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Mapping potential key blocks on tunnel  

by Block Theory - A tool for rockmass stability analysis 
 

Nguyen Quoc Phi1,, Phi Truong Thanh2 

1 Hanoi University of Mining and Geology 
2 Hanoi University of Natural Resources and Environment 

 

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 
best excavated or reinforced, the assembly of these critical blocks must be investigated. 

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

 
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 (Ui) and lower half (Li). 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: 

EPJPBP =        (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 (): 

== EPJPBP         (2) 

Or in other words, Joint Pyramids (JP) is fully within Space Pyramid (SP): 

SPJP          (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 (non-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. 

     
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 130-140/75-80 and the rock are highly weathered at exposed surface. 

 
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. 

 
10+580 

 
10+579 

 
10+576 

 
10+575 

 
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. 

 
(a) 

 
(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. 

  
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 
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Average volume of key blocks is 0.1m3 (~0.2 tonnes) with the largest keyblock volume of 1.95m3 (~4 

tonnes). Total unstable volume is 16.82 m3 (~33 tonnes) and the blocks that are less than 0.1m3 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, 

ROCK3D) 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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TÓM TẮT 

Xác định các khối chìa khóa trong đường hầm sử dụng mô hình  

Lý thuyết Khối - Một công cụ đánh giá an toàn khối đá 

 

QuocPhi Nguyen1, TruongThanh Phi2 

1 Trường Đại học Mỏ - Địa chất 
2 Trường Đại học Tài nguyên và Môi trường Hà Nội 

 

Ý tưởng chính của mô hình Lý thuyết Khối là đánh giá khả năng trượt của các khối đá thông qua việc 

xác định các khối chìa khóa (key blocks). Sự tập trung của các khối này hình thành nên vùng có nguy cơ 

mất an toàn cho các công trình khi đang thi công và cần đưa ra các giải pháp phù hợp để xử lý chúng. 

Nghiên cứu này phân tích các cấu trúc bên trong của khối đá dựa trên sự giao cắt của các hệ thống khe nứt. 

Tiếp theo, các khối đá được đánh giá khả năng trượt khỏi bề mặt và kiểu trượt cụ thể. Mức độ an toàn của 

từng khối đá được phân tích dựa trên phương pháp cân bằng giới hạn. Kết quả áp dụng cho tuyến đường 

hầm SinPung-Useong gần thành phố KongJu, tỉnh Chungnam, Hàn Quốc cho phép xác định được các khối 

có nguy cơ mất ổn định trong đường hầm cũng như hình dạng, kích thước cụ thể của chúng. Các khối đá 

còn có thể được mô phỏng trong không gian 3 chiều cho phép quan sát một cách trực quan hơn các khối đá 

có nguy cơ cao trong quá trình thi công công trình nhằm đề ra các giải pháp xử lý phù hợp. 

Từ khóa: Lý thuyết Khối; an toàn khối đá; đánh giá tai biến địa chất.
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