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Reliability Evaluation of Reinforced Concrete under Electrified
Acceleration Based on Weibull Distribution
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Abstract: Three kinds of reinforced concrete prisms with different strength grades were placed in heavy sa-
line soil for constant current accelerated test. The electrochemical workstation was used for nondestructive
testing regularly. Weibull distribution was selected for reliability modeling. The shape parameters and
scale parameters were estimated by median rank method, look-up table method and maximum likelihood
method. The results show that under the electrified environment of saline soil, the reliability curve shows
the characteristics of three stages, the failure rate value is small in the early stage, and increases sharply in
the later stage. Among the three kinds of parameter estimation methods, the scale parameter estimation
value is less affected by the parameter estimation method, while the shape parameter value is more affected
by the parameter estimation method. The shape parameter value obtained by the median rank method is
the largest, the shape parameter value obtained by the look-up table method is the smallest, and the shape

parameter value obtained by the maximum likelihood method is between the look-up table method and the
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look-up table method. The parameters estimated by the four kinds of median rank are quite different, but

the parameters estimated by the maximum likelihood method are very similar. Among the {our methods of

maximum likelihood method, bisection method and simple iteration method have more iteration times,

while Newton-Secant method and Stephenson iteration method have higher iteration efficiency due to the

introduction of derivatives. The strength has a significant impact on the reliability of reinforced concrete.

The higher the strength grade is, the smaller the density extremum is, the longer the failure interval is,

and the smaller the failure ratio is.

Key words: saline soil; electric acceleration; Weibull distribution; reinforced concrete; parameter estima-

tion; reliability
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Fig. 1 Electrically accelerated corrosion system of saline soil

x1 BRIELETFEE

Table 1 Ion content of saline soil mg/kg
CO:~ HCO; SO;~ Cl™ Ca”! Mg*'
96 153 6591 6 609 1472 1566
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Table 2 Mix proportion and basic properties of concrete
Mix proportion/(kg «+ m™) Compressive
Strength . h(28 )/ Slump/
Coarse Fine Rust streng
grade Cement Fly ash Wat mm
emen vas aggregate aggregate ater inhibitor MPa
C35 300 90 1153 621 148. 2 36 38.6 180
C40 320 96 1111 681 145. 6 36 43.9 175
C45 340 102 1100 720 141. 5 36 48.3 175
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Fig. 2 Polarization curves of reinforced concrete in electrified environment

BEINIREE A (1 B S R A R 2 AR BE
10 B R R e A » DA T 102 DA 499 1173 A5 5 A7 7 (1) B 1%
WA

3 Weibull 5% A] E £ R

AR A B R T 2 — ] DA
FERLAE iz 4% B4 55 A0S [8) P 52 B 791 2 2 fiE #Y fiE
Weibull 73 A5 J2& 7] 5 ¥ TR o — Fh 8 % 0 1
Al %I AR R E VR RES I 1 /NVEEAR 15 B HE A
KB 10 AT 58 JEE 5 D L0 BT 7 i o ek 7 i 1K 5 v

PEREAE B ) ] RE B A AR AL HLAERT T K R R R S
BOAb T M B AR SCR I 2 810 Weibull 43 77 45 7Y
HEAT AT ST, Weibull 43 Fit I AT 2 S 80, |1
ERSHU SRESHV, XTIE RS HE=E W
a3 A I e AT AR T R S 400 3 5 ) i) 4k A A A
s b R OB BE . (I A VIR 5 - A 3 o R 2R
B2 P A A B R R R) ¢ BN Weibull 43 A, ) H:
AIHERE RCoO) VB E £ (0 B R 3E A (o 43 5138 1 =X
2~4 itH&,

U

R(t)zexp[—<%>l 2)



% 2 1 BTN 5 3T Weibull 5 A i B 5 15 5 308 . T 4 VA 307
U-1 U : A
f(z)=g . (%) . exp[_(%) } 3y MRGO.NTTATAFE] v, 10 (. 408w g b
MR E IR FE A A R R
A =L U, (i)m ) N,—0.3
R v v MRW—m MR =251
3.1 Weibull B fmitiEE ST N — _ S
LB v 3 MR ()= 0'5,MR(n>=w N
XoF AL 7977 T 8 A I b DR 200 0 B A it e i AT T n+0. 25

b Ak 2, 45 214 7577 TR BE + #F 220.,440.660.,880.,1 100 h
T BT A ok R I R O 3 3 s B ek B R R
B R BR B ST S b H R R T 5 0 H B R A S8
.22 SCHR18 ], Y i Pl e 7 % A 310 A/ em”
Fof i A 1) 9 177 VR 456 - 7 vt W LR BE T B R AR
10 [T R 1 A (/S BT T o o VT O R NS o G i Y
Weibull Z: 804l it #9615 2] 09 2 B0fl i H AR A 5K
(2) ~ CA) A5 3 A [ 583 B2 4 7377 TR 6 4 36 o o ekl A48
TSR RO VEIE £ SRR A,
3.2 ¥t

Weibull 7341 2 80l 1F 07 i 5 2 MR 2k &80 3k
P F Weibull 4377 bR B HE 8 IF X LA 7] 2 807
T B A TR BE - 45 R AT M Y e AR S48 iR
R Bk s (MRMD) | 7% 3% 1 (LTMD ) K 6L 4R v
(MLM) #E47 S50l
3.2.1 i RkL

BoER n/l\ﬂﬂﬁﬁ?‘?ué%%iéeiﬁzﬁj‘l‘ﬁﬂ IR =k
SRWFE e RN 6. IR B P S Weibull 20 fi k%8 F
()N

F(t;)=1—exp|:—(%> }i=1,2,-",n (5)
bl w A SV G O e
—Uan.a=U,y,»=lnlnF( 5 JUE yi=ptox A

RS B o MAET A AF RIS E UV WH. 7F o
oy, EHTEN T po (Hi8 i/ —FiE 153
DD I DIENT
S S )
ON D YCPIT 6)
an,z— (21‘,)2
HREF B E LA AECh 9, AT
1iff S5 B ) TR 5 {4 A R 5T W R N B IR Y
JE B AL LR R EE A & L IR LB 43 ) R $5
BCPR VB R R B R R B AT R L R R T
RA W i HE A B R AR S LB @
TR FREE N W BT E] ¢, W3R 3 Fion, £ a) .60
NP N 8| S REI DS TSR G A8
¥ 3 iy 2k e Rl A T HE Y dR S A
ARz =Int;, 58] x 8 ; T F ) P55 F o ALk

x~=lnt s

as~by

A N HET G B T R B 5 Sy R RORUR R A
B AT n=27.

TE o My, AR 00T 5 J o =X (6) /] LU 45 2
Weibull 73 fi R B IE R FIRE S B UV, 3k 4
Fr7s. B4 4 0] UL XFF 3 i B3 A5 2R 1) 4N AT TR
Ao SR A Tl e LBk 2 T S RO B AR D AR A
HE R S HUE NS A 2% 55 Hoh 88 3 Kb i BoE
RSEAMTHER KR 4 KITERZ 1 KITEE
RSB E /DN B 2 22800 RSB A A&
A 1T RBE S8 {E B 3 /.

3.2.2 #mERE

AR FGo ZBlE T s X 78— &
JE BTSSR AR . S T R X R iR 25, 0
A RIEXT R SE o Mo HEATANE. BT REASE
R 2725, [H IR FH A 3R 1k v i AT S v e IR A T
X SH e Moo AT AR IE S
3.2.3 MRRISARE

T H W A B kR A 3R R TR S B0 HE
P A S N Weibull 5345 bR B %5 5 R 5 (X (3))
W R LR PRV 58 4 NEICIELTH 39 A S oK i 2

BE S B R ABLSR %
X TREARZS TN n B Weibull 4715 , JE Mk 2 51

USRESHV LR REL .

Hg#)= THE) () el

e 2 (8) 5 1 K 5 £
U 1V 550K 0w 5 WA

olnL _ n  Nn ot NN (Y4
U~ uhy Z;(V) ny o

lnl __n_n@W—-1 Uy (i)v (10)

] (8)

v
2 XS RS pR B I X

Ju—

VvV \% V&V

AR AOEER AT HE] 2 MR R
Zfiull'lfi 1 1 <&
= 11 o
. oo ;lnt, 0 (1
ZtiU i
i=1
U L S U
A% . 21‘ (12)

KAD A RESH U 1887 7 B H K g



308 @& o5 OM R ¢ W %04 %
R 3 NAETRE Tk 7R 3R L3 R E IR R T 9 Sk 2R 1A
Table 3 Failure time of reinforced concrete specimens in the accelerated environment of saline soil electrification
Exponential function Power function Quadratic function
Strength Specimen I=a b’ I=a,+b," I=a;,+byt+c;t*
grade number
! R* ! R* t R*
1 957. 2 0.916 5 912. 6 0.962 0 923.3 0.9677
2 953. 0 0. 9000 905. 3 0.947 0 918.3 0. 9554
3 966. 3 0.897 3 922. 4 0.942 6 932. 6 0.952 6
4 956. 2 0.901 2 913.1 0.9512 923.2 0.958 4
C35 5 957. 6 0.9321 919.0 0.9729 927.7 0.976 4
6 956. 2 0.916 0 909. 1 0.964 2 920. 4 0. 969 6
7 955. 1 0.908 4 909. 6 0.954 6 920. 2 0.9617
8 959. 6 0. 899 2 916. 3 0.9455 924. 8 0. 954 6
9 947.1 0. 863 6 893.1 0.9129 907. 3 0.9312
1 1130.8 0.9651 1175.1 0.990 3 1180.3 0.992 2
2 1126.1 0.969 7 1160.0 0.9950 1164.0 0.995 3
3 1156.1 0.973 2 1198.5 0.992 5 1210.9 0.992 1
4 1169.8 0.9520 1240.7 0.9780 1238.6 0.984 5
C40 5 1171.2 0.958 3 1238.1 0.9857 1240.3 0.9891
6 1146.3 0.968 1 1183.4 0.986 3 1194.7 0.988 8
7 1128.4 0.968 0 1167.3 0.993 4 1171.0 0.994 3
8 1140.5 0.969 3 1176.5 0.9899 1183.3 0.9911
9 1123.2 0.952 8 1155.9 0. 9670 1159.4 0.975 5
1 1642.6 0.954 2 2120.1 0.9987 2448.8 0.9921
2 1607.7 0.949 9 1750.6 0.9755 2208.8 0.966 7
3 1648.9 0.950 6 1794.5 0.9857 2307.7 0.966 8
4 1586. 4 0.963 5 1702.2 0.993 2 2062.6 0.974 3
C45 5 1597.1 0.963 3 1888. 6 0.994 6 2175.9 0.986 4
6 1636.7 0.9571 1991.7 0.996 7 2348.2 0.987 8
7 1627.0 0.956 0 1938.6 0.992 2 2313.6 0.9840
8 1623.3 0.9512 1756.2 0.9820 2253.2 0.9677
9 1653.9 0.947 5 2066.3 0. 985 4 2430.1 0.982 4
R4 HURESHMITICE
Table 4 Summary table of median rank method parameter estimation
S::‘:ih Parameter 1v1R<z,>:71’iiJ")4 MR<z,>:% MR(:,)zw MR(t.)Z"(:;)J:#
U 48.045 4 49. 2579 51.416 2 50.0119
C35 \% 941. 069 2 940.113 0 939. 957 2 939.964 5
R? 0. 870 4 0.8521 0.840 7 0.848 3
U 36.6755 37.504 2 39.1118 38.0676
C40 \% 1190.3920 1192.097 6 1191.8529 1192.0059
R’ 0. 8852 0.8621 0.8491 0.8579
U 7.008 2 7.1495 7.428 1 7.2476
C45 \% 2 048. 649 0 2064.436 8 2062.8257 2063.8238
R’ 0.850 2 0.824 2 0. 805 6 0.8150
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Table 5 S y table of simple linear unbiased
estimation parameters

Specimen - P U \4
C35 0.020 8 6.8373  46.7239 931.924 4
C40 0.036 3 7.0742  26.7539 1181.1510
C45 0.144 2 7.5725 6.7289 1944.0810
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Table 6 Summary table of maximum likelihood method parameter estimation

Simple iteration Newton-Secant Stephenson iteration

Speci Paramet Bisecti thod
pecimen arameter isection metho method method method
U 47.773 4 47.757 3 47.743 1 47.743 2
C35 \%4 940. 153 2 940. 150 1 940. 147 4 940. 147 4
D0
ITteration times 10 16 5 4
Iterative precision 8.177X 10" 7.155X10" 3.361x10" 6.101 10"
U 33.3203 33.298 1 33.3127 33.3135
C40 \%4 1192.607 4 1192.5820 1192.5898 1192.590 2
Tteration times 11 45 5 4
Tterative precision 1. 616X 10° 9.49Xx10* 9.504 X 10 9. 539X 10°
U 7.2227 7.2234 7.2206 7.2206
Cis \%4 2 060.970 47 2 060. 984 0 2 060.933 4 2 060. 9334
Iteration times 10 12 5 3
Tterative precision 5. 408 2X10* 9. 749 0 X 10" 6.7931X10° 3.2152X10"
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Fig. 3 Reliability curves of different parameter estimation methods
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Fig. 4 Density curves of different parameter estimation methods
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Fig.5 Failure ratio curves of different parameter estimation methods
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