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Anexo A.1: CASO 1: CONDICIONES FRIAS

Elemento  Fundacién de Molino de Bolas

ELEMENTO Celdas Volumen Celda 11.1)m3 Volumen Celda ~——Pp11.1 V$——  Volimen Acumulado
Largo (m) | Ancho (m) | Alto (m) | Volumen (m3) [ N°Celdas | Alto Celda Ancho Celda 2.14|m Celda N°
21.40 13.00 2.40 667.7 6 0.40 Vel. Vaciado 40.00{m3/hr T
Tiempo Vac. Total | 16.69|hr
Total de celdas 60 Namero de Celda
o Altura
N* Celda Acumulada (m)
111  233.7]11.1 300.5|11.1 367.2J11.1 434.0111.1 500.8J11.1 556.4|]11.1 600.9]11.1 634.3|11.1 656.6]11.1 667.7
6 2.40 Celda 21 Celda 27 Celda 33 Celda 39 Celda 45 Celda 50 Celda 54 Celda 57 Celda 59 Celda 60
111  166.9|11.1 222.6J11.1 289.3|11.1 356.1J11.1 4229|11.1 489.6]11.1 545.3]11.1 589.8|11.1 623.2|]11.1 645.4
5 2.00 Celda 15 Celda 20 Celda 26 Celda 32 Celda 38 Celda 44 Celda 49 Celda 53 Celda 56 Celda 58
11.1 1113|111 155.8)11.1 2114111 278.2J11.1 345.0J11.1 411.7)11.1 4785|11.1 534.1J11.1 578.7]11.1 612.0
4 1.60 Celda 10 Celda 14 Celda 19 Celda 25 Celda 31 Celda 37 Celda 43 Celda 48 Celda 52 Celda 55
111 66.8|11.1 100.2|11.1 144.7)11.1 200.3]11.1 267.1j11.1 333.8]11.1 400.6|11.1 467.4]11.1 523.0J11.1 567.5
3 1.20 Celda 6 Celda 9 Celda 13 Celda 18 Celda 24 Celda 30 Celda 36 Celda 42 Celda 47 Celda 51
11.1 33.4|11.1 55.6]11.1 89.0J11.1 133.5]11.1 189.2J11.1 255.9|11.1 322.7J11.1 389.5)11.1 456.2J11.1 5119
2 0.80 Celda 3 Celda 5 Celda 8 Celda 12 Celda 17 Celda 23 Celda 29 Celda 35 Celda 41 Celda 46
111 11.1j11.1 22.3|11.1 44.5]111.1 77.9|]11.1 122.411.1 178.0§11.1 244.8|11.1 311.6|]11.1 378.4|11.1 4451
1 0.40 Celdal Celda2 Celda 4 Celda7 Celda 11 Celda 16 Celda 22 Celda 28 Celda 34 Celda 40
Avance Parcial 2.15 2.15 2.15 A19 2.10 2.10 2.15 2.15 2.15 2.15
Avance Acumulado 2.15 4.30 6.45 8.60 10.70 12.80 14.95 17.10 19.25 21.40

Tesis publicada con autorizacion del autor
No olvide citar esta tesis




WIENERR,

TE! Anexo A.2: CASO 2: CONDICIONES TEMPLADAS Eﬂ?gfm

W | oEC PERLIJ-

ELEMENTO Celdas Volumen Celda 16 |m3 Voltmen Celda ~ ——16.0 V$—— Volimen Acumulado
Largo (m) | Ancho (m) | Alto (m) | Volumen (m3) | N° Celdas Alto Celda Ancho Celda 1.84 [m Celda N°
29.03 19.56 1.75 993.7 6 0.29 Vel. Vaciado 100 |m3/hr T
Tiempo Vac. Total | 10.50 |hr
Total de celdas |66 NGmero de Celda
R Altura
N* Celda Acumulada (m)
6 1.75 129 3335|129 426.6]12.9 519.6{12.9 612.7]129 705.8]12.9 792.8|12.9 863.9]12.9 919.0{12.9 958.0§12.9 981.1]12.9 994.0
Celda 21 Celda 27 Celda 33 Celda 39 Celda 45 Celda 51 Celda 56 Celda 60 Celda 63 Celda 65 Celda 66
5 1.46 16.0 240.5|16.0 320.6]16.0 413.7|16.0 506.7]16.0  599.8]16.0 692.8]16.0 779.9]16.0 851.0J16.0 906.1]16.0  945.1]10.1  968.1
Celda 15 Celda 20 Celda 26 Celda 32 Celda 38 Celda 44 Celda 50 Celda 55 Celda 59 Celda 62 Celda 64
4 1.17 16.0 160.3|16.0 224.4]16.0 304.6|16.0 397.6]16.0  490.7]16.0 583.8]16.0 676.8]16.0 763.9]16.0 835.0§16.0 890.0J10.1  929.1
Celda 10 Celda 14 Celda 19 Celda 25 Celda 31 Celda 37 Celda 43 Celda 49 Celda 54 Celda 58 Celda 61
3 0.88 16.0 96.2|16.0 144.3]16.0 208.4|16.0 288.5|16.0  381.6]16.0 474.7|16.0 567.7]16.0 660.8]16.0  747.8]16.0 818.9]10.1  874.0
Celda 6 Celda 9 Celda 13 Celda 18 Celda 24 Celda 30 Celda 36 Celda 42 Celda 48 Celda 53 Celda 57
2 0.58 16.0 48.1]16.0 80.2]16.0 128.2|]16.0 192.4|16.0 272.5|16.0 365.6|16.0 458.6]16.0 551.7]16.0  644.8]16.0 731.8|10.1  802.9
Celda 3 Celda 5 Celda 8 Celda 12 Celda 17 Celda 23 Celda 29 Celda 35 Celda 41 Celda 47 Celda 52
1 0.29 16.0 16.0/16.0 32.1]16.0 64.1]16.0 112.2]16.0 176.3]16.0 256.5|16.0 349.5]16.0 442.6|16.0 535.7|16.0 628.7|10 715.8
Celda 1 Celda 2 Celda 4 Celda 7 Celda 11 Celda 16 Celda 22 Celda 28 Celda 34 Celda 40 Celda 46
Avance Parcial 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.16
Avance Acumulado 1.84 3.68 5.52 7.36 9.20 11.04 12.88 14.72 16.56 18.40 19.56
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Anexo B.1: CASO 1: CONDICIONES FRIAS

CALCULO DE TEMPERATURA MAXIMA Y GRADIENTE DE TEMPERATURA ASUMIDO

TESIS PUCP

ALTITUD 4800 msnm
CEMENTO TIPO IP (II)
TEMPERATURA COLOCADO
13 °C
23
L(m) 21.40
B (m) 13.00
h (m) 2.40 438
Enc. Madera 0.509
Temp Colocado (°C) 13 55|°F
Temp ambiente (°C) 8 46|°F » -
Temp minima prom (°C) 5 a1°F Correcidn por tipo de cemento
Temp base rocosa (°C) 7 45|°F
Cont. Cemento (kg) 450[——» 11|bolsas de cemento Correcion por cantidad de
f'c (kg/cm2) 315 cemento
Grafico 1 Grafico 2 Grafico 3 Grafico 4
N Temp efectivo Temp minima 1
\2 1 A 1 V/A V/A Te (°C T+ (°C] T °C| Delt
(por 1m) (por 1m) /A (m) /A (pie) vaciado (°C) semana (°C) c () e+ (°c) max (°C) eita
53.80 26.20 2.05 6.72 11.20 6.20 16.2 32.6 43.8 20.8
Temp. Minima luego de 1 semana (sin encofrado):
Cambio final
Tmin (°C) Tmax (°C) N Se compara con la temperatura de
v 1 A 1 V/A V/A (pul, °
(por 1m) (por 1m) /A (m) /A (pulg) efectivo (°C) superficie (Tamb+15)
51.36 26.20 1.96 77.18 6.2 43.8 37.6
La temperatura maxima que alcanzara el concreto bajo estas condiciones sera de: 43.8 °C
El gradiente de temperatura maximo asumido sera de: 20.8 °C
ANALISIS DE ESFUERZO A PARTIR DEL GRADIENTE DE TEMPERATURA ASUMIDO
— S . . -6 - 2
o=07 %177 10>« 9.5x 107° % (43.8 — 23) = 24.5 kg /cm
Ec 214,636.3|Considerar al _% del f'c por ser a edad del 41/2 dia
Esuelo 400,000.0
Eef 176,708.3
Delta 20.84
Esfuerzo 24.49|Considerar al 65% del f'c por ser a edad temprana
Resistencia a traccion (12%f'c) 24.57|Considerar al 65% del f'c por ser a edad temprana
El esfuerzo maximo que se alcanzara en la superficie del concreto serd de: 24.5 °C
La resistencia a traccién del concreto sera de: 24.6 °C
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GRAFICO 2: Flujo de calor entre el aire y el concreto por las
GRAFICO 1: Efecto de la temperatura de colocado y de la exposicién diferencias de temperaturas de colocado y del ambiente.
de la superficie en la edad que alcanza la temperatura maxima.
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GRAFICO 3: Incremento de temperatura de un elemento que contiene GRAFICO 4: Incremento de temperatura de un elemento que contiene
223 kg/m3 de cemento para diferentes temperaturas de colocado. 223 kg/m3 de cemento para diferentes tipos de cemento.
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ITEM SIMBOLO VA:,LOR
(%)
Temperatura de colocado (°C) TeoL 13
Temperatura de ambiente (°C) Tavs
Temperatura de terreno (°C) Twm
Temperatura minima promedio (°C) Ta
RESUMEN
- D'A PICO o, 0, o, 0, ATasumido
ELEMENTO VIA (pie) (dia) TeL (°C) Tc (°C) Tc+r (°C) | Tenar (°C) °C)
Molino Bolas 02 6.7 5 11.2 16.2 32.6 43.8 20.8
Eett o . ofinal
ELEMENTO L/H R (%) 2 a(1/°C) AT (°C) 2
(kg/cm’) (kg/cm®)
Molino Bolas 02 8.9 70% 1.8 x 1075 | 9.5 x 10"-6 20.8 24.5
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Anexo B.2: CASO 2: CONDICIONES TEMPLADAS

CALCULO DE TEMPERATURA MAXIMA Y GRADIENTE DE TEMPERATURA ASUMIDO

ALTITUD 2800 msnm
CEMENTO TIPO HE (1Il) 32
TEMPERATURA COLOCADO
28 °C /fﬁ.
Tsup= /// o
L(m) 29.03 . Aﬁx: 779
B (m) 19,56 / s
D — g
Enc. Madera 0.509
Temp Colocado (°C) 28 82|°F
Temp ambi (°C) 17 63|°F
Temp minima prom (*C) 5 21|°F Correcidn por tipo de cemento
Temp base rocosa (°C) 16 61|°F
Cont. Cemento (kg) 365 ——» 9|bolsas de cemento Correcién por cantidad de cemento
f'c (kg/cm?2) 280
Grafico 1 Grafico 2 Grafico 3 Grafico 4
T fecti T inima 1
V (por 1m) A (por 1m) V/A (m) V/A (pie) :;:)a::("(li‘;o bl mml(r:::a) Tc(°C) Te+f (°C) Tmax (°C) Delta
52.58 32.53 1.62 5.29 24.70 10.87 32.5 53.2 77.9 45.9
Temp. Minima luego de 1 semana (sin encofrado):
Cambio final
Tmin (°C T °C
Viporim) | Afporim) | V/A(m) | V/A(pulg) NN LIRS efectivo (°C) Se compara conla temperatura de
50.80 32.53 1.56 61.48 10.9 77.9 67.0 N
La temperatura maxima que alcanzara el concreto bajo estas condiciones sera de: 77.9 °C
El gradiente de temperatura maximo asumido sera de: 45.9 °C
ANALISIS DE ESFUERZO A PARTIR DEL GRADIENTE DE TEMPERATURA ASUMIDO
— 5 -6, — 2
o=082%x1.62x10° *x9.5x107° x(77.9 —32) = 58.2 kg/cm
Ec 194,422.2|Considerar al _% del f'c por ser a edad del 2 dias
Esuelo 400,000.0
Eef 162,775.1
Delta 45.88
Esfuerzo 58.17|Considerar al 60% del f'c por ser a edad temprana
Resistencia a traccion (12%f'c) 20.16|Considerar al 60% del f'c por ser a edad temprana
El esfuerzo méaximo que se alcanzara en la superficie del concreto sera de: 58.2 °C
La resistencia a traccion del concreto sera de: 20.2 °C
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Observacion:
Todos los dbacos usados a continuacién, pertenecen al Reporte del Capitulo 4 del Committee del ACI 207.2R .

GRAFICO 2: Flujo de calor entre el aire y el concreto por las
GRAFICO 1: Efecto de la temperatura de colocado y de la exposicién diferencias de temperaturas de colocado y del ambiente.
de la superficie en la edad que alcanza la temperatura maxima.
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GRAFICO 3: Incremento de temperatura de un elemento que contiene GRAFICO 4: Incremento de temperatura de un elemento que contiene
223 kg/m3 de cemento para diferentes temperaturas de colocado. 223 kg/m3 de cemento para diferentes tipos de cemento.
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RESUMEN

ITEM SIMBOLO VA‘,LOR
(WY
Temperatura de colocado (°C) TeoL 28
Temperatura de ambiente (°C) Tave 17
Temperatura de terreno (°C) Twm 16
Temperatura minima promedio (°C) Ta 5
AT cumi
ELEMENTO VIA (pie) Dl?d:fo TeL (°C) Tc(°C) | Tcsr(°C) | Trwar(°C) (15(":';"“
Molino Bolas 02 5.3 2 24.7 32.5 53.2 77.9 45.9
Ees o o ofinal
ELEMENTO L/H R (%) 3 a (1/°C) AT (°C) a
(kg/cm?) (kg/cm®)
Molino Bolas 02 16.6 82% 1.8 x 10"5 | 9.5 x 10"-6 45.9 58.2
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- - RSIDAD
. I I I 0 E] 0
N° TERMOCUPLA Termocupla 1 Termocupla 2 Termocupla 3 :‘C’.wﬂ:\‘. D PER

LECTURA (°c) IE1 (°C) [SUP. 1(°c-:) (°c) IE2 (°C) stn?.z(’c-:) (°c) IE 3 (°C) SUP.3(°c-:) (°c) (°c) TRANSCURRIDO TomA
13/05/2014 12:30 13.0 13.0 13.0 13.0 13.0 13.0
13/05/2014 20:30 21.0 15.2 5.8 Sl 23.1 16.5 6.6 Sl 28.6 15.1 135 Sl 8:00:00 08:00
13/05/2014 23:30 27.2 17.0 10.2 Sl 28.9 19.0 9.9 Sl 32.8 17.2 15.6 Sl 11:00:00 03:00
14/05/2014 02:30 33.9 21.8 12.1 Sl 34.7 25.0 9.7 Sl 37.2 24.0 13.2 Sl 14:00:00 03:00
14/05/2014 06:06 37.1 295 7.6 Sl 38.1 33.8 4.3 Sl 40.3 295 10.8 Sl 17:36:00 03:36
14/05/2014 08:38 40.8 33.1 1.7 Sl 415 37.4 4.1 Sl 441 33.8 10.3 Sl 20:08:00 02:32
14/05/2014 13:50 46.5 38.9 7.6 Sl 47.9 43.3 4.6 Sl 49.6 39.6 10.0 Sl 25:20:00 05:12
14/05/2014 16:32 46.5 39.9 6.6 Sl 48.1 43.6 4.5 Sl 50.1 40.0 10.1 Sl 28:02:00 02:42
14/05/2014 20:25 48.7 41.9 6.8 Sl 50.3 45.0 53 Sl 52.0 41.0 11.0 Sl 31:55:00 03:53
15/05/2014 00:35 50.3 43.1 7.2 Sl 51.9 459 6.0 Sl 53.5 42.0 11.5 Sl 36:05:00 04:10
15/05/2014 04:10 51.4 43.5 7.9 Sl 52.4 46.6 5.8 Sl 54.5 42.9 11.6 Sl 39:40:00 03:35
15/05/2014 10:12 545 45.7 8.8 Sl 54.8 48.6 6.2 Sl 57.6 45.9 11.7 Sl 45:42:00 06:02
15/05/2014 14:00 55.1 46.6 8.5 Sl 57.3 49.0 8.3 SI 57.7 46.3 11.4 Sl 49:30:00 03:48
15/05/2014 17:07 55.6 47.1 8.5 Sl 57.9 49.3 8.6 Sl 58.3 46.3 12.0 Sl 8.0 52:37:00 03:07
15/05/2014 20:38 56.9 47.6 9.3 Sl 57.3 49.3 8.0 Sl 59.0 45.9 131 Sl 6.0 56:08:00 03:31
16/05/2014 00:16 56.6 47.0 9.6 Sl 58.8 48.8 10.0 Sl 59.9 45.4 145 Sl 7.1 59:46:00 03:38
16/05/2014 04:15 56.8 47.0 9.8 Sl 59.1 48.8 10.3 Sl 59.3 39.3 20.0 Sl 5.8 63:45:00 03:59
16/05/2014 08:24 58.0 47.9 10.1 Sl 60.1 49.6 10.5 Sl 60.1 44.4 15.7 Sl 11.8 67:54:00 04:09
16/05/2014 11:30 58.2 48.4 9.8 Sl 60.2 49.7 10.5 Sl 60.3 45.5 14.8 Sl 154 71:00:00 03:06
16/05/2014 16:32 58.8 48.4 10.4 Sl 60.7 50.1 10.6 Sl 60.5 46.0 145 Sl 10.7 76:02:00 05:02
16/05/2014 20:40 59.4 49.3 10.1 Sl 57.7 49.5 8.2 Sl 60.6 45.8 148 Sl 9.6 80:10:00 04:08
17/05/2014 00:52 59.9 49.9 10.0 Sl 61.3 49.9 11.4 Sl 60.8 45.7 15=]" Sl 7.1 84:22:00 04:12
17/05/2014 04:45 59.6 48.5 111 Sl 61.2 49.7 115 Sl 61.0 45.4 15.6 Sl 5.8 88:15:00 03:53
17/05/2014 08:33 59.1 45.0 14.1 Sl 61.7 46.8 14.9 Sl 61.2 45.7 15.5 Sl 11.2 92:03:00 03:48
17/05/2014 10:30 58.6 45.3 13.3 Sl 60.9 47.5 134 Sl 60.6 40.7 19.9 Sl 134 15.0 94:00:00 01:57
17/05/2014 11:52 58.5 43.0 15.5 Sl 60.7 452 153 Sl 60.4 38.8 21.6 NO 14.4 16.7 95:22:00 01:22
17/05/2014 16:15 59.3 39.6 19.7 Sl 61.2 41.4 19.8 Sl 60.6 39.8 20.8 NO 8.0 99:45:00 04:23
17/05/2014 20:30 59.5 35.6 23.9 NO 61.5 38.8 22.7 NO 60.7 35.5 25.2 NO 6.0 0.8 104:00:00 04:15
18/05/2014 00:37 58.5 32.9 25.6 NO 59.9 40.8 19.1 Sl 60.7 36.1 24.6 NO 5.0 0.4 108:07:00 04:07
18/05/2014 04:36 59.3 31.9 27.4 NO 60.3 39.9 20.4 NO 60.5 36.2 24.3 NO 4.0 1.1 112:06:00 03:59
18/05/2014 08:24 59.7 36.6 23.1 NO 59.9 39.8 20.1 NO 60.3 38.2 22.1 NO 8.6 8.2 115:54:00 03:48
18/05/2014 11:21 59.1 317 27.0 NO 58.3 38.0 20.3 NO 60.2 34.0 26.2 NO 10.0 118:51:00 02:57
18/05/2014 15:07 59.3 34.5 24.8 NO 61.5 35.5 26.0 NO 60.5 34.5 26.0 NO 11.2 20.0 122:37:00 03:46
18/05/2014 17:10 57.5 32.4 25.1 NO 60.5 36.4 24.1 NO 60.5 34.1 26.4 NO 10.0 124:40:00 02:03
18/05/2014 20:30 59.1 32.6 26.5 NO 60.4 37.7 22.7 NO 59.8 29.8 30.0 NO 5.7 1.7 128:00:00 03:20
19/05/2014 00:30 59.2 33.0 26.2 NO 59.9 36.0 23.9 NO 59.9 27.9 32.0 NO 4.2 0.8 132:00:00 04:00
19/05/2014 04:34 59.2 335 25.7 NO 60.3 37.2 23.1 NO 59.9 27.2 32.7 NO 4.0 0.7 136:04:00 04:04
19/05/2014 08:23 58.7 32.9 25.8 NO 59.5 36.0 235 NO 59.7 34.1 25.6 NO 8.0 9.7 139:53:00 03:49

| Tmax (°C) | 59.9| 49.9| 27.4| | 61.7| 50.1| 26.0| | 61.2| 46.3| 32.7|
| Tmin (°C) | 13.0[ 13.0[ 5.8 | 13.0[ 13.0[ 4.1 | 13.0] 13.0] 10.0|
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Termocupla 3 - Lado derecho

3 Medianoche 4 Medianoche 5 Medianoche 6
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—e— Termocupla centro

—e— Termocupla superficie
Temperatura ambiente

=T mix ACI 207.2

=T sup ACI 207.2

6 Tiempo (hr)

—e—Termocupla centro
—e—Termocupla superficie

Temperatura ambiente

6 Tiempo (hr)

—e—Termocupla centro
—e—Termocupla superficie

Temperatura ambiente

Tiempo (hr)

TEMPERATURA (°C) Centro Superficie Ambiente AT
Méxima 59.9 49.9 15.4 274
Minima 13.0 13.0 4.0 5.8
. o Dia del ATeneldia o
SITUACION T max (°C) Tmax Tmax (°C) AT max(°C)
ACI 207.2 43.8 41/ - 20.8
CAMPO - CENTRO 59.9 / 0.0 274
CAMPO - IZQUIERDA 61.7 / 4.8 26.0
CAMPO - DERECHA 61.2 / 5.5 32.7
CONDICION INICIAL |T vaciado (°C)| T ambiente T min T base rocosa
ACI 207.1 13.0 8.0 5.0 7.0
CAMPO 11.0 8.4 4.0 - |
TEMPERATURA Centro Superficie Ambiente AT
Méxima 61.7 50.1 15.4 26.0
Minima 13.0 13.0 4.0 4.1
METODO T max Dia (Tmax) [AT (diaTmax) [ AT (max
ACI 207.1 43.8 4112 - 20.8
REAL 61.7 3112 14.8 26.0
TEMPERATURA Centro Superficie Ambiente AT
Méxima 61.2 46.3 15.4 32.7
Minima 13.0 13.0 4.0 10.0
METODO T max Dia (Tmax) [AT (diaTmax) [ AT (max
ACI 207.1 43.8 4112 - 20.8
REAL 61.2 3112 15.5 32.7




PONTIFICIA

TESIS PUCP ER%E,_'}?;TAD

DEL PERU

N° TERMOCUPLA 1 2 3 DELTA NUCLEOZ-SUPERFICIE 1-
CONTROL T° TERMOCUPLA NUCLEO T° TERMOCUPLA SUPERF. o o TIEMPO FRECUENCIA DE
(N°) FECHA HORA CONCRETO (°C) CONCRETO (°C) TEMP. AMB. (°C) TEMP. (°C) CUMPLE TRANSCURRIDO TOMA
1 06/01/2014 03:11:57 p.m. 30 275 21 25 Sl 0 0
2 06/01/2014 04:11:57 p.m. 30 26 19 4.0 SI 1:00:00 1:00:00
3 06/01/2014 05:11:57 p.m. 30 25 16.5 5.0 SI 2:00:00 1:00:00
4 06/01/2014 06:11:57 p.m. 30.5 24.5 15.5 6.0 SI 3:00:00 1:00:00
5 06/01/2014 07:11:57 p.m. 31 24.5 15.5 6.5 Sl 4:00:00 1:00:00
6 06/01/2014 08:11:57 p.m. 33 24.5 14.5 8.5 S| 5:00:00 1:00:00
7 06/01/2014 09:11:57 p.m. 35.5 25 135 10.5 Sl 6:00:00 1:00:00
8 06/01/2014 10:11:57 p.m. 40.5 26 13 14.5 Sl 7:00:00 1:00:00
9 06/01/2014 11:11:57 p.m. 46 28 125 18.0 Sl 8:00:00 1:00:00
10 07/01/2014 12:11:57 a.m. 49.5 30.5 12 19.0 SI 9:00:00 1:00:00
11 07/01/2014 52 34 12 18.0 SI 10:00:00 1:00:00
12 07/01/2014 54.5 36.5 12 18.0 SI 11:00:00 1:00:00
13 07/01/2014 56.5 37.5 12 19.0 Sl 12:00:00 1:00:00
14 07/01/2014 04:11:57 a.m. 58.5 38 115 20.5 NO 13:00:00 1:00:00
15 07/01/2014 05:11:57 a.m. 60.5 38 12.5 225 NO 14:00:00 1:00:00
16 07/01/2014 06:11:57 a.m. 62 38 18 24.0 NO 15:00:00 1:00:00
17 07/01/2014 07:11:57 a.m. 63.5 38.5 21 25.0 NO 16:00:00 1:00:00
18 07/01/2014 Ry 65 39.5 235 25.5 NO 17:00:00 1:00:00
19 07/01/2014 66.5 39.5 24 27.0 NO 18:00:00 1:00:00
20 07/01/2014 67.5 41 245 26.5 NO 19:00:00 1:00:00
21 07/01/2014 68.5 42.5 25 26.0 NO 20:00:00 1:00:00
22 07/01/2014 69.5 43.5 25 26.0 NO 21:00:00 1:00:00
23 07/01/2014 01:11:57 p.m. 70 44 24.5 26.0 NO 22:00:00 1:00:00
24 07/01/2014 03:12:33 p.m. 73 45 25 28.0 NO 24:00:36 2:00:36
25 07/01/2014 04:12:33 p.m. 72 42 24.5 30.0 NO 25:00:36 1:00:00
26 07/01/2014 05:12:33 p.m. 72.5 41.5 24.5 31.0 NO 26:00:36 1:00:00
27 07/01/2014 06:12:33 p.m. 72.5 41 25 315 NO 27:00:36 1:00:00
28 07/01/2014 07:12:33 p.m. 73 40.5 245 32.5 NO 28:00:36 1:00:00
29 07/01/2014 08:12:33 p.m. 73 40 235 33.0 NO 29:00:36 1:00:00
30 07/01/2014 09:12:33 p.m. 73 39.5 235 33.5 NO 30:00:36 1:00:00
31 07/01/2014 10:12:33 p.m. 735 39 21 34.5 NO 31:00:36 1:00:00
32 07/01/2014 11:12:33 p.m. 735 38.5 19.5 35.0 NO 32:00:36 1:00:00
33 08/01/2014 12:12:33 a.m. 73.5 38 19 35.5 NO 33:00:36 1:00:00
34 08/01/2014 01:12:33 a.m. 735 375 18.5 36.0 NO 34:00:36 1:00:00
35 08/01/2014 02:12:33 a.m. 73.5 37.5 18 36.0 NO 35:00:36 1:00:00
36 08/01/2014 03:12:33 a.m. 73.5 37.5 175 36.0 NO 36:00:36 1:00:00
37 08/01/2014 04:12:33 a.m. 73.5 37 17 36.5 NO 37:00:36 1:00:00
38 08/01/2014 05:12:33 a.m. 73.5 37 16 36.5 NO 38:00:36 1:00:00
39 08/01/2014 06:12:33 a.m. 73.5 375 16 36.0 NO 39:00:36 1:00:00
40 08/01/2014 07:12:33 a.m. 73.5 37.5 16 36.0 NO 40:00:36 1:00:00
41 08/01/2014 08:12:33 a.m. 73.5 38 15.5 35.5 NO 41:00:36 1:00:00
42 08/01/2014 09:12:33 a.m. 73.5 39 22.5 34.5 NO 42:00:36 1:00:00
43 08/01/2014 10:12:33 a.m. 73.5 40 235 33.5 NO 43:00:36 1:00:00
44 08/01/2014 11:12:33 a.m. 73 40.5 24 32.5 NO 44:00:36 1:00:00
45 08/01/2014 12:12:33 p.m. 73 41 245 32.0 NO 45:00:36 1:00:00
46 08/01/2014 01:12:33 p.m. 73 41.5 245 315 NO 46:00:36 1:00:00
47 08/01/2014 02:12:33 p.m. 73 415 25 315 NO 47:00:36 1:00:00
48 08/01/2014 03:12:33 p.m. 72.8 41.4 25 315 NO 48:00:36 1:00:00
49 08/01/2014 04:12:33 p.m. 72.6 41.2 24.5 314 NO 49:00:36 1:00:00
50 08/01/2014 05:12:33 p.m. 72.4 41.1 24.5 314 NO 50:00:36 1:00:00
51 08/01/2014 06:12:33 p.m. 72.2 40.9 25 313 NO 51:00:36 1:00:00
52 08/01/2014 07:12:33 p.m. 72 40.8 24.5 313 NO 52:00:36 1:00:00
53 08/01/2014 08:12:33 p.m. 71.8 40.6 235 312 NO 53:00:36 1:00:00
54 08/01/2014 09:12:33 p.m. 71.6 40.5 235 312 NO 54:00:36 1:00:00
55 08/01/2014 10:12:33 p.m. 71.4 40.3 21 311 NO 55:00:36 1:00:00
56 08/01/2014 11:12:33 p.m. 71.2 40.2 19.5 31.1 NO 56:00:36 1:00:00
57 09/01/2014 12:12:33 a.m. 71 40.0 19 31.0 NO 57:00:36 1:00:00
58 09/01/2014 01:12:33 a.m. 70.8 39.9 18.5 31.0 NO 58:00:36 1:00:00
59 09/01/2014 02:12:33 a.m. 70.6 39.7 18 30.9 NO 59:00:36 1:00:00
60 09/01/2014 03:12:33 a.m. 70.4 39.6 175 30.8 NO 60:00:36 1:00:00
61 09/01/2014 04:12:33 a.m. 70.2 39.4 17 30.8 NO 61:00:36 1:00:00
62 09/01/2014 05:12:33 a.m. 70 39.3 16 30.7 NO 62:00:36 1:00:00
63 09/01/2014 06:12:33 a.m. 69.8 39.1 16 30.7 NO 63:00:36 1:00:00
64 09/01/2014 07:12:33 a.m. 69.6 39.0 16 30.6 NO 64:00:36 1:00:00
65 09/01/2014 08:12:33 a.m. 69.4 38.8 15.5 30.6 NO 65:00:36 1:00:00
66 09/01/2014 09:12:33 a.m. 69.2 38.7 225 30.5 NO 66:00:36 1:00:00
67 09/01/2014 10:12:33 a.m. 69 38.5 235 30.5 NO 67:00:36 1:00:00
68 09/01/2014 11:12:33 a.m. 68.8 38.4 24 30.4 NO 68:00:36 1:00:00
69 09/01/2014 12:12:33 p.m. 68.6 38.2 245 30.4 NO 69:00:36 1:00:00
70 09/01/2014 01:12:33 p.m. 68.4 38.1 245 30.3 NO 70:00:36 1:00:00
71 09/01/2014 02:12:33 p.m. 68.2 37.9 25 30.3 NO 71:00:36 1:00:00
72 09/01/2014 03:11:09 p.m. 69 38.5 25 30.5 NO 71:59:12 0:58:36
73 09/01/2014 04:11:09 p.m. 68.5 39 24.5 29.5 NO 72:59:12 1:00:00
74 09/01/2014 05:11:09 p.m. 68.5 38.5 24.5 30.0 NO 73:59:12 1:00:00
75 09/01/2014 06:11:09 p.m. 68 37.5 25 30.5 NO 74:59:12 1:00:00
76 09/01/2014 07:11:09 p.m. 68 37.5 24.5 30.5 NO 75:59:12 1:00:00
77 09/01/2014 08:11:09 p.m. 68 36.5 235 315 NO 76:59:12 1:00:00
78 09/01/2014 09:11:09 p.m. 67.5 36 235 315 NO 77:59:12 1:00:00
79 09/01/2014 10:11:09 p.m. 67.5 36 21 315 NO 78:59:12 1:00:00
80 09/01/2014 11:11:09 p.m. 67.5 35.5 19.5 32.0 NO 79:59:12 1:00:00
81 10/01/2014 12:11:09 a.m. 67 35.5 19 315 NO 80:59:12 1:00:00
82 10/01/2014 01:11:09 a.m. 67 35 18.5 32.0 NO 81:59:12 1:00:00
83 10/01/2014 02:11:09 a.m. 66.5 35 18 315 NO 82:59:12 1:00:00
84 10/01/2014 03:11:09 a.m. 66.5 34.5 175 32.0 NO 83:59:12 1:00:00
85 10/01/2014 04:11:09 a.m. 66.5 34 17 32.5 NO 84:59:12 1:00:00
86 10/01/2014 05:11:09 a.m. 66 34 16 32.0 NO 85:59:12 1:00:00
87 10/01/2014 06:11:09 a.m. 66 33.5 16 325 NO 86:59:12 1:00:00
88 10/01/2014 07:11:09 a.m. 66 34 16 32.0 NO 87:59:12 1:00:00
89 10/01/2014 08:11:09 a.m. 66 34.5 15.5 315 NO 88:59:12 1:00:00
90 10/01/2014 09:11:09 a.m. 65.5 35.5 22.5 30.0 NO 89:59:12 1:00:00
91 10/01/2014 10:11:09 a.m. 65 37 235 28.0 NO 90:59:12 1:00:00
92 10/01/2014 11:11:09 a.m. 64.5 38 24 26.5 NO 91:59:12 1:00:00
93 10/01/2014 12:11:09 p.m. 64.5 39 245 25.5 NO 92:59:12 1:00:00
94 10/01/2014 01:11:09 p.m. 64.5 40 245 24.5 NO 93:59:12 1:00:00
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PONTIFICIA

TESIS PUCP gx_:_\(lsELl}?:IEAD

DEL PERU
10/01/2014 02:11:09 p.m.
11/01/2014 |  06:09:53a.m. 29.5
97 11/01/2014 | 07:09:53am. 62 32 16 30.0 NO 111:57:56
o8 11/01/2014 | 08:09:53 am. 615 33 225 28.5 NO 112:57:56
99 11/01/2014 | 09:09:53 am. 61.5 34 235 27.5 NO 113:57:56
100 11/01/2014 | 10:09:53am. 61 355 24 25.5 NO 114:57:56
101 11/01/2014 11:09:53 a.m. 61 36.5 23 24.5 NO 115:57:56
102 11/01/2014 |  12:09:53 p.m. 61 375 245 235 NO 116:57:56
103 11/01/2014 |  01:09:53 p.m. 60.5 39 25 215 NO 117:57:56
104 11/01/2014 |  02:09:53 p.m. 60.5 40 25 20.5 NO 118:57:56
105 11/01/2014 60.5 405 245 20.0 Sl 119:57:56
106 11/01/2014 60 41 24.5 19.0 Sl 120:57:56
107 11/01/2014 60.5 41 25 195 SI 121:57:56
108 11/01/2014 60 40 245 20.0 Si 122:57:56
109 11/01/2014 60 385 235 215 NO 123:57:56
110 11/01/2014 59.5 375 235 22.0 NO 124:57:56
111 11/01/2014 |  09:09:53 p.m. 59.5 37 21 225 NO 125:57:56
112 11/01/2014 | 10:09:53 p.m. 59.5 36 19.5 235 NO 126:57:56
113 11/01/2014 | 11:09:53 p.m. 59 35 19 24.0 NO 127:57:56
114 12/01/2014 | 12:09:53am. 59 34.5 185 245 NO 128:57:56
115 12/01/2014 | 01:09:53am. 59 34 18 25.0 NO 129:57:56
116 12/01/2014 | 02:09:53a.m. 59 34 175 25.0 NO 130:57:56
117 12/01/2014 |  03:09:53a.m. 59 335 17 25.5 NO 131:57:56
118 12/01/2014 |  04:09:53a.m. 58.5 33 16 25.5 NO 132:57:56
119 12/01/2014 |  05:09:53a.m. 58.5 33 16 255 NO 133:57:56
120 12/01/2014 |  06:09:53a.m. 58.5 32 16 26.5 NO 134:57:56
121 12/01/2014 |  07:09:53a.m. 58 32 155 26.0 NO 135:57:56
122 12/01/2014 |  08:09:53a.m. 58 32 225 26.0 NO 136:57:56
123 12/01/2014 |  09:09:53a.m. 58 33 235 25.0 NO 137:57:56
124 12/01/2014 |  10:09:53a.m. 57.5 345 24 23.0 NO 138:57:56
125 12/01/2014 | 11:09:53am. 57.5 355 245 22.0 NO 139:57:56
126 12/01/2014 |  12:09:53 p.m. 57 37 245 20.0 Si 140:57:56
127 12/01/2014 | 01:09:53 p.m. 57.5 38 25 19.5 S| 141:57:56
128 12/01/2014 57.5 38 25 19.5 SI 142:57:56
129 12/01/2014 57 375 245 19.5 SI 143:57:56
130 12/01/2014 57 375 245 19.5 SI 144:57:56
131 12/01/2014 57 36.5 25 20.5 NO 145:57:56
132 12/01/2014 | 06:09:53 p.m. 57 36 245 21.0 NO 146:57:56
133 12/01/2014 | 07:09:53 p.m. 56.5 35 235 215 NO 147:57:56
134 12/01/2014 |  08:09:53 p.m. 56.5 345 235 22.0 NO 148:57:56
135 12/01/2014 |  09:09:53 p.m. 56.5 34 21 22.5 NO 149:57:56
136 12/01/2014 |  10:09:53 p.m. 56 335 19.5 22.5 NO 150:57:56
137 12/01/2014 |  11:09:53 p.m. 56 33 19 23.0 NO 151:57:56
138 13/01/2014 | 12:09:53am. 56 325 185 235 NO 152:57:56
139 13/01/2014 |  01:09:53a.m. 56 32 18 24.0 NO 153:57:56
140 13/01/2014 |  02:09:53a.m. 55.5 32 175 235 NO 154:57:56
141 13/01/2014 | 03:09:53 a.m. 55.5 3L5 17 24.0 NO 155:57:56
142 13/01/2014 | 04:09:53a.m. 55.5 31 16 24.5 NO 156:57:56
143 13/01/2014 | 05:09:53a.m. 55.5 30.5 16 25.0 NO 157:57:56
144 13/01/2014 | 06:09:53a.m. 55 30 18 25.0 NO 158:57:56
145 13/01/2014 | 07:09:53a.m. 55.5 30 20 25.5 NO 159:57:56
146 13/01/2014 | 08:09:53a.m. 55 305 215 24.5 NO 160:57:56
147 13/01/2014 | 09:09:53 am. 54.5 3L5 23 23.0 NO 161:57:56
148 13/01/2014 | 10:09:53am. 54.5 33 245 215 NO 162:57:56
149 13/01/2014 54.5 34 245 20.5 NO 163:57:56
150 13/01/2014 54.5 36 25 185 Sl 164:57:56
151 13/01/2014 m. 54 375 25 165 Sl 165:57:56
152 13/01/2014 | 02:09:53 p.m. 54 385 245 155 Sl 166:57:56
[ mmaxco T 735 [ 45 [ 25 [ 365 |
[ minco) ] 30 | 24.5 [ 115 [ 25
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—e— Termocupla centro
—e— Termocupla superior
Temp. Ambiente
=T max ACI 207.2
==¥e=T sup ACI 207.2

7 Tiempo (hr)

13/01
15:11

Minima 30.0 245 115 20
. o Diadel [ATeneldia o
SITUACION T max (°C) Tmasx Tmax (<) |2 T max(°C)
ACI 207.2 77.9 2 - 45.9
CAMPO - CENTRO 73.5 112 36.0 36.5
- T vaciado | T ambiente s T base
CONDICION INICIAL o) o) T min (°C) rocosa (°C)
ACI 207.1 28.0 17.0 5.0 16.0
CAMPO 28.0 20.6 115 -




