Igple Hgiig]-‘:rl-lt Initial(Modt)zlus, E{ Tangent Modulus, Ep (PSF)
. PSF
1384 -85 5 5.97 x 10° 1.92 x 10%
10 6.40 x 107 2.05 x 104
15 6.82 x 102 2.18 x 10%
20 7.24 x 109 2.31 x 104
25 7.67 x 103 2.45 x 104
50 9,78 x 102 3.12 x 104
100 1.40 x 106 4.47 x 10%
200 2.25 x 106 7.17 x 104
300 3.09 x 10° 9.87 x 104
RE-7 5 1.53 x 106 7.41 x 102
10 1.61 x 106 5.02 x 102
15 1.70 x 106 3.88 x 10°
20 1.79 x 106 3.24 x 103
25 1.88 x 106 2.84 x 102
50 2.31 x 106 2.09 x 102
75 2.75 x 106 1.93 x 107
RE-8 5 1.19 x 109 5.36 x 102
10 1.38 x 106 3.88 x 102
15 1.56 x 106 3.20 x 102
20 1.75 x 106 2.84 x 102
25 1.94 x 106 2.63 x 102
50 2.88 x 10° 2.35 x 109
100 4.76 x 109 2.65 x 103
150 6.65 x 106 3.15 x 102
200 8.53 x 10° 3.70 x 10°
300 1.23 x 107 4.85 x 102
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Photo 1 ~ Completed view of the reinforced earth
embankment

Photo 2 ~ Batter boards and instrumented skin
element
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‘Photo 3 - Placing reinforcing strips

Photo 4 - Completed wall face with wooden wedges
between skin elements and Instrumentation
shelters on berm
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Photo 5 - Compaction operation

Photo & - Instrumentation Trench with
settlement platform in place
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‘Photo 7 -

Photo 8

4. Installatio

n of soil pressure b,
cell

Soil pressure cell on

vertical, horizontal and
inclined planes
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Photo 9 - Instrumented reinforcing strips
with strain gages protected by sand

Photo 10 - Instrumentation shelters at
" three locations for housing
the readout devices
_55..
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Photo 11 - Hydraulic jack acting Photo 12 - Dummy steel strip
against wooden bearing with two exten=-
pad someters fastened

at each side

Photo 13 «~ Data écqﬁisition’system utilized
during pulling tests




Photo

14 -~ Pavement cracks observed behind the
reinforced earth fill in April 1973
Station 552490 - 553+75
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SHEAR STRESS IN PSI

STRIP MOVEMENT IN 1073 INCHES

Figure |2 STRESS-DEFORMATION CURVE FROM LABORATORY
PULLING TESTS
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NOTE (1) EACH WEEK 1S COMPOSED OF FIVE WORK DAYS.
(2) ALL COSTS PLOTTED ARE THE TOTAL COSTS IN EACH WEEK.
{3) UNIT COSTS PLOTTED ARE THE AVERAGE UNIT COSTS
WITHIN EACH WEEK.
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HEIGHT OF WALL IN FEET
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DEPTH IN FEET
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MEASURED BY SLOPE INDICATOR SI-I
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_DEPTH IN FEET
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CONE-HALF YiELD PULLING LOAD I KIFS
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DEVIATOR STRESS, (0j-03),IN TONS PER SQ/FT.

20

i6

! !
SYMBOL  OL(TSF)  SPECIMEN NO.

A 0.54 301
O 1.08 302 —
(4] 2.16 303
o) 4.32 304
- o —_—
O O o] \® ey N
R . S .
m] =

O A fa

SAMPLE NO. RE-7

—

0 5 ' 10 5 20

AXIAL STRAIN,€q, IN PERCENT N
Figure 46. TYPICAL STRESS - STRAIN CURVE OF SOIL SAMPLE
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0025

i

F 0.54 301
Q 1.08 302
jal 2.8 303
0 432 304

.0020

0018

i

.0010

€a/(0;-03) IN (PS)™!

0005

SYMBOL - O3(T,F)  SPEC.NO.

A

SAMPLE RE-7

o 1 1
0 S5 . 10 IS5 20

AXIAL STRAIN, €4, IN PERCENT
Figure 47: TYPICAL TRANSFORMED HYPERBOLIC STRESS-STRAIN CURVES

-98-




S370419 YHOW TVDIdAL 8b 2anbig

14/0S ¥43d SNOL NI 3¥NSS3dd TVAYEON
974 O

i

oL #

N3IWID3dS c0="9 NOIS3HOD

029 AI13 © I1dWVS LNIWINVENI
JLVAILIN-1S31 @) “2-34 ON 3dWVS

ol

gl

14/0S H3d SNOL NI‘1 ‘SSIHLS NVIHS

Agg-



INITIAL MODULUS, E;, IN 10® PSF

° l ] T T l 1
5|— ]
(A=144x108 B=335)
9 —
3 —
2 | -
W= | -
R ] _
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- - —
-2 L 1 | | ] |
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CONFINING PRESSURE, Oy,IN 1000 PSF

Figure 49 VARIATION OF INITIAL TANGENT MODULUS
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DERIVATION OF EQUATIONS FOR ANALYSIS
OF STRESSES IN SKIN PIATE

. In order to analyze the stress in the skin plate, the redundant
force, P, for the hinged end condition and additional redundant
moment, M,, for the fixed end condition must be solved (Figure A-1).

The solutions of these two unknown are derived as follows:

(HINGED END) P

LOADING DIAGRAM ON SKIN PLATE
EIGURE A=1

A free body is cut through Section C-C (Figure A~1l) and is shown
in Figure A-2 for the hinged end condition and Figure A-3 for
the fixed end condition. Due to symmetry, only one-half of the

semi-circle needs to be analyzed,

Al



HINGED END FIXED END
FIGURE A~2-- | FIGURE A-3

Using the strain energy principles described by any text book
of structural theory, for example, Seely and Smith (27)% strain

energy, U, is equal to

_ / MZRd#8
Uf/_z_sr'_: i (L)

and the deflection s is equa"l to

-/ M M e o
3=/ bPAds (2)

For the hinged end condition, using the notation and loading
shown in Figure A-2, it can be shown that the moment, M, at

any where in the quadrant is equal to

*Reference of the main body of this report,
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(1-cos 8)°

2
M=P R sin 8 +T, R(I -cos §)- Ka¥HRZ
2
24- 2
--)"H(I—sin&)‘—?—-—"‘3‘},-“—i
—-———-Rs;"e 7R sinB%RsinO «  mee=- (3)

Substituting ds = R d6 into equation 2, yields

e L
8" EI/ apAda ,  TTmeemes e ea. (4)

Substituting Equation 3 into Equation 4 and integrating over

the quadrant, Equation 4 yields

3 _Pa7R3 4 KoY HRS = yH RS
(NPT 3EI 96EI

(37-32)  ~emmmeoeen -——= (5)

Solving Equation 5 in terms of P,, then

4EIBvp _ 4KaYHR _ YHR(3 ~32) mmmmemcccccecoa- (6)

Fa® TR3 3 24 .

For the fixed end condition, using the notation and loading
shown in Figure A=3, the moment, M, at any where in the

quadrant is
M=P, R sin 8 + Ty R(l-cos 8)+ M,

KuYHR

z {I-2 cos 8 +cos28)

_R2rH
-2

(sin2 8 -sin —

sin 8 e et DL LS L === (7)
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Substituting Equétién 7 ihtblEquation 4 and integrating over
the quadrant, then
MaRZ RS RYYH

Er * zEr (Fam 2 Al oo 96ET

]

Sva a=o (37-16Ka-32)  ----- --

At the fixed end, A, the angle of rotation, B,, is expressed

oo, r S
GATO/‘ E—mds‘-’a/ Md8 =0 ==cecew-a- —m——————

Substituting Equation 7 into Equation 9 and integrating over

as

4

the quadrant, then

TMaR  KaY HR3

_ PaR® TaRZ 5
=~ e ( |)+ 21 + BEL (8-37)
7HR3 2YHR3 _ C m———————
" 24EI Zagr 78 9E] =0

Solve Equation 8 and 10 simultaneously for Py and M,

then

E 4Ka
Py = 8'“R31(4 : 2+ YHR(E e -3
w
_BYHR 4-4Ka _{i+w-mKa} +_|§_) ,  mmmmemmmmmeemmeeee

8-w2 * 3w 8

Ad




and

83va EI  27#YHRZ 4-4Ka (1+7m-7wKa) |

Ma = R2(8-m2) = (8-w2) 37 8 9

In summary:

For hinged end conditions,

_ 4EI8va 4KaYHR YHR. -
= 30 24_"_(3# 32)

Fa

and for fixed end conditions,

_Svy EI, 32 4-4Ka |

_8YHR (.4-4Ku _(l+1r-1rl(a)
8-m% " 3y 8

f
4 ) §
and

8 8vy EI + 27YHRZ 4-4Ka (I+7r-1rKo)+1
R2(8-72) °  (g-w2) 3r 8 9

MA-'-
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INTRODUCTION

In order to be able to quickly and economically evaluate the
Structural reliability of proposed reinforced earth structures
it is necessary that analysis procedures applicable to such
structures be available. There are two obvious approaches to
the analysis of such reinforced structures: One possible approach
is to attempt to analyze the structure in such a way that each
and every reinforcing element is considered in detail. Due to
projected excessive computer costs and the high probability of
numerical difficulties such detailed analyses appear not to be
fegsiblé for real structures. The second approach involves the
consideration of the reinforced earth as a "composite material"
with associated "composite properties" which represent the over-
all structural response of the material. This latter approach
may be applied with relative ease to very complicated structures

and is the one pursued herein.

The use of composite materials for Civil Engineering applications
is,ages old, e.g., plain concrete (i.e., mortar reinforced with
aggregate) and reinforced concrete. Correspondingly "strength of
materials" theories have long been available for the analysis of
structures made of such materials. During the past 15 years the
use of new and exotic composite materials has become commonplace
for aerospace applications and extensive theories have been

developed for explaining their behaviors. Although on the surface
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tﬁé bases for these £he6ries may appear to differ from those used
for the strength of materials theories for concrete structures, in
reality they do not._ The work reported herein follows directly
from that reported in reference (1); an introduction to some of

the extensive literature in this field may be found in reference(2).

The theory of composite material behavior may be derived from
several different points of view (all leading to substantially
the same result). The approach followed herein is to recognize
that if the reinforcing pattern is repeated a sufficiently large
number of times the ﬁaterial can be considered homogeneous at the
phenomenological level (or as an inhomogeneous material in which
the changing properties reflect only changes in the reinforcing
pattern). The consideration of the reinforced material as
homogeneous at the phenomenological level is analogous to the
consideration of a microscopically crystalline material as
macroscopically homogeneous (e.g., the treatment of steel as a
homogeneous isotropic material) or to the accounting for the
reinforcement in a concrete beam by the use of transformed section
properties, etc. The reinforced material when viewed at the
composite level will, in general, exhibit anisotropic behavior.
Once the appropriate composite properties are determined standard
analysis procedures (e.g., finite element procedures) may be used

to analyze reinforced earth structures.
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REINFORCED EARTH UNIT CELL

The experimental determination of the complete array of composite
properties is often very difficﬁlt and expensive, fortunately a
well developed theory exists for the relating of these properties
to the known preperties of the individual component materials
(soil and steel in this case) and to the geometric arxangemeﬁt

cof the reinforcement.

For a material that has a regular reinforcing péttern one can,

in general, find a small unit of the material which when repeated
in all directions results in fhe actual configuration of the
composite material; in this report this fundamental building

block is called the "unit cell”™, The average values of the
stresses distributed over the cell faces are equal to the stresses
in the equivalent composite material and thus the average

response of the unit cell to a state of stress or strain is the
same as the composite response of the material. Hence, the
desired composite properties may be calculated from a consideration
of the behavior of the unit cell and once the composite stress
state is determined at a particuiar point in a reinforced earth
structure the corresponding constituent stress state may be
determined by returning to the unit cell. Figure B-1 illustrates
a particular composite stress state and the corresponding stress

state at the constituent level of the reinforced material.
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- Corresponding Local Stress State

Figure B-1 Illustration of Composite S
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The unit cell for the reinforced earth structures under con-
sideration is shown in Figure B-2., The conmposite material con-—
sidered consists of a soil with thin steel strips parallel to
each other at chosen spacings and extending deep into the soil
mass. The 1 axis in Figure B-2 is chosen parallel to the strips
and the 2 and 3 axes form a plane perpendicular to the longitudinal
axis of the strips and are aligned with the principle axes of the
strips. For & given reinforcing pattern all strips in a given
1-3-plane are assumed to be equally spaced, by and the 1-3 planes
containing the strips in the reinforced earth are present in
parallel layers of spacing, 4, (where b and 4 may vary from layer
£o laver). When the composite material is subjected to a
homogeneous stress OT strain state, those cells which are
sufficiently faxr removed from the gurface of the material to
avoid surface effects must satisfy the conditions, (1) all unit
cells will exhibit identical deformation and stress gtates, (2)
the averages of the unit cell stresses and strains are equal to
the phenomenological stresses and strains of the composite and
(3) there must be continuity of the displacement and traction

vectors across all cell interfaces,
COMPOSITE STRESS-STRAIN RELATIONSHIP FOR REINFORCED EARTH

The anisotropic phenomological behavior of the composite material

(i.e., reinforced earth) may be described by the equationss:
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Strain - Stress Relationship

€4 i €2 G443 T oy
€2 G2 Cz2 C23 g2
€3 : €13 ©23 C33 T3 "
V12 ) C44 Ti2 !
Y13 C55 o3
Y23 Ce6 | | 723

The composite properties may be theoretically predicted by deter-
mining the average response of the unit cell to various applied
homogeneous composite stress or strain states. The most accurate
solution to this problem would require a detailed solution of a
complicated three-dimensional boundary value problems, possibly
by the finite element method. Fortunately however, the charac-
teristics of the reinforced earth unit cell make some approxi-
mations possible which greatly simplify the problem. The most
significant characteristic is that the percentage of reinforcement
is extremely small (much less than 1% by volume). This charac-
teristic leads to the assumption of the strains in the composite

being equal to the strains in the soil.

The composite properties were predicted by considering the response
of the unit cell to an arbitrary composite stress state and pre-
dicting the resulting composite strain state. The most signifi-

cant considerations utilized in developing the properties were
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the assumptions that the composite stress-strain state in the 2

and 3 directions equaled the soil stress-strain state and the .

dlSplacements of all points in any 2-3 plane are egual for both

goil and strip.

Any arbitrary composite stress state may be expressed as the sum

of a series of simple stress states, i.e.,

FHO’ l_ _O‘l 0'0 . o 0

c 2 7o o2 g 0

T 3 7o 70 T 0
= + +..

012 o9 790 _ T 90

913 %o o T 0

¥ 23 farbitrary ‘ToJ o 012

Consider the first of these simple stress states, i.e.,

01 =0y 0p=03=012 =093 = 0p3= 0 (2)

Equation (1) then yields

Ciy ey /o {(3)
" Cyp = €2 /o (4)
Ci13 = €3 /O (5)

The applied composite stress o acting over the composite area bd

must equal the sum of the strip stress, aSt, acting over the strip

. o . . S0
area, ASt, and the soil stress, o® acting over the soil area, A
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(Fig.Bl). Note that the soil area and the composite area are essen-~
tially equal for the reinforced earth systems under consideration
(ba = %= a%%)

oAC = 5,50 aC 4 0.151 ASt  (e)

oo = 00 . o {7}
so (8)

]
o

T3 = T3

The superscripts c, so, and st refer to composite, soil and strip

respectively.

It follows from the strain displacement relationships and the

previous assumptions that

ey = €% = ¢St (9)
€p = 6250 _ {10
€3z = 5350 )

1

The constitutive equations for the soil and strip must be

satisfied which, consistent with the assumptions made, become

€% (1/g5% > (12)
= (1/7g%h o8 (13)
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Substitute the strain-stress Equations 12 and 13 into Equation 9
to obtain the relationship

ESO

so. E
st

o gy st (14)

which may then be substituted into Equation 6 to yield the

relationships

st Ac Est

AC £SO L Ast Est

SO AC ESO

= - (16)
Ac £SO Ast Est

oy

Using Equations (3), (4) and (5) the composite material properties

Cyqe c12’ and (:13 may then be solved for from the relationships
$0 50
TR T N Ly (47
W= ¢ 7 oEO 2 g0 4 A8 Est
SO §
Cin= Eg- = 6_2 = ° 0'1' = ”SD Ac {18}
127 0 "o LgSO  ACESO . a8t gt
S0
Ciz = &, i:”.si %0 G . =vS° a° (19)
132 "¢ "¢ T ;£SO . pCgS0 , pSt St
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Considering in a similar manner the other five simple stress
states into which the arbitrary composite stress state was de-
composed yields the values of the other composite properties, i.e.,

sz, 023, 033, C44, 055, and C66' The final results are:

€ i _yS0 _ S0 o
1 50 so? so[—_ so:l 4
€2| T |-V t+a =27 ) ¥ [1+a(1+0°Y)
g (1+a) _
SO _,80 50 so?y| 73
€3 T -~V  1+a (1427 ] 1+a(t-v L
(20)
— - . -
N2 6 %12
50 As'r Es’r
N3 - G o3| 3 ef %55
: AC £SO
%23 %o Lo23

This matrix is inverted to obtain the stress-strain coefficients

in a form suitable for use in a finite element displacement

formulation.

Reinforced earth structures will generally exhibit behavior

assumed in elasticity as plain strain response where the strains

€31 Yi3e and Y53 are taken to be zero. In the accoﬁpanying com-
puter program these strains are assumed to be zero and the resulting

stress-strain matrix utilized is of the form,

o4 dyy G2 © €1
oo = Q12 Gdpp O €p (21)
Ti2 © o aga]| |%2
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where the aij coefficients are directly obtained from the

inversion of the (C) matrix.

For a given problem if the 1-2 axes do not coincide with the X~y

axes the aij coefficients are appropriately transformed by the

program,
STRESS~STRAIN STATE IN SOIL, STRIP, AND SKIN PLATE

The finite element prdgram utilizes Equation (21) in performing
analyses for the composite stresses and strains in a reinforced
earth structure. The corresponding strains and stresses in the
component materials.are obtained in the following manner. The
X-y coﬁposite stress and strain components are transformed into
1-2 components. Since the composite strain in the 1 direction
equals the axial strain in the strip (Equation 9), the force in
the str;p may be obtéined from
gSt o 48t gst € (22)
When: the axial force in the strip has been determined, the stress

in the soil in the 1 direction may be obtained from the equilib-

rium relationship (Equation 6) as

t

S0 7 aS (23)

o = 0'1—Fs
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The normal soil stresses in the 2 and 3 directions and the soil
shear stress are assumed to be equal to the composite stresses

and all soil strains are assumed to equal the composite strains.

The results from a deétailed finite element analysis of the soil,
reinforecing strip and skin plate for a small zone of reinforced
earth indicated that the bending induced in the skin plate is
negligibhle, and that the only significant stress in the skin plate
is the membrane stress. Accordingly, in the accompanying computer
program the membrane stress in the skin plate is estimated by
approximating it as a circular membrane subjected to the

pressure calculated to be acting in the‘soil at the point in
question. If for a particular situation it should be desired

to estimate the moment in the skin plate this may be done by a
simple subsidiary. calculation based on the predicted relative

displacements of the membrane edges.

The calculation of moments in the strips is discussed in the

following section.

HIGHER ORDER EFFECTS
The developments of the previous sections are all in the realm of
conventional elasticity theory. There exist, however, higher

order elasticity theories which in addition to the usual effects

account for the so-called "couple-stresses" (e.g., see reference (3)).
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‘That is, not only normal and shear stresses are admitted on an
infinitesimal element but also stress couples; beam theory may in
fact in some sense be interpreted as a special case of these
theories. Experience has shown that Ffor structures of practical
interest made of isotropic materials, any effects due to "couple-
Stresses" are completely unimportant (this is indeed fortuitous
as the application of the theory is considerably more complicated
than the application of the conventional theory). It appears
that this.may not be thé case for certain composite materials;
foftunately reinforced earth does not appear to be one of the
composite. materials for which the "couple-stress" effects are

significant. .

" The purpose of the steel reinforcing strips in reinforced earth
is to develop tensile axial forces and thus to provide tensile
strength for the material. However, it is possible, that in
addition to the'anticiéated axial forces, shears and moments

' may also be developed in the strips. The accounting for the
additional stiffness of the reinforced earth which results from
the development of these moments and shears would apparently
require the use of a "couple-stress" elasticity theory, however,
because of the low percentage of reinforcement and because of the

strip's small bending rigidity these effects appear to be negligible.

Even though the effects of the moments and shears in the reinforce-

rent are not accounted for in the calculations of the stiffness

Bl4
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of the composite a knowledge of their values is of interest.

Using the results of a conventional énalysis (based on the use of
the appropriate compoéite properties) of a reinforced earth
Structure it is possible to estimate their values. These calcu-
lations require only the predicted deformed shape of a reinforcing
strip and the bending properties of the strip. 1In the accompanying
finite element computer program quadratic displacement elements
(linear strain elements) are used, thus, the curvatures of the
reinforcing strips may be simply estimated and hence the result-
ing moments in the strips are  determined. The use of a guadratic
displacement element does not make it possible to directly compute
the third derivatives of the strip deflections and hence estimates
of the strip shears are not obtained. It would appear that they

would be rather insignificant.

A second higher order effect which appears to be significant for
certain composite materials is the so-called edge effect (it

appears that this effect Ebuld also be accounted for by the use

of a "couple~stress" theory). The edge effect arises because
disturbances on the edges of the structure, due to self equili-
brating stress distributions, may'pr0paga£e far into the interior
of the structure. For most structures made of isotropié homo-
geneous materials such disturbances quickly dampen out (St. Venant's
principle), however, apparently this is not the case for certain
composite materials (it appears that these effects are particularly

pronounced when the modulus of the reinforecing element is orders

B15



of magnitude greater than for the matrix material). In rein-
forced earth the presence of the skin plate would appear to
' essentially negate the edge effects that would othexwise be

present and thus it was not necessary to consider these effects.
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(2)
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I. CAPABILITIES OF PROGRAM: A brief discussion of the program
is given in Commentary B.

. IE. INPUT*: fThe input data is entered by means of the following

groups of cards.

Al. Title Card (12a6) ~ Columns 1 to 72 - Any information
that is to be printed as a title for
the problem.

A2. Control Card (IS5, El0.3, 215, A4, 2a8)

Columns 1 -~ 5  Number of construction increments
Columns 6 - 15 Plot width (max. 30)
Columns 6 - 20 Output desired

= complete analysis
= node point coordinates only

Columns 21 - 2g Change number of construction
increments

Columns 26 - 29 Labor cost code

. Columns 30 - 37 Name of user

| Columns 38 - 45 User's phone number

A3, Material Cards - For each material type the following

information must be supplied:
lst card (1x, 14, I2, I3, 6El0.5)
Columns 2 - 5 Material Numberw#

' Col, 7 ITYP = = Isotropic Material
- Orthotropic Material
Reinforced Earth Material

Strip Plate (beam)

=W o
|

*The numbers in the right-hand column refer to explanatory comments
listed in Commentary A. The input and results for a sample problem
are given in Commentary C and the program listing in Commentary D.

**If excavation is to be included in the analysis, see comment
number 19 in Commentary A.

. .
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ITYP = 0 ITYP = 2 ITYP = 3 ITYP = 4
10%% - i 1 Np| - - f 1 -
11 - 20 | Unit weight (vy) Unit weight | Unit wéight A 1
21 - 30 - : B h1 Cll‘ - i B I
31 - 40 E } a B/ cp E_oiy i A B
41 - 50 Voo vil ¢, Veoil } v v
51 - 60 - i ¢ - Cs33 - : ¢ "max
61 - 70 - ; c - | (O - e n_._
71 - 80 - | - - - - | - Tau
[ ! o
If ITYP = 3 then the above card is immediately followed by 4

a card giving the properties of the reinforcing strips. Whenever

any of the strip properties change a new material must be defined.

" REINFORCED EARTH DEFINITION {7E10.5) 4

" Columns 1-10 EB = Young's modulus of strip

11 - 20 AB

Width of strip

21 - 30 XIB = Thickness of strip

31 - 40 BE = Horizontal spacing of strips
41 - 50 DE = Vertical spacing of stfips

51 - 60 TE = Angle (in degrees) the strip makes with
x=-axig

61 - 70 TE = Thickness of skin plate

 **Overburden code, i.e., 1 - indicates overburden properties
description A; NP > 1 - indicates overburden properties
description B (see note 4).
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If NP > 1 then the previous card is immediately followed by
M = (NP-1l) cards which describe the plots of properties vs. over-
burden, i.e., Type B description. These M cards successively
contain the values of hn (columns 1-10), En (columns 1;-20), and
v, (columns 21-30)(n = 2 » NP) which define the modulus and
Poisson's ratio curves vs. overburden h = YH. If the value of
Poisson's ratio is ommitted from a card, the value is taken to
be equal to the last specified value. The value of NP may not

exceed 10.
Bl. A card with 1 punched in column 1, followed by:

NODE POINT ARRAY - (1X, I4, 2El10.5, I5, 2E10.5, I5, E10.5)

As many cards as are necessary to specify the locations of all

nodes in the system.

Columns 2 - 5 N - Node point number
6 - 15 x - coordinate
16 = 25 y - coordinate
26 — 30 N'- final point in st.
line sequence
gquantities associated
31 - 40 %7 with straight line
generation option
41 - 50 y°!
51 ~ 55 INC-Nuwbering Increment

56 - 65 D - Spacing Ratio




B2, A card with 2 punched in column 1, followed by

ELEMENT ARRAY - (1X, I4, 10I5) As many cards as necessary to 1,2

define all elements in the system,

Columns 2 -5
' The numbers of the four node points

6 ~ 10 which describe the element (reading
counter clockwise around the element).
11 - 15 For a triangular element the fourth
number is LefEt blank. For a bending
le - 20 element the third and fourth numbers
are left blank.
21 - 25 MN - Material number (corresponding to the 9

material description in Section A3)

26 - 30 IN - Construction increment number (i.e., 9
the number of the construction incre-
ment when the element becomes part of
the structure)

31 - 35 NMIS - Number of additional
elements in the sequence

—
4

36 - 40 INC - Numbering Increment
. quantities asso-
41 - 45 NMISP - Number of additional ciated with the j10
layers data generation
46 - 50 INCP - Numbering Increment option
for the layers

0 Element does not have skin plate

>3 IPRNT = | Flement includes skin plate

56 - 60 IOUT = Excavation increment number 19

The order of the element cardg need bear no relationship to the

locations of the elements in the body.

c4



. B3.

A card with 3 punched in column 1, followed by:

BOUNDARY ARRAY - (1%, I4, I5, E10.5, I5, 2El0.5, 315, 2E10.3)

As many cards as necessary to specify displacement or non-
zero stress boundary conditions. Pressure specification

cards must precede all other cards in the Boundary Array.

Columns

2
11
26
36

46

51
56

61

71

B4.

5 N - Node point number

_ fo) . . force . e . . .
10 IF; = {;} indicates {;isplacemenég gspecified in 1 erectlon

_ force . e . . .

20 V; = value of {éisplacement specified in 1 direction

e - _ (o) . . force . o . . .

25 IF,; = {l; indicates displacement specified in 2 direction
_ force N . X .

35 Vo = value of {;isplacemené} specified in 2 direction

45 8 - angle (in degrees) between x;-axis and
x-axis (see Figure 1)

50 IN - Construction increment in which the non-zero
boundary conditions are to be applied

with boundary condition

55 N' -~ final point in sequence ‘quantitieé associated
generation option

60 INC - Numbering Increment

70 P Pressure magnitudes at points N and N'
respectively

80 PN'

END CARD - Card with 4 punched in column 1

The above sequence of cards is repeated for the next analysis, etc.

C5 S
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IIT. OUTPUT:
The items appearing in the output are listed below:

A. The input data is printed

B. 'For each construction increment the following items are printed
{(Note: All of'the following items are total values, i.e., values
accumulated during all the previous and present construction
increments; inéremental values can of course be found by sub-
tracting values printed for successive increments.)
1. For each element, the following items are printed: (Note:

The units are determined by the units employed in the input.)

Element No. = The element numbers are defined by the order
of printing of the element input information.

a) For continuum Elements:

X{_. Coordinates of the point in the element for which
Y Stresses and strains are printed

EPSILON=X = Scil strain in x direction

EPSILON-Y = Soil strain in y direction

GAMA-~XY = Shear strain in soil

SIGMA-X = Soil stress in x direction

SIGMA~Y = Soil stress in v direction

TAU-XY = Shear stress in soil

SIGMA-1 = Max. Principal stress in soil

SIGMA-2 = Min. Principal stress in soil

ANG = Angle (in degress) between direction of maximum

principal stress and x axis
In addition if the element is reinforced earth the following
items are printed:

STRIP AXIAL FORCE = Force in reinforcing strip

Co



MOMENT = Moment in reinforcing strip
In addition if the reinforced earth element has a skin
plate and is on the edge of the structure
SKIN MEMBRANE STRESS = Membrane stress in skin plate
b) For beam elements (for plane strain these guantities
are per unit of width)
P = Axial force at the center of element
V = Shear force at the center of element
M = Moment at the center of element

The sign convention used for the bending element is:

Node 2 P
> Y
<
M
Nede 1/ Node /
Line Element S:gn Convention

The stress calculation for the beam element requires values

for Noax (distance from N.A, to extreme fiber, for positive

n), n.

min (distance from N.A. to extreme fiber, for negative

n) and Taur (ratio of maximum shear stress to average value).

If Dax is left blank it is assumed that the section is

réctangular and the program sets n x = h/2, noin = =-h/2
h

and Taur = 1.5, where 5 =V§£. The normal stresses and

strains are denoted by the symbols S and E respectively;

ma

the shear stress by the symbol TAU.

For each node in the system the x-y displacement components

are printed.
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COMMENTARY A

Explanatory Comments Concerning the Input

1. The cross—section of the body is assumed to lie in the x-y plane
with the gravitf loading acting in the negative y-direction, see
'Fiéure C-1. In the application of the analysis the cross-section of
the body is described by a series of quadrilateral and/or triangular
continuum elements and line (bending) elements. The quadrilateral
elements may have arbitrary shapes. Because the triangular elements
are of lower order than the quadrilateral elements they should be

- used sparingly. The numbering of the nodes for a simple element

. representation ig shown in Figure C-2,

- Considering any two of the two or three or four nodes which describe
an element (line or triangle or guadrilateral) denote the bandwidth
span between them as Ni. The value of Ni is equal to 2 plus twice
the difference in their node numbers plus the number of nodes in
thisxérange“ which have bending elements associated with them minus
twicé the number of nodes in this "range" which are not part of the
struéture.(see note 5), If thé‘two nodes undex donsideration are
17 and 45, the "range" df nodes referred to is 17 » 45. TFor a
given elément denote the maximum value of Ni as NEj. Considering
- all elements in Ehe system denote the maximum value of NEj as NEmax
("bandwidth" of simultaneous equations). For a minimization of
f'chputationél cost, for a given analysis, it is important that the
node points be numbered so as to minimize the value of NE

max

" (the numbering used in Figure C-2 gives a value of NB . = 127 if

the numbering had instead proceeded from left to right a value of

"NEmax,= 22 would have been obtained),

C8
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The program checks the area of each element, if any one of these
values should be non-positive, an error message ("data error in -
element n") is printed. This error is normally a result of one

of the following causes: i) the nodes desgcribing the element were
entered in a clockwise manner instead of counter clockwise;

ii) one of the node numbers describing the element was entered
incoxrrectly or; iii) the coordinates of one of the nodes describing

the element was entered incorrectly.

Figure C-1 - Sketch of typical body

Cc9
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2. As the program is now dimensioned the value of NE {see

Aax
comment 1) may not exceed 56, the maximum node number (NPT) may
not exceed 700, the number of elements (NELEM) may not exceed 599,
the number of boundary condition specifications (NBPTC) may not
exceed 199, the number of different materials (NMAT) may not
exceed 10, and the number of points used to specify overburden
properties may not exceed 10. These limitations may be modified
by changing the dimensions of the brogram. If any one of these

restrictions is violated, an error message 18 printed and the

program proceeds to the consideration of the next problem.

When changing the dimensions of the program three areas must be
considered:
i) Common blocks (see Table C-1)
ii) The value of NEQ = N4 specified at the beginning of
the program‘ |

iii) The dimension checks at the end of the subroutine PREP

The dimensions in the program which are related to the size of the
problem are indicated below:

X(Ny), ¥(N), NQ(Ny+1), U(N;), V(N;)

NOD(N;,4) , MNO(N;), ST(Ny,17), INCOUT(N,)

NODB(Nj3), BIV(Nj3, 3)

SL({2*Ny) , S(2*N,, N)

DEN (N5) , NON(Ns), GNU(Ns,Ng), E(Ng,Ng), H(Ns,Ng)

AB(Ns), EB(Ns), XIB(Ns), BE(Ng), DE(Ng), TE(Ns), TK(Ns)

where
Nj = maximum node number
Nz = 1 = maximum number of elements
N3 - 1 = maximum number of boundary conditions

Cl1l
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COMMON
BLOCK

SUBROUTINE 3 4 5 6
MAiN X X X X X
STRESS X X X X X
PREP X X X
CONVT X
ANISP X
INTPI X
STIFNS X X X X
GEOM X
STFSUB X X
REDUCT Xi
ﬁAKSUé 3 X
PRINC -
ESTAB X
REINF X
STREH X X

Table C-1 - Common Blocks = Subroutine Association

clz2
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Ny > 2% (NE_

ax+l)

Z
o
0l

maximum number of different materials

Ng¢ = maximum number of points describing a Type B material

3. The program may be utilized for a non-incremental construction

analysis by specifying the number of construction increments to be one.

4. The length units used to describe the material properties must be

consistent with the units used to describe the geometry of the body.

The overburden dependence of a s0il's modulus may be accounted
for by one of two different means. "Type A" description is specified
by punching a 1 in Col. 10 of the appropriate "material card." The
overburden dependence of the modulus is modeled by using the rela-
tionship reported in Equ. (27) of the Highway ‘Research Report by

Traviémeith, et. al.*, i.e.,

Et = [A + B(l=sin¢)yH] {1 -

YH (l-sin¢) sing
2c

2c cos¢ + 2 sing (XE - ==
Ny P

where

N. = tan? (45° + %)

Ei = A + Bc3
Y = Density
¢ = Cohesion

$ = Friction angle (degrees)

H = Overburden depth

*"Stresses and Deformations in Jail Gulch Embankment," Interim
report prepared by the Materials and Research Department,
California Division of Highways, February 1972.

C1l3
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For a given constructien increment, the program takes the

'overburden depth to be the vertical distance between the center

~of the element and the surface of the soil directly above this
*ﬁpint. The value of y that is used in the above and following

*:quations is determined as follows: The average of all specified

'{‘ éélues of v, for the several materials in the problem, which are

rion-zero are used; if no non-zero values are specified, a value

of 130 pef is assumed.

t The "Type B" description interpolates plots of E and v vs.
iﬁidﬁe;purden pressure (h =_Hy), see Figure C-~2a., This description
‘V;is %pecified by aséigning propriate values for hl’ El' vy i hz, Ez,
41 etC.

'M_If_thgzprogram is to be used for a plane stress analysis the

equivalent" plane stress properties are used, i.e., for isotropic
- P

déterials the values of E and v are used for E and v.

Fam (1 +~2v)2
. (1L + v)
-\)- — V

T 1+

Linear 6rthotropic material are described by the following

tress—-strain law:

o3 Ci1 Ci12 €
9 = 1C12 Caz P
T12 Caz || 712
2 Y

Cl4
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Figure C-2a - Typical plots of E and v - Overburden
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ﬁeinforced earth materials are described by: a) specifying the
appropriate properties for the soil and b) specifying the size,
spacing and elastic properties of the reinforcing strips.

The quantities which define the reinforcing strips are

illustrated in Figure C-3.

5. Not all numbers between 1 and the maximum node number need
correspond te actual nodes in the body, e.g, the grid shown in
Figure C-4 is permissible; coordinates may or may not be specified
for the nonexistent nodes 15 and 21. This feature facilitates

the use of the various data generation options {(e.g., see "Comment 7").

6. The progiam has available two generation procedures to assist
the User in describing the location of the node points. These
generation options are described in the following two "“comments."
The use of these options can, for instance, permit one to describe
the location of the nodes for an arbitrarily large grid by as few

as four cards.

Cl6 -
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Figure C-4 - Example of grid with missing node numbers.
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7. The "straight line coordinate generation option" may be used
whenever several sequential poiﬁts lie along a straight line. For
such points it is only necessary to enter data for the end points
{denoted as N and N') of the sequence and values for INC and D.
INC is the difference between two successive node numbers in the
Ssequence and D is the ratioc of the.afstances between'successive
pairs of points. The end points of the segment may be entered

in any order, i.e. the line segment shown in Figure C—S may be
defined by specifying the end-points in order 7 + 22 or 22 - 7.
The spacing of the intermediate points is controlled by the value
of the spacing ratio D. D is equal to the ratio of the lengths

of the successive Segments defined by the intermediate points.

A value of D = 1.0 gives equally séaced points. The locations of
the intermediate points 12 and 17 (see Figure C-5) could be generated

by either specifying points 7 + 22 and D 2.0 (Note: D= 2.6/1.0 =

4.0/2.0), or 22 + 7 and D = 0.5 (Note: D 2.0/4.0 = 1,0/2.0); the

value of INC would be 5.

For the grid shown in Figure C-2 the coordinates could be generated
for the ?oints lying between 1-4, 5-8, 9-12, etc., or between

1-29, 2-18, 18-30, 3-31 etc. Note that the line 3-31 cammot be
extended to point 33 as the value of INC changes at point 31,
however, if nodes 33 and 34 had been instead numbered 35 and 36
(there would then have been no nodes numbered 33 and 34, see
"comment 5") it would be possible to generate all the nodes along

the line with a single card.

c19
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i
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Fiqure C-5 - Node points lying on straight line.
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8. The "interior node point generation option"llocates all nodes
interior‘to the body whose coordinates have not been specifically
specified by the user (i.e. all points not specifically treated in
Section Bl). The location of the interior nodes is accomplished

by £he so called "Laplacian generation schemé", i.e., the coordin-
ates of aﬁ interior node point are selected so thatqthey‘are egual
to the average of the coordinates of the neighboring nodes. Note
thét'all nodes on the boundaries of the body must be either
directly specified.or generated by means of the straight line
genefation scheme (déécribed in “cqmment47“). ,Figure C-S illustrates
two grids which have been prepafed with the aid of this generation
scheme. Grid 1 was prepared by specifying the locations of the
éxterior nodes by means of the straight line generation scheme; the
interior nodes were left unspecified and hence were "generated" as
described above. Grid 2 was prepared in a similiar way with the
exception that the interior sequence of nodes lying on the line

3-21 were generated with the "straight line generation scheme".

9. When the values of MN, and/or IN remain constant for a number
of sequential element cards, it is only’heCQSSary to specify MN
and/or IN for the first card in the group (the appropriate columns

are left blank for the remainder of the cards in the grbup).

lo. If the body is divided into layers of elements, and the’
guantities MN and IN remain the same for a number of elements
within a layer (and possibly the same for a number of layers),

the node numbers for these elements may be simply specified by

c21
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using the "element daﬂé generation option". To use the generation
option for the élemeﬁts in a single layer the data is supplied for
the first element in the layer and the appropriate values are
specified for NMIS and INC.t The quantity NMIS indicates the nunber

of additional elements in the sequence. The gquantity INC indicates

the amount by which the node numbers of successive elements differ.

For example the bottom row of elements in Figure C-2 could be specified
by giving the node numbers for element "a" and the values NMIS = §

and INC = 4 or the information for element "b" and the values NMIS = 6
and INC = -4 (in order to use this option all the elements from a + b
must, however, have the same values of MN and IN). Alternatively

if one wished to generate the element information for the elements

in the left hand column (all these elements would need to have the

same values of MN and IN), one could do this by giving the node

numbers for element "a" and the values NMIS = 2 and INC = 1, etc. .

In aédition; if the values of MN and IN remain unchanged for a
number Ofllayers the data information for all the elements in these
layers may be generated with a single card by supplying, in addition
to the values of NMIS and INC (for the first laver), the values of
NMISP and INCP. NMISP denotes the number of additional layers for
which the element data is to beé denerated and INCP indicates the
difference between the node numbers of the successive layers. For
example, if the bottom two layers of elements in Figure C-2 all had
identical values of MN and IN the data for all these elements could
be generated by giving the appropriate data for element "a" and the

values

c23
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NMIS = 6
INC = 4
NMISP =
INCP = 1

1

or alternatively

- NMIS = 1.
INc = 1
NMISP = 6
INCP = 4

" As a second example if the elements of Grid 1 of Figure C-6 all had

" identical values of MN and IN they all could be described by giving

:_ﬂ‘the‘appropriate data for the lower left element and

- NMIS = 3
INC = 1 .
"NMISP = 4 ,

INCP = 5

?-11; For each of the two directions (see "comment 12") one either
\2 specifies the displacement by setting "IF" equal to one and "V"
:equal to the specified displacement or adds in the "boundary load"”
" by leaving "IF" blank and setting "V" equal to the boundary load
(i.e._rgsultant of specified boundary stfess). Boundary displace-
ments and forcés are positi§é when they have the same sense as the
positive coordinate direction. If a boundary point is not con-
Strgined and has no load applied to it, it is not necessary and
is in fact economically not desirable to include the point in the

boundary array.

A point load may be applied at any node point within the structure

by treating it as a boundary point.

c24
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Specified loads are applied to the structure during cénstruction
increment IN. A specified displacement is applied during construc-
tion increment IN, during all other increments, the incremental
displacement for that point is taken to be zerec. If at a given
point, loads are applied during more than one of the construction
increments, this may be.achieved by specifying the point more than

once in the boundary array.

12. If 8 = 90 the subscripts 1 and 2 refer to x and v, if 8 # 0

(see Figure C-1) they refer to X1 and Xz, (i.e. IF; = IFX1' etc.).

13. 1If several segquential points have identical boundary conditions,
they may all be considerated with a single card by supplying the
propgr values for the quantities N' aﬁd INC. The quantity N' denotes
the number of the last point in the sequence. The quantity INC

specifies the difference between the node numbers of successive points.

If for example the points 1 + 21 on the bottom boundary of the
Sstructure shown in Figure C-2 all had the same Qoundary condition
specifications, this could be accomplished by specifying the appro-

priate boundary conditions and N = 1, N' = 21, INC = 4.

14, Uniform or linearly varying pressure may be applied to a
straight or curved boundary by using the boundary condition genera-
tion option (see "comment 13" - leaving the spaces for IF,, IF,,
Vi, V2 and TH blank) for the points involved and specifying appro-
priate values for PN and PN' (if the pressure is uniform PN = PN,).

For example, for the boundary shown in Figure C~7 one would specify:

C25
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N = 11
N' = 2
INC = -3
PN = 100
PN' = 50

The points N + N' must be specified in a counterclockwise order as
one proceeds along an external boundary and clockwise along internal
boundaries (i.e., inside holes in the body). Pressure specification

cards must precede all others in the "Boundary Condition Array".

15. Those reinforced earth elements which are on the edge of the
earth structure where a "skin plate" is present are flaged by

"setting IPRNT = 1.

”i6. A bending (and stretching) element (strip plate element for
ﬁlane strain, beam element for plane stress) may be placed between
any two nodes in the system. If two or more bending elements
_intérséct at a node the connection between them is treated as rigid.
Curved members may be approximated by a series of straight elements.
In the element array bendlng elements are de51gnated by leaving

their 3rd and 4th node numbers blank.

17. The section properties of a bending element are described by
specifying values of area (A) and moment of inertia (I). For plane
stress analyseé A and T aré the appropriate values for a unit width
of the bending element. The Young's modulus of the material is
denoted by E. For pléne strain the values of Poisson's ratio is
'suppliéd for v while the‘plane stress Vv is assigned a value of

zero, The guantities n and Taur.are described in Section

n_.
max’ “min

III-B-1l-b (i.e., description of output for beam element).
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18. Slope boundary conditions for bending elements are specified
automatically by the program as follows: If no digplacement
boundary conditions are specified for a node at the end of a
bending member the moment at the end of the bending member is

taken to be zero; if one or both of the displacements are specified

the slope of the bending element is set equal to zexo.

13. The "Element Excavation Increment Number" specifies the
increment during which the material in the element ig to be
excavated. If the material is not to be excavated the number

is left blank (the program then sets it equal to 99).

For a given analysis if there is to be excavation all "Type B"
materials (see note 4 and Figure C-2a) require additional input.
For excavation problems "Type B" materials require that two plots

of "E and v~ overburden" be specified.

The first (loading behavior) is used in all increments prior to the
first excavation increment for the problem. The second description
(unloading behavior) is used for all subsequent increments. Both
descriptions must have the same number of points in the specifications
of the "E & vvh" curves. For example, for an excavation problem

if material number 3 is of type B with 6 points defining the E & v
curves, then material 4 must be a dummy material that is used to
record the unloading behavior for material 3 (6 points must also be
used to describe the unloading curves). All elements made of this
material are given material number 3.

4
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Pigure ¢=7 - Pressurized boundary.
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COMMENTARY B

Discussion of Program

In this appendix very brief descriptions of the uses and special
features of the program are given. The theory of the finite element
procedure is, however, not discussed; instead the reader is referred

to standard works on the subject such as the book by Zienkiewicz*,

This finite element program may be applied to a wide range of
problems in structural engineering and mechanics. The program may
be directly, or with only minor modification, applied to any elasticity
problem that may be characterized as plane stress or plane strain.
The program is specifically set up for plane strain problems; the
use of the program for plane stress problems is described in comment
4 of Commentary A. In addition the program has certain unique features
which make it particularly suitable for the analysis of ordinary
and reinforced earth structures (e.g., embankments) situated on
soil or rock foundations. These special features include provisions
for the consideration of:
1. The incremental construction sequende
2. Overburden dependent material properties
3. Orthotropic material behavior
4. Reinforced earth construction
5. Bending members
The basic theory underlying an incremental construction analysis

may be found in the paper by Clough and Woodward**. Basically such

*The Finite Element Method in Engineering Science, McGraw-Hill,
London, 1971.

**"Analysis of Embankment Stresses and Deformations,“ J. of the Soil
Mech. and Foundations Div. of the ASCE, Vol. 93. No. SM4, July 1967,

Pr. 529-549,
C29
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analyses permit account to be taken of the fact that an earth

embankment is not formed in one operation but is instead placed
as a sequence of layers. Thus the program may be used to predict

the stresses and deformations developed in all existing layers as

each new layver is placed.

For soils whose properties are functions of the overburden their
properties may be modeled by utilizing (see comment 4 in Commentary A)
the special provision in the program for the description of this

deperidence. _

The inclusion of the option of prescribing an orthotropic stress-
strain law permits the characterization of layers which exhibit

directionally dependent material properties.

”*ﬁThe”érogram is specially designed for the analysis of reinforced

earth structures. The user supplies to the program a description
of therspacing, size and elastic properties of the reinforcing'
stiips and the properties of the soil. Utilizing these properties
the program calculates "composite properties" for tﬁe reinforced
earth (these calculatiohs are based upon the'mbdel developed by

Romstad and Herrmann*). Utilizing these "composite properties™
) g

- for the reinforced earth a finite element analysis of the structure

”hsubjected to the loads prescribed'by the user is performed. From
the finite element analysis the composite stresses and strains
developed in the réinforced.earth are obtained. The program then
uses the compoéite stresses and strains in calculations which

yield the corresponding stresses and strains in the soil and the
axial forces and moments developed in the reinforcing strips (these

calculations follow from the above mentioned model*).

*"Material Properties of Reinforced Earth," Consulting Report to
California Division oﬁggighways, July 1972,
. ¢ = -
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The bending (and stretching) element may be used, for example, to
model cross-sections of culverts or bridges which pass through

the embankment.

The finite element analysis utilizes a recently developed element
that is considerably more accurate than previously available simple
elements. The derivation and characteristics of this element are

described in detail in a paper by Herrmann¥*.

The "Input" procedures used in the program represent an attempt to
minimize the effort required by the user for data preparation and
represents a combination of numerous suggestions made to the authors

by users of related finite element programs over the past years.

*"Efficiency Evaluation of a Two-Dimensional Incompatible Finite
Element," J. of Computers and Structures, June 1972.
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COMMENTARY C

Sample Problem

In this commentary the input and outpu£ for a sample problem are
given. The problem is intended to serve as an example of the
input and output formats, and a check-problem that may be used
to determine if the program is functioning properly. For the
sake of simplicity a very much coarser grid is used for this

sample problem than would be used in an actual analysis.,

Thé configuration of the problem is shown in FPigure C-8. The first
number contained within parentheses within an element indicates

the material type, the second, the incremental construction number.
The number in parentheses next to the external load, indicates the

construction increment during which this load is applied. Material
1 is taken to have been in place prior to construction, hence,iits

weight is not a new factor and thus its density is set equal to

Zero.

The input data and the output from the program follow (Note: Units

of 1bs. and ft. were used in this example, e.g., moduli and stress

are expressed in psf):
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Figure C-8 - Sample problem.
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i INPUT_DATA CARD IMAGE w44+

REINFORCED EARTH EXAMPLE~~VERY COARSE GRID

. 3 6e15 _0___ OE132 CLETUS 6964 o
1 15000000« o3
23 4 130. 3000000, <&
o 4.32E409 4131 _ .00985 3,28 <833 00104
2000. 4200000, ol
.  4000. 5200000, b
o 10000. _ 6700000. o4& o _
\ 3374 130. 3000000« o
4.32E409 .131 «00985 $092 .833 '\ «0104
e 2000.__ 4200000a __ &% : -
4000, 5200000s . o4
10000. 6700000. ok
1 L
1 43 40. 7
2 10.
_— 44 40, 106 - ; —
3 20. 17 10l 20. 7
17 10. 20, 45 ' 40. . 20. 7
17 10e_ __ 20. __._ 20 _10. __ .50, 1 7
45 40, 20. 48 ~ 40, 50, 1
@ 20 10. 504 48 404 50a - 7
— 21 100, __60._. &9 _ 40, 60. T -
z .
1 8 9 2 1 1 5 7 1 1
17__ 24 25 __18___2 _1-_1_ 1 ]
24~ 31 327 ‘28 2 1 2 7 1 1
19 .26 27 20 2 2 : 1
263334 27 2 2 2 7 i e
20 27 28 21 3 2 1
27 34 35 28 3 2 2 7
3
49 : | 3 21 =7 2s0. 28
1 1 3 '
1 1 B ) N 43° 7 -
43 1 T 49 1
. 4 :

———— e ¢ s = e it - - . [ . J— — ———
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REINFORCED EARTH EXAMPLE~—VERY COARSE GRID

NUMBER OF CONSTRUCTION INCREMENTS = 3

PROPERTIES FOR HATERIALN_IU__*‘*’*#*!_“j_

s r—— T 2

DENSITY = 0.0

YOUNGS MODULUS= 0.1500E 08
POISSONS RATIO= 0.3000E 00

______PROPERTIES FOR MATERIAL 2  ¥&sikssn

DENSITY = 1.30000E 02

REINFORCED EARTH

— e —

STRIP YOUNGS MODULUS= 0.4320E 10 .
STRIP WIDTH= 0.1310E 00
- STRIP THICKNESS® 0.9850E~02 )

: HOR IZONTAL SPACING= 0.3280F 01
VERTYICAL SPACING= 0.8330E 00
ANGLE= Q.0 '

SOIL PROPERTIES

T SKIN THICKNESS IF BOUNDARY ELEMENT= 0.1040E-01

Cc38




STIC PROPERTIES ~. OVERBURDEN

e __ELAST]

e m———
OVERBUR DEN 'YOUNGS MobuLys POISSONS RATID
\ 0.0 .. 3¢00E 06 4+00€~0]
o 2.00E 03 4e20E 06 " 4.00E-0}1
4-00E 03 5.20E 06 4 +00E~0]

—_— 1.00€ 04 _ e BeT0E_ 06 _%.00E-01 —
—_— —_— - — 4 —_—

ﬁﬁbPERTIESMFOR"HATERIAL““3M'-**#*****_hq‘“H-“h&m~_-_‘_‘T—M_h—““w__—mﬁ_“__

———— _DENSITY = -30000E 02 = TTt——

——REINFORCED EaRTH T, e
RE| ( . ——— o

- STRIP Ypungs MODULUS= 0.4320€ 10
_ _. STRIP WIDTH= 0.1310€ 9o

—_— ~ANGLEC . T e
@ SKIN THICKNESS 1f BOUNDARY ELEMENT= 0.1040E-0)
————-S0TL PROPERTIES T e

- ELASTIC PROPERTIES - OVER BURDEN
———— T —— { e
_ ' OVERBUR DEN YOUNGS MODULUS POISSONS RATIO

0.0 3.00E 06 4.305—01
. _ﬁz.ooe_oa_ﬁm*_____u__4.205 06 4«00E~01
| 4.00E 03 5.20E 06 4e(0E~0]
1.00E 04 6.70E 06 4.605-01
.%%*Hw__hﬁ_ﬁ_%%hhﬁmH“m_m%u_m%m_ﬁmmhwm_mmmm%%m%

-,_—-—'-~._____ﬁ___._.¥___..___._.__h__._ T e e

_._.-..——_.,__"—"—-'_—______.—-..._._ e L T e .......4.,.__._..,_.__%-_,.._.__-..._,.. e e L

€39



NODAL _

_ R X A M_ﬂ“,__mmNODALm_mwmm_, X R Y I
- POINT COORDINATE CUORDINATE POINT COORDINATE CODRDINATE
ﬁtf_l o 0.0 . 0.0 . — 17 10.00__’~_ﬂ_’“20.00_t__m
2 0.0 10.00 i8 10,00 30 .00
. S— 0.0 __ﬂ____"wis.oo T 20 . .- 10.00 _ ___50.00 L
- 0.0 17.50 21 10.00 60.00
b 0.0 16.25 22 20,00 0.0
el T . 0.0 _“__m16.88 R 23 0___‘_m_18.85 . __;H_IO.OO o
8 & o067 0.0 24 1T .50 20,00
Q9 5.92 10.00 25 17.50 30.00
10, . 5,00 d__Z0.00 R 26 Hdﬂ__ﬂ_ﬁl?.SO ____ﬂ(__ﬁ0.00_
11 617 ' 14.22 } 27 17.50 50,00
 12 &L e 58 17.11 28 17.50 60,00
______ 13 #,“-37._ m_ﬂlS.bb __“‘_“"_m_29 — __26.67 _ . 0.0 _
‘14 L4408 16039 30 25.806 10.00
15 13.33 0.0 31 25 .00 20.00
216 __M_LZQQ3 __ﬂ_ijoOOQMnm"_-_,”32_u“ mZﬁ,QOF L _}0.00”_
33 R _ 25000 . S 40 000 ] e e — e [ U
34 - ’ 25.00 50.00
= 35 25.00 &£0.00
e 3333 —— 0.0 . T
37’ : 3292 10.00
28 32450 20400
) A—— 32,50 M_rnwwm_BO.OO I R e -
40 3272.50 40,00
41 3Z2..50 50.00
. Y- S —— 32.50_"“~___"__60.00_m [ —
43 40.00 0.0 |
Lty 40.00 1000
L & S 40,00 - 20000 o e T U S
&6 4000 - 30,00
&7 40.00 4000
48 40.00_“"__“__.50.00__ e I ——
49 40.00 60.00
_ e e — T R
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__ELEM____ ELEMENT __MAT___CONST_____ ELEM ELEMENT MAT__ funs

~ " ND. NODAL POINTS NO.  INCR. ND. NODAL POINTS ND.  INCR
1 _ 1.8 9 2 1 _ % _ 10 __ 37 38_31 30 __ 11
T2 2779 10 "3 1 1 11 43 44737 36 1 1
3 8 15 16 9 1 1 12 37 44 &5 38 1 1
__ &% 16 17 _10_ 9 1 1 13 _ 17 _24_25_18_ 2___ 1
5 157 22 723716 1 1 14 18725 26 19 2 1
6 - 16 23 24 17 1 1 15 26 31 32 25 2 1
7 29 30 23 22 1 1 16 32 33 26 235 2 1
8 23 30 31 24 3 i 17 31 38 39 iz 2 1
9 36 37 30 29 i 1 18 32 39 40 33 2 1
ELEM____ ELEMENT __ MAT __ CONST S
® : " NOe NODAL POINTS NO.  INCR.
19 38 45 46 39 ___ 2 1 L
20 39 46 47 40 2 1 —
21 19 26 27 20 2 2
22 26 33 _34 27 2. 2 . )
23 33 40 41 34 2 2
24 4T 48 41 40 2 2
25 20 27 28_ 21 3 2 » .
26 27 34 35 28 3 2
27T 34 41 42 35 3 2
28 41 __48__49 42 3 2 -
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_BOUNDARY NODE = _

23 %BOUNDARY CONDITIONS*#%¥

o _INCREMENT NO._

49 P-X= 0.0 P-Y= =9.38E 02  ANG= 0.0 3
42 P-XE 0.0  P=Y= -1.,886 03  aNe= 0.0 3
_3-_5___,____‘;9-x= 0.0 ____ P-Y= =1.88E 03 ___ANG= 0.0 3 ___
28 P~X=. 0.0 P-Y= -1.88E 03 ANG= 0.0 3
TTTT21 T T PXe 0.0 pvs 29.38E 02 7 “ANG= 0.0 3
- 1 U=X=_ 0.0 __  P=Yr _0.0________ ANGE 0.0 1 .
2 U-X= 0,0 P=¥Y= 0.0 ANG= 0.0 1
Ty U=Xe 0,0 Py 0.0~ ANG= 0.0 1
3 UeX=_.0s0____U-Ye= 0.0 _______ANG= 0.0 _ v
8 U-Xs 0,0 U~YE 0,0 ANGE 0.0 1
TR T Uexe 0.0 T TTU~Ye (0.0 T TANGE 0.0 T YT
22 U=X&_ 00 _ . U=Ye 0.0 _____ ANG= 0.0 _ __ 1
29 U=-X= 0.0 U-Y= 0.0 ANG= 0.0 1
1 TTUX= 0.0 T U-¥E 0.0 7 ANG=T 0.0 B U
.. k3 U=X=_ 0.0  _ U=¥= _0.0 ____ ANG= 0.0 R S
44 U-X= 0,0 _ P-Y= 0.0 ANG=_0.0 __ 1 ___
45 U=X= 0,0 P-Y= 0,0 ANG= 0.0 1
46 U-X= 0.0 P=Y= 0.0 TANG= 0.0 D
47 U-X= 0.0 ___P=Ye 0.0 ________ANG= 0.0 __ ___ %
48 U-X= 0,0 P-Y= 0.0 ANG= 0.0 1
49 Uoke 0.0 T P=ve 0.0 ANGE= 0.0 1T
c42 ®




CONSTRUCTION_INCREMENT _ 1

ELEMENT |
NO. XY __EPSILON-X EPSILON-Y _ GAMA=XY
i 3e33E 00 5.00E 00 —2.60E-05 =4.57E-05 =—4.00E-05
2 2.96E 00 1.50E 01 =5.00E-05 5.17E-06 =3.16E-05
3 9.63E 00  5.00E. 00 =5.30E-06 =7.17E~05 =5.63E-05
4 Te96E 00  1,50E Ol =3,85E-05 =4 54E=05 =~1.30E-04
5 1.60E Ol __5.00E 00 _ 3.01E~06 =9.64E=05 =5.T72E~05
6 1.44E 01  1.50E 01  1.03E-05 ~-1.08E~04 ~8.07E~05
7T 2.29E 01  S5.00E 00 9,356-0b =-1.15E~04 =3.87E-05
B 2e17E 01 1.50FE 01 1.67E-05 ~1.27E<04& =2.95E-05
9 2.98E 01  5.00E 00 BoBSE-06 "~1.22E-04 =1.94E-05
10 2.92E 01 1.50F 01 1.93E-05 =1.31E~04 =1.,39E-05
11 3.67E 01 5.00E 00 B8,53E~06 =1.24E~04& —6.36E-06
12 3.63E 01  1.50E 01 1.97E-05 =1.33E-04 =3.71E-06
13 14388 Ol  2.50E Ol 9.88E=05 =3.31E~04 <=2.45E-04
STRIP AXIAL FORCE= 5.510E 02 MOMENT= 5,54BE-03
SKIN MEMBRANE STRESS= 0.374E 05
i 14 1e37E 01  3.50E 01 7.07E-05 ~1.32E-04 8.B0E-05
STRIP AXIAL FORCE= 3.942F 02 MOMENT= B8.052E-03
SKIN MEMBRANE STRESS= 04,470E 04
15 "2412E 01 2.50F 01 6.07TE~05 +~2.89E-04 ~1.27E-04
STRIP AXIAL FORCE= 3.385E 02 MOMENT= 5.B94E-03
B 1 T 2412E 01 3.50E 01  T7.64E=05 —1.56E-04 2.98E-05
STRIP AXIAL FORCE= 4.259E 02  MOMENT= 7.309E-03
AT 24876 01 2.50E Ol 4.73E-05 =2.83E-04 =5.28E—05
STRIP AXIAL FORCE= 2.635E 02 MOMENT= 6.068E-03
18 - 2.87E 01  3.50E 0L 6.59E~05 =~1.39E~04 3.74E-06
STRIP AXIAL FORCE= 3.675E 02 MOMENT= T.107E-03
19 T T3,62E 01 2.50E 01  4.23E=05 -2.T7BE-04 ~=1.59E-05
STRIP AXIAL FORCE= 2,357E 02 MOMENT= 6.126E-03
200 7T T3062E 01 3.50E 01 6.3TE-05 ~1.38E-04 =2 u45E=07
STRIP AXIAL FORCE= 3.554F 02 MOMENTE 7.024E-03

C43
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U ELEMENT |
NO.  SIGMA-X __ SIGMA-Y _ TAU-XY _ SIGMA=1 __ SIGMA=2 _ ANG

—921E 02 =1.15E 03 =2.31€ 02 =T.77E 02 =1.29E 03 -3.19E 01

1
- —2___ “9-65E 02 -3.28F 02 ~-1.62E 02 ~2.80E 02 “~1.01E 03 _ 1.05E 02
3 ~Te2BE 02 =1.49E 03 =3.25£ 02 =6.09E 02 -1.61F 03 =2.02E Gl
4 =lel7E 03 ~1.25E 03 ~7.47E 02 ~4.62E 02 =1.96E 03 ~—4.35E 01
— 5 -7.73E 02 -1.92E 03 =3.30E 02 =6.85E 02 -2.01F 03 ~1.50F 01 _
6 “Te29E 02 =2.09E 03 =4.66E 02 =5.85E G2 =2.24FE 03 —1.71F Ol
7 =8.04E 02 =2,24E 03 =2.23E 02 =7.70FE 02 =2.27E 03 =—8.67E 0O
B ~Te66E 02  ~2.43E 03 =—1.70E 02 ~7.49E 02 -2.45E 03 =5.77¢ Co
9 ~B.78E 02 =2.39E 03 =1.12E 02 ~8.70FE 02 -2.40FE 03 =—4.21E GO
10 =7«45E 02 —2.48E 03 ~84.01FE 01 =7.41FE 02 =2.48E 03 =2.64E 00
A1 -9.01E 02 ~2.43F 03  =3.67E Ol -9.01E 02 -2.43E 03 —1.37€ 00
12 ~7e53E 02 =2,52E 03 ~2.14E OL =7.53E 02 =2.52E 03 —6.96E-01
13 “9e33E 02 =2.03E 03 =3.14E 02 —-8.50E 02 =-2.12E 03 ~1.49E O1

P mmtem——"a i tim o meee——— e s PAT LM mmmn 4w na 1 ¢ s e e m———s v s aeeme e - dmi e e o . e

14 . ~1.17€ 02 _~5.79¢ 02 __ 1.00E 02__~9.65€ Ol _~6.00E 02 _ 1.17E Ol

157 . .1.01E 03 =1.91E 03 ~1.63E 02 =9.85E 02 —1.94E 03 ~9.99E 00

16 . T-1.89E 02 TE7.198 02 3.40F 01 =1.86E 02 =7.218 02  3.65€ 60 .

17 . “1.09E 03 -1.94E° 03 "6.76E 01 T-1.08E 03 =1.94E 03 =—&4.54E 00

18 | Tl1.82E°02  ~6.49 02" 4.27E 007 “1.82E 02 —6.49E 02  5.236-01

19 " TL1010E 037 ~1.92E 037 12,04 017 =1.108 03 10928 03 LILiZE 00

20 Y938 027 ~6.52F 03 =2.806-01 =1.93E 02 “6.5ZE 03 ~3.49E-02
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_ NODAL___ X Y  NODAL __ X ) Y
POINT DISPLCEMNT DISPLCEMKT POINT DISPLCEMNT DISPLCEMNT
1 0.0 0.0 17 __ =B.61E-04 ___ _~1.55E-03
2 0.0 -3+ 06E-04 i8 =3,18€~03 ~5+25E~03
3 ,0.0 —3+ 15E=04& 19 9. TEE~04 =65 14E=03
&% 040 040 20 ____ 0.0 0.0
5 0.0 0.0 21 0.0 0.0
& 0.0 ‘ 0.0 22 0.0 0.0
7 0.0 _ 0.0 - 23 =3.65E~04 __ -1.07E-03 _
8 0.0 0.0 24 —b o 5 TE~Ch —2+29E-03
9 . ~3.35E-04 =5 TTE=04 25 ~1.81E~-03 ~5.19€E=03
10 —2.09E=04 _ _ —4o3BE=04 __ 26 __ ~1.28E~03 __ ~6.92E~03
11 0.0 0.0 27 0.0 0.0
12 - 0.0 0.0 28 0.0 0.0
13 G0 0.0 o 29 0.0 6.0 )
14 0.0 0.0 30 - =2.3TE-04 ~1«20E~03
15 0.0 0.0 a1 ~3+31E~04 -2 o4 BE~0Q3
16 . =4.06E=04 __~8.12E~04_ 32 =1,01E-03____  =5.37E~03_
33" ~9.33E~04 __ =6.75E~03 __ e
34 0.0 0.0
. 35 0.0 0.0
36 ... 0.0 0.0 _ R
37 =1a17E-04% =1 «23E-03
.38 -~1leT1E=04% «~2.57TE~03
36 —4,63E-04 _ ~5.35E-03 L S
40 ~4.93E-04 ~6+T5E~03
4] 0.0 0.0
&2 040 ___ . 0.0 B I
43 0.0 0.0
&4 C.0 ~1.25E-03
.45 .00 .. =2.58BE-C3 R .
47 0.0 -6 T2E~03
_ 4B 0.0 __0.0_ ~ . )
49 0.0 0.0
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" " CONSTRUCTION_INCREMENT 2

ELEMENT

NO. X Y _EPSILON-X EPSILON-Y __ GAMA-XY

1 3.33E 00 5,00E 00 =5.40E-05 —1.02E-04 —8.54E-C5

2 2.96E 00 1.50E 01 ~1.09E-04 1.10E-05 =7.05E~05

3 9463E 00 5.00E 00 =T.96E~06 =1.52E-04 =1.09E-04

& 7e96E 00 1.50E 01 =B.36E-05 =-1.02E-04 =2.86E-04

5 1.60FE 01 _ 5.00E 00 _ 6.87E=06 =1.96E~04 =~1.09E~04

6 Le44E 01  1450E 01  1,77E~05 =2.22E-04 -—1.60E-04

7 20.29E 01  5.00E 00 1.75E-05 ~2.26E-04 =—T.07E-05

8 "2417E 01 _ 1.50E O1 3.19E-05 =2.49E-04 -7.10E-05

9 2.98E O1 5.00FE 00 1.68E~05 =2.36E-04 =3,70E-05

10 2.92E 01  1450E 01 4.52E=05 ~2.57TE-04 =4.49E=05

11 __3.67FE 01  5.00E 00 1,77E-05 =—2.39E~04 =1.31E-05

12 3462E 01  1450E .01 4.96E=05 ~2.64E~04 ~1.40E~05

13 1.37€ 01 2,50E 01 2.31E=04 =~6.95€~04 ~5,94E-04
STRIP AXIAL FORCE= 1.285E 03 MOMENT= 4.430E-03__

SKIN MEMBRANE STRESS= 0.B40E 05

14 . 1e37E OL  3.50FE 01 3.05E-04 =5.45E-04 4.T7E-05

STRIP AXIAL FORCE= 1.699E 03  MOMENT= B8.246E-03
SKIN MEMBRANE STRESS= 0.194E 05

15 2.12E 01 2.50E 01 1.59E-04 =5.89E-04 =~3.89E-04
STRIP AXJAL FORCE= B.B68E 02 MOMENT= 5.140E-03

i6 2.12E 01  3.50FE 01 2.90E-04 =-6.03E~04 =-8.68E-05
STRIP AXIAL FORCE= 1.619FE 03 MOMENT= 7.021E-03

17 2.8TE 01  2.50E 01  1.44E-04 ~5.94E-04 ~1.89E-04
STRIP AXIAL FORCE= 8.,032E 02 MOMENT= 5.516E-03

18 2.87E 01  3.50E 01 2.51E~04 =~5.62E~04 =6.05E-05
STRIP AXIAL FORCE= 1.401E 03 MOMENT= 6.860E-03

Cdso
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- @ ELEMENT,

NOe___ SIGMA-X___ SIGMA=Y___ TAU-XY SIGMA-1 __ SIGMA-2 _ ~ ANG
1 “1.97E 03 =2.52E 03 ~4.93E 02 -1.6BE 03 =2.81FE 03 =3.04E 01
e 2 w2.11E 03 =T.24E 02 ~4.0TE 02 =6.14E 02__~2.23E 03 __ 1.05€ 02_
3 ~le4B8E 03 =3.15E 03 =6.27E 02 =1.27E 03 =3.36E 03 =-1.85E 01
4 =2e57E 03 =2.78E 03 —1.65E 03 =1.02E 03 =4.33E 03 —4,32E Ol
—_—— 5 “1.56E 03 =3.90E 03 =6.27E 02 =1.40E 03 _ =4.06E 03 _-—1.41E 01
6 ~15TE 03 =—4o34EF 03 =9.22E 02 =1.29E 03 ~4.62E 03 =1.6BE 0Ol
7 “1.60E 03 =—4442E 03 =4,08E 02 =1.55E 03 =~4.47E 03 <-B.09E 0O
— 8 “1.51E 03 =4,75E 03 =4 lCE 02 =—1.46E 03 —4.80E 03 _~7.05E 00
13 “1oTOE 03 =4.62E 03 =2.14E 02 =1,69FE 03 ~4.64E 03 =4.16E 00

=1432E 03 =4.81FE 03 =2.59E 02 =1.30E 03 <~4.83E 03 —4.22E 00

.11 “1.71E 03 =4.6TFE 03 =7.53E 01 _=1.71E 03 _ —4.67TE 03 ~1.46E 00
{g ~1e28E 03 =4.89E 03 =B.08E 01 ~1.28FE 03 =4.89E 03 ~1.26E CO

=2.10E 03 =4.,92E 03 =9,21E 02 ~1.82E 03 =~5.20E 03 -1.65E 01

|
|

.14 =4 4B4E 02 ~2,85E_03__ 4.10E_01__—4.83E 02 -2.86E 03___9.90E-01l

® 1877 m2.06E 03 —4.32E 03 ~6.11E 02 ~1.91E 03 —4.48E 03 =l.42E O1

TTTTUIETT =9446E 027 —3.46E 03 ~1.41E 02 —9.38E 02 -3.47E 03 -3.20E 00
T T =2023E 03 —4.4BE 03 —3.02E 02 -2.19E 03 —%.52E 03 =T.51E 00
———3§  <1.05E 03 TS3.336 03 “9.14E 01 <1.04E 03 ~3.33E 03 -2.29E 00
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C STRIP AXIAL FORCE= 3.,424E 02: MOMENT= 7.874E-03 __

 ELEMENT

NG x Y EPSILON-X EPSILON-Y  GAMA=XY

197 3.62E 01  2.50E 01  1.37E-04 =5.89E-04 =6,02E-05

STRIP AXIAL FORCE= T.641E 02 MOMENT= 5.643E-03

20 77T 3,62E 01 3.50E 01  2437E~04 ~5.56E-04 ~2.02E-05

STRIP AXIAL FORCE= 1.323E 03 MOMENT= 6.797E~03

21777 1.37E 01 4.50E 01 1,78E-04 =~3,36E-04 8.20E-05

STRIP AXIAL FORCE= 9.910FE 02 MOMENT= 6.618E-03
_SKIN MEMBRANE STRESSx= 0,142E 05

22 2.12E 01  4450E 01 2.03E-04 ~3.96E~04 1.02E-04
____STRIP AXIAL FORCEx 1.132E 03 - MOMENT= 6.690E-03

23 2.87€ 01 4.50E 01 1.89E-04 ~3.96E~04  5.42E-05
____STRIP AXIAL FORCE= 1.053E 03 MOMENT= 6.520E-03 _

24 3.62E 01  4.50E 01 1.79E-04 <3.87E-04 1.97E-05
___STRIP AXIAL FORCE= 9.984E 02 MOMENT= 6.480E~03

25 1.38E 01 S«.50E 01 6el14E~05 «1.24E~04 T+51E~05

SKIN MEMBRANE STRESS= 0.582E 04

26 _. 2.13E 01 5«50E 01 9.é3E—05 ~1.62E~04 1.15E-04 -

" STRIP AXIAL FORCE= 5.481E 02  MOMENT= . 7.697E-03

27 2.88E 01 5.50E 01 1.25€E=~04 =1 .B4E-04 T 46E~05

"TTSTRIP AXIAL FORCE= 6.993E 02 MOMENT= 7.496E-03

28 3.63E 01 5.50E 01 1.36E-04 =1.91E-04 2.30E~05_
STRIP AXIAL FORCE= 7.581E 02 MOMENT= 7.351E-03
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@ EiemEnt 8 B
ND. SIGMA-X  SIGMA-Y  TAU-XY SIGMA-1  SIGMA-2 ANG

T 197 7 =2.26F 03 <4.48E 03 -9.65E 01 <2.26E 03 —4.48E 03 ‘—2449E

——

T 20 7 =1.13E 03 <3.36E 03 -3.015 01 ~1.13E 03 -3 -3.36E 03 — = T

21 "1'3;5'45:‘0'2"""-'1".575_'di“'i.oSE“oz =3, 46E 02 ~1.68E 03  4.53E -
22 ~4e69E 02 =~2.00E 03 1.31E 02 ~4.58E 02 <«2.01F 03 4eB5E
23 "SeT6E 02 =2.07E 03 6.94E 01 =5.73E 02 ~2.08F 03 2.65¢ ~-
26  T6.06E 02 -2.06E 03  2.52E 01 =6.05€ 02 ~2.06E 03  9.98E-0]
25 =1.45E 02 ~5.68FE 02 B8.57E 01 =~1.29€ 02 -5.85F 02 1.1GE 01
® 26  ~6.69E OL_r6.61E 02 1.31E 02 -3.94& 01 =6.89€ _02__ 1.19€ 01
‘27 1.97E_01_~6.86E 02 8.51E Ol___2.98E _01_ -6.96E_G2__ 6.78E 00

28 - .6e12E 01 _=6.84E 02__2.62E Ol__ 6.21E 01 __=6.,85E 02__ 2.01E 00
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" NODAL

X Y —— NoDAL X _— . Y o
POINT DISPLCEMNT DISPLCEMNT POINT DISPLCEMNT DISPLCEMNT
2 0.0 =6.B6E~04& 18 ~-B.T6E-03 ~1415E-02
— H__é“ e 0.0 - 0.0 20 -4 T1E~-03 ________.__“1 «27E~02
5 0.0 0.0 21 ~1.61£-03 =1 .3TE-02
(3 0.0 0.0 22 0.0 0.0
T 00 @0 23 ~T.08E-04 _ ~2.15E-03
9 =6e 95E~04& =]1.28E~03 25 ~5.47TE=-D3 =1 .03E~02
10 . =4 95E=0O4& "9, 64E=~0& - 26 _ _  =b64.22E-03 _ -1 .6BE-02
11 0.0 0.0 27 =3.,64E-03 =1 .37E-02
12 0.0 0.0 28 =1.7T6E-03 =1.52E=02
e 13 0.0 _ 00 29 _.. D0 ___ 0.0
15 0.0 0,0 31 =9,08BE~04% =k «84E—-03
16 __ =Be03E=04& =1.69E-03_ _ _ 32  «3,31E-03 ___ -1,0BE-02 _
33 =4.02E-03 -1 .65E-02 _
34 =2.43E-03 =1.38E-02
3as ~1.49E£-03 ~1 . 55E-02
.36 __ 0.0 0.0 ) R o
-38 -4.8 0E—-04 +~5.01 =03
39 ~1.58E-03 ____ -1.09E-02 ] o
40 ~1.98E-03 ~1l.65E~02
41 -=1.20E-0Q3 ~1+36E-Q2
b2 =Be44E-04__ _ ~1.55E~-02 ~
- 43 G0 0.0
44 0.0 ~2 «40E~-03
45 ___ 00 _____ _ =5,03E~03_ o N )
46 0.0 -~1.09E~02
&7 0.0 =—]1 s64E~02
—.48 .00 =1+36E~02 _ _
49 0.0 -0.,02
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CONSTRUCYION INCREMENT 3

f ———m—amit 4 e

15 " 2412E 01  2.50E 01
~ STRIP AXIAL FORCE= 9.356F 02 MOMENT= 5,074E-03
) 16 2.12E 01 3450 01 3.10E-04 =6.41E-04 ~9.59E~05
STRIP AXIAL FORCE= 1.727E 03 MOMENTz 6.989E-03
T U177 248TE 01 2.50€ 01 1.52E=04 —6.20E~04 ~1.98E~04
STRIP AXIAL FORCE= B8.475E 02 MOMENT= 5.471E-03
18 T 2e87E 01 3.50E 01  2.68E=04 =5.9TE~04 ~6.65E-05
STRIP AXIAL FORCE: 1.495E 03

ELEMENT ‘
_ _NO. X ¥ _ EPSILON-X EPSILON-Y  GAMA-XY
1 3.33E 00 S5«00E 00 ~5,66E~05 =1 .07E-04 <B8.99E-05
2 _2.96E 00 1.50E 01 =1.15E-04 1.15E-05 =7.43E-05
& T«96E 00 1.50E 01 =8.,7&6E~05 ~1.08E-04 ~3.02E~04
_ 5 .1.60E 01 | 5.00E 00  7.40E=06 =2.,06E-04 =-1.13E-04%
7 2.29E 01 5.00E QO 1.83E~05 =2.37E~04 ~7,31E-05
e __ B 2417E 01 1.50E 01 3.35E-05 —2.61E-04 ~7.,36E=-05
9 2.98E 01 5.00E 00 1.74E-05 —=2.47E-04 =3,81E-05
10 2492E 01 1.50E 01 4eT3E~05 =2.69E-04 =4,68E-05
11 3.6TE 01 5.00E 00 1.83€E~05 ~2.49E-04 ~1.35E~05
i2 3.62E 01 1.50E 01 5.18E~05 <~2.75E=04 ~1.46E~Q5
13 1.37 01 2.50E 01 2e44E~04 ~T7.30E-04 =6.23E-04
e _ .. STRIP AXIAL FORCE= 1.359€ 03 MOMENT= 4.322E-03
SKIN MEMBRANE STRESSt= O0.B864E 05
.14 1.3TE 01 3,50E 01 3,28E-04 =5.86E-04 4.75E~05
STRIP AXIAL FORCE= 1.829E 03 MOMENT= B8.263E-03
SKIN MEMBRANE STRESS+® Q.209E 05

1.68E=04 =56,16E~04 =4,0TE~04

C51

MOMENT= 6.825E-03



. ELEMENT
NOs_

|

OJD~J0\n4~U!Nr»

71&___,_f5f22E

18T a2, 168
16 = =1.01F
1777 =2.33€

16 =1l.11E

“2007E
—2.22E
—2 «TGE
~1.63E
-1 -5 8E
-1.TBE
10 ~1.37E
11 -1.79E
12 =1.33E
13 -Z.21E

03 =2.65F 03 =5,19E 02 =~1.77TE
03 =T.63E 02  ~4.29E 02 -6.47E
03 =3,31FE 03 —06.55F D2 ~1.33€
03 =~2.94F 03 =1.74E 03 ~1.07E
03 -4.10F 03 =6.53E 02 =le47E
03 =4.56E 03 =9.63E 02 <1.36E
03 =4,63E 03 ~4,22E 02 =1.62E
03 —~4.,98F 03 =4.25FE 02 =1.52ZE
03 ~4.83E 03 ~2.20F 02 -=1.77E
03 =5.02F 03 =2.70E 02 =1.35E
03 —~4488E 03 ~7.76E 01 ~1.79E

03 +~5.11E 03 =8.41FE 01 =1.33E

03 =5.,23E 03 =9.76E 02 <}l.92E

02 =3411E 03 __ 407 Ol__-5.21F

03 T=4,56E 03 =6.47E 02 -2.00E
03 =3.73E 03 ~=1.57E 02 =9.99E
03 <4.71E 03 =3.198 02 =2.29E

03 =3,57E 03 =-1.02E 02 =1.1l1E

Cc52

SIGMA=~X  SIGMA=Y _ TAU=-XY  _ SIGMA-1

03
02
03
03
03
03
C3
03
03
03
03
03
Q3

02 _

03

_ SIGMA~2 = ANG__

—2+96E 03 ~3.03E 01

—2.34E 03 1.05E 02

-3.53E 03 <l.63E Q1
—4«56E 03 =—4.31E 01

. =4e26E 03  ~-l.40E 0Ol

~4.85E 03 -1.67E 01
~4.6BE Q3 ~=T7.95t 0O
~5.03E 03 =7.02E 00 _
-4 .85E 03 -4.10E 00
~5.04E 03 =—4.20E 00

_~4.88E 03 _~1.44E 00 _

-5.11E 03 ~1.28E GO
=~5.51E 03 -—1.65E Ol

‘=3.31E_03_ '$,01E-01L__

“4,72E 03 ~1.42E OL .

02 =3.T4E 03 ~3.30E 00

03  —4475E 03 ~T.51E €O

03

—3.57E 03 —2.37E 00




ELEMENT
NOD. X ' EPSILON-X EPSILON-Y  GAMA=XY

19 3.62E 01 2.50E 01 1.45E-04 ~6.14E-04 ~6.32E-05
STRIP AXIAL FORCE= B8.062E 02 MOMENT= 5.604E~03

T 200 3.62E 01  3.50E 01 2.53E-04 -5.90E-04 ~2.23E-05
STRIP AXIAL FORCE= 1.411E 03  MOMENTz 6.761E-03

21 " "1e37E 01 4450 01  2.02E-04. =3.81E-04 8.21E-05
STRIP AXTAL FORCE= 1.128E 03 MOMENT= 6.590E~03

) _ SKIN MEMBRANE STRESSz 0,161E 05 e

22 2.12E 01  4.50E 01 2.28E—04 =—4.41E~04 1.02E~04

e STRIP AXTAL FORCEx 1.271E 03  MOMENT= 6.673E-03

23 2.87E 01  4450E 01  2.13E-04 =4.39E=04 5.16E-05
. e —__STRIP AXTAL FORCE=_ 1.185E 03 MOMENT= 6.492E-03

24  3462E O1  4.50E 01  2,02E~04 =4.29E~04 1.88E~05
- STRIP AXTAL FORCE= 1.127E 03 MOMENT= 6.451E-03

25 1.37E 01 5.50E O}  9.17E~05 =~1.79E-04  7.52E-05
— ___..STRIP AXTAL FORCE= 5.113E 02 MOMENT= 7.851E-03
 SKIN MEMBRANE STRESS= 0,765E 04

_.26 . 2e12E 01  5.50E 01  1.286-04 =—2.17€-04 1.14E-04

STRIP AXIAL FORCE= 7.149E 02° MOMENTE 7,669E-03

27 . 2.87E 01 5.50E 01 1.,55E~04 <-2.38E-04 7.39E~05
STRIP AXIAL FORCE® 8.647E 02 MOMENT:= 7.470E-03

. 28 ... .3e62E 01 5450E 01 1065E~04 =2,44E~04 2.24E-05

STRIP AXIAL FORCE= 9.21SE 02 MOMENT= 7.323E-03
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- NO,

26_ __
27

28

. ———

=1.91E 02 -8.18E 02

ELEMENT

SIGHMA~X  SIGMA-Y

a4 02E 02 ~1.92E 03  1.05E

e —mmm am e A ——

—5413E 02 =2.26E 03

1.30E

6 JS54E

. 2«38E

B.58E

~6.24E 02 —2.33E 03

_ =1413E_02_ =9.12E _02__ 1.31E

. m2e66E 01__=9.36E 02__ _8.42E_

C54

TAU-XY

SIGMA-1 SIGMA~2Z ANG

2.36E 03 ~4eT70E 03 =1.02E 02 =2.36E 03 =4.71E 03 —2.50E 00

01 =1.20E 03 <~3.60E 03 =Be.06E-01

02 T=3.95E 02 —1.92E 03  3.95E GO

‘4e24E QO

02 <-5.04E 02 =2.27& 03

01 =6.22E 02

2+20E 00

Ol ~6¢54E 02 =2.30E 03 8.2BE—0O1

01 =1.79E 02

~B8.29E 02

T6pE 00




_ NODAL =~ x Y eeoro._NopDAL __ X o Y
POINT  DISPLCEMNT DISPLCEMNT POINT DISPLCEMNT DISPLCEMNT
T 0.0 0.0 e AT =1.37E-03  ~3,.54E-03
2 0.0 ~Te24E=~04 18 =9, 25E~03 =1.21E-02
3 0.0 =7 « 64E=~04 19 ~8.14E~03 ~1.70€E-02
% 00 0.0 20 ~5.52E-03 =1 .41E~02
5 0.0 0.0 21 . =2.59€-03 ~1.57E-02
6 0.0 0.0 22 0.0 0.0 .
T 0,0 0,0 e 23 _=Te3TE-04 _ =2.26E-03 -
8 0.0 0.0 24 ~1.19E~-03 ~4 480E-03
9 ~T7 o 29E~=04 ~1.35E=03 25 -5, 78E-03 «~] «0BE-02
10 ~5.21E=04 _ ~31.02E~03_ 26 _ _ =6e69E-03 __  =1.T7E-02
11 0.0 0.0 27 =~ o 26E~-03 =1.51E~02
12 0.0 0.0 28 -2+ S0E-03 ~1.71E-02
13 0.0 0.0 e .29 0.0 0.0
14 0.0 0.0 30 ~4oBBE-04 =2 45E~03
15 0.0 0.0 31 ~9.54E~04% -5 «06E=~03
16 =8038E=04___ —=L.76E~03__ 3z =3e50E~03 ___ -1.13E-02
.33 - =4,32E~03 _ ~1.73E-02 ] N
@® = ~2.83E-03 ~1.51E-02 ;
35 “1.97E-03 ~1.T4E~02
36 0.0 I Y ¢ _
37 —2.50E~04 ~2 o 48E~03
38 ~5.,04E~04% ~5423E-03
39 ~1.67E-03 = —1.14E-02 e
40 ~2+13E-03 ~1.73€-02 \
41 ~1.39€~03 ~1 49E~02 \
_-___.."2 .._.._.»....f"l -09E’03 ,____“,_-1 073E"‘02___ — . ‘
43 0.0 0.0
4é, 0.0 -2« 50503
e — 45 e 0.0 e ma—— ____"5 «25E-0Q3 —_ e e
4‘6 0.0 "'1014E'”‘02
47 0.0 . =1eT72E=~02
48 0.0 .  _ _ _=1.4BE-02 o
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APPENDIX D

LIST OF THE FINITE ELEMENT COMPUTOR PROGRAM
AND

EXAMPLE OF INPUT AND OUTPUT DATA
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-INPUT DATA DESCRIPTION
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e et s — - PSRN R -

.._.REINFOKCED EARTH _PROJECT _ 39 _ STA .551+75 . . .

NUMRER OF CONSTRUCTION INCREMENTS = '12

. _PROPERTIES FOR MATERIAL _1_ _siemsssgs -~ - 0% e
o DENSITY = 040

PROPERTIES ARE OVERBURDEN DEPENDENT

_._»MODULUS VS CONFINING PRESSURE. ~ A(INTERCEPTY= '0.1000E 07

B(SLOPE)= 0,.,7370E 03
FRICTION ANGLE= 0.,4000E 02

.COHESION=_0.9000E 03 .

POISSONS RATIO= 0.3000& 00 SO
’ /
‘.' D13




PROPERTIES FOR MATERIAL 2 RenaaRn : .

DENSITY = 0.0 T
— PROPERTIES ARE UVERBURDEN DEPENDENT e

MODULUS VS CONFINING PRESSURE = A(INTERCEPT)= 0,.5550E 06
B{SLOPE)= 0.1680FE 03 _

FRICTION ANGLE= 0.4000E 02
COHESION= 0,5000E 00
PUISSONS KATIO= 0.3000E 00 _ o

PROPERTIES FOR MATERIAL 3 Y Y
e DENSITY = L a&3000E 02 o oo o

- PROPERTIES ARE OVERBURDEN DEPENDENT
MODULUS VS CONFINING PKESSURE - A(INTERCEPT)— 0.1000E 07
B(SLOPE)= 0.7370E 03
—.FERICTION ANGLE= 0.4000& 02
COHESION= 0,9000E 03
POISSONS RATIO- 0.3000€E 00

.“~“.PRUPERTIES FOR MATERIAL G wmwewsssd
UL OENSITY = 1,43000 02

REINFORCED EAKTH
STRIP YOUNGS MODULUS= 0.4104E 10
STRIP wIDTh= 0.1970E 00 .
e e . STRIP THICKNESS= 0.9830E~02 e e e
HORTZONTAL SPACING= G.1640E 01
VERTICAL SPACING= 0.8330E 00
e e ANGLE= 0.0 "
SKIN THICKNESS IF BOUNDARY ELEMENT= 0.1000E-01
 SOIL PROPERTIES

 PROPERTIES ARE OVERBURDEN DEPENDENT
. MODULUS VS CONFINING PRESSURE = A(INTERCEPT)= 0.1440E 07
B(SLOPE)= 0.3350E 03
FRICTION ANGLE= 0.3950E 02

i COHESION= 0,1000E 04 . S
POISSUONS RATIO= 0.3000t 00

. by . - .
L

- Dl4



_. PROPERTIES FOR MATERIAL 5  s#ssddus

UENSITY = 1 43000E 02

RE INFORCED Eié}ﬁﬁ_

e W STRIP YOUNGS MODULUS~ 0.4104E 10
STRIFP WIDTH= 0,1970E 00

STRIP THICKNESS= 0,9830£-02
HORTIZONTAL SPACING= (.3280E 01
VERTICAL SPACING= 0.3330E 00
ANGLE= 0.0

SKIN THICKAESS _IF BOUNDARY ELEMENT= 0.1000E~ Ol
SOIL PROPERTIES

PROPERTIES ARE UVERSURDEN DEPENDENT

MODULUS VS CONFINING PRESSURE = A(INTERCEPT)= 0.1440E 07
_815LQPE)=_0.3350E.03

FRICTION ANGLE= 0.3950t 02
COHESION= 0.1000F 04
POTISSUNS KATIO= 0.3000€ 00

@)  PROPERTIES FOR MATERIAL 6  wasasssw )
e _DENSITY. = 1.43000E. 02 ..
e tREINFORCED .EARTH o o o oo oo o . ) )

STRIP YOUNGS MODULUS= 0.4104E 10
oo ——STRIP WIDTH= 0,1970£ 00 . .

STRIP THICKNESS= 0.9830E~02

, HORIZONTAL SPACING= 0,4920E 01

. VERT1CAL SPACING= 0,8330€ 00 . _ . _ _

ANGLE= 0,0 )
SKIN THICKNESS IF BOUNDARY ELEMINT= 0.1000E-01
e - Z.S0IL PROPERTIES

PROPERTIES ARE OVERBURDEN DEPENDENT
MODULUS VS CONFINING PRESSURE = A(INTERCEPT)= 0.1440E 07
- ) B(SLOPE)= 0,3350& 03
— e e FRICTION ANGLE= 0.,3950E 02
COHESION= 0.1000E 04
POISSUNS RrATIO= 0.3000E 00

‘D15



—  NODAL v e Ko i 2o NODAL o K Y
POINT COORDINATE COORDINATE: POINT COORDINATE COORDINA
_________ @00 . .50.00 .. ... 38 . .125.00 . la6,67
2 0.0 95,00 39 122,00 155.00

3 0.0 140,00 : 40 113.67 176.00

4 D.0 150,00 . .. &l . 104,78 . .. 196,73

5 0,0 178.00 42 97,00 218400

6 0,0 : 164400 , 43 200,00 ° 50400

7. 0a0. o ATLL00. 0% L 1T0.67 _10l.68

8 33.33 " 50,00 45 148,00 150400

9 29.80 95,03 46 139,50 16750

10 26¢33 140,00 . . 47 . 131.00 185400

13 25400 .. 18800 _ ... __._.50 __.. .._.116.00 .. 21575

14 25.66 175.33 51 113,50 220.88

15, 6667 50,00 . : 52 215,07 61.20

16 69,52 . . ..95¢Y 4 . B3 . ______.189.,79 . ._.__.107.92

17 52.67 140,00 © 54 166,33 153.67

18 60.00 150.00 o 55 156,29 173.30

19 5500 .. 175400 . _. ... 56 ___._ 146,29 . __. . 192.86

20 50,00 200.00 57 135,78 213.76

2l 52.50 187.50 58 .125,27 . 234,67

22 100,00 oo 5000 .. ..B9 . ..140,53 . 202439

23 88.96 95.51 60 132,90 218454

24 79,00 140.900 61 230.13 724

25 75400, 160,00  _ _ .. 62 .. . .207.08 e .11%.14

- 26 70.61 180.61 63 T 184,67 157433
27 65.00 200,00 64 173.04 179.18
——__28 " T1e00 . 175.00 e85 161,57 .. 200.71

29 133.33 . 50,00 66 150,55 222.02

30 117.30 96,92 ; 67 139,53 243.33

31 102,00 . 143,33 . .._.._._.68 ..  ._._.155,93 209,69

32 94 4,40 165,40 : 69 147,73 226451

33 B7.45 187.44 70 24%,20 83.60

34 80,00 _ . ..207.00. _ i ......T} .. ...223.72 . 122.91

35 B9,10 180,68 ; .12 203,00 161.00

36 166.67 - - 50,00 - : - 13 189,62 185,36

37 144,91 . 98.82 . T&__. __ . .1To.80.__ . 20857

{ -
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.';W_NODAL ]

- m____,228 0‘9’1_,_,_ .

e X . Y

D17

e X : NOD AL 5 S U A
POINT - COORDINATE - ' COORDINATE POINT ' COORDINATE ..CQORDIWATE
=I5 7 165433 . __ 230.29. . _ _ 112 219,93 271413
76 153,80 252.00° 113 . 210,90 286,70
77 171.05 - 217.65 114. . 215.42 278,92
e A8 162442 5 234,82 115 . 320.53 ... ..  139.60.
19 260,27 94,80 116 302.14 169,55
o 80 239,61 .- 131.90 117 283.83, . 199,33
S8l 21917 168467 118 268,10 . 224,48
82 205.57 . 192,71 119 252,38 249.63
83 192,14 216443 120 243,31 264,85,
e B 180,10 5 238.55; 121 234,23 280,09
85 168,07 * - 260467 122 225413 295,33
86 185.88 226,13 123 ¢ 24072 269,34
87 . . ~176.97 . 243440.____._ Y24 __ . 335.60 3 150450
88 275433 106.00 125 317.63, 179.21
89 255,30 - 141,21 126. 300,00, : 207,00
e 90 2385433 0 176433 127 287439 - 226485
91 221.35 - 200.37" 128. .. . 274.78. .. 246,71
92 - - 207,43 . 224429, 129. 266,75 . .. 259,25
e 93 194488 0 24648]. _ 130 257465 . 274,14
94 - l82.33 = 269,33 131 248.54 . . 289.05
95 - T 200471 e 234462 132 239,40, - 304,00
.: e 96191452 L 281,97 133 350466 . 162,00
97 - 290440 117420- 134 - . 332478, -, 189,50
98 - 270,96+ . 150,62 135 315,00 - 216,83
e 99 L B51450- s 184400: " I36 302416, .. 236.64
190 237407 ¢ 208414 237 - 289.32 - 256,42
101 ¢ 222.71 -1 232,14 138 281413 - : 268,85
e J020 S 209465 Y - 255,07, 139, 72400 . . 283,43
103" - 196.60 - 278400 140 262.84 - 298403
104 " 203,13 1 - 266,53 141 253466 . .. 312.066
05, 199,86 . 272.27_ 142 365.73 . .. .173.,20
106 $ 305,46 . T 128.40 143 347,85 199,95
107 286,55 160,06 144 330..00 226,67
e 108 T 267467 19167 145 31692 . .. | 246,40
109 -+ 252.71 216,07 146 . 303.85 266,14
1o 238.00 240400 147 295,50 278.50
R O B ¢ i858 8T 148 28643320 | 292.74



Y
COORDINATE

32675
336..00
346.25

.356.00

356.00
360,00

. 360.00

364.00
365.50

.. 338.50

346.50
356,00
360.00
365,00
370.00
225.81
249.83
27422
293.36
3lz.88
324450
338450
346450
356.00
360.00
365.00
370.00

.373.00

377.00
381.00

. 38%.00

388.00
393.50

..399.00

) ) Y NODAL ... .. .. X I
POINT COORDINATE COORDINATE POINT COORDINATE
149 27714 . ... 307.02 ... 186 346,00
150 267.93 321.33 187 339,00
151 380,80 ° 184440 188 332.00
152 . 362.87 .. 210444 189 .. ......325.00.
153 345,00 236.50 190 338400
154 331,68 256417 191 338,00
155 318,39 21585 2192, 332,00
156 309.88 2R8.13 193 343,00
157 300,67 302.05 194 342,00
1538 291 .44 316401, .. 195_ . ...347.00
159 282.19 329.99 196 347.00
160 395,86 195,60 197 347.00
161 377.83 220492 _198 _ 347.00
162 360,00 . 246434 199 350.00
163 346,41 265.94 200 350,00
164 332,92 ._»ndﬂzaS.sv_“"m,_“_ﬁWBOL 436,44
155 324.25% 297.75 202 418,05 -
166 315,00 311437 203 400,38
167 - ___ 305,74 ... .. 325,01 _._e04 386.05
168 296,46 338,66 205 372.69
169 410,93 206480 206 364413
1706 . _“"392.blmHW_ﬂ_”_231.29m,_ﬂ,__,#_2qi o ....360,00
171 375,00 256,17 208 360.00
172 361,05 275.70 209 360,00
173 . ..34l.45 295.28__ . _ . 2i0 _._.360.00
174 340,00 340,00 211 360,00
17% 338,00 346,50 212 360,00
176, 338,63 30738 __ 213 . 360, 00
177 329.33 320.70 214 ‘ 360,00
178 320,03 334,01 215 360,00
179 310,73 34733 .. 216 ... 360.00
180 426,00 218.00 217 -. 360,00
181 406,66 241.28 218 360,00
T _ 390,00 266.00__ 219 ... 360,00
183 375.34 285.41 220 360400
184 362,00 305.00 221 363.71
185 . _..353.00 317400 22 446.88

D18

404.50
410.00
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NODAL. K
POINT COORDINATE
223 .. . .428B,72
224 410.75
225 396,75
226, _....383.38
227 37%.,25
228 371,00
.29 . 37T1.00
230 371,00
231 ? 371.00
232 ... _371.00
233 371.00
234 371.00
C P35 .. ....371.00
236 371,00
C 237 371,00
238 371,00
239 371.00
24( '371.00
Bl _ 37100
242 371,00
243 457.31
244 __ . 439,19
245 421,13
246 407 .46
o P&T . 394,06
248 386,38
249 . 380.00
L. 25%0 . . ... 383,00
251 383,00
252 383,00
e 253_ ... 3B3.00
254 383,00
255 383,00
256 .. ....383,00
257 383,00
258 383.00
. 259.__ __ _.383.00

D19

X _.NODAL ... o X .
COORDINATE POINT  COORDINATE
. 25799 . ___ . _ . 260 ..383,.00

282.45 261 383.00
301.31 262 383,00

. 320,75 . _ .._._ 263 . .383,00
332,00 264 467,75
338,50 - 265 449,62
346,50 . ... 2606 431,50
356,00 267 418,17
360,00 268 404,75
365,00 . .. 269 . 397,50
370,00 270 © 401,13
373.00 \ 271 - 399,31

. 377.00 272 . 395,00
381.00 213 395,00
385,00 274 395,00

e . 3B8,00 275 ..395,00
393,50 276 395,00
399,00 2717 395,00
408,50 . ___ 218, _ 395,00
410.00 279 395,00

261 .44 280 395,00

. _ 266,04 ... 28} 395,00 -
290.67 282 395,00
309,26 283 395,00
328,63 . 284 395,00
339,50 285 478,19
341,00 286 460,04
346,50 287 _44),.,88
356,00 268 - 428,38
360,00 - 289 415,44

.. 365,00 . 290 . 408,63
370,00 291 406,00
373.00 292 407,31
_377.00 _. 293 406,66
381,00 294 406,00
385,00 295 406,00
.. 38BB.OO . ... 296 . 406,00

———— Y.

COORDINATE

393,50
399,00
404450
410,00
2649.25
274,07
_298.90
317.20
336450
367400
341.75
344.38
356.00
360400
365,00
37000
373,00
377.00
381,00
385400
388,00
393.50
399,00
404,50
410,00
257406
282410
307.12
325.15
344.38
354,50
356,00
355.25
355,63
360.00
365400
370.00



v @

L NODAL - o X Y : NODAL X

POINT COORDINATE COORDINATE POINT COORDINATE CUORDINATE
)
L B9T ... 406,00 __ . ____ 373.00 . ... __ 334 432.36  _  367.16
298 406,00 377.00 . 335 433,10 365.98
299 406,00 - 381.00 336 432,73 366.57
D 300 406400 385400 ___ 337 432.92 . ___ 366,28
301 406,00 388.00 338 432.82 366442
. 302 406,00 393.50 : 339 427.00 373.00
...303 .. 406.00 2 399,00 .. ____ 340 432,00, . ___  377.00
.- 304 - 405,00 404,50 341 429.00 381.00
- 305 406,00 410,00 342 . &29.00 385,00
Sl 306 e e BB G L ——lb488_ . 343 429.00 . .. .. .389.00
. 307 470,49 290,15 344 . 429,00 393,50
308 452.25 315.35 . 345 429,00 399,00
309 .. 439,58 . ... .333.,10_ : 346 e 2900 404,50
310 426,413 352.25 347 429,00 410,00
311 419,75 362.00 : 348 509,50 280,50
D312 422494 . ... _357413 _ 349 492,06 _ __ 306,68
S313 421 .34 359,56 - 350 473.00 331.80
Tl 314 422414 358,34 1 351 461,00 349.00
035 L. 421.T4 358495 352 447,50 . 368,00
F 316 413,00 365,00 353 462,00 377.00
T 317 419,00 369,00 " 354 440,00 381,00
318 ... 417400 e 3T3400 . 355 446,00 ... 38%.00
319 417,00 377,00 356 441400 389,00
L. 320 417.00 381.00 . -357 441,00 393,50
321 0 0 417,00 . ..385,00 . __ . 353 441,00 399,00
322 \ 417.00 388.00 359 441,00 404,50
©w 323 417,00 - 393.50 .
TiouB24 . 417.00 . _ 399,00 _
325 417.00 404,50
-7 326 417,00 41000
- 327 oL &99406. . 27269 . . . . . i
328 481,05 298.27
D329 : 462,63 323.57
Co3300 L. 450429 . __...341,05 . .
331 436,81 360,13
332 430.88 369.50 -
0333 .. _433.84 _._  __._ 364,.8)_ __.

D20



NODAL . XY

CNORAL X .Y

POINT  COORDINATE COORDINATE POINT COORDINATE’ COORDINATE

360 441,00 £10,00 386 __4T0,00 _ . _ _408.28

361 522,63 290,427 3a7 548,88 310.26"

362 504,59 316,15 388 530.72 335.71
__.363 .. 486,13 ___ _____341,60_ 389 512,38 36120
364 474,00 358,50 390 500,00 377.50

365 459,30 377450 391 483,50 396.50
366, . 454,00 __ ... 3B5.25% ______ 392 ___ 478,00 ___40).75
367 450,00 389.00 393 480,75 399,13

368 455,00 393,50 364 479,38 400.44
369 455,00 399,00 395 __ 480,06 ... ...399,78
370 455,00 404.50 396 479,72 400.11

371 4552 00 41000 397 479.89 399,95
372 L. 455,00 _ . ___407.25 398 __ . 479,80 400403
373 ‘455,00 408,62 399 479,85 399,99
374 535.75 3004347 400 562,00 320,177
375 51758 _ ___ _.325.90 __ 401 544,05 345,47
376 499,25 351440 402 525,50 371.00

377 487,00 368,00 403 513.00 387.00

,,,,, 378 471,50 381,00 404 ___ 495,50 . 406400
379 466,00 393,50 405 490,00 410400

380 45%,00 399,00 406 575400 330400

.38l 4T0.00__ 404450 . 407. 558,00 ___ .. _ 355,00
. 382 470,00 410,00 408 540,00 381.00
383 470.00 407.25 409 528400 399,00
- .. 384 470.00 408463 410 $20,00 - 410,00
385 470,00 40794 411 547450 410400

, 412 575,00 410400

- 413 e BTS00 367,00
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CELEM..___ ___ELEMENT ..

D22

- MAT___CONST ... _ _ELEM . _..___ELEMENT .______MAT . .CONST
NO. NODAL POINTS NO. INCR. NO. NODAL POINTS NO. INCR.
el L8 09 20 L. ) .. 38 . _161 162 153 152 __ 1 1
. 2 ¢ 10 3 2 - 1 1 39 169 179 161 160 i 1
3 & 15 16 9 1 1 40 170 171 162 161 1 1
% 3617 10 9 S TR 41 180 181 170 169 . _1_ _ 1
L 5 22 23 16 1 1 42 170 181 182 171 1 1
6 26 17 16 1 1 43 201 202 181 180 1 1
RURELINY A .29, 30 .23 S RN . 44 1Bl 202 203 182 11
‘ 8 30 31 24 1 1 45 222 223 202 201 1 1
.9 36 37 30 1 1 46 202 223 224 203 1 1
el 30 3738 3) . 1o doC .. _ . 47.. 243 244 223 222 1. _.1.
11 43 44 37 1 1 48 223 244 245 224 1 1
_ ) -2 44 45 38 1 1 49 264 265 244 243 1 1
132 4352 83 .44 . 1.1 ... 50 . 265 266 245 244 1 1
- 14 S4 45 44 1 1 51 285 286 265 264 1 1
! £ 18 61 62 53 i 1 52 288 287 266 265 1 1
e B 62 63 .54 53 1. 1. - -.B3 306 307 286 285 1 1
S 71 62 61 | 1 54 307 308 287 286 1 1
B X 72 63 62 1 1 58 327 328 307 306 1 1
A9 P9 80 T O dt A .. .56 307 328 329 308 1. .1
: 200 " 80- 81 T2 Tl 1 1 : 57 348 349 328 327 1 1
.21 . 89 80 79 ] 1 58 328 349 350 329 1 1
P2 B89..90_8) 60 .___ 1.1 .. .59 361 362 349 348 1 B
.23 98 89 88 1 1 60 349 362 363 3n0 1 1
- 24 99 90 89 1 1 61 374 375 362 361l 1 1
—25 106,107 _.98 _97__ _1____ .} . 62 362 375 376 363 __.1 . .1 .
26 108 99 98 1 1 63 387 388 375 374 1 1
27 115 11e 107 106 3 1 64 375 384 3HY 376 1 1
P8 117 108 107 .. 1 .1 - .65 387 400 401 388 _ 1 _ _ 1.
" 29 125 116 '115 1 1 66 388 401 402 389 1 1
S5 30 126 117 116 1 1 . 67 400 406 407 401 1 1
c—e30133 134 125 324 . 1. . _ .0 . ... _68. 407 408 402 401 1. .1
32 135 126 125 1 1 69 406 413 407 407 1 1
.33 142 143 134 133 1 1 70 413 412 408 407 1 1
34143 144..135 134__ 1 | e AL 300000 0 4 21
'35 152 143 142 1 1 72 1o 17 18 11 2 1
© 735 153 144 143 1 1 73 A7 24 25 18 2 1
3160161152 151 %} ... ... T4 __ e24_31_-32_25 _ _p 21




_ELEM__. ... ELEMENT _._.___MAT___CONST ELEM ELEMENT MAY ___CONST
. NO NODAL POINTS NO.  INCR. NO. NODAL POINTS NO.  INCR.

.75 .31 38 39 39 . 2 ) 112 164 173 176 165 2 1
76 39 40 32 31 2 1 113 171 182 183 172 e 1
. 77 38 45 46 39 2 1 114 172 183 184 173 2 1
e T8 .46 4T . 40. 39. . ._.2 .1 115 184 185 176 173..__ .2 __1.
79 45 54 55 46 2 | 116 182 203 204 183 2 1
80 46 55 56 47 2 i 117 204 205 184 183 2 1
8l:. 54 63 64 55 __._2 _._.1 _ 118,184 205 206 185 2 .}
2. .55 64 65 56 2 1 119 203 224 225 204 2 1
83 63 72 73 64 2 1 120 225 226 205 204 2 1
_______ B4 ... 64 .T3. T4 65 ..__2._. 1. 121 205 226 227 266 - O
85 81 82 73 72 2 i 122 224 245 246 225 2 1
86 73 82- 83 T4 2 1 123 225 246 247 226 2 1
.87 . 81 90 91 82 ... 2 . ...).. .l 124 P26 P47 248 227 ... 2 1
88 82 91 92 83 2 1 125 245 266 267 246 2 1
&9 S0 99 100 91 2 1 126 246 267 268 247 ¥ 1
—.90.._..91.100.101 92...__ .2 1_ 127247 268 269 248 2 . k.
9l 99 168 109 100 z 1 128 266 287 288 2A7 2 1
92 100 109 110 101 2 1 129 288 289 268 267 2 1
_..93 _ro8 Y17 Yv8 109 o2 ol 134 _268 PR9 290 269 2 1
94 109 118 119 110 2 1 131 287 308 309 283 2 |
9% 126 127 118 117 2 1 132 283 309 310 289 2 1
e 96._. 127 128 119 118____ 2 1 133 289 310.311 290 _ _ 2. _ 1
97 128 129 119 119 2 1 134 308 329 330 309 2 1
98 126 135 136 127 2 1 135 309 330 331 310 2 1
 .....99...127 136 137 128 2 1 136 _ 310 331 332 311 2 __1_
. 100 128 137 138 129 2 1 137 329 350 351 330 2 1
101 135 l44 145 136 . 2 1 138 330 351 352 331 2 i
__102._ 136 145 146 137 2 1 139331 352 353 332 2 1
103 137 146 147 138 2 1 140 363 364 351 350 2 1
104 144 153 154 145 2 1 141 351 364 365 352 2 1|
e 105 (145 154 155 la6 2 1 142 365 366 353 352 2 ...
106 146 155 156 147 2 1 143 376 377 364 363 2 1
107 153 162 163 154 2 1 144 364 377 378 365 2 1
108 __ 154 163 les 155 2 Io... 145___378 379 366 365 2. 1.
109 155 164 165 156 P4 1 l46 389 390 377 376 s 1
110 162 171 172 163 2 1 147 377 390 391 378 2 1
.2 1 L2 1.

1l 163 172 173 164_ S 148 391 392 379 378
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;;£L£M ELEMENT__ MAT____CONST ELEM ELEMENT. MAT __ CONST
NO . NODAL POINTS NO. INCR. NO. NODAL POINTS NO. INCR,

~149 402 403 390 3R89 2 Yo 88 121 l22 133 112 3.2
150 390 403 404 391 2 1 187 129 130 120 119 3 2
151 404 405 392 391 2 1 188 130 131 121 120 3 2
.. 182 _ 408 409 403 4062 ____..2 1 189131 132 122 121 .___.3..__ .2 _
153 403 409 410 6404 2 1 190 138 139 130 129 3 2
154 404 410 405 405 2 1 191 139 140 131 130 3 2
155 412 411 409 408 B 192 140 14) 132 131 . _ 3. .2 ..
156 409 411 410 &l0 2 1 193 147 148 139 138 3 2
157 4 11 12 12 3 2 194 148 149 140 139 3 2
..1%8 .12 .13 5. 4 .._...3 2 195 _..}49 150 141 140 _..___.3 _ __. 2.
159 11 18 19 12 3 2 iss 156 157 148 147 3 2
160 12 "19 20 13 3 2 197 157 158 149 148 3 2
161 25 26 19 18 __ 3. .2 ... 198 158 159 i50 149 .3 2
162 26 27 20 19 3 2 199 165 166 157 1556 3 2
163 25 - 32 33 26 3 2 200 166 167 158 157 3 2
_1b4 26 33 34 27 ... 3 2. s . 20)__ 167 188 159 158 __3____.2
165 40 41 33 32 3 2 202 176 177 166 165 3 2
166 41 42 34 33 3 2 203 177 178 167 leé 3 2
167 40 47 48 4) 3 _ 2. 204 178 179 168 167 3 2
168 - 41 48 49 42 3. 2 205 176 185 186 136 3 2
169 47 56 57 48 3 2 206 186 BT 177 176 3 2
,,,,,, 170_ 48 87 .58 _ 49 - 3 2 207 __ 187 188 1718 1v7 ___3.___ _ @2 .
17 . S6 65 66 57 3 2 208 188 189 179 178 3 2
172 57 66 67 58 3 2 209 185 206 186 186 3 2
L A73. 65 74 75 66 3 2 . 210195 174 187 186 ___ 3 2 _
174 66 7S5 T6 67 3 2 211 186 206 207 195 3 2
175 74 83 .84 715 3 2 212 227 228 207 206 3 2
176 75 8485 76 3 2 213 248 249 228 227 _____ 3. 2 .
177 83 92 93 ‘84 3 2 214 187 174 175 lu8 3 2
178 84 93 94 §H5 3 -2 218 195 196 175 174 3 2
179 %2 1017102 93 - _ 3 .2 .. 216 __ 195 2067 208 195 3 .2
180 93 102 103 94 ~ 3- 2 217 207 228 229 208 3 2
181 110 111 102 101 3 2 218 228 249 250 229 3 2
182 111 112 103102 3 __ ‘2 . _ 219 _ 248 269 250 249 3 2
183 112 113 103 103 3 2 220 188 175 190 159 3 2
"184 119 120 111 110 3 2 221 175 196 197 190 3 2
185 120 121 112 111 3 2 222_ 196 208 209 197 3 2
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~ELEM e ELEMENT. . . MAT. .__CONST ... ... ELEM . .. — _ELEMENT ———___MAT.. CONST
NO. NODAL POINTS NO . INCR. NO . NODAL POINTS NO .« INCR,

e £57 297 318 319 298._.. .3 .
258 298 319 320 299
259 339 340 319 318
... 260 319 340 .341.320 ...
- 261 332 353 340 339
262 340 353 354 34l
- 263 215 236 237 216
264 216 237 238 217
. 265 236 257 258 237
U] .Y . 237 258 259 2348 . .
267 €57 278 279 258
268 258 279 280 259
——-] X 2Ty 299 300 279
270 279 300 301 280
271 299 320 321 300
e 2120 300 321 322 301
273 320 341 342 321
274 321 342 343 322
e e 2715341354 355 342
276 342 355 356 343
277 366 355 354 353
e e 278 355 366 367 356
279 217 238 239 218
280 218 239 240 219
. c8l 238 259 260 239
28e 239 60 261 240
283 259 280 281 260
284 260 281 282 26l
28% 280 301 302 281
286 281 302 303 282
287 301 322 323 302
288 302 323 324 303
289 322 343 344 323
290 323. 344 345 324

..223....208 229 230 209
224 229 250 251 230
225 269 272 251 2590

-1226__.290 291 272 269

| 227 209 230 231 210
228 . 230 251 252 231

—229....251 272 273 252
230 272 291 294 273

| 231 290 311 294 291

—-232-.210.231..232 211

. 233 231 252 253 232
234 252 273 274 253

-235..__273..294 295 274 .
236 311 316 295 294
237 211 232 233 212

.-238....232 253 254 233 . ..
239 253 274 275 254
240 274 295 296.275

241295 316 317 2964 . _ .
242  332.317 316 311
243 212 233 234 213

--244____233.254 255 234
245 254 275 276 255
246 275 296 297 276

_P4T . 296 317 318 297 _ ..
248 332 339 318 317
249 213 234 235 214

~B50... 214 235 236 215 _
251 234 255 256 235
252 235 256 257 236

-253 ....2%5 276 277 256
254 256 277 278 257
255 276 297 298 277

—256..._277 298 299 278

|
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ELEM ELEMENT ... MAT____CONST
POINTS

NO. NODAL

—291. . . 343.356
292 344 357
293 356 367

—294.. __ 357 368.

295 366 379
296 368 379
—— 297 _. 219 240
298 240 261
299 261 282

301 303 324
302 324 345
e —.303._..345 358
304 358 369
305 380 381
e 306 379392
307 189 190
308 190 197

'._m__309"“h19?_209‘
310 191 193

311 191 198
312199200
- 313 198 210
314 199 211
315,241 242
; 316 241 262
317 262 283

~ee 318 _283 304
319 304 325

320 325 346

v 321 . 346 359
322 359 370

323 370 381

—— 324 392 405

357

358
368
369
368
380

241

262
263
304
325
346
359
370
370
38] -
191
198
210
194
199

194

211
2l2
221
263
céa
305
326
347
360
371
382
sz,
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BOUNDARY NnONE

_ #oeasBOUNDARY CONDITIONS#ewutw

2

U)X =

P-Y=‘. 0.9

ANG=

T3 y=x= 0.0 ;ﬂék§;wwo.6 . Ane=
SR S U=X= 040 P-Y= 0.0 _____ ANG=
5 U=-X= 0,0 P=Y= 0.0 ANG=
1 T U=X= 0.0 U-Y= 0.0 . _ ANG=

S - S U=X= 0.0 Mm¥=E 0.0 ,,_.‘w___,_m_____ﬂ__ANG= .0

:\ANG=

ANGE

___ANG=

_ . INCREMENT NO,

B
e = .
1

0.0

. :q‘. 0

io.%

ANG=

e 33

. ANG=

=YY= 0.0 . _______ANG=

. . ANG=

a. . ANG=

*.D27

36 UeX= 040 _uaﬁé 00 . ANG= 0.0 B 1
@ + TUSKET000 T T oA L0 L ;(Né: 0.6‘“! D
D2 V-X5..0.0 _U::.'_f'-.'_,__D,._O‘m,:_;_;_f__TTgNG=, . ,0,:.5,_0. 4 AU B
61 u-x# 0.0 U=¥= 0.0 ANG= 0&§1, 1
70 CU-X= 0.0 . U=Y= 0.0 ;_ﬁye= Y T T
79 o _U=X=_ 040 __u:y=_ug,ﬁ; ANGZ 0.0 1



133 UmKE0aD o MY 040 i ANEE- 040 o ]

142 U=X= 0.0 Y=Y= 0.0 ANG= 0.0 1

“Gs1 7 uex= 0.0 u=Y= 0.0 ANG= 0.0 1
16D . .. U=X=..0.0 . U=Yz 0.0 . ._—ANE=__0.0

149 U=X= 0V 'U;Y= 0.0 ANG= 0,0 1
e Tuex= 0.0 u=Y= 0.0 T ANG= 04D 1
01 ... _U=X= 0.0 U=Y=.0.0 .. ... ANG6=. 0.0 - 1

zZea U-x= 0.0 U~Y= 0.0 ANG= 0.0 1

243 T Tu=x= 0.0

TUeY= 0.0 " ANGE 0.0 1
0

o PB&en . U=Xz L 060 e U=Y= o0 . ... ANG= 040 R |

28% Cy-x= 0.0 CuU-Y= 0.0 ANG= 0.0 1

306

i e e i o - ——— et - b

U=X= 0.0 U=¥= 0.0 TaNe= 0.0 1
B2 UeX= 040 U~Y= Qe .. v . ANG= . 0.0 T |

348 U=xX= 0.0 U=Y= 0.0 ANG= 0.0 1

361 PeN= 040 U= 0.0 CANG=  3.71E 01 1
374 . PeN= 040 . U=S= 0,0 __ ..  ANG= 3.71E 01 1
387 Pefiz 0,0 -5z 0.0 ANG= 3.71E 01 1

40/ 0 .. P=Nh= 0e0

u
wos” T pins 0.0 Tues= 0.0 ANG=  3.71E 01 1
U=S= 0.0 ... ANG= 3.71E 01 1
P

412 P-X= 040 «Yz =1,24E 0% ANG= 040 : 1
411 P=X= 0.0 pey= —8,37E 04  ANG= 0,0 | 1
410 PeX= 0,0 PauYs =4,44E 04 ANG= 0.0 1

405 P=X= 0.0 Pa¥z =T7,94E.03  ANG= 0.0 1

D28



PROGRAM LISTING

e







DEPARTMUNT OF GENERAL SERVICES = ] VER __01/30/74
DPW.PANLIE Tel 113027

——— .. PANVALET
THE FROGRAM MANAGEMENT AND SECURITY SYSTEM

PROGRAMS AND ALL SUPPORTING MATERTALS COPYRIGHT 1971, 1972 BY PANSOPH'
SYSTEMS, JTNCCRPORATED

#+WRTTE PRINTLENGOISHA cOo191
c DATA SET ENGUOSA AT LEVEL 028 AS OF S1/17/74 o o
T SURRPUTINE FINEL(PAPSIZ) oocol
COMMON ZONTRL/Z  WIDTH, INGUT, INCRZLClsPGM1yFGM2yPHON 00002
__CtwmMON  /HDLINA  MED(18}, DUMC2Y o ......G0003 0
COMMON/ELKLZ RITGO)4ZE{T00)y IX(600,4),TXXX CO004
COMMONZBLED/MNOL6 33} yNODBI200 ) 4BIV(Z200,3),TIFLGI3) 4BIVD(2) 0004
1, NUMEL y NUMNP, NUMPC, NINC ) 40006
DIMENSTCN IBUF(1324) +IPS{5),INS(5),ISYMEL(3),PCMR(3) co007
REAL*Q MSG{5}/YERD OF P','L0T TAPE®,3%t v/ ,NDATE/® DATEDY / 00COR
_ DATA LC Z'FE132%/,NT/5/ NPLOTS/1/ HBLANK/® ¢/, IBLNK/Y ¢/ 0CCO9
REAL#8 PAPTRYL /'BLARKY/ ,PAPFRZ/YWHITEY/ 602160
REAL¥E VOLgSTART FVANYHREREY/  G“MANE/VYENGOSERY/ ‘ 00011
1 ' REAL%4 DOUT(61/PRETU' RN —1,7 DISY,*TR17,'5 BA®, "SKET"/ o n0R12
REAL  MRGNyMRGNT ¢MPGNB o NROUND ¢X (4] 4 Y (4) 00013
R[‘AL*‘! XSYEB(3'2) / C'e'nOS’Or.!e'\:‘lf,cca'OG/ . 00014
 REAL®& XY (5 42) ' . ... . oools
DATA TIPS/ 2424324242/ 3INS/132430491/ 4 TSYMBL/T6+18,1/ oG0l6
DATA PEMRATTRANY 4V SP (P Y LAB Y/ NMPEM 3/, VOL/ Y Rkk 1/ cco17
REAL*4 PHON(3), PHONE(3Y /7 2% ¢ —t,t L aon1e
TF {PAPSIZ +GTalel o«AND, PAPSIZ «LT. 30e.l) GOTO 51 ST T T ooole
49 CONTINUE 00020
. 50 FORMAT{ t1 %% THPRCPER PLOT WIDTH =*,E16.7, % #xt ) = 0921
RETURN oco22
51 CONTINUE - . pe023
e INCH = 11 T . L ... . ooe24
IF[ PAFSIZ .GTe. 111 §J INCH = 30 . 00025
WIDTH .= INCH :  poU26
T CALL  PLOTS (IRUF,102443 ToTTTT oot I nnm conz7
TFILCT «NEe IBLRK) LC=LCY 0C028
TE(PCMY LEQ. BLANK «AND. PGM2 .EG. HLAMK) GOTO 52 00329
TETTTUUREMR(LY & opGgMY T T T T T o ’ 00030
FGMR(2) = PGM2 00031
PGMR(3) = BLANK 05032
g Nt ItE A i i - 53
IF (PHON(1) oNEe BLANK) PHONE(1) = PHON(1} 00034
| TF {PHON(2) JNE. BLANK) “PMONE(2) = PHONM2) . 0C035
TF IPHONVI3) oVEL BLANK) ~ PHONE(3) = PHDN{3) _ 00036
o 0Co37
R1 = R{1} ) ‘ . pai38
R e (L) A e s i s 6039
I1 = 2(1) 00040
22 = 2(1) , 3 . L _0C004]
Upo 100 1=1'MUMNp“”““““—”“—““”M”“'“'“”““““"” T T T 00042



S
'

&

-

IF(R(Y) 4LTo RI} RIYI=R{I} ety

IF(2L(T) .LTe Z1) Z1=201) .. gcg

T IFRUYY L6TaTR2FTTRZER(T) 4 T ace

IF{Z(I) «GTe Z2) Z2=2{I) oo

100 CONTINUE ' > oor

RR = R2-R1 ’ . - e

17 = 72-71 : K - . . b

MRGN = @, B b

T NROUND ET . ‘ - TG

DO 63 ITRI = 1e 7 ' ' oou

SCL1 = . ZZ/(PAPSIZ — MRGN)} ol

IF CSCCY LT 1V 60 TD 18 : T eon

IF(SCL1 .GT. 19) NROUND = & ‘ Guu
IF(SCLY .GT. 99} NROUND = 10 ‘ . SoU

T = SCLI /7 NROQUND E - "'““”“_""‘“_*“'gggz
__SCL5 = I*NROUND - e Gour
IR USCLS T o Te SCLI )“StLS"‘“SCL5+NROUNn ' ooo”

16 CONTINUE - : Iz

__YF (SCLI1 WLTo 1) SCL5 = SCLI - et
PAPS = 27 7 SCLS - ST

IF | WIDTH oGTe (PAP5 +2 .00 ) GOTD 61 anc-

~ w.MRGN = MRGN + .70 #% ¢ITR-1). .. oo
760 CONT INUE ' pjeleg
C 0 sedoledoioiotofolokodolok skdiololos ok dolokok Sok ok e
_GOTO 49 - ) A e
61 MRGN = WIDTH = PAPS Co : - o
RGNP= MRCN * eb] B _ ana-

e MRGNT= MRGN - MRGNB 00C
CFACT = 1. /5CLS L1 A

C ' INYTIALIZE PEN POSITICN & DRAW AXES Gou
o CALL PLOT ( 245y  =WIDTH ,23) . _ Do,
TTCALLTPLOT llobrMRGNBgZBI o0y
RLEN = RR / SCLS 4+ 1. gCuU.
_RLEN = ATINT(RLEN) ‘ L L I 1
“NF = RLEN /7120 # 206" , 000
CALL AXIS (OQ,OqjéﬁR—Ax15§‘6'RLEN’QQ’R1'SCL5) eCd.
IF __(RLEN .GFs_  1549) L
CALL symeou ( 0001 "'.BS! T e21y HED' 31112’ ail

IF (RLFN .LT. 15,09 nnr
*CALL SYMBUL ( Om_'_)_p —elSy .14:__HEﬂv 0.072, U 1 A
ZLEN = RINT (2277 SCL5 '+.51) oo

CALL AXIS (3090(:,6“2"#)(151+6'ZLEN,900’ZIQSCL5 10.) .

C o Sl otk o o s o o o o 3o e o Sk teok ook e 207

NP =1 _ . I
Do 30 I = 1,NUMEL : o o
DIV = Qeo e U . S
TNl = © o T cee

S XXX= 0 _ _ , _ Il

b30



YYYE R " B - -
‘NP= NP+]
Do 20 J = 1,5
P = 1P
JN = INS (S)
N = IX({I,JN) .
TTTTTTXXTTET(R(NY-RY ) % LFACT i ) -
YY = (Z(N)=Z1 ) * FACT

ey

25

g

CALL-SYP}BU’ (XXX"' .&3, YYY"‘QOO’!”(’G?, 1’#,0(9,"‘1)
TGOTO 30

34

TE (N oLTs 177 6OTO 26

T IF (NP JGTe 21 GETO 3%

TCMPET 061

__CALL PLOT (XXyeYY4sIP)

TTIFL H1.EQ. NIGDTO 20
Nl= N
IFlJd «GTo 4} GOTC 20

XXX = XXX+XX
YYY = YYY+YY

TTTDIVTE DIVAYLO
X{J) = XX
Y(J) = YY

CONTINUE
YYY = YYY/DIV-3.334
XXX = XXA/DIV-0.07

CMP = 0334

IF { DIV .GTe 3.1) GOTO 25

CONT INUE

AREAZ=XT11*Y(2V+YLIY*XI3 Y (3PEX(2)-Y (254X 3) =Y (1) EX(2)=X(1)*Y(3)

TAREA2= ABS(AREA2) 77 2.0

IF {(AREAZ2 LT« CMP) GOTD 28

GOTO 34

CONTIWUE"

Fen = T
YYY = YYY + 0,025

3¢

C

NB = NB - NB4 * 100

CALL NUMBERTIXXX 3 YYY o «C T4 FPN 0.; ~1)

NP - 9
CONTINUE

e ool oo ek o ok s el oo e e ek ook

CALL SERIAL(VUOL,IER)
___ b0 4C IN = I,NUMPC

1 -

1
i
H
[
i
1

T I=NODR(INY}Z100C
NB=NTDB(IN) - 1*10000
NR&4= NH/100

IF(NE .LT. 1) 60TC 40

K1 = - 11/NB + 9/NB + 2#NB — 20
TF TR DTS 1 JORS KLY W67a

GO TO 40

D31

MO o000 0O00eE0CC

ocey
8009,
(U

T ey s

ATA TR L

cﬂ!‘\ﬂz

oy

o~ =
Viw o, -

UWU? -

Fatatuliel
e

0010
0iu-
O03a
(sl r D

00ie:
nn'lf"

0010
1] I
Q0. .
co1ll
5611

T eait.

0011
011~

0011

co1t-
w1l
¢C11

N

[ oK L SR NI, VI P

[l it (ol pon b il el ol skt ot it
PRGN

R

DO e 000 O0 QOO0 00

R DT

LI T I U



XX =( R(I}=R1)*FACT ~XSYMB(K1,1) 00139

YY =( ZEI)-Z1)3FACT = XSYMB(K1,2) | _ _ 00140
TTTTINTEG = ISYMBL(KL) . T 00141
T4  FORMAT (4Y12,7X04F16¢4) 00142

CALL SYMBOL (XXs YYy 007, INTEQy 0aCy —1) 60143

CALL SYMROU (XX, Yv, 0.07, INTEQy GaOy ~1) - 00144

PR . C0145
40 CONTINUE S i . . 00146
S L0147
SLINM2 =1 . 00148
- NXY =0 : . €0149

NT =1 o : - 00150

DO 97 1=1,NUMNP ; g ‘ 00151
XX = (R{I)-RY}* FACT =0au046___ - "~~~ 9o@gl52
YY = (2{1)-21)* FACT +0.03 ‘ i _ Q0153

IF (I LT 2) GoTao 79 . 00154

LT TR TEUNXY o6Te N2TYONZTE KXY T - - Tt T c0155

DO 77 N = N1,N2 00156

DIS2 = (XX = XY(N 11} *%2 4+ (YY — XY(Ny2)) *%2 00157
. IFT(DYSZ WLTe 0.064)Y GOTO 97 ~— T i 40158

77T CONTINUE s . 0C15%
79 CONTINUE ' : o o o _ . 00160
RPN =71 T T T Tt T 00161

NXY = NXY +1 00162

___CALL NUMBER (XX, Yv,qulgyw.&.gvr) , L 00163

TTTE (NXY oLEe 507 ) GUTU 73 . - - 00164

XY = 1 | e S : : Q0165

3. CONTINUE | L Lo o, - ©oClee

SUURTXYINXY,1 T = XX : , 40167
Lo XY (NXYe2) =YY ' ‘ 00168
#7097 CONTINUE e ©8169
T ' I END OF NDDES 01706

RR =RR#%* FACT L 00171

MSG(31= voL : _ o C0172

T MSGU4Y=DATE N T i |

CALL DHDATE(O.DATE). 00174

MSG(5)=DATE : . L €0175

CALL PLUOT (RR4+1.%,0¢cy ~03) . . oc176

ZIMSG =0.73 * ZLEN 00177

CALL SYMPOL (0eldy IMSGy Oaldy MSGy 2700y 40) ___ poire
AL P LT 2404 0.09999) : - 00179

XX = . NUMNP + NUMEL - 00180

3 TIME = o,021% XX + RLEN * ZLEN / 700 ' o018l

TTTTTTNY = TIMEYL S o 00182
WRITF(3,699) ‘ 00183
% (VOL,I=1,7) yNPEN,VOL,VOL,INCH,VOL,PAPER] sPAPER2 sVOLy  OOLR4

TR START T TG VOLGNTeVOLDATE ',voL,NF,(voL I=1,5) yPGMR 4 PHCNE 4 cG18%

D32




¥ VOL 4VOUL,NAME yVOL4LC o {VOL,I= 1.4),DDUT,VDL,VGL S - ¢nlee
T WRITE(BR,699) o oc187
* (VOL,I= 1.?1,Npeu.vot.vnt,rNCH.VUL,PAPERl +PAPER2 +VGLy 0C188
% START sVOL SNV, VOL,DATE  oVOLoNF, (V0L 1=1,5) yPCMR4PHONE, 00189
TE VOLyVOL g NAME VOL 9 LC p{VOLI=144) 4DOUT, VDL, VOL 00190
699 FCRMAT(1H1g19X.A6,59GIP*)/ZquAngSX,lH* ‘ 00191
*/ 28Xy A6 9X+40HINSTRUCTIONS TO CALCOMP PLOTTER OPERATOR, IXyIH*TG192
TR/ T 20Xe A69SCXsIHESZOX gA64SO(1HAX IS POX 9A6 458Xy IHX 0C193
*/ 20Xy A6921XK5 1THUSE NUMBER ¢I244H PENg21Xy LHX/20X 3 A6 958Xy 1H% 60194
e X/ 20Xy A6, 9XgLTHPLOT WIDTHe15Xe2H= 4T2,5H INCHe15X,1H%¥  _ 0019%
*/ 20Xy A6,9X913HTYPE OF PAPERy12X,2H= ,2A8, &Xy1H% 00196
%/ 23Xe A699Xy FHSTART PENG16X,2H= 5 AGe14X 1H% 00197
XS 20Xs A6, 9X¢13HPLOTTING TIME¢12Xs1H=, I3,8H MINUTES,12Xs 1H¥ ALE:
X/ 20Xs AG699IXe 15HDATE CF PLOT y1CXs2H= JAB,14X,1H% 00199
*/ 20Xy A6y9Xs1SHLENGTH OF PAPER,10XyIH=,I3435H EEET 15Xy 1H* 00260
CUEL 20Xy A6,9X.18HLAST BLOCK ADDRESS.6Xy 6H = 999,19X.1H% 02201
T Ty 20Xy AG95RX o IH¥ /20X A6 SGLIHX} /20X 3 A6y 58 X,y 1H* oo20n2
L ¥4 23Xy Aby 9X, 13HSUBMITTED BY , 3A4, 5X, 6HPHONE ,3A4, 2H % (0203
E/  20Xs Abs5BX,1H% o . co204
TR/ 20Xs ASs17Xy THPROGRAM 11(1HL) A6, 17X o 1 HE 00205
*/ 20Xy A611TX91GHLABOR COST CODErweerAbyIHL, 17X 1 H% : 00206
. ®/ 20Xy Ab6317Xy1EHREEL NUMBERaececontAbylTX91H% L rm2eT
*/ 20X, Aﬁq'j"X,lH*/ CXgAO o 1 TXy6AL o1 TXe 1H® ¢Q208
. R V4 20Xy R69BBXy LHE/20X 3A6 459 (1H*)) 00209
L RETURN . e . GB210
- “END _ . T . 00211
SUBRCUTINE STRESS( TA¢NELEMT, HTDP,HTDPP) o 00212
 _CUMMON/BLKL/ X(7% ol,Y(7v01,\ootaao.4),xx ' 20213
~ COMMON/RLKZ/MNO(600) 4NODRE(200) 4BIV(2G0, 3)9IIFLG(3)LBIVD(3) 77 T 00214
1 +NELEM, NPT, NBPTC, NINC Co21s
 COMMUN/BLX3/ CY{17417)oZY(LT)4RTIAVGZTIB Y RGL &Y ,20(4) 4 - ad216
1 NQUTO0) qUCTOC) s VITC0) s ITOQ( 2930 yATOR(2,3) yEST(4y3) C0z17
2 » IS{5), BS(3), AS(3)}, RO, J1, . oG218
ey TTALU393)Yy BT(3e3)y GA(3,3) 4 25(12512)s 24( 12) GC0z19
4 yT{2842)y ITRV(Z28,42}y NETCL(l?,Z), CTP(12,17), STORE(17) 00220
_ COMMCN/PLK4/ S1L.{112),S(112,56) _oeozzy o
T COMMON/ZBLKSZ DEN( L) pNON (] ) GNU¢10,103 Etlo.la) Htlo,lo), 00222
1 STUONC 91 +CP(3,3) : 60223
CFMMLN/ELKﬁlAd(IC},EB(IOJ,XIB(IO),HE(10},DE(lG)gTE(lG) F(Bl . 00224
T S TK(IO) 00225
00226
DIMENSION DUMY (8) e mh22T
¢ ; ' 00228
c FORMAT STATEMENTS o 86229
C e e e e 0DO230
917 FORMAT(1H1422HCONSTRUCTICN TNCREMENT 147777} 00231
925 FORMAT(I7 +4Xs1P11E11a2) : . 0c232
922 FORMAT (5Xy THELEMEMT, 45Xy . . 80233

D33



1

‘ 28HELEMENT STRAINS AND STRESSES / 36X93HND«48X00234

D34

1 2IHX o 1OXoIHY 36X SHEPSTLON=Xy 2Xy 9HEPSILON~Y, 3X, THGAMA—XY, 4X,00235
2 _THSIGMA=Xy 4Xy THSTGMA-Ys4Xys6HTAU-XY,5Xs7THSIGMA~1, 4X, THSIGMA-2,0C236
TTTTTET 6%y 3HANG, /) 66237
924 FORMAT(1H1,4X,4HNODE, 7X,. 13HDISPLACEMENTS, /7 6Xy 3HNO. s BX, 0Cc238
1 1HU, 16X, IHV. Z) ‘ o229
925 FORMAT(IHI) 00240
926 FORMAT (16X ,18HSTRIP AXIAL FURCE-,19511.3.3x,7HMcMFuT-,r11 3) 0C241
927 FORMAT(12Xy21HSKIN MEMERANE STRESS=oElle3) 00242
7929 "FORMAT(1X) T e 00243
'930 FDRMAT‘I?,EX, OHBEAM == P=:1PEII.3,3X;2HV'—‘-,E11o3:3Xr2HM=1 E1l.3) 00244
00245
8 BOUNDARY TEOINTS TRANSFORMED ™ TU 'X=Y COORDINATE SYSTEM 00246
: 00247
DO 60G K=1,NBPTC ‘ 00248
T KK=IARS(NODB(K) ) _ TTTTTTTIT T T T T Y a0249
"NODB{K ) =KX e _ ) {259
ANG=RIV(K 43} . - 00251
IF(ANG EQ. 0.0) GO TO 600 00252
T KI=KK/ 1060 2 . e 00253
JJ=NQ(K1) 7100 00254
IF(JJ.EQ.MO(K1+1)/100)'Gn T0 600 0025%
__CT=cos(anG) s R 00256
Sh=S IN(ANG) ) co0257
D1=sSL( 30 . 002586
S D2ESL{Jd+L) 00259
SLIJJY=D1*CT-D2%SA 00260
SL(JJ+1)~DI*SA+D4*CT 80261
“600=CUNTINUE e - o0z62
, , 00263
FOR EACH ELEMENT FIND STRAINS AND STRESSES 00264

o N S S 00265
REWIND 2 U0266
De 726 111 I.NELEMT 00267
ST — 0ozee
. RECALL FLEHENT STIFFNESS MATRIX 20269
Ty : 00270
READ (2)(2Ytﬂ)ySTDREIM),lCllH.N) 1N=1, 17)yM~1,17}.(tCP!J,K)sK =143) 400271
-_1 J=1,3). 00272
-I-STURE(17)+0u1 t0273
_MN=MRO(T) /104 : _ L L0274
ITYP-MGD(NDN(MN)gICI*l ' 00275
- NOD( I41)=TABS{NOD(I,1)} ' : 60276
S ' . 00277
T CALCULATE ELEMENT UNKNOWNS ‘a0278
e ‘ , 00279
L=} . ... cO28B0
;;.Dc 620 J= 1,4 00281




. ‘. . » .
.
. .
.

35

_____ —— vﬁ‘ , - -
. b

K=NOD(I,J) , - - _ Lo 00282
UND=NQ{ Y1507 ) - TTTTTTTT T +02B3
. pUMY (L) = =2Y (L) - : o 00264
. DUMY (L+1) = =ZY (L+1) L - ©0z28s8
TTTTTTUEY(LY=SLINDY T 002 &6
: ZY(L+1)I=SLIRD+]1} 0287
620 L=L+2 e ) L . _ fuzse
TTTIF € I JNEJ 280 ) GOTO 7215 ) T CO2E9
DO 7C2% J = 1,4 B 00290
L bD 7625 K = 14 8 } L - 00291
7625 UMY (J) = DUMY (J) # C1 (J,y KY * ZY (K) 56292
7215 CONTIMUE C. - 00293
IF(ITYPNE:5S) GO TO 621 . T 1 L
TTTTTTTIVA6)I=SLIND+2) 00295
CALL BEAMST(I.MN) ca296
.60 TO 718 ‘ 00297
ez dTey=z T T - ' T Tapoogr
JF(NOD({T53) oNEe HOD(I,44})G0 TD 625 c0z99
JTRY=1 . ‘ o326
‘“‘““Do 622 J=9,17 T - - o TRITTTTTT U o3l
622HZY(Jl CGeD » . 00202
60 TO 658 00302
."‘62‘5‘"00 630 J=1,.8 , To0304
. DO 63D K=9,17 00205
630 ZY(K)= tY{kl-Cl(K'Ji*ZY(J o . o Q0356
“““““ TIN(9Y=ZV{9Y/CL(9,9) T T T T N of 0 ) o3
DO 651 J=18,17 : S 00308
o oKAEg=1 _ S . a03Le
TTTTTTTIDO TGS Keg KA T ~ T —— o o T 00314
o 645 ZY(JY=ZY(S)~2Y(KISCL (JeX) N R - 00311
650 ZY(J)= ZY{J}/C1(J ) Pt S . 00312
“““ 655 DN 66T Kslges 7777 ‘ Y o Yo iR e
_EQ!KJ_M,:QHO, ST SR S SR 00314
C ‘ X { . ; . TTT T o rrmmmm T T e ‘0031 5
“C "CALCULATE SUS~ELEMENT EXPANSION COEFFICIENTS GO316
R ' e e . . 60317
DUXX=l. - 00318
DUXY=0 o0 - . oo ' > opa19
e DUYY =00 _— ' R 0032¢
DYXXo0 .0 R e e e EIES
DVYXY =0 2 D C S ) ) . Q0322
DVYY=C .0 ' ' el 60323
DO 715 11 1.JTRY - , R o 0324
m_é19w24tﬁl=3«2" . , 00326
M=% J1 -7 P oY P
DC 675 K=1,3 0032 &
M=M+2 00329

BN



675

617

680"

T DU=0.5

J1p=2

KI=IS(K+2)

RT{K}=STORE M}
ZTI{K)}=STORE(M+1)
J1P=JY

IF (JTRY oEQa 2)GO0 YO 677 .
DU=1 .0

CALL GFDW(AAle:DZ'DBJ
DU=DU/AA

MP=
0O 680 K=1,417
KA=NETCL(K,J1)

DO 6RO MM=1,KA
M=ITRW(MP,.J1)
Z4(M)I=24{MI+ZYIKIFTIMP, 1)

MP=MP+1

TTSTRAINS CALCULATED FCR SUBELEMENTS

00330
003231
0e332

06333

00334
00335

| 00336

00337
00338

00339

00340
00341
65342
00343
00344

- C0345

30346

00347

_IF(ITYP «NE¢ 4)GD TO 697

T DDI=05/AA/AA
DO 655 K=1,3
JI=IS{K+1)

“BIr2BS(J4I)

TTAIT=AS (IT)

695
697

TCI=Z4(K+9)

DUYY=DUYY+DD1 %2, 0%AJTH#AKTI*BY

BKI=BS (KT}

AKI=AS(KTI)
BI=Z4(K+6)

DUXX=DUXX+DD1%2 «0%BJ I*BK T#B
DUXY =DUXY+DD1#(AJI*BKI+K JI*AKI)*81

DVXX=0VXX4+D0142 . CxBIT¥EXIXC ]

DVXY~DVXY+DDI*(AJI*BKI+BJI*AKI!*CI7

TOVYYSDVYYFROD I ¥ 2o 0FAJ THAKIHC T
EX=0 ¢
Evy=0.0

N ;,..__70:.1:. -

TRET3I=GAMXY*XDU+RQ( 3}

GCAMXY=0.0
DO 701 K=1,2
Di=AS{K)

D2=BS(K)
EX=EX+Z4(K)*D2
EY=EY+Z4(K+3)2*D]1

00348

00349
¢0350

00351
0C2as2

00353

00354
006355
00356
00357
00358

00359
00360 °

0361

T00362

286363
C0364
00365
LC366
00367

00368

Cco369
0C370

00371

00372
00373

CAMXY=GAMXY4 24 (K)=DYHZ4(K¥3V¥DZ
RO(1 }=EXXDU+RQ( 1)
RG(2}=EYADU+RO(2)

D36

U374
0375
00376

Q0377




7705 RC(1)I=RO(L1)~DU

1

1

_DU=(1.0-DU*xAAY*0O, 5/AA
“IF{JYl .ED. 2)GD TO 705

RE(1)=ROL1)-DU*BS{1)}*(Z4(T)-24(8)-24(9))
_RG(2)=RQ(2)~DU*AS(1) *({24(10)-24(11)~Z4(12))

=24(12}))
GO 70 715

#BS(3)%( 24(9)~Z4(8)~24(T))

RQI2)I=RC(2)-DU *AS(3)%(Z4(12)-24(11)~24(13))
RQE3)=RGI3)1-DU__#(AS(3)%(24(9)~24(8)-24(7)) +BS(3)%(Z4(12)~24(11)

~24(131))

715 CONTINUE

T16 DUSDU+RO(JIHCP (L, d)
$ 717 20(L¥=DY

c
C. ———— -
c

TTACEMODIMNOC(T Y 4 1000) 7107

T INCREMENTAL STRESSES CAUCUUATES

B0 717 L=1,3

T DU=0 D
DO 716 J=1,3

IFIITYPoMNESA)LGD TO 718
NP=NUM({MN) /1200

ND=TAC~IA

CALL STREH(Q!E&inXY’DUYY'DVXKLPYZILEVYYlﬂ“'Hngpr'HTCRP’I!NPJWHh

o oo

ST L4 EST( T, J43)420(J )

TRQU3)I=ROUIV-DUR(AS (L 15 {Z24(7)~24{8)=24(9)) +BS(1)*(Z4(10)—24(11)

_FORCES IN REINFORCING STRIP DETERMINED FROM COMPOSITE MATERIAL

INCREMENTAL STRESSES AND STRAINS ADDED TO TOTAL VALUES

FE DI 1% I3

STUTsI+6)=ST(1,J+6)}+F( )

T19 ST(I,J)=ST(I,4)+RQLJI)
726 CONTINUE

€
c
L

CWRYTE T(6,917Y 1A

PRINT ELEMENT STRAINS AND STRESSES

HRITE(61924)-
_IPG=8

DO 760 T=1,NELEM
M=HNO(T)
_JAC=MOD(N,1u2C0) /10

TIFCIAC +GTa IA YV EOTTD 760
MN=N/10CQ
ITYP=MCD(NDON({MN)} 410) +]

D37

VL e . -

PP

WA

09497
0408

Celals

004310
20411
CG412
0G413
C5414
C041%
00416

00417

0418

0C419

00420
00421
00422

T00423

Cha24
00425



{740 RO(II=STIT 9 d+3)

Lty C=(YIN2) +YING) IR0 .5 T

TFIITYP.NE5) GO TO 728
IPG=IPGHY
HRITE(6193'\’IQ(ST(I’K) '}(_—!.'3’

en 10 760
_7zng1=NDDt1.1l
2=NDD(Is2}

TTN2=NOD( 1, 3)
“N4=NCD(1+4)
LXC=(XIN2) +X(N4) I *C a5

TF(N3 oNEe N4)IGO TE 730
XC={XCx2 . 3+X(N1) }/3aC

- YC=(YC*2. O+Y(N1))1/3.0
73n DO 740 J=1,3

“CALL PRINC (RQ+ZQ)
TF(IPG oLTo 40) GO TO 744

:PRINCIPAL STRESSES CALCULATED _

¢co426
00427
00428
00429
C0a36
00431
{0432
004332
0C434
00435
0(436
G437
co43e
06439
00440

T 00441

wCaa2

00443

“WRITE(6,925)
| WRITE(6,922)
1PG=4

”HRTTE”EEEMENT“STRESSES’AND“STRAINS

‘_744 WRITE(6,920) 1,XC 4 YCr (STUI4K)

IPG=IPG+1
IF{ITYPekEGQ)Gﬂ T0 764

o HRITF(619’6)(ST(I,KI,K-T,?)
1PG=TPG+2

MEMBRANE STRESS OETERMINATION

IPRNT=MCD (N v 10}

TTEQUALS PR/T

00444
00445

T6oa4s

0G44T
00448
00449
06450

00451

TKST56) 3 (Z0(L) s L=T3 150452

00453
Gd454

T 00455

TF{IPRNT.EQeD)GO TO 755
TH=TE(MN)*.014533
CT=COS{TH)

Cc0456
00457

T Te4ss8

TUSINT=STIN(TH)

S1=ST(T44) *CTHCT+STL Ty S} *SINTHSINT+2¥ST(I, 6)FCTHSINT

STRM=~SI*DE(MN)} /(2. *TK(MK’)

TTTWRITE(6492TISTRM
. IPG=1PG+1

'?ss'wprTF(b,929!

ﬂﬁcﬁ‘

o

760 CONT INUE

DYSPLACEMENTS PRINTED

D38

00459
“Ea6d

T Q0461

00462
004632

Coabs

00465
0Gabod

ccanT

00468
0C469

©eaTe

00471
o472
c047T3




-

DO TE5 1=1,NPT

T IR IMODINGQ(ID 5100) LEQLTOIGO TO 78S T T T T T T T T T e e

T DV=SLJI9+1)

Jo=NO{I)/1CC
DU=SL(JJ)

S X(I=X{T}1+DU

785

9421

SUBROUTINE PREP

C
c
c

TOMIY=UCT)+DU T o

T CALL  RESOUT(4)

Y{I)=¥{(1)+DV

VIIt=Vv(T}+DV
CONT INUE

REWIND 2

WRITE (6, 9421} [ DUMY(J),d = 1, 8)
FORMAT (1P8E1244)
RETURN

END

__THIS SUBROUTINE SETS UP _THE DESCRIPTION OF THE _PROBLEM

DIMENSION ANTI(8),AN(3),TITLE(20) o, IMAGE(20)

DIMENSION PHON (3) - L
COMMCON ZCNTRLZ WIDYH, INOUT, INCRZ,LClsPGMI, PCMZ,PHON
COMMON  /HDLIN/  TITLE

COMMON/8LK1/ X(TO0) o Y(THO0) 4 NOD(60044) 4TX o
COMMUN/BLK2/MNOL63G)Y sNCOB(230) +BIVE220,3) 2 TIFLG(3) ,BIVD(2)

1 +NELEM, NPT, NBPTC, NINC

COMMON/BLKG/ DEN(IG)'NPN‘IG,,GNU‘!Q,IO’vE(IQ,IO,QH(IO’IG)t_
1 ST(6GO,9)1CP(3'3)
CUMMGM/FLK&/AB(10)gEB(lU)gXIB'IG"BE(IOl,DE(IO)gTE(IC]fF(B)
1 !TK(IO,

€
c__
800
801
-
BO3
805
&Qe6
837
__808
8¢9
9S00
_901
902

_FURMAT STATEMENTS T

FORMAT (I5y FlOeDy 215, 644)
FORMAT ¢ 3E1065) L
FORMAT (T11,34,1515}

FORMAT (9X,20A4) '

FORMAT (20A4)
FOURMAT (T1ly14yT85sF10,001592F10404315 42F10.0)
FORMAT (11,14412y I3, 6E10e%)

FORMAT ‘Il!I4f2F10#O' 15,2F10, 0,15 FIO 0}

.0C487

00474
30475
CC4T6
0477
00478
04T
¢c0480

00481

00482

L6483

Co4ats
TC485
0G04B6

G488
00429
00490
£0491
0492

T 06493

L0494
G495
00496
00497
00498
00499
3056C

_ 06501

06502
oCcso3
CC5C4
00505
00506
OGEQT
00508
DERNG

e 2

U o0s10

€0511
00512

06513

QGIl4
Q0B18

FURMAT(?FIJ.S)
FCRMAT (1H1 8X 20A4, //77)

FCGRMAT(1HO 34X y35HNUMBER CF CONSTRUCTION INCREMENTS =414////77/)
FORMAT(LHL///7/77/710X s 29H% Sk x ELEMENT INFORMATICNY k& ¥k ///1X s

1 THELEMENT ¢ 10 X o THELEMENT 313X,
BHMATERTAL,4Xy12HCONSTRUCTION/1X s 6HNUMBER,

D39

00k16
040517

00516

0C519
QoE20

00521



3 | 10Xy 11HNODE POINTS 10X 5 6HNUMBER 56X
4 16HINCREMENT NUMBER )
903 FCPMAT(1HO,9X, 35HPRUPERTIES ARE OVERBURDEN DEPENDENT // 20X,
1 4FHMODULUS YS CONFENING PRESSURE — A(INTERCEPT)=y Ell.&y /352X,
2 9HE(SLOPE)=y Elleks/s 20Xy 1SHFRICTION ANGLE=, E1l eby/y20X,
3 OHCCHESTON=, Elle4s /4y 20X, 15HPOTSSONS RATIO=, E1l.4)

904 FCRMAT(1HJ,10Xs 1SHYOUNGS MODULUS=,  Ello4, /4 11X,
1 15HPOISSONS RATID=, Ellc4)
905 FCRMAT(1HOy 9Xs5HC—11=y Elle4e/y 10Xy SHC~12=y  Elle4y /,
1 10Xy SHC—22=, El2e4s /s 10Xy SHC=33=, Elleby /5
2 18X s 3HTH=, Elle4)

906 FORMAT{ITy6Xy3(A651PELGa2s9X) 417/}

907 FORMAT(1HG//5X,23HPROPERTIES FOR NATFRIAL,13,3X BHasksexR4%/7 10K,
S OHDENSITY =41PE155)
908 FORMAT(/////1H ) - _
909 FORMAT(T11,5X,1P2E10.2) R
911 FORMAT (//y 1X Z3HERROR~TO MANY MATERTALS)
7912 FCRMAT 7T (/Y T1X T 23HERROR-TOO MANY EL EMENTS)
7913 FORMAT . &f7y 1X 26HERROR-TOD MANY NODE PGINTS)

914 FORMAT /7y 1X434HERROR-TOD MANY BOUNDARY CONDITIONS)

OIS FORMAT(IRTZZ/7777 10Xy ZoHk #2e%BAUNDARY CONDITTONSH#Ak®// /1Ky
1 13HBOUNDARY NUDF,74X113HINCREMFNT NQ. /)
916 .FORMAT(IM 49X ¢1P3E20 42) s
917 FORMAT (15,5X, 7~ 415.2112) - ‘ T
918 FORMAT[lHu// sx, BHMATERIAL T4 42Xy 21 HREPRESENTS A BENDING
"_1THELEMENT, // y11X, SHAREA=,E11449//,11X,18HMOMENT OF INERTIA=
1S YN 11x,1JHvuuwcs MODULUS=yEllehy 77y 11Xy
3 ISHPQISSONS RATIO=, Flle4)
920 FORMAT{  28M ERROR-DATA ERROR IN ELEMENT, IS)

9217 "FORMAT(1HO/+6Xy 16HRE INFORCED EARTH/Z, :
1 10Xe2THSTRIP YOUNGS MODULUS=4,E11c4y/y

2 INXy12HSTRIP WIDTH=y E1l ety /y

310X 16HSTRYP THICKNE SS= ¢ Ello4y 7y
4 10X,19FHORTZONTAL SPACING=¢E1le4 /s

5 10Xy 1 THVERTICAL SPACING=9E1le4y/y R
T8 10X 6HANGLE=yE1Y W49/ T

7

a8

§“

16X935HSKIN THICKNESS IF BOUNDARY ELEMENT=93Ellc4+/y
BX,17HSOTL PROPERTIES)
FORMAT (TH,9%X s 31HELASTTIC PROPERTIFS = GVERBURDEN//Z20X,y
1 ] 13HOVERBURDEN20 Xy 14HYOUNGS MODULUS »6 Xy 14HPOISSONS RATIO)

2 Z4HU—X=4 4HP=X=, 4HU-Y=, 4HP~Y=, 4HU~N=, 4HP-N=,
3, H4HU-S=, 4HP=S=, 4HANG= /

INPUT DATA IS READ

e (s

bG 1 I=1,3008

D40

DATA ANT S A%(3) ' _ et e e

00822
G04523
00524
CCH25
cO&28
36527

T 00528

€Ls29
0orag
00£321
oce32
L0533
0C534
8pE35
00536
00537
00538
00539
0Ct40
RGE4]

00542 -

30543

00544
0C545

00E46

20547

00548

00549
00550
€0551
00sk2

60553

00554

28555
GO5506

‘00557

0058
00E59

TTOCS60

ontel
0CGEs62
c0563
QG564
00565

C 00%66

aos67
0568

- DO0%69




1 ST(I,1)=Ca0 _

IXP=1
READ(E 4 805,END=T00) TITLE
WRITE (65,9730) TITLE

WRITE(3,803) TITLE

"~ READ (5,8003) NINC, WIDTH,INDUT,INCL,LC1,PGHM]1,PGM2,PHON

_ READ (99,805) IMAGE
WRITE (3,803 ) IMAGE
IF (INCL oLTe 1 ININC
TF _(NINC oLT. 1) NINC=L

NINC + INCL

WRITE (6,901) NINC
_ MATERIAL PROPERTIES

NMAT=(C

2 PEAD(5,807) NSEC,I,ITYP,NBMI,DI.DZ,D3,D4, 05,06

WRITE(6+937) Iy DI

READ (99,825) TIMAGE
WRITE (3,833 ) IMAGE
IF(NSEC oNEe 0) GO YO 106

TTNOMTIENOMI+)
NON( I) =MOMI*1000+1ITYP
DEN(I)=D]

NMAT=NMAT+1
TP =FFYP+]
IF(ITYP.EQ.5) GO TO 95

GO TO (60,60G:5835G),ITYP

C
c

ANTSOTROPIC PROPERTIES

58 WRITE(6,905) NDZ2,D3,D4,D5,D6

T U CALL T ANTISPID2+D3 ;D4 D5,D &)
cO0 TO 65

0o

READ (99,8051 IMACE
WRITE (2,803 ) YMAGE

ABLTI }=ABLI}RXTE(T)
XIB(I!-AH(I}*XIB(I)*XIB(I!IIZ.

REINFORCED EARTH PROPERTIES

59 READ TS, 6391 (EBITY,, AB(I), XIB (1Y BETTY

JOE(TY, TE(XV,TR(IY Y

WRITE(69921 3 (ER(T) yABLTIY ¢XIB(I)oBE(I)4DE(T)HTELTY»TK(T})

TTTeR YF U ONOMI oGFE. 2) GO TO. 8¢

HRITE(64904) D34D%
E(X41Y=03

LINEAR ISOTRDPIC PROPERTIES

D41

00%57¢C
CGOET1
eN572
£a5T3
C0ET4
Q0575
00576
COET7
oCh78
LOST9

00580

00r81
00582
c0%83
QCES&4

00585

00586
e-1: 0

0588

co60
GG60 .

TD0AOZ

s
W R Ty

GoBLt



s
]

TTTTTTeNI( T, 1)=04 T T T T ' : 00618
IF(ITYP LEQe 4) GO TD 2 20619
. CALL CONVT(D3,D4) o N o 00620
TTTTes TL=0 T TTTTT TTT T T 00621
DO 79 J=1,3 , - 00622
DO 70 K=J,2 . e - . p0623
=01 . T ' 00624
70 H{I,L)= CP{Jd,K) . : #4625
B GO T0 2 _ - 00626
C : - o T 00627
c OVERBURDEN DEPEKRDENT ISCTROPIC PROPERTIES — TYPE A 00628
c - : ) 00629
T HUY,1)=D2T - . - Y o [ T-Xc
" ElI.1)=D3 - S p0631
GNU(TI41)=D4 : ' 00632
TTTTTIRINGMT o6Te 2)G0TTO 82T T T T T T e e e e e T 06633
- HtI.2)=05 000634
T AWLL3)=D6 i - ' 00635
WRITE{65903) D3,D2,D54D6+D4 00636
60 1o 2 _ 60637
z 00638
c « OVERBURDEN DEPENDENT ISOTROPIC PRUPERTIES - TYPE B ' 00639
c . . _ . o0e64d
82 NOMI=NCMI-1 T 00641
CEpn 90 CNEZENOMI 00642
_ " READ(5+8C1) _H(IsN)2E(I3N)9CNU(T,N) 00643
READ {99,805} 1IMAGE AN 00644
WRITE {3,833 ) IMAGE ' o ' 00645
90 TF{GMU(TINYeEQeOa0) GNU(TI4NI=GNU(I,N-1} 503646
: WRITE(6,923) 00647
WRITE(53916) (H{IsN)E{TsN) sGNU{I4N) ¢N=1,NOMI} 00648
G0 T0 2 o e 0ODEGS
c . o | 0065
C GEAM PRCPERTIES - o 00651
g _____ ‘ - 0652
95 E(1,11=Db3 - T T T T p0es3
7 GNU(TI,1)=D4 = - 7 ' 00654
LA L £ 3 £ : — 00655
o TH(Y,2Y=02" , 00656
B WRITE(6,918)T;D1,D2, 03,04 ' 00657
o GO TO 2 ' ‘ . pbeSsB
< B - . N - 0659
o INPUT CONTROL UNIT » 00660
L i . 00661
106 GO TO (107,112,175,195),NSEC , N 00662
C ' 00663
C.___NODE POINT COCRDINATES _ ' . L GUGG4
o 00665

" .

D42



ra
]

. 107 NPT=0 nnALE
T 108 READ (5 4808) NSECINs XS ¢ ¥8 ¢NPyXP,YP,INCR,D =~~~ =W T T 6066 T
"READ {994805) IMAGE oness
WRITE (3,803 )} IMAGE : ] o 00665
TTTTTTTIFINSEC T WNEL. DY 60 TO 106 00670
X (N) =XS 00671
Y(N)=YS - . . o06T2
TTTSTINg1Y=1 0CGEX2G T T ) 00673
TFINPT JLTe N} NPT=N" 00674
. IFINP (EQ.Q) GO TN 108 : ' R 00675
IF(INCR EQe O) INCR=1 n0678
' HS=N : 00677
:F‘( Q»__»g_LTo“m»';__l_ _cg__U__R__e D cGTe 186s ) D= 15_‘}_“_;“ ) ] _________00678
T T NM=({NP-NS) ZINCR DC6TS
NMIS = IABS {(NM) noLan
IF ( NMIS  oGTe 1) GO TD 1080 . _ LoeBl
INCR = NP=NS T ' T 00662
NM = o L c0683
NMIS = 1 S et 90684
T GoTO T 1681 ST 66688
1084 CONTINUE : ‘ 00686
NPS= (NP ~ NS) C De687
NPS2 = TABS(NPS] N : ceean
TNCR2 = IABS {(INCR) R : 00689
@ " NCHK = NMIS * INCR2- NPS2 _ 00690
T TIF INCHK T Qe O 60T 1081 o . T BN691
NP = N 4 NPS/NPS2 *INCRZ * NMIS C0&92
1281 CONTINUE , _ N G693
T T IRCREINCR¥NM/NMIS _ T T 60694
. DU2=NMIS _ e 4 0G695
e DuUl=1.z/DU2 ) _ R 17 S
TTF(D eEQeleD) GO TD 169 T T U667
o DUI=(1,0-D)/{1leG-D**NMISY -~~~ , 00698
109 DX=(XP ~XS)*DU] JL 699
: DY={YP -—¥YS}*DUL ' : 00700
—— D0 110 I=1,NMIS e e 007701
NS=NS+INCR ~— 7 : T 00702
XS=XS+DX L : CO0T03
_ YSsS=Y3+0Y ‘ 0GT04
COSTINS,1)=10E+20 ~ T T T TT o oo e o B o3 £
KNS )=XS ' ’ T OLT06
o Y(NS})=YS e O0T07
DX=DX*D - oeT708
110 DY=DY*D , ‘ 60709
L JIFINPT JLTe NS) NPT=NS o o _ , Go710
GO TC 108 o - - T 00711
c : 00712
C  ELEMENT INFORMATION e . i6T713

D43



Fs
L)

o Tt T : ‘ T 0C714

, 112 MS=1 - 00715

.. N=1 o B 06716

TTUmMNORS=Y T ' Y 1Y o B X

“5 ' FORMAT S{2H {,13,1H) 42F10.1)) 00718

Do IF UINOUT &GTeO Y e

CIWRITE {3,25)(1 Iy X(I)y YUI}) oI= 1,NPT) 00720

113 READ(548732) NSECs (HODINy T} »I=1y4) ¢MNCR¢MyNMIS INCR4NMISPINCRP 00721

.1 JIPRNT S , B 00722

*'“”RFAD (99,855  IMAGE T < o 4

, CWRITE (3,823 )} IMAGE 00724

;M;ﬂWIFgNSEC «NEe 0) GO TC 132 _ o o628

LM = peINCL , T T T T 007126

) CIF(NOD(Ns3) ,EQ.OINOD(Ny3)}=NCD(Ns2) , S 46728

' IF(NCD{Ns4) «EQa OINODIN,4)}=NODI{N,3) 00729

o NS=N 00730

TTTTTTIRCRSEG T T - o731

Lot INCRZ=INCR . 00732

T MMISZ=NMISP 4o733

T TEMNORLEQLOY MNOR=MNOKS - T _ 00734

MNOR S=MNOR REEE o 00735

e TF(M.EQ.C) _M=MS _ : : _ N 00736

TTUMSEM T T T - TTTTTTTTT an737

FINOM) SMNOR* I SICFMEIOFTP RNT ' 0G73e

L1114 DO 118 M=1,4 H0739

115 NUD(MMY=NOD{NS . ,MI+INCRS o 00740

© MNOUNY =FMNO{XRS) 1 ' 00741
N=N+1 g T 06742

. INCRS=INCRS+INCRP CUT43

C NMISP=NMISP-1 50744

IF(NMISP oGEe G)GD TO 114 0G745

TNMISP=NMISZ T : TTTT 60746

. INCRS=INCRZ ' - : CoT47

T IKCRZ=IMCRZ+INCR 00746

“““““““ TMMIS=NMIS—1TTT - i T 7X-1

IF(NFIS GEe D)GO TO 114 00750

.. 60 TCG 113 00751

o T ‘ ) 00752

' " GENEPATE COORDINATES FCR UNSPECIFIED INTERICR NODES 60753

o . 00754
TTUI3ZTNELEM =N-17 07T - T ) I 1o 1T

28 . FORMAT ( 5 (3H {¢I3,1H) 4414 )} ) . ' 00756

COTF ¢ INOUT JGTW0 ) 00757

lNRITF (2528 ( (I3 U NOD (I KYsK=S1 34 Y s IS, NELEM™Y 7 77 7 7777777 " 00758

NMIS= ' C0759

Do 135 K=3,NPT B B o 00760

TTTTIF{ST(Kel) «GTe «9E+23)G0 TO 135 T 00761

Di#%



f.
L)
~_X!K)--b..*(xu(—znxm—ln i o cov762
Y{K)I=0 o [Y{K=2)+Y(K~1)) i D763
NMIS=NMIS+6 _ CCT764
135 eontmwye : . I ceTLt
IF(NMIS .EQ. C)}GO TO 163 607
NO 155 NN=1,NMIS , COT6 ¢
. 10T=0 S S -1 s £ X
DO 137 K=14NOT T o 0CTLT
ST(K32)=00 0077
 ST(Ke3)=Dc2 ' ____comn
TTI37 ST(K4)=0.0 , CoTi-
DO 141 IE=1,NELEM S ) 0077
N _ MN=MMO(IE)} /1530 ~ o017
TYTYP=MOB({NON(MNY 3107 +1 . gori:
IF(TITYPEQS) GO TOD 141 o077
DD 140 JJ=1s4 - _bCrr.
J=NOG(TEs JJ) o o R GOr:
I=JJ-1 ‘ : B Gurr.
o IFLI EQc 3)I=4 SRR, 007:
I=NOD(IE, I} - : T T LoTs
K=JdJ+1 : QO7A-
IF(K «EQe SIK=1 O0TR.
K=NOG({ IE, K) — i ety
_ STLd, ?L*SRLJ,Z)fXLI)+X(&I 007G
@ ST(1.3)=5T(.314Y(T) 4V (K) g
140 ST(U,,4Y=ST(Je4)42,0 - T ohs
141 CONTINUE , 007=
oo D0 150 K=1,NPT oo
TYF(STIKFLY o8Te OeUE+20 olURe STIKs&) oFGe 060160 TO I8¢ T 007TT
D1=X(K) . o ) EOTY
o be=Yty o . N . G079,
X(KY=5TIK,2)V/ST(Ks4) B 1 s
Y(K)=ST(Ks3)/ST(K44) T
TR Y=ARS L(X(KY=D1Y Z/(ABS{DY }+1.0E~ =100 3 I O6CT5:
D2=AESLIY{K)}=D2}/{ABS(DZ )+l «CE-20))
IF{D1+4D2 oCTe «0001)T0T=] T
TTIBOTCONTINUE T T )
IF(ICT <EQe 3160 TO 163
155 CONTINUE
e o TR e
C PRINT NODE AND ELEMENT DATA
c

163 TCONTINUE
CALL RESOUT(1)
HRITE (£,908) o
TTTTTTUDO 168 N=l.NELEM T T -
MS=MOD {MNO{N} ,120G) /710

MNOR S=MYO{N) /1000
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' CHECK FOR NEGATIVE ELEMENT AREA

TeRe Xuln

TTTNI=NCDI{N. 1)
N2=NCD(N,2)
N3=NCD (My 3)

TTNGENOD Ny 4) T T T
IF (M4 oNE. N3)GD TO 164
N4=0

GD TC 166

D164 ALSXUML)FCY(N2)=Y (NG P4X(NZIRIY(NG) =Y (N2))+XING)H(YINT)=Y(N2) )
T AZEXANZLECY (NS Y (NAY )X (N3 )R (YING) - Y(N2) D XANG)F(Y(MD)-Y(N3) )
BLI=X(M1)3(Y(N2) =Y (N3 ) )X (N2)#{Y(NA}=Y{NID}+X(N3Ix(Y{N1)=-Y (N2} )
CB2=X(NLVE(VIN3I=Y (N4))+X (NBIF(Y(N4) =Y (NL) ) 4X(N&)F(Y(NI}=Y(N3})
T IF(ALI+A2 6T 040) 607 TD 165

Ixp=

IFIN3.EQuN2IN3=0 — T

T UTHRITE(6;82M) N T
165 Al=A1%AZ
| _A?=B1%R2

TIF(AYl .GE. AZ2Y GO TO 166
NOR{MNy1Y=N2
NDD [N, 2)=N3

‘”Nootw,a)swa'
NCDEM, 4) =NT
166 CONTIMUE

168 CONTIMUE .
CALL RESOUT(2)
L. €D TC 126

BCUNDARY CONDITIONS

“TYT5 URTTE (659180
I=1

QG810
Coell
cCBl2
QGR13
0C8l4
0681E
GGRl1G
oG817
coers
00819
00826
o821
ogez2
cCs23
o024

00825

00826
cos27
oc8ze

0829

0OR30
cCE31
00832
4g833
0834
00835
00836
0cs37

00838

0839
00840
&dB4l

“possz

0CE43

180 RFAD (548L6)NSEC KKy (TTFLGIN) yBIVDIN)sN=192) s THeTA ¢KKPyINCR P Js PKOCEL4

TREAD (99,805) TMAGE
WRITE {3,833 } IMAGE
. IFINSEC .NEo C) GD TD 106

NHIS=0

TF{KKP LEQe 0)}GO TO 182

TF(INCR «EQe O} INCR=]
THME (KK P—KK) ZINCR

NMIS=TARS (M)

INCR=INCR&=NM/NMIS

- 182 IF(IA LEQ. 9) 1A=l
S NM=1+NMIS
: DP=PK=~PJ L o
1F{NMIS oEQo Q) GO TO 185
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oLe4s
Ci846
DOEAT

" 0CR48

aCe4e
ocss0
Q0851
00852
40653

- 00854

ooess
oo8s56
eLes7




rs
[
M=KK ‘ T « 1 1%
TTTTTIXL=00 T T T : 505
DO 1283 L=1,NMIS ) ' ::?C.',..
MP=M ) o o O0ES
TTTTTTMEMS INCR 0CEL.
183 XL= scR.t(xcM)-xcmpi 1424 (Y (M)=Y(MP} )®%2)+XL 008A
CP=DP/XL i e poes:
718 OXB=00 T CCB6"
DYB=nd cc{:f_l-
1ADD=0 ¢ 86
T TTIF{THONELO0) IADD=4 anes.
DO 190 L=]sNM T
DXF=0ed _ . gosy
TDOYF=0o0 a0y
TF(L EQ. NM) GO TO 186 : 00B7
DXF=X{ KK+ INCR)I=X{KK} - 12
TTTOYFEY{ KK+ INCR Y=Y (KK) T \ oce
 PK=PJ+DP* {SORT{DXF*DXF+DYF*DYF)) 00ur
186 BIVIT,1}=BIVD(L)}—(2o0%{DYF+DYB)*PI+DYB#XPI+DYF*PK}/6.,0 QOB7
T RIVII 2Y=BIVDI2 Y (Zo O (DXF4DXBYRPIHDXBAPI+DXF*PK)Y f6e & ' o/
‘DXR=DXF : 0 C
DYB=DYF _
I -5 1N ) e
B J=PK e : o
@ BIV(T,3)=TH | e
"““““Noostl1~wn*1ooao+11FLﬁT1)#1c+xIFLGtzr +IA*100 T

D0 187 J=1,2
K=2%J~1+TADD :

T ANCGI T Y =ANT(K+1) -
IF (TTFLGIJ)  «FQe o) GO TO 187
AN(J)=ANT (K)

187 CONTINUE T

CWRITE (64906) KK G (AN(J)4BIVIIod)gJ=1y31,3A
KK=KK+INCR
BIVI{Ie3)=TH*0a01T4533
192 1=1+1 B
GO YO 180 — T T T
195 NBPTC=1-1
c . :
c THE SIZE OF TYHE PROBLEM IS CHECKED TO SEE IF IT 1S TOD LARGE GOEv
o AND DATA ERROPRS ARE SOQUGHT asos
c - e
IF (NELEM LTe 600} GD T0 206 oo
WRITE (64512) 0G90
IX=0 L . . . . , oQen
206 IF (NPT (LTe 701)GD TO 207 T e T e L noan
WRITE (64913) PPSO
L IX=0 ) LT
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rd
]

207 TF(MRPTC.LT200) GO TO 208 ' o 00506
. HRITE (64914} o907

. Ix=0 N o _ L e o . o W l=oF
208 YF (NMAT.LTL11) 6D TO 210 =~~~ 777 omamemmemmen e s s ‘ 60909
. HRITE (64911} _ . : 00910
IX=0. e e e 06911

o . 00912
210 TF(IXP EQe 2)IX=0 0913
____CALL FINEL{ WIDTH) i o . e0914
"RETURN T " T T T T T T T T T T T 0691 8

700 STOP \ 60916
Lo ENDO 00917
T SUBROUTINE TRESOUT(ITYP) T o091e

- COMMON/ELKLZ X{TGGYe Y(TD ) o NDD(OIT 4 ) 3 TXXX 00919
. _EOMMON/BLK2/MNB(600) yNODB(2C0) 4BIV(200,3), IIFLcta’.BIvntsi o 36920
1y NELLCM » NPT o NUMPC, NINC 00921
COMMON/BLK3/ C1{17417)4ZY(17)4RT(3), ZT(31,RQ(4JrZQ(4), - L99z2
LT TTTTTTTINQUTO0 Y 2 U TO0) ;V(?CO!,ITUQ(2v3)'ATQﬁ(?,:)'EST(4,3) 00923
962 FORMAT { 1HI1.3(" ELEM"3TXy'ELEMENT %y 7Xs "MAT CONST' yEXy1H )/ 00924

* (0 NOe«?44Xy "NODAL POINTS Nl INCR, . ) 71H ) se92s

908 FORMAT(IHI, 311X, " NODALY y8X5 "XV 13X, 'Y, 11X, 1/ ) 771X, 00926
* 301X, "POIMTY»3Xy "COORDINATE Y 44X, *COORDINATE 7Xy1H ) /1H ) 00927

909  FORMAT( 3U1X,I442(1X4F13.2) , TXs1H ) ) _ ocoze
F1T T FCRMAT (T 2X r3(T3,3X0 3430 IXs Y3 420aX 4 12) 49X 1H ) ) T T T ggo2 g
922 FORMAT (IH133 01Xy "NODALY 38Xy ¥ X 313X, 'Y '311Xe1H ) 7/ 1X, 00930
% %(1x,-Pnlnrt,3x,'DISRLCEMNT-,ax,'uISPLCEMNT'.7x,1H Y /I ) 06931
1001 FORMATIE3X, T4y 2F14c2 ) : 00932
1002 FORMAT{83X,I4, 2(1X,IPE1362)) 00933
1006 FORMAT( 3(1X,T442(1Xs1PE1362),7X,1H ) ) 00934
1010 "FORMAT(88Xy ~ I3,3X513,301X,13),2(4Xs1T2)) o 00935
TE{ITYP .EQe 2) GOTO 166 00936

163  CONTINUE : 20937

TTTTTTULINE 2 NPT/ 3 - R T Tpog3sa

NEG = LLINE /7 37 , 00939
LINES = NPG *37 . 00940
"_"""""'LINS"E"]_""""‘ ) T TTETTmTT T A e m e e e 00941
N1 = 1 ~ 009472

1F (LLIN tLT. 37) GO TQ 554 » 00942
TTTTTTING TETRTTTTOT N T 00944
_ KSHIFT = 3*INC _ ‘ 00945
502 CONTINUE Q0946
IR LINS «GTe "LINES) ~GOTO™S&Q W7~ 7 7T T T e e T 50947
N2 = N1+2%INC 00948

LINE = ) 00949
TTIF(ITYPLECLE) GOTO 504 — TTTT 06958
WRITE {6,908) : 00951

: GOTO 505 00952
504 THRITE {(6,922) — 7T T T T T T T 00953
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505

520

53

550

582

TIF (N3 <GT. NPTY GOTO 555
TIFLITYP ¢EQa 4) GOTD 554

554

855 ()

166

TUNPGT

600

TTTTTTN2TETNTE OINGTT T T - e T

611G

CONTINUE

“IF( LINS o6Te LINES} 'GOTO SO~~~ 7 T

IF{ITYP «EQs 4} GOTO 520
WRITE (65979)  (Ny X(N)}y Y{N) sN=NI,N3,INC )

GOTG 523
CONTYNUE
WRITE(651006)( Ny U(N)y V(N), N=NI1,N3,INC )

LINS = LINS + 1
LINE = LINE + 1

CCONTINUE o mmmm e S T S m S ST D

NI = N1 + 1
N3 = N2 + 1
1F {LINE JLEe 37 ) GO TO 50C5
N1 = N1 + 2#%INC

Gh TG 522 d
CONTINUE

TF (CINES LEQ. LLINE } GOT0 552
INC = LLINE —LINES
LINES = LLINE

~GoTo Hoz - il

CONT INUE
N3=LINES*3+]

WRITE(651001) (NeX(NJ}yY{N})ygN= =N34NPT )

TCOTO 5557 B
CONT INUE
WRTTF(651001) (NyUIN),V(N),N=N3,NPT )

IF{(ITYP «EGe 1) GOTOD 730

_IF{TTYP .EQe 4) GOTC - 730 o
CONT INUE e e

LLINE NELEM/2 _
LUINE 7 37 —— e

NPG %37

W

LINES
LINS = )

N 1 = 1 - - - e ‘.............._._'—..‘....,_.._.. - v —— s

IF (LLINE LT« 37) GO TO 700

INC = 37 :

TKSHIFT £ 3%INC ™ = T
COCNTINUF §

TF( LIRS oGTe LINES) GOTO 700

N3 = N1+4+2%INC
CWRITE(64902)

CLINE = 1 T s e s s e

CONTINUE
IF{ LINS o6Te LINES) GOTO 700
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TTTTTTTTINGL

TN3TEN3TY L

GO TO &y

MNO{N1) /1000

MN1 =
MNZ = MNOQINZ) /1000
MN3 = MNO(N3)}/1000

= MOD(MNO(N1), 10000700
INC2 = MODIMNDO(NZ2)41200)/710
INC3 = MOD(MNO(N3)},10C02)/10

TUTTHRTTE(6:917) M1, (NUDUNL K 3 KS1047 o MNT ,INCT, NZ.(“OD(NZ,K},K"l AN

¥ JMN2y INCZy N3 {NOD{N3,K)sK=144)y MN3, INC3

LINE = LINE + 1

"TINS = CINS 4+ )
N1 = N1 + ]
MzZ=NZ+1

IF (LINE LiLE. 37 )Y GO TO 610
N1 = N1 + 2%INC

. 700 CONTINUE

To9

CIF ULINES ¢EQs LLINE )V GOTO 707

INC = LLINE ~LINES

LINES = LLINE

- GOTO 657
CGNTINUF
=L INES*3+1

CUNTINUF
IF ( N3 .GT. NELEM) GOTO 730
MN3. = MNO(N3)/100C

730

oo

T GOTO To9

TEND

T INCREMENTAL PLAIN STRAIN ANALYSIS

01002
51203
01004
01605
1006
$1107
01608
1209
01C1Q

T 01011

01612
01213
tlci4
€1015
01016

01017

Gi1ols

T 01019

g1a20
1021

olo22

$1{823
01024

T 21925

INC3 = MOD{MNC{N3),152°1/10 '
HRIiE(6’10101N3y(NUD(N37K10K=1s41'MN3qINC3
- N3=N3+1 T

CONTINUE
RETURN

COMMCN /ZCNTRL/  WIDTH, INOUT, INCL
COMMON/ZELKY/Z XUT700 ) YITGO) o NODI6COs4) 41X

COMMON/BLKZ2/MNDIGIC) oNMDBIZ200) 4BIV(Z2C0,3),YIFLG(3),8IVD(3}

fNELEMy NPTy NBPTC, NINC

_ COMMON/ZBLK3/ CLULT7317)9ZY{17)4RTU(3}47T(3),RQL4)},2ZQ(4),
NQETI0) yULT7CCY 4 VITO0) s ITOR(2493)4ATOQ(2y3)4EST(4493)

y IS(E)}, BS(3),y AS(3), ROy Jls

o _A_f__(3'3)’ QT(3_93’1 GA(3,3) 4 25(12412),
s T{2842)s TTRWEZ2B42)y NETCL(1742)s CTP(12,17),

COMMON/RLK4/ SEL112),5(112,56)

T(67049)4CP{343}

D50

Z4( 12)

¢1026
01027

61028

¢1429
01030
1031
01032
01033

01034

1035
01036
91637
01038
01039

T 01040

STORE(17) =

_COMMON/BLKS/ DEN(IG) oNON(14) oGNULL10, 1), E(18y10),H(12,19),

©1lt4al
01042
01343
C1C44
01¢Ca45

T 0li46

01047
Q1C4a8
1049




COMMUN/BLK6/AB(10) JEBI10),XTB(10),BE(10) DE(10) ,TE(10),F(3) 01&:

T T iKA1IeY T 2105
30 FORMAT( 1H1,8X,28HINPUT DATA CARD IMAGE *#%%% 72Xy 1H )} 010%
WRITE (3,30) ' . R L (e

€ 0108
o _ 0175
c THE SIZE OF THE EQUATION BLOCK IS SET _ I, 3 1+
c . o ' - o C13%
CALL DHRERD 0102

- _NEQ=F6 €187
‘NBW=NEC nice

CALL ESTAB 0186

o 0106
C INPUT DATA IS READ (VS Rt
C 01CL
100 IX=NEQ@ T -2 & +17

T HTOP==1.0E+49 (0] R
CALL PREP o 0186

YF ( INCUT GT«d ) GOTO 590 o ) i G10s.

T IFUIXT .EQe 3) GOTTOT1007 o - T T £1%6
C 0o,
C- ~ INITIALIZATION OF STGRAGE ARRAYS 0107
c . S Ol
- DO 140 IsT NPT Oluy
U1 =0.0 o107
140 VIV =00 _ GLoT
DO 142 T=1,NELEM o107

DO 142 J=1,9 c1ov

142 ST{T,31=Cedd T I 3 XY’

c L1a%
C TNCREMENTAL AMALYSIS LO2P 01.2
C - - T TS 108
TA=0 O1lixx

TUISY T 1A=T AL - - i i 01048
c c1¢ee
€ _THE EQUATION POSITIONING MATRIX FOR THE SYSTEM MATFIX IS FORMED 0ida
C AND THE ELEVATION OF THE TOP OF THE CONSTRUCTION INCREMENT ESTASLIOICT
C : £108
DO 164 YI=1.NPY = ) ) i Gids

160 NQ(I+1)=0 - T i 21éc
HTOPP=HTOP 013
... D0 1o8 M=1.NELEM = e 0109
TAC=MOD(MND(M},1005) /10 . Cl1a9
IFITAC.CT«IA) GO TO 198 2159

e LS=200 e ) . 0157
MN=MNO (M} /71000 n) R
ITYP=MOD{NON{MN) 4 1G) +1 G137
_IF(ITYP.EQ.5)LS=300 0109
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s
[
I=(3:7-LSY 2100 T : 01098
DUl=T ‘ ) o - B 01099
DO 180 J=1,4 ' o ' ’ _ 01100
T T I=NODIMgdY Y T - 81101
DU=Y(I-1)*Dyl 01162
IF{HTOP .LT. DUIHTOP=DU . 01103
180 TF(NCEY)eLTL3SOINOEIY=LS . 01104
" 198 CONTIMUE 01105
T NG(1Y=1aD L o 01106
TR0 260 TE14NPT ) 81107
5200 NOQIT+1I=NO(IY+NQUI+1) 01108
o 011099
€ THE BAND WIDTH-NPC— IS CCMPUYED ¢1114
o \ » 01111
S NPC=35 ‘ _ L 01112
777 DN 218 T=1.NELEM . ¢1113
MN=MND (1) 01114
TUTTTTTMNSMOD (MN T TTTTL060 Y /18 '" -~ TTTTT 811l
- IF{MN.GT-IA) GO TD 218 clile
s DO 202 J=l44 01117
T T IIENOD (T, IY ) k 01118
MQUJJ}I=RQ(JJ ) +1 ST 61119
DO 232 Kel.4 : : 01120
TTKESNOD (T KY+1 TS ) T e £1121
TV=NO(KK) Z71C0=-NG(JII) 2100 . 01122
IF ANPC .LTe IV} NPC=IV ; . p1123
252 CONTINUE™ - ) _ _ 01124
218 CONTINUFE , _ £112¢
£ . o 01126
C COFPUTE MATRIX SPECIFICATIONS™ T B 1127
c ' ciize
_TF (NPC .LE. NEQ) GO TO 220 o129
TTTHRITE (64910) ” T | o 01130
910 FORMAT (7/7+ 1X 25MERROR-BAND WIDTH TO LARGE) £1131
&0 TO 100 01132
7220 NCOL & NPL 77T e e 01133
NROW=NQ(NPT +1)/100-1 01134
G ‘ - 0113%
CT U 7TIRITIAUCTZE SYSTEM MATRIX T T g1136
1o MN=2%NEG ¢l13g
““*“00“223'Nsr;mw”“““‘ o T T T T T 91139
SL(N)= 01140
- DN 223 J 1+NEQ 01141
223 SNV =TT ] - T 01142
< , ) ¢1143
- f“1ﬁ5“§IIFFNEss MATRIX IS GENERATED IN BLOCKS AND STORED ON TAPE 01144
: PR mRIRAN. 29 ZEIRRATED TN BLOCKS . B1145
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RENIND 1
T ie=

LBI ¢
NELEMT=0

Ovey o 0l

288 Le=LP+1
NB=(LB=1)2NEQ+1
Lt MB=LE®NEQ

EACH ELEMENT IS EXAMINED TO DETERMINE IF IT CONTRIBUTES TO THE
BLOCK

DO 35% I=1,NELEM

CAXSY e e
TE(NOD(I,1) LT« 0V 6D TO 355 .
TAC=MOD{MNO(T) +100C) /10

N‘MNﬂ(I)IIGWO
RQ“DEN(MM)
IF(IAC-TA) 2904292355
_ 290 RO=Ja)

TT292 DO 200 L=l44
: KK—NOD!I LY '
1=NQ(KK) /100
IF UKL oLEe MB} GO TN 315

300 CONTIMUE
GO TO 355

© 306 L=0 - T

ﬁiﬁﬁn

CALCULATE THAT PORTICN OF THE STIFFNESS MATRIX GIVEN BY A
_CONSTDERATION GF ELEMENT T

305 TTYP=MOD(NON(MN) 10} +1 )

_ NP=NDN{MN}/1000
ND=TAC-IA

60 TO (3{64308,30623284349) 4ITYP

IF(NP GTe. 1)GO TD 308
Do 307 J=1,43

77307 CPIKJ)=CP(J.K)

DO 307 K=Js3

L=t +1

CP{ J'K,z H(MN,L’ o e e e e
GO TO 349

348 CALL INMTPI( “ElvGNUI,HNgHTQP,NDrHTOPP,I1VP1
“CALL CPNVT(EIgCNUl)
GO TC 349

i Yy ¢ U PR S e e e

320 CALL REIMF(MM,HTDP.ND,HTOPP,I.NP)

T 7949 CALL STIFNS(IA,LB1oNEQeMN)

NELEMT=NELEMT+1
NOD(T51)=-NOD(I41)

D53

01146

01147

01148
01149

01150

51151
01152

01153

01154
01155

T G1156

01157
01158
" 01159
01160
_ 01161
1162
01163
01164
01165
01166
01167

01168

01169
01170

41171

01172
01172

01174

0117=
41174
011«
01157z

B

C11--
¢1181
01l&-
0115
011~
C11s:
0112



F
i
© 355 CONTINUE : T e ‘ 01194
< 01195
c IF HAVE LESS THAN } BLOCK OF EQUATTONS LEFT MO ADDITICNAL TAPE 01196
C" 7T STORAGE IS USER ST T e ’ 01157
c 01196
IF(NROW <LEe MB ) GD TD £60 _ 01199
- TLEI=LF1¥1 . 01200
. 01201
L THE BLOCK OF EQUATIDNS 1S REDUCED AND PUT ON _JAPE DlZ02
c ¢1203
CALL REDUCT(NEQ,NCOL) : 012G4
WRITE (1) (SL(N);(S(N;M) M= laNCDL), !\—I,NEm 01205
c 01z2C6
E THE NUMRER TWO BLOCK DF EQUATIONS IS SHIFTED INTO THE NUMBER ONE 01207
z POSITION _ c1zo8
ol - . ST T aize9
DO 555 L=1,NEQ 01210
. CRHoLaNEG o e . e s o e 01211
; SLILY=SL(LRH) ' 01212
S SLILRH)=cen j ' , 01213
DO 5557 M=1,NCOL ‘ : o T T T T 01214
S{LyMY=S(LRH,M} R ) 01215
- 555 S{LRH,#)=0. L . i N B 01216
270 16 28 e e C9i217 A
560 NT= NRDH-LFI*NEQ . 01218
- ' ‘ 61219
z TTHE FINAL TWO BLOCKS 6EF EQUATIONS ARE REDUCED AND BACK-SUBSTITUED 01220
z 01221
. CALL REDUCI(VT.NCDL)VM e ) _ o 01222
NS=L B} SR T T e e a 01223
CALL BAKSUB(NT,NCOL,LB,NEGQ) 01224
IF (LBl .EQ. Q[LGQ_TB 564 01225
TDOBE3 J=1.L81 T - ST T T 61226
BO 562 L=1, NEO 01227
= LL=LaNEQ ‘ ' 01228
562 SLILLY=SL(L] B — T T T T 61229
L =LB1-~J+1} 01230
A Y T Y Bl € e et e e e e .. 01231
ANY ELOCKS ON TAPE ARE RECALLEG AND BACK SUBSTITUED ' 01232
: 0iz33
. BACKSPACE 1 ' ) 01234
READ (1) (SL(M},(S(N,M),M =1y NCOL) 3 N=14NEQ) —~ 7 - ST 61238
RACKSPACE 1 01236
. CALL BAKSUB(NEQ,NCUL.L'%EQ) 01237
563 CONTINUE ' T p123e
B64 L=0 01239
..DO 566 N=1,t8 N e . 01240
“K=NEQ - ' T e e s e e 01241
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T KEK¥1

DO 566 KK=1,NEQ

L=L+1
566 SLIL}=S(K.N)

Ta¥aln’

STRESSES AND STRAINS COMPUTED

IF (IA «LTe NINC) GO TO 150

530 CONTINUE

 CALL STRESS (T 7 T TIASNELEMTYHTOPR,HTOPP) ~ T

TG0 TO 100
END
SUBROUTINE BEAMST(I,MN)

OO0y

THIS SUBROUTINE CALCULATES BEAM FORCES, SHEARS AND MOMENTS

COMMCN /ZBLKTZ X700, YU 700 ,NOD (600541, 1%
COMMOM/BLK3/ C1E17417)5ZY(17)4RTI3),7TE3)4RQ(4) ,ZQ(4) o

NQ(700) UL 700) 4V(70001,1T0Q02,3),ATOO(2,3),ES5T(4y3)

¢
C

C

R AL EYAZES

80 DUSDU+CTIIK,LY*ZY (L)

__ZG(1)=STCRE(4)*COST+STURE(5) #SINT

v IS(SY, BS{FVy AS(3}y TRO, J1,y

1

2

3 AL{343})y BT(3+3)y GA{3,3) , Z5{12+12), 740 12}
4

27128921, 1TRW(28,2)y NETCL{1742), CTP(12,17), STORE(17]

COMMON/RLKA/ SL(I12Y, S 112,56y~ —

STIFFNESS "BATRIX “TIMES D ISPLACEMENT

COST=STORE(1])
SINT=STORE(2)

I¥{4)=2Y(3}
NI=NOD{I.1}
ND=NG(N1) 710042
 ZY{3)=SL(ND)
DC 100 K=1,46
DU=G .0
DD 9C L=ly6

0124
0124
0127
0124

012

124

01Z”

0124

143 2
Ol1lz%
C1lz%
Cles

o1z

0125
(¢}
Q1z%

T Q12¢%

01:-2
9122

o124

0126,
01z«

Tolos

100 STORE(K}=DU
RO{1)==STORE(1)*COST-STORE({ 2} %*SINT
RQ(2)=STORE(1)*SINT-STORE(2)*COST
RO(3)=~STORE(2)

ZQE2)=—STORE (&) *SINT+STOQRE(SIV*COST
ZO{3Y=STORE(&)
DD 2773 K=1,3 S
200 ROEIK)I=C 5% (ROIKI+ZQUK)Y '~
RETURN
END

D55

G124
§124-

0126

12+
0128
Clev
DL1ZTE
01z:-

S o1zY

o127
olzi:
G127
Cler
01z
01z,
Clzl .
01z81
0178
Olcss.
a122”
Cleo:

p1aos

.
01:=zC
01cas



~ SUBRDUTINE BEAMEL(TI,MNY 7 -~

D56

61290

c 01291

c THIS SURROUTINE CALCULATES THE STIFFMESS MATRIX FOR. A PENDING ELEMC1292

€ £1293

COMMON/BLK3/ C1{17417)4ZY(17)4RT{3),2T(3),RQ(4),20(4), 01294

1 NQ(730) yUCT700) 4VIT700) 4 TTOR(293),ATNQ{2,3), EST(Q,BI 01295

2 y IS(5),y BSE3), AS(3), RO,y J1, T e1296

3 AL(333)y BT(3,3), GA(3,3} , 25(12, 12¥y Z4( 12) 01297

& 1 T(2852)y YITRW(2B+2)y NETCL(17¢2}y CTP(12,17), STORE(17) 01298

- "tOMMDV/BLK%/ DEN(10) oNON(13) yGNULIC,10)4E(10510)4HI10,10), 7 " 0iz99

1 ST{6:0499),CP(3,3) 01200

_CA=RG(2)-REG(1) V1301

SA=Z2Q(2)-720(1) 013C2

XL=SCRT{CA*CA+SA*SA} 01333

o _CA=CA/XL i , 01304

SA==SA/ZXL i ) T p13os

© STORE({1)=CA . , ¢1306

- —"_-’WST"RF(2}—-SA"W-- - T T T T TR e = ST e e e s 1307

GNUB=GNU{MN, 1) ¢130R

ER= c(MN,l}ftl.c~GNUB*Guua) 01309

T UXIBEMOMN, ) T T : ’ 01310

AR=H(MN,1} 01311

DU=EB*AE/XL 21312

T Ly =Dy T T T - TTETTT - T 01313

Ci1(4,1)=<py 01314

. Cl(le4)==DUY ~ B B _ 01315

Clla,4)=D1 . P 01316

XL=0 e 5%XL G1317

L PEl)=0. ' ‘ - . ©13z18

. RO(3)1=0el 01319

Dze25/XL 01320

RG{2)==D . b ___ ti1321

T RG(aY=D” T - 01322

I0(2)1=D ' - 01323

Lo 20Q04)=D . 01324

TTTTD=DAXL T T T 01325

2¢(1)=D 01326

I1Q(3}==0 61327

DB OEXLXER*XIE T " To1328

DO 120 L=1l.4 01229

LS=L+1+4L/3 01330

T "DO“l 20 Ji—. ]_", l,.— - T T T T T T e e e G1331

‘ JS=J414+4/3 : 01332

c 01333

120 CIILS IS =0 (ROTIVAR QLY +30 #2001 %26 (0)) o T 701334

c 01335
C LCCAL UNKNOWNS TRANSFURMED TO GLOBAL UNKNOWNS 01336

DO 400 NR=1,443 7T - 61337




DO 315 Jd=1,6 017z
T D2=C1INR+I S JI) T - P L B
DISCL{~R,JJ} _ 012
[ _C1(MR, JI)=D1%CA+D2%SA - .. 0134
315 C1{NR+1,JJ)=—D1%SA+D2%CA 0134
DC 318 II=1,6 ' 0134
e DISCLLIT,NRY R ) -
- D2=CI(IT,NR+1) , T ' ST T T 13
CIH{ITyMR)=D1I%CA+D22S A" 012
318 CY(YIsNR+1)==D1%SA+D2%CA 134
400 CCNTINUE _ 012~
RETURN : 0124
_._.........____END e it e [ . I R e e m———— e 0132
- SUBRCUTINE CONVT(DI,DZ) ST T T 6135
¢ 0135
c THIS SUBROUTINE EXPRESSES ISOTROPIC PROPERTIES IN ANISOTROPIC FORM{1325
c C13=
COMMON/ELKS/ DEN(10) yNON(10) $GNUCL1C,10)5E(205120) 2H{17,10), 0LIs”
e ST(OUT49),4CP(3,3) 012%-
IF(DZ -EQe 0o5)D2=,495 ST T T e S a3
CCP{343)=DI*3e5/(1e34D2) 0125
_ D1=D1/{{1N+D2)%(1.0-2a0%D2}) | e 0135
CP{1,2)=02%D1 T T oo
- CP{241)=CP(1,42) : : - 0136
._ ~ CPEL &3 ) =000 : . C136:
o CP(Z",'3)=0';0' ) ) T I T i i o 0136
CP(3,41)=5 el 0122/
e CPU3,2)50.0 ' 21328
Di=D1*(1.0-D2 1 o . _ ‘”' T ey me
CP(1,1)=01 ' 0136,
e CP(242)=01 - L o .. 012z
RETURN _ o T pzes
___END : . 0137C
T SUBROUTINE ANISP(C11, C1247C22,7C33, PI) ™ o ) a137]
c | | , 0137z
C THIS SURROUTINE TRANSFCRMS ORTHOTROPIC PROPERTIES FROM THEIR _  C€137:
O PREFERED DIRECTIONS TO GLOBAL COORDINATES 01374
c ' $12375
__ COMMOCN/RLKS/ DEN(10),NON (10} ,GNU(10410)+E(1C,10),H(10,10), 01375
. T I~ ST(60349)4CP(3,3) ~ ~ 7 Tm o m CI1377
DIMENSIOM TH(3,3) 4,R0O(3,3) | 01378
CP(143)=5ed 01379
CPUZ, 3= " 21382
: - CP(3,1)1=0.0 : , 01381
CP(3,2)=2,0 : N _c1382
- CPt1,1)=C11 " _ ©1283
CP(1,2)=C12 01384
CP(2,2)=C22 — .. 01385

D57



T bu=0L0

"DI=CPHECPH

§7 RO{M,N)=DU

75 CP{M,N}=NU1

CP(3,3)=C33
CPt2,1)=C12
TF(PI .EQ. 2.2)G0 TO 80O

PI=PT% . 0174533
SPH=SIN{PI}
CPH=COSLIPT)

DZ=SPH*SPH
C1l=SPH*CPH

TH(1,1)=D1
TH{1,2)=D2
TH{1,3)=C1

TH(2,1)=D2
TH(2,2)=D1
- TH(243)=-C1

CTHA 3y @) =2 R CL
TH(3:Z) 2eU%¥C1
TTHU3,2)=D1-D2: ;10, ¢
DU 67 M=1,3
DD 67 N=1,3

N0 65 L=1,3

65 DUDU+TH(LsN)*CP (Mgl )

i S U U —

[S[r Y M“1’3
. DO TE N=1,3

T DUI=0.C
DO 72 L=143

T2 DUI=DUL4TH(LyMI*RO(L 4N)

- .83 RETURN

o000

So0n o0

 SUBRCUTINE INTPI(  Eify6NOT,MN HTGP I ND HTOPP, Ty NP)

S X T oLT. Z}GD 1O %440

00 300 J=1,4

END

THIS SUERDUTINE CALCULATES

i THE VALUES OF THE MATERIALVV
" PROPERTIES FOR A GIVEN OVERBURDEN '

__COMMON/8LKY/Z X (T700) Y(TDG‘yNUDIB;& 4)'IX
" CUMMON/BLKE/ DEN{10) 4NCN(1G) 3GNU(10,1G), E(lO,lOl;H(lOle)y

1 STL600,9)4CP(3,43)

J1386
¢1387

01388

T o1389

&1390
01391

T §1392

01393
01394

T 01395

01396
01397

- 01398

01399
01400
01401
01402
01403
01404
¢1405
014C6
01407
01408
€1409
01410

_£1411

Olalz
01413
01414
{1415
01416
01417

01418

__TYPE A

Cl4al9
01420
€1421
01422
01423

‘01424

01425
01426

01427

01428
61429

GAM=DEN(MN)
HAVG=( o1}

- D58

£1430
01431
01432

" §1l433




s
]

. {
N=NOD(I,J) 01434
TU3COTHAVOG=MAVG+I c25%Y (N) T T - 01435
HO=HTOPP—HAVG+0 5% (HTOP~HTOPP) 41436
TF(ND <EQe JIHO=35% (HTOP-HAVG) 1437
T TTTHGSHOR G AR i T 0l43s
HO = =ST (145) , . 01439
IF (HD LTo 10040) HO = 1000 ' 01440
T IF(NP «CTe. 2)G0 TD 390 "“ - 01441
ASE{MM,1) 01442
B=H({MN,1) 01443
PH=HTIMN,Z) . - Ol444
DU=( 45 . 0+0. 5*PH)*G.0174533 L Cl1445
PH=PH%{ 0174533 _ 01446
T EHIMNG3Y T T T 01447
SINP=STM(PH) 01448
o XNPH=(SIN(DU) /COS(DUY) %22 . , 01449
TTTTRULE (] «1~-SINP YEHO - T T T T 51450
DU2=24Cx{ CXCOS{PH) +S INP%X (HO/XNPH=2,.0%C/SGRT( XNPH} )) 01451
DU3= (163=DULXSINP/DU2 ) %2 01452
TTTTTTTE IS AFBADULYRDUS T ST T T w1 483
60 TO 445 01454
c _ _ 01as5
c IYPE B - ’ T T T 01456
61457
. 390 IC=NP-1 ‘ 014586
CTTIFIND WNECTOVHO=GAMR I TSR (HTOP=HTCPP) = 7 777 s s s 01459
P1=ABS{ST(I,+51}+ABS{HO) 01460
B DO 400 J=1,1IC ’ fl461
g iy o T p— e e (R
DUI=H{ MN, K) . \ ‘ : 01463
TF(PloLEeDUL) GD T0 430 0l4b4
4007 CONTINUE ) , , TUUTTT T T T T T 61465
e . P1=pD0 01466
430 TF(K.EQ.1) GO TO 440 T T T T e a6
DUZ=GMU(MN ,K—1) : Nl468
e DUZ=H{MM,K=1) 01469
TENUT= =DUZ+(GNU(MN, KV =BUZY (P T=0U3Y AL D015 U3Y — DS P4 £
DU2=FE(MNsK~1) 01471
- EI=DU2 +(E(%N,K)—DU2)*(P1~0U3)/¢DU1-HU31 o Cl472
G0 TO 453G e P
440 FI=E{MN,1) ' 01474
4485 GMUT=CNU({MN,1) ‘ 01475
TT450 RETURN ' ‘ T 01476
- END . ‘ 01477
e SUEROUTINE STIFNS(IA¢LBL yNEQoMN) e et e 01478
C 01479
c THIS SUBROUTINE FORMS THE ELEMENT MATRIX FOR A QUADRILATERAL D14BG
c ELEMENT L . C1481
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" COMMONZBLKI/Z XUTCO)eY(TOQ) s NOD(6D04) o1

X
f

37T YNELEM, NPTy NBPTC, NINC

COMMBN/ELKZ/MNOIBCO}’NDDF(200);BIV(ZOO:B!,IIFLG(3)'BIVDIB)

COMMON/ZBLK3Z CLELTo1T)9ZY(1T) 4 XT{3)s¥T(3)4RA(4)2C(4),

Ty ISU5)s BS(3), AS(3},

1
2
3 AL(343) s PRT(343)y GA(3,3)
4 2+ T(2852)y ITRW(Z2B:2)y NETCL(1I742} 4 CTP(IZ!IT)' QTURE(17)

TCOMMON/ZELKA/ SL112)4S(112456)

COMMON/ELKS/ DENC(LC) sNON(10) yGNU(1C101,E(10510),H{10,1G)}

1 ST{6i:349)+CP(343)

ROy J1y

y CT(12512), ZT( 12)

NQ(?OO),U(?GQ:.V(Too:.lrooc2.3).ATGQ(2.11 EST(443)

" IDENTIFICATION CODE FOR TRIANGULAR ELEMENTS SET

JTRY=2
IF(NCDUT+4) «ERQ. NOD(I.3)) JIRY=1
D0 60 T J=1,417 -
DO 5¢ K=1,417
.50 Cl(J4K)=00

) 60 Y=l

THE CORNER POINT COORDINATES ARE FOUND

ng 90 J=1,4%
K=NOD(T.Jd]

RECIY=X{K)

.90 Z0(J¥=Y(K)

ErEyEYEY

ONU=2
CALL SEAMEL{I,¥N)
MU=3

TIF(NOD T4 3YNENODI(T,2Y) GO T0 97

. 60 TO 313

T MATRIX

97 DD 330 J=1,JTRY

THE SUB—ESLEMENT MATRICES ARE FOUND AND ADDED INTO THE ELEMENT

CJ1=

Y

-

NCDE COORDINATES OF SUB—ELEMENT ARE FOUND

DO 100 K=1,3
XTIK)=REIK)

T Ba1494

1007 YTUKISZ0(K)
© IF(JTRY.EG.1) GO TO 105
TF(J1 .EQ. 2) GO TD 103

) XT(B)-RQ(4)

D60

01482
01483
01484

- 01485

01486
01487

‘51488

01489
01490
01491
£1492
01493

0149%
01496
Q0la97
cl4o8

01499

01500
01501

01502

015032
01504

© 01505

61506
01507

31598

01509
C1510

918511

01512
01513

01514

61515
01516
01517
01518
01519

TTprs20

0121
c1522

- 01523

01524
01525

81526

01527
01528

T 01529




#
1

YT{(31=201(4) e D1EC
"__""‘“*'“"'(;'0 TD“ 1_‘-‘5"""'"'—"_" T e s e T e M - 015‘*'
103 XT(1Y=RC(4%) Nn1s=
YT(1}=20(4) ) , _ 0183
T 105 MEgxis7 . G152
PO 220 K=1,3 0153
M=M4+2 : : 0182
TTTTTTSTORE(M)=XTIK) o ST T T T e S0y 6
223 STORE{M+1)=YT(K) £15=
e CALL STFSUB , _ N
" 300 CONTINUE . ‘015~
C ‘ 0154
€ . THE_ELEMENT UNKNOWNS ARE ELIMIMATED e o 0154
c 0154
TF{JTRY.EQ.1) GO TO 313 ' 21z,
e ..DO 312 K=1,9 - e 0154
L1 7K . _ i T : 01
. KK=1B-K ' ‘ Cle4
o DUB=CI (KK ¥K) _ . ) . ole”
T BU2EZY (KK) T - T T e o1z
PG 312 L=1,LL o1z
e DUI=C1 {L,KK) /DU3__ S e 8153
DO 310 M=1,LL ’ ) ' 015s
310 C1lL, #MI=CL (L s M)=C1 (KK oM ). 20U {185
L3212 zv(L)s 7YtL)—DU1ny§__““ 015°<
- m_mm_mm~m__w"__ﬁmm“_wmmm“umww" o1t
c STIFFNESS MATRIX STORED 015=
L . ‘ . . 01so
C3I3TSTORE(iIYYEY T e TOTTTTTTTT ay=s
wRITE(zitzvtw),STDREcM).(CI(M.N),N =Le17) 4M=1417) 3 ((CP(J,K) K= =1,3} 401%"
.- —_ J 1 '3, e e et e . L —— e e B 1.5:
C 0154
o THE BOUNDARY CONDITIONS ARE CONSIDERED 015~
o SO ND AR Y > R olee
' Do 334 J= 1’4 (43 B8
JNRQ=NOD(T,J) v 3 {1ss
DO IR =T, NBBTE _ g15¢
KK= IABS(NDDBIK)) ' 0156
N Kl=xKk/1006 . i C18c
T TIFTINRGD .Nr. K1Y 60 107331 T T e T T g1Es
XX=1 .G : 0157
e IF INDDE(K) WLTe 0O} XX=0) o 0 _pley
TNODB (K )V =2KK T 0157
NR=NU#* ( J~1 ) O1=7
e IIFLG(1)= MOD!FK,IOOI{IO ) 9187
TYIFLC(2)=MOD(KK y10) ~ —— _ T ) 015,
TIFLGI3)=TIFLGI1)+1TFLG( 2) 0157
L _BIVD(1)=BIV(X,1) 015/
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BIVD(2)=BIVI(K2)
BIVD(3)=Dedh
TAN=MOD(KK,100001/100C

A NG =B IVK 92
IF(ANG «EQe 0e0) GO TO 320

T 01578

01579
81580

TTo1ER1

01582
01583

C TRANSFORMATION TO N-S AXES
o
‘ CA=COS{ ANG)

01584
01585
21586

TS RES IN (ANG)
D1=2ZY{NR+1)
D2=ZY{NR+2}

STV (NRF LY RN IR CARDZHSA
ZY{NR+2)==D1%¥SA+D2*CA
DO 315 JJ=1,8

TTTTTTTDIECLIRRFL JT)
- pe= CIL{MNR+2,JJ) .
C1(NR+1,J3)=D1%XCA4D2*SA
315 C1(NR+2,JJ)}=—DL1%SA+D2%CA
DO 318 1I=1,8

TTD1=C1{1I,NR+1)
02=CLUTI4NR+2)
 CL(IT,NR+1)=D1*CA+D2¥SA
“318 C1UII4NR+2)=—D1¥SA+D2%CA
320 DO 330 ¥=1,NY
DUl ed

TE(TAN «EQe Iﬁl DUI=BIVD( N)
NR=NR+} :

c e e e ety e von e Aoy e e
[ LCADS ADDED IN
C .

ZY{MR) =ZY (MR} +XX*DUL

, TE(TTFLGINY ~ “+EQe 0) GO TO 330
C.

C____ DISPLACEMENTS SPECIFIED

€
ZY{NR}=DULI%XX
CI‘NRQKP)—‘N&O

DO 327 M=1,8
ZY(M)=2Y({M)~-CL{MsNR}#DUL
CI(®sNR)=4hed

T2 O (NR ¢ MIE0 W0
334 CONTINUE
331 CONTINUE

334 TCONTINUE

'hrwbr*

THE FLEMENT MATRIX IS _NOW_ADDED INTO THE SYSTEM MATRIX

01587
01588
01589

TE1E96

£1591
61592

01592

01594
Q1595
01596
01697

01598

21599
01600
01601
01602
01603

‘pr604

01605
01606
01607
01608
01609

01611
01el2

0l614
01615

01616

01617
0ls6ll

TTolsle

01620
01621

T ol1622

01623
0le624
cl1e25

01610

01613



NRCC=0

TJIU=LEBI3NED
CO 350 K=l.4
KK=NGD(I’K)

i NR=NG(KK)} /103~1

344 CONTINUE
"~ 345 COMTINUE

NRM=NR-1JU
PO 350 M=l4NU

T NRCC=NRCC+1
NEM=NRM+1
NCCC=0

TTTDU 345 L=1,4
JI=NOD (T,L)
NCN=NQ (JJ} /1 00~NR-M

D0 345 N=1l.NU
NCCC=NCCE+1

_ NCN=NCN+y .
IF (NCNeLTe 11 GO TO 344
S{NRMyNCN)} =SINRM,NCN) +CLINRCC,NCCC)

352 SLINRM} =SL{NRM) +ZY(NRCC)

__RETURN .

END
‘SUBROUTINE. GEQMbhA901¢02433)

COMMON/BLKZ/ CLU17417)9ZYCLT) o XT(3)yYTI3)4RQ(4)4ZC(4)

NQ{T700) UL T700) 4V({700),ITOQ(2,3),ATOQ(253),EST(4,3)

» IS(5)y BS(3}s AS{3),

C

1

2 .

3  AL(3,3)y BT(3,3)y GA(3,3)
& T12852)y ITRW(28,2),

AAa=(0 .0

Ri},

Jlg
s Z5(12,4121, 74( 12)

. GEOMETRIC PROPERTIES OF ELEMENT CALCULATED

D1=0e0
Dzuhﬁe
__DE3=C.0

NETCL(17+2)y CTP(12,17)y STORE(17)

T b0 110 I=1,3
J=IS(T+1)
K=IS(T+2)

D&Y T{II=YTIKY
DE=XTIK)=XT{J)
AASAA+XT(I3D4

D1=D1+D4*D4
D2=D24D4*D5
DA=D3+DE*DE

BS(1Y=04
110 AS{I)=D%

‘D63

0162

0162

Clér

0162

@146z

Oles
Qla=
0143

1L
A e

0145

01587

0leés

01s:

Gla5

e rs
Vi o

0164

0154

Cléa
ol
(164

T L
L o

£

Cles
Clis
C16%
Q168
0165

0165

016

Clon
1S Rk
Clés
©let
0l6%
01<:<

©166

Oliea
Q144
ol
0L
nree

166

T p1es

0lLs
816,
tler
0ler
Cler



C CONSTRAINT EQUATIONS NECESSARY FOR CONVERGENCE FORMED ~—

__ DU=1.0/AA s
1F(JI EQ. 2) GO TO 117
D0 112 1=1,3
T(I+18,1)=YT(I)*DUY
TlI+24,1)=YT(I)*DU"

112 T(1+421,1)==XT{1)*DU

__....50 T0O 149

T117 00 171 T=1,3

T(I+19,2)=-XT({I}*DU
o TAI425,42)=~XT{I)*DU_
121 TUI+22,2)= YT(I)*DU
140 RETURN
___END P
SURRGUTIME STFSUE o T T

T THIS SUBROUTINE FORMS THE’ ELEMENT MATRIX FOR A TRIANGULAR
ELEMENT .

Ao e,

COMMON/BLKYZ X700 s YUTOGY yNCDUG6G 04 , IX o
COMMON/BLKS/ c1(17.17),ZY117),xT(3),YT(%).RQ(41,zq(4),
1 _NQU700) ,ULT700) 4VITGO)»ITOQ(243),ATOQ(293)4EST(4y3)
2 r IS{5)}, ES(3), AS(3), RO, J1,
3 AL(343)y BT(3,3), "GA(3¥3) , CT(12412), ZT( 12}
4 +T(2842), YTRW{28,2), NETCL(17,2), CTP(12,17), STORE(17) _
T COMMON/RLKS /T DENTLOY yNONT(IO) oGNUCL205 101 E(10510)yH{10,10),
1 ST(62De9)5CP(3,43) _
CCALL GEOM(AA,DI,D?.Dal o L
Dn 155 N= 1,3 .'
=BS(N) /12« :
Am AQ(N)Ilg.q
N o0 T To I 8 B
ALINGT}=2,.L%BN *BS{T)
" DTIN,TI)=AN  *@S{I)+AS(I)*BN o
TTI5T GA(NSI)E2  0%ANTT TRAS (T Y h T
AL(N,N)=D1/12.0
ET(NGNI=02/12 5
IS T GAING Y =03712.0
Cl1=CP({),1)*DU
Cra2=CcP(1,2¥%0U
C13=CP{1,43}2DV
CZ2=CP (2,42 }*DU
R ELT N I S E O
C33=GP(3.3)*DU
FY = —RO * A& / 840
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7
'

C _.. CHECK FOR DATA ERROR . ]
c

IF{AALESD0) WRITE(64911) IX
211 FORMAT (/7 TX 21HDATA ERROR IN ELEMENT _, I4//) S
c FORM FLEMENT STIFFNESS MATRIX
¢
TP 280 N= 1';3 - T - )

DUL = 1.0
e JF 4 NEJL olTe 2 WORe  N%J1  «GTe 4 } DUL = 2.0 —

PO 2560 Y=1.3

27T ( N+3) = FY * pul ~

T AI=AS(I)

BN=BS(NY . S T T

AN=AS{N)

ZTIN The J e e et e e
ZT{N+6)=0,0

ZT { N+9) = 00

DZ-*IeO/B-.x
Da=AL( Ir\”

Do=GAL T4N)
BI=RS(1)

-——'-nf::BT( I , N, - | D - £ R e e ————————— s - AR e A e .

X1=BI%EN
X2=BIxAN

x 3 A I* EN" . . ——— - — --—.—~— R e et UL IR IR PR T

XA4=ATHAN
XE=X2+X3

TCTINGY )= T C1IEX1eC13% XS T HC33EX4 7T e

CTIN,T+3)=  CI2%X34C13%X1+C23%X4+C 334X 2
CCTIN,T+6)=D2%CTIN, T}
CT(N,I+9)—D2*CT(N,I+3)

CT(N+3,T+3)= C22%X4+C 23% X5 +C33%X1

CCTIN+3, T+6Y=D2X(CLIRX1+CI2% X2+ 7 CIARXA4C23%XG) ~ T

CTIN+3,T+9)=D2%CT(N+3,1+3)
CTIN+64T+6)=C11%D4+2 (0% 13*DE+C33%D6

OO0 OO0 0O0
SR R T e I

N R R NI I B AL BN A e A |
FENENIENER TN SN SN N

OOOO 0
Pt ot fd Bl

o mf =~
N \_l'\\l'li“ 5 IR ]

CTIN4G,, I+0V=C13%04 ~ #(C12+C33)%DS5+C23%D6 -
250 CT(M+9a1+9}uC”2*06+2eO*C23*05+C33*D4 -
— - DE] 300 N 1'12 o —— e e e e mm e = C ks i -
TUTTTDO 360 IsNe12
300 CT(XNI=CT(N,I)
C - 0
T SUP—ELEMENT UNKNOWNS TRANSFORMED TO ELEMENT UNKNOWNS
C
KE=1
MC=1 ;

_ KAZNETCL(K,J1)

DO 400 K= 1117
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320

- upP=MC

DO 320 MM=1,KA
M=ITRW(KS,J1)
ZY(K}= ZYIK)+ZT(M)*T(KBrJll

KE=KE+]
00 380 L=l,12
_CTP{L4K)=0.0

DD 380 MM=1,KA
M=ITRW(MP, J1)

TUETPULyK)=CTPI Lo KYFCTLL yMIXT I MPL.J 1) ) T T

384
400

- Me=1

4085
410

o

C,, P,

c

CRMNY=n S

= 25“

218
300

7. RETURN
END

T T SUBRODUTINE BAKSUB(NNNCOL,LBNEQ)

MP=MP+1
MC=MC+KA

DO 416G T=l,.17
KA=NETCL(I,J1)
DO 405 K=1,17"
MP=MC o
00 405 MM=I,KA ™ T
M=1TRW (1P, 1)

S CUIIHBKI=CLIT4KI+CTP( MoK} XTIMP4J1)

MP=MP+1 _ T
MC=MC+KA | : >

SUBRCUTINE REDUCI(N eNCOL)

THIS SUBROUTINE REDUCES A BLOCK OF EQUATIONS

CCMMON/ELK4/ B{112)sA(112456)

TO 321 NeL NN S - — e e e e

IF(A(Ns1) «FQe 00)GO TO 300
D =B(N)/A(N, 1)

I=N
DO 275 L=2,NCOL

C=A{N,LY/0(Ns 1) ' T

S T=I+1
" IF (C_.EQe 0.0} G0 TO 275
J=¢" .
DO 2EQ K=L,NCOL
J=J+1

A(IsJ"’A(IsJ]'—C*A(N'K,
BIY)=B(T)}—-A{N,L)}#*D -
A(N,LY=C

COMTINUE . - o
RETURN '
END
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Vs
[}

. c 0181
c “THIS SURROUTINE BACK™ SUBSTITUTES A BLOCK OF EQUATIONS 0181
( 01%;

CGMMUN/BLK4/ Bl112)4A0112,56) e ¥
T T NENN ) o T 01z
DO 450 M=1,NN 8152
N=N-1 _ e (0 P
“““ DUL=R{N) — 7 T T T e T o185
IF {A(Ns1} «EQe 000) GO TO 430 0187
N L=N SNV LY £ -4
- DO 425 k=2 ,NCOL Qisz
L=L+1 01&2 .
425 DUL=DUL-AIN,K)*B (L) S ) Fi=
T 430 LL=EN+NEQ _ 01&31
A{LLyLP)=DU]L 0183,
450 B(N)=DU} ' : _ . ©l=aa:
TTTTTTTRETURN - ; , 1822
END : D1EsT
SUBRCUTINE PRINC (XM, XML) 0182¢
< . X . e e PO
c THIS SUBROUTINE FINDS THE PRINCIPAL COMPONENTS OF A SECOND RANK 0LAZE
c TENSOR IN TWO-NDIMENS IONS - e B1833
T - T - B 01640
DIMENSION XM(4), XML&} GLE4]
XML{3)=0.0 ) o . 01842
.""""“"“‘ouz:txm1)+xr4(2)')‘“/2;o"““ ‘ T T e e 01843
puz= SQLT((IXM(I)—XHIZ))/2n0)**2+XM(3)**2! 01644
__XML{1)=DU1+DU2 _ : __ b1845
XML 2) =0UL1~Dy2 ) T T p1sse
IF (XM(1) «LEe XM{2)) GO TQO 705 $1847
. DU3=XML(1)=-XM(2) _ ) ) 01848
T IFIDU3Z GEQLT.0) 60 FE 718" T ) - 01849
e DUZ=XM(3)/DU3 ‘ ‘ 41850
DUL=SQRT(1. o;(1.0+nu2**2))' T e e T gy es1
Du2=pyz*pDuyUl 018652
—_ 6D TO 716 £1853
T05 DU3=XML (1) =YM(T) . ' T 01854
JF(DU3 +EQadeD) GO TO 718 1655
e bUl=xmM(2)/DU3 ‘ 01856
- Duz SORT{L.0/¢ 1.G+{'§U 1**2 )} LTI v e s e i 01557
Sul=DU1*Dy2 ClE%8
— 116 XML(3)=ATAMZ(DUZ,DUl )} /0. C1745329 ) __ 61859
TT18TRFTURN : 01860
END : w1861
__SUBRDUTINE ESTAB e e N o 01262
' T ' ' 01863
C TRANSFORMATION RELATIONSHIPS BETWEEN ELEMENT AND SUB-LLEMENT 01864
C o .__ UNKNOWNS ESTABLISHED 01865



c - 01866
COMMON/BLK3Z CIC1Te1 T eZY(17)4RT(3)52T(3)RQL4) 4ZC(4), 21867
1 NQUT3I0),U(T70C),VIT00),ITO2(243) 4ATON(2,3) 4ESTI4y3) c1g68
- 2 - sy IS{5),y BS(3)y AS(3)y ROy Jly  01E69
3 AL(343)y BT(3,3)y GAL3:3) o 25(12,12)y Z4( 12) 01870
4 2 T(28,2) 4 ITRwlza,ZJ. NETCL(17,2)y CTP(12,17)y STORE(17)} _ 01871
TTIs(1Y=1 ST T ' ' T 91872
1S(2)=2 \ 01873
. 15¢3)=3 : 01874
TTTTTTIS(4)=Y T TTIImTIT ITTITIT T 018756
IS(s)=2 ' . ¢1876
D0 5% I=1,2 . : ' 01877
TTTTTTDO 50 J=1,.28 . ) . " . T&L1BTR
o ITRWED LIV =1 ~ ' . . 01879
50 T(J1)=1eD o _ o L 01580
D0 5% J=1,17 ] ‘ o J O < R R 35
55 NETCL{J,1)=1 01¢82
TR0 ST Isl.2 0 T T o T T 01883
ITRW(I+ 8,1)=T+6 01884
ITRWITI+12,1)=1+9 . 01885
“" TTRW(T+18,1Y=1%%" " ' 01886
ITRW(I4+2141) =149 o - 01887
ITRW(T+2441)=I+6 o ~ olsse
TTTTTTITRW (T4 942)=T146 : B + b § :1: 3
TTRW(T+13,2)=1+9 016890 A
ITRW(I+19,2)=149 - __ _Olpo1 W
TYTRW(T+2Z,21=T+6 T : , 01892
57 TTRW{I+25,2)=1+9 e ' 01893
_NETCLU 9,1)=3 - , - : . ™1E94
TTNETCL{11,1)=3 ‘ 01895
NETCL(15,1)=6 . 01896
NETCL(1641)=3 ' , 01897
NETCU(1G,2)=3 . RN , . Tp1898
- NETCL(12,2)=3 - \ 01899
. NETCL(1642)=3 , 01900
TTTTUNETCU(17s2056 T T 01901
TTRWL2,1) =4 01902
B ITRW(3,41)=2 01903
L ITRWN (4, 1) =5 _ _ . 81904
ITRW(T41)=3 ' ¢1905
ITRW{ 1) =6 ~ 01l90s
ITRULI T42¥=7 : T T T T 01907
. TTRW(18,1)=10 ‘ 51908
o T(5:1)=0.0 01909
TR N U3 R Py _ 01910
T{12,1)=0.9 01911
__T{16,51)=0.0 ' S ' ' . ol912
‘ T(28451)=0eD 01913
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ITRW(3,2}=2 e - o 0191
ITRW(442)=5 | 0191"
ITRW(S5,2)=3 , , 0191-
_ITRHI6,42}=6 B R R
T TTTITRW(R . 2) =4 0191.
ITRW{17,2)=9 ' 0iSi.
e JTRW(1842)=12 —— - o o O0la.
T T 1y2) =0, - T T T T ' ' 019z
T{292)=0 el 01
T L 9+2)=0eC ' . L0192
T(1342)=2.8 - _ (03 L-Jade
Tl1942)=C,40 - g Q192
. B0 60 I=1,2 o . U ¢ ¥ 8-
DO 60 J=1,3 L olvz,
ATOO(T43)=C0b 019z
60 1T0O(I, )=y ' SR 1 P
ITOQ(1,3) =4 T ‘ ' 01s>7
ITOQ(2,1) =4 , £1931
e ATCCLT, DI =1,0 e e D1%3s
ATOQ(2+3)=1.0 ‘ 01
RETURN : 01
END o1

—wébﬁRﬁUTiNE“RET#FTRE?HT&P:ND?HTﬁPﬁ}1;MP)””“"% T oy

C Clas
. .. THIS SUBROUTINE FORMS THE STRESS STRAIN MATRIX FOR THE COMPOSITE 0192
¢ X IIRIR VAN AR _MUAFL S I

COMMON/BLKE/AB(10)sERB(10),XIB(10),BE{10) 4DE(L0) s TE(LO) JF(3) 0175, .
1 4 TK(10) 01941

" CALL IMTﬁiT"m“ETZEﬁGT;MMTHTbb?&b?anﬁP}TQNP)"W"“’““"““"_“"f”*”“_””'0194;
ALPH:AB(MN)*EB(MN)/(EE(MN)*DE(MN}*EI) : 0194
e All=1./(ET*(1o+ALPH) } R -5 i
Al2=—A11%GNUI ¥ Q154:
Al3=p12 . _ B
”ﬁZZéhl1*(1;4KLPH*(I:;GNDIfGNUIYI““”m"wm_m“”'"“""*"h~""""" 0194 .
A23=‘A11*GNUI*‘IQ+ALPH*‘10+GNUI)l cloes
A33=A22 i s B '____0 75
DISAZ2%A3TIRTIFATS ' 015
D2sAN3FA23~AL22A33 : £1951
DI=A12%A23-A13%A22 | 0195,
- “hsréh11*01+A12*02+A13#ﬁ3””“”””““'*' T T T e e e e 019=_
D4=1 .0/DET ) aloE-
C11=D1*D4 _ 0155
C12=p2%0% : d14e-
C22=(A11%A33 ~A13%kA13)4¥D 4 _ 01l9s,
C33= EI/{2e*(1o+GNUI)} . . Olsees:
TTCE=TE(MN) [ — - B o) Redots
CALL ANISP(CII:C121C22,C33,C6I 1
RETURN L 0196
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##*‘## ABCVE ACTION SATISFACTDRILY CDMPLETED Aok Aok

D70

END 51962
SUBRUOUTINE STREH(Duxx,nuxv,DUYY,Dvxx,Dvxv,n MN,HTOP NDHTGPP 4 I NP )0 1663
c - Cl1964
CTTTHISTSURRCGUTINE DETERMINES THE STRESSES_IN YHE SOIL AND THE STRIP  (€1965
C 01966
COMMONZBLK3/Z CLI1T7,17),ZY{17)4RT{3)},ZT(3},RQ(4),Z0(4), 01967
i NQUT00) ;UL 700) sV T700), ITOQ(243),ATOQ( 243}, EST{443) 31968
2 s IS{S), PS(3}y AS(3)y ROy J1, 01969
3 AL{3+3)y BT{3,3)y GA(3,3) 5 Z5(12,22)y Z4( 12) 01970
T T T 2892) s TTRHE2842)y NETCL{1742)¢ CTP(12,17)y STORE(L1T} 01971
COMPPV/FLK6/AB(10)’FH(IOI,XIBlI“)cBE(lO)gDE(IO),TE!lO),F(B) 01972
1 57K ~ 01973
ST pYYYsD T T T I R + b L= £¥
THETA=TE{MN) % ,0174533 Q1975
COST=COS{THETAY - ’ .. 01976
““““ TTTSINT=SIN{THETAY 01977
El-RC(1)*’DST*COST+RQ(2)*SINT*SINT+R0(3)*CGST*SIN 01978
CI2=2.%{RQ(2)-RE{ 1)) *SINTHCOST4RO( 3 ) *{ COSTHCOST~SINT#SINT) 01979
TG 01980
C ° STRESSES IN COMPOSITE AXES ALYGNED WITH STRIP L . 01981
c . ‘ p1982
S1=20(1)2COSTHCOST+ZOI2) #SINTRSINT42 «*ZQ(3)*SINT*COST 01983
S2=Z0( 1) #SINTHSINT+ZQ( 2} #CASTHCLST=2 ZeXIQ0 (3RS INTHCOST 01984
T 2ESINTHCOSTA(SZQ (1) +ZQ(2) ) +2Q(3) % COSTRCOST-SINT*SINT) 01985
CALL "INTPI(  BIZGNUI, MV“HTDP,ND,HTGPP,I#NP) giner T
SS=EB(MN)*E1 - 0ige ¢ —
SIESI-ES¥ AR MNTZTBE( NI *DECMAT Y 01988
Do C2=ET/ (2% (1. +GNUT)) 01989
Do TA12=C2#G12 R 2 3-AA
eI o ' 01991
o FORCES IN REINFORCING STRIP 1992
€ ... 01993
- FILY=SSHEAR(MN) 01994
DUL=COSTHDVXX+STNT*{ =DUXX+2 o *DVYXY ) 01995
B _ DU2=SINT#DUYY+COST#( 2. *DUXY-DVYY) 01996
DU3=COST*COST.DUL~SINT*S INT*DU2 21997
F{2)=ER(MN)AXTIB{MNI*DU3 1998
TH=—TE{MN}*.0174533 01999
TCOST=COS(TH) 02000
SINT=SIN(TH) 02501
L A BB E ?1*fUST*CO‘T+S2*“1NT*SINT+2e*TAIZ*SINT*CBST 02c02
TR G2V ESIHSINTHSINT+S 2% CNSTHCOS T2 X TAL2XSINTECOST ~ L2063
7¢(3)= CDST*SIMT*(—SI+SZ)+TA12*(CDST*CUST—SINT*SINT) 02004
RETURN 02005
END “deins”
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CONSTRUCTION INCREMENT .

ELEMENT

ee NGao .o

1
i
: i ~
NI UTE W
: H ‘

10

SR 1 S

12
13

e X

15
16

R By AR

14
19

S| .

21
22

23

24
25

27
28

e B8

30
31

320 .

33
34

39 .. .

‘36
37

o ..38
3y
4.0
41 ..
47

1.67E
1.31E
4,82¢
4.12}:-
7.97E
6.92E
1.11F
9.81E
1.42E
1.23E

"la72E .

1+48BE
1.93F
1.68E
2,10E
1.87E

. 2#2TE

2)5F
2es2F

2.21E.

2+ BHE
2.37E

2.73E.

2.53E
2+88F
2.+ 69€E
3. 04E
2.85F

J.19E.

3401F
3.34E
3.16E

- 3.49E

3.31F
3.64E
3.46E
3.79E
3.61E
3.94E
3.7T6E
4.09E

-3.91F

X .

01

0l .

nl
a1
01
01
e
01
02
02
02
02
oz
02
02
nz2

12 ..

Y

Te24E 01
1.17€ 02

Te24E 01

1.17£ o2

_ Te24E 01

t

g2 ..

02
02

oz2..

(14
Q2
a2
02
(14
N2
o2
0z

02 ...

02
02
02
02
0z
a2
0ae
02
ne
a2
n2
02
02

1.17E 02
T.26E 01
l.18E.02
7.33E 01
1.21E 02

l.24E 02
Be13E 01

1.27€.02. ..

9.,00E 01
1.32E 02
F.75E.01
l.38F 02
l.08E 02

1.18E o0&
1.54E 02
1.28e.02
l.62€ 02
le3BE 02

- EPSILON-X

~T«43E€..0) .

~le45E 02,

1.71E 02.

1.49€ o2
1.79E 02

1.59E 02 . .

1.B8E 02
1.70€ 02
1,98E 02
l.81€ 02
2.08€ 02
1.92E 02
2.18FE 02
2.03F "02
2.28E 02
2.13F 02
Z23HE 02
2.24E (2
2.48E 02

-3087E'0¢
—1¢31E”U3
-ZQbGE'04
-1004E-U3
«ls10E~04
-5063E‘U4

3.07E=05
”2042E-04

FelOE-US

le6lE=US

6.29E~05

1.67E'04
1.02E=-U4

2.23E-04

2JTTE-U4
2.845-04

Db TE~U4-

4.T2E=G4
7.61E‘04

9047E'04
B.&SE—U4
~1412E-03
l1.10E-03
1.27E-03

- 1s30E=-03

1|41E-03
1.47E‘03
l.54E-03
1.63E-03
1'67E-u3
. 1eT6E=-03
lLe7TGE-U3
1091E‘U3
1.83E-03
2s06E=~U3
1.876=03
2-20&-03
1.58E'U3
2430E-03
l.48E=-023
2+33E-03

D71

6.57E-04

EPSILON~Y

-5.,27e=-03
-4 a4 TE~)3
=5+44€E-03
“4-81E-03
—5.64E'03
~5.34E~03
=5.7HE=-03
~5.68E-03
-5065E“03
-5.83E-03
“5.,23E~03
~5.87TE=03
~4+76E~03
-5n84E-03
~5,07E=-03
~5,69E-03

=5,39E=03: .

"5.65E-03

~5,95E-03

-5,.,87E~03
“6,14E~03
-6.04E~-03
-6,30E-03
-6017E-03
~8.41E=03
~6.2TE-03
-6048E“03
-65375."03
-6.53E=-03
~6.44E~-03
-5,649E-03
=-6.,4TE~03
=6,71E-03
-6.46E-03
-6, 7T6E=03
=H,39E-03
~b.76E-03
-b.BéE-03
=-6.69E£-03
-6.,08E=-03
~5.51E~03

ELEMENT ST
GAMA=XY.

‘3.80E-04
—5.35E'04
—9.195-04
‘1.64E“03
-1.17E-03..
~2405E~03
-1.,11E=-03
~2.07E=03
“8'47E‘04
~-2.02E~03
=5.07E=-04 .
~1.70E~03
Re0SE-04

.=1«53E~03 .

1.64E~-03
“9 4 0ZE~04
1.91E~03
=1.63E~04
2+13E~03

- 2e36E=04 .

2.24E-03
6.02E~04
2431E~03
Y.03E-04
2e32E-03

- 1.17€E-03

2.30E-03
1.38Fr=~03
2.,26E-03.
1.52€-03
2.27E~03
1.55E-63 .
2+2BE-03
1.68E-03

" 2429E-03

1.81E-03
2.31E-03
1;98E‘03
2.,31E-03
2.20E-03
2.26E-03
2.41E-03



. ELEMENT

o
33

0 MO._._.. SIGMA-
‘1 ‘3.56E
;2_” u...'4o34E
3 =3.50E
4 -4017E

R JU R ~3+40E
& -3084E

7 -3.27E
;m§~-“ —— -3060E
.9 -3.13E
310 “3.34E
11 . . =2.93E.
12, =3.,16E
13 ~2+61F.
.lﬁ_ - ’3-07E
‘15 '2.55E
-_11”~m;wﬂufao37E,
18 ~2+69E
’2.24E
om2e5bE .

'EollE

w2 f2-35£
.2-_3.m-___‘.ﬂ7.1 . 98E ‘
24 -74.16E
Ci 26 =1e95E
- 27 ~1a72E
%B' -1076E

. 29‘_ [P o 1 [ 69E
30 “1e57E
- ~1.46E
“32 . _ ~le46E
: -1.36E
-1+30E

o =1a27E
“IQIZE

-1.17E

.. =9440E
1’&.08E

- =T« TOE

,.“9 .84&

~6e23E

X

03
03
03
03

. 03

03
03
03
03
03

03.

03
03

03 ..

03
03

03..

03
03
03
03
03
03
03
03

03.

03
03

03 ..

03
03

03

03
03

03 .

03
03
02
03
02

0z .
02

[
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. TAU=XY = .. SIGMa=-1

SIGMA-Y
~7.32E 03 =~l.46E 02 <«3,56E 03
~6,7TE 03 =2.06E 02 =~4.32E 03
“7.48F 03 =3,53FE 02 =3.47E 03
~7T.07TE 03 ~6430F 02 ~=4,04E 03
=T66E 03 =4,51FE 02 =3,35E 03
~7T.51F 03 =7.89E 02 =3.67E 03
~TT2E 03 =4,27E 02 =3.23E 03
=TT9E. 03. «7.97E 02  =3.46E 03
-7.55F 03 =3,26E 02 =3.11E 03
~T.84F 03 =T7.7T7E 02 =3.21E 03
=7.01E._03.. ~1.,95E 02 . =2.93E 03
~T.B1F 03 =6.54F 02 =3.07E 03
«-6,35€ 03 3.10E 02 =-2.58E 03
=T7.73E 03.. . =5.87E 02 =~2.99E 03
-6.67E 03 6.32E 02 =~2.46E 03
=7.50FE 03 =3.47€E 02 =2.87E 03
~6.94F 03 __.7T.35E 02 . =2.26E 03
=T 4BE 03 =6,2BE 01 =2.69E 03
-7.17E 03 BIEIE 02 -E-IOE 03
=T H4E 03 _9.,07E 01 =2.55E 03
-7.36E 03 8.63E 02 =1.97€ 03
~7.75E 03 2.32E 02 =2.34F 03
~7.49F 03 ... B.BTE 02 =~1.84E 03
~7+8B4E 03 3.47E 02 =2.13E 03
~T.57E 03 B,93E 02 «1.,72E 03
~7.88F 03. _ 4.51F 02 .~1.91E 03
~7.63E 03  8.85E 02 -1.59£-03
~7.B7E 03 5.33E 02 =1.71E 03
~7.69E 03 .. 8.68E 02 . ~l.4BE 03.
-7.85E 03 S.B86E 02 =1.52€ 03
~T«TlE 03 ,8,72E 02 =1.35E 03
=T7.92€ 03. . 5.97E 02 =1.40E 03
-7.7T0E 03 8.76E 02 ~=1.24E 03
-7.93E 03 6.45E 02 ‘1.24E 03
-7'64E 03.__5082E“02” -1015E 03
~7.,90F 03 6.97€E 02 =1.05E 03
=7.53E 03 B.88E 02 =1.05F 03
~7.83E 03 Te63E 02 =~B.57E 02
~7.34E 03 B.88E 02 =9.52E 02
~T+69E .03 B.4TE 02 =6468E 02
=7.11E 03 .. B.b6b9E 02 =8.63E 02
~7T.43E 03 9,26 02 =4.99E 02

.=T.02E

_.-TQOSE

.=T«63E

_“7.76E

.. SIGMA-2

-7032E
-6+ T8E
-?oﬁlE
~7+20E
“7.70E
'7-67E
-7-76E
=7+93E
'7-57E
_TOQ?E

03
03
03
03
03
03
03
03
03
03

-7.90E
-603BE
F?-EOE
'6.766
-T+52E

03
03
03
03
03
03
03
03
03
03
03
03
03
03

'7.4’8E
“7-30E
=T« 64E
=-7T:50E
=T . T6E

“7-36E
-7071E
‘7-91E
=7+ 76E
'7-92E
F?-SIE
-7.90E
~7.82E
-7-97E
'7082E
~T«99E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

“7098E
=7 «65E
"'7-91E
-7+.4TE
-7, 79E
-7023E
-T.SSE

03.

03. .

ANG

=2.23E 00
-4 ,80E OU
=5,04E 00
-ls18E 01
=5,99E 00
=l.1l6E 01
‘5:44E 00
~1.04E 01}
-4,20E 00
"9.5“!:-. 00
-2.74E 00
=T7.86E 00

4,70 00

J—7007E 00

8.54E 00
-4 429E U0
. Ba92E 00
"TQSOE-U].

9.20E 0¢

1.,02€ 00

9.11E 00

2.45E 00

. B.93E 00

3.48E 00
B.HTE U0
44,32E 00
B.34E 00
4,94 00
. T.96E 00
5.29€ ul
7.80E 0V
5.23E 00
7.73E 00
5.50E 00
7.73E 0D
S.B1lE G0
7.80F 00
6e.24E 00
T«91E 00
6.88E 00
T«923E 00
7.62E 00




e e e

ELEMENT
NQO . X

43 44 22E
e 8 . 4 404F
45 4,4,33E
46 4414E
e O T L 444 3F
48 4425E
49 4 S3E
. B0_.___ _ 4435F
51 4. 64E.
52 4 4 46FE
B3 ... . 4eT4E
54 4 S6E
55 4 ¢8SE
.56 . 4,66F
57 4,95€
SH 4.7T7€
59 - BLOTE
60 4 +B9E
61 5.20€
e 62_ . 5.02E
63 5+33E
64 5.15E
85 . 5.46E
66 54 28F
67 5 59F
68 5.4 42E.
69 5« 69F
70 5.66E
7). 1431E
72 3.98E
73 6+94E
e T4 _ . HWB3E
75 1e16E
76 1.08E
T T ] 4 35E
73 1426E
79 1.53E
e B0 .. . 1443E.
81 1.70€
H2 1.59E
83 1.88E
84 1.75E
85 2+04FE
86 C1.91E
87 2+.20E
BH 2e06E

ne

a2

ne
02
ae
02
Nz
02
0e
a2
Nz
02
02

02 .

0z
na2

02 .

02
02
02
g2

RiF
02 .

02
nz

oe .

02
02

0l .

0l
nl
0l
neg
02
02
02

02

02
o2
az

02 .

oz
0z
02
nz

02

Y

2. 34E
2e58E
£+42E
2.66€
2+50E
CeT4HE
2458E

 £482E

2+66FK
24307
ZeT4E
2498F
Z2e81E
3,07E
2+90E
3.15E
2..98F
J.24E
3.08E
3.34E
3.18E
3.43E
3.28E
3.53F
3.37E
3.63E
3.50F
3,.,82E
l1.45E.
l1.45E
1.44E
1.51E
1.48E
1.59E
1.52E
1.69E
l.60E

1WT8E .

l.65¢
1.85E

. l.69E

1.92€
1,76E
2. 00K
1.84E

2.07E

02

02,

L m2e41E=04

EPSILON=X

1.86E=-0U3
2026£“U3
1.82E=-03
2017E'03
2,03E-03
1.830E-03
1,85E-03
1084E“03
1.,62E6~-03
1,93E-03
1034E'03
2-10E-U3
g.llE-u‘F
2.165-03
2.21E~u4

5.?85-04
-6.46E'U4
5.85E=04
~8407E~U4
6.64E-U4

. =5.86E-V4

8.19E“04
3.B4E~U4
lelbE~U3
1.66E-03
2+64E=-03

. =2e34E-U3

]

‘1-53E-U3
~1.36E£~03

.-5.40E-04

1.31E~04
-2.13E=04

--3013E-U4‘

2.14E'04
8.69E~-04
rSOBTE-U4
9.09E-U#
1.02E-U3
1 .09E-03
1.3%9E~03
1eS4E-03
1.68£-03
1.928“03
2.06E-03

D73

ERPSTLON-Y GAMA=XY
=-5.84E~03 2.22E~03
-6031E-03 2.43E-03
~5.60E~03 2.07E-03
-6.01E-03 2+.41E=03
.. =5.32E-03 1.80E=-03 .
-5.63E=03 2.23E~-03
'5‘04E”03 1-39E"03
. =5.14E-03 1.83E-03
-4 .,78E~03 BeOlE~04
-4 ,6TE~0G3 l.226~03
“%44,50E=03 . _3,2lE~-06 _
-4,10E=-03 44 40E~04
=4 ,44E~03 =]1,10£=-03
C=3.40E-03 <4 ,63E~04
=4 ,09E~03 =2.66E~03
“2.7BE~03 =~8.,05E~04%
=4 4,15E~-03 =~6,98E-03
=2.53E=03 =3.24E«04
=~2.59E=03 -~6.30£-03
~2.6TE~03 =1.7T1E=-03 .
~1.90E~03 «5.,17E-03
~2.42E=03 -2.,75£-03
=1,88E-03 _~3.86E=03__
=2.50E~03 ~3.,01FE-03
~3.02E=03 ~1,94FE~03
. m2e6TE-03  =3.46E=03
=4 437E~03 =8.43E-04
~5.12E-03 <]1.,54E~-03
=7+39E~03 ~1.55E~03.
“8,32E~03 =4,0KE~D3
=9.66E~03 =-5.44E-03
=1 00E-02 ~5.27£-03.
-] .OBE_OE —4.92E"03
=1.,06E~02 =5.75E=-03
=1 .09E-02. ~4.T74E-03__
=1.,10E-02 ~9,75E=03
=1411E=02 +4,24E-~03
=-1.13E-02 ~5.74E-03
=~1,13E-02 =3,9%E-03
~1.,16E-02 ~5,29E-03
"'1.12E"'02 ~3.12E=-03.
~1.,19E=02 =4.87E~03
=1.13E-02 =],.,85E=03
-IQEIE-DE -4.32E"'03
=l.17E-02 =-1.09E-03
=1.23E-02

=~3.4TE=03

t



“TELEMENT
‘NQO.
42
o es
45
46 '
AT
48
49
.50
53
. 82
.53
54
55
56

57
58
.59
Yo
61
&2
63
64
.65
66
67
&8
6
70
1 .
72
73
74
T5
76
T7.
7R
79
R -1 L
81
n2
Rr2
Can
g5
1 T
87
"Re

SIGMA-

“8-62E
,-5-94E
-7.76E
-504AE

.,”-6052E
T =5e414E

-4089E
-4 497E
-EDBIE
_SOOSE
. =2e69E
-5 +68E
2+6T7E
=Te36E
Ge46E
-1e31E
.m2.T2E
“6eB4E
-2.37E
“?6022E
’2-18E
'4.76E

=1 e87E_.

-3.38E
-] e22E
__1e59EF
-2091E
2+ 19E

-~-4.11E

-3.80FE
-aollE
~3«61E
~3+35E
-3!56E
4‘3126E
~3+36E
-3.04E
_*3-17E
'2.94E
~2«95E
-2-78E
-2 16E
“2:47E
‘2061E
-2031E
\?2-40E

X SIGMA=-Y TAU=XY
02 =6.79E 03 8.54E
02 ~7.,19E 03 9.34E
02 =-b.4BE 03 T.96E
02 =6.83E 03 9.28E
02 =6,13E .03 __ 6.92E
02 =-6.40E 03 B.56E
02 ~5.75£ 03 5434E
02 =5.,91FE 03___T7.03t
0z -5.37E 03 3.08E
N2 =5.34E 03 4.7T0E
01l_ =5.01E 03_ __1l.24E
02 =4,75E 03 1,69E
02 =~4.T6E 03 =4,22E€
02 _=4.05E_03 __-1,78E
02 '4.26E 03 -IOOZE
03 =3,.61E 03 -3.10¢t
03 =5.T3€ 03  ~-2.69E
02 =3,08€ 03 -=124E
03 “3.86E 03 -2¢42E
02 -3.21E,03 -6.60£
03 «3.,03E 03 ~1.99E
o2 -2.86E 03 “1.06E
03_m:20875m03_mfl.49E_
a2 -2.89E 03 ‘1.16E
03 =3.84E 03 =7.47E
01 _=2.93E_ 03  ~1.33E.
02 -4.93E 03 -3.24E
D1 =6.71E 03  =5.93E
03 «6.,27E 032 -=3,30E
03 =-64,70E 03 =~B8,67E
03 =T.66E 03 ~l.l6E
03 =7.65E (03 =~=1,12E
03 =8.01F 03 =1,05E
03 =8,00F 03 =1,23¢
03 f8004E 034m-l.015
03 -8014E 03 -1u23E
03 =~-8,06E 03 =9,06E
03 =8.,24F 03 . =1.23E
03 =3.14E 03 ~H.43E
03 ~=B.,33E 03 ~-1l.13E
03 ~-B.04E 03  =-6.66E
03 -8|42€ 03 -1004E
03 =T.97E 03 =3.95FE
03 -8.47E 03 =9,21t
03 ~B,]l4E 03 -2.32E
=-8.54E 03 =T.41E

03

D74

02
02
oz
02
02
02

02
02
0z

.00

oz
02

oz .

03
oz
03

o2

03
02
03

03.

03
02

03

02
02

02.

na
03
03
03
03
03
03
0z
03
02
03
0z
03
02
02
02
02

SIGMA=1

'7.42E
-4.64E
-6 606
‘4.09E
-5,65E
-3092E
‘4.36E

”'4.07E

~2.63E
=4 ,60E
=2+69E
~54.61E

3.02E
=T.27E

TW«56E
-1I26E
f1014E

=64 TTE -

-SoBIE

,‘4.63E

=54 75E
'7.39E

-8,02€.02__.

1.09E
-1.03E

5429E.
=2.69E

T«97E

--4006E

=3.56E
~3.T7TE
'3031E
‘3-13E
-3024E

-=305E

-3.06E
~2.89E
-EOBQE
-EOBOE
-2 T2E
-20705
-EISBE
-2+ 44E
'2.47E
-Z2.30E
-2e31E

02
02
0z
0e
02
0z
02
02
02
02
01
o2
02
02 _
0z
03
03
0z
0z
0oz
02
0l

02
03

02 .

02
01
03
03
03
03
03
03
03 .
03
03
03
03
03
03 .
03
03
03
03
03

SIGMA=

'6.91E

=7T+31E

-6 459E
—6-975

»76.22E

-6453E
~-5.80E
-6.00E
-5-396
-5.39E

.-SQOIE

-4.76E
-4l80E

=44 06E

‘4.46E
'3.658

. =T+30E
'-BOOSE

-SoﬁbE

.=3.,36E

=4 4,64E
=3.2TE
r3.94E

'3-33&

‘4.04E

=3.44E

-4 .95€
-84, 7T7E
-6432E
-6194E
-8.,00E
-7.94E
-8023E
~84.32E
'8.25E
-84,43E
~8.21E
-8.52E
-8.28E
_BOSSE
-SolZE
-8.61E
—SQOUE

,'BnélE

-8.15E
~8.63E

2

03
03
03
03
03
03
063

03

03
03
03
03
03
03
03
03
03
03
03
03
03
03

03
-=2.11E 01

03
03

03

03
03
03
03
03
03
03
03

Q3.

03
03
03
03
03
03
03
03
03
03
03

ANG

3.03E 00
7T.92E 00
T.80E UC
8.22E 00
7.09E 00
B.10E 00
S.74E 00D
7.28E 00
3.45E 00
S5¢49E 00

,1.42E-02

2.31E 00
-4 477E 00
fBoobE 00
-1.15E 01
~T«52E 00
=3,04E 01
-2.97TE €0
=3.b64E (1
-1.35€E 01
-3-90E Ul
-2.08E 01
*3.55E 01

-1-49E Ul

=2.11E 0l

~3.98E 00
-4 .99E 00
-8.51E 00
~14.54E vl
'1-66E 01
-1045E 0l
"1021E 01
-1.45E 01

=~14,15E 0l

=1.36£ 01
-G.94E 00
~-14.29E 01
-B-QTE 00
-1,14E 01
-T«10E UU
-l.01lE 01
-4 ,09g 00
-8.72E 00




ELEMENT

(TN X

e B89 2 e36L
) 2+22F
91 2e52E
L2922 . 2.37E
93 2+68E

Qb 2.53E
95 . .. Z2.85E
96 Z2eT1E
97 264
.98 ...  3.01E
99 2+88E
100 2e1TE
e 10Y 3.16E
102 3.03E
103 292E
104 3.31E
105 3.17E
104 3.06F
Slov. . 3.46E
108 3.32E
109 3.21E
110 3.60E
111 3.47F
112 3e35E
13 .. 3eT5E
114 3.61E
115 3.50¢E
116.__. ... 3.88&
117 3.74E
118 3.62E
)9 . 3.98E
l2v 3.84E
121 1.73E
Ll ... 4.09F
123 3.95E
124 3.84F
128 L 4 e19E
i2e 4 o 06F
121 3.95E
e 2 M2H -4 e30E
129 4a16F
130 4,06E
Y3 . 4440
132 4 427F
133 4a17E
C134 . 4«51E
135 4 . 38E
13 4.28E

02

0z
1t
02
1Y
ve
02
0z
02
02
0z
h2
nez
02
(174
ue
02
ye
g2

e

0z
02
02

ne

2
ne
02
02
ne
02

a2

g2 ..

02,
02 .

g2
02
nz
02
G2
02
02
02
02
02
n2
02
0z
02

2.BTE_

02
02
02
02
02
02
02
02

02

EPSILON-X

»2.24E'U3
2047E-U3
2.52E-03
2.83E-03
2.8lE-U3
3.16E-03
3!07&'03
3.36E=-03
3.33E-v3
3,35E~u3
3.56E‘03
3.71&'03

.3.69E£~03
3.866‘03
4,07E-03
4.02E“U3
4.23E-03
4-42E-03
4,33E-03
4.67E-03
4 ,83F-03

4 o HOE~U3-

5.13E-03
S5.37E=03

4,THE-03.

5.59E-03
5.87TE~03
4.81E703
6.,01E~03
6.T4E-U3

. 4e69E=03 .

6. 08E~V3
7-38E'U3
_4e35E=03
5.85E-03
7+30E-03
3,89E-03
5.32E'U3
7009E'U3
3.45E-V3
4,89£~-03
To40E£-03
3,02E~03
SQOZE'US
8.526“03
2.67E-03
SOOBE-UB
6.,82E-03

D75

EPSILON-Y

~1,19E~02
-l ‘26E'02
-1.21E-02
~l.26E=02
-1,23E~02
-IOEQE_OE
=1.23E-02
-IQEQE“OE
'1.32E-02
-1023E“02
-1,4,28E~02
—1.32E-02

" =1,25E-02

~1.29E-02
-1.336-02
-1.27E-02
-1,31E=02
-1.34E-02
~1.29E=02
-1.34E-02
-1.36E-02

‘] W 2OE~02Z2

-1.,36E~02
~1.41E£=02
-1.28E-02
~1.39E=-02
~-1.,43E~02

~1l.24E-02

-1041E‘02
-1954E-02

-1.,20E~02

-1.38E~02
-1.%9E~02

. =1.11E£=02 .

-1.,31E~02
_1-S4E'02
=1.00E-02
-1.,17E=-02
-10436-02

-anglE-03.

-1,0lE~02
~1.,23E~02

-7.71E-03

~9.,20£-03
-1.13E~02

-6,6TE=-03 .

~8.23E-03
’9.65E"03

'.

GAMA=XY

-5.18E-064

-2 53E=03
-1.,28E-04
-1.70E-03
3.70E-04
-14.38E-03
B,61lE~04
=1+56E-03
1.49E-03
1.29E—05

-1,12E-03

1.67E-03
2.53E-04
-B,84E-04
1.826-03
4-34E"04
~7.18E-04

2+.08BE-03._

65.64E-04
-6 72E-04
20§9E-03
1011E‘03
—SelgE“04

. 3.14E-03.

1.72E-03
=1l.11E-04
4 ,03E-03
2.78E~-03
8.48E-05

4 -67E-03_

“n21E'03
2+30E-03
S.02E-03
S.71E-03
4.51E-03

4.89E-03

6.61E-03
6.01E-03

T4 439E~03..

b’ZTE"03
7-13&‘03
3,80E-03
5.,83E-03
Ho44E-03

5.,3HE~03
S.7T1E-03

3,44E~-03



CELEMENT

NDO .

go
o0
91
Q2 __ . _
o3
as
o8
ae "
97
GAR
Qe
100

UL F oD N

rle

102

103

104 -
105
104

107
108
100
110
111
112
112
114
115

o Ale

117
118

120

121

1227

oo12R
U V50 SR -2 § 1)

124

123
124
125 . .
126
127

120

130

13?2
133

128
125

 SIGMA-X

-2.15€

'2019E
~2+01E

.—1t93E

-1.83E
—1078E

_ '1-65E

~-1.62E
_1.7QE
=1+44E
-1044E

.‘1044E

~1.25E
-IIESE
~1.21E

_.”loobE

-1003E
'Q-QOE
-8078E
-7.91E
-7 +55F

. =~T7«03E

-5 .29E
~5.21E

=54 TE.

‘2074E
“2006E
-3.89E
«1.23E

1+13E

-.?3-29Ew

1.15E
4e37E€
?3010E
1.83E
S.10E
-3006E
240k
7.07E
-2|76E
4413E
160E

&.07E
2« 75E

..‘1-44E

1.16E
2.00E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
02
02
02
02
02
02
02

02

02
02

g2.

01
02

02

" SIGMA-Y

TAU=XY

-8.19E 03 ~1l.11E 02.
~8.63E 03 =5,41E 02
-8027E 03 -2.73E 01
-6-54E.03 -3.64E 02
-~8,27€E 03 T.90E 01
~8.684E 03 =2,%4E 02
-8.226 03 1.84€£ 02
-8,%6E 03 ~-1,23E 02
-8,79E 03 -3.34E 02
-8.12E 03 3.18E 02
-8443E 03 2+.76E 00
-8.65E 03 -2.,40E 02
-8,17E 03 3.56E 02
~3.,40E 03 5.39E 01
-8062E 03 ‘1.89E 02
. =8421E 03 . 3.89E 02
~8,42E 03 9.,27E 01
~8.60E 03 ~1.,53E 02
~B.21E 03. ..4.,45E 02
-8049E 03 1.42E 02
~8.63E 03 «~l.44E 02
-8,19E. .03 .. DL3PE.02.
-8,53€ 03 2.37E 02
=-B8.B5E 03 ~1,11E 02
.=B.05E.03.. . 6,7T1E.02_ ..
‘8|60E 03 3.67E 02
~8.84E 03 =2.,37E 01
7. T6E .03. . B.61E 02
-8.58E 0377 5,93E 02
-9,33E 03 1,.,8lE 01
m77¢44E‘03_m_g.9bE 02"
-8.,3%9E 03 B.99E 02
-9,.,48E 03 4,91E 02
-6.92E 03 __1.07E 03 .
-T.90E 03 1.22£ 03
'9.19E 03 9.62E 02
-6,26E 03. .. 1.04E 03 _.
~-7.00E 03 l.41E 03
=-3,44F 03 l.28E 03
~5.55E 03_ 9,36E.02__
«~6,00E 03. 1.34E 03
=6,79E 03 1.52€ 03
-44,79E_03 | 8.10& 02
=5.27€ 03 ' 1l.24E 03
=5.72E 063 1.80E 03
~4.13E 03 _.7.,35E 02
~4.52E 03  1.36E_03
-5,03E 03 2.07E 03

D76

¥

SIGMA=1

-2415E
-2.15E
-ECOIE
-laglﬁ
“1!83E
-1.77€
~1ls64E
-1-62E
-l.72E
~ls42E

’1.44E

“1044E
-1,23&
-1025E
‘loelE
'1.04E
-1.035
-9,87E

=B+51E.

‘7.88E
“7.53E

-6.,65F.

=-5.22E
'5020E
”4-87E
-2.58E
=-2+06E
‘ZQQOE

2+85E -

l.13E

=1e92E

2,09E
4+62E
'1.41E
J«63E
6.05E
- nZBE
5.05E
8.84E
=l.15E
6.81E
1.,87E

=Te1llE.

1.05E
3.11%&
?1032E
l+46E
2s5TE

'.

-

03. .

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
02

Qoe

02
0z

0z2.

02
02
02
02
02
02
01
02

.02.

o2
02
02
1=
02
02
02
02

S16GMA-2

-8.19E
‘8.68E
~8,27E

=-B.56FE

-8.27E
-8.66E
-8,22E
-8.56E
~8.81E
“8013E
‘8.43E
-BnébE
-8.,19E
‘BQQQE
-S.bZE
'8.23E
-~Be42E
’3.61E

“8.24E

‘Bong
'8064E

.-8023E

-8-54E
-BOBSE

-=8.11E

~8.61E
-8|84E
-TQBSE
-8.62E
=9,33E

_=T«58E

“8.48E
-gule
“7-09E
-8,08E
-9-29E

._-6.43E

=7.27E
-8.62E

IFSQ?IE

-6026E
~-7.06E

--4.93E

‘5-51E
-6.09E

~‘4|26E

-4 .83E
~5«59E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

.03

03
03
03
03
03

.03

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

ANG

-1.05E 00
~4,77E 00
-2.50€-01
-3.14E 00

T.02E-01
-2-45E 00

1.60E 00 _

-1.02E 00
~2+70E 00
2.72E 00
2e.20E=-02
=-1.91t 00
2.94E 00
4.32E-01
-l.46E 00

- 3.11E 00

7.18E"01
-1.15E 00
3.46E 00
1.05€ 00
-}.04E U0
4,04 00
1.69E 00
=7.62E=-01

5.07€ 00 . . .

2.52E 00
~-1.58E-01

6458E 00 .

3.94E 00
l.10E~01

7.82E 00 .

5.97E 00
2.,83E 00

8,99 00 __ .

8439E V0
S.61E 00

. J«6TE 0G0 .

1.06E 01
7.83E 00

9.,77E 00 __ ..

1.13e 01
9,97 00

9.74E 00

1.11E 01
1.15€E @1

1.01E 01 .

1.28E 01
1.53E 01




ELEMENT

D77

MNOa - X Y ERPSILON=X EPSILON=Y
T 137 4461E D2 . 3.36E 02 . 2.78E-U3 =5.8TE-03 _
138 4.48E 02 .54 02 4.44E-03 =-n,88E-03
139 4,39E 02 3.68E 02 6.04E-03 =T7.84E~03
140 4WT3E_02  3,456.02  2¢33E-U3_ —4,82E-03 .
141 4.A0E U2 3.63E 02 3,94E£-03 =5,42E-03
142 4.508 02 3.76€ 02 5.66E=03 =6.,40E-03
—— 2143 __ . 4.86E 02 3.55E 02 2.24E-Y3 -3.,88€~03
144 4.73E 0?2 3.726 02 3.50E-03 =3,99E-03
145 G4.62E 02 3.85E 02 511E~U3 ~—=4.,49E~03
e 4B L B499E 02 . 3.64E 02 2.52E-03 «3.70E-03
147 44,B5E 02 3.82E 02 3.44E=-03 =3.11E-03
148 4.T4E 02 3.94E 02 44,62E-03 =2,74E~03
. o LAG S.12E. 02 3.74E 02 2.98E=U3 =3.79E-03
150 4.98E 02 3.91€ 02 3e61E=u3 «2,9TE-D3
151 4.86E 02 44,03E 02 3.60E-03 -1,30E~03
152 . ... B.26F 02 3.85E 02 _3.11E-03 =4.28E-03
153 5.11E 02 4,028 02 %e44E~U3 ~3.72E~-03
154 5.,01€ 02 4,08E 02 5.09E~-03 =3,50€-03
155 S5.43E 02 3.,95E 02 4432E~03 ~6.,22E-03
156 5.31E 02 4.D6E 02 5.69E-03 ~5,60E-03
157 1.77€ 01 1.54E 02 =2.79E~u3 =1,28E=-02
1548 . la24F 01 . 1268E 02 =5456E~03- ~4,85E~03
1549 44.30E 01 1,56E 02 =~2.21E-U3 ~-1.35E-02
160 3.98E 01 1e8lE 02 =~4,28E«U3 <~3.,80(~03
- lel 6e51F 0Ll. 1.65E 02 =1.,00E=-03 =-1.40£~02
162 5.97E 01 1.87E 02 =4.,82E-03 =3,34E~-y3
163 8.22€ 01 1,72E 02 <=3.6]1E~04 ~1,53E£-02
. 164 . T«58E 01 1.93E 02 =4.47E-03 =~4.19E-03
-16>5 9.92E 01 1.80E 02 4.78E-04 <~1,61E=02
loé 9.,17E 01 2,026 U2 =3.61E-U3 =5.19E-03
167 1.17€ @2 1.90E 02 1.35E~U3 =~1,70E-0Z2
16R 1.08E 02 2.10E 02 =2.82E-U3 ~5,57E~03
1653 1.33E 02 1.98€ 02 2.25E-03 ~1,79E-02
i70 l.23E 02 2418 02 =2,28E~03 =6.08E~-03
171 1.08E 02 2.06E 02 2.B5E=-03 ~1.87E~02
172 1.37E 92 2.2TE 02 =1.87E-03 -6,.35E-03
173 . 1.53E 02 2.14E 02 3.40E=-U3 =~1.953E-02
174 1.52E 02 2.35E 02 =1.B1E=U3 =6,62E~03
175 1.78E 02 2.22E8 02 3.,90E=u3 =2,02E-02
Y16 .. l.66E 02 2043E 02 =1alBE=03 =6.84£-03
177 1.93E 02 2.30£ 02 4,35E-03 -2,08E-02
178 1.81F 02 2.52E 02 =8.37E~U4 ~7.07E-03
e 1T9 . 2408E 02 .. 2.38E 02 .. 4.95E~-03_ -2,18E-02
180 1.9%E 02 Z.60E 02 ~%5.,60E~V4 =7,00E=-03
1A} 2.25E 02 Z2e42E 02 Ye4b6E=U3 -=2,30E-02

GAMA=-XY

3.13E-03 .
be4lE~03
9.,48E~03
,1.98E-03
5078E"03
B.96E-03
G.56E~04 .
4,4BE~-03
8,38E~03
=5441E-04 .
2e6TE~03
7.28E-03
"“1 -88E‘03
8.92E~-04
3.90E-03
«1l.87E-03
Te02E~Q4
1 .06E-03
=2.76E-03
=1.50£-03
~4 TOE~D3.
~T+87E-D3
-7 +8B0E-03
~7.18£-03
—6|B7E-03
~-83.30£~-03
~HB.61E~-03
-7-99E”03
-1,03E-02
~7T.99E-03
-9.35E-03
-H413E-03
-3,15E~03
-7.83L=-03
-84 T2E=~03
=7.40E-03
-¥3,18L-03
"'6-87E"'03

"»T.58E~03

-6.31E-03
~64,80E~03

=5.H66E~03.

-6-22E"03
-4 463E-03



SIGMA=X

L 1«98BE

lel1lE
"2.01E
2s01E.
l.21E
2.17E
4. 33E
1.34E
2+38E
6+493E
1.57E
2«58E
1.01E
le74E
2.27TE
9.HB4F
2« 13E
2+68E
l1.24E
2e495E
~3.31FE

. =3.00€

-3.18E
“2.27E

. =2+ T5E

-2s38E
-2« 69E
=~252E
-Z+47E
~2.18E
-2+25E
«1+92E
-2+ 04E
-1.78E
-1.92E
~1e65E
-1+81E
~1«55E
-1 «72E
-1.45E
-1s.64E
=-1.35E
~1+57E
-1 +24E
~]1+96E

be

03
03

0a__

03
03
02
03
03
02
03
03
03
03
03

02 .

03
03

03.

03
03
03
03
03
03
03
03

03.

03
03
03
03
03
03
03
03
a3
03

03"

03
03
03
03
03
03

S5IGMA-Y

_?BQSOE

-3.72E
-3.92E

_-_2‘. BSE -

-2 T9E
-2+97E
-2+ 18E
-1,86F
-1.72E
=1,96E
=14+22E
-5, 63F
-1.B8E
-1.07E

l1.83€
=-2,20E
=1.36F
=3, A2E
=3 ,27E
~2+37F
~-5.,51E

-2+ T9E.

~5,4,65F
~2.12E
~5,57E
-2.01E
-5.90E
-2.335
-5 .98E
=2 46E
=64 08E
-2-“4E
-6.21E
‘Z-SOE
-5 4 32E
-2.50F

-6.41F .

-2.51E
=6.50F
-2.51E
-6.5TE
-2 ,50F
-6sTHE
~2s41F
-T02E

03 ..

03
03
03
03
03
03
03
03
03
03
02
03
03 -
ue
03.
03
02
03 .
03
03
03..
03
03
03
03
03

. Ge264E 02

-

TAU=XY

6.68E_02. .

1.37e 03
2.02E 03

l423E 03
l.91E 03
2«04 02
9.56F 02
1.7T9E 03
-1.16E 02
S.7T1E 02
1.55E 03
1.90E 02
8.32E 02
-4 ,00E 02 ..
1.50E 02
2.26E 02
-5.,88E 02
~3.20E 02
=5,.,26E 02
=S e 24E.02.
=8.94E 02
~8.57E 02
=83,20E 02

-6 9BE 02

=9 ,35E 02
=9.36E 02
-8.93E 02

Co=1%10E 03
. =8,84E 02
. =9,90F 02

=8,.,90E 02
-9.58F£ 02
”S.SIE 02
~3,04E 02
-3.,00E 02 .
=B.,40E 02
~T7.40E 02
-7.74E 02
-6, 79E 02
-6.90E 02
-b.,11E 02 .
-6.29E 02
-5.12E 02

D78

SIGMA~}

leaTE
2.63E

2e59E _

1.56E
2481E
4+ 49E
l.60E
3.0SE
6.98E
1.69E
3.22€
1.06E
1.76E
2.56E

1.00E

2+14E
2.T0E
1.31E
2+48E
=3,19E

-2a36E.

~2.89E
‘1.34E
~2+53E
=l.47E
=2 44E
=1 448E
-2 +25E
~1.20E
-2.05€
-1015E
~1l.86E
~l.12E
~1.76E
-IOOBE
-1.68E
-1-06E
~l461E
-14.04E
_IDSSE
-1.03E

=1.49E 03 .

=-9,.,66E

.3.15E

02 .

03
03
oz
03
03
0z
03
03
0z
03
03

03 ...

03
03
03
03
03
03
03
03

-03.

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

02

=1.51E 03

SIGMA=-2

_:3.615
-44,08E
-4 .54€

03
03
03

03 .

03
03
03
03
03
03
03
03
03
03
02

03

03
02
03
03
03

03

03
03
03
03
03

03 .

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

ANG

9.94E 00

1.48E 01
1.72E 01
T«TS5E_0O

" 1.58E 01
1.83€ 01
4.44E 00
1.54E 01
2.05€ 01
~2449E 00
1.11€ 01
2.23E 01
-7.77E DO M
3.86E 00
1.92E 01
-7.11E 00
2446E 00
3,.51E 00
-~T+32E 00
-3.78E 00
~1e27E 01
1.29E 02
-1.80E 01
1.32E 02

-1.51E 01. ..

l.28E 02
-1.51€ 01l

1.32E 02
-1.35%E 01
-44,13E 01
~1.24E 01
-3.76E 01
-1416E 01
-3.46E 01
-1.06E 01
-3.24E 01
~9459E 00
-d.60E 00
-2.79E 01
-7.70E 00
-2.51E 01

-bab4E 00 _ .

~2.3%g 01 _
-5.31€ 00




e

3, 64 € N2

3.4 1E gz .




ELEMFNT

N o g1GMA=X
14?7 -1.31E 03
182 -G +39E 02
1R4& -1+31E 03

S § s .,.-1-22E 03..-
196 '9-955 ne
187 -1.15E 03

188 Jmm-v-l.OQE 03...
1R@ -94.11E 02
120 -9 b0k 02

mﬂlql__M.W-Q-OQE 02.-
192 -7 «68E 1)4
193 ~gel2E 02

_es L -7.66E 02
195 ‘6053E 92
105 ‘ﬁ063E 02

_w.197ﬁ—..”.“6042E 02 .
qu '5-4bE 02
199 -5.22E 02

- 20CG. _—5.33E 02 .
201 -4+ 10E 02
202 ~3464E 02

_____.,2.0:'.\_4,..._____. ._,,__f"\» . 65t 02
2C4 -t s I6E 02
205 1.46E 01

«_205 ”‘1_0'3173E 02
207 -5.T3E 02
208 -4+15E 02

,ﬂ“209wnww.w_7ibTEJ01
210 i o T4E 02
21l -7.19E 01
212 1.19E,02_
213 2.21E‘01
214 ~7.97E 02

215 ~9.26E 02
216 -3.21E 02
217 1.05E 01
2R 3+60E 01
219 1.69E 02
22¢C -7 .89E 02

I ~1+67E 0z .
2272 -1+30E 03
223 -5 e14E 02

L 224 -9 49E ol

. 275 4.88E 02

- 72¢ 1.11E 03

51GMA=Y

-3041E 03“,
‘1'“7E 03
=T.23E 03
94.73E.D3.,
-1|65E 03
-T.22E 03
’QQuﬁE.OBH_
-1.,73E 03
-7.20E 03

,fQ.AIE 03H

~1.63E 63
‘1.15E 03
-4 437E 03. .
-1.60E 03
'7.1“E 03
-“OBQE 03“
'1.56E 03
-Te16E 03

”-4.345_03

-1.54E 03
—T.ZSE'OB
—4.35E,03.
-1.53E 03
-7.98E 03
-64,64E 03
~3.88E 03
~1439E 03

m'aolsg 03,
‘5.5“E 03'

’7189E 03

-9.11E 03 _

"9.78E 03
-3-01E 03
‘3.77E 03.
-5.93E 03
- .19E 03
-3.80E 03
-9,10E 03

-

TAU-KY

D8o

SIGMA-I
-b.lOE.DZ. -1-15E 03
-6 48EC nez -5.03E 02
-2.73E o2 -1.30E 03
-4.3?E.02w“-1.17E,03
-5.52E 02 ~6¢81E ne
~1+6TE 02 -1.106E 03
~3,T4E 02.d-9.95E,02
-4 ,37E 02 -Te.22E Y
-1+39E 62 -9,5TE 02
-2.80E 02 "-B.STE 02
‘3.86E 02 ’6.21E 02
~1,10E 02 -8,10E 02
«2.40F 02 -T.50¢C 02
-3.17E 0z -5.56C 0e
-1.07E 02 ~peb2E 02
-2,18E 0z . -6.29C 02 .
-2416E 02 -4, T6E o2
~1.31E 0z -5.20E 02
‘Z.ZQE‘OZ ~5.19E 02
'2.56E 02 ‘4012E 02
-2 .06t 02 ~3.58E 02
-2.86E 02 '4.44E 02
-2.51E 02 -3.81E 02
-8404E 01 1.54C 0l
“-Q.TZE 0e -3.37E 02.
-4413E 02 -5,.,22E 02
-2.6%E 02 ’3049E 02
rl.ZlE 02, TOBSE 01,
-7 .24E 0z ~3,73E 02
-4aT4E 02 —5.93E 0}
~1.25E 02”“u1.21E,ﬂ2

4.56E 02 4432E 01l
‘4.51E 02 ‘bo?OE 02
-6436E 02.ﬂ—7.91E 0ne -
—9.99E 02 ’1-48E 02
~3,38E ez 2444E 0l

3.63E 02 1.01E 02

6.35E 02 2.13E 02
-2.90C g2 -2+22E 0z
-8,12E ol. -1.63E oz -
~-1.35C 03 -8416E 0z
“7.06E 02 '4.45E 02
2eT4E 02”.-8.56E 0l

3,31E 02 5.01E 02

1.,97€ 02 1.11E 03

g1GMA-2

-3063E
’1.90E
'7.24E

_=4,4T9E

-ICQTE
"70235
“4.50E
‘1092E
’7.20E
f#-##ﬁ
’lo?SE
'TolSE
-4 439E
-1.69E
'7.1“E
-l -3bE.
‘1.63E
~7.16E
—4.3bE
-1.60E
-T7.26E
'4.37E
’1.58E
—TOQSE
'6.67E
’3-93E
-1.46E
‘B-lsE
“5.645
-7.92E

”fQQIZE

-g-EOE
-3.10E
-3.,91E
-&-11E
-g.21E
’SQBIE
'golqﬁ
-10545
'loBOE
”onbE
~7T4T
—Bal5:
‘8-1;
'8.21

03
03
03
03.-
03
03
03
03
03

03 -

03
03
03
03
03
03
03

nq:o«po‘:c
[T

-1

-
r



ELEMENT

NO. X Y EPSILON=X EPSILON=Y  GAMA=XY
e R2T—... 34.65E. 02 . 3.56E. 02 1.70E=04 =3.37E-02 ~2,00E-02.
STRIP AXIAL FORCE= 1.351E 03 MOMENT= Te010E=02
SKIN MEMRRANE STRESS= 0.166E 06
228 3.76E 02 3.96E 02  2.34E-Uh =2.50E-02 =5.80E-03
STRIFP AXIAL FORCE= 1.B62E 03  MOMENT= ~1.548FE-03
229 3.88E 02 3,576 02  SelTE=U04 =2.62E-02 —1.386-03
STRIP AXIAL FORCE= 4,113 03  MOMENT= 1.109€-02 -
T 230 4.00E 02 3.57E 02 6e67E~04 ~2.61E-02  1.02E=03
STRIP AXIAL FORCE= 5.299E 03 MOMENT= 1.619E~02
231 6412E 02  3,58E 02 9.T4E~03 =2.67E-02  4e01E=03
232 3.65E 02 3.61E 02 G,46E=04 =2 ,86E~02 =1,15E-02
e ... STRIP AXIAL FORCE= 3.543E 03  MOMENT= . 3.4756=03.
SKIN MEMBRANE STRESS=z 0.142E 06
e e w233 BWTTE 02.._3.61E.02. 2.31E~U4. =2, 30E~02._. =3e40E=03_
STRIP AXIAL FORCE= 1.837F 03 MOMENT= 2.002E-03
234 3.89E 02 3.61E.02  2.38E=04: =23;31E=02 =3.74E~03.
C STRIP AXIAL FORCE= 1.888F 03 MOMENT= 2.176E-~03
235 4,00 02 3.61E 02 2.62E~04 -2,33E-02 1. 70E=04
STRIP AXIAL FURCE= 2.081FE 03 MOMENT= 1.594E-04
236 T4 09E 072 3.61E 02 TeT9E-U3 =2 42E-02  3.69E-~03
237 3.65E 02 3.66E 02  4.23E~04 =2,29E~02 -6.94E-03
— STRIP AXIAL FOHCE= 3.364E 03  MOMENT= =9.450F=-04
SKIN MEMARANE STRESS= 0,117E 06
e 238 3.TTE 02 3.66F. 02 _ 3.15E=04 =2,06E=02 -T.28E~03_
: STRIP AXIAL FORCE= 2.504E 03  MOMENT= ~7.034E=04
239 3.89E 02 3.66E 02 2.83E=04 =2,01E-02 =-3.63E-03
STRIP AXIAL FORCE= 2,253E 03 MOMENT= 5.,728F=04
240 4,00E 02 3.66FE 02 2.99E=~04 =2,07E=02 =6,08E~-04
STRIP AXIAL FORCE= 2.380Ff 03 MOMENT= S5.682E-04
-  4,09E 02 3.66E 02 6444E~03 -2,10E-02 2,50E=03
242 4419F 02  3.65E 02  T4BE=03 =2,27E-02 3.57E-03
243 3.65E 02  3.70F 02  6.18E~U4 =1,94E=02 =4,75E=-03
o STRIP AXIAL FURCE= 4,915E 03  MOMENT= =5.001F-03

SKIN MEMBRANE STRESS= 0,995E£ 0S5

D81



CUELEMENT
NO .,

241
242
243

| -2.93E

 -2.95E

T ~5.31E

-3-41E

S IGMA-

.03.

X SIGMA-Y TAU=XY SIGMA

“6.96E 03 =4,59f 02

03 =7.22E 03  8.8BE 01 -2,94E
02 -7.16E 03 3,74f 02 =5.10F
03 -8.19E 03 ~9,69E 02 =3.22E

-1

03

02
03

SIGMA=2

=3+98E 03 =9,3BE 03.__~1,62E 03 ~3.53E 03 _ ~9.83E 03

-2.88E 03 -T,01E 03

-7.22E 03

-7.18E 03

-8.,38E 03

 —2.TBE_03._ —6.59E_03_ . =6,97E_02 . ~2.65E

L. =2eT8E 03 =6.64E. 03" =2,9BE/ 027 =2,7TE

-2.81E

-B-EBE'

=-2.82E

_2056E

“ZOSOE

.‘EOSBE

.l‘BQETE

‘7.19E
~2¢39E

03 =6,

02 -6
03 =6,
03.. -6,
03 ‘5-
03 «=b.
02 -5.
02 -6 .
03 ‘5-

70E 03 . 3.62E 01 =2.81E

64E 03  3.45E 02
BIE 03 -6|08E 02 -2.73E

14E€.03. . =6,30E. 02.. «2.45€
99E 03 _=3,.064E 02  =2.48E

18E 03 _~3.59E_01 . ~2.58E

83E 03 2.36E 02 =8416F

94F 03 -4 4 22E 02 =-2+34E

D82 :

ANG

-1.55E 01._

“3.01E 03 ~7.29E 03 =9,75E 01 =3.01E 03 =-7,29E 03 =-1.30E 00

" 1.19E 00

3.22E 00
-IOIOE Ol

—6.42E 00

.03, _=6.72E.03__ -1.00E. 01 _ .

03 =6%66F 03 ~4441E 00

03

03

.03

03

03 _

02
02
03

-6.7UE 03

~B.07E 02 =6.66E 03

-6,90E 03

~6.24F 03

-6,02E 03

~6.18E 03

-5.84E 03
~6.29E 03
~5,99E 03

5.33e-01

3.39E 00

-B.46E 00

=-3.,70E 00

"'4.94E 00

~5471E-01

2.69€ 00
3.40E 00
-6.68E 00




EPSILON-X EPSILON=Y  GAMA=XY

NO . X Y
@44 3.7TE 02 3.T0E 02  4,66E-04 =1,86E=02 =5,51F=03
STHIP AXIAL FORCE= 3.707E 03  MOMENT= ~1.461F-03
285 BeBYE 02  3.TOE 02 | 3,84E-U4 =] ,79E=02 =2.94E-03
STPIP AXIAL FORCE= 3.055E 03 MOMENT= —1.398F-03
cm K6 6400 02 3.70E 02  3.88E~06 ~1.82E=02 ~3,62E04
STRIP AXIAL FURCE= 3.085E 03 MOMENT= -2.208E-03
24T 4a12E.02._ 3,706 02 . 5.936-03 _-2,00E~02 _ 1.54E=03_
248 4423E 02  3.70E 02  6.33E-03 ~1.98E=02 2.69E-03
249 3e65F 02  3,T4E 02  6.73E=U4 =1,59E~02 =2.52E~03
_ . ST2IP AXTAL FORCE= 54346 03 MOMENTz_ 1.8406-03
SKIN MEMHRRANE STRESS® 0.864F 05
250 3065E (02  3.THE 02  5.86E-04 =] ,35E=02 —1.%6E=03
STRIP AXIAL FORCE= 4.656E 03  MOMENT= 1.313F-03
et . SKIN MEMHRANE STRESS=  04747E 05 oo oo
251 3.7TE 02 3.T4E 02  5,52E=04 =1.55E=02 -3.,88E«03
o eme..o. STRIP AXIAL FORCE=. 4.386E .03 _ MOMENT= 4.839E-05.
252 3.77E 02  3.78F 02  5,03E-0U4 =1.35E=02 =2.63E=03
v em—- _STRIP AXIAL FORCE= . 44000£.03  MOMENT= . 1e%31E«03..... _ _
253 3.89E 02 3.T4E 02 4464E~U4 =] ,51E=02 ~2.31E-03
oo . STRIP AXIAL FORCE= . 3.684E 03  MOMENT= =~2.195E-0% .
254 3eBYE U2  3.TBE 02  440BE=04 =],33E=02 =1.62E~03
.~ STRIP AXIAL FORCE=. 3.246E 03 . MOMENT=. 1.266E=03.. _ _.
255 4000E 02  3.74FE 02  4.5TE=U4 =] .56E~02 =b,24E=064
e .. STRIP AXIAL FORCE=. 3.634E 03  MOMENT= 1.153E-=03 .
256 4400E 02  3478E 02 4ol1E-04 =1.37E~02 =1.21E-04
wew .. STRIP AXIAL FORCE= . 3,263E 03 MOMENT= 8.697E-04 .
257 4011E 02  3.74E 02 5.12E~03 =1.60F=02 6.73E-064
258 4411E 02  3.7BE 02 4.12E=U3 =1.45E=02 3.44E-04
259 4424E 02  3.74E 02  5,35E~03 =1,6TE=02 * 2.13E=03
260 4424E 02  3,7BE 02. 4.956=03 =1,60E=02 1.84E=03
262 4,356 02 3.78F 02 S5e4TE-U3 ~1,53E=02 1].55E~03
263 3.65E 02  3.82E 02 5,04FE=04 =1,03E=02 =B,53E«04
STRIP AXIAL FORCE= 4.003E 03 MOMENT= 6.026E-04

SKIN MEMSRANE STRESS= (.633E 0%

D83



FLEMENT

KO
244
245

246

247

248
245

257
258
759
260
261
262
263

_ =2430E 03 _=5,64E 03_ =4.89E 02 _~2.23E_ 03 =5.71£ 03  -8.16E

- S1IGMA=X

-

SIGMA=Y

TAU=XY

SIGMA~-1 SIGMA-2

ANG

=P e.2TE _03_ ~5.51FE 03 __=2.56E 02 _=2.25E 03 _=5.53E 03 _'-4.459E
=2+31E. 03 ~5.61E. 03 _-2.,94E_0L _=2,31E 03__=5.61E 03 -5.,10E-01

o =Be69FE 02 . =5,66E _03___ 1443E_02_ ~8.65E 02 =5.67€ 03 _ 1,70€ 00
C6.93E 02 =5.52FE 03 2.52E 02 =6.80E 02 =5.53E 03  2.98E 00
“2,07E 03 =5.28E 03 =2.47E 02 =2.06E 03 =5,30E 03 =4.38E 00

TUTTITIOE 03 =4.58E 03 ~1.56E 02 =1.79E 03 =-4.58€ 03 -3.20€ 00
~2.06E 03 =~5.16E 03 =3,79FE 02 -2.02E 03 <-5,21E 03 -6.86E 00
~1e83E 03 =4460E 03. =246B8E.02. =1.81E. 03. -4.62E 03 -S5.49E 00 .
~2.04E 03 =5.04E 03 =2.16E 02 =2.02E 03 =-5.06E 03 =-4.,08E 00
"1083E 03 "‘I-QSEE 03 "'1.56E 02 "'1.82E 03 "4.53E 03 "3.31E 00
_2.10E 03 ~5.20F 03 .=3.,04E 01 -2.10E 03 =~5.20E 03 -5.,63E-01
“1.89E 03 =4.6BE 03 ~3.19E 00 =1.89E 03 =4.68E 03 ~6.57E-02
“7.29E 02 <=4.96E 03 6.86E 01 ~7.28E U2 =4.96E 03  9,29E-01
—7.24E 02 =4.30E 03  2.B9E 01 =7.23E 02 -4.30E 03 4.64E-01
—6.13E 02 <-4.83E 03 2.12E 02 =6.02E 02 ~4.85E 03  2,87E 00
—6.38E 02 =h.6BE 03  1.8BE 02 =6,29E 02 =4.69E 03  2.60E 00
“3.19F 02 =4.36E 03  1.40E 02 =3.14E 02 =-4.37€ 03  1.98€ 00
-1.52E 03 ~-3.92E 03 =9.20E 01 =-1.52E 03 ~3,93E 03 <=2.19E 00

D84 I
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D85

ELEMENT o
NO . X Y EPSILON=X EPSILON=Y  GAMA=XY
264 ... 3.65E 02 . 34B5E 02  4.T2E~04 ~8.63E~03 -5.92E«04.
STRIP AXIAL FORCE= 23.755E 03 ~ MOMENT= -3.072£E-04
SKIN MEMJRANE STRESS= 0.537F 05 -
265 FTTE 02  3.82F 02  4eT9E~U& ~1.06E=02 =1o4BE=03
STRIP AXIAL FORCE= 3,806E 03 MOMENT= 5.489F-04
266  3.TTE 02  3e85€ 02  4«4TE~04 =He 915“65“":§-33£ 04
STRIP AXIAL FORCE= 3.550E 03  MOMENT= 5.122E=04 -
267 T3.89E 02  3.82E 02  4e26E-U4 ~1. osFuﬁéﬂwigpédewoé
STRIP AXIAL FORCE= 3.387E 03  MOMENT= 6.216E=04
268 3.R9E 02  3.86E 02  3.94E-04 -6.875-03 -5.23E-04
STRIP AXIAL FORCE= 3.129€ 03 MOMENT=  6.467€-04
269 4.00E 02  3.82F 02  #.16E~04 =1,09E=02 ~2.24E=05
STRIP AXIAL FORCE= 3.307E 03  MOMENT= 1.833E-05
270 4 00E 02 3.86E 02  4.11E-U4 =0.33E-03 2.02E~04
STRIP AXIAL FORCE= 3.269E.03  MOMENT= =8.010E-05
271 G11E 02  3482E 02  3.T0E~U3 ~1.18E~02  Te4OF-04
272 4411E 02  3.86E 02  3.34E~03 =1,03€=02 1.096-03
213 4423E 02.. 3e82E.02. 4.11E~U3 =1,29E-02 _ B.96E-04
274 4.23F 02  3.86E 02  3.32E-U3 =1,086=02  6.88E-04
275 434E 02  3.82F 02  4e03E=U3 =1,226-02 1.59£-03
o PTh . 443TE 02 3.86E 02, 3.66E=U3 ~=1,10E=02 _ 1.44£=03
217 4e44F 02  3.80F 02  4e69E=U3 =1.36E=02  2.28E-03
. 218 404TE 02  3.86F 02 4.39E-U3 =1,0BE=02 3.64E-04
o BT9 o 3465F 02 3.90F 02.  4¢35E~04 =5,43FE=03  -2.70E=04
STRIP AXTAL FORCE=  34461FE 03  MOMENT= 2.317E-04
SkIN MEMARANE STRESS= 0.408E US .
TTTTT280 7 3.65F 02 3.95F 02  3.54E=04 =3.46E«03 ~Te4BE-05
STRIP AXIAL FORCE= 2.815E 03 MOMENT= 1.251F=03
o SKIN_MEMZRANE STRESS= 0.268E 05 .
281 3.77E 02  3.90E 02  4.16E=U4 =5,73E=03 - =3,036=04
_.STRIP AXIAL FORCE= _ 3.304E 03 _ MOMENT= _1.868BE-04



06 .

FLEMENT : .
0. SIGMA~X SIGMA=Y TAU=XY SIGMA-1 SIGMA=2 ANG
264 C=1e29E 03 -3.3TE 03  =7.57E 0l  ~1.29E 03 _=3,38E 03 =-2,08E 00
765 ~1eB6E 03 ~4,01E 03 =1,65E 02 =1.55E 03 =4,02E 03 ~3.864E 00
2667 7 =1.35E 03 -3448E 03 -1.10F 02 <-1.34E 03 =3.49E 03 =2.94E 00
267 T=1.57E 03 ~3.97E 03 ~1,04E 02 =1.56E 03 =3.97E 03 -2.47E 00
268 ~1.36E 03 =3.48E 03 ~5.75E 01 <le36F 03 -3¢48E 03 <~1.56€ 00
269 lifésémﬂiﬂ"ézﬂfsawﬁimmmh 11F 00 =1.65E 03 =—4.15E 03  1.17E=01
270 T 21 e44E 03 =3.66F 03 2e44F 01 —1.44F 03 =3.66E 03  6.26E<01
271 CIETTIE 02 T S3vecE 03 T 7UB2E 01 "Z85.09E 02 -3.69E 03  1.41E 00
272 D =34T9E 02 - =3423F 03  1.23E 02 =3.74FE 02 =3.23F 03 2.47E 00
273 ~5 15 02 =4,03E 03__ 8.84E 01 __=5.13FE 02 . -4.04E 03 _ 1.44E
274 ~4eB1E 02 <=3.45F 03  6,52E 01 ~4e80E 02 =~3.45F 03  1.26F 00
275 L —4e36E 02 - =3.7BE 03 1.69F 02 =4.25F 02 =3.79E 03 2.88E 00
276 =3.83E 02 _ ~3,51E 03__ 1463E 02 __=3.74E 02__~3.52E 03 _ 2.97E 00,
277 . «3498E 02 =4.18E 03. . 2.52E 02 =3.81F 02 ~4.19F 03  3.80F 00
273 —2.28E 01 =3,30E 03 2,71E 01 =2.26E 01 =3.30F 03 4.74E=01
270  =9eT9E_02. _+2.73E 03 _ ~3,67E_ 01 _ ~9,78E 02_ -2.73E 03 _=1.20€ 00
280 ”JhlééE“dé"_li5555"55“_:51566"65“ ~6445E 02 =1e92E 03 ~=3.77E-01
261 —1,05E 03 =2.86E 03 =4.92E 01 =1.05E 03 -=2.87E 03 =-1.55E 00
D8g '
Fi



CELEMENT

NO. X Y EPSILON=X EPSILON=Y  GAMA=XY
TTS82 T 3,776 02 3.95F 02 3.68E=06 ~3,73E-03  3.28E~05
2.G25E 03  MOMENT= 6.475E-04

STRIP aXIAL FORCE=

283

3.89F 62

3.90FE 02  3eT4E~04 =5.73E=03 =1.48E-06
STRIP AXTAL FOURCE= 2+972E 03  MOMENT= 3.542E-04
U284 3.R9E 02 3.96E 02  3.30E-Ué =3,73E-03  1.33E-04
STRIP AXIAL FORCE= 2.623E 03  MOMENT= 5.815E-04
T 85 4 00F 02 3.90E 02  4e06E-04 =6.156-03  2,03E=05
STRIP AXIAL FORCE= 3.229E 03  MOMENT=z 7.174E~05
T o5 4 00F 02 3.96E 02  3.49E=U4 =4.03E=03 =1,43E-04
STRIP AXIAL FORCE= 2.7T4E 03  MOMENT= 1.056E-03
587 A4 11E 02 3.90F 02  2.56E-U3 =7.09E-03  2,99E-04
284 4.11F 02  3.96FE 02 leB4E=U3 =4,78E=03 =3,99E-05
289 4.23E 02  3.91F 02 2e73E=03 =T.55E-03 6.33E-04
290 4.23E 02  3.96E 02  2e24E-03 =5.326-03 S5.79E-04
291 4.35F 02 3.91F 02 2.88E~03 ~T.77E-03  6,05E-04
292 4.35E 02. 3.96E 02. 2.31E=03. -5,35E-03 3.09E-04
. 293 445F 0P  3.91F 02  2.84E=U3 ~=7,20E~-03 1.92E-04
294 4.4BE 02  3.96F 02  2¢4BE-03 =5,61E-03  1,64E-04
295 4.58E 02 . 3.91E. 02  3464E~03 ~8.4696-03  1.45E-03
296 4.60F D2 3.96E 02 2¢B0E=03 =5.51E=03 =1,31E-04
297 3.65E 02 4 01F 02 2e07E~06 =1.,40E~03 =-3,04E~04
T STRIP AXIAL FORCE= . 14645E 03  MOMENT= 4.480E-04__ _____
SKIN MEMSRANE STRESS= 0.134E 05
. 298 __ ... 3477E 02 .. 4401E 02  2.74E~04 =1,67E-03 . 9,56E-05.
STRIP AXIAL FORCE= 2¢174E 03  MOMENT= 2.991E-04 |
299 3.B9E. .02 . . 4s01lF .02 . 2e8TE~U4 =1,63E~03  1.89E-04_
STRIP AXIAL FORCE= 2.282E 03  MOMENT= -6.098E-04
300 . 4.00E 02 . 4e0LE 02  3.19E-U4 ~-1,82E~03 =-1,02E-04.
STRIP AXIAL FORCE= 2.534E 03  MOMENT= -l.305E-03
- L
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ELEMENT

NO

T 28?2
. Tes3
T Z284

285

s86 " T

287
288
289
290
291
202
293
794
795
296
297

298

C ~2.16E

SIGMA=X

 -1.07€ 03

~TW24E 02

-1.15€ 03 -3,08€ 03

—7.90F. 02

'9-62E
-2.20E
T+5%E
-1085E
6« 76E
‘SOEQE
G+63E
4«87TE
2+86E
'3-22E

01
02
00
02

01
01
01
02
02

-3057E

- -2.07€ 03

.dé_

01.

-

SIGMA=Y

~2.86F 03

TAU=XY

-2.44E 61

2.11E 01

SIGMA-1

-1.07€E 03

[, S,

“Te24E 02 =2.07E 03

=2.24E 03 =-2.76E 01

~2.60E 03 4.1BE 01

=1.87E 03 =5.69E 00 =9.62E 01
-ZQTSE 03 9006E 01 '2.17E 02
-2,05E 03  B.81E 01  1414E 01
~2,87TE 03 Ba06E 01 =1,82E 02
-2;04E 03 3.78E OIVW.6083E 01
-2.,58E 03 1.73E 01 =8.28E 01
-2.14£ 03 2+50E 01 9.66E 01
=2.98E 03 . 2.02E 02. 6.21E 01
=2.03E 03 =3.47€ 01 2.86E 02
~1.09E 06E 01 =3,17E 02

03 -60

02. .~127TE_03. . 2.16E.

‘F3033E_02m '1-2§E.03__.4-16E

=3+76E 02

-1.39E 03 =2.72E.

D88

0L

oL ..

01 .

1.62E 00  ~1.15E 03

SIGMA=-2

-2.86E 03

-3.08E 03

~7.90E 02 =2,24E 03

-2,18E 02 =-2.60E 03

=1.87E 03
-2.78E 03
-2.05E 03
~2.87E 03
-2.04E 03
~2.58E 03
-2.14E 03

~2.99E 03 ..

=2.03FE 03
-1.,108 03

=3.56E.02 . =1.27E. 03 _

=3.31E 02 =l.24E 03.

ANG

“7e02E 02 =2.06F 03 BeTIE=01 =7+02E 02 =2.06E 03 3.67E-02

~Te81E~01

8.99E-01

4.79E=-02
«1.09E 00

1.01E 00
-~1.84E=-01
2.02E 00
2:45%E 00
l.726 G0
1,026 00
3.96E-01
6.42E-Ul
3.80E 00
-8.58E-01
-4 ,48E 00

1.35€ 00

2.63E 00 _ .

=3476E. 02 _=1.,39E 03 _-1.54E 00




ELEMENT

ND' X

301 4411E

302 4.,23E
303 _4,35€
304 4 48F

305 4.62E
o306 .. 4.T1E
307 3.34F

308 3.42E
309 . -3,53F

310 3.37€

311 3.45F

e 312, ... . 3.46F
313 3.55E

314 3.55E

e 2318 3.65E
316 3.77E

317 3.89E
~.318__ .. _4.,00E
319 4.11E

320 4423E
321 . 4,35
. 322 4 4BE
. 323 4462
e 324 . _4.BOE

02
02

0z2.. ..

02
02
02 .
a2
oe
02 ..
oe
ne
02
02
02
vz
02
0z
=
0z
02
02
he
02

02, .

Y

4.,01E
4,01E
4,01E
4.01E
4 4,02€F
44.00E
3.57£
3.57E

3.57E.

3.62E
3.62€
3.67E
3462E
3.67¢
4.07E
44,07E
4,07
4,07E
4.,07E
4.,07E
44,07E
44,07E
4.,07E

4.07E

02

0z

02

0z
02
02
02
02

02 .

o2
02
02
0c
0z
02
o2
02
02
02
02
02
02
02

02

EPSILON=X

EPSILON-Y

T 1435E-03  -2,35E-03

1-43E'03

— le#4E~-U3

le42E=-03
1.32E-03
1.90E“U3
~l.04E~03
8.72E"05

5.62E~-04 .

'1042E-03
""8.57E"'04
=1.,85E~03
-1 -44E"0‘|’
'9080E'U4
5.60E=-U5
3031E'05
4e10E-U5
4o TBE=0%
5.46E=05
1.06E'04
I.BQE-UQ
2-68E‘04
2-83E'04

_4065E‘04"

D89

=2.65E-03
=2.59E~03
-2.666-03
=2.43E-03
=3.44E=-03
-1 «6BE~03
-3035E-03
"4.2"’E"'03
-2-45E"‘04
=-1.69E-03

3.24E_04
~2.58E~03
=6.95E~04

~3.30E~04 _

-4 032E-04
=4 ,03E-04
=4 ,13E~04
~4,03E~04
-4|30E—04

~4,61E~04

=4 4 9TE~04
-50175”04

“5.30E=04,

GAMA=XY

=8.60E-05

2.85&“04
3435E-04
~5.,86E~05
5.89E-05
7.76E-04
"4.08E"03
- 1+02E-03.
-4.80E-03
-2053E-03
~2+35E~03
6.45E-04
3.42E=-04
~2.15E=04
3.53E-05
2+45E~05
”10995-05
=3.82E-06
1.02E-04
5.66E-05
1,03E-04
-2.16E-04

— 4e19E=-04_



FLEMENT o .

NO. SIGMA=X SIGMA=Y TAU=XY SIGMA=1 SIGMA=2 ANG
201 2.01E 02 =1,10E 03 =-1,73E 01 2.01E 02 =1.10E 03 =T7.62E=01
302 1.85E 02 ~-1,26E 03 5.08E 01 1.86E 02 ~1.26F 03 2.02E 00
302 . 2e16E 02 . =1.22E.03._. 5%.93E.01....2.18E.02...~1.22E 03 . 2.36E 00 _
304 1.92E 02 =~1.28E 03 =1,59E 01 193E 02. =1.28E 03 =6.18E-01
305 "1+88E 02 =-1.,12E 03 1.55€ 01 1.88E 02 =1.,12E 03 6.79E=01
30¢ 2+83E 02. . =1.48F 03.. 1.43E 02._..2.95E. 02__-1.49E 03 4,63E 00 .
397 ~6+03E 02 ~T.36FE 02 =3.99E 02 =2.65E 02 =~1,07E 03 =~4,03E 01
208 ~44.53E 02 ~1.14F 03 =2.90E 02 «=3.47E 02 =1,25E 03 =-2.01€ 01
309 =4 425E_02...-1.36E 03 1.23E.02.. =4409E 02._~1.37E 03 T.40E 00
310 =G5.36E 02. =2.97E 02 =4,86E 02 B8440E 01 ~=9.16E 02 1.28€ 02
211 ~5442E 02 =T.42F 02 =24.43F 02 =3.79F 02 -9.04F 02 =3.38E 01
312 ~6423E 02 =1,85E 02 «=2,54E 02 =6.91E 01 . ~7.40E 02 1.15E 02
313 =4,17E 02 =8.95E 02 1.10E 02 =3.93F 02 =9.,19E 02 1.23E 01
214 ~3.H9E 02 =3.,48E 02 BeSHE 01 =2.8lE 02 ~4.57E 02 Sel7€ 01
15 =G, 10FE 01 =3.26E 02. =6.54FE 01 ~T7+40F 01. .=3.43FE 02  ~1l.46E 01
316 ~1.62E 02 =4,45E 02 1.07E D1 =~1.61E 02 =4.45F 02 2.17E 00
317 “~1e40E 02 =4,10F 02 T+46E 00 ~=1.40E 02 ~4.11E 02 1.58E 00
3118 ~1+38E 02 ~4,19E 02 =6,06F 00 =1.38E 02 =4.19FE 02 =1.23E 00
319 ~1e26E 02 =4,06E 02 =1,16FE 00 <~1.26FE 02 =4,06E 02 =2.,39E-01
320 =8¢31E 01 =~4,11E 02 3.11E 01 =8.02E 01 =4.,14E 02 5.38E 00
221 =1.21E 01 ~=4,07E 02 _ 1473E 01 . =1,13E 01 =-4,08E 02 2+50E 00
122 SJB4E 01 «44,10E 02 3.14E 01 6+.05E 01 =4,12E 02 3.82E 00
223 BeBOE 01 =4,25E 02 =6462E 01  T48E 01 <=4,33E 02 ~7,55E 00
324 . PetlE 02 _~3.35F 02__ _1421E 02 __2465E_02._ =3.59E.02. _1lel4E 01
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e NODAL. ... i S, A
POINT DISFLCEMNT - DISPLCEMNT POINT DISPLCEMNT
— 1 0.0 . .t 00, . 38 ~1.51E-01
2 0.0 -2.34E"'01 3s -1.97E"01
3 0.0 =4 4,33E=01 40 =3.25E=01
060 =5,08E-01. __ el =8 ,44F-01 .
5 Oe0 «H.59E=01] 42 -6.22E=01
6 0.0 0.0 43 0.0
i 4 0l 00 a4 v by 24E-02
8 0.0 0|0 45 _llGOE-Ol
Q =2448€=-02 ~2439E=01 46 =-2.66F=-01
10 r#.BSE-OZ_‘__”-4.41E-Dl..”uﬁ“_“m—m4Tumwum93.86E-Ulm
11 =7T+56E~-02 =5415E=01 48 =6.30E=01
12 ~-1,29E=-01 =6, TBE~D] - 49 «~7+00E=-01
13 -.-'."1 .BBE-Ol . -4-_-._"7.77E-01- e ————— .-._.50 PR ..“.-_0 .0 e s e
14 6.0 Ue0 51 0.0
15 040 : 040 52 0.0
lé =4+ 20E=02 ."_12.49E-Dlm,-u_w_“m_m53v"ww“95.l1E—02
17 ~8,98E=02 “4 472E=-01 S4 =1,67€-01
i8 =-1.30E-01 . =95 T4E=(1 55 =2+92E~01
19 :2;93E-01.A.__:9.06E@01.“.“”¢w_.T,SG.,_“.-4.33E-01
20 ~2.97E=~01 =94 62E~01 57 «7.00E~01
21 0.0 0.0 58 ~7.75€-01
22 060, 06059 __ _g.0
23 -4 ,97TE=02 ~Z2459E=01 ' 60 0.0
24 =l.14E~-01 =5,02E=01 61 0.0
25 _=2.04E=01 ™G eG2E=0) __ . . &2 -—.=6419E~=02
26 =3.70E~01 -9,99E-01 63 «1,72E~01
27 =3.76E-01 . =1.,04E 00 64 ~3.12E=01]
_“_M"ZBumﬂmhwﬂ.OH.,_«;M‘“,ﬁﬂ.ﬂw_m.Mm_m_mmh““_65" =G THE=01
29 0.0 0.0 66 "7-64?."'01
3¢ =4 494E~-02 =2, T0E=-01 67 =B 44E=01
Cemeee3l L m1.36E=01 ... __~5,35F=0] S - 1- 2 .00
32 ~2+50F=01 =T.60E=0] .69 0.0
33 =42 44E=01 «l.11E 0O T0 0,0 .
385403601 =1,16E 00 . __ . __71 . =7.02E-02
- 35 0.0 0.0 T2 ~1.75€=-01
. 36 0.0 0.0 73 ~3.29E-91
B =G S1E=02 I £ =5.15E~01

. .,,_,_.-2.75E“01‘ .

D91

e NODAL. . .

S SRR ¢

DISPLCE.".

-=5.60E=01
=6.51E-01
~B8.82E-01

- ?'1 025E 00

=1.32E 00
0,0

- “2.705"01

~5.73E=-01

~TT4E=01

e __"!’.9 -75E-01

=1.36E 00

SN | Y 1}

0.0

0.0
,ﬁ-E.QEE-Ol
-5077E"’01
=~8+17E=-0]
=l.47E 00
=1.56E 00
QD

0.0

0.0
-2.945‘01
=5.81E~01
~8.52E~01

. ._.g-l |13E 00

~1.58E 00
~1l.68E GO
0.0

0.0

0.0

.. =2a93E-01

=5.,68E~01"
=8.8B2E~01
u"lolgE Q0



—Y.

NODAL

D92

e X - ) SR ¢
DISPLCEMNT DISPLCEMNT POINT ~ DISPLCEMNT DISPLCEMNT
LTS5, ... =B423E~01 . _ _ =1.,6HBE _00._ 112 ~1.06E 00 =24.12E 00
76. -9,08E=-01 ~1.79E 00 113 ~1.11€ 00 -2416E 006
77 0.0 0.0 - 114 " 00 0,0
.78 0.0 . 0..0 115 0,0, . . _. _040
79 0.0 0.0 116 -9 ,50E~02 -24.73E=01
80 =T+ T8E-02 -2.93E=-01 . Y =2.10E=-01 =S5.47TF~01
Bl . . =1leBBE=01  _.__=S5,7BE-0L . o 11B. =44 12E-01 ~Y,63E=01
8z =3.,53E=01 =9,16E=-01 119 ~6452E=01 =1.,39% 00
83 =5,50E~01 ~1.25E 00 120 -9, 24E=01] -1.88E 00
_Ba. . =B TTE=0L . =]1,78E_00 121 =1.11E 00 ~2.16E 00
" B5 -9 ,67E=01 -1.,90E 00 122 ~1,16£ 00 ~2.24E 00
: - 86 0.0 0.0 . 123 0.0 U0
o 8T 00 . 0.0.. 124 —eDa0 . 0.0
88 0.0 0,0 125 ~Q,6TE=D2 =2.6%E-01
"89 ~8,40E-02 ~2.92E~-01 126 =2.08E=01 =5,26E«~01
90.... . =1.98BE-01.. . ___=5,80E~01 127 =3.66E=01 ~8.61E-01
91 =3,72E-01 -9 ,38E-01 128 -5.,53E-01 ~1,20E 00
- g9g-" «5.8lE-01 ~1.30E 00 129 ~6.B3E~01 ~1.42E 00
93 L L =9.2TE=01 . .. .=1,86E.00 .. 130 =9 ,66E=01 ~1.92E 00
94 ~1,02E 00 =2.00E 090 131 ~1.15E 00 ~2421E 00
195 040 040 132 -1.21E 00 -2.29t 00 @
96T . 040 0.0 133 D0 . .. 0.0
97 0.0 0.0 134 -9 ,83E~02 -2 eb2E-01
98 -8.88E-02 -2.88E=01 135 -2,13E=01 -54.27E-01
.99 ... =2.06E=01 _  ~5,7T5%E=01 - 136 _=3.82E=01 . =B,74E=01
100 ~3,88E~01 -9, 49E=01 137 -5.77E=01 -1.22E 00
101" ~6405E=01 ~1.33E 00 138 ~7.13E-01 ~1.4%E 00
102 . =9.7T1E-01_ . _=1.95E_00 . . . 139 =9.97E=-01 . __ =1.9%t 00
103 -1,06E 00 ~2.08E 00 140 -1.18E 0O ~2.2%E 00
104 0.0 0.0 141 ~-1,25E 00 -2,33E 00
105 0e0 . . 0O 142 00 .. .. 00
106 0.0 ‘ 0,0 143 ~9,9]1E-02 -2 ¢ 59E~01
107 ~9,256-02 ~2.,81E~01 144 ~2,17E=01 ~5.24F~01
...los  =2.09E=-01" __ ' =5.64E=01 .. . 145 =3,95E=01 . =8.BlE=01
109 "4001E-01 -QCSTE-GI 146 "5-985-01 "1.2‘"E 00
110 -6.22E-01 ~1.35E 00 147 -7 +39E-01 -l o4TE 00
. =84.T8E~01 ... _=148lE 00_ _____ 148 =1.035 00, _ ___ =1,97F 00




.. .l8s

222

D93 .

.. NODAL . X, Y . NODAL __.__.._.X ..... _ .. 'y
POINT ODISPLCEMNT DISPLCEMNT POINT DISPLCEMNT DISPLCEMNT
149 .=1.22E Oo_mmww72.27E_OD~,”___"*w_186wnw_m*1.04E 00 ~l+94E 00
150 -1.28E 00 =2+36E 00 187 -1.25E 00 =2.21E 0C
151 0.0 0.0 188 =-1.36E 00 -2+35E 00

152 .=9.89E-02 e =2 B4E~0) . 189 __ . =1.42E 00 .. =2+40E 00
153 =2.18E-01 =-5.19E~01 190 -l.41E 00 =Z2+3%E 00
154 -4, 04E-01 =84.84E~01 191 ~7+09E=02 -~2+84E-01
155 ~5.16E«01] ~1.25E. 00 e e 192 . =6 ,02E~02 =2+40E=Q1
156 =~7.61E=01 =1+.49E 00 193 =6.83E=02 “3.15E=-01
157 ~1.05€ 00 «~1.99E 00 194 =6.50E=02 " =3.12E-01
158 =1.25E 00 . __. . =2,29F 00 e e 2 195 .=1423E 00 ~2.18E @0
159 -1.,32E 00 =2+38E 00 195 ~1.34E 00 -2+30E 00
160 0.0 Q.0 197 ~1.37E 00 -2+¢35E 00

161 =9, 76E~02 ~2447E=-01 .. _ . ___ 198 =T3T7E=02 =3.20E~0]
162 ~2.16E-01 =5.,11E-01 199 =T«87E=02 =-3.27E=-01
163 =4 ,0BE~01 =8.,84E~01 200 -8 ,36E~02 -3.27E=01
164 “6.2BE-01 _ =1,.26F 00 e 20 1 - 0.0 i Ba0 o
165 -T«80E~01 =1.5%0E 00 202 =9,33E=02 ~2+.23E~01
166 =-1.07E 00 =2.,00E 00 203 =2.09E=01 -4 2 T2E=C1Y

.. 167 .=1.2TE 00n_uJ_PZ.BOE_DO__MQWM__mm204W__m“-3.98E-01 “B.58E=01
168 ~1.35E 00 ~2.39E. 00 205 -5433E~-01 -1.28E 0¢
169 0.0 0.0 : 206 =8,07E=01 =1.55E 00

I & 4 ' I ..=9,58F=02 . c-m2e39E~0Y _______ 207 e =« E 00 .=2406E 00
171 ~2.12E=-01 =4 498E~0] 208 =-1.25E 00 ~2+.28E 00
172 =4 ,07E~01 “BeTUE=(1 209 -1.40F 00 -2¢51E 00
_173____,,__,,-6.345-01,_______.:.1.27Eﬂ_0_0__m#_..___m__z.l_om_._____._-,-_4.16E-01 .. _=le4TE 00
174 =1.29E 00 ~2.25E 0¢ 211 ~4+58E=-01 =~1.55%E 090
175 «1.34E 00 =2.32E 00 2le =4 4,93FE-01 =1.56E 00

cen ATO L =T .094E=01 _,,_____:-_IA,52E_00___m,__m,_2_13_%....___,:4,94Ee-01 . =1.49E 00
177 -1.09F 00 -2.,02E 00 el4 =5.04E=01 =1 +46E 00
178 «1.31E 00 -2+31E 00 -3 §+) ~5+34E=01} =1.%2€ 00

o YT9 L =1.38E 00 _ =2e40E 00 .. 216 _ . =4,77E-01 ... =1.29E 00
lal -9,35FE=-02 ~2+30E~01 218 =4 428E~01 -1.07E 00

182 | _=2.06E-01 _ —=4efSE~01_ 219 =4 4 B0E=01 .=1,09€ 00 .
143 -4 ,00E-01} =8.6BE~01 220 =Z2.85E-01 ~6.26E=-01
184 =564,34E~01 «~]1.28E 00 221 ~9.,2TE~=02 -2+31E-01

) . .._._,.'__5.0 OsEft.Q.l_... .._..___'_'3_1-9.5,3E_.00.__ ,__..Ono_,_,. — - __,0.0 0- R



' NODAL

259,

D94

X _ Yo — NODAL-——ee - X Y. o
FOINT DISPLCEMNT = DISPLCEMNY POINT DISPLCEMNT DISPLCEMNT
223 ... . =9.52E-02 ~2,15E=-01 . . . ._._. 260 "=4,18E-01 . =9.72E-01
224 ~2+14E-01 =44,59E-01 261 -4 442E=-01 ~9,92E-01
225 -3.96E-01 ~8434E~01 262 ~2.80E-01 -5.67E~01
o PPA... ..=6.2BE=01 .. .=l.2TE 00 .. . _._..263 ... -9,33E-02 ~2433E-01
C- 227 =7.97E-01 ~1.55E 00 264 0.0 0.0
- 228 -9,51E~-01 -1.87t 00 265 -1.08E~0] -1.97E-01
229, . _=1l.11E 00 ..mCel%E 00 __ . _ . 266 ~2.37E-01 “4.20E~01
23¢ -1.31E 00 -24.43E 00 267 ~4405E-01 ~T+41E~01]
: 231 ~4¢10E-01 -1.51€ 00O 268 -6,32E-01 -1.15E 00
232 .=4.54E-01 ..=1451E 00 . _ ...... 269 - =8.11E«01 ~1.43E 00
233 -4 4BTE=~D] -1.50E 00 270 0.0 0.0 '
.. 234 -4 486E-01 -ls42E 00 271 0.0 0.0
— 235 -4,97E=01) =1.39€ 00, ... ... ._.272 -1.02E 00 -1.79E 00
. 236 -5,28E~01 -1.45€E 00 273 -4407E=-01 ~1.33E 00
237 -4 72E-01 -1,238 00 274 ~4451E=~Q] =1.36E 00
238 . _=%.89E-01 «1426E 00 ...o...coeo. 275 L . . =&,BlE-01 "=1.35E 00O
2349 =4 4 23E~01 =1402E .00 276 -4.7T6E=-01 -1.28E 00
. 240 =4 4,46E-01 -1,04E 0O C 2Tt -4 ,86E-01 -1.25& 00
Y| .~2«83E-01 -6.01E-01) -4 ) - =5.19E=-01 -1.31E 00
242 =9.27E~02 «2435E~01) 219 4 o62E~01 -l.11E 00
. 243 0.0 G.0 280 -4 ,B80E~01 -~1.13E ©O
Pl =9,98E=02 . _..=2.,07E=01 .__ __ .. .28l . =4.14E-01 ~9.17E~01
24 -2.23E=01 -4 ,42E-01 282 -4 439E~01 =-9,37E-01
246 =3.97E=-01 ~Te94E~01 . 283 ~2.76E=01 ~5.31E~01
e 28T ~6.26E=01 . =1.23E.00 .. 28B4 =9, 30E~02 -2.29E~-01
248 ~7.97E-01 ~1.,51€ 0¢ 285 0.0 0.0
249 -8.67TE~01 =1l.,74€ 00 286 -1,21€=-01 -1.88E-01
@50, . =0,49E=01 . _ . =1eB4E 00 . ... ...287 . . .. =2.58E-01 . =3.93E=01
251 -1.18€E 00 -2.13E 00 288 -4,419E=-01 ~6.82E=-01
252 =4 ,08E~01 ~1445E 00 289 -6,49E~01 ~1.06E 00
P53 .=4.52E=01 ._._=le4T7E 00 e . 290 . =8e.20E-01 =1.30E 00
_ 255 ~4.81E-01 ~1,36E 00 292 0.0 0.0
256, .. =4.91E~01 . .__-=1433E 00 e 293 0.0 0.0
.. 2b7 ~5,23E-01 -1.39E 00 294 -4.07TE-01 ~1.17E 00
- 258 -4 o 66E-01 -1.17E 00 295 -4 449E-01 -1.21E €O
e = o B4E-0] ..=1e20E 00 . .. . 296 ~4.78E-01 -1.,23E 00




| .;-__NODAL.. X -

K S Y

. NODAL
POINT DISPLCEMNT DISPLCEMNT POINT DISPLCEMNT DISPLCEMNT
297 . ... =44T2E-01 .=1e18E 00 _ . ___ 334 0.0 ... 0,0
298 -4481E=01 «~1416E 00 335 0.0 Ga0
299 -5,156=-01 -1,22E 00 336 0.0 0.0
2 300 ... =4.,57TE-01 . =1,04E 00 . 337 0.0 . ..0.0
301 -4, T5E~01 ~1.,07E 00 - 338 0,0 0.0
302 -4,10E=~01 -B.66E~01 339 =3.56E~01 =8.85E=-01
... 303 ~4436E=01 .__ . =8.90E-01 . _ . 340 ~3.54E~01 . =8431£~01
304 =24 T2E~01 ~5.05E~01 341 ~4 4,22E-01 =9 4,40E~0]
305 -9 ,26E-02 -2.26E-01 342 =3.T4E=-01 ~8.,37E-01
... 306 o040 . 0.0 . 343 =44]15E=01 . _. __-8.,80E-01
307 =1.42E=01 ~1.80E=01 344 ~3456E~0] =7«17TE=-01
308 =2+84E-01 ~3.,64E=-01 - 345 =-3,96E=01 =7 s46E~01
.309 . =4 437E=-01 _ _.=6.18E-01 . 346 -Z2ubaE=01 . =4 433E~01
310 -6.52E=01 ~9,70E~01 347 -5 ,36E=~02 -2, 04E-~01
311 -7 68E~01 -1,18E 00 348 0.0 0.0
—.312 C0e0 B0 349 -2.27E~-01 L=le.64E=-01
313 0.0 0.0 350 =3.,36E£-01 =-3.,01E~01
3l4 0.0 00 351 wg o 64E=01 -4 . 94F=0]
315 . 040 [, 0;0 ——— _....,,.._.‘._........._,.-_.—_._35_2._._._-_.....:_6!.,33E"’01 -70765"01
316 -4 ,04E~01 -1.,09E 00 353 -T.24E~01 ~9,26E-01
317 -3,88E~01 ~1,02€ 00 354 ~3.72E=01 -7eH7E-01
.. 318 =4 413E=0Y  __ =1.0&4E 00 . _. 355 =3.09E=01 = =6,24E~01
D 319 =4 o 30E~01 ~1.05E 00 356 ~3.76E~0] ~7T431E-01
320 -4 .77TE=-01 -1.,11E 00 357 ~3.24E~01 =-6.16E-01
.. 321 ~4419E=01 . .. ~9.51E=~01 .. 358 .=3.73E-01 ~5445£=-01
322 -4, 40E~Q1 -9,83E-01 359 ~2.27E~01 =3.,83E£~01
323 =3.,86E-01 -8,05E~01
.. 324 -4 ,20E=-01 .=Be34E-01 e
325 -2.58E=-01 -4 o TTE~0D]
326 -9 4,35E=-02 -2+19E~01
- 327 040 .00 - S - -
328 ~1,72E-01 ~],75E~01
329 =-3.16E~01 -3,306-01
330 -4 4,51€~01 -5.55E=-01 e
331 =-6,4lE~01 ~8.,78E~01
332 ~7+43E-01 -1.00E 00
333 - 00 . 060 - _ -
D95



. NODAL . .

X Y NODAL X . Y. ._ .
POINT DISPLCEMNT DISPLCEMNT POINT DISPLCEMNT DISPLCEMNT
360 . "9026E"02 o _,_,.,‘:1 .BSE:O 1,_, 386_ 0.0 e 0 . 0 .
361 ~1.,17€-01 =8.82E~D2 387 ~2.59E-01 -1.96E-01
362 ~2.5TE~D] =1.49E~01 388 =-3.19E~01 -2.10E=01
363 . _=3.,66FE-01 . ___=2,74E=01 389 =3.96E=01 .. __=-2.60E-01
364 w4, T6E=01 ~4.23E=01 390 -4 487E=01 ~3,48E=01
365 —-6,28€=01 =6 ,66E=01 391 =6 ,03E=01 =4 ,83E-01
_ 366 . =Te01E=01  __ _~7.89E=0Q01 .. . . _ 392  __=6.28E=-01] . =5¢36E~01
367 ""3 045E-01 ""6. 13E-°1 393 0.0 0.0
368 -2.876=01 =4,82E=01 394 0.0 0.0
L3699 =3.41FE=01_ . =85,185E=01_. _ 395 __0s0. . 040 .. __._
370 -2,09E-01 =3.24E=01 396 0.0 0.0
371 -8.82E"02 ""1 060E-01 397 0.0 0.0
372 0.0 . 00 398 0.0 060
373 0,0 0.0 . 1399 0.0 0.0
374 ~1.99E=01 -1%.51E-01 400 =3,00E=01 -2.27E-01
- 375 =2.89F=01 ___=1,73E=01_ 401 =3,39e-01 = ~2,55€~01
376 ~3,87E=-01 -2e54E=01 402 =3,91E=01 -2.92E~01
317 -4 +BTE~=G] ~3.,72E-01 403 -4, 73E~01 =3,57TE=01 -
L 3T8 . =64 2LIE=-0)_  «B5,60E<01 T 404 _ =5,70E-01 -G 4TE~O]
‘379 ol g TEE=0] -GS E=01 405 =S, 9TE~(1 - a66E=~D]
380 =3.,26E~01 =3.94E~01 406 =3.11E~01 ~2.35E-~01
381  ____=1.93E=01__ ___ =2.41}E=0Q1 __ 407 ___=3,37E-01  _ =3,29E-01
382 -8, TBE=-02 =1+30E=«01 408 =-3.79E-01 =~3.39E=01
383 0,0 0.0 : 409 -4 .28E-01 -4 ,12E~01
384 0.0 0,0 410 =4 b4E-01 _ =4.,40E-01
385 . 0.0 0,0 411 =2+.86E-01 =5,55E=-01
. 412 =0,21 =0471
i - — @‘13 -0.31 R _________"_0,0_40.

D9%g%






