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ESTUDO DA REDE DE ESCOAMENTO DA BARRAGEM DO MIRA

1 - INTRODUGAO

A barragem do Mira € uma barragem de terra de perfil zonado com 86 m de
altura maxima e cerca de 500 m de desenvolvimento no coroamento cuja observa-
¢30 se encontra a cargo do Laboratorio Nacional de Engenharia Civil (Divisdode
Fundagoes) .

Com o intuito de dispor de resultados analfticos que sirvam de referen -
cia na interpretagao dos valores obtidos com o sistema de observagao implanta-
do (LNEC; 1965, 1966, 1969 e 1974), nomeadamente pressces neutras e caudais,
realizaram-se os cdlculos conducentes a determinagao por via numérica das ca -
racteristicas do escoamento na barragem em causa para a situagao de armazena -
mento medio, ou seja, com o nivel da agua a cota 127 (LNEC; 1974).

A indicagao do método utilizado nesses calculos e a apresentagao dos re-

sultados obtidos constitui o objectivo do presente relatorio.
2 - METODO UTILIZADO

Em situagaoc de armazenamento a percolagao da agua na barragem em causa

constitui um escoamento permanente e nao confinado em meio poroso.

Além disso, e dada a forma bastante aberta do vale, considerou-se sufi -

cientemente aproximado estudar esse escoamento como plano numa secgao media.

Assim sendo, foi possivel recorrer a um programa de calculo automatico de
senvolvido na Divisao de Estudos Geotécnicos Especiais, aplicavel ao estudo das
caracter{sticas dos escoamentos que estejam nas condigoes atras referidas,e ba
seado na aplicagao do método dos elementos finitos.

Relativamente a esse programa, a indicagao das hipoteses nele admitidas,
a apresentagao das bases teoricas que constituem o seu suporte e a descrigéodo
tipo de método iterativo utilizado na localizagao da superficie livre constam

de um outro relatorio do Laboratorio Nacional de Engenharia Civil (LNEC;1977).
3 - CARACTERTSTICAS DOS MATERIAIS CONSIDERADAS E RESULTADOS OBTIDOS

Relativamente as caracteristicas de permeabilidade dos macigos interessa
dos considerou-se:

i) que os terrenos de fundagao podem ser caracterizados do ponto de vis-
ta de calculo como impermeaveis.

ii) que tanto o nicleo (N), como os macigos laterais (ML) sao homogéneos

.
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ecomdirecgoes principais de permeabilidade coincidindo com as direcgoes hori-

zontal e vertical.
iti) que as relagoes de permeabilidades principais (Kh segundo a horizon

tal e K, segundo a vertical) sao:

K, (ML)

O

Ky (N)

-

A

/,.5;-',!

Kh (ML)

Kv ML

= 100

Na Fig. 1 apresenta-se a geometria da secgao estudada da barragem e a ma
lha inicial de elementos finitos utilizada. Com base nestes elementos, e adop-
tando, para efeitos de concretizagao numérica:

/
JKV (N) =1m seg”1
utilizou~se o programa de calculo automatico atras referido tendo-se finalmen-
te obtido os resultados seguintes: ‘

i) na Fig. 2, representagaoc grafica dos vectores de velocidade aparente
de escoamento e da posigao da superficie livre,

ii) na Fig. 3, representagao grafica das linhas de igual pressao

ii1) em Anexo, valores numéricos das cotas piezométricas (em metros) em
cada ponto nodal, das velocidades aparentes (em m seg—]) no ponto de coordena-
das (em metros) indicadas em cada elemento e caudais (em m> seg-l) que atraves
sam cada um dos contornos indicados na Fig. 1; relativamente aos valores nume-
ricos das velocidades e dos caudais saliente-se que eles dizem respeito ao va-
lor atrésindi;ado de K, (N) =1m seg_] pelo que, para obter os valores reais
dessas velocidades e desses caudais ha que multiplica-los por um factor depen-
dente dos valores reais das permeabilidades. A origem do referencial utilizado

foi localizada a cota 30,

Lisboa e Laboratorio Nacional de Engenharia Civil, em Agosto de 1977
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ANEXO

DADOS E RESULTADOS NUMERICOS






- DADOS -

323 B4 17 @ T¢ 49 1 26 B v 85 9
B Y ' '
55&7.,135?.;.21.@25,
1@9105:’177-'-’2’501-:1'92
Be 12,
227, 16,4
25%, 17,
283, 17,5
265, 32,5
399,5 12,5
35,1 102,5
336}5 15,5
314, 15,5
283, 17,5
314, 15,5
597, 15,5
515, 23,%
496,5 32,
493, 132,
474, 15,5
493, 32,
454, S0,
452,5 50,
413,5 67,
419, 67,
366, 87,
362, 87,
321, 1vs,
31v,4 105,
244,5 B2,5
Q’. 12. ’
Do 12, PoNTOS NODALS
74,6 33,5
149,1 55,
- 196,6 68,7
244,5 B2,5%
257, B6,7%
269,4 91,
278,2 94,
287, 97,
113,5 14,2
192,44 5%,
285,2 79,¢
278,2 91,
291, 97,
227, 16,4
231, 3b,
235, 8%,
232,7 oo,
266,4 77,
276,4 8B4,
280,491,
290,77 44,
295, a7,
269, 17,7
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255, 17,

241. 1&?-8
216, 24,5
257,5 55,
28w, 17,

294.,5 91,
Mv,3 97,

274, 25,

1265, 32,5

272, 43,75
279,3 55,
286,3 66,
293,3 117,
297,77 84,
3R2,2 91,
394,1 94,
3ve, 97,
291,5 16,9
283,2 31,2
291,17 85,
e, 17,
325,5% 91,
308, 96,76
300, 16,3
300,7 23,15

301,5 30,

302,88 42,5
304,1 55,
305,3 66,
a6 ,5 17,
307,2 84,
e, 91,
399, 93,17
319, 96,5
387, 15,9
3é,8 26,5
319, 33,5%%
11,1 51,
310,5 54,
311,5 73,
311, 89,3
311,06 H9,2
311,7 91,
309,48 91,

312,22 93,6

312,5 96,2

311,33 96,4

317, 15,5

,31’1’. 15;‘5 .

313, 19,
312, 23,
318, 73,
317, 39,

314,637,

318,3 a2,

38, 47,

7, o1,
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© 349,5 15,5
339, 3u,
334,6 37,
336,5 47,
331,5 55,
328, 61,
329,5 69,
324,5 17,
322, 83,5
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) 320,72 88,

319, 94,2

345, 15,5
345, 22,

- 345, 3¢,

341,5 33,

338, 37,
341, 42,
344. 47' s

340,3 50,5
336,5 55,
33338 591

331, 61,

333,5 685,

336, 69,
332, 72,5

127,5 17,
325,5 80,5
323,5 83,8

322,5 B6,
321,5 48,2

320,5 89,7

'319;5 91‘4
320,2 91,8
'32”38.92i

3159,5 15,5

‘35”!5 27,5
348'f34. e
348, 42,5
347,5 51,5
J34ﬂﬁ 58'5
340, 85,5
339,5 71,
331,5 78,5

325i B4.5
322.5'88!8
322‘3 9@;9
356, 15,5

356, 20,
356, 25,5

359, 29,8

361,5 33,5
1 356,5 36,2
. 351.5 395

355 .5 45,
59,5 51,
355, 53,5

’35@‘5 57. 
347, 59,5

343,5 62,5
347, 6o,
350, 69,5
346,5 71,5
343, 73,5
339, 77,
335, 84,
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328,60 B5,5
326,3 87,5
324, 89,5
367, 15,5 .
31, 23,
366,5 20,5
369, 24,5

© 371,5 28,5
366,5 31,
365, 39,8
364,5 48,
363, 55,5
353,5 61,

' 356,3 65,5
353,2 67,5
378, 15,5
372,5 17,5
377,5 25,5
375, 34,5
379, 4v,5
374Q 43.
369, 45,5
372,5 56¢,5
37%,5 56,

371, 58,
366, 60,5
361, 63,
338. 15,5
383, 15,5
380,5 18,7
383,5 22,5
386, 39,
3gg, 37,5
384, 39,
382,5 46,
38e, 51,
380,5 53,5
393, 15,58
390,5 19,
398, 43,
395, 47,
391,85 48,5
388,7 49,5
398, 15,5
398, 24,5
398, 34,5
398, 45,5
404, 15,5
404, 33,
4204, 43,
410, 15,5
419, 23,
414, 31,5
419, 30,
419, 40,17
41,5 15.%
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457, 15,5

. 458,5 23,

460, 28,2

461, 15,5

464,5 22,

466, 24,7

467, 27,3

464, 15,5

467,5 21,8

470,5 26,5

467, 15,5

468,5 18,

470, 21,5

472, 23,5

474, 25,5 i

468,5 15,5

473. 2”.

477, 23,7

4719, 15,5

472,2 117,

474,4 18,5

479, 21,8 S
1 15 17 3 10 16 11 2 715¢, 7.5 0, L BLEMENTOS
317 19 5 11 18 12 4 75¢, 1,5 ¢, . :
5 19 21 7 12 27 13 6 752, 1,5 0,

7 21 23 9 13 22 14 8 7158, 1,5 ¢,

15 25 32 34 26 24 33 27 159, 1,5 @,
15 34 36 17 27 35 28 16 754, 7,5 ¢,
17 36 38 19 28 37 29 18 789, 1,5 ¢,
19 38 40 21 29 39 3u 20 Tsv, ‘1,5 ¢,
21 49 42 23 3¢ 41 31 22 150, 7,5 ¢,
32 49 51 34 43 54 44 33 15, 1, 2,

34 51 53 36 44 52 45 35 15, 1, O,
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206
218
218
214
229

LNEC - Obra 55/

53 55 38 45
55 57 4w 46

57 59 42 41

74 76 51 ¢
79 81 53 62

82 #4 55 64

85 87 57 o6
68 71 59 69
96 94 76 73

96 199 111 95 97 1410

54
56
58
75
8¢
83
86
76
95

46 317
47 39
48 41
61 59
63 52
65 54
67 56
72 58
77 715

15,
15,
15,
15,
15,
18,
15,
15,
1§,
98 1

1, ¥
1, ¥,
1, ¢,
1, v,
1, 9,
1, 9,
1, v,
te 9,
1, 2,
5, 1, ¥,

76 94 111 61 77 98 TH 15, 1, o,
78 112 99 62 15, 1, @,

99 114 109 80 15, 1, ¥,

63 199 116 101

111 113 79
113 115 81
81 115 117
117 119 82
119 121 84
84 121 123
123 125 85
125 127 87
127 129 89
87 B9 68 67
89 92 71 9¢
129 131 92
144 146 11
146 148 11
148 150 11
159 152 11
152 154 11
154 156 12
156 158 12
158 160 12
160 162 12
162 164 12
164 166 13
179 181 14
181- 183 18
165 150 14
185 187 18
189 191 15
191 156 15
191 193 19
195 197 15
197 199 16
199 201 16
291 166 16
214 204 18
204 2v6 18
206 218
22¢ 187 18
226 222 22
224
212
214
229
231
234
226
243

193 19
229 20
231 21
241 23
222 22
243 22
245 23

53/226

220

212 18

141
142

118 102 64
129 1¢3 83

65 123 122 194

104
105
126
8a
9N
147

1 132
3 133
5 134
7 138
9 136
1 137
3 138
5 139
7 149
9 141
1 142
6 167
5 168
B8 169
9 174
2 17
4 172
5 173
8 174
" 175
2 176
4 171
1 202
3203
247
8§ 208
4 219
9 219
1 211
6 215
# 216
4 232
1 233
9 227
1 237

124 105 66
126 1026 86
128 1¢7 48
92 69 15,
93 79 1%,
13¢ 108 94
145 133
147 134
149 135
151 1136
153 137
155 138
157 139
159 140
161 141
163 142
165 143
189 168
182 184
172 149
186 188
199 1172
173 1558
192 194
196 178
198 176
2000 177
178 165
21% 293
205 297
217 219
209 186"
221 223
225 211
213 192
228 216
230 232
239 242
238 2921
236 2137
244 218

15,

15,

15,

15,
15,

15,

15,
1e ¥,
1, @,
15. 1'
119 754,
112 750,
114 750,
116 1754,
118 752,
120
122
124
126
128
13n
148
169
147
171
151
153
174
157
159
161
163
184
182
208
134
219
188
196
295
217
233
219
228
230
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> ® 5 ® & 8

71549,
750,
752,
759,
750,
159,
759,
158,
159,
750,
1502,
759,
750,
159,
150,
150,
150,
750,
159,
750,
750,

150,
752,
154,
750,
757,
156,
756,

759,

150,

4
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74 15,5

73 15.5

309
301
302

P - - -

PN N R RS

96 15,5
299

247

253
255
261
263

269
271

2717

‘279

285
287

293

295

3nt

323

15,5

17,
18,5
20,2

21,8
8@ 4

241

245

247
253
255
261
263
269
271
2717
279
285

287
293
295

238

248
249
256
257
264
265
272
273
280

281

288
289
296
297

246

252

254
260
262
268
279

276

278
284
286

292

294
K151

2

249
249
25¢

257

258
265

266
273

274

281
282

289
299
297

298

239 150,

244 752,
246 759,
252 159,
254 7%9,

260 752,

262 750,
268 750,
270 150,
276 171%¢9,
278 1759,
284 7%¢,

286 150,

292 152,
294 750,

70, 60, S0, 40, 3a, 20,
§5. 55. 45.35. 25. 15. 5"
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42 41 4o

59 58 57

71 70 68

131
5 0
166
3 p
178
5 0
291
3 0
209
5 1
199

21

198
LI |
197
2 1
196
31
195
2 1
194
31
193

21

213
3
212
2 1
2258
3t
224
2 1
223
3t
222
21
235

130
165
163
1717
161
176
159
175
157
174
173
192
190
211
188
21
239
221.

219

129
164
128
162
126
169
158
156
191
189

187

220

142 129

141 127

140 125



A-10

298

393

143

233
232
239

238

246

249
254

257
262
265

279

273

) 278
281
| 286

289

5 294
297

2

131

218

231

245

253

261
269

217

285
293

321
166
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NUMERO DE ITERACOES=

"TOLERANCIA=1,000

COTAS PLEZOMETRICAS

PORTO

bR R R R PN S

LNEC - Obra 55/53/226'

X

0,000
74,600
149,100
196,600
244,500
257 V¢
269,400
278,200
287,000
113,500
192,400

- 255,200
278,200

290,962
227,000
231,000
235,000

250,700

266,400
276,400
286,400
290,673
294,947
269,000
255,000
241,000
246,000
257,500
280,000
294,500

30w ,248

283,000
274,000
265,000
272,600
279,300
286,300
293,30v
297,700
302, 2vv
304,080
305,960
291,509
283,200
291,7vw
j({j'l‘_"). Vi
305,55

9

-RESULTADOS -

y

12,000
33,500
55,000
68,700
82,500
86,750
91,000
94,000
97,0060
14,200
55,000

79,800

91,000

96,982

16,400
36,000
55,010
66,000
T7.000
84,000
91,000
93,981

96,963

17,204
17,000
16,800
24,500
55,000
17,060
91,0060
96,946
17,589
25,000

32,500

43,759
55,000
b, 008
T7 4000
Bg,0hvp
91,000
93,908
96,937
16,900
31,209
58 ¢ Hiw
T7 40300
G140

97,000
97,000
97,000

97,000

97,0600
97,000
97,000
97,000

95,699

96,256
96,737
96,925
96,985
93,737

94,414
95,645

96,008
96,412
96,661
96,862
96,936
96,968
92,335
93,034
93,344
93,560
95,286
96,214
96,804
96,952
91,700

92,874

93,629
94,243
94,883
95,457
96,035
96,404
96,747
96,878
96,941
72,980
B ,032
84,505
91,477
95,575

A-11



- A-12

vl w31
3o 000
Juw,loe
301,500
3n2,800
3v4,1¢0
305,300

306,500
307,200

3u8 000

308,957

309,950
301,000
3k, 800
316,000
311,100

310,500
311,500

311,600

311,600
311,700

309,800
312,081

312,461
311,242
317,000

314,000
313,000
312,000
318,000

318,602
318,300
316,000
317,000
316,820

316,500

315,000
315,5¢0
315,300
315 ,2v0

315,160
314,957

314,826
313,068

324,900

322 ,00¢
326,000
328,000
328 ,5v0
325,04
323 ,vviy

317 ,vew
321,000
320,06y

316,900
3 1 1 .'7 )

16,300
23,150
304000

42,500

55 ,ub8
66,000
174000

84,000

91,000
93,631
96,363
15,900
26,500
33,550
51000

13,000
B0, 300
89,200
91,000
91,000
93,474

96,4191

15,500
15,500

19,600
23,000
- 23,000

30,000

37,600
42,900
47 000
61,000
65,000
69,000
83,000
85,000
89,000
91 00w
91,000
93,292
95,385
95,590

196w
15,500

“18, S0

26,000
37 Ju0d
47 g
55,600

01,000

B9,
17, vu
B3, 00

96,860
54,080
62,329
63,579
67,588

14,659
Bo,810
87,002
80,781
9&.769'
95,829
96,592
38,044
574262
57.97@

66,609
71,391
80,844
86,045

92,081

93,496

94,143

95,187
96,304
96,455
15,500
15,500
40,598
50,118
43,593
49,003
50,735
53,948
57,311
68,250
74,382
85,057
86,642
88,954
90,409
92,384
92,994
94,56%
.96‘0@6
38,473
33,031
15,500
24,101
35,913
44,975

53,091

63,957
65,070
R 506
‘83,783
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196
127
108
109
119
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
149
141
142
143
144
145
146
147
148
149
159
151
152
153
154
155
156
157
158
159
160
161
162
163

LNEC - Obra 55/53/226 -

317,200
316,500
315,863
336,500
334,800
332,900
332,200
331,200
330,000
328,708
327,860

326,800

326,200
325,300
324,300
323,300
322,400
321,400
320,600
319,900
319,400
318,800
316,3¢0
317,9v0
317,516
317,002
340,500
339 ,0v¢
334,600
336,500
331,500
328,000
329 ,5¢0
324,500
321,533
319,255
317,996
317,642
345,000
345,000
345,000
341,59
338, vuy
341,490
344,099
34w ,3¢0
336,50
333,800
331,00¢
333,5¢w
336,0v0
332,009
327,5¢0
325,500
323,161
321,423
319,711
318,708

B7,500

91,009
95,275
15,500
22,500
30,000
33,000
37,0060
42,000
47,000
51,000
55,000
57,508
61,000
65,000

69,000

17,400
LY LY
83,000
85,000
87,500
89,300
91,000
92,768
95,131
15,500
39,000
37,006
47 , 00
58 00
6l,000
69,000
17 000
3,417
B7,7%2
91.140
93,345
15,500
22,060

3U, 000 .

33,0090
37 .06
47 0
5,560
85,000

58,000

bl
65 . ¥R
b9 VL0
72,500

Y Y

BU, 50
63,833
HS,796
B8, 603
§9,657

87,958
91,975
96,088
26,751
29,065

33,856

36,061
39,342
43,687
48,251
52,014
55,846
58,252
61,626
65,464
69,276
73,058
76,807
79,581
82,396
844349
87,132
89,408
91,543
93,534
96,104
26,779
33,698
39,272
48,099
55,756
61,576
69,170
16,760
82,760
87,435
91,704
94,167
26,788
28,655
33,539
35,860
39,200
43,467
47,950

51,304

55,660
58,591

61,522

65,303
69,060
72,434
79,969
83,131
85,164
87,739
89,657
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Al4

164
165
106
101

.166 

169

170
n
172

173
174
175

176
177

178
179
180

181
182
163
184

185
186
187
188

189

190

191

192

193
2194

195

196

197

198

199
209
201

202

203

204

205

206
207

208

209

210
211
212
213
214
215
216

217
218
219
229

221

318,091
318,187

318,282

350,509

359,500

348,000
348,000

347,5¢p
340,000
340,000
339,494
331,082

324,800

320,160

- 356,000
- 356,000
356,00y
359,000
3ol bve
356,500

351,500

355,500

359,5¢v¢

355,000

359,50
347,000

343,500

347,126

350,753

347,242

343,766

339,313

334,664

330,755
326,433
323,446
320,622
367,000
361,000
366,500
369, VoY

371,500
365,000

364,500
362,843
353,590

357,020

353,957
378,009
312,500
377,590
375,000
379,000
374,000

- 369 vV

372,254

91,2719

91,419
15,500

27,589

42,500

51,500
58,500

65,500
71,246

78,433
84,250

88,255
99,014

15,500
20,000
25,500
29,500

33,580
36,200
39,000
45,000
51,000

53,500

57,060

59,500

62,500
66,405

T8,311

73,993
17,201

79,866
82,168

B4,667
86,592
88,506
15,590

23,000
20,590

24,500
28,500

31,000

39,500

48,000
55,886,
b1,528

66,556

©8,476

15,500
17,569
25,500

. 34,500

49,500
43,000
45,500
50,756

91,867

92,032
92,198
26,763

31,676

36,506

43,769

~ 52,112
58,957

65,668

714127

77,919

83,507

BB ,050
26,633

27,599
30,266
32,815 -
35,782
38,113
40,005
45,873
51,403

53,878

57,320

59,791

62,737
66,412
70,954
71,880
73,651

16,721

79,236
81,437
83,894
B6,015
aa.saz

26» g1  i
28,77

2705J{
29,314

31,762
33,714

'4@,729

48,471
56,015
61,622
66,393
68,273

25,964

26,375
29,659
36,223

41,291

43,655
46,045
50,912
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222
223
224
225
226
221
228
229
230
231
232
233
234
235
236
2317
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
200
261
262
203
204
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279

LNEC - Obra 55/53/226

375,817
371,413
3bo, 524
inl,bes
3s8 i
383,000
380 ,5uv

383,500

386 vup
3BE vow
384 000
382,797
356,261
38w ,782
393,00
39¢,509

393,460
389,810

395,068
391,621
388,890
398 ,u0d
398,000
398,000

398,000

398 0P
494,009
494,000
404,000
410,000
419,000
410,000
410,000
4lv,000
416,500
410,500
410,500
423,000
423 00y
423,000
423,000
423,04y
430,500
430,500
430,500
438,000
438,000
438,089
438 ,0u0
438,000
445,500
445,560
445,500
453 ,0ve
453,044
453 ,uvio
453, 0w
4% 3 Wuw

56,513
58,635
bl,272
03,955
15,569
15,500
18,790
22,564
kTN
37,500
39,000
46,195
51,391
53,955
15,500
19,000
36,100
43,190
47,483

48,880

49,925
15,500
24,500
34,500
40,379
46,258
15,500
33,000
44,055
15,500
23,000
31,500
36,637
41,975
15,500
30060
39,860
15,59
21,500
28,500
33,223
37,946
15,500

27 000

35,872
15,500
204300
25,600

129,976

34,052
15,549
24,600

. 32,385

15,50u
19,290
23,561
27,312
33,924

50,374
58,508
6l.,146
63,818
25,455
25,7173
26,389
27,8117
32,374
38,442
39,863
46,378
51,237
53,813
25,173
20,082
37,016
43,445
47,299
48 . 701
49,762
24,751
28,320

© 35,581

40,695
46,081
24,409
34,166
43,885
24,017
32,774
37,043
41,811

23,553

31,398
39,699
23,417
254320
30,030
33,732
37,781
22,317
28,641
35,708
21,492
23,553
27,301
30,589
33,887
20,557
26,215

32,197

19,461
21,466
24,9806
27,961



280 457,040 15,500 18,745

281 458,5u9 23,6100 24,257
282 460,399 129,582 29,347
283 461,000 15,549 17,975
284 462,500 - 18,500 19,862
285 464,590 22,000 22,979
286 . 466,071 25,331 25,927
287 - 467,596 28,502 28,313
288 464,698 15,500 17,272
289 467,529 21,800 22,605
29¢ 471,021 128,257 28,049
291 467 ,wud 15,500 16,513
292 46¥%,500 18,000 18,635
293 470,000 21,599 22,136
294 472,935 24,435 24,869
295 475,870 27,370 27,318
296 468,500 15,500 16,021
297 473,000 20,000 20,279
298 . 478,895 25,453 25,648
299 470,009 15,509 15,5ve@
v 472,200 . 17,000 17,000
301 474,420 18,500 18,5800
3v2 477,479 20,709 20,709

3v3 480,419 22,818 22,818

VELOCIDADES APARENTES

ELEMENTO X Y - VELX  VELY  VEL
1 152,98 34,75 12,96 wy,35 12,97
2 223,70 67,38 11,57 =0,44 11,58
3 206,72 85,40 8,76 =u,31 8,76

4 284,58 93,99 3,82 =0,16 3,83
5 257,50 20,90 23,52 =0,52 23,53
6 251,67 39,90 12,02 =0,47 12,03
7 268475 66490 11,61 =0,44 11,62
8 287,22 84,00 9,95 =a,41 9.@6'
S 297,37 Y3,97 3,25 -e,22 3,26
10 287,33 24,05 17,35 0,18 17,35
11 287,38 43,10 12,68 «0,49 12,69

12 295,85 bbhavv 11,56 =0,61 11,58
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
3o
37
38
39
4u

4]

302,79
306,70
3u6,BH
310,55
311,02
311,30

310,51

317,50

328,39
317,55

321,05

324,02

320,05

319,05

320,52

318,02
316,89

317,50

316,83

312,38
313,43
316,21
339,8@
336,88
335,57
334,05
329,85
328.75

327,15

LNEC - Obra 55/53/226

B4 0w
93,69
21,18
42,28
65,50
4,03
93,57
19,09
20,50
26,25
33,28
47,900
91,00
57,75
65,00
713,00
B, 15
BS 00
89,15
B9,Y8
93,35
93,04
22,25
33,00
42 40
Se19
57,75
65,9

Ze15

“e93
w iy 300
=179
=257
-0,68
D72
?, 50
=3,86
1,15
“@,63
=,49

0,64

’ .k).73

0,73

'W.74,

=i,74
0,73
= ,86
=1,06
-1, 85
»0,69
-01,93
=-3,57
5,87
=6H,65
=-7,09
=7 2%
=T,14

=T 14

5476
2,68
3,30
13,14
17.21
16,42
15,89
15,57
14.96

14,91

A7



42 | 323.@7' 80,25 11,53 *-6,95 13,47
43 320,41 85,40 13,35 =8,02 15,57
44' f 318,50 89,48 1,26 9,45 ' 9.53
45 317,85 92,09 =3,41 =8,38 9,05
46 350,50 20,88 16,17 =3,07 16,46
‘471 393,50 31,60 19,26 -5.63 20,09
48 344,63 37,50 18,08 =6,37 19,17
T 351,63 47,75 16,43 7,00 17,86
S0 343,78 54,63 14,41 =7,18 16,10
51 336,90 61,63 13,44 =7,19 15,24
82 343,43 68,72 12,65 7,11 14,51
53 335,46 74,73 11,37 7,02 13.36
54 328,13 81,33 12,49 =6,99 14,31
55 ;322‘43v 86,19 13,09 =8,36 15,53
56 318,91 89,84 5,79 -9,40 11,04
51 364,13 18,75 21,97 =2,22 22,08
58 ‘363.88 27,00 22.{3,'-4.18"22‘§4‘~
59 370,00 37,00 20,82 -6,3¢u 21.76  
60 360,38 42,10 17,88 =6.70. 19,10
61 367,79 53,07 15,40 =7,18 16,99
62 358,13 58,48 14,20 ;7,225:15.93A
63 350,39 63,86 13,23 =7,19 15,06
64 374,88 21,35 27,94 =3,25 28,13
65 380,75 32,25 25,55 =5,79 26,20
66 386,53 44,59 18,74 =5,88 19,96
67 377,40 48,48 17,12 =7,06 18,52
68 386,63 17,10 36,18 1,44 36,20
69 391,88 27,25 30,20 =4,87 30,59

70 394,04 41,74 20,12 =6,75 21,22
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71 4u4,ve
72 464 i
73 4le,5v
74 416,54
75 430,50
76 430,50
77 445,50
78 445,50
79 457,63
80 459,46
81 465,63
82 469,57

83 470,75
84 475,98
CONTORNO 1

CONTORNO 2

CONTORND 3

CONTORND - 4

 CONTORWO 5

LNEC - Obra 55/53/226

23,75
38,48
22,25
34,88
20,88
31,51
19,77
28,62
18,98
26,37
18,28
25,05
17,50
22,75

3o,56 =a,18 36,84

22,69 =6,59 23,063

44,30 =4,0p 44,49

25.15 .6.32 25'93

59433 =4,12 55,48

27,83 =5,97 28,46

10,18 w466 70,33

29,65 =5,76 29,62

B4,78 5,68 84,97

27.6@ '5.88 28.22

'Qbme ‘6'83 96'27

30,46 =6,52 31,15

109,85 =8,19 110,16

43,02 =7,85 43,73

CAUbALa
CAUDAL=
CAUDAL=
CAUDAL=

CALDAL=

9BW, 155

949,228

808,504

836,273

824,968
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