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LOAD DURATION TO FUNDAMENTAL-PERIOD, T/Ty

Figure 3-120 Maximum response of elasto-plastic, one-degreeéof-freedom
system for bilinear-triangular pulse (C) = 0.648, C2 = 30)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, £.,/Ty
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Figure 3-121

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.619, Cr = 30)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Figure 3-122 Maximum response of e1asto-pl$stic. one-degree~of-freedom
system for bilinear-triangular pulse (C; = 0.562, C» = 30)
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LOAD DURATION TO FUNDAMCNTAL PERIOD, /Ty

Figure 3-124 Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.464, C2 = 30)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, lm/TN
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

~Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.147, C» = 30)

TIME OF MAXIMUM DEFLECTION TO PFUNDAMENTAL PERIOD, £../Tn
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.121, C» = 30)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (Cy =70.042, Cy = 30)

TIME Of MAXIMUM DEFLECTION TO FURDAMENTAL PERIOD, £ /Ty
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system for bilinear-triangular pulse (C; = 0.032, C2 = 30)
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty
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Maximum response of elasto-
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Figure 3-143

LOAD DURATION TO FUNDAMENTAL PERIOD, LVAIN

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C] = 0,825, 2 * 100.)
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.648, Cp = 100.
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom

system for bilinear-triangular pulse (C; = 0.619, C» = 100.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, lm/TN
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Figure 3-152

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degreé-of-freedom
system for bilinear-triangular pulse (Cy = 0.511, C» = 100.)
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Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.274, C2 = 100.)
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degrée-of—freedom
system for bilinear~triangular pulse (C; = 0.261, C» = 100.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (Cj = 0.237, Co = 100.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, lm/TN
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Figure 3-161 Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (Cy = 0.178, C2 = 100.)
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinean-triangular pulse (C; = 0.147, C2 = 100.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, £/ Ty
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.100, C2 = 100.)
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Figure 3-166

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.056, C» = 100.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL.PERIOD, {./Ty
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Figure 3-167

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degrée-of-freedom
system for bilinear-triangular pulse (C; = 0.042, Cr = 100.) -

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, £,/Ty
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Figure 3-168 Maximum response of elasto-plastic, one-degrée-of—freedom
system for bilinear-triangular pulse (Cy = 0.032, Cp = 100.)
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Figure 3-169

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.026, C2 = 100.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, (m/TN
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Figure 3-170

LOAD DURATION TO FUNDAMENTAL PCRIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (€} = 0.018, C» = 100.)

TIME OF MAXIMUM DEFLECTION TO FURDAMENTAL PERIOD, ﬁm/TN
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bi]inear-triangu]ar pulse (C; = 0.010, C» = 100.)
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degreé-of-freedom
system for bilinear-triangular pulse (C; = 0.536, Cp = 300.)
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Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.422, C» = 300.)

Figure 3-188
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X.,/X¢

TIME OF YIELD TO LOAD DURATION, t¢/T
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Figure 3-190

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (Cj = 0.365, C2 = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, t /Ty
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X/ Xg

[IME OF YIELD TO LOAD DURATION, t¢/T
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Figure 3-192 Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (Cj = 0.316, Co = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN



TIME OF YIELD TO LOAD DURATION, tE/T

.020
.024
.028
034
.040
.050

.065
.080
0.10

0.13
0.16
0.20
0.25
0.30
0.37
0.45
0.60

0.80

zh\E\._ ‘001434 TVININVANNS OL NOILDII143A WNWIXYIN 4O WL

) rigbell A
o N AN Qb g7 \® o Joew;,wa el zZs66s o
|4 P ) { i W . ] -/ ¥ i 1 A ¥V
N z XL 71X IavmuANIENE]
vd - o= >
T awiiVi
- A ldﬁ..\ N\ > *.\*1/11 \\
T /MVx\u y 'q
\ V\A 7 % 4 \\ p V.9 e
NWANA N N\ ] ™ V\ A \~D ._..
~ = ™ = K =
\ A AIV” <X V¢ P < ”
A AN AN S AN : LN LN TN g2
W X <Y = -
AMARVAY MRS AY
e TSN TN
= - L WA UAY \ ) e
< - 4 ///af/ A% |“ \J “r“// /
I IS : W// RRCER TR , A
< TN
JN”Jp Vfr? H LR /ra/./,/4 A\ 1 um r///
wa 7N AR \ ,/,
e | \ IL d /
S T , ! :_, f
> SWAN ,r? X Al 3 17 A
<= ~ £ / ﬂ/ N - Y /_ . hﬂﬂ ERY
rnﬂr\ » B T \
N 4 \\ = ¥ ( B »'g
RN AT AR I \w
< ’ [
B NN NI A
W& HWM7,A\/WA D Mz,ﬂ ,.@, g \\\\
- 7S »
TP I RISEIOIANG =l
u. K = {p\.\\&\ L Pay < I\A T 1 —_r
\uw : = = avs S V4 ! M
\ _—_
[ D& [~ ey 4 A AN
PN S P LK , 1l
T i iy e T
MAN
N IA tVﬂQVA% o \ . ///
<103 ﬂllr M w /N N4 TN “ > n /10&/7/“
A I TSN
s’ g g w °o g 2 =9 S~ w0 ™ o« -~
D gl ~N -— (=} (=]

In/Mx NCILDIT430 G4 CL NOILITIIIA WANIXYH

3-251

10

N

.05 .07
LOADDURANONTOFUNDAMENTALPEMOD,T/TN

Maximum response of elasto-plastic, one-

.02 .03

.002.003 .005 .0t

.00t

degree-of-freedom

system for bilinear-triangular pulse (C; = 0.287, €2 = 300.)

Figure 3-193



¢52-¢
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Figure 3-194 Maximum response of elasto-?lastic, one-degree-of-freedom
system for bilinear-triangular pulse (Cy =0.274, C3 = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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Figure 3-196

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic,

system for bilinear-triangular pulse (Cy =

one-degree-of-freedom
0.237, C2 = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tp/Ty
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TIME OF YIELD TO LOAD DURATION, £¢/T
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Tn

Figure 3-198 Maximum response of elasto-plastic, one-degred-of-freedom
system for bilinear-triangular pulse (Cj = 0.198, Cp = 300.)
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X /Xg

TIME OF YIELD TO LOAD DURATION, tE/T
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Figure 3-199

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (Cy = 0.178, C2 = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, t.,./Ty
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, Xm/XE

TIME OF YIELD TO LOAD DURATION, t¢/T
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Figure 3-200 Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.162, C = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X/ X

TIME OF YICLD TO LOAD DURATION, t¢/T
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Figure 3-20% Maximum response of elasto-plastic, one-degreedof-freedom
system for bilinear-triangular pulse (€ = 0.133, C2 = 300.)
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, Xm/)([

TIME OF YIELD TO LOAD DURATION, t¢/T
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Figure 3-204 Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (€ = 0.110, C2 = 300.)
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X.,/X;

TIME OF YIELD TO LOAD DURATION, t /T
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Figure 3-205

LOAD DURATION TO FUNDAMENTAL PERIOD, VAN

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.100, C2 = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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MAXIMUM DEFLECTION TO YiELD DEFLECTION, X.p,/X¢

TIME OF YICLD TO LOAD DURATION, t /T
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Figure 3-206

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear<triangular pulse (C; = 0.091, C» = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, t../Ty
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MAXIMUM DEFLECTION TO YIELD DLFLECTION, X4/ X¢

TIME OF YIELD TO LOAD DURATION, tg/T
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Figure 3-207

Maximum response of elasto-plastic, one-degree-of-freedom

system for bilinear-triangular pulse (C; = 0.083, €y = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIODY, tm/TN
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X4/ X¢

TIME OF Y{ELD TO LOAD DURATION, t[/T
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Figure 3-208

" LOAD DURATION TO FUNDAMENTAL PERIOD, T/Tx

Maximum response of elasto-plastic, one-degree-of-freedom a
system for bilinear-triangular pulse (C; = 0.075, Cp = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, t/Ty
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X,/ X¢

TIME OF YIELD TO LOAD DURATION, tp/T
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Figure 3-209

LOAD DURATION TO FUNDAMENTAL PERIOD, /T

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular puise (C; = 0.068, Cp = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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MAXIMUM DEFLECTION TO YIELD DEFLLCTION, X/ X¢

TIME OF YICLD TO LOAD DURATION, t./T
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Figure 3-210

LOAD DUhATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum re<ponse of elasto-plastic, cne-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.056, C» = 30v.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, T,/Ty
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X.,/X¢

TIME Of YIELD TO LOAD DURATION, tL/T
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Figure 3-211

-;_LOAD DURATION TO FUNDAMENTAL PERIOD, T/Tn

" Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.046, Co = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, Xm/x[

TIME OF YIELD TO LOAD DURATION, to/T
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Figure 3-212

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Tx

Maximum response of elasto-plastic, one-degrée-of—freedom
system for bilinear-triangular pulse (Cy = 0.042, C» = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty
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Figure 3-213

system for bilinear-triangular pulse (C; = 0.032, €2 = 300.)
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MAXiMUM DEFLECTION TO YIELD DEFLECTION, Xq/X¢

TIME OF YIELD TO LOAD DURATION, te/T
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Figure 3-214 Maximum response of elasto-plastic, one-degree-of-freedom
' system for bilinear-triangular pulse {C; = 0.026, C2 = 300.)

TIME OFt MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, Xm/XE
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'LOADDURAUONTOrUNDAMENTALPcmoo,T/rN
Maximum respohse of elasto-plastic, one-degree-of-freedom

system for bilinear-triangular pulse (C; = 0.018, C2 = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X, /X

TIME OF YIELD TO LOAD DURATION, t /T
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Figure 3-217 Maximum response of elasto-plastic, one-degree-of-freedom
. system for bilinear-triangular pulse (C; = 0.015, C» = 300.)
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MAXIMUM DEFLECTION TO YIELD DEFLLCTION, Xq/Xp

TIME OF YIELD TO LOAD DURATION, t[/T
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Figure 3-219

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (Cy = 0.010, C» = 300.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.909, C» = 1000.)
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Figure 3-243

LOAD QURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.237, C» = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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Figure 3-244 Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (Cy = 0.215, C2 = 1000.)
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Figure 3-246

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.178, C2 = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tpn,/Ty



G0e-¢€

MAXIMUM DEFLECTION TO YIELD DEFLECTION, X./Xg

TIME OF YIELD TO LOAD DURATION, t/T

S B b S B » = 'o;:,kbnﬂwgggau‘azuaa;agaﬁ;ﬁ‘s‘:ho,
500
v)“\ ‘j\\\ A N \/ \7 5 :/ : g 7'\ /r
500-6:i \ TANVA\ Y IK L/ 1 A N
" a @
©
200 N b / / /
4)
\ SO ‘é. = s 3 ’ 2,
R7ACY N i \ )
100 ¥ \\ / ! .,
o AN | SH M PAHA ~ *éE i
N A y ‘
70 ‘RS ;X{‘ 1 | 7.8 / ‘t;,.
50 I AMA A A © [ 7 \
a8 . 3‘: 1N / '/ X "¢~
. > 4
30 AN A1 . XN ;
K 4 0
@ N ( 1 [ \ iJ
20 7 4 S = & s
e : o LAY .
S & f v E: : 1 \ ?. ?,&
* S s 2 o LY v, : 2~3
|| b 4 1 1 X <\ Y ) >
T VYRS = XA s .0
4 Y pe * \‘ 4\ '.7
5 X = » \ L
— A T 1.3
3 z I 5 P 1
| 0.93
\ \! 1 0.81
: ) 0.70
X AR W 0.61
g 4 A
P ) g = A 0.53
1 : £ 4 \‘ > > P/f,\"' =
— 1 g
= - / // 4 o] M
— = 27724
> R — — A y
0.5 +—= 1 La1R I8l v MK =
.00 .002.003 .005 01 .02 .03 .05.07 . B . | S 7 2 3 s 7 0

Figure 3-247

" LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-'of-freedom

system for bilinear-triangular pulse (C; = 0.162, C2 = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, t.,/Ty
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Figure 3-248

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elastc-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.147, Cz = 1000.)

TIME OF MAXIMUM DEFLEETION TO FUNDAMENTAL PERIOD, tm/TN
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Figure 3-249

'LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.133, C2 = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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Figure 3-250

Maximum response of elasto-plastic, one-degree-of-freedom

system for bilinear-triangular pulse (C; = 0.121, C2 = 1000.)

o0 o 0O P e o o
- = @ e s e o Mo 2= 222 %% % B8R
4% % BB 0 2 oomone B3Rl ER BRGLU SN0
500
v £
e BNVAY AT/ VAV
™
300 N7 A\ \ /@ _‘\ — / o
7 &
200 {<\- s -
-
D, .
OO fibasiga ,
100 - ° ' ( 4 e
N RCAC /
o N7 SRR A i .
AN o "
50 K\ YAl A L
x x b% | 5( d v. A " '.‘\
30 : A4 Y ' %
g
20 5 >‘ i 3 (X}
u, ) A L/ Jo
4 = ———
- / .' y :\ 2-6‘
10 ; 1 A 23
A 174 -
7 L 20
i " N g '.7
5 X\/ s |~ 1 s
,4/‘ g o L < [ \ T .3
3 i ] P 1
insE 0.93
g . o'a'
2 2 n 4 0.70
o,/ AN ALY S X N g‘s'
4 . ] - AV B ¥ .53
y B ® B dh N:, L5 p/ch =
= — 1= ,;5%// - =
0.7 = S 4% p
————— 9P 17 V"D :
.001  .002.005 .005 .01 .02 .03 .05.07 . 2 3 5 .7 2 3 7 w0

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, t/ TN



60€-¢€
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Figure 3-251

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.110, C» = 1000.)
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Figure 3-252 Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (61 = 0.100, C2 = 1000.)
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Figure 3-253 Maximum response of elasto-plastic, one-degree-bf-freedom
system for bilinear-triangular pulse (C] = 0.091, €2 = 1000.)
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Figure 3-254 Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.083, Co = 1000.)
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Figure 3-255_ Maximum response of elasto-plastic, one-degree-o'f-freeoom
system for bilinear-triangular pulse (Cy = 0.075, C» = 1000.)
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"LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty
Figure 3-256

Maximum response of elasto-plastic, one-degree-of—freedom

system for bilinear-triangular pulse (Cy = 0.068, C2 = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Figure 3-257 Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.056, C2 = 1000.)
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, Xq/Xg

TIME OF YIELD TO LOAD DURATION, t¢/T
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Figure 3-258

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-

of-freedom

system for bilinear-triangular pulse (Cy = 0.046, C = 1000. )

TIME OF MAXIMUM DtFLECT!ON TO FUNDAMENTAL PERIOD, t./Ty
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X/ X¢

TIME OF YIELD TO LOAD DURATION, tf_/T
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Figure 3-259

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-bf-freedom
system for bilinear-triangular pulse (C; = 0.042, C2 = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, t,,/Ty
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X../X¢

TIME OF YIELD TO LOAD DURATION, t[/T
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Figure 3-260

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-o;f-freedom
system for bilinear-triangular pulse (Cy = 0.032, C2 = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, t /Ty
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MAXIMUM DEFLECTION TO YJELD DEFLECTION, X, /X¢

TIME OF YIELD TO LOAD DURATION, tg/T
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Figure 3-261

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (C; = 0.026, C2 = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tn/ T
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TIME OF YIELD TO LOAD DURATION, tg/T
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Figure 3-262

LOAD DURATION TO FUNDAMENTAL PERIOD, T/TN
Maximum response of elasto-plastic, one-degree-of-freedom

system for bilinear-triangular pulse (C)

= 0.022, Cp = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, t /Ty
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MAXIMUM DEFLECTION TO YIELD DEFLECTION. X/Xp

TIME OF YI£LD TO LOAD DURATION, te/T

O 0000000 OCODO O - . -
. . e s wNs Ve rn R 2229292 © 0o © © o o o
55 % % 2 LORLRIREELLEYEREs e 232 %G R Y
500 y
SAAL i 7 X I/\ 1
500 Sné - : Ay 1
% ' Ly MIN®
N N . ©
200 \ / /- | 1 ] \/ “l
AN A7 PRGN -
VA U ‘ X )
100 / i~ e
“VISA AT AT 7 WAL WADWAIAY \ o
A\VA W, VAW A\N X VAL FAN WA\ *{ A ¢
70 ~A I (RWA) D . v 4 A AN ]
's N J
& e / * A 0\."\
S0 )\\ ™ v v y ~ L
K(z\ / A\ AViTA D | 7
30 U\ /| A J y 1:0
LN,
20 2@ 4 155 0
WA KD 4
o 1/ d \
4 X % X ‘,1\ N %6
|0 4 | || A / 4 2
Y 7 - Y .3
A 1 Y X yas AVA 1 =
7 7 7 \Z AN FAUL VA s é2.0
7] A/ - n ,.7
> ] A ; N, ~ 3 S5
7 1.3
3 \ \ - YR s YRR
—lﬂ y Y 0.93
2 \ X\ =H 0.8
XX T P \J 0.70
» 0.6
= 4 61
- - 0.
= SN T o 7c), = DN 53
— A7 777y :
——t ™ 4 A Z. 2 AL X X
0.7 - < Vi Ve V.00 7/7.90 4
=] Pl IV 4 A7 - L
0.5 T ] - P /// [, ., //j,/ v :
001 .002.003 .00% .01 .02 .03 .09 .07 . .2 .3 .5 7 1 2 3 5 7 10

Figure 3-263

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (Cy = 0.018, C2 = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, Xm/Xg

TIME OF YIELD TO LOAD DURATION, te/7
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Figure 3-264

LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Maximum response of elasto-plastic,

system for bilinear-triangular

pulse (Cy

one-degree-of-freedom

= 0.015, C = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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MAXIMUM DEFLECTION TO YIELD DEFLECTION, X.//{

fIME OF YIELD TO LOAD DURATION, t /T
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Figure 3-265

LOAD DURATION TO FUNDAMENTAL PERIOD, /TN

Maximum response of elasto-plastic, one-degree-ot-freedom
system for bilinear-triangular pulse (Cy = 0.013, C2 = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, tm/TN
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MAXIMUM DEFLEZT'ON TC Y!HELD DEFLECTION, Xm/XE
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LOAD DURATION TO FUNDAMENTAL PERIOD, T/Ty

Figure 3-266 Maximum response of elasto-plastic, one-degree-of-freedom
system for bilinear-triangular pulse (cy = 0.010, C2 = 1000.)

TIME OF MAXIMUM DEFLECTION TO FUNDAMENTAL PERIOD, t/Tn
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Parametes, ¥ o x,./xu

Graphical interpolation
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Table 3-14 Details of computation by acceleration impulse extrapolation

method

nl e [ ] e m o e mavm| | 2, [ [xen
oo Pg | Ry | Bo- R ag apatd2 | 0 o | x

2 Z(Atl) PZ RZ Pz‘ RZ ay lz(‘tl)z zxZ xl x3

J-1 (J'l)‘bl Pd'l Rj‘l PJ‘I-RJ'I .J'l .J‘l(‘t'l)z sz_l xd-z XJ

3| ey, Py IRy | By - Ry 2 aytae? | 2y Xy [y,
inl J(Atl)‘fﬂtz PJ"'I Rj+1 PJ+1-RJ4’1 .j+1 IJ+1(‘t1)z ZXJ+1 XJ_I xj+2

L i I ! 1 1 | 1 1 1 |
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Table 3-15§ Figure numbers corresponding to various combinations of C,
and Cz
\ c2|1.00] 1.70 ]| 3.00} 5.50| 100 | 30.0 | 100. 300 | 1000
c1\

1.000 3-64 | 3-64 | 3-64 | 3-64 | 3-64 3-64 3-64 3-64 3-64

0.908 3-114 | 3-141 | 3-173 | 3-220
0.866 | 3-115 | 3-142 | 3-174 | 3-221
0.825 | 3-118 | 3-143 | 3-175 | 3-222
0.787 3-144 | 3-176 | 3-223
0.750 3-85 | 3-98 | 3-117 | 3-145 | 3-177 | 3-224
0.715 3-118 | 3-146 | 3-178 | 3-225
0.681 | 3-84 | 3-85 | 3-75 3-119 | 3-147  3-179 | 3-228
0.848 3-100 | 3-120 | 3-148 | 3-180 | 3-227
0.619 3-121 | 3-148 3-181 | 3-228
0.590 3-150 | 3-182 | 3-229
0.562 3-86 | 3-101 | 3-122 | 3-151 3-183 | 3-230
0.538 | 3-184 | 3-231
0.511 3-123 | 3-152 3-185 | 3-232
0.487 | a-186 | 3-233
0.464 | 3-84 | 3-66 | 3-78 3-124 | 3-153  3-187 | 3-234
0.422 3-87 | 3-102 3-154 | 3-188 | 3-235
0.383 3-125 3-189 | 3-2386
0.365 3-15s | 3-180 | 3-237
0.348 3-191 | 3-238
0.316 | 3-64 | 3-67 | 3-77 | 3-88 | 3-103 | 3-126 | 3-156 r 3-182 | 3-239
0.287 3-1983 | 3-240
0.274 3-157 | 3-184 | 3-241
0.261 3-127 | 3-158 | 3-195 | 3-242
0.237 3-89 | 3-104 3-159 | 3-196 | 3-243
0.215 | 3-64 | 3-68 | 3-78 3-128 | 3-180 | 3-197 | 3-24a
0.198 3-198 | 3-245
0.178 3-90 | 3-105 | 3-129 | 3-161 | 3-199 | 3-246
0.162 3-200 | 3-247
0.147 | 3-84 | 3-69 | 3-79 3-130 | 3-162 | 3-201 | 3-248
0.133 3-91 | 3-106 3-202 | 3-248
0.121 3-131 | 3-163 | 3-203 | 3-250
0.110 3-204 | 3-251
0.100 | 3-64 | 3-70 | 3-80 | 3-92 | 3-107 | 3-132 | 3-164 | 3-205 | 3-252
0.081 3-206 | 3-253
0.083 3-207 | 3-254
0.075 3-133 | 3-165 | 3-208 | 3-255
0.068 3-93 | 3-108 3-209 | 3-256
0.056 | 3-64 | 3-71 | 3-81 3-134 | 3-166 | 3-210 | 3-257
0.046 3-94 | 3-109 3-211 | 3-2s8
0.042 3-135 | 3-167 | 3-212 | 3-258
0.032 | 3-64 | 3-72 | 3-82 | 3-95 | 3-110 | 3-136 | 3-168 | 3-213 | 3-260
0.026 3-137 | 3-169 | 3-214 | 3-261
0.022 3-96 | 3-111 3-215 | 3-262
0.018 | 3-64 | 3-73 | 3-83 3-138 | 3-170 | 3-216 | 3-263
0.015 3-97 | 3-112 3-217 | 3-284
0.013 3-139 | 3-171 | 3-218 | 3-265
0.010 | 3-64 | 3-74 | 3-84 | 3-98 | 3-113 | 3-140 | 3-172 | 3-219 | 3-266
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Table 3-16 Response Chart Interpolation
Figure Number C, Co Desired Parameter
C11 C21 -
1 N
C1 Ca1
— Ya
C12 C22 = Cn1
2 Y,
C1 C2
Y
C13 Ca23 -
3 !
51 C23
— Yb
4 C14 Coy = C23 Yy -
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APPENDIX 3A

ILLUSTRATIVE EXAMPLES
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Problem 3A-1(A) Ultimate Unit Resistance

Problem: Determine the ultimate unit resistance of a two-way structural
element using (1) general solution and (2) charts.

Procedure: Part (a) - General Solution

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Note:

Establish design parameters.

Assume yield line locations in terms of x and/or y consider-
ing support conditions, presence of openings, etc.

Determine negative and positive moment capacities of sec-
tions crossed by assumed yield lines.

Establish distribution of moments across negative and as-
sumed yield lines, considering corner effects and those of
openings.

Determine the ultimate unit resistance for each sector in
terms of x and/or y considering free body diagram of the
sectors (fig. 3-3). Summation of the moments about the axis
of rotation (support) of the sector yields equation 3-3.

Equate the ultimate unit resistance of the sectors and solve
for the yield line location x and/or y.

With known yield line location, solve for ultimate unit
resistance of the element, using equations obtained in Step
6.

For complex problems (three or more different sectors) the

solution for the ultimate unit resistance is most easily accom-
plished through a trial-and-error procedure by determining r, for
each sector for a given (assumed) yield line location and adjust-
ing the yield lines until the several values of r, agree to within
a few percent.

Procedure: Part (b) - Chart Solution

Step 1.
Step 2.

Step 3.

Same as in step 1 of part a.
Same as in step 2 of part a.

Determine the negative and positive ultimate moment capaci-
ties in vertical and horizontal directions.

JA-1
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Step 4. For given support conditions (and value of X,/x; in the case
of an element with three edges supported and fourth free),
use the appropriate chart (figs. 3-4 through 3-20) to obtain
yield line location ratios x/L or y/H for value of quantity
obtained in step 4. Then calculate x or y.

Step 5. Using the appropriate equation from table 3-2, determine the
ultimate unit resistance of the element.

Example 3A-1 Ultimate Resistance
Required: Ultimate unit resistance of two-way structural steel element shown

below using (1) general solution and (2) charts.

240
(rFREE EDGE

S 8 8 S 8 0 Y S 8 Y Y

AR R R R R EARRRRARRARRARRAREY
168"

P8 T P T 7777077077777 7r777777

Figure 3A-1

(Solution: Part (a) - General Solution)

Step 1.

(a)
(b)

Step 2.

Step 3.

Given:

L = 240 in H = 168 in
Fixed on three sides and free at the fourth

Assume yield line location (fig. 3A - 2)

The negative and positive moment capacities in both the
horizontal and vertical directions are determined from the
properties of the material. For this example, it will be
assumed that the moment capacities are equal to M = 20,000
inlbs/in.
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Step 4. For distribution of moments across negative and assumed
positive lines, see figure 3A - 2(a).

Step 5. The ultimate unit resistance of each sector is obtained by
taking the summation of the moments about its axis of rota-
tion (supports) so that
ZMy + IMp = Re = r Ac

a. Sector I (fig. 5A - 2)

IMyy + TMyp = 120(20,000) + 2(2/3)(20,000)(60) +

120(206000) + 2(2/3)(20,000) (60)
= 8.0x10” in-1lbs.
240(y) y 2
ryAc = r, | ] [ —1 = 40 Ly
3
therefore,
r, = 400(20,000)/40y%= 0.2x10% ; y2
b. Sector 1I (fig. 3A - 2)
My + 2Mpp = (168-y/2)(20,000) + 2/3(20,000)(y/2) +
(20,000) (168-y/2) + 2/3(20,000)(y/2)
= 336(20,000) - y/3(20,000)
120(168+168-y) 120[168+2(168-y)
r,Ac = r | 1 0 ] / (168+168-y)
2 3
=4,800r,,(252-y)
therefore,
336(20,000) - y/3(20,000)
Y -
u
4800 (252-y)
Step 6. Equate the ultimate unit resistance of the sectors.
10(20,000) = 336(20,000) - y/3(20,000)
y2 4800(252-y)
Simplifying:

y3 - 1008y2 - 144000y + 36288000 = 0

and the desired root is: y = 137.6 ins.

3A-4
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Step 7. The ultimate unit resistance is obtained by substituting the
value of y into either equation obtained in step 5, both of
which yield:

2 .
r, = (20,000)/(137.6)“ = 10.6 psi
Solution: Part (b) - Chart Solution
Note:
Element conforms to the requirements of section 3-8 since it is fixed on
three sides and free on the remaining side and has uniform thickness in
the horizontal and vertical directions.

Step 1. Same as step 1 in part a.

Step 2. For illustrative purposes, a different yield pattern (fig.
3A-3) will be assumed.

240°

B8 8 8 A A AN QA ANy
-~
AR RERRARRRRARRRRRARERR]
168"

P P77 7777777777777 77777777

Figure 3A-3
Step 3. For ultimate moment capacities, see step 3 of part a
Step 4. For three sides fixed and the fourth free, calculate the

parameter.
- 1/2 - [(20,000) (2 000 172 _
Xo/Xq=[ (M3 + Myp)/(Myyy +Myp) ] [(20,000) (2)/(20,000) (2)] 1.0
From figure 3-11, (XZ/XI = 1.0) calculate the parameters:

L/H[Myp/ (Myyp + Myp)] = 240/168[20,000/(2)(20,000)]11/2 = 1.01

3A-5
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and
MVP 20,000

Myn2 20,000
Read yield line location
X1/L exceeds the maximum possible value of 0.5 therefore, assumed yield
line pattern is wrong. Assume alternate yield line pattern as shown in
figure 3A-2.

From figure 3-16 calculate the following parameters:

L (Myp3+ Myp) 172

H Mo+ Myp) /2 + (Myyp + Myp)1/2

240 (20,000+20,000)1/2
- = 0.71
168

(20,000+20,000)1/2 + (20,000+20,000)1/2

and

X/L = | (Myy1+ Myp) / (Mot MHP)]l/Z /1 + [MHN1+ Mup)/ (Myno+ MHP)]l/z

- 40,000/40,000]1/2 /1 +[ao,000/40,ooo]1/2 -1/2

from figure 3-16 read of yield line location:
y/H=0.82; y=0.8(168) = 137.6 in
X/L = 0.50; X = 0.5(240) = 120.0 in
Step 5. From table 3-2

NOTE: Both equations given in the table for each edge condition and
yield line location, will provide identical values of r,,.

5(Myy*+ Myp)  5(20,000+20,000)

X, - = (0.00055)20,000 = 10.5 psi
y2 137.62
Example 3A-1(B) Ultimate Unit Resistance
Required: Ultimate unit resistance of the element considered in example 3A-

1(A) except there is an opening as shown in figure 3A-4.

3A-6
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- 240° -
[
®©
___®
§
‘o
L
' i
60"
Figure 3A-4
Solution:
Step 1. Given:
(a) L = 240" H = 168" Two additional free edges are formed
due to the presence of the opening.
Step 2. Assumed yield line location is shown in figrue 3A-5 (three
different sectors are formed).
Step 3. Same as step 3 of Example 3A-1(A), part a.

J‘w‘:':m >
l x ale 2¢0x »
] 1 #
+ T ) [}
; AT ] {1
I /// -@\ b + i' 8
x /// m o, @ :-..I :—'J -
— -
g, — // ®
; | "2 4 4 4
fuly) fumily,| e
] | 2P
RN
s x2 | . wowz
- . Vl‘m o g 0
" 240
Figure 3A-5
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Step 4. For distribution of moments across negative and assumed
positively yield lines see figure 3A-5. (Since opening is
located at lower right corner, there is no reduced moment
capacity in this area.)

Step 5. The ultimate unit resistance is obtained from:
My + ZMP = Rc = r Ac
a. Sector 1 (fig. 3A-5)
ZMynt TMyp = (20,000)(168-y/2) + 2/3(20,000) (y/2) +
(20,000) (168-y/2) + 2/3(20,000)(y/2)

= 336(20,000) - y/3(20,000)
= (336-y/3)(20,000)

r,Ac = r [x(168+168-y)/2] [x(168+2(168-y))/3(168+168-y)]

- £ x2(252-y)/3

therefore,
(1008-y) (20,000)
r -
u 2
x“(252-y)
b. Sector II (fig. 5A-5)
My + TMyp = (20,000) (80) + (20,000)(80)
= 160(20,000)

Note:

The sector is divided into parts a, b, and ¢ so that the centriod

may be obtained (see table below).

Portion of Area Distance from Centroid
Sector (A') to axis of rotation (c¢') A'c!
(y-88)(180-x) (180-x) + 60 = 360-x (y-88)(180-x)(360-x)
a ———
2 3 3 6
b (y-88) (60) 60 (y-88)(60)2
2 2
c (168-y) (240-x) (240-x) (168-y) (240-x)2
2 2

3A-8
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(y-88) (180-x) (360-x) + (y-88)(60)2 + (168-y)(240-x)2

Ac = ZA'c' =
6 2 2

(y-88)

3

-1/2 [(180-x)(360-x) + 10800] + (168-y)(240-x)2

(IMyy + Mpp)

T, =
Ac
6,400,000
(y-88) 5
— [(180-%)(360-x) + 10,800] + (168-y)(240-x)
3
c. Sector III (fig. 3A-5)
M, + ZMVP = (20,000)(180-x/2) + 2/3(20,000)(x/2) +
(20,000)(180-x/2) + 2/3(20,000)(x/2)
= 360(20,000) - (20,000)x/3
Portion of Area Distance from Centroid
Sector (A") to axis of rotation (c¢') A'c’
(108-x) (y-88) (y-88) + 88 = y + 176 (180-x) (y-88) (y+176)
a ——
2 3 3 6
b (180-x) (88) 88 (180-x)(88)2
2 2
c Xy y XY2
2 3 6
Ac = ZA'c’ = (y-88)(180-x)(y+176)/6 + (180-x)(88)2/2 + xy2/6
= 1/6 (180-x)[(y-88)(y+176)+23,232] + xy
My + Myp
r, =
Ac
(2160-2x)(20,000)
(180-x) [ (y-88) (y+176)+23,232]+xy?2
Step 6. Due to the complexity of obtaining a direct solution for

ultimate unit resistance, a trial-and-error solution will be
used ( see table below):

3A-9
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X y 1 T1I T111
125 130 9.21 7.67 9.33
125 135 9.55 7.92 8.77
125 140 9.92 8.19 8.25
125 145 10.32 8.48 7.78
125 150 10.77 8.79 7.35
130 130 8.52 8.29 9.50
130 135 8.83 8.55 8.92
131 135 8.70 8.68 8.85
Therefore:

x = 131 ins

y = 135 ins

r, = 8.68 psi
Problem 3A-2 Resistance - Deflection Function

Problem: Determine the actual and equivalent resistance deflection function

in the elasto-plastic region for a two-way structural element.

Procedure:

Step 1.

a.

b.

Step 2.

Step 3.

o m

Step 4.

Step 5.

a0 o

Step 6.

o Q0 oD

Establish design parameters
Geometry of element.
Support conditions

Determine ultimate positive and negative moment capacities.

Determine static properties:
Modules of elasticity for the element.
Moment of inertia of the element.

Establish points of interest and their ultimate moment
capacities (fig. 3-23)

Compute properties at first yield.
Location of first yield
Resistance at first yield rg
Moments at remaining points consistent with rg
Maximum deflection at first yield.

Compute properties at second yield
Remaining moment capacity at other points
Location of second yield.
Change in unit resistance Ar between first and second yield.
Unit resistance at second yield r. ..

Moment at remaining point consistent with Tep-

3A-10
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f. Change in maximum deflection.
g. Total maximum deflection.
Note:

An element with unsymmetrical support conditions may exhibit three
or four support yields. Therefore, repeat Step 6 as many times as
necessary to obtain properties at the various yield points.

Step 7. Compute properties at final yield (ultimate unit resistance)
a. Ultimate unit resistance.
b. Change in resistance between ultimate unit resistance and
resistance at prior yield.
c. Change in maximum deflection (for elements supported on

two, three, or four sides, use stiffness obtained from
figure 3-26, 3-30 and 3-36, respectively).

Solution:

d. Total maximum deflection.
Step 8. Draw the actual resistance-deflection curve (fig. 3-39).
Step 9. Calculate equivalent maximum elastic deflection of the
element.
Example: 3A-2 Reslistance-Deflection Function
Required: The actual and equivalent resistance-deflection function (curve)
in the elasto-plastic region for the two-way structural steel
element.
Step 1. Given:
a,. L = 240 in. H = 168 in.
b. Fixed on three sides and free at the fourth.
Step 2. Same as step 3 of example 3A-1(A), part a.

Step 3. Static properties.
a. Modulus of elasticity, Eg for steel
Eg =29 x 108 psi
b. Considering a l-inch strip (b = 1 inch)
Assume I = 144 in®
Step 4. For points of interest, see figure 3A-6.

Step 5. Properties at first yield.

3A-11
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POINT 2
MHN

POINT 2 POINT 1
MHN lﬁMHP

Figure 3A-6

From figure 3-27 for H/L = 0.7
8, = 0.077 By = 0.160 By = 0.115
yyp = 0.012 v=20.3

Mp = Bru2

r = M/PH?

r; = 20,000/[(0.077)(168)2] = 9.20 psi
r, = 20,000/[(0.160)(168)2] = 4.43 psi
ry = 20,000/ (0.115)(168)2] = 6.16 psi

First yield at point 2 (smallest r)

b. r, = 4.43 psi

c. Mp (Point 1) = (0.077)(4.43)(168)2 = 9,627 in-lbs/in
My (Point 3) = (0.115)(4.43)(168)% = 14,379 in-1bs/in
d. D = EI/b(1-v%)
- 29 x 10 x 144/1[1-(0.3)2] = 45.9 x 10® in-1bs
Xy = y1r H*/D = (0.0120)(4.43)(168)% /43(108) = 0.0092 in

Step 6. Properties at second yield.

3A-12
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After first yield element assumes a simple-simple-fixed-free
stiffness, therefore from figure 3-29 for H/L = 0.7.
B; = 0.120 B4 = 0.220
Y] = 0.045 v = 0.3
a. Mp {(Point 1) = Myup - Mp (at ry)
= 20,000 - 9627 = 10373 in-lbs/in
My (Point 3) = Myy - Mp (at r,)
= 20,000 - 14,379 = 5621 in-lbs/in
b. Mp (Point 1) = 10373 in-1bs/in = B,ArH?
Ar = 10373/(0.120)(168)2 = 3.06 psi
M, (Point 3) = 5,621 in-lbs/in = ByArH?
Ar = 5,621/[(0.220)(168)2] = 0.90 psi
Second yield at Point 3 (smaller Ar)
c. &r = 0.90 psi
d. ry, = ro + Ar

ep
e. Mp (Point 1) = 0.120(0.90)(168)2

4.43 + 0.90 = 5.33 psi

(W8 )

.048 in-1bs/in

£. D = EI/b(1-vZ) = (29)(10%) (144)/1[1-(0.3)2]
- 45.9 x 108 in-1bs/in

Ax = y;ArH*/D = 0.030(0.90) (168)%/45.9(10)8

= 0.0047 in
g. Xep - X, +4X = 0.0092 + 0.0047 = 0.014 in
Step 7. Properties at final yield (ultimate unit resistance). After

second yield element assumes a simple-simple-simple-free
stiffness, therefore from figure 3-30 for H/L = 0.7.

y1 = 0.045 v=20.3
a. r, = 10.6 psi (part a, example 3A-1(A))

b. Ar = ry - ro, = 10.6 - 5.33 = 5.27 psi

JA-13
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Ax

. D

= EI/b(1-v2) = 29(10%) (144)/1[1-(0.3)?]

= 45.9 x 10% in-1bs

yrH® /D = (0.045)(5.27)(168)%/45.9 x 108

0.041 in

d. Xp - Xep + AX = 0.014 + 0.041 = 0.055 in

Step 8.

Step 9.

Xg

+

For actual resistance-deflection curve, see figure 3A-7.
Xg = Xo(fep/Ty) + Xgpll-(re/T)] + Xy[1-(rep/Ty)]

Equation 3-35
0.0092(5.33/10.6) + 0.014 [1-(4.43/10.6)]
0.055[1-(5.33/10.6)]

0.00463 + 0.0081 + 0.0273

0.040 in

The equivalent resistance-deflection curve is shown in figure 3A-

7.

Problem 3A-3 Dynamic Design Factors For A One Way Element

Problem: Determine the plastic load, mass and load-mass factors for a one-
way element.

Procedure:
Step 1.
Step 2.
a.
b.
c.
Step 3.

Step 4.

Establish design parameters.
Determine deflected shape.

geometry of element

support conditions

type of load and mass
Determine maximum deflection

Determine deflection function

For distributed load and/or continuous mass determine the
deflection at any point.

3A-14



(PSI)

UNIT RESISTANCE r

TM 5-1300/NAVFAC P-397/AFR 88-22

12+
ru———jq —————
10+ /x X
/ E p
/
/
/
8+ EQUIVALENT // ACTUAL
/
4
6 /
/
. /
r ep /
4t © //
¢
/
/
ol /v
/
/
/
/
O % j ] L 1 I

L !
i 1 { ! 1
0.0 1.0E-2 2.0E-2 3.0E-2 4.0E-2 5.0E-2 6.0E-2 7.0%—2 8.0E-2
DEFLECTION X (INCHES)

Figure 3A-7

3A-15



TM 5-1300/NAVFAC P-397/AFR 88-22
b. For concentrated loads and concentrated mass determine the
deflection at the load.
Step 5. Calculate the shape function

a. For distributed load and/or continuous mass calculate ¢(x),
equation 3-43.

b. For concentrated load and concentrated mass calculate ¢,
equation 3-46.

Step 6. Calculate the load factor, Kj.
a. Use equations 3-41 and 3-42 for a distributed load.
b. Use equations 3-41 and 3-45 for a concentrated load
Step 7. Calculate the mass factor, Ky.
a. Use equations 3-47 and 3-48 for a continuous mass
b. Use equations 3-44 and 3-49 for concentratea mass

Step 8. Calculate the load-mass factor Kjy, from equation 3-53.

Example 3A-3(A) Dynamic Design Factors For A One-Way Element

Required: The load, mass and load-mass factors for a structural steel beam
in the elastic range, with a distributed load.

Solution:

Step 1: Given structural steel beam shown in figure 3A-8

v vvvyyy vyl
A

Figure 3A-8

a. L = 120 in.
Simply supported on both edges
c. p(x) = 2,000 1b/in

m(x) = 0.0055(1b-s2/in%)/in

o
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i(\% 8(&) 'Yy 41

max -

Figure 3A-9
Step 2: Assumed deflected shape for elastic range is shown in figure
3A-9
Step 3: The maximum deflection at the center is
5p(x)LA
Smax =
384 EI
Step 4: Determine deflection function
p(x) 3 5 3
§(x) = (L7 - 2Lx° + =x7)
24E1
Step 5: Calculate the shape function using equation 3-43
8 (x) p(x)x 384E1
¢ - - (L3 - 21x? + %3 ) .
smax 24E1 5p(x)L
16
= (L3x - 2Lx3 + xa)
5.4
Step 6: a. Using equation 3-42, determine equivalent force
L 120
16
Fg = ) p(x)¢(x)dx = (2,000 1b/in) (L3x - 21x3 + x%)dx
0 0 5L
120
6,400 | L3x2 21x% x>
- - + = 1,280L
L4 2 4 5
0
= 153,600 1b.
b. From equation 3-41, find the load factor
Fp 153,600 1b.
KL= -
F (2,000 1b/in x 120 in.)

K, = 0.64 in the elastic range
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Step 7: a. Find the equivalent mass from equation 3-48
L 2 256 120
Mp = [ m(x)¢(x)dx = .0055 —— (L3x - 21x3 + x4)2 &
8
25L
0
1.408 120
- (L8x2 - 4L%x% + 2L3x% + 4L2x6 - 41x’ + x®)ax
2518
0
120
1.408 | L6x3 - 414x® + 203x6 + 412x7 - 41x® + X0
2518 3 5 6 7 8 9
0
= .00277L
- 0.3325 1b2- s3/in
b. From equation 3-47, calculate the mass factor
Mg 0.3325 1b - s? /in3
Ky = —— =
M 2 i b
M (0.0055 1b - s /in® x 120 in)
Ky = 0.50 in the elastic range
Step 8: Calculate the load-mass factor as defined by equation 3-51
= 0.50/0.64

Ky = 0.78 in the elastic range
Example 3A-3(B) Dynamic Design Factors For A One-Way Element

Required: The load, mass and load-mass factors for a structural steel beam
in the plastic range with a distributed load.

Solution:
Step 1. Given the structural steel beam shown in figure 3A-8
a. L =120 in.
b. Simply-supported on both ends
c. p(x) = 2,000 1b/in
d. m(x) = 0.0055 (1b - s2/in%)/in
Step 2. Assume deflected shape for the plastic range is shown in

figure 3A-10
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ki}a\i&j v vy i% Figure 3A-10

Step 3. Determine maximum deflection
Gmax = (L/2)tan®

Step 4, Determine the deflection at any point,
§(x) = xtan® x < L/2
Step 5. Calculate the shape function, equation 3-43
§(x) xtan®
P(x) = - —
S max (L/2)tan®
= 2x/L x < L/2
Step 6:
a. Find Fp using equation 3-42.
L 60
Fp j[ p(x)Pp(x)dx - 2 J 2,000 1b/in)(2x/L)dx
0 0
60
= 4,000 1b/in [ x2 /L ]
0
= 120,000 1b
b. From equation 3-41
Fg 120,000 1b.
KL"— -
F (2,000 1b/in) 120 in

Ki, = 0.5 in the plastic range

Step 7:
a. Use equation 3-48 to find the equivalent mass
L 60
Mg = j m(x)¢? (x)dx = 2 f (0.0055) (4 x2/L2)dx

0 0
60
%3
= 0.044

31.2
0

- 0.22 1b - s2/in3
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b. As defined by equation 3-47
Mg 0.22 1b - s? /in3
KM bl il
M (0.0055 1b - s? /in®)120 in

Ky = 0.33 in the plastic range

Step 8. Calculate Ky using equation 3-53
Kim = Ku/Ky
= 0.33/0.5

Kiq = 0.66 in the plastic range

Example 3A-3(C) Dynamic Design Factors For A One-Way Element

Required: The load, mass and load-mass factors for a structural steel beam
in the elastic range, with a concentrated load.

Solution:
Step 1: Given structural steel beam shown in figure 3A-11
v2 o, w2 |
| X . |
{P
A A
Figure 3A-11
a. L =120 in.
b. Simply supported on both sides
c¢. F = 240 kips
m(x) = 0.0055(1b - sZ/in%)/in.
Step 2: Assume deflected shape for elastic range is shown in figure

3A-12
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A\\ iaix) 8r-8ma/x./"

[ G SR

Figure 3A-12

Step 3: Determine maximum deflection
pL3
$pax =
48E1
Step 4: Determine deflection functions

a. for continuous mass,

§(x) = Px (3L2 - 4x2)

48E1

b. for concentrated load

pL3
5, =
48EI
Step 5: Calculate shape functions
a. for continuous mass use equation 3-43
§(x) Px(3L3 - 4x%)  48EI
§ 48EI PL

max

- (3L%x - 4x3) /13

b. for concentrated load, use equation 3-46

pL3 48EI
¢, = 3
48EI PL

=1.0

Step 6:
a. Find equivalent force from equation 3-45

i
Fp = £ F @, = Pxl = 240 kips
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b. Using equation 3-41, calculate the load factor

Fg 240 kips
KL- -
F 240 kips

Ki = 1.0 for the elastic range

Step 7: a. Equation 3-48 gives the equivalent mass.

L 120 (0.0055)
M - I n(x)¢2(x) dx = J ——— L% - 201 16x8)ax
L
0 0

120
0.0055 | 314 x3 - 2412 x° + 16x/

L6 5 7

= 0.0027L
- 0.321b - s2/in3
b. From equation 3-47, calculate the mass factor
Mg 0.321b - s2/in3

Ky = - 2, 4 .
M (0.00551b - s2/in% x 120in)

Ky = 0.49 in the elastic range

Step 8: Calculate the load-mass factor, from equation 3-53
Kim = Ku/Ky,
= 0.49/1.0

Kimy = 0.49 for the elastic range

Example 3A-3(D) Dynamic Design Factors For A One-Way Element

Required: Determine the load, mass and the load-mass factors for a structur-
al steel beam, in the plastic range, with a concentrated load.

Solution:

Step 1. Given structural steel beams shown in figure 3A-11.
a, L =120 in
b. Simply-supported at both edges
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c. F = 240 kips
m(x) = 0.0055 (1b - s2/in®)/in

Step 2. Assumed deflected shape for the plastic range is shown in
figure 3A-13

L/2 \ L/2 1
i} T
|

R\\l&x) \lﬁr-&mx ﬁgl{
>~

,,4"}
>

Figure 3A-13

Step 3: Determine maximum deflection
6max = (L/2)tan®
Step 4: Determine deflection function.
a. for continuous mass
§(x) = xtan® x < L/2
b. for a concentrated load
8§, = (L/2)tan®
Step 5: Calculate shape factors using

a. equation 3-43 for continuous mass

§(x) xtan®
P(x) = =
S nax (L/2)tang
= 2x/L x < L/2

b. equation 3-46 for concentrated load

5, (L/2)tand
¢= == -_—
r - (L/2) tan®

- 1.0
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Step 6: a. The equivalent force is found using equation 3-45
i
Fg = El F ¢, = Pxq = 240 kips
Y=

b. Equation 3-41 gives the load factor

Fg 240 kips
KL- -
F 240 kips

K = 1.0 for plastic range
Step 7: a. The equivalent mass is found using equation 3-48

L 60
Mg = I m(x)¢? (x)dx = 2 I (0.0055) (4 x2/L2)dx

0

60

%3

- 0.044 - 0.22 1b - s2/in3
312

0
b. Solve for Ky using equation 3-47
Mg 0.22 1b - s2 /in3

Ky = = 2. 4 -
M (0.0055 1b - s/in")120 in

Ky = 0.33 in the plastic range
Step 8: From equation 3-53, calculate Kiy
= 0.33 in the plastic range

Problem 3A-4 Plastic Load-Mass Factor

Problem: Determine the plastic load-mass factor Kjy for a two-way element
using (1) general solution and (2) chart solution.

Note: The determination of the plastic load-mass factor follows
the calculations for the ultimate resistance, hence the structural
configuration and the location of the plastic yield lines will be
known.

Procedure: Part (a) - General Solution
Step 1. See part a, problem 3A-1 for the structural configuration
and location of plastic yield lines. Denote sectors formed

by yield lines.
JA-24
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Step 2. Determine the load-mass factors properties I, c, and L' for
all sectors.
Step 3. Determine the factor I/cL’ for all sectors.
Step 4. Calculate the total area of the element.
Step 5. With values obtained above, calculate the plastic load-mass
factor for the element using equation 3-57.
Note: 1In the above problem, an element of uniform thickness was
considered. For non-uniform elements, the load-mass factor is
calculated using equation 3-53 where the mass of the individual
sectors must be considered.
Procedure: Part (b) - Chart Solution
Step 1. See part b, problem 3A-1 for structural configuration and
location of plastic yield lines in terms of x/L or y/H.
Step 2. For known value of X/L or y/H and support condition, deter-
mine the load-mass factor for the element from figure 3-44.
Note: Chart solution may be used only if the element conforms to
the requirements listed in section 3-17.3
Example 3A-4  Plastic Load-Mass Factor
Required: Plastic load-mass factor for the element considered in example 3A-
1(A) using (1) general solution and (2) chart solution.
Solution: Part (a) - General Solution
Step 1. Given structural configuration and location of yield lines
shown below (see part a, example 3A-1(A)) in figure 3A-14.
L = 240 in
H = 168 in
X = 120 in
y = 137.6 in
T, = constant
4
4
y
4
4 b =
y
A
”
r
y

Figure 3A-14
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Step 2. Load-mass factor properties.
a. Sector 1.
L' =y = 137.6 in
c =y/3 =137.6/3 L

1 = L(L'3) /12 = 240(137.6)%/12. - .
I 4
b. Sector II. T T
AXIS OF cg —
ROTATION +
b o
»
-l C.
[
[}
| L AXIS OF
k— ROTATION
Figure 3A-15 Figure 3A-16
L' = x = 120 in
H-y=168 - 137.6 = 30.4 in
L' [H+ 2 (H-y)] 120 [168 + 2 (30.4)]
C = -
3 [H+ (H-y)] 3 (168 + 30.4)

c = 120 (0.384)
@y a3+ yan?
3 12
30.4 (120)3 + 137.6(120)3

- - 21.60(120)3
3 12

Step 3. Calculate factor I/cL' for each sector:

I 240(137.6)3 / 12
Sector I. - - 8,256 in?
cL’ (133.4/3) (133.4)
1 21.60(120)°
Sector II. - - 6,646 in®
cL’ (0.390 x 120)(120)
I
Sector III. - 6,646 in?
cL’
Step 4. Area of panel

A = LH = 240 (168) = 40,320 in?
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Step 5. Load-mass factor
I/cL’
KLM. - (eq. 6-14)
A
8,256 + 2(6,646)
Kiy = - 0.534
40,320
Solution: Part (b) - Chart Solution
Step 1. Given: Panel fixed on 3 edges, 1 free and y/H = 0.803 (see
part b, example 3A-1(A)).
Step 2. From figure 3-44, read load-mass factor

Problem 3A-5

Ky = 0.543

Response of a Single-Degree-of Freedom System subject to
Dynamic Load

Problem: Determine the maximum response and the corresponding time it
occurs of a single-degree-of-freedom system subjected to dynamic
load using (a) numerical methods and (b) design charts.

Procedure: Part (a) - Numerical Methods

Step 1.

Step 2.

Step 3.

Establish dimensional parameters of the system.

Determine the natural period of vibration and integration
time interval.

Construct a table similar to table 3-14 of section 3-19.2.

Note:For the first interval n=1, Equation 3-59 is used and

subsequent intervals, the recurrence formula (eqn. 3-56) is
used.

Procedure: Part (b) - Chart solution

Step 1.
Step 2.

Step 3.

Example 3A-5

Same as step 1 of example 3A-5, part a.
Determine the non-dimensional parameters.

Determine.the ratio of the maximum displacement to the
elastic displacement X /Xp and the ratio of the time at
which this maximum displacement occurs to the duration of
the blast load.

Maximum Response of Single-Degree-of-Freedom System Sub-
jected to a Triangular Load.

Required: The maximum response and the time it occurs, of a single-degree-
of-freedom system subjected to blast loads, using (a) numerical
methods and (b) design charts.
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Solution: Part (a) - Numerical Methods

Step 1. Given:

I

m P
g :
K Q < : u
3 2| 4
= k{
T > Xg '
TIME DISPLACEMENT
(a) Single-Degree-of- (b) External Load {c) Resistance
Freedom System Function

Figure 3A-17

2.5 Kips-secz/ft
9,860 Kips/ft
750 Kips

0.076 ft

= 0.10 sec

1000 Kips

XK RE
m e
[

I

Step 2. Natural period of vibration and integration time interval.
Ty = 2m [m/K]1Y/2 = 2w [2.5/9,86011/2 = 0.10 sec
t = Ty/10 = 0.01 sec

Step 3. Construct table as shown below.

3A-28



TM 5-1300/NAVFAC P-397/AFR 88-22

1] 2 3 4 5 6 7 8 9 10
N —P - 2
nf ¢t By Ry | BnRy |Ap=(Fy-Ry/m| ap(8t)| 2%, -1 Xnt+1
(sec)| Kips| (Kips)|(Kips) | (ft/sec?) | (£t) (ft) (£t) (£ft)
0 0 1000 1] 1000 400 0.040 0.0 0.0 0.020
1/0.01 900 |197.200|702.800 281.120 0.028112| 0.0400 0.0 0.068112
2/0.02 | 800 [671.684)128.426] s51.366 |0.05137 |0.13622 [0.020 |0.121357
afo.03 | 700 | 750 | -s0.0 ~20.0 |-0.00200{0.242714|0.06811 |0.17261
4lo.04 | 600 | 750 [-150.0 -60.0 |-0.00600|0.34522 |0.121357|0.21786
slo.os | so0 | 750 [-250.0 | -100.0 |-0.0100 |0.43673 [0.17261 |0.25312
6/0.06 | 40 750 |-350.0 | -140.0 |-0.0140 |0.050623]0.21786 |0.27437
7|0.07 300 750 ~-450.0 -180.0 -0.0180 [0.54874 [0.25312 [0.27762
8/0.08 200 750 -550.0 -220.0 -0.0220 |0.55525 |0.27437 10.25880
9(0.09
[ 1 1 | d 1 1 1 1 ]
Note: P, = f(t,) = 1000 [1-n(At/T)] KX, for X, < X,

e

ry = 750 for X > X,
Xaa1 = 2Ky - Xp_p# ag (48
Note:
For n=0, X+l (Column 10) = Xo41 = %1 = (1/2)a0(At)2
= (1/2)(0.040)
- 0.02 ft
For n=1, 2X_ (Column 8)= 2X; = 2[(1/2)ag(4t)?]
- 2(0.02) = 0.04 ft
Xn-1 (Column 9) = Xg = 0.0
X,41 (Column 10) = X, = 2X;-Xy + a; (At)2
- 2(0.02) - 0 + 0.02811
- 0.06811 ft
For n=2, 2Xn (Column 8)= 2X2 = 2(0.06811)

= 0.13622 ft.

3A-29



TM 5-1300/NAVFAC P-397/AFR 88-22

(Column 9) =X, =0.02 ft.
Xp-1 1

Xy41 (Column 10) = X3 = 2X, - X + ap (At)2

(2)(0.06811) - 0.02 + 0.005137

0.121357 ft.

For n=3, 4,..., repeat the above procedure.
Solution: Part (b) - Design Charts
Step 1. Same as step 1 of example 3A-5, part a
Step 2. Non-dimensional parameters

a. Natural period of vibration, Ty

T, = 2n(w/K]Y/2 = 2m(2.5/9,86011/2 = 0.10 sec
b. Ratio of duration of blast load T to natural period Ty
T/Ty = 0.10/0.10 = 1.0
c. Ratio of peak resistance r, to peak load P
r,/B = 750/1000 = 0.75
Step 3. Using the ratios calculated in step 2 and figures 3-54 and
3-55, determine the value of Xy/Xg and tn/Tn-
For T/Ty = 1 and r,/P = 0.75
Xp/Xg = 3.7 from figure 3-54
ty/T = 0.77 from figure 3-55
Step 4. Determine X and t
Xp/Xg = 3.7
Xn = (3.7)Xg = (3.7(r/Kp)
= (3.7)(750/9,860) = 0.28144 ft.
ty/T = 0.77

tn = (0.77)T = 0.77(0.10) = 0.077 sec
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6 Maximum Response of a Single-Degree-of-Freedom System to
Bilinear Blast Loads

Determine X /Xg, t,/Ty and tg/T (when applicable) for a single-
degree-of-freedom system subject to various bilinear blast loads.

Part (a) - Solution in Region D
1. Establish normalized parameters

2. Enter table 3-15 with the given C parameters and determine
which figures have to be used.

3. Enter each of the figures determined in step 2, with the

given values of the other two parameters and determine the
region where the intersection points are located.

4. Based on the region where the intersection points are locat-
ed,
enter the appropriate figure and find X /X, t, /Ty and tg/T.

Part (b) - Solution in Region C - Graphical Interpolation.

1. Same as step 1 in part a.

2. Same as step 2 in part a.

3. Same as step 3 in part a.

4, Set up a table as shown in table 3A-1. Post each figure
number and the corresponding values of Cy and C,p, leaving a
space between each line of information. Post in the spaces
the appropriate values of C; and C, needed for interpola-
tion. Enter each of the figures determined in Step 2 with
the given parameters and find the values of X /X;. Post
these values in table 3A-1.

5. Use log-log graph paper to plot the points obtained in Step
4. Post these values in table 3A-1, using linear interpola-
tion where necessary.

6. Plot on log-log graph paper the points which represent
(Xm/XE, CZ) for the given value of C. Use linear interpola-
tion to find X /Xy for given value of C,.

Part (c) - Solution in Region C - Mathematical Interpolation

1. Same as step 1 in part a.

2. Same as step 2 in part a. EI

3. Same as step 3 in part a.
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Step 4. Same as step 4 in part b.

Step 5. Solve for 1lnY, and lnYy using equations 3-83 and 3-84.
Step 6. Solve for 1lnY using equation 3-85.

Step 7. Solve for Y using equation 3-86.

Example 3A-6 Maximum Response of a Single-Degree-of-Freedom System to
Bilinear Blast Loads

Required: Determine X /Xp, t;/Ty and tg/T (when applicable) for a single-
degree-of-freedom system subject to various bilinear blast loads.

Solution: Part (a) - Solution in Region D

Step 1. Given: P/r, = 1.0
T/TN bl 3.0
Cp = 0.66
C2 - 50
Step 2. Enter table 3-15 with €y, = 0.66 and Cp = 50. Note figures

3-119, 3-120, 3-147, and 3-148 apply.

Step 3. Enter each of the figures determined in step 2, with P/r =
1.0 and T/Ty = 3.0. Note that the intersection point is
located to the right of the line of solid squares, defined
as region D. In region D, the maximum dynamic response
depends only on the shock load described by P/r, and T/Ty;
the gas load described by C{P/r, and C,T/T, does not influ-
ence the maximum dynamic response. Consequently, figures 3-
64a and 3-64b for a single triangular load pulse apply.
Enter figure 3-64a with P/r; = 1.0 and T/Ty = 3.0 and find
Xp/Xg = 3.55, ¢, /Ty = 0.98, tp/T =~ 0.086.

Solution: Part (b) - Solution iIn Region C - Graphical Interpolation

Step 1. Given: P/r, = 32
T/Ty = 0.10
¢, =0.06
¢, =20
Step 2. Enter table 3-15 with C; = 0.06 and C, ~ 20. Note figures

3- 108, 3-109, 3-133 and 3-134 apply.
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Enter each of these figures with P/r = 32 and T/T, = 0.10.
Note that the intersection point is not located in regions

A, B or D. Therefore the intersection points lie in region
C and interpolation between charts is required to obtain a

solution.

Set up table as shown in table 3A-1 below. Post each chart
number and the corresponding values of C; and C, leaving a
space between each line of information. Post in the spaces
the appropriate values of C; and Gy needed for interpola-
tion. Enter figure 3-108 with P/r , = 32 and T/Ty = 0.10 and
find Xm/XE = 112. Post this value in the table. Enter
figure 3-109 with P/r = 32 and T/Ty = 0.10 and find X /Xp =
86. Post this value in the table. Repeat this process for
figures 3-133 and 3-134, and post values for X /Xp in the
table.

Use log-log graph paper to plot the points (112,0.068) and
(86,0.046) which represent (X/Xg» Cp) for Cy) = 10 as shown
in figure 3-267. Use straight-line interpolation to find
Xo/Xg = 103 for C; = 0.060. Post this value in the table.
Repeat this process for C, = 30, and find X /Xp = 251 for C;
= 0.06 as shown in figure 3-267.

Plot on log-log graph paper the points (103,10) and (251,30)
which represent Xm/XE, Cz) for €1, = 0.060. Use straight-
line interpolation for finding X /Xp = 182 for Gy = 50 as
shown in figure 3-267. Thus the solution is X /Xg = 182.

Table 3A-1
Figure No. €1 Cy X/ XE
3-108 0.068 112_—
0.060 10 R 10;T
3-109 0.046 10 86
0.060 20 --_d — 182
3-133 0.075 30 340——
0.060 30 -- — 251
3-134 0.056 30 230 -

3A-33



TM 5-1300/NAVFAC P-397/AFR 88-22

Solution: Part (c) - Solution in region C - Mathematical Interpolation
Step 1. Same as step 1 of part (b).
Step 2. Same as step 2 of part (b).
Step 3. Same as step 3 of part (b).
Step 4. Same as step 4 of part (b).
Step 5. Using equation 3-83 and 3-84, find 1nY, and 1nY,.
In[Y,/ Y] In[Cy/ Cqq]

In [ C12 / Cll]

1nYa - 1nY1 +

1n(86/112)1n(0.060/0.068)

= 1nl12 +
In(0.046/0.068)
lnY, = 4.6339
1n[Ya / Y3 ] 1n[C1 / C13]
1an - lnY3 +
In[ Cy4 / C13)
1n(230/340)1n(0.06/0.075)
= 1n340 +
1n(0.056/0.075)
InY, = 5.5304
Step 6. Find 1nY from equation 3-85

(1an - lnYa)ln(C2/021)
InY = InY, +

In(C33/Ca1)
(5.5304 - 4.639)1n(20/10)
- 4.6339 +
1n(30/10)
InY = 5.1995
Step 7. Solve for Y using equation 3-86
Y = elny
- e2-1995
Y = 181
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(1) acceleration (in./msz)
(2) depth of equivalent rectangular stress block (in.)

area (in.z)

area of diagonal bars at the support within a width b (in.2)
area of openings (ft2)

area of tension reinforcement within a width b (in.z)

area of compression reinforcement within a width b (in.2)

area of flexural reinforcement within a width b in the hori-
zontal direction on each face (in.2)*

area of flexural reinforcement wlthin a width b in the verti-
cal direction on each face (in.“)*

total area of stirrups or lacing reinforcement in tension
within a distance, s_ or s1 and a width by or bl (in.2).

2y

s

area of sector 1 and II, respectively (in.

(L) width of compression face of flexural member (in.)

(2) width of concrete strip in which the direct shear
stresses at the supports are resisted by diagonal bars
(in.)

width of concrete strip in which the diagonal tension stresses
are resisted by stirrups of area A, (in.)

width of concrete strip in which the diagonal tension stresses
are resisted by lacing of area A, (in.)

constant defined in pargraph
(1) distance from the resultant applied load to the axis of
rotation (in.)

(2) damping coefficient

distance from the resultant applied load to the.axis of
rotation for sectors I and II, respectively (in.)

dilatational velocity of concrete (ft/sec)
shear coefficient

critical damping

% See note at end of symbols 3B-1
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Cq shear coefficient for ultimate shear stress of one-way ele-
ments

Ce post-failure fragment coefficient (lbz-msh/in.g)

Cra peak reflected pressure coefficient at angle of incidence a

Cq shear coefficient for ultimate support shear for one-way
elements

CoH shear coefficient for ultimate support shear in horizontal

direction for two-way elements*

Cgy shear coefficient for ultimate support shear in vertical
direction for two-way elements¥

Cp drag coefficient

Cpa drag pressure (psi)

Cpdo peak drag pressure (psi)

Cg equivalent load factor

Cu shear coefficient for ultimate shear stress in horizontal

direction for two-way elements¥*

Cy, leakage pressure coefficient

Cy maximum shear coefficient

Cu impulse coefficient at deflection X, (psi-msz/in.z)

Cy' impulse coefficient at deflection X (psi-msz/in.z)

Cy shear coefficient for ultimate shear stress in vertical
direction for two-way elements#*

€1 ey impulse coefficient at deflection Xq (psi-msz/in.z)
(2) parameter defined in figure
(3) ratio of gas load to shock load

¢’ impulse coefficient at deflection X (psi-msz/in.z)

Co ratio of gas load duration to shock load duration

d distance from extreme compression fiber to centroid of tension
reinforcement (in.)

d’ distance from extreme compression fiber to centroid of com-
pression reinforcement (in.) ‘

d. distance between the centroids of the compression and tension

reinforcement (in.)

* See note at end of symbols 3B-2
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de distance from support and equal to distance d or d, (in.)
d; inside diameter of cylindrical explosive container (in.)
d distance between center lines of adjacent lacing bends mea-

sured normal to flexural reinforcement (in.)

d.o diameter of steel core (in.)
dy diameter of cylindrical portion of primary fragment (in.)
D (1) wunit flexural rigidity (lb-in.)

(2) location of shock front for maximum stress (ft)
(3) minimum magazine separation distance (ft)

D, nominal diameter of reinforcing bar (in.)

Dg equivalent loaded width of structure for non-planar wave front
(ft)

DIF dynamic increase factor

DLF dynamic load factor

e base of natural logarithms and equal to 2.71828...

(2E')1/2 Gurney Energy Constant (ft/sec)

E modulus of elasticity

E. modulus of elasticity of concrete (psi)

Es modulus of elasticity of reinforcement (psi)

f unit external force (psi)

£, static ultimate compressive strength of concrete at 28 days
(psi)

£'3c dynamic ultimate compressive strength of concrete (psi)

fas dynamic design stress for reinforcement (psi)

fau dynamic ultimate stress of reinforcement (psi)

fdy dynamic yield stress of reinforcement (psi)

fs static design stress for reinforcement (a function of fy’ £,
and 6) (psi)

fu static ultimate stress of reinforcement (psi)

fy static yield stress of reinforcement (psi)

* See note at end of symbols 3B-3
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(1) total external force (lbs)

(2) coefficient for moment of inertia of cracked section

(3) function of Cyp and Cy for bilinear triangular load

force in the reinforcing bars (lbs)

equivalent external force (lbs)

variable defined in table 4-3

charge location parameter (ft)

(L) span height (in.)

(2) distance between reflecting surface(s) and/or free
edge(s) in vertical direction (ft)

height of charge above ground (ft)

scaled height of charge above ground (ft/1b1/3)

height of structure (ft)

scaled height of triple point (ft/1b1/3)

unit positive impulse (psi-ms)

unit negative impulse (psi-ms)

sum of scaled unit blast impulse capacity of receiver panel

and scaled unit blast impulse attenuated_through concrete and

sand in a composite element (psi-ms/1b1/3)

unit blast impulse (psi-ms)

scaled unit blast impulse (psi-ms/1b1/3)

total scaled unit blast impulse capacity of composite element
(psi-ms/1bl/3)

scaled unit blast impulse cagacity of receiver panel of
composite element (psi-ms/lb /3)

scaled unit blast imgulse capacity of donor panel of composite
element (psi-ms/lbl/ )

unit excess blast impulse (psi-ms)

unit positive normal reflected impulse (psi-ms)
unit negative normal reflected impulse (psi-ms)
unit positive incident impulse (psi-ms)

unit negative incident impulse (psi-ms)

* See note at end of symbols 3B-4
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moment of inertia (in.h)

averzge of gross and cracked moments of inertia of width b
(in.™)

momezt of inertia of cracked concrete section of width b
(in.™)

moment of inertia of gross concrete section of width b (in.a)

2

mass moment of inertia (lb-ms“-in.)

ratio of distance between centroids of compression and tension
forces to the depth d

constant defined in paragraph

(1) unit stiffness (psi-in for slabs) (1b/in/in for beams)
(2) constant defined in paragraph

elastic unit stiffness (psi/in for slabs) (lb/in/in for beams)

elasto-plastic unit stiffness (psi-in for slabs) (psi for
beams)

equivalent elastic unit stiffness (psi-in for slabs) (psi for
beams)

load factor

load-mass factor

load-mass factor in the ultimate range

load-mass factor in the post-ultimate range

mass factor

resistance factor

factor defined in paragraph

kinetic energy

charge location parameter (ft)

spacing of same type of lacing bar (in.)

(L span length (in.) except in chapter 4 (ft)=*
(2) distance between reflecting surface(s) and/or free

edge(s) in horizontal direction (ft)

length of lacing bar required in distance sj (in.)

* See note at end of symbols 3B-5
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embedment length of reinforcing bars (in.)
wave length of positive pressure phase (ft)
wave length of negative pressure phase (ft)

wave length of positive pressure phase at points b and d,
respectively (ft)

total length of sector of element normal to axis of rotation
(in.)

unit mass (psi-msz/in.)

average of the effective elastic and plastic unit masses (psi-
msz/in.)

effective unit mass (psi-msz/in.)
effective unit mass in the ultimate range (psi-msz/in.)
effective unit mass in the post-ultimate range (psi-msz/in.)

(L unit bending moment (in-1lbs/in.)
(2) total mass (lb-msz/in.)

effective total mass (1b-msz/in.)
ultimate unit resisting moment (in-lbs/in.)

moment of concentrated loads about line of rotation of sector
(in.-1bs)

fragment distribution parameter
equivalent total mass (1b-ms2/in.)

ultimate unit negative moment capacity in horizontal direction
(in.-1bs/in.)*

ultimate unit positive moment capacity in horizontal direction
(in.-1bs/in.)*

ultimate unit negative moment capacity at supports (in.-
1bs/in.)

ultimate unit positive moment capacity at midspan (in.-
1bs/in.)

ultimate unit negative moment capacity in vertical direction
(in.-1bs/in.)*

ultimate unit positive moment capacity in vertical direction
(in.-1bs/in.)*

* See note at end of symbols 3B-6
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Pm
me
Py

PT

p(x)

Psb'Pse
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(L) modular ratio
(2) number of time intervals

number of adjacent reflecting surfaces
number of primary fragments larger than Wg

Ag A

s
reinforcement ratio equal to — or —
bd bd,
A’ A’
reinforcement ratio equal to — or —
bd bd,

reinforcement ratio producing balanced conditions at ultimate
strength

mean pressure in a partially vented chamber (psi)

Peak mean pressure in a partially vented chamber (psi)
reinforcement ratio in horizontal direction on each face*
reinforcement ratio equal to py + p,,

reinforcement ratio in vertical direction on each face*
distributed load per unit length

(L) pressure (psi)
(2) concentrated load (lbs)

negative pressure (psi)

interior pressure within structure (psi).

interior pressure increment (psi)

fictitious peak pressure (psi)

peak pressure (psi)

peak positive normal reflected pressure (psi)

peak negative normal reflected pressure (psi)

peak reflected pressure at angle of incidence a (psi)
positive incident pressure (psi)

positive incident pressure at points b and e, respectively
(psi)

* See note at end of symbols 3B-7
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PSO

Pso

Psob'Psod’Psoe

qbrqe

9ob: Y0e

peak positive incident pressure (psi)
peak negative incident pressure

peak positive incident pressure at points b, d, and e, respec-
tively (psi)

dynamic pressure (psi)

dynamic pressure at points b and e, respectively (psi)

peak dynamic pressure (psi)

peak dynamic pressure at points b and e, respectively (psi)

(1) unit resistance (psi)

(2) radius of spherical TNT (density equals 95 lb/ft3 charge
(ft))

unit rebound resistance (psi)

change in unit resistance (psi)

elastic unit resistance

elasto-plastic unit resistance (psi)

ultimate unit resistance (psi, for slabs) (lb/in for beams)

post-ultimate unit resistant (psi)

radius of hemispherical portion of. primary fragment (in.)

(1) total internal resistance (lbs)
(2) slant distance (ft)

distance traveled by primary fragment (ft)
radius of lacing bend (in.)

normal distance (ft)

equivalent total internal resistance (lbs)
ground distance (ft)

total ultimate resistance

total internal resistance of sectors I and II, respectively
(1bs)

spacing of stirrups in the direction parallel to the longi-
tudinal reinforcement (in.)

* See note at end of symbols 3B-8
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sy spacing of lacing in the direction parallel to the longitu-
dinal reinforcement (in.)

S height of front wall or one-half its width, whichever is
smaller (ft)

SE strain energy

t time (ms)

At time increment (ms)

t, any time (ms)

ty.teste time of arrival of blast wave at points b, e, and f, respec-
tively (ms)

t. (L clearing time for reflected pressures (ms)
(2) container thickness of explosive charges (in.)

tq rise time (ms)

tg time to reach maximum elastic deflection

th time at which maximum deflection occurs (ms)

to duration of positive phase of blast pressure (ms)

ty duration of negative phase of blast pressure (ms)

tof fictitious positive phase pressure duration (ms)

tof fictitious negative phase pressure duration (ms)

ty fictitious reflected pressure duration (ms)

ty time at which ultimate deflection occurs (ms)

ty time to reach yield (ms)

ta time of arrival of blast wave (ms)

ty time at which partial failure occurs (ms)

T duration of equivalent triangular loading function (ms)

T, thickness of concrete section (in.)

T, scaled thickness of concrete section (ft/1b1/3)

Ty effective natural period of vibration (ms)

T, rise time (ms)

Tg thickness of sand fill (in.)

* See note at end of symbols 3B-9
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ve(avg.)

scaled thickness of sand fill (ft/1bl/3)

particle velocity (ft/ms)

ultimate flexural or anchorage bond stress (psi)
shock front velocity (ft/ms)

velocity (in./ms)

instantaneous velocity at any time (in./ms)
boundary velocity for primary fragments (ft/sec)
ultimate shear stress permitted on an unreinforced web (psi)
maximum post-failure fragment velocity (in./ms)
average post-failure fragment velocity (in./ms)
velocity at incipient failure deflection (in./ms)
initial velocity of primary fragment (ft/sec)

residual velocity of primary fragment after perforation
(ft/sec)

striking velocity of primary fragment (ft/sec)
ultimate shear stress (psi)

ultimate shear stress at distance de from the horizontal
support (psi)*

ultimate shear stress at distance d, from the vertical support
(psi)*

volume of partially vented chamber (ft3)

ultimate direct shear capacity of the concrete of width b
(1bs)

shear at distance d, from the vertical support on a unit width
(1bs./in.)*

shear at distance d, from the horizontal support on a unit
width (1lbs/in.)*

volume of structure (ft3)

shear at the support on a unit width (lbs/in)¥*

shear at the vertical support on a unit width (lbs/in.)*

* See note at end of symbols 3B-10
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shear at the horizontal support on a unit width (lbs/in.)*
total shear on a width b (1lbs)

weight density of concrete (lbs/ft3)

weight density of sand (1bs/ft3)

charge weight (1lbs)

total weight of explosive containers (lbs)

weight of primary fragment (oz)

total weight of steel core (lbs)

total weight of plates 1 and 2, respectively (1lbs)
width of structure (ft)

work done

yield line location in horizontal direction (in.)*
deflection (in.)

any deflection (in.)

elastic deflection (in.)

elasto-plastic deflection (in.)

maximum penetration into concrete of armor-piercing fragments
(in.)

maximum penetration into concrete of fragments other than
armor-piercing (in.)

maximum transient deflection (in.)

plastic deflection (in.)

(1) maximum penetration into sand of armor-piercing frag-
ments
(in.)

(2) static deflection

ultimate deflection (in.)

equivalent elastic deflection (in.)

partial failure deflection (in.)

yield line location in vertical direction (in.)*

* See note at end of symbols 3B-11
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o O© @

max

Py

P(x)

scaled slant distance (ft/1b1/3)

scaled normal distance (ft/1b1/3)

scaled ground distance (ft/1b1/3)

(1) angle formed by the plane of stirrups, lacing, or diago-
nal reinforcement and the plane of the longitudinal
reinforcement (deg)

(2) angle of incidence of the pressure front (deg)

(1) coefficient for determining elastic and elasto-plastic
resistances

(2) particular support rotation angle. (deg)

coefficient for determining elastic and elasto-plastic deflec-
tions

deflections increase in support rotation angle after partial
failure (deg)

support rotation angle (deg)
angular acceleration (rad/msz)

maximum support rotation angle (deg)
horizontal rotation angle (deg)*

vertical rotation angle (deg)*

effective perimeter of reinforcing bars (in.)

summation of moments (in.-1bs)

sum of the ultimate unit resisting moments acting along the
negative yield lines (in.-1lbs)

sum of the ultimate unit resisting.moments acting along the
positive yield lines (in.-1lbs)

ductility factor
Poisson’s ratio

(1) capacity reduction factor
(2) bar diameter (in.)

assumed shape function for concentrated loads

assumed shape function for distributed loads

* See note at end of symbols 3B-12
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free edge

simple support

/777777 fixed support

XXXXXXX either fixed, restrained, or simple support

* Note. This symbol was developed for two-way elements which are used as
walls. When roof slabs or other horizontal elements are under consideration,
this symbol will also be applicable if the element is treated as being rotated
into a vertical position.
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