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Cement/water requirements and strengths of concrete in various dams

Cement efficiency
Cement or ; Predominant Maximum * 90 day;.
cement| pozzolan, Water, aggregate sizeaggregate. | W/(C+P) |90-day strength, psi/Tbiyd”
Dam Country | Ibiyd® (kgm’) | Ib/yd” l:kg-"nr") type m. or W/C pst (MPa) (MPa/kg/m’)
La Palisse France 306 (300) 230 (148) Gramte 4.7 (120) 0.49 4790 (33.0) 9.3(0.111)
Chastang France A5 T6% (100 Gramte 0E(50) 043 0260 o0IIs)
L Aigle France 379 (225) 211(123) Gramie 9.8 (230) 0.36 3200 (22.1) 2.4(0.098)
Pieve di Cadore Ttaly 33T 200 15(126) Delonute 4.00100) 0.63 6400 (44.1) 100 (0.220)
Forte Baso Ttaly 404 (240) 238 (141) Porphyry 3.9 (98) 0.59 4930 (33.9) 12.2{0.141)
Cabril Portugal EXURRI] 195(118) Granite 39150 033 4150 25.6) TIN50
Salamonde Pormigal 220 (249) 235(133) Gramte 7.9 (200) 0.34) 4250 (20.3) 101 (0.118)
Castelo Bode Pormgal FN0220) T80 (107 Quartzite 19 (200) 0.49 3800 (26.1) 103 (0119
Rossens Switz. 420 (249) 225 (133) Glacial mix 25 (64) 0.34 3990 (41.3) 145 (0.166)
Marvolsm Switz. II9(1E: 167 (98] Gnelss 1E8) 031 4960 (343) 3.3 (0IRT)
Zervteila Switz. 336 (199) 22{126) Gnelss 38 (96) 0.63 3RS0 (26.3) 105 (0.133)
Himery Horse USA 188-90 (111-33) 130077 Sandstone 6.0 (130) 0.47 100 (21.4) L2030y
Glen Canyon USA 13894 (111-36) 135(90) Limestone 6.0 (150) 054 3810 {26.3) 135 (0.1a0)
Lower Granite USA 14540 (26-20) 138 (23) Easalt 6.0 (150 071 2070(14.3) 107 {0.124)
Libby USA 148-49 (88-29) 133079 (Juartzite 6.0 (130) 0.68 2460 (17.0) 12.3(0.143)
Dnworshak U5A 17T {12543 164707 Gramte 6.0{130) 038 3050210 0.8 (0.126)
Dhworshak USA 198-67 (117-40) 164 (97) Gnelss 6.0 (130) 0.62 2530(174) 0.3(0.111)
Drwarshak USA 168-72 (100-43) 166 (V8) Gneiss 6.0 (130) 0.69 2030 (14.0) 2.3(0.088)
Drwrorshak UsA 174-45 (130-27) 163 (98) Gneiss 6.0 (130) 0.73) 1920 (13.2) 2.7 (0.08£)
Granite
Puebla UsA 226-75 (134-44) 168 (1007 limestone ERR ¢ 0.36 3000* (20.7) 1000 (0.116)
dolomite
- - - t and zlterad 3047 47 =z pas
Crystal USACompPesiive [stréad®h and efBshic pfopefids of mass congretgs | 1030119
Fl: Comprassive smength Elastic propertias
e psi Modulns of elasticity, £ x 10% psi
E (MPa) (Ex ll:l*MPa) Poizson’s ratio
. Age days Age days Age days
1 e Dam 28 20 180 365 2 20 120 365 28 20 180 365
Tk =
: 3030 | 3300 4700 55 62 53 R
M 1 | Hoaver e | @msn | — | ew | e | @3 - @n | “18 | 020 - o
4780 | 5160 5590 47 51 60 . o
2 | Grand Coules a0y | @se) — @3 | a2 a2 — an 0.1 0.20 — 023
. o 2550 | 3gl0 | 3850 54 58
3 | Glen Canyon {17.6) (26.3) @ — G7 — 3.0 — 0.11 — 0.14 —
. ] 3500 | 4900 | 6360 | 6820 53 63 ¥
3a | Glen Canyon® _:;4_13 (33.8) @5.3) (47.0) a7 @3 4.6 — 0.15 0.15 019 —
| 2050 | 3500 | 3g70 | 4680 33 43 46 _ N _
4 | Flaming Gorge @03 | @y | @en | G3 | e | Go | G2 013 023 ) o0
. 4580 | 5420 | 5640 5.1 54 2 R i
3 | Yellowrzil — | e | Gre | Grm | T © | Gn | e - T L
] 4770 | 5960 | 6430 | 6680 44 49 53 46 ﬂ . o N
& | Morrow Poinr* (32.9) (411 (44.3) (46.1) G0 3.4 G 33 0.22 0.22 0.23 0.20
N . 1270 | 2070 | 2420 | 2730 13 39 33 39
7 | Lewer Granite® 28 | (143 | (q6m | (e | @ | @7 @ an | &8 020 - -
. 1450 | 2460 3100 332 40 53
& |Libby aeoy | atey | T | e | 2y | g - Ge | 01 | 018 - -




Elastic properties of mass concrete

Instantaneous and sustained modulus of elasticity,® psi x 106 (MPa x 10%)
Age at Grand Coulee Shasta Hungry Horse Dworshak Libby
time of . . R \ . - . N
loading | E E! E? E E! E E E! E? E E! E? E El E
1.7 083 076 1.4 054 049 | 28 1.5 1.4 14 075 0.70 1.6 1.0 0.9
2 days (12)  (0.57) (052) | (097) (0.37) (034) | (1.9 (1.0) (0.97) | (0.97) (0.52) (0.48) | (1.1) (0.69) (0.62)
2.3 1.1 1.0 2.1 1.0 096 | 4.2 1.9 1.8 2.0 1.0 0950 | 3.2 1.6 1.3
7 days (1.6) (0.76) (0.69) | (1.4) (0.69) (0.66) | (2.9) (1.3) (1.2) | (1.4) (0.69) (0.62) | (22) (1.1) (0.90)
35 18 1.6 35 18 1.6 4.5 2.6 24 28 1.4 13 4.1 22 2.0
20days | 24)  (1.2) (L1 | @24 (12 @D | 3.1 (1.8 (LD | (19 (097 (050 | 28 (1.5 (1.4)
4.1 2.5 23 44 27 2.5 5.2 3.2 3.0 38 22 2.0 5.2 29 27
90days | (200 (1.7} (1.6 | 300 (19 (17 | 3.6 (22) (21 | 26 (1.5 (1.4) (3.6) (20) (1.9
5.0 25 23 44 27 25 5.2 3.2 3.0 38 22 5.2 29 27
Lyt *Alpdbncrétdd madssimixédiOvet scdened 0 )|V [3-¢h. (Y2 mrhf)lmaxnmrn -S Zélagglfégﬁte (3.6 (200 (1.9)
) B =1nstantareous modlilus of elasticity at time 0f9|oadm§ 3.8 4.9 30 2.9 6.4 43 41
S yr \ &R statndd méttus after Y72 days under|I¢Ad) ) @26 | G4 @h @O0 ) @4 G0 @I
o1+ HY = sustained modulup \ . ﬂjgay?%gder load.
2~ Note: The instantaneous m\mulus of elasticity refers-to-the “static” brnormal loadrate (\lto & min
duration) modulus, not a truly instantaneous modulus
measured from “dynamic” or rapid load rate testing.
Volume change and permeability of mass concrete
Autogenous volume change [Drying shrinkage _
Permeability,
90 days, 1 yr, 1vr, K fi/s/ft*
Structure millionths millionths millionths hydraulic head m/s/m*
Hoover - — -270 1.97x101 183x100
Grand Coulee — — -420 — —
Hungry Horse -44 -52 -520 s e7x 1012 s 45x 10713
Canyon Ferry +6 -37 -397 6.12x 10" 5.69x107"°
Monticello -15 -38 -998 7 60x 10! 7 42 %1012
Clen Canyon -32 - 61 -459 5.74x 10712 533x1013
Flaming Gorge — — - 496 352x101 327x 1012
T . c 12 . c -13
Yellowtzh|ume cHange spééimens for Hoovér and Grand Cotilee Dams wer ¥ ¥& ¢ «-jn, (. + x ) S8%kx 107
Dworshik + +-mm)[prisms;1for Dwarshak, Libby,and Lowers@ranite Dams vohime gHange was determined op-13
: X A= O X T zmm) sgated cxif'nders. S ecime&sofor thg otherdans tahuiated were ¥ X ¥ X Y= 3
Libby +3 ) - <
Y (veuy\edy veldm) ridns : 1.49x 10 138 x 10°
Lower Qfgtifnens| for peririeabilityl for Dwiotshak, Libby, amd Lowet Granite Dams were  x F-in. ()8+ x Vo -

mm) cylinders. Specimens for permeabilityfor the other dams tabulated were YA x YA in. (F7+ x Y7+
mm).
*ft/s/ft = ft¥/ftY-s/ft of hydraulic head; m/s/m = m¥/mY-s/m of hydraulic head; millionths = in. x Y+ -7
/in. (mm x Y +-7 /mm), measured in linearlength change.

Thermal properties of concrete
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/Y in. (YV,0 mm) max and ¥V/Y in. (V) ¥ mm) max refer to maximum size of aggregate in concrete.
tProcedure for calculating thermal conductivi ty is described in CRD-¥¥ (U.S. Army Corps of
Engineers, Y4Y4),

**Diffusivity is often expressed in ft Y/day (mY/day) for convenience in calculations.

Shear properties of concrete**

Compressive
strength Cohesion

Dam iagfé W/C | psi | MPa | psi | MPa |Tane | S4/5:8
28 | 052 5250|362 | 1170 | 81 | 0.90 | 0.223
28 | 0.58 [ 4530 312 | 1020 | 7.0 | 0.89 |0.225
Grand 28 | 0.64 | 3810 263 | 830 | 57 | 092 |0.218
Coulee 90 | 0.58 [ 4750 328 | 1010 | 7.0 | 097 |0.213
112 | 0.58 | 4920 | 339 | 930 | 6.4 | 1.05 | 0.189
365 | 0.58 | 8500 | 58.6 | 1880 | 13.0 | 0.91 | 0.221

104 | 0.55% | 2250 | 155 500 34 0.90 | 0.222

Eg‘?ﬁiﬂ 144 |0.55* | 3040 | 210 | 680 | 47 | 089 | 0224
622 |o0.60% | 1750 | 12.1 | 400 | 2.8 | 0.86 | 0.229
Monti- 28 | 0.62* | 2800 | 19.3 | 610 2 | 093 | 0218
cello 40 |092* | 4120 | 284 | 950 | 66 | 085 | 0231
28 | 050 | 5740 | 396 | 1140 | 79 | 1.05 | 0.199
28 | 0.60 | 4920 | 339 1060 | 73 | 095 | 0.215
o0 | 0.50 | 5450 | 376 | 1090 | 75 | 1.05 | 0.200
Shasta
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*W/C+P.

All test specimens 7 x VY in. (Y&« x Y+ » mm) with dry, Y Y/Y in. (YV,8mm) maximum-size aggregate
except T designates ¥ X 7 in. (Y& x) &+ mm) test specimens sealed to prevent drying with ¥/¥ in.

() Amm) maximum-size aggregate and I designates YA x Y7 in. (Y&« x3++ mm) test specimens sealed
to prevent drying, with 7 in. () ¢ *mm) maximum-size aggregate.

8Cohesion divided by compressive strength.

**Triaxial tests.
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