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RESUME

The dissertation provides an analysis of the construction technology of concrete
dams, as well as the accompanying thermal regime during the operation period.

The issues of regulation of the thermal regime during the construction of concrete
dams include the analysis of various methods implemented in construction practice.
Discussed:

- cooling of the concreted block by means of pipe coils embedded in concrete using
circulating water;

- use of pre-cooling of the concrete mixture;

- reduction of cement consumption and use of low-temperature cements;

- Concrete zoning is along the section of the dam;

- Limiting the height of the blocks and regulating the delay of concreting of the next
block over the previous block.

Two main methods of construction of concrete gravity and arch dams "columnar"
and "layered" are discussed. Columnar is considered in the construction of gravity dams,
and sectional - arch dams.

The construction technology of Bratsk, Bukhtarm, Krasnoyarsk, Ust-Ilimsk,
Toktogul, Kurfsai, Tashkumir, Burea, Myatlinsk, Viliuisk, gravity and Sayano-
Shushenskaya arch gravity, Chirgei, Enguri and Khudon arch dams is discussed.

In connection with the study of the thermal regime, the study of the non-stationary
thermal regime is given within the framework of the two-dimensional problem. In this
regard, the basic algorithm for solving the heat conduction problem using the finite
element method and the differential equation solution scheme using the finite difference
method are presented.

The results of theoretical and natural calculations of boundary conditions are given
for the numerical calculations of the temperature field of the Engurhesi arch dam. In this
regard, the distribution of the temperature field in the body of the Engurhesi arch dam
during the maximum and minimum flooding levels of the water in the reservoir is given.
The results of numerical calculations and thermometric measurements in the dam

galleries are analyzed.
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2. 35dbemols 3MLESE0MbIMHO MdMMO GY0d0l 33¢g3s

2.1 babOYYe-90egdg6E o Mol 3353905 MMY6DBMI0Egd0sbo
59m3560L BoMyegddo

09BH™bol  39dbegdolomM3zol  MOMGO  Mgx0dol  250M33e935  DBMYSWOI©
0969m5 96l 565LGHSE0MbI OO MBMYSTBHIMMBOL 5AM3565L [85,86].

L530bol FgliHogers gobobogds MmM6BMI0EGd0s60 58M3BOL BoMywgddo,
003MA5TBHIOMIOL 3963LsBO3MgEo 396G Mgds §o60ma0bgds
339035603IMbomwo oxgMH 963050 A56EHMEgdOL Laboo.
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Kyo= Kya_z +Q= 7\ (2.1.1)

boQs(3:
P - $9339O>OYOYWO ZgEoo;
Ky, ky - 3993965GHO0L 259BSOMBOL 3m953033096(3)gd0s X s Y ©9MH3I7d0L

3035009390000 9LsdSToLO;

Q - vomdml 50 )bMBsY;

A LOMOML PIMYS3990L 3M9R303095E0;

t - ohm.

(2.1.1)-096 ©535330690000 Bw96J300MbsL 5543l Loby:

1
x=J, ;[Kxﬁ+Kya—z—2(Q AZ2)pldV + [, qudS + [, 2[0% = 20¢. +

(Pczn] ds (2.1.2)

(2.1.2) gubdgomboewols  fomdmoagbs  9ugdgbBgdol  dmbsfoergmdoom
0o60ma0b9ds 9990 Loboo:

d
Xo=YV0f, (p(e)[%_ 0©1dv (2.1.3)
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999963 0L &99396M5¢ OO 3900l ambdioo 39b0LsB3MdS
3900bObYEgd0:

¢ = [N°] 22 (2.1.4)
boog, [N€] - 9w9996¢)9d0L gm0l gmbdagoss. (2.1.4)-b oBgMIbEzoM9dOL
390093500 3000gds:

29° _ 1ye1 2@
= [N]=, (2.1.5)

[N¢] - §o6B80oa9bl 300:00H0653gd0L BmbJ300L @ 9605 M0N0

©OMDY. (2.1.5) s (2.1.4)-b gomgs¢olfjobgdoom (2.1.3) doowmgds:

Xo = ot [, QUINHPINIEE — [NeY(gp3Q)av (2.1.6)

Bomdm@agbowo 0bEHgaMogdol xsdol dobodobogos LOMWds  {p}-om.
(2.1.6) -0b OEYMIBE0MGO® {P} -00 JooMgds:

% = S, - f, INI"QaV + SE_, A[[NC]"[N¢]av) 22 (2.1.7)

(2.1.7) -ob  999m0569d0m (2.1.2) LSOMEMMO, EOMOMO  0FJAMIOl
R996J30mbseoll 0bodoBszool Jggas© Lodmemm, (2.1.1) ©s093s69ds 30639¢0

600l O0RIMHI6E0SXMO 2obEMEgdsbBY:

(€122 [Kl(@} +{F} =0 (.12) (2.1.8)

fomdmagbow n 4obEmgdsms LobEgdsdo [K], [C] s {F} 3505645003905

BOEBMEBOO:
[c¥] = [, A[N]"[N]dV (2.1.9)

(k1= [, [BI"[DI[BI4V + [, h[N]"[N]dS (2.1.10)

[fel= [, QIN]"aV + [, q[N]"dS - [, hdq, [N]"dS (2.1.11)

353®03s [C] 9moblighgds, Hmam®E ©98830H0MIGdOL 5EOO3S.
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[c®] [kCL [f¢] $936900L 056356008905  (35¢39Mwo  9gbgb@gdolosmzol
LHOOIMOL  OTM)300JIWS©, bmErm (2.1.2)  0b@9am5e0l 2505635600905
bm®309@gds  LobobysModm  LobGgdsdo d9dsgseo N gegdgbBgdol  sxsd30L

259myabgdoom.

[B] - 9w999630L 99mdg@E®omwo  dsbslosmgdegdol ds@®moas, ®mIgeos
539300693l 9BMMT>3090L 339631M 455 Y0GIJOMID;

[N] - 9e0989639d0b Bm™A0oL gmbJ30ss;

[D] - Bo®H03ds 8903930 0dMRIGHMMOOL 309953030963 JOL. o390
999963 0Lsm30L 030 056900895 FMEOIME0:

K¢ 0
[D€] = (2.1.12)
0 K;

MBI NEO  300M0bsGMS  LoLEHGsdo  [D]  FoBHBogs  3960LsBEOZMIGdS

306Md0sb:
[D] = [T][D]'[T]"
cos? f8 sin? 3 —2sinB - cos P
[T] =| sin?p cos? B 2sinB-cosP |@1.13)

sinf-cosp —sinf-cosB cos?pB —sin?f
B - 37bgs 3mmOH0bsEHms LolEgdol WgMdgdl dmGob.

399629000905 LEMMEEgds LaliM-9wqdgb@E o dm@gerol dsdmyqbgdom
03 9M530ME0 156808¢093OMdO0m.
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2.2 mM56BMmIogd0s60 Lod3ggdl gergdgb@o

3796J300L  Bo@BoEal MmMRsEbmIowgdosbo od3wadl 9wgdgbEobsmzgol L
30606535030 5543L Loby:

[N] = [L; L, Ls] (2.2.1)

Za M

3

Z

Bob. 2.2.1. m©Hs6BmBoegd0s60 0BM3sMsdgEHIEo sliGmo gargdgb@gdo.

9OmgMmgzsbo  Lolbgol  gargdgb@olomgol  0bGagydseo  (2.1.9)  LsdMEOMMO
09010 mdL Lobgls:

A 2 1 1
Ce }\f L1 L2 ]dA = E 1 2 1 (2.2.2)
1 1 2
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2.3 ©oxIMgb305¢M0 356¢)MEgdol 53mblibs Lslitmeo bgsmdgdols
8900mol g50mygbgdoom

0doLom3z0L, HMI EOHMomo 063 JaMowol bgdoldogd FadEGHowdo dogdmwo 0dbsls
{@} ULoFodOHms sdmblbowo odbsl (2.1.10) ORIMIB305MM0  2obEMEgds.
0o60ma9bo 455695608989080 259m0Ygbgds LolBYEo b3sMdYdOL TgmMmEoO.

)

¢ ) @ - f(t)

At

' ¢
t, £,

Bob. 2.3.1 306390 FoMdmgdmeols HoEblz0mo 355685M0dgds.

aobobogds At = t; — t5 6D 2 HodOGHowo sdO30LYdom ty ©s  t;.
306390 {omdmgdmwo A {od@GHowdo Gmeos (bob. 2.2.1):

o0p _ D1 — @

2 — 2.2.1)
o{o} ’
ZE={0= 5 (@} {9} (2.2.2)
05035653 { @} 4905635608905 MMOm0 06E Mool w5 FgBEowdo,
530 ™0 59539 P9OGH0 0 LbdsFoMMs 563500890 0dbsL {@} s {F} .
(@)= (@} +{D} (2.2.3)
(Fy=-{Fh +{F (2.2.4)

(2.2.2), (2.2.3), (2.2.4) 96038369c0mdgd0L dsmzscolifiobgdom (2.1.2)-do
doogds:
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2 (€@ — 5 [CN(@Yo + 5 [KI{@)y +3 [KI{@)o +{F}'=0 (2.23)
([K]+ = [C) {@} = & [C] - [KDI{@}o — 2(F}" (2.2.4)
[Al{ @} = [PI{@,} - {F} (2.2.5)
LogS3, [A] 960U [C] s [K] 35603900l 3mad0obszos ©odm309dwos
©OMOL dox DY At.

2.4. gbm®™3gL0L MMz560 35dbeol G9ga3gM¢ OO ggeols
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96319639L0L 35Ol 3H9B39MmeEOO 390l gosbasM0dgdgdo Bo@sMgdmwo 0dbs
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96153500560 Lodosm gd3gGo@®s - 12,27°C;
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5) bLEFMSEM ferobmgzol
T . =1227+ 272 15070,
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5) gbgeo femobomgol
4+2

Tun =130+ = =16,40°C;

4-2

A=9.22+ =10,92°C;
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5) Lodwmoem (erom®o  GH9gd3gMo@ Mo T3 =1587°C; Mb9g30L  5330EM©o

A =67 °C; 3006995m00b Lsfygobo gabs @=-3,42.
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2.4.2 3535695003900l LELSBM3MM 306HMBIO0 MsMM3360 35Tberols
Lsgafibge Fobbsogols bMosb
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Ty - D90l 39a39M9G s goblsbowggamo 33900l mbgby;

T 4 - 35960 3933905 ™MS;

m - 309303309630, ®MIgeroi 3000gds 0.5 -0l GHmEs;
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- YOO osbga®0dg0gdols o 39dBOEOL  gog®m9gddo  SMLYdMEO
096039 AHOI0 35HMIz900L 9093900 dm3990)os 3bOHowgddo (2.4.3.1-2.4.3.2) s
Bobobgdbg 2.4.3.1-2.4.3.12. 396Jdm©, 3bG0OEo 2.4.3.1-30 dmyzs60cos s©0bodbmeo
0JMOHOMEO  2o5635MH0d90900L  F909ga900.  FJIMGOOLIMZ0L, 5939  TmYzsb00s
096MH3MIGGHOI0 45HMIZ900L dmbo3999d0.

gb®owo 2.4.3.1

096N GHO0 25DMIZ9800 R0JLOMGdIMO FH9JI3IMGHMJOOL (335¢)0SMOOL
3055303900

39900. 9ol mbol 6odbmwgdo (0)

I II 111 v \% VI VII VIII IX X X1 XII

430.8 411.7 | 404.7 | 413.41 | 420.62 | 441.63 | 490.64 | 510.26 | 508.34 | 504.9 | 490.22 | 471.56

429.23 | 411.18 | 404.5 | 413.44 | 420.93 | 442.67 | 491.06 | 509.84 | 508.1 | 504.81 | 489.45 | 470.51

42856 | 410.68 | 404.25 416 | 420.86 | 444.26 | 491.87 | 509.88 | 507.74 | 504.61 | 488.62 | 469.57

428.18 | 410.17 | 404.15 | 417.88 | 420.85 | 446.3 | 492.52 | 509.95 | 507.4 | 504.32 | 487.78 | 468.54

427.73 | 409.82 404 | 418.95 | 421.45 | 448.14 | 493.31 | 509.85 | 507.26 504 | 487.11 | 467.45

427.28 | 409.47 | 404.15 | 420.44 | 422.17 | 450.39 | 494.14 | 509.34 | 507.11 | 503.62 | 486.39 | 466.3

426.48 | 409.14 | 404.4 | 422.65 | 422.52 | 452.56 | 494.93 | 509.35 | 506.88 | 503.3 | 485.62 | 465.02

42596 | 408.97 | 404.1 | 423.83 | 422.97 | 454.14 | 495.91 | 509.57 | 506.69 | 502.88 | 494.97 | 463.73

425.48 | 408.77 | 403.5 | 424.5 | 423.76 | 455.26 | 497.05 | 509.71 | 506.61 | 502.53 | 484.24 | 462.87

424.62 | 408.76 | 402.5 | 424.15 | 421.25 | 455.94 498 | 509.38 | 506.56 | 502.1 | 483.33 | 462.17

42418 | 408.76 | 401.5 | 424.4 | 424.41 | 456.77 | 498.7 | 509.29 | 506.55 | 501.74 | 482.95 | 461.48

423.71 | 408.75 400 | 4247 | 424.8 | 458.02 | 499.48 | 509.39 | 506.45 | 501.35 | 481.85 | 460.88

423.24 | 408.35 | 400.6 | 424.05 | 425.41 | 459.86 | 500.25 | 509.67 | 506.4 | 500.98 | 481.38 | 460.25

422.68 | 408.35 401 | 423.59 | 426.11 | 462.04 501 | 509.81 | 506.32 | 500.73 | 480.73 | 459.54

422.15 408.3 | 402.5 | 422.57 | 426.71 | 46452 | 501.7 | 509.68 | 506.5 | 500.35 | 480.08 | 458.9

421.72 | 408.26 | 403.9 | 421.77 | 428.07 | 467.04 | 502.45 | 509.6 | 506.42 | 499.83 | 480.4 | 458.43

421.16 | 408.25 | 405.5 | 421.58 | 429.78 | 468.15 | 503.23 | 509.25 | 506.34 | 499.27 | 481.21 | 457.79

420.62 | 408.23 | 406.5 | 421.11 | 430.83 | 473.68 | 504.07 | 509.1 | 506.18 | 498.68 | 481.32 | 457.19

420.07 408.1 | 407.55 | 420.36 | 431.78 | 476.05 | 504.73 | 509.02 | 505.95 | 498.21 | 480.96 | 456.68

419.64 | 408.01 | 408.05 | 420.09 | 432.53 | 477.31 | 505.42 | 508.87 | 505.82 | 497.65 | 480.38 | 456.33

419.07 407.9 | 408.97 | 419.41 | 433.28 | 479.32 506 | 509.02 | 505.58 | 497.15 | 479.68 | 455.82

418.49 | 407.65 | 410.5 | 419.31 | 434.59 506.58 | 509.01 | 505.37 | 496.68 | 479.07 | 455.2
41799 | 406.86 | 412.09 | 419.63 | 435.32 507.21 | 509.05 | 505.05 | 496.11 | 478.36 | 454.37
417.46 | 406.25 | 412.79 | 420.21 | 435.88 507.9 | 509.04 | 504.75 | 495.54 | 477.65 | 453.57
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416.9 405.9 | 413.45 | 421.36 | 436.9 508.56 | 508.97 | 504.37 | 494.99 | 476.81 | 452.83
416.16 405.7 | 414.1 422 | 437.47 509.18 | 508.91 504 | 494.59 | 475.98 | 452.18
415.45 405.6 | 413.86 | 422.16 | 437.84 509.79 | 508.8 | 503.67 | 494.03 | 475.22 | 452.18
414.62 404.6 | 413.03 | 421.71 | 438.43 510.12 | 508.68 | 503.76 | 493.28 | 474.47 | 452.09
413.54 | - 41291 | 421.23 | 438.77 509.93 | 508.52 | 503.67 | 492.54 | 473.54 | 451.71
41274 | - 413.88 | 421.05 | 439.13 509.93 | 506.37 | 504.73 | 491.83 | 472.57 | 451.61

4123 | - 413.84 | - 439.44 510.02 | 508.56 | - 491.03 | - 451.56

- gbMowo 2.4.3.2-30 8m399990s dgbsd530L0 MgMIMAGEOHMWO 45HBMIZ9d0L

39092900 2007 ool 20 mgd@mddmosb 2011 {erob 28 ogenrolol Bsomzeoom.

bid

QEYYoo gbGoo 2.4.3.2
039900, 35960l 99395 ME0

I Im (uar (I1v |v Vvl | VIl |VII |IX [X XI | XII

1 77 (83 |113 (18.1 (121 | 149 |19.6 | 256 |17 152 199 |11.8
2 99 |64 (93 (133 (106 (227 | 181 |25.1 | 199 (173 |14 13.1

3 62 |71 (68 [69 [109 [158 233 226 | 165 | 13.7 [ 115
4 69 |2 113 | 8 12.3 | 21.7 27.7 | 157 120.2 | 14 9.8
5 65 |-03(13.7 | 145 [ 12.8 [ 179 257 [ 165 | 228 | 148 |59
6 64 |26 (131 (83 [17.7 (115 238 224 | 173 | 155 | 44
7 63 |28 (68 [152 (153 [129 239 [ 251 | 159 | 11.3 [ 9.3

8 64 |39 (47 |[11.7 [13.7 |16.4 242 | 214 | 173 | 153 | 10.3

9 84 |45 (53 |[125 (13.1 |14.6 237 1192 | 194 | 146 [ 115
10 8 6.6 [95 |16.22 [13.6 | 163 |205 (244 | 204 | 198 (138 |7.8
11 45 |63 (142 (144 (118 (183 | 193 (274 | 228 |17.2 |13 2.6
12 39 103 | 121 |96 |115 (225 (205 |29.6 (252 158 |9 53
13 25 |43 (108 | 104 |18 223 (214 (303 |221 |17.7 | 11.8 [ 9.2
14 -25 (33 | 122 (165 (155 | 205 | 21.4 | 28.1 | 19.6 [13.2 | 147 | 8.4
15 -2 |-221138 |95 |11 26 236 |23.1 (218 (134 |12.4 | 3.6
16 23 (09|64 (128 |10 185 (245 (227 (209 | 135 |68 |39
17 03 |-04 (55 |[10.6 [11.8 [15.7 |24 257 229 | 147 |13 |[3.8
18 -03(-2.1]124 (155 | 13.7 | 14.8 27.1 228 | 122 | 1.1 |59
19 1 53 | 11.6 | 126 | 142 | 19.7 257 1208 | 114 | 3.6 |45
20 03 |1 9 12.8 | 18.2 | 24.1 237 [ 198 | 11.8 |59 [0.3
21 -031-13(83 |158 |[10.6 |273 234 |20 11.7 |34 |19
22 -04(-211123 (196 | 128 | 179 255 |19 108 1 0.7 |43
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23 -141-03 [ 15.7 [ 173 | 159 | 16.8 | 27.3 | 23.7 | 21.2 | 13.7 | 5.1 5.8
24 09108 |65 |[12.6 |12.6 |20.4 [24.4 [20.7 |209 |[113 |86 |73
25 -0.8 |2 5.8 10.5 | 10.4 | 194 | 24 209 1217 |6 133 |73
26 -1.8 141 (124 (113 | 184 | 168 [24.4 |20.1 (195 |49 |79 (54
27 35 |96 | 132 |92 |11.1 |18 [253 (186 |202 (7.1 |8 8.3
28 3.7 |72 [16.1 (128 | 11.8 | 18.1 [ 25.6 |20.6 [ 219 |93 |83 [9.2
29 48 |- 68 |183 (128 [163 |25.1 | 215 (143 |9.1 |96 |88
30 72 |- 8.2 153 | 10.7 | 17 252 [ 219 | 149 | 8.1 11.2 175
31 95 |- 98 |- 11.2 | - 249 [ 143 | - 76 |- 6.9
Tvis |33 (28 [10.213.1|13.1 (185 |23.1(239 (204 (13597 |7
saS.
mags. |13 |11 |21 26 (25 |33 (33 (35 30 |28 |19 |15
min |-5 |-5 |4 9 5 8 17 |14 14 |2 0 -1

3bMoo 2.4.3.3.3 35bgrol go¢rgMggddo 3ga3gmo@mnyeo gsbmdzgdol

39093900

be) - - - - -
\% B15- B15 B15 B15 B15 B15
23 402 402 402 450 450 | 450
M>M0QO fof | & 2 CN DS UsS CN | DS

& | Us
B | s 36O | b | Lswsh | 396 | Voo

2 | Lol
b B OOy ) bom | Goew | (bgm

M0 0

20.10.2007 | 507.37 16.8 87| 211 163| 129| 201 | 151
25.10.2007 | 5075 | 227 88| 208 162 13.1 19.7 | 15.1
05.11.2007 | 507.92 9.1 19.5 16.1 13| 187 15
28.11.2007 | 504.69 10 15.7 15.4 11.8 149 | 146
19.12.2007 | 502.24 5.3 15.1 12.7 10.5 141 | 124
15.01.2008 | 488.02 3.3 3.7| 145 9.5 85| 134| 94
28.01.2008 | 475.65 1.1 14 9 76| 129 9
26.02.2008 | 449.36 2.9 13.3 7.8 6.1 12.1 7.9
10.03.2008 | 442.81 15.1 56| 129 8.8 59| 11.7| 89
02.04.2008 | 449.93 6.7 5.6 13 10.2 68| 11.6| 97
08.04.2008 |  449.6 13.5 59| 128 11.9 82| 115]| 106

bid

922 BIOOEIG
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28.04.2008 | 465.22 17.9 6.7 13 14.1 8.4 11.6| 133

04.06.2008 | 483.04 16.2 9.3 13.3 15.5 10.1 11.8 | 14.8

16.06.2008 | 490.55 20.5 9.5 13 16 10.2 11.9 | 15.6

30.06.2008 | 498.87 17.4 10.2 13.2 17.6 10.6 12| 16.8

28.07.2008 | 509.45 22.3 12.2 14.2 20.5 11.5 127 19.3

03.09.2008 | 510.04 18.5 13.7 14.8 22.6 12.1 13.1| 21.1

23.10.2008 | 508.01 14.5 13.3 13.9 17.2 11.5 13.2| 169

11.11.2008 | 504.28 10.1 10.5 13.6 15.7 11.5 13.6 | 16.1

03.12.2008 | 501.95 11.1 10.2 13.5 14.3 10.8 135 | 14.8

25.12.2008 493.8 2.1 9.5 14.2 12.3 9.9 12.8 | 11.6

06.01.2009 | 488.64 0.8 9.2 14.4 10.9 8.2 12 9.2

21.01.2009 | 481.21 3.8 7.4 13.2 8.6 7.8 12.3 8.8

03.02.2009 | 474.35 3 7.4 13.5 9.7 8 12.7 10

18.02.2009 | 465.45 4.1 6.8 13.2 10.2 7.2 11.9 9.9

09.03.2009 | 440.25 8.5 6.5 12.9 10 6.3 11.7 9.5

23.03.2009 | 428.36 2.9 6.5 13 10.2 6.6 11.4 9.5

07.04.2009 417.6 12.7 6.7 12.9 11.2 7.1 11.2 | 10.3

08.05.2009 434.2 11.4 7.7 12.3 13.1 9.8 11| 124

02.06.2009 | 464.19 21.3 9.4 12.8 16.1 10.7 11.5] 153

16.06.2009 | 482.45 17.2 10 13 17.9 11.4 11.8| 169

03.07.2009 496.9 21.7 9.9 12.3 18.6 11.3 12.2| 187

21.08.2009 507.5 18.4 12.9 14.9 21.1 11.6 129 193

11.09.2009 | 504.03 20.1 13.4 15.4 21.8 13 143 | 209

23.09.2009 | 506.36 15.2 13 14.9 19.8 13.2 13.8| 199

25.11.2009 | 500.78 9.8 11.6 15.3 15.9 11.5 13.8 | 15.1

15.12.2009 490.8 5.7 9.1 13.7 12.1 9.2 123 115

11.01.2010 487.4 11.2 8.9 14.2 11.4 9.5 134 | 114

27.01.2010 | 478.97 -3.4 7.5 13.2 10.4 8.6 129 109

24.02.2010 | 463.29 5.9 5 10.3 7 7 11.7 9.4
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23.03.2010 | 451.49 10.9 5.3 11.6 8.3 6.9 11.9 9.6

07.05.2010 | 445.02 21.9 5.3 10.4 11.2 10.3 11.6 13

01.07.2010 | 502.91 224 11.1 13.7 19.6 9.6 11.2 | 175

30.07.2010 | 510.31 26.6 12.9 14.9 22.1 10.9 124 19.7

07.09.2010 | 506.67 22.7 14.2 15.8 24.2 11.8 13.5 22

23.09.2010 503.2 18.2 13.7 14.4 22.4 12.2 142 215

15.10.2010 | 509.32 12.7 8.6 11.1 15.1 11.2 13.4| 18.1

03.11.2010 | 507.76 11 11.2 14.7 17 11.4 142 | 169

25.11.2010 | 493.94 11.3 11.2 15.8 17 10.2 13.4 | 153

04.01.2011 | 471.36 7.9 9.3 15.1 13.7 8.8 13.1| 123

01.02.2011 | 445.31 -0.7 7.3 13.9 10.5 6 11.4 9
21.02.2011 | 426.41 1.2 6.9 14.4 9.3 5 12.5 8.6
07.03.2011 | 415.69 2.2 6 13.6 9.3 6 13 9.6

04.04.2011 | 413.94 14.5 6.5 13.6 11.2 6.5 11.7 10

02.05.2011 427 6.6 12.6 11 8.8 121 11.2
19.05.2011 | 442.94 5.6 10.7 10.2 10.3 121 123
02.06.2011 | 465.73 8.2 12.6 14.3 11.7 121 | 145
21.06.2011 | 492.26 17.9 9.4 12.7 16.8 10.1 11| 15.6

04.07.2011 | 500.46 21.2 8.2 11.1 15.2 10.1 114 | 16.1

28.07.2011 | 510.05 25.1 12.1 14.3 20.3 10.9 122 | 185

996003bs : US —Losibgm Bgsdo®mo, CN - 396@Gs@m® Dmbs, DS - mesfbgm
©953060.

300 2.4.3.4. 963 1H3gLoL 358berols MBOMEGO Mg70ol gosbys®odgdols s
0963 AHO0 25HMmIZz9d0L 90093900

806005@9®0 $g8396Osdmmgd0 (°C) | Fogdbodserr®o Gg3gesdéegdo (°C)

Loofjbgm | 3IBG®d@ | sfibgm | Loafibgm | 3abG®s@ | by
Pobbogo | Mo Bmbs | Fobbsyo obbsgo | Mo bmbs | Hobbogo

3399°900L

29bbsboggmo
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C C C C C )
AR AR AR AR AR TR
219|219 9|P|9P|2]Y|9
E & | € | &€ | & | € | & | € | &€& | &
g 5 g £ g 5 g 5 g £ g £
(op) @ (o] [ge] (op) @ (op) @ (o] [ge] (op) [ge]
5 1Y |8 |8 |8 |& |8 %88 [%Y |8 |%Y
S S S S S S
4020 | 76 | 3.7 | 11.8|103| 85 | 7.0 | 10.0 | 14.2 | 13.8|21.1 | 20.8 | 24.2
4500 | 76 | 5.0 | 11.4|11.0| 7.8 | 7.9 | 10.0|13.2 | 15.5 | 20.1 | 20.6 | 22.0

9390 BobsBgdbBg Imzgdmeros:

- 65b.2.4.3.2-2.4.3.3-%9 3993965600 39¢0l gobsforgds 30dbenols 99-15
bgdool Bmbsdo goliszsgzdo fywol dodlodsery®o s FobodseryMo mbggdols
OMU;

- bob. 2.4.3.4-2.4.3.5-Bg (39339M0@HM0lL  gobsfoengds dobo 39-15 Lgdgoob
Lbgoolibgs 6036w bBg 3gdsMg 3mOOBMBEHIWME 3390093d0 §ysebsizsgdo fywrol
35Jb0oE MO s 0BT MOHO MBYJOIOL OML BoggdMBdOL LosHbgm s MsBgm
§obbs900UL, doMm30L BMb9ddo;

- nax. 2.4.3.2-%3 $99396M5@MMoL  aobsfoergds 53 ULgdgool 402 o 4500
5036990 gdbg 9gds6g 3MMHODMOE MM 339009080 yseboizegdo dodlodscro s
d0b08semmo  ©Mbggdol O™ MgMOOMEo s MYMHIMIGEGHOMEO  FoBMIZ39d0L
39092900l dobgz0m;

- 65b.2.3.12-%Bg 398berol 53 LgdEool obodboer BodbMgdBg Losfbgm,
Msfibgm s (396G BMbgddo dowgMggddo mgMAMIgEMMo goBMIz9d0m
©5830J50MJd0EJI3IMSGHYIMJOOL EOMTO (335¢905MBOL A6I5303900.
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Air Temperature
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_. 25
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i 450 :
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E - 350
= 0 _ .......... M & 1 [T e s, e |
ﬂzlgm?zuna 28/12/2008 23/12/8009 18/12/2010 13/12/3011 07/12/2012 02/12/2013 | 300
Dam Temperature (Level 450)

25

Temperature [deg C]

i ‘ ’ Da
B Bl PN ...

| D5 m—=US mmmentral
03/01/2008 02/01/2009 02/01/2010 02/01/2011 02/01/2012 01,/01/2013 01/01/2014

Bob. 2.4.3.1 35960Ls s 35bEol Esbol Lbgswalibgs 6036v9egdg G9939MsGvMgdol
3°b5fomgds (35Bmdz9d0l 9ggagdom 2008 — 2011§;.).
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Enguri Dam Concrete temperature mode diagram
/h..

"

—t—B15 402 DS =—d—B15 402 CN —@—B15 402US =@ B15 450CN

30
25

J o aJ4njesadwal

B6ob. 2.4.3.2. 39339MoEHMOEo 390l g9bsFogds 3s8bsgmols 450 s 402 60dbmEgdby
(35%m039%0L Bg9a9d0m). US ~Los(ibgm Bgwsdo®o, CN - 396@®oqmé bmbs, DS

M5Hbgm Bgsdomo.
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2.5 9ba™m3gLoL 35dbEol M¥YMmO MY000l Jo56ys00890900

@5 390093900l 5b5grobo
2.5.1 358bgrobs Lsssbys®odm lsggds

963996390l 35dbeol 9O Y0ToL JoLEsbRIMO0TGOMI© JoBbowMwo 0dbs
dobo 396@omo 30bLmeo HBmdgdoom:

- LYo bsddgbgdem Lodsweng - 271.50;

- 3o oL Momm3s60 bsfowo bLodsweng - 231.50;

- Logmdo bLodsweroo 40.00;

- Lobdg LogMdoLy s BMdob 3bESJEOL Bmbsdo 90.0 J;

- 050M3560 Bofforolis s Logmdol 3mbEsdEHol Bmbsdo 52.00;
- obgdol mbybg _ 10,0 3;

- B5990mdoL 53mdol Bmdgdo: Lodswmerg 50.08, bLolidg 100.00.

LOMOML  293MEJEXYdS  OM3sb  39dboewdo  gobbogryemo  odbs 2

303oMmMGI0M: 39OEH0ZIXMMOIQ OO 3MOODIBEIMMHI® (MO0 MSQ).

3O3LGHOE0MbIOMEO  MOMYSTBHIOMOOL  53m356s A9Bbormwo 0dbs LG
99996 ms Igommom [87,88]. 35dbenol (396G®oeMHo 3mbLmmol 569 IYMBOwo
0465 99O 3MObgols s  Bsd3MMbgEol BMOIoL  gwgdab@Hgds, ULwmer 1353
90999639, MO0 939330090 E0s 4328 3356d0. bob. 2.5.1.1-%Bg dm39999c00s
39dbeol MMM G900l Lo gegdgbGms IgNMEOm As5635M0T9d0L bidgds 2
396BM30 530560 5dMEs60L BoMywgddo,

39dbeol ¢gd396M5GH OO 390l gosbasm0dqdol Bo@sMgdsd®y mgmOmOo
99b3960dgbGHOL  bom  oYgboo  0dbs  Bosbyo®odm  Ldgdol  gargdgh@GHgdols
39M39G Mo HBMmIgd0, s1939 ©OHMOL dox 0, MMIgEog Jorgdwo 0dbs 10 Hmmols

AHMOQ.
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A99396M53MM0L  Lofgobo  qobofoggds 98 3mblmerdo 411.58 6086«
300900 0dbs BsdMI© @S BHMWO© bs3gdMmdol 653960900l  ©o39996EGHOOL
3H9939MH5GHMoLs 59 Bmbsdo 10°C-0bs, begrm 53 Bodbmerols Bgdmo dgdstg HBmbsdo
_12°C-0bs, sbg3g 6539800l 653960900l 399963700l  3H939MsG Mool GHMEoE 50
BmMbs8o. FHgd39cmsGH Mol AsbsHowgds 65390Mmdol Bmdol Bmbsdo domgdmwo 0dbs
BsG o 9du3gM0dgbE o dmbs3gdgdols dobgwzom 10°C-ob GHmes.

09BH™bol MdME9d60379M0 Fobosliosmgdargdols 360d3z69wmdgd0 domgdeo 0dbs

3530 3615350560 go8m33cg3900L J9009900L 9650 Bob Lygzmdzgady:

- 00My5dF9MMI0L 3095303096@0 B=1.75 335/ (3.L.3M5);
- 39939M5GHMOL 458@MMdOL 309303096G0 0.0030%/o;

- A - 03My5053900L 309530309530 20.0 335¢/(92.b0.3M0);
- H390H0M0 MOdMEHIZ500MdS 0.235 335¢/(39-305);

- AmEEMmd0mo dsbs 25.0 36/05.

2.5.2 35300l LslsBEP3OM 30GHMBYdO

39962560090930L EOML oM dwo 0dbs 98ga0 LolsbL3M™ 306HMdYdO:

- Bog90mdoL g3mdol dot3bgbs s Fo6rx 3965 3963H035M Dgs306M9dDY,
Mgm3g  dob  J3gs  3mOH0DMBbEGImMOH  Bgsdo@by  domgdmwo  odbs
03M0DBMWH300L 3060MdS (LOMdML B3O 63 TgdMPOL S S POWOL);

- Bog0mdol  Losfbgm Gobbog®g 08 BMbsdo, Loosg PO  593L
3M6GSIAL 39B™bLS s §gol dmGol - fgwol FH9gddgesdeol 360dzbgamdols
A™M5@ (I Lobol LobOBEOZO® 306MHMds) 60 3 LoM®MIYI©Y, HMIJOE 03E3wYdS OMIO
S 293mom3Egds (2.5.2.1) gm®IMom, bmwm wadm 9@ LowMdgbg 6,0°C-U
GHMESQ.

- Bog0mdol  Losfibgm  Fobbogol 08 Bmbsdo, Loss S©Y0wo  593L
3Mb6GSIAL d9BHM™bLS s 359OL TMEOL, 9530939 350beols MsHbgm Fobbogbg s
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Jodol @mbgby, Losz, 9Mgmzg 943l 3MBBHIAHL dgBH™MbLs @s 359Mol GOl
300900 0465 IIT Lobols LoboBOgzm™ 3oMHmds (2.5.2.2).

I s II ULsbob LoboBozdm  30MMmdgdo  s3OHMmJbodoMgdmwo  0dbs
3039dLwEoco [4].

39dbeol LosHbgMm Hobbsgolbmzol FmEmTMESls 593b Loby:
_ 3
Toa =CT TV, (2.5.2.1)
Msfbgm Hobbsgolbmgzgol
Tn,k+1 = GTn—l,k+1 + VTkil , (2.5.2.2)

39dbeol Jodob mbgbyg 3mOH0DMbEE IGO0 Bgs3oMobomzgol _

Toker =0T g VTlil (2.5.2.3)
boQs(3:
Go_ 1
_ 1+¢
&= gAx,
-
_ 1+¢&
_ 1
T 1vg
b
_ =—Ay,
S1 P
-
1+&, 7

L - 00d05©53990b 329530309630, A _ 00dmgs0EsGd0l 39530309630,

Ax @5 Ay _agm393©H0veo doxgd0s 3mM0BMmBENIM0 ©d 39MEGH03IYIMO

909500 g3900m;
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- Tia - 390396056900  35dbol  Losfibgm  Fobbogomob dwgdscg
39Bmdger I 339609000 Losmsbsm mbyby, (k+1) At @H™MOoL 8cmdgbgddo;

- Toka - $90396M0@GmMado  358beol Msfibgm  obbogmsb dgdstg
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