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SUMMARY

Introduction

The objective of this investigation was to develop an evaluation
procedure ior determining the blast protection afforded by existing NSS-
type structures and private residences. The procedure developed consists
basically of (1) a method for determining the air blast loading on the
structure and structural elements, (2) a method for determining the dy-
namic structural response up to ccllapse, and (3) a method for establish-
ing the failure criterion for each structural member of interest. The
analytical method used was to establish the resistance function for each
wall or floor element by considering the approximate response mode and
by assuming that the element was subjected to a uaiformly distributed
static load. The member was then transformed into an equivalent single-
degree~of~-freedom dynamic system, and the equation of motion §olved on a

computer using a numerical integration procedure.

Background

The primary interest from the inception of this study has been the
deveiopment of an evaluation procedure for analyzing the dynamic response
and collapse ot the building system. However, the complexity of a com-

prehensive evaluation procedure for a building system necessitated that

important building elements be treated first, Therefore, the initial
effort in the program was directed primarily toward the development of
mathematical models to analyze the dynamic response and collapse of var-
ious types of one-way action walls. Also, the behavior of window glass

and steel-frame connections were examined as part of the initial study.

S-1
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The analytical procedures were then extended to include two-way walls,

and a probability approach was incorporatad into the evaluation procedure.
Next, mathematical models were developed to analyze dynamically loaded
reinforced concrete floor systems of various types, and wood-joist floors.
During the conduct of the research program, the evaluation procedure hrs
been ugsed to predict the collapse overpressure of a large number of ex-
terior walls and floors over basement areas for existing NSS buildings.

As part of this effort, the relative collapse strength of the exterior

walls and frame of a multistory steel-frame bhilding was examined,

A summary of the evaluation procedure for existing structures is
contained in this final report. Also included is a flow chart for a
computer program to analyze & building subsystem, and an analysis of the
blast resistance of basement walls located in areaways of Emergency Oper-
ating Centers (EOCs). An appendix of the report contains a complete
listing of all computer programs developed during the study to analyze

H
dynamically loaded wsll and floor elements.

Discussion

The computer programs fer the eveluation of existing structures were
developed as individual programs to analyze various types of wall and
floor elements. Although this approach permitted the analysis of actual
structures to be made sooner than would otherwise be possible, as well as
being convenient for correlation of analytical models with experimental
data, there was a need to develop a computer program to analyze the
building system. 4s the next logical step in the development of an over-
all building program, a flow chart was developed for a building subsystem.
The subsystem selected was all exterior and interior walls on one floor
of a building. The report presents the flow chart for a computer program
to analyze each wall on a room~by-room basis as the blast wave moves

through the building.
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The collapse strength of reinforced concrete basement walls was ex-
amined to determine the feasibility of retrofitting EOCs with doors to
resist the 10-psi blast overpressure level. Although mathematical wodels
have been developed for walls with window openings, the evaluation pro-
cedures were not extended to include walls with door openings. Since
there was insufficient time to develop a generalized model for calculat-
ing the reszistance and response of the wall configuration of interest,

the following three-phase approach was used:

(1) A detailed yield-line analysis of several specific reinforced
concrete walls with door openings was made to establish the static re-

sistance over a limited range of wall widths.

(2) The computer program for analyzing the collapse of wall elements,
developed by SRI for DCPA, was used to calculate the resistance of walls
without door openings. The results were then compared with those obtained
from the yield-line analysis for walls with door openings to determine the
feasibility of using the existing computer program to simulate the dynamic
response of walls with door openings. If the resistances for the two wall
types was found to te not comparable, then it would be necessary to hand

calcuiate a resistance functior for each wall case.

(3) An existing finite element computer program was used to analyze
the static behavior for a few cases of walls with door openings to deter-
mine if shear or stress concentrations could conceivably produce a wall

failure not predictable hy the other analyses.

The various analyses led to a few general conclusions concerring
the collapse of blast loaded reinforced concrete basement walls with du.r
openings and located in areaways. First, for veinforced corcrete walls
8-in, thick or thicker, and not over 10-ft high, it is probable that the

wall strength of the weakest code-designed wall is sufficient to resist

8-3
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a 10-psi blast loading if the horizontal distance from the edge of the
door upening to the areaway support wall is less than (oproximately

20 in, (L, = 84 in.).

Second, for 8-in.~thick walls with horizontal distance between door
opening and areaway wall greater than 20 in,, it will be necessary t.
strengthen the wall in the vicinity of the door opening so as to upgrade

the wall to the 10-psi hlast ovcrpressure level.

Third, for reinforced concrete basement walls 12-iu thick or thicker,
the blast strength can be expected to be approximately equal to or greater

than the 10-psi blast overpressure criterion for all wall conditions.
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’ ABSTRACT
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k= The objective of the overall research program 1s to develop an
E cJsaluation procednce applicable to existing NSS-type structures and
‘? private homes. Pa.. efforts have been concerned with examining exte-
d rior vnlis; window glass; steel frame connections: applicatl:ions to
o
% actual Leildings: reinforced concrete {loor systems, including re-
- 4
Er strained sk. v, wood=joist floors; and the dynamic 1nclastic analyvsis
F:
3

ol a steel frame building., Since this is the {final report 1n this

cffort, a summary of the evaluation procedure for existing structures

i T

/3

v

is presented in tie report, Also included is the flow chart devel-
oncd for a computer program to analvze a building subsystem: i.e.,
the dyramic response and collapse of all exterior and interior walls
on one floor level of a building. An analysis made to determine the
blast resistance of basement walls oi Emergency Operating Centers s
presented, Finally, the repurt contains a complete listing of all
computer programg developed during the project for analyzine the

dynamic response and collapse of wall and {loor elements,
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I INTRODUCTION

Under contract to the Defense Civil Preparcdness Agency, Stanford
Research Institute is developing a procedure for the evaluation of exist-
ing structures subjeccted to nuclear air blast, The objective of the
program is to develop an evaluation procedure applicable to existing
NSS-type structures and private homes. This report covers the final

phase of the program,

Background

The Defense Civil Prepuaredness Agency has a number of problem arcas
in which an ecvaluation procedure for existing structures can be applied.
These include:

e Survival and injury predictions

e Debris prediction

* Damage assessment

e Sclection of existing structures that provide the best protection

¢ Selection of existing structures that have a potential for

modification to provide blast shelters.

Even with the availability of high-speed computers, it was apparent
that the complexity of an overall building evaluation procedure to meet
the needs of DCPA could lead to considerable unwarranted computational
effort if care was not exercised in the selection of the methodology.
Therefore, relatively simplified air blast loading and room-filling
procedures, as well as simplified structural response analytical methods,

have been used in the evaluation program.

Although the primary interest from the inception of the program has

been in the behavior and collapse of the building system, the complexity

B i
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of a comprehensive evaluation procedure necessitated the establishment
of a priority for determining which struclural element to investigate
first. It is apparent that the collapse of the exterior walls of most
buildings is important to the casualties produced. This is especially
true for large multistory buildings where the collapse of the exterior
and interior walls could result in a large number of casualties through
ejection from the building, even if the floors and frame remained in-
tact. Since one of the primary uses of a building evaluation procedurs
is to vrovidc input for prediction of survival of people located in
buildings subjected to nuclear blast, the initial research effort wes
directed towards the development of a meihod to determine the responce

and collapse of exterior wall elements.

Subsequent to the development of the wall evaluation procedure, the
procedures for analyzing the collapse of {loor systems were developed.
Although there were insufficient funds in the program to develop a pro-
cedure for evaluating the collapse of structural frames, it was possible
to use an available elastic and inelastic computer program to analyze
the dynamic response of a steel frame building and estimate the frame
collapse overpressure., During the final phase of the research, a com-
puter flow diagram was ueveloped for analyzing a building subsystem;
i.e., for predicting the time sequence of collapse of all exterior and
interior walls on one floor of a building on a room-by-room basis.
However, the computer program could not be written within the level of

effort of the contract.

Past reports in this program have been concerned with examining ex-
terior walls (Ref. 1),* window glass (Ref. 2), steel-frame conne.-tions

(Ref. 3), two~way action walls (Ref. 4), applications to NSS buildings

* References are listed after the appendix,
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(Refs. 5 and 6), reinforced concrete floor systems (Refs. 7 and 8), and

wood~joist floors, and frame analysis (Ref. 8).

Report Organization

Since this 1s the final report on the rescarch eifort, a summary of
tiie evaluation procedure is presented in Scction 11, A flow chart for
the analysis of all walls on one {floor level of a building (a building
subsystem) is presented in Section 111 "Building System Program." The
analysis of basement walls located in areaways is given in Section IV.
During the project for evaluation of existing structures, computer pro-
grams were developed for analyzing the dynamic collapse strength of three
types of wall elements and five types of floor system elements. The

listings for the eight programs arc included in the Appendix.
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1T EVALUATION CF LXISTING STRUCTURES

Approach

The overall approach adopted in this study for the evaluation of
xisting structures subjected to nuclear aiv blast h: i been to formu-
late a procedure for examining the response of a structure over a range
of incident overpressure levels to determine the overpressure at which
collapse will occur, Basically, the procedure consists of (3) a method
for determining the air blast loaading on the structure and structural
elements, (2) a method for determining the dynamic structural response
up to collapse, and (3) a method for establishing the failure criterion
for each structural member of interest. An iterative process is employed
in which the structural response can be examined for various levels of
incident overpressure and compared with a failure craterion to predict

the overpressure level at which collapse of each member wiil occur.

Wall and Floor Evaluation Procedure

Introduction

The analytical method used in the research sziudy was to establish
the resistance function for each wall or floor clement of 1ntecest by
considering the approximate response mode ard by assuming that the elcement
vas subjected to a uniformly distributed static load. The member was then
transformed into an cguivalent single-degree-of-~{reedom dynamic system by
the use of the transformation factors for the load, resistance, and mass.
The ecquation of motion was then solved on a computer using the numerical

integration proce ‘ure described in Ref. ¢. Although the approaach has been
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to use established analytical procedures wherever possible, it has been
nccessacy to modify and adapt current procedures, as well as develop

new mecthods, for specific uses,

The method followed in developing the wall and floor evaluation pro-
cedure was to (1) develop a mathematical modcl for each element of inter-
est, (2) prepare the computer program, and (3) verify the analytical
predictions with the available published test infourmation on the dynamic

response and collapse of wall and floor ciements.

Although the mathematical models were formulated by using established
analytical procedures, as noted in the referenced reports on the evalua-
tion procedurc for existing structures, the available published test data
were adequate for correlation with only some of the analytical models.
However, for other cases® there was u lack of definitive experimental
information that adequately described the load-response relationship up
to collapse. Aithough all mathematical models could not be correlated
sufficiently with appropriate experimental data, the use of probability
functions i. the procedures for predicting the incipient collapse over-
pressure o tne elements makes the use of precise resistance functions

less critical than would otherwise be the case.

For the evaluation of existiing structures, failure implies collapse
or disintegration of the structural clement. turthermore, the predicted
collapsc overpressures calculated are for the incipient collapse of the
clement, which is defined as that point in the response where the wall
or floor can be considered as ou the threshold of collapse. The incip-
ient collapse overpressure is just sufficient in magnitude to cause a

collapse of the element,

*  For example, the inclastic responsc up to collapse of a two-way
lightly recinforced concrete wall with a wiwdow opening and with
vertical in-plane forces acting on tlhe wall.
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E; Wall Analysis

The three basic types of exterior walls considered in the evaluation

s

f procedure are unreinforced concrete or masonry unit walls without arching,
1 unreinforced concrete or masonry unit walls with arching, and reinforced
i concrete walls, The details of the development of the wall evaluation

f ] procedurcs are presented in Ref, 1 for one-way action walls and Ref. -1
3 é for two~way walls,

s

A § For unreinforced masonry unit walls without arching and for rein-

¢

3 forced concrete walle, resistance functions werc developed for the follow-
Q ing type ofi wall support conditions:

E: H * Two-way, simply supported on four edges

e

5 * Two-way, fixed on four edges

?‘ : * Two-way, fixed on vertical edges; simply supported on

g horizontal edges

; * Two-way, simply supported on vertical edges; fixed on

é horizontal edges

- : ¢ One-way, simply supported on opposite edges

’ H

- § * One-way, {ixed on opprsite edges

v g * One-way propped cantilever

i

4 £ ® One-w2y, cantilever.

i‘ %

: ; For unreinforced walls with arching, resistance functions were developed
> for one~ and two-way action walls with rigid supports.

b ¢

o2 3

: Floor System Analysis

_; Onc¢ of the interests of DCPA has been the peossible use of basements

of existing NSS struactures as blast shclter arecas, and therefore the
rescarch effort was primarily concerned with developing methods for pre-

dicting the collapse of various types of rcinforced concrete floor systems.
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However, the resistance function [or wood-joist floors was also developed.
The details of the floor system evaluation procedures are presented in

Refs, 7 and 8,

The types of floor elements included in the evaluation procedure

R, ¢, S T e & T RO

are as follows:

Ty
NI

AR

e One- and two-way reinforced concrete solid slabs

¢ Two-way restrained reinfoced concrete solid slab

¢ Reinforced concrete support beam (including T-beam and joist)

¢ Structural steel support beam (including composite action)

[T

¢ Reinforced concrete flat slab

¢ Reinforced concrete fiat plate

g R A Fetigt e g S

E : ¢ Wood-joist floor

Probability Considerations

4 The analysis of actual building elements subjected to nuclear air
blast requires the assumption of values for many of the physical proper-
ties of the structure that are unknown and cannot be measured without an
[ unwarranted amount of effort. Similarly, assumptions are also required
5 in the determination of the parameters defining the load acting on the
building element, Since precise values cannot usually be specificed for

many of the parameters that influence the collapse of actual structures,

ol

el o
AN

a probabilistic approach was formulated to provide a realistic evalua-

s
e

tion of existing structures subjected to nuclear air blast (Ref, 4).

AN

It is apparent that the determination of the incipient collapse

overpressure for a given wall or floor depends on a number of variables,

FEn TP § aty O

at least some of which must be considered to be randomly distributed.
3 Although the probability distribution of these random variables may be
determined fairly easily, at lecast as approximations, the extension of

L this step to determine the probability distribution of the resulting

8

F3
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collapse overpressure is not so easy. Since it was not possible to
obtain an exact distribution, it was decided to use Monte Carlo, or
simulation, techniques to determine the probability distribution for

the incipient collapse overpressurc.

This technique uses a set of mathematically simulated wall or floor
clements, each of which possesses the characteristics of some real wall
or floor to determine an approximate distribution of the incipient col-
lapse overpressure, This set of simulated walls or floors is prepared
by selecting the parameters to be varied and determining the values of
these parameters by randomly sampling their corresponding probability
distribution functions. Each simulated wall or floor is then analyzed
by using the deterministic equations devecloped previously. The results
of these analyses provide a probability distribution of the incipient
collapse overpressure., It should be noted that the collapse cverpres-

sure of a wall or floor clement can also be <alculated deterministically.

Air Biast Loading

An important factor in the evaluation of existing structures sub-
Jject 1 to nuclear air blast is the determination of the pressure-time
function on each structural element of interest. This is a complex
problem, since, even before the blast wave interacts with the structure,
the blast wave is influenced by many factors, such as weapon yield and
location, weather conditions, terrain, surface type, and blast shiclding.

Even if it werc assumed that the free-field, pressure-time relationship

were known fcr a blast wave incident on the side of a building, the
determination of the loading function on a wall or floor eclement is
difficult because of the interaction processes. The primary difficulty
arises because the structural element responds to the differential or
net loading, which requires a knowledge of the loading on both the front

and back surfaces,
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For the evaluation of existing structures subjected co nuclear air

blast, it was assumed that the blast wave before interacting with the

R 7 4 S RN

ey
s

structure was an ideal Mach waveform propagating radially outward over

o

AT

an ideal reflecting surface. It was also assumed that thz duration of
positive phase of the dynamic overpressure was equal to that of the side-

on overpressure and that the negative phase could be neglected for struc-

ARREE SO T

tural response calculations. The method used to determine the pressure-

time function of an exterior wall is presented in detail in Ref. 4, and

T

involves the calculation of an exturior, interior, and net loading.

s aycubedt ao-:.' asgind e

Hor

To calculate the average load~time history on the exterior wall, the

PR

Y )
O HEL S i A g

conventional air blast loading scheme for a closed rectangular block is
used (Ref. 10), For the front face of a building with window openings,

the conventional scheme is modified by using the weighted average clear-

ing distance presented in Ref. 11. To calculate the interior pressure
build up resulting from the air blast entering the building through open-

ings, the room-filling procedure presented in Ref. 12 ies used. For each

specific prcblem, the ne* wall loading is obtained by a simple summation

of the exterior and interior pressure-time histories.

In additio. to the ideal air blast loading, the evaluation procedure

1; for exterior walls includes the following loading schemes:

e Triangular load

s ARy L
o

¢ Rectangular load

¢ URS shock tunnel load

R L50 F RN P PR F

* Arbitrary load.

EL For the dynamic analysis of floor systems subjccted to nuclear air

blast, twc load-time functions were included in the evaluation procedure.
The first loud type was equal to the free-field blast overpressure, except
with a rise time equal to the travel time of the wave front across the

floor panel. The second load type was equal to the room-filling pressure

10
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resulting from the interaction of an ideal air blast wave with a structure

with window openings. In addition, the floor cvaluation »nrocedure

T o v TN
il e L (G s 4 B

includes an arbitrary load shape.

1t should be noted that although the net load-time tunction resulting

3 UM I A

from a nuclear air blast is calculated so as to analyze the dyvnamic re-

o

sponse of a wall or floor element, a description of the net load-time

b

function is 1ot too meaningiui for comparing collapse predictions for
clements of varicus structures, Therefore, the sredicted collapse over-

pressures given in this study are the peak incident overpressures of the

free-field blast wave that results in collapse of the element,
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As part ol an integrated program to develep a survey procedurc fer

e Bt o

it g

all nuclear weapon effects, Research Triangle Institute (RT1) made an

= . initial on-site fielc¢ survey during November 1970 of five NSS buildings

Al

in Detrojt, Michigan., The survey was conducted primarily to obtain a

P

complete structural description of buildings that would be adequate for

predicting build:ng damage and casualties. The results of the ficld sur-

PN 1 T

vey were recorvded on forms and included sketches and photographs. A com~

"

i

plete copy of this information, together with the huilding plans, was

AT

, provided to SRI for analysis of the buildings. The results of the dynamic

e sl

analysis of the exterior walls of the five Detroit buildings are presented

AL
s

in Ref. 5.

AT ho

3 R

e

To provide additional input information for the development of the

T IE

all-effects survey, RTI made a sccond on-site field survey in July 1971

-3 of five buildings in the vicinity of Greensboro, North Carolina, As in
the analysis of the Detroit buildings presented in Ref. 5, two dynamic
snalyses were made of each of the Greenshoro buildings. The first anal-

ysis was made using the data obtained during the RTI on~site survey,

11
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A second analysis of the same building was then made independently using

data obtained from the actual building plans. This procedure provided a

check on the adequacy of the survey technique and the propose: .iecld

"
AR e e A A otk et B

survey data form, and emphasizcd areas of possible improvs . the

) results of the dynamic analysis of the exterior walls of ti. five :

Greensboro-Hig.a Point buildings are presented in Ref. 6.

In addition to the two research studies to develop an all-effccts

watr

shelter survey procedure, RT] also collecte: data on a nationul sample

B AB AL
.

i of NSS nuildinzs for the Engineering Directorate of DCPA (Ret. 13)., Of

N RNt ]

: the 219 NSS buildings compr.siae the national sample, the SRI evaluation

Bt T e 9 o

£y
2

procedure was used to predict the collapse overpressure of the exterior

£
3
i

walls for 50 of the buildings and of floors over basement arecas for 36

of the buildings. Since the res*its of the dynamic analyses of the walls

ond floors of actual buildings are of intercest to the evaluation of ex- -

isting structures program, a short summary of the findings are presented :

= in this report.

Walls

The collapse predictions for the exterior walls of NSS buildings
required the dynamic analysis of 137 wall cases. These walls represent

59 NSS buildings, which can be categorized as 15 load=bearing wall build-

1
i
E
2
i
3
i
3
j

ings, 23 structural steel frame buildings, and 21 reinforced concrete
frame buildings. Figure 1 shows a histogram and cumulative f{requency
distribution of the mecan collapse overprescure for the 137-wall popula-
tion, The data indicate that for the 59 sample buildings, 50 percent
of the exterior walls are predicted to have a mean collapse overpressure
of 6 psi or less, angd 90 percent arce predicted to have a mean collarse

overpressurc of 22 psi or less,

12
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The effect of the type of frame on the collapse strength of exterior
walls is indicated by the cumulative frequency distributions for the wall
collapse overpressures shown in Figure 2 for the three major building
frame categories. Although the data are considered as insufficient to
establish quantitatively the effect of frame type on wall collapse over-
pressure level, the trends in the data are apparent. The mean values of
the collapse overpressures for walls are about 1.5 psi for load-bearing
wall buildings, 6 psi for reinforced concrete frame buildings, and 10 psi

for stecl frame buildings.

Floors

The collapse predictiors for the floor systems over basement areas
of NSS buildings required the dynamic analysis of 82 floor cases, which
represent 36 buildings. Figure 3 shows a histogram and cumulative fre-
quency distribution of the collapse overpressures for all floors. As
noted on the figure, the collapse overpressure for floors over basement
areas ranged from about 2 to 55 psi, with 50 percent of the floors
predicted to collapsc at 7 psi or less and 90 percent predicted to

collapse at 18 »nsi or less.

Frame Analysis

A continuing concern in evaluating the collapse overpres -ure of
existing buildings has been the relative blast strength of the exterior
walls and frames of multistory buildings. To predict the collapse over-
pressure of the exterior walls for the existing NSS buildings discussed
in the previous subsection, it was assumed that the structural frame
did not collapse at a lower overpressurc than that predicted for the
exterior walls. For weak-walled buildings, such an assumption is reason-
able. In fact, it is often assumed for the analysis of blast loaded

frame buildings that the exterior walls can be considered as {rangible,

14
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and therefore, that the wall loading transferred to the frame can be
approximated by an impulse loading. However, for many of the actual

buildings analyzed, the strength of the exterior walls under blast load-

ST b

ing was sufficiently high to make it doubtful that the {rame could survive

TGS

T

at the overpressure level required to collapsc the walls., For example,

Figure 1 shows that 50 percent of the walls of thce NSS buildings aralyzed

b Sre

e were predicted to collapse at an overpressure level greater than 6 psi,

§ 1

The strength of the exterior walls is important in calculating the col-

P,

lapse of the frame, since, for a given overpressure level, the blast load-

ot
Hasaavy

ing on the total wall area can be much more severe than the blast loading

L

on the frame alonec plus an impulse loading from a frangible-type wall.

pah ke

To investigate the relative strength of the exterior walls and frame

of a building would require a comprehensive computer program that includes

15

> inelastic response unuer dynamic loading as well as realistic frame col-

lapse mechanisms. Since such a program was not available, a computer pro-

AR, g SR

< gram for analyzing the elastic and inelastic dynamic response of two-

a

4 \"J‘ﬂ

dimensional structural frames wus used (Ref. 14). Although the program

b

does not include frame collapse mechanisms, it was felt that the results

AL S

would provide a basis for estimating the possible collapse strength of a

pse

W,

building frame relative to the strength of the exterior walls.

The building selected for analysis was the North Carolina National

"
s
o\ o At D 1 AR LW\

Bank, Greensboro, North Carolina. The building has a structural steel

frame, and consists of eight stories, with a hcight of about 110 ft, and
E plan dimensions of 50 ft by 115 ft. A complete description of the bhank
building and the results of the analysis of the exterior walls are given
xé in Ref. 6., The cxterior walls on the upper stories consist of a d~in.-
3 thick brick veneer, which is continuous over the frame members, and an
8-in.-thick terra cotta backing wythe, which is inset in the frame and

parged to the bLrick vencer.

UL ol it T
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clastic analysis to determine the strength of the inseiv walls on the ends

of the building acting as shear walls, (2) elastic frame analyses at

{ various overpressure levels, and (3) inelastic frame analyses at various
overpressure levels. Tho exterior walls of the building were previously

. found to have an incipient collapse overpressure (50 percent probability)
of 15.7 psi (Ref. 6), and therefore the blast loading for the frame anal-
¢ : yses arc calculated for a box-type building with nonfailing exterior walls

with window openings.

! The results of the analyses provide an estimate of the collapse

%

prest

i strength of the structural steel frame of the bank building under blast

loading, even though the computer program used cannot predict frame col-

sTEta

lapse. The results of the first analysis, for the shear wall building,

b K

indicated that the cracking of the exterior walls acting as shear walls
occurs at an incident overpressure level of less than 2 psi, since the
E: : moment ratios (computed moment/yield moment) for the shear walls are
: above 35 for a 2-psi incident overpressure level., Therefore, it was
; 2ssumed for the other two types of analyses that the inset end walls
acting as shear walls contributed negligible resistance to the frame,
. > that the analysis of the frame acting alone should adequately mc lel

the building behavior under lateral load.

An elastic analysis of the frames for 16 psi, which approximated

the incipient collapse overpressure of the exterior walls, indicated a
maximum stress ratio (computed stress/stress at yield) of about 20. Since

the elastic analysis is much simpler than the inelastic analysis, the

R g

frames were then analyzed for elastic behavior at 5-, 4-, and 3-psi over-

Sy

pressures to obtain an estimate of the frame strength. The results of

A

3 the elastic analyses indicated that the strength of the frames was in the

”
HEEN

range of the lower overpressures examined, and therefore the inelastic

T L

frame analyses were run at 3-, 4-, and 5-psi overpressure levels.

! 18
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The inelastic analyses indicated maximum ductility ratios at 3 ps.

of 13.4 for the beams and 20.6 for the columns, and maximum moment ratios
of about 1,64 for the beams and columns. At the -l-psi overpressure level,
the maximum ductility ratios were 29,5 in the bLeams and 42,2 in the columns,
and the maximum moment ratios were in excess of 2. A simplified hand cal-
culation indicated that the P-A effect, which is not included in the com-
puter program, would increase some of the moment ratios by over 50 percent.
The calculated lateral deflection of the top story of the building was
about 21 ft for the 3-psi overpressure level, and 47 ft for the 4-psi level.
If it is assumed that the frame would collapse at a ductility ratio of
about 50, then the estimated collapse overpressuve is between 3-, and 4-psi
incident overpressure level. The actual blast strength could be much less,
since the effect of the axial column load (P-p effect) and frame collapse
mechanisms, such as column buckling or instability, are not accounted for

in the analytical procedure.

It should be noted that the frame of the “»rth Carolina National Bank
building appears to be constructed of relative.y light structural shapes
that may not necessarily be typical of most NSS structures. In any cvent,
however, the analysis indicated that the blast resistance of the frame of
the building was much less than (possibly only one-fourth) that of the ex-
terior walls. This, of course, is an important consideration in rredict-

ing either building damage or casualties.

Building System Computer Program

Since the inception of the evaluation project, the intention has
been to develop a procedure for the analysis of a building system that
would be applicable to various requirements of DCPA. For predicting
damage to NSS structures in this program, it was assumed that cach wall
analyzed could be treated as though it were the "front face” of the

building with an ideal blast wave advancing at normal incidence to it.

19
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The time-sequence of collapse of various building clements, or the effect
of the engulfment of the building by the blast wave, is not directly ac-
counted for in the current computer programs. For example, to use the
computer codes for predicting the collapse of all exterior walls of a
building (i.e., front, side, and back) for the blast approaching from
one direction it is necessary to use cngincering judgment in providing
reaiistic input data. Such a procedure was used to correlate analytical

predictions with nuclear field tests of brick load~bearing-wall houses

(Ref. 4).

In order to systematize the building evaluation procedure, a flow
diagram was prepared during the current ceffort that outlines the computer
analysis of all wall clements on one story of a building. The results

are presented in Section I1I11.
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The purpose of this phase of the research was to examine a method
for systematizing the collapse predictions for blast loaded buildings.

Since the inception of the existing striactures evaluation project, the

v A Gt SR X

RGP

intention has been to develop a procedure for the analysis of a building

ar

system that would be applicable to various requirements of DCPA, such as

3£k

damage assessment, survival and injury predictions, and debris predictions.

a«,"‘,'

Becaugse of the complex nature of analyzing the response and collapse of

buildings under dynamic loading, as well as the difficulty of calculating

s

”
.

i

precise blast loadings on cach eclement in a complex building geometry,

the approach has been to establish a sound technical basis for the anal-

: ysis of each building element., It has been necessary to derive realistic

’ mathematical response models before computer codes could be prepared for

o

? § the various structural elements of interest. Although the original in-
% ! tent was to develop subroutines for each element for the eventual incor-
? % poration into a single computer program, the need to analyze existing

i % buildings preceded the completion of a building system program. Instead,
é ; relatively completc computer programs, as opposed to building c¢lement

f subroutines, were preparcd ior each building element; i.e,, for cach

3 element the ceaputer code consists of a main routine, a subroutine to

0
X

calculate the resistance function, a subroutine to calculate transforma-

tion factors, subroutines to calculate ithe exterior and interior blast

o i ¢

pressures and net load on the clement, and a subroutine for calculating

the probability of collapse. The deveclopment of these individual element

EreT? BERGI

programs diverted some effort from the development of a building system

ity

program; however, thc individual programs permitted analyses of cxisting

AT

21

VA TP PR

ik TR A

E

e P e R T AT A A § ST Tl

i i 't 2 Zorme s awTr s




PO AP H e Loty

T

(Aot ¥ TR

e o

AP

R

Fup

g

4

&

3
3

}
!
i
§
i
?
i
§
t
{
}

buildings to be performed much sooner than would otherwise have been
possible. Also, the availability of individual element programs was

convenient for the correlation c¢f experimental data with analytical

models,

Essentially, the building element computer programs werec developed
as research tools for usc in developing realistic analytical prediction
models, and for performing limited analyses of buildings rather than for
performing a large number of analyses of existing buildings. Heucover,
as originally intended, it has become apparent that a computer program
for analyzing a building system, or at least a building subsystem, would
be useful. Therefore, during this phase of the rescarch effort, the
feasibility of incorporating the previously developed computer programs
for wall analysis into a program for the analysis of a subsystem of the
overall building system was examined. Specifically, a relatively de-
tailed flow diagram was prepared that outlines the procedure for analyz-
ing all exterior and interior walls on one story of a building, During

this phasc, the computer flow chart was prepared, but the computer pro-

gram was not written.

A subsystem analysis approach was chosen as the most expedient and
logical next step in tihe development of an overall building evaluation
procedure. Figure 4 shows a macroscopic organizational flow chart of the
proposed program to be used. The subsystem is one floor level of a build-
ing that can be oriented at any angle to the blast wave front., For a
given free-iicld overpressurc level, the net loading on each wall eclement
will be computed and the wall response calculated on a room-by-room basis

as the blast wave moves through the building.

At the present time the cvaluation procedure has the capability of
calculating the exterior pressure-time environment resulting from an in-

teracting blast wave, and can compute the resulting interior pressure

22
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build=-up to a single room. For the subsystem program, it will be necessary

only to extend the capability to calculate the interior pressure in a

multiroom complex by the method presented in Ref, 12, Also, as discussed

preiliiilt s p

previously, the mathematical models for predicting the response and col-

3
#}
B

lapse of walls are available. The remaining task consisis of combining

the loading and response models into a single subsystem program that in-

;

> : cludes the geometry of the floor of a building.

34

3 Figure 5 shows a detailed organizational flow chart of the proposed
% subsystem program. Table 1 is a list of abbreviations used in the flow
3 chart,

5 Table 1

%’ »

s ABBREVIATIONS USED

H

2 IN FLOW CHART

] § Abbreviation Word Represented

3 EXT EXTERIOR
2 é INT INTERIOR
5 ! OPNG OPENING
; FLR FLOOR
3 t PR PAIR

= N ARVD ARRIVED
= RM ROOM

! § NRST NEAREST

§ e e o e
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IV ANALYSIS OF BASEMENT WALLS

The obhjective of this phase of the effort was to examine the blast
resistance of exposed, reinforced concrete basement walls with door open-
ings to determine the feasibility of retrofitting EOCs with blast doors.
The primary purpose was to determine 1f reinforced concrete basement walls
located in areaways of existing buildings could resist 16-psi blast over=-

pressure.

épgroach

In past studies, the collapse strength of blast loaded walls of ex-

isting buildings has been determined for various types and configurations

of walls. Although mathematical models have been developed for walls with

window openings, the procedures were not extended to include walls with

W ke ¥ v

door openings. Since there was insufficient time and funds to develop a

gencralized model and computer program fcr calculating the resistance

ST e h

and collapse cf the wall configuration of interect, the following three-

phase approach was used:

T

(1) A detailed yield-line analysis of several specific reinforced
concrete walls with door openings was made to establish the static re-

sistance over a limited range of wall widths.

(2) The computer programs developed for the building evaluation
procedure for DCPA for analyzing the <ollapse of wall clements was used
to generate resistance functions for walls without door openings. The
results were then compared with those obtained from the yicld-line anal-
ysis for walls with door openings to determine the feasibility of using

the existing computer programs to simulate the dynamic responsc and

27
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hand calculate a resistance function for each wall case.

i collapse of walls with door openings. If ine resistances for the two

- { wall types was found to be not comparable, then it would be necessary to
i
i

R G

(3) An cxisting finite eclcment computer program was used to analyze

T
o
=

o

i

the static behavior for a few wall cases with door openings to determine

ot SR

if shear or stress concentrations could conceivably produce a wall {failure

w

not predictable by the other analyses.

Wall Design

The bascmen. wall considered in this study was located in an open
areaway such that the wall and door are fully exposed to the air blast

effects, For simplicity, a standard door opening of 3 {t 8 in. wide by

6 ft 8 in, high was adopted; this is a two-unit-of-cxit-width door open-
ing as specified in Ref, 15, It was also assumed that the door was closed

for all analyses and that it 4id not fail. The general layout of the

basenent wall analyzed is shown in Figure 6. As noted in Figure 6, it
was assumed that the wall was bounded at the top and bottom by the first
story and basement floors, and on the sides by the vertical areaway walls.

The basement wall was continuous at the areaway wall intersection, and no

interior walls abutted the basement wall in the vicinity of the arcaway.

The soil backfill adjacent to the areaway and basement walls eoxtended to

the first story luvel,

= Since specific wzll details were not provided, it was assumed that
the basement walls were designed according to the 1963 ACY code (Ref. 16).
Pertinent requirements of th2 code applicable to basement walls are:

' e Arca of horizontal recinforcing steel is not less than 0.0025

- times the area of the reinforced section of the wall.

s Arca of vertical reinforcing steel is not less than 0,0015
3 times the arca of the reinforced section of the wall.
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! ¢ In addition to the above, two No, 5 bars are required around the
door opening, and extending a distance of 24 in, beyond the open-
ing.

¢ Minimum bar size is No. 3 at 18 in., center-to-center,

¢ Basement wall is assumed to be anchored to the floors and area-
way walls with reinfercement equal to that in the wall,

L * Minimum bascment wall thickness is 8 in.

In addition, since the mcst efficient use of the reinforcing steel for

&
3
&

et

the basement walls with scil backfill would dictate that the reinforce-

ment be placed near the inside face of the wall, it was assumed that the

reinforcement for the basement wall located in the areaway was also near

the inside face.

AR WOEY R

Since it was assumed that the basement wall in the areaway was iden—

tizal to that with soil backfill, the strength of a basement wall with

: minimum code reinforcement and with soil Backfill was checked for ade-
% quacy as follows:
4 The lateral static soil pressurc against the wall is
i
< P, = Kch 0
where Ko = lateral soil coecfficient (assumed as C.30 for well-

drained soil)

RSN U

h = ¢2il depth
: g = unit weight of soil.
f i For height of wall, L, = 10.0 ft,
?: ! p, = (.3)(10)(100) = 300 psf (bottom of wall).
;: The maximum applied moment for a one-way wall simply supported at
i the top and bottom and with a triangular loaa function is

M =0.1283 P L,

Leyintd

where P, = total applied load,

3
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i Therefore, the applied moment is equal to

1 Moo= (.1283)(300x%§)(10) = 1925 ft-1b/ft .

E For a reinforced concrete section with tensile reinforcement only,
E the ultimate bending moment of the section is

t a

o~ “u = w[A,fy(d"z)]
A,f,

0.85f;b

where a =

Bt §

For a reinforced concrete basement wall with minimum thickness, t =8 in.,

)

the area of vertical reinforcement is

Pt

3 A, = (8)(12)(.0015) = 0.144 sq in./ft of wall,
i A, =0No, 3@9 in.,
2 and
5 3 1 3
3 = “(=+=x-)=17.0 in.
: d 8 (4 5 X 8) 6 in
3 For f! = 3000 psi and f = 33,000 psi
f | (.144)(33,000)

= = 0,1553
: | 2 = (.85)(3000) (12) ’
S
E: { and with a coefficient of flexure © = 0,90, the ultimate bending moment
f? % is therefore
. . .1553 .
P M, = (.90) | (.144)(33,000) (7,06~ =) | = 29,862 in.-1lb/ft
S
: ! or
| M, = 2489 ft-1b/ft
‘; ;
24 § Since Mu > M, a fully buried, 10-ft-high by 8-in.-thick reinforced con-
- crete basement wall with minimum code reinforcement is adequate to re-
&
4 sist the pressure from a well-drained soil., Figure 7 illustrates the
9 reinforcing stecel details assumed for the 8-in.-ti1ick basement wall usecd
3 in the analysis.

Analysis

k- Various types of analyses were performed because a mathematical
'f model that adequately represented the dynamic behavior and collapse of

g 31
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basement walls with door openings had not been developed previously.

The object was to use the available analytical tools to estimate with a
good degree of confidence the collapse strength of basement walls in area-
ways without actually expending the time and effort required to develop a

realistic mathematical model and writing the computer code.

Wall With Door QOpening

The work-cnergy method from the yield~line theory for reinforced
concrete slabs was used to calculate the flexural resistance for rein-
forced concrete walls with door openings, The method is outlined in
Ref. 4, and wil}? not be repeated here., The purpose of performing a
limited number of yield-line analyses was to compare the resistance oi
walls with door openings with that of walls without door openings. If
the resistance values for the two wall types werc {ound to be approxi-
mately the same, then the available dynamic computer programs for wall
elements could be used to provide interim collapse predictions for a
variety of wall cases. However, if the resistances for the two wall
types were found to be different, then the resistance values calculated
for the walls with door opcnings could be used to periorm a limited num-

ber of dynamic analyses.

The reinforcing steel details used for the analysis are shown in
Figure 7, Since the calculation of the yield-line moments is a rela-
tively tedious hand calculation requiring trial and error solutions, a
minimum number of wall cases was considered, ‘Therefore, only an 8-in.-
thick wall with a height of 120 in., was treated; walls were analyzed
with widths, L , of 92 in,, 116 in., and 110 in, The calculated yield

lines and resistance values for the three walls are shown in Figure 8.
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Xz Wall Without Door Opening

A series of computer runs was made using the SRI programs developed
previously for two-way action reinforced concrete walls (Ref. 4). The

vertical load, Pv, in the plane of the wall was assumed to be zero; i.e.,

GRS A TR R (I oy

the wall was considered as a panel wall that did not carry any loads {rom

the floor levels above. The horizontal and vertical reinforcement for

RLAE LA St AT

the walls without door openings was the same as that for walls with door

openings, except that for walls without door openings the two No. 5 bars

B S

around the opening shown in Figure 7 werec deleted, as shown in Figure 9.

KPR 2

The values of the resistance for walls without door openings are

N eI

plotted in Figure 10, where they are compared with the resistances calcu-

o

'

lated by the yield-line theory for walls with door openings. From the

»

G

figure, it is apparent that the maximum resistance, q, for the two wall

e PR g1

cases is approximately equal for the runge of wall widths considered.

R

Based on this limited study, it was assumed for the -urpose of performing

peysy

- preliminary dynamic collapse predictions for reinforced concrete basemcent

walls that the flexural resistances of wall with 2nd without a door open-

n
.. 4 o

ing, and reinforced as shown in Figure 9, were equal.

g

Fid i

i To estimate the collapse of blast loaded basement walls with door

e
Ranig o

openings, dynamic analyses werc performed for a range of wall widths, two
wall thicknesses, and two wall heights. The results of these analyses are

shown in Figure 11, It should be noted that, since it was assumed that

.‘”,* ‘
R T e T, W YR LB

the basement walls were panel walls with Pv = 0, and did not arch, the

- curves can be considered as lower bound predictions for cach wall type

st.own.

2 The collapse criterion adopted for walls in the evaluation procecdure

was based on the collapse of the wall in flexure; as discussed in Ref. 4,

kit sl

collapse is predicted as a result of excessive steel strain, instability,

g o L

or an cxcessive ductility r1atio. From studies made during the development

35

F-
4
o

ST o T et e ey g Ok ¥ i a i




4 1

$350dYNd SISATUNY Y04 INITIVAINDI SY G3WNSSY S1IVM 6 3¥n9id ;

Sujuadp Joog ,,8-,3 X ,,8-,€ UILA (IBM (Q) Bujuadg 4o0g 3INOYIIM [|BM PLIOS (€)

wll @ 4 °ON
ull @ % "ON
36

_r/m *ON-¢ .

! 6 8 € ON

6 8 € "ON

- ——————

NI o 3 s Vgt . " " by, 0 T iy gt - el o 4 . G ] e TR A,
RN o S St o B0 2t A N e e T SR s ettt T SRttt e i R R < At v A TR R v e 2 it ot B

i PRSI, p LT SR gt g by et g ._.ni.,.,_. A L gt st g Sl 7




5 Ty S .. -
e S, A o ,x\,,.z\;‘mx\u;.;gtx,_._.:’
~

AN S
o
#

i

14

¢
+
.
!
l
i

10 ,\<
WALL WITH
DOOR OPENING

WALL WITHOUT

] DOOR OPENING \\
\

FLEXURAL RESISTANCE - psi

LT iy S0 b deia

vt <
R e R

0 Lo 80 120 160 200 240
WIDTH OF WALL - in.

; FIGURE 10 COMPARISON OF RESISTANCE VALUES FOR WALLS WITH
3 AND WITHOUT A DOOR OPENING

> 37




TR AN AT R TN R e T

B e L e N P
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of the original wall evaluation procedure, it was determined that for
lightly reinforced members with the usual type of supports, a shear fail-
ure would not be expected to occur, and if it did, it would not be ex-
pected to result in collapse of the wall. However, for the busement
walls considered in this study, there were two factors that could influ-
ence the collapse mechanism assumed in the original procedure. First,
the door opening could produce both higher local shears and stress con-
centrations than found in solid walls. Second, the reaction of the base-
ment wall at the construction joint between the basement wall and the
arcaway support wall is opposite in direction to that usually encountered.
That is, the reaction places the joint between the basement and aveaway
w21.. in tension; the areaway wall provides lateral support to the base:-
ment wall only through development. of tensile forces in the reinforcing
steel continuous through the joint shown in Figure 12a. This, of course,
is opposite to the usual case where the lateral load on the wall forces

the member to bear directly against its support as shown in Figure 12b,

There are two important implications as a result of the type of
lateral support provided by the areaway walls that could influence the
collapse predictions of the basement walls shown in Figure 11, First,
the reinforcing steel between the basement and areaway walls could fail
in tension, which would result in one-way wall action between floor
levels rather than two-way action as assumed in the analysis. Second,
under the lateral blast load tne basement wall cracks along all supports
at small elastic deflections as a result of the regative moment developed.
As illustrated in Figure 13a, the reinforcing steel is near the inside
surface of the risement wall and the effective depth of the steel for re-
sisting this negative moment is measured from the inside wall surfacc;
for the assumed wall this distance, d, would be only 1-3/8 in, Because
of the cracks at the support, the thickness of the concrete available

for resisting the shcar force is only equal to d, and therefore a shear

39
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failure could occur c¢arly in the wall response. For the type of walls
considered when developing the evaluation procedure, the reaction was
assumed to act against the lateral interior support wall cna a shear
failure was not considevced as a wall collapse mechanism, That is, a
shear failure at the lateral suapport wall would precipitate a tens?ile
membrane mecde of response in the basement wall, rather than a wall col-
lapse, and the reactive forces would he transferred to the support by
tensile action of the continvous reinforcement; this is illustr~ted in
Figure 13b, For a basement wall located in an arcaway, a shear fzilure
in the wall at the construction joint between the bascment and areaway
walls would rcsult in rupturing of the concrcte and tearing out of the
continuous reinforcing steel in the basement wall; the small co .crete
cover over the reinforcement shown in Figure 13a could not be expected

to resist the reactive forces of the bascment wall.

Since the mathematical mecdels <dcveloped for the e¢valuation proce-
dures could not be used to investigate the details of locslized internal
stresses and reactions for the complex door opening wall geometry, an
available static finite ele:isnt computer program was used to ostimate

probable failure modes.

Tinite Element Wail Program

Although che available finite element program is a powerful aralyti-
cal ton, it is limited to static, elastic structural systems. Therefore,
the primary value of the results for this study was to provide a basis
for estimating possiblo collapse mechanisms; the results were of only
limited quantitative value, The two basic wall configurations analyzed
arc illustrated in Figure 14; becausc of symmetry, it was only neccessary
to consider one-half the wall. The wall model consisted of an assemblage
of plate clements, and only the support nodes are numbered on the figure.

The useful output information included the deflections, internal loads,

42

e

T o G o o




|
i

P _
L ,
¢ i
R
£ : 1
: 4
; b
w S30ON OGNV SIN3W3T3 31V1d 3LINId SNIAQHS 9ININIJO Y004 HLIM T1IWM 41 3WN9I14 '
.
i :
"up 48 = "7 ‘l1em j1eH-aup (q) ‘up 961 = M7 ‘||em yieq-auQ (e)
3 £6 Z6___16 96 56 v6 £6 Z6__ 16 J
1 ;
b o 5
mm {8 06 5
18 v8 h
. 5t 8L
69 2] i
£9 a9 _
mw a
5 09 ,
¢ ; m
[3:] 1 4] h
Sv 8v ,
A L ov
62 ze
1z - vz
€l o
]
] v 3 4 4 9 S 1 4 L 7 )

B
l e 1. { N e | l | ;
1 ' =99 .88 .z _.l.onn WZZ ::L

L L

VAP T pn I .....,\”1‘. ‘”s ol o daT et b

AL AN ottt A 242 et
i e ol




T T X S I ¥ L PO TE TS LRI R ST T T AT TR S Y e PR LY
> EAD Saie ha i = =

£ 3 PR R S

and extreme fiber stresses in the plates, and the reactions at each sup-

N v

port nocde. For this exercise, only an 8-in.-thick wall with a 120-in,
height was considered. The walls were analyzcd for a static lateral load
of 10 psi applied uniformly to the wall and door; the door load was dis-

tributed to the wall nodes adjacent to the opening.,

The primary rcason for conducting the¢ finitce element analysis was
to provide more detailed information about the reactions at the construc-
tion joint formed by the intersection of the basement and areaway walls
than was available from the other analyses. For the wall with L, = 156 in.,
s the following values ior the basement wall reactions at the basement/area-

way wall joint were obtained for the nodes shown in Figure 11:

2 Reaction,
: Node b
E 16 1,901
3 21 2,915
32 3,801
3 10 -3,165
E. 18 11,785
- 54 6,125
1 60 6,079
3 66 6,027
5 72 5,684
F: 78 5,081
E 81 1,194
3 90 2,680

e

or

f

The maximum reaction predicted is 11,785 1b at node 18; poxt is 6,125 1b

’

-

at node 51. Since the actual wall had continucus suppoert rather than

ET AN

< point support at each node, it is appropriate to average the reaction

ot o

2 between two adjacent nodes. Thercefore, the maximum average asplied shearv

2f G

along the basement/arecaway wall joint is

o

oA® R A

_ 11,785 + ©,125

(2)(10)

= 856 1l/in,
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To determine whether this magritude of applied shear would result in
a2 siear failure in the basement wall, it was necessavy 1o calculate the
shear resistance of the wall, From Ref. 7, the unit shear resistance at

the support of a reinforced concrete member is
( 2.28v4: . 30C0p 3.5v§E

v = <
°)3 1-2d/L 1-d/L =~ 1-2d/L

For the basement wall, the horizontal reinfcrcement is
A’ = 0,210 sq in./ft,

and d = 1,38 in. for a racked concrete section, therefore

(.2:10

= —————— = 0.01149.
(12)(1.38)

p

Subgtituting these quantities i1nto the above equation, the unit shear is

2.28v3000  {3000) (.01149)

- + = 171 psi,
VI 21y AL _1.38 P
1.56 156

Since the total shear resistance at the support would be

(v) {v_) bd,
e <’y

then

(171)(1)(1.38) = 238 1ib/in.

i}

(VC)!

This value is, of ccurse, much legs than the shear force of 896 1b/in.
resulting from a uniform static load of 10 psi. For estimating purposes
only, if it is assumed that the dynamic shear resistance is 25 percent
greater than the static, and that a dynamic load factor (DLF) of 1.15 1s
appropriate for the load type, then a rough estimate of the level of the

blast 1oad thatr would result in a shear failure in the wall would be

(236) (1.25)(10)
Pys ®7T(1.15)(895)

= 2.9 psi.

For the basement wall with L, = 81 in,, two wall cases were consid-
ercd; (1) simply supported on four ecdiges, and (2) fixed on {our edges.
The values of the reactions along the basement/areaway wall joint for the

simply supportced wall with a 10-psi static load werce as follows:
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Reaction,

Node 1b
13 1,520

5 21 2,318
: $ 29 3,087
E b 37 -3,839
E ¥ 15 7,761
: 51 3,921

i 57 3,820

: 63 3,976

H 69 1,027

. 75 3,901

: 81 3.531

87 2,167
E: Using the same method as before for two adjacent nodes, the predicted
maximum average shear along the basement/arcaway wall joint is
7761 + 3921
\Y = = 581 1b/in,
(2)(10)

4 Again, a rough estimate of the blast overpressure that would result in
3 a shear failure in the basement wall would be
E (236) (1.25) (10) ,
=3 ~x - ~ 4. ps1i.
9 52 (1.13)(5841)
= Based on the above rough estimates for 8-in.-thick rcinforced con-
E crete walls with door openings, it could be concluded that a shear fail-
; ure will occur at blast overpressures less than 5 psi il the horizontal
5 distance {rom the cdge of the door opening to the areaway wall is greater
3 than about 18 in., i.e., for L, > 80 in. However, since this estimate is
1 based on a cracked concrete section, it is of interest to examine the
} effect on the strength of the wall of the concrete cracking along the
;é supports.
i As the exposed horizontal distance between the edge of the door
; opening and the arcaway support wall is increased, the probability cof a

shear failure occurring in the bascment wall is also increasced. For

example, if the horizontal distance is equal to the wall thickness,

16
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= ‘ t = 8 in. (L, = 60 in,), then the full thickress of the concrete wall
H section is effective in resisting the applied shear force because the
modulus ¢f rupture of the concrete has not been exceeded and the concrete

section is uncracked. Since the shear resistance for this case is much

1
% greater than the applied shear, the wall would not be e¢xpected to exper-
: ience a shear failure. As the width of the wall 1s increased to 84 in.,
% the values of the reactions and moments along the basement/areaway joint
% for an 8-in.~thick concrete wall fixed on four edges and with a 10-psi
z static load are as follows:
& Reaction, Moment
f3 Node 1b in.-1b
. 13 -26 1,119
5 21 1,187 10,813
- 29 1,738 20,013
3 37 2,726 37,8415
; 15 5,031 55,7416
3 51 3,786 19,166
: 57 4,076 52,550
K 63 1,267 54,022
69 1,329 52,165
75 4,103 15,468
81 3,125 31,006
87 167 7,190
R The maximum moment predicted for two adjacent nodes is 52,350 in.-1b for

node 57; next is 51,022 in.-1b for node 63. Therefore, the maximum aver-

age moment along the basement/arcaway wall joint is

52,550 + 54,022
M = =5 in.- in.
(2)(10) 329 in,.-1b/in

To estimate if the wall cracks under the applied moment, it is nec-

essary to calculate the resisting moment for the uncracked wall section.
For a linear relationship between stress and strain across the section

of the wall, the maximum resisting moment is equal to

b
f_bt
3 M = —h—all .

u 6
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thick concrete wall with a horizontal distance between the edge of the

2 i f r Ac

i o

E 8)V3750(1) (8

9 M = (8) (1)(8) = 5226 in.-1b/in., ,

L u 6

e .

] ;

3 {

% H which is approximately equal to the applied moment, Therciore, an 8-1in.-
r: :

53
&3
e
kx
]

door and the arcaway support wall of about 20 in, (L, = 81 in.) would be

expected to crack and experience a shear failure along the basement/area-

way wall joint at a blast overpressure level somewhat Jess than 10 psi.

This, of course, indicates a much greater blast strength for the un-

cracked wall case than was estimated above for the cracked wall case.

One-Way Reinforced Concrete Wall (Without Arching)

As discussed in the previous subsection, under dynamic load the
initial shear failure in an 8-in,-thick, two-way recinforced concrete
basement wall located in an arcaway would occur at the points of maximum
shear aloug the joii.t between the basement and areaway walls at rela-
tively small wall deflections., The shear failure would result in the
initiation of one-way wall action (i.c., the lateral support of the area-
way wall would be lost) at a time shortly after arrival of the blast wave.
However, as noted in the above tabulations for the nodes shown in Figure
11, the shear forces developed as a result of a 10-ps:1 uniform static
load decreased in magnitude from a maximum in the center portion of the

wall to a minimum near the top and bottom supports; in particular, the

shear forces at the nodes above the level of the door opening are much

3 g

less than the maximum shear values., It is thercefore reasonable to assume
that under blast loading the one-way action wall without arching wall
have an cffecctive span somewhat less than the total height of the basc-

ment wall, Therefore, for this study, the effective wall heipght for

18
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for one-way action was assumed equal to the height of the door opening.
The collapse nverpressure was obtained for walls with the following prop-
; erties and load conditions:
{
:‘ : LV = 80 in.
! L, =92 to 360 in,
3 H
2 ) t. =8 in,
i : "
e i * - 3
g ! fac = 3,750 psi
g f,, = 44,000 psi
3 p = 0.0015 A_ (vertical)
3 ' v = 145 pcf
3 P =0
% v
é Support case: one-way propped cantilever
L
e S =6.7 ft
L .
E W =1 Mt
3 The collapse of these basement walls is predicted to occur at a
%
i blast overpressure of approximately 1.5 psi for all wall widths from
- L, =92 in to 360 in. For comparison, the collapse overpressure was
C also obtained for a 12-in.-thick reinforced concrete basement wall with
t the same properties as for the above 8-in., wall. The predicted collapse
4
2 overpressure for the 12-in,-thick wall was found to be 9.2 psi for the
i same range of wall widths,

H One-Way Concrete Wall (With Arching)

For a frame structure, it is possible that one-way arching, rather
thar one-way flexure, may occur in the basement wall subsequent to a
shear failure at the basement/arcaway wall construction joint. Therefore,
calculations were performed to determine the blast strength of one-way
arching walls., Since arching walls develop nonsiderable more resistance

than similar nonarching walls, it was felt to be more meaningful to use

19
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% the full height of arching walls in the analysis, rather than the height
of the door opening as was done for nonarchinyg walls. The collapse over-
pressure was obtained for a wall with the following properties and load

conditions:

S

w

Support case:

L, =120 in,

L, =192 to 360 in,
! L, = 8 in.
5 £f! = 3,750 psi
; “ = 115 pcf

one-way arching
6.7 ft.

1M

The collapse of these basement walls is

blast overpressure level of 6,9 psi for L, =

92 in.

predicted to increase irom a

to 10.1 psi for

L_ = 360 in. The results of the analyses for both the one-way concrete

walls with arching and w.thout arching are shown in Figurc 15.

Summary and Discussion

The primary purpose of this eifort was to examine the dynamic re-

sponse of conventional reinforced concrete basement walls located in

areaways, and determinc if such walls can resist a 10-psi blast overpres-

sure, Since an adequate analytical model for predicting the collapse of
basement walls with door openings was not available, it was necessary to

perform several types of analyses so as to make a realistic estimate of

the collapse strength of the walls. To provide uniformity for the vari-
2 ous analyses, a standard basement wall with door opening was designed

- in accordance with the 1963 ACI code for reinforced concrete.
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An initial static analysis was made to compare the flexural resist-
ances of two-way reinforced concrete walls with and without door openings.
The results of this analysis (Figure 10) indicated that the flexural re-
sistances of the two walls shown in Figure 9 were approximately equivalent,
It was therefore warranted to use an available computer program to perform
dynamic analyses of walls without door openings, and then to usc these
results for estimating the collapse overpressure of basement walls with
door openings., The predicted collapse overpressures for two-way walls
without door openings are shown in Figure 11 for 8- and 12-in.-thick

reinforced concrete walls with wall heights of 96 and 120 in,

However, although the results of this analysis appeared reasonable,
there was some co ern because the available analytical model could not
provide sufficient detailed information on the cffect of the complex door
opening geometry on the response of the wall, Therefore, an available
static finite clement computer program was used Lo analyze an 8-in.-thick
two-way wall, The results for a 10-psi uniform lateral static load in-
dicated that a shear failure was probable at thce construction joint be-
twveen the basement and areaway walls shown in Figure 12a. From the
analysis of two walls with different wadths, it was concluded that a
shear failure would occur at relatively low overpressure levels if the
arcaway wall was located greater than abc - 20-in, horizontal distance
from the edge cf the door opening. ifowever, a shear failure in the base-
ment wall at the basement/nreaway wall joial does not necessarily result
in collapse of the bLasement wall, since the wall may still resist the
applied «.last forces through one-way flexural or arching action between
top and bottom supports subsequent to the shear failure and loss of side

supports.

To determine the effect of a shear failure at the basement/arcaway

wall joint on the collapse stirength of two-way walls, dynamic analyses
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were performed for one-way basement walls, both with and without arching.
The results of the analyses are indicated in Figure 15, where it can be
noted that 8-in.-thick reinforced concrete basement walls witheut arch-
ing are predicted to collapsc at less than 5-psi blast overpressure.
Although the predicted collapse overpressure for arching walls is much
greater than for nonarching walls, for most of the wall widths examined
the strength of arching walls is less than the 10-psi blust overpressurc
criterion, It should be mentioned that these results apply to the mini-
mum thickness reinforced concrete basement wall, which has the minimum
area of steel reinforcement permitted by the 1963 ACI building code for

reinforced concrete.

Conclusions

From the various analyses performed, a few general conclusions can
be made concerning the collapse of blast loaded reinforced concrete base-
ment walls with door openings and located in areaways., First, for rein-
forced concrete walls 8-in., thick or thicker, and not over 10-ft high,
it is probable that the wall strength of the weakest code-designed wall
is sufficient to resist a 10-psi blast loading if the horizontal distance
from the edge of the door opening to the areaway support wall is less

than appyoximately 20 in. (L_ = 81 in,),.

Second, fo. s~-in.-thick walls with horizontal distance between door
opening and areaway wall grecater than about 20 1n,, it will be necessary
to strengthen the wall in the vicinity of the door opening so as to up-

grade the wall to the 10-psi blast overpressure level.

Third, for reinforced concrcte bascment walls 12-in, thick or
thicker, the blast strength can be expected to be approximately cqual to
or greater than the 10-psi blast overpressure criterion for all well

conc itions.
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Appendix A

LISTINGS OF COMPUTER PROGRAMS

A Introduction
4
e This appendix contains a printout of the listing for each program

developed for DCPA for analyzing the dynamic response and collapse of

walls and floor systems of existing buildings.

k. The programs were coded in FORTRAN and run on United Computing
Systems, Inc,, commercial time-sharing 7~DC 6400 computer (System UCS-~V1);
running on other systems may require minor modifications to the programs.
. For convenience and ease of use during the research effort, as well as

by others later, the programs were written in an interactive or conver-

"‘7‘%’:‘1

sational mode.

RTTTIEN

o v

To reduce the size of the computer central memory required, and
thereby reduce the cost of running the programs, the Link Mode or chain-
ing technique was used for the larger programs. Chaining has the advan-
tage of reducing the overall cost of running programs, but a slightly more
By complicated technique is required to compile the programs in preparation

for execution, Half of the progcrams were dcveloped as chained programs.

Also included in this appeudix are short summaries describing the

5 function of cach of the foliowing eight programs:

e UNREINF, Unrecinforced masonry wall without arching, sece page 63

e ARCHING, Unreinforced masonry wall with arching, sce page 81

¢ RCWALL, Reinforced concrete wall,* see page 95

* Link Mode or chained program.

e
4
>

~]

[$1]




e RCSLAB, Reinforced concrete slab,* see page 115

e RESTRAN, Restrained reinforced concrete .,lab, see page 133
¢ RCBEAM, Reinforced concrete support beam,* see page 147

¢ STBEAM, Steel support bean,* see page 165

¢ FLAT, Flat slab or flat plate, see page 181,

Following the summaries are the listings of the programs.

Summary of Computer Programs

Program UNREINF

Analyzes one~way and two-way unreinforced masonry walls (exterior
or interior) without arching for a given load, or solves for incipient
collapse load. Window openings may be included. Load types include:
idealized blast loading (front, side, or rear face) with or without room
filling; triangular load; rectangular load; URS tunnel loading; arbitrary
load shape. Modulus of rupture and clearing distance may be randomly

varied (normal distribution),

Subroutine.: Main Routine COEF
FORCE TRANS
FILL WINDOW
RES1ST RANDOM

Program ARCHING

Analyzes one-way and two-way unreinforced masonry walls (exterior
or interior) with arching for a given load, or solves for incipient col-
lapse load. Window openings may be included. Load types include- ideal-
ized blast loading {front, side, or rear face) with or without room fill-
ing; triangular load; rectangnlar load; URS tunnel loading; arbitrary
lcad shape., Ultimate compressive strength, modulus of elasricity, and

clearing distance may be randomly varied (normal distribution),

* Link Mode or chained program.

T L T

K]
T




PN T e e et Lo DI
ol U N SO,

i Subroutines: Main Routine RESIST
{ FORCE WINDOW
: FILIL RANDOM

Program RCWALL

Aralvzes one-way and two-way reinforced concrete walls (exterior or
interior) for a given load, or solves for incipient collapse load. Win-
do'* ~nenings may be included. Load types include: idealized blast load-
ing (front, side, or rear face) with or without room filling; arbitrary
load shape. Lynamic yield strength of reinforcement steel and clearing

distance may be randomly varied (normal distrvibution).

Subroutines: RCWALLL RESIST
WINDOW MOMENT
RCWALL2 COEF
. FORCE TRANS
FILL RANDOM

Program RCSLAB

Analyzes one-way and two-way reinforced concrete floor slabs for a
given load, or solves for incipient collapse load. Tensile membrane re-
cistance may be included. Dynamic reactions may be output to a data
file for use in analyzing support beams. Load types include: idealized
blast loading (top face) with rise time equal to time required for blast
wave: to travel across short span; room filling pressure resulting from
idealized blast loading; arbitrary load shape. Dynamic yield strength
of reinforcement steel and clearing distance (for room filling load) may

be randomly varied (normal distribution).

Subroutines: RCSLAB1 RESIST
COEF MOMENT
RCSLAB2 TRANS
FORCE RANDOM

FILL
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Program RESTRAN

Analyzes two-woy reinforced concrete floor slabs with edges re-

Wt W o

strained against lateral movem2nt for a given load, or solves for incip-
ient collapse load. Both compressive and tensile membrane behavior are
included. Load types include: idealized blast loading (top face) with
rise time equal to time required for blast wave to travel across short
span; rocm filling pressure resulting from idealized blast loading;
arbitrary load shape. Yield strength of reinfo.cement steel, concrete
compressive strength, and clearing distance (for room filling load) may

be randomly varied (normal dastribution).

. Subroutines: Main Routine MOMENT
7 FORCE TRANS
k- FILL RANDOM
Y RESIST
- Program RCBEAM

3 Analyzes reinforced concrete beams (rectangular or T-beam) for a
given loau, or solves for incipient collapse load. Tensile membrane re-
sistance may be included. Load types include: dynamic reactions from

slab analysis (see RCSLAB); idealized blast loading acting on beam and

3L 0 D

areca of slab supported by the beam with rise time equal to time required

E:

for blast wave to travel length of the beam; room filling pressure re-~

sulting from idealized blast loading actirg on beam and area of slab
supported by the beam; arbitrary load shape. Dynamic yield strengtl

of reinforcement steel and clearing distance (for room filiing load)

é may be randomly varied (normal distribution),

A Subroutines: RCBEAM1 RESIST

E RCBEAM2 MOMENT

3 FORCE COEF
FILL TRANS

8 RANDON

} 60
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Program STBEAM

Analyzes structural steel beam (wide flange may inclwde bottom steel
cover plate and/or composite action with slab) for a given load, or solves
for incipient collapse load. Load types include: dyramic reactions from
slab analysis (see RCSLAB); idealized Llast loading acting on beam and
area of slab supporied by the beam with rise time egquul to time required
for blast wave to travel length of the beam; room filling pressure re-
sulting from idealized blast loading aclting on beam and area of slab
supported by the beam; arbitrary load shape. Dynamic yield strength of
structural steel, dynamic yield strength of reintorcement steel (composite
beam), and clearing distance (for room filling load) may be randomly

varied (normal distribution).

Subroutines: STBEAM1 RESIST
STBEAM2 COEF
; FORCE TRANS
1 FILL RANDOM

Gt DA K

Program FLAT

Analyzes reinforced concrete flat slab floor system or flat plate

)
w

»

R Rty 2

loor system for a given load, or solves for incipient collapse load.
Tensile membrane resistance may be included. Load types include:

idealized blast load (top face) with rise time equal to the tiwe re-

ALyl

quired for blast wave to travel across span (slab assumed to be square);
3 room filling pressure resulting from idealized blast loading; arbitrary
24 load shape. Dynamic yield strength of reinforcement steel and clearing

distance (for room filling load) may be randomly varied (normal distri-

bution),
f Subroutines: Main Routine RESIST
3 FORCE MOMENT
i FILL RANDOM

Wt B BN A
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PROGRAM UNRE INF

X,

% 01000 PRAIGRAM JIMRACCINPYT,IUTPUTs TAPEL2ITPUT)

K 01010CT THIS RBUTINE 1S THE CINTRAILLING RIUTINE FIR THE PRIGRAM YSED
3 01020C: IN THE ANALYSLS 3F INE-WAY IR TWi-wAY ACTI3V WALLS.

Iy 01030C

3 01040 CAMMAN Y100, YUs YFATIL S 25 2Us AREAS ZMASSs Z4LMs W1, VM2, VVI» VY2
& 01050 CAMMAN < WALL,<INCsKRF+KRANDs 1> ICASESs F')s VFAIL» FRs FPY, EM) FDY
3 01060 CavMIN FDC»s DCA),LOTYPELPEXTIPF,PSI»POBs»PCHTCoTOs PI, TIMEIL, S

01070 CIMMAN /RAND/  TEIMEC, IWALL

s 01030 DIMENSIAN AC100), V1002, TC1007, VVC100), W(100),

- 01030 PEXC100)»PINCL00),PNC100)

4 01100C

e 01110C:  READ TITLE AVD CINTRIL PARAMETERS

5 01120 S PRINT 67

: 01130 READ 6%, TITLE

: 01140 PRINT 8%

E 01150 READ,XWALL <INC,LDTYPE,<RF,<{RAND

3 01160 DELAY =0

01170 VFAIL=1E10
s 01180 CALL RESIST(1)
4 01190 CALL F3IRCEC(1)
< 01200 IF(KRF.ENOIGITY 12

>, 01210 CALL FILLC(PINT, 1)

1 01220 12 IF(<WALL.E0.0)GAT3 14

3 01230 PRINT A6

3 01240 READ, DELAY

e 01250 OELAYsDELAY/1000.0

E: 01260 14 IF({RAND.NE.1)3T? 35

F: 01270 CALL, FARCECA)

e 01280 CALL RAND2Y(1)

3 01290 34  CALL RANDAI(2)

3 01300 35 CALL RESIST(3)

B2 » o1310¢C

3 01320C: MINIWIM, MAXIMIM, AND STARTING VALUSS ARE DETERMINED F3R CASES

01330C: WHERE THE LJAD CAUSING INCIPIENT CALLAPSE IS T2 BE FIUND
01340 3 IF(KINC.E£Q.0)33TA 23

-8

4 01350 prany
. 01360 PFYAX =0
k: 01370 PFYLN=PF/2.0
% 01320 G3T) 20
- 01390 16 PFa(PFMINGPFYAX)Y/ 2.0 |
a3 01400 20 CALL FIRCEC(2)
2 01410 22  [F(KRF.E0.0)GIT? 24
-4 01420 CALL FILL(PINT»2)
. 01430¢C
2 01440Ct INITIALIZE VALUES FOR BETA METHAD (RETA = 1/6) AND COMPUTE vALU
3 01450Ct FAR FIRST TIVME INTERVAL ASSUMING wALL INITIALLY AT REST
- 01460 24 12}
; 01470 TIMESQ
b 01430 TC1)208 V(11208 Y(1)=0
o 01490 DEL TA20.001
e 01520 IF(CWALL.E2.0)G3TI 29
b~ 01530 27 1F(TIME. GE«(DELAY-0.00001))G3T? 29
01540 TIME=TIVME+DELTA
2 01550 CALL FILLCPINT, D)
01560 GIT3 27
3 01570 23  PYNCIIaPINT
E 01530 TPNET2AREACPINT
29 01590 TC1)2TIvE
3 01600 G3T3 30
: 01610 29  CA'.L FIRCE(D)
01615 PEXC(I)2PEXT
; 01620 TPVETsAREACPEXT
4 01630 PNC1)=PEXT
¥ 01640 30 CALL RESIST(2)
3 01650 AC1I=TRVET/ (ZMASS e L4LY)
i 01660 VVC1)sYVIeTPNET
k. 01670 VH(1)=WHI1eTPNET
e 01630C
01690Ct PRICEDURE #3R ALL SUBSEQUENT TIME INTERVALS
K 01700 1 Islet
- o1Mmo TFCL.LT>101263T3 11
3 01720 PRINT 98, TINE
3 01730 98 FIRMAT(/,e1=1013 TINE a¢,F6.3:,83  wWALL ASSUMED T2 VAT FalLe)
3 01740 MmTI 6

L2

"
"
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PROGRAM UNREINF (CONTINUED)

01750 11 TIMEzTIVF+DLTA

01760 T(LI=2TIME

01770 A(Dr=zacl-t)

01730 - L FIRCE(D

01790 ~EXCTY=PEXT

01800 IF({ALL . £D.1)63T2 10

01310 IF(KRFe£2.0Y3TY 3

01320 CALL FILL(PINT, 3)

01330 PINCI)Y3PINT

01840 TPNET2AREA®(PEXT-PINT)

01850 G372 2

01360 3 TPNET3AREQAePEXT

013870 G713 2

01880 10 CALL FILL(PINT, 3D

01390 PINCIYZPINT

01900 TPNETZAREASPINT

01910 2 PN(1)YaTPNET/AREA

01920 D32 3 JJ3t.10

01930 YCII=Y I~ 1)eDELTASV(I=1)+NEL TA®DEL TAKCALI=-12/3+A([)/6.)
01940 caLL RESIST(2)

01950 1T=2)eARE]

N194) & ANTAZCTPICT=ITIZ (24ASCariL )

791 AYT, TAzANEW=A( L)

01249 AC1I=zaNSw

N1935 1F(ANENEDeMIDPRTINTo 819356, FLAT, [245Te ATy 2438, 7K 40 7 ()0 ACT=1)
nN133IN IFCARS(A DT . TAZCANS W 1 e NS~ 101) e [eNeNIIGITS 3
02791 3 CINELIN I

02010 EYSRETYEATY-L I £ VD]

142929 WRAITZCLaIMTIME PR A Y (D)

nanty 3 CINTINYT

02740 YOI 2YCi=100 08  TAGy (1 =11+ )N TASDIL TAC(ACI=127 021D 7A:)
12959 VO zyCl=11eDCL TASCACII e A(E~1)3/2.9

2734k Izl aTeNITeyy2aT

n201 VACT Y zV41 « TONS Toy42eN T

n2749) IFCUVCII e AT VFATLIGATY 7

n29v0C

N2100C: CHECA ©I 4activwyd DERLECTIIV IR FALLYIRS IF ALl
nN2110Cs I[F 9axKi4je OSFLECTI IV RTACHT)e WwALL DID NIT FAIL

n2129 [ECYCI) e B0 ¥CI=1)0ANNPH I LR 2N(T=1))RYTY 4
0: 1 [FCYCDIeLT.0MRIT) %
n [FETIAS-0ELAY« G e D1 IINNL TA2D. 502

A | TFCrClILTey PRITI I

et n TF(TIME=ND AV GE«9.020)02L TA29.005
021719 IFC(TINS=D2LAYe 6204 100)97L [A20.010
n2130 I TIME-DELAY (2200 $5D)INELTA304 0050
02190C 17 FAIL JRE IEFLICTIIV IACH)» #ALL FALLED
02290 (FCr (Y. GE«YFATLIGITY 7
n2210 GITY 1
022219C

02230C: [NTSRVAL HALVING PRICENUYIC TI ONETIRMING LIAD CAISING INCIPTZINT
02240C: CILLAPSE FIR CASAR wids DISIRTY

n2291Ct WALL D1 NIT FALL = SET PF4ld T) #F

02269 6 CINTUIE

0221} T¥CCRANIGED1IGITY 36
N22R0 TF(CINC.E92.076IT) 17
22230 34 L2 I8 ELL

02300 (F(PF4AK.GT.OIGITY 17
022310 BFa2,NeRy

n232n GITY 20

02331Cs 4ALL FALLSND - SET PF4a¢ TY PF
nN2342 7 CWTINAE

0233 TLAECa TI %S

02369 IF(LR¥D I 1IGITY 37
02370 [FCSINC.E3.07RITY 1%

na23an 37 PFAQ(20F
02390Cs CHECK T3 S8 [F LIA) RANRE IS wiTHIN DEETIIEN aCCuRACY

02+ 7 17 (FL {PFMAX=PFAINI/PFIINCGTeNNIIGATI 16
02410 [FEIRAINNE1IGITY 13

02429 CALL RA¥DIN D

02430 G3IT3 3a

02440C

02457C: J ITPYT DATA [NCLYNES THE MAXIWje DEFLECTIIN AND TIWE 3F
02449Ct JCC'IRANCE FJI? A NIV-FAILING wWALL IR T¥S [148 AND veLICTITY
N247Ct AT CILLAPSE £33 A FALLING waALLe 9971 3vAL YyrPuT 18 THE
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PROGRAM UNREINF (CONTINUED)

024%9Ct ENTIRE RTHAVIIR TIM -4ISTIY IF TWHA waLLe
N2499C

02500Ct $UTPUT L YA NATa

12519 14 ALy, FIRCECA)

n2520C

02539Ct 3'JTPHT FINAL RES'ATS

02540 TFCYCII LT YFAILIWRITECI, 702V C D), T( DD

02550 TFCY IV AELYFATLIWRITECE T TCIY VC DD

02540C

N295700t CHECK T3 SEE (F SNTIRE TIME-HISTIRY IF waLL 1S DESIRID

02530 WwRITZ(1,72)

02590 R€AD, M

02600 {FCA.E2. 00 TY 2%

02620 IFC(<wALL+EQ.11G6G7T) 32

02630 IFCLRF<£2.07GITY 26

02640 WRITECL, TSVCTC s PEXC 115 PINC 1IaPNC oy Do VVE1Io Vs 1)0 Jute 1)
02650 GIT? 25

02660 24 WRITEC1 743 CTC I PEXC DL AC DV DY DV D avdCDYs 121, 1)
02670 GITY 25

026%0 32 WRITSCts TEXCTUISPINC I QC D)o VI Do (N UVE DIV I)e I3l D)
02490 25 WRITECL, 7T

02700 GIT) S

n2no0c

02720 AT FIRKMATC(/4INDGYT TITLE®,¢)

02730 69 FIRMAT(AS?)

02740 70 FIRMAT(/awaLL OIN ¥IT FALL - vAX. DEFLECTIIN IFeF6.2
02750 & (V. RTACHED ATeF 7.3, ¢ <ECo)

02760 71 FIRVMAT(/swWALL FAILSD AT€sF T3 SIC (FIVAL VILICITY =6
02710+ Fle2¢ INJ/SECIN)

02RO 72 FIRMATC/e1S TIYE SISTIRY 3F wilL MESIRIN (Y331, ¥330de, )
Q2800 7S FARMAT(/,15¢, *PRESSYRIE IV waLLe/ss  TI4E CXTERIIR o
02H10¢ &INTERIIR NET 01 SPLACEMENT vv vie/s

02920+ (F8e32IF10¢3:F12:4sF11.00FRe0D))

02930 76 FIRMAT(/e T14€ PRESSUYRE ACCELERATIIN  VELICITY

N2% 40+ eNTSPLACEWENT vV vrie/

02850 (FARe3sFP¢3,F12:15F12:2,F1244,F11:0,F8.0Y)

02860 77 FIRYATC//7/s (@2 encmcccnat))

02870 9 FIRMAT(/«ACCFLERATI IV NIT CYIVWERGING AT [ivZ =ze,F5.3,

N2830« ® SEC (PF 2e,F7,3,¢ 3GL)a/e Aty €T €njaL Tie,
02890+ FRels® (AVG 3F LAST 2 (TERATIINSIG/0 v(1) =za,
02900+ FRedse TN,@)

02910 35 FIRMATC/Z&INPUT <WALLC(OzIX T t=INT) o KIVCoLOTYOT, (QF« (RANDS,

N2920+ «(12aNNINY &)
02930 R4 FIRMAT(/aINPIST DELAY T{ME (MSEC) T3 INITIAL LIANING AFe,

n29anes « INTIRIIR wALLe,t)

02350C
22349 I ST32
029719 END

10000 SIIBRIUTINE FARCECIENTRY)

100:10C THES SUBRIUTINE INPUTS THE LIAD PARAMETERS AND DETERMIVES
10020C THE L3AD AT A GIVEN TIME FAR THE F3LLAWING L3AD TYPES:
10030C 1» IDEALIZED BLAST L3AD (FRINT 2R SIDE fFaCE)

10080C

10090 CIMMIN YI100)»Y' s YFATLS Qs 3Us AREAS ZMASSs 7KL Ms VR 15 VH20 VVI» VV2
10100 CIM43N <A WALLS<LINCo{RF+s<RAND, 15 1CASE, FiJo VFALL s FRs FPY, EM. FOY
10110 CaMM3N FDCsDCAYSLDTYPE, P, PRy PSI+PDASPC:TCs TO»P3, TIMESLL, S
10140C

10150 GITAC100,2005 300, 4)» LENTRY

10160C

10170C IVNPUT LAAD PARAME JERS

10190 100 {FIKRANDCEQ.0IRT3 102

10192 wei000 $ PIv14.7 $ CO21120.0 $ LIC=)

10194 RETURY

10196 102 PRINT 600

10200 READ, W P3,(C3,1.8C,%

10210 IFC(LACLEQ+12GATA 105

10220 PRINT 605

10230 READ,ZLEN,CD

10240 105 IF(KIVNC. 8% 1IRETURN

10250 PRINT 630

10260 READ,PSI

10270 PR22.0¢PS3¢(7,.06P3+ 4. 00¢PSAI/ (T.0ePI+PST)

1020 GOTY 215

11000C
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PROGRAM UNREINF (CONTINUED)

11010C CALCULATE L3AD PRAPERTIES F3R GIVEN PFAL PRESSURE

11030
11040
11550
11060
11070
11080
11090
11100
11110
11120
11130
11140
11150
11160
11170
11180
11190

12000C

200 GITI(205,210),L3C

205 PSAB(PR-14.0¢PFI+SIRT(196.0¢PAAFRI* 196, 06PIEPR¢PREPRII/ 6.0
GITI 215

210 PS3I=PR

215 PUI32.5¢PSAEPSI/ (T.06PI+PSI)
UsCIESART(1+00(6+04PSII/(T.0%P3))
TO246¢0+33377(2.2399+0.19%6«PS))

G3IT3¢220,° .3C

220 TCa3.0s.

PCzPSI«(1=TC/TL. ~EXP(=TC/TOI*POI«(1-TC/TO)*¢2¢EXP(-2¢TC/TO)
CD=1.0

RETURN

225 TAaZLEN/U

TA22TAZ 2.0

TA2TOsTA2/TO

PAzP S« (1« TARTOY ¢EXP(~TA2T0)+CDsPDA&(1~-TARTN)««24FEXP(~26 TA2TO)
RETURY

12010C CALCULATE L3AD

12030
12040
12050
12060
12070
12080
12090
12100
12110
12120
12130
12150
12160
t2170

300 GOT3¢(30%5,310),L2C

305 TTOsTIME/TO
IFCTIME.AT. TCYGIT2 320
PaPC+H(TC-TIME)I&(PR=-PCI/TC
RETURN

310 TTO=(TIME-TA2)/TO
IFCTIME.GT. TAYIGIT) 320
papPASTIME/TA

RETURN

320 {FC(TTO+GE.1.0)GT3a 330
PaPSA¢(i~TTO)SEXPC=TTO)+CDePDIS(1-TTO)S®26EXP(~2¢TTO)
RETURN

330 P=0

RETURN

13000C
13010C PRINT L2AD DATA

13020
13030
13040
13050
13060
t3070
13080
13090
13100
13110
13120
13130
13140
13150
13160
13170
13180

4 TF(CINC.ED.0)GITY 400
PRINT 640,LDTYPE

G3T2 410

400 PRINT 645,L0TYPF

410 CANTINUE

415 GITIC 420, 425),L3C
420 PRINT 5650

GIT? 430

425 PRINT 655

430 PRINT 640, W»P3,C)
IFCL{RANDNE.DIRETURN
GAT3( 435, 440)7,L3C

435 PRINT A65:S» TCoP=
GITA a4S

440 PRINT 670+ ZLENs TAsPA
445 PRINT 675, s TO» COsPS3,PDI
RETURN

{ 4000C

14010
14020
14060
14070

600 FARVMATC/¢INPUT WoP3+C3,L3CsSest)

6CS FORMATC(/&INPUT LsCD®,s 1)

620 FARMAT(/«INPYT PSQe,s 1)

640 FIRVMAT(/¢L3AD CANSING INCIPIEVT FAILHKE [§ AS FALL2wSse,

14071+ /5 5X,sL3AD TYPE WMBERe,[2)

1 4080

645 FIRMAT(/ePRIPERTIES 3F LIAD ACTING IV WALL ARE AS FALLIwWSse,

14081+ /5 5Xs 634D TYPE NIMBERe,12)

14090 550 FARMATI(BX, 2(FRAINT FACE)e)

14100 455 FIRMATIRX, ¢ (SIDE FACE)e)

14110 660 FIRVAT(IOXs®W 2¢,FRe 1, (T Py z9,F6.2,¢ PSI C3 s=s,
14111+ Flelse FPSe)

14120 665 FARMAT(10XsS 2e,F6elre FT TC =¢,F4.3,¢ SEC PR =e,
14121 F1.3:,¢ PSI®)

14130 470 FIRMATCIOXsoL z8,Fbetse FT TA =ze,FK.3,¢ SEC PA e,
14131+ Fledse PSEC)

14140 675 FORMATC(I10Xs%1) =26sF7as8 FPS TO =®,F6.3s¢ SEC CO ae,
tat Al FSele/s8Xs8PS3 28,F7.3s¢ PSL PO 26,F7.3,¢ PSle)

15000 ENOD
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PROGRAM UNREINF (CONTINUED)

20000

SIBRIUTINE FILLC(P3,IENTRY)

£20010C: T3MPUTES AVERAGE AIR PRESSURE IN R3I3v DUE T3 BLAST WAVE
20020Ct . NCIDENT HEAD-2V 1PN FRINT WALL.
20030C

20040
20060
29070
20080
20090
20100
20:10
20115s
20120
20125
201230
20140
20150
20160
20161
20162
20163
20164
20165
20170
20175
20180
20200

CAMMAN Y(100Y,YUs YFAIL S 52Us AREA, ZMASS, Z{LMs VH 12 VM2, VY1, VV2
COMMON <WALL»KINCs<RFsXKRANDs» 11, ICASEs FUs VFATL» FRs FPY, EMy FDY
CIMMEN FOC,D( Q) LOTYPESPEXTsPRsPS32PDA,PCHTCs TO» PA» TIVEILS S
DIMENSIAN AA(R, 2),NN(R)

LIGICAL L1,L2,L3

GOT3C10,13511), 1ENTRY

10 PRINT 700

RHPD=0.076 $ L13+FALSES

READ, ¥WENs V3

AT20S AFRONT=0S ASIDE=O

DA 18 I=i,NWIN

PRINT 1101

READ,AACTL 1)NN(1)5AACL,2)

AACL,2)2AA(1,2)/71000.0

AT=AT+AA(TI, 1)

MENNCI)S GATAC(12,14014),M9

12 AFRINTsAFRINTCAALL 1)

GIT? 18

14 ASIDESASIDE+RA(I» 1

19 CIVTINUE

AFRINTSAFRONT/ATS ASIDEsASLDE/AT

T00 FARMATC(/¢INPUT NWIN AND R02% VILUME (CFls,t)

710 FORMATC/SINPUT AREA (SO FT)H,LICATIAN CIDE & NELAY(MSEC)I*

20210+ ¢ FAR WINDAWs,[2,¢)

20230
20240
20250
20260
20270
20280
20290
20300

G31e4 S G221+/7G $ G3I=1+-G2 $ G422./G3 $ GSsG*1l.
G682.¢G/GS $ GTs(G-1+37GS

PP22,1912

CaSQRT(QePA+32.%1 44,/ RHID)
TAUs2.¢(V2e6(1.7/3.1)/C

NSTEP=4

DTsTAY/NSTEP

RETURN

20310C

20320
20330
20340
20330
20360

13 P33=pPY

TT=0.$ T3=0.

QHBIF=RHAD

L2s.FALSE. S LJ3=.FALSE.
RETURN

20370C

20380
20383
20396
20395
20400
20410
20415
20420
20430
20440
20450
20460
20470
20439
20490
20500
20510
20520
20530
20540
20550
20580
20570
20600
20610
20620
20630
20640
20650
20660
20670

1t IF(LI)GATY S2
IF(L2+AL3YG2TO 9

S2 DDT=C(TIME-T3)*0.5
1STIPaR

$3 IFCDDT.LT.DT?G3T? S1
S50 DDT=0.SeDOT
ISTAP=2% I STAP

G T3 S3

St CANTINUE

00 99 I=1,1ST3P
TT=TA+ (s DDT
IFCTT+GT.TOIG3 TI 99
DM=0+ $ WW20e. $ w20
09 S00 <=1,NWIN

MENN(K?) $ DLYSAA(,2)+0.0000901
IFC(OLY.GE.TTIGA T3 S00
GBTA(1S5,1601630

15 COFe}.0
IFC(TT=-TC)20,20, 21

20 PI1s(TC-TTI*(PR~-PCI/TCePC
Pl112PliePO

G T3 30

16 COFz-0. 4

21 R2TT/70 $ RR=1.-R
PO3PDICRRERREEXP(~2.¢R)
PSaPSGeRREEXR(-R)
P1i3PS*CDFePD
PlisPlley@

30 FRM31sRNAJe((P1/P3)0eGR)
IF(P11-P33)236536,37

36 ISINa-t
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PROGRAM UNREINF (CONTINUED)

20680 L2=+TRUE,

20770 303 pP2=Pi1

20780 RH22x((P2/P3JV166G2)ORHIII

20790 Xa2P33/RHAII

20800 G3 T2 38

20810 37 .JSIGNae)

20820 306 P2=PP2eP||]

20830 RHA23((P2/P11)4«G2)&RHD |

20840 xsP11/RHIL

20850 33 U222G46(X-P2/RHA2)#32.%] 44,

20860 1F(U22Y40, 39,39

20870 40 PRINT»®1)22 NEGATIVE&,U22

20880 STAP

20890 39 U2s3QRT(U22)«j5IGN

20900 DD9=21/26 RHA2«AA(K, 13«DDT

20910 Dv=0v+DDY

20920 WWaWwePL1aDDY/CGIERHIL)

20930 500 CONTIVUE

20940 PIV=P3IF+(G-1.)eWW/ VI

20950 RHA32=RHAIB+0M/7V3

20960 99 CANTINUE

20970 T3=TT

20930 P3=P33-P2

20982 IF(TIME.GE. TCIL 3=+ TRUE.

20983 RETHRN

20984 9 RaTIME/TO § RR31.0-R

20985 PD=PDIERRERREEXP(-2.0¢R)

20985 PS=PSISRREEXP(-R)

20987 PI=PSePDE(AFRINT-0.4¢ASINF)

20990 999 RETURN

21020 END

30000 SUBRBUTIVE RESIST (IENTRY)

300t0C

30020C: THIS SUBRIUTINE DETZR%W'VES THE RESISTANCE FUNCTIAN FIR aN
30030C: UNREINFARCED MASINRY WALL WITH IR WITH3UT JIPEVNINGS. CaseEs
30040C:s 1-4 ARE TwWwl=WAY WALLS ANT TASES S5-7 ARE ANE-WAY WALLS
300SnC

30060 CAMMIAN Y1003, YUs YFALIL»NsNUs ARE.Ls ZMASSs 24L 1, V1o VH2s YW, VV2
30070 CIWMIN LWALL L INCr»<RF»<{RAYDs 15 ICASEsFUs VFAIL» FRs FPY, £, FDY
30080 CIMMAN FOC,» DAY, L. DTYPE, PEXTSPFsPSAsPDIPCsTCoTOs PA,TIVME,L, S
30085 CAIMMIN /RAND/ TIMEC, I wALL

30090 REAL 19420430 IDsNs ICHICTITI I Go£C15€42» £ {32 M¥, MPR,UPRS)
30100 REAL A S»rLFr<LFPa<EN, 1'sMY

30110C

30120 GITACS, 500, 24A2)» LENTRY

30130C

30140C: IVPUT WALL PARAMETERS

30150 S WRITEC(1, 60D

30160 READS 2L Ve ZLHs TWwePVe o F2 ICASE, ZL Vins 2L Wo GA4YA

30170 WRITZ(1.,670)

3018CC

30190Cs DOSTERMINE ZLASTIC DEFLECTIIN AND MIMINT CIEFFICIENTS 73R
30200C: Twi-WAY WALLS WITHIYT INPLANE FIRCES

30205 1waLL=}

30210 Rs2LH/ZLYV

30220 ALPz1.9)/% ALP2z4L PeaLP

30233 IF(ICASE.LE.4)GIT2 1}

30240 2=)$ ALPz0$ ALP220

30250 11 AwALL=ZLVeZLY

30260 AWiN3ZL VWelLHY

30270 AREAzAwALL-AWIN

30280 24ASS3IGAMMASARFASTW/ (3]6.07¢1728.0)

30290 R=z0.5e(ALPESART(I. N ALP2Y-ALP2)

30300 1G2Twee3/12.0

30310 CALL CIEF (ICASEsRsASS,AESsAFIRF1G 2L Ve ZLHsP VNN, CFe Es 1)
30320 CALL TRAVS (By 2L Vs Te.Hs ICASES 00 24€LMs ZALMSE» 7LLMF T, 2AL P, VT S
30330¢  VH2S, VVIS, VV2Se VHIF2UH2Fs VVIF» VV2F s VHIP» VH2P, VVI P, VV29)
30340C

30350s DETERMINE MIDIFICATIIV FACTIR FIR wALL WITH WINDIWS
30360C

30370 290 MR T=1.0

30390 [F(AWINNF.OICALL WIVDIW COMWL T2 2L Vo ZLMHs ZL VI ZLH WA NI N, Awal L s
30331 Rs [ CASE)

303%0 WRATE(1, 6202 1CASE, 7LV, 2LHIALP TWe FRy Ea P Vo GAMMA, ZL VNS ZLH W QW AT
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PROGRAM UNREINF (CONTINUED)

30410 RETURN

J0420C

30430Ct DETERMINE ™MAXIMUM RESISTANCE DURING DECAYING PHASE
30440C

30450 262 MMa(FRePV/ TWISTWETW/ 6.0

30460 WaZL VeTWwe GAMMAZ 1 728.0)

30470 IF(ICASE«GT. )T 274

30480 QEZERIz 1206 TWs(2:.06PVeWIS(1.N+0.5¢ALP2,/ B/ (ZLVEZLYVS(3-248))
30490 GATA 279

30500 278 QEZERI=B.0¢Twa(PVe0 25 W)/ (ZLVeIL V)

30510 279 CANTINUE

30520 YFAIL=TW

30530 XEQ=9EZERI/TW

30540C

30550Cs OETERMINE MAXIMYUYM RESISTANCE DURING INITIAL (FLEXURALY) PHASE

30560 QUavM/(BSSeZLVSILVY)
30570 <S3EsIG/(ASSF¥ZLVEEA)
30580 YU=QU/XS

30590 IFC(ICASE«EQ.1+0Re ICASE«ERS5)GITE 280
30600C

30510Ct CASES 2,3, 4
30627 QlsvMM/(BFeZLVSILY)
30630 KF3E*I G/ CAFs2ZLVee Q)
30640 YI=Q1/KF

30650 KEP=(QU=-01)/7(YU~Y1)
30660 GAT2 280

30670C

30680Ct DETERMINE WHETHER SENDING 2R EQUILISRIYM RESISTANCE IS LARGER
30690C

30700 280 IF(QU.LE.QEZERIIGITI 285

30710C

30720C: QU»QEZER]

36730 Y2sYU

30740 Q92:QEZERS¢(1.0-YU/TW)

30750 GT3 295

30760C

30770Cs  JEZERI>»>QU

300 285 Y23QEZERI/Z(LS+<EQ)

30790 Q2»(Sey2

30800 295 CANTINUE

30810C

30820C:s “3ADIFY RESISTANCE VALUES BY APPREPRIATE FACTIR
30830 310 Q1=Q1eqMULT

30840 N22Q2¢MULT

30850 QUsJUSQMULT

30860 KSaCSEMULTS AFa(FeQUIR TS <EPXEP*OMULTS <EQs<EQeOMLT
308 70C

30880C: QJUTPUT LIAD-DEFLECTIAN CURVE
30890 IF(CRANG.EQ. 1YGITE 325

30900 PRINT 650

30910 IF(ICASE-EQ.1.3R.ICASEERSIGITA 320
30920 WRITEC1,660)31,Y1

30930 320 XXXXX30.0

30940 WRITEC1,660)QUsY11» 32, Y2» XXXXX» YFAIL
30950 325 RETURN

30960C

30970C: DETERMINE THKE RESISTANCE (PER UNIT AREA) 2F THE WwWALL AS
30980C: A FINCTIAN oF YD)

30990C

31000 500 IFCY(1).HT.Y2)GITE S20

+100S IFCY(1)eGT.YUIGATA 502

35010 GATIC(S02, 510, 5105 59105 5025510, 510%» I CASE
31020C

31030Cs ELASTIC: PHASE -~ CASE |

31040 3502 Qav(l)dexs

31050 505 ZxXLMaZXL4SE

31060 VHIsVHISS VM2aVH2S

31070 VVieVvViSS vv2svy2S

31080 RETURN

3t1090C

31100 S10 1F(YC1).GTev)2GITD SIS

31110C

31120Cs ELASTIC PHASE -- CASES 2,304
31130 gsy(liexF
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PROGRAM UNREINF (CONTIMUED)

31140 7KLM3ZLLMFE

31150 VHIsVHIFS VH2aVH2F

31160 VVISVVIF$S yy2syy2F

31170 RETURN

3t1180C

31190Ct «ELASTI-PLASTICe »HASE (CTASES 2,3, 4)

31200 S1S5 0301+KEPe(Y(1)-Y1)

31210 G3ATI 505

31220C

31230C: SECINDARY CEQUILIBRIUM) PHASE

31240 S20 [F(Y(I)sGT-TWIGRTI 525

31250 9=LEQe(Tw-Y([))

31250 zZKLM=ILLP

1270 VH1zVHIPS VH2avH2P

31280 VVIsVVIPS Vv23vy2P

31290 RETURN

31300C

31310C: WALL COLLAPSED =-=- V3 RESISTANCE (T3 AVIIO DIFFICIRTICS
31320Ct F3AR CERTAIN CASES SCT QESISTANCE €7UAL T3 VERY SMALL VAL UE)
31330 525 Q=1E-10

31340 RETYRN

31350C

31360C

S1370 600 FARMAT(/SINPUT LVaLMHs TWePVrEs "Ry ICASEsLVLHY GAMYASE)
31330 620 FARMATI/ewALL PRIPERTIES ==~ SHPPIRT TYPI Ndeesl2/
31390+ & LV 7¢,F6else IV LY z¢,F6elsd IN LV/LH =,
31400¢ F7.2/¢ Tw 3€9Fbelse IN, FR za,FT7e1s% PSle,SX,
31410+ & £ 36,F10e1se PSle/e by z8,F6else LAV 5K,

31420+ &GAMMA 20,F6.1,¢ PCFe, /7,8 LYW 36,F6else [N, Ldw 36,
31425+ Féeloe [Ne OMULT 2%,F6.3)

31430 650 FAIRMAT(/eLIAD-DEFLECTIIN CURVE®:/, 3%, 82 (PSI)e,8Xs0Y (IN.)e)
31450 6450 FIRMATI(FI.2,F12.4)

31460 670 FARMATCIH )

31480C

31490 END

40000 SUBRAUTINE CIAEFCICASE, A, ASS»RES,AFL HF s[5 2L Vo ZLHs PV, VX CF,
40010+ E» IENTRY)

40020Ct THIS SUBRIUTINE NETERMINES MIVENT AND DEFLECTIAN CAEFFICIENTS
40030C: FIR ANE~WAY (CASES S-~7) AND Twi-wAYy (CASES 1-4) WALLS

40040C

40050 REAL 1,4PR,MPRSN,NI)

40060 IFCIENTRY.FN.2)/3TY 200

40070 NX=1

40080 IFC({CASE. GT. AY(3IT) SO

49090C

40100 R22ReR

40110 R3zReR2

40129 RAzQ2eQ2

401390 ASS3-.007030¢+013990¢R-.003256¢R2+.0002R6*R3
40140 BSS==+ 0583324+ 13931 4%R~«0356094R2¢,003016¢R3
40150 B GATAC 41,20, 30, 40), ICA3E

40160C

40170Cs CASE 2« FIXZD IV FIYR SIDES
40189 20 NXs3

40190 AF3-+0034304+907327¢R~.NO0IIAS* R+ .0006646¢R3-.00004766¢R4
40200 BF3-.101150+¢250875¢R=,138992¢R2+¢.034677¢R3-.004016eR4a
40210+ ++N001 0eQ0e5

40220 CFaeelAT44.35548R=0 1 T1 48R2¢.0286¢33

40230 GITI &t

40240C

40250C: CASE 3. FIXED IN SHART SIDES, SIMPLY SUPPIRTED IV L3ANG SIDES
40260 30 NXz4

40270 AF2.004513-.017525¢0+.023095¢12-.010325¢R3+.00218 71¢R4
40280+ -.0002208eRee¢S & .0000CR4N%eRee 4

40290 AF3+.122149¢.313445¢08=.1539799R2¢.0361720323-.,004015¢R4
40300+ +.00016460ReeS

40310 CF22.1953- 7. 756402+ 108376012~ 7.2495#R3+ 2. 3448
40320+ ~e2954aReeS5

40330 ATy a4

40349C

40350C:t CASE a. SivPLY SUPPIRTED IV SHIRT SIDESs FIXED 3V LING SIOES
40360 40 NX=2)

40370 AF8-.002765*.0086520R-.0056986R2+.001823¢R3-.0002859*R4
40380+ +.00001739¢Ree$
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PROGRAM UNREINF (CONTINUED)

T
~

B 40390 BF2-,060320+.256515¢R=+1 15648%R2« S H284R3~.00922 78R4
' 40400+  ++000569¢ReeS
40410 CFuS.898 T8R=14¢ 6669~ T+93988R2+ Se 31 426 R2A= 1+ T6234RA%+ 231 FREES

L A R T e

! 40420C
40430 M IF(ReGT+2+0)CF=1:0712+0
40440 IF(PV.EQ«0IRETURN
40450 ARATIO=AF/ASSS BRATIO=zRF/ASS
40460 BF3a2BFS CFO=CF
40470 G713 220
40480C

40490 S0 IF(PV.NE.0)GT3 300
40500Ct CASE S« GVE-WAY SIMPLY SUPPARTED WALL

40510 ASS35.0/384+0

-4 40520 4sS20.125

3 40530 GATA(270: 2705 2705 2705 2705 60» 70 » LCASE
= 40545C

40550Cs CASE 6« ANE-WAY FIXx: D END WALL
40560 60 AF21.0/7384.0

40570 BF21.0/12.0
3 , 40580 CF%1.0/12.0
28 40590 NX=3
E 40600 RETURN
£ 40610C

40620C: CASE 7. ONE-WAY PRIAZAPED CAVTILEVER WALL
40630 70 AF=1.07185.0

40640 BF=0.125
40650 CF=0+125
40660 NXx=3
40670 RETURN
3 40680C
=, 40690 200 IFCICASE«GT.4)G3T3 300

[ 40700Cs DETERMINE ELASTIC DEFLECTIONV AND MIMENT CAEFFICLENT FOR
3 40710C: TWA-WAY WALL WITH INPLANE FARCES
3 40720 220 PI23.14159165

40730 NU=0e
2 40 740 PEs4.NepPleplafel/(ZLVeLVe(].0=dUNI)))
4 40750 Bv=0
=3 40760 230 Ayz0
3 40770 PPE=PY/PE
- 40780 TERMG6= 4. NPl ¢P L ¢ReSQRT(PPE)
407902
= 40800Cs SERIES S3aLUTI3N USED TO DETERMINE CAEFFICIENTS
= 40810 D3 2SO0 %=1, 72
= 40820 WPRaMeP]eQ
£ 408230 MPRSQuVPRee2
4 40840 MSQEMPRSQ* 2. 0¢4PRaP[¢SHIRT(PPE)
& 40850 EMSJI8MPRSQ=2.0¢4PRePI ¢ SQRT(PPE)
5 40860 TERMSaMeUPRSQE (MPRSQ-4. 08P ¢PlaPPE)
E 40270 CISH G220 S* (EXP (0. S¢SQRTC QNS I+ EXP( -0+ SESERTCAMSD)))
& 4c880 IFCEMSA.LT.0)G3TA 240
40890 CISHEM280. 5S¢ (EXP(0« 5eSPRTCEMSAI I+ EXP( =04 SESQRTCEMSA) )
40900 GATI 245

40910 240 CASHEM22C3S( 0. S¢SQRT(~EMST))
409290 245 AVIAYe (10 (EMSYV/ CISH M2~ GMSH/CASHEM2) 7 (Mo TERME) )
40930+ e(-1)80((M=-13/2)/TER1S

40940 BVaBYe (PRS0 (GUSQO (NUSEMSI~WPRSF) /CISHEM2-EVSQ* (NUs Q45T
40950+ ~MPRSQI/ZCASHM2) /(MO TFRM6)I IS ~1) 08 ((M~1)/2)/TERMS
40960 250  CANTINUE
£ 409 70C
3 40980Ct CASE 1
5 40999 AVSSeAVe(].0-NUsVyISRA?A.0/PL
41000 BVSSsBVeRZe 4. 0/P1
3 41010 IFCICASE.EQ. 1Y @TI 240
E 41020C
- 41030Cs  CASL. s J» AND 4
41060 AVFaAVSSeARATID
41050 BVFsRYSSeBRATI3
41060 CFsCF@eBVF/8F)
41070 259 AFs=AVF
21040 8F=HVF
41090 260 ASS=AVSS
41100 85Se8ySS

41110 270 RETYRN
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PROGRAM UNREINF (CONTINUED)

4 120C
41130C: JNE-4WAY WALLS
41140 300 ElPV=E«l/PV

41150 Y=ZLV/SARTCELPV)

41160 J2=0. 54y

41170 TERMI=1.,0/C2SC112)=-1.0

41180C

411902 CASE S. INE-WAY SIMPLY SUPPIRTED WALL
41200 BSS3TERM!/Us4&2

41210 ASS=(BSS~0.125)/yss2

41220 GAT3(270,270, 270,270,270, 310, 320)» [CASE
41230C

41240Ct CASE 6. QVNE-wWAY FIXED END WALL
41250 310 Nx=3

a1260 BF2(1.0-U2/TANCZ) Y/ ynel
412170 AFs=-BF4RSS+ASS

41280 RETUN

41290C

41300C: CASE 7. INE-WAY PRIPPCEH CANTILEVER wALL
41310 320 NXx=3

41320 AFs TANUD $CTANCUZ) =U2) /7 (e CTANC(YI =241 )

41130 AF=(BF &0« S¢SINCU2)/TAN(YI - CASCUZY I = C(STNCH2) /7 TANCU)

41340+ ~CASCY2I=KINCU2I/QINCYI ¢ Q0 | 2560116 1 o 0) /10 e2) 7 Je e 2
41350 RETURN

41340 993 END

50000 SUBRYVITINE TRANS (Ro ZL Vs 2L+ ICASEs {RALH Z4L 15 £{LMSE» LALMFE,
50010+ TALMP, VL1 S» VL 25 YSE S VS2S VL IK» VL 2F» VSIF» VE2F» YL IP) WL 2Ps
5N020¢ VS1P,yS2P)

50030C

S0040C: THIS SHUSBRIUTINE DITERMIVES LZAD AVD 4SS TRANSEAIYALIIN FACTARS
S0050C: aND DYNA¥IC REACTIIN CITFFICIFENTS FIR Twi-way wiLlS.

50060C

SC0T0C: DETERMINE L3AD AND YASS TRAVSFIRMATIAN FACTIRS

50040 B2=8+89
59690 B832R«A2
50100 R4sH2eR2
50110 85182«R3
59120 R5293¢8)
50130C

S0140Ct CASES 1 % 5 =~ ELASTIC RANGE
SC150 330 Z«AMSE1320.43«B3«(1:/12.-82/7.5¢73/21+84/14-85/18+86/90)

50160 Z4MSE2204 5038-0. 70 66«8

50t 710 ZLLSE1=6. 4¢828( 1. '6:«82/10.+837/30.)

SO1IR0 T4L.SE220+64-0.8134¢3

50190 BARSI2Be(14/12-82/1%5.+R3/742:3/(1.76+4=82710++R3730+)
50200 RARS23( (e 127083-0+194524+317(0. 4~0. 508323¢3)
50210 ZLMSERTC4SEL ¢ 2{4SE2

50220 Z4L SExZLL SF1+Z4LSRE2

50230 IF(<{RAL.EN.11GIT3 335

50:40C: CRACK PATTERN A

50250 CvS=D. 58

S0260 CWx0.5«C*.0~8"

50270 XP37L4«3/3.0

50210 XBARS=IARS) «7LH

SN230 TPILVE{140-440¢83/3.0)1/Ca.06C1.0-W))

50300 TLARSzAARS2«ILY

50310 XRA P20 S*RsTLH

50320 TBARP=2 2L YE(14/280-T9/1K4)7(1>/8.-876h¢)

50330 £T3 338

S0340C: CRACK °ATI"N 8
50350 335 CVS=0e5¢’1,0-3)

50360 CW=20.5¢8

50370 APAZLH e (10-3400373,0)7. 40081 1.0-9))
503490 XBARS=BLRS2¢ 7L Y

%0390 ZP=7Lye ' 3.0

S0 400 23ARS28 ¢St eZLy

<0ato0 XBARPEZLHE(1./24:-3/16)7C1e/8.-8740)
30 420 ZHARN: e SeJeZLY

504230 338  Z<4LV3IF=2ZAMSE, ZKLSF

5N 4aa0 T4LM=2KLMSE

50250 (ITA¢390» 340s» 335G» 3605 350» 340, 470Y, [ CASE
<Ua60C

SCAINCs CASES 25 3s 4 4 =< ELSTIC RANGE
50480 357 TF((RALFIIIRITY A4S
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PROGRAM UNREINF (CONTINUED)

50490 G373 340

50500 360 1F({RALFN.0YGITI 365

50510Cs CASES 24, 2R, 3A, 48, & 6

50520 340 Z<MFE12512.067358(140/30.-8/10+"73.&02/28.-R3/18.+34/30.)

50530 ZALFE1232.06830{1./12.-8/10.°832/30.)
50540 BARF1288(+e05-8/15¢8B2742¢)°(1e/712.-B/10.+82730.)
50550 GITICI70+ 365+ 370,370+ 370+ 36%)»1CASE

S0560Ct CASES 24, 28, 38, 44, ¢ 6
50570 365 724MFE230.4065-0¢A144¢83

50590 Z4LFE230.5344-0. 7323¢8
50390 QARF22(+ 091 667-¢138095¢R) /(266 ~T~.246K57eR)
50600 GIT3I375» 3653755375, 375»36%), 1CASE

50610Ct CASES 24 & 28

S0620 368 ZAMFEsZLMFE)+7{MFE2
50030 ZKLFEaZ4LFEL ¢ 24LFE2
50640 T3 380

S0550Cs CASES 3A 4 48

S0660 370 ZKMFE=z2LMFE]+72<USER
50670 ZLLFESZLLFEL1+ 2K SE2
50630 RT3 230

50690Ct CASES 38, 4As & 6
50700 375 ZLMFEx2{MSE1+2<FE2

soNno ILLFEsZALSEteZ4ALFE2
50720 330 Z4LMFESZLMFE/ZLLFE
50730 ZALM2ZLLMFE

50740 G3aT3 390

501750Ct CASE 7

50760 470 ZLLVFEs0.73

S0170C

S0780Cs ALL CASES -~ PLASTIC RANGK
50790 390 24X4vP=a(1.0-8)/3.0

S0%00 24LP20.5-8/3.0
50910 ZALMPaZLMP/ 2LLP
S0820C
S0830C

S0R40Ct DETERMINE DYYAVMIC REACTIAN C3F °"CIENTT F3R SH3RT (VS) AND
S0850C: LANG (W) FOGES

50860C

%0870 IFCICASE.LT.5)GAT3 395
50880 XBARS=21E-108% SARFI=1£-108 XBARP21E-10
SOR90 395 CINTINUE

50900 G3TIC 450, A00, 400, 420, 450, 400, 445), ICASE
50910 4N0 IF(LRA<.LJ.1)YG3TA 410
50920 XBARF2BARFteZLM

50930 {FCICASE«ER.3)GIT3 430
5094C 40S ZBARFIBARF2e7LV

50950 RT3 440

S0960 410 XRARF=3ARF2e?LH

50970 IFCICASE+FQ«2)GITY 435
SN9%0 415 ZBARF=RARFieZLv

50990 T3 440

S1000 420 IF(KRA<.EQ.1:@TI 425
St101¢ XBARFaBARSISZLH

51020 AT2 405

S1030 425 XBARFsRARS262LH

51040 GAT3 4t1S

S1050 430 ~RARF=AARS2e7LV

51060 w13 440

51070 A, © \RF¥BARS1eZLY

S1080 440 (INTINUE

510%0C

S1100Cs CASES 2, 3 4 & 6 -~ ELASTIC RANGE
S1110 VS1FaCVS*(1.0-XP/XBARF)
51120 VE2F=CVSe (XP/XBARF)
St130 WIFsCW ¢(1.0-ZP/2RARF)
S5t140 VW 2FsCW e (: P/72BARF)
51150 VS1=VSIF

5160 WWisViIF

170 MTI asSn

Sti80C

51190Ct CASE 7 -- ELAST!C RANGE
S1200 445 vSiFe0

si12t0 vSie0

S1220 VLiF20.459
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51230
91240
51250C
51260C
51270
51230
51296
51300
51310
51320
51330
51340C
51350C
51360
513170
21380
511390
51400
Sta10
60092
6001 0C
50020C
60039C
60035
60040
60050
60049
60070
60080
60090
60100
60110C
60120C
60130C
601 40
60150
501460
40170C
60130C
6G190
6C200¢
60210
60220
60230
60240C
60250C
60260
60270
69289
7000Q
70010C
T0u20C
mnecanc
700a0C
70059
060
790 10
70039
79399
70100C
701108
79120
70130
70140
70150C
79140
0170
10130C
70190
70200
70219
73220
70230
70240

PROGRAM UNREINF (CONTINUED)

= athet Ty adn o el ‘5,535, £ 3o SUNERY, SSi L SXO s

«

VLIZWIEF
VL2F=20.165

t CASE § & S5 -~
450

FLASTIC RANGE
VSISsTyRe(1.0-XP/X3ARS)

VE283CVee (XP/ XAARS)
VL1S3CVL*(1.0-2P/7BARS)
VL2SsCVL & (?P/ ZRARS)

GATAC 455, 460, 460, £A0, 455, 460, 460)» 1CASE
A EIS B3

VLizwL1S

ASS

t ALL CASZS ~= PLASTIC RANGE
4450  VE1PaLVSe(].0-P/XBARP)
VS2P=CVSe(XP/XBARP)
\L1P2CW.#(1.)-2P/73ARP)
VL2PsCVL & ( 7P/ 7RARP)
RET'IRN
END
SUYBRIUTINE WINDIWCOMIL To ZL V2 ZLHs ZL VW ZLH % AWI Vs AwALLS X- ICASE)

t THLS SURRAUTINE DETERMINES THE SIRUCTIRAL
¢ MIDIFICATIIN FACTIR FAR WALLS wWiTHd wlvDIwS
IFCICASE«GT+ 4+AND« [ CASE«NE«10)GAT) 320
RWWSsIL VW/ZLY

RUWL 2L HW/ ILH

RARFAzAWIN/AWALL

IF(RLE«1+5) (AT 300
[F(RWAS«GT«0e D ITI 300
IF(RWWL«LT+0¢5)GITA 300
IF(RWWNS.ENRWWL)Y BT 300

¢ CASFE wHERE LV/LH >z (¢S5 LYWLV <= 0.7

1t (30T LywLy NIT E9AL T3 LWL

MU T3=5.35A261=12.66440IQARFA+ 4. 376420 WhnS+0e R A5 A0 wial
~0s2238R=1e0T7269« (2L VR/ 7L HW)480.9¢ 6399420 EXP(RAREA)

GATI 315

AND LHWLH >2 0.5

t  CASE WHERE INE 2] M3IRE IF ABIVE CANDITIANG IS NIT 4ET

300 UL T20662022-2,23415¢RARCACE(RWW. €0 A)=0. TRASHI ORI WL *02
=242T76630RAW.+V. 625220 RWWL/RAREASS(; ]
*2463043¢ZXP(RAREA)I=0.NT263¢Rww3

315 CAINTIVUE

RETURN

AVNE~wWAY ACTIIN wALLS

320 ML TsCAWALL=2LVe2LHW)Z (AWALL~AWE V)

RETIIN

END

SURRAYTINE RANDI4 ([ENT"RY)

THIS SUBRIYTINEG (NPITR MEAY AvD STANNARN DEVIAT ™ INE FIR QANGIM
VATAR_ES) AENERATES RANDIV VALYESE  ANH CINTRILS EI)12CEH
NIUMAER IF CASES T. 8 N3 AN 3YTPATS FINAL RESIL TS 4V SH4MMARY

CIMMIN Y2100) 70 YFATL 0 Y0 s AREA, 2MASSs Z4L My Vs VM2, VY1 VV2
C2¥MIN 7 7ALL»<INCo €R5, (A3 I [+ 1 CASIs File VFAIL Y FRY FRYM, £%y FNY

CIMM3IY FOCsDC RIS LDTYRPE s PEXToFs»S3s20)e PCoTCr TOLP3s TIVSsL §
CIMM1 1§ /RAWD/ TIMECH 1 4ALL

DUAENSTIIN CHI25C DL CHIITC( DI THISTCTD

VAL IS F32 97.9% (F219,24,29534, 39, 44,5 47)
DATA CH1257¢ 426835691670 ¢535330 073232 00A 2% ¢ AZHTr « 6430/
D" 4 CHIFTS/ 172350 1540201057665 1023201449030 1457101+47317
DATA TOIST/2.093+s2:¢064:2:048502¢732+2+02212:016524010/

GITICS5 50 1) 1SNTOY

S XD MAYzXNIRMI (=140, 0% 1.0)
INLTIALEZ= RAVIIM N M3CR GENERATIR
PRINTS 75 * TNDHT NIANNE,
READ,NRAN)
07 A7 l=1.NRAN)
O =XNIM 1 (D NeNeNs 1403
CANTIVIE
(NIK20S

a?

$28320% <52<¥1=0
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PROGRAM UNRE1NF {(COMTINUED)

0250
70260C
1021C
79230
70290
70300
70310C
79320
70330
70340
70350
70340C
703710
70380
70390
70400
10460C
70470C
70430
70490
70500
70510
70520
705390
70540
70550
70555
70535
70590
10600
70610
70620
70630C
70640
70650
70660C
70670C
706%0
70690
70700
10710
1070
70740
70750C
70760C
10779
70780
73130
15300
70810C
19820
70830C
70840
T0850C
TORAOC
703712C
70330C
70490
13900C
70910
70920C
10930C
70940
10950C
70960C
709 70C
10980C
70990,
71000C
71010
71020
71030
71040
11950

ICHEC<s29)

INPUT WEAN AND STANDARD DEVIATIIV FIR RANDIY VARIABLES
PRINT 87
READ» SYEAN, T§D
GITAC1UL 20D v (WAL L
UNREINFAIRCED v+ .S #ITHIUT ARCHING
10 PRINT 44
READFRUENY + 3D
PRINT 94
RETURN
UNREIVFARCED WA LS 1.4 ARCHING
20 PRINT 8/>
READ, FEMAEAN, FPYSH
PRINT 95
RETURN

GENERATE RANOAM VALUZS

50 GITA(S2, SM),IwaLL

$2 FRsXNARMI(0.0, FRUEAN,FRSD)
LF(FR.LF.0YGATI S2
G3IT3 S8’

54 FPUaXNIRMI (0600 FPUMEAN, FPUSD)
tF(FPY.LZ.016G3T3 Sa

55 ALPHA2XYIR%1(040s1¢00043)
IFCALPHAL Te0e Qe 2. ALPHA. (T 16)GITI S5
E¥21000.0¢ALPHASFPY

S8 IF(SYEAN.EDQ.0)G3ITY 65

60 S3XNIRM1(J«0, SMEAN, SSD)
IF(S.LE.Q)GITY 60

65 INDEXaIVDEXe]
RETURN

SUM VALUES 3F PS3 AND PS3ee2 FIR USE IV STATISTICAL ANVALYSIS

70 SPSAaSPS3+PS2
SSPSJ3xSSPSA+PSAePSE

AUTPUT FIVAL RESWTS
GATA¢ 72, T4), I WALL

72 PRINT 90,FRsS»PS3Is TIVEC
T3 %0

T4 PRINT 91,FPY, EM2 S, P53, TIMEC
G T R0

80 IFCINDEX.L T« ICHECK)IRETURN

DETERMINE MEAN, STANDARD DEVIATIAN, AND STANDARND ERR3R F23 PS2
TN3=INDEX
Z4EAN=z €D 83/ 7Y
SD2SIRTCCSSPSA=INI«ZUMEANSTMEANDI /2N D)
STDERR=SD/C(SIRT(ZNI-1))

CHECA IF vaxXIvyv 3F S50 PS3 SAMPLES 3BTAINED
IFCINDEX.EN.5NYG3TY 62

CHECK [F 95T CAIVFIDENCE INTERIVAL FIR MEAN PS3 vaLuE (S
IF(STDERRCTDIST CINDEX-15)/5)/24EaNGY+0.10)GITI 61

CINFIDENCFE INTERVAL IS WITHIN 10T == DETERMINE UYPPER LIMIT 2F

95T CAINFIDEVCE INTERVAL F3R STAVDARD DEVIATIAN

PRANARILITY VALUF AND LTS 958 CANFIDENCE INTERVAL UPPER LIVIT

62 SOYRSD/C(SIRT(CHI2SCCLINDEX=1527%9)))

CHECK 1F vaxivypd 3F SO0 PS) SAMPLES IRTAINFD
IFCINDEX.E0.50)69T2 S3

CHECK 1F yPorR vALUE IF 95T CINFIDENCE INTERVAL FIR STANDARD

DEVIATIAN IS wITHIN 0+106¢MEAN 3F THE STANDARD DEVIATIIN
TFCCCSDI'-SDI/?7MEANY. GT. 0. 10) GATA 61

951 CANFIDENCE INTERVAL IS WITHIN 102 FAR BITH vMEAN AVD 902
PRABAHILITY VALUR -- TUEREFAIRE SUFFICIENT SAMPLES 2J8TAINED
DETERMINE 952 CINFINENCE INTARVALS FIR vMEAN, STAIDARD DEVIATIAN

AND 10T AND 90T PRISABILITY VALUES

53 ZMEANL = ZMEAV~STDERRETDI STCCINDEX=15)75)
ZMEANUEZMEANS STOERR®*TDISTCCINDEX~15Y/5)
SM.2SDZ7CSARTICHIITSICINDEX-15)/5)))
IV N2 2MFAN-1.282¢SD
P OL=TMEAN-1.202¢5DU
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PROGRAM UNREINF (CONTINUED)

71060 P10z 2ME AN 24 26 SOL

71070 2303 IMFANS 1.2826C0)

71080 PIOLZZMEANC |, 2828 iR,

T1090 PY0=2MCANS 1. 282¢8D

71100 2901)27¥CANe | 2326 Q1))

71110 PIOUS ZUEAN+ ] o ¥4 2€ 8

71120C

711130C YUTPHT STATISTICAL PARAMETSRS AF [NCIPLIENT CILAWSES 2REEE L
71140 PRINT 100, 74724, 2UTANL » PMEQANUS SO SNL SN @132 PEIL C10U,
T11>0¢ PY0,PIL»PIIY

71160 PRANT 105 VO STHFERR

71170 GITY I99

71180C

71190C 952 CINFIDRNCE INTERVAL 1€ VAT WITHIN 102 FAIR 8374 vSa¥ AND 99
712909

71210C VALIES =-- THEREFIRE A13TFald 5 AINI{. INAL SAMPLES

71220 61 1CHECK2{CHECLC*S

71230 RETURY

71240C

71290 34 FIRMAT(/¢1VPUT MEAN AND STAVDARD DEVIATIIN FIR Fue,t)
71260 &S FIRMAT(/«¢INPYT ¥MEAN AVA STAVDARYD DEVIATIIN FIR F'Me, )
71241 K7 FARMAT(/«INPIT wFAN AvyD STAVDAKD DEVIATIIN FI2 S, 1)
T1290 90 FARMATI(FI2,F11.2,F10:2,F14.)

71300 91 FIRMATIFIe1sFI9 1, F12:.2,F1062.F14e )

71320 94 FIRMAT(///74 5%, aFRe, LOX» 4 SesHY s 8PSI8, 6XpeCILLAIPCE TIVES)
71330 95 FARVATC//7,5%s sFPYe, 1 1Xs 8EVe, 12X, 2S¢, 3, sPT )0, 41,

71 340¢ «CILLAPSE TlvEe)
713460 1N0 FIRMAT(///,11%X,*STATISTICAL PRIPERTIFAS IF INCIPIFNT P&,
71370¢ 775 39%s 8358 CANFEDENCE LIMITSe, /5 TX, I TEM®, XX,

713390+ e yaL e LIWER IPBERE, 7/ 0 MEANS, F20,2,
7130+ PF1242s/770¢ STAMDARD DEVIATIING,F15:2,25172.2, /7,

71400¢ e« 102 PRIAASILITY VALUNE, 3F12:20770

T1410¢ « 907 PRIRABILITY VAL:JR«, AF12.2)

71420 105 FARMAT(/ /5 a0 Vi 143E% IF IQASCIVATEING =%, 13075 SY

T1 430¢ «STAYIARD SRR ze, FH.2)

71 440C

71450 999 STAPS END

71460 FUNCTIAN XNARMI(X, 4, R)

11470 1F(X)10020,20

71480 10 X03RAVEC(-1.0)

T 490 20 X13RANF(0.D)

71500 X2:RANF(0.0)

71510 Y3S5RTC-2.06ALIG(X1)I(CAS(H.2RI 1T 4eX2))
71520 XN3RVIwAeye3

71530 RZTURY

71540 £\D

ADDITISBN T3 PROGRAM LNREINF TO INCLUDE LOAD TYPES 2 «/(ROUGH St

12nanG Pe TRLAN A 9 2 %A
10950C e STE2 248

104N Ae TRT SHICE T INSL LAY
19773C Se¢ ARA[TRAI? L JA) SHIRT

10120 FLASNSTIN TT(20),09(20)
1NISN GITI(1aP0 R0 AV, ISNTRY

13130 1 WITYHCIN 119 110, 120 1 AN e LT Y27
10290 119 23INT &1N

10706 2540, The A

1379 GITY 12

11329 120 PAILNT 413

173 ICAN, TR T2 {9

107417 125 TFECINC LN 1IRT TN

197150 ©RILIT 430

10340 R=A), 9%

10 ST ON

19129 12) 2RINT #20

1030 ATV NCIINTHCITO D, T20 e 121921 INTY

8
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PROGRAM UNREINF (CONCLUDED)

1
1
L
}
1
1
!
1
1
'
1
'
1
1
1
i
t
1
1
1
1
1
1
t

140
I
raz)
1249
s
V25)
1den )
TNy
YA
[
140
1219
172
1270
1/
AR
TR
s
FERR
A I

PR
FERY
R
220

14y

1
}
1
t
1

¥
3
440}
san

21N

|,€'\)\
12

t
1
1
1
1
]
1
1]
1
]
1
t
1
1
1
1
1
1
'

>aa)
sy
PR
444
EARE R ]
200
YAVY
240D
KR LN}
LREE IR
LI R}
LI W]
1229
A2
KPR
)
PN
I’RRE)
avan

AT fwzle )
[=0<iNCeS e BRIy 1)
@2 A= 20 1)
Y la bz rad=YINT
14% 1a(2a( 1), e #aVe Ntz )
1) w32 ()=l
Tez7, 0 =[1CY)
11z
ITr
2 TN N, 2N, AN, Y, ANy, N0 s
4 A€ Y1
ITE N
24 ) SWM [ VYvzRI/ AN
AR B IR
37 0w
TOAIL NN NN, AN TNy Gy v Y T 0
VAN [FCTLAT=T7I0%0 T4, <o
g rmICsaflaasf.
PR STV
Nay (TCTLAT= gy sal, 15), 1)
eql Iz VNl T A= 11 ATYZ( ) 4= <)
ST 143
v -2
- ved
Anmd T (FlAT=T ) 402, vov 5 U022
12 [20 3] 4=T3) 4hap tone 16
Tny S22’ Y
~<f iy
Te(T1ATae) 2, 37 Ui
AT IS T A1) Ina,y 14Q, tin
AI4 [e(flAs=FI) 3Tk, V0 )
A& 2z2C (V=TI ASYZCPN=-(1)
P SN PO |
Cat [l Ae i = [TCHIe IR 44
Vi) e
w2 b1e1Yad( 1)
TezFi¢lhe)d=TRC N
ArY a0
aN s-,.'urgqc(.:n(||)>(|’|A-'-l|(|l))--lvll'()
+=7 1wy
A5 AICICAL w0 2 3 AN AR AT VL N[t
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PROGRAM ARCHING

3

; 01000 PRAGRAM JIMBEC(INPUT, BUTPUT, TAPEIsBUTFUT)

¥ 01010C: THIS ROUTINE 1S THE CONTRELLING REUTINE FBR THE PROGRAM USED

E_f; 01020Ct IN THE ANALYSIS OF ONE-WAY OR TWO-WAY ACTION WALLS.

3 01030C

B 01340 COMMON Y(C1003, YU, YFAIL, Qs QUs ANEA, ZMASS, ZKLM, VHT» VH2, VVI, VV2
01050 COMMEN KWALL,KINC,KRF,KRAND, I, ICASE, FU, VFAIL, FR, FPM,EM, } DY
01060 COMMEN FDC,DCA),LDTYPE, PEXT,PF,PSJ, PDO,PC, TCo TOL P £ TINELL, S
01070 COMMEN RAND/ TIMEC, IWALL
o1080 DIMENSION AC100),V(100),TC100),VV(100), VH(100),
01090+ PEX(100), PINCI00)Y,PNC100)
01100C

01110Cs READ TITLE AND CNTRSL PARAMETERS
01120 S PRINT 67

01130 READ 68, TITLE

01140 PRINT 85

1150 READ, KWALL,KINC,LDTYPE, XRF,XRAND
01160 DELAYsO

01170 VFAILs1ELD

01180 CALL RESIST(!)

011%0 CALL FORCE(!)

01200 IF(KRF.EQ.0)GOTE 12
01210 CALL FILLC(PINT, 1)
0'220 12 IF(KWALL.EQ.0)GETE 14
01220 PRINT 86

01240 READ, DELAY

01250 DELAY=DELAY /$000.0
0126C 14 IFCKRAND.NE, 1)G TS 35
otgro CALL FORCEC4a)

01280 SALL RANDWM(1)

01290 34 SALL RANDIM(2)

01300 35 CALL RESIST(J)

01310C

01320Cs M, NIMUM, MAXIMUM, AND STARTING VALUFS ARE DETERMINED FER CASES
01330Cs 'HERE THE LOAD CAUSING INCIPIENT COLLAPSE 1S T@ BE FPUND

01340 13 IF(XINC.EQ.0)GOTE 23

01350 re-ou

0136 PFMAX=0
01370 PFMIN=PF /2.0
01380 Gere 20

01390 16 PFe(PFMINSPFMAX) /2.0

01400 20 CALL FORCE(2:

01410 23 IF(XRF.EQ.0)G O#T@ 24

01420 CALL FILL(PINT,2)

01430C

01440Ct INITIALIZE VALUES FER BETA NETNED (BETA = 1/6) AND CEMPUTE VA U
01450Ct FER FIRST TIAE INTERVAL ASSUMING WALL INITIALLY AT REST

01460 24 le1

01470 TINE=O

01480 TC(1)=08 V(1)a0S Y(1)=0

0t14%0 DEL.TA=0.001

01520 IF(KWALL.EQ.0)GEOTP 29

01530 o7 IF(TIME.GE, (DEILAY-0.00001))G0TO 28
01540 TIMEsTIME*DEL TA

01550 CALL FILL(PINT.3)

01560 gere 27

01570 28 PINC1)PINT

01580 TPNETsAREASPINT

01590 TC1)=TINE

0: 600 GeTe 30

01610 29 CALL FORCE(J)

01615 PEXCI)sPEXT

01620 TPNETSAREASPEXT

01630 PN(t)YaPEXT

01640 30 CALL RESIST(2)

01650 ACL)STPNET/(ZMASSe ZKLM)

01660 VVI1)sVVISTPNET

01670 VH{1)sVHISTPNET

01680C

01690Cs PROCZDURE FOR ALL SUBSEQUENT TIME INTERVALS
01700 1 Jelet

o17t0 1¥Ci.LT. 10173078 11

o1720 PRINT 98, TINME

01730 98 FORMAT(/,o121015 TIME ue,F6.3,9) WALL ASSUMED TP NET FAl's)
017 40 GeTe ¢
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PROGRAM ARCHING (COMTINUFS)

w?S0 11 TIME=sTIMESDELTA

01760 TC1)=TIME

01770 ACIY=AL(I-1)

01780 CALL FORCE(3)

01790 PER(1I=PEXT

01800 IF(KWALL.EQ. 1)GOT@ 10
01810 IFC(KRF.EC.0)GOTC 3
01820 CALL FILL(PINT, )
01830 PINCI)SPINT

01840 TPNET2AREAS(PEXT-PINT)
01850 GoTO 2

01860 3 TPNET=sAREA®PEXT

01870 Ggere 2

01880 10 CALL FILL(PINT, 3
01890 PINCI)SPINT

01900 TPNETSAREASPINT

01910 2 PNC(I)sTPNET/AREA

01920 D@ 8 JJsi,10

01930 YC(1)aY(l-1)+DELTA®V(1-1)¢DELTASDELTASC(A(I=-1) /3.+AC1) /6.)
01940 CALL RESIST(2)

01950 QT=QeAREA

01960 4 ANEWs (TPNET-QT) 7(ZMASSeZKLM)
01970 ADEL TAsANEW-A(1)
01980 ACL)TANEW

01985 IF(ANEW.EQ.0)PRINT, 19859, TIME, TPNET, QT» ZMASS, ZKLM, Y(I),AC1=1)

01990 IF(ABSC(ADELTA/ANEW) LT+ 0.011GOT® 9
02000 8 CONTINUE

010 ACI)=ANEW-ADELTA 72.0

02020 WRITEC1,B0)TIME, PF,ACL), Y(I)

0R030 9 CONTINUE

02040 YC1)eY(1-1)eDELTA®V(]~1)*DEL. TASDELTA®(ACI~1) /3 +AL1) 16.)
02050 VC1)aV(l=1)+DELTAS(ACLII+A(T~-1))/2.0
02060 VV(L)s YV TPNETe Vv2eQT

Q070 VHCI)aVHI*TPNETe VH2¢QT

02080 IFCVV(I).GT. VFAILIGOT® 7

oe090C

0R100Cs CHECK FOR MAXIMUM DEFLECTI®N @R FAILURE OF WALL

oR2110Cs IF MAKIMUM DEFLECTI®N REACHED, WALL DID NOT FAIL
e120 IFCYCIILECY(I=1).ANDePNCI).LE.PNCI=-1))CETE 6
o130 1FCY().LT.0)GOTR 6

oetao 1F(TIME~DELAY.GE+0.010)DELTA=0.002

2150 IFCYCILT.YUIGETO |

o160 1FCTIME-DELAY.GE. 0. 020)DELTA=0.00S

oel70 IF(TIME-DELAY.GE.J. 100)DELTA=Q. * ~

oe180 1F¢(TIME-DELAY«GE. 0. SOOIDEL TA=O. L

oe190C IF FAILURE DEFLECTI@N REACHED, WALL FAJLED
02200 IFCYCIS.GE. YFAILIGOT® 7

o210 Gere |

oe220C

02230Ct INTERVAL HALVING PRECEDURE T@ DETERMINE LBAD CAUSING INCIPIENT
02240Ct COLLAPSE FER CASES WHERE DESIRED

0e250Cs WALL DID NOT FAIL - SET PFMIN TO PF
260 & CONTINUE

02270 IF(MRAND.EQ. 1)GRTO 3¢

0e280 IF(KINC.€EQ.0)G TP 18

02290 36 PFMINSPF

0300 IFC(PFMAX.G .0)COT® 17

02310 PFe2.0¢PF

02320 GeTe 20

0R2330C» WALL FAILED - SET PFMAX Te PF

02340 7 CEeNTINUE

02350 TIMEC=TIME

0360 IF(XRAND.EQ.1)G0OT@ 37

0e370 IF(KINC.EQ.0)GEeTP 18

0e3s0 37 PYMAXsPF

023%0C1 CHECK T@ SEE IF LBAD RANGE 1S WITHIN DESIRED ACCURACY
0400 17 IFCCPFMAX-PFMINY /PFNIN.GT.0.012G0TO 16
02410 IFC(KRAND.NE. 1)GET@ 18

o420 CALL RANDEM(D)

02430 GoTe 34

o2440C

IR ey

0R4S0C: EUTPUT DATA INCLUDES THE MAXIMUM DEFLECTIEN AND TIME OF
0246GC3 OCCURANCE FBR A NEN-FAILING WALL OR THE TINME AND VELECITY
02470Ct AT COLLAPSE F@AR A FAILING wALL. OPTIONAL @TPUT IS THE

&4
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PROSRAM ARCHING (CONTINUED)

o 0R480Cs ENTIRE BEMAVIEOR TIMU-HISTEORY OF THE wALL.
EY 0oea%0C
0R%00C: @WTPUT LBAD DATA
: oes10 18 CALL. FORCECA)
3 aes20c

. 02530Cs GUTPUT FINFL RESULTS

; oS40 IFCYCIDLToYFAZLOWRITECI,TOIYCID, T(1)

02550 IFCYCI)oGE. YFAILIWRITECT, TIITCIY» V(D)

4 RS60C

s 08S70Ct CHECK T® SEE IF ENTIRE TIME-HIST@RY OF WALL 1S DESIRED

Y eS80 WRITEC1,72)

s 02590 REAC,M

3 02600 IF(M.£0.0)G8TS 23

k- 02620 1F(KWALL.EQ. 1)G8TS 32

3 02630 1F(KRF.EQ.0)GOTE 26

e R640 WRITECT» TSI CTCI), PEXCI ) PINCIISPNEIIL Y (D), VWEID, VHCY, Jut 1)

: 02650 gere 25
0R660 26 WRITECLo T 6 CTCII L PEXRIIISACID, VEII,s YEI)s VVEID, VHESD s Unts 1)
2670 geTe 29

E: 0680 32 WRITECL, 76X CTCIAPINCIILACTI S V(JD» YEIY, VVCIYs VHEDI » U1, 1)
3 0690 25 WRITEC1,TT7)

02700 gete s

oe710C

GRT20 67 FORMATC/¢INPUT TITLEe, v)

OR730 68 FORMAT(ASY)

02740 70 FORMAT(/eWALL DID NOT FAIL - MAX. DEFLECTI®N @FeF6.2

0oe? 30+ ¢ INeo REACHED AT#F7,.3,+ SECe)

02760 71 FORMATC foMALL FAILED ATe, F7.3,¢ SEC (FINAL VELECITY s=e

3 oZ17 0+ F1.2¢ IN. /SEC)®)

4 O0R780 72 FORMATC #1535 TI* £ HISTORY OF WALL DESIRED (YESsl, N®aO)e, )
< 02800 79 FORMAT(/, 15X, sPRESSURE BN WALLes ¢ TIME EXTERIER ¢

: 02810+ ¢INTERIPR NET DISPLACEMENT v VHs /

02820+ (F6.3,3F10.3,F12.4,F11.0,F8.0))

02830 76 FARMAT(, e TIME PRESSURE ACCELERATION VELOCITY e
0840 «DISPLACEMENT vv VHe /

o850+ (F6e3sF9.3:F12:410F12.2,F12.4,F11.0,F8.0))

o860 77 FORMAT( /7 /51 (82cccccnceess))

02870 80 FORMAT(/sACCELERATIGN NOT CONVERGING AT TIME se¢,F6.3,

02880+ ¢ SEC (PF #8,F7.3,¢ PSIdese AC1) SET EQUAL Te
- ORB890 F8.1s% C(AVG 87 LAST 2 ITERATIONS)e /e YC1) wme,
; 02900+ F8eds® IN.®)

0R910 85 FORMAT(/¢INPUT KWALLC(OSEXT, 1sINT),KINC,LDTYPE,XRF;KRANDS,
02920¢ SC(I1sRANDEM) 8)

02930 86 FORMAT(/¢INPUT DELAY TIME (MSEC) T® INITIAL LOADING @OFe,
0R940+ ¢ INTERIOR WALLS, t)

£y

Ay e

E 02950C
< 02960 999  STeP
3 02970 END

10000 SUBROUTINE FORCECIENTRY)

10NM10C THIS SUBROUTINE INPUTS THE LOAD PARAMETERS AND DETERMINES
E: 10020C THE LSAD AT A GIVEN TIME FBR THE FE&LLOWING L8AD TYPES:

E: 10030C te IDEALIZED BLAST LOAD (FRONT OR SIDE FACE)

10080C

> 10090 CoMMEN YC100), YU, YFAIL, Qs QUs AREA, ZMASS, ZKLM, VK1, W2, VI, VV2
< 10100 COMMEN XWALL,XINC,XRF.XRAND, 1, ICASE, FU» VFALL > FR, FPM, EM, FDY
: 10110 COMMEN FDC,DC(4),LDTYPE,P,PR, PSO, PDO, PC, TCs TO» PO TIMESLL, S

Fe Ny

10140C
5 10150 GOTOC100,200,300,: 4)» IENTRY

s 101 60C

z 10170C INPUT LSAD PARAMETERS

3 10190 100 IF(XRAND.EQ.0)GOT® 102

£ 10192 wWsi000 $ PEale.7 $ CBa1120." LO&Cs]
2 10194 RETURN

: 10196 102 PRINT 600

e 10200 READ,YW,F8,C8,L0C, S

= 10210 IFCLOC.EQ.1)G0T® 105

E 10220 PRINT 60S

i 10230 READ, ZLEN,.CD

2 10240 10S IF(XINC.EQ.!)YRETURN

E- 10230 PRIMT 630

2 10240 READ, Psw

3 10270 PRe2.00PS8e(7.00P0+4.00PSE) /(7.0eP PSP
e 10280 GSTE 215

11000C
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PROGRAM ARCHING (CONTINUED)

11010C CALCULATE LBAD PRBPERTIES FOR G!VEN PEAK PRESSURE
11030 200 GOTE(205,2107,L6C
11040 205 PSOu(PR=14.08P8+SART(196.0¢PB¢PO+196.0¢PBsPRsPROPRY) /1 6.0
11050 GeTe 218
11060 210 PS@=PR
11070 215 PD®e2.%5¢PS@e7SA/(71.08PB+PS Q)
11080 UsCO*SARTC1.00(6.0¢PSB) /(7,00P®))
11090 TOsWes0.3333/(2,239940. 18869PSM
11100 G@Te:220,225),L6C
11110 220 TCe3.0e5/U
11120 PCePS@e(}=TC /TO)$EXP(=TC /T0) +PD@C 1= TC /TO) 0424 EXP(-20 TC /T0)
11130 CD=1.0
11140 RETURN
11150 225 TAsZLEN A
11160 TA2sTA/2.0
11176 TA2T0=TA2 /10
12180 PASPSOe(1-TAZTO)@EXP (= TAZTO) ¢CDePDO* ¢ 1= TA2TU) ¢ #2¢EXP (- 20 TAZTO)
11190 RETURN
12000C
12010C CALCULATL ™MD
12030 300 GOTS(305,310),L6C
12040 305 TTOsTIME/TO
12050 1F¢TIME.GT.TC)GOT® 320
12060 PsFC+¢TC-TIME)#(PR-PC) /TC
2070 RETURN
1.US0 310 TTO=(TINE~TA2) /TO
12090 IF(TIME.GT.TAIGOT® 320
12100 PaPAeTIME/TA
12110 RETURN
£ 12120 320 IF(TT0.GE.1.02G8T@ 330
E 12130 PaPS®s(1-TTOISEXP(~TTO)+COCPOIMN( 1= TTOI S020EXP (=22 TTO)
. 12150 RETURN
12160 330 P=0
12170 RETURN
13000C
13010C PRINT LSAD DATA
13020 4 IF(KINC.EQ.0)GOT@ 400
13030 PRINT 640,LDTYPE
13040 GOT® 410
13050 400 PRINT 645,LDTYPE
13060 410 CONTINUE
13070 415 GOTE(420, 425),1.8C
< 13080 420 PRINT 650
3 13090 GeTe 430
E 13100 425 PRINT 655
F: 13110 430 PRINT 660, %, P8:Ce@
: 13120 1F(KRAMD.NE+OIRETURN
13130 GOTE(43S, 440),LC

13140 43S PRINT 665, S, 1C, PR
3 13150 GOT® 445
E: 13160 440 PRINT 670, ZLEN, TA, PA

13170 44S PRINT 675, U, 10.CDs PS€ PDO
= 13180 RETURN
; 14000C
14010 600 FORMATC 7#INPUT W,PE,CO,LEC, Se, 1)
14020 605 FRRMATC MINPUT L,CDe, 1)
1406C 620 FORMAT(/¢INPUT PS@e, 1)
14070 640 FORMAT( /el PAC CAUSING INCIPIENT FAILURE > AS FaLLOWSSs,
14071+ /> SXs SLOAD TYPE NUMBERe, [2)
14080 645 FORMAT(/¢PROPERTIES ©F LBAD ACTING @N WALL ARE AS FOLL@4Sie
s 14081« 753K, SLOAD TYPE NUMBERe, 12)
‘ 14090 650 FORMAT(BX, (FRENT FACE)®)
14100 655 FORMAT(8X, ¢(SIDE FACE)®)

14110 660 FERMATCIOX, oW s¢,F8. 1,0 KT PE =e,F6.2,0 PSI Ce ne,
14l1te Fled,¢ FPSe)
14120 665 FORMAT(10X, 0S5 se,Fé6.1,0 FT TC »e,F6.3s9 SEC PR se,
tat2ie 7.3,¢ PSte)
14130 670 FOMATC(I0Xs 6L s, Fbelss FT TA =¢,F6+3,9 SEC PA se,
14131~ F1.3,% PSle)
k- 14140 675 FERMAT(IOX, U =8, FT7.1,¢ FPS TO »¢,FS.3»¢ SEC C =e
3 1Al Ale FSe1s/s8X, ¢PSO ue,F7.3,¢ PS1 PDL «8,F7.3s¢ PSle)
15000 END

a2 2000 SUBRBUTINE FILL(PJI, IENTRY)
20010Cs COMMPUTES AVERAGE AIR PRESCURE IN ROSM DUE T@ BLAST WAVE
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PROGRAM ARCHING (CONTINUED)

20020Cs INCIDENT HEAT-ON UPEN FRONT WALL.
20030C

20040 COMMEN Y(100), YU, YFAIL, Qs QUs AREA, ZMASS, ZKLM, VK1, V. 25 VVI, VV2
20060 COMWON KWALL,KINC,KRF,XRAND» 11, ICASE, FUs VFAIL, FR, FPM, €M, FDY
20070 COw@N FDC,DCA)LDTYPE, PEXT, PR, FS®, PDO, PC, TC, TO» P8 TINE, L, S
20080 DIMENSIEN AA(S8,2),NN(B)

20090 LOGICAL L1,L2,L3

20100 30T0C10,13,11), 1ENTRY

20110 10 PRINT 700

20115 RHO®20.076 § Lin.FALSE.

20120 READ,NdIN, VI

2012% ATs08 AFR@NTs0S ASIDE=Q

20130 DO 18 [el,NWIN

20140 PRINT 710,11

20150 READ,AALL, 1)sNNCLTIY, AACL, 2)

20150 AAC]I,2)8AAC],2)71000.0

20161 ATeAT+AA(L, 1)

20162 MeNNCII3 GOTO(12,14,14),M

20163 12 AFRENT=AFRENTeAALI, 1)

20164 GOTe I8

20165 14 ASIDE®ASIDE~AACL, 1)

20170 18 CENTINUE

20175 AFRENTsATRENT/ATS ALIDE=ASIDE/AT
20180 700 FOMRMAT(/oINPUT NWIN AND RO®Y VBLUME (CF)e, 1)
N200 710 FORMATC(/eINPUT AREA ¢SQ FT),LOCATION CODE & DELAY(MSEC)e
20210¢ o FOR WINDOWE,12,v)

20230 Gol.a4 $ G201./0 3 G3s1.-G2 $ Gaz2. /GI $ GSeGet.
20240 G422.9G/GS ¢ GT=(G~1.)/GS

20280 PPRs.1919

20260 CoSORTIGePBeI2. 0] 4ad. /RHOD

20270 TAUs2.e(V3se(l./3.))/C

20280 NSTEP=4

20290 DTTAUMSTEP

IO RETURN

20310C

20320 13 PIemP@

20330 TT+0.3 To=Q.

0340 RHEIM=RHOD

20350 L2 .FALSE, $ L3s.FALSE,

20360 RETURN

@D310C

20380 11 LFLl1I)GETO S2

203IBS IF(L2.A.LIGE10 9

20390 %2 OCTes(TIME-TMe0.%

20395 1STOP=2

20400 $3 1F(DDT.LT.DT)I0TH S

20410 SO DDTe0.5¢DDT

ALY [STEP=2elSTW

20420 GO Te S3

20430 31 CENTINUE

440 DG 99 (=1, I1S5TOP

0450 TTsTBe1eDDT

20460 1F(TT.GT. TOXGE® TR 99

20470 DMe0. $ WwWs0O. $ Nws0

20480 D& S00 Xs1.NWIN

20490 MaNNIV ) S DLY®AA(K, 2)+0.000001
20500 IF(OLY.GE.TT)G® T® S00

20510 GOTP15,16216),M

20520 15 CNFe1.0

20530 1F(TT-TC,20, 20,21

20540 20 P11s(TC-TT)®(PR-PC) /TCoPC
20550 PlisPilePe

20560 GO Te 30

F0S70 16 SDF=-0.4

20600 21 ReTT/TO $ RRmi.-R

20610 POsPDOSRRORREEXP (-2, 0R)

0620 PS=PSH-RReEXP(-R)

20630 P isPSeCDFsPD

20640 PlLisPilepre

20632 30 RHOIsRKOGL((P1] /F@)eeG2)
20660 IF(P11-P30)36,36,37

AET0 6 JSIGNn-)

20880 L2ew.TRUE.

20770 303 P2«PIt
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20780
20790
20800
20810
20820
20830
20850
23530
20860
20870
20880
20890
20900

M ARCHING (CONTI'.JED)

RH@Rs ((P2/P30)eeG2)SRHEI O
XsPJ@/RHEID

GO T3 38

37 JSIGNw=e]

306 P2=r-20P)

RH@28 ((P2/P11)e8G2)eRHDI

Xe P11 /RHOV

33 U223Gas(X-P2 /RHP2)e32. 0] 44,
LF(U2C) 40, 39, 39

40 PRINT, 2U22 NEGATIVEs, U22
STeP

39 U2:SART(UY22)¢JSIGN

DDMs U2 RN BReAA(K, 1)eDDT

20910 DMsDMe DDM

20920 WWsWWePi18DDM /(G PRKBY)

20930 SO0 CENTINUE

20940 PIGePI@+ (G- 1. )eWu/VI

20950 RHOIO=RHOIGeDM /VI

20960 99 CONIINUE

20970 TETT

20980 PIaPIB-PO

20932 IF(TIME.GE.TC)IL3=. TRUE,

20983 RETURN

20984 9 RsTIME/TO $ RRsi.0-R

20985 PDsPD@eRReRREXP(-2,00K)

20966 PSsPS®RREEXP(-R)

20987 P3IsPS+PDe(AFRENT-0. 4¢ASIDE)

20990 999 RETURN

21020 END

30000 SUBREUTINE RESIST (1ENTRY)

30010C

30020C THIS SUBRBUTINE INPUTS THME REQUIRED DATA AND COMPUTES VARIQUS
30030C QUANTITIES USED IN THE ANALYSIS OF WaLLS WITK ONE-4AY ARCHING
30040C (SUPF éRT CASE 9) BR TWwe-wAY ARCHING (SUPPORT CASE 100
0050C

30060 COMON YC(100), YW YFAIL, Qs QU, AREA, ZMASS, ZXLM, VHI, WHZ, VY1, VV2
30080 COMEN XWALL,XINC,KOFs KRAND, 34 1CASE, FUs VFALL, FR, TPW, EM, FDY
009 COMMN FDC, DAY LDTYPE, PEXT,PF,PSQ, PDE, PC. TC, 10, PO, TIMELL, S
X0y COMMEBN /RAND/ TIMEC, IwWALL

110C

0120 GOTR(1,97,2), IENTRY

X128C

I0130C INPUT WALL DATA

30140 t PRING 60

301350 READ, ZL Vs ZLHs TWo TFLGo EM, FPM, 1 CASE, ZL VW, ZLHW, GAMMA
30160C

J176C DETERMINE VALUES OF VARIGUL CONSTANTS

2017S IWALLe2

0180 ZL2sZLV/72.0

20190 AWALL_®ZLVeZLH

D200 AWINSZLAWaZLHW

210 AREAs AHALL - AW IN

30220 ZMASSeGAMMASAREA® TW/(386.,0781728.0)

30230 RATI 9= 2LV /ZLK

W240 IFCICASE.EQ.9)RATI &= 0

0250 BETA20.Se(SORT(J. 00 RATI ee2¢RATL J0s 4) RATIQee2)
0260 ZKLMe (2,0~2.00BETA) /7(3,0~2.0¢BETA)

30270 VVI=sBETA/6.0

0280 VV2¢BETA /3.0

0290 VH28 (3.0~ 4. 0¢BETA)#92/7(12.0¢(2.0-3.0¢BETA))

0200 VAl=(1.0~BETA) 72, 0~ VH2

A310 LDesSIRTIZL2eZL 2+ TWeTW)

0320 EP” "« (ZLD~2L2)/7ZLD

X340 C2:240-4.00BETA

0330 Cl=0

0360 IFCRAT1 0. EG.0)G0OTD 9

30370 Clea.0sBETASRATI 0002 /BETA

0380 9 CENTINUE

30390 C4an12.0/¢(ZLVSZLVe (3.0-2.00BETA))

0400 YFAIL=TW

J04a10C

J0420C DETERMINE MODIFICATION FACTOR FOR WALL WITH WIND®NS
30430C

30440 QML T21.0
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PROGRAM ARCHING (CONTINUED)

0450 IFCAWINGNECOICALL WINDOW (QMUL'I, 2L Vs ZLH, ZL W, ZLHW, AW IN,
460 AWALL, RATI 8, ICASE)

J0470C

J0480C QUTPUT WALL PROPERTLES

0490 PRINT 625 1CASEs ZL Vs 2LH, RAT1 8, TW, EM, FPM, GAMMA, TFLG, ='W,
30500¢ ZLHW, QNULT

0510 RETURN

0%20C

0530 2 YUs THeFPM /. EMeEPSM)

30540 TFLG282.06TFLG

J05%0 IFLTSLB.NE.O0XGRTE O

X0%560C

05S70C SOLID MASSNRY WALL
30380 S ZMUsO.25¢FPe( “W-YU)se2

X590 Cin0.56ZMUeYULFPME( TU-YU)®#] /12,0
30600 GeTe 4
0610C

J0GROC MELLOW MASONRY WNIT WALL
0630 3 Y2aTW~-2.00TFLG

X640 IF{YU.LT. YR2IGOT® &

AN6S0C YU+Y2 -~ TRIAT WALL AS SOLID WALL
0640 TFLB2«03% GOTS S

670 5 PFLGeFPMSTFLG

0680 TWFsTu-TFLG

3046%0 INUsPFLGe CTWF~-YL)

30700 IM2ePFLGS TFLG

0710 C620. 38 (ZNUSYU+PFLGS(TH  ~YU)ee2)
0720 CI=CosFPMeTFLGe€3 /6.0

30730 4 QUrB.00ZMU/(ZLVIZLV)

0740 RETURN

0730C

0760 60 FORMATC 7/6INPUT LV,oLH» TW, TFLG, EM, FPM, ICASE,L VKo LHWs GAMMA - )
0770 62 FORMAT( //7¢PROPERTIES 6F UNREINFORCED MASENRY WALL CARC ~ING)

2077 Se ¢ == SUPPORT TYPE NB.o, 13,

0780+ /s 6Xs LY 98, F 6o ls0 INCHESS, 6Xo 0L H s8,F6.1,

30790+ ¢ INCHES RATI® ©9,F6.3, /76X, ¢1W 8¢, FS.1,¢ INCHESS,
30800+ TX>sEM e, Fi0.1,0 PSI F'M »e,F8.2,% PSle, /03X,
0810+ SCAENA 88,F6.1,0 PCFe, 7TX:0TFLG 00,F6.3,¢ INCHESe, /»
0820+ SXssLWW 86, F6:1,8 INCHESS,SXsSLHW 29,F6s%s¢ INUHESe,
30830+ SXo 0QMWRLT ue,F6.3)

0833C

J0840C DETERMINL THE RESTSTANCE FOR THE WALL AT A DEFLECTION OF Y(I)

30860 99 IFCY(1)eGT."1IGOTH 10O

0E70C

J0880C DEFLECTI N OF WALL LESS THAN YU
30890 ZMCaY(1)eZNU/YY

30900 ZNAVGe0. SeZNC

0910 aeT® 130

09%20C

0930C DEFLECTI@N OF WALL GREATER THAN YU
30940 100 IF(TFLGR.NE.D)GETS 110

30930 IMCo0.230FPMe(TUW-Y(]1))0e2

30960 IMAVEs (Cl=-FPMe(TW-Y(l))9e]3/12.0) /¥Y())
30970 GoTe 130

0980C

J0990C HALLOW NASENRY UNIT WALL -- DEFLECTION LESS THAN Y2
C1I000 110 1FCYCL).GT.Y2)G0TO 120

41010 INCoPFLGE(TUF-Y(]))

31020 ZAAVGR(CS5-00 SePFLGO(TWF-Y(1))002) V(1)
31032 GYTe 130

31040C

J10S0C HSLLOW MASENRY UNIT WALL -- DEFLECTION GREATER THAN Y2
060 120 ZMCmQ.25¢FPMe(TU-Y(1))0e2

31070 IMAVG R (CT=(TW=-Y(I))eaR/12.0) 7Y(])
31080 GoTe 130
31090C

31100C COMPUTE TOTAL RESISTANCE @®F WALL
35110 130 QuCAe(C20ZMC+CIOZNAVE)ISQNILT

3J1120C 1F DEFLECTION 1S OREATER Ty WALL THICKNESS, RESISTANCE s O
31130 IFCYCI)eGT. TWIQm 1 E-10

31140 RETURN

3180 D

230&: SUBROUTINE WINDEWCOMUL T, ZL Vs BL K, ZL VW, ZLHW, AVIN, ANALL, R, ICASE)
1
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PROGRAM ARCHING {CONTINUED)

60020C: TH!S SUBROUTINE GETER'TJES THE STRUCTURAL

A0030Cs MODIFICATI®N FACTBR FOR WALLS WITH WINDOWS

60035 IFCICASE«GTe 4¢AND«ICASE.NE.10)GOTO 320

60040 RWWSsZLVW/ZLV

60050 RWWL=ZILKW/ZLH

60060 RAREA=AWIN /AWALL

60070 1FCR.LE.1.5)G0T® 300

60080 IFC(RWWS.GT.0.7)GeTe 300

60090 IFCRWWL.LT.0.5)G@TO 300

60:00 IFCRWWS.EQ.RWWL)GOTO 300

&0110C

60120Cs CASE WHERE LV/LH »z2 1.5, LVWAV <= 0.7, AND LHWALH »= 0.5
60130Cs  (BUT LVW/LV NBT EQUAL TO LHWAH)

60140 OMUWL T==5.85461-120 6644%RAREA+ 4: 396624RWWS+0. B4BAISRWWL

car e A T IR LN PO DS A N s

150 =0s223%R-1:07269% (ZLVW /ZLHH )30, 94 6+ 599 42¢E XP(RAREA)
60160 GOTO 1S
60170C

60180Cs CASE WHERE ONE CR MORE ©OF ABOVE CONDITIONS IS NOT MET
! 60190 300 QMULT=0. 62022-2+23415#RAREASS(RUWML*%4)=0.79461=RWWL*$2
60200+ =2427 663*RWWL+ 0. 625224 RWWL /RAREA*+0.3
60210+ +2¢ 63043¢EXPC(RAREAY-0.09268%RWWS §
60220 315 CONTINUE
60230 RETURN
60240C
60250C ONE-WAY ACTION WALLS
#0260 320 QGMUL T= (AWALL-ZLV*ZLHW) /(AWALL-AY N)
&0270 RETURN
60280 END
70000 SUBROUTINE RANDEM (IENTRY)
70010C THIS SUBROUTINE INPUTS MEAN AND STANDARD DEVIATI®NS FBR RANDEM
70020C VARIABLESS GENERATES RAND®M VALUESS AND CENTR@A.S REQUIRED
70030C NUMBER @F CASES T® BE RUN3 AND QUTPUTS FINAL RESULTS AND SUMMARY

70040C

70050 COMMEN YC100), YU, YFAIL, Q. QUs AREA, ZMASS, ZVLM, VHE, VH2, VV1, VV2

70060 CEMMEN KWALL,KINC, KRF»KRAND, 1, ICASEs FUs VFALL, FRs FPM, EM, FDY

70070 COMMEN FDC, DCA), LOTYPE, PEXT» PF: FS@ PD®, PCs TC» TO» P3 TIME,LL, S

70080 CEMMEN /RAND/ TIMEC, IWALL

70090 DIMENSI®N CHI25(7),CHIFTSC(7I, IDISTL?) X
70100C 3
T0110C VALUES FOR 97+5% (Fx19,245 295,34, 39+ 445 49)

70120 DATA CHI257. 46885 ¢ 51675 «55335 « 5825, . 406%5 « 6267, « 6440/ -
70130 DATA CHITS/17295, 14 640251457665 1052844 ;+49035,1.4591,1.4331/

70140 DATA TDIST/2¢07352:064,2:045,2.032» 24622, 240165,2.0107

70150C

70160 GOTO(S5s 50,70), 1ENTRY ¢

70170 S KDUMMY=)XNORM(-1.0,0.0,1.0) B
70180C INITIALIZE RAND@M NUMBER GENEKATOR

70190 PRINTs /s *INPUT NRANDs, b
70200 READ, NRAND :
70210 0® 47 1=},NRAND

70220 XOUMMY= XN BRM1 €06 0,040, 1.0)

70230 A7 CONTINUE

70240 INDEX=0S SPSO=0$ SSPS®eO

70250 ICHECK=20

70260C

70270C INPUT MEAN AND STANDARD DEVIATIO®N FOR RANDEM VARIABLES

70280 PRINT &7

70290 READ, SMEAN, SSD

70300 GOTe(10,20), IWALL

70310C UNREINFORCED WALLS WITHOUT ARCHING
70320 10 PRINT 84

70330 READ, FRMEAN, FRSD
Y0340 PRINT 94
70350 RETURN

70060C UNREINFBRCED WALLS WITH ARCHING
70370 20 PRINT 85

70380 READ, FPNMEAN, FPMSD

70390 PRINT $5 !
70400 RETURN

70460C

T70470C GENERATE KANDEM VALUES

70480 SO GETO(SE2, S4), IWALL

70490 52 FRx)XNORMI (0.0, FRMEAN, FRSD)
70500 IF(FR.LE.0)GOTE S2
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PROGRAM ARCHING (CONTINUED)

70510 GeTe S8
70520 5S4 FPM=)XNBRMI(0,0, FPMMEAN, FPMSD)
i3 70530 IF(FPX.LE.Q)GOT® %S4
b 70540 S5 ALPHA=XNORM1(0+0,1.0,0.3)
4 70530 IFCALPHAL To 0o 40 ER.ALPHALGT. 14 6)GOTO 55
> 70555 EM=2100G. 0sALPHASFFM

70585 S8 IF(SMEAN.EQ.Q0)GBTO 65
70590 60 S=XNURM1(0.0, SMEAN, SSD)

g 70600 IF(S.LE.0)GET® 60
E 70610 65 INDEX=INDEX+]
3 12620 RETURN

E< TU630C SUM VALUES OF PSSO AND PSOse2 FER USE IN STATISYICAL ANALYSIS
. . 70640 70 SPSO=SPS®+PCE
5 70650 SSPSE=SSPS@+PSOeP SO

706600
2 T0670C OUTPUT FINAL RESWLTS
3 70680 GOTE(T2,7 4), IWALL
3 70690 72 PRINT 90, FR,S»PS0s TIMEC
H 70700 aeTe 80
R T0710 T4 PRINT 91, FPM, EM, S, PS0, Y IMEC
3 70720 coTe 80
i 70740 80 I1FCINDEX.LT.ICHECK)RETURN
707 50C
T0760C ODETERMINE MEAN, STANDARD DEVIATION, AND STANDARD ERROR FOR PSe
70770 ZN@sINDEX
70780 ZMEANSSPSB/ING
70790 SD=SQRT(C(SSPSO-IN G0 ZMEANSZMEAN: /IN D)
70800 STODERRs SD Z/(SQRT(ZN®-1))
T0810C CHECK 1F MAXIMUM OF SO PS® SAMPLES MTAINED
70820 1FCINDEX.EQ.S0)GETE 62
T70830C CHECK 1F 952 CONFIDENCE INTERVAL FIR MEAN PSP VALUE S
70840 IFCSTDERRSTDISTCCINDEX-19) /8) /ZMEAN GT+ 0. i 23GETE &1
70850C

70860C CONFIDENCE INTERVAL IS WITHIN 102 -- DETERMINE UPPER LINIT #F
70870C 95T CENFIDENCE INTERVAL F3R STANDARD DEVIATION

70880C PROBABILITY VALUE AND ITS 952 CONFIDENCE INTERVAL UPPER LiIiwIT
70890 62 SDUsSD /C(SQRT(CHIZSCCINDEX~15) /5)))

= 70900C CHECK IF MAXIMUM &F SO PSP SAMPLES SBTAINED

£ 70910 IFCINDEX. EQ. 500G 8TE S

\ 70920C CHECK IF UPRER VALUF 9F 95T CUENFIDENCE INTERVAL FOR STANDARD
T 70930C DEVIATION 1S WITHIN 0.{O0.MEAN O THE STANDARD DEVIATION

ZIN 70940 L1FCCCSDU=-SD) 7ZMEAN) <G T+ 0. 101G 8T 61

2 10930C

70960C 95% CENFIDENCE INTERVAL IS WITHIN 102 FER BOTH MEAN AND 902
¥ 70970C PRODABILITY VALUE == TNEREFORE SUFFICIENT SAMPLES OBTAIWED

/ 70980C DETERMINZ »S2 COXFIDENCE INTERVALS FOR MEAN, STANDARD DEVIATION
k. 70990,
3 71000C AND 102 AND $0% PREBABILITY VALUES
j=. ! 71010 33 ZMEANL=ZMEAN-STOTARSTDISTCCINDEX-15) /3)
SO 71020 ZHEANUe ZMEAN* STOXRAS TOI STCCINDEX-15) /3)
3 171030 SDLeSD /¢SORTC(CHI97SCCINDEX=153 /5223

. 71040 P10sZMEAN~1.288¢SD
Y 71080 P10L=ZNEAN-1.2820SDU
ks | 71060 P1OU=ZMEAN=1.282¢SDL
71070 PIO=ZMEAN+1.282eSD
5 71080 POOLSZMEANS |« 282¢SDL
9 71090 POO=ZMEAN®1.282¢SD
- 71100 PIOURZMEANS 1, 2824 SDU
3 71110 PPOU=ZMEAN + 1, 2828 SDU

71120C
71330C SUTPUT STATISTICAL PARAMETERS OF INCIPIENT COLLAPSE PRESSURE

N 71140 PRINT 100, ZHEAN, ZMEANL » ZMEANU, SD, SDL» SDUs P10, F10L, P10Us
= 71150+ P90, PROL. POOY
A 71160 PRINT 10S, INDEX, STDERR
= 71170 GOTe 999
N 71180C
s T71190C 9ST CONFIDINCE INTERVAL 1S NOT WITHIN 10T FOR BOTH MEAN AND 90
E 712008
b 71210C VALUES =~ THEREFORE GBTAIN S ADDITIGNAL SAMPLES
L 71280 61 ICHECK®ICHECKeS
g 71230 RETURN
g 71240C
= 71250 84 FORMATC /7INPUT MEAN AND STANDARD DEVIATION FOR ¥Re, t)

71260 8% FORMAT( /2I1NPUT MEAN AND STANDARD DEVIATION FOR F: e, v)
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PROGRAM ARCHING (CONTINUED)

RIS

11280 87 FORMATC r+INPUT MEAN AND STANDARD DEVIATION FOR Se, 1)
71290 90 FORMAT(F9.2,F11.2,F10.2, F14.3)

71300 91 FORMAT(F9.1,F15¢1,F12:2,F1042,F{4:3)

71320 94 FORMATL /775 5Xs #Fes 10X, 85, 8Xs 8P 32¢, 6X, CCLLAPSE TIME®)

* 71330 95 FORMAT( /7/s SXe ¢FPMS, 11 X, 3EMS, 12X, % Sn, 8X, ¢P S8, 6X,

71340+ SCALLAPSE TIME®)

71360 100 FORAAT(/7/»6 11X, #STATISTICAL PROPERTIES OF INCIFIENT PSos,

PR
22 B e e i [kt s A A ity sl SRS

71370 770 39X, #95% CONFIDENCE LIMITS®, 47X, ¢1TEM®, 18X
71380+ «VALUE LeWER UPO"Re, //,% MEANS, F29.2,
% T1390e 2F12.2s //>% STANDARD DEVIATI Ne, F15.2,2F12.2, 7/»
. 714004+ & 102 PROBABILITY VALUES, 37122, 7/
i 71410+ s 902 PROBABILITY VALUEsS, 3,12.2)
. 71420 105 FORMAT( 7/, SXs sSNUMBER OF OBSERVATIONS 28,13, /5%,
: 71430¢ ¢STANDARD ERROR »s,FS5.2)
71440C

! 71450 999 ST@P$ END
: 71460 FUNCTION XNORMIC(X, A B)
71470 1F(X)>10, 20,20
71480 0 XO=RANF(-1.0)
. 71490 20 Xi1sRANF(0.0)
71500 X2sRANF{0.0)
78510 YuSQRT(-2.08AL BG(X1))I#(COSC 6. 283184#X2))
71520 XNE@RM1zA+YeB
71530 RETURN
71540 END

ADDITION 30 PROGRAM ARCHING T INCLUDE LOAD TYPES 2 THRAUGK St

10040C 2¢ TRINGULAR LOAD
10050C 3¢ STEP PULSE

10060C Ac URS SHOCK TUNNEL LOAD
10070C Se ARBITPARY LOAD SHAPE

10120 DIMENSION TT(R0),PP(20)
10150 GAT18C1,223,4)s [ENTRY
10180 1 GOTOC100,910,110s12051302,LDTYPE
10290 1i0 PRINT 610
: 10300 READ» TR TO
; 10310 GatTd 185
T 10320 120 PRINT 615

3 10330 READ» TR, T1sTO
.- 10340 125 IFCKINCeEQ+ 1 IRETURN
-y 10350 PRINT 630

3 10360 READ,PS@
2 10370 RETURN
3 10380 130 PRINT 620

e 10330 READSNPOINTS CTTC)»PPIIISJ3 1o NFOINT)
3 10400 FACTORe1.0
3 10410 IFC(KING.EQ.0)GETd 150

10420 PMAXaPP(1)
. 10430 DO 140 J»2,NPOINT
i 10440 140 IFCPPCJI)+ GT«PMAXIPMAXSPP(I)
10450 150 PX=PP(2)-PP(1)
10460 TXeTTCRI~TIC(1)
3 10465 JJet
10470 RETURN
3 11020 2 G@TA(200,230s 230, 230, 2407 ,LOTYPE
3 11200 230 PEOsPR
3 11210 RETUR™
: 11220 240 FACTIK=PR/PMAX
= 11223 GSTO 150
> 11230 KRETURN
¥ 12020 3 GBTEC300s 3405 360, 370» 380, LOTYPE
4 18180 340 IFCTINE-TR) 342, 345,345
12190 J42 PapSESTINE/TR ‘
1£200 RETURN :
3 12210 345 IFCTINE=TO) 347 350, 350 i
4 12020 247 PapSHe (TO-TINEI/(TO-TR) :
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i
: PROGRAM ARCHING (CONCL':DED)
: 12230 RETURN =
: 12240 350 P=0 4
* 12250 RETURN b
: 1 2260 460 IF(TIME~TRI3A2,362»362
H 12270 362 IFC(TIME-T0)J64»3645350 £
; 12280 J64 PsPSD E
. 12290 RETURN
e . 12300 IFC(TIME-TR)J42,372,372

12310 372 IFC(TIME=T1)364,364»374
12320 2374 IFCTIME-TC) 376+ 3760350
12330 376 PspS@e(T0-TIMEIZCIC-T1) E,
12340 RETURN ¢
: $2350 380 IFCTIME.LE.TTCJJ*1))GBTO 385 3
, 12360 JJ=dde)
12370 PXsPPCJJ¢ §)=PP(IY)
12380 TX=TTCII1)-TT(IS)
12390 G378 380 i
12400 385 PasFACTORS(FP(IIISCTIME~TT(JIIII®PX/ TX) :
12410 RETURN
13060 410 GITPCALS, 450, 450, 4600 47032 LDTYPE
13190 450 PRINT 680, TR» TO»PS®
13200 RETURN &
13210 460 PRINT 685, TR»T1, T0.PSO E
13220 RETURN =
2 13230 470 D@ 480 Js1,NPBINT
4 : 13240 PsFACTOR®PP( J)
= 13250 480 PRINT 690, TTCJ)sP o
13260 RETURM e
14030 610 FORMATC(/SINPUT TR, TO®, t) =
14040 615 FORMAT(/®INPUT TRsT)»TO®s ¢)
1 4050 620 FORMATC(/#INPUT NUMBER 6F LOAD P2INTS AND THE TIME AND e,
i 1 4051 SPRESSURE AT EACH POINT®) 2
= 1 4150 680 FORMATC/10Xs®TR s6,F6e3s¢ SEC  TO 3¢sF6e50¢ SEC  PSO =e,
14151 Fl.3s0 PS1®)

TR T

oo

4
o 4% 0y

TR

X Ay

D

o 14160 6BS FORMATC(ZIUXs TR »e,F6e30¢ SEC T1! =e,Fg.3s¢ SEC 10 =e, 2
2 14161 F6e30¢® SEC®0759%Xs8PSO =6,F7-3s% PSIe®) 3
= 14170 690 FORMAT(F15.3,F12.2)
1 1 4180 695 FORMATC/ 10X, sTINE PRESSURE®) E
K 3
-
g E
23
2 b3
3 3
3 3
3
4 5
& ;;,
<3 )
3
e Ed
2
# 2
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PROGRAM RCWALL

ALY ISt ond Gl e

00100 PRAGRAM RCWALL1T C(INPUT,dUTPUT)
003105 CALL RETRC THRCwALL 2, THRCWALL2)
00110C: THIS PIRTION IF THE PRIGRAM INPUTS THE REQUIRED WALL AND L3AD
00115Cs DATA AND INITIALIZES CERTAIN PARAMETERS
00120C
00150 COMMON < 4ALL»XKINC/LDTYPE,ARFKRAND> TIMES 1,Y (1007500 945 YUs YFALIL,
00152+ ZLVsZLHs TW PV, FPC, FDY» I CASESs NIBAR, ASC( 4, APSC4)» DC 4), DP{4), FOC,
00154+ ECIESsRsALP, AL P2, ARE 1) ZMASS, OMUL Ts VFALL » 24LM, VHT» VH2, VY1, VY2,
00156 W, P3,C0,LICs S, ZLENSCDsPS3,PD3sPRsPEXT» PCo TCo» TO» DELAYS
C0158¢ NWINsRHBI» Vsl 15 AA(R, 2),NN(B)Y, AFRINT, ASIDE: G G2» G3+ GA» PP2, 0T
00165C
00170C: READ TITLE ANC CINTRIL PARAMETERS
00175 PRINT 67
00180 READ 68, TITLE
00185 PRINT 85
00190 READs X WALL»KINCsLDTYPEs ARFs<RAND
00195 DFLAY=0
00200 VFAIL=1E10
00205 67 FORMAT(/eINPUT TITLES, )
00210 48 FORMAT(AS9)
00215 85 FARMAT(/#1NPUT <WALLCOSEXT, 18INT)»KINCLDTYPE,XRF, {RANDS,
00220+ ¢ ( 1sRANDIM) &)
oo2esc
00230<s & OETERMINE WALL PRIPERTIES INDEPENDENT 3F FDCsFDY, AND D
0023sC
00240 4 D3 S 12154
00245 ASC1)=0
00250 S CINTINUE
00255C
k 00260Cs & INPUT AND ECHO WALL AND REINFIRCEMENT PRAPERTIES *
00270 PRINT 615
00275 READsZL V> ZL A2 Y1 Ws PVs FPCaFDY» ICASES 2L VWe ZLH Ws V3RAR
00280 FDC=1.25¢FPC
1 00285 EC=57619.0¢SQRT(FPC)
- 00290 ESs29E6
00295 ECKIP=EC/1000% ESCIP3ES/1000
s Q0300 RsZLK/7ZLV
E- 00305 ALP=1.0/RS aLP22AL PsAlP
5 ’ 00310 IFCICASE.LE.42G3T3 11
= N 0031S R=0S ALP=20S$ ALP2z0
00320 1t PRINT 670
00325 D@ B I=1,4
00330 PRINT 625, 1%
00335 READLASC1)»DC1ILAPSC(1)H»OP(L)
00350 IFC(I.NE.1)@TY 3
00355 GETA(B»Bs8s8s9» T» 77+ 1 CASE
00360 3 G3TA(9»3» 766090999, ICASE
00365 6 1F(1.E0.32G3T) 9
00370 G372 8
0037S 7 I=le
00380 3 CINTINUE
00385 9 C3INTINUE
003%0C
00395C: C0CaEEsEIEEeseettettettateEteastetatateqaeeadsed
00400C: ¢ DETERMINF DEFLSCTIIN AND VMAMENT CAEFFICIENTS =
COADSCEt ¢040E e aee s itEatt et i eastdateaetseedeshoatetbae
004a10C
00415 AWALL=ZLVeZLM
00420 AWINZZLVWeZLHY
00425 AREAzAWALL-AWIN
00430 2MASSz 150+ 0= AREARTW/ (336071 728.0)
00435 ML Ts1.0
0044N 1FCAWINSNE.DICALL WINDAW (Q¥MILToZL Vs ZLMHs 7L Vs ZLH We AWINs AWALL
0044ls Rs ICASE)
00445 PRINT 620, ICASEsZL Vs 2LHs ALP» TWs FPCs ECAIP» FDY» ESKIP» PVs
O0AS0*  ZLVUWe ZLHW QUMULT
00455 PRINT 630
00460 D8 110 I=1,4
00465 IFC(AS(IIE2.00TY 110
00467 P2ASC1I/7(12.000(1)) S PP=APS(I)/7(12.00D(1))
00470 PRINT 640,1,AS€1),P, DCIY, APSC1)s PPy DPLT)
00475C CHANGE INITS OF REINFARCEMENT FRAYM S0.IN./FT T3 S0.IN7IN. s
00480 AS(13sAS(13/12.0 ) )
00485 APS(1)=APS(1)/712.0
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f PROGRAM RCWALL (CONTiNUED)

! 00490 110 CONTINYE
0049S 615 FARMAT(Z7 &« INPUT LVoLHs TWe PVsF 'CoFDYs» ICASEsLVUWILH W) N3BARS)
00500 620 FARMAT(//¢PROPERTIES AF REINFIRCED CANCRETE WALL ~-%,
t 00505+ s SUPPARY TYPF, N2.¢,12,/,
00510e & LV 26,F6et1se [N LH =¢,F6e15¢ [N LV/LH as,
00515+ FS¢2/ & TW 38,F6elss N F'C se,FT.1s% PSI®,5X%,
3 00520+ *EC 28,FTe1s% £S16s/56 FDY =26,F8.1»% PSI ES s,
00525+ F8e1s0 £51 PV 28,F6els® LLB/IN.e/
00530 & LVW 3$sF6elow ING LHW 26,F6s1s% [Ne  QUWLT s¢,F6.3) .
00535 625 FIRMAT(#INPUT AS»D,A°*S, &D°* FBR SECTION®,12,1) .
00S40 630 FORMAT(//eREINFORCEMENT vALUESs/¢ SECTidN AS (PY~,
00545+ IXs*DE,BXs®A'S (P*Y,BXa8D'®, /2BXs¢(SQeIN/FTe)e, 88X,
00550+ «(iIN.) (SOeIN/FTede,8Xs0(INe o)
3 00555 640 FIRNAT(LISsFlle a4 (8,F6.4s8)9,F9:3,F1064s8 (#,F60458)¢,FN]) H
5 00560 670 FIRMAT(IH )
e c0ns6SC H
00S70C INPUT L3AD PARAMETERS :
00871 IFCLPTYPE.ED.5)CATY 25
00575 100 IF(XRAND.EQ.0)YGAT? 102
00576 W31000.0 $ P2=214.7 $ C321120.0 $ LAC=1y
00577 GATe® 106
00578 1G2 °PRINT 600
00580 READ» Ww»P3,C3.L2C, S
00585 1F(LAC.ER:«1)G3T3 105
00590 PRINT 605
00595 READ»ZLEN,CD
00600 105 IF(KINC.EQ.1YGRT3 106
00605 PRINT 610
0061C READ»PSD
00615 PR22:08PS3¢( 7.00P3¢+ 4. 0¢PSBI/ ( T.06PI+PSH)
00620 600 FARMATC/SINPUT WoP3,CA,1L.3Cs Sest) H
00623 60S FORMAT(/&INPUT LsCDesv) i
00630 610 FIRMAT(/@INPUT PSI®, ) 3
00635C
00640C & INPUT ROIM-FILLING PARAMETERS ¢
00645 106 [FIKRF.EQ.0)G3TS 20
00650 10 PRINT 700
00652 RHOB20.076 $ Li=2.FALSE.
00655 READsNWIN, V3
A 00660 AT=0S AFR8NTs0S AS1DE=0
5 00665 D@ 1R Is=)1,NWIN
3 00670 PRINT 710,1
5 00675 READsAACL, 1)sNNCT)Y,AACL,2)
5 00680 AACL,2)=AACL, 2/ 1000.0
< 00685 AT=AT+AAC1,1)
- 00690 MeNNCIIS GITAC12,14,14),4
= 00695 12 AFRINT2AFRANT+AALLL 1)

.

Bty

T,

D iy T AR Y

TR A T

b £

N bt Bbds e

i ot DR R o (A A

Ay L

00700 GET? 18
: 00705 14 ASIDE=ASIDE+AA(L,1)
23 00710 18 CINTINUE
- 00715 AFRONT=AFRINT/ATS ASIDE3ASIDE/AT
& 00720 700 FARMAT(/«INPUT NWIN AND R3IAM VILUME (CFIe, 1)
- 00730 T10 FIRMAT(/«INPUT AREA (S3 FT)»LICATIAIN CIDE £ DELAY(MSEC)e
00735+ « FOR wWiNGIWe»12,1)
00740 fiz1+4 § G221¢/G S G331+-6G2 $ G422./G3 $ GS3G*1.
00750 PpP22.1912
00755 CaSORT(GeP3e32.&144./RNIG)
00760 TAUs2.ea(V3ee{1./73.1)/C
00770 DT=TA1)/ 4.0
00775C
00780 20 IF(KWALL.ED.OIGITY &S
0078S PRINT R6
00790 86 FIRMAT(/«INPUT DELAY TIMFE (MSEC) T INITIAL LOADING e»
00795+ ¢INTERIAR WALL®»1)
C0300 READ.DELAY
00305 DELAYzDELAY/1000.0
00310 25 CALL CHAINCRCWALL2)
00R1S 99 STIP
00820 ©ND
00825 SUBRAUTINE WINDAW C(QUUL TeZLVsZLHs ZL VW ZLH W AWI N» AWALL S Ry I CASED
09830C
0UB35Cs THIS SUBRBUTINE DETERMINES THE STRUCTURAL
00840C: MIDIFICATIIN FACTOR FIR WALLS WITH wiND3WS
0N342 IFCICASE. GT+ 4. AND. 1CASE.NE.10)GITS 320
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E: PROGRAM RCWALL (CONTINUED)
3 3 00845 RWWSEZLVW/ZLY
= 4 00850 RWWL3ZLHW/ZLH
e 3 00855 RAREA=AWIN/AWALL
< ‘. 00860 IF(R.LE«1+5)63TD 300
= 00865 IF(RUNSGT.N. V33T 300
- £ 00870 IF(RUWL .. T+NsSIGITI 300
00875 [F(RWNS+EDRWA.IGATA 300
3 - 00R80C
3 00385C: CASE WHERS LV/LM >= 1.5 LYWLV <= 0s7» AND LHWLK »= 0,5
& 4 0089001 (BYT LVWLV V2T €2UaL T2 LKWLH)
4 00895 WMILT2=5:8546112+ 66444 AREA¢ 40 396628 R WS+ 0% 43436 AWML
£ 0Nn%00e ~0.2F26R=1407269¢ (LYW ZLH W €€ 0094 6. 595 426 EXP{RAREA)
§ 00905 GIT3 315
] 00910C
g 00915Ct CASE WHERE ANE AR M2RE 3F ABIVE CINDITIINS IS NIT MET
p: £ 00920 300 ML T=0.62022-2.2341 56 RAREASE(RWH. €2 4) =0, 79461 R W *¢2
= 3 00925+ 20276638 RWWL+0. 62522¢RWWL./RAREA*¢0. 3
X ] 00930+ +2¢ 63043¢EXP(RAREA) ~0s 092636 RWWS
4 0093< 315 CAVTINUE
b - 00940 RETURV
- : 00945C
3 : 009S0C 3NE-~wAY ACTIIN WALLS
] 00955 320 MU TxCAKALL =7L Ve ZLHW) 7 CAWALL - AU N)
£ 00960 RETURN
3 § 00965 END
£ 01000 SEGMENT RCWALL2 (¢ INPUT, YUTPUT)
5 3 01010C THIS SEMMENT CALCULATES THE RESISTANCE FINCTIAN AND
2 ¢ ongaog LIADING AN SALYES THE DYNAMIC E£0UATIING IF 43TIdN
01030
E: E 01050 CIVMIN < WALL»<INCsLOTYPESXRF,» CRAND, TIYE: [, YC 100352 i YU, YFAILS
4 : 01052¢  ZLVeZLHa TWs PV, FPC, FDYs ICASES VIBAR, ASC A, APS( &) » NC AY 4 DPC 4)5 FDC»
¥ 4 01054+ EC,ESsRe ALPLALP2, ARTAL 7VASS, ML Ts VFALIL L Z4L Yo VM1, VH2Z2, VW1, VY2,
2 3 01056%  WeP3sCAsLICHS»ZLENSCO»PSY»PDYs PFsPEXT, PCs TC» TO» DELAYS
3 ‘i 01053+  NWINsRHIAV3sL 15 Q002,25 NNCRI 2 AFRINTL ASIDE, Go G2s 13) Gds ®P2, NT
= b 01078 CIMMIN /RAND/ TIvEC
= x 01090 DIMENSIAN 4CR0), V(302 TCR0)» VVIBOI» VH(30)» PEXC3D)» PINC30)s PNCAD)
ke . 01100C
01250 IF(CINCeVE.1.AR.LDTYPF.E9. SICALL FIRCEC(1)
b 01260 14  IF(LRAND.NEL1IGITI 35
= C 01270 CALL FIRCEC &)
53 : 01280 CALL RAND3M(1)
H $ 01290 34 CALL RANMIV(2)
s 01300 35 CALL RESIST(I
9 o1310C
£ - 01320C: MINIMUM, YMAXIMIM, AVD STARTING VALUES ARE DETERWMINED IR CASES
& s 01330C: WMERE THE LAAD CAUSING INCIPIENT COLLAPSE 1S T9 BE FAUND
e : 01340 13 IFCAINC.EN.0VGITS 23
z . 01350 PF=Qy
g . 01360 PFYAX20
- 01370 OFMINEPF/2.0
v 31380 6373 20
# 01390 16 PFa(PFMINPFYAX) /2.0
01400 20 CALL FIRCE(2)
01410 23 IFCARF.EN.0)GITH 24
01420 CALL FILLCP1NT,2)
01430C
01440C: INITIAL:i2E VALUES F3R BETA METHAN (8ETA = 1/6) AND C3WPUTE VALU
01453Ct FIR FIRST TIME INTERVAL ASSUMING WALL [NUTIALLY AT REST
: 01460 24 1=}
2 01470 TL4Fa0
5 01480 TC1)208 V(1)208 Y(1)=Q
= 01490 DFLTAZ0.001)
a 01520 1F (K WALL«EQ.0)67T3 29
: 01530 27  IFCTIME«GE«(NELAY=0.00001))GAT3 23
01540 TIVEs TIME¢DEL TA
01550 CALL FILLC(PINT, D)
01560 ;T 27
01570 23  PINCIY=PINT
015%0 TPNET=AREASPINT
01590 TC1)aTIVE
01600 T2 30
01610 29 CALL FIRCEC(D)
01620 TPNET2AREASPEXT

01630 PNC1)2PEXT
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PROGRAM RCWALL (CONTINUED)

01640 39 CALL REQIST(2)
01650 AC1I3TSIET/(24AR8e 24 W)

JVE1dsyVleTRyaT

03670 Y1) sydIaTONIT

MAFONT PRICENYRE FIn ol SURSTIY IENT TIME [vFEvaL s
91700 1 [ale}
GITID IFCILT.S31IRITS 11

e
ey TR e s g ot e

Al

i

N

L

*

H

N

{

. 21660

i

. 114300
01720

PRUVY 93, T1 4%

01730 92 FIVMAT(/«l333 TIAE =22,F 4300 FALLYRE ASSYAED [3 N3T 3CCHR«)

01740
01755
1760
01770
a1 Mo
01790
013n0
AL L]
[ R IR ]
01339
01340
01459
01’860
01370
01330
01390
21900

tJT3 6
il TIF=TIAE+URAL TA
TCIIZTIWE
CISRELISEAR]
CALL FICE()y
PEX(IY=PIXT
[FCLIALL 24 1)GITS 1D
TFILRFEINIGITY 3
CaLL FILLCPINT, D)
PLICLI=DINT
TP iZTTACQe(PEXT-P2INTY
M1y D
3 TPNETzAREASP=X [
63T) 2
13 CALL FL_L(PINT, )
PINCII=PINT
TPNSTIAREASPINT

01310 2 PNCEI2TRPIRT/ZARTA

01320
01930
D1940
01950
01960
1979
nN1980
31945
01990
n2059
02010
V292
92030
02040
0205
02740
020792
02391C
02199¢C
02110C
n2120
02139
02140
N2160
02172
N21RD
N2190C
02200
Q2210
02220C
022301

P 3 1)21.10
YCII2Y (L= 1)o 0L TACV( I~ 1)e NEL TACNS) TACCA(L=1)/3.0201)F60)
CALL QE8tST(2)
IT=JeAREN
4 ANEWs(TPNET-JTIZ (ZHWASSez4LLY)
ar lLTAsavaSw=Aac )
ac* ysaNE s
IFCANEW Ve NIPRINT, 619490, TI A, TPNET AT, 29ACS, 2L M Y( D)o AT 1)
1F(ABSCADEL TA/Z CANEWS 1 E.~1NY YL T 001 GITY 9
] CINTINGZ
CISREEY AL R LT £. VN
PRINT 30, TIME, PR ACLY» Y1)
? CANTINYE
TCIISYCI-13+ R, Tasy( 1+ 1)+ DOLTACDEL, TA(A(1=1)/3.04(1)76.)
V(I =uCT=1re D rARCA(IISA(T-1)272.0
VYT dzyvieTONEToYV2e0T
VHIL Yz VHI e TPNETe VH260T

¢ CHECK FIR vaxiwid DEFLFECTIAN AR FALLURE J3F wLL
t IF MAXEaM DEFLECTIIN RLACHED, WALl O1D N3T FalL
TFCYCIIelSeYCl=1).A¥" 23(1)LE«PNCLI-1)IGITI 6
TFCYCIILTOINTY 4
IF(TIME=ELAY REL DAL HSL TAZ ) 002
IFCTIME=-DELAY. fEN«N20) DEL TAz 0 D0
IF(TIME-DELAY« GE« 0« 100) OELTAT0.010
IF(TIVE-DFLAY ¢ GF4 00 %00) IEL TA= 36 050
IF FAILURE NEFLICTLIIN QREACHED, wallL FALILED
(FCYCLIe GEYFAILIGATY 7
337y 1

t IVTERVAL HALVING PRACEOURE T3 DETESMING LA CANSING IwCIPIENT

02240C: JILAPEE FI9 Cacis wMfdE NESIRID

22590
n2260
n224n
n%290
n23nn
02319
n2320
a2330C
02340
02350
02370
02330
n2390C
a2400

TS I R R e AR X,

H NALL DD N1 FAIL - SST SF4IN T3 °F
4 CWNTINE
[C(LINC S N GITY 14
35 LA R E1
IF(AFMAX GT. 0 G513 14
O, QePF
31Ty 20
3 WALL FAILFD - SET oF4ax [0 PF
7 CINTINYS,
TINECsTIMY
TF(KINC. EQ«0YAITY IR
a7 PFAAX2PF
$ CHECK T2 SEE IF LIAD ANGE IS WITHIV DESIRED ACCURACY
17 [FCCRPIAX-PFAINI/ZPFNIN. (T 0.01) GITY 16
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PROGRAM RCWALL (CONTINUED)

02410 LF(KRANDNE 1Y@ TY 13
02420 CALL RANDIW( D)

02430 GaTI 34

N2440C

G2450C: AUTAPUT DATA INCLUDES TWHE “AXIvyM NDEFLECTI IV AND TIME JF
£22460C: ACCHRANCE FAR A VIN-FAILING «ALL 9R THE TIME AND VEL2CITY
G2470C: AT CALLAPSE FIR A FAILING WALL. 3PTIANVAL 3UTPUT IS THE
",.480C: SNTIRE BEHAVIIR TIME-NISTIDPY 3¢ THE wALL.

0-.:90C

»/400Cs AUTPYT LIAD DATA

023:0 13 CALL FIRCECQ)

425200

J2530C: JUTPUT FINAL RESILTS

02540 1FCYCIILTYFAILIPRINT T0,YC(1)s T

UAS50 TFCYCL)«GRYFAILIPRINT T1oTC(Ido V(]

0Z560C

02570Ct CHECK T3 SEE IF ENTIRE TIME-«4ISIO%y 2&F waALL 18 NESIRED
02580 PRINT 72

02590 CSAD,“

02600 IF(4.£0.00G3T3 25

02620 IF(KWALL +EQe 1)@ T J2

02630 IFC(LRF.EN.0IRITY 26

02640 PRINT TSo(TCIIsPEXC 1IsPINCHPNCIIaYC 3o WV IoWHE §)s Jmls )
02650 TS 25

Q2A60 26 PRINT 16 (TCJIoPEXCIILAC)oVE Do YC o VUC 1Y, WHC 1Yo 10t 1)
02670 GTs 25

026R0 32 PRINT 76 CTCIIePINCIO, S22, WYY Yo VW Do WM 1), Istb 1)
02690 25 PRINT 71

02700 STaP

02710C

02740 70 FIRWAT(/euwall. DID ¥AT FAIL - vAX. DFEFLECTIAN AFeF6.2
02750+ ® [Ne REACHED ATeF7.3s¢ SECe)

02760 71 FARMAT(/euWALL FAILED ATe,F7.3,¢ SEC (FINAL VELICE .7 ne
02770» F7.2¢ IN./SECY®)

02M0 72 FIRMAT(/«1S TI%E HISTIRY 3F wall DESIRED (YES=1, N320)dept)
02800 75 FORMATCISXePRESSURE ON WALL®/¢ TIvE EXTERIIR o
02810+ CINTERIIR NET DI SPLACEMENT w We/

02820« (F6:3:3F10:30F12: 40 F11:0:FR.0))

02830 76 FIRMAT(/e TINE PRESSURE ACCELERATIAN VELICITY o
02840+ oDI SPLACEMENT vv VHe/

02850+ (F6eIoF9:DsF12¢10F12:2,F12:4F11:.0,FR.0))

02860 7Y FAMMAT(///s 1(Oecnsncccens})

92870 80 FIRMAT(/eACCELERATIIN N3T CINVERGING AT TIME me.FéeJe

02880+ ® SEC (PF ne,F7.3,0 PSl)e/s &C1> SET EICAL The,
02890 FRe1>¢ (AVG AF LAST 2 ITERATIINS)«/e v(1) w=e,
02900+ Fhedse [N.0)

02960 999 T3P

02970 N

100CH SUBREUTINE FIRCECIUNTRY)

10010C THIS SUBRAUTIVE [NPUTS TME LIAD PARAMETERS AND DETERNINFS
10020C THE L2AD AT A GIVEN TIME FIR THE FR.LIACINC LAAD TYFES:

1¢c030C te IDEALIZED SLAST LIAD (FRINT IR SIDE FACR)

10050 CIMMIN CWALL »MINCOLDTYPE,ARF e X RANTs TINEL 12 Y(100..2:31 YUs YFA L
10052¢  ZLVsZLNe THs PVs FPCo FIIYo ICASEs VI BAR) AS( 4)» APS( 42, DC 4, DPC &), FOC,
1005/ ECoESs RoALE:ALFRs AREAS ZWASSs QUUL To VFATIL » 7<L%s VM1 » VH20 VYIS V2,
10056% WP, C8sLIC, SsZLENSCDsPSI.PDI.®R, P, ®Cy TC, (0s DELAY,

10GS8e  NWIVS RMIN, VIeL 1o AA(B, 2), NNCB L AFRINTLASI DEs Go G20 530 GA» PP2, UT
16060 DIMENSIAN TT(10),PR(10)

190%0C

10130 IFC(LOTYPE.S0. %) BT 50U

10140C

10150 GRTAL2: 5,200, 300s 435 LENTRY

11000C

11050C CALCULATYE L2AD PRIPERTIES "3R GIVEN PEAX PRISSURE

11030 200 GBTE(2035,2107,L0C

11040 203 PSI2(PR~14:.00P3+SINT(196.00PACPI 1946, 00PJOPRPREPR) I/ 14,0
11050 @7 21S

11060 210 PSAoPR

11070 215 PDER: SePSReP LY/ { T DoPEsPSI)

13080 UeCAISSNRT(1.00(8.009S3)7(7.06P3))

11090 TUcWre0.133337(2.239940. 18%60PSI)

11100 O8TIC220,22%5),L.8C

11110 220 TCrl.0eS71)

11120 PUaPSASC1=-TC/TOIVERE(~TCATOYePDIVL 1 - TC/TOI0e2¢EXP(-20 TC/TD)

101

Db ol e

Bud

sid

Ly

sa b 1 G ety ot L g s s e At b

b OUPRIL Mg LT LN e

i

bttt 8 SR v

Ve 0 el R A sl ¢ e
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PROGRAM RCWALL (CONTINUED)

111 Coxt1.0

11140 ~«<T 13N

11190 225 Taz7L N/

11140 TA22TA/ 2.0

11179 TA2T0=1a27 (0

11120 PAIDSIS(1-TAZ TN s uXP(~ [AZTGISCOILNI( 1= TAZTAIeeP 05 (P (= se [ 2T1)?
3 11199 IFTy 22

E 12303C

& 120138 LALE LATE LYAv

12040 30N (YIS ITWd.LIC
17040 305 TINeTIWC/ )

2330 [FETIAV.nT 7Y RYITY 32
12360 P2PCe([CTIvele(P3-2CH1/ T
2040 ACT 4y

12000 1N FT . 2{T1 45 jasy/ [0
1209 1145, 3T. 1AYGITY 300
17100 Psblseli 4775

12019 QWA

1200 4 1F(T1).NC, 19331 339
1+t Padlta( =11 )q-‘-_.’)(-ff'))o(")v!) e {}eTTV Voo :.:\(n'—yar[())
121950 «57 19N

1214% A7 p-

1287 BTY ymN

t 13590

PR3 uC 2187 38 aara

13970 @ [P CCL T TN 1) 39T Y a0
130 20T ~aNe, ,1v¢oF8

13040 330 &t

£ I9Y Q0D BRINT ~Arl TyaT
161 413 Syl

1IN Aa19 GIT¥(Aa29,4a29,C
13049 Q20 PxINT 650

131090 GIT2 &30

1 MIC a2S PAANT 45Y

13119 430 PRINT 44Ds &eP 300D
13120 {F(4RA3D N5 0IRETYIN
131130 “ITH 835, a4aD) L IC

13140 435 PRINT KRS, S IMH P~
13150 TY aas

13150 44D 23 NT &T70, LT3 TASPA
170 445 PRINT A7% 1 T T0ePCYy27Y

T 4B By

it

=
3
£s

H 1139 RTTRN

B 13500€

E $7S10C  LAX) TYPS § == AR TARy L1An <Haps
e 11920 500 AITICS1N, 320, 510, 240, [ S ITRY

: 13%3nC

- 175407 13PUT LYAD IATA

= 17953 510 PSINT 449

U940 ACAD 483 LITI CTTC 1120 13, 1210 4R 2L
13570 FaCTI9=z o/

$3580 [F(CINC TR NIRITY 511

11590 PMAY=PRLY)

123400 03 H19 32NN T

13410 319 IF(ORC ). OTe PUACIPIA2ODC §)
13429 1R DPX32P(2)-BpPCY)

340 oz (T(2)-TT(1)

13480 1)2)

1 365" IET 10N

|1AI.'\(‘

: TR0 CALCLATE MAXI® ™M | 13

= 13419 S21 FAC IO/ OUAL

1358773 RIT3 14

137050 SN

137nioc

137207 CALT AT LAY

PN 937 ISCTIMC L e iTCIS1IIGRITI 53
= Y1740 t123)et

13790 PC3PPCHie1I=P2( 1 )

1740 FaTTCletd=TICID)

1745 [SCTNCI.03TK=3C8=1D

17779 3IT3 530

13740 93> PaFALTINS(PBI (11 [IAE~-TTC]1))ePX/TY)
13790 251 139

111300

i e

P _—
R G L

SIS g meRACRAZD B Rl bt

t
Wk b d Lore
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PROGRAM RCWALL (CON?IINUED)

FES

13310C PRINT LAAD DATA
: 13315 547 1F(SINCLEQ1IPRINT 640,LOTYPF
13R20 IF(/INCeEDI O PRINT 645,LDTYPE
13925 PRINY 690
- 13330 D3 949 Is1,NPAINT
- 13340 P3FACTIREPPL )
13850 SA4S PRIINT A% TTC 1), P
13360 RETYIN
1 4000C
14310 400 FIIMAT(/ L 424T W P). 23,LIC, 80,10
= 14020 605 FIRMATC(/eIN2UT L.CL% - ¢)
= 14060 43D FIQVAT(/eI¥PUT PCAe, ¢)
> 14070 640 FIIMATC/eL 1AL ~USING IVCIPISNT FAILYRE 1S AS FALLI WSt e,
2 1an74e 72 5%s *LIAD TrPF NUMAERe, I2)
i 14080 A4S FIRMAT(/ePWIPERTIES IF LIAD ACTING IV WALL ARE AS FILLAWSIe,
= 140% e 7+ 5%, sLIAD TYPZ VWiM3ERe, 1)
% . 14090 650 FIRMAT(AXN, o (FIINT FACE)e)
3 14100 655 FIRVATISX,*(SIDE FACE)¢)
F- . 14110 660 FIRMATCI0X 0w se,FH. 100 (T F3 30,Fhe?2s8 PSI C2 =e,
s 14l11e Flelse FPSe)
=, N 14120 645 FIRMATC 10X, 08 se,F6else FT TC =26,F6.3s¢ SEC PR =e,
. 14121 Fls3s8 PSle)
- 14130 673 FORMAT(IONs oL s0,F6else FT TA =26,F643,% SEC PA 26,
14131 FTe3dse PStle)
14140 675 FIRMATCIOXs oY) 36,FTe5se FPS TO se,F6.3,8 SEC CD =e,
tatale FSe1s72R%Xs0PSI »9,FT.3,¢ PSI DDA 30,F7.3)06 PSie)
14150 683 FIRMAT(/eIVPUT NUMSER IF LIAD PIINTS AND THE TIME AND o,
14151« SPRESSURE A5 EACH PIINTe)
14160 690 FARMAT(/10Xs0TIVE PRESSUREe)
14170 695 FIRMAT(F1S:3,512.2)
£ 15000 END
b . 20000 SUBRIUTINE FILL(PI, IZNTRY)
5 20010Cs CIYPUTES AVERAGE AIR PRESSURE IV R3Jv DUE T2 BLAST WAYVE
< 20020Cs INCIODENT MEAD- 3N UP3Y FRAVT wWAlL.
209170C
20050 CAYW4IN WA Ls<INCsLDTYPE,KRF+sXRANDs TIME» 115 YC 10035 3s QUs YUs YFAIL,
200526 2 Ve ZL:e TWe PVeFPCs FOY» ICASEsNIBARIASC A ARPS( A) s DC 4)» DPC 4), FOC,
20054+  ECoEXoRoALP» L P2, AREA, 2MASSs QUUL T» VFATIL » ZALYMs VM 1 s VU248 VVIs VY2,
20056¢ - P0,CPsL3CsSs7LENSCOsPSI» PO PRSPEXTs PCs TCo TO» DELAY»
20098¢  YWIN RNIB, VI L 14 AA(N, 22, VN(R,AFRIN T, ASEDEs Go G20 G3» G4s PP2, DT
20090 LISICAL L1,L2,L3
20093
20100 GRI3C10+135 1100 [ENTARY
20110 10 *FTURN
20310C
20320 13 »PI9=P3
20330 TT=0.$ T3=0.
20340 RHIIIa3RNHID
20350 L2s.FALSE. 8 L J3es.FALSE,
20360 RETUYRKN
20370C
20380 1t IFCLIYMTE S2
20385 IFCL2.A.L. VBT 9
20390 S2 ODT=(TIME~TII€0.S
E 20398 1STOP=2
- 20400 S3 1F(DDT.L.T.DT:QATS 51

e
W
x

g o A o AR
Jits iy

MY¥

o1y

3
!

& 20410 SO DDT=20.S%e0DDT
a5 20413 1STOP=2¢1STIP

; 20420 00 19 33
20430 S1 CONTIMUE
; 20440 DO 99 Is1,1ST3+

-3 20450 TTeT8e[30DT
. 20460 17(TY.-GT.T0X080 T3 99
k 20470 DdeGe $ WwsDe $ Vws0

20480 DO 300 <ol,NulN

20490 MeNN(L) 3 DLY®AA(X.2)¢0.000001
20%00 IFIOLY.GE.TTY0® T2 S00

20510 GBTC1%9, 18,187,

20320 13 CD¥e1.0

opiapen;

bt

3 20530 IFCTT-TC)205200 21
5 0543 20 PlLIS(TC-TTI®(PR-RCI/ICoPC
3 20530 Plienijepe

3 20560 & T 30
; 20%70 16 COF=-2.4
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PROGRAM RCWALL (CONTINUED)

2NAN) 9 S2TT/ T % 4Q3:t.-

2lALY AISR)IRIREIRETYN(-2,x7)

20429 PC=RCIaRRAI(O(= )

224530 PlizPSeCoveDy)

20530 PIi3P11epP)

2NAN 30 RMIIESRHIIC((PLI/PYI)exG)

20660 7(2)11=-P33)36,%4, T

04T I1SIGiz=-1

20HR0 L2z TR 1.

20710 303 P2:zki

20740 PHI2=C P2/ P21 ne 2 R{)]I)

20710 X=P33/R4I337

20800 GY) T3 34

20410 31 1316N=+)

29320 3Né6 PL.DO2EP||

20830 RHA2z((F2/7D1 1) «cani2)aR)]

20%84% X=P11/RY431

20350 A8  1J22=64&(X-P2/4V12)«J2. %1 94,

26340 UF1225 40, 395 39

20370 &9 PITNT, «22 NEGATIVA«, 422

20840 <T?2

20%90 3% Y2z QORTC 122)« ISEAN

20900 N2« RJYI2 &ALy 1)« )IT

20910 DAzNV+ D4

20920 wndy 1¢P11&DHDY/ (GBI

20925C

20930 509 CINTIN9E

20940 PAIN=PA2+(G=1.) 0w/ Y3

20350 A2 RHI3B+ D4/ v}

27940 99  CANTINUE

2091 TH=TT

20930 PA=P33-2)

29982 TFITIME.GE. TOIL 3=e TR

29993 RETYRIN

20944 9 R=IIMI/TO § RP=z).0=R

209845 PN=PNICRIRNEQINEEXP (= 2. 0¢R)

2094 PS=PIISRIREEXP(-R)

26917 PITPSAPICCAFAIINT-04 4¢ART )

20990 999 RETIAN

21020 NN

3IN0GD S 1IRIGTING FSTET (LaNTRY)

I0010C: HIS S JFINS INPUTI THE 27951390 LALL NATAS IFTERAINNES T«4<
30020C: RWSISTANCE FUNCTIIN, TRANSFINMATL 5y FACT 3RS, AVD IEACTI IN
3IN939C: CIEFFIGIANTES ayn S92 IFS T4A REACTIIN vaALYES FIR SPECIFIC
3004002 NIALCCTIING REPJIRED 19 TME OYVAYMIC aNAaLYSIe

30045C

30057 CI4473¥ A ALLA<INCoLUITPFI<RF» {RAND, TIME5 LoYC190)5252Us YUs YFALILS
3005%%¢ 2L V22LM, T . PV FPCarDY, I CASEL VT RAR, ASC A)» APS(4), HC A), OP( &) s FDOC»
30054+ 0, ES, Ry ALP. ALPR2, ARKA, ZMASSs IMUL Ts VFATIL, 74LYs VHT» VH2, YVI» VV2»
30056+  WP3sCI,LACHS»ZLFENL,COIPSISPNIIPRIPEXTI P TC» TNs VALAY
30058+  NWIN,RHI2, YL 15 ANC3,2)5 NNCR IS AFRIN T2 ASEDSs 6o 520 635 GAs PP2, DT
30100 REAL L IG, I MU (1442 2,443 I A, ICRLA)

30135C

30140 637304 5005 25)» [ ENTYRY

0150 4 FETIN

n1enc

3030NCE e ac R e ae et S et aaknetehapb bbbt abat

JNRI0C: &« ENTRY 231 NDETHRVMINEG wWALL PRIPERTIES .

302200t & DEPINAENT N FICs FOY, avy 1) «
ANLINCT YR Ml bk R E AR RPN ENEEIPIUB RO R A PR REREER
I0%47C

30]49 45 N=TR/EN

WINO FI23.0&)IT(FUC)

30916 [R:TweaF/ 126N 1)« CASC1ISNCII=TW/ 218268081 (TW2-0P 1) Vee2)
ANIT CALL CAIFFCICANS, ws &85» AR AE AFS [Gr 2L v ZLHe OV NN, CFY €Co 1)
30920 AMz2.N&lGR(FRePY/ TWI/TW

0325 CALL MMMENT(RFUC, FDY s ESo ¥oPVs 100, ASr APS» D9 DV5 40 ICRL T O)
31470 AMY=IC2) /74 101

1 ARN0C

LAINC: HITENMINE PISITIIV IF YISLD LIVES AVD IR, TIMATF RFESISTANCE
3150NCe CAIRFFICLENTS FAa4d TWd-wAY oALLS

31510 IFCICASEGT.42G5TY 106

31520 71i=wyCa)/s7we2y

31530 213=M1C3)7MC 1)

104
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PROGRAM RCWALL (CONTIHUED)

o

31540 GA¥MA1222.0¢SGRT(1.04211)

31550 GAMMA3422.0059RTI2.GeZL )

31560 GRAT=GAMMAL2/GAMMAJA

31570 BeIIRTCI+ZL1)#{GHUCALP2/ GAYMAIA 4 (SSNTC GRAT¢ 2+ 3/

31580+ (GMUSALP2))=GRAD}

N>y . 31590C: IF BETA IS GREATER THAV 0«5 A3SUMPTION 3F CRACK PATTERNV A
s , 31600Ct N@T VALID AND CRACK PATTERN B IS ASSUMECD T2 2CCUR

X

7 H 31610 IF(B«LF.0«5)G?T2 105

o 31620C

- : 31630Cs CRACK PATTERN S

S & 31640 <RAK=1

Er : 31650 B2SQRT(1.0+212)8(SURT(1+0/ GRATE®2+ GMUSALP263.0)~14+0/ GRAT)

317860+ Z(MUSALP26 GAMMAL2Y

31670 QUTERM=2 6.0 GAMMALI 225264 -e G117 (SGRTCI* i /¢ GAUSALP2¢ GRAT*¢2))
31680+ ~1.0/CSORTCGMUIALPO SRATI )82

31690 4213 108

31700C

31710Cs CRACK PATTERN A

31720 105 CENTINUE

31730 KRAKG

31740 QUTERM26. D6 GAMYADA%®2/ (ALP* (SORTS 3+ GMUSAL P26 GRAT#42)
31750+ <~ALPEGRATHSORT( MUY e42)

31760 GITO 105

31 7116C

It MOCT DETERMINE MZYMENT AND DEFLECTION CIEFFICIENTS
21790C: FOR CRACKED P2RTIZN OF WALL BEMAVIZR

31800 106 Be0

31810 108 IF(PV.EQR.D)GBTH 180

31820 CALL COEF(ICASE»RsASSCeBSSTHAFCBFC 1C»ZL Ve ZLHLPY ' IXs CFLEC, 2)
31830 GATIC195,195, 195,195, 11251155 120)4 L CASE

31843 112 QUTER=1.0/CBSSCOZLV)

31850 GIT@ 195

2({860 113 GUYERM=(1.0/B2SCe(TLVEZLVePY/{ECIICIIeMUCII/{MUCL1IS( 1.0
IBT0> ~COSCO.SHZLVEIART(PV/CECSICIINIIIZILY

31880 CFaBFC

31890 G3TE 195

31900 120 QUTERMCCI+0%0. 54MUCI)/CHUCT) 2ASE O SAZL VS SQRT
31910+ (PV/CEC*IC)))))HI/(BSSCeTL V)

g 31520 CFeBFC

. .2 31930 GITO 195

31940 180 ASSC=ASSS AFCaAF

1950 GATECi95,195, 195,195, 182,185,190 ICASE

31960 182 QUTERM=1.0/(¢B3Se2LV)

31970 GITO 198

31980 185 QUTERM=C(MUCII/MUCT)31.0)I(BSSeZLY)

31990 GBTI 195

32000 190 QUTERMe( 0. SeMUCII/MUC1II»1,G27LUSSeTL V)

32010 19S GITIC200, 2105210 210 200, 21052100 LCASE

h ""\L

e
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s
.

axAC e s

wx

32020C
3L030CE S EEEEONOLEEEICELEI0EREICEIAEE00840CE4IEASESSEEENEELSE
32040C: ¢ DETERMINE RESISTANCE CURVE FIR WALL .

32050Ct ¢ (3 IS IN UMITS OF PSis KK IN LR CUsENes AND Y IN INCKRES)
32060Cs 0600220834000 000030¢000080440CE0R02EECEISEE03300¢24000000R0E
Jgor0C

32080Ct CASES 1 AND S

32090 200 Q1sMM/(BSSeZLVSIL V)

J2L00 KK1oECe] G/ (ASSAILVe24)

32110 Y1aQ1/4n Y

32120 XKR2ECIC/LASSCoZL Ve Q)

32130 IF{ICASE.EQ.S)RRTI 205

32140 QUeQUTERMMU( 1)/ (ZLVEZLH* 0. SeQUTERMSPV/KK2)

32150 GOTY 208

32160 205 QUSQUTERM&MU(II/ZZLY

32170 208 YUsQU/K<2

3218C G3T3 280

,w e

E: 3g190¢
3 32200Cs CASES 25 35 4 60 & 7
- 32210 210 O1=M4/(BFeZLVeZLY)

3 32220 KK 1%ECe{ B/ CAFOIL Voo a)
E: 32230 Y1eQ1/KX1
s 38240 Q2=MUCIX)IZ(CFeTLVeILY)
32250 £KR22ECH1C/ CAFCETL Ve a)
32260 Y2e40/KK2
32270 KK3aECe1C7 (ASSCezLVES Q)

g

105

T i Tl P R
S2ER, TR R e

LR SRR

R

AR Y g




AT R S P LAY AT ] <

3 ;e ) . .
iy L
A OERUSHESI IR SR et

FROGRAM RCWALL (CONTINUED)

A . aeu
B o T LI T Py Ty T

32239 1F(1CASE.GT.a)6GITY 21>

32290 Y NITERVICCA (1) =Py (re= P2/ KL3) /722702 Ve 7L+ ) e 26 ITIRARP Y/ L)
323,0 GYTa 220

32310 215 Mi)TIRAMUC1IZ LY

A232(, 220 YizY2+ (= 12I/ <Y

32330 230 IF(PUeibe)YFY=i( 1)/ (PVe(]40-3))

327349C

32350C: CHRCK FI2 TY28 )F FAIL-RE = LIAHTLY =SINFI20CED IR CINVINTINAL
32360 IF(MIIC(1) el TeleH5eMNIGITI X4

az370C

223390 CINVENTLIVAL TYPS FALLIRF

12799 YFAIL=Y JeD.1/7(ASC1)/70C1))

Ly A Y

L

L%

3

xS e B

3 32490C: MICTILITY SACTIR MUST AL <= 39

# 32410 TFCYFAILeGTe30e 1€Y11, ¢FAILZ 3N 04"}

K< 32430 RATY 2%

b 32440C

4 3245008 LIGHTLY REINFIRCTD TYPE 3F F. LIRS

Z pAAIC:  THE FILLIWING TXPRESSINN 1S 3ASIN IV A SFEEL SLINGATI N W 293

32470 238 'JCACC=30.

32430 P NICIEFESIRT(ENC)Y

32490 ASAR 7. 1A1S9«(NIAA/ 1 LY RaD

32500 299 YFAIL=SIRTCC0. 2« ARAQEFNY /1O (671 W/ 2, )82 (7 1, 2o 32E2)
3231 ) 270 IF(2Va=i1aGYIII 29>

32529Cs

32930C: IF FAILYIS NTFLECTIIN DS TI INSTARILITr 1€ LESS THAN VALIE
3254a0Cs SASED IN RSIVFAICSMEYT, CHASTETITS [HIS vALUS F3R YFAalL
22590 IF(rFAlL« AT+ YFYIYFAIL=YFV

3256% IFALL= JUS(YFV-YFATL)/(YFy~Yi))

32570 GITY 299

TN g

v

1

s
£

7 ma.mm.n;}p,-muﬁmw.nqvu“x \'Pﬂl"i"lllllv PO L]

H 32980 2395 AFAILz YY) :
=% 32590 293 CINTINGEC

> az60n6

3 241001 MIDLFY RICSISTANCS YALYES Y WINOIW MIDTFICATI W FACTIR

3 32620 21T )IeQIAT

32630 N2z Vyap T

I?2A40 Ozl PULT

32659 IFATL=IFATL« W T

32660 LC1sCCIEIMATS <€22CC28MM L TE <<= Re1ART
126797

3764208 JATOAT 1L IA=NSFLECTIIN Filvye

§: 32670 17(4R24%.£1. D RITY 3135

3 32710 PRINT 459

2710 (FCICANE SN 1.3R ICASE.EQeSIMITY 320
32720 PRINT AANe21sY1s22,Y2

32730 GITY 330

il ehin il

3 32740 320 PRANT 660:%1.Y1
3 32750 330 PRINT 640, 9Us YU» QFALL. YFALL :
= 32760 335 CINTINUT 3
i 32779¢C 4
= 32730 CALL TRANS €570 Vs 2LHs I CASEs {RACs ZALMSEs 2ALMFSe ZLYP» WIS, V425, E
3 32790¢ VI S» VRS, UV IFs v42F e VU IFs YVEFs V4120 V120, WWIP, VVZP) H
¢ 32810 RETURY ’
E 32320C _
pes J2RANC: ¢S PERELXR VT REISEREEUVENCBLDRGGEEUVOCIT LN EASEEEE IS h
3 22aNG: & SVTRY 33 DETERMINE [HE RESISTANCE (PEQ@ JulT A3ga) o '
-y 32450Cs « IF THE WALL AT A FINCTIIN 3F v(1) . .
K. J2RE00: ST EE P R WA CXCCECEECEEREECREAE B 200080000000CTE i
4 32379¢C :
H 32439 50N TFCYID)REYFATLIRITY SAO
3 32490 IFCYCDI AT YINRITY Ha0
- 32900 FITICS 5200 320 92% 101s 520 120V, [ CASE H
K 32319 591 CINTIN IS ’
3g9P0C -
E: 32930C: LASTIC AT -- CASES | Avd 3
3 2940 74L4=T4LMSE
S 32950 VA13V4IS S v42=y42S X

32960 VVI=VVIS S vv2:vv2s

32970 1FCY(1I«GT-YIIGITI 10

32930C

32990C: 'NCRACLED PITIIN -~ aLL CAases
33000 505 Q=Y(l)e«1l

33040 RETHU=N

33020C

33730C: CRACKED PIRTIIN -- CASES | aNd &

HUALIRT
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PROGRAM RCWALL (CONTINUED)

T o T P T T Ta e s

1 s

g 2
. 7 k:
= 2 33040 510 QzQ1+(Y(I)-Y1)a(QU=-912/C¢YY=Y1)
{ 4 33050 RETURN £
% h 33060C ?
< & 33070 520 IFCY(I).GT.Y2) T3 $30 ks
= 5 33080C 7
£ 3 33C90C: ELASTIC RANGE =+ CASES 2,30 4060 7 I/
b ¢ 33100 TKLMaZKLMFE 3
5 33110 VHIsVHIF $ uH2sVH2F ?

33120 VVIsVVIF § yy2ayyzr

33130 IFCYCIILTYIIGAITO SOS

33135Cs CRACKED PIRTI3N -~ CASES 2,3540657
33140 Q=91e(YL1)~Y1)e(32-01)/(Y2~Y1)

33145 RETURN

33150C

33160Cs ELASIA~PLASTIC RANGE >~ CASES 2,3, 4,6, 7

T
o S A

ety

iy
e

F: 33170 530 24i%3ZALMSE )
= 33180 VKisUNIS 3 VA2syH2S 2
5 33190 VVisVYV1S $ vv2svves 2
S 33200 Q202¢KK2s(Y(1)-Y2) i
& 33210 RETURY E
e 33220C E

{1

33R230C: PLASTIC RANGE -- ALL CASES

33240 540 ZKLMaZLLMP

33230 WisVHIP $ VH2sVH2P

33260 VVIsVVIP $ vv2ayvep

33270 IF(PV.GT.0¥G3T3 550

33280Cs N3 INPLANE FIRCES

33290 Qe=9qU

33300 RETURN

33310Cs MITH INPLANE FOHCES

33320 SS0 QuQUelYFV-Y(1))3/(YFVaYi))

33330 RETURN

323340C

33330C: wALL COLLAPSED -~ N3 RESISTANCE (T3 AV3ID NHMERICAL DIFFICW.TIEES
33360Cs FIR CERTAIN CASES SET RESISTANCE EQUAL Td VERY SMALL VALUE)
33370 560 Q=1E-10

33380 RETURN

333%0C

% 33330 630 FORMAT(//7e¢LBAD-DEFLECTISN CURVE®,/»3Xs Q@ (PSI) Y (1N Y0)
33530 $60 FORRAT(F9.2,712. Q)

33370 240

33000 SUBROUTINE MENENTIFUT, FOY-,ESeNsPYsBe ASs APSs Do DPsMUts ICR, 1C)
3S010C THIS SUBRBUTINE DETERMINES THE (A.TIMATE MINENT CAPACLITY AND
%3 < 3S020C CRADITN MOMENT OF IYERTIA FBR RESUIRED SECTIONS

3IS040 REAL + * 4204 3sXUDsN2 IC>ICTIT,MUCAIS ICRCAI S ASC RIS APS( &3, D( 22, DP( &)
33030C

E: 4 3S060C: DETEMMINE VALUES 0F CINCRETE PARAMETERS

i . 35070 43 X120.94-FDC/724E3

E 35080 «20.50-FDC/8EA

3 33090 XJ3Is(3900:0°3<33¢FDCI/ (IEI* 0. §2¢FOC-FOCOFDC/26EI)

35100 EPSCe0.004~FDC/65ES

5 33150CE 02000C00REREE000CEARE _S0S0CEE00000ASENERLC008R00CS

£ 35160Cs ¢ DETERMINE L TIMATE MOMENT CAPACITY AND CRAUKED ¢
35170C: ¢ MSMENT 3F INERTIA FIR REQUIRED SECTIINS .

= 3S180Ct ¢20000883000070000¢00E0RE0E00CARERGECE0020E0ESEENN
3steocC

35200 11=08 ICTOT=O

35210 D8 170 lel, s

33220 IFCAS(1)S3.00GITO 170

35230 tislle}

35240Ct ALL PROPERTIES ARE C2MPUTED F3R A WIDTH B

35250 TENS=AS(I)eFDYePY

35260 IFCAPS(1).LE.0IGETd 150

3s52710C

33280C1 WALL HAS COMPRESSISY REINFORCEMENT

35290 CaxiexIeFOCOBDeOP(])

5 35300 TENM1%0. S0CTENS/APSCIISESSEPSC)

: 33310 TEMM2sESOEPSCo(TENS-CIZAPSIT)

33 35320C: OETERMINE LSCATION 3F NEUTRAL AXIS

- 35330 IFCTENS.LE.COQNTY 140

s 35340C

353%0C: xud » D°

33340 FPSsTLRMISKISFDC/2.0-SIRTCITERMISKIOFDC/2. 02002

IS370¢ <~(TERM24ESEEPSCaICFDC))
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PROGRAM RCWALL (CONTINUED)

SR P R

AW F'S ANST @& <z FiY

393NN IF(FPSLTFNYIGITY 13

124010 FOSzFDY

5410 139 TRS=APS(I) s (ppPS=<L3e70C)

39429 £ JOsCPUNS=TPEYI/ (K1«<3eFICe3)

39430 AL I=C(TTNS=TPIs (N[ ) =L26{ )N e TOS(NC(I-NNPL )Y

A5440 1CQCIISREINOEA/ 3 Ne e ASIIIN(BIE)=Loy)) bb 2

334906 #0N=]) ARSI (NP ( ) Ina?

35440 GATH tHY

3%2470C

3542.3Cs K1) < D°

39490 1 8) TeSz-TIINI*EIRT(FEM e ag=TERV2)

A5519C: F'S MNIST NF <3 &y

ASS10 [FUFPSLTFDIIGYITY 14y

Sy9/0 FRSsEDY

9530 14> M3 TENS+APS(IYeFPR

3A5%40 O INZTEPUR/ (K18 JeFNCER)

J995N MINII=TEMICNH(T)I-L2¢£11D)=APS(1IeFPRe(N(L1I=DF(T))

39540 ICR(1)zRe(1Nea I/ 3eNGAS(IIC(D(]I I~ DI a2e N ARSI NI~ IDNYe a2
39519 GATY 152

155290

ASKRANC: ALY 4AaS NY CIORESSIIN IKINFIICEMENT

15500 150 CMTTTNSAC(I«LAGFDERA)

39410 MOC1IS TSNS LI~ <2< 111))

39620 1CRI1IzHeLYNEE I/ (. Q06N ASC 1IN I=-K1P)) 02

35A30C

395640 152 ICTIT=ICTAT+IC3(]) ‘
35650 179 CINTINUYE

ISARAC

AVATINC: DFTEIMALYE AFQARE RRACLTN MIMENT IF IN-xTta

19435 175 (Rs1CYE/1

AIKIN IFTT I

315700 TNO

ANONG CHARIIUMTINN CIEF(ICASCE, R)ARK ACCH AT, UK [5 "L Ve ZLHs P Ve NG LF

an010e Es [ENTRY)

4aN0N20C: THIS SHRIDITINE DETIIMINES MIMENT AND DSFLECTL IV CAISFRICIENTS
40030Cs FIR INE-wAY (CASET 5-7) AND Tud-wAy (CASES 1-4) WALLS

anganc

annso REAL [, vPR,MPREN, N}

409469 IFCILENTRY SN 2)GITY 201

40070 NX=1

agnin IFC(ICASS« RT. AXRITY SO

40090C

40100 R22ReR ?
acilo R3x2QeR2

401290 R4zQ2e¢R2

ant o ASS22¢007030%¢0133908R-.003456¢R2¢.000286¢R3
401 A0 B 81=e 0583324 13931 40 0=-,.0356N9¢R2¢. 50301 4¢R] +
40150 3 AYrICAL»205 3Us 40)» ICASE
e 401 61C

401 70Ct CASE 2. FIXED 3N FAUR SINES
40130 20 NX=3

A0
tas

P A T ¥ T Re RRr Y SR P

R \,’;\.';‘- 't»‘.“’ N :‘_-.“'%

RSTR a a] ATR

ety

ot
+r.

T o

re
o
EiiperadiNess

!

TN,

EOVIRORARIN 1o
SN ]

on

13 40130 AF==.003430¢.0073270R-.003365892¢ . 9006546¢R3-. ONONAT66e R4
- 40200 AF3+. 101150+ ¢ 2608 754 R« 1 359420 324, 03447 1933- . 00401 eRA
E: 40210+ +.0001 7003005
3 an220 CF2=.1474¢.35540 -4 | 71 46726 ,023 6033
3 40230 ATy 41
3 anzaoc
3 aN299C:  CASE 3. FIXED W <HIBT SIOFS, SIMPLY SHPPIRTED IV LOVG SIDES
] 49260 30 Xz 4
= PLERLS AF2.0045134 017929620 .023099¢ 2= .010379¢ ]3¢ . 00714 TerA
; 40230+ -, 000220%e4e45 + +000004 4036 Ree s
E: 40290 AF2-. 1221 49+, 1334450 3-4 1539 79622+ . 0361926 32- . 00401 S* R4
3 A0300%  +.NANLAARSKEEY
3 ann CF2P. 1958~ 7¢ 75648 R+ IN.RITAER2- 7. 4S8RI+ 2. 1440 R A
k. 4032ne ~e29580R0eS
‘5 30330 Ty A
E: 40340C

40350Ct  CASE 4. SIVPLY SIPPARTERD IN SHIRT SINES, FIXED ¥ LING SINES
40340 a0 NZ= ]

49370 AF2-.002745%+0084520R> 005698602+ .001R29¢R3~ . 0002859+ R
- aNJi0e  +.N0001 7390veey !
= 49320 AF 2=, 060120025651 5¢ R+ 1 715643¢R26 . 0S NW2HORI~ 00922 7094

: ANANNDe ¢.0NN%AeQee S
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¢ 4 4
124 4
g 5
k2 B
j e ‘3_
¢ E PROGRAM RCWALL (CONTINUED) g
£ 40450 CF25.898T¢R=1.56669~T.93986R2¢S5.3142¢R3=1. 76236R4¢+.23136ReeS :
: £ 404n0¢c ;
: g 404830 41 IF(R.GT.Z.5)7F«1.0/12.0
: 4 40440 IF(PV.EG. 0IRETURN 3
o ¢ 40450 ARATIA=AF/ASSS ARATIAsRF/BSS g
z 40450 aF3=BF$ CF3=CF h
3 ; 40470 GAT3 220 !
s, : 40480C 3
3 . 40490 SO IF(PV.VE.0)GITA 305 E |
E 1 40500C: CASE Se 3E-WAY SIMPLY SUPPIRTED WALL, :
E 40510 ASS§35.0/2%4.0 ;
s 40520 85S*0. 125 .
! 40530 G3TACR2 7002752270+ 2700 2705 60» 703, 1CF € ,
o . 49540C 4
4 : 40550Cs CASE 6. ANE-WAY FIXED ENO wALL E
S R 40560 60 AF21.0/334.0 3
3] { 40570 BF=1.0/12.0 4
: 40580 CFs1.0/12.0 B
: h 40590 NXs3 3
= . 40£00 RETURN .
= 40610C
g : 40620Ct CASE 7. 3NE-wAY PRZOEAPED CANTI . EVFR WALL
N 40630 70 AFs].0/75¥5.0
b : 40640 8F=0.125
b H 40650 CFz0.125
k. * 40660 NX33
H 40670 RETURN
% ; 40680C
40690 200 IFCICASE.GT.4)33TY 300
3 : 40700Ct DETERMINE ELASTIC DEFLECTIAN AND MA4ENT CIEFFICIENT FIR
= i 40710C: TWd-WAY WALL WITH INPLAVE FORCES
e . 40720 220 PlIs3.1415916%
E 40730 NU=0.3
= i 40740 PE=4.0sPIoPIsESL/7 (2L VEILVE(] « 0=NUSNY))
9 H 40750 8v=0
3 40760 230 AvV=0
40770 PPESPY/PE
. 40 ™0 TERM 62 4. 0¢PlaPlaRe SQRT(PPE)
. 40790C
. 40800Cs SERIES SELUTIAN USED T9 DETERMINE C3EFFICIENTS
e i 40810 09 250 %sls 72
F i 40820 MPRaMepPleR
3 . 40830 4PRSNINERe 2
g 40840 C4SQvMPRENe 2. 0eMPREPI ¢ SHRT(PPE)
# 40850 EMSQSMPRS0-2.0eMPReP] @ SQRT(PPE)
5 40860 TERMSsMe4P RSO (MPRSQ= 4. 0ePIePl «PPF)
= 40870 CISHAM220. S LEXP( 0. SO SRRT( BMS7) I+EXPL~0. S SQRTE 5459 ))
3 40880 IFCENSQ.LT.03G9T3 240
H 40890 COSHEMZ=0. S0 CEXPI D, SESQRT(ESQI IS EXP(~00 50 SQRTCENSOY )
: 40900 aITI 245 .
E 40910 240 COSHEM2:3C3S(0. 58 SQRT(-EMS))
s 40920 245  AVEAVe (1.0 " "wEQ/CASHORM2- MSH/CHISHEMR) /(Mo TERNE) )
: 40930¢ e(-1)ee((M=1)/ ITERMS
. 40940 BV2BYe (MPRSYS C G4SQECNUSEMSN-WPRSO) /CISHESZ= £9S0 4 (¥1je BISQ
£ 40950+ cHPRSQI/CIHGE2Y /7 (MO TERMAIIN(=13ee((¥4=1)/2)/ 7PN ]
- 40960 250  (INTIVGS
& 409 70C :
3 40980C: CASE 1 3
3 40990 AVSSeAVe( 1. 0-NUsNIoRAs 4. 0/P] M
E 41000 BYSSaRyen2e 4. 0/Pt z
5 41010 IFCICASE.EQ. 1)OATH 260
E 41020C =
. 41030Cs  CASES 2, 3» AND 4 :
41040 AVFeAVSSeARATL) ;
3 41050 RVFsBUSSeBRATIY
3 41060 CFaCF2eBVF/RAFY
- 41070 258 AFsAVF X
41010 WFaByF .
3 41090 260 ASSsAYSS -
41100 BSSaBYSS :
41110 270 RETUMN
41120C

41130Ct  SVE-wAY wWALLS
431140 300 ElPVsEel/vY
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PROGRAM RCWALL (CONTINUED)
a11s5n H3 21 YZRIRT(EIPYY
41169 H2z0e S8t
a1 10 TERML1210/7CIA2)=1.9
41140C
41170C:  ©CASE de INE= Ay SIvILY S )2RARTA0 WALL
41200 ASS3FER41/ 160
41210 ASS3(REC=0,175)/ ja ey
41220 CATIC2 TN 270 21052712100 WV 320) s AL
A1230C
a124anCt  CAST 4 WNF-wayY FIXTN S3) %ALY,
41299 310 %23
A1240 AF2(140-12/TANC1J2))/7) €2
227 aF=-3Fe3CSeASS
a1239 QE TiteN
a12990C
41300C:  CASE 7o ANE-WAY PRIIPPEG CAVTIL SY©R WALl
41310 320 Nx=2
41320 3CTAV(YISCTANCH2)=12) 27 (e AN D =)
41330 AF2(AFECNSe SINCYI)/ TANCYI~CISC1I2) 2= CSTNCI2I 7 TANC W)
at3ane ~CISCHD «CE 011217 SINC YIS0 1250 U81)0 1,037 jea2)/1}ee?
41350 RETYRN

41360 999 =NO

S0900 SHARIUTINE TRANS (4, 2L Vs 2L 4 ICASEs SRAC 7ALMSES 7L MF s 24L 4P» VL I Ss
S0010%  VL2S»VS1S5sVS25s Vi 1 Fs VL2Fs VSIFs VS2F» VLIP, VL2P, VS1P, vS2P)

50139C

50740C: THIS SUARIYTINE DETSRAINES LIAD AND ¥ASS TRAVSFIRMATIIN FACTIRS
S0050Ct AND DYNAMIC REACTIAN CISFFICIENTS FAR TWd-wWAY MLLS.

33060C

50070ft DETSIAMIVE LIAD AND MASS TRANSFIRMATIAN FACTIRS
50040 32z8¢3

50090 33:8¢82

50100 94292992

50110 35=32e83

50120 }5283¢R]3

S01306

S0140C: CASES 1| & 5 == ELASTIC RANGE
50169 130 Z<A4AST1320.486238( 1./ 124292/ 7. 56R3/21434/14-35/13486/790)

LLING] PLMCE22Ne SNIR=N. TVIRGEH

50170 7ALGS1=he atA28( e/ 6432710437/ 30.)

30130 24L SE220+ 64-0.413403

90139 RARSI230(16/712:.02/715:23374241/7(14764-37710+83/30+)
%0290 BARE2=€0:127083-0, 1345240337 ( 0+ 4= 0. 309232¢3)
\0210 ZL{ASE32LAMSF #2724 LE2

50220 ZAL SE324LSEL+ 1AL SE2

50230 {1FIARAL.EQ116ITT 335

50240C: CRACK PATTERN A

50250 CVSz0. 3«8

50260 CVL30e50( 10~

50270 XPzZLHeS3/ 340

50238 XBARS=BARSIe ZLY

59299 2P3ZLYe(1+0-4.00R/73,0¥/C4.00(1.0-))

50300 2BARS=RARS2eZLY

50319 X8ARPr 0o SeBeZLY

50220 ZRARPEILVEL 1472808/ 164)/(1e/7Ke~H/60)

50321 YTR 33%

50340C: CRACK PATTERN 8
50350 335 CVS20.5¢(1.0-%)

50360 CW=20.5¢8

5N370 XFeZL He(1e0=4:008/73,09) /(4. 00(1.0=R))
301330 (RARTIRARS2ePL ¢

90390 7022 _Vel/ .0

50400 ZRARSzRARS &7V

Snhato XRARP2ZLHO( 1o /24083716417 (1 e/Re=376)
S0a2n “RAWP 0. S0 QeI Y

50430 339 LMSEs2KMSE/ 74L 8

S04%0 FITACIV0s 340+ 3500 3600 3906 340 47000 1 CASE
50460C

S0470C: CASES 20 30 R & -~ ELASTIC RANGE

SNat0 IS0 1F(CKRALED1IGITI 3695

20490 <73 Jan

90500 3460 1F(XI_ALEIMGITY 36D

S0S10C: CASES 2¢ 2% JA, a3, & 6

39590 340 ZLMb.. S12,06A50(1.0730¢+87100523.002/720+-AN/18.+084790.)
90530 PLLEE, Y12,.00K10( 1712237 10.682730.)
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PROGRAM RCWALL (CONTINUED)

S0540 BARF1286(e05-8/15.9B27424)/(14712.28/10+82730.)
50550 GITIC370,3655, 3705 3700370, 365),1CASE

S0560Cs CASES 2A, 2B. 3B, 4As & 6

S0S570 3AS Z4AMFE230.4065-0. 61 44%8

50580 74LFE230+ 5344-0. T2ReB
50599 BARF23(+091667-¢138095¢8)/(e266667-+36666748)
S0600 QITAICIT5: 36353795 3750375, 36R)» I CASE

50610Cs CASES 2A & 28

50620 368 ZAMFEZIZAMFE)¢?{4F2
50630 ZALFE= 24 .FEL+Z4LFE2
50640 G3T? 380

S0650Ct CASES JA & 4B

S0A60 370 ZLAMFEZLUMFEL+ZCMSER
S0AT10 ZALFE3ZAKLFEL* 2L SE2
50680 GaT1e 330

S0690Cs CASES 3B, 4A» & 6
S0700 375 IKMFE=7ZLMSE+ZLMFF2

somno ZKLFE=Z<L SE1+Z4LFE2
50720 380 IXKLMFEs2LMFE/ZALFE
50740 G3T3 390

S0750C: CASE 7

50760 470 Z4LMFE=20.78

50770C

SOT80Ct ALL CASES ~-- PLASTIC RANGE
SOT90 390 ZLYP2(1.0~5)/3.0

50800 ZKLP20. >-3/3.0
50810 ZLALMPs 2P/ 2KLP
50820C

50830C

50840C: DETERVMINE DYNAMIC REACTIIN COEFFICIENTS FOR SHIRT (VS) AND
S0850Ct LANG (W) €DGES

$0860C

S0870 IFCICASE«LT«S5)GITI 395
S0880 XBARS=1E-108 BARF1=1€-108 XBARP=1£-10
50890 395 CIVTINUE

$0900 GATIC 4505 4005 A00» 420, 4305 400» 445)» [CASE
S0910 400 IF(KRAK.ED.1)G3TI 10
50920 XBARFsBARFieZLH

50930 IFCICASE.F.3)03T3 470
50940 405 ZBARFsBARF2»7ILV

$0950 GIT2 aa0

50960 410 XBARFsBARF2eZLM

50970 LFCICASE-£Q+3)GITO 435
S0980 415 ZBARF=BARFleZLY

50990 G3T3 440

S1000 420 IF(KRAC.EQ.1)MT2 42S
stowo XRARFsBARSI®ZLH

51020 33T 405

S1030 425 XxBARFaBARS2¢ZLH

$1040 GBTe 415

$1050 430 2BARFsBARS2eILY

51060 G3T3 440

51070 435 2BARF=BARS1eILV
S1080 440 CINTINUE

$1090C

51100C: CASES 2» 3» 4 & 6 -- ELASTIC RANGE
S1110 VS1F2CVSe(1.0~X2/XRAZF)

St120 VS2FaCvSe(xP/XBARF)

51130 VLIFsCWL e (1.0~2P/2BARF)

Sita0 WV.2FaCWL ¢ (7P/2BARF)

S1170 GOTE 450

st1is0C

$S1190C: CASE 7 «- FLASTIC RANGE
51200 445 VSI1Fs0

51220 V. 1Fs0. 459
S12%0 W2Fs0.165
s12350C

S1260Ct CASE | &4 5 -- ELASTIC RANGE
S1270 A4S0 VSiSaCVSe(1.0~-XP/XBARS)

S12n0 VS2SxCVSe {XP/XBARS)Y
51290 W ISsCUe(1.0~7P/%BARS)
$1300 W.2SsCWLSC(ZP/ 2 NARS)
$51340C

S135S0Ct ALL CASES -= PLASTIC RANGE
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PROGRAM RCWALL (CONTINUED)
3 1740 440 yS12=CYSE(1.0-<P/XQARP)
513719 YEAP=CYS«(XP/XRaRpP)
51339 VL I1PaCW &(1.0N=-2P/72342p)
$1390 W, 20=zCV «( 29/ 7348P)
51 409 RETURY
21419 ESD)
79000 SARYGTING SANDIV (TINT2Y)
0N109C TAIS SOR33 JTINS [N2UITS VMFAN AND STANDARN DEVIATIANS Fix ~ANDIV
1 T0020C vARTAGLSSs ACNSATES HANDIYM VALYESS  avh CINTRILS PENIIRED
70033C VMBS IF CASES T RE RiINt aNy JYTPYTS FINAL RESILTS AVD S Mva~Y
70049)C
3 TOOSO CIAIN £ JALLs<INCoLDTYRP T, {RFs<~ANs TUAEs Lo YC1ND)0 N Vs Yils YFAIL»
70052+ IL s PLHs T PV, FPC, TDY, 1 CASES ¥IBAR, ASCA),APS(4), 0(2),DP(A), FDC,»

T9C54%  FCIFSeR AL, ALT D25 ARTAS ZVASSH» VMU Ts VFALL s 74LMs VH1» VH2, YV, VY2,

701710 S X IMMYZXNIRMI(~ 1000 e Do 1)
IN1ROC INITIALLIZE RAIDIM NUYMBER GENERATAR
mi90 PRINT, 7o ¢ INPUT NRANDe,

79209 READ, NRAND

10210 DY A7 [=1,NRAND

70220 XMMIY=XNIRMI(N0,00,1.0)
70230 47 CINTIN IE

70240 INfEx208  €PRI=NS  SSPSIz0)
79259 TCHEC«=2n

n2460C

70270C  INPYT MEAN AN STAVDARD DEVIATIAN FIX RAVNIA VARTARLFES

* IN05Ae 45P 31, C3L3Co S2 LN CN PRI PDIS PRI PEXTS PCs TCo TO» DELAY,

2 70053+  NWIVL RHIZS V3sL 15 AALR, 2), YN8, AFRINT, ASI 0, G» G22 G35 GA» PP2, NT
¥ 70930 CIMAIY /7 RANN/ TIVMEC

3 70099 NIMENSTIIN CHI2SC YL CHIFTSC TIH» TOLISTC T

2 70100¢C

; 70110C VALJES FIR 97.58 (F=219,24,29, 34,39, 44, 49)

§ 70120 DATA CHIZ25/7+ 46392 051675055332 58255 « 40555 ¢ 622672 « 6440/

§ 70130 DATA CHIFTS/ 1672990 1454025 1657665 1652305 1049035 10 4591514331/
H m1a0 DATA TNIST/2:09302e0640 200489 20032520220 2:01560240107/

. 70150C

3 70160 GITICD9 500 70V I SNTRY

¥

s

A2
70230 PRINT &7 4]
70290 QEAN, SMEAN, SSD e
70410C  OEINFIRESN FINCRETE wALLS o
70420 30 ORINT 36 H
70430 ]EAD, FOYMEAV, FOYSD 4
10440 BRINT 94 v
79450 ETUYRN d
70460C 4
70470C GENERATE RANDIM VALUES 2
70570 SO FDY=XNTRMICO+0, FDYMEAN, FOYSD) 2
70380 tFCFDY.LE.Q)GATA SO 3
70335 {FCSMEAN.EN.0) AT 65 k=
70590 A0 SaXNAIRMI (N 0s SAEAN, SSD) B2
70 600 1FCS.LECOIGITI 60
70610 65 [NDEXzINDEX#] ,53
70420 RETHRY 3
70630C St VAL JES IF PS) Adn PSYee2 FIR JSE IN STATISTICAL ANALYSIS 3
70640 10 SPSI=SPTYe2R) 5
19650 CSP A KSDSI+PSIeDCY 2
70660C 5
70670C 1°TPUT FIVAL RES'LTS 3
MTI0 76  SRINT 92, FDY» So PEI, TINEC K
740 20  IFCINDEXSLTelCHECK) IETURY é
707506 %

TOT63C DETARAINE MFEAN, STAINARND DEVEIATIING AND STANDARD ERIIR FAR PSI
M7 N1z INDEY

70730 TMFAN3SPSYI/Z TN

Mmoo SO SIRTCCSSPSI= NI« IVTANEZMEANIZZN)

10400 STDERR=SD/ (SIRT(IN2-1D)

TOR19C CHECK 1F Maxivii 3F S0 PSA SAVMPLES JRTAINFD

10820 IFCINOEXEN. S0YATY 62

T0830C CHECK [F 95T CINFIDENCE INTERVAL FIR “EAN PS3 VALUE IS
708 40 IFCSTORERR®TDISTC(CINDEX=~153/5)/2MEAV. (T« 0.10)GATS 61
70850C

79849C CAINFIDENCE INTERVAL 1S 4ITHIV 107 ~- DETERYINEG 'WPPER LIMIT 3F
70870C 953 CANFIDENCE INTERVAL FAIR STANDARD DEVIATIAIN
70990C PRAJABILITY VALUFR AND ITS 958 CIVFIDENCE INTFRVAL 1PPER LIWIT
70899 62 SDUaSD/CSINTICHI2SCCINDEX=15275)))
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PROGRAM RCWALL (CONCLUDED)

=
A

3
4

T90NC CHECK IF «4AXIMIp4 IF SN PSY SA4P FC IRTALNEYD

by 19910 TFCINDEX I 90 6ITY §3
iH 79920C CHECL IF 9P VALJE IF 952 CINEINSNGE [¥FSQVAL F19 STaynann
e 70930C OSVIATIIN 1€ Wl PHIN 0e10€4€aY IF T4F STANNARH DEVIATE IV

4 70940 15CCCD = 3037 2 4FAN) « GT. . 10) AITY 4]

e 709591
= 109610€C 952 CINFIOCNCE [NITRVAL 1S L ITHIN 194 £33 BIrd vy ave 931

- 709700 PRIRARILITY VAL IF =~ [ITSF I CUTCIAESNT €34 <SS J4TATINGD)

F 01300 LS IMINE an? CIYTIDTNCE [NTFRVALS FIR 4734, Siada<) 1313119
3 70999,

3 TEINOC AND 103 AND 20T DRIV E[Y  sALune

. TININ 37 ZASANLIIMCAN SISO TS FCCINISK-15175)

& 71020 2ACANHT L ATAJe S INERIATOISTCCINNIX=15) /)

i 719239 SN 2N/ CSARTCCRII TS CINITA=12)I/5)))

a 7104 210z 2 AEAY-1. 232680
H 71050 PIOLZ74TAN= 1o 23268
3 T1060 P10 127 4TAN= | o+ D520 Son,

I MO P27 AEANS ) s P20 KN
e RAD L] PINZIACANS |« 2420 SN
‘ 71039 PINz?UTANG |, /X288 D

= 71190 PID 12 24FaVs | . 23DeCD)

4 7M110 PINY27ATAYS 1. 236G
4 71120C
o T1130C VIT29T STATISTICAL PARAASTSRS AF [NCIPISNT £, a0ac wRIcaas
71140 PRINT 1097 TASAN, 2ASANL s 245N 1y S QIN_p Qi) e 210, 0218, , D1 )y
A 71150 PI%ePIN P01
- 7140 BRIIT 109 INDMK, S TN
e 7110 GITY 999
ke 71140C

b 71190C 95¢ CINFINEICT INTERVAL 1S ¥IT WITHIY 10E v e R37q MEaAY ANY 90
N 712908
> 712106 JALHES =« THEREFIIE IATAIN 9 AODLTI IV W <Ava 8¢
5 71220 61 TCHECK=I04TT(es
3 123) < U

71 240C

= 71270 AA FIMATC/«INST MEAY AN STAV JARD OSVIATIN Flx Foraet)
. 71240 87 FIRMATC/aINGIT MFAN Q¥ STAVNAR) ISYIATIIN FI3 Sept)

E 71290 90 FIQUATC(FI.2eF11e26 Fl10e 2o Flae )

3 71319 92 FARMATIFI 15 1125 F10e2s Flae3)

- 11390 96 FIIAAT(/7705%0 aF Y e IKs &S <e 8PS 8 AKs 6D ILLASISS T ACs)
- 71360 100 FIRMATC///: 11X, ¢ STATISTICAL PRIPERTISS 3€ [NCIPISNT ©<)w,
= 71379 77,9%, %957 GINFINENGT LTIYITR«s /s TCo a1 TFMe, | 4%y
kS HEELT a1 LI #R PPER®S /0% ATANELF2I4 2
3 71370~ 2F12¢2s770 % STANDARY DFVIATIING I F19 2, 2F12:2077,

3 71400« e 107 PRIBARBILITY VALUSE, IF12:20775
71410 « 907 2R)IZARILITY VALIIES,3F12.2)

= 71420 105 FIRMAT(//, 5% ¢VMABER AF AUSERVATI ING 26,1307, 9%

- 714700 «STANDARQD SRRIR 2#,FYe2)
= 71 440C
- 71450 199 RTIPS ©yN
3 71460 FUICTIIN XNIRM1 (s A0 H)

i 7147) IF(X)10,20020
& 71440 10 XD2RANF(=1.0)

s 71470 20 X1=2RANF(0. ()

- 11970 <23RANE(NH.0)
- 71510 YSORT(=2.00AL 1G(X1))a(CISC A 2331440 2))
71920 <NIRM1zAsy el

. 71530 RETURAN
Ttvan £NY
X
£
- 113
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PRGGRAM RCSLAB

00100 PRAGAAY RCSLABI (INPHT, AUTPUT, TAPEL)
00105 CALL RETRC TMRCSLARZ, THRCSLARDY

001t0C
00115C
00i20C

® THLIS PORTIIV 3IF THE PRIGRAN I1PUTS THE REZRED ELEWEIT ANG
Tt LAAD DATA aND INITIALLZEC CERTALY PASAMEYEAR «

COISO CIWMIIN L INC.LOTYPE, CRF» {RAND, TIVES 15 Y(R0)5 3220 Y!Ss YFAIL,

001352
00154
N0155*
00t 56
00159+

LS ZLL oMK PV FPLL FDYs [CASE,NIRAT, AR 4Y, APSL{A) s N AL NP R, FiiCy
5Cs £%, Ro ALP, ALP2, AHEA, 29ASSs VFALL s Z4LYe K 1o W20 VEL, VS2H

MEVMBI ASCL, ASCS» VL » VCS» ASSs BES AF, BF, CFa ¥Xs

W P3sCIoLACH Ko ZLENICDs PS5I PDH PRI PEXTIPCs TCo TR DAY

NRINS RHID, V3L 15 AACR, 22, N, AFU T, AST 08, G G2 1335 Gas #3 OT

CO140 LIGICAL L1

00143

0017052 READ TITLE AND CINTRY, PARAMETERS

Q0175
8901430
00185
00190
0c1%5
Q0200
20205
062t9
noesd

BAUNT 67

READ 48, TITLE

SRINT 95

REANSCINC.LOTYPE, < AF) K RAYD

DL AYS0

yF4iLs1E10

67 FARBAT(/0INPUT TITLES, 3

68 FIRMATCIAIM)

BS FRRUATISAINOYT <INCoLDTYPE, {RF)XRAID(13RANNIAY S, 02

0e234C

002X6
00238
nezZ40

& 53 S Is1:a
ARCLYad)
5 CEVTIwuE

03082C
00244 ¢ 1WALT AN FCHI SLAR ANT REIVFIRCEMENT PRIPEQTICS 4

00246
GO24%
20250
Q0252
00254
co2%6
co2%s
00260
Guz62
u0264
00266
[t 1}
o627
00212
00274
00276
ooeTs
00280
00282
ooese
00286
ooess
00290
ooes2
ooR%a
ooRee
00300
00302
00304
00306
00308
00310
ooxn2
00 &
o0oNe

PRINT 6Y3

READS TL S 2LL s HEs FRTH FOY» I CASE, NIRAR
FOCu 1 250FPC
EC257619«DaSAIRT(FPC)
ESc29F4

AREA=Zl s 7LL

LA $PaEL/ 10008 ESCIPeIS/ 1000
RMrLL/ILS

ALPS1.0/7RS ALP2sALPSALP
IFCICAIE.LE.A3GRTY 1)

Re0S ALP=DS ALP2s0

t1 PRINT 670

23 8 i=stse

PRINT 6233
READSASC1Y. DLIdo APSL L), DIPCTDY
IPIi.NE.1)AITI 2D
GTICN.Bs8:8:9, 75 725 I CASE

3 OITOCT:85 7 6090%,9), ICASS
6 1FCL.EQ0.3)7MTH ¢

G378 8

7 tale)

8 CONTIvUE

9 CINTINUE

PRINT 7110

READ-4EMB

1FCYDMBNE1)OBTY 15
IFCICASE.GT.4) 38T8 1]

PRINT 701

READ,ASCS. ASQL
ASQLeASCL.71240

GeTe 16

13 FRINT 706

READ, ASCS

ASCL=0.0

16 ASCS®ASCS/12.0

ooNnC
0032001 0060060008000 80000282800000800000800030000000008

00322Ct ¢ DETZRMINE DEFLECTIIN AND “IMEIT COEFFICIENTS o
003240t 5000000000000 0E0ECRE0CE000S00ERA0000000000000

00326C

00328
00330
00332
003)4
00336

15 29MASS®150.0FAREASHS/(386.0701 728.0)

PRINT 6200 ICASES 2L Ss ZLL s HSo PPCe FDC, ECAIPL FOYL ESKiIP
SRINT 630

D8 110 i1, 4

IFCASCINEI.0IGITY 110
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*ROGRAM RCSLAB (ConTIaUED)

NN D2GSCIIZ12.04MHTI) $ £I3aPS(1I/7(12.Q0( 1))

G034 FTINT Ad7 e 1aaSl e 0(3),APS(1)s 2P, OPCLS

003422C CHANGE NITS IF REINVEIRCTASNT 94 SAulde/FT T e

NIVAL U1 IZaS(1I/Z12:.0 § APS(IIzaPS(()712.0

NO0TA% 110 CANTINE

HRKEL I

AIGN w2 IS S ITIFPCIZCN TN 172 8) 230006 CASCIDIZDC I/ 0= )12

ANINE YJOLNALB I GIRTIFRCIZ(1.0-2000X1)73L %)

SLTet LFCVEL e GT VL 12 YCL 3 0L A

NN IFCECASEL BV 20@TY 20

37994 VCR2L.P3eSIC[(FPCI/ (1-2eN(2)/72LL 1430006 CAS(2I/70(D3IN7(1=3(DV/7 21 ,)

N39S YCTMAN2 Ao SARNZIT(EICI/ (a2 Ui VI 7LD

21334 EFCYTR, 6T vIS4AY ) yCC2 TR 40X

35T FRINT 43 yCL VIS

AHISE 33TS 3O

B3RS 30 ORINT 435, v0L

A" 342 35 CINTINGE

NN346a GALL CINF(ICAC L, M AR IS, AF L RF 0200 2L Ss ZLL»PVe ¥Xe CFe ECH 1)
09244 1S FIMATIZe1 - UT LN 04SSO0 FNYL 1CASE, V33220, ¢)

AIRY A2% TAIMATIALOGT 3S, DA% 4N 7IR SSTUTIING, [ 2,102

- NN 420 FIIVAT(/7e02TRTIHe 39 RITIFIRCED CANCRTr SLAR =-a,

D372 & SUERIRT YA 41.4,12:7,

= HI3 TAae o LS 3acF4 e LN, i, X0 FARete® [Ne®,60p0{% za,

N Y33 T4 Fholew a0, /0@ F'C 20,3 %108 wS} FO), s&,F 10,

= AR €@ PR3, 5%, 6T 39, F T, 10 {Sle;/7,8 FUY 28,F4.1,8 OCa,

% 3R ns >3 28,F3alse (S1s}

33 BYI32 ANS CICAAT(//2RELTUF IRCEMENT AL YeSa’y SICTE )R aAs (Pre,

3 00344 9 0D, QL0 S (P71, 3%,81) %25 /03¢,0(8) [N/FT)as 0%,

E 0333 4e elld.1 (S INe/FToesiOXs 00 INY0}

2 D38 4487 FIRAAT(INFI1er® (6,55, 4,038, 53,3, F10. 318 (8,70.4,810,F9,3)
3 99399 A% FIRMALILM )

E 11332 637 FINAATLFe(). zesFho 1y PO ICE ze,Fhels6 D8]0

i3 INAIL ASS FIMAT(/aYL. 24,F4,1,¢ BS1e)

MNIV6 I0E FIIMAT( 81N )T CINTINISS ISINFIRCTIENT 5444150 T) e,
< 30398 Y IAT AND /7,0 INS S2ANS (2D IN./76T)e, 0
= 00230 703 FIRMATO/e NPT CWTINIIUS ITIIFIQCSACNT LAQALLEL TY o,
o ANenLe eSd2wy BA{ (S (Na/FTYIE,r Y
Joane Ti) FIMAT( /et TSLISILS wSaR3avs T2 A8 INCLJISD (02N e,
0QdA%6e a}37EKr0, )
O03AARC
IVNBINC INS G L 3A) BARAMETIRS
2157 IFLNTYIE. €2 56Ty 29
O2C2C LICATI IN 1. FRINT FACE LIANING £9SED [V IIM-FILLING PYICSHIRE
Q1575 1CO »=x:000.n S Pizjae T $ CV2112%.0
DURTL (FIKSF NEL1IBITY 102
IR0 L IC=2
A2 [FARAN LTSI 1I6ITY 104
NJI3RA PRINT 4037
NN534 ILAN S
Y033 GITY 1035
409 0C LacaTtiavy 2. T FACF Lyantvg
095392 172 (€20 $ LISz
00594 *LEWe?L8/712.9
. NQAN0 0S5 THELINCET1GITY 106
£ N4y BRINT 419
= ONKI0 TN, PTY
= NDALS #U27,06P8YI( T.QATPAe 4. NGO/ ( T.(008 328 SA)
N0A20 6N TINAAT(/7eINOHT Seet)
2 NNA3Z0 510 FIYWAT(/«(3PYT PGle,v)
L PLTAEY
= VIAAYC ¢ INO T RII4-FILLL 4T DAvANETE I® o
s UNKAs 104 TFILIF.SY.53739TY 29
b NN4%1 19 PAINT )0
= 11492 ONII2N.NTA € ) t3,FALSE.
: 006853 ILAYSIELN
A0ASS TN NWINL VI
70640 AT>(0S AFRINT=0S aAC1DE2)
00645 93 14 t=ievulN
00670 PRIYT 71001
NN6TS ICANAACLI»1),8N(1Y,4401,2)
N0A30 AACL,2)224(1,2)71000.0
004A8S ATzATeAA(L, 1)
NN W24I(1)IS RITI(12,14.18) 04
IVAIS 12 AFRWNT2AFQINTeAA(T 1)

x
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PROGRAM RCSLAB (CONTINUED)

00700 G312 1%

00705 14 ASIDEsASIDE+AALLLY)

COTIO 1% (FCAA(T,2).LT.DELAYIDELAYSAALT, 28

007tS AFRINT3AFAINT/ATS ASIOF=ASINFE/AT

00720 700 FIRMAT(/6INPYT NWIN AND RIIM VILUME (CFIe,¢)
00730 71N FASMAT(/«INPHT ARECA (SQ FTI,LICATIIV CADE & DELAY(YMSEC)S
09735+ ¢ FAR WIVDAWwe,12,1)

00740 Gr#lea $ (23176 3 GIs1e=G2 $ GAZ247G3 $ GS52G* 1.
00150 PP22.1912

90755 CaSORT(GAPIEI2.6] 44./RKI D)

00763 TAU22.¢(V3ee(1./3.))/C

00770 OTsTAU/ 4.0

00771SC

20TRO 20 CANTINYE

00810 25 CALL CHAIN(RCSLABZ)

0C81S 99 STW?

R, BT ST s YN e s e v g i

: 40820 EvD
= 00830 SUBRIUTINE CAEFC(ICASEs Ry ASS» BSS, AF» BF > [ 7L Vs 2LHsPVs NXs CF)»
(1ol B IR Es IENTRY)

008340t  THIS SURIUTINE DETERMINES MIMENT AND DEFLECTIIN CASFFICIENTS
QORISC: FIAR BNE- MY (CARES 5-7) AND TwWd-wAY (CASES t-4) ELEMENTS

A
P Y A L Tar to e bt Tunr e LT L g

00838C

& 00840 REAL 1,MPR, ¥PR ), N4}

i 008 42 X )

E 00844 1FLICASE. GT. 43 ITI SO

ks 00844C

4 LLLYT R2sReR

: 008350 RIsReR2

20852 R43326%2
00R3a ASS2~+007030¢.01 38908 R 00345483+, 00023 64R)
00836 BSSe-.053332¢. 13931 4¢R>.035609%R2+.003016¢R3
(LLEL I G3T3¢ 41,20, 30, 42, {CASE
00%60C

00862Cs CnSE 2. FIXED 3N FAIUR SIDES

§ NG4S 20  NXa3
3 40866 AF3+.003430¢.0073270R-.0033650R2%.030864683-.90004T66¢R4A
b 00843 BF8-.1011500.260875¢R=.1389R26R2¢ . 0AL6TToRI~. 00405 6 R4
3 < 00870  ©¢.5001 TMNeNeeS
3 2 008 ™ CFeec16740035540R417142320,0286¢R)
~3 H 00817¢ @r3 A
-5 N GGe 6
e N Q087MCs CASE 3. FIXED 3V SHIRT SIDES, SIWPL™ SUPPARTED 3V LANG SIODES
R N 20880 230 YXe 4
3 N 008382 AF2,004513-.017525¢Re . 023095042~ 0:032950R3¢4. 00218 Te R4
= ! UONR4s -.0002208eReeS ¢ 000008 408eRee§
5 N [ 1. L1 BFse,122149¢+3134450R- 1539 T96R2+ . 036192603, 0040156 R4
R : 00N88e +.C0016468R0eS
B - 00890 CFu2.1958- 7. 75440R* 1 0. 33T760R2=- 7. 24950 R, ¢+ 2. 344004
<~ . 00892+ -e29SaemeeS
H 00894 00Ty A
n . 00896C
N 00B9RC: CASE 4. SIYPLY SUPPIRTED IN SHART SIDES. FIXED 3% LONG SULES
R 00900 40  NxXs)
i 00902 AFs-.002765%.0G:.6524R~,005498002+ 001%29¢R3-. 00028599 R4
< 00904+  +.00001 739¢ReeS
) 60906 BF v« c080320% 25653 S6R=+ 1 7564%¢R2+ . 05 T92B80R3~- 00922 TOR4
| 00908  +.0005690KeeS
00910 CFeS.89870R=1.6669-7:.93980R2+5. 31 42¢R3~ 1. T423¢R4s .23 | JoReeS
00912C
00914 «f  1FCRGTeR2.0)CFe1.0/3R:0
00916 RETUNN
00919C

00%20 S0 CONTIVUE
00922Ct CASE S. INE-WAY, STWPLY SUPPARTED

3 00924 ASSe5.07384.0

- 00924 BSSe0.125

3 00928 GBTICR270527052705 27052704 60+ 704 I CASE
- 00930Cs CASE 6 INE-wAY, FIXED ENDS

e 00932Ct CASE 8. INE-WAY FIXED EVD wALL

9 00934 60 AF=}.0/38 0

- 009136 8%21.0712.0

S 00938 CFe1.0/12.0

E 00940 NXe3

= 00942 RET:RN
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PROGRAM RCSLAB (CONTINUED)

00%a4C
00946C: CASE 7. INE-waY, PRIPPEY CANTILEVER
00948 70 AFz2140/135.9

0095C 3F20.125
00952 CFrQG.125
20954 NX= 2
00956 270 RETIRN
00959 £ND

01000 SEGMENT RCSLAR2 C(INPUT»YYTPUT, TAPEYD)

01010C  THIA SEMENT CALCILATES THE RESISTANCE FYNCTIAN AND

01020C LUJALING AND SALVES THE DYNAWMIC RIJATIINS IF MATIAN

01300

G1050 CIMMBN CINCHLDTYPE, {RF2ARANUS TIME, 15 Y(8D), 25 N Y'Js YCALILS
01052+ LS 7ZLL,HSs PV, FPCIFRY, 1CARKE,NIBAR, AS(A), APS(4),N(4), DPC A FDC,
03054+%  ECs ESsRsPLUSALP 2, AIEA, ZMASS, VFALLS 741> VL 15 VL 25 VS1, V52,
01055¢ MVE4R,ASCL»ASCS, VCL,» VCS2rASSs BSSs AF» BF s CF, NIX»

31056 WP CFsLICrSH»ZL SN, CRaPSI 2 PDDs PFaPEXTs PCa TL0 TNs DELAY

01058+  NWIN, RHAB, Y3sL12AACR 2)» NN(B)» AFRANTS ASIDEs Gs G20 (130 G4» PP2» DT
01076 CI¥M2IN /354%7 SAREAL, SARZAL

01079 €34434 /RAND/ TIMEC

108N DIMENSIAN A(80),V(80), T(30),VS(80), L.(30),PN(L80)

N1100C

01250 IFC(KINCeNEs1ARLOTYPZENSICALL F3RCELD)

01260 14 IF(ARANDNE«13GIT3 35S

01270 CALL FIRCE(AH)

01280 CALL RANTD4(1)

01290 34 CALL RANLIM(2)

01300 335 CaLL RESIZT(I)

01310C

01320Ct ¥INIvU4, YAKIVWIJ4, AND STARTING VAL'ES ARE DETERMINED FIR CASES
N1330C: WHERE THE LAAND CAISING INCIP{SNT CILLAPSE < T3 BE FIHND
01340 13 TF(LINCE0. M GATI 23

01350 Bf2y

01369 PFMAX=0
0137 PFYIN=PF/2.0
01380 GIT? 20

01390 16 PFx(PFMINePFVMAX)/ 2.0

08430 20 CaLL FIRCEC2)

0rat:) 23 IFC(LRFE}a0IGITY 24

01420 CALL FILLC(PINT, )

J1430C

91440C3 INITIALIZE vaLyYES F3R SITA METHAD (8STA = 1/6) AND CIMPULIE vALY
0145Q0Ct F3R FIRST TIME INTERVAL ASSUMING ELEWANT [NITIALLY AT REST
Ci260 24 121

01470 Tiwe=0

01430 TC1)208 VC1)=08 v(1)=D

01499 DELTA=0.001

31500 fFCARF-NEL1IGITY 3D

01510 27 [FCTIVE, GE. (DR AY-.N0001))IGITA 30
a1520 TIME=TIMS+DAL TA

01530 CALL FILLC(PINT, )

61540 GITH 27

N1550 IF(YCIYGELYFATLIPRINT 71 T(1)oY (D)
71640 30 caLL RESIST(2)

01650 AC1)2060 S YSC1I=20e9) S YLC1)=20.9

N1440 TCI)=TIVE

T1A3NC

01690Ct PRICENYIE FIR ALL SUSBSEMIENT TIME INTIRvALS
01700 1 =1+

01710 [F(I.LT.]1)GITY {1t

21720 PRINT 98, TIVE

01730 93 FAIRMAT(/«1=2811  TILE 23:,F8.3,« FAfLGY € ASSYMEN T3 0T 3CCIRe)
01 740 G313 6
0135C 11 TIMEsTIMESDELTA

01760 TC1)I=TIME

01770 LISRELIGCIR]

0775 [F({RFNE.DIGITI 19
01 ™0 CALL FIRCE(D)

01790 PNCLY2PEXT

01800 GIra 2

01880 10 CALL FILL(PINT, 2}
01890 PNCIYSPINT

01910 2 CANTINUE

01920 N3 8 }I=1,10
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PROGRAM RCSLAB (CONTINUED)

01930 YCII3YCI-1)¢DELTARVCI=1)¢OELTACNEL TA®(A(I~1) /3.0 () 764}
n1940 CALL RESIST(2)

01960 4 ANEWsSAREAS(PN(I)I=))/(7MASSEZ4(LM)

01970 ADEL TAsANE w=AC D)

01980 ACTY=ANEY

01985 IFCANEW: EQ0IPRINT, « 1985, TIME,PN(]), 9, 2MASS, 74LM, YCI I, ACTE~))
01990 IFCABSCANELTA/ CANEWe 1E-10)) 4L T« 00125313 9

02000 8 CANTINUE

02910 ACI)2ANEW-ALZLTA/ 2.0

02020 PRINT 8Js TIMEsPF,ACI)oY(D)

02030 9 CANTINUE

02040 YCIIRY (=14 DELTASYC(L~ 1)+ DELTACNL TACCACI=1)/34+A(1)76.)
02050 VO =V(L-1)+DELTA®CA(L)*Q(1~1))/2.0

02060 VSCI)ZAREA®(YS)I«P([)eyS2:7)

02070 VLCI)SAREA® (VLI #PNC T e VL ZO

02090C

02100Cs CHECK FIR MAXIMUM DEFLECTIAIV 3R FAILURE aF wALL
02110C: IF vaxivuM DEFLECTI3Y  ACHEDR, SLEMENT Q1D N3T FAlL

02120 IFCY )L Eay(latdo A MWNOLILEPNCTI-1)3G3TA 6
02130 IFCYCIIeLT0)B3ITI 6

02t 40 IFCTI4E-NELAY« BE4 G 010) NELTA=04 002

02160 LFCTEME-DELAY« GE+020290) DEL TA20+ 005

02170 IFCTIME-DELAY« GE+ 0+ 100)DELTA304019

02180 IFCTIME=-DELAY GE¢0e S00) DL TR0« 050

02190C IF FAILURE DEFLRCTIIN REACHEO, wWALL FAILED
02200 IFCYCTIYGE.Y® JALIGATE 7

02210 @BT2 1

02220C

02230C: INTERVAL HMALVING PR3ICEDURE T2 DETERMINE LJIAD CAYSIIG INCIPIENT
0224GCs COLLAPSE FAR CASES WHERE DESIRED

02250Ct ELEMENT DID N3T FAIL «- SET PFMIN 10 PF

02260 6 CANTINUE

02280 IF(LINC+€2.07G3T3 IR

02290 36  PFMINz2PF

02300 IF(PFYAX.GT.0 QAT 16

02310 PFs2.0ePF

02320 6372 20

02330Cs ELEMENT FAILED -~ SET ~FMAK T3 PF

02340 7 CANTINUE

02350 TIMEC=TIME

02370 IFCKINC.FQ.0YG3T3 18

02380 37 PFMAX2PF

02390Cs CHECK T2 SEE IFf LJAD RANGE IS Wl iMIV DESIRED ACCURACY
02400 17 IFC(PFMAX=PFAIN)/PFIIN.GT«0.01)GATI 14

02410 IF(KXRANDeNE.1)GIT3 18
02420 CaLL RANDAM(I)

02430 GATI Ja

02440C

02450Cs QUTPUT DATA INGLUDES THE MAXIMipd DEFLECTI3V AND TIWE aF
02460Ct JCCURANCE FIR A NIN~FAILING WALL 3R THF TIME AND VEL3CITY
02470Ct AT C3LLAPSE FAR A FAILING ELEMENT. JIPTIINAL 3yTPUT
02430C: ENTIRE BEHAVIOR TIME-HISTIRY IF THE wALL.

02490C

02500Ct JYTPUT LBAD DATA

02510 18 CALL FIRCF (42

02520C

02530C: SUTPUT FINAL ~ISWLTS

O25A4C LFCYCI LT YFLILIPRINT 70, YC 1) TCIY

02550 IFC(YCI)«GEYFATLIPRINT 712 TC1dev(I)

02552C

02554 PRINT 90

02556 READs<FILE

02558 (F(SFILE.ER-2IGTA 40

02380 PRINT 995

02562 READ,NAMEF

02564 CALL PFUR(IHRET, 1, VANEF)

02566 WRITE( 1, )SAREAS, SAREN.«HS

02566 WRITECi,21

92570 WRITEC1,IC(TCIISPNC I YSCita (), k210 D)

02374 CTALL FFURCINREPR: 1, NANEF)

02576 A0 CINTINUE

0257RC CMECX TS SEE IF ENTIRE TIME-HIST3RY IS DESIRED
Q2380 PRINT 72

02590 READ»
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PROGRAM RCSLAB (CONTINUED)

02409 IF(4:52.0)G3T) 25

N2A30 PRINT Tés CTCII o PNC I AC s VE