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Effective Porosity Variation of Cement Samples According to
Vacuum Pressure and Time
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Abstract: Effective porosity has been measured for cement specimen as a function of vacuum time and pressure in the
vacuum saturation process. Six cement specimen are used; three of them are made of the same ratio of cement and sand,
the other three are 100% cement mortar, of which average porosity is about 25% and 40%, respectively. Using the 6
samples, measured effective porosities are compared and examined with 5 different vacuum pressures (2, 4, 6, 8, 10 torr)
and times (20, 40, 60, 80, 100 minute), respectively. Comparing measured effective porosity from experiments when
vacuum time varies from 100 minute to 20 minute with 20 minute step and vacuum pressure is fixed to 10, 6, and 2
torr, average deviation decreases as 0.6, 0.5, and 0.2% respectively. Comparing measured effective porosity from
experiments when vacuum pressure varies from 2 torr to 10 torr with 2 torr step and vacuum time is fixed to 100, 60,
and 20 minute, average deviation increases as vacuum time decreases. These results can be a background of suggested
method of ISRM that describes the vacuum time longer than 60 minute and vacuum pressure higher than 6 torr. In this
study, only qualitative discussion can be possible for the effects on the effective porosity by decreasing 20 minute
vacuuming time at the same pressure or by decreasing 2 torr of vacuum pressure at the same vacuum time. This is
because the sample could not reached to perfectly dried condition even though the sample were dried at 105°C and
following the ISRM suggested method, so that initial water content could not be the same at each experiment.
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Table 1. Comparison of weight of specimen E1 between minimum
weight during 48 hours after drying process started and 4 hours
before.

4 hours before minimum weight weight change for
(2) (2) the four hours (%)

vacuum
pressure/time

2 torr/100 min 72.669 72.655 0.02
2 torr/ 80 min 72.826 72.809 0.02
2 torr/ 60 min 72.869 72.862 0.01
2 torr/ 40 min 72.914 72.907 0.01
2 torr/ 20 min 72918 72911 0.01
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Table 2. Summary of samples and experiments in this study.

SET 2
(3 times each)

SET 1
sample

time
100 min
100 min

time
100 min
80 min
60 min
40 min
20 min

pressure pressure

El
E2

2 torr

2 torr
6 torr
10 torr fixed

6 torr

E3 10 torr 100 min

() 2 torr 2 torr 100 min
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: | Computer

Vacuum controller

Vacuum pump

Vacuum oven

| Safety reservoir
{option)

Safety reservair

option
(option) Cold trap

Fig. 1. Schematic diagram for a wet-type vacuum saturation system.
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Fig. 2. Schematic diagram for (b) a serial cold trap system
including (a) designed water trap (Lee and Lee, 2012).
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setting during wet-type vacuum saturation process of E1 specimen.
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Table 3. Solid density and effective porosity for specimen E1, E2, and E3.
solid density (g/cm®) effective porosity (%)
Sample/SET ~ XP: Pom) @ Mu (@ M)
order t (min) . m ’ each ave* ave. dev.**  each ave. ave. dev.
(% dev.)
i 2/100 44087 82261 72645 254 25.19
7 2/80 44385 82482 72799 2.6 25.42
SET1 13 260 44453 R2528 72852 257 256 001 2541 2534 (0%260 "
19 2/40 44488 82542 72897 257 2534
El 25 2120 44485 82545 72901 257 25.34
31 2/100 44508 82547 72939 257 2526
SET2 37 21100 44540 82572 72991 257 256 000 2519 2518 (021’6%)
e 2/100 44551 82578 73.037  2.56 25.09
5 6/100 4911 83457 73769 256 25.13
8 6/80 45029 83551 73933 2.56 2497
SET1 14 6/60 45070 83562 73970 256 256 000 2492 2490 (0%3}30 "
20 6/40 45113 83594 74068 256 2475
E2 26 620 45103 83578 74073 2.56 24.70
32 6/100 45.145  83.606 74099  2.56 2472
SET2 38 6/100 45170 83632 74170 256 256 000 2460 246l (02'87%)
4 6/100 45196 83641 74216  2.56 2451
2 10/100 44244 82715 72776 255 25.83
9 10/80 44440 82818  73.030 255 25.50
SET1 15 10/60 44433 82801  73.044 255 255 000 2543 2548 (0%&5%)
21 10/40 44523 82881 73151 2.56 2537
E3 27 10/20 44516 82864 73181 255 25.25
33 10/100 44559 82892 73223 255 2522
SET2 39 10/100 44600 8293 73302 255 255 000 2513 2512 (0.3870 %
45 10/100 4613 82934 73349 255 25.01
*ave.: average, ** ave. dev.: average deviation
Eo] AF Aol o4 = =t o] Ao A= ol Z Ik A 722 Huwst A4S splole vF & A
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Table 4. Amount of water substitute the pore space at each experimental order.
P (torr)/ Exp. ord A 5
torr Xp. order
Sample t (min) P (n) Miai n M., M, (OMy, /M n1) AJA; % 100 AJAs x 100
x 100 (%) (%) (%)
2/100 1 82.261 72.645 - - - -
2/80 2 82.482 72.799 9.837 13.54 100 101.96
El 2/60 3 82.528 72.852 9.729 13.36 98.90 100.84
2/40 4 82.542 72.897 9.690 13.30 98.51 100.44
2/20 5 82.545 72.901 9.648 13.23 98.08 100
6/100 1 83.457 73.769 - - - -
6/80 2 83.551 73.933 9.782 13.26 100 102.86
E2 6/60 3 83.562 73.970 9.629 13.02 98.44 101.25
6/40 4 83.594 74.068 9.624 13.01 98.38 101.20
6/20 5 83.578 74.073 9.510 12.84 97.22 100
10/100 1 82.715 72.776 - - - -
10/80 2 82.818 73.030 10.042 13.80 100 103.39
E3 10/60 3 82.801 73.044 9.771 13.38 97.30 100.60
10/40 4 82.881 73.151 9.837 13.47 97.96 101.28
10/20 5 82.864 73.181 9.713 13.28 96.72 100
A DAoNA, 105°Ce] AZRQESZ 4847+ XS AlgHS ol gsle] P& FAFFES HARFITIER &5
T Se] FHATOE AP T FAG B By Iy mE APRME 4 - sul 2PN UF FR
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El at 2 torr (a), E2 at 6 torr (b), and E3 at 10 torr (c).
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Table 5. Solid density and effective porosity for specimen O1, 02, and O3.
. b omy solid density (g/em’) eff““v(‘j A)‘;"“’S“y
Xp. torr
Sample/SET order  t (min) Mo (8) Mia (2) M () ave. dev.
each ave. ave. dev. each ave. % dev.)
3 2/100 38.858 77.842 62.855 2.62 38.44
10 4/100 17.425 34.889 28.178 2.62% 38.43
SET 1 16 6/100 17.458 34.931 28.193 2.63* 2.62 0.00 38.56 38.32 (005‘3‘})/)
. 0
22 8/100 17.498 34.989 28.280 2.62* 38.36
o1 28 10/100 17.520 34.987 28.384 2.61% 37.80
34 2/100 17.540 35.011 28.351 2.62% 38.12
SET 2 40 2/100 17.572 35.032 28.412 2.62% 2.62 0.00 37.92 37.94 (003'12%/)
. 0
46 2/100 17.595 35.056 28.460 2.62% 37.78
4 2/60 36.332 75323 59.262 2.58 41.19
11 4/60 36.745 75.688 59.761 2.60 40.90
SET1 17 6/60 36809 75773 59.837 2.60 2.60 0.01 4090 4096 (002'3‘3/)
23 8/60 36.949 75.969 60.007 2.60 40.91 e
02 29 10/60 37.021 76.023 60.077 2.61 40.88
35 2/60 34.775 71.248 56.244 2.62% 41.14
SET2 4 2/60 8303 16996 13387  263** 263 0.00 4152 4119 (005_%)%/)
47 2/60 8.367 17.065 13.506 2.63%* 40.92 e
6 2/20 36.765 75.396 59.840 2.59 4027
12 4/20 36.978 75.588 60.104 2.60 40.10
SET1 18 6/20 37082 75689 60412 2.59 259 0.00 3957 3985 (006%?/)
! 0
24 8/20 37.127 75.738 60.462 2.59 39.56
03 30 1020  37.181 75800 60441 2.60 39.77
36 2/20 37.249 75.892 60.620 2.59 39.52
SET 2 42 2/20 37.285 75.890 60.745 2.59* 2.59 0.00 39.23 39.32 (003';)
o 0
48 2/20 37.326 75.877 60.756 2.59%%* 39.22
*Part of specimen were used due to failure of the sample
**Part of specimen were used after second failure
7w Fgdeo] FolE4E(2 torr — 10 torr) FEFTE 3 A FRE AlgHo] SAEUSS AAT u o] A HA
o] Zold Flolgt= of| o, A FolA et 22 IFAT & FBAIFEHAA 1XZE o] JAFAIZHE #438 SMZ =54
oF Al Z XZYH(Q2 torn) & 33] WHE RT3 2Tt AHE A1FH 370(03, 02, O1) Adwe] Fadss
oA B2 4 35 "o fFaF=Ee]l AR AHolgke o (38.32%, 40.96%, 39.85%)<] Aoz}l Ha gk, 0.93(2.3%)
e oE Aot dujaalke] Hdgk(ave. dev.)y> 019 I} v|uEhd, v U3 AINE EEElEE FUS ol
7S A3} ol 0.21(0.54%)2F 0.12(0.32%)] 7HS FAste] HET stEtE FHXETOR MFgE ALt
Holm,| 02& 0.09(0.23%)2 0.22(0.53%), 03E 0.26(0.66%) Halo| e fa3=E Wl a9E FPHo= IIsiHE=
7 0.14(0.36%)°] 72 HoiA, 028 A9|g 2 7]e] AlWE A A sl Aoz & 247, 324 AelE
AlgHol A T2l A Bl AgdollA tha & AES YEr Zhl Qloke AL & 4 QdTh
it o] @4 4] E AlgHe] A Adore} o] Uz Fig. 791 (a), (b), ()= 7 O1, 02, 03¢] sEwzlzEsbd
M E LS A Ao 2 whE A vhH AT F (M), EEE (M), ZADZFMYS A A8 A0l wh
A= e AFA| PR AFUE S d2|ste] A7) ZhA] e e zelth AlEH 012 F ¥R AgEE 7z
izl mAISHAl AXl |} o] A= dhhE Zzro g 23S WYY 025 AHA(SET 1)2] ol A
Z1FAIZHE 100, 60, 20 o2 3l FFUHS WA A 23] o]F e} thZ(SET 2)¢] A HA 23] o]F o & 3
WA st AFA(SET 17189 Fad=5S vlwshd, 7} H 7M1 o] Folle H FEoZ AFS FPPA T A
z} 58]o] AojsAzte] Htzkel Z1zF 0.5, 0.2, 0.7%%2A - A g z2te] Agatol7t U AX tizate] Ae 13
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Table 6. Amount of water substitute the pore space at each experimental order.

A B
Sample P (to;‘r)/ Exp. order (n) My M, oM,
t (min) sat_n sn wn (OMy /M 1) X (BMy o/8My, 2) X (M, o/OM,, 5) X
100 (%) 100 (%) 100 (%)
2/100 1 77.842 62.855 - - - -
4/100 2 34.889 28.178 - - - -
(o) 6/100 3 34.931 28.193 6.753 23.97 - 100.69
8/100 4 34.989 28.280 6.796 24.11 - 101.33
10/100 5 34.987 28.384 6.707 23.72 - 100
2/60 1 75.323 59.262 - - - -
4/60 2 75.688 59.761 16.426 27.72 100 102.56
02 6/60 3 75.773 59.837 16.012 26.79 97.48 99.97
8/60 4 75.969 60.007 16.132 26.96 98.21 100.72
10/60 5 76.023 60.077 16.016 26.69 97.50 100
2/20 1 75.396 59.840 - - - -
4/20 2 75.588 60.104 15.748 26.32 100 102.67
03 6/20 3 75.689 60.412 15.585 25.93 98.96 101.61
8/20 4 75.738 60.462 15.326 25.37 97.32 99.92
10/20 5 75.800 60.441 15.338 25.37 97.40 100
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Table 7. Summary of compensated effective porosity for the specimen group E and O.

Comp. eff. porosity (%) Comp. eff. porosity (%)
Sample/SET P (tom)/ p- €1 porosity T Sample/SET P (torry p- . porosity T
t (min) measured relative t (min) measured relative
2/100 25.19 100 2/100 - -
2/80 25.82 102.5 4/100 38.43* -
SET 1 2/60 25.96 103.0 SET 1 6/100 38.65% -
El 2/40 26.01 103.3 ol 8/100 38.94% -
2/20 26.01 103.3 10/100 38.98* -
2/100 26.03 103.3 2/100 39.11%* -
SET 2 2/100 26.10 103.6 SET 2 2/100 39.26* -
2/100 26.12 103.7 2/100 39.39% -
6/100 25.13 100 2/60 41.19 100
6/80 25.39 101.0 4/60 42.18 1024
SET 1 6/60 25.44 101.2 SET 1 6/60 42.37 102.9
9 6/40 25.53 101.6 o 8/60 42.82 103.9
6/20 25.49 101.4 10/60 42.97 104.3
6/100 25.58 101.8 2/60 -*
SET 2 6/100 25.64 102.0 SET 2 2/60 Sk
6/100 25.68 102.2 2/60 Sk
10/100 25.83 100 2/20 40.27 100
10/80 26.17 101.3 4/20 40.79 101.3
SET 1 10/60 26.13 101.1 SET 1 6/20 41.05 101.9
E3 10/40 26.34 102.0 03 8/20 41.17 1023
1020 26.31 101.8 10/20 41.33 102.6
10/100 26.39 102.1 2/20 41.54 103.2
SET 2 10/100 26.50 102.6 SET 2 2/20 41.57* 103.2
10/100 26.41 102.6 2/20 41.60%* 103.3
*Part of specimen were used due to failure of the sample
**Part of specimen were used after second failure
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