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ABSTRACT To study the corrosion law and life distribution of reinforced concrete in a coupled salt environment, the reinforced
concrete specimens were placed in 0.32 mol-L™' NaCl and 0.4 mol-L™" MgSO, salt solutions. The performance of reinforced concrete
was tested regularly using an electrochemical workstation. The durability was analyzed through a polarization curve, an AC impedance
spectrum, and electrochemical parameters. A three-parameter Weibull distribution was selected for reliability modeling, and a prior false
test was performed by the Anderson-Darling (A-D) method. The parameters were estimated by the correlation coefficient optimization

method (CCOM), maximum likelihood method (MLM), and moment estimation method (MEM). The reliability curve, density curve,
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and failure rate curve were each used to analyze the life of reinforced concrete in chloride, sulfate, and magnesium-based corrosion
environments. Results show that under the combined action of corrosion ions, the polarization curve gradually moves toward increasing
corrosion current density and negative potential, and the AC impedance spectrum moves to the left and shrinks to the real part of the
impedance. The resistance of steel bar corrosion gradually decreases whereas the probability gradually increases. The reliability curve is
unchanged at the initial stage and rapidly decreases at the later stage. The density curve is symmetric with a single peak, and the failure
rate curve remains unchanged at the initial stage and increases linearly at the later stage. Among the three-parameter estimation methods,
CCOM and MLM parameter estimation values are similar, stable, and accurate, and the obtained reliability curves are similar. It is
suggested that CCOM and MLM should be used for parameter estimation and reliability analysis of small sample failure data that is
obtained from an accelerated test of reinforced concrete. The reliability life of C35 reinforced concrete in magnesium sulfate and sodium
chloride corrosion environments is about 760 d.

KEY WORDS reinforced concrete; three-parameter Weibull; reliability life; maximum likelihood method; correlation coefficient

optimization method; moment estimation
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Table 1 Concrete mix design kg'm™

Cement Fly ash Aggregate Sand

Water Corrosion inhibition ~ Water-binder ratio  Water reducer Compressive strength/MPa ~ Slump/mm

300 90 1153 621 148.2 36

0.38 1.8 39.6 180

2 P.042.5 K SMBERM ST (B iS50

Table 2 Chemical composition of P.O 42.5 cement and fly ash %

Raw materials Ignition loss SiO, ALO; Fe;0O3 CaO MgO  SO;

Cement 1.62
Fly ash 5.4

2638 9.61 434 50.09 3.16 2.01
4436 25.13 12.64 11.94 0.82 1.23
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(b)  Thin steel sheet ~ Saturated KCL calomel
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Fig.1 Electrochemical test and three-electrode system diagram: (a) field electrochemical test; (b) three electrode system
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Table 3 Corresponding relationship between corrosion current density

and corrosion degree of reinforcement!'”)

foon/(HA-cm ) Corrosion status

Toorr <0.2 Passivation state
0.2<i oy <0.5 Low corrosion condition state
0.5<ig, <1.0 Moderate corrosion condition state
1.0<i., <10 Higher corrosion condition state
Teorr >10 Highest corrosive condition state
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Table 4 Corresponding relationship between corrosion potential and corrosion degree of reinforcemen
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American standard-ASTMC876

Chinese metallurgical ministry standard

Potential range/mV Corrosion discriminant

Potential range/mV Corrosion discriminant

>-200 5% probability of corrosion >-250 No rust
(—200)—(—350) 50% probability of corrosion (=250)—(—400) Maybe corroded
<-350 95% probability of corrosion <400 Rust
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Fig.2 Polarization curve spectrum
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Fig.3 AC impedance spectrum
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Table 5 Summary of the failure days of reinforced concrete specimens n+04
Specimen 1 Specimen2  Specimen 3 R 8 Weibull 234 1 R A, B S50 M = L
Functional form o
W R o R gd R L ESHRAN T 0 B — A5 %&?EZIETJ EI’J

Exponential function 740 0.95105 736 0.94177 729 0.95045
Power function 747 095999 741 095129 731 0.95884
Cubic function 748 0.96468 742 0.95688 732 0.96425

%Uﬁﬁi J7 4545 B 1Y 2% 08 3 317 Weibull
PEor B, ST i R RO R A A

Welbull/\%ﬁ PR] I e S 0 2 AT (R A e Y. Bk
# Anderson-Darling( A-D ) £ 5 75 ¥, B % i % PE/K
R 95%, LRI H: A-D KGUR(H & P {E 5914 0.381,
0.424, ) KT 0.05, W5 A Weibull 5317
32 SHEAIT

SR T 5 0 AT R B A5 R R AR K, R
BN SCREAR R 50, hy bk o B — S8k 7 ik
XA SEPEDEAN B 5 A, (R X L A3 AT A S 8l T
D7k 45 Bad P 43 0l 38 HAH OC & 2ot e i
(CCOM) B K ABL 4K 1 (MLM)PY K2 A Al 3 32
(MEM) 3t = 20 Weibull 43 1ii 2R %% 10 2 5047
i1t

(1) A RELA .

B 1 <tp<---<t, &2k A Weibull 43 4 () — 1>
SERERRA, HAEARZE BN n, i Fom BREEA P =

BEALEEA, H i=1,2, -~ n, WIXF2C (1) P47 100 51 B
W&V GRS
%ln[ln(l —F(tl-))_l] =In(t;—6)—InV (4)
o (4) fcan F A8 4k

x;=In[In(1 — F(ti))_l];y,: In(t;—06);B=1/U;A=1nV

(5)
A A%y =Ax;+B. AT LLE ], BAEM TS
BE B e AR x Ay BOAE, x B9 A AT A Bh b %
PR, 5 U MR(t) A ¢ B 20 R Bk, DA AR
e F(e) vl R (6) A, dhim i (5) A5
FUAHL ) x; (B Hor m, R R8s T 7 HEB IS
J¥5, n WHEARZ &,

Oln[L (1 V,U,0)] _
ov

6ln[L(t, VU6)] —U- I)Z(

UER, B AR R, R

U ”(_(
o s, 5,1 o e

— M, TEAS e 0<0<729, RS2 BRI R
B AL E S BT RORE 4 9 0.1 d, 7E 0~ 729
Z (6] A] LS 3] 7290 A7 B 250, K07 B T R3O
P AR A (5) HE v 15 8 — R 5 y A, {5 B origin
o}, Matlab 250G B2F, 38 o fe /N SR HEAT IS
FLEAPEAR X R E = (7) PR, XTH:"*E%&E%
BT BILRPEA 2 R p, Ve FR LR M AR O& R B Kt
(0 B S50 N7 B SRR A THE. R e
BN RERACA L (5) AT A5 2P RS 8O R
SR, BARSHARTHE I 6 PR,

#o6 ZHAHIHEICERX

Table 6 Parameter estimate summary

Estimation method U vV 0
CCOM 725.4 1.83 15.41
MLM 728.0 1.50 1143
MEM 560.0 347 113.44

Snc{S S

P=1 lnzlnl 7 \2 (7)
St () S ()

(2) B R ALSR 125
R KA SR 15 1 4 A ok ) 8 B eR AR, AT
ENHIE RS URIIFERTBE AR TS ol NP R i s 7 <
FHESHAG 7107 2%, JUHX T8 58 4 B 15 TE
PeBR . X (2) Al 15 Weibull 4347 pR L {RLSA
PREL AN (8) TR
In[L#;V,U,6)]=n(InU—-1nV)+

w0y (5025

a3 R SR BB S8 UL V. 6 K i
AR TE, Al i3T5 R

(8)

ok

) Sl

A I AT SR A, RIAT 15

Newton—Raphson 1%



- 518 -

TRERLF2ER, 26 43 5, 56 4 1

F| Weibull 4345 19 =S AL THE, WN3% 6 s,

(3) Ak .

FEAS 0 3 280 Weibull 2804637 16 b &
WA T A — B A T i, AR IR R RE A R AR
B AR, B AR (1 % B e AR B o A AR AKORE
AR A T RS RIS EAHE. XT3 38
Weibull 437, H 7 22 FI35(E R -

EX)= VF(] + %)+6;Var(X) =

r(1+%)—r2(1+%)
o, 1) = R

HAE Cran™® 195 L, Weibull {5 -

ukzJrﬁl—fwnﬁdx=5+(li)[(1+lj (11)

V2 (10)

kU U
AT LI B, Weibull 25 -5 3 5 8 1 € A, i
TR AT SR pR A AR A — e S, U aT LA
AR

n—1 .k

mk:Z(l_i) (tix1—1),10=0 (12)

i=0

B REARGE AT RARI, B =y, k=1, 2, 4 WIAT .
U=n2/In[(u; —p2)/ (p2 — pa)]
V=(1-06)/I'(1+1/U) (13)
0= (#1#4 _ﬂzz)/(ﬂl =22 + pa)

W 2 OB AR (12) ~ (13) i A 15 3] 46 £k
1T Weibull 204G HE, BARZE R N5E 6 Uros.
33 AIEHERSH

2% 6 h & S EA I E 3 BIARAL (D) ~
(3) 20, 75 204K A TR 58 1 7R R SRV W 3R 85 vp i
EXIANDIE S S N E YIS &S
5~ &7 . DT aT DLBA g 00 5% 1) ] 5 B il
2 I P B B AR AR R AT, BRI SR FE AR R 1R
FIEE FE IR T B, HLAE — B BORR S A A K, A
AT S 5 i ] 0T A B B[] 22 L 45 A T K
PES AR, 56— Boe R 200, B Be v i
Tt M 5 3 3 TR R [ A L R AS B ) a2 PN B AT
B, MO TREE - PN SRR BB ) [ B, AN W A A
T E R BT R A R PR,
JE s - OF N 2 B4 S A A A B R SN A R T
BB, ER/NEE R EE T E AT
B2 B e S 0 717 2 T A 2 el A B L B IR
A 1157 75 ol R 23 R R, ok ARG, il R A
22, Koy B S oy TR Ak S AT R ek, A
T AR, L B e TR RSSO B, RN 45 4

Degree of reliability

IR E A R
Fig.5 Reliability curves

0.07

g
=3
X

ensity value

A 0.02

Be Pz

Fig.6 Density curves

AR E IS
Fig.7 Failure rate curves
. BRI 25 A WY, 5 ik AR RS B, B
SR K3 R o S A N R T R A A, BT
B e A AR ol e AT R I N, AR A



HER IS 2T 3 250 Weibull 73475 85 TR 556 - 8 1 B35 b ] S 4 7 i 20 A -519 -

BER BN R, R X H 3 RS EUh T
RS B il 2 nT LB B A B, M O R AR A
W R ABN AR 32 ] E il 2R AR A B AR — 3K, 7E 730 d Y
VT ] BT HR R B, 760 d IR RT AR B R RE B,
RN T AT 5 BE T R R] B S 4R, 7E 560 d R
THR T RE, 730 d BFRE 0. 456 0 RC8E T LA
FIRE, 3 KBS EAGTE 7 b AE 5 R E T ik Al oK
RLER 15 BT A5 2 B0 A T ELRR E v B, 1T AR A Tk R
FERER . DR X A T R sk 3 A5 2] 11 /)N
FEA BRI, 1 A OC 2R B0 A6 1k Fn i K ALl
SRILIEAT S BN T, I UEAT ] SR #T

% 1 2 e AE TR 35 = 51 o 9 A5 A SR B (]
BB AR R S0 TR G 6 Tk 46 Ak B i 2k sk
FAEE IR, E 6 ] LIWEL 3], ¥ A
T H G AT, % R i £k 2 e X AR, Herp
JEA Tk o R R A 22 FLW LIS, A R BLSR VA
HH 2 2R B Al 7 3 5 il 4 A LIS B2 /DN L IR K
W R AN T3k AT BE R BT LR B (] 5L, 45 kR
P2, Hofth 2 2805 vk 45 2 A4 v] S8 P il 28 45 1k H B
BF )R, (H 45 1k 3 8 K, 3 5 76 AT 5 i i 445 3
MIE5Ie—3. A HLE S B R B, R ROR it £ 2 TR ¢
A R R E R . v LR, 3RS
BTy AR B R R AR I AR B 2 B Bes Ak
RS, BARAE IR 5 1 B Be R RIOCRAE 3K B B[R]
P HAR AN AR, 332 TR B - R0k 5 %o 4 7
PRYVE A 25 5. — L JE b 8 1 0 ol A Joi 3 ok
TR BE 1 DR 3 )2 I A9 A 2 1 i Ak JE, Rt s 4 4N
A A B, ok R B A O, B b n o kA, R
RGNS B B, R AR R, B B 2R
MR 3 RRACRI &, AT THEAE R
A5 R T H A 2 Ak Ok, (BAE RALUE W, A
K FR B A A T ABLER 125 2 330 3 A Sl 34 i I
A A

4 Zig

(DA RV WA BT T, Bl 25 6 i 3 i) 14
T, A 95 45 ol A 0% BEL 3% R /0N, ARE 6 3% i 1
K, T b e R ok b, 22 L B M A Ak il £ i
[r] 5 ok L 900 25 R 498 KRN B R 7 T 1) A% B8, S2 TR
Pt 1B 3% AN W 22 8% 1 1) BHL BT 56 B 4, TR 1 AR
7 2 T A S X R 77 R B 1 U 55

(2)3 24 Weibull 43 Afi 155 7 n] 2 1 iy 2% 22 20
B PR B B AR A, ZERT AR B RO B R 1, S
1 T R A, R AR AL PR R FROIR, sk R
Hh 20 Ui BEAR LR R AR, S LR B, C35 4 7%

TR BE - 7F 0.32 mol- L™ S AL A AT 0.4 mol- L™ i iR B
A FRE v B AT S A R 3 2R 760 d.

(3)3 Fh S H ATt I ik, AHC R AL AL
W KA ER VL S BOAG T HE AR I ELAS G v, BT 45 ]
SEME R AL, AR A T A S B T E IR Z R,
AL S 2 25 5 I I, X A A TR B e it 56
A 30 1) /N A I OB U A ORI A O R B AR i A
W KNSR IE AT S HA T, TR T T SR Ar

Z % x #t

[1]  YuYJ, Guo X H, Wang L, et al. Durability evaluation and repair
of concrete structure under coupling action of acid and chlorine.
Ind Constr, 2019, 49(3): 180
(TR, F/NE, T3, 45, BRI G R T IR BE L 25 H
AHEPEAG BABSE. Tl , 2019, 49(3): 180)

[2]  Wang C, Ge G H, Hou J G, et al. Study of durability of concrete
structures and its influencing factors in south region of Xinjiang.
Eng J Wuhan Univ, 2017, 50(3): 447
(CERE, B4, B, 55, g it R BE -+ 25 H e A M BUIR 5
SEMA PR AETL. BB FRCTAER), 2017, 50(3): 447)

[3] Zhang L, Su X P. Comparison and selection of the durability
evaluating parameters of concrete in saline soil region. Adv Mater
Res, 2014, 919-921: 1751

[4] Liu Z Q, Pei M, Zhang F Y, et al. The comparison of chemical
attack products in different zones of cement paste partially exposed
to Na,SO, solution [J/OL]. J Building Mater (2019-02-28) [2019-
12-06]. http://kns.cnki.net/kcms/detail/31.1764.TU.20190227.0913.
014
CXVPERE, JEM, sk T, 45 KGR AN IR 43 SZ R BA 1= ™
Y% L 43 7 [J/OL]. 57 B 8 2% 412 (2019-02-28)[2019-12-06].
http://kns.cnki.net/kems/detail/31.1764.TU.20190227.0913.014)

[5] ZhuJJ, Gao J M, Chen F, et al. Corrosion mechanism of cement
mortars partially immersed in combined NaCl-Na,SO, solution. J
Southeast Univ Nat Sci Ed, 2019, 49(5): 964
CRAdfd, mdtBl, BRAE, 55, K JERDH 12 /ENaCl-Na, SO, 1R
BT B R LB AR R KA A (H SRR R, 2019,
49(5): 964)

[6] Yao M B, Li J P. Distribution behavior of sulfate erosion in
concrete piles under water pressure. J Tongji Univ Nat Sci, 2019,
47(8): 1131
(WEIITE, 2= /K EAE AR BRI 7R BE Bk P ) R A
HUHE. PRl (FAAREARR), 2019, 47(8): 1131)

[7]  Jang L, Niu D T. Study of constitutive relation of concrete under
sulfate attack and drying-wetting cycles. J China Univ Min
Technol, 2017, 46(1): 66
(R, . BUREL RIS TRAEEA T IREE LA R AR
RS2 A AR, 2017, 46(1): 66)

[8] Zhao G W, Li J P, Fan H H, et al. Influence of chloride-sulfate

attack on degradation and sulfate diffusion of cast-in-situ concrete


http://dx.doi.org/10.4028/www.scientific.net/AMR.919-921.1751
http://dx.doi.org/10.4028/www.scientific.net/AMR.919-921.1751
http://kns.cnki.net/kcms/detail/31.1764.TU.20190227.0913.014
http://kns.cnki.net/kcms/detail/31.1764.TU.20190227.0913.014
http://kns.cnki.net/kcms/detail/31.1764.TU.20190227.0913.014
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007
http://dx.doi.org/10.4028/www.scientific.net/AMR.919-921.1751
http://dx.doi.org/10.4028/www.scientific.net/AMR.919-921.1751
http://kns.cnki.net/kcms/detail/31.1764.TU.20190227.0913.014
http://kns.cnki.net/kcms/detail/31.1764.TU.20190227.0913.014
http://kns.cnki.net/kcms/detail/31.1764.TU.20190227.0913.014
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.3969/j.issn.1001-0505.2019.05.021
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007
http://dx.doi.org/10.11908/j.issn.0253-374x.2019.08.007

- 520 -

TRERLF2ER, 26 43 5, 56 4 1

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

structures subjected to wet-dry cycles. J Tongji Univ Nat Sci, 2018,
46(12): 1637

GRS, ZREE s, S, A6, TRABER T AR xr B be iR e 15
FRER TR T 25 A0 K B ML TR) D 244 (H AR ), 2018,
46(12):1637)

Cefis N, Comi C. Damage modelling in concrete subject to sulfate
attack. Frattura e Integrita Strutturale, 2014, 8(29): 222

Andrade J J O, Possan E, Dal Molin D C C. Considerations about
the service life prediction of reinforced concrete structures inserted
in chloride environments. J Build Pathol Rehabil, 2017, 2(1): 6
Zhang J H, Wang W, Guan Z G. Service life prediction of
reinforced concrete bridge deck under chloride attack. Mater Rep,
2016, 30(Suppl 2): 401

(SR BHE, F A, B 3 TSR A ok % SR A R o L AT I AR 7
A . AR, 2016, 30T 2): 401)

Akiyama M, Frangopol D M, Takenaka K. Reliability-based
durability design and service life assessment of reinforced concrete
deck slab of jetty structures. Struct Infrastruct Eng, 2017, 13(4):
468

Wang Z M, Ren L N, Duan H Y, et al. Reliability assessment of
cutting-tool for machine tools with three-parameter Weibull
distribution under variable machining conditions. J Xi'an Jiaotong
Univ, 2018, 52(4): 77

(W), R, Bl 5. B =2 Weibull s i
PLAR TI BAEAS TN T4 AF T Bl S PR Al . PG 42 3838 R 2 4k,
2018, 52(4): 77)

Mendez-Gonzalez L C, Rodriguez-Picon L A, Valles-Rosales D J,
et al. Reliability analysis for electronic devices using beta -
Weibull distribution. Qual Reliab Eng Int, 2017, 33(8): 2521
Liang C, Yao J W, Zhang K X, et al. Railway equipment reliability
test based on Weibull distribution. App! Mech Mater, 2016, 851:
340

Li L. Corrosion monitoring of reinforced concrete structure based
on electrochemical theory. J Nanoelectron Optoelectron, 2018,
13(4): 572

Erdogdu S, Bremner T W, Kondratova I L. Accelerated testing of

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

plain and epoxy-coated reinforcement in simulated seawater and
chloride solutions. Cem Concr Res, 2001, 31(6): 861

Huang R. Durability Research of Reinforced Concrete under the
Western — Environment  [Dissertation].  Nanjing:  Southeast
University, 2017

(A, PHESIREE N 45 TRBE LT AVERTIE (A 008 3C]. B At AR
MR, 2017)

YuY, Si X S, Hu C H, et al. Data driven reliability assessment and
life-time prognostics: a review on covariate models. Acta Autom
Sin, 2018, 44(2): 216

(W55, F/E, BB, 45 BBkl iy w] SRRV 5 A A 0
WFFEHE R BTV A5, H 3R, 2018, 44(2): 216)
Almalki S J, Nadarajah S. Modifications of the Weibull
distribution: a review. Reliab Eng Syst Saf, 2014, 124: 32

Zhang T L, Li W X, Dwight R. Modeling failure data by 3-
parameter Weibull distribution models // 2016 11th International
Conference on Reliability, Maintainability and Safety (ICRMS).
Hangzhou, 2016: 1

Voinov V, Alloyarova R, Pya N. A modified Chi-squared
goodness-of-fit test for the three-parameter Weibull distribution
and its applications in reliability // Mathematical Methods in
Survival Analysis, Reliability and Quality of Life. Wiley, 2010

Liu Y, Rong X Q, Bu S P. Life expectancy of smart meter with
Weibull distribution. Electr Meas Instrum, 2019, 56(3): 148
(XI5, R5BE, M. 3T Weibull 431 (055 g HL B A5 A 7
T I 514, 2019, 56(3): 148)

Freels J K, Timme D A, Pignatiello J J, et al. Maximum likelihood
estimation for the poly-Weibull distribution. Qual Eng, 2019,
31(4): 545

Zhao H Q, Liu R Y. Moment estimation equation of the three-
parameter Weibull distribution under censored samples. College
Math, 2005, 21(1): 49

GBS, XSG TT. 75 R AEA T = 2808 R B A
HIrR. RFHeE, 2005, 21(1): 49)

Cran G W. Moment estimators for the 3-parameter Weibull

distribution. IEEE Trans Reliab, 1988, 37(4): 360


http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.3221/IGF-ESIS.29.19
http://dx.doi.org/10.1007/s41024-017-0025-x
http://dx.doi.org/10.1080/15732479.2016.1164725
http://dx.doi.org/10.1002/qre.2214
http://dx.doi.org/10.4028/www.scientific.net/AMM.851.340
http://dx.doi.org/10.1166/jno.2018.2306
http://dx.doi.org/10.1016/S0008-8846(01)00487-2
http://dx.doi.org/10.1016/j.ress.2013.11.010
http://dx.doi.org/10.1080/08982112.2018.1557685
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.1109/24.9839
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.3221/IGF-ESIS.29.19
http://dx.doi.org/10.1007/s41024-017-0025-x
http://dx.doi.org/10.1080/15732479.2016.1164725
http://dx.doi.org/10.1002/qre.2214
http://dx.doi.org/10.4028/www.scientific.net/AMM.851.340
http://dx.doi.org/10.1166/jno.2018.2306
http://dx.doi.org/10.1016/S0008-8846(01)00487-2
http://dx.doi.org/10.1016/j.ress.2013.11.010
http://dx.doi.org/10.1080/08982112.2018.1557685
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.1109/24.9839
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.3221/IGF-ESIS.29.19
http://dx.doi.org/10.1007/s41024-017-0025-x
http://dx.doi.org/10.1080/15732479.2016.1164725
http://dx.doi.org/10.1002/qre.2214
http://dx.doi.org/10.4028/www.scientific.net/AMM.851.340
http://dx.doi.org/10.1166/jno.2018.2306
http://dx.doi.org/10.1016/S0008-8846(01)00487-2
http://dx.doi.org/10.1016/j.ress.2013.11.010
http://dx.doi.org/10.1080/08982112.2018.1557685
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.1109/24.9839
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.11908/j.issn.0253-374x.2018.12.004
http://dx.doi.org/10.3221/IGF-ESIS.29.19
http://dx.doi.org/10.1007/s41024-017-0025-x
http://dx.doi.org/10.1080/15732479.2016.1164725
http://dx.doi.org/10.1002/qre.2214
http://dx.doi.org/10.4028/www.scientific.net/AMM.851.340
http://dx.doi.org/10.1166/jno.2018.2306
http://dx.doi.org/10.1016/S0008-8846(01)00487-2
http://dx.doi.org/10.1016/j.ress.2013.11.010
http://dx.doi.org/10.1080/08982112.2018.1557685
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.3969/j.issn.1672-1454.2005.01.012
http://dx.doi.org/10.1109/24.9839

