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CHAPTER I
INTRODUCTION
1.1 General Discussion

Structures may be subjected to the effects of high energy detona-
tions in the vicinity of the structure or to the effects of explosions,
chemical or otherwise, within the structure. Either of these effects
results in imparting initial velocities to the structure. The safety
of the structure depends on the ability of the various structural ele-
ments to withstand the maximum deformations and forces due to these
initial velocities. In addition, the integrity of the structure as a
whole . is dependent on the interactions of the various structural compo-
nents.

A knowledge of the behavior of a structure under impulsive loading
is necessary to determine if the structure is capable of withstanding
different types of explosions. This knowledge is also necessary to

efficiently place a detonation to cause the collapse of a structure.
1.2 Statement of the Problem and Objectives

The purpose of this study is to develop a method of analysis, con-
sidering nonlinear and large displacement behavior, for plane reinforced
concrete portal and gabled frames subjected to the effects of impulse

loading.



A Tumped parameter model of the frame is developed using a bar
spring analogy. Any static loading and distributed impulse loads are
considered. Linear and small deflection theories are used to solve for
static deflections. Nonlinear and large displacement behavior are con-
sidered for the dynamic -response. The history of the response of the

frame to'c011apse is traced.

1.3 Previous Work

There has been very little reported on the effects of impulse load-
ing of reinforced concrete frames. Work has been reported on impulse
loading of beams, arches, plates, rings and shells, and on underground
structures such as arches and rings.

Dynamic testing of engineering materials is documented as early as
1872 (1). One of the earlier tests of impact on reinforced concrete
beams was performed by T. D. Mylrea in 1940 (2). He investigated the
impact resistance of reinforcing steels of various grades by tests of
simple beams. Results indicated the great value of even small amounts
of reinforcement in beams subjected to impact. World War II and the
atomic era increased the interest in dynamic loading, and procedures
and equipment for testing were greatly improved.

In 1953 N. M. Newmark presented an approach for preliminary design
of -structures to resist blast Toadings (3).

J. Penzien, in a paper "Dynamic Reponse of Elasto-Plastic Frames"
(4), presents the results of an analytical investigation involving a
single mass system that has an idealized'e]asto-pléstic resistance
deformation relationship. The system is subjected to the ground motion

measured during the E1 Centro earthquake.



The behavior of a rigid portal frame subjected to a pulse of load-
ing is analyzed by Rawlings (5) making the assumption that the material
has rigid plastic characteristics. An examination of the influence of .
strain hardening and of large changes in structural geometry is made.

Dawkins (6) reported on the "Dynamic Response of a Tunnel Liner
Packing System." In this study he considers large displacements and
nonlinear behavior of reinforced concrete liners. -

Haltiwanger and Blackburn (7) made use of the study performed by
Dawkins to investigate the effects of nuclear blast loading on a buried
arch.

A computer oriented method is described by Lionberger and Weaver
(8) for determining the dynamic response of rectangular plane frames
with nonrigid beam to column connections. The moment-rotation relation-
ships for the nonrigid connections are assumed to be bilinear and the
effects of elasto-plastic behavior in the columns, finite joint sizes
and initial vertical Toads are included in the analysis.

F. Y. Cheng (9) presents a general matrix formulation suitable for
use of the digital computer for dynamic analysis of frameworks composed
of prismatic members. Dynamic stiffness coefficients are derived 1in
the form of nondimensional parameters.

Walpole and Shepherd presented a paper on the "Elasto-Plastic
Seismic Response of Reinforced Concrete Frames" (10). Elasto-plastic
analysis is achieved by the step-by-step numerical integration of the
differential equations of motion. The structure is assumed to behave
in a - linearly elastic manner within each short step interval of time.
The elastic properties of the structure are changed from one interval

to the next.



Dawkins presented "A Method of Analysis for Reinforced Concrete
Beam-Columns Subjected to Impulse Loading" (11). This paper provided

the basis for the approach used in the frame analysis which follows.
1.4 Method of Approach

The so]ut{on method used herein is to treat the reinforced concrete
~frame as a Tumped parameter model made up of bar and spring elements
which have force-deformation characteristics derived from the properties
of the frame. The bars are axially deformable, flexurally rigid and are
connected at the nodes (joints) by flexural hinges. The characteristics
of a joint are determined from the characteristics of the real frame
between midpoints of adjoining segments. Loads are replaced by equiva-
lent concentrated loads at the nodes, and the distributed mass is also
concentrated at the nodes. The resbonse of the frame to static loads
is determined and the dynamic effects are superimposed on the initial
static displacements.

The static solution of the Tumped parameter model of the frame is
obtained by using a back-and-forth recursion solution technique (12).
Deflections are assumed to be small and stresses and strains are assumed-
to be within the elastic range for.the static solution.

In the dynamic solution, deflections may be large and stresses and
strains may.be in the nonlinear range. A step-by-step numerical inte-

gration procedure is used to solve the governing dynamic-equations (13).



CHAPTER 11
METHOD OF ANALYSIS
2.1 General

The response of frames to impulse loading is dependent on the
material behavior, the geometry of the frame and the time history of
the response. A procedure combining a Tumped parameter model with
numerical integration of the resulting differential equations of motion
may be used to account for the effects of all the above variables.
Lumped parameter models have been used successfully for the analysis of
linearly elastic beam-columns subjected to both static and dynamic
Toads (12). This procedure has also been applied to tunnel liner-packing:
systems in which nonlinear material properties and the time history of
the response are taken into account (6). These methods were successfully
combined in a study which analyzed nonlinear, nonprismatic beam-columns
(11) and can be adapted to analyze portal and gabled frames subjected to

impU]se loads.
2.2 Development of the Model

The -Tumped parameter model is developed by replacing the frame with
a mechanical model composed of a series of bar and spring elements which
have force deformation characteristics derived from the properties of
the original members. A typical arrangement of bars and springs is

shown in Figure 1.
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The frame is initially undeflected. It is assumed to lie in the
X-Y plane with loads and displacements occurring in the X-Y plane. The
frame is divided into regions and the terminus of each region is assign-
ed a station, or node, number as indicated in Figure 1(b). Each region
of the frame is replaced by an axially-deformable, flexurally-rigid,
massless bar with adjacent bars connected at the nodes by flexural
hinges. The distributed mass of the frame is concentrated as point
masses at the stations of the model as shown in Figure 1(b). Loads on
the frame are replaced by equivalent horizontal and vertical concentrat-
ed loads acting at the nodal points of the model.

The geometry of the model is completely defined in the unloaded
state by the X and Y coordinates of the nodes. In a deflected condition,
the geometry depends on deflections in the X and Y directions as well as
the original coordinates. A typical segment of the frame showing typical
displacements of the model is shown in Figure 2.

The internal deformations of the frame are related to the displace-
ments of the nodes. The response of the frame to static loads is deter-
mined and the dynamic effects are superimposed on the initial static

displacements.
2.3 Static Solution

2.3.1 Support Conditions -

For the static solution process, all supports are assumed to be
linear, elastic springs. Translation restraints.are accounted for at
the joints of -the structure by applying linear springs having stiffnesses

Sxi in the X direction and Syi in the Y direction. Large stiffness
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values are assigned to these springs to approximate unyielding supports. -
If there is a need to approximate the effects of distributed supports,
springs can be applied at every joint in the region of the distributed
support. A fixed end condition can be approximated by applying appro-

priate springs at two adjacent nodes.

2.3.2 Applied Loads

Any type of static loading may be applied to the frame. Loads are
replaced by equivalent concentrated loads at the nodes. The loading is
assumed to be such that horizontal and vertical deflections of the frame
are small and that linear and small deflection theory may be used in the

solution process.

2.3.3 Strain-Displacement Relations

h

The original length of the i*" bar, Figures 1 and 2, is:

Ly = L0 = %2+ (v - v, P12 (2.1)

and the change in length of the ith bar may be expressed as
AL, = (ui - ui-l) cos 8, + (Vi - Vi-l) sin @, (2.2)
where
ALi = the change in length of the 1th bar;
U = the deflection of joint i in the X direction;
vy = the deflection of joint i in the Y direction; and
0. = the slope of bar 1.

The average axial strain in the jth

bar is
. AL, i (ui - ui_]) cos 91 +.(v1 - vi_]) sin 0, (2.3)
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The change in slope of bar i is

(-uj +u;_q) sin 8y - (-vy +vy_4) cos 8

and the change in angle between two adjacent bars-at joint i is obtained

from

141 * Y3) sin 844y
Lisy

(-u (Vi - vy) cos 8141

A8

i+1 7 %85 =
(-uy + uy_q) sin 8y + (v - vi_4) cos 8,

Ly

(2.5)
The average change in curvature over the length of beam between
midpoints of adjacent bars at joint i is

b5 T F L)

(-u 1t ui) sin Oi+] + (Vi+] - Vi) cos 91+]

172 (L (L + Layy)

i+

(-uy + ug_q) sin 85 + (v; - vy _q) cos 6,

172 L+ Loyq) (2.6)

The average bar strain, €i» and the average change in curvature, ¢i’ are
used for determining the axial thrusts and joint moments in the model

due to static loads.

2.3.4 Beam-Column Cross .Section and

Material Description

Cross sections of members are limited to rectangular reinforced
concrete similar to that shown in Figure 3. The cross section is defined

at each joint in the model. Materials in the cross section have stress-
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strain characteristics as illustrated in Figure 4. For the static solu-
tion, the deflections are assumed to be small and small displacement
geometry relations can therefore be used in the solution process.

The neutral axis of the cross section is determined using the equa-
tion for a transformed rectangular reinforced concrete section, which is
assumed to be cracked, from Gerstle (14) which follows::

kd = d {-[np + (2n - 1) p']

+ /&np + (2n - 1) p‘]2 + 2[np + (2n - 1) p' %iﬂ}, (2.7)

where
kd =vdepth from top of section to neutral axis;
n= ratid of ‘modulus of elasticity of steel to that of concrete;
p = percentage of bottom steel;
p' = percentage of top steel;
d' = depth to top steel; and
d = depth to bottom steel.

After the location of the neutral axis is determined, the axial and
flexural stiffnesses -of the cross section can be readily determined from

(AE)_i = (AT) (ES1) + (AB) (ES2) + (d) (B) (EC1) (2.8)

th

—
=
m

~

1]

axial stiffness of the 1™ cross section;
AT = area of top reinforcing steel;

AB = area of bottom reinforcing steel;

EST = modulus of elasticity of top steel;

ES2 = modulus of elasticity of bottom steel;

al
n

depth from top of section to centroid of section;
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B = width of cross section;
EC1 = modulus of elasticity of concrete;
and
d - d2 d - @2
(E1); = (AT) (ES1) (=—==) + (AB) (ES2) (=—)
d d
7 2
+ (@ (B) (EC1) (3 , (2.9)
where
(EI)i = flexural stiffness of -the jth cross section;
d' = depth to top steel; and
d = depth to bottom steel.

2.3.5 Force Deformation Relations

The axial thrust in each bar-and bending moment at each joint in
the model are obtained from the average bar strains and average joint
curvatures. .

The thrust in bar i is calculated as follows:

T'i = 1/2 [(AE).i_'l + (AE)'I] E'i (210)
and the bending moment occurring at joint i is obtained from-
Mi = (EI)i ¢1. (2.11)

Forces introduced by the translation restraints are obtained from

the foundation spring stiffnesses and joint displacements by

Fxi = “Sxi Y4 (2.12)

where
in =-the foundation resistance at joint i in the x direction, and
F.=-S. v, (2.13)

y1 yi-1
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where
Fyi = the foundation resistance at joint i in the y direction.
These forces,‘in and Fyi,-are opposite in direction to the dis-

placements U and Vi respectively.

2.3.6 Equilibrium Equations

Free body diagrams of bar i and joint i are shown in Figure 5.

For equilibrium of bar i:

IM =0
leads to
-1 _ .
Vi = Li (M1 Mi—l)’ (2.14)
where
V. = shear in bar 1.

i
For the equilibrium of joint i:

ZFX =0
leads to
'Ti cos-Qi + Ti+1 cos 91.+1 - Vi sin 01 + Vi+1 sin 91+]
* Pt Q=0 (2.15)
and
Z =
Fy 0
leads to
=Ty sin 8, + T,y sin 8,,; + V; cos 8, - Vi 4 cos O,
+F.+Q_=0, (2.]6)

Y1 Y1

where
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BAR i

JOINT i

Figure 5. Free Body Diagrams--Static Solution
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Q
Q

xi applied static load at joint i in the x direction; and

Vi -applied static load at joint i in the y direction.

2.3.7 Governing Equations

Two governing equations -are obtained by combining the strain dis-
placement and force deformation relations with the equilibrium equations.
This gives joint displacements in terms of applied loads.

Combining Equations (2.3, 2.6, 2.10, 2.11, 2.12, 2.13, 2.14, and

2.15) gives an equation of the form:

2,11 Yi-2 24,12 Viez P, Yia F Pine Vi
P Yt ez Vi i Y T g 12 Vie
Yoy ) Uinz &y 10 Vs T Oy (2.17)

Combining Equations (2.3, 2.6, 2.10, 2.11, 2.12, 2.13, 2.14, and
2.16) gives an equation of the form:

+ a. + b

3,21 Yi-2 * 24,22 Vi-2 +h

i,21 Yi-1 T Py 22 Vi
tCi21 Yt Ci,22 Vi T 9 21 Ui T 94 90 Vi
Y21 Yie2 8,02 Viea T Qi (2.18)
The detailed equations showing the values of the coefficients (an,

b C.s ds en) for Equations (2.17) and (2.18) may be found in Appendix

A.

These equations may be written in matrix form as follows:
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i,11 94,12 || Y41 €i,11 %i,12 || Y2

= (2.19)

or
[A;1 0U; ] + [B;] [uy 41 + [C51 [U;] + [D4] [U4,4]
+ [E;] [U;,0] = -[0;1. (2.20)

The coefficients of the governing-equations are stiffness coefficients
related only to the cross section, material and initial geometry of the

frame.

2.3.8 Solution of -Equations

The governing equations must be satisfied at every joint in the
frame. This leads to a set of simultaneous matrix equations in the un-
known joint displacements u and v.  These u and v displacements are
interrelated and must be solved for simultaneously. The values of the
coefficients are calculated for each joint in the frame in the STATIC
subroutine of the computer program and will be discussed later.

The governing equations can be written for each joint in the frame
and will be of the form shown in Figure 6. These equations are effi-

ciently solved by a two-pass elimination procedure. On the initial pass,



[c,] [u1 + [D] [U;] + [E,] [U,] - -[q,]
[B]] [UO] + [C]] [U]] + [D]] [Uz] + [E]] [U3] = '[Q]]
[A,1 [U1+ [B,1 [U;1 + [C,1 [U,1 + [D,] [Ug] + [E,] [U,] = -[Q,]
+ [Ag] [Uy1 + [B3] [U,T + [C5] [U] + [D51 [U,] + [Eq] [Ug] = -[0,]

[A;1 [U; o1 + [B;1 [U; 41+ [Ci]\[Uil + [05] [U5q] + [E;T [Ug,,] = -[Q;]

\
AY

(A, [U 0+ 18,1 [U o1+ [C ,1TU 1+ [0, 10U {1+ [, [U]=-[q ]

[Am_]] [Um_3] + [Bm_]] [Um_z] + [Cm_]] [Um_]] + [Dm_]] [Um] = '[Qm_]]

+ (A1 [V, o] + 8.1 [U, 1+ [c.1[U,] -[o,]

Figure 6. Simultaneous Governing Equations for Each Joint

8L
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the equations are reduced to the form

[0 = Loy + [8;1 [Us4q1 + [y ] [U;,,] (2.21)
where
[og] = [8;3 10041 + [A] [0y ] + [o4] [ay 1} (2.22)
[8;1 = [8;1 {[ey] Ly 41 + [D;1} (2.23)
[v;1 = [8;1 [E;] (2.24)
and
(5,1 = -lpy] [8;_1] + [A;1 [yy 1 + [C,13 (2.25)
[e;] = [A;1 [8;_,1 + [By1. (2.26)

At the initial station, 0, of the frame, [Ao] and [Bo] are both
equal to zero. The values of [ai], [Bi] and [yi] may therefore be
obtained from the known values of the coefficients of Equation (2.20)
starting at the initial station and proceeding to the final station. At
the final station, m, the coefficients [Dm] and [Em] are zero, resulting
in zero values for both [ym] and [Bm]. A solution for [Um] is then
obtained from Equation (2.21). Likewise, at the next to last station,

m=-1, vy will be zero and [Um-1] may be obtained from Equation (2.21).

m-1
A11 other values of [Ui] are calculated by using Equation (2.21) and
proceeding back to the initial station.

This solution process is particularly convenient for a computer
solution since it can be summarized as a set of equations which are
solved repeatedly at station after station along the frame. For beam-
column problems, the coefficients ass B and Yy may be thought of as
expressing the physical continuity of the system. A11 of the known

input data are included in these coefficients. These coefficients at
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any one station depend not only on the Toad and stiffness data at that
station, but also on effects from all previous stations and have, there-
fore, been termed "Continuity Coefficients."

In the computer program to further simplify the complete solution,
three fictitious nodes are added at each end of the frame. No Toad or
stiffness data exists for these fictitious nodes. In the computation
of the continuity coefficients, the fictitious extensions to the frame
automatically generate the required zeroes at the ends of the matrix
equations. These zero terms are the means by which the recursion pro-
cess is-enabled to get under way and then to get turned around at the
far end so that deflections may be calculated. This process eliminates
the necessity for specializing the coefficients for the end conditions
(12).

After the u and v displacements of every joint have been determined,
the internal moment, shear and axial thrust can be calculated for each
bar and joint in the frame using these displacements and the equations

developed earlier.
2.4 Dynamic Solution
2.4.1 General

The effects of the impulse loadings are superimposed on the dis-
placements due to the static load. Since the dynamic displacements may.
be very large, the small displacement geometry relations used in the
static solution are no longer applicable. In addition, the stresses and
strains do not remain in the initial linear region of the stress-strain
curves. Inertia forces are also developed at the nodes of the model and

must be included in the equilibrium expressions.
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To facilitate programming the solution for the computer, the
changes in deformations which occur in the time interval At are restrict-

ed to small deformations.

2.4.2 Support Conditions:

For convenience in the static solution process, unyielding supports
are approximated by very stiff elastic springs. However, because of the
high frequencies associated with these large stiffness values, unyield-
ing supports must be specified as such for the dynamic solution. The
velocities and accelerations of the joints at unyielding supports remain
identically zero for all time after the impulse load is applied. This
procedure necessitates dual specification of some support conditions;
however, the efficiency of the solution process is greatly increased.

As in the static solution, a fixed end, condition can be approxi-

mated by applying appropriate conditions at two adjacent nodes.

2.4.3 Applied Loads

The impulse loads can be applied in either the horizontal or verti-
cal direction, or both. The impulse Toads vary sinusoidally over por-
tions of the frame. These loads are replaced by equivalent concentrated

Toads at the nodes.

2.4.4 Strain-Displacement Relations

At any instant in time, the deflections of the model are represented

h

as shown in Figure 2. The length of the it bar at that time is

2.1/2
Li = [{xi + uj - xj-7 - U1-1)2 + (yi * vi - yi-1 - vi-1)7] /

(2.27)
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where X; and y; are the original coordinates of the node, and uj and Vs
are the displacements from these original coordinates.

The axial -strain in bar i is

2
oLk [(x; - x1_1)2 Py -y 172 : (2.28)
L N L A s L

The slope of bar i is given by

Yi T Vi m i1 7 Via

8. = Arctan [ (2.29)
! X P U= Xy 7 Uiy
and the change in slope of bar i is
o - (-ug + ug_q) sin 85 + (v, - v ;) cos 8, (2.30)
i » ' '

i
The change in angle between two adjacent bars at joint i is obtained
from

0 (-ui+] + ui) sin 91+1 (v1+] - Vi) cos 91+]
L ;

. - NB. =
i+l i i+
(-uy + ug_q) sin @5 + (vi - v ;) cos 6,

L
(2.31)
and the average change in curvature at joint i is
AB. ~ AD.
+1 i
g, = ] ) (2.32)
i 1/2 (Li + L1+1)

2.4.5 Force-Deformation Re]ations

In the static solution it was assumed that loads were such that the
materials of the beams and columns remained in the initial Tinear region
of the stress-strain curve. To account for nonlinear stress-strain

behavior and to include the effects of strain history (15), the force-
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deformation response of the beam-column must be determined from the dis-
tribution of stresses over the cross section. ‘The segmented cross sec-
tion shown in Figure 7 is utilized with each segment initially having a
stress-strain curve as shown in Figure 4. For monotonically increasing
deformations, the stress in each segment corresponding to a given strain
is obtained from: the curve. When the deformations begin to reverse, it
is assumed that the stress diminishes with diminishing strain along a
line parallel to the initial linear portion of the curve, slope Et or
Ec’ as shown in Figure 4. The stress will follow the dashed line until
a zero stress level is reached at which point, with continued decrease
in strain, it is assumed the stress will follow a curve parallel to the
initial stress-strain curve for strain in the opposite direction. If a
subsequent reversal in strain occurs before the stress level is zero,

the stress will increase along the unloading line, E, or EC in Figure

t
4, until the point on the curve where the stress is equal to that where
a change in slope of the original curve occurs. At this point, the
stress will follow the slope of the next portion of the original curve
until the original curve is reached, at which time the original stress-
strain curve will be used.

Although the location of the centroid of the cross section, Figure
7, is dependent on material properties, it is assumed that the centroid.
of the cross section remains at the position given in the static solu-
tion by Equation (2.7). The segmented cross section is shown in Figure
7 along with typical strain and stress distributions. The strain dis-
tribution shown is determined by denoting the strain at the centroid as
€4 and the curvature at the cross section as y. The depth from the

th

centroid of the cross section to the center of the j* segment (dj) is
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readily determined. The level of strain in this jth segment is .obtained

from the strain distribution and is written:
€ = €, + djw. (2.33)

The stress in the jth segment is determined from the stress-strain

curve for the segment which has been adjusted according to the procedure
outlined earlier to account for the strain history. The stress distri-
bution for the entire cross section is calculated and may be as shown
in Figure 7.

The thrust and moment at the cross section are now calculated by

integration of the stress distribution. The thrust is given by

- l(i] 5 s (2.38)
where
T = thrust at the cross section;
Oy = stress in the kth segment,;
Ak = area of kth segment; and

S
1]

total number of segments in cross section.

The bending moment corresponding to the stress distribution is

n
M=kZ=:IckAkdk,
where
M = bending moment at the cross section; and
dk = distance from the centroid of the cross section to the kth

segment.
Since the average strain has only been defined for the bars in the
model, while the curvature has been determined at the joint, the follow-

ing averaging process must be used to obtain the complete strain
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distribution required for calculation of thrust and moment. The thrust

in each bar is determined from a strain distribution with €y = €4

where e, is the strain given by Equation (2.28) and y = 1/2 ( . _; + 8),

where ¢, , and 4. are given by Equation (2.32). Similarly, the moment
i-1 i A :

at each joint is that resulting from a strain distribution with y ='¢i

from Equation (2.32) and the average strain €q = 1/2 (81 + €1+]) where

e; and e; . are given by Equation (2.28).

i +1]

2.4.6 Equilibrium Equations

Free body diagrams of bar i and joint i for the dynamic solution,

at any instant in time, are shown in Figure 8. For equilibrium of bar i,
IM = 0:
=1 (. -
For equilibrium of joint i,
ZFx = 0:
where
in = foundation resistance in the x direction;
Qxi = applied external static load in the x direction;
m. = mass at joint i; and

u. = acceleration of joint i in the x direction.
And
-0:

™
-n
1]

'Ti sin 91 + T1+1 sin 91+1 + Vi cos 91 -V cos 91+]

i+]
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Figure 8. Free Body Diagrams--Dynamic Solution
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+'Fy1 + Qyi - m; Vi =0, (2.38)
where
Fyi'= foundation resistance in the y direction;
Qyi = applied external static -load in the y direction; and
V. = .acceleration of joint in the y direction.

i
A11 of the terms in Equations (2.36, 2.37 and 2.38), except Qxi and

Qyi,are functions of the joint displacements u and v. Values of u and v

must, therefore, be found before these expressions can be evaluated.

2.4.7 Solution of Dynamic Equations

Equation (2.36) can be written in terms of u and v displacements
and the result substituted into Equations (2.37) and (2.38) giving two
equations in two unknowns, u and v. These two equations of motion repre-
sented by Equations (2.37) and (2;38) are solved by a step-by-step
numerical integration procedure as developed by Newmark (13) and adapted
for computers by Melin (16) and Wilson and Clough (17). It is assumed
that the accelerations of ‘the joints vary linearly with time during a
small time interval At. If the values of acceleration, velocity and
displacement are known at any time t, the values at time t + At can be

determined from

Upsnt = ut+-§£(iit+-iit+ s (2.39)
and
U, o = U, + At O, ++ (a8)2 U, & (at)P L. (2.40)
teat - Ut t" 3 t' B tat
For the y direction,
Ver £ = Uy 30 (Ve V) (2.41)
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and

= v 1 2 1 2
Vipat = Ve T ALVt 3 (at)" vy + 5 (88)7 vy, (2.42)

The solution is started by assuming values of acceleration, Gt+At

and ;t+At’ at every joint in the frame. These assumed values enable

values of U gs and v to be obtained from the above

trat? Ytrat® Vita t+at
equations (2.39 through 2.42). The displacements calculated are then
used to calculate thrusts, shears, moments and reactions. New estimates
tAt and Vitat 2r€ now obtained using Equations -
(2.37) and (2.38). These calculated values of acceleration are compared

of the accelerations a

- with the initial assumed values, and if the agreement is not satisfac-
tory, the process is repeated with the calculated accelerations bejng
used as the new assumed values. This process is repeated until the de-
sired agreement between the assumed and calculated acceleration is
reached. When satisfactory agreement is obtained, the stress-strain
curves for each element of the cross section are adjusted to account for
strain history and the iterative process is repeated for the next time

interval.

2.4.8 Stability and Convergence of Numerical

Integration

The stability and convergence of the iterative process outlined
in Section 2.4.7 above is governed by the length of the time interval
At. Newmark (13) has shown that stability and convergence are assufed
if At is approximately 1/5 to 1/6 of the shortest natural period of
vibration of the model.

An equivalent uniform beam is utilized to determine the required

time interval At. This equivalent beam has a bending stiffness given by
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L
(E1), = = Z (2.43)
where
(EI) . = bending stiffness of equivalent uniform beam;
m = total number of joints in the model; and
(EI), = bending stiffness of joint k obtained from Equation (2.9).
k ‘ .
The mass per unit-length of the equivalent beam is
1
=L Y (mk)’ (2.44)
k=1
where
p = mass per unit length of equivalent beam;
L = total length of beam; and
m = concentrated mass at joint k.

If the equivalent beam is replaced by a lumped parameter model hav-
ing m joints as shown in Figure 9(a), the highest mode of lateral vibra-
tion of this model for small deflections will be as shown in Figure 9(b).
The period of vibration for this mode can be written as

2

T =—" /3 (2.45)

2 2(m—1)2 (EI)e

The time interval is taken as Tz/]O.

This procedure will suffice for those frames which have Timited
variations in cross section geometry throughout and for which the spac-
ing between nodes in the model is sufficiently small. For other cases,
the time interval should be calculated from a more complete estimate of
true structural behavior as shown by Dawkins (6). A trial and error
procedure can also be used as recommended by Clough (17); however, this

could be costly in terms of computer time.
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2.4.9 Adjustment for Dynamic Solution Process

It is assumed that the frame is at rest under the external static
loads. The initial displacements of the system for the dynamic solution
will be the static displacements, u and v, of each joint. However, -
since small deflection theory is utilized in the static solution, and
large deflection theory is assumed for the dynamic solution, the initial
strains as calculated by Equations (2.3) and (2.38) differ. This differ-
ence, if not accounted for, results in spurious initial dynamic forces.

To eliminate these spurious dynamic forces, the force in the X and
Y direction at each station is adjusted, and the accelerations at time
zero are set equal to zero. In adjusting the forces at each station,
an acceleration for each node in the frame is calculated based on the
initial static displacements. The force on each node is then adjusted
by subtracting this acceleration times the mass of each node from the
applied force. The acceleration at time zero is then set equal to zero,
and the solution process may proceed without the spurious dynamic forces

(18, 19).

2.4.10 .Co11apse Criteria

The primary purpose of this study is to determine the magnitude of
the impulsive load required to cause collapse of the frame. It is,
therefore, necessary to establish 1imits on the response of the frame
which constitute collapse. Excessive horizontal displacement, excessive
vertical displacement, shear failure and failure due to interaction of.
bending moment and axial load are selected as -the four collapse modes.

The 1limits on these collapse modes must be provided as input data for
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the computer program discussed in Chapter III. Each limit is compared
" “with the calculated response of the frame at every station at the end
of each time step. If any one of the limits is exceeded, the frame is
assumed to have collapsed, and the computer printout designates the

location and type of collapse.



CHAPTER III
DESCRIPTION OF COMPUTER PROGRAM
3.1 General

The analytical procedure described in the preceding chapter has
been programmed for solution on a digital computer. The program is
written in the ASA FORTRAN language and should require only minor revi-
sions to be operable on any computer having a storage capacity of 25,000
word equivalents. On a machine operating with a word size of less than
60 binary bits (15 significant decimal figures), double precision arith-
metic must be used. A summary flow diagram for the program is shown in
Figure 10. A complete FORTRAN listing of the program is included in
Appendix C.

3.2 Input Information

The program has been developed to generate gutomatica]]y-as much of
the required data as possible in order to minimize the amount of input
data and to permit the solution of as many problems as desired on a
single run. The specific formats of the input data are given in Appen-
dix D. The input data are arranged in tabular form, and the general

input sequence is described below.

3.2.1 Run Identification

Two alphanumeric cards are required at the beginning of each run.

34
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3.2.2 Prob]em Identification

One alphanumeric card is required at the beginning of each problem.

The program stops if the Problem Name identifier is blank.

3.2.3 Table 1--Control Data

One card containing the problem control data is required.

3.2.4 Table 2--Joint Coordinates and Cross

Section Description

The initial station on the frame is assumed to be located at coor-
dinates x = 0, y = 0. Data giving the Tocation at which a change in
direction of the members of the frame must be provided. Data giving the
location of each station at which a change in the cross section descrip-
tion occurs is also required. The general form of the cross section is
assumed to be rectangular and is divided into a suitable number of seg-
ments. The depth of each segment is equal to the depth of the section
divided by the number of segments. A reinforced concrete cross section
is assumed, and a description of reinforcement must be provided for

every cross section. -

3.2.5 Table 3--Stress Strain Curves

A maximum of five different material stress-strain curves may be
specified. The continuous curve is represented by straight lines be-
tween the stress and strain values input.. The curve is assumed to pass
through the point stress equals zero, strain equals zero, and this point

cannot be included as input. The ten points required for each curve
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must include the coordinates of five points in the negative region and

five points in the positive region. The final coordinate value used by
the program is the product of the multiplier and the input value. Non-
zero multipliers must be included for each curve. The last curve input-

is used for the reinforcement.

3.2.6 Table 4--Beam-CQ1umn Mass and Supports

A nonzero, positive mass must be assigned to every station on the
frame if-a dynamic solution is to be performed. The mass may be speci-
fied as either distributed or concentrated. A sufficient number of
supports must be provided to restrain all possible displacements of the
frame as a rigid body. A fixed end condition can be approximated by
specifying the appropriate restraints at two adjacent stations. Horizon-
tal and vertical restraints are applied to the stations of the frame and
may be either distributed or concentrated. Unyielding supports must be
specified. The accelerations and velocities of the masses at unyielding

supports are set to zero.

3.2.7 Table 5--Static Loads

Static loads are applied to the stations and may be either distri-
buted or concentrated. The sign convention for loads is shown in Figure

11.

3.2.8 Table 6--Impulse Loadings

The effects of impulse loading are superimposed on the displacements
due to static loads. Impulse loads may be concentrated or distributed

with either linear or parabolic variation along the horizontal or
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NOTES:
1) LOADS ARE POSITIVE AS SHOWN ABOVE.

2) VERTICAL LOADS ARE ALWAYS POSITIVE UP.

3) HORIZONTAL LOADS ARE POSITIVE TOWARD A
VERTICAL LINE THRU APEX OF GABLED FRAME
AND TOWARD A LINE FROM CENTERLINE AT
BASE THRU RIGHT CORNER OF PORTAL FRAME.

Figure 11. Sign Convention for Loads



39

vertical direction of the frame. Distributed values are lumped as
equivalent concentrated values at the nodes of the frame.  The solution
process is extremely sensitive to abrupt changes in slope of distributed
impulse loading curves. The program is arranged to permit the solution
of a number of different impulse loadings on a given frame. Each dyna-
mic so]utfon is treated independently of other dynamic loadings. The

sign convention for impulse Toads is also shown in Figure 11.

3.2.9 Table 7--Collapse Parameters

The frame is assumed to collapse when any one of the Timits on
horizontal displacement, vertical displacement, or total shear on a
cross section is exceeded. Collapse is also assumed to occur whenever
the combination of bending moment and thrust at any station exceeds the
limits of the thrust-moment interaction diagram for that station. Inter-
action diagrams must be provided for every station on the frame and are
specified in two parts. A single general shape for the diagram is speci-
fied in nondimensional form for the entire frame. Multipliers for
thrust and moment are supplied for every beam station. The final values
of the ordinates of the interaction diagram at each station will be the
product -of the multipliers for that station and the nondimensional
interaction diagram values.

It is assumed that the interaction diagram is defined -for moments
about the plastic centroid of the cross section (20). Since moments are
defined about the elastic centroid by the analytical process described
herein, it is necessary that the location of the plastic centroid fo}
each station be determined in order to correlate computed thrusts and

moments with values supplied by the interaction diagram. The location
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of the plastic centroid for each cross section is determined from the
uniform compressive strain condition used to establish P-ultimate (15),
(21). The value of the uniform strain for P-ultimate must be supplied

as input data.
3.2.10 End of Run

A blank card is required at the end of the data deck to terminate
the program.
The arrangement of a typical data deck for one run is shown in

Figure 12.
3.3 OQutput Information

The complete list of input data is printed in tabular form as the
data are read. Calculated results are output according to an option
specified by the user.

Two options are provided for output of effects due to static loads.
The first option includes a complete printing of the horizontal and
vertical displacements at each station, the bending moment at every
station, and the thrust and shear in each bar of the model. The second
option for static loads will provide only a printout of the location and
magnitude of the maximum value of each of the above quantities.

Three options are available for output of the calculated dynamic
response. The first two options are the same as those described above
for the static effects except the data are printed for each time step.
The third option results only in the location, time and mode of collapse.

Sample output for the example problems of Chapter IV is included in

Appendix D.






CHAPTER IV
DEMONSTRATION OF PROGRAM
4.1 General

Several probiems invoiving plane ﬁorta] and gabled frames:subjected
to static and dynamic Toads have been solved to verify the computer pro-
gram and to demonstrate its use. These problems are described and the
results discussed in the following sections of this chapter. Sample

output data from problems run is included in Appendix D.
4.2 Verification of Static Solution

4.2.1 Problem IPF1--Portal Frame With Uniform

Load on Beam

The static solution for a reinforced concrete portal frame with
dimensions, cross section and loading as shown in Figure 13 was obtained
using the computer program developed. The frame was hinged at its sup-
ports and Toaded with a uniform static load on the beam. The frame
model used contained 61 nodes. Stress-strain curves for concrete and
steel in the cross section are shown in Figure 14.

The results of the solution obtained are compared with the results
obtained using a computer program for plane frames (22) in Figure 15.
The slight differences, approximately 2 percent for deflection and less

than one-half percent for moment at the center of the frame, could be

42
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Figure 14. Concrete and Steel Stress-Strain Curves
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Plane Frame Developed
Node Description Program Program
o 4, -4,
x-displ. 2.634 x 10 ° in. 2.616 x 10 " in.
20 y-displ. -5.323 x 1073 in. -5.249 x 1073 in.
moment -6.681 x 10% 1b-in. 6.729 x 10% 1b-in.
x-displ. -2.895 x 10”13 in. 6.508 x 1072 in.
30 y-displ. -1.874 x 10”7 in. -1.918 x 107 in.
moment 1.019 x 105 1b~in. 1.015 x 105 1b-in.
. -4, -4 .
x-displ. -2.634 x 10 7 in. -2.616 x 10 " in.
40 y-displ. -5.323 x 1073 in. -5.249 x 1073 in.
moment 6.681 x 10% 1b-in. 6.729 x 10% 1b-in.
(a) Problem IPF1--Portal Frame With Uniform Load on Beam
Plane Frame Developed
Node Description Program Program
x-displ. 4.958 x 107" in. 5.019 x 1071 in.
20 y-displ. -3.076 x 1073 in. -3.032 x 1073 in.
moment -7.358 x 10° 1b-in. ~7.356 x 10° 1b-in
x-displ. 5.948 x 10”7 in. 6.025 x 1071 in.
30 y-displ. -2.039 x 1077 in. -2.071 x 107" in.
moment 1.558 x 10° 1b-in. 1.558 x 10° Tb-in.
x-displ. 5.632 x 10”1 in. 5.703 x 107" in.
40 y-displ. -1.409 x 10'] in. -1.429 x 10'] in.
moment 1.896 x 10% 1b-in. 1.899 x 10% Tb-in.
x-displ. 6.308 x 10”7 in. 6.389 x 10”7 in.
50  y-displ. -1.656 x 1073 in. -1.633 x 1073 in.
moment -1.274 x 10° 1b-in. -1.274 x 10° 1b-in.

(b) Problem IPF2--Gabled Frame With Two Concentrated Loads

Figure 15. Static Solutions for Verification of Programs
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reduced by increasing the number of nodal points in the frame. The re-

sults do demonstrate that the static solution is working properly.

4,2.2 Problem IPF2--Gabled Frame With Two

Concentrated Loads

The static solution for a reinforced concrete gabled frame with
dimensions, cross section and Toading as-shown in Figure 16 was obtained
using the‘computer program developed. The frame was hinged at its sup-
ports and loaded with a 1-kip static horizontal load at the top of the
left column and a 5-kip static vertical Toad at the center of the left
beam. Eighty-one nodes were used in the frame model. Stress-strain
curves for steel and concrete are shown in Figure 14.

The results of the solution obtained are compared with the results
obtained using a computer program for plane frames (22) in Figure 15.
The s1ight differences in the two solutions of approximately 1.2 percent
in the worst case indicate, as in the first problem, that the computer

program developed for the static solution is working properly.
4.3 Verification of Dynamic Solution

4.3.1 Problem IPF3--Simple Reinforced Concrete

Beam With Static and Dynamic Loads

A rectangular, singly reinforced concrete beam on simple supports
with a span of 15 feet was subjected to a uniform static Toad of 500 1b/
ft and to an impulse loading varying sinusoidally over the length of the
beam. The beam, cross section and loading are shown in Figure 17.

Stress-strain curves for concrete and reinforcement are shown in Figure
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14. The beam model used contained 21 nodes, and the cross section was
divided into 12 segments.

The static and dynamic solutions for the beam were obtained using
the computer program developed. The results are compared with the solu-
tion obtained by Dawkins (11) using a program he developed for impulse
loading of reinforced concrete beam columns. This comparison is shown
in Figure 18.

The differences in the two solutions are due to the use of a
cracked section in calculating the properties of the reinforced concrete
cross section in the solution developed. Dawkins used an uncracked sec-
tion in his solution. The computer program developed was run inputting
the values for axial stiffness and flexural stiffness calculated in
Dawkins' program, and the results were identical. The dynamic solution-
process developed will, therefore, solve reinforced concrete beams load-

ed with an impulse Toad varying sinusoidally over the length of the beam.

4.3.2 Problem IPF4¥-Porta1 Frame With Sinu-

soidally Varying Impulse Load on

Beam and Columns

The dynamic solution for a symmetric portal frame with dimensions,
cross section and loading as shown in Figure 19 was obtained using the
computer code developed. The frame was hinged at its supports and sub-
Jected to an impulse loading varying sinusoidally over the beam and two
columns. The frame model consisted of 61 nodes and the cross section
was-divided into six segments. The stress-strain curve shown in Figure
19 was used. The impulse loading applied was of such a magnitude to

ensure that deflections were small and that stresses and strains
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Quantity

Dawkins' Solution

Thesis Solution

Max. defl. at midspan

Max. mom. at midspan

-0.3741 in.
2

1.6876 x 10~ kip-in.

-0.3956 in.

1.6876 x 10° kip-in.

(a) Static Solution

Quantity

Dawkins' Solution

Thesis Solution

Max. defl. at midspan

Max. mom. at midspan

Failure time

-1.537 in.

4.6726 x 10° kip-in.

0.0010054 sec

-1.704 in.
4.530 x 10% kip-in.
0.0011324 sec

(b) Dynamic Solution

Figure 18.

Static and Dynamic Solutions
of Program--Problem IPF3

for Verification
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remained in the linear region of the curve. Failure parameters were
adjusted to ensure failure of the frame did not occur during the time
of the solution process.

The purpose of this solution was to observe the deflected shape of -
the symmetric structure under the dynamic loading applied and to deter-
mine the period of vibration of the structure.

The deflected shape from the sinusoidally varying impulse loading-
remained symmetric for~the‘beam and columns throughout the time of -the
applied loading. The frame deflected in the manner expected for the
loading applied. The deflected shape of the frame at different time
steps -in the solution process is shown in Figure 20. A graph of dis-
placement versus time for different points on the frame is shown in
Figure 21.

In determining the period of vibration for the frame, it was not
practical to carry the solution process through the entire period due
to the Targe amount of computer time required. The solution was carried
beyond the quarter period of vibration rather than the full period
desired. - Establishing this quarter period of vibration did provide the
data needed to compare the period of vibration of the computer solution
to that of a calculated period of vibration. The calculated period of
vibration and that obtained by the computer solution developed differed
by approximately 3.8 percent. This difference could be reduced by in-
creasing the number of nodes in the frame and the number of segments in
the section. This would increase the computer time required consider-
ably. The solution is accurate enough to indicate the solution process

is working properly.



o 1.78 X I02SEC

O 284 X |o_’2 SEC
A 40 X I02SEC

Figure 20. Deflected Shape of Portal Frame at Selected
Time Steps
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4.4 Application of Program

The computer program developed-has been utilized in the analysis of
a plane reinforced concrete portal frame fixed at its supports and sub-
jected to combined static and dynamic loads. The dimensions, cross
section and physical properties of the frame are as shown in Figure 22.
The frame model contained 91 nodes and the cross section was divided
into 12 segments.

The static load applied for these solutions was the dead load of
the frame itself. Three separate dynamic.loads were applied, each simu-
lating a blast pressure from a different direction to the frame. Load-
ings applied for‘the three cases are shown in Figure 23.

The problems solved and results of each solution are discussed
below. A listing of input data and portions of the output data for

these problems are included in Appehdix D.

4.4.1 Problem IPF6--Portal Frame With Sinu-

soidally Varying Impulse Load on Beam

In this problem the reinforced concrete portal frame was subjected
to an impulse loading varying sinusoidally over the length of the beam.
This loading simulates a detonation at some distance above the frame.
The solution from the dynamic loading indicated very high moments were
developed at the corners of the frame as can be seen in Figure 24. This
in turn resulted in high shears and with the collapse parameters estab-
lished, the solution indicates the frame will fail due to shear in the
bar at the top of the right column of the frame at approximately 1.65

x 1072 seconds after the impulse is applied. - Although failure in the
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IMPULSE LOADING
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(a) Problem IPF6
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(c) Proclem IPF8

Figure 23. Dynamic Loadings for Problems IPF6,
: IPF7 and IPF8
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x-Displacement (in.) | y-Displacement (in.) | Moment (k-in.)

Dynamic> Dynamic i Dy&gﬁﬁc

Node | Static Failure Static Failure Static_ Failure
5 | -.00156 -.00156 -.00017 -.00017 + 7.6220 + 7.170
10 | -.00548 -.00548 -.00033 -.00033 - 0.5778 - 11.560
15 | -.00922 -.00922 -.00050 -.00050 - 8.7780 - .45.340
20 | -.01024 -.01024 -.00066 -.00067 -16.9800 - 78.280
25 | -.00600 -.00600 -.00084 -.00084 -25.1800 -110.500
30 | -.00012 —.00012 -.00670 -;00865 -15.2400 - 83.220
35 | -.00008 -.00008 -.02275 -.02918 +13.7900 + 11.490
40 | -.00004 -.00004 -.03543 -.04620 +31.2000 + 44.390
45 ~0.0 ~ 0.0 -.04017 -.05251 +37.0100 + 50.370
50 | -.00004 -.00004 -.03543 -.04620 +31.2000 + 44.390
55 | -.00008 -.00008 -.02275 -.02918 +13.7900 + 11.490
60 {-.00012 -.00012 | -.00670 -.00865 -15.2400 - 83.220-
65 | +.00600 +.00600 -.00084 -.00084 -25.1800 -110.500
70 |+.01024 +.01024 | -.00067 -.00067 -16.9800 - 78.280
75 | +.00922 +.00922 -.00050 -.00050 - 8.7780 - 45.340
80 |+.00548 +.00548 -.00033 -.00033 - 0.5778 - 11.560
85 |+.00156 +.00156 -.00017 . -.00017 +7.6220 + 7.170

Figure 24. Problem IPF6--Displacements and Moments
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left column did not occur, the shear in the corresponding bar to that of |
the failed column is high and approaching failure. Severa1>attempts
were made to reduce the high moments at the corners of the frame in the
dynamic solution. The impulse loading was stopped short of the corner
of the frame by one, two and then three nodes. Moments at the corners
of the frame continued to increase rapidly even with these changes in
the loading condition. The corners ofithe frame were then restrained
but the moments were not significantly reduced under this condition
either. The dynamic loading was then applied as a force-time function.

This led to a sTight but not significant reduction in the moment values.

4.4.2 Problem IPF7--Portal Frame With Sinu-

soidally Varying Impulse Load on

Right Column

The frame from the previous problems was subjected to an impulse
loading varying sinusoidally over the length of the right column. This
loading simulates a detonation at some distance to the right of the
frame. The solution indicates the frame will fail due to shear at the
top of the right column of the frame at approximately 2.5 x 10'6 seconds
after the impulse is applied. The moments were again large as shown in

Figure 25 and resulted in rapid failure of the frame.

4.4,3 Problem IPF8--Portal Frame With Sinu-

soidally Varying Impulse Load on

Beam and Right Column

In this problem, the frame used in the two previous problems was

subjected to an impulse loading varying sinusoidally over the length of



58

x-Displacement (in.) nyisplacément (in.) Moment (k—in;)

Dynamic Dynam%c | Dynamic

Node | Static - Failure Static Failure | Static Failure
5 | -.00156 -.00156 - | -.00017 -.00017 [+ 7.6220  + 7.170
10 | -.00548 -.00548 -.00033 -.00033 |- 0.5778 - 11.560
15 | -.00922 -.00922 -.00050 -.00050 |- 8.7780 - 45.340
20 | -.01024 -.01024 - | -.00067 -.00067 |-16.9800 - 78.280
25 | -.00600 -.00600 -.00084 -.00084 | -25.1800 -111.100
30 | -.00012 -.00012 -,00670 -.00670 | -15.2400 - 89.500
35 |-.00008  -.00008 | -.02275 -.02275 |+13.7900 + 14.110
40 | -.00004 -.00004 -.03543 -.03543 | +31.2000 + 32.050
45 | ~ 0.0 ~ 0.0 -.04017 -.04017 | +37.0100 + 38.020
50 | -.00004 -.00004 -.03543 -.03543 +31.2000 + 32.050
55 | -.00008 -.00008 -.02275 -.02275 |[+13.7900 + 14.110
60 | -.00012 -.00012 -.00670 -.00670 | -15.2400 - 89.460
65 | +.00600 +.00535 - | -.00084 -.00084 | -25.1800 -108.900
70 | +.01024 +.00863 -.00067 -.00067 —16.9860 - 69.490
75 | +.00922 +.00713 -.00050 -.00050 |- 8.7780 - 36.460
80 | +.00548 +.00359 -.00033 -.00033 |- 0.5778 - 2.457
85 | +.00156 +.00103 -.00017 -.00017 |+ 7.6220 - 84.930

Figure 25.

~§—

Problem

IPF7--Displacements -and Moments
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the beam and right column. In order to simulate a detonation above and’
to the right of the frame, the loading peaked toward the right end of
the beam and toward the top of the column as shown in Figure 23(c).

The solution indicates the frame will fail due to shear at the top of

~ the right column of the frame at approximately 2.5 x ]0'6 seconds after
the impulse is applied. The results of the static and dynamic loading
is shown in Figure 26. The same condition with high moments experienced

in the two previous problems occurred with this problem.



kx-Disp1acément (in.) y-Dispiacement (in.) Momént (k-in.)

| Dynamic Dynamic Dynamic

Node | Static Failure - Static Failure Static Failure
5 | -.00156 -.00156 -.00017 - -.00017 |+ 7.6220 + 7.170
10 | -.00548 -.00548 -.00033 -.00033 |- 0.5778 - 11.560
15 | -.00922 -.00922 -.00050 -.00050 | - 8.7780 - 45.340
20 | -.07024 -.01024 -.00067 -.00067 | -16.9800 - 78.280
25 | -.00600 -.00600 -.00084 -.00084 -25.1800  -111.100
30 | -.00012 -.00012 -.00670 -.00671 | -15.2400 - 89.400
35 | -.00008 -.00008 | -.02275 -.02280 | +13.7900 + 14.180
40 | -.00004 -.00004 -.03543 -.03550 | +31.2000 + 32.010
45 ~ 0.0 ~ 0.0 -.04017 - -.04026 | +37.0100 + 37.990
50 | -.00004 -.00004 -.03543 -.03556 | +31.2000 + 32.010
55 | -.00008 -.00008 -.02275 -.02299 | +13.7900 + 15.380
60 | -.00012 -.00012 -.00670 -.00690 | -15.2400 - 77.400
65 | +.00600 +.00566 -.00084 -.00084 | -25.1800 - 93.130
70 | +.01024 +.00998 -.00067 -.00067‘ -16.9800 - 79.220
75 | +.00922 +.00910 -.00050 -.00050 | - 8.7780 - 46.320
80 | +.00548 +.00542 -.00033 -.00033 - 0.5778 - 12.560
85 | +.00156 +.00151 -.00017 -.00017 - | + 7.6220 + 7.414

Figure 26. Problem IPF8--Displacements and Moments



CHAPTER 'V
SUMMARY AND CONCLUSION
5.1 Summary

A mathematical model for analysis of frames subjected to both static
and dynamic loads has been developed. The model permits a wide variety
of static and»dynamicfloads and accounts for members of -different cross
sections. A computer program has been written based on‘the model. Solu-
tions obtained using-the program have compared satisfactorily with known
solutions for static loading of reinforced concrete frames and for static
and dynamic loading of reinforced concrete beams. The dynamic loading
~of ‘a symmetric reinforced concrete frame was used to determine the period
of vibration of the frame. Results were compared with that of a calcu-
lated period of vibration for the frame and indicated that the solution
process was working properly. In addition, the deflected shape of the
frame was correct and results remained symmetric for the beam'and columns
throughout the time of the applied loading. The application of the com-
puter program developed to a plane reinforced concrete portal frame with
fixed supports and subjected to combined static and dynamic loads led to
very high moments and shears at the corners of the frame. Several
attempts were made to reduce these high values at the corners with no
significant changes. The impulse loading was stopped at different dis-
tances, in terms -of nodes, from the corners but without significant

changes. The corners of the frame were restrained with similar results.
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The dynamic loading was then applied as a force-time function. This
resulted in a slight but not significant reduction in values of moments

and shears at the corners.

5.2 Conclusion

Results indicate that very high moments and shears exist at the
corners of reinforced concrete portal frames under impulse loading.
Since it is not known whether this actually occurs or is a result of
the bar-spring model developed, it is recommended that additional re-
search be accomplished using a different type model, perhaps with a con-
tinuous mass. Experimental testing is also recommended to verify the

analytical results obtained with the model and program.
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APPENDIX A

GOVERNING EQUATIONS FOR THE STATIC SOLUTION
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In the static solution process two governing equations for each
joint in the frame are obtained by combining the strain displacement
and force deformation relations with the equilibrium equations. These
equations give joint displacements in terms of applied Toads.

Combining Equations (2.3, 2.6, 2.10, 2.11, 2.12, 2.13, 2.14, and"
2.15) gives:

(EI)i_] sin Gi

72 (L (G F Ly 510 84y (Up) = cos 84 (v p)]

(EI)i-l sin 6, .
T7Z (L, Gy # L7 L0 O4oq (uq) = cos 85 (v )]

(EI)i_] sin 91
+ [sin 6; (u;_4) - cos 8; (vi ;)]

1/2 (L)% (L + L)

(EI)i sin 0;

1/2 (L)% (Ly + Liyy)

[sin 8; (u;_q) - cos 8, (vi ;)]

(EI)i sin 0., _
1/2 (Li)(Li+1)(Li + Li+1) [s1n 91 (ui-]) - COSG.i (Vi-])]

[(AE)i-] + (AE)i] Ccos 91 ‘ .
+ 7T [cos 8, (u; ;) + sin 8 (v; ;)]

(El)i-l sin 0,
- : [sin 8; (u;) - cos 8; (v4)]

1/2 (L)% (L + L)

(EI). sin 0,
- ; [sin 8, (u;) - cos 85 (v,)]
172 ()2 (L + L)

(EI), sin o, .
172 (L)L L+ Li+{j’[51n 0541 (uy) - cos 8,4 (v;)]

(EI); sin 6, .
T72 (LI (L # Loppy o1 85 (ug) - cos 85 (vy)]




67

(EI). sin L [ W) (V)]
- : sin 0, u.) - cos 0, V.

(EI).., sin 0,
- it] it] [sin 8141 (u;) - cos 8., (vi)]

2
172 (Li )7 (Ligq + Liyp)
[(AE);_; + (AE);] cos 91
i, T [cos 8, (u;) + sin 8, (v.)]
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+ 1+] l [sin 0.,, (u:,+)
P v (v ey ey 142 S+
- cos Qi+2 (Vi+1)]
[(AE); + (AE).,;] cos 8.
1 i+]
' 2 [cos 847 (u4y)

i+]
+sin 05, (v1+])]

172 L(EI;i:] S;nLg-i.H T [S]ﬂ 0. {42 (U +2)
12 (Li ) (L) (L + Ly i i

- cos 05, (Vi+2)]

+Q,; = 0. | (A.1)
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Combining Equations (2.3, 2.6, 2.10, 2.11, 2.12, 2.13, 2.14, and
2.16) gives:

, (EI)i_] cos 8, .
]/2'(L1)(L1_]Y(Li_] + Li) [sin Qi_] (Ui_z) - COS'Qi_] (Vi-z)]
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172 (L)° (L + Ly) |
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[(AE),  + (AE).] sin o,
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These two governing equations for joint i are of the form:

83017 Y52 t 35,12 Vice TPy 11 Yoy Ty 12 Vior T 1 Yy

T Ci12 Ve T Y T 9412 Vier T8 11 Yieo



and

By Tletting,

Con 1

Con 2

Con 3

Con 4 =

Con 5

Con 6

Con 7-

Con 8

Con 9 =

+b + c.

i,21 Yi-1 T Pi,22 Viar T G421 Yy

a2 ik 821 ik

(A.4)

2(EI)1

CUCEUCTIR)

[(AE), ; + (AE);]

2L1

2(EI),

2
(Lia)" (g + Lyyq)

2(EI) 44

2 (L, + L,

(L i+1 ¥ Lisg)

j+1)

[(AE) + (AE),,]

(L L g * L)



71

and by using the appropriate trigonometric relations, the coefficients
of Equations (A.3) and (A.4) can be written as follows:

aj,11 = -Con 1 (sin 8;)(sin 6, ;)
a; 1 = Con 1 (sin 8;)(cos 6, ;)
a;,21 = Con 1 (cos 0,)(sin 8; ;)

a; 5o = -Con 1 (cos 8)(cos 91_])

by 17 = Con 1 (sin 8,)(sin 8;_;) + (Con 2 + Con 3) (sin 6,)°
+ Con 4 (sin 0;,1)(sin 8;) + Con 5 (cos 9;)°

bia12 = -Con 1 (sin 91)(cos 91_]) - (Con 2 + Con 3) (sin 91)
(cos 91)'- Con 4 (sin 91+])(cos 91) + Con 5 (cos 91)
(sin 91)

bi,21 = -Con 1 (cos Qi)(sin 91_]) - (Con 2 + Con 3)(cos 01)
(sin 91) - Con 4 (cos 91+])(sin 91) + Con 5 (sin 91)
(cos 91)

bi,22 = Con 1 (cos Qi)(cos 91_]) + (Con 2 + Con 3) (cos 91.)2
+ Con 4 (cos Oi+])(cos 91) + Con 5 (sin 91)2

¢;,1 = -(Con 2 + Con 3)(sin 0,)% - 2 (Con 4)(sin 0)(sin 0,,,)
- (Con 6 + Con 7)(sin 91+1)2 - Con 5 (co_s~91.)2
- Con 8 (c05-91.+])2 - Sxi

12 = (Con 2 + Con 3)(sin Qi)(cos 91) + Con 4 (sin Qi)

(cos 01+]) + Con 4 (sin 91+])(cos-91) + (Con 6 + Con 7)

(sin 91+])(cos 91+1) - Con 5 (cos 91)(sin Qi)
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- Con 8 (cos 91+])(sin 8541)
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(sin 91+]) - Con 9 (cos 91+])(sin 91+2)
+ Con 8 (sin 91+1)(c05=91+])

d1,22 = Con 4 (cos 91)(cos 91+1) + (Con 6 + Con 7)(cos 91.”)2

+ Con 9 (cos 91+])(cos-91+2) + Con 8 (sin 91.‘+])2

e 11~ -Con 9 (sin 91+])(sin 91+2)
& 12 Con 9 (sin 8,,,)(cos 6;,,)
e; o7 = Con 9 (cos 0;,1)(sin 8:,,)

e 29 = -Con 9 (cos 91+1)(cos 91+2)

The governing Equations (A.3) and (A.4) can be solved using the
above matrix coefficients and the back and forth recursion technique

described in Chapter II.
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RUN IDENTIFICATION

Two alphanumeric cards at beginning of run.

I J
1 80
L |
1 80
PROBLEM IDENTIFICATION
One card at the beginning of each problem. Program stops if prob-
lem name is left blank.
PROB
NAME PROBLEM IDENTIFICATION
1 [
1 4 11 80
TABLE 1--CONTROL DATA
One card for each problem.
ENTER "KEEP" TO RETAIN DATA IN STATIC| DYNAMIC TIME TIME
PREVIOUS PROBLEM FOR TABLE: SOLUTION|SOLUTION LIMIT INCREMENT
2 3 4 5 6 1 + KEK X ¢ @ @®
(1M rariri (1010 [ [ [ |
6 9 1114 16 19 2124 2629 3134 41 43 4548 50 55 61 70 80

+--Enter "YES" or "NO" for static solution.

*--Qutput Option:
1 - maximum bending moment, shear and deflection only.
2 - bending moment, shear and deflection at every station.
3 - indication of collapse only (for dynamic solution).

**-_Enter only the number of additional impulse loading sets input with
each problem.

¢-—The number entered determines the time interval for which the
dynamic response is printed.

@--The maximum time limit to which the dynamic solution is to be
carried for each dynamic loading.
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@@--The time interval which is to be used in the numerical integration
process in the dynamic solution. If this time increment is left
blank, the interval is estimated internally in the program. If more
than 10 iterations are required during any time step before converg-
ence of the numerical integration is achieved, the program will
terminate. This condition is usually caused by too large a time
interval and can be corrected by reducing the time interval.

TABLE 2--JOINT COORDINATES AND CROSS SECTION
DESCRIPTION

A rectangular cross section is assumed in the solution.

1. Joint coordinates and material. Minimum of three cards for

new Table 2A for a frame. See Figure 27 for a typical frame.

STA NO. X-COORD Y-COORD MAT’ *
[ 1 | | | | [ [ 1]
6 10 15 25 31 40 45 68

Station Number--There are three fictitious station numbers off each end
of the frame to simplify the static solution. Station #4 is the
first station on the frame and is assumed at coordinates x = 0,

y = 0. A maximum of 105 stations are permitted including the six
fictitious stations automatically generated. A station number with
coordinates is.required at each location where a member changes
direction. Omitted stations and coordinates are assigned at equal
intervals between input stations.

Material--The option is included for using different materials at a
later date.

*--Enter "END" if station number is last station on frame.

2. Cross section and reinforcement description. Minimum of two

cards for new Table 2B and a maximum of 10 cards for all problems. See

Figure 28 for a general cross section.

NO.  WIDTH DEPTH TOP REINFORCEMENT BOTTOM REINFORCEMENT END

STA.  SEGM _ SECTION SECTION AREA DEPTH AREA DEPTH *
| 1 [ ] | | | I I | ]
6 10 13 16 25 35 45 55 65 75 80

Station--For constant values through frame, give start and end station.
For varying values, give station and values at each change.

Number of Segments--The number of segments the cross section is to be
divided into. A maximum of 30 segments is allowed.



NJT = NO. OF JOINTS

NJT*‘3NI 77

=3 FICTITIOUS NJT+4 —i1
15—2/ NODES _/NJT+5—Ii
b—1 NJT+6—L

Figure 27. Typical Frame

nsns-|
nsns

nsns = NO. OF SEGMENTS
IN SECTION.

Figure 28. General Cross Section
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Reinforcement Description--Values for omitted stations are linearly
interpolated between input values.

*-_Enter "END" if station number is Tlast station on frame.

TABLE 3--STRESS-STRAIN CURVES

A minimum of three cards is required and a maximum of 11 cardé is
permitted for a new Table 3. No cards are permitted if preceding Table
3 is retained. The general form of the curve is shown in Figure 29.

1. Control card. One required for new Table 3.

NO. CURVES
INPUT

10

2. Stress-strain values. Two cards for each curve.

STRESS VALUE

MULTIPLIER STRESS VALUES
[ I [ | 1 [ 1 | P 1]
u 20 31 35 40 45 50 65 60 65 70 75 80

STRAIN VALUE
MULTIPLIER STRAIN VALUES

11 20 31 35 40 45 50 55 60 €5 70 75 80

Maximum of five curves is allowed. Curve stress and strain values must
proceed from the most negative to the most positive values. Ten stress
and strain values are required. A nonzero multiplier must also be in-
put.

The last curve input is used for all reinforcement.

TABLE 4--BEAM/COLUMN MASS AND ELASTIC SUPPORTS

A minimum of one card is required for each problem, and a maximum
of 10 cards is permitted for all problems. If no data is included, in-

sert a blank card.
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FROM  TO CONT MASS PER HORIZONTAL VERTICAL SUPT

STA. STA. C(?XI_JE UNIT LENGTH SUPPORT SUPPORT C%I_JE
6 10 15 20 31 40 51 60 70 75

* Code = 0 for last card in Table 4.

1 if data varies linearly between values at "FROM STA" on this
card and values at "TO STA" on next card.

2 for end of distribution sequence.

3 if data is uniformly distributed between "FROM STA" and "TO
STA."

Remarks: If "FROM STA" = "TO STA" and Code = 0 or 3, values are assumed
to be concentrated; otherwise, all values are assumed to be
given per unit length. Overlapping distributions and concen-
trated values are cumulative. :

Data values are linearly interpolated between input values and
are lumped at each station according to station coordinates.

A nonzero value of beam/column mass must be provided for every
" real station in the frame if a dynamic solution is to be per-
formed. .

+ Undeflecting supports at "FROM STA" for dynamic solution
only.

Code = "SL" for vertical support only.

"SA" for horizontal support only.

"AL" for horizontal and vertical support.

TABLE 5--STATIC LOADS

A minimum of one card is required for each problem and a maximum
of 10 cards is permitted for all problems. A blank card must be insert-

ed if no additional data is to be provided.

FROM TO CONT HORIZONTAL VERTICAL
STA. STA. CODE LOAD LOAD
*

6 10 15 20 31 40 50
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* Code designated in Table 4 applies.

Data in Table 5 are cumulative.

Data values are linearly interpolated between input values and are
lumped at each station according to station coordinates.

TABLE 6--IMPULSE LOADING

The number of sets of data is according to the number of dynamic
loadings specified in Table 1. No cards are required if no dynamic
loading is specified. A minimum of one card per dynamic loading set is
required. A maximum of 20 cards per set and a maximum of 20 sets is
permitted.

Each data set is treated as an independent dynamic loading and is
superimposed on the static loading specified in Table 5. Data are cumu-

lative for each data set.

INITIAL INTERMEDIATE FINAL IMP,

STA. VALUE STA.  VALUE STA.  VALUE CODE END
* +
| | | 1 l I | 1 0 M1

6 10 20 26 30 40 46 50 60 64 70

Concentrated Impulse: enter data at initial station only.
Distributed Impulse:

Linear Variation: enter data for initial and final station
only, leaving intermediate station blank.

Parabolic Variation: enter data for initial and final stations
and data for one. ‘

* Impulse Code = 1 for vertical impulse.

2 for horizontal impulse.
+ Enter "END" on last card in each data set. Leave blank otherwise.
Remarks: Data values may be concentrated or distributed with either

linear or parabolic variation. Distributed values are Tumped
as equivalent concentrated values.
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The solution process is extremely sensitive to abrupt changes
in slope of distributed impulse loading curves. Such changes
should be avoided. Straight lines are not acceptable approxi-
mations of curved distributions for impulse loadings.

TABLE - 7--COLLAPSE PARAMETERS

The number of cards required is specified below with each major
heading. No cards are required if there are no dynamic loads or if
Table 7 is retained.

1. Deflection limits. One card is required for a new Table 7.

HORIZONTAL VERTICAL
DEFL. DEFL.

1n 20 30

2. Shear limits. A minimum of one card is required for a new
Table 7 and a maximum of 10 cards is permitted.

TERM ULTIMATE
STA. SHEAR

[ 1 | [

6 10 16 25

The ultimate shear capacity is assumed constant over the region
between input stations. Enter terminé] station number for each region.
The last station number input must be the end station number for the
frame. For constant value throughout frame, the end station would be
used and only one card is required.

3. Thrust-moment interaction diagram data. Multipliers: A mini-

mum of one card for a new Table 7 and a maximum of 10 cards is permit-

ted.
AX 1AL
TERM FORCE MOMENT
STA. MULTIPLIER MULTIPLIER

6 10 16 25 35
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Multipliers are assumed constant over region of frame between input
stations. Enterkterminal station number for each region. The last sta-
tion input must be the End Station No. for the frame.

4. Nondimensional thrust-moment values. A minimum of two cards is

required for a new Table 7. See Figure 30 for typical nondimensional
interaction diagram.

) THRUST VALUES
COMPRESSIVE STRAIN

AT P-ULTIMATE P2 P3 P4 P-ULT PS5 P6 P7
[ I | ] I I I [ 1 |
1 20 36 40 45 50 55 60 65 70

MOMENT VALUES
M1 M2 M3 M4 Mé M7 M8 M9

[ | I S s N |

31 35 40 45 50 56 60 65 70 75

Remarks: The frame is assumed to collapse when the horizontal or ver-
tical deflection, the total shear on the cross section or a
combination of axial thrust and bending moment at any station
exceeds the limits specified in Table 7.

The uniform level of strain corresponding to P-ultimate is
used. to compute the location of the plastic centroid in order
to compare computed thrusts and moments with values on the
interaction diagram for each station.

END OF RUN

One blank card is required at the end of the data.
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Figure 29. Typical Stress-Strain Curve
THRUST VALUES
/i P-ULT
Pa
R
P3
R
R
\< P
B I \ / . .
Mz  MyM, M, MgMg  MgMy
MOMENT VALUES
Figure 30.

Typical Nondimensional Interaction Diagram
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PROGRAM ZPOLE(INPUT,0UTPUT)

C=-==-HAIN PROGRAM FOR IMPFM IMPF
c IMPF
c IMPF
Cc IMPF

GCOMMON /I0/ ID1(40), ID2{(19), NPROB IMPF

COMMON /CONT/ TLIM, OTIME, IDOPT, ISOPF, ISTAT, KEEP(7), NDL, NOUTIMPF
OCOMMON /XSECTN/ XN{(18), YNL1D0), 8N(10), DN(10), ATNI10), OTN(1D), IMPF

1 ABN(10), 0BN(10), JSN(10), JSNB(1D), MATN(10), INPF

2 NCT2A, NCT2B, NSNS, IENDN INPF
COMMON /CURVES/ EPSHUL(5), EPSN(108,5), SIGHUL(5), SIGN(10,5),NSSC IMPF
GCOMMON /BEAMN/ BMASSN(10), SXN (101, SYN{10),ISC (10), IMPF

1 JIH(10), JLG(10), KONTH (109, NCT4 IMPF
COMMON /LOADN/ QN(10,2), JI5(10), JL5(10)s KONT5(10), NCT5 IMPF
QCOMMON 7 IMPN/ QIAN(20), QI2N(20), QI3N(20). IPCOON(20), JI&(26), IMPF

1 JH61(20), JLE(20)s NCS(20)4s NSETS IMPF
0COMMON /XSECT/ B(105), D(105), AT(105), DT(105), AB(105), DBI185),IMPF

1 TG(105), AE(105), EI(105), MAT(1d5) INPF
OCOMMON /BEAM/ X(105), Y(105), XYL(105), SX(105), SY(105), HI(105),IMPF

1 BMASS (105)y OPG(105), U(105), V(105), UD(105), IMPF

2 VD(105), Q(185,2)y QI(105,2)5 NJT IMPF
COMMON /FORCEN/ BM(105), T(105) . IMPF

DATA ITEST / 4H /+ NO /7 3H NO 7/, ZERG / 0.DE00 / IMPF

1000 FORMAT ( 1H1 ) IMPF
C--~-<READ AND ECHO INPUT INFORMATION IMPF
100 GALL INECHO INPF
C-----DISTRIBUTE INPUT DATA TO BEAM/COLUMN STATIONS IMPF
CALL DIST IMPF
C=-=--SOLVE FOR STATIC EFFECTS IF REDUIRED IMPF
IF { ISTAT .EQ. NO ) GO TO 118 IMPF

CALL STATIC IMPF
PRINT t000 IMPF

TIME = ZERO IMPF

C==-==PRINT STATIC RESULTS IMPF
CALL OUTPUT ( ISOPT, TIME, T, BMs Xs Y, XYL, U, Vo NJT ) IMPF
C=---=--SOLVE FOR DYNAMIC EFFECTS IMPF
IF ( NOL «.£Q. 0 ) GO YO 100 IMPF

110 PRINT 1000 IMNPF
CALL DVYNAM IMPF
C-+=-==~RETURN FOR NEW PROBLEM IMPF
IF t NPROB .NE. ITEST ) GO TO 1100 IMPF

sToP IMPF

£ND IMPF

c INEC
G-=-=-=-READ AND ECHO INPUT DATA FOR IMPFM INEC
c INEC
c INEC
GOMMON /ID/ ID1{40Y%, ID2(19), NPROS INEC
COMMON /CONT/ TLIM, DTIME, IDOPT, ISOPT, ISTAT, KEEP(7), NDL, NOUTINEC
BCOMMON /XSECTN/ XN(10), YN(10), BNC10), DN(16), ATN(10), DTN(L10), INEC
1 ABN(10), DBN(10)s JSN(10), JSNB(1D), HATN(10), INEC
2 NCT2A, NCT2B, NSNS, IENDN INEC
COMMON /CURVES/ EPSMUL(5), EPSN(10,5), SIGMUL(5), SIGN(10,5),NSSC INEC
OQCOMMON /BEAMN/ BMASSN(10), SXN (100, SYN(10),ISC (10), INEC
1 JIN(10), JL&{10), KONT4(183), NCT4 INEC
COMMON /LOADN/ QN(10,2), JIS(10}, JL5(10), KONT5(10), NCTS INEC
OCOMMON /IMWPN/ QI1N(20), QI2N(20), QI3N(20), IPCODN(20), JI6(20), INEC
1 JHE(20)s JL6(20)s NCS(20), NSETS INEC
0COMMON /XSECT/ B(105), DI105), AT(105), DOT(105), AB(iDS). DB(105l'INEC

1 CG(105), AE(105)s EI(105), HMAT(105 IN
OCOMMON /BEAM/ X(105), Y(105), XYL(105), SX(105), SY(105ly HI(105l'INEC
1 BMASS{105), DPC(1085), U(1085), V(1D5), UD(105), INEC
2 VO(105)y Q{105,420 QI(105,42), NJIT INEC
OCOMMON 7/ FAILN/ UMAX, VMAX, SMAXN(10), PMULN(10), BMULNC(10), INEC
1 . SMAX(105), PHUL(105), BMUL(105), PIAN(9), BIAN{(9), EPSU, INEC
2 JSTN(1®) s NST7, JIA7 (103, NIA7 INEC
COMMON /FORCEN/ 8M(105), T{105) INEC
OIMENSION 1I(7) INEC
DATA IENO, ITEST, IVES, KEEPI / 3HEND, &H s 3JHYES, GHKEEP 7 INEC
DATA NEW. KNEW 7/ 4H NEW, 4H NEW /5 ZERO 7/ 0.0€E00 7/ INEC
c INEC
1000 FORMAY ( 20A4 ) INEC
1010 FORMAY ( S5X, 6(A4s 1X)y 5X, A3, I2, I3,12,3Xs1295X42E18.3 » INEC
1015 FORMAT [ 5X, IS, 215X, E10.31, aX, It, 20X, A3 ) INEC
1020 FORMAT ¢ 5X, IS5, £10.3, 10X, 3E10.3, 5X, A3 ) INEC
1030 FORMAT ( 5Xs IS5, 2X, I3, 6E10.3s 2X, A3 ) INEC
1040 FORMAT ("5Xs IS5, 5X» 4E10.3 ) INEC
1050 FORMAT ( 10X, E10.3, 10X, 10F5.0 ) INEC
1060 FORMAY ( 5Xx, 3I5, 10X, £10.3, 10X, 2€10.3, 3X, A2 ) INEC
1070 FORMAT ( S5X, 3I5, 10X, 6E10.3 ) INEC
1086 FORMAT (10X, 4E10.3 ) INEC
1090 FORMAT ( 3( 5X, IS5y E10.3 ), 3X, Il, 3Xy A3 ) INEC
20000FORMAT ( 1M1, /7. INEC
1 H7H PROGRAM IMPFM - FOR ANALYSIS OR PREDICTION INEC
2 28H OF COLLAPSE OF PLANE FRAMES INEC
3 / SiH | UNDER STATIC OR IMPULSE LOADS INEC
& 4//74 20 5Xy 20A4y /7 ) ) INEC
2010 FORMAT ( /7 13H PROBLEM , ALy /7, 10X, 19AL )} INEC
20200FORMAT (77/35H TABLE 1. PROGRAM CONTROL DATA INEC
1 /7 35H RETAIN PRIOR DATA TABLES » 6{ Il., 2H , ) JINEC
2030 FORMAT ¢ 3ISH . STATIC SOLUTION REQUIRED , 5X, A5 )} INEC
2040 FORMAY ( 35H STATIC OUTPUT OPTION s 9X, I1 INEC
20500FORMAT ( 36H NUMBER OF DYNAMIC LOADINGS, €Xy I3, INEC
1 / 3ISH DYNAMIC OUTPUT OPTION » 9%y I1, INEC
2 4 35H QUTPUT INTERVAL s BX,y I2, INEC
3 / 3I5H TIME LIMIT ’ E10.3 ) INEC
20600FORMAT (///50H TABLE 2. JOINT COORDINATES AND CROSS SECTIOM INEC
1 11HOESCRIPTION ) INEC
2070 FORMAY ([ / 45H USING DATA FROM PREVIOUS PROBLEM 7 ) INEC
20800FORMAT (///40H A+ JOINT COORDINATES AND MATERIAL INEC
1 /7 S1H JT.NO. X~COORD Y-COCRD INEC
2 17H MATERIAL 7V INEC
2090 FORMAT (16X, I3, 7X, E10.3, 6X» E10.3, 9%, I3} INEC
21000FORMAT (/7 4iH B.CROSS SECTION AND REINFORCEMENT INEC
1 124 DESCRIPTION INEC
2 /7 48H STA WIDTH DEPTH TOP INEC
3 35H REINF BOTTOM REINF NO. INEC
“ / 47H SECT. SECT. AREA INEC
5 37H OEPTH AREA . DEPTH SEGM. . /7)) INEC
2105 FORMAT ( 14Xy IS, 6E10.3, 1X, I3 ) INEC
2120 FORMAT (///35H TABLE 3. STRESS-STRAIN CUSVES 1 INEC
21300FORMAY (/7 20H CURV: NO. , Ii, Imer

SUBROUTINE INECHO

INEC

420
430
4o
4590
460
4790
580
490

700
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1 7/ 40H STRESS VALUE SCALE FACTOR, E12.3, INEC 710

2 / 40H STRAIN VALUE SCAL- FACTOR, €12.3 )INEC 720
2140 FORMAT ( / 30H STRESS INPUT VALUES 7y 15Xy 10F7.3 ) INEC 730
2150 FORMAT ( 38H STRAIN INPUT VALUES , /y 15X, 10F7.,3 ) INEC 740
21600F0ORMAT (///52H TABLE 4., BEAM/COLUMN MASS AND ELASTIC SUPPORTS INEC 750
1 77 H FROM TO CONT MASS INEC 7860

2 35H HORIZONTAL VERTICAL SUPPORT INEC 770

3 / 52H STA STA GODE INEC 780

4 35H SUPPORT SUPPORT Cone 7 INEC 790
2170 FORMAT { 9Xy 315y 4X4 E12.3, 12Xy 2E12.3, SX, A2 ) INEC 800
2180 FORMAY ( / &5H ADDITIONAL DATA FOR THIS PROSLEM /7 IMEC 810
21900FORMAT (///30H TABLE 5. STATIC LOADS INEC 820
1 77 S52H FROM YO CONT HORIZONTAL VERTICAL INEC 830

2 / S0H STA STA CODOE LOAD LOAD /)INEC 840
22000FORMAY (///30H TABLE 6. IMPULSE LOADING ] INEC 850
22100FORMAT (// 33H IMPULSE LOADING NUMBER , 12, INEC 850
1 1/ 46H INITIAL INTERMEDIATE INEC 870

2 30H FINAL LOADING INEC 830

3 / 46H STA IMPULSE STA IMPULSE INEC 890

“ 30H STA IMPULSE CODE (X4) INEC 900
2220 FORMAT ( 7/ 19H NONE 7 ) INEC 910
22300FORMAT (///35H TASLE 1. PROGRAM CONTROL DATA INEC 920
35H NO KEEP OPTIONS EXERCISED /7 INEC 930

2240 FORMAT ( 9X, 3I5, 4X, +E12,3 ) INEC 940
2250 FORMAT (///35H TABLE 7. COLLAPSE PARAMETERS ) INEC 950
22600FORMAT (/7 30H DISPLACEMENT LIMITS , INEC 9510

1 124 46H

2 4 W2H

3 /4 18X, E12.
2270 FORMAT ( 35H
2280 FORMAT ( 46H
22900FORMAT (// 25H

1 7/ 35H

2 / 35H

3 /v 20Xy I5,
2300 FORMAT ( 20X, IS5,
23100FORMAT (/7 35H

1 4 3J0H
2 / 52H
3 4 52H

4
23200FQRMAT (// 43H

MAX HORIZONTAL

MAX VERTICAL INEC 970

DEFL DEFL INEC 950
3, 5Xy E12.3) INEC 990
TIME INTERVAL ’ €10.3 INEC1000

TINE INTERVAL INTERNAL ) INEC1010
SHEAR LINITS ’ INEC1020
TERN SHEAR INEG1030

sTa VALUE, INEC1040

£12.3 ) INEC1058
€12.3y 3X, E12.3 ) INEC1060
INTERACTION DIAGRAM OATA INEC1070
MULTIPLIERS ] INEC1080

TERM AXIAL FORCE MOMENT INEC1090

STA MULTIPLIER MULTIPLIERINEGC1100

INEC1110

CONPRESSIVE STRAIN AT P-ULT , €12.3,INEC1120

1 24 40H AXIAL FORCE INPUT VALUES , INEC1130

2 /v 20Xy OP9F7.3 ) . INEC1140
23300F0RMAT ( 35H MOMENT INPUT VALUES » INEC1150
/y 20Xy 9F7.3 ) INEC11610

2340 FOPMAT t 99Xy T4, €E12.3y 4Xs Is £12.3, 44Xy Ia, E12.3, 6X, I1) INEC1170
C INEC1130
C=----REAN ANQ ECHO RUN AND PROBLEM IDENTIFICATION INEC1190
[ INEC1200
IF ( KNEW (NE. NEW ) GO TO 140 INEC1210

READ 1000, ( IDA(I), I= 1, 40 ) INEC1220

KNEW = ITEST INEG1230

100 READ 1000, NPROB, ( ID2(I),y I= 1, 19 ) INEC12%0
PRINT 2000, ( ID1(I), I = 1, 40 INEC1250

PRINT 2010, NPROA, ( ID2(I}), I =1, 19 ) INEC1260

c INEC1270
C--=-=-TEST FOR END OF RUN INEC1230
c INEC1290
IF ( NPROB .EQ. ITEST ) GO ¥O 9999 INEC1300

c INEC1310
C-====READ AND ECHO TABLE 1. PROGRAM CONTROL DATA INEC132¢
INEG1330

OREAD 1010, (KEEP(I), 1=2,7), ISTAY, ISOPT, NDL, IDOPT, NOUT, INEC1340

1 TLIM, OTIME INEC1350
J=20 INEC1360

K =1 INFC1370

N0 110 I = 2, 7 INCC1330

II(K) = @ INEC1390

IF ( KEEP(I) .NF. KEEPI } GO TO 1110 INECL4OD

II(K)
J=d
K =K
110 GONTINUE
IF ( J «GT, 0 ) GO VO 114
PRINT 2230
GO TO 116
114 PRINT 2020, ( IICI)y I = 1y J )
116 PRINT 2030, ISTAT
IF ( ISTAT .NE. I¥FS ) GO TO 120
PRINT 2040, ISOPT
120 IF ('NOL .EQ. 0 ) GO VO 130
PRINT 2050, NOL, IDOPT, NOUT, TLIM
IF ( DVTIME .EQ. ZERO} GO TO 122
123 PRINT 2270, DTIME

*
]

GO TO 125
122 PRINT 2280
125 CONTINUE

s EeNe)

130 PRINT 2060
IF ( KEEP(2) .EQ. KEEPI ) GO TO 150
G
C~~~-~INITILIZE
c
00 132 I = 1, 105
X(I) = ZERO
Y(I) = ZERO
XYL(I) = ZERO
HI(I} = ZERC
B8(I) = ZEROD

Do ZERQ
AT(I) = ZERO
oT(I) = ZERO
AB(I) = ZERO
08(I) = ZERO
CG(I) = ZERO
AE(I) = ZERQO
EI(I) = ZERO
Q(I,1) = ZERO
G(I,2) = ZERQO
QI(I,1) = ZERQ
QI(I+2) = ZERO

BMASS(I) = ZE®O
Sx(I) = ZERO
SY(I) = 2ERD
T(I) = ZERO

BM(I} = ZERO
UD(I) = ZERO
VO(I) = ZERC
132 CONTINUE
c
NCT2A = 1
c .
g READ CONTROL PGINT DATA
c
N = 6
X(JN) = ZERG
Y(JN) = ZERO
GO TO 140
135 JN = JSNINCT2A)
X(JN) = XN(NCT2A)
Y(JN) = YN(NCT2a)
c
© PROGRAM ASSUMES NOOE & AT 0,0 AND GENERATES FICTITIOUS NOJES
[ ONLY NODES WHERE CHANGES IN DIREGTIONS OCCUR NEED BE PEAD IN
c
c READ JOINT COORDINATE DATA
€

READ AND ECHO TABLE 2., JOINT COORDINATES AND CROSS SECTION DATA

INEC1410
INEC1420
INEC1430
INEC1440
INEC1450
INEC1460
INEC1470
INEGC148 D
INEC1490
INFC1500
INEC1510
INEC1520
INEC1530
INEC1540
INEC1550
INEC1561
INEC1576
INEC1570
INFG1590
INEC1600
INEC1610
INEC1820
INEC16380
INEC1640
INEC16519
INFC1661
INEC1670
INFC1680
INEC16930
INEC1700
INEC1718
INECL720
INZG1730
INFC1740
INEC1750
INEC1760
INEC1770
INEC1780
INEC17930
INEC1800
INEC16810
INEC1820
INEC1830
INEC1840
INEC1850
INEC1860
INEC1870
INEC1830
INEC1894
INEC1900
INEC1910
INEC1920
INEC1330
INEC1940
INEC1350

INEC200N
INEG2010C
INEC2020
INEC2030
INZC2040
INEC2050
INEGPO50
INEC2070
INEC2040
INEG2030
INEC2170

a8



140 READ 1015, JSNINCT2A3, XNINCT2A), YN(NCT2A), MATNINCT2A), IENON

c
G-=-=--=NJT = NUMBER OF ACTUAL JOINTS(NOGES) IN STRUCTURE
C
NJT = JSN(NCT2A) - 3
IF ( JSN(NCT2A) LEQ. JN ) GO TO 135
IF C IENDN .EQ, IEND ) GO TO 160
NCT2A = NCT2A #» 1
GO TO 140
150 PRINT 2070

c
C=====ECHC JOINT COORDINATES ANO MATERIAL DATA
C -
160 PRINT 2080
DO 170 I = 1, NCT2A X
PRINT 2090, JSNUI), XNU(I), YN(I), MATN(I)
170 CONTINUE
IF ( KEEP(2) .EQ. KEEPI ) GO ¥O 180

c .
C READ CROSS SECTION AND REINFORCEMENT DESCRIPTION
C
NCY28 = 1 . .
1480READ 1030, JSNB(NCY2B8), NSNS, BN(NCT2B), DN(NCT2B), ATN(NCT2B),
. 1 DTNINCT28), ABN(NCT2B), DBN(NCT2B), IENON 4
c
c FINAL NQDE DOES NOY INCLUDE FICTITIOUS NODES AT THAT END
C
IF ¢ IENDN ,EQ., IEND ) GO TO 180
NCT2B = NCT2B + 1
GO TO 148
c
C=----EGCHO CROSS SECTION DATA
C

180 PRINT 2180
DO 190 I = 1, NCT2B

INEG2110
INEC24120
INEC2130

. INEG2140

INEC2150
INEC2150
INEC2170
INEC218¢8
INEC2198
INEC2200
INEC2210
INEC2220
INEC2230
INEC2240
INEC2250
INEC 2260
INEC2270
INEC2230
INEC2290
INEC2300
INEC2318
INEC2320
INEC2330
INEC2340
INEC2350
INEC2360
INEC2370
INEC2330
INEC2330
INEC2400
INEC2410
INEC2420
INEC2430
INEG2440
INEC2450

OPRINT 2105, JSNB(I), BN{I), ON(I)s ATN{(I), DTN(I), ABN(I), DBN(I),INEC2460

1 NSNS
190 CONTINUE
C
C--~~=-READ AND ECHO TABLE 3. STRESS--STRAIN CURVES

PRINT 2120
IF ( KEEP(3) .EQ. KEEPI ) GO TO 210
READ 10204 NSSC
DO 200 I = 1, NSSC
READ 1058, SIGMUL(I}, ( SIGN(J,I)ys J
READ 1050, EPSMUL{I), ( EPSNUJ,I), 4
200 CONTINUE
G0 TO 220
210 PRINT 2070
220 DO 230 I = 1, NSSC
PRINT 2130, Iy SIGMUL(I), EPSMULII)
PRINT 2140, ( SIGN(J,I)y J = 1,10 )
PRINT 2150, ( EPSN(JsIdy J = 1, 10}
230 CONTINUE

1, 10 )
1, 10

Cc
C-====READ AND ECHO TADLE 4. AEAM/COLUMN MASS AND ELASTIC SUPPORTS
c
PRINT 2160
IF t KEEP(4) .NE. KEEPI ) GO TO 240
PRINT 20740
0PRINT 2170, (JI4CI)y JLL(I), KONTL(I)y BMASSN(DI),
1 SXN(I)y SYN(I),ISC(I), T = 1, NCT4 )
PRINT 2180
IF ¢ NCT4 .EQ. 1 } GO TO 234
IF ( KONT4(NCT4 - 1) .EQ. 1 ) GO VO 236

234 X KONT4 (- NCT4 ) = 3
GO To 238

236 YONT4 ( NCTw } = 2

238 CONTINUE

INEC2470
INEC2480
INEC26490
INEC2500
INEC2510

INEC2520°

INEC2530
INEC2540
INEG2550
INEC2560
INEC2570
INEC2580
INEC?2590
INEC2600
INEC2610
INEC2620
INEC2630
INEC2640
INZC2650
INEN2850
INEG2070
INEC2680
INEC2690
INEC2700
INEC2710
INEC2720
INEC2730
INEC27460
INEC2750
INEG2760
INEC2770
TINZC2780

©INEC2790

INFC2400

NCI4 = NCT4 & 1
GO Y0 250
240 NCI4 1
250 NCT4 NCI4
2600READ 1060y JIGI(NCT4), JLGLINCT4), KONTHINCY4), BMASSNINCT4),
1 SXN(NCY¥4)y SYN(NCT4),ISCINCT4L)
IF € KONT4(NCT4) .LE. 0 ) GO TO 270
NCT4 = NCT4 ¢ 1
GO TO 260 )
2700PRINT 2170, ( JI4(I), JL4(I), KONV&(I), BMASSN{I),
1 SXN(IV, SYN(I}y ISC(I),.I = NCI4, NCT4 )

n i

A
C-=---READ AND ECHO TABLE 5. STATIC LOADS
c
PRINY 2190 .
IF ( KEEP(S5) .NE. KEEPI ) GO TO 2B0D
PRINT 2070

00 275 I = 1, NCTS
PRINT 22404 JIS(I), JL5(I}y KONTSC(I}, QN(I,1), QNII,2}
275 CONTINUE .
PRINT 2180
IF ( NCT5 .EQ. 1 ) GO TO 276
IF ( KONTS(NCT5 - 1) .€Q. 1 ) GO YO 277
3 .

276 KONTS { NCTS ) =
GO To 278
277 KONT5 ( NCY5 ) = 2
278 CONT INUE
NCIS = NCT5 ¢ 1
GO TO 2910
280 NCIS = 1
290 NCT5 = NCIS
3000READ 1070, JIS(NCTS5), JLSINCT5), KONTS(NCTS5). QN(NCY5,1),
QN(NCTS,2)

IF ( KONTS(NCTS5) .LE. 0 ) GO TO 319
NCT5 = NCTS ¢ 1
GO0 TO 300
310 DO 315 I = NCIS5, NCT5
PRINT 2248, JISCI)y JLS(I), KONTS5UI), QN(I,17, QN(I,2)
315 CONTINUE .
e
C--~~<-READ AND ECHO TABLE 6. IMPULSE LOADING
Cc

PRINY 2200
IF ¢ KEEP(6) .EQ. KEEPI ) GO TO 320
NSETS = 0
NSI = 1
NCL = 0
GO Y0 350
320 PRINTY 2070
NCL = 0
00 330 I = 1, NSETS
NCI = NGL & 1
NCL = NCL ¢ NCS{I)

PRINT 2218, I
O0PRINT 23404 ( JIS(N)s QIAINCN), JMBINY, GIZN(N), JL6IN), JT3N(N},

1 IPCOONIN}y N = NCI, NCL )
330 CONTINUE
340 IF { NDL «fQ. 0 ) GO TO 400

PRINT 2180
350 IF ( NDL «EG. 0 ) GO YO %00

NSI = NSETS + 1
NSETS = NSETS + NDL

NS = NSI

N = NCL
360 NCS(NS) = 0
370 N=N¢¢1

QREAN 1030y JIS(N)y QILNI(N), JME(N), NIZ2N(N), JLEIMN), OI3N{N},
1 TPCODNMNINY, KOBE
NCS (NS) = NCS(NS) + 1
IF ¢ KODE .NFe IEND ) GO TO 3790

INEC2810
INEC2820
INEC2830
INEC2840
INEC2850
INEC2860
INEC2870
INEC?2880
INEG2890
INEC2900
INEC2310
INEC2920
INEG29330
INEC2940
INEC2950
INEC29610
INEG2970
INEC2950
INEC29938
INEC3800
INEC3010
INEC3020
INEC3030
INEC3040
INEC3050
INEC3D6D
INEC3870
INFG3040
INEG3D9U
INEC3100
INEC3I110
INEC3120
INSEC3130
INEC3140
INEC315D
INEC3160
INEC3170
INEC3180
INEC3120
INEC3200
INEC3210
INEC3220

INEC3230
INEC3240
INEC3250

INEN32560

In.3270

INEG3290
INEC32930

(INEC3300

INEC3310
INEC3320
INEC333D
INEC33u1
INEC3350
INEG3360
INEC3378
INEC3380
INEC3330
INEC3400
INEC3410
INSC3420
INEC3430
INFC3440
INEC3450
INEC3450
INEC34L70
INEC 3430
INSC3430D
INEC3500

98



o000

IF ( NS +EQ. NSETS ) GO TO 380
= NS ¢ 1

NS =
GO YO 368
380 NCL = @
00 390 I = NSI, NSETS
= NCL + 1
NCL = NCL + NCS(I)

PRINT 2210, I
00 388 N = NCI, NCL
O0PRINT 2340,

1 IPCODN(NY
388 CONTINUE
391 CONTINUE
G0 TO &10
400 PRINT 22210
410 CONT INUE
READ AND ECHO TABLE 7. COLLAPSE PARAMETERS
PRINT 2250
IF ( NSETS .EQ. 0 ) GO TO 460
411 IF ( KEEP(7) oNE. KEEPI ) GO TO 412
PRINY 2070
G0 TO 430
412 READ 1080, UMAX, VHAX
NST7 = 1

414 READ 1840, JSTNINST71,SMAXNINST?)
IF (JSTNINST7) .EQ. NJT+3) GO TO 416
NST7 = NST7 ¢ 1
GO TO 414
416 NIA7 = 1
418 READ 1048, JIA7T(NIA7), PMULNINIAZ7), S8MULN(NIA7)
IF (JIA7(NIA7) .EQ. NJT+3) GO TO 420
NIA7 = NIA7 + 1
60 Y0 418

420 READ 1050, EPSU, ( PIAN{I}, I = 1,91}
READ 1050, DUM, 1 BIAN{I), I = 1,9
430 PRINT 22604 UMAX, VMAX
PRINY 2290
DO 440 I = 1, NST?7
PRINT 2300, JS7N(I), SMAXN(I)
440 CONTINUE
PRINT 2310
0 450 I = 1, NIA7
PRINT 2300, JIA7(I), PMULNII), BMULN(I)
450 GONTINUE
PRINT 2320, EPSU, { PIAN(D), I =1, 9 )
PRINT 2330, ¢ BIAN(II, I =1, 9
EPSU = - ABS(EPSU)
GO TO 470
460 PRINTY 2220
470 CONTINUE
RETURN
9999 CONTINUE
STOP
END

JIG(N)y QIIN(N) 9 JME (NI, QI2ZNIN)4 JLE(N)y QIININD,

INEC3510
INEC3520
INEC3530
INEC3540
INEC3550
INEC3560
INEC3570
INEC3580
INEC3590
INEC3600
INEC3610
INEC3620
INEC3630
INEC3640
INEC3650
INEC3660
INEC3670
INEC3680
INEC3690
INEC3700
INEC3710
INEC3720
INEC3730
INEC3740
INEC3750
INEC3760
INEC3770
INEC3730
INEC3790
INEC3800
INEC3810
INEC3820
INEC3830
INEC3840
INEC3850
INEC3860
INEC3870
INEC3880
INEC3830
INEC3900
INEC3910
INEC3920
INEC3930
INFC3940
INEC3950
INEC3960
INEC3970
INEC3980
INEC3990
INEG4000
INEC4010
INEC4020
TNEC4D30
INECWO40
INEG4050
INEC4060
INFC4078

c

SUBROUTINE DISY

C=~===DISTRIBUTE INPUT DATA FOR IMPFM

[

c

[

¢
1
2

0
1

0
1
0
1
0
1
2
0
1

2
0

COMMON 710/ ID1(40), ID2(19), NPROR

BISY
DIST
DIST
DIsY
DIST
DIST

COMMON /CONT/ TLIM, DTIME, IDOPT, ISOPT, ISTAT, KEEP(7), NDL, NOUTDIST

COMMON /XSECTN/ XN(10), YN(10), BN(10), ON(103, ATN(10), DTN(10),
ASN(10), 0BN(10), JSN(10), JSNB(1D), MATN(10),
NGCT2A, NCT28, NSNS, IENDN
COMMON /GURVES/ EPSMUL(S), EPSN{10,5), SIGMUL(5), SIGN(10,5),NSSC
COMMON /BEAMN/ BMASSN(19), SXN(10), SYN{10),ISC (10),
JIG(1t), JL4(10)s KONT&(10), NCTA
COMMON ZLOADN/ QN(1042)4 JIS(10), JL5(10), KONTS5(10), NCYS
COMMON /IMPN/ QIIN(20), QIZ2N(20), QI3N(20), I[PCODN(20), JIS(20),
JM6€20), JL6(20)y NCSC20), NSETS

BIST
nIsT
DIST
DIST
01IST
DIST
0IST
pIST
0IST

COMMON 7/ XSECT/ B(105), D(105), AT(105), DT(105), AB(105), DB(105),0IST
DIST

CGU105), AE(105), "EI(105), MAT(105)

COMMON /BEAM/ X(105), Y(1D05)s XYL(105), SX(105), SY(105), HI(105),DIST

BHASS(105), DPC(105), U(1085), V(185), UD(105),
v0(105), Q(105,2)y QI(105,2), NJT
COMMON / FAILN/ UMAX, VMAX, SMAXN(10), PMULN(10), BMULN(10),
SMAX(105), PMUL(105), BMUL(105), PIAN(9), BIAN(9), EPSU,

JSTN(10), NST7, JIA7(10), NIA7
OIMENSION OUM{10), DUM2(10), DUM3(5,2), DUMS(30)}, DUME(30)
DATA ZERO 7/ 0.0EB0 7, NO /7 3H NO 7/
C-~===CALCULATE JOINT COORDINATES FOR EACH STATION
c
NJP2 = NJT + 2
NJP3 = NJT ¢ 3
NJPG = NJT ¢ 4
NJPS = NJT ¢ 5
NJPE = NJT + &
NCT2A = 1
N = 4

100

NSTOP = JSNINCTZ2A) - uUN
0X = (XN(NCT2A) - X{JN)) 7/ NSTOP
DY = (YN(NCT2A) - Y(JN)) / NSTOP
ISTART = JUN ¢ 1
ISTOP = JUSNINCT2A)
00 110 I = ISTART, ISTOP
X(I) = XtI = 1) ¢ DX
Y(I) = Y(I - 1) + OY

110 CONTINUE

JN = JSNINCT2A)
NCT2A = NCT22 + 1

IF (JN .NE. NJT ¢ 3) GO TO 100
X{3) = =x(5)
¥{2) = X{(3) - X{5)
X{1y = X(2) + X3
Y(3) = -Y(5)
Y(2) = Y(3) - Y(5)
Y1) = Y(2) ¢+ V(D)

OX = X{JIN) = X(J4N-1)
DY = YUIN) = YU[UN=-1)
X(INE1) = XOJIN) + DX

XCIN+2) = X(IN#1) + DX
X(IN#3) = X(JIN#2) + OX
YOIN#1) = Y(JN) ¢ DY

Y(JNe2) = Y(JN#1) + OY
YU(JIN¢3) = Y(INe2) ¢ CY

115 CONTINUE

C

C--===-DISTRIBUTE MATERIAL DATA
C

DO 118 I = 4, NJP3
MAT(I) = MATNI(1}

118 CONTINUE

c

DIST
0IST
nIsT
DIST
DISY
nIST
DISY
DIST
nIsSTY
0IST
DIST
nISY
DIST
0IST
DISY
0IST
DIST
0IsST
DISY
DIST
nIsT

0ISsT

DISY
0IST
nISY
DIST
DIST
DIST
0IST
0IsT
DIST
nIST
DIST
pISY
0IST
PIST
nIsT
0IST
0IST
DISY
DIST
nIsT
DISY
DIST
DIST
DIST
0IST
DIST
DIST
LIST
DIST

470
%80
490
500
510
520
530

540

550
560
5780
530
530
500
610
620
630
640
650
660
670
030
891N
700
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C==-~-=SET UP GROSS SEGCTION DATA FOR EACH

c
CALL INTRP1 ( JSNB, BN, B, NCT28 )
CALL INTRP1 ( JSNB, DN, O, NCT28 )
CALL INTRP1 ( JSNB, ATN, AT, NCT2B
CALL INTRP1 ( JSNB, DTN, OT, NCT2B
CALL INTRP1 ( JSNB, ABN, AB, NCT2B
CALL INTRP1L ( JSNB, DBN, DB, NCT28

C

C-----0ISTRIBUTE BEAM/COLUMN STATIC LOAD

C

STATION

DATA

C=~~==DETERMINE LENGTH OF MEMBERS FOR MASS GALCULATION

c
00 125 I = 24 NJPE
XL = X{I) - X(I-1)
YL = Y(I) - Y(I-1}

XYLCI) = SQRTUIXL * XL) + (YL * YLD}

HI(I) = XYL(I}
125 CONTINUE

c
C----~DETERMINE COORDINATES AT NODES ALONG FRAME “IMBERS

c
XyL(1) = ZERO
00 126 I = 1, NJPS
XYLUI+41) = XYL(I+1) + XYL
126 CONTINUE

(I}

CALL INTRP2 (JI4s JL4s KONT4L, BMASSN, BMASS, XYL, NCTH4)

CALL INTRP2 (JI4, JL&y KONT4, SXN,
CALL INTRP2 (JI4, JL4s KONT4, SYN,

IF ( ISYAT .EQ. NO ) GO TO 128
CALL INTRP2 (JIS, JL5, KONTS, GN(1
CALL INTRP2 (JIS5s JLS, KONTS, GN(1

¢

C=----CALCULATE CG OF £ACH GROSS SECTION
c

C==--=CALCULATE INITIAL MODULI

c

128 DO 130 I = 1,4 NSSC

SXy Y NCV4)
SYs Xy NCT&H)

W1)s 0(1,1)5 Y, NCTS)
*2)y Q€1,2), X, NCT5)

DIST 710
DISY 720
0IST 730
DIST 740
DIST 750
DIST 760
DIST 770
DIST 780
DIST 799
DIST 800
DIST 810
DIST 820
DIST 830
DIST 840
DIST 858
DIST 860
DIST 870
DIST 830
nIST 890
0IST 900
DIST 910
DIST 928
DIST 930
DIST 940
DIST 950
DIST 960
0IST 970
DIST 980
DIST 930
DIST1008
DIST1010
DIST1020
DIST1030
DIST1040
DIST1050
DIST1060
0IST1070
DIST1080

DUM3(I,y1)=SIGMULILI* SIGN(5,1I) / U EPSMUL(I) * EPSN(5,I))DIST1090
DUM3(I,2)=SIGMULI(LI)* SIGN(6+I) / ( EPSMUL(I) * EPSNI(6,I)10IST1100

130 CONTINUE
EC1L = DUM3(1,1)
€C2 = DUM3(1,2)
ES1 = DUM3INSSC, 1)
€S2 = DUM3INSSC, 23
00 150 I = 4, NJP3

0CALL GENTER ( 8(I), D(I), AT(I), DT(I), AB(I), DB(I), EC1, ES1,

1
150 CONTINUE

c
C==-==DISTRIBUTE FAILURE PARAMETERS
c
IF ( NSETS .EQ. 0 ) GO TD 250
IF ( NST7 .GT. 1 ) GO TO 179
00 160 I = 1, NJFd
SMAX(IY = SMAXN{1)

ES2y CG(I), AE(IDy EI(I) )

160 GCONTINUE
GG TO 180
170 CALL INTRP1 ( JS7N, SMAXN, SMAX, NST7 )
180 IF ( NIA7 .GT. 1 ) GO TQ 200
DO 198 I = 1, NJPe
SMULII) = BMULNI(L)
PMUL(I) = PMULNI(1)
130 CONTINUE
GG TC 210

200 CALL INTPL ( JIA7, PMULN, PMUL, N
CALL INTRP1 ( JIA7, BMULN, BMUL, N
210 CONTINUE
[
fi~=-=~==-=-CALCULATE LOCATICN OF PLASTIC

147 )
147 )

TENTRCIC AT EACH CROSS S¥CTION

DIST1110
DIST1120
DIST1130
0IST1140
DIST1150
DIST1160
DIST1170
DIST1180
CIST1190
DIST1200
DIST1210
pIsrvi22e
DIST1230
CIST1240
NISTL250
NIST12560
DIST12710
nIsT1280
DIST1290
DIST1300
NIST1310
DIST1320
0IST1330
DIST1340
NIST1350
DIST136D
DIST1370
nIsT13en
9IST1390
DIST1400

c DIST1i410
00 240 J = 5, NJP2 DIST1420

00 220 I = 1, 30 0IST1430

QUMS (I} = ZERO DIST1440

DUMB(I) = ZERO CIST1450

220 CONTINUE 0IST1460
PEPSA = ZERD DIST14740

PPHI = ZERQ DIST1480

PHI = ZERO DIST1490

EPSOT = ZERO 0IST1500

EPSOB = ZERO DIST1510

TEORT = ZERO DIST1520

YEORB = ZERO . DIST1530

CALL IFORCE (PEPSA, PPHI, DUMS, BM, T, EPSU, PHI, O(J)y AT(J), DIST1540

1 DT(J) s AB(J)y DB(J), B(J), CG(J), NSNS, EPSMUL, EPSN,DIST1550

2 SIGMULs SIGN, NSSC, MAT, EPSOT, TEORT, CIST1560

3 TEORB) DIST1570
DPC(J) = CGLJ) ¢ BM 7 T DIST1580

240 CONTINUE DIST1590
0PC(4) = CG(4) DISTi600

OPC(NJP3) = CGINJP3I) DISTi610

250 CONTINUE BIST1620

c DIST1630
RETURN CISTi640

END DIST1650
SUBROUTINE INTRP1 ( JS, ZNs Zs NC ) INTR 10

c $ INTR 20
C--=-~=~LINEAR INTERPOLATIDN ROUTINE INTR 30
c INTR 4D
c INTE SO
OIMENSION JS(18), ZN(10), Z{(105) INYR 60

DATA ZERO / 0.DEO0D / INTR 70

D0 100 I = 1,105 INTR 80

Z{IY ="2ERQ INTR 90

100 GCONTINUE INTR 100
Z(y) = ZN(1) INTR 110

00 200. N = 2, NC INTR 120

NEL = JS(N) = JS(N-1) INTR 130

DENOM = NEL INTR 140

DELZ = ( ZN(N) - ZN(N-1) ) 7/ DENOM INTR 150

ISTRT = JS(N-1) ¢ 1 INTR 160

ISTO0P = JS(N) INTR 170

00 280 I = ISTRT, ISTOP INTR 180

Z(I) = Z(I-1) ¢ DELZ INTR 190

200 GONTINUE INTR 200

c INTR 2110
RETURN INTR 2208

END INTR 230

88



SUBROUTINE INTRP2 ( JI, JL, KONT, ZNy, Zs X, NC ) INTR 10 O0SUBROUTINE CENTER t 8, D, AT, OT, AB, 0B, €Ci, ES1, ES2, DBARs A, CENT 10
1 s

INTR 20 CENT 20
C=-===-LINEAR INTERPOLATION ROUTINE INTR 30 c CENT 30
c . INTR &9 DATA ZERD,s PSe ONEy TWO / 0.0E00, 0,5£00, 1.,DEOD, 2.0E00 / CENT 40
c INYR 50 RN = ES2 7/ EC1 CENT 50
OIMENSION JI(10), JL110), KONT{18), ZN(10), Z(105), X(105) INTR 60 BD =8 * D GENT &0
DATA ZERO, TKWO, SIX 7/ 0.0E00, 2.0E00, 6.0E00 / INTR 70 ’ P = AB 7 BD ’ CENT 79
DO 100 I = 1,105 : INTR 80 PP = AT 7 80 CENT 30
Z(I) = ZERO INTR 90 RNP = RN * P GENT 90
100 CTONTINUE INTR 100 TEMPL = RNP ¢ (( VWO * RN - ONE ) * PP ) CENT 100
Is=4¢ INTR 110 c ) CENT 110
I=1 INTR 120 C=====WITH NO BOTTOM STEEL SEGTION MUSYT BE SYMMETRIC AS CG TAKEN AT D/2 CENT 128
110 K = KONT(I) + 1 INTR 130 c - CENT 130
GO YO { 120, 160, 145, 190 ), K INTR 14D IF ( AB .EQ. ZEROD ) GO YO 100 CENY 140
120 IF € IS «NE. 0 ) GO TO 230 INTR 150 0 RATIOK = - TEMP1 ¢+ SQRT {( TEMPL ® VEMP1 ) ¢ THO * ( RNPCENT 150
IF € JLUI) .NE. JI(I) ) GO TO 200 INTR 160 i ¢ (({ THO ®* RN = ONE )} * PP ) * (DT 7 DB 1} CENT 160
130 = JI(N INTR 170 OBAR = RATIOK * DB CENT 170
ZJ) = Z(J) + ZN(D) INTR 180 G0 TO 110 CENT 180
140 IF ( K +EQ. 1 ) 6O TO 230 INTR 190 100 DBAR = P5 * D CENY 190
GO TO 150 INTR 200 c CENT 200
145 Is=10 INTR 210 Co==e- CALCULATE AXIAL ANO FLEXURAL STIFFNESS AT EACH SECTION CENT 210
158 I=1+¢1 INTR 220 C CENT 220
GO0 To 110 INTR 238 110 T = ZERO CENT 230
160 IF ( IS.EQ. 0 ) GO TO 170 INTR 240 A = ZERD : CENY 240
JSTRT = JL(I) INTR 250 C = ZERO CENT 250
GO TO 180 INTR 268 SM = ZERO CENT 260
170 JSTRT = JI(D) INTR 270 IF (DT .GT. DBAR) GO TO 221 CENT 270
Is=1 INTR 280 OAE = AT * ES1 GENY 280
180 JSTOP = JL(I+1) INTR 290 DEP = 0BAR - OT CENT 290
ZL = ZN(I) INTR 300 C=C ¢+ DAE * DEP 7/ DBAR CENT 300
IR = IN(I+1) INTR 310 A = A * OAE . CENT 310
GG TO 210 INTR 320 ‘ SM = SH ¢ C * DEP * DBAR CENT 320
190 IF ¢ JL(I) LEQ. JI(I) ) GO TO 130 INTR 330 G0 T0 222 CENT 330
200 JSTRT = JI(I) INTR 340 221 OAE = AT * ES2 CENT 349
JSTOP = JL(D) INTR 350 DEP-= DT - DBAR CENT 350
ZL = ZIN(I) INTR 360 DET = DAf * DEP / DEAR CENT 380
ZrR = IN(D) INTR 370 T =T ¢ DET CENY 37D
210 DENOM = X(JSTOP) - X(JSTRY) INTR 330 A = A ¢ DAE CENT 330
IF ( DENOM .EQ. ZERO )} GO TO 215 . INTR 390 SM = SM + DET * DEP * 0BAR GENT 390
0Z = ¢ ZR = ZL ) 7 DENOM INTR 400 222 DAE = A8 * £S2 CENT 400
GO TO 248 INTR 410 R 0EP = 08 - CBAR CENT 410
215 0Z = ZERO . INTR 420 DET = DAE * DEP / DBAR CENT 420
C INTR 430 T=T + DET CENT 430
218 JSTOP = JSTOP - 1 INTR 449 A = A ¢ DAE CENT 440
00 220 J = JSTRT, JSTOP INTR 450 SM = SM ¢ DET * D:EF * DRAR CENT 450
H = XUJ#1) = XUD) INTP 460 = DBARP * 7 * £C1 CENT 460
IR = ZL ¢ H * D2 T INTR 470 DBAR / 1WQ CENT 470
Z(J) = Z4J) + H* { THO * ZL # 2R ) / SIX INTR &80 0C = DAE /7 TWO CENT 480
Z(J*1) = ZUJ41) ¢ H * ( ZL ¢+ TWO * ZR ) / SIX INTR 490 € =0C e+ 0C CENT 490
ZL = ZR INTR 500 SM = SM ¢ OC * DEP * DBAR CENT 500
220 CONTINUE INTR 510 A = A ¢ DAE CENT 510
IF { K .NE. 1) GO TO 150 : INTR 520 C CENT 520
230 CONTINUE INTP 630 RFTUPN CENT 530
C TNTR 540 ND CENT 540
RETURN INTR 550
ENOD INTR 560
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SUBROUTINE STATIC
MACK RIDDLE

COHMON 710D/ ID1(u40), ID2(19), NPROB
COMMON /XSECT/8B(105), D{105),

CGI105), AE{105), EI(105), MAT(105)

STAT
STAT
STAT
STAT

AT (105), DY(105), AB(105), DOB(105),STAT
STA:

ﬂGOHHON /8BEAM/ X{1085), Y(105), XYL(105), SX(105), SY(105), HI(105),5TAT
1

2

BMASS (105), DPC(195), U{105,2) , UD(105), STAY

vD(105), Q(105,2), QI(105,2), NJT STAY

GOMMON /FORGEN/ BM{105), T(105) STAT
OIMENSION A(10542), B(10542+2)5 C(105+2+2) STAY
DATA ZERO, ONE, THWO / 0.0E00, 1.0E00, 2.0E00 / STAT
DATA PS5 7 0.5E DO 7 STAT
STAT .

NJT = NUMBER OF JOINTS IN FRAME{DOES NOT INCLUDE FICTITIOUS NODES)STAT
STAT

INITILIZE STAY
STAT

NJPE = NJT + & STAT

00 240 I = 1, NJPE STAT
U(I,1) = ZERO STAY

U{I,2) = ZERO STAT

AlIs1) = ZERO STAY

AtI,2) = ZERO STAT

B8(Is+141) = ZERO STATY

B8(I+142) = ZERO STAT

8(1,2,1) = ZERO STAT

8(I,2,2) = ZERO STAT

ClI«1s1) = 2ERO STAT

CiI.142) = ZERO STAT

C(I+2+1) = ZERO STATY

G(Is+2,2) = ZERD STAT

GONTINUE STAT
STAY

START OF SOLUTION FOR STATIC LOADS STAT
STAT

CALCULATE DISPLACEMENTS DUE TO STATIC LOADS STAT
STAT

NJPG = NJT ¢ &4 STAT

00 250 I = 3, NJP4 STAT
COMPUTE LENGTHS, TRIG FUNGTIONS AND CONSTANTS AT EACH STATION STAT
DXIM1 = X{(I-1) - X(I-2) STAT

OYIML = Y{(I-1) - Y(1-2) STAT

HIML = SOQRTU(DXIML * DXIM1) + (DYIML * DYIML)) STAT

STHINL = OYIM1 / HIM1L STAY

CTHIM1 = OXIM1 7/ HIM1 STAT

OXI = X(I} - X(I-1) STAT

0YI = ¥(I) -~ Y(I-1) STYAT

HIC(I) = SGRY( (DXI * DOXI) ¢ (OYI * DYD) ) STAT

HISQ = HI(I) * HI(I} STAT

STHI = OYI / HIKI) STAT

STHISQ = STHI * STHI STAT

CTHI = OXI / HI(I) STAY

CTHISQ = CTHI # CTHI STAT

OXIP1 = X(I+1) - X(I) STAT

OYIPL = Y(I+1) - Y(I) STAT

HIP1 = SORT((DOXIPL + OXIP1) + (DYIPL1 * DYIPL)) STAY

HIP1SQ = HIP1 * HIP1 STAY

STHIPL = OYVIP1 7/ HIPL STAT

SIFL1SQ = STHIPL * STHIP% STAT

CTHIP1 = DXIP1 /7 HIPL STAT

CIP1SG = CTHIPL * CTHIP1 STAT

OXIP2 = X(I+2) ~ X(I¢1) STAT

VYIP2 = Y(I+2) - Y(I+1) STAT

HIP2 = SQRT((DXIP2 * OXIP2) ¢ (DYIPZ * QYI®?N) STAT

STHIP2 = DYIP2 / HIPZ STATY

CTHIP2 = DXIP2 / HIP2 STAT

CON1 = (TWO * EI(I-13) / (HI(I) * HIML * (HIML + HI(I))) STAT

CON2 = (TWO * EI(I-1)) /7 (HISQ * (HIML & HICDI)) STAT

CON3 = (THO * EITI)) / (HISG * (HI(I) ¢ HIP1)) SYAT

180
190
200
210
220
230
260
250
260
27¢
280
290
300
310
320
330
340
350
360
370
380
336
400
4190
420
430
440
450
460
470
430
490
508
5180
520
530
540
550
560
570
580
590
600
610
620
630
6ul
650
660
670
6390
690
700

0DO0O0n

DO0

e K2 Ra)

308
3240

CON4 = (TWO * EI(IN) / (HICI) * HIPL * (HI(I) + RIPL)) STAT 718

CONS = (AE(I-1) ¢ AE(I)) / (THWO * HICI)) STAT 720

CON6 = (TWO * EIC(I}) / (HIP1SQ * (HI(IY + HIP1)) STAT 738

CON7 = (TWO * EI(I+#1)) /7 (HIP1SQ * (HIP1 ¢ HIP2)) STAT 740

CONB = (AE(CI) + AE(I+1)) /7 (TWO * HIP1) STAT 750

CON9 = (TWO * EI(I#1)) / (HIP1 * HIP2 * (HIPL ¢ HIP2M STAY 760

STAT 770

COMPUTE MATRIX COEFFICIENTS AT EACH STATION STAT 780

STAY 790

AA11 =~CON1 * STHI * STHIM1 STAT 800

AA12 = #CON1 * STHI * CTHIML STAT 810

AA21 = ¢CON1 * CTHI * STHIM1L SYAT a29

AR22 =-CON1 * CTHI * CTHIM1 STAT 830

0 8811 = +CONL1 * STHI * STHIML ¢ (CON2 + CON3) * STHISQ STAT 8490
1 + CONy * STHIP1 * STHI ¢ CON5 * CTHISQ STAT 8510
] 8812 ==-CON1 * STHI * CTHIM1 ~ (CON2 ¢ CON3) * STHI * CTHISTAT 860
1 - = CON4 * STHIPL ®* CTHI ¢ CON5 * CTHI * STHI STAT 870
0 BB21 ==-CON1 * CTHI * STHIM1 = (CON2 ¢ CON3) * CTHI * STHISTAY 880
1 - CON4 ® CTHIP1 # STHI + CON2 * STHI * CTHI STAT 890
0 8822 = ¢CON1 ¢ CTHI ®* CTHIML + (CON2 ¢ CON3) * CTHISQ STAT 90n
1 ¢+ CONG '* CTHIPL * CTHI + CON5 * STHISQ STAT 910
0 CC11 =-{(CON2 + CON3) * STHISQ - TWO *CON4 * STHI * STHIPLSTAT 920
1 - (CON6 + CON7) * SIP1SQ - CON5 * CTHISQ STAT 930
2 - CON3 * CIP1SQ@ - SX(I) STAT 940
0 CC1i2 = +(CON2 + CON3) * STHI #CTHI ¢ CON4 * STHI * CTHIP1STAT 950
1 + CONG * STHIP1 * CTHI ¢ {(CONG& ¢ CON7)*STHIP1*CTHIPASTAT 950
2 ~ CONS * CTHI * STHI - CONS8 * CTHIP1 * STHIP1 STAT 979
€c21 = CC12 STAT 938

0 CC22 =~(CON2 ¢ CON3) * CTHISQ ~ TWO *CON4 * CTHI * CTHIPLSTAT 990
1 - (CON6 + CON7) * CIP1SQ - CONS * STHISQ STAT1000
2 - CONS * SIP1SQ - SYI(D) STAT1010
0 0D11 = +CON& * STHI * STHIP1 + (CONe ¢ CON7) * SIPiSQ STATi020
1 ¢+ CON9 * STHIP1 ® STHIP2 ¢ CONB * CIP1SQ STAT1038
L] 0D12 ==-CON4¢ * STHI * CYHIP1 - (CON6 ¢ CON7) *STHIP1*CTHIPASTAT1040
1 = CON9 * STHIP1 * CTHIP2 ¢ CONB * CTHIPL * STHIP1 STAT1050
L] D021 =-CON4 ®* CTHI * STHIP1 - (CON6 ¢ CON7)*CTYHIP1®STHIPiLSTAT1060
1 - GON9 * CVHIP1 * STHIPZ ¢ CON8 * STHIP1L * CTHIP1 STAT1070
a 0022 = ¢+CON4 * CTHI * CTHIPL ¢ (CON6 ¢+ CON7) * CIPiSQ STAT1080
1 + GCON9 * CTHIPL * CTHIP2 ¢ CON8 * SIP1SQ STAT1090
EE11 =-CON9 * STHIP1 * STHIP2 STAT1100

€E12 = +CON9 * STHIP1L * CTHIP2 STAT1110

EE21 = #CON9 * CTHIP1L * STHIP2 STAT1120

EE22 ==CON9 * CTHIPL *# CTHIP2 STAT1130

STAT1140

COMPUTE CONTINUITY COEFFICIENTS AT FACH STATION STAT11580

STATi160

CALCULATING RHO STAT1170

STAT11R0

RO11 = (AA11 * B(I-2,1,1) ¢ AA12 * B(I-242,1)) ¢ 8B11 STAT1130

RO12 = (AA11 * BI(I-2,1,2) ¢ AA12 * B(I-2,2,2)) ¢ 8B12 STAT1200

RO21 = (AA21 * 3(I-2,1,41) ¢ AA22 * 8(I-2,2,1)) ¢ 8821 STAT1210

R022 = (AA21 * B(I-2,1,2) ¢ AA22 * R(I-2,2+2)) ¢ BB22 STAT1220

STAT1230

CALCULATING DELTA STAT1240

STAT1250

[} FF11 = (RC11 * 3(I-1,1,1) ¢ RO12 * 3(I-1,241)) STAvVi1260
1 v (AAL1 * G(I=-2,1.1) & AA12 * C(I-2,42,1)) ¢+ CC11 STAT1270
0 FF12 = (RO11 * B(I-1,1,2) ¢ RO12 * 1([-1,2,2)) STAT12R0
1 + (AA11 * C(I-2,142) ¢ AA12 * C(I-2,2,2)) ¢ GC12 $TAT1290
0 FF21 = (RO21 * B{I-1,1,1) ¢ RO22 * B(I-1,2,11) STAT1300
1 ¢ (AA21 * C(I-2,141) ¢ AA22 * C(I-2,2,1)) ¢ (CC21 STAT131n
0 FF22 = (RO21 * B(I-1,1,2) ¢ RO22 * B8(I=1,2,2)) STAT1320
1 + (AA21 * C(I-2,1,2) ¢ AA22 * C(I-2,2,2)) + CC22 STAT1330
STAT1340

INVERTING OELTA AND NEGATING STAT1350

STAT1350

DENOM = (FF11 * FF22 - FF12 * FF21) STAT1370

DENOM = -ONE / DENOM STAT1380

TEMP = FF11 STAT1330

FF11 = FF22 * DENGM STAT1400

06



C
c
C

FF22
FF21

= TEMP * DENOM
FF12 = -FF12 * DENOM
= =FF21 *DENONM

GOMPUTING CONTINUITY COEFFICIENTS

WNROWNHROWNRPDWNR WP, oW

250 CONTINUE

B(Iy1,2)

BI,2,1)

B(I,242)

C(I,1,1)
G(I,1,2)
ClIy251)
CtI.2,2)

FF11 * ((AAL1L *

(RO11 * A(I-1,1)) + (RO12
FF12 * ({AA21 * AlI-2,1))

FF21 * ({ARL1 *

(RO11 * A(I-1,1)) ¢ (RO12

A(I=2,1))

AtI=-2,1))

(RA12 * A(I-2,2))
AlI-1,2)) + Q(I,1))
(AA22 * A(I=2,2))

(AA12 * A(I-2,2))
A(I-1,42)) ¢ QI 1))

+
.
+
(RO21 * AlI=-1,1)) + (R022 * A(I-1,2}) ¢+ Q(I,2))
:
+

FF22 * ((AA21 *

AtI=-2,11)

(AA22 * ALI-2,2))

(RO21 * A(I-1,1)) + (RG22 * A(I-<142)) ¢ Q(I,2))

FF11 * ((RO11
Cl{I=14241)) +
FF12 * ((RO21
ClI=152,1)) ¢
FF11 * ((RO11
ClI=152,2)) ¢+
FF12 * ((RO21
ClI-142+2)) &
FF21 * ((RO11
C(I-1+2,1)) +
FF22 * ((RO21
ClI~1+241)) +
FF21 * ((RO11
ClI=1,4242)) ¢+
FF22 * ((RO21
C(I-1,2,2)) +
(FF11 * EE11)
(FF11 * EE12)
(FF21 * EE11)
{(FF21 * EE12)

NN s xll 4o all o xl 4+ &0

BACK SUASTITUTE FOR DEFLECTIONS

00 260 I = 3,

DL = (U(Is1) =~ ULI-141)) ¥ GYHI + (U(I,2)

T(I) = PS5 * (AE(I-1) + AE(I))

L = NJP&4
UlLy1) =
q »
2 .
] utL,2) =
1 »
2 L
260 CONTINUE
Do 330 I = 3,
OxI = XU
BYL = ¥YI
STHI = D
CTHI = D
9
1 * STH
DXIPY =
CYIPL =
HIPL =
STHIP1 =
CTHIPL =
0 THI = «(
1 *CY
0 THIPL =
1 -
BMII) =
330 CONTINUE
RETURN
€ND

AlLy1) ¢+ (BlLy1y1)

* ClI-141,1))

oo11)

* C{I-1,1,1))

op211)

* ClI-141,20)

0D12)

* ClI-1,41,20)

obz22)

* G{I-1,1,11)

0011

* C(I-1s1,1))

0021)

* CtI-1+1,2))

o012y

* C(I-1,1,2))

0022)

+ (FF12
{FF12

(FF22

+

+

+

+

+

* EE21)
+ * EE22)
+ (FF22 * EE21)
+ * EE22)

(RO12
(RO22
(RO12
trRO22
(RO12
(RO22
(RO12

(RO22

* UIL+1,1)) « (BlLy1,2)

ULL#142)) + (CLe1,1) * ULL#2,1)) + (C(Ly1,2)

ulL+2+2))

A{Ls2) ¢ (B(Ls2,1) * UlL#1,1)) # (B(L+2,2)
UL#152)) ¢+ (CiLs2,1) * UIL+2,1)) + (CL+242)

utL+2,2))

NJP4

Iy -~ xtI-1)
Iy - Y(I-1)
YI / HI(I)
XI /7 HI(D)

1

X(I+1) ~ XxX{(I
Y(I+1) = Y(I)

- UtI-1,20)

* 0L / HI(D

SQRTI{OXIP1 * DXIP1) + (DOYI>1 * DYIP1))

DYIP1 / HIP1
DXIP1 7/ HIP1
~U(I,1)
HI) 7 HI(T)

((-U(I¢1,1} ¢ U(I,1)) * STHIP1 +
U(I,2)) * CTHIP1) / HIP1
TNO * €£I(I}) * ((THIP1 - YTHI) 7/ (HI(I) + HIP1))

+ UlI=1,1)) * STHI + (ULI,2) =~ U(I-1,2))

(UlI+1,42)

STAT1410
STAT1420
STAT1430
STAT1440
STAT1450
STAT1460
STAT1470
STAT1480
STAT1490
STAT1500
STAT1510
STAT1520
STAT15340
STAT1540
STAT1550
STAT1560
STAT1570
STAT1580
STAT1530
STAT1600
STAT1610
STAT1620
STAT1630
STAT1640
STAT1650
STAT1660
STAT167C
STAT1680
STAT1690
STAT1700
STAT1710
STAT1720
STAT1730
STAT1740
STAT1750
STAT1760
STAT1770
STAT1780
STAT17990
STAT1800
STAT1810
STAT1320
STAT1830
STAT1840
STAT1850
STAT1860
STAT1870
STAT1840
STAT1890
STAT1300
STAT1910
STAT1920
STAT1930
STAT1940
STAT1950
STAT1960
STAT1970
STAT1940
STAT1990
STYAT2000
STAT2010
STAY2020
STAT2030
STAT28490
STAT2050
STAY20580
STAT2070
STAT2080
STAT2090

SUBRQUTINE OUTPUT ( IOPT, TIME, Ty BMy, Xs ¥y XYL, Uy Vv, NJT )
c
C=====0UTPUT SUBROUTINE
C
c
GOMMON 71D/ ID1(40), ID2{19), NPROB
ODIMENSION T(105), BM(105)s X(105), Y(1053, XYL(105), U(105),
1 v(195)
DATA ZERQ, P5 /7 0.0E00, 0.5E00 /
10000FQRMAT ( 1H1, 77,
1 47TH PROGRAM IMPFM - FOR ANALYSIS OR PREDICTION
2 28H OF COLLAPSE OF PLANE FRAMES
3 / SO0H UNDER STATIC OR IMPULSE LOADS
4 /77y 20 5Xy 20ALy /) )
1010 FORMAT ( 7 13H PROBLEM o ALy /7, 10X, 1944 )
10200FORMAT (///30H MAXIMUM RESFONSE, TIME = , E12.4 o
1 77 42H QUANTITY 8AR OR X COORD
2 27H Y COORD VALUE ,
3 / 31H STATION ,
4 /7 20H THRUSY s 5Xy IS5, 30 3X, E12.4 ),
S / 204 MOMENT s 5Xy IS, 30 3X, E12.4% ),
] / 204 SHEAR s 5Xy IS5y 30U 3IXe E12.4 )
7 / 20H X DISP s 5Xy IS5, 30 3Xy E12.4 )y
8 / 20H Y DISP s 5Xy IS5, 3¢ 3N, E12.4 ) 1}
10300FORMAT (/7/31H COMPLETE RESPONSE, TIME = , E12. 4y
49H STA X COORD Y COORD THRUST
2 29H MOMENT SHEAR , 7/)
1040 FORMAT ( S5Xy ISe 212X, E12.4), 16X, E12,4 )
1062 FORMAT ( 40X, E12.4y 16X, E12.4 )
10450FORMAT 1HL o 77/,
1 41H STA X DISP Y DISP , /7/)
1050 FORMAT (5X, I5, 2(5X, E12.4))
PRINT 1000, ( IO1(I},y I = 1, 40 )
PRINT 1010, NPROBy { ID2(I), I = 1, 19 )}
NJP3 = NJT + 3
NJPL = NJT ¢ &
NJP& = NJT + &

GO TO ( 100, 180, 200 ),y IOPT

C==~===PRINT MAXIMUM VALUE ONLY
c

c
100

oo

IF

110 IF
120

IF

130 IF

140 If

TMIN = Z€ERO
BMMIN = ZERO
SMIN = ZERO
UMIN = ZERO
VMIN = ZERO
150 J = &4, NJF3
¢ ABSI T(J) ) LY. ABS( TMIN )
THIN = T(J)
Jr =9
XT = P5 * ( X(J) + X(J-1) )
YT = PS5 * (YL ¢ YI-1) )
( ABS( BM(J) ) LT,
BMMIN = BM(J)
Jg = J
X8 = Xt
Ya = Y(n
SHEAR = ( 8M(J) - BM(J=1} ) /
( ABS( SHEAR 1 LT,
SMIN = SHEAR
Js = J
XS = P5 * { X(J) ¢ X(J-11 )
¥YS = P5 * ( YL4) + Y(J-1) )
( ABS( UCJ) ) LT, ABS( UNIN)
UMIN = U(J)
Ju=J
XU = X(J)
YU = Y{J)
{ ASSI V(J) ) LT, A3S¢ VMIN )

)

« xYL(J)
ABS( SMIN » } GO TO 130

GO YO 110

ABSt AMNIN ) ) GO TO 120

GO TO 140

GO Yo 159

= XYL(J-1) )

OuTP
ouTte
ouTP
ouTP
oure
outTe
outp
ouTe
oure
ouTP
outeP
ouTP
oute
ouTteP
oute
ouTP
ouTe
ouTP
ouTte
ouTP
ouTP
ouTP
ouTeP
oute
ouTP
oute
ouTP
ourp
ouTP
ouTP
oute
ouTP
oute
ouTP
ouTP
auTP
outp
auTeP
ouTP
ourTp
ouTtP
ouTte
auTP
ouTP
cuTe
outpP
ouTP
auTP
ouTP
ourte
ouTP
ouTP
oute
ouTP
auTte
ouTe
oure
ourte
auTeP

QUTP ©

outep
outTpP
CUTF
oure
ouTP
ouTP
oute
ouTP

-QuTP

auTP

540
550
561
570
530
530

610
620
630
640
650
6690
670
680
630
700

L6



VHIN = ¥(J9) ourTeP

Jv = J ouTP

Xv = XtJ OUTP

YW = YtJ) | ouTe

158 CONTINUE ouTP
1700PRINY 1020, YIME, JT, XT, YT, TMIN, J8B, XB, Y8, BMMIN, JS, XS, YS,0UTP

1 SHEAR, JUs XUy YUs UMIN, - JV, XV, YV, VMIN ouTeP

GO TO 200 oute

C oute
C-=~--PRINT COMPLETE OQUTPUT oure
r oute
18¢ J=1 ouTP
PRINT 1030, TIME oute

PRINT 1040, Jy X(&4)y Y(4), BM(&4) ouTP

DC 198 J = 55 NJP3 ouTtp

SHEAR = € BMEJ) = BM(J=1) ) 7 € XYL(J) = XYL (J-1) ) cuTP

PRINT 1042, TI(J), SHEAR ouTP

JJ = J -4 . outp

PRINT 1040, JJy XCJ), Y(J)y BM(D) oute

198 CONTINUE outp
PRINT 1045 ouTe

DO 195 J = 44 NJP3 gurte

J=J =~ 4 ouTP

PRINT 1050, JJy UGS, VL) ouTte

195 GONTINUE ouTP

c ouvp
200 RETURN outeP
ENOD ouTte

710
720
730
740
750
760
770
780
790
800
810
820
830
840
as5a
360
870
8810
890
900
910
920
930
940
950
960
970
980

SUBROUTINE DYNAM OYNA 10

c DYNA 20
C==~==SOLUTION FOR OYNAMIC OISPLACEMENTS DYNA 30
c DYNA 50
[ OYNA 50
COMMON /ID/ 1IDi(4D), ID2(13), NPROB DYNA 60
COMMON /CONT/ TLIM, OTIME, IDOPY, ISOPT, ISTAT, KEEP(7), NOL, NOUTDYNA 70
OGOMMON /XSECYN/ XN(10), YN(10), BN(10), DN(10?, ATN(1DB), DYN(10), DYNA 80

1 ABN(10), DBN(10), JSN(10), JSND(10), MATN(10), OYNA 90

2 NCT2A, NCT28, NSNS, IENON DYNA 100
COMMON /CURVES/ EPSMUL(5), EPSN(10,5), SIGMUL(S), SIGN(10,5),NSSC DYNA 110
ODCONMON /BEAMN/ BMASSNI10), SXN(10), SYN{10),ISC (10), DYNA 120

1 JI4(10), JL4(10)s KONV4(1G), NCY& DYNA 130
COMMON /LOADN/ QN(10+21, JIS(10), JL5(10), KONTS5(10), NCT5 NYNA 140
0COMMON /IMPN/ GIIN(20), QI2N(20), QI3N(2D), IPCODN(20), JI&U20), ‘CYNA 150

1 JM6(20), JLBE(20)y NCS(20), NSETS OYNA 160
0GOMMON /XSECT/ B(105), D(105), AT(105), DT(105), AB(iDS). 0B(105),0YNA 170

1 CG(105)y AE(105), EI(105), MAT(105 DYNA 180
OCOMMON /BEAM/ X (105), Y(105)s XYLU105), SX(105), SV(tﬂS). HI(145),DYNA 190

1 BMASS(105), OPC(1G5), U(105), V(105), UD{105), DYNA 200

2 vD(105), Q{105,2)s QI (105,20, NJT DYNA 210
QCOMMON /7 FAILN/ UMAX, VMAX, SHMAXN(10), PMULN(10), BMULN{10), DYNA 220

1 SMAX{(105), PMUL (105), BMUL(1D05), PIAN(9), BIAN(G), EPSU, aYNA 230

2 JSTN{10), NSY¥7, JIA7(10), NIA7 OYNA 2640
COMMON /FORCEN/ BM(105), T(105) OYNA 250
ﬂDINENSION TQ1(20), OV{105), DDVI105), ADDV(10S5), DUI105),TQ2(20),NYNA 260
0DU(105), ADDU(105),TQ3(20), PEPSAB(105), PPHIJ(105), DYNA 270

2 EPS0B8(30,105), £PSOJ(30,105), EPORBT(105), EPORBB(105), CYNA 2A0

3 FPORJT(105), EPORJB(105), EPSAB(105), PHYIJ(105), DYNA 230

4 TEPSOB(30,105), TEPSOJ(30,105), TEOR3T{105), DYNA 308

5 TEORBB (105), TEORJT(105), TEORJBI105), JI(20), JL(20), DYNA 310

6 0Q(105,2)y KONT(20), JM(20) oYNA 320
QDATA ZERO, PS5, ONE, TWO, PT / 0.0€00, 0.5E0C, 1.0E08, 2.0E0C, OYNS 230

1 3.14159€00 / OYNA 350

DATA SIX, TEM / 6.0€00, 1,0E01 / DYMA 350

DATA ALIM /7 0.1E00 7/ DYNA 3560

DATA ISL, IAL / 2HSL, 2HAL /, NO / 3H NO /, ISA 7 2HSA / OYNA 370
10000FORMAT ( 1H1y /7 1X, 8B(1H¥) / 1X, 1H¥, 86X, 1H* 7/ OYNA 380
1 47H * PROGRAM IMPFM - FOR ANALYSIS OR PREDICTION OYNA 390

2 28H OF COLLAPSE OF PLANE FRAMES , 13Xs 1H¥%, DYNA <00

3 / 4oH * UNDER STATIC OR IMPULSE LOADS v DYNA 410

4 48Xe 1H®*,2( /7 1Xy 1H*, 86Xs 1H* ) DYNA 420

5 2¢( /7 2H *, 3IX, 20A4, 3Xy 1H* 3, 2( /7 1X, 1H*, 86X,1H* ) JDYNA 430
10100FORMAT ( 13H * PROBLEM » A4y 71X, 1H* /7 1X, 1H®, 86X, 1H* / DYNA 440
1 1Xy 1H®, B8X, 19AL, 2X, 1H®,2( / 1X, 1H®*,86X, 1H* ) ) DYNA 450
10200F0RMAT ( I7H = SOLUTION FOR DYNAMIC LOADING NO. » I3, OYNA 460
1 48X, 1H®y / 1Xs 1H®, 86X, iH®* / 1X, 88(1H*) ) DYNA 470

NJP3 = NJT + 3 OYNA 4890

NJPL = NJT + & OYNA 490

NJPG = NJT ¢ b DYNA 500

IF ( DTIME .GT. ZERO ) GO TO 102 OYNA 510

[ - CYNA 520
C~=-===CALCULATE TIME INTERVAL DYMA 530
c CYNA 540
C~=-=---CALCULATE AVERAGF FLEXURAL STIFFNFSS AND AVG MASS DYNA 550
C CYNA 5560
AET = ZERO NYNA 570

AMASS = ZEROQ ovmMa 580

N0 1860 I = 1, NJF6 CYNA 591

AEI = AEI + EI(I) DYNA ©D0

AMASS = AMASS + B8MASS(I) DYNA b1

100 CONTINUE TYNA 620
AMAX = NJT PYNA 630

H = ( XYLINJP3) - XYL(«) ) /( AMAX = ONE ) DYNA 640

AMASS = AMASS 7/ { XYL(NJP3) = XYL(4) ) OYNA 650

AEI = AEI /7 AMAX CYNA 660

OTIME = PI * SORT ( AMASS /7 AEI ) * H ®* H / TEN 7 TWO OYNA 670

c OYNA 630
102 IF { ISTAT .NE. NO ¥ GO TO 106 DYNA 631
J0 10 I = 1, NJP& nyna 780
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utI) = ZERO

V(I ZERO
vty = ZERO
VO(I) = ZERO
104 CONTINUE
106 CONTINUE
c
G-~=-==CALCULATE IMPULSE AT EACH STATION
C
NCL = 0
D0 2608 N = 1. NSETS
c
C-==-=~INITILIZE
c

00 108 I = 1, 105
QI(I.1) = ZERC
. QI(I,2) = ZERO
108 CONTINUE
PRINT 1000, ¢ ID1(I}, I = 1, 4D
PRINT 1010, NPROB, ( ID2(I)y I = 1, 19 )
PRINT 10204 N

I =NCL ¢+ 1
NCL = NCL + NCS(N)
108 NC =10

IPCODT = IPCOON(I)

110 IF ( IPCODN(I) .NE. IPCODT ) GO YO 113
NC = NG ¢ 1
JIINC) = JI6(I)
JHINC) = JMELI)
JLINC) = JL6UI}
TQLING) = QIIN(I)
TOZINC) = QI2ND)
TQ3(NC) = QI3IN(D)
I=1+1
IF ¢ I +LE., NCL ) GO TO 110
113 IF ( IPGODT .EQ. 2 ) GO TO 114
CALL IMPULS tJI, JM, JL, TQ1i, TG2, TQ3, QI(1,2), X, NO)
GO TO 115
114 CALL IMPULS (JI, JM, JL, TQ1, TQ2, TQ3, QI{1,1), Y, NC)
115 IF ¢ I +LE. NCL } GO TO 189

c
Ce==-=CALCULATE INITIAL OISPLACEMENTS, VELOCITIES AND ACCELERATIONS
c

D0 120 I = &, NJP3
vOLD = vi(I)
DVII} = QI(I,2) / BMASS(I)
DOV(I) = ZERO
ADOV(I) = ZERO
uD(I) = U(I)
DULI) = QICI,1) / BMASSII)
0DULI) = 2ERO
ADDUCI} = ZERO
129 CONT INUE
c
C-==--REVISE DISPLACEMENTS AND VELOCITIES FOR UNYIELDING SUPPORTS
[

D0 125 I = 1, NCTY
IF ( ISC{I) .NE., ISL ,AND, ISC(I) . NE. IAL ) GO TO 123

Id = JIstD)
VD(IJ) = ZERO
OVIIJS) = ZERO
123 CIF ¢ ISCUI) JNE., ISA +ANO., ISC(I) .NE. IAL ) GO TO 125
IJ = JIu(D)
Up(IJ) = ZERO
SU(IN = ZERQ
125 CONT INUVE

c
C=--=-CALCULATE INITIAL AVERAGE STRAINS AND CURVATURES
C

CALL GEOM (X, Y, UD, VD, HI, NJT, PEPSAB, PPHIJ)

DYNA 710
DYNA 720
DYNA 730
DYNA 740
DYNA 750
DYNA 760
DYNA 77D
DYNA 780
DYNA 790
OYNA 800
OYNA 210
DYNA 820
OYNA 830
OYNA 840
OYNA 850
DYNA 860
DYNA 870
DYNA 880
DYNA 890
DYNA 900
DYNA 910
DYNA 821
OYNA 930
DYNA 940
DYNA 950
OYNA 960
DYNA 970
OYNA 980
DYNA 990
DYNALOGQ
OYNA1019
DYNA1020
DYNA103D
DYNA1040
DYNAL050
OYNA1060
DYNA1070
DYNA1880
DYNA1090
DYNA1100
DYNAL111D
DYNAL120
DYNA1130
OYNA114D
BYNA1150
OYNA1160
NYNA1170
DYNAL1130
DYNA119T
OYNA1200
OYNA1210
DYNA1220
DYNA1230
DYNAL12410
OYNA1250
DYMAL1260
CYNA1270
DYNA1280
OYNAL290
DYNA1L300
DYNA1318
OYNA1320
DYNA1330
DYNA1340
DYNA1350
OYNAL13B0
DYNA1370
NYNA1380
DYNA1330
DYNA1400

c
C----=SET 2ERO POINT ON STRESS~STRAIN CURVES AT TIME ZERO
4

00 140 J = 1, NJPE

00 130 I = 1, 39
EPSOB(I,J} = ZERO
EPS0J(I,J) = ZEROD
TEPSOB(I,J) = ZERO

TEPSOJ(I,J) ZERO
130 CONTINUE
EPORBT(J) = ZERO
EPORBR{J) =" ZERO
EPORJTUJ) = ZERO
EPORJB(J) = ZERO
TEORBT(J) = ZERO
TEORJT(J) = ZERO
TEORBB(.M) = ZERO
TEORJB(J) = ZERO
140 CONTINUE

c
C---==ADJUST FORCES TO CONFORM TO DYNAMIC SOLUTION PROCESS
c .

OCALL FORCE ( BMs T, EPSOB, TEPSOB, PPHIJ, PPHIJ, PEPSAB, EPORBT,
1 EPORBB, TEORBT, TEORBB, PEPSAB, EPSOJ, TEPSOJ,
TEORJT, TEORJBy EPORJT, EPORJB )

2
OCALL ACCEL (X, Y, UDs DDU, VD, DOV, BM, T, SY, SX, Q, BMASS, ISC,
1

NJTy NCT4y JI&)
DO 142 I = &, NJP3

DG(I,4) = Q(I,1) - DDULI) * BMASSII)
DQA(IL2) = Q(I,2) -~ DDV(I) * BMASS(I)
LOU(I) = ZERO
00VII) = ZERO

142 CONTINUE

c
C=e===~START DYNANIC SOLUTION
c

KNOUT = 0
TIME = ZERO

150 TIME = TIME # OTIME
NIT = 0

C
C---~=ESTIMATE DISPL. AND VEL. AT TIME
c

D0 160 I = &y NJP3

0 VD(I) = VO(I) # DVTIME * DVI(I) + P5 * DVTIME * DVIME
1 * Dovin)
OV(I) = OVII) + OTIME * DOV(I)
] UD(I) = UDC(I) # DTIME * DU(I) + PS * OTIME * DTIME
1 * 0DU(D)
DUCI) = DU(I) ¢ DTIME * DDULI)
16D CONTINUE
c
C~----CALCULATE STRAINS AND CURVATURES AT TIME
c

170 CALL GFOM ( Xy Y,y UD, VDy HI, NJTLEPSAP, PHIJ )
NIV = NIT + 1

C
C--=--~CALCULATE BAR THRUSTS ANC JOINT MOMENTS
c

O0CALL FORCE ( 8My T, EPSOB, TEPS0B, PHIJy PPHIJ, PEPSAD, EPORBT,
1 EPORBA, TEORBT, TEORBB, EPSAB, EPSOJ, TEPSOJ,

2 TEORJTy TEORJB, EPORJIT, EPORYB )

g----—CALCULATE ACCELERATIONS

¢ DGALL ACCEL ¢ X, Y, UD, DOU, VD, DDV, B8M, T, SY, 5X, DG, BMASS,
1 ISCy NJT, NCT4, JIW)

g ----- TEST FOR CONVERGENCE

C

DYNA141D
DYNA1420
DYNA1438
DYNA1640
DYNA1450
DYNA1460
DYNAL1470
DYNA1480
DYNA 1430
DYNA1500
DYNAL1510
DYNA1528
DYNA1530
DYNA1549
DYNA1550
DYNA1560
QYNAL1570
DYNA1580
DYNA1590
DYNA1601
OYNAL161D
DYNA1620
DYNA1630
DYNA1640
DYNA1650
DYNA166D
OYNAL1670
DYNA1630
DYNA1630
OYNAL1700
OYNA1710
DYNAL720
JYNAL73D
OYNAL1740
DYNAL1750
DYNA1760
DYNAL770
DYNAL1730
OYNA1790
DYNA1800
OYNA1810
OYNA1820
OYNA1830
DYNA1840
DYNA1850
OYNA1860D
DYNA1S70Q
OYNA1880
OYNA1890
DYNA1900
OYNA1919
0YNA1920
BDYNA1930
DYNA1940
DYNA1950
NYNA1950
CYNA1970
0YNA1940
GYNA1390
DYNAZ200(
DYNA2010
DYNA2020
DYNAZ030
DYNA2040
DYNA2050
NYNA20B0
CYNA2070
DYNA2Q3 O
DYNA2098
0OYNAZL00D
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DO 180 I = 4, NJP3
DELOD = ABS ( ODVEI) - ADOV(I) )
IF ( UELDD .GT. ALIN ) GO TO 190
DELDD = ABS ( DDU(I)} - ADDU(I) )
IF ( DELDD «GT. ALIM ) GO YO 190
180 CONTINUE

KONVER = 1
GO0 TO 200
1940 KONVER = D
G
C-----REVISE DISPL, AND VEL.
€
200 00 218 I = 4, NJPI
DELDD = QOV(I) - ADDV(I)
VO(I) = VD(I) + DTIME * DTIME * DELO
DV(I) = DVII) ¢+ P5 * DTIME * DELDD
ADDV(I) = DOVI(I)
DELDO DDUCI) =~ ADDU(CI)
UD(I) = UD(I) ¢ OTIME * DTIME * DEL9
oULIY = OULI) ¢+ PS5 * QTIME * DEL
ADDUCI) = DoULI)
210 CONTINUE
IF ( NIT .GT. 10 ) GO TO 270
IF ( KONVER «EG. 0 ) GO TO 170
[

C~--~=-REVISE FOR NEXT TIME INTERVAL
c

D0 230 J = 4, NJP3
00 220 I = 1, NSNS
EPSOB(I,J} = TEPSOB(I,J)
EPSOJ(I,Jd) = TEPSOJ(I,J)
220 CONTINUE

EPORBT(J) = TEORBT(N)
EPORBB{J) = TEORBB(J)
EPORJT(I) = TEORJTUJ)
EPORJB(J) = TEORJB(J)

PPHIJWJ) = PHIJ(J)
PEPSAB{J) = EPSABLJ)
230 CONTINUE

c
C-----TEST FOR END OF RUN
€
KNOUT = KNOUT + 1
c
C-----TEST FNR COLLAPSE
C

CALL FAIL ( UDy VD, BM, Ts Xy Yy XYL, CG, TIM
IF € K «NE. 1 ) GO TO 240

CALL OUTPUT ( IDOPT, TIME, T, BMs X» Y, XYL,
GO TOo' 260
2610 IF ( KNOUT .NE. NOUT ) GO TO 250
CALL OUTPUT ( IDOPT, TIME, T, BMs Xy ¥, XYL,
KNOUT = 0
259 IF ( TIME LT, TLIN } GO TO 150
C-=--~-TIME LIMIT EXCEEDED
PRINT 3011
CALL OUTPUT ( IDOPT, TIMEs T, BMy X, Y, XYL,
PRINT 3010
260 CONTINUE
C-=-==THIS IS THE ONLY RETURN STATEMENT
RETURN
270 PRINT 3000, DVIME
IDOPT = 2

CALL OUTPUT ( IDOPT, TIME, T, BMs Xy Y, XYL,
PRINT 9000, DTIME
STOP

90000FORMAT ( 4BH1
1 22H TIME INTERVAL IS E12.4
90100FORMAT ( 48H1
6H LIMIT

END

0 7/ SIX

0 /7 SIX
Do

€4 OPC,

upn, vD,

uD, VO,

Ly VO,

ua, vD,

WdT,

NJT )

NJT )

NIT )

NJT )

X

SOLUTION FAILED TO CLOSE IN 10 ITER&TIONS

-
BEAM/COLUMN NIC NOT FAIL IN SPECIFIED TIME

DYNA2110
DYNAZ120
DYNA2130
DYNA214D
DYNA2150
DYNA2160
DYNA2170
DYNA2189
DYNA2190
0YNA2200
DYNA2210
0YNA2220
DYNA2238
DYNA2240
CYNA2250
DYNA2260
DYNA2270
DYNA2280
DYNA2290
0YNA2300
DYNA2310
DYNA2320
DYNA2330D
DYNA2340
DYNA2350
DYNA2360
DYNA2370
DYN22380
DYNA2390
DYNA2400
DYNA281D
OYNA2420
DYNAZ430
DYNA 2440
0YNA2450
DYNA2460
OYNAZ470O
DYNAZ480
DYNA 2490
0YNA2500
DYNA25180
0YNA2520
DYNA2530
QYNAZS4D
DYNA2550
DYNAZ560
DYNA2570
DYNA2580
DYNA2590
DYNA2600
0YNAZ610
0YNAZ620
DYNA2630
DYNAZG4O
NYNA2650
DYNA2650
DYNA2670
DYNA2630
DYNA2690
DYNA2700
DYNA2710
DYNA2720
DYNAZ73U
OYNA2740
DYNA2750
DYNA2750
DYNAZ778
DYNA2780
DYNAZ730
DYNA23D0
TYNAZB10

USUBROUTINE FORCE ( BM, T, EPSOB, TEPSOB, PHIJ, PPHIJ, PEPSAB, FORC 10
EPORBT, EPORBB, TEORBYT, TEORBB, EPSAB, EPSOJ, TEPSOJ, FORC 28

Z TEORJT, TEORJB, EPORJT, EPORJSE FORC 30

c FORC &0
Ce==~==SOLVE FOR BAR THRUSTS AND JOINT MOMENTS FORC 50
c FORC &0
c FORC 70
COMMON /IDs ID1(40), ID2(19), NPROB FORC 80
COMMON /7CONT/ TLIM, OTIME, IDOPT, ISOPT, ISTAT, KEEP(7), NDL, NOUTFORC 90
OCOMMON /XSECTN/ XN(10), YN(10), ANI10), DN(10), ATN(10), DTN(18), FORC 100

1 ABN(10), DBN(1D), JSN(10?, JSSNB(10}, MATN(10), fFORC 110

2 NCT2A, NCT28, NSNS, IENDN FORC 120
COMMON /CURVES/ EPSMUL (S)y EPSN{10,5), SIGMUL(5), SIGN(10,5) ,NSSC FORC 130
DCOMMON /BEAMN/ BMASSN(10), SXN(10), SYN{10),ISC (10), FORC 140

1 JI4(10),y JLG(L0), KONTG (10}, NCT4 . FORC 150
COMMON /LOADN/ QN(10,2), JIS(10), JLS5(10), KONTS5(10), NCTS FORC 160
O0COMMON /IMPN/ QI1N(20), QI2N(20%, QI3N(20), IPCODN(20), JI6(20), FORC 170

1 JHE(20), JLO(20), NCS(20), NSETS FORC 1510
ODCOMMON /XSEGT/ B(105), D(105), AT(105), DY(105), AB(105), DB1105),FORC 190

1 €G(105), AE{105), €I(105), MAT(105) FORC 200
0COMMON /BEAM/ X(185), Y(185), XYL(105), SX(105), SY(105), HI(105),FORC 210
BMASS(105), DPC(105), U(105), V(105), UD(105), FORC 220

vB(195), 0Q(105,2), QI(105,2)s NJT FORC 230

UDIHENSION BM(105), Y(105), EPSOB(30,105), TEPSOB(30,105), FORC 240
PHIJ(105), PPHIJ(105), PEPSAB(105), EPORBT(105), FORC. 250

Z EPORBB(105), TEORBY(105), TEORBB(105), EPSAB(105), FORG 260

3 EPSOJ(30,105), TEPSOJ(30,105), TEORJT(105), TEORJB(105),FORC 270

L} EPORJT {105), EPORJS(105), DEPSO(508), TEPSO(5Q) FORC 230

DATA ZERO, PS5 7 0.0€00, 0.5E00 / FORC 290

ISTOP = NSNS FORC 300

NJP2 = NJT + 2 FORC 310

NJP3 = NJT ¢ 3 FORC 320

NP4 = NJT + 4 FORC 330

NJP6 = NJT + & FORC 340

T{3) = ZERO FORC 350

BM{4) = ZERO FORG 3610

00 160 J = 5, NJF3 FORC 370

C FORC 388
C=====SET UP TEMPORARY DATA FOR EACH CROSS SECTION FORC 3910
C FORC 400
00 100 I = 1, ISTOP FORC 410

DEPSO(I) = EPS08(I,J) FORC 420

TEPSO(I) = TEPSOBLI,J) FORC 430

100 CONTYINUE FORM 440
PHI = PS5 * { PHIJ(J) + PHIJ(J-1) ) FORC 4510

PPHI = PS * ( PPHIJ(J) ¢ PPHIJWJ-1) ) FORC 460

TAT = PS5 * ( AT()) ¢ AT(J-1) )} FORC w70

TD = P5 * ( D(J) ¢ D(JS-1) ) FORC uAd

TOT = PS5 * ( OT(J) + DT(J-1) ) FORC 490

TAB = P5 * ( AB(J) + AB{J-1 ) ) FORC 500

TDB = P5 * ( DB(J) + DB(J=-1) ) FORC 510

T8 = P5 * ( B(J) ¢+ 3(J-1) ) FORC 520

TC6 = P5 * ( CG(J) + CG(J-1 ) ) FORG 530

[ FORC 540
Ce=-=~-=CALCULATF THRUST IN BAP FORC 550
G FOKC 5617
O0CALL IFORCE ( PEPSAB(J), PFHI, OEPSO, DUM, T(J)y EPSA2(JS), PHI, FCRC 57¢C

1 TD, TAT, TOT, TAB, TOBy T3, TC5s NSNS, FORS 530

2 EPSMUL, EPSN, SIGMUL, SIGN, NSSC, MAT, EPORBT(J), FORC 530
EPORBB(J)y TEPSO, TEORBT(J), TEORBI(J) ) FORC 600

00 120 I = 1, ISTOP FORC 610
TEPSOB(I,J) = TEPSO(I) FCRC 620

120 CONTINUE FORC 630

€ FORPC &40
C=-=--==CALCULATE MOMENT IN JGINT FORC 650
C FORC 660
EPSA = PS5 * { EPSAB(J) + EPSAB(J+1) ) FCRC 670

PEPSA = PS * ( PEPSAB(J) + PEPSAR(J+1Y ) FORGC 630

00 130 I = 1, ISTOP FORC 6910

OEPSOLI) = EPSQJII,J) FORC 700

76



TEPSO(I) = TEPSQOJ(I,J)
130 CONTINUE

TCG6 = CGLtLH
0CALL IFORCE ( PEPSA, PPHIJ(J), DEPSO, 8M(J), DUM, EPSA, PHIJUJ),
1 T0, AT(J), DT(J), ABIJ), DBUJ), BUJID,
2 TCGs NSNS, EPSMUL, EPSN, SIGMUL, SIGNy NSSC,»
3 MAT, EPORJT(J), EPORJB(J), TEPSO, TEORJT (I},
4 TEORJBJY )

DO 150 I = 1, ISTOP
TEPSQJLI,LJ) = TEPSO(I)
150 CONTINUE
160 CONTINUE
BM(NJP3) = Z€R0O
TINJPL) = ZERO

RETURN
END

FoRC
FORC
FORC
FORG
FORC
FORC
FORGC
FORC
FORG
FORC
FORC
FORC
FORC
FORC
FORC
FQRC
FORC

710
720
730
740
750
760
778
780
798
800
81ad
a20
830
840
350
860
870

a
1
C
Cmmme—
C
c
0
2
Cc

SUBROUTINE ACCEL (X, Y, U, OOU, V, DDV, BM, T, SY, SX, Q, BMASS,
ISCy NJTy NCTay JIu)

CALCULATE X AND Y ACCELERATIONS OF EACH NODE

OIMENSION X(105), Y(105), U(105), V(105), DDUC105), DDV (105),
B8MI105), T.(105), SX(105), SY{105), C(105,2), BMASS(LiC5),
ISCt10), JI4(10)
DATA ZERO / 0.0E00 /
DATA T1SA, ISL, IAL / 2HSA, 2HSL, 2HAL 7
NJP3 = NJT + 3

C~-=<<=CALCULATE VALUES AT RIGHT END OF BAR 3
[

-0 a

OX = X(&) & UL} =~ X(3) - U3
0Y = Y(u) + V&) =~ Y(3I) - V(D)
XLR = SORT((DX * DX) # (DY * OY))
STHR = DY / XLR
CTHR = DX 7/ XLR
VR = (BMI4) - BMI3)} 7/ XLR
00 100 I 4y NJP3

VL = VR

DX = X(I+1) # U(I#+1) - X(I) - ULD)

DY = Y(I+1) ¢ V(I#1) - Y(I) - V(I)

XLR = SORTU(DX * OX) ¢ (DY * DY})

VR = (BM(I+1) - BM(I)) 7 XLR

STHR = 0Y 7/ XLR

CTHR = DX 7 XLR

BDUCI) = (T(I+1) * CTHR - T(I? * CTHL ¢ VR * STHR - VL
* STHL ¢ G(I.1) = SX(I) ® UCT)} /7 BMASS(I)

00V(I) = (T(I+1) * STHR = T(I) * STHL - VR * CTHR + VL
* CTHL + Q(I,2) ~ SY(I) * V(I)) / BMASSI(I)

100 CONTINUE

1180

12¢

130

00 130 I = 1, NCT4

IF (ISC(I} «NE.ISA ) GO TO 118
IJ = JIutI)
ODU(IJ) = ZERO

IF (ISC(I} .NE.ISL ) GO TO 120
IJ = JI&tD)
DDV(IJY = ZERO
IF ( ISC(I) .NE. IAL ) GO TO 130
IJ = JIst(DY
DDU(IJ) = ZERO
DDV (IJ) = ZERO
CONTINUE
RETURN
END

ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
AGCE
ACCE
ACCE
ACCE
ACCE
AGCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
ACCE
AGCE
ACCE
ACCE
ACCE
ACCE
AGCE
ACCE

420
430
1Y)
450
460

480
490
500
510
520
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SUBROUTINE GEOM (X, Yy Uy V, HI, NJT, EPSA8, PHIJ} GEOH 10 SUBRQUTINE FAIL ( vD, VD, 8M, T, X, Y, XYL, CG, TIME, OPC, NJT, KIFAIL 10

c GEOM 20 Cc FAIL 20
C CALCULATE AVERAGE STRAIN IN BARS ANO CURVATURE IN JOINTS GEOM 30 c FAIL 38
C GEOM &40 c . FAIL 40
C GEQGM 5@ O0COMMON 7 FAILN/ UMAX, VMAX, SMAXN(1D0), PMULN(10), BMULN(1D), FAIL 54q
O0IMENSION Xx(105), Y(105), U(105), V(105), HI(105), EPSAR{105}, GEOM 60 1 SMAX(105)s PMUL (1051, BMUL{105), PIAN(9), BIAN(9), EPSU, FAIL &0

1 PHIJ(185) GEOM 70 2 JS7N(10), NST7, JIA7110), NIA7 FaIL 70

DATA ZERO, ONEy TWO / 0.DEQO, 1.0E08y 2.0F00 7 GEOM 80 ODIMENSTON UD(105), VD(105), BM(105), T (185), X(205), Y1051, FAIL 810

NJP3 = NJT + 3 GEON 30 1 XYL(105), CG(105), OPC(105) FAIL 90

NP4 = NJIT ¢+ 4 GEOM 109 DATA ZERO, PS5 7 0.0E00, 0.5E00 7 FAIL 100

NJP6 = NJT ¢ 6 GEOM 110 10000FORMAT ( //7u47H FAILURE DUE TO VERTICAL OEFLEGTION AT X = , FAIL 110

00 100 I = 1, NJPB GEOM 120 1 €12.hy B8H Y =, El2.4 ) FAIL 12¢

EPSAB(I) = ZERO . GEOM 130 10100FORMAY { /749H FAILURE DUE TO HORIZONTAL DEFLECTION AT X = , FAIL 130

PHIS(I) = ZERO GEOM 1410 1 ) E12.4y 8H Y=, E12.% ) . FAIL 140

100 CONTINUE GEOM 1510 10200FORMAT ( 7/733H FAILURE DUE TO SHEAR AT X = €E12.4, . FAIL 150

Cc GEOM 160 1 8H Y=, EL12.4 ) FAIL 160
C U AND V DISPLAGEMENTS FROM STATIC SOLUTION OR SET EQUAL TO ZERO INGECM 170 10300FORMAY (/7 45H FAILURE DUE TO- THRUST-MOMENT INTERACYION FAIL 170
c OYNAM GEOM 180 1 8H AT X = , E12.4y BH Y = o E12.4 ) FAIL 180
c . GEOM 190 1070 FORMAY ( //723H FAILURE AT TIME = , €12.4 ) FAIL 130
OXIM1 = X(5) # UL5) = X{&) - U(w) GEOM 200 1080 FORMAY ( 1H1 ) FAIL 200

DYIML = Y(5) + V(5) ~ Y{(4) = V(&) GEOM. 210 c . FAIL 210

XLIML = SQRT( (DXTIHMI * OXIN1) + (OYIML * OYIM1) ) GECM 220 C=-=-=--=CHECK FOR FAILURE AT EACH STATION AND IN EACH BAR FAIL 220

THIML = ASINC DYIML 7 XLIM1 ) GEOM 230 : [ FAIL 230

I3 DTHIML = ( { =U{5) & Ul4) 1 * SINITHIML) GEOM 260 KK = 0 FAIL 240

1 + (V53 = Vi&) ) * COS{(THIMLi) ) 7/ XLIM1 GEOM 250 K=10 FAIL 250
EPSAB(S)Y = XLIML / HI(5) - ONE GEOM 268 NJP3 = NJT + 3 FAIL 260

00 110 I = 64 NJP3 GEOM 270 C FAIL 270

OXT = X(I) ¢ ULI) - X(I-1) - U(I-1) GEOM 230 C-~=--CHECK FOR FAILURE DUE TO EXCESSIVE DEFLECTION FAIL 280

DYI = Y(I) + Vv{(I) ~ Y(I-%) - V(I-1) GEQM 29¢ C . FAIL 290

XLI = SGQRT{ (OXI * DXI) + (DYI * DYI) ) GEOM 380 00 120 J = &y NJPI . FAIL 300

THI = ASING OYI 7 XLI ? GEOM 310 IF { ABS{ VO(J) ) .LT. vMAX 9 GO TO 110 FAIL 310

0 DIHL = ( ¢ =U(I) ¢ UL{I-1) ) * SIN(THI} GEOM 320 IF ( KK +EQs 0 ) FRINT 1080 FAIL 320

1 + ( V(I) - V(I-1) ) * COS(THD) ) 7 xLI GEOM 330 KK = 1 FAIL 330
EPSABII) = xLI / wI{I) - ONE GEOM 3640 K =1 FATL 340

PHIJC(I-1) = THO * ( OTHI = DTHIML ) /7 € XLIML # XLI ) GEQM 350 PRINT 1000, X(J), YCJ) FAIL 350

XLIML = XLI GEOM™ 360 110 IF { ABS( UD(4) ) LT, UMAX ) GO TO 120 FAIL 360

ODVHIM1 = DTHI GEOM 370 IF € KK +EQ. D ¥ PRINT 1080 FAIL 379

110 GONTINUE GEOM 380 KK = 1 FAIL 380

4 . GEOM 390 . K =1 FAIL 3910
RETURN GEOM 400 PRINT 1010, X{J)y Y(JN) . FAIL 400

END . GEOM 410 129 CONTINUE FAIL 410

c . FAIL <20

C--=-==CHECK FOR FAILURE QUE TO SHEAR . FAIL 430

c FATL %40

00 130 J = 4, NJF3 "FAIL 450

SHEAR = ( 8M(J) = BH(J=-1) ) 7 ('XYLGJ} - XYLUJ-1) ) . FAIL 460

IF ( ABS (SHEAR) .LT. SMAX(J) ) GO TO 130 FAIL 470

K=1 FAIL 480

X8 P53 ® ( XtJ) + X(J-1) ) FAIL 490

Y8 = P5 * ( YUJ4) ¢ YJ-1) ) FAIL 500

IF [ KK .EQ., 0 % PPINT 1080 FAIL 510

KK = 1 FATL 520

PRINY 1020, X8, Y8 FAIL 530

130 CONTINUE FAIL 540

4 FAIL 550

C==--= CHECK FOR FATLURE DUt TGO THRUST =~ MNMENT IMYTRACTION FAIL 5607

c FAIL 570

DO 190 J = 4,y NJIF3 FATL 580

TJ = P5 * ( TWJ) ¢ Tt ) FAIL 530

IF { TJ .GT. ZERO ) TJ = ZERO FAIL B00

TJ = A0S (TJ) . FAIL 610

BMPC = BM(J) ¢ TJ*( OPC(JY = CG(J) ) FAIL 621

IF ( 8MPC .GT. ZEROD ) GO TO 160 FAIL 630

c FAIL 640

C----=SEARCH NEGATIVE PART OF I/A4 DIAGRAM FAIL 650

c . FAIL 660

I =1 ) FAIL 670

140 IF € TJ oLT. (PMULCJ) * PIAN(I#1))) GO TD 1572 FAIL 680

I=1I¢+1 FAIL 890

GO ¥O 140 . - FAIL 700

96



1500 BMMAX= GMUL (J) * (BIANCI) ¢ ( TJ/PMUL(J) - PIAN(I) )
/7 (PIANUI#1) = PIANUI) ) * (BIAN{I#1) - BIAN(I)
IF { BMPC .GT. BMMAX ) GO TO 190

K=1
IF ( KK «EQs 0 ) PRINT 1080
KK = 1
PRINT 10308, X{(J), YUJ)
GO0 TO 190
C
C-----SEARCH POSITIVE PART OF I/A DIAGRAM
c
160 I1=9
170 IF ¢ TJ JLT. (PMULCJ) * PIAN(I-13)) GO TO 180
I=1-1
GO Yo 170
1800 BMMAX = BMUL (J) * (BIAN(I) # (TJ/7PMUL(J) - PIAN(I) )
¢ (PIAN(I-1) = PIAN(IY ) * ( BIAN(I-1) - BIANLI)
IF ( BMPC .LT. BMMAX ) GO TO 190
K=1
IF ( KK .EQ. 0 ) PRINT 1080
KK = 1
PRINT 1030, X(J}, Y(J)
130 CONTINUE
IF ( K +EQ. 1 ) PRINT 1070, TIME
c
RETURN
END

FAIL

) FAIL

FAIL
FAIL
FATL
FAIL
FAIL
FAIL
FAIL
FAIL
FAIL
FAIL
FAIL
FATIL
FAIL
FAIL
1)FAIL
FAIL
FAIL
FAIL
FAIL
FAIL
FAIL
FAIL
FAIL
FAIL
FAIL

7110
720
730
740
750
760
770
780
r9p
8ao
810
820
830
8ua
850
860
870
880
890
anon
910
920
930
940
950
960
970

SUBROUTINE IMPULS ( JI, JM, JL, TQi, TQ2, TQ3, QI, Xy NC )
Ce-===CALCULATE EQUIVALENT CONCENTRATED IMPULSE FROM PARABOLIC DIST.
Cc

ODINENSION TQ1(20), TQ2(20)y TQ3(20), QI(165)y X(105),
JI(20), JM(20), JL(20)

1
0DATA ZERO, TWO, FOUR, SIXy TWEL / 0.0€00, 2.0£08, 4.0E00, 6.0E00,

1 1.2601 7
c
DO 150 N = 1, NG
IF ( JHIN) oGT. JI(N) ) GO To 130
105 IF ( JLONY .GT, JI(N) ) GO TO 110
C~=~-==CONCENTRATED IMPULSE AT JI(N)
: J = JI(N)
aI(J) = TAL(N)
60 To 150

C~-—-=LINEAR DISTRIBUTION FROM JI(N) TO JL(N}
110 JSTRY = JI(N)
JSTOP = JLIN}

oL = TQ1(N)

QR = TQA3 (N}

XL = X(JSTRT)

XR = Xx(JSTOP)

DQ = ( QR - QL ) /7 ( XR = XL )

JSTOP = JSTOP - 1
Do 120 J= JSTRT, JSTOP
H = X(Jel) = X(J)
GR = QL & H*DQ
QI(J) = QI(J) # H # ( THO * QL ¢ QR ) / SIX
GI(J¢1) = QItJ¢1) + H * ( QL ¢ TNO * OR ) / SIX

aL = QR
120 CONTINUE
G0 TO 150
C-~-~-PARABOLIC DISTRIBUTIGCN FROM JI(N) TO JL(N)
130 Ji = JI(N)
J2 = JMN)
J3 = JLN
01 = YOLIN)
G2 = TQ2(NY
03 = TQ3(N)
X1 = xoJ1)
X2 = X(J42)
X3 = X(J3)

TEMPL = Q1 7 ( ( X2 - X1 ) * ( X3 - X1 ) )
TEMP2 = Q2 7 ( ( X1 = X2} * ( X3 = X2 ) )
TEMP3 = Q3 /7 ( € X1 - X3 2 * ( X2 = X3 ) )

XL = x1.
XM = X(Ji+1)
H2 = XM - XL
g2 = Q1
0 03 = ( X2 = XM ) * ( X3 -~ xM ) * TEMP1
1 + 0 X1 - xM ) * ( X3 - XM ) * TEMFZ
2 ¢ (X1 - XM ) * { X2 = XM ) * TEMP3
JSTRT = J1
JstoP = 43 - 2
00 140 J = JSTRT, JSTOP
a1 = n2
Q2 = Q3
H1 = H2
XR = X(J+2)
H2 = XR = X(J ¢ 1)
L] Q3 = ( X2 ~ XR ) * ( X3 -~ XR ) * TEMP1
1 + (XL = XR )} * ( X3 - XR ) * TEMP2
2 +# (XL - XR ) * { X2 - XR ) * TEMP3
A= ( HL # THO®H2 } /7 ( HL & H2 )
B = HL ® HL /7 { H2 * ( H1 ¢+ H2 ) )
0 QICJ). = QI(JY & H1 * (C A ¢ THO ) * 01 + ( THO+HI/H2 ) *
1 02 - 8 ¥ Q3 ) / FTHWEL
¢ QI(J+1) = OI(U*#1) + H1 * (A * Q1 ¢ ( FOUR + H1 7 HZ2 ) *
1 0z - 4 ¥ Q3 Y /7 THEL
140 CONT INUE

IMPU
THPU
IMPU
IMPU
IMPU
IMPU
IMPU
IMPU
IMPU
IMPU
IMPU
IMPU
INPU
IMPU
IMPU
INPU

T IMPU

INPU
IMPU
IMPU
IMPU
IMPU
IMPY
IMPY
IMPY
IMPU
InMPY
IMPU
Imey
ImMPU
IMPY
IMPU
IMPU
IMPU
IMPU
IMPU
IMPY
IMPU
IMPU
IMPU
IHPU
IMPU
IMPU
IMPU
IMPU
IMPY
IMPU
IMPU
IMPY
IMPYy
IMPU
TMpy
Inpy
INPY
™MPU
™el
Impyy
IMPU
MPU
IMPY
IMPU
IMPU
INPU
IMPU
IMPU
IMPU
IMPU
MPU
IMPY
INPU

240
250
260
2790
280
2910
300
3190
320
330
340
350
350
370
380
390
400
410
420
430
w40
450
460
470
480
430
5090
510
521
530
5490
5510
561
570
580
590
680
610
820
630
640
650
660
670
680
690
7890

L6



150

oo

A= H2 + THO * H1 ) 7 ( H1 + H2
8 =H2 *# H2 /7 { H1 * ( HL + HZ ) )

QI(JISTOP#1)
QI(JSTOP+2)
CONTINUE
RETURN
END

= QI(JSTOP#+1) + H2 * ( A * QA3 + ( FOUR ¢
H2 7/ H1L ) * Q2 -~ B * Q1) / THEL

= QI{JSTOP¢2) ¢ H2 * {( A ¢ TWO ) * Q3 +
{ THO ¢ H2 7 H1 ) * Q2 - B8 * Q1 ) 7/ THEL

IMPU
IMPU
HPU
IMPU
IMPU
IMPU
IMPU
IMPU
IMPU
IMPU

710
720
730
740
750
760
770
780
790
300

DSUBROUTINE IFORCE ( PEPSA, PPHI, EPSO, BM, T,
1

EPSAy PHI,

0y AT, DT, AB, 0B, B, CG, NSNS,
2 EPSMUL, EPSN, SIGMUL, SIGN, NSSC, MAT,
3 EPSOT, EPSO0By TEPSO, TEORT, TEORB )

C
C-----CALCULATE BENDING MOMENT ANO THRUST AT CROSS SECTION
c

c

c

Ceeav=SET UP

c

100
C-===-NSNS =

c

¢-----SET UP
€

O0DIMENSION ST{10), EP(10), EPSO{30), TEPSO(30},
1

EPSHMUL(5), EPSN{10,5),SIGHUL(5), SIGN{10,5), MAT(D)

DATA ZEROy PS5 / 0.0EGO
8M = ZERO
T = ZERO

DTOP = ZERO
HN = 0 7/ NSNS
M 1

00 180 I 1, NSNS

00 170 N = 1, 10

s 0.5EQ0 /7

ODIMENSIONS FOR EACH SECTION

NUMBER OF SEGMENTS IN SECTION

STRESS=-STRAIN CURVE

STIN) = SIGMUL(M) * SIGNUN.M)
EP(N) = EPSHMUL(M) * EPSNIN,M)

170 CONTINUE

c
C--=-=CALCULATE CONTRIBUTION TO MOMENT AND THRUST
[

DA = HN * B
QEP = DTOP +

P53 ® HN - CG

c
C=-=-=-=CALCULATE PREVIOUS AND CURRENT STRAIN LEVELS
c

PEPS = PEPSA

EPS = EPSA ¢
CALL SEARCH ( ST, EP,

DF = DA * SIG

T=T ¢ DF

8M = BM & OF

OTOP = DTOP +

1890 CONTINUE

+ DEP * PPHI
DEP * PHI

PEPSy EPSO{I), EPS, 5IG, TEPSO(I) )

* DEP
HN

C .
C=-===CALCULATE CONTRIBUTION OF REINFORCEMENT

c

00.-190 N = 1, 10

STI(N) = SIGMUL(NSSC) * SIGN(N,NSSC)
EP(N) = EPSMULINSSC) * EPSN(N,NSSCY

190 CONTINUE
IF ¢ AT .EQ. ZERO
DEP = DT - CG
PEPS = PEPSA
EPS = EPSA +
CALL SFARCH ( ST, EP,
DF = AT * STG
T=T+0F

) GO Tn 192

+ DEP * PPHI
NEP * PHI
FEPS, ZPSOT, EPS, SIG,

AM = BM ¢+ OF * OEP

192 IF ( A8 .EQ. ZERO
DEP = D3 - CG
PEPS = PEPSA
IPS = EPSA +

GALL SEARGH ( ST, P,

DF = A8 * SIG
T=T¢0F
8M = @M + OF

195 CONTINUE

RETURN
END

' GO To 195

+ DEP * PPHI

pEP * BHI

PEPS, FPSOR, EPS, SIG,

* nep

TZORT )

TEORS )

IFOR
IFCR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
1FOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOP
IFOR
IFOR
IFOR
IFOR
IFOR
IFQR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFOR
IFQR
IFOR
IFce
IFOR
IFOR
IFOR
IFCR
IFo=
IFOR
IFor
IFOR
IFOR
IFOR
IFoR
IFoR
IFOR
IFOR
IFQR

- IFOR

IFQR
IFOR
IFOR
IFQ°

510
5280
530
540
550
569
570
540
590
600
610
520
630
640
650
6510
670
680
690
700
710

86



SUBROUTINE SEARCH ( ST, EP, PEPS, EPSO,
C-~--~-SEARCH STRESS ~ STRAIN CURVE FOR CURRENT LEVEL

c
c

DIMENSION ST(1D), EP(10), TS(12), TE(12
DATA ZERO, ONE /

/ 0.0£00, 1.0E00

C
C--=-=SET UP AUXILIARY POSITIVE CURVES

0o

KEY =
TS
TE(L)
TS
TE(?)
J=5
K=256
100 I =
TS¢I)
TE(IY
TSI+
TE(I
J=dJd
K=K

100 CONTINUE
C-----DETERMINE PREVIOUS STRESS LEVEL

IF

GO
110
120

{ PEPS
ET =
TO0 120
ET =
PSIG

ZERO
ZERO
ZEROD
ZEROD

2, 6

- ST(N
= = EP(J)
8) = STWK)
+ 6) = EP(K)
-1
+1

«GE. EPSO ) GO TO 110
1S(2) 7 TE(2)

TS(8) 7/ TE(8)
= ( PEPS - EPSO ) * ET

C=-=--=CHEGK FOR POSITIVE OR NEGATIVE CURVE
IF t EPS -~ EPSO ) 320, 130, 140

130
50
160 IF
IF
1a4
6o
148
150 IF
1600
1
50
170
G0
180
60
199
200 IF
2100
1
[
220
60
238 IF

SIG =
I =38
17 =
AEPS
C =0
T0 250
t PSIG
¢ EPS .
I =38
IT =
c=0
SIG6 =
AEPS
Y0 250
I =28
APEPS
IT =
c=0
AEPS
{ PSIG
EPSS

T0 190
EPSS

/
T0 250
SIG =
To 250
( J .GE
TSIG
TEPS

ZERO

12
= EPS
NE

LT, 0.9000 ) GO TO 330
GT. PEPS ) GO 70 148

12
NE

( EPS - EPSO ) * ET
= EPS

= PEPS

12

NE

= EPS

TS(I) ) 160, 170, 130
APEPS - TE(I-1) - { TEU
¢ PSIG - TS(I-1) ) 7 (

« 01

= APEPS - TE(D)

PSIG

APEPS

{ TE(J) ¢ EPSS Y ) 240,
TSIG ¢ ( TS(J) - TSIG)
{ TELJ) ¢ cPSS - TEPS )

TSN

« IT ) GO TO 240
= TS
= TE(J) + EPSS

EPSy SIGy YEPSO )

I) - TE(I-1) )
TS(I) - TS{I-1) )

220, 230
* ( AEPS - TEPS )

SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR

SEAR

SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR

210
221
230
240
250
260
2ro
280
299
300
310
320
330
340

350 -

350
370
380
330
400
410
420
430
440
450
460
4740
480
490
500
510
520
530
540
550
560
570
580
598
600
6110
620
6310
-X31)
650
6690
670
680
690
700

2790
280
290
30¢
305
306

308
310

320

325

60

Jd=J &1

TOo 200
SIG =

TEST OFF CURVE
( KEY +EQ. 1 ) GO TO 305

IF
IF
60

60
IF

GO
IF
IF
GO
G0

IF
IF

GO

ZERO

( AEPS ~ TE(I) ) 260, 270, 230
TSIG = TS(I~1) + ( TS(I) - TS(I-1) )
* ( AEPS = TE(I-1) ) 7 ( TEID)
T0 300
TSIG = YSUI)
TO 300
(. I «GE. IT ) GO TO 290
I=1+1
T0 250
1SIG = ZERO
{ TSIG «LT. SIG ) SIG = TSIG

SIG = C * SIG
{ SIG » 306, 3064 308

{ PSIG +6T. ZERO

EPS = SIG * TE(K) 7/ TStK)

) 60 TO 340

( EPS 6T, PEPS )} GO TO 325

I1=2
IT = 6
AEPS = - EPS
APEPS = ~ PEPS
PSIG = =~ PSIG
€ = -ONE

T0 150
C = ~ONF
SIG = ABS ( EPS - EPSO ) * EY
AEPS = - EPS
I=
IT =

TOo 250

C-==-=REVERSAL NEGATIVE TO0 POSITIVE
330 EPSS = EPSO

PSIG = ZERO
I1=28
Jg=1
IT = 12 )
APEPS = ZERO
AEPS = EPS
TSIG = ZERO
TEPS = EPSO
C = ONE

IF
GO

ET = TS(B) /7 TE(M)

 EPSO .LT. ZERD ) KEY = 1
To 200
C--~---REVERSAL POSITIVE VO NEGATIVE
340 ‘I =2
J=1
IT = 6
EPSS = - EPSC
PSIG = ZERQ
APEPS ZERO
AEPS = - EPS
TSIG = ZERO
TEPS = - EPSO
C = - ONE

9999
c

IF
GO

ET = TS(2) 7 TE(2)

{ EPSO .GT., 2ZERO

70 200

CONTINUE

RETURN
END

) KEY = 1

- TE(I-1) )

SEAR 710
SEAR 720
SEAR 730
SEAR 740
SEAR 750
SEAR 760
SEAR 770
SEAR 780
SEAR 730
SEAE 803
SEAR 810
SEAR 820
SEAR 830
SEAR 8410

SEAR 850

SEAR 860
SEAR 870
SEAR 880
SEAR 890
SEAR 900
SEAR 910
SEAR 920
SEAR 930
SEAR 940
SEAR 958
SEAR 960
SEAR 970
SEAR 980
SEAR 990
SEARL000
SEAR1010
SEAR1020
SEAR1030
SEAP1040
SEAR1050
SEAR10680
SEAR1070
SEAR1DYD
SEAR1090
SEAR1100
SEAR1110
SEAR1120
SEAR1130
SEAR1140
SEAR1150
SEAR1160
SEAR1170
SEAR1180
SEAR1190
SEAR1200
SEAS1210
SEARL220
SEAR1230
SEAR1240
SEAR1250
SEAR1260
SEAR1279
SEAR1230
SEAR1290
SFAR1300
SEAR1310
SEAR1320
SEAP1330
SEAR1364D
SEAR1350
SEAR1360
SEAR1370
SEAR1380
SFAR13490
SEAR1I4LTOD

66



APPENDIX D

SAMPLE INPUT AND OUTPUT DATA
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PROGRAM TMPFM - FOR ANALYSIS OR PREDICTION OF COLLAPSE OF PLANZ FRAMES TABLE 7. STRESS~STRAIM CURVES
UNDER STATIC OR IMPULSE LOADS

TURVE MO, 1

IMPFM TEST PROBLEMS - EXAMPLE PROBLEMS FOR CISSZRTATION STRESS VALUE SCALZ FACTOR 1.G00E+C3
CORIN 1-12-73 BY GMR STRAIN VALUE SCALZ FACTOR 14006503
STRISS INPUT VALUES
PROBLEM [PF1 0,000 =2,C00 ~4,000 ~4.010 =&,000 «001 002 o363 «00L <305
. . STRAIN IMPUT VALUES
PORTAL FRAME WITH UNIFORM LDAN OF BEAM = STATIGC SOLUTION ONLY =1€.00C 54250 ~2,53% =2.86C -1.5C0 2.0CC &,C0C €.200 8,500 16.0C)

. CURVE NO. 2 :
TABLE 1. PROGRAM CONTROL DATA STRESS VALUE SCALE FACTCR  1.COOF+0&
STRAIN VALUE SCALE FACTOR  1,090E-03
ND CEEP OPTIONS EXZRSISED
STRZSS INPUT VALUES
STATIC SOLUTION REQUIRZD YES S0 7l =o 730 -£a720 =Lu710 ~0700 %.70C 471G 4,720 4,736 L,781)
STATIC OUTPUT OPTION 2 . STPAIN INPUT VALUES
~15.70€+12.200 =B.640 =5.1C5 =1.570 1.570 5.100 B.640 12,200 15,709

TABLT 2. JOINT rOOPOINATES ANO CRCSS SZCTION DESCRIPTION
TABLE 4. BEAM/COLUMN MASS AND ELASTIC SUPFORTS

FROM TO CONT MASS HORIZONTAL VERTICAL SuUPPQRT
ALJOINT COORDINETES AMD MATERIAL STA  STA Coe? SUPPORT SUPPORT CODE
JT.NO. ¥-CDORD Y=-COCRD MATERIAL 2 & 2 -0, 1.00CE+1¢ 1.020E+18 L18
E% 64 ¢ -GC. . 1.3322E+10 1.330F+40 At
24 Te 1.800E+G¢ 1
b 1.800€+02 1.88C0E+C2 1
Ak 1.8628452 'Ry 1
TAELE 5, STATIC LOADS
3,CROSS SEGTION AND REINFORCEZMENT OSSCRIFTION FRaM TO CONT HORIZONTAL VERTICAL
. STA  STA Co0OD= LOAD LOAD
STA WIDTH NEPTH TOP REIMF 2aTTOM REINF NO. .
SECT. SECT. ARER NEPTH AREA DEPTH - SEGM, 2% ab 2 -0 -4,167F+01
& 8,0C0E+09 1,2092+01 1.000E+?7 2,J3CE+2C 1.0C0E+00 1.000E+01 12
5% 9. CC0E+05 1.209C+01 1.990E+90 2,20CE+30 1,0C008+0C 1.060E+01 12 TABLE €&, IMPULST LCADING
- o NONE

TABLE 7. GOLLAPSE FR7AMETERS

NONF

LOL




PROGRAM IMPFM = FOR ANALYSIS OR PREDICTION OF COLLAPSE OF PLANE FRAMES
UNDER STATIC OR IMPULSE LOADS

IMPFM TEST PROBLEMS - EXAMPLE PROBLEMS FOR NISSERTATION
€ODID 1~-12~73 BY GMR

PROBLEM IPF2

GABLED FRAME « STATIC CONCENTRATED LOADS - NO DYNAMIC LOADS

TABLE 1. PROGRAM CONTROL DATA
NO KEFP OPTIONS EXERCISED

STAVIC SOLUTION REQUIRED YES
STATIC OQUTPUT OPTION 2

TABLE 2. JOINT COORDINATES AND CROSS SECTION DESCRIPTION

A, JOINT COGRDINATES AND MATERIAL

JT.NO. X=COORO ¥-COORO MATERIAL
2u t. 1.200E402 1
4o 1.200E+02 1,800E+92 1
6 2,L00E+02 1.200E+02 1
34 7e400E4D2 0. 1
B.CROSS SECTION AND REINFORGEMENT DESGRIPTION
STA  WIDTH  DEPTH TOP REINF B0TTOM REINF NO,
SECT, SECT. AREA  DEPTH AREA DEPTH SEGM,

i B,GUIE+G0 1.200E+01 1.,0)0E+30 2,0005+00 1,000E5+400 1.G00E+01 12
84 B400CE+0C 1,2G0E+01 1.0830E+00 2.00CE+90 1.000E+00 1.000E+01 12

TagLE

TaBLE

TABLE

TABLE

TARLS

3. STRISS~STRAIM CURV:S

CURVE NO. 1
STRISS VALUZ SCAL. . ACTOR
STRAIN VALUR SCALZT FACTOR

1.000€493
1.0800E-23

STRZISS INPUT VALUES

0.0CC -2,398 -4,600 -4,010 -4,009 «0C1 <002
STRAIN INPUT VALUES
=13.000 =£4250 -2,590 «2,00C -1.5C00 2.6490 4,00
CUR¥EZ No, 2
STRESS VALUE SCALE FACTOR 1.000E+GL
STAIN VALUE SCALEZ FATTOR 1.000E-03
STRESS INPUT VALUES
cae7hll =4o730 =44720 ~44710 =L 700 44700 4,710
STRAIN INPUT VALUES
~15.700-124290 ~8.640 ~5,100 =1.570 1.570 5.10C
4o BEAM/COLUMN MASS AND ELASTIC SUPPNF TS
FROM Y0 CONT MASS HORIZONTAL
STA STA CODE SUPPORT
o 4 3 -0, 1.000E+10
8% 84 0 © =B 1.000E+40
5. STATIC LOADS
FRIM TO CONT HORIZONTAL VERTICAL
STA STA CODE LOAD LOAD

2+ 24 3 1.000E+03 =-0.
3% 24 [ -0. =5.000E+03

6¢ IMPULSE LOADING

MONE

7e COLLAPSE FARAMETERS

NONZ

«003 « 004
5.003
Le720 4.730

8,640 12.20C

VERTICAL
SUPPORY

1.000€+10
1.000E+10

«0C5

8,000 10,0C3

LoTWl

15.7C0

SUPPORT
cong

AL
AL

201



PROGRAM IMPFM - FOR ANALYSIS OR PREDICTION OF CNLLAPSE OF PLANE FRAMES

UNDER STATIC 0OR IMPULSE LOADS

IMPFM TiST PROBLEMS = EXAMPLE PROBLEMS FOR DISSERTATION

COoNID 1-12-73 BY GMR

PROBLEM IOFY

SINPLE PCINFORCED CONCRETE 3EAM - CCOM3INZO STATIC AMD OYNAMIC LOADS

TABLT 1. PROGRAM COMTROL DATA

NQ €SP OPTIONS ZXERCISED

STATIC SOLUTION REQUIRED YES
STATIC NUTPUT OPTION .
NUMIZR OF DYMAMIC LOADINGS
DYMAMIC OUTPUT OPTIONM

OUTPUT INTERVAL -5
TIME LTMIT 1,000E-32
TIMI INTERVAL INTERNAL

1NN

TABLE 2. JOINT COORDINATES 4n) JROSS SECTION DESCRIPTION

A.JOINT COORDINATES ANO MATERIAL
JT.NO. X=COORU Y=-COORD

2L 1.828E+32 0«

3,C0R0SS SZCTION AND REINFQRCEMENT 0OESCRIFTION

STA WIDTH DEPTH TOP RTINF
SECT, SECT. AREA DEPTH
4 B.CLCE+C0 1.200E+401 O 0.
24 8,0C0E407 1.2005+01 2. 2.

TABLZ 3. STRESS=-STRAIN CURVES

TUAVI NO, 1
STRESS VALUE SCAL: F4CTNR 1.970E4C2
ST2AIN VALUT SCALS FACTOR 1.9C0E-02

T VALUES
T =24080 =445 =LoB10 -4,70) «fal

TTOVIM TMEUT VALUSS
U =E.260 “24EJ3 =2.00C =1,500 2.0C0

lleul

MO, 2
“TeEgS vaLUT SCALY FACTOR 1.902E+ 04
STRAIM VALUZ SCAL: FACTOR 1.00CE-03

STTL3S INPUT VALUZS
S TLE =L 70 e4,72) =L TAC =4,703  L,T00

TOIN INPUT va <
1T a7 =T

=510 =14870 1,772

1.00CE+00 1.000E+01
1.000E+00 1.000E+01

TABLS 4, 3ZAM/ZCLUMN MASS AMD ELASTIC SUPPORTS

F®DM  T0  CONY MASS HORIZONTAL VERTICAL
STa  STa CODE SUPPORT SUPPORT
“ 24 3 2.160E=02 -3 =0
+ & 2 ~0. -0 1.000E+10
14 is 3 =0 1.30CE+1C =0,
2@ 26 kg -0, ~0. 1.090E+10

TARLE . STATIC LOADS

FROM . TO CONT HORIZONTAL VERTICAL
STA STA CODE LoAN LoAn
Y 2w Bs =0. ~4l,1670+01

TABLE Be. IMPULST LOADIMG

IMPULSE LOADING NUMAER 1

INITIAL INTERMEDTATE FIMAL LOADING
STH IMPULSE STA IMPULSE STA IMPULSE CODE
~ [ 6 =7.725E+70 8 ~1,463E+401 1
8 =1,L60E+GL 14 =2.5CCE+01 23 =1.4EQ9E+01 1
20 ~1.469c+01 22 =7.725E+00 24 Ce 1

TABLE 7. COLLAPSE PARAMETERS

DIS?LAGEMENT LIMITS

MAX HORIZONTAL MAX VERTICAL
DEFL DEFL
240002400 3.500546C

SHIAR LIMITS

TERM SHZAR
STA YALUE

2. 3.3002+0%

INTZIRACTION DIAGPAM DATA

MULTIPLIERS

TERM AXTA. ~“NRTE HOMENT
ST Mot Tivulzie e TIPLIEP
2a laad et LedGQECE
CNAPILSSIVE STARAIN AT P=ULT " {ICE-22

AXTAL FORCMT INPUT VALUZS
=3.000 14230 24380 34050 4270 2,500 14100 «SEC
MOMTNT INPUT VALUZS

-.09C

5,300 7.703 6,520

SUPPORT
coneE

SL
SA
SL

eoL



PROGRAY LAFFM = FORSNALYSTS DR PREDIS TTON 0F COLLAPSE OF PLANE FRAMES
: T+ UNGER STATIC OR IMPULSE LOADS

IMPFM TEST PROBLEMS - EXAMPLE PROBLEMS FOR DISSERTATION
CIDED 5-25-73 Bf GMR

PROBLcM 1IPF&4

PURTAL FRAMZ WITH SINUSOIDAL IMPULSE LOAD ON BEAM ANU COLUMNS

TABLE 1. PROGRAM CONIROL DATA

NJ. KeeP IPTLONS ZXzRCISED

STATIC SOLUTION RIQUIRED NO

WUMBER UF DYNAMIC LUADINGS 1
OYNAMIC JUTPUT JPTION 2
UJTPUT INTcRVAL 13
Tame LIMIT lessiuE=il

TIME INTERVAL 2.0LiLE=35

TABLE 24 JOINT. CUORDINATES AND CROSS StECTION DESCRIPTION

AsJOLINT COOROiLNAIZ3 AND MATERIAL

JToND. X=COORD Y-COORD . MATERIAL
2w .o 9.6LE+IL 1 )
ST T GLEILERITT T T 9TRIBETLTT T T T Lt T T Tt o
ol 9BIC4IL & ue i :

B4CROSS SEdleN ANDO REINFORCEHMcNT DESCRIPTION

SiA WIITH UEPTH TOP RZINF BOTTOM REINF
Sz=3T. SeCTe AREA DEPTH AREA DEPTH
+ beu.uIti. BeGDuEFICTa =l -
0+ welouItil BesGJIE+IT=Le ~0. - -G
TABLE 3+ STRESS=STRALN CURVES
CJURVz NUe o
SIRISS VALJZ SCAL: FACTOR  LleuluE+is
STRALN VALJ: SLALE FACTOP  aeiuié=s3
SIRESS 1NPUT VAL JcS
mveiw, e TE. 44720 =waTi. =weluld  4al.. weTl. e72: <473

STRAIN INFUT VA JzS

=153/ 0u=1202. =8e6wr =3ell. =~1487yv 14370 »e10C doeolu 12.20)
Tasis +¢ AW/ COLUGN 1ASS ANU clLASTIC SUPPORIS
FrOM 0 CuUNT 4ASS HORIZONTAL VERTICAL
STA  STa  Jud: SUPPORT SUPPORT
“ o+ 3 ael50c="1 S e
- ¢ 3 =L Leldudit+iv Leduuitis
T 64 . L. lessuctay Lediuntly

NO.
SEGM.

X

Selwa

15707

SUPPORT
code

AL
AL

TASLE 5. STATIC LOADS

FRUM TO CONT HORIZONTAL  VeRTICAL
STA STA CODE LOAD LOAD
LIS B -G -
TABLE e IMPULSZ LOAJING
IMPULSE LOADING NUMBZER 1
INITIAL LINTERMEDIATE FINAL LOADING
STA .~ INPULSE STA  IMPULSE STA  IMPULSE CODE
v de 6 =7.725c+0i 8 =1.,469E+ul 2
8 =le4092451 1y =2.5GGE+VL 20 ~1.469E+i1 2
20  ~iewbYztil 22 -7 723E480 24 G 2-
26 .. 6 =7.725E+s¢ 28 ~1.462E+0L 1
23 =lew03ztui S4  =2.5UCE+LL 4y =14469E+u1 1
4. =1e4B9E4ul w2 ~T7e725cHun PO 1
i e Ge : wb  =7.725E+.u 48  ~1.469E+ul 2
) 48 =1,469:i+.1 54 =245 dE+ul B3 =1.469E+u1 2
: 8L ~1.469%2¢.i 62 =7.725ctuu 6 e 2
! TABLZ 7. GCLLAPSZ PARAMETERS
! DISPLACZYENT LIAITS
. MAX HORIZONTAL MAx VERTICAL
| . DiFi DEFL
! e FTE L Y 20005 E+GL
SHEAR LIMITS
TERM SHEAR
STaA VALUE
6% 3 0C0E+2y
INTZRACTION OIA3KAM DATA
AULTIPLLcRS
TERM AXIAL FORCe MOMENT
STA  MULTIPLIER MULTIPLIER
64  1esGUE+1S 1oL GE+LS
CUMPRISSIVI STRAIN AT P=ULT 2eCuLe=23
AXLBL FORS:I LAPUT VALUES
“le.ss Lei Ll 2eui. deddL weil. 2eE.. el o35,
MOMEWT LHPJi VALU-S
=evdi "Deiiu =UeBe. =5e5.iu mtecss Dedue Fete. EeBil

vOoL



PROGRAM IMPFM = FOR ANALYSIS OR PREDICTION OF COLLAPSE OF PLANE FRAMES . TABL: 4o BEAM/COLUMN MASS AND ELASTIC SUPPORTS
UNDER STATIC OR IMPULSE LOADS

FROM TJ CONT MASS HORIZONTAL VERTICAL  SUPPORT
STA STA CODE SUPPORT SUPPORT CODE
IMPFM TEST PROBLEMS - EXAMPLE PROBLEMS FOR DISSERTATION
C3DED 5-22=73 BY GMR [ 3 2.963€-02 =G -0
32 6d 3 3.340E-02 0 -0.
67 94 3 24963E-(2 -0 -0.
PROBLEM IPF§ I [3 3 -0 1.000E+10  1,00CE+10 AL
- 5 5 3 -C. 1.,000E+18 =0, SA
PORTAL FRAME WITH SINUSOIDAL IMPULSE LOAD ON BEAM 93 93 3 -C. 1.0uGE+10 -0, SA
R e 9% b ~Ce . 1.03CE+10  1.000€E+18 AL

TABLz 1. PROGRAM CONTROL DATA .
TABLZ 5« STATIC LOADS
NO KEcP OPTIONS ZXERCISED

FRIM TO CONT HORIZONTAL  VERTICAL
STATIC SJLUTION REQUIRED YES sfa STA CODE . LOAD LOAD
STATIC OJTPUT OPTION 2
NUMBER OF DYNAMIC LOADINGS 1 4 31 3 -0, ~1e144E+401
DYNAMIC OUTPUT OPTION 2 32 65 3 ~L. ~1.295E+01
OUTPUT INTERVAL 1 87 9% “Ce L 14kE+DL
TIMZ LIMIT 1.000c=C2
TIME INTERVAL 1.000E-06

TABLE &. IMPULSE LOADING

TABLE 2+ JOINT COORDINATES AND CROSS SECTION DESCRIPTION
IMPULSE LOAUING NUMBER %

. o INITIAL INTERMEDIATE FINAL LOADING
AsJIINT COIRDINATZS AND MATERIAL STA  IMPULSE STA  IMPULSE STA  IMPULSE CODE
JT.NO. X=-COORD Y=-COORD MATERIAL 32 0. 36 =-7.725E+00 40  =1.4B9E+GL 1
. ~ 45 =1.4B9Z4.1 49  -2.5ubE+01 58 =1,469E+01 1
32 i 1.680E+12 1 58 =1.k69T4C1 62 ~7.7258400 66 Lo 1
66 2.000E+02 1.68CE+52 1
1

9% 2eulBE+D2 Q. .
. TABLE 7. COLLAPSE PARAMETERS

BeCROSS ScSTION AND REINFORCEMENT DESCRIPTION
DISPLAGEMENT LIMITS

STA WIDTH DEPTH TOP RIINF BOTTOM REINF NO.
SI5Te SECT. AREA DEPTH AREA DEPTH  SIGM. HAX HORIZONTAL HAX VERTICAL
. ) DEFL DEFL
24603 E+0L 2.560E+04
% Ledd0E+01 1.200E+01 1.800E+00 2.000E400 1.800E+00 1.00GE+0L 12 .
10200E+01 1.800€E+00 2,000E+0s 1.8U0E+4D 1.C00E+31 12
1.4DJE+01 14320E+¢05 2.G30E+0u 1.320E+90 1.200E+01 12 S4ZAR LIMITS
51 1.40E+01 1.320E+u0 2.003E+0C 1.32uE¢00 1.285E+08 12
66 1.330E+ul 1.20GE+01 1.806E4G0 2.0I0E+0u 1.B0LE+GC L.00GE+IL 12 TcRM SHEAR
9% 10G34Z¢01 1420vE+01 1,800E400 2.005E+0, 1.B00E¢20 1.3uEHIL 12 5TA VALUE
TABLZ 3. STRcSS=STRAIN CURVES 4+ we250E+0e

31 Lo 250E4CH
66 SeI0GE+IN
CJRVE NOo 1 EES we2B2EHUL
STRISS VALJI SCALZ FACTOR 1.000E+33
STRAIN VALJZ SCALZ FACTOR 1.06GE-03
INTERACTIUN DIASRAM DATA
STRZSS INPUT VALJES

veldBs =243ui =54000 =5eul. =5,(C] «001 G2 333 20 AULTIPCISRS
STKAIN INPUT VALJES TERM AXIAL FORCE MOMENT
10250, =6425" =2.500 -2.060 =125 2,000 4.000 5.004 8,300 13.007 STA MULTIPLIER MULTIPLIER
el 7edluc+lS F.8i0E+D6
CURVE ‘NO. 2
STRZSS VALJZ SCALL FACTOR 1.00CE+5 4 CUMPRESSIVZ STRAIN AT P-ULT 2.G03E~G3

STRAIN VALJ: SCALE FACTOR 1.0G0E=-"3 "
STRESS INPUT VALJES

“6efily =6,43. =6e020 =0svld =6.003 6430¢ 6401 6.020 6.030

STRAIN INPUT VALUES

~15.70u=12e23. =8.64L =5.1. =2.30s:  2¢d%c 5,107 B.b4d 12,200 15.74%

AXIAL FORCE INPUT VALUES
“Jeull e216 o320 J483 1.532
MOM:ZNT INPJT- VALUES
a2l =B =427, 4250 =).390

SoL



PROGRAM IMPFM = FOR ANALYSIS OR PREQICTION OF COLLAPSZI OF PLANE FRAMES
UNDER STATIC OR IMPULSE LOADS

IMPFM TcST PRIBLEMS - EXAMPLE PROBLEMS FOR DISSERTATION
003D 2-22-73 Br GMR

PROBLEY 1PF7

PORTAL FRAME WITH SINUSOIDAL IMPULSE LOAU ON RIGHT COLUMN

TABLE 1. PROGRAM CONTROL DATA

NJ KEZP OPTIONS IXIXCISED

STATIC SJILUTION REQUIRED YES
STATIC QUTPUT 03TION 2
NJYBER OF DYNAMIC LOADINGS 1
DYNAMIC OUTPUT OPTION 2
DJTPJUT INTERVAL 1
TIsc LIMIT 1.06(E-32
TIME INTERVAL

Sedlue=06

TABLE 2. JOINT COURDINATES AND CROSS SECTION DESCRIPTION

AsJOINT COJRDINATZIS AND MATERIAL

JT.NO. X=COORD Y=COORD MATERIAL
32 ie 1.680E+22 1
66 . 2eIHCEXI2 1.683E+02 1
9% 2.04GE+02 Ce 1

B.CROSS SESTION AN) REINFORCEMENT DESCRIPTION

STA WIDTH DEPTH TOP REINF BOTTOM REINF
Sc3T, SECT. AREA DEPTH AREA DEPTH

# 1.00054C1 14200E+01 1.800E+D0 2.003E+00 1.8J3E+00 1.000E+21
32 1.003z+01 1.200E+01 1.800E+00 2.GICE+Ju 1.800E+2C 1,0002+01
33 1,3J0Z401 144008401 1.320E+00 2.G0IE+00 1.320E+30 L1.20JdE+01
65 1edu8I+ul 1.400E+D1 14320E+40 2.0G7%E+)0 10 320E+00 1.205C+01
66 1.U90E+31 Le2UDE+U1 1.8CCE+00 2.000E+30 1.8u0c+du 1.,000E+401
9% 14Q7CZ+uUl ie200E+01 1.8J0GE+Uu 2.0G00E+00 1.800E+0C 1,.00CE+IL

TAaLt 3., STRESS=-STRAIN CURVES

CURVE NO. 1
STRISS VALJZ SCALE FACTOR
STRAIN VALJZI SCALL FACTOR

1eJ0uEHI3
1.0070€-23

STRESS INPUT VALJ:cS
e 52 24007 =Be0de =Seuiv =54G30 il 032 W03 cddy

STRAIN INPUT VALJES
=1Ls 03T -0e25. -2e500 =2.uus ~14255 2,000 4,300 6.20C 8.303

SJRVE NO. 2
STRISS VALJZ SCALE FACTOR
STRAIN VALJZ SCALE FAUTOR

lLeuc0E+"Y
1.040E~23

STRZISS INPUT VvALJES

“Geudl ~24 33, =0.022 =hHaeoll =Bedud B0l 5.311 34622 0.03)
STRALW INPUT vALJES

15070 a"1ce 20’ =8464y =50100 =2,00¢ 2.J0¢ 54100 3.b4d 12,200

NO.
SEGN.

0G5

1%.200

Sedb}

15,7335

TABLE 4. BEAM/COLUMN 4ASS AND ELASTIC SUPPORTS

234 T3 CONT MASS HORIZONTAL  VERTICAL
STA STA CODE SUPPORT SUPPORT
4 31 3 2.963E-52 -7, -0,
32 85 3 3.346E-32 -0 -C.
67 94 3 2.963E-02 -C. -0,
4 A 3 -c. 1.00CE+13  1.07GE+1D
5 5 3 -t 1.0006410 #=0.
93 93 3 -2, 1.000E+13 ~=3.
3% 9 M -C. 1.030E+420  14JQGE+1G
TABLE 5. STATIC LOADS
SROM  TO GCONT HORKIZONTAL - VERTICAL
STA. STA CODE. LOAD LOAD
¢ 3 3 -t, -1.144E401
3z 65 3 -G -1,290E+71
57 9 U -6 ~1.14LE+DL
TABLE 6, IMPULSE LOAJING
IMPULSE LOADING NUMBER 1
INITIAL INTERMEDIATE FINAL LOADING
STA  IMPULSE STA  IMPULSE STA  IMPULSE CODE
86 0. 69  7.725E+32 72 1.469E+01 2
72 1.4b9E+01 80  2.5GUE+01 88  1,469E+01 2
88 7.3453i+08 91 3.863E+0. - T 2

TABLE 7. COLLAPSE PARAMETERS

OISPLACEMENT LIMITS

MAX HORIZONTAL MAX VERTICAL
z OEFL

DzFu
2.303c+.0 2.500E+04
SHEAR LIMITS
TERM SHEAR
STA VALUE
b w,250E+CH
31 Le25CE+GH
&b 2. 000E+0 4
k13 4o 252E4CHL
IJTERACTION DIASRAM DATA
HULTIPLIERS
TcRM AXIAL FORCE MOMENT
3TA  MULTIPLIER MULTIPLIER
EL) 7eub.E+GS 9.8)0E+36

COMPRESSIVI STRAIN AT P=-ULT 2.000E-03
AXIAL FOXCZ INPUT VALUES

“veudy 0214 « 320 «480 1,533 + 480 323
MOMENT INPJT VALUZS

—e2l, ~e2b3 =e27L =4230 =ueid; «25¢0 2278

021

Y

261

SUPPORTY
COOE

=Je304

210

901



PROGRAM IMPFM - FOR ANALYSIS OR PREDICTION OF COLLAPSZ OF PLANE FRAMES
UNDER STATIC OR IMPULSE LOADS

IMPFM TEST PRIBLIMS - EXAMPLE PROBLEMS FOR DISSERTATION
CJODED 5-22-73 BY GMR

PROBLEM LPF8

PORTAL FRAME WITH SINUSOIDAL IMPULSE LOAD ON BEAM AND RIGHT COLUMN

TABLs 1. PROGRAM CONTR0L DATA
NJ KEEP OPTIONS IXERCISED

STATIC SOLUTION REWUIRED YES
STATIC QUTPUT OPTION

NJMBER OF DYNAMIC LOADINGS
DYNAMIC JUTPUT JPTION

QJTPUT INTZRVAL

TIME LIMIT 1.5308E-02
TIMZ INTZRVAL 5.000E~GH

[N

TABLZ 2. JOINT COORUDINATCS AND CROSS SECTION DESCRIPTION

AeJIINT COIKDINATZS AND MATERIAL

JTNO, X-COORD Y=-COORD MATERIAL
32 e 1.68LE+32 1
o5 2el4iZ452 1.68Cc+22 1
9 2.0405+d2 0. 1

B.CROSS SECTION AND R INFORCEMENT DESCRIPTION

ST4 WIJTH DEPTH TOP REZINF BOTTOM REINF NO.
SEZT. SECT. AREA DEPTH AREA DEPTH SEGM.

1.200E+01 1.800E+C0 2.000E+00 1.800E+080 1.000E+01 12
1.200E+01 1.,802E+09 2.0JJE+05 1.802€+00 1.08CE+0L 12
1.4003E+01 1.320E+00 2.000E+30 13232400 1.232c+31 12
1.603c+01 143236403 2.0U2E+435 1.327E+)0 1.,200E+31 12
1.203E431 1.8095+30 2.3012+95 1.B8048+00 1.3002+01 12
Q% 1.0G02+401 1.2072+01 1e83GE+C0 2.G00E+0u 1.80CE+0L 1.003e+d1 12

TABLE 3. STRESS~STRAIN CURVES

CJRVI NO. 1
STRISS VALJZ SCALE FACTOR 1.000E+23
STRAIN vALJZ SCALE FALTOR 1.0C2E-23

SIFZSS INPJUT VALJES

weidvs =2edwd =2ediu =54¢37 =3eu 102 0532 2933 e . 035

STRAIN INPUT VALJES

=lusnid =6.25. =2.5.0 =2.C08 =1¢255 20wl 400¢ 60T 84300 144032

“JWE NOs 2
STRZISS VALJI SCAL: FAUTOR  1.00GE+34
STRAIN VALJ: SCALE FACTOR  140uuE=)3

SIRZSS INPUT VA_JES

=6elh) =Be037 =5.02f =641 =540J] 54170 64010 H.u20 64333 6,04

STRAIN uNPUT VA_JES

=154 73)-.2027. =846+l =5elu. =240 2edu. 54147 Beos) 124237 157435

TABLS %o BEAM/COLUMN MASS AND ELASTIC SUPPORTS

FROM T3 CONT MASS HORIZONTAL VERTIGAL SUPPORT
STA  STA COODE SUPPORT SUPPORT GCODE
Ll 31 3 2.963E-52 -5 “ue
32 65 3 3434 E=02 =N, ~0
o? 9% 3 2.963E-:2 -5 -C.
& 4 3 -0 1.000E¢13 1.00CE+10 AL
5 3 3 =T 1+020E+10 -0, sa
33 93 3 e 1.03iCE+10 =0 SA
L 94 . =l led.uE+li 1.00CE+1D AL

TASLz 5. STATIC LOADS

FROM T3 CGONT HORIZONTAL VERTICAL
STA STA COOE LOAD LoAD
v 31 3 =G =1.144E5+01
32 65 3 “Le =1.296E+31
57 L3 G =C =1.144E+71

TABLZ 5. IMPULSE LOAJING

IMPJLSE COADING NUMBER 1

INITIAL INTERMEDIATE FINAL LOADING
3TA IMPULSE STA IMPULSE STA IMPULSE CODE
32 Ge 35 =3.863c~91 4) =7.345E-01 1
#F =7.3L5E-ul 49 -1.253E+0% 58 =2.127E+J3 1
38 =24127Z+:h 62  =4,045:+33 66 iy 1
56 s 69 Leub3Z+03 72 2e127E+01L 2
Te tedlboitui 8: 1e259E+02 88 7e345E-21 2
88 7.345c-01 91 3.803E-J1 LY Ge 2

TABL: 7+ COLLAPSE PAIAMSTERS

OLSPLACEMENT LIMITS

MAX HORIZONTAL MAX VERTICAL
DEFL DEFL
2.00)Z4C¢ 2.,5G0E+d0

SHEZAR LIMITS

TERM SHZ AR
5Ta VALUC

o 4e250E+TL
it 4e25.E+Ib
1 BeGusEtid
9% Le2BGE+Tw
INTZRACTIGY DIa5RAM DATA

AULTIPLIERS

TERM aXIal 7OKC: MOMENT
STA MULTIPLIER MULTIPLIER
R se.LE¥LD 9eB.0LE476

COuPRoSSIVE 3TRAIN AT pe-ou: fe3i3b-13
AXIAL FORCZ INPUT VALUES

=.ela W 2i0 0327 swd8l 14533 « 480 320 021. =J.J00
MOMINT LNPJT vaLU=ZS

~e2i. medBl =ag?l =4230 =ueliug 259 272 o2 #2190

L0L



PROGRAH IMPFM = -FOR (ANALYSTS OR PREDICTION OF COLLAPSE OF PLANE FRAMES
- - UNDFR STATIC OR IMPULSS LOADS

IMPFM TESY PROBLEMS - EXAMPLE PROBLEMS FOR DISSZRTATION

CoDID 1-12-73 9Y G

PROBLEM IPF1

PORTAL FRAME

COMPLEYZ RESPONSE, TIMZ
§TA X CooRN
] ‘J.
1 e
2 9.
3 0.
4 e
5 C.
L] '
e S
8 8+
9 0.
10 2
11 .
12 9.
13 Te
1« 0.
15 bRy
16 dr
17 le
12 Je
19 i
23S I,
21 9. 12107400
22 N+
23 2,713+
24 3.€)0 33451
25

MR

WITH UNIFORM

= C.
Y CCORD
a.

F.3050E+03
1.80002+01
2.70005+01
3.60002+401
4,5000E+01
SebCI0E+DL
8430002+61
742809E+32
8.1000E+01
9.00305*61
9.,9829E+ 01
1.38J0E432

1.1760E2+02

1.85202+402

1.83503+32

~

1800254

THRUST

-3.7503€+92

~3.75C3E+C3
=3.7503E+23
~3.,7503E+03

275036403
=3.75032403
~3.7503€+03
-3.75G3E+032
-3-75635‘03
=3.7503E+03
=3.,7502F422
=3.7503E4C2
=3. 75036453
-3.7503E+02
2.756G3E+02
=T 7C02E+T2

3.75037+402

=3, 73503F+02

-3.7382E+32
~T,72B2F+C2
-3.73825407
-3.7382E4+%2

T.73IN2F+C2

~F 73R2F+ 2

LOAD ON BEAHM - STATIC

MOMENT

2.4645E-09
=3 IELLEHDT
~€.,7288E+27
=1,J093E404
=1.3L58E+04
-1.5822E+046
«24018EE+0L
~2.32512404
=2+6915E4+04
=2,0272E+04

2, 3€LLELQL
~?.726G82+04
-4, DZT3E+04
~hy 37TITE4TG

~~.T131E40%

=T 3B30E+0«
~F.7196E+C0
=R GT39C 404
=€,3323E4 2
-F 726RC+CL
~X.5222540+
-E.S22eE402
1.3782E+04
“el721Z4%s

£eQ2285540L

SOLUTION ONLY

SHEAR

~3.7382E402
~3.7382E+02
~3.7382€+402
~3.7382E+02
~3.7382E+02
-3,72822+02
-3.7382E+02
~3.73825+02

~3.7382E+402

~=3,7282E+402

=3.,7382E+02
~3.7382E402
-3,7382E+02

~3.7382E+32

‘=3.7382E402

-3.7382E432
=3.7382g+402
-3.7232E+02
~3.7IR2E+72
=3.72827402
3.35£28E+402
3.18785437
248127E432
2.u377E4322
249627E43%

CuTRCy ¢

4
1e

26
27
23
29
30
31
32
33
3
35
26
37
38
39
0
38
Y4
“3
‘b
45
&€
o7
48
&3
S0
S1

52

=3

542005401
6.3302E+C1
7.29006+04
9.13CJF+C1

'9.00C5E+31

9.,93CrE+51
1.0800E+402
1.47C96+4G2
1.25035+32
1.35COR+02
Lebufdr+iz
1.5300E¢(2
1.6200€+C2
1.7100€E+82
1.BACJE+D2
1.6073E402
1,PITIE+G2
1.80002432
1480005+62
1.8000e+02
1.8000E+G2
1.8006E+G2
1.8003F+02
1.8232422
1.8130E472
1,85503E+402

1.8209%+22

LeBli 742

1.80003+02
1.80C0E+32
1.80009E+92
1.8000£+02
1,80205+02
1.8300Z+¢C2
1.8000E+02
1.80302+02
1.8000E+432
ieBCLOE+D2
1.8000E+02
1.89005+402
1.8003E+02
1.80G0E+02
1.8090E+02
1.71C0E+02
1.6230E+E2
1.5300E+062
1.44002+02
1.3500E+02
1.26035+02
1.17G0E+02
1.0800E+02
9.99GCE+4C1
2. 1CINE+CL
2.1030E5+31

720502401

T.50005+22
2.72.324(2

1e8C.JE+I1L

=3.7382E+C2
=3.7302E402

2.7382F+02
=3,7382E+02
-3.73828+402
-X.7382E+02
-3,7382E+02
~3.7382E+52
-3.,7382E+02
~3.7382E+02
=2.7282E+C2
~2,7382E+32
~3,7382E+02
-3.,7382€+02
-3, 7502E+03
~3.75C3F+C3
-3.75C3E+C2
~3,7503E403
=3.75703E+33
~3.7503E493
=3, 75036403
~3.7503E+03

I, 7503E4GC2
=3 TE03E452
-3.7505E003
~3.7503F+02
-3.7503E+023
~3.TOGIEET
~T,7ECICeTT
~2.7502E433
=T.7503€4+72
=T, 75C3E+32
=7.75035+93

T 75036402

TebbW7LE+QL
8.6287E+04
9. L725E+04
G9.3788E+0
1.3148E+05
9.9738E+0w
G w72EE+D4
8.6287E+0u
Tebb74E+DL
€.3285E+C4
be (7215404
18782540«
~EoT3I265493
=3.5222E+404
-E,7288E+C+
~6.3923E+00
=F,IE5GE4 04
~E.7194LE+Cs
=5,3830E+CH
S.0LEBEE+OL
~L 7TLG1E+04
=by 37ITE+DN
-4, 037IE+04
2.7¢08E+04
=T 2ELLE+ TS
=2.0279€E+2%
=2.5915E+%0
-2.¥ES54E+T5
=2.C015€6Z+00
1.58228+474
=1.3458E404
=1.0093+C
£.77852403

-3, 36LLE+03

1,3126E403
9,3757E402
5.6254E402
1.A751E462
-1.876154+02
S.62564E402
-9.3757E+02
-1.3126€403
~1,6876E402
-2,062754752
-2,4277E403
~2.8127Z4193
~3.1878E+02
~3.5628F+332
3.7392E422
1.72R25422
T.7282E402
3.7382%+
3.73R2E492
3.73825432

3.7282E+32

3.72325402
3.72825402
3.7382E402
1.77827¢37
3,72927412
3.73825402
3.7382E402
3.73825422
3.7IR25452

3.73825+02

80L



sTA

CENOVMF WP G

X DISP

-3,73826-08
-1.1325¢-02
-2,2u80E-02
-3,3294£-02
~4.3597E=02
-5,3217E-02
~6.1985E-02
-6.9730E-02
~7.6281€-02
-8,14682-02
~B.5121E-02
-8,7069E=-02
-8,7161E=-02
-8,5167E-02
-8, 0977E-02
-7 f4239E~02
-6.5264E-02
-5.3u01E-02
-3.8639€-02
-2.0809E-02
2.6157E-04
2.3541E-04
2,0925E-04
1,8310E-04
1.5694E-14
1.3079E-04
1.0463E-04
7.8L70E-35
5.2213E-35
2.6157E-05
5.5083E=12

Y DISP

=3.7503E-37
=2.6279E-0%
~5.2520E-0%
=7.8762E-04
=1,0500E~03
=1.3124E~03
=145749E-03
-1,8373€E-D3
-2.0997€E-03
-243621E-03
~2,6245E~03
-2.8869E~03
=3,1493E-03
=3, 4118E-03

~3.67L2E-UT -

~3.9366E-03
~441990E~03
~b 4614E-03
-4, 7238E-03
~4.9852E-03
-5.2487E-03
~209729E-02
~5.5994E~02
=84 2591E~02
~1.0826E~01
-1,3182E-01
-1.5239€-01
~1.6920E~01
~1.8162E=01
-1,8925E~01
-1.,9182E-01

-2.5157€=05
-542313E-95
-7.8470E-05
~1.,04E63E-06
-1.3076E-04
~1,569LE-04
-1.8310E-04
-2,0925E-54
-2,3541E-06
-2.6157E-04
2.3809E-02
1, A€ 30E=C2
5.3uG1E-02
6.5264E-02

- TeWIGSE~02

840977E-02
8.5167E-02
8,71L1E-02
8.7069E-02
8.5121E=-"2
8.1L6BE=-02
7.6281E-02
6.9730E-02
6+1985E=-02
5.3217E-C2
L4, 3597E-32
3,3294E~02
2.2L8CE~02
1.1325E-02
3,7382E-08

-1,6925E-01
-1.8162€-01
-1,69206-01
-1.5239E=01
-1,31826~01
-1.0824E-01
-8,2591E-02
-5.5394E-02
-2.9729E-02
-5.2487E=03
-4, 98626-03
-4,7238E=03
—4eb514E=01
~4,199CE~03
-3,9366E-03
~3.6742E-03
-3.4118E-03
-3,1493E-03
-2,8869E~03
-2,62L5E-03
-2.36216-03
-2,09976-03
«1.8373E-03
-1,5749€-03
-1, 3124E=53
-1,6580£=03
-7.8762E-04
-5, 2520E-04
-2.6279E~04
-3,7503E-07
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PROGRAM TMPFM = FOR ANALYSIS OR PREDICTION OF COLLAPSE OF PLANE FRAMES

UNDER STATIC OR IMPULSE LOADS

IMPFM TEST PROBLEMS -~ EXAMPLE PROBLEMS FOR DISSERTATION
CODED 1-12-73 BY GMR

PROBLEM [PF3

COMPLETE

STA

19

23

SIMPLE REINFORGED CONCRETE 3EAM - COMIINED STATIC AND OYNAMIC LOADS

RESPONSE, TIME

X COORD

9.
9.0G05E+04
1.8000E+91
2.7060E401
3.6000E401
4o50CJE+C L
5.4003E+CY
6.20G0E+31
7.2000E+01
8,120GE+C1
9,0000E+01
9,90005+61
1,G805E+02
1.17055402
1,26005432
1.755074¢02
LetuibF+c2
1517 452
1.62025+02
1.7150E4C2

1.7 00E4L2

0.

¥ COORO

0.
€
0.

Q.

B TN

C.
Q.
Q.
O
€a
0.

Qe

THRUST

MOMENT

. =1,7795E~08

3. 2065E+04
6. 0755E+04
8. E069E+04
1.0801E+05
1.2657E+05
1.4176E+05
1.5357E+05
1.6201E4L5
1.6708E+05
1.6876E+05
1.6708E+05
1.6201E+05
1.5357£+405
14 &1 7EE+05
14 2E57Z+05
1.6BL1%+75
9,869+ 0w
Be J75CE+CYH
T, 20652404

4o taBBE-03

SHEAR

3.5620E403
3,1878E+03
2,8127E403
2,4377E+03

| Z.0627E+T3

1.6876£+03
1.3126E+93
9. 3757E+02
5.6??5E+BZ
1.8752E+02
=1.8751E+02
-5.6254E+02
=9,3757€+)2
=1.3126E403
~1,687RE+02
=24 GE2TE+03
“2.4277E403
=~2.81277+03
~3,1878E+03

~3.5628E403

STA

DENOAFUN LS

X DISP

Y -DISP

-3.7503E-07
=643317E-C2
=1.2423E~-01
-1.8204E~01
«2.3501E-01
~2.8192E=-01
=3.2172E~01
-3.5356E-01
-3.7677E-01
-3.9989E-01
-3.9563E-01
-3.9089E-01
-3.7677E-01
-3.,5355E-01
=3.2172E~01
~2.8192E-01
=2.3501E-C1
~1.8204E-01
~1,2423E=C1
~Be3017E-02
=3.7503E=-C7

OLL



FAILURE QUE TO THRUST~MOMEN™ INTERACTION AT X = 7.2000E401 Y = Q.

FAJLURE DUE TO THRUST-MOMENT INTERACTION AT X = 1.0800€+02 Y = [\

FATLURE AT TIME = 1.1324E-53

PROGRAM IMPFM = FOF ANBLYSTS OR PREDICTTON OF COLLAPSE OF PLANE FRAMES
UNDER STATIC 'OR. IMPULSE :LOADS

IMPFM TEST PROBLEMS - EXAMPLE PROBLEMS FOR DISSERTATION
CODED 1-12-72 3Y GMR

PROBLEM IPF3

SIMPLE REINFORCED TONCRETE BEAM -~ COMBINED STATIC AND OYNAMIC LOADS

COMPLETE RESPONSF. TIME =  1,1324E-03
STA X COORD Y COORD THRUST MOMENT SHEAR
[} 9. . 0.
4.3236E403 1.3587E404
1 2.0080E+LC g, 1,2228E+05
. . £,0270E+03 1,4555E+04
2 1.8000E4+01 a. 2,5328E+05
- - e - : ~2,5067E+D2- v v A e TADE Do
3. 2.7000E+81 G : 3.5875E+405
- ~2,2530E403 5.3516E+03
A 3.6000E401 c. 4. 06926405
-3,1048E+03 : 2.1659E+03
5 4,59G0E+01 G. 4426L1E+05
-6.7713E+02 9,90LLE+02
[ 5.,40006+01 0. 44 35 32E405
: ~6.9602E+03 9.2697E402
7 6.3000E+01 O 4.4367E+05 e
) -9,5632E+03 8.2609E+02
8 7.26U0E+01 o, 4.5110E+05 .
~1.3086E+04 1.5561E+02
9 8.1950E401 0. 4.5250E405
~1.45LTE+04 4.9900E+01
10 9.,0000E404 g, 4.5295E+05
-1.4547E+04 ~4,9900E+01
11 9.9006E+01 B . 4.5250€+05
~1.2086E+04 ~1.,5561E402
12 1.9850F+52 [N 4,5110E405
-9,5632E403 -8,2609E+52
13 117008422 3. « 436TEHLS
-6.9602E+93 -9.2697E402
16 1.,26006402 0. 4, 36326405
-6.7713E+03 -9,9044E402
15 1.2500E402 a. 4, 26L1E+05
-3, 1068E403 -2.1659E403
16 1.L8GEE+G2 G 4, 0E692E+05
-2.2530£+03 -5,26166403
17 1.5303E402 0. 2,5875E+05
-2.5067E+02 -1.1749E408
18 1.62C0E+02 e 2.5228E+05
5.0272E+03 -1.4565E+04
19 1.7180E4¢2 c. 1.2228E405
4,323€E403 =1,3587E+0L

22 1.89G6F+G2 s c.

STA

WHNOE AN

X DISP

1.2329€E-02
8.6294E-03
4,93:055-03
1.0277€E-33
~246807E-03
=5.00114LE-03
~5.8378E-13
~4,8964E-G3
-3.0679E~-13
-1.3823E-03
h
1,3823E-03
2.0679E~03
4.B964E-03
5.8378E-03
S.0114E-02
2.6BO7E-G3
-1.3277€=-03
~%.9%05e=-02
~8.6294F=-03
-1.2329€-¢€2

Y DISP

0
-2.6728E~01
=50 2813E~01
=7.75384g~01
=1.9039E+400
=1,2094E470
-1,3849E+00
-1,5250E400
~1.6253E400
~1.6Bu45E+D0
=1.704GE+NY
-1.6845E+00
-1.6253E+00
-1.5250E+00
=1.3849E+00
=1.2094E+00
=~1.0039E+00
=7.7554E=01
-5.2813E=-01
=246728BE-(1

3

LLL



2U L 0

PiOGﬁA! IH&?H - FOR ANALYSIS OR PRECICTION OF COLLAPSZI OF PLANE FRAMES
UNDER STATIC OR IMPULSE LOADS

IMPFM TEST PROBLEMS - EXAMPLE PROBLEMS FOR DISSERTATION

CODED »-25-73 3¢ 6

PrUBLEY IPFu

_PORTAL FRAME

CUMPLETE REZSPINSZ,y TIM:
STA X COORD
[ Co
1 Goy
H
2 bej
3 0o
4 un’
5 u.‘
[ Ge
7 Lo
8 Go! ’
9 Ue
ic Le
11 S,
e by
i3 ve
4 T
i3 Goe
+5 Co
i7 le
.8 e
19 ue
i e
(3% heBUductus

2 960320+l

«d lewkoibCtol
4 1e92.08 01
L] Zevulictll

HR

WITH SINUSOIOAL IHPULSE LOAD ON BEAM AND GOLUMNS

= 2e0u2iEmol

Y COORD THRUST
Ce
T 3eu195E+)2
YeBL0OEFLD
’ 2.8669E+402
9.6(20E+ul
- 2.6137E+32
1e44CDE+ODL

1e92uia+ia
2e4BI0E+GL
248BLOE+(L
336508403
3,84 0E+L

be32.UE+TL

4eBCU0E+TL .

52820E+01
54760 GE4GL
026l 0E+LL
BeTculE+LL
7e20.uE+ll
TebbULZ+LL
Relb QE+LL
HebLoUE+LL
9.12{»5031

9460, 0E+41

ERE-THe g 2 §
YebL.uEFL

YebrUE+ L

2e2B19E+.2
148589c+i2
1.3762E+22
de91iTESLL
GedTaiEes

243047E+01

9.6868E+4. |

9.0857E+0L

2e3C43E+51
+e9BLUE+SL
8.68635c+31
ieudSbc+i2
~24566LE+02
~343147E403
123365434
=20424bLE+I W
348L0LE+S3
=3 042562433
2e4T29E+uL b
leo8blc+ds
3e7Ti4e+)3

5e2842E+32

FETAN

iz

MOMENT

Ce

~1e4327E+L Y

-1.9219E+34
-2,1263E404
~3.34T1EH G
~5.0035E+04
“5.9993E4. b
60451544
-6,3625E+. 4}
~E.9511E+i4
-5.9530E4. 4
~E.9511E+54
~5.9626E404
~EoLUBEHIY
-£.,9686:+04
B.367ENG
-2.5131E4:4
~2.13L9E40 k4

=3.9u13E4+.3

T -ie38Y5E+. 6

1.2521c452
1e3853c+lt
TaBLSOEH( 3
CellBiitul
3e5129E+. b

LesiOTER L

SHEAR

~2.9847E+)3
=1.G192E+93
~4e2591E+)2
=2.5434E+13
=3.4557E+03
~2.0H43E+33

=1.u381E¢02

"1.722%kv02

2.37376+01
~4.0364EFI0
4402956430
-2.3947E431
-1.7163E+32
1.17518+32
2.0455E+443
3.1117€+33
2.8797E+33
3.02655413
-2.08212¢33
2e9214E+43
2486 uE+I3
-2..85E4353
346325E413

2¢884Tcti3

e

41

b2,

&3

[

T 2.8830=4G1

3.36uuE+IL
3.840Cs+ul
4e3230E431
4eBIACE+TIL
502800401
5.760LEHCL
€.260Ux 404
6472005492
7.c000e+02

7.6800c+01

8.1600E+01

8.64IGE+GL
Je12uuc+dl
9.60Juktud

9ub.sitiul

L 9e60iBa¥IL

Ge0luat+dl
GebusBE+IL
9.bLTvE+IL

3.6430EHDL

98536z +uT

Gebduucztil
9.6Guuitii
9ebustil
e0UsUirul
9eoudiE+IL
9ebedirtul
Jebudiitia
9e6lilbtua
9eb0Ulatul
Qebuivitii
9ebuveitil
Geboouw-tiid

Geo. .ol

9.68G0E+(1
9e60ubE+il
JebluidE+ul
9e6L.CE+CL
9.606UuE+il
94 bLUOEHST
Gebi LEFLL
9.60L.d2+uL
960U CE+GL
9ebULUEFLL
9,66 IGE+OL
9.6L00c+01
9e6LLGE+LL
9.9L0uE+uL
9.60LO0E+CL
Jel2iustul
BebUllitil
8.16L0E+L 1
7.68u0E+LL

Te2CU0E+GL

C BeTeiO0E+LL

BelkiGE+(L
2er7EULCE+GL
Se28{uctil
weBluuitul
4e3250E4LL
“3.8LiCE+.L
Je3b Litil
2008. WE+ia
2e40GOE+TL
le9clvEdiLl
Lol GE+L1
246030+, 0
GeBLlitcti s

-cel59% =12

9.1367E+01
4e9824E+351
2.3052E+01
9eHB7CEFIL

9e6870c+iy

. 2.3052E+01

+e9824E+431
9.13672+01
1e7430LEH02
6428426402
3.7704E4G3
1.5B40E+ G4
2.4729E434
~3.4254E413
3.8150E403

=2e424bt ¥l

153368+ 4

=3+3147c+,3
“245660E+32
1.C096c+i2
8.6865E+51
+¢35L bEFUL
2.3043E+J1
9.0867E+JJ
9.6869E+3 4
Cedub7E4DL
4e9714kE+TL
8491i7ctii
13703c2+52
1.058%:+322
242819E+:2
2e01cTE¥I2
248669c¢22

3,.19%c+02

T E.9886E+ 4

6ol UOHLEHLG
5.9626E0»k
5.9511E4D4
Eedb3Jctil
5e9511E+L 4
£49626E+04
E.JQSEEO.Q
5.9886E+ 4
S..007E+0 4
3451295456
2ei282E+s4
3.8456E4u3
1.3853E+7¢
1.2521ct. ¢
~1.3896C+L4
~3e09u13E+.3
~2.13.9E+. 4
~345131E+. 4
=Leulb7E+LY
~5.9886E+. &
~bovkdE+lL
-..9626T+l 4
=5.9511E4. b
=5 e953LE+LG
=5¢35L1E+u b
=5 49625E+L 4
~BesuvifEti L
=S e3943E+.
“Feui35E420
~0e3bLT71T 4k
~2el203E+i 4
=1e9219E+34
=LeU3ZTE+L G

[

1.1751E432
~1.7168E+32
-243947E+G1
4+0269E+30
~44Q269E4+ 700
Zo39h7éf)1
ie7108E+i2
~1.175.2E432
~245435E423
-361i22E423
~2.884L7E+DS
~340320c+13
2.4 B5UE+33
=2.800.E#53
=249210E¢.3
Z20uB2LE¢S3
~2.0263E452
-248797c+(3
=3.11i7E+G3
=2.5455E423
=1.1751E+4352
1e71038ct22
24¢3947E+01
4o 295EFu i
Beu3b4itul
=2e3737E431
~1e7222&¢52
1.35818+32
2400436413
Teb5UTEHG 3
205434E+53
4e2591c¢.2
1e3i92E+33
249847E+.3

¢lL




e

=4, 48162-13
-848i56c-)3
-1.2918:-12
-1.0797c-12
~2.03.82=52
~2e3269c=12
-2.55715-32
-2.7208E-32
~240190c-i2
-2.8517c- 2
2o 81%Bcr1 2.
~2,72085-32
-2dss71e-i2 |
-243259:-j2
-2.0339:-)2
-1.58738E-)2
-1.29a1c=)2
=8.7733c=i3
~4.5965E-13
~246960E=s 4
Yiulbi~-i b
-1.3134627)4
-2.8933E-)5
-3.3328E-15
~he7148E-i7
~Zed99uc=l7
-1.66Ga8E-i7
-1e.721E-37
—sed201z-38
8.:i322=L3

Y DISP

Ve y 31
=7 4840E-08 32
=1.07L6E-57 35
=1.2496E=L7 3
=1.6776E~37 33
~2..988E-37 36
~ce361E-57 37
-~ae6ul2E-07 38
“1.G788E-37 39
=5.3564 %8
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