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ASSESSING THE IMPACT OF UNDERGROUND WORKING (TUNNELING)
IN THE II SECTION OF SEAM 14 ON SURFACE CONSTRUCTION WORKS
AT HA LAM COAL MINE (VIETNAM)

Purpose. Tunneling in the ground changes the initial equilibrium stress state of the rock, which is also the cause of displace-
ment and deformation of the surrounding rock mass. To determine the impact of tunneling on surface construction works in order
to ensure the safety of surface works by analyzing the displacements and deformations of the rock mass during tunneling in the
II section of Seam 14 at Ha Lam Coal Mine.

Methodology. To achieve the research results, actual field survey methods, data analysis and numerical modeling, as well as
combined blasting vibration methods are used.

Findings. After analyzing the numerical modeling results, an area has been identified in the I1 section of Seam 14 of the Ha Lam
Coal Mine that affects the surface construction works and is located within a radius of about 20 m from the portal of two inclined
shafts. The results of blasting vibrations are calculated on the basis of the passport of blasting operations in tunnels. Thus, the af-
fected area has been identified within a radius of 30.5 m. However, at a distance of 30.5 m, surface construction works are not in
the area of influence.

Originality. On the basis of FLAC software, the authors have developed a simulation model for tunneling, thereby analyzing
and describing the best state of deformation and displacement of the surrounding rock mass. In this study, a numerical modeling
method is applied to simulate the driving order for each tunnel, which is consistent with the actual production of underground
mines. Based on the passport of drilling and blasting operations in tunnels, the authors calculated the impact of blasting vibra-
tions on surface construction works. After that, the authors assessed and identified the affected area with the required degree of
reliability.

Practical value. The research results are used as a basis for implementation in actual production at Ha Lam Coal Mine. On the
basis of analysis of the surrounding rock mass displacements and deformations, when tunneling in the II section of Seam 14 at Ha
Lam Coal Mine, the affected area of the surface construction works has been determined. This is also the basis for Ha Lam Coal

Mine when planning construction works on the site outside the determined affected areas to ensure the safety of such works.
Keywords: tunnels, surface construction works, displacement, deformation, Ha Lam Coal Mine

Introduction. When digging a system of tunnels for min-
ing minerals, cavities are formed in the ground [1-3]. The
degree of impact of digging the system of underground tun-
nels for mining minerals on surface construction works de-
pends on many different factors [4, 5]. The factors of geo-
logical conditions, such as the thickness of alluvium, the
depth of tunnels relative to the surface, the mechanical pa-
rameters of the rock mass, and hydrogeological characteris-
tics. Technological factors such as the rock breaking meth-
od, the type of structure to support the tunnels, the tunnel
cross-sectional dimensions, and density of tunnels in the
rock mass.

A system of underground tunnels was dug in the II section
of Seam 14 of the Ha Lam Coal Mine, including a pair of in-
clined shafts of +30 to —300 levels and two crosscuts at —150,
—300 levels. Above the surface of this system of tunnels, con-
struction works are carried out. The construction of this pair
of inclined shafts and crosscuts destroys the primary stress
state in the rock mass, causing the formation of a new stress
state in the surrounding rock mass. In this new stress state, the
rock mass may stabilize or destabilize or, in other words, may
cause the dug cavity deformation. Assessing the impact of dis-
placements on surface construction activities, while digging
these tunnels, is important to ensure the safety of these surface
operations. Therefore, this study is necessary for the reality of
the Ha Lam Coal Mine.

In the world and in the country, a lot of research has been
carried out to ensure the safety of surface operations during
digging of tunnels. The case studies are based on numerical
modeling methods to calculate and predict the subsidence
level [6, 7], to calculate pressure on tunnels [8, 9], to study
the impact of mining on surface operations [10, 11], as well
as equivalent material models to assess the impact of mining
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operations [12, 13]. In the course of the research, models of
tunnels in deep coal mines and tunnels dug in soft rock have
been developed, as well as pressure has been calculated for
tunnels in difficult mining-geological conditions [14—16].
Some other studies are mainly based on models developed
for tunnels dug in urban areas to determine surface deforma-
tion values [17—19].

It can be seen that the above studies do not mention
models developed to predict and determine the displace-
ments and deformations of rock areas in digging of each tun-
nel, which could assess its impact on surface operations.
Therefore, in this study, the authors have developed a simula-
tion model of the process of digging the tunnels in the II sec-
tion of Seam 14 with simultaneous control and determination
of the displacements and deformations of the rock mass. This
is also the basis for evaluating, analyzing and identifying the
area influencing the II section of Seam 14 at the Ha Lam
Coal Mine.

Research Methods. Location of the studied area. The 11 sec-
tion of Seam 14 belongs to the Ha Lam Coal Mine, Ha Lam
ward, Ha Long city, Quang Ninh province, Vietnam. The
boundaries of the area location in coordinates are as follows:
X=19,600—19,800; Y=408,300—408,700. The studied area is
mainly a highland area. The terrain surface elevation is from
120 to 130 m. The terrain slope is from 15 to 45 degrees, gradu-
ally increasing to the North.

A pair of inclined shafts of +30 to —300 levels and the
crosscuts at —150, =300 levels was dug.

In seams of coal, siltstone, sandstone, gravel and pebbles,
a pair of inclined shafts and the crosscuts were dug at —150,
—300 levels in the II section of Seam 14 of +30 to —300 levels,
with a cross-section of 15.8 m?. The tunnels are supported by
SCP-27 steel and solid concrete. The diagram of a pair of in-
clined shafts of +30 to —300 levels and the crosscuts at —150,
—300 levels is shown in Fig. 1.
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Fig. 1. Diagram of a pair of inclined shafts of +30 to =300 levels
and the crosscuts at —150, =300 levels [20]

conducted using user-controlled commands. The steps are as
follows:

1. Building a numerical model to simulate the process of
digging inclined shaft No. 1.

2. Building a numerical model to simulate the process of
digging inclined shafts No. 1 and 2.

3. Building a numerical model to simulate the process of
digging inclined shafts No. 1, 2 and a crosscut at —150 level.

4. Building a numerical model to simulate the process of
digging inclined shafts No. 1, 2 and the crosscuts at —150,
=300 levels.

5. Analyzing results of numerical modeling.

6. Calculating the impact of blasting vibrations.

7. Comparing and determining the area affected.

Building a numerical model. Based on the geological condi-
tions and tunneling process performed in the II section of Seam
14 of the Ha Lam coal mine, a simulation model of the studied
area has been built with dimensions of 450 m high, 700 m wide,
including many layers of rock and coal. A pair of inclined shafts
has been dug of +30 to —300 levels and two crosscuts at —150,
—300 levels. The simulation model is shown in Fig. 2.

Table 1
Basic parameters of rocks occurring in the mine [21]
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Peculiarities of geological conditions. The stratigraphy in
the II section of Seam 14 includes coal deposits and alluvi-
um. Within the exploration boundaries, the average thick-
ness is from 335 to 400 m, including layers of cobblestone,
gravel, claystone, and interbedding of coal seams. The basic
parameters of some rocks occurring in the mine are shown in
Table 1.

Research method basis. Currently, there are many meth-
ods used to predict and calculate the displacements and de-
formations of a rock mass when digging the tunnels. This
study uses a numerical modeling method based on FLAC3D
software, combined with a calculation of blasting vibrations
to determine the area of impact during digging the tunnels.
This software allows modeling the geomechanical transfor-
mation processes in a rock mass, paying attention to techno-
logical processes. The process of calculating and modeling is

==

I
|

L

LI e
K
[

S5
|
[

8g
LEY

[
I
[

08
34
GE

27

Fig. 3. Passport of drilling and blasting operations in rocks en-
closing a pair of inclined shafts and crosscuts [22]
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Based on the documents, the order of digging a pair of in-
clined shafts and the crosscuts are as follows: firstly, an in-
clined shaft No. 1 from +30 to —300 level is dug, then an in-
clined shaft No. 2 from +30 to —300 level is dug. Then, the
crosscut at - 150 Ievel is dug and finally a crosscut at —300 level
is dug.

Impact of blasting vibration. The delayed blasting method
has been used to dig a pair of inclined shafts and the crosscuts.
Passport of drilling and blasting operations is shown in Fig. 3.

The safe distance allowed for blasting vibration is deter-
mined according to the guidelines in the regulation of the
Ministry of Industry and Trade at QCVN 2008/BCT, appen-
dix D, page 76, as follows [23].

R =K.03\0, (1)
where R, — safe distance, m; K, — coefficient dependable on
the soil properties of the protected work, Table 3.3 in the
QCVN 2008/BCT regulation; @ — coefficient dependable on
blasting impact index », (Table 3.4 in the QCVN 2008/BCT
regulation); Q — total amount of explosives per detonation, kg.

Results and discussion. Analysis of numerical modeling re-
sults when digging an inclined shaft No. 1. Horizontal displace-
ments and deformations are shown in Fig. 4.

From the numerical modeling results shown in Fig. 4, it
can be seen that after digging the inclined shaft No. 1, the pro-
cess of displacements and deformations in the horizontal rock
mass occurs around the inclined shaft No. 1 and the surface
area around the gateway.

At the location of gateway of the inclined shaft No. 1, dis-
placements and deformations of the rock mass occur with the
maximum value of horizontal deformations at this position,
which is 2.6 cm. At the position of more than 20 m from gate-
way, the maximum value is 2 cm. In general, the value of rock
mass deformations on a horizontal surface, as indicated above,
will not have an impact on surface operations.

Center Rotation

X 3216002 X 0.000
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Fig. 4. Horizontal rock mass deformations after digging an in-
clined shaft No. 1
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Fig. 6. Horizontal rock mass deformations after digging a pair
of inclined shafts No. I and 2

Vertical displacements and deformations are shown in Fig. 5.

From the numerical modeling results shown in Fig. 5, it
can be seen that deformation movement occurs at the location
of gateway of inclined shaft No. 1. The largest value of vertical
deformations at this location is 3.6 cm. At the position of more
than 20 m from the gateway, the maximum value is 3 cm.

Analysis of numerical modeling results when digging a pair of
inclined shafts No. 1 and 2. Horizontal displacements and de-
formations are shown in Fig. 6.

From the numerical modeling results shown in Fig. 6, it
can be seen that after digging a pair of inclined shafts No. 1
and 2, the horizontal deformations and displacements of rocks
continue to develop around a pair of inclined shafts and the
surface area around the gateway.

At the location of gateway, the rock mass deformation
movement still occurs most strongly and the largest value of
horizontal deformations at this position is 3.09 cm. At the po-
sition of more than 20 m from gateway, the maximum value is
2.4 cm.

Vertical displacements and deformations are shown in
Fig. 7.

From the numerical modeling results shown in Fig. 7, it
can be seen that after digging a pair of inclined shafts No. 1
and 2, the vertical rock mass deformations develop and expand
around the inclined shafts and surface area around the gate-
way.

At the location of gateway of a pair of inclined shafts, the
maximum value of vertical deformations is about 5 cm. At the
location of more than 20 m from gateway of a pair of inclined
shafts, the maximum deformation value is 3.2 cm.

Analysis of numerical modeling results when digging a pair
of inclined shafts No. 1, No. 2 and a crosscut at —150 level.

Horizontal displacements and deformations are shown in
Fig. 8.

From the numerical modeling results shown in Fig. 8, it
can be seen that after digging a pair of inclined shafts and a
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Fig. 5. Vertical rock mass deformations after digging an inclined
shaft No. 1
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Fig. 7. Vertical rock mass deformations after digging a pair of
inclined shafts No. 1 and 2
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Fig. 8 Horizontal rock mass deformations after digging a pair
of inclined shafts and a crosscut at —150 level

crosscut at —150 level, the horizontal rock mass deforma-
tions occur at the crosscut and continue to develop around
a pair of inclined shafts, especially in the area of intersec-
tion between a pair of inclined shafts and a crosscut at
—150 level. In the surface area around the gateway, the de-
formation continues to develop, but it is not clear and its
value is small.

At the location of gateway of inclined shafts, the values of
displacements and deformations change insignificantly and
the horizontal deformation value at this location increases by
0.5 cm compared to that before digging a crosscut at —150 lev-
el. At the position of more than 20 m from the gateway, the
maximum value is 2.5 cm.

Vertical displacements and deformations are shown in
Fig. 9.

From the numerical modeling results shown in Fig. 8, it
can be seen that at the location of gateway of inclined shafts,
the values of displacements and deformations change insigni-
ficantly. The value of vertical deformations at this location in-
creases by 0.1 cm compared to that before digging the crosscut
at —150 level. At the location of more than 20 m from the gate-
way, the maximum value is 2.6 cm.

Center Rotation’
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Fig. 9. Vertical rock mass deformations after digging a pair of
inclined shafts and a crosscut at —150 level
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Analysis of numerical modeling results when digging a pair of
inclined shafts No. 1, No. 2 and the crosscuts at —150, —300 lev-
els. Horizontal displacements and deformations are shown in
Fig. 10.

From the numerical modeling results shown in Fig. 10, it
can be seen that after digging a pair of inclined shafts and the
crosscuts at —150, —300 levels, the process of rock mass hori-
zontal deformations occurs at —300 level of the crosscut and
continues to develop around the area of intersection between a
pair of inclined shafts and a crosscut at —300 level. The surface
area around the gateway of a pair of inclined shafts is no longer
affected by digging operations at —300 level.

Vertical displacements and deformation are shown in
Fig. 11.

From the numerical modeling results shown in Fig. 11, it
can be seen that at the location of gateway of a pair of inclined
shafts, there is no change in vertical deformations. In the area
of intersection between a pair of inclined shafts and a crosscut
at =300 level, the largest vertical deformation value is about
10 cm.

Results of calculating the impact of blasting vibrations. The
results of calculating the impact of blasting vibrations accord-
ing to the above formula (1) are shown in Table 2. Table 2 also
presents the coefficients dependable on the soil properties of
the protected work for raw rock, destroyed rock and crushed
stone. Therefore, the corresponding K, is found in the QCVN
2008/BCT regulation. The coefficient depends on the blasting
impact index » = 1.2. The maximum amount of explosives per
one detonation is O = 14.95 kg.

Table 2 shows that in the case of a delayed blasting in rocks
with a maximum amount of explosive per one detonation, the
safe distance on the surface in the II section of Seam 14 at the
Ha Lam Coal Mine is R, = 30.5 m.

Conclusions. Digging a pair of inclined shafts of +30 to
—300 levels and the crosscuts at —150, —300 levels affects the
rock mass stability on the surface within a radius of 20 m from
the gateway of a pair of inclined shafts.

On the topographic surface, outside the radius of 20 m
from the gateway of a pair of inclined shafts, it is complete-
ly unaffected by digging a pair of inclined shafts of +30 to
—300 levels and the crosscuts at —150, —300 levels. Time af-
fects the rock layer stability on the surface only for the first
time when digging the gateway and collar of a pair of in-

Center Rotation’
X3193002 X 0024
V388000 Yo 0000
71983002 7359829
Dist 178224003 Mag: 139
Ang: 22500

Contour of Z-Displacement
Magfac = 100024000
13651001 fo-1.2500-001
-12500e-001 fo-1.000-001
-1.00002-001 to-7 5000002
-750002-002 to -5.0000=-002
-60000e-002 fo -2.6000e-002
250006002 fo 0000024000
0 00 250002002

Fig. 11. Vertical rock mass deformations after digging a pair of
inclined shafts and the crosscuts at —150, =300 levels

Table 2

Results of calculating the safe distance in case of a delayed
blasting when digging tunnels in the rocks

No K. o 0, kg R., m

1 3 1,2 14,95 12,9

2 5 1,2 14,95 21,6

Fig. 10. Horizontal rock mass deformations after digging a pair 3 7 12 14.95 305

of inclined shafts and the crosscuts at —150, —300 levels
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clined shafts (this time is about 01 month). After setting an
anti-fixing structure, deformation stabilizes and will not
develop further.

Based on the regulation of the Ministry of Industry and
Trade QCVN 2008/BCT, the impact distance from the place
of blasting to the constructions on the surface has been calcu-
lated under condition of differential blasting with a range of
30.5 m when digging in the rock.

When combining the following methods: numerical mod-
eling method, drilling and blasting method, it has been re-
vealed that the largest impact area is assessed using the meth-
od of blasting concussion. That is, the maximum impact area
from the position of the gateway of a pair of inclined shafts to
surface operations is within 30.5 m and beyond 30.5 m. Thus,
it will not effect surface operations.

After construction and setting anti-fixing structure for
the gateway and collar in a pair of inclined shafts (more than
one month), by this time the blasting position is at a distance
of about 60 m from the gateway and collar in a pair of in-
clined shafts. The speed of digging a pair of inclined shafts is
60 m/month. Therefore, it is possible to conduct construc-
tion operations on the surface in the area of less than 30.5 m
to serve the operation of a pair of inclined shafts and other
related works.
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Ouinka BIUIMBY Mi3€MHHUX BHPOOOK
(TyHeabHHMX BUPO0OK) I nminsnkm miaacra 14
Ha Ha3eMHi OyaiBebHI poOOTH HA BYTiIbHil

maxTi Xa Jlam (B’eTHam)
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Merta. [IpoxiianaHHs TYHEJIbHUX BUPOOOK y 3€MJIi 3Mi-
HIOE TOYATKOBUM PIiBHOBaXXHWI HaNpyXeHUM cTaH Tip-
CBhKOI TTOPOIM, IO TaKOX € MPUUYMHOK0 TepeMillleHHs W
nedopMallii HaBKOJMIIHBOTO MAaCHUBY TipCbKUX TIOpil.
BcTranoBUTH BIUIMB MPOKJIadaHHS TYHEJIBHUX BUPOOOK Ha
MOBEPXHEBi OymiBeJlbHI POOOTH 3 METOIO 3a0e3IeuyeHHs
0e3MneKy MOBEepXHEBUX pOOIT LIJISIXOM aHai3y 3CyBIB i de-
dopmariiii ripcbkoro MacuBy il 4ac TMPOKJIaZaHHS Ty-
HeJbHUX BUPOoOOK I minmgHku mracta 14 Ha BYTiJIbHIi 11ax-
Ti Xa Jlam.

Metoauka. 1151 TOCSATHEHHSI PE3yJIbTaTiB AOCIiIKEHHS
BUKOPHCTOBYIOTbCSI (DaKTUYHI METOAM IOJBOBUX MOCHi-
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IKeHb, aHaJTi3y JaHUX i YMCEeJIbHOTO MOIETIOBAHHS, a TAKOX
KOMOiHOBaHiI METOM 111010 BUOYXOBHMX BiOpalliit.

Pesyabratu. ITicas aHanisy pe3ynbTaTiB YMCEIbHOTO MO-
NeTIOBaHHS BUBHAUEHA JiITHKA, 10 BIUTMBAE HAa TTOBEPXHEBI
oyniBenbHi podoru 11 pinsHku racra 14 ByribHOI IaxTu Xa
JlaM, sxa po3araimoBaHa B pamiyci 6im3bpko 20 M Bim BXomy
JIBOX TIOXWJIMX CTOBOYpiB. PesynbTaTu BUOYXOBUX BiOpalliii
pO3paxoByIOTbCS Ha MiACTaBi macrnopra MiApUBHUX POOIT y
TyHeIsIX. TakuM YMHOM, TepUTOpisl ypakeHHsI BHUSIBICHA B
pamiyci 30,5 m. IIpote Ha Bincrani 30,5 M Ha3eMHi OymiBeJbHi
poOOTH He 3HAXOISATHCS B 30Hi BIUIMBY.

HayxkoBa HoBu3Ha. Ha ocHOBI nmporpamMHoro 3abe3rneueH-
Hs1 FLAC aBTropu po3poOuiu iMiTauliiiHy Monesb sl Mpo-
KJIaJaHHsI TYHEeJIbHUX BUPOOOK, TAKUM YMHOM aHAJi3ylouu
Ta OMUCYIOUM HalKpalliuil ctaH aedopmalii Ta 3MillleHHs
HABKOJIUIIIHBOTO MAaCUBY MOPOAU. Y LIbOMY JOCTIIKEHHI Me-
TOJIl YUCEJIbHOTO MOJEIIOBaHHS 3aCTOCOBAaHO IJISi MOJENIO-
BaHHSI MTOPSIIKY MPOXOKEHHST KOXHOTO TYHEINIO, IO y3ro-
IOKYETBCST 3 (DaKTMYHUM BHPOOHMIITBOM ITiI3€MHUX IIaxT.

Ha mincraBi macnopra OypomninpuBHUX POOIT Y TyHEJbHUX
BUPOOKAX PO3paXOBaHO BIUIUB BUOYXOBUX KOJMMBaHb Ha TMO-
BepXHeBi OyniBebHi poooTu. ITic/s 1IbOro aBTOpU OLIHUIN i
BU3HAYWJIM ypaXeHY HiISIHKY 3 HEOOXiAHMM CTYIEHEM [10-
CTOBipHOCTI.

IIpakTiyna 3naunmicTs. Pe3ynbrat nocimkeHHsT BUKO-
PUCTOBYIOTbCS SIK OCHOBa JUIsl BIIPOBAIXKEHHS Y (pakThUHE
BUPOOHMIITBO Ha ByTiibHiH maxti Xa Jlam. Ha mincrasi ana-
JIi3y 3CyBiB i Aedopmalliii HaBKOJUIIHBOTO TipCbKOTO Macu-
BY, MpM TMPOKJIaTaHHi TyHeabHMX BUPoOoK Il cekii ruracta
14 ByrinbHOI axTy Xa Jlam, BU3HaueHa 30Ha BILUIUBY Ha MO-
BepxHeBi OyniBesbHi poboTH. Lle TakoX € OCHOBOIO ISl BY-
ribHOl maxTy Xa Jlam npu nmjaaHyBaHHi OyaiBeJIbHUX poOiT
Ha MaiiaH4YMKy 32 MeXaMU BU3HAYEHUX YPaKeHUX 30H, 100
3a0e3MeunTy 6e3MeKy TaKux pooiT.

KmouoBi cioBa: myueni, nogepxnesi Oyodieeavri pobomu,
nepemiwenns, depopmauii, yeinvha waxma Xa Jlam
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