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A method for predicting bearing capacity of anchor bolt based
on modified D-S evidence theory

SUN Xiao-yun, ZHANG Tao, WANG Ming-ming, XING Hui
(School of Electrical and Electronic Engineering, Shijiazhuang Tiedao University, Shijiazhuang, Hebei 050043, China)

Abstract: Predicting the ultimate bearing capacity of anchor bolt is the most important part in the bearing capacity prediction of the
anchor bolt. In traditional methods, the elastoplastic stage experimental data are usually from pull-out tests on anchor bolts used to
predict bearing capacity. However, in practice, it is not easy to discriminate the elastic stage from elastoplastic stage, and additionally
the actual P-S curves usually have various shapes. Thus, the single model is difficult to accurately predict all kinds of anchor bolts
ultimate bearing capacity. Since the prediction of ultimate bearing capacity belongs to an uncertain problem, a combined forecasting
model is developed with the Dempster-Shafer(D-S) evidence theory fusion algorithm that is widely used in the multi-sensor
information fusion. The D-S theory is an efficient method to process uncertain incomplete and vague information in data fusion. The
aim of the management of uncertainty in a system is to reach the best approximation. The D-S algorithm firstly employs a complete
set consisting incompatible basic hypothesis to represent all possibilities, and assigns the basic possibility of confidence. Then, the
D-S combination rules is applied to calculate the confidence of the new evidence body reflecting the combination of information
produced by the same proposition with various evidence. Finally, the best approximation of the "uncertainty" will be determined by
analyzing the confidence of new evidence body generated by each proposition. This paper, by reducing the elastic phase data, enables
each prediction model participating in combination generate many predicted values, and then supposes each predicted value as an
evidence, with the same identification framework. Moreover, it combines the evidence with the same type but different characteristics
into a new evidence accordance with the D-S combination rules, and obtains the final prediction results according to the decision
rules. Comparing the D-S method with traditional arithmetic mean method, the results show that the prediction accuracy using the

D-S method is more accurate. As the prediction values are easily influenced by the given initial value, the modified prediction method
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in this paper shows that the modified method has higher precision. The results can be used for mine construction, underground

construction, subsequent quality testing, stability evaluation and rock strength prediction.

Keywords: ultimate bearing capacity; P-S curve; Dempster-Shafer evidence theory; prediction
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Table 1 The measured data of rock bolt pull-out test
HiFF A it B i C HikF D HibF E
Gy faf 4, P fi¥s S faf 4, P fi¥s S faf 4, P fi¥s S faf 4, P ik S faf 4, P fi¥s S
/ kN / mm / kN / mm / kN / mm / kN / mm / kN / mm

1 70 0.60 70 0.37 80 1.09 55 0.1 55 0.60
2 210 2.19 210 2.11 240 3.94 165 43 165 450
3 350 4.86 350 5.72 400 6.02 275 10.6 275 9.50
4 420 6.82 420 8.99 480 8.14 330 14.9 300 11.25"
5 490 8.85 490 13.68 560 11.01 368 19.8 330 13.70
6 560 20.55 560 17.07 640 18.41 418 31.8 350" 1557
7 595 23.82 595 19.67 680 33.97 385 22.70
8 630 29.24 630 24.13
9 665 46.03 665 39.19
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Table 2 Predicted ultimate bearing capacity values of different models (eigenvalue)(unit: kN)
i S o L kR R BEHE-R SXEHE GMLD BIGM(LD)  BIEXUIZ PRk
1~9 623.61 729.98 661.80 647.21 631.39 676.25 713.61 738.31
A 2~9 623.98 728.82 671.54 637.65 646.74 722.05 714.28 738.75
3~9 625.97 724.75 670.37 646.19 648.31 671.30 738.45 737.18
4~9 627.26 719.66 668.52 671.95 645.64 654.30 805.65 725.32
1~9 649.21 785.49 664.85 699.27 643.14 657.84 902.95 797.34
B 2~9 651.25 790.19 663.17 666.08 705.50 662.06 900.28 797.71
3~9 665.28 713.74 663.94 679.01 750.28 663.90 814.55 806.46
4~9 681.07 684.90 671.24 678.97 728.28 660.73 687.14 878.61
1~7 699.18 670.65 672.03 677.46 720.57 662.10 842.93
C 2~7 697.68 668.61 673.01 671.08 654.02 680.30 875.06
3~7 685.88 678.02 680.63 676.71 674.12 690.81 853.71
4~7 684.09 678.53 681.21 675.83 668.68 697.01 924.46
1~6 428.90 549.10 434.50 434.33 445.40 571.30 543.20
D 2~6 430.05 449.61 437.65 443.01 440.48 509.68 532.96
3~6 347.75 429.87 458.29 418.39 422.03 477.35 813.64
1~7 414.69 447.10 395.05 406.38 450.35 583.16 558.49
E 2~7 420.11 412.81 404.01 414.95 424.53 466.65 577.27
3~7 418.61 406.97 394.04 405.29 421.30 463.97 775.35
K3 W ARNFERENTFEESEABSSER (ReEAERE
Table 3 Reliability distribution and fusion result of each evidence on rock bolt A (fusion model selection)
B (i
SH BRI Tl
M1 Mz M3 M4 M5 M5 M7 Mg
Ny 0.071 6 0.099 5 0.176 6 0.1387 0.092 4 0.1973 0.147 3 0.076 6
—_ N, 0.075 6 0.107 1 0.2010 0.1151 0.143 1 0.1279 0.1515 0.078 6
ULk
N3 0.0770 0.113 6 0.189 6 0.134 4 0.140 5 0.190 7 0.0755 0.078 8
Ny 0.081 1 0.1297 0.1887 0.1933 0.1340 0.158 3 0.002 0 0.1130
Ny 0.071 6 0.099 5 0.176 6 0.1387 0.092 4 0.1973 0.147 3 0.076 6
B . Nia 0.0403 0.079 3 0.264 2 0.1189 0.098 5 0.1879 0.166 1 0.044 8
e
Nix 0.021 6 0.062 6 0.3480 0.1110 0.096 1 0.2490 0.087 1 0.024 5
Nin4 0.0115 0.053 4 0.4313 0.1409 0.084 6 0.2590 0.001 1 0.018 2
W Niv Nov Nav N PSS NEHRIEH “1~97, “2~97, “3~9”, “4~9”"; M|\ M. Ms. My Ms\ Mg M7\ Mg /fﬁ[JXT}_“EFH%(*H LU ST IR0
TR, k- %*H ML ZREMAB ., GM(, 1)1‘H RSB GM(IL DR, B IE XU ZR AR B ZRAY . Ny Naw Naw Ny 7EIXHL 78 2 10E
gk, SR Niov Nioss Niosa FRFIEIEE Ny N, v NABLRS: Miv Myy My Mas Msy Mg M. Mgf%i?ﬁé‘“'”

R4 BT AKFERERTTEESTEAMESE R BURBETID

Table 4 Reliability distribution and fusion result of each evidence on rock bolt A (data fusion prediction)

e EHR A e
i
M; M, Ms M Ms4 M3as
Ny 0.2592 0.258 6 0.3090 0.2592 0.2667 0.288 8
N, 02410 0.147 5 0.003 8 02410 0.141 4 0.0019
N; 0.246 4 0.246 5 0.3528 0.246 4 0.2417 0.2989
Ny 0.253 4 0.347 4 0.3345 0.253 4 0.3502 0.4105
e Msw Mys MeTEIX LU U8 Mgy Maas IRRUEARAR May Myy Mg TIZEPREE s Niv Nav Nav Ny TEIXHLFE i

M Bk TE, XA By C. D ORI E #EATHR

IR AR B ELTREIN , 8- 2R T &

gE LR 5 .

HT4#5FF C. D A1 E B, & 1B GM (1,1)

IR GM (1,1)

T S £

SPRIEA—HE, AT

M7 BEGM (1,10 BEAIX 3 AR ATEA T 3EAT B R

AR TRAME TR -

XFFAIAT €, A R
Behi, 55RO TN IR RS AR (1) T U
B/, HAER s KA 697.68 KN A4 g e & il A1 »
BRUCLASE, S6F TIAREAT, 25 80 s Pl ir 42
TR PRSI P TR (B34 T~ S EL B , F0m) & JR
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Wk 5 P,
6.2 B IERITU J7 25U R I

[FIRE LA A I T PEAN A, K e R
BB a BUR 664.92, WHEIE AU MR RY | i d
WUIMERAEARL, FREORAY . OIHFR RO o FR A
TRA KA, R Z IR, GM(1, 1A
B GM(L, DRI TR B E £, BT A 5
HHE I IEAMES I, VEWLER 6. TR (8) Xt
6 THIAT A MFAFSE AT RS, ARG DR
(I UE H SR AR 45 R R a2 6 BT .

R A 25 L, 4 B SR 1 34T )
E, CUHFRTRIR G R A . IR 2 TR Y
GM(1, DFEEHUFIZrBE GM(1, 1D)BHEAR, Al X

4 AMERUHEAT R Bl Y, RS AR RAE
BO={N,, N,, N,, N,} = {654.18, 669.50, 659.04,
660.10} o FRHE = WTRBDRIECT B 57, BT A 541K
Pt () FE AN IR 79 T S 5 A A 20 R (P4 SR AR ) &5
Rk 7 Pror.

MRATLUE H: B B, AR A
(PR a5 S, 42 B G SERN 2 AT LA AT A (19 5%
LTI AR B A 2 BERE A 660.10 kN, 5 55 s il 2
{H 665.80 kKN FHLL, %254 - 0.856%.

Flf ER 5, XA B D FE TR RS
TR 7RI S0, TS R 8, 5 Iyl
JRiEMLE, RZETN,

K5 ARRAB S BIME R T4 R
Table 5 The predicted results of the ultimate bearing capacity value of failure
" SEIME AR T 45 R H b T 45 R HARFHIME o
Bk S ; . - — - — ARTIRL B 20 &
/kN T/ KN ADRRZE/ % TRIUME/KN AIARZE/ % TRIUME/KN AARHRZE %
A 665.80 668.08 0.342 664.92 -0.132 681.92 2.421 @@®
B 683.00 680.83 -0.317 690.85 1.149 717.28 5.019 O06)
C 71430 691.71 -3.163 697.68 -2.327 70138 ~1.809 L@@
D 440.00 443.48 0.791 442.69 0.611 477.02 8.414 O06)
E 405.26 432.06 6.613 41537 2.495 45436 12.116 0PO6)

e OB, QUGHEHEIR, OURtE -,

xe6

@=kZHABL; OGM(L L, ©7Bl GM(1, DR, O IEXM Lk,

BT A FIFERARTTERESEARGS R (REREER. BB

Table 6 Reliability distribution and fusion result of each evidence on rock bolt A (fusion model selection, correction)

PREOBEIY (i)

BiH
M, M, M; My Ms My M My
N 0.120 6 0.067 0 0.178 9 0.166 7 0.138 1 0.174 1 0.103 3 0.0513
TR O N, 0.1318 0.0753 0.192 6 0.163 7 0.180 2 0.091 1 0.110 4 0.054 8
UL
N3 0.126 3 0.078 2 0.178 5 0.165 7 0.168 6 0.178 1 0.0511 0.053 4
Ny 0.1300 0.090 1 0.180 2 0.178 7 0.165 8 0.176 1 0.001 8 0.077 4
N 0.120 6 0.067 0 0.178 9 0.166 7 0.138 1 0.174 1 0.103 3 0.0513
_ » Ni2 0.115 4 0.036 7 0.250 4 0.198 2 0.180 7 0.1152 0.0829 0.020 4
Rl 13 2K
Ni2s 0.096 4 0.0190 0.295 4 02171 0.201 4 0.1356 0.028 0 0.007 2
Ni23a 0.076 3 0.010 4 0.324 4 0.236 3 0.203 4 0.145 4 0.000 3 0.003 4

VE: Niv Nov N Ny EX BT YIEHAA, XA Niov Niosy Nipsa IREIESEAR Niv Nas

My TEIX HLFE 4 i o

x®7

Ni« Ny (B ERE, M. Maw Maw My Ms. Mg M.

BT A BB IERAR T EES L SR ARREER (BRmami. B1E

Table 7 Reliability distribution and fusion result of each evidence on rock bolt A (data fusion prediction, correction)

—— o TR A Rl A
M, M, M Ms M, My M5 Mi4s6
Ny 0.2552 0.253 4 0.097 4 0.3159 0.2552 0.257 4 0.101 8 0.114 4
HEHF A N> 0.243 0 0.1382 0.298 5 0.003 8 0.243 0 0.133 6 0.162 0 0.002 2
N3 0.2479 0.240 5 0.322 4 0.3575 0.2479 0.2373 0.310 8 0.395 1
Ny 0.253 9 0.3679 0.2817 0.3229 0.253 9 0.3717 0.4253 0.488 4

VE: My My Ms. MafEIXH TR MUK, BB Mags Maass Magse {RRIUEIRAR My. My Ms. Mg WIZELREES, Niv Nav Niw Ny FEIXHL78 4 i,
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Table 8 The predicted results of the ultimate bearing capacity value of failure (the revised forecast method)

AT ST TSI T 45 K B T 45 SR "
. - . - . AR TIIALR 20 &
i /KN TRIME/AN AN IR 22/% TRIME/AN AN IR 22/%
A 665.80 668.08 0.342 660.10 -0.856 ®DB®
B 683.00 680.83 -0.317 684.06 0.155 OE@®B®
D 440.00 443 .48 0.791 437.80 -0.500 OE@®®
E 405.26 407.80 0.627 407.19 0.476 0006
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