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MMS I radial pressures
These are shown relative to in situ stress with 𝐾0 = 1.5.

Stresses from the previous stage are shown faded.

Approximate position of top heading, bench and invert according to construction records shown 
in long section at the bottom of each page. These are approximate because progress was only 
recorded once per day.

Average temperatures measured by thermistors attached to the radial pressure cells are shown 
for top heading, bench and invert on the right hand side.



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

0 hours

14/10/96 02:00

Crown

Bench

Invert

19.8

-

-

Temperature (°C):

Location of array

In situ radial stress (𝐾0 = 1.5)

Long section

1
2 3

4 5

6 7

8 9

10 1112

4.2

258

304 304

375 375

417 417

448 448

412 412

408

-2.9 7.7

-5.2 29.9



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

9 hours

14/10/96 11:00

Crown

Bench

Invert

29.1

-

-

Temperature °C

5

6 7

8 9

10 1112

304 304

375 375

417 417

448 448

412 412

408

-1.5

No data

1
2 3

4

258

7.0

-0.3

17.3



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

14 hours

14/10/96 16:00

Crown

Bench

Invert

39.2

-

-

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

37.2

30.0 29.9

80.7

?



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

23 hours

15/10/96 01:00

Crown

Bench

Invert

38.6

-

-

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

69.3

86.9 78.4

118.4
?



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

1 day 8 hours

15/10/96 10:00

Crown

Bench

Invert

38.0

-

-

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

82.5

87.3 92.9

124.3
?



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

1 day 12 hours

15/10/96 14:00

Crown

Bench

Invert

36.4

17.6

-

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

81.3

81.6 85.4

109.2

-4.7

15.9

-4.8

-1.8

?



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

1 day 13 hours

15/10/96 15:00

Crown

Bench

Invert

34.7

18.4

-

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

86.0

82.9 85.8

25.2

64.5

32.1

11.4

No data

? ?



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

1 day 17 hours

15/10/96 19:00

Crown

Bench

Invert

33.5

24.9

-

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

91.0

92.3 86.2

43.8

35.5

1.0

20.8

? ?



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

2 days 4 hours

16/10/96 06:00

Crown

Bench

Invert

32.3

29.2

-

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

103.6

107.6 86.5

95.4

87.8

79.8

62.9

? ?



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

2 days 14 hours

16/10/96 16:00

Crown

Bench

Invert

30.8

34.9

19.3

Temperature °C

258

304 304

375 375

417 417

448 448

412 412

408

103

103 86.9

170

?

92.6

84.8

? ?

10.7
2.2

3.2

1
2 3

4 5

6 7

8 9

10 1112



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

3 days 1 hour

17/10/96 03:00

Crown

Bench

Invert

29.2

31.8

34.4

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

102

105 87.4

155

130

123

96.8

? ?

27.6
14.5

21.6



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

4 days 4 hours

18/10/96 06:00

Crown

Bench

Invert

26.3

27.7

35.7

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

110

101 75.1

131

180

97.0

110

? ?

160 90.6 180



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

5 days 16 hours

19/10/96 18:00

Crown

Bench

Invert

24.3

23.4

28.0

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

122

103 75.5

99.5

182

80.0

94.8

? ?

160 101 183



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

7 days 13 hours

21/10/96 15:00

Crown

Bench

Invert

23.8

21.9

27.5

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

135

96.5 82.3

90.1

183

70.3

81.5

? ?

157 110
165



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

7 days 21 hours

21/10/96 23:00

Crown

Bench

Invert

23.9

22.0

27.8

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

129

111
82.3

90.2

177

69.5

87.9

? ?

151 110
159



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

9 days 12 hours

23/10/96 14:00

Crown

Bench

Invert

23.0

20.8

24.7

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

146

106 82.6

75.4

178

71.2

81.2

? ?

162
130

164



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

10 days 21 hours

24/10/96 23:00

Crown

Bench

Invert

22.6

20.5

24.8

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

140

112 76.2

75.2

178

66.2

67.0

? ?

158
126

156



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

13 days 2 hours

27/10/96 04:30

Crown

Bench

Invert

21.7

19.6

23.4

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

132

113 76.4

67.7

160

61.5

74.4

? ?

156
127

152



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

14 days 11 hours

28/10/96 13:20

Crown

Bench

Invert

21.6

19.4

23.1

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

132

113 76.4

60.6

161

56.1

66.8

? ?

147
121

146



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

17 days 11 hours

31/10/96 12:45

Crown

Bench

Invert

20.9

18.4

22.2

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

144

121
70.1

60.0

180

58.0

60.0

? ?

148
128

141



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

31 days 

14/11/96 12:00

Crown

Bench

Invert

17.9

15.5

16.6

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

129

125
43.3

30.0

176

26.7

45.3

? ?

118
113

99.7



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

35 days

18/11/96 11:30

Crown

Bench

Invert

17.9

15.3

17.6

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

129

111
28.9

16.2

176

21.9

38.8

? ?

166 86.8 163



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

59 days

12/12/96 12:00

Crown

Bench

Invert

15.5

14.3

15.5

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

126

?
29.6

0.1

127

17.2

10.2

? ?

76.9

91.4
125



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

171 days

3/4/97 16:00

Crown

Bench

Invert

13.1

12.9

13.0

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

?

?
36.9

-21.9

?

13.7

38.1

? ?

199
127 218



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

2.1 years

10/11/98 00:00

Crown

Bench

Invert

15.9

16.0

16.7

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

?

?
?

?

?

50.9

86.3

? ?

223
174 250



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

7.7 years

25/6/04 01:30

Crown

Bench

Invert

17.2

17.1

17.5

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

?

?
?

73.1

?

55.0

113

? ?

247
218

273



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

8.4 years

24/2/05 01:30

Crown

Bench

Invert

14.3

14.9

15.7

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

?

?
?

29.6

?

22.7

107

? ?

245
214

269



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

18.5 years

10/4/15 01:30

Crown

Bench

Invert

13.6

14.6

14.6

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

?

?
17.4

141

?

60.8

?

? ?

255
216

267



MMS I radial 
pressures
Time from top heading 
excavation at MMS I:

18.6 years

14/5/15 01:30

Crown

Bench

Invert

14.3

14.2

15.3

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

?

?
22.6

146

?

69.6

?

? ?

253
214

264



MMS VIII radial pressures
These are shown relative to in situ stress with 𝐾0 = 1.5.

Stresses from the previous stage are shown faded.

Approximate position of top heading, bench and invert according to construction records shown 
in long section at the bottom of each page. These are approximate because progress was only 
recorded once per day.

Average temperatures measured by thermistors attached to the radial pressure cells are shown 
for top heading, bench and invert on the right hand side.



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

0 hours

26/10/96 12:00

Crown

Bench

Invert

20.3

-

-

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

2.6

3.4 8.6

13.9 2.9



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

17.5 hours

27/10/96 05:30

Crown

Bench

Invert

33.6

-

-

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

41.1

55.0 63.7

63.6 45.3



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

29 hours

27/10/96 17:00

Crown

Bench

Invert

33.0

20.1

-

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

86.8

83.2 89.6

9.1

?

12.3

3.2

61.1 35.4



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

31 hours

27/10/96 19:00

Crown

Bench

Invert

33.0

21.8

-

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

15.9

7.0

13.0

13.8

86.8

83.2 89.6

61.1 35.4



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

2 days 3.5 hours

28/10/96 15:30

Crown

Bench

Invert

28.6

21.5

25.5

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

62.8

71.6

?

?

104

105 89.2

? 70.4

54.9
29.3

66.9



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

2 days 22 hours

29/10/96 10:00

Crown

Bench

Invert

26.6

30.2

31.5

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

90.3

119

103

158

99.6

111 96.5

106 83.9

113 41.3 141



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

3 days 11 hours

29/10/96 23:00

Crown

Bench

Invert

27.4

28.0

29.7

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

96.0

132

112

171

98.6

?
101

? 95.3

? 54.1 128



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

4 days 4 hours

30/10/96 16:00

Crown

Bench

Invert

27.8

28.0

30.5

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

119

162

131

202

99.1

133 124

143 108

190
82.3 183



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

4 days 23 hours

31/10/96 11:00

Crown

Bench

Invert

26.2

26.3

29.6

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

131

172

135

214

106

139 125

136 112

212
86.3

?



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

6 days

01/11/96 11:30

Crown

Bench

Invert

26.3

25.3

28.4

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

157

189

137

222

113

148 127

157 117

235
93.9 206



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

9 days

04/11/96 10:00

Crown

Bench

Invert

25.7

23.1

24.6

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

205

253

136

222

106

146 130

226
122

230
99.5 191



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

11 days

06/11/96 11:00

Crown

Bench

Invert

23.8

21.5

23.9

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

164

259

139

225

102

130 132

174 128

286

110 190



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

13 days

08/11/96 12:00

Crown

Bench

Invert

22.0

21.6

23.5

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

181

261

67.1

317

102

155 147

158 169

292

108
220



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

19 days

14/11/96 12:45

Crown

Bench

Invert

19.4

17.6

21.9

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

206

296

199

322

88.8

142 142

226 178

309

119
256



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

20 days

15/11/96 14:00

Crown

Bench

Invert

21.4

18.1

22.6

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

201

295

198

325

84.0

139 137

224 180

307

115

257



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

23 days

18/11/96 12:15

Crown

Bench

Invert

17.7

16.9

20.3

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

195

293

193

326

78.3

133 130

225 180

302

113

250



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

24 days

19/11/96 09:00

Crown

Bench

Invert

18.1

16.9

20.8

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

193

292

191

326

74.3

130 128

223 179

296

107

242



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

44 days

9/12/96 14:00

Crown

Bench

Invert

16.3

15.5

15.1

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

187

296

185

315

82.0

135 132

? 173

?

109
217



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

47 days

12/12/96 14:00

Crown

Bench

Invert

16.4

15.3

21.3

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

179

296

176

313

78.9

136 134

219 174

277
169 249

26.7°C17.1°C 20.0°C



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

72 days

6/1/97 17:00

Crown

Bench

Invert

13.4

13.0

12.8

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

161

263

159

285

60.9
129 130

214 169

247
119 176



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

159 days

3/4/97 15:00

Crown

Bench

Invert

14.1

13.8

13.8

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

147

250

158

272

69.0

141 145

? 168

264
159 208



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

257 days

10/7/97 12:00

Crown

Bench

Invert

15.4

15.5

14.8

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

138

234

?

263

84.0

153 162

? 172

275 179
220



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

1.1 years

18/11/97 12:30

Crown

Bench

Invert

13.8

14.0

13.9

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

114

226

150

258

72.8

149 162

? 164

276 189
221



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

2.0 years

10/11/98 00:00

Crown

Bench

Invert

16.3

16.4

16.3

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

137

245

173

279

87.3

159 185

213 182

306 222
253



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

3.1 years

20/11/99 01:30

Crown

Bench

Invert

16.8

17.2

17.0

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

145

252

178

287

88.2

166 196

219 187

316 238
?



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

7.7 years

25/6/04 02:30

Crown

Bench

Invert

16.5

17.1

17.0

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

207

237

184

266

110

188 207

238 198

326
280

271



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

8.3 years

24/2/05 01:30

Crown

Bench

Invert

13.0

15.0

15.4

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

186

230

165

257

85.4

176 190

? 184

316
272

257



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

18.5 years

10/4/15 01:30

Crown

Bench

Invert

13.6

13.3

13.2

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

166

219

?

259

100

183 182

241 190

315

296

264



MMS VIII radial 
pressures
Time from top heading 
excavation at MMS VIII:

18.6 years

14/5/15 01:30

Crown

Bench

Invert

14.5

14.0

13.8

Temperature °C1
2 3

4 5

6 7

8 9

10 1112

258

304 304

375 375

417 417

448 448

412 412

408

175

223

?

263

104

186 187

247 195

317

298

266



Additional figures



Pulling cables out of invert manhole to take readings
Note that cables exit the secondary lining at the Concourse Tunnel headwall.



Vibrating wire and thermistor cables
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