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C-1 Tabular Values for Strip Loads

The tabular values listed beginning on page C-6 may be used to obtain horizontal
pressures due to vertical surcharge loadings.

The values in the tables, beginning with Table C-2a, are for a Boussinesq strip
surcharge of Q = 300 psf using the Wayne C. Teng Equation from 1962. They are
calculated for a length of surcharge beginning at the face of the excavation (Lo) to the
end of the strip load (L2) as illustrated in Figure C-1. Surcharge pressures are listed for
one-foot increments of excavation to a depth of 20 feet.

L() L2
Q=300 psf
4 _ \
h
0o y ,

Figure C-1. Typical 300 psf Vertical Surcharge Starting at Face of Excavation

For surcharges not beginning at the face of the excavation (Lo), subtract tabular values
for distance L1 from the tabular values for L2 to determine the surcharge load for

300 psf, as illustrated in Figure C-2. Then if needed, prorate the Q value by using

the ratio Q/300. Below is a simple example on how to use the surcharge table.

Note: When Lo = 0, the horizontal pressure at h = 0 is equal to Q (300 psf).
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Q=300 psf

Figure C-2. Typical 300 psf Vertical Surcharge Starting Away from Face of Excavation

Example 1:

Given:
Begin Boussinesq strip load 6 feet from excavation, L1 = 6’

End Boussinesq strip load 20 feet from excavation, L2 = 20’
Surcharge load Q = 250 psf vertical.
Determine from the tables the given surcharge at a depth of 12 feet:
The surcharge load is Q = 250 psf vertical.
Look up the tabular value for the Boussinesq strip load 6 feet from excavation,
L1=6"
o = 12.16 psf horizontal

Look up the tabular value for the Boussinesq strip load 20 feet from excavation,
L2=20"
o = 112.53 psf horizontal

Determine surcharge pressure at h = 12"

250
012 = 350 (112.53 — 12.16) = 83.6 horizontal (C-1-1)
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Example 2:
Given: Surcharge loadings as shown in Figure C-3 (note - figure not to scale).
< 30’ > 30° >
— o —>|€«— 127 —>
HAUL ROAD STORAGE
A SRR R Q- 300 PSE” Q= 1000 PSF AR

20 ft

| —

IR

Figure C-3. Excavation Near a Haul Road and Storage Building with Various Surcharge Loads

1. Determine horizontal surcharge pressures at 5-foot increments of depth starting

at the ground surface.

2. Compare tabular strip load values to the alternative loading (using 100 psf

horizontal, in place of the Haul Road) as illustrated in Table C-1.

Sample calculations for depth = 10 feet:

For the haul road:

019 = 140.99 — 44.99 = 96.00 psf

For the building:
1000

610 = —— (237.49 — 181.25) = 187.47 psf

300

Building o10 + Road 010 = 187.47 + 96.0 = 283.47 psf

(C-1-2)

(C-1-3)

Building 010 + Road @ 100 psf = 187.47 + 100 = 287.47 psf (alternative)
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Table C-1. Tabulated Values of Combined Horizontal Surcharges for Example 2

Depth | Building o Road o Sum of ’s | Building o + 100 psf
0 0.00 0.00 72.00 min 100.00
5 102.77 90.26 193.03 202.77
10 187.47 96.00 283.47 287.47
15 244.03 72.26 316.29 344.03
20 272.33 49.99 322.32 372.33
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Table C-2a. Horizontal Pressure at Depth h, for Uniform Loadings from L, To L, or Li1to L;

h 1 2 3 4 5 6 7 8
1| 5451 135.06 181.25 208.27 225.57 237.49 246.16 252.74

2| 1216 5451 99.55 135.06 161.47 181.25 196.40 208.27
3| 415 2415 5451 8543 11253 135.06 153.52 168.69
4| 1.85 1216 31.23 5451 77.97 99.55 118.58 135.06
5| 0.97 6.81 18.95 3570 5451 7339 9121 107.48
6| 0.57 4.15 1216 2415 38.76 5451 70.29 85.43
7| 0.36 2.70 8.18 16.88 28.13 40.97 5451 68.07
8| 0.24 1.85 5.73 1216  20.85 31.23 42.64 54.51
9| 017 1.32 4.15 8.99 15.77 2415 33.70 43.94
10| 0.13 0.97 3.10 6.81 1216 1895 26.92 35.70
11| 0.09 0.74 2.37 5.27 9.53 15.08 21.73 29.24
12| 0.07 0.57 1.85 4.15 7.99 1216 17.73  24.15
13| 0.06 0.45 1.47 3.33 6.13 9.92 14.61  20.11
14| 0.05 0.36 1.19 2.70 5.02 8.18 12.16  16.88
15| 0.04 0.30 0.97 2.22 4.15 6.81 10.20 14.27
16| 0.03 0.24 0.81 1.85 3.47 5.73 8.63 12.16
17| 0.03 0.20 0.67 1.55 2.93 4.86 7.36 10.42
18| 0.02 0.17 0.57 1.32 2.50 4.15 6.32 8.99
19| 0.02 0.15 0.49 1.13 2.14 3.58 5.46 7.81

20| 0.02 0.13 0.42 0.97 1.85 3.10 4.75 6.81
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Table C-2b. Horizontal Pressure at Depth h, for Uniform Loadings from Lo To L, or L1to L,

h 9 10 11 12 13 14 15 16
1125790 262.06 26547 268.32 270.73 272.81 274.61 276.19

2| 217.79 22557 232.04 23749 24214 246.16 249.66 252.74

31181.25 191.77 200.67 208.27 214.84 220.56 225.57 230.01

41149.24 16147 172.05 181.25 189.31 196.40 202.68 208.27

51 122.07 135.06 146.57 156.79 165.88 173.99 181.25 187.78

6| 99.55 11253 12434 135.06 144.75 153.52 161.47 168.69

71 81.20 93.64 10526 116.02 12594 135.06 143.42 151.10

8| 66.39 7797 89.06 99.55 109.39 11858 127.12 135.06

9| 54.51 65.08 7543 8543 9497 104.01 11253 120.53

10| 4499 5451 64.03 7339 8247 9121 99.55 107.48

11| 37.36 4585 5451 6317 7170 80.03 88.08 95.81

12| 31.23 38.76 46.57 5451 6245 7029 7797 8543

13| 26.27 3293 3995 4718 5451 61.84 69.10 76.22

14| 2224 2813 3441 4097 4770 5451 6132 68.07

15| 18.95 2415 29.77 3570 4186 48.15 5451 60.86

16| 16.25 20.85 2587 31.23 36.84 42.64 48.55 54.51

17| 14.02 18.09 2258 2741 3253 37.85 43.33 48.90

18| 1216 1577 19.79 2415 28.81 33.70 38.76 43.94

19| 1060 13.81 1742 2136 2559 30.07 34.75 39.57

20| 9.29 1216 1539 1895 2281 26.92 3123 35.70
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Table C-2c. Horizontal Pressure at Depth h, for Uniform Loadings from Lo To L, or L1to L

h 17 18 19 20 21 22 23 24
11277.58 278.82 279.93 280.93 281.84 282.66 283.41 284.10

2| 25547 25790 260.09 262.06 263.84 26547 266.95 268.32

3|233.95 23749 240.67 243.55 246.16 248.55 250.73 252.74

4121328 217.79 221.87 22557 228.95 232.04 234.87 237.49

51193.67 199.00 203.85 208.27 212.33 216.05 219.47 222.64

617526 18125 186.74 191.77 196.40 200.67 204.62 208.27

71158.16 164.65 170.63 176.15 181.25 185.98 190.38 194.46

814242 149.24 155.58 16147 166.95 172.05 176.81 181.25

91128.03 135.06 141.62 147.77 153.52 158.91 163.95 168.69

10 | 114.98 122.07 128.76 135.06 140.99 146.57 151.84 156.79

111103.21 110.26 116.96 123.32 129.35 135.06 140.46 145.58

12| 92.63 99.55 106.19 11253 118.58 124.34 129.83 135.06

13| 83.16 89.89 96.39 102.65 108.66 114.42 119.94 125.21

14| 7470 81.20 8751 93.64 9955 10526 110.75 116.02

15| 6717 7339 7948 8543 9121 96.82 102.24 107.48

16| 60.47 ©66.39 7223 7797 8359 89.06 9439 99.55

17| 5451 6012 6569 7121 76.63 8195 87.15 92.21

18| 49.21 5451 5981 65.08 7029 7543 8048 8543

19| 4450 4949 5451 5953 6452 6947 7436 79.16

20| 40.30 4499 49.74 5451 59.28 64.03 68.74 73.39
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Table C-2d. Horizontal Pressure at Depth h, for Uniform Loadings from Lo To L, or L1to L,

h 25 26 27 28 29 30 31 32
1|284.74 28532 28587 286.37 286.84 287.28 287.69 288.07

2| 269.57 270.73 271.81 272.81 273.74 27461 27543 276.19

3|254.60 256.31 257.90 259.38 260.77 262.06 263.26 264.40

4| 239.90 24214 24422 24616 247.97 249.66 251.25 252.74

5| 225.57 228.30 230.83 233.20 235.41 237.49 239.44 241.27

6| 211.67 21484 217.79 220.56 223.14 22557 227.86 230.01

71198.27 201.83 205.16 208.27 211.20 213.96 216.55 219.00

8| 185.41 189.31 19296 196.40 199.63 202.68 205.56 208.27

9117314 177.32 181.25 184.96 188.46 191.77 194.90 197.86

10| 161.47 165.88 170.05 173.99 177.72 181.25 184.60 187.78

111 150.43 155.03 159.38 163.51 167.43 17115 174.69 178.05

12| 140.02 144.75 149.24 153.52 157.59 161.47 165.17 168.69

13| 130.24 135.06 139.65 144.04 148.23 152.23 156.05 159.71

141 121.08 125.94 130.60 135.06 139.33 143.42 147.34 151.10

15| 112.53 117.39 122.07 126.57 130.90 135.06 139.05 142.89

16 | 104.56 109.39 114.07 118.58 122.93 127.12 131.16 135.06

17| 9714 101.93 106.57 111.06 11541 119.62 123.68 127.61

18| 90.26 94.97 99.55 104.01 108.33 112.53 116.59 120.53

19| 83.88 88.49 93.00 9740 101.68 105.85 109.89 113.83

20| 7797 8247 86.89 9121 9543 99.55 103.57 107.48
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Table C-2e. Horizontal Pressure at Depth h, for Uniform Loadings from Lo To L, or L1to L

10

11

12

13

14

15

16

17

18

19

20

33

34

35

36

37

38

39

40

288.43

276.91

265.47

25415

242.99

232.04

221.31

210.85

200.67

190.80

181.25

172.05

163.20

154.71

146.57

138.80

131.40

124.34

117.64

111.28

288.77

277.58

266.47

255.47

244.62

233.95

223.50

213.28

203.33

193.67

184.31

175.26

166.54

158.16

150.12

142.42

135.06

128.03

121.35

114.98

289.09

278.22

267.42

256.72

246.16

235.77

225.57

215.60

205.87

196.40

187.21

178.32

169.74

161.47

153.52

145.89

138.59

131.60

124.94

118.58

289.40

278.82

268.32

257.90

247.62

237.49

227.54

217.79

208.27

199.00

189.99

181.25

172.80

164.65

156.79

149.24

142.00

135.06

128.42

122.07

289.68

279.39

269.16

259.02

249.00

239.12

229.41

219.88

210.57

201.48

192.64

184.06

175.74

167.70

159.94

152.47

145.29

138.39

131.79

125.46

289.95

279.93

269.97

260.09

250.31

240.67

231.18

221.87

212.75

203.85

195.17

186.74

178.55

170.63

162.97

155.58

148.47

141.62

135.06

128.76

290.21

280.45

270.73

261.10

251.56

242.14

232.87

223.76

214.84

206.11

197.60

189.31

181.25

173.44

165.88

158.58

151.53

144.75

138.22

131.95

290.45

280.93

271.46

262.06

252.74

243.55

234.48

225.57

216.83

208.27

199.92

191.77

183.85

176.15

168.69

161.47

154.50

147.77

141.29

135.06
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Table C-2f. Horizontal Pressure at Depth h, for Uniform Loadings from Lo To L, or L1to L;

10

11

12

13

14

15

16

17

18

19

20

41

42

43

44

45

46

47

48

290.69

281.40

27215

262.97

253.87

244.88

236.02

227.30

218.73

210.34

202.14

194.13

186.33

178.75

171.39

164.26

157.36

150.69

144.26

138.07

290.91

281.84

272.81

263.84

254.95

246.16

237.49

228.95

220.56

212.33

204.27

196.40

188.73

181.25

173.99

166.95

160.12

153.52

14714

140.99

291.12

282.26

273.44

264.67

255.98

247.38

238.89

230.53

222.30

214.22

206.31

198.58

191.02

183.66

176.50

169.55

162.80

156.26

149.93

143.82

291.32

282.66

274.04

265.47

256.96

248.55

240.23

232.04

223.97

216.05

208.27

200.67

193.24

185.98

178.92

172.05

165.38

158.91

152.64

146.57

291.51

283.05

274.61

266.22

257.90

249.66

241.52

233.49

225.57

217.79

210.16

202.68

195.36

188.22

181.25

174.47

167.88

161.47

155.26

149.24

291.70

283.41

275.16

266.95

258.81

250.73

242.75

234.87

227 .11

219.47

211.97

204.62

197.42

190.38

183.51

176.81

170.29

163.95

157.80

151.84

291.88

283.77

275.69

267.65

259.67

251.76

243.94

236.21

228.59

221.09

213.71

206.48

199.39

192.46

185.68

179.07

172.63

166.36

160.27

154.35

292.04

284.10

276.19

268.32

260.50

252.74

245.07

237.49

230.01

222.64

215.39

208.27

201.30

194.46

187.78

181.25

174.89

168.69

162.66

156.79
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Table C-2g. Horizontal Pressure at Depth h, for Uniform Loadings from Lo To L, or L1to L,

10

11

12

13

14

15

16

17

18

19

20

49

50

51

52

53

54

95

56

292.21

284.43

276.67

268.96

261.29

253.69

246.16

238.72

231.37

22413

217.01

210.01

203.13

196.40

189.81

183.37

177.08

170.95

164.98

159.17

292.36

284.74

277.14

269.57

262.06

254.60

247.21

239.90

232.69

225.57

218.56

211.67

204.91

198.27

191.77

185.41

179.20

173.14

167.23

161.47

292.51

285.04

277.58

270.16

262.79

255.47

248.22

241.04

233.95

226.96

220.07

213.28

206.62

200.08

193.67

187.39

181.25

175.26

169.41

163.71

292.66

285.32

278.01

270.73

263.50

256.31

249.19

242.14

235.18

228.30

221.52

214.84

208.27

201.83

195.50

189.31

183.25

177.32

171.53

165.88

292.79

285.60

278.43

271.28

264.18

25712

250.13

243.20

236.35

229.59

222.91

216.34

209.87

203.52

197.28

191.17

185.18

179.32

173.59

168.00

292.93

285.87

278.82

271.81

264.83

257.90

251.03

244 .22

237.49

230.83

224 .27

217.79

211.42

205.16

199.00

192.96

187.05

181.25

175.59

170.05

293.06

286.12

279.21

272.32

265.47

258.66

251.90

245.21

238.59

232.04

225.57

219.20

212.92

206.74

200.67

194.71

188.86

183.14

177.53

172.05

293.18

286.37

279.58

272.81

266.08

259.38

252.74

246.16

239.64

233.20

226.84

220.56

214 .37

208.27

202.28

196.40

190.63

184.96

179.42

173.99
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Table C-2h. Horizontal Pressure at Depth h, for Uniform Loadings from Lo To L, or L1to L,

10

11

12

13

14

15

16

17

18

19

20

57

58

59

60

61

62

63

64

293.30

286.61

279.93

273.28

266.66

260.09

253.56

247.08

240.67

234.33

228.06

221.87

215.77

209.76

203.85

198.04

192.34

186.74

181.25

175.88

293.42

286.84

280.28

273.74

267.23

260.77

254.34

247.97

241.66

235.41

229.24

223.14

21713

211.20

205.37

199.63

194.00

188.46

183.04

177.72

293.53

287.06

280.61

274.18

267.78

261.42

255.10

248.83

242.62

236.47

230.39

224.38

218.45

212.60

206.84

201.18

195.61

190.14

184.77

179.51

293.64

287.28

280.93

274.61

268.32

262.06

255.84

249.66

243.55

237.49

231.50

225.57

219.72

213.96

208.27

202.68

197.18

191.77

186.46

181.25

293.74

287.49

281.24

275.02

268.83

262.67

256.55

250.47

244 .45

238.48

232.57

226.73

220.96

215.27

209.66

204.14

198.70

193.36

188.11

182.95

293.84

287.69

281.55

275.43

269.33

263.26

257.24

251.25

245.32

239.44

233.61

227.86

22217

216.55

211.01

205.56

200.18

194.90

189.70

184.60

293.94

287.88

281.84

275.81

269.81

263.84

257.90

252.01

246.16

240.37

234.63

228.95

223.34

217.79

212.33

206.93

201.63

196.40

191.26

186.21

294.03

288.07

282.12

276.19

270.28

264.40

258.55

252.74

246.98

241.27

235.61

230.01

224 .47

219.00

213.60

208.27

203.03

197.86

192.78

187.78
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Table C-2i. Horizontal Pressure at Depth h, for Uniform Loadings from Lo To L2 or Lsto L>

10

11

12

13

14

15

16

17

18

19

20

65

66

67

68

69

70

71

72

294 .12

288.25

282.40

276.55

270.73

264.94

259.18

253.46

247.78

242.14

236.56

231.04

225.57

22017

214.84

209.58

204.39

199.28

194.25

189.31

294 .21

288.43

282.66

276.91

27117

265.47

259.79

254.15

248.55

242.99

237.49

232.04

226.64

221.31

216.05

210.85

205.72

200.67

195.69

190.80

294.30

288.60

282.92

277.25

271.60

265.98

260.38

254.82

249.30

243.82

238.39

233.01

227.69

222.42

217.22

212.08

207.01

202.02

197.10

192.25

294.38

288.77

283.17

277.58

272.01

266.47

260.95

255.47

250.03

244.62

239.26

233.95

228.70

223.50

218.36

213.28

208.27

203.33

198.46

193.67

294 .47

288.93

283.41

277.91

272.42

266.95

261.51

256.11

250.73

245.40

240.11

234.87

229.68

224.55

219.47

214.46

209.50

204.62

199.80

195.05

294.54

289.09

283.65

278.22

272.81

267.42

262.06

256.72

251.42

246.16

240.94

235.77

230.64

225.57

220.56

215.60

210.70

205.87

201.10

196.40

294.62

289.25

283.88

278.53

273.19

267.87

262.58

257.32

252.09

246.90

241.75

236.64

231.58

226.57

221.61

216.71

211.87

207.09

202.37

197.72

294.70

289.40

284.10

278.82

273.56

268.32

263.10

257.90

252.74

247.62

242.53

237.49

232.49

227.54

222.64

217.79

213.00

208.27

203.61

199.00
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Table C-2j. Horizontal Pressure at Depth h, for Uniform Loadings from Lo To L2 or Lsto L>

10

11

12

13

14

15

16

17

18

19

20

73

74

75

76

77

78

79

80

294.77

289.54

284.32

279.11

273.92

268.75

263.60

258.47

253.38

248.32

243.30

238.31

233.38

228.48

223.64

218.85

21411

209.44

204.82

200.26

294.84

289.68

284.53

279.39

274.27

269.16

264.08

259.02

254.00

249.00

244.04

239.12

234.24

229.41

224.62

219.88

215.20

210.57

206.00

201.48

294.91

289.82

284.74

279.67

274.61

269.57

264.55

259.56

254.60

249.66

24477

239.90

235.08

230.30

225.57

220.89

216.25

211.67

207.15

202.68

294 .97

289.95

284.94

279.93

274.94

269.97

265.02

260.09

255.18

250.31

245.47

240.67

235.90

231.18

226.50

221.87

217.29

212.75

208.27

203.85

295.04

290.08

285.13

280.19

275.27

270.36

265.47

260.60

255.76

250.94

246.16

241.42

236.71

232.04

227 .41

222.83

218.29

213.81

209.38

204.99

295.10

290.21

285.32

280.45

275.58

270.73

265.90

261.10

256.31

251.56

246.83

242.14

237.49

232.87

228.30

223.76

219.28

214.84

210.45

206.11

295.17

290.33

285.51

280.69

275.89

271.10

266.33

261.58

256.86

252.16

247.49

242.85

238.25

233.69

229.16

224.68

220.24

215.85

211.50

207.21

295.23

290.45

285.69

280.93

276.19

271.46

266.75

262.06

257.39

252.74

248.13

243.55

239.00

234.48

230.01

225.57

221.18

216.83

212.53

208.27
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C-2 Additional Notes: Boussinesq versus
Wayne C. Teng Equations

To follow are some notes and observations to assist the reader with differentiating
between Boussinesq and the more recent Wayne C. Teng equations for calculating the
effects of surcharge loads.

Section 5-1.03, Boussinesq Loads, in this manual introduces the topic of Boussinesq
surcharge loads. Boussinesq equations were developed in 1885 using the Theory of
Elasticity. The equations were developed for homogeneous and isotropic materials.
Although soils are not isotropic, the Boussinesq equations can be used to determine
increases in vertical stress from a surcharge load.

Equation 5-1-2 in this manual is not a Boussinesq equation from 1885; it is the Wayne
C. Teng Equation for non-yielding walls (rigid walls) from 1962. While it was based on
the Boussinesq equations from 1885, it has been modified by experiments and is an
empirical equation. The Wayne C. Teng Equation has the following conditions:

1. The wall does not yield.

2. The Wayne C. Teng Equation is a plastic solution. In contrast, the Boussinesq
equation is an elastic solution.

3. The alpha (o) angle is different in different sources. Most sources state that the
alpha angle is the angle for the line that goes through the center of the strip load.
Those sources include the U.S. Army Corps of Engineers and the textbook by
Braja Das. The Union Pacific Railroad does not use that alpha angle. The Union
Pacific Railroad has a figure that shows that the alpha angle is centered inside of
the Beta (B) angle. For the Union Pacific, the line for the alpha angle does not go
to the center of the strip load. The Caltrans Trenching and Shoring Manual also
shows that the alpha angle is centered inside of the Beta angle.

4. For the Wayne C. Teng Equation, the horizontal stress is not a function of the phi
() angle.

5. For the Wayne C. Teng Equation, the coefficient of earth pressure for the soil is
equal to one (1.0). For the Boussinesq Equation, the coefficient of earth pressure
is equal to the coefficient for the soil condition that is estimated. Typically, the
coefficient is the active earth pressure coefficient, the at-rest earth pressure
coefficient, or the passive earth pressure coefficient. If the soil is in the active
condition, then the coefficient of earth pressure is the active earth pressure
coefficient.

6. Wayne C. Teng Equation has a factor of two (2.0) and is the equation for a rigid
wall (non-yielding wall). The U.S. Army Corps of Engineers states that the Wayne
C. Teng Equation is correct for a rigid wall, but a factor of 1 (not a factor of 2)
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should be used for a flexible wall [U.S. Army Corps of Engineers EM 1110-2-
2502 “Engineering and Design for Retaining and Flood Walls” September 29,
1989, Page 3-50].

7. The Union Pacific Railroad uses the Wayne C. Teng Equation for Cooper E80
loads and estimates that all walls are rigid. The Union Pacific Railroad states that
it's equation for Cooper E80 loads is the “Boussinesq Strip Load Equation,” and
the equation they use is the Wayne C. Teng Equation from 1962.

For further information on this topic, refer to these resources:

e The U.S. Army Corps of Engineers, Engineer Manual, Retaining and Flood Walls

e The Union Pacific Railroad, UPRR & BNSF Guidelines for Temporary Shoring

e Boussinesq Equations from the University of Massachusetts at Lowell.
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https://www.publications.usace.army.mil/Portals/76/Publications/EngineerManuals/EM_1110-2-2502.pdf
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https://bouassidageotechnics.wordpress.com/wp-content/uploads/2016/09/boussinesq2.pdf
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