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ABSTRACT

A combination of finite elemeht stress analysis with Mohr-

" Coulomb failure criteria is investigated and'co'mpared with the conven-
tional methods of slices for the determinationr of a safety factor witii
reépect to overall stability',, Two conventional methods of limiting
equilibrium, the Bishopis modified method of siicés for circular failure
surf&ices and the Morgenstern-Price method of slices for géneral iailure
surfaces, are used to compare the accuracy of the finite element stability
analysis technique,

Limiting equilibrium slices ‘methods requiré a-s sumptions for the
state of stress.within a modelled continuum in order-to produce a stati-
cally determinate solution. I—Iowevér, the finite element method calcu-
lates the state of stress-strain within the continuum considering the
elastic parémeters of Young's modulus and POisson's ratio and, conse-
quently, makes no assumptions .for the‘stresé state in the continuum.
.Comparisons between the slices methods and the finite element stability
method, negle‘ctin_g pore-water pressures, are presented and indicate
that the elastic parameters, espe_,cially Poisson's ratio, have significant
‘ -'effects on the value of the safety factor,

A tfial investigation of an actual tailings embankment indicates

" that the finite element stability analysis method produces a realiétic and
reasonable estimate of embankment sta‘bility, The finite element stability
_ ._@x_i_alysis program used in this study is docufnented' and listed in the-
"appendicesa o
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CHAPTER 1
INTRODUCTION

The stabili’cy of rock and soil slooes is of increasing interest
as open-pit minés become deeper and the height of waste and water re-
tention embankments increas.es. The economic importance of slope
failures', not to mention the safety and environmental aspects, has be- :
come progressively more critical . Conventional stability analysis
methods, such as the various methods of slices, have their linéitationé,
éspecially under complex and adverse environments not usually encoun-
tered in past constfuction.

This thesis pfesents a methoa by which a safety factor for any
two-dimensional failure surface can be determined using the finite ele-
ment method coupled ‘with Mohr-Coulomb failure criteria, The safety
faotor used in the program presented is the relationship between avail-
able shear strength‘and mobilized shear stress and can be calculated
for any general failure surface. |

The stability analysis program employed has been aoapted from
two available progfams: |

1. WILAX~--a two- dlmensmnal program developed by Wllson (1963)

and modlfled by Yu and Attar-Hassan (1972) .

2. F-2D-M5-1--a two-dimensional program developed by Wang,

Sun, and Ropchan (1972). |
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'}’he initial study was of the stability of tailings embankments..
However, the progfam can also be used in the slope stability ana-lysis
of rock slopes where geologic structure controls, at least in part, the

failure geometry,

Review of Literature

The importance. of deterinining thé state of stress within em-
bankments being analyzed for stability has been acknowle('igedb since the E
development of .s.tability analysis techniques by Fellenius (1936). Lambe
and Whitman (1969) point out that one assumption common to all methods
of limiting equilibrium analyses is that of a reasonable state of stress; |
‘strain within the embankment. A reasonable state of stress-strain is
defined as that level of.stresses and strains which do not produce ten-
sional stresses or excessive deformation of the material. Limiting
equilibrium solutAions cannot evaiuate tensional properi:ies; and when
excessive deformation does occur in a lepe; the condition of ecjuilibrium
. can no longer be assumed. |

| Many limiting equilibrium stability analyses solutions can be
found in the literature; however, only three are commqnly used. These
.are Bishop's (i954) modified method of'slic;es, Morgenstern and Pri'cé's
(1965) general failure surface method of slices, and the plane surféce
.wedge method described by Sultan and Seed (1967). Other methods re-
..sviewed were the friction circle (Taylor, '194.8; Krynine, 1947; Lambe and
.Whitman, 1969) and the Fellenius (1936) methods Vof slices, |
There is general aéreement among authors and professiénal

engineers that Bishop's (1954) modified method df slices is one of the
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most accurate for analyzing circular failure surfaces and the Morgenstern-
Pr.ice,v method of slices is one _of the best for a’rialyzing irregular failure
.surfaces. The wedge analysis is primarily used in the stability analysis
ch sloping core earth dams (Sultan and Seed, 1967) or embankrﬁehts-hav-— )
ing p_ronounced strong or weak zones,

The use of the finite element me‘thod to estiméte a state of
stress in embankments was first reported by _Goodman and BroWn (1963) .
who were investigating incremental construction of earth embankments.
Brown and King (1966) presented a method for @eterrﬁining pbs siblé failure
surfadés in an embankment by first calculating elastic stress distribu-~
tions by the finite element method. The direction of failure in each
element of the embankment was then determined, using the calculated -
stress state, the angle of internal friction, and the cohesion properties
of the material, Clough and Woodward (1967) also discussed a tech-
nique of incremental constructibn and excavation in finite element model~
ling and its ability to predict mbré realistic field displacements as com-
pared to a gravity turn-on or deadwelight analysis., Tﬁe effects Qf
I foundation ﬂexibility.on computed h.orizontal and shear stresses and
‘the use of nonlinear material properties were also analyzed, Stability -
df the embankment investigated was determin_.,ed'.p‘rimarily fromrthe. .gal-
culated displacements and field measurements,, '

Dunlop and Duncan (1»9 70) analyzed an. earth -dam with a finite
element program capable of determining the effe-_cts of progressive failure
in the model as overstressing in the e.lements occurred, In their analysis

the safety factor was determined’by investigating the mobilized shear
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stresses in the embankment aﬁd comparing them to previously assigned
stress levels,

Kulhawy, DunCan, and Seed (1969) refined the method for the
evaluation of earth embankment stability during construction by evaluat-
ing safety factors determined by sheér stresses (uncier Mohr-Coulomb
failure conditibns) and mobilized stress levels calculated from a finite
element analysis. Results of their work showed that the safety factor
calculated flfom mobilized stresses was generail? higher than"that"cal—»
culated using shear stresses, | |

A computer progfam , based on previous work by ofhers , was
developed by Wang and Sun (1970) and Wang et al, (1972) for the deter-
mination of a safety factor against failure in rock slopes. The 'p'rogram
consists of a linear-elastic, finite element section with a stability sec-
tion that calculates a safety factor using Mohr-Coulomb failure criteria.
The srafety factor is determined using norm»al and shear stresses calcu-
_lated on an assumed failure surface which necessarily has an orientation-
not generally onl the plane of maximum shear stress. The analysisrof a
~ model ‘showed, as evidenced in all previous work, that the value of the
safety factor is dependent on the elastic properties of the material,
espeCiélly Poisson's ratio. Pélmerton and Banks (1972), while in'versti-
gaiing the stability of crater slopes created Iby nuclrear devicés, devel-
oped a finite element program incorporating' nonlinear material properties
and the ability to model incremental construction and excavation., The
safety factor was calculated from mobilized stresses, assuming that:
failure in each element occurred at a theoretical angle of 450 - /2 from

the maj'or principal stress.



CHAPTER 2

SCOPE OF INVESTIGATION

e

Since the advent of structural analyses of modei continuums by
the numerical method of finite elements, investigators have been‘ inter-;
ested in determ-in’ing a relative strength against failure in modelled
slopes. Conventional methods of limiting equilibrium necessarily in-
volve assumptions of equilibrium quite independent of the fundamental-
material properties of elasticity, plasticity, ~end deformational respon,ee,,
. A method is needed by which the state of stress and strain due to inelas-
tic, nonlinear, nonhomogeneous, stress-dependent, and time-dependent
material properties can be accu,rately'approximatedn

Finite element methods that include the effects of tension mem~
bers, beams, faults, joints, surcharge loads, abnormal boundary loads,

and various types of.étructural supports are presently available, although
“their use is restricted because of their complexity. However, several
two-dimensional programs are ayailable that include features such as
joint elements and nonlinear material behavior that are quite a‘dequat‘er -
for the analysis' of slopes. Generally, finite element analyAses are mere
accurate than the material property data available as input to the pro-
grams, |

" The stability of any potential failure surface within an einbank-
ment can be estimated by considering first, the theoretically available
- shear strength resisting failure along that surface; second, the mobilized

5



shear stress along that surface as .determined from slope geometry, hy-
drologic co_nditions, and physica}l properties; and finally, calculating
the ratio of the former to the lattér as the safety factor. Should this ratio
be greater than unity, the slope has more resistance_ to failﬁre by shear
than there is mobilized shear stress; if the ratio is léss than unity, the
mobilized shear stress is greater than the resistive fofces andrfailure is
predicted; if the ratio equals unity, th.en the slope is in a delrlicrate state:
of limiting equilibrium. Values greater than but close to unity could be
cohsidered unsafe due to the variability and unreliability of input phys—r
ical property data, the prob‘able incidence of hydrologic or seismic fac-
" tors that can cause sudden iﬁcreases in mobilized stress or decreases in
available strength, the approximate nature of the numerical solution, or'.
the inability to define precisely the failure geometryf,

The primary goal of this research is to develop an analytic tool
.that can be used to determine slope stability by calculating the approxi-
mate state of stress within a modelled continuum.  The following sec-
- tions descfibe asp.e'cts of the thesis work that either‘had td be deleted
due to time and resource limits or because it was believed that they

should be discussed to insure continuity;

Total and Effective Stresses
Soil and rock media coﬁsist of a combination of three phases:
solid, liguid, and gaseous. When working with matefials, such as
‘steel, it is reasonable to ass‘um-e a single solid phase. However, in
. soil ahd rock materials it is qu.ite possible to have all three phases

-present in a quantity sufficient that it is not generally reasonable to



assume a single solid phase unless sufficient physical testing warrants
such an assumption. A system compeeed of a solid and a gaeous phase
would represent a dry porous soil or rock. When loaded, the stresses
woﬁld be abserbed by the solid phase, which is coneidered to be incom-
pressible, The gaseous phase absorbs no loa_de or shear stresses due to
its compressibility. Thus, in the absence of a liquid bhase, the stresses
within the soil and rock are termed the total stress (6). An increase 1n :
the external loads to the two-phase solid—gaseous system resultsrin a
correspbnding increase in the total stress,

The addition of an incompreesible liquid to a dry and porous .
material can result in tremendous changes in strength behavior, The
water, technically incompressible, can absorb some or all of an applied
eompressive normal stres‘s., »However, the water hae no shear,strength,
resulting in a reduction of eompressive strength and shearing resistance.
Therefore, an effective stress (6') is defined as the total stress (6)
min’us the pore-water pressure (U) (Lambe end Whitnian, 1969) of

6'=6 - U. (1)

The conditions determining stability are'dependent on the effec-
tive. stresses in the soil. There are cases where an analysis based on
total'stres.ses is adequate, as when no change in pore-water pressure
is anti'cipate'd er after final construction, An effe',c;tive stree'e analysisﬁ
permits eonsideration of pore-water pressure changes, thus revealing
any changes in the estimated stability against failure,

Me_thods of including pore-water pressures. in finite element
aﬁalyses are still being investigated at this writing, The problems en-

countered in the development of an accurate numerical model that



includes pore-water préssures are the effects of consolidation, pefme—
ability, and the time-dependent effects of pore-water presSqre changes .‘
The analysis of the general slope and tailings embankment used in this
thesis are er total stresses only. The effects of seepage forces are

also neglected,

Nonlinear and Pressureédependent
Material Behavior

The finite element program used in this thesis was originally
developed for analysis of rock slopes. The program has thé abilify to
model material properties in an isotropic or anisotropic and linear or bi-'
linear behavior (Figs, la, b, ¢). Other programs now available can ap-
proximafe the stress-strain behavior of soil and rock by hyperbolas
(Palmerton and Banks, 1972; Desali, 19.72; Desai and Abel, 1972;
Zienkiewicz, 1971; Duncan, 1972) 61" other functions that may better
estimate actual material nonlinearity (Figs. 1d ande). However, the
only présently available method that will numericalerepresent the
stréin—softening condition is the iterative bilinear approximation (Fig.
la) as used in this thesis, Kulhawy et al. (1969) developed an equation
that approxima’tes nonlinearity hyperb_olically' and also takes into ac-
count the effecfs of confiniﬁg pressure on the slope of the Stress~strain
curve. Thus, the curves shown in Figure lf are actually relpresented by
one equation. The effect of varying confining stress on Poisson's ratio
wa-s} aiso determined and can be 'repre sented by a single equation, ‘ The
data needed for the equations of nonlinearity can only be obtained from

carefully controlled triaxial tests.



Figure -1, Methods of Approximating Nonlinear Material

Properties ‘
(@) Bilinear approximation of strainFSOftening materials.,
(b) " Bilinear approximation of a yielding material,

(c) Bilinear approximation of locking or strain-hardening
materials,

(d) Hyperbolic approximation of a yielding material, iterative
procedure, : :

(e) Hyperbolic approximation of a yielding material, incremen~—
tal procedure, '

(f) Hyperbolic approximation of a yielding material as a func-
tion of confining pressure. '
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The ﬁse of bilinear approximation fbr material properties and
neglecting the effects of co.nfining stress on the slope of the stress-
-strain curve and Poisson's ratio was necessitated for convenience,
.time, and the fact that insufficient testing apparatus was available to

perform triaxial testing,

Safety Factor in Slopes

Sowers and Sowers (1970, p. 507) state that "stability analysis .

Plastic equilibrium is defined as a

is a'problem in plastic equilibrium,
state Wheré the forces tendingvto cause failure are exactly opposed by
the forces resisting failure-., Failure occurs when the strains become iﬁ-
definite and are no longer predictable from the applied stresses.

It should be mentioned here that the term " safety factor” is
only relative.to the conditions under which the original calculations
were made. Should any parameter values change, then a néw safety
factor must be calculated. There is no linear relationship between the
safety.factor, angle of _internal friction, co_hesion, normal stress, or
‘the orientation of the failure plané if each vary randomly, As the slope
geometry changes,' usually causing a concurrent change in material

properties, a new determination of the safety factor should also be made.

Shear Stress Safety Factor

Coulomb (cited in Sowers and Sowers, 1970), in his work with N
retaining walls and active and passive earth pressures, proposed the
following lequ_at’ion for the available shear strength on a failure surface
in a state of limiting equilibrium: |

Ta =cCc+ 6ptand 2)



11
where T 5 = available shear strength, ¢ = total cohesion, 6, = normal
- stress, aﬁ-d & = total angle of internal friction, If ‘Eq., 2 'is divided by
the mobilized shear stress (Ty,), then a measure of the strength against
failure can be determined: |
FSgt = (c + 6ptand) /Ty ' (3)
yvhere FSgt = shear strength safety factor, FSst can be,‘ calculated for

‘either total or effective stresses, |

Stress Level Safety Factor
If only mobilized stresses are considered with a theoretical
failure stress determined by holding the minimum principal stress (63)'
constant while the major princibal stress (61) is increased until a "fail-
ure" occurs, a safety factor based on stress level (FSgp) is ‘determined:‘
| (theoretical failure stress) _ (Olf = 63)
(mobilized shear stress) (61, - 63) -

(4)

FSq1 =

The safety factors based on shear stress and siress level are discussed

in more detail in Chapter 3.

Safety Factors based on Cohesion,
Friction, and Critical Slope Height

Janbu (1954) discusses three additional methods for determiﬁ-ing
safety factors in soils, Thé first employs a safety factor with respect to
cohesion (FSg), vwhich is defined in Eq. (5), where ¢z is the cohesion
determined from the available shear strength and ¢, is the maximum co-
hesion required for equilibrium: |

| FSc = ca/Cm. _ . : (5)
A boundary value for FSo exists in soils witlﬂ no frictional resis"t"-ance,

such as clays (4 = 0), in which case FSq = FSst.
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The second method, a safety factor with respect to friction
(Psﬁg) , Where g5 is determined from available shear strength and gy, is
the .mobilized friction, is shown by Eq. (6):
| FSg = tangy/tandp . _ ‘ | ~ (6)
A boundary value for F’S’é also exists for cohesionless soils (c = 0),
such as dry sands, where FS¢ then equals FSgt. |
The third method determines the safety factor ISy with respect - -
to the maximum stable slope height‘. (Hmax) that an embankment can
stand for known values of ¢ and 4 and the actual height of the embank-
ment (Hact): |
FSh = Hmax/ Hact- ' (7)
For the special case where the slope angle equals ,6, FSy becomes
infinite, | |
Because the'safety factor with respect to shear stresses (FSgt)
is independent of soil type and bouridary conditions, its use is iecom—

mended over FSq, FSg4, and FSp.

Probability of Failure

A method for slope stability analysis used in rock mechanics is
to consider probability of failure or the risk that a failure wili- occur and
its economic impact on the operation involved. Figure 2 presents a hy-
‘.pothetical cdse illustrating the probability of failure as a function of
| slope angle in open-pit mines. The probability of failure is determined
*. by finding the mean and standard deviations of the stability parameters
and calculating a family of safety factors that fail ‘within the highest and |

lowest variations of each parameter. If one parameter, such as the slope
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angle, is held constant while the remaining parameters vary randomly
within their limits, then it is possible to determine the probability of
failure for various slope angles. At present, this type of analysis can
be accomplished using the finite element methéd; however, the cost

and time appear excessive,



CHAPTER 3
LIMITING EQUILIBRIUM SOLUTIONS

Most limiting equilibrium solutions involve the computation of A
_ available shear strength and equilibrium shéar, stress along a predeter-
mined failure surface by summing moments about the center of a failure
surface. Té simplify the solution, the failure arc is assumed to be cir-
cular and the sliding mass broken into a finite number of vertical slices.
In all methods of slices using limiting equilibrium procedures, the safety
féctor is defined as the sum of-the moments from the shear strength along
the failure arc divided by the sum of__the moments from the weight of the
potential sliding mass-° |

The method of slices is based on the assumption that the normal
stress acting at a point on a failure arc is determined principally by the o
weight of the soil above that point. Figure 3 is a graphié presentation
of the method of slices with the forces on one slice isolated for exami-
nation, Taylor (1948), Lambe and Whitman (1969), Bailey (1966), and
numerous other authors adequately describe the slices method; the'refor-é,
no mathematical derivations are presented here,

The forces acting on a slice are the resultants of the shear and
norrhal effective stresses (X,E') and the pore-water pressures (Ui, Uy)
acting on the vertical éides of the slice and the resultants of the shear
and normal effective stress and pore-water pressure (S; l\T_',.U) acting on -
the base of the slice along the failure surface. The unknowns associated

15
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with moment equilibrium are the coordinate locations of the resultant no-
mal force Ion the base of the slice and resultant normal effective thrust
on .fhe side,é of the slice. These unknowns produce a statically indeter- -
minat‘e solution; therefore, the various.methodé of stability analysis
must aésume values for the:unknowns to p_rbduce a static determinancy.
The various assumptions made are:

1. The failure afc on the bottom of a slice can be repre s-ented by
a planar surface, T_his assumption makes little difference pro->
viding the slices are relatively thin. If the slices were bf in-
finitesimal width, the coordinate location of the total normal.
force (N) could be assumed to act along the centerline of the
slice and the resulting error would be insignif—icant. Therefore,
the coordinate location of thé total normal force is assumed to
bé at the centroid of the base of the slice, The error made by
~ this assumption is negligible as long as the slices are kept
thin, |
7 2., Cohesion (c) and the angle of internal friction (8) are assumed
to be constant along the failure surface,
3. All procedures of slices must assume that the safety factor is
constant fo'r the entire set of slices. This assy_mptio_n may not
~ be reasonable if the stafe of streés within thé _‘evmbankmvent
varies considerably from point to point,
4, The relationship between the shear stress (S) and the total nor-
mal force (_1\_T) is determined by Mohr-Coulomb failure cond'itions }
(Eq. 2). This assumes a state of limitihg equiiibrium in which

all of the stress on the failure surface is mobilized, Since it is
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desired to examine slopes that are not in a state of limiting |
equilibrium, a quantity called a safety factor is used to relate
the two conditions, Eg. (3) can be rewritten to show the rela-
tionship between mobilized stre ss not in a ‘state of limiting
equilibrium and .the available stresses in a state of limiting

equilibrium:

m = 1 (cdxsec9 + ﬁtan;é),' ‘ (8) -
FSqt o -

where dx = differential width of a slice aﬁd 8 = angle to failuré

‘plane.

Eg. (8) as sumes a difect relationship between the mobilized and
available forces, which is questionable since the basic concept
of Eq. (3) (relating forces in a state of limiting équili’brium to

forces not in a state of limiting equilibrium) is fictitious. Thus,
the factor FSgt is termed an empirical relationship uhless, of

course, FSgt is equal to one., (It.is becauAse‘ of this assumption
that it cannot be said there is an 8.3% greater chance of failure

betwéen a l.3 and a 1.2 safety factor.)

There are several limiting .equilibrium methods availabl_e for
of soil and rock slopes,_ some of which are listed bel'olwz
Fellenius or Swedish slip circle method.

Friction circle method.

Bishop's modified method.

Morgenstern-Price method'for general failure sur»faces,

Wedge analysis,

. Finite element stability analysis,
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All oi the above solutions except the last involve various as-
sumptions to attain static determinancy and produce safety factors with
varying degrees of reliability., The relative accuracy of the final results
producied by each method are, of course,( dependent 'o‘n the reasonableness
of the specific assumptions under the conditionsibeing analyzed., One
assumption common to all limiting equilibrium solution's is that there is-
a uniform distribution of stresses along the failure surface, Féir homo-
'gerieous soil embankments it is reasonable to assume a uniform stress
distribution; however} the assumption may not be ,Valid for nonhofno—

geneous and complex slopes,

Fellenius Method of Slices

The method of slices was initially developed by Fellenius (193‘6)
as a means for determining the stability of railroad fills in Sweden, The
.basic concept of the method of slices employs the Mohr-Coulomb failure
‘criteria and divides the sliding mass into finite slices above a circular -
“failure arc to provide a static determination of thé safety factor. The use
of a circular failure arc was justified at that time be’qause most of the
. failure Vsuriaces were believed to be circular in nature, Calculations_oi'
resisting and driving moments were also made possible by the use oi‘ a
circular failure surface with a convenient center about which moments
could be summed. The original method assumed isotropic and hbmoge—,
neous soils with steady-state seepage. In order to develop static deter-'-
minancy, Fellenius assumed the interslice forces were equal and
‘opposite between the slices and could therefore be neglected. - In es-

sence, more assumptions were made to produce static determinancy than
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there were unknowns, As a consequence, the Fellenius method of slices
produces an underestimate of the safety factor, which conservatively is

usually 10%-15% but can be as much as 60% (Lambe and Whitman, 1969).

Friction Circle Method

‘The friction circle method was aiso widely used by 'Pe,lle'nius
for soils whére the angle of internal friction () was greater than zero,
' rThvis method considers the entire sliding mass as one slice, and conse-; '
: qqently , even fhough there are f_ewer unknowns, fhere is still one inde"—_
terminancy that must be accounted for (Bailey, ‘1966) . Becéuse the slice
is so wide, the total normal force (_1\1)- cannot be assumed to act as the
_centrovid of thebase, as in planar approximations of thinner slices, and
be assigned a single value. Therefore, a distribution is assumed for N
~ by which it is then possible to determine a location for various values
of N and solve the equilibrium equations.

Safety factors calculated by the friction circle method are gen-

erally.quite close fo those calculated b$7 the Fellenius method (Krynine, '
}194 7). As a consequence of the conservative nature of the two methods,

they are not used in favor of more accurate solutions.,

Bishop's Modified Methqd of Slices
‘Bishop's (1954) modified methéd of sliées was developed from
his original rigorous method Qf slices. The rigorous method takes into
account all forces acting on the sides ‘Qf a slice and is considered one
of the most accurate of the éiices methOds of stability analysis, How-

ever, before the advent of the high-speed computer, the hand
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Wedge Method

In some special cases of slope geometry and material properties
potentiél failure surfaces can be approximat_ed by two or three plane sur-
faces as illustrated in Fig. 5.,V The failure planes can be analyzed as
wedges and are typical failure modes in cases where weak layers or
strong layers form preferred failure planes. Examples Where the wedge
method is applicable are sloping core dams and embankments festing on -
very firm foundations. A very general form of the method of slices c;an' '
approximéte the wedge failure by assuminé a failure surface composed éf ‘
just two or three slices (Lambe and Whitman, 1969). However, a more
accurate solution can be obtained in these special cases by using the
wedge method. |

The unknowns illustrated in Fig. 5 are F, N3', N2', @, and the
safety factor FSgy determined from the weaker clay core or from both the
core and éhell material, Since there are two equations of force equilib- |
rium for each wedge and five unknowns, the sysfem is statically indeter-
minate. Assuming a value for @ provides static“determinancy and the
- safety factor can be determined. Sultan and Seed (1967) and Seed and
Sultan (1967) investigated the éffects of the inclination of the vertical
-boundary between sliding blocks (lineA B-0O, Fig.. 5), the magnitude' Qf’ja
.and the value of g. obfained by plzlane. strain and triaxial testing on the
safety factor, It was found that the most conservative estimate of the
s'afety,facto'r is obtained by assuming a vertical boundary between poten-
tial sliding blocks, @ equal to zero, and a ¢ determined by triaxial
tests., Due to the specific applications of_the wedge method, no at-

tempts were made to analyze tailings embankments by this method.
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Finite Element Stability Analysis

The previous discussions on the various sta,bility analysis
methods all include the following two assurhptions:

1. The state of stl'r'ess -within the sliding mass.is reasonable; in
other words, the soil is not in "tension which cannot be éup—
portéd or under excessive local shear stress,

2. If side forces are considered, their coordinate location and line’

- of action are assumed to be known, |
The first assumption may or may not be reasonable, _depenciing on- the
complexity of the slope:which may include such féctbrs as tensvion frac-
tures, pore-water pressures, seepage forces, earthquake loading, énd
unusual boundary loading. The second assumption ié"more or less de-~
pendent on the first assumption since the side forces are largely deter-
mined by the state of stress-strain within the sliding mass. A method
that will describe the state of stress within the failure mass would ob-
viously negate the need for the first aséumption. A method that does not
sum moments about the center of a failure'surface or the center:of
mass of a finite sliding mass would obviate the need for the »second
assumption. The finite element method is an analytic tool that can be
used to determine the approximate state‘of stress-strain within a struc-
ture and provide the necessary data to determine static or dynamic equi-
librium in éoil slopes. | |

A description of the mathematical concepts and derivation of

finite element‘theory' can be obtained from one of the many good texts
on the subject, such as that of Desai and Abel (1972) and Zienkiewicz

A (1971) . It is not the object of this paper to -describe the method of finite
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element analysis but to present a justification for the use of the method
in the stability analysis of slopes. Only the basic fundamentals of the

method wiil be described,

The Finite Element Method
. Desai and Abel (1972, p. 77) wrote that the "basic philosophir
of the finite element method is pilecewise approximation." This is prob-.
ably the simplestand most éccurate definition used toda}}° Finite element_.
solutioﬁs basically involve an approximate solution of very complex
problems by discretizing a structure and representing each finite element
by a much simplestand solvable mathematical matrix. Fig. 6 is the mésh
used in the documentation of the program SAFE-O .and will serve as a
basic illustration of a finite element mesh. Each individual element LoAf -
the mesh is reprevsented by a local stiffness matrix, This matrix con-
sists of the coefficients of the equilibrium equations determined by the
material and geometric properties of the element by using the principle
of minimum potential energy. Basically, this local stiffness matrix,
termed an influence coefficient, relates element nodal displacements
to n"odal loads. The individual elements have constant streés-strain
Characteristics and consequently the distributed forces applied to the
structure as a whole can be converted to equivalent nodal forces, Local
element equilibrium is represented byA a set of simultaneous 1inear4alge—r
braic equations of the form:

(1) = [K]l® | - - (16)
wheré (1) is the nodal load vector, [k] is the element rectangular stiff-

-ness matrix, and (p) is the nodal displacement vector. The individual
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algebraic equations are assembled into an overall global matrix that
represents the entire structﬁre and includes the global stiffness fnatrix,
[K] , load vector (L), and displacement vector (P):

L = [K] (). ; -G

As each individual element stiffness mat;‘ix is added to the
global matrix, the nodal connectivity requires the dispiacéments atra‘
node to be identical for each element common to that node. Rigid body
motion is restrained by assigning nodal boundary conditions to limit |
displacement in either horizontal or vertical or both directions, Once
rigid body motion is restrained, the equations become solvable for un-
known internal displacements, stresses, or a combination of the two,
The method used in this thesis solves for unknown displacements at the
centroid of each element.

Finite element solutions that involve bilinear or n.onliﬁear,
time-dependent, temperéture—de.pendent, or anisotropic material proper-
ties become more complex to describe mathematically; therefore, the
reader is referred to the previously mentioned texts covering these
subjects,

As previously mentioned, finite element structural analysis
.provides an approximate solution for the state of stress within a struc- .
ture, The accuracy of'any solution, assuming the mdterial properties
aré correct, is dependent on the relafive size of the mesh comprising -
the structure. It is obvious that the state of stress within the structure |
becbmes more accurate as the size of the elements decrease; however,
the computation time and the core storage needed to solve the large

matrix produced are prohibitive, Therefore, a reasonable mesh is
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CHAPTER 4
ANALYSIS OF A GENERAL SLOPE.

A comparison of the finite element stability analysis technique
with previously discussed limiting equilibriufn slices methods is pre-
sented in this chapter, A cbornparison of thre‘prrogram .SAFE—O and othefr
finite eiement methods mentioned in the review of literature is also in~"
cluded to provide additional proof of the validity of the program SAFE-O,
- Also presented are the effects of variations of material elastic param—‘
etérs an the safety factor, and a discussion of techniquesr for numerical-~
ly including the effects of pore-water pressures and other factors

influencing slope stability.

Description of Test Model

The test problem used in the documentation of program SAFE-O
was taken from :ar; éxample given by Lambe and Whitman (1969, p. 351) .
Homogeneous, isotropic, and linear-elastic material properties were
. assumed, as shown in Table 1. The finite eiement mesh is the test model
shown in Fig. 6, and the various models with failure surfaces inclu'dad
are shown in Fig. 11. Pore-water pressure, seepage forces, and dynamic
loading were not used in any of the analyses, A circular failure surface
was assumed in order to accommodate Bishop's slip ci'rclke‘ m‘ethod; The
finite element solution was performed by us_ing a gravity‘ "turn-on," or

"dead-load," analysis. The boundary constraints indicated in Fig. 6

-39



Table 1, Physical Properties of Test Embankment

Unit Friction Young's
- .. Soil - Weight Cohesion  Angle (g) Modulus Poisson's. Depth
Material@ Description (kg/ cm_3) (kg/cm2) (degrees) (kg/cm?) Ratio (cm)
1 Glacial, 0.00200 0.044 32 93.4 0.35 0-122
Clayey Sand o o
2 '~ Same - 0,00200 0,044 32 132.0 0.35 122 - 244
3 Same 0.00200 0,044 32 162.0 0.35 244 - 366
4 Same | 0.00200 0.044 32 188.0 0.35 366 - 488
5 ~Same 0,00200 0.044 32 200.0 0.35 488 - 610
6 Well- 0.00264 0.980 48 1465.0 . 0.15 610 - 3048
compacted : ‘
soil

a. In the slices solutions, materials 1-6 are represented by material 1.

0¥
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were determined by trial and error to haVe,insignificant effects on fhe' |
stresses in the area of the toe of the slope. All safety factors were cal—
culated using the shear-stress concept,

As mentioned in Chapter 3, the greater the number of _poiﬂts
used to approximate a failure surface the more realistic the solution
becomes, Fig. 12 shows the influence of the number o'f failure surface
points on the safety féctor as calculated by the finite element method.
Although the séfety factor did not vary more than .1 .4% between a failure‘» g
surface with 10 points and one with 90 points, it is obvioué that ;che
more points used to describe the failure surfacé, the more accurate the
"solution becomes. This would be especially true if the failure surface
penetrated areas of very high stress. In actual analysis, each ‘embank-
ment should be investigated for high stress concentrations and an effort
made to determine stability with fespect to these areas. In the analySié

of the test model, 90 points were used to describe the failure surface,

Comparison of Stability Analysis Methods

The mOSt generally accepted methods of stabilit? analysis by
limiting equilibrium solutions are Bishop's modified method and the
Morgenster'n—Price method. Both these methods assume a homogeneous_
stress state in which shear stress is determined from-the"weight of the
potential sliding mass and shearing resistance is determined from the
‘intersl_ice forces, the frictional resistance.of the material, and the co-
~hesion along thé potential failure surface. No consideration is made for
the elastic properties of the material or for the material's ability to trans—

fer stress by straining by elastoplastic or plastic deformation. Results of
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the analyses of 'the test einbankment are. showﬁ in Fig'; 13 and tabulated
in Table 2, Because theée slices methods assume isotropic and elastic
continuums, their solutions become more conservative as the degree of
elasticity decreases,

Influence of Elastic Parameters
on Safety Factor:

The effect of Poisson's ratio (v) on the safety factor is readily
evident in Fig. 13, Inspection of the shear and normal stresses on the
failure surface (Fig., 14) sﬁows that as the elastic lateral deforrhébility
(Poisson's ratio) of the mat_erial increases the mobilized shear stress -
decreases; ﬁowever, there is little effect on normal stresses. Investi-
gation of the effects of Poisson's ratio on the principal stresses by
Kulhawy et al,(1969) showed little effect on the major principal stresses
and marked effect on the minor principal stresses. As Poisson's ratio
increases, the minor principal stress inéreases, causing a decrease in
the mobilized stress (61 - 63) and consequently an increase iﬁ the safe-
ty factor,

In a homogeneous embankment, increases or decreases in
Youngr's modulus (E) does not affect the calculated safety factor., In t\&d
different solutions for the test embankment, all the méterial parameters
were held constant except E, which was increased by a factor of three.
Investigation ofstresses’ and safety factors showed no differences be-

. tween the two solutions e-xcept that the défbrmatioris in the stiffer solu-
tions were one third the deformatioﬁs in th‘e former,

In nonhomogeneous Vembankments,‘ it was found that the safety

factor was affected as the numerical difference between Young's moduli



Table 2., Comparison of Safety Factors Determined by Slices Methods and by Pinife Element Method

Finite Element

Method Bishop's Modified Method Morgenstern-Price Method
Test Poissbn's . . | _ _
"No, Ratio Safety Factor Safety Factor % Difference Safety Factor % Difference
1 0.05 o 1.59 1,58 0.06 1.59 0.00
2 0.10 1.61 | 1.58 1.86 1.59 - 1.24
3 0.15 1.62 1,58 2.47 . 1.59 1.85
4 0.20 1.64 1.58 . 3.66 1.59 3.05
5 0.25 1.66 : 1.58 4.82 1,59 4,22
6 0.30 1.69 1.58 1 6.51 | 1,59 5.92
7 0.35 1,72 ) 1,58 8,14 1,59 7.56
8 | 0.40 1,76 . 1.58 10.23 ‘ 1.59 9,66
9 0,45 1,81 1,58 12,71 1.59 12,15

SY
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increased. This general relationship was noted by Wang and Sun (1970).
Table 3 shows the results of a series of solutions for a test embankmenf
composed of five horizontally layered materials. The conclusions
reached by this analysis indicate that if only stresses are usedi in em-
bankmént stability analyses, such as in the investigation of safety fac-
tors, then it is more important to know the relative difference'between
the several Youn.g's moduli than their actual value., However, if the in-"
situ Young's rﬂodulus values are determined accurately, checks on the
validity of the stability analysis are made poséible by inea:suring'actual

field displacements, |

Foundation Flexibility

From the previous discussion it is evident that the elastic prop-
erties of the foundation on which fhe embankment rests may affect the
overall stability of the embankment, Six tests were made in which all
material parameters remained constant except the Young's modulus of the
foundation material. The Young's modulus of the foundation was varied
from eight to .one half times the value for the .embankment modulus. The’
results of the analyses are shown in Fig. iS. Vertical stresses along
the intgzrface between embankment and foundation of the test slope show
no change, but the horizontal and shear stresses in‘cfeased as Young's
modulus decreased. A similar evaluation performed by Clough_'and Wood-

ward (1967) yielded similar results.

Methods of Analyzing Effects of
Pore-water Pressures

Several attempts were made to include a method for incorporat-

ing poré—water pressures into the finite element solution. However, the



Table 3. Effect of Young's Modulus on Shear Stress Safety Factor (Poisson's Ratio Constant)

Young's  Poisson's Unit - Friction Shear Stress

Modulus Ratio Weight Cohesion Angle Safety Factor
Test Material E v C FSgt
No, ° Description .‘(kg/cmz) (kg/cm3) (kg/cm?) (degrees)

1 Materials 1-5 162 0.35 0.00200 0.04 - 30 1,72
Material 6 1465 0.15 0.00264 0.98 48 A

2 Materials 1-5 486 0.35 0.00200 0.04 30 1,72
Material 6 4385 0,15 0.00264 0.98 48

3 Material 1 162 0.35 0.00200 0.04 30 1,77
Material 2 ' 226 0,35 0,00200 0.04 30
Material 3 316 0.35 0.00200 0.04 30
Material 4 , 4432 0.35 0.00200 0.04 . 30
Material 5 618 : 0.35 0.00200 0.04 30
Material 6 1465 0.15 0.00264 0.98 _ 48

4 ' Materials 1-2 162 0.35 0.00200 0.04 30 1.78

. Material 3 1620 0.35 0.00200 0.04 _ 30 .

Materials 4-5 162 0.35 0.00200 0.04 30
Material 6 1465 0,15 0.00264 0.98 48 ‘

5 Materials 1-2 162 0,35 0,00200 0.04 ' 30 1.75
Material 3 16 0.35 0.00200 0.04 30
Materials 4-5 162 0,35 0.00200 0.04 30

Material 6 1465 0.15  0,00264 0.98 . 48
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lack of sufficient time and computer funds terminated the investigations.
Presented below are methods used by other investigators to approximate »

an effective stress analysis that considers only steady-state seepage,

Pore—Water Pressure in the Equilibrium Equation
Pore-water pressures in a soil with steady-state seepage and

static loads can be determined simply by knowing the location of the
phreatic surface., Kulhawy et al. (1969) aﬁd Doolittle (1973) calculated
.the available shear strength along a failure surface by using the rriodifiéd
Coulomb equation (Lambe and Whitman, 1969): |

| T, = ¢ + (6 - U)tang' : (26)
where c¢' = effective cohesion and pore-water pressure .is determined with
reference to the phreatic surface, This analysis does not considef seep—
age forces or the effects of pore~water pressure on the mobilized shearA

‘stresses,

Uée of Total and Buoyant Unit Weights

Ih an effort to approximate the effects of pore-water pressure on
shear stresses, it has been suggested that buoyant unit weights be used
for determining the available shear strength and total unit weights used
to determine mobilized shear stress. This method was suggested by
Duncan (1972);. however, the author has not seen the results of any
published analysis using this method.
Nodal Forces Used to Apbroximaté Pore-water
Pressure and Seepage Force

Wang and Sun (1970) suggested a method for ap.pl.’oXimating'

- pore-water pressure and seepage force by calculating a nodal-force
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direction from a flow net determined by graphic or analytical methods.
My attempts to usé this typ-e of analysis resulted in problems with mesh
boundary constraints. As long as the nodal pore-water forces and nodal |
seepage forces were pai”all’el with gravity, no problems were encoun’tered?
An additional difficulty was encountered in converting pore-water pres—
~sure into pore-water force as data input. The problem 'becomes more‘ dif-
ficult when seepage forces are considered. | |
Analytic'al Technigues for Determining
Pore-water Pressure and Seepage Force

‘This\ method, which is still under invéstigation, involves ’usi-ir;gi
a finite-element flow program to determine equipotentials and pore-water
pressures, then using these data as'vinput into a finite-eleme.nt force~ -
displacement program., A major problem associated with this method iﬁ-
volves the output form of the finite-element ;flow program,. The flow
program uses LaPlace's and Richard's equations to predict Darcian flow
(KeaIy and Busch, 1971) by allowing the mesh fo deform, t.hus indicating
the location of a phreatic surface and equipotential lines. Once the meshL
" has deformed, it is no longer in a coherent form for input into a force-
displacement program.,-. Once the conformability problems are resolved
and the d'e‘cay effects of ‘éx_cess pore—Water pres_sure are co'nsidéred, -this

method should produce the most accurate solutions. .



CHAPTER 5
STABILITY ANALYSIS OF A TAILINGS EMBA_NKMENT

This chapter describes a two-dimensional finite element sta-
bility ana'lysis‘ of an American Smelting and Refining Company (ASARCO)
Mission Unit tailings émbankment near Sahuarité, Arizona (Fig. 16). |
The Missi_on Unit is an open-pit porphyry copper mine. delivéring about -
24,000 ton.s per day of ore to the mine concentrator., Ore grade averages 7
about 0.6% copper, and of the 24,000 tons of ore produced daily, ap--
proximatelf 25,500 tons are mill waste. This maste material, ’te'rméd
"tailings," is disposed of in two ponding areas located near the mine
(Fig. 17). | |

The following discussions will describe the construction of
one of the Mission tailings embankments , the assignment of physical
properties to the tailings material, and the results of a finite elemént

elastoplastic stability analysis.

Mission Tailings Embankment Construction

There are several.good artic_»l.es and books on tailings~emba'nk— '
ment construction, such as those by Aplin and Argall (179772), K‘eraly and
Soderberg (1969), Phukan (1971), Smith (1969), Brawn‘er and Milligan
’(19 72), and Casagrande and Mclver (1971). ’_I‘he reader is referred to
these articles for géneral infformation on tailings embankment design and
| ‘c‘onstruc'tion,_ because only the method specifically used by ASARCO at
the Mission Unit for the tailings dam analyzed will be discussed here,
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The Mission tailinge embankment being analyzed is constructed
by the typical up.stream gravity-separation method, The foundation ma-
‘terial is 200 to 400 feet of desert alluvium resfi_ng on bedrock. The ini-
tial starter embankment (Fig, 18) was constructed out of waste material
stripped from within the ponding area. Construction control included
compacting the foundation soil and starter embankmenf shell and core to
93% of maximum density in 18~inch layers using sheep'e-foot rollers; |
The core consists of a dense, plastic soil that is relatively impermeable,
thus keeping the phreatic surface out of the downstream slope. D'ecant-
towers with the dlscharge lines ex1t1ng ’chrough the starter embankment
were placed near the center of the pond and are used to keep the free-
‘'water surface away from the edge of the embankment. Both upstream and
downstream slopes afe inclined at 1.5 to 1 (339),

The tailings» material is transported to the ponding area in a
36-inch concrete pipe and distributed inside the embankments by' a
: series of 3-inch pipes spaced about 15 to 20 feet apart along the entire
embankment. This method of tailings deposition is called spigotting,
and separation between coarse and fine fractions of the tailings is ac-
complished by gravity flow, the heavier particles falling out nearer the
embankment edge and the finer partieles debo_siting nearer the decant
tower, The coarse t_ailings’tend-to sepérate out in the 2'00 to 300 feet
nearest fhe spigots. ‘

Once the ponding area is filled to capacity, the height of the
embenkment is increased by using a dragllne to scoop up coarse ta1lmgs
matenal and dep051t it near the embankment edge (Fig, 19). The maxi- .

mum design helght will consist of twelve 10-foot tailings increments for
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a total height of 150 feet, including the 30-foot starter embankment. In
this analysis, it is assumed that the critical section will be along the

highest section of the completed embankment,

Finite Flement Model Mesh_

The finite element mesh used in the Mission tailings embank-
ment analysis is shown. in two parts in Figs. 20 and 21. The section
illustrated in PigA. 20 is a scaled modél of the proposed final section
and is the section that will be referred to in the data analysis. discus- :
sions. The boundary constraints necessary to produce a rigid-body solu-
tion are shown in Fig. 21, and in addition, the scaled distances with-
respect to the total embankment height (H) from the lef_t, right, and
lower boundaries are also indicated.

Experimentation with three different mesh designs for the tail-
ixj.gs embankment, 1,400, 850, and 461 elements, indicated onlyr minor
differences in the humerical solutions. Due to the computational costs
involved with larger meshes and the questionable validity of assumed
data values for physical properties, the smallest mesh size of 461 ele-

ments was chosen for the tailings embankment model.

" Physical Property D-’é‘ta
Most of the physical property -data used in this analysis were
obtained from the reports of Pettibone and Kea-ly (1971) , Hamel and Gun-
derson. (1973), and Nicholson and Busch (1968) for other tailings proper-
tiés. In addition, some physical property data on the Mission unit
tailings were obtained from a joint University of Arizona—U .S, Bureau

of Mines research project,
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Assignment of physical properties to the tailings material in-
volved several assumptions necessary for a finite.element solution,
Tables 4, 5, and 6 list three trial data sets; .these are not to be inter-
preted as being actual physical propertie-s of the Missién tailings. The
values of unit weight are relatively constant for each trial because most -
of the values wefe determined from actual 1\/4I'ission‘ taiiings, The values
for Young's moduius (E), Poisson's ratio (v), ratio of plastic nﬁodulus to -
elastic modulus (Eyp), vield strengfh (YS), total arigle of internal fr_icfcion- :
.(,zS) , and total cohesion (c¢) have been estimated from published data and

personal experience.

Analy’sis of Circular Failure Surfaces

Figs., 22, 23, and 24 show the results of tfial circle interations
to a minimum safety factor for each property set. Property set 1 as_sumés
no cohesion in the coarse tailings making up the embankment and very
low yield strength_s and YOerg's modulus values for the finer grained
slimes nearer the decant tower, The stirength of the compacted earth
starter embankment is much greater than the tailings material, and con-
sequently, the minimum failure surfiace passes only through the coarse
tailings materials,

Property set 2 has higher values for Young's modulus and yield
strengths for the foundation materials and tailings, increasedb friction
angles for tailings materials, and a very low cohesion value for the
coarse tailings material, As a fesult, the failure surface for fhe mini-
mum safety factor occurred higher in the embankment and, again, only

in the coarse tailings material,



Table 4., Physical Property Set 1 , Mission Tailings Embankment Model .

Young's Poisson's Unit Modulus Yield Friction

Modulus - Ratio Weight Ratio Strength Angle Cohesion
E , v Er . YS ZS c
Material (kg/cm?2) (kg/cm3) (kg/cm?) (degrees) (kg/cm?)
1 210294 0.20 0.00260 0.70 700.00 48 1.900
-2 2800 0.25 - 0.00232 0.50 '28.00 36 0.700
3 2100 0.27 0.00216 0.40 21.00 . 34 0.560
4 2800 - 0.29 0.00208 0.38 21.00 34 0.420
5 1260 0.30 0.00200 0.35 17.50 . 34 0.280
6 2100 0.32 0.00208 0.40 28.00 35 - 0,350
7 324 0.42 0.00211 0.10 14,00 15 0.486
8 1400 . 0,35 0.00200 0.35 24.50 33 0.194
-9 1750 ‘0.30 0.00208 0.30 21.00. 33 0.194
10 2660 0.35 0.,00216 0.30 . 14.00 34 0.146
11 2660 0.34 0,00208 0.25 12,30 34 0.146
12 700 0.28 - 0.00176 0,30 10.00 35 0.0
13 100 0.45 0.00184 0.10 0.70 10 0,140
14 630 0.25 0.00176 0.25 4,20 35 0.0
15 91 0.45 0.00184 0,09 0.63 12 . 0.486
16 525 0.28 0.00176 . 0,25 3.50 - 34 0.0
17 80 0.45 0.00179 0,08 ‘ 0.56 12 0.580
18 490 0.28 0.00173 0.25 3.15 34 0.0
19 70 0.45 . 0.00179 0.08 0.42 12 0.729
20 420 0.28 0.00160 0.27 ‘ 3.15 34 0.0
21 0.840

63 0.42 0.00176 0.08 - 0.28 14

€9



Table 5. Physical Property Set 2, Mission Tailings Embankment Model

Young's Poisson's Unit Modulus Yield Friction
" Modulus Ratio Weight Ratio Strength ° Angle Cohesion
E v Er YS- g . c
Material (kg/cm?2) - (kg/cm3) ’ (kg/cm?2) (degrees) - (kg/cm?2)
1 210290 0.20 0.00264 0.70 700,00 48 7.000
2 7000 0.22 0.00232 0.50 70.00 38 4,860
3 5600 0.22 0.00216 - 0.40 49,00 -~ 38 3.880
4 4550 0.24 0.00208 0.38 42,00 37 2.920
S 3150 . 0.25 0.00200 0.35 28,00 35 1,940
6 3360 0.32 0.00208 0.45 28.00 38 1.220
7 3240 0.42 0.00211 0.10 1.40 15 0.630
8 2800 0.32 0.00200 0.35 24,50 36 1,070
9 2800 0.30 0.00208 0.35 31,50 36 0.830
10 3150 0.28 0.00208 0,35 . 24,50 36 0.490
11 2940 0.30 0.00208 0.35 22,75 34 0.490
12 1400 0.28 0.00176 0.30 17.50 38 0.035
13 560 0.45 0.00176 0.10 2.80 24 0.140
14 1120 0.25 0.00176 0.25 8.40 38 0.018
15 420 0.45 0.00160 0.09 1.75 .25 0.486
16 840 0.28 0.00176 0.25 5.60 : 38 0.015
17 280 0.45 0.00160 0.08 1,40 25 0.580
18 700 0.28 0.00173 0.25 3.85 38 0.015
19 210 0.45° 0.00179 0.08 1.05- 28 0.729
20 420 - 0.28 0.00160 0.27 3.15 38 0.015
21 0.840

280 0.40 0.00152 0.10 1.40 30

v9



“Table 6, Physical Property Set 3, Mis'sio.n Tailings Embankment Modei

Young's Poisson's Unit Modulus - Yield Friction

Modulus Ratio . Weight Ratio © Strength Angle Cohesion
E v ' Ey YS 4 c
Material (kg/cm?2) (kg/cm3) } (kg/cm?2) (degrees) (kg/cm?2)
1 210294 0.20 © 0.00264 0.70 700.00 48 7.000
2 7000 0.22 0.00232 0.50 70.00 38 4,860
3 5600 0.22 0.00216 0.40 49,00 - 38 3.890
4 4550 0.24 0.00208 0.38 42,00 . 37 2,920
5 - 3150 0.25 0.00200 0,35 - 28,00 35 1.940
6 3360 0.32 0.00208 0.45 28.00 38 1,220
7 324 0.42 0.00211 0.10 - 1.40 15 0.630
8 2800 0.32 0.00200 0.35 24,50 36 1.070
9 2800 0.30 0.00208 0,35 31.50 36 0.830
10 3150 0.28 - 0.00208 0.35 24,50 36 0.490
11 2940 0.30 0.00208 0.35 22.75. .34 0.490
12 1400 0.28 0.00176 0.30 17,50 38 " 0.035
13 560 0.45 0.00176 0,10 2,80 24 0.140
14 1260 0.25 0.00176 0.25 8.40 38 0.018
15 560 0.45 0.00160 0.09 1.75 - 25 0.466
16 - 1120 0.28 0.00176 0.25 5,60 38 0.015
17 420 0.45 0.00160 0.08 1,40 25 . 0,58
18 980 o 0.28. 0,00173 0.25 : 3.85 38 0.015
19 350 0.40 0.00179 - 0.08 1.05. . 28 0.729
20 420 0.28 0.00160 - 0,27 3.15 38 0.015
21 280 0.40 0.00152 0.10 1.40 30 0.840

S9
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In property set 3, the Young's modulus values for the tailings
rﬁaterials were increased by 30% to 50% , while the cohesion and fric-
tional properties remained identical to those of property set 2. Pig. 24
shows the results of this analysis, and as expected, the minimum fail-

ure surface occurred lower in the embankment,

Analysis of Noncircular Failure Surfaces

Analysis of noncircular failure surfaces is made more realistic ,
by taking into consideration the more highly stressed areas -within the
embankment, Fig. >25 shows the contours of mobilized stresses using
material property set 3, and Fig, 26 shows the results of four trial faii—-'
ure surfaces through the areas of high mobilizéd stress concentrafions.,
Trial surface 4 (Fig. 26) has the lowest safety factor (2.17), due pri-
marily to the greater proportion of the trial failure surface paésing

through the region of greatest stress mobilization.

Discussion of Embankment Analysis

'.[:he lack of adequate material property data on the Mission
tailings ﬁecess’itatéd the use of the trial property sets outlined in
Tables 4, 5, and 6. Property set 3 was developed as a result of the"
analyses performed on the first two property sets, Consequently, the
pﬁysical propertiés .indicated in Tabrle 6 probabl§ repre'sent hthe closest
ai)proximation to the tailings properties.

The small differences in safety fadtors determined from the
minimum circular and noncircular failure surface trials was due primari‘kly
to thé lack of any preferentially oriented potential failure planes in the

tailings material. Fig. 25 shows that the highest mobilized stresses
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ocdur in the coarse, .primarily cohesionless failiri‘gs material constitut-
ing the downstream tailings embankment slope. Even with the assump-
tion that the phreatic surface is away from the area of the embankment
being analyzed, the failure surface geometries in Figs, 23-26 are those
most generallyv encountered in tailings dam failures,.

The conclusions reached in the trial analysis'of the .Mission
tailings embankment by the finite element method are that the thential' 4
failure surface in the tailings material can be realisfically represented
by circular or near-circular surfaces and that potential fail‘ures will moét
likely occur in the coarse cohesionless material composing thé down—_
stream slope. Results of‘the mesh development also indicate that the
model contimium can be reasonably represeﬁted by a mesh of moderate

size well within the bounds of data accuracy and computational costs.
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CHAPTER 6
CONCLUSIONS

The conclusion reached in this study is that, .neglecti_ng pore-~
water pressures, the finite element method of stability analyéis is a
more realistic analytical tool than the conventional methods of él;lces,
The effects of the elastic parametérs (E and v) on the state of s';ress
wifchin a continuum and their corollary effects on the calculated safety
factor indicate the viability of the finite element analysis technique.

Two distinct advantages of the finite element stability analysis
te.chnique over conventional slices methods are the ability tovinclude
much more realistic physical property data and to inveé‘tigate more com-
plex structural models, These advantages are of great significance when
nonhomogreneous embankments composed of materials that vary Vconsider—
. ably in their stiffnesses and deformational responses are considered.,

Disadvantages to the finite element Astability analysis method
are the increased complexity and time and costs needed to perform the
analysis. In general, it is recommended that the finite element method_

be used only by persons experienced in its use and applications,

Recommendations for Additional Work

Program SAFE, as presented here, is a genéral progrém that is
'relative.ly easy to use and apply but is limited to fairly simple problems.
"It is recommended that thé following additions be made in program SAFE
to improve its ability to analyze more complex problems:

73
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1. Interface elements‘that wili model the effects of faults and
joints and the interaction of very dissimilar materialé in direct
contact with each other, such as a soil backfill against a con—‘

crete wall,

2. Bar and beam elements to model the effects of artificial stabi-
lization methods,
- 3. The solution technique for including hyperbolic stress-strain

curves and post-deformational behavior,

Development of an accurate method of including the effects of
pore-water pressures and seepage forces in porous and jointed media is
also necessary if the finite element method of stability analysis is to be--

come fully useful,
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-
(p)

Explanation

total cohesion

‘effective cohesion

available cohesion

mobilized cohesion

differential width

différential height

vertical disfance'fo pore-water force (U)
local element stiffness matrix

local nodal load vector

local nodal displacement véctor
Pbisson's ratio

abscis sé

ordinate

vertical distance to interstice thrusf (E)

total interslice horizontal thrust force

_effective interslice horizontal thrust force

Young's modulus

modulus ratio (plastic modulus/elastic modulus)
interwe-dge’ force

safety factor based on cohesion

safety factor based on slope height

stress level safety factor

shear stress safety factor

- safety factor based on friction
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Symbol
Hact

Hmax

[¥]

L

—N_I

Explanation

‘actual slope height
maximum stable slope height
global element stifiness matrix

global nodal load vector

‘total normal force acting on the base of a slice

effective normal force acting onlthe base of a slice
global nodal displacement vector

shear force

pore—water_pressure

pore-water force on the base of a slice
pore-water force on the left side of a slice
pore-water force on the right side of a slicg
weight of a mass |

interslice shear force

yield stress

inclination angle of interwedge force
unitweight

strain

angle to failure plane from horizontal or verf'iéal plane

scaling factor

total stress

effective stress
major principal stress

mobilized major principal stress
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Explanation

major principal stress at failure
minor principal stress

normal stress

. horizontal stress

vertical stress

available shear strength
mobilized shear stress

shear stress on failure surface
shear stress in X-y plane

total angle of internal friction
effective angle of internal friction

angle of available friction

angle of mobilized.frictioh
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PROGRAM SATE-O
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Appendix B and the following appendices make up the documen-
tafion of program SAFE-O. This documentation is included for the
reader's benefit and is done in accordarnce with current engineering
~ program documentation standards. Program SAFE-O does not fully com-
ply with Americaﬁ National Standards Institute (X 3,2-1966) program
standards: howevér, the program is compatible with CDC 6400, 6600,

and IBM 360 series computers.,



1.1
1.2

1.3

1.4

1,5

1.6

1.8

1.9
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1. Program Identification

Prcigram Title: Stability Analysis by Finite Elements,
Program Code: SAFE-O, |
Writer: Program consists of the co'mbined.programs~

a. WILAX--written by Wilson (1963) and modlfled for slope stability
by Yu and Attar-Hassan (1972).

b. F2D-M5-1~--written by Wang et al. (1972).

Both WILAX and F2D-M5-1 were modified by W, N, Hoskins of The
University of Arizona into the general program SAFE,

Organization: Funding for the development of program SAFE was )
through the Department of Mining and Geological Engineering,

The University of Arizona, Tucson, Arizona.

Date: Documentation for program SAFE was finished 1 August 1973.
Updates, Version: None,

Source Language: FORTRAN IV, Scope 3.3,

Availability: Copies of this program can be obtained from the
Department of Mining and Geological Engineering, The University
of Arizona, Tucson, Arizona 85721, for the cost of reproduction and
postage. :

Abstract: Program SAFE performs a plane stress, plane strain; or

axisymmetric (linear or bilinear) finite element structural analysis
and a stability analysis on circular or noncircular failure surfaces,

2. Documentation

Description: Stability analysis of slopes in soils or combinations
of soil and rock is generally performed by conventional limiting
equilibrium methods; i.e., friction circle, method of slices, slip
circle, or wedge. A relatively new technique using stresses cal-
culated by the finite element method (FEM) has been developed in
the last few years. The advantage of FEM stability analyses is the
ability to model the following properties or conditions:

a, Effects of surcharge and point loads on the surface or anywhere
".within the model.

"~ b. Nonhomogeneous, anisotropic, and bilinear or nonlinear material

. pbroperties,
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internal friction) for each material can be used during any single
run., Minor modifications in subroutine CIRLN may be necessary
if slopes having a negative inclination (slope angle measured
clockwise from abscissa) are modelled. At this writing, negative
slopes have not been tested.

Data Input: Data input is from punched cards as described below,

- Data may be input in English or SI (International System) units,

(See Sec, 6, Units for Various Input Parameters.)
2.4.1 Data Input Forms

Data Block 1 Alphanumeric heading describing problem beiing ana-

lyzed (20A4). Example: TEST SLOPE 1.5 - 1 CIRCULAR
~ SURFACE 1 JULY 1973. .

Data Block 2 Structural analysis control data.

Column Format Variable _ Description

1-5 15 7 NUMNP N‘umber of nodal points
6-10 IS NUMEL Number of elements
11-15 15 , NUMMAT Number of materials in model
continuum
16-20 1I5 NUMPC - Number of pressure cards (external

surcharge loads) as described
by IR 72/87 (Yu and Attar-.
Hassan, 1972)

21-30 Fl10.2 ACELZ Axial acceleration in the vertical
direction (Sec. 6)

31-40 F10.2 ANGFQ = Angular velocity (usually 0 unless
axisymmetric problem)

41-45 Is MAXPD Largest nodal point different+be~

tween the elements in the mesh
46-50 F5.0 Q - Stres s-free reference temperature
51-55 15 NP - Number of successive approxima-

tions (Sec 5)

56-60 I5 NPP Code for type of FEM analysis

(Sec. 5)
61-65 15 NEND Number of data sets (complete

jobs being solved, Sec. 5)
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Column Format Variable _Description

66-70 15 NCD Coding for output (Sec. 5)

71-75 15 ! NCUT Number of excavations being
simulated

76-80 I5 NRES Coding for initial residual stresses
(Sec. 5)

Data Block 3

Stability analysis control data

Variable De scription

Column Format
1-5 15 ' NSTABLE Code for stability analysis (Sec. 5) -
6-10 IS5 ICASE Code for circular or noncn'cular
analysis (Sec, 5)
11-15 I5 JRUN- Maximum number of trial 1terat10ns
: (100)
16-20 'I5 LOAD Code for nodal loads (Sec. 5)

Data Block 4

.Card 1

Material property (NUMMAT) cards

Column Format Variable Description
1-5 I5 - MTYPE Material number,' starting with one
6-10 IS5 NUMVTC Number of temperature cards
, ..(Sec, 5)
11-20 F10.0 RO Material density
| 21-30 Fl10.0 XXNN -Ratio of plastic modulﬁs to eiastic
modulus. If elastic material 1s
used, leave blank. :
Card 2 (One card for each temperature)
Column Format ‘ Variable Description
1-10 Fl0.0 E-1- Temperature
11-20 .FIO .0 E-2 Young's modulus--horizontal
21-30 F10.0 E-3 Poisson's ratio--horizontal
3>l-40 Fl'O .0 .E—4 Youngl's modulus—'-veftical
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Column Formét Variable - Description

41-50 TF10.0 E-5 - Poisson's ratio~-vertical

~51-60 Fl10.0 E-6 Coefficient of thermal expansion--
tangential

61-70 F10.0 E-7 Coefficient of thermal expansion--
radial

71-80 TF10.0 E-8 Yield stress (blank for elastic

material) .

Data Block 5 Nodal point cards repeated NUMNP times (read from
data tape 1) .

Column Format Variable Descript.'ion'

1-5 15 N - Nodal point number (sequential)

6-10 F5.0 CODE Code for nodal freedom (Sec. 5)

11-25 - F15.3 R Horizontal coordinate of nodal
point
" 26-40 F15.3 Z " Vertical coérdinate of nodal point

~ Data Block 6 Nodal loads (this block included only if LOAD # 0)

Column Format Variable Descr_iption
1-5 IS N Node number
' 6-20 F15.00 UR  Horizontal specified load or dis—
: placement
21-35 F15.0 Uz Vertical specified load or dis-
' placement ,
36~50 Fl15.0 T Temperature (usually blank unless

doing a thermoelastic problem)

Data Block 7 Element cards repeated NUMEL tlmes (read from

data tape 1)

Column Format Variable . 7, Description
1-5 IS M Element number
6-10 I5 X(I) I nodal point

11-15 15 X (J) I nodal point
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Column Format Variable "Description
16-20 IS IX(K) K nodal point |
21-25 15 IX (L) L nodal point
26-30 I5 X | Material nu‘mber describing element
(MATYPE) :

Déta Block 8 Boundary pressure cards, one card for each element

subjected to a boundary force (skip if NUMPC = 0)

Column Format Variable Description

1-5 IS IBC Nodal point on boundary element’ '
that is farthest lejft '

6-10 IS5 -~ JBC Nocal point on boundary element
that is farthest right, i.e.,
number counterclockwise

11-20 F10.0 PR Boundary pressure

Data Block 9 1Initial residual stresses, one card for each element -
whose residual stresses are not generated by program (skip if

NRES = 0)
Column Format - Variablé Description
1-5 15 N Element number

6-20 E15.4 RESID~1 Horizontal residual stresses
21-35 E15.4 RESID-2 Vertical residual stresses
36-50 E15.4  RESID-3 . Tangential residual stresses

Data Block 10 Excavation description card (skip if NCUT = 0)

Column Format Variable ' Description'
1-5 15 . NCUTN  Excavation sequence number
6-10 IS NCUTI\TP Number of nodal points defining

excavation boundary

11-5 15 NCUTEL Number of elements included in
excavation
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Data Block 11 Excavation nodal points (skip if NCUT = 0)

Column Format Variable Description

1-5 15 NPCUT-1 Nodal point numbers defining
excavation (limited to dimen-
‘sions of NPCUT)

6-10 IS NPCUT-2 .

° ° . °
° . °

71-75 IS NPCUT-N .

Data Block 12 Excévated elements (skip if NCUT = 0):

Column Format Variable Description

1-5 15 NELCUT-1  Element numbérs included in
' excavation (limited to dimen-
sions of NELCUT)

6-10 IS NELCUT-2 e

71-75 IS5 NELCUT-N .

Data Block 13 Heading card for stability analysis output (8A10)

Data Block 14 Stability property sets

Col_umn Format Variable - Description

1-5 15 NSET Number of stability. property sets

Data Block 15 Stability prdperty cards (NUMMAT cards NSET times)

Column Format Variable Description
1-5 5 K ‘Material number (same as in. FEM
section) :
6-15 "F10.0 SHRR ~  Cohesion
16-25 F10.0 PHIT | Tangent of coefficient of internal

friction (decimal
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If ICASE = 1 (noncircular slip plane), do data blocks 16 _éand 17;
if ICASE = 2 (slip circle), do data blocks 18 to 22

Data Block 16 Number of planes in noncircular slip-plane option .

Column Format Variable Description

1-5 15 . NUMPLAN Number of failure surfaces

Data Block 17 Coordinate locations of planes in .noncircular slip .
" plane option (NUMPLAN cards) '

Card 1
' Column Format Variable Description
1-5 - 15 NOPLAN Failure surface number (sequential)
6-10 I5 NUMPS Number of points on plane to which
: ’ » average stresses will be as-
signed

Card 2 (NUMPS x and y coordinates)

Column Format Variable Description
1-10 F10.0 XP-1 X-coordinate of first point on plane
11-20 Fl1l0.0 YP-1 Y~coordinate of first point on plane
0 . . Continue in F10.0 format until all

points are entered, This may
require more than one card to
complete.

Data Block 18 Description of continuum surface ‘in slip circle

option
Column Format Variable . Description
' 1-5 . I5 - NTOP - Number of nodal points on top
s’urface'test area -
6-10 15 - NBOT ~ Number of nodal points on bbttom '
surface of test area :
11-15 15 _NSLOP . Number of nodal points on slope

in test area

16-20 15 NUMPS  Number of points on trial surface
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Column Format Variable . Description
21-25 I5 ISF Coding for number of trial circle
iterations (Sec. 5)
26-30 I5 IPR Coding for amount of pririted
output (Sec. 5)
'31-35 A5 JXSENSE  Code for slope. direction (Sec. 5)

Data Block 19 Horizontal and vertical coordinates of all points
needed to describe the top surface (input from left to right)

Column Format Variable Description
1-10 F1l0.0 XTOP(1) Horizontal coordinate of farthest
left point on top s_urface
11-20 F10.0 YTOP(2) Vertical coordinate of farthest .

left point on top surface

Continue until all points are
entered. May require more
than one card

Daia Block 20 Horizontal and vertical coordinates of all points
needed to describe the lower surface below which no analysis.
will be determined (input from left to right)

Description

Column Format Variable
1-10 F10.0 XBOT(1)
11-20 F10.0  YBOT(I)

Horizontal coordinate of farthest
left point on lower surface

Vertical coordinate of farthest
‘left point on lower surface

Continue until all points are
entered. May require more
than one card ' ‘

Data Block 21 - Horizontal and vertical coordinates of all points
needed to describe the slope surface (input from left to right)

Description

Column Format Variable
1-10 F10.0 XSLOP(1)
YSLOP(1)

11-20 F10.0 -

Horizontal coordinate of farthest
left point on slope surface

Vertical coordinate of farthest
‘left point on slope surface
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Column Format Variable Description
. . A . Continue until all points are
entered., May require more than
‘one card

Data Block 22 Trial circle parameters

Column Format Variable -~ Description
1-10 F10.0 XC Horizontal coordmate of 1n1t1al
circle center
11-20 © F10.0 YC Vertical coordinate of initial
' : circle cernter
21-30 F10.0 RAD Radius of initial trial circle
"31-40 F10.0 DELTA Increment factor for succéssive .

trial circle centers and radius

2.5 Program Options: Program options include the following sets of
solutions:

FEM analysis by plane strain, plane stress, or axisymmetric
solutions.

FEM analysis with stability analysis by noncircular slip planes.
FEM analysis with stability analysis by slipb circle method.
Other options within the FEM section are described by IR 72/87
(Yu and Attar-Hassan, 1972) and will not be discussed here as
they pertain to other types of problems.,

Debugging options within the stability analysis section are

(1) JRUN is set by input control data to be equal to the dlmen—
sions and writing over sections of the program,

(2) Elements incorrectly labeled and producing negative areas
, are flagged and program terminates,

(3) Insufficient core storage is printed (the storage is indicated
for the FEM solution only).

(4) Program terminates if a point in a calculated failure plane is
not within model boundaries. The point causing the termina-
tion is printed.
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3 System Documentation

Computer Equipment: Program SAFE-O was developed on CDC 6400
and CDC 6600 computers, At the present time, the code is not in
ANSI format; therefore, modifications may have to be made if other
brands of computers are used.

Peripheral Equipment: Line printer, card reader/punch, disc files,
tape drives.

Source Program: The source listing of SAFE-O is given in Appendix C.

Variai)les and Subroutines: Variables invprogram SAFE-O are defined-
in Sec. 5. The program consists of the following parts:

a, SAFE: Main program for control data input and calculation of
array storage requirements necessary to perform finite element
structural analysis,

b, Subroutine LAYOUT: Reads data input and performs FEM analysis
- by calling various subroutines. Prints nodal displacements,

¢. Subroutine STIFF: Forms global stiffness matrix.

d. Subroutine QUAD: Forms 10 x 10 local quadrilateral stiffness
matrix by dividing quadrilateral into four triangles,

e, Subroutine TRISTF: Forms a 6 x 6 local stiffness matrlx for tri-
angular elements.

f. Subroutine STRESS: Calculates the centroidal element stresses
from the nodal point. displacements and prints results.

g. Subroutine SYMINV: Matrix inversion subroutine,

h. Subroutine INTER: Performs numerical integration over triangular
elements.

i, Subroutine MODIFY: Stiffness matrix and load matrix are modified
for nodal boundary constraints.,

o Subroutine BANSOL: Stiffness and load matrices are read from
tape and solved for displacements.

k. Subroutine MAIN: Recalculates horizontal, vertical, shear, and
principal stresses and angle of the major principal plan from
element centroi to nodal points and prints results,

1. Subroutine NONCIR: Performs noncircular plane surface stability
. analysis using the forces calculated at nodal points and input
. surface Calls CALPST,
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m, Subroutine CIRCLE: Performs a circular slip plane stability _
analysis on either one input trial circle or iterates until a mini-
mum trial circle is determined, Calls CALPST,

n, Subroutine CALPST: Performs stability calculations on plane sur--
faces or slip circle surfaces using Mohr-Coulomb failure criteria,

0. Subroutine CIRLN: Determines the points of intersection of a
trial circle with the model surface,

Data Files: Data. files can be created and read, depending on user
options, ' : :

Storage Requirements: Program SAFE-O storage requirements are
variable, depending on the band width and number of nodal points

. and elements. Approximately 40K is required to compile the source’

program. Central core storage ranges from 60K (nodal point diff 20)
to 140K (nodal point diff - 50). Array storage requirements may be
calculated by the following equations : .

STORAGE;1p = 3(NUMPC) + 10(NUMEL) + 6(NUMNP)

+ 8(MXPD + 1)2 + 4(MXPD + 1).

This value is assigned to a storage variable called IDIM and MXDIM
in the main program and is the total size of the dimensions needed
to perform the finite element calculations. Additional array storage
of- '

STORAGEjg = 3(NUMNP) + (NUMEL).

is needed for the stability analysis section. This number is approxi-
nate due to minor arrays requiring about 1,000 additional decimal
storage units. Approximately 14-K decimal words are needed to
store the program.

Maintenance and Updates: Periodic, depending type of problems
encountered, Updates will be provided by the Department of Mining
and Geological Engineering, The University of Arizona, Tucson,
Arizona,

4 QOperating Documentation

Operator Instructions: Program is read from cards punched in IBM
026 language or in binary form from tape. Due to high compilation
time (35 octal seconds) .the program is usually in binary form on

"cards or tape.

Operating Messages: Normal systems messages produced by com-
piler andloader, ' ‘
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4,3 Control Cards: Job card, FTN. (compile), tape request, and LGO
(execute) cards are the only required control cards for program
execution, ' '

4.4 Error Recovery: Program must be restarted.

4,5 Run Time: Execution time depends on the maximum nodal point dif-
ference and the number of nodal points and elements in the model.
For a binary deck, 129 elements, 125 nodal points, nodal point
difference of 19 and a slip circle stability analysis, running take
on a CDC 6400 in FTN was 24 octal seconds (binary deck). Another
model on which no stability analysis was performed, run also on a
CDC 6400, consisting of 706 elements, 875 nodal points, and a ‘
maximum nodal point difference of 41 required 310 octal seconds to.
execute, and 113K octal field length (binary deck).

5 Variables Used in Program SAFE

Variable Description

HED Heading used in FEM section

NUMNP Number of nodal points in mesh

NUMEL Number of elements in mesh

NUMMAT Total number of materials (maximum of 50)

NUMPC Number of pressure cards. Pressure is inpuf over two

nodal points to simulate an average force over the
element, If none is used, NUMPC = 0.

ACELZ - Axial acceleration in the vertical direction (see Sec. 6)

ANGTFQ Angular velocity; if none, ANGFQ =0

MAXPD "Maximum nodal point difference in any one element.
Q . Stress~-free reférence terhperature; if no thermoelastic

materials are used, Q=0

NP ~ Number of iterations; used in bilinear solution. If elastic
' scolution is used, NP =1

NPP : Coding for type of solution:
. NPP = 0, axisymmetric solution
NPP = 1, plane stress solution

NPP = -1, plane strain solution
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Variable Description
NEND Coding for number of data sets used; NEND = 0, more than
one data set; NEND = 1, only one data set
NCD ‘Coding for output:
NCD = 0, only printed output _
NCD = 1, printed and punched card output
NCD = 2, printed and tape output,
NCUT Number of excavations being modelled; if none, NCUT =0
NRES Coding for initial re51dual stresses at nodal points:
NRES = 0, none .
NRES = 2, initial re31dual stresses will be read
NSTABLE Coding for stability analysis solution:
- NSTABLE = 0, no stability analysis:
NSTABLE =1, stability analysis performed,
ICASE Coding for type of stability analys1s
ICASE = 1, noncircular
ICASE =2, circular
JRUN Maximum number of trial circle iterations, currently set at
100 but can be varied
LOAD Code for nodal loads, If nodal loads are used, LOAD =
number of nodal points affected; leave blank if no
loads are used '
MTYPE (1) (Array) material number, sequential order.
NUMTC Number of temperatures for property; if Q is zero and tem-
perature coefficients are not used, input 1 not 0
RO(1) (Array) material density.
XXNN(1) (Array) ratio of plastic modulus to elastic modulus; if
- linear elastic material is simulated XXNN = 0
"E(1,1,1) (Array) array in which the horizontal and vertical Young's
A modulus, Poisson's ratio, coefficients of thermal expan-
sion, and the yield stress are stored for each tempera- .
ture
N Generally indicates nodal point number
CODE(1) (Array) coding for nodal point constraints; CODE = 0, no

constraints on nodal degrees of freedom. Specified
loads may be input for either the horizontal or vertical
direction :
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NELCUT(1) -

Description
CODE(1) (Array) coding for nodal point constraints:

CODE = 0, no constraints on nodal degrees of freedom;
specified loads may be input for either the
horizontal or vertical direction

CODE = 1, nodal freedom in the horizontal direction re-

- strained; specified load may be input for
vertical direction,

CODE = 2, nodal freedom in the vertical dlrectlon re-—
strained; specified load may be input for
horizontal direction :

CODE = 3, no nodal freedom; no specified loads

R(1) (Array) horizontal coordinate of nodal point

Z(1) (Array) vertical coordinate of nodal point

UR(1) (Array) horizontal load (input)

UZ(1) (Array) vertical load (input)

T(1) (Array) temperature, for thermoelastic properties are not
resolved : '

M Element number

X(1,1) (Array) IX-1,4 are elemental nodal‘points 1,7,K,L,
numbered counterclockwise, For triangular elements,
nodal points L and K are identical. IX-5 is the material
number, '

IBC(1), :

JBC(1) (Array) nodal points I and J.of an element in which a boun-
~dary pressure is input; I and J are input in counter-
clockwise fashion,

PR(1) (Array) normal pressure exerted on IBC and JBC

RESID(1, 1) (Array) radial, vertial, and shear initial residual siresses

, in element

NCUTN Excavation number

NCUTNP Number of nodal points defining excavation surface:

NCUTEL Number of elements included in excavation

NPCUT(1) (Array) nodal point numbers defining excavation

(Array) element numbers in excavation
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XP(1), YP(1)
NTOP
NBOT

NSLOP
ISF
IPR

XTOP(1),
YTOP(1)

XBOT(1),
YBOT(1)

XSLOP(1),
YSLOP(1)

Variable Description
"HED2 Heading printed with stability analysis output data
NSET Number of stability property sets (cohesion and friction)
JXSENSE Alphanumeric code for slope direction |
Left = slope is upward from left to right
Right = slope is upward from right to left
" SHRR(1,1) (Array) cohesion in each property set
PHII(1,1) (Array) internal friction coefficient for each property set
NUMPLAN Number of planes in noncircular slip plane analysis
NOPLAN Failure plane surface number, noncircular slip plahé
analysis
NUMPS Number of points on failure surface in cifcular or non-

circular analysis

(Array) horizontal and vertical coordinates of points on
failure plane

Number of nodal points describing top surface of model,
from left to right starting at the right extreme of slope

Number of nodal points describing bottom surface in model,
from left to right

Number of nodal points describing slope surface on model,
starting from left and proceeding right and ending with
the first NTOP nodal point

Code for circular slip plane analysis:

ISF = 0, iterate until minimum FS is obtained
ISF = 1, do input trial center calculation only
Coding for printed output:

IPR = 0, print only final results
IPR = 1, print all calculations and trials

(Array) coordinates of top surface nodal points
(Array) coordinates of bottom surface nodal points

(Array) coordinates of nodal points on slope surface
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1b

Variable Description
XC,YC Coordinates of initial trial circle center
RAD Radius of initial trial circle
'DELTA Factor by which trial circles are incr'emenfed
6 Units for Various Input Parameters

Variable English System SI (International System) _
Young's : g '

modulus 1bf/in. 2 kgf/cm2 or Newton/m2
Coordinates inches cm or metéré
Density 1b/in.3 kg/cm3 or kg/m3
Acceleration in ,/secz cm/secz or m/sec2
Stréss 1bf/in, 2 kgf/cm? or Newton/m2
Displacement inches" - cm or meters
Load kg
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PROGRAM SAFE (INPUTyOQUTPUTsPUNCHsTAPE41=67sTAPE42=6T>

ITAPE40=6T7 . TAPE43=6T s TAPES=INPUT s TAPE6=0UTPUT ¢+ TAPET7=PUNCH5

2 TAPES9:TAPEL)

COMMON NUMPCsNCARDsMTYPEsNPyNPPyNENDsNTAPCoNTAPDsNCUTsNRES3sMBAND
1 MXBAND s NUMBLK s NUMAPPsMAXPD«MAXPD1sNELsACELZsANGFQsTEMP9QsoUs

2 HED(20)sLM(4)9RO(50) s XXNN(50) s ANGLE(4):SIG(10) sGH(4) sRRR(5)
3 ZZZ(S)sS(10:10)sP(10)sTT(4)9DD(36e3)9HH{6910)sE(298950)9RR(4) 9
4 ZZ(4)5C(4394)9H(6910)9TP(6) s XI(10) eEE(T7)oF(6910)9D(656)
5 sID(10000)

,COHHOV/A/HEDI(IO)!HLDZ(IO)9IPR9XCyYC9RADsFSvNCD§ICASE
COMMON/B/TAPE s NUMPS ¢ JRUN s NUMMAT g NSET s NSTABLE 9 NUMNP

DIMENSION SIGXX( 500)¢SIGYY( 500)9SIGXY( 500} 9SXX(500:3)

MXDIM=10000
NTAPB=40 ’
NTAPC=41
NTAPD=42
NTAPE=43

#§§§§§##Q&%Qﬁﬁ}%é#&%ﬁ%%*QQ*é%#%*%&bQ&%§*Q&#&#**ﬁbﬁ#é%#ﬁ##*é%#%########

ICRsICPs AND IPR ARE LOGICAL UNIT NUMBERS FOR READs CARD PUNCH =

&
4

AND PRINT

&

&Q§§§§GQ%ﬁ§§Q%%%Qé§%%§§§#§%%§*§§§§##ﬁ###é#%#Q*###%#ﬁﬁ§#§&§§§§%&§#§§§%§

ICR=5
IPR=6
Icp=7
REWIND 1
"REWIND 99

1 CONTINUE

#%#ﬁﬁﬁﬁ%#é%#ﬁ%%*ﬁﬁ#é%%Q*%b#&§*§§*§¢#§Q#ﬁ%###§§§§§#*§§§#*§§§§§§§§§§§#§§

%

i

R R E R R I I

READ AND PRINT CONTROL DATA

MORE THAN ONE DATA DECK IS USED

‘NUMNP = NUMBER OF NODAL POINTS

NUMEL = NUMBER OF ELEMENTS

NUMMAT = NUMBER OF MATERIALS wITH DIFFERENT PROPERTIES

NUMPC = NUMBER OF PRESSURE CARDS
ACELZ = AXIAL ACCELERATION :
ANGFQ = ANGULAR VELOCITY

Q@ = REFERENCE TEMPERATURE

MAXPD = MAXIMUM NODAL POINT DIFFERENCE IN ANY ELEMENT
NP = NUMBER OF DATA DECKS

NPP = =19 PLANE STRAIN CASEs = 0¢ AXISYMMETRIC CASEs =
PLANE STRESS CASE

" "HED=-HEADING IDENTIFING THE DATA SETs PARTICULARLY USEFUL IF

3

NEND = 0s MORE THAN ONE PROBLEM TO SOLVEs = 1y ONLY ONE

PROBLEM TO SOLVE

‘NCD = 09 NO PUNCHED CARD OUTPUTv = 1y PUNCHED CARD OUTPUT,

= 29 DATA WRITTEN ON REQUESTED TAPE

NCUT = EXCAVATION OR CUT NUMBER, IF NO EXCAVATION JOR CUT - ISv

MADE THEN NCUT = 1 ,
NRES = INITIAL RESIDUAL STRESSES

NSTABLE=O09 NO STABILITY ANALYSISs NSTABLE=1ls DO STABILITY

ANALYSIS

ICASE = 1 DO PLANE SURFACE STABILITY ANALYSISes = 29 DO A

FRICTION CIRCLE ANALYSIS

LOAD = 0y NO NODAL LOADSs LOAD GT 0s¢ NUMBER OF NODAL LOADS

B B L B B I @ LR R

L-2-2 L R R Rt R R Rl R R R A A R R Rk g Rk R R RS- Rk kR - 222 222 -2 2 X-2-2-2-X-%-2-2-2-3-3-3-X-2-%-%-

READ(ICR51000) HEDoNUMNDvNUMEL7NUMMAT9NUMPC9ACELZ?ANGFQ9MAXPDOQ9

1 NPsNPPoNENDoNCDeNCUT9NRES
READ(ICRs1001) NSTASLEsICASEsURUNsLOAD

WRITE(IPR+2000) HEDoNUMNPqNUMEL9NUMMAT9NUMPCvﬂCELZ9ANGF09MAXP0909

1 NPoNCUTo¢NRESaLOAD
IF(ICASE.EQ.1) PRINT 100
IF(ICASE@EQo?) PRINT IQ;

100



MAXPD1=MAXPD+¢1
MXBAND=2#MAXPO1

* MXBANZ2=2#MXBAND
Qﬁ###b#i*ﬁ#%#%#a#%#ﬁ%ﬁ%#ﬁ#%d&*#GéﬂQQ4§§&#Gb#*Q&##G§§§§§§§§Q#*§§§QQQ#§*

# CALCULATE THE VALUES FOR THE SIZE OF VARIABLE DIMENSIONS &
L T Yy
N1=1

N2=N1+NUMPC
N3=N2+NUMPC
NG=N3+NUMPC
NS=N4 + NUMNP
N6=NS+NUMNP
N7=N6+NUMNP
NB8=N7+NUMNP
NI=N8+NUMNP
N10=N9+NUMNP
N11=N10+4eNUMEL
N12=N11+5#NUMEL
M1=N12+NUMEL
M2=M1 +MXBANZ
M3=M2+MXBANZ2#*MXBAND=1

E2 22 22222 b SRR B R R R R 2R R 2L R E- 2R R 2R -2 R 222 2-2-2-E-X-2-L-2-2-2-2-3-2-2-2-2-0-2-X-2-2-2-2-2-2-5-5-X-1- T

LA IF DIMENSIONS NEEDED EXCEEDS DIMENSIONS ASSIGNED PRINT VALUES #
#  AND TERMINATE PROBLEM @
§§§§§§§§§§§%§§*ﬁﬁ%*§§§§§§§Q§§§§§§§§§§§§§*§§§§§Q§§§§§§§§§Q§§§§§§*§§§§§Q'
IF(M3.6T.MXDIM) GO TO 290
IF(NPP)55+56+954
54 WRITE(IPR,2008)
GO. TO 56

55 WRITE(IPR.2012)

T 56 CALL . LAYOUT(ID(NI);ID(NZ)9ID(N3)9ID(N4)9ID(N5)9ID(N6)910(N7)c R
1 ID(N8)9ID(N9)oID(NlO)yID(Nll)9ID(N12)9ID(M1)9ID(M2)9NUMEL9NUMNP
29SIGXXeSIGYYsSIGXYsSXXsLOAD)

#ﬁ#éQé%#Géé%%%b%&%§Q&%Q§QQ¢§&§&QQQQQ%4%%&%#4&&%%#%%%é&*§¢§§§§%*§§§§§§§

® IF NEND EQUALS ZERO RETURN AND SOLVE ANOTHER PROBLEM &
E-3-2-X-2-X-2-R-2R-2-R-F-R-FF-X-E-X-L-X-F-R-F- - R-X X X-F-F-F-F-F-F-2-X- XXX 2-2-2-3-2-T-2-X-2-F-3-2-2-2-2.2-T-X-T-2-2-2-3-F-X-2--F-X- X3
IF(NEND.EQ.0) GO TO 1
290 PRINT 15009MXDIMoM3
E-2-X-2-X-2-X-2-2-F-L-F-L-F-F-X-L-X-F-X-F-F-F-F-F-F-L-X-2-F-L-FT-X-F-P-F.L-F- L. 3. X- - L-F.2-2-F-2-F-T-F-F-L-2-X-F-F-F-F-L-T-T-X-T-L-F-T-F-T-T.3
# FORMAT STATEMENTS : #
L-2-2-X 2 R-X-R-2- L X-F-L-X-X-F-FoL-B-F- L L. 2-F-F-F-F-F-F: X F-L-F-F- T4 L X5 2-2-2-2-2-2-2-F-X-X-2.2-2-2-2-F-F-2-2-F-2-F-F-F-X.2-2-2-F-F-
100 FORMAT(/s# NON=CIRCULAR SLIP PLANE ANALYSIS*) '
101 FORMAT(/s* SLIP CIRCLE ANALYSIS®)
1000 FORMAT(20A4/41542F10, 29159F5 0+615)
1001 FORMAT(415) ' i T
1500 FORMAT(21HO DIMENSION ASSIGNED=I6/18H DIMENSION NEEDED=I6)
2000 FORMAT(1H1l 20A4/

30H0 INITIAL RESIDUAL STRESSES-~-- I3 /
30H0 NODAL LOADS» 1=YESs 1=NO===- 13)
2008 FORMAT (/9% PLANE STRESS ANALYSIS#)
2012 FORMAT (/9% PLANE STRAIN ANALYSIS#)
SToP : )
END
SUBROUTINE LAYOUT(IBC?JBCvayUR UZ9sRe¢ZsCODEs ToyRESID9IXsEPS9BoAs
1 NUMELsNUMNP  9SIGXX9SIGYYsSIGXY9sSXXsLOAD)
COMMON NUMPCoNCARDIMTYPESNPsNPPoNENDsNTAPCoNTAPDsNCUTsNRESoMBAND o

1 30HO0 NUMBER OF NODAL POINTS=mm=== 14 7

2 30H0 NUMBER OF ELEMENTS=momec——sn- 14 /

3 30HO. NUMBER OF DIFF. MATERIALS-=- I3 /
4. 30H0 NUMBER OF PRESSURE CARDS=~-= I3 /

5 30H0 AXIAL ACCELERATION==m====-- - El204/
6 30H0 ANGULAR VELOCITYwemeeceemcaxn El2.47/
# 30H0 MAXIMUM NODES DIFFERENCE=--= I3/
7 30H0 REFERENCE TEMPERATURE====e~= E12.4/
8 30H0 NUMBER OF APPROXIMATIONS==== I3 /

9 30H0 NUMBER OF CUTS==wewsceceac-- 13 7/
-

%

101



1 MXBANDyNUMBLKsNUMAPP o MAXPDsMAXPDY s NEL o ACELZs ANGFRy TEMPoQoUy
2 HED(20)35LM(4)5RO(50) s XXNN(50) s ANGLE (4) sSIG(10) sGH(4)sRRR(S)
3 ZZZ(5)5S(10410)sP(10)sTT(4)sDD(3¢3)sHH(6s10)9E(2:8+50)3RR(4)
4 ZZ2(4)5Cl4064)sH(B910)sTP(6)sXI(10)+EE(T)sF(6510)9D(6456)

COMMON/A/HEDL (10) sHED2(10)5IPReXCoYCsRADsFSeNCDs ICASE

COMMON/B/TAPE s NUMPSy JRUNs NUMMAT e NSET o NSTABLE

DIMENSION IBC(1)9JBC(1)9PR(1)9UR(1)vUZ(l)vR(l)vZ(‘)vCODE(l)vT(l)v

1 RESID(NUVEL94)9IX(NUMEL95)9EPS(1)98(1)9A(191)9NPCUT(100)9
2 NELCUT (150}

DIMENSION SIGXX(NUMEL)9SIGYY(NUMEL)vSIGxY(NUMEL)9SXX(NUMNPv3)
*§§§§§§§*9§§#§§§§§§§§§§#Q§#G%Q%*QQ§§QQQ*§§§§*§§Q§§§§*ﬁ§§§Q9§§§§§9§§*5§
READ AND PRINT MATERIAL PROPERTIES
MTYPE=MATERIAL TYPE NUMBERsNUMTC=NUMBER OF TEMPERATURE CARDS
RO(MTYPE)=DENSITY OF MTYPEsXXNN=MODULUS RATIO(INPUT FOR
‘BI-LINEAR MATERIAL ONLY ]
E(IoJsMTYPE)=MATERIAL PARAMETERS FOR EACH TEMPERATURE IsWHERE
J=1 FOR TEMPERATUREs J=2 FOR E(R) (AND E(Z) IN AXISYMMETRIC
OPTION)s J=3 FOR POISSON RATIO(RZ)s J=4 FOR E(T) (OR E(Z) FOR
PLANE STRESS OR STRAIN)s J=5 FOR POISSON RATIO(TR) OR (TZ),
J=6 FOR THERMAL COEFFICIENT(R)s J=7 FOR THERMAL COEFFICIENT
(T)s J=8 FOR YIELD STRESS (INPUT FOR BILINEAR MATERIAL ONLY)
SIGXX=HOR STRESSs SIGYY=VERT STRESSs SIGXY=SHEAR STRESSs AT
CENTROID OF ELEMENT. THESE VARIABLES ARE REDEFINED SIG19S1G2s
AND SIG4 RESPECTIVELY FOR INPUT INTO THE'STABILITY ANALYSIS
SECTION
SRR SRR R R R SR H R A P R R N O R SN R R G SR B R RS RS F S R R R ST R IR RN SR

ICR=5

IPR=6

ICp=T7

DO 55 M=]1,NUMMAT

READ(ICR;IDOI)MTYPEyNUHTCoRO(MTYPE)9XXNN(MTYPE)

WRITE(IPRs2011) MTYPEsNUMTCsRO (MTYPE) s XXNN(MTYPE)

READ(ICRs1005) ((E(IsJyMTYPE)sJ=198)3sI1=1sNUMTC)

HRITE(IPRQEOIO)((E(I9J9MTYPE)?J 1¢8)¢I=1oNUMTC)

DO 58 I= NUMTC:2

DO 58 J=1+8

58 E(IsJsMTYPE)=E(NUMTCsJsMTYPE)
59 CONTINUE

L2 L 2R R e R LR 2o R X £ R R 2222 X2 £- 4 2--2-2:£-2-2-L-X-2- 222 X -X-2-3-2-2-2-2-2-3-2-2-2-X-2-3-X-2-2-5-2-X-3-2-2-3-2-2-F-3

& READ AND PRINT NODAL POINT DATA &
B R R S R R R R R R RN R R AR IR R R RS R R R R BB R LR GRE
READ(1+1003) IDUM1.IDUM2
DO 1100 TI=1sNUMNP
READ (151002} NgCODE(N)oR(N)¢Z(N)

ARG RER IR R E R

UR(N)=0,

UZ(N)=0,

T(N)=0, .
Q##&Q#Q*%**Q%#é*é§§§§Q§§§§§§#%é%é%é*%##%&aQ##4%9%#ﬁ#%#%&#ﬁ##%ﬁ%&&ﬁ###%
& 1F CODE IS IN DEGREES CHANGE TO RADIANS'. ) L2

B T S R T R R G S R R R SR R R B I RIS R RN R R F SRR LR DR RS R R NIRRT BIDNERD

IF (CODE(N)) 75858
"7 CODE{N)=CODE(N)/57.3
8 CONTINYE
1100 CONTINUE :
IF(LOAD.EQ.0) GO TO 1102
DO 1101 I=1+4LOAD
» READ(ICR51006) NsUR(N)UZ(N) s T(N)
1101 CONTINUE
1102 MPRINT=0
DO 1103 N=19NUMNP
60 IF(MPRINT) 15251
2 WRITE(IPR;2004)
MPRINT=55
1 WRITE(IPRs2002) NyCODE(N)sR(N)9sZ(N) sURIN) oUZ{N) s T (N)
MPRINT=MPRINT-1 ' ' '
1103 CONTINUE

SRR EEEEEE R
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LR 22D 2-2 2202222221 222 2 Y - Y T -2

@ READ AND PRINT OF ELEMENT PROPERTIES .
#ﬁﬁﬁ%b%bbQé%#ﬁﬂboo&éﬁé#%#G?#QQ#&#QG#Q#QQ&#GG§Q§O§§QQ#¢§§Q#§§§§§##§§#§Q
DO 1104 M=1,NUMEL
READ(151003) MMe(IX(MsI)sI=195)
1104 CONTINUE
. MPRINT=0
DO 1105 M=1sNUMEL
IF(MPRINT) 39493
& WRITE(IPRy2001)
MPRINT=55 ’
3 WRITE(IPRy2003) Ms(IX(MsI)oI=195)
MPRINT=MPRINT=1
1105 CONTINUE

§§§§§qﬂ*éq%&¢¢§¢o§&ﬁa*éa§§4§§*&§*a¢¢¢ﬁ*éqaé§9§§éaﬁéeﬂaeﬁ*éﬁéﬁbéoqﬁﬁaﬁé
& READ AND PRINT OF PRESSURE BOUNDARY CONDITIONS -
&##b#%&§§§¢#%#&*Qé#ﬁQ#éﬁﬂQG§§##&#Q#%%#Q#%QQQ#Q*Q*####%G#Q#&%##Q*##*Q#*
IF (NUMPC) 290+310,290 :
290 WRITE(IPR,2005)
DO 300 L=1sNUMPC
READ(ICR+1004) IBCI(L)sJBC(L)9PR(L)
300 WRITE(IPRs2007) IBC(L)sJBC(L)sPR(L)
310 CONTINUE

#####QQG§§§§ﬁ§§é§%§§%é#§§§#%#§%§Q§G§§§§§§#Q##G%*QG##Qﬁ#é%%#ﬁ#&Qﬁ&#*#ﬁ#-

# DETERMINE BAND WIDTH L2
L X-2-2-F X -2 X-X-F-X-L- - F-X-T-L-L-Z-X=F-T-X-F-2-X-2-F-L-X-F-L-F-F.L-K-F-%-L-L-L-2-B-X-2-2-2-1-X-F-2-3-X-F-X-2-X-X-3-1-X-2-L-2-X-2-2-F-F- 3
J=0 :

DO 340 N=1sNUMEL
DO 340 I=lq4
DO 325 L=154 i .
§§§§§§é§§§§§G§G%§G9#*##Qé#ééé#é#ébé##%%*%Q{*ﬁ*#%#%?#é#éﬁ%ééb%ﬁﬁé#{%?**
% .. INTRINSIC FUNCTION IABS SELECTS THE LARGEST ABSOLUTE VALUE OF a®
& LIST OF INTEGER ARGUMENTS ' LR
P-2-X-R.-F-L-X-R-B-X-X-F-X-X-L-L-F-L+P-FoX-F-L- XX XX x-F-L-F-F-2-F.-3-2-F-F.L-E-L-F-F-T-L-X-F-X--F-T-F-L-L-E-L-F-L-T-F-F-T-L-F-T-F-X-T-X-¥- N
KK=IABS(IX(NsI}=IX(NoL)) .
IF (KK=J) 32593259320
320 J=KK ' '
325 CONTINUE
340 CONTINUE
: MBAND=2%J+2 i
WRITE(IPRs341) MBAND
P 2 2-2-R-XoX-R- R HoR B F-LoF R R oL Lo L X -2-R-F- 25 T-F-2-L. L. X-F-X-F.3-F-F-F-F-L-X-L-2-F-T-3-F-X-L-L-F F-T-F-F- L. L-F-F-T-2-F.F-X-F.2-3
& MXBANZ2 IS REDEFINEDsI.E. IT IS NO MORE TWICE THE BANDWIDTH L2
§§§**§§§§§§§#Q&*#ﬁ###%ﬁé%%%#G#%*###4#@#§§§&ﬁ&Q%ﬁﬁ%ﬁ%#%%ﬁ§4§§§4*§§*§§§§
MXBAN2=MBAND ’
IF (MBAND oL E.MXBAND) GO TO 315
PRINT 3018, MXBAND
sTopP
315 CONTINUE

#Q*Q%##ﬁ#%##&QQQ##GQ%%*#%###*%#GQ§§§§ﬁ#Qﬁ%##§#§§§Qﬁ%##%#ﬁ#é#@i#i#i%ﬁéﬁ

® READ INITIAL STRESSES L
L R L L e R S T e
DO 32 N=1.NUMEL
‘D0.32 I=1s4
32 RESID(Ns1)=0
IF(NRES-.EQ.0) GO TO 45
L =1
47 READ 1007y Ns (RESID(NeI)oI=193)
IF(N-L) 4004142
Q#####Qﬁ#ﬂ%Qoﬁ#bé&##ﬂ#G#G######i####%&ﬁéﬂﬂ§§*é§60§§§§#§#ﬁﬁ#é&ééﬁﬁbé#ﬁ#

& . AUTOMATIC GENERATION OF INITIAL RESIDUAL STRESSES : o
Ty R LR T R T TRt R R R L LT T T LT R
42 DO 46 I=1.+3 :
46 RESID(LvI)—RESID(L -1-1) ) B : R
41 IF ( L -EQo NUMEL) GO TO 45 i -
L=L ¢



IF (N = L) . 475 415 42 _
40 PRINT 1008,N , .

GO 10 47
45 NNC=NCUT+l
NCARD=0
L Y T YT Y R T -2 L R R Y T L T T LR P R R R g g e
* NC=1 GIVES ELASTIC SOLUTION WITHOUT EXCAVATION OR CUT ®
* NC=2 GIVES ELASTIC "SOLUTION WITH FIRST EXCAVATION &
At NC=3  GIVES ELASTIC SOLUTION WITH SECOND EXCAVATION ETCo ETCo .#

M R S SRR AL S AL LA S e e ALt b AR LR et RS Rt
DO 600 NC=19¢NNC
IF(NCD,EQ.0)GO TO 49 :
IF(NRESEQ.,0,AND«NC.EQo 2) NCARD=1
49 CONTINUE :
IF(NC.EQ.1) GO TO 450

L2 22 g A R R 22 -2 X R R- R0 R R R - Re R X222 -2 2-2 K- 2-2-2-X-2-3-2-2-3-2-2-2-2-2-3-2-2-2-2-2-X-2-2-2-1-3-F-3-2-X-2-3

& READ AND PRINT EXCAVATION DATA ) &
& NCUTN=CUT NUMBER NCUTNP=NUMBER OF NODAL POINTS IN CUT _ =
@ NCUTEL=NUMEER OF ELEMENTS IN CUT NELCUT=ELEMENTS IN CUT T
® NPCUT=NODAL POINTS DEFINING CUT ' #

A R R R R R S R R R SR AR R R R AR SR AR RGP IR RO R G R AR R LG AR D RGGRER
READ 3006¢NCUTNgMNCUTNP¢NCUTEL :
PRINT 3008+NCUTNsNCUTNPsNCUTEL
READ 30105 (NPCUT(I)s1I=1sNCUTNP)
READ 30104+ (NELCUT(I)sI=1sNCUTEL)
PRINT 30125 (NPCUT(I)sI=1sNCUTNP)
PRINT 30149 (NELCUT(I)sI=1eNCUTEL) ~

##%%#ﬁ#ﬁ%ﬂ-%#é{?#*{}(}%éi{}{?%#i}#%%%ﬁ#é{v##%{‘eé%§§§§%##§§%§§###§§§§%§é&é#*#ﬁ‘}%'

= SET MATERIAL PROPERTIES OF ELEMENTS IN-CUT CLOSE TO NULL L
# SET CODE(NPT)=3 URINPT)=0 UZ(NPT)=0 TO NODAL POINTS OF ELEMENTS#
& EXCEPT THOSE NODAL POINTS DEFINING CUT &

wﬁéé%%ﬁéﬁ*#%&&Q&é*%#%#%%ﬁ§*§Qé§%ﬁ§*&%kﬁ§§ﬁ%QQQ%%¢§%§§*§#§§§Q§§§¢§§§*§§§
: DO 425 I=1sNCUTEL
NEL=NELCUT(T)
IX(NEL«5)=NUMMAT
. DO 390 J=1,4
390 RESID(NELsJI=0.0
DO 425 J=1l+4 ‘ . -
NPT=IX(NELsJ) - : ' ) : -
DO 400 K=19NCUTNP . : : - :
IF(NPTL.EQ.NPCUT(K)) GO TO 425
400 CONTINUE
CODE (NPT) =3,
UR(NPT)=0,0
UZ(NPT)=0.0
~ 425 CONTINUE
© 450 CONTINUE
§§§§§§§§§§§§§§&§§§§#§§&4%§*%¢¢§§§G§§§QﬁﬁﬁﬁﬁéﬁbﬁﬁééﬁééQ#%#ﬁ&*&%ﬁ%%éé#é#
SOLVE BI-LINEAR STRUCTURE BY SUCCESSIVE APPROXIMATIONS
NP GREATER THAN 1sMATERIAL IS BI-LINEAR NO RESIDUAL STRESSES
ARE CONSIDERED :
NP=1 ELASTIC MATERIAL RESIDUAL STRESSES CAN BE CONSIDERED
NP GREATER THAN 1+MATERIAL IS BI-LINEAR NO RESIDUAL STRESSES
ARE CONSIDERED
L e L e s e e e T T
Do 350 N=1o¢NUMEL
350 EPS({N)=0,0

AR EEL
PRV,

NUMAPP=0 .
L X 2 R L s T2 P2 T
. FORM STIFFNESS MATRIX &

Q%##9(?Gﬁ#ﬁ'bﬂéﬁ#&ﬁbQ-I!#Q'D%{tﬁ###&%##ﬂ'ﬁ(}#&&Q#Q##é"#ﬂb#ﬂv9&##%%##5#0&‘#5###‘##-#

DO 500 NNN=1¢NP

CatL STIFF(IBC9JBC9PRvURqUZvRvaCODEvRESIDvIXoBvAvEPSvTv

1 NUMEL ¢MXBAN2) .
L s Ly a2

® SOLVE FOR DISPLACEMENTS . . 2
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’ *ﬂ'i}{tﬁﬁ%*ﬁ%#&ﬁbé#&é&é%#%&bb#ﬁ§§§§Q§§§Q§&Q§Q§§Q####§9##%*%#*###{?‘}#&‘#4‘###

CALL BANSOL (BsA«MXBANZ)
L2 2 R LRy L 2 T T AT Y R L R T

& PRINT NODAL POINT AND ITS DISPLACEMENT IN R AND Z DIRECTIONS &
T L R R R S AL LI TR LT -T2 R Y
MPRINT=0 )

DO 6002 N=1sNUMNP
IF (MPRINT) 6000,600156000
6001 WRITE(IPRs2006)
i MPRINT=60 '
6000 WRITE(IPRs6003) NyB(2%¥N-1)3B(28N)
MPRINT=MPRINT=-1 )
6002 CONTINUE
IF(NCD.EQ.0) GO TO 499 Co '
IF (NCDoEQo1IWRITE(ICP93016) (NsR(N)sZ(N)sB(2%¥N=1)sB (2N} sN=13NUMNP)
IF(NCD.EQo.2) WRITE(9993016) (NsR(N)sZ(N)sB(2¥N=1) 9B (2%#N) 9N=1sNUMNP)
499 CONTINUE . ) T
#Qﬂ*ﬂ»#ﬂ-#4}#4}#%#QQQ##é%éé*éé#ﬂ'ﬁQé*#%é#ﬁ##:ﬁ*éﬂ-##ﬁ{}f(%é#ﬁ§ﬂ§§§§§§§§§§*§§§.§§§

. COMPUTE STRESSES #
L T L g N S LS T T e Y
501 CALL STRESS(IXSEPS9RESID?B?A9R9Z9CODE9T9NUMEL9MXBANZQSIGXX9SIGYY9
1 SIGXY)

500 CONTINUE
. 600 CONTINUE :

PP F R R T T T TR S I SR P PP S S S PP SR Y
@ IF NSTABLE EQUALS 1 GO TO SUB MAIN AND DO STABILITY ANALYSIS =
B R R g R R g R B B R R I R G g P R R Y

IF(NSTABLENESQO) CALL MAIN(SIGXXesSIGYYsSIGXYsNUMELsIX9RsZaNUMNPS
1 SXX)
IF(ICASE.EQe1) CALL NONCIR(IX3sRoZsSXXsNUMNP¢NUMEL)
IF (ICASE.EQo2) CALL CIRCLE(IXsRsZ»SXXsNUMNP3NUMEL)
RETURN .
B P A S UGN
@ FORMAT STATEMENTS : #
D g g A A G g R B R P R R R R 0 S-S

341 FORMAT(8H MBAND=I4} :

1001 FORMAT (21542F10.0)

1002 FORMAT(IS54F5.,032E15.5)

1003 FORMAT (61I5)

1004 FORMAT (21I55F10,0)

1005 FORMAT (8F10.0)

1006 FORMAT(IS3F15.0)

‘1007 FORMAT (I59¢3E15.4)

1008 FORMAT (% RESIDUAL STRESS INPUT ERRORe N=%14) : ) :

2001 FORMAT(1H1s#*ELEMENT NODE NODE NODE NODE MATERIAL®

l1s/¢% NUMBER 1 J K L NUMBER®#®)
2002 FOPMAT(IS5sF7.09F15.39F13, 392F18 69F14,5)
2003 FORMAT(I6+519931I8+919%) . - :
2004 FORMAT (1H1s#NODAL . NODAL VHORIZONTAL. ‘VERTICAL HORIZONTAL L

10AD VERTICAL LOAD®s/9% POINT CODE COORDINATE COORDINATE
2 OR DISPLACEMENT OR DISPLACEMENT TEMPERATURE®)
2005 FORMAT (29HOPRESSURE BOUNDARY CONDITIONS/ 24H I J- PRESS
1URE ) ' :
‘2006 FORMAT (1H1+#NODAL HORIZONTAL VERTICAL#9/9

1# POINT DISPLACEMENT DISPLACEMENT#)
2007 FORMAT (2163F12.3)
2009 FORMAT (26HONODAL POINT CARD ERROR N=-15).
2010 FORMAT (14HO TEMPERATURE 10X SHE(RZ) 9X 6HNU(RZ)} 11X 4HE(T)
1 10X 5HNU(T) 6X 9HALPHA(RZ) TX 8HALPHA(T) 1SH YIELD STRESS /
2 (F15.,207E15.5)) :
2011 FORMAT(18H0 MATERIAL NUMBER= I3, 30Hs NUMBER OF TEMPERATURE CARDS=
1 I351SHs MASS DENSITY= F12.6 +16HsMODULUS RATIO= F12.6)
3006 FORMAT(3IS)
3008 FORMAT(1H1940Xs10HCUT NUMBER +I3/1H0510Xs354HNUMBER OF NODAL POINTS
1 DEFINING CUT sI4s SXs25HNUMBER OF ELEMENTS IN CUT 514)
3010 FORMAT(1515) - :



3012 FORMAT(1HO-10X925HNODAL POINTS DEFINING CUT 7/(21X91815)7
3014 FORMAT (1HQ:10X915SHELEMENTS IN CUT //{21Xs1515))
3016 FORMAT(ISe2E15.695X92F20.6)
3018 FORMAT (# MAXIMUN BANDWIDTH =#,I5s% TOO SMALL*)
6003 FORMAT(ISHEL1T7o79EL16.T)
END
SUBROUT INE STREJS(IX9EPS#RESIDq89A7R929CODE9T9NUMEL9MXBANZ;SIGXX9
1 SIGYYSSIGXY)
Q%&&Q#&#ﬁ&Q%Qﬁ%%#ﬂ%%ﬁﬁ#%%*&%ﬁé%#é##&%ﬁQ%Q%%%QQQGQQQ*§##§§§*é#*##§é%#§#
#* THIS SUBROUTINE CALCULATES THE STRESSES FOR EACH ELEMENT #
é%ﬁﬂ4%**#&§#ﬁ%*§§§§§¢§§§¢§QQ§§§§§¢§§§§#éé#%%%#Q##*Q**%#%QQ§§§§§%**§§§§
COMMON NUMPCsNCARDsMTYPEsNPsNPPyNENDsNTAPCeNTAPDsNCUTsNRESsMBAND s
. 1 MXBAND ¢ NUMBLK > NUMAPP s MAXPD s MAXPD1 s NEL s ACELZ s ANGF Qs TEMP5Q5 U>s

2 HED(20) sLM{4)sRO(50) s XXNN(50) sANGLE(4)sSIG(10)+sGH(4)sRRR(5)

3 ZZ7(5) ¢S (10610)sP(10)sTT(4)9DD(353)eHH(6:10)sE(238:50)9RR(&)

4 ZZ2(4)9CLas4)oH(6910)9sTP(6) ¢ XI(L0)SEE(T7)sF(6510)9D(696)
COMMON/A/HEDL (10) oHED2(10) s IPRsXCoYCsRADsFSoNCDs» ICASE
COMMON/B/TAPE s NUMPS s JRUNs NUMMAT s NSET s NSTABLE s NUMNP
DIMENSION IX(NUMELvS)9EPS(1)9RESID(NUNEL94)98(1)9A(MXBAN291)9R(1)

1 92(1)96005(1)9T(1)9SIGXX(NUMEL)9SIGYY(NUMEL)9SIGXY(NUMEL)

ICR=5

IPR=6

ICp=7
E-X-X-2-X-X-2-X+R-R-2-L- - E-2-F-2-R-L-2-3-F-2-X-2-2-2-2-F-2-2-2-2-F-T-F-3-2-X-F-2-2-T-2-L-2-2-R-3-3-2-2-2-X-2-2-3-2-2-3-2-2-2-2-2-2-2-2-2-%-
& COMPUTE ELEMENT STRESES' *®
9&#&4%#%%§%QQ%**##GQ&*##Q§§§§§G§§§#§§QQ#ééﬁé%%##ﬁé#%##§#§§§#§*#%§§#**i

HPRINT=0

IX1=1 .

DO 100 I=1510

100 SIG(I)=0,

¢ﬂ§§§§§§§§*§ﬁ%é&&é#*###&ﬁébé#ﬁ*§§§§§§§§§ﬁ¢§§§§§§§§§§§Q§§§§§§¢§%é§§§§§§
&* SET MTYPE POSITIVEs WHICH WAS SET NEGATIVE TO DENOTE THE #
2 -ELEMENT MATRIX HAS BEEN FORMED FOR THAT ELEMENT . S S
E-2-2-2-2-F-2-3-2-2-%-2-2-2-2-F- - -2-F-2-2-2-2-2-2-L-2-3-2-2-2-2-2-2-X-2-%-2-X-2-2-X-X-2-2-2-2-2-2-X-2-2-2-2-3-2-X-2-3-2-2-1-2-2-2-2-3-2-2-2

DO 3006 M=1sNUMEL ’

N=M

IX(Ne5)=TABS(IX(NsS5))

MTYPE=SIX (MNe5)

CALL QUAD(N;VOLvToIX9EP$9R929CODE9NUMEL)

"IX{N95)=MTYPE . ,

§§§§§#§§§§§§§§%Q###&4§¢§§G§#§ﬁé§%§§§§#%#%#b#ﬂ##ﬁ§§§§Gé§§§§#§§§#§§§#§§9

a B IS DISPLACEMENT @
&§§§#§#§§§§§§*§§bé&#&%&#ﬁ#éiééé&ﬁ###ﬁ#§§§§§§§§§§§§§§§§§#§§§§§§§Q%§§#§&
. DO 120 I=194 :
CIl=2%1
JJ=2#IX (Ne 1)
P(II-1)=B(JJ=1)

120 P(II)=B(JJ) :
Qﬁ%“&ﬁ#%%QQ&%QQ#%§Q§§#Q#%#*#%%O#%*%§§§§§4¢#§¢§§#QQ§QGQQ*GQ&###G##%G##Q
#  SOLVE FOR FORCE AT CENTROID RR(1)sRR(2) ARE FORCES AT CENTROID®
§§§§Q§§§§§§§§§*§§§§Q6Q§§*§Q§§§§§§ﬁ§§¢§§§§ﬁ§9#§§§§§§§§§*%§§§§§§§§§9§§4§

DO 150 I=152
RR(I)=P(I+8)
DO 150 K=1+8

150 RR(I)=RR(I)}=5(I+85K)#P(K)

. #*Q#ﬁéﬁ%%ﬁ&&#ﬁQﬁGO##QQDQﬁ#ﬁéﬁﬁﬂﬁﬁﬂQ#GQGQGQ#QG%#&&#QQ*#*§§§§§§§Q§§§§§§§

# SOLVE FOR DISPLACEMENT AT CENTROID BY KRAMERS RULE ° -

. GQQ%Q#QQQQQQQ*%Qﬁé%*é*ﬁé#ﬁ#ﬁé&#%%*é##ﬁQ#Q#QGQQ#Q#*QQQ#9#§§§§§#§§§#QQQQ

COMM=S(953)4%5(10+10)-5(9910)%5(10:9)
IF (COMM) 155,160,155
1565 P{9)=(S(10+10)¢RR{1}=~S(9510)=RR(2))/COMM
P{10)=(~-S5(10¢9)*RR(1)+S5(9:9)2RR(2))}/COMM
B L Ly R T R S e L s e I

LA SOLVE FOR CONSTANT COEFFICIENTS . b

@QQQ#*Q*Q&Q#QG#QQQQGQ#QQ#QQG##Q#Q#Qé#Q#QO%QGQ#Q#§§§§§§¢§9*#§§§§§#§#§#§

160 DO 170 I=156

106



TP(I)=0,0
DO 170 K=1,10
170 TP(I)=TP(I)+HH(IsK)#P (K)
RR(1)=TP(2)
RR(2)=TP (6)
RR(3)=(TP(1)+TP(2)#RRR(5) +TP(3)®ZZZ(5)) /RRR(5)
RR(&)Y=TP(3)+TP(5)
ﬂ*#ﬁﬁﬁ&@é%wﬁ%§§Q§§§§QﬂQb#Q&%Gﬁ%##%waQa#n#%ﬁ#&&éﬁ§§§§§§§§§§§9§§§¢§#§§§&

# SOLVE FOR STRESSES IN RsZsT DIRECTIONS #

§§§§§§§*Q§Q§Q#é####ﬂ&%é%*#%#é#ﬁﬁ##GG%G##é#é9#ﬁGQﬁﬁ#é&QQQQQ%%*Q%#####%#

IF(NP.NE.,1} GO TO 179
§ﬁﬁ§#§§§§&ﬁ§§§§%§o§§#*béaG#Q###%é#§§¢#####4*#9#&§§§§§§9§¢§§ﬁ§§§§#§§§§§

& STRESSES FOR LINEAR MATERIAL ) ’ ®
B R S SR P R B T R R P e N
176 DO 180 I=1,3
SIG(I)=~=TT(I) ¢+ RESID(NoI)
DO 180 K=193 - oo :
180 SIG(IN=SIG(I}+C(IsK)*RR(K) S . -
SIG(4)=RESID(Ns&)} ¢ C(494)%RR(4&) ’ '
DO 185 I=1,4
185 RESID(INGI)=SIG(I)

GO TO 25
L R L ey 2 R TR R A 2 T T TR T
& STRESSES FOR BI-LINEAR MATERIAL ; bt

§ﬁ§§§§§§§§§§§§§¢§§Q%§§§§ﬁQ&#ﬁ*§§Q#QQ%#Q#Q§§§§&%Q#9#%#%*§§§*§§§§§§Q§§§§'

179 DO 181 I=1,3
SIG(I)==TT(I)
DO 181 K=1,93

181 ‘SIG(I)=SIG(I)+C(IsK)*RR(K)
SIG(4)=C(494)%RR(4)

25 IF (NPP) 25142525251

AR g g AR R R g e g R RN SRR R R R R sk KR XL RE -2 L K- R-X-2-2-2-X-2-X-2-2-R-L-%-2-2-2-2-2-2-3-X-2-2-2-X-X-3-%-%-8

& SOLVE FOR PRINCIPAL STRAINS : L

Lo X X 2= R F-ER- R E-RF X R-E-E-T E-X-X-2-2-F-2-R-L-2-E-2-F. F-F-F.X-F-F L. F-L-F-L.32.-L-2-2- 223222222 2-2-X-2-X-2-X.X-2-3.%-X-¥-T.3
251 RR(3)= -(SIG(1)+SIG(2))*EE(Z)/EE(I)
252 CC=(RR(1)+RR(2))/2.0 s e
" CR=SORT( ((RR(Z)-RR(l))/Z 0)#%#2 ¢ (RR(4)/2,0)%#22 )
RR(1)=CC+CR -
RR(2)=CC-CR

§9§§§§Q§*4§*Q#&Q%##%#*§§§§§&*%Q%&##*##ﬁ#ﬁ##ﬁ&§§§§§*§Q§%§§§4§§%§%§§§§6§

# FIND PLASTIC STRAIN . o

[ L L L R T R R R R R R - L TR TR 2 R N T2 T T ey e

EPS(N)=SQRT((RR(1)=RR(2))#%#2+(RR(1)~RR(311#%#2+(RR(2)=RR(3))#%2)
1#0.707/(1.0+EE(2))

Q##%*##ﬁ#%&%&%#Qé%*G%é#%%%G#Q#G%#6*##Q##ééﬁﬁéﬁﬁﬁb*§§§%§§§§§§Q§§§§§§§§§

s CALCULATE PRINCIPAL STRESSES - : 2
E-2-2-2-2-2-R-X R L R-X-FrRo R R F-F R R-F XXX 2-X-F-L- -2 T2 2--X-2-R-F-X-T-2-T-2-X-3-2-F.T-T-T-X-T-L-F-2-2-F-X-E-E-F-F-T-T-L-T-F- -3
CC=(SIG(1)+SIG(2))/260
BB=(SIG(1)=S16(2)) /20,
CR=SGRT (BB#42+S1G (4)#&2)
SIG(5)=CC+CR '
SIG(6)=CC-CR
IF (ABS(BB) o6To1.E~12) GO TO 255
SIG(7)=0.0
GO TO 256 .
255 SIG(7)=28.648%ATAN2 (SIG(4) 9BB)
256 CONTINUE

§§4§§4§§§§§§§&§QGQ%Q#%§§§§§6§ﬁ§Q§*§*ﬁ###é#ﬁ#ﬁ%#ﬁé##ﬁQ#%#é###&##Gﬁ&ﬁ###

@ " STRESSES PARALLEL TO LINE I-J #
99§§§§§ﬁ#Q#Q%§§§Q#G§§§§QQQ%QQ%Q*Q%%QQQG&QQG§§Q§§§§ﬂﬁ“#“ﬂ#ﬁﬁﬁ@##Q#ﬂQﬁ#“
I=IX(NsS D)

J=IX{Ns2)
ANG=2o#ATAN2(Z (N =Z (1) sR(J)=R(I))
COS2A=COS(ANG)

- SINZA=SIN{ANG)
CX=.5¢%(SIG(1)=-51G(2))}
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S1G(8)=CX#COS2A+SIG (4) #SIN2A+CC

S16(9)=2,9CC~S16(8)

SIG(10)=~CX®SINZA+SIG(4)#COS2A
#*&ﬁ-ﬁ*ﬁ-ﬁﬁﬁ'é#QQ&GQQQ%%#&O%QQQ%D#QQQQ&QQQ#Q'&QQ*#Q##“&#Q##ﬁd#ﬁ#é&###é'ﬁ#é#
& MPRINT IS CONTROL TO PRINT HEADING FOR STRESSES “
#ﬁﬁﬁ#ﬁ'#{iQﬂréﬁQQD&&%Q&QQQ*Q?Q#Q##QQQ(}*QQ09#ﬂ##ééﬂ'QQQQ%QG%##*QQQQ####Q#%Q

. 104 IF (MPRINT) 110+105:110
105 WRITE(IPR12000)
MPRINT=60
110 MPRINT=MPRINT-1
##%%'&#Q#{?ﬁ-#é#%#%#ﬁé%#ﬁ#éﬁ#%%%4#47###{}6#%{}{'9#4##%4}&’&6&###%#§§§§§§§§§#§§#
@ STRESSES OF ELEMENTS IN CUT SHOULD BE ZERO @
ﬁ*ﬁ{?#*%éﬁﬁ%%ﬁ{}%Q{?#Q*%#ﬁﬁ**%é*#é###%##%#**##QQQ##QG%###Q##&ﬁ#ﬁ%#&ﬂ#%#ﬁﬁ
DO 5 1=1510
5 IF(ABS(SIG(I))oLTe o1E=10) SIG(I)=0.
305 WRITE(IPR,2001) NyRRR(5)22Z(5)sSIG(1)sSI6(2)sSI6(4)5SIG(S),

1 SIG(6)sSIG(T)
###*#%**Q&ﬁ*##*#Q#Q%Q####&#*###*Q%Q#dQ&%ﬁQ%&§§§§#%%§§§§§#§*#6§*#§#§§§#
® OUTPUT COORDINATES AND STRESSES ON PUNCH CARDS FOR PLOTTING  #
Q#Qﬁ”}##ﬂ'{?*&é&#{és‘?ﬁ##Q##*ﬂi&*##*§§§§%G###ﬁ%é#{?ﬂ%%%%#**ﬁ#é##é###ﬁﬁ#&é###‘uﬁ

IF (NCD.EQ.0) GO TO 700

S16G=SIG(7) o

IF (NCDoEQa1)WRITE (ICP32002) NsRRR(5)92ZZ(5)5SI6(1)+SIG(2)sSIG(4) s

1 SIG(5)5SIG(6)9SIGG -

IF(NCD.EQ.2)WRITE( 99 92002) NyRRR(5)ZZZ(5)¢SIG(1)+SIG(2)SIG(4),

1 SIG(5)sSIG(6)9SIGG

T e L g R R T T 2T T2
L REDIFINE SIG1+SIG2+ AND SIG4 TO SIGXXsSIGYYySIGXY FOR INPUT TO #
® SUBROUTINE MAIN AND STABILITY ANALYSIS. #
R R R L e LA e

700 IF (NSTABLESER.O0) GO TO 300

#SICXX(IXIPRSIGLY) S STGYY (IXI)=SIG(2) $-SBGXY(IXI)=SIG(41
IXI=IXI+1 '
300 CONTINUE

222202 0 E 220 2R AR R B2 R R R Y R R R YR 2R 2 2

L4 PRINT OUT NUMBER OF APPROXIMATIONS #
B L T Ry R R g Y e s S T Ty
NUMAPP=NUMAPP+1 ’
. WRITE{(IPRs131) NUMAPP
320 RETURN
Gﬁ#&b&é#%#ﬁ##é#%ﬁ%###k####*%ﬁ#§§§§§Q&#%Q###Qé#b%é#Q##QQ&*Q#QQ*#%Q#QQ*#
- 'FORMAT STATEMENTS : #
L O AL E T T R Ry Y L T e

:131 FORMAT (% NUMBER OF APPROXIMATION=#,15)

2000 FORMAT(1H1s®*ELEMENT - ELEMENT CENTROID - HORIZONTAL

1 VERTICAL SHEAR PRINCIPLE STRESSES ANGLE TO MAJ
" 20R#9/, - .
3% NUMBER . X=COORDINATE Y-COORDINATE STRESS © STRESS

4 STRESS MINOR MAJOR . PRINCIPLE PLANE®)
2001 FORMAT(164F17:29F16025E14.594E12:5iF16% 2} : ’
2002 FORMAT(I5s2F10. 295F10 49F5 1) :

END .
SUBROUTINE MAIN(SIGXXvSIGYYoSIGXY9NUMEL91X9R929NUMNP95XX)

CREGGHGRG IR HNN RO ENN LSRRGSR RGNS RSEF SRR DRGNS IRGG R GER GGG EENG

#* THIS SUBROUTINE USES THE HORIZONTALs VERTICALs AND SHEAR e
& STRESSESs CALCULATED AT THE CENTROID OF EACH ELEMENT, TO ®
* RECALCULATE THE STRESSES AT THE NODAL POINTS e
& DIMENSION SXX ACCORDING TO THE NUMBER OF NODAL POINTSs 3 L4

R R R R R R R N R L L R R Y
~COMMON/A/HEDY (10) ¢HED2(10) s IPRyXCoYCsRADFSoNCDo ICASE
COMMON/B/TAPE s NUMPS 9 JRUN9s NUMMAT o NSEToNSTABLE
DIMENSION SXX(NUMNPs3) e IX(NUMELsS)9R(1)eZ (1)

DIMENSION SIGXX{(NUMEL) sSIGYY (NUMEL) »SIGXY (NUMEL)
MPRINT=0
P R R R Y Ry L Ty TR R T R T T

#* FIND THE ELEMENTS (N) THAT HAVE THE SPECIFIED NODAL POINT tM) &
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& IN COMMON o CrTmmmm e ’ S T T T T e
Qﬁﬁ#ﬁﬁéﬁkﬁﬁﬁﬂﬁﬂﬂ#&QG#ﬁ#v%%ﬁﬁé#%ﬂéédﬂﬁﬁﬂb*ﬁﬁﬁﬁﬁéﬂﬁﬁﬁﬁﬂﬁﬂ?ﬁﬁ##%#ﬂ###ﬁ#*#
DO 900 M=1,NUMNP
X=0 »
¥=0.
XY=0,
SRX=0,
SRY=0,
RRX=0,
DO 860 N=1oNUMEL .
L 202 1R g 2 R Rl -0 R XX R0 20 1-X-F X2 22 X2 5.1 -2 X-F-F-X-2-F-E-X-2-E-X-2-2-5-2-2-3-F-2-3-2-2-X-F-1-F-3-2-X-F-2-X-3-3-2-X-%- -1

# SET THE I.JsKsAND L NODAL POINT NUMBERS OF THE ELEMENT TO' = &
# INTEGER VARIABLES IsJsKs AND L #
L 2-2-2-X-X-2-2-R-R-L-2-X-2-3-F-R-K-F-2-2-F-2-X-F- 2L X-X-F-F-F-2-F- L-F-2-F-2-F-X-X-2-2-2-F-F-2-3-F-2-X.2-2-F-F-F-3.2-F-L-X-F-3-2-F.3-3: 3 T3

I=IX(Ns1)

J=IX(Ns2)

K=1X(Ns3)

L=IX(Ns4) »
#ﬁ##é#ﬁ%##4##4#§§¢§§§§§§##&é###ﬁﬁ###ﬁ&**G#*Q#éQ#*Q#Q%*%§§§§§§%*§§§§§#§
# DETERMINE IF THE SPECIFIED NODAL POINT IS COMMON TO THE NODAL #
# POINT NUMBERS IN THE ELEMENT BEING SEARCHED #
§§§§#§§§§#§§§§§§§#§§§§§§§*§#§§§§§§§§§§§G#Qé%#ﬁ%%é*ﬁk%*##é#é%#**#%é*é#ﬁ

IFLAG=0 '

IF (KoNESL) IFLAG=1

IF(M=~I) 83098509830
830 IF(M=J) B835+845¢835
835 IF(M-K) 839,85409839
839 IF(M-L) 86098414860

L-2 R XX Rk ek R R R R R R R R R R R R R R R R R R R g R 2R R Rk R A2 R -2 2 2 2-R- 2 X- R k-2 -X-X-X-3-%-2-X-X-2-3-X-3

* IF THE COMMON NODAL POINT DOES NOT OCCUR AS THE FIRST NODAL d
® POINT IN THE ELEMENTS REARRANGE THE NUMBERING ‘'SEQUENCE SO THAT #
# IT DOES #

#é&#ﬁ%#ﬁ%%*ﬁ#ﬁb*%###Gé%%ﬁ####*####%###QQ%%#éﬁ&éﬁ##&##%%ﬁ#*ﬁ##&%####ﬂﬁ#

841 I=IX(Ne4)
L=IX(Ns1)

GO TO 850

840 I=IX(Ns3)
: K=IX{Nsl)
GO TO 850

845 I=IX{(Nq2}
J=IX(No 1)

ﬁ##ﬂ#%#*ﬁ*QQ#G*&#&#%#Q*%%&#G#%%Qﬁ*%%*d4%%#§*§§§Qﬁﬁﬁéﬁﬁﬁﬂéﬁﬁéﬁbﬁﬁﬁﬁﬁﬁﬁﬁ7

# CALCULATE THE X AND ¥ DISTANCES FROM THE SPECIFIED NODAL POINT #
& TO THE CENTRQID QOF THE COMMON ELEMENT ) ®
Y L L e R T R R R R R Y R Y E R R
850 IF(IFLAG.EQ.l) GO TO 851
AA=ABS( R(J)+ R(K)=2.% R(I))
BB=ABS( Z(J) ¢ L(K)=2o® Z{I))
GO TO 852 , ’
‘851 AA=ABS(R(J) +R(K)I+R(L)~35#R (1))
BB=ABS(Z(J)+Z (K)*Z (L) =3.%Z(1))
852 RX=AA/ (AA<+BB)
RY=BB/ (AA+BB)

§§§§*§§4§Q#Q§§ﬁ§§§§§¢§§§§&§§¢4ﬁﬁ%#Q#Qéi#ﬁ&ﬁ#%ﬁ#%#ﬁ#####Q#§§§§§§Q§§§Q#§

® . SUM THE X AND Y DISTANCES FROM THE SPECIFIED NODAL POINT TO  #
@ THE CENTROIDS OF THE COMMON ELEMENTS @
Q##%QQ§§§#§§§#%#Q§ﬁﬁ#%###ﬁ%b####QQQQ%#QQ#Q###G##“§§#§§§§§§§§*§§9§§§§§§
SRX=SRX ¢RX '
SRY=SRY+RY
#‘ﬁ#&i%ﬁé###ﬁQ##&%G#ﬁé#ﬁ?&%&#ﬁ#ﬁ§Q§§§Q§ﬁ§9#§§§*§§Q§§§ﬂ§§§§§6§ﬁﬁﬁ§§QQQ#
e SUM THE WEIGHTED STRESSES (XsYsAND XY) TO THE SPECIFIED NODAL #
& POINT @

.Gﬁ#&#ﬁﬁéédaQQ%4&######%#####Oﬁ&##ﬁ§¢&Qﬁéﬁ6§9§G§§Q#§Q§§§§ﬁ###ﬁ#biﬁ##&ﬁo
K=XeSIGXX(N) #RX
Y=Y<+SIGYY (N} ®RY
XY=XY+SIGXY (N)
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222 2-2-0 R0 R RE- LR 2R 2R 2R 2R 2R -2 R R 2122 5N - 22 -2+ 2.5 1 B2 X-2-F- 5222 -2 R 28 2-2-2. 2.8 2.2 3. 2 .3

# SU THE NUMBER OF COMMON ELEMENTS #
B S R AR R R R RO BRSO R R IR AR R BN R IR IL DR AR IR ARRER
RRX=RRX+1

860 CONTINUE
L 2FE-X-2-2-2-R R R-R-E X R-X-R- LR 2 2 R-X-X-2-X-L-2-2-2-F-F-F-X-F-L-F-2-R-2-F-L-2-2-F-2-2-F-3-2-3-2-F-X:2-2-F-F-F-F-2-2.3.F-F-2- -3

o CALCULATE THE AVERAGE STRESSES AT THE SPECIFIED NODAL POINT L4
" DUE TO COMMON ELEMENTS #
Q%Q%%#ﬁ%%§QQ&%ﬂQ§Qﬂ§#*#99##4#QéQé#%%#%Q##é§#§§Q#G§§#§§Q§§§§§§§§§§§§§§§

X=X/SRX

Y=Y/SRY

XY=XY/RRX
#4&&6&**%%&%*#&&&##%%ﬁé#&%§§b¢§§Q&*Q%§§*§§§§QQ#&#&G*#d#&%ﬂéﬁﬁ#%&*%%%##
L CALCULATE THE MAJOR AND MINOR PRINCIPLE STRESSES AND THE ANGLE #
® TO THE MAJOR PRINCIPLE PLANE AT THE SPECIFIED NODAL POINT = #
f-2-2-2.2-2-3-2- 2 2-2-2-2-2-2-3-L-2-F-F-F- 2. 2-F-F-F-2-L-2-F-3-3-2-2-F-F-3-F-3. F-3:3-F-F-2-X-2-2-2-2-F-3-3-3-3-F- 2.2 7-2-2. - 2. 7. 2. 2 2 2-2-2-3

C=(X+Y)/2, ) ’

RRX=SQRT { ((Y=X)/2,) ##22XY#%2) .

XMAX=C+RRX

XMIN=C~RRX

PA=0.5%57 . 2F96%ATAN(2:.# XY/ (X=Y))
XYMAX= (XMAX=XMIN) /2,
IF(MPRINT) 15291
2 PRINT 125

MPRINT=55

"1 PRINT 1245 (H9X9Y9XY9XMAX9XMINDXYMAXDPA)
MPRINT=MPRINT=-1

901 SXX{Msl)=X
SXX(Me2) =Y
SXX{My3)=XY

PR -2 -X-2-2 R LR R R-q-R-R-2-L-R-R-L-F-X-F X-R-R-X-2-R 28-S F-L-R-2-R-X- 2R 222 R-R-2-2-2-2-2-5- L L X-X-2-2-3-2-2-2-L-2-2-2-2-3-3-2-2-%-2-1

# IF NCD EQUALS.ZERO» NO PUNCHED CARD OUTPUTs IF NCD EQUALS ONEs #
#  PUNCH DATA ON CARDSs IF NCD EQUALS TW0s WRITE DATA ON USER K3
# TAPE s

*ﬁ*#§§§§§#Q§%*%&ﬁﬁé%%#éﬁﬁ##§§§#§§§§*ﬁ%#*%§§*§Q§§§G§§§§§#QGQG§§&%*%Q#*#»-

IF(NCD.EQ.0) GO TO 900
IF(NCDoEQo1)PUNCH 1265 MoR(M)sZ (M) eXsYs XYoXMAX9sXMINSPA
IF(NCD.EQ.2)WRITE( 99 $126) MoR(M) eZ (M) sXoYoXYgXMAX9sXMINoPA
900 CONTINUE
D Y R g S L X 2 R R R L L LR T R TR e R g g g g S
L FORMAT STATEMENTS : &

L-2-2-2-R-2-R-R-X-X-R:-X-2 2-F-F-X-2-X-F-R-X-2-F-R-2-R-L-R-2-2-2-L-F-2-F-L-F-3-X-F-2-F-2-2-2-2-2-2-F-L-L-2-2-L-2-2-2-X-2-2-2-2-3-1-2-2-2-F-X- I

124 FORMAT(I59E150452E12045E140452E12:49F11.2)

125 FORMAT (1H1+®#NODAL HORIZONTAL VERTICAL SHEAR
1PRINCIPLE . STRESSES ANGLE TO MAJOR®9/9% POINT STRESS
2 " STRESS STRESS MINOR MAJOR SHEAR

3RINCIPLE PLANE®)
126 FORMAT(ISs2F10. 295F10049F501)
RETURN
END
SUBROUTINE NONCIR(IX9R929$XX@NUWNP9NUMEL)

§§§#§§§*Q§§%&QQ%&G*#§Q#§ééﬁ#*ﬁ%#%#ﬁ%####QGﬁ#&é##&#&§§§G§§QQ%Q§§Q§§§§§§

* SUBROUTINE DRIVER DNES A PLANE SURFACE STABILITY ANALYSIS *
# USING FINITE ELEMENT STRESSES CALCULATED AT THE: NODAL ‘POINTS @
& OF THE ELEMENTS ALONG THE PLANE SURFACE #

T R R S R R R R R R R e L T s T T R S
COMMON/A/HEDL{10) sHED2(10) 9 IPReXCoYCoRADSFSyNCDo ICASE
COMMON/B/TAPE « NUMPS ¢ JRUN s NUMMAT s NSET ¢ NSTABLE :

COMMON/C/ XP(90)oYP(G0) sSX(90)9SY(90) sSXY(G0) oNEL(90) ¢MAT(90)

1 SHR(90) 9PHI(90) sSHRR(5096) sPHII(50+6)

DIMENSION SXX(NUMNP33) o IX(NUMELS)9sR(1)eZ (1)
idﬁ##ﬁ&%%ﬁ#ﬁ#h##4###6%@##6&%9&#&######*#&##&#%#####0###&#&###&6&9#####

s READ AND PRINT HEADING “
GRBDER BB R U B SRR ORI PE RN PR RGE DR P C RS L BB G E SRR R ORGSR GRCU LT RODRDRO B SEDLE
READ 105 HED2
PRINT 149HED2

110



"PRINT 18
L2 R0 R 2 -2 2 R 225222 2 X2 R R R 2R -2 2. 220 R-2-2-2-2-F-X--2-2-2-2-3-F-2-F-2- 2-%-%.2-2-F-X-2-F-2-2-X-3-3-¥. £
& READ MATERIAL PROPERTIES, COHESION AND FRICTIONs FRICTION IS #
@ READ AS A DECIMALs NOT IN DEGREES o

LR R R AR R R R R R R R R R R R R R R R RN R R R R - X2 205 2 2 22 2R X 2+ 2.2 % -2-2- 3= 2. 2-2-2-2- 2 - X4

READ 119 NSET

PRINT 21s NSET

DO 52 N=1,yNSET

PRINT 15s N

DO 52 J=1ysNUMMAT

READ 139 K9sSHRR(KsN) ¢PHII(KoN)

PRINT 169 K9sSHRR(KoN)sPHII (KeN)
52 CONTINUE

IPR=1
&#ﬁ%#é%%&%#ﬁ#%#%&%é&é%#%&§§Q¢%%%Q§*§§§§%éé#ﬁ§¢§§§§§§§*¢§§§§§§#§§#é&#h§
# READ THE NUMBER OF PLANES TO BE CALCULATED. #

§§§§§§§#§G*§#*%###é#éﬁ#ﬁ#%*&#%#§§§é%ﬁ#%%*####§Q*QQQ###%###&G#*#Q*&##&#

READ 115 NUMPLAN

PRINT 205 NUMPLAN 4
Q%&%*%§§§Q%%&%#é%%§§*%§ﬁ*%%%ﬁ%*##Q&#§%Q##*&#ﬁ*%ﬁﬁ%%ﬁ&#é§QQ§§§§§§§%*§§§
# READ THE COORDINATES OF THE PLANES TO BE CALCULATED - A
L-2-2-2-2-3 2 R R R R R R R R RR - R 2 2 X-E-X-R-2- R 2 2 2-2-X-1-2-E- -2 L-F-2-2-F-X-L-2-2-X-2-2-2-X-X-3-2-2-2-2-2-F-2-2-3-2--F-2-2-F-F-3

DO 100 IP=1¢NUMPLAN

READ 11s NOPLANNUMPS

READ 125 (XP(N)4YP(N)gN=1yNUMPS)

PRINT 14y HED2

PRINT 17, NOPLAN

Qﬁﬁ%%%*#é%&%##*ﬁé**%#QQ*GQQQﬁ%ﬁ#é%ﬁ%###ﬁﬂﬁ%###ﬁGﬁ#%%%##ﬂ##ﬁé######%éﬁ#

# CALL SUBROUTINE CALPST TO CALCULATE THE FACTOR OF SAFETY w
*ﬁﬁ#*&&ﬁ***é*%&%#Q%§§&QQ&9§§§§§**Q*%QQ#Q#%Q#Q%##%Q?Q%#Q##%#ﬁ#ﬁ##&%ﬂ#ﬁ#
CALL CALPST(SXXsNUMELsIXsNUMNPoRo2Z) '
100 CONTINUE

§§§§§§§§%¢§§§§§§#*##Q*Q%#%Q%%*%%QQ§GQﬁﬁéﬁ##Q#*Q*#Qﬁ*i&*##*#éﬁﬁ##*#&#%#

® FORMAT STATEMENTS &

R B G G S R R R R ARG IR RN G DR R R BRI R IR DOBO Y
10 FORMAT(10AB)
11 FORMAT(101I5)
12 FORMAT(8F10.0) .
13 FORMAT(ISs2F10,0)
14 FORMAT(1H1,510A8)
15 FORMAT (/% STABILITY PROPERTY SET NO.#pl12/
1 # MTYPE COHESION ~ FRICTION“)
16 FORMAT(1X9I5¢F12.49F12.5)
17 FORMAT (% PLANE NO.%#513) )
18 FORMAT(#0CASE 1 = PLANE SURFACE STABILITY ANALYSIS#)
20 FORMATU(///% TOTAL NUMBER OF PLANES= #,13)
21 FORMAT (# NUMBER OF STABILITY PROPERTY SETS = #12)
"201 RETURN
END

SUBROUTINE CIRCLE (IXsRoZ9SXXsNUMNPsNUMEL)
B L L R R R I T T LT P22 Y-8

# THIS SUBROUTINE DETERMINES THE INTERSECTIONS OF SLOPES AND #
# FRICTION CIRCLES AND ADJUSTS NEW TRIAL CIRCLES UNTIL A MINIMUM *
& SAFETY FACTOR IS DETERMINED RS

§§§§§*§§§#§¢§#ﬁﬁk#Q#QQQQ%%#§§§§#¢Q§§§§§§§¢G§§§§§§§§§§§§§§§§§§§¢QQ*#§#§
COMMON/A/HED1 (10) +HED2(10) s IPRsXCsYCsRADsFSsNCDs ICASE
COMMON/B/TAPE s NUMPS s JKUN s NUMMAT s NSETsNSTABLE
COMMON/C/ XP(90)3YP(90) sSX(90) sSY (90) sSXY (90) yNEL(90) sMAT(90) o
1. SHR(90) sPHI(90) s SHRR(50+6) sPHII(5056)
DIMENSION SXX(NUMNPs3)sIX(NUMEL9S)eR(1)sZ(1) .
DIMENSION XCC(100),YCC(100)sRR(100)sFSS(100)sXTOP(20)9YTOP(20)5
1 XBOT(20)5YBOT(20)¢XSLOP(30) s YSLOP(30)
(-2 X-2- 2 3-2--2-2-X- X X -X-X-2-R-E-X-R- R 22 K- 2-X-E-L-L-X-E-E-X-L-X-X-X-R-E:-X-E-X-2-X-3-X°2-X-3-F.X-X-3-2-X-X-2-X-X-X-X-2-2-3-2-T-2.3-F.%-1
L@ READ AND PRINT HEADING ~ o
@éﬁﬁﬁbﬁﬁﬁﬁﬁﬂﬁbﬁﬁﬁﬁﬁﬁﬂb##ﬁﬁ§§§§ﬁ%ﬁﬁ#%G406?#QQ§QOQQ#QO##Q#QQ##QQQ&&#QQGQ

READ 14<HED? , : _ .

111



112

1 IMG) ' ‘

IF(IMG-1) 11051115110
111 XINS=XT2 .

YINS=YT2

: GO T0O 112
110 CONTINUE
’ GO TO (11199413941994099403941) 9IMG
112 CONTINUE

#§§§*%ﬁ%*%%&&#%%#%é&%%###*#%%&*&*#*G##6%%&*##4%%QQQ##%&#Q##*G*#G####ﬁﬁ

& DETERMINE IF THE TRIAL CIRCLE INTERSECTS THE SLOPE SURFACE, *
e R T
DO 120 I=2¢yNSLOP
CALL CIRLN({XSLOP(I-1)sYSLOP(I~- 1)9XSLOP(I)9YSLOP(I)9XT19YquXT29
1 YT291IMG)
. IF(IMG=2) 12091219120
121 XINL=XT1
YINL=YT1
GO0 TO 122
120 CONTINUE
GO T0(94191219940994099409941)9IMG
122 CONTINUE

§§§§§§***§ﬁ&ﬁ%%%*%*Q#ﬁ*Q%%ﬁ%#&%%#%%%*&%*%%&ﬁéﬁ§6§§§§Q§§§§§§§§§§§*§§§§§

& CALCULATE COORDINATES FOR ALL POINTS ALONG THE SLIP CIRCLE ~ #
& WITH EQUAL LENGTH OF ARC Cos
L-2-2-2-E-2-2-2-R-F°X-F-R 2 R R-L R D-F-F- LR -F-F-X-L-2-X-X-2-2-2-F-X-X-X-2-X-X-X-2-2-F-2-3-2-L-2-2-2-L-F-2-F-2-2-F-L-T-2-L--L-2-1-2-3-F-3
DX=NUMPS=1 *
NDX=DX '

CHORD=SQRT ( (XINL~-XINS) ##2+ (YINL~ YINS)#*a)-

THETA=2.%ASIN(CHORD/ (2. %#RAD))

TOTARC=RAD#THETA

DARC=TOTARC/DX

DTHETA=THETA/DX

XP (1) =XINS

YP(1)=YINS

XB (NUMPS) =X INL

YP (NUMPS)=YINL

ALPHA=ASIN((YC-YP (1)) /RAD)

DO 140 N=2,NDX

ALPHA=ALPHA+DTHETA

XP (N)=XC+RAD#COS (ALPHA} . : .

YP(N)=YC~RAD®*SIN(ALPHA) - S T - /

140 CONTINUE ) - :

E- 2 2-2-2-2-X-X-X-E-B-X L2 F-L-X-L-F-F B L-X-T-B-F-F-2-X-L-X-F-L-2-2-X-X-X-2 L L -L-L-T-F-F-3-F-2-F-X-T-X-F-T-F-2-L-F-2-F-F-2-2-F-T-T-F-X-T-
& CALL SUBROUTINE CALPST TO CALCULATE THE FACTOR OF SAFETY .
L-2-2-2-F-F-XR-X-F-R-F-R-F-R-R- R XRoR-X-R-E-B-X-LB-B- R R E-X-E-X-F-L-R-F-K-2- XX X-X-X-F-L-F-2-3.3-F-L-2-F-T-F-X-L-F-X-L-T-F-X-T-2-2-F-2.3

CALL CALPST(SXXsNUMELsIXsNUMNPsRoZ)

IF{ISF.NE.0) GO TO 4655

IF(IER.EQa.2) GO TO 4655

FSS(IRUN) =FS

RR (IRUN) =RAD

XCC (IRUN)=XC

YCC(IRUN}=YC
§§§§§§§§§*%%Q%##*Q%GQ###&##G&#####%######ﬁ#ﬂQ##éﬁ####ﬁ##é#ﬁ#é#####ﬂ#ﬁ6
# ADJUST THE TRIAL CIRCLE AND RECALCULATE IF THE SAFETY FACTOR
# IS NOT MINIMUM &
G###ﬁ#%#*%%&6%%%9%#&G§§§§§§Q§é#*QiﬁQﬁﬁ#%ﬂ*#ﬁﬁ#########*##ﬁ§§§¢§§¢§§§§¢

IF (IRUN.EQ.1} GO TO 150

I11=IR -

12=1IRUN

IR=1I2 .

IF(FSS(12) FSS(II)) 15151504152 °
T 151 1S=1S+1}

GO TO 150

‘152 18=18+1
IF({1S.6T.0) IR=I1
IF(IS.EQ.0) IR=I0



153

150

155

L. 2-2-3-2-2-2-2-2-X-2-X- 222222 2SR 2-2-2-2-2-2-2-B-2-2-2-2-2-2-2-3-2 2 -5 2-2-2-2-2-&-2-2-&-E-F-2-0-2- -5 -2-2-2 8- 25 2-4° 5% 23

MODIFY THE TRIAL CIRCLE IF IT IS TOO-SMALL : &

&

IF(IS.6T-0,0R.IB.EQa2) GO TO 153
D=-DELTA '

60 TO 150

D=DELTA

1S=0

18=0

IP=1P¢]

TIPP=1PPel

I0=]R

XC=XCC(IR)

YC=YCC(IR)

RAD=RR (IR) :
IF{IP.LE.3) GO TO 150
IF(IPP.GT.6) GO TO 155
IP=1P~-3

DELTA=DKREST

D=DELTA

IF(IP.EQsl) XC=XCC(IR)=D
IF(IP.EQ.2) YC=YCC(IR}~D
IF(IP.EQs3) RAD=RR(IR)=~D
IRUN=TRUN<+1

GO TO 1053

IER=2

IPR=]

PRINT 359 HED2

PRINT 38 :
PRINT 39s (IsFSS(I)eXCC(I)sYCCUI)sRR(I)oI=1sIRUN)
PRINT 35, HEDZ ’
PRINT 409 XCsYCoRAD

GO TO 1054

L-E-2-2-2-%-2-2 -2 R -2-2-2-2-2-F-2-2-X-2-2-2-2-2-X-E-2-3-2-2-5-2-2-2-X-2-2-2-2-2-2-2-2-2-2-2-3-2-2-2-2-2-3-2-2-2-2-2-2°2-2-2-2-2-2-5:3 -2

940

941

942
943
9431
9432
946

4656
4655

BRSNS R R IS SRR R R R PR OO RN RGP R SRR R RRR BRSNS RSB RRSRRER-
s .
- 22222222 FZX2222-2-2-F-2-F-2-2-3-F--F-1-2-T-2-X-3-3-F-3-3-F-2-3-3-5-3-3-2-2-2-2-2: 2 2-F-2-2-2-X-2-2-2-2-2-2-2-2-13-2-2-2-3-2-8

2
13
14
15

16
21

YL
23

24
30
31
3e
a3
34

DD=0.6%DELTA

GO TO 942

DD=«0.6%DELTA

IF(IRUN.GT-1) GO TO 943
YC=YC~DD

GO TO 944 B

IF (UXSENSE.EQ.5H LEFT) GO TO 9431
IF(IP.EQs1) XC=XC-DD -
G0 TO 9432

IF(IP.EQ.1) XC=XC+DD
IF(IP.EQo2) YCSYC~DD
IF(IP.EQe3) RAD=RAD+DD

GO TO 1085

PRINT 42sIRUN

PRINT 41

FORMAT STATEMENTS Co

FORMAT (# NUMBER OF STABILITY PROPERTY SETS = ®*I2)
FORMAT(IS5s2F10.0) .
FORMAT (10A8) .

FORMAT (/% STABILITY PROPERTY SET NO.%#s12/

1 # MTYPE COHESION FRICTION®)

FORMAT (1X915¢F12.49F1205)
FORMAT (6155 A5)
FORMAT(BF10.0)
FORMAT (B8F10.3)

"FORMAT (4F10.0)

FORMAT (24HOINPUT DATA INFORMATION )

FORMAT (/44HOMUMBER OF POINTS ON SURFACE OF TOP LAYER
FORMAT (/44HONUMBER OF POINTS ON BOTTOM LAYER

FORMAT (/44HONUMBER OF POINTS ON SLOPE BOUNDARY
FORMAT (35HUX-0PN OF INITIAL TRIAL CIRCLE == F1l0.2/

15)
15)
15)

113



PRINT 35, HEDZ2
By L L R R LR R R R R R L T LT T TR e Y
LA READ AND PRINT STABILITY PROPERTY SETS #
e e
READ 219 NSET
PRINT 2 s NSET
DO 52 N=1,NSET
PRINT 159 N
00 52 J=1,NUMMAT
READ 135 KeSHRR(KeN) ¢PHII(KoN)
PRINT 165 KoSHRR(KeN) sPHII(KoN)
‘52 CONTINUE

LY X R R T T TR R R R R T L L LR R RN R R Y 2 2 Y Y Y

& READ AND PRINT THE COORDINATES OF POINTS ON SLOPE SURFACES» #®
® COORDINATES OF INITIAL TRIAL CIRCLE, RADIUS OF INITIAL TRIAL d
# CIRCLEs TRIAL FACTORs AND THE NUMBER OF CHORDS IMN ARC’ -

L-2: 2 2R R B 0 BB R B2 R B2 R-2- R R-2- 1 X R-F-- L X2 RF-2-B-2:2-5-F-F-R- 2 2-E-2-F:2-F-X-2-2-1-2-2-3-2-2-2-2-2-2-2-F-2-2-2-3-2-2-X-1

READ 21s NTOPsNBOTsNSLOPsNUMPSsISFsIPRyJUXSENSE
READ 22¢ (XTOP(I)sYTOP(I)sI=1,NTOP)
READ 22¢ (XBOT(1)sYB0T(I)eI=1sNBOT)
READ 229 (XSLOP(I)9YSLOP(I)s1I= lvNSLOP)
READ 249 XCsYCsRADSDELTA
DREST=DELTA/S5.
PRINT 30
PRINT 31«NTOP
PRINT 23s (XTOP(I)sYTOP(I)sI= 19NTOP)
PRINT 325 NBOT , .
PRINT 23, (XBOT(I)?YBDT(I)gI 1¢NBOT)
PRINT 33¢ NSLOP
. PRINT 23, (XSLOP(I)oYSLOP(I)oI 19NSLOP)
" PRINT 345 XCsYCsRADsDELTAINUMPSgJUXSENSE

IRUN=1
IR=1
IP=1
10=1
iPp=1
IER=1
IS=0
IB=0
D=DELTA
IF(ISFoNE.0O) IPR=1

1053 IF(IPR.EQ.0) GO TO 1054
PRINT 35s HEDZ

1055 PRINT 36
PRINT 379 IRUNsXC9YCoRAD

1054 FS=0,

E-2-2-2-2-R-X- 2 221222 22 2 2R 2 222 2R 2 2R R - 222X R 200 - 2o 8- X8 -2 X222 0-2-2- 222 - 20 -2 20 2-2-2-2-2-2-2-2-2-2-X -]

# IF JRUN EQUALS IRUNs DIMENSIONS WILL BE EXCEEDE09 TERMINATE ®.

& THE PROGRAM . *
B R P B RS g P PRI F T E PRI S SO PRV S LP oY

IF(JRUNGEQ.IRUN) GO TO 4656
B g g g R R R R Y R R R N T R R P -y
& DETERMINE 'IF THE TRIAL CIRCLE INTERSECTS wWITH THE BOTTOM OF «
# THE TEST AREA. IF IT DOESs INCREASE YC BY DELTA : &
R R R g R P A P T TP E RSP T LT T SRR e )
DO 100 I=2.NBOT
CALL CIRLN{XBOT(I=1)9YBOT (I~ l)vXBOT(I)QYBOT(I)VXTleTIOXTZOYTZO
1 IMG)
) IF(IMG=3) 94199419100
100 CONTINUE
L R T R R g R g B R g g g R R Y LR Yy
4 DETERMINE IF THE TRIAL CIRCLE INTERSECTS WITH THE TOP LAYER, g
& IF NOTs ADD OR SUBTRACT DELTA UNTIL IT DOES, -8
&&#99%#&#5¢§§¢u¢&§9§¢¢nqaw¢*¢¢9aﬂ90#?&#0c%&q*éuééﬁoﬁabaﬁqﬁa&#a##éq##ﬁ#
DO 110 I=2,NTOP
CALL CIRLN (XTOP(I-1)oYTOP (I~ 1)oXTOP(I)9YTDP(I)9XT19YT19XTZ°YT29

114



115

"1 35H0Y-ORD OF INITIAL TRIAL CIRCLE == F1l0.2/
2 35HORADIUS OF INITIAL TRIAL CIRCLE -- Flo0.27
3 35HOMODIFICATION VALUE OF ToCommmmme= Flo.2/
4 3S5HONUMBER OF POINTS ON TRIAL CIRCLE- I8/

5 35HOSLOPE DIRECTION=w~evcorecrvccaenew A5)

35 FORMAT(1H1s10A8)

36 FORMAT (/4X9s39HTRIAL NO. X~CENTER Y~CENTER RADIUS)

37 FORMAT(B8Xs1593F10,3) i

38 FORMAT(/74X+49HBTRIAL NOo Sofe X-CENTER Y-CENTER RADIUS )
39 FORMAT(8X+1593F10.25F10.2)

40 FORMAT(36HORESULTS OF MINIMUM FACTOR OF SAFETY 7/

1 27HOCENTER OF SLIP CIRCLE X =" Ff10.37/
2 Z2THOCENTER OF SLIP CIRCLE Y = F10.3/-
3 27HORADIUS OF SLIP CIRCLE R = F10.3)

.41 FORMAT(1SHOEND OF PROBLEM ) S :
42 FORMAT (% PROBLEM NOT COMPLETEDy JRUN(#,I5¢%) ENCOUNTERED®#)
- 5201 RETURN ' . o
- END ) ' ’ :
SUBROUTINE STIFF(IBCaJBCoPRqURqUZoRqZvCODEqRESIDoIX989A9EP59T9 ~
1 NUMELoMXBAN2) -
ﬁ#ﬁﬁ%§§§§§*§§§§§§§&%é#éé#G%%##%%Qé%ﬁ%##ﬁ&%%%é##§§§§§§§§§§§§§§§§¢§§§§§§

& FORM GLOBAL STIFFNESS MATRIX *-
B R 2 2 L L L L L T R P P R R R S P T S Py
COMMON NUMPCsNCARDsMTYPEsNPsNPPsNENDsNTAPCsNTAPD s NCUT s NRESsMBAND

1 MXBAND ¢ NUMBLK s NUMAPP ¢ MAXPD¢MAXPD]1 o NELACELZ ¢ANGFQoTEMP sQoUs

2 HED(20) s LM(4) yRO(S50) ¢ XXNN(50) g ANGLE (4)SIG(10)9GH(4)sRRR(5)

3 2ZZ2(5)eS(10s510)sP{10)sTT(4)9sDD(393)9sHH(O6910)sE(298950)sRR (&)

& ZZ(4)9C(434)sH(Os10)sTP(6) s XI(10)sEE(7)sF(6310)9D(656)
COMMON/A/HEDI (10) ¢HED2(10) s IPReXCoYCoRADIFSsNCDs ICASE
COMMON/B/TAPE ¢ NUMPS ¢ JRUN¢NUMMAT o NSET s NSTABLE ¢ NUMNP
DIMENSION IBC(I)GJBC(1)9PR(1)9UR(1)BUZ(I)QR(I)OZ(I)OCODE(1)9

1 RESID(NUMEL?I)QIX(NUMELQS)98(1)7A(MX8AN291)PEPS(l)ﬂT(l)

ICR=5
IPR=6
i1cp=7

§§§§§*§Q*%%é#*§§§*§§§§§§§6*§§§§§§§§%é%#é#&§§§§§§§§§§§§§§9§§§§§§§§§§§§§

8 INITIALIZATION &
G#ﬁ*###§%§§#%#§§&##ﬁ####%GG%####**&Q#éé###éﬁ%#§§#§§§9§§§§§§§§#§§§§§§§§

NTAPB=40 A

REWIND NTAPB

REWIND NTAPC

ND=MBAND

NB=MBAND/2

-~ ND2=2%ND

STOP=000

NUMBLK=0

DO 50 N=1o¢ND2

BIN)=0,0

DO 50 M=1,ND ; . ~ .

50 A(MsN) =060 : ‘ s
#QQQ%G§§§§§§§QQ§éﬁﬁﬂﬁééééiééﬁﬁﬂﬁﬁ#%%G##éé###%#&Q#Gé#éﬁQ%ﬁﬁb#*##ﬁ##“ﬂ#%
FORM STIFFNESS MATKIX IN BLOCKS
NUMBLK IS NUMBER OF THE BLOCK OF THE STIFFNESS MATRIX
NH IS LAST ELEMENT OF NEXT BLOCK
NM IS LAST ELEMENT OF BLOCK IN QUESTION
NL IS FIRST ELEMENT OF 8LOCK IN QUESTION
KSHIFT IS THE AMOUNT THE DIAGONAL OF THE STIFFNESS MATRIX
MUST BE SHIFTED FOR THE STORAGE IN THE FIRST COLUMN
P2 XT3 X-F-X-R. - XX F-F-R--F-F-L-F-L-3.2-L-2-2-L-L-2-2-X-F-F-E-X-2-2-3-2-2-L-5-2-2-%-L-L-F-2-F-F-F-T L. 2-F.2-3-F-F-2-F-2-3-2-F.X.2.7.¥.3

60 NUMBLK=NUMBLK+1

NH=NB® (NUMBLK*1)
NM=NH=NB

NL=NM=NEB+1
KSHIFT=2¢NL=2

‘DO 210 N=1sNUMEL

IF (IX(N»S)) 2105210965

RN EE
TR RN XN



65 DO 80 I=ls4
R R T L e

* TEST TO SEE IF THE ELEMENT CONTAINING THE NODAL POINT IS *-

& STORED IN THE BLOCK BEING FORMED - &
L R R T L L L L LR R R L R g e g g g g g 4
IF (IX(NsI}=NL) 80570,70
T0 IF (IX(NsI)=NM) S90,90+80
80 CONTINUE

‘60 TO 210 .
B O R A G S S R S G R R R R R R R S R R O R G R E AR SR TR O R R B RO E BB BOED
& CALCULATE QUADRILATERAL ELEMENT STIFFNESS MATRIX &

'§§§*§§QQ§§§§D*%Q#&%%%&#%%*éﬁ#*ébﬁ**ﬁé&%QQQﬁﬂﬁﬁébk*%Q&é*%ﬁ?%ﬁ*#§§§§§§*#

90 DO 85 I=144

85 SIG(IY=RESID(NsI)
CALL QUAD(N9VOL9T9IX9EP59Rv29CODE9NUMEL)
IF(VOL) 14291425144

142 WRITE(IPR-2003) N
STOP=1.0

146 IF(IX(Ne3)~IX{Ne4)) 14591659145

'§§§§§§§*G§§§§§§§§Q*é#ﬁ#ﬁi#§§§§*§§**%4%%#4***?###&&§§¢§#§§§§§§§§Q§§§§§§

& REDUCE QUADRILATERAL STIFFNESS MATRIX T0O B%8 BY GAUSSIAN’ &
# ELIMINATIONs, S = STIFFNESS MATRIX FOR ONE FINITE ELEMENT w0
& P MATRIX OF FORCES ON ONE FINITE ELEMENT S

R L Ly g Ry Y L Yy T Y

145 DO 150 II=159
CC=S(I1510)/5(10510)
P(II}=P(I1}=CC®*P (10}
DO 150 JJ=1+9

150 S(ITeud)=S(11s4J)=CCH¥S(105UJ}
DO 160 11=1,8
CC=S(I1+%)/5(9,9)
P(II)=P(II)~CC*P(?2)
DO 160 JJ=1+8

160 S(IIvdJ)—S(II9JJ)-CC“S(99JJ)

"Q§§§§§%§#éQ*§§§Q&éé#é#%G#&%%é&%%#§§§§§§**%%%%66#6§§#§§§#§§§§§§§§§§*§§*

- ADD ELEMENT STIFFNESS TO TOTAL STIFFNESS - . -

§§§¢§§§§Q&§§¢§§*§§§§§§G§*&§i*§§§%ﬁ%é%éﬁ%%%ﬁ§§§§§§§§§Q§§§§§§§§§§§§§§§§§
165 DO 166 I=1,4
166 LM(I)=2%IX(N;I)=2
DO 200 I=1s4
DO 200 K=152
II=LM(I)+K=-KSHIFT
. KK=2#I=2¢K
“B(ITI=B(II)*P(KK)
DO 200 J=1lo4
DO 200 L=152
JJSLM () ¢L-TI+1-KSHIFT
LL=2#g=2eL
IF (JJ) 20052005175 ‘
ﬁ##ﬁ§§§§*§§Q§§#&éé#ﬁ&Q%#Q&Qﬁ#§§§§§§§§§§§§§§§64§§§6ﬁ#*ﬁ#ﬁﬁ#é*#ﬁ#ﬁﬁﬁ##Q?
# TEST TO SEE IF THE BANDWIDTH EXCEEDS ALLOWABLE LIMITS R
-2 2-X-2-2-2-2-2-%-2-2-2-2-2-2-3-2-F-F-2-2-F-F-2-2-R-2-5-2--X-L-R-L- X2 F-2-2-L-2-2-2-L-B-X-2-3-2-2-2-3:2-X-2-2-2-2-2-3-2-2-2-2-1-2-3-2-1-3
175 IF (ND=JJ) 180:1954195
180 WRITE(IPRs2004) N
. STOP=1,0
G0 TO 210
195 A(JJsIII=A(JJIsII) ¢S (KKsLL)
200 CONTINUE
210 CONTINUE

9§¢§§9§§§§§#QQ§##*###*%%%#&Qﬂ#%6##%G##%#*Qﬂﬁ%#*Q#%Q*Qﬁb#%G#éﬁQﬁQ#ﬁ#ﬁ##
s ADD CONCENTRATED FORCES WITHIN BLOCK ®
G§¢*§§§§§§§§§§§G§§§bQ##*é%####%§§*?QQQQQQ6%###4#%#0#%#####*%§§§§§§§9§&
. DO 250 N=NLsNM
K=2¥N~KSHIFT
BK) =B (K) +UZ (N}
250 BIK=1)=B(K=-1) +UR(N}

116



117

S L R R R A R R R R R R SR P R Sy
# BOUNDARY CONDITIONS &
4 - CONVERT PRESSURE FORCES TO POINT FORCES WITHIN BLOCK &
e L L R R R L L L R R g R R A G g g g g g g g S T T T T T ]
IF (NUMPC) 26043100260
260 DO 300 L=1sNUMPC
I=IBCI(L)
T JEJBC(L)
PP=PR(L) /6.
DZ=(Z(I)=Z2(J))#PP
DR=(R(J)=R(L))#PP
RX=2.0%R (1) +R(J)
ZIX=R(I}+2.0%R ()
IF (NPP) 262926449262
262 RX=3.0
ZX=3.0
. 264 II=2%]-KSHIFT
JJU=28J=-KSHIFT
IF (I1) 280+9280¢265
265 IF (1I-ND) 270,2704+280
270 SINA=0.0

COSA=1,0 .
D2-2-2 00 R AR 2k a2 2 R R bR - R R kR R R R R X - 2R R -2 22 X2 2-F-2-2-2-2-2-2-2-2-2-2 X X-2-2-3-2-2-2-3-1-2- 8
L CODE(I) MNEGATIVE MEANS MAGNITUDE OF AN ANGLE IN RADIANS #

LR 2220 8- R o R R o R R R R 2R A RS g RS- X2 R k-2 R -R- R 22 -2-0 2.4 2-2-2-2-2-2-4-2-2-2-X-£-%-2-2-2-2-2-%-2-L-2-2-]

- IF {CODE(I))..271s2729272
271 SINA=SIN(CODE(I))
COSA=COS(CODE(I))
B R T SRR

* .CHANGE TO R DIRECTION &
ey Ly L T R R Y L T e T YT
272 B(I1I-1)=B(II-1)%RX®#{COSA¥*DZ+SINA®DR)
B(II)=B(II)=-RX#(SINA#DZ~-COSA#DR)
280 IF (Jd) 300:300+285
285 IF (JJ=-ND) 290+2905300

##Gﬁ##§*§§*§§§§§§%§§#§#Q§§§GQQQ####bﬁ###QQﬁﬁ##&###G*Q#%b&#ﬁﬁﬁ#&ﬁ#ﬁ##&ﬁ”

# - CHANGE. TO Z DIRECTION : T
§§§#§§§§*§§§§§Q§§§§§Qé%%éﬁ%##*##é&§*#§§*QQQG#46##§§§§§§§§§§§§§§§§§§§§§ )
290 SINA=0.0 - :
COSA=1,0
IF (CODE(J)) 29192925292
291 SINA=SIN(CODE (J}}
COSA=COS (CODE (J))
292 BlJJ=1)=B(JJ=1)+ZX#* (COSA®DZ+SINAZDR)
B(JJ) =B (JJ) =ZX# (SINA*DZ~-COSA®DR)
300 CONTINUE : A
P 2-2-2-2-F-F-B-F-3: - X2 2-X-2-F-F-2-2-F-F-F-2-3-2-2:2:2-2-2-F-T-2-F-2-3-F.F-F-2.- .- 3. - .- F-2-F-2.2-F-2-F.3-F-F.¥-L.3-F.2-F.%. - 2.2-3.F- 3.3
@ DISPLACEMENT BOUNDARY CONDITIONS WITHIN THE BLOCK
# CODE=0 SPECIFIED R LOAD AND/OR Z LOAD . o
@ CODE=1 SPECIFIED R DISPLACEMENT AND/OR Z LOAD
& CODE=2 SPECIFIED R LOAD AND/OR Z DISPLACEMENT
-3

* 2R

. CODE=3 SPECIFIED R DISPLACEMENT AND Z DISPLACEMENT -
L-X-X-2-X-F-2-X- 3R XXX L X - F-F. 22 2-F-2-2-F:2-2-2-2-2-X-2-X-X-2-3-F-T-2-2-F-X-2-2-F-F.X-L-X-X-F-T-2-3-X-F-F.3-X-F-2.2.2-F-3-3-F-%-2-F-3.3
310 DO 400 M=NLoNH : ' '
IF (M=NUMNP) 31593159400
315 U=UR(M)
N=2#M=1~KSHIFT
o IF (CODE(M)) 39044000316
316 IF (CODE(M)=1,) 317+370+317
~ 317 IF (CODE(M)-2.) 31893%0,318
318 IF (CODE(M)=3.) 390,380,390
370 CALL MODIFY(AsByND2oNoUsMXBANZ)
-~ 60 TO 400
380 CALL MODIFY(AsByND2sNsUsMXBANZ)
390 U=UZ (M)
N=N¢1l



CALL MODIFY(AsBoyND25NsUsMXBANZ)

400 CONTINUE :
“#ﬁﬁ?ﬂ%ﬁQQQ##*Qb%éﬂ##ﬁ##ﬂ#*§§§Q§§Qﬁ##éQQQ&GQQ#§§§Q§¢§QQ§¢Q§§#§*Q§§§§QQ
@ WRITE BLOCK OF EQUATIONS ON TAPE AND SHIFT UP LOWER BLOCK -  #
[-2- 8- 2: e R-FeRoFak-R-F-E B R R R R 22 22 -2 R-2-F-X X+ 3- R - F-2-F-R-F-E-R-F-F B L L2 - F-F R R X R-R-L- - 2-F-2-2-F-2-2-2-X-X-F-

BUFFER OUT (NTAPCs1) (A(ls1)sA(MBANDsND))
BUFFER OUT (NTAPBs1) (B(1) 9B (ND))
IF(UNIT(NTAPC)) 4105405405

405 PRINT 2022

STOP
410 IF(UNIT(NTAPB)) 41554055405
415 CONTINUE

DO 420 N=1sND

K=N+ND

B (N) =8 (K)

BIK)=000

DO 420 M=1sND

A(MIN) =A (MsK)

420 A(MsK)=0.0
L-2-2-2-2-2-2-2-2-2-X-X-L- 2 X:X-X-X-X-F-L-2-L-F-X-X-F-X-2-F-T-F-L-X-X-L-2-L-F-2-X-E-L-2-2-2-X-X-L-Z-2-F-L-F-2-F-F-L-F-2-2-5-X-X-3-L-F-2-2-%-3
s CHECK IF ALL THE NODAL POINTS BEING FORMED IN BLOCKS 1 e
ﬁ*###ﬁ%ﬁ%é#ﬁ##%%#ﬁ&%ﬁ%##é#%Q#§G%#Qb#%Q*&##9%%###%#%4%##9%*#*&##%##4*%#

IF (NM=NUMNP) 6044805480

480 CONTINUE
Qﬁﬁ#ﬁﬁ#%%é#&#%§§b*Q*ﬁ#*QQ#G§§%##§§§§§¢§§*§§§§§§§G§§§§§*§§§#§§%§§§§§§§§
© CHECK FOR ERRER IN PROGRAM . - #
G#ﬁ#§*§§§§§§*%*§§§%Q#%é%%%##%%Q&#Q%*%Q##é%#*#ﬁ*#%ﬁ##%##*#?*#Q#ﬁ#i##ﬁ#ﬁ

IF(STOP) 49055005490

690 CALL EXIT

500 RETURN

L-2-2-2-X-2-R-R-X-X-X-2-2-3-2-2 L £- LR B2 2R X2 R0 X X2 L2 2-K-2-2-X-2-X-L-£-2 -2 X-L. E-R-2-2-2-2-X-2-X-2-2-X-2-2-2-2-X-2-2-% X

bl FORMAT STATEMENTS o

'vGﬁ#i§§§§§§§*§Q§§§§§4*§§§§#§§§§§§§&%Q%Q%Q%##*#éﬁﬁ##&##§¢§%§§§§§§QQ§§Q*Q

2003 FORMAT (26HONEGATIVE AREA ELEMENT NOe. T4) .
2004 FORMAY (29HOBAND WIDTH EXCEEDS ALLOWABLE 14)
2022 FORMAT (% PARITY ERROR ON BUFFER OUT#)

END

SUBROUTINE SYMINV (AsNMAX)

%##ﬁ*%ﬁ##*§§§§§#§*%#Qﬁ##%%%#&ﬁé&%é*QQ#QQﬁ########ﬂ##@éé%é####*##ﬁﬁ#é##

& INVERT MATRIX NMAX IS SIZE OF MATRIX 7O BE INVERTED &
B A R R R LA L e
DIMENSION A(494)
DO 200 N=1sNMAX
D=A(NsN)
DO 100 J=1,NMAX
100 A(NsJ)==A(NsJ)}/D
DO 150 I=1sNMAX
IF(N=-I) 11091504110
110 DO 140 J=19NMAX
IF{N=J) 12051400120
120 ACIed)=A(Tsd)«A(ToN) #A(NOJ)
140 CONTINUE
150 A(IsN)I=A(IoN)/D
A(NeN)=1,0/D
200 CONTINUE
© RETURN
END
SUBROUTINE INTER
P Y Y LN R R R R R R R L L T T T R R T T R TP
* NUMERICAL INTEGRATION OVER TRIANGULAR ELEMENT . @
Ty Ry L R R L 2T e e e L,
COMMON NUMPCyNCARDsMTYPE¢NPoNPP s NENDsNTAPCyNTAPDsNCUTsNRESsMBAND o
1 MXBAND 9o NUMBLKsNUMAPPoMAXPDsMAXPD1 yNELsACELZy ANGFQs TEMPsQoUs
2 HED(ZO)vLM(4)vRO(50)vXXNN(SO)9ANGLE(4)@SIG(10)9GH(4)¢RRR(5)V
3 Z272(5)95(10910)sP(10)9TT(4)s0D(303)9HH(65120)9E(2+:8950)9RR (&)
4 ZZ€4)sClA94)9H(H6910) 9 TPIO) o XI(10)9EE(T) sF (00ilU)oD(OEsH)

118



COMMON/A/HEDL (10) «HED2(10) 9 IPReXCsYCoRADsFSINCD» ICASE
COMMON/B/TAPE9NUMPS9dRUNvNUMMAT9NSET1NSTABLE@NUMNP
DIMENSION XM(6) 3R (6)Z2(6) XX (6)

LR B2 22 R R R KRR R R R R R R R R R R R R R 22 R R- R R R R -2 R-2-R-2-2-F-K-2-2:-2-X-F-X-2-2-F-X-2-X-3-X-T-2-3- F- 3]

$*

SET INTEGRATION FACTOR 3
R Ry L T AR T R R g Y T L L T T T

XX{1) = 1.0

XX(2) = 1.0

XX(3) = 1,0

XX({4) = 3,0

XX{5) = 3.0

XX(6) = 3.0

g R R R R R Ry R R R R e R 22T s 2 s R L N

%

FIND AREA OF TRIANGULAR ELEMENT #

L R-2-2 K22 222X R L 22X 2 B2 2 B-K-2-R- 122222 2-2-F-X-2-2-2-R-X-X-5-2-2-2-X-2-2-2-2-X-2-£-3-2-2-3 L2 2-X-2-2-2-3-X-2-2-T-3

20
30

35

50

100
150

1200

COMM=RR(2) % (ZZ(3)=ZZ (1)) +RR (1) #(2Z(2)=ZZ(3)) +RR(3) % (ZZ (1) =ZZ 1?1}
COMM=COMM/ 240 0

DO 20 I1=1410

XI(I)=0,0

IF (NPP)2006305200

CONTINUE

R(1)=RR(1)

R(2) =RR(2)

R(3)=RR (3)

R(4)=(R(1)+R(2)) /2,
R(5)=(R(2)+R(3))/2,
R(6)=(R(3)«R(1))/2,

Z(1)=22(1) -

2(2)=22(2)

Z(3)=22(3)

Z04)=(Z(1)«Z(2))/2,
Z(5)=(Z(2)+2(3)) /2,
Z(6)1=(Z(3)+2(1))/20

DO 35 I=1,6

XM(I)=XX (1) #R(I)

DO 50 I=1510

XI(I}=000

DO 100 I=1+6

XI(1)=XI(1)+XM(I)
XI(2)=X1(2)+XM(I)/R(I)
XI(3)=XI(3)+Xt(I)/(R(I)#82)
XI(4)=XT(4)+XM(I}#Z(1)/R(I)
XI(5)=XI(5)+XM(I)}#Z (1) /(R(I)#52)
XI(6)=XI(6)+XM(I)#Z (1) 422/ (R(I)%=2)
XI(7)=XI(T)+XM{T)#R (1)
XI(B)=xI(8)+XM(I)*Z(I)
XI(9)=XI(9) ¢XM(I)#R (1) ##2
XI(IO)—XI(10)+XM(I)#R(I)“Z(I)
CONTINUE

DO 150 I=1+10

XKIC(I)=XI(I)#COMM

RETURN

XI(1)=12,%COMM

XI(7)=4,%COMM® (RR(1)+RR(2) ¢RR(3))
X1(8)=4,#COMM® (ZZ (1) +Z2(2)#2Z(3))
RETURN

END

SUBROUTINE MODIFY (AeBsNEQsNoUsMXBANZ)

,6§§§§§9§§¢§§§¢§§§¢%%Q§§Q#¢Q#§QQ¢§§Q#Qbﬁﬁ#&ﬁ%#GQ#G#}#QQG%#Q#QG###Q##*QG

&
&

MODIFY STIFFNESS MATRIX A AND LOAD MATRIX B FOR SPECIFIED #
DISPLACEMENT ®

§0¢§§§§§§§§ﬂﬁﬁééé%%%&@iibi#é#Q#G##GéQQGGQ#6#%%&##########ﬁ#%ﬂﬁ%##b#o##

COMMON NUMPCvNCARDvMTYPEvNP9NPPoNENDvNTAPCvNTAPD9NCUTnNRESoMBANDy

1 MXBANDsNUMBLK s NUMAPP ¢ MAXPDoMAXPDY s NELLoACELZ ¢ ANGF Qs TEMP
COMMON/A/HEDL (10) oHED2(10) 9 IPReXCoYCoRADSFSeNCD9s ICASE
COMMON/B/TAPEvNUﬂP59JRUNQNUMMAT9NSET?NSTABLE&NUMNP :

119.



DIMENSION B(1)sA(MXBAN2s1)
DO 250 M=2;MBAND

K=N-M+1

IF(K) 23542355230

LR g R 2Rl R R g R R R R R 2 AR R R R R R R R X2 R -2 R 2 R L X2 R R 2 2R -2 2.2 X0 R -2 2022 -2 R 2 - 2-X XX

@ IN THE 2 BLOCKS BEING SOLVED, SUBTRACT THE FQRCE DUE. TO *:
# SPECIFIED DISPLACEMENT AND SET ALL STIFFNESS MATRICES DUE TO- #
# THIS SPECIFIED DISPLACEMENT TO ZERO il

L Y e R R T R R R LT 2 R 2 R Y )
230 B(K)=B(K)=A(MsK)H*U
A(MeK)=0,0
235 K=N+M-1
IF (NEQ=K) 25092405240
240 B(K)=B(K)=A(MsN)*U
A(MyNI=0,0
250 CONTINUE

%ﬁ#éﬁﬁﬁ*%*%%*###%&é&4##5§§§§%#%#Q#%%Q*#&%ﬁ§§#§§§%###ﬁ#%##&ﬁ#%ﬁ####é%#é

L SET STIFFNESS TERM ON MAIN DIAGONAL DUE .TO THIS SPECIFIED #:
#* DISPLACEMENT 70 1 AND SET THE DISPLACEMENT AT THE POINT BEING &
# CONSIDERED TO ITS SPECIFIED DISPLACEMENT -
D L L R L L L S e T L L e L L L LT LT ey

AlloN)=1,0 :

B(N)=U

RETURN

END

SUBROUT INE BANSOL(B?AVMXBANZ)

COMMON - NUMPC?NCARD9MTYPE9NP9NPPQNEND9NTAPC9NTAPD?NCUT?NRES?MBAND9
1 MXBANDsNUMBLKsNUMAPP s MAXPD o MAXPD1 sNEL s ACELZsANGF Qs TEMP9QoU
COMMON/A/HEDL (16G) s HED2(10) s IPR9XCoeYCsRADsFSsNCDs ICASE
COMMON/B/TAPEvVUMPS9JRUN9NUMMAT9NSET!NSTABLEVNUMNP

DIMENSION B(1l)sA(MXBANZ2s1)

_ "EQUIVALENCE (MMsMBAND) _
9#%%#%%*%***4&#%§%§§§*§QQQQ%ﬁﬁ#%é##%§§&*#Qb§#Q*##ﬁ#%#*#ﬁ§§§§*§§§§§*§§ﬁ

& REWIND TO INSURE RECORD ON TAPE BEGINS AT LOAD POINT AND IS - #
# READ STARTING AT THE LOAD POINT .
#§§§§Q**§§§*§§**%§§§§§§**4*%¢§#§§§§§§§¢#6ﬂ%Qééﬁ#ﬁ#ﬁ#ﬁ####ﬁ#ﬁ###ﬁ#&ﬁ##ﬁ
NTAPB=40 :
NTAPE=43

REWIND NTAPB
REWIND NTAPE
. REWIND NTAPC
"REWIND NTAPD
NN=MBAND
NL=NN+1
NH=NN+NN
NB=0
GO TO 150
###4###§§§§%%%##&%%%ﬂ4##4%#%4*#*##*##*&%#####*ﬁ#%##%#&é########§§§§§§§
® REDUCE EQUATIONS BY BLOCKSs FIRST SHIFT BLOCK OF EQUATIONS #
§§§§Q&%**Q#&Q%QQ%*&Q§§¢49**#é%%##§QQ%Q#%&#§§Q§§Q%¢ﬁ#§§§§§§###§§§§§§§#§

1100 NB=NB+}

DO 125 N=1,NN
“NM=NN+N

B (N) =B (NM)
B(NM)=0,0

DO 125 M=]1.MM
A(MsN)=A(MsNM)

125 A(MoNM)=0,0
§¢§§§§§§§§§§§§§§§§§§§*&#QQ*##Q%###QQ#&G##QG#§§§¢¢§§###ﬁﬁ#bﬁﬁb#ﬁ##&##}#
o READ NEXT BLOCK OF EQUATIONS INTO CORE So®
ﬂQGQ§§§b#*Qdaéﬁéﬁﬁﬁ#%Q#&Q#4%##ﬁ%QQ%&#&#§9G§#§#6#¢#§§#§§§#§§¢§§¢#9§#¢9¢

) IF (NUMBLK-NB) 15092005150

150 BUFFER IN(NTAPCs1) (A(LsNL) oA (MMoNH))

. BUFFER IN(NTAPBs1) (BANL)9B{NH))
IF(UNIT(NTAPC)) 17051605165
160 PRINT 2000

120



121

"SToP
165 PRINT 2050
sToP
170 IF(UNIT(NTAPB)) 180:1605165
180 CONTINUE
IF (NB) 20091005200
L R g g g Y L T L R L L L L L L L L R R R R R R R R R g g
# REDUCE BLOCK OF EQUATIONS #
#*Q#é&@#&##&%ﬁﬂ%*é§§§QG%GQﬁ*#ﬁ#ﬁ#&#####&#*ﬁﬁ*Qé*#%##%#%b#QQ#&#*Q&&#Q#Q
200 DO 300 N=1oNN
] IF (A(lsN)) 22593009225
225 B(N)=B(N)/ZA(1N)
DO 275 L=2sMM
IFCA(LeN)) 23092759230
230 C=A(LyNI/ZA(LleN) .
: I=N+L~1"
J=0
DO 250 K=LoMM
J=J+l
250 AlJsDI=A(JsI)=CRA(KN)
B(I)=B(I)=A(LsN)#B (N}
A(LsN)=C
275 CONTINUE
300 CONTINUE .
N L R L R L L R E R g R g T T L 2 e e LI Y
# WRITE BLOCK OF REDUCED EQUATIONS ON TAPE 14 *
L L T T R R R R g g R L L L L L L v ey
IF (NUMBLK=NRB) 37594009375
375 BUFFER OUT(NTAPDs1) (A(2+1)9A(MMoNN)})
BUFFER OUT(NTAPEs1) (B(1) 9B (NN})
IF(UNIT(NTAPD)) 41094059405
405. PRINT 406
STOP ) )
410 IF(UNIT(NTAPE)) 41544059405
415 CONTINUE

GO TO 100 .
Ly T TS
& BACK~SUBSTITUTE . L

ﬁ#ﬁ%###%éﬁ#é#§§§*ﬁé#######§§§§§§§§§Q&#ﬁQﬁ#ﬁ###ﬁ###ﬁ###%Q&%é%####ﬁﬁ%ﬁ#ﬁ
400 DO 450 M=1oNN
N=NN<+1=M
DO 425 K=2¢MM
L=N+K~=1 }
425 B{N)=B(N)=-A(KsN)®*B (L)
NM=N+NN
B (NM) =B (N) .
450 A(NBoNM) =B(N)
NB=NB~1
IF (NB) 47595000475 -
Qﬁ‘ﬁﬁﬁ'ﬂ'ﬁ‘##ﬁ'ﬁ#%%bﬁéﬂQ¢§§§#§§§§§§§GG§#Q§Q##Q%##Q%%Q##QG#%#QQ##%*§§§Q§§'§§§
& BACKSPACE CAUSES THE SPECIFIED TAPE OR DRUM T0O BE POSITIONED #
L AT THE BEGINNING OF THE LOGICAL RECORD LAST WRITTEN OR READ d
Q‘Gﬁ##ﬁéﬁéé%%ﬁ%%GQ*G%&{}Qﬁ'§{$§§Q‘§#QQQ#*&##%Q%QﬁﬁQ’ﬁQ%#Qﬂ'ﬁ*##ﬂ'ﬂ‘d’ﬁﬁﬁ'ﬁ##*’ﬁ’ﬁ
475 BACKSPACE NTAPD '
BACKSPACE NTAPE
BUFFER IN(NTAPDel)(A(qu)qA(MMoNN))
BUFFER IN(NTAPE,1) (B(1) B (NN))
IF(UNIT(NTAPD)) 48091600165
480 IF(UNIT(NTAPE)) 49001605165
490 CONTINUE )
BACKSPACE NTAPD
BACKSPACE NTAPE

G0 TO 400 :
ﬂéoﬂaaéaﬁuﬁaoq&ooa&aoabaﬁoﬁq&«@o&*&«#»qq#u49%ﬁ#cbﬁqeaobqoo&##ﬁ##no#@o#
# ‘ORDER UNKNOWNS "IN B ARRAY 2

#ﬂ#é#@&ﬁ&#k##&#####bﬁﬁﬁéﬂﬁGﬁ#é@ﬁﬁ*ﬁﬁﬂéﬁ#iﬁQQGQGQQQQoﬁﬁiﬂﬁiﬁﬁﬁﬁiﬁﬁﬂﬁﬁﬂﬁ



500 K=0
DO 600 NB=1sNUMBLK
DO 600 N=1,oNN

NM=N+NN
K=K+1 ,
600 B(K)=A(NBsNM)
RETURN :
L-2-2-2-2-F-2-2- 22X 2-2-X-2-3-2-2-X-2-F-2-F-F-2-F-X-2-2-2-2-2-2-F-2-F-3- L 225 F-2-2-2-F-.2-2-3-F-F-3-2-F-2.2-F-2-F2-2-2-F-2-2-2;3-2-2-3
s FORMAT STATEMENTS s

G&#é&##%éﬁ%#%%*#Qébﬁév#&%b#%éé&%*&%Q###**#*#GQ##Q#&Gé##&*#é##b##*é##ﬂ#
406 FORMAT (# PARITY ERROR ON BUFFER 0QUT#) :
2000 FORMAT(# END OF FILE BUFFER IN%)
2050 FORMAT(# PARITY ERROR ON BUFFER IN#¥)
END
SUBROUTINE TRISTF(II?JJ9KK)
[-2-X-X-X-2-X-2-2-F-3-F-L-F-X-2-F-L-2-F-F.-L-3-2-F.2-3-3-F. F-3-F-3-F-F-F-F-F23-2-2-2-2-2-F-2-F-X-F-2-F-%-F-2-T-2-.2-2-3-3-3-2-%-3-F.2-7-2.%.3
# FORM 6%#6 STIFFNESS MATRIX FOR TRIANGULAR ELEMENT L8
[-2-2-2-R-2-F-R-Z 2 -X-X-F-F-R-R-R R-RR-Fo R R L-FoR- R R - F-F-F- B R R R L - R-L R R-R R R-F- L F-T-3-F-F-F-X-L- F-F-B-F-F-F-F-2-.2-2-8-2-3
COMMON NUMPCsNCARDsMTYPE NP ¢NPPysNENDeNTAPCeNTAPDsNCUT s NRESeMBAND»
1 MXBANDsNUMBLK s NUMAPP s MAXPDoMAXPD1 sNEL ¢ ACELLZsANGF Qs TEMPsQoelUs -
2 HED(20) sLM(4) sRO(50) s XXNNI{50) s ANGLE (4) sSIG(10)sGH{4)3RRR{S) o
3 222(5)95(10910)9P(10)9TT(4)9DD(303)vHH(éle)9E(298v50)9RR(4)9
& ZZ(6)sC(494)aH{69310)eTP(6) e XI(10)sEE(T)sF(6910)sD(656)
COMMON/A/HEDI (10) sHED2(10) s IPRsXCsYCsRADsFS+NCDsICASE
COMMON/B/TAPE s NUMPS s JRUNs NUMMAT s NSET s NSTABLE s NUMNP
LM(L)=1I
LM(2)=JdJ
. LM(3)=KK
S RR{1)=RRR(II}
RR(2)=RRR (JJ)
RR{3)=RRR (KK)
RR(4)}=RRR(II)
ZZ2(1)=2Z21(11)
22(2y=Z2ZZ(JJ)
2Z(3)=ZZZ (KK)
2Z(4)y=2Z22{(11)
85 DO 100 I=146
DO 90 J=1s10
F(IsJ)=0,0
90 H(IsJ)=0.0 . R
DO 100 U= 196
100 D(IeJ)=0

§§§§§#§Q§*%4#%*&&Q%%%é%ééﬁé%&ﬁ§§§§§§§§Q§§§§#§§§§i§b§#§§%§Qéb###ﬁ&##ﬁ*#

* FORM INTEGRAL(G)T®(C)*(G) -
###4#%#4&9%###&§¢§§§§§§§Q%%#Qﬁ#§¢&§§6é##%%ﬁ#dﬁé%ﬁ#ﬁbé&##é#%é#%é##i#ﬁéQ
CALL INTER
D(2¢6)=XI(1)#(C(152)2¢C(2:3))
D{3¢5)=XI(1)}*Cl4e4)
D(595)=X1(1)#C(4e4)
D(6:s6)=XI(1)=#C(2:2)
IF (NPP) 10451065104
104 D(2+2)=XI(2)#C(191)
D(3+3)=XI(1)2C(49%)
GO TO 108
106 D{1s1)=XI(3)=C(3,3)
D(1s2)=XI(2Y#(C(153)2+C(3:3))
T D(le3)=XI(5)%C(393)
D(le6)=XI(2)C(2+3)
. D(292)=XI (1) H(C{19]1)+2,08#C(153)2C(3:3))
D(293)=XT{4)#(C(143)+C(3:3))
D(3s3)=XI(6)%#C{393)+XI(1)1#C(4s4)
D(3s6)=XT1(4)5C{253)
#é##ﬁé#@#%o4%9##&%%#6#0##6####*#Gﬁéaaééﬁbéﬁéﬁéﬁiéﬁiéﬁé#Q#§§G§§§§§§§§§§

& TRANSPOSE (G)T#(C)#(G) MATRIX : il
B T T L L L L LT TR P P ey

108 DO 110 I=1s6



C

DO 110 J=1s6
110 DCJeI)=D(IsJ)
L e L T L L T T TR R R R - R
A FORM COEFFICIENT-DISPLACEMENT TRANSFORMATION MATRIX -
L L Y 2 L LT L L PR R R P e S R R P P 2 2 1)
COMM=RR(2) % (ZZ(3)=ZZ (1)) +RR (1) # (ZZ(2)=ZZ(3) ) +RR(3)#(ZZ (1) ~2Z(2))
DD(ls1)=(RR(2)%ZZ(3)=RR(3)%27Z(2))/COMM
DD(1+2)=(RR(3)#ZZ(1)~-RR(1)%#Z2Z(3))/CCMM
DD(1s3)=(RR(1I®ZZ(2)=-RR(2)%Z2Z(1))/COMM
DD(251)={(ZZ(2)~2Z(3))/7COMM
DD(29:2)=(ZZ(3)=ZZ{1))/COMM
DD(2+93)=(ZZ(1)=22(2))/COMM
DD(3+511=(RR{3)~RR{2))/COMM
DD(3:2)=(RR{1)~RR(3))/7COMM
DD (3s3)=(RR(2)=RR(1))/COMM
B S P PR S SRR P PP

o TRANSPOSE COEFFICIENT=~ DISPLACEMENT TRANSFORMATION MATRIX #
aﬁ#&*#a####a&#&*q*q&*%%#§*¢a4aééﬁqﬂﬁﬁ*oq#aé9%Q*ﬁ#é&ﬁ**#é*ﬁ#*%&#éq*ﬁbﬁw
DO 120 I=143 :
J=2#LMiI)~1
H{lsJ)=DD(1+1)
H{2:J)=0D(2+1)
H{3sJ)=DD(3+1)
H{49J+1)=DD(151)
. H(55J21)=DD(251)
120 H(6:J+1)=DD(351)

L2222 R Rk oR-R R R R A AR R R R R R Rk R AR R R R R R R -2 X2 2- R -2 R-4-X-X-2-2-2-2-X-2-2-2-2-2 L -X-E-2-2-2-2-2-3-5-%-3 X3

# ROTATE UNKNOWNS IF REQUIRED , : ¢
°2-2-2-2-%-2 -2 -2 2-2-X-2-2-2-X-2-2-2-X-2-E-2-X-X-2-£-2-X-L-2-2-2-X-F-3-2-B-2-2-2-E-2-2-X-F-F-2-2-L-X-2-2-2-2-2-2-L-X-2-2-3-2-X-2-3-3-2-X-J
DO 125 J=1s2
I=LM(J)
IF (ANGLE(I)) 12251255125
122 SINA=SIN(ANGLE(I))
. COSA=COS (ANGLE(I))
1J=2%]
DO 124-K=196
TEM=H(K»IJ=~1)
R(KsIJ=1)=TEM3COSA+H (Ko IJ) #SINA
124 H(KsIJ)= =TEM#SINA+H(KyIJ) #COSA
125 CONTINUE .

§§§§§§§§§§GQ&§§§§4§*Qb##éﬁ*#4%##é%é###Q#QQQ&#Q##*#%ﬁ##Q#**QQ#*G######é

#- FORM ELEMENT STIFFNESS MATRIX (H)T#(D)#(H) e
L-2-2-2-X-2-2-2-F-2-2-2-E-R-X-L-X-X-2-F-X-F-L-2-2-F-L-F-L-F-X-F-X-2-F-L-X-X-X-2-2-X-L-2-%-X-2-2-X-1-F-2-X-2-L-2-2-2-2-X-2-2-2-2-2-L-%-3-2-3-3
DO 130 J=1,510
DO 130 K=1s6
IF (H(KsJ)) 128,130,128
128 DO 129 I=146
129 F(IsJ)=F(I15J)¢D(IsK) #H(Kosd)
130 CONTINUE = .
DO 140 I=1510
DO 140 K=156 °
: IF (H(KsI)) 13851405138
138 DO 139 J=1,10 '
139 S(IsJI=S(IsJ)*H(KyIIRF(KsJ)
140 CONTINUE

L Ly T L g ey T ey T T - ¥
& - FORM BODY FORCE MATRIX &

Q§§§§§§§§§§§§QQ##%QQQ##G*#?QG#&##ﬁ&bé#ﬂ#&ﬁ#é####f%§§§§§§§§§§69§§0§§49§.

IF (NPP) 14591500145

145 TT(3)=0.0

‘150 COMM=RO(MTYPE)®ANGFQ@##2
TPL)=COMMEXI(T) + XI(2)#TT(I)
TP(2)=COMMEXT(9) ¢ XI(L)#(TT.(1)TT(3))
TP(3)=COMMEXT(10)+ XI(4)#TT(3)
COMH=~-RO(MTYPE) #ACELZ '
TP(4)Y=COMM#*XI (1)

123



TP(5)=COMM#XI(T) -
TP(6)=COMM®XI (8) +XI(1)=TT(2)
DO 160 I=1510
DO 160 K=1+6

160 P(I)=P(I)+RH(KsI1}*TP(K)
L L L N R Y R RNy R S AL L L T TR R g 2 R L S

® NP=1 LINEAR MATERIALs RESIDUAL STRESSES CAN BE CONSIDERED, IF ¢
& NP NOT=1 BI~LINEAR MATERIAL AND NO RESIDUAL STRESSES ARE &
& CONSIDERED #

ﬁ%#&ﬁ%ﬂ*ﬂ##%*ﬁ&#%%#*%#béa&%Q%&&#%#ﬁéQﬂ#######d%ﬁ%ﬁ§#§#§#9§§§Q§§#§§*4§§
IF(NP.NE.1) GO TO 400
D N 2 L L L L L L L L T P S R S S P R R g e ey
& SUBTRACT RESIDUAL STRESS VECTOR ’ . &+
B L L L L Ly R R P R R R T L T P g g s
PO 200 I=1510
GH(1)=H(2,1)#XI (1)
GH(2)=H(6,1)#XI (1)
GH(3)§H(1yI)*XI(2) + GH(1) ¢ H(3:1)#XI(4)
GH(4)=(H(3s1) ¢ H(5s1))%XI(1)
DO 200 J=1le4
200 P(I)=P{I)~-SIG(J}®GH(J)
400 DO 410 I=1+6
DO 410 J=1s510
410 HH(I9J)—HH(I»J)4H(19J)
RETURN
END
SUBROUTINE QUAD(N9VOL9T9IX9EPS9R929CODE9NUMEL)
P R S R R R R R R R Y TR e L S g SR -0 S
& FORM 10%10 QUADRILATERIAL STIFFNESS MATRIX FOR N TH ELEMENT =
= BY DIVIDING THE QUAODRILATERAL INTO 4 TRIANGLES » *
R T g R R g R Y T T L L L L L L L T T R g R R S
COMMON NUMPCsNCARDsMTYPE s NP e NPPoNENDaNTAPC«NTAPD s NCUT o NRESsMBAND e

1 MXBANDsNUMBLKoNUMAPP ¢ MAXPD s MAXPDI oNEL sACELZs ANGFQe TEMPaQoUo

2 HED(20) sLM(4)sRO(50) s XXNN(S0) s ANGLE (4) 9SIG(10) 9GH(4) e RRR(5) ¢

3 Z227(5)9S(10410¥sP(10)sTT(4)sDD(343)sRHI6510)9E(258950)sRR{(&)

b ZZ(4)sC(496)oH{6910)sTP(O6) s XI(10)9EE(T)IsF(6910)9D(696)
COMMON/A/HEDL1(10)sHED2(10) s IPReXCoYCsRADsFSoNCD o ICASE
COMMON/B/TAPE s NUMPS s JRUN s NUMMAT o NSET s NSTABLE s NUMNP
DIMENSION T(1)9IX(NUMELv5)9EPS(1)9R(1)92(1)9CODE(1)

80 I=IX(N91)
J=IX(Ne2)
K=IX(No3)
L=IX{Ne¢4&)
MTYPE=IX{Ns5)
PR R A R R g R R R R A R R R R R P P e 0
L SET IX(MNe¢S5) NEGATIVE TO NOTE THAT STIFFNESS MATRIX HAS BEEN *
#* FORMED FOR THE ELEMENT #

BRI B S SR S R R T A S N S S I R B R R R R R B RS RE R SR AL IR RSSO BTSN

IX(NoS)==IXANg¢5)

NEL=N
ﬂ##%##%it%%&&&%é#%¢*§§§§#§ﬁ&§¢§&##b##*b##é§¢§§§§¢§§§§§ﬁ##ﬁ#é###ﬁ####ﬁﬁ
# CORRECT MATERIAL PROPERTIES DUE TO TEMPERATURE o ® -
& EE(1)=MODULUS OF ELASTICITY IN R DIRECTION EE(2)=POISSON RATIO#*
@ EE(3)=MODULUS OF ELASTICITY IN Z DIRECTION EE(4)=POISSON RATIO®
& EE(5)=THERMAL COEFFICIENT(R) EE(6)=THERMAL COEFFICIENT(T) #:
hd FE(7)=YIELD STRESSs Q IS REFERENCE TEMPERATURE e

R g g R L L R R R L L L L T R R R T R PR 0 e )

TEMP=(T(I) +T(J)+T(K)+T(L)) /4.0
DO 103 M=2,8
IF (t(H»loMTYPE)°TEMP) 10301049104

103 CONTINUE

104 RATIO=0,0
DEN=E (M9l ¢ MTYPE) =E (M~ lolvHTYPE)
IF (DEN). 70071570

70 RATIO=(TEMP~E (M= lvl9MTYPE))/DEN

-71 DO 105 KK=1-7.

124



105 EE (KK)=E (M- 19KK¢19MTYPE)*RATIO¢(E(M¢KK¢19MTYPF)-E(M lsKK¢lnMTYPE))

TEMP=TEMP~Q
LR R L N T R L T T X TR0

® CHANGE PROPERTIES DUE TO BI-LINEAR BEHAVIOUR . #
- EPSR  STRAIN AT YIELD POINT o #®
& EPS PLASTIC STRAIN OR EFFECTIVE STRAIN FOR HODULUS OF #
& ELASTICITY OF LAST TRIAL - o

S T R L LT R R LR SR TR R R RS R R e 22 )
EPSR=EE(T7)/EE (1) .
IF(EPSR~-EPS(N})10651085108
106 RATIO=(EE(T)/(EPS(N)#*EE(1)))#(1,0=-XXNN{MTYPE) ) +XXNN(MTYPE)
EE()L)=EE (1) ®#RATIO
EE(3)=£E(3)#RATIO
108 CONTINUE

Q####*#ﬁ#§ﬁ§§#§#%#é#ﬁ#%#QQQ#ﬁﬂ§G§GQ§QQQ§§§§§¢§§§§§§#Qﬁ###é#ﬁ###ﬁ#iﬁ###

# FORM STRESS-STRAIN RELATIONSHIP ) LT

L2 2-2-1°8-R-F L -B-R-R-X-F-R-X-X-X-B-R-E-2-F-F-R-F-R X -E-R-X-2- T+ X-R-FoR-F-E-B-L-L- L F-F -2 X-F-L-L-R-X-R-R-L-F-F-F-F-L-2-L-F-3-F-2-2-2-3- -3
IF (NPP) 85,8684
E-2-2-2°X-2-F.2-2-F-. 2. .2 R R 2 X R I LR Y I -2 2R R R Y R R Y T2 R
# PLANE STRESS OPTION »
§#§§§§§§§*§§¢§§Q§§§§§#§§##ﬁ§§é%#éﬁ###&%Qﬁ*§Q§%Q4§§§§§§§§§§§§*§§9§##§§§
84 XX=EE(1)/EE(3) , . :
COMM=EE (1) / (XX~EE (2) ##2) : .
C(1s1)=COMM=XX : . :
C(1+2)=COMM=EE(2)
C(1¢3)=0,0
C(251)=C(152)
C(252)=COMM

C(293)=0n0

C(3511=0.0

C(3+2)=0,0

€(3+3)=0.0 ) )
C(4s4)=.5%EE (1) / (XX+EE(2))
GO TO 88

P g T I 22 L L g g L L S el

® PLANE STRAIN OPTION LA
oﬁaﬁ#####%#»q&a&&&qﬁ§*¢¢¢¢§¢¢¢¢§§44ﬁqa4o¢§§&49&9#4§§§¢§§¢§&§§§é¢&§9###,

85 XX=EE(1)/EE(3)
- COMM=EE(3)/((1l. ¢EE(2))*(la-EE(Z)-Zo*XxéEE(Q)**Z))
Cllol)=COMM#XX# (1o=XXREE(4)%%2)
Clle2)=COMM¥XX*EE (&) % (1.+EE(2))

C(1+3)=0o

C(2-71)=C(1lo2)"

C(2e2)= COMM*(lo-EE(B)**Z)

C(293)=0.

. C{3o1)=00

C(3+2)=0,
c(3°3)—00

. Clbo6)=0.58EE(3)/(1.+EE(4)) -

.GO. TO 88 :
#Gé#&#b####éé§§¢§§§§§##§QG#§§####46#QQ#ﬁﬁﬁéééﬂéﬁﬁﬁééﬁééﬁéééﬁﬁé&%é###ﬁé
& ~ AXISYMMETRIC OPTION B L4
##iﬁb#%#%####4*#&#aQ%#Q%*##QQ%b#####%§#&ék#i#Q&%&GQQ%####QQ##&###ﬁG%QQ

86 C(lel)=1,0/EE(])
C(le2)==EE(2)/EEL])
C(l1s3)=~EE(4)/EE(3)
C(2s1)=C(142)
C(252)=C(lo1)
C(293)=C(163)
C(351)=C(1:3)
C(3921=C(2+3)
€C(3e3)=1.0/EE(3)
CALL SYMINV(C,3)
CC(434Y=EE(1) /(2,042 0%EE(2))

9“9#9&%##4*#@#9#6#06@#QQ*QQQQGQQ#Db####é#QQGQQGO#Q“#&§§9§Q§Q§§§Q§§#§#G

# CALCULATE STRESS DUE TO TEMPERATURE : @

125



L L L L L D PR PR P A G P S G gy
‘88 DO 110 M=1+3
110 TT(MY=((C(Ms1)+C(Me2) )Y HEE(S)+C(Ms3I#EE(6)IRTEMP
RRRIS)=(R(I}+R(JI+R(K)+R(LI}I/6:0
2ZZ(Sy=(Z( (1) +Z(J)+Z(K)+Z (L)) /450
DO 94 M=l,4 '

MM=IX (NsM) '
B R S SR PR PEE g

& TO PREVENT DIVIDING BY ZERO AND SET CODE=0 IN AXISYMMETRIC CASE#"

§§§§§#*§§#G#ﬁﬁﬁ&QQQQ%Q#Qﬁ##Q#QQQ*#Q#“§9§9§§§§#§§§#§§§§§§§Q§§§§§§§§§§§Q

IF (NPP.NE.0)GO TO 93 :
IF(R(MM)) 93591593

91 R(MM)=.0001%RRR(5)
IF (CODE (MM)) 93592093

92 CODE (MM)=1.0

93 RRRM) =R (MM)

94 ZZZ(M)=Z(MM)

DO 100 II=ls10 : B -

P(II)=0.0
DO 95 JJ=156

95 HH(JJ9II)=0.0
DO 100 JJ=1210

100 S(IIsJJ)=0.0

. DO 119 IlI=ls4
JISIXINSIT)

119 ANGLE (II)=CODE(JJ) -
IF (K=L) 12551205125

§#§§§§#§§§§§§§§§§§#éGé*§§§§Qﬁ&%5#*%&#&&4#Q##ﬁ*ﬁ§§§§#§#§§#§%§§§#§§Q§§§§

# FORM STIFFNESS MATRIX FOR TRIANGULAR ELEMENT o &
Lt VOL= AREA OR VOLUME OF ELEMENT #
# RRR(S5) AND ZZZ(5) ARE CENTROID OF TRIANGULAR ELEMENT L

© 8 RS $hdhedt At G JF ST SR 3k 2 £ S 4 < b thdd b33 4 SR A S S 45 4R SE S SR A AL S S F S S L A S S S PSP AE PSR4 3H IR 2 -

120 CALL TRISTF(15253)

: RRR(S5)=(RRR{1)+RRR(2)+RRR(3))/3.0
2ZZ(5y=(2ZZ(1)+222(2)+Z2ZZ2(3))/3,0
voL=XxI(l)

GO TO 130

#Q#ﬁ##éﬁ#*%#ﬁ*#Qe§§%ﬁ&§§é§§%§§#%#%*#Q§##§§#é#%##6##%%#%##%##########“#

& FORM QUADRILATERAL STIFFNESS MATRIX - e
Y R T o Ry T 22 2 Ty

125 VOL=0,0
CALL TRISTF(49145)
VOL=VOL+XI(1)
CALL TRISTF(l9295)
VOL=VOL+XI(1)
CALL TRISTF(29345)
VOL=VOL+XI(1)
CALL TRISTF(3+495)
VOL=VOL+XI (1)

§§§§§§§§¢#§§%§§Q§QQQQ##Q#é%é*%é####ﬁ###éG*#4ﬁ#Q##i##ﬁﬁ%&#%##éé#ﬁ##*ﬁ##

& - DIVIDE HH BY 4 (TRISTIFF CALLED 4 TIMES) - ’ o

E-T-2-2-2-2°R-EX k-2 -2 R-2-X-B-2-2- £ 2 -2 -2 2 L-F- AL R SR 2R BB K R- 2o 2ob 2 X 220 8- 2-2-2 22 LR L R R-2-2-F-2-X-2-2-2-2-2-2-X- 14

DO 140 1I=1+6
DO 140 JJ=1510
140 HR(IIoJJ)=HH(IIoJJ) /400
- 130 RETURN
END.
. SUBROUTINE CALPST(SXX»NUHEL?IXoNUMNPvRQZ)
D L L R L L L L R T R g g g A 2 L 2 LR L L s LT LT ey

° " THIS SUBROUTINE CALCULATES THE FACTOR OF SAFETY USING THE #*
& STRESSES CALCULATED AT THE NODAL POINTS OF EACH ELEMENT THAT ol
® CONTAINS A SEGMENT OF THE FRICTIOM CIRCLE ®

G#ﬁ#ﬁ#ﬁd#ﬁﬁ#ﬂ#ﬁ#ﬁ%ﬂaﬁﬁﬁQQ#GQ#QGéQG##QQQOQ%GQQ6§§G§§6Q#ﬁ##&ﬁ#ﬁ#ﬁﬁﬂﬁ*#ﬂ#'

COMMONZA/HEDY (10) oHED2(10) s IPReXCoyYCsRADIFSsNCDo ICASE
COMMON/B/TApEeNUMPSvJRUNONUMMATVNSETVNSTABLE
COMMON/C/ XP(QO)VYP(QU)9SA(90)95Y(90)vSXY(go)QNFl(90)9MAT‘90)0

126



127

1 SHR(90)sPHI(Y0) ¢sSHRR(5046) sPHII(50:6) ~ ’ -
DIMENSION TX(4)sTY(4)sYT(2)9SIGP(3) S
DIMENSION SXX{NUMNP:3) s IX (NUMEL+5)sR(1)9Z(1)}

DIMENSION DLEN{90) ¢+SNOR(90)

22y R Ry L R L R L R R g R e Y s S a  EEEr TR Ty

@
4
“

NEl IS THE STARTING POINT FOR THE ELEMENTS BEING SEARCHED B 4

FOR -COMMON NODAL POINTS (N). I.E.e IF ONLY ELEMENTS 58 THRU &

700 ARE BEING SEARCHED THEN NE1=58 o
#ﬁé#&&b%ﬂ#*#§*§&&§#¢#§*&Q#Qﬁ%#%é&#§§##Gﬁ§§*§G§*§§§*§§§§§§§§§#§§§§§§§§§

NE1=1

NEZ2=NUMEL

NN=NEZ~-NE] ¢1

KEL=NE1

DO 2000 N=1sNUMPS
XPOINT=XP(N)
YPOINT=YP (N}

M=KEL

KEL=0

IFLAG1=0

IFLAG2=0 .
NPOINT=N ¢

L2 2 X-2 R R RoR R ko kR R S R R R R R R X X2 LR Xk R B8 2 2 -2 2-X-X- 2 222 -2-2-1-2-2-2-2-2-2-2-2-2--2-2-X-L-2-2-2-F-1-3-2-T-

k- 4

LOCATE THE ELEMENTS THAT CONTAIN POINT XP(N)sYP(N) *

[-X-X2-2-2-2°2 -3 R X -2 -2-2-2-X-2-2-2-2-2-X-2-X-2-2-F-X-2-2-2-2-3-2-X-2-F-X-2-2-2-2-2-2-2-2-2-2-2-3-2-2-2-2-2-2-3-2-2-2-2-2-2-2-2-2-2-2- 23

300

301

302

303

D0-1100 MM=19NN

IFLAG=0

I=IX(Ms 1)

JEIX(Ms2)

K=IXA{Ms3)

L=IX({Ms4)

IF(K.EQoL) IFLAG=1

IF(IFLAG.EQel) GO TO 300
XMIN=AMINI(R(I)sR(J}sR(K)9sR(L))}

AMAX= AMAXl(R(I)9R(J)9R(K)9R(L))

GO TO 301 .

XMINZAMIN] ( R(I)se R(J)v R(K)) .
XMAX=AMAX] ( RtI)y R(J)s R(K)) : ’ : -
IF(XPOINT LT o XMIN.ORXPOINT.GToXMAX) GO TO 1000
IF(IFLAG.EQ.1) GO TO 302 )
YMINSAMINLI(Z (L) 9Z(J) 9Z(K)9Z(K))
YMAX=AMAXIA(Z(I) o Z(J) 9 Z(K) 9 Z (L))

GO TO 303 .

YMIN=AMINI ( Z(I)s Z(J) e Z(K))

YMAX=AMAX] ( Z(I)y Z(N e ZIK))
IF(YPOINToLToYMINoORcYPOINT.GToYMAX) GO T0-1000
TX{1)=R(I)

TX(2)=R(J)

TX(3}=R(K) !

TX(&)=R(L)

TY(LY=Z(])

TY(2)=Z(J)

TY(3)1=2(K)

TY (4)Y=Z (L)

BEEBHRG G SRS H TSGR R E SRR NGRSO EHRRLRNOSS SRR SRORRERRNI RIS

L4

DETERMINE WHICH TwO SIDES OF THE ELEMENT THE POINT LIES BETWEEN#®

R-2-1-2-2: -3 T2 22282 2-1-2-2-2-F 22 2-2-2-2-2-2- 228 -2-2 2 18- 2-2 2222 2-2 21 2-2- 2222 223222 2-2-2-2-2-2- 222 F- 23

NT=0 . » v
IF(CIFLAG.EQ.0) GO TO 304

DO 1001 KT=193

K1=KY

K2=KT¢1

IF(K2.6T.3) K2=1

IF(TX(K1).EQ.TX(K2)) GO TO 1001
TUN=AMINI(TX (K1) s TX(K2))

TMX=AMAXI(TX (K1) s TX(K2)) )
IF(XPOINToLToTHMN.OR.XPOINT.6T.TMX) GO TO 1001



S=(TY(K2)~TY(K1))Z{TX(K2)=TX(K1))
NT=NT=+1
YTINTY=TY (K1) +S#(XPOINT=TX(K1))
- IF(NT.EQ.2) GO TO 1002
1001 CONTINUE
GO 70 1002
304 DO 3000 KT=ls4
Ki=KT
K2=KT+1
IF(K2.GTo4) K2=1
IF(TX(K1) . EQ.TX({K2)) GO TO-3000
THMN=AMINI (TX (K1) o TX(K2))
TMX=AMAXI (TX (K1) 9 TX(K2)) .
IF(XPOINToLTsTMN.OR«XPOINT.GTo.TMX) GO YO 3000
S= (TY(KZ)-TY(KI))/(TX(KE)-TX(KI))
NT=NT=»1
YT(NT)*TY(K1)+S*(XPOINT TX(K1))
IF(NT.EQe2) GO TO 1002
3000 CONTINUE

§§§§§§§¢&é#*#%%#ﬁ#ﬂﬁ%#ﬁ§§§#§%¢**&#§*Q#*Q*#*%%#*#%##*ﬁ%§§§#§§§§§§§§§*§§

s DETERMINE IF YPOINT IS INSIDE THE ELEMENT
#§§§*§§§§§#§§§§§*¢#§§%G#§#§G#Q%#ﬁ#%ﬁ#ﬂ&§b§§§§¢§§§§§%ﬂQ##%%#éﬁ#é#ﬁ*##ﬁ#
1002 YTS=AMINL(YT(1)sYT(2))

YTLEAMAXT (YT (1) sYT(2)) A

IF(YPOINT.LT.YTS.OR.YPOINT.GT.YTL) GO TO 1000

KEL=M ,

GO TO 1003
1000 IF{M.NE.NE1) GO TO 1010

IFLAGL=1

M=M+MM

GO TO 1100

1010 IF(MoNE.NE2) GO TO 1030

IFLAG2=]

M=M=MM

G0 TO 1100

1030 IF(IFLAGL.EQ.0) GO TO 1040
: M=M21

60 To 1llo00

1040 IF(IFLAG2,EQ.0) GO TO 1020

‘ M=M=1

GO TO 1100

1020 M=Me (=1) ##MMMM

1100 CONTINUE
%Q**b#§ﬁ#§§§§%#Q§¢§*§#§§§&§ﬁ%é#é#ﬁ&#&##%##%##4##%##ﬁ#é#éﬂ*ﬁé#&##&&#éb#
# IF THE POINTS XP(N)oYP(N) ARE NOT IN ANY ELEMENT TERMINATE THE #
# PROGRAM : ' , . #
R-2-2-2-X-2-2-2-2-2-2-2- 252222 2-2-2-2-2-X-2-X-F-2-2-2-2-X-X-1-2-3-F-2-2-E-X-F-X-2-2-2°2-X-2-3-F-2-2-X-2-3-3-2-2-X-2-3-3-F-F-2-.2-¥.-%-3
- 1003-~IF (KEL.EQ.0) GO TO 51

NEL (N) =M’

MAT (N} =IX(Ms5)

MT=IX(Ms5)

SHR{N) =SHRR (MTs1)

PHI(N)=PHII(MT 1)
QQ#%Q&&#%QG#%##Q%Q#QG##66##4&%#%#§§¢#%#d#&Qﬁ#ﬁ#é#ﬁﬁ*éQ##Qﬁ*##%##i#ﬁié&
ks CALCULATE THE STRESSES AT POINT XP(N)sYP({N) ‘ o
##§#§§§§#§§§¢§&§§*G####ﬁ##é%ﬁ%éﬁ%%#Q##Q#ﬂ@%44#§§§§#§§§§§§ﬁ§§#§&*§§§#ﬁ5

IF(K.NEoL) GO TO 400

XJ=R(J}=R(I)

XK=R(K)=R{I)

YJ=Z (N =Z(1)

YK=Z(K)Y=Z (1)

DD=XJRYK=XK#YJ

XD=XPOINT=R(I)

YD=YPOINT=Z(I)

DO 50 LL=1,+3

C=SXX(IsLL)

128



129

SJU=SXX({JsLL)=C
SK=SXXtKsLL)=C
A= (SJ=YK=SK=#YJ) /DD
B= (SK#XJ~SJ®XK) /DD
SIGP{LL)=A#XD+B#YD*C
S0 CONTINUE
GO TO 490

400 XI=R(I)Y=R(L)
XJ=R{J)=R{I)
XK=R(K)=R(J}
XL=R(L)Y =R (K)
YI=Z(I)=Z (L)
YJ=Z(JY=2Z2 (1)
YK=Z{K}Y=2Z(J}
YL=Z (LY=Z (K}
XPI=XPOINT=-R(L)
XPJU=XPOINT-R(I)
XPK=XPOINT=R (J}
XPL=XPOINT-R(K)
YPI=YPOINT-Z (L)
YPJU=YPOINT=-Z(I)
YPK=YPOINT=Z(J)
YPL=YPOINT=-Z (K)
AREAI=ABS (XJ2YPJ=YJ*XPJ)
AREAJ=ABS (XK#YPK=~YK#XPK)
AREAK=ABS (XL#YPL=-YL#XPL)
AREAL=ABS(XI#YPI=YI#XPI)
TOTAREA=AREAI+AREAJ+AREAK+AREAL
DO 500 LL=1,3
STRESSI=SXX(IsLL)#*(AREAK+AREAY)
STRESSU=SXX (JaLL) ¥ (AREAL¢AREAK)
STRESSK=SXX(KsLL)®(AREAL+AREAI)
STRESSL=SXX(LsLL)®*(AREAJ*AREATI)
SIGP{LEL)=(STRESSI+STRESSJU+STRESSK+STRESSL) /7 (2#TOTAREA)

500 CONTINUE

490 SX(N)=SIGP(1)
SY(N)=SIGP(2)
SXY(N)=SIGP(3)

2000 CONTIKUE

Qﬁ{'ﬁ'ﬁ'&#'ﬂ'%%')Qﬁ‘)ﬁ%*##*‘Q{-#*é&ﬁ#é%%%ﬁﬁ%Qké#QQ##Q§§§§§§§§§#§§§5*QQ#G#Q{?#Q#{?

® IF IPR EQUALS 1s PRINT THE STRESSES AT EACH INDIVIDUAL POINT
#{?4#‘?&%#5‘}%%%{}6%#%4%*ﬁ'%ﬁ-{?{?%Qﬁ'QQ*ﬁQ%G##*ﬁQ%Q#Qﬁﬁé#é%@{rﬁﬁé#Q{fﬁ%ﬂ'#ﬁ{'ﬁ#%##ﬁ'

IF(IPR.EQ.0) GO TO 52
PRINT 125 NUMPS
NPRINT=1
DO 5 I=1,NUMPS
IF (NPRINT.EQ.0) GO TO 33
_ PRINT 13
"MPRINT=50
NPRINT=0

33 IF(MPRINT) 29302

3 PRINT 19
MPRINT=50 I

2 PRINT 14s TIsXP(I)sYP({I)sSX(I)9SY(I)sSXY(I)sNEL(I}sMAT(I)
MPRINT=MPRINT-1

5 CONTINUE
G0 TO 52 ,

51 PRINT 15¢ NPOINT

STOP

52 CONTINUE -
TOTSHR=0. : ‘ \
TOTFRC=0, ' :
TOTSTS=0,

GﬁﬁQﬁl‘Q*é%7{'ﬁrﬁﬁbﬁﬁ'##%b#ﬁﬁﬂﬁﬁﬁﬁhﬁﬁﬁﬁ#GQ006QQﬁQ“ﬁ##bﬁﬁ#Qﬁ%ﬂﬁ#ﬁ##ﬂ###aﬁﬂ#ﬁ
@ IF IPR EQUALS ONEs PRINT THE VALUES FOR THE STRESSES AT EACH #
@ CENTER POINT ON THE CHORDS ' e



LR R R R -2 R -0 2R R R R PR R XX X1 R- 22 R R 20N 2 2 2.8 0o 2. F- 8- 2 F- 22

MPRINT=0
DO 100 I=2sNUMPS
B G R B R R A R R R RN IR ISR R RS F LR R RIS H S G R BB DR G BB LGB R GG LB Y

@ CALCULATE THE SLIDING ANGLE ' #
Q#QQQ%%*Q*D%OQ##*&#Gﬁﬁaﬁééﬁﬁﬁbﬁqcéﬂb%b*Q%Qé#%Qiﬁﬁ&ﬁﬁ##Q#ﬁé##&###%##é##

SLOPE=(XP(I)=XP (I-1))/(YP(I)=YP(I~1))

ANG=ATAN (ABS (SLOPE))

SIFI=SIN(ANG)

COFI=COS (ANG)

SI=2.%SIFI*COFI

CO 10'20“(51FI)§§2
§§§§&§§§§§§Q%Q&éé%#oQ&ﬂ%#§§é##é#§GQ¢§§§¢¢*¢ﬁb*#%###%#*###§*#§Géﬁé&%&é%
@ CALCULATE THE LENGTH OF THE CHORD BETWEEN POINTS XP(N)sYP(N) #
E-L-2-R-X-X-R-L R R L ReR-T-F R X B-X-F: T X XL PP R P X F-X-FoP-Xo X L R-RR-T-E-F-F-X-R-F-F. 2. 8-F-R-X-FF. F- LR 2. L ¥ 2. 2-F-F-F-F. 5. 2% 3

- DL=SORT ((XP(I)=XP(I~1)}##2+ (YP(])=YP(I~1)})#%2)

L-Z-Z-X-X-X-2-2-R-ReX-F-L-R-R R RoR-F-R-L-F-E-L-F-RRo XX -Re P X- - LR L X F P L L-X-RF-E-L-X-E-2-2-2-2-%-F-2-Z-F-X-L-F-X-X-F-F-T:F-X. -3
@ CALCULATE THE -AVERAGE STRESSESs COHESION; AND FRICTION
# COEFFICIENTS ON THE CHORDS @
—6#*&%6*&9##&%&#a*Q%é*a%%%%##%%%#Q##*6#§¢§§*4#Q*éﬁ§§#**§§§§§Qi§#§§9*é§§

SXV=(SX(I)+SX(I=-1))/2,

SYV=(SY(I)+SY(I=-1))/2,

SXYV=(SXY(I)+SXY(I=1))/2s

SHRY=(SHR(I}+SHR(I=1))/2,

PHIV={(PHI(IY+PHI(I=1})/2,

###*ﬁ%ﬁ*é&a*oﬁ#*#ﬁa«aa*4*aaaa¢¢#QG#ac§§¢9éb#é%&#%o*a#ﬁ*q*%&d&#a##ﬁa*qg;
# CALCULATE THE NORMAL AND SHEAR STRESS FORCES ALONG THE . * .

® SLIDING PLANE ®
B S S S PR S PP PP G
IF(SLOPE) 10151015102
101 SN=0o5%(SXV+SYV)+0.5%(SXV-SYV)#CO+SXYV*#S]
"SNM=SXYV#CO=0. 5% (SXV¥=5YV)#S]
G0 TO 103 v
102 SN=05%#{SXV+SYV)+0.5% (SXV=SYV)#CO~-SXYY#SI
SNM=SXYV#CO¢0 5% (SXVY=SYV)#S]
103 FN=SN#DL
: DLEN({I-1)=DL
SNOR(I~-1)=SN
FNM=SNM#D{

###%%#&ﬁé§§§¢k§%G#&##G#%*Q#Q*G%#&#ﬁ#§*%*éié#éGQéQ&ﬁ#%Q#*éé%###ﬁ%ﬁ%“*i#

® CALCULATE THE COHESIVE AND FRICTION FORCES ®:

§§§§§§§§§§§Q§§§G%4*#%#*%6#&#%#%Qéé#*#&*Qé#é%%%#é*%#*%ﬂ%*##Qﬁﬁﬁéﬁﬁéﬁﬁﬁﬁ‘

FSHR=SHRY#DL
FRC=FN#*PHIV
IF (IPR.EQ.O) GO T0 99
I1=I~1
SLPANG=57 , 3%#ANG
SHRMOB=FSHR~FKC
IF(MPRINT) 75697

-6 PRINT 150
MPRINT=50

7 PRINT 16y II9I9DL9SLPAN69$XV9SYV9SXYV9SN95NM9FNM9$HRMOB
MPRINT=MPRINT=1
T L R R R R R g g R R g R o A R R B R R R S G R e R

-3 CALCULATE THE TOTAL COHESIVEs FRICTIONs AND DRIVING FORCES #
E-X-E-X-X-X-K-R-X-B- R X+ BB X-E-X-FL- X LB XX F- L X g R B R XX R E-X-F XXX B-R-R L R-R-F- L X-T-F-R-2-F-F-T-T-L.-L-X-F-F-T-F-2.LT-F-F-F-]
99 TOTSHR=TOTSHR¢FSHR :
TOTFRC=TOTFRC+FRC
TOTSTS=TOTSTS+FNM
100 CONTINUE '

#eﬁo*qq#av##oaaﬁ*aqaq&oaaﬁ###o##ao*¢¢¢o&¢§o§§¢§§onqaao§§a§¢¢¢§§§§&§#¢§
@ CALCULATE THE FACTOR OF SAFETY : “
9#5###6&&9%#6#&&4&####G##QGQ§G#QQ#Go%#éu##Q#d#b#ﬁ###ﬁ##9############“#

FS=(TOTSHR~TOTFRC) /ABS(TOTSTS)

IF(IPR.EQ,0) GO TO 198

TOTFR=TOTSHR=-TOTFRC

130



LR AR N

PRINT 17s TOTSTSsTOTFR
"PRINT 185 FS
198 IF(NSET.LE.1) GO TO 199
Qﬁ#*ﬁ%%*ﬁ#&bﬁ#Q#QDQQQQ#%QQQ#Q*Q#&Q#QQQQ##éﬁ##ﬁ##ﬁ#%ﬁﬁ#&#?§§*¢#§§§§§§§§
® CALCULATE THE SAFETY FACTORS FOR ADDITIONAL PROPERTY SETS IF #
o NSET 1S GREATER THAN ONE s

##%#&#Q#Q§G§Q§§#§ﬂ§§QQ#GQ#&&*ﬁ§§§§#é#######*§§#ﬁk#ﬁ###ﬁﬁ##ﬁ&#ﬂ##%###ﬁ#

PRINT 210 :
DO 201 N=1eNSET
TOTSHR=0.
TOTFRC=0,
DO 200 I=23NUMPS
MT1=MAT (I-1)
MT2=MAT (1)
SHRV= (SHRR (MT19N) *SHRR(MT25N) ) #0.5
PHIV=(PHII(MT1oN)+PHII(MT2sN))#0.5
TOTSHR=TOTSHR+SHRV#DLEN (I~1) :
TOTFRC=TOTFRC+PHIV#DLEN(I=1)#SNOR(I=1)
200 CONTINUE
SFS=(TOTSHR=TOTFRC) /ABS(TOTSTS)
PRINT 2123 NsTOTSHRsTOTSTSsTOTFRCsSFS
201 CONTINUE ,
Y- 2R -T2 L ER-E--0.0-0-2-2-2-2- 2. F-5-F. F-2-2- 5. F.2-F- R X E- PR -2 P 12222222 TR 222 -R-R-2 01
o : FORMAT STATEMENTS = . S
[-2.2-2-2-F-2-X-F-3-2-2-F-L-X:FX-X-F-F-2-L-F-T-F-F-F-L- L L-L-L-E- X F-F- L F-E-F-F-F-2-F-F.2-2-F.2-2-F-2-X-2-2-F-F-3-2-F.-2-F-2-2-X-F.%-X-2-¥. 3

12 FORMAT{®*ONUMBER OF POINTS ON PLANE = #,¢ 1I3)

13 FORMAT(1HOs® END HORIZONTAL VERTICAL HORIZONTAL VER
1TICAL SHEAR INTERSECTED MATERIAL®9/
2% POINT COORDINATE COORDINATE STRESS ) STRESS

3TRESS ELEMENT C . TYPE®4/) .
14 FORMAT(IS5sF15:3¢2F14e39F12039F10639195113)

15 FORMAT(® RRPOGRAM TERMINATES=-=POINT--NOT FN MODEL. POINT NO. = #513)

16 FORMAT(I3s1H=312sF1002¢FFalsFléo494F1lloboF13:49F1704)
17 FORMAT (/369X #TOTAL STRENGTHS #¢F11.49F17.4).
18 FORMAT(//982Xs16HSAFETY FACTOR = F10.6)

19 FORMAT (1Hls% END HORIZONTAL VERTICAL HORIZONTAL " YER

1TICAL SHEAR INTERSECTED MATERIAL®s/o
2# POINT CQORDINATE COORDINATE STRESS STRESS
3TRESS ELEMENT TYPE®#o/) :

150 FORMAT({1H]l % CHORD -FAILURE HORIZONTAL VERTICAL
1HEAR FAILURE PLANE STRESS EQUILIBRIUM - AVAILABLE®s/9% CH
20RD LENGTH ANGLE STRESS STRESS STRESS NORM
3AL SHEAR SHEAR STRENGTH SHEAR STRENGTH¥*,/)

‘210 FORMAT (®*0SAFETY FACTORS FOR DIFFERENT STABILITY PROPERTIES &/

1 & SET COHESION EQUILIBRIUM AVAILABLE FoSo.%®)
211 FORMAT (1H1510A8) :
212 FORMAT(1Xs1594F12.4)
199 RETURN

END

SUBROUTINE CIRLN(X19Y19X29Y2aXT19YT19XT29YT29IMG)

Q###bﬁﬁ&%##é#*#ﬁ%%#%#&&#4%%##6%%Q&é§§%*&&%G#%ﬁﬂ%QQQQ#%#?#QﬁQ%QG#QQ##G&

SUBROUTINE CIRLN DETERMINES THE INTERSECTION POINTS OF THE
FRICTION CIRCLE WITH THE SLOPES THAT HAVE BEEN INPUT.

X19X2 = X-COORDINATES OF THE MODEL SLOPE

Yl9Y2 = Y=-COORDINATES OF THE MODEL SLOPE

XT1»XT25YT1s¥T2 = THE COORDINATES OF THE INTERSECTIONS OF THE
FRICTION CIRCLE AND SLOPE

IMG IS THE INDICATOR WHETHER THE CIRCLE INTERSECTED A SLOPEs
. DID NOT INTERSECTs RADIUS WAS TOO LONGe OR CIRCLE OUTSIDE OF
- MODEL BOUNDARY ‘ ‘
GGQQ*ﬁQﬁ#OG&&GQ%éﬁé?#ﬁﬁ#GQQ*QGGQGQﬁ§9§§§Qﬁ&bﬁ##“ﬁﬁﬁGQﬁ#QGQQ#Q%Q##ﬁQ%Qﬁ
COMMON/A/HED1 (10) yHED2(10) s IPRsXCsYCsRADsFSaNCD o ICASE

IMG=4

SLOPE=(Y2-Y1)/ (X2=X1)
. PART=Y1=SLOPE#X1=YC

A=1,+SLOPE#SLOPE

YR

131



o 132

AZA+A

B=XC-PART#SLOPE

B8=B+8
C=XC%XC-RAD#RAD+PART#PART
DISC=B#B=-2,#AHC

IF(DISC) 59647

iMG=5

XT1=0,

YT1=0.

XT2=0.

YT2=0, )

RETURN ' : .
R1=B/A ' .
R2=R1

60 TO 8 .

S=SQRT(DISC)

R1=(B+S) /A

R2=(B~S})/A

IF(R1.6T-R2) GO TO 10

- XT1l=R1

11

10

12

i3

20
21

22
30

XT2=R2

IF(XT1) 14914512

XTl=R2 )

XT2=R1

GO TO 11

IF(XT2) 14914513

IMG=6

YT1=(SLOPE# (XT1=X1))+¢Y1
YI2=(SLOPE# (XT2=X1))+Y1
IF(IMG.,EQ,6) RETURN
IF{XT2oLToX1c0RaXT2.6ToX2) GO TO 20

M=)

IF(XT1oLToX1,0RXT1aGToX2) 60O TO 30
IF(IMG=1) 22+21922

IMG=3

GO TGO 30

IMG=2

RETURN

END



APPENDIX D

'SAMPLE OUTPUT FROM PROGRAM SAFE-O

133



SAFE=0 CHECK PROGRAM USING LAMBE/WHITMAN TEST PROBLEM

'NUMBER OF NODAL POINTS==wm== 208 ; . ;
NUMBER OF ELEMENTS-m-ew-memam 178
NUMBER OF DIFF. MATERIALS=== 2
NUMBER OF PRESSURE CARDS‘_--- 0
AXIAL ACCELERATION===-==m=== . o1000€¢01
ANGULAR VELOCITY=mmmm=n ———-- 0
MAXIMUM NODES DIFFERENCE--=- 19
REFERENCE TEHPE%ATUH&-j-;--— 0,
NUMBER OF APPHOKIMATIONS=—=n= 1
T R T, LT —— -0
INITIAL KESIDUAL STRESSES=== 0
NODAL LOADSs 1=YESs 1=NQ-=== 0
- NON=CIKCULAR SLIP PLANE ANALYSIS
PLANE STHAIN ANALYSIS )
MATERIAL NUMBERE 1, NUMBER OF TEMPERATURE CARDS® 1o MASS DENSITY= 00026405MODULUS RATIO=
TEMPERATURE IS I NUGRZ) E(T) NUIT) . ALPHA(RZ)
~0,00 16650£+04 <15000E+00 014650004 <15000€400 =0 0.
MATERTAL NUMBER=- 2, NUMBGER OF TEMPERATURE CARDS= 1o MASS DENSITY=  <002000sMODULUS RATIO=
TEMPERATURE E(RZ) NU(RZ) BN . NUM ' ALPHA(RZ) CALPHA(T).

=0,00 016200E203 2e35000E200 016200£¢03 235000E200 “0. =0,

YIELD STRESS

YIELD STRESS

el



NODAL NODAL HORIZONTAL VER'TI;;AL HORIZONTAL LOAU VERTICAL LOAD .
POINT [o{e]] 3 - COORDINATE COORDINATE OR DISPLACEMENT OR DISPLACEMENT TEMPERATURE

3 3. 0,000 0,000 0.000000 0.000000 0.00000
2 2 T 457.200 : 0,000 0,000000 0,000000 0.00000
3 2, B53.440 0.000 UL G000y 0.000000 0.00000
4 2, - 1lvH.700 0,000 0.00006u 0,000000 0,0000U
5 26 1463.000 0,000 UaLUGUOU V. 000000 0,00000
6 20 1676.400 . .0.000 © L 0.00000U 0,000000 0.00000
7 2. 1828800 0,000 0.000000 0.000000 0,00000
8 2. o 1955.000 0,000 . 0,00000y 0,000000 0.00000
9 - 20 21l64.100 0,000 0.,00000u 0,000000 0.00000
10 2o 23064100 0,000 U.Un000u 0.000000 0.00000
11 2, 2531.10u 0.000 0,00000u 0,000000 S 0,00000
12 2. . 27HB.Y00 0.000 UL 000000 G.000000 0,00000
13 2. . 3079.700 0.000 © T 0eDULUOY Ysb00000 0.0000U
14 2, 3403.400 U000 0000060 0.000000 . 0.u000u
15 2, 3760.000 0.000 U 0LUUOU 0.000000 0.00000
16 - 4la9,500 0.000 : O.ub000U 0.000000 0.00000
17 3, 4572.000 6.000 0.000000 0.00000U 0.00000
18 1. 0.U00 3084610 : 0000000 0.000000 0.00000
19 - 0o 457.200 308.610 - 0.00G00U Ve 000000 0,00000
20 0. _%3.‘0«0 308,610 VelOUOLY 0.000000 0.,00000
21 [ 118,700 308,610 0.000000 0.000000 0.00000
22 0o 1463.000 306610 0000000 0000000 0.0UU0Y
23 0. C le7h,400 306,610 0.0uv000U 0,00000U 0.ULULD
24 0o 1428000 - 308.610 0,000000 0.000000 . 0400000
25 Ve 195%. 000 308610 0s000ULY 0.000000 ~0s0U00U
26 0o - .21144100 308.610 0.000000" 0.000000 0.00000
27 0. T 23064100 304,010 0.0000UY 0,000000 0.00000
28 0, 2531.100 308,610 0.U0000D - 0,000000 0,00000
‘29 Do 27THR.900 ° 3084610 0.000000 . 0.000000 0.00000
30 0e 3079700 3u8.610 VeUUOUUL 0.000000 0.00000
31 (1Y 3403.400 308.010 . ge.unGOLO 0.000000 0.00600
3z 0. 3760,000 308.610 0. 0U000U 0., 600000 0,00000
33 U 4149.500 300,610 Vo LOLUNUY 0.600000 0.00600
34 1. 4572.000 AUB.610 . . 0.000000 0.000u00 0.UU00U
35 1. 0,000 554,300 ¢ U.VUUOUY 04000000 0.,0U000
36 U 457,200 594,300 0.000000 0.000000 0.00000
ar 0o - 8534440 5944350 0.000000 0000000 0.0000U0
38 [ L 1lvs.700 L94,360 0,000000 0.000000 0.U0000
39 0s 1463.000 594,360 0.00000u 0., 000000 0.00000
40 o 16764400 bY4, 300 Qe LOOUUU 0000000 0.00000
41 . 0. . 1128500 594,360 D.0u00uY 0.000000 0.0000U
42 . 0o - 1455 ¢ U QU 554,360 GaUUU0O0 02000000 0,00000
43 0. 2114.100 594,300 VeUULOUY 0.000000 © 0.00u00
“y [/ 2306.100 594,360 . G.Luovouy 0,000000 0,00000
45 [ 2531.100 594,350 0.000U0U 0.000000 G.u0000
46 Go 2THR 500 594,360, 0ebVO0UL 0000000 U,00000
47 T 0. 3079.700 . 594,300 : 0.UVUUVY ‘ 0,000000 0,00000
48 0. 3403.6400 594,360 i ORIV N 0,000000 0.00000
49 Ve 3700,000 594,360 V,0LUVUO 0.000000 0.,00000
50 0. 4149.,500 594,360 0.uu00UVY 0.000000 000000
51 1o 572,000 594,360 . GoLUO00Y 0.000000 000000
%2 - 1le . 06000 857,250 0000000 0.000000 0,00000
53 0 457,200 . 857,250 . Ga000000 : 0,000000. 0.,00000
‘54 0o H53,440 857,250 0.000000 .. 0.000000 0,00000

85 0o 1188.700 6570250 00000000 "1 go000000, 0,00000

GET



NODAL NONAL HORIZONTAL VERTICGAL HORIZONTAL LOAD VERTICAL LOAD '
POINT  CODE COORDINATE COOKDINATE,  OR DISPLACEMENT OR DISPLACEMENT TEMPERATURE

56 Qe 1463.000 857,250 0.000000 . 0,000000 0.00000
57 0o 1676.400 ° 857,250 De.U00000 V. 000000 0.00U00
58 Do - 1828.800 657,250 0.0v0000 0.000000 0.00000
59 . 0. 19%5.000 857,250 0.000000 0.000000 0.00000
60 0. 2114.100 857,250 G.000000 0.000000 0.v0000
6l 0o 2306.100 . 857,250 0.000000 0.000000 0.00600
62 0o _2531.100 - 857.250 0000000 0.000000 0.00G00
63 0o 2788.900 B57.250 UL U0I000 <. 0.000000 0.00000
64 O, 3079.700 857,250 ¢, 000000 0.000000 0.00000
65 0o - 3403.400 857.250 0+000000 0.000000 0.00000
66 "0 3760,000 . B57.250 0.000000 8.000000 0.00000
67 Uo 41494500 #57,250 0.000000 0000000 0.0uv000
68 1, 4572,000 857,250 - 0.000000 0,000000 0.00000
69 1, T 0,000 1097.300 0.000000 0,000000 0.00000 "
70 0o 457.200 107,300 0.000000 0000000 U.00000
71 0o 653,440 1097.300 0.000000 0.000000 0.00000
72 0o 1188.700 10974300 . 04060000 0.000000 - 0.0000U
73 . 0, 1463.000 1097,300 0.GU000Y . 0.000000 0.00000
T4 0, 1676,400 . 1097,300 0000000 0,000000 0.,00000
75 0o 1426.809 10974300 0.000u00 0.000000 000000
76 0o 19554000 10971300 0.0vy0LY . 0,000000 0.00000
77 - 0 © 21144100 10Y7.300 : 0+000000 Ge000000 0.00000
78 0, 23004100 1097,300 0.UV000U . 0,000000 0.,00000
79 " 0o 2531.100 1097,.300 : 0. 000000 ’ U.000000 0.,00000
89 0o 27862900 - 1097.300 0000000 _ 06000000 7 0.00UUD
61 0o 3079.700 10974300 T 0e00U0UY 0000000 0.060UG0
B2 0. 3403.400 1097.300 : 0.0u0000 0.000000 0.00000
83 .00 3760,000 1097,300 0.U0ULOYY 0.000000 0.00000
84 0o 4149,500 1397,300 Ue0000QU 0.000000 0.00000
85 lo 4572.000  © 1097.300 0000000 .0.000000 0.00000
86 - 1. 0.000 1314.400 . 0000000 ‘ 0.000000 0.00000
87 0o 4974200 1314400 0.000000 0,000000 0.00000
88 0, : 853,440 1314.400 0.400000 0.,000000 0.00000
89 0o 118HeT00 1314.400 0.0LO0UG 0000000 000000
90 0o 14634600 13144400 . 0.Q0000U 0.000000 ~ 0.00000
91 0o 1676.400 13140400 . ©GeQ00UGY 0.,000000 0.U0000
92 0. 182h,800 1314,400 0 600000 0.000000 © 0400000
93 0o 1955.000 1314,400 0,460000 : 0.000000 0.00000
94 0o 21144100 1314.400 BRI I 0.000000 0.00000
95 0o 23064100 1314400 0.000000 .. 0.,000000 0.00000
96 0, 2531.100 1314,400 - 0.0u00UL 0,000000 0.00000
97 0o 2788.,900 1314,400 0.,00000U 0.,000000 0.00000
98 0o 3079.700 1314.400 0,0v0000 0,000000 - 0.00000
99 Oo - 3403,400 1314,400 0.000000 © 0,000000 0.,00000
100 0o 3760.000 13144400 0.00L000 0600000 0.00000
101 0o 4149.500 1314,600° Ve 0V0O000 - U.000000 0.00000
102 lo 45724000 13144400 0000000 ~ 0.000000 . 0.00000
103 1.~ 0,000 1506,800 0.000000 0,000000 0.,00000
104 0o 457,200 1508.800 0.000006 0.000000 - 0.00000
105 0o 85304410 1508.500 00000000 0000000 0.00000°
106 0o 1188.700 . 1508.800 0000000 00000000 0.00000
107 0. T 14n3.000 1508,800 0,000000 0.000000 0.00000
104 0o . 1676.400 1508,800 0000000 0,000000 0,00000
109 0o 1628,800 - 150804800 00000000 ' 0000000 0000000

110 0o 1955.,000 1508.800 0.000000 0,000000 ) G.00000

9¢1



NODAL. NODAL HOR17ONTAL VERTICAL HORIZONTAL LOAD VERTICAL LOAD
POINT CODE COOKDINATE COORDINATE OR UISPLACEMENT OR DISPLACEMENT TEMPERATURE -

111 0. 2114.100 1508,800 0.000000" 0.000000 0,00000
112 0. 2306,100 1508,500 0.000000 0,000000 0.,00000U
113 0o 2531.100 1506.800 } 0000000 0.000000 0,00000
114 Ve 278Y.900 1508.800 0.00000U0 0,000000 0.0000U
115 0, 3079.700° 1506.400 0.000000 0,000000 0.00000
116 0, 3403.400 1508.800 0.000000 0.,U00000 0,0000U
117 0o - 3760.000 1508.800 : Ve00000V . 0.000000 0.00000
118 Ve 4149.500 1508.800 0.000000 : 0,000000 0,u0000
119 la 4572.000 108,800 0.0600000 0.000000 0.00000
120 1, 0,000 1680,200 0.00G00U 6.000000 0.00000
121 0. 457.200 1660.200 U«000U0U 0.0060000 0.00000
122. 0, 553,440 1680.200 0.000000 : 0.000000 0.,00000
123 0, 118,700 1660.200 0.000000 0.000000 0.00000
124 0o 14634060 1680.200 : 0.000000 0.000000 0.00000
125 7 e 1676.400 1680,200 0.,0060000 : 0.000000 000000
126 0o . 18284800 1680.200 0.00000y " 0.000000 0.00000
127 0, 1955,000  °© 1680.200 0.000000 0.000000 0,00000
128 0, 2114.100 1680.,200 "0.000000 . 0.000000 0.00000
129 - G 2306.100 1680.200 : 04000000 ' 0.000000 0.00000
130 0. 2531.100 1o80.200 0.000000 - 0.000000 0.00000
131 0o 2768.900 logy.200 0.,000000 0,000000 0.000V00
132 i/ 3079.700 1660.200 . 0.00000y 0.000000 0,00000
133 0o 3403.400 1680.200 0.0U0000 0,000000 . . 0.00000
134 0e 3760.000 1680.200 0.00000¢ 0.000000 0.00000
135 - 0o 4149.500 1680.200 0.000000 0.000000 0.00000
136 lo 45724000 los0.200 .. 0.000000 U, 000000 0,00000
137 1, . 0,000 1828,500 o 0.,606000 ) 0,000000 - 0400000
138 " 0o 457.200 1828.500 0000000 . 0,0060000 0.,00000
139 0o 8930440 1828,800 0,000000 0.000000 © 000000
140 0, . 1188.700 182H.600 0.000000 0,000000 0.,00000
141 © 0o ’ 1463,000 1620,800 . 0.000000 0.000000 - 0.,60000
142 0o 16764400 128,800 - T 0.000000 - 0.00000
143 0o 1628.800 1828,400 000000 04000000 0.00000
144 0o 1995, 000 1824,800 - U.000000 0,000000 0,00000
145 0, 21194100 1828.800 C0.000000 0.000000 0.0000U0
146 U, 2306,100 L62b.800 - 0.000000 0,000000 0,00000
147 0o - 2531.100 1828.800 0. 000000 0.000000 . 0.00000
148 0o - 27T88.900 1821.800 S 0.000000 0.000000 0.00000
149 0, 3079.700 1826,800 0.000000 0,000000 0.00000
150 0, 3403,400 - 1628.800 . 000000 0.000000 © 0.00000
151 0, 3760.000 1828,800 0.000000 ) T 0.000000 0.00000
152 0o 4149,500 182H,800 000000y 0000000 0.00000
153 1. - 4572,000 1428,800 0.000000 0.600000 0,00000
154 - 0. 2011.700 . 1950,700 0.000000 00000000 0,00000
155 0o 2129.500 1950,700 . T 0.000000 0,000000 " 0,00000
156" 0o 22784000 1950,700 000000y ‘ 0,000000 0,00000
157 0o L 2657.200 1950,700 0.,000000 ) 0.000000 0.00000
158 0. . 2667,100 1950,700 . 00006000 0,000000 0,00000
159 0o 2907,800 19504700 0.U0000uY . 0,000000 0,00000
160 0, 3179,.200 19504700 0.000000 - . 0,000000 0,00000
161 0o . 3481,300 1950,700 - 0.000000 . 0.000000 0,00000
162 0o 38144100 19500700 : 0000000 ‘ 0000000 0,00000
163 0o . 4177700 1950,700 . ©0.000000 © 0eU00U00 0,00000
164 | 9 4572,000 1950,700 - 06000000 0,000000 0,00000

165 0o 2194,600 2072,600. 0.,0000600 ' 0,000000 0000000

LET



NODAL NODAL HORIZONTAL VERTICAL HORIZONTAL LOUAU VERTICAL LO0AD

POINT  COOE COORDINATE  COORDINATE - OR DISPLACEMENT  OR DISFLACEMENT  TEMPERATURE
166 0o 23U3.900 ~  2072.500° ) 0.,00000v 0.000000- 0.00000
167 0o 2441.800 2uT2.600 0.000000 0.,000000 0.00000
168 0. 2608,200 2072,600 . 0.000000 0.000000 0,00000
169 . 0. 2603.200 2072.600 0.000000 0.000000 0.60000
170 [ 3026.700 2072.500. - 0.060000 . 0.000000 0,00000
171 Ne 3278.700 2072.600 0.000000 0,000000 0,00000
172 0 3559.200 - 2072,600 0.000000 . 0.000000 0.00000
173 Ve 3868.300 2072.600 0000000 0,000000 0.00000
174 0o 4205.900 2072.600 0.0V0000 0.000000 0.,00000
175 . 4572,000 2072.600 0.00000V ' 0,000000 0,00000
176 0. 2377.400 2194,500 0aV000VD 0,000000 0,00000
177 Go 24T8.40G0 Z194.600 U.000000 . 0.060000 ©.00000
178 O 2605.700 214,600 000000V 0.000000° 0.00000
179 Go 27594300 2194.600 0.000000 . 0.U00000 .0.00000
180 0, 2939.200 2194,000 0.800000 . - 0,000000 U,00000
181 0. 3185,500 2194,600 . 0,000000 . 04000000 0.,00000
182 0o 3378.200 2194.600 . 0e000U0D 04000000 0.00000
183 Qe 3637.100 2194.600 000000V 0.000000 000000
184 0o 39224400 2194.600 0.00V0000 0.000000 0.00000
185 0o 4236.000 21943600 0000000 . 0.000000 0.,00000 -
186 leo 4572, 000 21944.600 0. 0U0QUU 0.000000 000000
187 Uo 25604300 2316,500 o U.Uau00Y 0.000000 0.000V00
188 0, 2652.900 . 2316.500 0.u00000 0.000000 0.0000V
189 Oa 2769.500 2316.900 0.0_‘00000 VeU00OLOO 0.0000v0
190 0. 2910.,400 2316.500 . 0. U0V0000 " u.000000 0.U0U00
191 0o 307%.300 2316.500 - 0.00000¢ © 04000000 0,00000
192 0, 3264,400 2316.500 VL.0V0000 0.000000 0,00000
193 . 0. 3677.600 ©2316.500 0.000000 ) 0.000000 0.00000
194 0% 37154060 7 2316.500 0.0000600 0.000000 0.00000
195 0s 3976.500 2316.500 ' 0.000000 V.0u0u00 0.00000
196 [/ 4202.200 2316.500 . 0.000000 0.000000 0.00000
197 1. 4572,000 2316.500 0.000000 0.,000000 0.60000
198 0s 2763.200 2438.400 0.000000 0,000000 . 0.00000
199 G 2627.300 2438,600 ' 0,000040 0,000000 0006000

t 200 0o 2933.400 . 2438.400 0.,000000 . 0,000000 0.00000
201 0, 3061,400 2438,400 0,000000 . 0,000000 0,00000
202 0, "3211,.400 2438,400 0.000000 0,000000 0.00000
203 0o 3353.400 2438.400 0.000000 0.000000 0,00000"
204 0o . 3577.100 2438.400 - 0.000000 0,000000 0.00000
205 0, 3752.900 2438400 0.000000 0.000000 0.00000
206 .0, 4030,700 2438,400 0.,000000 0,000000 0,00000 -
207 0o 42900400 24380400 0.000000 0000000 0.00000

208 lo 45720000 24380400 0.000000 0.000000 0.00000

8¢l



ELEMENT ~ NODE  NODE  NODE  NODE  MATERIAL ELEMENT  NODE  NODE  NOUE  NODE  MATERIAL

NUMBER 1 J K L NUMBER NUMBER 1 J K L NUMBER
1 1 2 19 18 ] 1 : 56 S8y . 60 77 76 1
2 2 3 20 19 1 57 . 60 61 78 77 !
3. 3 4 21 20 1 54 S61 &2 79 78 1
4 4 .5 22 21 1 59 bo62 63 . HQ 79 1
5 5 6 23 22 1 60 63 - 64 81 60 1
[ 6 7 24 23 I 61 b4 65 8e 51 1
7 7 8 25 24 1 62 65 66 83 842 1
] 8 9 20 - 25 1 63 66 a7 84 83 1
9- 9 10 27 26 1 64 67 68 49 . B4 1

10 10 11 - 28 27 1 65 69 70 87 8o 1
11 11 12 29 28 1 66 70 71 an 87 1
12 12 13 30 29 1 67 71 72 ay 88 1
13 13 14 31 30 1 68 72 73 9u © C 89 1
14 ‘14 15 32 31 1 69 73 T4 sl Y0 1
15 15 16 . 33 32 1 70 74 <75 92 91 1
16 16 17 34 33 1 71 75 76 93 - - 92 1
17 18 19 36 35 1 72 76 17 9 93 1
18 19 20 37 36 1 . 73 .17 1w 95 94 1
19 20 21 34 37 1 T4 78 79 Yo 95 1
20 21 22 3y 38 1 75 79 80 97 96 1
21 22 23 Y] 349 1 76 80 81 9y 97 1
22 23 24 41 40 1 17 81 v2 99 93 1
23 24 25 42 4] 1 78 82 - 83 100 99 1
24 25 6 43 %2 1 79 43 B4 1ul 100 1
25 26 27 44 43 1 80 84 6% 102 101 1
26 27 28 45 46 1 a1 86 87 - 104 103 1
27 28 29 46 45 1 82 87 88 105 104 1
28 . 29 30 47 46 1 83 88 89 100 105 1
29 30 31 48 47 1 84 89 50 107 1u6 1
30 31 32 49 48 1 85 90 91 108 107 1
31 32 33 59 49 1 86 o1 92 109 108 1
32 33 34 51. S0 1 87 92 93 110 109 1
Kk} 35 36 53 52 1 88 93 94 111 110 1
3¢ 36 37 b4 53 1 89 94 95 112 111 1
35 37 38 55 54 1 S0 95 96 113 112 1
36 34 39 S6 55 1 91 96 97 114 113 1
37 39 40 57 56 1. w2 .97 - 98 . 115 1le . 1
34 4y 41 58 57 i 93 98 99 116 - 115 1
39 41 42 59 5k 1 94 99 100 117 116 1
40 42 43 60 59 1 95 100 101 118 117 1
41 43 44 61 60 1 96 101 102 119y 118 1
42 - 44 45 62 61 - 1 97 103 104 121 120 1
43 45 46 - 63 62 1 98 104 105 . 122 121 p
46 46 47 64 63 1 99 105 106 124 122 1
45 47 Y] 65 b4 1 100 106 107 124 - 123 1
46 48 49 66 65 1 101 107 108 125 124 1
&7 49 50 67 bh 1 102 108 109 126 125 1
48 50 51 68 67 1 103 109 110 127 126 1
49 52 53 70 69 1 104 110 © 111 120 127 1
50 - 53 . 54 71 70 - 1 105 111 112 129 128 1
51 54 55 72 71 <1 106 112 113 130 - g29 Bt
52 5% T 56 73 72 1 107 113 114 131 130 1
53 56 57 74 73 1 108 114 115 132 131 1
Se Y 58 7% 74" 1 109+ 115 ile . 133 132 1
55 58 59 76, 75 -1 1

110 116 117 . 134 133

6€T



ELEMENT NODE NODE NOUE .NODE MATERIAL - ELEMENT NODE NODE NODE NODE MATERIAL
1 Jd K L

NUMBER : NUMHER NUMRER 1 J K L NUMBER
111 117 118 135 134 S 166 183 144 195 194 2
112 ¥18 - 119 136 i35 - 1 : 167 184 185 1y 19> 2
113 120 121 138 137 1 168 - 18% 186 197, 196 2
114 121 122 139 138 1 169 187 188 T 1yy 198 2
115 122 123 140 139 1 170 < 188 169 200 199 2
116 123 124 141 140 1 171 189 190 201 200 2
117 . 124 125 le2 ' 141 1 172 190 191 202 201 2
118 125 126 143 142 1 173 191 192 203 202 2
119 . 126 127 144 143 ol 174 192 193 204 203 2
120 127 © 128 145 144 1 175 193 194 205 204 2
121 ‘128 129 146 145 1 . 176 194 195 206 205 2
122 129 130 147 l4b 1 177 195 196 207 200 2
123 130 131 148 147 1 178 196 197 208 207 2
124 131 . 132 149 148 1 MBAND= 38
125 132 133 150 . 149 R :

126 133 134 151 150 S §
127 134 135 152 151 1
‘128 135 136 153 152 1
129 143 144 155 194 2
130 144 145 156 155 2
131 145 146 157 .. 156 2
132 146 14T 154 17 2
133 147 148 159 158 2
134 148 149 160 159 2
135 149 150 161 160 2
136 150 151 162 16} 2
137 - 151 152 163 162 2
138 152 153 164 163 2
139 154 is% 166 165 2
140 155 156 1670 166 - 2
141 ©o1%6 187 L) 167 2
142° 157 158 169 168 2
143 158 159 170 169 2
144 159 L1660 . 171 170 2
165 160 | 161 172 171 2
146 161 162 175 172 2
147 162 163 174 173 2
148 163 164 175 174 2
149 ‘165 166 177 176 2
150 166 167 174 177 2
151 167 168 179 178 2
152 168 169 o180 179 2
153 - . 169 170 . 181 160 - 2

© 156 170 171 182 181" 2
155 171 172 143 162 2
156 172 173 184 183 2
157 173 174 185 184 2
158 174 175 146 185 2
159 176 177 188 187 - 2
160 177 L1748 b 188 2
161 178 179 190 189 2
162 179 180 191 190 2
163 180 181 192 - 191 2
166 181 182 193 1v2 2 .

2

165 182 183 19¢ 193

0FT



- NODAL
POINT

HORIZONTAL

DISPLACEMENT
0.
= TE96B36E~0]
=0 1450764E+00
~-ol96U%34E+00
=0231H05%E«00
~a254625bE+0N
-0 26844T9E<UD
- 2TTH2T6F+00
-~ PB4HSOBE+00
=.28686T764F+00
- Z2B0HB931Eeu0
-0 26421756400
=e234R84A3E-00
-.1922863F+00
-a1375918E+00
-e1279796E-01
('Y
Qe
=~ T690756E-01
=214163R2E+00
-01923226E+00
=e2283617E+00
=.2512414E+00
= 263B694E+00
=o2716277E0Q0
=« 27TBEISGE«(OD
~o2797494E+00
=o2T39306E+00
~22574941E+00
- 22R52HB0E 00
~21867185E+00

=a1332915E+00

~o7033790E~01
[
0.

l -oH99949bE-01.

-01299079E+00
~al78082%E+00
-02131593E+00
-e2356515E+00
-0 24815026400
~o255HK62E+00
-0 2618972E+G0
=e2634KT0F+00
~o25T74089t +00
»a2609643E400
~22126139E+00
~o17256364E+00
~o1224213E+00
-e6431162F=01
0s

0o

~a5921247E~01
-.1111005E4+00
=s1545958E 00

= lB87TTOYE+GU

-2 2095594400
=02223991E+00
=.2301880E+00
=02362765E+00

VERTICAL
DISPLACEMENT
09
Ue
Uo
0.
0o
0.
0o
0.
0.
Oe
0o
0o
0.

~eBHTTIHIE+QO
- BT19368E+00
‘=eHB34071E+00
=-e90059Y10E+00
=+9200UBSE+U0
~e?395048E+00

=954T4Y5E 400

- 963 3B83E+ (0
~aF0448IE ¢ 0.0
= lU0BSBUE+0L
~e103379Y0E+01

=e106URLTE+OL .|

=+ 10R54TSE+()
=el106979E+¢1
~.1122996E+01
-~ 1132804E+01
-.1136186E+01
-o1526K844E+01
-e1534350E+01
-e1555369F+0G1
- 198 7452E¢01
~01625555L+01
- 1662744FE401
=e1692882E+yl
=-017196092+01
-2 1754833E+91
~o1T98136E+01
- l8474T4E 01
=o1893935E+01
~ol94751bE+01
=~ 19418385E+ul
~e2U1R414E+01
- 2U3n8TESUL
= 204CTBIEU]
=e2Ull2Lr1E+ul
=s2021106E+01
=~o206v165E+ul
~02093184E+ul
~s2147202E+01

c=a22013326+01

=eR245821E+01

~e22h5946E+01 -

-22333045E+01

NODAL
POINT
61
62
63
64
65
66
67
\
68
69
70
71
T2
73
T4
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
Sa
91
92
93
S4
95
Se
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

1r

118

119

120

HORTZONTAL
DISPLACEMENT
=.2377505E+00
~o23152%6E+00
~+2152508E+00

-.1881209E+00 °

~21510980E+00
~.1062096E+00
-055464703E-01
O«

0O

-a4573104E=-01
~.B8673253E=01
-o1229980F+00
- 152788SE+400
~s1739903L+00
-.1865206E+00
-.19443Y5E400
-e2006623E+00
~.2021925E+00
-21961180t+00
-.1806830F+00
~e1559533E«00
-21235454E+00
=-.56600229E-01
~e4461203E~01
0o .

Ge
-.3106693E-01
-.5899038E-01
-.8496113E£-01
~a1087917£+00
-.1278YT0E+00
-e1400923E+00
~.1480494E+00

=-e1544319€E+00-

—e 19629776 +00
~21511606E£+00
~01379494E+00
~.1174912E+00
~.9198078E=-01
~e634T7266E=01
-e3283649E-01

0.

- =el6BT265E~-01

-03670805E=01
-.4325161E~01
- 56980 33E~01
-.7138157E~01
~.8233801€-01
-.9007205E=01
~.9562045E=01
-09962261E=01
-.971344TE=01
-.8B845215E-01
=~ T4TT645E =01
-o5833398E-01
-e4050673E-01
-.2120265E-01
0o

DD

VERTICAL

DISPLACEMENT
- 2402518E+ul
~.24T55%4E+01
-s225U0863E+01
-s2620TbcE+ul
=:26783YAE+0] -
271 7890E«0L
—-o27445T76E+01
e 2752935E+01
-e2352119E«01
~.2363451E+01
~e2395979E+01
~e244d444E 0]
~e251536%E+01
~02524943E+91
-o26434n1E+01
~.26Y035YE+yl
-.2Tobb12E+01
- 28%2765E+01
=e2949438E+0]
o304 TuwbrZEeul
~e31303bvt+01
-e3207873L+01
-.3254092E+01
-.328B7396E+01
~e3297224E+01
=s257Tna0E+01
-.258%705E+01
-.2624559E+01
- 26481952E+01
~o275d014E+01
- 2H4UY3YE L]
=e2913218E+01
o 2979848E+01
=-o306n489C+01
-o3177022k+01
-03297179E+01
=e3410493E+01
-.352194lE+01
~s3004227E+01
~+3660510E+G1
-o3692749E 01
-e3703471E+01
=o27T13139E+01
-e2725520E+0G1
~e2761375E«01
-e2820913E+0l
~e2901932E+01
-02994G33¢c+ul
-e3080440E+01
~-s3161103c+ul
~e320Y026E+01
=e3401010E+01
-o3%44141E01
~23683073E«01
-.380233bE+01
=-,38Yzb0nk«0l
~039525484E+01
~o39864T5E+01
=e3v976uTE~0]
- 2780515E01

N



NODAL

ROINT
121
le2
123
124
125
126
127
128
i29
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

112
173
174
175
176
177
178
179
180

HORIZONTAL
DISPLACEMENT
-0 4627125F~02
“o4957455E=02
~+2140512€-02
- 49658856 ~03
-4 43S50T0E=0U2
~-e1230242E-01
=e1907771E=-01
-e264T541E~01
-.3275661E-01
~.3584143E~01
~e34T5441E=0]
«s3064559F =01
=0a25313Y0E~=01
-21904665E~01
=oa1072608E~01
0o
0.
04 TH60YYE-02
2 1597670E-01
+3381438E-01
05426141F=-01
2 7082742E-01
2 T7556211€-01
0 668620TE=-01
»55212RTE=~01
S41878T56-01
«2961300E-01
21982117€-01
2 1187812E-01
CHBHRBAZE=-02
~e621B022E-03
-02109749E-02
0.
- 45637T90E~01

. =s1115146E+00

~al562929E+00
~s1660518E+00
=al134T7484E+00
-o7806179E~01
~02693578E-01
~01178078E=-02
«4331194E=-02
02554213E-02
0o
~o1342132E+00

=2 1869660E+00

~e2161087E+400
~o198B46H9E+00
=a1429741E+00
e T274350E~01
~a1942521E~01
05485T64E~02
01034132E-01
06477496E~-02
08
- 95T8423E~01
-01328799£+00
~01417806E£200

L =el1T1753E+00
~069257G3E~01

VERTICAL

DISPLACEMENT
=~ 2TYS09TE+D]
~e2829423E+0]
- 2u89685E+01
2972223601
- 3070296E+01
~23167S514E+01
-e3263TalE+ul
“.3392607TE+01
~o3H4053HE+UL
~e3711636L+01
~eJROB249E+01
~e3¥98b655EsUL
“0409414bE+01
~-o4156300r+01
~e4191U45E+01
~e4202923L 01
-e2799234E+u1l

© =e2H12010L+0]

~.2848820E+01
- 290Y583E+01
-e29924YSE U]
~eJU9L1193E«u]
-e3lYaldoE+u]
~03308394L+01
=-.3457215%E4+01
- o303206HE+01
~e38105HIE+0}
-e399uBSTE+Q]
=s4129987E+01
~s4228TTHE+0]
~e429193TE 401
0432T7143E+01
~a43368B03E+ul
~e3433899E+01
~+3063UY64E+0]
=o3863025E+01}
—~o4119453E+01
~o4353143E+01
454459 ]1E+01
~i46TnlB9E+0]
- 4759315E+01
~o4B11606F+U]
~a4B42069E+01
=0 485250TE+U]
~e37T930610E+01]
- 404 3180E+01
=-a4330468E+01]
ol bl2Td5E+ul
-0 43504 35€E+01
~a5016432E+01
-s51163628+01
e 51T7O0BT6E+Q]
-25217T17T1E+0)
-05242341E+01
=e5251299E+01

. =eb4262l40E+0]

=e4534352E+01
~e4615140E+01
~o5067725E+01
=052554TVE~0V]

NODAL
POINT
181
182
183
184
185
186
187
188
189 -
190
151
19z
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

HORTZONTAL
DISPLACENENT
=.22345516-01

6960970E-02

e 1308492E-01

«1722910E-01

2 1005702E-01
0.
2 2517701E~01
«4343312E~03
+53908064£-02
«H0Y9374E=02
«2136349E-01
03070452E-01
+335700BE=-01}
«3126685¢=01
2 2428548E~01
01344043E-01

0« 1556149€+00
o 1398233k +00
012236026400
21007576E+00
0 7893534 -01
«6265801E~01
»5176523E=-01

0422396¢E=-01,

230821128-01
0 1657094E=~01
0o

VERTICAL
DISPLACEMENT
-e5370311E~01
—eD@35382E+01

© =eBD6TT0YUE+U]

e D50 704 TE+UL
=05527962E+01
-o5%356402E+01
a4 784895E+0]
=«5010510E+01
~eD231295E201
-e507371E+0]
-.5521640E+01
- 5SBTHOZE+ 0]
=e5023574E+0]
-y 305b416E+«01
~sSbB204 180l
=o309r260E+0]
~a5TU4283E+01
-.2209586E+u1
=530 0566E+ul
-e54B0]l04E~01
=e55T7T4194E+01]
-e56031753E+u}
-.5670531E+01

-o569900TE+01

“e5T21926E%01
~.5740525E01
-o5753338E401
-65755096E401

142



'ELEMENT
NUMBER

-—
OO NPWN I WA -

——
W N -

ELEMENT CENTROID

" K=COOMDINATE
. 228.600
655,32
1021,07
1325.85
1569.70
1752460
1891.90
2034,5%
2210.10
24lB4b0

: 2660,00
‘. 24934.30
3241.,55
3581,70
3954.79
4360.75
228,00
655432
1021407
1325.85
1569,.70
1752,60
189190
2034455
2210410
26418,60
2660400
2934430

o 3241.55
3s8l.70
A954,79
4360475
228460
659,32
1021.07
1326,45
1569.79
1752460
1891.%0
2034 ,55
2210.10
2414460

2660400

2934430
3241455
3581470
39564,75
436037H
228460
655.32°
1021.07
1325.145
1569.70
1752.60
16%1.90
2034495
2210410
2418460
266000
293%030

Y=COORDI~NATE
. 156,31
156,31
156,31
154,31
154431
154,31
154,31

154431

154,31
194.31
156,434
154,31
154,31
154 .31
154431
154,31
451,49
451 .44

451,49 "

451449
451,44
451,49
451449
451,49
451,49
451,49
451 449
451,49
451 .09
451,49
“5]1 .49
451,049
Teba8l
TTR5.61
725.81
725,481
Te5.H61
725.81
Te5.81
725,81
. 125,481
T25.81
125441
72%.81
725,61
7¢5.81
~Te5.8]
725441
Y17.28
977,28
91728
977,28
977428
977,28
T 977,24
yT17.28
977.28
977.28
- 971,28
977,28

HOR{ZOWT AL
STrESS
=el0331LE+01
~elU31(Esyl

" =s10230teul

“o10077E+01
~e9HHU2TEY QU
sy ilu2Es00
=ethobuyte 0l
“e92719E+00
I THIE 00
~e862B2E G0
=edrtthyt+ Qv
~at2304E 0y
w, IHHUBEL GO
e 51 THE+00
=eTa40]lE400
~oeT4149E400
~ 0T9 TR0V
-~ 8UY6AE DY
- B8TT112E+00
~eBH53IBEL QD
~edutbpt+0U
LR T-E- BT RN )
“etDodiE+ Q0
e TlS606E200
o I5TYDE+ (0
wel2aYlE+00
e 6900 E+ O
—e5992E v 00
637100
=~ 62408E+00
~eb1HYIE 400
=ebltcat 00
~oT22TBEAQ0
~eT213cE+00
=s 13043E400
w  T25t0L+00
=~ T12UDE+DY,
~e6Y3ITIES00
o9y 1E+00
“,6555T7E+00
=ab2BBHESOY
~eb9TobE (0
=enbnaif e 00
~e54UaBE« 00
=e92304%E+00
~eBl036E 00
~o51560t+00
~eB1700E+00
“o56603E+00
weBT31TE00
~ond8I2ut ¢ 0y
“o'7HUBOE 01
e BHG3DEC00
“~eDT14bE+QU
~e555%0E+00
~e53T1CE00
=o51179E< 00
~a4B831TE200
=o45660E+00
2043760E200

VERTICAL

STrESS
~o440bTESQ]
~sutaaaf el
=eudlebES 0L
-e4dY9BL el
-ebbYUBE D]
=val/11E+0)
=.4d3bet eyl
-e471UTE+O!
~a50U27E~01
~e511¥bEsD]L
=e5e306E4014
=ebIDU3E+01L
~e56597E+01
=e3D4Tufepl
=aboyBuEepl
~enbs0atepl
=adodu /el
“odudafEsul
=e37182€401
—e38u2Yt 0l
~e30Y20E+0L.
“ d¥70PE0])
~e404d0ED]
~e41237E001
~s421906ED)
~.43323E+01
~v44351E401
~eublobE+0l
~.4bB4DE O]
4 T1HYTESO)
“e402ToEe01
~sbbb0TEeul
=e2095(E+01}
~e29234E01
~s27T80Es0]
= JUbOLE D)
-e314TBE+DL
=e3233uE0y]
~v3308bEv0]
=ed3%13te0l
-, 349b2E+01
~e.3olobEr0L
e 3laB6Erpl
~.36127E+01
~y39Td3E Y]
~e40BT5E401
eulOBTESQL
“e6]337€+01
=,22328k s 01}
=sQ¢525E 01
=e2eY80E+D]
~ec3022E+01
e 2069YE0)
=og23YTE~0]
“,26219E+01
o2 /151E+01
=odaddle+0l
~o2YT70LE+0O]
=a31101E-0Q)"
~032370E401

SHEAR

- STHESS
-« 75011€E-03
e db444E~0¢
=eBHBITE-02
~o135079E~01

t-ed}303E-01

=e23060E=01
~e2329bt-01
~e22577E~01
-.22201€-01
-e211B3E~01
~e1855¢E=-yl
=el4171e~01
- BBYOSE~(2
~eh12UYE~0R
=+10430E~02
~«a11012E~04
-e¢1109E~03
~e53303E~02
~s17656E-01
~e36551t=01
~e4YH326~01
~.59943E~01
«40b775E=01
“aTi261E-0])
~e72559E-01
- 6890BE~01
~e59613E-01
=s48075E-01
~e21093E~01
~e132302€~01
-e%0354g=07
=b13396~03

«Y3T0TE-0Y
~4359%6E~02
=e21055E~01
= 6TT4BE~D]

= TH2u2E~01

=e¥3D0YE=-0QL
=~ 1454 0E-00
=, 11366E«0y
=.ll650E+00
= 110T1E+Q0
“eY4UYSE~0]
=abBY34E~D]
“- 41230t =01
~a18238E~01
- hbUbOE=V2
“e261T1E-03

«30996E-02

«151T77E~02
“o17404E-01
meb2086E=-01
=eYUL22E=01L
~el2011E00
~e13866E+00
= 15104E+ GO
~al5542€400
~ol460TE+0O
~ed2126E+00
~oB856427E-01

PRINCIPLE STKESSES
MINOK MAJOR
=e10331E*0]1 ~,44067L+01
=~ 10317E20L ~ab4b404be0l

=e10236E+01 =4451¢uE«01

=a10077E+0} =,4HY99E+01
=a98815E200 =4469]10E+01
~ePTIVTESDD =o4TT13E40]
“eYH545E4 (0 =,483bYE+Q]
~a92YUbE*U0G =49 08E«0]
«edYTTHE+UD ~,5002YE40]
=e0b272E400 <.51110E+01
~e82012E+00 =o52307E+01)
= 19380E~0U =,53503E£+401
—sTOBUbE+(0 ~,54592E.0]
=e 751756400 ~.55474E+01
~oT4HUIESQU =, 96088E+01
“oTH149ESU0 ~4506404L+01)
=aBIYTRE400 =,36207E+01
=e8H0OTE400 =4 30940E0])
=eB87TVIE+00 ~o371U3E+(L
~eBO4RTE+OD ~a30033E+01
=en450Te+00 =438954E+01
", BL2HH2E DY =, 3YT92E.0)
—eB04M3EAU0 =ob0hYuEe(]
“oTBGLAE U0 =441252E901

=e75643E+00 =.42209E+01 -

=o723050 00 =,433306E401
= OUYOBE#PQ =0 64560L401
~e69941E+00 ~o4DTT70EQL
=ebIGYBE+D0 ~o46B4TE0])
~e62404EIUE =, 4T7HYE UL
~s61UYVEC00 ~,4B8275Ev0]
~eb1dP4E+0) =o485bTE«0]
~e T22T8E+00 ~o28YSTESD]
= T2T32E+00 ~.29234E4+01
=e13024E400 ~,2YTH82E«02
-~ T26UBEU0 =,30576E401
=« TOYTBE+D0 ~,31501E+01
= 0Y035E+00 «a32372E+01
~e67170L+¢U0 =,331¢8E¢01
=¢620a7E+00 ~,33960L+01
~e62422E+400 =,35009E+01
~e9Y301E+00 ~o306226E+01
“eD6303E+00 ~a3T514E+Y]
*e93903E00 ~,30742E4+0)
~eB52314E 000 ~4397bBE#01
=e51b24E400 ~o40576E-01
=e51500£+00 ~e410BTE+Q]
=eS1TULEC0O ~441337E40]
=eD60H02E+U0 =,22328E901
“e5TIITE 00 ~,22525k401
~eDBIVIE+U0 ~o22%47E401
=e9d735E+00 ~,2363TE+01)
e STIVOESU0 =o24543E401
=eS6415E000 «e29470E+01
~D46TOESU0 =,20312E401
* s 52669E200 =o,272595E+0)
=oS0143E+00 ~,28441E+01
“obT462E900 =o29787E+01
“a45113E000 =531156E¢01
=043500E900 ~032350E¢01

ANGLE TO MAJOR

PRINCIPLE PLANE
~o0l
~. 0t
“el5
~e25
-.33
“e36
-3
-.32
T =31
=29
—.24
=14
-1l
-.05
=e01
~.00
-.01
-ell
-e36
c=etu?
=93
-1.09
wleln
-1.22
=1.20
=1.0Y9
-.90
=65
“-.39
~alb
e (D
~.01
202
~e09
04
-1.17
«le75
~2.11
“2.29
-2.37
-2,32
wdell
“1.69
~1lelb
-.08
-e30
~e07
~e00
.11
09
LXe-1-}
~l.60
=277
~3.48
-3,82
-3.95
«3.b1
«3.3b
~20.61
cwlal5

ev1



ELEMENT'

NUMBER
61
67
63
64
65
66
67
68
69
70
71
72
73
T4
75
T6
17
78
79
80
81
82
83
86
85
86
87 .
88
89
90
91
92
93
94"
95
56
97
98
99 .

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

ELEMENTY CENTROID

‘KaCOORDINATE
3241455
. 3581.70
3954.75
4350475
228,60
655,32
1021.07
1325.85
1569.79
1752.60
1891.90
2036455
2210410
24lu,60
2660.40
2934430
3241455
3581,70
3954 ,75
4300.75
22860
655,32
1021.07
1325.485.
1569.70
1752.60
1891.90
2034.55
22190,10
2418.60
2660400
2934430
3241.55
asH1.79
3954475
. 4360.75
.o, 228460
655,32
1021.07
13725.565
. 1569.70
171%2,60
1891.90
2035,.55
2210410
2418,60
2560.00
2934,30
3241455
35b1470
3954,15
4360.75
2728.00
655.32
102)1.07

1325.85

1569.70
1752.60,
1891,90
2034,55

Y=COORUINATE
977,28
97720
977.248
¥TT.24

1205,85
1205,3%
1205489
1205.85
120%,685
1205.85
1205.8%
1203.45
1205.85
120%,85
1205.85
1205.85
12U5 ¢85
1205.85
1205,.85
1205,85
a1l
1411.60
1411.60
1411.60
1411460
1411.60
1411.60
1911.60
1411,60
1411.60
1411.60
lallebo
1411.60
1411.60
1411.00
141100
1594.50
15%4.,50
1594.50
1594.50
15%4.50
1596 ,.50
1594450
15%4.90
1594,50
1594,59
15v4.5¢0
1594.50
T1%964.50
1594.50
15%4,50
1594 .50 .
1754050
175%4.50
1754.50
1754.50
1754450
1754.50
1754,590
1754050

HORIZONTAL

STHESS
b 2HSHE 00
=sb2oyoteQu

. me43167E+0U

T omeh JaYbECYD

-4 1399E 400
=e4204NE QD
=eb 34UYL+ 00
~e450508400
-o45Y¥bYE+ 00
=s45001E+00
e G40 I9E
~edeY1TECGY
-4 0733E+00
-e3B3%4L+ 00
- 364 TUE 0D
=e3b823E¢00
“e35343E400
=39BT1E+00
=, JOLBLEYDD
=.30867E+00
=e2715%Evy0
=e2T1294E+00
~a@B2HBESQV
~eJUu5cE DD
=¢33001Es00
~a3%303E¢0D
=e360UYnEe DU
=e33l4nke(0
=~:310YVE«0D
= J044BE 0D
~edYudob ey
~e29325E+00
=~ 2YNCIE 40D
=300V TE~UO
=a31213E«0y
“e3138HE+00
~o 1438300
o 1350%E 00
~e 131358400

s =alb460lE400

—a1h246E+00
e 228BYEIND
- 26000E+QU
24061400
=e25121E+00
=a2513¢E+00
=a25193E400
~s25b4YE DY
- 204BUE* D0
=0 2TUSGE+QD
= TUZHE ¢ DO
= 26757E+00
-e34536E~01
= 13v61E=~0D]
o 11553E=-01
«Z53%]1E~0)
e TYUY6E=-D2
o H9956E-01

- =2 }0030E+00

o 19295E 00

VERTICAL

STHESS
LPRERI-BEEANY
—eJuUEsEeQ]
e Jahydleyl
“e3uwlostenl
~,lo325E-01
-, 10441F4+01
=alb7ibErQL
~e17241E+01)
=o18023E+01
~olnyblEeyl
“o 1987k eyl
~elUdBSEYUL
=.2¢331E+01
-,23873E4+01
~.Z23d5E 0l
“a2006T2E4 9]
~ezlt13Erp}
~.2BcusE Y]
-, 208225E401
-, 28hbea ()
~s1UY3vEsDL

~elyYvitenl .

=olllevie0l
= llnb2lE0]
~elcUGTESOL
-s}eISTEC()

=elwla2EeQl

-.12335t401
-, 10Y4NE 0]
~sloBY1E+01
~.2udloEed]
=e2lbugk+0l
~.2¢449E+01
=, d2913E01
~e231320401
=eP3218E40!
~eBi536E400
~.01085E+60
s 02l 34k v00
~eb335¢E+ 00
=60 00E+00
~- TaIBTE« U
~sB/1THE+00
=.l0301E 401
sl BlEC0L
~,1ul27E+01
-elbdolIce b}
-o1713¢Eu)
~slTubolie0l
=s1b200E+01
=¢1032dE 0]
-, 10371E+01)
“alubdbfe00

= 1Y5T1ES 00

e lYhlbESGO
o l9duIt ey
~e2ULOUELDO
=eZBu)E+ D0
o Jd/FSE+00
“e5dh04E400

SHEAR
STRESS

~o4TY3HE-0GL
e lUndgIE~0)
e 2Y564E=0¢

066634E-03

eDe176E-02

J80504r-0<
= TeoITE~D2
- 45671E~01
~e95436E-01
“«13765£400
~e 10492800
-eiBZONECyD
- 18779¢+00
~a17364E+00D
~al3vB3E200
=~ 93187E~01
~e4B4]1SE~Y]
~y13015E=-01

«J1nB4E-UD

- W 17843E-02

$02232E-02
$12762£-01
0 35d22E~02
27163 ~01
~a85083E-01
-el8253E«00
~elUl6QE+Q0
~.0D3bE+00
=.dluslE+00
~.19131E.00
=o 169432400
~e75032¢-01
-~ 44575¢=01
=, 11173¢~01
e2bl10E=-02
«252560=Q2
«535%0E-02
«12591E~01
«10526E~01
“e85527E~02
~e55814E~01
= 121326400
~e1BA3SE 0
=e2129~E 00
~e218TUE+00
-, 19K514E400
=a15144E400
=aJ]1657E-01
~e393106E~01
~e 19308E=-02
«32267€-02
2I02TE-02
cl24b3zE~uUZ
«bZl44E~02
s09634E~0¢2
0231wt -02
=e14944E-01
- 68801E-01
“e15856E+00
~e19660E£200

PRINCIPLE STRESSES

MINOK

~o 42779400
=e42795£400
-s43166E400
~e434Y%5E400
~e41393E+00
- 42044400
“e83404EDY
= hHBYZEL0D
~e 40204 +00
“s44256E4 00
= 42755k gy
“ 40Y4OE+OD
~.38821E-00
=~ 369U1E-00
- JOSTLE+YU
=+ 39043E+UQ
—ed924b6L+00
~ 35361E¢00
~.3b482Es00
-, d6B4TESQQ
~.27155E+00
= 2T274E%00
=~ 28264 TE00
-~ 30331E+00
-e32262E400
~e32¢22t+00
~e31082E+00
=, 29136E+00
-« 2BOOBEYUO
~s2B8lauEsCO
- 2U212E« 00
~e2BB43E+00
=2 Zd9BOLE+ 00
-~ 3UGYIE«DD
-a31213E400
«+31387E+00
~d143TTE+0D
~e13532E+00
~a13117€+00
~oJ4466E2GO
= 17614E4+00
- 19364E 00
~ulv0l4Es00
~e1932BE00
=204 GHEL00
~22184SEe00
=e234D0E400
=e25070C+00
=+2b3Hob+00
=o2TUn(E+00
=a27027c ¢ 00
=.2070TE+00
~a3625dE~01
“oldlabE=01

1T80E=G]

o254 10k-01

«90282€-02
~o37282E~01
~o78993E-01

~al1135E¢00

f

HAJOR
-e333HYE )
=o340bbEen}
=o345unbsp]

=a34T04E+ () .

~o163258+01)
.o lb44Z2E«D]
~s1bTlboEs0}
~a17247E+01
= 180YUE+D)
=e19082E4+01
«e2004BE+Q]
=.211b4E+01
=,22922E+01
-.24022E4+01
~e25473E+01
~a26710E+Q)
~e27022E+()
-, 2bcuSE+0]
~.28525%E+0]
~.280664E401
~e 1U93BE+Q])
~e10993€+01
=el1)z9E~01
~.11l4b2E+01
=.12149E401

=e131Y58+01

~e14344E+01
~.15674Es01
=,17263E+01
~e18%22E401
~.20844E+01
=.21650E+Q!
~.22459E ¢4l
-, 22913E401
~e23132E+01
-.23216€+y]
-.61542E400
=ebl71dE+00
~e62156E400
=e6336TE+00
=0 7532E400
= T7912E+00
=e92163E«00
=s1l0843E¢01
- 12654E+01
“o1445TE0L
~slb0d2Ee0]
“~al7189E+01
~o17876E¢01
-.18200€+01

=o18I20E+qL

-.18371E.01
=4195%0E+00
~e19593€600
~.19638E400
~«19812E«G0
~e20Tu3Ee00
=e27246E4+00

= 40934E«00

=o66664E00

ANGLE TO HAJOR

PRINCIPLE PLANE °
- D 7
=eJb
-+ 06
201
o 25
.38
-2 36
~2.05
4,05
=5.41
b 04
-b.lY
=5.81
-4,92
~3467
232
=115
~-.36
«00
Te 04
«43
NI
25
-1,99
=5.50
-Bs30
-%,43
~9.43
8,50
6,87
-4 458
=2.91
~1.31
-.32
07
Cag?
65
l.5¢
1.22
=1.00
-h46
-12,94
«15.13
-14.24
~12.17
9,42
~0e3¥
«3.59
«l.48
-.2Y
o12
+0Y
87
1e96
1.92
.59
T
-l7,92
=27.16
«22,5%

A7Al



ELEMENT
NUMBER
121
122
123
124
125
126
127
128
129
130
131
132
133
136
135
136
137
138
139
140
141
142
143
144
145
146
147 .
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
176
175
175
177
. 178
NUMBER OF

A=CO

ELEMENT CENTROID
Y=COOFDINATE
1754,50°
1754.5y

ORDINATE
2210.10
2418460
2570400
2934430
3241.55
3581,70
3994,75
4360.75
1981.25
2119.15
2288.55
2490437
2123472
294848,90
3285.90
3614.70
3975,.32
4367,.10
2199.92

2285.30

2e4t,30
2633,92
28%1.20
3098410
3374.60
3660,72
4016,.50
43b1.90

,2338.57

2457.4%
2603,7%
2171,
2976.65
3anT.2?
36K3,30
3746,75
60576
4395.97
2517.2%
2626,62
elel.2e
2921405
3ius.l0
3316.42
354%1.97
3812.75
409877

L 4410,05

APPRO

265,47
2195.77
2918.67
3ub4,.62
3233.69
3825460
3649.6%9
3878,77
6139,95
4424015
AIMATION2

1

1754450
1754450
1754,50
1754.50
1754.50
1754450
1649,75

. 1883.75

la89.715
labd 15
1889,179

BEY TS
S 184Y.75

1889,7%
l8n9,715
1869.75
201165
2011.65
201,03
2011.65
201 1.65
20ll.6d
2011,65
2011.65
20lt,65
2011.6%
2133.6¢
2l3id.e0
2133,50
2133.60
2133.60
2133.60
2133.60
2133,60
2133.60
2133.00
2255.55
2255,55
2255.53
2255453
2255.5%
2255.55
2255.5%9
2255495
229%.55
225%,.95%
2377.45

T ealt.ien

2377.0%
2371 ,45
2377445
2317445
2377465
2377 ,.45
2377 .44
2377.45

HORIZONTAL.

STHESS
=21 749E«QD
“.230L0E«00
=e23094E 00
~e24365E«00
= 24872E+00
= 24016E 200

=e23607E+ 00

-.226608E400
~160TTESQD
e 2E526E00
= 31746E%00
= al166E400

ceg iyl TaE+ Q0

~e5H020E«00
-.58013E+00
EES-1 R4 T ST
=y2%u3YE G0
=e28700L+ 00
=} Th49E s QU
=.2175%E+00
-, dLYUVE+QD
~eJ2u97E+00
=e371b0E+0p
=4} 557E+00
=s464405€+00
~49077E+00
=s40031L+00
~e40T6E+00
~e15201E+00
~ol THOHRE QU
o2 03T4ESDD
~e23422E¢0Q
=e 26345400
“elF050E 00
- 3179LE«0G
=o32735E400
=e330U«E+Q0
=e33174t 00
=slenTolE+00
=.12837E+00
LR Ry FY Y 1]
= 19996E+ U0

= 173358000,

~slbbTBE+00
=elI502E Y
=~ 17965500

o 202UcE 0

e dUZYTE+ D0
6Ty 2E-01
=ol30dntk-01
=~ TabYnt~0}
= T4D0UE~VL
~a12715E=0)
=oll04vk=014
=o7lGevE=01}
~o 12319E~01
s T3703E-01

L=oTb655E~0]

STRESS
= TYHGZE«JU
“o10142F 401}
~«l1Y93E+01
~e13235¢t+01
=aldb51E0]
=, 140063L+01
=.14J1vEeDl
-elulssEsol
=.15510E+00
~e334TTE«UV
=eH0U2ES YU
= T1976L4+00
=48 lar+00
=slustiyEeyl
~elusTyE+pl
=s1U9BuE sl
- luvayr gl
-slUYasEe QL
-s14530C400
=edlBlstep0
“eDUHUSE-DQ
~e61004E €00
- T846UE* 00
~aBGD27E+00
=e¥D446YESOU
~e833U1ESOV
~ebul0BE LYY
=e8Dln0E g0
~e1uDpI0EDO
~e28554E€+00
~ 821 12E400
~eScYUBLES0
~e57170E+00
=abl2u2b+00
~.b1316E+00
-.b1018E«0D
~»6UdbHE4 (O
=.0UHUYIe0y
“sleYd7Esul
- 21778E«0G0
e dYTHROE S LY
“e321u7E+00
=.37000E+u0
~e3711HE+00
EER LT ]
-+ 3057TE« QD
o 304TTE+00
~,d04ebEs Q0
“e4l3v2E=01
= ¥¥312b~01l
~elc4bU0k+00
=ol3025E+00
=ol2Tult+pi
o kdwyucsU
=ol2ult+00
=a12100E000
“alcluldEs00

-+ 1¢061E0.00

© VERTICAL

‘SHEAR

STRESS
“a21136E+00
=el¥653E+00
~slu9uyE+0o
-.87069~01
*oID7UHE-CL
- 4l35]1E=-02
«TH483E-03
+10255E-02
=sdz34TE000
-ea15%09E¢00
=~ IbTHT7ES Q0
-.1531cE+00
~ellalTE0U
~.05600E-0}
~elY0HlC=01
~e10248E-01
-e2T5b65E-02
~e40880E-03
~+112HZE+0Q0
=+ 12091E%00
-~ 11H45F40D
- ¥5559E=-01

~s63770E-0l"

-eJ4032E~0l
~ol5047E-01
= 60221E-02
-21eB9E-02
~e4Tabot-03
- Hb230E-01
~46lulE~01
- T2137k~-01
~e492462-01
~.25504E-01
~+10bY¥PE~Q1
- 4b443E-02
- 2H2H4E~D2
=ei2ubEE-D2
-.34n01E~03
-a630176~01
~e9D1665E~0]
=a3e304E=01
~.124TnE-01
~eTYU10E~04

«16433E=02

«4042PE~0U3
~e43377E-03
~e45319E~03
~y150avE~y3
~e41T57€~01
~sloyublE~0l
~e556b7E-U3
266602802
«604T3E~Q2
336938 -0¢
olavboE=0¢
«D14U4E-03
s lbub4E=-p]
007804

PRINCIPLE STRESSES

MINOR
«s148TSE«00
-. 18360400
“a21437E+00
=e236675400
~e 26 TOOES0]
=.24610GE+00
~ 236UZELUO
~.2266aL400
- 242%4E=0]
~s12195E+00
~a23349E+00
~+35600E+00
~eb40571E+00
~e94154E400
~.573408+00
=»58Y33E+00
- 5Y037E+00
=~s58966E+00
~e5165E=01
= 130HY9E<00
~e22145E+00
= E3654E+00
-e.362117c+00
~ 4 12B6E+UO
~s 46 3ISUESGO
~e456LTES00
=e46030E400
~s 46 T2EQ0
~eH54Y06E-01
“o13071E+00
=s lBZUIEL 00
~.22b22E+00
=e2b04TC+00
~e¢Y815EY00
=31 7H4E 00
=.32733E+00
~e330B4E400
~.331TYE+ 0O
~a6536/E=01
=.1U4T0E+ul
-e1d202C+00
=e1947084¢00
-e17335¢c+00
= 1uo76E+UO
~el¥bUgEsGU
~o1YJ05E400
~e20201E+00
- 20R2YIEGY
=s19540c=01
~ebJdu23t=ul
- 1469¢E~01
= 7371501
=.72060E-01
e T0BIGE~UTL
-~ 70Ya8E=01
- 7234 3E=-ul
~s T31U2E~0])
o T4453E~01

MAJOR
~osBOT36E Q0
-e10607E+0!L
=.12218E+01
-«13305E+01
~s13862E001
-, 14003E+0)
“s14]119E+01}
~.16135€+01
-.271b0E+00
~e45860HE+00
~e052¢25E+00
=e83514E400
=.97510E+00
~. 105776401
~.l0u8Y0E el
~el0Y03E+0]
=.10990E+01
e 10YayEe0l
~.27306E400
=39879E 400
=.55309ce00
- 69449E+00
- T9428E4+00
~.84298E400
«.65504E+00
~.853%0E+00
-.85209E+00
~.B8515uk+ 00
=e23340E+00
~.33351E+00
- 44343F400
~e53T48L+00
=+59376E 400
~.612bTE+Q0
-,01323E+00
-.61020E«00
~.60b50E+00
-6 0HUYE+00
=.19271€+00
-.24140E+00

~e3002728900

-.351bbeeno
=.3T006E«00
=.37120E+00
= 36B0BE+00
~e3557T7E+00
“.3097TE+00

= 3bu4GECQD

~o99544E~0]
=10853L000
-.12481E¢00
=.13104E.00
~a 128528400
“o12514E¢00
-0 122U5E+00

=, 121596400

~a12103E+00
~212081E600

- .Sl

ANGLE TO MAJOR
PRINCIPLE PLANE
-l8,02
=13.31
-8.0]
-4,58
~1l.50

~.40
04
«05
-43,33
«33,67
26460
~-19.08
=-13.32
-7.48
-3.33
~l.16
~e31
~.05
48,68
=33.71
~22,25
=14,35
-deb)
=4e55
-2.10
- 87
-.31
~e07
=47,5%
=2v.10
~l6,75
-9.22
-4.50
=1.93
=-.90
-.51
-e26
-.07

L =44, T4
-24,57
" elleu2
-3.64
~e23

.15
~e15
~s 10
~.05

“5leyy

«27.00
e65
.72
6.18
3.56
l.01

o0

020

205

SPI



HORTZONTAL
'STRESS
-.1033E+01
~al1032F«01
=+ 102HE+01
=s1016E+01
~«9987E+00
=~ 9810FE+0G0

- =eY643E+090
=c9413E+400

“a9126E+00
~.8T95E+00
-a8441E+00
-.H098E+00
=~ TBO6E+ 00
= T59TE+00
“, T4THE+DO
=~ T42TE+00
=+ 7415F+00
=e9553€E+00
~a99%51E+00
=.9521E+00
e 9424E 400

=a9262k+00 .

~e9074E+00
~HBBSE+00
= HARIE+D0
= BAOLIE+00
=, BUB5E+00
-~ TT42E+00
= T409F+00

=eT132E400

= 6939E+00
-~ 6AI6F+00
~e6TYTE+00
- 6T8IF+00
~.B000E+00
~sBG13E+00
“ BO26E+00

= T9B5E+00

= THHHES 00
e THBIE+DO
o T4Y91E+0Q0
= T253E+00
= TN46E+00
~e6751E+00
=e6429E+00
~ab12TE 00
= 5H8B9E+00
~a5742E+00
~a5676BE+00
-o5666E+00

. =e566BE+00

=oB431E400

. =e6459E 000

=s6920E400

=26556E+00

VERTICAL

STRESS
-o440TE+Q]
-al4207 401
~et4uE+yl
~etH58E+01
~otb648L+U])
=o4733E+01
~o4UbE+O]
-~ 4BT3E+01
=s4955E+01
-e5055€+01
=-eS5169E+01

=e5289F+0] -

=e5403E401
~oB502E+01
= 55T7TE+G]
~eS50624E+01)
=e5640E+y1
= 40236401
=04 04)lt+0]
a4 92401

L=ot]6HECU]

- h42bTE+ O]
~et342E+01
—e4415E+01
b bpb4FE+y]
-o456Ur+01
~o46T1IE+V]
~e4T8TE+U]
~e490YE+01
-a5024E 401
-oeb122E+01
=eDH196FE+01
-oH242E4+01
~e9e57h+01
~a3268E+pl
“e32H4E+(]
~e3329E+01
e 339YE+0L
=s34H0E+01

T =e3HT3E+01]
L =e364HE0]

=-odT22E+01
~s3812E+y1
~o39¢1E+01
=-o4Ubbt+yl
~e4 1696401
~e42B4E+0]

=e4380E+01 |

wakabIE+0]
-a4490FE+01
=a4504E¢01
e 29T4E4Q]
-a2586E0]

~o2622E4+01

- 26B3E+U1

SHEAR
STRESS

= 7561E-03

=.2150k=02
—e6214F-02
~s1228E~01
- 1849601
~o2247TE-0L
-0 234TE=0]
=.2294E~01
-.22398-01
-.2169E=-01
-el19847E=0l
~el636E-01
=o1183E~01
= O5006E-02
=.2542E-02

~e52TYE-03 |

=«1101t=y4
~abh36E-03
~e29]0E~02
2.8904E=02
~.1924E=01
~e302/7-01

- JH60E=-01 "

=-e4341E~01
- 4598E~01
-, 4T15E=01
- 4623E~01
= 4203E-01
~o3420E-01
= 2390E=01
- 1352E-01
“e5608L=02
~e1401t=02
-2b22E-03

«2H30E-03
~.2100E-02
=2 11Y6E-(1
-0 3030E-0l
—ub1h3ESy)
~e69328=01
- H141E=01

~eH922F=01 "

~o¥3406E~01
“eY220E-01

=.dJ330E-01 .~

=e66TUE=(1
s 4567E=01
=e2514F~-01
=oe1004E~UL
=o2360E~02

. =e3T7T6E=03

2 2018BE=-02
o4bBITE=03
~01013E=01
«03457€=01

=ot 7296 +00U
=ehGUYE+DU
=.01l4b+00
- HUHB3E+00
=5 T4UE+ QO
- DOTBE+U0
=oHH6OE+00
=oH66BE+00
~e6431E+00
«ob4HYES00
= 6520E+00
=o0590E+00

PRINCIPLE
MINUKR MAJOR
=, 1U33E+ul =.4407E+01
~o1032E+01 =.4420E+01
~slDEBE+U]l  «.4480E+0)
~o1010E+01 =o4558E+01
=.Y986E+00 =o6648E+0L
“ YBOYE+UU =.4T734E+01
=o9b4cl+0U  =J4806E+U]
—eY412E+00 =o48T3E+01
=oW1I2HE+00 =-.4Y55E+01]
~o8T794¢E+00 =~,50506E+01
~s8440L+00 <=4516YE+V]
‘meBUYTE+QU  «e5289E+01
. =aTBOOE+00 =+5403E+01
= T59TE+0U  =.5502E+01
e THTHE+0Q =4,5577TE+01
o T42TE+u  =.5624E+0]
=e7415+00 =o5Hu40E+0]
= 95H3E+00 =.u023E+U01
~oublE+00 =e4041E+01
~eYS2LE+00  =.4092E+01
S.9423E+00  =.4168E+0]
=~ UEHIES00 ~o425TE+U]
~eYOTUE+0U ~o4343E+01
= HHTYE+QD =o4415E+01
= HH656FE+00 =.44b4E+01
=oB3Y5E+0U  «,4569£4+0]
~e80d0L+0U  =,40T71E+01
T =e¥T37TE+00  =o47HUE+Q]
= T40TE+QD =04 9UYE+0]
=-o T130E+00 =~e5024E+01
=e0OIIVE+QY  =4D122E401
=e6bJOEYR0  =e51Y6E+0]
= bT9/E+00  =aDZ242E+01
= b78YE+UU  =.9257E+01
-~ 000E+0U0 =a326BE+DL
=oh013E+00 =o328458+01
=ebebt syl =.3329E+0]
= T98lE+0U  =~.3400E+01
=o TUSOE+0U =,348B7E+01
“a (OTLIE+QU" =o3974E+01
o T4bYEOU  =,3651E+01
“o T256E400 =43724E+01
=« T018E+GU  ~o381%E+01

- 3924E+0)
~o404b6E+0)
- 4170E+01
—e42BBE+Y]
- 43B0E+0]
~o b4l YE+0]
~o4490E+DL
~a4504E401
-e2574E+0Ul
-0 2586E+01
=-.2622E+01

T eo2684E+01

STRESSES

_ SHEAR

0o 16BTE+01]
0169 7E+0]
w1l72oE+0)
o1771E+01
0o 1825E+01
«1876E+01
a1921E+01
s 19006E+0]
02021E+01
«20BBE+01
«2163E+yl
02240E+01
2 2311E+01
«23T1E+01
o 2415E+01
o 2441E+0]
02449E+01
«1534E+01
s }D43E+0]
s 18BTUE+0L
o 16)13E+0]
s 1665E+01
2171oE+01
2 1704E+01
s THUYEOL
e 1865E+01
«1932E+01
«2007E+01
«2084E+01
02155k+01
a2214E+01

022%6E+( )

«L2B1E+0]
e 228YE+U]
el234E4+01

ANGLE TO MAJOR
PRINCIPLE PLANE

«1241E+01 .

0 1263E+41

o 13U1E+0L

e 1350401
s 1404E+0)
0 1452E+01
«1499E+01
01550E+01
0 1626E+0}
0 1TUZE+0L
W 1TTYE+0L

2 1848E+(].

2 1903E+01
21941E+01
0 1962E+01
01969€¢01

o 9654L+00

2 9701E«00
0 9852E+00
01014E+01

-.01
-.04
-.10
-.20
-.29

-.34

=235
=33
-.32
=.30
~.26
=e21
=.l¢
-.08
=.03
~.01
=00

T =.01

=205
-el6
~. 34
-.52
~.64
~eT1
=.73
-.72
- 69
~e60
-a47
~.32
-al7
=07
-.02
=00
<01
~.05
-e27
=67
~1.09
-l.42
-1.61
~1.71
=1.72
-1.63

“1l.40"

=1:08
=71
-+386
~.15
-.03
.=e01
<06
201
-.29
-o98

971



NODAL
POINT
.56,
57
58
59
60
61
62
63
64
65
66
67
68
69
.70
71
72
73
74
75
76
77

79
Ao
81
82
83
84
85
8o
87
a8
89
90

- 92
93
94
95
96
97

9.

99
100
101
102
103
106
105
106
o7
108
109
110

HORIZONTAL
"STRESS
=o6916E400
= 6395E+00
*o6230E+00
~s603TE+00
=B 10E+00
=.5533F+00
=o5242E+00
~o4YBRBE00
=o4B14E+00
-o4T732E400
e 4T21E+00
=o4T41E4VO
~s4T53E+00
= 4BBTE+00
=e6Y20F+00
=e5011L+00
=e5124E+00
-,5192F+00
=.5166E+00
~o505TFE+00
e aBYBLL (Y
=.4692F+00
- 04GTES00
~e4206E+0Q

T we 402164040

-a392hE+00
~o39151+00
= 3952E+00
=23994E400
=s4011E+00
~a3416E+00
«s3434F «00
-350BF+00
- 365GE+00
=.3861F 400
=e3953E+00
- 394TE 00

T=o JBLOE Q0

=.3697L+00
=+3519F+00
~.3350E+00
~.3259E+00
~a3244E 00
-o3290L+00
~-.33%2F+00
=e3393400
~a340TF+DD
=~ 2066F+40
~o204HESBD
=204 1E400
=s2136E400
=e2377E+00
~o2670F¢00
=0,2851E¢00
=0 2883E400

CVERTICAL
STRESS -
=o2765E¢0}
=o2B832E+01
=a2933E+01
~s3013c+01l
~e3113t+01
=-03234FE+01
=o3357E+01
-o3498E+0]
~e3613t+ul
=e3703F+01
~o3765FE+01
~e3dU0E+01
-o3811E+y]
“slV43Esyl
~s1951E+01
=a19766£4+01
= ZU24F+ 01
=.2u9¥5t+0l
=, 21H2E+01
~e2269F+01
-e2359k+yl
e C4T3R+0]
-aC6l0E+0]
=-e2TH06H 4]
~e2B74F 1
-.3008E+01
=2 3090E+VL
~.3142€+01
-s3169E+11
=o31/RE+0]
-.1373F+01
-o1378BE+0L
- 1392 +ul
-~ l424t+0l
s lunilc+U1l
-s 15628 +01
- 1655E+01
s 1799E+01
= 18Y3F 4]
=o20%0F +i}1
-.2211t+01
~s 23956401,
~e24065E+01
-22B534E+01
=29 TBE+0)
~e259HE 401
o2ty +)]
-.8653E 4090
- BO6YE+UD
- BT30E«00
=aHHBSE+00
-0 9245E400
-o9931E400
=oluvlt+ul
*al213E¢01

. SHEAR
STHRESS

=2b6b61BE=01

=aY403E~01
~ol14aE+00
~ol2T1k+00
=e136lt+00
“ol322t.+00
=o1180E+00
-s92435 =01
=obUBBF=-01
=e31h2F=~01
~.1113E~01l
e 1T0S =02

02123k ~y3

4 15%k~02

WAbflE~OZ
-2 392b5F~02
= 3076HE=01
= T095£=01
~ol110k+00
~o 14035 +00
=s 1993k + 00
~o Lty 2E+00
=0 165TH+00
=al492%+00
- 1101E+00
o bUKYE~D]
-, 320bE=01
=.9313e-ve
=s1290F=03

W 1P25E~02

W STZUE~G2
HBOL3E=U2
o4 133k-02
- 1WTHE-]
=ehinar =il
=.1l1%2g+00
= 1B6TE+00
-o 18 36E+00
= 1765+ 00
- 190BE+00
= 163bE+00
= 11955400
=o TOGHE~0]
=e29Y4F~U]
o 0G4E =12
olT31F=0e
«2iobE~02
oHTA1E=ue

WY234K=u2
JUBLIE=UE

=ohY26L~-u2
=ohhhbF =yl
-2 1027E+00
=, 1YY0E+00
es190lE+00

PRINCIPLE

MINOR

=et49sE+ 00

~o0355L+00
-0l 74E+UU
=eHYTUE+ 0O
=0 T4UEs 0V
~onb0UE+ QU
=.5193E+00
= 49OUE+U D
=e48U02E+ 0V
—e4TeYE+0U
=o4T21lE+0V
-o4741E400
=4 TH3E+0Y
e YIE+0U
=-e492VE+00
=oDUl1E+00
=e5118LE+00
=a9lbUE+00
~D0Y2E+ 0
-s4Y40b+00y
=s4Toub+yy
44500+ 00
-o4dZlEs 00U
s llots0u
-a39 /700
=e3Y07E+yY

. =e3YllEepu

= 3Y5¢E +un
3994+ 00
~a40l1E+QU
=o341%E+00
=3433E+00
-« 3500t s lu
=e 3055k +00
= 3olU4k Uy
= IHAVE DO
=, 3T5%E+00
-+ 35U5E+00
~e34HTE+0O
~a3308E 00U
=e3217E+0U
~o3lHYE+0y
e 3221400
= dddnE+ 00
=o3d30cE+tiv
=-a3393E+guy
~a340TE+0D
=.2i 0ok +0y
~.2047E+0u
=203yt ety
~o2130E+0Y
o 2343E% 00

- 2520400

o294k 000
aodbbbE« (Y

STRESSES
MAJOR SHEAR
= 276TE+UL s 1059E+01
- 285TE+UL  o1111E+0Q]}
=02939E+01 s1161E+01
=s302uE+01 e1211E+01
=e3120E+01 a 1273801
~w32hlE+Ul o134TE+01 |
- 33T72E+01 «1426E+01
- 3501E+01 21502E+01
~e36l4E+yl s 196TE+Y1
- 37T03E+01 2 1615E+01
~.3765E+01 s 1646E+01
=2 3800E+01 s 1663E+01
-.38l1lE+ul e l6bbLEYQL
=o1Y43E+01 o T2TUE+00
=-1951E+U1 o T2Y4E=00
=~ 9T0EeUL s 13/75E+00
=al024E+01 e THBZE+QQ
- 2099E+01 s T913E+00
=.2190E+01 LHENCE+00
o 2280E+Y1 «BYebE+(QD
=el3T2E+01 o PHBlE+ (O
= 24dbBF+01 o 101l6E+01
L= e20Z3E+01 «10YLE+0]
~a2ib5t+yl «11/7E+01
—~ea2HBY9E 0L o12591k+pl
~s3009E+01 0 130vE+01
=e3090£+01 0135UE+01
~e3lu2f+ul 213736401
=:3169€+0] «138bE+01
~a3l7ub+i] s 13UYE+0L
- 13736201 B159E+00
- 1378E+01 «B5L1I2E+00
=¢1392E+01 oB2UTES U
~ol424E+01 «52G2E+y0
~elabat+0l 5518k +00
- 1573E+0 ) 2 BYLOEF U0
=olbT4E+U] «0493E+00
= l783E+01 o T1llce+u
o 1YI18E+01 « TBOOE+00 -
= 2071E+0¢ s 8TUSE+00
~o2226E+01 2 951YE+00
=a2362E+01 0 1022E+01
—2ubbru ] alU73E+0]
~e2b3dE+01 o 110BHE+0QL
=.2578g+01 «1lc2e+01
~sZ59ak 01, e 1129E+ul -
=~ 2O04E+01) «l142E+y}
~aHoD4E+00 e 32yatrug
= H6T1E+ 00 «3312E+00
=.8731E¢u0 0 3346E+00
~o BBYSECGU. 0 J3THE+UQ
o 9LTHE ¢ U( 2 34063E+00
= 1007E<0] 2 3TT3E+00
=oll21E+0} 04331E200
= 1253E901} 050L3E*00

ANGLE TO MAJUR

PRINCIPLE PLANE
=1,79
~2.44
-2.83
=3.01
=3.02
-2.82
-d.37
~l.70
~l.11
=.56
-.19
~.03
«00
«16
18
=.15
-1.17
-2,57
~3,79
4,52
484
4,79
-4,35
=3.54
=2.52
=1.51
-0y
-.19
=-s 00
203
.32
«45
023
-1.07
C=se32
-5,.549
-b,94
=7.48
~7.23
=6.33
-4 ,95 -
=-3,36
T =1l.88
=.18
=alb
204
05
50
80
B4
o0
=3.70
-1.%90
~10.77
=11.49

LFT



NODAL

- POINT

111
112
113
114
115
116
117
118
119
120
121

122
123
124
125 -
126

127
128
129
130
131

-132
133
134
135
136
137
138
139
140
161
142
163
144
145
l4a6
147
148
149
150
151
152

153

154
155
156
157
158
159
160
161
162
163
164
165

HORIZONTAL
STRESS
- 2857€+00
-+ 2R03E+00
=~ 2T4BE+00
=+2730E+00
= 2TH1E+ 00
-, 2850F+00
- 2BI0E 400
-, 2905%E+00
-~ 2903E£+00
= UBOTE~01
- 8096t~01
-~ b611E=-01
=.57d9F =01
~eT023E=01
~e1096E+00
=~ 16THE+0O0
~o2095E+00
=e2268L+00
=.23726+00
~a2423E400
=~ 24T0E+00
=.2533E+00
=25 T4E+00
~.2554E+00
-0 l49TE+0Y
=.2646TE+0D
-o3434£~-01
=.2634F-01

. =a1513E~02

e 1824E~01

«1711E~01
~.2322€E-01
-.1216E+00
~s 189¢E+UO
=.2502E¢00
= 29958400
~«3455E+00
~+3R30E+00
-.40B0E+00
-4 1HIE+00
o4 l8TE+0L
=-o4142E400

< =e4]11BE+OU

- 163TE+00
~s1821E+00
«a2509E400
- 3318E+00
- 4018E4+400
- 4600E400
=~ 4994F 00
-~ 51896400

.=05251E+00
=.5259t+00

=.5258F+00
= 1597E«00

VERTICAL

STRESS -
=s1373€+01
~o1553€+01
=s1730E+01
- JHIFE+)]
-s1944E+01
= 2065E+01
=2 2074E+01
= 208TE4CQ]
= 2090E4+01

C=ellbTE+UQ

=-o416BE+00
- 4 18B1E+00
a4 225E 400
-4 3TIE+00
=+4806E+00
~.57T59E+00
- T217E+00
=+ 9111E+00
~.1115E+01
~21308E+01}
o la62E+)]
~a1560E+01
-e1009E+V1
~o1b22E+01
-el635E+01
~o1636E+01
=.195Y9E«00
-21958L+00
=e195%E+00
-0 19T2E+00
~a2024E+00

+=eZ301E+00

-.2861E+00
“, 34908400
=o5261E4+00
~aT745TE+QU
= 9%88E+ 00
=o111YE+01
-.1211E+01
-el249E+01
~«le60E+01]
=o12b3E+01
~o1204E+01
~e1522E+00
-+ 2553E+00
o 4394E+00
=e 6229400
= 79U2E+00
= 9011E+00
=~ 9% 34E+00
9603k +U0
o YO9BE 00
=a9697E+00

= 96YIE QU -

-s1425L+00

SHEAR
STRESS
-e2119t+00

L =or2046E+00

~o1T26E+00
212195 +00
=, 6765F-ul
- 257bE=01
~s3319E-02

o 2681E~02 .

2 2444E-02
0391 1E~-02
«6657TE-02
WYO4YE=-02
«2T90E=-02
~o192bFf~01

C=ebbT4E=Y])

=, 1348E+00
- 1BEIE+«00
- 20YYE+UO
= 2U62F+00
-0 1738E+00
- 1198400
=s0344E=-01l
- 2217E~01
-e3021E=-02

e lB4BE=02

o169k =-02

0 2463E~02

2 4339E=~02

«b58YE =12

o 4b41E~02
-oH312E=-02
~eb190E-01
- 11706+00
=s1984E+D0
- LH2TF+00
~o1822E+00
~e1532L+00
=o10642E+00
-e5477E~01
-o2034E-01
-9 094tE-02
-o3578¢~03

0 2803E=03
~.1131E+00
=s1201E+00
~o1400E+400
=al3s2b00
=o10675+00
=oH5970k=01
~03634E=01
- 1525E~01
= b2HYE=ig
-2 1456F=02
- bHYBE=-03
~a1009E+00

. .

PRINCIPLE - STRESSES

MINOR
=o24H9E+00
- 2082E+00
“a2540E+00
-, 2044E+00
-~ ZT754E+00
-, 2B84TE+VY
~.28Ynk+0u
= 2905E+00
~e2903E+ 00
-.8BO3E~0]
~,808/L~ul
-, 0b588E-01
o T87E~-01
=eb923t-01
=~ 9790t ~y1L
-s1269E+00
~ L4TYESUU
~el670k+Qu
=.1912L+00
~e2146E+Q0
~e23953E+00
= 2502E 00
-, 25TUE+0U
- 255%E+00
- 2497+ 00
- 246TE+QV
=.3430E=-01
- 2423E-01
~s129uE~ue

s 1834E~01

21729E-01
=.1505E=01
- 60B9E~T]
-e7197E=~v L
—a1592E 00
~a234bE+ G0
= 30Y4E+00
-~ 36UDE+D0
-~ 4043E+00
—o4ltuE+0U
~o,41BTE+UU
=o4142E+(0
=4 118E+00
-~ 3Y60E=01
- 85351E=01
-~ 1704E+00
- ZHBOUE+QU
~o.3744E+00
=489 3E QU
o 96bhr 0
“oblbuk+0U
=.HPbUE+00
-+ 5259E+00
< h2oHE«00
- 4983E =01

MAJOR
- 1412E+01
- 15856401
=~ 1750E+01
-o188BE+Q}
-s1986E+01
- Z045E4+01
-o20T4E+01
. 2087E+01
~«2090E+01
-.416TE+00
-4 1TOE+00
- 4183E+00
~a4226E400
~e43BlE+0U
~ 4922E400
—.6164E+00
«.TH33E+00
= IT04E+00
= 1161E+01
~+1336E+01

L= luT4E+DL

=a1563E+01
~.1609E+01
~o1628E+01

-.1635E+01

- 1636E+01
- 1959E+00
~ 19S9E+00
~.1962E+00
-a1973E400
-0 2025E+00
- 23B3E+00
- 3408E+00
- 44 TOE+UD
=61 71E+00
=.BlUTE+UU
=oY9Y50E+U0

=a1133E+01

=o1214E401
o 1269E+401
= lZbUE«DL
-al263E+01
~ol264E+0)
=~ 2702E+00
~2351%E+00
-.51%9t¢uo
“obT4TE+VD
- 817HE+0D

= Y11BE+QU

=o9Db3EC00
=-.968BE+00
=a9699E+00
o969 TE+0D
=oY09YE+ 00

-02523€400 -

- SHEAR

2SB33E«00 -

2 608B3E+00
o T4TTE+CO
2 8119E+00
< H4YB55E+00
. BBU1E+GO
«8Y23E+00
+BOBUE+O
a8999E+00
01644E+00
o l6d1E+00

2 1T62E+00

o 1823E+00
o lB44t+00
«19T1E+ 00
2 2447E+00
o 3177L+00
04014E+00
c4B4TE«DD
«SOQ4E+ (0
a619¢E+Q0
s6565E+00
06TuZE+00
2 6803E+00
269248400
«6946E+00
28UG0E~01

" B583E~U1
wY9T44E=yl

2 1078E+00
o 1099E400
sl1llub+00
01430E+00
o1 T7ok+00
0 228Y9E+00
2 2HBUE+ OO
0 342BE+00
e 3824E+00

-o4051E+00

o4 154E+00

o 4Z00E+00

c4244L400
04 Z261E+00
o 1183E+U0
0 1332E+00

‘o lodBdE+00

S19TIE+00
02216E400
02313E+00
D22YYES U0

C 0 2252E+00

s 2224E+00
02219E 200

. e222lE<00

o1012E+00

ANGLE TO MAJOR
PRINCIPLE PLANE

-10,65
-5.92
-6.67
-40,32
~2.27
-84
=211
.09
.08
.68
1.13
l.07
b4
-3'00
-9.89
-16.71
-18,15
-15,76
-12,59
-9.03
=-5.58
-2.77
-97
- =13
208
<07
&7
1.45
1e94
1.23
-1.65
=11.02
27,45
. =31,.59
-2b.47
-19.62
~13.27
=7.91
=3.89
=l.44
~o35
}’002
.02
43,61
-37,03
-26.03
-21.23
©14,40
-8,77
-445%
-1.9¢4

-8 -
~.19
-.06
42,57

8y



NODAL -
POINT
166
167
168"
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
166
187
188

189 .

190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

HORIZONTAL
STRESS
-.1763E+00
~a 209100
~e2611E+00
= 3019E+00
-~ 3408E400
~23706F+00
-.3878F+00
~.3948E+00
-.39676+00
=.3969:+00
- 1371E+00
~.142TE+00
-.1549E+00
= 1861E+00
-42106F400
=+2336F+00
=.2511E+00
«a2613E+00

=e26HDE+OY
= 26TTE+00

=.26BlE+00
~49057E-01
-e9H14F~n1
- 99 15F~01
- 1089E+00
=e121304+00
~ol2B0E+00
“o13z2E8E+00

" =s13A0E+00

~o1381E+00
=«1393FE+00
-« 1395E+00
= bTH9E~01
= 6947F 0]
= T340E-01
=2 T469E=-01
= T401F=-01
= T210E-01
-s TY04E=01
~oT161E-01
=eT29TE=0]
=o7407E=01
-0 T445£-01

VERTICAL

STRESS
=o2305E4+00
- 3558L 400
=obZbBE«D0
-a6393E400
=-o TU25E+ND0
e T249E+00
o TETIE+UD
e T26TE+00
~, T26IE+00
s T263E+00
-0 1342E400
~e2034E+00
~»3229F 400
-~y 39T8E+00
~e4533L+00
~o4Hy2E+00
=a4451E 400
e HBIIF 400
= bH2AL+Y0
~e 42 3L+ U0
- 0826t +00
=~ 1013E+00
~el320E+00
~e20U3FE+U0
- 2310E«00
~e230BE+1U0
=24 05E*00
e JIHE+ U0
- 2387600
~e23B3E+00

=o 2383400

=e23bTE+00
o4 T39E=01
~sB246E=01
o 1178F+00
= 1289F +00
e 12859 +00
—e1259E+00
=e1236L¢00
=01221E+00
~21213E+00

=01209E+00 -

~o1208£400

SHEAK
STRESS

‘=0 1022F+00
~a9892E=01
=o5335L=01
g bHHYE =01
=o3354E=01
-~ 1607E=01
-2 TU5BE=-02
- 29B4E=U2
-, 1052E~02
~a103E-03
~.7018E=01
~a1299E~01
- h062E~01
=oblo9E~01
=e2202E-01
~eHu2BE =02
L= 32T4E=DC
s l781E =02
~e1168F-02
—ebb10F-03
- dG4HR2E~03
“aH209E=-01
~e4 348E=-01
oS T0k=01
-oY721E~0G2
-0 1397E~03
W 2H66E~02
o173cE~02
eH0NZE~U3
=oh207E =04
=Yl Tok =4
=e320L-04
e QT6L~0]
“s2942t~01L

c = 4324t =02

s JU4Bf-02
a6 3D4E=02
0 4T06E=02
o211k =02
0 9853K~03
0 3393E~03
01043E=03
o4409¢~04

PHRINCIPLE
MINOR MAJUOR
~29T6BE=01 ~oa3092E+00
=olb0bE+00. =o24304E+00
=o2370E+00 =o5499E+00

o 292VE+ 0V
=o337T7E+0Y
s 309YE+(U
=.3876E+00
~a394T7E+0U
=e3967E+00
- 39BYL 00
~e5944E =0}
~eYa4uE~(L
-+1353E+00
- 17T8sE+00
-e20d0E+00
=e2333k+00
= 2510E+00
=al613E+00
=.2bnpE+00
~sbTTE +Qu
=e2681E+00
“e435YE~01
=ebBIVE=D]
~e9eYYE-01
- LOTBESQV

c=el213E 400

=e1279E+u0
~e1324E+00
=-.1360L+00
~e1381E+00

=ol3Y3E+00.

- 1395E+00
- 1594E-01
—o4bb4k~-ul
=~ef1oZt~01l
-0 T451E=01
= 73¢8E=01
e T169E=01
=o TO92E=01
=o71b9k=01
= 72YTE~yl
~oT407L~01
=0 T449E=0)

~-a5491E+00
S, T095E+00
~o T256E+00
~s T2HOE+00
=~ T26TE+0Q
- T261E+00
= 1203E+00
=~ 2118F+00
~e2517E+00
-0 3425E+00
- 4USTE+U0
e 4ST3E+0D
- 4BOSE+00
~o48B52E+00
=~ 4BI9E+00
= 4B2OE+U0

=823+ 00

= 4B26E+00
—elb4b3E+00
“al61TE+00
~e2UHYE+ QU
~oa2318E+00
~o230HBE+00
=e2405F+00
~eZ3YbE+00
“e238TE+00
~e23H3E+00
~e2303E+00
=.23bTE+00
= 9Y54E=-01
=el061E~UU
=s1197E+00
=.1291E+00
~el293L+00
-« 1263E+00
=2 1237E+00
~e1221E+00
=o1213E+00
=al1209E+00
-21208E+00

STRESSES

SHEAR
o 1097E+00Q
o 13LUE+0D
a1564E+00
o1 TubL+00
o 1B3YE+00
e 177dE+00
0 1T702E+00
s lOOUE+OU
«164TE+00
W 164TE+00
o T61YE~y]
2 TBO4E~U]
«1036E+00
W1137E+00
0 1243E+00
0 1236E+00
«1171E+00
o 1113E+00
o lOB3E+ 00
«1073E+00
2 1072E+00
0 5230E~01
f4bOSE~QL
o BOT4E=)]
«6200E~UL
oo TT4E~01
05632t=01
«5353E-01
e5136E-01
o S0UTE~01
s4Yn4E=yl
wH956E~01
0 42V0E~01]
e 30)13E-01
«2407E-01

. a2730E=01
«2800£-01
«2730E=01"

02638E~01
02526L=01
024 15E~U1
0 2342E~01
0231bE=01

ANGLE TO MAJOR
PRINCIPLE PLANE
-37.57
*23.33
=16.10
-9.58
-5.25
-2.99
c=l.19
-.52.
-.lb
=.07
44,47
~33.65
=17.91
=10.73
=5,10
~2.,05
~.80
- 46
=31
=15
~.07
~42.05
-34.3b
=13.47
“4,51
=07
1.31
93
«2b
=.03
~e006
~.03
38,01
=-38.,78
=11.40
3.20
6,56
4496
2.62
l.12
e40
213
205

671



VSTABILITY ANALYSIS OF CHFCK PROGRAM===NON C;HCULAK.

CASE 1 = PLANE SURFACE STABILITY ANALYSIS
NUMBER OF STABILITY PROPERTY SETS = 1 .

STABILITY PROPEHTY SET w0 1
MTYPE  COHESION ' FRICTIOM
1

<9800 1,11000
2 00440 oh 2490

TOTAL NUMBER OF PLANES= 1

STABILITY ANALYSIS OF CHECK PHOGHAM===NON CIRCULAR
PLANE/NDo 1 :

NUMBER OF POINTS ON PLANE = 9

END HORIZONTAL VERTICAL HORIZONTAL VERTICAL
POINT COORDINATE  COORDINATE STHESS " STRESS
1 2840,736 2438.400 - 077 -a107
2 2773.6R0 2286.000 ~-.126 - 264
3 2657,.856 2133.600 ~.20Y . =ea27
4 2529.840 2011.680 o219 -.533
5 2377.448 1920,246 ~.294 -.5Y6
6 2225.040 1859.240 -.277 YV
7 2103.120 1834.896 -.232 - 447
8 19681,200° T182b.800 =208 -0 383
9 1844,040 16834,896 -.150 -.eb6
CHORD FAILURE - HUORIZONTAL  VERTICAL SHEAR
CHORD LENGTH ANGLE STRESS STHESS STRESS
1- 2 166,50 23,8 ~21019 . 1851 -. 0289
2~ 3 191,42 37.2 01677 03452 -s (450
3- 4 176.78 4604 ~e2b4( = 4800 -.0893
4= 5 177,73 59,0 ~e2063 ma 5647 ~.13ls
S5e 6 164,146 68,2 ° -o28b4 -.5b893 =.1590
6 T ‘124,33 78,7 ~-s2542 -29149 ~olbkb -
7~ g 122.07 8701 -o2196 ~o4153, 01609
8=

137,30 87.5 -a1791 e 3246 ~ol428

DIMENSION ASSIGNED= 10000
.DIMENSION NEEDED= 6308

SHEAR
STRESS

-2 026
~-.031
-0 008
=alll
o153
~elb9
-albé
~ol%u
-.128

INTERSECTED
ELEMENT

170
" 161
151
141
131
131
130
130
129

FAILURE PLANE STRESS

NORMAL

= 0941
“olbsy
~e2T86
e 3747
~a%4378
4417
-0 3988
~03370

TOTAL STHENGTHS

SHEAR

20111
00722
el222

21H48 .

02199
. e2019
21698
«1358

MATERIAL
TYPE

NN NNDNRN NN

"EQUILIBRIUM
SHEAR STRENGTH

1,8539
13.8¢30
21,6110
32,8924
36,1018
25,1045
2067297
18,6389

170.7152

SAFETY FACTOR =

AVAILABLE
SHEAR STHENGTH

17.1116
3065390
3845553
49,4352
52,1241
. 39.7067
35,7894
3409546

29802959

1.747331

0§81
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