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PREFACE

This report has been generated as part of a sub-contract between
the Association of American Railroads Research and Test Department,
and the University of I1linois.

This sub-contract is part of a larger contract which is a coopera-
tive effort between the Federal Railroad Administration and the Association
of American Railroads on improved track structures. The entire program is
in response to recognition of the desire for a more durable track structure.
To this end, the program is a multi-task effort involving 1) the development
of empirical and analytical tools for the description of the track structure
so that the economic trade-offs among track construction parameters such
as tie size, rail size, ballast depth and cross section, type, subgrade
typé, stiffness, may be determined. 2) methodologies to upgrade the
existing track structures to withstand new demands in loading, 3) development
of performance specifications for track components, and 4) investigating
the effects of various 1éve1s of maintenance.

This particular report describes a computer program for the finite
element analysis of conventional railway track support systems.

A special note of thanks is given to Mr. William S. Autrey, Chief
Engineer of Santa Fe, Mr. R. M. Brown, Chief Engineer of Union Pacific,
Mr. F. L. Peckover, Engineer of Geotechnical Services, Canadian National
Railway, Mr. C. E. Webb, Asst. Vice President, Southern Railway System,
as they have served in the capacity of members of the Technical Review
Committe for this Ballast and Foundation Materials Program, and
Dr. R. M. McCafferty as the contracting Officer's Technical Representative
of the FRA dn the entire research program.

G. C. Martin

Director-Dynamics Research
Principal Investigator

Track Structures Research Program
Association of American Railroads
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PART 1
USER'S MANUAL

1.1 Introduction:

The finite element program was developed to evaluate the structural
response of conQentiona] raf]way track system, shown in Figure 1. The
theoretical development of the finite element model is described in detail
in Reference 1. A brief discussion of the modelling is given below.

The ana]ysfs is broken down into 2 stages. In the first stage, a
longitudinal analysis is performed. Rail-tie representation is of the
beam-spring type shown in Figure 2, which shbws a typical finite element
mesh used for longitudinal analysis. Wheel loads are input as point loads
acting on the rail. |

In the second stage, a transverse analysis isvperformed. The
analysis considers a tie resting on the ballast. An option is included to
consider the tie either as a two dimensional body or as a beam. A typical
finite element mesh used for transverse analysis is shown in Figure 3. The
maximum reaction or the maximum deflection at a tie obtained from the
longitudinal analysis is used as input. Constént'strain triangular elements

can also be used to incorporate sloping ballast shoulder.

1.2 Modelling:

In each stage, a plane-strain type analysis is performed. The sec-
tion to be analyzed is divided into a set of rectangular elements connected
at their nodal points. Each node has two degrees of freedom: that for the
beam-spring element are rotation and vertical displacement and that for the
planar elements of ballast/subgrade system are horizontal and vertical dis-

placements. The tie compression modulus for the longitudinal analysis is
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converted into an equivalent spring constant. Presently, standard meshes
are used, that for the 1ongﬁtudina1 analysis being dependent on tie spacing
and tie Qidth. Typical element and nodal point numbering is shown in Figure
4, |

A pseudo-plane strain state is considefed for the ballast and the
subgrade. The plané strain state generally distkibutés the 1oad in two |
directions only and thus severely restricts the diminishing of the stress with
depth as would be expécted under the actual track system. In a pseudo-plane
strain analysis, the finfte element thickness is allowed to increase with
depth to simulate 3 dimensional stress distribution with depth. The pseudo-

plane strain statelis shown in-Figure 5.

1.3 -Mater1a1 Characterization

Granular and fine-grained materials exhibit, under repeated leading,
strength characteristics that depend on the state of stress existing in the
material. This response, termed the resilient response can be evé]uated in
the laboratory as.fol1ows:

a. Ba11ast.Mater1a1 (Ref. 2), Figure 6

ER = K
where:

repeated deviator stress
elastic or recoverable strain

resilient modulus =

m
H

sum of the principal stresses = 01+ 0, + 0y

9 + 203 in a triaxial test

Kys K

10 % constants determined from laboratory tests

b. Fine-Grained Soils (Ref. 3)
Generally the resilient modulus of fine-grained soils decreases

with an increase in deviator stress (Od s 03). At higher values of
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deviatoric stress, the resilient modulus is almost constant. A typical
resilient response curve for fine-grained soils is shown in Figure 7.
c. Sandy Subgrades

The response for sandy subgrades is usually similar to that

“for granular materials and can be evaluated in the laboratory as follows:

The above type of material chafacterization is incorporated
jnto the finite element program. Three types of non-linear analysis techni-
ques can be used to incorporate stress-dependent material characterization.
These techniques are: |

1. Additive Incremental Loading. The load is divided into
equal increments and at edach step an increment of load is added to the
previous step load. For example, in the first step only one increment
of load 1is used and in the second step, two increments of load are used.
Initial moduli va1ués are assumed for the stress—dependent materials and
are used to solve the problem with the first load increment. After the
total Toad is applied, a single iterative analysis is carried out (with
total load applied) so that the moduli values used in the final load in-
crement are more compatible with the state of stress existing at the end
of the final Toad increment.

2. Iterative Loading. The full Toad is applied for each itera-
tion. Moduli values are assumed for the first 1teration'a%d the moduli
values used for subsequent iterations are derived from the stress results
of the preceding analysis.

3. Equal Incremental Loading. The load is divided into equal

increments. Moduli values are assumed for analysis using the first load

increment. Subsequently, the analysis is conducted using the same incremental
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Toad until the full load is applied. The deformations at the end of any
increment are given by cumulatively adding the deformations of all the
preceding load increments. The strains and stresses are then evaluated
from the cumulative deformations.

Presently, only the load induced stresses are considered‘in the
analysis and in calculating the bulk stress, 6, for the granular méteria1s,

and the deviator stress, 04> for the subgrade soils.

1.4 Failure Criteria

Failure criteria is incorporated in terms of:

1. minimum value of the minor principal stress, O35 for the
granular materials, (tensile stress taken as negative),

2. maximum principal stress’ratio,‘c]/o3F for the granular
materials, and,

3. maximum shear stress (o] - 03)/2 for the subgrade soils.
This is a special case of Mohr - Coloumb failure condition

for zero angle of internal friction.

1.5 Boundary Conditions Used in the Longitudinal Analysis

In the present version of the Tongitudinal model, symmetrical
loading is considered and only half of the system is analyzed. Loads are
input as point loads acting on the rail at given distances from tHe center
Tine of the section.

Due to Toading symmetry, the nodes a]ong_the vertical boundary
representing the centerline of the section to be analyzed are restrained
from horizontal movement. Also, since horizontal deformation dissipates
rapidly with distance from the loaded zone, a horizontal restraint on the
other vertical boundary has been placed at a distance of 260 in. (6.6 m)
from the center of the loaded area. The nodes a]ong'the bottom boundary,

at a depth of about 300 in. (7.6 m), are restrained, both from horizontal

11



as well as vertical movement to simulate a rigid boundary. The above grid
boundaries were chosen after several trial runs with different grid dimen-
sions. The vertical external boundary and the bottom boundary will have
some influence on the magnitude of the computed deflections but the in-

fluence would be small.

1.6 Boundary Conditions Used in the Transverse Analysis

Due to Toading symmetry in the transverse directioh, only half the
transverse section is considered in the modeling and analysis. Loads are
input as point loads and def]ectibns are input as nodal deflections.

Again, due to loading symmetry, the nodes along the vertical
boundary representing the centerline of the system are restrained from hori-
zontal movement and as eXp]ained previously the other vertical boundary at
a distance of 120 in. (3.1 m) is also restrained from horizontal movement.
The nodes along the bottom boundary at a depth of about 300 in. (7.6 m) are
restrained both from horizontal as well as vertical movement to simulate a

rigid boundary.

1.7 General Logic of the Modelling

Re]ationshipé are established between generalized displacements
(usually denoted as {u}) and generalized forces (usually denoted as {p})
applied at the nodes using the principle of virtual work or some other
variational principle. This element force-displacement relationship is
expressed in the form of element stiffness matrix (usually denoted as [k]
which incorporates the material and geometrical properties of the element,
viz.

[kl {u} = {p}

12



The overall structural étiffness?mgtrix, [K] is then formulated by super-
imposing the effects of the 1nd1yidﬁé1 e1emeht stiffﬁess using the topo-
Togical or the element connetfivity properties of the structure. The
overall stiffness matrix is used to solve the set of simultaneous equatiens
of the form:

(k] wy = tp)
where
applied nodal forces for the wﬁo]e system

(P}
{u}

resulting nodatl disp}acements'for the whole system

The generalized stresses and strains are then calculated.

1.8 Additional Program Guidelines

1) The Poisson's ratio for granular materials ranges from 0.30
to 0.40 and that for fine-grained soils ranges_from 0.35 to
0.45.

2) fhe assumed 1nftia1 moduli values can be evaluated as

| foTlows. | | | |
a) For the incremental loading techniﬁues, the initial
moduli values can be obtained as follows: |

. Expected final moduli

Initially assumed moduli = Number of steps

b) For the iterative loading technique, the initially
assumed moduli value should equal the expected final
moduli.
3) Presently it is suggested that the effective tie bearing length
under each rail be equal to 18 in. (45.7 cm) and thaf the
angle of distribution for pseudo-plane strain consideration,

¢, be equal to 10 degrees.

13



4) Low moduli values should be used when elements fail, i.e.,
satisfy failure criteria. Suggested failure moduli are
4000 psi (27579 kN/mz) for ballast and 100 psi (689 kN/mz) ;
for subgrade.
5) Use of constant modulus value is suggested for stabilized
layers. This can be incorporated as follows:

Ep = KONE (0)KTHO

where KONE constant modulus value to be used

KTWO

0.0

6) The subgrade can be separated into an upper layer and a Tower
layer. The upper layer of the subgradé'shou1d not exceed 30 in.
(76.2 cm)Q Different material characterﬁzation can then be

used for the two.subgrade layers.

1.9 General Flow Chart

1. Data input
2. Generate vertical and horizontal boundaries
3. Generate nodal point data and element connectivity data
4. Assign input data to individual element
5. For each incremental load step
a. Formulate the overall stiffness matrix
b. Solve for displacements
c. Calculate generalized stresses and strains
d. Calculate the element moduli corresponding to the
existing state of stress
6. For final iterative step, do steps (5a) to (5c¢)

7. Stop

1.10 Sloping Ballast Shoulder

When a sloping ballast shoulder is to be incorporated into the

transverse analysis, the following steps need to be carried out. The

14



transverse section grid nodes and elements should be numbered and the sloping

shoulder should be drawn diagonally through the réspective elements as shown

in Figure 8(a). The elements containing the diagonal shou]der ]1ne’shou]d

3 ~ then be converted to constant strain triangular elements (see 1ﬁput data card
types 8 and ]7) and the rectangular elements above the sloping shoulder line

would need to have their moduli value reduced to zero, i.e., constant moduli

of éero (see input data card types 8 and 17); as_ shown in Figure 8(b). Also

a node point belonging to the elements above the s1oping shoulder line would

need to be fixed in the vertical direction (see input data card types 14 and

18).

1.11 Data Requirements

a. Rail

1. Rail section moment of inertia (in4)
2. Modulus of elasticity {(psi)

b. Ties

1. Width, thickness and length (in)

2. Tie section moment of inertia (for transverse analysis -
optional) (1n4)

3. Effective tie bearing length under each rail (in)

4. Modulus of elasticity (psi)

5. Poisson's ratio (for Transverse analysi)

6. Tie spacing (in) '

c. Ballast or Subballast

. Depth of ballast or subballast (in)
Initial modulus to be used (psi)
Resilient response model (psi)
Poisson's ratio

[ 2~ O R N

. Failure criteria (psi)

15



Extended Tie
(very low E value)

60 in 72 in / 96 in 120 in
7 1in 193
. é?‘ 136 é 151 : é 166 %
-0 in Yy 194
~4 in 137 182 167 195
-8 1in 138 153 168 196
139 169 )
-12 1in 154 197
(a) Transverse Section of CRTSS (Tie as beam).
60 1in 72 1in 96 in 120 1in
7 1in v 193
136 % 151 < 166 %
0 1.n e e ‘r S ]94
4 137 N 167 195
‘ Fixed
. 138 153 ,
-8 mn 168 196
139 154 169
~12 1in 197

Elements 152 and 168 changed to CST (triangular) elements
Element 167 changed to Type 10 element with zero modulus
Node 195 is fixed both horizontally and vertically

(b) Transverse section of CRTSS (Tie as beam) with sloping ballast
shoulder.

Figure 8. Incorporation of Sloping Ballast Shoulder.
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d. Subgrade

|
4 1.

Total depth of section (including ba]]ast/subba11ast)
to be analyzed (in) ' '

. Depth of upper subgrade layer (if to be considéred

as a different material) (in)

. For each subgrade layer

a. Initial modulus to be used (psi)
b. Resilient response curve data (psi)
c. Poisson's ratio

d. Failure criteria (psi)

e. Loading

1.

1.12 Qutput:

Magnitude of point load (1b) or point deflection (in)
and its distance from the centerline of the section

to be analyzed. (Note: Since symmetrical loading is

considered, only loading on one side of the center-
Tine should be input).

The output given by the computer program is:

1. Rail moment and tie moment (at appropriate node points)
(1bf in)

2. Rail deflection and tie def]ection'(at'appropriate’nbde
points) (in)

3. Tie reaction (1b)

4. Stress patterns in the ballast, the subballast, and the
subgrade (at centroid of appropriate elements)

UXX(SIGXX) - horizontal stress (psi)

oyy(SIGYY) - vertical stress (psi)

Txy(TAUXY) - shear stress (psi)
o (SIG1) - major principal stress (psi)

o3 (SIG3) - minor principal stress (psi)

17



5. Deflection and strain patterns in the ballast, the sub-
ballast, and the subgrade (deflection at appropriate
node points, strains at centroid of appropriate elements)

eX(EXXX) - horizontal strain
ey(EXYY) - vertical strain

v, (EXXY) - shear strain

Xy

1.13- Material Type

The material types used in the computer program are designated
as follows: '

Material Type

Ballast 1
Subballast , 2
Lower (or the only) subgrade layer 3
Rail | | 4
Tie {(as two-dimensional body) 5
Upper (if any) subgrade layer 6
Tie (as beam, for the length of tie) 7
Tie (as beam, beyond the length of tie) 8
Constant strain triangular element

for sloping ballast shoulder 9

Constant modulus material for
rectangular elements only 10

1.14 Present Usage

At present it is recommended that the "iterative loading" scheme
be used for the "stress-dependent" analysis with failure criteria checked
for at the end of the specified number of iterations (see deta card Type 12).
The final iteration is then carried out with the failure state incorporated
into the analysis. Three iterations are sufficient to provide converging

results.

18



INPUT DATA STATEMENTS

The program can accept only fixed form type of format which is

detailed below.

Data Card Type 1

NPROB = Number of separate problems to be solved.

The following input is repeated for NPROB times.

Data Card Type 2

(L
P
(/ Title (1) Title (2) Title (3) Title (20)
¥
i AL [ AL AL AL
(¢
2
1 4 5 89 12 76 80

Title (1) to Title (20) = Title of individual problem

Data Card Type 3

ANAL ABCD

F 10.2 F 10.2
1 10 20
ANAL = Type of analysis

= 1.0 for transverse analysis - tie as planar element
= 2.0 for longitudinal analysis
= 3.0 for transverse analysis - tie as beam element

19



ABCD = Type of non-linear (stress dependent) scheme to be used (See Sec 1.3)
= 0.0 for additive incremental loading
= 1.0 for fuli-load iterative loading
= 2.0 for equal-step incremental loading

Data Card Type &

/
RLTIE WTIE TTHICK BDEPTH SBDEPT TSPACE BTHICK PHI

F 10.2 F 10.2} F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 ¢ F 10.2

1 10 11 20 21 30 31 Lo L1 50 51 60 61 70 71 80

RLTIE Length of tie, in
WTIE = Width ot tie, in.
TTHICK = Thickness of tie, in.
BDEPTH = Ballast depth, in.
SBDEPT = Subballast depth, in.
TSPACE = Tie spacing, in.

BTHICK = Effect bearing length of tie under each rail, for
Tongitudinal analysis in.

PHI = Angle of distribution used for pseudo plane strain
analysis (Presently 10.0 degrees is suggested)

Data Card Type 5

( DEPTH UPPER LCOL

F 10.2 F 10.2 15

] 10 11 20 21 25

DEPTH

- Total depth of section to be analyzed, in.

UPPER Depth of upper (separate) layer of subgrade, in.

LcoL

Number of vertical boundaries to be used

20



= 0 for default condition, that is, when standard mesh is used.

Then for LCOL = O

Number of vertical boundaries used

Data Card Type 6

13 for transverse analysis

27 for longitudinal analysis

//;fs (&) DATAI11 ETS(5) " PSRS(5) DATA22 TIEKK
F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 F 10.2
1 10 11 20 21 30 31 Lo 4 50 &5l 60
ETS(4) = Modulus of elasticity of rail steel, psi
DATA(11) = Moment of inertia of rail section, for longitudinal
analysis, in
ETS(5) = Modulus of elasticity of tie, psi
PSRS(5) = Poisson's ratio for tie
DATA(22) = Moment of inertia of tie section for transverse
analysis.considering tie as a beam, in
TIEKK = Spfing constant used in transverse analysis considering
tie as a beam, psi
Data Card Type 7
BONE] BTWO1 ETS(1) PSRS(1) BONE2 BTWO2 ETS(2) | PSRS(2)
F 10.2 F10.2 | F 10.2 F 10.2 F 10.2 | F 10.2 | F10.2 | F 10.2
1 10 11 20 21 3 Lo M 50 51 60 61 70 71 80

0 31

BONE! and BTWO1 are the constants of the resilient response model obtained

from the laboratory testing of ballast, viz.

21




E. = BONET (o) BTWOI

R for Ballast (units-psi)

ETS(1)

]

lnitia]ly assumed modulus for ballast, psi

]

PSRS(1) = Poisson's ratio for ballast
BONE2 and BTWO2 are the constants of the resilient response model obtained

from the laboratory testing of subballast, viz.

Ep = BONE2 (6) BTWOZ ¢ subballast (units-psi) -
ETS(2) = Initially assumed modulus for subballast, 'psi
PSRS(2) = Poisson's ratio for subballast

Data Card Type 8

7 -
NPOINT JPOINT NCST NSUBL " NSUBU
I5 15 15 15 I5 ‘
1 5 6 10 15 20 25
NPOINT = Numbers of points for the lower (or the only)
subgrade layer resilient modulus curve data points =
between 2 and 8 = 3 if NSUBL is 1.
JPOINT = Number of.points for the upper (if any) subgrade layer
resilient modulus curve data points = between 2 and
8, or 0 =3 if NSUBU is 1.
NCST = Total number of elements to have either element type
changed or to have constant modulus value. (See Sec 1.10)
i.e., to Type (N) = 9.0 for CST element for sloping
shoulder or Type (N) = 10.0 for constant modulus value element.
NSUBL = 0 if E; vs oy relationship is used for the lower (or the

only) subgrade.
=1 if Ep = K(8)" relationship is used for the lower (or the

only) subgrade (e.g. for sandy subgrades)

22



NSUBU = 0 if E, vs o, relationship is used for the upper

R D
(if any) subgrade

Vif Ep = K(8)" relationship is used for the upper

(if any) subgrade (e.g. for sandy subgrades)

Data Card Type 9

Lower (or the only) subgrade layer resilient modulus curve data

points (NPOINT data cards)

RMOD (1) DEV(I) No. of data cards = NPOINT
F 10.2 F 10.2
] 10 11 20
RMOD(I) = Resilient modulus value for the Ith data points, psi
UDEV(I) = Deviatoric Stress (01-03) value for the Ith data point,
psi (I goes from 1 to NPOINT)
If NSUBL = 1, the following resilient modulus relationship is used

(e.g. for sandy subgrades):
BTWO

Er = BONE(0) (units-psi)
Then,
| RMOD(1) = BONE = Constant obtained from laboratory testing
DEV(1) = BTWO = Constant obtained-from‘]aboratory testing
RMOD(2) = Marker for failure criteria usage

= 0.0 if failure criteria is to be used (normal case)
= 1.0 if failure criteria is to be used in the final
step (cycle) only

= 2.0 if failure criteria is not to be used

RMOD(3) = AMXSR

= Maximum allowable stress ratio, G]/O for the sandy

3
subgrade, psi
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DEV(3)

SIGMN

Minimum allowable principal stress, o, for

3
the sandy subgrade, psi

Data Card Type 10

(1f JPOINT not equal to zero) Upper (if any) subgrade layer resilient

modulus curve data points (JPOINT data cards).

uMoDn (1) UDEV (1)
No. of data cards = JPOINT
F 10.2 F 10.2 '
1 10 11 20
UMOD(1) = Resilient modulus value for the Ith data point, psi
UDEV(i) = Deviatoric stress (01/03) value for the lth data point,
psi (1 goes from 1 to JPOINT)

If NSUBU = 1, the following resilient modulus relationship is used

(e.g. for sandy subgrades):

Then,
uMoD (1)
UDEV (1)

UMOD (2)

UMOD (3)

E_ = BONE( 0 )BTWO ¢

R units-psi)

BONE

Constant obtained from laboratory testing

BTWO Constant obtained from laboratory testing.

Marker for failure criteria usage
0.0 if failure criteria is to be used (normal case)
1.0 if failure criteria is to be used in the final

step (cycle) only
2.0 if failure criteria is not to be used

AMXSR
Maximum allowable stress ratio, O]/O for the

3

sandy subgrade, psi
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UDEV (3)

SIGMN

sandy subgrade, psi

Data Card Type 11

Minimum allowable principal stress, 03 for the

/
ETS (3) PSRS (3) ETS (6) PSRS (6)
F 10.2 F 10.2 F 10.2 F 10.2
1 10 11 20 21 30 31 40
ETS (3) = Initially assumed modulus for the lower (or the only)
subgrade layer, psi
PSRS (3) = Poisson's ratio for the lower (or the'only) subgrade
']ayer
ETS (6) = Initially assumed modulus for the upper (if any)
subgrade layer, psi
PSRS (6) = Poisson's ratio for the upper (if any) subgrade layer

Data Card Type 12

—
AMXSR1 SIGMNT. EFAILI AMXSR2 SIGMN2 EFAIL2 BFLAG CFLAG
F 10.2 F10.2, F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 F 10.2
1 10 11 20 21 30 31 Lo 1 50 51 60 61 70 71 80
AMXSR] = Maximum allowable Stress ratio, 61/03, for ballast
SIGMN1 = Minimum allowable minimum principal stress, 03,
for ballast, psi
EFAIL] = Failure modulus for ballast, psi
AMXSR2 = Maximum allowable stfess ratio, 01/63, for subballast
SIGMN2 =

subballast, psi
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EFAIL2 = Failure modulus for subballast, psi

BFLAG = Marker for failure criteria usage of ballast
= 0.0 if failure criteria is to be used
= 1.0 if failure criteria is to be used in final step
= 2.0 if failure criteria is not to be used

CFLAG = Marker for failure criteria usage of subballast

0.0 if failure criteria is to be used

0.1 if failure criteria is to be used in the final

step

2.0 if failure criteria is not to be used

Data Card Type 13

TAUSUB EFAIL3 UTAUSB EFAIL6
F 10.2 F 10.2 F 10.2 F 10.2
1 10 11 20 21 30 31 Lo
TAUSUB = Maximum allowable shear stress for the lower (or

the only) subgrade layer, psi

EFAIL3 = Failure modulus for the Tower (or the only) subgrade
layer, psi

UTAUSB = Maximum allowable shear stress for the upper (if any)
subgrade layer, psi

EFAIL6 = Failure modulus for the upper (if any) subgrade layer,
psi

NOTE: the subgrade is assumed to be fine-grained soil and the

minimum allowable shear stress would be given by half the

unconfined compressive strength.
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Data Card Type 14

—>-
NDSPEC NFSPEC NSTEPS NF X

15 15 15 15 f
5 !
1 56 10 11 15 16 20

NDSPEC = Number of specified displacements in vertical direction

only
NFSPEC = Number of specified loads in vertical direction only
NSTEPS = Number of incremental load steps
NFIX = Number of fixed degrees of freedom (displacements).

This is used to fix nodes a specified amount in a
given direction. Used primarily wheén using CST

elements (See Sec. 1.10)

Data Card Type 15 (if NFSPEC not equal to zero)

RLOAD(1) DIST(1)

No. of data cards = NESPEC
F 10.2 F 10.2

1 10 1 20

RDISP(1) = Magnitude of point load (vertical), pounds

DIST(1) = Distance from center line of the Ith point load, in.

Data Card Type 16 (if NDSPEC not equal to zero)

RDISP(1) DISTI(1)
No. of data cards = NDSPEC

F 10.2 F 10.2

N 10 11 = 20
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Magnitude of Ith point displacement (vertical), in

=

<

w

v

—

~—
il

Distance from center line of the Ith point

Lo
w
_l
—
—~
pu—
~—
]

displacement, in

Data Card Type 17  (if NCST not equal to zero)

(/NECST TYPE (NECST) ETMM No. of data cards = NCST

' 15 F 10.2 F 10.2

1 5 6 15 16 25

NECST = Element number for the element to be modified

(Type modification or constant modulus modification)

TYPE(NECST)= New type number of element (See Sec. 1.10)
= 9.0 for constant strain triangular element for

ballast shoulder slope

= 10.0 if constant modulus is to be assigned to that

element. (Element is then '"linear')

ETMM

Constant modulus value to be used. in the analysis

for TYPE (N) = 10.0 only.

Data Card Type 18 (if NFIX not equal to zero) -

The set of NFIX cards are repeated (NSTEPS + 1) times

(/F N . (N, M) No. of data;cards‘= NFIX
' Repeated (NSTEPS + ]) times
15 ! i5 F 10.2
1 5 6 10 11 _ 20
M = Node number whose displacement is to be fixed

= Direction of displacement to be fixed

=
1]

]

1 if horizontal displacement is to be fixed

]

2 if vertical displacement is to be fixed
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TD(N, M) = Amount of displacement (normally equals 0.0)
If TD(N, M) is not equal to zero, then if ABDC = 0.0 (for additive

incremental loading)

N

where TD(N, M)N is the amount of displacement to be used in the nth

set of data cards and TD(N, M) is the total amount of displacement.

I'f ABCD = 2.0 (for equal-step incremental loading)

TO(N, M) = TD(N, M) /NSTEPS

where TD(N, M) is the amount of displacement to be used in all the

NSTEPS set of data cards and TD(N, M)T is the total amount of displacement.
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PART 2

TYPICAL EXAMPLES

Example 1:
‘Given:
A conventional railway track support system is comprised of the
following.
Rail - 136 1b/yd (68 kg/m) raii
Moment of Inertia: I = 94.90 1'n4 (3954 cm4)
Modulus of Elasticity: E = 30,000 ksi (207,000 MN/mz)

Ties - Timber ties

Width = 8 in. (20.3 cm)

Thickness = 7 in. (17.8 cm)

Length = 8 ft (2.44 m)

Tie Spacing = 20 in. (50.8 cm)

Compressive Modulus = 1,250 ksi (8618 MN/mz)

Effective bearing length under each rail = 18 in. (45.7 cm)

Ballast - Crushed stone ballast, AREA #4 Gradation
Resilient Response Modulus: Ep = 5082 (9)0‘58
Initial modu1us used = 30,000 psi (207,000 kN/mZ)
Poisson's ratio: wu= 0.35

Ballast Depth = 12 in. (30.5 cm)
Subballast - hone

Subgrade (Embankment Material) - Depth = 275 in. (6.99 m)
u = 0.47

- Resilient Response Curve Data: (Average Subgrade)
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o PSi (kN/m?) Eq» PS1 (kN/m?)
0.1 (0.7) 14820.0 (102180.0)
6.2 (42.8) 8000.0 (55160.0)

36.2 (249.6) 2900.0 (19990.0)

Initial modulus used = 5,000 psi (34,500 kN/mz)

The following failure criteria is given:

1) Maximum stress ratio, 01/03, for ballast = 10

2) Minimum compressive stress, o35 for ballast = 0 psi (O kN/mZ)

3) Maximum shear stress, (01—03)/2, of subgrade = 25 psi (172 kN/mz)

(The failure criterion that tie springs cannot take tensile loads is
jncorporated in the computer prcgram).

The loading to be used 15 the analysis consists of two trucks of two
adjacent freight cars, each car having a gross weight of 240,000 1b (108800 kg),
thus giving approximate wheel load of 30,000 1b (13600 kg). The truck spacing
equals 150 in. (3.81 m) and the axle spacing equals 70 in. (1.78 m).

A longitudinal analysis is to be performed, using the angle of distribu-
tion for pseudo-plane strain analysis of 10? and the effective bearing length

of tie of 18 in. (45.7 cm).

Example 2:
Given:
For the track support system given in Example 1 perform a transverse
analysis at a "critical" tie. The maximum tievdef1ection (at the
surface of the ballast) of 0.1025 in. (2.6 mm) obtained from the
Tongitudinal analysis is to be used as input. Consider tie as a

beam resting at the surface of the ballast.
Additional data required for the transverse analysis follows.
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Tie

E = Compressive modulus = 1,250 ksi (8618 MN/mZ)

I = 229.0 in?

T vy [

IEKK = Spring constant used in the transverse analysis

considering tie as a beam = 999999 1bf/in./in.
Rail-tie intersections are 60 in. (1.52 m) apart.
(Note: Standard gage is 56 1/2 in. (1.44 m))

Computer Inputs for Examples 1 and 2:

(see following pages).
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Job: EXQ\MPle Lov\s\.t‘*d‘uﬂi g'v\o.k)aﬁl‘g

Date:
1 n 2 N a 51 61 n 80
1]
TITLE L . ]
EXAMPLE 1 — CONGITUDINBL ANy CI¢
| ARAL ABC
2-0 3}~ ,
RLTIE WTIE TTHRICK BOEPTH SBDEPT “YSPACE BTHICK PHT
960 8:0 7:0 120 o0 200 18-0 10:0
DEPTH UPPER LCoL M
2750 0.0
ETS(4) DATALY ETS{8) PSRS{S) DATA2Z TIERK
20000000. | 94.9 |(2S0000. - - — ,
BOKE1 BTWO! ETS(1) PSRS{1) BONE 2 BTWO2 j361¢3] PSRS(2Y
§082:0 | 0:£8 30000.0f 0.3% - - - -
NPOINT{JPOINT INCSTINSUBL [NSUBY
3, #| ~|—~ | ~ ‘
RMOD(T DEV{T)
14820:0 o
foovo.0| ¢-2
2900.0| vg-2
UROD(T) i DEVTT)
- -— ) ]
- -~ T F(TPonT »0)
- -
ETS(B_);oao. PS%(.J)4’7 ETS(6) — PSR;(S)
AMXSR1 SIGMN1 EFAILY AMXSR2 SIGHN2 EFAIL2 FLQ@ CFLAG
0.0 00 4000.0 ~ — -~ s - -~
TAUSU%—‘;‘_‘o EFAlléla.o UTAUSB" EFA!i
NDSPECINFSPEC | NSTEPS|NFIX
Q 2 3 .
RLOAD{I) DIST(I
30000-¢| 40.0
2000:0 | 140.0
RDISP(I} DISTI{1)
-~ -~
- -
NECST THPE(NEGT] ETVIM ‘;
a N (€ (NesT >0) ]
- ll - J 1 1 ! 1 ]
M N THiN, M)
R s [ECNF(X >0) REPEAT NSTERS Times
1 ~

7 weans net fecllmre&
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w € xawple 2~ Trangvevee Hv\u.\jms

Date:

1 n 21 31 a H] 61 n 80
ey
1|
TLE
EXAMPLE 2-TRANSVERSIE AnpNNGIS
| RNAT ABCD ]
2.0 OO
RLTTE WITE TTATCK BOEPTH SBOEPT TSPACE BTATCEK PAY
960 8o 7.0 /2:0 0.0 20:0 1.0 | 100
DEPTH UPPER Lcor R i
2760 0-0 o ,
ETS(4) GATAT ETS( PSRS(5) DATAZZ TIERK
30000000.| 24.9 |i1250000.00 - 22910 |{999944.0
BONET BTWO1 £Ts5(1) PSRS(T) BONE 2 BWOZ 136503} PERS(Z]
S092-0 | 0.€8 30000:¢| ©O:35 -— - - -
NPOINT]JPOINT [NCS TINStBL |NSUBY
2| - - | -
RMOD(T) oEv(I)
| 14920.0{ ol
£000.0 62
2900.0| 362
URODTT) JGUEVITY
- - ) . . |
- - T W@ (SronT 7o)
T50kp00. PSRSO(?) 47 ETS(6) PSRS(G)/ o
AMXSR1 SIGMNT EFAILY AMXSRZ SToRNZ EFAILZ BFLAG |CF
10«0 60 40009 P -~ - -~ -
TAUSUB EFAIL3 UTAUSB EFAILE
25.0 {000 - -
NDSPEC[NFSPEC | NSTEPS|NFVX ]
(<] o]
RLOAD(T) DIST(1
- -
- —
ROTSP(1) DISTI(T)
o2 | 30:0
- -
NECST] THPE(NEGT)] €ETVIM 7, .
z - | = 16 (NgsT >0) ]
- - - J
1 1 1 1
m | N | TDCN, M)
-
bl - ([ECNFix >0) REPEAT wNSTEPS TinES
P - -
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Typical Computer Qutput:

The following pages give the output for Example 1.

Example 2 would be similar in form.
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AL AL RN

e

ESEERERREEESEEELASERER LSRR L

STRUCTURAL ANALYSIS FHRCGRAM FCR CCNVEMTIGNAL RAIL®AY TRACK SYSTEM ILLI-TRACK - VERSICN 2
.DEVELGPED BY THE TRANSPORTATION GROUP, CIVIL ENGINEERING DEPARTMENT,
UNIVERSITY CF ILLINQISs ULREANA, .
KB AN F A Ak bk dr Y gk KPR gookoR ok ok kxR Rk kb ok ROR kR Kk Rk Rk e ok ok Ak kR kR AR Rtk ARk Ak Rk kR kR R bR Ak kR kR kR F Rk kR K
NUMEER CF FFOBLEMS IN THIS RUN=
e XA rAFSTANDAFD TRACK. _LONGaANALYSIS R L L L. £ S el B R
TYFE CF ANALY3ZIS= 2.00
- GEOMETRICAL DATA
e _TI1E _LEMNGTIHEZ.. _G€.0C( CTIE WIDTIH=. 82600 YI1E THICKNESS= 7200 TIE _SPACING= _2Qe€CO . _ . _ . . _ [ S e -
BALLAST CERTH GIVEN= 12400
SLEEALLAZSY CEPTH GIVEN= 0.0
_kfE ANGLE CCF . SPREAD +PHI IS . 10.00 . : e e e e oL s e
Ex ¥ EFFE TIVE LENGTH GF TIE UNDER EACH 18400
o *ﬁwlCTAL CERTH OF SECTION REGUIRED IS
o ked CEPTR (F URPER LAYER OF SUBGRADE IS -
VERTICAL GRID LINES
R 1)Y=
R( Z)=
e RA_3)= I S R I _ . S - _ N B _ -
R 4)=
R{ <)=
R( €)=
i R LT ) = N — I I R _ _ _ ~
R{ E)=
i S)=
5{1C)=
——— . R(11)= ——
F(12)=
Fe13)= .
F{14)=
—— o RI1E)= _ - e e
rii1a)=
R(17)=
Fligd=
— RSS2 I — O
R{2C)=
R(z1}=
R(zz2)=
S22 EDWCC it e e e e - R e
R(z24)=
R{23}=
R{zZ&E)= 220.C0
G(27)= 2A0.00

Fhwk pEppbkbd kb ek bk r kb Rk xRk gorh Rk Ak kAR Rk A btk Rk kR kR R KR SRR AN bRk ko kK




© FIFE RTINS INE,

HCRIZCNTAL GRID LINES

NNNNNNN

—.~24 .00

I
l

. m270.C0

L R W N N R W NP P
MNP LM OOMIM D LIN
o e e (a  r

e N

[ T O TR T I TR TR TN TON |}
7 [
~
N
.
[«
S

NNNNNNNNN

-370.CC )
NGe CF HLCRIZGNTAL BOUNDARY LINES= 16
—_— - NC W CE_VERTICAL GBCUNCARY L INES= 27

NCe CF ELENMENTS USED= 360

NCe CF NCDE POINTS USED= 432

MATERIAL CATA

RATIL
&AL MCDULLUS OF ELASTICITY=
RAIL SECTICMN MCMENT CF

4

3CC2C000.00
INERTIA= G4.50

T125505¢.00
INERT 1A= 229400
Oa 70

E COMPRESSIVE WODULUSS
£ SECTICN MOMENT OF
FCISSCNS RATIU=

T1E

e b SFRING _ CONSTANT_USED. FCR._TRANSVERSE. ANALYSIS=_ ' 65995900

SO0E8Z2.00(THETA)®%0.88

UALLAST
vOCEL ~
‘OOCO.DO

L 028 -

NT RuSPUNSE MCOLEL -
MOuLhUJ— 5220C0C .20
~BATIC=__ . C«25%

COCCC«O0C(TRETA)®%CW0

SUEBGRADE RESILIENT
DEV

PRI 1 N B¢ S, —

RESFCNSE CURVE

{
o] fell
C 3€.2C
L MODULUS= S50C0.00
NS _RATIQO=_ .

X
‘LFCNACL 1
ECRACE_FR

BALLAST
VAXINUN ALL CuwAdLE
MININMUNYN ALLCWABLE

S EATLURE NIDLLUS=E 400008 -

PRINCIPAL STRESS RATIO=

Qb

MINIMUN PRINCIFPAL STRESS=

T SUEEALLAST
MAX IMUNM ALLCWABLE PRINCIPAL STRESS RATIO f
MINIMUM ALLCWABLE MININMUM PRINCIPAL STRESS
a4 6Ca 0

FATl {JRE MNNLL US=

SG

$95G.00
~20 .00




CHE TLESIROMICE INC

susgrADE T
YAXINUM ALLCWABLE SHEAR STRESS= 25400
FATLURE MODULUS= 106.00

ELEMENT CONNECTIVITY

ELEM NOe. NCDE-PTS ANTI-CLOCK INITIAL MODa Pe RATIO ELEN TYPE

1 12 1817 . Ge300E 08 _ . DeQ. 4400 e e e L
2 2 2 19 18 Ce 3COE 25 0.38 1.00
3 3 4 z0 19 0 32CO0E 05 0s28 100
4 4 5 21 20 0,3C06 (5 0.325 1400
& __ __ 8 & 22 .. 21 _ .. 0.%0CE 04 0. 42 3,00 e AU
6 6 7 23 22 C.SO0E 94 0ett7 2.00 .
7 7 8 24 23 0+ ZCOE Ja 0e87 3.00
e e S Zs 24 Ce=COE 04 Oatr 7 2.00
e S e UG 10 .26 L 25 ... D.SCOE Q4 ___ Dea? 3.00 — —_
10 10 11 27 2¢ QeS0T 24 Gaea?7 3400
11 11 1z 28 27 CL.20CL Da Qe&7 200
12 12 13 26 28 CeS0%F 04 0.a7 3.C0
e X3 XB M6 2026 0eSCCE 24 L0647 34600 . e _ [T -
la 14 15 21 30 Oe SO0E D4 0047 3.00
is 18 16 3z 31 UeB0CE 04 0e47 300
16 17 ‘18 24 33 Cs 20%E 08 0.0 4.00
e AT 19,25 __ 34 . 0.3CCE 05 D.38 1.00._ e I
18 16 20 16 35 Cs 2CCE 95 0.35 1.0
14 20 21 17 38 Ce3C0E 25 0.325 1.00
e Z'i 22 aa 37 CoSCGHE N4 0ot 7 2,60
e @Y L 22 . 23 3G L2€ . .. 0aSCCE Q6 ____ . . Ce&7___ __ 3,00 .. _ __ e e e e e e e e e
z2 23 24 49 36 0.50CE 04 0.47 3.00 A
z3 z4 25 41 40 0.5C0E 04 0es7 3.00
g: 24 25 26 42 41 C.SCO0E 04 0.47 3.00
. .. 2B.___Z&._.__ 27 . 4342 . Qe¢5COE Q4. . _Ds4?7 2.00 . e e
26 27 z8 44 43 Ce5C0E D4 0e47 3400
27 ZE 2¢ 45 44 0.S0CE D4 Cats 7 3.00
z8 29 30 45 45 C.5C0F 94 0.a? 2,00
e e 2% 20 21 4T 46 _______CeETOE 04 0et7 _.300 — e e e e e
20 31 32 48 47 C.SC0CE 04 Coan? 3,00
31 3z 34 50 49 C.300E 08 CeN 4.G0
zz Za 3= S1 50 0+ 3C0E 0S 0.1S 1.0
e 2328 3652 53 __0W3COE 05 e 0635 1.00____ S .
24 ze 37 53 52 0.32C0E 05 0«38 1.00
a5 27 8 sS4 €3 Ce500C 04 Ced?7 3.CO
Je 28 3y 55 54 CeS0CE D4 Qets? 2,00
2T 3G 6D, B6. .55 ____. 0«5COE 24 __ Gent7 2eG0 .
38 3] 41 57 13 0.5C S4 Ne47 2.C0
29 41 42 5 57 0.S00F 04 Cea? 3.00
40 42 43 59 58 0+500E 04 Qat? 3400
41 4344 60 . 59._____ _0.S00FE 04 . 0.47 300
42 44 45 &1 60 0eSCUE D4 0e47 3.00
432 45 46 €2 61 0.5C0E 04 0et7 3.00
44 46 &7 63 £2 C.SCCE 04 Dets7 3.00
4= 47 4¢& 4 63 ___ . Q.S00E Q4 Ce47 3300 e e e e e -
46 49 50 EE [ 0. 3C0E 08 Ce 44CO
47 50 51 €7 66 0,200E G5 Oe 15 1.00
a8 €1 £2 €8 67 «2CO0E 05 0.25 1.00
49 £2 53 €S 68 0e30CE__(5 035 1+00 _ e _ - I
[5] §3 5¢ 70 6G Ce5CO0E 04 Qa7 2.00
] £4 55 71 70 0+S0CE 04 0et7 3,00 .
852 €g Sé 72 71 0.500Z 04 . 0.47 3400
——— 82 €& 57 73 72.. . __0e.S00E_0Q4 Qes7 ' 300 J e e
<4 £7 38 74 73 O0.Z00E Q4 Qett7 3.00,
e €8 &9 75 74 0+500E 04 047 3.00
g4 € €0 7€ ¢ 0. SO0E 04 Q.47 3.00
&7 31} (28] g 75 N SONF 94 Daa?7 3.00



= 230 367 SCOL 04 Ged?7 3.00
31 36GS 2C0E 03 C.0 4.00
ZizZ 370 300E 05 0.35 1.00
————— 3. 371 2C0E 05 . D425 1.00 - e e e e e e+ e
4 372z 2N0E 0S5 0635 1.00
5] 373 SC00F ¢4 Oed?7 3.00
€ 374 >0CE Qa Q47 3.C0
S i A 275 OF 04 . 07 3a00
8 37¢& ce 04 Q.47 3.C0 .
S 377 CE D4 Oea7 3.00
0 37¢& OFE 2 Q.47 3.C0
. i 379 O Q4 ... Q.47 _ __ . 3000 o
z 380 OE 04 Q47 3.00
7 3 381 Ce 5008 D4 Qs 47 3.00
4 3a2 0. 00E 04 Ce4? 3.00
— 248 ZE -~ . 38E 045008 04.___ Qe 7. 2.00 . A [V e - —
£R 389 0.2008 G8 « 4.00
70 371 3ec Ce. 230 C3 DedE 1.00
g 71 372 287 Qe I0CE NS 0.+35 1.CO
—— 349 72.. 32 388, .0 2000 08 . D035 . 1.00 . — - .
33 289y 0«.5CLE 04 Qed?7 3.00
74 3 360 Ce« 500K 04 Qed? 3.00
3E2 75 376 321 C.500E 04 047 3.00
—_— . 3E2. 7¢£. 377 L0392 L 0e800E 04 De8T 3000 oo e —
324 77 378 362 Ca52CC 04 a7 300
3¢ 3 379 234 0.20CE 24 Qed7 - 3.00
3ceE 76 280 36¢ O+SOCE D4 0e47 3«00 .
. 387 0. .3e1 __ 396 . ... 0«SCZOE 04 .__ S Ded 7 3.00 O SN ~ ——
36E€ zal Jag 367 Q. 50CE 04 0.47 3.00
2E5 2g€2  3L3 398 CeS00T C4 Dad? 3,00
3EC 3€73 3&4 395G GeSCOE 04 . 0.47 3.00
o e €L 3g£e. _3ta 401 Ce3CGCE 0B .. 0ed L 4e0D L
R 3e2 3E€é 387 402 0« 300E 05 0+ 35 1.00
g w 2e3 287 3&8 492 04320E 05 Q.35 1.00
° 3€4 aeg 3EG 4C4 O« 30JE OS Q.35 120 .
Z - 3ES 369,390, 4060 408 . Ca30NE 04 0847 e 3800 o e [ e e R
< 3€€. 360, 3961 457 406 G.SCOE 04 V.47 3.00
€7 261 G2 408 4cC7 2.<CCE 04 0s47 2«20
3 JEE ¢z 363 4CG 408 Qa.=00CE 04 Cea 7 3.00
e 3EG 263 3940 41C 406 0e9%90E Q04 _ ____0e&T7 3490 o e _ N -
279 G4 3¢5 a1l 410 0+200E 04 047 3400
271 255 396 412 411 ND«e5CUE 24 Qe ? 3.00
272 2G€ 367 413 412 0.S0Q0E 04 Jets7 2.00
e e 33 32670368414 413 . _Q«SO0E D4 L G 1 ¥ o L U - -
374 268 399 415 414 0.%00E 924 Qa7 300
373 356 400 416 415 Qe Z00E 04 D47 3.C0O
376 4C1 402 418 417 Ce3C0E C8 NeO 4.00
—— . 377...8C2.0 4Q3._ 419 . 418_ . __ D300k 05 0.35 — . 100 . - —— [ -
378 402 4C4 420 819 0+ 2CLE 05 Qe 35 1.00
376 404 4C5 421 420 Oe2COE 05 0. 35 1.00 : .
3a¢ 4CsS  4Cé 422 421 0.S20E 04 Den? 300 .
——— 381 400 407423 422 . D«SDHO0E 04 Oatt? 300 e e e e e =
232 4C7 408 424 423 C,» 5002 04 0ot 7 3.00
283 478 4CG 425 42 0.5CNE 04 Qa7 3.00
384 4C9 410 426 42S G. SO0E 04 Qets 7 3 U0
——. SES.. 410 411427 426 _DeS00E Q4. __ _ 0.47 300 o .
386 411 412 428 427 0« SCOE C4 Qet? 3400
3E7 412 413 429 42€ 0. SCOE 04 0.47 3.00
Jgsa 413 414 430 429 0.500E 04 0e47 3400
—_—..389. 414 415 43 430 0s50QE_04 047 3200 — . R -
390 415 416 432 431 0.S0CE 04 0s47 3.00
— HODE ADe  COORDINATES (HORI-VERT) _ S
1 0.0 7.C0000 2 . 0.0 Ce0 3 0.0 -4 ,00000 4 D0 -8.,00000
s 0.0 ~12.00000 (&) 00 -18.00000 7 0.0 «24.00000 8 G0 ~36+00000



HCEFLECILONI, § i€

ot

zal 1€6G.030207 ~68,00000 232 IOC.OOOCO ~72.,00000 283 100490000 =S$6.C5000 284 lO0.00000-lZO 00200
285 1CC.00GC002-170.C0070 2B E 100.CC0N0~-220.0000C 287 1CC.3C000-270.0C000 288 i0N.0000C-37C.6Q000
289 110.00000 7.00200 2% 0 11€.00CCO 0.0 291 110.00020 -4 400000 292 ©1104C0000 —44060000
263 110.C00002 ~12.00000 296 __ 110000860 —18.00000Q..295______11Ga.C0C00 -24.000C0 296 ___..110.,000C0C -36,00000C
267 110420000 —48.0C0C0O 298 11000002 -72.00000 299 110+C0002 -9£.C72000 300 110.00000~-120.230000
21 113.0005C02-1702.,0060700 302 11C.C00CC0~-220.0006C0 303 11C.20000-27C.200090 304 110.C000C~-370.00000
308 160420000 7 CCIT 206 120.0000C 20 307 120.3C003 -4.C0002% 308 120C200C -8.00Cu0
206 128423200 -12.02000 310 ... .12C-000C0 -18.00000 311 1204009200 =-244G0000 3l . 12C.CRQ00 —36.00G000
213 12030200 —-48.075070 314 120.00000 -72.0C0CO0 315 12C+5CC20O -%H6,CCCO0 316 120.202300-120.032C0
217 12007002 ~172.00000 318 120.08023-220.03C00¢0 319 12C+200C0-270-,0000CN 320 120,C22CC~-370.020000
2z1 1204050CQ 7.00C00 322 13C.COCCO CeC 323 130.2C200 -4 2000CO 324 130.000C0 -8.00000
——ee . 32% . 1204060000 +12.C0C000 . 326. . .130.000C0 ~18.00000 327 . 13020000 ~24.00C00 328 _. .. 130.000200 —-36.0C¢000
229 126.CCCC3 —-48.,0C0030 230 13CeCI0CHY -7200%GC0 331 13C.3COOO -G6+.LCC00 azz 13C.CCCCC-120.00000
233 120.007200-172.0C700 334 130.02C00-220,000C0 335 130.3C303~2702.23000 336 130.0000C0-370.003570C
z27 140402082 7402000 338 140.,00CC0 GeO 333 140400028 -4 4003000 240 140.000CC ~83.02000
e AL L 1AD M0N0 ~12400CO0 2462 . 14Ce000C0 -18,00000..343 ___._ 140400000 -24.C00C0 344 140.C000C —36400000
245 14C 40T H00 =42.00000 345 14C+COCC0 —-72.CL0C0 347 140,0C000 -96,00000 348 140.35006 120.05000
344 14000982 -170.CC00C 3590 140.050000-220.02000C 351 . F404006000-270.0G000 352 14C.000300-370.00C00
3€3 1£0.00GC3 760800 354 16C.COCCH CeD ) 359 160,00000 -4 420000 256 160.00C0C ~86.00000
387 160.G0000 ~12.0C0000. 358 .. 150460000 ~-18.00000 359 ... 16000020 —-24.700060 360 - 162.0002C —36.02000
el 1EC-2000) —48,00000 362 1604720080 ~72.C0CC0 363 16070000 =96.00000 3¢4 160.C000C-120.00000
JED 1€0.02C02-170.00700C 366 167.C00000~-22C.00000 367 160.900G60~-270,.50000 368 1630NN0C~-370.0603080
365 1£0.006CD 7.000C0 376 188.00GCCH 0.0 371 180.20000 —~4400CC0O 372 185.00C0C ~£.C0C0U
373 1ECAOC(SY —12,00000 374 ... 18C4C00C0 ~18400000 375 . .....18C.20900 -24.00000 . 376 . 180.CCOOC ~-36.,030G5C
377 1804037900 ~45,00000 378 18C.000C0C ~72,C00C0 1379 1806.,CC300 -G6,00000 380 160.,00000~120.00GC0
381 180.9C203-170.C0C0920 382 18C.0002060-2204000600 283 130.20000~270.00000 384 180.0000C~-37C.00500
3gs EC0«CI209 7+0C7300 386 2006C0CCC Cul 387 200.CC00C -4.600CC0 388 2C0.C0000 —-£,00000
3¢9 2GC 400302, —12.00C00... 390 ._.....220C.00200 -18,00000. _3%51.___ 200400000 -24.,00000 362 ... 200.00000 -356.00C00
393 2004022C0 —-48.00000 394 200.C00000 —72+.00000 39S 200.00000 -56.C0000 3¢6 200.00C00-12000000
397 200 .70902-170.CGG020 398 200,00CCC-220.C00C00 399 2006.0C00C-270.000G60 400 200+00000-370.,00300
501 220.0C000 7.000C0 402 220.0000¢C 0«0 403 220400000 -4 .0G0C0 404 2204CCC0C -8.00000
e A05 . 22C 00000 ~12.C0000 __ 406 .. 22000000 ~18.000C0 _407 ____ 22C.0C000 —-24.0C0CG 4C8. ... 220,6000C =-35.G60000
4G9 220.000CC -48.000G60 410 22C.00000 ~72,00000 411 220.0000C —-96.G0000 412 220.00000-120.00000
s 413 Z220.C00Q0C-170.00000 414 220.00000-220.000C0 415 220.0C000-270,000C0 416 22040000C~37C.00CCO
o 417 2FC.00000 702000 418 260.00000 0.0 419 26000020 ~4.CC000 420 - 260.CC0CC —-8.0GC000
. _4Z1_ ... 2E0a00000._=12.00000._422 . . _.260.000C0 _~18,00000__423 . _ 26000000 _=24.00000._424___ 260.00C00 =36.C2000
42¢ 2€0.00000 -48.0C0000 426 260400000 —-72.00000 427 T 260.00000 —-$64000C0 428 260.C000C~1204000L0
429 Z€0.000CC~-170.C0CH0 430 260.C0CCL—-220.0000C 431 260.0000C~270,0€0C0 432 260.00000~-370.00000
BCUNCARY CONDITIONS
"DISPLACEMENTS SPEC FORCES SPEC NO. STEPS SPEC
0 2 3 o] 0
FORCIS SFCCIFTIED ARE
e 3CCE0CO . POUNDS_AT .. ..40600 . INCHES FROM CENTER_LINE_ e R
3C0CO.06  PCUNDS AT 116,00 INCHES FROM CENTER LINE

P N D R e s L L st
x% STEP NC. ! OF A TOTAL OF 3 STEPS *x
FAREEFF A RA PR RK R AN R KRR RKA R PR A ok hR ALK I R RAAE

SPFECIFIED DISPLACEMENTS

ND FT TCIR DIS

1 1 Q0 431 1 Ce0

2 1 C.0 430 1 C.0

! 1. C»0Q 429 1. CeC - N
4 3 0.0 428 1 0.0

< 1 Ce0 427 1 G0

€ 1 CeO &26 1 040 .

7 t Can 425 1 na.0



£ 1 €.0 424 1 040
S 1 5.0 423 1 C.C
10 1 0.0 422 1 0.0
11 1__Ca0. 421 1040
12 1 Ce0 20 1 0.0 T Tt T e
13 1 C.0 419 1 0.C
14 1 C.0 418 i 0.0
.18 1. 2.0 417 1. GaC -
1€ 1 C.0 16 2 C.0 T T T e .
iz 1 €. 32 2 CeC
48 1 CeD 4E 2 Ca.C
e c€G L CaQ L o4 __ 2. 00 _ — e
£¢ 1 C.0 4c 2 0.0 B T T
LS ! C.0C %6 2 CeC
112 1 0.C 112 2 C.0
LA 2R 1. Ca. 126 2. CeQ _ - o e
144 1 0.0 144 2 0.C
160 1 C.0 160 2 C.0
17€ 1 Cen 176 2 0.0
e 202l LD S 192 2 f.C. - U
: 2C3 1 0.9 20 2 0.0 -
z24 PR G 224 2 0.0
240 1 G0 240 2 C.C
_ZSE [ SR v s} 256 2,000 R - [
27z 1 €. 272 2 04D
z88 1 Ce0 zga 2 .0.0
204 1 2.0 304 2 n.o
J— 22Q .l Cw0 3202 _.Ca.C — I . ]
RN ‘1 3.0 336 2 C.0
EEY 1 Ce? 352 2 0.0
3ce 1 C.e 368 2 GC.¢C
. 3s4 Ao o.0o 0 L e L. 304 D O
4CO 1 0e0 400 2 0.0
> 41€ 1. 0.0 416 2 GeC
oo 4z2 1 C.o 432 2 0.0 .
. - SFECIFIED FORCES . ... e e e —— e e e e -, [ S,
- ND FY DIF FORCE
3 iel 2 C.1CHCCCNE 05
e 2BS 2 Ce13900C00% 0S . . . T R e
AT NOCE 1 TIE SPRI! RATE 1S 85714284+, TIE SETTLEMENT IS 0.61326F~04,s TIE REACTICN IS 262.82
AT RQCC 17 TIE 3FRING RATE IS B571428ey TIE SETTLEMENT IS 0.733556-04, TIE REACTION IS £284.75
AT NOUE 23 TIE S3PRING RATE IS Oes TIE SETTLEMENT IS Cal1630aE~-02, TIE FREACTIGN IS 0.C
——— NCLE ..49 TIE SFRI'G RATE 13, Ow» TIEL SETTLEMENT IS . 0elt&G2E-C2, TIE REACTION IS 0.0
MCCE 62 TTE SERING RATE IS 85714284y TIE SETTLEMFMT IS Oe7632L2E~-04y TIE REACTION IS €71.16
NCCE 81 TIE SPRING RATE 15 ES571428,5 TIE SETVLLMENT IS Ce?C244F-0C4, TIE REACTION IS 602.09
NCDE €7 TIE SPERING RATE IS 85714284, T E SETTLEMENT IS 0+9157%E~C4y TIE FEACTION IS 7684 4G3
. NCUDE 113 TIE SERING RATE IS, T Cay TIE SETTLOMENT IS 0.2139%F-02, TIE KEACTION IS _ 0.¢C
NCUE 129 118 SERING RATE IS Ges TIE SCTTLENMERT IS5 0e22244F~02+ TIE REACTICK IS 0.C
NCBE 148 TIE SPRING RATE IS 8571428y TIE SETTLEMENT IS 0el0734E~C2, TIE REACTIGN IS G264.27
NOCE 161 TIC SPRING RATE IS 85714286 TIE SETTLEMENT IS 0.$74%1E-C4,y TIE REACTION IS £35 €4
AT NGCE 177. TIE SPRINC RATE IS _B8714284,_ TIE SCTTLEMENT IS Uel4tD7€-03, TIE REACTIGN IS Y&€9.%6 _ __
NGLE 162 TIE SPRING DATE IS Oes TIE SCTTLEMENT IS Ce4C123(-0G2,y TIE REACTION 15 C.C
NOCE 206 TIE SHRING RATE IS 25714272+ TIE SETTLEMENT IS 0eB6237E-04, TIE KEACTION IS 221751
NCDE 225 TIE SPRING PATE IS Owes TIE SETTLEMENT 1S 0.50e52C-02s TIE REACTION IS 040
AT ONCDE 241 TIE SERING RATE IS 257142726, TIE SETTULEMENT IS___ 0.95405E~04, TIE REACTION IS 26453.26 . B :
NCLCE 287 TIE SERING RATE S Des VIE SETTLEMENT IS 0+53247E~C2y TIE REACTICN IS 0.0
NOCE 272 TIE SPRING RATE IS 257142726 TIE SETTLEMLNT IS 0e10814:-C3, TIE REACTION IS 2780.£8
NUCE 285 TIC SHRING RATE IS Qes TIE SETTLEMENT IS Ce597%6E~C2s TIE REACTIOA IS N
-HCLE 305 TIE SEKIMG PATE IS 287142725 J1E SETTLEMENT IS 0.$6124E-04, TIE REACTICN IS —._247Y.75 _
NUCE 321 TIL SHERING RATE IS 6 TTIE SETTLEMENT 1s Oed8154E~02, TIE REACTION IS 0.0
NOCE 337 TIE SHERING RATE IS 25714272¢s TIE SETTLEMENT IS 0e62%0GE-C4y TIE REACTICN IS 1€17.6¢
NOUE 253 TIE SFRING RATE IS 2571427245 TIE SETTLEMENT IS 0.30G692E~C4, TIE REACTIGN IS 78S .2
e ATINCLE 266 TIS SERING_RATE IS ... 25714272es TIE_ SETTLEMENT IS____ 0411C1SE~C4,. TIE REACTION IS 283.36
NCCE &3S TIE SPRING RATE I35 25714272ey TIE SETTLEMENT IS 0+28200E~05. TIE REACTICN IS 72452
NCCE 401 TIE SFRING RATE 1S 25714272+ TIE SETTLEMENTY 1§ ~0.5234CE-0S, TIE REACTION IS ~134.56
NODE 417 TIE SPRING RATE 15 25714272«» TIE SETTLEMENT IS —~0e1172CE~Q4, TIE REACTION IS ~Z01.36
TOT A TIF KFACTY YA 1TH?P2R .G



.______Jiiiﬁ{4**#i*?*r*$****k*****!*&!**it&!*#*t##i#!#! e
EE STEP NQe 2 CF A TOTAL OF 3 STERS
**iiwiq’#tt#**t**********«***tt****#**#k*****ﬂ**

SPECIFIEC DISPLACENMENTS

——— ND.BRY __CIR . .DIS o S
1 1 G0 431 1 0.0
2 1 C.0 430 1 0.C
2 1 C.C azs 1 0.0
e B L _ Ca O 428 . 1..CeC . __ - — A ——
5 1 C.C 427 1 0.C
€ 1 €.0 426 I CsC
7 1 C.0 425 1 C.0
— e Bl ) Qa0 424 _.__ .1 .0aC e R e,
S 1 C.0C 423 1 0.0
10 1 C.C 422 1 €.C
11 1 £.0 £21 1 0.0
e Y20 X €0 420 __ 1. Cef . L e e e
13 1 .0 41 1 0,0
14 1 C.0 418 1 Q.G
15 1 Ce0 - 417 1 Ce0
14 1.oCe0 16, _.2_. 0.0 S R S
z2 1 ¢.C 2z 2 0.C
48 1 0.0 48 2 0.8
£ 1 C.0 o4 2 0.0 .
. €9__ 1. 2.0 . 80..._.2..0.0 I e e e e -
S¢ I CeO 56 2 0N
2 112 1. C.C 112 2 C.C
S~ 124 I C.C 128 2 0.0
DO taa 1. _0.0.. 144 .2 0.Q e ~ e
2 1ec 1 6.0 160 2 040
g 175 .. 1 ,C.0 176 2 0e0
B 162 1 €C.0 1¢2 2 C.cC
208 1. 0.0 el 208200 . e
224 1 €0 224 2 0.C R
249 1 9.0 260 2 0.¢
258 1 9.0 256 2 0.0
- 272 ) CaO e 2T2.0 i 2 €0 o S
288 1 CeC 2v8 2 C.C
394 1 0.0 364 2 0.0
iz0 1 0.0 320 2 0.0
—— 336 1. Ce0_. . 336 2 . 0eC ... .. — S -
382 1 C.0 352 27 C.0
15¢ 1 C.0 368 2 0.0
384 1 Z.C 264 2 0.3
40 1. Qe 4002 Cal. e S
416 1 9.6 418 2 C.C
432 1 C.0 432 2 0.0
SPECIFIEC FOKCES
ND T DTE FORCE
1561 2 C.200CGC0E 05
245 2 0.200003°C 06
e AT ACDE 1 TIE 3PRING BATE IS BS71426.y TIC SETTLEMEMT IS____0s199786-03, TIE REACTICN IS  __ _
AT NJODE 17 TIE SERING RAYE IS 8571428y TIE SETTLEMENT IS De14511E~-02, TIE REACTION IS
AT NODE 33 TIE SERING RATE IS Oes TIE SETTLEMENT IS 0+.95538E-02, TIE REACTIGN IS
AT NCLE 45 TIE 3EDING RATE IS Ges TIE SETTUEMENY IS 0.99€156~02, TIE REACTION IS
o AT ONCQLUE _£S TIE SFRING.RATE JS_ . 857162€.s TIS SETTLEMENT IS __ 0.11160E-02, TIE REACTION IS SS6.45
AT NGDE | 81 TIE SPRINCG RATE 1S 857142€., TIE SETTLEMENT 1S 0.22110E-03, TIE REACTIGN IS 1895.17
AT NCCE 97 TIE SFERING RATE IS 857142845 TIE SETTLEMENTY IS 0.23922E-03, TIE REACTICN IS 2050445
AT NCCE 1312 TIE SPRING RATE IS Oes TIE SETTLEMENT 1S 0.14623E-01, TIE REACTION IS 0.0
AT NCRF 128 TTF SERING RATFE TS O.. TIE SETTLEMERT IS 0.14G76E~Cl. TIE REACTION IS .0



CHICE LD LARONIZS 10

W. NCCE 14% TIE SFWING RATE IS

AT NCCE 1€1 TIE SPRING RATE IS

AT NCCE 177 TIE SFRING RATE IS
- AT_NCDE_ 1S3 TIE _SFRING RATE_IS

AT NCCE 20% TIE SPRING RATE IS

T NCCE 225 T1E SFERING RATE IS

AT NCULE 241 TIE SFRING RATE IS
— AT NCLE_257. TIE SFERING RATE. IS .

AT NCDE 273 TIE SERING FATE IS

AT NNCE 228G TIE SPRING RATE IS

AT NCLE 0% TIE SFRING RATE IS
- AT BCBE. 221 TIE SFRING RATE IS

AT NCDE 327 TIE SPRING RATE IS

AT NCCE 352 TIT SFRING RATC 1S

AT KNCOE ZE€¢ TIE SERING RATE IS
AT _NNLCE.  28E TIE_SPRING. RATE IS

AT NCLCE 401 TIE SERING RATE IS

AT NOOE 417 YIE SPRINGC RATE IS

YCTAL TIE KREACTIGAN= 37650.C6

i
{
|
|
i
i
|
!
i
i
i
l
|

8571428.,
B57142E,,

8571428.,
fa)

25
OO‘
28714272,

e oo QO omn
25714272

Coy
2571427245

- - - OI.’.
257142724,

297142724
25714272,

e 2O T1 5272 0 s

2o
ey

[ A
TL427244

PN )
Pt bt et o B et g [

e e e e e R ]

bt bt b g e Pt g et g o
mmmommmmmmmmmmmmmm:

-+

SETTLEMENT
SETTLEMENT
SETTLEMENT

>

SETTLEMENT..

SETTLEMENT
SETTLEMEMT
SETTLEMENT

CSETTLEMENT.

SETTLEMENT
SETTLEMENT
SETTLEMENT

SETTLEMENT .

SETTLEMENT
SETTLEMENT
SETTLEMENT

SETTLEMENT
SETTLEMENT

B B et P Pt et o Pt St Pt Bt oy B et Bt
VOOLLOVLVKLB OOV NV N

SEITLEMENT L

I
1

~

nunr

|

e D eITUTBE-C1, .

i

- 0+16402E-01,

~0el11797E~01,

Q0416372E~03,
0.31%45E-C3,
Oe31114E-023,
Qe31347€-0Q1y._
0414096E~-03,
Qe42990E-01,
0«16162E-013,

0e23115E~C3,
O0e21108E-01,
0e22822E-C3,

O0el14335E-03,
Ce67913E~04,
~0.67726E£~-05,
=02277V0GE~C4 5
~0+8B6BS6E-CZ,

S e d o o Al g ot
Bt bt bt P e Dot B Pt g bt i P et

—

e
mmnm

mmmmmmmmmmmammm

"REACTION

REACTION.

FEACT ION
FEATTIGON
REACT ION
REACTION
REACT [ON
RCACTION
REACTICN
FEACTIUN
REACTICN
FEACTICN
EEACTICN
REACT ION
REACTION
REACTIGN

REACTIGN
REACT ION

ot o Dt et g b B ot it P g 5t (o ot ot g ot

VLeLLLLLLLHLVVYLO LWV K

T 3e24

1403434
2738450
2606691

0

0N
4185.58

AL LR AL E R 2 L T S T LT

———ee X% STEE_NC._ 3 _CF A_TOTAL . OF . _ 3

SPECIFIEL GISPFLACENENTS

. STEPS ..

KRBT XL FRA WS Rk

X

t#ﬂiﬁi4***1&?**#**#**##**%***##****ﬁ***m%*ﬁ***i*

«C ..
e £1

N PT CIR DIS
e b 1. Ca0 L4331 1_ 0.0 e
2 1 C.0 450 1 C.0 -
3 1 2.0 423 1 0.0 .
4 1 1.0 4zg 1 £.C,
— ——S 1. 0.0 427 1...Ca.0 I
& 1 C.C 426 1 0.0
> ? 1 n.C 4.3 1 C.0
~ & 1 CeD 424 1 0.0
_ [ - SN WA s DN 3 _ 423 1. .00 __ e S
1 .1 .0 422 1 C.C
11 1 0.0 421 1 0.0
12 1 CeG 420 1 0.0
13 1_.C.10 419 ___1._0.0 - N R
14 1 C.0 418 1 0.0
18 1 C.C 417 1 €.
1€ 1 C.GC 16 2 0.
e 3201 040 W32 2. 0.0 . -
4€ 1 C.0 48 2 0.0
64 1 CeC 64 2 0.0
EC 1 8.0 82 2 0.C
—— 95 1. C.Q GE 2__0.0 —
112 1 Cef 112 2 C.C
1ze 1 C.0 128 2 0.0
144 1 0.5 144 2 CaC
Y i TeD 1e0 2_..0.0C e e
178 1 C.0 176 2 C.0
172 1 C.0 192 2 €.C
20 1 0.0 2c8 2 0.0
- 224 1 Cel_ 224 2_._0.0 S
z4arn 1 C.0 240 2 0.0
266 1 C.0 255 2 0.0
27 1 C.ef 272 2 0.0
R S A e PBEB___ 2. 0 e — I
. 1T, 364 2 0.8
) 11 Zze 2 0.0
17 c.o 336 2 0.0,
H . 382 2 la




368 1 0.0 368 2 0.0

284 1 Qe 384 2 G0

400 1 0.0 400 2 0.C

41F 1 (o PN e} 416 2 0.0 e e R
4z2 1 Cs0 432 2 00

SFECIFIEC FORCES

NC BT DIR FORCE - — e emne
161 2 C.3CONCCOE CS

289 2 Ce3C0CGCOE 05

DISPLACEMENT MATRIX FORCE MATRIX

S INT

QrkicE fuEcien:

"I'E TREACTICN 1S

REACTICN IS

o oooooooooboocono.
[ ] L

REACTION IS

HCFIZONTAL VERTICAL HORIZONTAL
1 TIE SFRING RATE IS '8571428., TIE SETTLEMENT IS "0, 22518E 03,
1 De0 C.50354E-01 . 0.0
- 0.0 Q0e501H9E~01 Ce0
3. 0.0 0% 8527 -0 .00
4 Qa0 0e.a6523E~-C1 Ca0
& 0.0 Q0a44852E-C1 0.0
& 0.0 0«42248E~C1 0.0
7 Dl 0ea26152-C1 Ce0
€ C.0 0.40552E~C1 [RY]
S 0.0 0.380G65E£-01 CeC
ic C.0 0.225576-C1 0.0
11 0eQ . 0a2719R2E-J01L 00
12 Ce? C.22268E-01 Ce0
12 Oe0 0.138506E~01 0.0
14 0.0 0.79645E~02 0.0
1sg Gel i oo oo .0 ea1267E~02 0e0 ..
16 C 0 CeDd . CeO
17 TIE SPRING RATE IS 85714284y TIE SETTLEMENT IS 0.21202E~03
£ 17 0e106944E~03 QeS0735E-01 00
[00] 1€ ~CeEO3CT7E~032._ . 0.508523E-C1___ 0.0
19 ~C.94758F~03 0647900 -01 O.C
2¢C ~0+647C9E-C2 D.46048E-C1 0«0
21 ~0s16930E~03 Celtr32E~0G1 Ca 0
22 0e9153CE-C4 ___Ca43611E-01 00
22 Ce748511:-CE Q0e42725E-01 0«0
24 —0-‘7DGHF -0 2 0s40A4136-01 0.0
2% -0e3L452E~-03 0.38125C~-01 0.0
2€ *Q-Q“ESQE 03 .. 0.32557E-~C1 0«0
27 ~0e52444-E~-03 0e27183E-01 0.0
28 -C.50714E-073 C 222592 -C1 0.0
26 -Q0+3€E607E~-03 0.,13798E£-01 CeQ
3¢ ~0 e 2380€E-03___.0a.79593E~02 0.0
31 ~0e1264€6E—-03 041245E-C2 Ce0
32 C.0 0.0 : 0.0
22 TIE SFRING RATE IS Oes TIE SETTLEMENT IS 0.55815E~02
32 0e32791E-C3___0,51730E-C1 00
34 -Q+10010E~C2 0 4£153E-C1 Ce0
as ~0es152G2E-02 0.4590LE-~01 0.0
€ —0e6777EQCE~-GC3 0.452G5E~-C1 00
37 _0.19591E-04____0.44532C-01_ 0.0 .
3& 0.15810E-02 Qe43G39CE~-C1 0«0
3¢ —0e167GCE~-CYH 0.43055LE-C1 Q.0
40 -0 .37473E~-03 Na40Q789E-01 0.0
41 =0e74001E=03___0.2€204E-C1 040
42 -0+GB133E-G3 0+32560F~01 C.0
43 ~0e«10D03E~02Z Ce27162E~01 0.0
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ELEWM . STRAIN STRESS

XXX EXYY EXXY SIGXX SIGYY TAUXY SIG1 STG3 MODLLUS ' STRE RATTO
e 1 CISTANCEZ _ L0 . CURVATURE=_ =0443052E~04__  NOMENT=__-D.12257E Q06 . .. .. _ I, e e
1 CISTANCE= 4 .00 CUF VATURE = ~0e41667E~C4 MOMENT= -0.1318€3F 06
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* & PROGRAM ILLI-TRACK e
L A CCMPUTER PRCGRAM FOR TrE FINITE ELEMENT ANALYSIS GF Ao
3 CONVENTIONAL RLWY TRACK SUPFORY SYSTEM{(CRTSS), DEVELQPED BY x*%
% % SHIRAZ De TAYABJI » CIVIL ENGINEERING DEPARTMENT. UNIVERSITYX*
* % OF ILLINDISs. SPRINGs 1975, L

o o ko ok ok ok % o o e sk ook ok 3k i ok 3 e ok ok okl ok e i Xk i 3k o e ok e ook ok Ak e e o Sl ke e ol d e ake o e e ke ol ol afe ok ook ok e o ok

s e ok o ok oK s ok o o ok oo ok ot g sk ok oK Ok R ok ok i skok R ok ok ko ek ook R Rk Rk ok kR ok Rk R R R R R ARk

DIMENSICNS MASTER REAL AND INTEGER ARRAY
DIMENSIUN VARS(42C00},INTS(125001) . - e
DATA I[REAL INTGR/742000,12500/

CALL VRDIM(VARSSINTSINTGRIREAL)
END "

]
i
i
}
|

SUBROUTINE AMESH{CORD oNONF oNPI+MUMEL Y —oon —— e
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DIMENSION CORD{(Z2,NONPYNPI(
CUMMON/TWO/NDERTH NCOL STITLE
LUPPER
LDMMDN/TtN/R(EG)-Zi30).NRR
PREPARES ELEMENT COCNNECTIVIYY
NMNDEPT=NDEPTH+1
DO 70 I=1,NONP
JCOL=( -1} /NNDEPT+1
CORD(11I)=R(JCOL)
70 CONTINUE

4o
{

0O 110 I=1,NNDEPT

J=1

DO 120 K=JyNONP ¢NNDEPT
120 CORD(2:K)I=Z(J)
110 CONTINUE

PREPARES MODAL COORDINANATES

DO 200 I=1.NUMEL
ANUM=( [~ 1) /NDEPTH
JNUM=ANUM
NPLI(lsIi=0l+JNUM
NPI(2.1)=NPI(1,12+1

NPI(3s0)=NPL{2.] )+NDEPTH+1

NPI{(4,I)=NPI{3,1)-1 -
200 CONTINUE

RETURN

END

EoWTIE.BODEPTH, SBOEPT « TSPACE s

NI e Do et pod Bt et ok o st s
PO ONOUSLUN=OCENOUSWN

N
(™

heJ
[

NN o
~N v &

wWhrhn
OV @~

(AR AN
(ad N\ e

SUBRCUTINE ASEMBL{NDEGsNGENS sSXXeNSXXeMAXCL s NAP NPT +NUMEL o+ N1« NPNUM
1eCORD:NP s MAXNP  NUME s NNODEJETDATAL s NNODEZ2+ NONPsNCRD +PSReDENTIEK,

2 TYPE)

DIMENSION SXX{NDEGsNDEGoNSXX) s NUME (NUMEL} s NP I {NNODE s NUMEL ) »
1 ET(NUMEL)sUATAL(NUMEL ) s NPRUM{NGNP ) ¢ CGRD {MNCRD s NONP) s NP (NONP » MA XNP }
20 MAXCO(NCNP ) o NAP (NGNP) s PSR (NUMEL ) + DENCNUMEL ) o TIEK (36) + TYPE (NUMEL )

COMMEN/CNE/SS(8+3)9SK(2+2+16)+D(3+3)+B(3:8)+sCISP(B) +DISPT(8),
I G{2+2)5G1{2:2)+E(3:8)4sNOUTININ
CDMMGH/TuO/nDEPTH@NCDL,TITLE(aO)aRLTxg WTIE BDEPTH « SBDEPT » TSPACE »

IUPPER

COMMON/THREE/ZDUNP (20 ) sLM{4},I0UT

ASSEMBLES THE STRULTURAL STIFFNESS MATRIX

FROM THE ELEMENT STIFFNESS MACRLOC UNITS.

SXX STRUCTURAL STIFFNESS ARRAY _

NSXX (MAXNP ) R (NONP+1) NO, OF MACRO UNITS IN SXkK

MAXCOL L) LAST NOKRZERGO COLUMN
MAXNE HAXIMUM SEMI-BEANDWIDTH

OF STRUCTURAL STIFFNESS MATRIX
NARP (I} SEMI—-BANDWIDTH FOR ROW{( L)

STRUCTURAL STIFFNESS MATRIX.

SLURN-OOE~NMOOLWUNONENCOVNLWN e

B3 20 N P R 0 e e bt et 300 Gt Pk Bt pes

SK  ELEMENT STIFFMESS IN MACRO UKITS
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[l #3]

e NN
Gt~

NPNUMONDY NODAL PLINT NUMBER FOR NODE N
P{NsNL} STORES N1 NONZERQ ELEMENT OF NTH ROW OF THE STRUCTURAL
STIFFNESE MATRIX

i

NNODE2 NNODE*NNOOE
INITILIZE STRUCTURAL STIFFNESS MATRIX

CALL SCLA(SXXsCe s NDEGRNDEGsNSXX20)
INITILIZE MAXCGC+NAP ¢ AND NP ARRAYS
DO 1 L=1,NONP

AXNP

LED IN FOR THE DIAGONAL STIFFNESS
ELEMENTS SINCES THEY ARE STORED FIRST.

IS A SUMAKER FOR SPRING NUMBERS

K=0

DO 3 N=1 NUMEL

DO 4 [=1.NNODE

LMOI)=NPI{ILaN)

CALL FLENM(N+NDEGsNNOCE'NGENS sNPILETIN) s NUMEL s CORDoNONP DATALEN)
1 N1sNCRODSNNODEZ2s PSRIN) WDENINI s TIEK K, TYPE)

NEXT KRCUTINE PLTS THE SK MACRO UNITS INTO A STRUCTURAL
STIFFNESS MATKRLIX

THIS RCUTINE ADPCS THE ELEMENT MACRC UNITS SK TC THE STRUCTURAL
STIFFNESS SXXe [T ALSO FILLS IN THE ®PUINTER®Y ARRAY NP
DO 21 L=1NNODE

LMSS=(L-1)*NNQODE

Lx=LmiL)

LMSI=(LX=-1)%MAXNP

DO 21 M=1,NNODE

LMSS=LMSS+1

CHECK CN LAST CCLUMN NUMBER

IF(LM{M)aGT . MAXCC(LX)) MAXCO(LXI=LM{M)

GNLY HALF GFF-CIAGONAL TERMS STORED

IF(LM{NM}aGTLX) GU TO 21

MX=0

MX=pMX+1

IFUNPLLXsMX) e NEdLM{M} AND.NP(LX s MX)eNE2Q) GO TO 22
FILL IN NP ARIRAY

NP(LXeMX)=LM(M)

CHECK TU SEE IF MAX. SEMI-BANDWIDTH IS EXCEECDED
IF{MX.GT «MAXNP) GO TO 26

LMS=LMST +MX

ADD IN CLEMENT MACRO UNIT

DO 28 J1=1.NDEG

DO 28 N2=1NDEG

SHALLL s N2eAMSITESRAXK{IL eN2:LMSIHESK{ U]l o N2sLMSS)

CONTINUE .

GO TD 3

WRITE(NOUT273 LX

FORMAT(®* *,MORE THAN MAXNG JOINED TC NODE *415/)
CONTINUE

HUME {N) ELEMENT MNUMBER . S e e

25
26
27
28
29
30
31
32
33
34
35

- 36

37
38
39
40
41
42
43
4 4
45

47
48
49
50
51

- 52

53
54
55
56
57
58
59
60
61
&2
63
o4
65
66
67
68
69
70
71
72
73

4
75
76
53

78

8¢
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COMFUTATION OF SEMI-BANOWIDTH FOR STRUCTURAL STIFFENESS

~OOCONOULPGWUN=SOONOUMS

a1l
MATRIX==FILLS IN NAP ARRAY 82
DO 5 M= lgNDNP 83
MXY=1 - U S . [ e e B
MX=MX+1 8s
IF{MX o LE s MAXNP cAND s NP (M, Mx)oGT g} GO TG & 86
NAP (M) =MX~1 87
RETURNM . . R Y - ¥ -1
END a9
SUBROUTINE BETALCUORD «NONP s NCRD) 1
BETA PREPARES THE COEFFICIENT MATRIX USED TO EVALUATE STRAIN 2
FROM DISPLACEMENTS FOR THE PLANAR ELEMENTS o o o e 3
DIMENSICKN CORD{MCRDNOKPR}
COMMON/CONE/SS{8+8)+5K{2e62:162sD(363)8{3¢8) .DISPLB) DISPT(8} .- ..
1 G{(2+2)+G1{2:2)sE{3+8) eNIQUTNIN
COMMON/ZTFREE/ZDUMB(20) L M{4 ). I0OUT
1
EVALUATED AT THE CENTER QFf RECTANGLE R, -1
NS=LM(1) . i
N6=LM(2) 1
N7=LM{3) 1
N8=LM{4) o B 1
A=ABS{CCRD(1 s NS)~CORD{1,NB}) 1
F=ABS({CORD(2sN5}—-CORD{2:N6) ) 1
X=A/2 s i
Y2F/2.0 . - - . s e et e e 1
C=AXF 2
B{lsl)=-¥Y/C 2
B{l+s2)=Coe 22
B{1:3)==(F-Y)}/C - —— - _— 23
B(l:4)=00o 24
B{l:+5)}==B(1+3) 25
8¢ 196)200 26
Blls7)=-E(1,1) - —— — P —— — .27
DB{(1+8)=0, 28
B{(2¢1)=Ce 29
B{2.2i=(A-X}/C 30
B(2+31=0, - - — S S 31
8(294)2-8(2v2’ 32
B{25)=0., 33
B{2+6)==2/sC 34
B3{2:7)=0s e _ e . [ 35 .
B{(2+s8}}=-8B(2+6) 36
B{3,1)=8(2,2} 37
B(3:2)=B{(1.1)} 38
B{3.,.3)=B(2.4) e e _ _ - .39
BL{3e4)=BL{1:+3} 40
B{(3:5)=B8(250) 41
B{3«6)=B{1:9) Q?
B3{3:.71=B{(2:81 S . e e S &3
B{3:8)=B(1.7) G4
45
RETURN %?
END &4 7.
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C

C -

SUBROQUTINE BST[FF‘CQRD!NCRD!NUNF.ETQPSRIDENDDATAIvTIEKk,T{EK&’

DIMENSICHh CORDINCRD(NONPY)

COMMDN/GNE/SQ(BvH)eSK(ZeEg16)vD(3¢3)aB(SeS)QDISP(B)gDISPTlalo

1 G(242)19G1(2:2)+E{3:8)sNOUTSNIN

CDMMON/T&O/NDEPTH-NCUL.TITLE(ZG3oRLTIE.WTIE BDEPTH-SBDEPT-TSPACE-

1UPPER
COMMON/THFREE/ZDUMP {20)+LM{4 ). IOUT

COMMUN/SEVEN/NDSPEC«NFSPEC+NSTEPSeNSTPoNFIXsNLCAD
ELEMENT STIFFNESS- MATRIX FQOR BEAM~SPRINGTYPE-ELEMENT-

NS=LLM( 1)

N7=i_M(3)
AL=ABS{CCRD(1+N7)-CORD(L NG} )
C=ETHDATAL/(AL%%3)

SS{lel)=amAaL®AL%C

SS{1s2)z=6xAL*C

SS(1+7)=2%ALXAL%C e
5S{1:+8}=~55{1s+2}

SS{2s1 }=€ERALRC

SS{2+,2)=TIEKL1+12%C

SS(2+4 )==TIEK1 e
SS{2:7)=455(1,2)

SS(2.8)==12%C

55{(4.,2)=-TIEK1

S5(4,4)=TIEKI] —
SS{¢.6)=TIEK2

55(6.8)=~TLEK2

SS(7s1)=2%ALXAL¥C

SS{(7+2)=6%ALXC ———
SS{7:7)=4%ALRALRC

S5(7+8)==6%AL%C

5S{(8s1)=~6%ALXC

SS{8,2)==12%C

SS(8,6)==TIEK2

55({ 8.7 )=—6%AL%C

SS{(8:,8)=TIEK2+12%C

RETURN

END

SUBROUTINE BSTRES(NvNCRD,NDEG'NGNP-CORDeETfDATAl:TDl
OIMENS [CN CORD(NCRD.NONP)cTD(NDEGoNChP)-X(2)
COMMON/CNE/SS(B8:8)eSKI(2:25161), D(303)1B(3a8)oDISP(B):DISPTi&)w

1 G{242)5GLl{2:2)+E(38)+NOUT+NIN
COMMUN/THREEZDUMP (20 ) ,LM {4, I0UT

COMMON/SEVEN/NOSPEC oNFSPEC+NSTEFSsNSTP o RFIX o NLOAD
CALC OF CURVATURE AND MOMENT AT THE END OF BEAM ELEMENT
LXl=LM{1) .

N QOE~NOUEWN~O0 QRN UL WN-—

{
PON D P s gt et g Bt ot o B e

NN
[ RO RN

$d ﬁm o
- o~ Wnm

!
LW WWN
(NSIR- R VR Vg & 1o ]

37

FHWW
OO @

»
Ui lae N

B o et Bre ge
EENEN TSN e Kel s RN <



o ——— T o s e s i e maane i oy v st ooy T

DISP{(4)}=T0(1.LX2}
AL=ABS{CORD{1+LX1}~-CORD{1.LX2)}
X{1)=0.

X{2)=aL . e e e e e

DO 10 I=1s2

XX=X{13} '

CURV=(6./(AL*AL)-12¢*XX/(AL**3))*DiSPill
P o /AL~ kX X/ALEED ) XDISP(2) B
=B /AL¥%24 12 ¥UX/ AL X3 %D ISP 3)
T2 /AL=0 EXX/ALXK2 ) ¥DISP{G)

AMOM=ET*CATA I %CURY

XE=CORC (1 +LX1 J4xx s i

IF{NSTP.NE-NSTERS) GO TO 10

WRITE{NOUT +20) NaXXsCURVAMIM :

20 FORMAT(S °,15,sx,'0xsrANCE=°.Fé.e.sx.'CURVATURE='.Exa.s.sxe

1 CMOMENT=94£1465) e .

10 CONTINUE

RETURN

END

SUBROUTINE CHECK{ERRQR) . e

CQMMGN/GAE/SS(&e&)ySK(ZsZ;16)cC(3¢3)¢8(3-82sD[SP}&)-DISPT(S)s
1 G(EoZ}oGi{Z"Zb9E(3¢8§9NOUT'NIN

CGMMCNITWQ/NDEPTH;NCUL.TITLE(&O)nRLTIEsBTIE:BDEPTH.SBDEPT,TSPACE@
1UPPER : e -

COMMUONZ/THREE/DUMP{20) +LM{4),ICUT

COMMON/FOUR/ZETS(10) sPSRS(10) +DATALL sBATAZ2 e TIEKK

COMMON/F IVE/ZANAL s TTHICK :BTHICK  BHI

COMMUN/SIX/BONEI.BTwDioBCNEZ.BTkDZaRMQD(S),DEV(S);UMOD(&).UDEV(&)DN
1 EFA{LL.EFA[Lz.EFAxLB.Amxsnl.SIGMN1.Amxsaz.sIGMNZ.TAUSUB.NPOINT,

2 JPCINTLEFALILG.UTAUSH i

COMMON/SEVEN/NDSPECNFSPECNSTEPS NSTP «NFIX s NLOAD

COMMON/ZE IGHT/RLLCAC(36) +PLOAD(36),DIST(36)sMM(36) RDISP(36) .4 .
1 PDISP{36] «DISTLI(36):MM1(36) NPT(36) )

COMMONZTENZRI36),2(30) +NRR

CUOMMONAELEVEN/TTIEK(36)

|

Lad P oo
B0 AU DD D R Y = e ot b0 e
CUPLN=OOD~NOU

]
i
i
i

n
0

Llluwbinm
W OO0~

i
hVIEd

IF (RLTIE LT o60000 sOReRLTIE«GTo120s0) WRETECNOUT11) RLTIE
11 FORMAT(® ¢, ¢ 4xk %k WARNING*¥ %% ¥LENGTH OF TIE INPUT IS'sF10.2.9 CHECK
1 1T4/)
IF(WTIE«LTo4o00e0ReWTIE«GTe16,0)WRITE(NOUT12) WTIE N
12 FORMAT(! #0550k k WARNINGHR* X% 8K IDTH OF TIE INPUT IST +F10.2, ¢ CHECK
11T /)
IF(TTHI
13 FORMAT(
IECK [Tt/
H
1

B D0 P 3t et e Bt s e ot e s !
N OQRNOUNLWN~D LN & W

CRolTe400:0ReTTHICKoaGTo1640) WRITE(NOUT,13) TTHICK
O Pk Rk WARNING*® %% 2 THICKNESS OF TIE INPUT [S!eFi0a200 000,

IF(BDEBTEF LT, '
16 FORMAT(! 8,9 $k%X%ERROR**¥¥¥PROBLEM WILL NOT BE SOLVED®/
L * P:°BALLAST DEPTH OF P4F10.2,9 (S NEGATIVE ¢/} o
FiEQEP?hﬁgTeGaQaGHmSBﬂE?T,hTe@gQ?aR@PﬁigL?gﬁeeQRQ?ﬁE@§T&5@g§%QQQR
.0 -
(s

:
E..
A

Fata

i

=3

IFI{SBOEPT LTG0 IWRITEINGOUT 153 SBDERT

FORMAT{® 2, dsu e ERRORYS€2%PROBLEM WILL NOT aF

| PR 'SUBBALLAST DEPTH OF9,F10.2.7 IS NESATI
I (T SPACE LT eBoCalRsTSPACE «GT 36 IWRITEINOUT ,

I& FORMAT(! f i %%k ¥ERROARRXERPROBLEM wILL NOT AE &1

1 PP TIE SPACING ISPeF10.2,% CHECK . I7°%4) - S




89

LF(BTHICK,LT.0,0.0R.BTHICK,GT.50,0 JWRITE(NOUT 17} BTHICK e

17 FDRMAT(' ’9’*****ERRQR*#***PRQBL&M WILi NOT BE SOLVED/ 39
i ¢ VS YEFFECTIVE TIE BEARING LENGTH IS®*sF10e2s% CHECK iT?/) 40
IFIPHI ol Te0,00,UR.PHIGT 500} WRITE(NGUT .18} PHI . S % S
18 FORMAT({® ', ' ks%%x%ERROR%* %% %PROBLEM WILL NOT BE SOLVED'/ 42
1 * %, *ARGLE OF DISTRIBUTION IS':F10.,2.,% CRHECK [TV/) 43
DO 111 I=1.6 48
IFLETS(I)ehTe0e0) WRITE(NOUT :22) IETS(I) e 45
22 FORMAT(® ¢ ¢ kx%k**ERRGR** %% ¥PROBLEM WILL NOT B8E SOLVED?!/ a6
L% "' INITIAL MODULUS OF MATERIAL®I2,°' [SY.F1%e¢0,* CHECK L[T°/) 47
IF(PSRS(L)sLTeD0IWRITE(NOUT ¢23) I+PSRS(I) 48
e 23 FORMAT(F 0, 1 5k kR ERRORX 2 %% %PROBLEM. WILL NOT. BE SOLVEDY/oo oo 4G
I ' ', 'DCISSONS RATIO FOR MATERIAL® 412, [S'4F6c2s % CHECK IT/3 50
IF{ETS{I ol Tu0s0:s0RPSAS{I)LT2060) ERRUR=1.0 51
111 CONTINWUE 52
IF(CATALL el Te0eoOReDATAZ 20l Ta0seOR e TIEKK el T5 00 )ERROR=L 00 —cvvve oo 53,
IFQDATA&A-LT Qe )WRITE(NOUT24) CATALL 54
24 FDRMAT(‘ Vo PRMREKERROR ¥ = %X ¥PROABLEM WILL NOT EE SOLVEDY/ 55
1 , s PMOMENT OF INERTIA OF RAIL SECTION ISYF6e¢2+% CHECK IT®7) 56
IF(DATAZZ LTLOLIWRITE(NDOUT «:25) CATAZ2 NI - i
25 FORMAT( 7, v %% %¥[RRORSRKEADPROBLEM wiIli NOT BE SOLVED®/ 58
3 PP, IMOGNENT OF INERTIA OF TIE SECTION IS?3F6e2+°% CHECK [TV/) 59
IF(TIEKK LT, 0. CIWRITE(NOUT $26}) TIEKK 60
26  FORMAT (¢ ‘9’****$ERRDR*$***PROBLEM WIli, NOT BE SDLVED®S . ... .__861..
i PELOTIE SPRING HKATESTIEKK SIS yF 10,1 CHECK IT9/) 62
IF(BONEL oL T o0 eORBTUUL LT e0os0ReBTUELeGEsle JERRUNR=10 &3
IF{BONEL L. Te0se0OR & BTWD&.LToO.aOR-BTwGL.G:.l.)WRITE(NOUTg27) BONEL. &4
. 187TwO1 —— I - % Y
27 FORMAT(' U kR RRERROR*% %% ¥PROBLEM wILL NOT EE SOLVED'S/ 66
1% *,'BALLAST RESPONSE MODEL IS*sFQel et (THETA)' sF6:2,*% CHECK ITS/) &7
IF(BONEZ2 L. TeQse0URBTHO2 el To0eslRBTWE2.GEele}ERROR=],0 68
IF{BONE2 .LTeOseGR.BTWOZ.LT CecORBTHO2, GEex.)wnxrscmour.zsx BONEZ..-
1BTWO2 70
28 FORMAT(’ Ptk ARERROR® ¥ *%%PROBJLEM WILL NOT 8E SOLVEDY/ 71
1 b0 PSUBUALLAST RESPONSE MODEL IS'eFlO«c;‘(THETA)'.F6-2s CHECK 72
11T/ et 73
IFANPOINT L To2.CR.NPUINT.GT8) ERRGR=1.0 74
[F{NPOINT L Toe2O0RNFPOINT o GTo&)hR!*E&ROUT 293 NPOINT 75
29 FORMAT(?® ¢, xk¥%%ERROR*¥®X2PROBLEM WILL NOT BE SOLVED®/ 76
1V 1, *NUMBER OF POINTS FOR LOWER SUBGRADE KRESILIENT RESPAONSE CURV_T77 .
2E IS ':14.° CHECK IT?/) 78
IF{JPOINT LT a0 lRJPOINTECelaCRoJIPOINT oGT o8 JERROR=1,0 79
IF(IPCINTOLT . O.QR.JPOENT Eo.x.oReraiN?sGT.s) WRITE(NDUTpBO}JPQI&? 80
30 FORMATL? ¢, tkaxddRERROR®¥¥ %2 4PROBLEM ®wILL NOT BE SOLVED®/ - 81
I f YL'RUMBER GF POINTS FOR UPPER SUBGRADE RESILIENT RESPONSE CURV 82
2E I5%, 087 CHECK iT%7) 83
DO 112 I=21sNPOINT G4
[F{RMUD(T) ol T oa0eQa0ORWDEVIIIalTc06eD) CRRCE=L 0 .. BH
IF{RMOD{I e T o000 0ORDEVIL ) oL e0993 RITE(NOUT 3101 RMOD{L) DEVLI) 86
31 FORMAT(Y &, ¥xexx3ERRORS¥X*¥¥PROBLEM WILL NOT BE SOLVEDS / 8%
i PR LADIENT* I3, OF THE LQ%EF SUBGRALE RESILIENT RESPONSE CURVE &8
ZL5 — MODULUS F 102" DEVIATORIC STRESS®.F 6,24 % CHECK ;1*;; B BG
112 CONTINUE 0
IF{JPOINTLEO) GO TQ 113 ' Qi
DO 114 I=1.,JP0INT Gz

IF(UMOD( I} alTe0o00R, UDhVéi}.gT 0o} ERRCR=1.0 , o ) a5
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o}

32

i4
13

33
34
35
36

37

IF(UMOC (L) oL TeOoeORsUDEV(I) LT e0el WRITE(NOUT +32)T +UMOD (L) sUDEV(I) 94

FORMAT (% 9 14k % ¥ ERROR®EEX*PROBLEM WILL MOT BE SOLVED'®/ 25
i * P, 'PCINT*;[3,* OF THE UPPER SUBGRALCE RESILIENT RESPUONSE (URVE 26
2IS = MUDULUS?! F 102+ DEVIATORIC STRESS*+FHa2s' CHECK [T/} . __ . 97

CONTINUE 98

COMNTINUE I9

IF{AMXSR]I eL T 200 s0R(AMXSRZ2 41T 20+0) ERROR=1.0 . 100

IFCAMXSRI LT 000 0RcAMASRZ2 L. To0 o0} WRITE(NCUT:33) AMXSR1 s AMXSHZ . 101

FORMAT (¢ #, t k%% % *ERROR¥¥ ¥ % %PROBLEM wllLlL NOT BE SOLVED'®/s 102
i ¢ L TMAX STRESS RATIO FUR BALLASYT IS*,;F8.1:% AND MAX STRESS RATEL103
20 FOR SUBBALLAST ISt sF6.1s% CHECK THEMY /) 104

IF(EFALIL 1el.Te0s0+0REFAIL2:LT040) ERRORT=L10 _ ... . S — A+ ¥ J—

IF{EFAIL 1ol ToeO0o0 ORLEFAILZ2.,LT.0.01) WRITE(NQUT ¢34 JEFAILIL.EFAILZ 106

FORMAT (2 9, 9 kusXkERROR*¥%%¥%PROBLEM WILL NOT BE SOLVED'!'/ 107

1 fOVLIFAILURE NMODULUS FOR BALLAST ISf.Fi0els? AND FALLURE mODULUSLI08
2 FOR SUBBALLAST IS ¢F104,1+"' CHECK THEM'/) e e
IF(TAUSUEcLToOoGoDRaUTAUSBoLTGO00) ERROR=1,0
IF{TAUSUE el TcQeCsOR-UTAUSH LT 0.0} WRITE(NOUT»35 ) TAUSUB.UTAUSE
FORMAT (¥ 9, k¥ ok ERROR* XX ¥ APROBLEM wILL NOT BE SOLVED®/
i ! ', PALLOWABLE SHEAR STRESS FOR LOWER SUBGRADE IS ,F6.1s¢ AND AL
ZLOWABLE SHEAR STRESS FOR UPPER SUBGRADE IS f 3FG6a.dls ' CHECK THEM'/)
iF(EFAILEﬁLToODCODRQEFAKLénLTeO&O) ERROR=1,0
IF(EFAILZ LT c0e000R.EFAILSELTo0s0) WRITEINOUT 2 36)EFAIL3LEFAILLG
FORMAT (' ¢, ' 2%k *ERROR* %% 2PROBLEM WILL NOT BE SOIL.VED'vs . .
1 PP PFAILURE MODULUS FOR LOWER SUBGRALDE IS®9F6els® AND FAILURE M
200ULUS FUR UPPER SUBGRADE IS'sFGels? CHECK THEM® /)
IF{NDSPEC«GTe35:0ReNFSPECGTe36) ERRCR=1 60
IF(NUSPEC«GT ¢ 36 e URSNFSPEC«GT 236) WRITE(NQUT +37INDSPECNFSPEC
FORMAT(* ¢, ¢ dikkxERRORS*E%FXPRACBLEM WILL NOT BE SOLLVED'Y/
1 ! "s'NCe OF SPECIFIED DISPLACEMENTS ARE®,I4+' AND NOs OF SPECIFI
2ED FORCES ARE'eI4+' CHECK THEM'/)
RETURN - B I T R,
END
SUBROUTINE CONTRO(NNUODEZ2 o NCRD o NUMEL » NNODE ¢ NDEG e NGENS ¢ NONP ¢ MAXNP 5
i NSXX’NIaSXX:CCRDvETcDATAitpLsTDsTFQEXOPSRuDEN:SIGXXQTX,PPSTRS?
2 TYPE s MAXCOoNAP s NP L o NPy NUME s NPRUMSNPBC s ERRCR s NEX 2 - e -

Ll el T el e el Sl o o T
BP0 DO PO N DO P = ot o bt 30 e ot bt g e (O

DIMENSION SXX(NDEG;NDEG:NSXX)bCCRD(NCRDeNONp}9ET(NUMEL)9
DATAl(NUMEL)'pL(NQEG;NGNp)aTD(NDEG.NDNP)aTF(hDEGvNONP)oEX(NEX)O
SIGXX{NEX) s PSRINUMEL } s DENINUMEL } s MAXCCINCNP ) s NAR{NONP) » C e e

'NPI(NNCDEvNUMEL}oNP(NCNp'MAXNP}'NUME(RUMEL}ONPNUM(NONP)v
NEBC(NDEGQNGNP)wTX(NDEGvNQNP)eTIEK(Bé)BPPSTRS(NGENSQNUNPJQ
TYPE{NUNEL)} :

DIMENSIOGN FD(2,800) e e S

DIMENSION TIEDC(36): TIER(36)

CONTRO IS THE CONTROL PRUOGHRaM, IT CALLS ALL MAaJ0R SUBROUTINES

COMMGN/QNE/SS(B,B}%SK{292?ié)@D(393)15(398)'stp(83leﬁp?(ﬁkﬁ

I G{262)3 eCGl{2:2) cE{3:83 e NOUTNIN . B L .
COMPONATROANDER TH o NCOL o TITLE {20 s RLTIE o M TIE o BDEPTH : SBREST : TSPACE o
TUPRPER

COMMON/ZTPREE/DUNP {20} +0LM{4 ), I0UT

COMMON/F IVE/ANAL e TTHICK BTHICK s FiHE .

COMMON/SEVEN/NDSPEC yNFSPEC «NSTEPS s NSTPR oM L X N DAD ‘

COMMON/E [GHTAQLCAD] JoPLOAD{363+sDIST(36)sMMI36eRDISB(36),

i POISF(36:.D1ST1¢( FeMMLI{(36) NPT{36}
COMMON/NINEAFLAG . BFLAG.OFILAG ABCD

W

3
3

NS OENO UL WN=OOONONDPURN=OAPWN O QDN A L WN~ OO

B B0 ol P2 600 eos 0 2o b D fue Bt b Poi

6
6
A




AR IR AT AT e T T o e e e T T e e e e R

C

|

]

C

(e XnXaTakakakalaXeXe)

e - FLAG=0 00 o

25

22
233

222
301

322
333

323
3oz
342

“341

343

COMMON/TEN/R(36}Z{30]) +NRR
COMMON/ELEVEN/TTIEK(36)
INITIALIZE ARRAYS

CALL SCLA(SIGXXsDe s NGENSHSNUMELLQ) .. . —

CALL SCLA{EX Qo sNGENS«NUMEL -0

CALL SCLA(TF 04, sNDEGsNONP,LC)

CALL SCLA(PPSTRS;O»;NGENS NONP,O)

CALEL SCLAL(FD:0e»2¢80050). B R -

INITEIALIZE CONTROLS
NNDEPT~NDEPTH+1 .
IASNBL =1 *

‘mgan_

25
26

.27

28
29
30

- 31

READ INPUT

Call INDATA{INDEG NUNEL . NONP ¢NGENS, NCRDgNNUDEoNUMEoNPI.EToUATAlo

1 NPNUMCORDsPSRDENSTIEKs TYPESERROR) — . .-
IF{ERRCR«EQel+0) RETURN
BEGIN SOLUTION CF PROBLEM

INCREMENT AL LOADING TECHNIQUE USED FCR SOLVING NON-LINEAR PRUOBLEMS.
LOAD IS ALDED IN SPECIFIED INCREMENTS AND SOLUTION IS SOUGHT FOR
EACH INCREMENT. THE STRESS STATE 1S USED TO QEBTAIN THE MODULI
VALUES 70O HBE USED IN THE NEXT INCREMENT STEP.AN ITERATIVE ANAL .
DONE AT THE END CF THE FINAL STEP(WITH FULL LGAD ACTING) .

ABLD=1.0 FOR ITERATIVE SCHEME wITH FULL LOAD APPLIED AT ALL STEPS...

ABCD=2.0 FOR STEP -INCREMENTAL LOADING SHEME WITH LOAD/NSTEPS
APPILLIED AT EVERY STERP,DEFLECTIONS ARE ADDED CUMULATIVELY AT END

OF EACH STEP AND STRAINS AND STRESSES CALCULATED THEN

DO 20 NSTP=1 ,;NSTEPS . : R
WRETE(NUbT.ZS) ASTP.NSTEPS

FORMATL/ /78 % o & ook ko sk 4 %ok ook % ok ok o o o e o o st o e odeofeoofe ok ook e e ofe e e ke s e o ofe o skeok afe ok

1 ¢ Ptk STEP NOe®+I3:2X'0F A TCTAL OF

IF(ABCD.EQs1.0} GO TO 301
IF{ABCD.EQ.,2.0) GC TO 302
IF{(NFSPEC.EQe«Q} GO YO 233

Lo 22 JJ=1 «NFSPEC S

PLOAD{ JJI=RLOAC(JJ}ENSTPANSTEPS
IF{NDSPEC.EQ.0) GU TGO 23

DO 222 JJ=1NDSPEC
PDISP(JJI=RDISP(JJ) XNSTP/NSTEPS
GO 7O 23

IF{(NFSPEC.EQ.D) GG TO 333

DO 322 JJd=1¢NFSPEC

*ol3+2Xe *STEPS
2% 8 5 ook ook ok sk ok ok sk ok s skste o e ol e o o ok 3 Ak ok ool sk ol ol e ol e o ke kol kol R R ek ol e .

PLOAD(JJII=RLOACLJII) . i eemi e

IF{NDSPEC.EQ.0) GO TQ 23

DO 323 JJd=1.NLRSPEC

POISP{JJI=RDISP(JI)

GO 70 23 , e e e
IF{NFSPEC.EQ.0) GO TG 341

DO 342 JJ=1NFSPEC
BLOADLJL I =RLOADIJ I /NSTERPS

IF{NDSPEC.EGQ) GO TQ 23 . . et e e en i

00 363  JJ=1.NDSPEC
POISP(JJ }=RDISP{JJ4IINSTERS
Gu TO 23
FLAG=1l.0 1S USED TC REPEAT THE F INAL CYCLE

| )

YLD

'/

*k by

32
23
34

35 .-

36
37
38
39
40
41
42
43
44
495
46

&7 ...

49
50
51

52

S$3
5S4

. TS
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Fa
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23 IF(FLAG.EQel+0) WRITE(NOUT»24)

24

90¢

an OonN N0

aYs1s!

203
204

aTeXalaYeYe!

3t

FORMAT (¢ ® y0 kuokkokd FINAL CYCLE kakdnokks)
ASSEMBLE STIFFNESS

CALL ASE~BL(NDEG!NGENSDSXX’NSxXOMAxCCCNApoNpi&NUMELQNXGNPNUMQCQRBQ
1 NP sMAXKRF « NUME « NNODE sET+DATAL sNNODEZ2 e NCNP o NCRDePSR+DENs TIEK e TYPE)

READ LUAC AND BOUNDARY CONDITICHS

CALL REACBC(NDEGsNGENSsNUMEL sN1 s NCRD JNONP sNNGODE s NP ¢NPBC s PRESS &

IPL:CORDTDTF }
TX IS USEC INSTEAD OF TF IN SUBSEQUENT SOLUYICN STEPRS. -

DO 900 I=1,NONP

DO 900 [I=1.NDEG

TAX{TLLUL)=TFCIL1} e e - S e mm
IF{ERRGORSEQ2140) RETURN
ADJUST STIFFNESS AND LOAD VECTOR FOR DISPLACEMENT

BOUNDART CONDITICNS

CALL FIXBC(NOUNP sNDEG+MAXNP s NSXXsTD s RAP s NPoNPBC+SXX» TXs IASMBL } .
SOLVE EQUATIQONS ‘
FIRST TIME THRCOUGH INCLUDE DECOMPOSITION.THUS CALL CROUTD

IF(IASHBLWEQe1) CALL CROUTD(NDEGsNONPsMAXNP s NSXXeNPBCeTDs TXs

1 NP«SXXsNAP:MAXCO) ;
FOR SUBSEGUENT LCADING CASES WHERE ONLY BACK AND FORWARD
SUBSTETLTION [S NECESSARY sCALL CRCUTE

[F{IASMBL.EQeC) CALL CROUTE(NDEGsNONPsMAXNP s NSXXsNPBCsTDTX»

1 NP «SXXsNAP+MAXCQ)

REPLACE TFE GIVEN DISPLACEMENT INPUTs SINCE IT IS MADE EQUAL TO
ZERO IN FIXBC

IF{NDSPEC.,EQ.O0) GO TU 202 . . .
DO 201 L=1,NDSPEC

MN=NPT (L)

TO(2+MN}=PRPDISP(L)

~CONTINUE

CONTINUE

IF(ABCD.MNE,2,0) GO TO 204

IF(FLAG-EQ.1.0) GO TQ 204

00 203 1I=1.NONP

DO 203 J=1.NDEG

FO(J L)=FD(Js [3I4TD(Jo1)

TE(Jd s LI=TF(J I )ENSTP

TD(Je I )=FDL UL} . -

CONTINUE

PRINT DISPLACEMENTY AND FORCE QUTPUT

TIERR IS THE TOTAL OF ALL THE TIE REACTIONS . . . .. B

TIED IS THE TIEZSPRING CCMPRESSICN
TIER IS ThE TIE/SPRING REACTION

TIERR=0,C e e e A P

KK=1

IF(NSTFE«NE.NSTERS) &GO TG 31

WRITE(NOUT 1) . ‘ )
FORMAT(® 116X "DISPLACEMENT. MATRIX® ;25X "FORCE MATRIX®/,

i ® 16X HORIZONTAL 97 Xe *VERTECAL " ¢ 19X s *HORLZONTAL s 7Xs ¢ VERTICAL

2% /7))
CUNTINUE
DO 110 Jd=1sNONP
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33

112

o ey
e e e
Ll O

ialale!

30

32

ii

ann

n
A1
[+

IF{ANAL «EQ
IF{CORD(2.
TIED(KK}=+
MULTIPLIED 8
TIEACT=TIEK

TIER({(KK)=TIE
IF{JeEQel.0R
TIERR=TIER({KK

2
(

106
) el
T0(
Y 2
(KK
0g
P
}

}
KK
®
+

WRITE(NOLT. 33}

FORMAT
TEMENT

(°
IS

GO TO 112
0.0) GO TO

]
T
%2
}*TIEACT
&

TIERR - -

Q.NONP} TIER{KKI}= TIER(KK)/Z-O

112

J}=TD(2,J4+1)}
o GEIWTHEmEFFECT—QF—SPRING-FGRnBOIH

J9TIEACT:TIED(KK)sTIER(KK)

' AT NUDE %4136 °

" sE14e59"
G . #VE TIED MEANS COMPRESSION

TIE REACTION IS

~ADJACENT - BEAM--

144

TIE SPRING RATE IS P.F12e0s%s TIE SETTL1I4S

taFi2.2)

NEGATIVE TIED IS5 NOT ALLOWED ¢SO CORRESSPONDING TIE SPRINGRATES

(IE.sTIEK)

IF{TIEC(KK) at. TaCe 0]}
IF(TIEO(KK])} o GE+(G0}

IS MADE VERY SMALL

IFCANAL ¢EQe30)

KK=KK+

1

CONTINUE
IFINSTP«NENSTERS)Y GO TO 110 -
WRITE{(NOQLT,111) Jt(TD(I:J)QI~IQNDEG)9(TF(I’JQQI loNDEG)

f s BX2Il345Xs2E14.5016X%X:2E14,.5])

FORMAT

(l

CONT INUE
wnztscmcur.113; TIERR
$,1TOTAL TIE REACTION=! F12.2)

FORMAT

IF(NSTP.NENSTEPS) GO TO 32

[

WRITE(NCUT +301}

FORMAT (Y1 s2X s *ELEM® 20X STRAINT 440X 'STRESS/ /!

TIEK{KK}=1,00
TIEK(KKI=TTIEK{KK} S —

TIEK(KKI=TTIEK (KK}

i
]

H”hﬂﬁﬂﬂﬁﬂ“NNFWdNmeH»
oot aand

CALCULATICN OF GENERALISED STRESS AND STRAINS AT CENTER OF. ELEMENT

148

T508X"EXXX®09X166

19'6XYY'108X9'EXXY"QBXQ‘SIGXX'.sXO'SIGYY'O&X"TAUXY'GGXU'SIGIL4~——167
2 OXe?'SIC3:6Xs °MODULUS® 93X+*'STRS RATIQ®*//7)

LM{T)=N

IF{TYPE(N) eEQect s0eORTYPE(N]} eEQe7e0:0R« TYPE(N) «EQ+840) GO TO 612

GO TO

BSTRESS CALCULATES CURVATURE ANC MOMEMRTS IN BEAM SPRIMG ELEMEARTS ...

Pl(I-N)

12

CALL BSTRES(N.,NCRD:NDEG:NONPCORDETINI+DATALIIN])»TD)

GO YO

GSTESS CALCULATES

10

STRESS,STRAIN IN PLANAR ELEMENTS
CALL GSTRES{(N+NCRDsNNODE+NDEGsNGENSs NONPoMN1sCORD.ETINI sDATALIN]»

L TOsEXsSIGAXsPSR{N) +DENIN) ¢ NEX+sPPSTRSs TYPE ¢ NUMEL.)

CONTIN

UE

WEIGH THE NODAL STRESSES ACCORDING.TC . ELEMENT AROUND .ITe AND. BRINT
OUY AVERAGE NUOLAL STRESSES FOR THE FINAL STEP UONLY
IF{FLAGaNE-1e0) GO TO 13
WRITE{NOUT «586)
@ﬁffv

108 $,BXs*NODEY+S X *HUORI STRESS®+5Xs 'VERT STRESS'.5Xe* SHEAR STRESS!

PUQMAY

g@

NUONP
o3

e PAVERAGE

NODAL STRESSES FUR FINAL CYCLES® o/ /7,

|
§

]
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NUM=NABP (M) e e -
IF{NUMLEGs1) GC TO 120
LMS=MAXNP® (N=-1)}

LMSK=L NS+

LMSS=LMSK

IF(CORD(2+1)eGTe000) PPSTRS(ILoI1}=040 192
IF{CORD(1+1)aEQaQe0sANCCAURND(2, [} +EGQs00)PPSTRS(III)=PPSTRS(II.5)193
IF{CORD(1+1)eEQa0s0cANDeCORDI2+1)el.Te0e0cANDCORD(2:1) NEZ{NNDEPT196

‘1)) PPSTRS({II«I)=PPSTRS(IL.1}/2.0 . 195 .
IF(CORD(1+I)eEQa0e0.AND CORD(2+I}0EC, Z(NNDEPT))PPSTRS(IL.I}QPBSTR51°6
1(11-1) 197
[F(CORD(}.I)aEQaR(NCGL).AND.CORG(Z,I)oEQ.Z(NhDEPT))PPSTRS(II-I)-PP!QB
1STRS(ILs1) 199
IF{CORD(1+1) eEQeR{NCOL) »AND e CORD (215 el To0o0oAND CORD{(2,1) «NEsZ(NN20G
10ERT)) PPSTRS{I1.I)=PRSTRS(IL,[}/2.0 201
EF(?DRD(lsi).EG.R(NCOLigAND sCORD(2+1)eEQe00JPPSTRS{II [ }=PRSTRS{1202

1 ¢ . - ... 203.
IF{CORD(1+1)eNE2O o0 osANDCORD(151) oNE«R{NCOL) eANDeCORD(2e¢1) eEQe0e0) 204
1 PPSTRS{II+1)=PPSTRS(IIL} /2.0 205
IF{CORD{1+1)eNEsQcOcAND.CORD{15I)eNERINCOL) sAND+CORDI{2:1)cEQZI(NN2DE
iDEPT)) PPSTRS(IIL+I)=PPSTRS(IIsL1/2:0 . . . . . 207 .
[IF(CORG(14I)eFEQeDs00RCORDELeI}o EOeR(hCQL)oGR.CGRD(Z-l)oEQ ,0e0.0R208
1.CORDI2+I).EQ.Z{NNDEPT)) GO TGO 559 209
PPSTRS{IL+IJ=PPSTRS(IL+1}/4,.0 210
859 IF(IIEQe3) WRITE{(NOUT558) L{PPSTRS{Jeldod=1e3) _ 211
558 FORMATIY ¢ ,5X,14¢3(7X:E12e4)) . 2i2
559 CONTINUE : 213
RETURN 214
C e e . 215
C 216
13 IFINSTP,EQ.NSTEES) FLAG=FLAG+1 .0 217
Cc QUAD CALCULATES THE (NON-LINEAR) MODULI VALUES FOR EACH ELEMERT 218
CALL QUADINUMEL o SIGXXEX ePSRsETsNGENSsERRORGNEXeTYPE) ... ... 219
IF(ERRCREQ,1.0) RETURN 220
[IF(FLAGsEQoel o0 eANCeABCDEQe2+0) GO TO 301 221
IF(FLAGEGel 0} GO TO 23 222

. 20 CONTINUE . . : e e i 223
RETURN 224

END 225
SUBROUTINE CRUUTD(NDEGsNUMNPoMAXhP NSXXeNPBC'DSX' 1
. zrx.wp.sxchAp.MAxco; — e 2
3
oxmeuszcn NAP(NUMNP),sxx(NoEG.NcEG,Nsxx)@NP(NUMNP.MAxNP). 4
LTX{NDEGs NUMNP ) s DSX{NDEG: NUMNP ), MAXCO({NUMNP) o NPBC (NDEG s NUMNP) 2

C _ T,

COMMON/GOGNE/SSI8:8)sSK(222516) eD{3e3)sB{3:8)s0ISP(B}.DISPT(8}, 7

1 Gi2e2)6Gl(2:2)E(3:8)NOUTNIN g
SOLVES SYSTEM OF SIMUL _EQS . e e e .10
0SX DISPLACEMENTS 11
NPBC SETS OOUNDARY CONDITIONS 12

TX L.OAD VECTGOR ) 13
Ali=1le I e 14
DETER=0. 15

DO 120 N=1gNUMNE 16
ML= (g

15

19

20
21

22
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DO 121 L=2,NUM 23
LMSK=L MSK+1 24
IF{NP{NsL)«GTN}) GO TO 121 25
AMSS=LMSE+] - e i ; _. 26
NUL=NULI+1 27
IF(LEG-NUL) GO TO 121 28
NP {NsNUT JI=NPE{NJL) 29
— . L MPI{NsL})=0 - e e — 30—
DO 122 N1=1.NDEG 31
DO 122 N2=1eNDEG 32
122 SXXINLsN2:LMSS)= sxxcux.Na.LMSK) 33
B2V CONTINUE - - - e — 34 ...
120 NAP{N)=NU] o 35
, 101 FORMAT{4HOROW.1S59s22H EXCEEDS MAXNP NEEDS +14) 36
, DO 10 I[=1.NUMNP 37
R LMS=MAXNF*{[~1) . . . U ¥ - SO
NUM=NAP(L) 3g
IF{1.EQs1l) GO TO 102 40
IF(MAXCC(I—I)oGT.MAXCO(I}) MAXCO(I)-MAXCO(I -1} 41
102 MAX=MAXCG(I) SO - 3~ B
: 00 10 J=I1+MAX . 43
; NUL=NAP(J) 44
; IF(JeEQel) L=1} . 45
| IF(JeEGe i) GO TQ 2 . - S 46 .
| DO 1 L=2.NUL 47
i IF(NP{J-L)EQ.LI) GO 70O 2 48
! 1 CONTINUE 49
R b.=NUT+4H . I U ¥ ¢ RO,
IF(LGTMAXNP) WRITE(6,101) JsbL 51
NAP{J) =L ' 52
NP(Jsl =1 ) 53
— 2. LJS=MAXNFEX(J—-1) . I e e 54
LJSEI=LJUS+L 55
[F{L.LE.NUL1) GO TO 2002 56
DO 2001 N1=1«NDEG ) 57
I . DO 2001 N2=1,NDEG . N UV ¥ - SR
2001 SXX(NLaNZ.LJSI}=0,. : 59
2002 IF(L.FEQelsURNULEQsl) GO TO 6 60
DO 201 N1i=1+NDEG 61
- .. DO 201 N2=1,NDEG el — e B2 )
201 GI{N1sN2)=0, , 63
DO 5 LJ=Z2.NUL 64
[IFINP{JsLJI)GESI) GO TO S - 65
KENPEJ oL J) - R, S - 1 -
LJISK=LJS+LJ 67
LMSK=MAXNPENUMNP=K+I £8
IF{I.NE.J) GO TO 3 69
LLSK=MAXNPE{K=1)+1 . ... _._ R U ORI 4 « 3
DG 25 N1=1.NDEG . 71
DO 25 N2=1sNDEG 72
SHEAINT sNZ2LMSK)I=0. . 73
DO 25 N3=1 NDLS~ . . o . T4
25  SKX{NIsN2 sLMSKI=SXX(NI sN2eLMSKI+SKXINL oN3oLLSKIESXHN (N2 ¢ NI o LJSK) 75
3 DO 4 Ni=1.NDEG 76
DO 4 NE=1.NDEG TE

DO 4 N3I=1,NDEG - o . ' T Y =
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G{NlsNZ2)= G(Nl.N23+SXX(N1gNBsLJSK}*SXX(NSoNZeLMSK)
CONTINUE

DO 51 Ni=1,NDEG

DO S1 N2=1+NDEG -
SKXXIN]l sN2:LJSL)= SXX(NieNQvLJSi) G(Nl QNZ)
IF{JLNEL.I) GU TO 10

DO 61 N1=1.NDEG

Al1=ALl L4SXX{NIsN1.LJSI)

CALL iNV&RT(aXX(l,IaLJSI)-NDEcgﬁlpOsDETERMeNDEG)
IF{DETERM LE Qo) WRITE(NOUT104) I

FORMAT(3SHONON FOSITIVE DEF. STIFFNESS AT ROWsI4)

IF(OETERVLEeQ)STOP S N —

DETERM=AES(DETERM}

DETER= =DETER+ALOG(DETERM)}
ALl=A1l1/DETERM

CONT [NUE
Al1=64,%A11%%(1./FLOAT(NUMNPXNDEG=1))
All=4, #Ali**(lo/DFLDAT(NUMNP*NDEQ—l))
WRITE(NOUT103) OETER.ALL

FORMAT{1HO s 15X ISHUNLDETERMINANT ) 9E1l% 08 »18H_ . _EIGs
1E14.4)

ENTHY CRCUTE

ENTRY CRDUTE(NDEGnNUMNPsMAXNP;NSXX.&PBC;DSX'
BT XesNPeSXXeNAPMAXCQ)
DO 15 I=1.,NUMNE
LMS=MAXNF*®(I~1}
LMSS=LMS+1

DO 11 Ni=z=1,NDEG S e e
G{nNiel)=Co

IF{IEQo
NUM=NAF ¢
AF {NUM,E
D 13 K=

*
s
3
1

DO 12 N2

G(Nls1)= SXX(N!aNZ,LMSKb*DSX(NZsNKQ

CONTINUE e

00 142 NI

IF (NPBC (M

GINLs1)=6

CONT INUE

DO 14t N

OSK{NIsi

DO 141 N

DSX{mntsi

CONTINUE

I=NUMNE+ ]

DO 161 h=]sNUMNE

00 161 N&=ioNDEG B

oy e f]
Lo e

TO 142
I}

LT

i
]
2
}

i--i'-l
NUM=NAP ()
LMS=MAXNE R [~1)

. o
80
81

N - ¥ S

83
84
8%

R e 86

87
88
as

......... S S—— |

91
92
93

e e . @O

RATIO oGl oo ... 98

i
|
|
!
|
|

i
|
i
1
!
i
|

|
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DO 19 N1=1,NDEG o ) 135

DO 19 N2=1,NDEG 136

19 DSX{Nl1.l)= DSX(NI;l)+SXX(NlcN21LNS+l)*TX(NZ.I) 137

IF{NUM.EC.1) GO TO 20 s - N - -138

DO 18 K=2,NUM 139

IF{NP(IsK)eGE«I) GO TO 18 140

; LMSK=L.MS4K 141
e NK=NP(LeK) s ta42

i DO 17 NU=1+NDEG 143

i DO 17 N2=1.NDEG . 144

i 17 TXINLsNK)= TX(NI,NK) SXX(NZQNI.LMSK)*DSX(NZ:I) 145

e -1 8 - S CONTINULE . — . 146

! 20 EF(ZOGT.I) GO 10 16 147

RETURN 148

END 149
SUBROUTINE ELEM{N NDEGsNNOCESNGENSsNPIcEToNUMEL +CORD+NONP sDATAY s oo} . ___.

1 N1 sNCRDINNODEZ2sPSRoDENSTIEK Ko TYRPE ) 2

C 3

DIMENS [ON CORDINCRD NONP ) sNPI(NNCDESNUMEL) s TIEK{(36) TYRE(NUMEL } 4

- . ) e e . — 5

COMMON/CNE/SS{B+8)oSK(2¢2+16)}:D(393)esB(3c8)eCISPL{B8):DISPT(8]} 6

1 G(2:23,G61(2:2)+E(3:8)+NOUTNIN 7

COMMON/THD/NDEPTH:NCGLQTITLE(ZO)’RLTIEaWTIEsBDEPTHvSBDEPT TSPACE s 8

AUPPER S R e —

CQMMUN/THHEEIDUMP(ZO)oLM(Q)uIQUT : 10

C i1

C ASEMBLY CF ELEMENT STIFFNESS MATRIX 12

— c NUMEL=ANUMBER QOF ELEMENTS SR B |

C NPI CONTAINS THE NOODE NUMBERS FOR EACH ELEMENT 14

C E IS A WORK AREA-ARRAY 15

C ET IS YOULNG MODULUS—-MAY BE DIFFERENT FOR EACH ELEMENT 16

C PSR IS PCISSONS RATIO S DS B 4

C DATALI=MUNMENT (UF INRRTIA OF RAIL UR TEE 18

C FIND NCDAL NUMBERS FOR ELEMENT 19

C LM STORES ELEMENT NODAL NUMBERS , 20

C. ) e 2

CALL SCLA(SS:O;@vaNleO’ i 22

D0 1 I=1+«NNQODE 23

1 LM{II=NPI(LN) 24

IF{TYPE(N) 6EQo8e0e0R«TYPE(N) eEQe7s0eTR«TYPE(N)IEQe8e¢0) .GU.TQ .31  _ 25

GG TOQ 30 26

31 K=zkK+1 ) : .27

TIEKI=TIEK(K) 28

TIEKZ=TIEK{(K+#+1 U~ 4

CALL BSTIFF(CURGyNCRDgNQNP'ETvaRQDENnDATA19TIEK1QTIEKZ) 30

GO T4Q 21 31

30 CALL STIFF({N] cCORDe MNCRDINONPSET «PSRsDENDATAL) 32

IF{YYPEI{N)eEQoeFe0) CALL TSTIFFINL1:CORDINCRDsNONPET PSR ,DEN¢DATAL) 33

21 CONTINULE 34

C PREPARES MACRGO UNITS FUOR THE ASSEMBLY OF 3%

Lol THE STRUCTURAL STIFFNESS MATRILCE 358

00 2 L=1 NNODE . B U 37

RO 2 M=1 NNODE 38

DO 2 mMiI=z=1l NDEG 3g

DO 2 MZ2z=1.NDEG 40

LMSS={L~-1)%*NNOGDE+M . : e o e o e 43
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anaco

32
244

38

DO 3% nN3s1.NDEG . e - S e o - 53

ILMSI=(L~]1)%NDEG+NI 42
ILMS2={ M=1) *NDEG+N2 43
SK{NI s N2,LMSS)= SS(LMSI,LMSZ) 44
RE TURN — e e e e 45
END 46
SUBROUTINE FIXBCINUMNP NDEGs MAXNPsNSXXs0SXeNAP o NP s NPBC s SXXs - 1
1TX. LASMBL]) 2
. . . .. e e e e .3 .
DIMENSICN NPBC(NCEGNUMNP)sSXX{NDEGINDEGsNSXX ) 4
1 TX(NDEG-NUMNP) +NAP{NUMNP )} s NP{NUMNP s MAXNP) s DSX INDEG» NUMNE ) S
MODIFIES THE OVERALL STIFFNESS MARRIX AND THE LOAD VECTOR FOR 6
THE. GIVEN DISPLACEMENT BOUNDARY..CCNDITIGNS 7
DSX ODISPLACEMENT ARRAY 8
NPBC BOUNLARY CCNODITIOGNS 9
TX LOAD VECTGR 10
IASEMBL=1 STIFFNESS NOT DECOMPOSED . U 3 S
IASEMBL=0 STIFFNESS DECOMPOSED IN CROUTD 12
EVALUATION OF STRESSES AND STRAINS FOR RECTANGULAR PLANE STRAIN ELM 13
IF(IASMBLEQ.0) GO TO 244 14
CORRECTS CIAGONAL TERMS OF. THE QVERALL STIFFNESS MATRIX_ . . i .15
DO 32 M=1.NUMNP . 16
LMS=(M~1 ) *MAXNP+] 17
DO 32 N1=1NDEG 18
IF{SXX{NLINL oL MS)eEGsDe) . . SKXXINL oNl oL MS)=1 o .. R e 19
CONTINUE 20
DO 34 NM=1,NUMNP 21
DO 34 NZ2=1.NDEG 22
IFINPBCINZ M) sEGe0) GO TO 34 . o o 23
IF{IASNBL.EQ.0) GO 7O 34 24
25
ROW ACJUSTED FOR THE GIVEN D[SPLACEMENTS 26
CTX{N2+M)=0, o —— . - R N - & U
NUM=NAF (M) 28
DO 38 MX=1,NUM 29
LMS=MAXNFX{M~]1)+MX ) .30
IF(MXeEQel) REST1e/SXX(N2sN2¢lMS) S & S
NN=NP (M,MX) ‘ 32
‘33
LLOAD VECTOR ADJUSTED FOR THE GIVEN DISPLACEMENT. AND ROW OF STIFFN 34
MATRIX MADE EQUAL TO .ZERO. e e ,_m,w_gg
D0 38 N3=1.NDEG 37
TXINI+NNI=TXI{NI «sNN)~ SXX(NZoNB.LMS)*DSX(NZ'M) 38
SXX{N2e¢N3+LMSI=0s .. . _.___ e e 39 . .
CONTINUE 40
NBOT=M+1 44
IF(NBOT.GT.NUMNP)} GO TO 39 42
IF{NBOT«LE.Q)INBOT=1 e e e . B3
NTUORP=ME+BAXNP 44
IF{NTOPRPZGT o NUMNP ) NTYOP=NUMMAE 45
DO 40 NNSNBOT.NTOPR _ &5
NUL=NAP{AN) - A e ; S e 47
DO 37 NX=1l.NUL ‘ 48
IF{NP{RNNX) NE M) GO TO 37 : 49
LMSSTMAXRNPR{NN~1)+NX 50
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O 0000

3s
37
40
39

31

34

TX(N3sNNI=TX(N3sNN) =SXX(NIsN2oLNSS) XDSX (N2 s M}

5
SXX(N3,N2,LMSS)=0, 53
CONTINUE 54
CONTINUE o S U =
CONTINUE 56
LMS=(M—1)%MAXNP+1 57
DO 31 N1=1.NDEG 58
SXX(N1+N2+LMS)I=C,. e 59 .
TX(N2:M)=~RES*TR{N2 M) - ‘ 6
SXX(N2:N2sL.MS)=1. 61
CONTINUE 62
RETURN N - - 63
END 64

SUBROUTIMNE GENS(ET.PSR.DATAIP

COMMON/ONE/SS (8, 8)'SK(202916)90(3'3)98(3'B)v0[5p(8) DISPT(B)'

I G (252)+GLl{2+2)2E(3+:8) 4 NOUTeNIN - e i e

COMPUTATION OF GENERALISED STRESS/STRAIN MATRIX

10

USED IN CALCULATING STESSES FROM STRAINS

EV=ET/({1.0+PSR}I* (1 .-2.%PSR) )

D{1+1)=EV*{1s~-PSR) e e e ¢ o e e,
D{1.,2)=EVH*PSR

D{1.3)=0.

D{(2+1 )=EV*PSR

D(2.2)=EVH{]l «~-FPSR)} .. AN e e e e —— e
D{Z2+:3)=0,

D{3+s1)=0.

D(3+2)=0.

D‘3'3)=EV ‘ 1 .-2o*psR’/2. - P J— e e e = e e
RETURN

END

SUBROUTINE GMPRD(A,BsRoNpMyL )
GMPRD ACCENPLISRES MATRIX MULTIPLICATIONsIEes» A%8 TO FGRM Re
DIMENSION A{1)sE(1)sR(1)

;
|

LV EACE S o Tl S o S

IR=0 . O OH U

IK=~M

DO .10 K=1,0L

IK=IK+M

DO 10 J=1eN . , SR e e
IR=IR+1

JI=Jd=N

{8=1IK

R{IR)}=0 U O U

0O 10 I=1.M

JIi=Ji+h

I8=iB+1 .

R{IR)= RilR)+A(JI)*B(IE} e et e - C el
RE TURN

END

SUBROUTINE GSTRES(NvNCRD;NhODEcNDEG,NGENSeNGNP;NIeCORDsET.DATALa

1 TDsEXsSIGXXePSH«DENINEX PPSTRS«TYPEoNUMEL )

|
i
1
i

|
i
|
!
|
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DIMENSICN CORDINCRD+NONP )+ TD(NDEGeNONP )Y yEX(NEX)eSIGXX{(NEX) s
1 PPSTRS{NGENSNONP), TYPE{NUMEL)
COMMON/ONE/SS{848)14S5K{2:2¢16)130(353)e8(3+8)sDISP(8B)DISPT(8}
1 G(242}14G1(2+2)1+E{3+8) s NGUT+NIN
COMMON/THFREE/ZDUMP (20),LM{4), I0UT
COMMON/SEVEN/NDSPECsNFSPECNSTEFSeNSTP o NFIXs NLOAD U |
COMMON/NINE/FLAG+BFLAGsCFLAG,ABCD 1
1
CALCULATES STRESSESs STRAINS FOR PLANAR ELEMENTS i
PUT DISPLACEMENT CCMPONENTS FOR ELEMENT_ IN_QUESTION INTO A 1-D.. 1
ARRAY DISE(N1)s ARRANGED AS FOLLGWS= NODE1-HORI DISP«NODE1~VERTS, 1
2-HORI s+ 2~VERT ¢ 3~-HORIL s 3~VERT 44 ~-HORL s4~VERT, 1
1
K=} . e e D §
DU 1 N3=1,NNODE 1
LX=LM{N3) 2
DO 1 N2=1:NDEG 21
DISP(K)=TDI(N2 LX) , e e et . 22
K=K+1 -, 23
CONTINUE 24
25
FIND D MATRIX -~ GENERALIZED CONSTITUTIVE RELATION =. 0 26 ..
CALL GENS(ET«PSRsCATAL) . 27
28
FIND 8 MATRIX = LSED IN CALCULATINF STRAINS FROM NODAL DISPLACENENT 29
CALL BETA(CORDNONPNCRD) ; - — _.30 ...
IF(TYPE(N) sEQ+.9.0) CALL TBETA(CCRD,NCNF,NCRO) 31
FIND POSITION OF CURRENT GENe STRESS/STRAIN 32
IN STRAGE VECTCRS SIGXX/EX 33
LSS={N~1)%NGENS+1 o . . e _34
COMPUTE GENo. STRAINS B%U AND PLACE IN EX = ARRANGED AS FOLLOWS 35
HORI STRAINSVERT STRAINSSHEAR STRAIN, 36
37
o _ _ D e ... 38
CALL GMPRD(B+DISPsEXILSS) s NGENSaNL 1} 39
COMPUTE GENs STRESSES D*EX AND PLACE IN SIGXX~-ARRANGED AS FOLLOWS 40
HORI STRESS:VERT STRESS,SHEAR STRESS. 41
CALL GVNPRD(DsEX(LSS)+SIGXX(I.SS) e NGENSsNGENS21)} . e e e &2
STRESS-STRAIN OUTPUT : 43
IF(NSTP«NEeNSTEFS) GO TO 2 a4
LSS={N~1)%¥NGENS+1 45
LSS1=1.55+1 — e e e e . 46
LSS2=I.551+1 4;
4
COMPUTE AVERAGE NODAL STRESSES AND STORE IN PPSTRS 49
IF{FILLAG.ME.1.0) GC TO 557 R - ¥ + I
FOR XRA\SVEQSE ANALYSIS TIE STRESSES ARE NOT CONSIDERED WHEM 51
AVERAGING NUDAL STRESSES 52
IF(TIYPEIN) eEQ-S+03 60 TO 5857 53
LX=LME L) ' . e 54
IF(TYPE{R)eEQel cQOeAND, CGRD(EoLX)eGT.OeO) GO 10 557 55
DO 556 [I=1:4 56
L=t M{L1) 5%

DO 556 JJ=l.d e e — . U - 1 -



(074

[
|
5

c

556

C
557

49

Ono

PPSTRS{JJel Ll )=PPSTRS(JJsLLL )+SIGXX(LSS—14dJ)

READ{NIN+301JBONE1+BTWO1ETS(1) +PSRS{1):BONE2:BTWO2:ETS(2) +PSRS{2) .

59
CONTINUE 60
61
CONTINUE . ‘ S - €~ S
CALCULATE PRINCIPAL STRESSES AND STRESS RATIC 63
CC={SIGXX(LSS)+SIGXXILSS1))/2.0 64
BEB=(SIGXX(LSS1)~SIGXX(LSS))/2.0 65
CR=SQRT(EB*BB+SIGXX(LSSZ)*SIGXX(LSSZ))_wmm»mw*nn”.m”m~ﬁ_w__w_nwwmqg66
SIG1=CC+CR 67
SIG3=CC~CR 68
ASIG3=SIG3 69
AF(ASIG3.,EQ.0,0)_ASIG3=0,.001 70
RATIO=SIGI/ASIG3 71
IF(RATIC«GT:99:9) RATIO=99.9 72
IF(RATIG.LT.~99,0) RATIO=-99,.0 73
N3=L.SS+NGENS~1 o o R A 7 _
WRITE(NGUT s40) N.(EX(J)IJ=LSSON3)’(SIGXX(J)OJ=LSS'N3)’SIGl 2SIGILET 75
1sRATIG,TYPE(N) - 76
FORMAT (¢ '.13.1X,3512.4;2X.5812.4-2X.F69.1,IX.FS.I.FB.O) r7
2 CONTINUE . S e T8 .
HRETURN ) . 79
END 80
SUBROUT INE INDATA(NDEG+NUMEL +NCNPsNGENS s NCRD e NNODE s NUME s NPIsET 5 1
1 DATAL+NPNUMJCCROsPSR+DENsTIEKTYPE »ERROR) ~ e N L2 B,
. 3
DIMENSICA NUME (NUMEL ) s NP I {NNODE s NUMEL ) s ET(NUMEL ) s DATA 1 {NUMEL } » 4
1 NPNUM(NONP)  CCRDINCRD s NONP)  DEN{NUMEL ) s PSRINUMEL ) » TIEK (36 5
2 . TYPE (NUMEL) e . S 6
7
COMMON/GNE/SS(8g8)-SK(Z.Z'16).0(3.3)g8(3o8)-D[SP(B)'DISPT(S)o 8
1 G(2+2)5G1(2e2)+E(3+8),NOUT¢NIN 9
CDMMGN/TWO/NDEPTH.NCGL.TKTLE(ZO)cRLTIE;WTlE-EDEPTH.SBDERI@TSPACE;_VIOM -
1LUPPER 11
COMMON/THREE/ZDUMP{(20) ,LM(4 ), I0UT 12
COMMON/FCUR/ETS(IO).PSRS(IO).DATAII.DATAZZ,TIEKK 13
COMMUN/F IVEZANAL» TTHICK s BTHICKPHI . _. ‘ : : .14
COMMON/SXX/BDNEI.BTwOI.BONEZ.BTwoa.RNDD(a).DEV(B).UMOD(B).UDEV(B). 15
1 EFAIL1,EFAIL2yEFAIL3,AMXSR1 sSIGMN1 » AMXSR2 ¢S IGMN2+ TAUSUBe NPOINT, 16
2 JPCINTSLEFAILG6.UTAUSBNSUBL +NSUBU 17
COMMON/SEVEN/NDSPEC s NFSPEC:NSTEFSeNSTP o NFIXs NLOAD L 18 .. B
COMMON/E IGHT/RLCAD(36) sPLOAD(36) sDIST(36):MM(36) RDISP(36), 19
1 PDISP(36)+DISTI(36),MM1(36),NPT(36) 20
COMMON/NINE/FLAGsBFLAGsCFLAGABCD 21
COMMON/ZTEN/R(36)+:Z{30) 4NRR . S P2 .
COMMON/ZELEVEN/TTIEK(36) 23
24
SUBROUT INE INDATA READS ELEMENT PROPERTIES AND ALLOCATES ELEMENT 25
PROPERTIES TOU CORRESPONDING ELEMENTS e e 26 _ __
K=0 : 27
DATALLI=C.0 28
DATAZ2=0C .0 29
TIEKK=C.C . O - . 3G
CALL AMESH(CUORD NONP,NPI s NUMEL ]} gé
READ(NINL301) ETS{4)+sDATALLIIETS(S) +FSRS{S} sCATAZ2 . TIEKK:PSRS {4 ) 53
44



L 301
302
303

OO

701

702

4

703

704

708

706

FORMAT (

COP LN~

8F10.2)
READ(NIN, 302) NPOINT,JPOINT.NCST, NsUBL, NSUBY
FORMAT(10I5) :
READ(NINS303) (RMOD(I)+DEV(I}el=1,NPCINT} -
FORMAT (2F10.2)
IF{JPOINToGT«0) READINING303) (UMOD(I)sUDEV(L)eI=1+JPOINT)
READ(NIN,301) ETS(3)+PSRS(3)+ETS(6) ,PSKRS(6)
READ(NIN301 )AMXSRL «SIGMNL sEFAIL 1 AMXSR2 ,SIGMN2+EFAILZ sBFLAGCFLAG
READ(NINS301) TAusua,EFAst.urAuss.EFAxLe

WRITE(NCUTS701}

FGRMAT(/' 'y 'MATERIAL DATA® g/! 6§ ¢ e e trl/

- o m a

»PRAIL"W/% ",2X,*RAIL MODULUS OF ELASTICITY=
yZXv‘RA!L SECTION MOMENT CF INERTIA=',Fl10.2/

ETS(4)sDATALLLWETS(5):DATA22+PSRS(S5) ¢ TLEKK . .
Y'oFl4.2/

s PTIES®+/* *92X+'TIE COMPRESSIVE MODULUS=! 3F 1462/ - ..

22X, *TIE SECTION MOMENT QOF INERTIA=® Fl10 .2/
32X YTIE PCUISSONS RATIO= Fl10,.2/
22X 1S

123.NPOINT.(RMGC(I)¢DEV(I).I 1 oNPOINT)

UN = OO~ DLW -

1

i

FORMAT(' ' "BALLASTY/

(l

. - ® a8 o

PRING CONSTANT USED FOR TRANSVERSE ANALYSIS=! ;F14.2)
WRITE(NCUT 2 702)BONEL«BTWOL2ETS(1)9sPSRS(1)eBONE2:8TWO2.ETS{ 21 «PSRS(..

"e2Xe "BALLAST RESILIENT RESPONSE MODEL =~ *.F10Q, Zg'(THETA)**'

Fca.zl . . o

22X *BALLAST INITIAL MODULUS=?!,Fl0.2/
+2 X "HALLAST PUISSCONS RATIO='.F10,.,2/7
¢+ SUBBALLAST Y/

22X *SUBBALLAST RESILIENT RESPCNSE MUDEL._= % ¢Fl0e2s ..

(THETA) %% ,F04,2/

+2Xs *SUBBALLAST INITIAL MCDULULS=®,F10.2/
22X+ *SUBEBALLAST POISSONS RATIO=®sF10.2/
s Y SUBGRADE® /

22X, 12, POINTS FOR THE SUBGRADE RESILIENT RESPONSE CURVE'/

olCXo'RMCD DEV?eY/
P o 8XsF10e2:s2X+F1042))

WRITE(NUDTo703) ETS(3),PSRS( 3)
FDRMAT(' '22X s "SUBGRADE INITIAL NDDULUSz';FlO 2/

P o2Xs "SUBGRADE PUISSGONS RATIO=®!F10.2)

IF(JPOINT«GT«QIWRITE(NOUT s 704 ) JPOINT 2 {UMOD(I)yUDEV( L) +I=1,JPCINT)
FDRMAT(' f L2 "UPPER SUBGRADE LAYER'Y/

'92X512s ' POINTS FOR THE UPPER SUBGRADE LAYER RESILIENT MODUL

2Us CURVE'/

3
4

i

1

NeWhn -

L
(°

10X Y UMCD UDEV !/
v&XtFiOczlz)(!FXOQZ))

IF{JPOINT GT <O URITE(NOUT705) ETS(6)«PSRS{(&)

FURMAT{® '.2X:'UPPER SUBGRADE LAYER INITIAL MODULUS=

® & @ e B

'eF10.27

* 52X, 'UPPER SUBGRADE LAYER POISSGNS RATIO=',F10.2)
WRITE(NGLT2706) AMXSRI«SIGMNLSEFAILLIAMXSR2sSIGMN2,EFALL2.TAUSUB

EFAILS
FORMAT(/® ' *FATLURE CRITERIA'/® ® ¢ tom o

]
12
§
&
L4

s *BALLAST'/

o?Xe'MAVIMUM ALLOWABLE PRINCIPAL STRESS RATIO=®sFi(.2/

02Xy CMINIMUM ALLOWABLE MINIMUM PRINCIPAL STRESST14F 10027

+2Xs *FALLURE MODULUS=® sF10.2/
» PESUBBALLASTYY/

22 Xe PMAXIMUM ALLCWABLE PRIMIFPAL STRESE RATIO=

teF10 427

36
37

39
49

42
43
4.4
45

46

48
49
S0
51
S2
53
54
595
56
57
58
59
&0
61
62
63
64
65

66 ..

67
68
69

70.

71

73
74

75 -

77
78
79
80
al
8z
&3
84
85

8E

ar
28
8%
= 1¥}

35

.38 .

-



4

7 P P LI2X, *MINIMUM ALLOWABLE MINIMUM PRINCIPAL STRESS=%,.F10+2/ 91

8 T8 2X P FAILURE MODULUSEY 4F10.2/ g2

g t Y tSUBGRADE?!/ 93

1. T 22X "MAXIMUM ALLOWABLE SHEAR STRESS=',F10.2/ U - ¥ S

2 t P 2Xs'FAILURE MODULUS=T® +F10,.2) =11
IF(JPOINT.GTL0} wRITEI(NOQUT ,707) UTAUSB.EFAILSG 96

707 FORMAT(? ', 'yPRER SUBGRADE LAYER?!/ 97

—— 1 12X "MAXINUM ALLCWABLE SHEAR STRESS=' . Fl10.,2/. - _— ... 98
2 't OX, 'FALLURE MODULUS=S?! F10s2) 99

C EACH T{E SPRING IS DIVIDED BY TWO FOR THE TWDO ADJACENT BEAM ELEMENTS 100
TIKKK= BTPLCK*WTIE*ETS(SI/(TTHICK*Z o) 101

e TKETIKKK /360 el [ . 102.
C 103

CDEPTH=BDEPTH+SBDEPT

BBBDERP=~EDEPTH

CCCDER=~CDEPTH . _
C UPPER IS THICKNESS OF UPPER SUBGRADE SCIL LAYER

ODDDDEP=~CDEPTH-UPPER

DO 555 1=14NUMEL

NZ=NPI(3.1) - - . -

IF(ANALWEGS1.0) GO TO S54

IF{ANALWEGe3.0) GG TA 561

IF(CORD(2sN7) L. Te0.0) GO TOo €53

- K=K+1 —
ET(I)I=ETS(4)

—————

§
i
!
i

v . N
; : .
frt gt s Juw PR Ped fmd Db b ard rd fond Pt ook ok Dh Db part Pt et ok Bh et et Bt ok et P Bt Pt Bt (ot et ek s Pt fad b et ok o ol s

554 IF(CORD{2+N7]} oL
- RLTIE2= RLTIE/&.
IF(CORC(1sN7) G
ET(I)‘ETC(ﬁ)
PSR{I)}=PSRS(5)
DATAL(L}=DATAZ2 . e S
TYPE(L} =S
GO TGO S55€

.0.0) GO TG 553
JRLTIE2) GG TO 553

qu
]
i
|
|
|

561 [F(CORD(2+N7}) L Te0.0)} GO TQO 8553 - . . —
K=K +1 )
RLTIEZ=RLTIE/2.0
ET(I)=ETS{(S)
PSR(1)=PSERS(Y) o . . L e e
DATAL(I)}=DATAZZ2
TYPE(I[)1=7.0
IF{CORCI{LIsNT) e GTLRLTIE2)}) ET(I)=ETS(5)71C0.0
IF{CUORD(1eN7) GTRLTIE2)} TYPE(IL)=8.0. ____..
GO TO 595

i
|
\
1

&)
ta
{ad

IF{COND(2.,N7).LT.BBBDERP} GLC TC 556
ET{IL)=ETS{1) B,
PSR{I}=PSRS{1}

TYRPE(L)I=1.0

GO TG 859

586 I[F{CORD{Z2«N7)} LTLCCCDEP) GO T4 887

PPl UMWWWWWWUWHNRNNNRNNARNNNORN - et s e = OO0 OO0

CHERNPOCENONPUN=OORNONPUN~OORNOTPWN=OOE®NOG S



€L

C
C

2Yg)

557

558

555

563

562

559

[FTRA)

p— ma s L u—

[

CONTINUE

TIE SPRING RATES ARE SPECIFIED AT APRCGPRIATE TIES N
TIEK(K+1)=TIKKK D

0

0

0 SR - - . e e e
o :

9]

K
K
“

+3.0) GO TQ 562 |
ALL TIEK(I) DIVIDED BY TWG FOR THE TwG ADJACENT BEAM ELEMENTS

DO $63 1=2.K

TIEK(IL)=TIEKK*{R{I]) R(I+l)-R(I)§/2 Cr2.0
TIEK{1)=TIEKK*{(R(2) 0 - - ) IS
TIEK(KKK)}=TIEKK*{R( 117240

CONTINUE

-F(I—1)+
-R{1))/2
KKK)=R{K

TTIEK(I) SAVES TIEK(IL) VALUES FOR LATER USE_IN_CONTRO _. ... . .. ..
DO 559 I=1,KKK

TTIEK{LI=TIEK(I}
ELEMENT CONNECTIVITY AND FPROPERTIES PRINTED QUT

WRITE(NOUT 1) . L.
FORMAT(#/78 ¥,iELEMENT CONNECTIVITY?!/? 8 lcncmmmancmmncammennat f/f
i t 2 LYELEM NOe NODE £TS ANTI-CLOCK INITIAL MGD. Pe RATIO £t
2EM TYPEiZ/)

D0 2 N=1 NUMEL

MUMEIN}=N
WQ[TE{NGUTvB)NUNC(N}e(NPX(N
FORMAT{®? “s515+9XsE104342(E
NODAL COCRDINATES PRINTED QU

1o NACDE ) s ETIN) s PSR{N) s TYPE(N)

'?\)FLJNWWMP—a!"‘a-‘h-‘?-‘t-‘r‘ldv-‘ﬂ;‘»‘*‘ﬂ;ﬂh‘r—u;‘wﬁﬂ;wtﬂwwh‘wHMMNP‘;NP—NNH»‘P—HNwF’-‘p”w‘
SGOOCOCOOOONOCOYYCOOTCXOORENNNNANNNNNIOOC OO0 NGUOROOnG LD
Mo OENO LW OVENDOOARPWN=OOENOCOLFWUNNOOONIOPUN"ODENOUVLWUN~OYDON



14

i1

12

15

62
63
64

65

o0

66
68

67

a¥sXaXs!

991
990
9g2

ale

993

998
934

WRITE(NOLTs11)
FORMAT (/77 v,
DO 12 M=1,NONP,4

NPNUM (M) =M - SR

NPNUM{M+1)=M+1
NENUM(M4+ 2 )=M+2
NPNUM{M+3)=M+3

*NODE NG

COORDINATES(HOGRI=VERT ) /7 )

WRITE(RCUT» LS)NANUM(M) s (CORD(NI +M) e NI=1,NCRD)

IMFL) oNI=]1NCRD) s NENUM(M+2

2RO (NIsM+3)sNI=1+sNCRD)
FORMAT ( ¢
WRITE(NOLT,62)

)Q(CORD(NIQM*Z)ONI=IONCRQ)oNPNUM(Mf3)'
P94 {I5s4Xe2F10.5) )

s NPNUM(M+1 )+ (CORD(

~Z

FORMAT (/7% %, "BCUNDARY CONDITIGNS® /! 34 temomoc ool Te )

WRITE(NGLT +63)
FORMAT (¢ 7,0

DISPILACEMENTS SPEC

FORCES SPEC

READ{NIN 64) NDSPECNFSPEC NSTEPS«NFIXsNLOAD

FORMAT(8I5)

NDe« STEPS SPECY}

WRITE{(NOUT+65) NDSPECNFSPECNSTEPS NFIXsNLGAD

FORMAT(® ®,5(113,8%))}

IF{NFSPEC.EQ.0} GO TQ 993

INPUT OF VERT LOADS AND THEIR DISTANCES FROM CENTER LINE

DO 68 J=1.NFSPEC
READININ.66)
FORMAT(2F10.2)
CONTINUE

WRITE(NOUT +67)
FORMAT(®

i (' *sF10e2,¢

MM{ J)
NDIST=1

00 992 J=1+NFSPEC

D0 991 JK=NDIST.40
)-R{UJK)) /2.0

JeEQaA)

- b TOY D
TMHANL U
~emam T~
MO O+ Lo~

MMJ)=JK
MM{J}=JUK=-1

ONNCL ~
W -

CONTINUE
NDIST=JK
CONT INUE

RLCAD(J}DIST(JY) .

LIV A
"eFl10.2.¢

MM(J)=JK=-1
eGT.R(JK+1)) GO TO 991

(RLOAD(J) +DIST(J) sJ=1+NFSPEC)
'+ *FCRCES SPECIFiIED ARE
POUNDS AT

[S THE VERTICAL LINE NUMBER ON WHICH RLCAD(J)

229

e e e 230
INCHES FROM CENTER LINE®"))

DETERMINATION OF VERTICAL LEINE NUMBERS CN WHICH LOAD ACTS

IS _ACTING

231
232
233

e 2 34

23S
236
237

—--238

239
240
241
_242
243
244
245

246

247
248
249
250

INPUT OF VERTICAL DISPLACEMENTS AND THEIP DISTANCES FROM CENTER LIN251

IF{NDSPEC.EQe0) &O TO
DO 698 J=1 .NDSPE(

tCoo

READ(NINGGSO) RDISP(JIIDISTIC(I) ..

CONTINUE

WRITE(NGUT+994) {(ROISP{J) DISTI(J)+d=1NOSPEC]) .
FORMAT(?' ¢ ,9DISPLACEMENTS SPECIFIED ARE'/

I {® *aFl0eH4? INCHES AT !'eF10e2+' INCHES FROMCENTER LINE®)}}

252
253
254
£25%
256
257

. 258



SL

1

B T T ——

nfoAan’

\

996
S97
995
00

854

853

.8852

O

(aYalg¥s!

851

10

20

30
40

259
DETERMINATION OF VERTICAL LINE NQos ON WHICH DISPLACEMENTS ACTS 2600
MM1{J) IS THE VERTLWWINE NOe. ON WHICH RDISP(J) ACTS 261
e e e e e e e e 262
NDiST=1 263
DO 995 J=1+NDSPEC 264
DO 996 JUK=NDIST.20 265
A=RIJK) T~ Y - ¥ - T
C{R(JK+]1)=R(JK))I/2.0 267
F=DIST1(J)=A B 268
IF(CIST1{J)eEQeA) MMI(J)I=JUK~1 269
IF(DISTI{J) e GTeR(JK+13) GO TO._ 986 - e = - — 2790 I
IF{FeGEeC) MM1(J)=JK 271
IF{FLTC) MMLI(J}=UK~-1 272
GO TQ G667 273
CONTINUE e e 2 T
NDIST=JUK 275
CONTINUE 276
IF(NCSTEQ.0) GO TO 851 277
wRITE(NCUT.BSQ) NCST ——ee 278
FORMAT(® Y7/ ', IS5, ZX-'ELEMENT TYPE CR PROPERTIES MCDIFIED'//) 279
D0 852 I=1sNCST 280
READI(NINBS3) NECST+TYPE(NECST)+sETMN 281
FORMAT(IS:2F10.0) e 2 8B2
IF{TYPE(NECST) «EGQGe10e0) ETI(NECSTI=ETMM 283
WRITE(NOLTs3) NUME{NECST )} s {NPLI(NIsNECST)s+sNI=1,NNODE);ET{(NECST) 284
1 PSRI{NECST) s TYPEINECST) . 28%
CONTINULE . e 286 ..
CONTINUE 287
CALL CHECK(ERRQOR) 288
RETURN 289
END S e . 290 ..

SUBROUTINE INVERT(A;N.B'MoﬁETERM IDIV)

DIMENSICN [PIVOT( 1S5S0} .ACICIM, leM)oB(IDxM.M).INDEx(

1. PIVOT{( 150)

MATRIX INVERSICN WITH ACCOMPANYING SGCGLUTIGCN OF LINEAR EQUATIONS

INITIALIZATION

DO 550 I=1eN
AMAX=0,0

150-2)

!

SLUN=OSOVO~NCOLUN=OODBNON L WUN -~

mmmmmr«-mw;-wuwyar-r-



9.

o g s

(aYg]

Aano

(alaXse!

aonn

41
42
45
S0
60
70
80
s
90

- 95

100
105
106
110

13¢
140
1s0C
160
170

200
205
210
220
230

2950

260
270
310
320

330
340

350
355
360

370

380
390
400
420
430

SEARCH FCR PIVOT ELEMENT
IROW=0

ICOLuUmM=C - e e —e -

DO 105 J=1.N
IF (IPIVGT(J4)-1) 60, 105, 60
DO 100 K=1eN

IF (IPIVCT(K})-1}) 80+ 100, 740 ... . .
IF (ABS{AMAX)-ABS{A(JsK)}}) B8S, 100 100
IROW=J

ICOLUM=K

AMAX=A{Jd oK) e

CONTINUE ;

COMNTINUE

IF(IRDOW) 110.,75C,110
IPIVOT(ICOLUM)=[PIVOT(ICOLUM) +1

INTERCHANGE ROWS TO PUT PIVOT ELEMENT CN DIAGONAL
AF (IROW=ICOLUM) 140s 260, 140 e
DETERM=~CETERM )

D0 200 L=1N ‘
SWAP=A{ILROW,L)

A(IROW L )=A{ICCLUML)} . . _._
ALICOLUM L )=SwaAP

CONT INUE

IF{M) 260+ 260 210

DO 250 L=1.,M e
SWAP=B({IROW.L)

B(IROWL_)=B(ICCLUM,,L}

B(ICOLUMoL )=SWAP

CONT INUE e e
INDEX(I+1)=IROW

INDEX(1,2)=ICOLUM

PIVOT(I)=A(ICOLUM, [COLUM)
DETERM=DETERM*FIVOT(I) .

DIVIDE PIVAOT ROwW BY PIVOT ELEMENT

A(ICOLUMLICOLUMI=1.0

DO 350 L=1,N
A(ICOLUML)=A(ICCLUML)/7PIVOT(I)
CONTINUE

IF{M) 380, 380, 360

DO 370 L=1+M
BOICOLUMSL)=B{ICOLUMLLI/PIVOT(I)
CONTINUE

REDUCE NCN=-PIVQT RO®S

DO 550 L1=1sN

IF(LLI-ICCLUM} 400s 850G 400 ... . . Y ___
T=A{L1,1COLUM)

A{L1.ICOLUMI)I =00

DO 450 L=1.N

ACLLSLISACLY oL Y~A(ICOLUM.L)}®T

26
27
S - |
29
30
31

33
34
35

SO 1 ;

37
38
39

a1
42
43

45

47

49
S0
51
- 52

53
54
55

57

58

. 59
e 60
61

62
63

65
66
67

69
70
71

73
74
75

77
78
79

_2SA,W



LL

(aTa¥yl

AOOOCANOANAON

450
455
460

50¢
550

600
610
620
630
640G
650
660
670
700
705
710
74C
750
760

CONT [NUE
IF(M) 550s 550,
DO S00 L=1,M
B(L1,L)=B{L1+L)}-B{ICOLUMsLI*T . = . . _.
CONTINUGE

CONT INUE

460

INTERCHANGE COLUMNS A N

Do 710
L=N+1-1
IF (INDEX(L+1}-INDEX{L2)) 630,
JROW=INDEX{Ls 1)
JCOLUNM=INDEX({L2)

DO 705 K=1sN

SWAP=A (K, JROW) S o
A{KsJRCW)=A(K+JCOLUM])

A{Ks,JCOLUM)=SWAP

CONTINUE

CONTINUE . . . [
RETURN
DETERM=0 .0
GO 1O 740
END o o e
SUBROUTINE MESH{(CEPTH+NOUTsNIN)}

I=1eN
710, 630... e e I

COMMON/TWD/NDEPTH;NCOL.TITLE(ZO)eRLTIE-NTIEoEDEPTH,SBDEPT.TSPALE’

1UPPER . U

COMMON/F IVE/ANAL « TTHICK 4 BTHICK ¢ FHI
COMMON/TEN/R(36)2(30) sNRR

. MESH PREPARES STANLARD GRID FOR TRANSVERSE COR LONGITUOINAL ANALYSIS

W
T

QG0

MINIMUN DEPTH OF SUB-BALLAST IS C.0 INCHES -~ '
MINIMUN DEPTH OF BALLAST IS 0,0 IACHES

RLTIE=LENGTH OF TIEsGREATER THAN OR EQUAL TO 84 INCHES
RLTIE2=hALF THE LENGTHR OF TILE e - - ———
TIE=WIODTH OF TIE

SPACE=TIE SPACING

TTHICK=TIE THICKNESS

ANAL=1.,0 FOR TRANSVERSE ANALYSIS - - e
ANAL=Z2 .0 FOR LONGITUDINAL ANALYSIS

ANAL=3,0 FCR TRANSVERSE ANALYSIS - TIE AS BEAM

R(1)=0,0

R(2)=10.¢C

R{3)=18.C

R{4)=22.0

R{S5)=260

R{6)=30.¢C - _
R{7)=34.0

R{8)=42.0

IFI{NRRGT.,0} REAC(NINSCO) {R{I)el=1NRR}

FORMAT ({BF10.2) e

[IF{ANAL,EGC,2.0) GO TO 500
VERTICAL BOUNDARY LINES FOR TRANSVERSE ANALYSIS
RLTIEZ=RLTIEZZ2.0 C e -

el e e N e i )

[ASIVRIS TN
£ L e

3y

[fVIN]
oo

W
OO~

[REN]
et

22

COBNONLUN=COONTONRUWN -

o NN - e i 4
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C
v €
500

IF(RLTIE .EG.84.0) GO TO 10

33

A=RLTIEZ2~42. 34
IF(A.GT.2.0) GO TG S 35
R{(B)=RLTIE2 - . 1 ; S
GO TO 10 37
IF{A.GT.8,0) GO 10 6 ) 38
R{9)=RLTIEZ2 30
GO TO 11 . e . ‘ Y
R(9}=R(8)+4,0 41
R{10)}=RLTIE2 42
GO TO 12 43
. ; ] - 44.
. 45
R(9)=R(8)+6.0 46
R{(10}=R(S)+12.0 47
R{11)=R(10)+12.0 . Y - ¥ - S
R(12)=R(11)+24.0 49
R{13)1=R(12)+24,0 50
R(14)=R(13)+24.0- 51
R(1S)=R(14)+24,0 _ e . 8&2
R{161=R{1S)+24.0 . 53
R{17)=R(16)+48.,0 54
R(18}=R(17)+48,0 55
R(1S)=R(18)+48,C e e .56
R{20)=R(19)+100.0 57
GU TO 510 58
59
~-VERTICAL BGUNDARY LINES FOR . LONGITUDINAL ANALYSIS . . . —..._. 60
T2=WTIE/Z2.0 61
TS3=(TSPACE-WTIE}/3.0 62
TS2=TSFACE/2, : 63
TS4=(TSPACE-WTIE}/2e0 .. .. ... .. .__ O S T
N . 65
R(1)=0,0 66
R{2)=T2 67
R(3)=R(2)+TS3 e } Y - ¥ -
R{4)=R(3}+TS3 69
R{S)I=R(4)+7S3 70
R(6)=R{(5)+T2 71
R{7)=R{6)}+T2 R . e T2
R(BI=R{7}+TS3 73
R(GI=R(8)+TS3 74
R(10)=R(S)+TS3 75
R(11)=R{10)+T2 e e e 76
R{1Z2)=R(11)+T2 77
R{13)=R{12)+(TSFACE=T2)/2.0 78
R{14)=R{13)+{TSPACE-T2)/2.0 . 79
R{18)=R{14)+TS2 e . 8O
R{16)=R{15)+TS2 81
R(17)=R{16)+TS2 82
R{18}=R{17}4+TS2 83
R{1IS)I=R{1B)+TS2 SR — i B&
R{20}=R{19)+TS2 85
#{21I=RIZ0)Y+TS2 a6
R{22)=R{21)+TS2 &7
RI23)})=R(22)+TSPACE . , R - 7 -
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510

511

- 6085

513

514

6140

635

R(24)=R(23)+TSPACE 89
R{25)=R(24}+TSPACE ‘ 90
R{26)=R{25)+TSPACE . 91
R(27)=R(26)+TSPACE e e . e - J VR = §~ ]
R{(28)=R(Z7)+TSPACE 93
R(29)=R(28)+TSPACE 94
R(30)=R{29)+TSPACE ‘ 95
R(31)=Kk{(30)+TSPACE . e N - 7
R{32)=R(31)+TSPACE 97
LAST COLUMN WIDTH IS MADE EQUAL TO TWICE TIE SPACING S8
RINCOL )=R{NCOL ) +TSPACE 99
——-100

HORIZONTAL BOUNDARY L INES CALCULATED IN THE SAME MANNER FOR BOTH
TRANSVERSE AND LCNGITUDINAL ANALYSIS
M=1
Z(M)==-TTHICK . L. e e
M=M+1 :
Z{M)=0.C
IF{BDEFTH.EQ.0,0}) GO TO 610
M=M+1 S L .
ZiM)=4 .0 :
IF(BDEPTH.EQ.4,C) GO TO 610
B=BDEPTH=4.0 ‘
IF{BaGTWa2.0) GG TO 511 . . e
Z{M)=BDEFTH

i
1
|

j

!

1
. i 1 : ]
E-r—;—awz—-'—-—‘t—t»p—w»—lwwr—t—ww»wb—wu—w
NN et e e =~ 000000000
&‘NNwO\OO&\'U‘Lﬂ#UN"‘OO@NO\Lﬂ&\LNN'-“

GO TO 610

IF{B«.GT.6.0}) GO TO 512

M=M+1 . . . N - ~ -

Z{M)}=BDEPTH

GO TO 61¢

M=M+1

Z{M)=8.0 . . e _
IF(BeGT.12.0) GO TO 513

GO TO €05

M=M+1 ,

Z(M)=12.0 o } e .
IF(BeGT.18.0) GO TO S1i4 125
GO TO €05 126
M=M+1 127
Z{M)=18.C O : R §-Y -
IF{(BeGT24.0) GG TO 515 ’ 129
GO TO 605 . 130
M=M+1 131
Z{M)=24,0 - e e .. 1 32
M=M+ 1 . 133
Z{M)=BDEFTH 134
(F{SBDERPT.EQ.DeC) GO TO 40 1395
M=M4+] . U e e ... 136
Z{Mi=2Z{M~1)+4,0 137
C=SBOEPT~4.0 _ 138
IF{CaGTeZ2:0} GU TO 635 139
ZEMI=Z{M~1}+SBREPT e S . S 1640
GO 70 4490 ‘ 14l
IF{CsGTe8:0) GO TO 636 142
M=M+1 145
Z{M)=Z{M=-2) +SBDEPT o o i . 1 B %
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[2%a)

©3é

40

141

142

140

60 TO 40 . I e e e . B _i45

M=M+] 146
Z{MI=Z(M=]1)+6.0 147
M=M+1 . B 148
Z{M)=Z2(M~3)+SBDEPT 149
TO SOLVE BEAB CN ELASTIC FOUNDATION TYPE PROBLEMSsIEes 150
[E. s BDEPTH=SOBDEPT=DEPTH=0,0 151
IF{DEPTH.EQ. (BDEPTH+SBDREPT}} GO TO 290 . _ ... .. 152
IFIUPPEREQ+DC) GO TG 140 153
M=M+1 is4
Z{M)=Z(N~-1)+6.0 155
_DD=URPPER-6.0 — e e 156
IF{DDGTc2.0) GC TO 161 157
Z{M)=Z(M=1}+UPPER 158
GO TO 140 159
IF(DDeGTe860) GO TQ 142 . e e . 160
M=M+ ] 161
Z{MI=Z(M=-2} +UPRER 162
GO TO 140 163
M=M4+1 e _ 164
LAM)=Z{M=1)4+6.0 . 165
Mz M+1 166
ZEM)=Z(M-3)+UPPER 167
CONT INUE R S 168 ...
M=M+1 169
Z{MI=ZLM~1)26.0 170
IF(Z(M).GELDERPTH) GO TQ 290 171
M=M+ 1 . e e o e e e e . . 172
Z{M)=2Z(M=1)}+6.0 173
IF(Z(M) s CE.DEPTH} GO TOQ 290 174
M=M+ ] 175
ZEM)=Z(M~1)+12.0 - e ‘ . ——— 176 .
IF(Z(M) cGELDEPTHY GO TO 290
M=pM4+1]

LM} =2(M=1)+12,.0C
IF(ZIM).GELDEPTH) GO TQ 290
M=M+1
Z{M)=Z(M=1}+4+24.0 .
IF{Z{M)GE.DERPTH) GG TO 290
M=M+1 e
Z{M)=Z(M=1)+24,0
IF(Z{M)GEDEPTH}) GO TO 290
M=M4+1
ZEMI=ZIM=-1)424,0 . S U
IF(Z(M) e GESDERTH) GO TQ 2990
M=M+1
ZIM)I=Z(M=1)+50.0
IF{Z{M)GE.DEPTHh) GO TO 290
M=M+1
ZIM)=Z(M=1)+5060
IF{Z{M} e GELDEPYTH) G0 TO 299

i

1

I

!

i

i

I

T

]

!

| x

i ;

t

! § . i i
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AnE OB NNt RToRIe RV o RYa RVe Xo o e No cRe To ol e Jo s ¢ RN ENEN|
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M=M4+ T -
Z{MI=Z{M=1)+50.0

IF{Z{M) . GELDERPTH) GC TO 290

M=M+ i

Z{MI=2{M=1)+10Q.0 . - . S
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IF{(Z{M) ., GE.DEPTH)} GO TO 290 201
M=M+1 202
Z{M)=Z{(N=1)+100.0 203
IF(Z(M) .GE.DEPTH)} GO TO .290 . e i —— e e 20 .
M=M+1 205
Z(M)=Z(M=-1)+100.0 206
[F(Z(M) . GE.DEPTH} GO TO 290 207
M=M+1 . - . ... ... - 208
Z{M)=Z{M=1)14+100.:0 209
IF{Z{M).GE.,DEPTH)} GO TO 290 210
M=M+1 211
Z{MI=Z{k=-1}4100.0 e ) - e . et e 212
IF{ZI{M} .GELDEPTH) GO TO 290 213
M=mM+ i 214
Z{MI=ZEN=L1+100.0 ‘ 215
Z®¥S ARE MADE NEG. DUWNEWARDS TO CORR. 10 DIRECTIONS OF ELEMENT DIRCTN21S
290 DO 291 I=1.M 217
291 ZEfd==24]) 218
219
NDEPTH=TOTAL NO. OF ROWS . 220
NNDEPT=TLTAL NO. OF HORI. LINES=TCTAL NCS. GOF ROWS +1 221
NCOL=TOTAL NOe OF VERTes LINES=TQOTAL NOo OF COLUMNS +1 222
. 223
NOERTH=NM~1 e : o e 224
NNDEPT=NDEPTH*+ ' 225
226
WRITE(NCLTs32) 227
.32  FORMAT(* s/7/7% ¢ A VERTICAL GRID LINES®//) ) e 228
WRITE(NCUT30) (I.R{I)sI=1e+NCQOL} 229
30 FORMAT(? $,SXs'R{PI2,8)=% ;F8.2} 230
WRITE(NOUT+33) 231
33 . _FORMAT(® t//°¢ ¢ VHORIZONTAL GRID LINESY/Z/) . e 232
WRITEINOUT 313 ([Z{f}.0=1 ;NARECT) 233
31 FORMAT(® " ¢4SXs'2(%s[2:2)=8,FB.21} 234
RETURN 235
END ' . i .. 236
SUBROUTINE QUAL(NUMEL s SIGHEXsEXsPSRsETsNGENSsERROR s NEX s TYRPE) 1
2
DIMENSION SIGXXINEX} EX(NEX} PSRINUNEL ) sET(NUMEL) » TYPE{NUMEL) 3
. _ ) L 4
COMMON/SIX/BONEL «BTWO1 sBONE2eBTw 2. RMOD (8) s CEV(8) +UMOD(B} s UDEV(B8}s 5
1 EFAIL1.EFAIL2,EFAIL3AMXSR]L ySIGMNL+AMXSR2sSIGMN2 s TAUSUB, NPOINT, 6
2 JPCINTHEFAILSUTAUSBNSUBL + NSUBU 7
COMPMON/NINE/FLAGBFLAGsCFLAGSABCD L - - ————_—... 8
CALCULATICN OF ELEMENT MOLULUS VALUE TO BE USED FOR THE NEXT g
LOAD INCREMENT STEP 10
COMPRESSIVE STRESSES ARE POSITIVE : 11
DOWNWARD DISPLACEMENTS ARE POSITIVE e L2
POSITIVE FURI. DISPLACEMENTS ARE T (QUARDS LEFT 12
i
DO 10 h=1.NUMEL 15
LS5S={N-1)*NGENS*1 - ‘ o 16
L551=LSS+i : 17
LS52=L851+1 18
CC=(SIGXR{LSSI+SIGEXI{LSSLI /2.0 1%
B3=(SIGRX(LLSS1}~SIGXX{1.S5S} /20 29



28

C

24

SO0

13

34

30

.~

CR=SQRT(CB*BB+SIGXX{LS5S2)*SIGXX{LSS2))
SIG1=CCH+CR
SI1G3=CC-CR
ASIG3=S1G3

SIGD IS THE DEVIATORIC STRESS FOR PLANE = STRAIN CASE,VIZ, SIG1-SIG3

SIGD=SIG1-SIG3
IF(SIG3,LE.0,0})
RAT ICO= SIGI/ASIG3

ASIG3=0,001

21
22
23

25
26
27
28 . L

IF(TYPE{N) eEQ+4+0+0RsTYPE(N) «EQa 5-0.0RgTYPE(N).EQ.7oO ORoTYPE(N)oE 29

1Q0,8,0CR,TYPE(N),EQ.10.) GG TO 10
IF(TYPE(P\)oEQoloOoOR.TYPE(f\).EQQQOO)
AIF(TYPE(N)WCEQea240) GO TQ 12 .. ..

GO TGO 11

3G
31

IF(TYPE(N} .EQ.6,0} GO TO 13
FOR SUBGRADE SOUOIL - TYPE(N)=3.0

IF{NSUBL «€EQel) GO TO 16

IF{(SIGDLTDEV(1)) SIGD=DEV(1) e
IF(SIGD.GCT«DEV(NPCINT)) SIGD=DEV(NPCINT)

DO 20 JJD=1,NPOCINT

IF(SIGD+EQ«DEV{(JJID)IET(N)=RMOD(JJID) ,
IF(JUDEQaNPUINT) GO TO 20 R
IF(SIGD.GT.DEV(JJC) s AND.SIGD LT DEV{JJD+1)) GO TD 24

GO TO 20

DIFF=RNCC(JID)~RMOD(IJID+1)

TOP=SIGD~-CEV(JJD) e I

BOT=DEV(JJD+1)—~CEV(JJID]}
ET{N)=RMCC(JJD)I-DIFF*TCP/BOT
IF(CR.GE.TAUSUB) ET(NI=EFAIL3
CONTINUE - e
GO TO 10

FOR SUBGRACE SOIL - TYPE(N) 3.0 WITH ER-KI(THETA)KZ RESPONSE

CONTINUE - S
BONE=RMGD({ 1)
B8TWO=DEV(1)
EFAIL=EFAIL
DFLAG=RMCD
AMXSR=RMCOD (
SIGMN=DEV(3
GO TO 111

3
2
3
}

FOR THE UPPER SOIL LAYER - TYPE(N)=6.0
CONT INUE
IF(NSUBU.EQs1) GO TO 15

IF{SIGD.LT,UDEV(1)) SIGD=UDEV(1)

32
33
34
35
36 . ..
37
38
39
- 4Q . L
41
42
43

—— s

45
46
47

——— 4l

49
50
51
.52
53
54
55

. 56

S7

58

59
.60 .
61
62
63
64 .

IF(SIGD.CToUDEV(JPOINT))SIGD=UDEV(JPOINT)
DO 30 JJD=1,JBCINT
IF(SIGD.EQ.UDEV(JJD) ) ET(N)I=UMCC(JJD}

{FIJJDLEQCJPOUINT)Y GO TO 30 e s

IF(SIGD«GTeUDEV(JJD) sAND.SIGD.LTUDEV(JJD+1)) GG TG 34
GO T agQ

DIFF=UNMCD{JID}-UMBLCL 4D+ 1)
TOP=SiGD~UDEV(JJD} —— I
BOT=UDEV{JJD+1I1-UDEV{IJD)
ETI(NI=UMCD(JJID)-DIFF*TOP/BCT
IF{CR.GEMTAUSB) ETI(NI=EFAILSG

CONTINUE . - : i —

65
66
&7
-...68
a9
70
71
72
73
74
75
g

I -
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C
C

C
<
C
C
C
C
C

s}

15

GO fo—iém

FOR UPER SUBGRACE LAYER=- TYPE(N) 6.0 WITH ER= Kl(THETA)KZ RESPCNSE

CONTINUE

BONE=UMOC (1
BTWO=yDEV(1
EFAIL=EFAIL
DFLAG=UMCD(
AMXSR=UMOD(
SIGMN=UDEV(
GO YO 111

- FLAG=160 [SA

N ¥ I

i
i

-

o

1

111

12

12

10

BFLAG=1.,0 ID
IN THE FINAL
BFLAG=2.0 IS
CFLAG=1.0 ID
IN THE FINAL

)
}
6
2
3
3

)
)
)

S

MARKER FUR THE FINAL CYCLE
A MARKER FOR USING BALLAST
CYCLE ONLY
A MARKER FOR NCT USING BALLAST FAILURE CRITERIA AT ALL 91

- FALLURE CRITERIA 92 ___ .

A MARKER FOR USING

CYCLE ONLY

-SUBBALLSTY . __

L FAILURE CRITERIA

77
78
79
80 — s

81
82
83

e ____ B4

85
86
87
88

89
90

93

CFLAG=2,.0 IS A MARKER FOR NCT USING SUBEALL FAILURE CRITERIA AT ALL 94
FUR BALLAST MATERIAL -

CONTINUE
BONE=BCNE1
BTWO=BTWC1
EFALL=EFAIL

---DFLAG=BFLAG

AMXSR=AMXSR
SIGMN=SIGMN
GO 70 111

SIGZ=PSKINIR(SIGXX(L S

THETA=SICZ+S
IF

N
10
NY)=EFAIL

IF(DFLAG.EQelc0,ANDLFLAG.NE,

1

1
1

(BTWO «EQeTaN) ETIN
(BTWO+EQe0e0) GO T
THETALE.00) THETA=
THETALE.00) GO TC 1
RATIDGTo AMXSHeORSSIG
) =EGNEX(THETA)¥XBTHO

IGXX(LSS) +!

OV+(h

Fs
I
B
1
0

U'—‘o OOG\(D

xx(Lssx))
(_ngn

XC\

TYPE(N)=10 OR 9.0(FOR CST)

95
96 -

97
98
99
100 R

101

102

103

1¢4 .
105

eLToSIGMN)

GO -

1C6
107
108 .- ——.

TO 112

s
e O
;Nr-OO
t
{

lF(DFLAGoEO.ZoO) ET(N)—BONE*(THETA)**BTNO

GO 70 10

FOR SUB-BALLAST MATERIAL

CONTINUE
BONE=BCNEZ
BTWO=BTwC2

EFAIL=EFAIL2

DFLAG=CFLAG

AMXSRZAMXSR2

SIGMN=
GO T4 i1t1i
CONTINUE

RETURN
END

SIGMN2

TYPE(N)=2.0

«D)ET(N}= BONE#(THETA)**BTWD

SUBROUTINE R:ADEC(NDEG.NGENSoNUMEL:Nl9NCRD.NGNP;NNUDE¢NP£-NPBC:
1 PRESSPLCUORDsTLTF)

{
i

!
1
i

B S

|
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DIMENSIGN CORD(NCRDoNONP) s NP IINAODE s NUMEL) « PL{NDEGNONP) »
1 NPBC(NDEGsNONP) s TOINDEGsNONP }J o TF{NDEG+NONP}
COMMON/ZURE/SS(8358)0S5K(2:2016)1+0(3:3)+843+8),DISP(8)+DISPT(8)y —— —_
1 GU2623sG1(2+2)+:E(3:8) +NOUTININ
COMMON/Z/TAO/NDERPTHsNCOL +TITLE(20) :RLTIE«WTIE+BDEPTH,SBDEPT +TSPALE
LUPPER 1
COMMON/THREE/DUMP(2C ) »LM{4 )}, ICUT - — S |
COMMON/F IVE/ZANAL « TTHICK o BTHICK s PHI 1
COMMON/SEVEN/NDSPEC«NFSPEC I NSTEFSINSTP,NFIXsNLOAD 1
CUOMMON/E IGHT/RLCAD(36) s PLOAD(36}sDIST(36)MM(36)4RDISP(36)s . 1
1- . PDISP({36)eCISTLI{(36)MM1(36) NPT(36) _— i
- 1
THIS SULBROUTINE 1S CALLED FRCM CONTRGO 1
SUBROUTINE REALCEC READS ThE DlSPLACEMENT BOUNDARY CONDITION 1
AND LCAD INPUT TQ THE PROBLEM . . e 19
20
NPBC(I+J)=0 MEANS THAT DEGREE OF FREEDGOM I FOR 21
NODE J IS NOT FIXED 22
NPBC(Ie+J)=1 MEANS THAT DEGREE (QF FREEDCM I.FOR. 23
NODE J IS FIXECeTHE VALUE OF THE DISPLACEMENT CAN BE ZERO CR SOME 24
FINITE VALUE 25
TF=TOTAL LOADS. PL=PRESSURE LOACS 26
INITIALIZE NPBC ARRAY e e e 2T
DO 1 J=1sNONP 28
DO 1 I=1.,NDEG . 29
TE(L1+J)=0.0 30
1 NPBC(I«d4)=0 . - e e e e 3B
32
SET NPBC MATRIX 33
(FORCE AND DISPLACEMENT CONDITIONS NOT SPECIFIED FOR THE SAME 34
DEGREE GF FREEDOM.) , e _uﬂ_“__-w”,_mﬂwgg
DISPLACEMENT BOUNDARY CONDITIONS ARE CONSIDERED FIRST 37
. 38
2 WRITE(NCUT,.21) L ... . ._3%
21 FORMAT(S §,25H SPECIFIED DISPLACEMENTS+//719+ ND PT DIR DIS) 40
NN=1 41
NNN=2 42
NONP=NCCLX(NDERPTH+1) S e 43
NONP 1=NONP =1 44
NCOLL=NCCL+1 . 45
NDEPT1=NDEPTH+1 2?
HURIo DISFLACEMENTS ALCNG TWO CUTER SIDES ARE MADE ZERO EXCEPT FOR 48
LOWERMOST NODES, THUS AT THE SURFACE NODES IT IS ACTUALLY ROTATIUON 49
THAT IS MADE ZERGOFOR THE BEAM ELEMENT 2?
DU 50 [=1sNDEPTH . s2
TO(1sLi=C=<0 53
TDi1oNONPLI=CG.0 54
WRITE(NCUTe13) I oNNgTOENNI) +NOMPLoANTD{NN,NONPL) i 55
13 FORMAT(2IS+ELS:735%X0215:E15e7) 56
NPBC(L =1 57
NPBC (1 NCNP1)=1 58
50 NONPL=NONPL1~-1 oo o e i . BQ
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60

203

202

118
17

20

14

VERT, DISFLACEMENT OF BEAM ELEMENT AT ThE SURFACE ENC NODE MADE

60
EQUAL TG 2ERC 61
NONPZ=NCNP-NDEFTH . 62
TD{2 .NCNF2)=0.0.. ... . ._. . , e Y §
NPBC (2« NCNP2)=1 64
WRITE({NOUT13) NONP2+NNNoTD(2sNCNP2) 65
66
HORIe« AND VERT.: DISPLACEMENTS ALONG BOTTOM. SIDE -ARE. MADE - ZERQ - &7
DO 60 I[=NDERTI1 +«NONP,NDEPT1 68
TD(1.1)}=Ce0 69
TD{2,1)=C.0 : 70
WRITE(NCUTs13) I oNNsTD(NMeI) s LoNNNeTDINNNI) -0 Tl
NPBC(1.12=1 . T2
NPBC(2:1)=1 73
CONTINUE 74
. - e - e d S
FOR CTHER FIXED POINTS IN ANY DIRECTION - N=DIRECTIONsM=NODE NUMBE 76
THESE DATA CARDS ARE REPEATED NSTEPS TIMES 77
IF(NFIX.EQs0) GO TO 201 78
DO 202 I[=1.NFLX - 7S
READ(NIN+203) MeNs TD(NoM) . 80
FORMAT(215:F10e2) 81
WRITE{(NCULTs13) MsNsTD{NsM) 82
NPBC{NsM)=1 — —— e 83 .
CONTINUE 84
CONTINUE 8%
CHECK FOR ANY OTFER SPECIFIED DISPLACEMENTS 86
.. IF{NDSPECEQ.Q) GC TO 17 . e N 87 _
READS SPECIFIED DISPLACEMENTS AND MAKES NPBC(NsM)=1 88
N=2 89
DU 118 L=1NDSPEC 90
L M=MML(L)*{NDEPTH+1) . . v o L I - §
M=M+1 92
NPT(L)=M 93
TO(NM)=PDISP (L) 94
NPBC(NsM)=1 S .. 95
WRITE(NGLT +13) MoeNsTO(NsM) 96
CONTINUE 97
98
CONTINLE L e _ . 99
IF(NFSPEC.EQ.C) RETURN 100
WRITE(NOUT20) . 101
FORMAT(* ®',18H SPECIFIED FORCES/7+21H ND PT DIR FOR(E) 183
] o 100
VERTICAL LOADING ONLY CCNSIDEREDSIE.Y DIRECTION 104
MM(L } DENOTES VERTICAL LINE NUMBER ALLCNG WHICH FORCE NOs L ACTS 105
MIS THE NCUOE NO» 6T WHICH VERT. FORCE ACTS 106
N=2 I ) I 107
DO 18 L=1-NFSREC 108
M=MM{L ) * {NDEPTH+1) 109
M=M+ ] 110
TF{NMITPLOAD(L) - e B 111
IFI{NPBCINsM) 6EQs0) GO TO 15 . 112
V=0 113
WRITE(NOULT 214 EVeNPBC(NeM).M.N i14
FORMAT(I5+5i4 ANDI5.:23H BOTH SPECIFIED AT NODEIS» 115
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|
no

15
18

a0

[a¥sTeYaTa!

)

110H DIRECTION,18)
STOP

NPBC{(N:M)=0 e et e e [ [
WRITE(NGUT»13) M'N’TF(N’M) ’

CONTINUE

RE TURN :

END e
SUBROUT INE SCLA(W.CON:M;MS)

B D N o s g pa

; ;Hwhﬂ-##w'
oomwomkum~oomqom&uhwoomwmm#um»@mwoomﬂo

DIMENSION W(l)
CLEARS MATRIX w(h.M) AND PUTS C [N ALL LOCATIGNS
NM=N¥M

DO 1 1I=1eNM

Ww(il)=C . . . Lo e e mem e e e
RETURN

END

SUBROUTINE STIFF(hl:CORD;NCRD;NCNP;ET'PSRgDEN-DATAX)

[

DIMENSICN CORD(NCRD,NONP)
CUMMON/GAE/SS(&«B)-SK(2.2'16)-0(3.3)'8(3-8)-DISP(B)oDISPT(E)o
1 0(2'2)QGI(ZQE)OL(BUS)'NOUTCNIN
COMMON/TRUO/NDEPTHSNCOLWTITLE(20) sRLTIESWTIE ¢BDEPTH ¢ SBDEPT»TSRPACE o
1UPPER
COMMON/THREE/ZDUMP (20} 4LM(G ), ICUT
COMMON/F IVE/ ANAL s TTHICK +BTHICK s PHI

. EVALUATES ELEMENT STIFFNESS-MATRIX FOR _RECTANGULAR PLANE.STRAIN._ELM_1
1
THICK=WTIE 1
[F{ANAL ,EGs2, 0) THICK”BTHICK 1
NS=LM(1) Co. R |
N6=LM{2) 1
N7=Lm(3) 1
NB=LM(4) ' , 1
A=ABS(CLRD(1 +NS)~CORD(1.N8)) B S |
C=ABS{CORD(2.N5)=CORD(2sN6)) 1
AL=C*(L.=PSR)IZ{3.%A) 2
A2=A% (1 e=2e%¥PSR)/ (6 ,%C) 21
A3=A1/2. B L 22
AG=A2/2 4 23
A5 A%(1,-PSR}/{32,%C) . 24
SCH(1e=2+%PSR)/{6¢%A) 25
-A7=A6/2. . e e 260
AB=AS5/2, 27
C=1e/Ba 28
CLC={4%PSR~-14,1)/8, 29
EVRET/Z({ 1. 04PSH)%(1.,=-2.%BSR)} } . e . mnw.wuh.,ag,
3
32
THICKNESS 0Ff PLANAR ELEMENTS INCREASED wITH DEPTH.TO ACCOUNT FOR 33
ADEQUATE LISTRIBUTION OF LOAD.USING FSEUDO PLAIN STRAIN TECHNIQUE.  _ . 34
SUBTRACTICN BECALSE DEPTHS ARE NEGATIVE 35
IF({CORD{2:N5).GE+De0)} GO TO 1 36
THICK=TF ICK=- {2 0%CORD(2 NS} ETAN(PHI}} ar

CONTINUE - e . e e e 3B
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S5S{(7,7)=85{(1.1) 25
SS(7+8)=C 96
S5{8:1)=SS(1.8) Q7
55(8+2)=55(2+.8) - — S 98
SS{8:+s3)=5S(3.8) 99
SS{8:,4)=55(4,8} 100
SS{8+5)=55(%.,8) 101
~ SS{(8:+6)=8S(6.,8} - - o e e 102
SS{(84+47)=85S5(7,8) 103
SS5(B:8)=SS(2:2) 104
; DO 230 [=1,8 105
P .- D0 230 JI=18 . . . ... — 106 . .

230 SS(1+J)=SS{Is+JIXEVERTHICK 107
C 108
C 109
CRETURN . e e USRI W B # B
END 111
c SUBRQUTINE TBETA(CORD s NONP s NCRLC) 1
2

- DIMENSION CORD (NCRD o NONP . SR S
COMMON/ZONE/SS(8+8)2SK{2:2516)sD( 3 3).8(3'8)oD[SP(B)oDISPT(S)' 4
1 G{242)sG1{2:2)+E(3:8)eNOUT«NIN 5
CDMMON/T?‘REE/DUNP(ZO’aLM(Q’QIUUT 6

C EVALUATES B MATRIX FOR THE CST. ELEMENT. - e e e e e € e
C . 8
NS=LM({ 1) 9
’ N6=L.M(2) 10
PR N7=LM{(3) e e e e e e B L
NB=LM{4 ) ' 12
Y23=COKD(2:N6)—-CORC{2+N7} 13
Y31=CORD(2«eN7)=CUORD{(2:N5) ' 14
e e e o X12=CORD (24 NS )Y=CLRD(2.N6) .. _ — e e 15
X32=CORD(1N7)I=CORC(14+N6 16
X13=CORD(1«NS)~CGRO(1+N7) 17
X21=CORD{1l+N6)~CORD(1«NS) 138
AREA‘(CO&D(l.N5)*Y23+CDRO(1oN6)*¥31+COR0(1oN7)*Y12)/2. 19
AREAH=1,C/(2,0%AREA) 20
C 21
C 22
B(lsl)=Y23%AREAH . G B e -2 23
B(1+2)=Ce0 24
B{1+,3)=Y31%XAREA}F 25
B{l1s4)=0.C 26
Bl1:5)=Y12%AREAHR o J USSR oo . e 27
B{l:6)=0.0 28
B{1:7)1=0.C 29
B{1+8)=0e0 30
8{2,1)=0.0 e . R - SRR § §
B{2,2)=X32%AREAM 32
B{(2+3)=0.0 33
B{2:4)=X13%AREAN 34
B{2:s5I=0.0 . - - S —e e 35
B{2:s6)1=X21%AREAR 36
B(2+,71=0.0 37
B{2:8)=C, 38
B{3+1J1=X32%AREAN . e e - e 33
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‘2l gl

cmeme- AREAZ (CORD{ 1 oNS) *Y234+CORD(1 s N6} *¥YI 1L +CORD(1 4 NZ)%Y12)/2.0 . .. ...

1

LN LA T A T T

QO X< X<

E3XAREAH
I13%AREAH
21*AREAH

21 %AREAH.. .. __.

1
L]
L]

2XAREAH

SUBROUTINE

DIMENSION

COMMON/UONE/ZSS(8,8)

CORC-(NCRD ¢NONP)
1SK{(2+: 2, 16)sD(3:3)+8(3,8)+.DISP(8) +DISPT(8),

TSTIFF{N1+CORDsNCRD sNG

1 G(242)4Gi(2:2)

COMMGN/T&O/NDEPTHgNCUL'TlTLE(zo)oRLTI&.NTIE-BDEPTH.SBDEPT.TSPACE--m

1UPPER
COMMGN/THREE/DUMP(20) 4LM{4 ), I0UT

COMMON/F IVE/ANAL s TTHICKsBTHICK , PHI

THICK=WTIE
NS=LM( 1)
Ne=LM(2)
N7=LM(3)
N8=LM(4)
Y23=CORD{2:N6)}-CORD(2.,N7}
Y31=CORD{(2+N7)=CORC{2+N5)

Y1 2=CORD{2 NS }~CORD{(2,N6) _

+E(3+8) +NOUTsNIN

X32=CORD(1 +N7}~CORD(1:sNE)
X13=CORD(1:+N5}=CGCRC(1+N7)
X21=CORD(1+NO6I—=CARD(1 N5}

ETM=ET/(1.0-PSR¥PSR)
PSRM=PSK/{(1.0-PSR)

[IF{CORD(2+ND) . GEL0,0) GO TG
THICK=THICK=~(2.C*CORD{( 2+, NS)IXTANC(PHI}) _ _
CONTINUE
EVSETMATRICK/ (4 40%AREA%(] ,0-PSRM2PSKEM) )
Al=(1.0~PSRM)}/2.0
A2={1«0+4FSRM)/2.0

S5¢
S$5¢

nruunvnuny

o0

g}

nahnuhnnunny

SR PR S oy P gy il g g P g, g

LIV VR L E VN e e

Y234%Y23+A1%X32%X32

A2%X32%Y23

Y31 *Y23+A1%X13%X32

1

PSRM¥xX13%Y23+A1%X32%Y31

V12%Y23+A1%X21%X32
PSRM#¥X21%Y23+A1%X32%Y12 .

SS{i.21}

XI2%X32+A1¥YE3%¥23

PSRM®%AJ2%YI1+ALRX1I2%Y23

AL3IRXI24+A1%Y23I%Y31

NP sET +sPSRsODENDATAL)

SRMRXI2RY | 24A I%X21%¥23

IXX324A1L%Y12%Y23
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Ao

a¥sXaYils)

230

10
110

- 85¢(

SS(3+3)=Y31KkYI1+A1KX13%X]3

SS{3+4}=A2%X13%Y31
SS{3+s5)=Y12%YIL1+A1%¥X13%xX21

S$S(3s6)= PSRM*XZI*Y31+A1*X13*¥12wm

SS(4
SS¢(

1 (194)

OmbUNPOW#NN”OMbuN

&
P
4 4
SS{4
S$s{(4
SS(5
-855(5
S5(5
SS(S
SS(5

5

6

6

(T T T O O T O T T (O T O T R TR T R T [ I

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
C

RETURN
END

X13+A1*Y31*Y31 S
*X13%Y12+A1%X21%Y3}
21+A1%Y12%Y31

+A1 *XZI*XZl
vi2 -

SUBROUTINE VRDIM{VARS,INTS+INTGR,IREAL)

DIMENSION VARS(IREALYSINTS{INTGRJISASTER(30) ...

CUMMCN/ONE/SS(848)sSK(2+2+16)+D(3:3)8(3:8)+CISP(8)DISPT(8) s
1 G(2:2):Gi{(2:2)+E{3,8)NOUTSNIN .
COMMON/TWO/NDEPTH «NCOL s TITLE(20 ) +RLTIESWTIE+BDEPTH, SBOEPT+TSPACES .

LUPPER

COMMON/THFREE/DUMP (2C I LM(4 ) IOUT

COMMON/F IVE/ANAL s TTHICK+BTHICK ¢ PHI
COMMON/N INE/FLAG.BFLAG:CFLAGSABCD ..

COMMON/TEN/R{36)+9Z2(30) s NRR
DATA ASTER/30%"H%%%k?ly/

VRODIM REALS THE CONTROL INPUT DATA AND SUB ALLOCATES THE ARRAYS ...
VARS AND INTS ACCORDING YO INPUT PARAMETERS

MNIN IS ThE UNIT NGe.

NOUT IS ThE UNIT
NIN=S
NOUT =6

NG.

READ{(NIN.10} NPROB

FORMAT(IZ)
WRITE{NUGUT 1103

ASTERALTER

FORMAT (1% .30A4/7/

1 ' ', 'STRUCTURAL
2SYSTEM - ILLI-TRACK =
3 §

FOR THE READER
FOR THE PRINTER

NELOB
ANALYS LS PROGRAM FOR
VERSION 2'/
' 2 IDEVELUPED BY THE THRANSPURTATION.

CROULP .

CIVIL ENGINEE Hit

CONVERTIONAL RAZLWAY TRACK

E
i

D200 DI 13 I I PO 62 s 0 3 et Bt ot b et o

UPR LN OQIATNPWUN=OOONON LN~



L6

22

23

59

60

61

- 33

DO an

888

201

a3

QPARTMEth'/ 28
S T B, IUNIVERSITY OF ILLINCIS:s URBANA.V// 29
6 8 2,30R4//7/77% L 'NUMBER (OF PRUBLEMS IN THIS RUN=?',13) 30
OO 20 K=loNPRCB. . - . [ [ e . 31
32
ERRCOR=0.0 ’ 33
READ(NINSZ) (TITLE(I)+I=1+20) 34
FORMAT(20A4) o B . o R £ - {
READ{NINs22) ANAL +ABCD 36
READININ22) RLTIEIWTIEsTTHICKsBDEPTHsSBODEPT+TSPACE +BTHICK ¢PHI 37
FORMAT(8F10.2) « 38
UPPPRER=TF ICKNESS: CF UPPER SUBGRACE LAYER ... . - .. 39 ..
READ(NIN+23) DEPTH+UPPERLCOLSNRR &0
FORMAT(2F10.2,215)} ‘ 41
IF(DEPTH«LT 60 e UR¢UPPER LT 0a0eeORLCOLLT0) ERROR=1.0 42
IF{DEPTHLT.0,0) WRITE(NOUT.59) DEPTH . - . 43 __
FDRMAT(' 'v'*****ERRGR***#*PROBLEM wWILL NUT BE SDLVED'/ &4
1 * ' TCTAL DEPTH OF SECTION 1IS*,F10e2¢' CHECK 1IT'/) 45
IP(UPPEH.LT 0.0)WRITE{NOUT+60) UPPER 46
FORMAT (¢ o "xx%%XERROR %%k 2PROBLEM wILL NQT B8E SOLVED'LMMﬂMMhW_A“wm47m -
1 ¢ S L,'DEPTH GF UPPER SUBGRADE LAYER IS'"sF10.2¢"' CHECK 1T/} 48
IF{LCOL LT O)WRITEINQUT.61) LCCL 49
FORMAT (¢ ' %% %ERROR*¥%¥PROBLEM WILL NOT BE SOLVED'/ S0
1 ¢ *,8NUMBER OF VERTICAL BCUNDARIES 1S +16s!' CHECK .IT1/] S1 ...
WRITE(NOUT8) (TITLE(L) +1I=1:20) 52
FORMAT ("1 v, 2kE%kki®,20A4, "%k%%%k//) 53
WRITE(NCUT33) ANAL;RLTIEehTIEoTTHICKoTSPACE.BDEPTH’SBDEPT 54
FAORMAT (* ', 'TYPE QF ANALYSIS=? F7.2// . - B
* ’ "'GEDMETRKCAL DATA'/' ¥y e e — - ty/7 56
1 ! OV LFTIE LENGTH=S' gF7.2e5X8TIE WIDTH=! 4F7 e¢2:5Xs *TIE THICKNESS“’ 57
2eF7e2+8Xs'TIE SPACING=?4+F742/ i S8
3 ¢ L 'EALLAST DEPTH GIVEN='® F7,2/. . S, . S9 . ._.
4 ¢ V,9SUBBALLAST DEPTH GIVEN=?' F7.2/) : 60
WRITE(NOULT:888) PHI BTHICKsDEPTHUPPER 61
FORMAT(*® ', t%%kk ANGLE OF SPREAD PHI ISt'.F6.2/ 62
1 ¢t e xkx EFFECTIVE LENGTH OF TIE UNCER EACH RAIL IS9,FlQ.2/ . 63
2 OV, v kx%TCTAL DEPTH QOF SECTICGN REQUIRED IS +F8.2/ 64
3 ¢ ¢,k DEPTH OF UPPER LAYER OF SUBGRADE IS '".F8.2/) 65
CONVERT PHI TO RADIANS 66
. PHI=PHI*22s0/(70%180.0) . . e [ < I 4
NCOL=27 68
IF{ANAL «EQs10) NCOL=13 ) 69
IF(ANAL sEQe3.0) NCOL=L3 . 70
IF{LCOL.GT0} NCOL=LCOL . U - —— Ty
FORMAT(1IS) 72
MESH IS CALLED TO PREPARE THE STANDARD GRID USING THE NCOL AND 73
DEPTH VALUES FUR EITHER TRANSVERSE OR LONGITUDINAL ANALYSIS Ta
CALL MESF{DEPTHSNCUTNIN) . e _ DY 4.+
INTEGER [INPUT CONTROLS ;?
NNDEPT=NCEPTH+1 . ‘ 78
I0UT=1 e e e e 79
NCRD=2 80
NGENS=3 _ at
o 82



26

C

a¥alaXe!

NUMEL = {NNDEPT-1 ) *{(NCOL-1) 35
NEX=NGENS*NUMEL 86
MAXNP=NDEPTH+2+1 . Y - & SO
WRITE(NOUT»21) NNDEPTNCOL »s NUMEL s NONP 88
FORMAT (* *,/0 9 ,'NO, OF HORIZONTAL BCUNDARY LINES='.15/ 89
1 ' ".'NO. OF VERTICAL BOUNDARY LINES=',I5/ 90
-2 ' 's'NQ. OF ELEMENTS USED=*4IS/ . . o . __ R T | GO
3 ® '2'N0Oe OF NCDE POINTS USEC=%,15//) 92
) 93
NNODE2=NNODE#NNOJODE 94
e e NS X XEMAXNER (NONP+L) . . - e 95
N1=NDEG*NNODE . 96
ISXX=1] 97
ICORD=ISXX+NDEG¥*NDEGRNSXX g8
IET=ICORD+NCRD*NONP - S ememie e e L e L Q9
IDATAL=TET+NUMEL 100
IPL=IDATAL+NUMEL 101
ITD=IPL+NDEG®RNCNP : 102
ITF=ITC+NDEG*NONP . e S 1 ¢ 3 SR
IEX=ITF+NDEG%®NCNP . 1C4
IPSR=IEX+NGENS*NUMEL 105
IDEN=[PSR+NUMEL 106
ISIGXX=IDEN+NUMEL . S . ——— YO
ITX=ISIGXX+NGENSENUMEL 108
[IPPSTR=ITX+NDEGANGNP 10
ITYPE=IPPSTR+NGENSXkNONP 11
[FVARS=ITYPE+NUMEL e e e m e N 11
COMPUTATICN AND ACORESSING OF INTEGER ARRAY 11
IMAXCQO=1 11
INAP=INMAXCO+NONP 11
INPI=INAF+NONP . e et o - —-11
INP=INPI+NNUDEXNUMEL 11
INUME= INP+MAXNP%*NONP i1
INPNUMS [TNUME+NUMEL 11
INPBC=INPNUMENC NP S R . T |
IFINTS=INPBC+NDEG%NONP 12
12
WRITE(NUUT+9) IFVARS,IFINTS 12
FORMAI(' o 'FLOAT VECTOR LENGTH=',1745SXs/INTEGER VECTOR LENGTH=', 12
1 177 12
XF(IFVAFSoLToIREALoANDoIFINTS-LToINTGR) GQC TC 31 12
WRITE(NGUT +32) IREAL.INTGR 12
FORMAT(//% ', tk%k%k* PROBLEM WILL NOT BE SOLVED ¢/ 12

21

32

31

NONP=NCOL%XNNDEPT - S ) o m"”.“‘>q84“.

1 ¢ +,'DIMENSIONS OF VARS AND INTS IN MAIN OF *4217¢5Xs'ARE LESS T128

2HAN REGUIREDY//) 129
ERROR=1.C 130
CALL CONTROL PROGRAM - . R SN 3 §
CALL CONTRO(NNCDE2 ¢NCRDyNUMEL s NNCDE s NDEG s NGENS s NONP ¢ MAXNP s NS XX » 132
1 N1+sVARS{ISXX}»VARS({ICORD} «VARS(IET) sVARS{IDATAL)+VARS(IPL)» 133
2 VARS(ITO) yVARS(ITF) s VARS{IEX)yVARS{ IPSR)+s VARS(IDEN) s VARS(ISIGXX)»1 34
3 VARS{ITX}) s VARS(IPPSTR) s VARS(ITYPE }s. - B o L3S
4 INTSCOIMAXCO) s INTSOINAR) s INTSUIANRPL) o INTSCINPI v INTSCINUME) » 136
S INTSCOINPNUM) s INTSCINFBC) s ERROR s NEX ) %gg

WRITE (NOUT,11) - S e b

NOQPLUN=OOVETNOOPLPLN»"OWO



£6

T 11 FORMAT(///741Xs  %%%k%* END CF PRCBLEM %%k 1)
20 CONTINUE

RETURN - C e e e - e e
END

i STANCARD TRACK) LONG.ANALYSIS

! 260 - - - - e

! 96 e 8e Te 1200 20, 180 10.0
]
1

O
H&-»'—‘rs:
L P
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27€.0

300€0000. G4 G 1250000, 0.20 22%.0 999999,
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