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Abstract

Concrete-filled steel tube (CFST) structures have been developed rapidly and applied
widely in engineering field. Especially earthquake disaster happens frequently in recent years.
It is severely significant to further the research on the seismic behavior of CFST structure
after exposure to earthquake.

In this paper, numerical simulation is performed to research the seismic behaviors of
multi-layer and high-rise CFST structure. The following aspects of the works have been done:

(1) Considering the reanonable material and geometric nonlinear, the software ABAQUS
was used to analyze multi-story CFST frame and the elastic-plastic analysis was based on the
three-dimension finite element method. The bond-slip behaviors between the tube and
concrete were considered and reasonable material constitutive model and element type was
selected. The numerical simulation of 1-span 1-story circular section and square section CFST
columns and steel beam planar frames has been performed to verify the validation modeling
method.

(2) Based on the modeling process, finite element analysis models (FEAM) in ABAQUS
have been established to simulate 2-span 3-story circular section and square section CFST
columns and steel beam planar frames. The load-displacement (P-4) curves obtained from the
FEAM under monotonic loading were verified against the experimental results. Mechanical
behavior, ductility, and failure mechanism of the frame models under monotonic loading are
studied systematically.

(3) The theoretical basis of dynamic behavior analysis and dynamical time-history
analysis about high-rise CFST frames is introduced in detail. Some critical issues to build the
FEAM with ABAQUS were discussed. With the numerical simulation of shaking table testing
completed by other scholars, model response and displacement response were obtained. In
order to verify the rationality of the analysis model, the results of ABAQUS were compared
with the experimental results.

(4) A 13-layer square section concrete-filled steel tubular frames (S-CFST) structure was
designed, and the elastic time history analysis in frequent earthquakes was carried out.
Displacement responses and acceleration responses of S-CFST structure in frequent
earthquakes were discussed. The CFST columns were processed in two methods including
uniform type and separated type, and the results calculated with these two methods were
compared. With the same bearing capacity and close steel ratio, a 13-layer concrete-filled

circular steel tubular frame (C-CFST) structure was designed according to the S-CFST

II
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structure. With the elastic- plastic time history analysis of the C-CFST structure and the

S-CFST structure in rare earthquakes, the displacement responses and acceleration responses
were compared.

Key words: concrete-filled steel tubular (CFST); frame structure; nonlinear; finite

element methods; seismic behavior; numerical simulation
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0 Ee EolEe2 Ee3 T 0 g € o\
(a) @RS (b) = AN AL

2.1 HHRINL 71 (0)- 048 (o) AR H % B B P
BIF 78 = [0 L AR S AN AA PR I 7 96 PS8 AR 8 AR 55 8 7 P AR i ks -
2

Gi=T|:(61—(72)2+(Uz_63)2+(63_0-1)2}/— 2.1)
V2 2 2 272
=" @-a)+@E-a)+@-a)y] 2.2)

222 RETHARER

AR MR LA RBEA G R Z, W2 O A, ik R
2:(1993)F00 ) IT L fi5t(1994) 1 #EHAI(1997)52, B P #REE(1997) ), i 4 (1999)4,
AR (1999) %) FRE K 252001) %0, R 1 (2002)°7, 1T 1L 52(2005) %%, {EXFF4N%EF
TRE TR, @R (G A AR T R D2 KN T % OV 11— SRy, oA
e R T E A TN TR A R IR R A A MR TR G b A (2003) 500, XY
#3(2003) gHARHE(2007)M,

ABAQUS 1 | 5 [ ¥8 14451 1745 5 (Concrete Damaged Plasticity) il DA TR HL TR Bt 1=
MEHOAELEMEAT A, (EAFRE BN R AL N 77-RA8 5 R MR ARHIF . X T8 R
B S, ZOTRE L BTS2 2 LN, TREEEAT = M2 RN RS, H
LR I 52 DRSSO T kb T 2h A& R v, (B 1SR 1 i S P MR e A T
I, EFERIAEWE s — R N T TR EE VA S NG BTN — R R e L8 -
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AR 2R 1) B BRI F 2% . B ARG (2007) 5 /8 T AR OIR B L X — L, S KR
SIS HTIRAE, 25 FE LN R 50 & AR L £ 105, 424 73& -+ ABAQUS
AL TTI T HIAZ O TR B N - N AR R R

2-x—x° (x<1)
S E e 3)
By (x=1)"+x
FV AR
& (o2 02 _ 6
x=— y=— 0, = 1 g, =6, +800-£°%-10°°, £ =(1300+12.5- £/)-10"
(114 %jtb{'»%? ) 2.4)
1.6+1.5/x  (T#NEREE L)
B,=(2.36x107 5030 (105055012 (R4NEREL)
01 (2.5)
U) (7~ AT

DL, VR L B A TR AT £ L) MPa AR AT it
2.3 BTARIARERR MAERI 4

ABAQUS H.&FEE ML, MM ERER IR E 2. T
IR L HELREE Ry, 2 AN TR EE LA AN T RUAN AL iR, AN . AN, N RRR A4t
PR ] K F DY I 2 5% B Jn(S4) SRR, 2B MR 9 MR 43 AT Simpson #2757, 1%
BITRVFE IS E EETT MMBI AT, M58 )EER /N BT U1 AR TR N, X
ABAQUS 2K M F S SRR M . A% O TR IE 1K B\ A /S TR 28 M 98 46 AR 43 ¥ 6
(C3D8R), RHAMIBAEFA > BT Al ARttt SR, BN 8 b ihn, LAY RN Ay
YER BT dENS s SR SRR ARG, S S AE R A TE R, AT EA S %
FIRKEM . X TAERIA ISR, JrANeE TR EE AR SR I 2 Sk .6 (C3D8R),  [HI4K
BRI T HESR A2 Shell HIT(S4). H%E TR Bk L AT T0UIN 208 >R F 25 BN A4 (Discrete
Rigid) =4E VYA TEWIVE B TT(RIDA)RAE AU, R FH WA 200 1 2 Filt 100 4oy 2504 FH R & 1)
B, FHaelRmitHAAE.

R FH 3 B g 0 ) B TSR AR X T S0 iA 2% (2006)N KRG 1R CF-22 5 SF-22 #E4T
RIRIRES, PIRIREGSE R LK 2.4, @it ABAQUS 545 B 56 45 BIUXTELE I K
FH UG LTI Y R WA R 3 H R LA G B o A EE P 40 AT 1) T A 00 A Vi e -~ T HE 248 % e 7Y
A4 %) DX A 1) 43 1 0 DL I 2.2
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2

rr’—ﬁ"'!%ga;rmn
:gﬁ#% i
e AT

e
S =

e

(a) J7NE TR T HESE

= R
4 PR

WRRE
BRI
T 5
E% : R isgEct
(g) 77N TR Bk L AE G T A (h) [BE E VER o HE ZRA THTS
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Z RN TR AR SRS M PURR PR REWT T

() 77N TR Bk HE S o )57 A () [EIARAE VR ok A AE B o [
B 2.2 HRER e AHE 2R R T A% ) 23

2.4 FERRALIE

X VR I A A A 2R A 2 AT ) — A O ) R A T B b A BRI 5 VR g L ST
RIS REAE o W T ARSC, FEVEZTT AR A AR Ak, B S8tk 207 1747 (1)
JE A SR o] LA Se Akt $EAbiin U) 26 7 1SR FH O BE RS AL, 75 ST 1) ] DAAE i Y
277, BIRL kG FUERS, FUEA AR S, RN R B N RS, X
FEASFRTT DAL B & PR RN B 5% O TRt R AR FEAS — S0 I B 28 52 15

B PIBRAR . SRR G250 R FH (1 42 [R]—Ff B e 28 Y (Shell #0T),  [RIFRSAY Y
FOTEAMER B HE, K elz mR AL AMerge) MR T 30, XL AT DL
F ot (e S, ARSI SAPE AR 0 i o A ZRAR A TP D A 45 4% o VR 56 2 T) 114 2
W2 R ) AR AL, Fl T IR IR (Solid B 7% ) 5 4M 8 (Shell B4 75) % FH 112 A [ 1) 2
JCRAY, FTER A Shell-to-Solid Coupling 73R 77 AR AL I . T+ N2k 5405 1)
TERE, G R e L E A SRS I AR SR FH 5 B T ARADLIN, RN SR A AL S R (Merge)
R 7N TR AR SEAT SR IS AR R F SR B TR, HORIANE SR A Tie #E#E. Xt
T BRI 5 A% O Ve - A, R K P BB AR 1k A\ (Embedded Region)Vi#E + (1) 77 s A%
D

2.5 farg KA xR IE

ARAE SRR 1201315 BRSO, R FH 5 SRR A PR fip AN S 21 . AR TR A% OV TR
et R R A m AR, ANE NSRBI 454K . £ ABAQUS HiZE WA
W10 (Stepl~ Step2)73 )it AR Tl [ i 8k FH 2 i 7K S A o SEBR INER B L LI 2.3, 1%
IFi) i 25 P EEAT TR AR 0o s AL, KT Amr B84 T AE B o 9 1 B3 L 8ty i A 8 g B
WE—NSF R SRR EE R, APREHMESS 8L, BT HEAUHERS 2L
SRR - R A R 2R, JF H R E BT RRE, ECRAAM AR TR, R
i Tl IV 260 PRI A 2% A1
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VLB N R R VA7

3.60m

Mi Mi Mi Mi Mi Mi o

P —> S R
2.4m 2.0m
~ ~
1.2m 1.0m
~
p 1000mm 4» 1000mm k ¥ 1000mm q\' 1000mm qb
(a) [N REE - CCHR[12]) (b) 7N TR EE - (CCER[13])

K 2.3 PEIREE ARSI b a2 s A

2.6 t=REIGOIE

N T BAEA T IR A7 U IE R 1, R ABAQUS X SCRR[14] 7 (11— 2 — 5 [ 4K
B TR L AHE LR (CF-22) A5 A0 B VR ik L RE 28 (SF-22)EAT 7 BB InAk N BB AF L, T k-
PLFE(P-A) A it 72 M 2B A B AR HU 45 R S AR50 45 xS LA WL 2.4, TS HEZE AR Y Ko B
NBEIE 2.5, THEAF KPR AR ) X R A2 LK 2.1, Bk BE, Tk
5& P-4 WMZGE KRR AR ST Poer THE SR 515045 25 FU AR

120 200
D140x3.34 . [J-140x4.00 _
180x80x4.34x4.34 | . 160%80x3.44x3.44 T
60 f,=352MPa Fy 100 f,=361MPa, r
- f«=52.6MPa \§ fe=52.6MPa
Zo £ o ‘
& o
R i R
TN A e it LN S i
-120 2200
-100 -50 0 50 100 -100 -50 0 50 100
A (mm) A (mm)
(a) [EHNEVREETHEL CF-22(n=0.3) (b) B TREETHESE SF-22(n=0.3)
Kl 2.4 HEZLAAHALR B 22t 42 5 ABAQUS THE B 32t 2 %t Le
7 2.1 HEZRARBY K AR PRAE, 11 R EL X LAY AL 7%
‘ B {E ABAQUS iHH{H P, A,
IR TRe) =
P ue 4 ue P ua 4 ua Ijue Aue
CF-22 93.21 34.33 95.30 23.35 1.022 0.680
SF-22 157.45 29.10 154.91 24.32 0.984 0.836
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S, Mises

SMEG, (fraction = -1.0)

(Aavg: 75%)
+3.596e+02
+3.288e+02
+3.000e+02
+2.701e+02
+2 403e+02
+2.104e+02
+1.806e+02

+1.503e+00

(a) CF-22(n=0.3)

5, Mises

SHEG, (fraction = -1.0)

(8yg: 75%)
+3.268e+04
+4.500e+02
+4.125e+02
+3.750e+02
+3.375e+02
+3.000e+02
+2.626e+02
+2.251e+02
+1.876e+02
+1.501e+02
+1.1262+02
+7.912e+01
+3.763e+01
+1.456e-01

(b) SF-22(n=0.3)
K 2.5 WNETREETHEZE T Mises N1z &

2.7 WER R LAELFH IR 31

FRIE DA b AR T g, R ECSCHR[12] [13] R RO VR vk S T HE 2 o B 7R 0 47
JIHIBHE T . SCHRR[13]H PAEZLRI R A = 2 WS, B 1.5m, BE& Im, KA
PR A, HEZRE R 8 T4 118, HEZEZRANAT K Q235; SCHR[12]HHELLIR
IGHAIN = Z S, B 1.5m, ZE&E 1.2m, KXHREWERE S, ERERNT T’
A 180mmx100mm>Smm>8mm, MEZEZEEMNFA R Q235, AR F WL 2.3, HAhAHZS

ERIR 2.2,
*22 EEESR
emppen| R | g | RO g | mietar g,
(mm) W o | o | (Vmm) (N/mm?)
Pl 0-150%6 0.18 | 04 0.25 242.6 40.37
D-150%5 0.15 0.4 0.32 331.7 57.95

2.7.1 TE-NBEEES T
MR DA _E AT 5, I ABAQUS BRAEXS SCHR[12] [13]H B = )2 19 15 5 A0 /5 Vi ik
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VLB N R R VA7

THEZRAN TN E TR R EHE SR REAT T T =4 T AR LA IR e, Har a4
HRE(P-AHZ WK 2.6, SEEERBUERIIE R 5% th W) & 1 LBy, (AL
Ao MBEIFRTBAEH, E7NEREE EAESGE BIARR Q2 )5 H 2 0F R L &1
R FHANE R EE AR BB (G R LART ABAQUS i AR AT lgnai R, X
e FH 1 96 I ) 2R S AR E AT R eAS AU 2% 1R BB 1 22 3 i = 250 1k IR A T
ol e i I T TOURE N, ARSI AR R, T RN 0 e I AE B AL AR
H, HHESRAEHEN SRR, HEXSH BT N AN e 77, IXEERUE % 51 el A T A T
B IHAE N T PSR BB I BUE, T ABAQUS #E# i - A2 tH LA 77 T

%50 ———————— — 200
3
150 - i e
! 100 L1
z I z
N .
& 50 Ly
5 | Rt -100 ; o s
-------- W S 7
950 Lotromott -200
-100 -50 0 50 100 -100 -50 0 50 100
A/mm

(a) J7ANE TR e HEZE (b) [RIWETREEHES
K 2.6 HEZRAHAT 22k 5 ABAQUS iR E 4 Zexf b

2.7.2 WMERBTAELRZ NHFE 5787 AR

N ECERAN [R] 52 3B BB AN [E) A7 BB A VR A A 24 % ) A1 A T 1) B IR, AR
HOUEA A7 VG P A AT - 78 4 R B G b AN RN A8 I 22 6 I ) g AP it R AR T BEAT
Bro 5302090 HIMESRTT 48 i AR O3 N 2BV R B R (1 ) AR PR Ay 808 2 AT (2 s ) AT
PR O N (3 R, LI 2.7 AN VR ok HE SR 4y 52 A Tl g A6 4 s 7K~y 28 )
TR, MEZRAE. RESREIIAEE M, BEA RS BALR N I PREATHIFE, Ay
R U R AHEZE E B ACRIER) LA AT o i, B 2 B A e 5 I 2.7 o
3 A VR e A SRR [5E] B0  JE k  AE Z i B A o B — 2

b5 b6 __ b7 ey
r(% = == |
c7Q : Cogxc : 1
1 1 1
1 1 1
1 I} !
1 1 |I
1 L1 _=dls
== = 3
1 1 1
1 1 1
1 1 II
1 c6l 1
5o lb b2, 7 b3 b4 |/
1o== == i
c3 1 K c49 T 1
’l %1 Il %2 ’I
i I

B 2.7 TR G ARSI A T o B S S s
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Kl 2.8 25t 1 J7 BN VR B o5 ME BRI v BEAE A [R) DD AN 2 (1 % Lo TR B L 2 ] B
ST, JEEHIAL B KA AT RSP e BRI DUE H e AT R %0 20 HE AR A 7K
RN 5K, AHEAE IR, FAEZEAAR SZ (1 R S ) B0y TRl — 7K P Aar 8 I 2t 1)
] — i BE AL AT AT b, RO VR T I SR X RS2 R X N ) e A AN R, SR K Ik
Ui R 2 RE AR B2 0 X T AR B R, AAEAAE IR, WAEZAE A/, HLBEE KP4 A W
IR, ATR T 2R X IREE R, SZh X IEEN o 1X 3 ER FA/K P 3B R 7R A2
MEZEAETZ vy, WM KA 85, 2o MESEAT F Se K 2 /K P 8k, T i 0 7K S Ao 0
8 AN G 4y ) A 3 B A ME ZEAE AT A 2R AT, R B AT TR FH 1 B8 1) 77 (S00KIN) KT 45 HiE
ZERETHAE FH ) % ) 77 (300kN), RI A HEZEA: 4 LUK, SUE K P sk fE L T, AHAESE
FEOFS BN T A HEZEAE, AT HHAE 2R AT b 52 X N 52 1 XN /N T A AE AR b A 7]
FEALSZRLIXFIRZ R IX B 7). 1] 2.8 145 T 14k 2.6(a) T =AM INEN 2 R R AR )
MAOLE, FTOUE W ARRMERE ZUE BRI — B R m A B (X T E R & s
TRRZ, TZEHRAK, X EERF KRS EHETZE Ry, 3 B8R MHERAE R
i, HEZRBEN BRI, B IR S C AN, SE R RAE T A
FIAME, TMERETRET REARRK, ZEBRZ, KESR/D.

B 2.9 45 H T J7 AN TR % o AR a0 A R A AT IS BB MR BB I AT (e 1 AT c2) b Xt B T
B 2.6 H 3 ERFAE AU 2 A% O VR - S AN B8 43 A B o B TR IR S AR BRI /E
FEIE B MR B B I EAGE I Z Ah(H 2.9(d)-(HEILL R 2.9G)-OEAT LA H). HEE
MR BT BRSNS — M E, M Zax, G2 EX. AE
29(a)-(DATLLE H, EREZREARRE N B IRBY B (1 RO, 32 R DXOREE IR RIEAR, B K
S Auf BB ANOR, VR RS2 B X ARG K, 52 i X TR ek /S R H A
g A M. MWK 2.9(a)-(c) & B 2.9(g)-() 7T LAE H . AT B MY BOZ O VR HE -+ A% b 3
KR E LR, 76 B TAEE R Eak T S )40 A U R B T 52 A 0 R 7R N,
TR Z)— B A ol AR E: - M2 R X Va /N 2 #iah, JFH o1 #H
ABVEEE TR RS T/NT 2 BT AL . XN T A FENERE %, o2 ol BEEE 2 &b, %
CVVEEE T35 I DA N R RTINSy B BTAE B A A TR 52 e, 75 it i 7K~ A 2
BRI AR, RO TR M B 32 ORGSR A R 2 hoIRES, B2 hr X I 1
Ko A% o VRBE A5 52 6 DX BTk /N, 52 X N 32T K, 70 A B M T
ERARIEAE PIEINEIAR, DR A TR R R R, AN A A AR T
P, [l X IR A2 BRI LA RN . M 2.9(d)-(H - 2.9G)-()ATAE i, AR
F NS B, ol Al c2 AT AN IR 1 AR 35 S A% O TR RE 180l Sk /R A ~F 1
FEE IR, 533 IS h X2 KX, 7R K P far a0 (8 m g 2 EH ), 4N
B HINARI 2 5, SOERMACE RS, 72052 X BT EN, R 7K A 2
[T KA 2 hr, A2 EREAKCEREEMA T, BN A—EHEK, B %,
WEZ X G R: 5 8 A A P T AE P AT I PR A TR AR AL
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SN BT R A A 22 AL 18 ST

w7 = R AL
 BIRREA
‘ 3 RR A B3 R A
1 ': R AR
= “)\5“ N .
e hﬁz;&%ﬁ B2 ERE A
‘ — R AR E
B1RERDBA B1RRS A
B1ERE S
1 — e — e

(a) Wi BERZ TR BN S 041 (1 )

—— =R E

B3 ERE A
Telsgzetot % 3 E}iﬂ%:){—i ; % 3 E}iﬂ%:){_i ;ﬁ 3 F&%
‘ '*__:E%%Hﬁﬁﬁ
B2 JRRE R
B2 RERE R F2RNE R
r —— R AR
F1ERE R
F1ERE R
H1ERE R
FEREZEAE: 1‘_‘¢E%E AHESAE

(b) WEE R OB EE LA R S0 A (2 )

— =ERE A E

HIERE R
HIRRE A 53 RRE A
SRR R A E
%2 )2 RE R

F2RRE A

F2RRE R

— RN AL E

=

=]
A
ot
Gl
=
i
I

1R
01 RRB A LRI

JEHEZRAE HHHESEHE

(c) Wi BERZ TR BN IA N A 7041 (3 1)
2.8 AN[RINARS 25 AN TR ok - MEZRAT A Lo TR - 4 v B A 1) I 3 7 A



2 JRANE IR EHE SRS M LR P RERT 7L

-4.667a+01
-5.125e+01

(a) c1 BHRZ VR EE (1 55) (b) ¢l B ZORELQ H) () cl B LEELG &)

L] (a7

S, 511 . '.' ' " s, 11 ",’ g, 811 "l
SMEG, (fraction = -1.0) SMEQ, (fraction = -1,0) SME, (fraction = -1,0)
(Aug: T5%) b (Aug: 75%) (Auvg: 75%)

+2,351e+02 +2.6342+02 +3.000=+02 by

+1.3462+02 +2.194e+02 +2.520e+02

+1.5412+02 +1.7552+02 +2.033e+02

+1.136e+02 +1.215=+02 +1.55%=+02

+7.3032+01 +8.753e+01 +H.078=+02

+3.250a+01 +4.356e+01 +5.980=+01

2.0252+00 23e-0 +1.1762+01

4,8552+01 4.439=+01 -3 628e+01

8. 9082+01 8.835e+01 -8,432e-+01

1.2862+02 1.323e+402 -1.3248+02

-1.7012+02 1.763=402 -1,.8042+02

-2.107=+02 2,203e+02 2.284e+02

-2.51ze+02

-2.642e+02 $ -2.765e+02
7 iy
‘e ity

i, %,
Pyl I
o,
04._{%3{:]’ .l.l
47
J

Ny
ey,
L

3 & s33
(Avg: 759%) (Avg: 75%) (Avg: 75%)

+3, 805e+00 +3.756e+00 +3.715e+00
7.242e-01 -2, 125e+H 2,509e+00
5.253e+00 -5.007e+00 87332400
9,782e+00 -1.38%e+01 1,496e+01
1.431at01 L.977e401 2.118e+01
1.884e+01 2.565a+01 2,740e+01
2.337e+01 3.153e+01 3,363e+01
27302401 3. 741et01 3.985e+01
3.243e+01 4,330e+01 4, 608e+01
3.636e+01 4.316e+01 5.230a+01
4,148e+01 5.506e+01 5.852e+01
46012401 -6.094e+01 6.475e+01
-5.0542+01 “6.682e+01 -7.097=+01

(g) c2 FTHIZ R EE (1 &) (h) c2 B O REE (2 1) (i) c2 BEAZOREE G H)

g, 811

5, 511 L] 3, 511
SHEG, (fraction = -1,0)

SHEG, (fraction = -1.0) .' i SHEG, (fraction = -1.0)
(Avg: T5%) (Avg: 75%)
+2.657a+02 = +2,797e+02

() c2 B E SZAM 1 =) (k) 2 BANE ZIMQ &) (1) c2 B E Zh M3 &)
2.9 J7 AW VR ot ME SR TR R A A AR T AR AN (RN B 2 B A 23 A
2.10 #5757 ANE TR AR ZRAE b LA i R A A L TR gk N ) S AT I L

c3+ ¢5 73 AN ZEHESEAE — R TSRS s AL A% Co R e 1 1) B R PR, c4+ c6 200
HOHE 2R — 2 TR AT R A A OB BN AT . 75 2248 R T2 R R
EENN S = 1T 1 SE~3E A KPR T 1211 S 39 5 K VA e =9 = o = O S w0 = 11 T P
MRZEX, AMMNZHIX . 7T LA H 3 Fl c5 BAK o4 I c6 AT AbTREE b KX
s AR R BTN, ELAE RN B 2 [F) — R BEAL, AT AR EVR SR 1 (c3) 32 K X T
FAR T ALY /R 8 (cd) TR ot b 52 I XTI AR, TS mi B AR VR e = (c5) 32 h X AR K T
R R _EAR R L (co) AL X TR . BEE KT B AT KA /-3 &), ¢3 Al c4 A
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SN BT R A A 22 AL 18 ST

A 3% s X THIAR S TR s 1 R B2 T AN K, 52 XTI AR A TR L B ) AWy, 5
c6 R A 32 hr X T AR TR b B T3 ANk s, 52 DX T AR B s - 1 2 7 AN T K
XPF c3 B AL CVREETAE 2 AL 3 AU ZIH I T AR RIS, o4 st
VR 2 R XK, SZRLIXAR/DN, X E B Ry — B R P ) S B S —
JERETR(UE 2.8 FizR), 3 Al c4 #RIEE AL T S RALE KT, HARSHEZEA: RS Sk
T 1A% O R e 3 AT AT 2 R PR ZS o ST =R AR T 55 i 28k T 192 77 it 7K P i
BENMES DR EREAMR, ERAMERE, HEILE 2.11.

5, 333 s, 533 - 1 s, 533

(Awg: 75%) [Avg: 75%) [Aug: 75%)
+3.7852+00 +3.772e+00 +3.7452+00
+8.4832-0 1.41de -8.3788
2.0892+00 3,7752+00 -5.421e+00
5.0252+00 7.543=+00 -1.000e+01
7.962e+00 1,132e+01 1,453a+01
1,090e+01 1.510e+01 1,91 7e+01
1384e+01 1.8578+01 2,375e+01
16778+01 7.2642+01 2.534+01
1,971e+01 2.642e+01 3,292e+01
Z,265e+01 3,015 +01 3, 750e-+01
2,558e+01 3,958e+01 4, 703+01
2,352 +01 -3,774e+01 -4.E€7a+01
-3.146=+01 -4,151e+01 -5.125a+01

(a) c3 #HAR(1 &) (b) 3 BHAL(Q2 A7)

-5.125e+01

3o
& om
H
T
WRNNERRE AN GG
Pt ]
Laapengoenosy g
FOREISREENG S 2
ittt
SRS
EEAEd b lY
BEREERNEEEERT

(f) c5 A3 )

=
“7.087e 401

-5.0542+01

o
¥
R
SEGLRNHHESaNG 0
PEeNYGDRUNRY §
SRORauRsAnEE g
e St
FRER RN A e
e
fadatdtiiiot
RBEEEREREREERE
cw
g
Eu
o A
B T T
ot RnwweDE ey O
e
PREEEAn e AN D
SRR RRARARLEY
trditdtditiddy
HRERERERREEEES
e
B
o
., E8
NpggEoepnrond o
BDRO DL e DY O
LRRSRRALEAEN S
SEBSEaLoRraeh S
TEEERR D
++++++++++++
fittitttits
RERRERERREEEZ

(g) c4 AImALQ 55) (h) c4 B AL Q2 &) (i) c4 BRI AL (3 )

s, 533 s, 533 s, 533

(Awg: 75%) (Awa: 75%) (Avg: 75%)
+3,805=+00 +3.756e+00 +2,715e+00
-7.24%e-01 -2,125e+00 -2.509e+00
-5.253a+00 -6,007&+00 8.7332+00
-9,782e+00 -1,389e+01 1.4368+01
-1,451e+01 -1,977a+01 2.118e+01
-1.884e+01 -2,565e+01 2.740e+01
-2,337e+01 -3,152e+01 3.363e+01
-2,790e+01 -3,741e+01 3.985e+01
-3.2438+01 -4.330e+01 4.6082+01
3,696e+01 4,912e+01 5. 230e+01
4. 148e+01 5. 506e+01 5,852 +01
-4,601e+01 6.094a+01 -6.475e+01
-5,054e+01 -6,682e+01 -7.0372+01

(j) c6 BRIHAL(T £D) (k) c6 #RIMAL(2 £) (1) c6 BT AL 3 £D)
K 2.10 JiANE IR HESE c3-c6 AR % ol Bt 8 13 0 A
2,12 &5 T TN /w@%iﬂi?&ﬂ%ﬁ*ﬁﬂﬂlﬂﬁwm&(fﬁﬁ?bnﬁﬁﬁ ¥ Tl
VIR N A Bl T A AR A U () AN o5 BRI AL B AL R IEIX, ¢3 A
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BARA B S TG H N 2 IR, ISR 3 R, R IEXIER A JE R RR, HIXZ
P DA FF AR Ao X T AP R ZE M A AN S o4 A A B A AR ISIX, 6 i o & Ak
NZHL XN 2.12(d)-(DF T EAE H, AR Z o4 A7 B b2 e XN E R KT 6 fif
BRI XA E RN T, B 320 XS Sl . 8T BLERUAR WA, (R 4N
BRI A EHE R TINE B X N XA BRI 5 B R R R T, HESE
AL AR 527KV B4 P 22 i 52 A% Tl 0 i 38001 P KA 0 0 B8 A8 T R A7 A T
735 2R SRV B DAJA A 52 s XA 1A T 2 75 2 Al ) s 2 77 5725 gt e 2 9 4 28 PR 45
R, PRI BIEARE 1 ARSR B, T 32 B X AN B 7K 14y 0™ A 1) 25 il B0 8 ) 5
SR B iy BT A N 7T, AL e ik B AR G R o A 2.12(d) e n] A B
PR AN 1A o Al 2 S SRR AL A (0 AR, (BRI A S R AN R N TR
AR OLE R E . —J7H, E N IE RN RGN 1 Sk B e ik, AT
Wik A<, Hi—J0 T, e R G LR AR s “oRAE SR vt R,
AR 2 S N BUAE R . 9 AT BRI A, T R BB R B R AN A e Ak e R 2B
JIE A, BTN PAT TS MmN, B SHEFR ST A EET
INELTT 1 FRIEAE e 2 S R o

(a) 7 #RTAAL(1 &) (b) 7 &I A2 &) (c) c7 BRIAAL(3 K)
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(d) c8 A1 &) (e) c8 AL &) (f) c8 #MmALG3 )
B 2.11 A& TREEHRELR ¢7-c8 BRI A% O VR B+ N S50 A7

35, 511 iy s, 511 (HH _ s, 511 g _
SHES, (fraction = -1.0) |1 c5 BRI X SHEG, (fraction = -1.0) PN S AR A2 R X | swea, (fraction = -1.0 o5 AR 5% R [X
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(c) W BERZOIREE LN 10 A (3 A
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K 2.14 1025 8 T =ANINERZI TR AL 2 8.3 S)EEHRES S E, iTUUEH:
FEEME N ZUE RS — E S R E RN TR ERR) R, R, TEEEE,
X ER R /K B E A TZ R, JF iR MR A [a) TAE R, AHE S8 N\ JE Ik
i, fMoRELCEHANEN, FEEGERAT SR AIEAMEE, TR TR A
HBRRK, Rk, RZERA: BEEKPRERABIRA S-3 R), F—RIAEEH
R S B WA A BTSN, X2 TR KPR RGO, R A AU
HAMIRETIE R, MMSH 7 RS AAER B,
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-5.068e+01
-7.437e+01
-5.005e+01
-1.057e+02
-1.214e+02
\37L

(1) c6 BRIHIAL3 £)

s, 833

(Avg: 75%)
+4.080e+00
-1.161e+01
-2,730e+01
-4,299e+01
-5.868=+01
-7.437e+01

\B42e+02

(0) c7 #RIMIAL(3 £)



2 JRANE IR EHE SRS M LR P RERT 7L

s, 533 s, 533 s, 533

(Avg: 75%) (Avg: 75%) (Avg: 75%)
+4.311e4+00 +4.14924+00 +4,0802+00
2. 443e+00 -5.0982+00 1.16let01
2,1972400 14352401 2.730e+01
1,535e+01 2,359e+01 4.299e+01
2,270e+01 3,284e+01 5.868e+01
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T T AN AR SR M O — IR R, REE A 4.2m, FRHEEE RN
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# sExX g-xX 2Bk g  2E g
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EAHFEER T, 3 FE. 8 EULATNERIMNENFEMEIIRERS—, REFESELE
P in, 1X5&m a5 AT i B S B RUE . WEIFRIERTUUE H, PIARAS [R] A
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