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1. INTRODUCTION

A nonlinear heat flow equation must be solved to predict

the distribution of temperature in a structure exposedto

fire. Since analytical solutions of such equations exist

only for idealized cases, numerical schemesthat incorpo­

rate either the finite element or finite differencemethod

have general ly been employd to approximate heat conduction

[1-5].

ödeen computed temperature distribution in homogeneous con­

crete cross-sections exposed to fire [1] using a program

based on the finite difference method. Latent heat due to

evaporation of water was considered in the calculation, but

only structures with simple geometries were analyzed. Based

on work by Wilson et al. [2,3] the finite element programs

FIRES-T [4] and later FIRES-T3 [5] were developed for ana­

lyzing thermal response of structures exposed to fire. An

implicit backward difference time integration scheme is

used in these programs. Computation therefore of ten becomes

unnecessarily expensive, and materials with latent heat ­

for instance humid concrete - cannot be analyzed accurately.

In this report TASEF-2 (!emperature ~nalysis of ~tructures

~xposed to Fire - Two Dimensional Version) a computer pro­

gram based on the finite element method is described. Struc­

tures comprised of one or more materials and structures that

enclose voids can be analyzed. Heat transferred by convection

and radiation at the boundaries can be modeled. The explicit

forward difference time integration scheme used in TASEF-2

facilitates consideration of latent heat in the calculation

of temperature in materials such as humid concrete. Themaxi­

mum length of the time increment that can be used without

inducing numerical instability is discussed, and some pro­

cedures to avoid very short time steps are suggested. In the

present version of the program two-dimensional rectangula.r

elements are used; input of the geometry and generation of

the finite element mesh have been automated.
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In the report, the theoretical model and solution tech­

niques are derived, the organization of the computer

program is explained, and a commentary on practical as­

pects of using the program is made. Several examplesare

analyzed using TASEF-2 and calculated temperatures are

in some cases compared to experimental results. The re­

port contains fully annotated input instructions, anda

listing of the program.
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2. HEAT TRANSFER ANALYSIS

2.1 Basic Equations

The governing equations for heat conduction are the

heat balance equilibrium equation

.
2.9:+ e -Q=O

and the Fourier law

9: = -k 'l T

(2 • 1 )

(2.2)

ae
where 9: is the heat flow vector, e = at the rate of

specific volumetric enthalpy change, Q the rate of in­

ternally generated heat per unit volume, ~ a symmetric

positive definite thermal conductivity matrix, T tem­

perature, and t time. For isotropic materials

k = k I (2.3)

where k is thermal conductivity, and! the identity

matrix. The gradient operator 2. isdefined as

'l =
a
ax

a
ay

a
az

(2.4)

where x, y, and z are Cartesian coordinates. Equation

(2.2) is substituted into Equation (2.1) to yield the

transient heat flow equation

( 2 • 5)



(2.6)
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Speeifie volumetrie enthalpy is by definition

T
e = J epdT + B.

To i l

where To is a referenee temperature, usually zero, c

speeifie heat, p density, and ~. latent volumetrie heat
l

due to phase ehanges at various temperature leveis. The

time derivative of

e = epT (2.7)

where T = ;~ is rate of temperature ehange. Substitution

of Equation (2.7) into Equation (2.5) yields the eonven­

tionai form of the transient heat flow equation

T-! (~ V T) + epT - Q = O ( 2 • 8)

Nominal speeifie volumetrie heat cp will be defined by

the equation

e = epT ( 2 • 9 )

In Figure 2.1 speeifie volumetrie enthalpy is plotted

versus temperature for a material with latent heat in­

dieated by a step ~ in the eurve. The tangential and se­

cantiai or nominal volumetrie speeifie heats, cp and cp,

respeetively, are then as shown in Figure 2.1. Note that

at the temperature T~, where the enthalpy eurve is stepped,

the value of cp is undefined while the value of cp is al­

ways finite.

2.2 Initial and Boundary Conditions

Initial and boundary eonditions must be speeified in

order to solve Equations (2.5) or (2.8). An initial eon­

dition is given by speeifying the distribution of tempe­

rature in a body at a referenee time zero. Boundary eon-
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Figure 2.1. Definitions of specific volumetric heat

ditions are prescribed as temperature or heat flow on

parts of the boundary aVT and av
q

, respectively. The

total boundary is then defined by

(2.10)

Temperature on the boundary aVT of a body is specifiedas

T = T(x, y, z, t) (2.11)

Heat flow normal to a surface must satisfy the heat

balance equation

T T
qn = n g = -n k V T (2.12)
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where n is the outward normal to the surface. Specified

heat flow on av therefore is
q

T-n k V T (2.13)

where qn is prescribed heat flow.

At free surfaces heat is transferred by convection and

radiation. These phenomena are complex and difficult

to model, but approximate formula can be used. Convection

heat transfer is thus calculated as

'c yq = S (T - T )
n s g

(2.14)

the rate of heat transferred by convection,

the convection factor and power, respectively,

are the surface and surrounding gas tempera-and T
g

respectively.

where

S and

and Ts
tures,

Radiation heat flux from a surface is approximated by

·r -4
qn = s a(Tr s

(2.15)

where a is the Stefan-Boltzmann constant, and T and Ts g
are absolute surface temperature and absolute surrounding

gas temperature, respectively. Resultant emissivity sr

varies with surface properties and geometric configuration.

If the surface considered is small compared with a surround­

ina environment at uniform temperature T , resultant emissiv-
- g

i ty will be equal to surface emissivi ty s [6]. When as-
. s

sessing radiation between flames and structures in fire en-

gineering design, resultant emissivity is sometimes calcu­

lated assuming radiation between two infinitely long paraliei

planes [7]; thus,

1
s =r 1/s +1/s -1

s g
(2.16)
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where E is appropriate gas or flame emissivity.
g

The total heat flux at a boundary is calculated by

adding the contributions of convection and radiation:

(2.17)
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3. FINITE ELEMENT APPROXIMATION

3.1 Solution Techniques

Since analytical solutions of heat transfer problems

are feasible only for linear applications with simple

geometries and boundary conditions, a numerical method

is used to solve the heat balance equation stated in

Chapter 2 for temperature distribution in structural

elements. The finite element method is used since it is

general with respect to geometry, material properties,

and boundary conditions. Nonlinear boundary conditions

and the temperature dependence of material properties

can be considered when the finite element methoddescribed

in this chapter is used to analyze temperature distribution

in fire-exposed structural elements.

3.2 Basic Approximations

In the finite element method of analysis a solid continuum

is idealized by an assemblage of discrete elements. These

elements may be of variable size and shape, and connected

at a finite number of nodal points. The element boundaries

are of ten linear, although if isoparametric elements are

used,curved boundaries can be considered.

The temperature field within each element is approximated

by a set of interpolation or shape functions N., chosen
l

so as to define temperature uniquely within each finite

element in terms of its nodal temperatures Ti • Temperature

is thus approximated as

T = I N. (x,y,z) T. (t) = N T
i l l

The time differentiation of the temperature is

( 3 . 1 )

T = N T (3.2)
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Each shape function N. is constructed so that it has
l.

the value 1 at node i and is zero at all other nodes.

In elements adjacent to node i, N. takes values less
l.

than unity, and in other elements it vanishes [8].

3.3 Matrix Equilibrium Equations for Transient Heat

Conduction

The heat balance equilibrium equation for transient heat

conduction in matrix form can be derived by various methods.

The method of weighted residuals will be used here. Thus,

Equation (2.9) is substituted into the heat balance

equation, Equation (2.5); the resulting expression is mul­

tiplied by a weighting function vand integrated over the

body [8]:

J T a -
v(-~ k v T + ät(cpT) - Q)dV ; O

v
(3.3)

The first term is integrated by parts (Green's formula):

JV(_~T ~ ~ T)dV ; -Jv n T k V T dS +
V av

+ J(~ v)T k V T dv
V

(3.4)

where n is the outward normal to the boundary av. A set

of weighting functions v. equal to the shape functions
l.

N. (the Galerkin method) is then chosen, i.e.
l.

v.
l.

(3.5)

Equations (3.1, 3.2, 3.4, 3.5) are substituted into

Equation (3.3), yielding the matrix heat balance equation

J [(~ ~) T ~
V

; J ~TQ dV +
V

V N dV]! + a~ [ ~

J N
T

n
T

k V T dS
av

T
N cp~ dV

(3.6)
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or

(3.7)

where I T , ~' I Q and I q are vectors of nodal heat flow

due to conduction, enthalpy or heat stored in elements

adjacent to nodes, rate of internally generated heat

per unit volume, and rate of heat flow supplied at the

boundary, respectively. The vector of internal heatflow

due to conduction is

F = K T
-T -

where K is the heat conductivity matrix.

(3.8)

Equation (3.8) is substituted into Equation (3.7) to yield

d
K T + at(~) = F

where

F = F
Q

+ F- - -q

The nodal enthalpy vector is

(3 • 9 )

(3.10)

E C T (3.11)

where C is the nominal heat capacity matrix. This ex­

pression is substituted into Equation (3.9)

d
K T + at(~!) = F (3.12)

Alternatively, the heat balance equation can be expressed

in terms of nodal enthalpy rather than in terms of tem­

perature

(3.13)
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where

(3.14)

The integrals in Equation (3.6) are evaluated over all

elements m and boundary elements 3m. Thus

K = 1: Km
m

C = 1: Cm
m

m
F 3mF 1: I Q + 1:

m 3m -q

where

m I (~ N. ) T k ('l N.) dvK.. =
lJ l - - J

~

m
INi dVCij = cp N.

~
J

m
INi Q dVFQi

=

vm

and

F3~ I N. T
k 'l T dS= n

ql l
3v

m

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

(3.21)

_.ffi In
vand 3V are element volumes and boundary element

surfaces, respectively.

The integrals of Equations (3.18-3.21) are of ten solved

numerically by Gaussian quadrature. Explicit expressions

can be derived for simple rectangular two dimensional

elements as used in TASEF-2, as will be shown in the fol­

lowing sections.

In this section the element conductivity matrix ~m for

the simple two-dimensional rectangular element used in
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y

Ya b

1]

g

J~--~la

x

Figure 3.1. Rectangular finite element

program TASEF-2 will be derived. Consider the rectangular

element with sides paraliei with the axes and of lengthes

a and b as shown in Figure 3.1. Make the variable substi­

tutions

and

n

(x - x ) la
o (3.22)

(3.23)

where ~ and n are dimensioniess coordinates in a local

system. A set of allowable shape functions is then

N. = (1 + ~C) (1 + nn.)/4
l l l

where i takes values from 1 to 4, and

(3.24)
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dN.
1 dN. ~il l

dX d~
-(Hnn. )

a a l

'V N. = = 1/4 (3.25)
l dN. dN.

l 1 l ni

dY b dn b(H~~i)

Equation (3.25) is substituted into Equation (3.18)

and constant thickness d and conductivi ty k are assumed

for the element. Thus the local element conductivity

matrix .!S:m is, after evaluation of simple integrals,

1 kd
3 ab

2 a 2
-b+­

2

sym.

b
2 a 2

-2-2

b
2

2
2- a

b 2 2
2- a

b
2 a 2

-2-2

2 a 2
-b+ 2

(3.26)

If conductivity k for a particular application varies

with temperatur e , k at average nodal temperature is

used in the calculation.

The computation of the element heat capacity matrix ~m

as given in Equation (3.19) results in a fully populated

matrix identical in form to the element conductivity

matrix .!S:m. The assembled heat capacity matrix ~ is sym­

metric, positive-definite, and has the same nonzero struc­

ture as the system conductivity matrix K. The element heat
m

capacity matrix ~ can, however, be approximated by a

lumped diagonal matrix with no loss of accuracy. Thelumping

eliminates the coupling between the time rate-of-change of

temperature at adjacent nodes and results in a diagonal heat

capacity matrix C. Such an approximation facilitates sol­

ution of the heat balance equation as will be shown in Sec­

tion 3.4.
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melement heat capacity matrix Cii is formed

as:

m -m _JU
C .. = cp (T.)W ..

11 1. II
(3.27)

where cpm(T
i

) is nominal specific volumetric heat capac­

ity at nodal temperature T. and wn. the volume of ele-
J. J. J.

ment m associated with node i. For rectangular 4-node

elements the volume associated with each node is a quarter

of an element. If all elements connected at a node i are

of the same material, the lumped heat capacity matrix can

be stated as:

where

(3.28)

m
w..

J. J.
= l: wn.

J. J.
(3.29)

defines the global diagonal volume matrix.

Internally generated heat is calculated elementwise

using the volume matrix W. Thus for a node i

FQJ.' = l: Q~ wn. (3.30)
J. J. J.

m

where Q~ is the rate of heat generated per unit volume
J.

at node i in element m and wn. is the volume adjacent to
J. J.

node i of element m. In TASEF-2 the rate of internally

generated heat is input as a function of temperature.

Either heat flow Fqi
all nodes i. On that

or temperature T. are prescribed forJ.
part av of the boundary where heat

q
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flaw is prescribed, nadal heat flaw is calculated by

substituting Equation (2.13) into Equation (3.21):

F3~ = -J N. q dS (3.31)
ql l n

3VU
q

The shape functions N. are linear along the boundaries.
l

Thus for a boundary element 3m with lengths s and thick-

ness d as shown in Figure 3.2 the nodal heat flow to

an adjacent nade i is

A 3m A 3m
-1/6 sd(2a . + q .)

"nl n]

l lli-.

(3.32)

o-- - ---- o o -- ----o

J

J~--------=--~l
S

Figure 3.2. Heat flow to a boundary element

Equations (2.14 and 2.15) are then used to yield

[
-4

- E a(T .
r gl

(3.33)

where T . and T. are absolute gas and surface tempera-
gl l

ture at node i, respectively; Er is resultant emissivity,

and S and y are convection factor and power, respectively,

for a boundary element 3m. Equation (3.33) is substituted

into Equatian (3.32) to yield

(3.34)
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where i and j are nodes adjacent to a boundary element

8m and

B8~. 1 sd,= '3 arll r

B8~. 1 B8~.= '2rl] rll

B8~. 1
sdS= "3Cll

B8~. 1 B8~.=Cl] 2 Cll

-4 -4
T = T . T.ri gl l

and

T = (T
gi - T. ) y

ci l

(3.35)

(3.36)

(3.37)

(3.38)

(3.39)

(3.40)

External heat flow to all boundary nodes is assembled

in matrix form to

F = B T + B !c-q -r -r -c
(3.41)

where T and T are vectors of modified nodal tempera-
-r -c

ture as defined by Equations (3.39 and 3.40), respec-

tively,

vection

and B and
-r

matrices,

B are boundary radiation and con­
-c

respectively, where

B ., = E B8~.
rl] 8m rl]

and

B = E B8~.
cij 8m Cl]

(3.42)

(3.43)

Summation need be carried out only for the two boundary

elements adjacent to a node i as only these contribute

to the external heat flow to that node.
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In TASEF-2 boundary nodes must be input sequentially

around the boundary. The boundary matrices B and B-r -c
then become tri-diagonal, i.e. only elements in the di-

agonal and adjacent to the diagonal have nonzero values,

and since they are symmetric only two column matrices

need be stored. The boundary matrices will remain con­

stant and need be established only once when emissivity

€ and convection factor S are assumed constant.
r

3.4 Time Integration

The heat flow equilibrium equation in matrix form may

be solved by directly integrating the coupled differen­

tial equation step-by-step. If nodal enthalpy and ex­

ternal heat floware assumed to vary linearly within

each time step, Equation (3.13) can be approximated as

(3.44)

where the indices indicates time, and where 8 is an

arbitrary parameter in the range

0<8.::;1 (3.45)

If different values are assigned to 8 various time inte­

gration schemes are defined. Thus for 8 = 0, 0.5, and 1,

the wellknown forward-, mid-, and backward-difference

methods, respectively, are obtained. While for linear

problems the latter two methods are unconditionally

stable, i.e. for any time increment ~t used solutions

will not diverge, the forward-difference method will con­

verge only if the time-increment ~t is less than a cri-

tical value ~t The value of this critical time increment
er

depends on element size, material properties, and boundary

conditions. If ~ is a diagonal (lumped) matrix the solu­

tion for !t+~t is straight forward, each value can be com­

puted directly from its precursor without the need to solve
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simultaneous equations. Thus the forward-difference

method is explicit while the mid- and backward-differ­

ence methods are implicit and require an equation

system to be solved at each time step. Although such

solutions can be very costly for nonlinear problems,

implicit methods are often used because they are un­

conditionally stable with respect to length of time

increment.

Time increments are, however, also limited by the re­

quirement that variations in boundary conditions and

material proper ties be adequately followed. Therefore

in many problems in fire engineering, short time in­

crements must be used even if implicit methods are em­

ployed; the magnitude of the critical time steps for

the explicit Euler method is thus of ten the same as that

required to follow changes in boundary conditions. Since

during each time-step explicit methods require less com­

putation, the forward-difference method becomes favour­

able. In the following section it will also be shown

that the Euler method is particularly advantageous when

specific heat for a material varies with temperature or

when energy-consurning phase changes occur.

For e = o in Equation (3.44) the explicit forward diffe­

rence formula is

(3.46)

or af ter substitution of Equation (3.11) and (3.14)

(3.47)

Equation (3.11) is then used to obtain temperature at

a node i:
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(3.48)

If C
ii

varies with temperature the exact solution of

Equation (3.48) is obtained by iteration. However, if

all elements around a node i are of the same material

the specific volumetric enthalpy is calculated as

(3.49)

and Ti ,t+6t is obtained by using the temperature-specific

volumetric enthalpy relation as shown in Figure 3.3. The

latter method is computationally very fast and is there­

fore used when ever possible in TASEF-2. For nodes at

interfaces between elements of different materials, the

following iteration formula is used to calculate tempera­

ture

<II

>.a.
a

.J::-C
<II

u
'--<II
E
:J

Ö
>
u-·u
<II
a.

(/)

Temperature T

Figure 3.3. Translation of specific volumetric
enthalpy into temperature
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(3.50)

where j refers to iteration steps. For the first iteration

step temperature from the previous time step is assumed.

Iteration terminates when the difference between the nodal

temperature from two successive iterations is less than

a permissible value 6 expressed as

T j + 1 -T j
i,t+llt i,t+llt
j-" 1 j

Ti ,t+llt+Ti,t+llt

< 6/2 (3.51)

6 is in TASEF-2 set equal 1%. Normally, convergence is

achieved in a small number of iteration steps.

3.4.2 Critical Time Increment-----------------------------

To derive a simple expression by which the critical

time increment lit can be estimated, the first stepscr
in a modal solution of the heat flow equilibrium equation

are shown below. If the nominal heat capacity matrix ~

is assumed to be time independent, Equation (3.12) is

C 3 T+KT=F
3t

(3.52)

(3.53)

At any time step, the righthand side of Equation (3.51)

can be linearized at current temperature; thus, matrix

~F is defined by

dF.
l

dT.
J

where i and j denote rows and columns. Thus the homo­

geneous part of Equation (3.52) is

where

K = K - ~F

o (3.54)

(3.55)
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In case of homogeneous boundary conditions, solutions

of Equation (3.54) have the form

-At
T = e .2. (3.56)

where .2. is a vector independent of time t. Multiply by

the inverse of the diagonal matrix C:

o (3.57)

'-A t
Because e can never be egual zero, the eigenvalue

problem

(3.58)

arises. Equation (3.58) is an n:th order equation where

n is the number of temperature degrees of freedom in the

system. There are n solutions of eigenvalues (thermal

frequences) A1 , A2 ... A
n

with corresponding eigenvectors

(thermal modes) ~1' ~2···~n·

The critical time increment for a forward difference

scheme is now obtained [8]

1\ t =er
2

Amax
(3.59)

where A is the maximum eigenvalue.max

Exact calculation of Amax at every time step is very

time consuming. The Gerschgorin's theorem [9], however,

states that the maximum eigenvalue of a matrix with

elements a ij is

A S max(a .. +Ela .. 11
. 11. 1J

l J
j * i (3.60)

where i and j are rows and columns, respectively. The
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diagonal elements of the heat conduction matrix K are

equal to the negative surn of the off-diagonal elements

of the corresponding row, i.e.

K .. = -E K. . (3.61)
II lJ

Thus the maximum eigenvalue of Equation (3.58) is

A <max[c-:-
1

(2K .. +EKF<J')]max - . 11 11. ~

l J
(3.62)

and an upper limit to the critical time increment is

[

c.. ]/I t = min 1II ( 3 .63 )
cr i K. '+-2 E KF"

II j lJ

This approximation is used in TASEF-2 to update the

critical time increment at each time step; time in­

crements are thl.1s continually adjusted to account for

current conditions.

In Equation (3.63) it is implicit that for nodes for

which the ratio of heat capacity to thermal conductance

to adjacent nodes is small, the critical time increment

will be very small. When possible without jeopardizing

accuracy, thermal resistance between such nodes can then

be neglected; the temperature of these nodes is set to

the same value. All terms for these coupled nodes are

combined. The resulting denominator in Equation (3.63)

is reduced while C .. is increased; the resulting critical
II

time step for this region is thus substantially increased.

When calculating temperature in fire-exposed steel struc­

tures, for example, the difference in temperature between

opposite sides of steel sheets will in most cases be neg­

ligible. corresponding nodes can therefore be coupled

without loosing accuracy (see Example II and III in Section

5). At boundaries for which the heat transfer coefficient

is high, short time increments may be avoided by prescribing

surface temperature instead of heat transfer. This approxi­

mation is particularly useful when analyzing heat transfer

in light insulating materials.
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4. COMPUTER PROGRAM

The computer program TASEF-2 (~emperature ~nalysis of

~tructures ~xposed to ~ire - Two Dimensional Version)

is developed for the analysis of thermal response of a

variety of structures exposed to fire. It is coded on

the basis of the theory presented in previous sections

of this report. All subroutines are coded in Fortran V,

while the main program is coded in NUAlgol in order to

permit dynamie allocation of arrays. As all storage is

in core, the number of nodes and elements in a structure

is limited by available computer memory.

Input of geometric data to the current version of TASEF-2

has been automated. A structure is generated from a base

rectangle with two sides that coincide with the x- and

y-axes, and two at maximum x- and y-coordinates. A mesh

is then generated by lines either at specified distances

or at prescribed coordinates. Rectangular subregions

either with elements of different material than that of

the main region, or fictitious elements in voids or cut

outs from the base rectangle, are defined in the input

by their minimum and maximum x- and y-coordinates. Any

structure that can be assembled of rectangular elements

is therefore easily generated.

The material properties conductivity and specific volu­

metric enthalpy are assumed to vary piecewise linearly

with temperature, and are input for each region as a

number of temperature property-value pairs. As the con­

ductivity of heated concrete in the cooling phase remains

approximately as at maximum temperature, the user can spec­

ifY that, for appropriate regions, conductivity in the

cooling phase is to be calculated as a function of maximum

instead of current temperature.
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The critical time increment for nodes close to each

other or separated by a material with high thermal diffu­

sivity will be very short (see Section 3.4.2). Such nodes

may be coupled to other adjacent nodes, i.e. their tem­

perature will be prescribed to be equal. Errors thus in­

troduced are negligible if the exact temperatur e at the

coupled nodes differs little.

Nodes with common properties can be grouped to facilitate

input and computation. Such groups may consist of nodes

at boundaries with prescribed temperature or heat transfer

conditions. Node groups are also used to define voids

where heat transfer by convection and radiation occur.

Emissivity and convection factor and power are assigned

to node groupsi where appropriate.

Heat exchange by convection and radiation between ene10­

sure surfaces in structures with voids may be considered.

The procedure is fully described in [10]. View factors

between surface s defined by the nodes on the enclosure

surfaces are calculated automatically by the program.

Convection is COlllputed assuming that no exchange of en­

closed air occurs and that heat stored in the air is neg­

ligible for the heat balance of the surrounding solid. Por­

tions of enclosure surfaces are assigned heat transfer

properties by using several node groups to define each void.

The temperature of boundary nodes or of the surrounding

gas is defined as a eons tant ambient temperature or a time­

dependent fire temperature. A fire temperature history is

specified by a number of points on a time-temperaturecurve.

Temperature between these points is obtained by linear in­

terpolation. If the time-temperature relation specified for

the ISO 834 standard fire resistance test [11] is assumed,

the fire temperature Tf may instead be calculated as

(4.1a)



-29-

for t S tu' when To is ambient temperature, and t and

t are time and duration of heating phase, respectively,u
in hours. In the cooling phase the fire temperature de-

creases at the following rates:

625

250 (3-t )
u

250

if t S O• 5 hu
if 0.5 S t :s; 2 h (4.1b)u
if t > 2 h

u

The forward difference time integration scheme described

in Section 3.4 is used. The conductivity matrix (Section

3.3.1) is symmetric and banded, and therefore only the

lower half band including the diagonal of the matrix is

formed. The heat capacity and volume matrices (Section

3.3.2) are diagonal (lumped) and are therefore stored as

vectors. The conductivity matrix is updated either at

each time step or at intervals specified in the input.

Computer time is saved if updating can be avoided without

sacrificing accuracy.

At each time step the length of the critical time incre­

ment is computed as described in Section 3.4.2 and a time

increment is obtained by multiplying by a time increment

factor specified by the user, usually in the range 0.75­

1.0. Values greater than this range may cause numerical

instability, while smaller values will prolong computation

without necessarily increasing accuracy. If the critical

time increment is very long in relation to the rate of

change of boundary temperature, the user may specify an

upper limit to the time increment.

Nodal temperature is printed at specified times. Maximum

nodal temperatures obtained during an analys is are cur­

rently stored in a vector and are used in calculations of

conductivity for certain elements as described above. When

a nodal temperature begins to decrease, node number, maximum
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temperature, and time of occurence are printed. Finally,

when the analys is is terminated at a time specified in

the input, maximum nodal temperatures are printed.

A summary of the solution technique and detailed input

instructions and a complete listing of the program are

given in Appendices A and B, respectively.
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5. EXAMPLES

Three examples were solved to demonstrate the use and

verify the accuracy of TASEF-2. The solution of the

first problem is compared to an analytical solution

and results from the others to experimental data. Input

cards for the examples are listed in Appendix C.

5.1 Example I - Square Plate Subjected to Heat Transfer

from Surrounding Gas

A square plate with side lengths 2~ as shown in

initially at uniform temperature T is suddenlyo
to an environment of uniform gas temperature Tg .

fer q at the boundary to the body surface is

q h(T - T J
g s

where T is surface temperature and h a heat transfers
coefficient assumed constant. Conductivity k, density p,

and specific heat capacity c are assumed constant. The

following dimensionless parameters are introduced for

convenience:

8 = (T - T J/(T - T )
g o g

2Fo = at/~

Bi = h~/k

where the thermal diffusivity a is

a = k/cp

and Fo and Bi are the Fourier and Biot numbers, respec­

tively. By separation of variables, analytical product
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solutions as infinite sums are obtained to this problem

[12]. The temperature at the center of the plate was

calculated analytically and numerically by the program

TASEF-2 for Bi ~ 1.

As the problem is symmetrical only one quadrant need be

analyzed. Numerical solutions were obtained using a coarse

mesh of 4 elements and a fine mesh of 16 elements as shown

in Figure 5.1b. By assigning a time increment factorequal

to one, time steps equal to 0.0667 a/t 2 and 0.0200 a/t 2

were calculated for the coarse and fine meshes, respec­
tively.

Numerical results obtained with TASEF-2 and the exact

analytical solution are given in Table 5.1. Errors in the

numerical solutions are small even for the coarse mesh

with only 4 elements.

5.2 Steel Beams Embedded in Concrete

A wide-flange I-beam and a box girder of steel embedded

in normal concrete, as shown in Figures 5.2 and 5.3, were

exposed on one side to a model fire that approximately

corresponded to the ISO 834 standard time-temperature curve

in a test furnace. Steel and concrete temperatures were

measured at several points over the cross section and com­

pared to temperature predicted by the program TASEF-2.

Conductivity and specific volumetric heat of steel were

assumed to vary with temperature as shown in Figures

5.4 and 5.5 [13]. Latent heat due to phase changes at

temperature around 7250 C is considered. The thermal pro­

perties of concrete vary considerably with type of mix,

moisture content, curing, age, etc. The assumed temperature-
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Table 5.1. Comparison of analytically [11] and nume­
rically calculated dimensioniess tempera­
ture e at center of square plate exposed
to heat transfer from surrounding gas, Bi=l

Dimension- Exact Coarse mesh Fine mesh
less time solu- 4 elements 16 elements

Fo tion L\t=O. 0667 at/~ 2 L\t=0.0200 at/~2

Numerical Error Numerical Error
solution solution

O. 1 0.9864 0.993 -0.007

0.2 0.9038 0.925 -0.021 0.909 -0.005

0.4 0.6902 0.688 0.002 0.690 -

0.6 0.5147 0.505 0.009 0.512 0.003

0.8 0.3827 0.370 0.012 0.379 0.004

1.0 0.2845 0.271 0.013 0.281 0.004

Number of

time steps 15 50

-­xLine of symmetry

--Element boundory
- - - Element boundary in 16-node mesh only

I I
I I
I I

I I
-------- - - - -,- - --

1

1 I
I I
I I

1 1

I 1

1 1

1 1-------- ----,----
I
1 1

1 1

I I

­o
'"c::
~

\ QUADRANT/
o::: MODELED ::,
:::. . ::>:.: .:.:-:
}:: :::;::::::::}:::::::::::::

f------t:"'::::..,:..::....{..:::'..::::..,:;:"',:,:"':,::"'''''''1''' --­
x

<--'-------'------'
J J k

1

(a) Square plate (b) Finite element meshes
for square quadrant

Figure 5.1. Finite element mode l for calculating heat transfer
in a square plate
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Figure 5.4. Conductivity of steel

conductivity relation (Figure 5.6) was that measured

by the Stålhane Pyk method for the type of concrete

used in the test [14]. The assumed variation of spe­

cific volumetric enthalpy with temperature is based on

measurements on dry concrete [15]. Enthalpy corresponding

to heating and evaporation of moisture is then calculated

and added. Thus the specific enthalpy e for concrete

with a moisture content u is
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Figure 5.5. Speeifie volumetrie enthalpy of steel

where ee and e W are speeifie enthalpy for dry eonerete

and water, respeetively. If the water is assumed to eva­

porate linearly in the temperatur e range of T1 to T2 :

eW(T) = eWT for T < T1

w e W(T 1 ) +2- w we (T 2 ) = e (T 2 -T1 ) +a for T T22

eW(T) w for T= e (T 2) > T2
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Figure 5.6. Thermal conductivity of concrete

where C
W

and a W are the specific heat and heat of evapo-w w
ration, respectively, of water. The specific volumetric

enthalpy ev is then obtained by multiplying by the den­

sitY pC of concrete:

ce (T) = p e (T)
v

As the test specimens were cured in an environment of

40% relative humidity for a month, a moisture content
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of 1.5% by weight was assumed [16]. The specific volu­

metric enthalpy for dry and moist eonerete, where mois­

ture is assumed to evaparate in the temperature range

of 100 to 11S
o

C, is plotted versus temperature in Fig­
ure 5.7.

t
"" 2500
E----,
~

>,2000
a.

-O
.J::.--C
QI

1500
U
L..--QI

E
:J 1000
o
>
U-U 500
QI
a.

VI

O
O

- - - Dry concrete

Moist concrete

500
Temperature °c

1000

Figure 5.7. Specific volumetric enthalpy of dry concrete
and concrete containing 1.5% water by weight

The cool side surfaces of the specimens were small in

comparison with surrounding surfaces at ambient tempera­

ture. The resultant emissivity Er' as defined by Equation

(2.15), was therefore chosen to be equal to the emissivity

of appropriate material surfaces; i.e. 0.6 [17] and 0.8 [18]



-40-

for steel and concrete surfaces, respectively. On the

fire-exposed side the same resultant emissivities were

chosen, as radiation conditions in the furnace were to

little known to justify any other values.

When assessing convection heat transfer factors S and

powers y as defined by Equation (2.14), free convection

was assumed and the formula [19]

mNu = C(Pr Gr) ( a)

was employed. The Nusselt number Nu is defined by the

equation

(b)
c.

q etNu k(T -T )
s g

where qC is heat transferred by convection, d character­

istic length, and k gas conductivity. The Prandtl number

Pr is approximately 0.7 and the Grashof number Gr is

Gr =

(T -T )d3
s g

2
\i

(c)

where g is the acceleration of gravity, T
b

= (T +T )/2
s g

the average absolute boundary layer temperature, and \i

kinematic viscosity. For horizontal plates the charac­

teristic length is calculated from

d = A
P

where A is the area and P is the perimeter of the surface.

Conductivity and viscosity of air are funct.ions of tempera­

ture T [20]:
b

k = 13.75.10-5 T~·92 [W/mK] ( d)

2[m Is] ( e)
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From Equations (a-e) the formula (SI-units)

c
q

is derived.

3m-1
d (T _ T ) m+ 1

( 1
3
3 m -0.92) s g

Tb

(f)

The characteristic length d of the beams considered is

approximately 0.15 m. Substitution of Equation (e) into
6Equation (c) then gives Gr < 8'10 for expected levels of

temperature. Laminar convection is therefore expected on

the cool side, and C and m are 0.54 and 0.25, respectively

[21]. Equation (f) then yields

c
q = 3.59 d- O• 25 T -0.16(T -T )1.25

b s g

and by inserting d = 0.15 m and assuming T
b

= 400 K,

the convection factor $ and power y are identified as

2.2 w/m
2

K1 . 25 and 1.25, respectively. At the fire exposed

side the burners will cause turbulent conditions [22],

and therefore C and m are 0.15 and 1/3 [21], respectively.

Thus

c
q =36T- 0 . 52 (T -T )1.33

b s g

and if Tb is assumed to be 1000K, S and y are identified

as 1.0 w/m2K1 . 33 and 1.33, respectively.

Convection heat transfer is only approximately modeled

in TASEF-2. Errors in predicted temperature thus intro­

duced are, however, negligible on the hot fire-exposed

side, where radiation is dominant, while on the cool

side they may be relatively great near the surface.

The beams were tested for one and a half hours; the fur­

nace temperature approximately followed the ISO 834 stan­

dard time gas temperature curve for one hour and then it

cooled off for half an hour.
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Temperature in the furnace was measured with bare thermo­

couples. That is, however, not sufficient to determine

accurately the heat transfer by radiation and convection

from the furnace to the specimens [22]. The gas time­

temperatur e curves assumed in the calculation were there­

for e adjusted so that calculated and measured tempera­

ture matched at the center of the fire-exposed flanges.

The finite element mesh shown in Figure 5.8 was employed

to predict temperatur e in the wide-flange I-beam. Since

the steel elements are small and the thermal diffusivity

o
w
';;'
-..J

Vi
Z

3
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Er =0.6

24 32
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Er =0.8
15 23 31 39 47 55 6
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3

Figure 5.8. Finite element mesh of I-beam embedded
in concrete
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of steel is high, temperature differences between two

nodes on opposite sides of a steel sheet will be negli­

gible. Such nodes were therefore coupled as shown in

Figure 5.8, and required to reach the same temperature.

Critical time increments are thus substantially increased

without introducing any noticeable error (see Section 3.4.2)

Assumed furnace gas temperature and measured and calculated

temperature histories at the center of the top and bottom

flanges, and along a vertical line 140 mm from the center­

line of the steel cross section are plotted in Figures

5.9 and 5.10, respectively. Measured and calculated tem­

perature distributions at selected times along the steel

beam flanges and web are plotted in Figures 5.11 and 5.12,

respectively.

While predicted steel temperature is accurate, such good

agreement cannot be expected for concrete temperature

since the effect of moisture migration is neglected. The

characteristic plateau in the time-temperature curve at
oabout 100 C, when water evaporates does, however, appear

in the calculated temperatur e curve (Figure 5.10). Better

agreement could be achieved if more accurate data on con­

ductivity and specific enthalpy were available for the

type of concrete tested.

The finite element mesh employed in the analysis of the

box girder is shown in Figure 5.13. Only one half of the

symmetrical cross section need be analyzed.

Heat transfer in the void by convection and radiation was

considered as described in [10]. Convection heat transfer

between the enclosure surfaces is assessed by neglecting

heat capacity of enclosed air and assuming that no air
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flows along the beam. Convection factors S and powers

y for the enclosure surfaces are estimated by assuming

free convection between two horizontal plates of uniform

temperature. Thus S and y equal to 1.6 w/m2 K4/ 3 and

1.33, respectively, were obtained by assuming a tempera­

ture level of 500 K [19]. This estimatian of the con­

vective heat transfer is very rough, but any error in­

troduced will be small as radiation increasingly dominates

for increasing temperature. When calculating radiation

heat transfer between the enclosure surfaces, temperature

between adjacent nodal points is assumed to be uniform;

by considering view factors and emissivities, the net ra­

diation to each surface is calculated and then distributed

to adjacent nodes [10]. The emissivity of the enclosure

steel surfaces was assumed to be 0.6 [17].

In Figure 5.14 assumed furnace gas temperature and measured

and predicted temperature of the center of the upper and

lower flanges of the box girder and the cool upper concrete

surface at the line of symmetry are plotted versus time.

Distributions of measured and predicted temperature in the

flanges and webs are plotted in Figures 5.15 and 5.16, re­

spectively, at selected times.
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6. SUMMARY AND CONCLUSIONS

6.1 Present Study

TASEF-2 is particularly well suited for the analysis of

temperature in fire-exposed structures; the program is

simple to use; rectangular finite element meshes are gen­

eratedautomatically with a minimum of input; nonline­

aritiesdue to the temperature dependence of material

proper ties and boundary conditions can be considered; and

heat transfer by radiation and convection in voids can be

calculated using an algorithm described in [10].

The forward difference step-by-step time integration

scheme used in TASEF-2 is a very efficient means of

solving problems where materials having nonlinear tempera­

ture-specific heat relations - due to for instance evapo­

ration of water - must be considered. A technique has been

developed by which the critical time increment at which the

applied step-by-step method will become numerically un­

stable can be estimated. Time increments are then calculated

as a user-specified fraction of the critical time increment

at each time step.

To avoid unnecessarily short time increments, and thus

lengthly computations, nodes expected to attain approxi­

mately the same temperature are coupled and required to

attain equal temperature. The technique has been success­

ivelyappliedto composite cross sections of concrete and

steel exposed to fire.

Three problems were analyzed in order to assess the accuracy

and efficiency of TASEF-2. The solution of the first prob­

lem was compared to an analytical solution. The accuracy"as

good even for relatively coarse finite element meshes and

long time increments. In the other two problems predicted

temperature in composite steel and concrete beamswascompared
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to temperature measured during laboratory tests. One of

the beams enclosed a void where heat transfer by radiation

and convection was considered. The analysis proved to be

accurate particularly for steel temperature. An equally

good accuracy was not possible for concrete temperatur e be­

cause the thermal proper ties at elevated temperature ofconcrete

åre not as accurately known and the influence of mass transfer

of water is not considered in the model. Heat of vapori-

zation is, however, accounted for by stepping the tempe­

rature-specific enthalpy curve in the temperature range

when water in the concrete evaporates (Figure 2.1). The

total heat balance for a body heated to a temperature

above the range at which evaporation occurs is therefore

correct, and thus predicted temperature can be expected

to be more accurate at high temperatures.

6.2 Future Development

In present version of TASEF-2, rectangular two-dimensional

elements are available. Various one-, two-, and three­

dimensional elements could be relatively easily introduced,

but input would then be more complicated.

Heat transfer due to mass transfer in porous materials i~3

not considered in TASEF-2. An extension of the mode l to

include such phenomena would substantially complicate th"

analysis; in addition material data on mass diffusivity

at high temperature are difficult to obtain. Results may,

however, be improved with the present model if material

properties determined at transient conditions accomplished

by exposing specimens to boundary conditions similar to

those in a fire were used in the analysis. A finite number

of parameters by which the variation with temperature of

one of the thermal properties - conductivity or specific

enthalpy - could be described would then determine itera­

tively. Estimated parametric values are first used in such

an analysis; calculated and measured temperature are then
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compared. A new set of parameters is then chosen and new

temperatures calculated. The procedure is repeated until

the difference between measured and calculated tempera­

ture is minimized; computer programs are available by which

the iterative search for parametric values can be accom­

plished. An optimal set of input data to the numerical

model can thus be obtained for a given material, expos ed

to a similar fire; the influence of moisture migration

will be indirectly considered in such an analysis.

The explicit forward difference time integration scheme

used in TASEF-2 is very efficient for the nonlinear prob­

lem considered in this report. Nodes for which heat capa­

city is low and which are separated from adjacent nodes

by little thermal resistance may, however, require

that very small time increments be used if numerical sta­

bility is to be ensured. In the present version of TASEF-2,

such critical nodes can be coupled and restrained to equal

temperature, as illustrated in Example II and III in Section

5. If the error thus introduced is unacceptable, algorithms

could be employed so that unconditionally stable implicit

methods could be used for critical nodes. Such mixed im­

plicit-explicit procedures have successfully been used in

structural dynamics [23].
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APPENDIX A - USER'S MANUAL

The solution technique employed in TASEF-2 is summarized

in Table A:1. Variable names are as in the program and

differ occasionally from that used in previous sections.

Table A:2 contains all subroutines in TASEF-2 with cor­

responding routine references, input variables, and common

blocks; a chart of all routines is shown in Figure A:1.

Detailed input instructions are given in Table A:3. Except

for title cards, all input is read in free field format;

input fields are then separated by a comma, or one or more

blanks. Sequential commas are recognized as zero input values.

Input variables may be given in any consistent unit system.

Default values are, however, in SI-units and the expression

for the ISO 834 standard test curve assumes time in hours and

temperature in Kelvin or degree Celsius.
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TABLE A: 1

SUMMARY OF SOLUTION METHOD

(Variable names as in TASEF-2)

INITIAL CALCULATION:

1. Input geometry and dimension system arrays.

2. Define coupled nodes.

3. Input material data.

4. Input initial and ambient temperature.

5. Form node groups and input appropriate heat transfer

data.

6. Define boundary node groups for prescribed heat transfer,

and form heat transfer matrices BR and BC.

7. Define boundary node groups for prescribed temperature.

8. Define void node ']TOUPS and form internaI heat exchange

matrices E and H.

9. Input time data.

10. Form node volume vector W.

FOR EACH FIRE TO BE ANALYZED:

11. Input new fire time temperature curve, or terminate

program.

12. Initialize nodal temperature T and enthalpy EN

vectors. Set the time variable TIME and the time

step counter KTIME equal to zero.
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TABLE A:1 (Cont.)

13. Set the time increment DELTI equal to zero and execute

first time step for calculating first time increment only.

FOR EACH TI~lli STEP:

14. Increment time step: TI~=TI~+DELTI and KTI~=KTI~+1.

15. Form new conduction matrix, and compute nodal heat

flow F from nodes by internai conduction.

16. Find fire temperature.

17. Compute nodal heat flow by heat transfer at boundaries

and in voids and internally generated.

18. a) For nodes surrounded by elements of one material,

compute new nodal specific volumetric enthalpy

EN=EN+DELTI*(FLOW-F)/W

and obtain new temperature from the temperature specific

volumetric enthalpy relation of the material.

b) For nodes at interfaces between materials, compute

new nodal enthalpy

EN=EN+DELTI*(FLOW-F)

and get new temperature by iteration

Ti +1=EN/P

where the total heat capacity of a node P is a function

of temperature.

19. Set prescribed temperature to appropriate boundary nodes.

20. Print nodal temperature if required.

21. Test for more time steps:

YES: Calculate new time increment DELTI. Go to step 14.

NO : Print maximum temperature obtained during the

process. Go to step 11.



TABLE A:2. Subroutines of TASEF-2

NR ROUTINE REFERENCED IN REFERENCES INPUT VARIABELS COMMON BLOCKS

1 ACOUPL FEM2
2 AMB PROG2 TINIT,TAMB,SIGMA,TABS UNIT
3 ASSA2 FEM2 COND2 RGEO
4 ASSP2 FEM2 INTP,XVERSY RMAT
5 ASSW2 PROG2 RGEO
6 BFIRE INIT TITFIR;NFP;TIM,TB UNIT,FIRE
7 BRBCA FQBNDA
8 BRBCB FQBNDB BNOD
9 COND2 ASSA2 XVERSY RMAT

1 O COUPLA PROG2 NCPLG;NCOUPL COUPLE
1 1 COUPLB FEM2 COUPLE
12 COUPLC FEM2 COUPLE
13 CTEMP FEM2 COUPLE
14 DTIME r1r>" .. "l TOUTL' .1:>1'1"'- I
15 ENCL01 PROG2 ENRAD1,ENCON1 CONTRO;NENC;XSYM, BNOD,ENCLOS,ENRAD, m

N
YSYM,IGREN ENCON,DIM,UNIT I

16 ENCL02 FEM2 ENRAD2, ENCON2 ENCLOS
17 ENCON1 ENCL01 HTRANS BNOD,ENCLOS,ENCON,

DUMMY
18 ENCON2 ENCL02 ENCON,ENCLOS,DUMMY
19 ENRAD1 ENCL01 VIEWFC , INVER,MULT , BNOD,ENCLOS,ENRAD,

ETRANS UNIT,DIM,DUMMY
20 ENRAD2 ENCL02 RADVEC ENCLOS,ENRAD,UNIT,

DUMMY
21 ETRANS ENRAD1
22 FEM2 PROG2 INIT,ASSP2,XVERSY, RMAT,FIRE

MINTP,ASSA2,MPACKV,
FQBNDB,FQGEN,ENCL02,
COUPLB,ACOUPL,CTEMP,
HTEMP,PTBNDB,COUPLC,
OUT2 ,MAXCO,DTIME ,
OUTMA2

23 FQBNDA PROG2 BRBCA NFQNG;FA1,ING1 UNIT,BNOD
24 FQBNDB FEM2 BRBCB FQB,BNOD,UNIT



TABLE A:2. (Cont.)

NR ROUTINE REF'ERENCED IN REF'ERENCES INPUT VARIABELS COMMON BLOCKS

25 FQGEN FEM2 RMAT
26 GEOC02 PROG2 ELF'ICT
27 HTEMP FEM2 XVERSY RMAT
28 HTRANS ENCON1
29 INIT F'EM2 BFIRE TOUT,UNIT,FIRE
30 INTERF' PROG2 RGEO,COUPLE
31 INTP ASSP2 XVERSY RMAT
32 INVER ENRAD1
33 MAIN2 NET2,MESH2,PROG2
34 MAT PROG2 MAT;CCC,NTC,NTE,NQE, RMAT,RGEO

ET;TC,C;TE,ENT;TQ,QE
35 MAXCO FEM2 TOUT
36 MINTP FEM2 COUPLE
37 MESH2 MAIN2
38 MPACKV F'EM2 I
39 MULT ENRAD1 DUMMY '"w40 NET2 MAIN2 TITLE;AXIAL,XMAX,YMAX, RGEO I

XBOX,YBOX,NR,NX,NY;
ELFICT,SRDIAC;XA,YA

41 NGROUP PROG2 NGROUP;NCHECK,NUMB, BNOD,ENRAD,ENCON
EPSG,BETA,GAMMA;
NBOUND

42 OUT2 F'EM2 TOUT
43 OUTMA2 F'EM2 FIRE
44 PROG2 MAIN2 REG2,COUPLA,INTERF,

MAT,GEOC02,AMB,NGROUP,
FQBNDA,PTBNDA,ENCL01,
TIME,TIME,ASSW2,
COUPLB,FEM2

45 PTBNDA PROG2 NPTNG;FA1,ING1 PTB,BNOD
46 PTBNDB FEM2 PTB,BNOD,UNIT
47 RADVEC ENRAD2
48 REG2 PROG2 RGEO
49 TIME PROG2 NT,TIMMAX,DTMAX,TIMF'AC,

KTMAX,KUPDA;TOUT
50 VIEWFC ENRAD1 BNOD,ENCLOS
51 XVERSY ASSP2,COND2,

FEM2 ,HTEMP ,
INTP
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IMAIN2 I--- NET 2

I
MESH2

PROG2 f----- REG2

COUPLA

INTERF

MAT

GEOC02

AMB

NGROUP

FQBNDA f-----I BRBCA I
PTBNOA

ENCLD1 ~ ENRAD1 ~ VIEWFC

INVER

MULT

ETRANS

TIME

ASSW2

C(lUPLB

FE:M 2 f----- INIT

BFIRE

ASSW2 i----- INTP

XVERSY

XVERSY

MINTP

ASSA2 --jCOND2 XVERSY I
MPACKV

FQBNDB f----- BRBCB

FOGEN f----- XVERSY

ENCLO 2 f----- ENRAO 2 HRADVEC I
ENCON 2

COUPLB

ACOUPL

HTEMP 1----1 XVERSY I
CTEMP

PTBNDB

COUPLC

OUT2

MAXCO

DTIME

OUTMA2

FIG A:l. Chart of subroutines in TASEF-2
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TABLE A:3

Input Instructions

Input variables are given appropriate default values if

zero is input.

A. TITLE CARD, FORMAT (20A4)

TITLE

Input appropriate title for labeling output.

B. GEOMETRY

1. Main geometry card

A base rectangle is generated between the coordinate

axes and the lines x = XMAX and y = YMAX. A number

of subregions are defined by their minimum x- and y­

coordinates, and maximum x- and y-coordinates. Lines

parallel with the axes are generated at increments

XBOX and YBOX or at reduced distances if subregions

or specified lines to refine the mesh are present.

AXIAL,X~1AX,YMAX,XBOX,YBOX,NR,NX,NY

AXIAL

XMAX

YMAX

XBOX

.TRUE. or .FALSE. ifaxisymmetric or

plane problem, respectively. (In present

version of TASEF-2 axisymmetric problems

cannot be analyzed)

maximum x-coordinate of base structure

maximum y-coordinate of base structure

maximum distance between two x-lines

(lines parallel to the y-axis)
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TABLE A:3 (Cont.)

YBOX

NR

NX

NY

maximum distanee between two y-lines

(lines parallel to the x-axis)

number of regions (NR~l). A strueture is

eomposed of a main region and a number of

subregions of differing thiekness or ma­

terial properties. Fietitious subregions

are used to speeify voids and eut outs.

Subregions will be defined by the following

eards. (In eurrent version NR~10)

number of speeified x-lines for refining

of element mesh

number of speeified y-lines for refining

of element mesh

2. Subregion speeifieations

(NR-l) eards

ELFICT,SRDIAC(4)

ELFICT .TRUE. if the subregion is a void or eut

out of the base strueture. Otherwise .Fi\LSE.

SRDIAC(4) minimum x- and y-eoordinates, and maximum

x- and y-eoordinates of subregion

3. Speeified x-lines

If NX=O omit this card

XA(NX)

XA(NX) eoordinates of speeified x-lines
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TABLE A,3 (Cont.)

4. Specified y-lines

If NY=O omit this card

YA(NY)

YA(NY) coordinates of specified y-lines

As an exarnple the structure in Figure A.2a is

divided into a finite element mesh as shown in

Figure A.2b by the following input cards: (The

variable names are given within parentheses)

F,10.,6.,2.,1.5.,3,1,2 (AXIAL,XMAX,YMAX,XBOX,

YBOX,NR,NX,NY)

F,3. ,2. ,6. ,3.5 (ELFICT,SRDIAC(4»

T,6. ,4.5,10. ,6. (ELFICT, SRDIAC (4) )

4.5 (XA(l»

1.0,5.25 (YA(1),YA(2»)

C. COUPLED NODES

1. Number of groups of coupled nodes

NCPLG

2. Each group

NCOUPL(8)

NCOUPL(8) coupled nodes. Each card must have 8

numbers. If fewer nodes in a group,

fill with cornrnas
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D. MATERIAL DATA

For each nonfictitious region the following cards are

read starting with the main region and followed by the

subregion in the order as defined at B.2. Conductivity

and enthalpy are input as sequential groups where each

individual property is described as a piecewise lincarized

function of temperature.

1. Each material

a. Identification card

MAT

MAT arbitrary test to be written on output

list

b. Material description

CCC,NTC,NTE,NQE,ET

CCC

NTC

NTE

NQE

ET

.TRUE. if conductivity is constant in

cooling phase

number of points associated with tempera­

ture conductivity function (NTCS20)

number of points associated with tempera­

ture specific volumetric enthalpy function

(NTC~20)

number of points associated with tempera­

ture rate of heat generated per unit

volume function (NQE~20)

thickness of elements; default 1
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c. Data card for temperature conductivity function

TC,C,TC,C,TC,C, ... (NTC pairs)

The input is given in ordered pairs describing

each point (temperature, function value)

d. Data card for temperature specific volumetric

enthalpy function

TE ,ENT, TE ,EliT, TE, ENT, . .. (NTE pairs)

(same as c above)

e. Data card for time rate of heat generated per

unit volume function

(If NQE=O oDLit this card)

TQ,QE,TQ,QE,TQ,QE, ... (NQE pairs)

E. INITIAL AND AMEIENT TEMPERATURE, AND UNIT SYSTEM

DEPENDENT CONSTANTS

TINIT,TAMB,SIGMA,TABS

TINIT

TAMB

SIGMA

TABS

initial uniform temperature of structure

ambient temperature

Stefan-Boltzmann constant; default

SIGMA=5.67°10- 8

shift for absolute temperature; default

273
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F. NODE GROUPS

Groups of nodes with common conditions are defined

and, if appropriate, heat transfer properties at

boundaries are specified.

1. Number of node groups

NGROUP

(NGROUP", 1 O)

If NGROUP equal zero omit next card

2. Each node group

a. Properties

NCHECK,NUMB,EPSG,BETA,GAMMA

NCHECK

NUMB

EPSG

BETA

GAM1'1A

node group number in sequential order

starting from 1

number of nodes of a group (NUMB",30)

emissivity

convection factor

convection power

b. Node numbers

NBOUND(NUMB)
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G. PRESCRIBED HEAT FLUX BOUNDARY

Boundary conditions are defined by node groups and

their heat transfer properties. Surrounding gas is

either at fire or ambient temperature.

1. Number of boundary node groups with prescribed

heat flux

NFQNG

If NFQNG equals zero omit next card

2. Each boundary node group

FA1,INGl

FAl

ING1

.TRUE. if specified boundary temperature

varies with time, e.g. fire temperature

history

.FALSE. if specified boundary temperature

is the constant ambient temperature TAMB

node group number

H. PRESCRIBED TEMPERATURE BOUNDARY

Node groups with prescribed temperature are input.

1. Number of boundary node groups with prescribed

temperature

NPTNG

If NPTNG equals zero omit next card
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2. Each boundary node group

FA1,ING1

Same as G.2

I. VOIDS

One or two voids with heat exchange between the en­

closure surfaces may be defined by surrounding node

groups. Heat exchange between enclosure surfaces is

described by properties assigned to the node groups.

Halves or quarters of voids may be analyzed if they

are symmetrical around one or both of the coordinate

axes.

1. Control card

CONTRO

If no voids exist insert arbitrary card, and omit

the following cards. Otherwise input VOID.

2. Number of voids

NENC

(NENC:s2)

3. For each void

a. XSYN,YSYM,IGREN(4)

XSYM .TRUE. if void is symmetric around the

x-axis
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YSYM

IGREN(4)

J. TIME

.TRUE. if void is symmetric around the

y-axis

node groups surrounding a void. If less

than 4, fill with commas

1. Time controI card

NT,TIMMAX,DTMAX,TIMFAC,KTMAX,KUPDA

NT

TIMMAX

DTMAX

TIMFAC

KTMAX

KUPDA

number of specified times for printing

out. of temperature

maximum time of analys is

maximum time increment; default TIMMAX

time increment factor; default 0.8

maximum number of time steps; default 1000

number of time steps between updating of

heat conduction matrix; default 1

2. Specified times for temperature output

TOUT(NT)

K. FIRE TEMPERATURE HISTORY

1. ControI card

TITFIR



-75-

TABLE A:3 (Cont.)

TITFIR is printed for identification of assumed

fire. If TITFIR = 'ISO 834' the time temperature

relation according to ISO 834 fire resistance

standard test is assumed, and the next .two cards are

omitted. Terminate analys is by a blank card.

2. Fire temperature

A fire temperature history is input by a number

of points on the time temperature curve. Tempera­

ture between these points are obtained by linear

interpolation.

a. Number of points

NFP

(NFP~50)

b. Data card

TIM,TB,TIM,TB,TIM,TB, ... (NFP pairs)

3. Go back to Kl and begin analys is with new fire,

or terminate program by inserting blank card.
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APPENDIX B - Listing of TASEF-2

The subroutines are listed in alphabetic order. The main

program MAIN2 is coded in ALGOL and all other routines

in FORTRAN V. Definitions of major variables are given

in subroutine PROG2. Although the program has been tested,

no warranty is made regarding its accuracy or reliability,

and no responsibility is assumed in this respect.

1 SUBROUTIN~ ACOUPL(~.DTA.NN.MAXJ

2 C-----AOD SLAVE !~Of'1:: OU'l..t:TTTIES T'1 MAST,::R ~II')DF: 011,1l.~TI'T"re:c

3 (-----FOR EilCf-J COUPLI~IG ':OJ!:: GROUP
4 OI~ENSIQN A(NN.MAX},DTAINNl
S PARA~iETER NCP=~O

6 cor-1~~O~J ICOUPLEI riCQUPLlNCP,fl.) ,NCPLS
7 C-----
2 IF (NCPLG. F:Q. ('l) RETur.'~1

9 DO 50 I=l.NCPLG
10 MNOO=NCOLJPLI!,11
11 AMX=O.
12 DO 40 J=l.B
13 NODJ=NCOUPLII,J)
14 IFtNOUJ.EO.QI G0rD 50
IS 00 30 K:l.R
16 NODK=NCOUPLII,K)
17 IFINODK.E0.01 GOTO 40
18 NnU~=I\JODJ-t,JO!JK

19 IF{NDU~) 30.30.60
20 60 CONTINUE
21 IFCNOUM.G[.t"'f\Xl 60"0 3f1
22 A"1X=A~'~X+2. *A (NODJ. I' AX-Nf)U~1)
23 30 CONTI~UE

24 (-----
25 40 AMX=A~X+A(NOJJ.MAX)

26 50 DTA(M:~CO)=nTft(~NOD)+AMX-A(VNon.MAX}

27 RETUR~

28 END
29
30 SUBROUTIN~ A"'IR
31 C-----READ INITIIIL AhlD M)8IENT T~"'PFRATUPS:::.

32 C-----ANO U:'>JIT 'JEPnmtr'<T CONSTA!','TS
33 COM~-10U/UNtT/S I GMA • TASS. TH! TT, TAf.\e, TA~'84

34 DATA SIGM.TAP/5.77r-A,273./
35 PRINT 200
36 C-----
37 READ 100.T!N!TpTAM~t5IGMA,TABS

38 C-----
39 IF(SIG~A.LT.1.E-20) 5IGMA=SIGM
40 IF(TARS.LT.!.E-20) fABS=TAB
41 PRINT 210.TINIT.TA~'3.SIGMA.TAP~

42 TAM84=(TA~8+TA8SJ**4

43 RETUR!\j
44 100 FORMAT(}
45 200 FORMAT(//' I~rTIAL DATA'/lX.12(lH*»)
46 210 FORMAT(/' INITIAL TEfl.IPF.:RAHIr;lF=',Gg.v
47 l' A~"9 I F:NT TErt.PEf'? ATURE=' , G9. 3/
48 2 STEFAN-BOLTZMAtIN CONSTA'\lT=',S9.3/
49 3' ABSOLUTE TF.~/P~}'ATUPE SH!FT=, ,Gg.~,)

50 END
51
S2 SUBROUTINE ASSA2 (r-m, tiE, N, KlOP. 'l(, Y. FLO, f T. TT t T\o1A~,.il XI AL, M,öX, A)
53 C-----THIS SUBROUTINE COM~UT~S TH~ GLOBAL HEAT ,=ownurTroN MATfHX A
54 c----- NN NUMAER O~ NODFS
55 C----- NE NUMBER O~ ~LEMF'nS

56 C----- l\J r:LEMEtH REGION NUMl:jF.:R
57 C--_·-- EL~ SEOMETRIC DUM"-'Y VECTOQ
50 C----- T TI':~PER!lTI)RF VI:CTOR
59 c----- TT TE~1PEPllTURf" HTSTORY V~(T0R

60 C----- nlll x • TRUE. I F ~'AX H'UM TF.tI.DI="RATtJt<1=" I S 01=<, AT"JFr:
61 (----- f.. GLOBAL HEA1" CONOUCTIO"l M.!\TOIV
62 PARA~~TEK ~~P=10

63 COhlI>10N/RGI="O/F:LI="I eT (f·1NR) , En ""NR} ,SRf:'\ gC {4, 'jhlR 1



"65

t7
~E

t7
,-
71
7'

"74
75
76
77

"79
ss
81
82

""SS
86

"jS
S'
9~

11
92

"94
95

"97
16

"1eJ
F1
10L
1:~

1a4
1 J 5
1 : 6
1'27
10E
1':)9
110
111
112
113
114
115
116
117
11'
119
12J
121
12'
123
124
125
176
127
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DI~tN~IO~ ~(~E),X(NN),Y(~N),T(~~),TT(~N),T~~X(NN),KTOP(4,NE),

1 t(Nt\,"'~x),FLA(4,NE)

LOGICAL T~AX,ELfICT,AXIAl

DO 5" 1-::-1,"111
['lO 5 J=1,,"AX

5 A(I,J)=C.
DO 10 I:::',t\E
N1,::~.(J.)

IF{EUICH,,'1)) Gno ,C
K1=KTOP(',IJ
K,-=KTOPC2 , IJ
1(~'::KTap(3,l)

K4'""-KTOP{4 , I)
CAll COND2CTCI(1),TCKZ)IT{K3),TCK4)ITT{K1),TTCKZ)ITTCK3),TTC K4),

1 T~AX(K1)IT~AX(1<2),T~AX(K3)IT~AX(1(4),NCI),AXIAl,C)

ACI(1,MAX)'::~{1(1,MAX)+C*ELA(1;I)
A(K2,~AX)=ACK2,MAX)+C*ELAC"I)

A(K3,~AX)-::-A(K3,~AX)+C*ELA(1,I)

ACK41~AX)=ACK41~AX)+C*FLAC1,I)

A{K21~AX~1)=ACI(2,~AX-1)+C*ELA{2,I)

A(K;I~AX~I(;+K1)=A(K3,MAX-K3+K1)+C*ELAC3,1)

A{K;,~AX-K?+K2)=A{K3,~AX-K3+K2)+C*ELA(4,I)

A(K4,I<AX-K4+1<1 )=A (K4,MA.X-K4+K1 )+c* ELA C4 , I)
ACK4,rAX-K4+K2)-::-ACK4,~AX-K4+K2)+C*ELAC3,I)

A0:,4 , ."AX-1 )=A CI(4 , ,,,AX-1) +C*ELA( 2 , I)
1C CONTINUE

RETuRh
'ND

SUSROUTI~E ASSPi(NN.NIXIYITITT,T~AX,EV4,NODEL,~NODEL,PI~,

1 NODI~T,AXIAl)

C-----F0R~ HEAT CAPACITY ~ATRIX

Dl~ENSION N(1),XC1)ITC')ITTC1),T~AXC1)IEV4(4,1),NOOELC4INN),

1 MNQDEL{1)IPC1)1~{1),NCDINTC1)

PARA~ETER MNV=2C,MNR=10
CCMMONIR~AT/CCCC~NR),TCCM~V,MNR),C(V.~V,M~R),TEC~NV,MNR ),

1 ENTCMNV,~NR),CR(~NV,~NR),TQ(~NV,~NR),QE(~NV,~NR),LQ(MNR)

lCGICAL CCC,lG
LOGICAL AXIAL,TMAX

DO 3C I;:o1,N~

NODINI;:oNODI~TCI)

IFCNODIN1.LT.C) GOTO 30
Tl -::-HI)
H(NOoINI.GT.J) GaTa zC
p CI ) =-C.
(ALL I~TPC~NODELCl)INaDEl(1II),N,EV4ITI,P(I»)

GOTO 3')

2G CONTINUl:'.
CALL AVERSY(TE,E~T,~NV,NODINI,TI,ENI)

CRA=FNI/TI
p{I)= .. CI)*CRA

30 CQNTINUE
RETURN
E ~'O

SUBROUTINE ASSW2(NN I NE,N,KTOP,X I Y,EV4 , AXIAL,W)
C-----THIS SUeRQUTINE COMPuTES THE GL03AL VOLU~E VECTaR ~

DIMENSION XCNN),YCNN),KTOPC4 I NE),EV4(NN), W(NN),N(NE)
PARAMETER ''',.,R:01D
COMMON/RGEO/ELFICT(MNR)
LOGICAL AXIAL,ELFICT
DC 5 1=1,N~~

W( I ) ""C'.
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1?~ fl. l" l=l.~,t

1?~ ~l=h(l)

1 7 L lf{~LFI(T(~l» ~CIO lu
1~1 rl=~TuP(l ,I}
",,- r'.:.="Tv·'(~.l)

,73 f.'~,="TJr("'.I)

1'" K"=KTJP(l.,n
1"~ ~(Kl)='~'(Vl)+E\<4(l)

17~ ~(I(~]=~lKL}+fV4(J)

1~.7 .,.;CI:':'l=,.·{(;;)+F\l4(])

l~c ~(K .. )=~(K .. )+t~L(I)
"S (u~Tr~UL

1t. C- Il ~ T u ~

141 ~ :. D

lO"
1'-': Sl;"'h(",-,TI~'L <.:.FJ..~l(tl;~)

144 C-----THL> ljOUTl'iio FOt-v~ \lF(TOR~ f Oh fur 5jlll,[lARt

1'5 (-----TIMl lf~rtRAT~~,,- RfLATlo~

140 {0~~0R/uNlT/SlG~~.TA~S,Tl~lT.T~r8.TAMS4

1 l. 7 [ li M" (, j, / F I K( I Tl '., ( 5 ,,) • T .:J ( S\:) • T I T f l R
14: luGICtiL fl!;
14~ JNTlGc~ TITfl~(1:).~l~\K(lC).1~0(i)

l~w tA TA ... LA';",/l c *l.H l,lSC/4HI:,D .~Hc? ..

1~1 Fl~=.FrLS~.

1~~ (-----I~PuT lIllE OF fIkE 2~U~DAR'

15.:. (-----lf - rJlA\K - TE"rt:i"ATi: kU.\
,r.. (-----If .. lSu .:.-:': .. - STi\fJuA"D Fll<l AS~U~E~'

15::' (-----fL::L l~;P'JT TIt~ TL"PE"fTU,,[ PAIf;S
1~0 Rl~u l1J.T1TFl"
1 <:. 7 [> u 1 r; I:: 1 t le-
1:';:. l u IFCTITFiP(I)."f.2l1'>i\K(1» (:0T0 Le
15~ FI~~.l~~f.

l~.L flT ... Ri.
1~1 2.... C()~'11;,U~

1~2 rR1~T 2~r

1'::' PP..I"T ~lCitT:"TFl"

lt4 ~0 :::n J::l.~

1(~ ~~ 1f(TITF4?C1).NE.lS0{IJ) G0TO ~r

Ho (-----1:,0 SHi<DAPC, cu"v~

1f7 I'.Too.('::'
1~~ Tl=~.

1('1 DL 4t 10'1,(,)
17L; TP'(I)oorI
17'! Tb(:U "'-1 iNi T+1 :'<''...-4:::C.* f.XP( -. <:* TI )-'-7.., .... f),p (-1. 7*TI)-
172 1 6~5.*~X~(-1~.*Tl)

1?~ 40 11::T1+DT
17~ T1::1I-DT
175 [J1'::5.n:t.
17::. Tl=T1+r·T
177 Dl; 45 l;otl,5r
17(.. T';:!"(1)=lJ
1 7 ~ TG( :.. ) ::T l fl I T+ 1 j 2 .... - 4 ) o•* <:. xp ( - • <: * Tl ) - <: 7 u•* EAP (-1 • ? * 1 I ) -
1~0 1 6h~.*LX~(-1~.*Tl)

1~1 4) Tl=T1+DT
lE2 PtTu~h

n::. )..; CONTJtiUL

1~4 (-----nRS.;:TnARY EIRLS
1::: (-----I1,PiJT 'W"':oFf' uE Tl"" lUIPcPATuql PAIR;'
1 P0 ~EAD 1~,).~Fp

1<:7 If(l\rp.I:G.'''j fl:" =.[PJ[.

1c~ Jf (fl~) ~[TlR~

l~Y (-----II,P0T Ti~~ TE~Pt~ATUR~ PAl~~

lC;-" Pi:.,!.u lCv.(Tl"'(!).l,?(l).l=l.;~Fi")

1<:;1 PhII.T ;:;:"::.(TI~_(I).T",(I).1"'-1.·jf"J
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C
C-----FIRST NODE
C

D0 3C I~1,NUMl

DO 3[' J~1,2

aC(I,J)=8ET*BR(I,J)
8R(I,J)=EPSIG*BR(I,J)

3::; CONTINUE
RETuRN
ENO

SUBROUTINE aR~CB(eR,BC,TR,TC,TRO,TCD~NUMI,DTA,NN,MAX,FLO~,TG,

1 T,I~G1)
C-----THIS ROUTINE C~LCULATES EXTERNAL HEAT FLOw 3Y RADIATION AND CONVECTION
C-----AND ADDS THE CORRESPONDING (ONTRI3UTIONS TO THE VECTOR DTA FOR
C-----(ALCUlATION OF CRITICAL TI~E INCRE~E~T

DIMENSION eR(NUMI,2),8C(NUMI,2),DTAC~N),FlOw(NN),T(NN)

1 , T R (N UMI ) , Te (N Utr: I ) , TR D (N UMI ) , T CD (N U!" I )
PARA~ETER NS=1C.NNP=3G,NN62=2*NN8
(OMMON/BNOD/NU~6(NB),NBOUND(N3,NN3),3AREA(N3,N~3),

1 EPSG(NB>,BETA(NB),CPG(NB),FA('13)
lOGICAl FA

SU8ROUTINE SRB(A(BR,B(,EPSIG.3ET,3AR,NU~I,N3,ING1)

c-----FORM BOUNDARY RADIATION AND CONVECTION ~ATRICES

Dl~ENSION BR(NU~I,2),8C(NU~I,2),9ARCNe,NU~J)

3R(1,1l=f'.
BR(1,2)=.3333333~*eAR(ING1,,)

NUM1=I>IUMI-1
If(NU~'.E~.1) GOTO 2C
DO 10 I=2,NU~1

8RCI,1)=.16666667*BAR(ING1,1)
8R(I,2)=.3)33333*(eAR(I~G1,1)+9AR(ING1,1+1»

1C CO'HINUE
2:: (O"lTINUE

BR (NUMI, 1) = .16666667*BAR (ING1,NU"Il)
BR(NU~I,2)~.33333333*aAR(ING1,NU~I)

FGR~AT()

FC'R~;AT(20A4)

FOP~ATC{!' FIRf 80UNDAPY TE~PERATURE'!1X,25C1H*»

FOR1"ATC/1x,2C'A4)
FOR1"ATC!' FIRE saUNDARY TI~E - TEMPERATURE INPUT PAIRS"!
l' TI~E',~X,'TE~PERATURE·'{(G1~.3,G1C.3»

RE TURt,
E!\D

NOOE=NBOUhO(ING1,1)
TR2~TR(1)

Te 2 =TC (1)

TR3=TR (2)

TC3=TC(2.)
TROZ=TRD(1)
TCD2=TCD(1J
1RD3=TRD(2)
TCD3=TCDC2J
BR2~9R(1,2)

BC2=B((i,Z)
9R3=8R(2,1J
3(3=8(2,1>
FLW=BR2*TR2+8C2*T(Z
FlW=FLIo'+8R3*TR3
FU,=FL ... +5C3*TC3
DA=BR,*TRD2+BC2*TC02
OA=OA+9R3*TR03

"
r:c·

11C
2Le
21 ~

22:

1 9 '­
193
194
1 95
P6
197
19~

'99
2CG
2 el1
2 ~2
203
ZC'4
205
,%
217
2 G8
20J
21::;
21'
2.12
213
214
215
21b
217
218
219
22C
221
222
223
114
225
226
2.27
228
22;
IlG
231
232:
233
234
2.3 S
236
2.37
238
239
24(;
241
242
243
244
245
246
247
2H
241
250
25'
252
253
254
255



25~

257
2. 5e
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OA"'DA+9C3*TCD_~

OTA(NCDE)=DTA{~ODE)~.5*DA

FLOwC~ODE)~fLO~(NODE)+fL~

(

C-----I~TER~EDIATE \ODfS
(

NOD E. =N'30UND (J ,N G 1, NU"',I)
TR1=TR2
TR2=TR3
Tc1=1(2
TC2=TC3
TRD1=TRD2
TRD2=TRD3
TCD1=TCD2
TCD2=TCD3
B~'1=8R3

31\2=BR(~Uh',I,2)

8C1=BC3
3C2=SC{f\;UMI,2)
Flw=8R2*TR2+8C2*TC2
FL~=FL~+BR'*TR1+aC'*TC'

DA~aR2*TRD2+BC2*TCD2

DA=DA+BR1*TRD1+BC1*TCD1
DTA(NODE)=DTA{NODE)+.S*DA
FLO~(~ODE)=FLOW(NODE)+FLW

RETUR~

'"

NU ..q"'NU;'''I-1
If(NU M1.EQ.1)GOTO 2C
DO 1C I::02,NU'''.1
NCDE=~90UNOCING1,I)

TP1=TR?
TR?=TR3
TP:3=TR{J+P
T(1=TC2
Tc2=Tc3
TC3=TCCJ+1J
TRD1=TRD?
HD2=TRD3
HD3=TRD(J+1)
TCD1=TCD2
TCD2=TCD3
TC03=TCOC1"+1)
9R1=8R3
8R2=9R{J,~)

BR3"'!]RlI+1,1)
3C1"'8C3
8CZ"'8CO,2)
8C3=9C(I+1,1)
Fl~=BR2*TR2+SC2*TC2

Flw=FL~+ER1*TR1+3R3*TR3

fLw=FU/+BC1*TC '+3C3*TC3
DA"'BR2*TRD2+PcZ*TCD2
DA=DA+8R'*TRD'+3R3*TRD~

DA=DA+8C1*TCD1+BC3*TCD3
DTA(NODE)=DTA(NODE)+.5*DA
FLO~(NODE)=fLOwlNODE)tFL_

CONTINUE

259
25:
2. 61
262
263
2~1.

265
'-66
26'
26 E
26Y'
z7[,

271
272
273
174
275
276
277
278
2Fi
28G
251
282
Z3:5
284
2~5

2~6

2~7

2€8
28<,;
29C
2' 1
292
293",
295
296
297
29ö
299
3['[,

3S1
3Q2
383
304
3C5
3::6
3C7
3~8

309
31G
311
312
313",315
315
3n
315
31'

1C
2G
(

C-----LAST NODE
(

SUBROUTINE
1

COND2(T1~TZ~T3~T4,TT1,TT2,TT3,TT~,T~AX1~TMAX2,TMAX3,

TMAX4,N1,AXIAL,CEJ



32:l
3:2 1
32.2
323­
324
325
:3 2C
327
32t
329

"
'. ,

331
332
333
l34
335
336
337
335
339
34~

~41

342
343
344
345
346
347
348
345
35[;
l S1
352
35:3
l54
:3 55
l56
l57
35e
l59
lOG
361
362
3~3

364
l6 S
366
367
36'3
369
37G
l71
l72
373
l74
37;'
376
377
37E
379
Be
351
382
383
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(-----GlT ElE~E~T CONDUCTIVITY
LOG!CAl T~AX1,T~AX2,TMAX3,TMAX~,AXIAL

PARA~ETER r.~V=20,~NR=1C

COMY,ON/R~AT/(CC(~NR),TC{N~V,~NR),C(MNV,~NR).TE(MNV.~NR>,

1 ENT(MNV,~NR).CR(M~V,MNR),TQ{~NV,~NR).QE(MNV,~NR),LQ(MNR)

LOGICAL (Ce,lG
IF(CCC(N1» T"1=CTT1+TT2+TT3+TT4)/4.
IF(.NOT.((((N1» TM=(T1+T~+T3+T4)/4.

(ALL XVERSY(TC.C.MNV.~1,TM,CE)

E~D

SU9ROUTINE CJUPlA(NODCPL.~N,NODINT)

(-----READ CDUPlED NODES AND FOR~ CONTROl VEtTOR ~(OUPl

PARA~ETER NcP=5J
CO~MON/cOUPLEI NCOUPL(NCP.~).N(PlG

DI~ENSION NODCPl{N~),NODI~T(~N)

C-----NOOCPl -1 NODE UNCOUPlED
C-----NODCPL SLÄvE NOD E
C-----NCDCPL ~ NCOUPL{l,J) rASTER NOOE

C-----
DO 5 I~1 ,"N
"lODCPL(I)~-1

P"!NT 2;j':'

c-----
!HAD 1JC,NCFLG

C-----
IfCNCPLG.EQ.]) GJ10 3v
pRINT 2CS
DO 2() I=1,NCPLG

C-----
READ 1~0 .. CNCOUPL(I .. J).J"'1,PJ

C-----
II=NCOUPL<I,1)

C--~--COUPLED NODES ARE ALWAYS lNTERFACE NODES
NOOCPlCII>=I
DO ,C J=2, '3
II:NCOUPL{l,J}
IF{II.EG.G) GOTO 1('.
NODINT<II>=0
NODCPLCII}::
J J = J

".' CONTINUE
PRINT 21.C,(NCOUPLCI,J),J=1 .. JJ)

2:: CONTINUE
RETUR.N

3[, CONTINUE
PRINT 22C

H'2 FORMo\T{}
eGC FORMATCII' COUPLED NODES 'I1X,1~C1H*)J)

285 FCR~ATC' ~ASTER SLAVES'/)
210 FOR~AT(I3,6x.. 713}
221".:' FOR!'!ATC' NO COUPLED NODES')

RETURN
E ND

SUBROUTINE COUPLB(V)
C-~---ADD SLAVE NODE GUANTITIES TO ~ASTEP NOOE QUANTITIES
C-----FCR EACH COUPLING NODE GROUP

DI~ENSION V(1)
PARAMETER NCP=5(
CO"1~O"i ICOUPLE/ 'JCOUPL(NCP,8} .. NCPlG

C-----
IF(NCPLG.EG.O}RETURN
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33~ D0 3C 1+1,~CPlG

335 "I~OD"'NCOUPlCI,1)

3Et V~N=V(~NOD)

387 DO 10 J=2,8
3te NOD=NCOUPl(I,J)
359 If(N0D.EQ.C) GOT:> Z':;
39l V~N=V~N+V(NOD)

391 1G CONTINUE
392 (-----
393 2~ (ONTI~UE

394 VP"NOD)=V1"N

3:>'5 3(; CQNTINUE
396 RETUP~

B7 HD
37~

399 sueRouTINE (OUPlC (1)

.. DC (-----UPDATE SLAVE NODE TE~PERATURE

r.~1 DI~ENSION T(1)

402 PARAMETER NCP=5(
403 COMMON/COUPlE/NCOUPL(NCP,8),~CPLG

404 IF(NCPLG.EQ.O}RETURN
485 DO 2e I=1,NCPLG
48S "INOD=NCOUPL(I,1)
487 T~NOD=T(~~OD)

4J3 DO 1e J=2,8
429 NOO=NCOUPL{I,J)
410 IF(NOO.EQ.O) GOTO 2(,
411 1C T(NOD)=Tl"NDO
412 Zu CONTINUE
413 RETURN
414 END
415-
41~ SUBRouTINE (TEMP(NODE.T.P.EN,flOw,F,DELTI,NODEL,~NODEl,N.EV4,NDC)

417 (- CALCUlATE TE~PERATURE OF INTERFACE NODES
41~ PARAMETER ~CP=50

419 CDMMON/COUPLE/NCOuPL(N(P,c),NCPLG
42C Dl~ENSION PC1},EN(1),FLOW(1),F(1),NODEl(L,1),MNODEL(1),N(1),EV4(1)
421 DATA EPS/.eeSI
422 EN(NODE)=ENCNODE)+(FLO~(NODE)-F(NODE»*DELTl

423 E~l=EN(NODE)

424 PI=P(NODE)
425 DO 48 J=1,5
426 T=ENIJRI
427 p1=C.
428 (ALL I~TP(~NODELCNODE),NOOEL(1,NODE),N,EV4,T,P1)

429 IF (NOC.ll.G) GOTO :30
4~c DO 2C I=2,~

4;1 NOD=NCOUPL(NDC,I)
432 IF (HOD.B.G) GOTO 3('
433 2( CALL INTP(MNODELCNOD),NODEL(1,NOD),N,EV4,T,P1)
434 3C ERR=(P!-P1)/(PI·P1)
435 IF(ABS(ERR).LT.EPS) GOTD 50
436 PI=(P1·PI)J2.
437 4C CONTINUE
436 PFINT 2DC,NDDE,T,ERR
439 2[(1 FORMATU' CO"iVERGENCE NOT llCHIEVED FOR NODE",15,' TE~P=·,G9.3,

44C 1 ERR=·,G9.2)
441 SS T=ENlIP1
442 p (HOOEl=P 1
443 RETURN
444 E~D

445
44S SU9ROUTl~E DTI~E{NN,P,DTA,M~X,NODINTrNOOCPL,TIME,DELTI,NODT)

4~7 C-----THIS ROUTINE CAlCULATES Tl~E INCREME~T



443
44';
45J
451
452
453
454
455
45t

'"453
459
46J
l. ~ 1
4U
463,,,
46~

466
4~7

4613
469
47C

'"47(.

"3

'""5
476
'77
476
479
4~J

4 S 1
4E2
4~3,,,
435
4S6
487
4313,,,
O:;,

'91
492

'",,,
'"'96

'"'98
'99
5QC
5 'J 1
5 02
50:
se4
S:15
S06
507
5 11 3
5 'J9
510
511
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D1""ENSIOr-l P OJN), NOD l ~T (~10 ,NODCPL (NN) ,DTA (1'4\1)

CC~~ON/TOUT/II;TOUT(1cr);TIMMAX;DTMAX,TIMFA(,KT~AX;KUPDA

DEL TI:oDH'AX
DO 1': l:01,NI-;
IF (NODCPL(I).EG.C) GOTO 1 r

IF (NODI~T(l).lT.Q) GOTO 10
DU~=TI~FAC*P(l)/DTA{l)

DELTI=A~IN1(DElTI,DUV)

IF(DElTI.Efl.DU"') NODT=-I
E CONT!NUE

DU~=TOUT(II)-TI~E

IF(DU~.GT.~) DElTI=A~IN1(DELTI,DU~)

RETURN
EII; D

SU3ROUTINE ENCl01(X,Y)
(~----THIS IS THE FIRST OF A SET OF ROUTINES FOR CAlCULATION OF
(----~THE RATE OF CONVECTICN AND RADIATION HEAT EX(HANGE IN VOIDS
C-----INBEDDEO IN SOLIOS. THE SAMt SURFA(E NOOES AS FOR THE SOLID STATE
C-----FI~ITE ELE~ENT ANALYS IS ARE E~PLOYED.c-----
C-----PROGR4~MED BY
C-----ULF ~ICKSTRO~

C-----JUNE 1977
C-----R~VI(~D FEE 1979
(-----
C-~---~AJOR VARIA9lES,
C----~ NU~8 - ~U~9ER OF NODES IN THE NOD E G~DUPS

c----- ~gOU~D - NODE ~U~BERS IN THE NODE GROUPS
C----- BAREA AREA BET~EEN NODES. THIRO DIMENSION ASSU~ED UNITY
(----- NEN( - ~U~BER OF VOIDS
C----- NENCNG - NU~BER OF NODE GROUPS SURROuNDI~G EACH VOID
C----- IGREN - NODE GROUP NUMEERS SURROUNDING EACH VOID
C----- NNOD~N NU~BER OF NODES SURROUNDING EA(H VOID
C----- INODEN ALL NODE NUM8ERS IN ALL VOIDS
(----- E-NODE RADIATION MATRICES
C---~- EPSG - E~ISSIVITY OF NODE GROUP lONES
C----~ H - (O~VECTION VE(TORS
C----- BETA - CONVE(TION fACTORS OF THE NODE GROUP ZONES
C----- T~lR - VOID AIR TEMPERATUR E
c~----

PARA~ETER N8=1~,NNe=3C;NN8Z~Z.NNS

COM~ON/nNOD/NUMeCNB),NeOUND(N8;NNB),9AREACN3,NNa),

1 (PS,,(NB),3ETA('1B),(PGCNB),FA(NB)
CO~·~ON/EN(LOS/LEN,NEN(,NENCNG(2),IGREN(2,4);NNODEN(2),INODEN(100),

1 XSP(2),YSY"'{Z)
(O~~ON/ENRAD/E(1GOO)

CO"l"10N/ENCON IH (51), TAIR (2)

(OM~ON/UNIT/SIGMA,TABS,T!NIT;TA~9,TA~S4

COMMON/oI~/MAXNG;MAXNOD

DATA ~AXNG,MAXNOD/4,251

LOGICAL LEN
LOGICAL XSY~,YSY~,SYM,lDU~

INTEGER EN
PRIt,T 18(>

C-----READ CONTRÖL CARD
(-----IF NO VOIDS IN STRUCTURE RETUR~

READ 't'],CO~,TRO

IF(CONTRO.EG.4HVOID) GOTD 1C
PRINT 19G
RE TUR~

1':,. CCNTINUE
TAIR=Tlt.IT
lEN='.TRUE.
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15 [

5[.0

25C

26C

51 r

9C
hG
1':: [
11,i,":

2 ' '.-210

SU8ROUTINE ENCLO?(T,FLOW)
C-----TH1S ROvTI~E IS CAllED FRO~ THE SASlC FINITE ELE~ENT PROGRAM
C-----TO CALCULATE THE RATE OF HEAT EXCHANGE BET~EEN ENClOSURE SURFACES

(-----~~AO A~C ESTA3llSH NODf GROUP DATA
C-----~EAD ~U~8~R OF v8lDS

'(fAO 1:::::",E:'C
PRlNT 2:C,NE'H
lND::::'

C-----EACH ValD
DO 15:: EN::',N:::NC

C-----READ SY~~ETRl PROPERT lES A~D NOD E G~JUPS THAT OEF1NES THE
c-----VOID

READ 1~=.XSY~(E~),~S~~{EN),(IGRE~(EN,J),J::1,~AX~G)

SP::X$Y", (E\I) .OR .Y$P',(EN)
Ir-O::JND .. 1
J1::IGi<Eili(=-I., 1)
1NODE~{JND)=NBCU~DCJ1,1)

NODE1::INODEN(IND)
C-----EACH ~ODf GROJPE

DO ::C 1G::1,l'AX1,G
T1=lG"E',(fN,TG)
IFC11.EG.C) GOTO 3C
K1 :: l G
""Lit'I=I\UM9(11)
LDU~::I~ODE~(IND).NE.~BOUND(11,1j

IF(LDUM) PRlNT 5~J,E~,IND,11

lHLDU ...,j STOP
C-----EACH ZQNE

DO 2C I=2,NU"'1
lND::IND+1
TNCDE~(INDJ=NBOU~D{11,1)

CONTl,>UE
PRINT 21C',E,<,OGREN(EN,JJ,J=1,K1J
IfexSYM(EI,) PRl~T 250,Er\"
TF(YS~~CEN» PRJ~T 2t~,EN

NENCNG(E!<)=I>.1
IHsn~) GOTO 4G
LDU"'::J NOD E N (lIllD) .NE .NODE 1
lFCLDUM) PRlNT 51~,E~,NODE1,INODEN(IND)

If (LDUM) STOP
II\D=IND-1
CONTlNUE
~NODE~(EN)=IN()

CONTINUE
CALl ENRAD1(X,YJ
CALl t'.NCOill1
RETURN
FORr,ATCA4)
FORMAT O
FOR~AT(/" ValDS',' ",,***')
FORMATC" THIS STRUCTURE HAS NO VOIDS',)
FOR~AT(" NU M3ER OF VOlDS::',lZ/)
FORIIAT(' ValD NU~8ER·,1.c.,' IS SURROIJNDED SY THE FOlLOlo'lNG '

1 ,'NODE GROUP(S)',413)
FORMAT(' ValD NUllcER',IZ,' IS Sy"'METRlCAL A~OUND THE X·AXlS

1 'J
FOR~AT(' ValD Nu~3ER',J2,' IS SY~~ErRICAl A~OUND THE Y-AXIS

1 ' J
FORMATC'!" SURROUNDING NODEGROUPS NOT COMPATIBLE"I" EIII=",13,

1 II<D=',13,' 11=',13)
FORMAT(I!!' FIRST AND LAST NODE ARE ~OT IDE~TICAL FOR

1 ,'VOlD NU",fJE~",I~!I' FIRST NOOE::",H/" SfCOND NODE"",14)
E~D

51 ;:
513
51 ,
;. 15
516
517
515
519
520
521
5;: 2
52::
S;:: 4
5ZS
526
527
52=:
52;;
5 l-

531
53;::
533
534
535
536
537
533
539
54 L
541
542
543
5"
545
546
547
54~

541'
550
551
S""
553
554
555
556
557
555
559
55:;
561
56,
563
564
:;!: 5
566
567
565
56y
570
571
572
573
57'
575



'"'"57&
579
5%
5 81
5~2

583
584
'SI
586

'"5 38
SS:;
590

'"592
593
594
595
596
517
59E
599
~~c

5D1
6 SZ
603
604
685
5;:16

'",06
609
SH;
, 1 1
612
513
"4
615
616",
518
619
62~

'21
'22",
624
'25
626
627",
'29
630
'31
632
633
634
635
03'
637
638
".",'
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[-----AS AfUNCTIO~ OF CURRE~T TE~PERATURE

DI~ENSION T(1),fLOw(1)
CO~MON/ENClOS/lE~,NENC,NEN(NG(2),IGREN(2,4),NNODEN{2),INODEN(1CCJ,

1 XSY~(2),ysn',(2)

LOGICAL LEN
IF(.NOT.LEN) RETURN

[-----CAlCUlATE RATE OF RADIATION HEAT EXCHANGE
[ALL ENRAD2(T,FLOw)

[-----(ALCULATE RATE OF CONVECTICN HEAT EXCHANGE
(All E~CON2(T,flO~)

RETURN
END

SUBROUTINE ENCO~1

C-----THIS ROuTINE FOR~S CONVECTION ARRAY H
PARAwETER N3=10,~N8=30,NN82=2*NN9

CO~~ON/eNOD/NU~8(NB},N80UND(N8,NN3),aAREA(N3,NNB),TH(N8),

1 EPSG(NB),2ETA(NB),CPG(N&),FA(Na)
CO~~ONtENCLOS/LEN,NENC,NENCNG(2),IGREN(2,4),NNODEN(2),INODEN(100),

1 XSYM(2),ysyr-(2)
CO~MONtENCON/H(S:), TAL R(2)
CO~MON/OUMMYtHl(25).OU~2(Z5)

LOGICAL LEN
lOGICAL XSY~.YSY~,SYM

INTEGER EN
l ND=-1

(-----FORM lONE CONVE(TION ARRAY
(-----EACH VOL D

DO 15C EN=1.NENC
SYM=XSY~(EN).OR.YSYM(EN)

IN=O
\JENG=-NENCNG (EN)

(-----EACH NGOE GROUP
DO 10 IG=1.NENG
I1=IGREN<EN,IG)
NU~I=NUI'''B(I1)

3E=BETA.( Il)
(-----EACH lONE

DO 10 I=2.Nun
1,.;=IN+1

1L HZ(IN)=8E*8AREA(I1.I)
c-----FORM NODE CONVECTION ARRAY

CALl HTRANS(Hl,H(IND),IN,SYM)
;.1=-1 N
IF(SY~) 111=111+1
IND=IND+N

150 CONTINUE
RETURN
END

SUBROUTINE ENCON2{T,FLO~)

(---H-THIS POUTINE CAlCULATES THE AIR TE~?ERATURE AND CONVECTIVE HEAT
C-----FLO. IN EACH ENClOSURE

DIMENSION T(1J ,FLOW(1)
(O~MDN/ENCON/H(50),TAIR{2)

COM~ON/ENCLOS/LE~,NEN(,NENCNG(2),IGREN(2,4),NNODEN(2),INODEN(100),

1 XSYM(2),YSY~(2)

(OMMONIDU~MY/H8AR(2S),TEN(25)

lOGICAL UN
INTEGER EN
DATA pE/.er01t
I~D=-C

(-----EACH VDID
DO 150 EN=-1,NENC
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642 N=~NODEN(EN)

~41 (-----STORE ~prROPRIATE NODAL TE~PERATURES IN DU~~Y VEtTOR TEN
642 D8 1': I=1,~

64; NODE=lNODE~(IND+I)

644 le TEN(I)=T(NODE)
045 (-----(ALCUlATE THE AIR TE~PERATURE TA BY ITERATION
646 c-----U$E ST~RTI~G VALUE fRO~ FOR~ER TIME STEP
647 TA=TAIR(E~)

64~ DC 50 ITER=1,1~

549 $l-lfJAR=L
55~ SH~T=:.

651 (-----EACH NJDE
552 DO 2~ I=1,N
653 TDIf=AgS(TE~(l)-TA)

654 lf(TDIF.lT •• CCC1) HaAR(I)=~.

655 rHTDIF.LT •• rcop GOTO 2C
656 H5AR(1)=H(1)*TDIF**.~3

657 $HBAR=$H8AR+HBAR(I)
55!:' $H8T=SHBT+HBAR (I)*TEN (I)

659 2~ CONTINUE
56:' IF($HilAf<) 25,9C,25
ccl 25 TANEw=$HBT/SH8AR
662 (-----CONVERGENCE CHECK OF AIR rEMPERATURE
653 IF(A8S(TANEOI-TA)/(TANEioi+TA».LT.PE) GOTO 6:
664 If{IHR.GT.1) GOTO 3C
665 Tx~TA

656 TY~TANEw

e67 TA~(TANE~~TA)*.S

568 GOTD SJ
56~ 30 DX~TX-TA

672 DY~TY-TANEn

671 D~DY-DX

672 If(D)4G,7C,40
673 4C DN~TX*DY-TY*DX

674 Tx=TA
675 TY=TANE~

676 C-----u$E lI~EAR INTERPQllATION TO SPEED UP CONVERGENCE
577 TA~DN/D

673 5" CCNTHiUE
57~ PRINT ~G0,EN

5E~ STOP
631 6:· CONTINUE
682 DX~TX-TA

6~3 DY~TY-TANEw

684 D=DY-DX,
6115 IHDl65,n,65
6S6 C-R---USE lINEAR INTERPOllATlON TO IMPROVE THE CAlCUlATED TE~PERATURE

6~7 65 TA~(TX*DY-TY~DX)/D

658 7e TAIR(EN)~TA

S8Y C-----CAlCUlATE CONVECTION HEAT FlO~ AND ADD TO THE Gl06AL HEAT FlO~

6~C C-----VECTOR flOw
691 QTOT~C.

592 DO B(1 I~1,N

693 ~ODE~INODEN(IND+I)

694 Q=HBAR(I)*(TA-TEN(I»
595 QTOT"'GTOT+G
696 se FlOw(NODE)"'FlOW(NODE)~Q

6~7 9~ CONTINUE
698 CC PRINT 'Z20,TA,CTOT
699 I~D~IND+N

7ee 15C CONT!NUE
7:1 RETURN
7J2 2CQ FORMAT(/II· CQNVERGENCE NOT ACHIEVED FOR THE AIR TEMPERATURE·,
7C3 l' IN ENCLOSliRE NUfI.SER· ,13)
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7:4 2 c ,", FCR ...., .... TC1Hi-,S::X.·AIR TEMPER,IlTURE',F7.1,Sx,'T:lTAl CONVECTIVE HEAT',

lCS l' EXCHA"Gf',E1C.3)
7J6 E~D

727
7~E SUBROUTINE U/RAD' (X,Y)
le; C-----FOR~ RADIATION MATRICES FOR EACH '1010 A~D STORE THEM IN
71G (-----1HE VE(TOR E.
711 C-----CAlCUlATE VIE~-fACTOR ~ATRIX vIEw A~D ZONE AREA VEeTOR D
712 DIMENSIO~ X(1),Y(1),A{25,25)~8(Z5,25)

713 PARA~ETER Na=1~,N~3=3D,NN82=2*N~3

714 CD~MON/5NOD/~~~B{N8),N80UND(N3,~NB),9AREA(~a,~NB),

715 1 EPSG{NB),eETA(~B),CPG(NB),FA(~B)

71~ CO~~ON/EN(LOS/LEN,NENC,NENCNG(2),IGREN(2,4),NNODEN(2j,INOOEN(100)#

717 1 XSP'(Z),YSnH2)
718 [o"'rONfENRADIE (1'JCC>
719 (O~MON/uNIT/SIG~A,TABS

72( CO~MON/DIMlrAxNG,MAXNOD

721 CO"'MON/DU~MY/D(25)~DUM2(25)

722 Dl~ENSION VIE.(25,25)
723 EGUIVI\LENCE (A(n,VIEO/(l»
724 DATA IND~IElD,ll

725 lOGICI\L lEN
726 lOGICAL XSY~,YSY~,SY~

727 I~TEGER EN
728 (-----EA(H VOID
72; [lO 15C EN=-l,NEN(
73C (All VI[WF(X~Y,D~EN,VIEW~MAXNOD)

731 (-----FORM THE MATRICES 1\ AND B
732 NENG=NEN(NG(E~)

733 IN=C
734 C-----EA(H NOD E GROUP
735 DO 128 IG=1~NENG

735 11=IGREN(EN,IG)
737 NU~I=NUMB(I1)

73E (-----EACH ZONE
739 DO 12C I=2~NUMI

74C IN=IN+l
741 JN=G
742 DO 12: JG='~~ENG

743 Jl=IGREN(EN~JG)

744 NU~J=-NU~B(Jl)

745 EPSJ=EPSG(J1)
746 DO 12J J=2,~UMJ

747 JtI.=JN+l
748 8(IN,J~)=VIEw(IN,JN)*SIG~A

749 A(l N~ J'O =-VIE i>i (IN~ Hl) * (1 .-E PSJ)J EP SJI D (JN)
75;:; If(IN.NE.JN) GOTO 12C
751 8(IN~JN)=-SIGrA+9(IN,JN)

752 A(IN~JN)=1./EPSJ/D(JN)"AON~JN)

753 120 CONTINUE
754 N=IN
755 C-----I~VERT A AND STORE RESULT IN 1\

755 (ALL I~~VER (A~N,1",AXI\OD)

757 C-----MulTIPlY A AND B AND STORE RESUlT IN A
75b CAll MUlT(A,e,N,v,AYNOO)
75y SY~=.fALSE.

75: rF(XSY~(EN).OR.YSY~(EN» SY~=.TRUE.

751 NZ=N
762 If{SYM) N=-~"'1

763 C-----TRANSFORM THE LOCAl RADIATION MATRICE A AND STORE THE RESULT IN
764 C-----VECTOR E
765 (-----8 IS E~PlOYED AS 1\ DUMMY MATRIX
756 CALl ETRANS(A,B,E(lE),~,NZ,SY~~~AXNOD)

767 IE=IE+N*N
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75':;
77'­
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77'­
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774
775
77 t:

777
77S
779
7eD
7 ~ 1
782
783
784
785
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787
788
789
79':.·
791
79,
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794
795
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797
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799
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902
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S04
ses
806
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8 ::;9
sn
511
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814
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820
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I~D=I:,D+f<'

1=.,\:) CQNTlr,VE
RETUR~

c~D

SU8kCUTI~E E~RAD2(T,FLOw)

C-----THIS ROUTlh( CALCULATES THE PADIATIO~ HEAT flO~ TO EÄCH NOD E Of A
C-----EhCLOSURE SURfACE AND ADDS THE RESULT TO THE GL05Al HEAT FLOW
c-----VECTOR Fla~

Dl~EkSION T(1),FlOw(1)
(0r~ON/ENCLCS/ltN,NEN(,NENCKG(2),IGREN((~4).NNODE~(2),INODEN(100},

1 XSY~(2),YSYY(2)

C0~~O~/ENRAC/E(1~CO)

(O~~ON/uNIT/SlG~A,TADS

CO~~ON/DU~~Y/ETAC2~),Q(25)

LOGICAl LE'"
INTEGER E~,'

Tt=1
I1'<D=:-

(-----EA(H \f OlD
DO 15~ E!'i=1,riEN(
N=~NOCr:N(E"l)

(-----(AlCULATE AgSULUTE TE~PERATuR~S TJ THE FOuRTH PO~ER FOR FOR THE
C-----~ODES OF THE ENCLOSURE SURfACE

DO 1,') I=1,N
NCDf.=l"lODEN(Ii'll)+I)
DU M=T(NODE}+TA8$
DU,~=OU,"l*DU~

1C ETA(I}=DU~*DU"l

C-----CALCUlATE ENCLOSURE SURFA(E RADIATIO~ Hf.AT EX(HANGE VECTOR Q=E*ETA
CALL RADVEC(f(IE),ET~,N,Q)

C-----ADD Te GLOBAL HEAT FLOW VECTOR FLJ~

DC ,0 J=1,N
NODE=lNODEN(IND+I)

2C· FLO ..'(NODE)=FLOIo/(NODE)+Q(I)
IE=IE+r~*N

IND=IND+N
15': CONTINUE

RE:TURN
END

SUBROUTINE ETRANS(A,B,E.N,NZ,Sy~,~AX)

C-----THIS ROUTINE TRA~SFORMS THE lONE RADIATION ~ATPIX A TO A HaDE
C-----RADIATION MATRIX AND STORE THE RESulT IN E
C-----IF SY~METRY IS PRESENT EXPAND RADIATIO~ ~ATRIX

DIMENSION E(N,N),A(~AX,~AX),S(~AX,MAX)

LOGlCAL SY~

(-----E=SAT*A*SA
C-----B=SAT*A

DO 1[' 1=2,NZ
DO 10 J=1,"IZ

1C B(I,J)=A(I-1,J)+A(I,J)
OG 3C J=1,Nl
IF (SYM) GaTO 2G
3 (1 ,J) =A (1 ,J ) + A (N Z , J )
GoTa 30

2L 8(1,J)=A(1,J)
B(N,J)=A(NZ,J}

3'L CONTlfIIUE
( E;oEl*SA

DO 50 I=1,N
DO 50 J=2,NZ

5G ECI,J)=.25*(8(I,J)+B(I,J-1)}
DO 7e I=1,N



832
333
334
S 3 5
836
837
S3~

'39
840
S 41
842
343
344
345
846
'47
848
849
35 C
851
852
853
5 S 4
355
856
557
8 S ~

35-1
860
561
662
3 S.3
564
3 ~ 5
856

'"868
S6'
37:;

871
872
373
H4
875
37.6
877
878
879
88:'
381
852
883
884
885
535
887
585
889
89[1

'"892
393
894

"5

-89-

IHSY"') GOTO v_

E(I,')::.2S*(2(I,1)+B(I,N»
GOTO 7)

te E(I,')-=.25*8(I,')
E (I ,N)::. 2S"'t3{ I,NZ)

7C CO'HI"IUE
R E: T UP 1';

E:-'D

SU3ROUTINE fE~,(IX,IY,NN,NE,~R,~,KTOP,x,y,T,TT,T~AX,ELA;EV4,A,~AX,

1 p. W. Er., F. FlO~I, AXI ,~l, "IDOC PL ,NOD I NT ,NODEL , "'NODEl ,D TA)
c-----THIS RQUTINE 1NITIALIZES SYSTE:~ ARRAYS AND
c-----CONTROLS TIME INTEGRATION

Dl ME NS lON N ( NE ) , K ToP ( 4 , NE ) , x (N N ) , y (N N ) , T (N N ) , T T o,' N ) , T~ AX (N N ) ,
1 ELA(4,NE),EV4(NE),A(NN,~AX),P(NN),~{NN),[N{NN),F(NN),FLOw(NN)

2 ,NODCPL{NN),NOD!NT(NN),NODEL(4,NN),~NODEL{NN),DTA{NN)

P~RA~ETER ~NV::2C,MNR-=1n

COM~ON/flREJTIM(5w),T9(SO),TITF!R

CoMl' ON I fl r-,Il T / Te (~N V , MNR ) , c (~N V , ~ \j R ) , TE ('ll N \I , \I 'l Ii ) , E NT 0\ NII ..."\ NR ) ,
CGM~ON/TOUT/II,TOUT(100),TI~~AX,DT~AX,TIMFA(,KTM,/lX,KUPDA

LOGICAl TMAX,AXIAL
LOGICAL rIN,CON,\jODI,UPD~

~ATA FINJ.FALSE./

C-----
CONTINUI:
'< T I "\ E-=-J
CON-=.TRUE.

C-----I~ITIALIlE NOD AL T~~PERATuRES

CALL INIT(NN,T,TT,TMAX,NODINT)
C-----INP0T FIRE aOU~DARY TE~PERATURE

C~LL 3FIRE(FI'~)

C-----FIRST TIME INCRE~ENT FOR CALCULATING INCRE'llENT LENGTH ON LY
DEL TI::'J.

C-----If FI~::.TRUE. A'lAlIlE NE. FIRE
C-----IF FIN-=.TRUE. TERMINATE RUN

IF(FIN)GOTO 1:DC
(ALL ASSP2(NN,N,X,y,T,TT,T~AX,E\l4,NODEL,~NODEL,P,W,NODINT,

1 AÄIAL)
c-----INITIAlIlE NODAL ENTHAlPY VECTOR EN
C-----HO~OGENEOUS NODES EN ENTHALPY(HE~T) PER UNI T \lOLU~E

C-----INTERFACE NODES - [~ ~ ENTHAlPY(HfAT)
DO 10 1-=1,N!'<
NDI=NODINT(I )
IF(NODCPl(I),EQ.J.OR.NDI.LT.C) GOTO 10
IF(NDI.G~.O) CALl XVERSY(TE,ENT,'llNV,NDI,T(I),EN(I»

C-----MASTER NODES AND INTeRFA(E NODES
IF(NODCPl(I).GT.~.AND.NDI.EG.G) CALL MINTP(I,NODCPL(!),P)
IF(NDI.EG.C) EN(I)=p(I)*T(I)

1~ CONTINUE .
C-----
C-----START TIME INTEGRATION LOD?

C-----
hO CONTINUE

DUM1-=fLOAT(KTI~E)/FLOAT(KUPDA)

DU"1,=AINT (Du~1)

uPDA::DUM1. EO. Du~2, OR. KTl""E. EQ.1
KTIME::KTI/liE+'

C-----CAlCUlATF INTtR~Al HEAT FlO~ 8Y CONDUCTION
IF(UPDA)

1 (ALL ASSA2(NN,NE,N,KTOP,x,y,ElA,T,TT,T~AX,AXIAL,~AX,A)

DO 20 I==l,NN
20 DTA(I)-=A<I,MAXl

CAlL I"PACKV(fl.,T,F,MAX,NN)
(~~---GET FIRE TEMPRATURE
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(ALL XVERSY(TI~,T2,5~,1,TIME,TFIRE)

(-----(~L(UlATE BOUNDARY HEAT FlO~

(ALL FQSNDa(T,FLo~,DTA,NN,~AX,TFIRE)

C-----CAL(ULATE INTERNALLY GENER~TED HEAT fLO.
(ALL FQGEN(NN,~E,~,KTOP,E~4,T,flO.)

(-----(AlCULATE E\(lOSURE (VOID) HEAT FLO.
(ALL ENCL02(T,FLO~)

c-----C~l(UlAT~ HEAT (APA(ITY ~ATRIX AT (URRE~T TE~PERATURE

(ALL ASSP2(NN,N,X,Y,T,TT,TMAX,EV4,NODEl,~NODEL,P,.,NODINT,

1 AXIAL)
(-----SUM APPROPIATE QUANTITIES Of (OUPLED NOOES

(ALL COUPLe<f)
(ALL C0UPl8(FLOw)
CAlL ACOUPl(A,DTA,NN,MAX)

(-----CALCULATE NEw NODAL TEMPERATURES
DO sr J"'1,NN
NDC"'NODCPl(I)
NDI"'NODPH(I)
IF(NDI.LT.0.0R.ND(.EQ.O> GOTO SJ

C-----HO~OGENEOUS NO DES ONlY
.... ODI"'NDI.GT.!!
IF(NODI>(All HT~~P(T(l},~(I),EN(I),flO~(I),F(I),NDI,DELTI)

IF(NODI) GOTO se
C-----!~TERfA(E NODES

IF(NODCPL(I).GT.O) (ALL ~INTP(J,NODCPl(I),P)

(ALL (TENP(I,T(I),P,EN,FlO~,F,DElTI,~ODEl,~~ODEL,N,EV4,ND()

Si: (ONTlNUE
(-----5ET PRES(RIBED NJDAL TEMPERATURES

(ALL PTBNDS(T,TFIRE)
CAlL COuPl(T)

(----~PRINT (URRENT NODAL AND VOID AIR TE~PERATURES

(ALL OUT2(IX,JY,~N,NE,X,y,TIME,KTI~E,DELTI,T,TT,TMAX,FlO~,TFIRE,

1 NODT,AXIAL)
c-----SET CON"'.FALSE. TO TERMINATE TIME INTEGRATION

CALL MAx(O(~N,TM~X,TT,T,TIME,KTI~E,CON)

c-----CAlCUlATE NEw TJ~E IN(RE~ENT DELlI
(All DTI~~(NN,P,DTA,MAX,NODINT,NODCPL,TIME,DELTI,NODT)

TIME"'TIME+DELTI
If «(ON) GOTD 7rC

C-----
C----~END TIME I~TEGRATION lOOP

C-----
721) CO~TINUE

TI~E"'TIME-DELTI
(-----PRINT MAxI~U~ TE~PERATURE OaTAINED DURING A~AlYSIS

(All OUT~A2(IX,Iy,NN,NE,X,y,TIME,KTJ~E,T,TT,TMAX,FLO.,AXIAL)

GOTO 5
1 [.JC: RETURN

n.D

SUBROUTINE FQ9NDA
C-----THIS ROUTINE fORMS RADIATION AND CONVECTION ~ATRI(ES SR AND BC

(O~MON/UNJT/SIGMA,TABS,TINIT,TA~B,TA~B4

PARAMETER NS=10,NNA"'30,NNS2=2*NN3
COMMON/FGBINfGNG,NFQG(NB),TRCNN3},T(NN3)

1 ,BR("lNBL),B(NNB2>
COMMON/2NOD/NUMB(NB},NBOUND(N3,NN3),3AREA(N3,NN3),

1 EPSG(NB),BETA(NS),CPG(N8),FA(NB)
lCGlCAL FA,fA1

(-----READ NU~8ER Of 80UNDARY NODES GROUPS
READ 10G,~FQNG

(-----
If(~FQNG.EQ.C) RETURN
pRINT 2CO
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1,\ D:c 1
C-----EACH eOUNDARY FL1~ NODE GROUP

00 1C I8:c1,NrQ~G

(-----
~EAD 12C,F~1,I~G1

C-----IF FA1=.TRUE. FIRE 80U~DARY ElSE AMSlENT TE~PERATURE

(-----!NG1 ::: NOD E GROUP NuMBER
FA(1"iG1)=FA1
~FQG(I!3)=ING'

NUMI=NU/'IB(ING1)
flET"'BETAC!NG1)
~PSIG=EPSG(ING1)*SIGMA

IF(EPSIG.EQ.O.AND.BET.EQ.G) PRINT 3JJ
IF(EPSIG.EQ.O.A~D.6ET.EQ.G)STOP
(ALL aRB(A(GR(IND),8(IND),EPSIG,3ET,BAREA,~UMI,NB,ING1)

III:D=IND+2*NUMI
IF(FA') PRINT 21~,ING1

IF(.NOT.F~1) PRINT Z2~,ING1

1 C. CONTINUE
1..;C FORMAT()
2CC FORMATe/!' PRESCRI3ED FlOw BOUNDARY'/1X,24(1H*)1

1 l' NOD E GROUPS AND TYPES Of 50uNDARIES'/)
21C fORMATC" NODE GRJUP',I3,' fIRE 30UNDARY')
~,c fORMATC' "ODE GROUP',I3,' AMBIE:-;T BOUNDARY')
3~~ fOR~ATCI' 80TH E~ISSIVITY AhD CONVECTION fACTOR ZERO')

RETURN
END

SU9ROUTINE FQ3ND3(T,FLO~,DTA,NN,~AX,TfIRE)

C---~-THIS ROUTINE PREPARES CALCULATION OF PRESCRI8ED BOUNDARY FLOW
DIMENSION T(NN),DTAC~N),fLO~(NN)

PARA~ETER ~B:10,NNB:30,NNB2:2*N~3

CO~MON/FQeINFQNG,~FQG(N8),TR(NN3),TC(NN8)

1 ,3R(NNe2),3C(NN82),TRD(NNI;I),TCO(NNS)
CO~~ON/BNODINU~B(NB),NBOU~D(N3,NNS),3AREA(N3,NNS),

1 EPSGCNB),SETA(NS),CPGCNB),fA(NB)
COM~ON/UNIT/SIGMA,TARS,TINIT,TA~S,TA~B4

LCGICAl FA
c-----~UlL fLO. VECTOR

DO 777 I:1,NN
777 FlOIo'(j):G,
C-----RETURN IF NO PRESCRIBED BOUNDARY FLOw

IF(NFGNG.EQoO) RETURN
Tf4:(TFIRE+TABS)**4
I ND=1

C-----EACH BOUNOARY FlDw NODE GROUP
00 30 IS=1,NFQNG
TG4=-1A:'I84
TG=TA:"3
ING1=NFQG(I3)
IF(FA(ING1» TG=-TFIRE
IF (FA(ING1» TG4=TF4
NUMI=NUMeCING1 )
CP=-CPGCING1)
DO ,0 I=1;NUr>1I
NODE~N90UNO(ING1;I)

TNODE:T(NOOE)
TNABS=TNODE+TA8S

C--~--RAOIATION

TRO(I):4o*TNASS**3
TR(I)=TG4~TNAaS**4

c-----CONVECTION
DU1"=TG-TNOOE
Te D(I) =C P*ABS CDU"') ** (cp-1.)
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If(DU.'~) 5,2::,1[­
T(I)~-(-OUM)*·CP

GOTO Z'J
1e T(I)~DU~**(P

2.:- (ONTINtJE
(-----

CAlL S~SCb(3R(INO),BC(INO),TR,TC,TRD,T(D,~U~I,DT~,NN,

1 "1AX,FlOOi,TG,T,INl,i1)
I"'O"'I"JD+2*NU~I

3: CONTINUE
RETUR"
END

SUgROUTINE FQGEN(NN,NE,N,KTOP,EV4,T,FlO.)
(-----CAlCUlATE INTERN~llY GE~ERATED HEAT

DI~ENSION N(NE),KTOP(4,Nf),EV4(NE),T(NN),FlOW{NN)
PARA~ETER ~NV"'2G,MNR~1r

(O~MON/R~AT/(CC(~NR),T(MNV,MNR),CCM~V,MNR),TE(MNV,MNR),

1 ENT(~~V,MNR),CR(~NV,~NR),TG(~NV,~NR),QE(~NV,~NR),lQ(MNR)

LCGICAl C(C,lG
DO iJ' I~1,NE

N1~N(I)

IF(.NCLlQ(r-,1» GOTO 2r:
DC lf 1(:1,4
NOD"'KTOP(K,I)
CALL XVERSY(TQ,GE,MNV,N1,T(NOD),FGEN)

1J FlO~(NOD)~FlO~CNOD)+EV4(I)*fGEN

2C (ONTI/WE
RETURN
!:ND

SU9ROUTINE GEOC02(NN,NE,N,KTOP,X,Y,AKIAL,ELA,EV4)
C-----THIS sue~OUTINr COMPUTES ELE~ENT GEO~ETRICAL CONSTANTS
(-----
C----- "'N NUII'BER OF NODESC----- NE NUr,BER OF ElE~ENTS

C----- N ELEMENT REGIO~ NUM8ER
C----- X,Y NODE COORDINATES
C----- AXIAL TRUE IF AXIAL SY"'METPIC PROBLEM
c----- ELA ELEMENT GEOMERTI( CONSTANTS
C----- EV4 ELEMENT \/Olu"lE/4

DI~EhSION XCNN),YCNN),E\l4{NE),ELA(4,NE),KTOP{4;NE),N(NE)
PARA~ETER MNR:10
(OM"'ON/RGEO/ELFI(T(MNR),ET(MNR),SRDIAC{4,~NR)

lOGICAl AXIAl,ELFICT
DO 5 I~1,NE

,<1:N{I)
K1:KTOPC1.,I)
K4:KI0P(4,I)
A=X(K4)-XCK1)
3"'Y(K4)-Y(K1)
U1:ETO.1>
ELA(1,I):ET1*(A*A+B*S)/3./A/B
El'" C2,1> ""ET 1* (-,* A*A+B*B) le.1 AlS
ElA(3,I):ET1*(A*A-2.*B*B)/6./A/6
ELA{4,I):-ET1*(A*A+B*S)/6./A/S
E\l4(I):ET1*A*8/4.
CONTINUE
RETURN
E~D

SUBROUTINE HTE~P(T,k,EN,FLOk,F,N1,CELTI)

(-----CALCULATE TEMPERATURE FOR HO~OGE~EOUS NODES
P~RA~ETER MNV:20,MNR:10
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CO~~ON/R~AT/TC(MNV,MN~),e(~NV,~~R),TE(MNV,M~R),ENT(MNV,MNR),

1 eR (MNV , r-'N R)

O={FLDW-F)*OELTI
EN=EN+D/ioI
(ALL XVERSY(EI\T,TE,r>',f\;V,Nl,EN,T)
RlTURi'<
E.\D

SU8ROUTINE HTRANS{Hl,H,N,SYM)
(-----THIS ROUTI~E TRANSfORMS THE lONE eONVE(TIDN ARRAY H To A NODE
C-----(ONVECTION ARRAY STORE D IN THE SA~E ARRA Y
(-----If SY"'~ETRY IS PRESE~T EXPAND CONVECTION VECTOR

DI~ENSION HZ{l),H{l)
LOGICAL SYr-
DO l r 1=2,"1
H<I ) = • 5 '" (H l (J _1 ) + Hl ( I ) )

11: (CNTINUE
IF (SY .. ) GOTD ~c

H(1 )=.5*On (rO+Hl (1»
GOTO 30

2e CONTINUE
H{1 )=.5"'HZ (1)

H{N+1)=.5*HZ(N)
3C RETUP/<;

END

sueROUTINE INIT(~N,T,TT,TMAX,NODINT)

(-----SET INITIAL NCDAL TE~PERATURE

OlMENSlON TCNN),TT(NN),TMAX(~N),~OOINT(NN)

LOGICAL TMAX
eO~MDN/TDUT/II.TOUT(1GO).TIMMAX

(O"""ION! UN IT/SIG"1A, TAES, TINIT ,TA:ol8, TA"lB(,
11=1
DC 1 I=1,JI;N
IF(NODINTCI).LT.O) GOTO 1
T{I )=TINIT
TT (I)=T< I)
T:-AX(I)=.FALSE.
RETuR ....
END

SUEROuTINE INTERF(NN,NE,NR,NX,NY,KTOP,N,NODINT,NODCPL)
(-----THIS ROUTINE FORMS VECTOR FOR IDENTIFICATION OF
C-----INTfRFACE AND FICTITIOUS NOOES
e----- ... ODINT~-1 FICTITIOUS NOD E
C-----NODI~T= DINTERFACE NODE
(-----~ODINT::o .1 HOMOGENEOUS "lODE

PARA~ETER MNR=10,N(P=5C
CO~MON/RGEO/ElFI(T(MhR)

CO~MON/COUPLE/N(OUPL(NCP,8),N(PLG

DIMENSION KTOP(4,NE),N{NE),NOOINT(N"'),NODCPL{NN)
LOGICAL EUHT
PRINT ?8C
DO 5 I::ol,N/Ii
NODINT(I)=-1
If(NR.EY.1) ~OTO 50
"JX1=NX-1
NY1=NY-1
IFCNY.EG.2)GOTO 25

e-----
DO 20 I=1,NX1
INY=(I-1)",NY
INY1=(I-1)*NY1
al=INY1<t1
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~l=N<I,:1)

[-----
DO 2r- J=2,NY1
IF{ELFICT(Nl)) GOTe 15
00 1e IOUr<'=1,3
IE2=IE1+{IOU~-2)*N'I'1+1

IF{IE2.LE.C.OR.IE2.GT.NE)GOTO 1J
N2=~{IE2>

If(ELfICT{N2» GOTO 1~

IF('-jLEa.NZ) GOTO 10
IFCIou M .NE.2)GOTO 1G
NOD=IN'I'+J
NOOINT(NOO)=r)
NOP=NOD+NY
NOD1NT(NOD)=[i

[-----
1 w CONTINUE
1" S CONTI'-/UE

IE1=IE1+1
Nl=N(IEll

C-----
2L CONTINUE
25 CONTIr>UE
[-----

IF(NX.EQ.2)GOTO se
DO 4e 1=1,11I'1'1
IIIlX=I-1
lE' = I
'<l=N<IE1>

(-----
DO 40 J=2,tHl

[ -----
IE2=IE'+Nyl
'<2=N DE2)
IF(ElFICT(N1).OR.ELFICT(N2) GOTO 30
IF(Nl.EQ.N2) GOTO 30
NOO=(J-1")*Ny+I
NODINT(:';OO)-"'C
NOO=NOO+'
NODINT(NOO)=O

C-----
3D [ONTINUE

IE.1=IE2
''1' =N 2

C-----
4-~' CONTINUE
se (ONTINUE
(-----

00 7C I=l,NE
'<1=N(1)
IF(ElFICT(Nl» GOTO 70
00 6e J=1,4
"iOO=KTOP{J,I)

cC IF(NODINT(NOD).EQ.-1) NODINT{NOO)=Nl
70 CONTlNUE

[-----If ONE NOD E IN A COUPLED GROUP IS AN INTERFACE NODE
C-----All NODES IN THE GROUP ARE CONSIDERED INTERFACE NODES

If (NCPlG.EG.G) GOTO 120
DO 110 I=1,NCPlG
DO S~ J=1,8
NOO=NCOUPl(I,J)
IHNOD.EQ.D) GOTD 110
If(NO~INT(NOD).EJ.O) GOTO 9G

SS CONTINUE
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9: CONTINUE
DO 1e::. J=1,b
NOD=NCOUPL (1,J)
1f(NOD.EG.C) GOTO 110
NODINT(~OD)=!J

1[1') CONTINUE
11C CONTII,;UE
1;'" CONTIt>UE

PRINT 2'::5
DO se 1=1,NX
II=(I-1)*NY

ge PR1NT 21J,(NODI~T(II+J),J=1,NY)

205 FORMATU' -1 - FICTITIOUS NOllE'" :I - INTERFACE NODE"
1 ' 1 - HO~OGENEOUS NOOE'J

2CC FOR"'AT(f" INTERFACE NODES',16!1H*))
21e FORMAT(/1CX,SGIZ)

RETUR,~

Et>D

SU9ROUTINE INTP(~ND,NODEL,N,EV4,TI,PI)

c-----CAlCUlATE HEAT CAPACITY OF INTERFACE NODES
DI"'ENSION NODEl(4),N(1),EV4(1)
PARA~ETER "'NV=2G,~NR=1r

CO~~ON'RMATJTC(MNV,~NR),C(~~V,~NqJ,TE(MNV,MNR),ENT(MNV,MNR)

DO 1(' J=l,1"r-.o
IE=NODEL(J J
\J 1 =N (lE)

E\,4IE=EV4(IEJ
(ALL XVERSY{TE,ENT,~hV,N1,TI,ENIJ

Cf<A.:ENI'TI
PI=Fr+EV4IE*CHA

le CONTII\jUE
RETl'R,'II
END

SUBROUTINE INVER(A,M,MAXJ
(-----THIS ROUTINE INVERTS THE MATRIX A AND STORES THE RESUlT IN THE
C-----SA~E ~ATRIX

DIYENSION A(~AX,lJ

DO 200 N.:1,M
D=A(N,N)
DO le.:; J=1,,"l

1r~ A(N,J)=-A(N,J)JD
DO 15C I=1,M
IF{N.EG.IJ GOT D 15~

DO 140 J=1,i"
IF(J.EG.N) GOTO 140
A{I,JJ=A"(I,J)+A(I,N)*A(N,J)

140 CONTI~UE

150 A{I,NJ=A(I,N)JD
2ca ~(N,N)=1.C/D

RETURN
END

CO~ME\JT MAIN PROGRA~ CJDED IN NUAlGOl FOR DYNAMIC ALlOCATION OF ARRAYS
FOR INFOR~ATION ABOUT ARRAYS SEE SUaROUTI~E PROG2;

BEGIN
INTEGER NN,NE,NR,IX,IY,MAX;
REAL ARRA Y XL,YL,XA,YA(1:100);
BOOLEAN AXIAL;
EXTERNAL FORTRAN PRQCEDURE NET2,DI~2;

NET2(XL,Yl,IX,Iy,NR,AXIAl,XA,YA,N~,NE,~AX);

8 EG I N
BOOlEAN ARRAY TMAX(l:NN);
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J~H.GER ARRAY KTOP(1 :4,1 :r>E),~ (1 :~EJ ,NObEL(1 :NN;1 :4),~NO[)EL,

II:OOIIIIT(1:NII:);
REAL ARRAr X,Y,T,TT,P,w;EN,F,FLO.,NODCPL,DTA(1:NN),EV4(1:NE),

ELAC1 :4,1 :NEJ,A(1 :'11\:,1 :~AX);

EXTER~Al fORTRAN PROCEDURE ~ESH2,PROG2;

~ESH2(XL,YL;IX,IY;X;Y;KTOP);

PROG2 CIX; lY; "iN;NE;I\:R;N;KTOP; NOOEL ;""NODEL;X;Y; T; TT; T/I'AX;ElA;
EV4;A,MAX;P,~;EN;F;FlO~;AXIAL.~DP(Pl~NOOINT;OTA);

EtI;D;

~AX Nu~aER OF VALUE PAIRS
~AX NU~BER OF REGIONS

Te; c
TE;ENT;CR

lO
REGIONAL
or
xc
SRDIAC

TQ;QE

MUERIAl INPuT
NUM5ER OF REGIONS
REEIONAL ~ATERIAL DATA
eec TRUE IF CONDUCTlVITY IS TAKEN AT

MAXI"'U'" TEMPERATUR E
TE~PERATURE VERSUS CONDUCTIVITY PAIRS
TE~PERATURE VERSUS SPECIFIC ENTHALPY
AND SPECIFIC ENTHALPY / TEMPERATURE
TE~PERATUR~ VERSUS INTERNAllY
GENERATED HEAT
TRUE IF HEAT IS GENERATED INTERNALlY

GEO~ETRICAL DATA
ElE~E~T THICK~ESS

SU3REGION LIMMITS
DIAGONAL COORDINATES OF SUBREGIONS

RGEO

SUBPOUTINE rAT(NR)
C-----TkIS ROUTI~E READS
c----- NR
(-----(O~MON RMAT
e----­
(----­
C----­(----­
(----­
C----­
c----­c-----
(-----(0"11'101-<

C----­(----­
(-----
e-----PARAI>\ETER
C----- MNV
C----- MNR

DIMENSION MATCZC)
PAQAMETER ~NV=2C;MNR=1S

COMMON/RGEO/ELFICTC~NR);ET(MNR);SRDIACC4;MNR)

CO~MON/R~AT/CCC(MNR);TC(~NV;~NR),C(~NV;MNR);TE(~NV;~NR);

1 ENT (MN Ii ,"IN R);C R(MNV ;MNP); TG ("'''IV ;MNR); GE C"'.NV; ~NR); lQ( MNR)
LOGlCAL CCC,lO
lOGICAl EUICT
DATA CCC;lQ/~NR*.FAlSE.;MNR •• FALSE./
PRI"IT Q5
NRR=NP
DO 2 1=1 ;NR
IF(ELFICT(I» NRR=NRR-1
IHEUICTCIJ) GOTO 2
PRINT 100;1

C-----INPUT ~AME OF REGION FOR IDENTlfICATION
READ 2DG;M,.T

C-----INPUT MATERIAL AND ELE~ENT pRDPERTIES FOR EACH REGION
READ 1,CeC(I),NTC,NTE;NQE,ET(I)
IF(NTC.LE.1.0R.NTE.lE.1.0R.NGE.EQ.1J GOTO 1JQO
IF('IIGE.GE.2J U:(I)=.TRUE.
~AXNTE=MAxC(~AXNTE;NTE)

IHEl(J).EQ •• C) ET(I)=-1.
If(.NOT.CCCCI» PRINT 101;ET(I);MAT
IFCCCC(I» PRINT 102;ET(I);MAT
NT~MAXQ(NTC;NTE)

(-----INPUT TEMPERETURE CONDUCTIVITY PAIRS
READ 1,CTC(K;I),CCK;I);K=-1;NTC)

C-----INPUT TEMPERATURE SPECIFIC VOLUMETRIC HEAT PAIRS
READ 1;(TE(K;I);ENTCK;!);K=1;NTE)

C---~-INPUT TEY,PERATURE I~TERNALLY GENERATEO HEAT pAIRS
IF(lQ(I) READ 1,(TQ(K;I);GE(K;I);K=1;NGE)
DO 38 K=-1; NTE
IF(K.NE.1) CR(K,I)=(ENT(K;I)-ENT(1,I»)/(TE(K,I)-TEC1;I»
CP(1;I)=CR(2;I)

125 C
1281
123 Z
1233
12b"
1235
1 2 3 6
i?3-7
1236
1,89
129;)
1291
1292
1293
129 ..
1295
129b
1';97
1298
1U?
1302
13 ~ 1
1302
1303
1304
13['5
1326
1307
nelB
1309
131 J
1311
1312
1313
1314
1315
131 ~

1317
1318
1319
132C
1321
1322
1323
1324
1325
1326
13i7
1323
13 2 9
133C'
1331
1332
1333
1334
1335
13:3 6
1337
1335
1339
BH
1341
1342
1343



SU3ROUTINE ~AXCOCNN,T~AX .. TT,T,TI~E,~TI~E,CON)
(-----SET CON=.FALSE. TO TERMINATE TIME INTEGRATIJN

DI~ENSION TMAX(NN),TT(NN),T(~N)

LOGICAL TMAX
LOGICAl CON
CO~~ON/TOVT/II,TOUT(10C),TIMMAX,OTMAX,TIMfA(,KTMAX

IFCTIME.GE •• 9999*TIM~AX) CON=.fALSE.
IF (KTIME.GT.KTMAX) PRINT 2GC,KTIME
IF CKTIME.GT.KTMAX) CON=.FALSE.

2(0 fORMATCl/' TERMINATEO AT MAXI"1U'l NUMBER Of TIME"
1 ,'INCRE~ENTS KTI~E='I5)

RETURN
''D

SUBROUTINE ~ESH2(XL,Yl .. IX,Iy,X,y,KTOP)
C-----THIS SUBRCUTINE COMPuTES COORDINATES ANO TQPOLOGY

DIMENSION XL(1),YlC1),XC1),YC1),nÖp(4,1)
C-----CO~PUTE x AND y COORDINATES

DO 5 I=1,IX
DO 5 J=1 .. IY
n,=J+IY*(J-1)
X(KK)=XLCI)
Y(KK)=Yl{J)

5 CONTINUE
C-----CQMPUTE THE TOPOLOGY MATRIX KTOP

Ix1=IX-1
IY1=IY-1
DC' 1e I=l,IX1
DO 1G J=1, IY1
IE=-IY1*(I-1).J-J
KTOP(1,IE)=IV*CI·1)+J
KTOP(2,IE)=KTOPC1,IE)+1

~ROGRAM TERMINATED ~HEN READING ~ATERIAL INPuT"
NTE=',I3,' NGE=',I3)

1344
1345
, 34 b
1347
1348
1349
135C
ES1
13 5 Z
13 5 3
1354
13 5 5
1356
1357
135 b
13S 9
13t J
13 51
13t:2
1363
1364
13t5
1366
1367
135~

135;t
1370
1371
1372
1373
1374
13 7 5
1376
1377
13 78
1379
133:'
13131
1382
1383
1334
1355
1386
13537
1388
1339
139G
13 91
1392
1393
1394
13 95
1396
13 97
139B
13n
14J~

14D1
HG,
1403
HOl,
14 ~S

1406
1427

39

45
2

1
95
1 VC
1('1

1 C2

'1C

115
1 -.,-
Be
140
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PRINT 110
DO 39 K=1 .. NT
PFINT 115
If(C(K .. I).GT •• CC~J1) PRINT 120,TCCK .. I),C(K,1)
!fCCP(K,I).GT •• CDOC1) PRINT nC,TECK.I>,ENTCK.IJ,CR(K.I)
CONTINUE
IF(NGc.EQ.O) GOTO 45
PldNT 14C,(Hl(K.I),QECK.I),K=1.NGE)
CONTINUE
CONTINUE
RETURN
FOR:~AT()

FOR~AT(JI1X.·"',ATERIAl OATA'/1X,13(1H*»
FOR~ATC/~X.. 'REGI~N NU~8ER',I3)

FOR~ATC1H+,30X,'THICKNESS' .. f9.3/1x,2DA4)
fORMATC1H+ .. 30X,'THICKNFSS' .. F9.3/1X .. 20A41

1 'C'JNDUCTIVITY IS KfPT CONSTANT AFTER REI\CHING MAXI~U~'

Z .. ' TEMPERATURE')
FOR"1ATC/1 x, 'TE"',P' .. 6X, 'CQNOUCTIVI TY' ,13X, 'TElolP' ,SX, 'ENTALPHY' ,6 X•

1 'ENT/TEMP'J)
FORMAH1n
FORMATC1H+,F6.0,E15.4)
FORMATC1H+,33X,F6.C .. E15.4,f15.4)
FOR~AT(/' INTERNALLY GENERATED HEAT'/' TEMP',tx,'HEAT"

1 IIC1~,F6.G,E15.4»

FOR~,,ol.TC2':}A4)

PRINT 12C~,NTC,NTE,NQE

STOP
FORrr<AT({I/'

1 II'NT(=',I3,'
E~ O



1'.J5
1'.':9
141.:.
1411
1412
1413
14H
1415
14b
1417
1413
1419
142:;
14 21
1422
1423
1424
1425
1426
14 2 7
1422­
1429
H3:'
14::1
14 ~ 2:
1433
1434
14 35
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
144t
1447
1448
1449
14 5 J
1451
1452
14 S3
14 54
145-5
14 5 6
14 57
1458
1459
146G
H51
146'­
14 6 3
1464
1465
1466
1467
14 58
146<;
147S
14 71
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KTOP(3.IE)=KTOP(1.IE)+IY
KTOP(4.IE)=-K TOP(3.IE)+1

L CONTINUE
RETURN
E:-.D

SUBRCUTINE ~INTP(I,NODCPL.P)

C-----SUr HE~T CAPACITY OF COUPLED NODES
PARAMeTER NcP=-5!:
COMMON/COUPLEINCOUPL(NCP.~),NCPLG

DI~ENSIaN pen
DO 3:' J=2,1'
~OD=~COUPL(NODCPL.J)

rf(NOO.EQ.C) RETURN
;C P(I)=P(I)+P(NOO)

RETURN
E~O

SU8~CUTINE ~PACKV(A,X,R,Ml,NN)

(-----THIS ROUTINE MULTIPLIES BAND ED A~D PACKED SYMMET~I( ~ATRIX

(-----~ITH VECTOR A * X =- R
(-----A ~ATRlx ~ITH DIAGONAL ELEMENTS IN RIGHT HAND SIDE (OLUMN

DI"'ENSIO~ A(N .... ,rq),R(NN),X(NN)
DO 3 I=-l,I~N

R(I)=-C.
0(1<' J=-1,1",I
IF«I+J-MI).GT.J)

*R <I )=-R (I) +A( I, J) *x (UJ-MJ)
IF(I.EQ.NN) GO TO 3­
I1=MIN«~I-1),(NN·I»

DO 1 J=-1,11
1 q(I)=-R(I)+A(I+J,~I-J)*X(I+J)

3 CONTI NU E
RE TUR N

END

SUBROUTINE MUlT(A,P,~,~AX)

C-----THIS ROUTINE ~UlTIFlIES THE MATRI(ES A AND 3 AND STORE THE
(-----qESULT IN A ~ITH (HANGED SIGNS

DIMENSION A(~AX;~AX),3(MAX;MAX)

CO~~ON/DU~MY/ETA(25),DU~2{25)

DO 20 I=-1,N
00 1:-1 J=-1,N
ETA(J)=C.
DO 10 K=-l,N

1~ ETA(J)=-ETA{J)+A(I,K)*3(K,J)
DO 2~ J;:1,N

20 A<I,J)=-ETA(J)
RETUPN
END

SU3ROUTINE NET2(XL,YL,IX,IY,NR,AXIAL,XA,YA,~N,NE,MAX)

[-----INPUT GEOMETPICAL DATA AND GENERATE LINES PARALLELL WITH AXIS
[-----A~D (ALCULATE NU~BER OF GENERATED NODES AND ELEMENTS
(-----
(_____ XL CQORDINATES OF X-LINES
(_____ Yl COORDINATES OF Y-LINES
c----- XA COORDINATES OF SPE(I FIED X-LINES
(_____ YA COORDINATES OF SPE(IFIED Y-LINES
C----- IX NU~BER OF X-LINES
C----- IY NU~BER OF Y-LINES
(_____ NR NUM3ER oF REGIONS
C----- .Il. U Al .TRUE. IF AXI-SYI"~ETRIC PROBLEr'
C----- NN NU~3ER NODES



-99-

REQUIRED IN MAP ElE~ENT•

X-LINES
Y-LI'H S

I"l LDC*LIB.SEQ

ELEMENTS
SPEC If lE D
SPECIFIcD

'W'l5ER OF
"lU~8ER OF
'<UI\3ER OF

~- E

"NY

6

(----­
C----­
C----­
C-----

PARA"1ETER ~NR=1:;

CO~MON/RGEO/ELFICT{MNR),ET(MNR),SRDIA(4,MNR)

LOGICAL AXIAL,ElFICT
DI1'H:NSION XL(1),YL(1),XA(11,YA{1J,HEAD{20)
PkINl 199

C~****~ACHINE DEP2NDENT STATEMENT
ULL SEQ('TASEF')
PRINT 2Cr)

C-----I~PUT lITlE OF RUN
REAO 11/j,HEAD
PRINT 2C5,HEAD

C-----
C-----I~PUT ~AI~ GEO~ETRICAl OATA

C-----
READ 1~C,AXIAL,X~AX,YMAX,XBOX,Y90X,NR,NX,NY

PRINT 21Q,XMAX,Y~AX

PRINT 20:S,X80X,YBOX
H{NR.EQ.C) '<R=1
NR1 =-NR-1
EPS= X~AX/100C0.

C-----
C-----INPuT SUBREGION LI~ITS

(-----READ THE DIAGONAL COORDINATES FOR EACH SU3REGION

C-----
IF(NR.EQ.1) GOTO 5
PI<!NT 23C
READ 10G,(ELFICl(J),(SRDIAC{I,J),I=1,~),J=2,NRl

PRINT 24G,~R',{(SRDIAC(I,J),I=1,4),ElFICT(J),J=2,NRl

CONTI~WE

IHNX.EG.C,) GaTa 6
c-----
C-----INPUT SPECIF!ED X - LINES
c-----

PRI~T 25'0
READ 1DC,(XA(Il,I=1,NX)
PRINT 26Q,(X~{Il,I=1,NX)

CO'HINUE
If{~Y.EG.C) GOTO 7

C-----INPUT SPECIFlED y - LINES
PRINT 270
REIl,D 1'JC,<YA{Il.I=1,NY)
PRINT 28(', (YA(I),I=1,NY)

7 CONTINU~

c-----
[-----IF AN AXI-SYMMETRIC PROBLE~ INPUT IN~ER RADlUSc-----

NX=NX+1
IH.NOT.AXIAL) GOTO 8
READ 1'JO,xA<1>
PRINT 3C'O,XA(1l

8 [ONTINUE

c-----
C-----GENERATE X-LINESc-----

XL(1)=XA(NX>
DO 15 IX=2,lGG
XL(IX)=XL(IX-11+X90X

c-----
C-----CONTROL OF SPE[IFIED X-LINES
c-----

1472
14n
14 74
1475
14 76
1477
14 75
147Y
143C'
1451
14 52
1453
14S4
14 S5
1486
HU
14Se
1489
14 ge
101
1492
14 93
1494
1495
1406
1497
1496
1499
n:J[)
1 5 ~ 1
15:2
1503
15C4
15 J 5
15:'6
1527
1588
15G9
151[;
1511
1510:
1513
1514
1515
1516
1517
1518
15"19
152 G
1521
152,
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535



15 36
1537
153b
1539
154 ~,

1541
1542
1543
1544
1545
151.6
1'547
15"8
1549
155C
,. 5 51
1552
1553
1554
155 S
155 t:
1557
1553
1559
156::
1561
1562
1563
1564
1565
1566
1567
1565
1569
157G
1 S 71
157~

1573
1574
1575
1576
1 S 77
1578
1579
1 Sg J
1531
1552
1583
15B4
1585
1586
1587
15gB
1589
1590
1591
1592
1593
1594
1595
1596
1597
15 9g
1599

-100-

DO 1;:1 1=1,'d
IF (xL( IX-1). LT. {XA (I )-EPS» XL (I X) =A"IIN1 <XUIJ(), XA(I)

1C CO"JTI!'<LJE

C-----
C-----CONTROl Of SU3REGION LIMITS

C-----
If(NR.EQ.l) GOT0 12
DO 11 I=':,">R
If(XL(IX-l).LT.{SROIAC(l,I)-EPS» XLCIX)=A~lNl(XL(IX),SROIA{C1,I»

If(XL{IX-1).LT.(SROIACC3,I)-EPS» XL(!X)=A~IN1(XL(IX),SROIAC(3,I»

11 CGNTINUE
l, CONTINUE

C-----
C-----CCNTRJL OF X~AX

C-----
XL ( I X) =A1'\ I N1 ( XL ( I X) , X"1 AX)
IF(A8SCXLCIX)-XrAX).LT.EPS) GOTD 16

15 CONTINUE
16 C0NTI~UE

C-----
C-----GENERATE Y-LI~ES

C-----
DO 2'J lY=':, PC
YL ClY) =YL (IY-1) +Y60X

C-----
C-----CCNTROl Of SPECIFLED Y-LI~ES

(-----
DO 17 r=1,NY
IF (YL CIY-1). LT. (YA er )-EPS» YL (I n =A'HN1 (YUIn, YA (I»

17 CONTlNUt
c-----
(-----C0NTROL OF SUBREGIO~ LIMITS
c-----

IF(NR.EG.1l GOTO 19
00 18 I=",NR
IF(YLCIY-1).LT.(SRDIA(2,I)-EPS» YL(IY):AMIN1(YL(IY),SRDIACC2,1»
IFCYl(IY-1).LT.(SRDIAC(4,I)-EPS» YL(IY)=AMIN1(Yl(!Y),SRDIAC(4,I»

18 CONTINUE
19 (ONTINLJE

c-----
(-----CONTROL OF Y~AX

c-----
YL (I n=AMIN1 (YL (I Yl, YMAX)
IF(AES(YLCIY)-Y~AX).lT.EPS) GOTD 21

2C CONTINUE
21 CO"JTI~UE

(-----PRI~T COORDINATES Of X - AND Y - LINES
PRINT 31C,IX,(XL(I),I=1,IX)
PRI~T 32C,IY,CYL(I),I=1,IY)

c-----
lIjE=Clx-1)*(Iy-1)
!'J"'=IX*IY
PRINT 33D,Nr-.,NE
",AX=IY+':

1'''' FORMAT()
11C FOP~AT(2CA4)

199 FORMAT(1Hl)
zur FOR~AT(II' TEMPERATURE ANALYSIS OF STRUCTURES EXPOSED TO FIRE'/

l' SOLVES NO~ LINEAR TRANSlENT FIELD PROBLEMS"
2 l' **. TWO DI~ENSIONAL VERSION ***'
3 I' PROGRAMMED ay ULF wICKSTROM'I' LUND FES 1979"111X,BC(1H*)III)

2C5 FORY,ATCIII" TITLE OF RUN : ',20A4)
21'] FORfVlATCII' GEOMETRY'/1X,8(1H*)/1

1 ' MAXI~U~ COORDINATES'i13X,'X~AX=',Gl0.3,SX,"YMAX=',G1013)
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00 15 I=1,NGROUP
NUMI=NUMB (I)

PR1NT 21(',1
If (EPSG(I).E~.C•• AND.eETA(I).EQ.J.) GaTO 2J
PRH;T 22~,EPSG(r>,BETA<I),Cf'G(I)

20 PRINT 23C,(NBOUNO(I,J),J=1,NUMI)
2CO FORMAT(II' NODE GROUPS"1X,11(1H*»
210 FORMAT(t1 NODE GROUP',I3)
2ZQ FORMAT(' E~ISSIVITY=',G9.3/1 CONVECTION FACTOR=',G9.31

1 • CONVECTION PO~ER=I,G9.3)

230 FOR~AT(' NOOES',1C15/6X,1015)
15 CONTINUE

GOTO 10':1

INPUT DATA

fORMAT(' ~AXIMUM ELEMENT lENGTH',1Cx,'XaOx=',G1G.3,SX,'YBOX='
1 ,G1C.3)

feRMAT(/' SU8REGIONS')
FORMAT(' NU~gER Of SUBPEGIONS',I4//' SU9REGION DIAGONAL LIMITS'/

1 /4x, 'X~IN' ,6X, 'Y"'IN' ,6x, 'Xf'!AX' ,6X, 'Y~AX",6X, 'FICTITIOUS AREA III
2 (1x,4G10.3,10x,l1»

FeRMAT(//' COORDINATES OF SpECIFlED X - LINES')
FORMAT(f6G1[..3)
fORMAT(/I' COORDIN~TES Of SPECIFlED y - LINES')
FORMAT{/~G1C.3)

FORMAT(/II' THIS IS A~ AXlSyM~ETRIC PR08LE~1116x,IINNER RADlUS "
1 ·XY.IN = ·,G10.3)

FCRMAT(II' NU~8ER AND COORDINATES OF X - LI~ES'III3,' - ·,7G10.3/
1 ({;x,?G1C.3»
FOR~AT(I' NU~8ER AND COORDINATES OF Y-LINES·III3,· - ·,7G10.31

1 ((;)(,7610.3»
FORMAT(/' NU~9ER OF NODES=',I4,10x,'~UM9ER ~F ElE~ENTS=',I4)

RETURN
E~, D

220

32 C

1e
c
C-----PRINT
C

310

SUBROUTINE NGRQUP(X,Y)
C----~THIS ROUTINt READS A~D FOR~S NOD E GR~uP DATA

DI~tNSION X(1',Y(1)
P4RA~ETER NB=1~,~NS=~C,~N82=2*N~3

CO~~ON /BNOD/"IU~B(NB) ,NeOUNO( NS.,NNB) ,SAREA Ola ,NNB),
1 EPSG(NB),BETA(~B),CPG(NB),FA(NB)

CO~MON/E"IRAO/E(10CO)

CO~MON/ENCON/H(50),TA1R{2)

LOGICAl FA

C-----
PRINT 280
READ DC,NGROUP

C-----
DO 10 I=1,NGROUP

C-----
READ 1~O,NCHECK,NUMB(I),EPSG(I),8ETA(1),CPG(I)

C-----
IF(I.NE.NCHECK) GO TO 1CCG
NLJMI=NU~!3(I)

C-----
READ 10C,{NBOUND(I,J),J=1,NU MI)

C-----
NOD1=NBOUND(I,1)
DO 10 J=2,NUMI
NOD2=~BOUNO(I,J)

BARcA(I,J)=SQRT«X(NOD1)-X(NOD2»**2T(Y(NOD1)-Y(N002»**2)
NOD 1 =NOD2·
CQNTINUE

230
24::

258
260
270
2BC

"

O--

16CC
HD'
1502
16:3
16e4
1605
, 6:::; 6
, 6 D7
16JS
1609
1 61 ~

1611
1612
1513
1614
1615
1516
1617
1618
1619
162.':
1621
1522
1523
1624
1625
1626
1627
1628
1629
163 C
1631
1632
1633
1634
1635
1636
1637
1638
1639
16" C
16'"
16"2
1 6" 3
164"
16"5
1646"
15"7
1648
1549
165 G
1651
1652
1653
165"
1655
1656
1657
16 58
1659
1660
1 661
1662
1663
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1GO~ PF<I!'.T 24C
STOP

1:C1 RETuRN
1:C FORYAT ()
240 FOR~AT(//' ~RONG INPUT Of NODE GRJUPS')

END

..

2::G

1C

sueRouTINE OUT~A~(IX,IY,N~,NF,X,Y,TI~E,KTIME,T,TT,T~AX,FLOw,AXIAL)

C-----THIS ROUTINE PRINlS ~AXIMU~ CALCULATEO NOOAL TEMPeRATURES
COM~ON/FIRE/TIM(50),T8(SC),TITFIR

INTEGER TITFIR(Hl)
lCGICAL TMA~,AXIAL

DI~ENSION X(NN),Y(NN),T(NN),TT(NN),T~AX(NN),FLOW{NN)

PRI~T 2CO,TITFIR,X(NN),Y(NN)
IDUI",1=1-IY
DO 10 I=1,U
IDUM1=IDU/'11+IV
IDU M2=IDUM1+IV-1
IF(IY.LE.7) PRINT 21G,(J,TT(J),J=IDUM1,IDU~2)

IF(IY.GT.7) PRINT 23r-,(TT(J),J=IDU~1,10UM2)

CONTINUE
PRINT 220,TI~E,KTl~E

FOR~AT(/////1X,75(1HF)/2H,F/'F ~AXI~~l TE~PERATURES'/'

1 1SA4/' F X"'AX=',f8.3,1GX,·YMAX=',fE.3/· F')
fORMAT<t F',13<15,F5.0»
FORMAT(LH F/2H F/t F ~AX-TI~E',F7.2,1Gx,'NU~BER Of

1 'TIME INCREMENT.S',IS/2H FI2H FI2H F,75C1HF»
FORMAre' F',18F7.C>
RETURflj
END

2CO

210
220

SUBROUTINE OUT2(IX,IV,NN,NE,X,Y,TIM~,KTI~E,OELTI,T,TT,T~AX,FLOW,

1 TFIRE,NODT,AXIAl)
C-----THIS ROUTINE PRINTS NODAL TE~PERATURES AND VOID AIR TEMPERATURES

DI~ENSION X(N~),Y(N~),T(NN),TT(NN),T~AXC~N),FlOwCNN)

LOGrCAL TMAX,AXIAL,LOU~,LEN

CO~MON/ENCON/H(SC),TAIR(2)

CO~~ON/ENCLOS/lEN,NE~C,NENCNG(2),IGREN{2,4),NNODEN(2),INODENC10G),

1 XSYM(2),YSY~(2)

COM~ON/TOUT/II,TOUT(1CC),TI~~AX,DTMAX,TI~FAC,KTMAx,KUPDA

TI~E1=TI~E-DELTI

DO S IJ=1,NN
IF(T~AX(IJ» GOTO ~

C-----IF THE NODAL TEMPERAIURE DECREASES SET TMAX=.TRUE. AND PRINT
C-----~AX TE~PERATURE TT

IF(TT(IJ).GT.1.C01*T(IJ»
1 PRINT' 200,IJ,TT<IJ),TIME1,DELTI

IF(TT(IJ).GT.1.CG1*T(IJ» TMAX(IJ)=.TRUE.
TT(IJ)=AMAX1CTT(IJ),T(IJ»

5 CONTINUE
C-----If TIME=TOUT PRINT ALL TEMPERATURES

IFC(TI~E-TOUT(II».lT.-1.E-4) GOTO 70
pRINT 10C,TIME,KTIME,TFIRE,NODT
IF(.NOT~LEN) GOTO !O
PRINT 30C
DO 20 I=1,NENC

2e PRINT 310,I,TAIR(I)
30 CONTINUE

Il=II+1
IDUM1=1-IY
lDUM=IY.LT.7
DO 10 I=1,IX
IDU1'i1=IDU!"·1+IY
Iou~2=IDU~1+IV-1

1664
1665
1666
1567
1668
1669
16 7:
1671
1672
1673
1674
1675
1676
1677
1678
1679
168':
1681
1682
16n
1684
1685
1686
1687
1688
1689
1698
1691
1692
1693
1694
1695
1696
1697
1698
1699
170G
17 'j 1
1702
17 :;~

1704
17~5

1706
17C7
17Q8
17C9
17 tv
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
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MAXIMIIM NU~8ER OF NO!JE GROUPS

IF(LDUM) PRINT 210.(J,T(J).J=InUM1,InUM2)
IFC.NOT,LDUfJl) PRINT 220,(T{JI,J=I')LJM1.II)UM:'1

10 CONTINUE
70 CONTIi'llllE
100 FORMATC!!II!Y.6{lH*I,6H TIMF,FB.;.2X,6{!H*I,I !NCR~~FNT',

1 'NUMBEP'.I6,
22X,17CIH*I/!' FIRF TEMPEJ:<ÄTURE',F7.r"J,2X,6{!H*1
3,2X,' TI""E INCREM~NT LIMITHlG N01E' ,15/)

200 FORMAT{1114~ NOD,I4,5X,8HMAX T~Mp,~n.O,5X,'TIM~',~10.u,~X,

1 5HOELTI,GI0,4!lX,70{!H~ll

210 FORMAT(13fI5,F5.011
220 FORMATC18F7.0}
300 FORMAT{' FNCLOsUPE AIR T~MPF.RATUR~')

310 FORMAT(I VOlry NUM~tR',I?,' TAIR=',F5.0!l
RETURN
END

I'JF VARIABLES
NUMBER OF X- ANQ Y-LIf'.IES
NUMBER OF f'.IDQES IN BASE STRUCTUPE
NU~8ER OF EL~"'E"NTS IN RASE STRUCTURF
NUM8ER OF REGIONS
VECTOR OF REGION NUMRERS
NODES AQJACENT TO EACH ELEMENT
ELEMENTS ADJACENT TO EACH Non~

NUMPER ELEMENTS AnJACENT TO (ACH NODE
NODE rOORDINATES
CURRENT NODAL TEMPERATURES
MAXI""IUM NODAL TF.MPERATURES
TRUE IF MAXIMUM NODAL TEMPERATURE OPTAINEO
DU~MY GEOMETRTCAL CONSTANTS
HEAT CONDUCTION MATRIX
HEAT CAPACITV VECTOR
NOD AL VOLUME VECTOR
NODAL ENTHALPY VECTOR
INTERNAL NODAL HEAT FLOW VECTOR
EXT~RNAL NODAL HEAT FLO W VECTOR
TRUt TFAXISYMMETRIC PROBLEM
INDICATES COUPLED NOoES
INDICATES INTfRFACE NODES
DUMMV VECTOR FOR CRITICAL TIMI" INCRFMENT CALClILATION

."T A S E ~•••

sUBROUTINE PPOG2(IX,IY,NN,NE,NR,N,KT0P,NOnFL,MNOn~L,x,Y,T,TT,TMAX.

1 ELA,EV4,A.MAX,P,W,EN,F,FLOW.AXI~L,NOOCPL,NOnINT,~TAI

C-------------------------------------------------------------------------­c:-----
C----­C-----C-----TEMPERATURE ANALYS IS OF STRUC:rURF.S rXPOSEn TO ~IRrc-----
C-----FINITE ELEMENT PPOGRAM FOR ANALVSIS OF TRAf'.ISIE~IT N('\NLIN~AR

C-----HEAT TRANsFfR PROelEMSc-----
c-----PROGRAMMED RY
c-----ULF WICKSTROM
C-----LUND INSTITUTE OF TECHNOLOGY
C-----MARCH 1979
C----­
c---------------------------------------------------------~---------------C-----THIS IS THE ~AHI CONTROl POUTINE

C-----C-----DEFINITIONS
c-----IX, lY
C-----NN
C-----NE
c-----NR
C-----N
C-----KTOP
C-----NODEL
C-----~lNOOEL

c-----x,V
C-----T
C-----TT
c-----n",AX
C-----ELA.EV4
C-----A
c-----p
c-----W
C-----EN
C-----F
C-----FLOW
C-----AXIAL
C-----NODCPL
C-----NODINT
C-----DTAc-----
c-----PARAMETER CONSTANTS
c-----
C-----NB
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E

H
TAIR

LEN
NENC
NENCNG
IGREN
NNODFN
XSW
YSYM

NUM!?
N80UND
BAREA
EPSG
BETA
CPG
FA

DATA ON COUPLFO NODES
NCPLG NUM8F.:R OF COUPL~D GROUP'; OF ~J(lDFS

NCOUPL MATRIX OF Cl"ltJPLED NODEr;
9IMENSIONS OF CERTAlN ARRAYS

MAXNG "'IAXIMUM NUMRER OF NQI1E ~ROUPS DEFI!'IING ONF: ENCLO';lIRI:'
MAXNOD MAXIMUM NUMl:'ER OF NODES AROlJNr ONE EMCLOSUPf=:

DUM1'IY M,4TRICES
ENCLOSIJRE DATA

TRUE IF STRUCTURE CONTAINS VOH"'I OR ENCLOSURE
~UMBER OF ENCL05URFS
VECTOR OF NUMB~R OF NODF GRnup~

MATRIX (Il=" NOOES
NUMBER OF NODES SURROUNDING AVoTn
TRUE Il=" valD SyMMETRICAL ARROUNI" X-Ans
TRUE IF VOID SY"1MfTRICAL ARROUNr:" Y-,4XIS

ENCLOSURE CONVECTION DATA
ARRAY OF EN9LOSURE CONV~CTION VECTORS
ENCLOSURE ArR TF:MPERATlJPE

ENCLOSURE R~DrATION DATA
ARRAY (lF ENCLOSURE RADIATION MATRICFS

FIRE TEMPERATURE DATA
TIM,TP TIME - FIRE TEMPE~,4TURF: PAIRS
TITFIR FIRE IDENTIFIER

PRESRI8ED HEAT FLO W DATA
NFGNG NUMBER OF NODE GROUPS Dl="FINING PRr;:C;CRII=IEn FLOW ROUNDARIr:::S
NFQG VEeTOR OF NOOE GROUPS ryFFINING PPESCPIPED FLOW
TP,TC VECTORS OF ~ODIFTr:::D TEMPERATUPE
gR.BC RADIATION AND CONVECTIoN ROlJNOARY MATRICFS

DATA ON NODE GROUPS
VECTOR OF NU"1BfR OF NOQFS IN THF ~ODE GROUPS
MATRIX OF NODE NUMBfRS IN THE NODF GROUPS
MATRIX OF DISTANCES BETWEEN NOOES
VEeTOR OF EMISSIVITY OF NODF GROUPS
VECTOR OF CONVECTION FACTORS OF NOD~ GROUPS
VEcTOR OF CONVECTION powEPC; OF NODF GROUPS
TRUE FOR FIRE 80UNDARY HaDE GPOUPS

PRESCRIBED TEMPEPATURE
NPTNG NUMRER OF NODE GROUPS OFFINING PRFSCRIAE"D TEMPERATURE
NPTG VEcTOR OF NODE GROUPS DFFINING PRESCPI8ED TF.MPrR~TUR~S

GEQio1ETRIC DATJ!
ELFICT TRUE FOR FICTITIOUS ELFMENTS
ET ELEMENT THICKNFSS
SRIDIAC SUBREGION DIAGONAL DATA

MATERIAL DATA
TRUE IF CONnUCTIVITY IS FI)NCnON M,4X!MlJM TFMPERAftll:I:~

TEMPERATURE - CON!)UCTIVnY PATRS
TEMPERATURE - SPECIFIC VOLUMETRIC FNTHALPY PAIR~

NOMINAL SPECIFIC VOLUMFTRIC HfAT
TEMPERATURE - INTERNALLY GENERATED HEAT PATRS
TRUE IF INTERNAL HEAT T5 GENERATEn

TIME DATA
COUNTER
VECTOR OF PRINT OUT TI~F.S

MAXIrv:UM TIM~

MAXIMU~ TIME INCREMENT
TIME INCRFMENT FACTOR
MAXIMUM NUM~ER TIME INCPEMENTS

MAXIMUM NUt-'F3ER OF NODI::S IN NJf "IODE GROUP
MAX!'~lJM NU MR ER OF COUPL~D GROllPS OF NODFS
MAXIMUM NUM.BEP OF REGTONS
MAXIMlr~ NUMBER OF VALlIE PAIR>:;

eec
TC,C
TF..ENT
CR
TQ,QE
LQ

II
TO UT
TIMMoX
DTMAX
TIMFAC
KTMAX

FIELQS

c-----
C-----DIM
C----­
C-----C-----OUMMY
C-----ENCLOS

(-----NN8
C-----NCP
C-----MNR
C-----MNV
(-----
(-----(OMMON

C-----C-----COUPLE
C-----

c----­c----­
c----­
C----­C----­C-----
C-----ENCON
c----­
C-----C-----ENRAO
C-----
C-----FIRE
c----­
C-----C-----F0B
C----­C----­C----­c-----
C-----BNOD
c----­
C----­c----­
C----­c-----
C----­C-----
C-----PTB
C----­c-----
C-----RGEO
C----­c----­c-----
C-----R~1ATc----­
C----­c----­
C----­c----­c-----
C-----TOUT

C----­(----­c----­c----­c----­c-----
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SU8ROUT I NE PTRlI,JDP (~lODCPL l
C-----INPUT NODF GROUPS OF PRESCRIBEO TEMPERATUq~

DIMENSION NODCPL(l)
PARAMETER tJ8=1 n. r~NR=30, NNR?:=2*NNB
COMMON/PTR/NPTNG.NPTG(NB)
COMMON/BNOD/NU~~8(NR l I NSOLJNO (N8, NNFl) • BARF:A ("IB' Nf\!R) , TH nlP) •

1 EPSG(Ntn ,8ETAUJBl ,CPG{N"H .FA(NB}
LOGICAL FArFAl

C-----REAO NU!v'lB[R OF BOUf,IOARY Non~s GROUPS
READ 100 dIPTr'!G
IF(NPTNG.~Q.O) RETURN
PRINT 200

C-----EACH PRESCRIRED TD~PERATUR!=" AOUNDARY NODE GRl)lJP

DO 20 I8=l,NPTNG

C-----
READ lnO,FAl.INGl

C-----F~.l = TRUI:: FIRE 80UJlJQARY ELSE IH~BIi="NT TEMP~ItATUR~

C-----I~JGl = NODE GROUP NUM8ER
FA(INGll=FAl
NUMI=N\.J'~8(INGl l
NPTG (I8) =HIGl
DO 10 J=1,tJUM1

~.'ur'mER 0C" Tp·IF STEPS 8F:T\'JF:F~1

""EPENDniT COt·'ST 1\~ITS

STEF.IH!-!=lOL T7MANN CONSTMIT
ABSOLUT": TE!I'PER4.T'JPf S'-lTFT
HHTIAL TrMrERATLI~E

l\lJPD"
lJ1JIT

STGIv1!'
TLlBS
TUJIT

(-----
C-----lJi"J I T
c-----(----­
C----­(-----

DIMENSION ~JnJE) pI<.TOt'l(4rNE) .XfNt.I) ,Y(N'J) ,T{l\I~1) ,TT(~I~ll ,T!\.'I\Y(~I~I).

l ELA(4.NE1,EV4(~~I,I\{NN,M~X),P(NNI,FN{NN},F(NN},FLOW{NNl,

2 NOOCPl (f\JN) , NOD INT (N~l) • W(l\lN l , NonEL (4, ~~N) , '~~lOf"lE'I~ (~JN) , I') TA (t-n) l
LOGICAL T~AX.AXIAL

C-----FOR~ T~~ VECTQR N
CAlL REG2 (Nt\I. NF. .I'!R, N. KTOP, X, y, NOOEL. NlNO,nEL

C-----OEFINE: COUPLFO N('iDfS
CA.lL (OUPlA (NCDCPL. N~I, NOD INT l

C-----OEFINE INTERFACE N08ES
CALL INTEPI= (~!N, NE. NR, IX. lY, L<TOD, N.NMHNT. W'OCPL)

C-----INPUT r·\ATC"RU,L N.Hi
CALL r-1AT(NRl

C-----FORM GEOM;:::TRTCAL DUMMY CONSTANTS
CALL 8EOC02 (f\'~J, NE, ~I. KTOP. X. y, AXIAL.ELA. fV4)

(-----INPUT INITIAL DIITA
CALL .!l,~·8

C-----FOR~ NODE GRCUPS
CALL NGROIIP(X,Yl

C-----DEFIN~ FIRE PRESCRI8F.D HEAT FLOW R(lU~JOARIE:S

CALL FQSt'mA
C-----DEFIN~ FIRE PRF"SCRTBED TEMP~RATURE 80UNDAQIES

CALL PTANDA (~IO[lCPU

C-----DEFINE ENCLCSURf BOUNDARIES
CALL EtolCL01(X,Yl

C-----INPUT TIMF D~TA

CALL TIME
C-----FORM NODE VOLUME VFCTOR

CALL ASSW?(NfJ,NF,N.KTOP,X,Y,EV4rAXJAL.Wl
C-----SUMMfRIZE APPROPRIATE NODF. VOLUMES

CALL COUPLB (\I:)

C-----CALL TIME INTEGRATION CONTROl ROUTIN~

CALL FEM2(IXIIy.NN.NE,NP,f\I.KTOp.X,YrT,TT,T""'AX,e:LA,~V4,A,MA)(.D.W.

1 EN. F, FLot~. AX I AL, NODCDL, NOD INT. NOryFl.. MNODe:L, nT.1I l
RETUR:"J
END
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NOO=NBOUNn(ING1.Jl
IF {NODCPL{NOD1.fQ.Ol PRINT 300,NOO
IF (NODCPL{NOD1.EQ.Ol STOP

10 NODCPL(NOO)=O
IF{FA11 PPINT 210.TNG1
IF(.NOT.FAll pRINT 220,INel

20 CONTINUE
1CC FORMA T{ )
210 FORMAT(' NODE GROUP' d3,' FIRE 80UNDARYt)
220 FORMAT(' NOD E GROUP',I3,t AMBJf.~T AOUNDAPY'l
200 FORMAT{//' PRESCRIBED TEMP~RATURE 80UNOARY'/1X.31C1H*)//

1 ' NODE GROUPS Af'ID TYPES OF ROUNDARIES'/)
300 FORMAT(/' NonE',I4.' IS A SlAV~ NODE'/

1 I SLAVE NODES CANNOT HAVE PRESCRIAEO TtMPERATURF'l
RETURN
END

SUBROUTINf PTBND8iT,TFIRE}
C-----SET PRFSCPIBED NODAL BOUNOARY TEMP~RATURE

DIMENSION T( 1)

PARAMETER NB~10,NNR=30,NN82=2*NNS

COMMON/PTS/NPTNG.NPTG(N8}
COMMON/SNOD/NUMS CNB) ,NBOUWHNA ,NNB) ,BAREA CNB. NNA}, THCf\IR),

1 EPSG(NB),BETA(NB1,CPG{NR),FA(NB)
COMMO~/UNrT/SIGMA.TABS,TrNrT,TAM8ITAMB4

LOGICAL FA
C-----

IFCNPTNG.EG.OJ RETIJRN
C-----EACH PRESCR1BEO TEMPERATURf 80UNOA~Y NODE GROUP

DO 10 IB=l,NPTNG
TG=TA!48
ING1=NPTG(IB)
1FCFACING1» TG=TFIRE
NUMI=NUMB{ IN!";1)
DO 10 1=l.1>1UMT
NODE=NBOUND{1NG1,I)
TCNODE)=TG

10 CONTINUE
Ri::TURN
END

SUBROUTINE RADVEC(F.ETA,N.Ql
c-----Tl-ns ROUTINE FORMS THE lOCAl ENCLOSLJRf SUPI=ACE R/lI)IATJOr-1 HE.1l.T
C-----EXCHANGE VECTOR Q=E*ETA

DIMENSION Q(1).ETA(1),E{N,N)
GTOT=O.
DO 20· 1:;:1,1'1
QT=O.
DO 10 J=l.N

10 QT=QT+E(I,Jl*ETACJ)
QTOT=QTOT+QT

20 Q(I):;:QT

RETURN
220 FORMATU' TOTAL RADIATION HEAT EXCHANGE' ,l::ll.;.>ll

END

SUBROUTINE REG2{NN.NE,NR,N,KTOP.X,Y,NOOEl,MNOQEl}
C-----THIS SUBROUT1NE FORMS VECTOR OF REGION NUMP~RS N o~ fACH ~L~M~NT

DIMENSION X(NNJ ,Y(NN) ,N{NE) ,KTOP{4,NE') , NOtlE'l(4,NI'J) , MNOf1FLCNNl
PARAMETER MNR=lQ
COMMON/RGEO/ELFICTfMNRl,ETCMNR),SRDIAC(4,MNRJ
LOGICAL ELFtCT
EPS=1.E-7
DO 10 I=l,NE
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r~ cI l =1
IFCNR.EQ.!) GOTO 10
N01:::KTOP(1,IJ
ND2:::KTOP{4.!}
DO 5 J=2,NR
IF{CX(NDIJ-SRDI~CC3,JJ}.GT.-EPS}GOTO ~

IF«(Y(NDIJ-SRDIACC4,JJJ.GT.-EPSJ GaTa 5
IFC{XCND2)-SPOIAC(1,J}J.lT.fPSJ GOTO 5
IF(CY(ND2J-SPOIACC2,J)J.lT.EPS} GOTO 5
N(I }::J

5 CONTINUE
10 CONTINUE

00 40 I=l,tJN
11=0
DO 30 IE=I. NE
Nl=N(IEJ
IF(ElFICTCNIJ) GOTD 30
DO 20 J=I,4
IFCKTQP(J,IE1.NE.II GOTO 20
II=II+l
NODELCII,Il=IE
IFCII.EQ.4) GOTO 3n

20 CONTINUE
30 CONTINUE

MNODEL< I J=1 I
40 CONTINUE

RETURN
END

SUBROUTINE TIME
C-----READ TIME INTEGRATION CONTROl DATA

COMMON/TOIJT/II.TOUTCIOOJ,TIIVI~~X.DTMAx.TrM!:"AC,KTMlIX,KUPnA

PRINT 200
(-----

READ lOO,NT,TIMMAX,OTMAX,TIMFAC,KTMAX,KupnA

C-----
IF(DTMAX.EQ.OJ DTMAX=TIMMAX
IF(TIMFAC.EG.O) TIMFAC=.B
IFCKTMAX.EG.Ol KTMAX=1000
IF(KUPDA.EQ.Ol KUPOA=l

C-----READ 100,(TOUTCI1,I=l,NTl
c-----

PR INT 210, TP1M,lIX. DTMAX, TIMF,liC. KTM~X, KUPDA
PRINT 220. (lO UT( I). I=l,NTJ

100 FOR!'-1AT( l
220 FORrJlATC' PRHH OUT TIMES',3X,8G7.2/{19X.8G7.;:'}J
200 FORMAT(/I' TIME'/' ****'/)
210 FORMATC' MAXIMUM TrME='.G~.3/' MAXIMUM TI~F rNCR~MfNT=',G8.3/

l 'CRITICAl TH1E INCREMENT FACTOR=' .GB.3/
2 'M,lIXI~UM NUMBER OF TIME INCREMENTS=',I~/
3 'NUMBER OF STEPS BETWEEN UPDATING OF CONOUCTION MtlTRIX='.ISJ

RETURN
END

SUBROUTINE VIEWFCCX.Y,D,EN,VIEW,MAXNOO)
C-----THIS ROUTINE CAlCUlATES VIEW-FACTORS AND FNClOSUPE ZONF. AREAS
C-----SYMMETRY ARROUND ANY OR 80TH AXIS ARE TAK~f'.! INTO tlCCOllNT

DIMENSION X{lJ,Y(l}.O{l),VrEW{~AXNOD,MAXNOn)

PARAMETER NB=10,NNR=30,NNB2=2*NNB
COMMON/BNOD/NU'JIB (NR J , NBOUN[I{ NB, NNp'J •8AREA rNa, NNB J , TH H!9) ,

l EPSG(NBJ of3ETA(~:B} .CPG{N8} .FACNBJ
COMMON/ENCLOS/lEN, f\lENC, NEI'ICNG C2J , tGREN (2,4) , NNt)O~N C2 J , TI'IOIJEN {l 00 J •

l XSYM{21.YSyM{21
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LOGICAL LEN
LOGICAL LDUM'XSYM,YSYM,DSY~

INTEGER EN
DO 15 I=l,~AXNOO

DO 15 J=l,MAXNOD
15 VIEW{I,Jl=D.
C-----COMPUTE VIEw-FflCTQPS USING f-lOTTEL'S CROSSFD-STRING ~F.T!';OD

NENG=NEtJCNG{F."Nl
SIGNX2=1.
SIGNY2=1.
IN=O

C-----EACH NODE GROUP
DO 100 IG=l,NENG
DSYM=.FALSE.
IFCXSYMCENJ.ANO.YSYMCENll DSYM=.TRUF.
Il=IGREN(F.N,IGl
NUMI=NUM8(Ill

C-----EACH ZDNE
DO 100 I=-?,NUMI
IN=INH
NOD1=N80UNDCll,I-ll
NDD2=NBOUND{Il·Il
Xl=X(NODll
X2=XCNOD2J
n=YCNOOlJ
Y2=Y {ND021
Dl=BAREACI1.Il

C-----FORM THE lONE APEA VECTOR D
D(INl=Dl
JN=O

C-----EACH :~ODE GROUP
DO 100 JG=l,NENG
..I1=IGREN (EN. JGl
NUMJ=NUMBCJ11

C-----EACH ZDNE
DO 100 J=2.NUMJ
JN=JNH
02=8AREA(Jl.J)
NOD3=NBOUNO{Jl,J-ll
NOD4=N80UNDCJ1,Jl
IF{XSYM(ENJ1SIGNY2=-1.
IF{YSYM(ENl)SIGNX2=-1.

50 CONTINUE
LoUM=SIGNX2.EQ.l •• ANn.SIGNY2.EG.l.
IF(.NOT.LDUMl GOTO 80
IFCIN.GE.JNl GOTO 100

80 CONT-ItWE
X3=SIGNX2*XC~!OD3)

X~=SIGNX2*X{NOD4l

Y3=SIGNY2*YCNOD3}
Y~=SIGNY2*Y{NOD4l

D3=SQRT«XI-X3l**2+(Yl-Y3l**2l
D~=SQRT«X2-X4}**2+(Y2-Y41**21

D5:SGRT«Xl-X4)**2+(Yl-Y4l**2l
D6=SQRT(CX2-X3l**2+(Y2-Y3)**21
DUM=ASSC05+D6-DU-D3)/2.

c-----HOTTE~'S CROSSEO-STRING METHOO
VIEW(IN,JNI:nUM/Ol+VIEWCIN,JNI

C-----TAKE ADVANTAGE OF RtCIPROCITY
IFCLOUMl VIEW(JN,INl:nUM/D?

C-----IF SYMMETRY ARROUND AXIS GO RACK ~ITH CHANGEO 5I~NS o~ rOORDTNATE~
LDUM:{SIGNX2+SIGNY?l.LT.-l.9Q
IFCLDUMl SIGNY2=1.
IF{LDUMl GOTO 50
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c-----
LOUM=OSY~.ANn.SIGNX2.LT.O.

IF{LOUM) SIGNX2=1.
IF{LDUM) SIGNY2=-1.
IF(LDU~) GOTO 50

C-----
LDUM=(SIGNX2*SIGNY2).LT.0.
IFCLDUM) SIGNX2=1.
IF(LDJM) SIGNY2=1.
IF{LDUMl GOTO 50

100 CONTINUE
RETURN
END

SUBROUT!Nr XVFRSY{X.Y.N.M.XS,YS)
C-----FIND YS Ar; FUNCTION OF XS ElY LINE~R ItHERDLLtoTrOf'.f
C-----IN TABEL OF X- AND Y-VALUES

DIMENSION Y(N.l}.XCN.l)
DO 10 I=2.N
IF(XS.GE.X(I,M»GOTO 10
YS=Y(I-1,M)+{XS-X(I-1.M»*CY(I,M)-Y{J-l.M»/(XCI.M)-X(l-l,M»
GaTa 11

10 CONTINUE
PRINT 1
PRINT 2'XS.(X(r,/v~),YCI,M),I=1,·5)

PRINT 3,M
STOP

1 FORMAT{///lX,'INPUT VALUE TO XVERsY OUT OF RANG~'/)

2 FORMAT{lX.'If'.IPUT X',EI0.4/1X'X-Y VALUE PArp5'//lX'~{2G8.3,SX»

3 FORMAT{/1X,'CURVE NUMBER',r4)
11 RETURN

END
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APPENDIX C - Example input

Input cards used in examples I-III in Section 5.

Example I

1 SQUARE PLATE
2 F,1.!,.125,.125"r'
3 o
4 UNIT MATERIAL DATA
5 F.2.2.".
6 ,1.10000.1.
7 ,,10000.10000.
8 .0000111000 ••••
9 l

10 hl?,,!.l.
11 9 18 27 36 45 54 63 72 Bl BO 79 78 77 76 75 74 ;~

12 l
13 Fd
14 O.
15 NOVOID
16 20,1,!.1,."
17 .05.10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60 .65 .7n .75 .RO .A~ .90 .q~ 1.
18 DUMMY TE"1PERATU Q E
19 2
20 ,,1000 ..
21
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Example II

l I BEAM EM8EODED Hi CONCRfTE
2 F •• l"Ho1 •• 05,.03,6,4.4
3 F.".OS •• OI
4 Fl' .01 •• 003 •• 09
5 Frl.Og,.OS •• l
6 T,.05".14 •• 01
7 T •• 05 •• 0Q •• 14,.1
8 .015,.03,.07,.!.
9 ,02 •• 035 •• 05,.08

10 12
11 3334"""
12 2526,.,.,.
13 17 18 ......
14 12910" .. "
15 :3 11."'"
16 4 12."'"
17 513"""
18 614, •• ,.,
19 715816".",
20 23 24"" ..
21 3132"""
22 3940",.,'
23 BETONG
24 T.7.7,.
25 24.5,1.78,115,1.28,243,1.17,401,1.17,643,.92,895 •• 85,15ryO,.8~.
26 .,100,55600.115,91000,200.129400,600,397200,1000,69670ry,15nn.lanQono ••
27 STAL
28 F.3,?,
29 ,60,800,27'2000,27
30 ,,200.r217000,400.466000,600.758000,~OO,q27000,80n,119~OOO,12~o.17~6noo

31 STAL
32 F,3,7"
33 ,60.800.27,2000.27
34 ,,200 •• 2170aO,400,466000.600.75A000.700,92700Q.800.1192000,1200.1766000
35 STAL
36 F,3,7.,
37 ,60,800,27,2000.27
38 .,200.,217000.400,466000,600,758000.700.927000.800.1192000,1200.1766000
39 25.0001,25.""
40 4
41 1,6 •• 6,.99.1.33
42 1,9,17,25,33.34,
43 2,4,.8,.99.1.33
44 34 42 50 58
45 3 6 .6 2.201.25
46 8 16 24 32 40 39
47 4 4 .82.201.25
48 39 47 55 63
49 4
50 To!
51 T,2
52 F,3
53 F,4
54 O
55 NOVOID
56 15.1.5, •• ,.,
57 .1 •• 2' .3, .4 •• 5, .6 •• 7 •• 8, .9, 1 •.0' 1.1, 1.2, 1.3, 1.4.1.5,
58 HE100B:tFIRE
59 9
60 ,25,.05,525,.1,620 •• 3,725,.6,940,1,980.,1.025,600,1.2.475,1.~001,36n,."
61
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Example III

1 BOX GIRDER EMAE~DEry IN cöNrRETE
2 Fr .14, .15,1. ,1. ,5,4,6
.3 F,,,.0875,.Q04
4 F,.0345,.004,.O~75,.112

5 F".112,.037S,.12
6 1, •• 004,.0345,.112
7 .02,.05,.07,.11
8 .015,.029,.044,.056,.085,.13
9 14

10 12",,,,,,
11 12 13""""
12 23 24 34 35""""
13 1.t5 -'+6""""
14 5b 57",r""
15 6867""""
16 25 36"."",
17 2637""""
18 27 38"",."
19 2A 39""""
20 29 40""""
21 30314142""""
22 1920",.""
23 89"",'"
2Lf. BETONG
25 T,7,1"
26 24.5,1.78,115,1.28,243,1.17,401,t.17,643,.92,895,.85,1~OO•• R~,
27 ,,100,55600,115,91nOO,200,129400,600,397200,1000,6~670n,15~o,lOOooon.,

28 STAL
29 F,3,7.,
30 ,60,800,27,2000,27
31 ,,200.,217000,400,46600Q,600,75AOOO,700,Q27000,Rn O,119?OOO,1?~0,1766noo

32 STAL
33 F,3,1"
34 ,60,800,21,2000,27
35 ,,200.,211000,400,466000,600,75BOOO,700.Q27000,ROO,11Q~OOO,1200,17n6000

36 STAL
37 F,3.7"
38 .60,800,27,2000,27
39 •• 200.,217000,400,466000,600,75AOOo,700.927000,ROO.119?OOO,12nO,1766000
40 25'25.0001.,
41 4
42 1,7,.6,.99,1.33
43 1.12.23.34,45.56.67,
44 2.3 •• 8,.99,1.33
45 67,78,89
46 3,9, .B,2.20,1.25
47 11'22,33,44.55'66.77,88.99,
48 4.11 •• 6.1.6,1.33
49 2.13,24,25,26,27,28,29.30.19,8
50 3
51 T,l
52 T.2
53 F,3
54 O, PTBNDA
55 VOlD
56 1
57 F,T,4,,,,,
58 15,1.5.,"" ••
59 .1 •• 2, .3' .4, .5' .6,.7' .8 •• 9.1 •• 1.1, 1.2' 1.3,1.4'1.~.
60 HSQ-FIRE
61 12
62 ,25,.05.525 •• 1.625,.2.765,.3,900,.5,925,.7,980,1.1015,1.05.67~'1.1,600,1.2,50Q.
63 1.501.350.,
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