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ABSTRACT

Generally, passive energy dissipation devices are considered to be safe enough
during earthquakes and still function after major earthquakes. Until recently, such a
belief is beginning to wane due to a series of failure events of passive energy
dissipation devices during the historical great earthquake of East Japan in 2011. These
events have warned us that dampers and its connection with the structural frame can
be damaged by catastrophic earthquakes beyond the considered level. In fact, the steel
dampers are designed to dissipate seismic energy purposely by material yielding.
Experiencing large plastic deformation under major earthquakes, the steel dampers
may have ductile failures due to the ultra-low-cycle faitigue. On the other hand, under
minor earthquakes, the yielded steel components might lose the capability of energy
dissipation due to damage accumulation.

Therefore, the dampers should be examined and evaluated after earthquakes, and
the decision should be made whether or not to replace the yielded dampers. It is very
important to study the damage evolution of mild steel dampers in both material and
component levels.

In this thesis, based on the physical experiments and numerical simulations, the
damage model in material level of steel dampers and the damage index in component
level are studied. And the damage mechanism and damage development of steel
dampers is explored, a damage index is proposed to evaluate the steel dampers after
earthquakes.

(1) A X-shape mild steel damper, which may yield at any section along the
height, is designed. The uniaxial tensile tests of two specimens are conducted to
provide real stess-strain cruve for numerical simulation.

(2) In order to study the damage development of steel dampers, the Pseudo-static
tests of six steel dampers are carried out under cyclic loading and monotonic loading.
Based on the analysis of strain, displacement and hysteretic curve of dampers, the
damage evolution and energy dissipation capacity of dampers are investigated, and
the simplified restoring force model is established.

(3) Based on micro-scale damage void growth model, numerical simulations of
dampers under cyclic loading are carried out to explore the damage development of
steel dampers, damage evolution and damage severity of dampers are determined by
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the numerical simulation.

(4) The corresponding relations between damage severity and the damage
appearance of mild steel dampers are studied. Then, three damage indexes in
component level are compared. Based on the simulation and experiment results, the
corresponding relation between damage index and damage severity is established.

(5) Combining the damage research in both material level and component level,
this thesis explores the preliminary evolution rules of damage in two levels, which
provides the theoretical support for component-level damage assessment. Finally, the
damage assessment and damage model of steel dampers in component level are

proposed.

Key Word: X-shape mild steel daper, ultra-low-cycle fatigue, ductile fracture,

damage evolution, pseudo static test
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5.4.1 GERESKRIFEE

5.1 PONRHJE A% J1-0r 58 i 25

5.4 IR BN 45 1R AL T

BRANRELJE 253 W58 e 3900 ™ B 55140 R O BHL 8 35 R B8R , 3l i xeh 2 = &N A
BELJ a1 28t a6 m] AAS 225 2R I B R A% K RBURERE , 03K 5.2 B
& 5.2 BB A A RN 5 BB

VIR BORBIR Ay (mm) | BB EERE [ dE, (N.m)
M-1 CHRIEnED 100.84 4984.43
V-1 (n=1 2208 n#) 89.47 92713.48
V-2 (n=3 AZIE ) 70.72 117661.27
V-3 (n=5 “ZIE ) 69.64 153896.71
V-4 (n=7 “Z0E nE) 66.78 252009.33
C-1 CHEIEMED 75.07 342930.27

VE: BEMRALFE A =3.15mm; JEIRATE A | =29.4kN

(1)  Park-Ang W ZHUE M S50 2

BHRE D=1 LS AR, £ 54, %X EU D=1, "L

(SR ACIREAE - 2 ES A8
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mfﬂﬁﬂ

jdEh (5.10)

ﬂ =
2% FE BN RE JE 23 M) A R AR FRAR S SE 4, R EH BON B R RS W, 78
A 5.4, XL D=1, 7] LIS EHEFRAE S MR 44 1 viir (R RE BE 2 R A0 .
RS R IR 5.3,
7% 5.3Park-Ang iR S K 2

NG TR L Gu 53 1ED L Gu 5.4 15D
V-1 (n=1 ZZME ) 0.00626 0.00361
V-2 (n =3 A% 0.01311 0.00756
V-3 (n=5Z8MEIN#) 0.01003 0.00598
V-4 (n =7 ZEMEIN%E) 0.00657 0.00367
C-1 CHTEInZED 0.00342 0.00196
34 0.00793 0.00459
AP 5 2 0.47288 0.48148

VE: BEIRALFE A =3.15mm; JEARATE F, =29.4kN

H1# 5.3 AT 1) fial 5.3 T34 BT Rl FE RE R M R AL 5.4 1HRAS 5
(1035 [ FE RE SR R EUK, 1K 2 FH TR 4 B4 S o i [l 14 e -5 R AL 580 8 {1 3 ] 1P e A
FERRZES . 2) SRR FERE 2 R AR B S, X2 B T4
BN T 1 i KRB R R AL, (B2 A F V-2 i KRS IRAE 630 1T =Rk,
H — R KR ETE P 45 TR AL, HAR P RIEEIE A BCE /&N B
X FEARAS 1 X P RIEA A4 1] -

(2)  Usami &8 S50 €

M 5.5 FRT LA H, Usami #81255 T Park-Ang 154! & Krawinkler-Zhorei
BRSHI R . Me>1, KA 7B E T IEZMEH S, B R BK
IEPEAR TN IR AR T X6} 5 A6 1 1 s ey B R ke &6 5, (RIS S5 8 21 1 il
IR, 25 T IR KRR TE VR IR AL E 1.

TEARCH, B AEA 2, RN T RIBYEARTE AN IR PR AR T 0 S5 e 40 47 5 e B
KEFREG LR, R4 5.5 %080 D=1, R[5 3] Usami £ ) 57 — AR
ZH P . BAHRERINE 5.4,

K 5.4Usami 1 S50
WS | V-1 | V2 | V3| V4 | G-l | T | BRAK
HERKP | 018 | 027 | 023 | 0.14 | 0.09 | 0.18 0.35
M 5.4 A 1D [F] Park-Ang BERURAL, A& REBOVEHEL XTIREK
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A% BB R IR AT BRI 2 MG R s 2) M THI& T IEE A s,
Usami BRI G R L A7 KRBV A1) Park-Ang 8 1 [RIFERE R
Wi R AL B IR RN, BEEURRELAR.
(3) Krawinkler-Zhorei ¥ 7 Z ¥#f 72

X 59 K& 510 1, 2710 D=1, BIn]1S 2] A 55 98 P 44 14
Krawinkler-Zhorei 154 24§ 5 4 BEAE 580 93 14 44 £ Krawinkler-Zhorei £ 24, 11
HAEREK 5.5,

M 5.5 A LA H: 1) Krawinkler-Zhorei #5784 A& 5 25 2 iF T S AR T 2
A BB BN, RINEBTE BB, X2 H TR AN 8 T R T
BL/NIB AR TR o} 25 A A A s e SE K e 4 2R, i BAR T Fopd iy A, 25
T 2R R REIEPAAE R AR R4 2) #5850 5,10 tHE B S50 %
MR 5.9 THEAS RIS S HU), 3K 2 B TR 1 1R S B ] 4 e 5 3 AR e 9 {2k iy
[E] 1 BEAFAE R ZE 52

# 5.5Krawinkler-Zhorei #7425 #ff &

g5 c (%059 15D c (%X 510 15D
V-1 (n=1220E N4 5.68 4.12
V-2 (n=3 Z2M& in#k) 4.48 3.21
V-3 (n=5 Z2M& n#k) 4.82 3.21
V-4 (n=7 2208 n#k) 5.82 4.05
C-1 CHEIEMED 5.82 3.90
Ty 5.32 3.70
BT E 0.12 0.12
e RO A =3.15mm;

5.4.2 TERE A HARIR LT

M 3.3.2 5 &P B 28 A v, ARSCR T N LB B A R 5T
RIFARPRAR SR M, SR BN R 0 RS IR, Hoin#hr # il 5 5t
(35mm) Ji, #EEIHZA H B0 B B%R, RIA ST T A B 2 5 DL S i
[ FERETH R K - Park-Ang 1 AL1% FH (5.3), Wi RIFERERZ M R 4L B B (5.3)
FiZ (5.4) THEEUE; Usami BALEMH KX (5.5, B S K c=2, A&
REEVEWE (5.4); Krawinkler-Zhorei 8% FH =0 (5.10), AR S5 c HUE L
F 5.5 R (5100 THEEUE.

Bl 5.2~ 5.6 45 H T b aR =i 4 458 B0 7 1 B0 A4 AR 45 4 Tl 1 2 FH A 5
w7 X RPN e # iR AT 8. HE 5.2~F 5.6 FTLLE H:

Park-Ang f{ AL 1) ZBAE R T o R TEAE R 5 B [FERE I
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ERT, HAHECT Usami #3481, ZAR 89 S8 nom i s R TR VR, SR AR ]
FEREXT B DTk ) L E IR AN G, RPN FEAH R RS IR(EEIA T, B R B B A A
7, H&EMBHEREN 30 2) EBP MG T (V-1), HE&EARH
2, MZRAEXTEER, AFEMERILE; 3) ERIEMEEH T (C-1), F—REAL
FEAE AT 45 47 o0 B A 1R K s, B ATk 21 0.5 74, B 5 16 24 B £ 38
it [R1E B8 R AR IO BHLJE #4440 405 1) 2 i AW in ok, il ZRAEX 2 A 4) [
Usami BAUAHEL, ZEARMRANESRAT N, RARIR TG, e Bt 2k A Frik,
IRIGIRFFT42; 5) AR T s RKIBHEATE sz, A i i 26 78 HAth
PR RS A 453 4% Tt b 2 2 b

Usami $i5158L; 1) [7] Park-Ang B8 —#¢, ZBRHE R T KRR
5 B RIFEREI/EA, (Y5 Park-Ang BERUAS[F] (1) 52 A A 1) B K08 28 AR
TS R R RE DR H A E & & (P83 e N 2), FFAE&MA S, BE T K
IENEAR TN IR AR TV X0} 5 AL 1 5 e B K e 46 2R, Iz 1 /MRS IE A 1 437
Bt Z, IR T RA IR R R E 2, RINFE NI IR INE T,
PR EUh AN 5%, REBIEIINET, i fa 8t 22 B BE
UEs 2) MR INE T, P& 28 E R G aAm, £ RUBIEHT
T, FREFRFERE I RN, M GHRILGZEETE R 3) fE20E
IR, BARIRATEE, Bhaith 2 MR, (HIERIEE4L Park-Ang
B SE; 4) %A AL RN a1 s RSB AR T S SR [RDFE Re e A 44 43 5 (1) 5
Wi, LA A75 TN ity 28 76 A oy A S 2R 53 5 T AR Y v ] s 5D AR /M AR IEE A H
T, AL TN 21 Krawinkler-Zhorei #2784, £ KA RS IR INEAER R, A
1715 0N B8 43k Park-Ang AR

Krawinkler-Zhorei $ (A5 84 : 1) {2458 35 A 45 AT AT A7 F% R B IURF Ik B BLEE
{EFE AR e HOY 3, B8 7 RBE AR TN B 4 A T 56 435 R 453 5 52 M BE K
ks g R, BRI PIIREINE T, e Sl 2822, KA #IE
T, Pthtadith Sl RS BE; 2) AR IEEOE A, R —aef
i bR INAR B AR XS 50 (R 2l s 30 A5 4 FHUN ot 28 75 I Ath 3 A A 28 453 4% ot
BRI Z R,

B ARG AL X B — AN HAG AN [F B T 2, 1 B AR A
AHCOKIEHIEHE . tan Park-Ang B8 T 58 o i e R ALFS (520, By LASE
I A O Z D A, Krawinkler-Zhorei /5 AR H AR S, 111 HoR 46
Fora, B INE & IR AR (AR gomE, R, $ifhk
FEEUIN, n#E eI s K R, MR, Usami #5807 T BN A5 4
Z 18], BEFE T i R AR T 5 AR R FERE B2, SO IX P > 520 PR 22 3047
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LA A, BONGEHERE T AR A, BN TN IRAE R 15100 1 o1
[ NN A 4 YK B2 DO EL I DAY

1.2 T T T T T T
—#— Park-Angf& 714
1.0 |~ |——e— Usamif&L 7
—— 'Krawlinkle'r-threiﬁ'ﬂ

= r

o 0.8 -
£

) T
[} [} ]
[} [} ]
[} [} '
'
]

02 F- I
0.0 L=l I i
3

4 5 6
RN RS
B s, 2 i V-1 s T
1.2 T T T T
—s— Park-Angf& 7!
1.0 | —e— Usamiffi #!
—a— Krawinkler-Zhoreit% %

J —--
00 fe==
O fe--

10

0 3 6 9 12 15 18 21
TERE N
K 5.3 3 E V-2 i i

1.2 7 T T
—s— Park-Angf& 7!

1.0 --[—s—Usamif&i A

0 —— Krawinkler-Zhoreit& £
= 0.6 |-
e
J_;B
=04 -

I B

0.0

0 5 10 15 20 25 30

TEIF BN
Kl 5. 4 304 V-3 B4 T
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1.2 T T T
—#— Park-Angf& 714

1.0 r--- Usamif& 7

0.8 —— Krawinkler-Zhoreiti 7Y
% - a T -
o= 0.6
-
.L§
0.4

0.2

0.0

0 7 14 21 28 35 42
1G53 B FN
5.5 i F V-4 14545 T
1.2 T T T

—#— Park-Angf& 714
1.0 r--- Usamit& 74
—— Krawinkler-Zhoreiti 7Y

D
e
o0

T

0 10 20 30 40 50
TEIRE N
5.6 4 C-1 pds

5.4.3 [E—RE R HARIR LT

B 5.7~ 5.9 g5 1 [A)— PR AL B AN R B A FELJE 23 1P A 75 0, Jiad
Xt = AR AR X [A] O 0 TN 25 SR X L A, 45 BU R 468

(1) Park-Ang 7% B AR5 8 T R B [FFERERURZ M, (E 72 AR [RIAERE T
HHEERUN, BRI V-2 W V-3 W V-4 FERFEIAL RS IEAE T, 4 Ak
A, BEE IR ENEA B E N, B0 A G0 BEIIEAE IS — R
WABRILR, IF BT HIEINE, 5 R AEA S8 B A 50% /A4

(2) Krawinkler-Zhorei #7 iy TR AFEHOL A, smid KB IEAEN BT
SIS BT ORE R, BRI EARMEAEDIAZIEE (<40mm) FTEIAINE T 151455
T b Al g0, BOiTEECE 0.1 LUR, Sl HAE RN AR IR E A I T, 43
A5 T Hh £ T E T

(3) Usami AR F-45 405 PRI A+ HAB PR P a], AN I E N
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BT, BTN A AERT R R, (HITERILR AL Park-Ang #EAUIK, £ KA
R E ORI, BrERBLRZB W %, RB [BFERE 1 RN R 3%

—a— V-1
H—o—- V-2
—— V-3
oo vogf

16 24 32 40 48 56
T8 24 B H N
5. 7 Park-Ang B8} -2 1A 1 453 45 Tic)

=]
00 f—--

0 8 16 24 32 40 48 56
a4 BN
5. 8 Usami F 7436 25 2 10 9453 45 0

]
1.0 fooeoeif o S ¥
i H i ‘j
i
0.8 |- % i
H ]
Q ] i
E= S : A i
3= 0.6 g £ f
& 4 —=—V-1
E0.4 - Aﬁ z,i - V)
N N PN v
13 SO S S . e —— V-4
) ——C-1
0.0 ' '

0 8 16 24 32 40 48 56
RN EEE 0
5. 9 Krawinkler-Zhorei 57 X 2% 20 18044 1) 452 4% Tl
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5.5 BXENPR R RR RO A S A R I iATR 1L

5.5.1 RIS RAIEE X N X R

£ 5.3 Firh, AKYEHCRBEJE BRI BRI A N T BB T, HoAh % M AR bR
WA JEZRALRE « A F IR E NI, 58 SCPANFELJE 8 A R2 o e LI
PAARSE f 3.3 kg o, nTLAE tH: AN H e 8l AL RS
WRAEAE FH NS, BEE AR, B0 Er 28 3en, (A KA IR
EIEFN (60mm), sk e, FKIN v ol th 2K 2 ) iRk (& 312, K
3.13), #ERE ML INE, X5 Usami #74 & Krawinkler-Zhorei 5 78 Fiil i 45
P —8G WEIRINEGAT C-1 KA R KFE , Krawinkler-Zhorei £
T A B R AT 2, WRARE 75— XG44, Park-Ang NI
il T — IRPER 44, Usami BERIZRG %8 7 HARP MR A0 55, FERT
30 BIEA T, TR REJE ds i E B, B e RIPE A B B 59 n,  FR i
TEEIE R, XSG G

2k FRTA, Usami BEAON T2 HINEAT Re % SEAT IR & 0, I Hox H g
IREG A BB PN AR B A R P& A 1 . BRI ASCE A Usami BEALTHEL &40
BRBELJE F A AN [R1 0 R B R (R 403473 18 250 % i SRAS 25 10 0 5 Xof 2 (1) 452 4%
TEHCEE SEME, WF 5.6, BLEAEE 5.6 MHHEER, HsHENIEED 0
BT L S R BN ROR R IR 4, R T X TREANIE 8 2340 1
SHEEI N R R, RENFEK 5.7,

5.6 TRAT AN A 45 O R T I ) 453493 T

WS | A | BEEIE | BEROR | MEME | REWEE
V-1 0.137 0.228 0.425 0.803 1.031
V-2 0.148 0.312 0.552 0.823 1.022
V-3 0.095 0.217 0.422 0.759 1.041
V-4 0.091 0.373 0.692 0.880 1.037
C-1 — 0.302 0.584 0.865 1.026

YA 0.118 0.286 0.535 0.826 1.031

A5 RE 0.246 0.225 0.213 0.059 0.007

5.7 BHJE B A AN [F) 453 450 B0 I PR32 4% i 2
FEARTEN | RN | hERIA | PREMN | RAEUR
0~0.15 0.15~0.35 0.35~0.70 | 0.70~0.85 0.85~1.00

B (RN BRI (1GI297-2013) S 48 JH MR BELJE 52 MO A
TR, SRR B th LN U 0 BV . SR B AR e 57
BB, BB RET % 5.1 5% 5.7 sh I SO Bh R WARR, LR S JE 5
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5.5.2 MRERBIFaf RR ARG TR

SKhrRE R SRR AR AN RIS G TRORZ R85, 25
RS E VRN TR AN -3 ST Y AL RV ETE 18 22 N AL R VRN T8 N33
SUEREZ IR, RSB S BEARBIR R AL M2 W R & E R ]
HA BRI R R

HAT, RN 050t 7o s, LRI A1 B R AT RHE AR 15 FE AN
MR VPG R AR JZ ARG TR A AR — B & AR T [ A JE o #ERHZ
R B TER AL SN T I1E R IOUL SR 51 A5 105 55 RREE 77+ A 2 1] s AL
KF, HARAH AR AR SR o MR 45 D3RI 78 I R A i 2 2%
6 S sk b R A R LA AR BRI R (Y BLARAE  oRATE  W2RE 5D
KoE XAl ERFEEMENNES & (. BEES) iz s i
R AL PRV IE RPN S

SRTAER A 2 IR AR D At v, S NRERSRE (A% KR ), 59R
IR TCBAT R F1 24 TERE, QAF R S5 R 2 R A IR E R R, X atide e 1 44
BUZ R 050t 785 M 2 R D it 727 A2 JBa 19 » BRI eA b B ST AT RHZ IR
TR R ARG OC 2R  FRREHAT R R AR5 495 7% RE i3k B LR SR, LG
TR RHZE I SR 2 Ui 0 5 1 B K HE AR R 2R

1~2 1 1 1 T 1~2 1 I T
—— X i —— X E
L0 f|—e— X e L0 | e X
—— I X o | —— T
508 | —— i 8 | oK '/
B ool |ttt Bool [——tatt %
-:‘»:"?:().4 / / E0.4 { /
94 A
/ o o
0.2 o a4 | 02 C »
/2égiﬁ7kwdf 4 ot
0.0 het—3 o’ 0.0 2

0 1 2 3 4 5 6 7 8 9 10 0 3 6 9 12 15 18 21
TR BN R0
(a) i V-1 1Ak Hh 2 (b) R V-2 A 22
1.2 T T 1.2 T T
—— i X P —— i X
10 | —— i 1.0 for| —— i
—— FE T X —— FE T X
Q08 | —FHm R Q08 | ——mx
31150.6 —— 31150.6 —— f
%0.4 %0.4 )M
0.2 ach 0.2 . i
0.0 netetttt —A-ﬁ"ﬁ*" 0.0 M o
0 5 10 15 20 25 30 0 7 14 21 28 35 42
TR BN R0
(a) W V-3 FnsEfe dh 2k (b) 1 V-4 15 5 Ak, h 2%
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1.2 T
—— X
LO ] e B X 7
—— I X fof
Q08 1 mimx
B ool ==ttt o
= Eob
Eo4 gﬁi
ozumﬂ“fﬁwﬂﬁﬁﬁﬁgﬁﬂﬁmﬁﬂﬂ
. » e
QmLﬁiéﬁEgﬁM””‘;
0 10 20 30 40 50
TREF B HN

(e M C-1 it 2k
K 5. 10 MRHZ IR B Z R AL il 2k

Bl 5.10 45 H T M RHZ IR BRI Z RO R, HERTEUEH: 1D /MM
BIEME (<30mm) EAHT, Toik @& BARm L & AN A i &3, |
bt 2 R IR AT B BB 3G im0 3ok Y5 DX B S8 IX 45 47 32 38 o A 44 P 43
PFF e g g m, RIRME v-4 5l 4F V-3 28 —RRE T (30mm),
R I X R RO E V-2 5 V-1 RJENR; 2) MU BIREER T, M
TR XA K RS, BEAE AR IREE R n, PifnE R s 3) 1
PR ST X A5 R R At ity 3 B ST U X B R R vk AR IX S 4 R
Bl 4) BEARHE S 0 X I 1 B R A R — 3, 3R AR R4
A5 P4 1) DX IR ST IX 85, 900 X 3 A AL A PR 55 21T

HH PA b 23 B T i, B #8546 4 0453405 15 50 20 R4 0 Fee LA L0 1 — 01k
5 1) 2 BEL & A A2 5 200550 DX S R4 £ Fe — SOV R A, SR BB 29050 DX 3845 £
T B 2 RA A 45405 ) — SOPERR B, 0k 8 R 2000 DX 3851 4 2 BHLJE 28 M R 40 1A T
TAERYES T, AT MERDE, BARWE 511, EH R MRS, RIE
PIHAR B R SR VERR L, HEBUE TS N[-1,1], R ATUERS, FRoRmA A S fiH
X, R ONIEERS, FORMAARRIEAD, MG RECR, HL4AR & A R

Y], [R|=1 MM, [R|=0 AFTATR. B R ke /5, RIE—4H
ARBINTT 2R T — N7 R 3 b e AR BB/ FLARRE L3 5.8
1.2 - - - - - 1.2 : . . ; i
; ‘ - R=0,967 i ; ; ; 1
e NI I 7 B Lo A
0g MOS0 0g  vromssooro, S oo

. TN - R08
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr So6 M
3 ‘ 3 3 3 g 3 el : ‘ ‘
2 0.4 S i S FtiE SIS 2 04 T N oINS
" el | - | [kftv-2 |
. — b 02 AR - R
0 .0 ().:2 ().:4 ().:6 ().:8 1.:() 1.2 0 .0 ().:2 ().:4 ().:6 ().:8 1.:() 1.2

IEB X G D IMER X 15D
(a) il v-1 (b) R V-2
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0 0 ().32 ().34 ().36 ().38 1.10 1.2 0 0 ().32 ().34 ().36 ().38 1.10 1.2
X 45D H X D
() R V-3 (d) R v-4
1.2 :
1O """""" """" R’2:§*0:928""j' """"""
‘ ‘ R=0.964.
08 ] FEEEE T T
Q
f§ T s i
&
ﬁ' (1 S~ | ‘ """"""
0.2 R S R
0 0 ().32 ().34 ().36 ().38 1.10 1.2
X 45D
(o) ikff C-1
5. 11 30 X A 452475 55 B JE 28 M AF 4545 AR S 4 A B
* 5.8 MM R BB
AR RECR/N — R
0.8~1.0 e B A S M
0.6~0.8 CVIEPS
0.4~0.6 EEV PN
0.2~0.4 g94H K
0~0.2 e 53 AR BT %

HIE] 5.1 AP 1) Bl AR DXt O S5 A A 4 D A ok SR BB, BIR T
0.964, JyAEHERIIEM DS, HApalth V-1~V-4 S0 X815 5 M AR 08 &
BHET 1, AR HORTERIEMDG: 2) X 5 AR 35050 X i 1 7 FE 5 11
PUGRERE AT T LRI, s 25 RP KT 0.928, HAilff: V-1~V-4 3HEIX
AR SR B R Hog REGE 0.95 BLE, BRI, A0 X I
PR E SRR BE S AR 55 30 1 V-1~V-4 Zettk [m] 3 07 R R R 500 1,
HAFRFERN, I, AT AR MBI A ST X i 5 e P 55 A 1 5 e A
FE— X NMIIR AR 4) FHIEINEAF AL R RER R 0.6841, hRTEALA
NI XA RE L SR O RE B R — g R PR B &

L L I3, BEJE S8 AR 05 15 L S X 4eettd 0 A7 AR T AU 58 AR IR,
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DR shb T A AA 368 o 2850 0 [ 45 14 45 07 A e SR LN 81 BELJE s AP 9453 0 5 J » AT
AL T M RHE IR BRI AE IR R B R 2 o RIAESERS TRE Y, W3 i g BH JE 25 231
P DX IS4 475 5 JE R AT LA W B A BB F A AT AT R P2 o (H 7R B 7 B4R T A 2
ZERPUEH T X T FERE BN E % LA A B AT FSALL I S 34 55 A7 1) SR FEL JE 4%
e =22 B e 2% ) Wi 75 T, 3o - FLAR TR A BE e & 3 A PR D0 75 22
BEATHE— DR

5.6 BNPR R RXN X RAR R GG TE LA

5.6.1 MRIEXSGRRRIRRR X %R

5.5.2 itk 1 e S8 A MR SR IR DR AL R AR . FR T AR
JZUR B e s S50 X 30 105 S A A = IR 05 ELAT S e e AR SR o A RHE URsi 1
BT D RAE, HBUE XA ON[0,1], MPFIE R0 5455 D RAE, JH—
W E HBUE X ] 9[0,1], HIE 511 /&1, PSR R ARIER IR E K28 A
A ATAAID 58 A AH I, BRI v AASE A [ — AN R AE B3 IR 45 2t D SR A2 e A J2
VIBEL B

\ E=(1-D)E, MEZEK
MIBERk: { _ _ (5.11)

= {quDMOW#EW
c=(1-D)o MEZEX (5.12)

WABCY A, — =
KB IRY {qupﬁ'm#Eﬁ

A E, AN ISR R, E VM RIRBIUGER, K AR 8 2R i
VERIREE, K NHEIRIRNIE, o ARM TN, & NRMEGRIRN D), F
NBLJE BT EE S, F OB E M R RAE T, D NRAEMEHZ IR
KPR BB M E AR i 2, HON IR, BUEIX AN 0~1, 4D N0
i, RORTLHT, M D=1, FRFTEAMWIR . 2B RN 51D &R (5.12)
T XOEFEREFAN L JE 25 O 0 B0, xof T Ay TR B0 BEL & 45 £ FH A2 1 5
ERATHE— PR
5.6.2 BINPE SR BRI E 75 3%
MAEA (511 K3l (5.12) A AR SZEE R JE s — 4efi i A 77 1
ky =k (1-D)
F,=k,A, =k (1-D)A, (5.13)
F,=F,+k(1-D)(A,-A,)

78



IR X FEREPCN BE JE SR D 7T

KA kv ks A RA, BRI 3437, DRRAEMEHE R KB 2561 K
WU 2R, &, PN e 8 45 05 a s PENIEE, F, J9BHJE a0 ) i
JE A #,  F, NBHJe 288 5 B R A 2. FHJE 28 MR350 1 I R DB A T
L 512

54 ST
Ef R S
F |-
Y | |
Fal o |
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