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ABSTRACT

The concept of the structural seismic design has gradually been changed from ductility design
to performance design. And the desire for the intelligent structures is progressively growing. The
structural health monitoring system is the key to maintain the safety and reliability of the structure
in the structural life cycle. Therefore, during the recent two decades, more attentions are focus on
the structural health monitoring related studies by the seismic engineering researchers. In an ideal
structural health monitoring system, the damage detection subsystem dominates the safety and
maintenance functions of the structure. When a structure is damaged because of the degradation of
material or the excitation impact, a well-organized structural damage detection system is capable of
making a warning when damage(s) occurred according to the measured information on the structure.
Besides, the system can identify the damage location(s) and evaluate the extent(s) of the damage(s).
The information from the damage detection system is the basis for the maintenance workers to
make the appropriate treatments to the structure.

Taiwan is located on the fault area where the earthquakes are frequently occurred. The
earthquake events that happened to this island usually exceed hundreds in every year. When an
earthquake with higher intensity excites a structure, the structure may have nonlinear behavior. The
nonlinear behavior of a structure system is usually the key point to the safety of the structure. With
more accurate identification of the nonlinear structure system, the response of the nonlinear system
can be more accurately analyzed and predicted to reduce the misgivings of structural safety when
the structure suffers a larger excitation.

Consequently, cooperating with the integrated project of NCSD that is originated by Prof. Loh,
a three-year subproject that is drafted by the author will focus efforts on two major topics: the
development of the structural damage detection system; and the identification of the nonlinear
behavior of the structure system. With the studies in two topics, a frame of the structural health
monitoring system is anticipant to be established. The ANN is used as a tool to develop the
nonlinear SI model, damage detection approach, and condition assessment method in this subproject.
This proposal is the description about the first year study of the

three-year subproject.

Keywords : intelligent structure, health monitoring, damage detection, system identification,

structural nonlinear response, artificial neural networks
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% 4.1 Benchmark A #£3] ens 438538 P

Test Excitation case PGA Direction Output File Name
No. (ideal)
Al Random 50 X-dir. / Strong Dir. | Random-S-50 X.txt
A2 Random 100 X-dir. / Strong Dir. | Random-S-100 X.txt
A3 El Centro NS 100 X-dir. / Strong Dir. | ELC-S-100 X.txt
A4 El Centro NS 200 X-dir. / Strong Dir. | ELC-S-200 X.txt
AS ChiChi/TCUO76/NS 50 X-dir. / Strong Dir. | TCU076-S-50 X.txt
A6 ChiChi/TCUO76/NS 100 X-dir. / Strong Dir. | TCU076-S-100 X.txt
A7 ChiChi/TCUO82/NS 50 X-dir. / Strong Dir. | TCU082-S-50 X.txt
A8 ChiChi/TCUO082/NS 100 X-dir. / Strong Dir. | TCU082-S-100 X.txt
A9 Random 50 Y-dir. / Weak Dir. | Random-W-50 Y.txt
Al0 Random 100 Y-dir. / Weak Dir. | Random-W-100 Y.txt
All El Centro NS 50 Y-dir. / Weak Dir. | ELC-W-50 Y.txt
Al2 El Centro NS 100 Y-dir. / Weak Dir. | ELC-W-100 Y.txt
Al3 ChiChi/TCUOQ76/NS 50 Y-dir. / Weak Dir. | TCU076-W-50 Y.txt
Al4 ChiChi/TCUQ76/NS 100 Y-dir. / Weak Dir. | TCU076-W-100_Y.txt
Al5 ChiChi/TCUO82/NS 50 Y-dir. / Weak Dir. | TCU082-W-50 Y.txt
Al6 ChiChi/TCUO82/NS 100 Y-dir. / Weak Dir. | TCU082-W-100_Y.txt
% 4.2 Benchmark A $£3) ezt i858 p
Al7 El Centro NS 300 X-dir. / Strong Dir. | ELC-S-300 X.txt
Al8 Random 50 X-dir. / Strong Dir. | Random-S1 X.txt
Al9 El Centro NS 500 X-dir. / Strong Dir. | ELC-S-500 X.txt
A20 Random 50 X-dir. / Strong Dir. | Random-S2 X txt
A21 El Centro NS 1000 X-dir. / Strong Dir. | ELC-S-1000 X.txt
A22 Random 50 X-dir. / Strong Dir. | Random-S3 X.txt
A23 El Centro NS 1500 X-dir. / Strong Dir. | ELC-S-1500 X.txt
A24 Random 50 X-dir. / Strong Dir. | Random-S4 X.txt
A25 El Centro NS 1000 X-dir. / Strong Dir. | ELC-S-1000-HPF0.5 X.txt
A26 Random 50 X-dir. / Strong Dir. | Random-S5 X.txt
A27 El Centro NS 1200 X-dir. / Strong Dir. | ELC-S-1200-HPF0.5 X.txt
A28 Random 50 X-dir. / Strong Dir. | Random-S6 X.txt




% 4.3 Benchmark B #3] sns (438538 P

Test Excitation case PGA Direction Output File Name

No. (ideal)

B1 Random 50 X-dir. / Weak Dir. | Random-X-50 X.txt

B2 Random 100 X-dir. / Weak Dir. | Random-X-100 X.txt

B3 El Centro NS 50 X-dir. / Weak Dir. | ELC-X-50 X.txt

B4 El Centro NS 100 X-dir. / Weak Dir. | ELC-X-100 X.txt

BS5 ChiChi/TCUO76/NS 50 X-dir. / Weak Dir. | TCU076-X-50 X.txt

B6 ChiChi/TCUO76/NS 100 X-dir. / Weak Dir. | TCU076-X-100 X.txt

B7 ChiChi/TCUO082/NS 50 X-dir. / Weak Dir. | TCU082-X-50 X.txt

B8 ChiChi/TCUO082/NS 100 X-dir. / Weak Dir. | TCU082-X-100 X.txt

B9 Random 50 Y-dir. / Strong Dir. | Random-Y-50 Y.txt

B10 Random 100 Y-dir. / Strong Dir. | Random-Y-100 Y.txt

Bll El Centro NS 50 Y-dir. / Strong Dir. | ELC-Y-50 Y.txt

B12 El Centro NS 100 Y-dir. / Strong Dir. | ELC-Y-100 Y.txt

B13 ChiChi/TCUQ76/NS 50 Y-dir. / Strong Dir. | TCU076-Y-50 Y.txt

B14 ChiChi/TCUO76/NS 100 Y-dir. / Strong Dir. | TCU076-Y-100 Y.txt

B15 ChiChi/TCUO82/NS 50 Y-dir. / Strong Dir. | TCU082-Y-50 Y.txt

B16 ChiChi/TCUO082/NS 100 Y-dir. / Strong Dir. | TCU082-Y-100 Y.txt
# 4.4 Benchmark B #-3] ezt E %8 p

B17 ChiChi/TCUO082/NS 100 X-dir. / Strong Dir. | TCU082-X-100-2 X.txt

B18 Random 50 X-dir. / Strong Dir. | Random-X1 X.txt

B19 ChiChi/TCUO082/NS 1000 X-dir. / Strong Dir. | TCU082-X-1000 X.txt

B20 Random 50 X-dir. / Strong Dir. | Random-X2 X.txt

B21 ChiChi/TCUO82/NS 500 X-dir. / Strong Dir. | TCU082-X-500 X.txt

B22 Random 50 X-dir. / Strong Dir. | Random-X3 X.txt

B23 ChiChi/TCUO082/NS 300 X-dir. / Strong Dir. | TCU082-X-300 X.txt

B24 Random 50 X-dir. / Strong Dir. | Random-X4 X.txt

B25 ChiChi/TCUO082/NS 100 X-dir. / Strong Dir. | TCU082-X-100-E_X.txt

B26 Random 50 X-dir. / Strong Dir. | Random-X5 X.txt




% 4.5 Benchmark Cl -3 e 4 :85% 78 B

Test Excitation case PGA Direction Output File Name
No. (ideal)
Cl1 Random 50 X-dir. / Weak Dir. | Random X 50 X.txt
C2 Random 100 X-dir. / Weak Dir. | Random X 100 X.txt
C3 El Centro NS 50 X-dir. / Weak Dir. | ELC X 50X.txt
C4 El Centro NS 100 X-dir. / Weak Dir. | ELC X100 X.txt
C5 ChiChi/TCUO76/NS 50 X-dir. / Weak Dir. | TCU076 X 50 X.txt
C6 ChiChi/TCUO76/NS 100 X-dir. / Weak Dir. | TCU076 X 100 X.txt
C7 ChiChi/TCU082/NS 50 X-dir. / Weak Dir. | TCU082 X 50 X.txt
C8 ChiChi/TCUO082/NS 100 X-dir. / Weak Dir. | TCU082 X 100 X.txt
C9 Random 50 Y-dir. / Strong Dir. | Random Y 50 Y.txt
C10 Random 100 Y-dir. / Strong Dir. | Random Y 100 Y.txt
Cl1 El Centro NS 50 Y-dir. / Strong Dir. | ELC Y 50 Y.txt
C12 El Centro NS 100 Y-dir. / Strong Dir. | ELC Y 100 Y.txt
C13 ChiChi/TCUQ76/NS 50 Y-dir. / Strong Dir. | TCU076 Y 50 Y.txt
Cl14 ChiChi/TCUO76/NS 100 Y-dir. / Strong Dir. | TCU076 Y 100 Y.txt
CI15 ChiChi/TCUO082/NS 50 Y-dir. / Strong Dir. | TCUO082 Y 50 Y.txt
Cl16 ChiChi/TCUO082/NS 100 Y-dir. / Strong Dir. | TCU082 Y 100 Y.txt
# 4.6 Benchmark D #73] (R %H) a5 P
Test Excitation case PGA Direction Output File Name
No. (ideal)
Dl Random 50 X-dir. / Weak Dir. | Random-X-50 X.txt
D2 Random 100 X-dir. / Weak Dir. | Random-X-100 X.txt
D3 El Centro NS 50 X-dir. / Weak Dir. | ELC-X-50 X.txt
D4 El Centro NS 100 X-dir. / Weak Dir. | ELC-X-100 X.txt
D5 ChiChi/TCUO76/NS 50 X-dir. / Weak Dir. | TCU076-X-50 X.txt
D6 ChiChi/TCUO76/NS 100 X-dir. / Weak Dir. | TCU076-X-100 X.txt
D7 ChiChi/TCUO082/NS 50 X-dir. / Weak Dir. | TCU082-X-50 X.txt
D8 ChiChi/TCUO082/NS 100 X-dir. / Weak Dir. | TCU082-X-100 X.txt
D9 Random 50 Y-dir. / Strong Dir. | Random-Y-50 Y.txt
D10 Random 100 Y-dir. / Strong Dir. | Random-Y-100 Y.txt
D11 El Centro NS 50 Y-dir. / Strong Dir. | ELC-Y-50 Y.txt
D12 El Centro NS 100 Y-dir. / Strong Dir. | ELC-Y-100 Y.txt
D13 ChiChi/TCUO76/NS 50 Y-dir. / Strong Dir. | TCU076-Y-50 Y.txt
D14 ChiChi/TCUO76/NS 100 Y-dir. / Strong Dir. | TCU076-Y-100_Y.txt
D15 ChiChi/TCUO082/NS 50 Y-dir. / Strong Dir. | TCU082-Y-50 Y.txt
D16 ChiChi/TCUO082/NS 100 Y-dir. / Strong Dir. | TCU082-Y-100 Y.txt




# 4.7 Benchmark D 3] (4e » £33 4% 2 ) eha |85k E P

Test Excitation case PGA Direction Output File Name
No. (ideal)
D17 Random 50 X-dir. / Weak Dir. | Random-X-50 X.txt
D18 Random 100 X-dir. / Weak Dir. | Random-X-100 X.txt
D19 El Centro NS 50 X-dir. / Weak Dir. | ELC-X-50 X.txt
D20 El Centro NS 100 X-dir. / Weak Dir. | ELC-X-100 X.txt
D21 ChiChi/TCUO76/NS 50 X-dir. / Weak Dir. | TCU076-X-50 X.txt
D22 ChiChi/TCUO76/NS 100 X-dir. / Weak Dir. | TCU076-X-100 X.txt
D23 ChiChi/TCU082/NS 50 X-dir. / Weak Dir. | TCU082-X-50 X.txt
D24 ChiChi/TCUO082/NS 100 X-dir. / Weak Dir. | TCU082-X-100 X.txt
D25 Random 50 Y-dir. / Strong Dir. | Random-Y-50 Y.txt
D26 Random 100 Y-dir. / Strong Dir. | Random-Y-100 Y.txt
D27 El Centro NS 50 Y-dir. / Strong Dir. | ELC-Y-50 Y.txt
D28 El Centro NS 100 Y-dir. / Strong Dir. | ELC-Y-100 Y.txt
D29 ChiChi/TCUQ76/NS 50 Y-dir. / Strong Dir. | TCU076-Y-50 Y.txt
D30 ChiChi/TCUO76/NS 100 Y-dir. / Strong Dir. | TCU076-Y-100 Y.txt
D31 ChiChi/TCUO082/NS 50 Y-dir. / Strong Dir. | TCU082-Y-50 Y.txt
D32 ChiChi/TCU082/NS 100 Y-dir. / Strong Dir. | TCU082-Y-100 Y.txt
% 4.8 Benchmark D #£3] (4c » 3635 4% 2 ) enzbs 4R850 P
D33 ChiChi/TCUO082/NS 100 X-dir. / Strong Dir. | TCU082-X-100-2 X.txt
D34 Random 50 X-dir. / Strong Dir. | Random-X1 X.txt
D35 ChiChi/TCUO082/NS 1000 X-dir. / Strong Dir. | TCU082-X-1000 X.txt
D36 Random 50 X-dir. / Strong Dir. | Random-X2 X.txt
D37 ChiChi/TCU082/NS 500 X-dir. / Strong Dir. | TCU082-X-500 X.txt
D38 Random 50 X-dir. / Strong Dir. | Random-X3 X.txt
D39 ChiChi/TCUO082/NS 300 X-dir. / Strong Dir. | TCU082-X-300 X.txt
D40 Random 50 X-dir. / Strong Dir. | Random-X4 X.txt
D41 ChiChi/TCUO082/NS 100 X-dir. / Strong Dir. | TCU082-X-100-E_X.txt
D42 Random 50 X-dir. / Strong Dir. | Random-X5 X.txt

Note: Nonlinear test (with weak element at the bottom of 1F)




# 4.9 Benchmark A 584 G rir B2 5 frll b (A BF 2w 5 X w)

Rk g FE R HE K FE R L B OARAE =

8.0577 0.0019 8.0578

6.4015 0.0305 6.4045 LA G A
Al 4.5022 0.0018 4.5022

1.3480 0.0181 1.3482

8.0560 0.0019 8.0560

6.4464 0.0144 6.4470 ARG A
A2 4.5006 0.0018 4.5006

1.3458 0.0193 1.3461

8.0574 0.0018 8.0574

6.3960 0.0067 6.3961 LA G A
= 4.5016 0.0018 4.5016

1.3498 0.0238 1.3502

8.0533 0.0019 8.0533

6.3755 0.0044 6.3756 AL G A
A6 4.4967 0.0017 4.4967

1.3466 0.0243 1.3470

2.0646 0.0339 2.0658 FE LA G A

8.0532 0.0019 8.0532

6.3736 0.0136 6.3741 AL G A
A 4.4994 0.0019 4.4994

1.3420 0.0225 1.3424

8.0474 0.0023 8.0474

6.2695 0.0063 6.2696 -l B S
A8 4.4917 0.0024 4.4917

1.3330 0.0242 1.3334




# 4.10 Benchmark A {34 Gaep 4778 2 Ffelek (A BF 2w 5 Y 9 )

R 5 PR AE FER b pOARAR AL

A9
6.4219 0.0164 6.4227 B OB
5.1420 0.0018 5.1420

A10
3.3040 0.0018 3.3040
1.0806 0.0155 1.0807
5.1406 0.0024 5.1406

Al13 3.3025 0.0019 3.3025
1.0871 0.0251 1.0874
5.1387 0.0023 5.1387

Al4 3.2990 0.0021 3.2990
1.0783 0.0200 1.0785
6.4121 0.0010 6.4121 AL AT A
5.1419 0.0019 5.1419

AlS
3.3035 0.0019 3.3036
1.0852 0.0197 1.0854
6.3868 0.0042 6.3868 B OFR
5.1389 0.0018 5.1389

Al6
3.3001 0.0019 3.3001
1.0786 0.0177 1.0787




# 4.11 Benchmark A §#g# Giepe s 47 o7@ 2 ek (22 &2 e 5 X w )

Rk g PR HE K FE R b B OZRAE =
8.0477 0.0019 8.0477
A18 4.4911 0.0022 44911
1.3420 0.0192 1.3422
1.3383 0.0195 1.3386
A20 4.4851 0.0023 4.4851
8.0415 0.0022 8.0415
1.3316 0.0194 1.3319
4.4745 0.0025 4.4745
A22
8.0341 0.0021 8.0341
6.2660 0.0322 6.2693 LA G A
8.0339 0.0022 8.0339
6.3978 0.0364 6.4020 LA G A
Azd 4.4750 0.0024 4.4750
1.3304 0.0206 1.3306
8.0312 0.0021 8.0313
6.4265 0.0428 6.4324 FAELL A 3R
A28 4.4725 0.0023 4.4725
1.3293 0.0194 1.3296
8.0282 0.0022 8.0283
6.5218 0.0307 6.5249 LA G A
A28 4.4700 0.0022 4.4700
1.3277 0.0190 1.3279




# 4.12 Benchmark B §#g#! Gipepe s 47 o7@ 24 el kb (228 BF 2w 5 X w )

Rk g PR HE K FE R b B OZRAE =

7.2910 0.0398 7.2967 FE LA G A
5.1167 0.0016 5.1167

bl 3.2631 0.0016 3.2631
1.0853 0.0336 1.0859
5.1112 0.0017 5.1112

B2 3.2585 0.0018 3.2585
1.0826 0.0328 1.0831
5.1175 0.0014 5.1175

B5 3.2622 0.0015 3.2622
1.0735 0.0242 1.0738
5.1146 0.0016 5.1146

B6 3.2592 0.0017 3.2592
1.0698 0.0223 1.0701
5.1158 0.0015 5.1158

BT 3.2604 0.0015 3.2604
1.0709 0.0220 1.0712
5.1150 0.0015 5.1150

B8 3.2592 0.0016 3.2592
1.0700 0.0234 1.0703




% 4.13 Benchmark B {34! Gipepe s 47 7@ 2 F{ele kb (M BF 2w 5 Y 9 )

Rk PR B FE R b poARAE # 3L
8.1704 0.0017 8.1704
7.4651 0.0088 7.4654 FEY DG
o1 4.6779 0.0017 4.6780
1.3975 0.0192 1.3977
8.1683 0.0017 8.1683
B3 7.3932 0.0018 7.3932
4.6755 0.0016 4.6755
1.3950 0.0177 1.3952
8.1602 0.0017 8.1602
- 7.4293 0.0016 7.4293
4.6689 0.0018 4.6689
1.3887 0.0184 1.3890
8.1685 0.0018 8.1686
7.4446 0.0008 7.4446
b1 4.6766 0.0015 4.6766
1.3913 0.0186 1.3915
8.1595 0.0019 8.1595
7.4320 0.0021 7.4320
o1 4.6691 0.0018 4.6691
1.3862 0.0188 1.3865




4 4.14 Benchmark B 5#f4 fg i 479718 245 F ek (2L&4 >

REs o n X )

Rk g FE R HE K FE R L B OARAE =

7.2231 0.0249 7.2253 FE LA G A
5.1122 0.0017 5.1122

B17
3.2572 0.0019 3.2572
1.0715 0.0192 1.0717
7.4264 0.0082 7.4267 B LA G
5.1155 0.0015 5.1155

B18
1.0734 0.0207 1.0737
3.2602 0.0016 3.2602
7.4388 0.0060 7.4389 FE LA G A
5.1093 0.0014 5.1093

B20 1.0611 0.0213 1.0613
2.3377 0.0295 2.3387
3.2473 0.0016 3.2473
7.4401 0.0049 7.4402 B G
5.1092 0.0015 5.1092

B22 2.3364 0.0348 2.3378
1.0598 0.0199 1.0600
3.2466 0.0016 3.2466
7.4390 0.0054 7.4391 AL G A
5.1091 0.0014 5.1091

B24 3.2462 0.0016 3.2462
2.3364 0.0402 2.3383
1.0600 0.0199 1.0602
7.4489 0.0042 7.4490 - S e
5.1092 0.0014 5.1092

B26 1.0603 0.0196 1.0605
2.3474 0.0421 2.3495
3.2464 0.0016 3.2464




% 4.15 Benchmark Cl §#p# Gipepe s 477 @ 245 Ffelek (A BF 2w 5 X P )

Rk g PR HE K FE R b B OZRAE =

5.1411 0.0018 5.1411

Cl 3.2679 0.0020 3.2679
1.0769 0.0227 1.0772
5.1379 0.0017 5.1379

C2 3.2647 0.0020 3.2647
1.0744 0.0205 1.0747
5.1366 0.0017 5.1366

Ch 3.2627 0.0020 3.2627
1.0719 0.0197 1.0721
7.2969 0.0310 7.3004 LA G A
5.1341 0.0018 5.1341

C6 3.2586 0.0021 3.2586
2.3171 0.0078 2.3172
1.0669 0.0192 1.0671
7.3161 0.0201 7.3176 -l B S
5.1359 0.0017 5.1359

¢ 3.2624 0.0019 3.2624
1.0725 0.0210 1.0727
7.2599 0.0152 7.2608 LA G A
5.1325 0.0018 5.1325

C8 3.2591 0.0019 3.2591
2.3002 0.0392 2.3019
1.0677 0.0204 1.0679




% 4.16 Benchmark Cl 534 Gapepe s 47 o7@ 25 Ffolek (A BF 2w 5 Y 9 )

Rk g PR HE K FE R b B OZRAE =
8.2122 0.0019 8.2122
7.3592 0.0082 7.3594
C10 4.6607 0.0019 4.6607
2.3696 0.0366 2.3712
1.4038 0.0187 1.4041
8.2082 0.0020 8.2082
7.3695 0.0047 7.3696
I3 4.6569 0.0020 4.6569
1.3984 0.0180 1.3986
8.2008 0.0020 8.2008
7.3284 0.0085 7.3287
Cl4 4.6487 0.0021 4.6487
1.3914 0.0175 1.3916
2.3854 0.0235 2.3860
8.2035 0.0019 8.2035
7.3468 0.0043 7.3469
th 4.6510 0.0017 4.6510
1.3935 0.0170 1.3937
8.1914 0.0017 8.1915
7.3315 0.0054 7.3316
C16 4.6389 0.0022 4.6389
2.5540 0.0472 2.5568
1.3868 0.0179 1.3870




% 4.17 Benchmark D g4 5 g o 45978 2 45 Ffore 2 (D1~D8)

Rk g PR HE K FE R b B OZRAE =

7.3444 0.0116 7.3449 FE LA G A
5.1227 0.0013 5.1227

bl 3.2444 0.0016 3.2444
1.0575 0.0168 1.0576
1.0571 0.0166 1.0572
2.2892 0.0121 2.2894

D2 3.2425 0.0015 3.2425
5.1207 0.0015 5.1207
7.2227 0.0367 7.2276 B A G
7.2907 0.0098 7.2911 LA G A
5.1184 0.0016 5.1184

D5 3.2389 0.0016 3.2389
1.0573 0.0182 1.0575
2.2709 0.0341 2.2723 AL G A
7.3554 0.0220 7.3572 B LA G
5.1150 0.0019 5.1151

D6 3.2346 0.0018 3.2346
2.2597 0.0147 2.2600
1.0568 0.0220 1.0570
7.3278 0.0153 7.3286 AL G A
5.1168 0.0016 5.1168

D7 3.2371 0.0018 3.2371
2.2590 0.0342 2.2603
1.0568 0.0164 1.0569
7.2599 0.0152 7.2608 LA G A
5.1325 0.0018 5.1325

D8 3.2591 0.0019 3.2591
2.3002 0.0392 2.3019
1.0677 0.0204 1.0679




% 4.18 Benchmark D g4 (5 g4 59718 2 4 Ffore 2 (D9~D16)

Rk g FE R HE K FE R L B OARAE =
8.1407 0.0016 8.1407
7.3211 0.0080 7.3213
D10
4.6137 0.0017 4.6137
1.3807 0.0181 1.3809
1.3710 0.0166 1.3712
4.6030 0.0016 4.6030
b13 7.2574 0.0091 7.2577
8.1316 0.0018 8.1316
8.1244 0.0022 8.1244
7.1938 0.0119 7.1943
D14 4.5979 0.0020 4.5979
2.2755 0.0119 2.2756
1.3660 0.0164 1.3662
8.1263 0.0024 8.1263
7.3195 0.0007 7.3195
D15 4.6004 0.0017 4.6004
2.2782 0.0098 2.2783
1.3686 0.0145 1.3688
8.1138 0.0025 8.1138
7.3100 0.0016 7.3100
D16 4.5896 0.0025 4.5897
2.2846 0.0018 2.2846
1.3622 0.0139 1.3623




% 4.19 Benchmark D g4 5 e o 474718 2 45 F o 2 (D17~D24)

Rk g FE R HE K FE R L B OARAE =

7.1774 0.0108 7.1779
5.0832 0.0016 5.0832

D18
3.1783 0.0018 3.1784
1.0272 0.0273 1.0276
7.2643 0.0111 7.2648 B LA G
5.0859 0.0015 5.0859

D21 3.1804 0.0015 3.1804
1.0293 0.0209 1.0295
2.2835 0.0383 2.2852
7.2949 0.0261 7.2974 LA G A
5.0821 0.0019 5.0821

D22 3.1760 0.0019 3.1760
2.2612 0.0103 2.2613
1.0271 0.0172 1.0272
7.2446 0.0119 7.2451 FEL A3 R
5.0837 0.0015 5.0837

D23
3.1789 0.0017 3.1789
1.0295 0.0195 1.0297
5.0808 0.0018 5.0808
3.1752 0.0021 3.1752

D24
2.3570 0.0383 2.3587
1.0336 0.0211 1.0338




% 4.20 Benchmark D g4 5 g o 459718 2 45 F o 2 (D25~D32)

Rk g FE R HE FE R bt B AR & %
. 7.6515 0.0275 7.6544
D25
3.8146 0.0622 3.8220
. 7.6385 0.0213 7.6402
D26°
3.9347 0.0568 3.9411
7.3104 0.0109 7.3109
D29° 42770 0.0311 4.2790
2.5269 0.0997 2.5395
7.2541 0.0141 7.2548
D30° 4.1514 0.0323 4.1536
2.3520 0.0251 2.3528
7.3145 0.0008 7.3145 B 3G
) 5.1809 0.0220 5.1822
D31
3.5150 0.0372 3.5175
2.3200 0.0425 2.3221
7.3075 0.0008 7.3075
) 5.1988 0.0246 5.2004
D32
3.4413 0.0238 3.4423
2.3075 0.0222 2.3080
AT — B ATk o




% 4.21 Benchmark D g4 5 e o 479718 2 45 F o 2 (D33~D42)

Rk g FE R HE K FE R L B OARAE =
7.2666 0.0037 7.2666 FE LA G A
5.0776 0.0020 5.0776
D33 3.1671 0.0027 3.1671
2.1677 0.0102 2.1678
1.0227 0.0134 1.0228
7.1606 0.0087 7.1609
4.9647 0.0059 4.9648
D35°
2.9765 0.0333 2.9781
2.2472 0.0773 2.2539
7.0769 0.0132 7.0775 LA G A
. 5.0239 0.0021 5.0239
D37
3.0616 0.0183 3.0621
2.3657 0.0449 2.3681
7.2344 0.0026 7.2344
5.0595 0.0021 5.0595
D39 3.1088 0.0100 3.1089
2.2700 0.0299 2.2710
0.9889 0.0365 0.9895
7.2533 0.0016 7.2533 LA G A
5.0641 0.0030 5.0642
D41 3.1554 0.0027 3.1554
2.2530 0.0156 2.2533
1.0061 0.0224 1.0064

oA - B F ARSIk .
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