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Prediction of tunnel rockbursts based on data preprocessing technology
considering influences of stress gradient of surrounding rock
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Abstract: As the current rockburst prediction investigation frequently ignores outliers, missing values, sample imbalance in the
rockburst dataset and the influences of surrounding rock stress gradient, a complete preprocessing process of rockburst data is
proposed, and the hole diameter index that indirectly represents the stress gradient of surrounding rock of tunnel is employed to
establish the multi-factor comprehensive prediction model for tunnel rockbursts. At the stage of the data collection, considering
the variation in stress conditions between the tunnel, stope and tunnel group, 306 samples of rockbursts in tunnels are isolated
from the rockburst database. At the stage of determining prediction index, five indices are selected including the hole diameter
(Do), the maximum tangential stress (0, ), the uniaxial compressive strength (o, ), the uniaxial tensile strength of the rock
(o1) and the elastic energy deformation index (We). At the stage of the data preprocessing, the multiple imputation method of
random forest (MI-RF) is introduced to fill in the missing values. Three unsupervised algorithms including the K-nearest
neighbor (KNN), the isolation forest (IForest) and the local outlier factor (LOF) are introduced to comprehensively evaluate the
rockburst dataset and removed outliers. The adaptive comprehensive oversampling (ADASYN) algorithm is introduced to
expand the number of minority samples. At the stage of the model validation, five types of models including the support vector
machine (SVM), the random forest (RF), the gradient boosted decision trees (GBDT), the adaptive boosting algorithm

(AdaBoost) and the extreme gradient boosting algorithm (XGBoost) are adopted for comparison. The results demonstrate that

the aforementioned models based on the data preprocessing and
the hole diameter index are all the best among similar algorithm HEWE: EXARPFEETH (42077228, 52174085)
WEEEHA: 2022-06-01
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models. Without the data preprocessing, the model considering the hole diameter index is better than those without considering

the hole diameter.

Key words: underground engineering; rockburst prediction; data preprocessing; stress gradient of surrounding rock; hole

diameter
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Fig. 1 Distribution of tangential stress around surrounding rock
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Fig. 2 Statistical relationship of five factors for rockburst samples
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Table 1 Dataset of tunnel rockburst
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Fig. 3 Flow chart of data preprocessing of rockbursts
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Fig. 5 Distribution of imputation data of rockburst
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Table 3 R*-tests for imputation dataset
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Table 4 Outlier scores for rockburst samples
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Table 5 Rockburst prediction considering data preprocessing and

hole diameter index

e TIOR3 /%

IR SVM RF GBDT Adaboost XGBoost
1 57.1 57.1 57.1 57.1 53.6
2 67.9 67.9 74.9 67.9 67.9
3 42.9 50.0 50.0 50.0 50.0
4 67.9 71.4 71.4 71.4 71.4
5 71.4 71.4 67.9 71.4 67.9
6 67.9 78.6 75.0 71.4 71.4
7 60.7 67.9 50.0 53.6 53.6
8 75.0 78.6 75.0 78.6 78.6
9 82.1 85.7 82.1 89.3 85.7
10 64.3 67.9 71.4 67.9 67.9
FHE 657 69.7 67.5 67.9 66.8

*® 6 FIRRRIBMETE BEETA B A RN
Table 6 Rockburst prediction considering hole diameter index

without data preprocessing

I TR AER 2R /%

L0 ¢ SVM RF GBDT  Adaboost XGBoost
1 72 80 72 72 68
2 52 48 52 60 56
3 56 72 76 72 72
4 48 48 56 48 44
5 52 64 56 56 52
6 60 64 64 64 64
7 68 52 60 68 68
8 64 64 60 52 64
9 72 68 72 68 64
10 60 72 76 60 72

FE S 60.4 63.2 64.4 62.0 62.4

R 7 TEEBIETAE N RZERE S RN
Table 7 Rockburst prediction without data preprocessing and hole

diameter index

Pk TR AER 2R /%

Ik SVM RF GBDT Adaboost  XGBoost
1 72 72 72 72 68
2 60 56 60 56 56
3 64 64 56 68 60
4 40 40 48 32 44
5 48 52 52 43 48
6 52 52 52 56 56
7 56 56 64 68 56
8 56 68 64 52 60
9 52 64 68 64 64
10 60 72 64 72 64

FHE 56.0 59.6 60.0 58.8 57.6

N BV 7375 R AR T AL MR A2 48 b 5 A2 20 i
TUAERS R I RE I, P RERARTY I 10 SR TR HE R 1 1)
A, XFEE T 752 R it PR BRAS R 1 T AE A R (3R
8) I H IR TR R T HER % (3R 9D,

HIZ 8 AT AN, Zeid Hdle FALBE #2544 R AR 1Y
5 MR RPN 2 TAE AR R bR A

PRPIREAY , SO AER 2T 24 5 5.04%, b SVM,
RF, GBDT, Adaboost, XGBoost 7 #l#& 1 5.3%,
6.5%, 3.1%, 5.9%, 4.4%; & 9 WA, EAHITH
TGN, 2 RIS TR AR B (1) 8 TR 1
WS T AL BT AR i) BRI, Fiu)
W4 4.08%, H SVM, RF, GBDT,
Adaboost, XGBoost 73 Alli& i T 4.4%, 3.6%, 4.4%,
3.2%, 4.8%.
& 8 BREZEBIETAIERR L RE TN EFHEISEL
Table 8 Comparison of model prediction accuracy with and

without data preprocessing

S 25 TR TR /%

XM
SVM RF GBDT Adaboost XGBoost
s Ak 21
2 R 65.7 69.7 67.5 67.9 66.8
EycEETE
o, 60.4 63.2 64.4 62.0 62.4
B Ee
pAIEN +53  +6.5 3.1 +5.9 a4

® 9 BEERBRIERN SRBTUNER R
Table 9 Comparison of model prediction accuracy with and

without hole diameter index

S 25 TR R /%

%A
SVM RF GBDT Adaboost XGBoost
EycE e
=1 4 2 4.4 2. 2.4
2B 60 63 6 62.0 6
EycE e
o 56.0 59.6 60.0 58.8 57.6
AFEIRE
=Y +44 +3.6 +44 +3.2 +4.8

gi b, A BAETAL B R IR AR TR bR A 43 )
EE AR 2 254 TIAL BE HLAN 5 IR A T A A 2 v FROI v
W% 9.7%, 10.1%, 7.5%, 9.1%, 9.2%, T
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Table 10 Rockburst characteristics of underground caverns

XA BEFES L
2B D/ ! o o/ . bR
m MPa MPa MPa ¢z

REEIX 1.2 90 973 6.03 6.6° 3~4
Y ZIX 14.8* 90 97.3  6.03 55 3~4
Y IIX 17.7" 90 973  6.03 6.6° 3~4

T “*7 ROR Do HBELAE: “H#7 ROR We NAEFME
&1 WTRERE RN
Table 11 Prediction of rockburst for underground caverns

T R 1 T

2% L

IHER —M RF GBDT  Adaboost  XGBoost
FRSRIX 3 4 4 4 4
Y ZIX 3 3 3 4 3
Y IIX 3 3 4 4 4

* 12 BISREHERFHESH
Table 12 Rockburst characteristics of Cangling Tunnel

" Do/ Oy ol o b

X Bt m MPa MPa MPa Wee 5 I3
1 11.6° 328 160 66 46 2
2 11.6° 448 160 68 49 2
3 11.6° 509 160 75 53 3
4 11.6° 448 160 67 48 2

FE: %7 FR Do MRS
* 13 BIRBRERNE BTN
Table 13 Prediction of rockburst for Cangling Tunnel

X Ex SVM RF GBDT Adaboost XGBoost
1 2 2 2 2 2
2 2 2 2 2 2
3 4 3 3 3 3
4 2 2 2 2 2
5 &

TE7% S 25 B 086 FE sg e i B6 i |, g T AR
PEFRALFRFE A NFERI Y 5 SR TR, 55D
T 4 mighie.

CIFE T H50 ToAh B (1) B A 2R St A 1t 2 v T
AE AR AL B (58, o SVM, RF, GBDT,
Adaboost, XGBoost 73 ll#EE T 5.3%, 6.5%, 3.1%;
5.9%, 4.4%, “FI5EE 5.04%.

(275 FEIRAR TR I 5 R AR A FIOl AERf 26 = T A
ZEIRA RS, Hd SVM, RF, GBDT,
Adaboost, XGBoost 7} l#& 5 T 4.4%, 3.6%, 4.4%,
3.2%, 4.8%, “V¥JHEE 4.08%.

(3) FETHIEAE I IR Tabr 5 FpA
SVM, RF, GBDT, Adaboost, XGBoost 45l Eb A%
HHE AL EE H AN FR I A2 b B 2 (10 T 00 74 A 2 o 1

9.7%, 10.1%, 7.5%, 9.1%, 9.2%, T E 9.12%.

(4) QT E K B A2 2 R ) 5 I BEIE i
TINS5 35 S Prs S LA A, Uil T AR
AR 1) i P 1 S5 A ek o

SE -
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