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1. INTRODUCTION

A nonlinear heat flow eguation must be solved to predict
the distribution of temperature in a structure exposed to
fire. Since analytical solutions of such equations exist
only for idealized cases, numerical schemes that incorpo-
rate either the finite element or finite difference method
have generally been employd to approximate heat conduction
[1-51.

Odeen computed temperature distribution in homogenecus con-
crete cross-sections exposed to fire [1] using a program
based on the finite difference method. Latent heat due to
evapcration 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 often becomes
unnecessarily expensive, and materials with latent heat -

for instance humid concrete - cannot be analyzed accurately.

In this report TASEF-2 (Temperature Analysis of Structures
Exposed 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 calculatiocn
of temperature in materials such as humid concrete. The maxi-
mum length of the time increment that can be used without
induecing numerical instability is discussed, and some pro-
cedures to aveid very short time steps are suggested. In the
present version of the program two-dimensicnal rectangular
elements are used; input of the geometry and generation of

the finite element mesh have been automated.



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 examples are
analyzed using TASEF-2 and calculated temperatures are
in some cases compared to experimental results. The re-
port contains fully annotated input instructions, and a

listing of the program.



2. HEAT TRANSFER ANALYSIS

2.1 Basic Eguations

The governing equations for heat conduction are the

heat balance equilibrium equation
vg+re-0=0 - (2.1)
and the Fourier law

q=-k ¥vT _ : (2.2)
where g is the heat flow vector, & = %E'the rate of
specific volumetric enthalpy change, Q the rate of in-
ternally generated heat per unit volume, k 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 I the identity

matrix. The gradient operator Vv is defined as

. ]
(2.4)

%l

E:

lcu. &:)’QJ

Qar

2]
where x, v, and z are Cartesian coordinates. Eguation
(2.2) is substituted into Equation (2.1) to yield the

transient heat flow egquation

vikvm +e-0=0 | (2.5)



Specific volumetric enthalpy is by definition

T
e = [ cpdT + g, (2.6)
i
TO i

where T, is a reference temperature, usually zero, c
specific heat, p density, and li latent volumetric heat
due to phase changes at various temperature levels. The

time derivative of
& = cpT (2.7)

where T = %% is rate of temperature change. Substitution
of Equation (2.7} into Egquation (2.5) yields the conven-

tional form of the transient heat flow eqguation
T -
-V (k ¥T) + cpT - Q=0 (2.8)

Nominal specific volumetric heat ¢p will be defined by

the equation
e = cpT (2.9)

In Figure 2.1 specific volumetric enthalpy is plotted
versus temperature for a material with latent heat in-
dicated by a step ¢ in the curve. The tangential and se-
cantial or nominal volumetric specific heats, cp and cp,
respectively, are then as shown in Figure 2.1. Note that
at the temperature Tz' where the enthalpy curve 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 conditions must be specified in
order to solve Equations (2.5) or (2.8). An initial con-
dition is given by specifying the distribution of tempe-

rature in a body at a reference time zero. Boundary con-



Specific volumetric enthalpy e
AN

Arctan (cp)

To ’
Temperature T

Figure 2.1. Definitions of specific volumetric heat

diticns are prescribed as temperature or heat flow on
parts of the boundary 9V and avq, respectively. The
total boundary is then defined by

BV = 8V * BV, | | (2.10)

Temperature on the boundary avT of a body is specified as
T = T(x, Vv, 2, t) (2.11)

Heat flow normal to a surface must gsatisfy the heat

balance eguation

q, = QT q = -g? kvT (2.12)
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where n is the outward normal to the surface. Specified
heat flow on avq therefore is

Ao _ T

g, = n kT (2.13)

where én 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

Ac — - 'Y
qa = BT, - T) (2.14)

where ég is the rate of heat transferred by convection,
B and v are the convection factor and power, respectively,
and TS and Tg are the surface and surrounding gas tempera-

tures,; respectively.

Radiation heat flux from a surface is approximated by

AT 4 =4
q, = €,.0(Tg Tg) (2.15)

where ¢ 1is the Stefan-Boltzmann constant, and fs and fg

are absolute surface temperature and absolute surrounding

gas temperature, respectively. Resultant emissivity £

varies with surface properties and geometric configuration.

If the surface considered is small compared with a surround-
ing enviromment . at uniform temperature T , resultant emissiv-
ity will be equal to surface emissivity € f6e]. When as-
sessing radiation between flames and structures in fire en-
gineering design, resultant emissivity is sometimes calcu-
lated assuming radiation between two infinitely long parallel

planes [7]1; thus,

1
Er - 1/ES+1/€9_"1 {2-16)
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where Eg is appropriate gas or flame emissivity.

The total heat flux at a boundary is calculated by

adding the contributions of convection and radiation:

c&n:q + g (2.17)
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3. FINITE ELEMENT APPROXIMATION

3.1 Solution Technigques

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 methed 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 method described
in this chapter is used to analyze temperature distribution

in fire-expcsed 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 often linear, although 1f isoparametric elements are

used, curved boundaries can be considered.

The temperature field within each element is approximated
by a set of interpclation or shape functions Ni' chosen
so as to define temperature uniquely within each finite
element in terms of its nodal temperatures Ti' Temperature

is thus approximated as

(x,y,2) T.(t) =NT (3.1)

T = X N,
A §
i

The time differentiation of the temperature is

T =KT (3.2)
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Each shape function Ni is constructed so that it has
the value 1 at node i and is zero at all cother nodes.
In elements adjacent to node i, Ni takes values less

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

3.3 Matrix Eguilibrium 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,
Egquation {2.9%) is substituted into the heat balance
equation, Equation (2.5); the resulting expression is mul-
tiplied by a weighting function v and integrated over the
body [8]:

vr (S5T) - Q)av = 0 (3.3)

Jv(-v _151T+%
v

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

T kv T)av = -fv ET kv Tds +

Jv(-%
\Y av (3.4)

+ (v v T kv Tav
v
where n is the outward normal to the boundary 3V. A set
of weighting functions v, equal to the shape functions
Ni (the Galerkin method) is then chosen, i.e.

v, = N {3.5)

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

Equation (3.3), yielding the matrix heat balance equation
f [(v MT kv N dV]T + 2 [ [ NT GpN av TJ =
gLl== === = st | = = =

- /NQav+ f N n' kv T ds (3.6)
\% 9
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or
F .+ 2 (E) =F_+F (3.7)
—T at'= -0 —g :

where Eqo E, EQ and Eq 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 heat flow
due tec conduction is

(3.8)

Fp = K

i

where K is the heat conductivity matrix,.

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

a —
E .T_ + 3t(iE_) - .F_ (3'9}
where
= + F 10
F=F,+E, (3.10)

The ncdal enthalpy vector is
E=CT (3.11)

where C is the nominal heat capacity matrix. This ex-

pression is substituted into Equation (3.9)

3

(T =F (3.12)

KT+
Alternatively, the heat balance equation can be expressed

in terms of nodal enthalpy rather than in terms of tem-

perature

i 2 = 3.13
RKE+ -z(E) =F | (3.13)
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where

* _
K =59i (3.14)

The integrals in Equation (3.6) are evaluated over all

elements m and boundary elements am. Thus

K =13 K" (3.15)
c=175ch (3.16)
F=3Fp+ I Fom (3.17)
m am g
where
m T
Kij = [z N k(¥ Nj)dv (3.18)
m —_—
C,. = [N, cp N, av (3.19)
i] i ]
Vm
m p—
Foi = {fi Q dv (3.20)
\%
and
F;Tz N, n" kv oTas (3.21)
3V

V" and V" are element volumes and boundary element

surfaces, respectively.

The integrals of Equations (3.18-3.21) are often 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 K for

the simple two-dimensional rectangular element used in
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y A

P Ot b
ey

+ -
XO X

Figure 3.1. Rectangular finite element

program TASEF-2 will be derived. Consider the rectangular
element with sides parallel with the axes and of lengthes
a and b as shown in Figure 3.1. Make the variable substi-

tutions

o
I

(x - xo)/a (3.22)

and

ol
Il

{(y - yo)/b (3.23)

where £ and n are dimensionless coordinates in a local

system. A set of allowable shape functions is then

Ni = (1 + ggi)(‘l + nni)/il (3.24)

where 1 takes values from 1 to 4, and



1T

Y T B3
2 ST X (14nm;)
X a ok a ni
yN, = |, e ]t 1/4 5 (3.25)
= - —E(1+5g,)
3 b an b
7Y L _ L t

Eguation (3.25) is substituted into Eguation (3.18)
and constant thickness 4 and conductivity k are assumed
for the element. Thus the local element conductivity

matrix §Flis,after evaluation of simple integrals,

[ 2 2 2 2
m _ 1kd 2,2 _,2a° p° a® bp*_ 2
K'=3 o5 [a%® p%5 -3 -5 5--a (3.26)
2 2 2
2 2 b 2 b a
a+b ""'"2"& —-—--2——-2
2
a2+b2 -b%—E—
2
2 .2
sSYym. a+b
- Y _

If conductivity k for a particular application varies
with temperature, k at average nodal temperature is

used in the calculation.

The computation of the element heat capacity matrix Em

as given in Equation (3.19) results in a fully populated
matrix identical in form to the element conductivity

matrix Em. The assembled heat capacity matrix C is sym-
metric, positive-definite, and has the same nonzero struc-
ture as the system conductivity matrix K. The element heat
capacity matrix gm can, however, be approximated by a
lumped diagonal matrix with no loss of accuracy. The lumping
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-

ticon 3.4.
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The lumped element heat capacity matrix CTi is formed
in TASEF-2 as:

cTy = oo (T WL, (3.27)
where Egm(Ti) is nominal specific volumetric heat capac-
ity at nodal temperature Ti and W?i the volume of ele-
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:

C. = (T W, . (3.28)
where
W.., = % W (3.29)
11 m 11

defines the global diagonal volume matrix.

Internally generated heat is calculated elementwise

using the volume matrix W. Thus for a node i

Foy = & OF Wi, (3.30)
m
where QT is the rate of heat generated per unit volume
at node i in element m and W?i is the volume adjacent to
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 or temperature Ti are prescribed for
all nodes i. On that part avq of the boundary where heat
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flow is prescribed, nodal heat flow is calculated by
substituting Equation (2.13) into Equation (3.21):

sm _ -
Fo. = jNi q, 4s (3.31)

gi

1 BVE
The shape functions Ni are linear along the boundaries.
Thus for a boundary element sm with lengths s and thick=-
ness d as shown in Figure 3.2 the nodal heat flow to
an adjacent node i is
am

) {3.32)

- - - ottt "
F . =-1/6 sd(2qni + qnj

’r L ‘5

Figure 3.2. Heat flow to a boundary element

Equaticns (2.%4 and 2.15) are then used to yield

~am =4 =4 - oE Y
q.; = [erc(Tgi Ti)-irB(Tgi Ti) ] (3.33)
where ﬁgi and Ti are absolute gas and surface tempera-
ture at node i, respectively; €. is resultant emissivity,
and £ and vy are convection factor and power, respectively,
for a boundary element 3m. Eguation (3.33) is substituted
into Equation (3.32) to yield

am L om n a1 am + aIm

F = B

. LT LT . tB . .T . TLT L (3.34)
gi rii"ri "rijrj “eciiTci Teijcj
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where 1 and j are nodes adjacent to a boundary element

om and
sm _ 1
rii - 3 sdego (3.35)
am  _ 1 ,9m
rij = 32 Brii (3.36)
om 1
cii = 3 sdp (3.37)
sm _ 1 am
Bcij =3 Bcii (3.38)
T . = g% _ 34 (3.39)
ri gi i
and
- _ Ay
Toi = (Tgi Ti) (3.40)

External heat flow to all boundary nodes is assembled
in matrix form to

where T, and T, are vectors of modified nodal tempera-
ture as defined by Egquations (3.39 and 3.40), respec-

tively, and Er and EC are boundary radiation and con-

vection matrices, respectively, where

B .. =3 g™ (3.42)
rl:] am rl]
and
B .. =131 B°™ (3.43)
C1i] am Cl7]

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 secguentially
around the boundary. The boundary matrices B, and gc
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 remailn con-
stant and need be established only once when emissivity

€, and convection factor B are assumed constant.

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 flow are assumed to vary linearly within

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

* *
OF antBraagt (O KE T By 7B /0t =
(3.44)
= CEpyart 170

where the indices indicates time, and where ¢ is an

arbitrary parameter in the range
0 <0 =<1 {3.45)

If different values are assigned to 8 various time inte-
gration schemes are defined. Thus for © = 0, 0.5, and 1,
the wellknown forward-, mid-, and backward-difference
methods, respectively, are cbtained. While for linear
problems the latter two methods are unconditionally
stable, i.e. for any time increment At used solutions

will not diverge, the forward-difference method will con-
verge only 1f the time-increment At is less than a cri-
tical value Atcr. The value of this critical time increment
depends on element size, material properties, and boundary
conditions. If C is a diagonal (lumped) matrix the solu-

tion for T is straight forward; each value can be com-

—t+At
puted directly from its precursor without the need to solve
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simultaneous eguations. 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-
gquirement that variations in boundary conditions and
material properties be adeqguately 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 often 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 alsc be shown
that the Euler method is particularly advantageous when
specific heat for a material varies with temperature or

when energy-consuming phase changes occur.

3.4.1 Forward Differences

For © = 0 in Equation (3.44) the explicit forward diffe-

rence formula is

*

£ Yot (3.46)

= + -
E E +(E K

Eeat E

t

or after substitution of Equation (3.11) and (3.14}

= E +(E, - K T )At (3.47)

Etsat t

Eguation (3.11) is then used to obtain temperature at

a node 1i:
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=1
Ti,t+At - Cii(Ti,t+At)Ei,t+At (3.48)
If Cii 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

©i eeat - Bi peat’Wig (3.49)

and Ti,t+At is cobtained by using the temperature-specific
volumetric enthalpy relation as shown in Figure 3.3. The
latter method is computaticnally 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

Y

Specific volumetric enthalpy e

Temperature T

Figure 3.3. Translation of specific volumetric
enthalpy into temperature
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j+1 _ ~=1 03
Ti,teae = Cia T3, trat) By vrat (3.50)
where ] 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 ¢ expressed as

ST g
%,t+At %,t+At < §/2 {3.51)
3+ 1 ]

o +T -

1,8+At 7i,t+A%

§ 1s in TASEF-2 set équal 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 Atcr can be estimated, the first steps

in a modal solution of the heat flow equilibrium equation
are shown below. If the nominal heat capacity matrix C

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

C oz T+

[ =

é _
E E—E (3.52)

At any time step, the righthand side of Eguation (3.51)
can be linearized at current temperature; thus, matrix

EF is defined by

K = & (3.53)

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

geneous part of Equation (3.52) is

. B —_ _
Cx T+KT=0 (3.54)
where
K=K-K : (3.55)
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In case of homogeneous boundary conditions, solutions
of Eguation (3.54) have the form

T= et (3.56)

where ¢ is a vector independent of time t. Multiply by
the inverse of the diagonal matrix C:

ety = 0 (3.57)

-A e_At¢ + Cc

1

[ ==

=it .
Because e can never be equal zero, the eigenvalue

problemnm
(C K¢ =2 ¢ (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, kz...xn with corresponding eigenvectors
(thermal modes) ¢1, ¢2...¢n.
The critical time increment for a forward difference

scheme is now obtained [8]

_ 2
At . = T (3.59)
max :

where Amax is the maximum eigenvalue.

Exact calculation of Am at every time step is very

ax
time consuming. The Gerschgorin's theorem [9], however,
states that the maximum eigenvalue of a matrix with

elements aij is

A< m?x(aii+§|aij[) o i (3.60)

where i and j are rows and columns, respectively. The



26~

diagonal elements of the heat conduction matrix K are
equal to the negative sum of the off-~diagonal elements

of the corresponding row, i.e.
K,. = -I K,. (3.61)

Thus the maximum eigenvalue cof Eguation (3.58) is

A < max{CT?
ii

max 5 (2Kii+§ KFij)} (3.62)

and an upper limit to the critical time increment is

(3.63)

ol 0

i

r K_..
. Fi

5 J

This approximation is used in TASEF-2 to update the
critical time increment at each time step; time in-
crements are thus 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 Cii is increased; the resulting critical
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 he 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 l1ight insulating materials.
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4. COMPUTER PROGRAM

The computer program TASEF-2 (Temperature Analysis of
Structures Exposed to Fire - 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 dynamic allocaticon ¢f 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
v—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 eagsily 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 cocling phase remains
approximately as at maximum temperature, the user can spec-
ify that, for appropriate regions, conductivity in the
cocling 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 temperature at the

coupled ncdes 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 groups, where appropriate.

Heat exchange by convection and radiation between encio-
sure surfaces in structures with voids may be considered.
The procedure is fully described in [10]. View factors
between surfaces defined by the nodes on the enclosure
surfaces are calculated automatically by the program.
Convection is computed 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 surrcunding

gas is defined as a constant ambient temperature or a time-
dependent fire temperature. A fire temperature history is
specified by a number of points on a time-temperature curve.
Temperature between these points is obtained by linear in-
terpolation. If the time-temperature relation specified for
the IS0 834 standard fire resistance test [11] is assumed,

the fire temperature T, may instead be calculated as

i

Tf = To + 345 log10{430t + 1) {4.1a)
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for t = tu’ when To is ambient temperature, and t and
tu are time and duration of heating phase, respectively,
in hours. In the cooling phase the fire temperature de-

creases at the following rates:

625 OC/h if £ 5 0.5 h
250 (3-t ) ©c/h if 0.5 <t < 2h (4.1b)
250 °c/h if £, > 2 h

The forward difference time integration scheme described
in Section 3.4 is used. The conductivity matrix (Section
3.3.1) 1s 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 diagenal (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 multiplyving by a time increment
factor specified by the user, usually in the range 0.75-
7.0. Values greater than this range may cause numerical
instability, while smaller wvalues 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 analysis are cur-
rently stored in a vector and are used in caliculations 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 analysis 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 Figure 5.7a
initialiy at uniform temperature TO is suddenly subjected
to an environment of uniform gas temperature Tg. Heat trans-

fer g at the boundary to the body surface is
g = h(Tg - TS)

where TS is surface temperature and h a heat transfer
coefficient assumed constant. Conductivity k, density ¢,
and specific heat capacity ¢ are assumed constant. The

following dimensionless parameters are introduced for

convenience:
6 = (T - T T == T
( g/ Ty = Ty
Fo = at/£2
Bi = ht/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 ¢ne guadrant 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 5.71b. By assigning a time increment factor equal
to one, time steps egual to 0.0667 a/ll2 and 0.0200 a/ﬂ,2

were calculated fcor 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 S5teel 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
correspecnded to the IS0 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 725°C is considered. The thermal pro-
perties of concrete vary considerably with type of mix,

moisture content, curing, age, etc. The assumed temperature-

N
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Table 5.1. Compariscn of analytically {11] and nume-
rically calculated dimensionless tempera-
ture @ at center of sguare plate exposed
to heat transfer from surrounding gas, Bi=1

Dimension- Exact Coarse mesh Fine mesh
less time solu- 4 elements 5 16 elements 5
Fo tion At=0.0667 at/2 At=0.0200 at/¢
Numerical Error Numerical Error
solution solution
0.1 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 0.37¢ 0.004
1.0 G.2845 0.271 0.013 0.281 0.004
Number of
time steps 15 50

A
y
1= | L
[ |
| |
- R I o
-2 L - | ;
£ ’ f
| f
E | 1
1= 0 I i
S [ -
© | ;
el i
£ - 1 |
! [
[ [
e i ! ———
| | 1 Line of symmetry X
£ 4 Element boundary
— — —Element boundary in 16-node mesh only
(a) Square plate (b) Finite element meshes

for square quadrant

Figure 5.1. Finite element model for calculating heat transfer
in a sguare plate
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Figure 5.2. Wide-flange I-beam (HE100B) embedded in a concrete slab.

The vertical sides were insolated during furnace test.
Dimensions in mm
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Figure 5.3. Box girder embedded in a concrete slab. The vertical
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Figure 5.4, Conductivity of steel

conductivity relation (Figure 5.6) was that measured

by the Stadlhane 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

e(T) = &%(T) + u e (1)
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Figure 5.5. Specific volumetric enthalpy of steel

where e and e” are specific enthalpy for dry concrete

and water, respectively. If the water is assumed toc eva-

porate linearly in the temperature range of T1 te T2:
e'(T) = VT for T < T

ew(Tz) = eW(T,E)-I-l cw(T -7

5 5 1}-i-aw for T

I
H

v
+4

for T
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Figure 5.6. Thermal conductivity of concrete

where cx and ax are the specific heat and heat of evapo-
ration, respectively, of water. The specific volumetric
enthalpy e, is then obtained by multiplying by the den-

, ol
sity p of concrete:

ev(T) = p e(T)

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 concrete, where mois-
ture is assumed to evaporate in the temperature range
of 160 to 1TSOC, is plotted versus temperature in Fig-
ure 5.7,

A

1

2500 — —— Dry concrete

Moist concrete

N
o
o
o

1500

1000

n
-
o

Specific volumetric enthalpy MJ/m3

500 1000

Temperature °C

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 surrcunding surfaces at ambient tempera-
ture. The resultant emissivity €E,.r @S 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]
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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 g andg
powers vy as defined by Equation (2.14), free convection
was assumed and the formula [19]

Nu = C(Pr Gr)™ (a)

was employed. The Nusselt number Nu is defined by the

eguation
ch
Nu = W (b
5 9

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

1 3
g Tg (TS"Tg)d
Gr = (¢)
2
Y
where g is the acceleration of gravity, Tb = (Ts+Tg)/2

the average abscolute boundary layer temperature, and v
kinematic viscosity. FPor horizontal plates the charac-

teristic length is calculated from
_ A
4a=3

where A is the area and P is the perimeter of the surface.
Conductivity and viscosity of air are functions of tenpera-
ture T [201]:
b
5 ,0.92

13,7510 T, [W/mK] (d)

~
1l

1.13-10"° T2/3 im%/s] (&)

<
Il
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From Equations (a-e) the formuia (SI-units)

_ 3m~1
g® = 13.75-10 5(5.48-1018)mc ?3 (T --Tg)m+1 (f)
(5 m=0.92) s

b

T
is derived.

The characteristic length d of the beams considered is
approximately 0.15 m. Substitution of Equation (e) into
Eguation {¢} then gives Gr<:8'106 for expectéd levels of
temperature. Laminar convection is therefore expected on
the cool side, and C and m are 0.54 and 0,25, respectively

[21]. Egquation (f) then yields

c 0.25 -0.16 1.25

g = 3.59d4 " (T -Tg)

2
b < [(W/m™]

and by inserting 4 = 0.15 m and assuming Tb = 400 X,
the convection factor B and power y are identified as
2.2 Wm’k "%
side the burners will cause turbulent conditions [22],

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

and 1.25, respectively. At the fire exposed

c -0.52 _ 1.33 2
g = 36 T (T Tg) [W/m“]
and if Tb is agsumed to be 1000K, B and v 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-
temperature curves assumed in the calculation were there-
fore 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 temperature in the wide-flange I-beam. Since
the steel elements are small and the thermal diffusivity

i

®
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11 3 ¥ €-=08
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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 gocod
agreement cannot be expected for concrete temperature
since the effect of moisture migration is neglected. The
characteristic plateau in the time-temperature curve at
about TGOOC, when water evaporates does, however, appear
in the calculated temperature curve (Figure 5.10}. Better
agreement could be achieved if more accurate data on con-
ductivity and specific enthalpy were available for the

tyvpe 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 8 and powers

v for the enclosure surfaceg are estimated by assuming
free convection between two horizontal plates of uniform
temperature. Thus B and vy egual to 1.6 W/m2 K4/3 and

1.33, respectively, were cbtained by assuming a tempera-
ture level of 500 K [19]. This estimation of the con-
vective heat transfer is very rough, but any error in-
troduced will be small as radiation increasingly dominates
for incressing temperatur=. When calculating radiation
heat transfer between the enclosure surfaces, temperature
between adjacent ncdal peints 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 {101. 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 5.75 and 5.16, re-

spectively, at selected times.
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&. 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-
erated -automatically with a minimum of input; nonline-
arities due to the temperature dependence of material
properties 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 relationg - due to for instance evapo-
ration of water - must be considered. A technique has been
develcoped 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 ©f 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 eqgqual temperature. The technique has been success-
ively applied to 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 proh-
lem was compared to an analyvtical solution. The accuracy was
good even for relatively coarse finite element meshes and
long time increments. In the other two problems predicted

temperature in composite steel and concrete beams was compared
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to temperature measured during laboratory tests. Cne of

the beams encleosed 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 temperature be~
cause the thermal properties at elevated temperature of concrete
dre not as accurately known and the influence of mass transfer
of water is not considered in the model, Heat of wvapori-
zation is, however, accounted for by Stéppiﬂg 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 cccurs is therefore
correct, and thus predicted temperature can be expected

to be more accurate at high temperatures.

6.2 Future Develgpment

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 he more complicated.

Heat transfer due tc mass transfer in porous materials is
not considered in TASEF-2. An extension of the model to
include such phenomena would substantially complicate the
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 wvariation with temperatﬁre 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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conpared. 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, exXpcsed

to a similar fire; the influence of meisture 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 1ittle thermal resistance may, however, reguire

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 IT and IITI in Section
5. If the error thus introduced is unacceptable, algorithms
could be employed so that unconditionally stable implicit
metheds 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 technigue 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:1l,
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 & 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. 1Input initial and ambient temperature.

5. Form node groups and input appropriate heat transfer

data.

6. Define boundary node dgroups for prescribed heat transfer,

and form heat transfer matrices BR and BC.
7. Define boundary node groups for prescribed temperature.

8. Define void node groups and form internal 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.

FOR

-
159
.

15.

16.

17.

18.

ic.

20.

21.

Set the time increment DELTI equal to zero and execute
first time step for calculating first time increment only.

EACH TIME STEP:

Increment time step: TIME=TIME+DELTI and KTIME=KTIME+1.

Form new conduction matrix, and compute nodal heat

flow ¥ from nodes by internal conduction.
Find fire temperature.

Compute nodal heat flow by heat transfer at boundaries

and in voids and internally generated.

a) For nodes surrounded by elements of one material,
compute hew nodal specific volumetric enthalpy

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

and obtaln new temperature from the temperature specific
volumetric enthalpy relation of the material.

b) Por nodes at interfaces between materials, compute
new nodal enthalpy

EN=EN+DELTI* (FLOW-F)

and get new temperature by iteration

Ti+12EN/P

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

of temperature.

Set prescribed temperature to appropriate boundary nodes.
Print nodal temperature if required.

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 1f.



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 ASSAZ FEM2 COND2 RGEO
4 ASSP2 FEM2 INTP , XVERSY RMAT
5 ASSW2 PROG2Z2 RGEO
6 BFIRE INTIT TITFIR;NFP;TIM,TB UNIT,FIRE
7 BRECA FOBNDA
8 BRBCB FOBNDB BNOD
9 COND2 ASSAZ2 XVERSY RMAT
10 COUPLA PROG2 NCPLG;NCOUPL COUPLE
i1 COUPLB FEMZ COUPLE
12 COUPLC FEM2 COUPLE
13 CTEMP FEM2 COUPLE
14 DTIME FBEMZ2 TOUT
15 ENCLO1 PROG2 ENRAD1,ENCON1 CONTRO; NENC; XSYM, BNOD , ENCLOS , ENRAD,
YSYM, IGREN ENCON,DIM,UNIT
16 ENCLQZ FEM2 ENRADZ,ENCON?2 ENCLOS
17 ENCON1 ENCLO1 HTRANS BNOD ,ENCLOS ,ENCON ,
DUMMY
18 ENCON2 ENCLGC?2 ENCON , ENCLOS ,DUMMY
19 ENRADT ENCLO1 VIEWFC, INVER,MULT, BNOD, ENCLGS ,ENRAD,
ETRANS UNIT,DIM,DUMMY
20 ENRADZ ENCLOZ RADVEC ENCLOS ,ENRAD,UNIT,
DUMMY
21 ETRANS ENRAD1
22 FEM?2 PROGZ INIT,ASSPZ,XVERSY, RMAT ,FIRE
MINTP,ASSAZ,MPACKV,
FOBNDB, FQGEN ,ENCLO2Z,
COUPLE, ACOUPL ,CTEMP,
HTEMP, PTENDB, COUPLC,
oUTZ ,MAXCO,DTIME,
OUTMAZ
23 FOBNDA PROG2 BRBCA NFONG; FAT, INGI UNIT,BNOD
24 FOBNDB FEM2 BRECB

FQB,BNOD,UNIT

....Zg_



TABLE A:2.

{Cont.)

NR ROUTINE REFERENCED IN REFERENCES INPUT VARIABELS COMMON BLOCKS
25 FQGEN FEM2 RMAT
26 GBEOCO2 PROG2 ELFICT
27 HTEMP FEM2 XVERSY RMAT
28 HTRANS ENCON1
29 INIT FEMZ BFIRE TOUT,UNIT,FIRE
30 INTERF PROG2 RGEO ,COUPLE
31 INTP ASSP2 XVERSY RMAT
32 INVER ENRADI1
33 MATINZ NETZ,MESHZ,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 MESH?Z2 MATNZ2
38 MPACKV FEM2
39 MULT ENRAD1 DUMMY
40 NET 2 MAINZ TITLE; AXTAL ,XMAX,YMAX, RGEO
XBOX,YBOX,NR,NX,NY;
ELFICT,SRDIAC;XA,YA
41 NGROUP PROG2 NGROUP ; NCHECK ,NUME, BNOD,ENRAD ,ENCON
EPSG,BETA, GAMMA ;
NBOUND
42 ouT?2 FEM2 TOUT
43 OUTMAZ FEM?2 FIRE
44 PROG2 MATIN2Z2 REGZ2,COUPLA , INTERF,
MAT, GEOCOQZ, AMB,NGROUP,
. FQBNDA, PTBNDA , ENCLO1,
TIME,TIME,ASSW2,
COUPLB,FEM2
45 PTBNDA PROG2Z2 NPTNG;FAT ,INGI PTB ,BNOD
46 PTBNDB FEM2 PTB,BNOD,UNIT
47 RADVEC ENRADZ2
438 REG?2 PROGZ2 RGEO
49 TIME PROG2 NT,TIMMAX,DTMAX, TTMFAC,
KTMAX,KUPDA ; TOUT
50 VIEWEC ENRADI BNOD , ENCLOS
571 XVERSY ASSP2,COND2Z,

FEMZ,HTEMP,
INTP

_(59..
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FPIG A:1.

MESH?2
PROG?2 REG?2
COUPLA
INTERE
MAT
GEOCO2
AMB
NGROUP
FOBNDA [—| BRECA |
PTBNDA
ENCLO1 [—~] ENRAD1 —=] VIEWFC
INVER
MULT
ETRANS
TIME
ASSW 2
COUPLS
FEM2 INIT
BFIRE
ASSW 2 INTP
! xvERSY
XVERSY
MINTP
ASSA2 ——-—{COND2 b xversy
MPACKV
FQBNDE BRECB
FQGEN XVERSY
ENCLO2 ENRAD 2 —-] RADVEC ]
L Jencon2
COUPLB
ACOUPL
HTEMP  |—={ XVERSY |
CTEMP
PTBNDB
COUPLC
0uT2
MAXCO
OTIME
| ouTMaz2
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.

GEOMETRY

T.

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 vy-
coordinates, and maximum x- and y-coordinates. Lines
parallel with the axes are generated at increments
XBOX and YBOX or at reduced distances i1f subregions

or specified lines to refine the mesh are present.

AXIAL,XMAX,YMAX,XBOX,YBOX,NR,NX, NY

LXTAL .TRUE. or .FALSE. if axisymmetric or
plane problem, respectively. (In present
version of TASEF-2 axisymmetric problems

cannot be analyzed)

XMAX maximum xX-ccordinate of base structure
YMAX maximum y-coordinate of base structure
XBOX maximum distance between two x-lines

(lines parallel to the y-axis)
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YBOX maximum distance between two y-lines

(lines parallel to the x-axis)

NR number of regions (NRz1). A structure is
composed of a main region and a number of
subregions of differing thickness or ma-
terial properties. Fictitious subregions
are used to specify voids and cut outs.
Subregions will be defined by the following

cards. {In current version NR<10}

NX number of specified x-lines for refining

of element mesh

NY number ¢of specified y-lines for refining

of element mesh

2. Subregion specifications

{NR-1) cards

ELFICT,SRDIAC(4)

ELFICT .TRUE. if the subregion is a void or cut
out ¢of the base structure. Otherwise .FALSE.

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

x- and y-coordinates of subregion

3. Specified x-lines

If NX=0 omit this card

XA (NX)

XA (NX)} coordinates of specified x-lines
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C.

4.

Specified y-liines

If NY=0 omit this card

YA (NY)

YA (NY) coordinates of specified y-lines

As an example the structure in Figure A.2a is
divided into a finite element mesh as shown in
Figure A.Z2b 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{1))
1.0,5.25 (YA (1) ,YA(2))

COUPLED NOQDES

Number of groups cf coupled nodes

NCPLG

Each group

NCOUPL (8)

NCOUPL (8) coupled nodes. Each card must have 8
numbers. If fewer nodes in a group,

£fill with commas
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B
il Void
Main region
4_
2_
O | in i T T f T T T -
0 2 b 6 8 10 X

(a) Structure to be analyzed

(XMAX, Y MAX)
6. 14 21 28 35 42 49
FICTITIOUS| NODES
YA(2) 2 13 |20
~ AND|ELEMENTS
12 |9 47
-
L 1 46
>3 10 45
YA(1)— 12 S 44
1 1 22 29 36 43
O L) 8 5 T T T T y
0 2 4 3} 8 10 X

XA(1)

(b) Generated mesh with node numbers

Figure A.2. Example of mesh generation



-59-

MATERIAL DATA

For each nonfictitious
read starting with the
subregion in the order
and enthalpy are input

individual property is

region the following cards are
main region and followed by the
as defined at B.2. Conductivity
as sedgquential groups where each

described as a piecewise lincarized

function of temperature.

1. Each material

a. Identification card

MAT

MAT arbitrary test to be written on cutput

list

b. Material description

CCC,NTC,NTE,NQE ,ET

CCC .TRUE. if conductivity is constant in

cooling phase

NTC number of points associated with tempera-

ture conductivity function (NTC<20)

NTE number of points associated with tempera-

ture specific volumetric enthalpy function

(NTC<20)

NQE number of points associated with tempera-

ture rate of heat generated per unit

volume function (NQE<20)

ET 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 i3 given in ordered pairs describing

each point (temperature, function value)

d. Data card for temperature specific volumetric

enthalpy function

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

(same as ¢ above)

e. Data card for time rate of heat generated per

unit volume function

(If NQE=0 omit this card)

TQ,QE,TQ,Q0E,TQ,QE,... (NQE pairs)

E. INITIAL AND AMEIENT TEMPERATURE, AND UNIT SYSTEM
DEPENDENT CONSTANTS

TINIT,TAMB,SIGMA,TABS

TINIT initial uniform temperature of structure

TAMB ambient temperature

SIGMA Stefan-Boltzmann constant; default
SIGMA=5.67+10"°

TABS shift for absolute temperature; default

273
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F. NODE GROUPS
Groups of nodes with commeon conditions are defined
and, 1f appropriate, heat transfer properties at
boundaries are specified.
1. Number of node groups
NGROUP
(NGRCUP<10)
If NGROUP equal zero omit next card
2. Each node group

a. Properties

NCHECK,NUMB ,EPS5G,BETA , GAMMA

NCHECEK nede group numper in sequential order

starting from 1

NUMB number of nodes of a group (NUMBz<30)
EPSG emissivity

BETA convection factor

GAMMA 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
1f NFQNG equals zero omit next card

2. Each boundary node group

FAT,ING]

FA1 .TRUE. if specified boundary temperature
varies with time, e.g. fire temperature
history
.FALSE. if specified boundary temperature
is the constant ambient temperature TAMB

ING1T 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. Bach boundary node group
FA1,INGT
Same as G.2

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 gsymmetrical 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.

Number of wvoids

NENC

(NENC< 2}

For each void

a, XSYN,YSYM,IGREN(4)

X5¥YM L.TRUE. if void is symmetric around the

Xx—-axis
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YSYM .TRUE. if void is symmetric around the
y-axis
IGREN (4) node groups surrounding a void. If less

than 4, fill with commas

J. TIME

1. Time control card

NT, TIMMAX,DTMAX , TIMFAC, KTMAX ,KUPDA

NT number of specified times for printing

cut of temperature

TIMMAX maximum time of analysis

DTMAX maximum time increment; default TIMMAX
TIMFAC time increment.factor; default €.8

KTMAX maximum number of time steps; default 1000
KUPDA 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. Control card

TITFIR
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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 analysis by a blank card.

Fire temperature

A fire temperature history is input by a number
of points on the time temperature curve. Tenpera-
ture between these points are obtained by linear
interpolation.

a. Number of points

NFP

{NFF<50)

L. Data card

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

Go back to K1 and begin analysis 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 MAINZ is coded in ALGOL and all other routines

in FORTRAN V. Definitions of major variables are given

in subroutine PROGZ. Although the program has bkeen tested,
no warranty is made regarding its accuracy or reliability,

and no responsibility is assumed in this respect.

i SUBROUTIMFE ACOUPL (A eDTA MW MAX)
2 Cummm= ADD SLAVE NODE QUANTITIES TN MASTER NODE oLANTITIES
3 o= FOR EACH COUPLIMG MNODT GROUP
4 DIMENSION ACNNSMAX) »DTA (MM
5 PARAMETER NCP=S50
& COMMOM /COUPLES/ NCOUPLINCPs+8) fNCPLS
7 Cmmmm=
3] IF (NCPLGFQ.D)RETUPM
Q DO 50 IZisMCFLE
10 MNODZMCOUPLLT A1)
11 AMY =0,
i2 DO 40 Jzie8
13 NODJ=MCOUPL (T J)
14 IF(MODJ.ER, N} GOTO BY
1% 00 30 Kz1l.R
i6 NODK=NCOUPLIT (K}
17 IFINODKLER. Q) GOTO 40
18 MOUMZNOD J=NODK
19 IF{NDUM) 30.30:60
20 60 CONT INUE
21 IF (INDUMLGE.MAXY GOT0Q 30
22 AMXZAME+Z x4 (NODU s F A X =NALIM)
23 30 COMTINDE
24 Crmmm—=
25 L3y AMXZAMX+A (NODJr MAX)
26 B0 DTAMNOD ) =DTA{MNOD) £ AMX~p (NOD MAX }
27 RETURN
28 [l
29
30 ‘ SUBROUTINE aMG
31 C-—=n- READ INITIAL AND AYAIENT TEMPFRATURE,
32 Commmm= AND UNIT DEPENDERT CONSTANTS
33 COMMON/UNTT/SIGMA TABS TIMTTy TAMR, TAMRY
34 DATA SIGMsTAP/S.T7M—Rr273./
35 PRINT 200
36 =
37 READ LGO» TINIT:TAMRSIGMA, TARS
38 Crmm=—=
39 IF({SIGMALLT1.E-20) SIGMA=SIGHM
4g IF(TARS . LT.1.£=20) TABS=TAR
41 PRINT 210 TINIT s TAM3  SIGMA TARS
42 TAMBUTZ(TAMB+TARS) #%4
43 RETURN
ay 100 FORMAT {}
31 200 FORMAT (/7 INITIAL DATA'/IXe12{1MHx})
48 2104 FORMAT (/' TINITTAL TEMPERATIIREZ'+G9,3/
. W7 1 f AMBIFENY TEMPERATURE=Y 69,3/
48 2 t OSTEFAN-BOLTZMANN CONSTANT=Y 59,3/
4Q 3 t ARSOLUTE TENPCRPATURE SHIFTzY, 69,3}
50 EMD
51
52 SUBRCUTINE ASSAZ{NMsHEs N KTOPeX oYy FLATe TToTMAX p AXTAL,MAX 4 A)
53 Cowowa THIS SUBROUTINE COMFUTES THF GLOBAL HEAT ZOWDUCTTON MATRIX A
54 Cm=wm—= NH NUMBER OF NODES
58 Comum= NE NUMBER OF FLEMFNTS
56 (=== N FLEMENT PEGION NUMBER
57 =mmm ELA SEOMETRIC DUMMY VECTOR
56 Crm=rr—- T TEMPERATIIRFE VECTOR
59 L T7 TEMPEPASTURFE HISTORY VFCTOR
60" Cmmmm— THAEX LTRUE. IF MAXTHUM TEMEBFRATURFE IS NRTATMNFR
61 Cmm=— A G OBAL HEAT COMDUCTION MATSIV
&2 PARAMETER MNP=10

63 COMMON/RGFEO/FLFICT IMNR) rET IMNRT »SRDTIAC (L INR)
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DIMENSION NUNED, X (NND Y (NNY, TONND, TTONNY , THAXINND , KTOP (4, NE),
1 A{NN,MAX),FLACG,NED)
LOGGICAL THMAX,ELFICT,AX1AL
00 S I=1,iHN
Bo 5 J=1,¥4x
ACT,J)=Ca
o0 12 1=1,KE
NT1=N(1)
IFTELFTICTONT)) BOTO 10
£1=k70P{1,12
Ki=xtor(2,1)
L=kTOP(3,I)
K&=KTOP (4,1
CALL CONDZC(TCRT),T(R2I,TLK3II, TCKA) , TTLK1D,TT(KZ2),TT(K3I),TTL(KL),
1 TRAXC(KY), THAXC(KZ), TPAX(KE), THAX (K4 NCI),AXIAL,C)
ALK, MAXI=R (KT, MAXI+CHELACY, 1)
ACK2,MAXISA(RE, MAXI+CHELACT, I)
ACKI, MaX)=A (K3, MAXI+CHELACT, 1)
ALK4, AN T ARG, FAXIHC*ELACT,T)
ALKZ, MAX~T)=A (K2, MAX=1)4CRELALZ, )
R{RZ,raX-KI+K1) ALK  MAR-KI+KTII+CHELALS, D)
ACKZ, MAX=KT+KZ)=A(KZ, MAX=-K3+KR2)+CxELALL, 1)
ALKG, MAX=K4+K1)=A(KS, MAX-KL+KII+CRELACL, D
ACKL, FAX=KL+KZI=A (KL MAX=KL+K2I+C*ELAC(S, 1)
ACKL, MAX=1)=ACKA MAK=TI+C*ELACZ,T)
CONTINUE
RETURMN
CKD

SUSROUTINE ASSPe(MN,N, X, ¥, T,TT THAX,EV4, NODEL , MNODEL,P, ¥,
1 NODINT,AXTALD

C~====FLRY HEAT CAPACITY MATRIX

20

[
[

DIMENSION NE1),XC1),TC1),TTCI), THAXCYY, Evals, 1), NODEL (4, NND,
1 MNODEL{1),P€1),w{1) ,NODINTCT)

PARA®ETER MNV=Z(,MNR=1D
COMMONIRMAT/CCC (MNRD, TCEMNY, MNR) € (MNV,MKR) ,TE {MNV,MNRY,

1 ENT CMNY, BNRY, CROMNY, ¥NRD, TRCMNV, MNR) , RE{HNV, ¥NR) LG (MR
LOBICAL CCC,LB

LOGICAL AXIAL,THAX

po 2IC I=1,NN

NODINI=NODIKTCI}

TFONODINILLYLS) 6070 35

TI =T¢(13

IF(NODINILGT,.o) GoTo 2ZC

PLIY=5,

CALL INTP(MNODELC(I),NODELCT, I, N, EVL,¥I,PLI)}
GoTo 3%

CONTINUE

CALL XVERSY(TE,ENT,MNV,NODINI,TI,ENI}
CRASENI/TI

P{I)=n(I)*CRA

CONTINUE

RETURN

END

SUBROUTINE ASSKW2(NN,NE,N,KTOP, X, ¥ EVL, AXIAL,W)

(====oTHIS SUBROUTINE COMPUTES THE GLO3AL VOLUKE VELTOR ¥

DIMENSION X(NN),Y(NN),KTOP(Q,NE},EVQ(NN),H(NN),N(NE)
PARAMETER MNR=10

COMMON/RGEO/ELFICT (MNRY

LOGICAL AXIAL,ELFICY

00 5 I=1,NN

WwlId=0,
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T 10 1=%,8n
ERET N OP)
TELELFICTENT Y 3010 1o
El=pnTur (Y, 1}
FeshTub (o ,1)
Ku=pnToP(*,1)
KezR TSP (L, 1)
CIKTI=WIFTId+Ewb (1)
WIKo)=w (Ko d+EVL ()
Wit 2)=w K Z)rEVA (L)
w(Kul=n(Ra)Y+Fva(])
CUNTI Wl

PETuk.

ED

SUSKOUTING cFIRECF Tw)

This KOUTLNE FOr¥s VELTORE FOR FIRE ZJUNDARY
Ti%E TFEMPcRATORe RELATIUN
CU%rOn/uMIT/SIGHA , TARS, TINTIT, TANE , TA®SL
CUMPOR/FIRE/TINESLY 4 To 30, TITFLR
LuGICAL Fiw

INTLGER TITFIRCIS) btk {19)4150C)

DATA oLANK/1%%én FLIS0F6RISD ,aHsTu
FIN=.FPLSE

I5PLT TITLE COF FIRE 2uUNDARY

IF - uiahk - TEaMINATE kUM

IF « 1% o2é - STalMubsh FLEL ASSUXED
FiLSe L%PUT TIFE TLvPEInATUSE PAIKS

REAL 110,TITFIF

tu 17 I=1,1e

TECTITFAIRCI) oivE #2LARK(TI) CUTL o€
Fiv=.TFRuf .

FETURN

CONTInUE

PRIKT Zul

PRINT 210,TiTFir

Ly I o1=1,7
TFCTITFL2 (I3 wiEa150CF)
I50 STHLDAFL (UEVE

4
[y
o

o

v

PT=uis

Ti=us

Bt i 1=1,24
TI™(1)=71

Tb(1)=TlNlT+TSPi.—43C.*th(~.k*TI)-L?u.*FA°(-1.?‘TI)—
HeS et XF(=TyaxTl)

Ti=TI+p7¥

Ti=31-p7

DI=S.f27.

TI=71+07

bu &5 1=23,57

TiM(1)=71

Tb(})=T]NIT+132;.—4§0.*iXP(*.c*TI)-z7u.iEiPi“1.Z*fl)—
Ao Tk Xp(m1%.2T]L)

T1=71+DT

PeTuRh

TOMTINUL

ARSI TWARY FIRES

INPUT %uU®nff UF Tlwg TENPCPATURE PAIRD

FEAD TfusnFP

TFE{NFPLaeGa™3 FIn =oTRJE

TF (Fin) sETLRN

THPLT TiMe TEMPeERATURE PAJIFS

PERL Tlu (TLIMCIIT12(I)yI=1,0FED

PLIRT e, (TIMCLY  Tull), 121 NERD
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10 FORYAT ()

11e FOR®AT(Z20A4)

2L8 FORKAY(//" FIRF BOUNDARY TEMPERATURE'/T1X,25(1H*)?
212 FORMAT (/¥x,2004)
22¢ FOR¥AT (/" FIRE BOUNDARY TIME ~ TEMPERATURE INPUT PAIRS'//
1" TIME®,SX, "TEMPERATURE//(613+43,610.3))
RETURN
EXD

SUBRCUTINE 3RBCA(RR,BC,EPSIG,3ET,BAR, NU%I, NI, INGT)
(m~~=~FORM BOUNDARY RADIATION AND CONVECTION ¥ATRICES
DIMENSION BRONUMI,2),8C{NUMI,Z), BARINB,NUNI)
aR(1,11=".
BR(],Z21=«3133332T4RARCINGT , ¢
NUMi=NUMI -1 -
IF(NUMTLEG.1) GOTO 2C
00 10 I=Z2,Nu%i
BR(I,1)=.166666674BARCINGT, I
SR(I,2)=.37322I2+{BARCINGT, 1) +BARCINGT,1+1))
1¢ CONTINUE
2l CONTINUE
BROKNUMI, T)=. 15656667 +BARCINGT NUMT)
BRENUMT,2)=,33323333%5ARCINGE, NUMT)

BO 30 1=1,NUMI

DO 30 g=t,2

BL(I,J)=BET*BR{I,J)

BR(I,JI=EPSIG*BR(I, 4}
1 CONTINUE

RETULRN

END

SUBROUTINE BRBCH(BR,BC,TR,TC,TRO,ICO,NUMI,DTA, NN, MAX,ELOW, TG,
1 T,ING1}
[=mm== THIS ROUTINE CALCULATES EXTERNAL HEAT FLOW 3Y RADIATION AND CONVECTION
C—====AND ADDS THE CORRESPONDING CONTRIBUTIONS TO THE VECIGR DTA FOR
(—=m== CALCULATION OF CRITICAL TIME INCREMENT
DIMENSION BRCNUMI,2),BC{NUMI,2),DTACNN),FLORENND , TINND
1 LTRONUMI},TCONUMI), TRDCNUMTD, TCO (NUMLD
PARA®ETER NB=10,NNP=3G,NNBZ=Z*NNB
COMMON/BNOD/NUNE(NE) , NBOUND (N3, NN3),3RAREA(NS, NABD,
1 EPSG(NE),BETA{NB),CPGI(NBY, FAIN3)
LOGICAL FA

Cmmw== FIRST NODE

NODE=NBOUKNDCINGT, 1)
TR2=TR(12

Te2=1C (1)

TRI=TR(Z)

Te2=TCc{z?
TEpz=TRD{1)
TCpZ=TCB (1)
TrRDI=TRD(2)
TLp3=TCD(Z)
BRZ=8R(1,2)
BrZ=BC(},c?
BR3=BR(Z, 1)
3r3=gc(z, 1
FLW=BRZ*THZ2+BC2*TC2
FLW=FLW+BR3*TR2
FLW=FLW+5C3I*TC3
DA=BRZ*TRDZ4BCZ*TCOHZ
DA=DA+3R3*TRD3
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DA=DA+3CI+TLD2
DTACNCDE)=DTA{NODEI+.5*0k
FLOWCKODEY=FLOW(NODED+FLW

(umm=w INTERMEDIATE NODES

MMl =nUNT -1
IFINUMT,EQ.1)60TO EC
pp 10 I=2,NuMl
NODE=NBOUND(INGT,I2
TRI1=TR?Z
TRZ=TR3
TEXI=TR{I+1)
TC1=7TC2
T22TC3
TCI=TC(I+1)
TAD1=TRD?
TROZ=TRD3
TRDZ=TRO(I+1)
TCp1=7CD2
TCOZ=TCD3
TCO3I=TCR(I+1)
gr1=8R3
BR2=8R{I,:)
arl=gr(]+1,1)
3¢1=8C3
BLZ=BL(I,}
BCE=8C{1+1, 1)
FLW=BR2*xTRZ+BLZ*T(E
FLW=FLW+ERT*TR143RT=TRY
FLW=FLW+BCI*TCT1+3C3+T(3
DA=BRZ*TRDEZ+RCL2Z*TLDE
DA=PA+BRI*TRDT+3RI*TRDT
DA=DA+BCI*TCD1+BCI*TCD2
DTALNODE)=DTA(NODE)++5%DA
tC FLOW(NOPEY=FLOW(NODEI+FLW
2& CONTINUE
c
[—===~LA5T KODE
c
NODE=NSOUND {ING 1, NUMI)
TR1=TR2
TR2=TR3
Te1=102-
TC2=Tr2?
TRD1=7RD2
TRDE=TRDI
Tcp1=7L02
TEL2=TCD2
BRYI=RRZ
3Re=BR{NUMI, )
Bri=ac?
grZ=8CINUMI,Z)
FLW=BR2#TRZ+B(2*T(Z
FLW=FLW+BRI*TRI+3CTxTCT
DR=BRZ*TRDE+BL2*TCD2Z
DA=DA+BRI*TROT+BCI*TCDY
DTA(NQDEX=DTA(NQDE)+5%DA
FLOWINODEI=FLOW(NDODEY+FLW
RETURN
END

SUBRCGUTINE CONDE(T1,TZ,TB,Té,TT1,TTE,TT3,TTk,T%AX1,TMAXE,TMAXB,
1 TMAXG , NT,AKTAL,CED
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(mmm=- GET ELEMENT CONDUCTIVITY
LOGICAL THAXT,THAXZ, TMAXZ, THANL, AXIAL
PERAMETER MNV=20,MNR=1C

COMMONSRMAT/CCCEMNRY , TCLW NV, MNRY , C(MNY, MNRY , TECMNY, MNR),
i ERNTIMNY,™NR) ,CROMNV, MNR) , TA{MNV,YNR) ,GECHMNV, PKNR) ,LG(MNR}

LOGICAL CCC,La

TFCCCCANTY) TH={TTI+TT2+TTI+TT4L) /4,
TFCLNOTLCCCENTY)Y TM=(TT4T24T3+T4) /4.
CALL XVERSYU(TC,C,MNV,NT,TM,CE)

T,
RETURN

END

SUSROUTINE COUPLA(NODCPL, NN, NODINT)

c----- READ COUPLED NODES AND FORM CONTROL VECTOR NCOUPL
PARAMETER NCP=CS
COMMON/COQUPLE/ NCOQUPL(NCP,E), NCPLS
DIXENSION NODCPLINK) ,NODINT(K¥)

-1 NODE UNCOUPLED

z SLAVE KNODE
NEOUPL{T,J) FASTER NODE

i1 wn

D0 5 I=1,NN

s NODCPLII)Y==1
PRINT 230
[mmm=n
READ I3Q,NCFLG
C-——-—-‘-
IF(NCPLGLER.D) G270 24
PRINT 2(5
D0 20 I=%,NCPLG
[m————
READ 120, (NEOUPLCI,JI),4=1,8)
C -----

II=NCOUPLCI,T)
(--=-=--COUPLED NODES ARE ALWAYS INTERFACE NDDES
NODCPLCITY=]
pe i€ 4=2,%2
JI=NCOUPL(1,d)
IF(II.EG.C) GCTO 10
NODINTC(ILI)=C
NODCPLCII)=C
Ja=J
1u CONTINUE
PRINT 210, (NCOUPLC(1,J3,3=1,44)
2c CONTINUE
RETURYN
3L CONTINUE
PRINT 22C
o FORMAT()
n FORMATC(//* COUPLED NODES'/IX,13C1K*) /)
5 FCRMAT(' MASTER SLAVES'/)
2 FORMATCIZ, 6X,712)
f FORMAT(' NO COUPFLED NODES*)
RETURN
END

SUBROUTINE COUPLB(V)
Cre-==ADD SLAVE NODE GUANTITIES TO MASTER NODE RUANTITIES
[mm=m- FCR EACH COUPLING NODE GROUP

DIMENSION w1}

PARAMETER NC{FP=5(

COMMON JCOUPLES NCOUPLINCPR,8),NCPLG

IF(NCPLGESEQRLOIRETURN
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2184 0% 3IC I=1,NCPLE
133 MNOD=NCOUPL (1,1}
3f¢ V¥N=V(¥MNOD)
187 Do 10 J4=2,8
ZEE NOD=NLOUPLLI, 43
185 IF(NODWER.C) GOTD 24
ER4AS YRNEYRNEY (NOD S
191 16 CONTINUE
i9z [
393 Zw CONTINUE
104 YIMNODI = VKK
333 e CONTINUE
36¢ RETURN
3137 EXD
ize
396 SUBROUTINE COUPLC(T)
404 Cmem==UPLATE SLAVE NODE TEMPERATURE
[y DIMENSION T{(1)
402 PARAMETER NCP=5C
403 COMMON/COUPLE/NLOUPL (NCP,E) , NCPLG
4G4 IF(NCFLG.EG.DIRETURN
405 B0 20 I=1,NCPLE
405 MNOB=NCOUPL(I, 1)
607 TMROB=T(MACD)
438 b0 10 J=2,8
406 NODSKCOUPL (I, )
448 TFENOB.EQ.DY GOTD 2
411 ic TINODI=TMNOD
L3z 24 CONTINUE
413 RETURN
(13 END
33
£9¢ SUBRGUTINE CTEWMP{NODE,T,P,EN,FLOW,F,DELTI, NODEL,PNODEL,N,EV&,NDC)
17 Cuwa==CALCULATE TEMPERATURE OF INTERFACE NODES
Lie PARAMETER N({P=5C
619 COMMAON/COUPLE/NCOUPL (NCP,EY NCPLEG
420 DIMENSION P(1},ENCTY,FLOW(T),F{T), NODEL (L, %), MNODEL (1), NUTD, EVACT)
521 oaTA EPS/L,CLEY
422 EN(NODE)Y=EN(NODE)+(FLOW{NODE}-FINGDE)I*DELTZ
623 ERI=ENC(NODE)
42t PI=P{(NDDE)
625 50 &0 J4=%,5
428 T=ENI/RI
Le7 Pl1=G.
428 CALL INTP(MNOBEL(NODE) , NODELCI,NODE), N, EVaA,F,P1)
£29 IF {NDC.LT.S)Y GOTC 20
L] po 2C 1=2,%
621 NOD=NCOUPL(NDC,I)
432 If (NGDeEG.G)Y GOTC 30
£33 2C CALL INTP(MNODEL(NOD)  NODPEL(T,NOD) ,N,EV4L,T, P12
434 3C ERR=(PI=-P1}/(PI+P1)
435 IF(ABS{ERR) ,LT.EPS) GOTO 50
636 - PI=(P1+PI}/2,
437 4¢ CONTINUE
438 PFINT 200, NODE,T,ERR
639 - 2L FORMAT(/® CONVERGENCE NOT ACHIEVED FOR NODE®,IS5," TEMP='",69.3,
L&L 1 ' ERR=",56G.2)
469 5C T=ENL/PT
442 PINDDEY=P
443 RETURN
Lht END
L45
L45 SUBRCLUTINE DTIME(NN,P,DTA,MaX, NODINT, NODCPL,TIME,DELTI, NODT)

447 C=mm==THIS5 ROUTINE CALCULATES TIME INCREMENT
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443 DIMENSION PUNNI,NODIKT CNNY,NCDCPLINNDY ,DTA(NY)
Giy v CCMMON/TOUT/LI,TOUTCICD) , TIKMAX,DTMAX , TIMFAL ,KTMAX ,KUPDA
453 DELTI=DTMAX
451 00 1T 1=1,NK
L5z IF (NODCPL{I)LEG.G) GOTO 1r
453 IF (NODIAT(I)WLTeOY GOTOD 10
454 DUMSTIXFAC*PC(I)fDTALT)
453 DELTI=AMINTLDELTI, pU™)
45¢ IF(DELTILERLDU™) NODT=I
457 kR CONTINUE
453 DUM=TOUT(III=TINE
459 TF(DUM4GT,2) DELTI=AMINTIC(DELTI,PUY)
462 RETURN
t£1 EAD
Gz
462 SUBROUTINE ENCLOTLX,Y)
LE4 Cew—=csTHIS 1S THE FIRST OF A SET OF ROUTINES FCR CALCULATION OF
46% {~===~THE RATE OF CONVECTION AND RADIATION HEAT EXCHANGE IN VOIDS
4ec C--==- IKBEDDED IN SOLIBS. THE SAME SURFACE NODES AS FOR THE SOLID STATE
457 {===== FINITE ELEMENT ANALYSIS ARE EMPLOYED,
L&E [
455 (=m==- PROGRAMMED BY
47< {-+«--=ULF WICKSTRO™
471 {mmuem= JUNE 1977
&7 (mmm—— REVILED Feg 1379
473 C(=-===-
474 C-m-a-MAJOR VARIABLES,
475 (omuma NUME - Nu%3ER OF NODES IV THE NDDE GROUFS
LT6 (mmmm- N3QUKD = NODE NUMBERS IN THE NGDE GROUPS
477 Cmmmn= 3AREA = AREA BETWEEN NODES. THIRD DIMENSION ASSUMED UNITY
478 (===—- NENC - NUMBER OF VGIDS
W75 C-==== NENCNG - NUMBER OF NODE GRGUPS SURROUNDING EACH VOID
482 [ IGREN = NODE GROUP NUMEERS SURROQUNDING ERCH VOID
489 Cmwe== NNODEN = NUYMBER OF NODES SURROUNDING EACH VCID
LEg (mmme= INODEN = ALL NODE NUMEBERS IN ALL VOIDS
422 Cmmeme E - NODE RADIATION MAYRICES
LEL [ EPSG ~ EXISSIVITY OF NODE GROUP ZONES
489 C-=>=~ H ~ CONVECTION VECTORS
684 Cmmmm= 3ETA - CONVECTION FACTORS OF THE NODE GROUP IONES
427 (mm=n= TAIR - VOID AIR TEMPERATURE
425 o
489 PARAMETER NB=10,NNB=30,NNBZ=2+KNB
] COMYON/BNOD/NUMB(NG) , NBOUND (NE ,NNB) ,3AREA(NI NNE),
491 i EPSGI{KB},3ETA(NA),CPG(NB), FA{NB)
4%z COMMON/ENCLOS/LEN,NENC,NENCNGC2) ,IGRENC2,4) ,NNODENC(2)  INCDENCEOOY,
493 1 XSYM(2),YSYM(2)}
L5 COMMONFENRAD/EC1GDD)
495 COMYON/ENCON/H(S5T) ,TAIR(2)
L9é COMMON/UNTT/SIGMA, TABS,TINIT,TAM3 ,TANB4
637 COMMON/DIN/MAXNG,MAXNDD
498 DATA MAXNG,MAXNOD/&,25/
499 LOGLICAL LEN
50C LOGICAL XSYM,YSY%,S5ym, LDUM
571 INTEGER EN
s02 PRINT 18C
502 {~=-=-=-=READ CONTROL CA4RD
504 [ IF NC VOIDS IN S$TRUCTURE RETURN
s 503 READ %0,COKTRO
506 IFC(CONTROLERL4HVOID) GOTO 1C
507 PRINT 19C
508 RETURN
579 1% CONTINUE
510 TAIR=TIKIT
511 LEN=.TRUE,



51é
313
514
5317
518
519
Erat
521
372

333
534
SE

53¢
537
538
53%
544
541
542
EL3
544
545
kL
547
348
54y
550
551
552
353
554
555
5
557
558
359
567
551
S4c
343
S50
345
5468
567
554K
5&%
5Fh
371
572
573
574
575
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Crmamn FEAD AND ESTASLISH NODE GROUP DATH
[ p——— READ NUMBER OF ynIDS

READ JOI, NENC

PRINT 200,NENC

IND=T
C-=m=-- ELCH VO1D

PT 151 EN=T,NENC
Comamm READ SYMMETRI PROPERTIES AND NODE GRIUPS THAT DEFINES THE
Camamm VOID

READ 10 XSYWLENY,YSYMOEND , CTIGRENCEN,J),J=T,MAXNG)
SYM=NSYRCEND JORLYSYN(END
IND=IND+T
TI=IGRENCEN, 1D
INGDENCIND) =NSOUNDCIT, 1)
NODET=INODENCIND)

(---«=ghlH NIDE GROUPE
DO L0 IG=%,¥AXKG
T1=31GREALFN,IG)
IF(It.EGLCY GOTO 30
k1=16G
NUMIZNUMB(TIT)
LDUY=INGDENCINDY «NESKBOUND(1T,1)
IFC(LDUMY PRINT S23,EN,IND,IN
TF(LDUMY ETQP

{====- EACH ZONE

DO 0 I=2,NUMI

IND=IND+Y
20 INCOENCIND)=NBOUND{IT,I)
Il CONTINUE

PRINT 210,EN, (IGRENCEN,J3,d=T1,K12
IF(XSYM{END) PRINT 250,ENR
TFOYSYMEN)) PRINT 2E3,EN
NENCNGCENY=K1T
IF(SY®) GOTO 4G
LOUM=INODEN{IND ) «NELNODET
TF(LBU} PRINT 510L,EN,NCGDET,INODENTIND)
IFCLDUMY STOP
INB=IND=T
4i CONTINUE
NNODENCEN)=IND
1s5C CONTINUE
CALL ENRADT(x,Y)
CALL ENCONT
RETURN
9L FORMATCALY
TL0 FORMAT (}
150 FORMAT(//7" VOIDS'/" *axxx?®)
fyn FORMATC(/® THIS STRUCTURE BAS NO VOIDS*/)
2on FORMAT(/" NUNMSER OF VOIDS=",I2/)
210 FORWAT(® VOID NUYBER®,IZ," IS SURRCUNDED BY THE FOLLOWING
1 L*NODE GROUP(S)',41I3)
¢5¢ FORMAT(" v0OID NUMEER',I2," IS SYMMETRICAL AROUND THE X~AXIS

1 P

260 FORMATC® VvOID NUW3ER',IZ,* 1S5 SYWMEYRICAL AROUND THE Y=-AXIS
i ")

SLO FORMATC///*' SURROUNDING NODEGROUPS NOT COMPATIBLE®/f* En=",13,
1 ' IND=',IZ," 11=°,13)

5in FORMAT(///" FIRST AND LAST NODE ARE NOT IDENTICAL FOR *
I LPVHID NUMBER',12//" FIRST NODE=",F4/" SECOND NODE=",I4)
END

SUBROUTINE ENCLOZ(T,FLOW?
{—mm==THIS ROUTINE IS CALLED FROM THE BSASIC FINITE ELEMENT PROGRAN
[mmm—— TO0 CALCULATE THE RATE OF HEAT EXCHANGE BETWEEN ENCLOSURE SURFACES
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--AS AFUNCTION OF CURRENT TEMPERATURE

BIMENSION TL1),fLOW{T}
COMMONJENCLOS/LEN,NENC, NENCNG(Z) ,IGRENCZ,4),NNOODEN(Z) , INODENCTICLY,
1 XSYML2), YSYNM(2)

LOGICAL LEN

IF{ NOTLLEN) RETURN

~CALCULATE RATE OF RADIATION HEAT EXCHANGE

CALL ENRAGZ(F,FLD®)

-=CALCULATE RATE OF [ONVE{TICN HEAT EXLHANGE

CALL ENCONZIT,FLO#)
RETURN
END

SUBRCUTINE ENCONT

==THIS ROUTINE FORYS CONVECTION ARRAY H

PRRAMETER N3=10,NNB=30,NNEZ=Z+NNS
COMMON/RNOB/NUMB(NE) ,NBOUND (NB,NN3),BAREAINI, NNB), THINB),
1 EPSG{NB},BETA(NB),CPGINB),FA(NG)
CO%MONFENCLOS/LEN,NENC,NENCNGL(2) ,IGREN{2,4) ,NNODENC2) ,INODENCICE),
1 XSYM(2),YS5YM(2)

COMMONJENCONSH (5D, TAIR(Z)

COMMONFDUMMY/HT (25),DUMZ{EE)

LOGICAL LEN

LOGICAL XSYM,YSY¥,SYM

INTEGER EWN

1N =1

--FGRM ZONE CONVECTION ARRAY
--EACH VQID

P 155 EN=1,NERC
SYM=ASYMCEN}ORJYSYMIEN)
IN=0]

NENG=NENCNG (END

(====~EACH NODE GROUP

DG 1D IG=1,NENG
I1=i6RENCEN,IGD
NUI=NUMB{IT)
3E=BETA{IL}

(=====EACH ZONE

150

DO 1C I=2,KUMI
INSIN®T
HZ (IN)=BE+BAREA(IT,ID

--FORM NODE CONVECTION ARRAY

CALL HTRANS(HI,HUIND),IN,SYH)
N=IN

TFCSYMY N+l

IND=IND+N

CONTINUE

RETURN

END

SUBROUTINE ENCONZ2(T,FLCW)

{~a—w-THIS ROUTINE CALCULATES THE AIR TEMPERATURE AND CONVECTIVE HEAT
(~w=w=FLOW IN EACH ENCLOSURE

DIMENSION T(1) ,FLOW(T)

COMMONFENCONFRC(SD) , TAIR(Z?
COMMONFENCLOSSLEN,NENC,NENCNGE2) ,I6RENL2,4)  NNODEN(2) INODENCIOE),
1 XSYM(2),YSYM(2)

COMMON/DUMMY /HBAR(25) , TENC25)

LOGICAL LEW

INTEGER EN

DATA PE/.CCQ1/

IND =D

(=====EACH VOID

b0 150 EN=1,NENE
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54 N=NNODENC(EN)
541 Lm==== STORE AFPROPRIATE NODAL TEMPERATURES IN DUMWY VECTOR TEN
47 Do 10 I=1,K
563 NODE=INODENCIND+I)
Shé ic TENC(I)=T(NODE)
645 (we=== CALCULATE THE AIR TEXPERATURE ThA 3Y ITERATION
XY Caumamn USE STARTING VALUE FROM FORMER TIME STEP
547 TA=TAIR(ENR)
56% pg 30 ITER=1,10
545 SHEAR=D,
550 SHRT=C,
551 Cr=mrm~ EACH NIDE
552 DO 20 I=1,K
552 TDIF=ABSCTENC(L)-Ta)
554 1F{TIDIF.LTealC01) HBARCID=T.
655 IF{TDIF.LT.CLOY GOTO 20
556 HEARCII=H{II*TPIF*% .23
55 SHBARSSHEAR+HBAR(I)
55% SHRT=SHET+HBAR(I}»TENC(I)
55% ic CONTINUE
5460 TF(SHEAR) 25,%C,25
££1 25 TANEW=SHBT/SHBAR
LEZ (mmmme CONVERGENCE CHECK OF AIR TEMPERATURE
4612 IFCARSC(TANEW=TAY/{TANEW+TA) )}, LT PE) GOTO 63
654 IF{ITER.GT12 50TO 3T
555 TH=TA
£6€ TY=STANEW
£E7 TAS(TANEW+TAI* .3
568 &0TO 572
5679 I DX=T¥-TA
872 DYSTY~TANEW
£7% D=0Y-DX
572 IF(DY4T, 70,40
573 45 DN=TX*DY~TYXDX
574 TA=ThA
575 "TY=TANEW
475 [~=v=nUSE LINEAR INTERPOLLATION TO SPEED UP CONVERGENCE
577 TA=DN/D
578 5. CONTINUE
£75 PRINT 2(00,EN
580 sT0P
524 5% CONTINUE
£R¢ px=TX~Ta
583 DY=TY-TANEW
24 D=DY=DX-
5%5 IF(0)E5,70,48
LEG Cow—-cUSE LINEAR INTERPOLLATION TG IMPROVE THE CALCULATED TEMPERATURE
(304 65 TA=C(TX*DY-TY*DX}/D .
588 7C TAIRCEN)}=TA
LB (===== CALCULATE CONVECTION HEAT FLOW AND ADD 7O THE GLOBAL HEAT FLCHW
570 CamswwyECTOR FLOW
£919 370T=C.
! 592 DG B0 I=1,N
592 NODE=INODENCIND+I)
694 QsHBARCII* (TA-TEN{I))
575 QTOT=QT7QT+0
595 :28 FLOW{NODE)=FLOW{(NQDEI+0Q
537 gl CONTINUE
558 cc PRINT 220,7A,GTOT
699 IND=INDHN
7CC 15 CONTINUE
721 RETURN
732 240 FORMAT(///* CONVERGENCE NGT ACHIEVED FOR THE AIR TEMPERATURE®,

7C3 1 tIN ENCLOSULRE NUMBER®,I3)




704
705
738
707
708
703
718
713
71z
713
714
713
71%
717
718
71%
72k
721
722
723
T24
725
726
727
728
res
73¢
731
73c
723
734
735
735
737
73
729
T4C
741
742
763
Thé
745
746
747
748
749
73c
751
75¢
753
754
755
5%
T57
758
75%
765
751
752
763
764
765
756
767
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2570 FOR¥ATC(IH+,50K,"AIR TEMPERATURE',F741,5%, 'TOTAL CONVECTIVE HEART',
1 YOEXCHANGE',E1C.3)
END

SUBROUTINE ENRADT(X,Y)
{===== FORK RADIATION MATRICES FOR EACH VOID AND STORE THEM N
C-==w«=THE VECTOR E.
Cam-w-LALCULATE VIfw—FACTOR MATRIX VIEW AND ZONE AREA VECTOR D
DIMENSIGN X(1),Y(1),A(25,25),8(e5,25)
PARAY¥ETER NA=10,NNB=30,NNB2=2*NN3
COMMON/SNGD /NUME(NE ) ,NEDUND (N3, NNB),3AREA(NE, KNB),
1 EPSGINB)Y,BETA(NB),CPG(NEY,FAINB)
CO%YON/ENCLOS/LEN,NENC,NENCNG(2) ,IGRENCZ,4) NNODENL2), INODENCICGY,
1 XSY®(2),Y5YM(2) .
COMKON/ENRAD/E (120D
COMMONSUNTT/SIGMA, TAES
COMKON/DIR/MAXNG, MAXNCD
COMMON/ZDUMMY /D (25),DUM2(25)
DIMENSION VIEA(Z5,25)
EQUIVALENCE (AC1),VIEWC(T))
DATA IND,1£/0,7%7
LOGICAL LEN
LOGICRAL XSY¥YM,YSY™, SYN™
INTEGER EN
(==m==~EACH VOID
50 150 EN=1,_NENC
CALL VICWFCC(X,Y,D,EN,VIEW,MAXNCD)
C===~-FCR¥ THE MATRICES A AND E
NENGSNENENG (END
. IN=C
PEESTES EACH NODE GROUP
po 122 16=1,NENG
I1=I6RENCEN,IG)
NUFI=NUMB(IT)
Cammmm EACE IONE
00 120 I=2,NUMI
INZIN+T
InN=G
DO 120 $6=1,.KENG
J1=1GRENCEN,J6?
NUMI=NUME(2T1)
EPS4=EPSGCITY
DO 1237 J=g,NuMd
JNSIN+Y -
GOIN,ENI=VIEW(IN, SNI*SIGHA
ACIN,INI=-VIEWCIN, NI *(1,—EPSJI/EPSI/D (IND
IFCINJNESJNY GOTO 12C
lIN, JNY==S1GKA+3{IN,IN)
ACIN,INI=1./EPSI/DUINI+ACIN,IN)
120 CONTEINUE

N=IN
(mm==— IMNVERT A AND STORE RESULT IN A
CALL INVERCA,N,MAXNGD)
Cwm===MULTIPLY A AND 8 AND STORE RESULT IN A

CALL MULTCA,E,N,%AXNOD)

SY¥=.FALSE.,

TFOXSYM(EN}+OR+YSYMLEN)I SYM=.TRUE,

NZ=N

IF(SYR) N=N+1
C-~--<TRANSFORM THE LOCAL RADIATION MATRICE A AND STORE THE RESULT IN
(-====VELTOR E
CmewweB IS EMPLOYED AS A DUMMY MATRIX

CALL ETRANS(A,B, E{IED , N,NZ,SY%, %AXNCD)

TE=IE+N=*N
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IND=IND+q

150 CONTINUE
RETURN
END

SUBKCUTINKE ENRADZ(T,FLOW)
----- THIS ROUTINE CALCULATES THF PADIATION HEAT FLOW TO EACH NODE 0OF A
=ENCLOSURE SURFACE AND ADDS THE RESULT TO THE CGLOSAL HEAT FLOW
————— VECTOR FLOw
DIVMENSION TC1),FLOW(T)
COMMONFENCLOS/LEN, NENC, NENCRGIP) ,IGRENCF L&), NNOQDENCZ) , INODENCIDT),
1 XSYML2),YSYM(2)
COMMON/ENRAGFECTZCD )
COMMONSUNIT/SIGNA, TABS
COMMONFDURMY/ETACZS) ,Q(25)
LOGICAL LEN
INTEGER EN
IL=1
InD="
[ EACH wOID
pO 152 EN=T,NENC
N=NNODENCEN)
[ CALCULATE ABSULUTE TEMPERRTURES TO THE FOURTH POWER FOR FOR THE
[ NODES OF THE ENCLOSURE SURFACE
o0 15 I=1,N
NCDESINODEN(INDSI)
pUM¥=T(NODEI+TARS
PUMSDUMADYN
1L ETA(I)=DUMH*DUM
(mweme=CALCULATE ENCLOSURE SURFACE RADIATION HEAT EXCHANGE VECTOR Q=E*ETA
CALL RADVEC(ECIE) ,,ETA NK,Q)
(m===- A0D TO GLOBAL HEAT FLOW VECTOR FLOW
B D I=1,.M
NODE=INCDEN(INB+I}
20 FLOWINODE) =FLOWCNODEI*Q (1)
TESTE+M*N
IND=INDHY
157 CONTINUE
RETURN
EKD

SUBROUTINE ETRANS{A,B,E N, NZ,S5YM,%AX)
Crwm=~THIS ROUTINE TRANSFORMS THE ZONE RADIATION “ATRIX A TO A NODE
{w=+v==RADIATION MATRIX AND STORE THE RESULT IN E
{ro==- IF SYMMETRY IS5 PRESENT EXPAND RADIATION MATRIX
DIMENSION E(N,NY,A(MAX,MAX) B ("MAK, MAX)
LOGIECAL SY¥M
(==~ E=SAT*A%SA
C-+~=~~5=5AT*A
po 10 1=2,NZ
po 10 Jd=T,N2
1¢ BCI, ) =AL{I-1,4)+AC1, )
5o 38 J=1,NZ
IF(SYR) GOTO
3¢1,d)=AC1,0)
G070 30
2L BLl,d3=A01,J)
BON,J)=AL{NZ, )
k1A CONTINUE

2
+

ACNZ, 4D

DO ST I=1,N
00 530 J=2,N2

Su FUI,J=425#(R01,J34R(I,4=-1))
o0 FCOI=T,N



3¢
533
EId
335
338
837
528
839
846y
241
842
343
344
843
Bhd
847
B&4E

375
E77
278
579
BEZ
351
882
vz
B84
885
LR
387
E88
L3-1-)
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891
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g4
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IF{sSY*) S0TC uf
ECI,1)=,25%(2(1,13+a8(1,N)2
GOT0 72

[ E(I,®)=,25+601,1)
ECI, NY=,25%B{L,NZ)

g CONTINUE
RETUPN
ExD

SUSROUTINE FEYZC(IX, 1Y, NN, NE, NR, Y, KTOP, X, Y, T,TT,TMAX, ELA EVL, A, FAX,
1 P,W,EN,F,FLOW,AXIAL NODCPL, NODINT, NCDEL,¥NODEL,DTA)

(====- THIS ROUTINE INITIALTZES SYSTEM ARRAYS AND

C--—-- CONTROLS TIME INTEGRATION
DIMENSION NINEJ, KTOPC&,NED, XC(NND Y INNDY, TONND  TTENN) , TMAX(NND,
1 ELACL,NE) ,EVGINEY ,ACNN, MAX) P INNDY, W INND ENCNNY, FINNDY  FLOWCNND
2 SNODCPLONND  NODINTONN)  NODEL (4, NN, MNODEL (NN),DTALNN)
PARAMETER %NV=2(,MNR=1D
COMMON/FIRESTIM(50),T8(50G), TITFIR
COMMONS/RMAT/TC (MNV, MNRD ,C(MNV,MNRD ,TE(MNV, MYRD ENT ANV, MNR),
COMMONATOUT/IL, TOUTCIGO), TIHMAY, DTMAX , TIMFAC,KTHAX, KUPDA
LOGICAL THMAX,AXIAL
LOGICAL FIN,CON,NODI,UPDR
DATA FIN/ FALSE./

(omcaa
5 CONTINULE
KTI#E=T
CON=.TRUE .
(mmmm= INITIALIZE NODAL TEMPERATURES
CALL INIT(NN,T,TT,TMAX,NODINT?
(===== INPUT FIRE 30UNDARY TEMPERATURE
CALL SFIRE(FIN}
(=== FIRST TIMe INCREWENT FOR CALCULAFTING INCREMENT LENGTH ONLY
DELTI=32.

{=====TF FIN=.TRUE. ANALIZE NEW FIRE
Cwm=w=IF FIN=,TRUEs TERMINATE RUN
IFCFINIGOTO Tull
CALL ASSPZUNN,N,X,Y,T,TT,TMAX,EVE, NODEL, ¥NGDEL, P, W, NODINT,

1 AxIAL)

C---—--INITIALIZE NODAL ENTHALPY VECTOR EN

Cmmmm= HOMDGENEQUS NODES = EN = ENTHALPY(HEA&T) PER UNIT VOLUME
mmmm= INTERFACE NODES - EN = ENTHALPY(HEAT)

b0 10 I=1,NN

NDI=NODINT{I)

IF(NGDCPL{I?»EQ.JLORWNDILLTLC) GOTO 10

IFINDIWGT+0) CALL XVERSY(TE ENT MNV, NDI,TCI), ENCID)
(->m-= MASTER NODES AND INTERFACE NODES

IFC(NODCPLCIYaGT oD ANDNDI FG.0) CALL MINTRPCI,NOBDCPL(ID,P)

TF(NDIWEG.C) ENCII=PCI}=*T(I)

14 CONTINUE

[ T———

(=m=== START TIME INTEGRATION LOOP
Cmmmm=m

700 CONTINUE
DUMT=FLOAT(KTINE) /FLOAT(KUPDA)
DUMZ=ATINTLDUNT)
UPDAZDUMT L EQuDUMZ ORWKTIMECEC.T
KTIME=KTIME+1
Cmmmm- CALCULATE INTERNAL HEAT FLOw &Y CONDUCTIGON
TFCUPDAD
1 CALL ASSAZCNN,NE,N,KTOP, X, Y, ELA,T,TT, THAX, AXIAL, MAX, A)
p0 Z0 I=1,NN
zo DTACII=ACI, MAXD
CALL MPACKV(A, T,F,MAX, NN)
feenwsGET FIRE TEMPRATURE



29¢
R97
255
8¢
300
301
ERP
703
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335
2?04
557
JLE
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10
11
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913
%14
21%
15
217
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CALL XVERSY(TIM,T2,57,1,TINME,TFIRED

. CALLULATE SCUNDARY HEAT FLOW
CALL FQANDBLT,FLIw,DTA, NN, ®AX, TFIRE)
Cmmmmm CALCULATE INTERNALLY GENERATED HEAT FLOwW
ChLL FQGENCNN,NE,N,KTOP,EVEL, T, FLOWND
o CALCULATE ENCLOSURE (vOIP) KEAT FLO®
CALL ENCLOZLT,fLOM)
(-—=== CALCULATS HEAT CAPACITY ™ATRIX AT CURRENT TEZMPERATURE
CALL ASSPZINN,N,X,Y,T,TT,T®AX,EV4,NODEL ,MNODEL P, w, NODINT,
1 AXIAL)
fmmmm SUM APPROPIATE GUANTITIES OF COUPLEDP NODES

CALL COUPLEBCFY
CALL COUPLB(FLOW)
CALL ACQUPLCA,DTA, NN,MAX)
Cmmm== CALCULATE NEw NODAL TEMPERATURES
Do 50 I=1,NN
NDC=NODCPLIID
NDI=NODINT(1)
TFENDIWLTeGe0RWNDCAERLDY GOTO 52
(mmm=- HOMOGENEQUS NODES ONLY
NODISNDI.GT."
TFONODIXCALL HTEMPL{TC(I), WC(I) ENCI) FLOWCID, FCI), NDI,DELTI)
IFCNODI) GOTO 506
(====~INTERFACE MODES
IF(NODCPL{IYWGT4D) CALL MINTP{I, NODCRL(I),P)
CALL CTE¥P(I,T(I),P,EN,FLOW,F, DELTI, NODEL,®NODEL,N,EV4,NDC)
5¢ CONTINUE
(om=== SET PRESCRIBED NDDAL TEMPERATURES
CALL PTENDBI{T,TFIRE)
CALL COoUPLL(T}

(~=--=-«PRINT CURRENT NODAL AND VOID AIR TEMPERATURES
CALL OQUT2€IX,IY, NN, NE, X, ¥, TIME, KTIME,DELTL, T, TT,TMAX, FLOW, TFIRE,
1 NODT,EXTAL)

(m=m== SET CON=.FALSE. TO TERMINATE TIME INTEGRATION
CALL MAXCOCNN,TMAXK,TT,T,TIME, KTIME,CON?

(===== CALCULATE NEw TIME INCREMENT DELTI

CALL DTIMECNN,P,DTA, MAX, NODINT,NODCPL,TIME,BELTI, NCODT)
TIME=TIME+DELTI
IFCCONY GOTO 705

Cmmmmn
C-+--=wEND TIME INTEGRATION LOGF
[ommmea

720 CONTINUE
TIME=TIME-DELTI

(wmm=m PRINT ®MAXIMUM TEMPERATURE OBTAINED DURING ANALYSIS
CALL OQUTMAZ{IX,IY, NN, NE,X,Y, TIME KTIME, T, TT,THAX FLOK AXIAL)
G0TO 5.

1030 RETURN
EhD

SUBRCOCUTINE FGBNDA
[ LTETS THIS ROUTINE FORMS RADIATION AND CONVWECTION MATRICES B8R AND BC
COMMON/UNIT/SIGMA, TABS, TINIT,TAMB, TANB4
PARAMETER NEB=10,NNB=3J, NNBZ=2*NNS
COMMON/FQE ANFONG,NFRGINBY, TRI(NNB) , TCINNB)
1 ,LBR{NNBEZ)},BCINNB2)
COMMON/GNOD/NUME (NB),NBOUND (N2 ,NN3),3AREAINI NN3),
1 EPSGI(NB),BETA{NS),CPE(NE),FA(NB)
LGGICAL FA,FA]
(=—==-= READ NUMBER OFf BOUNDARY NCDES GROUPS
READ 100,NFENG

1F(NFQNGLEQL') RETURN
PRINT 2C0



3738
37y
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IND=T
=== EACH BOUNDARY FLOW NODE GROUP
Do 10 18=1,NFONG

READ {00,FAr1,.INGT

C—===-- 1IF FAY=,.TRUE. FIRE BOUNDARY ELSE AMBIENT TEWPERATURE
(om=== INGT = NCODE GROUP NUMBER

FRCINGTI=FAT

NFQGLIB)=INGY

NUMI=NUMBCINGTY

BET=RETALINGT)

EFSIG=ERSG(INGTI*SIGMA

IF(EPSIG+EG 0 ANDLBETEQ.G) PRINT 230
IF(EPSIGaEGwDsAND oBETLEQeD) STOF

CALL 3RBCA{(ERCIND),BCUIND),EPSIG,3ET,BAREA,NUMI, NB,INGT)
IND=INB+Z*NUMI

TECFAT) PRINT 232,ING1

IF(.NOT.FA%) PRINT Z220,ING1

CONTINUE

FOGRMAT (2

FORMAT(//* FRESCRIBED FLOW SOUNDARY /X, 24(1B%3/
i /" NODE GROUPS AND TYPES OFf GOUNDARIES'/)

FOR®AT(® NODE GROUP',13,"' FIRE 30QUNDARY')

FORMAT(' RCDE GROUP',I3,' AMBIENT BUUNDARY')
FCREATC/* BOTH EMISSIVITY AND CONVELTION FACTOR 2ERQ®)
RETURN

END

n o
. O
€y

Lt g I
[N
v v i ]

SUSROUTINE FQINDILT, FLOW,DTA, NN, MAX, TFIRE)
(~+~wnTHIS ROUTINE PREPARES CALCULATION OF PRESCRIBED BOUNDARY FLOW
DIMENSION TOCNN),DTACNN) , FLOWINN)
PARAMETER NB=1Q NNB=3{, NNBZ=2+*NN3
COMMON/FGR/NFONG,NFRGENB),TRINN3), TCINKE}
1 L3R(NNS2),2C{NNB2),TRDINNB),TLD(NN3)
COMMON/ENOD/NUMB(NB) ,NBOUKD (N3 ,NN3),3AREA{N3 NNB],
1 EPSGC(NB),BETA(NB)Y,CPG(NB),FA(NB)
COMMOKFUNIT/SIGMA, TARS, FINIT,TAME, TAMBS
LGGICAL FA
(-==== NULL FLO< VECTOR
DO 777 I=1,NN
7?7 FLOow(12=0C,
{we=~=RETURN IF NO PRESCRIBED BOUNDARY FLOW
IF(NFGNG.EGaD) RETURN
TF4=(TFLRE+TARS)I#*4
IND=1
(~-~-~FEACH BOUNDARY FLOwW NODE GROUP
po 30 1B=1,NFONG
TG&=TAMBE
T6=TA¥3
INGI=NFGE(IB)
IFCFACINGT))Y TG=TFIRE
IF(FACINGT)) TG4L=TF4
NUMI=NUKBCINGT)
CP=CPGLINGT)
DG 70 I=1,NUMI
NODE=NSQUND{INGT, 1)
TNGDE=T(NODE)
TNABS=TNODE+TABS
(w=w===RADIATION
TRD(I)=b s *x TNABSA*Z
TREII=ToL~TNADS*%4
Cemmm=CONVECTION
DUP=TG=TRODE
TCO(IYSCP*ABS (DUMI =2 {LP-T42



$224
1325
1025
1227
tl2%
13279
1030
1531
1332
1023
1334
1335
1235
13%7
1538
1329
1345

341
1542
1543
1064
1365
tohke
1047
1348
104%
108°C
1351
105¢
1552
15546
1355
id56
1357
1258
135%
1364
1341
1562
063
1384
1065
13686
1347
1368
1369
137G
1371
1372
1673
1374
1375
1376
1077
1078
TOve
t320
1081
1382
1683
1584
1585
1386
1087
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TF{BU%Y 5,23,1C

5 TCCI)==(=DpUM) (P
G070 20

1< TCLE)=bumex{p

2o CONTINUE

[ rre——

CALL B5RGCE(BRCINDD),BCOINDY, TR, TC,TRD,TCD NUMI, DTE NN,
1 MAY,FLOW, TG, T,INGT)

IND=IND+Z®NUM]

CONTINUE

RETURN

END

(8]

SUBROUTINE FRQGEN(NN,NE,N,KTOP,EV4L,T,FLOW)
CemvwmwCALCULATE INTERNALLY GENERATED HEAT

DIFENSION N(NE)},KTOP (4, NEY,EVLINE) , TONN),FLOWINND)
PARAMETER M®NV=20,MNR=1C
COMMON/RMAT/CCCCYNRY, TCCMNY, MRR) , C UMYV, MNR) , TECMNY, MNR),
1 ENTCMRNY,MNRY, CR{MNV, MNRDY, TG (MNV MNR) ,RE(MNY, MNR) , LO(MNR)
LOGICAL CLC,LG

o 20 I=T,NE

NT=N(I2

TFCLNOTLLGINT) Y 50T0 27

pC 1{ K=1,4

NOD=KTOP(K,1)

CALL XVERSY(TR,GE, MNV, N1, T(NCD)Y, FGEN)

13 FLOWINODI=FLOW(NOD)+EV4 (I} *FGEN
2L CONTINUE
RETURN
ChD
SUIROUTINE GEQCO2 (NN, NE, N,KTOP, X, Y, AXIAL,ELA,EVS]
(mmm== THIS SUSROUTINE COMPUTES FLEMENT GEOMETRICAL CONSTANTS
mmmm=
Cmmm—— KN NU*BER OF NQDES
C-=-=- NE KUMBER OF ELEMENTS
[ N ELEMENT REGION KRUMBRER
X, ¥ NODE COCRDINATES
AXTAL TRUE IF AXIAL SYMMETRIC PROGLEM
ELA ELEMENT GEOMERTIC CONSTANTS
(ommn= EVé ELEMENT VOLUME/S

DIMENSION XCNND),Y{NN), EVL(NE) ,ELACL,NE) , KTOPCA,NED,NINE)
PARAMETER MNR=1C
COMMONJRGEDFELFICT(MNRY ,ETCMNRY ,SRDIAC{4,MNR)
LOGICAL AXIAL,ELFICT
b0 5 I=1,NE
N1=NCD)
K1=KTOP (1,12
K4=KTOP{4,1)
A=X(X4)=-x (K1)
3&Y (KL YI=Y (K1)
ETI1=ET(NTD
ELACT,I)=ETIs(A%xA+RxB) /2 /A/E
ELAC2,1)=ET 1x(-z*A*A+B*B}Y/CW/A/E
ELA(3,TI)=ETT1*(A*A=2,%B%B)/ 6. /A/E
ELA(L,1)==ETT1+(A*A+B*3)/6./A/B
EV4{IX=ETI*A%B/L.

5 CONTINUE
RETURN
EKD

SUBROUTINE HTEMP(T,w, EN,FLOW,F NT1,0ELTI)
{~====CALCULATE TEMPERATURE FOR HOYOGENEOUS NODES
PARAMETER MNV=20,MNR=1D



..9:3_

128¢ COMMON/RMAT/TC (®NY,MNR) ,COMNV, MNR) , TE(MNV, MYRY,ENT(MNY BHNR) ,
1389 1 CR(MNY,FNRY
15%C pP={FfLOW=-F)*DELTI
1091 ENSEN+D /W
1392 CALL XVERSY(ENT,TE,MNV,NT,EN,T}
1552 RETURN
2%¢ END
1725
Tuvs SURRCUTINE HTRANS(HZ, H, N,SYM)
1297 [mmm== THIS ROUTINE TRANSFORMS THE ZONE CONVECTION ARRRY H TG A NODE
1292 (mmmm- CONVECTION ARRAY STORED IN THE SAYME ARRAY
1399 [ IF SYMMETAY IS PRESENT EXPAND CONVECTION VECTOR
112¢C DIMENSION HZIC(1),H{(T)
1101 LOGICAL SYM
11206 po 1 1=2,N
1163 HEI) =, S*(HZ{I~1)+4H2(1)?
1104 ic CONTIKUE
1105 TF(SY™) GCTO T
126 H{T)= S*(HZ (NI +HZ (1))
107 0T0 30
1108 2L CONTINUE
110% H{T)=.5%«HZ {13
114 H{N+TI=,5%HI(N)
1111 30 RETURN
1112 END
1193 :
1114 SUBROUTINE INITI(NN,T,TT7,THAX,NODINT)}
11158 C~=v=~5ET INITIAL NCDAL TEMPERATURE
1112 DIMENSION TCNN),TTONNI,TMAXCNND ,NODINTINN)
; 17 LOGICAL THAX :
i 1118 COMMON/TOUT/TL,TOUTCI00) , TIMMAY
: 1112 COMMONJUNIT/SIGWA ,TABS , TINIT, TANB,TA%BL
; 1120 11=1
i 11e1 DC 1 IS KN
1122 TF(NODINT(I}2LT4D) 6OTO 1
: 1123 TLIX=TINIT
; 112t TTCIX=T(1)
; 192¢ 1 THAXCIY=,FALSE
i 1125 RETURN
1127 END
1%
112% SUBROUTINE INTERFCNN,NENR,NX,NY,KTOP, N, KODINT RODCPL)
1138 [mm=== THIS ROUTINE FORMS VECTOR FOR IDENTIFICATION OF
1131 {=-===INTERFALE AND FICTITIOUS NODES
1122 {----- NGDINT=-T =~ FICTITIOUS NODE
1133 C===== NODINT= ~ INTERFACE NODE
1134 (mma=— NODINT= 1 = HOMOGENEOUS NODE
1135 PARAMETER MNR=TQ,NCP=50
11326 COMMON/RGEQ/ELFICTIMNR)
1137 COMMON/COUPLE/NCOUPLENCP,B) ,NCPLS
113z DIMENSION KTOPC&,NE), N{NEX,NODINT(NN}, NODCPLINN)
1135 LOGICAL ELFICT
11473 PRINT 250
1141 DO 5 I=1,NN
3 1142 5 NODINT(I)==1
H 1163 TFINRLEUWT) H0TO 50
H 1164 NXT=KX=1
1145 NY1=NY-1
1146 TFINY.EG.2)60TO 25
1147 (ormeem-
1143 p0 20 I=1,NK1
1143 INY=(1=T3*NY
11540 INYT=(I~FI*NY]
1151 IET=INYT1+1




1152
1153
1154
1155
1156
1157
1155
115%
1156
1151
118z
71463
11¢4
1163
1166
1167
1168
1169
1170
1471
1172
1172
1174
1175
1176
1177
19728
1179
1120
1181
1182
fi182
1184
1185
1324
1187
1188
1189
11280
1194
1192
1192
1194
1195
1196
1197
1158
1499
129¢L
1281
1202
1243
1204
1208
1206
12c7
1208
1269
1218
1211

1212

1213
1214
1215
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NT1=N(IZT)

DG 20 J=2,n%1
IF(ELFICT(NY)) GOTO 15
DO 1C Ipuwk=1,3
IEZRIET+{IDUM=23+NY 1+
IF(IE2WLEW D ORJIFZLGTLNEIGOTD 137
NZ=N{IEZ2}
IFCELFICTINZY) GOTO 13
IF(NT.EGaN2) GOTO 10
IFCIDUMNE2)GOTS 10
NOD=INY+J
NODINTINOD) =N
NOD=NOD#NY
NGDINT(NGDY=C

CONTINUE
CONTINUE
IET=1E7+17
N1=NCIET}

CONTINUE
CONTINUE

IF(NX.EQ.2)G0TO 55
pg 4 I=1,NY1
INX=I=1

IE1=1T

NI=NCIETD)

PO 40 J=2,NX1

IEZ2=IET+NY1

Ng=N(IEZ)
IFCELFICT(NSYORLELFICTE(N2)) GOTO 302
IFENTLEQU.K2Y 5OTO 2§

NOD=(J=1)}*NY+]I

NODINTINOD) =C

NGD=NQD+?

NODINTINOD) =0

CONTINUE
IET=1E2
N1=NZ

CONTINUGE
CONTINUE

DO 7L I=1,NE

NT=N(E)

IFCELFICT(NTYY GOYO 7G

Do &0 d4=1,4

NOD=KTOP{4,1)

IF(NODINT(NOD) .EG,~-T) NODINTI(NODI=NT

CONTINUE

IFf ONE NODE IN A (OUPLED GROUP ES AN INTERFACE NODE
ALL NODES IN THE GROUP ARE CONSIDERED INTERFALE NODES
1F (NCPLG.EGQ.U) GOTO 120

D0 t10 I=1,NCPLG

pg 8% 3=1,8

NOD=NCAOUPL(Z,J?

IF(NCD.EG.D) GOTO 110

IF(NODINT(MOD)2EQ.0) GOTO 9L

CONTINUE
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1215 9 CONTINUE

1217 Do 165 J=1,8

12138 NOD=NCOUPL(I,J}

1219 If{N0D.ERLCY GOTD 11D

1224 NODINT{NOD)=C

1221 14N CONTINUE

1222 11¢€ CONTINUE

Te23 127 CONTIMUE

1224 FRINT 205

1225 B0 8C I=T1,NX

fe28 II=(I=T)*NY

1227 8C PRINT 210, (NODINT(II+4),d=1,NY}

1228 2G5 FORMAT{/* -1 - FICTITIOQUS NODE'/' J = INTERFACE NODE'/
1229 1 * 1 = HOMOGENEQUS NODE®)

1233 2cl FORAT{S/" INTERFACE NODES'/T6({1H*))
1231 210 FORMAT C/10X,5G12)

1232 RETURN

1233 END

1224

1235 SUBROUTINE INTP{¥ND,NODEL,N,EV4,TI,PI)
1236 (mmm=- CALCULATE HEAT CAPACITY OF INTERFACLE NODES
1237 DIMENSION NODELC&) NC1Y,EVA(T)

1232 PARAMETER MNV=2( , MNR=1E

1239 COMMON/RMAT/TC CMNV , MNRD , C(mNY, ¥NR) , TECMNV, MNRD ,ENTIMNY KNR)
1240 . G 10 J=1,%NnD

1241 IE=NCDEL(J)

tz42 N1=N(CIE)

1243 EVGIE=EV4&(IE)

t244 CALL XVERSYU(TE, ENT, ™KV, ,N1,TI,ENI)

12453 CRAZENI/TI

1e4é PI=FI+EVAIE+CRA

1247 1 CONTINUE

1248 RETURN

TZ245 END

125L )

1251 SUBROUTINE INVERCA,M,MAX)

1252 L-—~--THIS AOUTIME INVERTS THE MATRIX A AND STORES THE RESULT IN THE
1253 [e=w=x3AME MATRIX

1254 DIYENSION A(MAX,T)

1255 pG 200 nN=1,M

1256 D=A{N,NY

1257 po 105 J=1,M

1258 180 A(N,JX==AdN,J2 /D

1259 DO 15¢C I=1,m

1260 1F(N.EG,I) GOTO 150

1261 ] 00 140 JF¥1,M

1262 IF(J.EG.NY GOTO %140

3243 ACI,d)=ACI, dY+RCT NI*AIN,G)

Tes4 140 CONTINUE

1263 150 A(I N}I=A(I N)/D

1266 200 8N, NI=1.0/D

1287 RETURN

1258 END

1265

1270 COMMENT MAIN PROGRAM CODED IN NUALGOL FOR DYNAMIC ALLOCATION OF ARRAYS
1271 FOR INFORMATION ABOUT ARRAYS SEE SUBROUTINE PROGZ2;
12?2 BEGIN

1273 INTEGER MN, NE,NR,IX,IY, MAX;

1274 REAL ARRAY XL,YL,XA,YA{1:100);

1275 BOOLEAN AXIAL;

1276 EXTERNAL FORTRAN PROCEDURE NETZ,DIMZ2;

1277 NETZ (XL, YL, IX, DY, NR,AXTAL, XA, YA, NN,NE, ®AX);
1278 BEGIN

1279 BODLEAN ARRAY THMAX(1:kN);




1280
1281
128¢
1283
1284
1285
1282
iy
1 ¥E:3:
T28¢
1290
1291
1292
1293
1294
1295
129
197
1298
1299

1300

1301
1302
1393
$394
1305
1326
1357
1308
130%
1313
1311
1312
1343
1314
1315
13ts
1317
1115
1319
1320
1321
1322
1323
1324
1325
1326
1327
1325
1329
1330
1329
1332
1323
1334
1335
1326
1317
1338
1319
134¢C
1341
1342
1343

96—

INTEGER ARRAY KTOP(t:4, T:NEY, NOToNE) NODELCTINN,T24) MNODEL,

NODINTOIINN)

REAL ARRAY X, Y, T,TT,P,W,EN,FFLOW, NODCPL DTACT:NN) ,EVACTINED,
ELACTz4, TINE) AL NN, T:MAX D

EXTERNAL FORTRAK PROCEDURE MESHZI,PROGZ;

MESHZOXL, YL, IX,IY,X,Y,KTOP);

PRDG?(IK,IY,%N,NE,NR,N,KTGP,NOBEL,MNODEL,K,Y,T,TT,TMAX,ELA,

EVG, A, MAX P, W, EN,F,FLOW, AXTAL ,NDODCPE NDDINT, DTAD;

END;

EnD

SUBROUTINE ¥ATINR)
C==-=-=-~THIS ROUTINE READS MATERIAL INPUY
(~-==-- NR NUMBER OF REGIONS
{----- CCMmMON R¥AT REGIONAL MATERIAL DATA
(-~ e TRUE IF CONDUCTIVITY I5 TAKEN AT
Crommm= MAXIMUM TEMPERATURE
D T€,< TEMPERATURE VERSUS CONDUCTIVITY PAIRS
(mmmm= TE,ENT,CR TEMPERATURE VERSUS SPECIFIC ENTHALPY
C-mmren AND SPECIFIC ENTHALPY / TEMPERATURE
Cr-==- Te,QE TEMPERATURFE VERSUS INTERNALLY
[ GENERATED HEAT
mmmmm Le TRUE 1F HEAT IS GENERATED INTERNALLY
{=m===COMNON RGED REGIUNAL GEGMETRICAL DATA
(===~ T ELEMENT THICKNESS
(-wwem- XR T SUIREGION LIMMITS
Cmmmmn SEDIAC DIAGONAL CCORDINATES OF SUBREGIONS
{-==~=PARAMETER
(-mmmw MNY MAX NUMBER OF VALUE PAIRS
Lommnw MR MAX NUFBER OF REGIONS

DIMENSION MAT(2L)

PARAMETER MNV=2(,MNR=1C

COMMON/RGEO/ELFICT(MNRY,ET(MNR} ,SRDIAC L4, MNR)

COMBON/RMATFCCCUMNRY , TCURNY , MNR) ,COMNV, MNRY, TE (MNV NNR),

1 ENTCMNY,MKR3,CRCMNY MNR) TNV  MNR) , QECMNV  MNR) , L MNR)

LOGICAL CCC,L¢&

LOGICAL ELFICT

DATA CCC,LQ/MNR* FALSE., MNRAuFALSE S

PRINT 95

NRR=NR

DO 2 I=1,NR

IFCELFICTLI)) NRR=NRR=1

IFCELFICTC(I)) GOTO ¢

PRINT 100,1
Lm—mm= INPUT WAME OF REGION FOR IDENTIFICATION

READ ZOC,WAT
(=== INPUT MATERIAL AND ELEMENT PROPERTIES $OR EACH REGION

READ 1,CEC¢L), NTC,NTE, NQE,ET(T}
TFONTC+LET+ORLNTE.LE.T1.0R.NEEER.T)} 6OTO 1300
IFENGE JG6E.2) LGLIY=,.TRUE.
MAXNTE=MAXD (MAXNTE,NTED
IFCETUIDsEQesl) ETCII=T,
IFC.NOT.CCCCIXY PRINT 1G1,ET(I), MAT
TFCCCC{IY) PRINT 102, ETCI), MAT
NT=WAXD(NTC,NTE)

Cr~===INPUT TEMPERETURE CONDUCTIVITY PRIRS
READ 1,(TCCX,I),C(K,I),k=1,NTC)

C====<INPUT TEWPERATURE SPECIFI({ VOLUYETRIC HEAT PAIRS
READ 1,{(TECK,I), ENT(x, 1), k=1,NTE}

{=mmmwINPUT TEMPERATURE INTERNALLY GENERATED HEAT PAIRS
TFeLe(I)) READ 1, (TG(K,1),GE(K, I}, k=1,NGE)
BO 38 K=1,NTE

3g TF(KohEaT) CROK,IJ=(ENTIK,II=ENTC1, I}/ (TE(K,1)=TECE,ID)
CR(1,1}=CR{Z, 1)



364
1345
1345
1347
1268
1349
135¢C
17151
1352
1352
1354
13553
1356
1157
1358
135%
1363
1351
1342
1362
1364
TEes
1346
1357
13632
1343
1373
1371
1372
1372
1374
1375
137¢
1377
1378
1379
1330
1381
1382
1383
1384
1385
1388
1387
1388
1389
1390
1331
1392
13493
1394
1335
1394
13197
1278
12397
143G<
1421
1402
1403
1404
1675
1408
1427
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PRINT 110

DO 3§ K=1,ANT

PRINT 115

IF(CCX,I)46T2a00001)Y PRINT 920, TC(K,I),C0(K, 1)

IF(CR(K,I).6T,.C00C%)Y PRINT 130, TELK,I),ENT(K, 1), CR(K,I}
39 CONTINUE

TF{NGECEQ.0) GOTD 45

PRINT fal,(Ted{x,I¥,QEL(K, I}, K=1,NQE)

45 CONTINUE
2 CONTINUE
RETURN
1 FORMAT()
gz FORMAT(/ /X, "MATERIAL DATA'/1x,13(1H*))

13¢ FORMAT{/TX,"REGION NUMBER®,IZ)

101 FORMAT(1H+, 30X, "THICKNESS® , F9.3/1X,2044)

1cz2 FORMATUiH+,30%, "THICKNESS® ,F9.2/1X ,20Ac/
1 * CONDUCTIVITY IS KEPT CONSTANT AFTER REACHING MAXIMUM®
z ' TEMPERATURE®)

1%C FORMATC/1%, "TERP' 6%, "CONDUCTIVITY ", 13X, "TEMP 8K, "ENTALPHY (X,
1T CENT/TEMR® /D

115 FGRMAT(1Y}

127 FORMAT(TH+,F6.0,E15.4)

13ic FORMATCTH® ,33%,F6.C,E1544,E15.4)

140 FORMAT(/® INTERNALLY GENERATED HEAT'/' TEMP',&X,'"HEAT'
1 TN, F6.L,E1544))

zu0 FORMAT(20A4)

1000 PRINT T2CL, NTC, NTE,NQE

sT10P

1230 FORMATO///Y PROGRAM TERMINATED WHEN READING MATERIAL INPUT?®
1 Ji'NTC=*,I13,* NTE='",I3,*' NQE=',I3)
END

SUSROUTINE MAXCO(NN,TMAX,TT,T,TIME, KFTIME, CON)
[ SET CON=.FALSE, TO TERMINATE TIME INTEGRATION
DIMENSION TMAXINNI, TTANN),TC(NND
LOGICAL TMAX
LOGICAL CON
COMMON/TOUT/TI,TOUTCI0C) , TIMMAX, DTMAX , TIMFAL ,KTHAX
IF(TIMELGE«+9999*TIKNAX) CON=,FALSE.
IF (KTIME.GT.KTMAX) PRINT 2CC,KTIME
IF (KTIMELGTAKTMAX) CON=.FALSE.
2¢0 FORMAT(//" TERMINATED AT MAXIMUM NUMBER OF TIME *
b +"INCREMENTS KTIME="1IS)
RETURN
END

SURROUTINE MESHZ(XL,YL,IX,IY, X,Y,KTOP)
(rem==THTS SUBRGUTINE COMPUTES COQRDINATES AND TOPOLOGY
DIMENSION XL(1),¥L (43, XC1), Y1), KTOP(4,1)
(===== COMPUTE X AND Y COORDEINATES
Do 5 I=1,IX
po 5 J=1,1Y
KE=J+1Y¥*(1=~1)
X(KKI=XL(I)
Y{KK}I=YL{J2

5 CONTINUE

(mm==- COMPUTE THE TOPOLOGY MATRIX KTOP
Ixt=Ix=-1
IvY1=1¥-1

pe 10 1=1,1IX1

po 16 J=1,1v%
TE=IYTx(1=7)+J
KTOPCT,,IEX=I¥*(J=1)+J
KTOPC(Z2,IE)=KTOP(T,IE) *+1
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1408 KTOP{3,IEY=xTOP(1,IE)+1Y

147% KTOP (4, IEY=KTOP(3,1E)+1

1414 T CONTINUE

1411 RETURN

141¢ EXD

16413

1416 SUBRQUTINE MINTP(I,NODCPL,P)

1415 C-—-~-=5i¥ HEAT CAPACITY OF CCUPLED NODES

tets PARAMETER NCP=S{

1617 COMMON/COUPLE/RCOUPLANCP, &) ,NCPLE

1442 DIMENSION P{1)

1417 po 30 J=2,F

1423 NOD=NCOUPL(NODCPL, S}

1421 IF(NODLEQ.C) RETURN : : -
f42e k4 PL{I)=P{I)+P(NOD)

1423 RETURN

1424 ExnD

1423

1424 SUBROUTINE MPACKV(A,X, R, MI, NN)

1427 [ THIS ROUTINE MULTIPLIES BANDED AND PACKED SYMMETRIC MATRIX
1428 C~—~—- WITH VECTOR 4 kX = R

1425 (omuma A - ™MATRIX wITH DIAGONAL ELEMENTS IN RIGHT HAND SIDE COLUMN
1435 DEMENSTON A(NY,MID, RINNI,X(NN)

1421 PO 3 I=T,5N

fe3z R(I}=C.

1432 DU & J4=1,mI

T43e Z IFC(I+F-MI) 6TWG)

1435 AROIISROIIHACI, JI*x(I+4=~M1)

1434 IFC(14EGLNN) GO TO 3

1427 IT=MINC{MI=-1),{NN~I}}

1438 po 1 J=1,11

j439 1 RUII=REIVHA(I+JI MI=J)*X(I+2}

1440 3 CONTINUE

1441 RE TURN

1442 END

1443

1444 SUBROUTINE MULT(R,B,N,MAX]

1445 (mm=== THIS ROUYINE YULTIPLIES THE MATRICES A AND 3 AND STORE THE
1446 (m=mem= RESULT IN A WITH CHANGED SIGNS

tus7 DIMENSION ACMAX,MAX),3(MAX,MAX)

16648 COMMON/DUMMY /ETA(25),0UM2(25}

1449 Do 20 1=1,N

1433 80 10 J=T1,N

1451 ETA(J)=C.

1452 Do 10 K=T,N

f483 H ETACIISETALSY+ALI,K)*3¢(K, ]

1454 Do 20 J=3, N

1455 20 ACI,J)=ETACY)

T455 RETURN

1457 END

1458

14579 SUSROUTINE NETZ2LXL,YL,IX, IY,NR,AXIAL, XA, YA, NN, NE, MAX)
146G {mmm—- INPUT GEOMETRICAL DATA AND GENFRATE LINES PARALLELL WITH AXIS
1451 (~-==- AND CALCULATE NUWBER OF GENERATED NODES AND ELEMENTS
1462 I

1483 (===== XL COJRDINATES OF X=LINES

T [ YL COORDINATES OF Y-LINES

16455 (—==== XA CODRDINATES OF SPECIFIED X=LINES

14686 (mmmm— YA COORDINATES OF SPECIFIED Y¥-LINES

1467 . Cmmmm= Ix NUMBER OF X-LINES

1458 fomm== 1Y NUMBER OF Y=-LINES

14£% C—m=== NR NUM3ER OF REGIONS

1475 {mmm—— ArTAL «TRUE. IF AXI«SYMMETRIC PROBLEM

1471 Cam=== N NU%3ER NODES



T6v7e
14712
14746
1475
1475
1477
1475
1477
1420
1681

1492
1482
1424
1425
1488
1627
1488
1439
1430
1631
1492
1693
1494
1495
1496
1497
1458
1459
15930
1501
1552
1583
1L
1535
1576
1527
1528
1559
15%0
1511

1512
1513
1514
1515
1516
1517
151¢
£51%
1520
1521
152:¢
1522
1524
t525
1524
1527
1528
152%
i153d
1531

1532

15332
1534
535

Lmmmmm NE
== Nx
C=-==- N
(rmemm-

PARAYETER MNR=1J

-00—

NUY3ER OF SLEMENTS
KUKBER OF SPECTIFIED X=LINES
NU®SER OF SPECIFIcD Y-LINES

COMMOK/RGEO/ELFICT{MNR) ,ET(MNR), SRDIAC (4, MNR)

LOGICAL AXIAL,ELFICT

DIMENSION XLCT),YLC1Y,XACT),YA(1) HEAD(2D)

PRINT 199

LxakxaeMECHINE DEPENDENT STATEMENT

CALL SEG{'TASEF")
PRINT 20

Cmmmm- INPUT TITLE OF RUN
READ 116,HEAD
PRINT 2C5,HEAD

[ INPUT MATN GEOMETRICAL DATA

*

IN LDC*LI3.5E4

READ 120, AXIAL,XMAX,YMAX, XBOX,Y30X NR, NX,NY

PRINT 240, XMAX,YMAX
PRINY 220, X80X,YR0X
IF(NRLEQLT) NR=1
NRT1=NR=1

EPS= XMAX/1GCCT,

Cosem——

(=====INPUT SUBREGCIOK LIMITS

[ READ THE DIAGONAL COORDINATES FOR EACH SUSREGION

C——-——
IF(NR4EG,1) GOTO 5
PRINT 23C

READ 100, (ELFICT(I), (SRPIACAI,Jd),I=1,4),5=2,NRD

*

REQUIRED IN MAP ELEMENT

PRINT 24G,NR1T, ({(SRDIAC(1,4),1=1,4),ELFICTLI), d=2,NR)

5 CONTINUE
IF(NX.EQeT) BOTO &

Crmm——

C=w=w=INPUT SPECIFIED X = LINES

Cmmm——

PRINT 2503

READ 300, {XACI), I=1,KX)

PRINT 260,(X8(13,1=1,
[ CONTINUE

IF(NY.EG.LY €070 7
(~~«=wINPUT SPECIFIED Y - L

PRINT 270

NX)

INES

READ 150, (¥ALLI),I=1,NY2

PRINT 280, (YA(L),I=1,NY)
7 CONTINUE
E ----- IF AN AXI~SYMMETRIC PROBLEM INPUT INNER RADIUS
C-..._a--
NX=NX+]
IF{.NOT.AXIAL) GDTQ 2
READ 13C,xA01)
PRINT 200,xA(T)
g8 CONTINUE
(mmm—-
[mmm=- GEMERATE X-LINES
C-—--—-—
XLE1)=Ha{NX)
po 15 IxX=2,108
XLOIX)=XLC(IX=1)+4XB0X
C——-.-_
C(=====CONTROL QF SPECIFIED X~LINES

L=



133¢
1517
%518
1532
1545
1541
1542
1543
1544
1545
1546
15647
154R
1547
1558
1551
1552
1553
1554
1553
1558
1557
1558
1559
15435
1561
1562
15432
1564
1565
15£6
1567
1565
15&%
1575
1571
157¢
1573
1574
1575
15746
1577
1578
1575
1583
1521
1582
1583
1584
1585
1586
1587
15838
1589
1595
1591
1592
1593
1594
15%5
15%6
1557
1598
1599

-100-

3 30 E=1,NX
IFOXLCIX=T)aLToa{XACII~EPSY) XLCIXI=AMINTLXLCIX),XACI))
15 CONTINGE

[oeT—
C-—=-- CONTROL OF SU3REGION LIMITS
[apt —

IF(NR.EQWT) GOTC 12

D0 11 I=i,NR

TF(XL(IX=1)4LTaCSROZACCT, ID=EPS)Y KLCIX)=AMINT(XL(IX),SROIAC(T, L))

TFCALCIX=1) LT+ (SRDIACC3,1)-EPS)Y XLCIXI=AMINI(XL{IX),SRDIAC(3, 1))
11 CONTINUE

1z CONTINUE

c--—-—

(===== CONTRIL OF x%aAX
P

ALCIX)=AMINTLXLLIX) XMAX)
IFCABSCALCIXNY=YMAX) L LTLEPS) GOTO 16

135 CONTINUE

1z CONTINUE

Commm

C~=-~=-~GENERATE Y-_INES
Commm—

b0 Z0 IY=£,100
YLCIY)=YL{TIY~1)+#YBOX

Cmmamm .
(-=--=CONTROL OF SPECIFIED Y-LINES
[

DO 17 I=1,nY
TFOYLCTY=1)aLToaCYACII=EPS)) YLCIY)=AMINTLYLCIY),YACL))
17 CONTINUE '
c-——-——
C====«CONTROL OF SUSREGIGN LIMITS
C—————
IF(NR.EGe1) GOTO 1%
po 1B I=E MR
TFOYLCTY=1) o LToCSROIACCE, ID=EPS)) YLUZY)=AMINTOYLCIY), SRDIAC(Z,1))
IFCYLCTY=1) LT e(SROIAC{4, 1I=EPS}) YLOIYI)=AMINTL{YLCIY} SROIACCA,ED)
18 LONTINUE
19 CONTINUE

(=-===- CONTROL OF YMAX

YLCIY)=AKINTCYLCIY), YMAX)
IF(ABSCYLCIYI-YMAX) L TLEPS) GOTO 21

28 CONTINUE
21 CONTINUE
o PRENT [OORDINATES OF X = AND ¥ = LINES

PRINT 310, IX,(XL(I),I=1,IX)
PRINT 320,IY,(YL{I),I=T,1Y}

Cmmemm

NES(IX=-1)x{1v=-1)
NA=IX*IY
PRINT 230,NN,NE
MAX=IY#+Z
L FORMAT ()
11r FORMAT(20A4)
19% FORMAT{1HT)
200 FORMAT(//" TEMPERATURE ANALYSIS OF STRUCTURES EXPOSED TO FIRE'/

" SOLVES NON LINEAR TRANSIENT FIFLD PROBLEMS®

2 4" %*+ TWO DIMENSIONAL VERSIQN **x?!

2 /%' PROGRAMMED BY ULF WICKSTROM®/' LUND FEEB 197947 79X,BUCIHRY S/ 1)
205 FQRMATC///Y TITLE OF RUN @ ",20A42
2172 FORMAT(//® GEOMETRY'/IX,8(TH*)//

1 F mAXTMUN COORDINATES',13X,'XMAX=',610.3,SK,'YMA¥=',G10-3)



1467
15C%
1532
1603
1504
1505
1605
1507
15358
1505
1513
1611
Tt
15132
1614
1515
1515
1697
1618
1519
1820
1521
1522
1523
Ja24
1625
15624
1627
1528
1529
1530
15631
1532
1623
1634
1625
1636
1627
1538
143¢%
1560
1861
1582
15643

(I

1645

1646

1547
1548
1543
i65C
16514
1552
1652
1554
1555
1556
1657
1658
14659
1660
166%
1552
1663

Pt 0

(ISR VR NIV
[ B N e |

236
15

1

1
2

1
1
1

1

1
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FORMAT(' ¥axImuym ELEMENT LENGTH',1CX,*'X80X=",6153.3,5%, ' ya0X="
LGIT 3D
FGRMAT{/* SUEBREGIONS'?
FORMAT(" NUMBER OF SUBREGIONS',I4//* SUBREGION DIAGONAL LIMITS'/
FLX,UXMINY 6%, PYMINT X, "XMAX® ,6X,YMAX®, 6%, "FICTITIOUS AREA'//
(t1x,46%0.3,T0x,L1))
FORMATU{// " COQRDINATES OF SPECIFIED X = LINES'"}
FORMATC/EGTIL .32
FORMAT(//" COORDINATES GF SPECIFIED Y - LINES®)
FORMATL/461L.3)
FORMATC///" THIS IS AN AXISYMMETRIC PROBLEM®//6X,TINNER RADIUS *,
PXMIN = ',G610.3)
FORMATC//* NUMBER AND COORDINATES OF X ~ LINES"//IZ,' - *,7690.3/
(6X,7610.33) :
FORMATC(/" NUMEBER AND COGRDINATES DF Y-LINES'//I3,' = *,7G10.3/
(4X,7640.2))
FORMAT(/" NUMSER OF NODES=',14,10X,"VUMBER OF ELEMENTS=',14)
RETURN
END

SUBROUTINE HGROUP(X,Y)

THIS ROUTINE READS AND FORMS NODE GRIUP DATA

DIMENSION X(12,Y{12

PARAMETER N3=10,NNE=2{ NNE2=2*NN3

COMMON/BNOD/NUMBONB) ,NEGUND{NS,NNB) ,3AREA(NE NRB),
EPSG{NR) ,DETA(NBY,CPG(NBY , FAINB)

COMMONJENRAD/E (TDCD)

COMMON/ENCON/K(S50),TAIR(Z)

LOGICAL FaA

PEINT 230
READ 125 ,NGROUP

Do 10 I=1,NGROUP
READ TOC,NCHECK,NUMB{(I),EPSG(I), BETA(L),CPG(I)

TF(I.NE.NCHECK) 60 TO TOCT
NuMI=NUMB{I)

READ 1CC, (NBOUNDCI,d),J=1,NUMID

NOD1=NBOUND (I, 1)

bo 10 3=2,NUMI

NGDZ=NBOUNDIL, d)

BAREACL, 3)=SO0RT({(X(NODT)-X{NODR)I*r2+ {Y(NODTI-Y(NOD2I)I*=2}
NOD1=NODE'

CONTINUE

PRINT INPUT DATA

bo 15 I=1,NGROUP

NUMI=NUMB (1)

PRINT 21D,1

TF (EPSG(IYeEGeCe s ANDJRETA(I)EQade) GOTOD 23

PRINT 220,8PSGC(I1),BETA(I}, CPG(L)

PRINT 230, (N3QUNDLI,J),J=1,NUMI)

FORMAT(//* NODE GROUPS*/1X,11C1H2))

FORMAT(/* NODE GROUP',I32

FORMAT(® EMISSIVITY=',69,3/% CONVECTION FACTOR=',G743/
T CONVECTION POWERS',69.3)

FORMAT(* NODES®',1CI5/6X,1C1I5)

CONTIRUE

5070 001



1564
1645
1666
1467
1548
1469
14672
1671
1872
1673
1674
1575
157¢
1677
1578
1679
1587
1581
1582
14683
1624
1585
1685
1587
1588
1589
14937
1481
1492
1693
1594
14595
1696
1697
1598
1639
176040
1731
1762
1722
1704
1705
1706
1707
1708
1729
17LS
1711
171¢
1713
1714
1715
1716
1717
1718
1719
1720
1721
172¢
1723
i724
1725
1726
1727
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TLlc PEIAT 240
STOP

1.C1 RETURN

1e FAORYAT (3

2430 FORMAT(//" WRONG INPUT OF NODE GRIUPS ')
END :

SUBRQUT INE OUTMAZ{IX, IY, NN, NE, X, Y, TIME, KTIME, T,TT, TRAX,FLOW,AXIAL)
Cmm==- YHIS ROUTINE PRINTS MAXIMU® CALCULATED NODAL TEMPERATURES
COMMON/FIRESTIN(SG), TB(SC), TITFIR
INTEGER TITFIR(TER)
LCGICAL TMAN, AXIAL
DIMENSTON XCNNI, YUNND),TONND , TTONR) ,THAX(NND, FLcw(NN)
PRIKT 2(0, TITFIR x(NN) YONR)
Ipumi=t-~1¥
5o 10 1=1,1x
IOUMT=IDUMT+IY
IDUMZ=TIpumt+IY~1
IFCIYLLEST) PRINT 210,CJ,TTC3),4=JDUNT TOUMZ)
IF(IY«6T47) PRINT 23C,(TT(J),d=IDUWT,I0UM2)
1c CONTINUE
PRINT 220, TIME, KTIME
G0 FGRMA?(Jf/!/1x,?5(THF)IEH FrtF MaXIMAL TEWPERATURES'/' F "
1 18a4/4Y F ANMAX=", FRaZ, 10X, "YMAN= Y, FELZS" F')
210 FORMAT(® F', 12015, F5 (D]
220 FORMATIZH F/2H FIhF MAX-TIME',F7+2,10K, "NUMBER OF *
1 *TIME INCREMENTS',I5/2nH F/2H F/2H F,750(1HF})
2IC FORMATC(* F',18F7.C)
RETURN
END

SUBROUTINE OQUT2LIX,IY,NN,NE,X,Y,TIME, KTIME,DELTE,T,FT,TMAX, FLOW,
1 TFIRE,NODY,AXIALD
C~====THIS ROUTINE PRINTS NODAL TEMPERATURES AND VOID AIR TEMPERATURES
DIMENSION XUNNY,Y(NN),TL{NN},TTONNY , THAXCNN), FLOW{NN)
LOGICAL TMAX,AXTAL,LDUM,LEN
COMMONSENCONFHCSDY, TAIRL(Z)
COMMDNZENCLOS/LEN,NENC,NENCNG(2),IGRENC2,4) , NNODEN(2),INODENCIO0C),
1 XSYM(2),YSYM(2)
COMMON/TOUT/II, TGUT(1CC),TIHNAX,DTMAX,TIMFAC,KTMAX,KUPDA
TIMEI=TIME-DELTI
DO 5 IJ=1,NN
IFCT®AX(IS)) GOTO 2
{=====IF THE NODAL TEMPERATURE DECREASES SET TMAX=,TRUE. AND PRINT
Ce-m==MAX TEMPERATURE TT
TFCTTOIS) W GT el eLO12TCIE))
1 PRINT 200,IJ,TT(IJ), TIME,DELTI
TFCTTCLI)oGTaToGRI*TCII)) THAX(III=LTRUE.
TYCIJI=ANAXTLTT(INI, TCLII))
5 CONTINUE
(ommm= IF TIME=TQUT PRINT ALL TEMPERATURES
TFC{TIME-TOUTCII) 4L Ta=14E=4) GOTO 7D
PRINT 10C, TIME,KTIME, TFIRE,NODT
TF{.NOT.LEN) GOTO 20
PRINT 35D
po 2% I=1,NENC
20 PRINT 310,I,TAIRCI)
L1 CONTINUE
11=311+1
IDUMY=1-TY
LDUMSIY LT.T
po 18 1=1,1X
IOUNT=IDUMT+IY
IDUMZ=IpUMT+IY =1



IF (LMY
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PRINT 210s (JrT(J)»J=IDUML INUM2)

IF(NOT,LOUM} PRINT 220¢ (T{J)rJ=INUMT, IOUMP}

10 CONTINUE
70 CONTINUE

160 FORMAT(/// /1 B{1H*) r&H TIMEeFB. o 2N s6(1H¥} st THOREMENT
1 ¢t NUMBER',Tg5¢

22X+ 1T (1R*)/ /1
TIME INCREMENT LIMITING NORE'.IS/)

32X

FIRE TEMPERATURET+FT7.Ne2Xr6{1H%)

200 FORMAT(///4H NODe TG SXsBHMAX TEMP,EA.0eSXr *TIMF i G110 U P RX,
1 SHOELTIG10.4/1X,70(1KM)}

210 FORMAT(13(I5,F5.0)}

220 FORMAT (18F 7.1

g0 FORMAT {1
310 FORMAT (!

RETURHN
END

FNCLOSUPE AIR TEMPERATURE®)
VOID NUMRERt+IZ?

TAIR='+F5.0/)

SUBRCOUTINE PROG2(IXrIYsNNeNE/NRoNKTOR e NOOFL MNONFEL e X o Yo ToTT» TMAX,
1 ELAPEVYsArMAXsPe W ENeFrFLOWs AXTAL « NODCPL ¢+ MODINT»DTR)

o sm e gy o g i -
c—-—--
Lmmmm wk¥ T A S E F  xk¥
C -----
Cmmmom TEMPERATURE ANALYSIS OF SYRUCTURES EXPOSEN TO FIRE
c_----
Crum—= FINITE ELEMENT PPOGRAM FOR ANALYSTIS OF TRANSIEMT NOMLINFAR
C====~HEAT TRANSFER PROBLEMS
c--—-—-
(=== PROGRAMMED RY
Cmmem— ULF WICKSTRCM
Cmmm—— LUND INSTITUTE OF TECHNOLOGY
(mmmm— MARCH 1979
c —————
o o e s B e e e =
Cm—row THIS IS THE MaIN CONTROL ROUTINE
C -----
Cumu=m DEFINITIONS AF VARIARLES
{mm——— IXe 1Y NUMBER OF X= AND Y-LINFS
Crmm=n NN MUMBER OF NOPMES I BASE STRUCTURE
P p— NE NUMBER OF ELEMENTS IN BASE STRUCTURF
== HR NUMBER OF REGIONS
Cmmmrm N VECTOR GOF REGION NUMRERS
Cmmam— KTOP NODES ADJACENT TO EACH ELEMENT
Cum——— NODEL ELEMENTS ADJACENT TO FEACH NONPF
Comm——- MNODEL NUMBER ELEMENTS ANJACFNT TG EACH NODE
Cmmm—- XrY NODE COORDINATES
Crmmm—— T CURRENT NODAL TEMPERATURES
Cmm——— TT MAXIMUM NODAL TEMPERATURES
Cmmm—m THAX TRUE IF MAXIMUM NODAL TEMPERATURE ORTAINED
Cmmmm= ELArEVY DUMMY GEOMETRTCAL CONSTANTS
P —— A HEAT CONDUCTION MATRIX
fo—— P HEAT CAPACITY VECTOR
P =~ NODAL VOLUME VECTOR
Cmmmrw EN MODAL ENTHALPY VECTOR
_____ F ENTERNAL NODAL HEAT FLOW VECTOR
Cmmm== FLOW EXTERNAL NODAL HEAT FLOW VFCYOR
Commmmm AXTAL TRUE JF AXISYMMETRIC PROBLEM
Cmm——= NODCPL INDICATES COUPLED NODES
Cmmm—= NODINT INDICATES INTERFACE NODES
Comm=== DTA DUMMY YECTOR FOR CRITICAL TIMF INCREMENT CALCULATION
c -----
Cmmmm— PARAMETER CONSTANTS
Commmm—
Cmwmem N8 MAXIMIIM NUMBER 0f NODE GROUPS



COMMON

CGUPLE
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MAXTMUM NUMBER OF NODES IN ONE NODE GROUP
MAXIMIM NMUMBER GF COUPLFED GROLIPS OF MODES
MAXIMUM NUMBER OF REGTONS

MAXIMUM NUMBER OF VALLUE PAIRS

FIELDS
DATA ON COUPLFD NODES
NCPLG NUMBER OF COUPLFD GROUPS QF MNODFS
NCOUPL MATRIX OF CNUPLED NODES
DIMENSIONS OF CERTAIM ARRAYS
MAXNG MAXIMUM NUMRBER OF NODE GROUPS DEFIMING ONF ENCLOSURT
MAXNOD MAXIMUM NUMRER OF NOTES AROUNM ONE ENCLOSUPE

DUMMY MATRICES .

ENCLOSURE DATA
LFEN TRUE IF STRUCTURE CONTAINS VOID OR ENCLOSURE
NENC NUMAER OF ENCLOSURFS
NENCNG VECTOR OF NUMBER 0F NODF GROUPS
IGREN MATRIX OF NODES
NNODFN NUMBER 0OF NODES SURROUNDING AVOTD
XSY# TRUE IF VOID SYMMETRICAL ARROUND X-AXIS
¥SYM TRUE IF VOID SYMMETRICAL ARROUND Y=AXIS
ENCLOSURE CONVECTION NDATA
H ARRAY OF ENCLOSURE CONVECTION VECTORS
TAIR EMCLOSURE ATR TFMPERATURE

ENCLOSURE RADTATION DATA
ARRAY OF ENCLOSURE RADIATION MATRICFS
FIRE TEMPERATURE DATA

TIMs TR TIME - FIRE TEMPERATURF PAIRS
TITFIR FIRE IDENTIFIER
PRESRIBED HEAT FLOW DATA
NFGNG NUMBER OF NODE GROUPS DFFINING PRESCRIRED FLOW ROUNDARIFS
NFRE VECTOR QF NODE GROUPS nFFINING PREGSCRIRED FLOW
TR:TC VECTORS OF MODIFTFD TEMPERATURE
BRYBC RaDIATION AMD CONVECTION ROUNRARY WMATRICES
DATA ON NODE GROUPS
NMB VECTOR OF NUMBER OF NODFS IN THF NODE GROUPS
NBOUND MATRIX OF NNDE NUMBERS IN THE NODF GROUPS
BARER MATRIX CF DISTANCES BETWEEN NONES
EPSG VECTOR OF EMISSIVITY OF NODF GROUPS
BETA VECTOR OF CONVECTION FACTORS OF NODF GROUPS
CPG VECTCR OF CONVECTION POWERS OF NODE GROUPS
Fa TRUE FOR FIRF BAOUNDARY MODE GROUPS
PRESCRIRED TEMPERATURE
NPTHNG NUMBER OF NODE GROUPS DEFINING PRFSCRIRED TEMPERATURE
NPTG VECTCOR OF NODE GROUPS DEFINING PRESCRIBED TEMPERATHRES
GEOMETRIC DATS
ELFICT TRUE FOR FICTITIOUS ELFMENTS
ET ELEMENT THICKNFSS '

SRIDIAC SUBREGION DTAGONAL DATA
MATERTAL DATA

[ats TRUE IF CONNUCTIVITY IS FUNCTION MAXIMUM TEMPERATURF
TC+C TEMPERATURE - CONJUCTIVITY PATRS
TE+ENT TEMPERATURE =~ SPECIFIC VOLUMETRIC ENTHALPY PAIRS
CR NOMINAEL SPECIFIC VOLUMETRIC HFAT
TQsQE TEMPERATURE =~ INTERNALLY GENERATED MEAT PATRS
Lo TRUE IF INTERNAL HEAT IS GENFRATED
TIME DATA
I COUNTER
TOUT VECTOR OF PRINT OUT TIMES
TIMMoX MAXIMUM TIMF
DTMAX MAXIMUM TIME INCREMENT
TIMFAC TIME INCREMENT FACTOR
KTMAX MAXIMUM NUMRER TIME INCREMENTS



1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1808
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
i8ago
1881
igga
1883
1884
1885
1886
1887
1888
1889
1890
1821
1892
1893
1894
1895
18%6
1897
1528
1899
i9¢co
1%801
1902
1903
1904
1905
1906
1907
1908
i909
191c
1911
1912
1913
1914

1915.

1916
1917
1918
1919

(===

C———==

i
RETUR.

1
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KUPDA FUMRER 0F TIME STEPS BRETWEES LORATING NANPUCTION MATRTY
UnIT UNIT "EPEMDEMT COMSTANMTS ’

STGBMA STEFAN=ROLTZMANN CONSTAMT

TERS ARSOLUTFE TEMBERAT!RE SHIFT

TINIT INTTTIAL TEMPERATURE

DIMENSION N{NE) pKTOD {4 o NEY p XONM) p Y (NN) p TONMY 2 TTOMMY o TMAY (MM o
ELACUrNE) s EVGINFY s A {NNeMAX) v P(NN) pFMN{NNT o FINNY » FLOW (NN »
NODCPLONNY e NODINT {MNM) r WINN) # NODEL (4o MNY o MMODEI_(MN) #DTA (NN}

LOGTCAL TMAX AXTAL

FORM THFE YECTOR N

CALL REGZINNeNErNRsN+KTOP» XY r MODEL » MNONEL )

OEF INE COUPLFD NODFS

CALL COUPLA(NODCPL +NNsNODINT)

CEFINE INTERFACE NCODES

CALL INTERF(NNsMESNRsIXrIYsKTOP: N, NODINT rNADCPLY

INPUT MATERIAL DATA

CALL MAT(NR)

FORM GEQMETRICAL DUMMY CONSTANTS

CALL SEOCOZ MMy MEsNsKTOR e X ¥ AXTAL rELAPFVL)

INPUT INITIAL DATA

CaLl amg

FORM NODE GRCUPS

CALL NGROUP{X+Y)

DEFINT FIRE PRESCRIRED HEAT FLOW BOUNDARIES

CALL FQBMDA

DEFINE FIRE PRESCRYBED TEMPERATURE BOUNDARTES

CALL PTBNDA(NORCPL}

DEFIME ENCLCSURE BOUNDARIES

CALL ENCLOL{X,Y)

INPUT TIME DATA

CaLl TIME

FORM NODE VOLUME YFCTOR

CatL ASSW2 (NNPNErMsKTOP+ X+ Y EVHE AXTAL W)

SUMMERIZE APPROPRIATE NODE VOLUMES

Catl. COUPLB{W%)

CALL TIME INTEGRATION CONTROL ROUTINE

CALL FEM2IIX e IYrMNaNErNR e MeKTOP e X o Yo Te TT e THMAY pELAFVL ArMAN Py

EMeFsFLOWe AXIAL »NORCPLeNODINT » NODEL»MNODEE ,NTA)

END

SUBROUTINE PTRNDA{HODCPL) .

INPUT NODF GROUPS OF PRESCRIRED TEMPERATURE

DIMENSION MODCPLI(1)

PARAMETER NA=10NNBSZ30» NNR2Z2%NNB

COMMON/PTR/NPTNG: NPTG{NB}

COMMON/BNOD/NUME (NR) » NBOLUIND(NB s NNE) » BARFEA [MBrNNA) p THINMR) ¢
EPSG(NB) rSETA(NR) s CPG{NB} +FA NG}

LOGICAL FAsFAL

READ NUMBFE OF BOUNMDARY NONES GROUPS

READ LOQ«MPTHG

IF (NPTNG.E@.0) RETURN

PRINT 200

EACH PRESCRIRED TEMPERATURF BOUNDARY NODE GROUP

00 20 IBZ1.NPTNG

READ ICG0sFAle INGI

FAl = TRUE FIRE BOUNDARY FLSE AMBIFNT TEMPERATURE
INGE = NODE SROUP NUMBER

FACING1)ZFAl

NUMISNUYE { ING1)

NPTG{IEY=INGL

DG 16 J=1rHUMI
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1920 NOD=NBOUNN{ING1sJ)

1921 IF {NODCPL{NOD).£@.0) PRINT 3N0,N0D

1922 IF  (NODCPL{NGD).EQ.0) STOP

1923 10 NODCPL(NOD) =G

1924 IF(FALl) PPINT 210+TNG1

1925 IF(LNOTWFAL) FRINT 220.ING1

1926 20 CONTINUE

1927 100 FORMAT(}

1928 210 FORMAT(* NODE GROUP':I3,* FIRE B0OUNDARY")

1820 220 FORMAT(* MNODE GROUP*»I3,t AMBTENT BOUNDARY')
1930 200 FORMAT(//' PRESCRIBED TEMPFRATURE ROUNDARY'/1Xe31(1H%)//
1933 1 * NODE GROUPS AMD TYPES OF ROQUNDARIES'/)

1932 300 FORMAT (/' NODEt,I4rt IS A SLAVE NoDE'/

1933 1 ' SLAVE NODES CANNOT HAVE PRESCRIBED TEMPERATURE')
1934 RETURN

1935 END

1936

1937 SUBROUTINE PTBNDE:T¢TFIRE}

1938 [ SET PRFSCRIBEND NODAL BOUNDARY TEMPERATURE

1939 DIMENSION T(1)

18KT PARAMETER NB=10+NNRz=30rNNB2=2%NNB

1941 COMMON/PTB/NPTNGrNPTG {NB)

1942 COMMON/BNOD/NUME (NB)  NBOUND {NB r NNB ) » BAREA (MByNNB) » TH(NRT
1943 1 EPSG(NB)rBETA{NB}rCPG(NB} FA(NE)

1544 COMMON/UNTT/SIGMA TARS  TINIT, TAMB, TAMBY

1945 LOGICAL FA

1946 Cmmmm=

1947 IF (NPTNG.EQ.0) RETURN

1948 C====- EACH PRESCRIBED TEMPERATURE BOUNDARY NODE GROUP
1949 DO 10 IB=1/NPTNG

1950 TG=TAYB

1951 INGLI=NPTG (IS}

19%2 IF(FALING1)) TG=TFIRE

1953 NUMI=NUMB{ING1)

1954 DO 10 I=teNUMT

19585 NODE=NBOQUNDIINGE+ )

1956 TI(NODE)=TG

1957 10 CONTINUE

1958 RETURN

1959 END

1960

1961 SUBROUTINE RADVEC{F(ETAN+@)

1962 [ THIS ROUTINE FORMS THE LOCAL FNCLOSURE SURFACE RANDIATIOM HEAT
1963 (mmm—m EXCHANGE VECTOR G=E*ETA

1964 CIMENSION Q{1)+ETA(L) rE(NMN}

1965 GTOT=0.

. 1966 Do 20 I=i«N

1967 QT=0.

1968 DO 10 J=1eN

1969 10 AT=AT+E(Z+JI*ETA (D)

1970 QTOT=QTOT+RT

1971 20 QUIY=AT

1972 RETURHN

1973 220 FORMAT (/' TOTAL RADIATION HEAT EXCHANGE' E11.3}
1974 END .
1975

1976 SUBROUTINE REGZ({NNrNEsNRrNeKTOP ¢ X, Y+ NODEL » MNODEL?
1977 Cm=——== THIS SUBROUTINE FORMS YECTOR OF REGION NUMRERS M OF FACH ELEMENT
1978 DIMENSION X(MN) e Y{NM} rNCNE) rKTOP (U s NE) e NONEL (4 e NMY » MNONFL [NN)
1979 PARAMETER MNR=-1D

1989 COMMON/RGEO/FLFICT (MNR) o ET (MNR) »SRDIAC (4 MNR)
1981 LOGICAL ELFICT

1982 EPS=1.E=7

1983 00 10 I=1sNE



1984
1985
1986
1987
igs8e
1989
1999
1991
1992
1993
1994
1995
19%6
1997
1998
1999
20040
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
aoe2
2023
2024
2025
2426
2027
2628
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
20639
2040
2041
2042
2043
2044
2045
2046
2047

20
30

40

100
220
200
210
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N(I)=1

IF(NR.EQR. 1Y £0TO 1%

NOI=KTOP(1¢1)

NO2=KTOP (Us T}

D0 5 J=2eNR
IF{(X{NDL)~SROIAC(3,J)}.6T.~EPS) 60TO &
IF{(Y(NDL)~SRDIAC(4rJ)}.GT.—EPS) 69TO &
IF({X(ND2)=SRDIAC{1+.J)).LT.EPS) GOTO S
IFC(Y(ND2)=SRDIAC(2rJ}}.LT.EPS) 60QTO S
N{I}=d

CONTINUE

CONTINUE

00 40 I=1+MNN

I11=0

DO 30 IEZ1«NE

Niz=N{IE)

IF(ELFICY(N1)) GOTD 30

PO 20 J=1rk

IF(KTOP(JIE) MNE.I} GOTQ 20

II=II+1

NODEL(IIrI)=IE

IF(II.EQ.4} GOTCQ 3n

CONT INUE

CONTINUE

MNODEL{(I)=II

CONTINUE

RETURN

END

SUBRQUTINE TIME

-—READ TIME INTEGRATION CONTROL DATH

COMMON/TOUT/ITTOUT(10G) » TIMMAX,DTMAX, TIMFAC K TMAX P KLIPDA
PRINT 200

READ 150+ NTe TIMMAX DTMAX TTMFAC KTMAX  KUPDA

IF{OTMAX.EQ. D) DTMAXZTIMMAX
IF(TIMFAC.EQ.0Q) TIMFAC=,.8
IF(KTMAX.EQ.0) KTMAX=1000
IF(KUPDA.EQ.0) KUPDAZ=1

READ 100, (TOUTII) rT=1sNT)

PRINT 210 TIMMAX BTMAX TIMFAC KTMAX 1 KUPDA

PRINT 220+{TOUTII)-I=1,NT)

FORMAT ()

FORMAT(' PRINT QUT TIMES')3X»8G7,2/(19%1867.2})

FORMAT{/ /7Y TIME®/Y *xxxt/)

FORMAT(* MAXIMUM TIMES'eGR,3/' MAXIMUM TIME INCRFMENTZ'+G8.3/
i * CRITICAL TIME IMCREMENT FACTOR=',G8.3/

2 t MAXIMUM NUMBER OF TIME INCREMENTS=',IS/
3 ' NUMBER OF STEPS BETWEEN UPDATING OF CONMUCTION MATRIX=',I5)
RETURN

END

SUBROUTEINE VIEWFC(XrYrDeENe VIEW,MAXNOD)

~=THIS ROUTINE CALCULATES VIEW-FACTORS AND FNCLOSURE. ZONE. ARTAS
-=SYMMETRY ARROUND ANY OR BOTH AXIS ARE TAKFN INTO ACCOINT

DIMENSION X(1)¢Y{1}eD{1}»VIEW{MAXNODMAXNONY

PARAMETER NR=10»NNR=30+NNB2=2+NNB
COMMON/BNOD/NUMB (NR) « NBOUND {INBr NNR ) + BAREA [NE s NNB) + TH{NR) »

1 EPSG(NB) rRETA(NB}»CPG{NB} 1FAINB)
COMMON/ENCLOS/LEN, NENC » REMNCNG (2)» TOREN (2,43 f NNODFN(2) , TMODEN(10G) »
1 XKSTML2) rYSTYML2])



2048
2049
2050
2051
2052
2053
2054
2185
2056
2657
2058
2059
2060
2081
2062
2063
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2077
2078
2079
2080
2083
2082
2083
208L
2085
2086
2087
2088
2089
2090
2091
2092
2093
2094
2095
2096
2097
2098
2a99
2100
2101
2102
2103
2104
2108
2108
2167
2108

S 2109

2110
211§
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LOGICAL LFN

LOGICAL LDUMs XSYMe YSYMDSYM
INTEGER £N

DG 15 I=3,MAXNQD

DO 15 J=1,HMAXNOD

i5 VIEW(IrJ)=D.

Lmmmm= COMPUTE VIEW=FACTORS USING HOTTEL'S CROSSFD-STRIMG METHOD
NENGENENCHNG(EN)

SIGNXZ2=1.
SIGNY2=1.
IN=0

Cmm=— EACH MNODE GROUP
DO 100 IGzlsMENG
OSTYM=.FALSE.,
IF{XSYM(EN) L AND. YSYM{EN)) DSYM=.TRUE.
I1=IGREN(ENSIG)

NUMI=NUMB(I1)

Quum=— EACH ZONE
DO 160 I=2rNUMI
INZIN+L
NOB1=NBOUND(T1,I-1)
NOD2=NBOUND(E1+1)

X1=X(H0D1}
X2IX (NCD2)
Y1=Y(NOD1)
Y2zy{noDa)
D1=BAREA(TL:I)

(=wrm=r FORM THE ZONE AREA VECTOR D
O(IN)=D1
JN=O

Crmmm== EACH WODE GRCUP
DG 100 JG=1rNENG
J12IGREN{EN, JG}

NUMJ=NUMB (J1)

Lmmrmem EACH ZONE
DO 100 Jz2eNUMJ
SJNEJNEL
D2=BAREA{J1+J)
NOD3=NBOUND (UL rd-1)
NODU=NROUND (J10J)

IF{XSYM(EN) }SIGNYZ2=~1.
IF{YSYM(EN) }SIGNX2="1,

Y CONTINUE
LDUM=SIGNX2.EGele « ANDLSIGNY2,EQ. L.
IF(.NOT.LRUM} GOTO 80
IF(IN.BE-JN} GOTO 100D

80 CONTINUE
X3=SIGNX2%X (NOD3}
X4=SIGNX2+X{NODY)

Y3=SIGNY2%Y (NQOD3}

YH=SIGNYZ*Y {(NoD4)
D3=SART{{X1=X3)1%%2+{Yi=Y3) *%2)
DUSSQRT( (X2=X4 ) #*2+ {Y2=Y4)ak2)
DS=SERT{{X1=Xu)£x2+(Y1=YU)%22)
DE=SGRT{ (X2=XF 1 ¥*24 (Y2aY3)ak2}
DUMZARS (N5+D6=DL=D3} /2.

Cmm=—- HOTTEL'S CROSSED-STRING METHOD
VIEW(IN JNI=NUM/DI+VIEWC INs JN)

Cm=m=mTAKE ADVANTAGE OF RECIPROCITY
IF(LDUM) VIEW({JN,IN)=DUM/D2?

Cm=—==IF SYMMETRY ARROUND AXIS G RACK WITH CHANGED SIGNS OF FOORDTNATES
LDUMS{SIGNX2+SIGNY2) (LT, =1.99
IF(LOUM) SIGNY2=1.,

IF{LDUM) GOTO 50



2i1e
2113
211k
2115
2116
2117
2118
2ilg
2120
2121
2122
2123
2124
2125
2126
2127
2128
2129
2130
2131
2132
2133
213u
2135
2136
2137
2138
2139
2140
2141
2142
2143

1

Ol
—

o
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LDUM=DSYM, AND . SIGNXZ.LT. 0.
IF(LDUM) SIGhx2=1,

IF (LDUM) SIgMy2=-1.
IF{LDUM} GOTO 50

LOUMZ (SIGNYX22SIGNY2) LT 0.
IF(LDUM) STGMX2=1.
IF(LDUM) SIgNY2=1,
IF{LDUM} 6OTO S0

CONTINUE

RETURN

ENZ

SUBROUTINE XVERSY (X YrNeMpXSeYS)

FIND YS AS FUNCTION OF XS BY LINEAR INTERPLLATION

IN TABEL OF X= AND Y=-VALUES

DIMENSION Y{MsL}sX(Ns1)

DO F0 Tz2.4

IF(XS.GE.XIIrM)IGOTO 10

YSEY (I 1laMI+ (XS=X(I=1 M) TR (Y (T M) =Y (Tl o MI}/(X(TaM)=X(I=1sM})
GOTO 11

CONTINUE

PRINT 1

PRINT 29 XSo(X(TeM}IeY(IeMYrIZ15)

PRINT 3.8

STOP

FORMATC(///1Xr *INPUT VALUE TO XVERSY OUT OF RANGFY/)
FORMAT(1X» *IMPUT X*»FL20.4/1XX=Y VALUE PAIRS'//1%:+5(268,3¢5%1)
FORMAT (/1X+ "CURVE NUMBER',T#)

RETURN

END
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APPENDIX C - Exanple input

Input cards used in examples I-IIT in Section 5.

Example I
b3 SQUARE PLATE
2 Frleleol25¢a125¢0rs
3 a
g UNIT MATERIAL DATA
5 FeZr2rres
3} r1¢10000,1,
7 rr10000,10000,
8 «00001:10G0.r s
9 1
10 1#17erlels
11 9 18 27 36 45 54 53 72 8] BQ 79 7B 77 76 TS T4 73
12 1
13 Fel
1y O
i5 MOVOID
le 20rieslrlrrny
17 +05 10 .15 ,20 .25 30 435 .40 A5 .50 «55 .60 .65 7" 75 JRQ A5 ,90
18 DUMMY TEMPERATURE
19 2
20 relG000e s

95 1,
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Example II

1 I BEAM EMBEODED IM CONCRETE
2 Froldrels05¢.C3r6ekelh
3 Frrra05r.01
4 FreeQlea003¢,0%9
5 Fres09r.05r.1
) TreDSrral4e.01
7 TreODra09pallral
& aOlS!-UE’F.@?r.lr
9. W02+.035¢.05,,08
10 12
11 33 Dlrersrr
12 25 26rrrrre
13 17 18rrrcrer
iy 12 9 10rsrrsr
15 3 ilerrere
16 G 12017r00s
17 5 13erserrs
i8 & 1brrrrsy
j =] 715 8 l6rrrere
20 23 2Urrrrre
21 31 32rrrrrer
22 39 40rrrarsr
23 BETONG
24 Tr7eTes
25 24,551 78:115,1.2802830 143704015117 ,643,,92+89%.85, 1500, .85
26 rr100+55600:115,91000,200r129400,600:397200,1009-696700,1506,1000000,
27 STAL
28 Fr3sTre
29 6028002272000 27
3u #2004 1217000408, 566000600, 758000¢700,927000,800,1192000, 12001766000
31 STAL
32 Er3eTre
33 r60rBR0P2T+2000.27
34 r+200.9217000,400,466000r600+758000,700,927000,800,1192009,31200,1766000
as STAL
36 Fe3eTre
37 r60,800+2792000027
38 1 200.+217000¢400,4660000600:758000¢700,927000.800,1192000,1200¢1766000
39 25.0001425errr¢
40 q
41 1¢60.6r.99r 1,33
42 102e17125¢33+ 35
u3 Selp.Br.99r1.33
44 34 42 50 58
45 36 O 2.2¢1.25
48 8 16 24 32 40 39
47 4 4 8 2.2rl.25
48 %9 47 55 &3
49 4
50 Trl
51 Te2
52 Fed
53 Frt
54 [t}
55 NOVOID
56 15¢1eGrraere
57 1P a2 a3 aldruSr a6 Tr1a80eFr1.0r1.1r3.223.30 0001.5,
58 HE:0OBFIRE
89 9
60 r25r.05:525-.1;620-.3pTESI.6r9uﬂ|1!980-)1.025|600|1.2-“7501.5001:36ﬁr'f'

o
—



-112~-

Example III

|- F Gl

80X GIRDER EMBENDED IN CONCRETE

FrollbralSrieselerSelisb

FrreoD875¢.004

FreG345s.004¢,0375,,112

Froeoell2re0375¢412

Tero QD4 0345,.112

«02¢.057407¢,11

01504029, « Q4410560851413

14

1 2reverees

12 13vs00009s

23 2% 34 ISrrvreres

45 4Brrrrrres

56 S5Trreenres

68 6Trervrrene

25 36rrerery

26 3Trrrrerey

27 JBrevrrwry

28 AFrervrrny

29 UCrrrrerey

30 31 4L U2rrereter

19 20rraere ey

8 Qrrrrerer

BETONG

Te7eTee

24,51 147801150 14289243+1. 1704019 1.17+H432,92,895+.85,1500+,.RBr

rr 10055600, 115,91000,200+120400,600,357200,1000,696700,1500,1000G00.
STAL

FedeTee

1602 800,2702000.27

re200 .1 217000+400,866000:600,758000+700,927000,B00,1192080,1200,1766000
STAL

FedeTer

r60BO0 274200027

1 r 200, 2217000, 400+ 4660001600, 758000, 700.927005+800,11920060,1200,1766000
STAL

Fo3sTrr

+60BO0 27200027

1260, 1217000400, LEE006+600,758000,700,927000,A00+1192060,1200,1766000

25¢25,0001 0

y
LeTra6r.99+,1.33
1:12¢23:34145:56¢67,
2r3048r,99r1.33

67r78:89

3591.8r2.20¢1.25
11122+33¢44¢55066¢77188+99
Grllrebel 61,33
2013024251260 2712B,29, 301948
3

Tel

T2

Fs3

ar PTBNDA

voliD

1

FeTrebrerrs

i5¢1.Serrrrrrr

Wl a2 r el ratis 516 TreBer,Felorlelrle2rli3e1411,50
HS@=F IRE

i2

125140555251 4176251 ,21 7651 359001450925, . 7¢980s1+1015+1.05+67%1.1+600r12+50G.

1.,501¢350.s
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