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ABSTRACT

The major scheme of Block Theory is to identify the possibility of block failures and to prevent the
movement of these “key blocks” from excavation faces. These key blocks can form specific sets of “danger
zones” and should be treated with additional supports. This study examines the use of block theory by
applying specific approach to identify potential key blocks that will affect the stability of the excavation.
The sequence of analysis starts from block generation by topological intersection of joint traces, follow by
key block analysis for removable blocks and their failure modes. The stability of the blocks will be justified
using kinematic and equilibrium methods. This procedure helps locating the unstable key blocks on
excavation faces and their shape, size and stability could be evaluated at local conditions. Experiments from
SinPung-Useong tunnel site show the advantage of specific approach in identifying keyblocks that are
dangerous to the excavation at exact location. Rock blocks are then projected in true 3D space to help site
geologists visualize potential block failures and structural conditions during excavation process.

Keywords: Block Theory; rock stability; geological hazard evaluation.

1. Introduction

One of the most serious problems of excavation in rock mass is the accidental falling of rock blocks that
are formed by the intersection of the excavation surface and fractures inside the rock mass. To predict and
prevent such falling of blocks, removability analysis of the rock blocks should be applied, especially in the
design of support systems.

Figure 1. Joint sets on a rock surface and rock blocks around a tunnel.

The intersection of fractures in a rock mass divides the rock mass into individual blocks. If an excavation
goes through this rock mass, new blocks may be formed at the excavation surface and some of these
“surface” blocks will have a shape that will allow them to fall or rotate into the excavation (figure 2). These
critical blocks determine excavation stability, therefore, in order to understand how such an excavation is
al blocks must be investigated.

Foundations

Bank cutting Blmﬂlmu

Figure 2. Different cases of key blocks in the rock mass.

* Authors corresponding
Email: nguyenquocphi@humg.edu.vn
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2. Block Theory
2.1. Types of blocks

The main aim of the Block Theory developed by Goodman (Goodman and Shi, 1985) is to geometrically
analyze the distribution of different types of blocks in relation to discontinuity surfaces and to determine
under which conditions these blocks may lose stability (from a kinematic point of view). This will enable
us to solve problems related to the design of rock excavations.

Although the shapes and locations of key blocks are fully three dimensional problems, the basic
principles of block types can be explained in the two dimensions. Generally, there are 5 types of blocks
which can be formed at an excavation boundary as shown in figure 3.

(a) Infinite
(b) Finite, tapered

Slope face
(c) Finite, removable
stable without friction
(d)  Finite, removable
stable with
sufficient friction

(e) Finite, removable
unstable without
support

Figure 3. Block types in a slope face (Um, 2001). (a) infinite; (b) tapered;
(c) stable; (d) potential key block; (e) key block

2.2. Mapping potential key blocks

Any excavation surface in rock mass can be represented as a plane, and this plane can divide the space
into upper half (U;) and lower half (L;). The space above excavation surface is called free space (denoted
as space pyramid, SP) and the space below the excavation surface is called excavation space (denote as
excavation pyramid, EP).

Using stereographic projection, the spherical regions formed on the stereonet by the intersection of the block
faces is defined as Joint Pyramids (JP), and the block pyramid (BP) is the intersection of the JP and the EP:

BP = JPNEP (1)
Theorem of finiteness

The first priority of block type identification is the separation between finite and infinite blocks.

According to the finiteness theorem (Goodman and Shi, 1985), a block is finite if its block pyramid (BP)

is empty (¢):

BP=JPNEP=¢ (2)
Or in other words, Joint Pyramids (JP) is fully within Space Pyramid (SP):
JP — SP (3)

The blocks do not satisfy criterion (3) fall into the category of infinite blocks. Therefore, by plotting
block faces on a stereonet and using the criterion given in equation 3, the finite blocks can be separated
from the infinite blocks.

Theorem of removability

Once the block is identified as finite, it could be either removable or non-removable (tapered) block.
According to the removability theorem (Goodman and Shi, 1985), the removable block must not only
satisfy the criterion given in equation (3) but also the criterion of equation 4:

JP#£¢ 4)

If the JP is empty (equation 4) and the block satisfies the criterion given in equation (3), the block
belongs to the tapered (hon-removable) category.

Since the JP is empty in tapered block, it does not show on a stereographic projection as the emptiness of
intersections of fracture orientations can not be seen on stereonet. Therefore, the joint pyramids that satisfy the
criterion given in equation (3) on a stereographic projection belong to removable block categories.

Therefore, the conditions of each block types can be summarized as follow:

Table 1. Block type and corresponding conditions.

Block type Conditions
Infinite block JP#¢ and BP#¢
Tapered block JP =¢and BP=¢
Removable block JP+¢and BP=¢
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Upper hemisphere stereonet projections can be used to identify the removable blocks (figure 4) and a
computer code has been developed using specific approach to identify potential unstable rock blocks on
excavation surfaces.

Joint Pyramid

Removable blocks

2(330 2(3

1(080/75) 1(08075)

3 (030/40)

4 (270110) 4 (270010}

Reference circle

Reference circle

Figure 4. Identification of removable blocks on stereonet.

Specific approach that is based on the specific location in space of fracture will be used along with Block
theory to identify true block assembly inside the rockmass.

3. Mapping potential key blocks along SinPung-Useong tunnel at Chungnam province, Korea
3.1. Geological setting

The investigated tunnel, 861m length, is located in KongJu-SeoSan rural route about 8km west of
KongJu city, Chungnam province, Korea. The tunnel is 8m high and has excavated to straighten the road
through the mountain. Topographic map, geological map as well as the layout of tunnel site is provided in

figure 5.
The tunnel site is composed chiefly of Precambrian metamorphic rock of banded gneiss. Predominate
foliations are oriented to 130—140/75—SQ andr the rock are ri]irgrhlyrweathered at exposed surface.

. m—a/i
=

)

Figure 5. Location and geological map of tunnel site
3.2. Fracture mapping at the tunnel site
Survey is carried out both the surrounding outcrops and inside the tunnel at different tunnel faces (figure
6) with the total length of 15m from the south-eastern entrance. The fracture mapping took place at outcrops
and the tunnel faces, consisting of fracture orientation, spacing, length, as well as the rock mass properties.
The photogrammetry survey tool was utilized for measuring fracture orientations at each tunnel faces and
the field data were sketched digitally.

104575 10+565
Figure 6. Facture mapping at tunnel faces
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3.3. Mapping potential key blocks along the tunnel

The SinPung-Useong tunnel is analysed using detailed 3D fracture data.

() (b)

Figure 7. 3D presentation of fractures inside (a) and outside (b) the tunnel

To identify the blocks that locate surround the tunnel, joint traces are projected to unrolled tunnel walls
(figure 8), and the block topologies are generated. The fractures from all different tunnel faces are projected
to unrolled tunnel map and then the critical blocks are identified through key block analysis. This procedure
only searches for the blocks that occur on the excavation faces. It speeds up the computational time as the
most dangerous key blocks must occur on the excavation faces.

292° 292°¢
7 A 0 7 A
104565 104573 10+580 104565 104573 10+580

Figure 8. Fracture projection and keyblock analysis on the unroll tunnel walls

It assists the determination of the location, dimensions and stability of individual blocks when the
geometry of an excavation and the fractures is well characterized.

Various shapes of blocks (e.g. tetrahedral, pentahedral or hexahedral) are identified at their precise
locations. There are totally 2196 blocks were identified in analyzed section, among them, 180 blocks are
key blocks or potential unstable blocks. Each block is coded into a database with its location, size, volume,
potential failure mode and required supports. The real 3D shape of key blocks is then reconstructed in 3D
space.

Figure 9. Removable blocks of the SinPung-Useong tunnel

141



Average volume of key blocks is 0.1m? (~0.2 tonnes) with the largest keyblock volume of 1.95m? (~4
tonnes). Total unstable volume is 16.82 m? (~33 tonnes) and the blocks that are less than 0.1m?3 size account
for 80% of total number of blocks.

4, Conclusion

The main advantage of specific approach in Block Theory in this study is the way of forming the block
geometry. The shapes and locations of keyblocks are fully three dimensional, and hence, the use of fracture
sets to represent the fracture network would be an unwise simplification. Current approach is an actual data-
based method and it is convenient for designing support for keyblocks at their precise location.

Field example of SinPung-Useong tunnel site indicates that complicated geometric forms of block such
as pentahedral blocks and hexahedral blocks are frequently seen. Traditional approaches (eg. Unwedge,
ROCKS3D) analyze unstable blocks using represented fracture sets, uncertain locations of potentially
unstable blocks may lead to the blindness in designing required support systems. Therefore, the blocks
formed by traditional approach should be analyzed further based on the field investigations. In other words,
the results may have a certain departure from the actual case. The use of specific approach has the advantage
in identifying the unstable key block at exact location on excavation faces. This helps calculating of static
rock block and supporting the design of rock structures at precise locations.
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TOM TAT
Xac dinh cac khoi chia khoa trong duong ham sir dung md hinh
Ly thuyét Khoi - Mt cdng cu danh gia an toan khoi da

QuocPhi Nguyen?, TruongThanh Phi?
! Truong Pai hoc M6 - Dja chat
2 Truong Dai hoc Tai nguyén va Méi truong Ha Ngi

Y tuorng chinh ciaa mé hinh Ly thuyét Khéi 1a danh gia kha nang truot cua cac khéi da thong qua viéc
xac dinh cac khéi chia khoa (key blocks). Su tap trung cua cac khéi nay hinh thanh nén vung ¢6 nguy co
mat an toan cho cac cong trinh khi dang thi cong va can dua ra cac giai phap phu horp dé xir ly chang.
Nghién ctu nay phan tich céc ciu tric bén trong cua khéi da dua trén sy giao cit cua cac hé thong khe nit.
Tiép theo, cac khdi da dugc danh gia kha nang truot khoi bé mat va kiéu truot cu thé. Muc d6 an toan cua
tirng khéi da dugc phan tich dua trén phuong phap can bang gidi han. Két qua p dung cho tuyén duong
ham SinPung-Useong gan thanh phé KongJu, tinh Chungnam, Han Quéc cho phép xéac dinh dugc cac khdi
¢6 nguy co mat 6n dinh trong dudng ham ciing nhu hinh dang, kich thuéc cu thé cua ching. Cac khéi da
con c6 thé dugc md phong trong khdng gian 3 chiéu cho phép quan sat mot cach truc quan hon cac khbi da
¢6 nguy co cao trong qua trinh thi cdng cong trinh nham dé ra cac giai phap xi Iy phu hop.

Tir khoa: Ly thuyét Khéi; an toan khéi d4; danh gia tai bién dia chat.
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