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CHAPTER 1
INTRODUCTION
1.1 Background

During the last three decades, increasing attention has been given
to the effects of blast loading on the behavior of structures. The objec-
tives were, first, to study the nature of the blast wave and the factors
affecting its behavior both in free air and as it encounters a structure;
and second, to examine and develop means of predicting the response of a
structure to blast overpressures.

In spite of the fact that the most common blast loading used by in-
vestigators is that resulting from an atomic explosion, the general term
"blast" refers to both fluctuations of air pressure due to man-made explo-
sions and to vibrations induced in soil. .The former, obvious]y,'includes
conventional (non-atomic) explosions, which yield blast waves comparable
to the atomic blasts in nature but not in magnitude. A sonic boom may
also be considered as a type of blast Tload.

The major effects in investigating the behavior of structures sub-
jected to blast overpressure in the past have been focused on the response
of the frame of a building. A number of assumptions were made by some
investigators to incorporate the effects of the response of such struc-
tural elements as exterior walls, shear walls, and partitions on the over-

all behavior of the structure.



The resistance of masonry walls to blast forces can be significant.
The dynamic behavior of the structure can, therefore, be different from
that when only the frame is considered. Wall resistance is, of course,
dependent on numerous factors such as the strength of the materials used,
support conditions, and workmanship, to mention a few. Quite naturally
then, response of this type of wall to blast overpressures must be
treated more thoroughly in order to have a more realistic understanding

of the behavior of walls and, therefore, the entire structure.
1.2 Purpose and Scope

The purpose of this investigation was to develop a mathematical
model to simulate the behavior of masonry walls subjected to blast over-
pressure originating from a non-atomic source. The developments leading
to this end may be outlined as follows:

1. Two patterns of block arrangements are treated in this disserta-
tion, namely, the horizontal stack and the running bond. The mathematical
model and the equations of motion for both patterns are developed in Chap-
ter II.

2. Chapter III is devoted to the description of the characteristics
of blast Toads.

3. In Chapter IV, the physical properties of masonry walls and their
constituent elements are presented.

4. Computer program "WALBLAST," for solving the equations of motion,
is described in Chapter V.

5. To demonstrate the performance of the computer program, sample

problems are presented in Chapter VI.



1.3 Literature Review

Research aimed at predicting the response of structures to horizon-
tal blast loads has been underway for a significant period of time. As
expected when a new field is investigated, the early efforts were limited
to certain aspects of the problem. In addition, the complicated nature
of both blast waves and the dynamic response of the structure made inves-
tigating the problem a difficult task to undertake. This led many inves-
tigators (25) (30) (33) (37) to develop methods aimed at establishing rapid,
though for the most part approximate, techniques for design purposes. The
common procedure was to excite a mass-spring system having effective
vibration characteristics similar to those of the frame of a building.

The complex nature of the frame-wall interaction and its dependence
on many unpredictable factors led many investigators to ignore wall resis-
tance to applied loads. Several attempts, however, were made to study the
behavior of infilled frames subjected to lateral loads. Benjamin and
Williams (6) performed experiments on masonry walls to determine their
effectiveness in resisting shear forces. A diagonal strut was used by
Smith (31) (32) to represent the infill. Blume (8) incorporated wall
stiffness into a joint rotation index in order to determine the contribu-
tion of joint rotation deformation to the overall building response. A
“discrete physical model" representing the filler by a Tumped mass-spring
system was developed by Fedorkiw and Sozen (12) for the analysis of rein-
forced concrete frames with masonry filler.

Investigation of the behavior of walls subjected to transverse load-
ing has been virtually limited to their response to static loads. A num-
ber of static tests on masonry walls were reported by Hedstrom (19) and

Fishburn (13). Recently, however, there has been increasing interest in



the dynamic behavior of masonry walls. Wiehle and Bockholt (38) devel-
oped a method for evaluating the strength of existing structures sub-
jected to blast loading. Resistance functions were developed for
exterior masonry and reinforced concrete walls using established analyti-
cal procedures which were then used in a dynamic analysis of a single-
degree-of-freedom system. A series of tests on full-scale masonry wall
panels were conducted by the URS Research Corporation (14) (15) (39) (40)
using a shock tunnel facility to study yarious aspects of the behavior

of masonry walls subjected to blast Toading. Willoughby (40) reported
test results on panels having both simple beam and simple plate mounting
conditions. They were found to develop similar cracking patterns of
those of beams and plates, respectively. Gabrielsen and Wilton studied
the arching effect. Walls with "rigid" (very snugly fitted) arching were
found to have failure overpressure four to five times those4bf non-arched
walls, whereas those with "gapped" (having a gap at the tOp) arching were
only slightly stronger thaﬁ non-arched walls whose supports permit a cer-
tain degree of in-plane movement. Further tests (15) confirmed these
results.

Although relatively extensive work has been done on the experimental
side, an elaborate mathematical treatment was lacking. In an attempt to
satisfy this need, Summers (34) developed a "grillage finite element
model" whereby the wall panel is replaced by discrete plate elements
joined at the nodes. Each element is, in turn, replaced by an equivalent
beam network. The pfincip]e involved was that a plate bending grillage
representation can replace the plate continuum with an equivalent system

of beams. The model produced favorable results.



The model proposed in this dissertation treats the masonry units as
rigid bodies interconnected by three-dimensional "linkage" elements at
the nodes as discussed in Chapter II. The idea of the Tinkage elements
was introduced by Ngo and Scordelis (27) in a two-dimensional form to
represent the bond forces between steel bars and concrete in a finite

element analysis of singly-reinforced concrete beams.



CHAPTER 11
METHOD OF ANALYSIS
2.1 Wall Patterns

Masonry walls have traditionally been used in bui]dingsirmtwo major
capacities: structural (load-bearing) and nonstructural, in which case
walls are merely used for the protection of the interior of the building.
The pattern commonly used for structural walls is the standard running
bond (Figure 1(a)). Several patterns are in use for nonstructural walls.
They include such patterns as the horizontal stack (Figure 1(b)), vertical
stack, running bond, diagonal bond, basket weave, etc. The wall patterns

treated in this analysis are the horizontal stack and the running bond.
2.2 Mathematical Model

Mortar is known to be the major contributor in developing the
strength of masonry walls (10) (18) (19). It is also the critical factor
in wall failures, particularly bond failures. Consequently, the import-
ance of the role of mortar is emphasized in the chosen model. The model
of a given'wall panel consists of rigid masonry blocks "bound" together
by a group of "linkage" elements which replace the mortar. Each Tinkage
element is in the form of a cube for the horizontal stack pattern (a
parallelepiped for the bed (horizontal) joints of the running bond pat-
tern) containing three orthogonal springs. A typical interior portion

of a modeled wall panel for each pattern is shown in Figure 2.



(a) Running Bond

(b) Horizontal Stack

Figure 1. Wall Patterns Analyzed
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(a) Horizontal Stack

i

(b) Running Bond

Figure 2. Model Segments



2.2.1 Block Elements

The masonry blocks are assumed to have no deformations. Thus, each
block retains its original dimensions throughout the loading process. A
local coordinate system is assigned to each block. Each block has six
degrees of freedom (Figure 3(a)): a translation in the direction of, and

a rotation about, each of the block's orthogonal axes.

2.2.2 Linkage Elements

In order to simulate the mortar in the model, a three-dimensional
linkage element was chosen. It consists of three orthogonal springs
attached to two brackets in the form of diagonally split halves of a
cube (or a parallelepiped) as shown in Figure 3(b). The springs repre-
sent the axial tensile or compressive force and the two planar shear
forces. Linkage element surfaces normal to the axial spring are consid-
ered mounted to the blocks on the opposite sides.

A mortar joint between two adjacent blocks is represented by four
linkage elements. The Tocation of each element on a given face must be
chosen in such a way as to give the best representation of the mortar.
Therefore, the location of the projection of the element center of grav-
ity on the side of a block (Figure 3(a)) was defined in terms of the

adjustable nondimensional factors Aur’ A Av’ and Aw for locations in

ug’
the u, v, and w directions as follows:

b' = bAs c' = (2.1)

2.3 Equations of Motion

In order to formulate the equations of motion for a typical block,
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it is necessary to develop some geometrical relationships. As mentioned
earlier, the blocks are assumed to be rigid. Consequently, all nodal
displacements of a block can be conveniently related to those at its cen-

ter of gravity.

2.3.1 Notation

Prior to developing the geometrical relationships, it is appropriate
to describe the notation used. The sides of a block are numbered from 1
to 4 in the counterclockwise direction about the w-axis, starting with the
right side as shown in Figure 3(a). Block corners are assigned letter
indices. Points on the block surface where the projection of the center
of gravity of the linkage e]ements‘are located (hereafter referred to as
"nodes") are assigned the corresponding corner letter index and side num-

ber. Thus node i1, for instance, is located near corner i on side 1.

2.3.2 Geometrical Considerations

The small displacement theory will be employed to develop the rela-
tionships between the nodal and centroidal displacements. Its applica-
tion, however, will be restricted to displacements occurring during a
time increment At.

The displacements of a typical cdrner (e.g., i in Figure 3(a)) in
the u, v, and w directions aré equivalent to the corresponding centroidal
displacements; they will be added to the geometrical relationships later.
Figure 4(a) shows a positive rotation by a block through a small angle ¢.

The resulting horizontal and vertical displacements for corner i are

acos¢ -~ a - bsing
: (2.2)
bcos¢ - b +asing

<
it
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Since ¢ is small, Cquation (7.2) reduces to

ui = -b¢ and vi = a¢ (2.3)

The displacements at node i1 can be determined using Equation (2.3):

Usq us +bsing

(2.4a)

1]

v%] v% + b' - b'cos¢

Substitution of the expressions for u% and v% from Equation (2.3), for

b' from Equation (2.1), and considering small displacements, allows Equa-

tion (2.4a) to be written as

1]

u;] -(1 - Av)b¢ (2.4b)
and

v%] = aé " (2.4c¢)

"~ The vertical and horizontal springs measufing shear forces are, however,
located at a distance of tx/2 from side 1, where tX is the thickness of
the vertical mortar joint. It follows that v%] must be measured at that
location. Thus Equation (2.4c) must be modified to become

t
X

vip = (a+ )0 (2.4d)

In Figure 4(b), a rotation about the v-axis is considered. Follow-

ing the above procedure, the displacements of node i1 due to this rota-

tion are

|
—
p—

1
>
=

~

(2]

o)

(2.5)

=
-t -
—
it
—
Q
+
nN
~
™
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A rotation about the u-axis is illustrated in Figure 4(c). This in turn

yields the following displacements for node il:

fi

Wiy (1 - Av)be

(2.6)
v¥] = -(1 - Aw)ce

The translational displacements of node il in the u, v, and w directions
are equivalent to those at the center of gravity as indicated earlier.

The total translational displacements are, therefore,
- ] "
Ujp T U Uy T Uy
- ] n 9
Vig =V v+ v (2.7a)

=W W+ oW
Wi il il

Equations (2.4b), (2.4d), (2.5), and (2.6) are substituted in Equation

(2.7a) to obtain

Us;q = U - (1 - Av)b¢ + (1 - Aw)cs

t
Vip =Vt (a + 7%)¢ - (1 - Aw)ce _ (2.7b)

t
=W - X -
Wip =W (a + 2)8 + (1 Av)be
Equation (2.7b) expresses the displacements of node i1 in terms of the
six centroidal diSp]acements. Similar expressions can be obtained for
the remaining fifteen nodes. These relationships are conveniently pre-
sented in matrix form in Equation (2.8a). In symbolic form, Equation

(2.8a) becomes

tu} = [61Mu } (2.8b)

where



"

0 (1 = ay)e =(1 = ay)b
-(1 - A')c 0 (a ¢ tx’z)
(M =ab | -(a+t2) 0
0 - xw)c -(b *.tyIZ)
-1 - xw)c 0 (- Xur)l
(b + tyIZ) (0 - 0
0 Q- iw)c (- xv)b
-0 =) 0 (a+tr2)
-1 - xv)b -(a + t;/2) 0
0 (- aw)c (b + ty/2)
-1 - xw)c 0 - *ur)'
-(b+ ty/2) -(1 - Aur)a 0
0 -(1 - xw)c -1 - xv)b
(- Aw)c 0 (a + t‘/z)
(- av)b ~(a+t/2) 0
0 -(1 - xw)c -(b + t,/Z)
(1 -a)e 0 (-,
b+e/2) =0 -a,) 0
0 -(1 - AJ)e O - xv)b
(V=) 0 (a+t/2)
SV eade | -(at2) 0
0 -(1 - x')c (b + ty/Z)
(=) 0 (1= )e
~(b+ zy)z) <1 -y a 0
0 (1 - xw)c -(b + tylz)
(- A“)c 0 -(1 - xu‘)a
b+ tylz) (- Aut)l 0
0 -(1 - Aw)c -1 - xg)b
(- Aw)c 0 -(a + txlz)
(V- (a+ty/2) 0
0 -1 - x")c - Av)b
(-2 0 -+ t2)
“(1 -, (a+t/2) 0
0 -1 - )c (b+t,/2)
(1 - lw)c 0 -(1 - Aul)'
-(b + :y/z) (V=a,)e 0
0 (-2 )e -(b + tylz)
UERW 0 -(1 - xul)a
(b + tylz) - ‘uz)“ 6
0 (1 - a)e -(1 -,
-1 - Au)c 0 -(a + txlz)
(V- (a + t‘lz) 0
0 (- Aw)c (- xv)b
-(1 - lw)c 0 -(a + t‘/z)
-(1 - xv)b (a+ tx/z) 0
0 (1 -a))e (b + tylz)
-(1 - )c 0 =01 -ay,)a
-(b + tylz) - xut)a 0 -

of (2.8a)

15
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{Un} = nodal displacements vector (48 x 1);
U3 = centroidal displacements vector (6 x 1); and
[G] = geometry matrix (48 x 6).

2.3.3 Horizontal Stack Pattern

In the following equations the superscripts refer to the appropriate
block in Figure 5. Forces at the center of gravity of block A can be re-

lated to those at the nodes using the [G] matrix as follows:
GOIER IR | (2.9)

Forces acting at the center of gravity are the applied time-dependent
forces and the inertia forces which are, of course, in opposite direc-

tions. Thus,

A, _ A “A
{Fc} = {Fc(t)} - [M] {Uc} (2.10)
where
{Fﬁ(t)} = vector of external centroidal forces (6 x 1);
{Uﬁ} = vector of centroidal accelerations (6 x 1); and
[M] = diagonal mass matrix for a block (6 x 6).

The full mass matrix for a masonry unit is given below:

[M] = I (2.11)




(Forces on sides 3 and 4
are not shown for clarity)

A

Figure 5.

Nodal and Inertia Forces

for the Horizontal Stack Pattern

Ll
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For a solid brick:

M = mass of the brick

M2, 2
(2.12)
M2, 2
Iv =3 (c® +a7)
M2, 02

For a concrete block, different expressions for Iu’ IV, and Iw are pre-
sented in Appendix‘A.

Nodal forces are dependent on the spring stiffnesses of the linkage
elements, the relative nodal displacements of block A, and those of the
surrounding blocks. These relationships are given by Equation (2.13a)

on the following page. The same equation can be expressed as

BCDE

T A
(F} = [k] (LU} - (U

}) (2.13b)

BCDE

n } is the vector of nodal displacements (24 x 1) of the sur-

where {U

rounding blocks. Substitution of Equation (2.10) into (2.9) results in

}) (2.14)

A CAL T A BCDE
{Fc(t)} - [M]{UC} = [G] EkJ({Un} - {Un

Combination of Equations (2.8b) and (2.14) leads to Equation (2.15a):

FA(t) - I3 = [e1'nkd(Leledy - 16, J0E%Fy)  (2.150)

in which [Gm] is the 48 x 24 geometry matrix of elements B, C, D, and E

BCDE

n } in Equation

given on page 21. Symbolic expansion of [Gm] and {U

(2.15a) yields
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=

(e

{Fﬁ(t)} - [M]{Uﬁ} - [G]T[k]([G]{UQ} - [62:6%:6P:6F7 ¢

C

OMm oo oo o w,

=

(2.15b)

The multiplications on the right side of Equation (2.15b) are performed

to obtain
Ay - Iy = a1 tkate10y - re1rkareBru®)
- [61"rkare“3tly - [617ekare" 10w’y
- (6] TKI6F It (2.15¢)
or

A “A. o AL A B-,,B (o
(Fo(t)} - MUY = [KTIUCY - KUY - [KPTHU )
- [KP30u2y - IKEuE (2.15d)

where [K] = [G]T[k][G] and [KA], [KB], [KD], and [KE] are the stiffness
matrices for block A and the surrounding blocks. Equation (2.15d) may
be rearranged as

ey + 0Medy - Paoody - il - o0y - rkErad
t)} (2.15e)
Equation (2.15e) is the equation of motion for a typical block in the

horizontal stack pattern. The stiffness matrices are given in Appendix

B.
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Equations (2.8), (2.9), and (2.10) are applicable to the running

bond pattern also. Due to the pattern difference, however, the vector

of relative nodal displacements is different. The nodal displacements

can be expressed as (see Figure 6)

[
Wi -

{Us,} -

i2

A
{Uj]

} -

{U

Ay _
{F} = Lk ¢

L{Uq4}

which in symbolic form becomes

\

{Up3}
{Uq4}
{Uq3}
{UpZ}
{u 3}
{Un4}
{Un3}

wh s
m2- | (2.17a)

{UJ4}
{U11}
{Uj1}

{U




(Forces on sides 3 and 4
are not shown for clarity,)

Figure 6. Nodal and Inertia Forces for the Running Bond Pattern
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(Fhy = Tka(eufy - quBCEPFy (2.17b)

From this point on the same procedure used for the horizontal stack pat-
tern can be applied, resulting in the following equation of motion for a

typical block in the running bond pattern:
iy + kMl - Bl - ity - Rl
- 11y - K1l - s = Flen (2a8)

The stiffness matrices [KA], [KB], and [KD] are the same matrices devel-

oped for the horizontal stack pattern and are given in Appendix B.

CR], [KER

Matrices [K 1, [KF], and [KH] are also presented in Appendix B.

2.3.5 Equations of Motion for the Wall System

The equations of motion for a complete wall can be assembled using
the equation of motion for avtypical block (Equation (2.15e) or (2.18)).
Consider, for example, the horizontal stack wall portion shown in Figure
7. The mass matrix and vectors of accelerations, displacements, and
loads are arranged as shown in Equation (2.19a). To assemble the system
stiffness matrix, each block in Figure 7 is compared to the block arrange-
ment of Figure 4. Blocks 1, 2, and 5, for instance, correspond to blocks
A, B, and C, respectively, 1h Figure 4. Therefore, [KA], [KB], and [KC]
must be Tocated in the first row in the proper positions to be compatible
with the associated displacement vectors. This process is then repeated
for the other blocks. The system equations of motion for a wall with n
blocks are given in Equation (2.19a). In a compact form, Equation (2.19a)

becomes

M U} + KUY = (F (1)) (2.19b)



]

[M]

1 2 3 4
Figure 7. Portion of a Horizontal Stack Wall
- - ) —_ - 4~ -
. B C
{U]} [K]] [K1 0 0 [K]] 0 0 {U]} {F]}
P D A B C
{U2} [K2] [K2 [KZ] 0 0 [Kz] 0 {Uz} {FZ}
- D A B C
[M] (U} 4 0 [K3 [K3] [K3] 0 0 [K3] {UgH [F3}
[M] ¥ il
M)
Ml
I ko | o |3 o | o [rkPr|cky |y |y
Jun) L n n n7] Ln]j L nJ
(6nx6n) (6nx1) (6nx6n) (6nx1) (6nx1)

(n is the number of elements in the wall.)

(2.19a)

Ge
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2.4 Solution of the Equations of Motion

Equation (2.19b) represents the general form of the equation of
motion for both the horizontal stack and the running bond patterns.
Newmark's B method (26) was used to solve these equations as outlined

here.

2.4.1 Application of Newmark's Method

Equation (2.19b) can be reorganized to solve for the accelerations

as follows:

[Ms]{Us} = {Fs(t)} - [KS]{US} (2.19¢)
Premultiplying both sides by [MS]‘] yields

. R

W = M I ({F (2)} - [K.1{U.D) (2.19d)

The general form of the expression for the displacements in the 8

method is given by

Upey = U+ 0 (at) + (3 - B)ot)® 0+ Bot)® 0, (2.20a)
in which At is the time increment. For B = 1/6
U .. =U +0 (at) ++0 (At)2 + lU (At)2 (2.20b)
m+1 m m 3 m 6 “mtl
The velocities are calculated from
Oy =0+ (0 +0 st (2.21)

This procedure was implemented in the computer program as detailed in

Chapter V.



CHAPTER III
LOADING CHARACTERISTICS
3.1 Blast Wave

A blast wave is defined by Merritt (23, p. 74) as "an atmospheric
disturbance characterized by an almost discontinuous increase in pressure
accompanied by simultaneous changes in temperatures, density, and parti-
cle velocity." 1In order to study the blast effects on a given structure,
the characteristics of the blast wave must be known. Such characteris-
tics include the peak overpressure and the pressure-time history. The
variation in these factors depends on the type of explosion and the atmo-
spheric conditions.

Although the physical properties of the energy source or explosive
affect the observed characteristics of air blast waves in one or more
respects, evidence indicates that at reasonable distance from the center
of the explosion all blast waves, regardless of the source, share a com-
mon general configuration. Fiqure 8(a) shows typical pressure-time
curves resulting from nuclear and chemical explosions, measured at a
given location from the source of explosion. Both waves have positive
as well as negative phases. The latter, however, is of minor importance
and is often neglected, especially when the failure of a structural ele-

ment is being investigated.

27
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Figure 8. Pressure-Time History for Blast Waves
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3.2 Non-Atomic Blast Data

A blast wave may be generated by the sudden release of stored energy
which occurs in the form of an explosion. The failure of a high-pressure
gas storage vessel or steam boiler are examples of non-atomic sources of
explosion. Another source is that of a chemical explosion. Experimental
data on explosions of this type are not readily available on a wide scale.
One good source for data is a Ballistic Research Laboratories (BRL) re-
port compiled by Goodman (16) on bare spherical pentolite charges. In-
formation such as overpressure, duration, impulse, and distance from the
explosion are tabulated and plotted in the report. Another reference is
a comprehensive text by Baker (7) dealing with blast phenomena.

Blast data in the BRL report or in a similar source can be used in
two ways. For a wall located at a given distance from the center of ex-
plosion of a known charge, the pressures and durations are determined
from the graphs in the report. The computer program described in Chapter
V can then be used to determine the wall behavior under the given circum-
stances. Conversely, the impulse causing failure of a given wall can be
determined after running the program. The distance at which failure
occurs can then be obtained from the impulse graph in the report, followed
by the side-on overpressure and duration from other graphs.

Even though reference above was made to the BRL report which was
prepared for pentolite, the procedure is by no means restricted to pento-
lite. Pentolite has been widely used in blast experiments because it
gave reproducible data when detonated in small quantities. Blast proper-
ties of other chemica1’exp1osives can be obtained using conversion fac-

tors as reported by Baker (7).
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3.3 Blast Loading

Blast loading on a given structure is a direct result of the pres-
ence of that structure in the path of the blast wave. . The interaction
between the blast wave and the structure is a complex phenomenon affected
by numerous factors such as type of both the explosion and the structure,
distance from the center of the explosion, and orientation with respect
to the direction of the blast wave. When this information is specified,
the 1oad further depends on the face of the building being considered,
since a certain pressure-time relationship exists for each face of the

building.

3.3.1 Pressure-Time History

Attempting to define the form of the blast wave as a function of
time in mathematical terms has not been an easy task. Expressions of
varying complexity have been suggested to describe the positive phase as
reported by Baker (7). They were based on theoretical and/or experimental
data.. The following expressions, modified from expressions in References
(7) and (29) to describe the positive phase.of Figure 8(b), are probably

the best compromise:

1]

p.(t)

‘ Pso(t/tr) to<t<tr (3.1a)

and

t - tr
ps(t) - Pso (- ty - t,

y )e'(t'tr‘)/(td‘tr) t.<t<ty (3.1b)

where

ps(t) = overpressure at time t;
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-
t

= peak side-on overpressure;

—+
]

rise time after shock arrival; and
td = duration of the positive phase.
The corresponding positive impulse representing the area under the curve

in Figure 8(b) is obtained by integrating Equation (3.1a,b), resultingin

Impulse = P[5t + (2 - e )/(ty - t)]. (3.2)

r

3.3.2 Loading Distribution

The distribution of the blast pressure over the wall area in diffrac-
tion type (closed or almost completely closed) structures depends on a
number of factors. In addition to the type and orientation of the build-
ing mentioned earlier, the loading distribution further depends on the
location of the wall in the building and the total area of openings in the
wa]],lif any. Giyen the many uncertainties involved in the interaction
process between the blast wave and the structure, préecise loading informa-
tion is hard to obtain and may not be justified.

For walls with no openings, the blast wave generally yields a loading
distribution which can be considered uniform, sinusoidal (e.g., on an
interior wall), or é combination of both. For sinusoidal distribution

Equation (3.1a, b) are expressed as

—
—+
~
i

Poin(t/t.) ty<t<t, (3.3a)

and

t-t. -(t-t )/ (t,-t )
r r d “r ‘
psin (]__——td_tr)e to<t<t

H

(t) (3.3b)

Psin d

Similarly, the following expressions apply for uniformly distributed load:
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p,(t) = P, (t/t,) to<t<t. (3.43)
and
t-t -(t-t.)/(t,-t.)
p, (1) = Pu(]-%—d—_%)e rft i to<t<t, (3.4b)
r

For the general case when a combination of uniform and sinusoidal distri-

bution is present, the pressure at any pointyat time t is given by

(t) (sin XX sin 1’9‘4) (3.5)

p,(x,y,t) = p (t) + 3

Psin
in which L and H are the clear length and height of the wall, respective-
1y (refer to Figure 1 for the coordinate system used).

In order to evaluate the external 1oad acting on a given block, Equa-
tion (3.5) is used to determine the pressure on the block. The equiva-
lent concentrated load, acting at the centroid of the block in the
w-direction, is then calculated. This represehts the third element in

the vector of external forces {Fﬁ(t)} in Equations (2.15e) and (2.18).



CHAPTER 1V
MATERIAL PROPERTIES AND SPRING STIFFNESSES
4.1 General

The basic elements used in masonry construction are the masonry
units and their bonding agent, mortar. As a result, the strength proper-
ties of a masonry structure depend on, excluding other factors such as
the method of construction and curing conditions, the properties of its
elements. The properties of these elements, in turn, depend entirely on
those of their constituents and on the methods of production.

The first portion of this chapterbwi]1 be devoted to the description
of the basic properties of masonry. The remainder will deal with the
evaluation of spring stiffnesses and related properties for linkage ele-

ments.
4.2 Masonry Units

The masonry units commonly used in masonry construction are clay
bricks and concrete blocks. Several versions of each type are available.
Selection of the type of units to be used in a given structure depends on

the specifications of the structure.

4.2.1 Clay Bricks

Common (building) brick is, as its name implies, a clay product

33
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fired at high temperatures to near-vitrification. It is available in a
wide variety of shapes and qualities. The basic unit, however, is a
rectangular block, solid or cored not in excess 6f 25 percent.

In selecting a brick for use in masonry construction, the general
requirements are that it should be durab]erand possess sufficient
strength to enable the masonry to carry the design loads. The durability
of the unit would largely depend on the weather conditions at the con-
struction site, particularly with respect to the degree of exposure to
moisture and freezing conditions. Compressive strength of brick is a
function of raw material, manufacturing brocess, degree of burning, and
unit size and shape. Some of the physical properties of building bricks
are tabulated in Table I. It is to be mentioned that size variations do

exist, especially the length and thickness.

4.2.2 Concrete Blocks

Concrete blocks are masonry units made of water, portland cement,
and various types of aggregates such as sand, gravel, crushed stone, air-
cooled slag, coal cinders, expanded shale, clay, etc. Depending on the
type of aggregate used, blocks of various weights are produced.

A concrete block may be solid or hollow with two or three cores.

It may be load-bearing or,non-1bad-bearing. Some of the physical prop-

erties of concrete masonry units are given in Table II.
4.3 Mortar

Mortar for masonry construction is a mixture of cementitious
materials, sand (natural or manufactured), and water. The cementitious

materials may consist of portland cement, masonry cement, or a



TABLE 1

SELECTED PHYSICAL PROPERTIES OF CLAY BRICKS

35

. . a .
Dimensions™ (in.) Compressive Strength Unit Weight
Type | Length | Width | Thickness (psi) (1b/ft3)
c 12 4 2
g 3 1
2 8, 12 4 25, 4, 5§ b' .
2,500 - 20,000 104 - 142
2
S 3 21
< 8 3% n
+
e

qFrom Reference (21).

bMim'mum specified by ASTM C62-75a (3) for Grade MW.

“Maximum normally available (18).



TABLE II

SELECTED PHYSICAL PROPERTIES OF CONCRETE MASONRY UNITS

Dimensions (in.)

Compressive Strength (psi)

Load—Beam’nga

Non-Load-BearingD

Unit Weight (1b/ftd)

Hominal Actual (Average Gross Area) (Average Net Area) Light | Medium | Normal
| o5 s 1000° -~ 600° uw | 105 | 125
8x8x16 7§x7§x15B d d to to or
(800) (500) 104 124 more

Minimum specified by ASTM C90-75 (3) for Grade N-I.

b,

Minimum specified by ASTM C129-75 (3).

cAverage of three units.

dIndividual unit.

9¢
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combination thereof, and may include in addition quicklime or hydrated
1imel

The American Concrete Institute (ACI) specifications (1) for con-
crete masonry structures recommend ASTM mortar Type M, S, or N for load-
bearing non-reinforced masonry. ASTM specifications (3) for proportion-
ing and compressive strength of mortar are listed in Table III, along

with corresponding tensile strength from Reference (20).
4.4 Mortar-Unit Interaction

As indicated earlier, the strength of masonry construction depends
primarily on the properties of both the masonry units and the mortar.
Furthermore, the integrity of the masonry depends on how well the masonry
units are joined togethef by the mortar. The stresses needed to separdte
the mortar from a masonry unit by axial or shear forces are known as the
tensile bond strength and shear bond strength, respectively.

The structural bond between the mortar and the unitsvis an important
factor in the structural behavior of masonry walls. In fact, bond
strength was found to have a distinct limiting effect on the flexural
strength of masonry walls. In flexural strength tests on various masonry
wa]]s.subjected to static transverse loads, Fishburn (13) and Hedstrom
(19) reportedkbond failure in all walls tested in flexure. Thus, bond
strength is considered the weak 1ink in masonry walls.

Various -factors are known to have an effect on the bond strength.
0f major importance is having the joints between the individual units
completely filled with mortar. Furthermore, mortar should have an ade-
quate water retentivity. This can be achieved by having the maximum

water content of mortar consistent with workability, along with an



TABLE III

MIX DATA AND PHYSICAL PROPERTIES OF MORTAR

Proportions (Parts by Volume)®

Compressive

Tensile
Mortar | Portland | Masonry Hydr. Lime or Strengthd Strengthb
Type Cement | Cement Lime Putty Aggregate (psi) (psi)
M ! ] - 2500 360
1 -- 1/4 400
S 1/2 1 -- The sum of the 1800 280
1 -- over 1/4to1/2 | volumes of the 340
cements and Times
N ) ] - must be greater 750 73
1 -- over 1/2 to 14 9 145
than 2% and Tess
-- 1 -- 70
0 than 3 350
1 -- over 1% to 2% 120
K 1 - over 25 to 4 75 --

aASTM'specifications (3).

b

From Reference (20).

8¢
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acceptable initial rate of absorption of the masonry units. In addition,
Copeland and Saxer (10) found that tensile and shear bond increased with
the ratio of portland cement to the weaker cementitious constituents
(1ime or masonry cement) and with the compressive strength of hortar.
They further noted that higher initial flow had a favorable effect on
tensile bond, while increasing the air content beyond 7 to 8 percent had
an adverse effect.

Noteworthy in this context is an expression proposed by Grimm (18)
for calculating the bond strength of conventional mortar to brick.
Based on extensive research, the expression was given in terms of the

initial flow, air content, and time of exposure of mortar.
4.5 Spring Stiffnesses for Linkage Elements

As indicated in section 2.2.2, mortar between the masonry units is .
represented in the wall model by four 1inkage elements. Each linkage
element encloses three springs arranged in the x, y, and z directions to
measure the displacements and therefore the corresponding axial, in-plane
shear, and transverse shear forcés.

Spring stiffnesses ki used in Equation (2.13) were determined for
beams by applying the basic theories of strength of materials. In order
to have the same shear and moment capacity in a masonry beam as those in
an equivalent elastic beam, the stiffness expression for springs in the

axial direction of head joints was found to be

K, = — (4.7)

where
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A = one-fourth of the area of contact between a masonry unit and
a mortar joint;
E = modulus of elasticity of mortar; and
Ly = center-to-center distance between blocks in the x-direction.

Accordingly, each of the four axial springs must be located such that

c-c¢c' == (4.2)

Using the expression for ¢' from Equation (2.1), Equation (4.2) yields

Ao=1 -1 (4.3)

W /3
The stiffness expression for transverse shear was found to be

ksw _ 2AG

i 312

(4.4)

in which G is the shear modulus of mortar.

For simply supported walls with two-way action, the stiffnesses
obtained from the above expressiohs proved to be too high when the wall
behavior was compared with an equivalent elastic plate. Thus, further
investigation was necessary. The solution of several examples was
attempted. This led to a modified version of Equation (4.4) to be used

for plates. The modified expression is

(S _ 2A6 (2¢)° (4.5)
1 z | :
31, h

in which 2c is the thickness of the wall, and h is the center-to-center
distance between blocks parallel to the y-axis. In addition, the stiff-
ness of the springs representing in-plane shear, which was not important

for beams, had a significant effect on the behavior of walls. The
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stiffness expression for these springs is

sv . AG (4.6)
Favorable results were obtained when Equations (4.1), (4.5), and (4.6)
were used for simply supported walls, with the linkage elements located
such that

-1
T3
for the horizontal stack pattern and 0.488 for the running bond pattern

(due to geometry),

-1
A T3
and
}\z]_l.
W V3

Using Equations (4.1), (4.4), (4.5), and (4.6) and referring to Figure 9,
the axial and shear stiffness formulas for head as well as bed joints in
terms of the dimensions of the mortar and the masonry units were devel-
oped. These expressions are given in Table IV. Lg should be noticed
that when hollow concrete units are used, mortar for bed joints is com-
monly spread over the face shells only. Thus, the area of contact was

considered as such for this case.

4.5.1 Modulus of Elasticity of Mortar

ITTustrated in Figure 10 is the nonlinear nature of the stress-
strain curve for mortar. It can be seen, however, that up to a stress

of 60 to 70 percent of the ultimate strength, the relationship is
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\\\J’,Zc
(a) Concrete Blocks in Running Bond
Pattern

AN

\4’,2c
(b) Solid Bricks in Horizontal
Stack Pattern

Figure 9. Typical Masonry Unit
Arrangements



TABLE IV

STIFFNESS EXPRESSIONS FOR LINKAGE ELEMENTS

Type of Head Joints Bed Joints
Masonry Unit Axial Shear (v) | Shear (w) Axial |Shear (u) Shear (w)
Hollow bw, E.2| bw, 6" |2bw, G w.E, | aw.G |2aw, G
Concrete J b1 QJ 313 (r) ‘L ﬁ
Blocks L2 2 2 h
Mig;;ﬂy bc E; be G 2c G () ac E; | ac g
Units Z %) 3%, h h

qor compression i=1, 2, ..
for tension i=1.

by

O
- [ep]
" n

D
=
1]

(V2]
"

1 for beams and (2c/h)2 for walls.

1 for beams and (2c/22)2 for walls.

E/[2(1+v)], where v is Poisson's ratio for mortar.

., number of segments in the stress-strain curve,

o = the center-to-center distance between blocks in the x-direction.

the center-to-center distance between blocks in the y-direction.

e
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(Curves reproduced from Reference (11))
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essentially linear. Obviously, the slope and therefore the modulus of
clasticity are variable in the nonlinear reqion.

In order to evaluate the modulus of elasticity for the entire
stress-strain range, the original curve is replaced by a number of
linear segments representing the original curve as closely as possible.
Thus, the moduli of elasticity are reduced to a finite number. This is
jllustrated in Figure 10, in which curve A is replaced by the three-
segment dashed line. Consequently, three moduli of elasticity are ob-

tainable for the three linear segments.

4.5.2 Poisson's Ratio for Mortar

In evaluating the shear modulus G for mortar to be used in Equations
(4.4), (4.5), and (4.6), it is necessary to know Poisson's ratio for mor-
tar. Various mixes were tested by Anson and Newman (4). They reported
an increase in Poisson's ratio with the water-cement ratio of a given
mix. On the other hand, they observed a decrease in Poisson's ratio with
the increase of aggregate ratio in the mix. The tests produced Poisson's
ratios ranging from 0.168 to 0.227. Based on these results, an average
value of 0.19 may be suggested. In general, Poisson's ratio for mortars
and concretes lies between 0.1 and 0.2 (4). An average value of 0.15,

therefore, seems more reasonable for general use.

4.5.3 Stiffness Modifications for Simple

Supports and Running Bond

The spring stiffness for shear in fhe transverse direction calcu-
lated from Equation (4.4) is the basic stiffness, applicable wherever

the distance between the centroids of adjacent blocks is a block length
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plus a joint thickness in the x-direction or a block thickness and a
joint thickness in the y-direction. In Figure 11 the basic center-to-
center distance in the x-direction is 22. The distance between the cen-

ter of the first block and the left support is & To be consistent,

1
the stiffness of the side boundaries must be increased by the ratio
zz/il. This is true for all boundaries. It is also app]icable at the
head joints of the running bond pattern when one of two adjacent blocks
is not a complete block. The same principle applies to the bed joints

of the running bond pattern. Since the centroids of blocks in consecu-
tive courses are nbt aligned along a line parallel t& the y-axis, the

bed joint stiffness must be reduced by the ratio of h to the actua1 in-
clined distance between the centroids of the blocks. Expressions for

the modified stiffnesses are given in Figure 11.

Boundary stiffnesses obtained from the expressions of Figure ]1 are
the maximum values. In order to simulate a simple support, all blocks
along the boundary must have the same transverse displacement. This was
done by having boundary stiffnesses vary according to a sine curve along
each boundary, with the-expressions of Figure 11 representing the peak
values.  For example, the expression for the upper and lower boundaries
is

keg = RG sin (%%J/[] - %$~sin (jég)]
where E6 is defined in Figure 11, x is the distance from the left support
to the spring, and Xe is the distance from the left support to the cen-

troid of the block.
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where k?w is the basic shear stiffness for head joints (Equation (4.5))
and k? is the corresponding bed joint stiffness (Table IV).

-Figure 11. Modified Shear Stiffnesses for Simple Supports
and Running Bond



CHAPTER V
DESCRIPTION OF THE COMPUTER PROGRAM
5.1 General

The computer program described herein was prepared to perform the
calculations involved in solving the system equations of motion developed
in Chapter II. The program is capable of analyzing the horizontal stack
pattern of masonry walls as well as four versions of the running bond
pattern (Figure 12). The loading provisions consist of a typical blast
loading, in addition to a number of the common dynamic loads. Masonry
units may be either solid or hollow-core blocks.

The program was written in FORTRAN IV language for solution using
the IBM system 370/158 computer. Minor changes may be necessary for run-

ning the program on other types of computers having a FORTRAN compiler.
5.2 Program Organization

Program WALBLAST is composed of a main program, 11 subroutines, and
a BLOCK DATA subprogram. The main program (Figure 13) is the organizer
which basically consists of four CALL statements to execute the major sub-
routines in the required sequence. The CALL statements are executed as
many times as the number of problems. Written in this modular form, the
program offers the degree of flexibility that is necessary in long multi-

function programs.
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Figure 12. Wall Patterns to be Used in the Program
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START

(READ Identification of Run]

PRINT Identification of Run
-

(READ Problem Number and Identification|

PRINT Problem Number and Identificationl

v

CALL
Subroutine
IIIDII
CALL
Subroutine
"CORDS"
CALL
Subroutine
"LINKEL"
Y CALL
Subroutine
"SOLVER"

No

Figure 13. Flow Diagram for the Main Program
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The function of each of the subroutines will be discussed in some
detail in the following sections of this chapter. A Tlisting of the pro-

gram is provided in Appendix C.

5.2.1 Subroutine ID

The purpose of this subroutine was for reading and printing the data
for the problem. A guide for input data is presented in Appendix D. The
wall type is to be specified by the appropriate code number, as indicated

in Figure 12. A summary flow diagram is given in Figure 14.

5.2.2 Subroutine CORDS

This subroutine performs two major functions. They are: (1)»to
determine the number of blocks in the wall, along with other information
such as the number of blocks per row, the number of rows, etc.; and (2)
to assign a number and determine the x, y, and z coordinates for each
block with respect to the global coordinates system. A summary flow dia-
gram is shown in Figure 15.

Examples of the numberihg system used are given in Figure 12.
Choosing this system was primarily due to the programming method used in

association with the stiffness matrices (section 5.2.8).

5.2.3 Subroutine LINKEL

A1l the necessary spring stiffnesses are calculated in this subrou-
tine using the material in section 4.5. As indicated in the flow diagram
(Figure 16), the stiffnesses are calculated for interior as well as bound-
ary springs. The expressions of Table IV were used for interior joints.

At the boundary, however, the following conditions were treated:



Subroutine
1D

READ : PRINT
Wall Data ' Headings
READ Boundary PRINT
Conditions Wall Data
READ 1 PRINT
t Block Data Boundary Conditions

-~ READ
Spring Locations

PRINT
Block Data

(READ Number of Stress- PRINT
Strain Curve Segments _ﬂgiff’i?SUJEL
READ Stress-Strain PRINT
Curve Data Mortar Properties
| — 1
READ PRINT
Mortar Properties Spring Locations
~~  READ PRINT Stress-Strain
Joint Widths ____:Eﬂzfiggig_____.
“READ Loading PRINT Loading
Information Information

C/b | RETURN

Figure 14. Summary F]ow.Diagram for Subroutine ID



Subroutine
CORDS .
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Determine Number of

in the X- and Y-Directions

Blocks

No KODE = 0?

(Horizontal
Stack)

Calculate Center-to-Center Distance
Between Block Portions and Next Complete Block

[Ca]cu]ate Number of Odd and Even Rowsl

Yes

Calculate
Number
of Blocks

y
[Ca]cu]ate Number of Blocks iana11J

[Ca]cu]ate:X-Coordinate for First Two Rowsl

Calculate
X-Coordinate
and Block
Number Along
Left Boundary

Determine Block Number for Blocks
Along the Left, Right, and Upper Boundaries

Repeat X-Coordinate Calculations
for Consecutive Row Pairs

Expand
X-Coordinate
Calculations

in the

Y-Direction

v

Calculate the Y-Coordinates

[ Calculate the Z—Coordinate{]

y

Calculate Effective Length and Thickness of Blocks

| RETURN >

Figure 15. Summary Flow Diagram for Subroutine CORDS




Subroutine
LINKEL

Calculate Modulus of Elasticity
E and Shear Modulus G

Calculate Basic Spring Stiffnesses
for Interior Joints

Calculate Axial and Shear Stiffnesses
for Springs Along the Left Boundary

Calculate Axial and Shear Stiffnesses
for Springs Along the Right Boundary

Calculate Axial and Shear Stiffnesses
for Springs Along the Upper Boundary

Calculate Axial and Shear Stiffnesses
for Springs Along the Lower Boundary

Assign Stiffnesses for Springs Representing
the Head Joints for A1l Blocks

Assign Stiffnesses for Springs Representing
the Bed Joints for A1l Blocks

Determine the Maximum Allowable Forces
for Springs in Tension, Compression, and Shear

IRETURN )

Figure 16. Summary Flow Diagram for Subroutine LINKEL
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1. Free support. All spring stiffnesses were set to zero.

2. Simple support. For axial springs the stiffnesses were set to
zero. The expressions given in section 4.5.3 were used fdr shear.

3. Symmetry condition. This condition is useful in a situation
when only a portion of the wall is analyzed due to symmetry. Such sym-
metry may be with respect to the x-axis, y-axis, or both. Since walls
with running bond patterns are not symmetric, this condition is re-
stricted to the horizontal stack pattern. The spring stiffensses speci-
fied for this case are those of a similar interior joint. _

Noteworthy is the fact that the moduTus of elasticity was neglected
in all calculations in this subroutine. The task of mu1t1p1ying each
stiffness value by the proper modulus of elasticity is performed in sub-

routine STIF (section 5.2.6).

5.2.4 Subroutines LOAD, STAHS, and STARB

The loads on a given wall are stored by the program in a two-
dimensional array (P) having six rows and as many columns as the number
of blocks in the wall. The six rows allow for a load in the direction
of each of the degrees of freedom of a block. The loads applied in this
study are the static in row 2 and the dynamic in row 3. A1l toads on a
block are considered to be concentrated at its centroid.

The static load is due to the wall's own weight. For the horizontal
stack pattern the static load is calculated in subroutine STAHS. For the
running bond pattern this function is performed by subroutine STARB. De-
pending on the type of wall being analyzed, one of these subroutines is

executed by a CALL statement in subroutine LOAD (Figure 17).



> Call "STAHS" )

Subroutine
LOAD
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> call "STARB"

y
Calculate Peak Dynamic Load in the
Z-Direction on Each Block for A1l Blocks

Proportion Load According to Loading
Function Used and Time Reached for A1l Blocks

Subroutine
STAHS

RETURN )

Subroutine
STARB

Calculate Static Load
on Each Block for A1l
Blocks for Horizontal Stack

Calculate Effective Block
Weight for A11 Blocks

A

Calculate Effective Block
Weight for A11 Blocks

RETURN )

|

Calculate Static Load
on Each Block for All
Blocks for Running Bond

| RETURN

Figure 17. Summary Flow Diagrams for Subroutines
LOAD, STAHS, and STARB
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Dynamic load ca]cu]ations are performed by subroutine LOAD. The
load on each block is calculated from a loading distribution over the
entire wall that is sinusoidal, uniform, ora combination of both, as
specified. The variation with time is calculated from one of the load-
time functions shown in Figure 18. One of these functions needs to be
specified in the problem data by specifying the appropriate ILOAD code.
Subroutine LOAD is executed when called by subroutine SOLVER (Figure 22)

at TIME = 0 and at every time interval thereafter.

5.2.5 Subroutine MASS

The mass and mass moment of inertia are calculated in this subrou-
tine. Solid brick as well as two- and three-core concrete blocks are
treated. Mass calculations were based on the effective block wéight
calculated in subroutines STAHS and STARB. This weight includes half
the weight of each of the surrounding mortar joints in additfon to the
actual weight of the unit.

In calculating the mass moment of inertia for solid and hollow
units, separate calculations were necessary, as shown in the flow diagram
of Figure 19. Equation (2.2) was used for solid bricks; those used for
the hollow concrete blocks are given in Appendix A.

This subroutine is executed once by a CALL statement in subroutine

SOLVER (Figure 22).

5.2.6 Subroutine STIF

This subroutine had a dual purpose. The first was providing the

proper modulus of elasticity for spring stiffnesses calculated in
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Subroutine
MASS
Calculate Block Mass for
Use With Linear Displacements

Calculate the Inverse of the Mass
Moment pf Inertia for So]id Bricks

A4

Calculate the Inverse of the Mass
Moment of Inertia for Hollow Concrete
Blocks, Both Full and Portions

RETURN )

Figure 19. Summary Flow Diagram for Sub-
routine MASS
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subroutine LINKEL. The second was constructing the various stiffness
matrices of Chapter II. A summary flow diagram is shown in Figure 20.

Coding for the specification of the modulus of elasticity E occupies
a very small area at the beginning of the subroutine, but performs an
important function. Depending on a code stored in array NSTAGE for each
spring in the wall, the proper E value is selected to multiply by the
value obtained for spring stiffnesses in subroutine LINKEL. Originally,
the code is set to one for all springs. It is then updated in subroutine
SOLVER for the successive regions for springs in compression, or failure
for those in shear or tension.

The overwhelming portion of the subroutine was reserved for con-
structing the stiffness matrices used in Equations (2.15e) and (2.18) and

given in expanded form in Appendix B.

5.2.7 Subroutines FORCES and GEOMET

The force developed 1h each'spring is calculated in subroutine
FORCES, as shown in the flow diagram of Figure 21. First, the geometry
matrix [G] used in Equation (2.8a,b) is assembled in subroutine GEOMET
which is executed by a CALL statement. Knowing the centroidal displace-
ments from subroutine SOLVER, the.nodal displacements for each block are
obtained using the geometry matri*. Change in the length of each spring
is then calculated as the absolute difference between the nodal displace-
ments of the two blocks at its ends. Finally, the force in each spring
is calculated as the product of the stiffness and the change in length.

Subroutine FORCES is executed by CALL statements in subroutine

SOLVER (Figure 22). The first CALL is for calculating the spring forces



Subroutine
STIF

Multiply Stiffness Values by
Proper Modulus of Elasticity

I

Build Stiffness Matrices'[KA] and [KB]

Yes ‘ No

Construct [KC] for Horizontal Stack

Build [KC] and [KE] for Running Bond

Construct [KD] Matrix

Is
Yes ~“KoDE = No

0?

Construct [KE] for Horizontal Stack

Build [KF] and [KH] for Running Bond

1

ICa]cu]ate Displacements Due to Static LoadsJ
I

RETURN >

Figure 20. Summary Flow Diagram for Subroutine STIF
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Subroutine
FORCES

> Call "GEOMET" )

y

Convert Centroidal Displacements
to Nodal Displacements for Each Block

Calculate the Net Elongation or
Contraction in Each Spring

Calculate the Nodal (Spring) Forces
: for Each Block

Nob

Calculate Static Forces
Due to Weight

I RETURN )

Figure 21. Summary Flow Diagram for
Subroutine FORCES
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Subroutine®
SOLVER

) Call "LOAD" )

D Call "MASS"

) Call "STIF"

Calculate Time Increment DT

Calculate Acceleration at TIME = 0

) Ccall "FORCES"
Do Up To Number of Time Steps

N

TIME « TIME + DT

) Call "LOAD"

Initialize Iteration Counter: ITER <« 1

Define Displacement UCT, Velocity VCT, and Accelera-
tion ACE of Block Centroid at Time = TIME for A1l Blocks
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[

Assume Acceleration at Time = TIME + DT and Calculate
Corresponding Displacement UC and Velocity VEL at
Block Centroid for A1l Blocks, Using Newmark's Equations

S

Figure 22. Summary Flow Diagram for Subroutine SOLVER
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Calculate [KU] = [KMTueH® - [kBIeues® - [kCTcucyC
- K100 - kT - kFroue)F - k1cucH

!

Calculate Actual Acceleration at Time = TIME + DT

Is
(Assumed
Acceleration - Calcuy> No | _
lated Acceleration) ITER« ITER +]
STolerance
?

L

Yes

Print UC, V

2 Call "FORCES" »

Is
Head Joint
Spring Forces
> Maximum
Allowable?

Set Spring Failure Code;
Print Number of
Failed Spring

Spring Forces
> Maximum
Allowable?

Yes

—
Set Spring Failure Code;
Print Number of
Failed Spring

Has
Limit of
Current Stress-Strain
Curve Segment Been
Exceeded?

—<ALL "sTIF"

[RETURN )

Figure 22. (Continued)
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due to the static loads. In later CALLs, spring forces due to the dyna-

mic loads are calculated.

5.2.8 Subroutine SOLVER

The main purpose of this subroutine was to calculate the centroidal
displacements, velocities, and accelerations for each block. This is
done by applying Newmark's equations given in section 2.4.1 and the equa-
tions of motion of the system (Equation (2.19b)). Much of the informa-
tion needed in the process was calculated earlier. Thus, subroutines
LOAD, MASS, and STIF are called by this subroutine.

In preparing the stiffness matrix for Equation (2.19b), the system.
stiffness matrix as given in Equation (2.19a) was not actually assembled
into a global stiffness matrix. This is due to the fact that when
assembled, the global stiffness matrix becomes banded. Storing the com-
plete matrix in the computer, therefore, results in providing unnecessary
storage spaﬁe for the zero elements.

In order to avoid the extra storage space, the product of [K]{U} is
substituted in Equation (2.19b) rather than the separate matrices. For

example, the first element in the resulting vector is expressed as
TONENTS TSI (IR I [T (5.1)
and the corresponding expressioh for acceleration is
oy = 17" (R ()Y - ko) (5.2)

For the purpose of detecting any cracks due to mortar or bond fail-
ure, the force in each spring is calculated by calling subroutine FORCES

when new displacements are obtained after each time interval. Whenever
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the force in a given spring reaches the maximum a]]bwab]e limit (calcu-
lated earlier in subroutine LINKEL), a failure code is assigned to that
spring in array NSTAGE so that the stiffness is set to zero in subrou-
tine STIF. For springs in compression, a similar approach is followed
to assign a modulus of elasticity corresponding to the level of stress

at the particular stage.



CHAPTER VI
SELECTED PROBLEMS
6.1 General

The principles discussed in the previous chapter will be employed
here to analyze a numbér of beam and wall systems. The process should
serve as a means of testing the performance of the Computer program.

The behavior of the systems analyzed here will be discussed in

Chapter VII.
6.2 Simply Supported Beams

Two versions of a simply supported beam were analyzed. The first,
shown in Figure 23(a), was made of eight clay bricks. The second version
was the same as the first, except for substituting concrete blocks for
the clay bricks, as shown in Figure 23(b). Due to symmetry, only the
left half of each beam was analyzed.

Both beams were subjected to a sinusoidal loading distribution. The
pressufé variation with time was according to the function shown in
Figure 23(c).

Computer printouts of the input data and calculated stiffness used
in both beams are presented in Appendix E.

In order to compare the behavior of both beams, the centroidal dis-

placement versus time of unit number 4 in each beam was plotted in Figure
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Figure 23. Simply Supported Beams

68



69

24. A comparison of the behavior of the clay brick beam with that of a

closed form, continuous elastic beam is presented in section 7.3.

6.3 Simply Supported Walls: Horizontal

Stack Pattern

In order to investigate the behavior of simply supported walls, the
system shown in Figure 25(a) was analyzed. Due to symmetry, only a quar-
ter of the wall was analyzed. Again, two types of masonry units, namely,
clay bricks (Figure 25(b)) and concrete blocks (Figure 25(c)),were used.

A sinusoidal Toading distribution was applied to the wall. The
pressure-time history is shown in Figure 25(d). Computer printouts of
the input data and calculated stiffnesses for this problem are presented
in Appendix E.. The response of unit number 12 is shown in Figure 26 for

both types of masonry units.

6.4 Simply Supported Walls: Running

Bond Pattern

The simply supported wall with a horizontal stack pattern of the
previous section ié analyzed here as having a running bond pattern. The
wall system, brick, and loading used are illustrated in Figure 27. Com-
puter printouts of the input data and spring stiffnesses are presented
in Appendix E.

It is interesting to compare the behavior of the two systems. Com-
puter printouts of the results at 7.5 milliseconds are presented in
Appendix E for both the horizontal stack and the running bond patterns.
A comparison of the fourth row deflection in each system is shown in

Figure 28. The displacement history of block number 29 in the running
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Simply Supported Wall With a Horizontal Stack Pattern
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bond pattern and the corresponding brick (number 12) in the horizontal
stack pattern are presented in Figure 29. Clearly, the row deflection
and unit displacement differ slightly in magnitude. It is also apparent
from Figure 28 that the row deflection of the running bond pattern fol-
Tows a sine curve more closely than the corresponding row in the horizon-
tal stack pattern at the given instant which is near the time of maximum

deflection.
6.5 Comparison With Experimental Studies

Much of the experimental work on the dynamic behavior of masonry
walls has been performed by the URS Research Corporation. One of the
experimental walls that has been used in the literature for comparison
purposes is a wall having a "common Flemish bond" construction with a
bond course every sixth row. The wall is simply supported at the top
and bottom and free on the sides; it is approximately 12 feet long, 8%
feet high, and 8 inches thick.

The wall was tested by Willoughby (39) at the URS Research Corpora-
tion with a uniformly distributed load having the load parameters given
in Figure 30. The deflection at the center of the two panels tested are
shown in Figure 31 by curves EA and EB.

In at least two cases this wall was used as an example. Wiehle (36)
reduced the wall into a single-degree-of-freedom system and applied
Newmark's B method in the analysis. The resistance function used was
based on a beam strip of the wall. The response obtained is represented
by curve W in Figure 31. On another occasion Summers analyzed a 12-inch
wide strip of the wall as a beam with the "finite element gri]]ége"

representation. Curve S in Figure 31 was obtained by Summers' method.
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In order to compare the response of the wall using the principles
employed in this research with the previous results, a 12-inch wide beam
was analyzed. The beam mpde], load parameters, beam parameters, and mbr-
tar properties are given in Figure 30. The response of unit number 15
is given by curve BM in Figure 31. Note that this curve represents the
displacement at the center of unit number 15 rather than at the center of
the beam. As the curve illustrates, the beam disintegrated rapidly fol-
lowing the development of tensi]é‘cracks at,the top and bottom of unit
15. Had the’bond between the mortar and thé bricks been strong enough so
that no failure occurs at the stress level attained, the beam deflection
would have followed the general trend of the deflection curves obtained
by Wiehle and Summers. Note that the forcing function used by Summers
had no rise time.

The complete 12 x 8% foot wall was also analyzed. As indicated
earlier, this wall is simply supported at the top and bottom and is free
on the sides. Load parameters and mortar properties were the same as
those given in Figure 30. The brické used were 19 inches long, 6.5
inches high, and 8 inches deep. As such,the bricks have approximately
twice the dimensions of the bricks used in the experimental walls by
Willoughby (39). The wall pattern used was version II of the running
bond pattern (Figure 12(d)). The average displacement of seven bricks
located near the center of the wall is represented in Figure 31 by curve
WM.

When this curve is compared with experimental curves EA and EB,
certain factors must be kept in mind. The current model employs a run-
ning bond pattern rather than the flemish bond, with bricks approximately

twice as large as those used in the experimental walls. In addition,
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joint thicknesses and the modulus of elasticity of mortar were estimated
on the basis of information in the URS report (39). A more important
factor, however, is the fact that the experimental walls were built with
bricks that are approximately 4 inches deep. Thus, the 8-inch thick
experimental wall can be thought of as two 4-inch thick walls joined to-
gether by a mortar panel extending over.the full length and height of the
wall. Certainly, the stiffening effect of this panel cannot be ignored.
The responses shown in Figure 31 clearly indicate that the beam
models follow the same general trend. Collectively, they seem to predict

the wall response fairly well.



CHAPTER VII
COMPARATIVE STUDY AND DISCUSSION
7.1 General

In the previous chapter, different systems of beams and walls were
treated. In addition, different masonry units were also used. The
effect of these and other factors on the behavior of masonry walls will

be discussed in this chapter. -
7.2 Effect of the Type of Masonry Units

The two types of masonry units used, namely, clay bricks and two-
core concrete blocks, produced different system behaviors. For the beam
of Figure 23(a), substituting the 32‘percent lighter concrete blocks for
the clay bricks (Figure 23(c)) produced the same maximum displacement as
shown in Figure 24. It did, however, raise the natural frequency of the
beam by about 26 percent. This was not the case for the wall of Figure
25. Substituting concrete blocks for the bricks here resulted in higher
displacement, as indicated in Figure 26.

In the case of the beam, the change in natural frequency is traced
directly to the change in the unit's mass. This is also a contributor
to the higher displacement of the wall. A more important factor for the
wall, however, is the Tower stiffness of the bed joint springs caused by

the mortar covering only the face shells of the concrete blocks.
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7.3 Comparison With Closed Form Solutions

In order to compare the response of the modeled masonry systems with
equivalent elastic systems, the beam of Figure 23(a) and the walls of
Figures 25(a) and 27(a) will be considered.

The displacement versus time of beam unit number 4 (shown in Figure
24) was reproduced in Figdre 32. The dashed curve in Figure 32 repre-
sents the corresponding displacement obtained for an equivalent elastic
beam. Clearly, the two solutions are very close, with a peak difference
in the neighborhood of 1.85 percent.

For discussion of the simply supported walls, reference is made to
Figure 29. The horizontal stack pattern resulted in a peak displacement
which is over 7 percént higher than that of an equivalent elastic plate.
Conversely, the peak displacement in the running bond pattern was about
5 percent Tower than the elastic plate solution.

Inspection of these results shows that the response of the modeled
masonry beam and walls is essentially the same as that of a comparable
elastic beam and plate. Furthermore, the running bond pattern seems to
develop a somewhat higher resistance than the horizontal stack patterh

for dynamically loaded walls with simple supports on all sides.
7.4 Wall System

One of the objectives of this study was to compare the behavior of
the horizontal stack and the running bond systems. In Chapter VI a wall
was analyzed once as having a horizontal stack pattern and again with a
running bond pattern, both under the same loading. Figures 28 and 29

show the deflection and block displacement for both types. The maximum
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deflection for the running bond pattern is approximately 12 percent lower
than that of the horizontal stack pattern, which indicates that the run-
ning bond pattern has a slightly higher transverse resistance than the

horizontal stack pattern.
7.5 Crack Development

Crack development is one of the important factors that affects the
strength of masonry walls. A number of investigators have pointed to
the bond failure between the masonry units and the mortar as the primary
cause for crack development.

In order to study the development of cracks, the horizontal stack
wall of Fﬁgure 25 was subjected to the same loading shown in Figure 25,
but with peak pressures of 1, 2, 4, and 6 psi. Figure 34 shows the dis-
placement of block number 12 versus time for all four peak pressures.

No cracks developed when the 1 psi peak pressure was used. Under the
other three peak pressures, tensile bond failure occurred at the upper
bed joint of block number 12 (mid-height of the wall) when the block
displacement reached approximately 0.027 inches. It is interesting to
note that had there been no crack development, the 2, 4, and 6 psi curves
would have followed a pattern similar to that of the 1 psi éurve but with
a higher amplitude. This is shown for the 2 psi pressure in Figure 33.

A clearer picture of crack development under the different peak
pressures might be obtained from Figureé 34, 35, and 36 which show the
crack development after seven milliseconds of exposure to the peak pres-
sures of 2, 4, and 6 psi, respectively. In Figure 34, virtually all the
central area of the wall developed cracks, with the rear face having a

larger share than the front face. Cracking was initiated by tensile
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failure near the center of the rear face. It was followed by successive
failures at the other joints, starting with those along the symmetry
lines. More extensive cracking developed when the wall was subjected to
higher pressures, as illustrated in Figures 35 and 36. For the most
part, cracking was due to tensile bond failure, although shear bond fail-
ures did occur. In addition, some joints experienced compressive
stresses in the nonlinear region of the stress-strain curve, as indicated

on the front face of the wall in Figure 35.



CHAPTER VIII

SUMMARY AND CONCLUSIONS

8.1 Summary

Research on the response of structures to blast loading has been
underway for decades. Much of that work, however, was concentrated on
the frame behavior. Since wall resistance can be significant, more
attention has been given to wall behavior in recent years. The aim of
this study was to develop a model for masonry walls that simulates their
response to blast loading.

Previous investigations have pointed to the mortar joint as the weak
Tink in masonry walls. Thus, the important role of the mortar joint was
emphasized in the model developed. While masonry units were assumed to
be rigid, mortar deformation was simulated by flexible three-dimensional
"Tinkage" elements. Enclosed in each of these elements are three perpen-
dicular springs to measure the axial, in-plane shear, and transverse
shear stresses. Since the masonry units were assumed to be rigid, forces
and deformations developed in the springs were conveniently related to
the center of gravity of the masonry units, using the small displacement
theory.

The horizontal stack and running bond wall patterns were studied;
equations of motion were developed for each. Walls built with either

clay bricks or concrete blocks were used in the study.
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A computer program was written for solving the equations of motion,
using Newmark's B method. The program can be used to analyze four ver-
sions of the running bond pattern, in addition to the horizontal stack
pattern, with different boundary conditions. Furthermore, solid brick
as well as two- and three-core concrete blocks are acceptable.

So far as the loading distribution is concerned, uniform, sinusoidal,
or a combination of both may be specified. Pressure-time relationships
can be any of four common pulses, in addition to the blast function.

The level of stress in each spring is tested in the program after
each time interval. Thus, crack development and transition into the non-

linear region of the stress-strain curve are traced.
8.2 Conclusions

A number of conclusions may be.drawn from this study. They are:

1. Based on the exce11enf agreement between the response obtained
from the model and those from previous research and closed form solution,
the model chosen seems to simu]ate the behavior of masonry walls quite
well.

2. Assuming that the masonry units are rigid is a valid assumption,
provided that proper stiffnesses are assigned to the springs.

3. Using the small displacement theory in relating nodal and cen-
troidal parameters for the masonry units proved to be satisfactory.

4. The running bond pattern developed a somewhat higher resistance
to the transverse dynamic load than the horizontal stack pattern for
simply supported walls. |

5. Walls constructed with clay bricks have a higher resistance to

transverse dynamic loads than those constructed with concrete blocks.
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6. The model facilitated the prediction of crack development and
simulated wall response beyond the elastic Timit.

7. Mortar properties and block dimensions have a great effect on
the resistance of masonry walls.

8. The behavior of masonry walls is similar to that of p1ates,
which suggests that the model developed here may be used for plates and

beams.
8.3 Suggestions for Future Work

The work presented in this dissertation may be expanded to cover

walls with openings. Additional wall patterns may also be studied.
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APPENDIX A

EXPRESSIONS FOR MASS AND MASS MOMENT OF
INERTIA FOR CONCRETE BLOCKS
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As mentioned earlier in connection with Equatioh (2.12) (see page
18), the mass and mass moment of inertia for concrete blocks are natur-
ally different than those of solid bricks. The mass is calculated in a
similar fasnion to that of a solid brick, using the block weight in addi-
tion to a shell of mortar surrounding the block on its sides. No mortar
is used on the webs of the block. Furthermore, mortar joints on the
right and left sides are considered to havefa width in the z-direction
equivalent to that of the face shells for 3icore blocks, and the full
block width for 2-core blocks.

The expressions for mass moment of inertia for full blocks are:

_ 2 2 2
Iu = {2wS [wj + (2b + ty) + 12RZ]
FWL (N = 1)+ 200 + W )] [(2b)2 + 2273/129
ri c re em
_ 2 2 2 2 2 2
IV = {ZWS [wj + (2a + tx) + 12RZ] + Zwre (te + 7"+ 12RX])
2 2 2
+ wri (NC - ])(ti + 7+ 12RX2)
ol [(t/2)2 + 22 + 12(a + t/8) 21312
em X ' X 9
_ 2 2 2 2 2
IW = {zwS [(2a + tx) + (2b + ty) 1+ Zwer [te4-(2b) 4-12Rx]]
2 £\ 2 2
+ wri (Nc - 1) [ti + (2b)° + 12Rx2]
+ 20 [(t /2)% + (2b)2,+ 12 (a + t /4)2]}/129
em X X
where
NC = number of cores;
a,b,c = half dimensions of the block;

!

W weight of the face shell and mortar;
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i

W weight of the interior rib;

ri

Wre

W

weight of the exterior rib;

em weight of end mortar attached to end rib (for 2-core
blocks);

g = acceleration of gravity = 386.088 in./secz;

te’ ti’ Wj’ Z, Rz’ Rx]’ sz are shown in Figure 37; and tx’ ty are joint
thicknesses defined in Chapter II.

For the case where a portion of a block is necessary to complete a
course for the running bond pattern, a new set of expressions for the
mass moment of inertia must be developed. To begin with, the center of

gravity for a portion of a block must be located. The expression for

the center of gravity is given by

(X

1

C = {AS (2a + tx)/z + Ar [Eh + (te + tx)/2] + At 5

g + t]/Z)

+ At2 (X4 + t2/2) + At3 (X6 + t3/2) + A.

mm (tX/4)

+ AL (Lx + tx/z)}/AT

where
A_ = area of the two face shells (including joint);
Ar = area of end web;

A ,,,A, ,,A, , = areas of webs with widths t,, t,, and t,, respective-
t1°7't2°7't3 ly (Figure 37); 1 -2 3

Aim = area of mortar for 2-core blocks in excess of that
. for 3-core blocks = Z tx;

Am = equivalent to Ajm; may be deleted when section at Lx
does not pass through a web;

AT = sum of the above areas.

The expressions for the mass moment of inertia are:
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Boundary Modifications for Stiffness Matrices

Due to the geometry of the running bond pattern, certain courses
start and/or end with a less than full masohry unit. In such cases,
matrices [K'1, [kB1, [KR1, [KER1, [kP1, [KF1, and [KM] given on the
previous pages of this appendix need to be modified. The particular
cases where such modifications are necessary are tabulated in Table V

on the following page, along with the required changes.



MODIFICATIONS IN STIFFNESS MATRICES FOR LEFT* BOUNDARY

TABLE V

Case

C

I A[ T
: i
—llok
E

1 D
g[:

-.-.A—.

111 FL T

v E[ ¢
A

Matrix Elements Affected

35,53
45,54
26,62

(K]

a(]-xur)

a(]-kuz)

Replace a by ze*/z

| [K7]

Replace a by le/Z

1 B
.-§-(ze + tx)(a + tx/z) Kw

1
.-5-(£e + tx)(a + txlz

) kB

v

1K

CR]
and

[k

Zero

a(]—xur

) =0

.26

55

66

35

45
26
46

55
66

Py |

Replace a by ze/Z

(o t)a+ 1,/2)

K

<

.-%A(ne + tx)(a + tx/2) K

< Oi=

(K]

Zero

a(]'Auz)

35
45
26
46

55

66

[kER]

Zero

a(]-xul)

*The same changes apply for
and 11, where [KB] changes apply

Ty

C

is the actual length of

the right boundary, except in Cases I

to [KDP] instead and vice versa.

an end block.
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PROGRAM "WALBLAST": LISTING
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ONOONAOOOADDNDNONNONODOAOONBANON

C==>> MAIN PROGRAM

c
c E 222 2332322322223 3223232222 +2 2222233222232 8222333322232 2R RE48 2}
[ * .
Cc * FUNCTICN: CALL MAJCR SUBROUTINZS -
[ & *
Te Mo AL-ASWAC c (222233 22223 2 X222 2d 2222222222332 2232323222132z 22232222 3222 X423
[
SCHOGL OF CIVIL ENCGINEERING DIXEKRSION IDR(40), IDP(19)
CXLAHTYA STATE UNIVERSITY DXTA IBLANK /4H 7
STILLRATER, CKLEARCVYA c

C==>> READ IDENTIFICATION OF RUN —-- TWO CARDS

READ 1000, IDR
PRINT 2005
MASCNRY UNITS: SCLIC ERICKSs 2= AND 2-CCRE CCNCRETE PLCCKS FRINT 2010, IDR
’ 100 CONTINUE

SUPPORT CCNDITIOGNSS FREE» SIMPLEs FIXECs SYPMETRY

(2]

C=-=>> READ IDENTIFICATION OF PRCSLEM =- ONZ CARD
LCADING DISTRISUYICN? UNIFCRM, SINCSCIDALs OR A COMEINITICN < -
REZAD 1000, NPRCB, IDP
FCRCING FUNCTIGNS: FIVE DIFFESRENT PULSES PRINT 2020, NPKOCB, IDP
-

C==>> CYECK PROBLEM NAME. STOP IF BLANK
FCP® ADDITICNAL INFIRMATICAs REFER TC ACCCMPANYIANG Ph.Ca <

DISSERTATIZA . IF (NPROB .EQ. IBLANK) GC TO 20C

1
1
i
1
1
1
!
]
1
i
i
t
1 WALL PATTERAS: PFTRIZCOATAL ST2CKs RUANINC ECAC
1
1
1
I
]
H
]
1
1
1
1
1
1

- - ———— C==>> CALL SUBROGUTINE “ID™ TO READ AND PRINT PRUSLEM DATA

CALL ID

C==>> CALL SUBROUTIKE ™CORDS™ TO ASSIGN KUMSERS 70 ANI CALCULATE

¢ C==>> CCORDINATES OF BLCCKS

CALL CoRDS

C==>> CALL SUBROUTINKE "LINKEL"™ TO CALCULRYZ SPRIXNG STIFFNESSZES
CALL LINKEL

C==>> CALL SUSROUTINE "SCLVER™ TO FORMULATE AND SOLVZ

C==2>> EQUATIONS OF MOTION
CALL SOLVER

GO TO 100
200 PRINT 3000
- PRINT 2005
1000 FORMAT (20A4)
2005 FORMAT (1H1)
2010 FORMAT (16 , 20A4)
i 2620 FORMAT (1H0, 3X,8HPROBLEM , A4, 2H: , 19i4)
. 3000 FORMAT (1HO, 20H >>> ENJ OF RUN <K< )
STOP
END

SLL



SU3ARTYTINE 1D

tg FR AL EB AT ST LT FISERXIF SRR SE R R L PAE YER AR R B SR BB R R A KA R E R R RE RS R R KX C XX EEKEE
L ] -
§ ® FUNLTION: SITAD AND ORINT PACBLEM DATA =
C = *
c BERSLEL AL TLXELERN LT AT SA R AT R RE R E R XX PR AT AR AT R XX R LR RKE AKX EREIEEEN
c
TupLICEY S (8-S, 2-2)
[kl ia ¥ 5PELY, SPEAK, RTIME, CTIME, DTIME, TYPE,ILOAD,KDYN
(oLl {uH A, 2, Ty WLy TI, TE, Er, ELENTH
[l L] HSTAGZ(48,125), STRESS( 5), STRAIN( 5}, E[5), NSEG
Couvny KS(438,125)s G48,6)y LAMR, LAML, LAMV, LAMa, AKK
c TXd, TYJS, TLJ, IRJ, TUJ, TBJ
[T RIlN TSETN3, SSBONO. CSMORT
cIvelw te Liy L2y Ay HZy ILS, IRS, ILS, IBS, KODE
[Ss ot 4T, MIATWT, T8LEK
DTUBLET PRECISIOAN Ly L1y L2e LIy hy HIy H2, KS
COuALE BRECISICH LAM2, LAML, LAMY, LAMa, MORTWT
INTEGER  FF
DATA  TwD, TWELVE /2.0073, 12.95(00/
GAT8  YYPL, TY®2 /1#41, 2HII/
DATZ FIX, SId, F3E, SYM J4HFIXLC, 4HSMPL, 4HFREE, 4HSYMM/
< .
C—->> DELD wWALL INEQ2VATICH
c
RTAD 1632, KIDE, LF, LI, HF, KI!
-
C-->> SEAD SUPSTAT CCANDITISNS
4
REZAD 1025, ILS, IRS, IUS, IBS
IF (ILS .ZQ. G} SL = FRE
1F tILS +¢ SL = 5IM
TFO(ILS . SL = FIX
IF {ILS St o= SYM
1F (1PS . $% = FPE
17 (IFS . §2 = SiM
1F (iP5 . S8 = FIX
IF (IS . SR = SYM
1F (TUS . SU = FFE
IF (1US . SuU = SiM
IF (IUS . Sy = FIX
IF (1US . SU = SYM
TF (I8S . $3 = FRE
IF (135 . S3 = SIN
IF (18s . $3 = FIX
IF (I8S . S8 = SYM
C
C-->> READ BLOCK INFCRMATION
[«

(S N aNal
!
v
v

(R

o
]
1
v
v

C=—>>

1592

-—>>

-=>>

A0 OO0

C—>>

300

350

49¢C

450

590
550

REZAD 1215, IBLOK, &2, B2, (2, W1, &4 TI, TE, W

'

RZAD 1730, LAMR, LAYL, LAMV, LAMA

READ “C., TF SEGMEINTS IN STHES-STRAIN CUPVE FCTR ¥T

RELD 1010, ASEG

READ ECOTDINATES OF STRESS-STHAIN CLIVE
© DC 159 1=1,NSEG
READ 1059, STRESS{I), STRAIN (I}
CONTINUS

READ MCORTAR PROPERTIES

READ 1C3C, TSB3IND, SS3CND, CSVCRT, MCRTRY
READ INTERIOR ANC BIUNDARY JCINT WICTHS

READ 103C, TXJ, TYds TLd, TRU, TUJ, TEJ
QAT LOADING INFSAIVATION

PEALC 124C, TYPS, ILCAD, DPEAK, SPTAXK, RTIME, (TIME,
PRINT 2029
PRINT 2C40
IKGDE = KCOE + 1

S T¢ (329, 359, 350, 40C, 42C),IXCLE
PRINT 2060, LF, LIy HFy HI

G2 YT 45)
PRINY 20el, LFy LI, HFy HI, TYP], KODE

57 TC 452

CoNTINGS
PRINT 20el, LF, LI, HFy, H[, TYP2, KCOE
PRINT 2870
PRINT 2275, St, SR, SU, S8
PRINT 20€0

IF (IBLOK .EQ. 1) GO TO £=CO
PRINT 2100, A2, 82, C2y TI, YE, WJy EF, W7, IBLOK

GQ TC 550
PRINY 2101, A2, 82, C2y WT
PRINT 2120
PRINT 2140, TXJ, TYJ, TLJ, TRYy TUJ, TEY
PRINT 2160
PRINT 2180, TSBOND, SSBOND, CSMCRT, NCRTWT
PRINT 2200

crius

9LL



22INT 222), LaMI, LAML, LAMV, LAMK 2140 FOMAT (S5X, FS.3, TX, F5.3, 27X, &{F5.3, &%})
PRINT 22&C 2160 FORPMAT (1HO, 1(/), 3%, 12{2%-——1}, 2X, 17%wI2728 PROPERTIES, 2X,

PRINT 22¢t, [STRESS(I), TI=1,*SEC) L 15(2H--1, 1H o {7}, 33X, 13HZTND STYRENGTH{PSI}, 21X,
PRINT 2262, (ST2IN{I), I=1,NSEC(} L] 1SHCCOMPR, STRENGTH, £X, 11%4%IT WEIGHT, 1H , 1{/), S5X.
PRINT 2230 N THTENSILE, 12Xy €xS=7%3,, 22X, 5+{PSI), 13X, SH{PCF))
e21MT 230D, TYPE, ILTAD, DPEAK, SPEAK, RTIME, CTIME, DTIuE 2130 FIRMAT (4X, F8.3, 11X, 13 =3,3, 11X, F7.3)
PEINT 2330 220C FIORMAT (1HOD, 1(/}, 1X, 2Ke - T7=5P2INGS, 2%y 1T(2H-=),
o] 1(/),  4X, 91 1Xy10(2F= ),
1323 ET3vAY (1, T4, F1C.0, IS5, F1lG.C) F 1i/), 2ALAMEDA Ly S5X, 8ALAMEDL V,
1375 =33vaT (4 R 5Xy BHLA!
1312 €23var 4F19.7, 475.9) 2220 FORMAT ( 44X, 4#1F7.5, &X), 7}
1330 FC3MAT 2260, FORMAT (1H 4 3X, 327ST COTROIMNATES:,/94Xe33(1A-F)
1243 FIeV2Y (24, 5X. 11, SF10.0) 2261 FORMAT (1H , 3X, 1l4STRESS(PSN), 2Xy Dll.%4))
1252 FIEMAT {510.3, 5%, D1%2.32) 2262 FORMAT {1HO, 3X, 13-STRAIN{IMN/IM), 5{ZXx, Oll.4%))
2223 FISYAT {1H2, 1(/), 35(1H=), 3X, 7THD A T A, 3X, 35(1Hs}, 2280 FORMAT (1HO, 1(/), 1X, 17(2-<-=), 1X, 135BLAST LOADING, 2X,
1 eXy 37(1r=*3, /s 59X, lH*, 35X, lH*, /, B9X, lH=2, 3X, X 16(2H==)y 2{/)s 1%, 4=TY2Z, 3X, OuTIME CCDEZ, 32X,
2 19HPRIGRLM WAl BLAST", 8X, LF*, /, 89X, lh&, 14X, Y 10HUNIF. PEAK, 3X, 9+SIAE PZan, 3%, IHRISE TIME, 3X,
3 THETY THT, 14X, 1H*) z 13HPEAK DURATICN, 3X, 1(ATSCAY TINE, 1{/), 21X, S5H(®SI),
2247 FIRMAT ([4X, 15(2===}, 2X, llbwaLL SYSTFM, 2X, 27{1k-},13X, lhk*, ? Xy, 5A(PST), 13X, 23%{ & = C€C T N D S/
A 1X, 23242YNAVIC AMALYSIS DF MASCNFY WALLS, 11X, ld%, 2300 FORMAT (1X, A4, 6X, Tl, 7K, FB.3, 6X¢ 8.3, &Xy FB.6y 5X»
3 1(/)y X, 2CACLEAR LEANGTHIFT--IN), 4X, 12HCLE22 REIGAT, s F8.6y TXy F3.6)
[d EH{FT-=1%}, 4X, THPATTERN, 3X, 4HTYPE, 3X, THVERSICN, 2350 FORMAT (1Hl)
[5} 13X,14%, 35X, lr=%) c
2363 FORVAT (7x, 13, 5X, F&.3, 19X, 13, S5X, F&.3, TX, 8Hu. STACK, 2X, C-->> CALCULATE HALF 3L20CK DIMENCSICHS
1 14527 22PLTCABLE, 12X, 1H%, 1X, 1THPRGGRAMMIR: T .M, , [+
2 EHLIL~ASWA2D, 9X, lH*, /, 89X, 1lF%, 35X, lH®, /,8GX,1lH®,11X, A = A2 / TwW3
3 124892¢61%5, 1672, 12X, lk*, /, 8SX, 1lH®*, 35X, 1H®) B = B2 / TC
2051 F2TWMAT (X, I3, 5X, F6.3, 10X, I3, 5X, F&.3, 7X, 7HI. 33ND, 4X, c=2c2/
A A2, 7X, Ily 16X, 1Y%, 1X, 1THPROCRAMVER: T,.M, , L = LF % + LI
2 85481 -245n20, 9Xy 1HX, /,E9X,1H*, 35X,1H*, /,89X,15%,11X, H = HF * + HY
c 12482515, 1978, 12X, 1i%, /, 85X, 1lH*, 35X, ld*) MORTHWT = 7 {TwWILVE == 3)
2073 F2RWAT (17X, 17(l=-}, 2X, 124SUIPCRT TYPE, 2X, Ll7(1ln-}, 22X, Lh%*, © RETURN
4Xy 274SCHETL TF CIVIL INGINMNEERING, «X, 1R*, /, 17X, END

1
2 GHLTFT, 12Xy 5HRIGHT, 12X, SHUFPEX, 9X, SHLOAIR, 22X, lH%,
3 SXy 25HTKLAACYA STATS UNIVERSITY, 5X, lH*)

2075 FORMAT (17X, 264,19X, 84,13X, A4 ,10X, 84,23X,1H*, TX,10nSTILLKATER,
. $ 10rt, OKLIHCYA, BX.1H#4,/, 8IX,lr*, 35X,1H*,/, 87X, 37{1h®*))
2320 FIAMAT (1K 4%, 17{2H=--) 4 1X, E+FBLCCKS, 2Xy 17(2H--), lH ,

c 2(/)y 5FLENGTHy 4Xy 6HHEICGHT, 4X, SKEDEPTH, 3X,
€ 2471, £.WE3 FACS FEEL, 4X, EHWEIGHT, 9X, 4HTYPE,
F 10/)s LH 5 20X, 23iH(] N C H E S)e17X,55(LESH /)

2193 FOSYAT (5X, F6.3, 4X, Fb6.3, 4X, F6.3, 3X, 4(F5.3, 1X}, 3X, F6.3,
F 4X, 11, &h=-CORE » BHCCMC BLK)

2191 FOPMAT ({5X, F6.3, 3Xy, F6.3, 4Xy F6.3, 7X, 14HNOT APPLICABLE, 10X,
G F6.3, 5X, 11HSOLID ERICK)

2120 FORMAT (1HG, 1(/), 10X, 7(2H=-), 1Xs26FJCINT THICKNESSES {INCHES),
H 2X, 3(2t-=)y iH » 10/}, 4X, 2(2H--), BHINTSRIOR, 1X,
1 2(2K~-}y 26X, 6(2H--), BHBOUNLARY, 1X, &(2hH-=), 1H , 11/},
J &6X, 4HAEAD, 8Xy 3HBED, 29X, 4hLEFY, 4X, SHRIGHT, 4X,
K SHUPPER, 4X, SHLOWER) .

L1



YYD

BLACK CATA

XX LEXR RSB LAIXRE FETL IR LKL AN LR XA TR LA H AKX SRLCTEFEE R XS EN R TR SRR RkE KKK

= *
* PURPOSE: INITIALIZE 422sYS 1h JCwMIM ELTOKS *
= *

EEI A AR ESX LA EANEER S PAECESEETH LB E A KNS S 62X rSEE S LAESEUE LB LR B R K

CIv¥mCYy /20R2Z3/
CIvviy, fLURYVE / $732SS{ S), STRAIN( 5), EL5), NSEG
COMMOH /GLANKS/ KS(48,125)y Se5)s LEMER, LAML, LAMY, LAMW, AKK
CoOMMEON /MASLCD/ PLE,125), V25INVIE,125), BLOKHY(123)

CTUMTHN JCESULT/ F23LE(48,1253, (C(6,125), PTS{64125), TIME

C2VMTN JSTEVAT/ AxXUT353.6), ER(TEZ,5), CK{T5D,8), TX{750,6),
EX(T53+4%)y FR{TET,6)y FX{T3Z,5)

BLE PRECISICN KS, V¥ASINV, LAMI, LML, LAMV, LARK

A FTFCE/62LN%0.5DC0/ KS/EDC3=3.GL0/, PUS/T5C*3.0023/

L P/T53%D,3573/, W STS5=T.03030/, ASTIGE/EL507 1/ ,NL3 N B/250%0/
& AK/45T0%T,0000/, BK/450C*(.0D20/, CK/45050%C.2030/

A DK/4592%90.007%/s EK/6S5C5%2.00C0/s FK/4593%2.2000/

TA HK/4500%0.03C0/

OCONOOO0MN0

C==>>

C==>>

C-=>>

C==>>

C==>>

SUBROUTINE C2RDS

HETEET R IE IS KSTAFET AL EFEXBEF I ITREET R I AN IR LIRET IR UREESITEXTIT AL S &

* . =
* FUNCTICNS: 1) &SSIGN Hu¥E2eS 1T WALL UNITS =
* 2y C2elyLave JOZSZINATES CF wALL UNITS b
* +

T, TS, £+, SLENTH

TRSy TUJde TBY

CoHMCN

) F3IXy N2Y, KNSR, NOT, MNEXX, MASX
CIMMTN Li(6,129)y POS(E125:y TIwS
=1, ILSs TFS, ILS, I3S, A33E

JuBLE PFECISICN Ly L1, L
ATA HALF, Tal, THEEE /5.03-1, 2.0230, 3.0DCOC/

i THE X-CIRRECYISN

A5X = Txg - TLJ - YY) / L2 + 0.OC1
LNAX = A3X
H2 = Tw3l=3 ¢+ 1YY
NUMBER OF 3LCCK I0WS I% V=% Y-UIRECTICH
A5Y = (H & TYJ - TUJ - YBJ) / HZ + 0,001

NBY = ABY
KAX = N3X *
CALCULATEZ NUM3ER CF 200 B3

-
[

1
aS [NCR) £ND NUMBER CF EVEN RTnS (NER)
N = [%“3y-~1) /2
N2R =N ¢+ 1
NER = %8y - NOF
MN3XX = A3X

KCDE = 0 INDICATES HORIZOATAL STACK
IF (xQ0BDE .8C. €} GO 72 2173

CLACULAYE LENGTH OF PARYIAL END BLCCK FOR RUNNING BCOND

ABX = N3X
EXoR = L = L2%AEX - TLS - TRY
CLENTH = HALF®ZXPE + A

IF (KODE .£Q. 3 .OR. KODZI L€Q. 4) ELENTH = EXPR
HAFEND = HALF & CSLENTH
Li = HAFEND + A ¢ TXJ
NB8X2 = NBX + 2

8LL



C==>>
T==>>

160
165

176

182

N3X3
xLo
XRP
POS(1,1) = & &
SRITCH{L)

= C
T, =2
-

™~ (0

wonoa
Lol 4
n x

B

w

W~

[REE VRSt I )

CIXS aNT X-CCORDINATES FCk

132, 13{1,+COE
N3 = "SA®NTR + NSX1NER

*AC? + NBX®NER

IN

PTSEL,N2 1)

POS{1eN2X2)
IF (%8Y .EQ. 1) 5

P3S(1,INC1)
IF (r8XX LEC. 1)
GJ TC 140

.3

£33 XX

NXX

j &

1°c1

1N

PUS(1,%2X1)

PRAS{1,N3X2)

PCS{1,%2X3) PGSI14NB32) + L1

SWRITCH{NEXL) = xPP

1SP = *EXX + 3

w.,
o=
M-

?”l WO howwanonn
=)

LU U I T T TR [ 1}

PTS(leld) = PIS(LeI-1) + L2
SAITCH(T) = PC0S(1, 11}

CIONTINUE
IF (MBY £
ST WL T =
(2352 B
CONTINYE
LONTINUE
[F (KODE .EC., 1 .OR. KCCE .EQ. 4) GO TO 190
573 170 I=1,%8X1
PRSIl,1) = PISUL,I+ABXX)
[ohaidh 8 71911
D3 120 1=4Bx2,INC1
PCSL1leI) = SWITCHII-AB)1)
CONTINUE

= PCS(1l,I-1) < L2

182
C==>>
C==>>

191
192

229

230
235

2490

CoNTINGS

= IN ¢ 1

02 191 N = 1,N2,INN
EY RN = N

A{NeNXX-1) = N # AXX = )

= ANLSIR) + )

SIN#NXX-1) .ET. NLB) 6T TI 162

L3(NENXX) = N+ AXX

N22IN+IN) = N + IN

CONTINUE

CCONTIMuE

.
;
.i
.
IF (NF
N

IF (ney 1} 62 79 217
INC2 = INCL #°1

o7 239 1 NC1

TE (INC2 \3) GG TO 2C0

D% 201 M=INL2,A3, INCL

TPASIL,N) = PCS(1.1)

CONTINUE

IF (K3DE .€2. 2 .OR. KCDE .EQ. 4) & Y2 222
IF {1 .52, NBX) INC2 = NEX ¢ [%C1
G2 70 223
CONTINGE
IF (1 .55, HN3X1Y INC2 = NBX1 + INCH

2 = INC2 + 1

e
s

cenTINGE
EXPAND X-COJRDINATES iH THE Y-DIRECTICN {TwG SCNS AT A TINE)

INC = NBX1
N3 = NBX * \RY
POSIiyl) = A + TLJY
N =1
=1
= NAX
CoNT T
is {r GC YC 23¢
03 23 » NBX
POS(1sN)

IF (N .EQ. 1) NLB(I) = 1

IFIN EQ. NBX) NRB{I} = 1|

CANTINUE

CINTINUE

IF (N JEQ. NBX) GC TQ 24C
PCSU{L1,N+1) = POS{1l,A) & L2

INC = INC + 1
N =N+ 1
GO TC 220
CONTINUE

6LL



262

261

309

Nl =
CoNTINUE
IF (KCDE .E0. 2) A2

CALTULATE MNBX: BLCCK NUMBER FCR LAST BLOCK BEFCRE THE UPPER RCW

2 % NBX

XX = ABX1

MH3X = NB - A3XX
IF (¥TOE L.EQ. 1) MN3X = MNS) + NOP —- NER - 1
IF (KJOS oEC. 2) MNBX = FNB) = NOR + NER + 1
CALCULATE THE Y-CCTROINATES
K =1
SN = N3Xx1
I[F (k7CE .EQ. 0 .0R. KCOE LEQ. 1) NN = NBX
vy = My
€X2R2 =6 + T84
02 26D LY=1,2
CO 261 YY=K,A3,INC1
PTS(247tY) = EXPR
IF (%5 .E2. 1) G2 7O 265
J = MY + 1
ZC 262 1 =3y=M
2TSi2,1Y) = PCS{2,¥Y)
ConNTIngE
TE (v2Y 0. 1) GC T 26¢
v™ = MM + INCL
EXPR = EXPR + ThO*H2
CCONTINUE
K = MN + 1
v = INCL
EXP2? = THREE * E + TYJ + TBJ
CONTINYE
CoNTINGE

CALCULATE 3L0TK SFFEC
(ADS HALF A JJINT w1D

IF (KCDE .MZ. C) GO
C? 3C0C J2 = 1,A3

Hi = TXJ
vd = TvJ
LIF [J8 .SG. NLBLJB)

1P (42 .25, MPALYE)

IF (J8 .GT7. MA3XK) V

IF (JB oJLE. NBXX) V
aB(1,43) = A2
AB(2,43) = 82

COnTINUE

GC TC 529

TIVE LEN(CTH ANC WICTH
TH ON EACH SIDE)

TO 319

) HJ = TLY

} HJ = TFJ

J = Tug

J = TEJ

+ (TXJ+HJ) / ThG
+ (TYJ+VJ) / TwO

322

333

340

400
500

00 400 J = 1,AN8
FZ2T = L2
IF tJd oNE. NLB(J)) GT YO 22¢C
IXX = TuLd
IF {PTS(14J) LT &) PT2T = ELENTE
GZ TC 340
IF (J %E. NR2(J)) GT ¥C 33
TXX = TRy
IF LIL-PC2S(1,d)) oLT. A) E0FT = ELENTH
GO TC 349
TXX = TXJ
TYY = TYyS
IF (3 «GT. MNBX) TYY = TrJ
IF (IUS .5Q. 3) TYY = 7Y
IF (J .LE. NBXX) TYY = T3y
A8(1,J) = P3RT + =ALF * (TXJ + TXX)
23(2,J) = 82 + HALF = (TYJ ¢ TYY)
CCONTINUE
CCONTINUS
RETURN
END

0clL



YO VY

e aNal

L—>>

C—>>

SRIBE EXFEIXERAEESEBRRKIEILXB R LERBRIXRFIPF AR AR KA SRS E SRR EKE X ARRREX

= -
® FUNCTIONS: 1) CALCULATE MaCLL Y OF SLASTICITY *
* 2) ZALCULATE SPEINC STIFFANTSSES FCR EACH SL2CK *
= 3) CALCULATE MaxIviv ALLIwWAELE FOSCES IN SPRINGS *
* *
P S T L Y R e P P TP e P T T2 2

THOLILIT RELL s 3 (A-F ,
SIWVIN JELIK /&, 2, C,
COweCN /ERRIEI/ NLBL125),

2=-21

WJy Tig TSy Eby
NRE(1:5)
STR=ZSSC S}, STRAIN( S), E(S), NSEG
IOLEMAS/ KS148,125)y G(GE &), LaMP, LAML, LAMV, LAMw, AKK
JI%NJLLT/ COMPHSL 53, C(CYF32{ 5), TEMHES,TENBED, SHIHED, SHRBED

ELENTH

CIuwvly JCURVE / HNSTAGE(48,122),

lofal L Inl ¥

JITINTS/ TXS, TYY, TLJy TR0y TUJs TBS

720200k 2EL2,1250, Ny MEBX. NEY, NET, NOP, NBXX, MNEX
JFESAT/ FTAlE(43,125)y LL(65125)y P0S1€,125), TIME
/STENTH/ TSECONT, SSEOALD, CSMIRY

Jurtlt /7 L, L1, L2, H, 72, TLS, 1RSy IULS, IBS, KOOE
FWEIGHTY /S 4T, “CRTWT, IBLCX
i3 FEZISIC L, Lly L2y KSy; LAMR,LAML, LAMV, LAMA, MORTWT
e TEL! SECISIDN CSIN
DT /1.33=1/, Pl /3.141562654/
RS- Ty THZy Ta /2.0020, L2220, 2.C000/7
CATA  S¥rY, SKaZ, SKBX, SKBZ /413.C00C/
DATA  iKE, AXL, AKR, 2KB, AXU, ¢KC, SKUU /7%0.0000/
a2 ]
52 h'
c2 T
CALCULATE A CNTACT EETVYEEN UNIT AND MORTAR
WJIH C
wJB C
IF LIBLTK W5%2. 2) W3 = Wy
TF {I5L7% JEu. 2) WdH = wJ
80275A = wWyd * A
HILPEL = WJH * B

CALCULATE M2DOULI OF ELASTICITY: E

E{1) = STRESS{1) / STRAIN{(L)
15 (NSEG LEC. 1) GO TG 11¢
03 100 I = 2sNSEG

STFESS(I-1)

DSTRS = STRESS(I) -
= STRATN(I-1)

OSTRN STRAIN(CI) -
€(1) = DSTRS / DSTRA
LONTINUE
CONTINUE

|

C-=>>

C==>>

C-=>>
C-->

114

116

C==>>
C==>>

CALCULATE S<TAR ¥22,14S (CGC) END ThE EFFECTIVE LENIT- 20D =2 13-
33 CNE 7 (TaT = [CANS4XNUD D
= =
IF (19S LEQ. 3) EFFL = TWZ & EFFL - TXJ
EFFA = =
TFLISS 23, 3) ZFFM o= TRC- A EFFH - TYY

/ (¥2 = K2}
/7 (L2 = t2)
NRY JLE. 2) FACTH = ONE
NAY LLE. 2) FACTS = CAE
YA / Z.CDOD
Twl / 2.3260
Coill
cameEa = GG /YU
CAPEL £ GG / ZUH
ACTH ® SHZ
= R2ARIL / L2
I3. 7Y 60 YO 1l:
= MD2REA /L2
IF {733 .33, IEXT) G2 TO 113
AXF = WDARZA / L2
BED JOINT
AXIAL, ShEa
CONTINUE
IF (TYJ .52, ZEXD) GZ TD 1l¢
XL = =2
7Ly = H2
SK3X = 3CTACA * 35 / XL
SKRZ = SCAREA * GG / Z1B
SKAZ = FALTS = SX3Z
AKB = PDAREA / H2
IF (TyJ .S0. ISRT) GI TC 115
AKU = SOARTA / H2
IF {T8J .EJ. 22%C) GO TO 1l1é
AKD = BDAREA / H2
CONTINUE
SPRING STIFFNESSES FOR BDUMNDAFY JOIATS
BOUNDARY CODES: C-FREE, 1-SIMPLE, 2~FIXEDy 3-SYMMETRY

FA



C—>>

L==>>
123

C==>>
140

C=->>
150

C-->>
229
C=-=>>
229

C==>>
240

C-=>>
260

C==>>
225

C==>>
379
C-=>>
328

C==>>
349

ILSl = ILS + 1
1961 = 135 + 1
TUst = ILS ¢ 1
1551 = I8S + 1

LEFT aruniasy
GZ YT (123, 142, 160), 1LS1

FREZ SUPETPT

eavp = 2332
ASKLY = IEFC
3S«LZ = IZ=3

G2 TC 223
SYMPLE SYPPIRT
BLAKL = Z€%0

BSXLY =
3sKLL =
G IC 2732
FIXED SULPPSAT
BexyL =

RIGAT S7TUNTERY
62 TC (227, 742, 262, 2803, IRSL
FREE SUPPAT

aive = 2330
BSkY = 2232
R5<aZ = IERG
50 T 389
SIMPLT §JPPnoT
BLXKR = ZEPD
3eray = SXAY
83k22 = S<nZ * (42 + TRJ) / (A + TR}
G2 TA 279

FIXED SyepCa™
8ax2 = 11,2033
BS®2Y = 1.92C3
25427 = 1.3033
59 7o 305
SYMVETRY
pLyY? = txt
ENECA 4 Sy
R5¥HI = SAHZ
yppce RTUNIARY
57 10 (329, 34, 360, 38C), IUSI
FREE SUFPCRT

2AKY = 1560
BSKUY = IERJ
g5KkJZ = ZERG

57 TC 400
SIMPLE SUPPTRT
-BaKU = ZERQ

C==>>
362

C==>>
330

T==>>
433
C==>>
423

L~=>>
459

L==>>
483

w
2
W

C-=>>

502

BSKUX = 5SK&X
BSKUZ = SKBZ * (82+TUJS) / (3+TuJ)

62 TC 472
FIXED SuPPIRT

~n

8ixy = 1.2003
354:5X 1,2323
2SRu2 1.0003

TC 473

S
SYMMETIY

LTatF

6o
fFoEsS

29K3X = SK8X
BESKBZ = SXBZ * {B2 + TEJ) / (8+783)
52 TC 332
FIXED SupeRT
81K3 = 1,2223
88KEX = 1.0093
8SK3Z = 1.00C3
CoNTINYE
XX = TLY ¢ A/TWC = fBL1s1)
YY = T3J ¢ B/Tw0 ~ 28(Z,1)
37 880 K = 1,A8

BAKY = AK3

BSXUX = S5XBX
BSKUZ = SK8Z
ZLUNDARY

TS (427, 448, 463), 1aS1
SUPPORT

313 = ZERQ

3s<3X = ZERD

BSK32Z = ZZRC

Ex<3 = ZERQ

SPRING STIFFNESSES FOR HEACL JCINTS

I

KL = 45
4 =9

{% JNE. NLBLK))} GJ3 TO SO:Z
YY = YY + AB{2.,K]}

Y = YY
YC = ¥ + 8/7w0

CONTINUE

[o18]
IF
IF

F

IF

600 N = 1,2

BSKLL = BSKLZ

SKHH = SKrZ
{K .NE. NLBIK)) G2 TC s2(C
(X0DE .EQ. O) GO TC 515
(ILS .5Q. 0) GC TO 50¢%

AR = A + TLJ - POS{1.K)
(AR LLT. ZERDQ) AR = — AR

¢cl



IE (4% LT, 2.1207) G52 TC 519 CS{lexi= 2 - TRY
C T o(aL 33 AL = - AL
S>> STIFENSESS FOR LEFT BOUANCARY (FCR PAXTYAL UNITS) IF {AL W67, ¢ JD)2SKR2 = SKHZ * (42 + TRJ) /
c s (ELENTH/TWT « T353
= SK=Z &= (A2+TLJ) / {ELENTH/TWS + TLJ} 532 conTIr
522 2
< b X328 = £SKRZ
I-=>> STISFYNZSS FOR HI£D JTIATS CF PARTIAL 8LCCKS IN 535 T
L==>> CND PATTERY [«
C C==>> ASSISN Fo FOR RIGHT HEAD JOINTS OF BLTCKS 2LIN:
SKHH = SKHZ % L2 / L1 c-->> THE RIGAHT
SXLL3 = 8SKLL c
SH=K = SKHY XS{v WX} = BS«RE
NS S8 Je 2) SKLL® = BSXLZ KS{M=1,K} = 35XRY
512 CINTINGE . KS{4=2,K} = 2BAKS
oIl iC S1¢ 540 KSiv#12,4) = KS{4 ,X)
IF {~3Y To s1¢ KS{¥+11,K) = KS{%“-1,K}
33¢ = 2SINIP VEY/ZFFR) KS(¥%#+17,K} = KS{%=-2,K)
3 A8(ly KIXFI*DSIN(PI®YC/ETFH}/{ThI*ZFFL)) IF (K .5Q2. %L8(K)) G2 T3 s&C
o c
C-=>> A2 JST SHEL2 STIFF4SSS FOR LEFT BOUNDARY ACCCRDING TO C-=>> SET STIFFNESSES F2R SORTMGS CM LEFY READ JCINT CF 4 207Ix
SINTSOTDAL VACTATICN (FOR SIMELE SUPPCRT ONLY) C==>> EQUAL TC TH2SE TN THE PIGHT OF THE FREVIOUS 8LCCX
c
15 KSIKL oK) = KS{™ ,Kk-1)
c CS{<L=1,K} = KS!¥=1,%x=1)
Te=>> KS(LL=2,%X) = KS(¥=2,x~1i)
C=-=>> 560 KS{AKL-12,K} = XS{KL L&)
[ KS{KL=12,X} = KS{LL=1,%)
KS{KL 4K} = BSKLL KS{KL=14yK) = XS{(KL=-2,*%)
KS{XL-1,K) = BSKLY KL = 42
~KSIKL=2,K} = BAKL M= 3
522 CoNTInys . Y =Y + 8
IF {%~Sx¥ .%C. 1} GO TC 525 £70 CONTINUE
17 {« .52, 13} G2 TS 525 C==>> "1
IE {[K+1) .2Q. N23(K+1) .AND. AE(1l,K+1) .LT. A2) SKHH = SKHZ
s =12 /L1
525 ConTINGE ax12
[4 IF (K .NE. HLB(N)) GO TO &1%
L-->> £SSIGCN SPUING STIFFNESSES FCR HEAD JCINTS MAX34 = NBX + 1
c IF (AB(1,K) .LT. A2) MBX24 = NBX + 2
KS{™  ,%X) = SKHH M34 = MRX34
KS{M=1,K) = 3KHY 610 CONTINUE
KS5(M=2,K) = AKH KL = 48
- ¥ = 39
C-=>> ADJIST SnTAP STIFFNESSES FCR FIGHT BCUNDARY 1 =1
c XX = XX + A3(1,K)
532 5SKER = B3KR2 X = XX
IF (X .NE. NRA{K)) GO TO S4¢C XC = X + A/TWO
IF (KCDE .£Q. 0) GO TO 525 DC 700 N = 1,2
IF (IRS .EQ. O) GG TO 532 IF (K .GT. N3XX) GO T3 620

gel



o
—
w

)

o
v Vv
v Vv

YOO

-=>>

OO

616

620

-->>
-=>>

[ Ea NS Nal

625

GO vy
!
v
v

630

ADJUST SHSi2 CTIEE, Foo 8
CF TeZ &5H PATTE

IF (2B(1,K) .GZ. 22) G2 7T £15
IF (% «EQ. 1 AND. X .ZC. NL2(K)) G2 TO 630
K

IF (N W52 2 WAND. N25{k)) GT TO 630
CONTINUE
CALCULATE FACTSOS FOR SISOSCICAL VARIATION OF SHEAR
STIFFNESSES (F0R SIVPLE SUPFISTS)
SuP = Nz
1} GC T2 61l¢

) 63 T3 elé
(Pl=xx/ZE€L)
E-A3(2,K)4PISSSIN{PI*XC/EFFL)/ (TWO*EFFH) )

ASSIGN STIFF, FQOR BITTCY SPRINGS OF BLCCKS ALCNG LOWER BOUNDARY

KS{KL +x) = BSK3Z t su?

KS(KL-1,K) = BAKE

KS{#L=2,K) = BSK3X
CINTINUE

SHMING 3TN0

Sv328 = SKEZ

IF (KTD3E .5C. 2) 52 T2 627

IF (AE{1,X) .GE. A2} G3 1iC €25

IF (K «€Q. NLBIK) 2%D. N oEQ. 1) GO TC 630

IF (K «FQJe. MR3B(K) +&ND. N EQ. 2) G3J TG 630
SK38 = SKEZ*M2 / {{A~-SLENTH/TWC)*%x2 & H2*H2)**0.5
€23K = SK23

G2 YC ¢27

ceouTin

SK3Z%m2 / ((L2/TwC)%%*2 + H2%H2)%%(0,5

<v33

IF (K .53. “LE(K) .~%3. M .EC. 1) SKBB = SKBZ*H2 7/ ((A-ELENTH
/7 TWOItE2 + H2 & H2 1*%(.5

IF (K .SQ. NFRIK) LAND. N .EQ. 2) SKBB = SKBZ * H2 /

((A-ZLENTH/TRC}*£2 ¢ H2%12) 3%0.5

CANTINYE

"o

SZK3

ASSIGN STIFFNESSES FOR 3ED JCINT SPRINGS

KS(4% 4K} = SK58
KS{M=-1,X) = AK3
KS{M-2,K) = SKBX

IF (K JLE. %N3X) GO TO 640
SKUU = BSKUZ

IF (IUS .£Q. 3) SXUU = SKEB

IF (A2(1,K) .GE. A2) GC TC €35

C—> <7
73
«3
€3
540 v
L3
«3
s
<<
1 S

1F

!:

IF
v

IF

IF

!:

&53 ool

655
«LT.
656

C-=>> SET SYIFF. 2% BCTT.

CS{KL 4 X)
LS{KL-1,K}
KS{KL=-2,XK)
660 KS(X{ K}
KSIKI-1,K)
KSIKE=-2,4K}
665 CONTINUE
1 =-1
KL = 12
v =5
VAY12
Y8X34

W wwonn

NBX
¥34 - 1

R ¢

-+ £ X
Y Wy

NRE(X))Y 5O TO 65¢€
A2 JAND. N LEQ.

OF A 3LCCHk EQUAL ThTSE

KS {4y P K=MEX)
KS{MM=1,K=-¥EX)
KS{¥M=2,K=M8X)
KS{KL 1K)
KS{XL=-1,K)
KS{KL=2,K)

IF (f .5Q. 2) M8X34 = M34
+

X=X
7030 CONTINUE
8230 CIONTINUE
PRINT 19C0

A

C==>> MAXIMUM ALLIWABLE STRESSES

X .EQ2. NLB(K}) GC
K o252, %F5iK))

U

o

o
o
[

174}



93¢

C==>>

83 623 1 = 1,ASES
C2¥PE3{TY = STREISS({T) % HDAREA
CCVP33{I) = STRESS(I) 1 BDAREA
PRINT 1952, I, E(1}
CCONTINUE
R0 = ® BLA5EA
<) = & HOLOEA
SED = = AT ATEL
SHRHZD = = HTAREA
MULTIPLY STIFFLESSES B8Y 2(1) FCR PRINTING PURPCSES
4] = AKH s £{1})
SKHY = SenyY = £l1)
SE=Y = SK~Z * £(1)
AK3 = 4K3 ® £{1}
SKaX = S<32x & Z{1}
SKRZ = Sx32 = (1)
2AKL = BAKL * E(1)
BSKLY = 3SKLY * (1)
BSKLZ = BSKLZ = =(1)
gix? = 2a¢a2 = Z2(1)
“SKRY = &S<EY = (1)
acnzz ® T(1}.
2a4:) = (1)
2S<uyL * S(l)
SKeY : = T{1}
BALS E E “ S(Lli
BSKEX = ASK3X * (1)
BSK3Z = B8SK3Z * €(1}
IF (reD EC. C) 52 T2 9¢&¢
St = SHHX % E(1)}
S = S8K3 * £(1)
< = Sx3 % E{1}
S = SKLL3 * E(1}
S = SKR23 * E(1)
CONTIN

PRINT 2079
PRINT 2310
IF {¥7DE
PRINT 2922,
P21nY 2530,
PRINT 2340,
GG Y7 11
PEINT 235C,
PAINT 20617,
PRINT 2079,
PRINT 2089
I[F (KCOE
POINT 23990,
PRINT 2100,

JNE.
AKH, A
S¢HY,
SKHZ,-
22
AXH, &
SKHY,
SKHZ,

«NE.
BAKL,
BSKLY »

8y 50 YO 1700
K3

SKAX

SK&Z

KBy AKH, AKS
SKBXy SKHY, SKBX
$2K3, SHHK, SEBK

C} GO YO 1200
BAKR, BAKY, B/KB
8SKRY, BSXUX, BSKBX

PRINT 2110, BSKLZ, 35%<RZ,

1260
PEINT 2
1309 PRINT 2
1900 FoRMaY
1950 FCEvar
200D FIRMAT
1

201C Foavar

SN

2020 FTRMLY

20302 FORMAT
S

2349 FTRVATY

2055 AT
20£Q FORMAT
2375 FIPMAT
2088 FCRwLT

“w 0

2090 FOQUAT

2170 FORMAT
A

2110 FORMAT
3}

2122 FSRVAT

2132 FORMAT

2140 FCRMAT

2150 FORMAT
RETURN
END

Ty 20/) 014, 2V TOLLT GF ELZSTICITYZ, /4 1X,21(1lK=1), /)

R2y LIHSEG¥ENT 2., 12, 3X, C22.13)
EiHd, 1i/), 43i15=), X, 306dS F R I N G STIFFNES,
SHS E S, 3IXs a4{lH=))
(1:C, 2073, 23X, - ISKRINTERIC2 CINTS, 1Y,
1G018=) ,/, 27X, = Ti4FULL DPLOTXS, IXy & le=2,
LEXy 4{LlR-1, 11X, LCTAS, 1IN, aflh=i /4
27Xy 4FPHIAT, 15K, SEREAS, 17X, 10/
{14 ,S=a X A T.1C)y 13X,14N 2L I1C2nLT )

(15 ,1&HIN-PLA
144807 LPELIC

(1=

2(2Xy DL7.10}, 13X,

L
217.12))
o17.138)
. GUORTY JTINTS, LX,
37 Xy ULL SLICKSy Xy 25{lm=1,
14K, Lr y GQlF=3, 7/, 27X,
4RLEFT, 15X, 542 s L4Xy SHLIRER,
14Xy 4HLEFT, 15X, 5#%IGrT, 1(/}})
{18 ,SKx Ly Xy 4(iXyD17413), 13X, 14HNOT 2PPLICARLE)
(1h g 4Xy 4(2Xy, D1T.10%, 13X,
14HNGT
[S LI 4{ZX, D17.12)¢ 13X,
144NDTY sPP
(iH o 554 X £17.10})
(15 612X, D17.101})
(1H 6(2X, D17.10))
(1H1)

Gl



OO NAOCHONO

C~=>>

C==3>

C
C==>>
c

SUBRGUTINE SOLVER

SPSABIFIVICSRIEIISLIFIEFPFSIN SR SR SBE0SESPISNITNITETSSSETRORESLIIBRDSS

=
»
*
*
-
Ld
*

I¥PLICIT

CC¥¥CN /3LASTY /
C¥¥3IN /5LCK
CC¥¥aN /BCRUERZ/
CC¥YIN /CULRVE
CoMYon JINJULTY
CONMSTN 7U5INTSY
CovveNn JYASLECY
/NL3LEKS
N /RESLLIZ/
CCNFCN /STFPATY

CTM¥ON /nlLiL

QIVENSICON

FUNCTICNS:

CTHER SUBRGULYINSS CALLEC: "LCal™, "viS53%™, ™STiF"™s “FORCES"™

P R R N e T Py P PR P T Ty T T T Y PR RN

1) FCPMULATE AND SCLVE ECCATITAS CF ®CTICM
2) TRACE CRACK DEVELCPAMENT 2N3 AIA-LINEAR B2HRAVICR

L
-
»
*
»
s
»

REAL » 3 (4=H , C-Z)

CPEBKs SPEAXy RYIMEs CTIPEs CTIMES TYPESILCASSXCTYA
Ay B» C»s aJds TIs TEs Ense ELENTA

NLE(125)» NRE{125)

NSTAGE(435125)s STRESSL S)» STRAINL S)s E05)s NSES
CCMPRD( 5)y CCVF2DM S )sTERPICITENEEL s SHERED I CHEEED
TXJds TYGs TLUs TRy TUJs T30

FLG531253s VASINGIE2125) 25)
23022125 NEs H3Xs ANZYs s ASXXxy ™22X
FCECE(A4E,5125)y LIt62125)y S1358E5125)s TIPE
AKITS0s€Ys BKI755)»8)y CLr753563s CXUT50s5)s

EX{75Cs€E)s FN(TSC96)s HK{25C,5)
Ly L1s L2s Hy H2s ILS» 1&35», ILSs I3Ss KJCE

ACCUS»125)s VELLIES125)s KU(ES125)

DIVENSION UCTIE3125), VCTr63125); ACECE€s125)s ASSUMEIG6,125)

SoCusLlce PRECT

LT ITC

DATA €3/ 7500

N Ls Lls L2 XUs KS» MaSINYs D2S5S

if{ /2sC/

20C/s BETA/6.00027/

D2te  ACC/7S0#0.00007s VEL/75080.000G/
CAT2 ZIRC/CeCOC0/» HALF/E.CO=-1/> CNEZ1.C038/7s YXC/2.CDG0/

SET TImE YO .ZERO

TIME
PRINT 50C0Q0»

= ZERQ

Ca2iL SUBRCUTINES LCADs MLSSs AND STIFF AT TI¥E = §

CaLL LCcao
CeLL %L4SS
CALL STIF

CALLULATE TIME INCREMENT: DT

L
"
N

N3
IF tIes

[}

=

[T ]

2 <AND. ILS oNE. 2) CT TC S0

g0

1C¢0

155

K3 = KEXX + 2

Lt = KX & € ¢+ 3

¥ = L v 4

N3 L ¢+ 2
CONTINCE

SwALLY = Lvfis2) s ™ASIKVI3NN3)

SHALLA = 241M,8) = MASINVIAIN3)

wva < LLIN,S) ® MISINVISsN3)
CG 159 I =

X2 3

L8 2

xS b3

TINY3 353) & PASIAVI3»I)
IF (TINY 2LL3) GO .TO 90

SweLL3 Y2

IT =1

TINYN = BK{Fasa) & FASIANV(&s1)
IF (TINY& oL7Te Sw2zLi4) ST TG 110

IwsLLe = TINYS

T4 o= 1

TINYS = &x s YLSIANVISsI)

)
IF (TINYS £) GC YO 100

otTe L
SmaLLs = 7 <
1€ =.7
CONTINUE
GETE = TTL/S¥ALL3}es0,.5
CETA = L7SMALLA)»50.5
T8 = L/SYELLS Yse0.5
KN =
£zl
iF (CcTa ZZTY SET = LETH
IF 1CEYS LY. LETY DET = DETS
cy% = CET
COATINCE
AK = KK ¢+ 1
CUM = TUX » 18,0089
Nyw = Cyw
1F NJ¥ «nvEe £) GG TC 15€
63 TC 129
LD = K

v‘
AGT = AD 7/ &.,0D0C

CT & €(10.0000)ss(=NK})
PRINT €000

£2 = Tal = &
Bz = Ta%5 = 8B
DG 2C0 Jz1sh®
PRINT 6C10s J» (UC(IBvJ)s IB=1+6)s (VEL(IBsJ)s
PCSIZsJ) = PCSI25J) 4 UCI2,J)
00 230 I=}s6

18x16)

92l



-—>>

[a A NA)

C-=->>

250
C
Cm=>>

~

C==>>

C-=>>
C==>>

IF (XKJYN <EGa
IF ¢ACYN oEC.

«CFa I 3. 5) GO TO 161
«EXD. J oEC. NLECJ)) GC YC 230
eh%Nle J oEQe. NRBEJII) GC TC 230

eEhTe J olZe N2XX) GO T3 233
«AKDe J .GT, FNEX) CO TO 230

«AND.

0 Ce 2) GG TQ 225
S  <END, <

« 6) GO TO 225

CLZLCULATE ACCELERATICNS AT TIPE = C

4CC(IsJ)
GC T2 260
ACCLT sy
ONTINUE
CONTINUE

CLLL SUBRIUTINE

CaLL

NDETZRMINE NUMBER

STEP

NSTEP

NSTER = N
TEND =1
PPRT = Tg
ChEX = ZE
NITER =
DJ 20C ITIME =

INCRIMENT TIME B
TIME = TI

ACJUST TIME IF ¢
FUNCTICN GCCURS

IF (ITD +EQe C
TI¥E = TI
ITc = 0

= MASIANVIISJIerPIIsJ)=-XKUfIsy))

= 2ERC

"FCRCES™ TO INITIATE FCRCES AT TIPE = @

ZERG

CF TIME STEPS (INCRZIMENTS)

= (RTIME + CTIME 4 OTIME) /7 DT + 1.
= STEP

STEP + 1590

C.G3GC » DT

NCT

RC

3 & NE

2)NSTEP

Y Cr1
ME ¢« OT

BRUPT CHANGE IN SLCPE OF FORCING
WITHIN OT

) GO TC 260
¥YE - TD

GC TC rCo
260 IF (IRC .5Ce. &) GO TC 320
TI¥Z = TIwE - RC
IkC = G
300 CONTIANUE
C
C==>> CELL SUERCUTIAE "LT2C"™ IC CRALCULATE DYNANIC LOAD CN
C==>> E4CH 5LSOCK AT GIVEAN TIw:
C
catbL toas
ITER = 1
c
C==>> INITIALIZE CENTROITAL BISPL. CUCT)y VEL. (VCT)s AND ACCL. tACE)
c
CC 400 J= = isN5
PlZsGE) = ZEF
CT &4C3 I = 135
CCTr 15427 = C fIs981}
VCTEI»d2) = VEL(IsJa)
ACElIscE) = 2CC{IsJED
4CO COGATINLE
430 CCATINCE
ng 8§ g2 1982
€0 440 T = 152
IF (I +lZe 2 I 5) GC 710 431
IF (ILS 8Ce 1 eZhC, «ECe AMLECLE)) CGC TS 440
IF TIRS &3 NRBULJUE)) GO TO 44C
431 IF (T .LCa.
IF (I2S <5 1 «LNT. J3 «LSe. NEBXX) GO TO 440
IF LIUS S5 1 eAKC . J2 «GT. MANEX) GO TC 440
432 CCONTIANYE
o
C==>> CALCULATE CISPL. (ULC) € VZLICITY (VEL) BASEC ON ASSUMED ACCELER.
C
ASSUMECISJE) = 2CCr T332
UCUTsJE) = LITET»J2) + STsVCT{IsJ3) + {HALF = 3
1 (CTSsCT)I*#3CE(IJE) ¢ (CTeCT) & ACCU(ISJE)I/BETR
VELUI»JB) = VvCT(IsJE) ¢+ hALF&DT®(ACCIIsJB) + ACEIIuB812)
340 CCATIAUE
450 CONTIANUE
C
C==>> MULTIFLY STIFFNSSSES 8Y CISPL. VECTCRS TO OBTAIN RESISTAANCE
C==>> VECTGR KU FCR EACH 28LOCK
C
LN = ¥AN2X + 1
INCEX = =1
INDX =1
DC 1888 J = 1sNE
<
C==>> MULTIPLY KA BY UC FCR ELGCX a

Ll



11292
1112

Sl 150 I¢ = 156

KUl TXsJ) = ZERO

A2 = 6 » (y-1)
DG 1C25 14 = 146

Y2 = 14 4 N&
DC 1355 JA = 148

KUTT220) = KUCGIASJ) + AKIMASJCA) * UCULJASJ)
CONTIAGE
1F IRS +EC. 3
IF (J

WENC. J <EG. NREfJ)) GO TC 1060
3. ASELJ)) GO TG 1110 -
1 =g+ 1

CCATIAUE

MULTIPLY KE EY UC CF 8LCCK B AND SUBTRACT FRCM XU

o
&
1 O

= 1
I&A »
= 1

th > m

€

neon e

g NE
IF 32 J€C8. 5) £S = SS

KLEILZyJd) = KUITASJ) = BK{MAsJA) & UCIJAsJPL) & AS
CINTINGE
IF ¢TLS .AZ. 3) GO YO 1120
IF (U <LE. MNEX) GC TC 1150

JRx = J

Gl
IF Ly «E5e LK) GC TQ 1475
IF hCe J «LEe NB) GC ¥C 13CO
+ NBX
SS = Chg
IF (K8ZY +£%6 13 CO TO 1275
IF { FULE oh€. C) CG IO 1210

MLLTI5LY «C EY UC CF BLCCK C AND SUSTRACTY FRCM KU (FCR H, STACK}

DT 1205 IA = 126
A = TI& + M2
DC 12606 J& = 156
AS = CAE
IF tJ2 .EC. &) AS = S5
KU{TIR»d) = KULIASJYY =~ CK(MASIJA) = UCTJASJPX) = AS
CCATIXUE
GC TIC 1275
CIONTINVE

1212

1215

1220

-=>>

[a N sl

1222

1225

C==>>

12320

1250
1275

C==>>

1300

1350

<
IF ¢xCTE
IF (INCEX)
IF {LIZE o
IF (IANSEX)

G2X1
JPX = JFX 4 |
$5 = ChE

IF (2201sJ) LT, 22 L&MD. J «EG. KkRBUJ}) GO TC 1239
MOLTIFLY XC EY LC CF 3LCIX € AND SUBTRACT FRCM™ KU {FQR R. 5TNCZ)

If {IUS «KE. 33 GO TC 1222
IF (J «LE. MXEX) GG TT 1222

<PX1 = J
JPX = J
SS = - CKNE
CONTYIAUE
CC 1225 2 = 135§
YA = T2 ¢ N2
CG 1225 C&2 = 145
A5 = INT
IF (UL +EGe &) 25 = S¢S
KULT&su) = XLITAsJ) = CKIMASJA) & UCLJReJPX1) & aS
CCNTINUE

IF (28C13J) «LTe. A2 <2ADe J <EG. NLS{JY)) GO TC 1275
MULTIPLY KE EY UZ TF BLCCK £ AND SUBTRACT FRC® XU [FZR Re 33INI)

CONTINLE
0C 1250 IA = 138
YA = T4 + ®R
D8 125C Ja = 1s¢
£S5 = CME
IF (U4 «EL. 43 AS = SS
XUfIThsd) = KUCIR3J) =~ EKCMAGJA) & UCIJIASJIPX) = AS
CCONTINUE
CONTINUE
IF {J «€Qe 1) GG T3 18506
IF tJ «EGe AMLBIJD) GT TC 1875

MULTIPLY KD BY UC CF BLCCK 3 AND SUETRACT FRCM KU

JM1 =J -1
OC 13S0 JIA = 196

MA = I8 + K&
DT 1350 J& = 116

»
KULIAsS) = KUITIAsJ) ~ DKIMASLA) s UCTJA,UNML)
CCNTINUE

8¢l



TF t JJLE. MBXX) GG TC 1659 TF [ILS «€0e¢ 1 o2NDe J3 oES. WLET GC T3 a8l
14725 JFX = G = NEX IF {IRS «EQe 1 oANCe JE <2l ARS{JE GC TP 4E€0
IF (XKOCE «NEe O) GO TC 15CC . as1 IF {1 .LE. %) CC IC as2
TF {NEY .EC. 1) GG YC 157¢% IF (I3S.eEQ8e 1 <ANCe J8 oLEe AEXX) 50 TC 4€D
< IF (IUS «EGe 1 «&KDe J2 «GTe KNEX) GT TL 4€C
C==>> PLLITAFLY KE Y LC CF ELCCK E AND SUETRACT FRCFM KU (FCR M. STACK) 452 CONTINUE
< ECCUTIsJBI= MASINVII»uC)n(PIIsJEI-KLITSsJED)
ST 1580 I&X = 3.8 450 CGNTINUE
*a = It + k& 430 CONTINUE
CC 15C0 J2 = 1,6 DC 485 JB = 1,N8
KULTA»J) = KU(IAsJ) - EKIMAsSJA) ® UCLJAsJINX) C
1£30 CTNTINVE C==>> SET "TCLRANS™ VALUE FCR BLLCWZELE ERRCR
cC TC 1575 [
2583 CONTINUE TOL=AKS Pf35J8)
SFX1 = U¥X - 1 TF LTOLSNS
IF UJ «ZCe ALT(JI) INDX = =~ INDX IF (P{3:03)
IF IXCOE oNEe 3) GC TC 1510 DG 434 I =
TF tIADXY) 15:5» 1525s 1520 IF LT JlEe 3 +CF. I «SGe §) GC TC 4381
is1C IF (YCCE oNEe 4) CC TC 21525 YF (ILS eZGe i «ANDe JE JEZ. KL2(JS))Y GO YO
IF {IACX) 1520s 1520 1525 IF {I#S JEGe 1 +EADe J2 oEGe hFrZT.E)) CC TG A
1520 JMX1 = JMX = 2 Agl IF LI «LE. &) G5 TC a32
weX = g¥x - 1 IF (IS5 «EGs I eANC. CC Y1 434
125 TF 1230isd) ouTe B2 WANDe  <EC. NLELJ)) GC TC 1550 TF (TUS <cQe 1 oRAC. G2 13 424
[ 682 CONTINUE
L=-->> wLLTIFLY KF EY JC CF BELCCK. F AND SUBTRACT FRCX KU (FCR R, BIAD) [
[ TC==3> CHECK IF CALCULATEC &CCELER. IS wITRIN ALLIWAELE
ST 1540 is6 C-=>> ERRCR DOF ASSUYED ACCELZRATICON
¥a + NA [+
DT 15438 J& = 1s6 : DIFF = ASSUME(-IsJEB) =~ 2CL(1sJB)
KUCTAsJ) = XUCIASJ) - FKYMAsJR) & UCITJasJWX1) CIFA = CIFF
1545 CCNTINUE IF ¢J3IFF LY. ZESRC) DIFA = - CIFF
I€ (2281su) oLTe A2 +&NDe J <EGe ANRBIJ)) GC TO 1575 IF (DIFA oLE. TOLRANS) GC T4 434
< . ITéR = ITER + 1
C-=->> »LUTIFLY X EY UC CF S8LCCK H ANC SUBTRACT FRCM XU (FCR F. BCAND) IF (ITER JLELNITER) GE YC 430
[ PRINT 4000s NITER
1550 CINTIAUE STQP
0C 15€C IA = 1+6 AG4 CGNTINUE
MA = I& + NA 485 CI3NTINUE
PC 1S€0 JR = 16 [
KULIAsd) = KULTA3J) = helMASJA) » UC(JASJKX] C-=>> SELECT YIME INTEPVAL FCR PRINTING CUTFUT
15¢¢C CINTINGE C
1575 CONTINUE IF (TIME «LEe TENCT) CC TG 4SO
1458 CONTINGE . YIMP = (TIME - PRNTJ / TERDT ¢ 1.0D-7
1882 CIANTINUE NT = TIN?
[« PROD = CHEK = VEL(3s1}
Ca=>> SCLVE ZGUATICNS OF M#OTION FOR ACCELERATIONS IF (PROD +LTe ZERC <ANCe AT.NEe. 1) CC TO 490
[ IF (NT oNE. 1) GO TG S10
CC 480 JE = 1aNB PRNT = PRNT + TENDT
DG 460 1 = 146 490 CONTINUE
IF (I +L€e¢ 3 <ORe I <€0Q. S) GO TO 451 PRINT 500Cs TIME

6¢l



€CcC
5

-=>>

O A n

[T
[
LN

C==>>
C==>>
C=-=>>
C-=>>
C==>>
C==>>
C==>>

C=-=>>

PRINT £01CH

PRIAT &G38C

©l €935 Jg =

Jés

1AM

fUCrIBsJB)s IB=156)s (VELITIBE3JB)s IB=16)

TCNTINUE
CONTINUE
S8 S28 JEB = 1sKB
D2 52C I = 116
POStTIsuB) = PCS(IsJuE) + UC(Is»UB)
CTNTIANUE
Call SYESCUTIANE "FCRCES"™ TC CALCULATE NCCiL FORCES IN SPRINGS
FCRCES
CrFSCK FURCE IN EACH SPRING:
1) F2R SPRINGS IN CCMPRESSICNs PRCCEED TC THE NEXTY
SEGYENT CF THE STRESS-STRAYN CURVWE WHEK HIGHEST
STRESS LEVEL IS REACHED IN A CIVEN SEGPENT
2) IF FORCE IN ANY SPRING HAS REACHED THE ULTIMATE STRENGTH
IN CCMFRESSIOAs TEASIONs CR SKHEAFs RELEASE ALL SPRINGS
CF THE ULINKACE ELEMENT AT THE PAITICULAR AKODE
C2 73IC 4 = 1ahi
HELZ JIINTS
L&ST = 19
(J «E2%. ALB(J)) LAST = 43
CC €85 ¥ = 19LASTs 6
I =N~
IF (v .£Qe 25 «CR e ¥ JEC, 37) I = ¥ + 3
i1 = I + 1
Y2 =1 + 2
IF 7T «GT. 13) GG TO 610
CrECK wFETHER FGRCE IN £ SPRINCG IS TENSILEs COMPRESSIVEs CR ZERC
IF (FIPCE(TsJ)) €159 E11» 630
TF (F3R3C2UT9J0)) €20y 611 615
TF (HWSTAGE(IsJ) «CTe KSEG) GO TG €60
CONTINUE
IN THZ FGLLOKING STEPS:
®aX. WUFMBER OF SECPENTS IN THE STRESS-STRRIN CURVE = 5
AKRAY NSTAGE IS USED TO KEEP TRICK CF THE STATUS OF
Z4CH SPRING IN THE WALL. WHE { A SPRING FAILS» ONE CF
THE FOLLOWING FAILURE CODDES Ii ASSIGNED TO THAT SPRING 1IN
ARIAY TNSTAGE"™ FCR PROPER ACT (ON IN -SUEROUTINE "STIF":
63 COMPRe FAILURES 73 SHEAR FAILURES 83 TENSILE FAILURE
CCMPPESSICN

€2C

C==>>
630

C==>>
640

660

C==>>
C-=>>

680
690

SFCRCE = FCRCE(I»)
IF (FLRCE(IsJ) oLTe ZEFC) DFCRCE = - FORCE(IWJ)
IF (OFCRCZ oLT. CCMPHCUINSEG)) GO TC 620
NSTACECI9J) = 6
NSTRAGE(Tisd) = 7
NSTRCE(I293) = 7

PRINTY G1CO0» Is s TINE
GC TC €40
S = NSTAGE(I»J)
CFCRCE = FLFRECE(I»U? .
IF (FCRCE(Isd) «LlTe ZEARS) OFCRCE = = FORCE(INJ)
IF (OFCSCE «GTe CCMPHTINS)) SSTACEfI»J) = RS+1
IF (NSTAGETIsJ) «CTe AS) FRINT S15Cs NSTAGE(XaJle Is
GO TC €40
TENSIGN
CFCORCE = FCRCE(IsJ)

IF ¢FCRCECT>J)

eLTe ZERC) DFIRCE = = FORCE(IsJ)

IF (OFCRCE LT, TENHEC) GO TI 640
= 3
= 7
=7
TIVE
CFCR{1 = FGOGrRCELILHJ)
IF (FCRCECTIi>J) oL Te ZERC) CFORC1 = - FCRCEMI1sJ)
OFQRC2 = FOSCE(I253) .
TF {FCECE(IZsJ) obLTe 2ZERT) CFORCZ = - FLRCE(I2:4)

(CFCRLC1 +LT. Sh&HEC) GT TS 55C
NSTACE(I»J) = 8
NST2 T1sJd})
NSTACELIZ2Nl)
PRINT 33G0s I1s Js TIV
IF (DOFCRCGZ oLTe SHFRED) GC
NSTAGE(I»J) = 8
NSTAGELTILsJ) =
NSTAGE(I2s4) =
PRINT 9300, 2y Js TINE
COATENUE
IF (J .EC.

7

m u

T0 65¢C
7
T

NLB(J)) G2 TO €90
SET STATUS CF SPRINGS CN ThE LEFT SIDE OF A BLOCK ECUAL
TC THAT CA THE RIGHY SICE OF THE PREVICUS BLOCK

.00 680 ¥ = 1,3
NSTAGE(27+¥,50)
KSTAGE( 30+M5J)

= NSTAGE(12+¥,J-1)
=
NSTAGE(3S4MsJ) =

NSTAGE¢ 13+NM»J=-1)

NSTRGE( MsJ=-1)

NSTAGE(A2+4¥,0) NSTACEC 6+FsJ-1)
CCNTIRUE
CCNTINUE

"

< 1

o€l



(AN e A

[aNa R KaANA N
'
U
v
v

7238

C==>>
73

C==>>
740

-=>>

BEED JTINTS

N = -1 .

NS 760 W = S,47»€
o= »

IF (Y +EGa 23 <R ¥ .ZGe 41) I = ¥-3
11 =T + 1
12 =1 -1
N o= - A

IF (% <ECe 1) GG TC 710

CHECX IF FORCE
IF CFGOCEIsJD))
IF (FCRCE(TIsJ))
IF (NSTAGE(IJ)
CINTINUE

TC TOPMENTS
ILUKkE CICES

L

IN 8 SPRIANG IS TENSILES

CCPMPRESSIVE CR ZERC
720,
715,
«GT.

711, 715
711, 730
ASEG) GO TO 760

Ch REAC JOINTS ABOVE FOR ®NSTAGE™.

CFCRCE = FC2CE(IsJ)
IF (FLSPCELI9d) oLT. 2ERT) DFCRCE = -~ FCRCE(I,J)
IF LLFT-CE oLTe CCV¥P2D(NSEG))Y GG TG 720
NSTRALEITNd) = 6
KRSTLGEL T19d) = 7
NITLGELI234) = 7
PIINT S12Cs Is Js TIVE
CC TZ 745
NS = NSTAGE(T»J)
CFCRPCE = FURCE(TIJ)
IF (FCFCE(IsJ) oLTe 2ZERD) DFORCE = = FORCE(IsJ)
IF t13F3RCE o5Te CCHMPESINS)) NSTAGECI»Jd) = NS+i
TF {N9TASc{TI3d) «GTe NS) FRINT 91509 NSTAGE{XIsJls Is Js TIME
GC T2 7a0
TFLLICN
SFLRCEZ = FOGRCE(TILJ)
YF CFCCEfTsJ}) oLT. ZERQ) DFIORCE = - FORCE(XsJ)
IF (CFLRCE JLT. TENBED) GO TQ 740
PFINT 32CCs Is Js TIME
KNSTAGEI(T»J) = 8
NSTAGEf I1sJ) = 7
NSTEGELI2sJ) = 7
SKFEAR
DFCRC1 = FCRCE{I1,J)
1F ¢FCPCEfT1I»J) LLT. ZERG) OFCRC1 = - FORCE(Ilsd)
DFCRC2 = FORCE(IZ2,J)
IF (FCRCE(I29J) olTe 2ERGC) DFUGRCZ2 = = FCRCE(I2y4)
IF (DFORCL «LTe. SHRBED) GG YO 750

NSTACE(Is4) = 8
NSTAGE(Il»d) = 7
NSTACGE( 1293
PRINT G30C» Ii» J»
750 IF ¢DFCECZ LT, 2
MSTLCE(T»J) = 3
NSTACLE({Il»u) = 7
ANSTACE(IZs )
I5Cs 125 Uy
760 CONTTIAUE
750 CLMTINUE

IC 760

C==>>
C=-=>>
C~=>>

IF FATLURE CR & SnIFT TC
CUSVE HAC CCCUSED, (ALl

R SEGMIXT CF TYHE STRESS-STAAIAM
2 EN
QR SET STIFFNESS TT 20 ©

£ "STIF™ TO ASSIGN PROFER °E°*
LING ON THEE CASE

I = 1s42
= 1 %5
GELIsY)

+5T. 13

~

L

751 CCNTIMUE

. G2 S

792 3
CeLL STIF

CCONTINUE
CHEK = VEL(2s1)
FC=

= TIi¥z
IR CCluRS

CHANGE IN SLOPE OF
ICREMENT DT

inE

CETEEVINE CCOD
FORCING FUNCT

TDIF =
RCCIF =

RTIvVE = TIws
STIVE + CTIYE - YIME
tTCIF) 798s B8CC» 757
[TDIF .GE. DT) GT TT 3€C
(DAESU{TCIF) +LE. D-g)
TIYE = TI¥E +
T = TCIF
I1T0 = 1
3¢0
738 IF (RCDIF) #0C»
799 IF TRCDIF .CE.
IF (DABS(RCCIF)
TIFE = TIME + RCCIF
RC = RCDIF
1°C = 1
GC TO 3¢0
800 CCNTINUE
AG00 FORMAT (//» 14Heses ORI THAN,
1 10H STCP #s=s)
5000 FORMAT (1HGs 2(/)s 1X» THTIME = »
6000 FORMAT (1HO» 31(1h=)s 1X»

If
TIF
rea

787
GC TO 8Cc

1.0
TOLlF

GG
gC0s 795

CT) G5& IC 2o¢
oLEe 1.CD-8) GC TO 800

I5s 27n ITERATIONS NEEDED <ee nlIil,
FSels SH

13-CISPLACEMENTS

SECONDS)
1Xs 31(1H=)»

LEL



3Xe 13501h=3s 1Xs ICHVELICITIESs 1Xs 21(1H=)s 7/ SUSACUTINE L5AD
1H 5 SHELCCKs 6X» 1rUs 11Xs 1hVs 11Xs 1H¥s SXs SHTHETAS

8xs &4H5ETRs 825 IHPHYSISXs LHUs 8Xs 1HYVe 8Xs IHas AR E R R IR I A Y T REE KA I A TE S Tt I SIS AL BT RS ISR TTELE AR ECTRCLE TR EE

C

C
6X» SFTFETAs AXs AHIET2s 6Xs 3HPFHI) C * *
tin » I3s 2X» S{1XsC11ed)s 1Xs EL1XsF8e4) ) [ ® FUNCTICOAN: CALCULATE DYNAMIT LCAD CA *
F1HO0s 33h3$8358 CTVrFRZISSICN FAILURE AT SPRING NQ.s Ias < * hd
18H » o o ELCCK NCoes IS5s SX» THTIME = » F10,7s8H SECCNDS) < * CTHTR SUB27TJTINES CALLTD: ©STmSH CF @STAIZIw FTIROSTAVIC LIAD *
€1hC253HS838S SEIFT IN MCDULUS OF ELASTYICITY TO SEGMENT AKO. C * he
2 1Xs I3y 1SHeee SPRIAG ACe » I3y 12Hs BLCCK NCe » c EREET IR CRBRLEL L2 ICL FRRA AR L2 AT ELL I AL LIS VELELLRISTLISXTRFERRNES

C

IS5 S5Xs BH YIME = 5, F10e.7s 3H SECCNDS?
€1HO0s 3SH>>>>> TENSICN FAILURE AT SPRING NOes» 14 Mo [CIY Peal x5 (2 v -2
16H « o o 2LCECK Ales TS5y SXs 7HTIME = 5 F1l0eT7saH SECONCS) Te /SLAST / TP3I&K,y SPEAR, R YIvE
(1h0s 33hessss SHELR FAILURE AT SPRING NCes Ias X / s 2y Co Ady Ti,y TE, Ermy
FIDINTS/ TXJe TYJI, TLYs ORI, TLJs

-r

LS

¢

16H o o o B8LCCK NCes ISs 5X» ThTIME = » F10.7sSH SECONDS) ! 4
SMASLCD/ P{6,125), MaSINV{6,128], z (12
JND3LOK/ AT(2,125), M3, N3A, KIY, AIS Ty NE
“/RESULT/ FCRCE(48,125), LL{5s1258y PTS{5, 1350 TIVE
s / Le Lly L2y H, HZ, ILS, IRS, IUS, IBS, XZO2Z

SICN PELKD
PPECISICN L, L1, L2, *ASInV, XS
Uy S /4HUNTF, 4HSINE/
PI/2.141552¢8355T9222/,
22T, TS, Tal /Y.2200,

C
C—>> CaLCuULATE =¥ TIVE LENGTH
<

Twl * EFFL - TXJ

TaZl % EFFY - TYJ

A2 =
MNAXL = MNBX + 1
o
C-=>> CALCULATE STATIC LCAD: CALL SUBRCUTINE mSTAZ3I® FOR RUANING 318D
C-=>>  AND SUB20UTINE “STARS®™ FOR nOFIZONTAL STACK
o
1F (KOSE .EQ. ) GO T0 152
CALL STA23
G0 1o 200
150 CALL STAKS
200 CONTINUE

C
C—=>> CACULATE DYNAMIC LCA

¢el



()

GO T2 429

53530 J = 1,%3 359 P(3,J] = PSAKP(J1®D32T 2 = DEXP(-3ATID)
PE22 = 2(2,4) 69 TC 453
SCTIME = RTINZ 4 CTIwE 375 P(3,4) = €37
IF (CTIME €3, 7229) GO IC 210 IF (P(2,J) .KE. PEE2) K3u = :
RaTIC = (TIMZ - XCTINE) / GTIME 450 CONTINUE
TIATIC = CNE - OATIC RETURN
212 TF (TYPS  .€2. 3) G3 TO z29 END
-
-
C-=>>  UNIFO3MLY DISTRIBUTED LOAD
:
LB(1,J) % AB(2,4)
DPZAK * ARE S
IF - U) 6D T 24C
T-->>  SINOSOIZAL L2AD
:
223 CINTINUE
TYY = Tvy
Y3 = Yvy
IF (3 .LZ. %axx) Tye = Tay
IF (J .GT. M%EX) TYU = TLy
Y1 = P23(2,J) = 8 = TYE-/ TnC
Y2 = PUS(2,4) + 3 % TYL / TwC
233 PTZTY = = (3C384AIHFY2 }-0COS(PIM=YL) )/ PId
IF (N2Y .20. 1) PTITL = 22(Z,J)
X1 = PC501,4) = AB(1,4) / TuC
X2 = F2SU1,d) + 28(1,J) / TucC
PTOT = - (SCCS(PIL®X2) - DCOS(PIL*X1)) / PIL
IF (M3XX .EQ. 1) PTOTY = 28(1,4)
PEaKS = SPEAK = PTOT =% 2T0T1

E—->> CCM3INT UNIF35Y AND SINTSGIDAL PEAK LCAD ON A 8LCCK

ps
247 PIZAK2(J) = PEAKD + FPEAKS
£33 CINTINGE
26 CINTINGE

C

C—>> CALCULATE DYNAMIC LCAD CN A BLOCK AT GIVEN TIME

T 470 J =1.83
PL3,30 = 25a<P(y)
[F (TIMZ - RCTIME) 250, 420, 275

252 IF (TIME (GT, RTI%Z) GO TC 400

GC TC (420, 4CCy» 309, 30C, 250), ILCAD
275 CONTINUE

G2 TC (375, .25, 325, 375, 350}, ILGAD
300 PU3,J) = PEAKP(J)*TIME / RYIME

GO TC 499
325 PU3,J) = PEAKP(J) * CRZTIO

€el
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-=>>

SUSRJUTINE STAHS

EEEEEFZAEREEAIE XSS X AIKEECRAXE L LK ARSTEE R TLXBKE N A SR B E AR R R KX FRERKRKEK

>>

FUNCTICNS S

LR 2 K BN

EFXITEEBEXEREXE I IE SR SR AL R E X A AL LA RNX B I BI KSR XA F XX RSk ngd b RER

Tv2LICIT S22y
Couvwry 7K
CCvyiy 25
CovCe .

cruv
CowvOs JhCELEK
CoMuIN fuaLL

COVMTY /WEISHT
D3UBLE PFECIST
DATA  CNF,

=

a0 e
Lala NN

IF (IBLCX
IF (IBLOX

CALCULATE wE

CCvs

CALCUL2TE BL

D3 16O J3
WA
Clotl!

IF (TUS .=

1F (J8 .EC. N2B({JB)) RONC = RCNC + 1

Pl2,3
ARTA

FOR TrzZ ACRIZINTZL STACK PATTERN <L

3 (a-+ , 3-11}
A sdy Y14 TE, ERy
* %23(125)
TLS, Y245 TUS,
MASTIAN(E,125),
7 22{2,125), NB, MBX, NBY,

ZACH BLCCK
3L2CK

T334
8LCKuT {125}
NERe NCR, N3XX, MNBX

/ Ly L1y L2, H Hz, ILS, IRS, IUS, I8S, KODE

/ WYy MTITHT, L CK

1
1

0220y 2.2000/

woae

«GE. 2) HIB = Wy
WEQ. 31 WIH = W)

IGHY ZF MT2TAR JOINTS

= Tal = w3 % MOSTRT
= T« * Wi ® VIR 14T
= 42 = TYy = ((M¢E

= A2 * Ty = ClMg

= (P=TZJ) &= TxJ ¥ CIMH
= avERT / NBY

L\
o L1y L2y XUy KSy MASIANV, MORTNWT

GZK wEIGHT AND SYATIC LCAD ON EACH BLOCK

1.A2
43 7 A3X
N3Y - NR7W

woanh

Q. 3) RTIND = Twl * NBY - NRCW

B) =(PCNO*®(WT+5VERT) + {RONO-ONE ) *BHORZ + BUPER)
= 23{1,J48) = 2B(2,4B) ~ A2 * B2

BLOXWY(J3) = WT + AREA * CCMB
IF (IS5LCK .EG. 2) BLOXWT (JB) = BLOKWY({JB) + (AB(1,JB)~A2)*82
- % (CCMH - COMB)

=
*x
x
]
*
*®

100

CONTINUE
RETUIN
EXD

velL
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420
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C==>>

SU3RVUTINE STaAQ3

BEXSESEERERERESESEESE SR EXA T T S A XIS S N A SRR SRR AR U Rk E X R EESA SRR SRR E

LEE IR R K R B J

>> F2R TkZ AUNNINCG ECND PATTERN <L

FUNCTICAS: 1) TALCULATE STATIC LOAS CN ZACH BLOCK
2) CALTULATE WS IGHT CF SaCH 3LCCK

TMoLICET L =8 (&-Fr , 0O=2)

38

COVMON /3L0K / Ay B4 Cy Ady TI, TS, Ehy ELENTH
Couury JEDRBER/ NLE(125), NRE(1:Z5)

CoMYDY /301NTS/ TXY, TYY, TLY, TRJY, TuJd, TBJ

COYUMCN /¥iSLSZ/ PL64125), MASINA(6,125), SLCKWT(125)

CTU»C* /NCELTK/ £3(2.12%5). N3, N3X, NBY, NER, NOR, NBXX, MN3X
COMMCN /wilL /7 L L1l L2, Hy HZzy ILS, IFSy IUS, 138S,

a

CA¥2y /WETSAT/ AT
COURLE PRECISICZH v
CATA ONE, Tal /l.

vI2T4T, T8LCK
INYY Le L1y L2, MCRTWT

22 = Ta2 = &
282 = Tw) * 3
NO T = 2
nd4 = C
nd3 = L
CALCULATE WTIGST FACTORS FCR JDINTS

IF {IfL3K «C3. 2) A2% = WJ

IF (12L72€ €54 3} AddH = vy
CoM3 = ThC * W5 = MIRTWT
COMH = TwZ * WJH * MCRTNAT

DO 1097 J = 1.0

CALCULATE BLATK WEIGHT

2 = 3HME
XA = A2
L5 E23 = 42 * B2

IF (43(1,J) .57. A2) GO TO <4CO
AL = ELINTH
AR EA8 = ELENTH * B2
G = ELENTH / A2
BLOKWT ") = C®nT + (A3(1,J)*2E(2,J) - AREAB)

IF (IBLCK +EQ. 2) BLOKWTLJ) = BLOKWT(J) + (AB(1l,J)
= {CCMF -~ CCMB)

CALCULATE STATIC LOAD ON EACH BLOCK

KODE

* COM8
- AA) * B2

*

L B B BN )

REXRATEELEILE IR AT XL ASIFETF AR L AZ AEZB LK SR EILN AR XK X KRR R EGCCKE RS TS TSRS

IF (J NS, NLE(J)) 52 T2 53¢
NRfWw = NPCW + 1

ACR C2 - NATWY/2
AEP (NFCW=11)/2
IF {IUS .%NEZ. 3) GZ T2 502
£3% = AG2? + AFR
AE2 = AER ¢+ N\OF
GO TC 5=
5§23 IF {J WM. NPHUJ))Y G T2 enC
553 VEGTY = Txy % 3 k (TN~
VEDT3 = TXJ * AT / (Twl = 22}
S = ONE
IF (AB{1,J) .GE. 22) S = = (NE
P{2yJd) = = ACS&SLOKWT( o} = AESF(ZLTKWT{J)
1 VERTR)
GO T2 700
609 P{2y,J) = = BLOKWwT(J]) * (ACR + a£9}
733 IF (N"0W LNZ. 1) G2 .TC 873

&2 = T3J / TwC

IF [TYJ oNS. TBJ) AR = (TYJ - T2y} = A\2Y
P{24Jd) = PL2,4) + A% ¢ A3{1,J) = C2v
8990 IF (TYJ JNZ. TUJ) Pi2,J) = PiZydi + (TYQ
1000 CONTINUE
RETURN
END

- SSVERTM + S=

Gel



SUIPTUTINE Mass <
< AES3L = A3{i,J4) * i
r B e T L T R R e S e T T P P PP e s : 23592 = A3(2,J) * <
ot = * XHrS = 5F A /
I e SLNITITN: JLATE THZ MASS AND MASS MCMENT OF IRERTIA * MASINVL4,J = *
C = YASTHNRY UNIT * MASTINILB,3Y = =
< d * MASTHVIGE 43 = =
C FEEAFETFEIATLICEE R IR LRSI AR LA L BT AERARRFDEARR KL AL XXX RAETXT SR SRR T HERE 2353 CONTINUE
< 52 T2 130
~F 4, C=2) : 253 CINTINUE
v Co WIy TI, TEy E%x, ELENTH <
1250, NRE(L12Y) C—>> THE PSMAINING PCRTICN CF ThIS SU3ATLTIAE IS F7R CONCR. FLCONS
TYJdy TLJ» TRPUy TUJ, TBJ <
v125)y MASINN(6+12S)s BLOKWT(1253) €S = I3LCx
21253, N9, K3X, NBYs NER, NOR, NBXX, “N3X £ = KIRES
Lls L2y A, Ry LS, IPS, 1US, 135S, XC3E THEML = CTREIS - JMT
! / WOATAT, 1ELCK Rl = & = wd
CISITN L, L1, L2, MASINV, MCRTHT XHOLE = [A2-TWO=({TE+CH) — COREM1 * T1) / CCRES
TY/326.285D32/ YHOLET = Tal * Rw
-y TRELVE /4.009%0, 12.(D0%/ RY = £ = WJ/TWT
o HALF, CNE, TW? /C.0L80, 5.00-1, 1.0003, 2.3522/ PX1 = A = EH = TZ/73C
z . R¢2 = A = T4 = YE = XH(LE - TI/7a0
C==>> TAT I N v T2 S T OF THT (M) MATRIX WILL BT OEVEL2PED JIRECTLY (9
5 C==>> CALCULATES YILUMIS £CF ZLEMINTS OF & CCOACRITE ALICK
Lz = T C
2 = T VSHEL = A2 * 82 * WJ
£2 = J . YRI3! = YROLE ®= 82 = T]
2253 A2 * A2 VPIRE = YnZLE * 32 * T¢E
82352 = 2 YTOT = CCREV] = VATEL 4 TWC * [VRIBE + VSHELD
283 = 2 [
v = 1 C—>> CALCULATE WIZIGHT NF SLTuINTS (F A COANIRETE 2L7CK
oC 172 ‘. C=-=>> AND SUFRCMDING M03TaR TF A KatF goINT
T=-=->> caplutar SF TFZ PASS CF THE BLCCK . L
z ‘ UWT = #T / vT2T
xXvis = GPAYTY / 3LOKWT(J) WSHELL = VSSSL * WY / VIOT
c WEI3] = VRIAL *= T / vICOT
£-=>> $SSIGYN VALUSS YT FIRST 3 EL EMENTS OF INVERSE MASS MATRIX W2 I8Z = VRI3ZEZ % AT / VITT
Z WEBMOR = TXJ * 82 * 34 = 40TV
MASINVIL . J) = XMAS IF [KORES .EQ. 3) WE34GR = JERD
MASTINY(2,4) = XMAS . DG 600 J = 14A3
MASTNVI(34J) = XMAS A3S0L = AB{l.J) * AE(1,J}
133 CONTINGS ARSQ2 = ABZ{2,3) * AP(2,.J}
£ WMORT = RALF#(BLOKAT(J) — WT) — WI8NCR
C-=>> CHECK IF wASINRY UNIT I3 SCLIC BRICK OR CONCRETE BLOCK WSHEL = WSHILL + WMORT
- IF (KOOE .NS. € .AND. 23(1,J) .LT. a2} GC T7 &5¢C
IF {18LCK .KE. 1) 6O YO 250 . c
D3 292 J=1,N8 : C==>> FULL CONCREYE BLCCKS
[ C
C—>> CALCULATE TH4E INVERSE OF THE MASS MOMENT OF INERTIA C==>> CALCULATE THE INVERSE OF THE MASS MCMENT OF INERTIA
L==>> F3? S2LID BRICKS [

9¢l



[ X1

TO MmO

[ W

-—>>

YO oy
xr
w
(&)

N kal
'
|
v
v

C==>>

%25

461
4¢2

VASINVIG ) = * 5RAVYY/
({WJ*A J+2ESQ2) + TWELVESRY=RY] * TWC
E1 % CCREML ¢ TwD*(WRIBZ+AS3I“CR))
+ YHCLEX*2) |}
VASINV{S ) = *® GRAYTY /

TAJ4LISII4THELYERRYERY) * TRJ

T e T I TE4YPCLESEZ+Tn L VESRLL*22)=Tn]s
AT AT Y P ILE#*24TACL VISP X222 ) sCOREM]
172 % { (TXJ/Tul}%*2 + YHOLES®2

VE # (A+TXJ/FCURI**2} = TW3}

)

MASINVIG, )
{ABSCL + ABSQ2) * Td3
(TEXTZ+B2SQ+THILVESPX1I**2) * TkC
(TI*TT4B2SC+TWELVE*RX2*%2) «CCREM]L
{ (TXJ/TwWC)*=2 + B25Q
{AeTXI/FCURLIZ%2) * THI)

XLENTH = ELINTS + HALF % Txy

ESTLZLISH LDCATICY TF 218S wWlITH RESPECT TC REFERENCE

= TRIITHAT ¢ TE # XHOLE
= Xé& + T1!
= X3 ¢ XH7LE
= t4 + 71
iF S «Z2. 23 X3 = X4 + TE
= X3 + AHOLE
= X2 + TE
= T=
= ¥
T3 =TI
DETEOMILE WHICH RISS EXIST IN THE PARTIAL 6LOCK
IF (XLE5TH J6T. X1) G3 T7 475
1F [XLE*TH LT, X2) 62 T3 425
- Tl = XLENTH - X2
62 TD 475
IF [XLENTH .GT. X3) GO TC 4¢3
IF (XLENTH .LT. X4) GO TC 440
T2 = XLEANTA - X&
59 TC 443
IF (Y¥LINTH .G6T. XS5y G2 TC 462
IF (XLENTH LT, X6} GO TC 4¢1
: T3 = XLENT 1 - X&
GO TC 462
T3 = IERC
T2 = LERC

463
475

C=-=>>

S WA=

C==>>

L) [p el

WN

Tl = ZERC
COANTINUE
AM = YHSLE *® TXJ/THC ¥ YI8Tni/UwT
AIM = M
I€ (#0283 LJEC. 3) Aw = 27332
s LTe X2 L2N3 LT. XZT) &Y o=
183 BRSNS J5Te X351 Av =
1F LT, X6) AW =
DETZRMINE ARZAS CF aZ3S A2
ASHEL = THRT * L8I11,J) * wd
218 = YRILE * TZ
AT] = YHCLE = T}
272 = YRTLE = T2
AT3 = y=lis * T3
ATSYT = ASHEL  ASIS + IT] + 272 « 273 + ALV + 24

CALCULATE WEIGHT CF
HALF
wCoTER

hSHIL =

WSHELL * TLERT /22

MIETAR AT 1al

T3 WElln

v AvCsT

DETERMING WIIGHT OF MT7AK ATTAINED TC EXTIRIOR RIES
WEBMEX = AV x R2 ® ATRTAT
DETERMINE THE CENTER OF GR2vIiY OF PLaTIAL 2L0CKS
C6 = (ASREL * HALF * AE{1,J) + £518 * (SH #HALF=iTIeTual)
# ATL ® [X2 + RAILF ® Y1)
+ AT2 * (X4 + RILF = T2)
+ AT3 % (XE + HALF 2 T2)
+ AIM = TXJ/FOUF & 29 8 [XLENTHETXI/TWIlE /2707

CALCULATE

MASINV(4,4J)

WEEMS =

MASINVI{S,J)

THE IAVERSE N7

THE 385G MOMENT OF [MERTiL

TWELVE = GFAVTY /
{WSHEL * {WJ=inJtLOSO2+4TRELYEETYERY) * Tal
(WP 132 = (TI#TED/TS ¢ WEI31 = (T2+¥2)/Y14

* {(R2SC + YRTLT % YOLFG)
W3 MCR % ( (TXS/ T3t 2 + YirlLI#®2
+ THELVER(IG-TXI/FCUR =22

TWELVE *= GRAVIY / [ wESNMS
WSHEL * (ABSQ)l ¢ WISWI+TWELVE*RY®Y)eTn?
WRISE * [TLIR(TI*T1eYRGLEX®2¢TnELVE*(X2-CS
COATL/TWC)IR*2)/TC & TE*TE+YHILE=Z

LEL



Wm >

O EETG

"

CHIAOAMMONMNL 1

AEEYE =
ASIAKVISsJ)
CINTINVE
TCWTIMLE
RETU =i
£NT

+THRELVES(CG-TXJ/TRO-EH-TE/Th )s22}
(T28(T2oT2+YHCLE®*2+TRELVES(X4=~CG
+T2/TRC)I®22) + T3¢(¥3aT3¢YnTLEs®Z
+TnELVES?r X6-CG+T3/TaC)l*s2)) /7 TY
KEEMEX = ( (TXJ/TWO)*32 + YHCLE#*s2
+ TRELVES(XLENTE=CG+TXJU/FCUR)®=s2))
REEMCR = { (TXJ/TaCl*s2 + 82SC
+T4SLVE=/ICG - TXJ/FOUR)Iwx2)

BRRIEX »

AELVE & GREVTY ¢/ ( WESMG
aSkIL » ( ALEZSC1 #+ AESC2

+ TRELVE s (XLENTH/TRC = CGlws2)
WRIEE # ¥T1 » (T1sT1+4B2SQC + TWELVE=rX2-CG

+T1/THO)I**2)/TE ¢ TESTE+BZSC

+ TRELVESICC-TXJ/TRO-EH-TE/Tal)ss2)
WRIEBI » (T2 ® (T2¢T72+32SG+ TXELVES(X4-CG

+ T2/TaC)r»22) + T3 x 1T3s73 ¢ E2S5Q

+ THELVE % (X6-CG+T3/Ta0)s%2)) 7 TI
REEVEX = ( (TXJ7TnC)s»2 + B2SQ

+ THRELVES{XLENTH=-CG¢#TXJ/FCUR}»#2))

AN AAOOO

120

C-=>>
C==>>
C==>>

SUARCUTINE STIF

FRE AR T RS R AR AR AT L IR XX TET AT R IE TS L L ITIPARACL XXX EFIITIEIEE LSS ERT®

* . -
* FCTICONS SET UP THz STIFFLZISS wiveol =
* AN3 TRE SWRRTUNDINS FLT0KE =
* ®
T R T R K A A AT A T T R L AR T N E IR CTEREE I I X EZELIL TSR XPATETX S

IvoLICIT REAL *= § (A~
CCOwNIN /ELAST / GRELK g H
/BLTK /Ay B, T, Wl T
/30RTEF/ NL3(125), mEE(l
JCURVE / NSTAGE(48,12¢3,
CoMMTN /CLAMKS/ KS{43,123), <t
COvMC™ JIDINTSYZ TXJe TYJ, TL O
COVWIN /MASLCO/ P(6,125), “MASING
CCMuIN 3 AR{2,125), NT, *2X, NEY, NTT,
(5o 2 FCRCE(48,1238, L0H(%,125:, S
Cowmin AKLT57,61, 2=(7 43,51, I8(T324c
ER{7532,01, FX{TEZ 8), Fa(757,8)
CTU¥SH /WaLL /Ly Lls L2 7ty PZze ILS, @GS, ILS, I8S, <272
STMENSICIN ST(43,125), Lav{l])
DTUBLE PRECISIIN LAv, L, LY, L2
OCUBLE PFECISICZN KS, vASINV, LAMR, LAML, LAYV, LiV¥n
DATA ZEFC, ONE, TWD /3.003C, 1.C0020, 2.CCC2/
A2 = ThC = A
KR = = 1
KM = 2
KN = 1
03 1C0 J = 1.\3
IF (J NS« NLB(J)) GO TC 12C
KR = =-KR
KM = KM - KR
KN = KN + K®
LAM{KM) = LAMR
LAMIKN) = LANL
CONTINUE
MULTIPLY SPRING STIFFNZSSEZS CLLCULATED [N SURKDUTINT WLINKEL"™
BY THE PRZPER *=S' VALUS., SPRING STATLS IS uolaTd ACCIROIANG
TC ARRAY “NSTAGE™ SET UP IN SLBROUTINE "SOLVER®™
DO 200 I = 1,48
NS = NSTAGE(I,J)
IF (NS .GT. NSEG) G3 YO 150
IF (TIME .EQe ZERC) STUI+J) = KS(I,J)
KS(T,J) = ST(I,J) * E(\S)
GO TC 200 :

8¢cl



RERER KR

152 KS(T,J) = ZERQ C==>>  SU% SPRING STIFFNEISSES FJR PICGHT HALF CF 8LCCK
212 CINTINE D0 5C0 T = 1,1%5,¢&
I {TIvI 4%, 2) 6C 72 1C2 AKTL = AKTY + KS(I,J)
Y4 = H : ALSL = AKS1 + 4S(1+3,y)
IZ (1US .%2. 3) YH = TH? % b = TUJ = TBJ + TYy AKS2 = 2432 & KS(1+1,J)
AKK = Twl ® € * {A2+TX) = E(1) / YH A4T2 = aKT2 + KS{I+4,0)
pebo] CONTINUE AKY3 = A4Y3 o+ KS{142,.9)
5533 CoNTINIE A<X3 = 2aX3 + KSU{I+5,J)
ALM3 = A * (ONE - LANM(1)) : 500 CONTINUE
LML = A ® (ONE = LANM(2)) " C==>>  SUM SPFING STIFFNZSSES FOR LEFT HALF CF 8LOCK
BLAMY = B & (CNE - (AMY) AXX33 = agx2
CLAYY = C * (CNE = LAM) AKT22 = 472
ATX = A o+ TXJ/T4D 143 = z2
3TY =8 + TYJ / Tad uu = 31
ALLSD = AL%L * ALML N = 3
’ AILST = ALMR o+ aLuA D2 525 LL = 1,2
BLAMSQ = BLANV * BLAMY ! DO 552 1 = KK,¥¥,3
CLAMSY = CLAMH * CLAMN AXT1 = AKTI & KS(I,J)
ATSS = ATX * ATX . AKS1l = AKSL # KS{I-N,J)
arse = BTY = 8TY AKS2 = A<S2 ¢ XS(I¢l,J)
: AKT2 = AKT2 + KS{I-N+l,J)
-—=>> [ AKY3 = AKY3 & KS({1+2,4)
==>>  SETTUP STIFFNESS MATRIX (K ) A<LX3 = L8R3 ¢ KS{I=%42,4)
N = =N
27453 J = 1,03 ) 559 CouTINys
NL o= 5 ® (5-1) ) X% = 40
Nl o= HA ¢} wu = 43
N2 = NL o+ 2 525 CCNTINUS
N3 = NA + 3 AKX3L = AKX3 - AKX3¢
Ne = NA ¢+ 4 AKT2L = &KT2 - AKT2CT
N5 o= A +05 . AK(N1,1)= 2871 ¢ 2KS1
NE = NA + 6 AX(M2,2) = 32 ¢ AK72Z
L2 = A AKIN3,3)= 3XY3 + AKX3
1F (L2(1,J) .LT. 82) AA = ELENTH / ThD AX(N544) = CLAMIORACING,2) + ELAMSC®!KY3 o 37
ELTX = AA 4 TXJ / TWC ARLN5,5) = CLAYSISACK(N I, 1) + ALLMSQ=ZAKX3L & 43t
LATSY = AATX *x AATX 35 +38TSC & :KV3
apiua = pun AR(ME 6] = ALLMSOEAKRT2L + ARUMSCH=ARTZIR + BLAMS =:nT1
ELAML = ALML ) s + AATSQ#®AKSZ + AKS1 * BTSQC
ALLMSQ = ALLSQ AK{N1,5) = ZER)
A2LMSY = ARLSQ AK{N1,6)= ZER2
IF {28(1,3} .GE. A2) 50 70 300 ) AK(N2,%) = ZF32
iLave = ZER) : AK{™N2,€) = 22370
Alimp = ZERD . : AK(N3,4) = 2283
339 CoNTINGE : AK(N3,5) = ZERC
LKT1 = ZERG . : AKI%N4,5) = ZERD
KS1 = 2ERC i KI = 1
LKS2 = TERGQ NI = 1°
AKT2 = ZERC MI = -1
AKY3 = ZERC D0 560 II = 1,43,6
LKX3 = ZERGC I =11

6€1



03

PE)

A

-

I (Il .,53. 25 .7R. 1!

IF (! .57, 19) X1 = - 1

IF LI 5T. 7)) = -1

IF {1 .GV. 37) NI =1

IF {1 .GT. 19) GO T2 555
KS14 = AS{1+4,J)
KSIS5 = KS{1+5,1)

CouTINUE
¥ = qI » KI
AK{N1,5) = AK{NL,S
AK{%N1y6) = LX(N146)
AX(N244) = AR(%2,4)
A4(N248) = AK(N2,€)
A {N3,4) = AK(N3,4)
AK(N3,5) = AK(N3,5)
AK(ti4,5) = AK(N4,5])

IF (11 .89. 25 .CR. 11

IF (1! .GT.

19} 6"

KI4 = KSUl+4,J)
KIS = KS(1+5,J}

CCNTINYE
Av N1, 5)
~a(Nlaed
EX(N244)
AR {*24+6)
AK{%3,5%)
AK{%3,5)
LK{MN&4,5)

ur o= - up

CONTINUE

A4S = AATXE (-KS{2,4)
~KS{2%43)

f I T T I T I 1)

AX({51,5)
AK{M1,6)
AK{NZ 6}
AK(YN2,6)
AK{N3,4)
AK{%3,5)
AK(N4,5)

* ALAML

LK (N4+6)

AK{MNS5,€)
AX(N4&,2)
AK{N4G,3)
AK(NS5,1)
AK{NS,3)
AK (NG, 4}
AK(MNS, 1)

AK(NE42)

EX (NGy &)

AKINGYS)

AKa6 * C L2y

AKS6 = BLAMV * (= K S(1,d) + XS{7,J) + KS{13,J) - KS(15,4)
- KS(4D,J) + KS{43,4))
KS(22,4)

+ KS5(284d) = KS(31,J}
LKS6 = AKS56 + (= KS(4s<) + KS{10,3) ¢ KS(1l6yJ) -
# KS{25vd) = KS{34,3) — KS(37,J) + KS(4b6,J))* BTY

AK56 * ({AMA

AK(N2,4)
AX(N3,4)
AK(N1,5)
AK{N3,5)
AK{MH4,45)
AX{N1,6)
AKIN2,6)
AX(N446)
AK{NS,6)

-
[ I I N I 3
= v ow " €.
-t e b4 b

+
b4
P

m
"
.

.

LR R LN I3

- KS{22,3}

«Sfieled) =
KS[I+2,J}) *
KS{1¢2,3) * AATX
KS{I+2,3) * BLAMV * AATX

7y 1 =11 -3

KS{le3,J) = CLAMK
KSiie2,g) * BTY
KS{I+4;J) % CLEMW
{KST4*LL VR + KI4=A{ML)
KS{l+35,J) = BTY
(kSIS=ALVR + KIS*ALMLY)

STY = (KSIS*ALAMR+KIS*ALAMLY

~ KIZ{Esdd + &3{14sd) + KS(25,4)

+ KS{4l,J) + KS{(44,J))

LK46 = AKAS 4#(~- KS{S5sJ! — KS{11,J) + KSU1T,J) ¢ KS{(23,J))
* ALAMR+(-KS{26,J) - KS(35,J4} + KS{38,J) + KS{47,J)}

LECG. N
({Jel) .=
(ELENTH & TX

{AB(1,4)

t{yrl)
(AB(L. )¢l

CINTINUS

LTx2 =

32,

AT X1

ATN2

CAONTINJE

BK{X1,1}

CAONTINYE

BXANG %)
K (N535}
BK{N6,6)
BK{N1.5)
AK(NL1,&1
BK{NZ2,4)
ERENZHE)
BK{N3 ¢S}
8KIN3, 5)
BK{N&,5)
BK (N&, 5]
EXK{N5,6]

BK(N&,2)
BK{N4,3)
BK{NS5,1)
BK{NS,3)

wn
e -~

LI I | O I | IO A (1]

SANDL  AB{1,J+1) JLT. A2) ALTY =

~
n
—
I
m
»
<
>
z
—
Fd
(2]
w
0
Z
\=]

10
~ )

Q) v €
-
N
-4 ()
-
2
w
v
2}

LY 7]

Z T2 5590
JY 4 TWG

+ KS{I,d)
+ XStl+l,d)
+orS{Ie2,0)

W N

CLAMSO®E3M{NZ,2) + EBLAMSG¥*AX(N3, 3}

CLAMSGHSKINT, 1) = ATX®AAVxx:5K [N3,3)

SLAMSCHIKIN ], 1) — ATX®ALTXBK(NI,2)

Travs=( KS{ 1L, NI+KSHET7,0)=-KS{I34d)=xSLLSE, 00

CAMYR{=KSU1J) +KS(T 9 =KS{13, Q3 +RS{L=,000

LAVE 2l =KS{ 2o ) -KSUB ) +KS{ 14, J1eKS(2D, 010

ATXL * EK(N2,2)

BLAMY F(K SU3 1) -KS{G 9y JI#KS{15,J)-XS12iyJ)}

ATXL * 8Sx(N3,3)

ATXYL = 3K({NZ,4)

- ATX1 * EK{(N2,%} :

CLAVAFIL 2NV S (= KS(1,J) + KS{7,J) + XS{13,43)
- KS(15,4))

IKI{NZ 4

BX{N3, &)

BK{N1.5)

- ATX2 * BK{N3,3}

ovlL



YOy Y

(A NaNE]

EX(NS,4) = - ATX2 = 3K{43,4)
BK(NEy1) = 3K(N1,6)
BKINE,2) = ATX2 * 3K($2,2)
BK(NGy&) = LATX2 * EK(N2,4)
BK(%655) = BK{%5,6)
-->> <
—>>  SET UP STIFEYESS YATRIX (K ) FCR THE HCPIZONTAL STACK
IF (KPDE M%. C) GO 73 717
CKINL, 1) = KSU4sJd) + KEl15,J) ¢ KS(25,J) + X3(27,J)
CK{%292) = XS{5,J) + KiLiTyJ) # KS(26,J) + KS${35,4)
CX{%3,3) = KS(65d) ¢ KS(12,J) + KS(Z7,d) + <5(39,)
CK(MN&y4) = CLAMSI®CK(KZ,2) - B8TSQ * CKIN3,3)
CX{N5,5) = CLLYSC*CA(MN1,1) + 22LMSQ *(KS[6,J)+KS{18,4))
s ¢ ALLMST * (XS{27,d) + XS{39,4))
CKINE,E) = ARUMSS * (K {S,J)4KS(174J)) + ALLMSD =
s (KS(264314KS128,J)) - BTSG * CK(N1,1}
CKINL,S) = CLAMW*{K S(%,J)=KS(164J)-KS{25,J14KS{37,3)}
C¥{N1,4) = BTY * CKI{NL,1)
CKIN2,4) = CLAYAR(-KS(S,J)+KS{1T7edI+KS{26,J7-KS{(38,.}}
CX(%246) = LLAYE®(KS(5,J)14XS5(17,J))
3 ~ ALAML = (#3{25,,) + KS(33,J))
CH{%3y%) = = 2TY 2 CL(*3,3)
CK{%345) = = ALAYR®(KS(E,41+KS(18,d))
s + ALAML % (KS{2T4J) + KS(39,4))
CK(N&45) = STY * CK(%3,5) :
C¥ (NG4y6) = CLAMARALLVER(-KS{54J) + KS(LT7,J}) !
s ¢ CLAMA*ALAM *(~KS(264J) + KS({38,J)) i
CKINS,£) = BTY * (X {Anl,5) !
CX(%4,42) =  CKIN2s4} i
Cr*4e3) = = CRIMZ, 4) i
TK{%S5,1) = CK('il,5)
TK(*i5,3) = CK(%N2,5)
CXI{%5,4) = = CKING,5)
CRINGy1) = = CX(NLy&)
CX{M64,2) =  CKIN245)
CKMNb,4) =  LKIN4, &)
£ {1645) = = CY{NS,¢)
63 TC 799
777 CONTI NS
-—>> C
-=>> SET P STIFFENZSS MATRIX (K } FOR THE RUNNING BCND
ALAVY = ALMR
ALAML = ALML

ARLMSQ = ARLSQ
ALLMSO = ALLSQ

IF {J .5Q. NLRUJ) .AND, Af(1,J) .LT. A2) ARLMSQ = LERO
IF (J .EQ. NPSIJ) JAND. AB({l,J) «GEe. A2) ARLMSQ = ZERO
CKANLy1) = KS{4,J) + KE(16,J)

780

785
C—=>>
C—=>>

CKI{N4,2)
CX (%51}
CK(N5,31)
CRINS %)

T{N3, 1)
CK{%1,5)
= CXIA3, 5)

C<iM4,3)
- <x(Nie€)
- CR{~2,8)
= LR Ne, €)

CX(N2,2) = K + KS(17,J)
CL{%3,3) = < « KS(12,0)
CKiNY,%) = C CK{N2,2) = 2733 %
CKI{NS,5) =0 CR (i1, 1) = &2 veQ
CX{*5,6) = = TXANL L) = e3LMEQ
CA{NL,50 = = * (KS14,J) = XS(1&.4
Cxitieb) = T o TK{NL,1)

CX{%2,%) = = Zea¥ad 3 {(F5{5,J) = KS(17,J))
C(N2,6) = = 2LaMmE 2 (K{N2,2)
CK{N2,y4) = = 877 & (K(N3,3)}

CK(%2,3) = ALL42 % CK{}3,3)

CK(N%,3) = 27y & CX(A3,5)

T {hae0) = = AL2VE 2 TX{%2,4]
CXIN5,6) = BTY = CKI{A1,5)

CK(N&y21 = CXIN2 4 &)

CK{Ne,3) PEN PR
IF (28{1,43 .LT. £2) G2 7C 730
IF (o «“F. NT2{J)) GT T2 78%
CK{N2,6) = ZERT
CK{N3,5) = Z8_"
CK{N&,5) = ZSRD
CX{NG,6) = 2E3G
G2
= 2787
= IEB2C
CK{MNEL2) = IERC
CK{NG,4) = ZI3R7

CINTINYE

SET UP STIFFNSSS vATRIX (K>) FCR THE RUNNING

ALAMR = ApuR
ALAVL = aLML
ARLMSY = ARLSQ
ALLMSD = ALLSH
IF (J .52. NUR(J) .AND.  AE(1,d) «GS. A2}
IF (J .32. NF3({J)  JAND. AE(1,4) .LT. A2)
EKINL,1) = XS{25,d4) # KS{37,4}
EK{N2,2) = KS[26,3) + KS(38,J)
EK(N3,3) = KS(27,4} + kS139,4)
EK(N%+4) = CLAMSQ * EX(N2,2) - BYSQ *
EK(N5,5) = CLAMSQ * EK (N1, 1} - 2LL™SQ
EK(N6,6) = - BTSQ * EK(N1,1) - ALLMSC

22N
ELLMSY = [ERT
ALLMSQ = Z2RC

EK{N3,3)
* EX{N3,3)
* EX(N2.2)

vl



EK(N14+5)
EX(N1,46)

{ = XS(25,J) + KS(37,J))
S, 1)

- KS(38,4)) ' 8

=
EX(MN2,4%) = (<S5 25, 3) 13
IK(N246) = = ZX(N2,2)
EK(43,4) = Tk(n2,3)
EX(%3,5) = * Zr(N3,3) 820
TKI{N4L3) = <{\3,5)
EK(%N4,6) = T (A2,4)
EX(%N5,5) = XN 45)
ERING,2) =  EX(%2,4)
EX(N&y2) = = (%2, 4)
EX(NS,1) =  E<{%1,¢)
EX("5,3) = = E¥{"3,5)
ERINS,6) = EX(N%
SK{NE L) = = ZHINL, 5)
EX(M642) = = TX(%2,€)
EX(NE &) = = EL{%%,€)
EK{%56,5) = = EK{NS, &)
I€ (2B(1,J) LT, 32) 32 77 3¢
IF J «NS. wLR(J)) 62 T2 787
= %33
= 7857
= 7553 i
= 2397 :
6<
738 €X(N5,2) = 2€22
EK(%5,4) = 1%20
EK{%6,2) = 2800
EX(N6,4) = 2630
737 CONTINUE
733 CTNTINGE
C-->> £ C==>>
£-=>> SET UP STIFFNESS WMATRIX (K ) C-->>
‘ c
ELAME = ALMR
ALZML = ALMp i C==>>
ARL4SQ = 22L5Q i
ALLMSQ = ALLSQ !
ATX] = ATX !
ATX2 = ATX
If (KCDE .EG. G} GO TQ 313
IF {J .5C. 1) GO TO 1%
c
C-=>>  ADJUST FGR BARTIAL 9LOCKS CF THE RUMNING BOND 900
4
IF (AB(l,J) .GE. A2) GO 7C ¢20
ATX2 = (ELENTH + TXJ) /7 TW?
823 IF ((J-1) .NE. NLB(J-1)) GC TO 81C

IF (AB(1l,J-1)

ATX1 = {(ELENTH + TXJ)

«GE. A2) GC TC 810

/1 TWO

2K {%3,3)
KNS, 4)
2K{%5,3)
OK (M6,54)
BLERS -3
SX({ML1e5)
CX(N2,4)
CK(N2.9)
DR (*3,4)

KS{32,4)
CLAMSG =

2TY2 = ATX
AATX = (ELENTH + TXJ) /7 TdHD
It S LN
IF {J .53. %NR) GC T2 320
TE (STl LS0. N23(J¥1)) ARIX = ATX
CONTINGE
CK(NL,1}) KS(2345J) + K3(31,J) + KS{42,J) + <
oK {h2,2) KS(2G4J) + ¥5(22,J) + KS{=lyd) » 5=
+ XS(33,J) + KS{42,2) ¢ A Si~5,3)

2K {2,2) + BLAVSC =
CLAMSG * DX MNill) -
QLAMEY = CK(NL1,1) = ATXFAATX*D«{% 1,1
CLAVAX{=KS(23,J) = KS(31,3) #xSi=Ty
ALAMYE(=XS{(:3,J)+ XS{31sJ)
CLAMAR (K S(2%,J)+ KS(32,J)
ATX1* DK{N2.2)
SLAMY (K S(3C,J)~

~<Si=leos

- nS{&ly i

KS{33,Jd) & XS({22,3i-<3{~3,31}

BK{%3,5) - ATX1* iTX(%3,3)
O {%N%,5) - ATX1% Tx{*3,4)
LCING,46) ATX1% OK(N2,4)

L L T O T T (T T (O VI | IO T [

CLAMA & BLARY * (KS{284J) = XS{3l,4} -XItel,J:

+ KS{42,3))

K {N5,¢€)

D2{Na.2) OK(%2,4)

SR {Nee3) = OKIN3L4A)
C<iti3sl) = DX(NL,5)
SKi%5+3) = £TX2 * DX {N3,3;
DL 544} = ATX2 * OK IN3,4)
OK{N5,1) = DK(NL,6)
DK {642} = — ATX2 * DK(N2,2)
O {%N5,4) = — ATX2 * TKIN2,4)
DKING,S5) = DX(N5,6)
13
SET UP STIFCENESS MATRIX (K ) FOR THE HCRIZONTAL STHIK
TF {KTDT .NZ. T) G2 T 3°¢C
ASSIGY VALUSS TC (KX3) FO HCRIZCNTAL STACK

EX(N1, 1) = Z28RC
FX(N2,2) = ZERO
EK(N3,3) = lt20

D0 900 1 = 10,4612
EX(INL,1) = EK(M1,1) + kSUI,J)
EX(N2+2) = SK(N24,2) + KkS{1+1,J)
EX(N3,3) = EK(N3,2) + »S{I+2,0)

CONT Inys
EX(N%,4) = CLAMSQ * ZK(N2,2) - BTSQ * EKx{~3,3}
EK{N5,5) = CLAMSQ * EK(Nl,1) + ARLMSC*(KS{12,J)*xS12%,J)}

+ ALLMSQ * (KS{36,J) + KSU48,J)]

ARLMSQ * (KS(LlsJ)#KS(23,d)) + ALLMSQY =
(KS{35,J)+KS{4T,J)) — BYSQ®EK(N1, 1}
CLAMWR{K S(L (sJ)= KS(22+J) = KS(34,31¢XS{=6,J)])

EKIN6,6) =

EX(NL,5) =

A



[a M I

9537
—-=>>
—_>>

EK{NL146)
ZK(%N24.4)
EK{N2,6)

EK(%304)
EK{N3,5]

EK(%N445)
EX{*4,6)

EX(NS,06])
EK(N&,2)
EX[NGs3)
EX{NS, 1
EK{%i5,3)
EX{':5,4)
EX[tib,1)
EKING,2)
EXKLM644)
Ex{%E,5)
e

NUFE

STIFFNESS MATZIX (K )

ALAMR
ALZML
AQLMSY =

ol
> »

~es D

FL{ND, 30
FV{"4,4)
FLIN5,5)
FU(MN646)
FR{M1,5)
FX{N1+6)
Fr(tiz,4)
FX{%2:6)
FR{N3 &)
FX 113,457
FA{%4,5)
FK{N&,6)
FKIN5,6)
F(*46,2)
FKi%Ge3)
FX{N5,1)
FKINS23)

0w H

u

[T T N IO L N LT (O (O L2 I [ N O

LTI I O I T T IO T 1A T I 1)

£ T

(SRS

- BTY * EX(}
- CLivax{4S
ALAMS®(K3{1

1,1)
1

14d) + XS{23,33)
- ALAvL = (KS(35,J)¢KS{4T,4))
3TY * ZK(N3,3)
- ALAVER(KS([12,J) +KS(244+J))
+ALAML®(<S(36,J)+KS5{43,4))
- BTY & ZK(M3,S)
CLAMWEALL VR 2{-KS (11,4} + KS(23,3))
CLAMuARL LML % (~KS 135, J)+KS(47,01})
- BTY % ZXK(\A1,5])

EX(%2 40
- EX{N3, 4}

Ei{NLy S

EX(3, ©)
- E¥(N&4,5)
- EX(t146)

EX{N2s£)

EK{NG, 61}
- EK{NS,¢1}

3
FCP ThE RUNNING 3TN
2
|
LSQ
LSy .
) WAND. AB(l,d) .5C. A2) ALLMSQ = IERC
) WAnDL AE{l,J} LT. A2} ALLMSS = [ERC
KS5{34,0) + »S{4E,310
KS(35,J1 + PS{67,4)
wWS{26,d) ¢ KS(48, 3}
TLAMIQ & FK(N2,2) = EBTSJ % FK(N3,3)

ALLwS S * FX(N3,3)
ALLMSC *= FKIN2,2]
- KS(46,4))

CLAYSTS *
- BTSQ =*
- CLAMW
- BATY %
CLAYH *=
ALAML
BTy =
- ALAML
- BTy *

FR NIl 1) —
FK {Nl.1) -
2 (FS(34,4)
FKINL, L)
(KS 135, ) = XSi{4Tsd})
x* Fr{N2,2)
FK{N3,3)
* FP{N3,3)
FR{13,5)
ALAML * FK(N2,4)
- BTY * FK{MLl,5])
FK{NZ,4)
- FK{N3, 4)
FKINL, €)
~ FK{N3,5}

1led)= KS(23,4)}-KS(35,J)+€51474J))

FX (115,41
FRING,2)
FutNe, 1l
FR{MN%,4)
FRINS¢5)

[ T T L |}

FKUNG, €)
FR{%2, ¢)
FRANL, &)
EXL by €
FX{45,6)

TF (A501, ) LT, &2} 52 72 682
IF (J .05, %t2033) GO 78 s7(
FK{h246} = 2200
FX{%3,5) = 23223
FU{%N&,5) = 2ERD
FX(Na,e) = 28rQ
Gd T2 S7) -
960 FEINS5,3) = 2°2C
FX{N5,4) = 2583
FEK{N6,2) = IE53D
FX{N6,4) = 2ERT
$76 CCRTINUE
C=-=>> [
C==>> SET UP STIFFNESS MATRIX (K ) FSU THE AULMNING BTRD
C
ALAMR = ALMR
ALENL = ALV
AR M 3
ArpmS I3
IF (J .Ec. e&%iT ASLMSC = 1
IF (J .EQ. NFE(J)  .aND. KTLvse = 2
: HK(Nt,1) KS(19, 3}
HK{1iZ2+.2) KS{11,J}
HK{N3,3) £5{12,4)
HK (NG 4) CLAMS Y & BYIT * HX(N3,2)
H< (NS, 5) CLAMST % ERLMSQ ® R {MN3.3)
KNS 960 - BTSQ = ki Teli RELMSG s kaiN2,2)
HK{N1e9) CLAVE & (XS {12, 2) = KSL{22.31)
KK {2,810 - 37Y *= ex{t1,1}
HXAN? o4} CLAMW = { = KS{11l,d} + KS{23,4)}
HX (N248) - ALAMT = hR(12,2)
HK N3, %) 8YY * tx{13,3)}
HK{MN3,5) ALAvT * EX{AN3,3)
HK{NG 5] - BTy = pK(13,5)
HK {%4,5) — ALAMR ® HKk{MN2.4])

HK (NS, 6)
HX(N&,2)
HK{N4.3}
HK{NS,1)
HK (NS5, 3}
HK{NS,%)
HK{N5.,2)}
HK{N6el)
HK{N6,4)
HK{NEYS)

L T N VI U I | T V(O O N 1 | T O T T O [ O T §

- 2TY x RK{*tl,3)
HK{N2, 4}

- HKIN3, 4)
HK{NL,y S}

- HK('13,5)
HK{N&4, 5)

- HKI{N2,€)

- HK{N1l,6)}

- HK(MN%,6)

~ HK{N54+6)

evlL



992
1223

1153
453

IF (28%(1,J) LT. 22} 30 7C $892

IF (J «hE. %73(J)) 53 7O S9¢C
HK (%2,6) = lE?C
PFLIN3,S5) = 228D
HK [*4,5) = &30
HX{%Neyb) = IEE7
G YT 99°
HL{%5,3) = 2220
HL {54,4) = IE-C
HK (%642} = 1827
HK{NG,4) = IERJ
cons s
CraTY
iF (7 ZS3Z) 62 ¥YC 1059
1F (av< 27y G Y2 145¢€
PL2,J) / BAKK
M ] X} 53 YD 483
UCIl2,J1 + LC(2,J~NEXX)
37 ¥C

CoNTINGE

CINTINUS

FETURY

€YD

[alaXaNaNaNakal

C==>>
S==>>

C—=>>

C==>>

C-=>>
C-=>>

SUBRZUTINE FORCES

EtE ekt R AN A XA Rt IR R E K E P A S ETIFIE RIS IL XTSI L XN RR LXK EREBREERE

® *
® FUNCTICN: CALCULATE ThE NTI2fL (IFSINI) FISTSS FTOR EACH H5L7CX b
* L4

A AT R R T RS IR E L PR G T A IR LI B ILTIAFEEXTEIITTARATRR R I R L a ki

I¥PLICIY REAL = 8 (A-K, C=7)

DIVENSITN  SIGN(43), ANCEF(43 1), d £
CIVENSION DISP(48,125), STFOFC{<£,125%,
0052LE PRECISION LAM, L, LY, L2

COMMEN /ELOK 7/ Ay 39 Cy Wdy TI, 75, Ewy TLINTH
CTMMON /oCRODER/ NLE(L125), NEC{1Z3)
CI¥VCY JCURVE / NSTAGE(4R,)12¢), STT=SS{ 3), STIAING 51, Z{Siy hSEC
CTMmIt /CLAMKS/ KS{48,125), CiaEe6), LIv2, LINL, LAMV, LAMay AKX
COMMTH /MASLCD/ PLl6,1250, MASINLIG, 12850, 2 IswT(12
COMMON /HPRLDK/ 231(2,129), N=®, M3y, 4oy, & T,
CToM¥C JFESULT/ FORTEL4341250, LC(es12ti 112
CIMMENR /WALL /7 Ly Lls L2y H, i EF 1B
*

BIU3LE PFECISICN KS, MASINV, LAMR, LaML. LANYV, [ AMY
CATA THZ /0.200%. 1. 3y 2.°2757

SATA  THREZ, FSUF/3.00080, 4.2220/
CATA  NTFF / 24%2,25426,27456%7, 22,35,
CATA  NOCH /3700445904232, 12,1i1 12230

W

Se635446,47,45 /

IA3,22,23 % 2%C/

DETEIMINE NODAL DISFLACEWE*T
THROUGH USE 3F GEIMETRY (TR

TwO * A
= 0.

anN

A2 =
NCaLt

CALL SUBSCUTINE “GECMET®™ T FCRMULATE Y= {3) MATRIX
FOR THE HORIZONTAL STACK

-
n
x
~
2
m
.

Q. 0) CALL GECVE (4, Lara, LavL)

]

KN =
D0 100 JB
IF (KNDE

+NB
0} GO TO 1€5

Mmoo b
.

Q

CALL SUBROUTINE W"GEQMET™ TC FCRMULATE (G) MATRIX
FOR THE RUNNING BOND

KR -KP

KM KM - KR
KN KN + KR
LAM{KM) = LAMR

IF {JB8 .NZ. NLB(JB})} GO 7O 101

oL



e
W
ovs

[a KR Nh]
[}
'
v
v

YOO
I
1
v
v

-
N
(]

—=3>

YO0y

c-->>
C-->>

-—>>.

Lavi) = Lav
CoNTINYE
IF (28(1,43) .GE. 42) 62 7C 102
TL2 = ELENTH / T&D
LL GEOWET {ZL2, LAN(1), LiM(2))
1) 6C T2 193
Y1), Lav(2))
ZERI) 33 T oucs

STATIC FCRTES TC Z:fRO

C2 127 1 = 1.4
STFZ22(1,4%) = ZERQ
G) 17 149
LCl2433) = I3R]

CouTINgE

CALCULATE %ITLt SISPLACEMERTS 1 (UN)
1,43
= IERD

146
= SUM + GUIN,KE) = UC(K6,JB)
3} = Suv
sLadd3iy GT T2 118

«LTe 42 JAND. IN EC. MCEF{IN)) UN{IN,JB) = ZERD
LA2{J43)) G2 TC 110

«LT. B2 .AND. IN EQ. NCCHUIM}) UN(IN,JB) = ZERO

DETCCMINT CHANGE 1IN SPIING LENGTHS (CIFF, BETWEEN NGDAL
CISPLACFMINTS). STCRT KESLLYS IN ARRAY uplspe
NBXL = NBX + 1
03 3C0 442 = 1.%3

DETERMINE BLOCX A\UMBERS CF BL(CKS SLRRCUNDING A GIVEN BLOCK

FOR yYSE InN CALCULATING NCDAL CISPLACEMENTS mDISP™
JNRY = JN2 ¢ NPX
N33 = JN3 + 1
whl = JN3 - 1
oN X = N8 - NB8X

145

152

153

1¢é5

172

15T
C
C-->>
C

205

227
c
C—>>
C==>>
c

210

[ (%752 .25, 31 6T T r7¢C
62 TI (145, 143, 1523, 15), KCDE
o 4 = JUNB o+ NAXD
SEX = gNx - 1
13
3. NLREUNB) ) GC YL 165
(1, «GTe 242) GC TC 160
£J =
S,
¥ = )
JOX = JNBX ¢+ NP
JFEX = JNX = Mp
JNEY = ylXx -1
SHNX = UFX + 1
50 TC 189
JCX = JANSX
JEY = JANX
COMTYINVGT
OC 2CD M = 1,24,12
Fo= one
S = CNE
§ = - GAE
C™ 203 K = 1,3
DETERMINE NTODI NUMBERS FCR USE IN CALCULATING woiSow
1 = X ¢ M - 1
IF (K22F .EGe &) GZ TG 225
M1 = 4€-MeK
M2 = 3T-NMeg
M3 = 22-Ve(
M4 = 16-MeK
G TC 207
1L = I+9
M2 = I+2
¥2 = 1e33
M4 = 1424

CIONTINUE

CALCULATE
LENGTH)

IF

MODAL DISPLACEMEANTS “DISP® (NET ChANGE IN
AND SIGN ACCORDING TC SSTASLISHED BEAY SIGN

sea
canv

(P4
Pas

TICN

(IN3 .EQ.
DISP{1,dN8)
CISPLI+5,UNB)

NRB{JUNB))} GC YC 210
R {UNLI, UNB) = UNL&D-MeX,JN3L)
R * {(UN(T+€,JNR) ~ UN(43-M+K,JN5

)
i1

G0 YO 228

DISP{I,UNB)

R * UNTI,JNB)
DISP{1+&,4NB) R

* AN(I+6,UNB)

A



o
2

~N
~
n

~N

(V)
(%]

r~

(W]

NN
w

[P

IF To 222 29¢ S*¥Q * (N(J+3,INE)
Sel = UNLJ#E,GNE)
1€ I .€C. 13) FR = R ’ 3190 - 3=
DISP({',JN2) ¢ QR = UN(I,JNB) - $*3
= DISS{T1+46,JN8) + RR * UN{1+¢6,JIN8} TC O 3Z22
= - R 2 315
SIGN{L+e) = - R 3}) 57 TC 3LS

IF (J%3 6T, MNBX) GO To 23C 1,J%8) .57, 821 6T TC 315

18 {Kk7DE C) 53 T2 225 . 39{J+G,083) = ZE2D :

If (JA3 . NRB(GNE)) G T 225 ' 30

IF {£3(1,3%3) .GT. £2) G2 TC 225 315 S2EU+S,UN3) = §%2 3 (UN[I#G,INB) = UN(M4,J7x1:
SISPL{I#3,U%2) = 2ERT TT 337

GT TT 249 : 32¢ DIE2{J+G ,i%3) = SER = (N{J+G,INE)
C152(Ie2,4%8) = Q * (UN{T#3,5KB) — UN(ML,J4CX)) ‘ 338 SI5N = - §8%

T2 TO 240 203}, X
STSP{Ie2,J%B) = Q % IN(I+43,UNB) 340

1€ (1US NE. 3) GO TQ 240
"\Q:-Q . ‘

tF ! .EC. 14) Q2 = ¢ . . 359

DISKF(I+3,4%3) + QO * UN(I+3,JNS}
-G - 270 7

TF LI To 50 c

e 21 65 T3 24% C-->>  CALCULATE NO2iL F23TZS 0N Sa0F BLOCK

1F (5N . NER(UNEF) GO TL 245 c

1= (22(14J%8) .GT. A2) GZ TG 245 CO 432 160 = 1,42 :
DISPLI+9,JN3) = ZERC . FORCEZLIFC,JN3) = SIGA{IEC) % KS{IFC,JINR) = DISP{I=7, %z}

G2 12 269 ‘ IF (TIYE .%E. 2337) 52 TC 452
CISPII4G,3:B) = S*xR & (UN(I+G,JNB} — UN(M2,JNX}) . C

32 1T 269 L C==>> CALCULATE T#Z SYLTIC FOITZ ¢ CN EACH BLOCK
DIS2{145,JN8) = S#f % (N{T¢G,JAB) ie
SIGNEE®S) = - 52 ' 184 (LIFC+211/

J =1 + 24 TF {IFC = 3g) YL = 1L « 3

TE (JNS LGT. MNBX) 6O TO 27C IF (iFC 415 (1 =2

HE e 9) GD TO 26% AK

1F NLB(JNRD) GT TC 265 IF (IFC

1IF (2201,J48) .GT. A2) GC TC 265 1IF (Jn2
CISP(J,JNB) = ZgRC IF (IFC 173 AKX = 28R2

63 TC 282 i TEO(IFC LZ0. 3E) &K = ZERZ
D1SP(J,2N3) = Q * {UN[J,JNB) = UN{M3,JNBX)} ‘ 400 . CINTiny

50 TC 220 ' Fo CoJN2) = SIGN(IFC) ® AK = DISPEIFC,dn:
DISPLJ,INE} = 9 * (NlJ,JNB) b 450 CONTINYE :

[F (1uS .nE. 33 GO YO 28C : IF {TIME .XE. 2380} GO 77 5(2
e = -0 | 1€ (IUS JNE. 3} GC TH 46¢

IF (J .FQ. 26 .OR. J .5G. 38) QC = Q ! IF {JNB JLE. “ABX) GO T2 46C
CISPLJ,INB) = DISP(JS,JINB) + CC * UNLJ,INB) ! FOPCEL17,dNB) = SLOXRT(INR) / FCUR = FORCE{11l,4%3)
SIGR{J) = - Q : CFGPCE( S5,4NB) = FORCE( i7,JK3)

IF {(JNB LEQ. NLBUJUNB}} GN TC 290 ! PORCE(26,d83) = FORCE(17,JUNB) -
DISPLI+34348) = S&Q * (UN(J+2,INBY = UNI13-M&K,IN1}) i FCRCE(33,4JNB) = FORCE(17,3N81)
DISP(J+6,3%3) = S®Q * (UNLJI+6,JINB) = UN[19-M+K,IN1)) 460 STFCRZ{1,JN3) = FORCE{1T,4NS)

53 TC 310 STFORC{2,JN3) = FCRCE(26,4NR)

9L



STF22C{3,J%8) = FCRCE{11,JNB) SUBSCUTINE GEJYET (44, LM, L¥L)
SYFZ2%(4,3%8) = F22CE(25,JNB) c
[yl £ o C I A L R R E RN R R AR B IR A AT P2 R (RS E IS KL CLEI LT RS ET L AR EATETITEEI &
5.2 CINTINGE - = .
c c ® FUNLZTYICH: CALCULATE THT GIIMITRY VATRIX (G) *
L==> TS A9F CESIGNED TQO REASSIGN THE STATIC c x =
Z =% ELCCX TO THE REMAINING BCTYTCM SPRINGS c P L L s P A R T A R P L
NY OF THE ORIGINAL FOUR AXIAL B8CTTCM™ C .
IMoLICIT (2=+ , 3=
CoVMIN /5L s Be Cy mdy TI, TS, &Fy ZLELTH
FAILED oW JUTINTS/ TXJI, TYd, TLJ. TRY, TLJ, Tad
OVYMCH JCLAMKS/ ¥S{43,125), ({45.0), LI¥T, LAvL, LAY/, LAML, &xX
b / 8 DCYSLE PF TSI L&R, Lavi, LAM, Li%a, ¥, LYL, XS
7 / 8 DATL Z2EP2, CNE, Tw2 /0430072, 143073, 2.C820/7
12» / 8 C :
133 / 8 LLAMR = A = {JOAE - LuR)
e / 8 ALLML = A x (OANT - LML}
t23 /3 IF (AA LT, 2} ZLAM? = 2E3C
i35 /8 IF (&4 LT, A) AL3YL = ZTRD
t37 / 8 BLAMY = 3 % {ONE = LAMV)
SuT + 138 CLAMW = C *® {INF - Lavw)
s¥2 ATX = AL ¢ TXJ/TaD
HUEE SR 27y =3 « TYJ / IaD
ts o {suv c
IF (S T==>> FORMULLTS THZ G (SEZVYETRY) ¥ATRIXK . .
TFo13v3 ! ¢
= FC + {1-15) *SMT*STFI2C{1,J%3) STO190 1 = 1443
= FRALS(17,3%2) + (1-117)#S¥T=STF3AC(L,4%2) B2 100 4 = 1,6
= F2RCZ(264dN3) + (1=I126)#SMT®STFCACI2,JN83 GlIed) = ZERD
s = FLRACE{28,JN8) + (1-138)3SMTRSTFRCC(2,JN3) ¢ 100 COMTINUE N
FCSCZ(114J%3) = FORCI(1L,JNB) + (1-I11)*SM34STFCRCU3,IN3) 53 250 1 = 1,3 :
FR2CZ(23,488) = FCROE( 73,JN8) + (1-123)#*SMA=STFORC {3, 3%81 G0 200 K = 1+48+3
FCECT(35,0N3) = FORCE(35,JNB) + {1-135)%S42wSTFIRT(4,IN2) | GLK, 1} = e
CT(47,34%3) = FORCE(4T,JN8) + (1-14T7)*SMBESTFORC(4sJN3) 252 CONTIANGE
332 CONTI 250 CIONTINUE
C?Y"J_:_" N = 1
END X = 2
D3 300 J = 4,5
DO 350 I = K,11,3
G(l,d) = —~ CLAVW * A
Gli+12,3} = CL&YA 2 N
Cli+24,d) = CLAVYm * N
G{I+36,J) = = CLAMR % A
350 CONTINUE
N = -1
K =1
300 CCNTINUE
N 1
1

K =
0O 400 J = 446,42

Lyl
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APPENDIX D

PROGRAM "WALBLAST": GUIDE FOR DATA INPUT
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Cards No. 1 and 2:

150

IDENTIFICATION OF RUN

Two alphameric cards.

20 A4
1 80
20 A4
1 80
Card No. 3: IDENTIFICATION OF PROBLEM
One alphameric card for each problem.
Program terminates execution, if NPROB (Problem Name) is blank.
NPROB Description of Problem
A4 19 A4
1 4 1 80
Card No. 4: WALL DIMENSIONS
KODE
J/ LF LI HF HI
11 14 F10.0 I5 F10.0
1 5 15 20 30
where
KODE = Pattern specification. See Figure 12.
LF = Length of wall (portion in feet)
LI = Length of wall (portion in inches)
HF = Height of wall (portion in feet)
HI = Height of wall (portion in inches)
Card No. 5: SUPPORT CONDITIONS
ILS IRS IUS LBS
I5 I5 15 I5
1 5 10 15 20




151

where
ILS = Condition at left support
IRS = Condition at right support
IUS = Condition at upper support
IBS = Condition at bottom support
Specifications for all supports: Free -0
Simple -1
" Fixed -2
Symmetric - 3
Card No. 6: MASONRY UNIT INFORMATION
IBLOK A2 B2 c2 WT Wb TI TE EH
I5 F10.0 F10.0 F10.0 F10.0 F5.01 F5.0] F5.0|F5.0
15 15 25 35 45 50 55 60 65
where

IBLOK = Block type: solid brick

S

-1

2 - core concrete blocks - 2
3 - core concrete blocks - 3

A2 = Length of unit (inches)
B2 = Height of unit (inches)
C2 = Depth of unit (inches)
WT = Weight of unit (pounds)

The following items are for concrete blocks only:

WJ = Thickness of face shell

TI = Thickness of interior web
TE = Thickness of exterior web
EH = Thickness of end heel ‘

inches

inches
inches

( )
(inches)
( )
( )
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Card No. 7: SPRING LOCATIONS

LAMR LAML LAMV LAMW
F10.0 F10.0 F10.0 F10.0
1 10 20 30 40
where
LAMR = Aur
LAML = Auz
LAMY = Av
LAMW = Aw

[See Equation (2.1) and Figure 3 for definitions]

Card No, 8: NUMBER OF SEGMENTS IN THE STRESS-STRAIN CURVE FOR MORTAR

NSEG

I5

STRESS-STRAIN CURVE COORDINATES FOR MORTAR

As many cards as the number of segments (NSEG) are needed.

Each card must be in the following form:

Stress(I) STRAIN(I)
D10.3 D10.3
1 10 16 25
Where
STRESS(I) = Stress value at the end of segment I (I=1,2,..,NSEG)

STRAIN(I) = Corresponding strain value



Subsequent Cards

Three cards follow the last card of the Stress-Strain

specifications.

1.

They contain:

MORTAR PROPERTIES

TSBOND

SSBOND

CSMORT

MORTWT

F10.0

F10.0

F10.0

F10.0

where

TSBOND
SSBOND
CSMORT
MORTWT

2.

10

Tensile bond strength for mortar

20

30

Shear bond strength for mortar

Compressive strength for mortar
Unit weight for mortar

JOINT WIDTHS

where

TXJ

TYJ

TLJ

TRJ

40

TBJ

153

F10.0

F10.0

F10.0

F10.0

F10.0

F10.0

TXJ
TYJ
TLJ
TRJ
TBJ

L LI L | R [ 1}

10

Thickness
Thickness
Thickness
Thickness
Thickness

20

30

40

50

of interior head (vertical) joint
of interior bed (horizontal) joint
of left boundary joint
of upper boundary joint
of Tower boundary joint

60




3. LOADING

INFORMATION
ILOAD
TYPE 1 DPEAK SPEAK RTIME CTIME DTIME
lA4 111 F10.0 F10.0 F10.0 F10.0 F10.0
1T 4 910 20 30 40 50 60
where
TYPE = Type of loading distribution:

ILOAD
DPEAK
SPEAK
RTIME
CTIME
DTIME

nn unwn

END OF RUN

A blank

Sinosoidal distribution - SINE
Uniform distribution - UNIF
Sinosoidal and uniform - COMB

Pressure-time history code. See Figure 18
Peak pressure for uniform distribution

Peak pressure for sinosoidal distribution

Rise time of pressure to peak value

Duration of constant peak pressure

Decay time of pressure from peak value to zero

card must be added as the last card in the data cards.
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APPENDIX E

COMPUTER PRINTOUTS: INPUT DATA AND RESULTS
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CATAs MCOULY ZF ELASTICITY, AND SPRING STIFFANESSES FGR
PRCBLEM PRESENTED IN SECTICN 6.2

PRCEZLEYV EEM™I: 8-UNIT PLSCMRY EEAN¥; SIMPLY SUPPCRTEC: SCOLIC ERICKS

GSPBRBESS LS STNNIECIIFEISEBAVLIISES O AT A R R R R R R R S R AR RS R Y R RS R 2 T
e eeeccc—desccsscecccecec-e-  WALL SYSTEM <ces-semcecccccccscccoscooeooo
CLEA® LEANGTRIFT--IN) CLEAR HEIGHTfIFT-~-IN) PATTERN TYPE VERSICA
H 4.27¢ c §.CCO He STACK NCT EPFLICAELE
meesecccsccwc-ce= SUPPGRT TYPE e=ececcccc—ccccccas
LEFT FICHT UPPER LCwER
SMPL SYwm FREE FREE
———ccacca—a ———— cccea BLOCKS e=ecwcece=e ——— c—rm———
LENGTH HEIGHT CEPTH lewES Z.aZBd8 FACE HEEL REIGHT TYPE
(3¢ N C H £ S fLES)
15.52% €.CCO 3.CCC KOT APPLICARELE €7.703 SCLIC eRICK

~=-m—ece-ec---- JCINT THICKNESSES (INCHES) ==--emmcecc—aaen

c=oweaIARTERIT{R ===- . smemmccccaeEJUACERY —---e—eca—ea
HEAC BED LEFT RIGHT UPFER LCwER
€375 9.¢ Ce375 Ce37¢ CsC 0.0
ereececcmemrmcsmmcac- MLRTAR PRCPEPTIIS ~wvr~-ereccsceccrccceccccceceeca—a
BIKC STRENGTHIPSI) COMPR, STRENGTH UNIT mEIGHT
TENSILE SHEBR . tPSI) (PCF 3
3C.0CC 110.00C 3000.0C0 116.000

T SRE-T-1-3 ¢ 13-
- = = = = - -« - LGCATIONS = = = = = = = = = =

LAYETA R LEMEDA L LaMEDA W LAMBDA W

0.5056G¢C 6.5C000 0.50000 0.4226%

STRESS-STRAIN CURVEI COCRDINATLESS

STRESSIPSI) 0.2500C+04

STRAINSIN/INY 0.1G00C~-02

mm—eeemceccccmceeceecceceeseea—ce 2LAST LOACING =-eeecececceccececcccccecccecceccaa

TYPE TI¥E CQCE UNIFe FERK SINE PEAK RISE TIME PEAK DURATICN DECAY TIPME
fPST) (PST) (s E € & N D S

SINE L] 0.0 -0.500 0.200200 0035000 G0

SEEASEBIECEREIEEIEIESES ST HERSIITSESENS

CYNAMIC ANALYSIS

SCHTOL OF CIVIL ENCINEERIAC
CKLAHOMA STATE

SEBBBFVTSFIETINBAFIBIISISETIIRIIETISS
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MODULTY OF ELASTICITY:

SEGMENT AC. 1 0.25000000C0CCCC+I7

SESPIRVVSIINBIVSBFAISEEISIISRSSTIICISBSLEISS SPRING S TIFFNESSTES

A XTI AL
IN-PLANE SHEAR
Z-DIREC. SHEAR

A XX AL
IN-PLANE SHEAR
Z-DIREC. SHEAR

~=<-- FULL 2LOCKS =-=---

HELD

0,25000806G30+97
0.1086556522D+07
0.7246376812D+0€

0.0
0.106€3565220+07
C.141€08585C0¢G7

----- —-- INTERICR JOINT
3ED
C.0
CeG
GG
e FULL BLOCKS
RIGRT
$.2560000000D0+07 0.0
6.10865565220407  C.0
C.72463768120+06  0.C

§ —————

HEAC

PGRTICA ELTCKS

NCT AFPLICRZLE
NCY APPLICABLE
NOT APPLICRELE

BTV SSIISBVB XSS EILH VNS RIINBIFINSISES983300

BED

JCINTS ==m=mmmem————aeeo
----PORTICN ELCCKS =-=--=
LEFTY RIGHT

NCTY APPLICEELE
NCT APPLICAELE
NCY AFPLICAELE

LSl



DATA, MODULI CF ELASTICITY, AKD SPRING STIFFNESSES FOR
PROSLEM PRESEXTED IN SECTIOK 6.2 .

PROBLEM CBM1: 8-UNIT MASONRY BzZAM; SIMPLY SUPPCRTED; CONCREZTE BL

RERRKRXE X R AR AR AN IR AN AR ESE RN RN A NN RN 1 s 2822322223222 2Rt dR] ]

DATA

CCKsS

(3222222224 )]

--— WALL SYSTEM

CLEAR LEEGTH(FT--I¥)  CLEAR HEIGHT(FZ--IN)  PATTERN TYPE  VERSION

4.375 0 8.090 4. STACK NOT APPLICABLE

SUPPORT TYPE
LIFT RIGHT UPPER LOWER
SHPL SYMM FREE FRSE
BLOCKS
LEYGTH  HEIGHT  DEPTH  I.WEB E.WEB FACE HEEL  WEIGHT TYPE
(1 ¥ ¢ & & 5 (LBS)

15.625 8.600 8.C00 1.250 1.5G0 1.500 0.0 45.732  2-CORE CONC BLK

------ IKTERIGR —=—m —==-—--=v——-BOUNDARY -=——-=—=v==v
HEAD 3Z3 LEFT RIGHT  UPPZR  LOWER
9.375 0.0 0.375  0.375 0.0 0.2
-------------------- MORTAR PRCPERTIES
5OND STRENGTH(PSI) COMPR. STRENGTH UNIT WEIGHT
TENSILE SHEAR. (PST) (PCF)
30.06G0 110.602 3000.060 110.000
-— SPRINGS
--------- LOCATIONS - = = = = = = = = =
LAMBGA R LAVEDA L LAHBDA V LAMBDA
0.50C00 0.50000 6-50000 0.42265

STRESS~-STRAIN CURVE COORDINATES:

-STRESS(PSI) 0.25000+04

STRAIN(IN/IN) 0.10000-02

BLAST LOADING

TYPE TIME CODE UNIF. PEAK SIKE PERK RISE TIME PEAK DURATION
(PsSI) (PST) (S E € 0O N D
SINE 4 0.0 -0.500

0.000200 0.0635000

DECAY TIME
s)

0.0

i 232 222223222223 2222232222222 ddsdsd]

PRCGRAM "aALBLAST"
FOR THEZ
JYNAMIC ASALY3SIS OF MASONRY WALLS

PROGRAMAZR: T.M. AL-ASWAD
SPRING, 1978
SCECCL CF CIVIL ENGINEERIKG

CALAHCMA STATi UNIVERSITY
STILLWATER, CGXLAHCMA

LR BN BN B NN B R N A BN
LR I BN B N B A AR )

L2222 23223 23 2222222222222t al sl s

841



MOJULI CF ELASTICITY:

SEGNENT NO. 1 0.2500000000000D+07

L3222 222 222222222 22222222222 222222222222 S P R I N G S T I F F N E 5 S E S b2 222 2222222222222 22232222222 2222222222222 3

-==-w==--<e-==< INTERIOR JOINTS

----- FULL BLOCKS ==-- ~<== PORTION 3LOCXS =---

HEAD BED RZAD BED
AXI2X2L 0.250000000CD+07 0.0 KOT APPLICABLE
I¥-PLANE SHZAR 0.1086955522D+07 0.0 NOT APPLICABLE
Z-DIRzC. SREAR 0.7246376312D+C6 0.0 NOT APPLICABLE

BCUXJARY JOINTS
FULL BLOCKS ~==~PORTION BLOCKS =-=-

LEFT RIGHT UPPER LOaER LEFT RIGHT
AXTAL 0.0 0.25000600000+07 0.0 c.0 NOT APPLICARBLE
IN-PLANZ SHZAR 0.1036956522D+07 0.10686956522D+07 0.0 0.0 NOT APPLICABLE
Z-JIR2C. SHZAR 0.1416085856D+07 0.7246376812D+06 0.0 0.0 NOT APPLICABLE

641l



DATA, MCCULT OF ELASTIZITY, AKD SPRING STIFFNESSES FGR
PROSLEM PRESENTED IN SECTIGMN 5.3

PRCSLEY HSW1Z HUSTIZONTAL STACK walls SIHPLY.SUPPDRTES JIN 2LL SIZES

SEEEEITEDIOIV SIS EBIELIFEGIBIINEO K 0 AaATA S22 0XBISIIBEFIESTTICEISEEITETSSESESS

B T RELL SYSTEM ececcccccccacccecccoccon—=="
CLEAR LENGTA(FT==iN) CLELZR HEIGHT(FT--IN) PATTERN
A 0.37% 2 8.275 He STaCK
—ec-emeesc——cceca- SUPPORT TYPE =-=-ee-e-c-c—e--a
LEFT RIGHT UPPER LOWESR
SMPL _SYMM SYMr srPL
creccmccc e e —— cemeceea —eecee——— - BLLCKS e==ec-acecccccaaca—a- B e T L PO -—
LENGTH HEIGHT GEPTH T.sEE E.wEB FACE HEEL REICHT TYPE
(1 N C H E $) (L5S)
15.625 7.625 4.C00 NOT &4PPLICABLE 32,257 SOLIT 2RICK
B . JGINT THICKNESSES (INCHES) =em-e-cce--ceceee
~==—=-INTERICR =-=-= ————ieeeeeo ECUNCARY =m~emmem—eaa
HEAC 8EC LEFT RI1GnT UPPER LTRER
C.375 Ce375 G 375 "C.275 3.275 0.375
------ deecememe—meacee MORTAR PRCPERTIES eeememcecceccsceccceccecceceacte
ECNC STRENGTHIPSI) COMPR. STRENGTH UNIT REIGHT
TENSILE SHELF. (PSS (PCF)
115.CC¢ 14C.000 5437.500 116.6CC
.................................. = SPRINGS ==—cceccccccccccecccccccaccccnccena—
e = = = & e = = - LCCATICAG = = = = = = =~ = = =
LLvSDA & LAMEDA L AMEDA V LEMBDA w
Ge333z: 0.33323 0.33333 Ce42265

STRESS-SYFAIN CURVE COLRDINATESS

STRESS(FSI) Ce2585D+04 Ce5199C+04 054380+04

STRAIN(IN/IN) 0.20700-02 043263D~02 0.40880-02

-—- ————- —————— w-==- BLAST LOADING -

TYPE TIFME COCE UNIF. PEAK SINE PEAK RISE TIME PEAK DURATICN DECAY TIME
{PSI) {FSI) ts € ¢ 6 X D S

SIKE 4 0.0 -1.000 0.00CS500 0.02GC00 0.0

CEEVINSNBBBSSSEI4I98523239833020300 0080

DYNAMIC ANALYSIS OF MASCARY BALLS

SPRINGs 1%72

SCHECL CF CIVIL EACIA
CXLAHCMA STATE UNIVE

I E 2 X222 R 2SR RS RRSRER RS RERR SR 2 22 R
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M3IOULT GF ELASTICITY:

SEGMENT NCeo 1 0e1G526711£36G06C+C7
SEGVENT AC. 2 0.,10244512062230+07
SEGYENT ANC. 3 0<2394145E07063C+C6
SESREEBESIICBESBNSEBESL SRS IRV XD BN ER AR SO & SPRING STI1IFFNE S$SE S. BEBEERIBSASIIBEVIIEEI A XSIASIELSSSEDEDISESLD S
—meceecce—ecee===- INTERICR JOIANTS -ccccece-- ——ee—cece-
----- FULL BLOCKS -==-- -e~== PCRTICN BLOCKS ~==-
HELD BED hE AD BED
A X1 AL 0.91816853820+06 0.37531C037€30+07 NCT APFLICAELE
IN-PLANE SFEAR 0.3352167552D+06 0.16361342450+407 NOT AFPPLICABLE
Z-DIREC. SHEAR Ce.€65351255€0+05 0.€5172286210+C€ NGT APPLICABLE
------------- - BOUNDARY JOINTS
------ emmececcceeee——=== FULL BLOCKS ———— - ~===PORTICN BLCGCKS -==-=-
LEFT RIGHT UPPER . LCRnER LEFTY RICGnTY
A X I &L 0.C 0.5131665383C+C6 0.37621087630+07 Ca.0 NCT APPLIYICAELE
IN-PLAARE SFPEAR 0.392216755a0+Cs 06439321675530+C6 0.16361342450+07 0.1636134245D+¢07 NCT APFLICAELE
Z-CikECe SEKEAR 0.13066247558D+06 066536125960 +0¢ 0.6317226021D+05 0.13023954190¢06€ NCY 2PPLICAELE

L9lL



LASTICITYs AND SPRING STIFFAESSES FCF

N SECTIZN Ao

-

RUNNING 2IND RALLS3 SINMPLY SUPFCETEL TN BRLL SICES

SEEIIRTIC LIS S P FEERFAANEANAENE RS S s AT A PV LE 2999322 ESIFERILARNIDAIISIIRES
LRt e e L L L PR Ll g RALL SYSTEY eccccecccccecceccccmccnccccse=-
CLZAT LENGTRIFT=-~-IN} CLEAR HEIGHTIIFT--IN? PATTEFRN TYPE VERSICAN
a Je27% < .275 Qe 5T00 T 1

mccelememcc-ce-cn  SUPPORT TYPE =meccecmcececececae

LIFT RIGHT UPPER LEWER
S¥PL SMPL S¥PL SwPL
eeccececccccccccccccceccs e cccccas BLO{KS eeecccecccccccmccceccccccccccccacaaa
LENGTH SEICHT CEPTH TeWEB TenwiZ FACE HEEL AZICGHTY TYPE
I n C H € ) (L2s)
15.62% 7.625 4.C0CC NOY APFLICASLE 32.2¢87 SCLID BRICK

mmcmmmmmmm—e—— JGINT THICKNESSES (INCHES) ==mm=me-m--eoac=

~e=-==~IATERICR ==m=-e ceeeceeeccecfLUNIARY ~mceececceaa
PEFT aEp LEFT FIGRT UPPER LO%ER
l.375 0.275 : .275 o375 2.375 £.375
~mememeceee—cceca-a- VCRTAR PROPERTIES ===me~-mcccescmesccceceecencn-
ECAL STRENGTHIPSI) CCFMPR. STFEAGTH UNIT RETIGHT
TENSILE SHEAR, (PSI {FCF)
115.£¢¢C 140.0C0 sa37.sCC 116.000
B T T - 1.1 5 4 -3 T B
- = = = = = = = = LCCATICNS = = = = = = = = = -
Zvsde R Larepa L LANMECE ¥ LAMEDA R
Ced23305 0.s880C €.33333 C. 42265

STOPESS-STRAIN CUFVE COORDINATES:

STRESSIFSI Gea333324+04 Ce5199D4+04 0.54320+04

STRPATHIIA/ZIN) C.20700-02 0.3263C-02 0.4083C-02

mmmm e emmceeee—c——--- BLAST LOADING —-----

TYPE TI¥E CJCE UNIF. PEAX SINE PERK RISE TIME FEAX DURATICN DECAY TIME
tPSI) tPSI) ¢S E C ¢ N D s

SINE L) 0.0 ~1.00C 0.000500 c.020C000 - 0e0

BP0 ISPED LIRSS RYIISNILRORELEIERRERS

DYNAMIC ANALYSIS CTF PASCARY Bi&_ S

SCHCCOL OF CIVIL ENGINEESIMG
CXLA+C¥E STATE U

T

29l



MODULT OF ELASTICITY:

SEGYENT AC. 1 0.1926711€65S0860+07
SEGMENT A0, 2 Ce10148512C62230+07
SEGMENTY NCo 2 0+2594143€C7063C+06
SESSFETADI VSIS DSLBBEESBFABEIEI IS LERIRREIETE S PRING S TIFFNESSES SEEES S FEEBETIREE RS INE RIS S S EERESEEXXK R RS &
----- veremeceececee INTERICR JOINTS -sw--eeccceccccaccas

-==== FULL BLCCKS =-==-- ~=== PORTICN BLOCKS =----

hEBRD BED HZAD BED
A XTI AL 0.91815353830+06 Ce37631C378630+07 0.91819355333C+06 C.2763108763C+07
IN-PLANKE SFEAR 0.33921675530+06 Ca16361342450+07 0.33321575582+06 0.2636134245D+07
2-0IREC. SKEAR 0.€66536125360+05 0.4320S0£7480+05 0.88714826620+05 0.60975123292+05

,meecccc e ——— === BOUNDARY JOINTS ----=-- ——————————

e ——a— wemmemeees==== FULL BLCOCKS =~e-~evceccccmmorccccc== -=-=-=-PORTION BLCCKS ===-

LEFT RIGHT LPPER LCRER LEFT RIGHT
L xI1IaL 0. c.0 0.0 c.cC c.C C.C
IN-PLANE SFEARR 0.333821575532+06 C.39321675530+C6 0.2636134245C+07 0.1636138245C+C7 0e35G621€E7558D+CE Ca265216755824CE
Z-DIREC. ShEAR 041300247558D¢06 0e1300247958D+06€ 0.13023554190+06 0.1302395419L+05 0.25422758580+406 Ce2542275858C+0¢€
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TI®E = 0.0075000 SECONDS
- DISPLACEMENTS -
8LJCK v v »
1 069500-20 ~041557D-20 -016660-02
2 0.10360-13 =0,97C19-20 -0.2343D-02
3 Ce1M8aD-19 -0,1668D-19 =0.2501D-02
L] 0a1167D-19 =0.94400-21 -0.2506D-02
S 02553D~19 -0.71550=-20 =-0.6494D-02
6 0e3483D-19 -0.13550-19 -0.88522-C2
7 0e1555D0-19 ~0.5670D0-21 =C,34010-02
8 0«35430-19 ~-Ce5656D=-20 =-0.97C1D-02
9 0+5457D-19 -0.11560-19 -0.13510-01
10 0e17740-13 =0,47540-21 -003941D0-02
11 0«46€E8D-19 -0,5079D0-20 -0.1145D2-01
12 0.65030~13 ~0.10640-19 -0.1606D-01

THETA
Ce0
-0.42980-03
-0.62630-03
0.0
-0e36740-03
~054370-03
0.0
-0.2473D-03
-0e3636C~-0C3
0.0
-0.8720D-0¢
-0.1303D-03

BETA
0.0
0.0
0.0
0.25770~-03
0.1940D0-03
0.72660-04

" 0.40810-03

0+32290-03
0«12170-03
0.4826D0-03
0.33050-03
0.1471D-03

PHI

0.0

0.0

0'0

0.0
-0.8409D-21
=-0.9968D-21

0.0
-0.8113D-21
-0.9412D-21

0.0
-0453560-21
~0.56030-21

Sample Results for the Horizontal Stack Wall (Section 6.3)

cesccecacccccceccaae YELICITIES
v v | THETA
0.0000 =-0.00C0 =0.075SS 0.0
0.0000 =-0.,C000 -041092 =0,0204
0.000C =-0.0029 =-0.1320 =0.0256
0.0000 =0.00C0 <=0.,1221 0.0
0.0000 =-0.0000 =0.2911 =-0.01T74
00000 =-0.0C00 =0.3958 =0.,0258
0.0000 -0.0000 =-0.1548 d.C
0.0000 <-0,00C0 -C.4397 =0.0120
0.0C00 <~0.CO00 -C.S134 =0.0175
0.0000 =-0.0000 -C.1828 0.0
0.0000 -0.C000 =-0.5226 =0.0043
0.0000 =-0.0000 =0.7293 =-0.0061

BETA
0.0
0.0
000
0.0158
0.0056
0.0016
0.0204
0.0145
0.C040
0.0219
Ce 0203
0.0091

PHI
C.0
G.0
0.0
0.0

-0.0000
-0.0000
0.0
-0.0000
-0.0000
0.0
-0.0000
-0.0000
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