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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 Illinois. 

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 l) 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 

type, 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 levels 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 on the entire research program. 

i i i 

G. C. Martin 
Director-Dynamics Research 
Principal Investigator 
Track Structures Research Program 
Association of American Railroads 
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1.1 Introduction: 

PART 1 

USER'S MANUAL 

The finite element program was developed to evaluate the structural 

response of conventional railway 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 analysis 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 shows 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 is performed. 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. Constant strain triangular elements 

can also be used to incorporate sloping ballast shoulder. 

1 . 2 Mode 11 i ng: 

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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Figure 1. A Typical Longitudinal and a Typical Transverse Section 
of a Conventional Railway Track Support System. 
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i' converted into an equivalent spring constant. Presently·, standard meshes 

are used, that for the longitudinal analysis being dependent on tie spaciRg 

and tie width. Typical element and nodal point numbering is shown in Figure 

4. 

A pseudo-plane strain state is considered for the ballast and tbe 

subgrade. The plane strain state generally distributes the load in two 

directions only and thus severely restricts the diminishing of the stress with 

depth as would be expected under the actual track system. In a pseudo-plane 

strain analysis, the finite element thickness is allowed to increase with 

depth to simulate 3 dimensional stress distribution with depth. The pseudo-

plane strain state is shown in Figure 5. 

1.3 Material Characterization 

Granular and fine-grained materials exhibit, under repeated loading, 

strength characteristics that depend on the state of stress existing in the 

material. This response, termed the resilient ~esponse can be evaluated in 

the laboratory as follows: 

a. Ballast Material (Ref. 2), Figure 6 

wher'e: 

ER =resilient modulus= repea~ed deviator stress . 
elast1c or recoverable stra1n 

e = sum of the principal stresses = 0
1 

+ 02 + 03 
= 01 + 203 in a triaxial test 

K1, K2 =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 (0d = 0
1 

- 03). At higher values of 
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Tie 

L = effective bearing length 
of tie 

w = width of tie 
t = thickness of element in 

plane strain analysis 
t' = thickness of element in 

pseudo-plane strain 
analysis 

¢ = angle of distribution 

a) Transverse Analysis 

Roil 

I 

t 

b) Longitudinal Analysis 

Figure 5. Pseudo~Plane Strain Approximation. 
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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: 

K 
ER = K1 (e) 2 

The above type of material characterization is incorporated 

into the finite element program. Three types of non-linear analysis techni

ques can be used to incorporate stress-dependent material characterization. 

These techniques are: 

l. Additive Incremental Loading. The load is divided into 

equal increments and at each step an increment of load is added to the 

previous step load. For example, in the first step only one increment 

of load is used and in the second step, two increments of load are used. 

Initial moduli values are assumed for the stress-dependent materials and 

are used to solve the problem with the first load increment. After the 

total load 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 load increment. 

2. Iterative Loading. The full load is applied for each itera

tion. Moduli values are assumed for the first iteration ahd 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 

9 
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load 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, 8, for the granular materials, 
and the deviator stress, ad' for the subgrade soils. 

1.4 Failure Criteria 

Failure criteria is incorporated in terms of: 

1. minimum value of the minor principal stress, a
3

, for the 
granular materials, (tensile stress taken as negative), 

2. maximum principal stress ratio, jcr,Jcr31, for the granular 

materia 1 s, and, 

3. maximum shear stress (cr1 - a3)!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 longitudinal 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 
line of the section. 

Due to loading symmetry, the nodes along 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 along 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 loading symmetry in the transverse direction, only half the 

transverse section is considered in the modeling and analysis. Loads are 

input as point loads and deflections 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 explained 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 

Relationships 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. 

[~ {u} = {p} 

12 



The overall structural stiffness .matrix, [KJ is then formulated by super

imposing the effects of the individual element stiffness using the topo

logical or the element connectivity properties of the structure. The 

overall stiffnes~ matrix is used to solve the· set of simultaneous equati&ns 

of the form: 

[K] {U} = {P} 

where 

{P} =applied nodal forces for the whole system 

{U} = resulting nodal displacements 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 ran~es from 0.35 to 

0.45. 

2) The assumed initial moduli values can be evaluated as 

follows. 

a) For the incremental loading techniques, the initial 

moduli values can be obtained 

Initially assumed moduli ~ 

as follows: 
Expected final 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 em) and that the 

angle of distribution for pseudo-plane strain consideratioq, 

¢, be equal to 10 degrees. 

13 



where 

4) Low modUli values should be used when elements fail, i.~., 

satisfy failure criteria. Su9gested failure moduli are 

4000 psi (27579 kN/m2) for ballast and 100 psi (68g kN/m2) 

for subgrade. 

5) Use of constant modulus value is suggested for stabilized 

layers. This can be incorporated as follows: 

ER = KONE (e)KTWO 

KONE = constant modulus value to be used 

KTWO 0.0 

6) The subgrade can be separated into an upper layer and a lower 

layer. The upper layer of the subgrade should not exceed 30 in. 

(76.2 em). Different material characterization cah then be 

used for the two subgrade layers. 

1.9 General Flow Chart 

l. 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 respective elements as shown 

in Figure 8(a). The elements containing the diagonal shoulder line should 

then be converted to constant strain triangular elements (see input data card 

types 8 and 17) and the rectangular elements above the sloping shoulder line 

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

of zero (see input data card types 8 and 17), as shown in Figure 8(b). Also 

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

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

18). 

1 .11 Data Requirements 

a. Ra i 1 

l. 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) (in4) 
3. Effective tie bearing length under each rail (in) 
4. Modulus of elasticity (psi) 
5. Poisson 1 S ratio (for Transverse analysi) 
6. Tie spacing (in) 

c. Ballast or Subballast 

1. Depth of ballast or subballast (in) 
2. initial modulus to be used (psi) 
3. Resilient response model (psi) 
4. Poisson 1 s ratio 
5. Failure criteria (psi) 

15 
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d. Subgrade 

l. Total depth of section (including ballast/subballast) 
to be analyzed (in) 

2. Depth of upper subgrade layer (if to be considered 
as a different mater~al) (in) 

3. 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 

1.12 Output: 

l. Magnitude of point load (lb) or point deflettion (in) 
and its distance from the centerline of the section 
to be analyzed. (Note: Since symmetrical loading is 
corisidered, only loading on one side .of the center
line should be input). 

The output given by the computer prog~am is: 

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

2. Rail deflection and tie deflection (at appropriat~ node 
points) (in) 

3. Tie reaction (lb) 

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

oxx(SIGXX) -horizontal stress (psi) 

oyy(SIGYY) -vertical stress (psi) 

Txy(TAUXY) - shear stress (psi) 

ol (SIGl) - major principal stress (psi) 

03 (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 

Yxy(EXXY) - shear strain 

1.13 Material Type 

The material types used in the computer program are designated 

as follows: 

Ba 11 ast 

Subba 11 ast 

Lower (or the only) subgrade layer 

Rail 

Tie (as two-dimensional body) 

Upper (if any) subgrade layer 
Tie (as beam, for the length of tie) 

Tie (as beam, beyond the length of tie) 

Constant strain triangular element 
for sloping ballast shoulder 

Constant modulus material for 
rectangular elements only 

1.14 Present Usage 

Material T~pe 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

At present it is recommended that the 11 iterative loading 11 scheme 

be used for the 11 Stress-dependent 11 analysis with failure criteria checked 

for at the end of the specified number of iterations (see data 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. 
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INPUT DATA STATEMENTS 

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

detailed below. 

Data Card Type 1 

/ 
NPROB 

15 

NPROB 

5 

Number of separate problems to be solved. 

The following input is repeated for NPROB times. 

Data Card Type 2 

/ If~-------, 
Title (1) Title (2) Title (3) Title (20) 

( ( 
I 1. 

A4 A4 A4 A4 
) I 

4 5 8 9 12 76 80 

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

Data Card Type 3 

ABCD 

F 10.2 

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-1 inear (stress dependent) scheme to be used (See Sec 1.3) 

0.0 for additive incremental loading 
1.0 for full-load iterative loading 

= 2.0 for equal-step incremental loading 

Data Card Type 4 

/ 

RLTIE WTIE TTH I CK BDEPTH SBDEPT TSPACE BTH I CK 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 

10 11 20 21 30 31 40 41 50 51 60 61 70 71 80 

RLTIE Length of tie, in 

WTIE Width ot tie, in. 

TTH I CK Thickness of tie, in. 

BDEPTH =Ballast depth, in. 

SBDEPT 

TSPACE 

BTHICK 

PHI 

Subballast depth, in. 

Tie spacing, in. 

Effect bearing length of tie under each rail, for 
longitudinal analysis in. 

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) 1 ayer 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 = 0 

Number of vertical boundaries used 13 for transverse analysis 

27 for longitudinal analysis 

Data Card Type 6 

~TS (4) 

F 10.2 

10 11 

ETS ( 4) 

DATA(ll) 

ETS(5) 

PSRS(5) 

DATA(22) 

DATAll ETS(5) PSRS(5) DATA22 Tl EKK 

F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 

20 21 30 31 40 41 50 51 

Modulus of elasticity of rail steel, psi 

Mome~t of inertia of rail section, for longitudinal 

ana 1 ys is, i n4 

Modulus of elasticity of tie, psi 

Poisson 1 s ratio for tie 

Moment of inertfa of tie section for transverse 

analysis consiqering tie as a beam, in 4 

TIEKK =Spring constant used in transverse analysis considering 

tie as a beam, psi 

Data Card Type 7 

/ 

60 

BONEl BTWOl ETS ( 1) PSRS(l) BONE2 BTW02 ETS(2) PSRS(2) 

F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 

10 11 20 21 30 31 40 41 50 51 60 61 70 71 80 

BONEl andBTWOlare the constants of the resilient response model obtained 

from the laboratory testing of ballast, viz. 

21 



ER =BONE! ( 8) BTWOl for Ballast (units-psi) 

ETS(l) = Initially assumed modulus for ballast, psi 

PSRS(l) =Poisson's ratio for ballast 

BONE2 and BTW02 are the constants of the resilient response model obtained 

from the laboratory testing of subballast, viz. 

ER = BONE2 ( 8) BTW02for subballast (units-psi)· 

ETS(2) = Initially assumed modulus for subballast, psi 

PSRS(2) =Poisson's ratio fqr subballast 

Data Card Type 8 

/ 
NPOINT 

15 

5 6 

NPOINT 

JPOINT 

JPOINT NCST NSUBL NSUBU 

15 15 15 15 

10 15 20 25 

Numbers of points for the lower (or the only) 

subgrade layer resilient modulus curve data points 

between 2 and 8 = 3 if NSUBL is l. 

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 ER vs aD relationship is used for the lower (or the 

on.ly) subgrade. 

= if ER = K(8)n relationship is used for the lower (or the 

only) subgrade (e.g. for sandy subgrades) 
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NSUBU 0 if ER vs o0 relationship is used for the upper 

(if any) subgrade 

1 if ER = K(8)n 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(I) DEV ( I) No. of data cards = NPOINT 

F 10.2 F l 0.2 

10 ll 20 

RMOD(I) Resilient modulus value for the lth data points, psi 

UDEV(I) Deviatoric Stress (o1-o
3
) value for the lth data point, 

psi (I goes from l to NPO I NT) 

If NSUBL l, the following resilient modulus relationship is used 

(e.g. for sandy subgrades): 

Then, 

E = BONE (8) BTWO 
R 

(units-psi) 

RMOD(l) 

DEV ( l) 

RMOD(2) 

RMOD ( 3) 

= 

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) 

I .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 1!o
3 

for the sandy 

subgrade, psi 
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DEV(3) SIGMN 

Minimum allowable principal stress, 0
3 

for 

the sandy subgrade, psi 

Data Card Type 10 

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

modulus curve data points (JPOINT data cards). 

/ 
UMOD (I) UDEV(I) 

No. of d ata cards JPOINT 

F 10.2 F 10.2 

10 11 20 

UMOD(I) Resilient modulus value for the lth data point, psi 

UDEV(I) Deviatoric stress (0
1
/0

3
) value for the lth data point, 

psi (I goes from 1 to JPO I NT) 

If NSUBU 1, the following resilient modulus relationship is used 

(e.g. for sandy subgrades): 

Then, 

E =BONE( 8 )BTWO (units-psi) 
R 

UMOD ( l) BONE 

UDEV ( 1) = BTWO 

Constant obtained from laboratory testing 

Constant obtained from laboratory testing. 

UMOD(2) 

UMOD(3) 

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, 0 1/0
3 

for the 

sandy subgrade, psi 
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UDEV(3) SIGMN 

Minimum allowable principal stress; o3 for the 

sandy subgrade, psi 

Data Card Type ll 

/ 
ETS (3) PSRS (3) ETS (6) PSRS (6) 

F 10.2 F 10.2 F 10.2 F 10.2 

l 0 ll 20 21 30 31 40 

ETS (3) = Initially assumed modulus for the lower (or the only) 

subgrade layer, psi 

PSRS (3) 

ETS ( 6) 

Poisson 1 s ratio for the lower (or the only) subgrade 

layer 

lniti~1ly assumed modulus for the upper (if any) 

subgrade layer, psi 

PSRS '(6) = Poisson 1 s ratio for the upper (if any) subgrade layer 

Data Card Type 12 

/ 
AMXSR l S I GMNl. EFAIL1 AMXSR2 SIGMN2 EFAIL2 BFLAG 

F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 

CFLAG 

F 10.2 

l 0 ll 20 21 30 31 40 41 50 51 60 61 70 71 

AMXSRl 

SIGMNl 

EFAI L l 

AMXSR2 

SIGMN2 

MaximUI)l allowable stress ratio, 0/03' for ballast 

Minimum allowable minimum principal stress, o
3

, 

for ballast, psi 

Failure modulus for ballast, psi 

Maximum allowable stress ratio, o 1;o3
, for subballast 

Minimum allowable minimum principal stress, o3, for 

subballast, psi 

25 
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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. l if failure criteria is to be used in the final 

step 

2.0 if failure criteria is not to be used 

Data Card Type l 3 

~AU SUB EFAIL3 UTAUSB EFAIL6 

F 10.2 F 10.2 F 10.2 F 10.2 

10 ll 20 21 30 31 40 

TAUSUB =Maximum allowable shear stress for the lower (or 

the only) subgrade layer, psi 

EFAIL3 =Failure modulus for the lower (or the only) subgrade 

layer, psi 

UTAUSB 

EFAIL6 

NOTE: 

Maximum allowable shear stress for the upper (if any) 

subgrade layer, psi 

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

psi 

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 

I ( l NDSPEC NFSPEC I NSTEPS NFI X 

I 15 
' 

15 15 15 ! 
l 

5 6 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 

NFI X Number of fixed degrees of freedom (displacements). 

This is used to fix nodes a specified amount in a 

given direction. Used primarily when using CST 

e 1 emen t s (See Sec. l . l 0) 

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

/ 
RLOAD ( 1) DIST(l) 

No. of data cards "' NFSPEC 

F 10.2 F 10.2 

10 11 20 

RDISP(l) =Magnitude of lth point load (vertical), pounds 

DIST(l) =Distance from center line of the lth point load, in. 

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

/ 
RDISP(l) DISTl(l) 

No. of data cards = NDSPEC 

F 10.2 F 10.2 

. 1 10 11 20 
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RDISP(l) Magnitude of lth point displacement (vertical), in 

DISTl(l) =Distance from center line of the lth point 

displacement, in 

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

TYPE ( NECST) 1 ETMM No. of data cards NCST 

15 F 10.2 l F 10.2 

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 11 1 inear 11
) 

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) 

/M 

15 

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

i 

I N TD(N, M) No. of data cards = NFIX 

I 
Repeated (NSTEPS + 1) times 

15 F 10.2 

5 6 10 11 20 

M Node number whose displacement is to ·be fixed 

N Direction of displacement to be fixed 

= .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 A~DC = 0.0 (for additive 

incremental loading) 

TD(N, M) = TD(N, M) X N 
NSTEPS 

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. 

If ABCD = 2.0 (for equal-step incremental loading) 

TD(N, M) = TD(N, M)T ~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 lb/yd (68 kg/m) rail 

Moment of Inertia: I = 94.90 in4 (3954 cm4) 

Modulus of Elasticity: E = 30,000 ksi (207,000 MN/m2) 

Ties - Timber ties 

Width= 8 in. (20.3 em) 

Thickness= 7 in. (17.8 em) 

Length = 8 ft (2.44 m) 

Tie Spacing = 20 in. (50.8 em) 

Compressive Modulus = 1 ,250 ksi (8618 MN/m2) 

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

Ballast- Crushed stone ballast, AREA #4 Gradation 

Resilient Response Modulus: ER = 5082 (e)
0 · 58 

Initial modulus used= 30,000 psi (207,000 kN/m2) 

Poisson's ratio: 11-= 0.35 

Ballast Depth= 12 in. (30.5 em) 

Subballast - none 

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

]l = 0.47 

Resilient Response Curve Data: (Average Subgrade) 

33 



0.1 (0.7) 

6.2 (42.8) 

36.2 (249.6) 

ER' psi (kN/m
2

) 

14820.0 (102180.0) 

8000.0 (55160.0) 

2900.0 (19990.0) 

Initial modulus used = 5,000 psi (34,500 kN/m2) 

The following failure criteria is given: 

1) Maximum stress ratio, a1!a3 , for ballast= 10 

2) Minimum compressive stress, a3
, for ballast = 0 psi (0 kN/m2) 

3) Maximum shear stress, (a1-a3)/2, of subgrade = 25 psi (172 kN/m2) 

(The failure criterion that tie springs cannot take tensile loads is 

incorporated in the computer program). 

The loading to be used in the analysis consists of two trucks of two 

adjacent freight cars, each car having a gross weight of 240,000 lb (108800 kg), 

thus giving approximate wheel load of 30,000 lb (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 em). 

Example 2: 

Given: 

For the track support system given in Example 1 perform a transverse 

analysis at a 11 Critical 11 tie. The maximum tie deflection (at the 

surface of the ballast) of 0.1025 in. (2.6 mm) obtained from the 

longitudinal analysis is to be used as input. Consider tie as a 

beam resting at the surface of the ball~st. 

Additional data required for the transverse analysis follows. 
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Tie 

E =Compressive modulus= 1,250 ksi (8618 MN/m2) 

I = 229.0 in4 

TIEKK = Spring constant used in the transverse analysis 

considering tie as a beam= 999999 lbf/in./in. 

Rail-tie intersections are 60 in. (1.52 m) apart.· 

(Note: Standard gage is 56 l/2 in. (1.44 m)) 

Computer Inputs for Examples 1 and 2: 

(see following pages). 
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Date: 
11 21 31 41 51 61 .71 80 

--JNYKUi 

T~~F\~l>U 1- (..0 ~6:•rubi.V ~ ANA l-'i~l! 
!ANAL A&C.D 

2·0 0•0 
RLTIE IITIE

8 
TTH!CK BDEPTH SBDEPT 'rn'ACE() llTHrCk PH! ,,.o •0 7·0 rz .. ·O o•O 7,...0• '8·0 10•0 

DEPTH UPPEr. LC~ "2..7!;·0 0·0 
ETS(_4) OAT All ETSi_Sl PSRS(S) DATA2Z \IEKK 
l•DOOOOD· ~ ..... ~ t'Z.I:'004'0· - .,..- -BOHEl BT\101 ET~(] ~ PSRS(lJ BONE 2 --eflm tT5T2T P51B(2J 

S'OQZ•O o·S""S ~0000·0 o.~s- - _.. _.. _.. 
NPOJNT JPOINT Ncs:TjNS<&!.. NSVfW 
~ - ---PJ1~~1i DEY{!) 

UO•O Ghl 

8ooo.o (·2 

?.900·0 'S6·Z 
UMUU\1) 1\iU~Y\1/ 

=t 
, -- - lf ( "S?CI~I '70) - -

ETS(3)-"0Q(). PS~~llt- 7 ETS(6) PSRS(6) - -AHXSRl/O• Q 51~1 EFA!ll AMXSR2 SIGI1N2 EFAIL2 &FLA(,. 'FUC... 0.0 4000•0 / - - - -TAUSU!..S'o Q EF~I~JO•O UTAUSB EFA!L6 - -NOSPEC NFSPEC NSTEP~INF\){ 
0 l- l 0 

RLDA~{}l_ 
30000•0 

DIS:(~) 
4-0oO 

1000·0 110.0 
RD!SP(I) DIST1 { l) ,.., -,.,... -Nf(~l T'IP:?(NE(>T)j ETMM ~ If ( t-J.CS.:f > 0) , , . -

I. J -- ..- -M r.a 

<>~M1} - - ff(Nf(X ..>O) RE:PfAT ('JSIEP~ Tll)'ti-.,... - ----
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Date: 

11 Zl 31 41 51 61 71 80 
I NPROS I 

:1.1 I I I I I 
T\!1-E 
ex~t'I\Pl. ~ '2.- Tit F\NS.V&~.S. (;' A-1\)ft ju.t 'l.i 

llll't"'- "1.· 0 ABC.:O 
o.o 

RLTIE WTIE 
8 

TTHICK BDfTH SBDEI'T TSPACE B~a-- PHI 
~6·0 ·o 7·0 2•0 0•0 'l.O•O I •0 10•0 

DEPTH UPPER LC!l. 
~7~·0 o·O 0 

ET~\!l OAT All ETS_(S) PSRS(S) OATA2Z ~~~~_9.0 300000(1(). -'4 ,g f:iiSOOOOoO ..,.., Z"Z.!hO 
BONE I BTWOl ETS(l) PSRS\.!_)_ BONE Z 8002 tTSll) -1'51!5T2T 
s-oe2.o o. s:-s :JOOODoO 0•3~ - - - -NPOINT JPOINT NCSTIN5Ul\l. NSUSII 

3 ~ ... - .... 
RMI~ 120·0 

DEY(!_) 
Ool 

eooo.o 6•1. 
2900·0 'l6o2. 

,UMUD(I) \jUlY(!) 
~) - -- - ,. lf ( ""S?01~\ '70) - ,... 

ETS(l~OOO•G PSR~~)4f-'7 ETS(6) PSRS(6).., ,-
AMXSRl S!Gitll EFA~~ ,, AHXSRZ SIGMN2 EFAIL2 &FlA6t CF~~ 

ID•O 0•0 ODD• ~ .., - - -TAUSUB'Z~•O EFAIL3 UTAUSB EFAIL6 
100•0 - -NOSP~I NFSPEb NSTEPS N Fill 
3 0 

RLOAD(I) DIST(I) - -- -ROISP(I) OISTl (I) 
C•lO;t~ ~o·O - -

NH~T T'lf>f(t-IE{<,T) I:TMM 
~ I f ( t-J.CS.J > 0 ) 

... - -.;.- J 
-- ,... 

I I I I 
M N 'TJ)(,, M) 

} , - - (f ( N f'Ot ;>-0) RfPEAT NSiff'~ ll[)'t.i-- , ,... 
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Typical Computer Output: 

The following pages give the output for Example 1. The output for 

Example 2 would be similar in form. 
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··--------·-·· . - , .. ·- ·-·· -.. -·· --- -- . 

·~~~·~~~~··••*******•*~~··•••*••****•************•••~••******•*****•••············~~··········•*********•~··········~··* 
STRLCTURAL A~ALYSIS FRCG~A~ FCR CCNVENTIO~AL ~AIL~AY TRACK SYSTEM - ILLI-TRACK - ~E~SION 2 
DEVELOPED BY THE TRANSPORTATION GROUPo CIVIL ENGI~cERING DEPARTM~NTo 
UNIVERSITY CF ILLINOIS. LREANA. 

-Hi~:+~. >I+ .-;:;·~~~;-.;;·;.;,_-i;j;-,j.*t-;;;***;:.0**** -l<:t.""*********"***********>l*-*'1;-;;**,;j;;j;-;,_4:****-**.**4 4 *********-************••* *********U******* 

NU~6ER CF F~OeLEMS IN THIS' RUI\= --1-•. -------- -----------~-------------------------------·-

-----· :+ ..• "=4'!- S.TA~DAFD TRACK.o .... LON.G.~ ANALYS.l.S ___ ----·------ -------~··-~-·-...:..__ -- ---· 

TYFE CF PN~LYSIS= 2.00 
- ---- --·----·- ---- ----------·----

GEQ.\-If:TRICAL DATA 

_____ __r .l.E _LL'IG.T H= ... _ Sc •. 0 .C .... ___ .TIE ~IID.T.H= __ __a_.QJ} ___ -~LE._l.til.CKNE.S.S~ __ J__.__o_o_. _.....I..l.E_..sE.A.C.l.t-1{;.=: ____ ..2._Q_o.J:_Q ___________ .... 

..j:>, 
o 

BALLA~T CEPlH GIVEN= 12.00 
SLEEALLA!T CEPTH GIVEN= 0.0 

__ .. -~ t" A~, GLE · cr ~Pkc' A~ , f'HI IS . ~0. 00 ..... __ . __ ....... _ -------------------·--·---- ____ . 
t'>l< EFfECTivE LEt,IGTH OF TIL vl\lJ::K eACH !~AIL IS 18.00 
•6~TCTAL C~~Th Of SECTION ~EQ~IREO IS 27~.0C 
~-~ C~Pl~ fF UP?E~ LAYER OF S~BGRADE IS CoO 

-. --··- - . --·-· ·--· -· - ·-. -·-~--·---------·- ---------·--------- ---------------------------------- ·--·- --· 

VERTICAL G~ID LINES 
---------- ----------- ----··- -- --·- --

;:;( 1)= o.o 
;;<( ::1= 4.C() 

----------- fi (__ J) = ______ tl. co----------------
f;( 4)= 12.C'J 
R ( ': l = 16 • C') 
R( e)= ?.O.t:O 

-----------~.( 7)= __ ?.4.00 _____________ _ 
;:<( El= ?~.O·J 
~-~ ( <; ) = 32. ( c 
~ ( 1 c ) = 3f) • c J 

____________ R( 11 )= ___ .. 40 .C-') ___________ _ 
1'(12)= <;4.00 
s ( 1::) -= 52. c c 
f;(!4)= 60.00 

__________ r; ( 1 '5 )= ____ 70_.co __________________ _ 
~ll-"l= eo.oo 
R(l7l= SO.Cf'J 
~(it:}.::: lOGeO·J 
R Z .! ; l .oc ___ I I Q • (: t;. __ _ 
f;(2Cl= 12J.CO 
R(21)= 130.('0 
R(22l= l/IO.CO 

______ !=<_( 2::) = ..... 1 cO. C C .. 
f<(24)~ 11J0.00 
R(25J= 200.00 
R(2f.)= 220.00 
<.1:>7l= ::> ... 0.01) 

------·--------· -- ---

------------ ---·-----------



HCRIZC~TftL GRID LINES 

Z( 1l= 7.00 
Z( 2l= 0.0 

---------2(. .2 l :;_ ... .,-4. C:l. 
zc 4l= -a.oo 
Z( 5l= -12.00 
Z( el= -18.CO 

_J. L 7 )-=;. ___ -24 •. on __________ _ 
z< El= -36.oo 
Z( <;): -48.00 
Z(lCl= -72.00 ________ z c 11 l=--- -s6.oo .. 
Z(12l= -120.CO 
Z(l.3)= -170.CC 
2(14)= -220.00 

--------- ZL 1!: >=. -270 .• CO. 
Z(lel= -370.CO. 

~Go CF h(r,JzC~TAL BOUNDftRY LI~ES= 16 
--------~~ .__ C.f'C_ V E..fiT. I CAL. .. £l C.Uf'.:DARY_ L.JN.E $..=.____21'_ ______ _ 

~C. CF El~~ENTS U5CD= 3<;0 
~C. CF ~CD~ POINTS USED= 432 

M~TERIAL DATA 

. ------·-- ----- -------·- ----~---RAIL 
~AIL MCOLLUS OF ELASTICITY= 3CC~COCOoOO 
~AIL SECliC~ MC~~NT CF I~ERTIA= 94.90 

~ ...... 
_____ Tl E 5 .. . .. ------ --·- · 

TIE CC~P~F3S!VE ~CD~LUS~ 125800Co00 
TIE SECIIC~; ~m:~C:~T Or !t--ERTIA= 229.00 
TIE FCISSCNS RATIU= 0.~0 

---- ..~. _____ SFh.l ~G _ _c.m,s T.ANL.USED. F CR .. T RANSVCRSE. ANALYSJ..S='----_:__<;5_9_95..2 •. 0_0 ____ _ 
OALLAST 

EJ.LL•;ST f;i:SIL!Et\T f'I[SP NSC 1JOC'EL -
f'I'LLAc;T Ir-ll !AL l>'c.!:::UL.lJ = 3000J .00 

-·-- ___ (;r'\LLP.'.:l PCl~SDi·J:: F.!\110 -·-----· 0 • .3~ 
3\.J::F:.\LL 1\:0 T 

:=t..:.:L ALL.~-- ST 
S :...,2 t· /', L L ;\ : ·r 

~- -.; IL I~_:_!\:T R~:.~_lPUNSE t.-tCUCL -
! !TI.4L f'..l'ODL..LLJS-= 50~CC.'JIJ 

5082.00(TrETAl**0•58 

~OOOC.OO(ThETAl~*C.O 

··-- ---~l.:~r\L.LA'.: T 
SUGC~ADE 

P. LS.S.C0.~- r.:,_r 1 C= ______ .. C, 25.. ________________________ _ 

~ FCI~TS FGR THE 5UE~hACC ~ESILIENT RESFC~SE CL~VE 
~Y~C OEV 

___ 1-:~ :.· ,~ ~~. .c --·----·--· ______ c. 1 o _ 
2c~c. c e.2c 
2SCC. C 3f..2C 

SU::GR/.Ci:: lNITl L MODULUS= 500~.00 
S\..ECRJIC.E_ F.Gl:':S h~_F.All.D= ______ ~0 ... 4.7 _________________ _ 

FAILUhE: CfdlE~!A 

BALL liS-, 
~AXIVL~ ALLC~A0LE ~Rl~C;PAL STRESS RATIO= 
~~~~~uw ALLC~ABLE MINIMU~ PRJ~CIFAL STRESS= 

----- __ f:,\ ILv>;t: _f,i_:.:D_LLUS_=-,_ ___ .:;00.0. OC _________ _ 
SUE[AU_AST 

10.00 
o.o 

~AXIMU~ ALLCWAnlE 
MINIMUM ALLCWABLE 
FArliJRF Mnr.LtlJC:,= 

PRINCIPAL STRESS RATIO= 999999.00 
MINIMUM PPINCIPAL STRESS= -20o00 
·~~n.tn 

-------·--· -

-----·-···· --··------

------------~ 

-'---------------

·------- ------- -----· -----



SU8GR~DE 
~AXI~U~ ALLC~A8LE SHEAH STRESS= 25.00 
FAILURE ~UDULUS= 100.00 

----- --~----· ·--------------------
ELEMENT CONNECTIVITY 

ELE~ ~0. NCDE-PTS ~NTI-CLOCK 
t r~ IT r AL i.iao:----p:-- f< ll'ilo--e"LE~--TYPE __________________________________ _ 

-----------L-___ .1 ____ _2. ---1 e.---· 17 _ ----.C. 300E 0 8 ___________ 0. 0 ___________ 4 .00 ____ -------·-
2 2 J 19 te Co3COE 05 Oo3!: loOO 
3 3 4 20 19 Oo3COE 05 Oo38 loOO 
4 4 5 21 20 Oo3CC~ 05 0.35 1o00 

__________ 5 ____ 5... _____ 6._.22.. ___ 21 ------ O. 80GE .04 _______ 0. 4.7 ______ 3.00 ________ ------------------------
6 6 7 23 22 O.~OOE ~4 0.47 · 3.00 
7 7 R 24 23 o.~C0E J4 0.47 3o00 
B 8 9 25 24 c.~COE 04 O.q7 3.00 _s _____ g ____ .1 o ____ 2 6 ____ 2 s __________ o. = c J E 04 ___________ 0. 4 7 _______ 3 .oo _ -··--

10 10 11 ~7 2~ o.~co~ ?4 0.47 3.00 
11 11 1~ 28 27 0.800~ ?4 Oo47 3oJO 
12 12 13 2<; 28 o.so~F 04 0.47 3.00 

______ 13 .. ·- .13 ____ 14 __ 3Q ___ _2 S _______ C. 5 COE J4 ________ Oo <; ] __________ 3 oOO 
14 14 15 31 30 O.~OOE 04 0.47 3o00 
J~ 18 16 32 31 0.SOCE 04 0.47 ~.OD 
16 17 18 34 33 C.30~E 08 0.0 4o00 

----- --- _ 1 'Z.. ___ :lt:L __ 19 .. ___ 35 __ 34. -·- ..... 0. 3G0 E 0 5.----- 0 ~ 35 _______ 1 oO 0 __ --------------~---------------- _____ __ 

~ 
N 

18 19 20 36 35 c.~COE 05 0.35 1.00 
14 20 21 37 36 C.3COE 05 0.~5 loOO 
~0 ~~ 22 JB 37 C,50CE 04 0.47 !oOO 
.<L .... £2 23 Jg_ ·_::;e ___ O.SCC'E ::14. _____ ... Co47 _____ 3.::10 __________ _ 
22 23 24 40 3~ O.SOCc 04 Oo47 !oOO 
23 24 25 41 40 0.5COE 04 Oo47 3.00 
24 25 £6 42 41 O.ScO~ 04 Oo47 3.00 

.2.5 ·-- 26 _____ 27. _____ 43 _____ 42 _______ 0. 5C')E 04 __________ 0. 4 7 ______ , .oo -------------·------------------
26 27 25 ~4 43 CoSCOE J4 0.47 3o00 
27 2E 2c; 45 '•4 o.::oct:: J<• C.47 J.oo· 
28 29 30 46 45 C.5COE 04 0.47' 3o00 

____ .. -----·- ;.t; ___ ~ ~- ___ .31 _____ '•7. __ 4 6 ______ C. !.::COE 04 --------- 0 .47. ________ 3 .00 ---------------------
30 Jl 32 48 47 c.soce 04 · o.~7 3.00 
21 33 34 50 49 C.3COE 08 C." 4o00 
:;;:: 24 35 51 50 O,JCt:-E 05 Ool5 1.00 

... JJ ______ .35 ..... Jf:: ___ 52 5L _______ O.~COE 05 ___ , ____ Oo.35 _______ .. _lo00 ______ _ 
~4 2~ 37 53 52 O.~OOE 0~ O.J5 1.00 
35 37 JB ~4 83 C.5~0C 04 Oo47 3oCO 
JE 2R 3~ 55 54 O.SCCf J4 0.47 J.OO 

________________ :.; 7 ____ :: c; ____ ,, o ___ __ j.s 6 __ __ s 5 _______ o. ~ r or:: ':14 __________ o. ~~ 7 _______ 3. co 
38 40 41 57 56 o,scot C4 0,47 J.co 
3~ 41 42 ~e 57 0.800E 04 0.47 3o00 
4~ 42 qJ 59 58 Q,500E 04 0,47 3o00 

________ 41 __ _4_~ ______ 4'+ __ 60 ___ 5<j _______ o. 50 0F. 1J4 _______ 0•.'! 7_ _____ 3.00 __ 
42 44 45 61 60 0.5COE 04 0.47 3o00 
4~ 4~ 46 62 61 Oo5COE 04 0.47 3.00 
44 46 47 63 ~2 C.500E 04 0.47 3.00 

__ 4"'--_'!7 ___ 41; __ 1,;_4__(>3 __ , __ '), 500E 04 _____ 0 •9-7 :;! •llO 
46 49 50 ce E8 0.3t.CE 08 0.0 4o00 
47 50 51 67 66 o. 300E 05 o. l5 louD 
48 51 52 68 67 0.3COE 05 0.35 loOO 

_______ ...!!.9 __ "'~2.__5 J __ fs __ ___D_ e _____ o_ ._ 3 o c ~;; __ o .5 o. 3 5 ______ 1 • o o 
50 53 5C 70 6S C.5DOE 04 Oo47 3o00 
51 84 55 71 70 Oo800E 04 Oo47 3o00 
52 55 56 72 71 0.500~ 04 0.47 3o00 

--·----·=:!. ___ -:_c ____ 5.7 __ 3J ____ -,2 ______ o ... c:;ooE .... 04 o • .. 4] ~ .• oo _______ ~--· _ _ ______________ . _______ _ 
~4 57 58 74 73 Oo500E 04 Oo47 3o00, 
~~ 88 59 75 74 Oo500E 04 Oo47 3o00 
5~ 5<; ~0 76 15 Oo500E 04 Oo47 3o00 
"'7 ~n ~, 77 7~ 0.c;nnF q4 n.47 ~.on 



~ 
w 

F,8 J' 7 O.~CvC 04 Oo47 3o00 
70 ~(:.'.7 o.:coE Od o.o 4.oo 
71 370 O.JOCE 05 0.35 1.00 
72 _3-fl _____ o •. ;GeE os ________ o. 35 _______ 1 .oo ______ _ 
73 372 Q, :!00E 05 0 •. ~5 1.00 
-,4 373 o.sooF 04 o.47 3.oo 
75 374 0.500l 04 0.47 3.00 
76. 375 -·· _ C • 50 0 E 0 '~ _ 0 • 4 7. 3. 0 0 _________ _ 
77 37f. o.~Cl-E 04 0.47 3,CO 
7ll 377 O.SCCE 04 0.47 3.00 
7Ci 371:3 Oo5COF J4 Q,47 3.CO 
8~ --- 379 ~ __ 0 • 5 C 0 E Q 4 . ___ __ 0 • 4 7 _ ___ . 3 • 0 0 
e1 J30 o.=oo~ 04 o.47 J,oo 
102 3101 C.~OOf 04 0.47 3.00 
83 3t~ 2 O.~OOE 04 Oo47 3.00 
c'• __ .3e:: -- ______ .o.:.:::: oc: o4 _____ o. '• 7 ------··· 3 .oo _________ _ 

34f 3f9 370 3E6 3H~ 0.200l OR O.C 4,00 E6 3H~ 
34 7 J 7 o 3 7 1 ::.e 7 J e c c. ;. co E c s .; • J s 1 • 0 o 57 J['(; 
24H 371 172 3~8 3R7 Q,?0~E n5 0.35 loCO 

__ ..349. __ .37?. .J-13 ___ .;E.:;. ___ 32E ____ ._0.3:'JC 05_-_____ 0 • .35 ______ _ 1.00 ·------------- --~- ·--. 350 313 374 3SO 3b~ O.SGLE 04 0,47 3.00 
351 374 37:0 3~1 3SO O.SOOE 04 0.47 3.00 
3~2 375 37~ 192 391 0.500E 04 0,47 3,00 
3!:.3. ___ _371':. 377 3S3 392 _________ O,!:'JOE Ot; ---·-----"•'•7 ____ 3.0J 
3~4 J77 37A 394 39? 0.500E 04 0.47 3.00 
35~ 378 379 JS5 3~4 O,SQCE 04 0,47 3.00 
3~6 379 380 3S6 3S5 0.5CCE 04 0.47 J,OO 
3~7 ____ JeO ... Je! ___ 3<,7 .. 3S6 _________ O. SJ'JE 0'+. ______ 0.47. _______ 3.00 ---------· 
35E 2d1 3e2 JSE 397 o.~OCE 04 0.47 3.00 
359 JE2 3l3 JSS 37~ C.5~0r 04 0.4? J.GO 
360 3E3 3E4 4CO 399 0.5C~E 04 0.47 J.OO 
Jt::L __ 3E5 __ 3E::6 402 .. _t,Ol ___ C.JCOE 08------ Q,J ····---· 4.0-J_ ---------· ------------- ----·---------. ---·- --3f2 3E6 JA7 403 402 O.JOOE 05 0.15 1.00 
3E3 .387 3b8 404 403 OoJC:E 05 0,35 1,00 
3f4 ~AS JES 4C5 4C4 O.JOJE 05 0.35 1.00 
3 ~ 5 _ 3 E g _ 39 0. 4 r) C . 4 J !S ~-- ____ .C • . :: (' 0~ 0 1+ -------. 0. ~ ·7 _______ 3. 0 ~ _ ·--- ____________________________ ··------ -·-···-·- ____ _ 
3c6 JS'l. 391 407 I;OG c.::c-ot-: 0'• 0.47 J,·Jo 
Jf7 291 192 4~E 4C7 ~.~2CE 04 Oo47 3.00 
JCE 3S2 393 4CS 40~ o.~0Gt 04 0.47 3.00 JcS_ ::s:: .. 394 __ 41 C __ .4 ':'>. _____ 0, 'i0·)E 04 _______ Oot+ 7 -----·- J ,1)0 ------- ----- -- ----- ------ ·- --- --- --- ---·- ----.---~70 ~~4 JS5 411 410 O.SOOE 04 0.47 J.JO 
371 3<;5 396 412 411 0.5JGE 04 0.47 3.00 
372 396 3S7 413 412 O.!:QOE 04 Oo47 3.00 

_____ ---·-·· .37J. 3 g 7 __ 3 gg ___ 1;14 . 41 3 ---·· ____ .0, :: 'J 0E ::l4 __________ 0.117 --------- 3 .0 0 ______________________ _ 
J]4 ~~d 3~9 415 414 Oo500E 04 Oo47 3.00 
375 39~ 400 416 415 o.snnE 04 o.47 J.co 
376 401 402 415 417 0.3C0E 08 0.0 4.00 _______ 377 ____ lJC2_ 403 ____ 419 41<3 _______ c),,JOOE 05 _____ Oo35 ______ 1.00 
378 40~ 4C4 420 419 0.3CCE 05 0.35 1.00 
37S 404 405 421 420 Oo3COE 05 0,35 loOO 
320 ~C5 406 422 421 0.50CE 04 0.47 3,00 --..: 8 l__ '+ c 6~ ___ 4 0 7__ .. 4 23 ___ 42. 2 _____ !). 5 :J 0 E 04 _____ 0. 1f 1_ _____ J. OQ ____________________ -----
3B2 4C7 408 424 423 c.soo~ 04 0.47 3.00 
283 4~e 4G9 425 424 o.sonE 04 o.47 3.oo 
384 4C9 410 426 425 0.500E 04 0.47 3.00 _________ 3<:5 __ 410 __ 411 __ .427. _426 ________ Q.500E 04 _______ 0.47 3,00 
3ee 411 412 428 427 o.scoE 04 o.47 3.00 
387 412 413 429 42E O.SCOE 04 0.47 3.00 
388 413 414 430 42~ O,SOOE 04 0.47 3.00 _________ .389 __ _1Ut; __ 41_5__ __ 43L_4JO. _______ Q,_500E_Q4 __ ___{)_,4_7 _,'3,0.0 
390 415 416 432 431 O.!:OOE 04 Oo47 3.00 

____ j:{Q_QE.___l>..O.... 

1 
s 

. ..C.O.OFJJH.hiULS..iHDRl-:V.E.R.J_L ____ _ 

o.o 
o.o 

7.CnOOO 
-1~.00000 

2 
n 

o.o 
0 .o 

o.o 
-18.00000 

3 
7 

o.o 
o.o 

-4.00000 
~24.00000 

4 
8 

I) e 0 
o.o 

-8.00000 
-36.00000 



- ... - - . . - - - . . . - . - -
231 100,01::>0') -48,0C'C")O 2:32 10C,OOOOO --72,000\YO 283 100.')0000 -<;6,(0000 
285 1CC.OOG00-170oC0010 2~f 10C.OC000-220o00000 287 1CCoOC000-270oCOOOO 
289 110.00000 7.00COO 2~0 11C.OOCCO O,o 291 110.000::>6 -4,00::>00 

______ 2S3 ____ 110.COOO'J -12,QOON> 2'Jf+ _____ 11Q,CGOCO -lB.OOOCQ _ .295 _____ llG,COCOO -24.COOCO 
2<;7 llOoOOJOJ -48oOC000 2~8 110o0000) -72,00000 299 llOoCOOQ') -96oCOOOQ 
301 ll0o00000-170,000'JO 302 llCoCOCC0-220.000CO 303 110.00000-270,00000 
305 l~C.10COO 7,QCCJO 306 120,JOOOC 0,0 307 120.JCOOJ -4,0000') 
::: c s ·----- 1 2 () 0 J .} ) 0 0 - 1 2. Q J 0 0 I) 31 0 ---- -- 1 2 c • 0 0 0 c 0 - 1 tl. 0 0 0 0 0 j 1 1 1 2 0 • 0 0 ') 0 0 -2 4 • 0 () 0 0 0 
313 120.00100 -48,0~0)0 314 120,00000 -72,0COCO 315 12C.~CO~O -S6,CCOOO 
317 120.GOOGJ-17J.000JO 318 120,0GOJJ-220.0JCOO 3l9 120oJOOC0-270oOOOOn 
2~1 i~o.cooco 1.oocoo 322 13C.cocco c.c 323 1Jo.acooo -4.oooco 

______ 225_ ______ 120.00000 -12.0C0·)0 326 ---- 130.000CO -lB.O:lOOC' 32.7 ~-- _L:iO • .JOO•JO -24.00000 
~29 l~C.COCCJ -48oOC0lO ~JO 13Q,QJOC1 -72,QOSOO 331 13C.JCOOO -9AoCOOOO 
233 1~0.00J00-17CoOC~OO 334 130.00CJ0-220.000CO 335 130.JC100-270,Q')000 
327 l4C',CJOG1 7.CCCOO 33B 140,00CCO GoO 33q 140oJOOOO -4,00000 
2~1 ------ H•J.C>l8·) -12.00CJQ __ ::;4,~ ______ l4C.OOOCO -ltJ,OOCOO_ 343 140ol10000 -24o'C0CCO 
3'<5 1r,c.·J~lO<J -41~.CJCIJOC> Jt;6 14c.cacso -72.cooDo 3111 140.ooooo -9n.ooooo 
Jl+<:· 14'J,r.Q·)C2-l7C.C(0t)C• 350 140oC00(;')-;!cO,O'COOC 351 l'+0oOOOOv-270oOOOOO 
3~3 1(0.000CO 7.~0000 354 16C,CJCC0 OoO 355 160,)0000 -4.00000 

____________ 357 1foO.G:JJOl -L2.0CC·l0. 358· ____ 160.t;00GO -18,00000 .'L:iSI __ 160.00000 -24.':0000 
~f1 IEO.~OOOJ -4P.OOOOO 362 160.~0000 -72,00000 363 160o0COOO -9~.r.OOOO 

JE5 J[Q.OOCOJ-170.CO(JC 366 16~.COOC0-2?C,OOOOO 367 160.00000-270,00000 
36S lEC.rOOCO 7.00CCO 370 1UO.OOCCO Q,O 371 180oJCOJO -4,00000 
~73 ______ u::c,,l<;CS) -12.00000 374 ______ 180.COOCO :-18,00000 _3-(5 _____ 18C.·)(LJ:)') -24,00000 
377 IEO.OOOOO -4A,OCGOO 378 180,00000 -72.COOCO 379 1BO.CCOOO -96.00000 
3A1 1PO.OCOOJ-170.CCOOO 382 18Q,QCQC0-220.00COO 333 180.00000-270.00000 
385 2CO.CJ000 7.0('000 3d6 zoo.coccc o.c ~d7 zoc.cnooo -4.cocco 

-~-~--3c9 ______ 2GC.00')0.J -J2,0CC00 3'-tO ________ 2:lO,CO:JOO -18.00000 _391_ _____ 200,000')0 -24.00000 
393 200o000CO -46.00000 394 200.00000 -72o08000 395 200o00000 -96.00000 
397 200.~J00~-170.COGJO 398 200.COCCC-220.COCOO 399 200.00000-270.00000 
401 ?20.00000 7,000CO 402 220,00000 0,0 403 220.00000 -4.00000 
4 05 _______ 220, 8-Q 0 QQ _-12. GO 000 . ___ 40 6 ______ .22 0 • COiHJO .-18 • 00 OCO __ 40 7 _______ _220, OCOOO -24 • 0 CO C 0 
400 z;:o.aoor.c -4e.cocoo 410 22c.ooooo -7z.ooooo 411 22o.ooooo -96.coooo 

~ 413 220.0000S-17f:.0;)000 4lt~ 220oOOOC0-220oOOOOO 415 220.0COOC-270.0COCO 
~ 417 2f:Go00000 7,or;ooo 418 260.000CO 0,0 419 260.00000 -'+•CCOOO 

____ 421- ---- _ 210 0 • .JO 0 0 0 ___ , 12.00 00 U -·- f<22 _______ _26 0. GO 0 CO __ :-:~ a.. 0 0 0 OQ ___ 423 ______ 260 • 000 0 0_-::24. 000 00. 
42~ 2fO,OOOOO -48.00000 426 260,00000 -72.00000 427 260o00000 -96o000CO 
429 2fO.OOOCC-170,COCOO 430 260.COCCC-220.00000 431 26C.OOOOC-270.COOCO 

GCG~CARY CO~DITIONS 

OISPLACEMC~TS SPEC 
0 

FO CfS SFrCirlED ARE 

FORCf S SPEC 
2 

NO. STEPS SPEC 
3 0 

C C C 0 , C 0 P 0 UN[) S _ AT___ _ _ .4 0 • 0 0 
COCO,OC PCUNDS AT 110,00 

IrKHES FROM CENTER _ _LlNE_~-·----·
!NCHES F~C~ CENTER LINE 

- ~ ~ ·-- -·-. .. -
*~~~••l•~¥•••4•~•wh••~¥~*~*~~~••••~*•**~**••*~•* •* STEP NCo 1 OF A TOTAL OF 3 STEPS ** 
·····1··~·~·-·**•*•**~·*•••*•··~··~···~~·******* 

SPECIFIED DISPL~CEMENTS 

~D .~T CI~ DIS 
1 1 o.o 431 1 o.o 
2 1 CoO 430 1 CoO 

________ 3~---~- c. o _______________ .. _A 2 9 ___ L __ c_. c_ _____ _ 
4 l o.o 428 1 o.o 
5 1 c.o 427 1 o.o 
c 1 c.o ~26 1 o.o 
7 ' ~.A A?~ 1 n.n 

0 

. -
284 100.00000-120.00000 
288 lOO.COOOC-370.00000 
292 110.00000 -d.OJOOO 
2S6 ______ 110 .OOOCC -36.00000 
300 110.0000C-t20,QJ000 
304 110,COOOC-310.00JOO 
308 120.00JOC -B.OJOuO 
312 __ 12CoCOOOO -~<6,0<J<)00 

316 lcO.COOC0-120.0JJOO 
320 120.C00C~-37Q,JJJOO 
3~4 13o.ooocc -e.oocoo 
329 --- 130.00000 -36.0~000 
332 13C.CCCCC-12C.0CJ00 
336 t3o.cooocr-370.ooooo 
340 140.COOCC -B.OJOOO 
344 J40.CCCOC -3GoO~OJJ 
348 t40.~C000-120.~~0~0 
352 14Co00J0~-37JoCOOOO 
356 160.00000 -6.00000 
360 16J.OOOOC -36.0JOOJ 
364 160.C000S-J20.00000 
366 lGOo0000G-37Q,OJJ00 
372 tsoQooooc -e.co00u 
376 180oCGOOC -3Ao000CC 
3HO 160,00000-12.0oOOUCO 
384 lBO.OOCOC-37G.0JOOO 
388 2CO.CCOOO -8.00000 
392 2CO.OOOOO -36.000~0 
3S6 200o00000-12Uo000v0 
400 200.00000-310.00000 
404 22o.ccooo -a.ooooo 
4C8 220oGOOOC -3~oOJOOO 
412 2?0.00000-12.U.00000 
416 220.00000-370.00000 
420 260.ccoo: -a.oooco 

__ 4 24 _________ 260. coca o -36. coo ao 
428 260oCOOCC-120.000CO 
432 260.C0000-370,00000 

----------~--·· --------~ ·-· 



E 1 C.O 424 1 0.0 s 1 J.J l•23 1 c.c 
10 1 0.0 422 1 o.o _____ 1 L __ J __ c. o_ _ __ 42L ___ 1_.o. a ____________ _ 
12 1 o.o 420 1 o.o 
13 1 c.o 419 1 o.a 
14 1 o.o 41-'3 1 o.o 
l 5. _____ L-- C , 0 ------------__ _ l• 1 7. _____ .1 . C • C 

---------------------------- ··--· -----· 16 1 o.o 16 2 o.o 
22 1 r..o 32 2 c.c 
48 1 C.O 4E 2 C.C 

_f4 _____ L.-~.Cft0 ____ ------------- o4 ____ 2 0.0 --------------------- -----EC 1 C.O dC 2 0.0 
9C l C.O ~~ 2 C.C 

112 1 o.o 112 2 c.o l2B-----l--- .C. Q ____________ 128 ___ 2 __ C ,Q _ 
144 1 o.o 144 2 o.c 
160 1 c.o 160 2 c.o 
176 1 c.o 17& 2 o.o 

.1~12 ______ .. _t ____ C":.'.) __________________ tc__12 __ 2 r..c 
----------------.--------2Cd 1 0.0 ~oe 2 o~o 

224 1 r,o 224 2 o.o 
240 1 o.o 240 2 c.c _______ .2-::c_ _____ l. D,•) ___________________ 256 ___ 2 ____ o".o 
272 1 c.o 272 2 o.o 
288 1 c.o 288 2 .o.o 
~04 1 0~0 304 2 o,c ____________ .:: 2 a _________ !_..!: -. o __________________ 32 o ____ 2 ___ c. c ___________________ _ 

~ 
0'1 

~36 •1 G.O 33F. 2 C.O 
352 1 c,o 3b2 2 o.o 
3CE 1 C.O 368 2 C.C 
:ib4 i o.o. ---·-·---- _________ 3blf ___ .. 2. o.o. 
400 1 o.v 400 2 o.o 
41e 1 o.o 416 2 c.c 
422 1 c~o 432 2 o.o 

SF-ECIFIED _.f'fJHClS 

~D i=T D-1 f' FQJ:;Ct: 
1(,1 2 ColC:JGCCGE 05 

.2109 2_ (:. l~')QC'J~~f: 05 
Ar !'.;::CE 1 TIL SPRING RAT [ 'IS 857142?,, 
AT r~occ l 7 TIE JF·I-<T N<.l RATE IS s:,7142e •• 
AT NCJGE '~ 3 TIE SPI..( I ~..;G RA;E IS 0.' ________ AT J\CL:l: .. A9 TIE SFR I '.G :·, t"T F: rs .. _____ 0.' AT ~.CCE t:~ TJE Sf.=~o~~ING RAT[: IS 857142A., 
AT 1'\CCt: e 1 Trr:: SPRING PArt IS E-::5"714~;_;. y 

AT :-.:.c 2::: <;7 TIE srhrr..r, R i>Tt IS 8571i~~fl .• , 
- ------ . -- p, T. t\CGE 1 ! -, THe S; r< I~~ G ~<AT f- rs. ______ (' .. 

.~T t\CCE l2S r r c s~r;.r~>~G 1-< ;.r 1:: !S (i • , 
."< T 1\C8E 14!: Til SPRING RATE: IS f.lS7!42iJ·,, 
AT ~.or: E 1 f. I TIC S!CR!'JG R •IT E IS .~5"71426.' 

Tic SETTLE.'lt: ~IT 
TIC SETTLEMLI';T 
TIE SETTLEt•U.T 
Tit. SETTLEMUH 
TIE Sf_TTLEI<WNT 
TIE SETTLCr>ll::l'\ f 
TIE SETTLEMENT 
TIL SLT1L:_;\':f t-...T 
T[f': SCT1LL!>'EI'\T 
TIE SETTL[Mrci·H 
T !Eo SETTLc.Mfl\IT __________ AL l\OCE 1 7 7_ T 1 E. S Pi' INC: RATE 15 ___ 851:14 2 8 • •--- T l E. SC TTLDH:N T AT 1\CC.E: l c -, TIE SPRING HATF IS 0 •• TIE SCTTLE'MLl\IT 

AT NOCE 20<; TIE SI-'R I ~,G F-:ATE IS 25714272 •• TIE SETTLE~IE:t\T 
AT 1'\C:DE 225 TIE SPfdNG PATE IS 0 •• TIE SETTLU~ENT 
AT r\ C C E. <: 4 1 . T I E. ~ f' r< I ~'G. F< ATE I ~ _____ 2 ;:;_? 1 '+ 2 7 2 • , _ _T I E SETTLEMENT 
AT ~.c c E 257 TIE SFf-<ING RATE IS 0 •• TIE SEfTLUJf~T 
AT 1'\0Ct:: 273 TIE Sf' RING RATE IS 25714272., TIE SE.TTLEMl.NT 
AT :..J~; C E 2.:3<'; TIC Sl--.~,:< I NG flATE IS v·. • TIE SETTLEII:!"NT 

IS Oo61326i:-04o TIE 
IS 0 • 733SSf:-_-:J4, TIE 
IS c. 1b30 1•f'-Q2' TIE 
IS --- OolL60~f:-C2, TIE 
IS o. "lf:.j(J?t:-04, TIE 
IS 0, 7C24·+F-C4, TIE 
IS Oo91S7"E-C4, TIE 
IS _____ 0.213v•:F-02, TIE 
Is o • c. 2. 3''" -+ r - o 2 • TlE 
IS 0 • l07dt-'f-C3, TIE 
IS 0.9-/4<,.1E-C4, TIE 
l S _____ v .• !4t;07c-OJ ,_TIE. 
Is 0.4012:3£ -~;2. TIE 
I ::, o. B6<:J 7f:-04. TIE 
IS o.5o~szc-oz. TIE 
IS .. Oo95405E-04, TIE 
1 s o.s3;;.'47E-c2, TIE 
IS Ool0cl4E:-C3, TIE 
IS o.59756E-C2, TIE 

AT _ _j,CCE _305. TIE !:i!' f-dNG_Y liTE_ l S ____ <:..5.7.142.7 2 ._.__]1 !;'._ :;iET TLOH:k( _IS ____ 0 • 9612 4E -04 .__TIE S0RING RATE IS O.~ TIE SETTLEMENT IS Oo36lb4E-Q2, TIE AT 1'\CCE ~ 21 TIL 
AT i'.CJ r: E: 337 l IE SPt:!NG RATE Is 2'3714272 •• T·r E SETTLEMeNT IS 0.62<,0SE-C4. TIE 
AT MJ.:-E :53 TIE: Sf-RING RATE: IS 25711;272 •• TIE SETTLEMENT IS Oo30692E-C4, TIE ___________ AT:J';C[..S. ::69_TI<:: ___ SFC(lNG_RATE IS ____ 25 7142 7 2 ._. __ TI ~-_SET TLEMFNT. IS ____ 0, 1101 9E -0 4 , _ TIE 
AT i\CCf .:::: ~ TIE SPRING RATl? IS 25714272 •• TIE SETTLEMENT IS o.28200E-o5. HE 
AT I'.CCE 40 1 TIE SP><ING I< ATE IS 25714272 •• TIE SETTLEMENT IS -0.5234CE-05, TIE 
AT ~,ODE 4 1 7 TIE SPRING RATE :;: s 25714272 .. liE SETTLEMENT IS -Ooll72CE-04. TIE r-nT hi TTl= Cl=b.rTtn"= 1_'<? ?H .c; t 

REACTIOI\ IS 
REACTION IS 
j:;[JIC T 101\ IS 
f;E/<CTI01\ IS 
j:;f'ftCTION IS 
F<EACTIOI\ IS 
r<E:ACTIUN IS 
f.<EACT !ON IS 
f';t:ftCT rcr, IS 
F<E ACT l U ~. I S 
F;EACf!OI\ IS 
REACT ICI' IS 
REACT IOI\ IS
~Ef.CTIOI'\ IS 
REACTION IS 
ReACT IOI'. IS 
REP.CT ICI'\ IS 
f<EftC.TION IS 
f;EACTIQI, IS 
REACT !CN IS 
F<EACTIOl\1 IS 
REACT ICN IS 
I<EACTION IS 
REACTION IS 
RE.ACTICI\ IS 
RE.aCTION IS 
REACT IO~; IS 

;~62.82 
f..28.75 

o.c 
o.o 

t71.tc 
602.09 
784,<;3 

o.c 
o.c 

<;?.4.:07 
f:35. t4 

1 .21'9, I 6 
c.c 

2:; 17. ~ 1 
o.o 

2l!53o26 
o.o 

2?eo.ts 
o.c 

2ll71.75 
o.o 

tct7.6e: 
789.L:2 
283.36 

72.52 
-1:34.5<; 
-:~01 o36 



-· 
----*-'~.>!. H "-.1!! ;f-ti< .. *i<.>t:>!'**"'*"''~*-**'>t?.•.i=>t-~J!<'~<*'U *·*****.ll':t.t• . .r·*"·'-----** STEP NO. 2 CF A TOTAL OF 3 STEPS ** 

··~~-~~~·~·***•*9*•******•~**********•*••******* 

·-·--·--·- -~-- ___ _. -- ---- --------- -------------------
~PECIFIEC DISPLACE~ENTS 

-·- _____ !\IlL PJ ___ L.l P. .0.1$... _____ ----·-. 
I I G • 0 431 1 o.c 
2 1 c. 0 430 1 o.c 
3 1 c.c '"~<; 1 o.o 

_4 ---- . 1 .. - c • 0 _______ 'f2 e ______ 1 .. _c. c. 
5 1 c.c 427 1 o.c 
c 1 c.o '•26 1 c.c 
7 1 c.o 425· 1 c.o 
8 ... -.1 o.o - /;24 ··--- .. 1 0 .c --------·---·-- -·--------·-. <; 1 c.o lt23 1 o.o 

10 1 c.c 422 1 c.c 
11 1 c.o ~21 1 o.o 
1 2_ ________ ! __ .C • 0 -·----- - - ,, 2 0 --·- 1 0 • 0 - --·--------·--·-
1 3 1 r.. 0 lli9 1 o.o 
14 1 c.o 418 1 o.o 
15 1 c.o 417 1 c.o 

------ 1 <:: ___ L __ t::. C 16 __ 2_ :J.C ----------------- ---------·-· .::2 1 c.c 32 2 o.c 
48 I 0 .o -'H3 2 OeC 
104 1 c.o 04 2 o.o 
ea _______ l .... ::.. o. ----·-------- eo ______ .2 _. o .o~------------ -·-- ____ ----·-·· ·-·------··-- ··-·-··--·-. 

~ 
m 

-:;~ 1 c.o 
:12 1 c.c 
,2.-:J 1 c.c 
l '• 4 . -· -··· 1.. - (' • () . 
ll'C 1 G.O 
1 7 .~ -· 1 . c. 0 
}<;2 1 c.o 

96 2 0.() 
112 2 c.o 
1<:8 2 C'.O 

_______________ 144 --· 2 o.o ------------·------·-- --- ·---·-· tt,o 2 o-.o 
176 :< o.o 
192 2 c.c 

-- -··------20/:l ____ l o.o. _______________ 208 ··-- 2_ __ 0 .o 
2<::4 I ('.0 224 2 o.c 
240 1 'l.O 24'J 2 o.c 
2~C:: 1 o.o .2:J6 2 o.o 
2 7 2 . --- 1 c • 0 .27 2 ·-- .... 2 .. c. 0 ·-- --· ----- ·---·--··---- --·-· -- ·-- .. 
2-t~'"' t c • c 2L e 2 c. c 
304 I 0.0 30 4 2 0. 0 
:.:20 1 r.o 320 2 o.o 

.:336 _______ l __ c.o __ _____ 336 -·-· _2 --- 0. c ... ·-··--· ---------- ·-·-------- ·----·· ·--·-- ·---·--352 1 c.o 352 2 c.o 
.:!~E 1 c.o 36 e 2 o. o 
JKlf 1 :.c 3134 2 o.o 
lt(:Q ------1 __ -'J_v.O ___ _ --·-·-- ________ 40.0. ______ 2... 0. 0._ --·-·-------·---·---·----· 
4lf.. 1 r::.o 416 2 o.c 
-'122 1 c.o 432 2 o.o 

SPE:CIFIED FORCES 

~D ~~ DI~ ~6~C~ 
161 2 Co200CCCCE 05 
2~~ 2 C.20C00)~[ 05 

AT ;,cr;r: : T !C. 51'>-<lr--.G ro,\TE !S ______ 6571428., .TIC S E T T '- ':: 'I D lT I S .. _____ 0 • 1 9 <, 7 3 E - 0 3 , T I E 
AT ~~~E 17 TIE SFRING RATE IS 8571428., TIE SETTLEMENT IS Ool4~11E-03o TIE 
AT ~~~E 3~ T!~ SP~l~G RATE IS O., TIE SETTLE~E~T IS Oo95538E-02o TIE 
AT ~C~E 4~ TIE 5P~l~G HATl IS G., TIE SETTL~MENT IS 0.99~l5E-02, TIE 
t,T. r,QL:[ _ ·te .TIt-: <;,F'RI ~G .. RATC . ..J 5 _____ 8571.4.2.8 • ...__t r;; 
AT ~~CE 81 TIE SPRINC RATE IS 8571428., TIE 
AT ~CCE. g7 TIE SFRI~G RATE IS 8571428., TIE 

SETTLEMENT IS Ool1160E-0:3o TIE 
S E T T u: ~; t N T I S - -0 • 2 2 l 1 0 E- 0 3 , - T I E 
SETTLE~ENT IS 0.23922E-03t TIE 

AT ~CCE 11~ TIE SPRING RATt IS o., TIE 
AT ~r~F l~G TTF SFRTN~ RAT~ T~ O •• TIE 

SETTLEMENT IS O.l4623E-Olo TIE 
SFTTLF~f~T IS 0.14~76E-Clo TIE 

REACTICt-. IS 
REACTION IS 
RE,.CT IO~ I~ 
RE,.CT 101'- IS 
f<E,.CTION IS 
REACT IOt-.. IS 
f<EAC.TICN IS 
REACTIO~ IS 
I'<EAC:.T ION IS 

.. e56.22 
1243.84 

o.c 
0.0 

. -··-·--- 5. 56~- ~-9:----le95.17 
2C50.45 

o.o 
o.o 



'"'-. 

\.'. 1'-.CCE 14~ TIE SFr<ING RATE IS 85111~28 •• TIE SETTLEMENT IS Ool6372E-03, TIE. REACTION IS 1403.34 AT 1\CGE 1 c 1 T!F. SPRING RATE IS 857142€., TIE SETTLEMENT IS 0.31 '04SE-CJ, TlE F<EIICTION IS 2738.50 AT t\CCE 1?7 Tit SFH!t-.G RIIT E. IS 8571428 •• TIE SETTLEMENT lS Oo3lll4E-03, l--~E f<I:.A'Cl ION IS 2666.91 
-----· .A.L 1\COE._l S 3 ... TIE __ SF hi NG R AJL ... ...IS... __________ .... Q ._.._ .. J IE .. S ETT.L Ei" E:NT .. lS ___ Q • 3 1:3'~ lC- 01, liE PEACT 101\ IS----... o.c. AT 1\:CCE 20S TIE SPf<lt-.G '<ATE Is 25714272 •• Tlf SETTLEMENT IS o.I4v'>lnE:.-03, TIE F<EACT ION IS 3624oEl AT 1\CCE <!25 l! E SFRING RPT E IS 0 •• TIE SETTLEII.HIT IS Oo429YOE-01, TIE REACT ION IS o.n AT I\ CUE: 2<'i1 TIC SHii 1\G RATE: IS 25711;272 •• TIE SETTLE MEt'IT IS O.l6162E-03, TIE RC~CTION IS 4155oS8 AT 1\ C C E .. 2 57. T I E:. Sf' E IN G RATE .. J.S _____ .... _ C • .... TIE. SETTLEME.t\ T. Is ___ 0 o37b78E-0 1, .. TIE; f<f:llCT IGI\ IS. ____ .... o.o A ·r f\;CL.E 273 TIE SFf;ING PATE: IS 25714272 •• TIE SETTLEi~ENT lS Q,23ll~E-03, liE PEACTilJN IS 5<J43.S6 AT ~Jn C E 289 TIE SP><I NG RATE IS 0 0 t TIE SETTLEMEI'<T IS Oo21l0UE-Olo TIE f-<EACT ION IS o.c AT 1\CCt. :::OS TIE SFFiiNG RATE IS 25714272 •• TIE St::TTLEMENT IS 0 o22822E'.-C3, liE F<EilCTICN IS 5E6!:l,48 -·------.. A T f\CDE 221 TIE. SF PING PATE Is ___ ._ .. 

0 • ·' TIE SETTLEMENT .IS ...... Ool6402E-01o .TIE I<EACTION IS .. ___ .. o.o ---- ------- ---
AT f\CDE ~:!7 TIE SPRING RATE IS 25714272 0. TIE Sf:TTLEMENT IS Oo14335E-OJ, TIE REIICTIOI\ IS 3686.22 AT i'<CCE 3~;3 T I~ SFR!I\G RATE IS 25714.272 •• TIE SETTLEMENT IS 0,67913E-04o TIE REilCTIOt\ IS 1746.34 AT t,C0E ~cs TIE Sf'kii'<G RAlE: IS 25714272 •• TIC SETTLEMENT IS -0.67726[-05. TIE REACTIOt\ IS -174.15 

_____ .AT. N1lCE ... 3t!S .T !C:_.SP"<ING r~A fE I.S ............. ..2.5.7.1.42.7.2 • ~ ...... LIE.. .SETTLEMENT_l.S __ ..,._0_,.277u<JE-C4.J_T I t:; .. F<E llC T ION .. IS. _ .. __ ..,.712 • S 1 ·------ .... AT NGCE 4 01 TIE SFF;II\G RATE IS 2 •• TIE SETTLEMENT IS -0,861.:l56E-C2, AT ~:CJi)[ 4 l 7 TIC. SPRING RATE IS 2. ' TIE SETTLEMENT IS -0.1l797E-01, TCTAL TIE. f';EACTICt-.-= 37950.C6 
·--- ·--- --- -~------ ·-------- -~ ------------ ----- -·-· 

·~~·~--~·*·~···*~~····••**•*N*~···~···•****$$*** . __ , ____ '!'>! __ S.T.Ef:'_tlC ...... 3 ....... CF ~- TOTAL..Of ....... J ... STEPS · .. --.""~---------. ----·-- .. .. ••~~i~~-~~t•••••••••••••~~••*•*•~•*****m~**~*•~* 

-----------:;·,:>Tc-1¥-r Ec- D'isi:·-CA'cE't;;E::-"rs ____ - ...... - .... -·---- - -·------------------·------

~ ......, 

~D PT CIR DIS 
L ___ .1. __ c • 0 -----'-·-------· .43 t ____ .. l ___ .0 • .C .. 2 1 CoO 4JO 1 C.O J 1 c.o 429 1 o.o 4 1 ~.o 42e 1 c.c - .. ---.. 5 ___ l- f) 0 0 .... __ , .42 7 ___ .. 1 .. ... 0. 0 6 1 c.c 426 1 o.o 1 1 0.c 4<.5 1 o.o a 1 c.o 424 1 o.o S ______ L_0.0 ________ .. _____ ·_.42J _ .. L .. o.c 

10 __ 1 :-.o 422 1 c.c 11 1 OoO 421 1 o.o 12 1 c.o 420 1 o.o _________ 13 ......... __1_ 'c. Q ____ . __________ •.. Jtl 9 ____ .... 1 .... 0. 0 ·------J.f~ 1 c:.o '11 e 1 o.o 1~ 1 c.c 417 1 c.a lc 1 c.c 16 2 c.c 

TIE REACTION IS -0.02 TIE REACTION IS -O.C2 

------------- . -----·-------

_________ ::z. ___ l _ _ .:;.o__ 32 ____ 2 _ _ e.o __ ·------------------------···-4E 1 c.o ~e 2 o.o 64 1 c.c 64 2 o.o cc 1 o.o eo 2 o.r. ___ ----· g:: _ --· l_C. o -·-----------·-s- t --·· z. __ o. a ---------- -----------------
112 1 c.~ 112 2 c.c 12E 1 c.o 128 2 CoO 144 1 J,Q 144 2 c.c -----------!,.:: !; _______ 1 _____ •:. ,l _______ .. _____ li-,0 _____ 2_. _0 .o 1 7~ L C.O 176 2 CoO 1~2 1 c.c 192 2 c.c 2~~ l OoO 2CB 2 O.O _______ 2..2..Lf _____ __l_.c~ •. c_______ .?.2f< __ _z __ o .o ____________ ·-·----------------·------·--·-------·- .. 24': l c.o 2<'i0 2 o.o 25f 1 c.o 255 2 o.o 27? 1 c.c ?72 ? OoO 
2 ~:- --- j .. ·~.:). ----- -··-- ----- ---------~-~ ~-----· ?---('. ~---·-------·----------··--·---- -·-- --.------·-~~·· I ~.0 ~Gq ~ Oov 2:1 1 ~.C ~2C 2 0.0 c.o 336 2 o.o. --{~ r.~ ~~? ? nor. 



368 1 o.o 368 2 o.o 
384 1 c.o 384 2 o.c 
400 1 o.o 400 2 o.c 

______ 4_l~l' __ __l ___ Q..__Q _____________ 4 L6..__2 __ _o__._o_ ____ _ ---------------------------·--- ------
4~2 1 c.o . 432 2 o.o 

SFECiftEC FORCES 

--------~r: __ e_:r __ o_tR ___ ____f_C r< c L. _________________ _ --------------·------ --- --· --------
161 2 C.3COOCCOE 05 
289 2 Co30000COE 05 

DISPLACEMENT MATRIX 
HCPIZONTAL VERTICAL 

------ --------- -------
FORCE MATRIX 
HORIZONTAL VERTICAL 

------·---------------····-
AT NODE TIE SFRING RATE IS 857142A., TIE SETTLEMENT IS 0.22518E-03, liE ~EACTICN IS 

0.0 Cu50J94E-Ol 0.0 0.0 
~ o.o Oo501~9E-01 c.o t.c 

·------------· .. 3. ________ o • o ______________ o ·• <, i;s 6 7c - o 1 ···-----· . ____ o • o __________ · ______ o • o _________ ··--- _____ . 
4 CoO Oo4G523E-Cl 0.0 C.O 
5 0.0 0.44eS?.E-Cl 0.0 OoO 
6 OoO 0.4354HE-Cl OoO C.C 

965.07-

_____________ ] _____ O.Q ---------·- 0 .<'1261 ~E -CL ·----- C .o __________ 0 .a ___________________ -------------
!0 0.0 0.40S'12E-Cl 0.0 CoO 
9 0.0 0.38095E-Ol c.o 0.0 

1C 0.0 D·32557f.-Cl 0.0 CoO 
_______________ ll__ _____ o .a _______________ o .27t9:~E-o t__ _o.o _________ o .a __ _ 

12 o.~ Co2226SE-01 CoO C.O 
13 0.0 Ool3S06E-01 0.0 C.C 
14 c.o o.79645E-02 o.o o.o 

_____________ ls _________ o.o __ ----·· _______ O.<Il2s·Il-02. ____________________ o.o ____________ o.o ···-----·-·· 
. 16 c.o c.o c.o o.o 

AT ~aCE 17 TIE SPRI~G ~~TE IS US7142B., TIE SETTLEMENT IS Oo21202E-03o TIE REACTlCN IS 1817.36 
17 0.1G944E-03 o.~~735E-Ol OoO Q.O ..p:. 

co 1 e _______ ,c. t::G3 c?E- 03._. __ o. ~052 JE- c L_ _o.o _c .o ----------··-· ------ -----------
19 -Q,9475bf-G3 0.47900E-01 OoC CeO 
?.C -0.64709~-C~ Q,4G048l-Cl 0.0 C.O 
2~ ~0.1h9JOE-03 Q,44632E-C1 0.0 0.0 

___________ z ;;c_ _____ o. s 1s.:: c ~::-c 4 ___ c. '• 361 1 E-0 1 o. o ___________ o. c ___________ _ 
23 0.74851E-C5 Oe42725E-Ol OoO CoO 
24 -0.17506E-03 0.40513~-01 0.0 0,0 
25 -O,JL4~~E-03 0.38125C-01 OeO CoO 

--------- _2(:_____ ___ -,Q o4eE59E-03._ ___ 0.32557E-C 1 _0 .0 .0 oO --------·-- _ 
27 -0.52440E-03 0.2718~E-Ol 0.0 Q,O 
2E -0.50714E-OJ Oo2225qE-C1 0.0 CoO 
2S -0.36607E-03 Oo13798E-01 OeO Q,Q 

---· _3 C_ --:0 •. 2 38 Ot E-O 3 ____ 0_. 79598E,-O 2 _ _0 • 0 _________ !) • 0 _______ _ 
31 -0.12646E-03 Oo41245E-C2 CoO CeO 
32 c.o o.o o.o c.o 

AT NOCE 33 TIE SFRI~G qATc IS o., TIE SETTLEMENT IS Oo55815E-02o liE REACTION IS o.o 
---------- 3.3 ------ 0 • 1? 7 9 1 E -C _3 ___ 0 • 51.133 E- G l 0 • Q. _______ Q • 0 --------------

34 -O.lOOIGE-02 0.4~153£-01 0.0 0.0 
35 -0.152S2E-02 Oo45~01E-Ol 0.0 0.0 
36 -0.777EOE-G3 0.45295E-C1 OoO OeO 

____________ 3_7 ______ 0 .19591 E-04 _____ 0 o114532E-O l_ --·------------·-----0 .0 ----·-·--· ·-· ___ C • 0 
3e o.J5210E-03 a.~J039~-ct o.o o.o 
3S -O.ln79SE-04 0.43055E-C1 0.0 C.O 
40 -0.37473E-03 0o40789E-Ol CoO 0.0 

_____________ Al _____ .~o. 74 oo 1 E--:o ::; _ __o_.3e2:>4E-Cl _______________ o_.o __________ o .o _____ ·-· _ ···-··---··· 
42 -O.S81J3E-GJ 0.32560~-01 0.0 0.0 
43 -0. 10503E-C2 0 o27162E-01 0.0 CoO 
44 -O.l0143E-02 Oe22230E-Ol Q.O C.O 

______________ :_.4_5 _________ -:.o .• 7:317 :;E_-o ::; ____ o ·1 37_?_5E..:-.P l __________________ o. o ________________ o. o _________________ ... 
4f -C.47569E-:3 Oa79456E-02 GaO CoO 
47 -0.252t4C-03 Oo41180E-02 o.o o.o 
4E 0.0 0.0 OoO CeO 

AT NnnF 4G TTF ~~RTN~ RATF T~ n •• TiF ~FTTLFMFNT l~ Oon3410E-O?. TIE RFACTTON IS 

--------- -· - - ·-

o.o 



-"'~----- L---- ______,__ _ _. 

- . 
369 -Oel2923E-02 -0.3!434E-01 OoO OoO 370 -Oo€54f.~E-02 -O.l7902E-Ol OoO 0.0 371 -Ool0778E-Ol -O.l8167E-Ol 0.0 0.0 ____ __:..c:t7 2 .. 0 • 134 75 E-0 l_:-...0 o17.d69E_.,-_01_ .0..... C.._o___ ______ -----·· 373 -Ool5725E-Ol -O.l7318E-Ol 0.0 0.0 374 -Ool779CE-Ol -O.l5919E-01 0.0 CoO 375 -Dol9045E-Ol -O.l4499E-01 0.0 0.0 ____ 27.f: _______ .=:-.O • 1.98E3E-C L__-:.Ooll827E-Cl_ .0 • O _________ C.oO ________________________ -~------377 -O.l95~bE-01 -0.95309E-02 OoO 0.0 ~78 -O.l7069E-Ol -0.60275E-02 OoO CoO 37G -Ool4023E-Ol -0.35533E-02 OoO 0.0 3 80 ______ ..=.0 o11141 E-cO L __ =-:0 .• 1 8798£.:-,02...._ .0 .o __JJ_._Q__ ------381 -0.72516E-02 Oo12l41E-03 OoO 0.0 382 -Oo438IIE-02 Ool0l26E-02 0.0 OoO ~83 -Co22146E-02 Ool1286E-02 OoO CoO 384 _______ o.o ____ . _ . ________ o.o . __ __ o. .• a _______ a .. _a ________________ --·- --··-----· AT ~CCE 3H5 TIE SPRING RATC IS 2., TIE SETTLEMENT IS -0.29218E-Ol, TIE ~EACTIC~ IS -Oo06· 385 -0.96917E-03 -Co54049E-Ol CoO 0.0 386 -Oo83148E-02 -0.24831E-01 OoO t.C ..3.87 .. ______ .=-Q o92217E-0 2..._ ___ .,-0 .• 24561 E-0 1 _.0 • 0 0 .• 0.--.----··--388 -O.l0121E-Ol -0.24257E-Cl CoO CoO 389 -Ool1137E-Ol -Oo23843E-C1 CoO 0.0 390 -Col2471E-Ol -0.22634C-Ol 0.0 C.O _3.9 t_ _____ -.0. 13S04E:-OL __ .:-cO.o2126 7E-Ol. __ 0, O _________ C oO ___________________ _ .:!<;;2 -O.l4'13lf:.-01 -O.l8472E-Cl 0.0 0.0 393 -Ooi4760F-Cl -O.l5811E-01 CoO CoO 394 -O.l32~3t.-01 -C.!l259C-Cl OoO OoO _________ ...:__.395. -.0.11065L-Ol._-:.0.77225E:-.02 __ o ... o .•. 0 ________ _ 396 -0.89169E-C2 -0.~1148E-02 OoO OoO 397 -0.58324£-02 -O.l6555E-02 OoO CoO 398 -0.35J3HE-02 O.l3861E-C3 OoO OoO ___________ 39'1 .,-Q_. 17872E.c-02 ___ 0 o.759.30E:-C"" ____ Q oO. .O.o!.> 

..J:o 
\0 

400 o.o c.o c.o o.o AT NOCE 401 TIE SFRING R-TE IS 2.,· TIE SETTLEMENT IS -0.4244SE-Clo TIE REACTION IS 401 -0.6461?.£-03 -0.70202E-Ol 0.0 CoO 
-o.cs 

4 C2 ________ -,.0 .60 .314E.-02 _____ - 0 .27752£-0L O. 0. ..Oo 0--------------------- ------------403 -0.6428ftC-C2 -0.274J5~-Cl OoO CoO 404 -O.fBE~7E-02 -C.27rR3E-Cl 0.0 OoO 405 -0.73296[-02 -0.266g7E-01 CoO CoO ---·--------· 4CC ______ -O. 7971':1E-C2 ___ -C o25663E-O 1 O.o.O ________ O oO _ ·------------·-·- ----- --·- - .. 407 -0.85962E-02 -0.24524E-Cl CoO 0.0 408 -0.9423lf-C2 -0.22061E-01 OoO CoO 40t;; -C.9753~E-C2 -Ool9496E-Ol 0.0 CoO __________ 41 0 _____ -::0 • 8S0.75E.-0"----'::.0 • 14686E:-O L o.o_ 0 .o ··-·-----411 -0.7554CF-':2 -O.!C644f:.-Ol CoO C.O 412 -0.61647E-~2 -0.74565£-02 OoO CoO 413 -0.405J3E-O~ -0.2G739E-02 OoO OoO __ 4..14 _______ -::..C.o 24.1'.55f~Q2..._::-0 ·52337E_-'C.3 0 • O ________ Q_.o ______________________ .... 415 -0.12518E-02 0.4e267E-03 0.0 O.Q 416 o.o o.o o.o c.o AT NODE 417 TIE SPRING RATE IS 2 •• TIE SETTLEMENT IS -0.53301E-Olo TIE ~EACTION IS -0.11 ___ 41 7_. o .• 0 -,.0 ._8 3124E-_O l .. D .. o 0 o .• o 418 0.0 -0.29B2JE-Cl OoO OoO 419 0.0 -0.29477E-Ol OoO OoO 420 0.0 -Oo29117E-Ol OoO DoO _____________ 4:?1 ________ 0. 0 ________ .,.._0 o2873'>E.-:-O 1._ _ __ 0 oO _________ 0 oO 422 vov -0.?7724E-C1 CoO CoO 42.3 0.0 -0.26640E-Ol 0.0 0.0 424 0.0 -0.24261E-01 OoO OoO _____________ 42::: ....f.1_LQ___ ____ ~.2176 . .YE-::'ll_ __ _c,_.o_ ___y_.o_ 426 0.0 -0.16871E-Ol 0.0 CoO 427 CoO -Ool2612E-01 OoO OaO 42e 0.0 -C.S1367E-C2 0.0 CoO --··----------42 s. _______ e..._o _______ -_o. ._ 4 o 3_13E...-:::.0.2. o_._oo 
0
°-_. -~0----· ~30 OoO -D.ll142E-02 Oo • 431 CoO O.l9715E-O~ OaO OoO 432 o.o o.o o.o o.o T/11'.61 TTF RFA\TTr1"= S74tifi.!'i<l 



"' 

ELE/ol SH~AIN STRESS 
·-·---------------------·-·-------- ------------ ·- -·------------- -··· s rc.-:Yv ______ :r~~Gx-v------s--rc;T-· EX'O< EXYY EXXY SIGXX 

----L-- ---- C.I S T PN CE-;,: __ f· ,Q _______ ..CUf-l V /ITUP.E= .. ---=0 .• 4.:005 ~E-Q_q ____ _IVOI-'ENT= __ -0 el 2257E _ 06 ____ _ 
1 CISTM•KE= t;.c;(l ClJf'V.~TU>~E= -0.41667E-C4 MOMLNT= -O.l18e3F 06 

2 -0.20l~E-03 0.5280~-03 -0.36lrE-05 OoE043E 01 0.3056E 02 -Oob068E-Ol Oe305eE 
3 -0.!9~JE-03 0.487!E-03 -0.!@04E-03 Oe3611E 01 Oo217SE 02 -0.2388E 01 Oo221CE --------- & ____ "'J:l •1 •J2C E- 03 ___ 0_. 3tl59E-O:.i. :,0.! 4t EE:-03 __ Q • ~ 208E .. lH ____ O • 1 tJCE 0 2 -0 • 166 t::E 0 L_ 0 • 1 e55E 
5 -O.l472E-C4 Q.!937E-03 -0.3793E-04 Ooll65E 02 Oel342E 02 -0.15S4E 00 Ool343E 
6 C.737lE-05 Q,l5lhE-0~ Oo2527E-04 Oel137E 02 Co1268E 02 Oell47E CC Ool26SE 
7 -0.20Y~C-04 0.173?E-OJ Oo?903E-04 O.l065E 02 Ool241E 02 Ool313E CO Ool242E ------------2-. _-,-_(; • E "14~£-- C·L. - O.? c:;JE-03 ___ 0 • 1 8<J9E-04 ____ 0 • ~885E. .D l __ o_. 112 7E .02 .. _0 • 829 3E-O l__ 0 ol 12 eE 
9 -0.!00fE-03 Co23taE-03 Oo6C72E-05 Oo740CE 01 Ool027E 02 Oo2580E-Cl Ool027E 

10 -0.12ce~-C3 C.?237E-03 -C.l1~5E-06 Oo5389E 01 Oo236YE 01 -0.49l!E-C3 Oo836~E 
ll -O.l2FS~-OJ C.2C52E-C3 -0.251BE-OS Oe4043E 01 Oo6927E 01 -Ool08EE-C1 Oo6S27E ------- L2. ___ ,-_0.t,~~:2C-03 _ ').t(.St2E:.-C-L-:-Oe:!5S•3C:-05 _____ 0.3215E OL ___ 0.56"'lE OL-OolS<;cE-CL. _Oo5692E 
13 -C.755~E-C4 Ooll6GE-C3 -Co2E50[-~5 Oo22Y7E 01 0~4079£ 01 T0e132CE-Ol Oo4079E 
14 -0.455-iE-C'> 0.7673[-0t+ -C.!S.'fE-05 Ool90<:E 01 0.3073E 01 -0.948CE-·G2 Oo3073E 15 -o.tse:E-04 Oo412GE-04 -0.00~0E-06 Col213E Cl 0.2377E 01 -0.4470E-C2 Oo2377E -------- __ l_c _______ L'1STANCE= 4.~0 CU'<VATlJ';f.:=.-~.Oo'll73lf:0-04 ...... 1/Q(>-I[ot,T= -0.1!EE!E 06. 

lc [ fSTANCc= P.('C C\_,{VATV~t::= -C.375CeE-O'l IJO,'IENT= -O.lC67eE 06 
!7 -C.!l5CE-03 0.~r~~~-C3 -0.0045E-03 Oo2201E 01 Oo8341E 01 -0.4494E ~~ Oo1071E 18 -c.eS~(E-C4 8o307~E-03 -r.475~E-03 Oo2~00F 01 Ooll&~E 02 -O.~U25E 01 Ool423E 

------ __ < 9 _____ C , ? 2 7::: t --:5 .. _Q • 2 7 l :> t. -? 3 .. -0 • <: 6 t. l £::.-0 :1 ___ O_o 7 i 0 ec; C 1. ___ C • 1 2 7 6E 0 2. _ :-0 • 2 i; 3 E E C 1 __ 0 • L! q 4 E 
20 C.2~S2E-04 O.J34~l-03 -O.J~2~E-05 Ool2~8E 02 Ool336f::. U2 -C.690~L-02 Ool336E 21 OolO~SE-04 Ool47~E-C3 C.lOC5E-J3 Ooll~1E 02 0.1300E 02 Oo4721F DO Oel315E 
22 -0.27~~E-04 Oo!S24t-03 O.t~7FE-04 C.l066E 02 Oo125~E 02 Oo3B67E CO Ool263E -------23 ____ -~o ... 7.1 SCE- C4 ___ C • 2 11 '-IL-03 __ 0 .~:.4t>llE-04 ______ 0. E E61 E _ 0.1 __ 0 • 1132£:.. 0 2 __ 0 o23 e2E CO __ 0 • ll34E 

v., 
0 

24 -Oo10~~~--03 Oa2JJAE-OJ OoL777E-04 Oo7382E 01 O.lC2eC 0~ Oo752E~-Cl Ooi022E 
2~ -0.127~E-C3 0.2?~4E-03 -O.~H74E-06 0.~381E ~~ 0.8370E 01 -O.l647E-C2 c.e37CE 
26 -0.12-SlC-:)3 C.2C'St•f'-03 -0,75S'SE--G5 Co4C4CE 01 O.c<;27E 01 -0.3277E·-Ol Oo5S21E 27 .. -O.tC'=lE-CJ3 O.l~';:,·t-03 -~.l07EC-04 ______ 0.J.?lt;C Ol. __ 0.5cb"'f: 01 -0.'+795F-Cl o.sr,')<)E 2B -C.75atL-04 O.J!t?E-03 -O.L54EE-05 Oo2297E 01 Oc4077f::. 01 -0.3961E-01 0.407EE 
~9 -C.456eE-G4 0.7f63f-04 -O.SS34E-05 Ool902E 01 0.3C71E 01 -0.2B42E-Cl Oo3072E 30 -O.l577E-C4 0.4121E-04 -0.~7!3E-05 O.lbl3E 01 0.237bE 01 -Ool34CE-Ol Oo2376E _ .. ..21... ____ .DISTANCE= _A .00 ____ .CUNVt,TURE=.----=0 • 37657£-04 _______ I'Gi'iENT= __ -:-0 ol 0721E Oe 

~1 CISTA~CE~ 12.00 CUnVATU~E= -Co321elE-C4 1/LMENT= -0.944E?E 05 
32 -O.l3~2b-03 0.7331E-04 Ool812E-03 -O.S233E 00 O.l54~E-Ol Oo4llEE 00 Ool70~E 33 Oof3S!f-04 Oo9442f-04 0o13~~E-04 Oo3971E 01 Oo4467E 01 Oo1066E 00 Oe44EEE ____ _] '-4. ____ _o "s 5~~<;E- J4- 0 0)2 125 E.- G3 __ c II 0 C3E.E.- 'J4 _____ o. t:7::J3L_. c l ___ c. l JSt7E- 0 2 0. 922 ~E c 0 c el 13 OE 
3~ Oo488ff::.-04 Coll81E-03 Oo23CfE-03 Ocl331E 02 Ool3.,~t 02 Oell32L Cl Ool494E 
36 -0.32~~~-05 Q.l079E-CJ 0.21~6F-03 OollRlE 02 Ool339E 02 O.S84SE CO Ooi387E 37 -C.42CSE-04 Oo2010E-03 0.!4CSE-03 Ool0~2E 02 O.l277E 02 0.62CAE C0 Ool293E __ 39 ____ :-CoeOOfE--CA __ Q.2;:;·15E-0::l ___ 0.£;(>;;-:7l:-04 _____ O.e8!4F: _01 __ Oo1l4CE 02 Oo3698f' CO O.tl45E 
39 -Ooll21E-03 Co2J77C-C3 o.~EG4[-04 Oe7J49E 01 Ool03GE 02 Ool20CE CO Ooi030E 
40 -O.l2e7L-03 0.2?~~E-C3 -0.733SE-06 O.tJ6~E 01 0.8375E 01 -O.Jll6E-02 Oo8375E 41 -0.12C5c-03 Oo2057E-03 -O.l279E-04 Oo4034E 01 O.~S26E 01 -0.5517E-01 Oo6927E --- . ____ 4 2._ __ _:- Q_, 1 0 <; t;t::- 03 __ _ D • J f 9_0 E.:-:.0-3 __ :- _:; ..1 f. 01 E- 0 4 ______ 1) .• 3 21 ! E ___ 0_1_ __ 0_._56 8 :':>E __ 0 l ___ ::-_Q_, 60 1 l L- 0 L_ ____ Q • !;568 7E 
43 -C.752CE-C4 0.1104l-OJ ,-0.14?5E-04 0.22~ff 01 0.407~E 01 -0.(603l-Cl Oo407~E 
~4 -Oo45~~C-04 0.7643C-G4 -C.9Hd1E-05 Ool902E 01 Oo3068E 01 -Co473jE-Ol Oo307CE 
45 -Cel57CL-04 Co4ll3L-C4 -0.4511E-05 0.1E12E 01 0.2374E 01 -Oo2230E-Cl Oo2375E <.!e._ ______ D !_S T At-H: F_= __ l_~. _Q_Q _____ CUR VA T_l)i=<E-"": ____ =.!l • 3 J 38 2 E-0 '±. ___ _ I<'U~IENl= ___ -_-·o •.,; "i (. 3<; E __ 05 

4f CJSTANCE= lfoOC CLRVATU~E= -Co2EfeiE-C4 "'OMENT= -G.Hl655E C5 
47 -Oo2504E-04 Oo4222E-03 Ool4B5E-02 Ool299E 01 Oo2E24E 01 Oo220CE 01 Oo4259E 48 o.A4e7E-05 0.3CldE-03 0.~05GE-03 Oe6806~ 01 O.l220E 02 0.8322E 01 Oole25E ______ 49 ___ ::..2 .• ::;_4 9 1 c. -_Qtt__Q _._)_t,:!Sl'=..!!.:L.....:..O.•_o.;_?f 3.G=-~?_:;l. ___ ____Q_._c:<s 3 E ___ o 1 _Q. J 33 2t:_02 ___ o_, 54 1 e E __ .Q L_ o_. 1 e 3 c E: 
50 -0.2777E-04 Oo2443f-03 0.5335f-03 O.l315E 02 Ool53GE 02 Oo210~E 01 Oole5EE 51 -O.~C07E-C4 Oo2345E-03 Q,3258E-03 Ool!5~~ 02 Coi36BE 02 Ool345E 01 0.144~E 52 -O.C:4RCt-04 Co2317E-03 Oo1905E-03 Ool05CE 02 Oo13ClE 02 0.8048E 00 Ool324E ______ :; 3 ___ :: G • S .. l 3 c;E: -:-O."t_C • 2 3';4 E-:-.0_3 ___ 0_._!__! 2S.f.c:Q;J _ ___I)_ • l: 73,?_E __ O_l__ __ o_._ll48E ___ O;;:o __ O_o4 755E _CO_ 0.• 1 15fE 
54 -Ooll72E-03 0.2435E-03 Oo3797E-04 Oo730SE 01 0.1033E 02 Ool592E CO Ool034E 
~~ -C.13CeE-03 J.2280E-03 -O.l427E-)5 O.E343E 01 Oo83B5E 01 -0.6048E-02 Oo8385E 
56 -O.t3C1E-03 Oo2062E-C3 -0.1824E-04 Oo4C24E 01 Oo692SE 01 -0.7B67E-Ol Oa6S2l:E 
~7 ·-n.IOR~F-0~ n.1ARR~-n~ -O.?~~~F-04 0.~~07F 01 O.~c7RF OJ -O.ll?7E 00 0.56B~F 

----s-1<;3-- --

-~- --" ·- - -

02 0.604:3E 
02 Oe3303E 
.C2 0.4964E 
02 Oollc~E 
02 Ooll36E 
02 0.1064!:' 
02 0.88'32E 
02 o.7400E 
0 1 Oo538SE 
Cl Oo4043E 
0 1. Oo3215E 
Cl Oo2297E 
c 1 C • 19 G 2E 
01 O.l813E 

02 -0.!71SE 
02 0 • 1 1 4 7E 
02 0.5930E . . 
02 Oe1241:E' 
C2 0.115~£.:: 
02 0. 105£1E 
02 Ce8836E 
02 0.7380£. 
Cl Oo532iE 
Cl 0.4039E 
01 0.321.3E 
0 l Oe229tE 
c 1 o.t90lF 
C! Ool813E 

co -Oe!07P.E 
c l 0 .394 91: 
02 o.e-+02E 
C2 Oel24"lE 
C2 Ooll34E 
02 Oel045E 
C2 Oof'762E 
02 Oo7344E. 
C I o.~365E 
01 Oc4033E 
0. O.J209E 
Cl --- 0~22S4E. 
C I Oel'lOOE 
0 1 O.l811E 

01 -0.336tE 
02 0.755t>E 
C2 0.3473E --C2 O.ll86E 
02 0 • l 0 9 2E 
02 Oel026E 
C2 O.E653E 
02 0.7300E 
0 l o.5343E 
01 C.4022E 
0\ n.3202E 

MODLLUS STRS- RAT "i 0 

--- ---- ----------

Ol 45383.3 5. 1 1 • 
01 35755.1 6.7 1 • 
01- _ 3,0693 o6 3.3 1 • 
02 12356 • .3 lo2 3. 
02 13344 • 2 1 • I ~'! • 
02 132':1?.o9 1 0 ~= 3. 
Cl l2tS40·-~ lo.:S J. 
01 124 <:.0 • .) lo4 .; "' 
01 12503.0 lob .:! • 
01 126H7o3 lo7 3. 
01 l3075o4 loB " ~ . 0 1 13623.8 1 • 8 3. 
01 14C7'1o8 lob 3. 
0 1 14522.0 lo3 3. 

00 t7472o9 -62 .. 3 1 • 
01 28ci33o 0 12. + 1 • 
01 ?.8777.3 ~.3 1 • 
02 132$~ ... '4 l • 1 3. 
02 13807.2 l • t • .;! • 
02 1 :.l2 ')13. \} lo2 ::!. 
01 12762.3 1. 3 :']. 
0! 1 2'•· S& • :> lo4 ~. 
01 124~·j./;. 1·6 J. 
'Jl 1261:l6o9 lo7 J. 
01---- 1307t .• O led 3. 
01 1 Jt.24~'t 1 • a .. -. 
01 l40t>Oo2 1·6 :!. 
01 14522.2 lo3 J. 

01 613Se4 -o .2 l • 
0~ 2!63"!.2 1 • ! 1 • 
01 25B5o.O 1 • ::. 1 , 
02 14428.4 l.-2 ~0 
02 13554.4 1·2 :~ c 

02 120170.0 1. 2 3. 
0 1 ..... - 1260:5.3 1 • j 3. 
01 12401.4 1 • 4 3. 
01 12431.3 lob 3. 
01 12685.9 1 • 7 3. 
01 13077.1 1·6 3. ---- __ .,_ 

0 I 13o25c7 1 • 8 , -. 
01 1408lel lo6 3. 
Ol 14522.5 1 • 3 3. 

oc 4000.0 -12.7 i • 
00 24312·4 2«.2 1 • 
01 2538-'> • .3 4~7 1 • 
02 11::,d6ol lo4 3. 
02 12140.3 1·3 3o 
0<: 1?.4llio.3 l • .l 3. 
0 1 12376~o3 1. 3 .:: . 
01 1232b.3 1.4 3. 
01 12462.2 1. 6 3. 
01 12684o5 1. -, 3c 
01 130"18,. 9 loB 3. 
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PROGRAM LISTING 

51 



U"l 
N 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

1 
2 

************************************************~~******************-- 3 
******************************************************************** 4 
** PROGRAM !LLI-TRACK ** 5 
** A CC~PUTEH PRCGRAM FOR T~E FINITE ELEME~T ANALYSIS OF ** 6 
** CONVENTIONAL RLWV TRACK SUPFORT SYSTEM(CRTSSl. DEVELOPED BY**. 7 
** SHlRAZ D. TAVABJI • CIVIL ENGINEERING DEPARTMENT. ~NIVERSITY** 8 
** OF ILLINOiS• SPRtNG, 1975., ** g 

********************************************************************· 10 
******************************************************************** -ll 

DIME~SIC~S MASTER REAL AND INTEGE~ ARRAY 
OIMENS!UI'. VARS(42000),lNIS(1250Q) __ 
DATA IRE~L.INTGR/42000,12500/ 

CALL VR01M(VARS.INTS,l~TGR,IREAL) 
END 
SUB ROUT l NE AMESH( CORD • NGNP .NPI • i'>UMEL} ----- ----- ... 

12 
13 
14 

------ 15.-
16 
ll 
18 

-- -- 1 -



U'i 
w 

~.,.,.,_,.,_ .. ·-·--·---· 

I 
! c 

c 

c 
c 

c 
c 
c 

c 

c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

70 

120 
110 

200 

DIMENSIO~ COR0(2,NONP).NPI(4.~UMEL) 
CUMMON/T~O/NDEPTH.NCOL,TITLE(20l.RLT!E.WTIE.80EPTHvS8DEPT,TSPACEw 

lUPPER 
COMMON/TEN/R(36).Z(30),NRR 

PREPARES ELEME~T CCNNECTlVIVY 
NNDEPT=NDEPTH+l 
DO 70 I:::t,NONP 
.JCOL=( l-1}/NNDEPT+l 
CORD(lwi)=R(JCOL) 
CONTINuE 

DO 110 
J=X 

I=l,NNDt:PT 

DO 120 K=J,NONP.NNDEPT 
CORD(2,K)=Z(J) . 
CONTINuE 

PREPARES ~COAL COORDINANATES 

DO 200 l=l,NUMEL 
ANUM=( 1-1 )/NDEPTH 
.JNUM=Al\uf'l 
NPl{ 1. l )::::[+JNUM 
NPl(2,I):::NPI(l,I)+l 
NP!(3~I)=NPl{2o!)+NDEPTH+l 
NP1(4,I):::NPI(J.I)-l 
CONTINUE 

RETURN 
END 
SUBRCUTil\E ASE~BL{NOEG,NGENS~SXX.NSXX.MAXCC.NAP.NPI,NUMEL.Nl,NPNUM 

t.CORDoNP,MAXNPoNUME,NNOOE,ET,DATAl.NNODE2.NOl\P,NCRD.PSR•DEN.TlEK. 
2 TYPE) . 

OlMEl\SION SXXlNDEG.NDEG,NSXX)~~~ME(hUMEL!.~Pl(NNODE,NUMEL), 
1 ETCNUMEL)oOATA1ChUMEL)oNP~UM(NGNP}.CORD(NCRD3NONP),NP(NONP,MAXNPJ 
2uMAXCO(NCNP).NAP{NONP)ePSR(NUMEL).DEN(NUMEL),TlEK(36),TYPE(NUMEL) 

COM~CN/G~E/SS{B,a),SK(2,2ol6}.0(3o3}.8(3~8).CISP(8J~DISPT(8). 
l G(2.2},Gl(2.2),E(3,8),NOUToNIN 
COMMCN/T*O/NDEPTH~NCOL,TITLE(20}.RLTIE.~TIEe8DEPTH.SBDEPT.TSPACE. 

lUPPER 
COMMON/T~REE/OU~P(20l.LM{4),1CUT 

ASSEMBLES THE STRUCTURAL STIFFNESS MAT~lX 
FROM THE ELEMENT STIFFNESS MACRC UNITS. 
SXX STR~CT0RAL STIFFNESS ARRAY 
NSXX (MAXNP)*(~GNP+l) NO. OF MACRO UNITS iN SXX 
MAXCO(I) LAST NONZERO COLUMN IN ROW I 
MAX~P ~AXlMUM SEMl-BANDWIOTH 
OF STRLCTURAL STIFFNESS MATRIX 
NAP(!) SEM!-BANO~!DTH FOR ROw(!) OF 
STRUCTuRAL STIFFNESS MATRIX@ 
SK ELEMENT STIFFNESS lN MACRO U~ITS 

2 
3 
4 
5 
6 
7 
8 
9 

10 
u 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
.33 

1 
2 
3 
4 
5 
6 
7 
B 
g 

10 
1 l 
12 
13 
14 
15 
lo 
1 7" 
i8 
19 
20 
;! l 
22 
23 
2.£~ 



01 
..j::o 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 

c 

c 

c 
c 

c 

2 
1 

K 

4 

22 

28 
21 

26 
27 

3 

NP~U~(~) NODAL PGINT kUMBER FOR NODE N 
P(N.~l) STORES Nl NpNZERO ELEMENT OF NTH ROW OF THE STRUCTURAL 

.STIFFNESS MATRIX 
fNU~E(N} ELEMENT ~UMBER 

NNODE2 ~NODE*NNODE 
lNITILiZE STRUCTURAL STIFFNESS MATRIX 

CALL SCLA(SXX,C •• ~DEG*NDEG.NSXX,O) 
INITILlZE MAXCCtNAP,AND NP ARRAVS 
DO l L=l vNONP 
NAP(L):::l 
MAXCO(L)=L 
DO 2 N=l,MAXNP 
NP(L.M)=C 
NP ( L, 1 ) =L 
NP IS FILLED iN FOR THE DiAGONAL STIFFNESS 
ELEMENTS SINCES THEY ARE STORED FIRST. 

IS A SUM~ER FGR SPRING NUMeERS 
K=O 
DO J N::::l ,NUMEL 
DO 4 { = 1 , NI'.ODE 
LM([)=NPI(l.,N) 
CALL FL~~(N,NDE~.NNOCEoNGENSoNPioET(N).~UMEL.~ORD,NONPoDATAl(Nl. 

1 Nl,NCRO.NNODE2oPSR{N),DEN(N}.T1CK,K,TYPE) 
NEXT RGUTIN~ PLTS THE SK MACRO U~ITS INTO A STRUCTURAL 
STIFFNES~ MATHlX 
THIS RCUTlNE AOCS THE ELEMENT MACRC UNITS SK TC THE STRUCTURAL 
STIFFNESS SXXo lT ALSO FILLS IN THE 1 PLI~TER 1 ARRAY NPe 
DO 21 L=l.I'.NODE 
LMSS=(L-l)*NNODE 
LX=LM{L) 
LMSl=(LX-1 )*MAX~P 
DO 2 l o\1= 1 • NNOOE 
LMSS=Lt-'SS+l 
CHECK CN LAST CCLUMN NUMBE~ 
IF(LM(M)~GToMAXCC(LX)) MAXCO(LX)=LM(M) 
ONLY HALF OFF-CIAGOI'.AL TERMS STORED 
lF(LM(N).~T.LX} GU TO 21 
MX=O 
MX=f\IX-t-1 
lF(NP(LX,MX).NE.LM(M).AND.NP{LX.~X).NEoO) GO TO 22 
FILL IN f\.P A::,:RAY 
NP ( LX • ~;X ) = L M ( M ) 
CHECK TU SEE IF MAX. SEMI-BANDWIDTH IS EXCEEDED 
lF(MX.GT.MAXNP) GO TO 26 
LMS=LMSl+MX 
ADD lN ELEMENT ~ACRO UNIT 
DO 28 Jl=l.NDEG 
DO 2tl 1'.2=l,NDEG 
SXX{Jl9N2oLMS}=SXX(Jl.N2.LMS)+SK(Jl.N2sLMSS) 
CONT.fNUE 
GO TO 3 
wRITE(NOUT.27) LX 
FORMAT(' '•'MORE THAN MAXNG ~O!NED TC NODE • ti5/) 
CONTINUE 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
.36 
31 
.3U 
39 
40 
41 
42 
43 
4l~ 

45 
46 
47 
4tl 
49 
50 
51 
52 
~3 
54 
55 
56 
57 
5tl 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
"!}' 
78 
-,g 
80 



U'l 
U'l 

c 
c 

c 
-C 
c 
c 

c 
c 

c 

6 

5 

- ·'---·----~- -

COMFUTATKON OF SEMI-BANDWIDTH FOR STRUCTURAL STIFFNESS 
MATRIX--FILLS lN NAP ARRAY 

81 
82 
83 DO 5 M=l,NONP 

MX=l -- - -------- - ------------ 84 -· 
MX=II'X+l 
IF(MXoLE.MAXNP.ANO.NP(M,MX).GTeO) GO TO 6 
NAP(M)=MX-1 
RETURN 
END 
SUB~OUTI~E 8ETA(CORD.NONP,NCRO) 

BETA PREPARES THE COEFFICIENT MATRIX USED TO EVALUATE STRAIN 
FROM DI SPLACEMENl S FOR THE PLANAR -ELEMENTS -

' 
DIMENSIC~ CORD{~CRD,NO~P) 

85 
86 
87 
88 
89 

1 
2 

---------3----
4 
5 

COMMON/G~E/SS(8,8),SK(2t2tl6),D(3o3),6(3,8),01SP(8),01SPT(8), __ 
l G(2,2),Gl(2.2},E{3e8)eNOUTtN[N 
COMMON/T~REE/DUMP(20),LM(4)oi0UT 

6 
7----
8 
9 

10 
EVALUATED AT THE CENTER OF RECTANGLE 

NS=LM ( 1) 
N6=LM(2) 
N7=LM(3) 
N8=LM{4) 
A=ABS(CGRD(l,N5)-CORO(l,N8)) 
F=ABS(CORD(2eN5}-CORD(2,N6)) 
X=A/2• 
Y=F/2.0 
C=A*F 
8(1,1)=-V/C 
8(1,2}=0. 

-8<1.3)=-(F-Y}/C 
8(1.4):0. 

- ll 
12 
1 3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

.27 
28 
29 
30 

----- - - --- 3 1 
32 
33 
34 

8( 1,5} =-8( le3) 
8(1 .. 6)=0 .. 
8(1,7)=-E:(l·d) 
0(191'3)=0. 
tH2.1)=0• 
8(2,.2)=(A-X)/C 
8(2e3)=0. 
8(2,4}=-8(2.2) 
8(2.5)=0. 
8(2,6)=-'JI./C 
8(2117)=0 .. 
a<2.a>=-e(2,6) 
f:H3d)=8(2,2) 
8(3,2)-=8(1,1) 
8(3~3}=8(2.4) 
8(3,.4)=8(193} 
8(3.5)=8(2,6) 
8(3.6)=B(1e5) 
8{3,7)=8(2.8) 
8(3,8)=8(1.7) 

--------- ---------- ___________ ..J 5 

RETURN 
END 

36 
37 
38 
39 
40 
41 
42 
4.3 
4-ff-

45 
l":- c; 
47_ 



Ol 
0'\ 

I 

c 
c 

c 
C-

c 

c 

c 
c 

c 

------------------

SUOROUT[~E USTIFF{CORD.NCROeNONF.ET,PSReDENeCATAl9TlEKleTIEK2) 

DIME~SIG~ CORO(NCRD,NONP) 

1 
2 
3 

------- --- --- -- 4-
COMMON/O~E/5S{8,A).5K(2.2.16).0(3e3}e8(3e8)eDISP(B).OlSPT(8). 5 

1 GC2.2),Gl(2,2)eE(Je8),NOUTeNIN 6 
COMMON/TWO/NDEPTHeNCOL,TITLE(20AeRLTlEewTIE.SDEPTH,SBDEPT,TSPACE, 7 

1UPPFR - ---- 8 
COMMON/T~REE/DUMP(2Q),LM(4)wlOUT 9 
COMMUN/SEVEN/NDSPECwNFSPECeNSTEPSeNSTPeNFIXe~LOAD 10 

ELEMENT ST {FFNESS- MATR [X FOR A3EAM-SPR 1NG-T-Y-PE--.El.EMENT-
N5=LM( l) -
N7::LM(3) 
AL=ABS{CCRD(l,N7)-CORD(loN5)) 
C=ET*DATAl/{AL**J) 

55( 1.1 ):::4*AL>I<AL*C 
SS{l.~)=c*AL*C 
SS(l,7)=2*AL*AL*C 
SS(l98}=-S5(l,2) 
55(2, 1 )=c*AL*C 
5S{2.2):::TIEK1•12*C 
55{2,.4)=-TIEKl 
55(2,7)=+55(1,2) 
5S{2.B)=-l2*C 
55{4,21=-TIEKl 
SS(494)=TIEKl 
SS{6o6)=TIEK2 
SS(6o8)=-TlEK2 
SS(7,l)=2*AL*AL*C 
55(7 • .?J=6*AL.*C 
SS(7,7)=4*AL*AL*C 
SS(7,8l=-6*AL*C 
55( 8•1) :::-6*ALJ!<C 
SS(8,2)=-l2*C 
SS(8o6)=-TIEK2 
SS(8,7)=-6*AL*C 
SS(8v8)=1IEK2+12*C 

RETURN 
END 
SUBROUTINE BSTRES(N,NCRDtNDEGeNG~PwCORDeET.DATAlsTDl 

D!MENSIC~ CORD(NCRD,NONP),TO(NDEGeNCNP)eX(2) 

COMMON/C~E/S5{8,8),SK(2,2.16).D(3e3),8(3•8)eD15P(8),DISPT(8), 
1 G(2,2loGl(2,2),E(3g8),NOUI.NlN 
COMNCN/ThREE/D~MP(20J.LM(4),IOUT 
CUMMONIScVEN/NOSPtC,NFSPEC.NSTEFS,NSTPeNFIXe~LOAD 

CALC Of CURVATURE AND MOMENT AT THE END OF BEAM ELEMENT 
LXl=LM(l) 
LX2=LM(4) 
DlSP( 1 )::T0{2,LX1) 
D1SP{2)=TO( ltLXl} 
D1SP(3)=TD(2oLX2) 

l 1 
12 --
1 3 
14 
15 
16 
l 7 
lB 
19 
20 
21 
22 
23 
24 
25 
26 
27 

-28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

l 
2 
3 
~~ 

5 
6 
7 
8 
9 
~0 
l l 
12 
l ] 
l ~~ 
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DISP(4):1D(loLX2) 15 AL=ABS ( CGRD( l~LX 1 )-CORD( t.LX2)) 16 X(l~=O• 17 X(2)=AL --- --------------- -- ---- ------- --18-DO 1 0 I : 1 , 2 1 9 XX=X(l:) 20 CURV=(6./(AL*AL)-12.*XX/(AL**3) )*OiSP(lJ 21 1 ·H4e/AL-6•*XX/AL**2)*01SP(2) --- --- - --- 22 2 +(-6./AL**2+12e*XX/AL**3)*DISP(3) 23 3 +(2./AL-6~*XX/AL**2)*DISP(4) 24 AMOM~ET*CATAl*CLRV 25 X X=COR C ( 1 •L X 1 i+ X X -----·-- ---- -- _ ---- __ _ _ ______________________ 2 6 _ 
IF(~STP.~E.NSTEPS) GO TO 10 27 WRITE(~OUT.20) N,XX.,CURV,AMOM 28 20 FORMAT( 6 1 t15.5X,'DISTANCE=•,F6.2v5X, 1 CURVATURE='•El4.5e5Xt 29 l 1 MO ME f>.; T= 0 • E 14" 5) - -- ---- ------ - ... __ . ---·----------·-- ····---..:30 __ 10 CONTINUE 31 RE TllRN ..32 END 33 SUBROUTINE CHECK (ERROR) ____ 1 COMMGNIG~E/SS(e,aJ.SKC2~2.l6).,C(3.,3).,6(3,8).,QISP(8).0ISPT(8j, 2 1 G { 2 • 2 } • G 1 { 2 • 2) , E ( 3 • 8) • NOU T., N 1 N • 3 COMMCN/TWO/NOEPT11~NCOL.TITLE(20).RLTIEeWTIE.BOEPTH,S8DEPT,TSPACE@ 4 1 UPPER - - -- --- - -- - ----------- 5 COMMON/ThREE/DUMP{20).LM(4),ICUT 6 COMMON/FOUR/ETS{10),PSRS(lO).DATA1l,OATA22§TIEKK 7 COM~ON/FIVE/ANAL.,TTHICK,BThiCK.~HI 8 CDMMON/SIX/BONEleBTW01.,BCNE2.BT~02.RM00(8),0EV(8),UMOD(BJ.UDEV(8J,_ 9 1 EFAILl,EFAlL2oEFAIL3,AMXSRl.SIGMNl.AMXSR2,SIGMN2,TAUSUBtNPOINTt 10 2 JPCINT.EFAIL6•UTAUS8 11 COMMON/SEVEN/NDSPEC.NFSPEC.NSTEPS,NSTP,NFIX~~LOAD 12 COMMGN/E IGHT /RLCAC ( 36) • PLOAD { 36) ,o .lST( 36) .MM (36) oRO ISP( 36J .,_ -- --- --- 1.3 1 PDISP(36},0IST1(36).MM1(36),~PT(36) 14 COMMON/TEN/R(36Jol(30),NRR 15 CUMMON/ElEVEN/TTIEK(36) 16 

- l 7 ----- -lF(RLTIEeLTe60.00.0ReRLTIE~GTel20aOJWR1TE(NOUT,ll) RLTIE 18 11 FORMAT(' '•'*****WARNING*****LENGTH OF TlE INPUT IS'•Fl0.2v 1 CHECK 19 1 IT 1 /) 20 I F 0• T I E " L T • 4 " 0 0 • 0 R • W T l E .. G T • 1 6 " 0 ) W R IT E ( N 0 U T • 1 2 l W T I E - - - - . - --- 2 l . 12 FORMAT(' '•'*****~ARNING*****WIDTH OF TIE INPUT IS 1 ,Fl0e2t t CHECK 22 1IT 1 /) 2.3 IF(TTHICK.LTo4$0~0R~TTbiCK@GTel6,Q) WRITE(NOuTol3} TTHICK 24 1.3 FORMAT { 8 ~ , "- *****wARNING**** *THICKNESS OF TIE INPUT IS-~.-Fl 0.32" t tCH. 25 1 ECK IT I/ ; 26 IF(BDEPT~~LTe0$0)~RITECNOUT,14} SDEFTH ~ 27 14 FORMAT(' '•~*****ERROR*****PROBLEM WILL NOT BE SOLVED~/ 28 1 ~ a,'BALLAST DEPTH QFi.FlOs2s 1 IS NEGATIVE'/) _ 29 IF ( BiJEP lb s L T .,1) ® 0 "m:r .. SBOF>'>T .,L T, 0., 0,. OR .,PH 1: .,I_ T., 0 .... OR ,PM l,. GT ,_50" lERP.QR 30 1=d~C 
31 IFCSBDEPT$LT~O.O)WRI~EINOUT~l5J SBOEPT 32 15 FURMATC~ ~~ij··~~*ERROR~****PRUBLEM WILL NOT BE SDLVED 1 / 32 a ~ '~'SU88ALL/\ST OEPrH u~·•.F10a2v 1 IS NE::>Al'IVE~/} 3.:V IFCTSPACEoLTe8~C.CR~TSPACEeGT.36e)WRITE(NOUT.I6) TSPACE JG 16 FORMAT(~ ~.e*****ERROR*****PROBLEM ~ILL NOT BE SOLVE0 8 / 36 l "G.,.,TIE SP.li.CU~G IS 11 ,.Fl0,.2~ 11 CHt:CK.!l~..l} -- .-17 
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f" . 

f 
I IF(BHHCK.LT.,O,.O .. OR,.8THICK.GT.,5C.O)Wf'ITE(NOUT.t7} BTH!CK- - ---- --- .38 ! 17 FORMAT{ 1 '''*****ERROR****-*PROBLEM wiLL NOT BE SOLVED 5 / 39 ! 1 @ '• •EFFECTIVE TIE BEi\RlNG LEI\GTH IS 1 .F10•2• • CHECK l"P/) 40 j IF!PHI,.LT.O .. OO.OR,.PHI,.GT,.50e0)WRI.TE(I\OUT.,l8) PH[ ----------------- 41-
i 18 FORMAT<' '•'*****ERROR*****PROBLEM WILL NOT 6£ SOLVED'/ 42 l 1 ' ~.·A~GLE OF DISTRIBUTION IS 1 .Fl0.29 1 C~ECK IT'/j 43 I DO 1 1 1 I= 1 • 6 44 

I, i.F{ETS(i) .. LT.OoO) WRITE{NOUT.22) I.ETS(l} ------------------45 
22 FORMAT(' • •'*****ERRGR*****PROBLEM wiLL NOT BE SOLVEDB/ 46 [ l •• , I li'.ITIAL MODULUS OF MATERIAL'. 12 •• IS' .Fl4.0 •• CHECK IT 0 /} 47 I IF(PSRS{() .. LT.O.OhJRITE{NOUT.23) I.PSRS(I) 48 

I, ----- -- -23 FORMAT ( 1 · 1 o '*****ERfHlR****-*P.RDBLEM .. WILL NOT BE SOLVED 1 /--- --- .... - ------ 4 9 
1 ' • • 'PC[SSONS· RATIO FOR MATERIAL' • I2e 1 lS' eF6o2o 1 CHECK IT 1 /} 50 I IF(ETS(l)oLT60o0eOR.PSRS{l)®LT$Q.OJ ERROR=leO 51 

~ 111 CONTINuE 52 
f I F ( C A T A l l • L T • 0 • .. 0 R e D AT A 2 2 • L T • 0 • • 0 R • T IE I< K • L. T .. 0 • ) ERR 0 R= l • 0--- . . . -- ---- --- -- 5 .3 . · IF(DATAlloLT.Oo)WRITE(NOUT.24} CATAll 54 I 24 FORMAT(' '•f*****ERROR*****PROBLEM WILL NOT EE SOLVED'/ 55 
1 1 1 '•'MOMENT OF INERTIA OF RAIL SECTION IS'.F6.2v 1 CHECK IT'/} 56 
i [F(OATA22.,LT.O. }WRlTE(NOUT .. 25} CATA22 ---- ------- --- 57. 11 25 FORMAT(• ~9c*****ERROR*****PROBLEM WILL NOT BE SOLVED•/ 58 

1 ' '•'~>•GNENT OF [NERTIA OF TIE SECTION IS 1 .F6e2•' CHECK IT 1 /) 59 ' IF(TIEKK.LT.06C)WRITE(NOUT,26) TIEKK 60 
26 FORMAT{' "•'*****Ef~ROR*****PROBLEM wiLL NOT BE SOLVED 1 /------- ------61-1 ' '•'TIE SPRING RATE9T[EKK,IS 1 tF1Celw' ChECK [T'/) 62 

IFCBONEloLTeO~.OR.BTWUl.LTeO •• OReBTMCl.GEolo)ERROR=l.O 63 
IF(BONEloLT.O •• OR.BT~Ol.LToO •• OR.BTwGl.GEol•)WRITE(NOUT,27) BONE1& 64 

1 B T W 0 1 . ____ . ____ 6 5 . 
27 FORMAT(' '• 1 *****ERROR*****PROBLEM ~ILL NOT EE SOLVED'/ 66 1e '•'BALLAST RESPONSE MODEL IS 1 .F9ol.'(THETA) 1 .F6c2.• CHECK IT'/) 67 

IF(80NE2.LT.O •• OR.BTw02.LT.O •• OR.BTwC2.GE.l.)ERROR=leO 68 
l IF( 80NE2 .L T • 0" "OR .B TW02.LT • 0 • .. OReS Tlh02 • GE ol ~ l IIIRl TE (NOUT .28~- 80NE2 •. 69 I 1BTW02 70 
I 28 FORMAT( 1 '•'*****EHROR*****PROBLEM WILL NOT BE SOLVED'/ 71 I 1 • •.•suouALLAST RESPONSE MODEL rs•.Fl0.2.'<THETA>•.F6.z.• CHECK 72 
t 1 IT • / ) ----- ---- ------ . --- -- 7.3 I lF(NPOINT.LT~2.CR.NPOINT.GT.8) ERRGR=l~O 74 

29 

30 

31 

112 

lF{NPOINT.LT.2.0R.NPOINT.GT.B)WRlTE(~OUTo29l NPOINT 75 
FORMAT(• '•'*****ERHGR*****PROBLEM WILL NOT BE SOLVED'/ 76 1 1 1 o 9 N~MBER OF POINTS FOR LOWER SUBGRACE hESILIENT RESPONSE CURV-77 

2E IS ' .. l4v' CHECK IT'/) 78 
IFCJPOINT*LT.O.CR.JPOINT.EC.l.CR.JPGINT.GT.8)ERROR=l.O 79 
IF(JPO!NT.LT.O.OR.JPOINT.EO.loORQJPOINToGT.8) WRITE(NOUT,30J~POINT 80 
FORMAT(~ e,e*****ERRGR*****PROBLEM WILL NOT BE SOLVED 1 / 81 

1 • '•'~UNDER OF POINTS FOR UPPER SUEGRACE RESILIENT RESPONSE CURV 82 
2E lS 1 oi4.' CHECK IT 8 .1) fL'i 

DO 112 I=l,NPOINT 84 
IF(RMUDCI).LTeCe030R.bEVCIJ.LT.OsOJ ERRGR=l.D 85 
IF ( F1 MOO ( I ) .. L T ~ 0 • 0 .OR ,. DEV ( I } • L T * 0 @ 0) WRITE ( NOU T "3 1 ) I • RMO D { i ) ~DEV { I } .'36 
FORMAT(• ~~ 1 *****ERRCR*****PR08LEM WILL NOT BE SOLVED'/ 87 

1 • !~~Pcli;~Tt.,I39; OF ThE tm'4ER SUBGRACE RESILIENT PES·OCJNSE CURVE oB 
2~5- MODULUS' FIOe2o 1 DEV!ATORIC STRES5 8 .F6~2•e CHECK IT 1 /I 89 

CONTINUE 90 
IF(JPOINToLE.OJ GO TO 113 91 
DO 114 l=l.JPOI~T 92 
lF(UMOO(!).LT.C • .,OR.,UOEV(l).LT.C..,l EF<RCR:!.,O --- 93 



01 
1..0 

c 

c 

.32 

l 1 4 
1!3 

.33 

34 

35 

36 

37 

IF(UMOC{I)eLToOe.OReUOEV(I)aLTe0e)WRITE(NOUTe32)I.UMOD(l)eUDEV(Il 94 
FORMAT(' '•'*****ERROR*****PROBLEM WILL NOT BE SOLVED'/ 95 l t •, 1 PGINT•,I3,' OF THE UPPER SUBGRACE RESILIENT RESPONSE CURVE 96 .215 ·- MODULUS 1 ,Fl0.2.•. DEVl.ATORlC STRESS 1 .F6e2o 1 CHECK lT'/) ---- 97 CO,...TINUE 98 
CONT INLIE 99 lF(AMXSRl.LT.OeCeOR.AMXSR2.LT.O.O} ERROR=loO 100 IF(AMXSRl.LT.OoOeOR.AMXSR2eLToOe0) WRITE(NGUT.33)AMXSRl.AMXSR2 101 FORMAT( 1 '•'*****ERROR*****PAOBLEM WILL NOT BE SOLVED'/ 102 

l • ~.•MAX STRESS RATIO FOR BALLAST 15 1 .F6ol•' AND MAX STRESS RAT1103 20 FOR SU86ALLAST IS 1 oF6ale 1 CHECK THEM'/) 104 
IF(EFAIL loLT.O"O .. OR .. EFAI1..2.d .. T.O.O) ERROR=l.O -····· . ---105------IF(EFAIL leLT.O.O.OR.EFAIL2eLT.O.OJ ~RITE(NOUT.34}EFAILleEFAlL2 106 FORMAT(• "•'*****ERROR*****PROBLEM WILL NOT BE SOLVED'/ 107 l 1 e,•FftiLURE ~OCULUS FOR BALLAST !S•eFlOel•' AND FAILURE MODULUSl08 2 FOR SUBBALLAST IS 1 .FlO.l"' CHECK THEM'/) --- 109 IF(TAUSUB.LT.O.C.ORoUTAUSBeLT.O.Q) ERROR=l.O 110 
IF(TAUS~E.LToOeC.OR.UTAUSB.LT.O.O~ WRlTE(NOUT,35ITAUSUB.UTAUSB lll FORMAT(' '•'*****ERROR*****PROBLEM ~ILL NOT BE SOLVED'/ 112 l g "•'ALLOWABLE SHEAR STRESS FOR LOWER SUBGRA.DE IS 8 eF6.le 1 AND AL113 2LOWABLE SHEAR STRESS FOR UPPER SUBGRAOE IS •,F6~1•' CHECK THEM 1/) 114 IF(EFAIL2$LT.OaC.OReEFAlL6.LTeOe0) ERROR=l$0 115 IF(EFAILJ.LT.Oe0oOReEFA!L6eLTeOe0) WRITE(NOUTe36)EFAIL3eEFA!L6 116 
FORMAT(' '•'*****ERROR*****PROBLEM WILL NOT BE -SOLVED'/ 117 1 • '•'FAILURE MODULUS FOR LOWER SUBGRACE IS~.F6ele' ANO FAILURE Mll8 20DULUS FCR UPPER SU8GRADE IS 1 eF6el•' CHECK THEM'/) 119 IFCNDSPEC.GT.36.0R.NFSPEC.GT.36) ERRGR=leO 120 
IF(NOSPEC.GT.36.UR.NFSPEC.GT.J6) WRITE(NOUT.37)NDSPEC.NFSPEC 121 
FORMAT(' '•'*****ERROK*****PROBLEM WILL NOT BE SOLVED'/ 122 1 1 '•'~G. OF SPECIFIED DISPLACEMENTS ARE•.I4•' AND NOe OF SPECIFll23 2ED FORCES ARE'•I4. 1 CHECK ThEM'/) 124 RETURN - ---- 125 END 126 
SUBROUTI~E CONTRO(NNOOE2.NCRDeNUMEL.NNOOE,NOEG.NGENS•NONPeMAXNPo 1 l NSXX.Nl,SXXwCORO,ET.DATAltPL.TD.TF.EX.PSR.DENeSIGXX.TX.PPSTRSs 2 2 TYPE.MAXCO.NAP.NPleNP.NUME.NP~UMeNPBC.ERRCR~NEX) 3 
DIMENSlON SXX(NDEGeNOEG.NSXX).CCRO{NCROeNONP}.ET(NUMEL). 1 DATAl{NUMEL).PL{NDEG,NONP}.TO(NDEGeNONPl~TF(NOEG9NONP).EX(NEX)e 

2 SIGXX(NEX),?SR(,...UMEL)eOEN(NUMELl.MAXCC(NCNPJ,NAP(NDNP), 
3. NPl(~NCOE,NUMEL}.NP(NCNP.MAXNP).NUME(NUMEL).~PNUM(NONP)o 
4 NP8C(NDEGeNONP).TX(NDEGeNONP)eTIEK(36).PPSTRS(NGENS,NONP), 
5 TYPE(N0~EL) 

DIMENSION FD(2.800} 
DXMENSIO~ T!ED(36)oTIER(36) 

CONT~O IS THE CCNT~OL PROGRAM. IT CALLS ALL M~JOR SUBROUTiNES 
COMMON/ONE/SSCB.BJ.SK(2,2.16).D(393}.8(3~8}.0ISP(8}w01SPT(BI~ 

1 G(2,2) oGl(.2.2) ~E(3.BioNOUToNIN . 
COMVON/T~O/NDEPTH~NCOLoTITLEC20)sHLTIE,~TIEeBDEPTH~SBDEPT~TSPACEo 

tUPPER 
COMMGN/T~REE/DU~PC2DJ~LM(4),IOUT 
COMMON/FIVE/ANAL.TTHlCK.BTHICK.PHI -
COMMGN/SEVEN/NOSPEC,NFSPEC.NSTEPS.NSTP.~FIX.NLOAD 
COMMON/EIGHT/RLCACC36)BPLOA0(36J.DIST(36J.MM(36)eRDISP{36)e 

1 PDISP(36),DlSTl(36i,M~l(36),NPT(36} 
COMMON/NlNE/~LAG~SFLAG~CFLAG,AtiCD 

4 
5 
6 
7. 
8 
9 

10 
. - 11 

12 
.1.3 . ,, 
.L.:.,;-

.15 
16 
17 
18 
19 
~:: () 

2l . ., •') 
""- ~-

23 



Ol 
0 

~--------

! 
-- ~--~-------

I 
c 

I c 

I- ,----
! c 
! 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

25 

22 
233 

222 

301 

322 
333 

323 

302 

.342 
'341 

343 

c 

COMMON/TE~/R(36).Z(30} .. NRR 
COMMON/ELEVEN/TTIEK(36) 

INITIALilE ARRAYS 
CALL SCLA( SIGXX .. O" ,NGENS.NUMEL .. O) -
CALL SCLA(Ex.o •• ~GENS,NUMEL.O) 
CALL SCLA(TF,o •• ~DEG.~ONP.C) 
CALL SCLA(PPSTRS,OetNGENS.NONP,Q) 
CALL SCLA(FD,Oe ,2,800,0)-

IN[TlALilE CONTROLS 
NNDEPT=NDEPTH+l 
IAS'*'BL=l 

- --FLAG=O • 0 --- - --------- --
READ INPUT 

24 
25 
26 

- ---- -- 27-
28 
29 
30 

--·-··-- ---·- -- ·-· -·---,- -- 31 
32 
33 
34 

·--------------- ..3 5 
. 36 

37 
CALL I~DATA(NDEG,~U~EL,NONP.NGE~S.NCRD.~NOOEeNUMEeNPI,ETeDATAl, 38 

1 NPNUMoCORD,PSR.DEN.TIEK.TYPE,ERROR)- --- ----- - -- - --- --- -- 39 
IFCERRGReECol•O> ~ETURN . 40 

BEGIN SOLvTION CF PROBLEM 41 
INCREMENTAL LOADING TECHNIQUE USED FCR SOLVING NON-LINEAR PROBLEMS. 42 
LOAD IS ACDED IN SPEClFlED INCRE~ENTS A~D SOLUTION IS SOUGHT FOR -- 43 
EACH INCREMENT. THE STRESS STATE IS USED TO DETAIN THE MODULI 44 
VALUES TO BE USED IN THE NEXT INC~EMENT STEP.AN ITERATIVE ANAL. IS 45 
DONE AT ThE ENO OF THE FINAL STEP(WITH FULL LOAD ACTlNG}o 46 
ABCD=leO FOR lTE~ATIVE SCHEME WITH FULL LOAD APPLlED AT ALL STEPS- -47. 
ABCD=2.0 FOK STEP -I~CREMENTAL LOADING SHEME WITH LOAD/NSTEPS 48 

APPLlED AT EVERY STEP.DEFLECTIO~S ARE ADDED CUMULATIVELY AT END 49 
UF EACH STEP AND STRAINS AND STRESSES CALCULATED THEN 50 

-DO 20 1\STP=loNSTEPS ----- ----- - -- -------51 
WRITE(NOLT.25) ~STP.NSTEPS 52 
FORMAT{/// 1 '•'************************************************ 0

/ 53 
1 ' 1 •'** STEP I\0•'•I3.2X.•OF A TOTAL OF '•13.2Xs 1 STEPS ** 1

/ 54 
2' '•'***********************************************~- ~///)-- 55 

IF(ABCD.EO.l.O) GO TO 301 56 
lr(ABCD.E0.2.0) GC TO 302 57 
lF(NFSPEC.EOoO} GO TO 233 58 
DO 22 .JJ= l, NFSPEC . -- -- ------ - ----- - 59 
PLOAD{JJ)=RLOAC(JJ)*NSTP/NSTEPS 60 
lF(~DSPEC.EQ.,O} GO TO 23 61 
DO 222 JJ=l.NDSPEC 62 
PDlSP(JJ)=RDISP(.J.J)*NSTP/NSTEPS ------ ---- 6..3 
GO TO 23 64 
IF(~FSPECeEOoO) GG TO 333 65 
DO 322 JJ=l,NFSPEC 66 
PLOAD(J.J)=RLOAC(.JJ) --- ---- - ----- -67. 
1F(~DSPEC.EQ.Q) GO TO 23 68 
DO 323 JJ=19NUSPEC 69 
PDISP{JJ)=RDISP(JJ) 70 
GOT02.3 ···---- ··-- ------ 71 
!F(I'<FSPEC .. EO.,Q) GO TO 341 72 
DO 342 JJ=l.NFSPEC 73 
PLOAD(JJ)=RLUAD(JJI/NSTEPS 74 
IF(I'IDSPEC·EU·Ol GO TO 23 --------------·------ ------ ---- 75 
DO 343 JJ=loNCSPEC 76 
PDISP(JJ)=RDISP(JJ}/NSTEPS 77 
Gu TO 23 18 

FLAG=l.O IS USED JC REPEAT THE FINAL CYCLE 79 
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I 
I 
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t 
I 
! 
i 
I 
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I 

c 

c 

c 

c 
c 
c 
c 

c 
c 

c 
c 
c 

23 
24 

900 

201 
202 

203 
204 

c 
c 
c 
c 
c 
c 

1 

31 

IF(FLAG.EQ.l.O) WRITE(NOUT.24) 
FORMAT(' 1 •'****** FINAL CYCLE *********') ASSEMBLE STIFFNESS . 
CALL ASE~BL(NDEG,NGENS,SXX,NSXX,MAXCG.NAP.NPI.~UMEL,NlvNPNUM,CORD, 1 NP.~AX~P.NUME.NNOOE.ET,DATAltNNODE2.NCNPeNCRDePSReDEN,TIEKeTYPE} READ LOAD AND BOUNDARY CONDITIO~S 
CALL !<EAC8C(NDEG,NGENS,NUMEL,NleNCRO,NONPQNNODEeNPI,NP8C,PRESS, 
lPL~CORD.TD,TF) --TX IS USED INSTEAD OF TF IN SUBSEQUENT SOLUYIGN STEPS. 

DO QOO I=l9NONP 
DO QOO Il=ltNOEG 
TX ( I l, ( )=TF ( I!, I ) 
lF(ERRGR.EQ.l.O) RETURN 

ADJUST STlFFNESS AND LOAD VECTOR FOR DISPLACEMENT 
BGUNOART CONOITIGNS 

CALL F I XEC ( NQf,p, NDEG • MAXNP, NSXX" TO, ~AP,. NP, NP6C ,SXX, TX,..!ASMBL i SOLVE EQl.JATlONS 
FIRST TiME THROUGH INCLUDE OECOMPOSITION~THUS CALL CROUTD IF(IASMBL.EQ.lJ CALL CROUTOCNDEG,NONPeMAXNP.NSXX.NPBC.TD.TX. 
1 NP.SXX.~APoMAXCO) 
FOR SUBSEQUENT LGAOING CASES WhERE ONLY BACK ANQ FORWARD 

SUBSTLTLTION IS NECESSARY .CALL CRCUTE 
lF( lASM8LeEO.O) CALL CROUTE(NDEGeNONP,MAXNP.NSXXwNPBC.TD.TXt 

l NP.SXX~NAP.MAXCO) 

REPLACE T~E GIVEN DISPLACEMENT 
ZERO IN FIXGC 

IF(NOSPEC.EO.O) GO TO 202 
DO 201 L=l.NDSPEC 
MN=I\PT(L) 
TD(2t~N)=PDISP(L) 

.CONTINUE 
CONTINUE 
1F(A8CD.NE.2.0) GO TO 204 
IF(FLAGoEQ.t.O) GO TO 204 
DO 203 I=l,NOr-..P 
DO 203 J=l,NDEG 
FO(J., [):FD(J, 1)-+TO(J.U 
TF(.J, I }=TF(J, I )*1\STP 
TO(J.i)=FD(.J.IJ 
CONTINUE 

INPUT. SINCE IT IS MADE EQUAL TO 

PRINT DISPLACEMENT AND FORCE OUTPUT 
TlERR IS THE TOTAL OF ALL THE TIE REACTIONS-----
TIED iS T~E TIE/SPRI~G CCMPRESSICN 
TIER IS ThE TIE/SPRING REACTION 

80 
81. 
82 
83 
84 
85 
86 
87 
88 
89 
90 

-- 91 
92 
93 
94 
<;15 
96 
Q7 
98 
99 

100 
1 0 l 
102 
103 
104 
lC5 
106 
107 
toe 
109 
1 10 
1 11 
1 1 2 
1 1 3 
1 l 4 
115 
116 
1. l 7 
1 1 8 
1.19 
120 
1 21 
122 
123 
124 
125 
126 

fiERR==u.C ________ ----- ---- 127 
KK=l 128 
IF(NST~.~EoNSTEPS) GO TO 31 129 
WRITE(NOL.Tdl 1.30 
FORMATC'l 1 .16X~"DISPLACEMENT. MATRIX' ~25X,'FORCE MATRIX 8

/• 131 l I 1 !16X,•HOR!lO~TAL•.7Xt•VERT!CAL•,19Xt'H0RIZONTAL'•7X.•VERTICALl32 
2i//} 133 

CUNTINUE 134 DO 110 J=l,NONP 1~5 



0"1 
f''<) 

r 
f 

lF(ANAL.EQ.l,Q) GO TO 112 136 
IF(CORD(2.J)oLE.Oo0) GO TO 112 137 
TIED(KK}=+(T0(2,J}-TD(29J+l)) 138 

c '-1UL T !PL lED SY 2 TO GET---THE- EFFECT-OF--SPRING -FQR--BOTH---AD.JA~NT---BEAM---139---------
TIEACT=TlEK(KK)*2oO - 140 
TIER(KK}=TIED(KK)*TIEACT 141 
IF{JoEO.l.OR.JoEO.NONP} TIERCKK}=TIER(KK)/2o0 142 
T I ERR= TIER { KK) + T I Ef.!R --- -- --- -- ------------ ------------ 14-3 
WRITE(NOLTs33} J.TIEACT,TIED(KK)sTIER(KK) 144 

33 FORMAT(' '•'AT ~ODE 1 ti3,' TIE SPRING RATE IS •.F12o0w'• TIE SETTL145 
lEMENT IS '•El4.5~'• TIE REACTIO~ IS 1 vF12.2l 146 

C-
C 

- +VE T I EO MEANS COMPRESS ION -------------- -- ---- -- -- -- --- ----------------- ---------- --- ------------14 7-------
NEGATIVE TIED IS- NGT ALLOWED vSO CORHESSPONOING TIE SPRINGRATES 148 

c 

c 
c 
c 

( IE • ~ T I EK) IS MADE VERY SMALL 149 
IF(TIEC(KK).LT.C.O) TIEK(KK)=l.OO 150 
IF(TIEO(KK) oGE.,Q.O) TIEK(KiO=TTIEK(KK) ---------- --- --151 
JF(ANAL.EOa3.0) TIEK(KK)=TTIEK(KK) 152 
KK=KK+l 153 

112 CONTINuE 154· 
IF ( N S TP • NE. NS TEPS) GO TO l 10 ------ - ------------155 
WRITE(NOLT,lll) ~.(TO(I.JJ,I=l•NOEG)~(TF(IvJ),IFlvNDEG) 156 

111 FORMAT(' 'e8X.I395Xt2E14.5.,16Xt2El4 .. 5) 157 
110 CONTINUE 158 

WRlTE(NGUT,ll3) TIERR -- --- -------------- -------159 --
113 FORMAT{ 1 1 • 1 TOTAL TIE REACTION='wF12,.2) 160 

IF(NSTPoNE.NSTEPS) GO TO 32 161 
162 

CALCuLA TI CN OF GEf\.ERAL I SED .STRESS ANC STRAINS AT CENTER OF- ELEMENT-163 
164 

WRITE(f\.OCT,30) 165 
30 FORMAT( 1 1 1 •2Xt'ELEM 1 ,20X, 1 STRAIN'e40X, 1 STRESS 1 // 1 1 e08X. 1 EXXX 1 .,09Xl66 

1 9. EXVY •• 0 8X ~ I EXX y •• 0 8X •• SI GXX I. ax. I SlG" y. "ax •• TAUXY. e6Xe • s I G ~~-------1 6 7 
2 oX. 9 SlG3 1 96Xt 8 MODULUS 8 •3X.•STRS RATI0 8 //) 168 

32 CONTINUE 169 
DO 10 f\.=l~NUMEL 170 
DO 1 l I= 1 ,. NNOOE -- ---- - ------- ----- ------- -- 1 71 

11 LM(l):::NPUI.N) 172 
lF(TYPE(~).EQ~4.0oORoTYPE(N)eEOe7e0eOReTYPE(N).EQ.8.0) GO TO 612 173 

GO TO 12 '174 
C SSTRESS CALCULATES CUGLV-ATURE ANC MOME!\TS IN BEAM SPRING ELEME,...T-5----- --175 

612 CALL BSTRES(N.NCND.NDEG.NONP.CO~OoET(N)oOATAl(N)•TD) 176 
GO TO l 0 177 

c GSTESS CALCULATES STRESSoSTRAIN IN PLANAR ELEMENTS 178 
12 CALL GSTt<ES(NtNCRO.NNODE.NOEG,NGENSoNONPeNloCORD.ET(N},OATA-l(N). ---179 .. 

1 TO.EX,SIGXX.PSR(N).DEN(N)oNEXoPPSTRSoTYPEoNUMEL) 180 
10 

c 
CONTINUE 181 

182 
WEIGH THE NODAL STRESSES ACCORD 1 NG-- TC-- ELEt-1ENT_ AROUND lT • AND _PRlNT .. 183 c 

c OUT AVERAGE NODAL STRESSES FOR THE FINAL STEP ONLY 184 
IF(FLAG.~E.l.OJ GO TO 13 lB~ 
WR!TE(N0UT~556) 186 

556 FORMATe~ 1 w//~~ •.~AVERAGE NODAL STRESSES FOR FINAL CYCLE~.//• 187 
1 • 1 ,.5X. 1 NODE'o5X•'HORI STREsss.5x~•VERT STRESS 1 o5X.•SHEAR STRESS 1 188 
2./} 189 

DO 555 l=l.NONP 190 
00 555 l !=1.3 ----- -- -------- l':H 



0'1 w 

.._.__ -· -- -·· 

--559 
558 
555 

c 
c 

13 
c 

20 

c 

c 

1F(CORD(2,I}.GT.O.O) PPSTRS(IIoi)=O.O 192 
IF(CORD(l,I).EOeOeOeANC.CORD(2, I).EQ.Q.O)PPSTRS(liwl)=PPSTRS{li91)193 
IF{CORO(l,!)eEO.OeO·A~DeCOR0(2oi).LTeO•O•AND.COR0(2ol)eNEmZ(NNDEPTl94 

~)) PPSTRS(II.I)=PPSTRS(ll,[)/2.0 -- 195 
IF(CORD(l.I},Ea.o.o.A~D.COR0(2,I).EO,Z(NNDEPT)JPPSTRS(lloi)=PPSTRSl96 

l(II~!} 197 
IF(CORD{loi)aEOsR(NCOL)eAND.CORC(2ei)oEOoZ(NNDEPT))PPSTRS(IIoi)=PP198 

lSTRS{llol) 199 
IF(CORD(l~I).EOeR(NCOL).AND.CORDC2el)oLToOe0oAND.CORD(2,I)oNE.Z(NN200 

lDEPT)) PPSTRS(II.I)=PPSTRS(llol)/2.0 201 
lF{CORD(lti}.EG.R(NCOL).AND.CORD(2,I).EO.O.O}PPSTRS(II.I)=PPSTRS(l202 

1 I • I ) , ---- - - - - - . - . -- - 2 0 3 ---- -
lFlCORD(l.I).NE.0$0.ANO.CORD(l.I).NEoR(NCOLJeAND.CORD(2,I).EQe0e0)204 

1 PPSTRS(IIeO=PPSTRS{Il.l)/2.0 205 
IF(CORD(l,I).NE.OoOeAND.CORD(l.I).NE.R(NCOL)eA~D.CORD{2.I).EQ.Z(NN206 

lOEPT,l PPSTRS(li.!)=PPSTRS(liel)/2a0 -- --- 207 
IF(CORO(l.I).EQ.O.O.OR.CORD(l,l)eEQ.R(~COL)oCR.CORD(2ol)eEO.OeOoOR208 

l.CORD(2o r) .EO.Z(NNDEPT)) GO TO 559 209 
PPSTRS(II.Il=PPST~S(ll.I)/4.0 210 
IF (I I .. EQ ,.3) WR1 TE (NOUT • 558) I • ( PPSTRS(.J • I) e.J=l e3) . - ----------------- ... 211 
FOR~AT( 1 '•5Xei4.3(7XeE12e4)) • 212 
CONTINuE 213 
RETURN 214 

. ··-------- -------- - --------- --··-··· --· -------------------· --215 
216 

IF(NSTP.EQ.NSTEFS) FLAG=FLAG+l.O 217 
QUAD CALCULATES THE (NON-LINEAR) MODULI VALUES FOR EACH ELEME~T 218 
-CALL OUAC ( NUMEL • S IGXX o EX .PSR eET • NGENSe ERROR o NEXe TYPE)----- ------- --219 
IF(ERROR.EO.l.O) RETURN 220 
!F(FLAG.EOel.OeANCeABCD.EQ.2.0, GO TO 301 221 
IF(FLAG.EQ.l.O) GO TO 23 222 
CONTINuE ------------- --- ----.----- --- --223 
RETURN 224 
END 225 
SU8ROUTI~E CRUUTO(NOEG.NUM~PeMAXhPoNSXXsNPBCoDSX. 1 

1 TX • NP • SXX .NAP • MAX CO» . - ------------------------ 2 
3 

DIMENSlGh NAP{~UMNP),SXX(NOEG.NCEG.NSXX}~NP(NUMNP,MAXNP), 4 
lTX(NDEGeNUMNP)tDSX{NDEG.NUMNP). MAXCG(NUMNP).NPBC(NDEG,NUM~P) 5 

---------- ---6 
COMMON/GhE/S5(8,8),SK(2,2el6).D(3e3),B(3,8).DlSP(8j,OISPT(8), 7 

1 G(2,2)eG1(2~2)~c(3e8).NOUT~NlN 8 
c 
c 
c 
c 
c 

SOLVES 
osx 
NPBC 

TX 

SYSTEM OF SIMUL _EQS 
DISPLACEMENTS 

SETS BOUNCARY CONDITIONS 
LOAD VECTOR 

9 
10 
l 1 
12 
1 3 
14 
15 
l.6 
17 
IS 
19 
20 
21 
2?. 

,{\ 11:::: l • 
OETEF(::::(j. 
00 120 N=\,NUMNP 
NUl=l 
NUM=NAP(I\.) 
IF{hUM .. EG.l) GG 
LMS-=MAXI\P>Ic(N-1} 
L,MSK=LtiS+l 
LMSS:::LMSK 

TO 120 



~ 
~ 

----~-~···-~·- ------------~-

r DO 121 L•2oNUM 

I LMSK=LMSK+l 
IF(NP(~,L).GT.N) GO TO 121 

-- LMSS=LI\I.SS+l 

I 
NUl=NUl+l 
IF(L.EG.~Ul) GO TO 121 
NP(~,Nul}=NP(NtL) 

----- - -NP ( N • L ) = 0 

· DO 122 ~2=leNOEG I DO 122 Nl=l.NDEG 

, 122 SXX(NleN2.LMSS)=SXX(Nl.N2tLMSK) 
I ---121 --CONTINUE- - - -- -~-· ·----- -----·· ---------------
1 120 NAP(N)=N~l 
' 101 FORMAT(4HOROW.I5.i2H EXCEEDS MAXNP NEEDS tl4) 

DO 10 I=l.NUMNP 
L.MS=MAXNF*( 1-l) 
NUM=NAP ( I) 
IF( l.EO.l) GO TO 102 
IF(MAXCC(I-l).GleMAXCO(l)) 

102 MAX=MAXCG{!) 
DO 10 J= I oMAX 
NUl=NAP(J) 
IF(JeEOeU L=l 
lF(JeEG.I) GO TO 2 
DO l L=2eNUl 
IF(NP(J,L).EQ.I) GO TO 2 

1 CONTINUE 
- L=NU 1 + 1 

MAXCO(I)=MAXCO(l-1) 

IF(L.GT.MAXNP) WRITE(6.l01) JeL 
NAP(J)=L. 
NP ( J • L)-:: [ 

--2- LJS=MAXNF* ( J-1) 
LJSI=LJS+L 
IF(L.LE.~Ul) GO TO 2002 
DO 2001 Nl=l.NDEG 
DO 2001 ~2=1.NDEG 

2001 SXX(Nl~N2eLJSI)=O. 
2002 IF{!.EO.loORoNU1.EQ.1~ GO TO 6 

DO .201 l'.l=l,NDEG 
DO 201 i'<2=l.NDEG 

201 G(N1,N2).:0, 
'DO 5 LJ=2,.NU1 

IF(NP(J.LJ)eGEel) GO TO 5 
K=NP(-J ,L.J) 
LJSI<=lJS+LJ 
LMSK=MAX~P*NUMNP-K+I 
IF(I.NEeJ} GO TO 3 
LLSK=MAXNP*{K-1)+1 
DO 25 ~l=l~NDEG 
DO 25 l't2=l9NDEG 
SXXCN1~N2.LMSKJ=Oe 

2.3 
24 
25 
2 6---------
27 
26 
29 

-----------------------30 --------
31 
.32 
33 

------34----- -
35 
36 
37 

·--38 
39 
40 
41 

---·------ 42 _: --- ---· 
43 
44 
45 
46----
47 
48 
49 

----50 
51 
52 
53 

--· - ------ --···------54 
55 
56 
57 

------ -----·- --·--·----------·56 
59 
60 
61 

--- -62 
63 
64 
65 

--------· 66 
67 
68 
69 

---------- 7 0 .. 
71 
72 
73 

00 25 N:J:::l,NDL:G--- - ... -- -- -·· - ---- - 7<-. 
75 
16 

25 SXX(Nl,N2t~LMSK)=SXX(NlsN2sLMSKi+SXX(Nlt~N3~LLSK)*SXX(N2~N3t~L~SK} 
3 DO 4 Nl=l.NDEG 

DO 4 N2=l,NDEG 
DO 4 N~::l.NDEG 

7 7" 
7

,, 
Q 



O'l 
(J'I 

~ 
1-, 

c 

c 

4 
5 

51 
6 

61 

104 

10 

.. -- c 10.3 
c 
c 

1 1 

12 
13 
14 

142 

141 
i5 

161 
16 

-- -~- -~- -·--·--··- --·----·-
G(NloN2)=G(Nl,N2)+SXX(NlsN3,L~SK}*SXX(~3.N2oLMSK) 
CONTINUE ' 
DO 51 1\l=l,NDEG 
DO 51 N2=loNDEG 
SXX(NleN2tL~Sil=SXX(NloN2.LJSlJ-G(NlsN2) 
IF(J.NE~I) GU TO 10 
DO 61 N 1:::1 • NDEG 
All=All*SXX(Nl~Nl.L~SI) 
CALL [~VERT(SXX(l•lsLJSl)s~DEGeGl.OsDETERM,NOEG) 
IF(DETER~eLE.O.) ~R!TE(NOUT,104) J 
FORMAT(35HONON POSITIVE DEF. STIFFNESS AT R0Wsl4) 
IF( DE TERti eLE e 0 J ~TOP --. -· .. - -----
OETERM=AES(DETERM) 
DETER=DETER+ALOG(UETERM) 
Al.l-=All/OETERM 
CONTINUE 
All=4.*All**(l./FLOAT(NUMNP*NDEG-l)) 
A11=4.*A1l**(le/DFLOAT(NUMNP*NDE~-1)) 
WRITE(NOUTtlOJ) DETERtAll 
FORMAT ( 1 HO, l5X, 15HUN ( DETERIH NANT), E14e4 e18H- ---El G • 

1El4o4) 
ENTRY CF<CUTE 
ENTRY CROUTE(NOEGeNUMNPeMAXNPeNSXXsNPBCsOSX, 

1 TX,. NP" SXX • NAP ,MAX CO) -·· --- --- -- ---- --
DO 15 I=l,NUMN~ 
U4S=MAXNF*( I-1) 
LMSS=LMS+l 
DO 11 Nl=l,NDI::G 
G(N1,1 )=C, 
IF ( I • E a • 1 ) GO T 0 14 
NUP-l=NAF (I) 
lF(NUM.ECol) GO TO 14 
D 0 1 3 I<= 2 , NU M 
IF(NPCltK).GE.I} GO TO 13 
LMSK=LMS+K 
NK=NP(l.K) 
DO 12 Nl=l9NDEG 
DO 12 N2=loNDEG 
G(Nl.l)=G(Nltl)-SXX(NleN2tLMSK)*DSX(N2oNK) 
CONTI N U E -- - --- -- -- - ------ -- -- -
DO 142 Nl=l,NOEG 
IF(NPBC(~l.I).NE.O}GO TO 142 
G(Nl.l)=G(Nltl)+TX(Nl,IJ 
CONTINUE 
DO 14 l N l::::: 1 • NDE G 
DSX(Ni.ei)=O., 
DO 141 N2=loNDEG 
OSXlNlsl)=5XX(hl~N2tLMSS)*G(N2sl}+DSXlN~.I) 
CONT!NvE 
I =NUMNF+ 1 
DO 161 ~=l.NUMNF 
DO 16l. N l=1eNOEG 
TX(Nl.N)=IJ .. 
I=I-1 
NUM=NAP ( i} 
LMS-=oMAXNF*( 1-1) 

79 
80 
81 

--82 
83 
a-=• 
85 
86 
87 
88 
89 

--90. 
91 
92 
93 

- .. ----- -·-·-- ---·-·--·- -· 94 
95 
96 
97 

RAT-ltL ... GLe-•------ 98 

~ -·----··-- ---~-·· 

99 
100 
10 1 
102 
l 0.3 
104 
105 
106 
107 
108 
109 

- --- ---- - . 1 1 0 --
1 l l 
1 12 
113 

-~---- . ----- ·--- .. ·--- 11 4- --
11 5 
116 
117 

-----·-- --- 1 1 8 - -
1 19 
120 
121 

---------- _____ 122 
123 
1.2~~ 
l 2,5 

. ----------. - 126 
127 
128 
129 
130 
131 
1.12 
LB 
L34 
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"' 

------------r-------------------------~-~ . . ~ 

---------· ----- ----
DO 19 1\l=l,NDEG 135 
DO 19 N2=1,NDEG 136 

19 OSX(Nl el}=OSX(I\l,l)+SXX(Nl,N2,L~S+l)*TX(N2tl) 137 
lFHI!UM.EC.l) GO TO 20 -·-- .... -------·----------------------··-·-----------138----
DO 18 K=2,NUM 139 
IF(NP(l,I<) .. GE.I) GO TO 18 140 
LMSK=LMS-+K 141 
NK = NP ( I • K) -- . ---------- .. - ----------· -------·-------·---·- --. ----- -- 1 4 2 --------- . 
DO 17 1\l=l•NDEG 143 
DO 17 N2=leNDEG , 144 

17 TX(Nloi\K)=TX(I\1,NK)-SXX(N2tNltLMSK)$0SXCN2el) 145 
------18- -CONTl NuE -- .. -- ~----- . --·--------------· ---------·--------146 -----

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

1 

c 
c 

20 IF(leGT.l) GO TO 16 147 

31 

30 

21 

RETURN 148 
END 149 
SUBROU TIM£ ELEM ( 1\ ,NOEG. NNOOE tNGENS .. NPI • E-T .NUMEL.CORO eNONP eDATA lt -- -----1 --

1 NleNCRDwNNODE2,PSReDEN.TIEKeKtTYPE) 2 
3 

DlMENSIOI\ CORO(NCRO,NONP),NPI(NNOOE,NUMEL),TlEK(36),TYPE(NUMEL) 4 
• .. .. .. ·- ·- ----- . 5 ..... 

COMMON/CI\E/SS{8,8),SK(2t2tl6}t0(3,J)e8(3e8)eDISPJ8},DISPTC8), 6 
1 G(2,2),Gl(2,2),E(3,8),NOUTtNIN 7 
COMMON/T~O/NDEPTH.NCOL,TITLE(20),RLTlEeWTIE.BDEPTH.SBOEPT,TSPACE. 8 

!UPPER .. -- -·- --· ----- ... ----------------·· .. 9 ---
COMMON/T~~EE/DuMP(20),LM(4),10UT 10 

ASEMBLY CF ELE~ENT STIFFNESS MATRIX 
---NUMEL=~UMOER OF ELEMENTS 

NPI CO~TAINS THE !'o;QQE NUMBERS FOR EACH ELEMENT 
E IS A wORK AREA-ARR~Y 
ET IS YOLNG MODULUS-MAY.BE DiFFERENT FOR EACH ELEMENT 
PSR IS PC I SSOt-.S RAT l 0 --·------· ---- --- -----·-·-
DATAl=MO~ENT OF INRRTIA OF RAIL OR TIE 
Fl~D NCDAL NUMBE~S FOR ELEMENT 

LM STORES ELEMEI\T NODAL NUMBERS 

L l 
12 

-- ---13 
14 
15 
16 
17 
18 
19 
20 

- ·----- ------- ................ - 21 
CALL SCLA(SSoOe9Nl.Nl,Ol 22 
DO 1 I=leNNODE 23 
LM ( I ) = l'o;P I ( I , N) 24 
IF{TYPE(~).EQo4e0sOR.TYPE(N).EOe7oOeOR.TYPE(NleEOe8s0) .GO.TO .31 --25 
GO TO 30 26 
K=K+l 27 
TlEKl=TlEK(K) 28 
TIEK2=TIEK(K+1) .... --· ------------------29 
CALL BSTIFF(CORQ,NCRD,NONP,ET,pSR~DEN,DATAl,TlEKleTIEK2} 30 
GO TO 21 31 
CALL STIFF(NloCORD.hCRQ,NONP,ET,PSR,DE~,OATAl} 32 
lF(TYPE(~).EQ.9.0) CALL TSTIFF(Nl.CORDoNCROeNONP.ET~PSReDEN.DATAlj 33 
CONTlN~E 34 
PREPARES MACRO UNITS FOR THE ASSEMBLY OF 35 
THE STRUCTURAL STIFFNESS MATRICE 36 
00 2 L=l~NNODE --- .... ____ ..... _____ ...... ---··- --····--------- 37 
DO 2 M=l 11NNODE 38 
DO 2 N!=l ,NDEG 39 
00 2 N2-=:l,NDEG 40 
LMSS:::(L-l)*NNODE+M ... -. -- --- -- -- '-~l 



0'1 

'" 
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L------------- ·-·-

c 

c 
.c 
c 
c 
c 
c 
c 
c 

c 

c 
c 

c 
c 
c 
c 

2 

.32 
244 

38 

LMSl=(L-l)*NDEG+NI 
LMS2={M-l)*NDEG+N2 
SK(~I.~2,LMSSl=SS(LMSl,LMS2) 
RETURN ·-· ---- ____ _ 
END 

42 
43 
44 

·----- ---- 45 

SUB~OUTI~E FIXBC(NUMNP,NDEG,MAXNP,NS~X.DSX.NAP,NP,NPBC.SXX,. 
1 TX, IASMBU 

46 
1 
2 

. - ·--- ---- ----- . -· . . .3 
DIMENSIC~ NPBC(~CEG,NUMNP},SXX(NOEG,NDEG,NSXX ), 4 

1 TX(NDEG,NUMNP),NAP(NUMNP),NP(NLMNP,MAXNP),DSX(NDEG.NUMNP) 5 
MODIFIES THE OVERALL STIFFNESS MARRIX AND THE LOAD VECTOR FOR 6 
THE GIVEN DISPLACEMENT BOUNCARY-.. C.CNO IT l~NS---··--·----------------···---··-------7----. ··-- . DSX DISPLACEMENT ARRAY 8 

NPBC BOUNCARY CCNDITIONS 9 
TX LOAD ~ECTOR 10 
IASEMOL=l STIFFNESS NOT DECOMPOSED ------ ------- -- -------11 
IASEMBL-=0 STIFFI\ESS DECOMPOSED IN CROUTD 12 

EVALUATION OF STRESSES AND STRAlNS FOR RECTANGULAR PLANE STRAIN ELM 13 
IF(IASMBL·EO.O) GO TO 244 14 

CORRECTS CIAGONAL TERMS OF THE OVERALL STIFFNESS-MATRIX-- --- ···- --15 
DO .32 IY=l.NUMNP • 16 
LMS=(M-l)*MAXNP+l 17 
DO 32 1\l=l,NOEG 18 
IF ( SX X ( 1\ 1 .. N 1 • LMS) oE 0 • 0 • )__ SXX ( N 1 .N 1 .U.tS) = 1 •- ------- --·------------------ ------ 19 CONTINUE 20 
DO 34 ~=l.NUMNP 21 
DO 34 ,.._2:::: 1 • NDEG 22 
IF{NPBC(I\2,M) .EC.Ol GO T0--34 __ - _ _ -~--~---·- --· ------~------ ----·-- - 23 
IF(IAS~BL.EQ.,O) GO TO 34 24 

ROW ACJUSTED FOR THE GIVEN DISPLACEMENTS 
TX(N2oM)=O., 
NUM=NAP(M) 
DO 38 MX=loNUM 
LMS=MAXNF*CM-l)+MX 

25 
26 
2 7 __ _ 
28 
29 
30 

___ 31 -IF(MX.EQ.l) RES=l./SXX(N2.N2.LMS) 
NN=NP(M,MX) 32 

33 
LLOAD VECTOR AD~USTED FOR THE GIVEN DISPLACEMENT. AND ROW OF STIFFN 34 
MATRIX MADE EQUAL TO .ZERO_ -··-- - ----- -- --·· ---.35 

DO 3e NJ=loNDEG 
TX{N3o~~)=TX(N3.NN)-SXX(N2.N3 .. LMS)*DSX(N2tM) 
SXX(N2.N.3.LMSl=Ce -··-· _ __ __. ---------- --·-
CONTlf'..UE 
NBOT=M+l 
IF(NSOT.GT.NUMNP) GO TO 39 
IF(NBOTeLEaO)NBOT=l 
NTOP=M+t>IAXNP 
IF(NTOP.GT.NUMNP) NTOP=NUM~P 
DO 40 ~~=f'..BOT9NTOP 
NUl=N..'\P(I\N) 
DO 37 NX=loNUl 
IF(I\P(NN~NX}.NE.M) GO TO 37 
LMSS=MAXI\P*(NN-l)+NX 
DO 35 NJ:l,NDEG 

36 
37 
38 
..39 
40 
41 
42 

··-··--·---· ··-··- --·. 43 .. 
44 
45 
46 
47 
48 
49 
50 
51 
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".'¥ 

,\ 

0"1 
0) 

-

... 

c 
c 
c 
c 
c 

c 

c 
c 
c 

35 
37 
40 
39 

31 

34 

---------------------------------------~------.-~ 

TX(N3.NN)=TX(N3.NN)-SXX(N3.N2eL~SS)*OSX(N2vM) 
SXX(N3,N2eLM55)=0e 
CONTII\ivE 
CONTINUE 
CONTINUE 
LMS=CM-l)*MAXNP+l 
DO 31 Nl=l,NDEG 
SXX(Nl.N2eLMS):::C,. 
TX(N2.M)=-RES*TX(N2,M) 
SXX(N2.r-.2,LMS)=l• 
CONllNlJE 
RETURN 
END 

-·"-- --·-- --,.-----· ----·-· ---------·· -------------· 

52 
53 
54 

. ---=------------------55 -- - ----
56 
57 
58 

-59 
60 
61 
62 

---------------- --6 3 
64 

SUBROUTINE GENS(ETtPSReDATAl) 
COMMON/ONE/SS{8~8),SK(2.2el6)e0(3,3)e8(3e8)eCISP(8),DlSPT(8), 

l 
2 
3 1 G(2,2),GlC2.2)eE(3,.8).,NOUT,NlN ---- -- -----

COMPUTATION OF GENERALISED STRESS/STRAIN MATRIX 
USED IN CftLCULATING STESSES FROM STRAINS 

4 
5 
6 

10 

EV=ET/({laO+PSR)*~l.-2.*PSR)) 

0( l,l >=E\1*( la-PSR) 
D(1~2)=E\I*PSR 
0(1.3)=0. 
0(2.1)=E\I*PSR 
0(2,2>=E\I*(l.-FSR) 
D(2 .. 3)=0. 
0(3.1)=0· 
0(3.2)=0 .. 
D(3.3)=Ev*(l.-2.*PSR)/2. 
RETURN 
END 
SUBROUTINE GMPRO(A,BeRoN,M,L) 

GMPRD ACCCNPLIS~ES MATRIX MULTIPLICATIO~.IE•• A*B 
DIMENSlO~ A(l),E(l •• R(l) 

IR=O 
lK=-M 
DO. 10 K= l.L 
IK=IK+M 
DO 10 .J=leN 
lR=lR+l 
.JI:::.J-N 
!B=IK 
R(IR)=O 
DO 10 I= 1 • M 
J!=JI+t. 
IB=IB+l 
R(IR}:R(lR}+A{.Jli*8(18) 
RETURN 
END 

- ---- 7---
8 
9 

10 
---- -----···· - ---·-------- 1.1 --- -

12 
13 
14 
15- ---
16 
17 
18 
19 .. 
20 
21 

1 
-·-- -------· ---2 

TO FORM R,· 3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 

- ... --·----- ------ _____ 1 a 
19 

SU~ROUTINE GSTRES(N.NCRD,NNODE.NDEG,NGENSel\iONPsNl~CORD~ET,DATAl~. 
20 

1 
1 TD,.EXtSIGXX.PSRoDEN,NEXePPSTRS,TYPEel'tUMEL) --------- -- 2 



0'1 
1.0 

c 

c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

1 

·----------- ---- -- --- -- --·- - -·-·-·----·· 

OI~ENSIC~ CORD(NCRDoNONP),TO(NDEG.NONP),EX(NEX).,SIGXX(NEX}, 
1 PPSTRS(NGENS.NONP),TYPE(~UMEL) 

3 
4 
5 

- -- ·-·-·-·- . 6 . 
COMMON/C~E/SS{S,s~.SK(2,2.16),0(3,3),8(3,8)eOISP(8)eDISPT(8), 7 

1 G ( 2 • 2) , G 1 { 2, 2} , E ( 3, 8) "NGU T, N IN 8 
COMMON/TrREE/DUMP(2Q),LM{4),IOUT 9 
COMMON/SEVEN/NOSPEC.NFSPEC.NSTEFS,NSTP.,NFIX,N!..OAD -···---·--·- --- -- -- 10 
COMMON/NINE/FLAG,BFLAG,CFLAG,ABCO 11 

12 
CALCULATES STRESSES. STRAINS FOR PLA~AR ELEMENTS 13 
PUT DISPLACEMENT CGMPONENTS FOR ELEMENT---IN-OUES-T ION INTO A .1-0. ----14 --··--
ARRAY DISF(Nl), flRRANGED AS FOLLGWS- NODEl-HORI OISP,NODEl-VERT, 15 
2-HORio2-VERT,3-HORio3-VERTe4-HGRI,4-VERT. 16 

K=l 
DU 1 N3=1tNNODE 
LX=LM(N3) 

17 
------ --- - - l 8 

19 
20 
21 DO 1 N2=loNDEG 

OISP{K}=lD(N2tLX) 
K=K+l 

---------·-·- --···-···-· --22 

CONTINUE 

FINO 0 MATRIX- GENERALIZED CONSTITUTlVE.RELATlON 
CALL GE~S(ET.PSR,CATAl) 

FIND B MATR[X- ~SED IN CALCULATINF STRAINS FROM NODAL 
CALL BETA(CORDeNONPoNCRD) 
IF(1YPE{~).EQ.9.0) CALL TBETA(CCRD,NCNFeNCRD) 
FIND POSITION OF CURRENT GEN. STRESS/STRAIN 
I~ STRAGE VECTGRS SIGXX/EX 

LSS=(N-l)*NGENS+l 

23 
24 
25 

-·----------26 
27 
28 

DISPLACE~ENT 29 
··- ----· --·- 3 0 

31 
32 
33 

COMPUTE GEND STRAINS B*U AND PLACE IN EX - ARRANGED AS FOLLOWS 
HORI STRAIN.VERT STRAIN.SHEAR STRAIN. 

34 
35 
36 

CALL GMP~0(8.DISPoEX(LSS),~GENS,N1ol) 
COMPUTE GEN. STRESSES D*EX AND PLACE IN SIGXX-ARRANGEO 
HORI STRESSoVERT STRESS,SHEAR STRESS. 

CALL G~PRD(D,EX{LSS},SIGXX(LSSj.NGENS,NGENS,lJ 
STRESS-STRAIN OUTPUT 
IF(NSTPo~EeNSTEFS) GO TO 2 

AS FOLLOWS 

37 
38 
39 
40 
41 
42 
43 
44 
45 LSS=(N-l}*NGENS+l 

LSSl=LSS+l 
LSS2=LSS1+1 

. .. ·------- - ... ·- --· .. -·--· 4 6 

COMPUlE A~ERAGE NODAL STRESSES AND STORE lN PPSTRS 
lF(FLAG.~E.l.O) GC TO 557 . I 

FOR TRA~S~ERSE ANALYS!S TlE STRESSES ARE NOT CD~SIDEREO ~HEN 
AVERAG[NG NODAL STRESSES 
IF(TYPE(~).EQ.5.0) GO TO 557 
U<=LM( 1) -
IF(TYPE{~).EOele0eANDeCORD(2,LX)eGJeOe0) GO 10 557 
DO 556 1!=1.4 
LLL=LM([i) 
DO 556 JJ=l•.J 

47 
48 
49 

. ----- .. ··-- _50 
51 
52 
53 
51+ 
55 
56 
57 
58 



......, 
0 

I 
f -
I 
f 556 

c 
557 

c 

40 

c 

c 

c 
c 
c 

c 

PPST~S{JJ,LLL)=PPST~S(JJ,LLL)+SIGXX(LSS-l+JJJ CONTINuE 59 
60 
61 C 0 N T l N lJ E - - - ---- -- ---- ----·-- ·-----62 -------CALCULATE PRINCIPAL STRESSES AND STRESS RATIC CC=(SlGXX(LSS)+SlGXX(LSSl))/2.0 
63 
64 
65 

BB=CSIGX~(LSSl)-SIGXXCLSS))/2.0 
CR=SURT(EB*BB+SIGXXU.SS2)*SIGXX(LSS2))______ ------- --------------SIGl=CC+CR - 66 

67 SIG3=CC-CR 68 ASIG3=SIG3 69 1 F (AS I G3., E 0. 0., 0 J --AS 1 G3=0 .0.01-------------RATlO=S!Gl/ASIGJ 
_______ ] 0 - --

lF(RATICeGT.99.9) RATI0=99.9 
IF(RATIO.LT.-99.0) ~ATI0=-99.0 
N3=LSS+I'.GENS-1 -~ ------- - --WRITt(hGUT,40) N.(EX(J),J=LSS.NJ),(SIGXX(J),J=LSS,NJ),SlGl.SIGJ,ET 1, RA TI 0, TYPE ( N) 
FORMAT(' '•lJ,lX.3El2.4,2X,5El2.4e2X.FC9.lt1XeF5eltF3e0) 

71 
72 
73 

-74 
75 
76 
77 2 CONTINI.JE 

~ETURN 
END 

------ 78 .. 
79 

SUBROUTINE lNDATA(NDEGeNUMEL.NOI'.P.NGENS,NCRDtNNODEeNUMEtNPitET, 1 OAT A 1 • NPNUM, C CRD ,p SR eDEN • T I EK • TYPE ,ERROR) ---· . --·------- --------

80 
1 

·- 2 
3 DIMENSIC~ NUME(~UMEL)vNPIChNOOE,NUMEL)eET(NUMEL~eDATAl(NUMEL)e 4 1 NPNUM(NONP),CGRO(NC~O.NONP),OEN(NUMEL),PSR(NUMEL),TIEK(36) 9 5 

2 TYPE (1\UMEL) - ---- --·---------------------6 
COMMON/GI\E/SS(B,8),SK(2,2,16),0(3.3).8(3,8),0ISP(8),0ISPT(8), 1 G { 2, 2 ) , G 1 ( 2 • 2 ) , E ( 3, 8) , NOU T, N IN 
COMMGN/T wO/NOEPTH eNCGL • TITLE ( 20 l•RL T lEt !.liT lE. 8DEPTHeSBDERT,TSPACEe --lUPPER 
COMMON/TrREE/OUMP(?.Q),LM(4),IOUT 
COMMON/FCUR/ETS(lOj ,PSRS(lO) tOATAll.CATA22tTIEKK 
COMMON/FIVE/ANAL,TTHICK,BThlCK,PHl 
COMMON/SIX/BONE1,8TwOloBONE2eBTw02tR~00(8),0EV(8),UM00(8),UOEV(8)• 1 EFAILloEFA1L2eEFAlL3,AMXSRl,SIGMNleAMXSR2.SlGMN2.TAUSUBeNPOINT, 2 JPOlNT,EFAIL6eUTAUSB,NSUBLeNSUBU 
COMMON/SEVEN/NDSPEC,NFSPEC,NSTEFSeNSTPeNFLX,NLOAD COMMON/EIGHT/RLCAD(36).PLOAD(36),0lST(36j,MM(36),RDlSP(36), 1 PDISP(36).0IST1(36),MM1(36),NPT(36) 
COMMON/NINE/FLAGsBFLAG,CFLAGtABCO 

7 
8 
9 

l 0-
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 COMMON/TEN/R{36hZ(3C) ,NRR __________ _ -- - -· -·------- ____ 22 -· COMMON/ELEVEN/TTIEK(36) 

SUBROUTINE INDATA READS ELEMENT PROPERTIES 
PROPERTIES TO CO~RESPONOING ELEMENTS 

K:::Q 
DATAll=C•O 
DATA22=0.0 
TIEKK=C.C ---- ·-- ------ -CALL AMESH(CORD.NONP,NPI,NUMEL) 

AND ALLOCATES ELEMENT 

23 
24 
25 

. -- - ---·- ·- .. - ----- - . - 26 
27 
28 
29 

- -- 30 
31 
32 REAO(NIN.30l) ETS(4),DATAll•ETS(5),FSRS(5),CATA22.TlEKK9PSRS(4) 33 READ!NIN,JOl)BONEleBT~OlsETS(l).PSRS(lle80~E2eBTW02•ETS(2)oPSRS{2l .34 



......, ..... 

r•n••;; ·- ... ----------------
( 
t ----

c 
c 

301 

302 

303 

701 

702 

703 

704 

705 

706 

FORMAT(8Fl0.2) 
READ(Nl~ 9 302) NPOINTejPQINT,NCST 1 NSU~L 1 N50~U 
FORMAT(l0I5~ -
REA 0 ( N IN • 3 0 3 ) { kM OD (_I) • DE V ( I ) ., I= 1 e NP C IN T ) 
FORMAT(2Fl0.2) 
IF{JP01NT.GT.O) REAO(NIN,303) (UMOD(I)eUDEV(!),I=l,jPQINT) 
READ{NIN,301) ETS(3) ,PSRS(3) ,ETS(6) ,PSRS{6) 
READ(NlNo30l)AMXSRl,SlGMNleEFAILl,AMXSR2,SIGMN2eEFA1L2eBFLAG,CFLAG 
READ(NIN,301) TAUSUB,EFAIL3.UTAUSBeEFAIL6 

35 
36 
37 
-38 
39 
40 
41 
42 
43 
44 
45 

'WRITE(I\CUT,701) ETS(4),DATAll.ETS(5).0ATA22 .. PSRS(5)eTlEKK ____ _ ___ 46---
FORMAT(/' '•'MATERIAL DATA 1

,/
1 

•,•-------------
1
,// 47 

1 ' '•'RA[L'•/ 1 •,zx,•RAIL MODULUS OF ELASTICITY= 1 ,Fl4,2/ 48 
2 ' 1 t2X.•RA!L SECTION MC~ENT CF INERTIA=',Fl0.2/ 49 
3 1 • .. •TIES'•/' '•2X,•TLE COMPRESSIVE t.I-:ODULUS=•,Fl4-e2.1'--- 50 
4 t ',2x,•TIE SECTION MOMENT OF LNERTIA=•,F10.2/ 51 
5 1 'o2>-•'TIE PGISSONS RAT!0-= 1 eFl0.2/ 52 
6 1 '•2Xo~SPRING CONSTANT USED FOR TRANSVERSE ANALYSIS= 1 oFl4.2) 53 

WRITE(NCLTo702)BONEl.eTWOL.ETS(1).PSRS(l),SON£2e8TW02.ETS(2).PSRS( 54 
12J,NPOINl,(RMOC(I),DEV(I),I=loNPOINT) . 55 
FORMAT(' •,•t-JALLAST•/ • 56 

1 ' '~2x.•BALLAST RESILIENT RESPONSE MODEL- •.Fl0e2•'(THETA)**'• 57 
2 FC4 o2/ ·---. ___ ----- ···----·---·-·-·-··58 
3 • 1 o2Xt 1 BALLAST INITIAL MODULUS-=•,F10e2/ 59 
3 1 1 o2X,'BALLAST POISSCNS RATIO='•Fl0.2/ 60 
4 ' '•'SUB~ALLAST'/ 61 
5 -- 1 'o2Xo 'SUBBALLAST RESILlENT RESPGNSE MODEL-,-_ • tFl0e2e __ --- __ 62 
6 1 (THF.lA)**' oF04.2/ 63 
7 ' '•2Xo 1 SUB8ALLAST INITIAL MCDULLS= 1 ,Fl0o2/ 64 
8 1 •,2x,•SUBEALLAST POISSONS RATI0= 1 eF10e2/ 65 
9 1 1 • 1 SUBGRADE' / _ _ _ _ 66 . 
1 1 1 o2X.I2o 1 POINTS FOR THE SUBGRADE RESILIENT RESPONSE CURVE'/ 67 
2 1 1 .ICX,•RMGD DEV'/ 68 
3 (' •,eX,Fl0.2,2X,Fl0.2}) 69 

WRlTE(NOl;T,703) C:TS{3),PSRS(3) ------ _ ______ 70. 
FOf<MAT ( • 1 • 2X t 1 SUBGRADE INITIAL fo.40DULUS=' • F 1 O. 2/ 71 

1 1 1 o2~.•SUBGRADE POISSON$ RATIO=',Fl0.2} 72 
IF(~POINT.GT.O)~RITE(NOUTt704)~POINT,(LMOD(I),UOEV(I},I=lejPQINT) 73 
FORMAT(' •,•UPPER SUBGRAOE LAYER 1 / _74 

1 1 1 t2Xol2•' POINTS FOR THE UPPER SUBGRADE LAYER RESILIENT MODUL 75 
2US CURVE'/ 76 
3 ' 1 elCX, 1 UMCO UOEV 1 / 77 
4 ( 1 • ~ 8 X • F 1 0 e 2 o 2X • F 10 • 2) ) _ -. _ __ 7 8 
IF(~POlNT.GT.O}WRITE(NOUT~705) ETS(6)oPSR5(6) 79 
FURMAT{ 1 1 ,2X.'vPPER SuBGRADE LAYER INITIAL MODULUS=',Fl0e2/ 80 

1 1 '•2Xo 1 UPPER SUBGRADE LAYER POISSGNS RATIO=',Fl0.2) 81 
wru TE ( i'.Ol. T • 706) AMXSRl ~ S IGi<N 1• EFA IL I. eAMXSR2 o S IGMN2 P EFA IL2 "'-TAUSUB, 82 

1 EFA [L3 83 
FORMAT(/' •,•FAILURE CRlTERIA'/' •~•---------------- 1 .// 84 

1 * 1 • 1 BALL AS T '/ 85 
2 ' '•2Xo 1 MAXI~GM ALLOWABLE PRINCIPAL STRESS RATlO=',F!0.2/ B& 
3 1 •.,2Xv'f'.IIINIMUM ALLOWABLE MINIMUI>l PRIN.ClPAL STRESS= 1 oF10 .. 2/ fi7 
3 ' 1 w2Xo'FA[LvRE MODULUS= 1 ,Fl0.,2/ 88 
4 • • .. •SUBBALLAST 1 / 89 
5 ° •.2x.•MAXIMUM ALLCWABLE PRI~CIPAL_STRESS RATI0= 1 ,Fl0.2/ 90 



""-J 
1\:J 

c 

c 

c 

7 1 '•2Xo 1 MINIMUM 
8 1 'o2X, 1 FAILURE 
9 • ' • I ~UBGRADE I/ 

ALLOWAdLE MINIMUM PRINCIPAL STRESS=•,F10.2/ 
MODULUS= 1 ,Fl0.2/ 

1 a 1 ,2X.'MAXIMUM ALLOWAbLE SHEAR STRESS= 1
1 F10.2/ 

2 1 '•2Xo'FAILURE MODULUS= 1 oF10.2) 

91 
92 
93 

IF(JPOINloGT,O) ~RlTE(NOUT,707) UTAUSB,EFAIL6 
707 FORMAT(' '•'UPPER SUBGRADE LAYER 1

/ 

--94 
95 
96 
97 

1 1 •.2X,'MAXINUM ALLOWABLE ShEAR STRESS= 1 .Fl0.2/-
2 • 1 ,2X. 1 FA!LURE MDDULUS= 1 oFl0o2l 

EACH TIE SP~ING IS DIVIDED BY TWO FOR Tr,E TWO ADJACENT BEAM 
TIKKK=BThlCK*wTIE*ETS(5)/(TTHICK*2&0) 

--- 98 
99 

ELEMENTS 100 
101 

554 

-TK=TIKKK./3.0 --,--- -- -··-

CDEPTH=BDEPTH+SBDEPT 
BBBDEP=-EDEPTH 
CCCDEP=-CDEPTh 

-----------102-------
103 
104 
105 

UPPER lS ThiCKNESS OF UPPER SUBGRAOE SCIL LAYER . 
----------- ---- -106 

107 
108 
109 

ODDUEP=-CDEPTH-UPPER 
DO 555 I= 1 , NU~.EL 
N7=NP!(3,I) 
IF(ANAL.EQ.l.Q) GO TO 
1F(ANAL.EG•3•0) GO TO 
1F(COR0(2,N7)eLTo0e0) 

-K=K+l 
ET(I)=ETS(4) 
PSR(I)=PSRS(4) 
DATAl(l)=DATAll 
TYPE(I)::4.0 
TIEK(K}=TlKKK 
GO TO 555 

554 
561 
GO TO 553 

lF(CORD{2oN7)=LT.O.O) GO TO 553 
RLTIE2=RLTIE/2e0 
IF(CORC(l,N7).GT.RLTIE2) GO TO 553 
ET( I )=ET~(5) 
PSR(l)=PSRS(5) 
DATAl(I)=DATA22 
TYPE(I)=5.0 
GO TO 555 

-- ··--- ---. -····- ·-------·--

- .1 10. 
1 1 1 
112 
113 

--------..114 
115 
116 
11 7 

- ------1 18 
1 19 
120 
12 1 

c 
561 lF(COR0(29N7}.LT.O.O) GO TO 553 

K=K+l 

122 
123 
1 2'• 
125 
126 
127 
128 
129 
130 
1 31 
132 
133 

c 
55.3 

556 

RLTIE2=RLTIE.I2.0 
ET ( I ) = E T S ( 5) 
PSR(l)=PSRS(!:J) 
DATAl(l}=DATA22 
TYPE( I l=7o0 
!F(CORC(l,N7}.GT.RLTIE2) ET( l)=ETS(5)/1CO.O 
IF(CORO( lsN7} .GT.RLTIE2) TYPE(l)::8a0 ____ _ 
GO TO 5S5 

lF(C0~0(2.N7)oLT.8BBDEP} 
ET(Il=ETS(l) 
PSR(l)=PSRS(l) 
fYPE{lJ=leO 
GO TO 555 
IF(CORD(2~N7).LT.CCCDEP) 

GC TC 556 

GO TO 557 

--- - ----- -- --- ---· -- .. 1.34 
135 
136 
137 
136 
139 
140 
l 41 
142 
143 
144 
1 4 rs 
146 



2;:1 

,.......__.--------·-··- .---------- ----------------~----~-------------

557 

558 

555 
c 
c 

c 
563 

562 
c 

. ·- c 
559 

c 
l 

2 
3 

c 

ETCU=ETS(2) 
PSR(l)=PSRS(2) 
TYPE( l )=2.0 
GO TO 555 -
IFCCOHD{29N7).LT.DDDDEP) 
ET( I>=ETS{6) 
PSR(Il=PSRS(6) 
TYPE(I)=6.0 
GO TO 555 
ET ( I ) = E 1 S ( 3} 
PSR( l)::P~RS(3) 
TYPE( [) =3.0 
CONTINUE 

·.· 

GO TO 558 

TlE SPRING RATES ARE SPECIFIED AT APRCPRIATE TIES 
TIEK(K+lJ=TIKKI< 
KKK=K+l 
TlEK(J):::Q.O 
TIEK(ti)=CeO 
TlEK(8)=C.O 
Tl:EK\9)=C.O 
TIEK(l3)=0.0 
TIEK(15)=0e0 
TIEK{l7)=0e0 
TIEK(l9)=0.0 
TIEK(2l)=O.O 
T!EK(l l=TK 

.TIEK(2)=TK 
TIEK(5)=TK 
TIEK(6l=TK 
TIEK(7)=TK 
TIEK(lO)=TK 
TIEK(ll)=TK 
TIEK(l2)=TK 
IF(ANALo~E.3.0) GO TO 562 
KKK=K+l . . 

14-, 
148 
149 

-- . - -- -------150-
151 
152 
153 
154 
155 
156 
157 
158---
159 
160 
161 

- ... 162 
163 
164 
165 
166 
167 
168 
169 

-- 1 7 0 
17 l 
172 
1 "13 

. --- . -- l 7 4 . 
175 
176 
l -,7 
178 
179 
180 
181 

ALL TIEK{I) DlVIDED 8¥ TWG FOR ThE T~G ADJACE~T BEAM ELEMENTS 
. 182 
183 
184 
185 

DO 563 I=2,K 
TIEK(l)=TIEKK*{~{[)-~(I-l}+R(I+l)-R(I)j/2.012.0 
TIEK(l)=TIEKK*(R{2)-R(l))/2e0 
TIEK(KKK)=TlEKK*(R(KKK)-R(K))/2e0 
CONT !Nl.JE 

.. 186 
187 
188 
189 

TT I EK (I) SAVES T I EK( l) VALUES FOR .LATER USE..._l N ... CONTRO 
DO 559 I=l.KKK 

. ------- ___ 190 

TTIEK(l)=TIEK(!) 
ELEME~T CCNNECTIVITY AND PROPERTIES PRINTED OuT 

WRITE(NOLTd) 

191 
192 
193 
194 

FORMAT(// 1 •~•ELEMENT CONNECTIVITY 1 /' e.•-------------------- 1
// 195 

l I g.'ELEM NO. hODE PTS ANTI-CLOCK INITIAL MOD. Pe RATiO EL196 
2EM 1"YPE 1 //) 

DO 2 N=l eNUMEL 
NUME(N)~~ . 
WRITEChOUT.3)~U~E(N),(hPI(NleN).NI=1oN~CDE),ET{N)ePSRCN)eTYPE(N) 
FORMAT(~ 0 o5I5,5XsEl0.3.2(~XeF6e2}l 

~ODAL COGROINATE~ PRiNTED OUT 

197 
198 
199 
200 
201 
202 



""-J 
~ 

c 
c 

c 
c 
c 
c 

c 

1 1 

12 

15 

62 

63 

64 

65 

66 
68 

67 

991 
990 
992 

c 
993 

998 

994 

WRITE(NO~T.ll) 203 FORMAT(//' '•'NODE NO. COORDI~ATES(HCRI-VERT) 1 //) 204 DO 12 M=I,NONP,4 205 NPNUM ( ~) =M _- --- .. ______ -- ------- __________ . ----~~--- ···---~---· ------------2 06 _________ _ NPNUM(M+l)=M+l 207 NPNUM{M+2)=M+2 208 
NPNUMCM+~l=M+3 209 
WRITE(~GUTtl5)NPNUM(M),(CORD(NI,MJ,NI=1•NCRO),NPNUM(M+l),(CORD(Nlo210-----1M+l)eNI=l,NCRO),NPNUM{M+2),(CORD(N[,M+2),NI=l•NCRO),NPNUM(M+3),(C02ll 2RD(NloM+3)tNI=l,NCRD) .. 212 FORMAT( I 0 .4( rs.4Xo2Fl0.5)) 2L3 WRITE ( NOUT • .62) _ -- _ - ---------------- . _ _ ------~--- ------------------ --·--·· __ -----214 __ FORMAT(// 1 •,•BGUNDARY CONDITIONS'/' •,•-------------------'//) 215 WR[TE{NGLT,63) 216 FORMAT(' '•' DISPLACEMENTS SPEC FORCES SPEC NO. STEPS SPEC') 217 REAO(NIN,64) NDSPEC,NFSPEC.NSTEPS.NFIXeNLOAO ---- ---------- ----- 218 FORMAT(815) 219 WRITE(NOUT.65} NDSPEC.NFSPEC.NSTEPS.NFIX,NLGAO 220 FORMAT(• 1 o5(Ilu,8X)) 221 IF(NFSPEC.EO.Ol GO TO 993 . _ 222. 

INPUT OF ~ERT LOADS AND THEIR DISTANCES FROM CENTER LINE DO 68 J:::: l,NFSPEC 
READ(NlNt66) RLGAD(~l.DIST(J)
FORMAT(2F10.2} 
CONTINUE 
WRITE{NOUTo67} (RLOAO(J),DIST(J).J=l,NFSPEC) 

223 
224 
225 

-------226 .. -·· 
227 
228 
229 FORMAT(' '•'FORCES SPECIFIED ARE 1 / -- ------~--~··· ··--- ·------2.30 1 ( • • , F 1 o • 2 • • P au Nos AT • • F 1 c • 2 • • INCHES FROM CENTER LINE')) 231 
232 DETERMI~AIION OF VERTICAL LINE ~UMBERS CN WHICH LOAD ACTS 233 MM( J) IS THE VERTICAL LINE NUMBER ON WHICH .RLGAD(.J) IS .. ACT.lNG -------··---234 

ND I ST= 1 
DO 992 J=l,NFSPEC 
DO 991 JK=NDIST,40 
A=R{JK) 
C=(R(JK+l)-R(JK))/2e0 
F=DlST(J)-A 
lF(DlST(J).EQ.A) MM(J}=JK-1 
IF(OIST(J).GT.R(~K+l)) GO TO 
IF{FeGE.C) MM(J):JK 
IF(F.LT.C) MM(J)=JK-1 
GO TO <;9C 
CONTINUE 
ND.lST=JK 
CONTINUE 

991 

235 
236 
237 

.... 238 
239 
240 
241 

-- ~----- -- ----··---. - 242 
243 
244 
245 

--- ---------.--246 
2'• 7 
248 
249 
250 INPUT OF VERTICAL DlSPLACEMENTS 

IFf.NDSPEC.EQ.O) ~0 To \000 
AND TrEIP DISTANCES FROM CE~TER LIN25l 

252 
253 
254 

DO 998 J=l,NOSPEC 
READCNINo66) ROISP(~J.DXSTl(JJ 
CONTINUE 
WRITE(~O~Tt994) (ROISP(J).DISTl(J)9J=l•NDSPECi FORMAT(' ;,'DISPLACEMENTS SPECIFIED ARE'/ 

1 ( 1 1 ofl0e6•' INCHES AT •,F10e2•' lNCHES FROMCENTER LlNE'Jl 

2:55 
256 
257 

.258 



......, 
CJ'l 

---------------------------- --~----~------------rw ~--

1 
I 
! ---- --
I C 
t c 
I C 

c 
DETERMI~ATION OF VERTICAL LINE NO. ON WHICH DISPLACEMENTS ACTS 
MMl(J) IS THE VERT.LINE NO• ON W~ICH RDlSP(J) ACTS 

NDIST=l 
DO 995 J=l,NDSPEC 
DO 996 JK=NDIST,20 
A=R(JK) 
C=(R(JK+l)-R(JK))/2.0 
F=DISTl(J)-A , 

259 
2o0 
261 
262 -
263 
264 
265 
266 
267 
268 
269 IF(CISTl(J)eEO.A) MMl(J):JK-1 

IF(DISTl LJ) .GTef<(JK+l)) -GO T0--996 
IF(F.GEeC) MMl(J):JK 

- -- -···. ---------------. ·-·-------------------270 ----

IF(F~LT.C) MMl{J)=JK-1 
GO TO qg7 

271 
272 
273 

996 CONTINUE .274 
275 
276 
277 

997 NDIST=JK 
CONTINliE 995 

\coo lF(NCST.EQ.Q) GO TO 851 

c 

c 
c 
c 
c 

854 

853 

WRITE(~CL;T,854) NCST -
FORMAT( t '// 1 1 • I5,2Xw'ELEMENT TYPE CR PROPERTIE;S 
DO 8 52 I= 1 , NC S 1 
REAC(NlNt853) ~ECST.TYPE(NECST),ETM~ 
FORMA1(!5w2Fl0e0) 
lF(TYPE(~ECST).EQ.lOeO) ET(NECST)=ETMM 

-- ----- - 2 7 8 
MGOIFIED 1 //) 279 

280 
281 

- ---------2 82 ... ---

WRlTE(NOLT.3) ~UME(NECST),(NPl(~ItNECST),Nl=l,NNOOE),ET(NECST), 
283 
284 
285 

852 
851 

1 PSR(NECST),TVPE(NECST) 
CONTINuE 
CONTINL.E 
CALL CrECK(ERROR) 
RETURN 
END 
SUBROUTI~E INVERT(A,N,B,MtOETERM.IDl~) 

-------------- - _______ ._286 
287 
288 
289 

------- 2.90 .. 
1 

DIMENS[C~ IPIVOT( 150).A{IOIM.lCIM}•S(IDIMtM).INDEX( 150,2) 
2 
3 

lwPIVOT( 150) . 

MATRIX I~VERSIC~ wiTH ACCOMPANYI~G SGLUTIGN OF LINEAR EQUATIONS 
INITIALIZATION 

10 OETERi.,= 1 .0 
IF(~.EQ.l)A(N~Nl=le/A(N.N) 
IF(I\.ECel)RETUf<N 

20 

DO 2C J=l.IDIM 
IPIVOTLJ )=0 
INDEX(Jd)=O 
INDEX(J,2)=0 
PIVOT(J}::O.,O 
CONTINuE 
SWAP=O.O 
Ll=O 
L=O 
T=O .. O 

30 DO 550 I=l•N 

--- ---4-
5 
6 
7 

- 8 
9 

10 
1 1 
1 '> 

- ... .£,.. 

c 

13 
14 
15 
16 
17 
18 
19 
20. 
21 
22 
23 
24 40 AMAX=O.O 



c 
c 

41 
~ 42 

45 
50 
60 
70 
80 
85 
90 
95 

100 
105 
106 
110 

c 
c 
c 

130 
140 
150 
160 
170 

'-I 200 0'\ 
205 
210 
220 
230 

250 
260 
270 
310 
320 

c 
c 
c 

330 
.340 

350 
355 
360 

370 
c 
c 
c 

.380 

.390 
400 
420 
430 

SEARCH FCR PIVOT ELEMENT 
IROW=O 
ICOLUM=C 
DO 105 .J=loN 
IF (lPIVOT(.J}-1) 60, 105, 60 
DO lOu K=l.N 
IF (IPIVCT(K)-lJ 80. 100, 740 
IF (A8S{AMAX)-A8S(A(.J,K))) 85• 
I~OW-=.J 
ICOLUM=K 

100. 100 

25 
26 
27 

. -·- -----·· ---- -- ---- 2 8 
29 
30 
.31 
32 
33 
34 
35 AMAX-=A(..J,K) ___________________ ,_- ------ -----·-- ---------- . .36 CUNTINL.E:: 

CONTINUE 
lF(IROw) 110,75C,l10 
IPIVOT(ICOLUM)=IPIVOT(ICOLUM)+l 

INTERCHA~GE ROWS TO PUT PIVOT ELEME~T ON DIAGONAL 

IF ( IROw-ICOLUM) 140 •. 260, 140 
DETERM=-DETERM 
DO 200 L=ltN 
SWAP=A(lMOW,L) 
A(IROWsL)::::A(ICGLUMoL) 
A(lCOLUM9L)=SWAP 
CONTINUE 
IF(M) 260, 260o 210 
DO 250 L=l,M 
SWAP=8(If~OW.L) 
8(1RQW,L)=8( ICCLUM.L) 
B(ICOLL.MeL)=SWAP 
CONT INL.E 
INDEX(l.l)=IROW 
lNOEX(lo2J=ICOlvM 
PIVOT( I ):A( ICOLUM. I-<:OLUM) 
DETERM=DETEHM*FIVOT(I) 

DIVIDE PIVOT ~OW SY PIVOT ELEME~T 

A(lCOL~M,ICOLUM):l.O 
DO 350 L=l ,N 
A(ICOLL.M9L)=A(ICCLUM,L)/PIVOT{Ij 
CONTINUE 
IF(M) 380, 380, 360 
DO 370 L=ltM 
B(ICOLUM,L)=B(ICOLUM,L)/PIVOT(I) 
CONTINUE 

REDUCE NCN-PIVOT ROwS 

DO 550 L 1:::: 1 , N 
lF(Ll-ICCLUM) 4QQ, 550. 400 - -
T=A(Ll olCOLUM) 
A(LlwlCOLUM)=O.O 
DO 450 L=l,N 
A\LloL)=A(Ll,Ll-A(lCOLUMeL)*T 

37 
38 
39 
40. 
41 
42 
43 

-- -- --- 44 -- -
45 
46 
47 
48 
49 
50 
51 

. ·-··-- ---- ·-··- ---··--------52 
53 
54 
55 

·------·----·-- _____ 56 
57 
58 
59 

---60 
61 
62 
63 

- --- -·----- ----·· ___ 64 
65 
66 
67 

·--- ---68.-
69 
70 
71 

.72 
73 
74 
75 
"16 
77 
78 
79 

-- - . -- --- - - -· 8 0 



-....J 
-....J 

~
-~- -

450 CONTINUE 

------------- --

455 IF(M) 550w 550t 460 I 460 DO 500 l~l.M 

I
. 6(Ll9L)=B(Ll.L)-8(1COLUM.L)*T 

500 CONTINLE 
550 CONTINUE 

81 
82 
83 

I 
c 
c 
c 

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

INTERChA~GE COLUM~S 

DO 710 I= 1 t N 
L=N+l-1 

.84 
85 
86 
87 
88 
89 
90 
91 

I 
I 
i 
l 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

900 
c 
c 

IF ( INDEx(L,l )-l-NDEX(Le2l) 630, 710o 630-
.JROW=II\OEX(Loll 
.JCOLU~=I~DEX(Lo2) 
DO 705 K= l • N 
SWAP=A(K,JROW) 
A(K,JRG~)=A(KoJCOLUM} 
A{K,JCOLUM)=SWAP 
CO~TINuE 
CONTINuE 
RETURN 
DETERM=O.O 
GO TO 740 
END 

--92--
93 
94-
95 

---- - - - -- 9 6 
97 
98 
99 

100 
1 0 l 
102 
103 

---------- --- ---------- .. l 0 4 
SUBROUTI~E MESH(OEPTH.NOUT,NIN) 1 

2 
COMMO~/TWO/NDEPTH,NCOL,TITLE(20l.RLT!E.WTIE.BDEPTH,SBDEPT,TSPACE, 3 

lUPPER _ _ _ _______________ 4 __ 

COMMON/FlVE/ANAL.TTHICK.BTHlCK,FHI 5 
COMMON/TE~/R(36),Z(30),NRR 6 

7 
. MESH PREPARES STANCARD GRID FOR TRANSVERSE OR LONGITUOll'loAL-ANALYSIS 8 

MINIMUN DEPTH OF SUB-BALLAST IS CoO INCHES - , 9 
MINIMUN DEPTH OF BALLAST IS 0.0 l~CHES 10 
RLTIE=LENGTH OF TIE.GREATER THAN OR EQUAL TO 84 INCHES 11 
RLTIE2=hALF THE LENGTh OF TIE -- --- -- - --- ----- ------ - 12 

liiTIE=WlDTH OF TIE 13 
TSPACE=TlE SPACING 14 
TTHICK=TI~ THICK~ESS 15 
ANAL=l.O FOR TRAI\SVERSE ANALYSIS - ----------- 16 
ANAL=2.0 FOR LONGITUDiNAL ANALYSIS 17 
ANAL=3.0 FCR T~AI\SVERSE ANALYSIS - TIE AS BEAM 18 

R{l):::O.O 19 
R(2)=10.C ---- -- ----- 20 
R(3)=le.C 21 
R(4)=22e0 22 
R(5)=26o0 23 
R { 6 ) = 3 0 s C ___ _ _ __ 2 4 
R{7}:::34e0 25 
R(8)=42.0 26 
IF(NRR.GT~O) REACCNIN~900) (RCI)ei=loNRR} 27 
FORMAT(8f10.2) - -- 28 

lF(ANALaEG.2.0) GO TO 500 
VERTICAL BOUNDARY LlNES FOR TRANSVERSE A~ALYSIS 

RLT1E2=RLTIE/2e0 

29 
30 
.31 
32 



......., 
OJ 

l 

f 
~----

5 

6 

IF(RLTIE.E0.84e0) GO 
A=RLTIE2-42. 
IF(A.GT.2.0) GO TO 5 
R(8)=RLTIE2 
GO TO 10 
IF(A.GT.S.O) GO TO 6 
R(9)=~LTIE2 
GO TO 11 
R(9)-::R(8)+4.0 
R(10)=RLTIE2 
GO TO 12 

-

TO 10 

------~--~-------------~--------·-----

·------------ ---- ---- --

33 
34 
35 

----- -- .. -36 
37 
38 
39 

---- ------ --4 0 -- --
41 
42 
43 ! 

~--C
) c 

------------------ --44 
45 
46 
47 

,_ c 

10 
1 1 
12 

R(9)=R(8)+6.0 
R(10}=R(Si)+l2e0 
R(1l)=R(l0)+12e0 
R(l2)=R(ll)+24e0 
R( 13)=R< 12)+24.0 
R(l4)::R{ 13)+24e0· 
R( 15)=R( 14)+24.0 
R( 16)=R< 15H·24e0 
RC17)=fH16)+48.0 
R(l8)=R( 17)+48.0 
R(19)=R<18)+48e0 
R(20):R(19)+100e0 
GU TO 510 

----- 48 ·--
49 
50 
51 

--- --- S2 
53 
54 
55 

····-···----·- -------·----- . --·-··· -··· .. 56 
57 
58 
59 

~----C. -VERT I CAL EOUNOARY LINES FOR. LONG I TUDl NAL-ANAl. YS IS-----.----- ----- . --·-··-· 60 ··--····----

c 

500 T2=wTIE/2.0 
TS3=(TSPACE-WTIE)/3.0 
TS2=TSFACE/2. 
TS4=(TSPACE-WTIE)/2.0 

R(l)=O.O 
R{2)=T2 
R(3):R(2)+TS3 
R(4)=R(3J+TS3 
R(5)=R(4)+TS3 
R(6):R(5)+T2 
R(7)-=RC6)+T2 
R(8}=R{7)+TS3 
R(9)=R(8)+TS3 
R(l0)=R(ICI)+TS3 
R(lll=R(l0)+T2 
R(12)=R{llj+T2 
R{ 13)=R( l2)+(TSFACE-T2)/2e0 
R(14)=R(l3)+(TSPACE-T2)/2e0 
R( 15i=IH l4)+T52 
R(16)=R(15)+TS2 
R(l7):R{l6)+TS2 
R( l8)=R( l7}+TS2 
R09J:::::I-d l8)+TS2 
f.H2Q):.:R( lg)+TS2 
R(2l):R(20)+TS2 
R{22)=f~(2l )+TS2 
R(23):R(22j+TSPACE 

61 
62 
63 

. ·- ·--- -··---- _________ 64 
65 
66 
67 

-68 
69 
70 
71 
72. 
73 
74 
75 

... -·· .. --·--· .... ·- ---··-7 6 
77 
78 
79 
a a· 
81 
82 
83 

- ---- .. .... --- 84 -
85 
86 
87 

···--· -- 88 



........ 
\0 

R(24)=R<23)+TSPACE 
R(25)=R(24)+TSPACE 
RC26):::R(25)+TSPACE 
R(27)=R(26)+TSPACE ----- -----
R(28):R(27)+TSPACE 
R(29)=R(28)+TSPACE 
R(3Q):::R(29)+TSPACE 
R(3l}=k(30)+TSPACE 
R(32)=R(21)+TSPACE 

89 
90 
9i 

·--92 
9.3 
94 
95 

-- 96 

c LAST COLUM~ W!OTH IS MADE EQUAL TO 
R(NCOL)=R(NCOL)+TSPACE 

TWICE TIE SPACING 
97 
98 
99 - -- c 

c 
c 

510 

511 
605 

512 

513 

514 

515 

610 

635 

HORIZO~TAL BOUNDARY LINES CALCULATED 
TRANSVERSE AND LGNGITUDINAL ANALYSIS 

M=l 
Z(M)=-TThiCK 
M=M+l 

l:(M)=O•C 
IF(BDEPThsEa.O.O) GO TO 610 
M=M+l 
Z(M)=4.0 
IF(BDEPTH.E0.4.0) GO TO 610 
B=BOEPTH-4.0 
IF(BoGT.2.0) GG TO 511 
Z(M)=BOEFTH 
GO TO 610 
IF(B.GT.6e0) GO TO 512 
M=M+l 
Z(Ml-=BDEPTH 
GO TO 610 
M-=M+l 
Z(M)=8.0 
IF(8.GTol2o0) GO TO 513 
GO TO f05 
M=M+l 
Z(M)=l2e0 
lF(BoGTol8o0) GO TO 514 
GO TO f05 
M=M+l 
Z(M)=l8oC 
IF(BeGTo24.0) GO TO 515 
GO TO 605 
M=M+l 
Z(M)=24.0 
M=M+l 
ZUO=BDEPTH 
!F(SBDEPT.EOeOoO) GO TO 40 
M=M+l 
ZOO=Z(M-1 )+4~0 
C=SBDEPT-4.0 
lF(CoGTe2o0) GO TO 6J5 
Z(MJ=Z(M~l)+SBOEPT 
GO TO 40 
IF(C.GTe8o0) GO TO 636 
M=M+l 
Z(M)=l(~-2)+58DEPT 

IN THE 
- ------100--------SAME MANNER FOR BOTH 101 

102 
103 
104 
105 
106 
107 
108 
109 
110 
1 1 1 

-- 112 
113 
l 14 
115 
116 
117 
il8 
119 
120 
121 
122 
12.3 
124 
125 
126 
127 

---- --- ------- --- 1 2 8 
129 
130 
131 
132 
1.33 
134 
135 

. - - -- -~ --- l 3 6 
13"1 
138 
139 
140 
141 
:!.42 
143 

------ --- - - -144 



co 
0 

rw .. -· - n 

-·- -------------~----

f 

r 
f 
i 
l ,. 
I 

! 
I 

I - -

c 
c 

636 

40 

141 

- 142 

140 

GO TO 40 
M=M+l 
Z(M)=Z(M-1)+6e0 
M=M+l 
Z(M)=Z(M-3)+SBOEPT 

TO SOLVE 8EAB CN ELASTIC FOUNDATION TYPE PROBLEMS.IE., 
!E~e BDEPTh=SBDEPT=DEPTH=O.O 

IF (DEPTh .EO • ( SDEP TH +SBDEPT ll-GO--T.0--29{L_ . ---- - -
lF(UPPER.EO.OeC) GO TO 140 
M=M+l 
Z(M}::::Z(fl-1)+6.0 

145 
146 
147 

.148 ... - .. 
149 
150 
151 

---------152---------. 
153 
154 
155 .OD=UPPER-6 • 0 

IFCOD.GT~2.0) GU TO 141 
Z(M)=Z(M-l)+UPPER 

--- ·-------·-·----------- 156 _____ . 

GO TO 140 
lF(DD.Gle8e0) GO TO 142 
M=.M+ J 
Z(M)=Z<M-2)+UPPER 
GO TO 14 0 
M=M+l 
L.(M)=Z(f/~1)+6.0 
M=M+l 
Z(M)=Z(M-3)+UPPER 
CONTINUE 
M=M+l 
Z(M~=Z{M-1)+6.0 
IF(Z(M).GE.OEPTHJ GO TO 290 

M=Mi-1 
Z(M)=Z(M-1 H-6.0 
lF(Z(M).GE.OEPTh) GO TO 290 

M=M+l 
2(M)=Z(M-1)+12.0 
IF(Z(M}aGE.DEPTh) GO TO 290 

M=M+l 
Z(M)=Z(M-1)+12.0 
lF(Z{M).GE.DEPTh) GO TO 290 

M=M+l 
Z{M)=Z(M-1 )+24.0 
lF(Z(M).GE.OEPTH) GO TO 290 

M=M+l 
Z(M)=Z(M-1)+24.0 
IF(Z(M).GE.DEPTH) GO TO 290 

M-=M+l 
Z(M)=Z(M-1)+24.,0 
IF(Z(M).GE.OEPTH) GO TO 290 

M=M+l 
ZOO=ZCM-1 )+50.0 
IF(Z{M)aGE.OEPlh) GO TO 290 

M=M+l 
Z{M)=Z(M-1)+50.0 
IF(Z{M}.GE.OEPTH) GO TO 290 

M:M+'C 
Z(M)=Z(M-1)+50.0 
IF(l(M)oGEeDEPTH) GC TO 290 

M:M+l 
Z(M)=Z(M-1)+100.0 

157 
158 
159 
160 
161 
162 
163 

··--! 6'+ . 
165 
166 
167 

·----------------168 
169 
170 
1 71 

-· --·----------1..7 2-- --
173 
174 
175 

-------- ----- ----·· 176 
177 
178 
179 

- -- -------- -- -----1 8 0 
181 
182 
183 

.184 
185 

. 186 
187 

.188 
189 
190 
191 

-----.192 
193 
194 
195 
196 
197 
!98 
199 

.. ------- _ .. .200 



r--

co ..... 

lF(Z(M}.GE.DEPTH) GO TO 290 
M=M+l 

Z{M)=Z(N-1 )+100.0 
lF(Z(M).GE.DEPTHl GO T0-290 

M=M+l 
Z(M)=Z(M-1)+100.0 
IF(Z(M).GE.DEPTH) GO TO 290 

M=M+l 
Z(M)=Z{M-1)+100.0 
IF{Z(M).GE.DEPTH) GO TO 290 

M=M+l 
Z(MJ=Z(M-1)+100.0 
l F ( Z ( M ) • G E .. DE P T.H J G 0 T 0 2 9 0 

M=M+l 
Z(M)=Z(~-1)+100.0 

201 
202 
203 

-20'4-. 
205 
206 
207 
208 
209 
210 
211 

. - --- -- --- - 2 1 2 ... 
213 
214 
215 

C z•S ARE MADE NEG~ DOWNEWARDS TO 
2 9 0 00 2 9 1 l = 1 • M 

CORR .. lO DIRECTIONS OF ELEMENT .OJ..RCTN216 
217 
218 
219 c 

c 
c 
c ,. .... 

c 

2.9l Z(I)-::::-l(l) 

NDEPTH=lOTAL NO. OF ROWS 
NNDEPT=TGTAL NOe OF HORI. LlNES=TCTAL NGS. OF ROWS +l 
NCOL=TOTAL NOe OF VERTe LINES=TOTAL NOe OF COLUMNS +l 

NOEPTH=p.t-1 
NNOEPT=NDEPTH+l 

wRITE(I'.Ct.T,32, 

... 220 
221 
222 
22.3 

-- ----- ---2 ?- 4 
225 
226 
227 

___ 32 FORMAT{ 1 1 // 1 1 , 'VERTICAL GRID LINES 1 //) 

WRITE(~CUT.JO) (loR{I)wl=l•NCOL) 
-----------228 

229 
2.30 
2.31 

c 
c 

c 
c 
c 
c 
c 
c 

30 FORMAT(' '•5Xo 1 R( 1 ol2o 1 ): 0 ,F8.,2) 
WRITE(N0l.To33) 

33 FORMAT(• 1 // 8 1 •'HORIZONTAL GRID Lli'.ES 1 //) 

WR! TE ~NO t(f .. ~ 31 : { ! ~ Z. .{.I ~ ~ ! == 1 Y N f\f)E f=" T ~ 
3 1 FORMAT( ••• 5x. 'Z( ·~ 12. I):' eF8.2) 

RETURN 

. - ----------···· 232 
233 
234 
2.35 

END 
SUBROUTINE QUAC(NUMEL.S!GXXoEX~PSReET.NGENS.ERROReNEXoTYPE) 

DIMENSION SIGXX(NEX) ,EX(NEX),PSR(NU~EL}.ET(~UMEL)wTYPE(NUMEL) 

COMMON/SIX/GONEl•BTWOl.BONE2.BT~G2.RM00(8)oDEV(8),UMOD(8J,UDEV(8), 
l EFAILl 9 EFAIL2,EFAIL3.AMXSRl ,SIGMNloAMXSR2.SlGMN2,TAUSUBoNPOINT, 
2 JPCINT,EFAlL6oUTAUSB.NSUBL,NSUBU . 
COM~ON/NlNE/FLAG$BFLAGoCFLAG9ABCO .. -

CALCULATICN OF ELEMENT M00ULUS VALUE TO BE USED FOR THE NEXT 
LOAD INCREMENT STEP 
COMPRESSl~E STRESSES ARE POSITIVE 
DOWNWARD DISPLACEMENTS ARE POSfTlVE 
POSITIVE ~ORia DISPLACEMENTS ARE T O•ARDS LEFT 

DO 10 1\=l.NUMEL 
LSS=(N-l)*NGENS+l 
LSSl=LSS+i 
LSS2=LSSi+l 
CC=<SIGXX{LSSH·SIGXX{LSSU )/2.,0 
BB=(SIGXX{LSSl)-SIGXX(LSSJ)/2~0 

2.36 
1 
2 
3 

... 4 
5 
6 
7 
8 
9 

1 0 
1 l 
12 
13 
14 
15 
16 
l 7 
18 
1 "> 

20 



OJ 
N 

F QN> ~-·---

! 
I 
i 

c 

c 

c 
c 

c. 
c 

24 

20 

14 

13 

34 

30 

---- -·-- --- ·-------
CR=SORT(EB*B8+SIGXX(LSS2)*SIGXX(LSS2)) 21 
SIGI=CC~CR 22 
SI G3=CC -CR 23 
ASIG3=SlG3 ----- --------------------- ---24-------

SIGO IS T~E OEVIATORIC STRESS FOR PLA~E STRAI~ CASEsVlZs SIG1-SIG3 25 
SIGD=SIG1-SIG3 26 
lF(SIG3.LE.O.O) ASIG3=0.001 27 
RATIO=SIG1/ASIG3 ------- - ------ -- -- __ _ -28 
[F(TYPE(~).EQ.4oOeOReTYPE{N).EQ.5.0.0ReTYPE(N).EQ.7e0e0ReTYPE(N)eE 29 
lO.s.O.CR.TYPE(N)~EO.lO.) GC TO 10 30 
IF(TYPE(N).EO.loOeOR.TYPE(~).EQe9•0) GO TO 11 31 
-lF(TYPE(~).EQ.2.0) GO TO 12-- ------- -----------------------.32 
!F(TYPE(N).E0.6~0} GO TO 13 33 

FOR SUBGRADE SOIL - TYPE(N)=3.0 .34 
IF(NSUBL.EQ.l) GO TO 14 35 
IF( SIGDeL TeOEV( l)) SlGD=DEV( 1) ---------------- --- -- _ .36 
IF(SIGD.GTeDEV(NPClNT)) SIGD=DEV(NPCINT) 37 
00 20 JJD=l,NPOINT 38 
IF(SIGO.EQ.OEV{JJD))ET(N}=RMOD(JJD) 39 
IF(JJDeEOeNPOINT) GO TO 20 ___ ______ _ ___ 40 ________ _ 
IF(SIGD.GT.DEV(JJD).AhD.SIGD.LT.DEV(JJD+l)} GO TO 24 41 
GO TO 20 • 42 
DIFF=R~CC(JJD)-~MOD(JJD+l) 43 
TOP=Sl GD-Dt:;V ( JJO) - ------ ________ . ----------44 
BOT=DEV(JJD+l)-CEV(JJD) 45 
ET(N)=~MOO(JJD)-DIFF*TOP/BOT 46 
IF(CR.GE.TAUSUB) ET(N)=EFAIL3 47 
CONTINUE - - --- --------------------- - -------------------------4(; GO TO 10 49 

50 
FOR SUBGRACE SOIL 

CONTINuE 
BONE=R~GD(l) 
BTWO=DEV ( 1) 
EFAIL=EFIIIL3 
DFLAG=F<MC0\2) 
AMXSR=RMCD(3) 
SIGMN=OE\1(3) 

TYPE(N)=3e0 ~lTH ER=Kl(THETA)K2 RESPONSE 51 
---·· -···-- ---- - ·--------------

GO TO 111 

FOR THE UPPER SOIL LAYER - TYPE(N)=6.0 
CONTINuE 
IF(NSUBU.EQ.l} GO TO 15 
IF(SIGD.LT.UDEV(l)) SIGD=UOEV{ll- -
IF{SIGD.~T.UOEV(JPOINT))SlGD=UOEV(JPOINT) 
DO 30 JJD=ltJPGINT 
IF(SIGO.EQ.UDEV(JJD)) ET(N)=UMCC(JJO) 
lF(JJD.EG.JPUlNT) GO TO .30 

IFCSlGD.GT.UOEV(JJO)eAND.SIGD.LT.UDEV(JJD+l}} 
GO TO 30 
DIFF=UMCCCJJD)-UMCC!~JO+l) 
TOP=SIGO-UDEVCJJDJ 
BOT=UDEV{JJD+ll-UDEV(JJD) 
ET(NJ=U~CO(JJD}-DlFF*TOP/BGT 
!F(CR.GE.UTAUSB} ET(~)=EFAIL6 
CONTINUE 

GO TO 34 

----- -- -------- ... 52 
53 
54 
55 
56 
57 
58 
59 

----60 . 
61 
62 
63 

-------64 
65 
66 
67 

- -·-------- .. 68 
69 
70 
71 
72 
73 
74 
71: 
' ~· 
76 



co w 

c 
c 

-- c 
c 
c 
c 
c 
c 
c 
c 

------------·--
GO TO 10 77 

78 FOR UPER SUB~RACE LAVER- TVPE(N)=6.0 wiTH ER=K1(THETA)K2 RESPCNSE 79 
15 CONTINLIE ----·· ----- --- ----------4---- ---·- ---· --------------------80----BONE=UMOC(l) 81 

BTWO=UDEV(l) 82 
EFAIL=EFAIL6 83 
DFLAG=UMCD{2) - -------------- ------ --- --------------84 AMXSR=LIM00(3) 85 
SlGMN=lJDEV(3) 86 
GO T 0 1 1 1 ;. 8 7 

-- FLAG=l.O ISA MARKEr< FUR ThE FINAL CYCLE.- ____ ----88----------BFLAG=l.,O IDA MI!RKER FOR uSING BALLAST L FAILURE CRITERIA 89 
IN THE FINAL CYCLE ONLY 90 
BFLAG=2.0 IS A ~ARKER FOR NCT USING BALLAST FAILURE CRITERIA AT ALL 91 
CFLAG=l.O ID A MARKER FOR USING SUBSALLST ---- -- FAILURE CRITERIA----92--- ---IN ThE FINAL CYCLE ONLY 93 
CFLAG=2aC IS A MARKER FOR NCT USING SOBBALL FAILURE CRITERIA AT ALL 94 
FUR BALLAST MATERIAL - TYPE(N)=leO OR 9e0(FQR CST) 95 

~ -- -· 11. 
1 

CONTINuE --------------- ---- ----- _______ ---------------96 ________ _ 
BONE=BGNEl 97 
BTWO=B T'I>IC 1 98 
EFAlL=EFAILl 99 

---DFLAG=BFLAG -----.----------- - ---- -- -- -- ---- -- 100----AMXSR=AMXSRl 101 
SIGMN=SIGMNl 102 

~--

. GO TO 111 ···------·-- __________ 103 
I-- 111 SlGZ=PSF<(N)~(SIGXX(LSS)+SIGXX(LSSt)) lC4----l i__t;_!:;._T A =S I_C:_Z +~_I GXX t~S S_)_+_S_I_G_X_)(_(_L ... S~ _ _L)_ 1 0 5_ 
I IF (0TWO.EOe':a0) E'TOd=BONE 1C6 
1 IF (BTwO.EO.O.O) GO TC 10 107 
~- IF(l'l-d-:TA.LE.O.O) THETA=O•O 108--------

IFCT~~TA.LE.O.O) GO TC 112 109 ---It= (F<AT r n .GT-. Afv'XS~-.-oR-.s-fG3-;-L T. s tGi-11\f(;o_T_o-rl-2 110 

c 

c 

c 

_ET (_1\) =EIGI\E*CJJ::!..EI~ >**-BT'o\0 111 GO TO 1 C ---- ----- - ---·---- -----112 112 ET(N)-=EFAIL 113 
IF(OFLAG.EQ.l.O.AND.FLAG.NE.t.O)ET(~)=BONE*(THETA)**BTWO 114 
lF(DFLAGeEOe2e0) ET(N)=BONE*(THETA)**BTWO 115 
GO TO 10 --- _ -- --- ----·-. ···----- ----·----· 16------FOR SUB-BALLAST MATERIAL - TYPE(~)=2.0 117 

12 CONTINUE 118 
801\E=BCNE2 119 BTWO=BTwC2 __ _ ____________ --- ---------· _ ------120-----
EFAIL=EFAIL2 121 
OFLAG=CFLAG 122 
AMXSR=AMXSR2 123 S I GMN= S i GMN2 _ __ _ ___ ____________ ___ _ . __ . __________ 124 ______ , __ -- _ 
GO TO 111 125 

10 CONTINUE 126 

RETURN 
END 
SUB~OUTli\E REAOEC(NDEGeNGE~SoNUMEL.NleNCRDeNONPeNNODEeNPieNPBCs 

1 PRESSePL.CORDsTD,TF) 

127 
! 28. _____ . 
!29 

1 
2 

- --4 -·- --·-·· 



00 
~ 

c 

c 
c 
c 
c 
c 
c 
c 

-C 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

1 

DIMENSlG~ CORO(~CRD,NONP),~PI(~~OOE,~UMEL),pL{~DEG,NONP), 
1 NPBC(NDEG.~ONP),TD(NOEG,NONPleTF(NDEG,NONP) 

4 
5 
6 

COMMON/l.I~E/ SS ( 8, 8), S K ( 2, 2 • 16) ,o ( ~. ~) .,8-(-3., 8.) , 0! SP( 8) ,o i SPT ( 8} , . --- -· -----7 
1 G{2,2),Gl(2,2).E{3,8),NOUT,NIN 8 
COMMON/T~O/NOEPTH,NCOL,TITLE(20),RLTIE,~TlE,BOEPTH,SBOEPT,TSPACE, 9 

lUPPER 10 
COMMON /ThREE/DUMP (2C) tLM(4), ICUT --- -- ---·-----------·--- -- ------ · ---------------11 · 
COMMON/F!VE/ANAL.TThiCKtBThiCK,PHI 12 
COMMON/SEVEN/NOSPEC.NFSPEC,NSTEFS,NSTP,NFIX,NLOAD 13 
COMMON/ElGHT/RLCAD(36),PLOAD(36),DIST(36),M~(36),ROISP(3~), 14 

1- PO I SP ( :.36), D I S-T 1 ( 36), MM 1 ( 36), 1\PT (..36.) --------------- ---·----15- -

THIS SLBROUTINE IS CALLED FRCM CCNTRO 
SUBROUTII\E REACEC READS ThE DISPLACEMENT BOUNDARY CONDITlDN 
AND LCAD l NPUT TO THE PROBLEM . -- ----- ------- -- ···--

NPBC(ltJ)=O MEANS THAT DEGREE OF 
NODE J I~ NOT FIXED 

FREEDOM I FOR 

16 
1 7 
18 

-- 1 9---
20 
21 
22 

NPBC(l.J)=l MEA~S THAT DEGREE OF 
NODE J IS FIXECeThE VALUE OF THE 
FINITE VALUE 

FRE EOOM I . FOR. - ---23 __ --- --
OXSPLACEMENT CA~ BE ZERO OR SOME 24 

TF=TOTAL LOADSe PL=PRESSURE LOACS 
INITIALIZE NPBC ARRAY 
DO 1 J=l.NONP 
DO 1 I= 1, NOEG 
TF(l,Jl=O.O 
NPBC(l .. .J)=O 

SET NPBC f.IATRIX 
(FORCE AND DISPLACEME~T CONDITIONS NOT SPECIFIED FOR 
DEGREE OF FREEDOM •) --- - --- --- - -

25 
26 

·- ··-·-------- . ----------2 7 -- . 
28 
29 
30 

----- -·· --------- ----. ·-----.31 
32 
33 

THE SAME 34 
- ---- ------- ----..3 5 

DISPLACEMENT BOU~D~RY CONDITIONS ARE CONSIDERED FIRST 
36 
37 
38 

2 WRITE(~GuT.2l) 
21 FORMAT(' '.25H 

NN=l 

- ----39 
SPECIFIED DISPLACEMENTS,//19r NO PT DIR DIS) 40 

NNN=2 
NONP=NCCL*(NDEPTH+l) 
NONPl=NOf\.P-1 
NCOL1-=~CCL+1 
NDEPTl=NDEPTH+l 

HURI8 DISFLACEME~TS ALCNG TwO OUTER SIDES ARE MADE ZERO EXCEPT FOR 
LOWERMOST NODES. THUS AT THE SURFACE ~ODES IT IS ACTUALLY ROTATION 
THAT IS MADE ZE~OFOR THE BEAM ELEMENT 

DO 50 I=l~NDEPTH 
TO ( 1 , { ) = C .. 0 
TD\loNOI'>.Pli=O.O 

41 
42 
43 
44 
45 
46 

--47 
48 
'+9 
50 
51 
52 
5.3 
54 

1.3 
WRITECNGUTol3) I.NN~TOENNei)eNO~Pl~~N.TO(Nhw~ONPl) 
FORMAT(2I5eEl5o7,5X.215,El5e7) 

- - -·--- - - 55 . 
56 
57 
58 
59 

NPBC ( 1 • I ) ::::1 
NPBC( l.NCNPl }:1 

50 NONPl=!I.O~Pl-1 



00 
CJ1 

~-----------

f 
f 
I 

c 
c 
c 
c 
c 
c 
c 
c 

VERT. DISFLACEMENT OF BEAM ELEMENT AT ThE SURFACE ENC NODE MACE 
EQUAL TG ZERO 

60 
61 
62 NONP2=~C~P-NDEFTH 

TD(2eNGNP2)=0.0 
NP8C(2.~CNP2)=1 
WRITE(~OuT.l3) NONP2eNNN.TD(2eNCNP2) 

---· --- --·---·------·- 6.3 
'64 
65 

HORI. AND VERT. DISPLACEMENTS 
00 60 I=NDEPTleNONP,NOEPTl 
TO(lel)=C.O 

ALONG BOTTOM SIDE--ARE-- MAOE ZERO 
66 
67 
68 

60 

T0(2,.I)=C·O 
WRITE(NCUT,l3j l.NN.HHNN,I)oleNNNeTO(~NNel) --
NPBC(lel)=l 
NPBC(2,I)=l 
CONT[NLE 

69 
70 

·----------------.71---
72 
73 
74 

---75. c 
c 
c 

FOR CTHER FIXED POINTS IN ANY 
THESE DATA·CARDS ARE REPEATED 

IF(NFIX.EQ.Ol GO TO 201 

DIRECTION - N=DIRECTlON,M=NODE 
NSTEPS TIMES 

NUMBE 76 
77 
78 

DO 202 l=l ,NFlX 
READ(NINe203) MoNe TO(N,M) 

203 FORMAT(2l59Fl0e2) 
WRITE(hGLTol3) M,N.TO(h,M) 
NPBC(N,Ml=l 

202 CONTINUE 
201 CONTINuE 

C CHECK FOR ANY OT~ER SPECIFIED OlSPLACEMENTS 
---· ---- IF{NOSPEC·EO.O) GG TO 17 

C READS SPECIFIED DISPLACEMENTS AND MAKES NPSC(N,M)=l 

118 
c 

c 
c 
c 
c 

17 

20 

14 

N=2 
DU 118 L=l,NDSPEC 
M=MMl(L)*(NOEPThtl) 
M=M+l 
NPT(L)=M 
TO(N.M)=PDISP(L) 
NPBC(NoMl=l 
WRITE(NGlT,l3} M.NtTD(hvM, 
CONTINUE 

CONTINLE 
IF(NFSPEC.EOoC) RETURN 
WRITE(NOUTt20) 
FORMAT(' '•l8H SPECIFIED FORCES,/.t.21H NO PT OIR 

VERTICAL LOADl~G O~LY CCNSIDERED.IE.Y DIRECTION 
MM(L) DENOTES VERTICAL LINE NU~BER ALCNG WHICH FORCE 
MIS THE NCDE NO. AT WHICH VERT. FORCE ACTS 

N = 2 --- .. -- - .. __ .. 
DO l 8 L::: 1 ~ NF S P. E C 
M=MM{LI*(NDEPTH+l) 
M=M+l 
TF(N.M)=PLOAD(L) 
IF(NP8C(h.M)eEOe0) GO TO 15 
IV=O 
WRJTE{NOLTwl4) lV,NPBC(NoM),M.N 
FORMATCI5.5H AND,l5,23H BOTH SPECIFIED AT NODEtiSe 

79 __ 
80 
81 
82 

·-------------8 3 
84 
85 
86 

---·------8 7 
88 
89 
90 
91. .. 
92 
93 
94 

--- ____________ , __ , 95 

FORC:E) 

NO. L ACTS 

96 
97 
98 

-- 99 
100 
10 1 
102 
103 
104 
105 
106 
107 
108 
109 
110 
1 l 1 
112 
113 
l 14 
U.5 



00 
0'\ 

c 

c 

c 

15 

18 

1 

llOH DIRECTION,IS) 
STOP 

NPBC(N,MJ=O 
WRITE(NGLT,13) M,N,TF(N,M) 
CONTINUE 
RETURN 
END 
SUBROUTINE SCLA(W,C,N,M,MS) 

OIMEI'iSlO"" W(l) 

1.16 
117 
118 

------ --· 1 1 9 ·-
120 
121 
122 
1.23 

1 
2 
3 

--------------- ---- .... 4. 
CLEARS MAltHX 

NM=N>I<M 
W(~.~) AND PUTS C IN ALL LOCATIGNS 5 

DO 1 l=l.NM 
W (I) =C 
RETURN 
END 
SUBROUTII\E STIFF(""l•CORD.NCRD,,CNP,EToPSR.DEN,OATAl) 

6 
7 
8 
9 

10 
1 • 
2 

DlMENSIC~ CORD(NCRDoNONP) . 3 
COMMON/G~E/55(8.8),SK(2,2ol6),D(3.J),6(3.8)eDISP(8)oDISPT(8), 4 

1 G(2,2),Gl(2o2loE(3,8),NOUleNIN 5 
COMMGN/T \110/NDEP TH .NCOL, T !TLE ( 20) .RL T lE ,wTl E oBDEPTH • SBDEPT • TSPACE • -----6 -

lUPPER 7 
COMMON/T~REE/DUMP(20),LM(4),10uT 8 
COMMON/FIVE/ANALoTTHICK,8THlCK,Phl 9 

. C ----EVALUATES ELEMENT ST 1 FFNESS---MATI'. IX. FOR-RECTANGU!..AR-.PLANE-ST.RAlN---ELM--1 0 -----· 
c 11 

c 
c 
c 
c 
c 

,_ 

THICK-=~TlE 12 
IF(ANAL.E0,2.0) THICK=BTHICK 13 
NS=LM ( l) - - .. - - -------------- ___ . -··- ___ ---· _____ -----14 
N6=LM\2) 15 
N7=LM(3) 16 
N8=LM(4) 17 
A-=A8S(CC.RD(loN5)-CORD(l.eN8)) - .... -----------·· ----·· ---------·-- ------18 
C=ABS(CORD{2,N5)-CORD(2,N6)) 19 
A1=C*(l.-PSR)/(3.JtA) 20 
A2~A*(l.-2.*PSR)/(6.*C) 21 
AJ=Al/2. ------ . --. ----------- 22 
A4=A2/2e 23 
A5=A*( l.-PSR)/(3.*Cl 24 
A6=C*( le-2e*PSR)/(6.*A) 25 
A 7 =A6/ 2 • --- - . --- _ -- _ ---------------- -- 26 -
A8=A5/2. 27 
C=ls/8o 28 
CC=(4.*PSR-l.)/8e 29 
EV=ET/(( l.O+PSR)*<l.-2.*PSRj) ____ . 30 

31 
32 
33 THICKNESS OF PLANAR ELEMENTS INCREASEC ~ITH DEPTH,TO ACCOUNT FOR 

ADEQUATE CtSTRIB~TlON OF LOAD.USING PSEUDO PLAIN STRAIN TECHNIQUE-- 34 
SUBTRACTlCN BECA~SE DEPTHS ARE NEGATIVE 35 
IF(CORD(2eN5)eGE~Oe0) GO TO l 36 
THICK=T~ICK-(2.0*CORD(2eN5)*TAN(PHl)} 37 
CONTINUE ---·-·--- -----.38 



co ....... 

c 
c 

r 

SS(lol)=Al+A2 
SS(l.2)=-C 
S5(1.,3>=A3-A2 
55( l.,4)=CC 
SS(l.,5)=-A3-A4 
S5(1,6)=C 
S5(1,7)=-Al+A4 
55{1,8)=-CC 
55( 2,1 >=~5( 1 ,2) 
5S(2,2l=A5+A6 
55(2,3>=-CC 
55(2,4)=-A5+A7 
55(2,5l=C 
5S(2w6l=-A8-A7 
5S(2w7}=CC 
5S(2,8)=A8-A6 
55 ( 3. 1 ) = s 5 ( 1 • 3 ) 
55(.3,2)=S5(2e.J) 
55(3o3}=S5( 1,1) 
S5C3,4)=C 
55 ( 3. 5) = s s ( 1 '7} 
SS(3,6>=CC 
S5 ( 3' 7) = s 5 ( 1 9 5} 
SS(3,8)=-C 
55 ( 4' 1 ) = s 5 ( 1 • 4 ) 
55(4,2)=55(2,4) 
55(4,3)=55(3,4) 
55{4.4)=55(2,2) 
55(4.,5)=-CC 

.55(4,6)=55(2.8) 
55(4.7)=-C 
55(4o8)=S5(2,6} 
55 ( 5.1 ) =55 (1 9 5) 
55(5,2)=55(2,5) 
55(5,3}=SS(3,5} 
55(5,4)=55(4,5) 
55(5,5 >=55( 1,1) 
55{5.6)=-C 
S5(5,7)=SS(1,3) 
ss<5,8>=cc 
ss ( 6 .. l ) = s 5 ( 1 • 6) 
55(6,2~=55{2,6} 
55(6,3)=55(3,6) 
S5(6,4)=SS(4.,6) 
SS(6o!:>l=SS{5,6) 
55(6.6)=55(2.2) 
55(6.7)=-CC 
SS(6,8)=SS(2,4) 
S5{7d)=SS(1,7) 
SSC7.2)=SS(297) 
55(7.3)=55{3.7) 
55(7,4)=55(4,7} 
55(7~5)=55(5.7) 
55(7.6)=55(6,7) 

·~- ·-·--- _. -------

I 

-------·-. --···-·-------

39 
40 
41 

------42---
43 
44 
45 

--- --- ------- . 46 
47 
48 
49 

------------·-----50 --- ---
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

------- ·------------62 
63 
64 
65 
66 
67 
68 
69 

---- -·- .70. 
71 
72 
73 

--------------- -· 74 
75 
76 
77 

- 78 
79 
80 
81 

. ------ ------ ·----------- . 82 
83 
84 
85 

------------ ---- -- 86 
87 
88 
89 
90 
91 
92 
07 ..,_, 
94 



r-

& 

c 
c 

c 

c 
c 
, 

c 
c 

55{7,7)=55(1.1) 
55(7,8)=C 

95 
96 
97 55(8vl )=S5( 1,8) 

55(8.2)=55(2.8}
SS(8o3)=SS(3,8) 
55(8,4)=SS(4,8) 

--·--------·-------------- ----------98------··---- ---·· 

55(8,5)=55(5.8) 
S5(8,6l=SS(6,8) 
55(8,7)=55(7,8} 
SS(8,8)=SS(2.2) 
DO 2.30 1=1,8 

-DO 230 ~-=1,8 --- ----- --- .. ---·----------·---------
230 SS(I,J)=S5(I,~)*EV*THICK 

·RETURN 
END 
SUBROUTINE TBETA(CORO,NONP,NCRC) 

DIMEN5IG~ CORO(I'-CRO,NONP). --····--·-· 

99 
100 
101 
-102 -------
103 
104 
105 

----106-----
107 
108 
109 

-----1 10------
1 1 1 

1 
2 

----··-- ... --.3 -· 
COMMON/O~E/SS(8,8),SK(2,2e16),0(3,3)o8(3,8),DIS~(8),01SPT(8), 

1 G(2,2),Gl(2,2),E(3,8),NUUT,NIN 
4 
5 

COMMON/T~REE/Ou~P(20},LM(4),IOUT 
EVALUATES B MATRIX FOR THE CST El.EMEI\T---------·------·-···-··----------··---··-·--· -·· 

N5=LM( ll 
N6=LM(2) 

6 
7 ----
8 
9 

10 
N7=L~(J) -. --- --· .... ··-- -- 11 .. ----- -·· 
N8=LM(4} 
Y23=COhD(2,N6)-COR0(2,N7) 
Y3l=COR0(2.N7)-COR0{2oN5) 

. - .... Y 12-=CORI.) ( 2, N5)- CCRO ( 2 • N6) -·- - ------·-·· .. ------------- -···· --·- ---·--- ---·-. 
X32=CORU(l,N7l-CORD(l,N6) 
X13=CORD(l,N5)-CGRO{l,N7) 
X2l=CORD(loN6)-CORD(l,N5) 
AREA=(CORD(l,N5l*Y23+CORD(l,N6)*Y31+CORO(l,Ni)*Y12)/2.0 
AREAH=l.C/(2.0*AREA) 

B(lwl)=Y23*ARt::AH 
1:!(1.2}=C·O 
0(193)-=YJl*AREAr 
B<l.4)=0.C 
8(1.5)=Yl2*AREAH 
8(1.6)=0.0 
B<l .. 7l=o.c 
t:Hl98)=0 .. 0 
8{2.1)=0 .. 0 
8(2e2):::X32*AREAI-1 
8(2.3)=0.0 
B(2,4)-=Xl3*AREAh 
8{2,5):.:0.0 
8{2,6)=X2l*AREAI1 
CH2.7)=0e0 
8(2,8):::::0 .. 
8(3,1):XJ2*AREAH 

12 
13 
14 
15 
16 
17 
113 
19 
20 
21 
22 
23. 
24 
25 
26 

- 27 
28 
29 
30 

. .31 
32 
33 
34 
35 
36 
31 
38 
3? 



co 
1.0 

I-

I 
; 

' 

c 

c 

--· c 

c 
c 

40 
41 
42 

6(3,2)=Y23*AREAH 
6(3e3)=Xl3*AREAH 
8(3,4)=Y3l*AREAH 
6( 3 • 5) =X21 *AREAH- --
8(3,6)=Yl2*AREJIH 
BC3.7l=O. 
8(3.8)=0. 

----~-----· ·-- ------ -·- -- --· -····- ···---- ---··---· 4 3 
. 44 

RETURN 
END 
SUBROUTINE TSTIFF(Nl,CORDeNCRDeNONPsETePSReDEN,DATAll 

OIMENSIO~ CORC(NCRD.NONP) 
COMMON/O~E/SS(8.8).SK(2,2.16)e0(3w3),6(3,8)eDISP(8),DlSPT(8), 1 G(2.~).Gl(2,2) oE(3,8),NOUT,NlN 
COMMCN/T~O/NDEPTH,NCOL,TlTLE(20leRLT16.~TlEe6DEPTH.SBDEPT.TSPACE. lUPPER 
COMMCN/TrREE/DUMP(20}eLM(4),IOUT 
COMMON/FIVE/ANALeTTHlCKwBTHICK,PHI 

THICK=wTIE 
N5=LM ( l) 
N6=Lp.o(2) 
N7=LM(3) 
N8=LM(4) 
Y23=CORD(2.N61-CORD(2,N7} 
Y3l=CORD(2,N7)-CORD(2,~5) 

. ____ Y12=CORO ( 2 • N5 )-CORD ( 2 • N6) -·-·· ··--··
X32=COHD(loN7l-CORD(l,~6) 
X13=CORO(l,N5)-CGRC(l,N7) 
X21=CORD(l,N6)-CORD(l,N5) 

45 
46 
47 
48 
49 

1 
2--··· 
3 
4 
5 
6 
7 
8 
9 

10 .. 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 -·-- ___ AREA= (CORD ( 1 • N5) * Y2.3+CORO ( 1 • N6l *Y.31 +CORD ( 1 eN 7) *Y 12) /2..0 .. -· F.TM=ET/(1.0-PSR*PSR) -----·- 22 -
2.3 
24 
25 
26 
27 
28 
29 

1 

PSRM=PS~/(1.0-PSRJ 
lF(CORD(2.N5).,GE.O.O) GO TC 1 
THICK=THICK-(2.C*CORD(2,N5)*TAN(PH1)) 
CONTINUE 
EV=ETM*ThiCK/(4.0*A~EA*(l.O-PSRM*PS~M)) 
Al=(leO-PSRM)/2.0 
A2=(le0+FSRM)/2e0 

SS(lwl)=~23*Y23+Al*X32*X32 
SS(1.2)=~2*X32*~2J 
SS(le3)=~31*Y23+Al*Xl3*X32 
SS(l.4)=PSRM*X13*Y23+Al*X32*Y31 
SS{le5l=V12*Y23+Al*X2l*X32 
SS{le6}:PSRM*X2l*Y23+Al*X32*Yl2 
SS(2.,1 }=SS( le2) 
SS(2e2)=X32*X32+Al*Y23*Y23 
SS(2w3l=PSRM*X32*Y3l+Al*Xl3*Y23 
SS{2~4J=Xl3*X32+Al*Y23*Y3l 
SS(2v5)=PSRM*X32*Y12+Al*X21$Y23 
SS(2.6)=X2l*X32+A1*Yl2*Y23 
SS(3ol )=SS( le3) 
SS C3 • 2} =SS < 2 • 3) 

.30-
31 
32 
33 

-------···--·-·- --· 34 
35 
36 
37 

-·· --·-·--·······--·-·-······ 38 .... 
39 
40 
41 
42 
4""'f 
41.!-

45 
46 



\.0 
0 

r 
I 

t --

-- -- ---· --·- ··---------
SS(J,3)=V3!*Y3l+Al*Xl3*Xl3 
SS{3.4}=A2*Xl3*V31 
55(3.5)=Vl2*Y31+Al*X13*X21 
SS(3.6).::PSRM*X21*Y3l+Al*Xl3*~12 
SS(4wl)=S5(1,4) 
55(4,2)=SS{2o4) 
SS(4o3)=55(3,4) 
55(4,4):X13*Xl3+Al*Y3l*Y31 
5S(4,5)=PSRM*Xl3*Y12+Al*X2l*Y31 

·-- --·----------- ·------·-------
47 
48 
49 

-----------·------------50------
51 
52 
53 

~ SS(4o6)=Xl3*X21+Al*Yl2*Y31 
i SS(5,ll=SS(l,5) 

----54-
55 
56 
57 

1 ------------ •... 55( 5, 2) =SS ( 2 • 5) ~- -- -----
1 S5(5,3)=SS(3,5), 

-- 58-----• 
59 

230 
c 
c 

c 
c 

c 
c 
c 
c 
c 

10 

uo 

S5(5,4)=SS(4,5) 
SS{5e5)=Vl2*Y12+Al*X21*X21 
SS(5,6)=A2*X2l*Y12-
SS(6,1 )=SS( 1 ,6) 
SS(6.2l=SS(2.6) 
SS(6,J)=SS(3,6) 
SS(6,4)=SS(4.6) 
SS(6.5>=SS(5.6) 
SS(6,6)=X21*X21+Al*Vl2*Y12 
DO 23C I= 1 .a 
DO 230 .J=l t8 
S5(I.Jt=SS(l,.J)*EV 

RETURN 
END 
SUBROUTINE VRDIM(VARS,lNTS.lNTGR.IREAL) 

DIMENSIO" VARS( !REAL) .INTS( INTGR).ASTER(30) __________ _ 

60 
61 
62 
63 
64 
65 

----------- -- - ------ -·-·- 6 6 ----- -· .. 

--------

.. 

67 
68 
69 
70 
71 
72 
73 

-74 
75 

1 
2 
3 

COMMON/O"E/SS(8,8),SK(2.2~16),0(J,J),8(3.8),CISP(8)e0ISPT(8)e 
4 
5 
6 
7 
8 

1 Gl2o2)oGlC2.2).E(3,8),NOUT.NIN 
COMMON/T~O/NDEPTH.NCOLoTlTLE(20).RLTIE.~TLE,80EPTHeSBDEPT.TSPACE. 

lUPPER . 
COMMGNIT~REE/OUMP(2C).LM(4)olOUT 
COMMON/FlVE/ANAL.TTHlCK.BTHICKePHl 
COMMON/NINE/FLAG • BFLAGeCFLAG .ABCD. ------- -
COMMGN/TE~/R(36)oZ(30)oNRR 
DATA ASTER/30*'****'/ 

VRDIM REACS THE CCNTROL INPUT DATA AND SUB ALLOCATES 
VARS AND INTS ACCORDING TO INPUT PARAMETERS 
NJN IS T~E UNIT NOe FUR THE READER 
NOUT IS TME UNIT NG. FOR THE PRINTER 

NIN=5 
NOUT=6 
REAOCNIN,lO) NP~OB 
FORMAT{I5) 
WRITE(~GUT.llO) ASTER~ASTER,NF~Oa 
FORMAT( 1 1 1 o30A4// 

9 
10 
1 1 
12 
13 
14 

THE ARRAYS -. . - l 5 
16 
17 
18 
19 
20 
21 
22 
2.3 

1 ' '•'STRUCTURAL ANALYSIS PROG~AM FOR CCNVE~TIGNAL RAILWAY TRACK 
2SYSTEM - ILLI-TRACK - VERSION 2'/ 

2~ 
25 
:? ,. 
,.0 

3 i '•'DEVELOPED BY THE TRANSPURTATICN GRO~P. CIVIL ENGINEERING DE 2:.,., 



I 

1.0 I __, 

c 

7 

22 
c 

23 

59 

60 

61 

8 

3.3 

888 

c 

201 
c 
c 
c 
c 

~'-

4PARTMEI'>. T. I/ 
5 8 '•'~NIVERSITY OF ILLINCIS, URBA!'>.Ae 1 // 

6 1 '•.30A4//// 1 '•'NUMBER OF PROBLEMS IN THIS RUN= 1 el3l 
DO 20 !<.=leNPRCB __ ,, ------------------ - ------- ---·--- ---·--------

28 
29 
30 
31--
32 

E~ROR::: 0 • 0 33 
READ(Nl",7)· (TITLE( I) .1=1e20t 34 
FORMAT(20A4} -------- ---- 35 
REAO(NINe22) ANAL.ABCD 36 
REAO{NIN922) RLT1EeWTIEeTTH1CKeBOEPT~.SBOEPTeTSPACEe8THlCK.Pirl1 37 
FORMAT(8Fl0e2) , 38 

--------- ----- --- - --

UPPPER=Tt- l CKNESS ·. CF UPPER SUBGRACE -LAYER----- _:______________ -.39 ----·----- ------· 
READ(N1Ne23) DEPTH.UPPER.LCOL~N~R 40 
FORMAT(2F1Q.2,215) 41 
IF(DEPTheLTeOeoOR.UPPEReLT.O •• OR.LCOL.LT.O) ERROR=l.O 42 
lF(OEPlH.LT.O.O) wRITE(NOUT,59) DEPTH -- - -- ---'4-3----
FORMAT(' '•'*****ERROR*****PROBLEM WILL NOT BE SOLVED'/ 44 

1 • •,•TCTAL DEPTH OF SECTION IS 1 ,Fl0•2•' CHECK IT 1 /) 45 
IF(UPPER.LT.O.O)WRITE(NOUT,60) UPPER 46 
FORMAT ( • 1 

• '*****ERROR*****PR08LEM wiLL NOT BE SOLVED'/-- -------------47 __ 
1 1 '•'DEPTH GF UPPER SUBGRAOE LAYER IS 1 eF10,2e~ CHECK 1T 1 /} 48 

IF(LCOL.LT.O)WRITE(NOUTe61) LCCL 49 
FORMAT(' '•'*****ERROR*****PROBLEM WILL NOT BE SOLVED'/ 50 

1' '•'i\Uf.ABER OF VERTICAL BCUNDAfdES.IS 1 el6e 1 ChECK-IT-~/J --51 
WRITE(NO~T.8) (liTLECUe1=1,.20) 52 
FORMAT( 1 1'•'*****'•20A4o'*****'//) 53 
WR1TE(NCUTe33} ANAL,RLTIE.~TIE,TTHICK.TSPACE.BOEPTH,SBOEPT 54 
FORMAT (' 1 , 'TYPE OF ANALYSIS=• eF7a2// -------- _______ -55 ___ _ 

* 1 1 o 1 GEOMETHICAL DATA 1
/

1 
•,•----------------

1
// 56 

1 1 1 , 1 TIE LE"GTH= 1 ,F7.2e5Xo 1 TIE WIDTH='tF7.2,5Xe 1 TIE- THICKNESS=' 57 
2 • F 7 • 2 , 5 X , ' T l E S P A C I N G = ' • F 7 • 2/ :( - 58 
.3 • I. •BALLAST DEPTH GIVEN= 1 .F7.2/_ ------------------ -------------59 
4 1 1 , 1 SuBBALLAST DEPTH GIVEN= 1 eF7.2/) 60 
WRlTE(NO~f,888) PHI,BTHICK,DEPTH,UPPER 61 
F 0 R MAT ( 1 1 

• 1 * * * A N G L E 0 F SPREAD • PH 1 I S t , F 6 • 2/ 6 2 
1 1 1 , 1 *** EFFECTIVE LENGTH OF TIE ~NCER EACH RAIL IS 1 .,F.l0.2L-------63 
2 ' '•'***TCTAL DEPTH OF SECTION REQUIRED IS •,F8e2/ 64 
3 • '•'*** DEPTH OF UPPER LAYER OF SU~GRAOE IS 1 .F8.2/) 65 
CONVERT PHI TO RADIANS 66 

PHI=PHI*22.0/(7.0*180e0l -------- 67 
NCOL=27 . 68 
IF(ANALeEOeleO) NCOL=l3 69 
IF(ANAL.E0.3e0) NCOL=l3 70 
IF ( LCOL • GT • 0) NCOL =LCOL _ _ _______ ------- ----------- ---------- 71 --
FORMAT(l5) 72 

MESH IS CALLED TO PREPARE THE STANDARD GRID USING THE NCOL AND 73 
DEPTH VALUES FUR EITHER TRANSVERSE OR LGNGITUDINAL ANALYSIS 74 

CALL MESI-{DEPTHoNCUToNlN) _ _ ___ --------·- __ __ ------- --.75 
INTEGER l~PUT CCNT~OLS 76 

NNDEPT=NCEPTH+l 
IOUT=l 
NCRD-=2 
NGENS=3 
NNUDE:J4 ... -
NDEG=2 ·f~ '\ 

' •-t 

"-\ 

77 
78 
79 
80 
81 
82 
03 



1.0 

"' 

I 
I 
f 

! 

c 

c 

c 
c 

21 

c 9 
c 

32 

c 
31 

c 

NONP=NCOL*NNDEPT 
NUMEL=(~~DEPT-l)*(NCOL-1) 
NEX=NGEf-.S*NUMEL 
MA Xj\jP=I\OEPTH+2+ 1 
WRlTE(r-.OuT,21) NNOEPT.NCQL,NUMEL.NONP 

84 
85 
86 . __ ------ ______________ ... __________________ a 7 . 

FORMAT(' '•/' •,•NO. OF HORIZONTAL BOUNDARY LINES='•151' 
88 
89 
90 1 1 '•'~O. OF ~ERTICAL BOUNDARY Lii\ES='el5/ 

-2- ' I. 'NO. OF ELEMENTS USED= I. 15/ -----
3 1 '•'~0. GF NCDE POINTS USEC='• 15//) 

NNODE2=t-.NODE*NNODE 
--NSXX=MAXI\P*(NONP+1)-. --- --
Nl=NDEG*~NODE 
ISXX=l 
ICORD=lSXX+NOEG*NDEG*NSXX 
IET=ICORD+NCRD*NONP 
IDATAl=IET+NUMEL 
IPL=IOATAl+NUMEL 
ITD=IPL+NDEG*NCNP 
ITF=ITC+NDEG*NONP 
IEX=ITF+NDEG*NCNP 
IPSR:IEX+NGENS*NUMEL 
IOEI\=IPSf'+NUMEL 
ISIGXX=IDEN+NUMEL 
lTX=lSIGXX+NGcNS*NUMEL 
IPPSTR=ITX+NDEG*I\GNP 
ITYPE=IPPSTR+NGENS*NDNP 
IFVARS=ITVPE+NUMEL 

COMPUTATICN AND ADDRESSING 
IMAXCO= 1 

OF INTEGER ARRAY 

------ - 91 
92 
93 
94 

---------- --- 95 -
96 
97 
98 
99 

100 
1 01 
102 

·------·-···--- -103.-
1C4 
105 
106 
107-
108 
109 
110 

------111 
112 
1 13 
114 

---115-
116 
l 1 7 
1 18 

I NAP= I fo/,A XCO+NONP 
INPI-=11\AF+NQNP 
INP=INPI+NNUDE*~UMEL 
INUME=!NP+MAXNP*NONP 
lNPI\~M=I~uME+NUMEL 
INPAC=INPNUM+NCNP 
IFINTS=li\PBC+NDEG*NONP ------ ---1 1 9 

120 
121 WRITF(I\UUT,9) IFVARS.lFINTS 122 FORMAT(' 1 e 1 FLOAT VECTOR LENGTH=•.I7,5X,•I~TEGER VECTOR LENGTH='• 123 1 17/) 124 lF(IFVAkS.LTelREAL.ANDelFII\TSeLTelNTGR) GO TO 31 125 W R I T E ( 1\ G liT ,. 3 2 ) I REAL , I NT GR 1 2 6 FORMAT(/1' 1 '•'***** PROBLEM WILL NOT BE SOLVED 1 / --- 127 1 ' '•'DIMENSIONS OF VARS AND INTS IN MAIN OF '•2I7.5X., 1 ARE LESS Tl28 2HAN REQUIRED'//) 129 ERROR: l • C 1 30 CALL CGt-.TROL PROGRAM _____ .. 1.31 

CALL CO~TRO(NNCDE2.NCRO,NU~EL.NNCDE,NOEG,NGEI\S,NONP,.MAXNP,NSXXt 132 
l NleVARS(lSXX),VARS(ICORD}~VARS(IET),VARS{IOATA1).VARS(IPL). 133 2 VARS(lTO),VARSCITF),VARS(IEXl,VARS(IPSRlsVARS(lDENl.VARS(ISIGXX)zl34 
3 VARS{ ITX} ,VARS(IPPSTR) tVARS(!TYPE)e ---- ... 135 
4 INTSCIMAXCQ),INTS(INAP).INTS(I~Pl)slNTS(IhP),INTS(INUME), 136 
5 INTS(INPNUM)eiNTS(!NP6C)tERROR 1 NEX) 137 

138 IIIRlTE(NOUT.lll .139 



1..0 w 

1 

--·------ ------- -------- ------ - ---- -------------- -· -----------11 
20 

FORMAT(////vlX•'***** END CF PRCBLEM *****') CONTINUE 140 
141 
142 

c 
RETURN 
END 

1 
STANCARD 

2.0 
TRACK, LONGeANALYSlS 

9b. 
275.0 

300COOOO., 
5082.0 

3 
14820.0 
acoo.o 
2900.0 
5000.0 
lOoO 
25.0 

2 
30000.0 

30000.0 
/* 
// 

8. 

94.9 
0.58 

0 .. 1 
E·2 

.36 .. 2 
C.,47 
c.o 
100.0 

.3 
40o0 
110 .o 

7. 12.00 

1250000. 0 .. 20 
,30000.0 .. ---- 0..35 

4000.0 99999«;.,0 

20. 

229.0 999999 • 

- --- -- ----- -- 1 43 
144 

18.0 10.0 

. ---5o o oo. O--- --O. o- . __ ---soo.o o ... o _____ o__.. zs ____ -

-20.0 4000.0 

-------------- -- --




