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Abstract. In this paper ,the geostress field of a large area complicated in geological structures was
inverted with the stress data of a few measured points by using FLAC®" numerical stimulation and
regression analysis. Two types of models were built. One type is a big model without geological
structures, which considered the influence of layer thickness, lithology, stratigraphic dip and ground
surface fluctuation first, and then corrected the simulation results according to the measured data, and
finally got the geostress field without regional structures by regression analysis. The other type is
small regional structure models, which paid attention to the influence of depth, fault type and fault
throw, or fold type and fold amplitude, and gained the influence range and coefficients of each
geological structure to the geostress field. At last, the results of two types were integrated together,
and the large area geostress field under complex geological condition was got. According to this
method in allusion to a specific example, the principal stress isoline and vector horizontal projection
of coal seam roof including three faults and one fold were obtained, which could analyze the stress
magnitude and direction. The method above can solve the problem of how to use the stress data of a
few measured points to gain a wide range geostress field under complex geological condition, which
could also promote the study of geostress field inversion and have certain engineering application
value.

Introduction

Initial stress field is the main factor that affects the stability of underground engineering, and master
the stress distribution law is the basic to do the design, construction and supporting of an underground
engineering [1-3]. Because of various factors, geostress can't be measured in a large quantities, and
the results are also discrete to a certain degree [3]. So many scholars do the research on how to use
little measured data to obtain a wide range regional stress field under complex geological condition.
One of the feasible ways is to do corresponding numerical simulation [4-5].

But to a large area, there are so many geological structures in it and the lithology changes a lot, it’s
hard to do the numerical simulation or even build the model. As a result, this paper took simulation
respectively and integration together as the research thoughts. In a big model without geological
structures, it considered the influence of layer thickness, lithology, stratigraphic dip and surface
fluctuation, and then corrected the simulation results according to measured data, and got the
geostress field without regional structures by regression analysis finally. In small regional structure
models, it paid attention to the influence of depth, fault type and fault throw, or fold type and fold
amplitude, and gained the influence range and coefficients of each geological structure to the
geostress field. At last, it integrated the results together, got the regional stress field under complex
geological condition. This method is fit for stress field inversion under complex geological condition,
especially the condition of deep mine.
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Modeling

The depth of 3401 working face in a coal mine is 640 m. According to the 3rd coal seam contour map,
there exist three faults and one fold, which is normal fault F1, thrust fault F2, normal fault F3 and fold
Z1 respectively. There are four measured geostress points, and the measured data is shown in table 1.

Table 1 Data of measured points/MPa

No. of Points Coordinates S-XX S-YY S-ZZ S-XY S-XZ S-YZ
D1 (204, 390, 45) -2.04 -1.98 -8.35 -0.0002 0.0003 -0.0080
D2 (399, 210, 10) -2.54 -2.34 -9.25 0.0000 0.0002 -0.0085
D3 (399, 610, 289) -1.69 -1.75 -5.02 -0.0001 -0.0008 -0.0275
D4 (596, 410, 396) -0.87 -0.92 -2.86 0.0000 -0.0143 -0.0300

Each model is built according to the research thoughts above. The size of big model 1s 800
m(length)*x800 m(width)x675 m(height), which contains the rock seam from No. 1 to No. 11 shown
in table 2 and the upper boundary reflects irregular topography. The size of small models is 200
m(length)x5 m(width)x42 m(height), which contain the rock seam from No. 4 to No. 11 shown in
table 2 and define as Mohr-Coulomb material. The models are shown in figure 1.

Table 2 Mechanical parameters of models

No. of Rock Elastic Poisson’s Tensile Density/kg-m™ Thickness

Seams Name Modulus/Pa Ratio strength/Pa & /m
1 soil 8¢9 0.38 3.0e6 1200 225
2 sediment 12¢9 0.30 3.5e6 1500 220
3 gravel 20e9 0.23 8.0e6 2000 190
4 aleurolite 20e9 0.22 6.0e6 2000 11
5 2nd coal 4e9 0.38 2.0e6 1400 1
6 sandstone 15¢9 0.30 4.0e6 1800 8
7 3rd coal 4¢9 0.38 2.0e6 1500 2
8 aleurolite 20e9 0.22 6.0e6 2000 3
9 4th coal 4¢9 0.38 2.0e6 1600 2
10 mudstone 8e9 0.32 2.5¢6 1600 5
11 aleurolite 20e9 0.22 6.0e6 2000 10

(a) Model without geological structure (b) Fault model

(c) Fold model
Fig. 1 Models

Stress Field Inversion in No Geological Structure Area

Just consider the gravity, which set as 9.8 m/s”. After initial balance, find the corresponding zones
according to coordinates of each measured point, then replace the zone data with measured value and
recalculate. Table 3 shows the error between measured data and simulated result before and after
adjustment.
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The adjustment above only affects the zones nearby, and the effect is poorer to the zones far
distance. Therefore, stress regression analysis method [6] is used to fit the regional stress field
without structures. Seven groups of stress data are needed, which include the four measured points
shown in table 1 and the remains are chosen from simulation results. 1stOpt software solves the stress
function and the result is listed in table 4.

Table 3 Error between measured data and simulated result before and after adjustment

No. of Measured Points S-XX S-YY S-727 S-XY S-XZ S-YZ
D1 8.82% 11.11% 3.59% 31.82% 10.94% 3.74%
Before D2 12.20% 7.26% 5.62% 13.22% 10.48% 9.13%
adjustment D3 1.18% 2.86% 1.59% 12.90% 11.11% 13.82%
D4 21.84% 17.39% 10.14% 57.06% 11.89% 12.67%
D1 2.45% 3.03% 0.96% 20.13% 4.06% 1.12%
After D2 3.54% 2.56% 1.41% 5.95% 7.62% 1.99%
adjustment D3 0.59% 1.14% 0.40% 20.89% 24.87% 3.27%
D4 7.13% 6.30% 2.80% 431%  16.78%  3.00%
Table 4 The regression coefficients of stress components
161.8 -0.0039 -0.3870 -0.4218 0.0011 -4.75e-5 -2.62e-6
122.5 -0.0035 -0.2935 0.3191 0.0008 -3.43e-5 -1.78e-6
762.7 -0.0182 -1.8022 -1.9992 0.0050 -0.0003 -1.23e-5
0.3206 -1.58e-6 -0.0008 -0.0008 2.10e-6 0 0
4.3097 2.67e-5 -0.0102 -0.0114 2.84e-5 -1.44e-6 0
-7.8102 4.24e-5 0.0184 0.0205 -5.17e-5 2.83e-6 0
So the regional stress function can be expressed as follows:
ox = 161.8-0.0039 h-0.387 x-0.4218 y+0.0011 xy-4.75¢-5 x*-2.62¢-6 y*
oy = 122.5-0.0035 h-0.2935 x+0.3191 y+0.0008 xy-3.43e-5 x*-1.78e¢-6 y*
6z =762.7-0.0182 h-1.8022 x-1.9992 y+0.005 xy-0.0003 x*-1.23¢-5 y*
txy = 0.3206-1.58e-6 h-0.0008 x-0.0008 y+2.1e-6 xy (1)

™=z = 4.3097+2.67¢-5 h-0.0102 x-0.0114 y+2.84¢-5 xy-1.44e-6 x*
tyz = -7.8102+4.24¢-5 h+0.0184 x+0.0205 y-5.17¢-5 xy+2.83¢-6 x*
The letters x, y and % in formula (1) stand for the coordinates and depth respectively. Stress
components of each point in 3rd coal seam roof will be easily got according to formula (1).

Numerical Simulation of Stress Field near the Fault

The load on upper surface sets as 13MPa. Fault plane is considered as interface and parameters of the
range within two meters on both sides of the face is cut down by 1/2. Boundary conditions is set
according to the fault formation mechanism and calculation step is used to control fault gap.

This paper used Surfer8.0 to analyze the simulation results. Figure 2 is stress isoline and stress
vector vertical projection of normal fault F1 model. Figure 3 shows the stress variation curve of 3rd
coal seam roof near fault F1. Fault F2 and F3 are the similar.

SNt A g AN g SN AN RN g s
20 obest 755 e A \/}7‘11\@\\'\‘&'?1%2)/7
zzzzz 5\&!6‘\Nf Y%/;]/l—k@$‘,?7/>~>$§
301 O 30 £V v NNNuTTETT SO LT Ly e s
. 12, Vv NN v S AR E R R
204 125 w — 204V VYV NNy e vy S HTTIZNUL LUl v
y VANNY Ny s TIWE L L L v
104 s NN R AT - g?ﬁW\ DI RE L L prE
s e A R I x\j,)//MM\§ xxxx

0 T T T T T T T T T 0 T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 O 20 40 60 80 100 120 140 160 180 200

(a) The maximum principal stress /Mpa
DA A N N NN N
404 sod= = N N P A a7 s DA PN N N R N KN AR
eke’iﬁﬁﬂ/ﬂ/\/%%\ 4 N§§§§§;1
30-] N o E}N\N¢f¢
- A N B N BRI
N

20 04y VLUV V Y 2T < ffT$T¢f1‘1‘
SANL S VAN IN e a
10 W43 > KLV 325272\ L a7 2t
zﬂ?"t&%»zﬂ?f’\\é_,k/N)/?’?‘?‘fﬂff

0 T T T T T T T T T 0 T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 O 20 40 60 80 100 120 140 160 180 200

(b) The middle principal stress /Mpa




534 Advances in Civil Engineering, ICCET 2011

NN KP4 AAA A s T NN AR NN NN R A
404 PPULNEL L A A g PAN R R N R A A g
ssxﬂﬂﬂ¢¢</ N ;;2&mmwm¢¢;
xR > NR RN KN A

301 O s VA S TN A
¢¢¢¢N‘L¢ZN‘>Jf&//ﬂ1\\$Rﬂf¢
20-] P S R A B 2 O S A A A R N N
§§1¢“f¢¢¢§a/«zﬁ<eé2/7¢xmwﬂ¢¢
10 10432 33K I €W 357 P A N S S O
991¢NNN’V?‘17"§\[Naﬂﬂ?‘4‘¢1‘¢¢¢

0 T T T T T T T T T 0 T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

(c¢) The minimum principal stress /Mpa
Fig. 2 Stress isoline (left) and stress vector vertical projection (right) near fault F1
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Fig. 3 Principal stress variation curve of coal seam roof near fault F1

Influence range and coefficients can be determined from figure 3, the coefficient is defined as the
ratio of each point’s stress value within the influence range and out the influence range. Influence
coefficient of the three faults is listed in table 5.

Table 5 Stress adjustment coefficients near fault structure

. F1 . F2 . F3
Distance /m Distance /m Distance /m

min___ Smid max min___ Smid max min__ Omid __ Smax

-41 1.01 1.01 0.98 -39 1.01 1.07 0.99 -41 097 099 0.99
-31 1.08 1.02 0.96 -29 1.05 1.14 1.00 -31 1.01 095 091
-21 1.18 1.04 0.96 -19 .12 1.29 1.02 21 1.03 091 0.89
-11 1.30 1.14 1.08 -9 1.18 1.51 1.05 -12 1.08 092 091
-1 1.39 120 1.17 -1 1.28 130 1.20 2 1.34 123 1.06

1 1.04 092 0.79 1 098 0.80 1.11 0 1.15 1.08 1.11

11 0.89 0.86 0.83 9 1.01 1.10 0.97 10 0.78 0.81 1.14
21 093 092 0.95 19 1.02 1.07 1.01 20 0.75 0.81 1.00
31 097 096 1.01 29 0.99 1.02 0.99 30 0.84 092 0.92
41 098 099 1.02 39 098 1.02 0.98 39 098 091 0.86

The Influence of Fold Structure on Stress Field

The load on upper surface sets as 13Mpa too. Displacement rate is set on both left and right boundary
to shorten the rock seam in horizontal direction so that the seam will be bent and become fold.
Calculation step is used to control extent. Displacement rate is set as 0.005m/step to first 6000steps,
then 0.0005 m/step to next 10000steps, and 0.0001 m/step to the last 10000 steps. Figure 4 is stress
isoline and stress vector vertical projection of fold Z1 model. Figure 5 shows the stress variation
curve of 3rd coal seam roof near fold Z1.
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Fig. 4 Stress isoline (left) and stress vector vertical projection (right) near fold Z1
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Fig. 5 The stress variation curve of coal seam roof near fold Z1
Influence coefficient of fold Z1 is listed in table 6.

Table 6 Stress adjustment coefficients near fold structure

Distance /m -59 -44 -29 -22 -7 0 7 22 37 44 59

Smin 1.43 1.4 1.36 1.38 1.42 1.42 1.42 1.38 1.37 1.4 1.43
Z1 Snid 1.57 1.7 1.69 1.7 1.63 1.57 1.63 1.7 1.7 1.7 1.57
Smax 1.06 0.97 0.91 0.93 1.03 1.06 1.03 0.93 0.93 0.97 1.06

Analysis of Stress in Coal Seam Roof in Tectonic Area

Stress field of no tectonic area on 3rd coal seam roof contour map is adjusted according to the local
stress influence coefficients and Surfer8.0 software is used to draw principal stress isoline.
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Fig. 6 The principal stress isoline
First, find each adjustment point’s corresponding point from big model, then stress value is
multiplied by the influence coefficient shown in table 4 and table 5. After drawn by Surfer8.0
software, the stress isoline of 3rd coal seam roof is added to 3rd coal seam roof contour map (the
dotted line shown in figure 6), and gained the complete principal stress isoline shown in Figure 6.
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Figure 7 is the isoline of angle between principal stress and vertical direction, from which we can
get the conclusion that in area without geological structures, the maximum principal stress is roughly
in the vertical direction, and the middle and minimum principal stress is mainly in horizontal
condition, but in the tectonic area stress direction changes greatly with poor regularity.
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Fig. 7 The isoline of angle between principal stress and vertical direction

Conclusions

This paper took simulations respectively and integration together as the research thoughts. In a big
model without geological structure, it corrected the simulation results according to measured data,
and got the geostress field by regression analysis. In the small regional structure models, it gained the
influence range and coefficients of each geological structure to the geostress field. At last, it
integrated the results together, got the large area stress field under complex geological condition. The
method is suitable for a large area which contains a lot of geological structures. When simulating the
geological structures, it gives up the way of presetting structures but loads directly according to the
formation mechanism of geological structures, which could better reflect the stress distribution rule
near structures.

The deficiency in the paper, comparing simulation results with measured data in the area without
structures, is that the normal stress fit well while shear stress has more errors, which is the bottleneck
problem of the current inversion of initial geostress. In addition, when to a certain degree of extrusion
in fold simulation, FLAC®" program will stop operation because of individual zones’ shape getting
illegal, which is a topic that should be further studied in geostress simulation.
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