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SECTION IIT.

TABLE VI.
ORDINATRS g ORDINATES 5
| & | & el & | 2
i1 ] 21 d
: :
foet feot foot aqr feet foot | foot feot aqr feet
0 133 159 1718 o |51 24 31-79 3424 1263
1 1'24 168 17°43 18 | 52 24 3333 Mun 1397
2 1.26 16-40 1546 36 ] 58 351 3267 3518 1332
8 128 16062 17-90 53] 84 2'§ 333 35-66 136 ¢
4 1-30 1684 18y 70| 38 2§ 5357 365 1404
5 13 1708 18-39 9° | 56 2:63 34-02 36.64 1440
6 133 17:31 18-64 108 | 67 365 3448 3,13 1476
7 1.3§ 17°84 1889 127 ] 68 26) 3495 3764 15:4
8 1 37 178 191§ 146 | 59 273 3542 3813 1553
9 1039 1R o3 141 105 | 60 376 359: 38.67 1590
10 1°41 18-26 19 67 184 61 280 36-40 39 20 1629
11 1443 18.52 19-94 204 | 62 2.84 36-89 39-73 1669
12 144 18.77 20.21 214 | 63 284 37-38 40-26 1708
13 146 19 03 2049 245 | 64 392 3;-89 4081 1749
14 148 19-29 20-77 266 | 656 246 38-41 41:37 1790
13 1:50 19-55 21.0§ 286 | g6 300 38.93 4193 1832
16 1.52 1982 21-34 308 | 67 304 39-46 42 50 18,4
17 18§ 20-08 2163 329 | 68 308 40-0t 4399 1917
18 157 20 3§ 21.92 351 | 69 312 40°55 4367 19b0
19 1'59 2063 2333 373170 346 410 4436 2004
20 161 20 Qu 33253 3951 n 321 41766 483 2049
21 163 31419 22.82 417 ] 72 325 42°33 4548 2094
22 1.65 2149 2314 441 ] 78 329 43-81 46°10 2140
23 1.638 2177 3345 405 | 74 334 4339 4673 2:87
24 1.50 23°07 2377 428 | 75 338 4398 47°36 2333
25 73| 3237 2409 5 | 78 343| 445 8oo| 2381
26 174 22:68 3442 536 | 77 348 45 48 66 2330
27 177 22'98 2475 sto ] 78 353 4580 49°'33 23;8
28 179 2330 2509 585 | 79 357 46'42 49'99 3428
29 182 2361 25°43 61 | 80 3'62 47-05 50-67 2478
80 184 2394 25778 636 | g1 367 4769 51-36 2539
31 187 2426 26.13 663 | 82 373 4834 53'06 2381
32 189 | 3460 | 2649 689 | 83 77| 4899 | 5276 2633
33 192 [ 24'03 36 85 715 | 84 383 | 4906 | 5348 286
34 1.94 3537 27:31 742 | 85 38y 50-34 5421 2740
35 197 ’5.6‘ 7 58 770 86 393 51.02 54'958 2795
36 200 2596 27-96 ggs 87 398 5173 §5°70 2850
37 202 30°32 2834 26 | 88 403 5343 50°46 2907
38 2'0§ 26°67 28 72 854 | 89 4'09 5313 53-1: 3963
89 308 27.04 29.13 884 | 90 414 5356 §8.00 3031
40 241 27.40 2951 LTEN P 420 54'59 5879 3079
41 214 . 37477 29-91 942 | 92 436 55-33 §9-59 3138
42 2417 281§ 30'32 972 | 93 431 56-09 to-40 3198
43 220 28°53 3073 1coz | 94 437 50'86 61°23 3160
44 223 2892 31115 1034 | 95 443 57:63 63-08 3330
45 226 2931 3187 1065 96 449 5841 63290 3383
46 229 | 2971 | 3200 1097 | 97 455 | 593t | 6336 3443
47 233 30 2 3344 1139 | 98 462 6o-oo 6463 3811
48 235 3053 3188 1161 | 99 468 | GOd3 | 6550 3576
49 238 3093 3333 1195 |100 474 61 65 0639 3643
50 2°41 3137 1 3378 1228
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TABLE VI

ORDINATES ORDINATES

i 2
!4

Sectional Area

HEIGET
Inner Face
Quter
§ | Thickness
Sectional
HERIGHT

feet foot aqr feet feet feot
101 481 63-50 67.31 3710
102 487 63-34 -31 3@76
108! 494 6420 69-14 3545

104 §'ot 6507 70-08 39158
105 507 65-96 71-03 3985
106 51, 66-86 73 00 4057
107 53 2&-71 7298 4129

108) a8 739 4302
109 3-36 6963 n4 4377
110 543 7057 76 00 4352
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ORDINATES g ORDINATES

ST O B B

foot foet foet aqr feet foet fret

1:34 17°40 184 o b1 283 3293
*35 1763 18- 19 | 53 256 3334
137 178g 19'32 38 58 2:60 337
1:39 18.07 19-46 58 54 263 340
1°41 18.29 1970 77 66 2-66 3463
1.43 18.52 19-9§ 97 g 270 35°04
1:44 18.76 30'20 117 57 373 3549
1-46 19-00 2046 138 88 376 3594
1.48 19323 20'71 188 59 2.80 36-39
150 1946 2097 158 | 60 283 36-85
1.53 19.72 3134 200 g 283 3731
15 19-97 2151 332 62 391 37°78
1§ 20123 218 251 638 294 3826
1:58 2047 23.0§ 265 64 2.98 3873
1-60 3073 23°33 287 @65 303 39-23
163 30.99 2361 310 ¢ 308 3973
1°64 31-2§ 228 33: 67 309 40°33
1-66 21.52 231 355 68 313 4073
1°68 3179 2347 378 69 347 41°33
1°70 32°07 3377 403 70 331 4175
173 233§ 2407 436 n 38 4228
174 2263 34-23 480 12 329 4381
1-76 2393 24 478 178 333 43-35
178 333t 3499 g0 T4 338 4389
181 23'49 25:30 538 176 343 44-44
183] 3379 | 3502 85 1¢ 346 | 4501
”33 2409 2594 76 77 350 4558
1 24:39 2627 3 178 358 4614
1-90 2450 26 60 629 79 359 4673
1'93 3§01 26-93 655 80 363 47°3t
19§ 2533 3729 2 81 368 4791
197 2564 37.61 710 82 373 58
2°00 25-96 27-96 728 88 378 4912
202 26.29 2831 766 84 383 4973
2.08 26-62 28:67 04 85 387 §0-37
2.07 26'96 29.03 33 gg 393 §1:00
210 27-29 2939 852 87 397 51°64
213 27:63 29 76 aS, 88 402 5239
215 3799 30-14 912 89 407 52°95
248 34 | 3053 942 90 412 | 5361
2.31 2869 30-90 973 g1 418 5428
2.23 29'06 3";3 1004 92 423 54'9
236 29'43 3 1035 98 4128 55
229 29-79 3308 1067 94 434 5636
2:32 3017 3349 1100 95 439 | 57106
235 | 3085 3390 :m33 g | s
2.38 3093 [ 3331 1166 97 40| 5882
241 | 3133 [ 3373 199 98 4661 5928
244 31t 34-18 1233 99 461 60-00
347 | 331 34-38 1263 467 | 6078
250 3253 3g-03 1303

5098
§t-59
5324
52'90
5356
54:24
8493
§5:61
5631
§703
51°13
5846
5930
5994
6070
6145
6223
6303
6381
64-61
6543

Sectional Ares

oqr fest

1338
1373
1409 |

1483 |
1530
1588
1897
1636
1675

1718
1786

18,

1880
1933
1966
2009
2053
2094

3143 |

3

33235
2382
8330
2378
3427

3470

3536
877
2628

3733
3
2840

2950
006

3062
319
3178
3337
3296
3357
3417

3491
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TABLE VII.
ORDINATES 5 ORDINATES g
; i) i é % i £ | 4 ] g
-] g g i g g £
foet foet foet aqr feet fost feot foot aqr feet
101 473 61°52 662 3801 | 151] 884 | 11493 | 12377 8 402
1021 479 | 6239 67 367 | 152| 8.95 | 116:37 [ 12533 8526
103 488 6307 6793 3934 | 158 996 11784 126'g0 8653
104 491 6337 6878 4003 | 154 9-18 119°31 12849 8780
103 497 64:67 69 64 4072 | 155 929 | 12082 | 13011 8910
106 504 6548 70'52 4142 | 186] 941 | 12334 | 13175 9041
1071 s10| 6631 'Rt 4214 | 157] 953 | 12388 13341 9174
108 516 67.14 73-30 4285 | 158 9:65 12544 13509 9308
109 533 67.08 7330 4358 | 169] 977 | 13701 1368 9443
10| 529 | 6884 | 7413 | 4438|160 989 | 13861 13850 938i
m 5-36 6971 7507 4306 | 161] 1002 | 13023 | 14035 9731
112 543 7058 7601 4582 [ 162 10| 13187 | 14200 9862
118 5's0 7147 76:97 4658 | 168 1037 | 13353 | 14380 | 10005
14 557 733 7794 4736 | 164 1040 | 13330 | 14561 [ 10150
115 564 73 7892 4814 | 165] 1083 | 13691 | 147.44| 10206
116 551 74:20 799 4894 ] 166 1067 | 13862 14929 | To444
17 598 75°13 8ou1 4974 | 167] 1080 | 14037 | 151117 10594
118 588 o70°08 8193 soss | 168 1093 14314 133'07 10746
119 593 7703 8296 5138 1169! 1107 | 14393 | 15500 10yot
120| 6-00 78'00 8400 §321 | 170 113t 14574 156-95 11037
121 608 7898 8506 5306 § 171] 51:35 | 14757 | 15%02 11314
1221 6us 9'98 [ 8613 | 391 | 172] 1149 | 14943 | 16092 | 11374
128 633 09y | 87'33 5478 1 1781 1164 | I51°31 | 16295 | 11537
124 6°3t 83100 £8.31 8566 | 17¢) 1179 153.21 165:00 11701
125 639 8304 8943 s6s5 1 175| 1193 | 15514 [ 16707 11866
126 647 84-08 90°55 sys 176] 1208 [ 157:09 [ 16917 12034
127 655 ¥514 91°69 §8.6 | 177] 13-4 159-06 17130 12208
128 663 86-31 9284 5928 | 178| 13:39 161-07 173°46 12378
129 671 87:30 9401 6023 | 179 12 54 16310 175-64 135532
180, 6-80 8839 9519 6116 | 180 1370 165'14 17784 12728
181 .6.88 8y'g1 96°39 63212
182 697 90 03 9 ;.60 6309
188 706 9177 o883 6407
184 718 9292 100°07 6506
185 7-24 9409 | 101°33 6607
186 7°33 9527 102'h0 6}09
187 743 96-47 10389 68:2
188 751 9769 | 10520 6917
1389 7°61 98-92 100°53 7023
140) 770 10019 107°87 7130
141 780 10142 109-23 7238
142 g0 102 69 11059 7348
148 0o 103-99 11199 7460
144 8.10 10§° 30 11340 7573
145 820 10662 11482 7686
146 830 107:97 11629 7803
147 841 109°33 117473 7919
148 8.51 1 040 119-31 80,8
149 863 | 11309 12071 8158
160, §73| 11350 | 13333 8379
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APPENDIX.

COPY OF REPORT ON THE DESIGN AND CONSTRUCTION OF
MASONRY DAMS.

By W. J. Macquorn RaxkiNg, c.x., L.L.D., F.R.8,

1. Subjects of Report.—I have carefully considered the letter of
Captain Tulloch, R.E., Executive Engineer of the Municipality of Bom-
bay, dated the 10th December, 1870, on the subject of masonry dams
or reservoir walls of great height, and also the papers on the same sub-
ject by M. Graeff and by M. Delocre, which appeared in the ¢ Annales
des Ponts et Chausseés.” These last I have studied both in the original
and in the very faithful translation by Col. J. G. Fife. I have also
made mathematical investigations as to the proper figure and dimensions
of such dams,

2. Material.—As regards the material best suited for a reservoir,
wall or embankment, I consider that it must be determined by the nature
of the foundation. That foundation should be sand rock, if practicable;
and should a rock foundation be unattainable, firm impervious earth.
It may be doubted whether any earthen foundation is thoroughly to be
relied on where the depth of water exceeds 100 feet or 120 feet. It is
not advisable to build a high masonry dam on an earthen foundation;
for the base of the dam must be spread to a width sufficient to distribute
the pressure, so that it shall not be more intense than the earthen founda-
tion can bear; and this involves the use of a quantity of material which
would lead to immoderate expense, if the material used were masonry.

8. Mode of Building.—In the case of a rock foundation, the proper
material is unquestionably rubble masonry laid in hydraulic mortar; and
the opinion of M. Graeff, that continuous courses in building that ma-
sonry are to be avoided, is fully corroborated by experience; for the bed
joints of such courses tend to become channels for the leakage of the
water.
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4. Precaution.—The very fact, however, of the irregular structure of
that masonry renders necessary unusual care and vigilance in superintend-
ing its erection, in order to insure that every stone shall be thoroughly
and firmly bedded, and that there shall be no empty hollows in the in-
terior of the wall, nor spaces filled with mortar alone where stones ought
to be placed. The practice of *grouting,” or filling hollows by pouring
in liquid mortar, should be strictly prohibited. Should it be resolved to
insert in the face of the wall, headers, or long bond-stones, with or with-
out projecting ends to form corbels, as in the dam of the river Furens,
those stones ought to be laid with their lengths, not horizontal, but nor-
mal to the face of the wall.

6. Principles determining Profile.—With respect to the profile of the
wall, its figure is in the main to be determined by principles nearly the
same with those laid down by the French Engineers already referred to,
and put in practice in the dams of the rivers Furens and Ban: that is
to say, the intensity of the vertical pressure at the inner face of the wall
should at no point exceed a certain limit when the reservoir is empty,
and the intensity of the vertical pressure at the outer face of the wall
should at no point exceed a certain limit when the reservoir is full.

6. Limits of Vertical Pressure.—In the theoretical investigations of
M. Delocre, and the practical examples given by M. Graeff, the same
limit is assigned to the intensity of the vertical pressare at buth faces
of the wall. But it appears to me that there are the following reasons
for adopting a lower limit at the outer, than at the inner face. The
direction in which the pressure is exerted amongst the particles close to
either face of the masonry is necessarily that of a tangent to that face;
and, unless the face is vertical, the vertical pressure found by means of
the ordinary formuls is not the whole pressure, but only its vertical com-
ponent; and the whole pressure exceeds the vertical pressure in a ratio
which becomes the greater, the greater the *‘ batter,” or deviation of the
face from the vertical. The outer face of the wall has a much greater
batter than the inner face; therefore, in order that the masonry of the outer
face may not be more severely strained when the reservoir is full, than
that of the inner face when the reservoir is empty, a lower limit must
be taken for the intensity of the vertical pressure at the outer face than
at the inner face,

7. Weight of Wall to be Thrown Inwards.—The proposal of the Exe-
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cutive Engineer, to throw the weight of the wall further inwards than in
the French designs tends to realize the principles just stated, and so far
I fully approve of it, and have carried it out in the profile which accom-
panies this report.

8. Wall not to Overhang Inwards, — 1 do not, however, concur with the
Executive Engineer in the proposal to throw the weight of the wall so
far inwards as to make it overhang, for the following reason : the addi-
tional stability against the horizontal thrust of the water gained by giving
the wall an overhanging batter inwards, is not that due to the whole
weight of the overhanging masonry, but only to the excess of that weight
above the weight of water which it displaces; in other words, about half
the effect of the weight of the overh‘unging mass of masonry in giving
stability is lost through its buoyancy, and hence the additional stability
gained by making the wall overhang inwards is not proportionate to the
additional load thrown upon the lower parts of the inner face; and more
stability would be gained by placing a given mass of masonry, so as to
form an uniform addition to the thickness of the wall, than by making it
overhang inwards.

9. Limits of Vertical Pressure, how Fized.—Iun choosing limits for
the intensity of the vertical pressure at the inner and outer faces of the
wall represented by the accompanying profile, I have not attempted to
deduce the ratio which those quantities ought to bear to each other from
the theory of the distribution of stress in a solid body; for the data on
which any such theoretical determination would have to be based are too
uncertain. The limits which I have chosen are as follows, and they are
given in the first place in feet of a vertical column of masonry whose
weight would be equivalent to the pressure, and are then reduced to va~
rious other measures:—

Limits of vertical pressure at Inner face. Outer face.
Feet of masoury, . . 160 128
Feet of water, . 320 250
Pounds on the square foot (nearly) .. 20,000 15,625
Matres of masonry (nearly) . 49 88
Metres of water (nearly) .. . 98 76
Kilog. on the square centimetre (nearly) 98 76

In choosing these two limits I have been guided by the consideration
of the following facts. As regards the inner face, where the deviation of
the direction of the stress from the vertical is unimportant, it is certain,
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from practical experience, that rubble masonry laid in strong hydranlic
mortar, and on good rock foundations, will safely bear a vertical pressure
ejuivalent to the weight of a column of masonry 160 feet high, if not
higher. As regards the outer face, the practical data given by M. Graeff
show that masonry of the same quality in the sloping outer face of a
dam will safely bear a pressure whose vertical component, as found by
the ordinary rules, is equivalent to the weight of a column 125 feet high.

10. Diminution of Vertical Pressure towards Foot of Slope.—The same
reasons which show that the intensity of the vertical component of the
pressare ought to be less for a battering than for a vertical face, show
also that this intensity ought gradually to diminish at the lower part of
the outer face, where the batter gradually increases. In the presemt
state of our knowledge we should not be warranted in forming any defi-
nite theory as to the law which this diminution ought to follow ; and,
therefore, in preparing the accompanying design, I have thought it best
to be guided in this, as in the previous case, by practical examples, and
to consider it sufficient to make the law of diminution such that at tke
depth of 150 feet below the surface, the intensity of the vertical com-
ponent of the pressure at the outer face becomes nearly equal to what
it is at the same depth in the outer face of the dam across the Farens,
viz., 107 feet of masonry, or about 64 kilogrammes on the square centi-
metre.

11. Tension to be avoided.—I have kept in view another principle,
not referred to by the French authors, viz., that there ought to be no
practically appreciable tension at any point of the masonry, whether at
the oater face when the reservoir is empty, or at the inner face when the
reservoir is full. Experience has shown that in structares of brickwork
and masonry that are exposed to the overturning action of forces which
fluctuate in amount and direction (as when a factory chimney is exposed
to the pressure of the wind) the tendency to give way first shows itself
at that point at which the tension is greatest. In order that this princi-
ple may be fulfilled, the line of resistance should not deviate from the
middle of the thickness of the wall to an extent materially exceeding
one-sixth of the thickness. In other words, the lines of resistance,
when the reservoir is empty and full, respectively, should both lie within,
or but a small distance beyond, the middle third of the thickness of

the wall.
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12. Horizontal curvature of Wall.—As regards the effect of giving
the wall a curvature in plan, convex towards the reservoir, I look upon
this as a desirable, and in many cases, an essential precaution, in order to
prevent the wall from being bent by the pressure of the water into a
curved shape, concave towards the water, and thus having its outer face
brought into a state of tension horizontally, which would probably cause
the formation of vertical fissures, and perhaps lead to the destrnction of
the dam. I consider, however, that calculations of stability which treat
the dam as a horizontal arch are so uncertain as to be of very doubtful
utility ; and I would not rely npon them in designing the profile. In
fixing the radius of horizontal curvature, I consider that the Engineer
should be guided by the form of the gorge in which the dam is to be
built, making that radius as short as may be consistent with convenience
in execution, and with making the ends of the dam abut normally against
the sound rock at the sides of the gorge.

13. Summary of conditions to be fulfilled by Profile Logarithmic
Curves chosen.—The conditions which have been observed in designing
the accompanying profile may be summed up as follows:—A4. The
vertical pressure at the inner face not to exceed 160 feet of masonry. -
B. The vertical pressure at the outer face not to exceed 125 feet of
masonry at the point where it is most intense, and to diminish in going
down from that point. C. The lines of resistance when the reservoir
is full and empty, respectively, to lie within or near to the middle third
of the thickness of the wall. These are limiting conditions, and do not
prescribe exactly any definite form. In choosing a form in order to
fulfil them without any practically important excess in the expenditure
of material beyond what is necessary, I have been guided by the consi-
deration that a form whose dimensions, sectional area, and centre of
gravity under different circumstances are found by short and simple
calculations, is to be preferred to one of a more complex kind, when their
merits, in other respects, are equal; and I have chosen Logarithmic
curves for both the inner and the outer faces.

14. Rule as to Thicknesses.—The constant subtangent common to
both curves (marked AD in the drawing) is 80 feet; this bears rela-
tions to the vertical pressures. The thickness CB at 120 feet below
the top is 84 feet; and of this one-fourteenth, AC = 6 feet, lies inside
the vertical axis OX, and thirteen-fourteenths, AB = 78 feet, outside
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that axis. The formula for the thickness ¢ at any depth z, below the top,
is as follows :—

or, in common logarithms,

log t = log t, + 04848 ==L .ccveiuneneen. (14),
in which a denotes the subtangent (80 feet), and ¢, the given thickness
(84 feet) at the given depth (z, = 120 feet) below the top. The thick-
ness at the top is 18 74 feet.

15. Horizontal Ordinates.—In the profile, horizontal ordinates are
drawn at every 10 feet of depth from the top down to 180 feet, and their
lengths, from the vertical axis OX to the inner and outer faces, respec-
tively, are marked in feet and decimals. In each case those ordinates are
respectively, one-fourteenth and thirteen-fourteenths of the thickness.
Intermediate ordinates at intervals of 5 feet can easily be calculated, if
required by taking mean proportionals between the adjacent pairs of
ordinates at the intervals of 10 feet.

16. Sectional Areas.—The sectional ares of the wall from the top
down to any given depth is found by multiplying the constant subtangent
(a = 80 feet) by the difference (¢—¢) between the thickness at the top

nd at the given depth; that is to say,
Srtdz=a(t — t) o vt verans @)

17. Line of Resistance when Reservoir is Empty.—The vertical line
through the centre of gravity of the part of the wall above a given hori-
zontal plane, stands midway between the middle of the thickness at the
. given horizontal plane and the middle of the thickness at the top of the
wall; and thus have been found points in the curve marked ¢ Line of
Resistance, Reservoir Empty.”

18. Moment of Pressure of Water.—Supposing the reservoir filled to
the level of the top of the wall, the moment of the pressure exerted hori-
zontally by the water against each unit of length of wall from the top
down to a given depth (2) is found by multiplying the weight of a cubic
unit of water by one-sixth of the cube of the depth; and if we take, for
convenience, the weight of a cubic nnit of masonry as the unit of weight,
and suppose the masonry to have twice the heaviness of water, this gives
us, for the moment of horizontal pressure,

M = 5 e sssnensseeseenns (3).
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19. Line of Resistance when Reservoir is Full.—The moment of hori-
gontal pressure, expressed as above stated, being divided by the area of
cross section above the given depth, gives the horizontal distance at the
given depth between the lines of resistance with the reservoir empty and
full, respectively; that is to say,

r'id

M —
f“"— Tagmgy

and thus have been found points in the curve marked ¢ Line of Resistance,
Reservoir Full.”

20. Vertical component of Water-Pressure neglected.—In the preced-
ing formule the pressure of the water against the inner face of the wall
is treated as if it were wholly horizontal (as in the investigations of M.
Graeff and M. Delocre). In fact, however, that pressure, being normal
to the inner face of the wall, has a small inclination downwards, and therefore
contains a small vertical component, which adds to the stability of the wall.
The neglect of that vertical component is an error on the safe side, *

21. Intensity of Vertical Pressure in Masonry.—To find the mean in-
tensity of the vertical pressure on a given horizontal plane in the masonry,
expressed in feet of masonry, divide the sectional area by the thickness
at the given plane; that is to say

R (%

f_‘t_“-_-a(l_{"— ...... veeversen seees (B).

To find the greatest intensity of that vertical pressure according to the
ordinary assumption that it is an uniformly varying stress, in other words,
that it increases at an uniform rate from the face furthest from the line

of resistance to the face nearest to that line, the mean intensity is to be-

increased by a fraction of itself expressed by the ratio which the devia-
tion of the line of resistance from the middle of the thickness bears to
one-sixth of the thickness ; that is to say, let p denote that greatest in-
tensity, expressed in feet of masonry, and r the deviation of the line of
resistance frum the middle of the thickness; then,

p=a(1—‘7°)(1+‘l‘1 ...... crevevereeneas (6.

When that deviation is appreciably greater than one-sixth of the thick-
ness, the preceding rule is no longer applicable ; but this case, as already
explained, ought not to occur in a reservoir wall. The assumption on
which this rule is based ¢f an uniform rate of variation of that compo-
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nent of the pressure which is normal to the pressed surface, is known to
be sensibly correct in the case of beams, and is probably very near the
truth in walls of uniform or nearly uniform thickness. Whether, or to
what extent, it deviates from exactness in walls of varying thickness, is
uncertain in the present state of our experimental knowledge.

22. Profiles for Different Depths.—The range of different depths to
which the same profile is applicable without any waste of material extends
from the greatest depth shown on the drawing, 180 feet up to 110 feet, or
thereabouts. For depths between 110 feet and 80 feet, or 90 feet or
thereabouts, the waste of material is unimportant. For depths to any
considerable extent less than 90 feet, the use of a part of the same profile
gives a surplus of stability. For example, if the depth be 50 feet, the
quantity of material is greater than that which is necessary in the ratio
of 144 to 1, nearly. For the shallow parts, however, at the ends of a dam
that is deep in the centre, I think it preferable to use the same profile as
in the deep parts, notwithstanding this expenditure of material, in order
that the full advantage of the abutment against the sides of the ravine
may be obtained. In the case of a dam that is less deep in the centre
than 120 feet, the following rule may be employed: construct a profile
similar to that suited to a depth of 120 feet, with all the thicknesses and
ordinates diminished in the same proportion with the depth. The inten-
sity of the vertical pressure at each point will be diminished in the same
proportion also; but this does not imply waste of material, the whole
weight of the material being required in order that there may be no ap-
preciable tension in any part of the wall.
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