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Dynamic Soil-Structure Interaction Analysis of the PFS Cask Storage Pad

Objective

Conduct dynamic soil-structure interaction analyses to evaluate the stability of the PFS cask storage pads
when subjected to dynamic loading from the design-basis earthquake. The analyses will be performed using
explicit finite element modeling. A ground-motion time history equivalent to the design-basis ground motion
will be applied at the bedrock level of a model that includes the soil stratigraphy from ground surface to
bedrock, cask storage pads, and casks. Determine the effects of the ground motion on the stability of the

casks.

Computer Codes

Finite element analyses will be performed using the computer code LS-DYNA (ANSYS Inc., ANSYS/LS-
DYNA User’s Guide, Version 5.7. Canonsburg, PA: ANSYS Inc.), which runs on the COYOTE computer
platform (SUN workstation). Aspects of the finite element model will be verified by comparing the model
calculations with calculations performed using the computer code ProShake, which runs on the CALIB
computer platform (WINDOWS NT workstation). ProShake (EduPro Civil Systems Inc., ProShake Ground
Response Analysis Program Version 1.1. Redmond, WA: EduPro Civil Systems Inc.) performs one-
dimensional analysis of the vertical propagation of horizontally polarized shear waves through a soil profile.
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ProShake Report

Data File: D:\PShakeVerify\TutoriaNTUTORIAL.DAT

Soi

il Profile

Cﬁ\—»—\—;é‘\_oe. v $h F-—7——q agi FroShalee mawxu&

Profile Name: Soil profile for ProShake Tutorial #1
Water Table: Not Applicable
Number of Layers: 16

Layer Material Name Thicknes Unit Gmax Vs Modulus Curve Damping Curve Mod. Damp.
U g ana& g. +aAes G\Q s Welant
Number s sec aramete Paramete
(ksf)  (ft/sec) P P
(2\ S+ i A N (D P o Soft silty ol 500 10000 78274 48213 Vucelic-Dob Vugetic - Dob 1000 1000
GV '\,6 1 oft silty clay . . . . ucetic - Dobry ucetic - Dobry . 0.00
S M 2 Soft silty clay 5.00 100.00 752,74 49213  Vucetic - Dobry Vucetic - Dobry 10.00 10.00
3 Soft silty clay 5.00 100.00 752,74 49213  Vucetic - Dobry Vucetic - Dobry 10.00 10.00
S HA K E q i 4 Soft silty clay 5.00 100.00 752.74 49213  Vucetic - Dobry Vucetic - Dobry 10.00 10.00
5 Soft silty clay 5.00 100.00 752.74 49213  Vucetic - Dobry Vucetic - Dobry 10.00 10.00
6 Soft silty clay 5.00 100.00 752.74 49213  Vucetic - Dobry Vucetic - Dobry 10.00 10.00
7 Soft silty clay 5.00 100.00 752,74 49213  Vucetic - Dobry Vucetic - Dobry 10.00 10.00
— 8 Soft silty clay 5.00 100.00 752.74 49213  Vucetic - Dobry Vucetic - Dobry 10.00 10.00
) ‘ * N/ 9 Soft siity clay 5.00 100.00 752,74 49213  Vucetic - Dobry Vucetic - Dobry 10.00 10.00
\ Q. u) & 0 XOnrAN j(? \'Qb On C;- nNe. ‘Qﬂm O, 10 Softsiltyclay  5.00 10000 75274 49213  Vucetic - Dobry Vucetic - Dobry 10.00 10.00
11 Stiff clay 10.00 120.00 1,800.00 694.70  Vucetic - Dobry Vucetic - Dobry 20.00 20.00
\_e 12 Stiff clay 10.00 120.00 1,800.00 694.70  Vucetic - Dobry Vucetic - Dobry 20.00 20.00
A’\" AN N EC A~ é o H'\l/ A( % \ L9’\""‘ M —Q-« Le)k 13 Stiff clay 10.00 120.00  1,800.00 694.70  Vucetic - Dobry Vucetic - Dobry 20.00 20.00
OAN \{\AJ,@w C,A L @ 14 Stiff clay 10.00 12000  1,800.00 69470 Vucetic - Dobry Vucetic - Dobry 20.00 20.00
15 Stiff clay 10.00 120.00 1,800.00 694.70  Vucetic - Dobry Vucetic - Dobry 20.00 20.00
% 16 Bedrock Infinite 150.00 29,138. 2,500.00 Rock Rock
. 43
D \P.S\r\a. \/ A tOfY\a‘
Number of Motions: 1 V\_O\,Q
{
M \fﬂ«w \ e—-\ QAL u Qh G~XL. & ls ) Q.o () %) QM Number of lterations: 5 I GAS
M Strain Ratio: 0.65
Tolerance: 5.00%
W\ Y /? (‘QA rﬁ.\g ( V\Mé C»onm\ gor@h‘*(zﬁ‘& Q«iw
N Q \’W Q/Q, File Name No of Max. Acc. Time Step  Cuttoff Freq. No of Layer Outcrop
Acc. Fourier
@ (sec) (Hz)
Values Terms
C:\PROGRA~1\PROSHA 2000 0.065 0.020 20.00 2048 16 Yes

—

YQY‘: £ ukaTe,g“ ih

KE\YERBA.EQ

Output Locations

Layer No

2
11

Depth (ft)
0.00

5.00
50.00

Outcrop
[¢}

No
No
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/ Layer: 1-EQNo: 1 - Damping: 20.00% -
Outcrop: No
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A Computer Program for Conducting Equivalent Linear
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ProShake Report

Data File: D:\PShakeVerify\S91Case\STDTEST.DAT

Soil Profile

Profile Name: SHAKE91 Standard Test Example -- 150-ft layer

Water Table: 10.00 ft
Number of Layers: 17

Layer Material Name

Number °
1 Sand 5.00(ﬂ)
2 Sand 5.00
3 Sand 10.00
4 Sand 10.00
5 Clay 10.00
6 Clay 10.00
7 Clay 10.00
8 Clay 10.00
9 Sand 10.00
10 Sand 10.00
11 Sand 10.00
12 Sand 10.00
13 Sand 10.00
14 Sand 10.00
15 Sand 10.00
16 Sand 10.00
17 Rock Infinite

Input Motion

Number of Motions: 1

Number of [terations: 8

Strain Ratio: 0.50

Tolerance: 5.00%

File Name No of
Acc.
Values

D:\PSHAKE~1\S91CASE 2000
\LPDIAM.EQ

Output Locations

Thicknes Unit

Weight

(pcf)
125.00

125.00
125.00
125.00
125.00
125.00
125.00
125.00
130.00
130.00
130.00
130.00
130.00
130.00
130.00
130.00
140.00

Max. Acc.

(9
0.100

Gmax
(ksf)
3,881.99
3,144.41
3,144.41
3,503.49
3,881.99
3,881.99
4,697.20
4,697.20
6,822.98
6,822.98
7,913.04
7,913.04
9,083.85
9,083.85
10,335.

Time Step

(sec)

0.020

Vs

(ft/sec)
1,000.00
900.00

900.00

950.00

1,000.00
1,000.00
1,100.00
1,100.00
1,300.00
1,300.00
1,400.00
1,400.00
1,500.00
1,500.00
1,600.00
1,800.00

. 4,000.00

25.00

Modulus Curve

Sand (Seed
Idriss 1970)
Sand (Seed
Idriss 1970)
Sand (Seed
ldriss 1970)
Sand (Seed
Idriss 1970)

and
and
and

and

Clay (Seed and Sun

1989)

Clay (Seed and Sun

1989)

Clay (Seed and Sun

1989)

Clay (Seed and Sun

1989)

Sand (Seed
Idriss 1970)

Sand (Seed
Idriss 1970)

Sand (Seed
Idriss 1970)

Sand (Seed
Idriss 1970)

Sand (Seed
Idriss 1970)

Sand (Seed
Idriss 1970)

Sand (Seed
Idriss 1970)

Sand (Seed
Idriss 1970)

Linear

Cuttoff Freq.
Fourier

(Hz)

and
and
and
and
and
and
and

and

No of

Terms

2048

Damping Curve

Sand (Idriss 1990)
Sand (Idriss 1990)
Sand (Idriss 1990)
Sand (ldriss 1990)
Clay (idriss 1990)
Clay (ldriss 1990)
Clay (Idriss 1990)
Clay (Idriss 1990)
Sand (ldriss 1990)
Sand (ldriss 1990)
Sand (ldriss 1990}
Sand (Idriss 1990)
Sand (Idriss 1990)
Sand (ldriss 1990)
Sand (Idriss 1990)
Sand (Idriss 1990)

Linear

Layer

17 Yes

Outcrop

Mod. Damp.
Paramete Paramete
r r

1.00
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Response Spectra
Layer No Depth (ft) Outcrop 1.
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o > o ' |
o e Y : i
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TR A prepovtd Coo Sone amd  _ | e Ll S - -
Ak 5 3 60 815+ * 3%
e © V0 Cr‘r’b-e\raizlpw s z - Overlap (200 ft/sec)
V\) 2AoS A G VLV . 2 ® 50
& — \ r 80 20 - “A ~—CTB-54 average S-wave
e velocity from least square
| ]
—_— &, 60 . fittolinear segments of
— TABLE F-3 ': i vavel-time curve
BEST ESTIMATE PROFILE FOR SKULL VALLEY PFSF SITE 100| .325 — . 25 ", £
CONSTANT TERTIARY SEDIMENT VELOCITY \}/\.M Lo W 70 i | —_— fsec i o 70 :
- Private Fuel Storage Facility — - - ie—CTB-8A afterential S-wave
Skull Valley, Utah 120 i L 30 | |* Cone Vg ; . 80 velocity computed over 5-foot
. — T A i ole V. ' intervais. then averages over
) | Average Layer - ‘!,\‘ * \ é Q \. - OVef1OE(,:IOtO (f::/gg%) | .Dowm = d: PN
Depth to Base | Average Layer Shear | Compression Unit \X q D U{Q 59“\, % MV) o ) § 35 pm 90
" Layer | of Layer Wave Velocity = Wave Velocity ~ Weight « 0 500 1000
= - » ) (fos) (tps) (pch Velocity (f/sec) 100
Eolian sits T Ceme 522 560 1117 100 \9 be,A‘ﬂD (A ‘ 8~ s,‘ O . :
Lacustnne siit 10=1 528 1131 80 23 ) 7 |
- Lacustrine it 1221 727 1260 80 > |
Lacustnine sanc 1821 - 854 1472 100 C\ 110 - e
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- Lacustnine sanas GI 3521 1.022 1667 15
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unsaturated S
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ProShake Report

frD.SL"OJKL N\OM

Data File: D:\PFSSSI~1\PSHAKE~1\NS01.DAT

Soil Profile

Profile Name: PFS Skull Valley Soil Profile (Basecase Soil Properties)
Water Table: Not Applicable
Number of Layers: 10

Layer
Number
1
2

10

Material Name

Soil cement
Lacustrine silt
Lacustrine silt
Lacustrine sand
Lacustrine silt
Lacustrine sands
Lacustrine sands
Dense sands and
silty sands
Dense sands and
silty sands

Tertiary Salt Lake
Group

Input Motion

Number of Motions: 1
Number of Iterations: 8
Strain Ratio: 0.60
Tolerance: 5.00%

File Name

D:\PFSSSI~NINPUTM~1 8192
\FP2000F.EQ

Output Locations

Layer No

10

90.00

Depth (ft)

No

Thicknes Unit
s Weight
(tt) (pcf)
5.00 100.00
5.00 80.00
2.00 80.00
6.00 100.00
8.00 94.00
9.00 115.00
15.00 115.00
20.00 120.00
20.00 120.00
Infinite 135.00
No of Max. Acc.
Acc.
(9)
Values
0.707
Outcrop

Gmax Vs Modulus Curve Damping Curve Mod. Damp.
(ksf) (ft/sec) Paramete Paramete
r r
6,993.22 1,500.00 PFS-1 Modulus PFS-1 Damping
Reduction
69319 528.00 PFS-1 Modulus PFS-1 Damping
Reduction
1,314.18 727.00 PFS-1 Modulus PFS-1 Damping
Reduction
2,266.79 854.00 PFS-2 Modulus PFS-2 Damping
Reduction
221646 871.00 PFS-2 Modulus PFS-2 Damping
Reduction
3,733.31 1,022.00 PFS-3 Modulus PFS-3 Damping
Reduction
5061.59 1,190.00 PFS-3 Modulus PFS-3 Damping
Reduction
12,084. 1,800.00 PFS-4 Modulus PFS-4 Damping
29 Reduction )
12,084. 1,800.00 PFS-4 Modulus PFS-4 Damping
29 Reduction
35,287. 2,900.00 PFS-5 Modulus: PFS-5 Damping: Rock-
81 Rock-Linear Linear
Time Step  Cuttoff Freq. No of Layer Outcrop
' Fourier
(sec) (Hz)
Terms
0.005 33.00 16384 1 Yes

Acceleration (g)

Spectral Acceleration (g)

Acceleration Time History
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Number

PFS Skult Valley Soll Profile (Basecase Soll Properties)

Desciiption Motion Output

Shear Wave Veloclty

Unit Welght
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Soil Profile

Sl‘ra—l—vsrd\f\mvc Mo.g\;oﬂ. c\—-S'ef \«\9-('\’20\«-0’17\9- MOHO«\,-.

ProShake Repo

Data File: DAPFSSSI~1\PSHAKE~NEW2.DAT

Sell

Profile Name: PFS Skull Valley Soil Profile (Basecase Soil Properties): Vp Approximation
Water Table: Not Applicable
Number of Layers: 23

Soil Profile
jal Name | Thickness Unit A+2G)max V Modutus Curve Damping Curve Mod. Damp.
Profile Name: PFS Skull Valley Soil Profite (Basecase Soil Properties) #‘5 o ) ‘2.2-1‘7 Layer | Materia Weight ( ) P ping P
WaterTal?lE Not Agghcable P Number () (ksf) (tt/sec) Paramete | Paramete
Number of Layers: i (pct) L r
s e . e T cement 3.00 100,00 |17.752.60 |2,369.92 |PFS-1 Modulus |PFS-1 Dampin
Layer : Material Name - Thickness Unit Weight:  Gmax Vs Modulus Curve Damping Curve . ! Soil ce Reduction ping
. Number | " (pef) (kef) | (ft/sec) | 2 Soil cement 200 0000 | 17.752.60 |2.38092 |PF5-1 Madulus | PFS-1 Damping
: i R PP T O S pU U IS S . Reduction
{Soil cement 3.00 100.00  }6,993.22 11,500.00 PFS-1 Modulus Reducti, PFS-1 Damping 3 Tacustrine sit | 2.50 8000 1318061 |1,131.00 |PFS-1 Modulus [PFS-1 Damping
s e . i M o e Reduction
Soilcement ~~ "200 10000 16.99322 1,500.00 PFS-1 Modulus Reducti PFS-1 Damping Ty Tacistme st [2.50 5000 (398067 [1.137.00  [PFS-1 Modulus | PFS-1 Damping
Lacustrine silt 2.50 80.00 1693.19 528.00 :PFS-1 Modulus Reducti: PFS-1 Damping Reduction
“Lacustrine silt 250 "80.00 1693.19 1528.00 ' PFS-1 Modulus Reducti: PFS-1 Damping 2 5 TCacustrine sit | 2.00 80.00 304754 | 1,260.00 ;:ci-c 1“°l\r/1lodulus PFS-1 Damping
. “lacustrinesit 200 7.00  PFS-1 Modulus Reducti; PFS-1 Damping > E 3 Tacustrine sand | 3.00 10000 1673458 |1,47200 |PFS-2 Modulus | PFS-2 Damping
- ““Lacustrine sand  :3.00 100. 2,266.79 1854.00 PFS- 2M66&ih§heducﬁ‘PFs 2Damping | {1 Reduction
o . - ’ s . g e Png q- »»»»» 7 Lacustrine sand |3.00 100.00 6,734.58 1,472.00 PFS-2 Modulus | PFS-2 Damping
v, .Lacustrine sand ' 3.00 100.00 i2,266.79 [854.00 PFS-2 Modulus Reducti: PFS-2 Dampmg ; L{- - - Reduction
N & . . - . e i e - i s o mtin P e i - - T -
_— Lacustrine silt 4.00 94.00 15,216.46 871,00 " PFS-2 Modulus Reducti; PFS-2 Damping 5 8 Cacustrine silt ~ |4.00 94.00 6,058.26  |1,440.00 SF dS’c; Modulus | PFS-2 Damping
. o . L . eduction
9 ‘Lacustrine sit 24.00 +54.00 1221646 [871.00 | |PFS-2 Modulus Reducﬂj PFS-2 Damping s —_— _— ] Tacusiine sl | 4.00 54.00  |6.058.26 |1,440.00 |PFS-2 Modulus | PFS-2 Damping
10 ‘Lacustrine sands ' 4.50 115,00 13,783.31 |1,022.00 /PFS-3 Modulus Reduc PFS 3 Damping : 6 5 T tae =5 tosEe o gtle:dsuc;w& R IRTES [ ceey
—_——— b . B - - custrine sanas . 8 , 8 B B - odulus - ampin
1 ‘Lacustrine sands -4.50 viso0 373331 |1,022.00 TPFS:3 Moduius Reduci PFS-3 Damping. A acust R eduction ping
12 Lacustrine sands 5 00 '115.00 15,061.59 11,190.00 PFS-3 Modulus Reductl PFS-3 Dampmg v -7 11 Lacustrine sands | 4.50 115.00 9,932.62 1,667.00 PFdS-S Moduius | PFS-3 Damping
. - e T s I Reduction
} Lacustrine sands 5.904 ) 11500 ~ §,061.59 1,190.00  PFS-3 Modulus Reducn PFS-3 Damping i 7 ) 72 Lacustrine sands | 5.00 11500 [15,538.35 [2,085.00 PFS-3 Modulus | PFS-3 Damping
! Lacustrine sands 5.00 11500  15,061.59 {1,190.00 ‘PFS-3Modulus Reducti PFS-3 Damping i -7 _— i 3 5 5 Reduction i
45" 'Dense sands and's 5,00 120,00 |12,084.391,800.00 TPFS-4 Modulus Reducti] PFS-4 Damping e 1 Lacusirine sands | 50 11500 1553835 208500  [PFS-3 Modulus | PFS-3 Damping
116" 'Dense sands and s:5.00 12000 [12,084.2611,800.00 | PFS-4 Modulus Reducti{ PFS-4 Damping : 9— o z 14 Tacustrine sands | 5.00 11500 | 15.538.35 |2,085.00 | PFS-3 Modulus | PFS-3 Damping
g oy g : LB _— Reduction
- 17 Densesandsands 5.00 12000 +12,084.29/1,800.00 |PFS-4 Modulus Reducti PFS-4 Damping 8 75 Danse sands and | 5.00 75600 (4397556 [3,40000 ~ |PFS-4  Modulus | PFS-4 Damping
] .Dense sands and s:5.00 1120.00 112,084.291,800.00 :PFS-4 Modulus Reducti: PFS-4 Damping 2 silty sands Reduction
: " Dense sands and s 5.00 13600 12,084,290 1.800.00 - PF5-4 Modulus Reducti PFS-4 Damping g ' —_— 16 gﬁ;sszizgds and | 5.00 12000~ [43,115.56 |3,400.00 ;zz‘c‘“o:’md“'“s PFS-4 Damping
0 'Dense sands and's 5.00 12000 112,084.29 1,800.00 'PFS-4 Modulus Reducti PFS-4 Damping I ) 7 Dense sands and | 5.00 150,00 |43.11556 |3,400.00 |PFS-4 Modulus | PFS-4 Damping
oy d B 120 7 29 Y - Y=y : ! * i silty sands Reduction
21 Densesands andss 5.00 20.00 2,084.29 1,800.00 PFS-4 Modulus Reducti PFS-4 Damping 9 - , — | 78 Dense sands and | 5.00 15505 4317556 1340000 |PFS-4  Modulus | PFS-4 Damping
: :Dense sands and s:5.00 120.00 12,084.29:1,800.00 :PFS-4 Modulus Reducti; PFS-4 Damping H a | silty sands Reduction
Tertiary Salt Lake C Infinite 13500 135,287.812,900.00 PFS-5 Modulus: Rock-L PFS-5 Damping: Rock-Lm D ‘ 19 33;‘5; f\g:ds and | 5.00 120.00 [43,115.56 [3,400.00 ;Zigﬁo:ﬂodulus PFS-4 Damping
‘ 20 Dense sands and | 5.00 126,00 |43.11556 |3,400.00 |PFS-4 Modulus | PFS-4 Damping
- . silty sands Reduction
21 Densesands and | 5.00 120.00 43,115.56 | 3,400.00 PFS-4 Modulus | PFS-4 Damping
silty sands Reduction
( ’Y\h 22 Dense sands and | 5.00 120,00 |43.115.56 |3,400.00 |PFS-4 Moduius | PFS-4 Damping
P M “ 2l b L‘a silty sands Reduction
i 23 Tertiary SaltLake | Infinite 135.00 105,865.65 |5,023.00 PFS-5  Modulus: [PFS-5 Damping:
Group Rock-Linear, Rock-Linear
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Time (s) : (&) D -
Program Name: gravRamp if (!Fourv) ————
. DumpAndQuit (strcat (“Unable to open plot file “,curvfile));
Generate data to describe gravitational acceleration as a function of
) time. The function has zero value at zero time and increases to a time = 0.0;
maximum value at a selected time onThisLine = 0;
Author: G.I. Ofoegbu dol [
Date: September 5 2001 ratio = (time-tMin)/(tMax-tMin); — !
System: ANSI C Compiler r2 = ratio*ratio; |
N T N L T 13 - ratio*ratio*ratio; \
fval = fMin + (fMax-£fMin)*r3*(10.0 - 15.0*ratio + 6.0*r2); !
#include <stdio.h> fprintf (Fp, "$12.2£%12.8£\n", time, fVal); —— !
#include <stdlib.h> . ;
#include <string.h> : ,t if (onThisLine < 7){
+ Qu F fprintf (Facc, "$12.6£", gravity*fval);
main () P fprintf (Fcurv, "$12.8£", £Val); EEa—
( / fprintf (Ftime, "$12.2£", time) ;
) char* plotfile = {*gravCurve.plt"}; onThisLine++;
char* timefile = ("timeMesh.out"}; }
char* accfile = {"gravMesh.out"}; else(
char* curvfile = {"curvMesh.out"}; fprintf (Facc, "$12.6f\n", gravity*fval) ;
float time; fprintf (Fcurv, "$12.8f\n", fVal); s
float fval; ) fprintf (Ftime, "$12.2f\n", time) ; ———— e
float ratio,r2,r3; onThisLine = 0; | 8
float tInc = 0.02; }
float fMin = 0.0; N
float fMax = 1.0; time += tInc; I +
float tMin = 0.0; } while (time < (tMax + 0.5*tInc)); { * ‘) < i‘ig ‘ ‘0 m
float tMax = 10.0; i -
float realTime = 82.0; Fprintf (Fp, "$12.2£%12.8£\n", tMax+realTine, fMax) ; ' ‘.6\ \"\O — 0 Q?. M \{MA $ wADO M& wSal Mﬁh.é
float gravity = 32.2; fprintf (Facc, "$12.6f\n",gravity*fMax) ; e—

int onThisLine; fprintf (Feurv, "$12.8f\n", fMax);

i;i’g: ?t)ime; . fprintf (Ftime, "$12.2f\n", tMax+realTime) ; | !: 5 76 O \ ’ £ D 5 l | 1 ‘p : Mss‘. e M {—10\

FILE* Facc; }
FILE* Fcurv;

DumpAndQuit (char* s) . ) L# 2
Fp = fopen(plotfile,"w"); { . - G—O . e

if (!Fp) . printf{"\n%s\n",s);
DumpAndQuit (strcat("Unable to open plot file ",plotfile});

fprintf (Fp, "$12s%12s\n", "Time (s)}","Acc (g)"); exit(1);

Ftime = fopen(timefile, "w");
if (!'Ftime)
DumpAndQuit (strcat ("Unable to open plot file *,timefile));

Facc = fopen{accfile, "w");

| Jasl delecd Laad bods
| C/G\,&. s Bwe hfen) as T‘Lg/t. S.
if (tFacc) l . »
DumpAndQuit (strcat (*Unable to open plot file ",accfile)); . ; ‘
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MEMORANDUM
TO: Goodluck Ofoegbu, Div 20, Ext. 6641

‘ j An Q I.; J 2002
FROM: James F. Unruh, Div 18, Ext. 2344

SUBJECT: Source Modification to Meet Design Spectra

Problem: A set of source time histories are supplied as input to a Finite Element Model of a soil
structure and a response spectrum is generated at the surface that does not meet a target design
spectra. Modification of the source spectra is desired to closer meet the target design spectra.

Approach: Since the FEM of the soil structure is not readily available, the input base source
vectors, B, (components Xg, Ys, Zs) and resulting FEM response vectors, F, (components Xf,
Yr, Z) are used to estimate the Frequency Response Function (FRF) of the FEM model, Hps.
With the target design response vector, D, (components Xp, Yp, Zp) known the problem is cast
into an inverse problem. We compute the desired source, S, (components Xs, Ys, Zs) by

multiplying the FEM FRF by the desired output D.
EM frequency response function.

h time in the base and FEM time
In

Solution: A couple of approaches were used to compute the F
The first approach was to look at the distribution of energy wit
histories. Typical time histories are shown in Figure 1 for the Z component of these signals.
addition to the time history the moving rms (red) and accumulated rms (green) levels are given to
indicate at what time a majority of the signal energy has passed. It appears that a majority of the
signal energy is contained within the first 20 seconds of the event. Thus, sample averaged
spectral analysis of the events could be concluded within the first 20 seconds with little loss of
response information. To this end, data blocks of 1024 points, sampled at 200 s/s, were used to
generate sample averaged cross spectra and auto spectra of the three components of the system.
Only the diagonal components of the FRF were computed from these sample averaged spectra
due to the low number of statistical degrees of freedom generated by the time limited signal. The
typical spectral record consisted of a 5.12 second segment of the time history. FRF estimates
were computed for 3, 4, and 6 sample averages. Figure 2 gives the magnitude of the FRF
estimates for the various sample averages and a comparison of the three axis FRFs for the
nominal 4 sample averaged case. Here we see that the FRFs are well converged at 4 sample
averages as indicated by the time histories having a majority of their energy expended with in the
initial 20 seconds. A second approach was to consider the full time histories with no sample
averaging, thus a single record of 8192 points was used to develop the diagonal FRFs as given in
Figure 3. While the FRF looks quite smooth in the frequency range of interest (say .2 Hz to 33
Hz) it is only one sample and thus is statistically a poor estimate. Figure 3 shows the energy
cutoff at around 33 Hz and tracking of the input and output in the low frequency range up to
approximately 1.5 Hz. There after the are distinct anti-resonant behavior at selected frequencies,

he X and Y directions and near 7 and 15 Hz in the Z direction.

such as at near 4 and 8 Hz in
Note since we are looking at the inverse FRF these would be resonant amplifications of the soil.

;‘he required desigq spectra (the source in this inverse problem) exhibit energy in a very broad
frequency range as is shown by the amplitude spectra given in Figure 4. Signal amplitude level
is rather uniform in the frequency range is from 0.2 Hz to above 15 Hz. When passing this
?nmp:1tudz spTctru;n fthrough the FRFs one should expect response reduction at the above
entioned selected frequencies, which correspond t i i i
. P o amplifications by the soil mass of the

3k ok ok ok ok ok
K 3 ok ok ok ok ok ok o ok ok ok 3k s ok ok sk ok 3k ok s ok sk sk ok sk sk ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok sk ok ok ok 3k ok ok ok ok ok ok ok ok ok

Note:.The soil exhibits a very high level of amplified response, more than a single order of
magnitude at selected frequencies and as such, small changes in the base source spectrum can
groduce large chapges in the surface motion. Thus, we should expect a source that looks much
like the one supplied with only small modifications near the noted amplified regions.

To this end | have computed three sets sources using FRFs calculated in different ways.

Sorc6.asc — Generated from a si i
single record estimate of the FRF. Compari
response spectra are given in Figure 5. Ritan oL

Sorc7D4.asc — Generated from i
a 4 sample average estimate of the FRF i
response spectra are given in Figure 6. oL LY

Sorc7D7.asc — Generated from i
a 7 sample average estimate of the FRF i
response spectra are given in Figure 7. g e

'81‘}1;2aboyet source spectra are in four columns of data: Time, Xacc, Yacc, and Zacc and consist of
points sampled at 200 s/s. The files are forwarded under separate cover.
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Figure 1 Typical Time History Distribution of RMS Energy
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MEMORANDUM
TO: Goodluck Ofoegbu, Div 20, Ext. 6641

AR 2.1 2002
FROM: James F. Unruh, Div 18, Ext. 2344

SUBJECT: Source Modification to Meet Design Spectra

O{F‘ (hexﬂ“ Mohon Scals

The previous input source file “src7d4.asc” was used with the corresponding output from the
FEA model “mb2aU0.asc” to obtain a second iteration on the source required to meet the design
spectra of “Design.asc”.

The updated diagonal transfer functions of the FEA model as seen by the supplied input and
response time histories, using 4 sample averages, are shown in Figure 1. There appears to be
more emphasis on the 4 Hz response than on the 7 Hz response.

The corresponding time histories of the new source are attached along with their corresponding
response spectra compared to the original source response spectra.

The new source spectra are in four columns of data: Time, Xacc, Yacc, and Zacc and consist of
8192 points sampled at 200 s/s. The new source file “SOURC7D.asc” is forwarded under
separate cover.
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1s~dyna/mpp dumpbdb utility (version 940.2a )

nodal princt
nodal point x-disp
3304 0.0000e+00
3319 0.0000e+00
3324 0.0000e+00
3598 0.0000e+00
3612 0.0000e+00
3626 0.0000e+00
3640 0.0000e+00
3654 0.0000e+00
3668 0.0000e+00
3682 0.0000e+00
3696 0.0000e+00
3710 0.0000e+00
3724 0.0000e+00
3738 0.0000e+00
3752 0.0000e+00
5206 0.0000e+00
5208 0.0000e+00
5210 0.0000e+00
5212 0.0000e+00
5214 0.0000e+00
5216 0.0000e+00
5218 0.0000e+00
5220 0.0000e+00
5222 0.0000e+00
5224 0.0000e+00
5226 0.0000e+00
8235 0.0000e+00
11484 0.0000e+00
14733 0.0000e+00
17982 0.0000e+00
21231 0.0000e+00
24480 0.0000e+00
27729 0.0000e+00
30978 0.0000e+00
34227 0.0000e+00
37476 0.0000e+00
40725 0.0000e+00
45710 0.0000e+00
45711 0.0000e+00
50472 0.0000e+00
57193 0.0000e+00
57194 0.0000e+00
57195 0.0000e+00
63468 0.0000e+00
70189 0.0000e+00
70190 0.0000e+00
70191 0.0000e+00
110701 0.0000e+00
110803 0.0000e+00
118345 0.0000e+00
118447 0.0000e+00
125086 0.0000e+00
125188 0.0000e+00
131827 0.0000e+00
131929 0.0000e+00
138568 0.0000e+00
138670 0.0000e+00
145309 0.0000e+00
145411 ©.0000e+00
152050 0.0000e+00
152152 0.0000e+00
158791 0.0000e+00
158893 0.0000e+00
165566 0.0000e+00
165586 0.0000e+00
165592 0.0000e+00
165611 0.0000e+00
165612 0.0000e+00
165613 0.0000e+00
165614 0.0000e+00
165618 0.0000e+00
nodal print
nodal point x-disp
3304 -1.0624e+00
3319 -1.0596e+00
3324 -~1.0582e+00
3598 -1.0489%e+00
3612 -1.0300e+00
3626 ~1.0015e+00
3640 -9.6158e-01
3654 -9.0889e-01
3668 -8.420le-01
3682 -7.6010e-01
3696 -6.6382e-01
3710 -5.5557e-01
3724 -4.3617e-01
3738 -3.034le-01
3752 ~1.5564e-01
5206 -1.0561e+00
5208 -1.0536e+00
5210 -1.0496e+00
5212 -1.042%e+00
5214 -1.0326e+00
5216 -1.0170e+00
5218 -9.9473e-01
5220 -9.6522e-01
5222 -9.2969e-01
5224 -8.9377e-01
5226 -8.6614e-01
8235 -1.0624e+00
11484 -1.0817e+00
14733 -1.0712e+00
17982 -1.0856e+00
21231 -1.0927e+00
24480 -1.0890e+00
27729  -1.1057e+00
30978 -1.0989%e+00
34227  -1.117%e+00
37476 -1.1115e+00
40725 -1.1374e+00
45710  -1.1303e+00
45711 -1.1237e+00
50472 -1.1497e+00
57193 -1.1458e+00
57134 -1.1428e+00
57195 -1.1399e+00
63468 -1.1677e+00
70189 -1.1625e+00
70190 -~1.1580e+00
70181 -1.1537e+00
110701 -1.2310e+00
110803 -1.2231e+00
118345 -1.0491e+00
118447 -1.0511e+00
125086 -1.1578e+00
125188 -1.1522e+00
131827 -1.0313e+00
131929 -1.0345e+00
138568 -1.0588e+00
138670 -1.0555e+00
145308 -1.0275e+00
145411 -1.0310e+00
152050 -1.2291e+00
152152  -1.2223e+00
158791 -1.0237e+00
158893 -1.0266e+00
165566 -1.0555e+00
165586 -1.0594e+00
165592  -1.0589e+00
165611 -1.0582e+00
165612 -1.0534e+00
165613 -1.0583e+00
165614 -1.0544e+00
165618 -1.0506e+00

o ut for tim
y-disp z-disp

0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0:0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0,0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 ©.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 ©0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.00002e+00 0.0000a+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
ocout for tim

y-disp z-disp

1.0104e+00 -5.4756e-01
1.0045e+00 -5.4481e-01
9.8082e-01 -5.2886e-01
1.0018e+00 -5.4321e-01
9.9868e-01 -5.4665e-01
9.9406e-01 -5.5194e-01
9.8693e-01 -5.6028e-01
9.7620e-01 -5.7286e-01
9.5984e-01 -5.9163e-01
9.3584e~01 -6.1909%9e-01
9.0237e~01 -6.5627e-01
8.5910e-01 -6.9782e-01
8.0906e-01 -7.3086e-01
7.6069e-01 -7.4515e-01
7.2520e-01 -7.4407e-01
9.5908e-01 -5.2361e-01
9.2558e-01 ~5.1732e-01
8.7898e-01 -5.0838e-01
8.1738e-01 -4.948le-01
7.3882e-01 -4.7348e-01
6.4230e-01 ~4.3843e-01
5.2965e-01 -3.811le-01
4.0738e-01 -2.9377e-01
2.8700e-01 -1.7970e~01
1.7938e-01 -6.0738e-02
8.8623e-02 2.77%1e-02
1.0105e+00 -5.478%e-01
1.0290e+00 -5.4330e-01
1.0196e+00 -5.4585e-01
1.0326e+00 -5.4177e-01
1.0395e+00 -5.39%17e-01
1.0357e+00 -5.4050e-01
1.0524e+00 -5.3381e-01
1.0456e+00 -5.3662e-01
1.0646e+00 -5.2868e-01
1.0581e+00 -5.3142e-01
1.0840e+00 -5.2147e-01
1.0768e+00 -5,2422e-01
1.0704e+00 -5.2662e-01
1.0962e+00 -5.1814e-01
1.0926e+00 -5.1920e-01
1.0894e+00 -5.200%e-01
1.0866e+00 -5.208%e-01
1.1140e+00 -5.1211e-01
1.1092e+00 -5.1374e-01
1.1048e+00 -5.1548e-01
1.1002e+00 -5.1682e-01
1.0727e+00 -5.4845e-01
1.0470e+00 -5.4852e-01
1.2037e+00 -5.4918e-01
1.1743e+00 -5.4921e-01
1.1125€400 -5.4991e-01
1.1017e+00 -5.4991e-01
7.8247e-01 -5.5032e-01
7.7836e-01 -5.5034e-01
1.0481e+00 -5.4836e-01
1.0506e+00 -5.4837e-01
1.2682e+00 -5.4852e-01
1.2660e+00 -5.4852e-01
9.8635e-01 -5.4302e-01
1.0032e+00 -5.4304e-01
1.207%e+00 -5.4368e-01
1.2211e+00 -5.436%e-01
9.8993e-01 -5.4873e-01
9.9822e-01 -4.9699e-01
9.8993e-01 -4.4165e-01
9.9892e-01 -4.9922e-01
9.7530e-01 -5.7241e-01
9.9247e-01 -4.9295e-01
9.7932e-01 -5.8101e-01
9.869%91e-01 -5.5937e-01

e s tep

x-vel y-vel
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 (.0000e+00Q
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0,0000e+00
0.0000e+00 0.0000e+D0O
0.0000e+00 0.0000e+00
0.0000e+00 0,0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 ¢.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0060e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
e step
x-~vel y-vel

2.0260e-02 -2.0275e-02
2.4955e-02 -1.6470e-02
1.5859e-02 -8.1831e-03
1.4492e-02 -7.3716e-03

1.0153e-02 1.9124e-04
5.5304e-03 6.6251e-03
4.8902e-03 1.1222e-02
6.4262e-03 1.3466e-02
6.6642e-03 1.3012e-02
5.9083e-03 9.6899%e-03
5.0822e-03 3.7310e-03

4.1958e-03 -4,0495e-03
2.1715e-03 -1.281%e-02
-4.1558e-04 -2.1325e-02
-2.4201e-03 -2.7437e-02
1.1693e-02 -8.4213e-03
1.0783e-02 -3.6986e-03

1.1173e-02 9.4277e-04
1.2084e-02 5.9510e-03
1.3554e-02 1.2023e-02
1.5243e-02 1.9150e-02
1.6639e-02  2.6080e-02
1.7600e-02 3.2846e-02
1.8524e-02 3.8370e-02
1.9234e-02 4.2644e-02
2.0221e-02 4.7395e-02

1.9269e-02 -1.9822e-02
-5.4106e-03 -1.1%41e-02
7.0537e~03 -1.6316e-02
-9.7520e-03 -1.0040e-02
-1.5977e-02 -6.1724e-03
-1.2964e-02 -8,1367e-03

-2.3105e-02 3.1892e-05
-1.9840e-02 -3.1613e-03
-2.6098e-02 6.5549e-03
-2.5000e-02 3.0574e-03
-2.6160e-02 1.7509e-02
-2.6125¢~02 1.3608e-02
-2.6290e-02 9.8975e-03
-2.7624e-02 2.2190e-02
-2.725%9e-02 2.1056e-02
~2.6797e-02 1.9901le-02
-2.6401e-02 1.8718e-02
-2.5320e-02 2.7038e-02
-2.6628e-02 2.5749e-02
-2.7436e-02 2.4532e-02
-2.7737e-02 2.335le-02

2.0230e-02 -2.6787e-02
~3.6665e-03 -9.2663e-02
2.5802e-02 -2.8019e-02
8.2367e-02 -9.3523e-02
1.9647e-02 ~2.4932e-02
-2.1715e-02 ~6.0516e-02
2.6376e-02 -2.6320e-02
8.7533e-02 -7.1798e-02
1.9896e-02 -2.1032e-02
-1.7727e-02 -8.3687e-03
2.5725e-02 ~2.00%4e-02

7.9475e-02 4.0292e-04
1.9136e-~02 -~1.8704e-02
~5.4454e-03 2.0227e-02
2.4362e~02 -1.7256e-02
7.4898e-02 3.0699e-02

2.2702e~02 -1.9934e-02
2.6962e-02 -2.1515e-02
1.9239e-02 -1.7861e-02
2.2216e-02 -2.0582e-02
2.259%e-02 -1.8936e-02
2.1918e-02 -1.7043e-02
2.1448e-02 -1.5985e-02
2.6641e-02 -2.2960e-02

date 01/18/2000

z-vel
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00

z-vel
1.3378e-01
8.6018e-02
6.7814e-02
4.5830e-02
4.0924e-02
4.3804e-02
5.7664e-02
5.9961e-02
5.5858e-02
4.8%45e-02
4.4575e-02
4.0490e-02
3.8273e-02
4.0706e-02
4.5342e-02
5.220%e-02
5.3237e-02
5.1160e-02
5.2608e-02
5.1093e-02
4.8187e-02
4.2179e-02
3.7922e-02
3.461%e-02
3.5223e-02
3.7352e-02
1.3234e-01
1.0388e-01
1.1760e-01
9.6906e-02
8.6070e-02
9.1326e-02
7.2566e-02
7.8944e-02
6.4287e-02
6.8239e-02
5.6953e-02
5.9149e-02
6.1615e-02
5.4883e-02
5.5353e-02
5.5864e-02
5.6380e-02
5.301le-02
5.346le-02
5.3924e-02
5.4396e-02
8.7654e-02
8.757%e-02
8.3454e-02
8.3363e-02
1.2327e-01
1.2326e-01
1.1973e-01
1.1973e-01
1.2599e-01
1.2599e-01
1.2406e-01
1.2407e-01
1.0171le-01
1.0168e-01
9.7341e-02
9.7317e-02
1.4126e-01
1.0805e-01
8.6641e-02
1.4246e-01
1.3916e-01
1.2376e-01
1.0741e-01
1.3055e-01

X-~accl

0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
D.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00D
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00

x-accl
B.5255e-01
7.7663e-01
2.5477e-01
6.9338e-01
3.1428e-01
1.0269¢-01
-4.0816e-01
-6.6760e-01
-9.3710e-01
-1.1407e+00
-1.3617e+00
-1.4175e+00
-1.3073e+00
-1.0190e+00
-5.7784e-01
~1.7586e-01
-4.7649e-01
-6.2430e-01
~7.1088e-01
-7.6089e-01
-7.3118e-01
-5.6203e-01
-2.7465e-01
6.4275e-02
3.372%e-01
5.1899e-01
6.6870e~01
3.1570e-01
5.5523e-01
2.1614e-01
2.6524e-02
1.3365e-01
-1.4179e-01
-9.4302e-02
1.1822e-02
-7.4974e-02
-1.1634e-01
1.4890e-02
6.4111e-02
-2.3944e-02
-1.0207e-01
-1.3885e-01
-1.4051e-01
5.0484e-01
3.9798e-01
2.4760e-01
9.88%4e-02
8.1130e-01
2.8864e+00
1.0918e+00
1.0546e+00
1.1542e+00
2.6170e+00
1.0772e+00
4.042%e-01
9.6837e-01
2.6239e+00
7.6043e-01
5.9302e-01
9.0047e-01

2.8926e+00

8.0374e-01
1.1711e+00
9.1332e-01
8.3471e-01
6.2894e-01
9.1524e-01
7.9751e-01
7.4737e-01
7.0573e-01
9.3369e-01

{ at time £.0000e+00 }

y-accl z-accl

0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.00002+00 0.00002+00
0.0000e+00 0.0000e+00
£.0000e+00 §.0000e+00
0.00002+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e-00 0.0000e+00
0.0000e+00 0.0000e+00
0.6000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 ©0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+G0  0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000¢+00 0.0000e+00
0.0000e+00 0.0000e+00

{ at time 4.9996e+01 )

y-accl z-accl
3.0192e+00 -4.8826e-01
2.7472e+00 -1.2860e-01
2.3902e+00 -2.6886e+00
2.1262e+00 -5.8042e-01
1.7896e+00 -1.0219%e+00
1.5654e+00 -1.8396e+00
1.4332e+00 -2.1917e+00
1.3368e+00 -2.1732e+00
1.2496e+00 -2.2970e+00
1.2008e+00 -2.3084e+00
1.2018e+00 -2.0435e+00
1.2183e+00 -1.5445e+00
1.2387e+00 -1.0914e+00
1.2273e+00 -7.5341e-01
1.2307e+00 -5.3570e-01
2.2108e+00 -1.5504e+00
1.6385e+00 -1.3323e+00
1.3322e+00 -1.3797e+00
8.4660e-01 -1.6295e+00
4.6798e-01 ~1.7732e+00
6.0423e-02 -1.7710e+00
—-2.6058e-01 -1.6972e+00
-5.3041e-01 -1.4774e+00
~5.7851e~01 -1.2828e+00
-5.1085e-01 -1.2182e+00
-2.9997e-01 -1.156%e+00
2.8967e+00 -3.0771e-01
2.2574e+00 -4.7946e-02
2.5856e+00 -1.8334e-01
2.1119e+00 4.3578e-02
1.7904e+00 1.3234e-01
1.9582e+00 9.892%e-02
1.2905e+00 2.0407e-01

1.5400e+00 1.6127e-01
8.8871e-01 1.7480e-01
1.0853e+00 1.9628e-01
3.5388¢-01 1.1521e-01
5.4684e-01 1.2770e-01
7.2215e-01 1.4668e-01
9.509%9e-02 1.2440e-01
1.5674e-01 1.2195e-01
2.2102e-01 1.1292e-01
2.8744e-01 1.1290e-01
-8.03%0e-02 1.8515e-01
-5.108%e-02 1.6858e-01
-1.3103e-02 1.4702e-01
3.8438e-02 1.4104e-01

2.6388e+00 -1.47316+00
2.9223e+00 -1.4736e+00
2.8957e+00 ~1.6807e+00
1.9129e+00 -1.6824e+00
2.7355e+00 -7.0877e-01
2.1802e+00 -7.0974e-01
2.6113e+00 -6.5150e-01
2.2324e+00 -6.5174e-01
3.4189e+00 -6.9887e-01
5-9909e+00 ~6.9983e-01
2.95230400 -1.0437e+00
5.61124,00 -1.0437e+00
3.22758+00 _2.3419e+00
§.3033e+0% _5 34506400
3.3122e+00° = 57975.00
6.9557e+00 -3'n30) c100
3.0080e+00 -1. 1\ 36400
3.0408e+00 -6.

3.1980e+00 -4. ozoevoo
3.1323e+00 -9.57258.0;
3.3185e+00 -1. s,nsse&,L
3.3524e+00 -2.3457e+0!
3.3042e+00 -3.2816e+00
3.0543e+00 -1.0066e+00

0.0000e+00
2.0000e+01
0.0000e+00
4.0000e+51
6.0000e+01
8.000¢e+01
1.0000e+02
1.2000e+02
2.4000e+02
1.6000e+02
1.8000e+02
2.0000e+02
2.2000e+02
2.4000e+02
2.6000e+02
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
©.0000e+00
0.0000e+00
0.0000e+00
-1.4211e-14
-1.421%e-14
0.0000e+00
-1.4211e-14
-1.4211e-14
0.0000e+00
-1.4211e-14
0.0000e+00
-1.4211e-14
0.0000e+00
-1.4211e-14
7.1054e-15
3.5527e-14
~1.4211e-14
~7.1054e-15
0.0000e+00
-7.1054e-15
-1.4211e-14
~7.1054e-15
0.0000e+00
~7.1054e-15
-7.5000e+00
-7.5000e+00
7.5000e+00
7.5000e+00
-7.5000e+00
-7.5000e+00
7.5000e+00
7.5000e+00
-7.5000e+00
-7.5000e+00
7.5000e+00
7.5000e+00
~7.5000e+00
-7.5000e+00
7.5000e+00
7.5000e+00
0.0000e+00
1.5000e+01
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
0.0000e+00
7.5000e+00

-1.0624e+00
1.8940e+01
-1.0582¢+00
3.8951e+01
5.8970e4+01
7.8998e+01
9.9038e+01
1.1909e+02
1.3916e+02
1.5924e+02
1.7934e+02
1.9944e+02
2.19562+02
2.3970e+02
2.598de+02
-1.0561e+00
-1.0536e+00
-1.0496e+00
-1.04292+00
-1.0326e+00
-1.0170e+00
-9.9473e-01
-9.6522¢-01
-9.2969¢-01
-8.9377e-01
-8.6614e-01
-1.0624e+00
-1.0817e+00
-1.0712e+00
~1.0856e+00
-1.0927e+00
~1.0890e+00
-1.1057e+00
~1.0989e+00
-1.1179e+00
~1.1115e+00
-1.1374e+00
-1.1303e+00
-1.1237e+00
-1.1497¢+00
-1.1458e+00
-1.1428e+00
-1.13599e+00
-1.1677e+00
-1.1625e+00
-1.1580e+00
-1.1537e+00
~8.7310e+00
-8.7231e+00
6.4509e+00
5.4499e+00
-8.6578e+00
-8.6522e+00
6.4687e+00
6.4655+00
-8.5588e+00
-8.5555¢+00
6.4725e+00
6.4690e+00
-8.7291e+00
-8.7223+00
6.4763e+00
6.4734¢400
-1.0555e+00
1.3941e+01
-1.0589e+00
-1.0582e+00
-1.0534e+00
~1.0583e+00
+1.05446400
5.44946+00

0.0000e+00 -3.0000e+00

0.0000e+00 0.0000e+00
4.0000e+01  0.0000e+00
-2.2204e~15 0.0000e+00
0.0000e+00 ©.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
1.7764e~15 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
0.0000e+00 0.0000e+00
7.1054e-15 0.0000e+00
6.0000e+01 0.0000e+0Q
8.00002+01 0.0000e+00
1.0000e+02 0.0000e+00
1.2000e+02 0.0000e+00
1.4000e+02 0.0000e+00
1.6000e+02 0.0000e+00
1.8000e+02 0.0000e+00
2.0000e+02 0.0000e+00
2.2000e+02 0.0000e+00
2.4000e+02 0.0000e+00
2.6000e+02 0.0000e+00

0.0000e+00 -5.0000e+00
0.0000e+00 -1.0000e+01
0.0000e+00 -7.5000e+00
0.0000e+00 -1.2000e+01
0.0000e+00 -1.8000e+01
0.0000e+00 -1.5000e+01
0.0000e+00 -2.6000e+01
0.0000e+00 -2.2000e+01
0.0000e+00 -3.5000e+01
0.0000e+00 -3,0500e+01
0.0000e+00 -5.0000e+01
0.0000e+00 -4.5000e+01
-2.8422e-14 -4,0000e+01
0.0000e+00 -7.00002+01
0.0000e+00 -6.5000e+01
0.0000e+00 -6.0000e+01
~2.8422e-14 ~5.5000e+01
0.0000e+00 -9.0000e+01
0.0000e+00 -8.5000e+01
0.0000e+00 -8.0000e+01
-2.8422e-14 -7.5000e+01

-2.4000e+01 0.0000e+00
-2.4000e+01 1.9960e+01
-2.4000e+01 0.0000e+00
-2.4000e+01 1.9960e+01
-8.0000e+00 0.0000e+00
-8.0000e+00 1.9960e+01
-8.0000e+00 0.0000e+00
-8.0000e+00 1.9960e+01
8.0000e+00 0.0000e+00
8.0000e+00 1.9960e+01
8.0000e+00 0.0000e+00
8.0000e+00 1.9960e+01
2.4000e+01 0.0000e+00
2.4000e+01 1.9960e+01
2.4000e+01 0.0000e+00
2.4000e+01 1.9960e+01
0.0000e+00 -3.0000e+00
0.0000e+00 0.0000e+00
3.3500e+01 0.0000e+00
0.0000e+00 0.0000e+00
8.3750e+00 0.0000e+00
1.6750e+01 0.0000e+00
2.5125e+01 0.0000e+00
0.0000e+00 0.00008+00

1.0104e+00 -3.5476e+00
1.0045e+00 -5.448le-01
4.0981le+01 -5.2886e-01
1.0018e+00 -5.4321e-01
9.5868e-01 -5.4665e-01
9.9406e-01 -5.5194e-01
9.8693e-01 -5.6028e-01
9.7620e-01 ~5.7286e-01
9.5984e-01 -5.9163e-01
9.3584e-01 -6.1909e-01
9.0237e-01 -6.5627e-01
8.5910e-01 -6.9782e-01
8.0906e-01 -7.3086e-01
7.6069e-01 -7.4515e-01
7.2520e-01 -7.4407e-01
6.095%e+01 -5.2361e-01
8.0926e+01 ~5.1732e-01
1.0088e+02 -5.0838e-01
1.2082e+02 -4.9481e-01
1,4074e+02 -4.7348e-01
1.6064e+02 -4.3843e-01
1.8053e+02 -3.8111e-01
2.0041e+02 -2.9377e-01
2.2029e+02 -1.7970e-01
2.4018e+02 -6.0738e-02
2.6009e+02 2.7791e-02
1.0105e+00 -5,5479e+00
1.0290e+00 -1.0543e+01
1.0196e+00 -8.0459e+00
1.0326e+00 -1.2542e+01
1.0395e+00 -1.8539e+01
1.0357e+00 -1.5541e+01
1.0524e+00 -2.6534e+01
1.0456e+00 -2.2537e+01
1.0646e+00 -3.5529e+01
1.0581e+00 -3.1031e+01
1.0840e+00 -5.0521e+01
1.0768e+00 -4.5524e+01
1.0704e+00 -4.0527e+01
1.0962e+00 -7.0518e+01
1.0926e+00 ~6.5519e+01
1.08%4e+00 -6.0520e+01
1.0866e+00 -5.5521e+01
1.1140e+00 -9.0512e+01
1.1092e+00 ~8.5514e+01
1.1048e+00 -8.0515e+01
1.1002e+00 -7.5517e+01
-2.2927e+01 -5.4845e-01

~2.2953e+01 1.9411e+01
-2.2796e+01 -5.4918e-01
-2.2826e+01 1.9411e+01

-6.8875e+00 -5.49%1e-01

-6.8983e+00 1.9410e+01
-7.21756+00 -5.5032e-01
-7.2216e+00 1.9410e+01
9.0481e+00 -5.4836e-01
9.05062+00 1.9412e+01
9.2682e+00 -5.4852e-01
9.2660e+00 1.9411e+01
2.4986e+01 -5.4302e-01
2.5003e+01 1.9417e+01

2.5208e+01 -5.4368e-01
2.5221e+01 1.9416e+01
9.8993e-01 -3.54872+00
9.9822e-01 -4.9699e-01
3.4490e+01 -4.4165e-01
9.9892e-01 -4.9922e-01
9.3503e+00 -5.7241e-01
1.7742e+01 -4.9295e-01
2.6104e+01 -5.8101e-01
9.86%1e-01 -5.5937e-01
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O L
: Program Name: CaskDHist
: File Name: CaskDHist.c

: history from LS-DYNA output file

1
2

3

4:

5: Calculate cask rocking and sliding Iusr.ory using nodal displacement
6

7:

8: Author:

9

G.I. Ofoegbu
: Date: January 29 2002
10: System: ANSI € Compiler

A T T T T T T e B

#include <stdic.h>
: #include <stdlib.h>
: #include <string.h>
: #include <conie.h>
: #includé <math.h>

char* ResultFile = *M32\\m32Nodout”; // Update for each model case
£loat tStart = 10.0;

£loat zeroTime = 10.0;

int ERROREND = 1

int NORMALEND
int NumHiistNodes = 71;

// for m02: int NumHistNodes = 70;

int GetHist {FILE* Fout, int theBase, int theTop, iat padCenter};

void DumpAndQuit (char* s};

double CaskRock {double uBase, double vBase, double uTop, double vTop):
double CaskSlide {double uBase, double vBase, double uPad, double vPad};

main()

char mess{120];
chaz* jobname = {*m32"}: /7 Update for each model case
int base[) = (110701,118345,125086,131827,138568,145309,152050,158791};
int topl] = (110803,118447,125188,131929,138670,145411,152152,158893};
int i,theTop,theBase,theCask;
int padCenter = 165611;

// for m02: int padCenter = 110654;

Y

float xpos{} = (-7.5,7.5,-7.5,7.5,-7.5,7.5,-7.5,7.5);

float ypos{] = (-24.0,-24.0,-8.0,-8.0,8.0,8.0,24.0,24.0);
"/

char* outfile = {"jjjCiHis.txt"};

FILE* Fout;

for (i=0; i<8; i++)(
theBase = basel[i];
theTop
theCask = i+l;
sprintf (outfile, "%3sCH1dHis.txt", jobname, theCask);
Fout = fopen{outfile, "w"};
if (!Fout)
DumpAndQuit (strcat(“Unable to open output file *,outfile));
fprintf {Fout,
“Rocking and sliding displacement history for cask %d\n",theCask);
if (GetHist (Fout, theBase, theTop,padCenter} == ERROREND) (
sprinct (mess,
“Error encountered while reading history for cask %d",theCask);
DumpAndQuit (mess) ;

}
felose (Fout);
printf{*Working ... finished cask %d\n",theCask);
}
printf(*\nDone ... Press any key to end: *};
getch():
return(0):
)

int GetHist(FILE* Fout, int theBase, int theTop, imt padCenter}

char inpLine{160];

char® marker = {(*nodal
int i,node:

int topFound,baseFound,padFound;
float vx,vy,vz;

float ax,ay,az;

double time;

double ux,uy,uz;

double uTopl3]:

double uBasel3);

double uPad{3];

double sDisp;

double rangle;

FILE* Fin:

print out for time"};

8
: /v Open results file */

Fin = fopen(ResultFile,"r"):

if (1Fin) . .
DumpandQuit (strcat (*Unable to open input file ", ResultFile));

: /* Print heading information */

/*

1563

157 printf("No data found. Node=%d, time=%.4f\n*,

158;: theBase, time);

1693 return (ERROREND} ; .
160:

161 elve if (!topPound){

162 printf (*No data found. Nodez4d, time=%.4f\n",

163: theTop, time)

164 return (ERROREND) ;

165:

1662 else if (!padfound)(

167: printf("No data found. Nodes%d, time=%.4f\n",

168: padCenter , time);

169: return (ERROREND) ;

170:

171: sDisp = CaskSlide(uBase{0],uBase[1],uPad{0],uPad(1]);
172: rangle = CaskRock{uBase{0],uBase{l},uTop{0],uTop(1]});
173: fprintf (Fout, *%22.4£%15.2£%15.4E415 . 4E%15.4E415.4E\n” ,
174: time-tStart,

175: rangle;,

1762 3Disp*12.0,

177: (uBase[0)-uPad[0})*12.0,

178: (uBase{l])-uPadil1})*12.0,

179 (uBase{2]-uPad[2])*12.0

180: )y

181: )

182:

183:  felose(Fin);

184:  return (NORMALEND);

185: )

186:

187: double Caskslide(double ubase, double vbase, double upad, double vpad)
188:

189:  return( E

190: sqre(( pad) * { pad) + ( pad) * {vbase-vpad) )
191: )i

192:°)

193:

194: double CaskRock {double ubase, double vbase, double utop, double vtop)
195: {

196:  double pi; -

197 double rad;

199: double dr;

/* Read and print nodal-history results */

while (fgets(inpline,160,Fin)}
if {!strncmp(inpLine,marker,strlen(markexr}))(
1

Read and discard NumHistNodes+2 lines if time<zeroTime */

if (sscanf (&inpLine([106], "%1f*, &time}
printf{"Unable to extract curxent time from input line\n*):
zeturn (ERROREND) ;

if (time < zeroTime)(
for (i=0; i < NumHistNodes+2; i++}
fgets (inpLine,160,Fin);
continue;
)
Read and discard two lines, then read NumHistNodes input lines */
fgets (inpline, 160, Fin);
fgets (inpLine,160,Fin);
topFound = baseFound = padFound = 0;
for (i=0; i<NumHistNodes; i++}{
if (tfgets(inpLine,160,Fin)){
printf("Unexpected end of file.
return {ERROREND) ;

time=%.4f\n"  time);

i
1£ (sscanf (inpLine, *$Q%1E%1E8LEHERESERERERERTER LR~ E",
&node, &ux, &uy, kuz, &vx, &vy, &vz, kax,&ay,kaz) != 10){
printf (*Invalid input line. time=%.4f\n", time):
return { ERROREND) ;

}
if (node == theBase)(
baseFound = 1;

uBase [0] = ux;
uBase[1l] = uy;
uBase (2] = uz;

3
else if (node == theTop){
topFound = 1;

uTop[0] = uxs
uTop(l) = uy;
uTopl2] = uz;
else if (node == padCenter) (

padFound = 1
upadl0]

uPadfl1]

uPad(2] = uz;

}
)
if {!baseFound){

207: void DumpAndQuit (char™ s)

L)

i - $15s%155%155%15s\n", 200: . 208: {
fpnncfwm_x;,im:u(:t}k 1554155%155%158\n 2000 bt = 4.0vacant1.0); Sl st Cnvsn 8
“Rock (deg)® 202:  dr = CaskSlide(ubase,vbase,utop,vtop): printf(*Press any key to emd: *);
“Slide (im)* . 203:  rad = asin(dr/eL); getch{);
“ESlide (im)*. 204:  return(rad*180.0/pi); exit(1};
*NSlide {in)", 208: ) )
"URDisp {in)* Yi N 206:
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Program Name: NodeAHist
: File Name: NodeAHist.c - -

: Extract the acceleration history for a set of nodes
from history data in an LS-DYNA output file

i Author:

G.I. Ofoegbu
Date: February 2002
System: ANSI C Compiler

e e PSP TP P PPPT P
#include <stdioc.h>

#include <stdlib.h>

#include <string.h>

#include <math.h>

#pragma hdrstop
#include <cenic.h>

char* Resultfile(] = ("B22\\b22Nodout"};
FivaiWiese i AU }i // Update for each model case
double gAcc = 32.2;

float tStart = 10.0; *

£float zeroTime = 10.0;

int ERROREND =
int NORMALEND =
int NumHistNodes = 71; .

// for m0l: int NumHistNodes = 70;

©

int GetAccHist{int theNode, FILE* Fpout) ;
void DumpAndQuit{char* );

: main()

char* jobname = {"b22"};

char* nodeFile = ("cutNodes.txt®}; 4ﬁ
char* outfile = {“jjjal23456.his"};

char inpLline{100]};

int node; -

float x,y,z;

FILE* Fin;

FILE* Fout;

// Update for each model case

‘Se@ ;N..S‘e_,t

Fin = fopen(nodeFile,"r");
if (!Fin)

DumpaAndQuit (strcat(“Unable to open node file *,nodeFile)};
else

printf("Opened node file named %s\n", nodeFile);

while (fgets{inpLine,100,Fin))
if {sscanf(inpLine, "$%d %f %f %£",&node, &x, &y, &z) == 4){

sprintf{outfile, "%3sa%d.his", jobname,node) H
Fout = fopen{outfile, "w*};
i€ (!Fout)
DumpAndQuit(streat("Unable to open output file *,outfile));

Eprixlitf(Fcut,“%155%155%155%155\n',
"Time {s}*,"xAcc (g)","yAcc {g)", "zAcc gr=);

if (GetAccHist(node,Fout)
sprintf (inpLine,
“BError encountered while read:mg history for node %d*,
node) ;
DumpAndQuit {inpLine};
}

== ERROREND) {

felose{Fout);
printf("Working ... processed node %¥d\n", node) ;

printf (“\nbone
getch(};
return 0;

... Press any key to end: ");

);.m: GetAccHist(int theNode, FILE* Fout)
char inpLine[160);
char* marker = {* nod a l
int i,node, foundNode;
int k;
float time;
float ux,uy,uz;
float wvx,vy,vz;
float ax,ay,az;
FILE* Fin;

print cut for time";

o kl~is pagt

90
91:

/* Open results file #*/

92: for (k=0; k < NumResultPFile; k++)

93:
94:
95:
96z
97:

{
Fin = fopen{ResultFile(k],"r");
if (!Fin) .
DumpAndQuit (strcat("Unable to open input file *,ResultFile{k])};

98: /* Read and print nodal-history results *,

99:
100:
101:
102:
103:
104
105:

147:

148:
149:
150:
151:

152: void DumpAndQuit{char* s)
{

153:
154:
155:
156:
157:
158:
159:

}

}

while (fgets(inpLine,160,Fin})
if (!strncmp(inpline,marker,strlen(marker))) {
if (sscanf(&inpLine(106),"%£",&time) t= 1){
printf{"Unable to extract current time from input line\n*);
return{ERROREND) ;
}

/* Read and discard NumHistNodes+2 lines if time<zeroTime *,

if (time < zerosze)(

for (i=0; i < NumHistNodes+2; i++}
fgets(inpLine, 160,Fin);
continue;
}
’* Read and discard two lines, then read NumHistNodes input lines *,

fgets (inpLine,160,Fin);
fgets{inpLine, 160,Fin);
foundNode = 0;
for {i=0; i<MumHistNodes; i++){
if (!fgets{inpLine,160,Fin}}{
printf{"Unexpected end of file. Node=%d, time=%.4f\n",
theNode, time};
return (ERROREND) ;

if (sscanf(inpLine, "SdSE4fHEYERERERERESER*ER ER#E",
&node, &ux, kuy, kuz, &vx, &vy, &vz, &ax, kay, kaz) = 10){
printf(*Invalid input line. Node=%d, time=%. 4f\n",
theNode, time) ;
return (ERROREND) ;

if (node == theNode) {
ax /= gAcc;
ay /= gAcc;
az /= gAcc;
fprintf(Fout, "$15.4E%15.4E%15.48%15.4E\n",
time-tStart,ax,ay,az);
foundNode = 1;
}
1
if (!foundNode) {
printf{*No data Eound Node=%d, time=%.4f\n", theNode,time);

Fﬂ"@ ouTNodes. txt

fclose(Fin);

return (NORMALEND) ;

pr;ntf('\n%s\n",s);
printf(“Press any key to end:
getch();

exit(1);
Acceleration history plotted for the following nodes $
NODE X Y 2
Top of pad at model center
16561 0. 0. 0
Base of pad at model center )
}65566 0. 0. -3.00000000000
Soil surface below pad at model center
330 0. 0. -3.00000000000
Mldpclnt of East edge of pad
165586 15.0000000000 0. 0.
Midpoint of north edge of pad
165592 33.5000000000 0.
Free-field point along easr_ axis
3654 120.000000000 0. 0.

Free-field point along north axis
5214 . 140.000000000
Point within SSI zone along east axis beyond east edge of pad
3598 40.0000000000 -0.222044604925E-14
Point within SSI zone along north axis beyond north edge of pad
0. 60.0000000000

b2
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Element Managers are requested to put the following statement at the conclusion of "manual® Scientific
.. Notebooks:

"I have reviewed this scientific notebook and find it in compliance with QAP-001. There is sufficient

— information regarding procedures used for conducting tests, acquiring and an lyzing data so that another
qualified individual could repeat the activity. :
g —30-0y e

(Element Manager signature and date above line,
- Name of Element beneath line)"
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