
Draft

Development of a Block Layout Optimization Model

Journal: Canadian Journal of Civil Engineering

Manuscript ID cjce-2025-0022.R1

Manuscript Type: Research Article

Date Submitted by the 
Author: 16-Oct-2025

Complete List of Authors: Urbino, Ivan Jan; Chung-Ang University, Department of Smart Cities
Hwang, Hyunsik; Gil Solution
Cho, Yoonho; Chung-Ang University, Department of Civil and 
Environmental Eng.

Is the manuscript for 
consideration in a Special 

Issue or Collection?:
Not applicable (regular submission)

Keyword: Block layout Optimization, Harmony Search Algorithm, Cutting Loss

 

© The Author(s) or their Institution(s)

Canadian Journal of Civil Engineering



Draft

1

1 Development of a Block Layout Optimization Model
2
3 Ivan Jan Urbinoa , Hyunsik Hwangb,*,  YoonHo Choc

4
5 a 

Department of Smart Cities, Chung-Ang University, Seoul 06974, Republic of Korea. Email address: iju202112080@cau.ac.kr
6 b 

GIL Solution, 315, Goyang-daero, Ilsanseo-gu, Goyang-si, Gyeonggi-do, Republic of Korea. Email address: hshwang@gilsolution.com
7 c

 Department of Civil and Environmental Engineering, Chung-Ang University, Seoul 06974, South Korea. E-mail address: yhcho@cau.ac.kr

8
9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

* Corresponding author:

E-mail address: hshwang@gilsolution.com

Page 1 of 32

© The Author(s) or their Institution(s)

Canadian Journal of Civil Engineering



Draft

2

28 Abstract

29 Block pavements involve the placement of rectangular blocks in an area with a certain pattern. 

30 However, blocks will need to be cut to fit the area which will yield additional costs and waste. 

31 This study presents a model to minimize cutting loss in block pavements for any shape, 

32 improving previous studies that only considered rectangular bounding areas and disregarded 

33 block placement patterns. The model mathematically incorporates constraints such as amount, 

34 geometric boundary, overlap, and pattern; and uses the harmony search algorithm to optimize 

35 block layouts for stack bond, stretcher, and herringbone patterns. Results demonstrated 

36 improved layouts compared to existing pavements. Sensitivity analysis showed that while the 

37 pattern does not affect the results, cutting loss decreases with smaller block sizes, larger 

38 pavement areas, or zero convexity boundaries. It also showed that optimizing the block layout 

39 was able to follow construction guidelines of allowing additional blocks to 8% of the estimated 

40 quantity.

41 Keywords

42 Block layout Optimization, Harmony Search Algorithm, Cutting Loss 

43

44

45

46

47

48

49

50

51

52

Page 2 of 32

© The Author(s) or their Institution(s)

Canadian Journal of Civil Engineering



Draft

3

53 1. Introduction

54 Interlocking block pavements are made with concrete or clay blocks being laid in patterns 

55 on a bedding sand layer between restraints (Mudiyono et al. 2006). Pavement blocks are used 

56 for low-speed highways, pedestrian zones, cycle paths, or parking lots due to the artificial 

57 irregular surface for speed restriction, permeability, decorative aesthetic, and ease of 

58 installation. One of the structural components is the various block patterns such as stack bond, 

59 basketweave, stretcher, and herringbone. These patterns can affect the distribution of 

60 compressive and shear stresses into the underlying layers (Jamshidi et al. 2019). Herringbone 

61 patterns are frequently used due to its performance in resisting horizontal creep caused by 

62 wheel friction (Abate 1993), however recent studies by Soutsos, et al. (2011) determined that 

63 all patterns (basketweave, stretcher and  herringbone) have similar displacement under loading 

64 and Mampearachchi and Senadeera(2014) concluded that stretcher and herringbone pattern 

65 would have the least deflection than basketweave or stack bond pattern. This practice is similar 

66 to different other industries such as textile, tiling or solar paneling where a rectangular layout 

67 is necessary. This concept can also be extended to designing parking lots, where similar 

68 rectangular spaces for vehicles are allocated to a certain area on a certain arrangement 

69 (Mikusova et al. 2020). 

70 Regardless of the pattern, cutting loss will always be present in most layouts since the 

71 blocks cannot always fit the allocated pavement area, particularly when there is an irregular 

72 shape. Cutting loss in pavement blocks yield additional waste and cost. The current design and 

73 construction guidelines in Seoul specify that additional quantities should be brought in within 

74 8% of the estimated quantity to account for cutting or breakage during construction (Seoul 

75 Metropolitan Government and Seoul Facilities 2020).  This could be the major cause that leads 

76 to excessive transportation and waste disposal cost. While this additional quantity is obtained 
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77 empirically, there is no theoretical basis to determine the number of blocks necessary for a 

78 certain area.

79 Rectangular cutting stock problem is a 2-dimensional(2D) optimization that includes a 

80 supply of rectangular sheets, an order for a specified number of each certain type of rectangles 

81 and finding a way of cutting the shapes out of the sheets that minimizes the total wastes. 2D 

82 cutting stock problems are also referred to as packing problems since it can be viewed either 

83 as the problem of cutting smaller pieces from a larger stock rectangle or packing smaller pieces 

84 into a larger stock rectangle (Beasley 2004).  Similarly, the rectangle packing problem aims to 

85 find the maximum number and layout of rectangles of a certain size that can fit a larger 

86 boundary, which is usually also rectangular in shape (Huang and Korf 2013). There have been 

87 several approaches to solve these problems such as branch and bound methods (Arenales and 

88 Morabito 1995) (Chan and Markov 2004), greedy algorithm, corner fit, deepest fit, hybrid 

89 corner/deepest fit, modified best fit heuristics (To 2006), depth first search (Dowsland 1987) 

90 and using machine learning algorithms (Fang et al. 2023) (Pitombeira-Neto and Murta 2022).  

91 All of these methods have been used to solve this optimization problem within rectangular 

92 boundaries. 

93

94 The main limitation those literatures is that the bounding polygon for the smaller rectangles 

95 is also a rectangular shape, and it does not consider if the smaller rectangles have to be placed 

96 in a certain pattern, which is a normal practice in the design of block pavements. A model was 

97 presented by Urbino et al. (2023) to be able to overcome this problem by using harmony search 

98 algorithm(HSA) to determine the optimum layout of blocks on a certain pattern to minimize 

99 the cutting loss on an enclosing polygon with the top edge approximated as a mathematical 

100 function while a horizontal base. This paper aims to improve their study by developing a 

101 mathematical model to be able to optimize the block placement on any pavement shape with 
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102 just the coordinates of its vertices using different patterns (stack bond, stretcher and 90o 

103 herringbone). The model could also be used to estimate the amount of blocks needed to be 

104 placed on a certain area and to verify whether the additional 8% quantity set by the guidelines 

105 is feasible. 

106 2. Problem Formulation

107 Given a general pavement area bounded by points (xi,A,yi,A)in a clockwise order.  For the 

108 pavement blocks, its length and width is denoted by l and w respectively, while its position is 

109 indicated by (xk,B,yk,B) or the center of the block that will be placed in the pavement area. xmin,A 

110 and xmax,A represents the smallest and largest x-dimension of the pavement area respectively 

111 and ymin,A and ymax,A for the y-dimension. Figure 1 shows the allocation of a sample block k in 

112 the pavement. Joint thickness in between blocks can be considered by adding half its value to 

113 l and w. The total amount of pavement boundary points and blocks that are placed in the 

114 pavement can be notated by n and m respectively.

115

116

117
118

Figure 1 . Block k placed in the pavement bounded by points x1,A ,…,xn,A 
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119 The main objective of this problem is to minimize the cutting loss or the area around 

120 the pavement area not covered by a whole block. The objective function can be written as in 

121 equation (1). As shown in figure 2, blocks that can be fully placed inside the area are shown in 

122 gray color while blocks that need to be cut to fit inside are shown in shaded area. The total area 

123 of the shaded area is the difference of the pavement area to the total area of full blocks inside.

124  
125 (1)  𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑍 = 𝐴0 ―𝑙 ∗ 𝑤 ∗ 𝑚                                        
126                
127 where,

128 Ao is the total area of the pavement 

129 m is the total number of blocks used

130
131
132

133
134 Figure 2. Cutting loss area described as shaded blocks

135 The optimization model for minimizing cutting loss in block pavements are subjected to several 

136 constraints. An amount constraint must be defined to have an allowable range on the quantity 

137 of blocks that can be placed. A geometric boundary constraint is necessary to ensure that blocks 

138 are fully placed within the boundary of the pavement area, while an overlap constraint should 

139 be considered to prevent blocks from overlapping and maintain the independence of each 
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140 placement. Lastly, a pattern constraint must be defined to ensure that the blocks are arranged 

141 according to specified placement patterns, such as stack bond, stretcher, or herringbone. 

142

143 2.1. Amount Constraint

144 Since the number of blocks placed on the pavement is not known, there must be a range on 

145 the allowable number of blocks. The number of blocks can change based on the layout or 

146 pattern used. The amount constraint or the maximum allowable number of blocks (𝑚) is given 

147 in equation (2). For example, given a pavement area of 1m2, the maximum number of 20cm by 

148 10cm blocks that can be placed is 50, however, depending on how the blocks are placed even 

149 with the same pattern, the number of blocks can vary as shown in table 1. 

150

151 (2) 𝑚 ≤ 𝐴𝑜

𝑙∗𝑤
 ,      ∀𝑚 ∈ ℤ ≥ 0 

152
153
154 Table 1 Varying number of whole blocks that can be placed depending on layout

Block Layout

Number of 
whole blocks 
placed (m)

34 36 40

155
156
157 2.2. Geometric Boundary Constraint

158 The blocks must also be within the pavement area and no part of the block must be outside 

159 of the boundary. For the pavement block to be within the boundary, all four corner points of 

160 the block must be on or inside of the boundary and all block edges should not intersect with 

161 the pavement boundary. A method was determined if a point lies on the interior of a polygon, 

162 where if a point is extended eastward and it intersects the polygon odd number of times then it 

163 is considered inside and otherwise it is outside (Bourke 1997). This method is effective since 
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164 it can also consider non-convex polygons. The intersection of 2 segments (block edge and 

165 polygon edge) can be determined by its orientation (Gavrilova and Rokne 2000). 

166 Equations(3)~(8) show what conditions needs to be satisfied in order for a block (xkB,ykB) to 

167 be considered completely inside the boundary. 

168

169 Figure 3 shows how these equations are applied to an example block. Equations (3) 

170 determines that when the top edge of the block is extended eastward it would intersect with the 

171 boundary and equation (9) would ensure that it would intersect with the boundary odd number 

172 of times, while equation (4) is for bottom edge of the block. Equations (5)~(8) ensures that all 

173 the edges of the block does not intersect with any of the geometric boundary.

174

175   (3)    ― 𝑦𝑖,𝐴 ― 𝑦𝑘,𝐵 + 𝑤
2

∗ 𝑥𝑚𝑎𝑥,𝐴 ― 𝑥𝑚𝑖𝑛,𝐴 ∗ ― 𝑦𝑖+1,𝐴 ― 𝑦𝑘,𝐵 + 𝑤
2

∗ 𝑥𝑚𝑎𝑥,𝐴 ― 𝑥𝑚𝑖𝑛,𝐴 ∗ 𝑏𝑖 ≤ 0,      𝑖 = 1,…, 𝑛                                                                        

176   (4)    ― 𝑦𝑖,𝐴 ― 𝑦𝑘,𝐵 ― 𝑤
2

∗ 𝑥𝑚𝑎𝑥,𝐴 ― 𝑥𝑚𝑖𝑛,𝐴 ∗ ― 𝑦𝑖+1,𝐴 ― 𝑦𝑘,𝐵 ― 𝑤
2

∗ 𝑥𝑚𝑎𝑥,𝐴 ― 𝑥𝑚𝑖𝑛,𝐴 ∗ 𝑏𝑖 ≤ 0,     𝑘 = 1,…, 𝑚                                                                                                                                                    

177   (5) 𝑦𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ∗ 𝑥𝑘,𝐵 ― 𝑙
2

― 𝑥𝑖+1,𝐴 ― 𝑦𝑘,𝐵 + 𝑤
2

― 𝑦𝑖+1,𝐴 ∗ 𝑥𝑖,𝐴 ― 𝑥𝑖+1,𝐴 ∗

178 𝑦𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ∗ 𝑥𝑘,𝐵 ― 𝑙
2

+ 𝑥𝑚𝑎𝑥,𝐴 ― 𝑥𝑚𝑖𝑛,𝐴 ― 𝑥𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ― 𝑦𝑖+1,𝐴 ∗ 𝑥𝑘,𝐵 ― 𝑙
2

+ 𝑥𝑚𝑎𝑥 ― 𝑥𝑚𝑖𝑛 ― 𝑥𝑖+1,𝐴 ∗ 𝑏𝑖 ≤ 0                                                                                                                    

179  (6) 𝑦𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ∗ 𝑥𝑘,𝐵 + 𝑙
2

― 𝑥𝑖+1,𝐴 ― 𝑦𝑘,𝐵 + 𝑤
2

― 𝑦𝑖+1,𝐴 ∗ 𝑥𝑖,𝐴 ― 𝑥𝑖+1,𝐴 ∗

180 𝑦𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ∗ 𝑥𝑘,𝐵 + 𝑙
2

+ 𝑥𝑚𝑎𝑥,𝐴 ― 𝑥𝑚𝑖𝑛,𝐴 ― 𝑥𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ― 𝑦𝑖+1,𝐴 ∗ 𝑥𝑘,𝐵 + 𝑙
2

+ 𝑥𝑚𝑎𝑥,𝐴 ― 𝑥𝑚𝑖𝑛,𝐴 ― 𝑥𝑖+1,𝐴 ∗ 𝑏𝑖

181 ≤ 0                                                                                                                              

182 (7) 𝑦𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ∗ 𝑥𝑘,𝐵 + 𝑙
2

― 𝑥𝑖+1,𝐴 ― 𝑦𝑘,𝐵 ― 𝑤
2

― 𝑦𝑖+1,𝐴 ∗ 𝑥𝑖,𝐴 ― 𝑥𝑖+1,𝐴 ∗

183 𝑦𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ∗ 𝑥𝑘,𝐵 + 𝑙
2

+ 𝑥𝑚𝑎𝑥,𝐴 ― 𝑥𝑚𝑖𝑛,𝐴 ― 𝑥𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ― 𝑦𝑖+1,𝐴 ∗ 𝑥𝑘,𝐵 + 𝑙
2

+ 𝑥𝑚𝑎𝑥,𝐴 ― 𝑥𝑚𝑖𝑛,𝐴 ― 𝑥𝑖+1,𝐴 ∗ 𝑏𝑖

184 ≤ 0                                                                                                                             (8)  

185 𝑦𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ∗ 𝑥𝑖,𝐵 ― 𝑙
2

― 𝑥𝑖+1,𝐴 ― 𝑦𝑖,𝐵 ― 𝑤
2

― 𝑦𝑖+1,𝐴 ∗ 𝑥𝑖,𝐴 ― 𝑥𝑖+1,𝐴 ∗

186 𝑦𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ∗ 𝑥𝑖,𝐵 ― 𝑙
2

+ 𝑥𝑚𝑎𝑥,𝐴 ― 𝑥𝑚𝑖𝑛,𝐴 ― 𝑥𝑖+1,𝐴 ― 𝑦𝑖,𝐴 ― 𝑦𝑖+1,𝐴 ∗ 𝑥𝑖,𝐵 ― 𝑙
2

+ 𝑥𝑚𝑎𝑥,𝐴 ― 𝑥𝑚𝑖𝑛,𝐴 ― 𝑥𝑖+1,𝐴 ∗ 𝑏𝑖 ≤ 0                                                                                                                                                                                                                                                                 

187  (9)   ∑𝑛
𝑖=1 𝑏𝑖 ―2𝑤 = 1,      ∀𝑤 ∈ ℤ ≥ 0                                                                                                                           

188 (10)  𝑏𝑖 ∈ {0,1},     𝑖 = 1,…, 𝑛                                                                                                                                         

189   
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190
191 Figure 3. Visualization of Geometric Boundary Constraint

192
193 2.3. Overlap Constraint

194 Logically, any two blocks must not overlap with one another. The difference between the 

195 x-coordinates and y-coordinates of the blocks should be at least greater than or equal to the 

196 length and width respectively. At least one or both the dimensions (x or y) must not overlap. 

197 Equations (11)-(14) show the overlap constraint with a variable M denoting a very large 

198 number. As shown in figure 4, when the blocks are next to each other, the y-coordinate will 

199 have the same value, but the x-coordinate will have at least 𝑙 distance apart and vice versa when 

200 the blocks are on vertically on top of each other.

201 (11) |𝑥𝑖,𝐵 ― 𝑥𝑗,𝐵| +𝑀𝑏1 ≥𝑙           i = 1, … , m,     𝑗 = 1, … , 𝑚,    𝑖 ≠ 𝑗  

202 (12) |𝑦𝑖,𝐵 ― 𝑦𝑗,𝐵| +𝑀𝑏2 ≥𝑤         

203  (13) 𝑏1 + 𝑏2 ≤ 1                               

204  (14) 𝑏1,𝑏2 ∈ (0,1)                                                                                                                                    

205
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206
207 Figure 4. Overlap Constraint

208

209 2.4. Pattern Constraint

210 For the blocks to have a certain pattern on the pavement, a pattern constraint needs to 

211 be present where the positions of the blocks relative to one another are fixed. There are three 

212 patterns presented which are: Stack Bond Pattern, Stretcher Bond Pattern, and the 90o 

213 Herringbone Pattern.

214

215 2.4.1. Stack Bond Pattern

216 The stack bond pattern is one of the simplest patterns since it is just simply an organized 

217 row and columns of blocks. This pattern can also be considered as a simplification of the 

218 basketweave pattern since the basketweave pattern shows a repetition of the same pattern 

219 organized the same way as the stack bond pattern as shown in figure 5. Equations (15)-(19) 

220 show the constraint for this type of pattern. As shown in figure 6, for a block with a length and 

221 width of 𝑙 and 𝑤 respectively the difference between the x-coordinates and y-coordinates of 

222 any two blocks would be multiples of 𝑙 and 𝑤 respectively as shown in equations (15) and (16), 

223 and the maximum amount of blocks that can be placed in a row and column is shown in 

224 equations (17) and (18) respectively, and in this specific example the value of 𝑝 and 𝑞 is 2 and 
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225 3 respectively. Both p and q cannot have a value of 0, because then the coordinates for 2 blocks 

226 would be the same as shown in equation (19).

227
228
229
230
231
232
233
234
235
236

237

238 (15) |𝑥𝑖,𝐵 ― 𝑥𝑗,𝐵| =𝑙 ∗𝑝              i = 1, … , m,     𝑗 = 1, … , 𝑚,       𝑖 ≠ 𝑗  

239 (16) |𝑦𝑖,𝐵 ― 𝑦𝑗,𝐵| =𝑤 ∗𝑞         

240 (17) 0 ≤𝑝 ≤ 𝑥𝑚𝑎𝑥,𝐴―𝑥𝑚𝑖𝑛,𝐴

𝑙
    

241 (18) 0 ≤ 𝑞 ≤ 𝑦𝑚𝑎𝑥,𝐴―𝑦𝑚𝑖𝑛,𝐴

𝑤
 

242 (19) 𝑝 +𝑞 > 0,    𝑝,𝑞 ∈ ℤ ≥ 0

243
244 Figure 6. Visualization of Stack Bond Pattern Constraint

245

246

Figure 5 Simplified basketweave pattern as stack bond pattern
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247 2.4.2. Stretcher Pattern

248 The stretcher pattern is created by laying a row of blocks then followed by a second 

249 row of blocks laid with an offset by a half of block. This pattern continues until the entire 

250 pavement area is filled. Figure 7 shows a typical stretcher bond pattern. Equations (20)-(26) 

251 show this constraint. It has a similar formulation to the stack bond constraint with the x-axis 

252 being able to have an offset of half the length of the block when the two blocks have a difference 

253 in y-coordinates as an odd multiple of w as shown in equation (20) and figure 8. Additionally, 

254 if the difference of y-coordinates is an even multiple of the width, then the difference of x-

255 coordinates are also an even multiple of half the length and vice versa when the coordinates 

256 are odd multiples of 𝑙 and 𝑤. This property is represented by the addition of 𝑏1 and 𝑏2, if 𝑏1

257 = 1 and 𝑏2 = 0, then both p and q would be even while if 𝑏1 = 0 and 𝑏2 = 1, then both p and 

258 q would be odd.

259
260
261
262
263
264
265
266
267
268
269

270 (20) |𝑥𝑖 ― 𝑥𝑗| = 0.5 ∗𝑙 ∗𝑝,          𝑖 = 1, … , m,     𝑗 = 1, … , 𝑚,       𝑖 ≠ 𝑗  

271 (21) |𝑦𝑖 ― 𝑦𝑗| =𝑤 ∗𝑞                   

272 (22) 0 ≤ 2𝑝 ∗ 𝑏1 + (2𝑝 + 1) ∗ 𝑏2 ≤ 𝑥𝑚𝑎𝑥,𝐴―𝑥𝑚𝑖𝑛,𝐴

𝑙
 

273 (23) 0 ≤ 2𝑞 ∗ 𝑏1 + (2𝑞 + 1) ∗ 𝑏2 ≤ 𝑦𝑚𝑎𝑥,𝐴―𝑦𝑚𝑖𝑛,𝐴

𝑤
 

274 (24) 𝑏1 + 𝑏2 = 1      

275 (25) 𝑝 +𝑞 > 0,        𝑝,𝑞 ∈ ℤ ≥ 0  

Figure 7 Stretcher Bond Pattern
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276 (26) 𝑏1,𝑏2 ∈ (0,1)                                                                                                                          

277

278
279 Figure 8. Visualization of Stretcher Pattern

280
281
282 2.4.3. Herringbone Pattern
283
284 Lastly, the herringbone pattern is made from horizontal and vertical blocks arranged in 

285 a staggered zig-zag pattern. The distinct characteristic of herringbone is that one rectangle is 

286 placed precisely so that the horizontal of one block meets to the vertical side of the other block 

287 and vice versa. Specifically, the 90o Herringbone model or simply called the Herringbone 

288 pattern have blocks parallel and perpendicular to the edge. Figure 9 shows a typical 

289 Herringbone pattern.

290

291

292
293
294
295
296
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297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316 Due to the presence of both horizontal and vertical blocks, there must be an additional 

317 constraint to allow for the rotation. Equations (27)-(32) show the orientation constraint. In this 

318 constraint 𝐿𝑖 and 𝑊𝑖 refers to the x-dimension and y-dimension of the block when it is placed 

319 in the pavement area. For example, when 𝑏𝑙1 = 1, 𝑏𝑤1 = 0,𝑏𝑙2 = 0, 𝑏𝑤2 = 1, then the value 

320 of 𝐿𝑖 and 𝑊𝑖 is 𝑙 and 𝑤 respectively or the block is placed horizontally, and when 𝑏𝑙1 = 0, 𝑏𝑤1

321 = 1,𝑏𝑙2 = 1, 𝑏𝑤2 = 0, the value of 𝐿𝑖 and 𝑊𝑖 is 𝑤 and 𝑙 respectively or the block is placed 

322 vertically as shown in Figure 10.

323
324 Figure 10. Visualization of orientation constraint

325 These notations for the length and width are used for the herringbone pattern constraint 

326 in equations (33)-(41). As shown in Figure 11, the blocks with the same orientation (when 𝑏1

327 = 1 𝑎𝑛𝑑 𝑏2 = 0) either horizontal blocks or vertical blocks, the distance between the x-

328 coordinates of any same orientation block is a sum of the multiples of the width and length 

329 while the distance of its y-coordinates is the difference of the multiples of width and length. 

Figure 9. 90o Herringbone Pattern
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330

331

332 Figure 11. Relationship of blocks with similar orientation

333 As shown in figure 12, the blocks with different orientations (when 𝑏1 = 0 𝑎𝑛𝑑 𝑏2

334 = 1), the difference between the x-coordinates is a sum of the odd multiples of half the width 

335 and length while the difference of its y-coordinates is the difference of the odd multiples of 

336 half the width and length.
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337
338 Figure 12. Relation of blocks with different orientation

339 (27) 𝐿𝑖 =𝑙 ∗ 𝑏𝑙1 +𝑤 ∗ 𝑏𝑤1                  

340 (28) 𝑊𝑖 =𝑙 ∗ 𝑏𝑙2 +𝑤 ∗ 𝑏𝑤2            

341 (29) 𝑏𝑙1 + 𝑏𝑤1 = 1                 

342 (30) 𝑏𝑙2 + 𝑏𝑤2 = 1            

343 (31) 𝑏𝑙1 + 𝑏𝑙2 = 1        

344 (32) 𝑏𝑤1 + 𝑏𝑤2 = 1           

345 (33) |𝑥𝑖,𝑏 ― 𝑥𝑗,𝑏| = 𝑝1 ∗𝑤 + 𝑞1 ∗𝑙 ∗ 𝑏1 + 2𝑝3 + 1 ∗ 𝑤
2

+ 2𝑞3 + 1 ∗ 𝑙
2 ∗ 𝑏2,    𝑖 = 1, … , m,     𝑗 = 1, … , 𝑚,     𝑖

346 ≠ 𝑗  

347 (34) |𝑦𝑖,𝑏 ― 𝑦𝑗,𝑏| = 𝑝2 ∗𝑤 ― 𝑞2 ∗𝑙 ∗ 𝑏1 + 2𝑝3 + 1 ∗ 𝑤
2

― 2𝑞3 + 1 ∗ 𝑙
2 ∗ 𝑏2     

348 (35) 𝑝1 ∗ 𝑞1 ≥ 0

349 (36) 𝑝2 ∗ 𝑞2 ≤ 0               

350 (37) 𝐿𝑖 ― 𝐿𝑗 ∗𝑀 ≥ 𝑏2                 

351 (38) 𝐿𝑖 ― 𝑊𝑗 ∗𝑀 ≥ 𝑏1                 

352 (39) 𝑏1 + 𝑏2 = 1                 

353 (40) 𝑏𝑙1,𝑏𝑙2,𝑏𝑤1,𝑏𝑤2,𝑏1,𝑏2 ∈ (0,1)    

354 (41) 𝑝1,𝑝2,𝑝3,𝑞1,𝑞2, 𝑞3 ∈ ℤ ≥ 0            

355  
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356
357 2.4.4. Optimization Solution Algorithm 

358 This problem can be formulated as a function optimization problem because of the addition 

359 of the pattern constraint. For a particular pattern, when a single block is placed in the area, the 

360 entire layout is known, including the cutting loss. Therefore, similar to a function optimization 

361 problem, the process involves determining the location of a single block that would result for 

362 the entire layout to yield a minimum cutting loss. Due to the complexity and the non-linearity 

363 of the model, population-based meta-heuristic algorithms would be used to solve this problem. 

364 It is an approach that searches for near-optimal solutions by having a population of candidate 

365 solutions and using population characteristics to guide the search iteratively (He et al. 2018). 

366 Also, these population-based methods outperform traditional methods when the problems are 

367 of high complexity (Innocente and Sienz 2021). It was already determined by Urbino et al. 

368 (2023) that using Harmony Search Algorithm (HSA) is able to solve this model efficiently and 

369 with a faster computing time. HSA is a meta-heuristic optimizer inspired by the music 

370 improvisation process. In the music improvisation process, a predefined number of musicians 

371 attempt to tune the pitch of their instruments to achieve a pleasing harmony. The aim is to find 

372 the global optimum of the objective function under consideration by tuning a predefined 

373 number of decision variables. (Askarzadeh and Rashedi 2017)

374

375 The steps in the HSA are as follows: (1) Initialize the problem and algorithm parameters, (2) 

376 Initialize the harmony memory, (3) Improvise a new harmony, (4) Update the harmony 

377 memory, and (5) Check the stopping criterion. In the first step, the objective function and 

378 decision variables are defined, as well as the algorithm parameters such as the harmony 

379 memory size (HMS), or the number of solution vectors in the harmony memory; harmony 

380 memory considering rate (HMCR); pitch adjusting rate (PAR); and the number of 

381 improvisation (NI) or the stopping criterion which is usually defined in the amount of iterations 
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382 to be done.  Next, the harmony memory (HM) is the memory location where all the solution 

383 vectors or the sets of decision variables are stored, this is similar to the genetic pool in the 

384 genetic algorithm (GA). The HM is filled with as many randomly generated solution vectors 

385 as the HMS. Then, a new harmony vector, 𝑥′ = (𝑥′
1,𝑥′

2,…,𝑥′
𝑛) is generated based on the HMCR, 

386 PAR and random selection. In the memory consideration, the value of the first decision variable 

387 (𝑥′
1) for the new vector is chosen from any of the values in the specified HM range. Values for 

388 the other decision variables are chosen similarly. The HMCR, which varies from 0 to 1, is the 

389 rate of choosing one value from the historical values stored in the HM, while (1-HMCR) is the 

390 rate of randomly selecting one value from the possible range of values. When a value is 

391 obtained by the memory consideration, it would be examined if it should be pitch-adjusted 

392 which is determined by the PAR parameter.  The PAR parameter also ranges from 0 to 1, where 

393 it is the probability of adjusting the memory consideration. The pitch adjustment would be done 

394 as follows:

395

396 (42) 𝑥′
𝑖←𝑥′

𝑖 ± 𝑟𝑎𝑛𝑑() ∗ 𝑏𝑤,

397 where,

398 bw     is an arbitrary distance bandwidth

399 rand() is a random number between 0 and 1

400

401 Next, when updating the harmony memory, the new harmony vector is compared against the 

402 worst harmony in the HM based on the objective value. If the new vector has a better objective 

403 value, then it replaces the current existing worst harmony, otherwise nothing is done. Lastly, 

404 the stopping criterion or the maximum number of iterations is checked if satisfied and 

405 computation is terminated. Otherwise, steps 3 and 4 are repeated. (Mahdavi et al. 2007) 

406
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407 3. Illustrative Example

408 To show the use of the model and algorithm, an example from an actual block pavement is 

409 shown in figure 13 with the pavement boundary approximated as vertices shown in table 2. It 

410 has a basketweave pattern in an irregular pavement surface with the largest horizontal and 

411 vertical dimensions of 3.54m and 2.72m respectively. The blocks used have length and width 

412 of 0.20m and 0.10m respectively with joint thickness of 5mm. The model is used to determine 

413 the optimum layout and compare it to the current one. The parameters used in the HSA is 

414 HMS=10, HMCR=0.9, PAR=0.5, and bw=0.2, with a stopping criterion of 100 iterations. 

415 These parameters were chosen based on initial runs of the algorithm that would balance both 

416 computation time and the difference between the cutloss area from the initial to final iteration 

417 which shows the improvement of cutting loss throughout the iterations (Urbino et al. 2023). 

418 The actual cutloss is determined to be 0.665m2.

419
420

421
422 Figure 13. Actual Pavement Layout

423 Using the same pavement area and blocks, the best layout using the proposed model is shown 

424 in Figure 14. The blocks that can be fully placed in the boundary are shown in full color while 

425 blocks that need to be cut to fit the area or cut blocks are shaded. Using either a stack bond 

426 pattern or a stretcher pattern would result in a better layout with stack bond pattern would have 

427 the least cutloss area of 0.517m2 or a decrease of 33% from the actual layout as shown in table 

428 2, furthermore, the number of cut blocks placed is decreased which would save on costs and 

429 time.
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430

431
432
433
434 Table 2. Comparison of cutloss area between the actual layout and model results

Actual Layout Computed Layout
Basketweave 

Pattern
Stack Bond 

Pattern
Stretcher 
Pattern

Herringbone 
Pattern

Cutloss Area (m2) 0.665 0.517 0.569 0.775
Number of cut 
Blocks placed 53 42 47 61

435
436
437
438

439
440 (a)                                         (b)                                            (c)

441

442 To show the effectiveness of the algorithm used to solve the problem, Figure 15 shows the 

443 convergence of the results of over 100 iterations when using the stack bond pattern. The 

444 algorithm was able to converge the cutting loss to a minimum value and consequently obtain a 

445 result with a decrease of 0.15m2 in the cutting loss from the initial iteration.

446

Figure 14. Optimized layout results using (a) stack bond pattern, (b) stretcher pattern, and (c) herringbone 
pattern
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447

448
449 Figure 15. Minimization convergence of cutting loss for stack bond pattern

450 4. Sensitivity Analysis

451 To determine the applicability of this model, a sensitivity analysis is done by varying the 

452 pavement area, block size, block patterns and convexity. Convexity is described based on the 

453 ratio of the area of the polygon and the convex hull surrounding it (Brinkhoff et al. 1995). The 

454 convex hull is the smallest non-convex polygon that can contain the polygon. Table 3 describes 

455 the different parameters and values that were used. Overall, there were only 216 cases 

456 considered when the model was used since there is no herringbone pattern possible when the 

457 block size is 10cm by 10cm due to its symmetry of edge length. The pavement boundary shape 

458 is shown in figure 16 with different convexities with the same convex hull. 

459
460
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461 Table 3. Sensitivity Analysis Parameters

462
463

(a) (b) (c)
464 Figure 16. Pavement Boundary with (a) Convex=0, (b) Convex=0.1, (c) Convex=0.25

465
466
467
468
469 4.1. Results and Discussion

470 4.1.1. Effect of Block Pattern

471 Figure 17 shows how the different block patterns affected the relative cutting loss in the 

472 pavement. The relative cutting loss is the ratio of the cut loss area to the entire pavement area. 

473 Most of the cases had a similar result of around 0~5% of the pavement area.  Using a one-way 

474 ANOVA with a significance value of α =0.05 showed no significance among the different 

475 patterns. Since there was no change in the block size and only the arrangement of the blocks 

476 was changed, it is unlikely that there would be substantial changes in the results. 

477

Pavement Area 
(m2)

Block size 
(Rectangular)

Block Pattern Convexity of 
Polygon

1 30cm by 10cm Stack 0
5 20cm by 10cm Stretcher 0.10
10 10cm by 10 cm Herringbone 0.25
15
20
40
80

120
200
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478
479
480 Figure 17 Frequency distribution of relative cutting loss based on block pattern

481
482 4.1.2. Effect of Block Size

483 Figure 18 shows how the different blocks sizes affect the cutting loss. There is a significant 

484 difference among the block sizes, where smaller blocks would have smaller cutting loss which 

485 was verified using one-way ANOVA with a significance value of α = 0.05. As shown in 

486 equation (2) with a smaller block area, the maximum number of blocks that can be placed, m, 

487 on the pavement would increase and therefore the cutting loss would decrease. This is also 

488 supported by the work of Yuan et al. (2022), where using a node grids and branch and bound 

489 algorithm to determine the next placement of the box, with smaller size of the box being packed 

490 into a convex polygon there would be more possible places to put the box and therefore 

491 maximize the number of boxes that can be placed. 
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492

493 4.1.3. Effect of Pavement Area and Convexity

494 Performing a one-way ANOVA with a significance value of α = 0.05 have shown that both 

495 area and convexity have a significant effect on the cutting loss which can be clearly seen in 

496 figure 19. It could also be seen that using simple convex polygons would have a decrease in 

497 cutting loss, especially with smaller pavement areas, while the cutting loss is similar for both 

498 non-convex polygons. Since a higher convexity polygon would have a more irregular shape 

499 and a greater number of vertices for the same convex hull (Brinkhoff et al. 1995), the polygon 

500 would have more diagonal edges and a rectangular shape with horizontal and vertical edges 

501 would be harder to completely fit inside the polygon. 

502

503 Additionally, the trend showed that as the pavement area increased, the relative cutting loss 

504 tends to converge up to less than 5% of the pavement area, which meant that with a higher 

505 pavement area, the relative cutting loss would be similar regardless of convexity. 

506

507

Figure 18. Frequency distribution of relative cutting loss based on block size

Page 24 of 32

© The Author(s) or their Institution(s)

Canadian Journal of Civil Engineering



Draft

25

508
509 Figure 19. Effect of Pavement Area and Convexity on Cutting Loss

510
511
512 4.1.4. Relationship of cutting loss to amount of cut blocks

513 When analyzing the results, the cutting loss was mainly described. While there are many 

514 parameters to describe the layout such as number of full blocks placed inside the boundary, or 

515 the number of blocks that need to be cut. Since the main objective function is about minimizing 

516 the cutting loss, it is more important to describe the cutting loss itself and how the cutting loss 

517 relates to the other parameters such as cut blocks. A cut block is defined as a block that has 

518 either (1) intersected the boundary of the pavement area exactly two times, or (2) one to three 

519 of its corners lies inside or exactly on the boundary as shown in Figure 20. These conditions 

520 are defined by identifying cases where only some (but not all) of the boundary constraint 

521 equations (5)–(8) are satisfied, resulting in the edges or corners of the block intersecting the 

522 pavement boundary.
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523

524 Figure 20. Definition of cut block

525

526 Figure 21 shows that overall, there is a linear relationship between the cutting loss and the 

527 amount of cut blocks placed. Also, with smaller block sizes, it is expected that there would be 

528 a smaller amount of cut blocks as previously discussed. Therefore, with a higher cutting loss, 

529 it is expected that there would be more cut blocks needed to place to fit the boundary area and 

530 it would increase costs and placement time.

531
532

533
534 Figure 21. Relationship of cutting loss to cut blocks

535
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536 Other design properties that are related to block placement is the amount of small cut blocks. 

537 A small cut block is defined as a cut block with less than 25% of the block area. It is 

538 recommended that small cut blocks should not be placed in the pavement since these pieces 

539 can be dislodged easily under traffic (Concrete Block Paving: Book 3–Specification and 

540 Installation 2008). Figure 22 shows that cutting loss and the amount of small cut blocks have 

541 a direct relationship as well, meaning that as long as the cutting loss is minimized, the amount 

542 of small cut blocks will also be minimized. Similar to the previous figure, smaller cut blocks 

543 would have a fewer amount of small cut blocks.

544
545

546
547 Figure 22. Relationship of cutting loss to small cut blocks

548
549 4.2 Adherence to Construction Guidelines
550
551 As seen in the sensitivity analysis is that the relative cutting loss could be as much as 40% of 

552 the pavement area, even if the construction guidelines in Seoul only allows an additional 8% 

553 of the estimated quantity to account for breaking and cutting blocks. To show the practical 

554 application of the model, the optimized layout was determined on a 10m2 pavement, using 

555 20cm by 10cm blocks in different patterns. According to the guidelines, the estimated quantity 
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556 of blocks with the additional 8% allowance is 540 blocks. Both the model results and inefficient 

557 layout are shown in Table 4, with the inefficient layout defined as those not adherent to the 

558 allowable construction guidelines in Seoul. The percentage included inside the parenthesis is 

559 the additional allowance permitted by the guidelines. The model was able successfully provide 

560 a layout that would follow the allocated blocks. It is also possible that without optimizing the 

561 layout would result in more blocks being needed. This highlights the importance of optimizing 

562 the block layout because by applying the model, it was able to determine a result that would be 

563 able to follow the guidelines, and it can also be used as a theoretical basis to estimate the 

564 number of blocks needed to cover a particular area. 

565 Table 4. Comparison of the Empirical and Theoretical Block Pavement Layout

Construction 
Guideline 

(Empirical)

Model Results
(Theoretical) Inefficient Layout

Stack Bond Pattern

0.88m2 cutting loss with 536 total blocks 
placed (7.2%)

1.00m2 cutting loss with 560 total blocks 
placed (12.0%)

Stretcher Pattern

0.80m2 cutting loss with 540 total blocks 
placed (8.0%)

1.80m2 cutting loss with 556 total blocks 
placed (11.2%)

540 blocks
(8%)

Herringbone Pattern
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0.74m2 cutting loss with 537 total blocks 
placed. (7.4%)

1.40m2 cutting loss with 554 total blocks 
placed (10.8%)

566

567 5. Conclusion

568 In this article, a model was presented to optimize the minimum cutting loss of block pavement 

569 of any shape. Most studies are limited to having only rectangle bounding areas or not having 

570 any patterns regarding the placement of the blocks. The model is subjected to several 

571 constraints such as amount, geometric boundary, overlap, and pattern constraint. The non-

572 linear model was solved using harmony search algorithm which was able to reasonably solve 

573 and converge the cutting loss to a minimum value. By minimizing the cutting loss, the amount 

574 of cut blocks can also be minimized which can save on costs and placement time. The 

575 sensitivity analysis showed using a one-way ANOVA with a significance value of 0.05 showed 

576 that block size, pavement area and convexity would have significant effect on the cutting loss. 

577 Using smaller block sizes and a lower convexity pavement area would decrease cutting loss 

578 and that with a pavement area greater than 15m2 ,the relative cutting loss tends to converge to 

579 less than 5% of the pavement area regardless of the convexity of the bounding area. It also 

580 showed utilizing the model can serve as a theoretical basis of estimating the total required 

581 number of blocks necessary for a certain pavement and furthermore can comply to the required 

582 number of blocks set in construction guidelines. Future studies can improve upon this study by 

583 using other methods such as machine learning to further improve the results or by using non-

584 rectangular blocks and other patterns. The framework of this model relies on the fact that this 
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585 is currently a non-linear optimization based on the constraint equations that were developed 

586 and that HSA is a meta-heuristic algorithm used to solve the problem. Additional improvement 

587 for future research is to simplify the constraints or employ machine learning methods to 

588 determine the global optimum solution.
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