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Abstract: Thermomechanical stress is one of the main causes that results in destruction of the
refractory lining in many situations. It is very important that a proper constitutive equation of material is
selected in the finite element analysis. In this paper, all kinds of constitutive equations used for refractory
are described. And their merits and drawbacks together with their applicability are discussed. Tt is
concluded that it is difficult to build a proper constitutive equation for refractory. Based on the results, the

solving way using micromechanics has been presented.

Key words: refractory; constitutive model; thermal stress; finite element; micromechanics

it KRR IE — BB T RIR R, — BAL2R
o, RN S, B, NS R R T KEAYSC
AR, M P BR AL TT R i X R B LR 3 7T T
Bst, Abfi 1@ AL LT R F il 57 R 1R (R R
IR ), B o IR A SR E GO BN A3, B R e K
PORME R 07 T, B T B ACRY, B,
HAWE R B EE T - S5,

Wie# H 9. 2008-05-04

ELA . WIbE 8RR S VTR H (2005ABA020) ; #i4L
HHE TR H (B200611004).

EERA EER1973—), B, T¥E+ #42, TENES
EREVREMNETH REWFZH T OB
.

Lhrk, A RBITHHE T HERREIL T K B RHIR
Bn R E SRS, BORT PR ALHA TUOTHER 55K
PR OLEHERRIE . AT BROTAR B B VERA 1V 2
PR G TR 05 SRR A R 2R
X o JUFTAER BT R R R RUE BAE S A R TT
BRI TERE , F A0 i BRI v O AR T K
FERAR S 9 A H RSB E R W K B ERAUARUSE ) T 52
AR E RS, AANERET SRR
JEEAT N H HEE A ROT I B R 4308
BT K AR RR 7 5 4 o BT R R R A AR
BOHE T & ANMEG JFRE T —METHARA
FHC T T, R HEGRARINT K b1k R PLRRE 77
i T #iR E R,

37



BB ST T KB B A4 B R A MR R R

1 WARHEEIERESFTH

Wit KBRSl 2 A B RO IE S B AR,
FIRE TR A MM AR . K
PERE , 73 R HALAR M BB 52 I B 0 DR I 0 3 v
BA,EEWR LRI AR T R ERELYE 25T
Ho WA FEMRIRARAFT T KRR B Bt , %
B = B AW AT, IR BG  E RAR
R MR FARMMAGEN, Xk, w32
RLBF i ACBE ) S RSB R T P4 38 AR, TE R TR
i, FAEAR NG IR R B , A B B B b A
MPREAT R, A RTEREET P, MR
JELR A 1 47 O R P P A4 O 80K 3R R R AE
(o BOBE AR 7 1R BT SR 69 1 2647 S MR A B
B 12 AT BRI R IR E T A PR JTAR 40 B 4
B, Kk, R KRR 2 D, SR AE
iR AR R E T AR AR TR, R ERH
R RIE.

2 WRHHEHEERE

7 4 7 B SR R SR A1 - B X B
BeE R, B TR A 7R R R T A M e
B AR SR ER TN B LA
5 R T MR, B ity B
% S TFHRNAR RS SBAA LR
R, HEFER KRB R A48 R
TILEA MR,

21 MR

S AR L — T R B RS A A
KR, TRABTH KBGO RR Y, A
B AR TG R T DU, HR
TR AR R A R

o=K (e, )1+2Ge
R o WA KR K BRI EE,
ey JIRRRAS e 0 BB K 7= A 1 PR RS 31 S 3
£ 3 B e MR PR RS TR T B RO

A H BRI SR T R 0 B R
W4, Sl T RITAR S, E
BLT #R45 H oR B R T B KB AR S, M i — 3
WTATORR, w1 TR BA 2 IS KRR
AT R, FIHHE SRR RET , R
BT,

38

22 WEHER

Tt Kb BB HEAE R ph C.Comi 25 AT 1995
R, TR FAT AP B A AR — Fh 8
RS 1 FR SR £ R SR bR H1 2247 2, <0
B, BEBHAD FRPEAR S 5 2 /50 BF, LA FBIPEAR
A, JEBR RS SRR AR B s, TR

( 12 JZ
= L4 2 +B(T-R(T
S | gl o | eBDIR(D)

ﬁq:‘ e %Jﬁlj]?&ﬁ;11=0'.,;JF%S,;,S,;;S,;:()'..—;—L@;
T R B(T)H R(T) A ESEK(T) G(T) 5
B AR B BT
RS, BRI LA A A AT LR 3 B
B, 8 7 X S P 0 9 AR TE R A T S

WEERMTT,

23 BEMBBMHER
231 AMGERBHAER
xRN R RS MR TE RS
A7 7R & B9 171 85, .M. Robin %5 NP F 45 )1 2%
Hit, AT —MER TP RREES RETRELR
i KA BRI AR R, b A NIRRT
R FHE BRI, REKN EZEL R
B R AR RS INAIGR B R B AR RV R R N # T
i TE AR R IR R B P Sl A B d RRIEH
F B Z WA 5 B0 E IR R BRI, 4% JE iR
BB R,

2

2
f(o,d,T)= 4 P +
18K(T)(1-d)* 2G(T)(1-d)*

B(d,T)I,-R(d,T)
Kh :R(d,T)=bs[b3d(1—d)b'+b5 b
B(d,T)=b, 1124

1-d
HAt by.bybs ba bs be B SBER XM HSH,
1 A IR 32 EORZS T b1 a B v B0 0
g,

H1 #eEREMGNE



X o4k 4 ®m30% Haly 20084E7A

FIRZE R BT R FA LR 3
AEMELRMBERN, B TESLRERHAFTH
HHER,

232 HEBAKGBRBEBAY

Bt X 5 26 5 K B4 R 8 (K IR B K B , Hernandez
SN R AR R T — R B
KAV, MR R S A & £ SR RAE
RKdBERER K, BE NSHABMNERER
EAR,ELRBERNALRNE &R 5 RARMHE
G KGR A R AR TE B AE AN, R B
KIIRMIELET R, BREEAEHR

2

I I
T = i "
fo 1.0 sxero e )

B(T,£)I,-R(T,§)

24 REBALGER

ifif Kb BHE 7 Fa Bt R B IB AT, A Z B
RN RERIT R, FAEMEREHATRARAR,
HBAEZ AT AR R KT HUR R (K A R,
PR R/NTHU R R R, R B R A R R SR X AR
AT, BB MR AU 1R T Kb R E 32 B g 3R
KYEAT R, ME R B ERRAETRIT N, R
(smeared crack IR B F AN h AR E SR
METWR N BRI —MT R, E5 8
T it KA Z PN FERT R B MR B AL R
BRI O BN E R B RO B T2 PRI
TR KA T B RA LR P T A4
o7 7B SR AL B BB P-TE SR R AT A B VT B SR AT 4

XMEHKMESRENMRETRAY BT H
S5EHRES FHEHITIE—EXR, A—1 X008
REPORBXRERNARETRARANEK
A, ZEREAECNB R ERE, FRANBEFNER
m,AUTFTRTFERR:

f4-(3-b% )p-(Z—g— %Yo =0

t t

p=—;-trace(¢r) “q= \/ —;—S-'S ,S=a+pl

AL .o S SRR B IR A 5p A RS 7 5q
R R von Mises i f7 ;0 A H B ;0 N BRI M
LA LR G REA BB KN A,
25 WEMEKER

UL EMEERBERLE, 8

ARMBE R EUET HUEMBIE, RGEMEHR
PR AR R  MA R 28, Lh LW
AMEEE S RERLRP, SHTARRMGRE™
L AR A XRBRBIFELET R, BAR
) Byt K AL B R E | B R RU AR W 2 R &7
AR S (BEBKEEMERES),H
BEARME G — B B2 R AR RAE P A X B4 (E
MERMEFARB B, HIERMEITHHERRET
—FuTEE,

Mitsuo Sugawara 2 A FIHMZRER A, F &
T —hifit KA RPN AT T A BT, A
B THUETHEAGE RS, FIHA#
ZME kB - AN TEREERNEMS , FZ
RALSMBH TR N, BEURREFEHATH
RN EEENE REROIELET Y, b
1% B2 Bl 43 kv 7 B B R R, 18 R AT B Bk R
o bF ) FVRLEE B R R, 5 P B AR k43 T AR Y
LA C R s YR K R IR R c VRN Y A
RN RLAE 4 B R, JF B M B AL, LA 2,
FIAMZEREHEAR, KREMR N EENGEAR
SR, B AW 8] B 2R N 4 R AR K
PR AER R IRAT R, 2 S50 RO A A R
(B R PR AR &),

M2 HEREHR

K2 MR R B RT b, BT X
KRBT HAEI, IR XN E AT T 4
B, 7 T4 RS LB R L LE AR A
26 itit

MELE B SR B Tt K #1 R A MR RY VT LU, 34
BRI AR, (Bl TRE B IER RN
ZEREARE, RN IL AR, B8k
BAREGEREY HE T ERMBKERTTRZ, 2
BRI N B Z 0 — R R (B —J7 i R R R
FEMHSH, TFRBIRA BHS, M X LS5
WA TEE, AR XM RHETELLSR; N —F
R A B BT 2 ER T ARIE , TR % B hL

39



PR ST (T KBRS 1 S0 o a4 R A MR R B

B} B 12T R o TR R BB — 20U IR Bk
FIRARFRALMORE TR BB L A& Wk
ETRYY R A S EHRE T BT HE—&
R, AT LA S TR R KSR IEL AT R, B
THEMERE HAFIERR—MAR TR, T
AW RRE— PR, COFET ERBR f7-
JAE KA SCIEAE o PRI R IE ) e A PR R
SIRERSERES Sl , R KA R AR 1 AR
BRI, ERUEIE TR K AR AR Aok
HEILLAEAHE, E 5 I8 T W KAORHEE R B P Y
B AAEEE RS LA RPLEEXFRAT N

IERm THRAMNTEEE, Wn TR HE
SERE . FOEE TS RS RLRE T KRR
LE A R, T B X ESEOFR AT H &M, AR
J 53 LA B AN 9 6 55 T 2 A 200 1ok ) R Y B
REGZMBHEI X S5, Wik, SRS E R
REAERY, DR RELRBIFOIER L, &
SEFRAEF T, AU T K B R TE A B 45 A R R A
PRI AP HS S

PR A MR R B A B Ah 8 (B HIEE E)
P A 69 28 J0 W 137 ) — Rh B2 Kok R TEMER
WIREERE Z E 1 3 F it kAR IR S HAT R,
BT AR IRTT B3R A (L 7T BE A 40 WL T A s
PUER , 87 AE FELE A I B I BE Rl L b4 L AR AT
Mg — MR B R W H A,

Kb b, TR KR & B AR R AT BTN
BLHTF bR AL G H B 5 e 22 ) A T A
o B, IR RBE th 5, F R0 A1 2 07 i,
FE KA B R AL R AEAT Ry 89 400 F LR, R
Pt R T KA R AR R AT Ry 0 5 — R R0,

3 i

TERIR KA R i, A T 1980 5 R
W& RYEER 0651 I8 K bE A B 9 AHLAAT
AL o T R T K BE (94T S LI, S 4
R R B ZEHLEN, 1RSI KM RAGT
LI, AR FE 532 BRI U AR R PR R | 3 L
REBSE, UTERFER, MREEEEME I
MR R Z B EER GE T WA ES%),

AR T KA A MR A XSO B, B ek Tt
KBRS R e, MMER 2 AT 28 i) b R
AT G — MR I B, KW A% 0785
AZIW KA R EBEFE 2 —Fh BT BT BB

BEIM:

[1] SCHACHT C A Refractory linings: Thermomechanical design and
applications[M), New York:Marcel Dekker Inc 1995.

[2] POIRIER J.Thermomechanical simulation of refractory linings-an
overview[J]. Refractories Applications and News, 2003,8(6):16~
22

[3] WANG Zhi-gang, LI Nan, KONG Jian-yi,et al. Calculation of Tem-
perature and Stress Distribution for Ladle Lining [J], Refracto-
ries Applications and News, 2004,9(3):27-30.

[4] WANG Zhi-gang, LI Nan, KONG Jian-yi,et al. Research on thermo-
mechanical stl:ess of long nozzle and improvement measures(J].
Refractories Applications and News, 2005,10(1);13-17.

[5] WANG Zhi-gang, LI Nan, KONG Jian-yiet al. Thermomechanical
simulations of refractory linings based on the neural network
and smeared model[R], ICRM,2005.

[6] WANG Zhi-gang, LI Nan,KONGC Jian-yi.et al. Caleulation of Ther-
momechanical stress of ladle lining during pre-heating and op-
timization of refractory properties[C)/ Dalian, China:Proceedings
of the Fourth International Symposium on Refractories, 2003:
24-28. .

[71 EXW,EM, L8, % K ORIUBE A BFIED], ® X8,
2004(2):20-22.

[8] COMI C, BERTHAUD Y,BILLARDON R. On localization in duc-
tile brittle materials under compressive loadings [J], European
Journal of Mechanics A-Solids, 1995(14):1-3.

[9] ROBIN J M.Thermalmechanical behaviour of magnesia-Carbon re-
fractories[J].British Ceramic Transactions,1998,97(1):1-10,

[10] Hernandez Thermomechanical computations of refractory Structure.
improvement due to the modeling of the dehydration process in
high alumina castable[C].UNITECT,1999:107-109.

[11] BOISSE P, GASSER A. Computations of refractory linings struc-
tures under thermal loadings[J], Advances in Engineering Soft-
ware ,2002(33):487-496.

[12}] SUGAWARA M. A computational method on the analysis of re-
fractory material with the use of neural network and FEM[M].
UNITECR, 1998 :359-368.

[13] WANG Zhi-gang, LI Nan, KONG Jian-yi,et al. Prediction of prop-
erties of ALO;-C refractory based on microstructure by an im-
proved generalized self-consistent scheme [J). Metallurgical and
Materials Transactions(B),2005,36(10):577-582.



Tiok KRR T3 5047 B AR A AR BB 50 [H BRER ..o

(=" BN, A, LEERS,  ZEACE, WANG Zhi-gang, LI Nan, KONG Jian-yi, LI
You-rong
(== A T &N, WANG Zhi-gang (GRS K2, HUMAL 35 63 TR 1AL 4 et ==, widk, B

, 430081 ; PR K22, il P B8 55 i JOMORLAE 8 3 e I 55O s = 35 1 A, 31, i
,430081),  Z=A, LT Nan (QIXRHEE S, il b 2 5 i JOMRI S S L T K s = 1
S, WG, B0, 430081),  ALEEZ, 25 A%, KONG Jian-yi, LT You-rong GRIUEHE A2, Hl
BilA% 2y 5 il TR 2 3 s s, Wk, G, 430081)

i L[5
Y44 INDUSTRIAL FURNACE
B0 2008, 30 (4)

1. SCHACHT C A Refractory linings:Thermomechanical design and applications 1995

2. POIRIER J Thermomechanical simulation of refractory linings—an overview 2003 (06)

3. WANG Zhi-gang;LI Nan;KONG Jian-yi Calculation of Temperature and Stress Distribution for Ladle

Lining 2004 (03)

4. WANG Zhi-gang;LI Nan;KONG Jian-yi Research on thermo mechanical stress of long nozzle and

improvement measures 2005 (100)

5. WANG Zhi—gang;LI Nan;KONG Jian-yi Thermomechanical simulations of refractory linings based on the

neural network and smeared model 2005

6. WANG Zhi—gang;LI Nan;KONG Jian-yi Calculation of Ther momechanical stress of ladle lining during

pre—heating and optimization of refractory properties[<Xiig3r] 2003
7. FAREW; 2 LR AR KK AU i 5 E DR ST - KA R 2004 (02)

8. COMI C;BERTHAUD Y;BILLARDON R On localization in ductile brittle materials under compressive

loadings 1995 (14)

9.ROBIN J M Thermalmechanical behaviour of magnesia—Carbon refractories[#P3CHAFI] 1998 (01)

10. Hernandez Thermomechanical computations of refractory Structure. improvement due to the modeling

of the dehydration process in hish alumina castable 1999

11. BOISSE P;GAsSER A Computations of refractory linings structures under thermal loadings[#h3CHiFI]

2002 (33)

12. SUGAWARA M A computational method on the analysis of refractory material with the use of neural

network and FEMUNITECR 1998

13. WANG Zhi—-gang;LI Nan;KONG Jian—yi Prediction of properties of A1203-C refractory based on

microstructure by an improved generalized self-consistent scheme 2005(10)

Lo EXGZR. AN ARVL. A i KM RS SR IR 5 R e (3 I8 300 -V 9002 4220086, 34 (3)

2. EGNI. ZEH. fLEES. AR, Wang Zhigang. Li Nan. Kong Jianyi.Li Yourong I A4 BB /3504 AP
O IS LIRS ] - R 2 CHRRERRD 2008, 31(1)

3. ZVL. Rl ST A RIS T AR A 1 ot P S RS [ i 301 -2003

4o BVL ARM. A i KRR IR TT S T S N S WS Uk g DT S -4 k54122004, 18 (11)



http://d.g.wanfangdata.com.cn/Periodical_gyl200804011.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%bf%97%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%a5%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%94%e5%bb%ba%e7%9b%8a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%8f%8b%e8%8d%a3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Zhi-gang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Nan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22KONG+Jian-yi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+You-rong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+You-rong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%ad%a6%e6%b1%89%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e6%9c%ba%e6%a2%b0%e4%bc%a0%e5%8a%a8%e4%b8%8e%e5%88%b6%e9%80%a0%e5%b7%a5%e7%a8%8b%e6%b9%96%e5%8c%97%e7%9c%81%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e6%b9%96%e5%8c%97%2c%e6%ad%a6%e6%b1%89%2c430081%3b%e6%ad%a6%e6%b1%89%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e9%ab%98%e6%b8%a9%e9%99%b6%e7%93%b7%e4%b8%8e%e8%80%90%e7%81%ab%e6%9d%90%e6%96%99%e7%9c%81%e9%83%a8%e5%85%b1%e5%bb%ba%e5%9b%bd%e5%ae%b6%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%e5%9f%b9%e8%82%b2%e5%9f%ba%e5%9c%b0%2c%e6%b9%96%e5%8c%97%2c%e6%ad%a6%e6%b1%89%2c430081%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%ad%a6%e6%b1%89%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e6%9c%ba%e6%a2%b0%e4%bc%a0%e5%8a%a8%e4%b8%8e%e5%88%b6%e9%80%a0%e5%b7%a5%e7%a8%8b%e6%b9%96%e5%8c%97%e7%9c%81%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e6%b9%96%e5%8c%97%2c%e6%ad%a6%e6%b1%89%2c430081%3b%e6%ad%a6%e6%b1%89%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e9%ab%98%e6%b8%a9%e9%99%b6%e7%93%b7%e4%b8%8e%e8%80%90%e7%81%ab%e6%9d%90%e6%96%99%e7%9c%81%e9%83%a8%e5%85%b1%e5%bb%ba%e5%9b%bd%e5%ae%b6%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%e5%9f%b9%e8%82%b2%e5%9f%ba%e5%9c%b0%2c%e6%b9%96%e5%8c%97%2c%e6%ad%a6%e6%b1%89%2c430081%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%ad%a6%e6%b1%89%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e6%9c%ba%e6%a2%b0%e4%bc%a0%e5%8a%a8%e4%b8%8e%e5%88%b6%e9%80%a0%e5%b7%a5%e7%a8%8b%e6%b9%96%e5%8c%97%e7%9c%81%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e6%b9%96%e5%8c%97%2c%e6%ad%a6%e6%b1%89%2c430081%3b%e6%ad%a6%e6%b1%89%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e9%ab%98%e6%b8%a9%e9%99%b6%e7%93%b7%e4%b8%8e%e8%80%90%e7%81%ab%e6%9d%90%e6%96%99%e7%9c%81%e9%83%a8%e5%85%b1%e5%bb%ba%e5%9b%bd%e5%ae%b6%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%e5%9f%b9%e8%82%b2%e5%9f%ba%e5%9c%b0%2c%e6%b9%96%e5%8c%97%2c%e6%ad%a6%e6%b1%89%2c430081%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%ad%a6%e6%b1%89%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e9%ab%98%e6%b8%a9%e9%99%b6%e7%93%b7%e4%b8%8e%e8%80%90%e7%81%ab%e6%9d%90%e6%96%99%e7%9c%81%e9%83%a8%e5%85%b1%e5%bb%ba%e5%9b%bd%e5%ae%b6%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%e5%9f%b9%e8%82%b2%e5%9f%ba%e5%9c%b0%2c%e6%b9%96%e5%8c%97%2c%e6%ad%a6%e6%b1%89%2c430081%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%ad%a6%e6%b1%89%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e9%ab%98%e6%b8%a9%e9%99%b6%e7%93%b7%e4%b8%8e%e8%80%90%e7%81%ab%e6%9d%90%e6%96%99%e7%9c%81%e9%83%a8%e5%85%b1%e5%bb%ba%e5%9b%bd%e5%ae%b6%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%e5%9f%b9%e8%82%b2%e5%9f%ba%e5%9c%b0%2c%e6%b9%96%e5%8c%97%2c%e6%ad%a6%e6%b1%89%2c430081%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%ad%a6%e6%b1%89%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e6%9c%ba%e6%a2%b0%e4%bc%a0%e5%8a%a8%e4%b8%8e%e5%88%b6%e9%80%a0%e5%b7%a5%e7%a8%8b%e6%b9%96%e5%8c%97%e7%9c%81%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e6%b9%96%e5%8c%97%2c%e6%ad%a6%e6%b1%89%2c430081%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%ad%a6%e6%b1%89%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e6%9c%ba%e6%a2%b0%e4%bc%a0%e5%8a%a8%e4%b8%8e%e5%88%b6%e9%80%a0%e5%b7%a5%e7%a8%8b%e6%b9%96%e5%8c%97%e7%9c%81%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e6%b9%96%e5%8c%97%2c%e6%ad%a6%e6%b1%89%2c430081%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gyl.aspx
http://c.g.wanfangdata.com.cn/periodical-gyl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SCHACHT+C+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22POIRIER+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Zhi-gang%3bLI+Nan%3bKONG+Jian-yi%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e3.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Zhi-gang%3bLI+Nan%3bKONG+Jian-yi%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e4.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e4.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Zhi-gang%3bLI+Nan%3bKONG+Jian-yi%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e5.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Zhi-gang%3bLI+Nan%3bKONG+Jian-yi%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Conference_.aspx
http://d.g.wanfangdata.com.cn/Conference_.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%bf%97%e5%88%9a%3b%e6%9d%8e%e6%a5%a0%3b%e5%ad%94%e5%bb%ba%e7%9b%8a%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_nhcl200402019.aspx
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22COMI+C%3bBERTHAUD+Y%3bBILLARDON+R%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e8.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e8.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ROBIN+J+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e10.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e10.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22BOISSE+P%3bGAsSER+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ029515836.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SUGAWARA+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e12.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e12.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Zhi-gang%3bLI+Nan%3bKONG+Jian-yi%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e13.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gyl200804011%5e13.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%85%b4%e4%b8%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b1%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%bf%9c%e5%85%b5%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsyj200603001&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsyj200603001.aspx
http://c.g.wanfangdata.com.cn/periodical-jsyj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%bf%97%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%a5%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%94%e5%bb%ba%e7%9b%8a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%8f%8b%e8%8d%a3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Wang+Zhigang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Nan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kong+Jianyi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Yourong%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_whkjdxxb200801009&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_whkjdxxb200801009.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_whkjdxxb200801009&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_whkjdxxb200801009.aspx
http://c.g.wanfangdata.com.cn/periodical-whkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b1%9f%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%bf%9c%e5%85%b5%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%a5%a0%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_4884342&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_4884342.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b1%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%a5%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%bf%9c%e5%85%b5%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_cldb200411014&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_cldb200411014.aspx
http://c.g.wanfangdata.com.cn/periodical-cldb.aspx

7. EERI 2. FLEERS. 2R s B K SRS Y g (A 5T D P18 S0 ] - H:492004, 20 (4)

8. NI 2k, FLEERS. ZEAR — PG AR S AR A B RE T b (4 BT [ 08 3] -
9. FAENI. A5k, FLAERS. 42 A% AN ) 2 AR A SRR A BERE 11 ) 2% 1 i AT 3CT -1 K4 )
2008, 42 (5)

A http://d. g. wanfangdata. com. cn/Periodical gy1200804011. aspx



http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e5%bb%ba%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%8d%ab%e5%bd%ac%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e9%a1%ba%e5%b9%b3%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dyjs200403008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dyjs200403008.aspx
http://c.g.wanfangdata.com.cn/periodical-dyjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b1%9f%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%a5%a0%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%bf%9c%e5%85%b5%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_5624740&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_5624740.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%bf%97%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%a5%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%94%e5%bb%ba%e7%9b%8a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%8f%8b%e8%8d%a3%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_lg200404014&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_lg200404014.aspx
http://c.g.wanfangdata.com.cn/periodical-lg.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%bf%97%e5%88%9a%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%a5%a0%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%94%e5%bb%ba%e7%9b%8a%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%8f%8b%e8%8d%a3%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_6077322&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_6077322.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%bf%97%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%a5%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%94%e5%bb%ba%e7%9b%8a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%8f%8b%e8%8d%a3%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_nhcl200805018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_nhcl200805018.aspx
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://d.g.wanfangdata.com.cn/Periodical_gyl200804011.aspx

