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bo=1 [ 10 sin (nx) dx

T

FOURIER g2z} Z#ato g 3t Fourier Ald: ¥ 3A.4-1¢] $FFo| Qrh
FOURIER g8z} $AAte 2 73 A4S o] &3l 7tz 73 e 4« 4
A 22 34.4-16] E=AHo] Qtl F 34.4-12F 23 3A.4-12FE FORIER 2102

TEY gt AE AFste AS & 4 Atk no] ST Foi ol 2HT A

1. A. Ralston and H. Wilf, Mathematical Methods for Digital Computers, John Wiley
& Sons, New York, 1960.
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3 3A.4-1

FOURIER®} =7 4tof 2|8} FOURIER A<= ]z

27 Ak
0.1666
0.3183
0.2756
0.2122
0.1378
0.0636

0.0
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FOURIER
0.1694
'0.3231
0.2784
0.2122
0.1350
0. 0588

-0. 0056
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3A.5 LAFD/PC

LAFD/PC (Liner Anchor Forces and Deformation/PC Version)t glo]y Zglo]Ee} oiH
E TEE AadA o7 W egloly EHolEY AME uHMFAHL T ujHy FF
SIS 3Rt 2 2ol 1/27, 5/87, 3/4" HAY W& A =9} 37x3"x1/4"
FEE U234 2 71 EE WA Wrel DY SHE-HYE Mo Tz 17
ol Qloms Ay A8 eloly @A sidol 7hg Agsich

SR, 2 ZT2OPL Y, 25 23 TAEHANY S ge oY 3E g
Al 2lolde &% BE7lA]| tEE we Zlog spEgnh o] 238 AlelolA . eyt
AZEHA e ¥ dAY MY ok W, o] & Aol F(2) A Atolg g
olyzt z=Zgtct BY el A AL HYF S {UAATh olg} o]
LAFD/PC T2 30ollA = ko] wbdo] zZditia 7H8sta ojufe] nfd® <37 gx
SY-HYxo] mE dAL FYo] Aathrt

LSS

4
B
o

U 2Z2= okt P

7b HlEE whde] T, tu
L. 2= whde] T, t
Tl HEE whde] fF 7hF, Si
et 22 whde] o7 744, Sb
of, dzt2 ghde] Z W,
vl #F zhde] E W,
b dlztE ghde] 3B oo, Ou
of. = whde] 3y g9, Ob
2k 47 e, A
zh 87 R, n

3A.5-1
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YL Hu) 47 WY, Hof I Hel 9 A2 shde A2 F HF Al shFolch

LAFD= 1970\ Sargent & LundyA}7h ZHgs}e] UNISYS 1100 A 2|2 SI= sijofel 3Hxtsie]
B% 3,427 X &3 3,4371604 7] Mg v} glond, ®) PC Versionztste] 1 o
& LAFD/PCE 3tgich,

LAFD/PC Z20 % ZHFE #18) 5712 olAE 2 Apgsiect. o= 1, 2, 3, 4=
172", 5/8", 3/4" A7 W& ABE 223 3" x 37 x 1/4" 42 o3A ztzlo] tjzt s
MEoln], oA 5ol oA 4014 2Z F HF Held 1F& 022 JHAEsHAC
3 3A.5-1~ 3A.5-5= LAFD/PC&}t A4t A2E vlagt Zlojo, Hoji 8 4 Q%o A
HES & A7t

o= 1
Ar = 12 ¢ dE AHE
te = t /05
Sa = S = 1540
We = W, = 70"
0y = 0p = 36.0 ksi
n = 12

oA|A 2
Ar = 58" ¢ dE AH=
te = t = 03125
Sa = S = 175
W, = W, = 90
s = - 0p = 360 ksi
n = 10

3A.5-2
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b = 037%
210", Sy, = 420"
Wy = 105"

oy = 54.0 ksi

20

3" x 3" x /4" 2§ BZ 47

W = 0%

Sp =150

Wy = 10"

Op = 360 ksi
12

3" x 3" x /4" FRE&

05 tb = 00"
S, = 150"
Wy = 107
Oy = 36.0 ksi
12

3A.5-3
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F 3A.5-1

oA 1 s AZ} vl

i Hl @ 8} LAFD/PC.

1 Deformation at Node 1 (inches) 0.045157
2 Deformation at Node 2 (inches) 0.032862
3 Force at Node 1 (1bs) 10648.0
4 Force at Node 2 (1lbs) 9737.0

5 Post Buckling Force (1bs) 9508.0

3A.5-4

)‘7-1]*]'

0.045689

0. 033230

10679.0

9757.0

9461.0
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3 3A.5-2

oAz 2 s A2} v

al;l A

Deformation at Node 1 (inches)

Deformation at Node 2 (inches)

Force at Node 1 (1lbs)

Force at Node 2 (lbs)

Post Buckling Force (lbs)

34.5-5

LAFD/PC <74t
0.052822 0.053252
0.038447 0.038725

15909. 0 15902, 0
15075. 0 15095. 0
16314.0 16507.0
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3 3A.5-3

o 3 sh A} ¥z

k.2 Hl % LAFD/PC

1 Deformation at Node 1 (inches) 0.149346
2 Deformation at Node 2 (inches) 0.118288
3 Force at Node 1 (1lbs) 26647.0
4 Force at Node 2 (lbs) 25622.0
5 Post Buckling Force (1bs) 11302.0

3A.5-6

)-.}1])_},

0. 151204

0.119834

26690.0

25655.0

11330.0
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3 3A.5-4

o 4 3| A=} v

He Ml g LAFD/PC
1 Deformation at Node 1 (inches) 0.005?01
2 Deformation at Node 2 (inches) 0. 002676
3 Force at Node 1 (lbs) 3038.0
4 Force at Node 2 (lbs) 1605. 0
5 Post Buckling Force (lbs) 11836.0

3A.5-7

Aﬁl)‘].

0.005711

0. 002685

3038. 0

1611.0

11938.0
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H 3A.5-5

o2 5 i A2} vl

13 ul2 & LAFD/PC
1 Deformation at Node 1 (inches) 0.039907
2 Deformation at Node 2 (inches) 0.025730
3 Force at Node 1 (lbs) 3722.0
4 Force at Node 2 (lbs) 3439.0
5 Post Buckling Force (lbs) 0.0

3A.5-8

0.039296

0. 025422

3710.0

3433.0

0.0
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3A.6  NOHEAT
NOHEAT:= ole] &latel 23kl Fehd Bale] ££8 ZAEshs Zzowolrt ulusy
Y L4 AT, BAL Y AAY W2 e He) B DD Az ula

A e 25 FURE, RE S8 29 AE AE, 25 A4 AE sk X33}

NOHEAT:= 1971'd Furhoomand®} Wilsonoll 2j8le w7t "Zrjd @49 ujds o =AY
of thet sl A& ZAstL gk A7 AREL o|Aols o LW oy o

£FE F2T ARILE FHSP sl R 24 183 Yubgde Mu apes)
Ao AE, HAL tffep 3zt ol vy g5 nduy 4 9

W gstart

Arr mg

rr

ET Y FA <toll nle] Pl AHo] B3 B AW wHAL Qe 14 vM
Ul WENER FESE £ duelEe %S dAstATE o] WAL o
THRE ABES FERAHOR HAEN, A7y 2 A4y 83 2450 i A o
A-Z= PP o sl Fr} R}

3A.6-1
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3A.7  PCAUC/PC

PCAUC/PC(Portland Cement Association Ultimate Design of Column, PC Version):= 3=
ZALE TS I BT AAYe st MASIAY BRE-ZstE A #AE A
Esh=dl AMHrh.  AE J1EE ACI 3180lm Xe}E F(2) WA L ¥H]) oy
H ERlEo] izt A2 wiZolu 2HE 2513 AT WAL AN o3 =5 A4
oh 9¥ ARE W 27, R 4, o7 2P Bl 2L AAsin, oo i gt
A F29] Aote A2 w2, 2 skEel oig 3% ZEet Ay B doletE 29
YTk ZA ZESREE 43 F9 BEE 0|3 Ao gt AY BA] cj o]

E}E & S Qi)

PCAUC/PC= PCA(Portland Cement Association)ofA] TR ZE dAM 23 1% o
A Z2IPE 3 €AY Aoy, 19724 Sargent & LundyollA ¢, 1977d ACI 7|3
of mhe} 713 MA RAZ} 2 7}z AAY = UAEF 43 HBE Qg om, KOPECH
A Z2ole] 2] BAL PCE H}ZLo] A&l glc,

PCAUC/PCE HS317] fI3te] Thad(5) B2 43 ZAzte} A4 A3S vz AEsidc).

<A 1682 dA zZe) mE A4 Azte ezt gk

AA =A
7% w4 : 38"x 38" f. = 9,000 psi
Sy 7,211 kips f, = 75,000 psi

USH BRYE @ 2 274 ft-kips

A Azt - A A2 211 H2og 2870, = 34 7-1414 IR E v 23}
AT WP, WX, WMYE 38 283} x&3} yZo tf3t I Zxoln =

3A.7-1
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£ s}Zo] th3t 23 Z=H|(UP/AP)E 1.0032E RE&E misich
2 20 E 4E AE(Q) 8 ZE(G)o] thEt s ALFE 1022 3 A& A5
e Bz g HA zZolth o] dAE A REE $¥stg.on PCAUC/PC
3F oA L w9} go] HIEH 13} Y2 UYL= UElHTHE 3A.7-2).

2] 30 M ofeliet 2 dA zAo| tiste uEH I s

AA 274 : 7% w3 = 48" x 48", f.= 3,500 psi,
f, = 60,000 psi, A& Ao +=7t4 = 4.5 in

AL 3tF 0 FUEY = 4,792 kips
x = RHE = 0
y & BWE =1,905 ft-kips
H|EY BRYWE = 500 ft-kips

x 3 AThAE 400 kips, y W AT 400 kips2 2 3ted HIEH L& AR
gdon, o] H|EF ML X 3A.7-30] FA4 Azt vt

Eol7} 2 H(deep beam)?] AFZ 3Bt HTh

=3,500 psi , f, = 60,000 psi, A2 =24 = 4.5 in
AL %31F = 4,762 kips
x & ZHE = 2 000 ft-kips
y & BRHE = (

x Wer Aetd - 300 kips

ly

3A,7-2
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y %3 Aty = 300 kips
At AZE ok M(3)71A] ZASo sty 1tg s} -
L ® HZof Hyg 27 2agtd AL
2. H HIol B AArt ke 2w AL

3. H 2o Y ZAE a3t 3wy AL

PCAUC/PCe] ¥ A= F 3A.7-404 $A 4 Az}e} H] Z3pei Tt

<A SelldE 14 viZe 2 We ZEE oz 2 oo 37 wiozix] doe B3t
28 ZEE F7HKA £ de $Pe o Fr

AA 273 0 71% wd = 45 x 93, f.= 3,500 psi.
= 60,000 psi, H2e] 47t7 = 5"

A& 35 ¢ FUY =434 kips
x % BWE = 11,514 ft/kips

=
y 5 BERE = 6,558 ft/kips

AA BREolA Ait A =
CEEA 24zt 1M HZe] iy wi2EHol 4842 APon o] wj s
E o] &3t RAL RES mY S35ttt E 34.7-504 o] ]S 2ut
EEAM 7 IVZ=d AT vlmsidnt. £(2)71x] REe vz Az BAs] A

stalch.

3A.7-3
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1. Portland Cement Association, Notes on ACI 318-77 Building Code Requirements
with Design Applications, 1978, Example 10.7, pp 10-32 through 10-38.
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F+ 3A.7-1

ACI 3182} PCAUC/PC AAtA =3} v]z

S B=E DS

ACI 318 PCAUC/PC
UP  UMX UMY UP/AP UP UMX UMY UP/AP
7232 2273 0  1.003 7233 2274 0  1.003

3A.7-5
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F 3A.7-2

ZA} RE d]3 - PCAUC/PC2} ACI 318

Uniaxial Interaction Reguested Uniaxial Interaction Reguested
ACI 318 PCAUC/PC
Load No. Up UMX Load No. Up UMX
1 0 4308 1 0 4309
2 500 4822 2 500 4822
3 1000 5253 3 1000 5253
4 1500 5637 4 1500 5637
5 2000 5958 b 2000 5958
6 2500 6206 6 2500 6206
7 3000 6403 7 3000 6404
8 3500 6530 8 3500 6530
9 4000 6488 9 4000 6488
10 4500 6366 10 4500 6366
11 5000 6237 11 5000 6238
12 5500 6096 12 5500 6097
13 6000 5938 13 6000 5938
14 6500 5757 14 6500 5758
15 7000 5548 15 7000 5549
16 7500 5307 16 7500 5307
17 8000 5028 17 8000 5028
18 8500 4706 18 8500 4706
19 9000 4343 19 9000 4343
20 9500 3936 20 9500 3936
21 10000 3522 21 10000 3523
22 10500 3108 22 10500 3108
23 11000 2692 23 11000 2692
24 11500 2274 24 11500 0°
25 12000 1874 25 12000 0
26 12500 1415 26 12500 0
27 13000 978 27 13000 0
28 13500 517 28 13500 0
29 14000 0 29 14000 0

8 x UPaw (471X 0.8%14,000=11,200) BTt} 2 WMXE ACI =AM &= 3 85HF
oBug 002 Qx| At

A

3A.7-6
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H 3A.7-3
iz} v E319] v
%5 TAAY Az} PCAUC/PC
M3 AE Y chE sy 0.475 in® 0.475 in®
T A2 7.046 in® 7.047 in’
23 E A 7% 0.105 ksi 0.105 ksi
HEY At A2 1.088 in® 1.088 in®

3A.7-7
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()

3 3A.7-4

Je Bol tigh ulm

A 7_{] ),I.
21 HE3 Xoak &‘ &vn“
P 1.532 0.96
] A2 2uj 0.576 1.92
) 42] 3uj 0.576 2.88
£ A WS 47 PPose] A A2 wa
w0 A B A2 WYY Pyosel AW A2 o

3A.7-8

PCAUC/PC
A A
1.532  0.96
0.576  1.92
0.576  2.88
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3 3A.7-5

27 A wi9 ¥]32 - PCAUC/PC

(HAAREY ZARES HI)

434 13067 744 1,135

3A.7-9

434 13068 744
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3A.8 PWRRA/PC

PRRRA/PCE iR Thet 24 F] MAlo] AMSHE ZEIWT v FEIAL 74
g st 2 A7 49 51wl oy Hulewe Adstse] AHgHch

o] PC 2382 Sargent & LundyAlol| A 7itsle] o33 3.437] © 23 3,437]0A
olul ARE-3}eiw PWRRA(09.5.125-3.0, UNISYS)ES PC Version® ¥t Zo|r}.

T2 AFS 218l okt 22 371x] A& sistct

Ax) ofAle 23 34810 M HIEH 18w ouw mulo] gt sjyolc
2% 30819 RS 260 Ao Qoo WA T4 X AE HAo] o]
ol Uleht gtk shMA3bet H2EW 19 A3} WIS E 3.8-12 P},

TR oH= 2402 FB(HIEH 2, Case 3L28)2 H&LHAAMY zithel] Bt sado]
Th 2% 3A.8-2¢] uid R, & AAxle] AE A U 3kF £ YeEl o
= 2ol Wid AR Fdo] Ueht 9l UoBZ Al06 Grade B BtAZre] B4 S

Al
&3ttt X 3A.8-20] siMZAzte} HIZH 29 A& ulastct

Azl oA e $F371R(ZIEY 3, Line B)Y Ieh2 siAstadrt. sy Rde
13 3A.8-3of LBRt gith AlO6 Grade B &47te] ZE HAdo] o ofA] sfixolM A}
=gt 5 BAY 542 FAEY 49 S J&skch Azt HzE B

3A.8-30] LiEhfaict.

¥

ol FoilM Urehdl ket o] PURRA/PC I sjHZAzte} RuBHe] A} F

kis=

3A.8-1
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72

1.

4.

S. M. Ma and K. J. Bathe, "On Finite Element Analysis of Pipe Whip Problems”,
Proceedings Seminar of Extreme Load Conditions and Limit Analysis Procedures
for Structural Reactor Safeguards and Containment Structures, Berlin,

September 1975,
N. Bisconti, L. Lazzari and P. P. Strona, “Pipe Whip Analysis for Nuclear
Reactor Applications,” Nuclear Engineering and Design (37), pp. 347-360,

North Holland Publishing Company, 1976.

"Efforts Exerces Sur Le Bonclier Lors D’une Rupture De Tuyauterie”, by GAAA,

20 Avenue Edouard Hernoit, 92350 Piessis Robinson, France (dated 6/2/76).

Pipe Restraints (Option H) - G. E. Document dated 7/1/76.

3A.8-2
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I 3A.8-1

2% ol#] 12] PWRRA/PC 3§ A3} u]z

RER L Aol 2o el (in)
Ma and Bathe 51
PWRRA ' 5.506

3A.8-3
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H 3A.8-2

ZAZ oA 2] PWRRA/PC 3]A Az} v

el ol A P FA S 4 A
s]A] uhy (inch) Zf &% (in) M 4 (in)
Bisconti, et al. 27.40 5.59 4.60
(F3s¥y 2)
PWRRA/PC 27.47 5. 46 5. 32

3A.8-4
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H* 3A.8-3

A% o= 32] PWRRA/PCEM A=} u] 2

e i | HEH kS T4 x| Hcf 9y
L (in) (Kips)
GAAA 6.216 651.78
(HE9 3)
PWRRA/PC 6.0758 648. 48

3A.8-5
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360 inches =
F
/
7 B
é 30 inches
2 I
(‘ Wall Thickness.
3 in. gap ' I - = 1.125
24 inches
Restraint Rod
Stress 0.D = 5.75 inches
38 ksi
Restraint Material
29.9 x 10°ksi
- . 29.14 ksi
Pipe Material
26.98 x 10%ksi
= Strain
F (kips)
'\
657.0
Bl
2 FIEFAARH 24384
o435, 6 %7
HIJGAAEA R A

PYRRA HF oA 1014 2] vjd 27 =Y

2% 3A.8-1
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472.50
inches

| Left Restraint

Break Location
3150 //
inches

A N
f | N
‘7—Right Restraint
—= 3150
inches
37850 =
inches
F ( Kips)
R ( Kips) |
]
~Z—36.40 Kips/in, 28630 47625
479:37 T —
1 ipa0 40995
8111.30 Kips/in.
R =4 (inches) .00 .084 Time/

(Sec.)
L Gap= [8.898

Z AR HEA 34
9% b5, 6 27
HEGHARFHETA

PWRRA Z 35 oA 20148 uiH e} Y

a3 3A.8-2
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”,,——”"" el‘;Zi—_

Tip Weignt
Restraint Spring 579 1bs.
Liches) (irches)
R ( Kips) F (Kips)

392.0

274.4

.235
R=424.38 (§ )

205.02

e | } t =
l ( ) .00125 .09126 Time (sec)
7‘ /
Deflection Limit = 8.2
Gap = 5.984

2 AFFEAAGFA3 4
9% 5,6 27
HEAAH LR 1A

PFRRA Z 3 ofl&] 30A2] ujH e} RY

1% 3A.8-3
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3A.9 RSG

3 A=A T3 SHAHERMY, &, JEE)S Ut (Hn
& BRBAL Newnark -B X FHEYE o] &3l syttt o TeauWe g FojA
£HEYS 718A T SHAYEH th$dle JIEE A7 oYL TitE o A}
SHch  EZ FolF PSD Yo AR PSD V4E ZtE JIEE AT oYL BE
E ot ER 53 AR EE Foj 712 4Y 5o vy FRENNY & &
HAHMEYR S 2dshe WE AR 4 o)

o] ZZIPL AUAEE A7 oldef tish ANEN FAE T 4 You] ©
FAEE A7 o]dg Fourier MBSLT ARG AHZZ 2 4 Ytk Fold &=
Az olezt HAY $RAMENI} 25 TYS AYos 1Y 4 Jrf. = g
A Wyolut MBake] AFI W, Arheld YAy S 2L Wyl o5 A
MERE ZUY ¢ Utk B ML AGE A2 g3t g BAoly uet o =

2 A7 DAl tis) Bg ST

ol Z2IWe| FAL Fol ol wet $YAHEHIY, Tl FEE AT oY
of Thet Fourierd®, PSD, Fola SYAMERS] $UsHe 7H4E Al o] 1 PSDo]
&

FHIE A2 o]y TS i)

ol ZRIYUL 774 AHE Alg3le] HFsiect Az FAE dHe B =zow
o] &3ty El Centro W& Ware] x| 7|5 (53~762 Alo])ol thsted 0%, 2%, 5%, 10%,
20%2] ZH2| kel ohE SHAMER S sty B T2oPoe 133 A7 o]y
f=E 27 3A.9-1¢] Yehjfgict & =z o
E AEY IELHER-S g HIEY 39 gHAMES] o] ¥ 3A.9-19 v]aH
gk HIEY 32 RSGolM ] o7 Za|Ztol thgt SHAMER vz 37 3A 9-20]

fljo

&

1
kg

Mo
e
[y
£
s
i1
-]
2
b
e
2
M
1o
|4

[v2)

3A.9-1
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EAHEGCE I A3 R(2)%Eel F23] FH3| AU & + ATk
Eds) AZ oAE 5Hze] A7t o]Fg Fourier H¥sle] 2 J#HZE I2je Zelth
a

Azt 3% 38.9-3014 R ujpel Zo| BHI| SHzol Mt =] HFIF UEhL

Aesl AZ oAE AMEFe] $UHE A7 o]dg Fate Zolth WL $E AH
Eds} o] 2R 23 A7 o]0 AT SHUAMEAS 17 34 9-40] w3
ageld BE ulel go| H(2) e FEs] FYstA WX

sl 22 olAls ol PSD ol RYUEE A oS Pk Zelth. 1749

PSD §4E o2 20 KA+ 713 10748) A7t o] FAZ(GFE)S 7
th. PSD ¥4e] Al$: B8,=0.6, %:=15.6, S;=0.1 o[th.

HEo] A}2H A|7H 7ZvA L 0.0220]3 PSD 4o A A F WL 25Hzolth el
AE22] thAl4 NFE 1000t 23 34.9-5& PSD &2 AEH 11 Al Zo|FHE Y
Ebd Zlolth, % 3A.9-6% 107H9] A7t ol¥e] ool tigt pSD ¥4E Uehd A

ojtt.

o] Al PSD 4o} B T2 aof oM A4HY PSD E4E E 3A.9-2. oM vl

A AE Al SHAYEY 2 T FAE AFIHI] AR Zlelth

setadERL] 23 TH 7% tha 22 thil(5) 78 el gttt

38, 9-2
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1. DYNAS?] &3 3ldo|L} RSGE &3 3} (unformatted2} NTRAN)EX-E] STtAME
< Y5 ARRAZL B3Rt FIlel mel dY AMEHE APl 4y A
EdS EURTE UYAMER S AL, 7 4Y AHME-L 21827 A9

Y deEely ] 2 sSEE SR

Of

:

2. SRSS ot oA 4HE ol &3 AHERZE AT 31F 2y wlet A4F
A8 EIYUHLHEHL 23Ysla, 352 25 EY S A

3. 3% 2Y AMEHS THsto ATt

4. 3kF Z¥ot ZH Ao et AEH WY HE AFH Al chsto 2
eHZE %Itk PIPSYSZZ FA el Z2a3of AMe-H g A4t

5. ZZBH U3F FEolud 2Ll cisiA 370¢] 31F R¥olu} ETHStE= 4o 2
P=E 2RIc)
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1.

N. M. Newmark and E. Rosenblueth, Fundamentals of Earthquake Engineering,

Prentice-Hall, Inc., Englewood Cliffs, N, J., 1971, p.15.

Strong Motion Earthquake Accelerograms, Digitized and Plotted Data, Vol.
II1-Corrected Accelerograms and Integrated Ground Velocity and
Displacement Curves, Part A - Accelerograms I1I1AOUl through I1I1A20,
California Institute of Technology Earthquake Engineering Research

Laboratory, EERL 71-50, Pasadena, California, September 1971,
A. G. Brady, et al, Analysis of Strong Motion Earthquake Accelerograms,

Volume III, Response Spectra, Part A, Accelerograms I1IA001 through
11A020, " Prepared for the National Science Foundation, August 1972.
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HE (&)
1 0.042

2 0.046

3 0.050

4 0.055

5 0.070

6 0.080

7 0.085

8 0.100

3 0.130

10 0.150
11 0.180
12 0.200
13 0.220
14 0,260
15 0.280
16  0.320
17 0.360
18 0.380
19 0.400
20 0.440
21 0.480
22 0.500
23  0.550
24  0.600
25 0.700
26 0.800
27 0.900
28 1.000
29  1.200
30 1.400
31 1.600
32 1.800
33  2.000
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HF 3A.9-1
RSGe} HIF¥ 3028y A4H SuamEzt v
SEHAYMEHZL (6)

0%zt 2 2%zt 2] 5% 2t 3] 105 7+ 2] 20% 7+ &l
RSG FIgyR=R ] RSG 3 = E—i RSG ZF 2 #H RSG - i]-_;;__tl,_.ﬁ RSG b3 Sy =
0.783 0.765 0.409 0.421 0.367 0.374 0. 349 0.360 0.348 0.350
0.990 1.05 0.430 0.427 0.388 0.384 0.371 0.371 0. 348 0. 358
1.015 0.951 0.540 0.571 0.461 0.467 0,404 0.407 0.359 0.369
1.044 1.140 0.585 0.557 0.428 0.416 0403 0.406 0.365 0.382
0.963 0.803 0.471 0.493 0.439 0.446 0. 424 0.424 0.383 - 0.398
1.333 1.32 0.708 0.712  0.582 0.579 0.482 0.488 0.390 0.407
1.070 1.07 0.682 0.668 0.591 0.591 0.486 0.490 0.395 0.408
1.755 2,07 0.815 0.805 0.567 0.567 0.480 0.480 0.409 0.419
1.990 1.99 1.040 1.030  0.773 0.772 0.535 0.541 0. 429 0.445
1.977 1.92 0.847 0.837  0.578 0.579 0.497 0.504 0. 435 0.454
1.309 1.49 0.887 0.830  0.726 0.727 0.587 0.597 0452 0.474
1.609 1.58 0.916 0.914  0.650 0.644 0.531 0.542 0. 444 0. 463
2.415 2.50 0.731 0.728  0.683 0.667 0.580 0.576 0.442 0. 471
1.538 1.60 lAr- A 15 0.903 0.902 0.639 0.653 0.443 0.469
1.309 1.31 0.878 0.882 0.755 0.746 0.567 0.578 0,430 0.463
1.820 1.82 1.067 1.07 0.699 0.703 0.519 0.527 0.402 0.432
1212 1,21 0.877 0.877 0.657 0.655 0.504 0.511 0. 379 0. 408
1.717 1.72 0.978 0.972 0.673 0.678 0.493 0.503 0. 390 0.403
1.964 1.99 0.824 0.827 0.614 0.615 0.473 0. 481 0.409 0.418
1.591 1.58 0.969 0.966 0.728 0.731 0.553 0.558 0. 463 0.478
1.405 1.41 0.996 0.996 0.794 0.797 0.644 0.651 0. 514 0.537
1.179 1.17 1.018 1.020 0.830 0.836 0.691 0.699 0.533 0.559
1.988 1.99 1.266 1.260 0.910 0.917 0.745 0.759 0.545 0.588
1.252 1.25 0.970 0.971 0.854 0.859 0.706 0.722 0.516 0.570
1.846 1.84 0.898 0.900 0.619 0.622 0.534 0.546 0.408 0. 459
1.089 1.08 0.671 0.670 0.547 0.549 0.436 0.444 0 307 0.347
1.176 1.17 0.754 0.755 0.536 0.539 0.385 0.393 0267 0.289
0.829 0.83 0.676 0.677 0.515 0.518 0.350 0. 359 0.231 0.249
0.818 0.818 0.440 0.441 0.330 0.331 0 236 0.241 0.173 0.186
0.420 0.420 0.237 0.237 0.181 0.181 0.170 0.173 0.130 0.138
0.327 0.327 0.242 0.243 0.194 0.195 0.159 0.162 0.124 0.136
0.490 0.503 0.230 0.230 0.178 0.179 0. 146 0.149 0.122 0.136
0.353 0.353 0.226 0.226 0.178 0.178 0. 148 0.152 0.120 0.135
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3 38,92

10782] A7t o]2fof ch3t o] E A<l PSD F4-Zkzt

|8

=4 (Hz)

W o0 N O U= O

0D -
(= =]

RSG 288 A AAME PSD $tezZhe] v

o| £330l PSD ¥+4:2t
0.121 x 102
0.16 x 1072
0.221 x 102
0.162 x 102
0.917 x 1073
0.553 x 1072
0.359 x 103
0.253 x 107
0.188 x 107
0.136 x 107>
0.117 x 107
0.276 x 10™
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7] &= F71 RHZHE JIEE

3tF 23 (%) w3 AHdE 3o Hel  (sec) (g) (sec) (g)
OBE 2 2737HO DYNAS 0.030 0.10928 0.030 0.1093
0.032 0.1105
0. 040 0.11497 0.040 0.1150
OBE 3 2737HO DYNAS 0.200 0.19797 0.200 0.1980
0.217 0.2238
0.220 0.22847 0.220 0.2285
CHUG 2 2737VW RSG 0.200 0.01956 0.200 0.0196
0.385 0.0033
2.000 0. 00009 2.000 0.0000
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Z+] 71 5t 2% FALAL &9
(%) 5% 2§t (sec) 3% 7145E(g) (g) 714 = (g)
2 OBE+{PS®+(1.5XCHUG)*}** 0.0200 OBE  0.1093 1.7621 1.7621
PS  0.0664
CHUG  0.1010
3 OBE+{PS®+(1.5XCHUG)®}"* 0.1000 OBE  0.2002 0.3914 0.3914
PS 0.0209
CHUG ~ 0.1267
2 CHUG + 2 XCHUG 0.1250 ~ CHUG  0.0618 0.1854 0.1854
3 CHUG + 2 XCHUG 0.0200 CHUG 11.032 3.0960  3.0960
2 (PS? + OBE®)'2 0.1000 PSS 0.0227 0.2130 0.2130
OBE 0.2118
3 (PS? + OBE?)'? 0.0200 OBE 0.1093
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. EFE sls 3E =Yg F7) xgd
RE AT (%) =g 5y M3 sec) dtE 2% ZE4E(g)
2737HO 2 1,23 1 0.0200  1.7621 3.303
2 0.0200  3.3030
3 0.0200  0.1279
2737HO 2 1,3 1 0.1000 0. 4281 0.4281
3 0,1000 02130
2737HO 3 1,2,3 1 0.1250  0.2779 0.2779
2 0.1250  0.1754
3 0.1250 ~ 0.1896

OBE + [PS%+(1.5XCHUG)?]'"2
CHUG + (2 X CHUG)

¥ 3tF 2§ #1
5tE 2§} #2
5= Z% #3

1

1
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g secs J

0.3718
0.2926
.0988
. 0608

o o O

. 0604

. 0866
. 0851
. 0832
. 0565
. 0549
.0269
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I 3A.9-6

RSG ZAFS 3%t oA AlAHL] I35 3
o A

A% s

_(Hz) X & Zz
2.690 0 7.2E-5 -1. 56E2
3.418 0 -1. 79E2 -1.2E-5
10.12 0 -5, 83E1 7.5E-7
16. 44 0 -3.31E1 1.5E-4
16.57 0 1.2E-5 8. 69E1
11.54 2.57 1.42E-1 2.53
11.75 1.44E-2 -2.33 1. 40E-2
12.02 2.45 2. 84E-4 -2.50
17.71 -332E-1 1.31E-2 5.83
18. 20 5. 88 -1.46E-3 2.98E-1
37.19 -1.45E-1  7.50E-1 -1.28E-1
41.24 -2.75E-1  -5.95E-3 2.63E-1

0.0242
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ACCt
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QA®O x Data from Reference 3 for various dampings
RSG for various dampings
FREQUENCY IN CPS
50.0 20.0 10.0 5.0 2.0 1.0 0.5
20.0 7J|ll IHII T lf Hlﬂllirfr f H? f sﬂ TT %ﬁlr # IIH iE [{'JII#WLII#I f lllfl 1% 0.0
15.0: fxs.c
m.c: :10.0
8.00F .00
é.ao: .00
5.00 5.00
4,001 .00
= /«— 0% DAMPING 3
3.00F : .00
e / —+ 2% DAMPING 3
- f\ / ] .
2.00p ﬂ f R - QB\ \ /\ —2.00
1.50F : Al b\ V/} lﬁ\] § ﬁ A 150
= i / ‘5{/‘\ v / Y /ﬁ/ ¥ \ L\ ]
1.00F - ; f N / ALy P .00
- NVAY TAAVATN YN 3
G-SG_ \V/ \ 7 .80
- L IV o] )\\&{Q\ ]
0.60F ' .60
5 Rl A/ Y, e i WV == 2N a1 1
0.50 W o ~ \Q K‘U-SU
" 40_ \/‘f T -jrl:""‘ . 3 \ N -{ o
40 - .
: o= < (VAP E
. E N L 5% DAMPING RN
0.30 L t = .30
- \_ L 10% DAMPING \ ;

B L 20% DAMPING K 3
0.20 M -20
. e
0.15 .15
C N
a.xc: : -10
0.08F J0.08
o o
0.08 -06
0.0S L 11 1111 1 | | | 111 1 111 LiLl L1 i1 1111 | 1 L1l 1 L1 11 11 J_LJ_J.-‘ .08
"g.02 0.03 0.04 0.06 0.08 0.10 0.15 0.20 0.30 0.40 0.60 0.80 1.0 1.5 2.0
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SINE WAVE RESP. SPECT.FOURIER TRANSFORM

.40

20

.00
]

0.80
1

0.60

0.40

0.20

0.00

0.00 5.00 1000 1500 2000 25.00
FREQUENCY - HZ

5 Hz Sine3} A|7Zlo]Hoy cji3t
RSG2] Fourier H¥
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ACCELERATIOBN.

S0.

20.

10.

()

FREQUENCY, CPS

PERIGO.

SPECTRUM CONSISTENT TIME HIST.GENERATION- NSIG=2

Vs
Q '
HESAA AR

THEE A Zho| Y o 2 2E RSGH| &t gt
SHAHMEYI} Fol3 AMERHY HlZ

SEC.

30.0 20.0 10.0 5.0 2.0 1.0 0:5

0

0

-0

48]

Desired Spectrum
.0 /
f// Response Spectrum of
7 > f%:———Compatible Acceleration
/ \\ Time History

3 //// *\\\\\

2 \\

1
0%

0.02 0.05 0.1 0.2 0:5 1.0 2.0
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0.20
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.00
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27 JAN BB
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Y
X
2
9 b
8 K
7 —t
6 *#
3 e
4 7‘-‘ﬁ\\\\\\__
3 s geso"
2 o
1 K
Fixed
NODES ARE FREE TO TRAMNSLATE
IN THE Y AND Z DIRECTIONS
i} 6
E = 30x10 psi
_ 7 .. 4 ; N .3
I = 2x10° 1in Mass Density = 1 lb/in~-g
A = 100 in?

Step-by-step integration:

5
a

seconds at 0.004 seconds/step
0.2908
1.654E-4




ACCELERATIBN IN B UNITS

FREQUENCY IN CPS

60.0 20.0 5.0 0.6
" 11 1 1
= T T i rirg20.0
= 2
— -1
16.0C J16.0
10. = —10.0
8.00F | —8.00,
- ' Z
§.00- | ; §.00
600 i 1 i 5.00
i 5 e
4.0 z | —4.00
E , 3
3.00F . 3.00
2.0 = I —2.00
i.50- i :1.50
1.00 | —1.00
0.80F Ho.80
0601 : 3 Ta.s0
0.560 : Jo.50
= = .
0.4 - o P 0.40
- e = g
b= "\ -
- N :
-0 <7 —a _U-BU
E /‘f»‘/ ‘ ]

o -
0.204 % 7 | —o.20
= ,\ | \ E
{1:15?:7 . /\\\ _"0-15
- %\ i
0,101 \\_qu.m
0.08f \0.08
o.osF ‘ Jo.08
5 T | Lo daseel oy oag g 1 } b gt 11 tr vt brpeg] 05
0.0 0.08 0.15 0.20 0.30 1.6 2.0

PERIBD IN SECONDS
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SPECTRUM FROM SAP TIME HISTORY
SPECTRUM BY STOCHASTIC METHOD

FREQUENCY IN CPS
su.t!1 . . mﬁ 10.0 5.0 . 2.0 1.0 0.5
b 9% 3 O (S Tl

2“-3:] 17T TerT I 1 1L L ll Trll Il IlIli ]] IL[ l‘ T[l I” 1 lllllll l‘ ll ll III Il llT IL Flill..r‘-n'u
15.0F | H —15.0
m.c; 1 , ! - —10.0

= =
8.00F . ’l/\; i a&
a.cm_ ! Q0
5.00- I l / \ :F.nn
4-03_ 1 4.00

= / \ 3

= l o
3.00F X 4 33.00

C }7 ‘\ .

- -
2-00__ - : .00
: -

1.50F [ \ r/ '\\ 3
p—
4_-. —-‘ =
1.00 .\\/_J\[\q . \ﬁ —1.00
g.80}- L‘\\ % .80
a.60- AN . .80
9.50 \\ .50
0.40Q \ 3 .40
g.30fF W\ .30
-
— P
e \\ -
Q.20 N 9.
I ¥ -2
g.15F \\: AE
a.10f \ .10
3 E
0.08F A\ .oz
= -y
C 3
Q.as .08
u.CIS L1 11 ] I | J 4.1 L1l | S ]y 1 I O j | D, | ALl | L o O e U Y 9 ¢ | B llll-‘ .as6
g.ae 2.03 0.04 §.08 Q.08 0.10 0.15 Q.20 2.30 Q.40 9.60 0.850 1.0 1.5 2.3
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ACCELERK._.dN IN O UNITS

()

FREQUENCY IN CPS

50.01 w l 20-!0_1 10.0 5.0 2.0 1.0 0.5
[EUREEN, |
23-3:1 TT T T WY TET TRt ¥ T SR EE e s eee e SO 0.0

= .
16.0F H15.0
10.0F Tis.o

p— —
8.00F if.ac
800 85
sqoc i.un

- i
4.00

3 3 .00

o =
3-00_ = .00
2-00__ — .ﬂa.—

- -
1.60 H1.50

- 3
1.00 1.00

= =
0.80- —0.80
0.80 To.80

r .
0.50 +80

: 3
0.40 -0 .40
0.30F %/ﬁ .30
0.20{ ) j:u.zn

-

-
°~l5?h_r —0.16

- .

- ]
0.10 3 10
0.08F To.08

- 3
0.08 \ .08
W BN ETCLE . p e g v deeent v cadaagad g ptecil 5 e il e .06

0.02 0.03 0.04 o.08 0.08 0.10 0.16 0.20 0.30 0.40 0.80 0.80 1.0 1.5 2.0
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SPECTRUM FROM THE HISTORY

-_—_—-l—__
—— % = SPECTRUM FROM STOCHASTIC METHOD
FREUWUENCY IN CPS
50.3 ga.o 10.0 5.0 £.q 1.0 0.5
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3A.10  SLSAP/PC

SLSAP/PCS B @ 3 ITx sjHg $3ste
2 32 EfA 24, XY E o4, FW & 9 HE MY o4 24 FuiR S
HY 24, AP SEA 24, FAS A o4, g2 d 24 TUAE A 84, A
84 4 mo|Z 947 WA gtk 240 FE2 AF

B Ay AEEA FYgdch T2 PAELS A 84 724 2YPeR FHdr)
A fHAl Z4zte 3tF 2Ae distd &= 3F AY stF, FH SF(AF), IF
3% T4 2 24 SIFES dYst MY 4 Urh o] ALY ZETHLES AR
31% ZZof tiste] 249 A Hel W F(EE §3)& Axgch o] sy =2
o= that Z2 4718 T3 3iA o] 7Hesich

ofrt

ot

k4

2 34 (26 A4 sH4)

A W T Al ol B4
R34 W gYAHEY B4

- A ARl AW S” Al ol shA

Z

etuny

[ |
Jo

>3

A

-

s gl el AJ|o ulel X}EH 2 E determinant search algorithm E&=
subspace iteration algorithm € shUES Hdeiste 5%/ HERY 3|S5 L3t A

7t olg 3y 9 FJHAHEY A= FE He D 24 Y Fol 2¥HrL

L e A sl 2Ae e 4 BUe A% F 2 sy
S 4A 48 A% Zolth FAe AL HE HMoT¥H Y HAEL sh
o] SUE AYSHL ALEAe] 7ol wet AuAel 2 s P ZYH 04 S
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Zi glom, Hut 84 Rule] ofH Fol Hrle] ths] HFH 2

SAP/PC ZEI W2 1968 nl= W I Q& A|ELotrhdte] E. L. Wilson i<
23 A3 JRgd=dch.  SLSAPS SAPS] 7|%5S H U3 Z1OF Sargent & LundyA}7} 7wt
st g 3,43 7] W &3 3,4F 7)o o]u] A}E-3tH 7S PC Version3} ¥t Zlojc}

SLSAP/PC] ZHF & $I3lAM 1372 AF AAES At ©l& HASE SAP 1V A}
€2 wd(Fsd 1, Holx] 43~56) R ZIEl oHej7ie] FA A F3F 3y Z=D
#, 2ea 233 S 2HE LSk

xR oA 2 34.10-12] B (pipe network)S SLSAP/PC & SAP IVE A3} sf
¥ AzE vy Rojrt. | FR ALY AR T AF 51F, AT (y-4),
AR 2= A, AN 27] AR S LL ARES Zyste] A4tHch g
3HE2 F 3A.10-1¢] e} Qic

2708 ZEalogRE 3 A7l F 3A.10-20] vl E o] 2lct.  EZF SAP IV A}R=}
Hrdo] AdZFEe] 9= ADLPIPE(HIEd 2)23y I3 Azlx% 37 vlastdct
FoflA & F ol vie} Zo] Zpzte] AXXEL2 AL Ao|7} it

FHz] oAl 23 34.10-20] M. upe} o] okthe] p&H 2 A LRI 9]EofA
g3l =X UYHLE AdlY Arle &Y S Alatsts Zojth. 22 3= AleAd

ZI=uo] 18709 ¢f2 A R4 F Zl= Rdorh

I7 3A.10-20] Bl FHEL SAP IVW SLSAP/PCOZ 73F 2t wigk(¢) 9 €5 ut
B(0)2] 242 FHAEY S FAR Aoy F(2) AAXES AA7iTH

3A.10-2
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A ddAls BE Zed FRel tiste] AL 3749 A P e AL @ o @

S = sidojct = FRE IY 3A.10-39) (a)of UElh} Qom =
HUS 7438 B 249 Bt (b)of Ut otk SLSAP/PC @ SAP IVEE +%
A= F 34.10-30] vlastsich. Folld & 4 gt uje} o] F(2) Azpxe @

A eAls B 2de SHAMEY 34 9 oa} A s§4(pseudo-static
analysis) W& AH&ste] siA{g Zlolth. wiw mule 13 34.10-4¢] LERG it
B2 X DY 4P 7iGs AHEY s13L wirh A#EYe] 1 Hryf A5
(cut-off frequency)i= 12.5Hzo|c}.

SHEMEY sidolMe 2o Ao AeE deel A54E 2ok x7] 5749 =
E7t SHLHER o2 PE A 2 Al A5SET 2 RE] ATSo) o
M= b B NS FUBCH olE F(2) MHALES ATy P2 wyow
st AA g Agth 52l 7] E=of rfsto] SLSAP/PC SRtASIE )4
LE2FEH 73 AA = 7] AFE A4 T2IWo g 23 Az 9} A3t

SLSAP/PC oA} B3 siqd o2 fe] 28 Azx] o AN L@ £A408 73t Z3S3}
Hlastglom, ® 3A.10-4% SLSAP/PC W FAMOZ T3 A7} 2 UXTLS N
Th X 3A.10-5% SLSAP/PC, SAP IV, PIPDINS AMgs}o] 2}zl SoiASIE™ sjMoT
T H BZHEM)Y vz F3jo|r},

44 N

CHARs] ozl SjdRef iyt BxEA, 23 3A.10-5(a)) 2L 2% 3123 I=
stgol FAloll 2g3te Aol thst] siAg Ziolth JWELE 1074¢] S B @
A4 P49 WHE 1 inx 2 in ol @4 Zo|: 10 in, ¥4 A4 30,000ksio]
th. SEX 3139 Z7)E 2 kips/in oW 2oy 2}4tho] 10 kipse] AE s}Zo] 2t
&gt

3A.10-3
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SLSAP/PC 3l o 2XE|e] ZA7}x|E Timoshenko & Gere(Hiled HN2EE gt Az}
nlmstedch. 28 3A.10-5(b)s F(2) WHo2RE ¢ RUEZ} AAYS HojFEch

AW oA the x| H Wute] i3t s o, Wt 1 ksif] AAS kg glo
o] Thd X4 10 in x 10 in, T2 1 inol3 Iol&le 0.30]H et Al4= 30,000

ksio|th.

sj o2 Xe g A= S, Timoshenko & S. Woinowsky-Krieger(# 2 %% 5)EFH
st zzlel wmstgon, RHE M, Mo ¥lz Z3pe 37 3A.10-63 Atk FolAM
o} £ ol%o| Bzt Zilo| el Zrj RHES] xjol:= Bz} 1.05%0 =|Uiz] ¢ttt

Az ool E 22 34/10-7(a)e] HQl 2k HEES WE R riste Y
stc}, mT ZAWS A}gsle] 8719 H Reof iyt SR ol¥E Aitstact. AAE 1
of 2pgste 2wt FlEEE 2 34.10-7(b)oll LERL SiTh

E 3A.10-60] SLSAP/PC T SAP IVE 8 27| 8708 # RE=d uE i/ FI71&
stedry. AR 5 W 9o Alzhy ugk wel: I3 3A.10-80] FEAISPATE &4 WHT
1o] Azhd mAT meE wWske a2 34.10-99F Tk vl AztolM Uehdt wiet
o] F(2) shM Azt A LA RITH

H]

olgHa] oA 2 U AP FEWS ARt £3F 5hFol it A=zl A7t
olg 2tte AAtgt Folrh. s ZAztE SAP IV U Timoshenko & Love( 31 E# 6)EF
B 2% Azbx]| ¢} w]stsct.

a2l 3A.10-10(a) 8} Zo] YEHF T/ Myt REoke F 61742 AREES ZE FUE 2
AT 23t 2he spEe] Alzhe] wrE WEke 33 3A.10-10(b)of Letut gl
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RE F3Holl &J3te] SLSAP/PC W SAP IVE Al4tgt 20702] X7] REX= X 3A.10 7
Tl 28! 3A.10-112 SLSAP/PC W Timoshenko & LoveZ%-E 73t X|7tof w}E ubz uisl
2] HMHE HoAFETh 7 3A.10-12&= A FHELYS o|&3}e] SLSAP/PC Y Timoshenko
& LoveZ2FE 7% IUES HAErh. olE 7o Uehd ulel o] SLSAP/PCOE -3t
ZA x| 2} SAP IV @ Timoshenko & Love® ¥t ZAzlx|: 2 o x|3ic).

olFHR] oHEA 3 3A.10-138 AE =ubate] €¥ SHcircular plate)S 345}
Adrh  zro] Sl VAS 28 5h7] $lste] dSYont SAE AA £4F AFLsdc)

3% 3A.10-146A] SLSAP/PCEHE 73t Z2}x]9} NOBEC Z2IH(HIEH 7)o XE
T AAAE Hlastgen, F(2) ARES NS F gk

izl oA 2A v xubatel Hezjx(23l 34.10-15)F siAstrt. o sxE
23782 Sl H4 A QA4S AHgste Reldsiadct. 107) AEEAMY HE GAE
< J. E. Bowles(HIEH 8)E4Y 73 U5 F 3A.10-8¢ vjmstaden, F(2) 4
= A g jict

A3t oo M= 23 3A.10-162F Zo] AJZbe] wizt Wsle 3L e UERE
sidstoict. il 7bHA 2z 4 E A L3519 o0 Newnark-p ¥hH S A3t tHA|
M 2 F%(step by step integration)& A}E-3}aith. SLSAP/PCE A|AMSE A7t o]H &
& PIPSYSEHE 73 212} wlastoich. I 3A.10-9% SLSAP/PC T PIPSYSEXE F
g H) AR TSRS RAFy F£(2) ARXES & X3l

Io

AdFHz] dlFof s 2 3A.10-17(a)o] 2ol ule}l o] 2y AEBEWME xpRsle] =4t
FHEEE e YUEE sisialrt.  2Hg AWt 7GRS Al o]2e] 1@ 3A.10-17(b)
off LlehL} elch.  SLSAP/PCE -3t A7t o]d &he DYNASEH-E 3t 7tz v zsteich
E 3A.10-102 &JutH o] zp8rlofe] Sg o]HS B2y olom F(2) AAXSL 2

3A.10-5
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SELS
GARA Aol AE 27 AXFoAN FAlol x, y B 23%e] AFS W Peuo]
thol SRASER side $usidrt. WSS A Mg AvEgos Felsrt

23 3A.10-182 2 E2] 73 24 Edlo|th

712 A5E, HoPHE9] Suw U Hl ¥ $F 0pE 4HE31 Biges(HIEH 11)ERH
23 &2 vzt F(2) WHoE 3 ES H|ZIE E 3A.10-110] YERY 8L
o AAXELS A Y3t 9t

1. K. J. Bathe, E. L. Wilson and F. E. Peterson, "SAP IV, A Structural Analysis
Program for Static and Dynamic Response of Linear Systems”, Earthquake

Engineering Research Center, Report No. EERC 73-11, June 1973.

2. ADL Pipe Static-Thermal-Dynamic Pipe Stress Analysis, Arthur D. Little, Inc.,

Cambridge, Massachusetts, January 1971.

3. "Construction Industry Programs, PIPDYN: Dynamic Analysis of Piping Systems,

"Computer Sciences Corporation, Los Angeles, California.

4, S. Timoshenko and J. Gere, Mechanics of Materials, Van Nostrand Reinhold

Company, New York, 1972, pp. 99-100

5. S. Timoshenko and S. Woinowsky-Krieger, Theory of Plates and Shells
McGraw-Hill, New York, 1959, p.118
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6. H. Reismann and J. Padlog, “Forced, Axisymmetric Motions of Cylindrical

Shells”, Journal of the Franklin Institute, Vol. 284, No. 5, November 1967,

7. "NOBEC, Nonlinear Bending of Circular Plates”, Sargent & Lundy Program No.
09.7.096

8. J. E. Bowles, Analytical and Computer Methods in Foundation Engineering,

McGraw-Hill, New York, 1974, pp. 239-245
9. "PIPSYS, Piping Analysis Program”, Sargent & Lundy Program No. 09.5.065.
10. "DYNAS, Dynamic Analysis of Structures”, Sargent & Lundy Program No. 09.7.090.

11. J. M. Biggs, Introduction to Structural Dynamics, McGraw-Hill, New York, 1964,
pp. 262.
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3 3A.10-1

o] rf3t SLSAP/PC 9 SAP IVe] 2R 3%

(SLSAP/PC AZ oA 1)

H} q}
3% He X XY Z
AF 35
= I 1000. 0
A4 4 -200.0
q 3 8 3000.0 1000.0 2000.0
B2y 5= -6284.0
g A 3000.0 -4484.0 2000.0
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3 3A.10-3

SLSAP/PC & SAP IVE 3% HH Zgel F£7] vz

(SLSAP/PC A= oA 3)

re T71(&)

HE SLSAP/PC SAP IV
1 8.182 8.183
2 2.673 2.673
3 1.543 1.543
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3 3A.10-4

i Bed A 20 FEAHED i @ o AA sHAI} uw

(SLSAP/PC A= oA 4)

SLSAP/PC £t} ‘ TAA 2%t

=3 i A A sy A it BF s A

9] 0.000188 0.0001484 0.000239 0.0001485 0. 000239
H e 0.010651 0. 0009062 0.01069 0. 000906 0.0106895
H 9] 0.006514 0.0001626 0. 006516 0.0001626 0. 006516
oA 0.79069 46.09 46.328 46.09 46. 328
7h5 44,929 26. 698 92. 263 26.6984 52. 263
7= 21.075 1.9874 21.168 1.9873 21.168
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3 3A.10-5

SLSAP/PC, SAP IV, PIPDYNS AE-3t it Bule] S gtAwEm 3jA{ZHI} Hla
(SLSAP/PC ZZ olA] 4)

fATH IoflA 23 84 ZAFEA Z=of thdt BWE M, (Kip/in)

24 HE SLSAP/PC SAP 1V PIPDYN
1 376.9 376.9 377.0
2 30. 66 30. 67 30. 68
3 152.9 152.9 162.3
4 100.6 100.6 100.6
5 83.27 83.2 83. 27
6 46.17 46.17 46.19
7 1.081 1.081 1.082
8 21.59 21759 21.81
9 7.537 7.052 7.571

10 7.537 7.537 7.571
11 160. 3 160. 3 160. 4
12 78.07 78.07 78.09
13 26.08 26.08 25. 80
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3t 3A.10-6

SLSAP/PC W SAP IVERE A4HH 2utde] 38 =7 vz

(SLSAP/PC ZHZF of|A] 7)

T7] (&
BE HY SLSAP/PC ~_SAP IV
1 525.8 525.79
2 85.3Z 85. 368
3 30.96 30. 965
4 16.06 16. 059
5 9.901 9.9006
6 6.828 6. 8276
7 5.186 5.1865
8 4,378 4. 3777

3A.10-13
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¥ 3A.10-7

HEY o] MY R H I Lo thdpe] SLSAP/PC J SAP IVe] 2837 vl

(SLSAP/PC = oA 8)

F71_(107°%)
RE WO SLSAP/PC SAP IV
1 1,279 1.2788
5 0.6214 0. 62140
10 0.3298 0. 32983
15 0.1746 0.17463
20 0.1150 0.11497
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3 3A.10-8

RPN

SLSAP/PC Wl ¥a373 82N sjAse Hde

B 2[ubate] Sef 7)ol cidt =] ¢te wla

(SLSAP/PC A= o#] 10)

=] oY (kips/ft?)

SLSAP/PC

3.204
9.380
5.513
5.959
6.107
6.567
7.091
7.896
6. 096
7.624

3A.10-15

J.E. Bowles (312# 8)

3. 430
5. 411
5. 520
5. 927
6. 060
6.478
6.979
7.703
6. 065
7.456
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3 3A.10-9

SLSAP/PC 3! PIPSYSEHE F3t Hrj 7k&% HlD

A WME

w o0 ~N Oy O e W N

e e e e
Ty e W N = O

(SLSAP/PC = of#] 11)

A 7HEE (g)

SLSAP/PC

2213
.533
. 882
1.057
1.102
.975

o O O

. 744
. 480
. 476
. 599
. 657
0.545
0.389
0.616
0.916

o O o o o Qo

3A.10-16

o O o O

[a—y

o o o o o o o oo o°o ©

PIPSYS

.195
. 489
. 814
. 982
.033
.924
. 720
. 459
. 451
. 579

636

. 526
. 367
. 981
. 886
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I+ 3A.10-10

SLSAP/PC W DYNAS 3o 28 E F3F A 9of2] Z ul3r 2t vz

(SLSAP/PC A& oA 12)

A o) W9 (in) AANS = (in/secz).
A7
(%) SLSAP DYNAS SLSAP DYNAS
0.5 -1.870 -1.872 197.1 196. 87
1.0 -3.740 -3.744 390.0 390.65
1.5 -1.868 -1. 8709 186. 3 187.19
2.0 0.0026 0.0018 -9.960 -10. 48

3A.10-17
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3 3A.10-11

B gutAMEs sjMoTrE 23 Az} v

(SLSAP/PC HZ of#] 13)

Freq. (Hz ] in g si
SLSAP 6. 098 0. 553 20,156
Biggs 6.0979 0. 560 20,158

3A.10-18
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(a) ELEVATION OF FRAME

DATA: YOUNG'S MODULUS = 432000, MASS DENSITY =1.0
FOR ALL BEAMS AND COLUMNS A =30, [,=1.=13=10
UNITS: FT, KIPS

(b) BEAM ELEMENT DEFINITION
S,,S, AND S5 = BEAM LOCAL AXES
,,1, AND I, =FLEXURALINERTIA ABOUT S,,S,,AND S,

A, = AREA ASSOCIATED WITH §,
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3 4 7
X X N |
5 6 N"
X X 'S
9 10 4
7 s
7 8 N’
4 ft | 2 ft 4 ft _J
Plate thickness hp = 2 ft 2
Plate elasticity modulus E =2468000 kips/ft
Soil modulus B = 100 kips/ft°/ft
Point loads P,"= P4 =Py = P, = 132.5 kips

SLSAPz} 21 E# 8olA] 'Hd x|ut 2]e] mut
(SLSAP ZAF o4 10)
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46.625'

Beam Pcopecrties

Spring Properties

- 0.097 fti; A = 0.195 ft’ k = 12.0x10% 1b/ft
£ = 4.0752x10% 1b/ft? w, = 9.18 rad/sec; A, = 0.5
p = 0.0 lo-secz/ft4 Wy = 3470 rad/sec; A, = 0.5
Wy = 9.18 rag/sec.; iy = 0.02
wy = 3470 rad/sec; x5 = Q.02
Translational nodal masses: mz.m3,. /My o in lb~sec2/ft are 9.721;
9.38; 8.82; 8.26; 8.82; 8.82; 8.82; 8.82; 11.15; 9.07; 18.42; 29.29;
29.32;: 29.32; 14.7.
Rotational nodal masses: M, Mq,. My g sre §.563 4.87: @.214 3.38;
4.01; 4.01; 4.01; 4.01;-5.48; 4. 72a=3071: 4.92; 4.92; 4.92; 2.46.
For all nodal masses, & = 0.3662.
NORMARLIZED
QUANTITY
-1-
SCALE FACTBR 988.500
1.0
0.8
0.6
0.4
0.2
thh \hhﬂﬂ AR A A N - i 3
0.0 W28 : ~ ~ = +
29 Q=50 Q.75 1.00 1 20 1+50
=[] +2 [ TIME(SEC]
7, HFTIARAFHA
93 5 6 %7
HEFAALHZHETA
Newmark 6"’“&—-—} 7hH Z}2|E A 8-t SLSAP
A H2e Y E@J o AJ7ho] met Hake 3
(SLSAP & ofl#] 11)
T3 3A.10-16




ACCELERATION

()

I = 0.1107 x 107 in’

4 5

TI_II_IUQ_I

CONCENTRATED MASS
11bsec/In

; A=100.0in2
E =30x10%1bs/In’
P =101b-sec?/in?

6 7 8 9

8 at 50' = 400"

(a) NODE AND BEAM NUMBER ASSIGNMENTS FOR THE

CANTILEVER MODEL

A

|

386.4 in/sec? ——

1.0
TIME (sec)

386.4 in/secZ

(b) GROUND ACCELERATION APPLIED AT NODE

’%f FTEAAF Y F Y34
33, 6 27

lExe Y HE oY 34y
(SLSAP ZHF ofl#] 12)
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Properties Input spectrum
1 = 240 in. Period, sec. Displacement, in.
h = 14 in. 0.0 0.44
A = 273.9726 in.2 10.0 0.44
4

1Z = 333.333 in.
IY = 666.666 in.
E =30 x 10° PSi

£ = 0.00073 lb-sec?/in.”

4

o
| FS
[ AV,]
[ Nepy
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TCD
JF_§>\D
I

SHAHEY FH S 93 ftes B @
Ay AMEY (SLSAP A= o= 13)
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3A.11  SLSTRUDL

SLSTRUDL(Stuctural Design Language)& 3 22 W Eg

[>

T2 BH Mo A&
Hub o] TR Y fEYA 2L bt FREL] S 24 S it MY
B3, 54 Mg JHestA sl uay 3A BEx 0 oy Exe

B EA TR, Grid @ BHIA, 27 EfA 9 2z, I qlo)g
3tEE W 33 whgA], 2% WU 53 W9 MR slsein, AA s Eo
Azt ol stE2 T siMof] osf AgH 4 Utk M5 AHEE E3 sHY =
glom, 34 o]t AISC Codeo] WE ZTZ MA9 ACI Codeo] mE M m xg
LEHAE ZIRE HAE 715siA o)

0

iie
rlo

o] L&

HYA R fYt 240 Fejob UL siAfo] it Wele} $x) 5122 mRE T
T 24 33 BUEJ ZtE, a5, 28 dete} A7 o]y $u rl AW o

e 53 408 dojd S glon], MA TRl AISHT Ty Huy

]

=

—

A
32

SLSTRUDL- MIT(Massachusetts Institute of Technology)®] ICES(Integrated Civil

Engineering System)oll &3} 7jts]dc} (B2 2d 1).

o] TEIWL 1968 o|FE rjEHoT ALEHT QU7 27§2] versiono] #zj A&
2 gle=dl, s IBM 370 AlelR St=9o}-8©F  McDonnell Douglas Automation
Companyell 2|3] Ag=|1 glom (HAEH 2), E shbs 1100 Alg|= slegojgos
UNISYSel 2j3) AM&-=]: olch (R2EH 3).
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22EH

Logcher, R.D., et al., "“ICES STRUDL II, The Structural Design Language

Pt

Engineering User’s Manual”, Department of Civil Engineering, M.I.T., lst ed,

Nov. 1968.

2. "ICES STRUDL Improvements”, McDonnell Douglas Automation Company, Feb. 1973.

3. "ICES Application Brief”, UNIVAC Marketing Support, Sperry Rand Corporation,
1972.
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3A.12  TEMCO/PC

TEMCO/PC(Reinforced Concrete Section Under Eccentric Loads and Thermal
Gradients/PC Version)= 70 3t% Z& 7IAH 3133 A 3152 23 sl2g e 3
= Z3ZE T FAo] AMSEE M TZodolr), E Zgowe o 312 Bl
ZIAH 313(F 3HF, 15 H, 23 H)S B B, JE SdE 9 Ay A

=
= I3 E T Mol AHgHh. 259 e Wy AoT s uky ey
Il

Z ot
Holl WAL ZF 31F 7} 2% Y shFo] B0 ALY ALL A FEe gy ¢
flth. WHFEY ExL ot S 7tEAY i el B Zzoa 49 <

BI2E sMesich 3 Az w9 B33 chdel sjajo] shsshn
FAY goluel 9% B Tey 4 Utk © o] AP solus ulFRAYSA
Z4% 22 deri sgTh TEN0PCE SEel ohel S4o] Hete Am, wA o

WU TEE VlEAEE uAY 2 M T8y 4 o)

=l D siNol o 3F2 e Fd Yolo Hldste] x| AW PAozw 1y
< 7IAA stF2 ZIE Zdol g3t GBS wx] gt} AR s

2
Fold FUR WY D WY S P2 VI AP NE W] ojsje] 2

u

ZIAH st} o stEez THY guby Hejo 31F A8 AL o Adgoz g
EHEE FdE s £8HH ulely o olae] IF Wsts wgEz] okttt o 3
Fol AR @ ol oste] VM3 AWY A FUde MHySL WY Ao
TH7kA] wEE Aajel] ofste] ARHTE w3 o 31Eo] T 2ste] 2WY AL Aly
TUYY U E U FEo| FoARL Tof Agste S Ao o8] 2WY Y B
HMEZ} AAPHch

rﬂ
A
nt
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3% 5627 AFAAYEHHIA

48 AR W 34,7 3E A2 H93 W 9A, b, 3 2 223 AR

5442 449t

292 dY A8 AH, 2Y 3HF, FUZY AT A HF HF A F2 L 2
Az EL Yoz FAHHE EY A 7FS sk 42 A T AP = AH
Ao 24Y 4 ok

TEMCOL: 1972\ Sargent & LundyA}7} 7iat3ted UNISYS 1100 Alg]& st=gojof AH=tE]
gdon, o4 3,437 AA 7] AHRH v} 9Jemw, x| PC Versiond} E o ARE-EHIL

et

TEMCO/PC HAZ & %18ty =203 siMANE FA4t 9 A ZAztel vjastyct. 974
o] oAE Meysigdon zt oo cigt ¢id U e H5d, A& FS FE 3A.12-1,
3A.12-3, 3A.12-5, 3A.12-7, 3A.12-9, 3A.12-10, 3A.12-12¢f LtElL} Qlch.

Sesl oAlE 270 Bel ol WiZY B wEle] Ty sMoBA wEel FAd 4F
o, § BRE, 2E A siEg vtk w4 AR 54S s 2 o

i~ ystadct

o
A

Fazish A AL DRe] Aol AR, W RUE, LE FAe 1EE vE 2
e Aol MIZY B WHe] iy Mo Fux] oA MUY AT B4, AM
W oA 4% AR 54 A2 AEstel 2P D g sttt

W olAls AR 2 2% W w ¥ ghEe] F9EA v

A% AE Bdol iy FE B s

1070 &9 A=2& %

¥ staict

fr

rlr
o

o
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th ] oFE HAE QE FYE ZEe A g glelyrt FAE @He FeE
A 4 stF 9 A 3F AEAl zped W AF PR YT LS FAISA

S B3t

Axda) oA HHY Sx WS W
ste] sjdg $sstalrt.

W oghee] A9 U4y AT 54

fr

SAAE oAHA Exo] ofg ALt A= v 2k

7b FdEY 9dx 9§ BEEE Fold J|AA dF ol =23 23|
A 3t Fdsicha ZPg it

U FolR J1AA stEste] B¥E 2EE AL

r.[

ik
3

A Y-HYE BAES At Aol 3f HFSHE ATt

gt AN JIAY st 3 WAS AR

Bh. 71AE HgoeRE o 3o AT WYL At HF WP S AR

AL A

of. AHAY FY-HYE WAE A&t AIel A3l HF §FS AT
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2 9 sEe Avv
3 WY WAS AAY ¥ A4 Ao} Z2oW ARF wayct

TEMCO/PC sidztet o] Axto] whE A4 ZAzte] vlaEe F 3A.12-2, 3A.12-4,
3A.12-6, 3A.12-8¢) LE}} Qit).

dFUH A= E 3A.12-90] 7]&W vie} ol FEy] Achz 2% A G W Hul
T F(2) An WEgs wel 39 U HYEY] A% AeS 2 FY Ud AL
T2 Zlolth.  TEMCO/PCe] 3iMZzbe HIEH 12 Ay ZAztel ulzsidon oy
3A.12-1¢] Llehfgict

F(2) A Wgs ot 9 W HEF 4T 28S 1Y 7o
T3 Zlojtlt, TEMCO/PC] s|M Az} A BH 29 Azle} vasidon F 34.12-11
off Liepfgic

ofFRi] o= E 3A.12-12¢] 7]&F ule} Po| E A4}, 22 d=Y, 3
s 2H2 Fop|(1 = 0.001)2 2ZHe= Hut chdof tfst Fd whAs e 2318 Aol
T TEMCO/PC] #iMAzte Ha2d 39 Aol vlzstgon FE 34.12-136] UEhy

olc

N

ol o AFE 974 cxlof A TEMCO/PCY M Azte FAA EE A A 53 24 o
] ghct,

34.12-4
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Vecchico F. and Collins M. P., “The Response of Reinforced Concrete to

In-Plane Shear and Normal Stresses”, University of Toronto Publication No.,

82-03, March 1982.

Berg S., Bergan P. G. and Holland 1., “Nonlinear Finite Element Analysis of

Reinforced Concrete Plates”, 2nd SMIRT Conference, Sept. 1973.

Pajuhesh J., “Thermal Relaxation in Concrete Structures”, Journal of the

American Concrete Institute, Vol, 73, No. 9, Sept. 1976.
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TEMCO/PC T23he] ZZS 9|3t 37k 32 E whro] vigh I 8
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H 3A.12-2

TEMCO/PC 2 8le] 7ZS 9|3t 37kx] A E thels] tizt sjx Az

a2 A =} oA 1 oA 2 oF 3

Equilibrating axial force -38.25 76.53 . 34.65
given by TEMCO/PC (kips)

Equilibrating axial force -38. 253 76.53 34.65
computed by hand (kips)

Equilibrating bending 129.75 <9 49 206. 25
moment given by TEMCO/PC
(ft-kips)

Equilibrating bending 129. 752 -9.493 206. 25
moment computed by hand
(ft-kips)

Thermal moment given -54.58 -21.07 -137.75
by TEMCO/PC (ft-kips)

Thermal moment computed -54.585 ~-21.071 -137.757
by hand (ft-kips)

3A.12-7
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¥ 3A.12-3

TEMCO/PC ZZ21342]

L= 1313

3A.12-8
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3% 5,637 AFFAYENRIA

TEMCO/PC =2 38e] AZZ

I 3A.12-4

} ol&F 1

T W3k 318 wi cide) ot s Azl

Equilibrating axial force given
by TEMCO/PC (kips)

Equilibrating axial force
computed by hand (kips)

Equilibrating x bending moment
given by TEMCO/PC (ft-kips)

Equilibrating x bending moment
computed by hand (ft-kips)

Equilibrating y bending moment
given by TEMCO/PC (ft-kips)

Equilibrating y bending moment
computed by hand (ft-kips)

34, 12-9

oA 4

20,999

22.733

125. 000

124. 630

125. 000

123.753
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¥ 3A.12-5 (2 F 1)
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¥ 3A.12-5 (2 % 2)
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I 3A.12-6

TEMCO/PC Z2I%ie] AES 9|3 L& 8}Fo] 2ARsts A9

2ga}x] ok Aol tigh sl 73}

S A

Equilibrating axial force given by
program (kips)

Equilibrating axial force computed by
hand (kips)

Equilibrating bending moment given by
program (ft-kips)

Equilibrating bending moment computed
by hand (ft-kips)

Required transverse shear reinforcement

area by program (in.?)

Required transverse shear reinforcement
area computed by hand (in.?)

Required tangential shear reinforcement

area given by program (in.?%)

Required tangential shear reinforcement
area computed by hand (in.?)

3A.12-12

sl 5

297. 17

299.759

135.26

136. 44

Service

0.954

0. 954

0.679

0.679

Factored

0.657

0.657

0.220

0.221
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X 3A.12-7

TEMCO/PC =21 153

== 3HFS W= tinle] ot 9l =g
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¥ 3A.12-8

TEMCO/PC T2 M) AZ S 93 vjMy 2% 35S
e choof cf3t A ZAz}

[ B < e oA 6
Strain at y = -35.46 in.
- given by program 0.000230
- computed by hand 0. 000233

Strain at y = 35.46 in.
- given by program -0. 00430
- computed by hand -0.00434

Concrete stress at y = -35.46 in.
- given by program (kipsZin.?) 0.746
- computed by hand 0.747

Steel stress at y = -2746 in.
- given by program (kips/in.?) 2.036
- computed by hand (kips/in.z) 2.002

Steel strain at y = -22.48 in.
- given by program (kips/in.?) -12.945
- computed by hand (kips/in.?) -12.899

Thermal moment
- given by program (ft-kips) -235.14
- computed by hand (ft-kips) -235.05

Thermal force

- given by program 0.00
- computed by hand 0.41

3A.12-14
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& 3A.12-9

TEMCO/PC ZE3e] AES 918 Tl Avhe o o
2 wt timlof ctfgh ¢l =8

3A.12-15
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H 3A.12-10 (2 & 1)
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¥ 3A.12-10 (2 ¥ 2)
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X 3A.12-11

TEMCO/PC T2 eie] A= 98 § @ chiy 19 we

tioof o3t sj A3} v

ol #] 8off cigt s A=} TEMCO/PC a8 2
Inside meridional tension strain 0.00084 0. 00096
Inside hoop compression strain 0.00029 0. 00026
Inside shear strain 0.00033 0.00037
Qutside meridional compression strain 0.00216 0.00235
Outside hoop compression strain 0.00008 0.00012
Outside shear strain 0.00051 0. 00055
Inside meridional compression stress (kips/in.z) 0.016 0.026
Inside hoop compression stress (kips/in.z) 0.77 0.72
Inside shear stress (kips/in.?) 0.11 0.14
Qutside meridional compression stress 2.81 2.75

(kips/in.?)

Qutside hoop compression stress (kips/in.?%) 0.88 0.88
Outside shear stress (kips/in.?) 0.24 0.25
First meridional steel layer tension 9.8 11.7

stress (kips/in.z)

Second meridional steel layer 42.0 45.5
compression stress (kips/in.?)

First hoop steel layer compression 6.1 5.8
stress (kips/in.?)

Second hoop steel layer compression 2.9 3.6
stress (kips/in.?)

3A.12-18
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I 3A.12-12
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F 3A.12-13

TEMCO/PC 2 a8le] =g 23t 2T X171 Sl
o] chdt s Az v|a

TEMCO/PC
Concrete inside compressive strain 0.00075
Reinforcing steel tensile strain 0.00182
Concrete inside compressive stress (kips/in.?) 2.07
Reinforcing steel tensile stress (kips/in.?%) 52.8
Total internal (thermal plus nonthermal) 302.1
bending moment (ft-kips/ft)
Thermal bending moment (ft-kips/ft) 38.1

3A.12-20
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3A.13 PENAN

PENANS Zriadol thaal Haalel shyg ohen, ol3le £=o] S48 A4y A2
= olFoizon], g3t stFoel thate] ulthyolm Alziol thstel B4 elct

ol xR TZRE FE F(2) FFY FHY AT 24 =P S8t Ays

shehet Zox

2
a
4
S
[H
fu
[
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flo

1. NOHEAT(Nonlinear Heat Transfer Analysis Program) - by I. Farhoomand
& E. Wilson 2}

2. ASAL(Finite Elements Analysis-Axisymmetric Solids with Arbitrary
Loads) - Dunham & Nickell 2}Ad

Ll ASME & 3o & RE 2=-F43Q VA 2 2= AA(F=E AA As

o oodd 1E & B9 otF Aslel thstel ¥A 515 51F 2 WS ¥
AAZH, RE ulchy HE shFol thstel Fourier 249 ASE WA
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3A.14  SAP90 ! SAP2000

SAP902} SAP20002 7§18 A AlY]
qle= A T2 Oolrt, o] Mal ZEIWL 13 YL =8 IS A2}

- A BY g4 0 BT 23] B2 3 RAS oA ¥

- B3 sy Y 2R LS AAste AAD %3t Wy 245 AR ZFY
314

T3 1A 0 LRA A, A ol gl S AMEY Y J%

- 73 24 314 ¢ 4, TA|(asolid, solid) RAE X¥sle] A |

- 28 % oA Rddof tidt f3E gl T Do e, o) g4 RUE

U A EXEL 2 Yo TlE R4 L iyt $Y EEXES 2y
- R A AISC Fo mE AF Hel BFREL] 4A I 3
- 232E dA ¢ ACL FHol E EILE FREL MA Js £

of A ZR2IYe 2E 3F, AY HF AIE AF F 53} T2 3F A4

SAP ZE2IHL2 19683 b= HZEelo] e e EL]ol thEe] E. L. Wilson ol 2
3 A JigEe] 1 Het o8 A BES AA 44d8 PC version?! SAPI0 I SAP
200022 sl

SAP90 T SAP20002 TlE FREQ AX 9 T3 M, 33U Ty de i3 =512, 4

4 9 SN Qo] Y FY U Fo5F 5 ofd Hopld 7| AZHUH t}ee

=
3 F@el & veht olct
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B2

1. "Structural Analysis Verification Manual,” SAP 90 Verification Manual,

Berkeley, California, 1985.

9. “Static and Dynamic Analysis of Multistory Frame Structure Using DY
NAMIC/EASE 2, " Engineering Analysis Corporation and Computers/Structures

International.

3. Peterson, F. E., "EASE 2, Elastic Analysis for Structuural Engineering,
Example Problem Manual,” Engineering Analysis Corporation, Berkeley,

California, 1981.

4. MacNeal, R. H. and Harder, R. C., “A Proposed Standard Set of Problems to
Test Finite Element Accuray,” Finite Elements in Analysis and Design 1

(1985).

5. Scordelis, A. C. and Lo, K, S., "Computer Analysis of Cylindrical Shells,”

Journal of the American Concrete Institute, Vol. 61, May 1964.
6. Albassiny, E. L. and Martin, D. W., "Bending and Membrane Equilibrium in
Cooling Towers, ” Journal of the Engineering Mechanics Division, ASCE 93, EM3,

1967.

7.  Timoshennko, S. and Goodier, J. N., "Theory of Elasticity”, McGraw-Hill,
1961.
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3A.15 GRSTRUDL

GTSTRUDL-& CAED(Computer Aided Engineering & Design)-82 2 7julx]o]zl HE FR3|
A U AR AZEQ O Z 4 Data Base 7fdol &3] FEE EAsle] ARExloA A

I T VB RE AFUE F e oA AFdde TY FREE He
A~

fl

rd

A EFX

=
AzlstA AHEY

i

TzEe A% U uldg PN, AP 54 AN, FrE U A
S

T A&Iot chdshy, R ZHF AYT T1eS Bt

- AAZRIZHN, FH8Y, AFHA, AT clag F/ AT gL
H, ZAFZE o F3tessiMr] FaRFefel Q4of HAQl ME A JHsdhy
PROBLEM Z 7)o A3 =3t

RN

o

- AZFRAA A B2 HALA @ I=HE V53 KSHEARE U ZF AAIIE(AISC,
BRITISH STANDARD, ASCE, ASME/NF17, API, AWS)e] MAIM4£Eo] AT MHAAHEL
Ao uiel 2522 AMElo] Jheshn EZE AbA] DESIGN SUMMARY & HZ E3F 4t&

N5 B,
- DATA BASES %3 GTSTRUDL A}&4te] BRE FE A& o Eddo] 7Hs3ty, dlolH
o) 47, ARz, 23 S| 78, sjdAzle) deiael DISPLY, CAD =W U g

T2y Z=3 T8l 7R,

- w|8bAle] GRAPHIC INPUT GENERATOREA] R dlalS 2|3] GRAPHICS MODELER 7]%eo] <l
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om o] o]gsto dlolge] il A, AAHY Fol golstd, 7|E A= of
My 3 9 2] CONSISTENCY CHECK7]&ol 3.

%

GTSTRUDL-S 1966'd A W dizx|uoja} Fofe] AZEge] ¥xj2 Qlsle] 2 Wasdo]
AEEy o2 AR =82 o} MIT FrholM ICES-STRUDLOIRE o] o2 X 7YE
Aom 19759 o]F, Zz|opZth(GEORGIA INSTITUDE OF TECHNOLOGY)ollAd ©l& +748, K
o}, 7HukA]# H=zje] GISTRUDLO oA = 2th.
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1. Logcher, R.D., et al., ~"ICES STRUDL 1I, The Structural Design Language
ngineering User’s Manual,” Department of Civil Engineering, M.I.T., Isted,
Nov. 1968.

2. "ICES STRUDL Improvements,” McDonnell Douglas Automation Company, Feb. 1973.

3. "ICES Application Brief,” UNIVAC Marketing Support, Sperry Rand Corporation,
1972,
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3A.16  STAAD III

FEeNY @ 4AS FUZZIY STAD Mk AN AAS IY Ay 4+ Qe =z
IH2EA ALgo] golsti tedgt Ealo] FE7HsT SAdo] glty. o] ATz e
= T2 ZAMciFZ(Frame) 9t EdA] FHsio] ALLHCh E3 o] Tz aale
58Ul E £ (Stiffness Matrix Method)& o] &3 2ZE2] 3R A3}E Eaf MalA
A3 2 AP FAHNN G 8 5 glon, uHd AN spssin)

BANAA F2ES 2459 IYANZA o4 4 gt} o] Teode =3 &

gtQ A2 AN (Hybrid Finite Element Formulation)2 24 IJAE= 3L83tQ A(Plate
Finite Element)®] %t/4l @49} ZtAwrjZ A gty TFE2FY N 2@ dA 7 7}
w3tch olZ2 HH 38 smte] #](Plate Bending) A Ant o Ho AbgA/ Al

R45 EUPCE  STAAD Mol ZA s mjE 2 ey 728l Q).
P-4 342 sbE U 2GS AFEASH= STAAD T T2 ao] o8 Aejat &= ).

ERE STAAD M= 7]3Heta) wld o] 7lzxsh vl dssid g $388 4 ot Las 323
ok uldRsiNe] dme|Ee Al sy skt el BA} o] xtstRo] uial

"l

ol Z2I3e] A F3hes FH|Y sIsEAL AGAEES, 2ot Aw HEH A 2@ 74
A5 Foltl, SUAHEHs|HA ReLgr5 e 312 tHResul tant Responses )& -
5t7] 918 Al2-=l= SRSS¥(Square Root of the Sum of Squares) ¥+ CQCH (Completed
Quadratic Combination)& AR&-3te] Z@gd 4= olrt. AZo|Ps|M e meEzHW e 4}

S3te] $aY 4 9t

STAAD Il 22 Az} tjBo] ZFPR, ZIE I Exjof tjs] LHsgat AAS
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geg ztx3 gtrh o] EZEIFue] toleiwlo] A8 Feol e MAAZES AISC,
AASHTO, ACI, AITC Soltl.

STAAD IMY CGUI(Current Engineering Graphics Interface)Z& o]-2%t AN FY 2
Aol s At Bede FAdstz, sA/AAS FUs, A BE g 272
Ay So] 7}53tESF o gtk Live relational database= RE {43 753
AT s Busis A% gt 23 dolHE oAb T2 4T aBshed

ol&d £ olth
STAAD M= DOS, Windows NT, Windows 95 Z UNIX #732| AT ol AHL7HssH Ty
o yEdBAUld 4 U 4 grk STAD M HAZZIHS o= 42|

L]o} A=} Research Engineers, Inc. (RED)ol 2]} 7t == asle|ch,

7 23

1. "STAAD I for Windows Reference Manual”, Research Engineers, Inc., Revision

21.0 W, December, 1995.
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