NBS-GCR-78-115

FIRES-RC 11

A COMPUTER PROGRAM FOR THE FIRE RESPONSE OF
STRUCTURES-REINFORCED CONCRETE FRAMES (REVISED
VERSION)

JULY 1977

Sponsored by

U.S. DEPARTMENT oF COMMERCE
NATIONAL BUREAU OF STANDARDS
WasHINGTON, DC 20234

and

NATIONAL ScIENCE FOUNDATION
WasHINGTON, DC 20550






NBS-GCR-78-115

FIRES-RC II
A COMPUTER PROGRAM FOR THE FIRE RESPONSE OF
STRUCTURES-REINFORCED CONCRETE FRAMES (REVISED
VERSION)

R.H. Iding, B. Bresler and
Z. Nizamuddin

University of California, Berkeley
Department of Civil Engineering
Berkeley, CA 94720

July 1977

NBS Grant Number NBS-G7-9006 and
NSF Grant Number ERT70-01080 AO05

Prepared for

U.S. Department of Commerce
National Bureau of Standards
Washington, DC 20234

and

National Science Foundation
Washington, DC 20550






GROUP

UNIVY A (R A - BERKELEY

FIRES-RC II

A COMPUTER PROGRAM FOR THE
FIRE RESPONSE OF STRUCTURES-
REINFORCED CONCRETE FRAMES

(REVISED VERSION)
by

R.IDING
B.BRESLER
Z.NIZAMUDDIN

Department of Civil Engineering
Division of Structural Engineering and Structural Mechanics

RESEARCH SPONSORED BY :
NATIONAL SCIENCE FOUNDATION
and

NATIONAL BUREAU OF STANDARDS

REPORT NO. UCB FRG 77-8 JULY 1977






FIRE RESEARCH GROUP REPORT UCB FRG 77-8

FIRES-RC I1

A Computer Program for the
Flre REsponse of Structures -
Reinforced Concrete Frames
Second (Revised) Version

by
Robert H. 1Iding
Boris Bresler
Zuhayr Nizamuddin

This research was supported by
National Science Foundation Grant No. ERT70-01080 A05
(Formerly Grant No. GI-43)
and
National Bureau of Standards Grant No. NBS-G7-9006-10/77

Structural Engineering and Structural Mechanics
Department of Civil Engineering
University of California, Berkeley

July 1977






ABSTRACT

FIRES-RC II is a computer program used to evaluate the structural
response of reinforced concrete frames in fire environments. The report
describes the analytical and material behavior models upon which FIRES-RC II
1s based. The thermal response associated with fire environments used for
the analysis of reinforced concrete frames in FIRES-RC II s predicted by
a companion computer program, FIRES-T.

A nonlinear, direct stiffness formulation coupled with time step
integration is the analytical technique used in FIRES-RC II. Within a
given time step, an iterative approach is used to find a deformed shape
which results in equilibrium between internal stresses and external forces.

The material behavior models for concrete and stee] account for
dimensional changes caused by temperature differentials, changes in mech-
anical properties of materials with changes in temperature, degradation of
sections by cracking and/or crushing, and increased rates of shrinkage and
Creep with an increase in temperature. Nonlinear stress-strain laws, in
which inelastic deformation associated with unloading is accounted for,
are used in FIRES-RC II to model concrete and steel behavior.

The report includes a user's manual for FIRES-RC IT, a sample
problem, and a listing of the program.
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1. INTRODUCTION

This report presents the current version of the computer program
FIRES-RC II, FIre REsponse of Structures - Reinforced Concrete Frames,
Second (revised) version. The program is used to evaluate the structural
response of reinforced concrete framed structures in fire environments.

FIRES-RC IT is a revision and extension of an earlier program,
FIRES-RC [5], which was based on still earlier work on time-dependent
response in reinforced concrete frames carried out at the University of
California during recent years [6, 8, 27]. The most significant revisions
in FIRES-RC II are the following:

1. The basic equations to be solved during each time step have
been reformulated in terms of equilibrium between internal
and external forces. Previous work was based on correction
forces due to nonlinearity.

2. A tangent stiffness solution approach has replaced the secant
stiffness approach of earlier work.

3. Frame members are discretized by beam elements in which moment
varies linearly along the axis of an element. Previously,
Tower-order, constant moment elements were used.

4. In the redesigned storage scheme, all variables are dynamically
dimensioned, eliminating the need for external storage files
for all but the largest problems. These changes make FIRES-RC II
two or three times less expensive to use than FIRES-RC.

5. Input data organization has been simplified and a new fully
annotated Input Manual written.

Predictions of thermal response associated with fire environments
from the companion program FIRES-T [4] are used directly as thermal data
input for program FIRES-RC II.

The structural response analysis of reinforced concrete frames in
fire environments in FIRES-RC II accounts for: (a) dimensional changes
caused by temperature differentials, (b) changes in mechanical properties
of materials with changes in temperature, (c) degradation of sections by
cracking and/or crushing, and (d) acceleration of shrinkage and creep with
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an increase in temperature. Determining the fire response of reinforced
concrete structures is thus a complex nonlinear analysis problem in which
the strength and stiffness of a structure as well as internal forces con-
tinually change due to restraints imposed by the structural system on free
thermal expansion, shrinkage, or creep to maintain compatibility among all
structural elements.

Because fire response problems are complex and the behavior asso-
ciated with time-dependent thermal gradients is incremental in nature, the
solution method chosen for use in FIRES-RC II is a nonlinear direct stiff-
ness procedure coupted with time step integration. Within a given time
step, an iterative approach is used to find a deformed shape resulting in
equilibrium between forces associated with external loads and internal
stresses.

When reinforced concrete frames are exposed to fire, concrete may
crack and crush locally, and steel reinforcement may yield, resulting in
degradation of strength and stiffness of members. Under some conditions,
spalling of concrete exposes reinforcement to higher temperatures, further
degrading strength and stiffness. Spalling is not modeled in FIRES-RC II
since calculation of temperature distribution histories in FIRES-T is
based on the assumption that cross-sections remain intact. Although modi-
fications in FIRES-T and FIRES-RC II could account for spalling, it has
not been explicitly included in the present version of the program since
it is a special rather than general condition. Geometric nonlinearities
are not considered in FIRES-RC II since the analysis is concerned with
structural response history prior to development of large deformations
and failure.

The main text of the report is divided into three sections dealing
with (1) the analytical solution technique, (2) models of material behavior,
and (3) the nature of the computer program, followed by a commentary on
use of the program. The three appendices to the report include a user's
manual for FIRES-RC II, a sample problem,'and a listing of the program.




2. STRUCTURAL ANALYSIS MODEL

2.1 General Approach for Nonlinear Structures

FIRES-RC II was designed to determine the structural response of
reinforced concrete frames to particular loading and thermal histories*.
Because frames are modeled as an assemblage of members connected to
Joints, the basic analytical problem is to find the deformation history of
the joints, U(t), when external loading at the joints, B(t), and temper-
ature history~with1n the members, T(t), are specified. Since only two-
dimensional frames are considered, each joint has three degrees of freedom
-- two translational and one rotational. Likewise, there are two forces
and a moment at each joint.

The basic equilibrium equations defining this structural system are:
FLUCt)) = R(t) \ (2.1)

i.e., internal forces acting at Joints, F, must equal external forces at
these joints, B, at all times t. The inzernal forces (horizontal force,
vertical force, and moment) at each joint represent the resistance to
deformation contributed by each member attached to that joint, and depend
on member geometry and material composition. The approach for determining
internal forces within members is developed in detail in Sections 2.2 and

2.3

The time-dependent behavior of a structure is approximated by time
step integration. That is, Eq. 2.1 is solved for conditions existing at
t=0 (B(O), T(0)) to obtain g(O) = 90. Time is then incremented by an
amount At, and the equations resolved to obtain 91 for Toading and
temperature at time t]. The process is repeated, gradually generating a
sequence of deformation states {yo, g], 92, 93, . . .} approximating the

response history of the frame, U(t).

The equation to be solved for each time step i is:

*

FIRES-RC II is currently programmed for plain or reinforced concrete struc-
tures. However, the methods are suitable for analyzing frames of any
nonlinear material (structural steel, plastic, etc.) and only minor modifi-
cations would be needed to incorporate other materials into the program.



Fi(Y) = & @2

If the structural behavior is linear, this equation can be solved directly
since internal forces are proportional to deformation, i.e.,

B - DKy - R (2.3)

or, solving,

u = KTy, (2.4)

where [K] is the linear stiffness matrix for the frame. However, the
respons; of reinforced concrete frames is highly nonlinear because the
stress-strain laws for steel and concrete are nonlinear, and because
concrete tends to crack or crush. Also, internal forces are influenced by
temperature- and history-dependent factors such as creep and shrinkage. The
nonlinear equations governing behavior of a structural system (Eq. 2.1) are
temperature- and history-dependent, as follows:

Fillps T Hig) = Ry (2.5)
where

"= internal forces at current time ti

gi - current deformed shape

Ti - current temperature distribution within structure
Hi-] - prior response and thermal history of structure
Bi - external loading at current time ti

Given loading Bi’ and temperature Ti’ and previous response Hi-]’ the
deformed configuration gi satisfying Eq. 2.5 is sought. This equation is
nonlinear and can be solved using any number of iterative techniques, such as
the secant stiffness method used in the previous version of FIRES-RC [5].
FIRES-RC Il uses a Newton-Raphsen equation-solving iterative approach,

defined by the equation:

J+1 _ Jd -1 o g
Uit = U DU T My TRy - FR(UYS Tos B} (2.6)




where J=0,1,2,3, ... signifies the number of iterations. The
term Yﬁg is the gradient of internal forces, fg, or, in structural
engineering terms, the tangent stiffness matrix for the frame in its
deformed configuration g?. The displacement assumed at the start of
iteration, g?, is taken to be 91-1’ the configuration of the structure
at the end of the previous time step. This iteration method may be
regarded as a sequence of corrections to obtain a convergent solution

(i.e., one which satisfies Eq. 2.5). That is, Eq. 2.6 can be rewritten
in the more convenient form:

Ioo pdysed
gyl = 1 egd (2.7)

AT

where

Qgg = displacement correction for time step i and iteration j
- g1
= Uy - )

Kg = tangent stiffness for time step i and iteration j
- Jyd
i Ty By )
§5§ = out-of-balance forces for time step 1 and iteration j

= (R,

il
Ry - Fl(Ud, T, )

i-1

The tangent stiffness iteration method is i1lustrated in Fig. 2.1
for time step i. Thus a complex nonlinear analysis is carried out through
time step integration in the temporal domain and an iterative solution
Procedure using a sequence of linear analyses in the geometric domain.
The overall procedure of FIRES-RC II is described below and illustrated
in a flow chart (Fig. 2.2).

A time step begins with the reading of the time increment, Ati’
and external load increment, ABi’ which are added to the previous time
and load values to obtain the current time, ti’ and the current load
vector, Bi' The first iteration is initiated with the assumption that
g?, the current deformation used to calculate tangent stiffness and internal
forces, is Ui-]’ the state of the system at the end of the previous time

step (see Fig. 2.1). The current tangent stiffness of the structure
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is obtained by first extracting the deformed shape of each member, U?.
from gg, calculating each member's stiffness from its current deformed
shape, ?g, and finally by_assemb]ing member stiffnesses into the struc-
tural stiffness matrix, 5%1 The contribution of each member to internal
forces in the structure, Fg, is calculated along with member stiffnesses
and assembled into the system's internal force vector, fg. At this
point, out-of-balance forces are calculated:

J . _ gl
Bi = K- 18)
which is equivalent to determining if the basic equilibrium equations
governing the system are satisfied (Eq. 2.5). If equilibrium is not
satisfied, the current tangent stiffness and out-of-balance forces are
used to calculate a correction, §gg, to the current solution:

sul = [Kki17eR] (2.9)

nl

thereby obtaining a more accurate deformed shape:
1 _ J
gi 91 + §91 (2.10)

The iterative cycle is repeated, a new tangent stiffness and internal force
vector based on the new deformed shape gg+] calculated, and the resulting
out-of-balance forces rechecked. Iteration continues until equilibrium is
satisfied to within a specified tolerance, i.e. until

|| sRY || < permissible error (2.1)
~1

at which point the solution for the time step is considered to be complete
(gi = gg) and calculations for the next time step begin (Fig. 2.2).

The force-deflection curve for reinforced concrete structures is
discontinuous as well as nonlinear (Fig. 2.1). For example, when some
steel bars yield, the slope of the curve changes abruptly (point Y on
the curve in Fig. 2.1). Similarly, when some concrete subslices crush, the
internal force vector (which is the resultant of internal stresses) drops

£




suddenly (1ine NN on the curve in Fig. 2.1). The simultaneous crushing
of several concrete subslices results in large unbalanced forces which may
delay convergence of the solution or create numerical instabilities.

This problem could be mitigated by using smaller time steps.

2.2 Discretization of Frame Members

The overall system stiffness matrix of a framed structure is
assembled by incorporating the stiffness contribution of each member in
the frame. For a simple Tinear frame in which each member is modeled as
a linear beam element, the member stiffness matrix is:

rAE -AE
T 0 0 L 0 0
12E1 6EI -12E1 BEI
ISR S i
41,  -6EL  2EI
— L L2 L
K]in = aE (2.12)
C 0 0
12E1 -6FI
T Iz
4EL
L]
6 X6

However, this stiffness matrix is correct only for members which (1) can
be modeled by simple beam theory, and (2) are composed of a linear elastic
material. In a reinforced concrete frame, the first condition holds if
members are of usual proportions, but the second condition is violated for
virtually all Toading conditions. The materials in a reinforced concrete
frame are nonlinear, and detailed knowledge of the strain states existing
within members is necessary in order to obtain the 6 x 6 matrix defining
member stiffness. Hence, the member must be further discretized.

The basic discretization scheme used in FIRES-RC II to determine
stiffness properties and internal forces is shown in Fig. 2.3. Frame
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members are substructured into a number of segments such;that by calcu-
Tating segment properties, it is possible to determine overall member pro-
perties. Each segment is treated as a standard beam element in which axial
force is assumed to be constant and bending moment to vary Tinearly’ along
the length of a segment. However, in order to calculate section properties
and internal forces and moments within a segment, it is necessary to dis-
cretize cross sections further into subslices as shown in Fig. 2.3.

The general computational procedure (covered in detail in Sec-
tion 2.3) transforms member end displacements to segment end displace-
ments and segment end displacements to strains in individual subsTices.
On the basis of subslice strains, the contribution from each subslice to
current stiffness and internal forces and moments can be computed and
integrated over a segment's cross-section to obtain average segment pro-
perties. Average segment stiffness and internal forces are then assem-
bled for an entire substructured member and statically condensed into
member properties -- i.e., the 6 x 6 stiffness matrix, K, and the 6 x 1
internal force vector, F.

Various levels of discretization and substructuring are necessary
to form the stiffness matrix of a frame. The notation used in this
report directly reflects this discretization hierarchy. For example,
deformation state and stiffness in each level are expressed as follows:

U, K - system displacement and stiffness (at joints of frame)
U, K - member displacement and stiffness (at member ends)
U, K - substructured member displacement and stiffness

(at intersegmental nodes)
u, k - segment displacement and stiffness (at segment ends)
€y, E - subslice strain and modulus

Notation used in the analysis for other quantities is consistent with
the above.

The subslices associated with each segment can be envisioned as
uniaxially loaded prisms. Therefore, only uniaxial stress states are
considered, equivalent to assuming that the effect of multiaxial stress
components is negligible. This type of prismatic model allows only

11



the effects of axial and flexural stiffness to be considered in modeling
structural behavior, neglecting the effect of shear in member idealization.
Local effects near member ends are not considered. However, in most struc-
tural frames, these effects are of secondary importance and principal struc-
tural action is due to flexure and axial deformation.

2.3 Computational Algorithm for Substructured Members

The computational procedure used in FIRES-RC II to form member
stiffness K and internal forces F is described in this subsection.
The procedure is also presented in summary form in Fig. 2.4.

In the first part of the analysis, the current deformation state
of all discretized units within a member is determined for the particular
time step (i) and iteration (j) under consideration. Member end deforma-
tions Uj are taken d1rect1y from system deformations UJ Substruc-
tured member deformations UJ can be found from Uj and the substruc-
tured member stiffness matr1x and load vector. However, tangent stiffness
changes as deformation progresses so that UJ must be calculated incre-
mentally. That is, the substructured member deformation UJ is updated
at the beginning of each iteration using the system d1sp1acement increment
from the previous iteration 6UJ -1 (or in terms of member ends GUJ ]),
and the substructured member tangent stiffness and out-of- balance 1oad
vector KJ B and GRJ ]. The correction displacement aug -1 needed to
update Ug is found by establishing the following relation within a
substructured member:

[K‘?-]]aug-] - GR;?'] (2.13)

The matrix for the deformed shape of a substructured member is divided into
three parts:

sU(1)
6U2-] - 6U1nter1or (2.14)
80(J)
S PR—
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MEMBER

+

SUBSTRUCTURE

Trans form member end displacements, U, to
displacements of substructured members, U [Eq. 2.16]

SEGMENT

I

Isolate segment end displacements, u, and
transform to centroidal plane, u [Eq. 2.17]

LEFT END

7

Calculate average stretch, €a [Eq. 2.18]

RIGHT END

1

|

Calculate cross-section curvature
¢1eft [Eq. 2.20] ¢right [Eq. 2.21]

SUBSLICE

Calculate change in subslice mechanical strain, e?

gl = e, + oly - DCG) [Eq. 2.22]

i
And subslice stress-related strain, €5

[Eq. 2.23]

Calculate current state of stress in subslice, o
oy =f&1,TP m_ﬂ [Eq. 2.25]

Calculate current subslice modulus, E1

. of
Ey = 5eleps T Hy ) [Eq. 2.26)

SEGMENT

|

|

Integrate for cross-section properties AE, ET, and DCG [Eqs. 2.28-2.31]

and for

internal force PA and internal moment BM [Eqs. 2.32)]

|

Find average AE, E

I, DCG, and PAa for the segment [Eqs. 2.33]

!

Assemble segment stiffness, k, and transform to
reference 1ine, k [Egs. 2.34-2.35]
Assemble segment internal force vector, f [Eq. 2.36]

_T;f

i

Assemble stiffness matrix of substructured member, K,

SUBSTRUCTURE and internal forces vector, F
MEMBER Obtain member stiffness, K, and internal force vector,
- F, through static condensation [Eqs. 2.40-2.42]
FIGURE 2.4 FLOW CHART - COMPUTATIONAL PROCEDURE FOR

SUBSTRUCTURED MEMBER
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where

§U(1) - member end deformations at node I -1
. 50
sU(J) - member end deformations at node J ]
6U1nterior - intersegmental node deformations

for interior of member

By partitioning in this manner, it is possible to rewrite Eq. 2.13 as
follows:

_ — - — _ —_
Ky Kis 0 | |s0(1) SR(1)

Ke KSS KSJ 6Umten’or - 6R1nter1or (2.15)
0 K K sU(d) SR(J)

| s W B . g

Equation 2.15 leads to the following expression for 6U1nter1or:

interior _ -1, .pinterior o =
su = [KSS] (8R - KSIGU(I) - KSJ6U(J)) (2.16)
The total current substrgcturgd member deformation, Ug, is.found by adding
the correction terms 6U1nter1or, SU(1), and BSU(J) to Ug']. the deformed
shape during the previous iteration.
g, are then extracted from the
deformation vector of the substructured member, Ug. These segment

deformations are measured at the reference line of the member and must

Deformations for each segment, u

be transformed to the centroid of the segment cross section in order to
uncouple axial and bending effects. This transformation is illustrated
in Fig. 2.5 and given by the formula:

W o= [elu] (2.17)
where
U% - centroidal segment deformation vector {6 x 1}
ul - reference line segment deformation vector {6 x 1}

14
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[e]l] - transformation matrix {6 x 6}

all ek,j =0
except
€.k =1 , k=1,6
= _pcgd!
e],3 DCGi
= -pcgd-!
. e4’6 DCGi
DCGg-] - distance from reference plane to centroidal

plane from previous iteration

Segment end displacements U? must then be used to find axial strain
and curvature within a segment. Segments are idealized as standard beam
elements which assumes that the kinematic behavior of segments is governed
by simple beam theory (plane sections remain plane), that cross sections
are uniform over segment length, and that the material is linear. There-
fore, average axial strain (i.e., strain at the centroid), e s 1s constant
along segment length, L, and curvature, ¢, varies linearly as shown in
Fig. 2.6. Using elementary beam theory, average axial strain and curva-
ture are expressed in terms of beam end deformations as follows:

g = i‘i{——lil | (2.18)
o) = (B -Gyu + (& -YHa
. . L L (2.19)
* 'E‘z"]—‘fé')ﬁs*'(%‘:)ﬁs
The expressions for curvature at segment ends are: .
Yleft T ‘5752-%53%‘3-2-_5-%66 (2.20)
dpight = fg-ﬁé + f—ﬁs - féis + f—ﬁg (2.21)
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Note that in the beam elements (segments) of a reinforced concrete
frame the stress-strain relationship is nonlinear and hence the moment-
curvature and axial force-axial strain relationships are also nonlinear.
Thus, the assumptions of linear curvature and constant axial strain over
the Tength of the segment do not yield an exactly linear moment field or
a constant axial force field (Fig. 2.7). Similarly, neither bending
stiffness (EI)tang nor axial stiffness (EA)tang of a cross-section will
be uniform over the length of a segment. An approximate moment field in
the segment is obtained by calculating the interal moments at each end
(based on (ea, ¢right) and (ea, ¢1eft )) and assuming a linear distri-
bution at interior points, as shown in Fig. 2.7. Likewise, approximate
axial force, bending stiffness, and axial stiffness are obtained by
averaging the internal force and stiffness states at the two ends of the
segment. The error introduced by these approximations becomes negligible
as the number of segments in each member increases, as shown in Fig. 2.8.

Internal axial force and bending moment at each end of a segment
are found by summing the force and moment contributions of subslices discre-
tizing the cross-section. Since strain state (ea, ¢) is different at each
end of the segment, subslice stresses and section forces will also differ,
and the following procedure must be repeated for two cross-sections.

The mechanical strain in each subslice can be found directly from
the stretch and curvature of a cross-section:

€. = g, + ¢(y - DCG) (2.22)
where

Yy - distance from subslice to reference line

In order to find current stress in each subslice, eg, that part of

; . R,j . : :
current mechanical strain ei’J which gives rise to stress must be

determined:.

el = (Red ef (2.23)

18
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where

e} - stress-related strain for time step i
and iteration j

eR’J - total mechanical subslice strain for time step i
and iteration j
EF - free strain in subslice for time step i

Free strain is defined as the strain that would occur in a subslice if it
were totally free to deform when exposed to changes in temperature, to loss

of moisture (shrinkage), and/or to total creep due to sustained stress.

This deformation does not give rise to stress and hence is subtracted from

total mechanical strain to
strains are determined for

find stress-related strain (Eq. 2.23). Free
each subslice at the beginning of a time step

and do not vary during iteration within a time step. They are calculated

according to the following formulae:
EE’C - E$:$ + AE?reep,c ¥ Ae?hmnkage,c 4 Ae:.:emp,c (2.24a)
es*® = ebos s AegTEEP>S 4 pctemP.s (2.24b)
where
ef’c - free strain for concrete subslice for time step i
e?’s - free strain for steel subslice for time step i
e?j% - free strain for concrete subslice for previous
time step, i-1
efj? - free strain for steel subslice for previous
time step, i-1
Aegreep - free creep strain accumulated over current time
step i
A€§hr1nk - free shrinkage strain accumulated over current
time step i
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temp free thermal expansion accumulated over current

time step i

Ae

Concrete and steel creep are approximated using temperature-compensated
time models. An incremental creep strain is calculated over each time
step by maintaining history functions indicative of cumulative creep
response. Incremental shrinkage strains are estimated assuming that they
occur at a temperature-dependent rate until cumulative shrinkage equals
total possible shrinkage. It is also assumed that shrinkage above 212°F
is incorporated into the coefficient of expansion. The models of material
behavior used in FIRES-RC II are described in Section 3 of this report.

The current level of stress in a subslice can be determined
from the stress-strain law for that material:

[g]
™
(&R
I

J
fc(e.i ’ T.is H'I-]) (2.253)

J
foleds Too Ho_g) (2.25b)

Q
Py
il

A typical stress-strain curve (for concrete) is shown in Fig. 2.9. This
curve is temperature-dependent and also models concrete cracking and
crushing. Stress in a subslice is zero if a specified crushing limit has
been exceeded. The argument Hiy_y 1s included since subslice stress also
depends on loading history; a different stress-strain curve for unloading
or for crack closing is included in the functions fc and fs. Material
models are discussed in more detail in Section 3.

Once the current state of strain is known, the current tangent
modulus for each subslice can be determined, corresponding to the tangent
of the stress-strain curve f at the point eg (see Fig. 2.9):

] = Ledot,n ) (2.26)

If a subslice has crushed or cracked, the modulus is set equal to zero.
This derivative is calculated by finite differences:

: J J_
gd - f((e3+0.00005), T, H; ;) - f((ey-0.00005), T Ho y)  (2.27)
0.0001

1
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The overall properties of a cross section are found by summing

over all k subslices, i.e.,

where

AE

El

AE = )} AE, (2.28a)
K

£l = E AkEkvﬁ (2.28b)

EQ = E AEY, (2.28¢)

effective axial stiffness

effective bending stiffness about reference line
effective first moment about reference line

area of subslice k

tangent modulus of subslice k

distance from subslice k to reference line

The centroid location, DCGg, is then

I . K
DCGy = &2  (2.29)

Bending stiffness about the centroidal plane is found by the trans-

formation:

ET = EI - AE - DCG

2 (2.30)

and the axial stiffness is simply

E = AE (2.31)
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Likewise, total force and moment in each cross section are
found by summing the contribution of each subslice k:

PA = OkAk (2.32a)

BM OkYkAk (2.32b)

As discussed previously, the beam segment model used to discretize
members assumes averaged section properties and axial force. These are
found by:

AE = (AEleft + AEright)/Z (2.33a)
El = (ETieft + ET}ight)/z (2.33b)
DCG = (DCGleft + DCGright)/z (2.33c)
PAa = (PAleft + PAright)/Z (2.33d)

Internal bending moment is linear in segments and is not averaged.
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From the averaged segment properties (Egs. 2.33a-d), the segment
stiffness matrix is formed:

AE

A
T T 0

& B e

o
] ]
5 8

—
Ay e l

o
N
m
—

kg - (2.34)

7|
o
o

—
N
=
el
[}
[=2]
m
Lo

o
w

£
, '"IEI ':I

where L 1is segment length. This stiffness matrix is,%ormulated about
the centroidal plane (to uncouple axial and bending stiffness) and must
now be transformed back to the reference plane of the substructured mem-
ber. The transformation matrix [e] (see Eq. 2.17) is reformed with the
new DCG (Eq. 2.29) and the transformation effected by the formula:

k] = el el (2.35)

The internal force vector for a segment is formed as follows:

(o,

Va

. -BM
PV < left > (2.36)
PAa

v
a

BMrignt
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where average segment shear, Va’ is derived from statics

;- B ert = BMignt

a - r (2.37)

This force fg represents the internal force contributed by a segment to
its adjacent intersegmental nodes. These segment forces can be assem@]ed
into the current internal force vector of the substructured member, Fg.
Likewise, the segment stiffness matrices (Eq. 2.35) can be assembled into
the current stiffness matrix for the substructured member, Kg. Both Kg
and F% must then be statically condensed to member terms. That is,

the matrices and forces for the substructured member,

PR ——

K1 K1s

K= K K

i SI ss Koy (2.38)

F = X Fg > (2.39)

L

are condensed to member stiffness,

(2.40)
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and member internal force vector

S I (2.41)

by the following expressions:

_ -1
Kir = Kpp - KpslKssd  Kgg
Ko o= Kee[Keel™V K
1J 1slkssd Koy
Kyg = Ky - Kas[Kss]—] Ksg
(2.42)
- T
Kip = [Kygl
Fr o= Fr- K[Kee] ' F
I 1 - KislKggd  Fg
F, = F, - K[Ke] ' F
J 3~ Kyslkesd © Fg

This static condensation of the properties of the substrqctured member
into effective member stiffness Kg and internal forces ?g completes the
formation of necessary member properties.

3. MATERIAL BEHAVIOR MODELS

The models of material behavior used in FIRES-RC II have, whenever

possible, been based on experimental data. However, these data are gener-
ally insufficient for precisely formulating or verifying these models.
Therefore, models of material behavior used here provide only a first order
approximation of the relationships between strain, stress, temperature, and
time. All models assume a uniaxial state of stress which is, except when
noted, positive for extension and negative for contraction. It is believed
that the assumed models of material behavior can provide a reasonably
accurate basis for evaluating structural response. Analyses based on these
models were compared to experimental data [20] and good correspondence
between computed and measured behavior was obtained.
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3.1 Temperature Dependence of Material Parameters

Many parameters used to describe material behavior in FIRES-RC II
are temperature-dependent. These temperature-dependent functions are
represented in FIRES-RC II as linearly segmented curves (see Fig. 3.1).

A temperature-dependent material parameter is represented by a series of
points and connecting lines in a space in which the y-axis is the material
property value and the x-axis temperature. The value of a material pro-
perty f for a given temperature Ti is calculated by the following

expression:
fF(Ty) = FT )+ (T, - TS, (3.1)
where
2Ty 2Ty
Sn - slope between points n and n + 1

The value of a temperature-dependent material property is calculated in
the computer program by the function VMATL, such that

fJ(T) = VMATL(J,T)

where
J - material property number

T - temperature of subslice

3.2 Stress-Strain Laws

The instantaneous, nonlinear, inelastic (path-dependent), and
temperature-dependent stress-strain relationships for concrete and steel
used in FIRES-RC II are discussed in this section. These relationships
contain history functions which account for instantaneous inelastic defor-
mation. The history functions are based on a continual reconstruction
of the stress-strain diagram on the basis of permanent inelastic
strain, €g° in a subslice at the end of the previous time step.
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3.2.1 Stress-Strain Law for Concrete

A typical stress-strain curve for concrete under uniaxial loading
is shown in Fig. 3.2. The curve consists of two parts: a compressive
part and a tensile part. The models used for these two parts are dis-
cussed below.

3.2.1.1 Compression - Because internal microcracks develop at the inter-
face between cement paste and aggregate, the stress-strain curve for
concrete in compression is nonlinear. The theory of internal microcracking
[18, 19, 20] qualitatively describes the stress-strain relationship. Only
approximate empirical formulae are available to describe the relationship
quantitatively. In general, the parameters characterizing such formulae
are determined by curve-fitting, so that a given formula fits experimental
results.

Most standard mathematical curves for the stress-strain relation-
ship -- including, directly or indirectly, the more important parameters --
have been investigated for this study, e.g. a parabola, hyperbola, ellipse,
cubic parabola, and sine and exponential curves. However, the formula
chosen for this study is the one proposed by Saenz [25] which is easy to
apply and fits experimental data well for both ascending and descending
branches of concrete stress-strain curve. Saenz's formula incorporates
several parameters -- modulus of elasticity, EC; maximum compressive
strength, fé, and strain at compressive strength, €3 ultimate stress, A
and ultimate crushing strain, ey =" and takes the following form:

Ece

0 =
A+ Be + Cel + DO

where A, B, C, and D are coefficients to be found.
The conditions to be satisfied are (see Fig. 3.2):

1. Fore =20, c =0, or point of origin. This
condition is satisfied trivially.

2. Fore =20, gg-= Ec’ or value of Young's modulus.
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3. For g = €es 0 = fé, or point of maximum stress.

4. For ¢ = €ps g§'= 0, or maximum of the curve.

5. For ¢ = g2 0 T Oy OF point of maximum strain.

The following values for these coefficients are easily obtained:

R-+R -2
_ E
B = (———)E
RE fc c

(2R - 1)EC

RE fc €¢

where

m

RE = = is the modular ratio

™
-+

fl g
— is the secant modulus at f'
€c c

RE(RO - 1)

(R, - 1)

J”

L
R
€

is the stress ratio

=
1]
o™

™M

R = 4 s the strain ratio
€ Ef

Differentiation of Eq. 3.2 with respect to strain e results in the

foilowing expression for the tangent modulus at strain e for uniaxial

(A - ce? - 20e?) - E.

3 (3.3)
E S A+ B +cel + ped)l

compression:
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Equation 3.2 fits the descending branch of experimentally obtained
curves, but deviates slightly from the ascending branch. However, by
setting R equal to zero, Eq. 3.2 reduces to the quadratic form of
Saenz's equation, given by:

Ece
o = S (3.4)
A + Be + Ce

Equation 3.4 fits the ascending branch very well, but not the descending
branch. Therefore, R will be used in Eq. 3.2 with the following
values:

R =0, for € < e (ascending branch)
R = ZE——:—;SE—-- ﬁ;- » for €& < e (descending branch)
€

The concept of using two values for R 1in Saenz's equation (Eq. 3.2) was
" .proposed by Bresler [7].

The permanent inelastic strain, €9 during time step i is calcu-
lated on the basis of the stress and strain at the end of the previous
time step i-1.

(3.5)

The computational algorithm within the iteration then proceeds by
calculating two stresses, one based on the stress-strain relationship
(Eq. 3.2) and the other on Eq. 3.6, given below:

o = Ec(s - eo) (3.6)

The algebraically greater of these stresses is then assumed as the current
state of stress.

The computer function implementing the model for the stress-strain
relationship of concrete in compression is STR such that:

o° = STR(E, EC, FC, EFC, FU, EFU, EO)
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where

o - stress in concrete

E - strain in concrete

EC - modulus of elasticity, EC; temperature-dependent

FC - compressive strength, fé; temperature-dependent

EFC - strain at compressive strength, €3 temperature-dependent
FU - ultimate stress, 0, temperature-dependent

EFU - wultimate (crushing) strain, €4 temperature-dependent

EO - permanent plastic deformation, ¢

0

3.2.1.2 Tension - Figure 3.3 shows a reinforced concrete element under
uniaxial tension. When concrete reaches ultimate tensile strain, primary
cracks form at finite intervals along the length of an element. Total

Toad is transferred across these cracks by reinforcement. However, concrete
between cracks is still capable of carrying stress due to bond between con-
crete and steel. This phenomenon is called the tensioning-stiffening effect.
Thus, although concrete stress at cracks is zero, it is not zero if aver-
aged over the length of a member. As load increases, more cracks form and
the amount of tension carried by concrete progressively decreases. There-
fore, the average concrete stress-strain curve for reinforced concrete ele-
ments may be considered to have a descending branch extending beyond ulti-
mate tensile strength for plain concrete (Fig. 3.4). The concept of

working with average stress and strain over a relatively long gauge

length to account for the tensioning-stiffening effect was used by

Scanlon in Ref. 26.

The Titerature indicates that in general the stress-strain curve
for concrete in tension at room temperature follows more or less a
straight line with a slope equal to Young's modulus of elasticity for
concrete (Young's modulus for concrete is identical in tension and com-

pression) up to tensile strength f After that, the curve has a

.
descending branch whose length and slope depend on material characteris-

tics of concrete.
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FIGURE 3.3 ACTUAL AND AVERAGE STRESS DISTRIBUTIONS IN A
' CRACKED REINFORCED CONCRETE ELEMENT
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Due to a lack of data on the shape of the stress-strain curve for
concrete in tension at high temperatures, a first order approximation is
used. Thus, it will be assumed that the shape of the curve at high
temperatures is similar to that at room temperature. A general

model for this curve as a function of temperature T 'is proposed
as shown in Fig. 3.5(a).

The curve shown in Fig. 3.5(a) consists of two parts. The first
part is a straight line with a slope equal to E (T) up to tensile
strength f (T) The second part is a non11near curve defined by speci-

fying pairs of stress ratios, o, /f (T), and strain ratios, ¢. /s (T), to
fit a polynomial of the form:

2 3
o = € € £
RUEL R on ) RNy & a4<§m)+ S (3:7)

In FIRES-RC II, up to four points (four pairs of stress and strain
ratios) can be specified for this polynomial. With two specified data
points, the polynomial defines a straight line, with three points a
parabola, and with four a cubic curve.

Furthermore, it is assumed that the stress and strain ratios are
identical at all temperatures, simplifying input to the computer and
reducing computational effort. The shape of the stress-strain curve in
tension thus remains the same at all temperatures as illustrated by the
curve plotted in nondimensional form in Fig. 3.5(b).

A mathematical procedure is used to pass the polynomial curve
through given stress-strain points. The coefficients ay - . .,

3
(n = 2 to 4) are determined as follows:

oY [ 0 )
O’-I E:] €-| n

RO T G

i BT < } (3.8a)
%n n € " |

Lft(T’) .] etlT) (e:t(”)_J Cn)
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~or symbolically

{o;} = [ei] {a;} (3.8b)

nx1l nxn nxl
This.matrix equation is solved for the coefficients {ai}:

{a;} = [ei]-] {o,} (3.8¢)

nxl nxn nx]I

where [ei]'] is the inverse of matrix [ei]. The coefficients {ai}
are evaluated once and then used in Eq. 3.7 for all temperatures.

Finally, there are no data in the literature on the behavior of
concrete in tension upon loading. Therefore, a simple model for unloading
is proposed as shown in Fig. 3.5.

3.2.2 Stress-Strain Law for Reinforcing Steel

The stress-strain law for reinforcing steel is based on a stress-
strain envelope determined by the modulus of elasticity, yield stress,
and strain-hardening modulus. The envelope is shown in Fig. 3.6 and
can be constructed from three parameters: ES(T) (modulus of elasticity
of steel), fy(T) (yield strength), or ey(T) (yield strain), and E*
(strain-hardening modulus).

By extending yield plateaus throughout the strain range, an envelope
is bounded by the two resulting parallel lines. The equations for these
lines are:

= * -
a. upper bound 9, fy + E*(e ey) (3.9)

b. lower bound - ¢

. -fy + E*(g + ey) (3.10)

A third line (Eq. 3.11) is defined as intercepting the strain axis at the
point of permanent inelastic strain, €g° with a slope equal to the
modulus of elasticity.
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op = Es(e - 60) (3.11)

Permanent inelastic strain, €g> during time step i is calculated on the
basis of stress and strain at the end of the previous time step, i-1.

60 = €. - E (3-]2)

The computational algorithm within the iterative procedure of a time step
in which €0 remains constant, calculates three stresses - Oy> Og»
and O - for the current state of strain €5 The actual state of stress

is then determined as follows:

if o> g, » then o= I, (3.13a)
else
if op <o, » then o= a, (3.13b)
else
o = op | (3.13c)
The computer function is SS, such that
o> = SS(E, EY, ES, FY, EO)
where
E - strain in steel
EY - yield strain (ey); temperature-dependent
ES - modulus of elasticity (Es); temperature-dependent

FY - \yield stress (fy); temperature-dependent
E0 - permanent deformation (eo)

note: E* ' is set by a DATA statement and is considered
to be temperature-independent
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3.3 Thermal Model

Changes in thermalsstrain for both concrete and steel subslices are
determined by multiplying the temperature-dependent coefficient of expan-
sion by the change in temperature. The free thermal strain increment
during time step i is thus calculated as shown below:

for concrete:

temp,c, .\ _ = _
Ae (1) = o (T )T, T4) (3.14a)

for steel:

temp,s, .\ _ o _

where

a - coefficient of expansion
— T. + T._]
Ti - average temperature during time stepi = 5 !

and in the computer program

aC(T})

VMATL(1, Ti)

us(Ti)

VMATL(6, Ti)

Total free thermal strain at time step n is then calculated
as follows:

for concrete:

gtemPsC ) peteMP>C4) (3.15a)

N~

i=1

for steel:

cLemPsS 1y Ae TEMPsS (1) (3.15b)

1

ho~—23

i

3.4 Concrete Shrinkage Model

Shrinkage in concrete due to moisture loss is highly temperature-
dependent, reflected both in total shrinkage and the rate at which it
occurs. The basic shrinkage model is given below:

de
7 7 a0 [N - e ] (3.16)

43



where

€g - current cumulative shrinkage strain
(note: in this case, contraction is positive)

e (T) - total potential shrinkage

a(T) - rate constant

It is assumed that shrinkage continues until a temperature of 212°F
is reached, whereupon all remaining shrinkage is considered to occur within
the current time step. In addition, the total amount of shrinkage occurring
within any time step cannot cause cumulative shrinkage to exceed total
potential shrinkage for the temperature at that time step. Lastly, shrink-
age is considered to be an irreversible process.

Incremented shrinkage strain within a time step is calculated
using the following sequence of equations:

_ T.-68]°
a(Ti) = (0.001 + W ) (3.]7)
_ T.-68
€ (Ti) = 0.0005(1 + —Tzz—d (3.18)
aeSIK (e (T.) - et (3.19)
i il et s i )
where
AE?hrink incremental shrinkage strain
At - time step

Equations 3.17 and 3.18 are valid for a temperature range of 68°F
to 212°F. Maximum total shrinkage at the upper range, 212°F, is
0.001 in/in. The computer function for calculating incremental shrinkage
strain is SHRINK and takes the following form:

aeSTInk = SuRINK(DT, T, S)

where

DT - time step
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T - average temperature during time step

S - cumulative shrinkage strain

Total free shrinkage strain at time step n is then calculated as
follows:
AE§hr1nk
7

Eshr1nk(n)

ne-13

| (3.20)
1

3.5 Creep Models

High-temperature creep is modeled using a temperature-modified time
that reflects the thermal acceleration of creep. Both steel and concrete
creep models take the same basic form in that they predict a change in
free creep strain A€$reep for a given subslice over a time Ati. These
models require that the state of stress 051 at the end of the time step
ti-l’ the average temperature during the time step Ti’ and the history of
the subslice to the beginning of the time step Hi-] already be deter-
mined (see Fig. 3.7). The general form of these creep models is:

creep _ T
A fereep(®i1s Aty T Hyp) (3.21)

3.5.1 Creep Model for Concrete

In the concrete creep model, the superposition principle is combined
with an effective stress concept that accounts for nonlinear effects at
higher stress levels. The model was developed for this study by
M. Mukaddam and is based on previously developed temperature-compensated
time models [21, 22, 23]. The following temperature-compensated compli-
ance function was suggested by M. Mukaddam:

m -x.0(T)t
c(t) = _zlai[l -e U] (3.22)
=

where

C(t) - compliance in millionths/ksi
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OF CREEP STRAIN

46



Ji - linear constants

Ai - exponential constants

¢(T) - temperature shift function
t - time

Using experimental data of Cruz [10], the following coefficients were

derived for the first four terms of Egq. 3.22:

J. 142,716  169.464 70.563 2737.7

As 0.1 0.01 0.001 0.0001

The temperature shift function given below is also based on Cruz's data:

oty = (T
where
Temperature in °F
¥WT) = 0 T <75
= 0.767(s3) - 0.767 75 < T < 300
= 0.520(53) + 0.220 300 < T < 900
= 0.297(s3) + 2.900 900 < T .

(3.23)

(3.24a)

(3.24b)

(3.24c)

(3.24d)

The compliance model compares favorably with Cruz's experimental data

(see Figs. 3.8 and 3.9).

The effective stress function for nonlinear creep is based on the

work of Rol1l [13, 24] and takes the following form:
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FIGURE 3.8 COMPARISON OF OBSERVED AND PREDICTED
CONCRETE CREEP VS. TIME
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ag
I < 0.35

0 = (3.25)

-!ZIQ e}

2.3300 - .465fé 1> > 0.35

c
The upper bound of the effective stress equation (Eq. 3.25) is taken as
fé; this bound is, however, only a current best estimate, and further
investigation is necessary.

A general expression for the overall creep strain of a concrete
subslice (Eq. 3.26) can be obtained by assuming stresses to be constant
throughout each time step (average temperature, Th), and all time steps
to be equal.

ecreep(tn) = 107. 'go a;(n) (3.26)
where
n
t, = .ZOAt1 (3.27)
1=
m
ay(n) = ay(n-1) + Aoeff(n-l)[.X]Ji] (3.28)
'|=
-1 0(T )at
a;(n) = [a;(n-1) - J.ao ce(n-1)]e T T (3.29)
and
aO(O) = 0 (3.30)
a;(0) = 0 (3.31)

The algorithm for calculating Asgreep then proceeds as follows:
1. calculate Aoeff(n-l)
4
2. calculate Aoeff(n'])[iZ]Ji]

3. sum ai(n-l) terms for i = 1, 2, 3, 4
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4. calculate ai(n) terms for i =1, 2, 3, 4
5. sum ai(n) terms for i =1, 2, 3, 4
6. calculate Aeﬁreep from the following equation:

4 4 4
Agﬁreep = Aaeff(n-])[.z]di] + .z]ai(n) - .z]ai(n-]) (3.32)
- 1= 1= i=

Since available research data on tensile creep are limited, it is
assumed that creep of concrete in tension and compression is the same for
equal stresses (in absolute values). The results of a study on tensile
creep in concrete at room temperature conducted at the University of
California, Berkeley, by Akatsuka, Chang, and Polivka [1] indicated that
the difference between the magnitude of tensile creep and compressive
creep for equal stresses is very small, tensile creep being slightly
higher than compressive creep. Therefore, the error introduced by the
assumption that tensile creep and compressive creep are equal will be
negligible.

The computer function for calculating incremental creep in concrete
is CRPC and takes the following form:

neCTEEPSC CRPC(DT, S1G1, S162, T, B, C, D, E, FC)
where
DT - time interval (At)
S1G1 - stress at beginning of previous time step (o(n-2)
S1G2 - stress at beginning of current time step (o(n-1)
T - average temperature during current time step (Th)
B, C, D, E - ai(n—]) as input
ai(n) as output
FC - compressive strength of concrete (fé)
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Total free creep strain in concrete at time step n is then
calculated as follows:

creep,c AcCreep,c

25 (3.33)

i~

(£) =
1

3.5.2 Creep Model for Reinforcing Steel

The model used in FIRES-RC II for creep in reinforcing steel
considers primary and secondary creep, neglecting tertiary creep (see
Fig. 3.10(a)). Creep in steel is considered to be a function of the
current state of strain; the path to that state thus negligibly influ-
ences the current rate of creep. In addition, creep rate in steel is
primarily a function of shear strain and is therefore assumed to be iden-
tical in tension and compression except for the possibility of tensile
creep rupture.

A creep model for constant temperature and stress can be extended
to variable temperature using Dorn's 6 - Method [11, 28, 30] and to
variable stress by a strain-hardening rule [12]. It is known that the
creep rate for secondary creep is a constant in the domain of tempera-
ture-compensated time; thus,

de

5 = 2 (3.34)
where
€, - Creep strain
8 - temperature-compensated time
Z - Zener-Hollomon Constant

Harmathy [14, 15, 17] has suggested that this basic relationship can be
used to determine both primary and secondary creep with the following
modification:

de £
- 7com?® !t (3.35)
deé €to
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where

€0 y-axis intercept of secondary creep phase

Temperature-compensated time, 6, can be calculated by the following

equation:
g =2
o = [[e R (TH80]y 4¢ (3.36a)
0
or
b1
do = dt.e R (1+460) (3.36b)
where
AH - activation energy of creep
R - gas constant

Harmathy's suggested creep relationship is shown in Fig. 3.10(b).

Harmathy has suggested a computational algorithm that combines
his creep model with Dorn's 6 - Method and a strain-hardening rule [16].
This method, with minor modifications, is used in FIRES-RC II. Incre-
mental creep strain is given by Eq. 3.37.

, 2) &t
AEt = Z(O’) Ae(T,At) COTH {E—t—o(—o)_} (3.37)
where (note: the following coefficients were derived for A-36 steel)

2(o) = 3.2734 x 10'% |o|*7 sgn o [o] < 15 (3.38a)

2(s) = 1.23 x 10016%:13920) oo o 151 5 15 (3.38b)
- AB - temperature-compensated time
' o _ 30400 |

26(T,t) = at - 10 T+460 (3.39)
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€ - y-axis intercept

to
erolo) = 3.02 x 1075 |75 (3.40)
Ei - cumulative absolute creep strain
% oc ) el (3.4)
g€, = Ae. 3.4]
t 120 i
o - stress in ksi

Results obtained using this creep model can be very sensitive
to experimental coefficients. If steel having a higher yield strength
than that intended for the set of coefficients used in the analysis is
evaluated, excessive creep will be predicted. Likewise, if steel with
Tower yield strength is analyzed, the creep effect may be underestimated.
Because of this sensitivity to experimental coefficients, the steel creep
model should be substantiated by experimental data whenever possible.
Cylic loading and creep recovery are not modeled.

In the first time step where EE = 0, the hyperbolic cotangent
term goes to infinity (). Creep strain for the first time step is

calculated by the following approximate equation:

:[3-2.6.82]]/3+Z'6 (3-42)

t €t to

This expression was first suggested by Harmathy in 1967 [15], and approx-

imates creep strain well for values of €. to 0.5€t0.

t
The computer function for calculating incremental creep in rein-
forcing steel is CRPS and takes the following form:

cree
ccreep,s

A CRPS(T, DT, S, ET)

where
T - average time step temperature

DT - time step
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S - stress at beginning of current time step

ET - cumulative absolute creep

Total free creep strain in steel reinforcement at time step
n is then calculated as follows:

n
€(:Y‘eep,S(tn) = z Ae:':r‘eep,s (3'43)
=1

4. DESCRIPTION OF COMPUTER PROGRAM

4.1 Overall Organization

FIRES-RC II is a hierarchically structured computer program, a
natural consequence of the discretization methods chosen to model a
reinforced concrete frame. That is, overall joint forces and stiffnesses
are assembled by considering the contribution of each member, segment, and
subslice in a structure. Hence, for each basic calculation in the solution
process (stiffness formation, output, etc.) there are two or three levels
in the hierarchy of subroutines as shown in Fig. 4.1. The lowest level is
called into use each time a subslice quantity is calculated and higher
levels control calculations for an entire member or, in the case of the
main program, an entire frame.

Figure 4.1 shows that the program is organized to reflect not only
the geometric substructuring idealizations used in the analysis, but also
the three distinct phases of the analytical process. The first three
subsidiary subroutines (INPT, SEGIN, MATLIN) perform operations needed
to input the data describing the problem to be solved. The next block of
subroutines (time-step solution phase) determines overall structural
response at the end of each time step. This phase is divided into (1) an
initialization process at the beginning of each time step (subroutine
INITIAL or INSTEP) and (2) a stiffness formation (subroutine MEMBERS) and
displacement solution (subroutine BANDEC) for each iteration within the
time step. And the last block (output phase) prints and punches results
of the analysis when requested. These three phases are described in more
detail later in this section.
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FIRES-RC II

— INPT
——SEGIN

—MATLIN

—DYNDIM

I
INITIAL or INSTEP

l‘——-INTSEG or INSSEG
TEMPIN

PROP

STR, SS, CRPC,
CRPS, SHRINK

— DYNDIM
I
MEMBERS

——MEMSEG

L—STR, SS

—— FORMK

|——FORM

—— CONDENS

——BANDEC
— BANDEC

——-?YNDIM
OUTPT

L'-'OPTSEG

I
I
I
|
L — —[10UT, JouT]

Main Program

Inputs joint and member data
Inputs segment data

Inputs material data

Dynamic dimensioning of )

member and system variables
Initializes time step

Initializes each segment
Inputs temperature data
Determines material properties

Material behavior models

Determines member stiffness
Determines segment properties

Material behavior models

Forms stiffness of
substructured member

Forms segment stiffness
Calculates member stiffness

Equation solver

Solves for new structural
deformation

S

\
Outputs system and member
analysis results

Qutputs segment results
Qutputs interim data for

INPUT
PHASE

TIME
STEP
}sownom
PHASE

OUTPUT

” PHASE

debugqing

FIGURE 4.1 STRUCTURE OF PROGRAM FIRES-RC 1]
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4.2 Storage Allocation by Dynamic Dimensioning

Because several levels of discretization are necessary to model
the behavior of a concrete frame, a great many variables must be referred
to during the solution process. The way in which these variables are
organized and stored within the computer is critical in designing an
efficient programming technique. In a large problem, the manipulation of
data files can be far more costly than the actual numerical calculations,
and every effort must be made to use storage in the high-speed central
memory of the computer as efficiently as possible.

In FIRES-RC II, the most important information that must be stored
during the solution process is divided into four files. Note that these
files correspond exactly to the discretization hierarchy of the analysis.
(system, member, and segment).

1. /ISYSTEM/ - This file contains all system variables used in the
analysis, such as joint deflections and rotations, support reactions,
or system stiffness matrix. These variables are Tisted in Table 4.1.
The storage needed for this file is

NJ x (28 + MAXBAN)

where NJ is the number of joints in a frame and MAXBAN is the
maximum half-bandwidth of the system stiffness matrix.

2. /IMEMB/ - This file contains the variables for each substructured
member in a frame, such as member end and intersegmental displacements,
segmént lengths, etc. Table 4.2 Tists these variables for a typical
member. Note that the storage needed for each member depends on
NSEG, the number of segments into which a member is divided, and is
equal to

NSEG x 33 + 4

Storage needed for the entire file /IMEMB/ (i.e. for all members in
a structure) is obtained by summation. Members are stored sequentially
on the file. ’

3. [/ITEMP/ - - This file contains a]]kquantities needed at the beginning
of each time step in order to initialize each segment cross-section.
These variables include subslice temperature, creep history variables,
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TABLE 4.1

Address in
Blank Common

Variable and
Dimension*

STRUCTURAL SYSTEM INFORMATION /ISYSTEM/

Description

N1 =1 X(NJ) X-coordinate
N2 Y(NJ) Y-coordinate
N3 IBC(NJ) Support code
N4 JS(NJ) Restrained joints
N5 FJ(NJ3) Total external load, Bi
N6 U(NJ3) Total displacement, gg
N7 DV(NJ3) Increment in Toad vector, ABi’ then out-
of-balance force vector, SRY
i
N8 DPL(NJ3) Fixed boundary condition displacements
N9 SP(2,NJ3) Spring stiffness boundary conditions
N10 AAW(NJ3) Support reactions
N11 DELR(NJ3) Out-of-balance forces, §52, then correc-
. . J_orpd-lepd
tion displacement, 8Ys [Ei] §B3 |
N12 SYSTIF(MAXBAN,NJ3) Current tangent stiffness matrix, Kg
*
Note:

NJ = Number of joints

NJ3 = 3 x NJ

MAXBAN = Maximum half-bandwidth

ISYSTM = Total storage need for system information

N12 + MAXBAN x NJ3
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Address in
Blank Common

N20 = ISYSTM
N21
N22
N23
N24
N25
N26
N27

N28

N29

N30

N31
N32

N33

TABLE 4.2 MEMBER INFORMATION /IMEMB/

Variable and
Dimension*

MI

MJ
SEGL(NSEG)
AE(NSEG)
AEI(NSEG)
EI(NSEG)
EIT(NSEG)
DCG(NSEG)

W(NODS)

F(NINTER)

DELF(NINTER)

FA(NINTER)
PA(2,NSEG)

BM(2,NSEG)

Description

Node at left (I) end of member

Node at right (J) end of member

Length of each segment in member

Current axial stiffness of each segment
Initial axial stiffness of each segment
Current bending stiffness of each segment
Initial bending stiffness of each segment

Current distance from reference plane to
center of gravity (average for each segment)

Current deformation of substructured

member, Ug (in member coordinate system)

External load increment, ARi, for
intersegmental nodes of substructured
member

Out-of—balqnce forces for substructured
member, 6Rg

Total intersegmental external load, Ri

Cross-section axial force (at left and
right ends of each segment)

Cross-section bending moment about

reference line (at left and right ends
of each segment) :
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Address in
Blank Common

TABLE 4.2 MEMBER INFORMATION (cont.)

Variable and
Dimension*

N34 ASTRAIN(2,NSEG)
N35 ACURV(2,NSEG)
N36 AREA(NSEG)
N37 CRUSH(2,NSEG)
N38 CRACK(2,NSEG)
N39 NCONCR(NSEG)
N40 NSTEEL(NSEG)

*

Note: NSEG =

Description

Average axial strain in each segment, €

Segment curvature ¢ (at left and right
ends of each segment)

Area of cross-section of each segment

Area of cross-section crushed (at left and
right ends of each segment)

Area of cross-section cracked (at left and
right ends of each segment)

Number of concrete subslices in each
segment

Number of steel subslices in each segment

Number of segments in member

NSEGZ2 = 2 x NSEG

NODS

0o

NINTER

Number of nodes in substructured member
3 x (NSEG + 1)

Number of intersegmental nodes
3 x (NSEG - 1)

The above storage scheme is for the first member in the structure. Infor-
mation for the second member is stored in the same way except that N20
for member No. 2 is set to N40 (of member No. 1) + NSEG (see Fig. 4.2)
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and current subslice shrinkage. Table 4.3 shows the contents of this -
file for a single segment. A segment with NC concrete subslices
and NS steel subslices requires

NC x7+NSx2+1

storage locations. Information for each segment is stored sequen-
tially, i.e., all quantities for segment 1 of member 1, then all
quantities for segment 2 of member 1, up to the quantities for the
Tast segment of the last member in the structure.

/ISEG/ - This file contains segment variables that are needed for
every iteration within a time step. Note that variables which are
needed only during initialization of a time step are allocated to

file /ITEMP/ to minimize data manipulation. These quantities are
tabulated in Table 4.4. The size of this file for a single segment is

NC x 25 + NS x 13 + 10

Segment data is stored sequentially as described above for /ITEMP/.

The basic idea of the dynamic dimensioning technique is to allot

these four files to available high-speed central memory storage in the most

efficient way possible. 1In FIRES-RC II, this is carried out as follows:

1.

File /ISYSTEM/ 1is permanently stored in the first portion of blank
common (see Fig. 4.2). During the input of joint and member

data, the space needed for this file is determined and the address
of each variable in blank common is set (N1, N2, . . . N12), as
shown in Table 4.1.

File /IMEMB/ is permanently stored in the next portion of blank
common (Fig. 4.2). The starting point within blank common of this
file is labelled ISYSTM, and is equal to the size of file /ISYSTEM/.
As before, it is possible to fix the address of each member variable
within blank common (N20, N21, . . . N40) during the input of member
data. Note that information for each member is stored sequentially.
Hence, for example, the value of N20 (address of variable MI) for
member 2 is different than that for member 1. A special subroutine
(DYNDIM) adjusts the values of N20, N21, . . . whenever the program
must execute calculations that require looping over all members of
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TABLE 4.3 SEGMENT INFORMATION REQUIRED FOR INITIALIZATION

Address in  Variable and
Blank Common Dimension*
M45 TEMPC(NC)
M46 TEMPS(NS)
M47 SST(NC)
M48 BCRP(NC)
M49 CCRP(NC)
M50 DCRP(NC)
M51 ECRP(NC)
M52 ET(NS)
M53 SAVG(NC)
M54 ISYM
*
Note:
NC =

NS

OF EACH TIME STEP /ITEMP/

Description

Concrete subslice temperature for current
time step i

Steel subslice temperature for current
time step i

Total concrete subslice shrinkage

4

% history function for
concrete creep

43

4

Sum of absolute changes in steel creep strain

Average stress in each concrete subslice at
the start of the previous time step (i - 1)
(for creep calculations)

Flag to indicate if input temperatures are
for a symmetric cross-section (i.e., for a
quadrant)

number of concrete subslices in segment

number of steel subslices in segment
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TABLE 4.4 SEGMENT INFORMATION REQUIRED FOR

Address in Variable and
Blank Common Dimension*
M20 = MINIT AC(NC)

M21 YC(NC)

M22 AS(NS)

M23 YS(NS)

M24 AMOD(NC)
M25 STRE(NC)
M26 EPU(NC)

M27 TES(NC)

M28 AMOS (NS)
M29 YIE(NS)

M30 AR(2,NC)**
M31 ARS(2,NS)
M32 KRAT(2,NC)
M33 KRAF(2,NC)
M34 AKAK(2,NC)
M35 AKK(2,NC)
M36 STRC(NC)
M37 EHC(2,NC)

EACH ITERATION /ISEG/

Description

Area of each concrete subslice

Distance from each concrete subslice to
reference plane

Area of each steel subslice

Distance from each steel subslice to
reference plane

Elastic modulus of concrete, E (T)
(for each concrete subslice)

Compressive strength of concrete, fé(T)
Ultimate strain for concrete, eu(T)
Tensile strength of concrete, ft(T)

Elastic modulus of steel, ES(T)

(for each steel subslice)

Yield strength of steel, fy(T)

Current modulus_of each concrete subslice,
gsed
i
Current modulus of each steel subslice,
4
i
Permanent flag for subslice cracking

Interim flag for subslice cracking
Permanent flag for subslice cracking
Interim flag for subslice crushing

Free strain, eF, in each concrete subslice

Current value of stress-related strain,

e?, in each concrete subslice

1
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TABLE 4.4 SEGMENT INFORMATION REQUIRED FOR

EACH ITERATION /ISEG/ (cont.)

Address in Variable and
Blank Common Dimension* Description
M38 SICc(2,NC) Current stress, o%(ed, Ti)’ in each
concrete subslice
M39 STRS(NS) Free strain, eF, in each steel subslice
M40 EHS(2,NS) Current value of stress-related strain,
eg, in each steel subslice
M41 SIS(2,NS) Current stress, os(eq, Ti)’ in each
steel subslice !
M42 ESHIFTC(2,NC)  Permanent concrete subslice deformation,
c
€0
M43 ESHIFTS(2,NS)  Permanent steel subslice deformation,
s
€0
MEFC EFC(NC) Strain at compressive strength, €
(for each concrete subslice)
MFU FU(NC) Ultimate crushing stress of concrete, Ou
M44 NSTR(10) Template for selected subslice output
(punched)
*Note: NC = number of concrete subslices in segment
NS = number of steel subslices in segment
*
* Note: Singly-subscripted variables refer to quantities which are constant

or averaged over segment length, such as subslice area or subslice
free strain. Doubly-subscripted variables refer to quantities
which have one value at the left segment end cross-section and
perhaps another value at the right end cross-section, such as
subslice stress or cracking and crushing patterns.
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3.

the structure.

Files /ITEMP/ and /ISEG/ must be treated differently from the
previous two files. Two approaches can be used:

A. IN-CORE SOLUTION: If the problem is sufficiently small to
permit information from all subslices and segments to be fit into

the blank common size specified in the program dimension statement,
permanent addresses are given to each segment variable in /ITEMP/
and /ISEG/. The information is stored sequentially in blank common,
starting with segment 1 of member 1 and ending with the final segment
of the Tast member as shown in Fig. 4.2. Segment storage starts at
point ITOTAL, directly after member data (which ends at point IMEMB)
and a small storage block allocated to working variables.

The program automatically determines whether all segment
information will simultaneously fit into blank common during
initialization of the first time step (STEP 0) in subroutine
INITIAL. If it will fit, the flag variable ITAPE is set to "1".
If not, ITAPE 1is set to "0" and method B must be used.

B. EXTERNAL STORAGE METHOD: If the problem is so large that files
/ITEMP/ and /ISEG/ do not entirely fit into central memory storage
it is necessary that these files be put in external Tow-speed

storage. One external file (tape) is used for /ITEMP/ and
another for /ISEG/. Blank common then need hold informatidn
only for the segment being analyzed at any particular moment,
i.e., only the first two blocks of segment data in Fig. 4.2 are
used. Data for each segment are read into these locations as
needed. '

In actuality, two storage tapes are used for each file, since
data from each segment must be stored externally before data from
the next segment erases it. It would be possible to backspace and
use just one tape for each file, but this procedure is very
expensive.
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Method A is preferable to method B since problem solution time can
triple or quadruple whenever external file manipulation is necessary.
The amount of blank common needed for an in-core solution is printed
along with output for the first time step (STEP 0); if at all possible,
the dimension of blank common (in the main program) should be set
high enough to accommodate the entire problem.

Once the dynamic dimensioning method has been chosen, the program
knows the location of each variable within blank common. During calcu-
lations that require looping over all members and segments in the structure,
variable addresses are adjusted for the member or segment under consider-
ation. That is, N20 - N40 are reset before calling INITIAL, INSTEP,
MEMBERS, OUTPT, or IOUT, and M20 - M54 are reset before calling INTSEG,
INSSEG, MEMSEG, OPTSEG, or IOTSEG.

4.3 Input Phase

The first parts of the program input the data defining the problem.
The data are divided into blocks, each block headed by an alphanumeric
control card with a key word (to assist the user in assembling the data
deck) and a control parameter ( to guide the program in inputting the
remaining data in the block) as shown in Fig. A.1, Appendix A.

The first item of input is the problem heading to be used in
labeling output. The next item is a group of control cards which specify
whether creep and shrinkage are to be considered in the analysis, followed
by a description of the concrete frame -- location and end conditions of
each joint, and location and segmentation of each member (INPT). Each
segment in the frame is assigned a cross-section type which is sequentially
input as the next data block. Each cross-section discretization (SEGIN)
is effected through use of a finite element mesh composed of concrete
elements and steel elements. The mesh used in FIRES-T to obtain temper-
ature data can be used directly here. The program converts these elements
into uniaxial subslices and stores their areas and moment arms for use in
later calculations.

Material properties (cf. Section 3) are input next (MATLIN),
either as temperature-dependent quantities or as constants. Finally,
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convergence criteria are defined to control the iterative solution within
each time step: (1) the maximum number of jterations, and (2) the maximum
permissible out-of-balance forces and moments.

4.4 Time Step Solution Phase

When data defining the problem have been input, the program begins
time step integration. This phase basically consists of assembling and
solving Eq. 2.5 at the end of each time step. A flow chart showing how
FIRES-RC II is organized around this solution process is shown in Fig. 4.3.
This flow chart is the programming equivalent of Fig. 2.2, a schematic
representation of the general solution procedure discussed in Section 2.
Note that both figures clearly illustrate the two repetitive loops that
dominate the logic of the program: a loop for each time step and a Toop
for each iterative solution within the time step.

The first step of the procedure for each time step is to input
a control card for that particular time step. This control card specifies
the time step number (as a check in sequencing data cards), time step size,
printing and punching options, and whether additional input is needed for
this time step. Then subroutine INSTEP is called in order to initialize
the structure for this time step. For the first time step (STEP 0) a
slightly different initialization process is required and a different
subroutine (INITIAL) must be called instead of INSTEP. The most impor-
tant functions performed by INSTEP and its subsidiary subroutines
(see Fig. 4.4) are:

1. Input and print any changes in system loading or boundary
conditions.

2. Input and print any change in loading within substructured
members.

3. Input new temperature distributions (TEMPIN) and calculate
new temperature-dependent material properties (PROP).

4. For each subslice of each segment (INSSEG) calculate current
total free strain eF due to creep, shrinkage, and thermal

9

expansion.
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START

i

Input description of problem and
convergence criteria

(INPT)

i

Input time step control card

|

NO Is time step card out of sequence YES
or DT ~ 0.0?

..59..<:;7 Is this the initial time step? YES

Initialize time step Initialize system
(INSTEP) ' (INITIAL)
L -—— ]

1

Point of interim output if requested
(JOUT and I0UT)

!

Calculate system stiffness matrix and
out-of-balance forces on basis of
current deformed shape -

(MEMBERS)

!

Point of interim output if requested
(JOUT and 10UT)

Output results {

YES NO
(ouTPT) q——< Has convergence been achieved? >_-I

YES T ] ] ) NO
Note -l———< Have permissible iterations been exceeded?
nonconvergence

Y

Calculate new estimate of deformed
shape of structure

(BANDEC)

!

Point of interim output if requested
(JouT)

FIGURE 4.3 FLOW CHART FOR PROGRAM FIRES-RC I1I
(TITLES IN PARENTHESES ARE NAMES OF PROGRAM SUBROUTINES)
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START
(in main program FIRES-RC I1)

Y

LOOP FOR EACH MEMBER
M=1,NM

!

Set up storage for member (M) variables
(DYNDIM) and call INSTEP

]

On first loop only (when M = 1):

Input change in system loading, AR., and
any change in support conditions

LRy = Ryy + ARys OBy = 0, UD = U

: ;,

Read member control card

'

Input change in member loading, ARi
Set R, = R. . + AR., &R% = 0
i i-1 i i

!

G LOOP FOR EACH SEGMENT OF SUBSTRUCTURED MEMBER
J = 1, NSEG

Y

Set up storage for segment (J) variables
and call INSSEG

If ITAPE = 0 only:
Read segment files /ISEG/ and /ITEMP/

CONTINUED

FIGURE 4.4 FLOW CHART FOR TIME STEP INITIALTZATION
CINSTEP & INSSEG)
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Set subslice variables e, and T
to values at end of last time step

'

Input current temperature distribution T; (TEMPIN)
and calculate current material properties (PROP)

—-CLOOP OVER EACH SUBSLICE OF SEGMENT)

For concrete subslices only:

Set permanent cracking and crushing flags on
basis of condition at end of previous time step

]

Calculate total free strain as from:
1. thermal expansion (VMATL)
2. shrinkage (SHRINK)
3. creep (CRPC & CRPS)

!

END SUBSLICE LOOP :)

]

If ITAPE = 0 only:
Store segment files /ISEG/ and /ITEMP/

|

END SEGMENT LOOP

!

END MEMBER LOOP
(Return to main program)

(1)

FIGURE 4.4 (CONT.)
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After the system has been initialized, the program enters the first
iterative loop by calling subroutine MEMBERS (Fig. 4.5) which calculates
and assembles member stiffnesses for the current deformed shape into the
overall structural tangent stiffness matrix Eg. This subroutine also
calculates internal forces in each member and compares them with external
Toads to assemble the out-of-balance forces QB% for the current deformed
shape of the structure. For each element in the system, MEMBERS initially
transforms end displacements to a local coordinate system, forms the
current tangent stiffness matrix of the substructured member (FORMK), and
solves for displacements of the substructured member (BANDEC). Subroutine
MEMSEG (see Fig. 4.6) is then called to calculate current segment pro-
perties on the basis of the deformed shape of the substructured member.
With these new data, MEMBERS reforms the stiffness, KJ, of the substruc-
tured member (FORMK), recalculates the out-of-balance forces, 6RJ, and
checks for convergence within the substructured member. These substruc-
tured member quantities are then statically condensed (CONDENS) to member
terms, Kg and Gﬁg, which are then assembled into the structural stiffness
matrix and out-of-balance force vector. Each term in the out-of-balance
force vector QB% is then checked to ascertain if convergence tolerances
are satisfied.

At this point, the program checks the convergence flag NCONV and
ceases iteration if its value is zero. The convergence flag is actually
a counter of the total number of times that individual convergence checks
have failed during this iteration. If this flag is nonzero when the max-
imum permissible number of iterations is reached, the value of the flag
along with the system and member out-of-balance force vectors are printed
as part of the time step output. If convergence has not been obtained, a
correction displacement is calculated (BANDEC) by solving the equation

J J - J
[Ki18Uy = Ry (4.1)

and this correction is used to update the current displacement, UJ

Another cycle of iteration then begins by returning to subrout1ne MEMBERS
as shown in Fig. 4.3. Once convergence has been obtained, the results of
the analysis are printed (OUTPT) and the program begins with the reading
of the next time step control card (Fig. 4.3).
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START
(in main program FIRES-RC II)
LOOP FOR EACH MEMBER )
M=1,

i

Set up storage for member (M) variables
(DYNDIM) and call MEMBERS

!

On first loop only (when M = 1);:

Set structural system variables fqr current itgration J
and update system displacement, Ug = Ug'] + ng_]

!

Transform displacement increment (from previous
iteration, j-1) at member ends from global to
local coordinates

sud=! s -t
~1 i

Y

Form tangent stiffness matrix of
substructured member, Kg'] (FORMK)

!

Calculate d1sp1acement increments in substructured

-1
member, & UJ ], from Ki R SRg ], and Sug -1 (BANDEC)
Find current deformed shape of
substructured member
J - d-1 arj=1
U'i U_i + (\U_i
CONTINUED
FIGURE 4.5 FLOW CHART FOR MEMBER STIFFNESS CALCULATION
(MEMBERS)
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kg and internal forces, Fg, based on current

Calculate new segment stiffness terms AE, EI in

deformed shape and current free strain (MEMSEG)

!

Reform stiffness matrix of substructured member,
Kg, from new stiffness terms (FORMK)

Y

Calculate out-of-balance forces vector
of substructured member

J _ _oed
SRy = R, - Fy

NO

|

Is || ngll < permissible error?

Set convergence

flag NCONV

YES

Obtain member terms Kg and Sﬁg
through static condensation (CONDENS)

'

Transform member terms from local to

global coordinate system and assemble _

into structural system matrices Kg and QB%
(CONDENS)

CONTINUED

FIGURE 4.5 (CONT.)
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On last loop only (when M = NM): _
Modify structural stiffness matrix, Eﬂ,
for current support conditions and
check for system convergence

NO : YES
-—--<<LIS ]|§Bg [| < permissible error? :>%

Set convergence

flag NCONV

END MEMBER LOOP
(Return to main program)

FIGURE 4.5 (CONT.)
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START
(in subroutine MEMBERS)

!

LOOP FOR EACH SEGMENT OF SUBSTRUCTURED MEMBER
J =1, NSEG

!

Set up storage for segment (J) f
variables and call MEMSEG

!

If ITAPE = 0 only:
Read segment files /ISEG/ and /ITEMP/

!

Transform segment end displacements, U%, from

reference plane to centroidal plane displacements, ﬂg

Y

Calculate average axial strain, €7
within the segment

Y

e LOOP FOR EACH END OF SEGMENT
JT =1, 2

Y

Calculate curvature at this end of
the segment, ¢1eft or ¢

@———.—C LOOP FOR EACH SUBSLICE IN SEGMENT )

right

FIGURE 4.6 FLOW CHART FOR SEGMENT STIFFNESS CALCULATIONS
(MEMSEG)
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Calculate meqhanical strain in subslice
EB’J =g, t ¢(y - DCG)

!

Calculate stress-related strain
eq = sR’j - eF
i i i

!

Check for subslice degradation
(concrete subslices only), in which
case subslice stresses are set to zero

i

Ca]cu]atg curreqt subslice stress
of = #(ed, 1, ) STR)

i i (SS)
¥

Calculate current subslice tangent modulus, Eg

; f(e‘g+.00005) - f(ei.'-.oooos)
Ey = 0,000

@-‘—Q END SUBSLICE LOOP )

FIGURE 4.6 (CONT.)D
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Integrate over cross-section and

about reference plane to obtain

AE, EI, DCG, and internal axial

force PA and moment BM. (The

integration is actually carried

out as a summation within the
subslice loops.)

!

Transform section properties to
centroidal plane

AE, EI -~ AE, EI

!

END LOOP FOR EACH END OF SEGMENT )

Find average segment. properties DCG,
AE, and EI, and average axial force PAa

DCG = (Dcaleft + DCGright)/z’ etc.

!

Assemble axial force PAa and internal moments

from each end of segment, BM and BM . R
left right
onto internal force vector of substructured

member, Fq
;

If ITAPE = 0 only:
Store segment files /ISEG/ and /ITEMP/

!

END SEGMENT LOOP
(Return to subroutine MEMBERS)

FIGURE 4.6 (CONT.)
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The step-by-step solution process outlined above continues until a
time step control card with a negative step size is encountered. The solu-
tion is then considered complete and the program begins consideration of the
next data case in the input deck.

4.5 Qutput Phase

~ A printing subroutine (OUTPT) is called when iteration is complete
at the end of each time step (see Fig. 4.3). The time step control card
specifies which levels of results will be printed for that time step --
joint data, member data, or segment cross-section data. Printing of seg-
ment results is quite expensive for large problems and should not be
requested for every time step. Another option permits printing of the
subslice temperatures provided for input by FIRES-T. Any changes in loading
or support conditions and the total number of iterations needed to effect
convergence are always printed. See Appendix B for examples of printed
output.

A more detailed output during any time step may be specified (IOUT
and JOUT) in order to follow the solution process iteration-by-iteration.
This interim printout occurs at the points indicated in Fig. 4.3 and can be
helpful should a user encounter convergence difficulties. This option is
also quite expensive (especially when segment subslice quantities are
printed) and should not be used in routine runs.

Two output formats are built into the program: (1) an option for
routine runs that efficiently uses the entire page of computer output,
and (2) a special option that uses only 61 columns of the output page so
that computer results need not be reduced when published on 8-1/2" x 11"
pages. The results shown in Appendix B were produced using the second
option.

A11 control variables for the various output options are defined
in Appendix A - the User's Manual.
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5. COMMENTARY ON USE OF PROGRAM FIRES-RC II

5.1 Discretizing into Segments and Subslices

Considerable engineering judgement is needed to discretize a struc-
ture economically. The discretization must be fine enough to model the
nonlinearities that will arise in the structure's behavior, and yet be as
coarse as is feasible since solution cost increases rapidly with the
number of segments and subslices. Some factors to be considered when
designing such a discretization will be discussed below.

Member segmentation is necessary to represent nonuniformity of
temperature, cracking pattern, etc., along the length of a member. For
linearly elastic beams with uniform cross-sections, one segment suffices,
which is equivalent to using a single standard beam element to model a
member. However, one segment is seldom appropriate when cracking occurs.
For example, consider the beam shown below in Fig. 5.1. Average segment
properties are based on conditions at the segment ends (cracked and
highly stressed in this example), which will greatly underestimate the
stiffness of the beam as a whole. At least two segments are needed in
this case.

In general, 3 or 4 segments suffice to discretize frame members
under moderate loading conditions. More segments are necessary for more
complicated loading states or for members where highly accurate analysis
is desired.

Insufficient segmentation can lead to convergence difficulties
since a member will not have sufficient flexibility and degrees of free-
dom to deform easily into a shape and degradation pattern satisfying
equilibrium. It is sometimes necessary to redesign a discretization
scheme where convergence is disproportionately slow.

Columns subjected only to axial loading can be modeled by a single
segment if cross-section temperature distribution does not vary along
the length of the column. More than six segments may be used if a frame
element is modeled as two members, e.g., if a 'joint' is added at the
center of a beam or column.
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Segment cross-sections must be further discretized into subslices to
account for nonuniformity of stresses, cracking, crushing, temperature,
creep, and shrinkage effects. For segments in which temperature varies in
the y-direction only (see Fig. 5.2), cross-sections can be discretized by
division into subslices as shown in Fig. 5.2. Steel bars can be repre-
sented by subslices with an equivalent area as shown in Fig. 5.2. The
mesh should be designed such that the smallest subslices lie where temper-
ature, cracking crushing, and other nonlinear effects are most complex,
usually at the outer fibers of members. Only the righthand half of a
Cross-section need be divided into subslices, since the program automa-
tically extends the pattern to the lefthand half.

For problems in which temperature input varies in the x-direction
(see Fig. 5.2) as well as in the y-direction, a two-dimensional cross-
sectional mesh is necessary. Such a mesh is normally used when tempera-
ture input is provided by FIRES-T. In this case, subslices should be
smallest where temperature gradients are greatest, usually by cross-
section surfaces. See Fig. B.3 of Appendix B for an example of such a
mesh.

5.2 Time Step Size

Users must exercise good judgment in choosing time step length.
Two basic types of situations exist:

1. Nonlinear Static Problems - i.e., when the problem is not time

dependent. In such cases, time steps are actually Toad steps
and size is not relevant. Only the size of the load increment
applied during each time step is relevant. For most nonlinear
problems, several load steps must be used to calculate the
final deformed shape of the structure since applying the entire
Toad at once might lead to divergence (see Section 2.1),
especially if there is severe cracking in concrete or yielding
in reinforcing steel. Creep and shrinkage options should not
be used in static analyses,
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2. Time-Dependent Problems - i.e., where temperature, loading,

creep response, or other factors vary with time. The basic
analytical techniques underlying FIRES-RC II assume all these
factors to be constant during a time step, so that time step
size should be smallest where these factors can be expected to
vary most. For fire response calculations, a time step size of
0.05 hours has been used with apparently satisfactory results.
Time steps as small as 0.01 hours and as large as 0.10 hours
have been used resulting in prediction of essentially similar
response. For large frames, a smaller time step (< 0.05 hours)
may be necessary since convergence is slower and more sensitive.

For the sake of economy, time steps should be as large as accuracy
and ease of convergence permit. Time step size should vary throughout the
analysis to reflect heating and cooling rates.

5.3 Substrutturing and Boundary Conditions

In app]ying'FIRES-RC IT to large structures, the number of struc-
tural elements often exceeds the capacity of available computer storage,
and some form of structural partitioning must be employed. Structural
partitioning corresponds to dividing a structure into a number of substruc-
tures with specified boundaries. Once the stiffness properties of each
substructure have been determined, substructures can be treated as complex
structural elements, and a matrix displacement method of structural analysis
can be formulated for the partitioned structure. |

Consider, for example, the thirteen-story, five-bay frame shown in
Fig. 5.3. This frame is assumed to be subjected to fire on the seventh
floor in the second compartment. The frame can be partitioned in several
ways. One manner of partitioning is shown in Fig. 5.4, where the complete
frame is partitioned into three substructures. Substructure II is analyzed
separately for fire exposure using program FIRES-RC II. The effect of
substructures I and III on substructure II can be accounted for by attaching
springs to substructure II at the 12 boundary joints as shown in Fig. 5.5.
The values of spring stiffnesses can be determined from simple frame analysis,
from a standard linear structural analysis [3], or from a separate analysis
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using FIRES-RC II. The basic idea of the analysis is to determine the
force exerted on substructure II by substructure I or III when a unit
displacement is imposed at a boundary degree of freedom in substructure I
or III while maintaining all other degrees of freedom as fixed. In the
example considered here, there are 12 common boundary joints each with 3
degrees of freedom (2 translational and 1 rotational), resulting in 36
boundary degrees of freedom in substructure II. Spring stiffness calcula-
tion'when a unit displacement is imposed at the first boundary degree of
freedom in substructure II. Spring stiffness calculation when a unit
displacement is imposed at the first boundary degree of freedom in
substructure I is shown in Fig. 5.6. The above procedure is repeated for
the remaining 35 boundary degrees of freedom from which a 36 x 36 boun-
dary spring stiffness matrix [kB] is obtained (see below).

The above procedure is equivalent to finding the complete stiffness
matrix for substructures I and III, including all joints, and then statically
condensing this complete stiffness matrix to one involving only the desired
boundary joints.

When analyzing large problems, a large number of spring constants
“must be input to the program if all coupling terms of the spring stiffness
matrix (k. ., i # j) are considered. Due to symmetry of the spring

LR
stiffness matrix, only 342 terms need be input for the above example.

- Ky 5 - < Ky 1 0 0. 0
K13.18 0 0 0
[kl = SYM
k9,19 k19,20 ¥19,36
k36,36
| ]

36 x 36
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In order to reduce computational time and effort, a simpler proce-
dure is followed in the present version of FIRES-RC II. Coupling terms
in the spring stiffness matrix are considered only at the joint level;

. all remaining coupling terms are neglected. That is, each boundary joint
is considered to have a 3 x 3 spring stiffness matrix [kBJ] of the form:

P"n k12 "1;
Ckgyd = Koz ko3
SYM -
3 x 3

Hence, only 6 spring stiffness terms are required for each boundary joint,
and for the example shown in Fig. 5.5, only 12-x 6 = 72 terms are required
since there are 12 boundary joints.

Specifying spring constants can further be simplified by inputting
only diagonal terms of the spring stiffness matrix (i.e., by assuming that
boundary springs are completely uncoupled). In this case, only 36 spring
constants need be input for the example shown in Fig. 5.5. In some cases,
spring constants are naturally uncoupled, as when modeling flexible or
rigid foundations.

Similarly, loads on boundary joints can be approximated by a simple
analysis or more accuféfe]y by using a static condensation procedure on a
complete substructure and condensing the complete load vector to one
involving only boundary joints.

Substructure II (Fig. 5.5) can be modeled simply as shown in Fig. 5.7.
The lower boundary jbints are assumed to rest on infinitely (1030 kip/in)
rigid springs. A1l other springs are omitted with the exception of one hori-
zontal stiff spring to prevent rigid body motion. External vertical joint
loads can be calculated from loads on upper floors. In this case, only 7
stiff springs need be specified in the input.

Rigid supports are modeled in FIRES-RC II by specifying certain
displacement or rotational joint degrees of freedom to be fixed. Within
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the program, this fixity is accomplished by attaching an extremely high
spring stiffness (1030 kip/in) to any fixed degree of freedom, thereby
preventing any significant motion of that degree of freedom. This method
of imposing boundary conditions greatly simplifies the solution algorithm
and calculation of support reactions at fixed joints.

5.4 Minimizing Solution Cost

Discretization of a large reinforced concrete frame into many ség-
ments and subslices can lead to an expensive analysis, especially if the
solution is carried out through many time steps. However, cost is usually
not prohibitive if the problem is carefully set up, giving special consi-
deration to the following:

1. File manipulation can be extremely expensive if external

storage tapes are used. Solution costs can double or triple
if all subslice data are moved in and out of high-speed
storage during each iteration. For very large problems,

there is no choice but to use external files. But for other
problems, care should be taken to minimize discretization size
so that subslice data from all segments fit into blank common
simultaneously. For example, only those members under close
analytical scrutiny need have fine cross-sectional meshes;
other less essential members should be assigned coarser meshes
preferably using a simple layering of subslices (Fig. 5.2)
rather than a fully two-dimensional mesh.

In addition, the dimensioning of blank common should be
increased if necessary in order to fit the entire problem into
high-speed storage. A blank common size of 10000 is specified
in the listing of FIRES-RC in Appendix C, but the capacity of
most computers permits a much greater size. It is much cheaper
to use the full storage capacity of a computer than to use
external data files during the iterative solution process.

2. Number of iterations should be minimized. Solution cost is
roughly proportional to the total number of iterations during

the entire solution period (all time steps). However, accuracy is
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not directly proportional to number of iterations, especially
if it is only the last time step (or load step) or certain
selected time steps where the solution is of importance.

High accuracy is not necessary in other time steps, since
equilibrium is independently satisfied at the end of each
t1me step. The previous solution is merely a starting point
(U ) for Newton- -Raphsen iteration and does not affect the
accuracy of the final convergent solution. However, diver-
gence may result if time steps are too large or segments are
too coarse of if the solution from the previous step is so
inaccurate that it forms an unrealistic starting point for the
iterative process.

Generally, it is most efficient to specify a rough accuracy
in the input data (data block CONVERGENCE, page A-14) to be
used with most time steps and then a higher accuracy for time
. steps where the solution is of most interest (data block STEP for
given steps, page A-15). Such a procedure can reduce computer
costs by half.

Accuracy and number of iterations within each time step
are contro]led by specifying a tolerance for out-of-balance
forces QB%. A value of 0.1 kips (or 1.00 kip-in for moments )
gives very high and usually unnecessary accuracy; a value of
2.0 kips (or 20.0 kip-in) gives reasonable accuracy for most
practical frame problems. Solution cost is sensitive to the
tolerance chosen, so tolerances smaller than necessary are to
be avoided. In addition, an iteration limit is set to avoid
excessive costs when divergence is encountered (e.g. at failure
of a structure), or when a particularly sensitive time step is
encountered and should be circumvented by proceeding to the
next time step. Thirty is a reasonable value for most problems.

The number of iterations needed to effect convergence to
within a specified tolerance tends to increase with problem
size, as is to be expected with any solution technique for sys-
tems of nonlinear equations. Hence, choice of tolerance limits
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becomes especially critical when solving very large problems.
Experience with analyzing large framed structures [9] has

shown that convergence rate differs greatly in different parts of
a structure. The specified tolerance limit will affect the

size of out-of-balance error only in that part of a frame

where convergence is 'slowest;' in other parts of a structure,
the error in satisfying equilibrium will usually be several
orders of magnitude less than the specified tolerance.
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APPENDIX A - INPUT INSTRUCTIONS FOR FIRES-RC I1I

Contents

I. Heading Card
II. Material Model Control Cards
III. Joint Data
IV. . Member Data
V. Segment Data
For each segment cross-section type:
1. Control Card
2. Nodal Data Cards
3. Concrete Element Data Cards
4. Steel Element Data Cards
VI. Material Property Data
VII. Convergence Criteria
VIII. Time Step (or Load Step) Data
For each time step:
A. Control Card
B. Joint Loading Data
C. Joint Boundary Conditions Data
D

Member Data
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I. HEADING CARD  (10A6)

NOTE/ Begin each new data case with a new heading card. To halt the
program insert two blank cards instead of a heading card.

II. MATERIAL MODEL CONTROL CARDS
A.  Shrinkage Card (80A1)

note columns entry
(1) 1-9 Enter the word "SHRINKAGE"

NOTE/ Insert this card if concrete shrinkage is to be considered
in the analysis

B. Concrete Creep Card (80A1)

note columns entry
(1) 1-14 Enter the words "CONCRETE CREEP"

NOTE/ Insert this card if creep in concrete is to be considered
in the analysis

C. Steel Creep Card (80A1)

note columns entry
(1) 1-n Enter the words “STEEL CREEP"

NOTE/ Insert this card if creep in steel is to be considered
in the analysis

ITI. JOINT DATA

A. Control Card (Alphanumeric)

JOINTS, N1
note field variable entry

(1)  JOINTS - Enter the word "JOINTS"
(2) M NJ Number of joints
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NOTES/

note

(1)

(2)
(2)
(3)
(3)

(3)

NOTES/

(1) This is an alphanumeric control card containing both a key
word (JOINTS) to identify the block of input data to follow
and a control parameter (N1) for that block of data.
numeric control cards are left-justified with no blanks in the

(2) Enter the total number of joints in the structure.

B.

list. Note the examples in Fig. A.1.

Joint Data Cards (15,2F10.0,A5)

field variable

1- 5

6-
16-

(1) Joint data must be defined for all (NJ) joints in the frame.

(2) Joint coordinates can be input using any system of units.
However, this same system must be used to define all other

(3)

15

25

28

29

30

N

X(N)
Y(N)
IX

Iy

IR

entry

Joint number
GE.1 and LE. NJ

X-coordinate
Y-coordinate
Restraint on X-degree of freedom

EQ. 0, unrestrained
EQ. 1, fixed

"Restraint on Y-degree of freedom

EQ. 0, unrestrained
EQ. 1, fixed

Restraint on o-degree of freedom
EQ. 0, unrestrained
EQ. 1, fixed

input quantities.

If a degree df freedom for a joint is to act as a boundary
condition (i.e., be restrained), it is so indicated on

this card.
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IV. MEMBER DATA
A. Control Card (Alphanumeric)
MEMBERS, N1
note field variable entry
(1)  MEMBERS - Enter the word "MEMBERS"
(2) N NM Number of members in frame
NOTES/
(1) This is an alphanumeric control card with key word (MEMBERS)
and control parameter (N1) as in Fig. A.1.
(2) Enter the total number of members in the frame.
B. Member Data Cards (315,6(13,F7.0))
note field variable entry
(1) 1-5 N Member number
(2) 6-10 MI Joint 1
(2) 11-15 MJ Joint J
(3) 16-18 MSEG(1) Segment type number for segment 1
(3) 19-25  SEGL(1) Proportional length of segment 1
continued for segments 2 to 6
NOTES/

(1) One card is required for each of the (NM) members in the frame.
Member cards must be input in ascending member number order.

(2) The member's location is defined by the bounding joints, as
in Fig. A.2. The number of joint I must be the lower of the
two.

(3) Each member may be divided into from 1 to 6 segments (see Fig. A.2).
Segments are represented by both a segment type number and a pro-
portional length which is taken with other segment lengths against
overall member length. The program counts segments until the
first zero segment length is encountered.
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V.

note
(1)
(2)

NOTES/

note

(1)

(2)

(3)

(3)

(4)

SEGMENT DATA

A. Control Card (Alphanumeric)

SEGMENTS, N1

field varijable
SEGMENTS  --
N1 MGTY

entry
Enter the word "SEGMENTS"

Number of segment cross section types

(1) This is an alphanumeric control card with key word (SEGMENTS)
and control parameter (N1) as in Fig. A.1.

(2)

Enter the number of different cross section types that occur
in the structure. Note that each segment defined on the
Member Data Cards (page A-5) must refer to one of these
segment cross-section types.

B. Segment Type Data

Input the following set of cards for each segment cross section
type:

1.

field variable
1-7 -
8-10 ISEGTY
11-15 ISYM
16-20 NUMNP
21-25 NELCON
26-30 NELSTL
31-35 ICG

Control Card (A],6X,I3,SI5,F10.0)

entry
Enter the word "SEGMENT"

Segment cross-section type number
GE.1 and LE. MGTY

Symmetry indicator
EQ. 0, section nonsymmetrical
EQ. 1, section symmetrical about x-axis

Number of nodal points in input cross section.

Number of concrete elements in input cross section.
GT.0

Number of steel elements in input cross section.
GE.O

Reference plane shift indicator

EQ. 0, x-axis is on reference plane

EQ. 1, read in shift, Yeef

EQ. 2, shift cross section so that center of
gravity of uncracked transformed section
is on reference plane.
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(4) 36-45  YREF Data for reference plane shift

NOTES/

note
(1)
(2)
(2)

(1)

(2)

(3)

(4)

If ICG EQ. 0, leave blank

If ICG EQ. 1, enter ypef

If ICG EQ. 2, enter the modulus ration = E /EC
EQ. 0, default value of "1" uded

Segment cross sections are always assumed to be symmetric about
the y-axis (see Fig. A.2). It is also possible to specify that
the cross section is also symmetric about the x-axis in which
case only the upper right (x and y positive) quadrant is input.
The program will rotate this quadrant mesh about the x-axis to
generate a full mesh.

Each segment cross section is idealized as a collection of
steel and concrete elements. Enter the total number of nodal
points that define the corners of these elements for this
segment type. Note that only half the cross section is divided
into elements due to symmetry about the vertical y-axis.

If ISYM .EQ. 1 above, then only a quadrant is discretized into
elements.

Each element in the mesh can be specified as being composed
of concrete or steel (reinforcing bars). Enter the total
number of each type of element.

The sign convention for the coordinates of the segment cross
section is based on the orientation of the substructured
member. Joint I of the member is considered an origin from
which the X-axis extends to Joint J. The Y-axis then extends
to the left as one would traverse from I to J (see Fig. A.2).
The X-Y plane is the plane of analysis for the frame and
therefore provides a plane of symmetry for the cross-section.
The X-axis extended perpendicularly to the X-Y plane defines

a reference plane. The cross section data that are input are
based on a x-y coordinate system (see Fig. A.2). The y-axis
of this system is coincident with the member Y-axis, but the
Xx-axis need not be on the reference plane that connects joints
I and J. FIRES-RC II allows the user to input a shift for the
x-axis or will calculate the shift required for the center of
gravity of the cross section to be on the reference plane.

2. Nodal Data Cards (15,2F10.0)

columns variable entry

1- 5 N ~ Nodal point number
6-15 X(N) x-coordinate
16-25 Y(N) y-coordinate
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NOTES/
(1)

(2)

Nodal point data cards must be in numerical sequence.

If cards are omitted, the missing nodes are generated at
equal intervals along a straight line between the bounding
nodal points.

Nodal coordinates must be in the same system of units as
frame dimensions, material properties, etc.

3. Concrete Element Data Cards (5I5)

note columns variable entry

(1) 1-5 N element number
(2) 6-10 LM(1,N) nodal point I
(2) 11-15 LM(2,N) nodal point J
(2) 16-20 LM(3,N) nodal point K
(2) 21-25 LM(4,N) nodal point L
NOTES/
(1) Concrete elements must be input in ascending element number

(2)

order. If element cards are missing, the program generates
the missing elements by incrementing N and nodal points I,

J, K, and L. The last concrete element in the mesh cannot be
generated.

The program uses quadrilateral elements defined by their
corner nodes (I, J, K, L). Enter the cross section node
number of each of these four corner nodes in counterclockwise
order as shown in Fig. A.3. Triangular elements can be
formed by specifying a degenerate quadrilateral, i.e. by
letting K and L be defined by the same node (see Fig. A.3).

K K AND L

I

(a) QUADRILATERAL (b) TRIANGLE

FIGURE A.3 FOUR-NODE ELEMENTS
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4. Steel Element Data Cards (515)

note columns variable entry

(1 1-5s N steel element number
6-10 LM(1,N) nodal point I
11-15 LM(2,N) nodal point J
16-20 LM(3,N) nodal point K
21-25 LM(4,N) nodal point L
NOTE/

(1) Input steel elements in the same way as concrete elements.

VI.  MATERIAL PROPERTY DATA

A. Control Card (Alphanumeric)

MATERIALS
note field variable entry
(1)  MATERIALS -- Enter the word "MATERIALS"
NOTE/
(1) This is an alphanumeric control card with key word (MATERIALS)

B. Concrete Parameters

1. Concrete Control Card (715)

note columns variable entry

(1) 1-5 KCEC coefficient of expansion control

(1) e6-10 KEC modulus of elasticity control

(1) 11-15 KFC compressive strength control

(1) 1e6-20 KEFC strain at compressive strength control
(1) 21-25 KFU ultimate (crushing) stress control

(1) 26-30 KEFU ultimate (crushing) strain control

(1) 31-35 KFT tensile strength control
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NOTE/

(1) A zero (0) control variable indicates a temperature-inde-
pendent material property. A nonzero value from 2 through
10 indicates the number of points required to define the
material property as a piecewise linearized function of
temperature. All material parameters are input as posi-
tive quantities.

2. Coefficient of Expansion (8E10.0)

note columns variable entry

(1) 1-10 X(1) temperature at point 1
(1) 11-20 Y(1) coefficient of expansion at point 1
(1) 21-30 X(2) temperature at point 2

NOTES/

(1) If the control variable KCEC on the Control Card V1.B.1 is
zero (0), then the coefficient of expansion is a constant
and is input in cols 1 - 10 with format E10.0. If KCEC
is nonzero, then input function points as ordered pairs
(temperature, coefficient of expansion) at four pairs
to a card.

3. Modulus of Elasticity (8E10.0)

(same as above)

4. Compressive Strength (8E10.0)

(same as above)

5. Strain at Compressive Strength (8E10.0)

(same as above)




6. Ultimate (Crushing) Stress (8E10.0)

(same as above)

7. Crushing Strain (8E10.0)

(same as above)

8. Tensile Strength (8E10.0)

(same as above)

C. Steel Parameters

1. Steel Control Card (315)

note columns variable entry

(1) 1-5 KCES coefficient of expansion control
(1) 6-10 KES modulus of elasticity control
(1) 11-15 KEY yield strain control

NOTE/

(1) Same as control variables for concrete properties.

2. Coefficient of Expansion (8E£10.0)

note columns variable entry

(1) 1-10 X(1) temperature at point 1
11-20 Y(1) coefficient of expansion at point 1
21-30 X(2) temperature at point 2
NOTE/

(1) Same as for concrete properties.

3. Modulus of Elasticity (8E10.0)

(same as above)



4., Yield Strain (8E10.0)

(same as above)

D. Cracking Unloading Curve

1. Cracking Curve Control Card (I5)

note columns variable entry

(1) 1- 5 NSP number of input stress-strain points
defining cracked unloading curve

NOTE/

(1) Maximum number of points permitted is 4.

2. Stress-Strain Points Defining Cracking Curve (8F10.0)

note columns variable entry

(1) 1-10 SN(1) normalized strain of first point
(1) mn-20 AP(1) normalized stress of first point
(1) 21-30 SN(2) normalized strain of second point
(1) 31-40 AP(2) normalized stress of second point
(1) M41-50 SN(3) normalized strain of third point
(1) 51-60 AP(3) normalized stress of third point
(1) 61-70 SN(4) normalized strain of fourth point
(1) 71-80 AP(4) normalized stress of fourth point
NOTE/

(1) Input as many points as are specified in the pre-
ceding card gNSP). Each point is defined by a normalized
strain, SN(i) = €j/e¢(T), and a normalized stress,
AP(i) = 0i/f(T). A normalized cracking unloading curve
will be defined by a polynomial curve passing through these
points. See Sec. 3.2.1.2., page 35.




VII. CONVERGENCE CRITERIA

A. Control Card (Alphanumeric)

CONVERGENCE
note field variable entry
(1) CONVERGENCE -- Enter the word "CONVERGENCE"

NOTE/

(1) This is an alphanumeric control card with key word
(CONVERGENCE) as in Fig. A.1.

B. Convergence Criteria Card (15,3E10.0)

note columns variable entry

(1) 1- 5 LOOMX Maximum number of iterations permitted
in each time step
EQ. 0, no iteration

(1) 6-15 ERP(1) Permissible out-of-balance force - X-direction
EQ. 0, default value of 0.0] used

(1) 16-25 ERP(2) Permissible out-of-balance force - Y-direction
EQ. 0, default value of 0.01 used

(1) 26-35 ERP(3) Permissible out-of-balance moment
EQ. 0, default value of 0.01 used

NOTES/

(1) Iteration within any time step will continue until either
(1) the out-of-balance forces and moments at all joints and
intersegmental nodes are less than the specified tolerances
ERP, or (2) the number of iterations exceeds LOOMX. If the
iteration limit is reached, a warning message is printed
and the program proceeds to the next time step using the
nonconvergent solution as an approximation to the initial
conditions for the next time step.



IX.

note
(1)
(2)
(3)

(4)

(5)

(6)

(7)

(8)

(9)

TIME STEP (OR LOAD STEP) DATA

For each time step input the following set of cards:

Time Step Control Card (A4,16,F10.0,415,2X,A3,215,3F5.3)

Enter the control word "STEP"

Time step number

Time step length
LT. 0, stop solution

Number of joints at which an incremental
load is applied during this time step

Number of joints at which boundary conditions
are reset during this time step

Printed output option

EQ. 0, system and member data

EQ. 1, system, member, and segment data

EQ. 2, system, member, and segment data,
including input temperature distributions.

Punch output option

EQ. 0, no punched output

EQ. 1, system and member data

EQ. 2, system, member, and selected
segment data

Three-letter label for punched output
EQ. blank, FRC is used

Intermediate printout option (for
debugging purposes)
. 0, no printout
EQ. 1, system data
EQ. 2, system and member data
EQ. 3, system, member, and segment data

Special publishable output option

. EQ. 0, standard output
~EQ. 1, special output

A.
columns variable entry
1-.4 ISTEP
5-10 NDT
GE. 0
11-20 DT
21-25 10
26-30 I
31-35 12
36-40 I3
41-42 - Blank
43-45  LABEL
46-50 14
51-55 15
56-60 ERP(1)

Convergence limit for X-direction
out-of-balance forces




(9)

(9)

NOTES/

61-65 ERP(2) Convergence limit for Y-direction

out-of-balance forces

66~70 ERP(3) Convergence Timit for out-of-balance

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

moments

The first time step control card input must be for initial-
ization and NDT is specified as zero (0) in this case.
Subsequent time steps must be sequential with no time step
cards omitted.

Time step length in hours. For STEP 0, this entry indicates
starting time. A negative time step will conclude the step-
by-step solution of this problem and begin consideration of
the next problem in the input deck.

Joint loads may be increased or decreased during any time
step. Enter the total number of joints in the frame at which
a load increment is applied during this particular time step.

Boundary conditions (fixed or spring) may also be changed
during any time step. Enter the total number of joints at
which a boundary condition is changed during this time step.

Select the amount of printed output desired for this time
step. Note that the printing of segment cross-section data
can be quite expensive for large problems and should not be
requested for all time steps unless necessary.

Refer to note for Card IX.D.3.a (page A-20) if punched output
is desired for segment cross sections.

If convergence difficulties are encountered in solving a
certain problem, this option may be specified to print
numerous problem variables during each iteration. Do not
use this option for normal runs.

Normal output format (I5.EQ.0) makes efficient use of the
entire page of computer output. Special output format
(I5.EQ.1) uses only 61 columns of the output page so that
computer results need not be reduced when published on
8-1/2" x 11" pages. Do not use this option for normal runs.

If these variables are left blank, the convergence tolerances
specified on Card VII.B are used. If new tolerances are spe-
cified here, they will be used for this time step only.

See Section 5.4 for comments on this option.



B. Joint Loading Data (I15,3E10.0)

Omit this card if (I0) in columns 21 - 25 of the preceding
card is zero.

note columns variable entry

(1) 1- 5 JT Joint number
6-15 pv(1) Load change in X-direction
16-25 DV(2) Load change in Y-direction
26-35 DV(3) Change in moment
NOTE/

(1) There must be one joint loading card for each of the (I10)
joints indicated on the Time Step Control Card. The sign
convention for positive loads coincides with the X-Y axes
and for positive moments is counterclockwise. The quan-
tities on this card are load increments which are added to
the joint loads existing previous to this time step.

C. Joint Boundary Conditions Data (I5,9E8.0)

Omit this card if (I1) in columns 26 - 30 of the Time
Step Control Card is zero.

note columns variable entry

(1) 1- 5 JT " Joint number

(2) 6-13 SP(1) K1 (X-direction spring constant)
14-21 SP(2) Ky (Y-direction spring constant)
22-29 SP(3) K33 (rotational spring constant)
30-37 SP(4) K2 (X-Y coupling term)

EQ. 0.0, no spring coupling
38-45 SP(5) K3 (X-6 coupling term)
EQ. 0.0, no spring coupling

46-53 SP(6) Kys (Y-8 coupling term)
EQ. 0.0, no spring coupling




(2) 54-61 DPL(1) Known displacement, X-direction
62-69 DPL(2) Known displacement, Y-direction
70-77 DPL(3) Known rotation (in radians)
NOTES/

(1) There must be one joint boundary condition card for each
of the (I1) joints indicated on the Time Step Control Card.

(2) Either spring stiffness boundary conditions or fixed
displacement boundary conditions may be specified.
Stiffness is defined by the 3 x 3 matrix

[k, Kk, k]

11 12 13

Koo Kyg

13 %3 K3
where Kyq and Ky, are translational spring stiffnesses, K33

is the rotational spring stiffness, and Ky, K13> and K3 are
optional coupling terms. A fixed boundary condition is speci-
fied by setting the appropriate term (K115 Kop, or K33) to
1.0E+30. Use of this card affects all 6 values of K for this
Joint, so that degrees of freedom fixed in the Joint Data
Cards III.B must be reset to 1.0E+30 if they are to remain
fixed.

K = K]2

K

D. Member Data
For each member insert the following set of cards:

1. Member Control Card (A],AS,I4,IS,F10.0,IS)

note columns variable entry

1- 6 - Enter the control word “"MEMBER"
7-10 M Member number
11-15 M1 Temperature input indicator

EQ. 0, temperature nonuniform and input on
separate data cards (see Section IX.D.3.b)
EQ. 1, temperature uniform throughout member
and input as TCONST on this card.

(1) 16-25 TCONST Temperature of member
If M1 EQ. 0, leave blank



(2)

NOTES/

note

(1)

NOTES/

26-30 M2 Indicator for interior loads on

(1)

(2)

substructured member.
EQ. 0, no change in load during this time step.
EQ. 1, change in interior loading.

If temperature is uniform throughout the member during this
time step, set (M1) to "1" and enter this temperature as
(TCONST) in columns 16 - 25. If a nonuniform temperature
distribution is to be input along with the segment data cards
which follow this control card, enter "0" in column 15 and
‘leave columns 16 - 25 blank.

If during this time step external load increments are to be

applied at the intersegmental nodes within the member, enter
(M2) equal to "1".

2. Member Load Cards (6E10.0)

Omit this card if (M2) in columns 26 - 30 of the Member
Control Card is zero.

columns variable entry

1-10 F(1) Load change in X-direction

11-

21-

31-

(first intersegmental node)

20 F(2) Load change in Y-direction
(first intersegmental node)

30 F(3) Change in moment load
(first intersegmental node)

40 F(4) Load change in X-direction
(second intersegmental node)

continue until all intersegmental
nodes are input

(1) Load increments are applied using the member coordinate

system (Fig. A.4), not the global frame coordinate system.
Only interior intersegmental nodes may be loaded as shown

for the case of a 3-segment member in Fig. A.4. Input two (2)
nodes (6 entries) maximum per card.
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note

(1)

F(2) F(5)
SEG. | y T SEG. 2 e SEG. 3
¢ ¢ —> [ ¢6—> ) —— = X

FIGURE A.4 [INTERIOR LOADING ON SUBSTRUCTURED MEMBER

3.

columns

1

Segment Data

For each segment in this member insert the following cards:

d.

Selected Stress Data for Punching (9(A1,17))

Omit this card if (I3) in columns 36 - 40 of the
Time Step Control Card is less than "2" for all
time steps.

variable entry

IELTYPE Type of element
First
Element

to be

Punched

EQ. C, concrete
EQ. S, steel

NSTR(1) Element number

Element
to be

IELTYPE Type of element z Second
{ Punched
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NOTES/

note

(1)

(1)

(2)

NOTES/

(1)

If selected stress and strain data are desired, as indicated
by I3 .EQ. 2 in the Time Step Control Card VIII.A, this card
must appear for each segment in the structure during the
initial time step only. Data for up to nine elements can be
punched. This consists of subslice stress, and stress-related
strain x 1000 for concrete subslices or stress ratio to yield
for steel subslices.

b. Segment Temperature Data Control Card (2A10,18X,F6.3,2X,I14)

Omit this card if (M1) in columns 11 - 15 of Member Control

Card is "1".
columns variable entry
1- 8 Ji Enter the word "CONSTANT" if temperature is
constant throughout cross-section; otherwise
leave blank
11-20 ™ If temperature is constant, place value here;
otherwise leave blank
21-46 -- blank
47-50 NELS Total number of elements (steel plus concrete)
in this segment
(1) If the temperature distribution within this segment cross-section
is uniform during this time step, enter the word "CONSTANT"
in columns 1 - 8 and input the temperature in columns 11 - 20.
If a nonuniform distribution is to be input, leave columns 1 - 20
blank.
(2) Enter the total number of elements in the mesh for this segment,

i.e., (NELCON + NELSTL) from Segment Type Control Card V.B.
Leave blank if (J1) equals "CONSTANT".

This header card is consistent with the punched output from
program FIRES-T.

c. Segment Temperature Data (7(4X,F6.1))

Omit these cards if (M1) in columns 11 - 15 of Member
Control Card is zero or if (J1) in columns 1 - 10 of
Segment Temperature Data Control Card is the word
"CONSTANT".
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note columns
1- 4
(1) 5-10
11-14
15-20

NOTES/

variable

T(1)

T(2)

T(NELS)

entry

not used

Temperature of first concrete element
not used

Temperature of second concrete element

Temperature of last steel element

(1) The current temperature of each element is input on these cards.
A1l elements must be in sequential order with all concrete
elements preceding the steel elements. Seven (7) element
temperatures are input on each card. This format is compatible
with the punched output of program FIRES-T.

Note that these are current temperatures and not temperature

increments.

Also note that the input temperatures must be in

the same system of units as the coefficients of thermal expan-
sion input in Sections VI.B.2 and VI.C.2.
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APPENDIX B

SAMPLE PROBLEM

The sample problem illustrates the capabilities of FIRES-T and
FIRES-RC II in predicting thermal and structural response of reinforced
concrete frames exposed to fire. For this purpose, a single-bay, one-story
frame (30 ft. wide, 15 ft. high) was selected for analysis. This frame
was assumed to be fixed at the base and exposed to an interior symmetric
fire. The dimensions of frame members and details of reinforcement are
shown in Fig. B.1. The total gravity load uniformly distributed on the
frame girder was 2 kips/foot.

Thermal properties of concrete and steel were modeled for use in
FIRES-T and are given in Table B.1. Mechanica] properties were based on
concrete with a compressive strength, fé, of 4 ksi, and steel reinforcement
with a yield strength, fy, of 40 ksi. These mechanical properties are
temperature-dependent and can be found in the sample output given in
Table B.4.

The pseudo-fire is represented by the first hour of the ASTM
E119-73 fire curve (see Fig. B.4). The thermal response of the frame was
modeled by dividing the interior of the frame into four fire zones (see
Fig. B.2). The coefficients used to describe convective and radiative
characteristics of the four fire zones for the fire and surfaces of
frame members are given in Table B.2.

It was assumed that the insulating effect of both the roof and
exterior walls could be modeled in the thermal analysis by adding 4 inches
of concrete to the top of the beam and the exterior of the column. This
'concrete' insulation was then considered to be exposed to an ambient
environment at a constant temperature of 68°f, with coefficients for
boundary conditions as shown in Table B.2. The thermal analysis was
carried out using computer program FIRES-T with the finite element ideali-
zation shown in Figs. B.2 and B.3. Typical subslice temperatures for the
beam cross-section in fire zone 1 are shown in Fig. B.4; the isotherms for
this cross-section at 1.0 hour are shown in Fig. B.5. 1In Fig. B.6, temper-
ature in the same subslice for the four fire zones is compared.
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For the structural analysis using FIRES-RC II, the frame was ideal-
ized by taking advantage of conditions of symmetry (see Fig. B.2). The
column was then divided into five segments while the beam (actually one-
half of the beam) was divided into four segments. The cross-section
finite element idealizations in FIRES-RC II are similar to those used in
FIRES-T with the exception that the 'concrete' insulation layers are
omitted as they are presumed to have no structural strength or stiffness.
An abbreviated form of the input used for this problem is given in
Table B.3.

The output from FIRES-RC II, abbreviated to include only one time
step in addition to the initial condition, is presented in Table B.4.
In Fig. B.7, the deformed shape of the frame at quarter-hour increments
throughout the hour-long fire is shown. The moment diagram for the frame
is given for each quarter hour in Fig. B.8. The reactions at the supports
of the frame are shown in Fig. B.9. The sharp transitions in behavior seen
in Fig. B.9. are attributable to degradation of the cross-section due to
cracking and crushing of concrete. This degradation may be expressed as
the ratio of the area that is either cracked or crushed to the total area
of the cross-section. Figure B.10 shows this degradation ratio for the
right end of beam segment B4 along with the bending moment at that cross
section. A comparison of these data helps to establish the relationship
between degradation and the redistribution of internal forces. In Fig. B.11,
cracking and crushing profiles for the right end of beam segment B4 are
shown to help clarify the nature of cross-section degradation. Only a
portion of data available for each cross section is presented in Figs. B.10
and B.11; a more complete example of ayailable data is presented for two
typical cross sections, the top of C5 and the right end of B4, in Tables B.5
and B.6. In addition, stress and strain data are available. See, for
example, the sample output from FIRES-RC II given in Table B.4.

This frame problem was run on the CDC 6400 Computer at the University
of California, Berkeley. The thermal histories developed by FIRES-T
required approximately 55 seconds of central processing time for each fire
zone, using 40 time steps at intervals of 0.025 seconds. The structural
analysis provided by FIRES-RC II required 245 seconds of central processing
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time and 35 seconds of peripheral processing time, using 20 time steps at
intervals of 0.050 hours., When this example was solved using the earlier
program FIRES-RC (results are tabulated in Reference 5) with a slightly
coarser substructuring (11 cross sections rather than 18 cross sections as
above), 360 seconds of central processing time and 1043 seconds of peri-
pheral processing time were required. Improved methods of manipulation
and dimensioning of data files are responsible for this increase in effi-
ciency.
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TABLE B.1

THERMAL PROPERTIES

CONCRETE
Thermal Units Node Temperature Value Slope
Properties
- BTU
Conductivity I e
ft-hr-"F1 0 1.010 ]
2 390.0 1.010 - 0004
3 1650.0 .506 0
4 3000.0 .506
Specific BTU
Heat 1b-°F constant 272
Density Tbs/ft> constant 150
STEEL
Thermal Units Node Temperature Value Slope
Properties P
Conductivity | mortse
ft-hr-"F 1 0 30.0
) -.00918
2 1100 19.9 0
3 3000 19.0
Specific BTU
Heat 1b-°F
1 ;
¢ 107 .00005
2 750 .44 00008
3 .
1100 172 0
4 3000 172 '
Density 1bs/f£3 constant 480
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| S o g 3 8 8
% % % FRAME STUDY * ASTM/FIRE % LCAD = 2 /FT % % %
SHR INKAGE |
CCNCRE TE CREE®
STSEL CPEEP
JOINTS,?
1 Oe0O Oe O 111
2 0e0 180,0 000
3 18Ce 0 18000 101
MEMBERS , 2
1 1 2 1 2 1 T 1 s 1 3 1
2 2 T2 2 2 a 2 a 2 s
SEGMENTS, 2
SEGMENT 1 o 118 90 6 2 Oe
1 Oe Oe
2 20 000400 Oe
3 3,E7EE00 Do
4 4,924800 O
5 64000000 Oe
6 6e59%96&C0 Oe
ks Oe 0999600
8 2000C800 999600
9 4675600 999600
10 44524800 ¢ 999600
11 €e000000 ¢5S96CO
12 64999600 999600
13 0O 2 674800
14  +625200 24074800
15 20000400 24074800
16 3.€75600 24074800
17 4,928800 2,074800
18 €4 C000CD 24074800
19  £e90S600 20074800
20 0. 3,325200
21  <€25200 34325200
22 24000400 3,325200
23 3, €7E60C 3,325200
24 44928800 ,325200
25 £400C000 34325200
26 €459GE00 34325200
27 O | 50000400
ZB 24000400 Se 0C0400
29 F4E7S600 Se 000400
30 44524800 54000400
31 64000000 Se000400
32 64999600 56000400
23 Oe Go 999400 .
24 20000400 6¢999€00
26 ,ETS600 60999600
16 44 G24800 & §99E00
37 66000000 66999600
38 €, 996600 6e999600
3@ 0O | 9¢ 0000CO
40 2,000400 9,000000
41 3,E675600 9, 000000
42 40924800 o.ﬁooooo
1
= Q 3 ¢ ? 3 2 2
TABLE B.3 INPUT FOR FRAME PROBLEM
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Q S 3 $ 3 3 R 3
43 €e CO0000 94000000
448 60999600 9000000
45 Oe 106 250400
46 24000400 1Ce250400
av e 675600 106250400
48 449248C0 1Ce 250400
49 64000000 106250400
€0 €6 S$95600 106250400
£1 Oe 12, 0C00CO
£2 24000400 12,000000
ST g €7560C 124 000000
54 4324800 12,000000
S5 64000000 12,000000
E€ £4595600 126000000
57 Oe 14,000400
59 24000400 14, 0004C0
59 26 E7E600 14,0004C0
€0 44924800 14,0003800
61 £eCO0000 14,0C0400
€2 60999600 14,000400
€2 O 1564 59600
64 2000400 1S49S960C0
€5 24 £75600 15999600
&6 40524800 154659400
67 60000000 156999600
68 66595600 15, 999600
69 Oe 17¢ 7504CO
70 24000400 174750400
71 2e €700 174 7504 CO
T2 4,924800 174750400
73 66000000 17, 750400
78 64$9G600 1747504C0
7S 0. 180999600
76 2¢C00400 184 S59€C0O
77  3e£75600 184999600
78 4,924800 18,999600
79 64000000 1849S9600
80 64998600 184929600
8y Oe 214000000
A2 24000400 216000000
83 34€7%600 214000000
B4 44G24L00 716000000
85 €4000000 216000000
P6 €eSSSH00 Z1e 0000CO
B7  Oe 236000400
88 24000400 23,000400
B9 24€7S600 23, 000400
90 4,924800 234000400
S1 6e CO0000 23, 0004CO0
92 66999600 23, 000400
93 Oe 244675600
ce e €25200 244675600
95 264000400 24,675600
SF 20 €75600 24,675600
97 44924800 24467S60C
oa FQOPOOOO 244675600
g Q B g 3 @ R 39

TABLE B.3 (cont.)
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= ) 3 i g g 3
99 66996600 244475600
100 O 254924800
101 «€25200 2%e 524800
102 26000400 254924800
1C3 3,£7E600 2S. 524800
104 44924800 25e¢$24R00
108 64C0C000 250924200
106 €4S9GE0D 250924800
107 Oe 27000000
108 2000400 276000000
109 3e€75600 27000000
110 - 44924800 27000000
111 €4 C00000 276000000
112 649959600 27000000
113 Oe 276 999600
114 24000400 27¢999€00
118 3,67S600 27999600
116 44924800 276959600
117 64000000 27999600
118 £489¢600 276999500
1 1 2 A 7
6 = a 14 12
4 e 1% 14 14
a B 9 1€ 15
12 14 1< 22 21
1a 17 17 2% 24
16 20 21 28 27
17 21 22 2" 2e
12 22 22 29 2n
22 27 28 34 332
27 232 3a 40| 29
22 39 40 46 as
24 42 47 4q 48
26 4c ae €2 €1
a1 g1 52 €8 57
as €7 8 64 &=
51 €3 64 70 €9
g6 6C 70 7€ 78
S3 72 77 79 78
€0 78 76 82 81
€S e1 e2 e A a7
70 B7 a8 Q4 932
7 8 e a8 94 oa
72 8e ag Q€ GE
74 94 95 t02/ 101
78 97 sa 10% 104
80 100, 101 108 107
e1 101/ 102 108 10®
a2 102 10* 109 1cC8
B& 107 108 114 113
so 111 112 1179 117
1 13 14 21 20
2 16 17 24 23
3 41 a2 an a”
4 23 72 78 77
& s g4 101 100

O [@
B S 3 3 8 3 3 2

TABLE B.3 (cont.)
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TABLE B.3 (cont.)

B-9

ol &) 3 g 3 3 R
6 96 97 104 103
SEGMFNT e (o} 11 c2 4 2 Oe

1 Oe , Oe

2 24000400 Oe

3 2,675600 0.

4 845240 CO Oe

S 66000000 Oe

6  £eS9C600 0,

7 Oe * 9C9A/00
8 24000400 ¢« 999600
9 Te E7E60C s GG39600
10 4,924800 ¢ 999600
11 £e 000000 e 999600
12 60995600 e GG9ECO
12 Oe 24074800
14 e £25200 2¢ 074800
1§ 24000400 24074200
16 3,675600 24074800
17 40324800 2¢ 074800
18 fe 000000 24074800
1S  €¢S59¢€600 2¢ 0748C0O
20 Oe 36325200
21 e €28200 2,225200
22 24000400 Ze 228200
2% 34575600 3,328200
24 44 G24800 Je 128200
25 66 000000 3325200
26 €499G6600 3,225200
27  Oe €e 000400
28 24000400 5000400
€9 34 £75600 €e 0C0400
30 44924800 E,0C0400
21 €e 000000 S,000400
22 €eGIGCE00 54000400
33 0. 60999600
34 24000800 6K4929500
IS G ET7EE00 €e 399600
36 409248B00 64999600
37  €e COCOO00 €46999600
8 66999600 64999500
29 0Oe Ge 000000
a0 26000400 Ge 0CO000
91 2675600 94000000
42 A4,S24800 GS4000000
47 66 000000 94000000
44 €e GAG600 94000000
45 Oe 10e 2504C0O
46 24000400 106250400
47 20 E7TEE00 1Ce 250400
48 49924R00 106250400
49 €4 C00000 106250400
€0 €eS9S6C0 106250400
51 Oe 12000000
€2 200008400 12, 0C0000
=3 34575600 12,0C0000
€4 4,524800 12,000000
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ol l g 3 3 g 2
=5 60000000 120000000
S6 64596600 12000000
s7  0Oe 14. 000400
58 20000400 14,000800
S9 24 E75600 14000400
60 @o924R00 14,0004C0
61 €4C00000 14000400
€2 6455SE00 144000400
63 Oe 156999600
64 24000400 1S¢ SSI6CO
65 3,675600 156559600
66 44524800 15999600
67 €400C000 156559600
68 60999600 156999600
€9 Oe 17. 7504 CO
70 24000400 17 7504C0
71 3.€75600 17750400
72 4924800 17¢750400
73 64000000 176750400
78 64595600 17750400
75 Oe 184959600
76 20008400 18999600
77  3,E675600 18, 959500
78 40924800 186999600
79  6.C00000 184999600
80 €¢996600 18¢SS9E00
81 Oe 21000000
82 2000400 Z1e 000000
82 3,E75600 21000000
84 4,9284800 214000000
85 66000000 Z1e0000CO
86 60999600 Z1e000000
87 0. 23, 000400
BA 24000400 224000400
89 3.675600 23000800
S0 8.624R00 22, 000400
91 60000000 23,000400
62 £4595600 23, 0C04CO
93 0. 244675600
G4 o €25200 24,675600
65 24000800 240675600
96 3.675600 244675600
97 4,624800 244 675600
98 64000000 Z4¢E75600
99 64555600 244675600
100 0. 25, 92400
101 +625200 256924800
102 2,000800 25, 924800
103 3.€67%600 2%¢924800
108 4,924800 2%.924800
105 6e000000 25¢ $24800
106 66999600 250924800
107 0. 27000000
108 24000400 274000000
109 3.675600 27,000000
110 4,924€00 27000000
4% g 3 2 3

TABLE B.3 (cont.)
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e & 3 S 3 3 R 8
111 €4000000 27.0%0000
112 €4 SSSE0N 27.000000
112 0. 27999600
114 2,000400 27,999600
115 3.E75€00 z7.5996C0
1186 44924800 27,999600
117 £4 000000 276 $99600
118 649099600 274999600
1 1 2 8 Z
) 7 o} 1 4 12
7 8 15 14 14
8 8 S 16 15
12 14 18 22 21
14 17 18 25 24
16 20 21 c8 27
17 21 22 28 én
18 22 23 29 28
22 27 28 34 ek
27 32 34 40 39
ag < 40 4 € 4
34 a1 42 an az
as 42 47 4 9| a8
e 4= an 52 e |
a2 S1 52 €8 57
a7 &7 €8 6 4 €3
52 67 64 70 (3]
g7 6 G| 70 d- 75
59 71 72 7e 77
&0 72 73 79 78
€2 7% 76 82 33 1
67 81 82 as ay
72 87 an 9a 9z
72 8n g9 QG 4 ca
74 88 B89 96 98
78 94 S 1020 101
A0 97 93 105 104
82 100 101 108 1107
33 10} 102 108 108
B4 102/ 103 109/ 108
en 107 109 114 113
92 111 112 118 117
1 13 14 21 20
2 16 17 24 23
3 93 94 101 100
4 G € G7 104/ 103
MATERT AL
a 4 4 3 0
De € £e CF=5 4006 0O 126 0E-€ 60060 20e0E=~-F 200060 20 e0E-6
Oe O 400000 €0040 25004 C 120040 15006 0O 2000, O 1€00e 0
Oe O 4400 €006 0 4442 120060 225 200040 2e2€
O0e0 0030 120060 Qe 0F 20006 0 Qe OF
0e 004
2 2 0
0a0 6e OE-6 150060 12 0E-¢ 20006 0 124 0E~-6
Oe 0 200C0e O 1€0060 1720040 200060 1720040
0e00122227
SHE CHE- g8 e 2
TABLE B.3 (cont.)
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TABLE B.3 (cont.)
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9 2 g 3 B g
CON VE RGE NCE
15 Jo.loo 0e100 1000 16000
sTeEC 060 2 0 1 1
2 ~240
3 -E40
ME MRF R 1 6Re 0
MEMRFRQ 2 b ERe0 1
~fe O =960
~Se O
sTeE 1 06050 1 1
MEMRED 1
-———FELEMENT TEMPERATURES AT [TIMF = e 050 - Q€& SLEMENTS 1
1 78,8 2 7a.j 3 7R.9 & 79.% E B6e& € 6845 7 686
8 6844 9 €9 10 €Se6 11 768 12 68e1| 13 58el| 186 6847
18 7549 16 €840 17 €8e0] 1€ €20 1S KBell 20 €87 21 759
27 €860 23 £R,0 24 APol|l 25 68e7 26 TSe9| 27 6840| 28 620
20 &Re0 0 €807 21 TSed 32 €860 37 65Be0| 34 €Be7| 35 7Se9
26 EBe0 7 68,0 38 68,0 20 68.7 40 75.9 41 €8,0| 42 £E8e0
a7 ERe 1l 48 £8,7 4% 75,9 46 6KRL0| 47 6840 48 68el] 49 £8e7
S0 7569 51 6860 52 6860 52 €860 54 587 55 759 S€ 680
57 €9,0 5@ £B8s7 59 7849 60 6840 61 680 62 68e0| 63 67
64 T5ed €5 €Pe0 €& €8,0 €7 €8e1] 68 627 69 759 70 680
71 €R,0 72 6840 72 6Re0l T4 6867 TS TEZe9| TE £8.0| 77 A2 0
78 £8e7 79 75e§ RO 66,0 81 68,0 B2 6800 83 68.0 B4 68e6
85 75,7 86 €840 87 €840 8E €Be0 85 KB4l 90 772] 91 ARl
a2 58.1] 93 £8.0 94 6RO 95 6B8e0 96 KRGO
————ELEMENT TEMOFRATURES AT [TIME = e 050 = 96| ELEMENTS 2
1 va.j~ 2 7a.1 3 7869 & 79,5 S 86,6 € 68,9 7 KB 6
" Ag, 9 €S 10 €006 11 T€ed 12 68e41] 12 68el1| 18 6867
1S 7509 16 68e0 17 €ERe0l 18 €90 19 68e1] 20 €87 21 759
22 68,0 23 6EB8,0 24 £Bell 28 EEe7 26 7569 27 6840 28 6860
20 6860 20 €8¢7 1 7%e9 22 €Be0 33 680| 34 68e7] 3T 759
16 €8,0 37 6840 28 6840 29 €Be7 40 7Ee9 41 €840 42 €20
a2 €8, 84 €R,7 45 TS50 46 6RO 47 6840/ 48 68e1| 49 58,7
50 759 51 6860 52 6860 52 €e0 54 5867 S& 7% 9| S€ FBO
57 68s0 SR 68,7 SO 7E,9 50 6840 61 6840 62 6840 62 687
€4 7549 €5 £8,0 €€ FEeaO 67 6Rel] K9 687 69 7Ne9 7O SRe0
71 6Re0| 72 6860 73 680 74 68e7 7S 7Se9| 76 €80 77 580
78 6807 7S 15«9 PO 68,0 81 63400 82 6Be0| 87 6840 84 586
as 75,7 86 €ReO| 37 €BeO BE €8sC 25 6804l 90 7362 91 68e1l
92 6R,1 G3 €8,0 98 6P,0 95 &R0 9E 5RO
———-ELEMENT TEMPERATURES AT |[TIMF = . 050 - 06| ELEMENTS 2
1 78,8 2 78.% 2 78,90 4 7SS € 86,6 € €869 7 68 €
E  €8e9 6 €Sed 10 6Ge6| 11 768 12 6Rel1] 12 68e1| 14 5847
15 7949 16 6840 17 €860 1F €8eC 1S 6fe1| 20 €EEe7 21 509
22 6Re0 23 €8,0 28 68.1] 25 68,7 26 7SeS| 27 68407 28 5860
20 6800 0 €2,7 31 7%9 22 €8s 33 680 24 68e7 35 759
26 68.0 37 €8,0 I8 €ER,0 36 68367 40 7%e9| 41 €8,0 42 580
a7 €8.1 a4 €87 a5 75,0 46 €Be0| 47 6940 4R 6Rel| 49 AT
50 759 £ €Re0 B2 £Be0 E3 £8.0 54 68e7| S5 759 S6 6P 0
€7 £8.,0 S8 68.7 59 TRe9 60 KBe0| 61 68¢0] F2 6%0| 62 6867
ke 75¢9 €& €8s0 €€ 6Pe 0 €7 €ELal| 68 6Re7| 69 75e9 70 6RO
T1 6Re O 72 €8e N 732 6Re O 74 &Re 7 75 7569 7€ €8, 0 77 58, 0
78 6Rg 7 79 75ed EC €&P.0 81 6Re0l B2 €Re0| B3 6840 34 68,6
B85 7547 PE €Re0 B7 &R0 88 €8e0 85 6864 90 73e2| 91 68e1
92 ARe 1 92 €Re O 94 . 68,40 95 68 e 0 9& AR 0D
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1 86e 4 2 86e 3 7 8€.5 & B746 5 10040 6 £9,6 7 6AGe1
8 AGQ,4 € S €%e 7 1C 7068 11 B3¢/ 12 58e1 13 5861 14 6943
1€ 82,2 1¢ €860 17 68,40 12 6840 19 6841 20 €Ce 3 21 826 1
22 68e0 23 €ERe O 22 681 28 €943 28 82,1 27 68¢0] 2B KRGO
29 6861 30 €962 21 221 32 €840 23 €80 34 £Gg2 EL- 226 1
A6 6Re O 27 €£8,0 38 £Be1 29 6962 40 B2,.1 41 €Be 0 42 6840
43 68,1 44 €Se 3 4% 8241 ac€ €€e 0 47 58,0 48 6Rqe 1 49 A%y
SO0 82,1 S1 ERe 0 £2 6840 523 €841 54 6962 we 8241 S€ 68, 0
87 6824 0 €8  £Ge 56 A2s1 60 K80 &1 65860| 62 €8,e1 53 AKGQ,2
54 8241 €S €860 &€ €84 0 €7 6861 €8 6943 £9g f2e1 7C A% 0
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S7 6840 €8  €G, 59 8261 60 68,0 ~1 6860 62 6Re1 53 6942
X3 3241 EE  ERe () 6€ 684 O €7 6861 EE 6Se3 69 f2e1 7C AS8e0
71 E6Re 00 72 68,0 73 £8e1 74 694 7G 3261 7€ 6B40f 77 58600
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22 6Re0| 23 EPg O] 24 AKRel 2% €Ge 3| 2F€ A22e1 27 €840 28 88,0
2GS 6R.41 30 €943 21 8Z2e1 3& €3,0 27 6R40 3a €8s 8 2t €EGe 3
3€ R2e1 27 €80 P8 6840 g €Re 1 40 6Se3 a4y B82e1 42 6Re 0
43 68,0 4a €861 A4S €S2 4c¢ 8261 A7 68,0 4a° €RB,0| asg 6Re 1
€0 693 £1 €2e 1 €2 6840/ S3 6840 54 6Ae1 5SS 6%9e3f sS6& R2ed
S7T 6860 &s €84 O £C  AKRg1 €0 €647 61 A2e 1 €2 €8s 0 63 AR 0

o) o o] Q Q
91 N! o ¥ e} 3 2 @
~~-=-ELEMENT TEMPERATUFES AT |TIME = e 050 ~ 106 ZLEMENTS

N

(@) (@) [@) o) (@) o o)
= & M < 0 @ ~

TABLE B.3 (cont.)
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o 8 3 g 3 8 R 2
64 6Rel] €5 €ES¢J 6BE B2¢1] 67 6Be0l 68 68,0 69 68Bel|{ 70 65Ge2
71 RB2el] 72 €90 73T 6840 T4 6B 0 7T7E 68e1| 76 €G9e2| 77 8261
78 6860 7S €B8Be0 80 6Ge2| 81 8240 BZ 680 832 €840 B4 58,0
A €81 8€ €ESel 87 Ble B BB 6Re0 B89 68%:0] 90 6841 91 588
92 TT7e3] 92 €86l 94 EB,2] 9% E£RLO 96 68,1
-===FLENENT TENMPERATUFRES AY [TIMEF = 0050 -~ 96| ELEMENTS Q
1 918 2 Gle7 3 91.8 4 G3,2 S 10SeS € 7061 7 6Se4
8 700 S 7062 10 7T1.7| 11 B3e¢3 12 6861 12 £842] 184 6547
1€ E€eS 1€ €840 17 €EBeO| 18 €8 C 19 6862 20 69e6| 21 B86e4
22 6860 22 €8e0| 24 6B8e1| 25 €Ge€l 2€ RA€e&| 27 €EBs 0| 28 £840
2S 6861 30 €S.€& 31 B€el| 32 6860 I3 6800| 34 6ERel| 3IE £KGe €
36 AkRea8] 37 €940 2@ €ERe0] 39 €ER1| 40 69,6| 41 86s4| 42 6800
83 GBe 0] 84 68Bel| A4S 69,6/ 46 B6.4 A7 (684,0| 48 £84Q| 4C AB8,51
S0 6€%9e% €1 EEe 8] =2 €EBe0O] ST €EBe 0] 58 58,1 55 6946 56 B86.4
57 ©6860] 58 68e¢0] 59 6K861 B0 6Se€ €1 B6e48| 62 €E8,0| 62 AHB O
54 6891 €T €EGe €& €€ Afeld| 67 6860 689 68,0 €9 6841 70 AKGe 6
71 BEel| 72 €840 72 £BLe0D] 74 €8¢ (| 75 58e1| 7€ €GeS 77 83644
78 6860 79 6860 BO 6946] 81 B6ed 82 6840 93 €8,0| 8B4 £KBe,0
A€ 65841 8€ €ESed| 87 REeO| 88 EPe 0] AS ABe0] 90 68e1| 91 69,60
92 B0e2] 93 68el| 984 6Pe2 9E E8,0] 95 6841
-~==FLEMENT TEWPERATUFRES AT [TIMF = #0S0 = 96| ELEMENTS 10
1 91.8 2 SG1le¢7 2 Q)68 4 €342 € 109e 8 6 70e1 ? 6Se4
8 700 9 7062 10 71e7| 11 8863 12 6861 17 €Be2| 184 6AK%e7
1S L% 16 €80 17 6Be0| 18 €Be 0 1S 68e2| 20 69| 21 8644
22 6860} 23 6860 24 6B8Bel| 2E 69e€ 2€ REeQ| 27 68,0 28 KB40
2G 68e1] 30 €966 31 EEeld| 32 69¢0] I3 68,0| 34 6861 IS 6566
36 REel| 27 E€ERe O] 38 EBReD| 3S €851 40 6S¢6| 41 B€ed| 42 FRBe0
432 6B8e 0 44 €841 A5 €946 4E 8664 &7 68,0| 4€ €ER,0| 84S KRG Q
S0 E€Gef £1 E€ol] €2 €EBeO| S22 €EReO| 5S4 6861 S€ €E9e¢65| 56 Rbe4d
57 ERe0O| S8 €EBe0| F9 €EBel| €0 €ESe6 £1 BREe&| 62 £ERL0| 6T KR, O
54 HB8el|] €65 KO €] 6E€ BE€eld] 67 6840 68 K840 69 6B41| 70 6Ge6E
71 B8Ced] 72 €Be0| 72 6Pe0] 74 €80 75 AH8Be1| 76 K9¢6] 77 8beA
78 6860 79 €800 B0 €946 Bl 8648 B2 68,0 83 £8,0| 88 68,0
8E E£Bel|] B8€E €Sed| RT7 RAEeO| BR E8e0| B9 K£R,0| 90 68e1]| 91 6960
92 80e2] 93 686l 94 682 9E 6860 9¢ K841
= Q R 4 3 8 2 &

TABLE B.3 (cont.)
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*************************************************************

FEFFF | ORRPRR EEFEF

F 1
= I
FFe I
F 1
F 1
F 1

SRR
R R E S
R R F s
RFRRD EFF S$S8SSsS

R R E
P R F
R R EEFSE <gsg<g

FRRPR CCCCC I1I1Y
F e C C T 1
1= R C 11
== RRRRP ¢ PO |
F R C 1 1
R R C C I 1
1 F CCcCcCc IT11Y

A STRUCTURAL ANALYSIS PRCGRAM FOR REINFORCEN CONCRETE
MEMBERS AND FRAMES SUBJECYED T0O A FIRE ENVIRONVENT

FEPRPRUAR Y

1 ¢ 7 ¢

****************************#******ftﬁiiﬁ#**#*#**************

* %

° ° ° TITLE TF RUN ™ . ° . °

* FRAME STUCY * ASTWM FIRE * LOAC = 2 K/FT % % %

*******************************#*****#*#*#*#*********#*******

CONCP

COINCRETE CPEEP MODFL

STEEL CFREFP NODEL

CCNCRETF SHRINKACGCE WNODEL

STE STRESS-STRAIN LAW

ETREES-STRAIN LAW

® ANALYSIS CONSIDEFATICNS e o °

TABLE B.4

PARABCLIC MCDEL WITH
UNLCARING
FSTAR = -1254,0 KS1

BILINEAR MOCEL WITH UNLCADING
ESTAR = 1C0e0 KSI

MUKACCANS TEMFEGATURS -
CCMFEENSATED-TIMFE MCLEL

HAPMATHY VARIATION CF DCPNS
THETA METHOD

COFFFICIENTS - HARMATHY (1969)
ASTM <STP 464, TFSTY SERIES 1C

SHRINKACE CALCULATEC ON BAS IS
OF TEMPERATURE~-NEEENDENT RATE
MAX SHERINKAGE - 040010 INZIN

OUTPUT FOR FRAME PROBLEM
B-15



*#*#*****#***#******#*****#*###***###i**##**#******#*t*****#*

CEOMETRIC DESCRIPTION CF PRODBLEM

#***********#***************###***#tii#**ﬁ#*#***##*#*#*******

. . ° . . JCINY DATA - 3 JOINTS ° ° ° ' °
JOINT COCRDINATES BCUNCARY CCANCITIONS
NUMBER X Y X-DIRECTION Y=-DIRECTION ROTATION
1 Oe Co RESTRAINECDC RESTRAINELC FESTRAINEL
2 Qe 18040
3 18060 18060 FESTRAINEC RESTRAINED
'Y ° ° . . MEMABER NATA - 2 MEMBERS ° . ° ™ °
MEMP JOINT SEGMENT TYPE AND LENCGTH

NOeo T TO J TP LGTH TP LGTH TP LGTH TF LGTE TP LGTH TP LGTH

1 1 2 1 24,0 1 36«0 1 6060 1 A€o0 1 2460
2 2 3 2 24060 2 4860 2 48R0 2 €000
THE BANDWIDTH OF TFHE STIFFNESS MATRIX 1S 6

o & o o o o SYSTEM REQUIREMENTY FCFR BLANK CONMCN o o o ¢ o

S1ZE ELANK COMMON 135 (DECIMAL)

0000213 (CCTAL)

e o o o o o SYSTEM AND MENVBER TONTAL FEGUIRENENT o o o o o

S€IZE BLANK COMMOTN 428 (CECIMAL)

OCOOE&E4 (OCTAL)Y




*****************#*****#*#**#t*******#***1##*****************

CFCSS~-SECTIONAL DATA -

2 SECMENT TYPFg

*************#******##******************##**i****************

NODE

10
13
16
19
22
2s
2a
a1
34
37
a0
43
46
49
52

e

~ o~

S8
€1
€4
67
70
73
76
79
82
es
88
S1
Sa
S?7
100
102

X

O
46925
De
44528
De
3e676€
7000
2000
60000
2000
6o 000
24000
6000
2000
66000
2000
£ ¢000
24000
£e000
24000
Re 000
24000
6000
24000
6000
24000
6400C
24000
Ee 000
24000
e 000
0628
4,925
Oe
24676

= = = -SEGMENY TYPE NC, 1 -

FINITE FLEMENT ICEAL 1ZATION

=NDDAL FOINTS-

Y

Oe

Oe
1000
14000
20075
26075
2¢07%
36325
3o 225
5000
5000
7000
7000
Se 000
9e¢000
106250
106250
124000
12000
14,000
14,000
16000
16000
17« 750
17«70
19,000
19,000
21000
21000
23000
23000
28408&7¢
240676
256625

2%e92F%

NODE

nnN

s )

11

17
20
23
26
29
32
35
28
41
44
47
S0
&3
86
59
€2

68
71
T4
77
80
33
26
B9
Q2
S5
S8
101
104

X

2e00C
€6 000
24000
€e COO
e €2E
4e92°%
Ce
2676
7¢ 000
Je&7E
7¢000
e €T E
7000
Je E7E
76 000
30676
7« 00C
2e67E
7e¢ 000
3e&VE
7000
Je &7 E
7¢000
3e €E7E
7eCOOQ
3e676
7¢ 000
JeE7E
7¢ 000
Je €7 E
7000
2¢ 000
€e 000
e €25
LeSG2F

Y

Oe
Oe
1.000
1¢ 000
e 07E
20075
3o 22€E
2o 32F
3e 225
e 00C
Se000
7e COC
7000
Ge 000
Ge COO
100250
10e 2S¢C
12,000
12000
145 COC
14,000
1€, CO0
1€5C00
176750
17¢ 75C
1%, 000
1Ge00C
21l CCC
216000
2ZeCOOC
232000
286 €7 €
P44 E7€
284925
2%e G228

B-17

NCOE

O N W

12

18
21
2a
27
20
33

29
a2
4
ag
=y
c4
57
60
63
€
65
72
7e
78
£1
R4
e
S0
93
se
56
102
18

- - .

X

3e676
7e00C
Feb67F
7000
Z2e 000
64000
e £25
4492¢
Oe
49325
Oe
40925
Oe
44925
Oe
44925
Oe
44925
Oe
449258
Oe
44925
Oe
4 4925
Oo
4492€
Oe
84925
Oe
4e92E
Oe
2eB7E
7000
2000
€e 000

Y

Oe
Ne
l1¢00C
1000
2¢ 07E
P2e07€
Re325
e 325
54000
Se00C
7000
7¢000
Ge00CQC
Q94000
1Ce280
104250
126000
124000
14,000
14,000
164000
156000
17.75¢C
17750
186000
15000
21 000
21e00C
236000
23000
Z24467€
24067AK
24467€
250925
2S¢ G258



106
109
112
115
118

7¢00¢0C
676
7000
3676
7000

2% 925
27000
27000
286000
286000

107
110
113
116

-CNONCRETE ELEMENTS—-

ELFM

91
sS4

1 J
1 2
4 5
8 15
10 11
15 16
20 21
23 Z2Za
27 28
30 21
34 285
37 328
42 43
46 47
49 <0
53 £a
57 '58
€0 €13
64 65
67 ¢€8
72 73
76 77
76 €0
A3 84
ey €8
89 90
94 S5
98 <9
102 103
105 106
109 110

-STEEL ELEMENTS-

1 J
13 14
71 72

K L
-] 7
11 10
14 14
i8 17
23 22
28 27
30 2¢
324 133
37 36
41 40
464 A3
4G 42
53 82
6 S8
50 S9
64 63
€7 66
71T 70
74 73
79 7A
e3 82
€6 8¢
90 89
94 92
S7 9¢€
102 101
1C¢e 10€¢
109 108
112 111
11€¢ 11€¢

K L
21 20
78 77

ELEM

2

g

8
11
14
17
20
23
2¢
29
22
25
38
41
a4
47
€0
€3
§6
59
€2
€5
68
71
74
77
eo
83
86
89

ELFEM

S?
of

Ce
4492%

Oe
84 G2E
1 J
2 3
e €
8 9
11 12
17 18
21 22
24 25
28 2
31 32
e 36
29 40
43 Aas
47 48
S1 52
s4 ES
s8 59
61 62
6& €€
69 70
73 74
77 78
el 8z
84 B85S
ag Gt
S0 G}
95 96
100 101
103 104
107 108
110 111
1 J
1e 17
93 9a

27000

274€0C
284000
284000
kKL

s 8
12 11
1€ 1€
19 18
2 24
28 28
31 30
3 4
38 37
a2 a1
a6 as
50 a9
€4 53
sp 57
€1 60
65 64
€e 67
72 71
76 75
80 7¢
aa 83
se a7
91 Qo0
94 o9a
se G7
103 102
10R 107
110 106
114 117
117 11¢€
K L
2a 23
101 100

108
111
114
117

CROSS-SECTION IDEALIZATICN

B-18

2000
€e¢ 000
2000
66000

1 J

3 4

7 8
S 10
14 15
18 19
g2 g2
25 26
G 30
33 34
26 27
40 a1
45 46
48 A4S
52 53
€5 €6
€9 €0
€3 64
€€ €7
70 71\
75 76
78 76
82 83
EE EF
88 A9
sl G2
S7 G8
101 102
1C4 1C*%
108 109
111 112
1 J
41 4?2
S6 S7

274000
27¢00C
2B 6000
2R 6000
K L
10 S
14 13
17 1€
22 21
2€ 2¢
2S5 28
32 31
aE 3€
40 29
47 42
a7 4¢€
52 51
52 E£4
g9 58
62 €1
€E €5
70 69
73 72
77 7€
82 81
8s 84
89 88
$2 91
96 9Ff%
99 98
10 104
108 108
111 11¢C
115 114
118 117
K L
48 A7
104 1032




AREA AND CENTROID OF EACH CONCRETE SUBSLICE

ELEM AREA YT ELEM AREA YC ELEW AREA YC
1 4000 -13,50 2 Je38 <13450 3 2¢50 ~13e50
4 2¢15 -13,50 S 2e00 ~13650 6 ZeB2 ~1245¢&
v 1648 -12428 8 2660 <12,46 9 2e€9 ~1264¢€

10 2e¢ 71 ~12e44¢ 11 201 -1244¢ 12 3044 ~114.320
13 4019 -11430 14 2069 -=11,430 18 2e€0 -11,130
16 4640 ~Ge &G 17 2¢20 <~10e12 18 Se 61 ~9e 84
19 419 ~Ge 84 20 2660 —~GeRa e 2 38 -~ Ce 84
22 8o CO —~86 00 23 €Ee70 ~Re00 24 4490 -8600
25 40720 -84 00 26 4600 -8400 27 8¢ 00 -€2 00
28 6e70 ~6e 00 29 Se00 ~6600 20 4, 30 — €400
) | 44 00 ~ €400 22 Se00 -4437 33 4419 -4037
24 2e €9 ~8437 35 2e%0 —84727 3€ 7e 00 -2e0 R7?
27 Se 86 -2e¢87 28 4437 -2487 36 2076 ~2e87
40 2e50 -2e¢ 87 LD | 8400 =100 42 Ee7C -1400
43 Se 00 -1400 a4 44320 -1e0C0 4= 4000 ~1e400
46 Be 00 1¢ 00 47 €Ge70 100 4R 4499 100
49 40 20 100 S0 4400 1400 g1 7¢ 00 20 818
&2 Se 87 2e¢ 88 €3 4437 2e88 €4 3e 76 2e88
55 3e 20 2e 88 &6 €00 Qe2p g7 4019 4038
58 2069 4,4 38 59 250 4,38 €0 8600 £e 00
61 €e 70 €e 00 €2 Se00 6400 632 44 30 6000
64 4000 €e 00 €S 8600 Re 00 €6 €e 70 Be 00
€7 €e 00 86 00 68 4430 8400 69 4400 8400
70 4,40 Se €S 71 20320 10e12 72 Se &1 Qe84
72 4019 Fe 84 74 2660 Se84 78 3o 2% Ge R4
76 2,44 1120 77 4619 - 11,30 7e 2869 11630
79 20 50 1170 RO 2e82 12¢5€ Bl 1o a9 126219
ez 360 12446 83 2e56% 12.4¢ R[4 Ze 31 12e4¢€
es 2e1S 12.46¢ es 4400 13¢50 &7 36735 13+50
88 250 13¢50 89 2015 13.50 SO 2¢ 00 13,50

AREA ANC CENTROID OF EACH STFEL SUESLICE

ELEM ARF A YC ELEMm AREA YC ELFEM AREA YC
1 156 -11,30 2 2el2 =~11412C 3 3el12 =40 37
4 Jel2 4438 = 156 1130 6 Jel2 116 70

CFROSS SECT IONAL PROPERTIES

ARFA MOMENT OF INFFTIA

CONCRETE 37664 241G84 G
STEFL 15.€ 121641

TOTAL 3926 0 c5E1E84C

B-19



— = = = = = = = = -~ -GEGMERT TYPE NOg 2 = = = = = = = = = =

FINITE ELEMENT INDEALIZATICN

-NODAL POINTS-

NODE X Y NODE X Y NCCE X Y

1 Oe Oe 2 2000 Qe < 2e57E Oe

.3 40928 Oe & €0 000 Qe €& 7000 Oe
7 Oe 1000 8 20000 1.C00 ) Ae67E 1000
10 44928 1,000 11 €e 000 1000 12 7 000 1000
12 Oe 2e¢07€¢ 14 e €25 e Q7E 15 2¢ 000 2007%
16 676 2¢075 17 409295 20¢07% 18 66000 2e07E¢
19 7000 24078% 20 Oe e 32€ 21 0625 3325
22 20000 3e22% 23 e E7E 30 32F 24 4,325 3e 228
28 64000 Je¢ 32E 26 7¢ 000 3325 27 Oe 54000
28 2¢000 Se000 29 e €7 € e 000 20 Le92% Se000
21 €e 000 S¢000 32 7000 €e¢ 000 33 Oe 7¢00C
24 2000 7¢000 35 3.€67€ 7¢ 000 3¢ 44925 7000
37 60000 7000 38 70000 T7e COC 3c Oe Ge 000
40 2000 Qe 000 41 3¢ 67E€ Se 000 a2 4925 . 94000
47 64000 94000 a4 7¢ 000 GeCOC 4 Oe - 100250
46 24000 104250 47 2e67€ 104250 4R 4492% 10e2€0
49 66000 106250 50 7¢000 106250 S1 Oe 126000
s2 24000 120000 £3 Je67E 126CO0 €4 40925 120000
] 60000 126000 6 76000 126000 s7 Oe 14,000
59 2000 140000 €9 e €7€ 14oCOC €C 40925 144000
61 56000 14,000 €2 7000 14,000 €3 Oe' 166000
€4 2000 164000 €8s 3e676& 160000 56 44925 166000
&7 5¢000 .164000 68 7¢000, 1€6COO0 £S Oe 17e75C
70 264000 174,750 71 Je676 170750 72 40925 174750
73 6000 17e7%0 74 7¢ 000 17« 7S5C 75 Oe 19000
76 2000 19,000 77 3e67€& 19,000 7e 44925 1G,000
79 6400C 194000 RO 7e 000 1G000 e1 Oe 21 000
82 2000 21000 a3 3e67E 21eCOC €4 4e92°% 21000
esg 6000 21,000 1) 7000 216000 r7 Oe . 236,000
88 2000 234000 8g 20 ETE 23,C00 <0 44925 224000
o1 66000 23,000 S2 74000 23,000 93 Oe 24,67€
Sa e €25 244,€7€ 95 20000 248,67¢ S6 3e676 2844676
Q7 8492F 28,67€ 98 €e 000 24840¢7E€ Sg 7¢000 24e6K7€¢
100 Oe 25e92% 10} e 62F% 2592F 102 24000 25e92E
103 676 2%¢925 104 B4 G2 2% 2% 1CS e 000 256925
1 06 7000 254925 107 Oe 274C0OC 108 2000 27¢00C
1 00 3e67€ 274000 110 44082 27000 111 6000 27000
112 7¢000 27,000 113 Oe 286COC 114 2¢000 22400C

118 3676 2B6000 116 40928 28000 117 64000 28,000
118 7000 284,000 i ‘

-CONCRFTE ELEMENTS-

ELEM T U K L ELEM 1 J K L ELEM I J K L

B-20




=S b s
PO NP

19

ELEM

93
S6

ELEM

D b -

10
15
20
213
27
30
24
37
41
45
48
52
55
S¢
63
66
70
73
77
21
B84
an
90
95
100
103
107
110

2 8 7 2 s = S g 2 3
s 11 10 5 € € 12 11 6 7
12 14 14 o} g S 1€ 1¢ S 9
i1 18 17 11 11 12 19 18 12 14
1€ 23 22 14 17 1e 25 p2a 18 18

21 28 27 17 21 22 2g 2¢ 18 22
€4 320 29 20 24 25 33 =39 21 25
28 24 13z 23 2& 2c 238 34 c4 :zo
21 37 36 26 31 32 38 17 €7 23
Ie  ay 40 29 32€ 1€ a2 ag 2c 26
38 44 43 22 329 40 4s€& 4c 22 4o
42 48 4~ 3€ 42 43 4c ag 36 43
46 €2 =1 I8 46 47 &1 => 29 47
4G =5 g4 41 49 S0 S5 &€& 42 =3
£€3 €9 €= 44 £32 €4 g¢c sg 4t c4
56 62 61 47 857 s5R €4 g3 42 =g
60 €5 €= €0 €0 &1 67 €6 21 61
€4 70 kg B2 64 €5 7% 70 €4 ¢5
€7 73 72 56 €7 68 74 713 7 €ég
71 77 76 €9 71 72 78 77y €0 72
74 80 79 62 78 76 =82 gy €2 e
78 84 g3 €5 78 7@ 385 ga 66 79
82 e8 g7 €8 82 g2 a¢ gng €6 83
B85 &1 S0 71 BE A& 92 91 72 87
€E G4 ca 74 Ae 8¢ g9 g5 7€ A9
91 S8 97 77 ©1 92 9g cg 78 Gca
S6 103 102 80 97 <2 105 104 21 S8
101 108 107 8% 101 10z 10f 10¢ 24 1C2
104 110 109 86 104 10% 111 110 7 108
108 114 113 89 108 109 115 114 S0 109
111 117 116 S2 111 112 11€¢ 117

=STEEL ELEMENTS-

1

13
96

J K L ELEM 1 J K

-~
m
r
m
k4

T

14 21 20 94 1& 17 24 23 G5 G2
$7 1C4 103
CFOSS~SECT ION IDEALIZATION

AREA ANLC CENTPODID OF FACH CONCRETE sSuUBSsL
AREA YC ELEM ARFA yC ELEM
4000 -134%0 2 3e38 -=13,.50 3
2015 =13450 =] 200 <~13,8¢ &
1,48 -12¢28 8

2460 ~1244¢ Q

B-21

S5
S99
103
10¢&
110

Ga

ICE
ARFA
2¢80

Ze 82
2e69

10 S
14 12
17 1€
22 21
26 25
29 28
32 21
3€ 25
40 2¢
43 4?2
[ Yrd 4 €
50 4G
€4 53
€e s?
€1 60
€z ca
&8 67
72 71
76 78
79 78
az a2
s 8t
90 39
G4 S
Chd 6
102 101
106 10¢<
109 108
112 111
116 115
K L
101 100
yYC
-132.50
~-126F€
‘12046



10
13
16
19
22
25
28
31
24
az
40
43
46
49
€2
SS
se
61
&4
67
70
73
76
7@
82
85
es
91

ELEM

231
4¢19
4440
419
€6 00
4430
6¢70
4400
2012
T7eCO
3076
Be 7C
4000
4,99
7¢ 00
3e76
418
2450
S5¢ 00
Be 00
4420
2030
e E0
4019
2082
2e¢ 69
44 00
2e15

AREA

AREA

1¢ 86
Jel12

CNNCRETE
STEEL
TOTAL

~1 2646
-11¢ 20
~Ge &G
~Ge R4
-84 00
-86 00
~€e 00
-€¢ 00
-84 37
- 20 87
-2e¢87
-1 00
-1¢00
1.00
2e 82
2e88
44 38
4438
6600
84 00
Be 00
10612
Ge 84
1130
126 €€
12e46
13650
13¢5C

ANC CENTRNID OF EACH STEEL SUBSLICE

A4S

=116 30
116320

11 2e1€ -1244€ 12
14 2¢69 ~116730 15
17 2030 =10e12 iR
20 3660 ~9e84 21
23 6e70 -84 00 24
26 4400 -8 00 27
29 €400 ~6600 30
22 Ee0C ~-844327 33
38 2069 -84 437 s
28 Se8E -2¢87 2c
41 2650 -2e¢87 42
44 E¢00 -1400 45
47 Re 0O 10¢C 4
s0 4,030 100 51
£3 Ee87 2e88 €4
56 2eE0 2088 €7
=9 3012 44328 80
62 B8¢00 Ge OO ER
6% 4430 6000 €6
6R €e70 Be 00 69
71 4,00 Re 00 72
74 Se61 9484 re
77 3¢ 2% Ge 84 78
80 2e6¢ 11430 Al
a3 1048 12428 R4
86 2031 1264¢€ L rd
89 3635 1350 S0
G2 e 00 13¢50

ELEM AREA YyC ELEM

2 3612 -11630 3

CRDOSS SECTIONAL PROPERTIES

AREA MOMENT OF INEFTIA

38266 2421844
Qe & 119€6¢
39260 2581 %40

B-22

20,484
250
Ce €1

k] I8

-8 -~

44 SO
8e 00
44 30
40 19
20 S0
44 37
8600
44320
Ge 70
400
40327
€9 00
2069
Ee 70
4400
Se 00
4040
4019
3e 44
e 50
360
e 1%

2050

AREA

156

-11. 20
-11430
—-Qe A4
-Qe 84
~-B000
-&¢ 0C
~-6400
-4 37
-84 37
-2¢87
-1+ 00
-1¢00
1¢00
1600
2e¢98
4e 36
40328
€e 00
€e 0C
Be 00
Ge 665
Qe84
11630
11 2C
12e¢46
126 4F¢
13650

YC

11630




*#***********#**#**************************#*****************

MATERTIAL DATA

**********#***#*************#**#**##***#*#***********#*******

"® o o o CONCRETE o o o o

- = CDEFFICENT NF EXPANSION - -
NODE TEMPERATURF VALUF SLCFE
1 Oe ¢ 600E~-0S5
e180F~¢C>
2 40040 e120E8-04
¢4 00F-07
3 €006 0 e 200F~-04
Oe
4 20006 C e 200FE-04
= = MODULUS QF ELASTICITY - -
NODE TEMPERATURE VALUF SLCFFE
1 Oe e 400E 404
-2e€C0O
2 60060 e 250E 404
-1¢000
3 120060 e190E+04
Oe
4 20006 0O ¢1G0FE+04

=~ = COMPRESSIVE STPENGTH - -

NODE TEMFE RATURE VAL UF SLOCE
1 Oe 4, 000

e 700E-07
2 60060 444720

. -e 1E€2F-02
3 120060 Ze?250

Oe

4 2000e C 20250

= = TENSILE STRENCTH - -

B-23




NODE TEMPERATURE
1 Oe
2 12006 C
2 2000s C

CRUSHING STRAIN

MATERTAL PARAMETER CF CONSTARNT VALUE

o ¢ o STEEL o o o o
- = COEFFICENT OF EXPANSION
NODE TEMPERATURE
1 Oe
2 15006 ¢C
3 20000
- = MODULUS CF ESLASTICITY
NODE TEMFERATURE
1 Oe
2 1€0Ce C
3 200060 0

YIELD STRAIN

MA TERIAL PARAMETER CF

CONSTANT VALUE

VALUE SLOPE
¢ 3200
-¢200E~-03
e €E00E~-01
Oe
¢ 600E~-01
«400E~02
VALUE SLCPE
¢ 600E-05
e4COE~C8
e120F=-04
Ce
e120E~-04
VALUE SLOPE
e J00E+0¢
-80000
e172E+40€¢
Oe
e172E 405
el 23E-02
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**********#********#*******#**#******#***#*************#*****

CCNVEFCGENCE DATA

*#*******#***#**#**#*******t***#**#**#***#*#*****#*#*#*******

PERMISSIELF FRROR s(CP CUT-DF-BALANCE FORCES

AXIAL FORCE = e100CO
SHEAR FORCF = e1COCO
MCMENT = 100000
MAXIMUM NUMBER 0OF ITERATICNS FOF A TIME STEF = 18



% ok ok

*

e sk ke

JOINT

1 X

Y

R

2 X

Y

Q

2 x

Y

R
F-X
e-y
F-M

sk o o ok 3% 3 sk ook o ok ok e ok kol sl ol sk ok a8 ok ok sk o o ot o o ok ok ot e ok ke e e sk ok ok ok e ke ol e dleokeoke ok ok

% % FRANE STUDY % ASTM FIRE % LCAC = 2 K/7FT * ¥ %

PRCBLEM INITIALIZEC AT TIMF #0000

sk 8¢ ok ok e e ke ok ok s s ook ak o oo 3 ok ok ok ke ok ok o ok ok o o e o o ok ok b ok o e o ok ok ok ok ok ke sk ok o ek ke ok K

. ) STRUCTURAL L OACS AND ROUNMDARY CCNDITIONS ) ) .

CYSTEM SUFPORT STIFFNFSS MATRIX PRESCPIRBED
LNADS DISPLSe
X A 4 2
Oe e100E+30 Oe Ce Oe
Oe Coe e100E+30 O Oe
Oe Ce Oe e100E+30 Oe
-0e Ce Oe Ce Oe
-2¢ 000 Ce Oe Oe Oe
~0e Ce Oe Ce Oe
-0e e100E+30 Ooe Ce Oe
~56C0O0 Ce Oe Oe Oe
-0e Ce Oe e100E+320 Oe
e o o INTERSFGNENTAL FORCES FCR MEMBER 2 8 w6
1 2 3 4
-Qe - Qe - Qe
-re GO -8400 -G 00
-0 -0e ~0e

BLANK COMMON REQUIRED TO SOLVF THIS FROBLFEM
USING HIGHSPFEL STORACE CALY = 2€0E51

BLANK COMMON AVAILABPLE IN DIMENSION STATEMENT

]
[
o
(o]
(=]
o

REAC/WRITE ON TAPE FOR FACH ITERATION
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NC

(od

(n

DE

n

SFG

LEFT
AV Ge
RIGHT

LEFT
AVGe
RIGHT

LEFT
AVGe
RIGHT

LEFT

AVGe
RYGHT

LEFT
AVGe
RPIGHT

JOINT DISPLACEMENTS

(GLCPAL CCOPDINATE SYSTEM)

X=G
(INCHES)

-¢00000

- 00678

00000

Y-G
(INCHES)

~-«00000

~-e00063

-el179Ga

R-G

(PAC1IANS)

eCCCCO

-e00071

-e00000

® e o ANALYSIS RESULTS FOR MEVBER

-CISFLACEMENTS AND STRAINS-

SEGMENT END DISFLACEMFENTS
(MEMBER COORDINATE SYSTEM)

X=M

(INCHES)

-¢ 00000

~-e 00023

-¢ 000S0O

-0 00186

-e 00183

Y —-M
(INCHES)

¢ 00000

e 0018¢F

¢ 00900

002040

eClB24

R-M
(RADCS)

«C0000

e COC14

e« 00023

eCOCCO

- 00026

B-27

ANALYSIS RESULTS FOF STRUCTURAL SYSYEM™ °

SUPFQORT

REACTIONS

F=X (KIPS)
F=-Y (K1IPS)
V=R (IN-K)

1 ¢ o o

13411
20600

~870492

NONE

-13.11%
~0e

121007Q

SECTION STRAINS

ELONCATION

~1eE5F-08

-1e38E-0S

-1e¢&8GE-0S5

—1e¢32€E-08

~2e2BE-0€E

CURV,

7T e54F~0¢

4 o26F-NE

40 2€F-0K

6e44F -07

6244E~07

~Se I9FE -0k

~S5e38E-06K

~1e41F-0¢

=10 €3F-08

=-2e13€-05



SEGMENT

]

LEST
AVGe
RIGHT

LFFT
AVGoe
RIGHT

LEFT
AVGoe
RIGHT

LEFT
AVGe
RIGHT

LEFT

AVGe
RIGHT

*

STRESS-REL ATED

-9 000€3

000678

- 00071

~FORCES AND SECTICN PFOFEFRTIES~

SEGMENT FORCES

AXTAL
(KIFS)

—30e0

=306 0

=300 0

~30e0

SEGMENTY

ST IFFNESS

SFEAR MOMENTY =AFE-~

(K IPS) (IN=K) (FERC

OF 1IN
E7Ce S

-1361 S6 e
ES5€e 2
ES€e 2

-1 1 CQe
84,7
84,42

-13.1 09 ¢
~70Ze £
-702e &

=131 E7e
-11748, ¢
~117446

- 131 63¢
-14894 72

-F1-
ENT
TTYIALY

L Y

GGe

GG e

77

49

ANALYSIS RESULTS FQOP SEGMENT CFCSS-SECTION

MEMBER

- LEFT FND OF SECMENT 1

CONCRETE

FOR EACH SUBSLICE, STRESS (K<sf) IS GIVEN OVER
€TRAIN X 1000 OVER TEMPERATURE (DEG F)

AREA CENTER
REDUCT ION nF
CRAVITY
CRUSHED
CRACKELC (IN)
(PERCENT)
Qe Se
022
Ce Oe
Oe Oe
-o 04
Oe Oe
Qe Oe
o012
Oe Oe
Oe Oe
-1e42
De 32
Oe 43,
-3487
Oe E0e
* % * X

- s - - D W W AR I D WD M R A S > e A v . -

CRACK

CRACK

CRACK

B-28

CRACK




10

15

20

30

3s

40

45

50

5%

60

€5

70

78

80

as

54D4HMF4M—CHHHH~4

M‘*‘HMH—O'-‘HNNMHMHHNHHHF*

AHH—'v-‘.q—Q—‘M—!HMHHHMHN"‘N

« 09

CRACK
e 08

CRACK
o008

o232
e 06

24
e 06

ol8
e 08

13
o022

e 03
001

~e02
~e01

-9 0R
-e02

-e173
~e 04

-e18

-eCE

~e22
-0 06

-e28
~e07

-034
-e09

-0 37
~-el0

—-e40
-el1

-e873
~el12

e 09

CRACK
e 08

e 2R
e07

18
¢ 05

o132
¢ 03

e 08
e 02

e 03
e 01

-0 02
-e01

-0 08
—-e 02

-e13
— C&

-elRr
-eo D&

~e 22
—-e 06

~-e¢ 28
-e07

~e 32
-e 00

-0 27

-el10

-~e40
- 11

—e 4

-e12

e 0G

CRACK
Yo R

28
e07

o224
o0&

elP
0¥

13

03

AV ]

e 03
e01

~e 02
-e01

~-e0F
-e02

-el1l3

-e04

~elP®
-e 0%

-~e0E

e CS

CRACK

e OB

e 24
e 06

18
005

°13

e 03

007
oCl

- C2
-~eC}

-eo CHR
'.02

~-e1

~-e 04

-e 18
- 08

-e22
~e CE

~-e 28
-oC?

22

-e0Q

-040
~ol1

bl XK

-el2

e 0Q

CRACK
e 08

e28
007

e24
e NE

' L.
005

L ]
QO »e

s 08
e 02

o032

e 01

-e02
-e01

-o C8
°.02

-013

-e04

-0 22
~e06€

-e28
-a07

-0 23
-e 06

-e41
~el1l

~080
-e11

-.43

~el2



SURSLICE STRESS RATIO TO STRESS=-REL TEMPERATURE

(KST) YIELD STRAIN (IF REQUESTED)
(X 1000C) {DEG F)
1 2e2 05 e 07
2 202 «0S 07
2 o & e02 e02
a4 -1.4 03 -e0E
s -2 ¢ e 07 -e¢10
6 -2 9 07 -e10

* % % k* ANALYSIS RESULTS FOR SEGMENT CROSS-SECTION * % X %

MEMRER 1 - RIGHT END CF SEGNMENT 1

e e e e mm = === CONCRETE === ===+ -

FOR EACH SUESL ICE, STRESS (KSI) 1S GIVEN NVER
STRESS-RELATED STRAIN X 1000 CVER TEMFPERAYURE (CEG F)

1
I 1 2 3 a <
————— (e = - - - . YD n S . A D WS D S S G A D Ge W W S T S S
1
0o 1 17 17 17 17 17
1 e 04 e 04 e 04 e CA e 04
1
5 1 1€ e 1€ 1€ 1% 18
I o0& e04& 004 e 04 e 04
 §
10 1 o1 12 1?2 12 13
Y e« 04 e 03 «03 e02 e02
1
15 1 10 ol1 ol1 ol1 11
1 e 03 e03 e03 03 03
1
20 1 oll e 08 e08 oC8 e08
1 ¢ 03 e 02 e 02 02 e 02
1
2% 1 e 08 e 04 o0& e 04 e04
I e02 e 01 e 01 e C1 e 01}
1
30 1 e 008 e 02 e 02 e 02 e02
1 001 ¢ 00 e 00 e CO e 00
1
35 1 -e01 -0 01 -e 01 -e 01 -e01
1 -e00 -¢00 ~-e00 - 00 ~-e00
I
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40 1 -e 04 -e 04 -e04a -0 048 ~e04
I - 01} —e 01 ~e 01 -0 0} -e01
I
45 I —.07 —.07 ‘.07 ‘.07 —.07
1 -e02 -s 02 -e 02 -9 C2 -e 02
1
S0 1 ~-e10 -el10 -e10 ~-e10 -¢10
1 ~-a03 -0 -e02 ~e C2 - 02
1
58 1 ~al2 -el2 -e12 -el12 -s15
1 -e03 -0 03 ~-e03 ~e 032 ~e04
1
60 1 ~eol18 ~e 15 ~e1F -e 15 -el8
1 -e 04 —e 04 ~9048 -~e 04 -e0%
1
65 1 ~el8 -e 1R -el68 -e 12 - Z1
1 -e 0% -e 05 -e0F ~e0& -e058
1
70 1 ~e22 -0 21 ~e21 ~e21 ~ec1
1 ~-e0E -e OF -ea D€ ~-eo Q€& ~e 06
1
75 1 ~e 24 —e 24 el Y- -e 24 ~e28
H -e 08 -e 06 -e Q€ ~-e 06 -e 07
b
80 1 —-ect -e2F% -e2F% - 28 -e28
1 ~e07 -e07 -e07 ~eC7? ~e07?
1
35 1 -~e27 -0 27 ~e27 -0 27 ~e27
1 -e 07 -e07 ~-e07 ~e 07 -e07
e e T S YT E E L I T
SURSLICF STRESS RAT IO TO STRESS~REL TEMPERATURE
(KSI) YIELD STRAIN (IF REGUESTED)
(x 100¢C) (DEG F)
1 10 07 o002
2 100 o0 o072
2 ol 000 e 00
4 ~160 002 -e0?2
= —1e8 e OF ~e 0F
6 -1e8 ¢ 05 ~e0F
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e o o o o o o o ANALYSIS RPESULTS FOP MEMBER 2 o o o 0.0 o o

~DISPLACEMENTS AND STRAINS-

NODE SEG SEGMENT END DISPLACEWENTS CSECTION STRAINS
(MEVPER CONRDINATYE SYSTEM)
X=M Y-M R-M ELCNCATICN CURYV,
(INCHES) (INCHES) (RADS)
1 ~eC0&78 -9 000€72 - COC71
LEFT ~2e E4E-05C
1 AVGe ~Q497E-06 o
RIGHT -1e¢ 24E -0
2 -e 00478 -002390 -+ 00118
LEFTY ~0490F=-06
2 AVGe . -1eZ4E-0¢
RIGHTY 1 e REE=-0OF
3 - 004€2 -e08722 -eC0127
LEFT 1 REE~-CE
2 AVGe -1 eBEE~-06K
RIGHT 1.195-05
4 -2 00413 -e14712 - 00104
LEFT 1e46F-05
4 AVGe -1 e09E-05
RIGHT 2e COE~0QE
& ¢« 00000 ~-~e17904 -+ 00000

-FORCEES AND SECTICN PFROFERTIES-

SEGMENY SEGMENT FORCE S SEGMENT AREA CENTES®
STIFFNESS RPECUCT INON nF
GRAVITY

AXTAL SHFEAR MOMENT —-AE- ~-ET1- CRUSHED
(KIFS) (K IPS) ( IN-K) (PERCENT CRACKED (IN)
OF INITIAL) (PERCENT)

LEFT -148Ge 2 Oe 57e

1 AVGe -13e1 2860 €7 e 44, ~Qq 03
RIGHT - 81763 Oe 43,
LEFT -81669 Oe P44

2 AVGe -13e1 €260 £G, BCe -1e¢ 21
RIGHT 23867 Oe Oe
LFFT 22867 Oe Oe

3 AVGe -1 3.1 1460 86 e 76 e 14€5
RIGHT G106 4 Oe 32
LEFT G1Ce? Oe a3,

a4 AVGe -13e1 Se O €O0e 4Se 40 €0
RIGHT 1210.7 Oe €0e

B-32




*************************************#*******#***#***********
* X * FRANE STUDY =% ASTV FIRE % (CaAC = 2 K/FT % % =%
TIME STEP NUMREER 1 AT A TIME QOF ¢« 0500 HNURS

0

**************##*#***#****#*#****#*****#*#***********#*******

® o o o o ANALYSIS RESULTS FOE ETRUCTURAL SYSTEW ® ©o o o o o

JOINT JOINT DISPLACEMFENTS SUPPCRT
(GLOFAL CONPDINATE SYSTEM) PEACTINNS

X=16 Y-G P-G FeX (KIPS)

(INCHES) (INCHES) (RACIANS) F-Y (KIPS)

V=F (IN-K)

1 -~e¢00000 - COOCO e CCCCO 132429
: 20600

-B4 45 48F

2 -90106™ e 001857 -e00068 NONE
3 «00000 ~e172896 - 00000 -17,29

-0
1184,12
® ® & o o o b o ANALYSIS RFSULTS FCR MEWPER 1 ¢ ¢ 5 o 6 o e

~CISFLACEMENTS AND STRA INS-

NONE SFG SEGCMENT END DISPLACEMENTS SECTION STRAINS
(MEMBFR CONRDINA TE SYSTE M)
X=M Y -M R-M FLONGATION CUR Ve
(INCHFS) (INCHES) (PADS)
1 -e 00000 ¢« 00000 e CQO0O0O
LFFT Bed44FE-06
1 AVGe ~7e27E-0¢
QIGHT Q4 oaSET-05K
2 ~e000CH6 e 00Z0¢€ e COCtE
LEFT b4 BEF~CE
2 AVGe ~-6e7EE-06
RIGHT 8e K€E-Q7
2 -9 00021 ¢ 00382 00025
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LEFT Re SEF-07

3 AVGe -6eB3E-06
DYGHT . -5¢ 29E-06
4 - 00072 e 02288 «00012
LEEY -6 4 04E-06
4 AVGe 1¢42E-0F€
RIGHT -~1e42E-0€%
s e 000CS e 021F 4 -eC0C24
LEFTY -1¢ 87E~CE
2 AVGe y -6¢28E~-06
RIGHT ~-2¢ CEF-08
& e 00187 e 01067 -e0C06A8
~FORCES AND SFCTICN PROFFFTIES-
SEGMENT SEGMENT FNFCFEE SEGMENT AREA CENTER
ST IFFNESS REDUCTINN n«
GPAVITY
AXTAL SHEAR MOMFENT =AE- -EI- CPRUSHED
(KIPS) (K 1PS) (IN=-K) (PERCENT CRACKFEL ( IN)
OF INITIAL) (PERCENT)
LEFT R4447 Oe 1Se
1 AVGe ~30e1 -1362 Lol I 8L ¢7C
RIGHTYT €27 ¢ Oe Oe
LEFT €276 8 Oe Oe
2 AVGe -20e 0 -177 CSe SGe -0 02
PIGHT 4G Oe Ne
LEFT 4G, 2 Ce Oe
3 AVGe =306 90 =134 3 GO e 99 e e 04
RIGHT =788 2 Oe Oe
LEFT ~-748, 4 Oe Qe
4 AVGe =300 -13e3 82e €Re -10 69
RIGHT -12Z64F Oe A%
LEFT -122669 Oe 62,
S AVGe -3Ce O -13e32 €4, 49e ~3eR2
DIGHT -~184€4¢C Ce 4G,
) . ® ® ® ® ® ® ‘NALYS!S pESULTS FCF "FVPEF 2 L ® [ ] ° o ®
-~CISPLACEMENTS AND STRAINS-
NQODE SEG SECMENT END DISPLACEMENTS SFCTINN STRAINS
(MEMPFR CNNDRDINATE SYSTFW)
X =M Y=M R~M FLONGATTON CURP Ve
(I NCHE ) ({INCHES) (PACS)
1 ~-e 01067 e 00157 -eCOCER
LFFT -2 e54F ~-05
1 AVGe Re EEF=-06€
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RIGHT ~“1eX1E-05

2 -¢00812 -s02094 -0 00114
LEFT ~1e075-08
2 AVG,e 2e10E~05
PIGHT 2e 38E-0€
2 - 00€78 -e083220 -e 001 224
LEFY 2¢52E~CE
3 AVGe 1 e91E-05
RIGHT 1e¢1BE~0S
4 - 00525 ~el4128 -«¢00100
LEFT 1 e41E-0S5
4 AVGe SEe67E~0&
RIGHT 1692E-08
L] e 000CO -e 17286 -e CCCOO

—-FORCES AND SECTION PFOPERTIE S=

SEGMENT SEGMENT FOPCES SEGMENT AREA CENTER
STYTIFFNESS REBUCTY ICN il
GRAVITY
AXTAL S+EAR VCMENY -AE~ -EI- CRUSHED
(KIPS) (K1IPS) (IN-X) (PFRCENT CRACKEL ( IN)

OF INITIAL) (PFRPCENT)

LEFT -1%845,9 Oe €7

1 AVGe -13,32 Z28e 0 €4, 43, 5008
RIGHT -8734% Ce 49,
LFFT -E73e% Oe &,

2 AVG, -133 2260 24, 7% ~1s7S
RIGHT 181,82 Oe Oe
LEFT 182,44 Oe Oe

I AVGe -1363 1400 ESe 77 1,70
RIGHT 85349 Oe 313,
LEFT . 8F 441 Oe 48,

4 AVG. -l303 5.0 56. 450 4690
RIGHT 11€4,1 Oe S4,
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FIGURE B.1 TYPICAL REINFORCED CONCRETE FRAME
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TEMPERATURE - FAHRENHEIT

1800 |-
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(SEE FIG. B.3)
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FIGURE B.4 TEMPERATURE HISTORTES FOR TYPICAL BEAM
SEGMENT IN FIRE ZONE 1

B-41



PLANE OF SYMMETRY

Y

A\ Y

TEMPERATURE
IN DEGREES
FAHRENHEIT

1400

1200

1000

800
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FIGURE B.6 TEMPERATURE HISTORY FOR BEAM AND COLUMN SEGMENT
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FIGURE B.8 BENDING MOMENT DIAGRAMS FOR FRAME
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HORIZONTAL REACTION
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FIGURE B.9 SUPPORT REACTIONS
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APPENDIX C - LISTING OF FIRES-RC IT

***************************

The following listing is the operational version

of the computer program FIRES-RC II as of July,

1977. Although the program has been tested, no

warranty is made regarding its accuracy or relia-

bility, and no responsibility is assumed in this
respect.

* Ok % F %k % N % ¥ ¥ *
* % ok F ¥ Kk ok * ¥ b *

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
»*»
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FIRES=RC2 1 PROGRAM FIRERCZ(INPUT,OUTPUT.DUNCH,TAPEI.TAPEZ,TAPEJ,TAPEQ.TAPEIl=
FIRES-RC2 2 'llNPUT,TAPE12=OUTPUT,TAPEIS=PUNCH)

FIRES~RC2 3 ¢

FIRES-RC2 4 ¢

FIRES~RC2 s C FIRES-RTC 11

FIRES-RC2 6 C

FIRES-RC2 7 ¢ AUGUST 1976

FIRES-RC2 8 ¢

FIRES-RC2 9 ¢ UNIVERSITY OF CALIFORNIA - BERKELZY

FIRES-RC2 10 ¢

FIRES-RC2 11

FIRES~RC2 12 ¢ PROGRAMMED BY

FIRES~-RC2 13 ¢ Re IDING

FIRES~RC2 14 ¢ Be BRESLER

FIRES-RC2 15 ¢ Ze NIZAMODDIN

FIRES-RC2 16 ¢ .

FIRES=-RC2 17 ¢

FIRES-RC2 18 ¢ PROGRAM  #FIRERC2% DETERMINES THE STRUCTURAL RESPONSE OF PLANAR
‘FIRES~-RC2 19 ¢ REINFORCED CONCRETE FRAMES TO FIRE CONDITIINSe IT 1S BASED ON £
FIRES-RC2 20 ¢ NON-L INEAR METHOD OF ANALYSIS WHICH USES A STEP BY STEp TIME~-LOAD
FIRES-RC2 21 ¢ INCREMENTAL TECHNIQUEs NONLINEAR MATERIALS wITH TEMPERATURE -
FIRES~-RC2 22 ¢ DEPENDENT STRESS-STRAIN LAWS, AND TEMPERATURE-DEPENDENT CREEP,
FIRES~RC2 23 ¢ SHRINKAGE AND THERMAL EXPANSION MODILS AS WELL AS CRACKING
FIRES~-RC2 246 ¢ AND CRUSHING OF CONCRETE ARE CONSIDERED IN THE ANALYSIS
FIRES-RC2 25 ¢

FIRES~RC2 26 ¢ .

FIRES-RC2 27 COMMON /TAP/ HEC(10), ITEMP1, I TEMP2 ,1SEGL yISEG2,NIN, NOUT, NPUNCH
F1RES-RC2 28 COMMON /DYN/ NDT,NSTJRE.NCMAX,NSMAX,NCONTL,NSTLTL.XSYSTM,IMEMB,ITO
FI1RES~-RC2 29 1TAL,ITAPE

FIRES~RC2 30 COMMON /BLK1/ NJ¢NMyNBT g NJI3, MAXBAN , NCRP 5,NCRPC yNSHR I NK , NC ONV
FIRES-RC2 31 COMMON /DIML/ NIyN23N3, NG, NS NS N7 N8B yNDyN10,NT1,N12

FIRES-RC2 32 COMMON /DIM2/ 10.11.12,13'l4.IS,LCARD,NCARD,ISTART.LCOD,TlME.ERQ(J
FIRES-RC2 33 1),Ix(3),0T

FIRES~RC2 34 COMMON /CARD/ I[READ(80)

FIRES—-RC2 35 CCMMON Cl 10000)

FIRES~RC2 36 INTEGER OPT

FIRES-RC2 37 ¢

FIRES~RC2 38 ¢ .

FIRES-RC2 "~ 39 ¢ DEFINE AND REWIND STGRAGE FILES

FIRES-RC2 40 ¢

FI1RES-RC2 a1 10 ITEMP) =}

FIRES~RC2 42 REWIND ITEMP}

FIRES~RC2 43 ITEMP2=2

FIRES-RC2 44 REWIND ITEMP2

_FIRES-RC2 45 I1SEG1=3 )

FIRES~RC2 a5 REWIND ISEGL

FIRES=-RC2 a7 [sEG2=4

FIRES—-RC2 ag REWIND ISEG2

FIRES-RC2 49 ¢

FIRES-RC2 S0 C DEF INE INPUT/OUTPUT FILES

FIRES~RC2 st ¢

FIRES-RC2 €2 NIN=11

FIRES—-RC2 53 NOUT=12

FIKES-RC2 sS4 NPUNCH=13

FIRES~RC2 85 ¢

FIRES-RC2 56 ¢ INITIALIZE ANALYSIS INDICATORS TO DEFAULT CONDITIONS

FIRES~RC2 57 C

FIRES-RC2 58 NSTORE=10000

FIRES~RC2 s 1TAPE=0

FIRES-RC2 60 INT=]

FIRES-RC2 61 INS=2

FIRES~RC2 €2 M3s5=3
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’

FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
£ IRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
F IRES-RC2
FIRES-RC2
‘FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RZ2
F IRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES~RC2
F IRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
EIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RCZ
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2

63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
8s
86
a7
88
89
90
91
92
93
94
SS
96
$7
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

ARNOAOAN

(s M a Xl

000

(a2 Na}

[a W ala] [ ale])

[N aNe]

20

30

40

S50

oPT=64
10T=5
NCMA X=1
NSMAX=0
NCRPS=0
NCRPC=0
NSHRINK=0

READ PROBLEM HEADING
READ (NIN,380) HED

WRITE PROGRAM NAME
WRITE
wWRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

(NOUT ,3€0) .
(NOUT, 370)
{NOUT ,390)
(NOUT 4400)
(NOUT 4,410}
(NOUT ,420)
(NOUT ,430)
(NOUT 4,440}
(NOUT,450)
(NOUT ,460)
(NOUT ,370)
(NOUT ,470)
(NOUT 4 370)
(NOUT 480

HED

ANALYSIS CONTROL ~ DEFAULT CONDITIONS - NO CREEP DR SHRINKAGE
TO MAKE USE OF NON~DSFAULT CONSIDERATIONS USE FOLLOWING CARDS
SHRINK - FOR SHRINKAGE IN CONCRETE
CONCRETE CREEP - FOR CREEP IN CONCRETE
STEEL CREEP - FOR CREEP I[N STEEL
READ (NIN,490)
J=IREAD(1)
K=IREAD(2)

IRE AD

CHECK FOR ANALYSIS CONTROL CARD OR, IF NONE, JOINT CONTROL CARD
IF (JeEQe12B) GO TO 70

IF (J-EQ.Z}B.AND.K.EQ.IOB) GO YO 40

IF (JeEQe3B) GO TO S0 .

I1F (JeEQe23BeANDeKsEQe24B) GO TO 60

IF (JeNEeS58) GO TO 30

WRITE (NOUT,580)

sTOP

ERFOR IN INPUT OF CONTROL CARDS

WRITE (NOUT,500) IRELAD

STOP
SET SHRINKAGE FLAG

NSHRINK=1
GO 70 290

SET CREEP IN CONCRETE FLAG

NCRPC=1 ¢




FIRES-RC2 125 . GO TO 20

FIRES-RC2 126 ¢
FIRES~-RC2 127 ¢ SET CREEP IN STEEL FLAG

FIRES-RC2 128 ¢

FIRES-RC2 129 60 NCRPS=}

FIRES-RC2 130 GO TO 20

FIRES-RC2 131 ¢ .

FIRES-RC2 132 70 CONTINUE

FIRES~RC2 133 ¢

FIRES-RC2 134 ¢ LABEL ING DF MATERIAL MODEL FUNCTIONS
FIRES-RC2 135 ¢

FIRES~RC2 136 WRITE (NDUT,S10)

FIRES-RC2 137 A=STRL (0)

FIRES-RC2 138 WRITE (NJUT,520)

FIRES-RC2 139 A=SSL{0)

FIRES-RC2 140 WRITE (NOUT,530) :
FIRES-RC2 14] IF (NCPPCeEQe0) B0,90

FIRES-RC2 142 80 WRITE (NOUT,S40)

FIRES-RC2 143 GO TO 100

FIRFS-RC2 144 90 A=CRPCL(0)

FIRES-RC2 145 ~ 100 WRITE (NOUT,550)

FIRES-RC2 146 IF (NCRPSeEQeO) 110,120

FIRES-RC2 147 110 WRITE (NDUT,540)

FIRES-RC2 148 GO TO 130

FIRES-RC2 149 120 A=CRPSL(0)

FIRES-RC2 150 130 WRITE (NOUT,560)

FIRES-RC2 151 IF (NSHRINKeEQsO) 140,150
FIRES-RC2 182 140 WRITE (NGUT,540)

FIRES-RC2 153 GO TO 160

FIRES-RC2 154 150 A=SHRINKL(O)

FIRES-RC2 155 160 WRITE (NOUT,S570)

FIRES-RC2 156 C

FIRES-RC2 157 ¢ DETERMINE THE NUMBER OF JOINTS
FIRES-RC2 158 ¢

FIRES-RC2 159 N=1

FIRES~-RC2 160 NJ=NUMBER (N, IREAD,NQUT) ) .
FIRES-RC2 161 IF (NJ.EQ:s0) GO TO 30

FIRES~RC2 162 WRITE (NOUT,370)

FIRES-RC2 163 ¢

FIRES-RC2 164 C DYNAMIC ALLOCATION OF SYSTEM STORAGE
FIRES-RC2 165 ¢

FIRES-RC2 166 NJ3=NJ*3

FIRES-RC2 167 N1=1

FIRES-RC2 168 N2=N1+NJ .
FIRES~-RC2 169 N3=N2+NJ

FIRES-RC2 170 Na=N3+NJ

FIRES-RC2 171 NS=N4+NJ

FIRES—-RC2 172 N6=NS+NJ3

FIRES-RC2 173 N7=N6+NJ3

FIRES-RC2 174 } NB=N7+NJ3

FIRES-RC2 175 N9=NB+NJ3

FIRES-RC2 176 N10=N9+25N 13

FIRES-RC2 177 N11=N10+NJ3

FIRES-RC2 178 N12=N11+NJ3

FIRES-RC2 179 ¢

FIRES-RC2 180 C “INPUT- READS IN YHE INPUT DATA THAT DEFINES THE PRCBLEM
FIRES-RC2 181 ¢

FIRES~RC2 182 CALL INPT (NIZ'C(NXD'C(NZ),C(NJ),C(NQ))
FIRES-RC2 183
FIRES-RC2 184
FIRES~RC2 185
FIRES-RC2 186

INPUT CONVERGENCE CRITER({A

ONnONn

LCOMX - MAXIMUM NUMBER OF ITEURAT IONS
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FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRZS-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES=-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FI1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
F IRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RCZ2
¢ IRES-RC2

187
188
189
190
191
192
193
194
195
196
137
168
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
261
242
243
244
245
246
247
248

aOnNno

2N X3l

PN R NaRaNaRanananalaXaaRaRaNaNe e Ne sl AN OO

170

180

ERP ~ CONVERGENCE LIMIT FOR OUT-DF-BALANCE FORCES

NCARD=0

WRITE (NOUT,630)}

WRITE (NOUT,370)

WRITE (NOUT,E90)

WRITE (NOUT,370)

READ (NIN,600)} LOOMX,ERP(1),ERP(2),ERP(3)
IF (LDOOMX.EQe0) LOOMX=1

IF (ERP(1)eL.Te0¢0000001) ERP(1)=0,01
IF (ERP(2)eLTe0s0000001) ERP(2)=0s01
IF (ERP(3)eLTe 000000001} ERP(31=0e01
ERRX=ERP(1)

ERRY=ERP( 2)

ERQM=ERP(3)

DO 170 I=1,+3

IF (ERP(1)olLTe0e¢00000001) ERP(1)=06,01
WRITE (NOUT,610) ERP(1),ERP(2),ERP(3I)
WRITE (NOUT,620) LOOMX

MDT=~1

BEGINNING OF LOOP FOR EACH TIMZ

CONT INUVE
MOT=MDT +1

LABEL PAGE FOR BEGINNING OF TVIME STEP
WRITE
WRITE
wRITE

(NOUT,,€30)
{NOUT 4370)°
(NOUT €40) HED

STEP CONTROL PARAMETERS

NOT - STEP SEQUENCE NUMBER MUST START W#ITH A
FOR NDT=0 DT IS THE

DT - TIME STEP INTERVAL,
INITUIALIZATION TIME

10 -~ INDICATES THE NUMBER'OF JOINTS AT WHICH

1S APPLIED DURING THIS TIME STEP
1t -
ARE RESET DURING THIS TI4E STEP
INDICATES OUTPUT OPTIONS FOR PRINTING
0 - SYSTEM AND MEMBER DATA
1 - SAME AS 0 wITH THE -ADDITION OF

12 -

INDICATES THE NUMBER OF JOINTS AT WHICH

ZERD
RELATIVE
AN INCREMENTAL LOAD

AOUNDARY CONDITIONS

SEGMENT STRESS

DISTRIBUTIONS AND CRACKING AND CRUSHING PATTERNS
2 - SUBSLICE TEMPERATURES ARE ALSO PRINTED

13 -

0 = NO PUNCHED QuUTPUT

1 — SYSTEM AND MEM3ER DATA TO B8E PUNCHED

INDICATES THE OUTPUT OPTIONS FJk PUNCHING

2 - SAME AS 1 WITH THE ADDITION OF SPECIFIED STRZSSES
LABEL - 3 CHARACTER ALPHA-NUMERIC LABEL FOR PUNCHED DATA

READ ONLY AT INITIAL

STEP AND THEN SET ¥0O LCARD

14 - INDICATES THE DESIRE FCR INTERMEDIATE OUTPUT

0 - NO INTERIMEDIATE QUTPUT
1 - SYSTEM DATA

2 - SYSTEM DATA AND MEMBER DATA
3 - SYSTEM DATA, MEMHBER DATA,

AND SCGMENT DATA

15 — INDICATES THE DESIRE FOR SPECIAL PUBL ISHABLE FCRMAT

0 — NORMAL OUTPUT
1 - SPECIAL FORMAT QUTPUT
ERP(1) — INDICATES A CHANGE I[N CONVLRGENCE LIMITS FOK

THIS TIME STEP

C-5




FIRES-RC2 249 ¢ 3 0e0 ~ NO CHANGE FROM LIMITS SPECIFIED IN INPUT DATA
FIRES-RC2 250 ¢

FIREsS-RC2 25) READ (NIN,650) ISTEP,NDT.DY,lO,ll,IZ,l3,LABEL.l4,IS.EPP(l).ERP(Z),
FIRES-RC2 2s2 1ERP(3)

FIRES-RC2 253 IF (ISTEP,NEJAHSTEP) GO TO 220

FIRES-RC2 254 ¢

FIRES-RC2 2SS LCOR=0

FIRES~-RC2 256 IF (ERP(I)-LT.O.OOOOOOloAND.ERD(2)-LToOoOOOOOOl.ANDoERP(J)-LT.O.00
FIRES~RC2 257 100001) GO TO 190

FIRES-RC2 2s8 WRITE (NOUT,660) ERP( 1) 4ERP(2) ,ERP(3)

FIRES-RC2 259 GO TO 200

FIRES-RC2 260 190 ERP(1)=ERRX

FIRES-RC2 261 ERP(2)=ERRY

FIRES~RC2 252 ERP(3)=ERRM

FIRES-RC2 263 200 IF (MDT.NEsO) GO TO 230

FIRES~-RC2 264 IF (NDTWNE.0) GO TO 220

FIRES-RC2 265 LCARD=LABEL

FIRES-RC2 266 IF (LCARDGEQs3H } LCARD=3HFRC

FIRES-RC2 267 C

FIRES-RC2 268 TIME=DT+1,0E-10

FIRES~RC2 269 WRITE (NOUT,670) TIME

FIRES-RC2 270 WRITE (NOUT,370)

FIRES-RC2 271 ¢

FIRES-RC2 272 ¢ ~INITIAL- INTIALIZES THE SYSTEM FOR TIME=DT AT NDT=0
FIRES-RC2 273 ¢

FIRES-RC2 274 ISTART=ISYSTM

FIRES-RC2 275 DO 210 M=1,NM

FIRES-RC2 276 CALL DYNDIM (INT,M)

FIRES-RC2 277 210 CONTINUE

FIRES-RC2 278 GO TO 270

FIRES-RC2 279 ¢

FIRES-RC2 280 ¢ ERFOR FOUND IN INPUT - PROGRAM RUN TERMINATED
FIRES-RC2 281 ¢

FIRES-RC2 282 220 WRITE (NOUT,680)

FIRES-RC2 283 WRITE (NOUT,690) Mor.xsrsp,NDT,or.xo,xl,12,13,LABEL.14.Is
FIRES-RC2 284 sToP : )

FIRES-RC2 285 ¢

FIRES-RC2 286 ¢ DETERMINE TIME STEP AND CALCULATE CURRENT TIME

FIRES-RC2 287 ¢

FIRES~-RC2 2g8 ¢ IF TIME STEP LENGTH 1S NEGATIVEZ END STEP-BY~-STEP SOLUTION
FIRES-RC2 289 ¢ AND GO TO THE NEXT DATA CASE

FIRES-RC2 290 ¢

FIRES-RC2 29} 230 IF (MDTeNEWNDT) GO T3 220

FIRES-RC2 262 IF (NDTeNEel) GO TO 240 -

FIRES-RC2 293 IF (DTeLE4040) GO TO j0

FIRES~RC2 294 SOT=DT

FIRES-RC2 295 GO YO 250

FIRES~-RC2 236 240 IF {DTeLToDe0) GO TO 10

FIRES~-RC2 297 IF (DTeEQe0e0) DT=SDT

FIRES-RC2 268 SOT=DT

FIRES-RC2 299 250 TIME=TIME+DT

FIRES-RC2 300 ¢

FIRES-RC2 301 WRITE (NCUT,700) NDT, TIME

FIRES-RC2 302 WRITE (NOUT,370)

FIRES-RC2 303 ¢

FIRES-RC2 304 ¢ ~INSTEP- INITIALIZES TIME STER AND PROCESSES NECESSARY INPUT
FIRES-RC2 305 ¢

FIRES-RC2 306 ISTART=1ISYSTM

FIRES-RC2 307 00 260 M=1,NM

FIRES-RC2 308 CALL DYNDIM (INS,M)

FIRES~RC2 309 260 CONTINUE

FIRES-RC2 310 ¢
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FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F IRES-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
£ IRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
F IRES~RC2
FIRES-RC2
 FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
F IRES-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
"FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F IRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F IRES-RC2
FIRES-RC2
F IRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRZS~RC2
FIRES-RC2

311
N2
313
314
318
316
317
318
319
320
321

322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
3490
341

342
343
344
345
346
347
348
349
350
351

352

3E3
354
355
356
357
358
359
360
361
362
3€3
3¢a
365
366
367
368
369
370
371
372

000 0o0n

NnoOoO [eRaNaNs]

[aNaNs)

nnon

270

280

290

300

320

330

. REVERSE FILE ASSIGNMENTS FOR FILES ISEG AND 1 TEMP

M=] TEMP1

ITEMP1=ITEMP2

1 TEMP2=M
M=ISEG1

ISEG1=1SEG2

ISEG2=M
~JOUT AND 10UT- PRINT INTERMEDIATE JOINT, MEMBER, AND SEGMENT DATA
IF (14+GEol) CALL JOUT {CINS),CIN6)CINT),CINB),C(NG),C(NIO),CIN11
1),C(N12)gNJ3,L.00P,TIME|NDT,1)

1€ (14.LTe2) GO TO 290

I START=ISYSTM

DO 280 M=1,NM

CALL OYNDIM (10T ,M)

CONTINUE

BEGINNING OF LOOP FOR EACH ITERATION

CONTINUE
LOOP=L00P+ 1

NCONV=0

REWIND ISEGI
REWIND ISEG2

~-MEMBERS~ CALCULATES TANGENT STI1FFNESS AND INTERNAL FCRCES FUR TnE
PRESENT CONFIGURATION AND TEMPERATURE DISTRIBUTION

I START=1SYSTM

DO 300 M= 1,NM

CALL DYNDIM (M3S,M)
CONTINUE

REVERSE FILE ASSIGNMENTS FOR ISEG

M=1SEG1
[SEG1=1SEG2
ISEG2=M

—JOUT AND IOUT~ PRINT INTERMIDIATZ JOINT, MEMBER, AND SEGMINT UATA

IF (14¢GEe1) CALL JOUT (CUNS),CIN6Y,CINT) CIN3),CINTG),CINIO},CUNLL
11,CIN12),NJ3,L00P, TIME,NOT,2)
IF (I14eLTo2) GO TO 320
ISTART=ISYSTM

DO 310 M=1,NM

CALL DYNDIM (10T, M)

CONT INUE

CHECK FOR CONVERGENCE

IF (NCONVeEQs Os ANDo LOOPeNEe1) GO TO 340
IF (LODPJLEL.ODMX) GO TO 330

WRITE (NJOUT,710) NCONV

GO TO 340
CONTINUE
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FIRES-RC2 373 ¢ . SOLVE FOR STRUCTURAL JOINT DISPLACEMENTS AND GD TO NEXT LoQOP
FIRES-RC2 374 ¢

FIRES-RC2 375 CALL BANDEC (C(NlZ),C(Nll),NJJ,MAXBAN.I,NJ3,MAX8AN.1)
FIRES-RC2 376 C

FIRES-RC2 377 ¢ —JOUT~ PRINTS INTERMEDIATE JOINT DATA

FIRES-RC2 378 ¢

FIRES~RC2 279 IF (I44GEe1) CALL JouT (C(NS),C(NG),C(N7).C(NB),C(NG),C(NIO).C(NIl
FIRES-RC2 380 l),C(Nl?l'NJB'LDOP,TIME,NDT'B)

FIRES-RC2 381 ¢
FIRES~RC2 382
FIRES-RC2 383 ¢

0

RETURN FDR MNEXT EQUILIBRIUM ITZRATICGN

FIRES~-RC2 324 GO TN 290
FIRES-RC2 385 C

FIRES-RC2 386 340 REWIND ITEMP]

FIRES-RC2 387 REWIND ITEMP2

FIRZS-RC2 388 REWIND 1SE561

FIRES-RC?2 3499 REWIND [SEG2

FIRES~RC2 390 C

FIRES~RC2 391 C —OUTPUT~ PRINTS THE SOLUTION FOR THIS TIME STEP
FIRES~RC2 392 C

FIRES-RC2 393 ISTART=1SYSTM

FIRES-RC2 394 DO 350 M=1,NM

FIRES-RC2 395 CALL OYNDIM (OPT,M)

FIRES~RCZ2 396 350 CONTINUE

FIRES-RC2 397 ¢

FIRES-RC2 398 ¢ PRINT NUMBER OF ITERATIONS NESDED FOw CONVERGENCE
FIRES-RC2 3¢5 ¢

FIRES-RC2 400 LOOP=LOOP -

FIRES~-RC2 401 WRITE (NOUT,720) LOOP

FIRES~RC2 4902 ¢

FIRES-RC2 403 ¢ RETURN FOR NEXT TIME STEP
FIRES~RC2 404 C

FIRES-RC2 405 GO TO 180

FIRCS-RC2 406 ¢

FIRES-RC2 407 ¢

FIRES—-RC2 408 C

FIRES-RC2 409 ¢

FIRES-RC2 4310 360 FOFMAT (1HG6,3(/))

FIRES~-RC2 411 370 FORMAT (1X,61(1H%))

FIRES-RC2 41, 380 FORMAT (10A6)

FIRES-RC2 413 390 FORMAY {(//7/77X,48HFFFFF | RRR2IR EZIEEZ Ss58S88 RRRRR cccce I1¥1L 1)
FIRES-RC2 414 400 FORMAT (7X448HF I R R E S R 2 C C I 1)
FIRES-RC2 4315 410 FORMAT (7X,48HF I R R E S R R C [ S
FIRES-RC2 416 420 FORMAT (7X,4BHFFF I RRRRR E=g $5355 == RRARFQ ( I 1)
FIRES-RC2 417 430 FORMAT (7X,48HF I R R g S R R C 1.1
FIRES~-RC2 418 440 FOFMAT (7X,48HF I R R E S 2 R C [ 1 1)
FIRES~-RC2 419 450 FORMAT (7X,48HF I R R EEEEE $S$SsS5 R R cCCccc Lilllrzrz)
FIRES—-RC2 420 460 FORMAT (4X,53H4 STRUCTURAL ANAL YST S PROGRAM FOR REINF CACTD CONCHE T
FIRES-RC2 42} LE/Z4X,S0HMEMBERS AND FRAMES SU3JECTED 73 A FIRE ENVILﬁNWENT///X&X,)
FIRES~RC2Z2 422 25HF E B R U AR Y 1 S 7 6/77)

FIRES-RC2 423 470 FOFMAT (/779X ,44H ° . . . . TITLE GF RUN . ° ° . e/ X,
FIRES~RC2 424 10A6/7)

FIRES~RC2 425 480 FOFMAT (//9X,44H . . ANAL YSE S CONSIDERATIONS ° . 0 )
FIRES-RC2 a2¢ 490 FOFMAT (80RY)

FIRES-RC2 427 S500 FORMAY (///34H INPUT ERROR - PROGRAM TERMINATED/ /1 X, R0R] )
FIRES-RC2 428 S10 FOLMAT (/33HM CONCRETE STRESS-STRAIN LAW ~ )

FIRES-RC2 429 £20 FORMAT (/33K STESL STRESS—-STRAIN LAW = )

FIRES-RC2 430 S30 FORMAT (/33K CONCRETE CREZEP MO0LL = )

FIRES-RC2 431 540 FORMAT (1H+, 32X, 144NDT CONSIDERED)

FIRES~RC2 432 550 FOAMAT (/33H STEEL CREEP MODEL -

FIRES~RC2 433 S$60 FORMAT (/33H CONCRETE SHRINKAGE MOD& . - )

FIRES~-RC2 434 570 FOFMATY (//)
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FIRES~RC2
FIRES-RC2
FIRES=-RC2
FIRES~-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~-RC2
FIRES—-RC2

FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F IRES—RC2
F1RES-RC2
FIRES-RC2
FIRES~-RC2
F1RES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

43s
436
437
438
439
440
441
442
443
aaa
445
446
447
448
449
450
as1
as52
453
FY-7Y
458
456
4s7
458

459
460
461

462
463
464
465
466
467
468
469
470
aT

472
473
474
47s
476
477
478
479
480
481

Ag2
483
a8a
485
486
ag?
488
489
490
491

ANOOONHO

nonon

Nnoon

580" FORMAT
590 FORMAT
600 FOFMAY
610 FOFMAT
119H
2 MOMENT =
620 FORMAT (//2X451H
1 ,16})
630 FORMAT
€40 FORMAT
650 FORMAT (A4,16,F10e0,815,2XyA3,215,3F53)
660 FORFMAT (/56H FOR THIS TIME STZP ONLY, CONVERGENCE LIMITS CHANGED
1TO/2Xy THERP (1) =,F10s5,10H, ERP(2)=3F10e5910H, ERP(3)=4F10e5/)
670 FORMAT (/10X,31H PROBLEM INITIALIZED AT TIME F10e47)
680 FORMAT (56(/)48H ——=——=== INPUT ERRPR - PROGRAM TERMINATED-=-—=—=-- }
€90 FOFMAT (/7324 ERRQOR IN TIME STEP CARD NUMBER ,16//71Xy3A8y) [€E4F1005,4
115,2%X4A3,2185})
700 FORMAT {(/3X4e109H
1 HIURS/)

710 FORMAT (//1X,10{1H*),356H ANALYSIS HAS NOT CONVERGED, NCONV =,I4,1X
1,9(1H%}/7)

720 FORMAT (//110,50H ITERATIONS PERFORMED IN ORDER T2 FIND EQUILIBRIUV
IM/20X,21HWITHIN THIS TIME STEP)

(776X, 10HEND OF RUN)

(r7723%X416HCONVERGENCE DATA///)

(1593E10e0)

(/7/78X946H PERMISSIBLE ERROR FIR OUT-OF-3ALANCE FORCES/8X,
AXIAL FORCE = F13e5/8X¢919H SHEAR FORCE = 4F13e5/8Xy 1GH
+F13e5)

MAXIMUM NUMBER OF ITERATIONS FOR A TIME STEP =

(1H6,6(7))
(/1X410A6)

TIME -STEP NUMBER 31643X¢13H AT A TIME OF,F10e4,€H

END
SUBKOUTINE INPT (NTOTALsX,Y,I18C,JS)
SUSROUTINE *INPT* ORGANIZES INPUT CATA — ESPECTALLY THE

GEOMETRIC DESCRIPTION OFf THE RZIINFORCED CONCRETE FRAME AND THE
SUBSTRUCTURING OF THE MEMBERS

*

DIMENSION PLM(4,4),
COMMON /ZKRAKP/ AP(4)
COMMON /TAP/ HED(10), ITEMP1,ITEMP2,ISEG], ISEG2,NIN,NCUT;NPUNCH
COMMON /DYN/ NOT yNSTORE yNCMAX;NSMAX yNCONTL yNSTLTLy ISYSTM, IMEMS,1T0
1 TAL, ITAPE .

COMMON 7BLK1/ NJyNMyNBC,NJ33MAXBAN,NCRPSyNCRPC,NSHR INKy NCONY
CCMMON /CARD/ IREAD(80) -

COMMON /MEMB/ NNSEG{75)

CGMMON C( 1)
DIMENSION X{1),

SN(4) °

Y(1), IBCC1), JIS{1), MSEG(6), SEGL(6)

WRITE TITLE TO PAGE
WRITE
WRITE
WRITE
WRITE
wRITE
WRITE

(NOUT ,220)
(NOUT,230)
(NOUT, 240)
(NOUT ,230)
(NOUT ,,250)
(NOUT 4 260)

NJ -

READ IN JOINT DATA ~— X AND Y CODRDINATES - 18C BOUNDARY DATA

NBC=0
DO S0 1=1,NJ

.




'

FIRES-RC2 492 " READ (NIN,270) JeX(I),¥Y(I),18C(1)

FIRES-RC2 493 ¢
FIRES~RC2 494 ¢ CHECK FOR PROPER SEQUENCING OF THE JOINT DATA
FIRES-RC2 455 ¢

FIRES-RC2 496 IF (IeEQeJ) 20,10

FIRES-RC2 497 10 WRITE (NOUT,280)

FIRES-RC2 a9a8 WRITE (NOUT,290) TedoX(CI),Y(Ud,IBCCT)
FIRES-RC2 499 sTop

FIRES-RC2 500 ¢

FIRES-RC2 501 20 CONTINUE

FIRES-RC2 S02 NX=10H

FIRES-RC2 503 NY=10H

FIRES-RC2 504 NR=10H

FIRES-RC2 S05 ¢

FIRSES-RC2 S06 C DETERMINE SUPPORT CONDITIONS AND SET INDICATORS
FIRES-RCZ2 S07 <C .
FIRES~RC2 S08 DECODE (10,300,IBC(I) )iIx,1v,IR

FIRES-RC2 SC9 IF (IXoEQel) NX=10rRESTRAINED

FIRES-RC2 s10 IF (IYeEQel) NY=10HRESTRAINED

FIRES-RC2 £11 IF (IRWEQe1) NR=I0OHRESTRAINED

FIRES-RC2 sSt2 IF (IX+1Y+IR) 40,40,30

FIRES~RC2 513 30 NBC=NBC+1

FIRES-RC2 514 JSINBC)=1]

FIRES-RC2 815 ¢

FIRES-RC2 S16 40 CONTINUE .

FIRES-RC2 S17 WRITE (NOUT,310) IpXCI) e YT}y NXyNY,NR
FIRES-RC2 518 50 CONTINUE

FIRES~-RC2 S19 ¢

FIRES~RC2 520 ¢ READ MEMBER CONTROL CARD AND DETERMINE NUMBER OF MEMRERS
FIRES~-RC2 S21 ¢

FIRES-RC2 s22 . READ (NIN,410) IREAD

FIRES-RC2 €23 IF {IREAD(1)eNEL15B) GO TO €0

FIRES-RC2 s246 N=1

FIRES~-RC2 525 NM=NUMBER (N, IREAD, NOUT)

FIRES-RC2 626 ¢ ,
FIRES-RC2 s27 IF (NMoEQe0O) GO TO 50

FIRES-RC2 528 GO T0 70

FIRES-RC2 S29 60 WRITE (NOUT,320) IREAD

FIRES-RC2 530 sTopP

FIRES-RC2 €31 ¢ .

FIRES~RC2 8§32 70 CONTINUE

F1RES-RC2 €33 LSEG=0

FIRES-RC2 534 WRITE (NOUT,330) NM

FIRES-RC2 535 WRITE (NOUT ,340) :

FIRES~RC2 536 ¢

FIRES-RC2 537 ¢ INPUT DATA FOR EACH MEMSER =~ JOINTS MI AND MJ
FIRES-RC2 838 ¢ AND MEMBER SEGMENTATION TYPE AND LENGTH M3EG AND St GL
FIRES-RC2 S39 ¢

FIRES-RC2 540 NSEGTL =0

FIRES~QC2 S41 MAXBAN=O

FIRES-RC2 %a2 ISTORE=ITEMP)

FIRES-RC2 543 REWIND 1STORE

FIRES-RC2 ¢taa DO 160 M=} ,NM

FIRES-RC2 8545 READ (NIN,350) NolsJy (MSEGIK )y SEGLIK )4k =1,6)
FIRES~RC2 54¢ IF (NeEQeM) GO TU 90

FIRES-RC2 547 80 WRITE (NOUT,280)

FIRES-RC2 Sag WRITE (NOUT,360) MyNyIyJy (MSEGUIK) ySEGLIK) K=1,6)
FIRES-RC2 €49 sToP

FIRES~RC2 &850 90 CONTINUE

FIRES-RC2 55) IF (leGTeNJeORe JoGTeNJeUReIoEQed) GG TO a0
FIRES-RC2 552 MI=]

FIRES=-RC2 €53 UNEN) .




FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES~RC2
FIRES-RC2
FIRES—~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FI1RES=-RC2
FIRES—-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES—-RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
F IRES—-RC2

€54
558
556
557
5568
€59
S60
€61

€62
$63
S64
5€S
566
567
568
€69
570
571

572
573
574
575
576
s77
€78
579
580
581

582
583
584
585
£8¢
587
ses
589
590
S91

592
593
594
595
596
597
598
599
600
601

€02
603
604
605
606
607
608
609
610
611

612
613
614
615

Nno0o

[a g el [ Xa N

ann

s NaNaXal

100

110

120

130

140

160

170

180

_MB=IABS(1~J)

MB=3%(MB+1) ,

IF (MBeGTsMAXBAN) MAXBAN=MB

SUM=040
XY=SORT(IX(T)=X(J))*X2¢(Y(I)=-Y(J))*%2)

ODETERMINE LENGTH OF SEGMENTS IN SU3STRUCTURED MEMBER

L=0

L=bL+1

IF (LeGTe6) GO TO 110

IF (SEGL(L)+LEeDe0O) GO YO 110
SUM=SUMESEGL (L)

GO TO 100

IF (SUMeLEeO) GO TO 130

L=L~1

NSEG=L

DO 120 K=1,L

SEGL(K)=SEGL{K)*( XY/SUM)

GO TO 140

NSEG=1

SEGL(1)=XY

L=NSEG

00 150 K=1,4L

IF (MSEG(K)}eGT oLSEG) LSEG=MSEG(K)
CONTINUE .

WRITE AND STORE MEMBER DATA

WRITE (NOUT,370) MyeIl,J,(MSEG{K),SEGLIK) K=1,L)
WRITE (ISTORE) MI MJ, (MSEG(K) gSEGLIK) K=1,4L)
NNSEG(M}=NSEG

NSEGTL=NSEGTL+NSEG

CONTINUE

WRITE (NOUT,380) MAXBAN

NOTE STORAGE REQUIREMENTS FOR SYSTEM AND MEMBEK VARIAALES

ISYSTM=NTOTAL+MAXBANXNJJ3
IMEMB= ISYSTM4+33*NSEGTL~4%NM
WRITE (NOUT 390} ISYSTM, ISYSTM
WRITE (NOUT,400) IMEM3,IMEMB
WRITE (NOUT ,220)

WRITE (NOUT,230) ¥

READ SEGMENT CONTROL CARD AND DETEFMINE THE NUMBER OF SEGMENTS

READ (NIN,410) IREAD

IF (IREAC(1)eNZe23B) GO TO 60
N=1{

METY=NUMBER(N, IREAD,NOUT)

1F (METY.LTeLSEG) 170,180

WRITE (NJOUT,420) METY,LSEG
sToOP

WRITE (NOUT,430) METY
WRITE (NOUT ,230)

SET UP TEMPORARY STORAGE IN BLANK COMMON FOR THE INPUT OF
SEGMENT TYPE DATA
{ THE MAXIMUM MESH THAT MAY 83 INPUT IS AS FOLLOWS )




FIRES-RC2 616 ¢ CONCRETE SUBSLICES 400
FIRES-RC2 617 ¢ STEEL SuUBSLICES 100
FIRES-RC2 618 ¢ NODES IN FEM MESH 300
FIRES-RC2 619 ¢ ELEMENTS IN FEM MESH 300
FIRES~-RC2 €20 ¢ (TOTAL 4 STEEL+CONCRE TE)

FIRES-RC2 €21 ¢

FIRES-RC2 €22 M20=ISYSTM

FIRES~RC2 623 M21=M20+300

FIRES-RC2 624 M22=M21+300

FIRES-RC2 62§ M23=M22¢400

FIRES-RC2 626 M24=M23+400

FIRES-RC2 €27 M25=M24+100

FIRES-RC2 628 M26=M25+100

FIRES-RC2 629 M27=M26+4%300

FIRES~-RC2 €30 IF (M274LE'NSTORE) GO T0 190

FIRES-RC2 631 WRITE (NDUT ,450) M27

FIRES-RC2 €32 STOP

FIRES-RC2 633 ¢

FIRES-RC2 634 ¢ CALL SUBROUTINE SEGIN FOR INPUT OF SEGMENT DATA
FIRES~-RC2 635 ¢

FIRES-RC2 636 190 CALL SEGIN (METY,C(MZO)'C(MZI).C(MZZ).C(MZJ),C(MZA),C(MZS),C(MEG))

FIRES-RC2 637 ¢
FIRES-RC2 638 ¢ READ MATERIAL CONTROL CARD

FIRES~RC2 639 ¢

FIRES~-RC2 640 READ (NIN,410) IREAD

FIRES-RC2 641 IF (IREAD(1)eNEo158) GO 10 60’

FIRES~RC2 €42 WRITE (NOUT,220)

FIRES~-RC2 643 WRITE (NOUY,230)

FIRES~-RC2 644 WRIYE (NOUT,6440)

FIRES-RC2 645 WRITE (NOUT,230)

FIRES~-RC2 646 C

FIRES-RC? 647 READ PARAMETERS DEFINING MATERIAL PROPERTIES
FIRES~RC2 648 ¢

FIRES~RC2 €49 CALL MATLIN

FIRES-RC2 650 READ 460, NSP ,

FIRES-RC2 651 READ a70, (SN(I),AD(ll'l=l,G)

FIRES-RC2 652 IF (NSP4LEe1) GO TO 210

FIRES~-RC2 5653 PRINT ago, (SNC1),AP(1)y1=,N52)

FIRES-RC2 654 ¢ =====INTYERPDULATE TENSILE STRAIN SOFTENING CURVE
FIRES~-RC2 655 DO 200 f=)1,NSP

FIRES-RC2 656 PLM(l,1)=1,

FIRES~RC2 657 DO 200 J=2,NSP

FIRES-RC2 658 200 PLM(I'J)=PLM(I,J—I)*SN(I)

FIRES-RC2 659 CALL SOLEQ (FLMy AP, NSP, 4) "

FIRES-RC2 660 210 CONTINUE

FIRES-RC2 661 ¢

FIRES~-RC2 662 C READ CONVERGENCE DATA CONTROL CARD (DATA ACTUALLY READ IN SCLV)
FIRES-RC2 663 ¢

FIRES-RC2 664 ° - READ (NIN,410) [READ

FIRES-RC2 €65 ; IF C(IREAD(1)eNE, 35) GO TO 60

FIRES-RC2 666 C

FIRSsS-RC2 €67 ' RETURN

FIRES-RC2 668 ¢

FIRES-RCZ 669 ¢

FIRES-RC2 670 ¢

FIRES-RC2 671 220 FORMAT (1H6,6(/))

FIRES-RC2 €72 230 FOI MAT (1X)61(1HE))

FIRES-RC2 673 240 FOFMAT (7714Xy 32HGEOMETRIC DISCRIAMTICN OF PRIOBLEMZ 7))
FIRES-RC2 674 250 FORMAT (/777301 . o o JOINT DATYA -,14,22H JOINTS o
FIRES=RC? 675 1 o . 0«7/}

FIRES-RC2 670 260 FORMAT (52M  JOINT COORDINATE S BOUNDARY CONDITIANS /¢ 1
FIRES-RC2 677 IH NUMBER X A4 X=DIRECTICN Y=-DIRECTION ROTATICN)

C-12



FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES=RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

FI1RES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES5-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2

678
6798
€80
681

682
683
684
685
686
687
688
689
690
691

692
693
694
695
696
697
698
699
700
701

702
703
704
705
706
707
708
709
710
711

712
713
714
715
716
v
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734

. 600 FOFMAT (//2Xy€(2He

270 FORMAT (15,2F10s0,A5)

280 FOFMAT (6(/)52H —===w==- INPUT ERROR - PROGRAM TERMINAYEDw====m—===
1-)

290 FOFMAT (/748H ERROR IN JOINT INPUT -~ READING DATA FOR JOINT,IS5/19
1H DATA ON CARD WAS ,15,2G100,A5)

300 FORMAT
310 FOFMAT

(2X,31 1}

(/714,2X,FBel2XyFBaly1Xy3A12)

320 FORMAT (//734H INPUT ERRQR - PROGRAM TEFMINATED//1X,80R1)

330 FORMAT (6(/)4y31H ) e o . MZMBER DATA =,[4,23H MEMBERS o
1 ¢ o o o)

340 FORMAT (/7134 MEMB JOINT,12X23HSEGMENT TYPE AND LENGTH/62H

1 1 TO J TP LGYH TP LGTH TP LGTH T2 LGTH T2 LGTH TP LGTH)

FORMAT (31546(13,F70))

FORMAT (/7/16H MEMBER NUMBER ,1S,14H

FORMAT (/14,2X4213,2X,6(12,F6s1)).

FORMAT (/743H THE BANDWIDTH OF THE STIFFNESS MATRIX 1S 15)

FORMAT (//60H s o o o o o SYSTEM REQUIREVENT FOR BLANK COMMON o

le o o o7/712X,20HSIZE BLANK COMMON = ,I10,410H (DEC IMAL )/ 30X,y S5H=

2,07,8H (OCTAL))

NOe

350
360
370
380
390

INPUT WAS ,315,6(13,F702))

),46H SYSTEM AND MEMBER TOTAL REQUIREMENT o o o

1 o o/7712X,20HSIZE BLANK COMMGN = 5110,10H (DECIMAL )/ 30X, 5H= 27
248H (OCTAL))

410 FOFMAT (80R1)

420 FOFMAT (/7204 PRIOGRAM TERMINATED/1X,1S5,344 SEGMINTS SPECIFIED FCR

1 INPUT AND,16,18H SEGMENTS PE?U[RED)

430 FOFMAT (/7/8Xy27H CROSS-SZCTIONAL DATA —4,14,14H SEGMENT TYPRES
177

440 FORMAT (/724X,13HMATERI AL DATAZ/)

450 FOEMAT (/7/31H INCREASE BLANK COMMON SIZE TO 2 I5)

460 FOFMAT (IS)

. 470 FOFMAT (8F 10e0)

480 FORMAT (*TENS[LESTRA[NSOFTENINGCURVE*ISXGHSTRAIN.3X6HSTRE$S//(2E14
1¢5))
END

OADONONDADANOAD

SUEROUTINE SEGIN (NSEGTY,X,YyACeyYC,AS,YS54LM)

SUPROUTINE #SEGIN% INPUTS DATA FOR EACH SEGMENT TYPE

-Xy¥= NODAL COORDINATES

~AC,YC- CONCRETE SJBSLICE AREA AND DISTANCE FRCM REFERZINCE PLANE
—~AS,¥S5-~ STEEL SUBSLICES AREA AND DISTANCE FROM REFERENCE PLANE
~NSEGTY— NOe OF SEGMENT TYPES

~1SYM- INDICATES SYMMETRY OF [NPUT MESH A30UT X-AXIS

=ISEGTY~ SEGMENT TYOE NUMBER

COMMON /TAP/ HED(IO)'lTEMPl,lTEMPZ'XSEGl,ISEGZ'NIN,NGUT,NPUNCH
COMMCN /DYN/ NDT'NSTURE,NCMAX,NSMAX,NCONTL,NSTLTL,IbYSTM,iMEMB.lTO
1 TAL 4 I TAPE
DIMENSION Xx{1), Y(1), AS(1), YS({1}, LM(4,1)

AT(1),y YTOL),

{STORE=]SEGI
REWIND [STORE

.




FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—~RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES~RC2
FIRES~RC2
FIRES-RC?2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES~-RC2
FIRES-RC?2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRCS-RC2
FIRES-RC2
FIKES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES=-RC2
FIRES-RC2
FIRES-RCZ
FIRES~RC2
FIRES-RC?2
FIRES-RC2

738
736
737
738
739
740
741
742
743
744
745
746
247
748
749
750
751

752
753
74
755
756
757
758
759
760
761

€2
763
764
7€S5
766
767
764
769
770
771

772
773
774
775
776
777
778
779
780
781

782
783
7E4
785
786
787
788
789
790
791

792
763
794
795
79¢

[a's]

00N

NnOoon

(2N aW'e} [alN'e I's

NOAo

10

20

30

40

S0

60

70

80

90
100
110
120

LOOP OVER ALL SEGMENT TYPES

DO 360 NSG=1,NSEGTY

RE AD (NIN,370) IS,ISEGTY.ISYM,NUMNP'NELCON,NELSYL.ICG.YREF
L= (XS.EQ-XHS.AND.ISEGTY.EQ.NSG) GO 1O 20

WRITE (NOUT,380) NSG

STOP

CONTINUE

ARCONC =0,

ARSTL =0,

AlYC=0,

ALlYS=0,

L=1

IF (NUMNP.LE«0) GO TD 10

INPUT NODAL COORDINATES

READ (NIN,390) NyX{N),Y(N)
IF (NeGEeL) GO TO S0

WRITE (NUUT,400) Ny XIN),Y(N)
STOP

IF (No.EQeL) GO TO 70

IF (LeZQel) GO TO a0

WHEN NoGEol THE PROGRAM GENERATES INTERMEDIATE NODES AT INTERVAL S

OF DX AND DY

DIFF=N+1-L
DX={X(N)=-X(L=1))/DIFF
DY=(Y(N)-Y(L-1))/DIFF
X(LI=X(L-1)¢DX
YLI=Y{L-1)+DY

L=t +1

IF (NsGTsl) GO TO 60
L=L11}

1F (NelLTeNUMNP) GO TO
IF (NoNENUMNP) GO TO 40

INPUT DATA DESCRIBING THE ELEMENTS IN THE SYSTEM
NC=0

NS=0

NUMTOT=0

NELTOT=NSLCON#NELSTL

DO 180 N=1,NELTOT

IF (NUMTOT-N) 80490,%0

READ IN ELEMENT CARD

READ (NIN,410)
NUMTOT=NUM

IF (NeGToNELCON) NUMTOT=NUMENZLCLN
IF (NUMTOT.GT«NELTOT) GO TO 120

IF (NeEQs1) GO TO 110

NUM,K1,K2,K3,K4

SHIFT ELEMZNT DESCRIPTION ONE LOCATION

00 100 [=}1,4

LMOL yN) =LMOL ,N-1)+)

IF (NUMTOT-N} 120,130,140
CONT I NUE



FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
“FIRES-RC2
FIRES~RC2
FIRES-RC2
F IRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES~RC2
FIKES—-RC2
FIRES~-RC2
FIRES~RC2Z
FIRES-RC2
FIRES-RC2
FIRES-RC2

797
798
799
800
801

802
803
804
ao0s
806
807
808
80
810
811

812
813
814
815
816
817
818
819
820
821

822
823
824
825
a26
ez27?
828
829
830
831

832
833
834
a3s
e36
€37
838
839
840
sal

ea2
843
B8aa4
845
846
ea?
8as
849
B850
851

es52
853
es5a
€55
e56
es?
858

(s a2 N3l

(s NN

ann

* WRITE (NOUT,420) NUMgKL K2 ¢K3 K4

130

140

150

160

170

180

190

200

220

sSTOP
CONTINUE
LM{1,4N)=K1]
LM{2¢NI=K2
LM(3,N)=K3
LM(4a,N}=K&
CONTINUE

CALCULATE THE LOCATION OF THE ELEMENTS CENTER OF GRAVITY
Ce Ge CODRDINATES ARE XX AND YY

I=LM(14N)

J=L 4L 2,N)

K=LM{3,N} .

L=LM(4,N)

IF (KeEQeL) GO TO 150

ARL=(X(L)=X{JIIE(VITI=Y (IDI=(XCI)=XLIIIR(YLI)=YLLD)
YI=(Y(ID+Y( JDIeY(L))/ 30

ARZ= (X () =X (LI RCY (KI=Y (LI DI-(X{LI=X{KIIRLYILYI=-YIID)
Y2=(Y( ) +VIKI+Y(L)) /30

AR=AR1+AR2

YY=(Y1%AR1+Y2&AR2) /AR

GO TO 160

YY=(V(1)+Y(J)+Y(K))I/3e0 .

AR=ZIX(K)=X{ I XLY(LI=Y{ 1)) =(XC =X 1) IREYLII=Y LKD)
CONT INUE

IF (NeGTeNELCON)
NC=N

YC(NC)=YY

AC{NC) =AR
ARCONC=ARCCNC+AR
ALYC=ALYCHARKYYRYY
GO TO 180
NS=N-NELCON

YS(NS) =YY
ASINS)=AR
ARSTL=ARSTL+AR
AIYS=AIYS+ARKYYEYY
CONT INUE

GO TO 170

FOEM VECTORS OF SYMMETRICAL PART OF CROSS-SECTIODN
{F (IS5YM) 220,220,190 -
D3 200 1=1,NC
YC(NC+I)==YC(])
ACINC+I)=AC(T)

NC=2%NC

AIYC=20%A1YC
ARCCNC= 2+ ¥ARCONC

IF (NSeEQe0) GO TO 220

DO 210 1=1,NS
Y5(NS+1)=-YS(1)
ASINS+1)=AS(D)

NS=2%NS

AIYS=2oTAIYS

ARSTL =2+ *ARSTL

CCNT I NUE

SHIFT REFERENCE PLANE I¥ S0 SPECEFIZO

IF (ICG-1) 300,270,230




FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRE5~RC2
FIRES-RC2
FIRES-KC2
FIKES-RC2
FIRES-RC2
FIRES-RC2

859
860
861
862
g€3
864
865
866
867
868
869
870
871
872
373
e7a
875
876
877
878
879
880
881
882
83
884
8a8s
88¢
887
888
889
890
91
892
893
834
8¢5
89¢€
897
898
899
900
901
902
903
904
905
906
S07
908
909
$10
S11
912
G13
914
915
916
c17
G118
919
920

onon

[g]

230- XN=YREF

YCG=0e

IF (XNelLEW40e0) XN=140

DO 2490

I=1,NC

240 YCG=YCG+ACLI)%YC( )
IF (NSeEQa0) GO TO 260

DO 250

I=1,NS

250 YCG=YCGHXN*AS( I )*YS()
260 YRE:=YCG/(ARCCNC+XN*ARSTL)

270 AlIYC=0
00 280

YCLI)=YC(1)-VYREF

0
I=1,NC

280 AlYC:AIYC#AC(l)*YC(I)*YC(l)

AIYS=0

(3¢

IF (NS.EQe0) GO TO 300

DO 290

YS(1)=YS(1)-YREF

I=1,NS

290 AXYS=AIYS+AS(I)*YS(X)*YS(I)

300 CONTIN

QUTPUT

IF (NS
310 WRITYTE
GO 1O
320 WRITE
330 WRITE
WRITE
WRITE
WRITE
WRITE

VE

G-1)
(NOUT ,430)
330

(NOUT,440)
{NOUT ,450)
{NDUT,470)
(NOUT ,460)
{NQUT ,4£80)
(NQUT, 500)

IF {(NELSTLeEQ,0)

WNRITE

(NDUT,450)

NN=NELCON+1

WRITE
340 CDNTYIN

WRITE

WRITE

WRITE (NOUT,530)

WRITE
IF (NS
WRITE
WRITE
WRITE

350 ARTOT=ARCONC#+ARST

Aly=AJ
WRITE
WRITE
WRITE
WRITE
IF (NC
IF (NS

(NOUT,S500)
UE

(NOUT ,S510)
{NOUT,520)

(NOUT ,540)

(NOUT ,550)
{NDUT,530)
{NOUT ,54))

YC+AIYS

(NOUT ,560)
(NDUT,570)
(NOUT ,580)
{NOUT 4590)
e GT o NCMA X )
o GToNSMAX )

310,310,320

NSG

(l,X(I)yY(I),I:l.NUMNP)

(I.LM(l,l),LM(Z,I),LM(3,I),LM(4,[).]=I,NELCON)

G3 70O 340

(X,LM(I,I),LM(Z,[)KLM(B,I).LMIQ,[),I:NN,NFLTOT)

(I,AC(!),YC(I),I=1,NC)
«EQe0) GO TO 350

(I,AS([).YS([),I=1,NS)

L

ARCONC Al YC

ARSTL,AlYS
ARTOT,AlY
NCMA X=NC
N3 MAX= NS

WRITE (ISTORE) NC,yNS

WRITE
LyI=1,yN
360 CONTIN
RETURN

(ISTORE)
S)yISym
VE

(AC(I)'I=1,NC),(YC(X),I

370 FOEMAT (A146X,13,515,F10.0)
380 FOUWMAT (30H CONTROL CARD ERROR IN SEGMENT,I3)

=11NC),(AS(I),1=1.NS),(YS(I)



FI1RES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRSS—-RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2

FIRES-RC2
FIRES-RC2
F IRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES—RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
F IRES=-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRZS-RC2
FIRES-RC2
F IRES—RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES~RC2

921
922
923
924
925
$26
927
928
929
930
931
932
933
934
935
G 36
937
S38
939
940
941
942
G43
944
945
946
S47

S48
949
950
951
52
$53
954
955
SS56
957
958
959
960
961
962
S€E3
S64
965
966
967
868
969
970
S71
972
$73
S74
975
S76
977

onoOon

NnOOON

390 FORMAT
400 FOFMAT

([552E10e0)

(S(/1,51H =~ - — PROGRAM TERMINATED ~ NDDE INPUT ERROR =- -

1=3771X415,2F10e4)

410 FORMAT
420 FORMAT

(615)

(5(/1450H =~ =~ ~ = PROGRAM TZRMINATED - ELEMENT INPUT ERROR

19/71%,515)

FOFMAT
FOFMAT
FOFMAT
FOF MAT
FORMAT
FORMAT
17}

490 FORMAT
17

FORMAT
FOIMAT
FORMAT
FORMAT
FORMAT
FOFMAT
FORMAT

430
440
450
460
470
480

500
10
S520
$30
540
550
S60

(/711¢2H =)y 18HSEGMENT TYPE NOo 1,00(2H =)777)

(1H1,11(2H =), 16HSEGMENT TYPE NJel12,110(2H =)2/7)
(18X27THFINITE ELEMENT IDEALIZATION /75X, 18H~-NODAL PCINTS~/)
(3(14,2F8e3,1X)1}
(IXAHNODE3XIHX7XIHY,2(5X4HNODE3X1HX7X1HY)/)

(7773 EX19H~-CONCRETE ELEMINTS-,//3(21H ELEM I J K [}
(777 ,SX19H-STEEL ELEMENTS- y/773(21H ELEM 1 J K L)
(3(S514,1X))

(77718X, 26HCFOSS~SECTION I1DEALIZATICN/Y)

(/7 410X 443HAREA AND CENTROID OF EACH CONCRETE suBSLICZ/)
(3(21H ELEM AREA Ye )/)

(3({14,2FBe2,1X))

(7710X,43HARKEA AND CENTROID OF EACH STEEL SUBSLICE /)
(/77718X26HCRISS SECTIONAL PROPIRTIES,//y25XK4HAREA3 XL 7THMCME

INT OF INERT1A/)

S70 FORMAT

£80 FOFRMAT

590 FORMAT
ENOD

(SX,9H CONCRETE ) 3XFCaly6XyFBel)
(5X,6H STEEL,12XsF601,6X,FBel)
(SX,6H TOTAL 12X ¢F6ely35XeFBol)

SUEROUTINE DYNOIM (NCODE,M)

SUBROUT INE

% DYNDIM % ALLOCATES STORAGE IN BLANK COMMON

FOR THE SYSTEM VARIABLES AND FOR- THZ VARIABLE3 PERITAINING TO

MEMBER

(M) .

COMMON /TAP/ HED(!O).lTEMPl.ITEMPZ.ISEGl.lSEGZgN!N.NDUT,NPUNCH
COMMON /DYN/ NDT.NSTORE,NCMAX,NSMAX,NCDNTL,NSTLTL.lSYSTM,IM&MB.I'O
1TAL I TAPE

COMMON

COMMON /DIM1/

COMMON

/BLK1/ NJ.NM,NBC,NJS,MAXBAN,NCRPS,NCQDC,NSHRINK,NCONV
NI'NZ.NS,NQ.NS,N&.NT,NB.VQ'NIO,N!l.NlZ

/DIM2s IO'Il.[2.l3|lﬁ}!S.LCARD.NCARD,!START'LCOD'TIM?'EFP(}

1),1X(3),D7

COMMON

/MEMB/ NNSEG(75)

COMMON C( 1)

ALLOCATE SPACE IN THE SSECOND MAJOR BLLOCK OF SLANK

COMMON FOR ALL

VARIABLES PERTAINING TO MEMBER (M)

IF (NMeEQe1 e ANDaNCODESGTel) GO TO 10
NSG=NNSEG(M)

NSG2=2%NSGC

NSUBST=3*%(NSG+1}

NINTER=

3%(NSG-1)

N20=1START
N21=N20+1
N22=N21 +1}
N23=N22+N5G
N24=N23+NSG

C-17
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FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
F IRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2

FIRES-RC2

FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FI1RES-RC2
FIRES-RC2
FIRES~RCZ2
FIKES-RC2
FIRES~RC2
FIRES-RC2
FIRES~-RC?2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES-~-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RCZ2
FIRES~-QCp
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2

978
979
980
981
982
s83
984
sS85
986
987
3988
989
990
591
S32
593
994
995
996
997
Q998
G99
1000
1001
1co2
1003
1C0o4
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1038

[aNa s

[aNeNaNs!

* N25=N24 +NSG
N26=N25+NSG
N27=N26+NSG
N28=N27+NSG
N29=N2B8¢NSUBST
N30=N29+NINTER
N31=N30+NINTER
N32=N3] +NINTER
N33 =N32+NSG2
N34=N33+¢NSG2
N35=N34+NSG2
N3E=N35+N5G2
N37=N35¢NSG
N38=N3I7+NSG2
N39=N38+NSG2
N&O=N39+NSG
N4 1 =N4GQ+NSG
ISTART=N4}

IF (ISTART.LEeNSTORE) GO TO 10
WRITE (NOUT,70) Na&i
sTopP

CALL THE SUBROUTINE SPECIFIED IN THE MAIN PROGRAM

10 GO TO (20430,40,50,60), NCUDE

20 CALL INITIAL (C(Nl),C(NZ).C(NJ),C(N4),C(NS),C(Né),C(N?),C(NE),C(NC
l),C(NIO),C(Nll),C(NIZ)'C(NZO),C(NZIJ'C(N?Z)pC(N2J),C(NZQ),C(N25),C
2(N26),C(N27).C(N28).C(NZQ),C(N30),C(N31).C(N32),C(N3J),ClNJ6),C(NJ
39),C(N40).10111,!2,13,LCARD,NJ3,M)

RETURN

30 CALL INSTEP (C(Nl),C(NZ).C(N3),C(N“),C(NS)yC(Né),C(NT)yC(NS),C(NC)
l.C(NlO)'C(Nll).C(NIZ),C(NHQ).C(NJO),C(NJ]),C(N39),C(N#O),DT,IO,II,
212,!3,LCARD'NJ3,M)

RETURN

40 CALL MEMBERS (C(Nl),C(NZ){C(N3),C(NQI,C(NS),C(NS),C(N?).C(NS),C(RS
l),C(NIO),C(NXI),C(NIZ),C(NZO),C(NZI)'C(NRF),((NZS),C(NZS),C(NZ?) v C
2(N28),C(N30),C(N31)yC(N]Z),C(N33).C(N34),C(N35).C(NB?),C(N)B),C(NJ
39),C(N40),NJ3,ERP(l),LDOP,M)

RETURN

50 CALL oQuter (C(N3),C(NQ).C(N(“‘),C(N[O),C(Nll),C(NEE),\L(N.)J),C(N24).C
l(N25),C(N26),C(N27),C(NZS),C(NJO).C(NS?),C(NBJ),C(NJH),L(VJS),C(MJ
26),C(N37),C(N38),C(N39),C(N40),XZ,IJ,IS,LCARD,NCARD,TIME,M)

RETURN

60 CALL I0vT (C(NZO)'C(NZI),C(NZZ)'C(N£3),C(NZQ),C(NZS),C(NQL).C(N?T)
l'C(NZS)'C(NZQ),C(N30)'C(N31),C(N32)yC(N33),C(NJ4),C(NBS),C(NBG),C(
2N37).C(N38),C(NJQ),C(N4O)'14,L339.TIME.M)

RETURN

70 FOFMAT (//31H INCREASE 8L ANK COMMON TO
END

v110)



FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2Z
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F IRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2

1036
1037
1038
1039
1040
1061

1042
1043
1044
1045
1046
1047
1048
1049
1050
1051

1052
1053
10£4
1CS8S
1056
1057
1058
1059
1060
1061

1062
1063
1064
1065
1066
1067
1068
1069

1070
1071

1072
1073
1074
1€7S
1076
1C77
1078
1079
1080
1081

1082
1083
1084
1085
1086
1087
1c88
1¢89
1090
1091

1052
1093
1094
1065
1096
1097

NOHONON

[aaNs]

s NaNeNaRa NN XaNaNaNa s RaNaNalaNs!

10

20

30
a0

.SUBROUTINE INITIAL (X,Y,18C4JSyFJyU,;DV,DPLSP,AAW,DELR,SYSTIF MI M
1J9SEGLAEJAEL yE14ET1,DCGyWFyDELFyFA,PA)BMy AREA,NCONCRyNSTEEL 10,1
21491245 13)LCARD NU3yM)

SUBROUTINE #INITIAL* INITIALIZES ALL VARIABLES

{ USED FOR FIRST TIME STEP ONLY )

COMMON /TAP/ HED(10), ITEMP] 1 TEMP2,1SEG1,ISEG2yNINNOUT, NPUNCH

COMMON /DYN/Z NOToNSTORE ¢NCMAX ¢ NSMAXy NCCNTL yNSTLTL y ISYSTM, IMEMB, 179
1TAL,, ITAPE

COMMON /BLK1/ NJyNMyNBC,NXXy MAXEAN,NCRPS{NCRPCyNSHR INK, NCONV

COMMON /BLK2/ A(646)4E(6,46])

COMMON /MEMB/ NNSEG(7E)

COMMON C(1)

DIMENSION X(1), Y(1), I8C(1), JIS(1), FI(L1), U(1),
1P{241), AAW(1}, SYSTIFINJ3,41), DILR(1), SEGL(1),
201), E11(1), DCG(1), W 1),y Fl1)y DELF(1),y FA(1]),
3 AREA(1)y, NCONCR(1), NSTEEL(1)

DIMENSION IX(10), TF(10)y ISTR{(9),

DV{(1),y, DOPRL(1), 3
AEC1), AEI(1), E1
DA(241)y BM(2,1),

MSEG(5)

INITIALIZATION OF THE OVERALL STRUCTURAL SYSTEM

( ON FIRST CALL OF SUBROUTINE ONLY - WHEN M +EQe 1)

VARIABLES DESCRIBING THE SYSTEM CONFIGURATION

FJ - JOINT FORCES(LOADS) = FJ((I-1)%3+J) = FJI(1,yJ)
1 = JOINTY NUMBER
= DIRECTION LeX/72,Y7 3,R

U - SYSTEM DISPLACEMENTS
SP -~ BOUNDARY CONDITION STIFFNESS MATRIX

SPil,4J) - DIAGONALS (SPRING STIFFNESSES)

SP(2,J) - OFF-DIAGONALS (CJUPLING STIFFNZSSES)

DEFAULT VALUE FOR RESTRAINED JOINTS IS 100829

DPL - PRESCRIBID BOUNDARY CTONDITION DISPLACEMENTS

IF (MeGTel) GO TO 80

IF (I3sNEeO) WRITE (NOUT,21012
NJJI=NJ3I*3

DO 10 J=lyNJIJ

FJ(J)=060 -
DO 20 J=1,NBC

I=45(J)

DECODE (10,220,1IBC(1)
Kz{I=1)%3+1

IF LIX(1)eEQel)
IF (IX(2}eEQel)
IF (IX(3)eEQel)
CONT INUE

IF (10¢EQe 0}

I3,LCARD

JIXC1),y IX(2),1IX(3)

SP(1yK)=100E29
SP(1,K+1)=140E29
SPL 1,K+2) =14 0E29

GO TO a0

INPUT JOINT LOADS

DO 30 I=1,41I0
READ (NIN,230)
K=(JT-11%3

00 30 J=1,3
FI(KEJ)I=TF(I)
CCNT INVE

JToCTFLY) yI=1,3)

c-19




FIRES-HC2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC?
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRSS5-RC2
FIRES—-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES~RC2
FIRES~RC 2
FIRES—RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC 2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRFS-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC 2
FIRFS-RC2

10918
1099
1100
1101

1102
1103
1104
1105
1106
1107
1108
1109
1110
1111

1112
1113
1114
1115
1116
1117
1118
1119
li120
1121

1122
1123
1124
1125
1126
1127
1128
1129
1130
1131

1132
1133
1134
1135
1136
1137
1138
1139
1140
114}

1142
1143
1144
1145
1146
1147
1148
1149
1150
1151

11852
113
1164
1155
1156
1157
1158
1159

C
C
C

[aNaNs]

Oaonoonon

NN ANAN

O

(g

[a}

S0
60

70

80

90

INPUT NON-DEFAULT 30UNDARY CONDITIONS FOR JOINTS

IF (114EQs0) GO 70O 60
DO 50 I=1,11
READ (NIN,240)
K=(JT~1)%3

00 50 J=1,3
SPLL K+ J)=TF( 3)
SPU2yK+J)I=TF(J+3)

IF (TF(J+3)4EQe0e0) GO TO SO
WRITE (NOQUT,200)

sSToP

OPL(K¢+ J)=TF( Js+6)

CUNT INUE

Ty (TFLI)yI=1,9)

OUTPUT CHANGES IN STATUS OF SYSTEM [NPUT VART ABLES
WRITE (NOUT,250)

DO 70 J4=1,NJ

JI=(J=-1)%3+1

J2=41+1

J3=J41+42

WRITE (NOUT,260) J,FJ(Jl),sp(A,Jn),sp«z,Jx),sn(R.JZ).DnL(Jl),FJ(Jz
l),SP(Z,Jl),SP(l,JZ),SP(2,J3),DDL(J2),FJ(J3),59(2,J2),SD(2,J3).SD(1
25 23),0PL{ J3) :

CONTINUE

REWIND ITEMP]
REWIND 1ISEG1]
NFILE=Q
NSEGTL =0
NCONTL=0
NSTLTL=0

INITIALIZATION OF SUBSTRUCTURED MEMHERS
{ LOOP OVER ALL MEMABERS, WITH TiHE DI-L20P IN THE vAIN PROGRAM )

CCNTINUE
READ MEMBER CONTROL CARD

MB -~ MEMBER NUMBER
M1l -~ IF NON-ZERO, THEN THE - INITIAL TEMPERATULE
FOR ALL SEGMENTS OF THE MEMAZR
IF ZERO, THEN READ TEMPERATURE DATA FQOR EACH SEGMENTY
TCONST ~ UNIFQORM TEMPERATURE (IF V1ieNFo0)
M2 — INDICATES NON-ZERO LOADS AT INTERIOR SZGMENT NODES

IS UNIFUKM

READ (NIN, 270) MB1,M32,M8,M1, TCCNST, M2
IF (MeEQeMBoANDLMBILEQ 1HM) GG TO 90

WRITE (NOUT,280)

WRITE (NOUT, 290) H,MUI,MBZ,MB,“I'T:ONST,MZ
s5TOP

READ MEMSER DATA FRUM THE FILC ITEMP 1 CREATED 1IN SUBROUUTING NPT
NSEG=NNSEG(M)

NSL=(NSEG~] ) %3

READ (ITEMP) MI,MJ,(MSEG(K),SEGL(K)'K:I,NSEG)
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FIRES~RC2
FIRES~-RC2
FI1RES—-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES~-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES=RC2
FIRES—-RC2
FIRES~RC2
FIRES—RC2
FIRES-RC2
F IRES-RC2
FIRES~RC2
FIRES-RC2
FIRES—~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRFS-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FI1RES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F1RES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRZS-RC2

1160
1161

1162
1163
1164
1165
1166
1167
1168
1169
1170
1171

1172
1173
1174
1175
1176
1177
1178
1179
1180
1181

1182
1183
11R4
1185
1186
1187
1188
1189
1190
1191

1132
1193
1164
1195
11686
1197
1198
1199
1200
1201

1202
1203
1204
1205
1206
12¢7
1208
1209
1210
1211

1212
1213
1214
1215
1216
1217
1218
1219
1220
1221

onnNnon

ONO 1 XaNeNaKaXsl

[N aNalgl

(s gl e}

HO0

100

120

130

140
150

160

170

INITIALIZE TO 040 THE FOLLOWING VARIABLES
W, Fy, DELF4 FAy, PA, BM

IMAX=(NSEG-I)*90(NSEG*I)*BGNSEG*G
00 100 I=1,IMAX )
W(i)=0e0

INITIALIZE TO 0e0 THE FOLLOWING VARITABLES

WHICH ARE STORED IN BLANK COMMON AFTER THE MZIMBER VARIABLES
s1GC, EPC, SIGS, EPSy TC, TS

ALSO INITIALIZE TRANSFOMATION MATRICES E AND A

DO 11¢C [=1,72

A(I)=0e0

ITOTAL= IMEMB+3*XNCMAX+ 3¥NSMAX
tMAX=1 TOTAL-1

DO 120 I=IMEMB,IMAX
C(1)=0e0

DO 130 I=146
E(I,1)=1e0

A(3y3)=1e0

A(6,6)=10

IF (MZ,EQs0) GO TO 150

INPUT NON-ZERO LDAD CONOITIONS FOR SUBSTRUCTURED MEMBER

READ (NIN,300) (F(I},I=1,NSL)

WRITE (NOUT,310) M,(1,1=1,NSEG)
I11=6H F=X

WRITE (NOUT,320) I11,(FCI),1=1,N5L43)
11=6H F=Y

WRITE (NOUT, 320)
11=6H F=M

WRITE (NOUT,320)
DO 140 I=1,NSL
FACIV=F (1)
CONTINUE

CONT INUE

II'(F(I,'I=2'NSL.3’

lI'(F(l)yl=3,NSL'3!

SEGMENT INITIALIZATION
( LOOP OVER ALL SEGMENTS IN THIS MEMBER )

DO 190 JSEG=1,yNSEG -
NSTYP=MSEG( JSEG)

READ SEGMENT DATA FROM FILE ISEGI1 THAT WAS CREATED IN SEGIN

IFLWR=0

IF (NSTYP.EQeNFILE) GO TO 180

IF (NSTYPeGTeNFILE) GO TO 1€0
REWIND ISEG1

NFILE=0

READ (1SEGI) NCONC,NSTL
NFILE=NFILE+L

IF (NFILESNEGNSTYP) READ (1S&G1)
IFLWR=1

IF (NFILESEQeNSTYP)
CONT INUE

170,160

SET UP DYNAMiC STORAGE FOR THIS SEGMENT
( FOR FILES ITEMP AND ISEG )

c-21




FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~-RC2
FIRES~RC 2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRSS~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRZS-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRSS-RC2
FIRES~RC2
FIRES=~RC2
FIRES~RC2
FIRES-RCZ
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIKES-RC2

1222
1223
1224
1228
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
12Eq
125¢
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
12¢5
126¢
12567
1268
1269
1270
1271
1272
1273
1274
1275
127¢
1277
1278
1279

280
123
1es2
1233

C
C
C

(a2 W als)

180

190

M20=1TGTAL
M21=M20+NCONC
M22=M21+NCONC
M23=M22 ¢NSTL
M24=M23+NSTL
M25=M24 +NCONC
M26=M25+NCONC
M27=M26+NCONC
M28=M27 +NCGNC
M29=M28¢NSTL
M30=M29+NSTL
M31=M304+2%NCONC
M32=M31+24NSTL
M33=M324+24NCONC .
M34 =M33+¢2%NCCNC
M35=M3&+2%NCONC
M36=M3I54+26NCONC
M37=M36+NCCNC
M38=M37+2¥NCONC
M39=M38+2%NCONC
MA0=M39¢NSTL
M&1=MAO+2%NSTL
M&2=Ma1 +24NSTL
ME3=Ma 24 24NCONC
MEF C2M4 34+ 24NSTL
MF U=MEFC+NCONC
M4 8= MFU+NCONC
MAS=Mas+10
MAE=MASENCUNC
M47 =Ma6 +NSTL
MaB=M47+NCONC
MA&9=MA8+NCONC
M50 =M4 9 +NCONC
MS51=M50 +NCCNC
M52 =M51 +NCONC
M53=ME2+NSTL
M54=M53+NCONC
MSS=MS4 4]

IF (MS55.LEsNSTORE) GO T3 180
WRITE (NOUT,330) M55
sTop

INITIALIZE SEGMENT VAR{ABLES"

CALL INTSEG lIFLWQ,NCONC,NSTL,C(MZO)'C(MZI).C(M?2),C(M8J),C(M)é).C
l(MZS),C(MEG).C(M??),C(MZB),C(MZQ).C(MJO),C(M31).C(M3?),C(M3J)'C(HJ
24),C(M35),C(M36),C(M37),C(WJB),C(W39),C(MAJJ,C(“AI),C(MQ?).C(MQ:),
3C(M44)'C(M45),C(M46).C(M¢7)'C(W43),C(MQQ),C(WSC)yC(Mil),C(M52).C(“
453),C(M50)gAE.AEI'El,EII,DCG,AREA,I3,JSFG.1,MI,MQ,TCUNST.C(“EFC).C
S{MFU) )

NC(NCR(JSEG):NCONC

NSTEEL(JUSEGI=NSTL

NSEGTL=NSEGTL ¢}

NC(NTL=NCONTL&NCGNC

NSTLTLrNSILTLONSTL

CONTINUE

IF (MeNEGNM) RETURN

SET DYNAMIC SEGMENT DATA STORASE FLAG

ITAPE oEQ,. 0 BLANK COMMON CAN HCLD ONLY ONE SEGMENT OF

c-22 ' -



FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
F IRES~RC2
FIRES-RC2
FIRES-RC2
F IRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRZES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES=RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES=-RC2
F IRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES=~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRSES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

FIRES-RC?Z
FIRES—RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2

1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1267
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1211
1312
1313
1314
1315
1316
1317
1318
1319
1320
1221
1322
1323
1324
1325
1326
1327
1328
1329
1330

1331
1332
1333
1334
1335
1336
1337
1338
1339
1340

onnNnON DN

oO0Nn

FILE ISEGI AND ITEMP1

BLANK COMMON CAN HCLD ALL SEGMENTS OF
FILES ISEG]l AND [TEMPL TOGETHER ( leEe, ENTIRE
PROBLEM CAN BE SOLVED IN HIGH SPSED STORAGE )

ITAPE +EQe 1

NSIZE=ITOTAL+32%NCONTL+1SXNSTLTL+11¥NSEGTL
IF (NSIZEeLTeNSTORE) ITAPE=1

WRITE (NOUT,340) NSIZE,NSTORE

IF (ITAPE+EQe0O) WRITE (NOUT,3350)

IF (ITAPESEQel) WRITE (NOUT,360)

RETURN

200 FOFRMAT (7/752H STOP E] NO OFF-DIAGONAL TERMS PERMITTED IN
1,20HRSION OF FIRES-RC 11)

210 FORMAT (/734H . . . PUNCHED DATA OF LEVEL
1QUESTED . e /720X,24HCARDS WwlLL BE LABELED

220 FORMAT (2X,311)

230 FORMAT (IS, 3E10e0)

240 FORMAT (14,9E800)

250 FOFMAT (//761H . . .

THIS vE

212,261 HAS BEEN
1A3)

FE

STRUCTURAL LOADS AND BOUNDARY CONDITIONS

1 o o of/7€2H JOINT SYSTE™ SUPPORT STIFSENESS MATRIX
2PRESCRIBED/E2H LOADS’
3 DISPLSe /62H x Y R
a )

260 FORMAT (/13431X34H X ,G1003,2X,3G1003,2%,G10e3/74X,8H Y ,G10s3,2X,
13G100342X9G1063/78X,8H R 1G1063y2%X,3G10e3,2X,G10537)

270 FORMAT (A1,A5,14,15,F10e0,15)
280 FOFMAT (6(/)48BH ——==c== INPUT ERROR - PROGRAM TERMINATED—-—=-~- )

290 FOIMAT (/7r732H INPUT ERROR FOR MEMBER NUMBER
1060,15)

300 FCRMAT (6E10e0)

310 FORMAT (//7X339He o o
16/7/77Xy 119 1X,519)

320 FORMAT (/A64F10e2¢95F902)

230 FORMAT (//31H INCREASE 3LANK COMMON TO

340 FORKMAT (/7//50H BLANK COMMON REQUIKED TO
1X928HUSING HIGHSPEED STORAGE ONLY,18X,1H=,18//54H

20N AVAILABLE IN DIMENSION STATEMENT =,18/7)

yISZ1IX A1, AS 14,4 10,F1

INTERSESMENTAL FORCES FOR MEMBER ,18,6H o

2110)
SOLVE THIS PROBLEM/7
BLANK COwv“

350 FCOFMAT (6X,50H READYWRITE CN TAPE FOR FACH ITERATION /77
1) :

360 FORMAT (6X,50H ALL DATA STQFRED IN CORE ~ NO EXTERNAL READ/WR1TE s/
1)
END

SUFROUTINE INTSEG (IFLWRyNCONCyNSTLAC,YCy ASy YSyAMOD, STRELEPU,yTE oy
1AMOSyYIE AR yARS yKRAT ) KRAF g AKAKyAKK g STRC yEHCySIC,STRGZEHS 3 STS,ESHITH
2TCLESHIFTS  NSTR,,TEMPC , TEMPS, SS5T, HCRD yCORP 4 ICRP S EC2P ,E T, SAVG,i5YM,
3ESAEL yEIJEI T 4DCGyAREAZ I3y JSEGM ML yM2,TCONST JEFC,FU)

. COMMON /TAP/ HED(I1O) 3 ITEMP] ,ITEMP2,ISEG] yISEG2yNINy NOUT g NFUNCH

DIMENSION AC(1), YCC1), AS(1), YS(1), AMOD(1}, 3TRE(Ll), EPULLl), "=
1S(1)y AMODS(1), YIE(1), AR(24+1)y ARS(Z41)) KRAT(2,1)y KRAF(2,1}, &~
2AK( 2,10, AKK(24y1), STRCI1), EHCZ(241), SIC(2,y1)y STRS(1),y ZHS{241).
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FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRFES-RC2
FIRES—-RC2
FIRES~RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES=-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES-RC2
FIRES=-RC2
FIRES~RC2
FIRZS-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC?2
FIRE S~RC2
FIRES-RCE
FIRES~-RC2
FIRES-RC2

1341

1342
1343
1244
1345
1346
1347
1348
1349
1350
1351

1352
13353
13c4
1355
1356
1357
1358
13589
1360
1361

1362
1363
13564
13¢5
1366
1367
1368
1369
1370
1371

1322
1373
1374
1375
1376
1377
1278
1379
1380
1301

1382
1383
1384
1325
1386
1387
1388
1383
1390
1351

1392
1393
139a
135¢
1366
1357
13738
1369
1400
1401

1402

0NN

DONCAAN

g N e W e}

3 51S(2,1)1, ESHIFTC(2,1), ESHIFTS(241), NSTR(1), TEMPC(1), TEMPS(])
4» SST(1), BCRP(1), CCRP(1), DCRPLL), ECRP(1), ET(1), SAVGI1), AREA
St1), DCG(1), AE(1), ABLCLY, €101, z11(0), EFC(1), FU(1)

DIMENSION ISTR(9)

INTEGER AKAK,AKK,TPLC,TPLS

*

READ IN SEGMENT DATA CALCULATED IN SUBROUTINE SEGIN

IF (IFLWR.EQeD) GO TO 10
READ (ISEG1) (AC(I),I=1,NCONC)'(YC(I),I=1,NCDNC),(A5(I)'I=I.NSTL),
l(YS(I)yI=l|NSTL).lSYM

10 CONTINUE

INITIALIZE TO 040 THE FOLLOWING VARIABLES (CONSTANT IN SEGMENT)
STRC,STRS,BCQP,CCRP,DCRP,ECRP,ET.SAVG ’
(LINEAR IN SEGMENT)
KRAT,KRAF,AKAK,AKK,EHC,SIC,EHS,SXS’ESHIFTC,ESHIFTS

00 30 I=1,NCONC
DO 20 J=h 42
KRAT(Je1)=0e0
KRAF(J,I):000
AKAK{J,41)=0,0
AKK(Jy 1) =060
EHC(J,41)=040
SIC(441)=060

20 ESHIFTC(J,13=0,0
STRC(1)=0,40
SAVG(I)=0.,0
BCRP(1)=0,0
CCRP(I)=04,0
OCRP(1)=0,4,0

30 ECRP(!)=040
IF (NSTLoEQs0) GO TO 60
DO S0 I=1,NSTL
DO a0 J=1,2
EHS(J,11)=0.,0
SIS{J,1)=040

40 ESHIFTS(J,I)=0.0
STRS(1)=0,0

SO0 ET(I)=0e0

IF PUNCHED OuTPuUT OF STRESSES Is OESIRED THEN NSTR 1S INITIALIZED

60 NSTR(10)=0
IF (13.EQ.0) GO TO 120
READ (NIN,200) ISTR
IC=1
70 IF {ISTROIC)eEQ, OH ) GO 10 too0
DECODE (84210,ISTR(IC) INS, M5
IF (MSeEQe1HS) GO 13 80
1F (MS.NE.lHC.OR.NS-GT.VCONC) SG 10 10
NSTRCIC) =NS
GO TO 790
80 1IF (NS GTeNSTL)Y GO T0 110
NSTR(1C)=NS-1000
90 IC=1IC+1
IF {1CoGEL10) 100,70
100 NSTR(10) =fcC-1
GO YO 120
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
F IRES-RC2
FIRES-RC2

1403
1404
1405
1406
1407
1408
1409
1810
1811
1412
1413
1414
1415
1416
1417
1418
1416
1420
1421
1622
1423
1424
1425
1426
1427
tazs
1429
1430
1431
1432
1433
1434
16435
1636
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1847
1448
1449
1450
1ag]
1452
1453
1454
1455
1456
1457
1453
1457
1460
1461
1662
16463
1464

sl sKaNal

110

120

130

140

150

160

170

180

- INPUT ERROR IN STRESS INDICATOR CARDS

CONTINUE

WRITE (NOUT,190)

WRITE (NOUT,220) M, JSEG, ISTR
STOP

CONT INUE

INPUT TEMPERATURES FOR SEGMENT CROSS-SECTION

CALL TEMPIN (M1,TCONST,TEMPC yTEMP S NCONC 4NSTL 4 M, JSEG,1S5YM,AMND)
CALCULATE CROSS-SECTION MATERIAL PROPERTIES

CALL PROP (M1 ,TCONST,TEMPCyTEMPS,NCONC,NSTL yAMODySTRE, EPU, TES,AMCS
Ly YIELZEFC,,FU)

D00 130 I=1,NCONC
SST{1)1=0s0

AA=AMOD(])

AR(1¢1)=AA

AR(241)=AA

IF (NSTLeEQsO) GO TO 150
DA 140 I=1,NSTL
AA=AMOSI{I)

ARS{1,1)=AA

ARS(2,1)=AA

BE=0e0
BI=0e0
DC=0e0
SA=0e0,

CROSS-SECTIONAL PROPERTIES ARE NOW CALCULATED
{ BASED DN AVERAGE OF STRESS STATE AT THE TWO SEGMENT ENDS )

DO 160 1=1,NCONC

SA=SA+AC(I])

AA=AC(1)%AMOD(1)

BE=BE+AA

YY=YC(I)

AA=AA%RYY

DC=0DC+AA -
BI=BI+AAXYY

CONT INUE

IF (NSTLoEQeO) GO TO 180
DO 170 [=1,NSTL
AA=AS(1)¥AMOS(I)
BE=BE+AA

YY=yYs¢l)

AA=AAXYY

OC=DC+AA

BI=Bl+AA%XYY

CONT INUE

AREA{JSEG)=SA

DCG( JSEG) =DC/BE
AE(JSEG)=BE

AET (JSEG) =BE
BIl=BI-~-BE*DCGIJISEG)* %2
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRKES~-RC2
FIRES-R(C2
FIRES~RC2
FIRES-RC2
FIRZS-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRE:S-RC2
FIRES~-RCZ
FIRES-RC?
FIRES-RC2
FIRES~RC2
FIRFS~RC2
FIRES-RC2
FIRES~-HC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2

1465
1466
1867
1468
1469
1470
147]

1472
1473
1474
1475
1476
1477
1478
1479
1480
148]

1482
1483
1884

1485
1480
1487
1488
La89
1490
1491

1492
1493
1494
1495
149¢
1497
1478
1499
100
1501

1802
1503
1€04
1505
1506
1507
1508
1506
1510
1511

1512
1513
1€14
I518
1016
1£17
iS18
1519
1€20

1€21

OaNn

Hnn

(sl N ol aWalls)

e} OO NN

AN

N

190
200
210
220

10

EI(JSEG)=81
EII(JSEG)=81

STORE ALL SEGMENT DATA ON FILES ISEG2 AND ITEMP2

ISIZE=7ENCONC#2%NSTL + 1

WRITE (1TEMP2) (TEMPC(1)y1=1,1512E)
lSIZE=25*NCONCGI3*NSTL&IO

WRITE (ISEG2) (AC(I),1=1,1512E)

RETURN
FOFMAT (6(/)4BH —ome—w- [NPUT ERROR - PROGRAM TERMINATED-w—w———_ )
FORMAT (9A8) :

FCFMAT (17,A1)

FORMAT (634 ERROR HAS DCCURRED IN STRESS INDICATOR INPUT FOR PUNC
IHED DATA/9H MEMBER ,15,10H SIGMENT 11571x,948)

END

SUBROUTINE INSTEP (X,Y.!BC,JS,FJ,U,DV,DPL,SP,AAW.DELR,SYSTIF,F,DPL
lF,FA,NCONCR.NSTEEL,DT.IO.II,IZ'IJ'LCAPO,NJj,M)

SUBEROUTINE & INSTEp*
BEGINNING OF EACH TIME

INITIALIZES THE SYSTEM AT THE
STER

COMMON rTaAP/ HED(IO),ITEMPI,ITSMPZ,ISEGl.ISEGR,NIN,NOUT,NPUNCH
COMMON /DYN/ NDT,NSTDRE,NCMAX.NSMAX.NCONTL,NSTLTL'ISYSTM,IMEWB,ITO
ITAL 4 ITAPE '

COMMON /BLK1/ NJ,NM,NBC,NXX,MAXBAN,NCRPS,NCRPC,NSHR]NK,NCONV
COMMCN /BLK 2/ AlLG,€6) ,El(5,¢)

COMMON /BLK 3/ 015(6),stp(6),FX(ax.7),st(s.s),5(21,6),AF(15),rf(2
1418)47(646) ,TSF(E,6)

COMMON /MEM3/7 NNSEG(75)

COMMON C(1)

DIMENSICON X(1), Yl1), 18cqiy, IStLy, Fuqu, Uiy, ovi, oPLEYY, S
1P(2y,1), AAW (1), DELR(1), SYSTIF(NI3, 1), F(1), DELF(1), FALT)Y,, NCON
2CRI(1), NSTEEL(1)

DIMENS [ON IX{(10), TF(10)

INITIALIZATION OF THE OVEPALL STRUCTURAL SYSTEM

{ ON FIRST CALL OF SUBROUTINE ONLY - WHEN M oEQe 1 )

IF (MeGTel) GO TO 100
INITIALIZE SYSTEM VARJAQGLES

IF (13.NEe0) WRITE (NOUT,170) I13,LCARD
DO 10 f=1,NJ43

DELR(I)=0,

DV(I)=0s0

INPUT NONZERD CONDITIONS AT JOINTS

JTT=0
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FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES=-RC2
FIRES—-RC2
FIRES-RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2

1522
1523
1524
1s25
1526
1527
1528
1529
1530
1531

1532
1533
1534
1535
1536
1537
1538
1539
1540
1541

1542
1543
1544
1545
154¢
1547
1548
1549
1550
1551

1552
1583
1554
1555
155€
1557
1558
1559
1560
1561

1562
1563
1554
1565
1566
1567
1568
1559
1570
1571

1572
1573
1574
1575
1576
1577
1578
1579
1580
1581

1582
1583

[a g e Nal

[a el aNgl

NONO

nnon

20
30
40

S0

60

70

80
90

100

- IF (104EQe0Q)

GO TO 40
WRITYE (NOUT,180)

DO 30 KK=1,1I0
JTT=1

READ (NIN,200)
K=(JT~1)%3

D0 20 J=1,3
DVIK+J)=TF(J)
CONTINUE

IF {[1.,EQe0) GO TO 60
D0 50 KK=1,11
JTIT=1

READ (NIN,190)
K=(JT=1)%3

DO S50 J4=1,3
SP(1,K¥J)=TF(J)
SP(2,K+J)=TF(I+3)
IF (TF(J+3)0EQe0e0)
WRITE (NOUT,160)
STOP
DPL(K+J)I=TF(J+6)
CONTINUE

JT'(TF(J)'J=I'3)

JTH(TF(I)yI=1,9)

GO TO SO

ADD LOAD INCREMENT FROM THIS TIME/LCAD STEP TO FORM
TOTAL SYSTEM LOAD VECTOR (EXCLUDING INTERSEGMENTAL CCNTRIBUTICNS)

DO 70 1=1,4NJ3
FJCI)I=FU(I)+DVLT)

IF NONZERO JOINT LOADS OR BOUNDARY CONDITIONS WERT
PRINT THE NEW JOINT LOADING AND BOUNDARY CONDITIONS

JUST INPUT,

IF (JTTeEQeO) GO TO 90

DO 80 J=14NJ

Ji=(J-1)%3+1

Ja=J1+1

J3=J1+2

WRITE (NOUT,210) J,FJ(J13,SP{1,J1),SP(2,J1),5P(2,J42),0PL{J1),FJLI2
1) 35P(23J1)4SP(19J2)35P(2yJ3)4DPL(JI2)4FICI3)4SPL2y12),5P(2,13),y5P(1
29J3),0PLLI3)

CONT INUE

MINIT=ITOTAL

I18LOCK=0

INITIALIZATION OF SUBSTRUCTURED MEMBERS
( LOOP OVER ALL MEMBERS, WITH THE DO-LJO0OP IN THE MAIN PROGRAM )
CONT INUE

READ MEZMBER CONTROL CARD (SEZ SUBRQUTINE INITIAL FOR EXPLANATION)
MB1,MB2,MB,M1,TCONST,M2

110

READ (NIN,4,220)
IF (MoEQoMBeANDeMB1loEQe IHM) GO TO

WRITE (NOUT,230)
WRITE (NOUT 4240) M,MB1,482,MB,41,TCCNST,M2
STOP

NSEG=NNSEG (M)
NM1=NSEG-1
NM31=3%&NMIL
NM32=NM31-3
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FIRES~RC2 15384 " NM3=3%NSEG

FIRES-RC2 18S€S NM3PL =(NSEG+])*3
FIRFS~RC2 1586 C

FIRES-RC2 1587 IF (NSEGeEQe1) GO TO 140
FIRES-RC2 1588 DO 120 Y=1,NM31

FIRES~-RCZ2 18589 DELF(1)=0c0

FIRES-RC2 1590 120 F(I1)=0e0

FIRES-RC2 1591 IF (M2e¢EQe0) GO TO 140
FIRES~RC2 1892 ¢

FIRES~RC2 1593 ¢ INPUT NON-ZERO VALUES OF SUBSTRUCTURED MEMBERS LOAD VECTOR
FIRES~RC2 1594 ¢

FIRES—-RC2 1595 READ (NIN,250) (F{I),I=1,NM31)
FIRES-RC2 1566 WRITE (NQUT,260) My (1,I=1,NSEG)
FIRES-RC2 1597 II=6H F-Xx

FIRES-RC2 1598 WRITE (NOUT270) ITo(FCI),I=14NM31,3)
FIRES-RC2 1569 I1=64 F-Y

FIRES-RC2 1600 WRITE (NOUT,270) I1,(F{1}y1=2,LM31, 3)
EIRES~-RC2 1601 I1I=6H F-M

FIRES-RC2 1602 WRITE (NOUT,270) II9(F(I)y1=3,NM31,3)
FIRES-RC2 1603 DO 130 I=tyNM3]

FIRES-RC2 1604 FA(II=FA(L)+F ()

FIRES-RC2 1605 130 CONT INUE

FIRES-RC2 1606 140 CONTINUE

FIRES-RC2 1607 ¢

FIRES-RC2 1608 C SEGMENT INITIALIZATION )
FIRES-RC2 1609 ¢ { LOOP OVER ALL SEGMENTS IN THIS MEMSER )
FIRES-RC2 1610 C

FIRES-RC2 1611} DO 1S5S0 JSEG=1,NSEG

FIRES~RC2 1612 [«

FIRES-RC2 1613 ¢ SET UP DYNAMIC STORAGE FOR THIS SEGMENT
FIRES-RC2 1614 ¢

FIRES-RC2 1615 NCOCNC=NCONCR(JSEG)

FIRES-RC2 1€16 NSTL=NSTEEL{JSEG)

FIRES-RC2 1617 MINIT=MINIT¢1B8LOCK

FIRES~-RC2 1618 IBLOCK=32%NCONC+15%NSTL +11
FIRES-RC2 1619 IF {ITAPE.EQ.0) IBLOUCK=0
FIRES—-RC2 1620 M14=IMEMB

FIRES-RC2 1621 M1S=M14 +NCMAX

FIRES-RC2 1622 M156=M]1S¢NCMA X

FIRES-RC2 1623 M17=M16 +NSMAX

FIRES-RC2 1624 MI8=MI7+NSMAX

FIRES—~RC2 1625 M19=M18+NCMAX

FIRES-RC2 1626 M20=MINIT

FIRES-RC2 1€27 M24=M20+2%XNCONC+2%NSTL -
FIRES-RC2 1628 M25=M24 +NCCNC

FIRES-RC2 1629 M26=M2S5+NCONC

FIRES-RC2 1630 M27 =M26 +NCUNC

FIRES-RC2 1€31 M28=M27+NCONC

FIRES-RC2 1€32 M29=M2B8+NSTL

FIRES-RC2 1633 M32=M29+3&NSTL +2ANCONC
FIRES~-RC2 1634 M33=M32+2%NCONC

FIRES-RC2 1635 M34=M33¢2%XNCONC

FIRES-RC2 1€36 M35=M34 4 25X NCONC

FIRES-RCZ2 1637 M36=M35¢2XNCONC

FIRES-RC2 1638 M37=M36+NCUNC

FIRES-RC2 1639 M38=M37+2%NCONC

FIRES~RC2 1640 M39=M38 ¢24ANCONC

FIRES-RC2 1641 MEO=M3I+N3TL

FIRES~RC2 1€42 M4l =MAO+H2UNSTL

FIREFS-RC2 1643 MA42=M4 J + 2ANSTL

FIRES-RC2 1644 M43=M424+2XNCONC

FIRES-RC2 1€4% MEFC=M& 3+ 2¢NSTL
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRECS-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F IRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
F IRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES—-RC2
FIRES-RC2
FIRES—-RC2
FIRES—~-RC2
FIRES-RC2

1646
1€47
1648
1649
1€59
1651

1€82
1€€3
1€54
1ESS
1€56
1€57
1€58
1659
1660
1661

1€62
1€63
1664
1665
1666
1667
1668
1669
1670
1671

1672
1673
1674

1675
1676
1677
1678
15676
1680
1681

1682
1633
1684
1665
1686
1687
1688
1689
1690
1691

1692
1693
1694

1695
1696
1697
1698
1699
1700
1701
1702

HOO

o000

- MFU=MEFC+NCONC
Ma4 =MF U+NCONC
M4a5=M44+10
M46 =Ma5 +NCONC
MA7=M4S+NSTL
M4 8=M47 +NCONC
M43=M48+NCONC
MS0=MA49+NCONC
M51 =MS0+NCONC
MS2=M51+NCONC
ME3=MS2+NSTL.
M54=M53¢NCONC

INITIALIZE SEGMENY VARIABLES

CALL INSSEG (NCONCyNSTL,C(M14),C(M15),C(M16),C({M17}),C(MLI8),C(MI9),
1C(M20) ,C(M24) yCIM25) ,CIM26)4,C(M27),C(M28),C(M29),CI{M32),C(M33),C(M
2341 ,CIM35)4C(M3E) 4C(M37),C(M38),C(M39) ,C(MI0),C(Ma1),C(MA2),C(M43)
3,C(MA5) ,C(MAED yCIMGT),CIM48),C(ME9),CI(MS0),CIMB1),C(ME2),C(M53),C(
AMS54) 4 JSEGyMyM1 3 TCONST DT, C(MEFC) ,C{MFU})

150 CONTINUVE
RETURN

160 FORMAT (///52H STOP - NO OFF~-DIAGONAL TERMS PERMITTED IN THIS VE

1,20HRSION OF FIRES-RC [§)

170 FOFMAT (//34aH e o o PUNCHED DATA OF LEVEL ,12,26H HAS UEEN FE
1QUESTED o o /20X, 24HCARDS WILL BE LABELED yA3)

" 180 FORMAT (//61H e CHANGES IN STRUCTURAL LOADS AND BOUNDAFY CONDIT
110NS e//62H JOINT SYSTEM SUPPORY STIFFNESE MATRIX ]
2RESCRIBED/62H LDADS
3 DISPLSe /62H x ' R
4 ) )

190 FOFMAT (14,9E840)

200 FORMAT {(I1S33E1060}

210 FORMAT (/13,1X,4H X 1G100392X%Xy35100392XyG100374Xy4H Y
13G100392X,6G10e3/74X,4H R 1Gl0e3,2X413G10e3,2X4G10e37)

220 FOFMAT (A1,AS5,144,15,F1040,15)

230 FORMAT (6(/)ABH ~—=nwe=- INPUY ERROR - PROGRAM TERMINATID----—--= )

240 FORMAT (//732H INPUT ERROR FOR MEMBER NUMBER ,IS/1X,A1,A%,1a,12,F1
1060, 15) ¥

250 FORMAT (6E1060)

260 FORMAT (//7X339He o o
Le/7/77X31141X,4E19)

270 FORMAT (/A64F10e295F%9e2)
END

2GlCo deeX,

INTERSZGMENTAL FORCES FOR MEMBER 414,¢6H o o

SUE ROUTINE INSSEG (NCONCyYyNSTLySIUGC,EPCySIGSyERS,yTCyTS,AC ) AMG D,y 5TRE
1yEPUSTES AMOS,) YIE yKRAT ) KRAF jAKAK JAKK 3 STRC L EHC ,31C ,STRS,IH3,515,E5H
2IFTCHESHIFTS ,TEMPC, TEMP S, SSTy BCRP 3 CCFP ,DCKP ,ECRP ,ET,SAVS5,]13YM,JSEG
JyMeM]1 pTCONST DT LEFC ,FfU)

CGMMON /TAP/ HED(10) ,ITEMP] jITEMP2,ISEGE ¢ ISEG2 NINZNCUT y NPUNCH
COMMON /DYN/ NDTyNSTORE ¢y NCMAX, NSMAX ) NCONTL yNSTLTL,ISYSTM, IMTMB,T 70
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FIRES-RC2 1703 1TAL , 1 TAPE

FIRES-RC2 1704 COMMON /BULKL/ NJ.NM,NBC,NXX'MAKBAN.VCRPS,NCRWC.NSHRINK,NCCNV
FIRES-RC2 1705 COMMON /BLK3/ 015(6),OXSP(G),FX(21'7)'SIJ(6.6)'S(21,6),AF(15)1=F(2
FIRES~-RC2 1706 1.18)'7(6,6I,TSF(6y6)

FIRES-RC2 1707 DIMENS ION S16C(1)y E®C(1), S1Gst1), EPSC1L), TCl1), TS(1)

FIRES~RC2 1708 OIMENSION AMOD(1), STRE(1), EPUCY), TES(1), AMOS(1), YISE(1), ACC(1)
FIRES-RC2 1709 1y, KRAT(2,1), KRAF{2,1), AKAK(2,1), AKK(241), S3TRC(1), EHC(241), SI
FIRES=-RC2 1710 2C(241)4 STRS(1}, EHS(2,1), SIS(2,1), ESHIFTC(2,1), ESHIFTS(2,1), 71
FIRES~RC2 1711 3EMPCI(1), TEMPS(1), S5T(1), BCRP(1), CCRP(1), DCRP(1), ECRP(1), ET(
FIRES-RC2 1712 41)y SAVG(1), EFCl1), FU(L)

FIRES-RC2 1713 INTEGER AKK,AKAK

FIRES~RC2 1714 ¢

FIRES-RC2 1715

FIRES-RC2 1716 ¢ READ ALL SEGMENT DATA FROM FILES [SEG1 AND ITEMP]

FIRES-RC2 1717 ¢ §

FIRES-RC2 1718 IF (NDT.GT.I.ANDolTAPE.EO.I) Sd3 Y0 10

FIRES~-RC2 1719 ¢

FIRES-RC2 1720 IF (M.EO.chND.JSEG.EQul) REWIND ITEMP]

FIRES~-RC2 1721 ISIZE=7*NCDNC¢2*NSTL#1

FIRES-RC2 1722 READ (ITEMP]) (TEMPC(I),I=1,1I5123)

FIRES-RC2 1723 IF (ITAPE.EQ.1) GO TO to

FIRES-RC2 3172a IS[ZE=25*NCONC+I3*NSTL*IO

FIRES~RC2 1725 READ (ISEG1) (ACLI),I=1,15128)

FIRES-RC2 1726 ¢

FIRES-RC2 1727 ¢ DETERMINE INELASTIC DEFORMATION ASSOCIATED wWITH EACH SUBSLICE AT
FIRZS-RC2 1728 ¢ END OF LAST TIME sTEP AND STORE TEMPERATURS AT END OF LAST TIME
FIRES—-RC2 1729 ¢ STEP

FIRES-RC2 1730 ¢

FIRES-RC2 1731 10 00 40 I=1,NCONC

FIRES-RC2 1732 DO 40 J=1,2

FIRES-RC2 1733 R 1F (AKK(J,I)*AKAK(J'I)+K9AF(J,1)) 20420, 30

FIRES-RC2 1734 20 XXX=STRI(EHC(J,I).AMOD(I)'SIC(Jll)yEFC(l)yFU(I)gEDU(I),ESHIFTC(J'I
FIRES~RC2 1735 1)) .

FIRES-RC2 1736 30 CONTINUE

FIRES-RC2 1737 TC(I)=TEMPC(T)

FIRES-RC2 1738 40 CONTINUE

FIRES-RC2 1739 IF (NSTL.EQ.0) GO TO 60

FIRES-RC2 1740 00 S0 =1 yNSTL

FIRES-RC2 1741 DO 50 J=1,2

FIRES-RC2 1742 EPSY:YIE(I)/AMOS(I)

FIRES-RC2 1743 XXX:SSI(EHS(J'[).EPSY.AMOS(I),SIS(J,l)yESHlFTS(J'l))

FIRES-RC2 1744 TS(I)=TEMPS{( |}

FIRES-RC2 1745 S0 COUNTINUE

FIRES~RC2 1746 ¢ -

FIRES-RC2 1747 ¢ INPUT CURKENT TEMPERATURE DISTRIBUTION FOR SEGMENT CROSS-STCTIGN
FIRES-RC2 1748 ¢

FIRES-RC2 1749 60 CALL TEMPIN (MI,TCONST.TEMPC,TEMPS'NCONC.NSTL,M,JSEG,ISYM,AVUO)

FIRES-RC2 1750 [

FIRES-RC2 1751 C DETEFMINE MATERTIAL PROPERTIES FOR SCGMENT CROSS~-SECTION

FIRES-RCZ 1752 C

FIRES~-RC2 1753 CALL PROP (Hl,TCONST,TEMPC,TEMPS'NCONC,NSTL.AMOD'STREyEUU,TfS,AMCS
FIKLS-RC2 1754 1y Y1E L EFC,FU)

FIRES-RC2 1755 ¢
FIRES-RC2 1756
FIRES-RC2 1757
FIRES-RC2 1758 00 110 I=1,NCONC

g

LOOP FOR CONCRETYE SUBSLICES TO CALCULATE FRES STRAINS

[a]

FIRES-RC2 1759 ¢

FIRES-RC2 1760 ¢ SET PERMANENT CRACKING AND CRUSHING FLAGS OUN BASIS CF sudasLice
FIRES-RC2 1761 C STATUS AT END OF LAST TIME STeP

FIRES-RC2 17€2 ¢

FIRES-RC2 1763 DO 70 J=t,2

FIRES—RCZ 1764 1F (AKK(J'I)-EQ-I) AKAK (U, 0=
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES=RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
F IRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
F IRES~RC2
F IRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES~RC2
FIRES~RC2

1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1778
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1752
1793
1794
1795
1796
1757
1798
1759
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
18285
1826

HOO

[aNaNaNel anon sl gNal

O

[a N a Rl

noon

onNnon

[aNaNale

70

80

90

100
110

. IF (KRAF({Jy1)eEQel) KRAT(J,yI)=1
TY=TEMPCLI)
TTIT=(TT+TC(1))/20

CALCULATE FREE THERMAL STRAIN
STRC(I)=VMATL{1,TTTIR(TT-TCII))¢STRC(1)

CALCULATE FREE SHRINKAGE STRAIN

IF (NSHRINKeNESO} STRC(I)=STRC(I)~SHRINK(DT,TC{1),SST(I})

SIG1=SAVG(1)
IF (AKAK(1,1)eECeleOReKRAF(1)1)0EQel) GU TO 80
IF (AKAK{2,1)eEQelsOReKRAF(241}eEQe1l) GO T0 80

CALCULATE NEW AVERAGE STRESS RESULTING FROM THERMAL SHIFT IN THE
STRESS STRAIN OIAGRAM

Sl=STR(EHC(l.l)yAMOD(I),STRE(I)'EFC(I)qFU(l),EPU(I),ESHIFTC(l,l))
SZ:STR(EHC(Z.I)qAMOD(I),STQE(I),EFC(I)'FU(I),EPU(I).ESHIFYC(Z.I))
SAVG(1)=(S51¢52) /2

GO TO 90

THERE 1S NO TEMPERATURE SHIFT' CORRECTION FOR A SUS3SSLICE
THAT HAS BEEN PREVIOUSLY CRACKED OR CRUSHED

SAVG(I)I=(SIC(1,1)+SIC(241}))720

CONT INVE
IF (NCRPCeEQe0) GO TO 100

CALCULATE FREE CREEP STRAIN

TT=0e SX{TC( 1) +TEMPC(I1))
DSTRC=CRPC(DT,S[GI,SAVG(l),TT,BCRP(X),CCRP(X),DCRP(I),ECRP(I).STRE
1y .

STRC{I)=STRC(1)+DSTRC

CONTINUVE

CONTINUVE

LDOP FOR EACH STEEL SUBSLICE TO CALCULATE FREE STRAINS
IF (NSTLeEQeC)
DO 120 [=1yNSTL
TT=TEMPSI(I])
TTT=(TTHTS(L)) /2

GO TO 130

CALCULATE FREE THERMAL STRAIN
STRS([)=VMATL(8.TTT)*(TT—TS(I))*SYRS(I)

STRESS RESULTING FROM THERMAL SHIFT IN THE

CALCULATE NEW
STRESS STRAIN DIAGRAM

EPSY=YIEC(]}/7AMDS (1)
SI=SS(EHS(Iyl).EPSY.AMDS(I),YIE(I).ESHIFTS(I'I))
52=SS(EHS(2,I),EPSY.AMOS(I).YIE([),ESHIFTS(Z'I))
SIGI=(S1+52)/2e

IF (NCRPS.EQe0) GO TO 120
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FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2

FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC 2
FIRES~-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RCZ2
FIRES-RCZ
FIRES-RC2
FIRES-RC2
FIRES~RC?Z
FIRES-RC?2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-R(C2
FIRSES-RC2
FIRES-RC2
FIRES~RC?2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES~-RC2
FIRFS—-RC2
FIRES-RC2

1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
184]
1e42
1843
1844
1845
1846

1847
1848
1849
1850
1851
1852
1853
1854
1855
1856
1857
1658
1859
1860
1861
1862
1863
1864
18¢e5
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1eaz
1883

aNNO

NN ANA N NOONONON OONNANA [a N ool alraWel

120

130

- CALCULATE FREE CREEP STRAIN
TT:O-S*(TS(()*TEMPS(I))

DOD:CRPS(TY.DT,SIGI,ET(I))
STRS{I)=STRS(I)+0DD

CONTYINUE
STORE SEGMENT DATA ON FILES IsEg2 anD ITEMP2

IF (ITAPECEQ.1) RE TURN
ISXZE:?*NCONC*Z*NSTL*I

WRITE (1TEMP2) (TEMPC(I) 3 1=1,1S12E)
KS!ZE=25$NCUNC+IJ*VSTL+10

WRITE (ISEG2) CACtI )y I=1,151zF)

RETURN

END

SUEROUTINE MEMSERS (X,Y,IBC,JS,FJ,U,DV,DPL,SD,AAW,DELR,SYST[F,MI,M
xJ.SEGL.AE.Er,occ,w,DEL=,FA,pA,aM,ASTRAIN,Acuav,cqusn,cnack,Ncovcp,
2NSTEEL yNJ3,ERP,LOOP, M)

SUEROUTINE *MEMBERS % CALCUL ATES THE SUBSTRUCTUREZD MEMABER TANGENT
STIFFNESS AND INTERNAL FORCES ON THE BASIS OF THE CURRENT
DEFORMED SHAPE OF THE STRUCTURE

* % A N DT E xEY
THROUGHOUT THE

FOR BOTH

ENTIRE PQOGRAM THE SAME SiGN CONVENTION 1S UsED
INTERNAL FORCES aND EXTERNAL FORCES, SUCH THAT

F LEXTERNAL) -~ F (INTERNAL) = 0

THE SEIGN CONVENTION FOR JOINT,
AND MOMENTS (s

MEMBER END, AND SEGMENT END FORCES

FXx - POSITIVE wITH X-AX1S
(GLOBAL Xx-AX1S5 FQR JOINTS
AND MEMBER X-AXIS (I YO N
FOR MEMAERS AND SEGMENTS)
Fy o POSITIVE WITH Y-AXIS
M - POSITIVE COUNTERCLICKWI SE
SIGN CONVENTICN FOR INTERNAL FORCES WITHIN CROSS~SECTION IS
F = POSITIVE IF TENSION
M = POSITIVE FOR BENDING DEFLECTION IN THE

~Y DIRECTIUN (DCWNWARDS )

COMMON /TAP/ HED(10)
CCMMON /DYN/ NDT
LTAL , ITAPE

COMMDON /BLKI/‘NJ,NM,NGC

.XTCMPI'XTEMDB,ISEGI,KSEGP,NIV,NOUT,N”UWLH
pN$TORE,NCMAX,NSMAX'NCDNTL.NSTLTL,ISYSTM,!“tMH,ITD

,NKX.MAXFAN,NCRPS'NCRPC,NSHQXNK,NCLNV
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ2
FIRES-RC2
FIRES~-RC2
FIRES—-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ2
FIRES=-RC2Z
FIRES-RC2
FIRES~RCZ
FIRES-RCZ
FIRES-RC2
FIRES-RC2
FIRES—-RC2

FIRES-RC2'

FIRES~RCZ2
FIRES—-RC2

1884
1885
188¢
1887
16888
1889
1890
1891
1892
1863
1894
189S
1896
1867
1898
1899
1900
1901
1902
1603
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1515
1916
1917
1518
1919
1920
1921
1922
1923
1924
1925
1626
1927
1928
1929
1930
1931
1932
1333
1934
1935
1636
1937
1938
1939
1940
16541
1942
1643
1944
1945

NnNoOOHO

[N aNaRaNg)

NnOOO

[a]

(sl aN¢e]

[l NaNal sl

s aNe)

10

20

30

- COMMON /BLK2/ A(646),E(6,6)

CCMMON /7BLK3/ DIS(6), stp(é)pFX(Zl'7"S[J(6'6)'S(21,6)|AF(lslpr(Z
l'la,'T(Gyé)'TSF(ﬁgﬁ,

COMMON /MEMB/ NNSEG(75)

COMMON C(1)

DIMENSION X{1),y, Y(1), IBC(1), JS(1), FJ(1), UlY), DV(1), DPL(}), S
1P(241), AAW(1), DELR(1), SYSTIF(NJ3,1), SRP(L), IX(3)s SEGLI1), AE
2(1), EI(1), DCG(1), W(l), DELF(1), FA(L1), PA(2,1)y BM(2,1), ASTRAL
3N(2y1)y ACURVI{Z241), CRUSH{2,1), CRACK(2,1), NCONCR{ 1), NSTEEL(1)

INITIALTIZE STRUCTURAL SYSTEM FOR THIS ITERATION

{ ON FIRST CALL OF SUBROUTINE ONLY - WHEN M +EQe I )

IF (MeGTel) GO TO 20

U - JOINT DISPLACEMENTS AT START OF THIS ITERATION
DV - OUT-DF-BALANCE FORCES AT JOINTS
DELR- DISPLACEMENT INCREMENT FROM PREVIOUS ITERATION

DO 10 [=1,NJ3
UCL)=U(II+DELR(I)
DV(I)=F J(1}
SYSTIF(I,1)=1e0
00 10 J=2,MAXBAN
SYSTIF(14J4)=060
MINIT=ITOTAL
I1BLOCK=0

CALCULAYIGNS FOR EACH SUBSTRUCTURED MEMBER
( LOOP OVER ALL MEMBERS, WITH THE DO~-LOOP IN THE MAIN PROGRAM )

CONTINUE

NSEG=NNSEG(M)

NM3=3%NSEG

NM3]1=3%(NSEG-1) '
NM32=NM31~3 *

NM3P1l=NM3+3

NM1 =NSEG-1

CALCULATE DIRECTION COSINES AND THE TRANSFORMATION MATRIX ( A )

OX=X{MJ)-X(MI) -

DY=Y(MJ)Y-Y(MI)

D=SQRT(DX*DX+DY*DY)

A{l,1)=DX/D

A(2’2)=A(l'l)

A(1,2)=0Y/0

A(2,1)=-A(1,42)

DO 30 J=1,2

DO 30 K=1,2

A(J+3,Kt3)=A(J,4K)

FOR FIRST LLOOP OF TIME STEP ITERATICN, GO DIRECTLY TO STIFFNLESS
AND INTERNAL FORCES CALCULATIONS, SINCE THE ODEFORMED CONFIGUNRATICN
OF THE SUBSTRUCTURED MEMIZER 15 ALREADY KNOWN

IF (LOOPGEQel1) GO TO 140

TRANSFORM JOINT DISPLACEMENT INCREMENT TO MEMBER REFERENCE AXES
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FIRES-RC2 1946 D0 40 JU=1,3

FIRES-RC2 1647 JI=(MI-1)%3+y
FIRES~RC2 1948 J2=(MJU-1 ) %3+

FIRES-RC2 1549 DISCJ)=DELR(J1)

FIRES-RC2 1950 40 DIS(J+3)=DELR(J2)

FIRES-RC2 165) DO 60 J=1,6

FIRES~RC2 1552 D=0 0

FIRES~RC2 1953 DO S0 K=1,6

FIRES~-RC2 1954 S50 D=D+A( JyK)%XDIS(K)

FIRES=-RC2 1955 60 OISP(J)=D

FIRES-RC2 1556 ¢

FIRES~RC2 1957 ¢ CHECK FOR A ONE SEGMENT MEMBZR
FIRES-RC2 1958 ¢

FIRES-RC2 195¢% 1F (NSEGeNEe1) GO TO 80
FIRES-RC2 1960 ¢ .
FIRES-RC2 1961 DO 70 J=1,6

FIRES-RC2 1962 70 WCJ)=DISP(I)+W(J)

FIRES-RC2 1963 GO Y0 140

FIRES-RC2 1664 80 CONTINUE

FIRES-RC2 1565 ¢

F1RES-RC2 1966 ¢ FOFM STIFFNESS MATRIX OF SUBSTRUCTURED MEMBER
FIRES-RC2 1967 ¢

FIRES-RC2 1968 CALL FORMK (SEGL,AE,EI,DCG,M)

FIRES~RC2 1969 ¢
FIRES-RC2 1970 ¢ FOFM LOAD VECTOR FOR SU3STRUCTURED MEMBER
FIRES-RC2 1971 ¢ ’

FIRES-RC2 1572 DO 90 J=1,NM3]

FIRES-RC2 1673 S0 FX(J,1)=DELF(J)

FIRES-RC2 1574 00 100 J=1,3

FIRES-RC2 1678 L=J+NM 32

FIRES-RC2 1976 ; 00 100 K=1,3

FIRES-RC2 1¢77 Kl=K+3

FIRES-RC2 1578 FXCIy 1) =FXCy1)=5T0(K,J43)%DLSP(K)

FIRES-RC2 1979 100 FXOL 1) =FX0Ly1)~STJLKI, J)%DISP(K] )

FIRES-RC2 1980 DO 110 J=1,NM3] .

FIRES-RC2 1381 D0 110 K=1,6

FIRES-RC2 1g5ap 110 S(JyK)=SC J+3,K)

FIRES-RC2 1983 ¢

FIRZS-RC2 1584 ¢ SOLVE FOR CURRENT DEFORMED SHAPE OF SUBSTRUCTURED MEMB3ER
FIRES~RC2 1985 ¢ )

FIRES-RCZ 1986 CALL BANDEC (S, FXyNM31,6,1,21,6,7)

FIRES-RC2 1987 ¢

FIRES-RC2 1988 0O 120 J4=1,3

FIRES-RC2 1689 L=J+NM3 -

FIRECS-RC2 1990 W(JI=DISP(J)ew( )

FIRES-RC2 1991 120 WIL)=DISP(J+3)+w(L)

FIRFS~RC2 1992 DO 130 J=4,NM3

FIRES—-RC2 1593 130 WlSI=FX{J-3,1)eu(y)

FIRES-RC2 1¢94 140 CONTINUE

FIRES-RC2 1995 ¢

FIRES-RC2 1996 ¢ LOOP OVER EACH SEGMENT [N SUBSTRUCTURED MEMBER
FIRES-RC2 1997 ¢ TO FIND STIFFNESS AND INTERNAL FORCES RASED CON
FIRES~RC2 1998 ¢ THE CURRENT DEFORMED SHAPE OF THE MEMBER ( w )
FIRES~RC2 1999 ¢

FIRES-RC2 2000 00 150 J=1,NSEG

FIRES-RC2 2001 C

FIRES~-RC2 2¢c02 ¢ SET UP DYNAMIC STORAGE FOR THIS SEGMENT
FIRES-RC2 2003 ¢

FIRFS-RC2 2004 NCONC=NCONCR(J)

FIRES-RC2 2005 NSTL=NSTEEL( J)

FIRES~RC2 2006 MINIT=MINIT+I8LOCK

FIRES~-RC? 2co07 lDLOCK=32*NCONC415*NSTh#ll
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRSES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RZ2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
F IRES~RC2

2008
2009
2010
2011
2012
2013
2016
2015
2016
2017
2018
2019
2020
2021
2022
2023
20248
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2C45
2046
2ca7
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
20€1
2062
2063
20€4
2065
2060
2067
2068
2069

(] aO6Hno NnNOO

(e N NaNaKs)

150

160

170

180

LIF (1 TAPELEQeO)
Ml14=IMEMB
MIS5=M144¢NCMAX
M16=MIS+NCMAX
M17=M16+NSMAX
M20=MINIT
M21=M20+NCONC
M22=M21+NCONC
M23=M22+NSTL
M24=M23¢NSTL
M25=M244+NCCNC
M26=M25+NCONC
M27=M26+NCONC
M2B=M27+NCONC
M29=M2B +NSTL
M30=M29+NSTL
M31=M30 +2%*NCONC
M32=M31+2%NSTL
M33=M32+2%NCONC
M34=M33+2%NCONC
M35=M344¢ 2&NCCNC
M36=M335+2%NCONC
M37=M36+NCCNC
M38=M37 +2%NCONC
M39=M38+2%NCCNC
MAaO0=M39+NSTL
MQ1=MAQ+2ENSTL
ME2=M4 1 +2FNSTL
MA3=Ma2+2%NCONC
MEFC=M4 3+2%NSTL
MFU=MEF C+NCONC

1BLOCK=0

CALL MEMSEG (NCONC,NSTL.C(MIQ)'C(MXE),C(Mlé)'C(Ml?),C(M?O),C(MZl),
lC(MZZ)yC(M23).C(MZO),C(MZS).C(M26)|C(MZ7),C(MZS)'C(M29),C(M30)'C(M
231),C(M32),C(M33),C(M34),C(M35),C(H36).C(M37).C(MBB),C(MBQ).C(M40)
3'C(M4I),C(M42)'C(M43).SEGL,AE'EIrDCG}W,PA'BM,ASTRAIN,ACURV,CRUSH.C
ARACK,NCONCR,NSTEEL'J,LDOP,C(MEFCl,C(MFU))

CONTINVE

REFORM MEMBER STIFFNESS MATRIX

CALL FORMK (SEGL,AE,EI,DCG.M)

IF (NSEGeNEsl) GO TOJ 170

FOR ONE SEGMENT MEMB3ERS ADD INTERNAL FDRCE TO JOINTS
DO 160 J=143

DIS(JII=FF(1,4J)

DIS(J¢3)=FF(2,1))

CALL STIFF (NM31,NM32'NJ3,MI'HJ,OELF,DV.SVSYXF'F})
GO TO 200

FOR MEMBERS WITH MORE THAN ONE SEGMENT
COMPUTE TOTAL ACTIONS ON SEGMENTS ENDS BY ADD ING EXTEFNALY
APPLIED LOADS

CONT INUE

DO 180 L=1,NM31
AF(L)=FF(24L)+FFC1,L¢3)
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.FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ2
FIRES-RC2
FIRES~RC2
F1RES-RC2
FIRES-RC2
FIRES-RCZ
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RCZ2
FIRES-RC2
FIRES=RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRZS-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

2070
2C71
2072
2C73
2074
2075
207¢
2677
2078
2079
2080
2081
2082
2C83
2Ca34
2085
2086
2087
2088
2089
2090
2091
2032
2063
2094
2995
2096
2097
2098
2C5%9g
2100
2101
2102
2103
2104
2105
2106
21C7
2108
2109
2110
2111
2112
2113
2114
2115
211¢€
2117
2118
2116
2120
2121
2122
2124
2124
2125
2126
2127
218
2129
2130
2131

OO N

[aaNe! (e} (s aNale]

[ala a2l el

(s aNa¥al

190

200

210

220

230
240

250

CALCULATE OUT-OF-BALANCE FORCES FOR SUBSTRUCTURED MEMBER AND
AND CHECK AGAINST PERMISSIBLE ERROR LEVELS

DO 190 J=14NM1

DO 190 K=1,3

L=3%(J-1)¢K

AA=FA(L)=-AF (L)

DELF{L)=AA

IF (ABS{AA)eGTeERP(K)) NCONV=NCONV+1
COGNTINUVE

CALL SUBROUTINE CONDENS TO OBTAIN MEMBER STIFFNESS AND LDAD
VECTOR THROUGH PRIJCESS OF STATIC LONDENSATIGN

CALL CONDENS (NM31)NM32,NJ3,MI,MJ,DELF,DV,SYSTIF,FJ)

CONTINUE
IF (Mol TeNM) RETURN

FOFM GLOBAL CQUT~OF-BALANCE (.0AD VECTOR { DELR )
DO 210 I=1,NJ3
DELR(I)=DV(I)

MODIFY STRUCTURAL STIFFNESS MATRIX FOR SUPPORT SPRING STIFFNESSES
AND FOR SUPPDRT DISPLACEMENTS IF ANY

DO 220 KK=]1,NJ

JI= (KK=1)%3+]

I11=J0J42

J=0

DO 220 [=u4,11

J=J+1}

AAW(1)=-ULI)%SP(1,1)
DELR(I)}=DELR{I)+AAW(])
SYSTIF(I,l):SVST[F(I'l)+Sp(lyl)
IF (DPL(I1)oNEsDe0) DELR(II=DELR(I)~-SP{I11%0PL(1)
CONTINUE

DO 2640 1=1,NJ3

IF (SYSTIF(I,1)eNEsle0) GO TO 230
DELR(I)=0D,

GO YO 240 -
SYSTIF (I 41)=SYSTIF(l,1)~140

CCNT INUE

CALCULATE THE QUT-0OF-BALANCE FORCES FOR YHZ
SYSTEM AND COMPARE AGAINST PERMISSIBLE ERROR

OVERALL STRUCTURAL

I=0

DO 250 I1=14NJ

DO 250 JJ=1,3

I=1+1

ERROR=DELR()
ERROR=AHBS(ERRDOR)

IF (ERRDOReGToERP(JJI))
CONTINUS

NCONVz=NCUNV+1

RETURN
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FIRES~-RC2
FIRES-RC2

FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2

2132
2133

2134
2135
2136
2137
2138
2139
2140
2141

2142
2143
2144
2145
2146
2147
2148
2149
2150
2151

2152
21£3
2154
2155
2156
2157
2158
2159
2160
2161

2162
21€3
2164
216%S
2166
2167
2168
2169
2170
2171

2172
2173
2174
2175
2176
2177
2178
2176
2180
2181

2182
2183
2184
2188
2186
2187
2188

EalNalg!

e ala sl

aNaNaXal

NnOoNnO

10

20

END

SUEROQUTINE MEMSEG (NCONC,NSTLSIGC,EPCySIGS1EPS AL, YCyAS,YS,AMOD, S
LTRE }EPU, TES ,AMOS ) YIE , ARy ARS yKRAT KRAF yAKAK y AKK s STRCyEHC, SI1Cy STRSy E
2HSy SIS, ESHIFTC,ESHIFTS) SEGL AL yE1,0CG, W, PA,BM,ASTRAIN,ACURY ,CRUSH ,
3CRACK yNCONCRyN3STEEL g J yLOOP4EFCyFU)

COMMCN
COMMON

/TAP/ HED(10),ITEMPL ,ITEMP2,1SEGL , ISEG2, NIN,NOUT , NPUNCH
/BLK17 NJNMNBC)NXXyMAXBAN NCFP S NCRPC ,NSHRINK4NCONV
COMMON /BLKR2/ A(64€),4,E(6,56) )

COMMON /BLK3/ DIS(6),DISP(6),FXI121,7)4S1J(6,6),5(21,6),AF(15),FF(2
1,182, T(646),TSF(6,6)

COMMON /DYN/ NDT NSTORE yNCMAXgNSMAX ,NCONTL ¢4NSTLTL,ISYSTM, IMEMB, IT0
1TAL, ITAPE

DIMENSION SIGC(1), EPC(1), SIGS(1)y EPS5(1),
15¢(1), AM3D(1), STRE(1), EPU(C1), TES(1), AMOS(1), YIE(L), AR{2,1),
2ARS5(2,11y KRAT(2,1), KRAF(2,1)y AKAK(241)y, AKK(241), STRC(1}, EHC(
3241}, SIC(241)y STRS(1}, EHS(2,1), SIS(2,1), ESHIFTC(2,1), ESHIFTS
4(251)y SEGL (1), AE(1), EIC(1)}, DCGI1)}, W(1), PA{2,1), BM(2,1), ASTR
SAIN(241)y ACURV(2,1), CRUSH(2,1), CRACK(2,1), NCONCR(1), NSTETL(1)
6y EFC(1), FU(1)

INTEGER AKAK,4AKK

AC(1)y YC(1))y AS(L1)y Y

READ IN SEGMENT DATA fROM STORAGE FILE ISEGI

IF (ITAPESEQe14ANDeNDTeNELO) GO TO 10

IF (ITAPEGEQo1eANDeLOOPoGTel) GO TO 10
ISIZE=2S*NCONC¢+ 1 35NSTL+10

READ (ISEG1) (AC(1),1=1,1S1ZE) ,

TRANSFORM SEGMENT DISPLACEMENTS FRUM REFERENCE LINE TO CENTER
OF GRAVITY OF CROSS~-SECTION

E(1,3)1=-DCG(J)

E(446)=E(!,3)

L=3%(J=-1)¢1

M=L +S

DO 20 NR=1,6 =
DIS(NR)=0e

DO 20 K=l M

N=K~L ¢+1
DISINR)=DIS(NR)+E(NRy N} 3W(K)

BEGINNING OF LOOP TO FIND STRESSES AND FORCES
AT EACH END OF SEGMENT

DO 140 J¥=1,2

CALCULATE AVERAGE STRETCH AND CURVATURZ

AT LEFT END ( JT = 1 ) IR RIGHT END ( JT = 2 ) OF SEGMENT
OL=SEGL(J)

OL2=0L*DL

ST=(D1S{(4)-DIS(1))I/DL

ASTRAINC(JIT , J)=ST

IF (JTeEQel) FEE=-(DIS(2)%6e/DL2)~(DIS{3I)*4e/DLI+(DISIS)IAGersDL2)~(
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FIRES~RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~RC2
FIRES-RCe
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCR2
FIRES~-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES--RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FI1RES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RCZ2

2189
2190
2191

2192
2193
2194
216¢E
2196
2197
2198
2199
2200
2201

2202
2203
2204
2205
2206
2207
2208
2209
2210
2211
2212
2213
2214
22195
2216
2217
2218
2219
2220
2221
2222
2223
2224
2225
2226
2227
2228
2229
2230
2231
2232
2233
2234
2235
223¢
2237
2238
2239
2240
2241

2242
2243
2244
2245
2246
2247
2248
2249
2250

ano

NnO0OON

0on

00N

[aNa N3l

s alalsl

non

30
40

SO

60

70

L1DIS(6)%24/70L 1)

IF (JTeEQe2) FEE=4(DIS{2)%64/0L2)¢(DIS(3)%24/DL)=-(DISI{S)*64/0L2) ¢
10IS(6)%4,4,/0L)

ACURVIJT 4 J)=FEE

SET SUMMATION VARIASLES TO ZERO (0.0)

SAE=0.0

SEI=0e0

SDCG=0.0

SBMz=0,40

SPA=040

SPAS=060

ACRUSH=0e0

ACRACK=0s0

CALCULATE CURRENT STATE OF STRAIN, STRESS AND MODJLUS FOR
CONCRETE SUBLICES

DO 110 K=1,4NCONC
STRAIN CALCULATICNS

EPCUK}=ST+FEEX(DCGIJI-YCIK))
EPC{K)=EPCIK)=STRC(K)

EHCIJT,K)=EPC(K)

CHECK FOR CONCRETE 3SUBSLICE DEGRADATION (I15. CRACKING OR CRUSHING)
IF (AKAK(JT,K)eEQel) GO TO 70
EESEHC(JT yKI~ESHIFTCC JT k)

IF (EE) 30,400,480

IF (ABS(EHCIJT,K))eGToEPU(K))
AKK(JYT,K)=0
1F (EEelLTe0)

GO TO €0

GO TO 80

IF SLICE IS CRACKED THE TENSION IS ZERD

IF (KRAT(JUT,,K)eEQsl) GO TO 50
SIGC(K)=STR(EHC(JT,K),AMDD(K),STRE(K).EFC(K),FU(K),EPU(K)'ESHIFTC(
1J7,4K}))

IF (SIGCIK)elLESTES(K)) GO TO 90

CONSIDER SLICE WHICH [S JUST "CRACKED OR SLICE CRACKED
AT EARLIER STEP THEN COMPRESSZO NOW IN TENSION AGAIN

KRAF (JT K1 =1
ACRACK=ACRACK+AC(K)
AR(JT4K)=0e
EE=EE*AMOD(K)/TES(K)
SIGCIK ) =STCRAK(EE )
SIGC(KI=3IGC(K)IXTES (K )

IF (SIGCIK)aGTeSIC(ITK))
IF (SIGC(K)elTeOo)
GO0 TO 100

CONT INUE

SIGC(K)I=2e%*¥SIC(IT,,K)-SIGC(K)
SIGC(K)=0e

CONSIDER CRUSHED SLICE
AKK(JT,K) =1

CONTINUVUE
ACRUSH=ACRUSH+AC(K)
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FIRES-RC2 22t&1 *AR(JT,K)=0e0

FIRES-RC2 2252 SIGCI{K)=0,40
FIRES-RC2 2253 EPC(K)=0e0

FIRES~RC2 2254 GO YO 100

FIRES-RC2 2255 C

FIRES-RC2 2256 C STRESS CALCULATION

FIRES-RC2 2257 ¢

FIRES~RC2 2258 80 SEGC(K)=STRIEHC(JT,K),AMOD(K )y STRELK ) EFC(K ) FU{K),EPU(K),ESHIF TC(
FIRES~RC2 2259 LJT,K))

FIRES~RC2 2260 90 KRAF(JT4K}=0

FIRES-RC2 2261 C

FIRES-RC2 2262 C MODULUS CALCULATIONS

FIRES-RC2 2263 C

FIRES~-RC2 2264 X1=EHC( JT,K)+0.00005

FIRES-RC2 22¢5 X3=STR(X1,)AMOD(K )} STRE(K) EFCE<),RULK) yEPU(K) 4ESHIFTC(JITK))
FIRES-RC2 2266 X2=EHC( JT yK}~0,00005 :

FIRES-RC2 2267 X4=STR{X2yAMOD(K) ¢STRE{K) yEFC(K) yFULK) 4 EPU(K) yESHIFTC{JT K} )
FIRES-RC2 2268 AR(JT yK)=1000040%(X3~X4)

FIRES~RC2 2269 100 CCNTINUE

FIRES-RC2 2270 SIC(JT4KI=SIGC(K)

FIRES-RC2 2271 C

FIRES-RC2 2272 C SUMMATION FOR SEGMENT CROSS-SECTION PROPERTIES
FIRES-RC2 2273 C

FIRES-RC2 2274 AA=AC (K)¥AR( JT ,K)

FIRES-RC2 2275 SAE=SAE+AA

FIRES-RC2 2276 YY=YC(K)

FIRES-RC2 2277 AAZAARYY

FIRES-RC2 2278 SDCG=SDCG+AA

FIRES~RC2 2279 SEI=SE1+AAXYY

FIRES—RC2 2280 C=ACIK)*SIGC(K)

FIRES-RC2 2281 . SPA=SPA4C

FIRES~RC2 2282 110 SBM=SBM-C%*YC(K)

FIRES-RC2 2283 C

FIRES-RC2 2284 C , CALCULATE CURRENT STATE OF STRAIN, STRESS AND MODULUS FOR
FIRES-RC2 2285 C " STEEL SUBSLICES

FIRES-RC2 228¢ C ‘
FIRES-RC2 2287 IF (NSTLeEQeO) GO TO 130 '
FIRES-RC2 2288 DO 120 K=1,NSTL .

FIRES-RC2 2289 ¢

FIRES-RC2 2290 C STRAIN CALCULATIONS

FIRES-RC2 2291 C

FIRES-RC2 2292 EPS{K)=ST+FEE*(DCG{ J)~YS(K))

FIRES~RC2 2293 EPS(K)=EPS(K)~STRS(K)

FIRES-RC2 2294 EHS( JT4K) =EPS(K) 2

FIRES-RC2 2295 C

FIRES-RC2 2296 C STRESS CALCULATICN

FIRES-RC2 2297 C

FIRES-RC2 2298 EPSY=Y IE(K)/AMOS (K )

FIRES-RC2 2299 SIGSIK)=SSIEHS( JT 1K) yEPSY)AMOS(K) g YIE(K) g ESHIFTS(IT ,K))
FIRES—RC2 2300 C

FIRES-RC2 2301 C MODULUS CALCULATIONS

FIRES~RC2 2302 C

FIRES-RC2 2303 X1=EHS(JT,K) 404000053

FIRES-RC2 2304 X3=5S{X14EPSY4AMOSIK) ,YIE(K) ,ESHIFTS( JT ,K))
FIRES-RC2 2305 X2=EHS(JT K)-0+00005 .
FIRES-RC2 2306 X4=SS(X2,EPSY s AMOS (K) s Y IECK ), ESHIFTS(JT 4K ) )
FIRES~RC2 2307 ARS{JT,K) =10000s0%( X3~X4)

FIRES-RC2 2308 SIS(JT,KI=SIGS(K)

FIRES-RC2 2309 C

FIRES-RC2 2310 C SUMMATION FOR SEGMENT CROSS-SECTION PRIPERTIES
FIRES-RC2 2311 C

FIRES~RC2 2312 AA=AS(KI®SIGS(K)
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCR2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES~-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES—~RC2
FIRES-RC2
FIRES-RCZ
FIRES-RC2
FIRES-RC?2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2

2313
2314
2315
2316
2317
2318
2319
2320
2321
2222
2323
2324
2325
2326
2327
2328
2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2339
2349
2341

2342
2343
2344
2345
2346
2347
2348
2349
2350
2381

2352
2353
23%4
2385
2356
2357
2358
2359

23690
2361
23062
2363
2364
2365
2366
2367
2368
2369

s ale!

aonoon

oOnNnONn

[aNs ol alal

120

130

14C

*SPAS=SPAS +AA
YY=YS(K)
SBM=S8M-YYkAA
AA=AS (K} RARS(JT ,K)
SAE=SAZ +AA
AA=AARYY
SDC3=SDCG+AA
SEI=SEl+AA&YY

STORE CROSS~SECTION DATA

PA(JUT 4 J)=SPA+SPAS
BMJT, J)=58BM

IF (JToEQel) DCGTEMP=SDCG/SAE

IF
IF
IF

(JTeEQs2)
(JTeEQe 1)
{JTeEQae2}

DCG(J)=(DCGTEMP+SDCGASAE)/ 2,
AETEMP =SAE ’
AZ(J)=(AETZMP4+SAZ )/ 2,

S1=SEI-SAE*((SDCG/SAE}%%2)

IF
1F

(JTeEQs 1)
(JTeEQe2)

EITEMP=5]
EICJ)=CEITEMP+S1)/ 2,

CRUSH(JT,J)=ACRUSH
CRACK(JT, J)=ACRACK

CONT INUE
FIND INTERNAL FORCES VECTOR FAR THIS SEGMENT

JI=(s-1)%3¢1
PSEGMNT=(PA(1,J)+PA(2,9))/20
FF(1,JJ)=-PSEGMNT

FF(2,JJ)=+PSEGMNT

FFQ1,0J42)=-BM(1,4J)

FFL2,JJ42) =¢BM(2, )
SHEAR=(FF(1,JJ¢2)+FF(2,JJ+2))/SEGL(J)
FF(1,JJ41)=SHEAR

FF{2ydJ+1) =~ SHE AR

,

WRITE SEGMENT DATA ON I3EG1

IF (I TAPEeNE«0) RETURN
IS1ZE=25%NCONC+1 3ENSTL+10

WRITE (1SEG2) (AC(1),1=1,1S17E)
RETURN

END

SUL ROUTINE QUTPT (IBC,JS,U.AAV,DELR.SEGL.AE,AEI.EI'[XX.OCG,W.UCLF,
1PA.BM,ASTRA1~,Acunv,AREA.CRUSH,CRACK,NCONCR,NSTEFL,xz,13,15,L(Auo,
ZNCARD, TIME M)

SUBROUTINE ®0UTPT* PRINTS AND PUNCHES ANALYSIS RIESULTS

COMMON /TAP/ HED(lO),[TEM“X.!TEMPZ.ISEGI,ISEGZ'NIN.NOUT,NPUNCH
COMMON /7DYN/ NPT,NS]ORE,NCMAX,NSMAX,NCONTL'NSTLTL,XSYSTM.IM&MH,[1C
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FIRES-RC2
FIRES=-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES—-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES-~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
F IRES—RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES=RC2
FIRES-RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

2370
2371
2372
2313
2374
2375
2376
2377
2378
2379
2380
2331
2382
2383
2384
2385
2386
2387
2388
2389
2390
2391
2392
2393
2394
2395
2396
2397
2398
2399
2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2416
2417
2418
2419
2420
2421
2422
2423
2424
2425
2426
2427
2428
2429
2430
2431

Nnon

nnao

HAO O

Nnon

10

20

30

40

LTAL, ITAPE

COMMON /BLK1/ NJNM,NBC,N.J3,MAXBAN,NCRP S, NCRPC ,NSHR INKy NCONV

COMMON /MEMB/ NNSEG(75)

COMMON C(1)

OIMENSION IBC{1)}, JS{(1), UL1), AAW(1), DELR(1), SEGL(1), AE(1}, AE
11¢1), EIC1), EII(1)y DCG(L)y, W(1)y DELF(1), PA(2,1), BM{2,1), ASTR
2AIN(241)y ACURV(2,1), AREA(1), CRUSH{2,1), CRACK(2,1), NCONCR(1),
3NSTEEL (1}

OUTPUT FOR SYSTEM (ON FIRST CALL OF SUBROUTINE ONLY, WHEN MeEQel)
IF
IF

(MeGTel}) GO TO 60
{ISeEQe0) WRITE (NOUT,;160)
IF (IS5¢EQel) WRITE {(NOUT,180)
IF {NCONV.EQe0Q) GO TO 10
WRITE (NOUT,190)
WRITE (NDOUY,200)
CONT INUE

IF (1SeEQe0)
IF (I5.EQe1)

(DELR(I),I=1,NJ3)

WRITE (NOUT,210)
WRITE (NOUT,220)
GO TO

IF (136EQeO) 30

PUNCH HEADER CARD
IF (NCARDWNEL0O) GO
NCARD=NCARD+1]
WRITE {(NPUNCH,230)
NCARD=NCARD¢+1]
WRITE (NPUNCH,240)
NCARD=NCARD+1

TO 20
HEDyLCARD ,NCARD

ND Ty TIME yNM,NJ,LCARD NC ARD

PRINT AND/OR PUNCH SYSTEM INFORMATION
CONTINUE

DO 50 J=1,4NJ

DECODE (10,250,1HC( J)
J1=(JI-1)%3¢1

J2=J142

IF ((IX+IY+IR)}«GTe0) GO TO 40

JIXy 1Y, IR

UNRESTRAINED JOINTS

IF (156EQe0) WRITE
IF (15EQel1) WRITE
IF (13.EQes0) GO TO

(NOUT,260) Jy(U(1),1=5J1,J2)
(NJUT'Z-’O) J,(U(I),I:JI'JZ)
So

WRITE {NPUNCH,300)
NCARD=NCARD¢1
G0 TO 50

JeylU(1)yI=J1,42),LCARDJNCARD

RESTRAINED JOINTS

CONT INUE

1F (1SeEQe0)
IF (ISeEQel)
IF (ISeEQel)
IF (1S5e¢EQel)
IF (13€EQ00)

WRITE
WRITE
WRITE
WRITE
GO TO

{NOUT,260)
(NOUT ,260)
{NOUT,280)
(NGUT,290)
50

Je(ULID) I =01,3J2),(AAW( (T ),y1=U1,42)
JytUCT ), 1201 ,42) ,AAW(J1)
Aaw(J1+l)

AAN(JI2)

WRITE (NPUNCH,310) J,(UCT)3=01,420,(AAW(]) ,1=U1,32),LCARD,NCAKD

NCARD=NCARD#1
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FIRES-RC2 2432 S0. CONTINUE

FIRES-RC2 2433 MINIT=1YOTAL
FIRES~-RC2 2434 I1BLOCK=0

FIRES-RC2 2435
FIRES-RC2 2436
FIRES-RC2 2437
FIRES-RC2 2438
FIRES-RC2 2439 60 CONTINUE

PRINT AND/OR PUNCH RESULTS FOR SUBSTRUCTURED MEMBERS
{ LOOP OVER ALL MEMBERS, WITH THE DQ-LOOP IN THE MAIN PROGRAM )

22N s Na)

FIRES~-RC2 2440 C
FIRES-RCZ2 2441 ¢ PRINT HEADINGS FOR MEMBER DATA
FIRES-RC2 2442 (¢

FIRES-RC2 2643 NSEG=NNSEG(M)

FIRES-RC2 2444 IF (IS0EQe0) WRITE (NOUT,320) M
FIRES-RC2 2445 [F (156EQel) WRIYE (NOUT,330) M
FIRES-RC2 2446 IF (NCCNVeEDeO) GO TO 70
FIRES-RC2 2447 IF (NSEGsEQel) GO TO 70

FIRES-RC2 2448 WRITE (NOUT, 340)

FIRES~RC2 2449 NS=(NSEG=-1)%3

FIRES-RC2 2450 WRITE (NOUT,200) (DELF{1),1=1,NS)
FIRES~RC2 245) 70 CONTINUE

FIRES~RC2 2452 IF (I5.EQa0) WRITE (NOUT,350)
FIRES~RC2 2453 IF (ISeEQel) WRITE (NOUT,360)
FIRES-RC2 2454 IF (13.EQe0) GO TO 100

FIRES-RC2 2455 NM3P 1=3%NSEG+3

FIRES-RC2 2436 ¢

FIRES-RC2 2457 ¢ PUNCH NODE DISPLACEMENT DATA HERE IF DESIRED
FIRES~RC2 2458 ¢

FIRES-RC2 245% Ji=t

FIRES~-RC2 2460 Ki=1

FIRES~RC2 2461 NSG1=NSEG+1

FIRES~-RC2 24€2 80 IF (J1.GTeNSGl) GO TO 100
FIRES-RC2 2463 ' J2=J1+]

FIRES-RC2 2464 K2=K1+1

FIRES-RC2 2465 K3=K2+1

FIRES-RC2 2466 IF (J26GTeNSGL) GO TO 90
FIRZS~RC2 2487 K&4=K3+]

FIRES-RC2 2468 KS5=Ka+}

FIRES-RC2 2469 K6=KS5+} .
FIRES-RC2 2470 WRITE (NPUNCH,370) M.Jl,u(Kl).w(Kza,w(Ka),Ja,w(KA).W(KS),w(xo),LCA
FIRES-RC2 2471 LRD, NCARD

FIRES-RC2 2472 NCARD=NCARD+1

FIRES-RC2 2473 Ji=a2+¢1

FIRES-RC2 2474 Kl1=K&+1

FIRES~RC2 2475 GO TO 80 -
FIRES-RC2 2476 90 CCNTINUE

FIRES-RC2 2477 WRITE (NPUNCH, 380) MeJLlyW(KI)yW(K2),WIK3)yLCARD,NCARD
FIRFS-RC2 2478 NCARD=NCARD ¢+1

FIRES~RC2 2479 ¢

FIRES-RC2 2480 ¢ PRINT MEMBER DATA

FIRES-RCZ 2481 ¢

FIRES-RC2 2482 100 CONTINUE

FIRES~RC2 2433 ¢

FIRES-RC2 2484 IF (I54EQe0) GO THD 120

FIRES-RC2 248% DO 110 1=1,NSEG

FIRES-RC2 2486 JI=CI-1)1%3¢1

FIRES-RC2 24887 J2=d1+2

FIRES-RCZ 2488 WRITE (NJUT,390) f4(wW(J)yJ=ul,q2)
FIRES-RC2 2439 WRITE (NOUT ,460) ACURV(1,1)
FIRFS-RC2 2490 WRITE (NOUT,470) 1,ASTRAIN(L,1)
FIRES-RC2 2491 WRITE (NOUT,480) ACURV(Z2,1)
FIRES-RC2 2492 110 CONTINUE

FIRES~RC2 2493 JE=0143
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FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F IRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

2494
2495
2496
2497
2498
2499
2500
2501
2502
2503
2504
2505
2506
2507
2508
2509
2st0
2s11
2512
2513
2514
2515
2516
2517
2518
2519
2520
2821
2522
2c23
2524
2525
2526
2827
2528
2529
2530
2531
2532
2533
2534
2s3s
2536
2537
2538
2539
2540
2541
2542
2S43
2544
2g4s
2546
2547
2548
2349
2550
2851
2552
2553
2£54
2sss

Nnoo

120

130

J2=J1+2
I=NSEG+1
WRITE (NOUT¢390) I1,(W(J),3=J1,J2)
CCNT INUE

IF (1Se¢EQe1) WRITE (NGUT,170)
DO 130 I=1,NSEG

J1=(1-1)%3+}

Jes=Jd1+2

IF (ISeEQe0) WRITE (NOUT,390) I,(W{J),J=11,12)
SHEAR=(BM(2,1)-8M(1,1))/SEGL(1)
AXTAL=(PA(2,1)+PA(1,1))/72,

DO 130 JT=1,2
RAE=100e%AE(1)/'AEL( 1)
REI=100e*EI(I}/ELI( )
RCRACK=100¢ *CRACK(JT, ) /7AREA(])
RCRUSH=100e *CRUSH{JT, I }/AREA(1)

IF
1USHy RCRACK

(UTeEQe 1o ANDe ISeEQa0)

IF (JToEQeleANDeISeEQel)
IF (JTeEQel sANDGISsEQ0)
1EAR,AE(1),E1(1),0CG(I)

IF
1G6(1)

(JTeEQs 16 ANDe IS5eEQel)

IF (JTeEQo2eANDe154EQe0)

WRITE

WRITE
WRITE

WRITE

WRITE

{(NQUT,400)

{NOUT,410)
{NOUT,420)

(NOUT ,430)

(NOUT,440)

ACURVI JUT 41),8BM(JT,1),RPCR

SM(JT,1),RCRUSH,RCRACK
I4ASTRAIN(UT, 1), AXTIAL,Sm

I )AXIALWSHEARyRAE,RE] , T2

ACURV I JT 1) ,8MLUT, 1)k

1, REIyRCRUSH,RCRACK
IF (JTeEQo20ANDIS50EQel)
IF (I34EQe0) G50 TO 130

WRITE (NOUT,450)

PUNCH MEMBER DATA

WRITE (NPUNCH4490) My Iy ASTRAIN(IT 1) jACURV(JIT 48 ) )AXTIAL (BM{IT 1), 3

1EAR,RAE 4REI yRCRUSH y RCRACK , DCG (1) yLCARD , NCARD
NCARD=NCARD+1 '

CONTINUE

J1=J1+3

J2=J1+2

I1=NSEG+1

IF (15¢€Qe0) WRITE (N3UT,390) I,(W(J)yJ=J1,J42)

IF (124EQe0sANDeI3¢NEs2) GO TD 150

DO 140 JSEG=14,NSEG
SET UP DYNAMIC STORAGE FOR THIS SEGMENT

NCCNC=NCONCR(JSEG)
NSTL=NSTEEL( JSEG)
MINIT=MINIT+10LOCK
I1BLOCK=32¥NCONC+IS#NSTL +11
IF (ITAPELEQe0) ISLOCK=0
Mla=IMEMB

M15=M144+NCMAX

M20=MINIT
M29=M20+6%XNCONC+35ENSTL
M32=M29+¢3%NSTL + 24NCONC
M33=M32+2%NCONC
M38:=M33¢28NCANC
M35=434 ¢2 ¥NCONC
M37=M35+3%NCONC
M3B=M37+2%NCONC
MAO=M384+2%NCONC+NSTL
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FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RCR2
FIRES-RC2
FIRES~-RC2
F1RES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RCZ2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRSS-RC2
FIRES-RC2
FIRES-RC2
FIRES-KRC2
FIRES-RC2
FIRES-RC2Z
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC?2
FIRES~-RC2
FIRES-RC?2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC?
FIRES-RC2

2556
2587
2558
2559
2560
2561
2562
2553
2564
_25€5
2565
2567
2568
2569
2570
2571
2572
2573
2€74
2575
2576
2577
2578
2E8r9
2580
2581
2582
2583
25e4
2585
2586
2537
2588
2889
2590
2591
2592
2593
2594
2595
2596
2567
2558
2599
2600
2601
2602
2603
2604
2605
26C6
2607
2608
2609
2€10
2611
2€12
260613
2614
2615
2¢€16
2617

00

[aNale}

[aNaNal

MA1=MEO+2%NSTL

MAa2=M4} +2%ENSTL
MA4=MA2+2&NSTL +6*¥NCONC
M&4S=M44+10 5
M47=MaS+2%5NCONC

QUTPUT SEGMENT DATA

CALL OPTSEG (NCONC'NSTL,C(M14).C(MIS),C(MZO).C(MZ?),C(MJZ)'C(M33).
lC(MJA),C(MBS),C(MB?),C(MBB),C(MQO),C(M4l),C(M42),C(MQQ),C(MGS),C(M
'267),JSEG,M,IH.!B,IS,NCAQD,LCARD)

140 CCONTINUE
150 CONTINUE
IF (MeNEJNM) RETURN

REWIND STORAGE FILES THAT HAVE BEEN USED IN QUTPUT

IF (ITAPE.EQel) RETURN
REWIND ISEG)
REWIND ITEMP]

RETURN

160 FORMAT (/r715(2+H ) 3394 ANALYSIS RESULTS FOR STRUCTURAL SYSTEM, z0(
12H o))

170 FORMAT (//15X,31H~FORCES AND SECTION PRCPERTIES-///7€3H SEGUENT
1 SEGMENT FORCES SEGMENT ARE A CENTER /34X ,29HSTIFENE
255 REDUCT ION OF /56X, 7HGRAVITY/62H AXIAL SHE A=
3 MOMENT —-AE- —-El- CRUSHED /62H (KIPS) (K1IPS)
4 (IN-K) (PERCENT CRACKED (IN} /760H ’

S OF INITIAL) (PERCENT) ’7)

180 FORMAT (/7/75(2H o)y 39H ANALYSIS RESULTS FOR STRUCTURAL SYSTEIM,5(2H
1 1)

190 FORMAT (/72X 100 1H%) 4 39H OUT-0F-BALANCE FORCES - SYSTEM
1H%}/)

200 FORMAT (1P,12Xx,3E1204)

210 FORMAT (/73X SHIOINT , 9Xy 1 9HIOINT DISPLACEMENTS ,22X,1 7THSUPSCART REAC
LTICNS/15X,24HGLOBAL COORDINATE SYSrEM/[7X'3HX-G'9X'3HY‘G,QX'BHR‘G'
213Xy 3HF—X'9X13“'F—Y’ 7 X ,GHMGMENT/lZXySH(lNCHES) r4Xy3H(INCHE ) y 3Xy OHi(
3QADIAN5)'lleﬁH(KIpS).GXyGH(KIpS),GX,éH(IN‘K’/'

220 FOFMAT (//3X'5HJOINT,9X,IQHJOINT DISPLACEMENTS.lﬂx,7HSUPPCQT/14x,2
16H(GLOBAL COORD INATE SYSTEM)pl3X'9HREACTIDNS//l7X,3HX—G,9!,5HY~G,9
2X33HR-G 48X, LOMHF=X (KIPS)/IZX'5H(INCHES)14X,BH(lNCHES),3X,9H(RADth
35) 48Xy 10HT~Y (Klps’/52X,loHM‘R (IN=-K)}/)

230 FORMAT (12A6,A3,15)

240 FOFMAT (AHSTEP,I3,9H * TIME =yF602y12H = MEMAESKS

1 =9 I3, 2H *,IQX'A3|[5)

FORMAT (2Xx,311)

FOFMAT (/I813Fl205.5X,3cl2-2)

FOFMAT (18,3F]2.5,13X'4HNONE)

FOFMAT (49X 4Fl242)

FORMAT (49X ,F1242/)

FORMAT (ZHJT'IJ,ZFIOQS.FlOo7'37X,A5,15)

FOrMAT (2HJT,IJ'ZFIOoS'Fl0-7|3r10ol.7X,A3|IS)

FORMAT (777720(2H o)y 284 ANALYSIS RESULTS FOR MEMIE R ) 1442501 o))

FORMAT (r/7778(2H o) y28H ANALYSIS RESULTS FOR MLWHER,IQ'7(2H o V/ /17

1Xy 2BH~DISFLACEMENTS AND STRAINS- /)

340 FORMAT (/1Xy310C1H%) ,40H QUT-0F~-BAL ANCE FORCES -~ MEMBLR -
11H%) /)

- PELK 10(1

T9I3,11H * JOINTS

250
2€¢0
270
280
290
300
310
320
330

DELF 1

(o]
-
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FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2

FIRES-RC2
FIRZS-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FI1RES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
F1RES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRL§-RC2
FIRES-RC2
FIRES-RCZ
FIRES-RC2
FIRES-RC2

2618
2619
2620
2621

2622
2623
2624
2€25
2626
2627
2628
2€29
2630
2€31

2632
2633
2634
2€35
2636
2637
2€38
2€39
2640
2641

2642
2643
2644
2645

2646
2647
2648
2649
2650
2651
2652
2653
2654
2€55
2656
2657
2658
2659
2660
2661
2662
26063
2664
2665
26¢6
2667
2668
2669
2670
2€71
2672
2673
2674

o0

[aXa Mgl

350 FORMAT (/63H NODE SEG SEGMENT END DISPLACEMENTS SECTION
1STRAINS ,69H SEGMENT FORCES SEGMENT STIFFNESS AREA R
2EDUCTION CENTER,/40H4 ’ (MEMBER COORDINATE SYSTEM),E6x,
32HOF , /63H X~M Y=M R-M ELONGATION
& CURVe y69H AXTAL SHEAR MOMENT AXTAL ROTATIONAL CRUSHED CR
SACKED GRAVITY,/742H (INCHES) (INCHES) (RADS) ,23X%,46
6TH(KIPS) (K1IPS) CIN=-K) ~AE~ -E1- (PERCENT) '

7 /)

360 FORMAT (/63H NODE SEG SEGMENT END DISPLACEMENTS SECTION
1STRAINS L/40H (MEMBER COOKDINATE SYSTEM),/63H

ta X~M Y—M R-M ELCNGATION CURVe /74 2H
3 C(INCHES) ( INCHES) (RADS),7)

370 FOFMAT
380 FOFMAT
390 FOLRMAT
400 FORMAT
410 FORMAT

(2HMBQ!2|2(2HND'IZ,ZFlO.S,FlC.?)pA3y!5)
(ZHMB,IZ'ZHND,IZyZFIOQS'F1007y3AX,A37[5)
{13,10X43F10e5)
(GX,QHLEFT'43Xylp'E1002'16X'CP.F8.l,23Xy2F7.2)
(33X y8HLEFT, 18X4F8e1412X,2F560)

420 FOFMAT (lS.lX.4HAVG.,33X,lp.EIOoZ|lOX,OP,2F8.l.BX,IP,ZEIO.Z,IGX,OP
1y,F8e2)

430 FCRMAY (I12y1X)8HAVGes2X 2FB8el ¢8X2F640,y)10X,F802)

440 FORMAT (6XySHRIGHT 42Xy IP4E10e240P,16X,F8s1 y8H (yFSe2,1H)4H (

450
460
470
480
490

10

1,FSe2,1M),3X,2F7+2)
FORMAT (3X,S5HRIGHT ,;17X,FBel 12X ,2FSe0/)

FORMAT (6X,4HLEFT,43X'IP,EIO-2)

FCRMAT (15,1X;6HAVG, y33X,1P,E1002)

FORMAT (6XySHRIGHT 42X, 1P ,E10e2)

FORMAT (2HMBy [2,3HSEG, 12, 2EQe2,3F841,4F462,FSe1,A3,15)
END

SUBROUTINE OPTSEG {NCONCyNSTL,IPR,PR,AC ;YIE KRAT JKRAF ,AKAK  AKK , [HC
1ySICyEHS ) SIS)ESHIFTC,NSTRy TEMPC, TEMP S, JSEG, My 12,13, 15,NCASD ,LCARD)

COMMON /TAP/ HED(10) ,ITEMP1,ITEMP2,1SEG] 1SEG2,NIN, NOUT NPUNCH
COMMON /DYN/ NDTyNSTORE NCMAX,NSMAX,NCONTL yNSTLTL ,15YSTM, IMEMH, | TO
1TAL, ITAPE

CCMMON /7BLK1/ NJ NMyNBC yNXX,MAXBAN ;NCRPS s NCRPC y NSHR INK y NC ONV

DIMENSION IFPR(1), PR(1), AC(1l), YIEC(1l), KRAT(2,1), KRAF(2,1), AKAK
1(2,1), AKK(241) EHC(241), SIC(2,1), EHS(2,1), SIS{2y1)y ESHIFTC(Z2
2491)y, NSTR(1), TEMPC(1), TEMPS(1)

DIMENSION IP(9), PI(9)

INTEGER AKAK AKK

READ SEGMENT DATA FROM FILES ISEGL AND ITEVP)
IF (ITAPEeNE«O) GO TO 10
ISIZE=25%NCONC+13%¥NSTL¢10

READ (I1SEG]) (AC(I),1=1,1SI1ZE)

IF ([2eNEe2) GO TO 10

ISTZE=7%NCONC ¢ 2%XNSTL ¢ 1

READ (ITEMP1) (TEMPC(I),I=1,1S1ZE)

CONT INUVE

IF (12eNEel) GO 70O 80

LGCOP OVER BOTH ENDS UOF SEGMENT

C-45



FIRES-RC2 2675 DO 70 Jur=t,2

FIRES-RC2 2676 C
FIRES-RC2 2677 C PRINT STRAINS AND STRESSES FOR SEGMENT CROSS-SECTION
FIRES-RC2 2678 (¢

FIRES~-RC2 2679 IF (JTeEGel) WRITE (NOUT, 160) M, JSEG
FIRES~RC2 2680 IF (JTeEQe2) WwRITE (NOUT,170) M,JSEG
FIRES-RC2 2681 WRITE (NOUT,180)

FIRES-RC2 2882 C

FIRES-RC2 2683 C CONCRETE STRAINS AND STRESSES

FIRES-RC2 2684 ¢

FIRES-RC2 2685 © DO 40 I=1,NCCNC

FIRES~RC2 2¢86 IF (AKK(JT,I)nNE.0.0Q.AKAK(JT,I)oNE.O) GO TO 20
FIRES-RC2 2687 EE=EHC(JT,I)—ESHIFTC(JT,!)

FIRES-RC2 2683 1F (KRAF()TyI)JNE.O.AND.EE-GE-O-O) GO TO 30
FIRES—RC2 2689 ENCODZI (10,190,IPR(1) }SIC(JIT,1)

FIRES-RCZ 2690 GO 7O 40

FIRES~-RC2Z2 2691 20 IPR(1)=9H CRUSH

FIRES-RC2 2692 GO TO a0

FIRES-RC2 2663 30 IPR{I)=9H CRACK

FIRES~-RC2 2694 40 CONTINUE

FIRES-RC2 2695 1€ (156€0600) NCOL=10

FIRES-RC2 269¢ IF (I15eEQe 1) NCOL:=S

FIRES~RC2 2697 IF (15.EQe0) wRITE (NJUT,200) (1,1=1,10)
FIRES-RC2 2698 IF (154EQel) WRITE (NOUT,,210) (141=1,5)
FIRES—-RC2 2699 J3=~-Ncot

FIRES-RC2 2700 J1=1-NCOL

FIRES~RC2 2701 12=0

FIRES—-RC2 2702 S0 J3=J3+NCOL

FIRES-RC2 2703 J1=J14+NCOL

FIRES-RC2 2704 J2=J2+NCOL

FIRES-RC2 2705 IF (J2eGE«NCONC) J2=NCONC

FIRES-RC2 270¢ WRITE (NOUT,220) I34UIPRI I g I=21,32)
FIRES—-RC2 2707 WRITE (NOUT,230) (EHCLIT, )y d=31,J2)
FIRLS-RC2 2708 IF (126EQo2) WRITE (NDUT, 240) (TEMPC(J),J=01,32)
FIRES-RC2 2709 IF (J2eLTeNCONC) GO TO SO

FIRES~RC2 2710 C

FIRES-RC2 2711 C STEEL STRAINS AND STRESSES

FIRES-RC2 2712 C

FIRES-RC2 2713 IF (NSTLeEQGe0) GO TO 70

FIRES-RC2 2714 WRITE (NOUT,250)

FIRES-RC2 2715 DO 60 I=1,NSTL

FIRES-RC2 2716 PRIII=ABSISISUIT,I)/YIE(L))

FIRES-RC2 2717 60 CONT INUE

FIRES~RC2 2718 IF (I2eNEe2) WRITE (NQUT,270) (K,SIS(JT,I),PR(I),EHS(JT.I),I=1'N5T
FIRES~RC2 2719 L)

FIRES-RC2 2720 IF (124EQe2) WRITE {NQUT,260) (l.SlS(JT.I)'PR(I).EHS(JT.[).TEMPS(I
FIRES~-RC2 2721 1),1I=1,NSTL)

FIRES—-RC2 2722 70 CONT INUE

FIRES~RC2 2723 80 CONTINUE

FIRES-RC2 2724 ¢

FIRES-RC2 2725 IF (I3.NEs2) GO 1O 1S5S0

FIRES-RC2 2726 ¢

FIRES-RC2 2727 <C PUNCH SELECTED STRZSS DATA

FIRES~RC2 2728 C

FIRES-RC2 2729 N=NSTR(10)

FIRES-RC2 2730 If (NeEQe0) GO TO 150

FIRES~RC2 2731 00 140 JT=1,2

FIRES-RC2 2732 D0 90 1=1,9

FIRES-RC2 2733 IPCI)=10H

FIRES~RC2 2734 90 PI(1)=0,000001

FIRES~RC2 2735 DO 130 [I=1,N

FIRES-RC2 2736 IF (NSTR{1)oGVe0) GO TO 100
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FIRES~RC2
FIRES-RC?2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
F IRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~-RC2

2737
2738
2739
2740
2741
2742
2743
2744
2745
2746
2747
2748
2749
2750
2751
2752
2753
2754
2755
2756
2757
2758
2759
2760
2761
2762
2763
2764
2765
2766
2767
2768
2769
2770
2771
2772
2773
2774
2775
2776
2777
2778
2779
2780
2781
2782
2783
2784
278es
2786
2787
2788
2789
2790
2731
2792
2793
2794
279¢

aNnn

anon

[aNale]

STEEL STRESS

J=1000¢NSTR(I) .

ENCODE (10,190,IP(1) JISIS(UT,3)
PLUI)=ABS(SIS(JT,,J)/YI500))

GO TO 130

CONCRETE STRESS

CONTINUE

J=NSTR(I)

PICI)I=EHC(JT,JI)%1000,0

IF (AKK(JT31)eNEsOeORGAKAK(JT, 1} eNELO}
EESEHC(JT , 1 }-ESHIFTC(JT, 1)

IF (KRAF(JT 1) eNEeQeANDIEEeGEe0e¢0) GO TO 120
ENCODE (104190,IP(I) ISIC(IT,J )

GO TO 130
IP(I)=7H
GO0 TO 130
IP(YI)=7H
CONT INUE
WRITE (NPUNCH,280)
NCARD=NCARD+1
WRITE (NPUNCH,2%0)
NCARD=NCARD+1

COMNT INUE

CONT INUE

100

GO TO 110

CRUSH

120
130

CRACK
My JSEG, (IP(1),1=1,9),LCARD,NCARD
My JSEGy(PI(I)y1=1,49),4LCARD,NCARD

140
150

RETURN

1€0 FOFMAT (///7762H % % %x %
IN % ¥* % & //720H

ANALYSIS RESULTS FOR
MEM3ER,13,22H -

SEGMENT CROS¢-SECTIN
LEFT END OF SEGMENT,

2t2rs77)

170 FORMAT (//7/7/7€2H % % * % ANALYSIS RESULTS FDRk SEGMENT CROSS-SECTIO

IN % % % % //20H MEMBEZR, [3,23H - RIGHT END OF SEGMENT
2412777)

180 FORMAT (62H “- = = = = - - -+ =« ZONCRETE = ===« =
1- = - //€1H FOR EACH SURSLICE, STRESS (KSI) IS GIVEN OvE
2R 762H STRESS-RELATED STRAIN X 1000 OVER TEMPERATURE (0
36 F) )

190 FORMAT (F 9, 2)

200 FOFMAT (///9Xy IHI/9Xy1HI 41 019/5Xy5r~~==1 4105( 1H-))

210 FOFMAT (///79X, IHI/Z9X 1R ,5I19/5Xg5H~=~=1,48(1H-))

220 FOFMAT (9Xy1HI/17434 I ,10A9)

230 FOFMAT (9X,1HI,3P,10F%02)

240 FORMAT (9X,y IHI , 10F9,2)

250 FORMAT (//61H - e e . e - .- - - S TEE L - _ - - - -
1- - = - //762H SUBSLICE STRESS RATIO TO STRESS~-REL TEMPEZ
2RATURE 762H (KSI) YIELD STRAIN (IF =&
3QUESTED) /60H (X 1000} 0
4EG F) 77/)

260 FOFMAT (I112,F1341,F100243P,F120240°,F1202)

270 FORMAT ([12,0P,F13,1,F1002,3P,F12¢2)

280 FORMAT (AHSTRS,2I1249A7,1X3A3,15)

290 FORMAT (4HSTRN,212,9F7e2,1XyA3,15)

END
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FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC?2
FIRES~RCZ
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RC?2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRCS-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC?2
FIRES~RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

2796
2797
2798
2799
2800
2801
2802
2803
2804
2805
2806
2807
2808
2809
2810
2811
2812
2813
2814
2815
2816
2817
2818
28169
28290
2821
2822
2823
2824
2R25
2826
2827
2828
2829
2830
2831
2832
2833
2834
2835
283¢
2837
2838
2839
2840
2841
2842
2843
2844
2845
2846
2047
2048
2849
2850
2851
2852
2853
2044
2€EES
2856
2857

(oo le N ol o Ws}

C

C

10

20

30

40

50

60

70

SUERDUT INE JOUT (FJ,u,Dv,opL.sp,AAu,oELR,svser,NJJ,LOOD,TIME,Nor,
1K)

SUBROUTINE % joUuTx Is AN ouTPUT SUBROUTINE USED FOR PROVIDING
SYSTEM RESULTS DURING ITERATIVZ PRUCEDURE

COMMON /TAP/ HED(!O),ITEMPI,ITEMQZ,ISEGX,ISEGz,NIN,NUUI,NPUNCH
COMMON /8BLK1/ NJ,NM,NBC,NXK,MAXLAN,NCRPS,NCRPC,NSHRINK,NCOVV
DIMENSION Fu(1), Utll), DELR(1), DPLLIL), SP(2,1), AAw(1l), SYSTIF(NJ
13,13, IX(3), DV(1)

IF (K=-2) 10,20,30
IPI=1O0HAFTER INIT

1P2=10HIALIZATION

WRITE (NOUT,90) TIMEYNDT,LO0OP,IP1, P2
GO TO a0

IP1=10HAFTER MEMB

[P2=10HERS

WRITE (NOUT,901 TIME,NDT,LO0P, 1P, P2
GO 7O a0

IP1=10HAFTER BAND

I1P2=10HEC

WRITE (NOUT,90)
GG TO 70
CONTINUE

WRITE (NOUT,100)
DO S0 J=1,NJ
JR=J%3

JY=JR-1

IX=dv~1

¥RITE (NOUT,119) J'U(JX),U(JY),U(J?),DV(JX),DV(JY),DV(JR),rJ(JX),’
lJ(JY),FJ(JR),DELQ(JX),DELR(JY),DELQ(JR)

CONTINUE

TIME yNDT,LO00P,IP},1P2

WRITE (NOUT,120)

DO 60 J=1,NJ

JR=J*3

JY=JR~1

IX=JY-1

WRITE (NOUT,110) J,SF’(I,JX),SP(I'JY),SF‘(l.JR).SP(Z,JX),SP(?.JY),:D
I(Z'JR),DPL(JX).DPL(JY),DPL(JR),AAW(JX),AAW(JY),AAW(JQ)

CONTINUE

IF (KeEQs1) RETURN

CONT INUE
IX{1)=3H-X

IX(2)=3H-Y

IX(3)=3H-R

WRITE (NOUT,130)

DO B0 J=1,NJ

WRITE (NOUT,140)

[1=3%(J-1)

00 80 1J4=1,3

I=1J¢1]

L=10

IF (MAXBANoLTe10) i =MAXIAN

WRITE (NOUT,150) JeIXUT )W DILRIID) y USYSTIF(L M) M=, L)
IF (MAXBANJLES10) GO Ta &80
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FIRES-RC2
FIRES-RC2
FIRES~RC2
F IRES-RC2
FIRES-RC2
F1RES~RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES~-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ
FIRES-RCZ2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCe
FIRES~RC2
FIRES-RC2
FIRES-RC?2

2858
28¢€9
2860
2861
2862
2E63
2664
2865
2866
2867
2368
2869
2870
2871
2872
2873
2874
2875
2876
2877

2878
2879
2880
2881
2882
2883
2884
28835
2886
2887
2888
2889
2890
2891
2892
2893
2894
2895
2896
2897
2838
2899
2900
2901
2602
2903
2904
2905
2906
2907
2sCcCa8
2909
2910
2911
2912
2913
2914

[a a5

NONOONO

[aNaNaNa¥a)

sl a N alial

0O

80

90
100
110

120

130
140
150
160

10

WRITE (NOUT4169) (SYSTIF(1,M),M=11,MAXBAN) R
CONTYINUE

RE TURN

FORMAT (4(/)41Xq10(2H% ), 2BHSYSTEM INFORMATION % TIME = F744,10H #
1 STEP = 13,10H * LOOP = I[3,3H # 2A10,10(2H %))

FORMAT (//3X¢SHIOINTEX, 3HU-X7 Xy 3HU~Y7X, 34U-REX ) 4HDV=XE X AHDV-Y6E X , 4
IHDOV=ROX y 4HF J=X56X ¢4 HF J~Y6X y 4 HF J=RSX y 6HDELR = X4 X  6HDEL R=Y4 Xy 6HDELR~K )

FORMAT (/1X,17,2%X41P,1251060)

FORMAT (//3X,5HJOINT5X, SHSP~XX5XgSHEP-YYS5Xy SHSP ~RR5 Xy 5H S~ XYS X, &1+ 5
1P=XR5X ) SHSP=YRIX y SHDPL=XSX g SHOPL~Y 45X 3 SHOPL-R5X y SHA AR ~XS5 X, EHAAN-YS
2Xy SHAAW--R)

FOFMAT (/72X 3SHJOINT ,4X 4 HOLELREX y6HSYSTIE)

FORMAT (1X)

FOFMAT (1Xy14,A3,1P,FE10e2y1X,10E10e2)

FORMAT (20X91P,10E10e2)

END

SUBROUTINE I0UT (MI,MJySEGL,AE AELE1,EI1,0CG,WyF4DELF,FA,PA,BM,AS
1TRAIN ACURVAREA,CRUSH,CRACK yNCONCR¢NSTEEL 914 ,L00P, TIME M)

SUGROUT INE *I0UT* IS AN OUTPUT SUBROUTINE USED IN PROVIDING
MEMBER AND SEGMENT RESULTS DURING THE ITERATIVE PRIOCEDURE

COMMON /TAP/ HED(10),I1TEMPI ,ITEMP2, ISEGL,1SEG2,NINyNOUT ,NPUNCH
COMMON /DYN/ NDT,NSTORE NCMAX (NSMAX,NCEONTL ,NSTLTL ,1SYSTM,IMEMB,1TAO
1TAL, I TAPE

COMMON /BLK1/ NJ3NM,NBC JNXXyMAXBAN,NCRPS,NCRPC, NSHiiX INK y NCONV
COMMON /BLK3/ DIS(6)4DISPL6E),FX(21,7)4S1J(6,6),5(21,C) ,AF(15) ,FF(Z
1,18),T(6,6) ,TSE(6,6)

COMMON /MEMB/ NNSEG(75)

COMMON C(1)

DIMENSION SEGL(1)y AE(1), AEI{1), EI(1), E11(1), DCGL1)y W(l), F(1
1), DELF(1)y FAL1), PA(2,1), BM(241), ASTRAIN(Z2,1), ACURV(Z2,1), ARE
2A(1), CRUSH(2,1), CRACK(2,1)y NCONCR(1), NSTEEL(1)

REWIND TAPES AND INITIALIZE STORAGE

( ON FIRST CALL 0OF SUBROUTINE ONLY - WHEN M 25Qe 1 )

IF (MeGTel) GO TO 10

IF ([TAPEsEQe1 e ANDeNDTeNELO) GO TO 10
IF (14.GCe3) RTEWIND ISEGI

I1F (14+GEe3sANDWLUGP4EQeO0) REWIND ITEMP I

MINIT=1TOTAL
IBLOCK=0

PRINT OUT THE MEMOLR CATYA

( LOOP OVER ALL MEMBERS, WITH THE DD-LIODP IN THE MAIN PROGRAM )
CONT INVE

NSEG=NNSEG(M)
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FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIPES~RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-R(C2
FIRES-~-RC2
FIRES-RC2
FIRES—~RC2
FIRES—-RC2
FIRES-RC?
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—~RC2
FIRES~-RC2
FIRES-RCZ2
FIRES-RC?2
FIRES-RC?2
FIRES-RC2
FIRES—-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRZES-RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES~KC2
FIRES-RC?2
FIRES-RC2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES-RC 2
FIRES-RC2
FIRES-RC?
FIRES-RC2
FIRES-RC2

2915
2916
2917
2918
2919
2920
2921
2522
2923
2924
2925
2926
2927
2928
2929
2930
2931
2932
2933
2934
2935
2936
2937
2938
2739
2940
2341
2942
2943
294a
2945
2946
2547
2948
2949
2950
2951
2552
2953
255
2555
2956
2557
2958
2559
2960
29¢€1
2562
29¢ 3
25¢4
29¢5
2966
2967
29cs
2909
2970
2e71
2672
273
2574
2575
2970

(a]

NN NN

WRITE (NOUT,70) M,Ml'NJ.NSEG.TXME,NDT,LODP
WRITE (NOUT,80)

DO 20 J=1,NSEG
J3=3%y

J2=43-1
J1=J2-1

DO 20 J4T=1,2

IF (JUTeEQel) WRITE (NOQUT,90)

IF (UTeSQ0o2) WRITE (NQUT, 100)

WRITE (NOUT,110) J.SEGL(J),AE(J),El())'AEI(J),EII(J),DCG(J).ASTFAI
XN(JT,J),ACURV(JT,J),PA(JT,J),BM(JT,J),CRUSH(JT,J).CRACK(JT,J),AFEA
2(J) yNCONCR(J) yNSTEEL( J)

20 COUNTINUE

WRITE (NOUT,120)
L=1
WRITE (NOUT,130) LaW(1)yW(2),w(3)

IF INSEGeEQel) GO TO 40

DO 30 JU=2,NSEG
J3=3%Y
J2=43-1
Ji=J2-1
K3=J3-3
K2=K3-1
Kl=K2-1
WRITE (NOUT, 130} J,U(Jl),N(J2)|W(J3)'F(KI)yF(KZ)lF‘V3)oFA(N1)vFﬂ(K
12)7FA(K3);DELF(K[),DELF(KZ),DELF(KSJ
30 CONTINUE

40 CUNTINUE
K1I=NSEG¢+]
J3=K1%*3
J2=J13~1
J1=J2-1
WRITE (NOUT,130) Kl,W(Jl)pW(JZ),W(J3)

IF (14eEQGe2) GO TO 60

OO0 S50 J=1,NSEG

SET UP DYNAMIC STORAGE FOR SEGMENY DATA

NCOCNC=-NCONCR( J}
NSTL=NSTEEL(J)

MINIT=MINIY+[BLOCK
IBLOCK:JE*NCONC*IS*NSTLfll

IF (ITAPEL£ENL0) I9L0CK=0

I+ (lTAPE.EQ-loAND.NDT.EQoOoAND.LODP.EQ.O) FBLGCK =0
M20=MINIT

M21=M20¢+NCONC

M22=M214HCONC

M23=M22+N3TL

M2A=M23eNST

M25 =M24 +NCONC

M26H=M25+NCUNC

M27=M26+NCONC
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FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES=-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F IRES~RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F IRES~-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2

FIRES-RC2

FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRECS~RC2
FIRES=RC2
FIRES—-RC2
FIRES—-RC2
FIRES-RC2

2977
2978
2979
2980
2981
2982
2683
2984
258S
2986
2987
2688
2989
23990
2991
2992
2993
2954
29SS
2996
2997
2998
2999
3000
3001
3002
3003
3004
3005
3006
3007
3008
3009
3010
3011
3012
3013
3014
301 €&
316
3017
3018
3019
3020
3021
3022
3023
aozs4
3028
3026
3027
3028
3029
3030
3031
3032
3033
3034

NnooO

M28=M27 +NCONC
M29=M28¢NSTL

M30=M294+NSTL

M31=M30+2*NCONC

M32=M31+2%NSTL

M33=M32 +2%NCONC

M34=M33+24NCCNC .
M35=M34 +2%¥NCONC

M36=M35+2:NCONC

M37=M364+NCONC

M3B=M37+2%5NCONC

M39=M3B8+2%NCONC

MA0O=M39 ¢NSTL

M4 1 =MEO0+2%NSTL,

M42=M4 | +2EXNSTL

M43=MA24+2%NCONC . 4
MEFC=M43+2xNSTL

MFU=MEFC+NCONC

M&4 =MFU+NCCNC

M45=M44+10

M46=MAS+NCONC

MAT7=MAG+NSTL

M48=M& 7 +NCONC

MaI=Ma8+NCONC

M50=M49+NCONC

M51=M50+NCONC

ME2=MS51 +NCONC

ME3=MS2+NSTL

M54 =M53+NCONC

CALL IO0OTSEG (NCONC,NSTL,C(MEOI,C(MZI).C(M22),C(M23),C(MZO),C(HZS),
lC(M26)'C(M27).C(MZS),C(MZ?).C(M30)'C(MBI)'C(MBZ),C(M33).C(H34)'C(M
235).C(M36)'C(M37).C(M38).C(M30).C(WLO),C(M4I),C(MQZ),C(M43),C(MCA)
3'C(M¢5D,C(M“6),C(M47).C(M#&).C(M49)'C(M501,C(MSl)yC(ME?),C(Mi]),C(
4M54) ,L00P, J; TIME yM,CIMEFC) ,C(MFU))

50 CONTINUE
60 CONTINUE
RETURN
%) 9 2€H INTERIM

70 FORMAT (//71Xy3(3H DATA MEMBFR NOol4,SH % JTI13,6

IH TO JTI3,10H % NSEG = 12,10H % TIME = F7e4,10H * STEP = 13,104 %
2LOOP = 13,3{(3H %))

80 FORMAT (//27H SEGMENT DATA FROM /MEMS//1284 SEG SEGL A
1€ El AE]L Elf OCG ASTRAIN ACURV Pa
2 8M CRUSH CRACK AREA NCON NSTL)

90 FOFMAT (10H LEFT ENN )

100 FOFMAT (10H RIGHT END)
110 FOFMAT (leI4,F7.l,lP.QEIOoZ,OQyFB.ZIlp.QElO.Z,OD.JFéol,?Ii)

120 FOFMAT (//39H4 INTERSEGMENTAL NODE DATA FROM /MEMB//o7H NODE -
11X WY W=Ry7Xy83HF~X F-v F-R FA-X FA-
2Y FA-R DELF-X DELF=-Y DELF-R)

130 FOFMAT (/1X,144,1P,4(3E10e1))

END
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FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRZS-RC2
FIRES-RC2
FIRZS~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~-RC2
FIRES=-RC2
FIRES—~RC2
FIRES-RC2
FIRES~-RC2
FIRLES-RC2
FIRES~RC2
FIRES~RC2
fIRES-RC2
FIRES-RC?
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIREFS-RC2
FIRZES—-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?2
FIRES~-RC2

3035
3036
3037
3038
3039
3040
3041

3042
3043
3044
3045
3046
3047
30as
3049
3050
30¢&1

A0E2
3033
3034
3055
3056
3Ccs7
3cs8
3059
3060
3061
3062
3063
3C64
3065
3066
3067
3068
3066
3C70
3071

3Cc?2
3073
3074
30735
ac7s
3077
3078
3079
3080
3081

3082
30823
3084
3085
3086
3087
Joes
309
3090
3091

3092
3033
3Cs4
3095
3056

[alals!

[aNaNs!

[a N2 N

10

20

30

40

S0 FORMAT (//4X,2(4Ht

SUEROUT INE [0TSEG (Ncowc.Nva,Ac,Yc.As.v;,AMDD,STQS,EPU,T[S,Auus,v
llE,AR,ARS,KRAT,KRAF,AKAK.AKK.STRC.EHC.SIC,STRS,EHS,S!S,E&HKVTC,ESH
ZXFTS,NSYR,TEMPC,TEMPS,SST,ECRD,CCRP,DCRP,ECRP,&T,SAVG,ISYM,LUOP,J,
3TIME M, EFC,FU)

COMMON /TAP/ HEDC10) y ITEMPL, ITEMP2, ISEG] 4 1SEG2,NIN,NOUT s NPUCH
COMMON /DYN/ NDT,NSTORE,NCMAX.VSMAX,NCONTL,NSTLTL,ISYSTM,IMEHB,XTO
1TAL . I TAPE

DIMENSION AC(1}, YC(1),
1St1), AMOS(1), YIE(1),
2AK( 241, AXKK{2,1),
3 SI1S(2,1),
44 SST(1),
S1), FULL)
INTEGER AKK,AKAK

AS(1)y YSCL), AMOD(L),
ARL2,1), ARS(2,1),

STRE(1)y EPULL), TE
KRAT(Z2,1), KRAF(2,1), ax
STRC(1),y, EHC(241), SIC(2,y1)y STRE(1), EHSIC 2,1,
ESHIFTC{ 2,1), ESHIFTS(2,1), NSTR(1), TEMPC(L), TzMPs(1)
BCRPELY)y CCRP(1), DCRP(1), ECRP(1), ET(1), SAVGI(1), EIC{

READ IN SEGMENT DATA (IF NOT ALREADY IN coRrRE)

10
10

IF (ITAPCWEQGe 1e ANDoNDTaGTe0) GO TO

IF (ITAPEeEQslaANDOLOUR +GTo0) GO T3
ISIZE=25*NCONC+I35NSTL+]10

READ (ISEGL) (AC(I),I1=1,IS]IZE)

IF (LCOPeNE«O) GO TO 10

ISIZE =7%NCONCH+ 2%NSTL+ |

READ (ITEMP1) (TEMPC(TI),1=1,1S12E)

WRITE (NOUT,50) JyMyNCONC y NSTLyTIME,NDT,L0OP

IF (LOOPeNE«O) GO 10 30
WRITE (NOUT,60)
WRITE (NOUT,70)

141=51,NCONC)

(I,TEMPC(I)'SST(I),BCRP(X).CCQP([),UCP“(l)pECRD([)

IFf (NSTLeEQe0)
WRITE (NOUT,80)
DD 20 I=1,NSTL
WRITE (NOUT,90)

GC 10 30

Iy TEMPS( )
CONT INUE

PRINT SEGMENT DATA (FOR BOTH ENDS OF THE SEGMENT)

WRITE (NOUT,100)

WRITE (NOUT,110) (I,AC(I),YC(I),AMOD(I),STRE(I),EQU([),T:SIX),SILC
l(l)'AR(l,l),KRAT(l,!),KRAF(I,l),AKAK(l,ll,AKK(l.l),ﬁ“C(l,I).S!C(l,
2[),ESHIFTC(l,l).AQ(&,]),KRAT(Z,I),KRAF(?.I)'AKAK(:.l).AKK(Erl),{’(

3(2.!),SIC(2,l)yESHIFTC(2.1),[:1,NCONC)

IF (NSTLW,EQe0) GO TO 40

WRITE (NOUT,120})

WRITE (NOUY,130) (1, S(I)'YS(I)'AMOS(I).YXE(I),STQS(I),AK](].I).‘H
lS(l,[)‘SIS(IyI),ESHIFTS(l'X),AQS(Z,I),EHS(R,(),SIS(?,I),ES“IFTS(J,
21) 41 =1 ¢NSTL)

CONT INULE

RE TURN

Y1 28HINTIRIM DATA FUR SEGMENT NOel 3,144 OF Mt
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FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2Z
FIRES—-RC2
FIRES-RC2
FIRES~RCZ2
FIRES-RC2
FIRES~-RC2
FIRES—-RC2
FIRES-RC2
FIRES~-RC2
FI1RES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2

FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RCZ
FIRKES~-RC2

3C97
3098
3099
3100
3161
3102
3103
3104
3105
3106
3107
3108
3109
3110
3111
3112
3113
3114
3118
3116
3117
3118

3119
3120
3121

3122
3123
3124
2125
3120
3127
3128
3129
3130
3131

3132
3133
3134
3135
3136
3137
3138
3139
3140
3141

3142
3143
3144
3145
314606
3147
3148
3149
3130
311

312

3153

AN OAN

(3]

anon

IMBER NOeI3,11H *®* NCONC = [3,10H % NSTL = I3,10H % TIME = F7e4,1CH
2% STEP = [3,10H * LOOP = 13)

60 FOFMAT (//33H CONCRETE SUBSLICE DATA FROM /ITEMP/7/T4H SUBSLICE
1 TEMPC SST B8CRP CCRP DCRP ECRP /)

70 FORMAT (1X,19,F11e1,5X,1P,5C10e2,0P)

80 FOFMAT (//35H STEEL SUBSLICE DATA FROM /ITEMP//31H SUBSLICE
1 TEMPS /)

90 FOFRMAT (1X419,F11el)

100 FORMAT (//737H CONCRETE SUBSLICE DATA FROM /ZISEG//128H SuUBS AC
1 } 49 AMOD STRE EPU TES ASTRC
2 AR K K A A EHC SicC ESHIFTC/GSX7THR R K K/9
35X 7HA A A K/95X,7HT F K )

110 FOFMAT

(1XyI5,2F601 1FelyF7e2)FBedy)F7e2,1PE1002,18X,8HLEFT » OP

1,F9e 14812, 1P ,E1002,0P3F7e2,1P 2102 ,0P/77X48HRIGHT s FGel 12,1,
2E1062,0PyF7e2,1P,E1002,0P)

120 FOFMAT (//34H STEEL SUBSLICE DATA FRUM
1vs AMDS YIE, 12H STRS, 26X, 36H
2 ESHIFTS /)

130 FORMAT (1X,1542F6el yF9alF7e2;1P,E10e2418X,8HLEFT 1OP,FOal,1P,E
1100240P,F7¢2y 1IP4E1002/62Xy BHR IGHT 2O0P3F 901, 1P ,E1002,0P,F7e241F,E
210e240P)

END

/1SEG//32H
ARS

su8s
EHS

AS
S1s

FUNCTION NUMBER (I, IREAD,NOUT)

NUMBER IS A FUNCTION THAYT OBTAINS AN INTEGER CONSTANT CONTAINED
ON AN ALPHA~NUMERIC CONTROL CARD. THE INTEGER CONSTANT MUST
8E€ CONTAINEC BETWEEN COMMAS QOR SETWEEN A COMMA AND A BLANK

DIMENSION IREAD(80)

K=0

J=IPEADC(I)

IF {JeEQeS6B) GO TO 20

IF (JeGT032B) GO 19 40

I=1¢1

IF (1.EQe81) GO TO 30

GO 70 10

I=1+1

J=IREAD(I)

IF (JeEQo55Be0ReJeEQeS53) GO TD 30
IF (Jel Te33BeOReJeGTe44B) GO TO 40
J=J-338

K=K*10+J

GO TO 20

NUMBER=K

RETURN

10

20

30

CONT INUE
WRITE (NOUT ,50)
STCP

40
IREAD

SO FOFMAT (/// 4334 - - -~ PROGRAM TERMINATED -~ - - ~4//,413H INPUT £ i<

10R, /71 X, 8011}
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FIRES-RC2 3154 END

FIRES~RC2 3155 SUEROUT INE TEMPIN (MI,YCONST,TEMPC,TEMPS,NCONC,NSTL,IM.XS,XSVM,T)
FIRES-RC2 3156 C

FIRES-RC2 3157 ¢

FIRES-RC2 3158 ¢ SUERQUTINE * TEMPIN % READS IN TEMPERATURE DATA
FIRES-RCZ2 3159 ¢

FIRES-RC2 3160 ¢

FIRES-RC2 3161 COMMON /TAP/ HED(IO)'lTEMPl,lTEMPZ,ISEGl,ISEGZ,NIN.NOUT,NPUNCH
FIRES-RC2 3162 DIMENSION TEMPC.(1), TEMPS(1), T(1}

FIRES-RC2 3163 ¢

FIRES-RC2 3164 ¢ TEMPERATURE CONSTANT THROUGHOUT SEGMENT CROSS—-SECTION
FIRES-RC2 3165 ¢

FIRES-RC2 31¢6 IF (M1.EQe0) GO TO 40

FIRES-RC2 3167 10 DO 20 I=1,NCONC

FIRES-RC2 3168 20 YEMPC(I)=TCONST

FIRES-RC2 3169 00 30 I=1,NSTL

FIRES--RC2 3170 30 TEMPS(I)=TCONST

FIRES-RC2 3171 RE TURN

FIRES-RC2 3172 <C

FIRES-RC2 3173 < READ SEGMENT TEMPERATURE CONTROL CARD

FIRES-RC2 3174 C

FIRES~RC2 3175 40 READ (NIN,80) J13J42,T1,43

FIRES~-RC2 3176 NELT =NCONC

FIRES~-RC2 3177 NEL S=NSTL .

FIRES-RC2 3178 IF (ISYMeEQel) NELC=NCONC/2

FIRES-RC2 3179 IF (1SYMeEQe1) NFLS=NSTL/2

FIRES-RC2 3180 NEL=NELC+NELS

FIRES-RC2 3181 C
FIRES—~-RC2 3182
FIRES~RC2 3183 ¢

(a]

CHECK FOR CONSTANT CROSS-SECTIGN TEMPERATURE

FIRES-RC2 3184 IF (Jl1eNEes 10HCONSTANT ) GO TO S0
FIRES-RC2 31€5 DECODE (10,90442) TCONST
FIRES-RC2 3188 GO YO 10
FIRES~-RC2 3187 S0 READ (NIN,100) (TC(I)el=1,NEL)
FIRES~RC2 3188 ¢
FIRES-RC2 3189 C TRANSFORM TEMPERATURE VECTOR YO CONCRETE SUBSLICE TEMPERATURES
FIRES-RC2 3190 C
FIRES-RC2 3191 DO 60 I=1,NCONC
FIRES-RC2 3192 J=1
FIRES-RC2 3193 IF (IeGToNELC) J=I-NELC
FIRES-RC2 3194 60 TEMPC(I)=T(J)
FIRES-RC2 3195 ¢
FIRES-RC2 319¢ ¢ TRANSFORM TEMPSRATURE VECTOR TO STEEL SUBSLICE TEMPERATURES
FIRES-RC2 3197 ¢
FIRES-RC2 3198 IF INSTLeEQsO) RETURN
FIRES~RC2 3199 DO 70 I=1,NSTL
FIRES-RC2 3200 J=1+NELC
FIRES~RC2 3201 IF (1eGTeNELS) J=I=~NELSH+NELC
" FIRES-RC2 3202 70 TEMPS(I)=T(J)
FIRES-RC2 3203 RETURN
FIRES-RC2 3204 ¢
FIRES-RC2 3205 (¢
FIRES-RC2 3206 C
FIRES-RC2 2207 80 FOFMAT (2A10,418X,F643,2X,148)
FIRES-RC2 3298 90 FORMAT (F10e0)
FIRES-RC2 3209 100 FOFMAT [7(4X,F6as1))
FIRES-RC2 3210 END

C-54




FIRES=-RC2
FIRES-RC2
FIRES~-RC2
F IRES-RC2

FIRES—-RC2.

FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC?2
FIRES—-RC2
FIRES~RC2
FIRES-RC2
FIRES—-RC2
FIRES~-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-KC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES~RC2
FIRES—-RC2
F1RES—~RC2
FIRES-RC2

3211
3212
3213

3214

3215
3216
a7
3218
3219
3220
3221
2222
3223
3224
3228
3226
3227
3228
3229
3230
3231
3232
3233
3234
3235
3236
3237
3238
3239
3240
3241

3242
3243
3244
3245
3246
2247
32a8
3249
2250
3251

3282
32¢3
3254
3255
3256
3257
32s8
3259
3260
3261

3262
3263
3264
3265
3266
3267

AOOHOHOO

NnNOoN

Oon

10

20

30

40

50

SUEROQUT INE PROP (M1 ,TCONST ,TEMPC,TEMPS,NCONC NSTL,AMOD,STRE ,EPU, TE
1SyAMOS,YIE R EFC,FU)

SUBRQUTINE PROP DETERMINES THE SUBSLICE MATERIAL PROPERTIES FOR
A SEGMENT CROSS-SECTION

DIMENSION TEMPC(1), TEMPS(1)y, AMOD(1), STRE(1), EPU(1), TES(1), AM
10S(1), YIE(1), EFC(1), FU(1)

IF (M1.EQe0) GO TO 30
MATERI AL PROPERTIES CONSTANT THROUGHOUT THE ENTIRE CROSS-SECTICN

T=TCONST
AM=VMATL( 2,T)
ST=VMATL(3,T)
EEFC=VMATL{4,T)
FEU=VMATL(5,T)
EP=VMATLI(6,T)
TE=VMATL(7,T)

»

00 10 I=1,NCONC
AMOD(1)=AM

STRE(I)=ST

EFC(1)=EEFC

FU(I)=FFU

EPU(1) =EP -
TES(1)=TE

AM=VMATL(9,T)
ST=VMATL(11,7)

D0 20 I=1,NSTL
AMOS(I)=AM
YIE(1)=ST
RETURN

MATERIAL PROPERTIES VARY WITH EACH SUBSLICE IN THE CROSS~SECTIGN

CCNT INUE

0O 40 1=1,NCONC
T=TEMPC(I)

AMOD (I )=VMATL(2,T)
STRE (1) =VMATL(3,T)
EFC(I)=VMATL({4,T)
FUCI)=VMATL(S,T)
EPU(T)=VMATL(64T)
TESC(I)=VMATL(7,T)

DO S0 §=1,NSTL
T=TEMPS(I1)
AMOS(I)=VMATL(9,T)
YIE(I)=VMATL(11,T)

RETURN
END
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES=-RC2
FIRES-RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FI1RES~RC2
FIRES-RC2
FIRES—~RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES—RC2
FIRZS-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES~-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES—-RC2

3268
3266
3270
3271
3272
3273
3274
3275
3276
3277
3278
3279
3280
3281
3282
3283
3284
3285
328¢
3287
3288
3289
3290
3291
3292
3293
3294
3295
3296
3297
3298
3299
2300
3301
3302
2303
3304
330s
3306
3307
3308
3309
3310
3311
3312
3313
3314
3315
3316
3zry
3318
3319
3320
3321
3322
3323
3324
3325
3326
33z7
3328
3329

(2 a N el ol s oY

[aNals]

(g} oo

NnooOAn

2N NalNe)

60 IF
70 L=4&

SUEBRQUYINE FORMK (SEGLAE ,EI ,DCGyMM) .

SUBROUT INE

STIFFNESS MATRIX

¥ FORMK %

COMMON /MEMB/ NNSEG(75)
CCMMON /8LKZ2/ A(646),4E(6,6)

COMMON /BLK3/ DIS(6).DISP(6),FX(21,7),SIJ(6,6),S(21.6),AF(lS),FF(Z
Ly18)yT(646) ,TSF(6,6)
DIMENSION SEGL (1),

AE(1),

CONSTRUCTS THE SUBSTRUCTURED MEMBER

EI(1), DCG(1)

INITIALIZE THE 'MEMBER STIFFNESS MATKIX

NSEG=NNSEG (MM)
NM3PL=(NSEG+1)%3

00 10 s=1i
DO 10 K=}

10 S(J,K)=0.

PNM3P L
16

FORM SEGMENT STIFFNESS MATRIX WITH RESPECT 7O SEGMENT CENTFOID

DO 1C0 J=

1yNSEG

CALL FORM (AE(J)'EI(J),SEGL(J),TSF)

FOFM TRANSFORMATION MATRIX AND TRANSFQORM SEGMENT STIFFNESS MATRI X

FROM CENTROID TO MEMBER RE

E{1,3)=~DCG ()

E(4,6)=E(

DO 20 K=}
00 20 L=t
T(K L) =0,
DO 20 M=)

D00 30 K=)1
DO 30 L=1

1,3)

'X:)
16

16

6
5

TSFIK,L)=0.

00 30 M=)

16

FERENCE LINE

20 T(K.L)=T(K.L)fTSF(K,Ml*E(M,L)

30 TSF(K.L):TSF(K,L)#E(M'K)*T(M'L)

SUPERPOSE SEGMENTS STIFFNESS MATRICES TO FORM MEMBEFR STIFFNESS

MATRIX

DO 40 K=1,6

NR=K
M=3%( J~1)

+K

DO 40 L=NR,6

N=L-NR+1

IF (J-1)

0 L =1

GO TO0 80

80 M=L+2

(J=NSEG)

100,50,€0

40 S(M,N)=S(M,N)VTSF(K,L)

1C04,70,100
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FIRES-RC2
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES—-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
F1RES~RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES=-RC2
FIRES-RC2
FIRES—-RC2
FIRES~-RC2

FIRES~RC2"

FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2

FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

3330
3331
3332
3333
3334
3335
3336
3337
3338
3339
3340

3341
3342
3343
3344
3345
3346
3347
33a8
3349
3350
3351
3382
3353
3354
3355
3356
3357
3358
2359
3360
3361

3362
3363
3364
3365
3366
3367
3368
3369
3370
33n

3372
3373
3374

3375
3376
3377
3378
3379
3380
3381

(2N aNalal

[a NN e Walals!

e N aNaNaNalal

90
100

10

20

FOFM STIFFNESS MATRIX PERTAINING TO DEGREES OF FREEDOM OF
CONNECTING MEM3ERS JOINTS

DO 90 K=L oM

DO 90 N=1,6
SIJ(KyN)=TSF(KyN)
CONTINUE

RE TURN
END

SUBROUTINE FORM (A, l,L.K)

THIS SUBROUTINE FORMS THE 6%6 SEGMENT STIFFNESS MATRIX ABOUT
THE CENTROID

REAL K{646)40L,1
REAL L2,L3

L2=L*L

L3=La2*L

DO 10 J=1,36

K( J)=0e0
K{ly1)=A/L
K{144)==K(1,1)
K{4,4)=K(1,1)
K(242)=12e0%1/L3
K(245) ==K{(2,42)
K{S5,5)=K(2,2)
K{343)=4e0%1/L
K{646)=K(3,3)
K(3,6)=K(3,3)72.0
K(2y3)=6e 0%l /L2
K(2,6)=K{2,3)
K(3,5)=-K(2,3)
K(546)=K(3,5)

DO 20 J=1,6

M=J

DO 20 N=M,6
K({NyJ)=K(JyN)
RE TURN

END

SUBROUTINE BANDEC (A F,NEQ,MAX3,NVEC NROW,NBAN,NBEC)

EQUATION SUOLVER, WHICH SERVES FOR STATIC CONDENSATION A3 wilLL
AS FOR SOLVING FOR DISPLACEMENTS
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FIRES-RC2 3382 DIMENSION A(NROW,NBAN), F(NROW,NBEC)
F1RES~RC2 3383 ¢

FIRES-RC2 3384 LOOP=NEQ~1
FIRES-RC2 3385 DO 30 I=1,L00P

FIRES-RC2 3386 IF (ABS(A(I,1))~16E~-30) 70,70,10
FIRES~RC2 213287 10 M=1+1

FIRES-RC2 3388 N=MINO( I +MAXB~1,NZQ}
FIRES-RC2 3389 DO 30 J=M,N

FIRES-RC2 3390 L=J¢2-mM

FIRES~RC2 3391 O=ACI,L)/A(1,1)

FIRES-RC2 3392 © DO 20 MM=1,NVEC

FIRES-RC2 3393 20 F(J.HM)=F(J,MM)—D*F(I.MM)
FIRES-RC2 3394 MM=MINO(MAXB-L +1,NEQ-J+1)
FIRES-RC2 3355 DO 30 K=1 MM )

FIRES~RC2 3396 NN=L +K~1

FIRES-RC2 3397 30 ALJ 3 KI=ALIyK)I=-DXA(T,NN)
FIRES-RC2 3398 DO 40 {=1,NVEC

FIRES-RC2 3399 40 F(NEQ,!)=F(NEQ'()/A(NEQ'1)
FIRES-RC2 3400 DO 60 1=2,NEQ

FIRES-RC2 3401 J=NEQ—1+1

FIRES-RC2 3402 K=MINO(NEQ-J+]1,MAXB)
FIRES-RC2 3403 DU 60 MM=1,NVEC

FIRES-RC2 3404 DO S0 L=2,K

FIRES-RC2 3405 M=J3+L-1

FIRES-RC2 3406 S0 F(JyMM)=F(J,MM)~A(J'L)*F(M,MM)
FIRES-RC2 3407 60 F(J'MM)=F(J'MM,/A(J'1)
FIRES-RC2 3408 RETURN

FIRES-RC2 3409 ¢

FIRES-RC2 3410 70 PRINT 80, 1

FIRES-RC2 3411 sToP

FIRES-RC2 3412 C
FIRES-RC2 3413
FIRES-RC2 3414 ¢

D

FIRES-RC2 3415 80 FOIMAT (29H1 ZERD OIAGONAL ELEMENT, ROW 14)

FIRES~RC2 3416 END

FIRZES-RC2Z 3417 SUBROUTINE CONDENS (NMJI.NMJZ,NJ3.MI.MJ.DELF,DV.SYSTIF'FJ)
FIRES-RC2 3418 ¢

FIRES-RC2 3419 C

FIRES-RC2 3420 ¢ SUBROUTINE CONDENS STATICALLY CONDENSES THE SUBSTRUCTURED MEMI3ERS
FIRES-RC2 3421 C STIFFNESS MATRIX AND LOAD VECTOR INTO MEMBER TERMS AND THEN
FIRES-RC2 3422 ¢ ADDS THESE TO THE OVERALL STRUCTURAL STIFFNESS MATRIX AND LoAaD
FIRES-RC2 2423 ¢ VECTOR

FIRES—-RC2 3424 C

FIRES-RC2 3425 ¢

FIRES-RC2 3426 COMMON /BLK 2/ A(6,6),4E(6,6)

FIRES~-RC2 3427 CCMMON /78LK 3/ DlS(é),DISP(G)'FX(21.7),SIJ(6,6).5(21,6)'AF(IS),FF(?
FIRES-RC2 3428 l.lB),T(6,6)yTSF(6,G)

FIRES-RCZ2 3429 DIMENS ION DILF(13), SYSTIFINJU3,1), FJ(1)y OVLL)

FIRES-RC2 3430 ¢

FIRES-RC2 343} C START CONDENSATION TO D3TAIN SQUIVALENT MEMBER END STIFFNE3SES
FIRES-RC2 3432 AND ACTIONS

FIRES-RC2 3433 ¢

FIRES~RC2 3434 DO 20 J=1,NM31

FIRES-RC2 3435 DO 10 K=1,6

FIRES~-RC2 3436 10 FX( J,K)=0.

FIRCS~RC2 3437 C

FIRES-RC2 3438 ¢ STORE NEGATIVE QF INTERSEGMENTAL OUT-OF ~BALANCE LOADS
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FIRES-RC2 3439 C

FIRES-RC2 3440 20 FX(J,7)==DELF(J)

FIRES~RC2 3441 DO 30 J=1,3

FIRES-RC2 3442 JI=J+3

FIRES-RC2 3443 DO 30 K=1,3

FIRES-RC2 3444 L=NM32+K

FIRES~RC2 3445 FX{Kgd)==STJ(JI,K¢3)

FIRES~-RC2 3446 FXI{LpJ1)==S1J( J1,4K)

FIRES-RC2 3447 30 CONTINUE

FIRES-RC2 3448 DO 40 J=1,NM3]

FIRES-RC2 3449 * DO 40 K=146

FIRES~-RC2 3450 40 S{JyK)=S{I+3,K)

FIRES-RC2 3451 CALL BANUEC (S,FXyNM31,6,7921,647)
FIRES-RC2 3882 C )

FIRES-RC2 3453 C STORE NEGATIVE OF MEMBER END INTERNAL FORCES IN ( DIS )
FIRES~RC2 3454 C

FIRES-RC2 3455 DO 50 J=1,3

FIRES-RC2 3456 DIS(J)==FF(1,J)

FIRES-RC2 3457 JI=J+NM3]

FIRES-RC2 3458 JK=J+3

FIRES~RC2 3459 DIS(JIKI==FF (24 J7)

FIRES-RC2 3460 DO S0 K=1,3

FIRES-RC2 3461 KL=K+3

FIRES-RC2 3462 TSFUJIK KL I=STJI{ JKyKL)

FIRES~RC2 3463 TSF(JK,K) =0

FIRES-RC2 3464 TSF{L4KL) =00

FIRES-RC2 3465 TSF(JI KI=STU(JyK)

FIRES-RC2 3466 MM=K+NM32

FIRES~-RC2 3467 DIS(JKI=DIS(IK) +STI(JKyKI¥FX(MM,7)
FIRES-RC2 3468 DIS(JI)I=DISCII+STII(IyKL)EFX(K,7)
FIRES—-RC2 3469 DO SO0 L=1,3

FIRES~-RC2 3470 LM=L +3

FIRES-RC2 3471 NM=L+NM32

FIRES-RC2 3472 TSF(JKgKLIZTSF(JK g KLI4ST JEIK LY EFX{ MM KL )
FIRES-RC2 3473 TSFUJIKyKI=TSFLIK K I +STI(IK, L ) %F X(MM,K}
FIRES-RC2 3474 TSECIgKLYSTSF( JyKLI+ST J(J,LMIEFX(L,KL)
FIRES~RC2 3475 S0 TSF(JKISTSFLJI KI+STI(I,LMIRFXIL LK)
FIRES-RC2 3476 GO TO 70

FIRES-RC2 3477 C

FIRES-RC2 3478 ENTRY STIFF

FIRES-RC2 3479 C

FIRES—-RC2 3480 ¢ FOR ONE-SEGMENT MEMBER, STORZ NEGATIVE OF JOINT INTERNAL FORCES
FIRES-RC2 3481 ¢ IN ( DIS )

FIRES-RC2 3482 ¢

FIRES-RC2 3483 DO 60 I=1,6

FIRES-RC2 34¢€4 60 DIS(1)=-DIS(1)}

FIRES-RC2 3485 C

FIRES-RC2 3486 C TRANSFORM MEMBER TERMS INTO THE GLOBAL COORDINATES
FIRES-RC2 3487 C

FIRES-RC2 3488 70 DO 80 J=1,6

FIRES-RC2 3489 DISP(J) =0,

FIRES-RC2 2490 DO BO K=1,§

FIRES-RC2 3491 T(J4K)=0o

F1RES-RC2 3492 DISP(J)=DISP(J) +tA(K,J)EDIS(K)
FIRES-RC2 3493 00 80 L=1,6

FIRES-RC2 3454 B0 T(J4KI=TC(J,KI+A(L,y JIETSF{L,K)
FIRES~RC2 34%5 DO 90 J=1,6

FIRES-RC2 3496 DO 90 K=1,6

FIRES-RC2 3437 TSF( JyK) =0

FIRES~-RC2 3498 DO 90 L=1,6

FIRES~-RC2 3499 90 TSF(JeK)I=TSFII,KIET(JI,LI%A(L,K)

FIRES-RC2 3500 C
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—~RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2

FIRES-RC2
FIRES-RC2
FIRES-~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES~-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES—-RC2
FIRES-RC?2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES—-RC2
FIRES-RCZ2
FIRES-RC2
FIRES-RC2
FIRFS-RC2
FIRES-RC2
FIRES-RCZ
FIRES~-RC2
FIRES-RC2

3501

3s02
3503
3504
3505
3506
3507
3508
3509
3510
3511

3512
3513
3514
35185
3516
3517
3518
3519
3520
3521

3522
3€23
3524
3525
3526
3527
3s28

3£29
3530
3231
3532
3¢33
3534
3535
3536
35837
3538
3539
35490
3541
342
3E43
3544
3545
354¢
3547
3Sas8
3549
3550
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100

ADD TRANSFORMED TERMS TO STRUCTURAL SYSTEM MATRICES

NR=(MI-]1)%3
NC=(MJ-MI)%3
10=(MJI=1)%3
DO 110 J=1,3
MM=y

N=J

JI=NR+J
LL=11¢)

LOAD VECTOR (OUT-OF-BALANCE FORCES )
DV(JJ)=DV(JI)4+DISP(J)

OVILL) =DV(LL) +DISP( J+3)

STIFFNESS MATRIX

DO 100 K=N,3
KK=K=MM+ ]
SYSTIF(JJ,KKI=SYSTIF(JIJKK)+TSF(J,K)
SYSTIF(LL KK)I=SYSTIF(LLyKK)+TSF{I43,K+3)
00 110 K=1,3

KK=K+NC~N+1

SYSTIF( JJ,KK)=SYSTIF( JJ4KK) +TSF{J,K+3)

RETURN
END

SUBROUTINE MATLIN

SUBROUTINE MATLIN CONTROLS THE INPUT OF TEMPERATURE-DEOENDENT
MATERI AL PROPERTIES

COMMON /TAP/ HED(lO),lTEMPl,ITEMP2,ISEGl.ISEGZ,NIN,NOUT,NPUNCH
COMMON /MATLZ XCEC(IO).YCEC(lO).SCEC(lO),KCEC;XEC(lO),YEC(lO),SFC(
llO).KEC.XFC(lO)qVFC(lO)ySFC(lO),KFC.XFT(IO).YFT(IO),SFT(IQ),KFT,XC
ZS(IO)yYCS(lO),SCS(lO).KCS.XCES(lO),YCES(lOI'SCES(IO).KCES,XES(IO),
JYES(IO),SES(IO)yKES.XEY(lO),YEY(lO)'SLY(IO)'KEY.XFY(lC),YFY(lO).SF
QY(IO),KFY,XEFC(lO)gYEFC(IO).SEFC(IO),KEFCpXFU(IO)pYFU(lo’DSFU(lC)f
SKFU

WRITE (NOUT, 10)
READ (NIN,20) KCEC KECHKFCyKEFCyKFU,KCS ,KFT

18=10H

CALL MATIN (1CHCDEFFICENT, 10M OF EXPANS, 10HION » XCEC, YZEC , SC
1EC,KCEC)

CALL MATIN (10HMODULUS OF 3y 1CH ZLASTICIT,10HY s XEC,YEC,SEC,
IKEC) :

CALL MATIN ( FOHCOMPRE SSIV,104E STRENGTH W IB 4y XFCyYFC,SFCyKFC)

CALL MATIN (10HCOMPRESSIV, 10HS STRAIN 2 By XEFC ,YEFC,32FC k. FC})
CALL MATIN (10MULTIMATE Se1CHTRESS 1 I8 XFU,YFU, SFU, KFY)

CALL MATIN (10HCRUSHING Sy 1O0HTRAIN 1IByXCS,YCS,5CS,KCS)

CALL MATIN (1OHTENSILE STy 10HREINGTH 1 I XFT,YFT,ySFET,KFT)

WRITE (NOUT ;30)
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FIRES-RC2
FIRES—~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES=RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

3558
3559
3560
3%61
3562
363
3564
3565
366
3567
3568
3569
3570
3571
3572

3573
3574
3c75
35758
3577
3578
3579
3580
3581
3€82
3583
3€84
3588
3586
3587
3588
3£89
3390
3591
3592
3553
3554
3595
3596
3597
3598
2569
3600
3601
3602
3603
3604
3605
3€06
36C7
3608
36037
3610
3€11
3¢12
3013
3614

Non

s NN NaNs N2

(2 a3}

anon

s XaNa¥a!

10
20
30

10

20

30

40

READ (NIN,20) KCES)KES,KEY \ .
CALL MATIN (1OHCOEFFICENT, 10H OF EXPANS ,10HION ¢ XCES,YCES,SC
1ES,KCES)

CALL MATIN (10HMODULUS CF,10H ELASTICIT,10HY P XESZYES,SES,
1KES)

CALL MATIN (10HYIELD STRA,10HIN s 1By XEY , YEY, SEY,KEY)

RETURN

FORMAY (//72SH o o o o CONCRETE o o ¢ o)
FOFMAT (715)

FOFMAT (5(/)22H o s o o
END

STEEL o o o o)

SUBROUTINE MATIN (I1,12,13,X,Y3S5,K)

SUEROQUTINE MATIN INPUTS A GIVEN MATERIALS TEMPERATURE-DEFPENCENT
PROPERTIESy CALCULATES THEIR SLOPES, AND DISPLAYS RESULTSe

COMMON /TAP/ HED(10),ITEMPI,,ITEMP2,1SEGL¢ISEG2,NIN,NCUT, NPUNCH
DIMENSION X(10), Y(10), S(10)

WRITE (NOUT,50) [1,12,13
IF (KeNEsO) GO TO 10

MATERIAL PARAMETER IS CONSTANT WITH TEMPERATURE
READ (NIN,60) X{1}

WRITE (NOUT,70} X{(1)

RETURN

CHECK NUMBER OF NODES AGAINST PERMISSIBLE B0UNDS
GO 70

IF (KelEeleOReKeGTe10) 40

INPUT LINEARIZED FUNCTION OF
AS A FUNCTICN OF TEMPERATURE

MATERTAL PARAMETER

READ (NIN,60)
M=K~}

DO 20 1=14M
S{II=(V(I¢1)--Y(I))/Z7UXCI®LI=X(]))
WRITE (NOUT,80)

DO 30 1I=1,M

WHITE (NOUT,90) I,X(I1),Y(I)
WRITE (NOUT,,100) S(I)

CONTENUE

WRITE (NOUT90) KyX{K),¥IK)

KRE TURN

(X(!)pY(l))[=l'K,

WRITE (NOUT,110) K
sTOoP
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FIRES-RC2 3613 ¢

FIRES-RC?2 3616 S50 FORMAT (//8H -~ = 33A1044H ~ =)

FIRES-RC2 3617 60 FORMAT (BE10e0)

FIRES-RC2 3618 70 FORMAT (/394 MATERIAL PARAMETER OF CONSTANT VALUE ,Glie3)
FIRES-RC2 3619 80 FOFMAT (/5X ,QHNODE'QX'IlHTEMPERATURE'BX'SHVALUE'GXy EHSLONE /)
FIRES-RC2 3€20 90 FORMAT (I19,F13e1,6XyGl143)

FIRES-RC2 3621 100 FORMAT (39X,Gl11e3)

FIRES-RC2 3¢€22 110 FORMAT (6(/)148H —memmmeea PROGRAM TERMINATED==—vememe e /1l4n
FIRES-RC2 3623 1INPUT ERROR/S7H MATERIAL CURVE IS A CONSTANT GR HAS FROM 2 TC 10
FIRES-RC2 3624 2 NODZS/31H NUMBER OF NODES INDICATED 1S5,16)

FIRES~RC2 2625 © END

FIRES-RC2 3626 FUNCTION VMATL (MAT,TEMP)

FIRES-RC2 3€27 ¢

FIRES-RC2 2€28 ¢

FIRES-RC2 3629 C FUNCTION FOR CALCULATING TEMPERATURE-DEPENDENT MATERIAL PARAMETERS
FIRES-RC2 3€30 ¢

FIRES-RC2 3631 C ¢ ® ® o o 5 0 0 0 ¢ 0 o CONCRETE @ ¢ 06 » ¢ o o » o o »

FIRES-RC2 3632 ¢

FIRES-RC2 3633 1 - COEFe DOF EXPANSION 2 — MODULUS OF ELASTICITY
FIRES-RC2 3634 C 3 - COMPRESSIVE STRENGTH 4 - CCMPRESSIVE STRAIN

FIRES-RC2 3635 C S = CRUSHING STRESS 6 - CRUSHING STRAIN

FIRES-RC2 3¢36 ¢ 7 — TENSILE STRENGTH

FIRZS-RC2 3€37 C

FIRES~RC2 3£38 C ¢ ® 6 & s 0 s 0 0 ¢ o 0 ¢"STEEL o o » o ¢ s o o o .

FIRES-RC2 3639 ¢

FIRES-RC2 3640 C 8 — COEFs OF EXPANSION 9 = MUDULUS OF ELASTICITY
FIRES~-RCz 3641 C 10~ YIELD STRAIN 1t~ YIELD STRENGTH

FIRES-RC2 242

FIRES-RC2 3€43 (¢

FIRES-RC2 3544 COMMON /MATL/ XCEC(IO),YCEC(XO),SCEC‘IO),KCECyXEC(lO)yYEC(lO),iEC(
FIRES-RC2 3€4S llO).KEC,XFC(lO),YFC(IO)vSFC(lO),KFC'XFT(IO),YFT(IO)gSFT(lO),KFT'XC
FIRES-RC2 3646 25(!0)'YCS(10)'5CS(lO’.KCS,XCES(lO),YCES(lO).SCES(IO),KCESgXES(lC),
FIRES-RC2 3647 3YES(10).SES(10),KESgXEY(lO),YEY(lO),SEY{]O),KEY.XFY(lO),YFY(lO),SF
FIRES~RC2 3648 4Y(IO)1KF71XEFC(lO).YEFC(lOlQSEFC(IO)pKEFCyXFU(lO),YFU(lO).SFU(IO)y
FIRES-RC2 3649 SKFU

FIRES-RC2 3650 ¢

FIRES—-RC2 3651 GO TO (10,20,30,40.50.60,70,50,90,[00,!lOl, MAT

FIRES-RC2 3652 (

FIRES-RC2 3€53 10 CALL MATOUT (XCEC'YCEC.SCEC.KCEC,TEMP,VALUE;IOHCoEXP.CCN )
FIRES-RC2 3654 GO TO 120

FIRES-RC2 3€5S5 20 CALL MaTOUT (XEC'YEC.SEC,KEC,TEMP.VALUE,lOHE OF CONC )

FIRES—-RC2 3656 GO TO 120 .

FIRES-RC2 3657 30 CALL MATOUT (XcC.YFC'SFC,KFC,TEMP,VALUE,IOPFC OF CONC)

FIRES~RC2 3658 GO TO 120

FIRES~RC2 3659 40 CALL MATOUT (XEFC.YEFC.SEFC,KEFC,TEMD,VALUE,IOHEFC CONC )
FIRES-RC2 3660 GO 70 120

FIRES—RCZ2 3661 50 CALL MATOUT (XFU,YFU,SFU,KFU, TEMP,VALUE ,10HFU CONC )

FIRES-RC2 3¢o62 GQ TO 120

FIRES-RC2 3€63 60 CALL MATQUT (XCS,YCS,SCS,KCSyTEMP,VALUC;IOHCQUSHING )

FIRES-RC?2 3664 GO 70 120

FIRES~-RC2 3¢6S 70 CALL MATOUT (XFT,YFT'SFT'KFT'YEMP.VALUE;lOHFT OF CONC)

FIRES~RC2 3666 GO Y0 120

FIRES~RC2 3667 80 CALL MATOUT (XCES,VCES,SCFS'KCES'TEMV,VALUE.lOHC.EXPnSTL )
FIRES-RC2 3fo68 GO YO 120

FIRES-RC2 3669 90 CALL MATOUT (XES,YES'SES'KES,TEMP,VALUE'IOHE OF SYZEL)

FIRES-RC2 3670 GO TO 120

FIRES-RC2 3671 100 CALL MATOUT (XEY'YEY,SEY,K[Y'TEMP,VALUE.lDHEY OF STL )
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
F1IRES~RC2

FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES=RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRZS=-RC2
FIRES~RC2
FIRES-RC2
FIRES—RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
F IRES-RC2
. FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—~RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES=-RC2

FIRES=RC2
FIRES~-RC2
FIRZES-RC2
FIRES-RC2
FIRES-RC2

3672
3673
3674
3675
367¢
3677
3€78
3679

3680
3681
3682
3683
3684
3685
363¢
3687
3ees
3669
3690
3691
3692
3693
3694
3695
3696
3697
3698
3699
3700
3701
3702
3703
3704
3705
370¢&
3707
37¢8
3709
3710
arit
3712
3713
3714
3715
3716
3717
3718

3719
3720
3721
37122
3723

s aRaNaXsl
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40
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GO TO 120

CALL MATOUT (XES,YESySES,KES,TEMP,VALUE,10HE OF STEEL)
CALL MATOUT (XEY,YEY,SEY,KEY,TEMP,V,10HEY OF STL }
VALUE =VALUE*V

VMATL = VALUE

RE TURN
END

SUBROUTINE MATOUT (X,YgSyK,T,VyNAME)
SUBROUTINE MATOUT CALCULATES THE VALUE OF A GIVEN MATERIAL
PARAMETER REQUIRED BY FUNCTION VMATL

COMMON /TAP/ HED(10) , ITEMP] ,ITEMP2,ISEGL ,ISEG2,NIN,NOUT, NPUNCH
DIMENSION Xx(10), Y{(10), S{10)

IF (KeNEe0Q) GO TO 10
MATERIAL PARAMETER IS OF CONSTANT VALUE

v=x(1)
RETURN

MATERIAL VALUE 1S TEMPERATURE DEPENDENT

1=0

I=1¢1

IF (1eGTeK) GO YO SO

IF (T=X{(1)) 40,30,20

v=Y(1l)

RE TURN

IF (I.EQel) GO TO SO
VEY(I=1)#S(I=-1)%(T=-X(1I~-1))
RETURN

WRITE (NOQUT60) NAME,T¢X(11}yX{K)

STOP

FORMAT (6(/)4BH —eommemme——an PROGRAM TERMINATED —m————o—eemeem 750
1H BOUNDS OF CURVE DESCRIBING MATERIAL PARAMETER ,A10,194 HAVE 8
2EEN EXCESDED/23H  THE TEMPERATURE WAS ,F10e3,20H THE LOWER BOUND

3Is
END

sF10e3,24H AND THE UPPER BOUND IS ,FL10e3)

SUBROUTINE SOLEQ (A¢B,NN,MM)
SOLVE SIMULTANEOUS EQUATIONS

DIMENSION  A(MM,1), B(1)

C-63




FIRES-RC2 3724 (C .

FIRES—-RC2 3725 NNI=NN-1

FIRES-RC2 3726 DO 20 N=1,NN1

FIRES-RC2 3727 N1=N¢+)

FIRES-RC2 3728 BINI=B(N)I/A(NyN)

FIRES-RC2 3729 DO 20 J=N1,4NN

FIRES-RC2 3730 A(NyJ)I=A(N3IIZA(N,YN)
FIRES-RC2 3731 00 10 I=Ni,NN

FIRES~RC2 3732 10 ACT 4 J)=A(14))=~A(I,NIRAIN, J)
FIRES-RC2 3733 20 B(J)=B(J)-A(IyNI%XB(N)
FIRES-RC2 3734 3 -

FIRES~RC2 3735 BINN)I=B(NN)ZAINN,NN)
FIRES-RC2 3736 DO 30 K=1,4NNt

FIRES-RC2 3737 I =NN-~K

FIRES~RC2 3738 11=1+1

FIRES-RC2 3739 DJ 30 J=I1,NN

FIRES-RC2 3740 30 B(I)=BII1)-A(1,J)%8(J)
FIRES-RC2 3741 C

FIRES-RC2 3742 RE TURN

FIRES-RC2 3743 END

FIRES~-RC2 3744 FUNCTION STCRAK (E)
FIRES—-RC2 3745 COMMON /KRAKP/ AP( &)
FIRES-RC2 3746 STCRAK=AP(1)+EX(ADP(2)+EX{AP(3)+E*AP(4)) )
FIRES-RC2 3747 RETURN *
FIRES-RC2 3748 END

FIRES~-RC2 3749 FUNCTION STR (E,ECyFC4,EFC,FU,EFU,Z0)

FIRES-RC2 3750
FIRES—-RC2 3751
FIRES-RC2 3752
FIRES-KC2 3753
FIRES~RC2 3754
FIRES~-RC2 375
FIRES—-RC2 3756
FIRES-RC2 3757 COMMON /TAP/ HED(IO),ITEMPI,!TEMPZ.ISEG].!SEGZ,NIN,NOUT,NQUNCH

PARABOLIC STRESS~STRAIN LAW FOR CONCRETE WITH UNLOADING,
STRESSES UPDN UNLDOADING ARE COMPUTED ON THE BASIS OF PERMANENT
INELASTIC DEFORMATION (EQ)

NOOOONOD

FIRES-RC2 3758 (

FIRES-RC2 3759 ¢ EC — INITIAL MODULUS OF ELASTICITY
FIRES-RC2 3760 C FC ~ MAXIMUM COMPRESSIVE STRENGTH
FIRES-RC2 3761 C E - STRAIN

FIRES-RC2 3762 C EO - CUMULATIVE INELASTIC STRAIN
FIRES-RC2 3763 C

FIRES-RC2 3764 IF (E) 30,410,420

FIRES-RC2 3765 10 STR=060

FIRES-RC2 37¢€6 GO TO 60

FIRES-RC2 3767 ¢

FIRES-RC2 3768 C TENSILE STRESS IS LINFAR ELASTIC
FIRES-RC2 3769 ¢

FIRES-RC2 2770 20 STR=E*EC

FIRES-RC2 3771 GO TO ©0

FIRES-RC2 3772 ¢

FIRES~RC2 3772 ¢ COMPRESSIVE STRESS

FIRES-RC2 3774 ¢

FIRES—-RC2 2775 30 ES=FC/EFC
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FIRES-RC2 3776 RE=EC/ES .

FIRES-RC2 3777 RSIG=FC/FU

FIRES-RC2 3778 REPS=EFU/EFC

FIRES~RC2 3779 IF (EeGEs-EFC) GO TO 40
FIRES-RC2 3780 C CuUBIC PORTION OF CURVE
FIRES-RC2 3781 R=RE¥(RSIG- 1) /((REPS-14)*¥(RZPS—~1e))
FIRES-RC2 3782 R=R-1¢/REPS

FIRES-RC2 3783 60 TO S0

FIRES-RC2 3784 C PARABOL IC PORTION OF CURVE
FIRES~RC2 37ES 40 R=0,

FIRES-RC2 3786 S0 A=xzle/EC

FIRES-RC2 3787 B=RE+R~2¢

FIRES-RC2 3788 8=-8/(RE%XFC)

FIRES-RC2 3789 C=le-2e%*R ¢

FIRES-RC2 3790 C=C/ (RE*FC%®EFC)

FIRES-RC2 3791 D=~R/{RE*FC*EFCXEFC)
FIRES-RC2 3792 STR=E/ (A+B¥E+CHEXE+D¥EXE*E )

FIRES-RC2 3793
FIRES—-RC2 3794
FIRES-RC2 3765
FIRES~-RC2 3796 60 S=EC®(E~-EOQ)

CALCULATE LINEAR ELASTIC STRESS WITH ORIGIN AT EO

(s WaXal

FIRES~RC2 3797 C
FIRES-RC2 3798 C CHCOSE LARGER STRESS

FIRES—RC2 3799 C

FIRES-RC2 3800 IF (SeGTeSTR) STR=S

FIRES-RC2 3801 RE TURN

FIRES-RC2 3802 C ’

FIRES-RC2 2803 C LABELING OF FUNCTION

FIRES-RC2 3804 C .

FIRES-RC2 3605 ENTRY STRL

FIRES~RC2 3806 C

FIRES-RC2 3807 WRITE {NOUT,70)

FIRES-RC2 3808 RETURN

FIRES—-RC2 3809 C

FIRES-RC2 3810 C CALCULATE EO AT END OF PREVIOUS TIME STEP
FIRES~-RC2 3811 C

FIRES-RC2 3812 ENTRY STRI

FIRES~RC2 3813 C

FIRES~RC2 3814 C E -~ STRAIN AT END OF PREVIOUS TIME STEP

FIRES-RC2 3815 C FC - STRESS AY END OF PREVIOUS TIME STEP

FIRES-RC2 3816 C

FIRES-RC2 3817 EQO=E-FC/EC

FIRES~-RC2 3818 RETURN

FIRES~RC2 3819 C

FIRES-RC2 3820 C

FIRES-RC2 3821 (C

FI1RES—~-RC2 3822 70 FORMAT (1H¢,32X,32HSAENZ MODEL WITH UNLOADING )
FIRES-RC2 3823 END

FIRES-RC2 3824 FUNCTION SS (EZEY,ES,FY,EQ)

F1RES-RC2 3825 C

FIRES~-RC2 3826 (¢

FIRES-RC2 3827 ¢ STRESS~-STRAIN LAW FOR STEEL

FIRES-RC2 3828 C

FIRES-RCZ2 36829 C

FIRES-RC2 3830 COMMON /TAP/ HED(10), JTEMPL1,1TEMP2,1SEG1 91 SEG2yNINZNOUT ¢ NPUNCH
FIRES=-RC2 3831 C

FIRES~RC2 3832 DATA ESTAR/10060/
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FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES~-RC2
FIRES—-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES—-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES=RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES=-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~-RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?2
FIRES~RC?2
FIRES~-RC2
FIRES-RC2

3833
3834
3835
3836
3837
3838
3839
3840
3841
2842
3843
3844
3845
3846
3€ea7
3848
3849
3€50
38851
3g8¢€2
3853
3854
3855
3856
3857
3858
3859
3860
3861
38€2
3863
3864
3865
3866
3867
3868
3869
3870
3871
3e72
3873
3874
3€E7S
3876
3877
3878
3879
3880
3881
3882
339¢&3
3834
38es
3886
3887
3888
3869
3890
3891
3892

NONNONNDONAOANA A

(2N aKa! ann [a N2 N s oo NON

(aNaNs!

N nNoanOnH
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10
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40

BILINEAR STRESS-STRAIN LAW WITH UNLDADING,
STRESSES ARE COMPUTED ON THE BASIS OF THE PERMENANT INELASTIC
STRAIN ( ED )

E - STRAIN IN STEEL

PERMANENT INELASTIC STRAIN

ES - MODULUS OF ELASTICITY

ESTAR - STRAIN HARDENING MODULUS

FY -~ YIELD STRESS

EY ~ YIELD STRAIN

CALCULATE STRAIN FROM SHIFTED ORIGIN (EO)

SS=ES*(E~-ED)

CALCULATE UPPER BOUND OF STRESS-STRAIN ENVELOPE

F=FY+ESTARK (E-EY)

CHECK FOR VIOLATION OF UPPER BOUND

IF (55-F) 10,30,20
CALCU.ATE LOWER BOUND OF STRESS~STRAIN ENVELOSPE
F=~FY+ESTAR%(E+EY)

CHECK FOR VIOLATION OF LOWER SOUND

IF (55-F) 20,30,30

SET THE STEEL STRESS

SS=F
RE TURN

LABEL FUNCTION
ENTRY SSUL

WRITE (NOUT,40) ESTAR
RE TURN
CALCULATE INELASTIC DEFOJRMATION AT END OF PREVIOUS TIME STeP

E - STRAIN AT END OF PREVIOUS TIME STEP
FY - STRESS AT END OF PREVIOQUS TIME STEP

ENTRY SS1

EO=E~-FY/ES
RE TURN

FOFMAT (1H+,32X,29HBILINEAR MODEL WITH UNLODADING/ 33X, 8HESTAR
lelyaH KS1)
END
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FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES—RC2
FIRES-RC2
FIRES -RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ
FIRES-RC2
FIRES-RC2
F IRES~RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

3893
3894
3865
3896
3897
3898
3899
3900
3901
3902
3903
3904
3905
3906
3907
3908
3909
3910
3911
3912
3513
3914
3915
3916
3917
3518
3919
3920
3921
3922
3923
3924
3925
3926
3927
3s28
3929
3930
3931
3932
3933
3934
3935
393¢
3937
3938
3939
3940
3541
3942
3643
3944
3945
3946
3947
3948
3949
3950
3981
3952
3953
3654

NN ONO
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FUNCTION SHRINK (DT,T7,S)

FUNCTION SHRINK CALCULATES THE CHANGE IN SHRINKAGE STRAIN
DURING A TIME STEPs SHRINKAGE STRAIN IS CUNSIDERED TO BE
IRRECOVERABLE» THE INCREMENTAL SHRINKAGE STRAIN IS CALCULATED
8Y THE FOLLOWING FORMULA :
STRAIN = SHRINK =

INCREMENTAL A(T)®(SMAX(T)-S)

" WHERE

A - IS YHE SHRINKAGE RATE CONSTANT
SMAX ~ IS THE MAXIMUM POSSIBLE SHRINKAGE
S - CURRENT CUMULATIVE SHRINKAGE
COMMON /TAP/ HED(10),ITEMP1,ITEMP2,1SEGL 41 SEG2,NIN;NOUT , NPUNCH

CHECK TO SEE IF MAXIMUM SHRINKAGE HAS ALREADY OCCURRED

SULT=06001
IF (S-SULT) 20410410

SHRINK=0e¢ 0
RETURN

CHECK TO SEE IF SUBSLICE TEMPERATURE HAS EXCEEDED 21240 F
IF (T-212¢0) 40,40,30 "

IF TEMPERATURE HAS EXCEEDED 21240 F THEN ALL SHRINKAGE MUST OCCUR
SHRINK=SULT~-S

S=SULT

RETURN

CALCULATE A AND SMAX

SMAX=T~5686 0

SMAX=00006944%SMAX

A=SMAX¥SMAX

A=A+06001

SMAX=SMAX+1e0

SMA X=0e 0005% SMAX

CHECK TO SEE IF S HAS ALREADY EXCEEDED SMAX

IF (5~S5MAX) S0,70,70

CALCULATE INCREMENTAL SHRINKAGE STRAIN

SHRINK=A%{ SMAX~-S)*DT
S=S+SHRINK '

CHECK TO SEE THAT S DOES NOT EXCEED SMAX
IF (S-SMAX) 70,70,60
CORRECT SHRINK IF S HAS EXCEEDED SMAX

SHRINK=SMAX—-{5-SHRINK)
S=SMAX
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FIRES-RC2 3935 ¢
FIRES-RC2 3956 70 RE TURN

FIRES~RC2 3957 ¢
FIRES-RC2 3958 (¢ LABELING OF FUNCT ION

FIRES~RC2 3559 ¢

FIRES~RC2 3960 ENTRY SHR INKL

FIRES-RC2 3961 WRITE (NOUT,80)

FIRES-RC2 3962 REYURN

FIRES-RC2 3963 ¢

FIRES-RC2 39€4 ¢

FIRES-RC2 365 ¢ .

FIRES-RC2 39566 80 FOFMAT (1H+,32X 4 29HSHRINKAGE CALCULATED ON BASIS/33X,2%H0OF TEMPFEA
FIRES-RC2 3967 1 TURE-DEPENDENT RATE/33Xy28HMAX SHRINKAGE - 00010 INZIN)
FIRES~-RC2 3968 END .

FIRES-RC2Z 3969 FUNCTION CRPC (DT.SIGI'S!GZ,T'B,C,D,E,FC)

FIRES-RC2 3970 ¢

FIRES-RC2 3571 C

FIRES-RC2 3572 ¢ THIS FUNCTION CALCULATES THE CREEP INCREMENT, CRPCy IN A CONCRZITE
FIRES-RC2 3973 ¢ SUBSLICE DUE TO STRESS INCREMENT DI SG

FIRES-RC2 3574 ¢

FIRES-RC2 3975 ¢ OT - TIME sSTEP

FIRES-RC2 3976 C SIGL - STRESS AT BEGINNING OF PREVIOUS TIME STEP

FIRES~-RC2 3977 ¢ SIG2 -~ STRESS AT END OF PREVIOUS TIME STep

FIRES-RC2 3978 ¢ T - SUBLICE TEMPERATURE y, AVIRAGE DURING PREVIOUS TIME sTeEp
FIRES-RC2 3979 ¢ 8y Cy Dy E - HISTORY COEFFICENTS FOR CREEP MODZL

FIRES-RC2 3980 ¢ FC ~ COMPRESSIVE STRENGTH OF CONCRETE

FIRES~-RC2 3981 C

FIRES-RC2 3982 ¢

FIRZS-RC2 3983 COMMCN /TAP/ HED(IO),ITEMPI,ITEMPZ,ISEGl,ISEGZ,NIN,NUUT,NPUNCH

FIRES-RC2 384 ¢
FIRES~RC2 3s85 (¢ I — CALCULATION OF EFFECTIVE STRESS INCREMENT
FI1RES-RC2 3986 C

FIRES-RC2 3%87 S1=S1G1

FIRES-RC2 3988 52=51G2

FIRES~RC2 3989 IF (S1/FC-e35) 20420, 10
FIRES-RC2 3990 10 S1=24 33%S1-4465%FC

FIRES-RC2 3991 20 IF (S2/FC-,435) 40,40, 30
FIRES-RC2 3592 30 S2=2433%52-,465%FC

FIRES-RC2 3993 40 DSIG=S2-351

FIRES-RC2 35354 C

FIRES~RC2 3995 C 2= CALCULATION OF SHIFT FUNCTIOUN PHIT=EXP(SIT)
FIRES-RC2 3996 ¢ SIT=AMOUNT OF SHIFT
FIRES-RC2 3597 ¢

FIRES-RC2 3998 PHIT=DT

FIRES-RC2 3999 IF (T-75,) 110,110, 50

FIRES-RC2 4000 S0 IF (T-300.) 60,60,70

FIRZS-RC2 4001 60 SIT=401023%T-0767

FIRES-RC2 aco02 GO TO 100 -

FIRES-RC2 4003 70 IF (T7-900,) 80,80,90

FIRES-RC2 4004 80 SIT=e0C6933%T+e22

FIRCS-RC2 4005 GO TO 100

FIRES-RC2 4006 S0 SIT=e00336%T42,9

FIRES-RC2 4007 100 PHIT=0T*EXP(SIT)

FIRES-RC2 aCcoe ¢
FIRES-RC2 4009
FIRES-RC2 4010 ¢

FIRES-RC2 4011 110 CRPC:OSIG*B120-403—8~C~D-E

(a]

3- CALCULATION OF CREEP INCREMENT ( CRPC )
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FIRES-RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES—RC2
FIRES~-RC2
FIRES~RC2
FI1RES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES—-RC2
FIRES-RC2
FIRES=-RC2
FIRES—RC2
FIRES-RC2

FIRES-RC2
FIRES-RC2
F1RES-RC2
FIRES—~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES—RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRSES-RC2
FIRES-RC2
FIRES-RC2

‘FIRES-RC2
FIRES~-RC2
FIRZS-RC2
FIRES~RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES—RC2Z
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES—-RC2
FIRES~RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2

4012
4013
401a
4018
4016
4017
4018
4016
ap20
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030

4031
4032
4033
4034
4035
4036
4037
4038
4039
4040
4041
4042
4043
4044
4045
4046
4047
4048
4049
4050
4c51
4052
4053
4054
4055
405€
4057
4058
4059
4060
aco6l
4062
4c63
4066
4065
4066
4067
4068

noo

ann

NN A0 NANNOANAANON

[a N ala] g}

Nnoon

Bz(B~DSIG¥1424716)*EXP(—e 1 ¥PHIT) v
C=(C-DS1G*16Ye 4E4)REXP(~e 01 ¥PHIT)
D=(D~DSIG%70eSH63VREXP(~e001%PHIT)
E=(E~DSIG*2737e7)%XEXP(~e0001%PHIT)
CRPC=(CRPC+B+C+D¢+E)*4000001

RE TURN
LABELING OF FUNCTION

ENTRY CRPCL
WRITE {(NOUT,120)
RETURN

120 FOEMAT (1H# ,32X,22HMUKADDAMS TEMPERATURE-/ 33X ,22HCOMPENSATED~TIVE
1M3DEL)
END

FUNCTION CRPS (TEMP, DT, STRESS,ET)

FUNCTION CRPS CALCULATES THE INCREMENTAL CREEP STRAIN IN STEtles
THIS FUNCTION COMBINES DORNS THETA METHOD FOR TEMPERATURE
VARTATION WITH A STRAIN HARDENING APPROACH WHICH ACCGUNTS FOR
STRESS VARIATIONo THE FORM OF THE BASIC CREEP CURVE 1S THAT
SUGGESTED BY HARMATHY
INCREMENTAL CREEP STRAIN = CRPS = Z¥DTHETAX(CTNH(ET/ETO))=®%2
WHERE 2 - ZENER-HOLLOMON CONSTANT-A FUNCTION OF STRESS

DTHETA - CHANGE IN TEMPERATUREZI CCMPENSATEOD TIME

ET - CUMULATIVE A3SOLUTE CREEP STRAIN

ETO - INTERCEPT OF LINEAR PORTION OF CREEP CURVE
IN ADDITION

TEMP - AVERAGE TIME STERP TEMPERATURE

STRESS -~ INITIAL TIME STEP STRESS (K3I)

OY - TIME STEP (HOURS)

COEFFICENTS FOR CALCULATION FROM HARMATHY (1959}, ASTM STP 464
FRCM TEST SERIES 1€ FOR ASTM A36 STEEL

COMMON /TAP/ HED(10) ;ITEMPL ,ITEMP2,ISEG] yISEG2yNIN,NOUT s NPUNCTH
CRPS=0e0

NO CREEP IS CONSIDERED TO OCCUR BILOW 400 F

IF (TEMPLE«400s0) RETURN

DETERMINE SIGN AND NORMALIZE STRESS TO POSITIVE NUMGER
SIGN=140

$=STRESS
IF (S) 20,10,30
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES~RC?2
FIRES-RC2
FIRES~RCZ2
FIRES-RC2
FIRES—-RC2
FIRES~RC?2
FIRES-RC2
FIRES~RC2
FIRES—-RC2
FIRES-RC2
FIRES~-RC2
FI1RES~-RC?2
FIRES—~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RCZ2
FIRES~-RC2Z
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC?2
FIRES-RC?2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES~-RC2
FIRES-RCZ2
FIRES-RC2
FIRES~RC2
FIRES~RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC?2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRZS~RC2
FIRES-RC2
FIRES=-RC2

4069
4070
4071

4Cc72
4073
4074
4075
4076
4077
4078
4C79
4080
481

4082
4083
4084
4085
4C36
4087
4088
4089
4090
4091

4092
4093
4094
4098
4096
4057
4038
4099
4100
4101

4102
4103
4104
4108
4106
4107
4108
4109
4110
4111

4112
4113
4114
4115
411¢
4117
4118
4119
4120
4121

4122
4123
4124
4125
al126
4127
4128
4129
4130

00N

(s als]

O0n

NDHO

NnNnoO

[alaNalal [a N o o

N o

10
20

30

a0

50

60

70

80

90

100

RE TURN

SIGN==140

S=SIGN*S

CONT INUE

CREEP STRAIN IS CALCULATED FOR ALL TEMPERATURES ABOVE 700 F

SP=TEMP=700,4,0
IF (SP) 40,40,50

CHECK TO SEE IF STRESS IS LESS THAN 0.1167%(700-TEMP)

SP=-SP%0e 116€66567
IF (SeLEsSP) RETURN

CONTINUE
CALCULATE INTERCEPT ETQO

ETO=S%%1,75
ETO=0400003C231%ET0

CALCULATE EXPONENT OF OTHETA TERM

A=TEMP+460,0
A=30400,07A

IF (S~15401% G0,60,70
CALCULATE Z*DTHETA TERM €2T) FIR STRESSES LESS THAN 15 Ksi

S=S% %4847
A=l 2,0-A
A=1060%%A
ZT=3e2734%SHA%DT
GO 70 80

CALCULATE Z*DTHETA TERM (ZT) FOR STRESSES GREATEWR THAN 15 KSI

S=0e130287%5
A=1660+5-4A
A=10e O%¥p
ZT=1623%A%0T

CONT INUE
IF (ET) 90,90,100

IF ET IS 0e0 THAN START CREEFP CALCULATIONS WITH
ET SUIXZTHETO®ETO) %% 04333333427

CONT INUE

CRPS=34 0%ZT*E TQ*ETY
CRPS=CRP5%#0,33333333333
CRPS=CRPS+ZT

GO 10 110

CONTINUE

CALCULATE INCREMENTAL CREEP STRAIN

A=ET/ETO
A=CTNH(A)
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FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?Z2
FIRES-RCZ
FIRES-RC2
FIRES~RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES~-RC2
FIRES-RC2
FIRES-RCZ
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?2

FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC?2
FIRES-RC2
FIRES-RC2
F1RES—-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~RC2
FIRES—RC2
FIRES~-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES~-RC2
FIRES=-RC2
FIRES-RC2
FIRES-RC2

4131
4132
4133
4134
4135
4136
4137
4138
4139
4140
4141
4142
4143
4144
4145
4146
4147
4148
4149
4150
4151
4152
4153
4154
4155
4156
4157

4158
4159
4160
4161

4162
4163
41€4
4165
4166
4167
4168
4169
4170
a171
4172
4173
4174
4175
4176
41?77
4178
4179
4180
4181

ai82
4183
4184
4185
4186
4187

[a e N s! 00

N

[ala N3l ANOHAHAON

(o]

[aNasNala!

120

10

20

30

CRPS=ZT *A%A

CONTINUE

ACCUMULATE THE ABSOLUTE INCREMENTAL CREEP STRAIN

ET=ET+CRPS

CHANGE INCREMENTAL CREEP STRAIN TO PROPER SIGN

CRPS=SIGN%*CRPS

RE TURN

LABEL FUNCYICN

ENTRY CRPSL

WRITE (NOUT,120)
RE TURN

METHOD
TLsY 5

FORMAT (1H+, 32X, 27HHARMATHY VARIATION OF DORNS/33X,12HTHETA
1/733X429HCOCFFICIENTS ~ HARMATHY (1969 ),/ 33X,2BHASTM STP 464,
2ERIES 1C/)

END

FUNCTION CTNH (X))

FUNCTION CTNH(X) CALCULATES AN APPRUOXIMATE VALUE CF THE

HYPERBOLIC COTANGENT OF X

IF (X-0e2) 10,10,20

IF X IS LESS THAN 0.2 THEN CTNH IS E£QUAL TO 1/X

CTNH=140/X
RETURN

IF (X-260) 30,40,40

IF X IS GREATER THAN Qe 2 AND LESS THAN 20 A SERIES EXPANSIUN
IS USED IN APPROXIMATING CTNH

ST=1+0

s8=X

A=X

Az=A%X

ST=0e S*A+ST
A=A %X

SB=0e 1667%A¢SH
A=A%X
ST=0e0417%A+ST
AzAXX
SB=0600834%A+53
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FIRES-RC2
FIRES-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES~-RC2
FIRES—-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2
FIRES-RC2

4188
4189
4190
4151
4192
4193
4154
4195
4196
4197
4198
4199

ano

490

AsARX
ST=0e00139%A+ST
A=A XX
SB=0e000185%A+5HB
CTNH=S5T/S8
RETURN

IF X IS GREATER THAN 2,0

CTNH=100

RE TURN
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