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Tablel E, under varying stress levels, modulus exponents, fracture stress ratio and confining pressures

n(R/=0.8) n(R=0.9)
o,/Pa
0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5
2 0.97K"’ 1.04K° 1.12K’ 1.20K’ 0.95K’ 1.02K’ 1.09K’ 1.17K°
6 1.21K’ 1.45K"° 1.73K’ 2.07K’ 1.18K’ 1.42K° 1.70K " 2.03K’
5,=0.1 10 1.34K" 1.69K’ 2.13K’ 2.68K’° 131K 1.65K”’ 2.08K’ 2.62K’°
20 1.54K’ 2.08K”~ 281K’ 3.79K’ 1.51K’ 2.03K’ 2.74K° 3.70K’
30 1.67K’ 235K’ 3.30K° 4.64K° 1.63K’ 2.30K"° 3.23K’ 4.54K°
2 0.81K"’ 0.87K’ 0.93K’ 1.00K’ 0.77K’ 0.83K’ 0.89K’ 0.95K"’
6 1.01K~ 1.21K° 1.44K” 1.73K”’ 0.96K 1.15K” 1.38K° 1.65K”’
$=0.2 10 112K’ 1.41K° 1.77K° 2.23K’ 1.07K° 1.34K” 1.69K’ 2.13K’
20 1.28K’ 1.73K’ 2.34K° 3.16K’ 1.22K° 1.65K° 223K’ 3.01K’
30 1.39K° 1.96K° 275K’ 3.86K’ 1.33K’ 1.87K’ 2.62K’ 3.68K’
2 0.66K’ 0.71K’ 0.76K’ 0.82K"’ 0.61K’ 0.66K’ 0.70K "’ 0.75K"’
6 0.83K’ 0.99K” 118K’ 1.41K"° 0.76K”’ 091K’ 1.09K’ 1.31K°
$=0.3 10 0.92K’ 1.15K” 1.45K° 1.83K’ 0.84K”’ 1.06K’ 1.34K” 1.69K’
25 1.10K~ 1.52K’ 2.09K’ 2.89K"’ 1.01K~ 1.40K’ 1.93K’ 2.66K’
30 1.14K° 1.60K’ 225K’ 3.16K’ 1.05K’ 1.48K’ 2.08K’ 2.92K’
2 0.53K’ 0.57K” 0.61K"’ 0.65K’ 0.47K”’ 0.50K’ 0.54K” 0.58K’
6 0.66K’ 0.79K” 0.95K”’ 1.13K”’ 0.59K”’ 0.70K”’ 0.84K~ 1.00K”’
$=0.4 10 0.73K’ 0.92K’ 1.16K° 1.46K° 0.65K’ 0.82K"’ 1.03K’ 1.30K’
20 0.84K’ 1.14K° 1.53K’ 2.07K’ 0.75K’ 1.01K’ 1.36K° 1.83K’
30 091K’ 1.28K” 1.80K”’ 2.53K’ 0.81K”’ 1.14K”° 1.60K’ 2.24K’

HE K FR A R R B KU TR B B K- P

HOR” “HOR RRCE .

(5) “WBHEIEE” THR X 0] 5] A B B ik T i bb 7% 2 4 R IE A AR B S (R A 3R K TR
Wbk R 2 S8 AR OKE TRK TEFYHER ) (NB 35047—2015), #f i 17 28X
[ 2 “VIREE” . “VIEE” . “VIEE” #1 “IXJE”.

(6) “WIEWAY” TH5 X [H] ., O] W B B ok F J R bk A 5 B A 4G R R AR S o T
R FIGERATEOCR , B %A X R AR A ORI

(7) " P XN AT W B o T E R K AL U S A T R . AR AR BB AL
HORE TR TS PR ML) (NB 35047—2015), #fi %7 &5 X 6] 8 h<30 m. 30 m<h<
70 m, 70 m<h<100 m. 100 m<h<150 m. 150 m<h<200 m 1 =200 m.

(8) “Bhrb” A “fLBAR” HHE XM .. (BEEN LAWY (NB/T 10872—2021) 4 X 4 CHL
FE L b 30U LG R L B B 0 TR LR S R IR OB A PR R B 2R RBR e AR o L R R R A
etk A CHLBRER” GBI RSN, BhE BT XESh(1:1.2, 1:1.4], (1:1.4, 1:1.5],
(1:1.5, 1:1.7], (1:1.7, 1:2.0)A0C1:2.1, 1:3.0], “fLBER” X K[16%, 19%). [19%, 20%) .
[20%, 21%). [21%, 22%)F1[22%, 26%).

323 FAELABRMERLAEE B LK, W EUEE AR VAT A DL A OB, O
TR eSO MR . AR DUty R 46 il B OC R, 4 B (4) —(6) B 19 A 0] ) S R A
P(B,=EIA=E ,A,=HAth)=1 (4)
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Table 2 Statistical of engineering design parameters and elastic modulus coefficient K

Wiz g3 X A MRIEREBURREE A Mlmi/m HORZUEE RBZUE Bk FLBUR/ PRPERE REK
SBY oA K 63~94.7 CFRD 233 6 7 1:1.4 19.6 1400
PBG FHEA A 100 CRD 186 7 8 1:2.0 22 1078
CHB e e 87.4~127 CRD 240 8 9 1:2.0 21 776
SIK FieA RS 61.5~115.8 CRD 314 7 8 1:2.0 23 1050
QX F A AR 116~125 CRD 164 8 8 1:1.9 21 912
LHK THEA [Fe =45 CRD 295 8 8 1:1.9 22 1093
HZY T K >55 CFRD 2235 8 8 1:1.4 19 1050
HJD FHEA W 50~90 CFRD 179.5 6 6 1:1.4 20 1700
TSQYJ  EMEA & 71.1~86.9 CFRD 178 6 7 1:1.4 23 940
7PP FHeA KA 56~72 CFRD 158 7 8 1:1.4 21 1090
JDX F oA WK 72.9~80 CFRD 133 7 8 1:1.4 19 1400
GBX B ¥a) yiAE k= =60 CFRD 132.2 7 8 1:1.4 20 750
JPH s ¥a) R 41.3~107 CFRD 219 6 6 1:1.4 19 1000
YLKS THEA ViAs k= 42.7~94.2 CFRD 2335 8 9 1:1.5 18 900
YQ xS ¥ = 27~49 CFRD 150 7 8 1:1.4 20 1413
QZPZ FHEA WK 42.5~73.55 CFRD 157 6 7 1:1.4 20 1185
JY e K 45~71 CFRD 150 6 7 1:1.4 20 1181
RM e ¥a) BLU 40~70 CFRD 315 7 8 1:1.45 18 1412
GS A K =60 CFRD 240 7 8 1:1.5 18 1350
SBX s ¥ (= 200~300 CFRD 185.5 6 7 1:1.4 20 1200
DQ ES v s 46~60 CFRD 150 6 6 1:1.4 20 646
HBLSS  FHifq hNi%E 40~60 CFRD 117 6 7 1:1.4 21 1140
HNLS A Ak 60~70 CFRD 65 6 7 1:1.4 21 1100
GGS FHEA A ke 50~70 CFRD 88 7 7 1:1.4 19 1112
GSYMS  EMEf WA >30 CFRD 61 8 9 1:1.7 20 502
XJHJ A W 36~126 CFRD 79 8 9 1:1.7 19 1025
GXGYS  FHef VA Ea 60~70 CFRD 110 6 7 1:1.4 21 1030
GXNLS  FH#Ef Ak 50~70 CFRD 92.5 6 7 1:1.4 20 1300

T : CFRD SR 5E - M0 A A7 T, CRD Ao Ji i A7 00

P(B=EIA=FAfh ,A,=E)=1 (5) 2000
P(B,=EIA,=E ,A,=H:Ah)=1 (6) % 1750.0021700.00
N - oy 1000 —1539.70
K A AN R BT R ERBE |, ’

MR 1. ORI RORZS, I RREZES R 1200

1143.00
%%3%&751%%1%&%%1‘%%%% #4580 '

T AL RCRBIRUET A

SV ES %su%m@%mz()%, 20%) KRB, 0 e
GG T BT AN AT Y R Y A% PR R 0

fid. B2 SRR B R T

3.3 g$ E 1:% 27 éﬁ[ K ,I-* 13 VI- 7‘7— % 3 é{:l\ H.II T Fig. 2 Boxplot of elastic modulus coefficient K
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Table 3 Prior probability distributions of Bayesian network nodes

DI H7 1 A A A5 X ) ) 4y HE R /%
[340,780) 24.60
PR R A [780,1150) 52.20
[1150,1800) 23.20
<15 0.00
1 5 5 vk I W /M Pa

>15 100.00
<6 2.10
6 34.70

AT
7 38.20
8 25.00
6 4.20
. 7 39.60

5 B BN B
8 34.00
9 22.20
Re<15 5.00
15<Re<30 11.30

A A
30<Rc<60 44.70
Re>60 39.00
[0,30) 0.70
N [30,70) 8.30

Al 31 555 /m
[70,200) 71.50
[200,320) 19.40
T A 401 66.70
R
AL 135 301 33.30
[0,30) 0.70
[30,70) 8.30
[70,100) 38.80
IS /m

[100,150) 17.40
[150,200) 15.30
[200,320) 19.40
(1:1.2,1:1.4] 35.40
(1:1.4,1:1.5] 18.10
354 (1:1.5,1:1.7] 22.20
(1:1.7,1:2.1] 15.30
(1:2.1,1:3.0] 9.00
[16%,19%) 5.90
[19%,20%) 16.20
LR [20%,21%) 32.40
[21%,22%) 25.00
[22%,26%) 20.60

e DU IS4 3 U SR A AR R K I R B AR A A% R D S LA U

s PR A R R K PO A T T A R AR R AR I T
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Table 4  Conditional probability distributions of basic intensity and fortification intensity

A BB
oA 1 e
6 7 8 9
<6 0.00% 3.60% 0.00% 0.00%
6 100.00% 80.00% 0.00% 0.00%
7 0.00% 16.40% 87.20% 6.60%
8 0.00% 0.00% 12.80% 93.40%

RS ALBURAE[20%,21%) DX IR0 BBl P A 35 L AT TR 2% P4 HE 236 03 A
Table 5 Conditional probability distribution table of slope ratio and dam type for porosity in [ 20%,21% ) range

354
gy
(1:1.2,1:1.4] (1:1.4,1:1.5] (1:1.5,1:1.7] (1:1.7,1:2.1]
i 4 301 66.70% 19.40% 92.60% 65.90%
LI 33.30% 80.60% 7.40% 34.10%
O AHsHK
o
© B8Rl s b 9%
a 5% " 2% a36% a 5% S
b 399% | b 17%|F] b 17% [ '
b 9% d17%
c 34% c 2% ([} c33% ([l
1220 o d16% |l d435% e 16%
0 p 0
d40% = gy g Ty 5 £19% @

SEEET \ /
a 1% O e
b36%|F |
¢ 38% a76%
d25% o b24% &

PE13 T DU AT 307 190 246 (1 JUURE iR 1 A58 o 2R 0 KA 80 4 A
Fig. 3 Architecture of Bayesian network-based model for elastic modulus coefficient K of dam materials
T 4T R XA SO (1) “WI R URY 7 8543 X a 3RS T AL, b 7R O B35 (2) “ HEAZUL 745 g X 1] s a RN <6 & b RN 6 8, c Km 7
JEAN A TR 8 85 (3)“ Vel B 5 DX ] s 7R 6 8 5 b KRR 7 B 5 0 67 8 5 d IR 9 HE 5 (4) A MR AE 7Y R X ] s a SRR FOE AR 5 b
FORBCH o FOR B A RR R . i TR GE B AR A 2% (TR R SRR ME) (GB 50218—2014) 2 HEAT KK B B
BIH0 ) 5 (5) “ LT X ) ca s (1:1.2,1:1.413b %R (1:1.4,1: 1.5 )50 %R (1:1.5,1: 1. 7] 5d Fom (1:1.7,1:2. 1], e Frm (1:2. 1,
1:3.0]5(6) “FLERZ" I g X (8] :a IR [ 16%,19% ) ;b IR [19%,20% ) ;¢ R [20%,21%) 5d R [21%,22%) , e FR[22%,26%) 5 (7)1
X ] :a R [0,30 m) sh FR[30,70 m) ;¢ FR[70,100 m) ;d F7Rk[ 100,150 m) ,e £ [ 150,200 m) ;£ 78 [200,320 m) .

()RR AR 1T 7 9 SUUREAS T 45 1 DL 87 10 2 S AU 00y, 45 5 e v B P, e Sy 6 T DL ik 307 A 008
SRR AR R KK R 2 BRI 2N A A 3 R

(2) AR Fhi iy S0 e 30 2% [ B ol 00 T AR, A A o B BB DX i, 3 B0 PR A R R K 4% IX
R, g 2% B B B PE A R R B0K B U A7 X ]

(3) R H35 T 20 phe 50 2% I B o M A o AR M K IBU(E IX TR 8 A, 90 34 2 88 Al 4 Fn b R R TR S
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4 TREZEH AT

4.1 TITEBOR  HoKHBE DU b F, FeBsk Ak mB T %, JF Ak dlE . R JEIRTEL F LG
PR S . KIEIE® ZE KN 812 m, HEZA 237.03x10° m*, P83 EZ 113.35%10° m*, H A Z4EH 15 fiE
J1, HEAEHLAS B 5850 MW TR X b 7R LA ZUEE M VIS, 400 Ak DX R MR B AR 1 B B
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Fig. 4 Designed dam cross—section and dam material zoning
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Rapid determination approach for elastic modulus coefficient of rockfill materials in rockfill

dams at preliminary decision—making stage

ZHU Fangliang"?, ZHU Kaibin"?, YANG Zhengquan'?, LI Jingjun"?, YU Zhongyang"*, FAN Meng'"*
(1. State Key Laboratory of Water Cycle and Water Security, China Institute of Water Resources and Hydropower Research , Beijing 100038,
China; 2. Engineering Research Center on Anti-Earthquake and Emergency Support Techniques of Hydraulic Projects , Ministry of Water
Resources, Beijing 100048, China)

Abstract: The monitoring and analysis of dam deformation constitutes a key component in the structural integrity
analysis and safety assessment of embankment dams. The determination of deformation behavior parameters for dam
construction materials forms the basis of deformation analysis in embankment dams. To address the common unavail-
ability of experimentally determined deformation behavior parameters for dam construction materials during early -
stage decision-making phases (planning, pre-feasibility, and initial feasibility studies) , this study proposes a Bayes-
ian network-based rapid determination method for the deformation modulus factor K. This approach provides prelimi-
nary value ranges for deformation analysis and safety assessment of embankment dams in project planning stages. The
principal research findings and conclusions are as follows: (1) Eight Bayesian network nodes are identified across
three domains (seismic loading, material-specific physical properties, and structural characteristics of embankment
dams) and a computational framework is established for modeling deformation behavior characteristics of earth-
rockfill materials. (2) Based on the compiled embankment dam statistical database, a Bayesian network-based frame-
work is developed for rapid determination of the elastic modulus coefficient K in earth-rockfill materials. (3) Valida-
tion of the proposed rapid determination method is achieved through predicting value ranges of the elastic modulus
coefficient K for rockfill zone materials in an embankment dam located in western China. This case study had con-
firmed the practical applicability of the method, establishing reference benchmarks for deformation parameter selec-
tion in safety evaluations of similar projects during early decision-making phases.

Keywords: bayesian network; earth-rock materials; assessment of deformation parameter; safety evaluation; deter-

mination prophase
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