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Research progress on seismic resistance of concrete
filled steel tube arch bridges
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Abstract: Currently, the construction of concrete filled steel tube ( CFST) arch bridges in China is developing
rapidly, and a large number of CFST arch bridges are located in the high-seismicity zones. The seismic resistance
issues of CFST arch bridges have received widespread attention. This article first surveyed 360 domestic and foreign
research literatures related to the seismic resistance of CFST arch bridges, and provided a macro discussion on their
research direction and trends based on the number of publications. Afterwards, the current research progress and
shortcomings were summarized in detail from four aspects: seismic simulation and analysis methods, seismic
response characteristics, seismic damage analysis, and seismic isolation of CFST arch bridges. Finally, an outlook
was made on the issues worth further research on the seismic resistance of CFST arch bridges in the future. The
results show that the dynamic analysis method can accurately obtain the seismic response of structures, the coupling
behavior of dynamic response amongst components, the optimization and reasonable design method of structural
design parameters, the reasonable deployment method of seismic reduction and isolation measures and the
mechanism of their impact on structural response, as well as the universal damage assessment process are of great
significance for the seismic resistance of CFST arch bridges. In addition, seismic risk assessment, the application of

digital technology, and universal research methods and data analysis methods are key areas worth studying in the
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future. The research can provide a reference for the engineering and academic communities in the seismic analysis,
design, and evaluation of existing and pending CFST arch bridges.
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Fig. 1 Statistics of arch bridge construction and earthquake events'® ™"
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Fig.3 Statistics of literature on seismic research of CFST arch bridges

2 CFST #iifin 2R 9 th 7 xR b

2.1 7t ANHEE Bh AL
Gy ML RR SRS 97 AR B A T ARSI BRR 70 A S8 v (8 e ) A B 3 A 2807 0 X W ) 2% 26
RFPEREA TR K B DRE W R i AL o OB, LI 2,



5531 TRORLTE 45 AN IR BE L B PURR WIS ik i 31

TES AT T, IR A9 BT AL LA K 37 1 — 5 P A EL VR FBC0L P K 28, R S 43l oy
7555 29 5, AT WX T -S5A AR AR T 2 XT3 [ B AORFST , 20655 KRR TR
TG EEAER | 8 B 22 b S 145 3B 19 K CFST HURF = P S0 17 5 121 4k A 460 [l Re4t %ot 37 4 1
FIFEI TR T HRsh G g5, I SEUER I T T X5 B8, 2 B0+ 2 59« 3 38 V5 FH A (2 o028 T iR sh A AR5
By SR 2 CFST HEAT (ma R A= 55 R0 G v T Ay Jon sk 2 8 R 2R 5Bt 1 b 1) 728 Ak i oy (8 5 WANG
SV gh CFST BENFERS RS 1 U0 25 - AR R A + )2 3 Fhiz s 451 F AY s nie 1 64 7 9% 2 45 136 A B (A
P E , FEASAEL 2R FH G R e 2H 4 % i 120 508 S 353 b = 8 I, 3l a3 S0IE T 4540 vk A ik, TRt
TR TR AR AR A A AOAEREEL S, BEAh, MRS SRR KA ARk VOIS i Ak
L DX RN R A7 M X CRST HURR M AR M N s i AT TR, VAT 75, I P A T 3 1 2% A 1 A
PSRN R, A — @ B0 i S8 (A5 BRI R AR E— B AR

Xt T3 M- S5 A EAE T, B AT E BT IS AR T SR AR R bk = e
SR J0 R S 7 1 Ry 3 - BH e - i () =T R G, 3 ik T SO0 3 - S5 A AH BRI AT
RPEATRRIR I VRN R (A AR SR M RN T AR A A R i il B 25 1 T Il M A 22 . FE M T 2N b -
SRR AN T ARG, R ABEBBI B F R G HAT T, SR )5 85 4% 2510 28 S 1) AR TE Wil 4%
PN FEERBEA T B A o0 BT, IR, 1205 15 A5 2%y v i v TRD B 25 R (E iy 1 G s B DR O B
FAGE TERERG , BRI 525 E— RS, AT DL A B0 7% SR BE A AR MR AR H
PRI BT T i — 2D 20 3 i otk R G TR BRTIE S

&l 4 (a) R4 SCHRA 3k 3 Fhoy kg g # . SRR E , 8050 &£, 7F 2000—2010 4FF1 2010—
2020 42 A~ 10 a X [H], ZE0E N 3 2 T AR T FE 20 a J5 R AR A9 38 22 | HoR FAR ARV
1) SR A 3% 2 YRGS B 5, TP 254 32 T X ARGt i 43 T SZ B, AU — 7 SCHRCR A, O B2 S A BRI
DARGE A RFFE Y, ARSI AR B e SR S A R BRI SR 2 1 %ot 1 b — 25 AR AR B A R AT T 5, o
KEpE LR ARFRE m ¥ py B2 Penzien B8 2597 e BF 5 37 b — 45 M AH B A RO . 344
FEAP i i A BRIG  JERRITAE T B, TR ER X CFST $HLA7 A i 38 — 45 #a) AH B4 FH In) BCR PR B 08 A7 T 43
BT s IR TRAET il U 3 BRI S AT BT R = AR LR v B e N T3 ST T S-S5 A B 0T
T b~ 25 A6 RE B FH A5 0 5 1D, SCHR 28—29 148 H X S5 48 [ 4 50k F0 A ) e 7 3545 520 5 SCR [ 18]
WHER R FERE 251 R % b8 3y s — S5 A EL VR P, (7R A LRl 5 11 AT AR i S o 155 00 22 s 37 b — &5 4 AH
HAEH, DARTH AR STk 24 1 08T & BB - A HIX CRST BERFHER) P9 7 FUXEE I g 89 R 3500 el
92 XL A 5 M 5/ 5 T SCHR L 30 ] & BT — A FE TR 57 % 1) 52 e A Ry B b, KR P T AR ) A
AN AH 2 R SCRRAA A AT - + K 3 - Z5 A A AR F R ML BR S R B 2%, SCHR[ 20,26 ] g i, I - 454
FHEAE FHAEAS R & s A7 AR ZS B 20N & B AR R HLEREE R 2 2%

P b E SN 5 T, Y HTEGY 32245y bR sl A Ty 2 R B R PR R e, Lk SR LR 4(b) .
H AT, A S b iR sl A 7 s o B B8 22 T R s et R & G AT S e 3, B i XA Y
KW SR T RETE, AR, A O H R SRR RURT 52 A (A 5 1F 320 7 52 B 3 1T 1 6

T 7 9 Tt B
s ek | ; : | R ST
Bifik | m—. o o /"4 o= S - WA
| i i —— ISl AE 53
L E? f - 1
24 | i § E g " — RERLL
.,é SHLe @ Q)cmo 9 moo§ 0 Sét— \ | r
& i , XK 3L
1 f 2} A :
FLMELL o o fF5ECHik (1) i ; AN
i I A A A S | b L
5O O QNAVOIAZOAON DO NNV
2003 2008 2013 2018 2023 D
RFAEA Y EAEAY
(a) oH-2s R AR RO R 3 (b) MBI

B4 ST ERRIEHEIT
Fig.4 Statistics of literature on simulation approaches
TE b2 sl A7 305 T, BT R B CFST HEAR S M R 2B TE A7 AE T3 1 = 2 s ) e AR IRt
2B N T AE CFST HERFHURR /047 v 1 12 7% 1 — 1) b FR 8l , (R 3 S b iR sl oy Sk v 243 it (W i A7



32 o T B 5 T & #& 3 545 45

] [V AIE MG — W . RIS BR T 3 A8 ah, xf 3 5 sl 73 A R RCALL K X CFST HEAT
MR A SE M I B RATBIFSE o R T K5 CFST AT 9 o 14t Je A B 050 ) 195 00, b 52 Bl 7 g A 254 1) o 7
28 I [ R0 (R B2 A A8 Ak, bbb ARS8 AT I AR A8 DRI, B 1 BRI R 4 FE A, B ) O =X
FEHBFR BN AT 55— EE A, BIAE— B A0 2 s Sa A9 R, SRR [ 34-36 ] #IUFE CFST 7 93T
oM R R P AR —EU il 4 7 2O 25 R RE B 1 I 23 28 S A R 5 SR T — Bl 19 o iy vk 22
S (EUHORT AN ()R 110 7 P 52 e KR AT i = — B 2598 . AL, 27 DA BR 28 4 1 3 A D7 v 1Y) 22 S
Hb AN T HRE Bl A B AR AR AR R A K R, BRHUR SN A =R A 1 g R IR AL 2

M) T 8ok e A BE i R S AT SR T AR CFST HEARHURR AT ST RS . DA 2008 4F 24 [E INAMEAT 16 Fi
SCHR T IS MR B Re 0 CRST HEMT Hb s mi 1 (1) 20l | L34 SR B X8 30 Ui 2 b R 2l 6, 5 1 s iy ik e
RO RN B AR RIS R A A S S R AR 1A [T DB 2 R s S BROR SN A AR AL A A A
D3, B CFST $EAT b7 o 7 A543 43 A 19 S 0, A 7 JE 4600 A R BRI ARt T
PRATHOT s 550 4350 PR Bh i AT AR /NI BT RN A B A5 R T 1 R0, S90S T e a i
R oK FH M52 Bl 5 43 (high-frequency part, HFP) 25 & A T 2880k A% AY (artificial equivalent pulse
model, AEPM) (175 %5 G B R Kb S80I W 2 52 51, AT ORI CRST #URGiae /i it 2% IRl 5,

EWk o HE3
BHXR JAAT, TR A LR AEPMSCHIFHENS , AT v, o £)=
iﬂ;}i}%?@j i’@%ﬁj ] %ﬁ z‘f"l i ﬁ DIFH Ve, III'P( [)+Vg/\l/]’.\/l( t)/i‘éﬂ_]%jjﬂfkéﬁ/ﬁl\AEPM
HIE BN RIS J=WaT-dFRoR spk | FTHFPAEIAT T I 07 8 artificial
near-fault earthquakes, ANES),
EZLEY
SR B 5w | S j, o \
K FButterworth 458 #1275 - Fﬁx%gﬂjf% l/jf' ‘YEH]:F;?E;:E’ R

ST AR B RS (P R H0 RHI2AR N\ T SERUK R AL

i}(loiv frequencyl;arJt JLF P() iL)}ELJJ Eih]i ( AF-EPM \) ﬁgﬁi U'/’*Eﬁﬁ AT o

’ WU AU G B AT IS 3C || )2 M 5h %
JERS *J-FHV (1)= Vg wrp( 1)V, LFP( . N ﬂik/ﬁ’fxiéﬁl/ﬁ*}?o r

e
=%

e <—X AN .
TMA\ ROEIDIS‘”‘&:‘L rﬂ{gyé‘”ﬁg H n’J j

g " 14 S5 R0k P A R () SRR PSR (5
‘ it ;sz/\ MMW SCETAR MPM ARIFRTPM)
[

Bs5 ATIBkrhitiEzh&m G iEiREE"
Fig.5 Workflow of synthesis method of seismic motion with artificial pulses
2.2 MRS EEEY
CFST Bt i B A0 2 TR e 948 N E TR B3k 1 10 0 s A B AR ., PRI <7 1
%i&&i&%iﬁffﬁﬂﬁ VEJG X CRST SRR ZS A R 1A RO, S ORAIE S5 H4 0 137 73 B 45 SR RS 7l 5 1Y
FAF W JE CFST #AHURR 7347 75 A 0l 1 HA T AR 254 22 02 HA S B HEAT i) SC B RE o, WLIRT 6, i
Fé"l 6(a) AR, BUAT SCRRO A4 B PR TN SN AL e IR 3R AU T S i b REIO R, b e A B IR
W 2 AR BRI Z A0 2 R G T RS, — i O T AR IR N BLIR BE AT RL AT — )%3@?%%
PSR BE BB ELAE FRROBFE 0 i A SR (R 3R 5T, A2 B 0 i & A A ) 3R
T (m{s%iﬂfé“*“ AR 3 R 0T A i £ ), A T AR AR 1H%ﬁﬁjt§
1~ 205 SCHR , WFFTA5E n] X IR PEARXS 8855 . MIET 6 (a) W] B LSS A7 e RIS Y BIF ST L AR R B 8
W MR L ﬁ%ﬁﬁf Mg PR 2R AR
1 TR BE LA R H A A P BFCR B - i v A BE A7 AR M, W) IS 1 Bh AR X 9 TR BE + i B i AR
FHSET .E&{m@a%iﬂ’]hf Eif“ ﬂIL iffﬂf#ﬁ lﬁtﬁa@ﬂﬂ%éﬂé iﬂ’]ﬁﬁ?ﬁﬁ%% EPT L%FF'?EAH*#ZIK*’J*%’F“

[46]

#E’Jﬁ{j&%ﬁb E %%ﬂ]ﬁﬁﬁvATMﬂiﬂﬁ% ﬁﬂﬁﬁxﬂ%ﬂﬁ CFST ﬁ%fffrha P E’Jﬁf Wi E’pﬁ : il%\
TEOL T L 2 457 A i 3k 40% (RN 25 5% FEXS CFST BEMR A 14052 W55 8 R 415 DL 3R 43 A B, A4k
MRS T4 R LT R e s PEAE T, LA, HAN S50 $ig H Py 9 VR 06 - 09 WA A4 0k 28 550 A L 2 (8 35 5 o)
CFST LA Ay i ey o MRAEE , 10 L ol T WS A 02 77 A AR 4 4 IO e A B G a0 2 3 W T F) PR3 BE ), St
BRI A A Z R R



553 8 TRORLTE 45 AN IR BE L B PURR WIS ik i 33

TESS AR T, SCHR 59 ] 224X CFST BENT #4114 | 45 #4187 Ak S Z5 A0 etk = A O Tl F JR 9T, L v
Xf CFST HEA7F EHUM BRSBTS e 22, 5 W B AR D o X T ) AL B3R A FR 7 126 38 o S AR 7Y
HEATREUSL A G —BIR  H R RHE: S TC R AR HT Midas/ Civil 0 A 4 i T 35¢ -5 48 T A5 B ik A7 484
P Hoh AR BN B TR S EARRE R MR 5 — R R SRR S E AR AR A S AR
it Z ORISR A8, WA
EA=EA +a,E A, (1)
EI=E I +a,E A, (2)
K E E 5050 B8 A O TR BE L SRR i s A A 53 5 R NS FIR B - 0 e TR 5 1, 1 53 0
RO TREE - PTEBUE s, o, /NT 1.0 B9 R B, 255 8 T X200 IR BE R 8 M9, G—HEie
SRR R ISR AR K 2 BRIV RS — B9 ADRE, Jf g e sz 2k WL 6(b) o
i H0, A

LSS Al ° 9io0 o VIIDPOY /f{E;C ¢>10
1o =10
f‘P
" © BF5ESCHR
W;j: {% 5 | H”jfﬁk‘ - o ° 0.4<4<1.0
7 / ol
E~04
i ey E.
T B3 2008 3 208 2023 o i
RN
(a) PIRHEUMIE 5 (b) 45— F0ip 4 2l Ziios 100

6 MRS EMEBITR
Fig.6 Research on material and structural simulations
K 6(b)H, 04 BURZSRPERT BE , AB B s IBYERT Be 2221k, BC BUZHIBIER Bt . 1 BC B, %2
B L RO R T RE I BT R, AR BeRis

E_& (0A BY)
A fL0Q .
o= 1+B,0 (AB B%) (3)

LHEL(e=el) (BCED)
P EL 3 B R BE R SR FISR AL BER D2 R 5 o2 | £, 2300 g it ARz 2 LR Rz T
SN LN MR BE T DTSR B A RE IR 5 A, B, 20l 0 32 B4 AR BE HMERERE A Y 3 RN R A 0
IAE & B PRAL
KUEITCIE &R 2 AN S7 B SR TC 73 i UL B4 FITR A5 = 2 FioRTRE A% g 2 R, 368 5 5 R B T Al
P el HI B— A B A, LA 7 0k UL P 7 AR A0S A A 6 TR AR 5 0 1) AN [) , 38 R FH A 4 409 R g 5
2 BhRE ST - R AR I ZR

RiH10 A - .
% T ol A
A i i ‘(tb(’;éij:zfift’]
= f\\ NN E
%W%g%még . o N
A N/ %lf_i , \ :
i / e 0 |,
1o, 'g
L, i R+ BT
&y &y mﬂ‘ygg @
A

B7 MRS REE

Fig.7 Schematic diagram of dual-element simulation method"

X R £, % I LR AT b, BRI ™ SB35 )7 0 A (4) ~ 3R (8)
JoR

51,58]



34 WwoE TR 5 TR Ok g H45 %
o/o,=2e/c,~(&/e,)’ (e/e,<1) (4)
I+q - ((&/8,)"-1) (€=1.12,8/8,>1)
o/0,= &/g, (5)
5 (€<1.12,8/e,>1)
s (e/g,—1) " +e/g,
Horr
a'0=|:1+(—0.054-§2+0.4§) . Gf] A } - f (6)
80=3u_+|:1400+800 . [gij—l} < E%%(ue) (7)
£,.=1300+12.5 - f/(us) (8)
T, q B NG AR A € FREE 1 BIAE AL OPUR SR /A DGR REL & TR (9) s .
AT )

ér:Ao * S - JZ

Ao R BR, a=A /A, f, BB T RS BE 5 £, TR BE b hC e s 5 BE AR HEA , HEAR A5 2 LRV,
I IRREALL T 0 B A A AN [ L P B ST T A

FELS R RTAL T 18T, 38 434 6 SRR A4 4 FIT 5 S 52 MR RRE TR 2% (R A8 3 B et AT T 4R i
G32F 2 W E gt DG TR 5 R R 2 1) TR A SEL I A 8 30 3o A7 28 A5 R s A0 o A 1 i ) R 45 2T R A
IR T i 25 5

SO AR IE , K CFST A7 1 = HE M 5 >R 20 By BOSE 0 107 %, 2377 AR S R I iR N
FIFUULARZS . SCHR[ 39,6465 | 431l dek S5 R4 A BOBEALL 428250 M55 5 i W9 1 PR CFST #tMriz B B
B A1 1 AR R N X 25 B RR R RE A sE e o [ 64-65 1 1Y 2 R SCHERSAI A IR 3R] I gk
SERPURR AT I A B T AR T LS I, 5 2R, SCHRT 66-67 ] 4 H i — U (19 77 2Ok iR
RIS CFST HEM i TR B2 25 7 A B RIR 22, W0 46 9 3 R LARDR 25 (0 5% i R AT 208, SR, [l 58 R 1%
CFST HEMF e HE I R X Hh AR M R A S WA 5T B R38R0  ACE X7 (ZHAO 1% i 43 BIa 9T T
— A CFST HEMF 25 18 T HEW) R [RITRBE 1= Dy 0 . — 8 CFST S B Hbis 5 JEHERN 73 35 7 Bl i R X e
FEPERBRSZ I | BIFFT e B Z2 W it T ash R R SR HER 43 B B R 257 SR AR CFST HEARF YRR M N, &1 8 /R
TIRA SRR it Tt R R FHER 1 A AR S LR — TR AR e LIS ATY

SRR AT . B 9(a) hy CFST A7 1) H M H

OB GG TR 1 9 (b) s o
1

MR B, I 9(¢) R T 4H-A#Rmm o0 B Bl 28 ot 72 B FEiT R B /
SRR RBBLR . AT I, R R | B TG IS 2
J5i | B RIS TR S R AT S TR T e, % O / L :

BN TR S T 2 S AT TE R E T 2 AR
[Fl SR IAMRAS . IR IR CFST HERRHURE 7347 11
SRR E— L TSR FE MR IE

ZEWE

S
SE it T

@m%% g

(a) CFSTHEMF ST A HE T

B8 #hBTFERESHI

Fig.8 Analysis method of static self-equilibrium state

S iﬁ.'ﬁi‘ﬁjﬁ‘
i | [ [
W e g

CFSTHUE ] YN
(b)) CFSTHUNFHIH /3 B Bl 2y i 7

[39,65]

S B

By ?ﬁfﬁ i SRERE  DUEIRE PR A
JEL Ay Ayl A ec-a s » 7
7 ,,Ebn%ég Sec-b Sec-c == > B m— % @?:fsj: )J“/L%
= R N R = = T S ok
R RHEL sec-d . > *U\l»%% KN P
Sec-b Sec-c - == ; ]

Sec-e

(¢ ) CFSTHEME EHEN T3 S
B9 CFST #4788 it T i3 7205 o AR 147

Fig.9 Typical construction process and stress accumulation of CFST arch bridge

[68-70]



5531 TRORLTE 45 AN IR BE L B PURR WIS ik i 35

23 MESWAE

UHTE HBURST7 vk FEAAAET ) RN 15 ARG ) HE B 53 BTk (Pushover ) (IR 43HT 1k
S T AT 5 T RN B 5 A B SRR A s X e T I I JC A A SR X G X X CFST HEA ]
B P AT mE T R B e R AR ST 4 ik A A Pushover | 2 4R B Pushover , L 5
Pushover DA K 452500 7] 13 inz8A5 2 A9 % B Pushover 5 ¥E7E CFST HEA rh R HIEAT TIR AW, Hid 5
A AR AT AR EL BT | 2735 7135 A & B Y Pushover J7 74 REWS A R 20 1 CFST HEMF 5T 214 B K 454
HLFR  (HFG B I aEa Be 8, LA, 30024 38 18 i3 15 3l 11 73 T (incremental dynamic analysis, IDA)
Tkl BT IDA G P53 BT HE CRST BERFHURZPEBE A IR AL BN 45 #4470 7% XU S5 5 18 9 1 FH R F 17—
ZINFIE 7 BAE T & AE CRST SRR BTz o dr i ml 4
24 HEHARAE

M CEST BEMFHURRAAL 5 70 AT I i 3R = A R, AT E N A58 S BBk 4, b dr gt S
SRR S CFST HEHF IR fc i (1) — 3840, 37 Mo Fn 3 32 Sh A48l L S B RE i i i K238 B A TR PR
UGE I — SR 5 53 HT 7k HUZ DA CFST #EM 7 R 8004, JF- 15 31 1 4 Fl [ R AU CFST i b=
TSI, SR E AR AEN AR .

1) B T4 0 MR e 1 52 M 58 3 5 25 A R PR AR B 5, HL CFST M 45 A IR R BN 52 2%, TR 13
CFST #ERF 7R 45 23 M 55 F T, Ann] A 25056 455 1 75 Bl FRAE 6 s ok Xo) L b b 55 15 56 1Ak AR 235 44 b 5 i 17 74 D
FIBIRAAEW AR

2) IHERTFEXT CEST BERF 17 46 18 7 FLARDIR 25 HAA e Pk B 52 e, 30 B9 T0 I8 2 76 A BHA 2 45 1)
B2 T BCHE FR (5 R AN 2, o, o CHERY 2 KBS CRST HEMF LA i R &2 & M BHR 45
Fay, AR TAT R 2 AR 23 D 2R A KR A 1T BE DR TRBE LV R R A — R At TR A5 i 1 7k
A AR PR EE , X6 CFST HEAF M b B AT S B 52, i T it — 25 T

3)FEHURR M T LT T, AT 45 2558 80 1 43 B 7 TR AR LU (H6 CFST BEMF 2 AN [F) 47 50 F Mg
M I3 R SO 43 B 0438 FHPE MERR PR e = RGEAFSE, W ORES CFST HEMR 78 1 W7 J2 535 W )22 7= s A/
T B R R B AETE B SR T ik A il — R R

3 CFST #tHF i Z M bz 45 14 47 14

3.1 ZEM90m R SR R

IRAEEXT CFST S 172 0 W AR A 98 R 22 TR M 491, 3222 DA T 0L T RS, A% 4 Sk e g 46 e
IHER a4 AT S AT SR R A B T e . B 10(a) 2 66 f A DG CFST M =2 mi i RE 52 1
SCHRGETT, AT LA XS 7KK CFST #EMF B9 58 B i/ T R X R RS CRST #E A7, 3 Fh S5 I8 X 1724 185
R T 150 m, BB RT G830 2 K5 CFST #E475 . 81 10(b) ~ (d) 43 5ILATE (o | X CFST HE St
A SRAI G SRR DG A o 1 3 A TS0 EE, BT UL 3 HE P S B e 10 2 O A S o G IE R NS, it
VA e 107 1 SRR o5 EAE 3 RO RIS A B B BF9E TR 4R T 90% 5 1 %) =43k DL AME 4 (9 BIF 5 B 2.4 2L, 66 Tt
SCER O | 32 B R AT e D A SR AU 4 0

e AR A BEFE A [RIE 20 CEST HEAT A0 8 1] I B2 34 2 9 1] #1188 ) /)N | CFST HEA A 1] Bt
A, o FEHCHEAER IR CEST BEMT MR T P 7 0e 1 S5 AN L 8 T 8 TO0AgE A ] 7 64 i 1 F) e A
FNEE T Al AN A b i 07 3 A G R . QDA T A A A R 2 A o 7 e () (H B 5
A HAAE A5 4 A8 4, oA R 5 0 R He T 48T 99 A8 S B0 1 g B b, B R HE AR B B 2 P A
P8 @R CFST #ERF 1 T R AE MRS R N J AR S48/, R ARV M PUZ s i s dl b 5 N
1 FE BRI RN ) 2 el S RS AN S B K, B B e A S FEHEARL, S s R A oK, Y R
BEITE D REAE R P2 A SRS G50 32 IR R R A B 73 | I P HE R 58 SR 8 0 32 R vh (6 5 R PN T RS A%
M [0 7 22 40T . BEAR, LR CRST HEA 3 224 P4 i 1 5 /0, AELE 2 AR T g i A AT BB & A 5 52
JAE P AF O I8 By, T e 5 | 1 pTs e E . R N ARECHENE I A AR VR R 08 P e 7 3 i )N T
P S L R ORI A B S0 AT 4 R A R R R 1 . @ T R CFST HERFHE 1 37 e W 4 i AR 3
A7, SR I T AR 7 AR A ARV E T B4 P o O 3 TR 2 2 R 2 A K B



36 o T B 5 T & #& 3 545 45

35 = 300 25 5 100
TSR] A [ SCHk%
300 T 250 ol A —a SR o
@ 2 '20035 & 5] 160 g
ug 201 1150 & 1 n
A 10t 110" ®ol -204><
5l 150
B | . 2, ol /r‘j\ 0
TR R A RLER %*;J (S DR A LR
e T i
(a) FFEXTENT L (b) FARXHARF
35 100 100
2 ‘\ = kg 10' 1 SCkEC
l . —a— RS {30 sl —a— CHR AT EE 10
g 25 g I
r@ 20l 60 mgg 6 160 5
5 2 5 0
g 15; 140 1 B 4t 140 =
120 X 2t 120
sl . W
0 v i s N P 0 [ 0
E/ E?ﬁ MEEE R BT S I#t I#t fEEE Eg 4& 3{)?15
W1 ik W ik
() HhR:UHENE (d) baaHESR

10  CFST #4773 52 Mo Bz SCk &t
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