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Abstract: Dock engineering in soft soil stratum faces challenges such as high uncertainty of soil parameters and large errors in traditional
early warning due to complex geological conditions and long construction periods. To address these issues, this study proposes a dynamic early
warning method for safety status based on multi-point time-series monitoring information fusion. First, a Bayesian network model is
constructed, which utilizes the response relationships of network nodes and Monte Carlo Simulation (MCS) to calculate prior probabilities.

Then, time-series monitoring data are introduced to update posterior probabilities through the Markov Chain Monte Carlo (MCMC) simulation,
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dynamically quantifying indicators such as the safety factor (F) and failure probability (Py) to establish a direct correlation between monitoring
information and safety status. Finally, based on the characteristics of soft soil and relevant specifications, dynamic early warning criteria
incorporating 5 warning levels and 3 response states are established. Applying the method to a dock project in Shanghai, this method
integrates multi-point time-series monitoring information for parameter inversion, effectively reducing the uncertainty of soil parameters (with
the coefficient of variation decreased by 14%~30%). Meanwhile, it realizes time-sensitive safety evaluation, where the time-varying curve of
the safety factor shows a regular decrease as deformation increases. Based on this, a hierarchical dynamic early warning standard is established,
which determines that the dock is in Safety Level | during the construction period (Fs=1.945 > 1.50, Pr < 0.001%). Additionally, the feasibility
of the early warning standard triggering alerts under hazardous conditions is verified through extreme working condition simulation. The
proposed dynamic early warning system significantly improves the accuracy of parameter inversion and the accuracy and real-time
performance of safety evaluation, effectively avoids the risk of false alarms from single-source data, enhances the precision and
comprehensiveness of dynamic early-warning, and provides a scientific method for risk prevention and control in similar engineering projects.
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Fig.1 The framework of the proposed method
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Fig.2 A Bayesian network integrating multi-point time-series monitoring information
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B M NI e BB F 50 26 AR 0 A

(3) FRAGI Rk 2 41 FA: J&H MCMC SE3L 2 i PP MDA R Bl A A, 13 BIRENLAS R 0 10 )R I mtR
S P(Olm), TS 2 4 BB S SR A0 A0 P(Fjm) UK R RS, SEELI 28t 22 A VP4, K M IS
5ZEMEIRR .

(4) SEIAETE: ETP% (3 KRt L& AR 7T, @B 5 MER]. 3 P
WEMZPETERE, LI TRESEHE.
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Fig.5 Procedure for dynamic safety status early warning integrating multi-point time-series monitoring information
T M=ME R o=Bibl R (LAESHD: Fe2 225G moO=HFBIUE R MO=M KT 0 AR KA FUO=F KT 0 1
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P(Fs/ Pr| m)={£ m(OHIZ&AF T Fo 80P RYEIRMER ;. W(L)=5E T PUE bR HEREAT 2 RS A TUE (FUEJ Level: %2R, HEHR
I, EoRPN, BBV, EREV).
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Fig.6 The typical section of the dock engineering (unit: m)
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Tab.1 Mechanical parameters of soil layers
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e HEy YR K% ¢ WA o AR E Eaa BIEAMK

(KN/m?) (m) (kPa) ) (MPa) (m/s)
O 1 18.5 3.0 10.0 10.0 5.0 5.00x107¢
@ YAV TR Bk 1 18.0 2.0 13.0 20.5 5.3 2.00x107
@51 Wkt 18.7 4.5 8.0 27.0 9.2 2.80x10°
@33 KR 18.0 10.0 10.0 23.5 7.6 1.15x10°%
@R T AL L 16.9 7.0 12.0 11.0 24 3.51x10°8
G kit 17.3 4.0 14.0 13.0 2.7 2.80x108
G122 B FAli 17.8 4.0 16.0 16.0 3.4 4.42x10°%
®s-1 B Al 18.2 20.0 20.0 20.5 45 5.91x107
®3-20 3 B 1 18.2 5.0 21.0 22.5 5.0 5.91x107

5 FE BIMG ARG T I, A8 9 NLAR A e TARBIBIR, FLBR/K S J1 it PR TR A Bt 288, Bfli%s
P SE RN SE AN AL s T LR M R I PR, S IRah B, BniEsse e, HAGBE KT 18 S it =T
FZ0 BUBR AR E TER R R bR o PRI, AR SR = P A& S THTAS 2 A S AR A I 50 (X M Xeo) BEAT WP
I S A E LK 6.

Bl 7(@)an T W s AP AL AR il 2. 2022 4F 10 H, SURUTTIIB T G612, FFx5 48 = AR T 14T
WL, BB R G2 B, LR BB 2022 4 11 A 2023 4 2 ORI EIHZIIA], A% ARG K@,
I 2 A2 4 AOURNBGRFI B A/ Mg, SE e, REGREELIR 1 N )R, 5 A% 6 ALt
AR, R e+ ) B, G0 IR RIS = I T e e, ARATE RS, R ICR B
I N EE BEAT S BUR R, S PG A SRR RS e 1, LI 2 s 2 TUE , B P R U 7 iR ) AR IE A .

0 zs’flﬁ{f,ﬁ R TR LW BEE [l At B T &5 31 0 Z,h*s‘f WERG T imE L H LA EE = it 145
- T LI 2 T T
i : P i i i
I H H 1
i E . i
i L !
0.20 i 0.20 : 5
i !
= i - i
i !
E ois i Eois i
B ; e i
i i = ]
B 0.10 : B 0.10 i
H 1
4 ! % i
H 1
1 H
0.05 i 0.05 i
i i — X,
—_— A,
0.00 0.00
-0.001
L 1 1 1 1 1 1 1 1
2022/10/10 2022/12/26  2023/3/13  2023/5/29  2023/8/14 2023/10/30 2022/10/10 2022/12/26  2023/3/13  2023/5/29  2023/8/14  2023/10/30
i) (L 39) N ] (1 489)
(a) (b)

P 7 Xao F1 Xeo WD s K-PAL ARSI AR I 2R - (a) SR e U (b) i B AL

Fig.7 Horizontal displacement time-varying curves of X42 and Xe2: (a) Measured monitoring; (b) Numerical simulation

22 BERREN

I A B TCE AT PLAXIS 2D U3 = 2R EAR & VE 38 = AR TS O, R Ja 8 g S i )37 1 77 72
SRty )5 BB . IR 1m SR SURI W], BUE B LT RSN 252.0m X 1.0m X 68.5m. X3 =A% 0 X i
TSR AL B, RS A 0.7071, HARIEZOXMREFRECH 1.0, SiHEmK 4118 AT, 37307 M AL, M
KRy i 8 Frs

BT R 10 T2 B D S ] 5 29 SR AN [l 205 o Dy T AR B B B i 72, TSR “ i
RS G” HT, WIEKAIR-1.0m; FHZSEEE, W= IKAFEE-4.0m, 155 AR A 6] 9-10.0m, YR &
T ¥ AN KIS . ARYE SEPrit T2, GEEL 8 AN ULyt TP EAT TR, 45 = P Ut 47 40K 20kPa, it
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Jiti T 1af £ 20k Pa
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68.5m

' 80m o 92m ' 30m '
K 8 M T2 4 BR T B a2

Fig.8 2D finite element model for the dock engineering

AR B AFYRERLR F N SR B AR (HS-SmalD. & LEFESHIESH EPRE (2023) #£H1
EEEt HS-Small B S Ml REGE, BAAWR 3 From. MHUBEHE. A& G AHA R AR TP E AR R .
HARIAT R RO U BEATASELL, PHC A 58 BERRAER ] Embedded AEASALL, 155 JEARCR R AL B 20 5 B AR b SR A
FATCARAYL, SRR RO I AR S5 R B SR N, A RES S B 4.

2 MG TP IR T KA R

Tab.2 Construction steps of the dock and changes in groundwater level

Wi il TR b k)

SEEO) WBE N

1 — WIGR L 1 5L -1.0 -1.0

2 — EFTHERE (RLRETEE) -1.0 -1.0

3 — TG ER G 7 -4.0 4.0

4 2022.10—2022.11 TETE R R -4.0 4.0

5 2022.11—2023.02 Tz E 7 -4.0 -10.0

6 2023.02—2023.04 36 5 YR AR it T -4.0 -10.0

7 2023.05—2023.06 b el ) S S B -1.0 95

8 2023.06—2023.10 iR -1.0 9.5

%3 % 42 HS-Small BR Y B S HUE F
Tab.3 Parameters of HS-Small model for each soil layer in the dock
e Exs Esy Er Gy P v Y07 e m R
(kPa) @) (x10%)
(MPa) (MPa) (MPa) (MPa)

@® 5.0 5.0 15.0 60.0 100 0.0 2.0 02 08 09
@» 4.8 5.7 285 85.5 100 0.0 2.0 02 08 09
@31 8.2 9.9 495 148.0 100 0.0 2.0 02 08 09
@33 6.8 8.2 408 122.0 100 0.0 2.0 02 08 09
@ 2.1 26 171 51.2 100 0.0 2.0 02 08 09
® 2.5 3.0 14.7 44.2 100 0.0 2.0 02 08 09
®i- 3.1 37 18.3 54.9 100 0.0 2.0 02 08 09
®s41 4.0 48 24.1 723 100 0.0 2.0 02 08 09
®s-2a 45 5.4 26.8 80.4 100 0.0 2.0 02 08 09

12



R4 MIGEH SR

Tab.4 Parameters of the dock structures

EEE L S AR TR
Lk 57 e - Tk g
(KN/m?) (MPa) (m?/m) (m®*/m)
) 0.17( $600)  0.0053( ¢600)
PHC & ¥ Embedded ## A 20.0 3.80x104 0.2
0.24( #800)  0.015( $800)
Vet AR R P 25.0 2.55x10% 0.2 1.00 0.083
VRt R T4k LR 25.0 3.15x10* 0.2 S S
Hoam ik + ik 2 iitis 25.0 5.00x102 0.2 S S
RS i g — 2.05x10° 0.2 0.0064 S
HBE IR Embedded #F g 20.0 2.05x105 0.2 0.25 0.0052
PELFE T A AR R P 20.0 2.05x10° 0.2 0.35 0.0035

E: ()7 WRARBEARRAER PHC EE.

2.3 ¥ DI ERR 2%

BT 2R E o W ARG AR T R B R R S AR B R OG R, @ “ RIS B- RS H- 2 0P DUt
LAY, Il 9 FToR. BN SR A =S HOR ) oo INBEIR A o FISRIERLR E, HSHMMUrE &5
HET S HEIE R (X Xe) SRR (FO M. F, WG Rkt 2 S EEEYLA &R A4
BUE, BB RAAS TR A RE (F, MMSEIARG TR ARESEEH N Hir, Hb WL T
AT 2 ARSI ASTE (FEHA Level: K 1, HREIN, ZoRHFI, MBIV, ZHHEV).

Ko “HENMEE- RS H- 2P0 DTk 4%

Fig.9 A Bayesian network of “monitoring information- soil parameters- safety factor”

HTLEARZ, B AT RIS B P 6 2 AR SR U /A (PR S 3.1.3 1), SRR LZ
@33 141 77 B0 45 2 BN AR T A BRURR P RS A A B 2 2 o T A R 2 BRI, ASe Lzt L2 13500
BT RN BB R (Lietal., 2016; 5KIEEE, 2016). X B FEHIAE B SH 0 AR OKFIK B TR MR
FEVERF g —FRitE) (GB50199-2013) 26 6.1.2 %%, RAMEGES M0, A5 RE cov BUEZ % CHk (Phoon and
Kulhawy, 1999; Peng et al, 2014; 3% 4%, 2015), HAKUWIE 5 frx.

25 BENLAL B K H o A RFAE

Tab.5 Random variables and their distribution characteristics

D, o LL@ss LENRE

AR PR {1 A o 25 5 M cov
¢ (kPa) HHEUE A3 A 10.0 2.00 0.2

0 () HHEUE A3 A 23.5 2.35 0.1

E (MPa) S BUE A3 A 7.56 0.756 0.1

13



3 RO
3.1 MEMITESER
3.1.1 RRIGEE(AZR &MITML

T Tl %, AVEBE T 5 “IFs= 1077 X Rk ol 5 20 H s g i i K 748 %
TEOL. 1% TOL N HEE R QIR EE TR kbR, Ho R /KA 2 B %K Az

I 10@)K AR = BRI, 39 = FF 925 B MK B 6K, A8 S 7 SO E R TH, Wk
AT X A JERAE T30 g Bt o S22 3 T 2 A 5 738 TR P B o B 5 396 00 S22 90 P R 0 o 3405 38 FRAZ AT T B AR
BN L kN E 3D R IR, BOOKPALRS R BIE AR ST : /2 &N 0.204m, A& &4 0.160m.
LA BN, R THEAS T SICAEATEMAER PHC EHEEZ TN, KUk R0 2R 2R
RN Ak, BT G AR S R A P R T A e AR N e, KPR B R AR
R

B 10(b) %4 REUKPALE = BT W, MG AR E M2 4 R F=1.938, 1 K THUERRAE 1.50. SREEHT
WEEIHER, =P CUE BIEW G SR AL, A0 BT Scr @A b, TR R K. (E M Sk
PUBREINE, TERTERRMEILT, IREIREF R AT .

220.00

180.00

140.00

X,=0.213m | X,=0.160m

100.00

60.00

20.00

-20.00

74 N
VR 9 38 3 T ” H“ I 338 2 T

‘ HIRS: L E+T
X

-60.00

-100.00

-140.00

____NNNEEREEERT E

-180.00

(a)
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[m]

50.87

45.05

39.22

F=1.938

33.39

27.57

21.74

I 578 0 H I 7 20

‘ SRS FIEZBELTT-RERH
X

15.92

10.09

4.26

-1.56

' NENEEEEE

-7.39

(b)
K10 My TR = 4EABROTEUE R (a)/KTAif8 = [ (b) 24 REUKT LA 2= B R EE ST iH55)

Fig.10 2D finite element model for the dock engineering: (a) Horizontal displacement cloud map; (b) Horizontal displacement cloud map of

safety factor (strength reduction)

3.1.2 HEMEE R 3TELIEE
K7 JER TR ERE SRR R AR S TR ACT A E R F Lol R AR 2, B 7(a) A sebrliEdE, | 7(b) A
BAEEE R . WTRUE S, HUEES RS 07 b DR R BT 5 — 3, BAE S SRR S & FE R
RO T OB LT K G T I 25 Xao FH Xop 7K 8% S s DIMEL 5 5S40 1 0T B 45 58, AR 22350/ T 5%
X R AT M BUE B . SECEPRITH 30 A3, RS BAERG S s = S BYAE M I AP AR A, & T
i 232 ) S T )R e
6 H KBTI OT- R R BEHME 5 STIME X HE

Tab.6 Comparison of simulated and measured horizontal displacement values for each key step

) Xaz(m) Xe2(m)
i R — — —— .
SR M AL SERR FAE R
4 ZIFHE RS 0.000 -0.001 0.002 0.003
5 Tz =407 0.213 0.204 0.163 0.160
6 325 P AR it T 0.220 0.207 0.168 0.161
7 =B 5 £ 7 [\ 3 0.228 0.225 0.176 0.176

3.13 IWNEEXMN & T ENESHINBURML 2

WSS 2 AU 73 BT AT VE NS S EUR B R Al . TR G TR PALRE Sk, AR DL A X AT Xoo
RIS AE BOAKAE, EERITREERTT oo NSRSl o FIBRIERIE E = RPN R, LA A& BRSO s iR P 3 el
P B 2 AR U M AT

B et R SRR A HEAMTT, %L ENARESHOE RN, BE S TR A 2
TRetass . Hdr, WEEEM o XK RN EE, KR c ke, BESE E MmN, B
BB N 9>c>E. D0k, MEIFEIEERNT, 2ZE@ss FIKFOrm B fE 22 & T3
bt o X F BT %L R R AR G JBEEROR BAE T 2500 X 38, MU K L E@N T4
PEAR R, BUBRE R T TRE AEEEMN T EO, @, M@s., HEUBMEMNEMN. T EBURMEHT ).
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Fig.11 Sensitivity of monitoring information to random variables in soil layers: (a) X42 horizontal displacement; (b) Xs2 horizontal

displacement

BT { T ESHBUBRMES TSR, #— P E & LESHEAE G E=UEt /2 X ST 5 R
O, BUELZSET R G X)) FIRCE G, S5R IR 7. HEEBR, @ LZEMRE S
% 63.1%, HEZWIALE S, KTy oo WEEEEM o FRIEEE E 7301 TTHR 33.5%. 22.7%. 6.9%;: @-LJZME S
EeR 22.5%, HEZmRE T, KR T) oo WM o SPVERE E 705 5THR 7.6% 8.5%. 6.3%, #ZH 0Tk EL
BT @55 12 HARLERE S AN 144%. FIRGEREY, @55 LEREH TRAER S 2 RA T 8

+JZ, HRERHRE BN
R T H LRSS X KT IR

Tab.7 The influence weight of soil layer parameters on X4z horizontal displacement

+ )= 24 BURIERE BRAEH cov AL B 5 b

c -0.00463 0.2 0.00926 33.5%

@53 0 -0.0627 0.1 0.00627 22.7%
E -0.0190 0.1 0.00190 6.9%

c -0.0105 0.2 0.00210 7.6%

@ 0 -0.0235 0.1 0.00235 8.5%

E -0.0175 0.1 0.00175 6.3%

O+ + @31 — — — 0.00398 14.4%
Bt — — — 0.02761 100%

3.2 DIMERM4R Sea Bt Z 946
DL $00r I 285 1) B B e e B 2 T A S I R A, FL AR S MR AR VE LR 5, TN Xaos Fy A
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KXo FOZRAEREZR 0 A M 75 S OB AU ST 5 R 45 & S RIS (MCS)BAIE AT TSR . AR (11),
SRR oo WEEHEM o BVERTE E AR =R R R 2, Rl (26):

C (01 Za3|X| +Zb2| i +ZC2| |+d0+6‘1+6‘2 (26)

At n=3 FIxA 3 MBEHER: x1,x2, x3 30K ¢, 9, E-

MR TS Hu. ut050. pto. u£t1.50 « ut2o (ullosrilNe, @, ERIMMEMbREZ) 1) 25 MHA
T, R X Fo Al Xeo FIWARIRRE . SRS, 380 fe /> 3R it = 0 7 T R 25 b & B LA S i) S8, A
ISR WK 8.

2 8 Wil W1 7KL
Tab.8 Coefficients for response surfaces
LIS Xa Xe2 Fs
azq -0.00043 -0.00020 0.00041
as, -0.00052 -0.00013 5.18884E-06
aszz -0.00313 -0.00079 7.71831E-17
by 0.01785 0.00865 -0.01179
by, 0.04342 0.01239 5.74394E-05
bys 0.08244 0.02415 0.00067
€11 -0.25921 -0.13859 0.14841
C12 -1.21821 -0.40367 0.06252
C13 -0.76328 -0.27298 -0.01012
dy 15.30828 6.20944 -0.31132
O¢2 0.02361 0.01401 0.02739
R? 0.97140 0.97880 0.98710

N Y BRE I N T R SO HE R R, AABENLAS B @ A (A] TR REA LI 15 MREAS A, 20 ) P RO UM = 2k i S T
BRI BTN B R Xao Xoo REREAE I 2 BB Fy, WML 12 Froe XTECEERB IR, 20 3 o i A B A 40 45
AR EALT 45° &=L, WMINETHEEEI R B, EOFEZER. lk, SIARNRE & 816
Wi 7 TS SRR i) i 22, LI SARHEZE LGt g inak 8 . [FRF, FET Peng 55 (2014)
WEFCRCR, B TOERAR Z2 A A A M RE 24 R F FIBRLRTE e IR IEZS 7341 N(-0.025, 0.054),
I A X FT X BRI IR ZE &1 MR IEZS 7341 N(O, 0.250), Fert p 5t BAR BBl TH I ME -
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B 12 i 2 5 BB AR S SR AT L (a) Xaz; (D) Xe2s () Fs
GE: WRHZER: Xoas Xea Fl Fos BUABRIIER: Xoow Xeo R Fi)
Fig.12 Comparison of response function and finite element method results: (a) Xa2; (b) Xe2; (¢) Fis

(Note: Response function results: X42-1, X62-1 and Fis-1; Finite element results: X42-2, X62-2 and Fi-2)

L5 TITRQ6)BET 10 TR SR RIIRAL, 381K T Xaoy Xoo M1 F HOSGIRI0AT, E] 13 Fom. ERSGIANM
WA B REBL N, Xao PSS EABRAEZE 53507 0.258m #10.164, X A RMEHY 0.188m H1 0.112, Fy A AR
HEZENTY 1.909 A1 0.205, XFLEABL, Jel it 4 R m T SehrAR A, Jelf Fy BOSUEARAE R 1,938 Bk, {2
TR T 2R 1.50, RUINHG TR T BARZE0RE. Ah, FaTRYE X Xo (0SER N BURIEAT IS
BT, BARNERE RS E TR

4 4 +
2703“0 T T T - ZDXIU T T T T ZDXIO T =1 T T
| u=0.2585 — u=0.1876 M u=1.9090
15k =0.1640 J 15F g=0.1120 4 15 o=10.2049
il iz TH
kS o =
ﬁ]ﬂ* —i:__t.o— —gxo— -
% # 3
0.5 1 05F 4 05F 1
0.0 0.0 - 0.0
0.5 0.0 0.5 1.0 E -0.2 00 02 04 06 08 1.0 10 15 20 25 30 35 4.0
X,(m) X.(m) F,
(a) (b) (c)

13 FRIEMER i () Xaz; (b) Xex; (c) Fs
Fig.13 Prior distributions of: (a) X2; (b) Xe2; (c) Fs

3.3 ETSNIE SRRt R £V

BT P AR IRIE S, ASCRA Metropolis 592:7F i€ 100000 X MCMC 41l (Peng et al., 2014), SEIL+
A BT . DAL i T 459 5 (2023 4£ 10 A 30 HD HMETEHE (X$=0.228m, Xe=0.176m) NN,
Wi 3 265 KB A HBEN LU, HRER (25) HESSEHN Ra. SR ER, FESc. WEEfMeM
PPERTEER Rea G045 520 919 1.037. 1,002 1.014, 3 NEEH Re I<<1.2, 1% /£ Gelman-Rubin HIUSSARHE,
H&ESHMFEAIERT BB SHEMEIES . PR OLE 14 (). (o). (e)), #— Uil MCMC #4E F
WSICIRES

HI TR & LA S H) RSB S E 2, JE5 A BT FEWE 14 (). (d (D FT7R: cI3MEHN 9.967kPa.
FRUEZE N 1.719, @fIIME N 23.897°. tritEZE N 1.638, ERIIIME N 7.549MPa. FpE% R 0.712. KL HAAZSEH)
Jele S IEg oA (WA 9O Al%, SIS 5 &S 7 REPEINL 14%~30%, &350/ 7 RS HA
WENE, NJE LS TR 4 REE R ST R AR T S v SRS HCHE .
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Tab.9 Comparison of prior and posterior distributions of random variables

u o cov
BELAS &
Fe A JE U653 A1 S 3 Ah Ja B oA Sl A JE 4 74T
c(kPa) 10 9.967 2 1.719 0.2 0.172
o(°) 23.5 23.897 2.35 1.638 0.1 0.068
E(MPa) 7.56 7.549 0.756 0.712 0.1 0.094
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Fig.15 Time-varying curves of “safety factor - horizontal displacement™: (a)Actual dock conditions; (b)Design extreme conditions

3.4 BB TIRRERESHEME

BT SN W B TR A R B A PUE bR, ARSI AT Xaos Xeo IORLREEHR M. DNAKR, 2] — 422 4tk
BDHETEFIE (WK 16). SR TR, KiE22 RS KRR IGEN R, M TRAR TN T %
T A RNPRE (SRE XD, R TR T2 2 TR0 Fl . S UTE M BAE R R 5 15 % e 3,
6 7 KB TR it

BTG TAR RO 2 S g, AUKFTIZSERR LRSI, A LA 88 IR A SC T 5 Pl bm v 7E = KU AN 5
TEARAS TG . i, ATl T, AU i 858 R AR R AR T R ASBA I S se. (B, sl sz
7 H R H AR K B AR SHERE 0. Hh, WA Xy Xe MR REBAE S 1.4 7TE 4 s
TEWOIR K e LB BL (Zheng etal., 2025), FAA TR THERE 10, AHIHEINE SATAMG TR —8 g “%
B RHIKPALRE” AR ZR A B 15(0) s, R, AR LB B AR Xaoy Xeo ONZ RS BdE 2 ) T — 422 4>
WESETETHE (EF AL B, C. D. E. FA (Xa, Xe2) TESBBLIIALKR AT, ST 15(b) 2 LM BRI 40D

10 MG MR AR I L5 2 v

Tab.10 Design and safety evaluation of extreme working conditions for super large deformation of dock

B K P 9 T R TN
i) (RO
Xaz2(m) Xe2(m) c(kPa) o(° ) E(MPa) F Pr B
0 0.00 0.00 12.3 26.7 8.22 2.29 0 —
1 0.08 0.05 11.5 25.8 7.96 2.16 0 —
2.5 0.20 0.15 10.2 243 7.59 1.99 0 —
5 0.28 0.20 9.72 233 7.48 1.90 0 —
7.5 0.30 0.22 9.59 23.1 7.43 1.87 0 —
10 0.35 0.24 9.40 22.6 7.39 1.82 0 —
12.5 0.45 0.30 9.07 21.5 7.33 1.73 0 —
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Tab.11 Comp f lated It bet " tep tion" and "b tion"

LA XN R
Tk W A5 bR
— B W Tz 2R % AHRFR 2
Bl Tt(m) Xaz KL FE 0.204 0.199 0.005 2.5%
(3= L RSE L TFZ, X2 KL F 0.160 0.154 0.006 3.7%
SEIT EZ) R IR RIO GRS 1.938 1.852 0.086 4.4%
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