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Figure 41
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS
following conclusions are drawn:
Graphical solution of the differential equation of
motion is especially sultable for a structure which
may be represented by a one degree 6f freedom mass-
spring system, The solution is approximate but repid,
The method is flexible and may be applied to loads
imposed by air blast and ground shock and to response
characteristics which may be approximated by straight
line segménts; In certain cases of the latter, a
semi-graphlical approach 1s most convenient,
The numerical method proposed 1ls applicable to
structures of any number of storles, Approximate
but more rapid solutions may be obtained by ideal-
izing the resistance characteristics instead of con-
sidering the precise resistance functions based on
the distortion of the structure,
On the basis of the two comparison studles the
numerical method appears to be sufficiently accurate,
Energy checks may be apnllied to ascertain the general
accuracy of a solution, Unfortunately, except for a
single degree of freedom system, the check gives only
qualitative, negative information,
following 1is recommended:
Solutions using the numerical method proposed should
be obtained for diverse structures and loadings to be

87



compared with accurate solutions of the same pfoblems
obtained by other means, Of special interest would

be the effect of using different time intervals on the
accuracy of the solution, Different methods may have
different sensitivities to the change of time intervals,
In conjunction with the above study, energy checks
should be made, If the divergence of the computed
story displacements from the accurate displacements

are orderly, approximate but quantitative information

may be obtainable from the energy checks,
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APPENDIX I

GRAPHICAL SOLUTIONS

Introduction

The single story frame structures studied in this Appendix
were a part of the Army Structures Program of Operation Jangle,
in which the effect of an underground detonation of a nuclear
weapon on surface and buried structures was studled, Since we
are Interested here primarily in the method of analysis and
its valldity, the many conslderations involved In the Progran,
e.,s., selection of type and number of structures, their lo-
catlons with respect to ground zero, construction, Iinstrumenta-
tion, etec, will not be dlscussed, Detalled Information on the
Program 1s avallable in Reference 10 listed in the Bibllography,

The complex problem of the loadings imposed on the
structures is also beyond the scope of thils thesls, However,

& brief discussion of the loading problem is included to in-

dicate how the loadings used in the analyses were determined,

General Considerations

The Army frame structures can be treated with close
approximation as single degree of freedom mass-spring systens,
and are thus susceptible to solution by the graphical methods
discussed in Chapter I1I, Apart from thé usual assumptions
regarding thelr physical characteristics, the following
agsumptions were made in the analyées of the structures,

1, Damping was neglected in order to simplify the solutions,

'UN‘ Lr"\\.gj@};"uwu
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The error due to this asaumption of zero damping should be
small,‘for the damping coefficlent is small and the lmportant
response occurs within the first two or three cyecles of the
vibration of the structures,

2, Becauge of the time rate of load bulld-up, the dynamic
yield stress was assumed to be 10% greater than the static
yield stress,

3. The vertical loads on the columns were neglected, and
the load deflection curves were assumed to have the shape shown
in Figure 19-c¢, The error due to this assumption is also small,
provided the plastic deflectlons are not excessive,

4, The footings were assumed to have moved integrally
with the surrounding soil,

sufficient information from the translent instrumentation
program for the structures was not avallable when the post-
test analyses of the structures were made, Thus, it was neces-
gary to use acceleration and pressure records obtained by the
Stanford Research Institute along a radial line approximately
160° away from the radial lines from ground zero through the
structures,; The acceleratlion pattern was probably not sym-
metrical about ground zero; hence the loadings based on these
accelerations may be somewhat in error, |

The acceleration of the foundations of the structures
were assumed to be identical with that of the surrounding soil,
This agsumption was necessitated by the fact that the footing

accelerations were not avalilable, The justifications for this
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assumptlon are:

1.

The records from the Dugway tests indicate that the

footing acceleration closely followed that of the surrounding

soll, and

2,

A rough study of the resistance of the soll indlcated

that the full plastic shear of the columns plus the maximum

inertia force of the footling could be resisted adequately,

In the study mentloned above,

it was assumed that the

resistance would be furnished by shear on the bottom and by

the passive thrust on the front face of the footing,

Coulomb's

formula for passive resistance was used to determine the hori-

zontal component of the passive thrust, P

The soil cohstants used were

y
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The use of Coulomb's equation and the value of dl

- selected may be open to‘question. The value of d2 used
appears reasonable, and Y and 9 were obtained experimentally,
(Reference 11), Since almost enough resistance is furnished
by shear aloné in the worst cases and more than enough in the
others the assumption l1ls not unreasonable, The results of the

study are listed in Table 1,

Loading Phenomensa

The actual horizoh£a1 groﬁnd accéieration curves used in
the analyses were ideallzed to four rectanguler pulses as
discussed in Chepter III and indicated in Figure 43,

The Army frame type structures were designed to minimize
alr blast effects by minimizing the frontal area and rounding
. off the leading and trallling edges of the top masses, However,

it was necessary to study the effect of the alr shock on the
structures, Note that for ordinary structures the walls will
transmit additional load to the frame, and the air blast will
be the predominant loading,

In order to expedite the grapvhical solution, the air
shock wasg assumed to conslst of an linstantaneous impulse and
a continuous'drag force which was idealized to form a block

- diagram,

The impulée appllied to a platform was determined in the

following manner, The peak slde-on overpressure was applied

to theAfrontal area of the platform for a length of time equal
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to the velocity of the shock front divided by the length of

the platform, The change of veloclty of the mass is then

Av:-l-,
m

The reflection of the shock wave was assumed to be neg-
ligible, It waé felt that the relatively shallow depth of the
platform would cause rapld decay of the reflected pressure to
the level of the slde-on overpfessufe; However, the effect of
changing the air blast loading by * 50% on structure 3,5 was
studied and the result 1s included in Table &,

The drag force was assumed to be specified by Figure 47,
The coefficlient of drag was assumed to be unity, Thus, given
successive values of the overpressure at a structure, the drag
force P as a functlion of time was obtained, This P vs t curve
was then idealized to form a simple block diagram, Note that
the drag force attenuates rapldly, and is negligible during
the last fourth of the positive phase of the air shock, Hence
the average block 1s taken for only three-fourths of the posi-
tive phase,

It was necessary to idealize the loading and resistance
curves used in the analyses so that the solutions may be
obtained without undue labor, In order to investigate the
possibility of large errors resulting from these simplifi-
cations, five additional sets of solutions were obtained for
Structure 3,5 by changing each pertinent variable j 10% (except
for air blast which was ¥ 50%) while holding all other variables

constant, In general this study shows that the changes in the
‘ a3 T
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response so produced are orderly and not serious, The results

are tabulated in Tables 2 through 6.

Analysis

Two separate analyses were made; one group neglecting the
alr blast, and the other including the air blast, This was done
so that an estimate may be made of the effectiveness of earth
shock alone in causing damage to the structures,

The post-test survey indicated negligible damage to the
structures, In view of this, the structures were assumed to
have vibrated with the tops and bottoms of columns fixed against
rotation, since the amplltudes of vibratlon were probably small,
The structural data are presented in Table 7, The loadings
used and the graphlical solutlons are presented in Tables 8 and
9, and Figures 49 through 60, respectively,

Correlation With Experimental Results

The permenent relative deflections of the structures due
to the nuclear explosion were measured and are used in Table
10 to serve as experimental checks of the analyses made, Note
that the values of permanent displacement obtained by the
graphical method are confirmed in general by the correspond-
Ing values obtained experimentally, '

From the analytical and experimental results it may be
concluded that an underground explosion of a nuclear weapon

is not efficient in producing damage to surface freme structures,



A ’
X
Iy
=
h \ '
X c— “u ‘_"_“_‘__zm&*éu-‘:\'cma—) +
N gl '
vy
QAONB,. ® |
"
Iy
0
10 X
N\
R BV
>
g A\
3 AN
3
; \
° \
5
< \\
g
B \\
& \ \
- . =1 N
10 AN
2 N
S A\
ol \ \
8 A Tses (2) and[ ()
: X
\\ N
\<Pulee (D
Pulse @ efjualls | oher
talf of Pulsd (D
-2
10 3
10° 10" 10°
. Dimensionless Horizontal Distance from Ground Zero ( A )
Pig—5-lr Horizontal Acceleration vs Distance

Correlation of Stanford Research Institute Preliminary
Medium Records, Operation JANGLE, 1 KT yield at 0.135 Ac

Figure 43



Y
o

D 'I

gl.o
K

2

g

AN

z \

1]

N

g \

3 20—\ \

§ \\ \\

& N\ AN

<] \

l\
\ Ne——Puldes () amd @
KMt R =
OLL

1. 10

100

Dimensionless Horizontal Distance from Ground Zero ( >\ _)

Rigr—5+5 Horizontal Acceleration Impulse vs.Distance.
of Stanford Research Institute Preliminary Medium Records,
Operation JANGLE, 1 KT Yield at 0.135 A¢.

Figure 44

98

Correlation



b o .
A - ;[73, Scaled horizontal distance from Ground Zero.

- (ft), Horizontal distance from Ground Zero.

- (1b), Yield of Charge in equivalent amount of TNT.

(ft/sec), Actual seismic velocity between Ground Zero and a given
point located at the distance A from Ground Zero.

(sec), Time required after detonation of Charge for ground shock

& to travel the distance A from Ground Zero.

< =n

ct
]

>/
1}

;§73 s Scaled depth of burial of Charge.
‘ a3

(ft) , Depth of burial of Charge below the surface of the ground{v‘
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F&s1§§%#4 : Time of Arrival of Ground Shock

Figure 45
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P - (psi), Peak Side-on Air Overpressure
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t - (sec), Time required after detonation of Charge for
a the air blest to travel the horizontal scaled
( distance A , from Ground Zero.
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Maximum Ground Resistance vs Maximum Applied Force

E

Table 1

on Structure Footings

RegigégggeGr?§?gs) Maﬁg?gg %ﬁ?gg?d
T [eseive, Tanear [moten | o2mn Tartis T gotan
3.3 8 8 16 10 1 11
3.5 1016 364 1380 144 98 242
3.6 1590 1270 2860 765 1000 1765
3.7 225 92 317 92 22 114
3.8a 225 92 317 20 13 33
3.8b 225 92 317 20 6 26
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Table 2
Study of Variation in Plastlc Shear Strength
Structure 3.5 (1XT; A_ = 0,135, with Alr Blast)

Ratio of Displacement of Platform

. Plastic Shear Relative to Footings (ft)

Strength - 4

Variatlon Maximum Transient | Total Plastic | Permanent

+ - + -
0.9 0,14 0.02 0.14 | 0,06 + 0,08
1,0 0,13 0,02 0;12]0.06 + 0,06
1.1 0.12 0.02 0,11} 0,06 + 0,05
Table 3

Study of Varilatlion in Natural Period of Structure
Structure 3.5 (lKT, 7\c = 0,135, with Alr Blast)

Ratlio of Dlsplacement of Platform

Natural Relative to Footings (ft)

Period of

Structure

Variation Maximum Transient | Total Plastlc | Permanent

+ - + — .

0.9 0.09 0,01 0,08 0,05 + 0,03
1.0 0.13 0.02 0,12 ]0,06 + 0,06
1.1 0,17 0,02 0.15 10,07 + 0,08




Table 4

Study of Varlation in Magnitude of Alr Blast Loading

Structure 3,5 (15T, A_ = 0,135, with Alr Blast)

Ratlo of Displacement of Platform

Magnitude of Relative to Footings (ft)

Air Blast

Loading

Variation Maximum Transient | Total Plastic |Permanent

+ - + -
055 0,10 0.02 0,090} 0,07 + 0,02
1.0 0,13 0.02 0,121 0,06 + 0,06
1.5 0,15 0,02 0:;14] 0,06 + 0,08
Table 5

Study of Variation in Hagnitude of

Horlzontal Ground Acceleration

Structure 3,5 (1T, A _ = 0,135, with Air Blast)

Ratlo of Displacement of Platform

Magnitude of Relative to Footings (ft)

Horizontal

Ground

Acceleratlion

Variation Maximum Trensient |Total Plastic (Permanent

T - + -

0.9 0,11 0,02 0,10 0,06 + 0,04
1.0 0,13 0,02 0.12 0,06 + 0,06
1.1 0,14 0,02 0.13 |0,07 + 0,06




Table 6

Study of Variation in Period of Horizontal Ground Acceleratlon
Structure 3.5 (lKT, A, = 0.135, with Air Blast)

Ratlo of Displacement of Platform.

Period of Relative to Footings (ft)

Horizontal

Ground

Acceleration

Variation Maximum Transient | Totel Plastic | Permanent

¥ - + _

0.9 0,11 0,02 0,10} 0,05 + 0,05
1.0 0.13 0,02 0.12] 0,06 + 0,06
1.1 0.15 | 0.02 0.13| 0,08 + 0,06
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Table T

Struétural Data

. o | DR | S
ructure ® A Nass Platform | Platform
(22d) | (re) | (dzEet) | (in.®) (£t)
3.3 51,8 | 0,039 83 1944 15,8
3.5 26,0 Q§024 752 10530 26,5
3.6 29,3 | 0,072 | 1647 7780 54,3
3.7 17:4 | o.127 802 5830 7.3
3:8 a 6,3 0.218 781 5830 47,3
3.8 b 6.3 0.218 781 5830 47,3
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1 KT

Table 8

Weapon Loading Curves

Idealized Ground Shock

FPirst Pulse Second Pulse
Structure ﬁo io
At wat —_F At wat -1
= o=
(sec) | (deg) (ft) (sec) | (deg) (ft)
3.3 0.100 | 182 |+ 0.0061]0.131 | 2359 |- o.0134
3.5 0.100 | 149 + 0,0090 | 0,131 1195 | - 0,0200
3.6 0.100 | 168 |+ 0,0086| 0,130 | 218 | - 0,0187
3.7 0.100| 99.7 1]+ 0,0203} 0,131 | 130,6} - 0.0448
3.8 a 0,097 35:;2|+ 0.108 | 0.133 | 48,21 - 0,242
3;8b | 0,090 32,6+ 0,064 | 0,137 | 49,5| - 0.147

Third Pulse:

Fourth pulse: Amplitude of fourth pulse =

Equal and opposlte to second pulse

of first pulse)

Duration of foﬁrth pulse =
first pulse)

2 (Duration

i1C8

- 1/2 (Amplitude

of




Table 9

1K'T Weapon Loading Curves

Alr Blast

Ctrctupe | Arrival | At | ost i e
(sec) (sec) (deg) (£t) (ft)

3.3 0.118 | 0.113 | 206 | + 0.0031 | + 0;0096

3.5 0,118 0,113 168 + 0,0028 | + 0,0119

3.6 0,073 | 0.105 | 176 + 0,0010 | + 0,0083

3.7 0,118 0.113 112;7 | + 0,0033 | + 0,0164

3.8 a 0,170 0,060 21,6 | + 0,026 + 0,038

3.,8Db 0,280 0,084 30,3 | + 0,012 + 0,027
Note; The time of arrival of the air shock 1s given with

reference to the arrival time of the ground shock

at the corresponding structure,
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Permanent Deflection:
0,026 ft Toward G2

Respohse for Structure 3.3
Subjected to lKT Weapon
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Figure 49

AN .04
.03
.02
.01
—— 2 )
04. .05
-O

|

-t
-t

g‘i (M



Tt

by an Ly G
T~
+ .08 N .08 +
\ ‘ 4
1 \ 1
\
|
T .04 | .04 +
RN
ju . ‘ A -+
Y . / .
L (1) .
.04 @ \\‘// 2
1 A 1
1 Permanent Deflection: +
0.0044 £t Away from GZ
3
T 1 .'039: (H)

Response for Structure. 3.5
Sub jected to IKT Weapon
(Ground Shock Only)

Figure 50




(AR

Response for Structure 3.6
Subjected to lKT‘Weapon
(Ground Shock Only)

Figure 51
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Permanent Deflection:
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Response for Structure 3.3
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Figure 55
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Permenent Deflection:

0.025 ft Toward GZ 1

Response far Structure 3.7
Subjected to lKT Weapon
(Ground Shock and Air Blast)

Figure 58
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Teble 10

Comparison of Theoretlcal and Measured Displacements

R R R

Displacement of Platform Relative to Footings (ft)
(Positive indicates motlon away from Ground Zero) -

(1%, A_ = 0,135, with Air Blast)

Theoretical Actual
Structure | Maximum Transient|Total Plastlc|Permanent |Permanent
+ - + -

3.3 0405 | 0,06 0,020,035 | - 0,01 0.00
3.5 0,13 0,02 0.12] 0,06 + 6;06 - 0,02
3.6 0,06 0,08 0.00 | 0,01 - 0,01 0,00
3T 0,11 0.17 0,02 0,04 | - 0,02 0,00
3.8 & 0,10 0.06 0.00 | 0;00 0.00 0.00
3:8 b 0,05 | 0,03 0.00 | 0,00 0.00 0,00
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APPENDIX II
NUMERICAL SOLUTIONS
General

Two structures have been analyzed by the numerical pro-
cedure proposed in Chapter IV, and the results are presented
here, Detailed calculations and dlscussions are included to
explain and clarify the procedure involved,

The first structure studied 1s a gimple one story buildihg
represented by a single degree of freedom mass-spring system
subjeéted to vibratory motion of its support, A comparison
of the solution obtained for this case 1s made with an exact
solution,

The second is & three story structure three bays deep,
subjected to alir blast and to support vibration separately,
for the alir blast loading, three different types of resistance
functions were used, These were determined ffom the precise
analysis and from the approximate methods, Method A and Method
B, discussed in Chapter II; The results are compared in‘
Figures 15, 16, and 17. The precise resistance functions
were used for the case of support vibration,

The three story structure andlyzed here was selected
primarily because it had been analyzed previously by J, Penzilen
and H, A, Willlams using other approximate methods, and de-
flectlon-time curves of varying accuracy had been obtained for
air blast loading, Thus it was possible, by using the same
structure time intervals, and loadlng, to evaluate the accuracy

of the new method, as well as 1ts advantages and disadvantages
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compared to those used by Penzlen and Williams,
Finally, results of three analyses made by Penzlen and

Williams were used to make the energy check discussed in Chapter V,

Calculations And Digcusslong

One Story Structure Subjected To Support Vibration

The simp1e one story structure, the first of the two
studied may be characterized by Figure 61,

R . - . e

R
‘m
k
T A > 5
o = 12,47 rad/sec A= 0,106 ft
Figure 61

The structure ls subjected to an assumed vibratory motion
of lts support defined by
g2 20

o i c..T )

%V_Agul 7 b m~t$2) UDla)

.o 21 T

X, =~ A sin® =5 t, (EétéT) (101-Db)
where |

io = acceleration of the support in ft/sec®,

A = maximum amplitude of the acceleration,
= 0.64g = 20,6 ft/sec?,
I = perlod of the support acceleration,

= 1,17 seconds,
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The differential equation of motion is
mx + k(x - xo) =0, (102)

where
m = mass of structure,
X = displacement of mass from initial
position,
x = displacement of support from initial
posltion,
% = acceleration of mass,

Acceleration of support,

e
I

(o}
The slgn convention defined in Chapter II is used, Using
relative quantities equation (102) is written

¥ o+ % y =~ io . (103)

Equation (103) will be used in the numerical integration,
According to equation (72-b) of Chapter IV, the

acceleratlion may be approximated by

. ___yn+1- 2yn:*'yi‘l--l )
In = 7 (at)? v .

¥

Then,
Voep = = (g + way)‘n( at)® + 2y - y._1. (104)‘
The natural period of the structure is

T = gg = 0,505 seconds,

A value of tz%zO;OS seconds will be used; BSince at t = 0,
y=y =% =0, equation (73) may be used to start the solution,
(See Chapter IV for discussion of this'point.) The actual
calculations are given in Table 11, The coluﬁn headings are
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arrenged to carry out the operations indicated by equation (104),

Explanatory comments will be made to clarify the steps |
taken, although most of them are self-explanatory,

At t = 0,25 seconds the dlsplacement obtained is -0,1081
ft, which is larger than the limiting elastlc deflection,
A=1% 0,106 ft, Therefore the structure is in the plastic
range and equation (104) no longer applies, Instead the re-
slstance 1s now constanf, and equation (105) given below must
be used, ‘

Vo1 = - (X, + o) (8t)® w2y -7y, 4 (105)
In the actual computation w®A is computed beforehand, and
whenever the deflection ¥ exceeds A, o®A is used in column
(9) instead of y “

At t = 0,55 seconds the maximum displacement 1s obtained,

Therefore, at t = 0,60, the structure is elastic and

8(yn,_- ypl) must be used in column (3), since the resistance
ig proportional now to. (y -y 1), which will be called the
effective displacement, where ypl = Ymax = A = - 0,3576 ft,.

At t = 0,75 seconds, the displacement is - 00,2429 but
the effective diéplacement‘is + 0,1147 which shows that
plastic actlon has started in the opposite direction, Thus,
o® A is 2gain used in column 3.

) The solution is stopped at t = 1,20 seconds when elastic
actlion has been resumed agein,

The problem gilven above was also solved exactly by in-

tegrating the equation of motlon by the classical method, The



mathematics involved 1ls quite elementary so the detalled
solution will not be given here, Instead only the result 1s
presented in Table 12 and Figure 31, It may be noted that the
determination of the time at which the transitlons from elastic
to plastic and plastic to elastic ranges occur involves trial
and error since the equations are not explicit in t, As such
it becomes quite laborious,

Examination of Figure 31 shows that the numerical procedure

is quite accurate,

—— evmnamine  — e ————a—

Three Story Structure Subjected To Air Blast, Preclse Resgistance
Funéﬁions | |
The second structure, a three story frame three bays deep,
is the same structure studied by Penzien and Wiliiams in
Reference 9; The structural date ls given in Figure 62,
The first loading considered will be the air blast due to

the detonation of a 2057

bomb 2300 feet from the structure,
The loading curve was originally obtained from Reference 2 by'
Penzien and Williams and will appear in tabular form in the
calculations,

The resistance characterlstics may be obtained as outlined
in Chapter II, Specifically, in the elastic range the re-
sistance R developed at a glven floor level 1s obtained by the
superpositlon of the moment distribution solutlons given in
Figures 63, 64, and 65,

The influence equations for the resistance at the three

magsses are
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Rl = 1878Xl‘~ 791X2 + 96}{3 (106-ax
R, = - 883x; + 1015x, - 367Txy | (106-5)
R3 = 143xl - 402x2 + 285x3 . (106—02

As before, relative deflections, veloclitles, and accelerations

defined by equations (107) will be used in the integration,

X =7, X =7 =y
.. . (107)
X0 =J¥1 + 72 Ko =71+ 70 Xp =¥ + Vo '
x3=y1+y2+y3 x3=y1+y2+y3 '3=l+y2+3
Then equations (106) are written
R2 = - 235y1 + 648y2 - 367y3 (108~b?
R3 = 26yl - l;7y2 + 285y3 . (108*0)

The basic differential equation of motion is
P, - mX% - R, =0, (109)
Using relative quantities, a set of simultaneous equations of

motlon are obtained;

P R
.. 1 1
Vg === - = (110-a)
1 my my | '
P R
. . 2 o
Yy + Yo =5 = 7 (110-b)
1 2 my ubs '
P, R
Y+ Yo + yB = f - Elj (110-¢)
3 3 .
Equations (110) are simplified thus:
P R
.. 1 1
Yo = = 1lll-a
1omp ooy ( )
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P R R :
. 2 1 2 1
Vo = (..__ - _...) - (_.._ - .__.) (lll-b)

2 o, WMy’ o, Wy .

V= = (_5 - '") (EZ (111-c)

By dividing equations (108) by the approprlate masses as in-
dicated in equations (111), and collecting like terms, we

obtain
P
¥, = Ei - 2132y, + 1252y, - 173y (112-a)
P P
¥ o (=2 L - -
Vo = (m2 mlx + 2555y, - 2420y, + 834y3 (112 b)
e -Pj P2

.It happens that the assumptlons concerning the loading and

ma.gses were such that

P. =7P

1 2P, (113-2)

_ _ A k-sec® =_
m = m, = 2my = 0,555 S (113 b)

.Therefore the general equations to be used in extrapolating

from a given deflection Tn to the next deflection Ypel

during the time interval At are

P
(1) a1 = (?ﬁ% - 2152y + 12527, - 17375),( 4 4)°
* (zyl)n - (yl)n-l (1l4-a)

(y5) 471 = (2555y; - 2420y, + 834y3)n(z;tzs

+ (2y,), - (y2)n-1 (114-Db)



(yB)n+l = (- 517yl + 1590y, - 1688y3}n(4At)f

+ (2y5), - (¥3) (114-c)

n-1°
The calculations are gilven in Table 13, The intervals (A t)
used in the integration are the same as those used by Penzien
and Williams for thelr most accurate solution,

Note that at t =0, ¥, = J, = &3 =0, y3=¥,=¥5=0

and ?2 = §3 = 0, but yl # 0, Therefore, equation (78) of
Chapter IV 1s used to obtain the first extrapolated vaiue of
(yl)n+l . It is just one half of the value given by equation
(114-a),

Béfore proceeding further the method of determining the
transition from elastlc to plastic action will be described,
It will be assumed that plastic hinges will be formed
simultaneously in all the columns of a given floor as dis-
cussed in Chapter II, The ultimate shears to be used are

given by
Mu

"

u h »?
and the ultimate shears divided by thelr respectlve masses

are tabulated‘below.

(=%); = ¥ 1436 (115-a)
'v‘ .

(%), = % 968 (115-b)
v

(57)5 = % 1348 (115-¢)

Noting that
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R3 = - V3 (116-a)
Ry, = V3 - V2 (ll6-b)
Ry = Vs - Vl ’ (116-c)

and from the equations of motion, the following set of eauatlions

are obtained,

v P
2= - =24 (F + Fp + Fs) | (117-a)
3 3 : :
v P m, V
2 2 .. .. )
= === 4 (¥, + F,) + (117-v)
my ~ Mg 1 27 7 my my ‘
v P n, V
1 1 . 2 2
== - == 4y, + === (117-c)

Thus, if at any time a value given by one of equations (117)
exceeds the corresponding ultimate value given in equations.
(115), that story becomes plastic, Although the evaluation
of the shears 1s rapld, much work can be eliminated if the
approximate deflections at which the stories become plastic
are knovn, These approximate, limiting elastic deflections
may be calculated by the methods discussed in Chapter II,
Let us examine Table 15, At t = 0,0300,

El - Eg — Eﬁ — 847
y=- 436

¥+ ¥ =+ 94T
jl + &2 + ya = + 871
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= - 847 + 871 = + 24

LT

<

—2 = - 84T 4+ O4T + 12 = + 112

)

vy

—= = - 847 - 436 + 112 = - 1171 ,
oy

Thus, none of the stories ls plastic, although the first story
is approaching the plastlic condition,
At t = 0,0350,

B1_fa_ D5 _ g
my  m,y  m, 854
1 2 3
Ey:]_ == 631

v
—2 = - 834 + 902 = + 68

3

Vs

—£ = -~ 834 4+ 863 + 34 = + 63
)

Vq

L = - g34 - 631 + 63 = - 1402
my

The first story is very close to belng plastic, and it will
be assumed that 1t has reached the plastic condition, There-
fore at t = 0.0350 seconds, & new set of influence equations

must be used to define the reslstances;
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The new set of equatlions is obtained by the moment
distribution solutions indicated in Figures 66, 67, and 68,
The influence equations for resistance in terms of the relative

deflections are

R, = 927 - 532y, + 81y3 (llS—a)
R, = - 147 + 648y, - 367y3 (118—b)
R3 = 16 - 116y2 + 286y3 . (1187c)

The equatlons to be used in the extrapolatlion procedure
are obtained as before from equations (73), (109), and (118),

and ére given below,

P
(Y1) ne1 = (;u% - 1670 + 959, - 146y5),(at)*
+ (2yl)n - (yl)n-l (llg"a)

(32)n41 = (1935 - 2127y, + 807y5) M),f

f (2y2)n - (Y2)n_l (llgfb)
(y3)‘n+1 = (- 325 + 1586y, - 1692y3).n( At)"‘f

+ (EYS)nf— (yB)n—l (119‘02

These equatlons are appllcable as long as the first story

is plastic and the others are elastic, By accounting for the

shears as before, at t = 0,060 —= is found to be - 843, At
v 2
t = 0,065, —% = - 1002 which means that at t = 0,065, the

m
2
Tirst and second storiles are plastic, and equations (119) are

no longer appllcable,

The iInfluence equations for the resistance developed at

Lok
(W]
(op)



each mags when the top story alone 1s elastic may be obtalned
from the moment distribution solutlons indicated in Figures

69 and 7O,
R, = 261 (120-a)
R, = 646 - 268y (120-b)
R3 = - 109 + 268y3 (120—0)

The extrapolation equatlons are

(V) pe1 = (% - 470),(88)% + (2yy), = (yp)poy
(121-a)
(Fo) ey = (= 69% + 483y5) (A8)% + (2y,), = (¥a)poq
- (121-Db)
(35)p41 = (1557 - 1449y5) (A%)® + (2y5), - (y5)pq
(121~c)
The integration proceeds using equations (121) until the thifd
story becomes plastic, Thilsa occurs at t = O.ilO at which time
3 - 1368,
3
All three stories are now plastic and the ultimate shears

act as the reslsting forces, The influence equations are,

therefore,
Ry = 261 (122-a)
R, = 162 (122-b5
Ry = 374, (122-0)

and the extrapolation equations are

P
(¥ pe1 = (;,% - 470),(A8)% + (277)y = (y))yq  (125-8)



(Y2)n+1 = 178 (At)a + (2y2)n - (y2)n—-1 (123']3)
(¥5) g1 = = 1056 (A1)% + (2y5), - (y3) 5 .« (123-c)

The integration is stopped at t = 0,150,

As stated previously, the same structure subjected to the
game load was analyzed by Penzlen and Williams, A comparison
of the solution jJjust obtained with the solutions obtained by
them will be made; Thelr most accurate solution assuming
linear variation of acceleration of the masses l1ls used as the
reference and is plotted as continuous curves 1in Figures 32,
35, and 34, The solution assuming 2 constant acceleration
during a time interval 1s represented by the symbols e, The
solution obtained by the extrapolation method l1s represented
by the symbols o, Note that the points o fall almost directly
on the curves, while the points e diverge appreclably,

Since the labor involved In obtaining the solutions
represented by the points e and o are approximately equal, it
may be conclﬁded that the extrapolation method 1s superior to
the constant acceleration method, Note that the linear
acceleration method reaquires roughly two to three times the
amount of work when compared to the exirapolation method, In
view of the excellent agreement between these results, the
extrapolation method may be sald to be superior to the linear
acceleration method also, These conclusions are of course
preliminary, and further analyses based on the different
methods using different structures and different loadings

should be made before an effective comparison can be made,
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The results obtained in Table 13 were based on fairly
precise resistance characteristics, In the following section,
approximate resistances as outlined in Chapter II will be
utilized to obtain approximate solutions for the same loading

and time intervals used in the precise analysis,

Three Story Structure Subjected To Air Blast, Approximate

Resigtance Functions, Method A

If the column extremetles are assumed to be fixed against
rotation, the shear developed in a story is independent of the
deflectlons of the other storlies, and the resistance to lateral
loads may be calculated from equation (23), Since the ultimate
shears are the same as given before, the ioadedeflection curves

may easily be computed, The pertinent data are given below

with Figure T1, [::3@5:]

| ks

[ ]

ky
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ky

7777

e esec? SO ~ x
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S k-gec® — — = Xk
m, = 0,277 ksee® A, = 0,800 in X, = 470 £
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Figure Tl
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The extrapolation equations for this system are based on
equations (73) and (86), and are given below with appropriate
constants inserted,

P

(y1)peq = ‘aﬁ + 1178y, - 2255y;),( 88)% + (271), = (v;)

‘l‘l-_l

(124~-2.)

— - D e -
(yp)p4n = (225577 - 2350y, + 84Ty5),(AE)° + (25,), (yo)n-1
(124-p)
- - 2 - '

(y3)p41 = (1278, = 2543y5)  (B8)% + (2y5)y = (¥y3)p.
(124~c)
The steps involved in the integration are identical with
those described earlier for the single degree of freedom case;

hence the results are given in Table 14 without further dis-

cussion, »

Three Story Structure Subjected To Air Blast, Approximate

Resistance Functlions, Method B

A slightly better approximation of the response functions

l1s obtained by the following procedure, It 1s assumed that

the shear in a story 1is dependent only on the relative de-

flection of that story as before, However, joint rotation is

allowed by requiring that the relative deflectlons in the

other storles be zero, Thus, the sidesway solutions for the

distortions indicated in Figure 72, 73, and T4 are obtained,
From the moments obtalined, a point on the shear-deflectlon

curve 1ls obtained, The line passing through this point and
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zero . ls extended until it intersects the horizontal line at
the ultimate shear value, The shear-deflectlon curves obtained

in this manner are shown in Figure 75,

v )"

41 2 B
797
537 |
3745 ﬂ
0,834 1in, "1 0,995 im, 2 T U3
Figure 75
The extrapolation equations using values from Figure 75
are
Pl . . :
(yl)rn+l = (E’i - 1723yl + 9733’2).11(&":')' + (Zyl)'n - (yl)n—l
(125-2)
(Va)ney = (17235 = 1946y, + Shdys) (A8)® + (25); = (7p)n g

(125-p)
(¥5)p41 = (97375 = 163275),(A8)% + (275), = (y3)pq |
(125-c¢)
The integration proceeds exactly as in the case of coluﬁns
with ends fixed against rotation, The results are given in
Table 15,
The two approximete solutions obtained are compared with
the solution using the precise resistance equations in Figures
15, 16, and 17, Note that serious errors are obtained for the

approximate solutions, especlally in the third story, Thus it
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is seen that errors in the order of 100% mey easily result by

using the approximate shear-deflection curves,

Three Story Structure Subjected To Support Vibration, Frecise
Resistance Functions | |

The three sﬁory-structure previously analyzed for air
blast loading will now be analyzed for loading imposed by
ground shock, It will be assumed that the magnitude of the
support acceleration 1is twice that assumed for the one-~story
structure analyzed first, while the perlod remeins unchahged‘
The magnification was necegsary because purely elastic response
wasg obtained using the previous acceleration, This analysis
was made primarily to illustrate the method to be used'when
the response passes from the elastic to plastic and back to
elagtic stages again, The integration is stopped when elastic
action is resumed in all storiles,

The basic differential equatlions of motion are given

below,

CLX e | Rl

¥p=- (X + -m—l) (126-a)
R R,

oe 1 2

¥o===- =5 (126-1b)

2 my I ‘ '

2. B

.8 2

V== - - (126-¢)

The resistence equations are identical to those obtained
previously for the preclse analysls, Therefore, only the

extrapolation equations based on them will be listed below,
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1, All stories elastic
(79) ey = (- ¥, - 2132y, + 1252y, - 173y3)‘n(At)f
+ (2y1)1’1 - (Yl)n_l (127'3-)
(ye)ml = (2555y, - 2420y, + 834y3)'n(At)‘3i
+ (2Y2)n = .(yz)n_l (127"b)
(y5)py1 = (= 517yy + 1590y, - 1688y3)'n( At).z
+ (2YB)n - (3’3)1,1_1 (127"0)
2, First story plastic, second and third storiles elastic,
(73)p41 = (%, - 1670 + 9595, - l46y3)n(At)“°"
+ (2yl)n - (yl)n—l (128"3-)
— 2
(y5) ey = (1935 - 2127y, + 807y5) At)"
+ (2y,), = (¥o)p-1 (128-b)
(y5)p4q = (+323 + 15867, - 1692y5),,( At)'é
+ (2y3)n - (yB)n-l (128—(3)
3, First and second storles plastic, third story elastilc,
(y)n4y = (= %y - 470, (8805 & (2y )y - (yy)yy (129-a)
(y2)n+l = (- 694 + 483Y3)n(At)a + (QY2)n - (Y2)n_l . (129"13)

(y3) e = (1557 = 1449y5),(84)° + (2y5) ), = (y3) (129-c)

n-1
It happens that the third story does not become plastic,
Note that the numerical coefficients appearing in equations
(127) through (129) were evaluated using unit positive dis-
placéments; Signs‘are automatically accounted for since the

values of y carry their own signs, However, in the plastic
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range certain numbers appear without the deflectlons, e.g.,

1935 in equation (128-b), If the deflection ¥, is negative,

it means that the first-story is plastic in the negative direct-~
lon; hence all such constants as 1935 will carry signs opposite
to the ones assligned above,

At t = 0,28 1t is found by accounting for the shears that
the first and second stories have become plastic, Therefore,
equations (129) are used after t = 0,28,

Between t = 0,38 and 0,40, the second story becomes
elasgtic again, This transitlion is determined in the followlng
mamneyr, Conslder the girders at the thlrd floor, Since they
are elastlec, the rotation of the Joints at the third floor may
be computed from the conjugate beam loaded with the moments
due to a2 unit deflection of the top, These mbments have
already been determined in order to dbtain,the influence
equations, See Figure 76, Note that in Figure 76 and in the
subsequent discussion A and B represent the two ends of the
girder under consideration and not the column AB showvn in

Figure 1,

+(1~@ _ %MM
W

Figure 76
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L B4 -a
sy = 3zt - 72 ) - (a30-a)
M
_ L.y _ -AB iy
®p = 3Er(ps = 2 ) - (130-D)

Since average rotation 1s required, the average elastic

rotations of the third floor joints, © ls given by

av?

= (1 3
Oav = ToET(Map * ¥pa) - (151)

This average rotatlion is due to the unit deflection of the
top, and to obtain the rotatlion due to an Iincrement of de-

flection Ay3, the average rotation is given by

— T
89,y = ToEz(Map * Hpalavs . (132)
Because of symmetry only half of the structure needs to be

congidered, From the informetion glven in Filgures 62 and 70
the following is obtained, where the subscripts G refer to the

girder,
Ly = 204 in,
Eg = 30x10° k/in?
I, = 1752 in% |
Hpg + Mp, = 334 + 280 = 614 k-ft/in,
Therefore,
pe,. = 24x10™* Ays .

The chord rotation of the column is given by

Agt = A;—p—-y 1
Lc ’
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where

Ly = Length of column = 144 in,

Between t = 0,36 and 0,38,
By = + 0,122 in,
‘ AyZ)’pl = + 0,007 in,

— A ~4&
Aeav = + 2,9x10 : radiens

Ag' = 4+ O;5x10f* radians,

Aeav _ ; | T
Agav —_— t = .36 f
epl(t = ,36)
289!
N epl(t = .38‘)
Figure 77

Note that the plastic rotation had been negative,'i.e.,
counterclockwise at t = 0,36, Bee Figure 77, vhere only the
top joinf of the left column in the second story is shown,
Between t = 0,36 and 0,38, the increment A®6' is positive, but
since A, 1s also positive and larger than Ae', the net in-
crement of plastic rotation is still negative and equal to

(ae - 2,4x10™% radians,

pilr = |
The increment of plastic rotatlion at the bottom of the column
is, of course, + 0,5x10"* radiens, since the first story is
still plastic, Thereforé, the average increment for the tops
and bottoms of all columns 1s

pllav = 2t 4053107

(a6
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= ~ 0,95x10" % radians,
Since the average relative rotation ié still increasing numeri-
cally, the action 1is stlill plastiec,
Between t = 0,38 and 0,40,
Ay3 = - O.‘OéO in,

| (Ayg)p]_ = + 0,124 in;

AG__ = - 0,5x10"%* radians

MAe! a

= + 8,6x10”* radians,

= .38
:;40

Figure 78
The average increment of plastic rotation for the top of the

columns is, therefore,

(80;)

= + 9,1x10"* radians,
and for the botton,

(ae + 8,6x10™ % radians,

pl)B =
The average increment of plastic rotation for the top and
bottom 1s then

( Aepl)_av = + 8, 9xlo"‘" radians,

This means that the second story has become elastic between
t = 0.38 and 0,40, Inspection of the numbers show, however,

that the resumption of elastlic actlon occurs closer to t = 0,38
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than to t = 0,40, Therefore, it is assumed that elastic action
is resumed at t = 0.;38 and equations (128) are used to proceed.
Ag discussed in Chapter II, however,'the plastic rotation
must first be artificlally removed, Since the distortion of
the third story 1s elastic and cannot be tampered with, its
relative deflection and joint rotations must be kept intact,
Thus, only the relative deflectlion yo can be adjusted to ob-
taln the artificial deflected shape, which must be compatible
with the response assumed, To do this it is assumed that at
t = 0,38 the second story is Just elastic, Then equations
(128) must apply. The shears are calculated as outlined
previously in terms of the unknown deflection Yoo Then by
equating the expression obtained for the second story shear to
its ultimate value, Yo is determined, Using this value of Yo

as the effective dlsplacement of the second story at t = 0,38,
the integration proceeds using equations (128)., Of course,
the difference between the true and effective‘displacement
must be accounted for as indicated in Table 16, The detalled

calculations are shown below,

' (X +5, + ¥, + V=)
__g _ (s .o .o [o) 1 2 3
m, = + 968 = (xo +3 + yg) + 5

X, + ¥ +¥,=- 813 - 1168y2

§0 + §l + ?2 + §3 = 913 + 418y,
- 357 - 9595, = + 968

y2 = - 103816 11‘1.
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The incremental rotation of the second floor jolnts depend
on the deflectlions Ay3 and Ay2 when the first story 1s plastic,
The moments Myn + Mg, of the first floor glrder on the left are,
according to Flgures 67 and 68,

Myp + MBA = 1236y2 - 112y3 .
The moment of inertia for the girder in question is 2621

inches?® Therefore, the average increment of rotatlon of the

girder‘is

L
—_—
A, = ToFT, (1236 Ay, - 112 AyB)

= 32x10" % Ay2 - 3X1o-4'Ay3 .

Between t = 0,40 and 0,42,

( Ayl)vpl = - 0,015 in,

DY, = + 0,148 in,

Ays = - 0,117 in,

—_ -~ 4
Aeav = + 5x10 | radians
At = - 1x10* radiens.

Figure 79

The averate increment of plastic rotation for the tops and

bottoms of the first story columms 1s
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(ae = - 3,5x10" % radians.

pl)av
Between t = 0,42 and 0,44,

( Ayl)pl =+ 0,175 in,

Ay, 0,022 in,
Ay5 = + 0,003 in,

- 0,7x10" * radians

A = -

12,1x10 % radilans,

‘Figure 80
The average increment of plastic rotatlon now 1s

(A6 _,). .. =+ 12,4x10"* radians,

pliav

Therefore, at t+ = 0,42 the joint i1s still plastic, but at

t = 0,44 it is elastic, The actual transition occurs somewhere

between, but assume that the first story becomes elastic at

t = 0,42, The effective displacement of the first story 1is

obtained as outlined previously, and the integration is re-

sumed using equations (127). The detalled calculations are

shown below, |
v

Y1 e .. . . .
= + 1436 = (x0 + yl) + (xo + ¥+ yz)
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+ %(io + yl + iz + §3)
- 290 - 2266y1 = + 1436
y; = - 0.7617 in,

The actual solution is stopped when the first story
becomes elastic, since the transition from the plastic to
elastic range was of primary Iinterest in this study, Also, 1t
appears that the time intervals taken were too large, but
agaln, this problem was intended to illustrate the procedurse
to be used in determining the transition from plastic to
élastic acﬁion; and a speclal attempt was not ma&e to obtain

an accurate solution;

Energy Check

The energy checks were cafried out for the three solutions
obtained by Penzien and Williams for a three story structure
subjected to air blast, Straight line segments between the
calculated polnts were assumed to determine the areas under
the 1oad—deflection and resistance-~-deflection curves, The
results are given in Tables 17 through 19 and graphically in
Figures 39 through 41; For the discussion involved and the

conclusions drawn, see Chapter V,
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Table 11
Calculations
for

One Story Structure Subjected to Support Vibration

A = 0,106 Tt
o® = 155,6 (ﬁ%%)s
(1) (2) (3) (4) (5) (6)
*a (o)n *¥n (Z(Z£§i 2§2+}-(4? Vers
B " Vn-1
(sec) | (Zkm) | (ko) | (21) (£t) (£t)
0.00 0,000 0,000 0.0000 00000
0,05 1,458 0.000 0.0036 0.0000
0.10 5:381 | - 0,560 0.0121| - 0.0036
0.15 10,744 | - 3,005 | o0.0194| - 0,0193
0.20 15,923 | - 8,465 | 0.0186| - 0,054k
0.25 19,553 | - 16.,494| 0,0076 | - 0,1081
0:30 20,569 | - 16.494| 0.0102| - 0.1691
0.35 18,679 | - 16.494| 0,0055| - 0,2403
0.40 | 1s:472 | - 16.494| - 0.0051 | - 0,3170
0.45 9.087 | - 16.494| - 0;0185| - 0.3886
0.50 | = 4.009 | - 16.404| - 0.0312| - 0,4417
0.55 0.721 | - 16.494| - 0.0394 | - 0,4636
0.60 | -o0.132 | - 13.771] - 0.0348 | - o.4461 | - 0.0885
065 | - 2397 | - 5.633|- 0.0201| - 0.3938 | - 0.0362
0.70 - 6,908 | + 5,617|~ 0.0063| - 0,3215 + 0,0361
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Table 11

( Continued )

(1) (2) - (3) (4) (5) (6)
0.75 | - 12:347 | + 16,494 | + 0.0104 | - 0.2429 | + 0;1147
0.80 | - 17.218 |+ 16.494 | - 0,0018 | - 0.1747
0.85 | - 20.150 |+ 16.494 | - 0.0002 | - 0.1047
0.90 | - 20.321| 16,494 | - 0.0096 | - 0,0255
0:95 | - 17.634| 16,494 | - 0.0029 | + 0.0633
1,00 | - 12.896| 16.494 | + 0,009 | + 0,1550
1,05 - Tk 16,494 | + 0,0226 6.2387
1,10 | - 2.776| 16:494| + 0,0343 | + 0,2998
1:15 | - o0.236| 16.494| + 0.0406 | + 0,3266
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Table 12
Theoretical Solution
for

One Story Structure Subjected to Support Vibratlon

t y t y
(sec) (ft) (sec) (£t)
0.00 | 0;000 0.735 | - 0,274
0;20 | - 0,056 0,748 | - 0,254
0.25 | - 0,106 0.798 | - 0,183
0,30 | - 0,168 0,848 | - 0,112
0.35 -~ 0,240 0,898 | - 0,032
0,40 | - 0,318 0.948 | + 0,057
0.45 - 0,390 0,998 | + 0,149
0,50 | - 0,443 1,048 | + 0,232
0.555 | - 0,466 | 1,098 | + 0.294
0.585 | - 0,458 1,148 | + 0,321
0,685 | - 0,350




Table 13

Calculations for Three Story Structure

Subjected to Alr Blast, Precise Reslstance Functlons

(A1l Stories Elastic)

(1) (2) (3) (4) (5) (6) (7) (8)
tn my Y1 vy Vo V2 3 T3

(sec) | (=28) | (2Be)| (in) [(222)| (an.) | (52o#)| (2m.)
0.0000 237é 2378 | 0.00000 0 | 0.00000 0| 0.,00000
0;0025 2045 | 2229 | 0,00743 19 | 0,00000 -4 | 0,00000
0;0050 | 2112 | 2051 | 0,02879| 73| ©.,00012| -15 (-0,00002
0.0075 | 1953 | 1820 | 0;06207| 159 | 0.00070 -31 | -0,00013
0,0100 | 1795 | 1567 | 0.10853| 271 | 0,00227 { -52 |-0.00044
0.0125 | 1663 | 1321 | 0,16388| 404 | 0,00554 | ~74 |-0,00107
0.0150 | 1531 | 1060 | 0.22749| 552 | 0,01134| =-96 | -0,00216
0.0175 | 1427 818 | 0,29772| 708 | 0.02059 | -115 [-0,00385
0,0200 | 1323 572 | 0,37306| 865 | 0,03426| -128 | ~0,00626
0.,0225 | 1189 294 | 0,45198| 1018 | 0,05334 | -133 {-0,00947
0.0250 | 1056 21 | o0,53274| 1159 | 0,07878| -127 | -0,01351
0.,0275 951 | =214 | 0,61363| 1283 | 0,11146 | -109 |-0,0183%5
0.0300 847 | ~436 | 0,69318| 1383 | 0,15216| -76 |-0,02387
0,0350 834 | -631 | 0.,84272| 1494 | 0,26012| +39 |-0,03614
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Table 13

(Continued)

(First Story Plastic)

(1) (2) (3) (4) (5) (6) (7) (8)
0:0%50 | 834 | -582 | o.84272 | 1353 | 0.26012 | +150 |-0.03614
0,0400 822 | -456 | 0,97771 | 1044 | 0,40190 | 390 |-0.04466
0,0450 793 | -325 | 1,10130 | 688 | 0,56978 654 | -0,04343
0,0500 764 | -178 | 1,21676 | 308 | 0,75486 918 | -0,02585
0.0550 | 751 | -12 | 1,32777| -69 | 0.94764 | 1155 | +0.01468
0.0600 739 | +149 | 1.43848 | -419 | 1.13870 | 1341 | +0,08409
0.0650 647 | +215 | 1;55291 | -720 | 1,31928 | 1453 | +0.18702

(First and Second Stories Plastic)

(1) (2) (3) (&) (5) (6) (7) (8)
0,0650 | 647 | 177 | 1,55291|-604 | 1,31928 | 1286 | 0,18702
0,0700 | 555 85 | 1.67176 | -538 | 1,48476| 1090 | 0,32210
0,0750 423 | =47 | 1.79273 | =460 | 1,63679 855 | 0,48443
0.0800 | 292 | ~178°| 1.91252 | -371 | 1.77732| 589 | o0.66814
0,0850 225 | -245 | 2,02786 | -275 | 1,90857 301 | 0,86657
0,0900 159 | -311 | 2,13708 | -176 | 2,03294 31 1l.07252
0.0950 | 144 | -326 | 2;23852| -76 | 2.150201| -206 | 127855
0,1000 130 | ~340 | 2,33181| +19 | 2,27098| -583| 1,47718
0.1100 122 | -348 | 2,49254 | +187 | 2,51092| -1085 | 1,82354

160




Table 13

(Continued)

(A1l Stories Plastic)

(1) (2) (3) (4) (5) (6) (7) (8)
0.1100 | 122| -348 | 2.40254 | 178 | 2;51092 | -1056 | 1,82354
0.1200| 113| -357 | 2.61847 | 178 | 2,76866 | -1056 | 2;06430
0:1300 | 106| -364 | 2.70870 | 178 | 3.04420 | -1056 | 2.19946
0.1400 | 97| -373 | 2:76253 | 178 | 3.33754 | 1056 | 222002
0.1500 2,77906 364868 2,15298
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Table 14
Calculations for Three Story Structure
Subjected to Alr Blast
(Approximate Resistance Functions, Method A)

JaAY 1= 0.637 .in.
Ao = 0.820 in,
A3 = 0,800 in,

(A1l Stories Elastic)

v | @ |3 (x| (5) (6) (7) (8)
|l 2 la | n || e | B
(sec) | (5228 |(522)| (in.) |(zoa#)| (in.) |(ghe)| (anm0)
0,0000| 2378 | 2378 | 0.00000 0 | 0200000 o | 0.,00000
0,0025| 2245 | 2228 | 0,00743| 17 | 0,00000 o | 0,00000
0.0050| 2112 | 2047 | 0,02878| 65 | 0,00010 o | 0,00000
0.0075| 1953 | 1811 | 0;06292| 140 | 0.00060 o | 0.00000
0.0100| 1795 | 1553 | 0.10838| 240 | 0,00198 2 | 0,00000
0.0125| 1663 | 1300 | 0,16355| 357 | 0.00486 6 | 0.00001
0,0150| 1531 | 1031 | 0.22684| 488 | 0,00997 11 | 0.00006
0.0175| 1427 | 779 | 0.29657| 626 | 0.01813 21 | 0,00018
0,0200| 1323 | se2 | 0,37117| 766 | 0.03020 34 | 0,00043
0.0225| 1180 | 231 | 0.44903| 1003 | 0.04706 55 | 0,00090
0,0250| 1056 | -52 | 0.52833| 1027 | 0.07019 78 | 0.00170
0,0275 951 | -301 | 0,60730| 1137 | 0,09974 110 | 0,00299
- 0,0300 0.68439 0.13640 0,00497
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Table 14
(Continued)

(First Story Plastic)

(1) (2) (3) (4) (5) (6) (7) (8)
0:0300 | 847 | -428 | 068439 | 1119 | 0.13640 | 148 | 0.00407
0,0350 | 834 | -330 | 0:82975| 903 | 0.23059 | 241 | 0,0119%
0,0400 822 | -205 | 0,96686 | 639 | 0,34736 346 | 0,02494
0.0450 | 795 | ~77 | 1.00885 | a4 | oss011 | 447 | o0.04658
0.0500 764 +60 1,22892 39 0. 52146 530 0,07940
0:0550 | 751 | +215 | 1;36049 | -257 | 0.76379 | 581 | 0;12548
00600 | 1, 40744 0.89970 0,18608

_ (First and Second Stories Plastic)

(1) (2) (3) (4) (5) (6) (7) (8)
0:0600 | 730 | +269 | 1;49744 | -338 | 0.89970 | 493 | 013608
0.0650 | 647 | +177 | 1.68111 | -297 | 1:02716 | 370 | 0.23436
0.0700 | 555 85 | 1.78920 | ~249 | 1,14720 | 224 | 0,29189
0:0750 | 423 | -47 | 1:o3041|-195 | 1;26102 | 63 | 0:35502
0.0800 | 202 | -178 | 2,08844 | -140 | 136996 | -101 | 0:41973
0;0850 | 2257 | -245 | 2.23302 | -88 | L.47540 | -260 | 0,48192
0.0900 | 159 | -311 | 2:37148 ~41 | 1,57864 | -401 | 0,53761
0.0950 144 | -326 | 2 50216 -2 |1, 68086_ - 517 0.58328
0.,1000 130 5340 2,62469 +26 1;78303 -601 0,61603
0.1100 | 122 [ -348 | 2.84390 | +41 | 1.99002 | -647 | 0.63435
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Table 14

(Continued)

(1) (2) (3) (4) (5) (6) (7) (8)
0.1200 113 | =357 3.02831 +2 2,20111 | -529 0,58797
0,1300 106 -364 3.17702 | -82 2.41240 | 277 0.48869
0, 1400 97 | -373 | 3.28933 | =190 | 2;61549 | +46 0,36171
0,1500 3,36434 2;79958 0.23933
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Table 15

Calculations for Three Story Structure
Subjected to Alr Blast

(Approximate Resistance Functions, Method B)
A, = 0,834 in, |
Ay, = 0,995 in,
AB = 1,240 in,

(A1l Stories Elastic)

(1) (2) (3) (4) (5) (6) (7) (8)

tn my 71 V1 Vo V2 3 3

(sec) | (5224)| (522)| (1n.) [(5354)| (1) | (gi2s)| (in)
0.0000 | 2378 | 2378 | 0.00000 0 | 0.,00000 0 | 0,00000
0,0025 | 2245 | 2232 | 0,00743 13 | 0.00000 0 | 0,00000
0.0050 | 2112 | 2062 | 0,02881| 49 | 0,00008 0 | 0.00000
0,0075| 1953 | 1844 | 0.06308| 108 | 0,00047 ~ 0 | 0,00000
0,0100 [ 1795 | 1608 | 0,10887| 185 | 0,00153 1 | 0,00000
0.0125| 1663 | 1383 | 0,16471| 276 | 0.00374 4 | 0,00001
0,0150 | 1531 | 1143 | 0,22919| 380 | 0,00768 7 | 0.,00004
0.0175 | 1427 | 923 | 0.30081| 491 | 0.01400 13 | 0.00012
0,0200 | 1323 694 | 0,37820]| 606 | 0,02339 22 | 0,00028
0.0225 | 1189 433 | 0,45993| 721 | 0,03657 35 | 0,00058
0.0250 | 1056 166 | 0,54437| 838 | 0,05426 51 | 0,00110
0.0275 951 | ~59 | 0,62985| 936 | 0.07719 72 | 0.00194
0.0300 847 | -282 | 0,71496| 1028 | 0,10597 98 | 0,00323
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Table 15
(Continued)

v | @ | 3 ) | (5) (6) (7) (8)

0.0350 | | o.8785%0 | o.18338 0.00781

(First Story Plastic)

w | @ | 3) (4) | (5) (6) (7) (8)

0.0350| 34| -s25| o.878s0| 1084 | 0.18338| 165 | o0.0078L

o.0400| 822 | -335| 1.0%314 | 886 | 0,28789| 253 | 0,01651
0,0450| 793 | -262 | 1,1759 | 690 | 0.39240 | 331 | 0,03153
0.0500| 764 | -173 | 1,3138 | 467 | 0,51416 ( 411 | 0,05483
0,0550 | 751 | ~-56 | l.4474 | 225 | 0,64760 | 486 | 0,08841
0.0600] 739 | +67 | 1.5796 | -21 | 0,78666 | 546 | 0,13414
0,0650| 647 | +110 | 1,7135 | -273 | 0.92520 | 629 | 0,16622
0.0700 1,8502 1,05692 0,21402

(First and Second Stories Plastic)

(1) (2) (3) (4) (5) (6) (7) (8)
0.0700| 555 | +86 | 1.8502 | ~306 | 1.0569 625 | 0.21402

0,0750 | 423 | -~46 | 1,989L | -269 | 1,1810 515 | 0.27744
0.0800| 292 | -177 | 2,1268 | -228 | 1,2984 391 | 0.35374

0.0850 | 225 | -244 | 2,2601 | -181 | 1.4101 250 | 0,43982
0.0900| 159 | -310 | 2.3873 | -131 | 1.5173 100 | 0.53215
0.0950 144 | -325 | 2,5067 ~79 | 1;6212 -55 | 0.62698
0:1000| 130.| -339 | 2.6180 | -28 | 1.,7231 .| -208 | 0.72043
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Table 15
(Continued)

(1) (2) (3) (4) (5) (6) (7) (8)
0.1100 | 122 | -347 | 2.8148 | +63 | 1.8222 | -481 | 0.8879
0,1200 113 | -356 | 2,9769 | +128 | 1,9276 | =-676 | 1,0073
0.1300 | 106 | -363 | 3.1034 | +156 | 2.0458 | -760 | 10501
0,1400 o7 | -372 | 3.1936 | +143 | 2.1896 | -721 | 1.0349
0.1500 3. 2466 23277 0.9386

et
ng
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Three Story Structure Subjected to Ground

Table 16

(Precise Resistance Functions)

(A11 Stories Elastic)

Shock

(1) (3) (4) (5) (6) (7) (8)
| % | T | v | Yo | v | Y5 |
(se0)| (2220) | (<288)| (1) | (2Be)| () | (2| (2n.)
0.00 | 0.0 0.0 | 0;0000 0.0 | 0.0000 0.0 | 0.0000
0;02| 5.8 | -5.8| 0.0000 0.0 | 0.0000 0.0 | 0.0000
0,04 | 22,4 1-17,5(-0,0023| =5;9 | 0.,0000 +1,2 | 0,0000
0;06 | 49:8 |-28.2|-0,0116 | -23.4 |-0,0024 | 41,4 [+0,0005
0.08 | 85:7 |-35.1|-0.0322| -46,6 |-0,0142| -8,7 [+0.0016
0,10 |129.6 |-42.9|-0,0668| -63.,5 |-0.0446 | -35,0 |-0,0008
0:12 |178.3 |-48:1|-~0.1186| -74.3 |-0.1004 | -69.3 {-0,0172
0,14 |23%0,9 |-48.8|-0.1896| -85,6 |-0,1859 | -94,1 |-0,0613
0.16 |283,4 |-44,11-0.2801{| -95.4 |-0,.3056 | -99.7 |-0.1430
0.18 |335.1 |-42.0]-0.3882 | -90.9 |-0.4635 | -89.7 |-0.2646
0;20 |383.2 |-38.9|-0,5131| ~-71,1 |-0.6578 | -68.1 [-0.4221
0,22 {423.4 |[-27.3|-0.6536| -45.,2 |-0.8805 | -37.8 |-0,6068
o.24 |456.0 | -4.1|-0.8050 | -16,0 |-1.1213 | -5,2 |-0.8066
0.26 |479.6 |+24,0]-0.9580 | +23.0 |-1,3685| +21.,7 |-1.0085
0.28 |4o2.4 |+52.4 | ~1.1014 | +71:4 [-1.6065 | +43.6 |-1,2017

168




Table 16

(Continued)

(First Story Plastic)

(1)

(2) (3) (&) (5) (6) (7) (8)

4o2,4 -188 | -1,1014 | +512 | -1,6065 | -192 | -1,2017

0.28
(First and Second Stories Plastic)

(1) | (2) (3) (&) (5) (6) (7) (8)
0.28 | 492 ~22 | -1.,1014 | +114 | -1.6065 [ +184 | -1,2017
0,30 | 494 -24 | -1,2536 +56 | -1,7989 | +358 | -1,3213
0.32 | 484 -14 | -1.4154 +67 | -1,9689 | +323 | -1,2977
0,34 | 463 +7 | -1,5828 { +141 -2,1121 +102 | -1,1449
0,36 | 432 +38 | -1, 7474 | +235 | -2,1989 | -179 | -0,9513
0,38 | 393 +77 | -1.8968 | +293 | ~2,1917 | -355 | -0,8293
0.40 -2,0154 -2,0673 -0,8493
Note: At t = 0,38 second story becomes plastic, The effective

relative displacement of second story is -1,3816 inches,

To obtain true relative displacement of second story, add

-0,8101 inch to all values of y, at t 7 0,38 second,
(First Story Plastic)

(1) | (2) (3) (&) (5) (6) (7) (8)
0.38 | 393 +73 -1.8968 | +335 | -1,3816 | -465 | -0,8293
0.40 | 347 |+263 -2,0170 -18 | -1,2404 | -133 | -0,8933
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Table 16

(Continued)

(1) | (2) (3) (4) (5) (6) (7) (8)
0.42 | 297 +474 -2,0320 .5427 -1,0920 +301 -1,0105
0,44 -1,8574 ~-1,1144 ~1,0073
Note:

At t = 0,42 first story becomes elastic,

The effective
 relative displacement of first story is -1,4088 inches,

To obtain true relative displacement of first story,

add -0,6232 to all values of y, 8t t 7 0.42 second,
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Table 17

Energy Check

(Linear Acceleration Over Small Time Intervals)

Total Kinetic

Total Strain

Total Input

t Energy Energy Vork
(sec) (k-1in,) (k-1n,) (k-in. )
0.00 o 0 o
0;01 298 5 300
0;02 812 64 893
0.03 1225 215 1437
0.04 1497 438 1931
0.05 1745 686 2428
0,06 1946 991 2921
0,07 2025 1346 3357
0,08 1952 1703 3640
0,09 1732 2066 3783
0,10 1445 2435 3866
0,11 1132 2809 3932
0.12 856 3137 3986
0,13 628 3408 4028
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Table 18

Energy Check

(Constant Acceleration Over Small Time Intervals)

t Tot%ie§é§etic Togiérz;rain Tot%iriéput
(sec) (k-in;) (k-in,) (k-in,)
0.00 o o 0
0.01 322 5 311
0,02 914 69 934
0,03 1386 249 1533
0.04 1671 500 2057
0,05 1956 769 2582
0.06 2162 1111 3101
0.07 2277 1494 3561
0,08 2258 1871 3865
0.09 2059 2260 4021
0,10 1761 2657 4112
0.11 1451 3055 4185
0.12 1130 3438 4246
0,13 855 3763 4295
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Table 19

'Energy Check

(Constant Acceleration Over Large Time Intervals)

% Tot%ie§é§etic Toéiirg;rain Totﬁgrénput
(sec) (k-1in,) (k-in,) (k-in,)
0.00 o o o
0,01 345 7 325
0,02 994 80 972
0.03 1519 284 1599
0.04 1826 551 2149
0.05 2149 834 2701
0,06 2398 1194 3245
0.07 2562 1597 3731
0,08 2598 1996 4054
0.09 2429 2407 4221
0,10 2132 2884 4325
0,125 1240 3963 4495
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