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311 304 308 | 2435 2453 2420 2445 2430 2437 37.94
330 845 342 | 2499 2482 2474 2485 2460 2480 36.01
333 351 342 | 2440 2424 2442 2435 2411 2430 |  35.44
366 345 356 | 2449 2430 2455 2460 2423 2443 35.21
323 330 327 | 2484 2438 2456 2428 2410 2429 35.11
355 336 846 | 2468 2472 2460 2449 2455 2461 35.10
331 314 323 | 2475 2480 2493 2455 2461 2473 34.89
372 359 366 | 2398 2486 2400 2390 2489 2416 33.76
368 345 357 | 2411 2480 2409 2416 2401 2407 33.45
322 831 327 | 2482 2422 2410 2395 2400 2406 33.36
306 321 314 | 2360 2344 2371 2339 2355 2354 32.98
344 349 347 | 2335 2321 2348 2350 2340 2339 32.78
341 353 347 | 2338 2348 2350 2341 2327 2341 32.49
356 340 345 | 2222 2241 2216 2240 2235 2231 31.11
350 328 339 | 2128 2139 2150 2116 2135 2134 30.68
355 361 358 | 2140 2136 2148 2112 2119 2131 30.29
311 307 309 | 2119 2137 2148 2122 2118 2127 30.26
326 340 333 | 2055 2060 2071 2066 2059 2062 28.64
329 351 340 | 2030 2014 2023 2006 2041 2023 27.76
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340 36@ 358 | 2035 2019 2025 2036 2053 2034 27.74
344 330 2337 | 2001 2020 2014 2006 2017 2012 27.71
325 335 330 | 2032 2016 2030 2049 2043 2034 27.62
260 351 356 | 1995 1978 1984 1986 1970 1983 26.67
339 357 848 | 1997 1980 1988 1993 1978 1986 25.56
35¢ 331 241 | 1978 1966 1950 197@ 1974 1968 24.95
319 338 329 | 1959 1945 1972 1966 1950 1958 24.41
322 825 324 | 1933 1921 1931 1918 1906 1920 24.40
331 339 @35 | 1921 1919 1990 1996 1914 1919 24.40
326 - 335 @31 | 1881 1862 1866 1874 1850 1868 23.22
303 316 319 | 1657 1607 1636 1651 1612 1633 22.63
342 348 345 | 1763 1748 1750 1746 1762 1753 21.88
340 345 343 | 1714 1762 1732 1787 1716 1714 21.35
391 3830 316 | 1661 1683 16780 1655 1672 1668 20.66
333 338 336 | 1699 1668 1678 1688 1689 1683 20.49
332 920 326 | 1633 1626 1615 1648 1639 1631 20.38
318 306 312 | 1666 1645 1672 1648 1650 1656 20.33
320 350 348 | 1655 1638 1641 1620 1635 16386 20.20
371 384 378 | 1638 1647 1659 1629 1618 1635 19.27
333 321 327 | 1591 1578 1583 1566 1568 1577 18.60
300 319 310 | 1526 1555 1536 1542 1540 1540 18.56
328 331 330 | 1551 1529 1538 1520 1544 1536 18.44
310 321 316 | 1536 1549 1538 1546 1527 1539 18.14
333 370 352 | 1536 1547 1523 1578 1555 1546 18.13
327 329 328 | 1448 1438 1433 1441 1426 1436 17.43
346 352 349 | 1422 1448 1431 1411 1423 1427 16.59
321 340 331 | 1388 1396 1400 1397 1379 1392 15.67




M58 (1)

94

LUANTIING

iy 108 wan

IR 6o 108 Fuan

foak ok
LYo LEUAG Y
i o v
wildarnnag

afi 1 2 adle fof 2 3 4 g Lada Al (%)
327 326 327 | 1408 1691 1482 1410 1395 1400 15.49
943 35@ 347 | 148@ 1389 1893 1482 1481 1397 14.43
311 319 315 | 1396 1400 1492 1390 1394 1396 14.26
319 324 322 | 1448 1426 1435 1445 1420 1432 13.39
321 328 325 | 1388 1376 1359 1357 1366 1369 13.21
326 318 322 | 1359 1338 1349 1368 1321 1345 13.14
308 319 314 | 1338 13949 1328 1359 133@ 1341 12.19
309 314 312 | 1328 1306 1311 1314 1381 1312 12.11
366 a72 369 | 1208 1309 1311 1200 1304 1302 12.09
351 3480 346 | 1223 1240 1266 1239 1245 1243 11.97
356 364 360 | 1129 1118 1112 1136 1148 1126 11.68
368 388 378 | 1138 1120 1111 1127 1138 1126 11.25
342 327 335 | 1119 1138 1106 1148 1127 1124 10.89
3460 329 335 | 1156 1141 1129 1138 1148 1141 10.56
327 351 339 | 1120 1137 1188 1138 1125 1127 18.24
339 358 345 | 1111 1131 1126 1189 1126 1119 18.21
342 821 332 | 1112 1138 1111 1186 1128 1116 10.06
322 340 331 | 1975 1883 1066 1050 1061 1067 9.85
319 326 323 | 1086 1073 1071 1866 1055 1068 9.38
330 309 320 | 1035 1051 1053 1044 1036 1044 9.26
338 324 331 928 936 915 940 906 925 8.87
360 348 354 990 987 969 991  98@ 982 8.85
342 327 335 | 1811 1066 1009 1801 994 1004 8.72
361 3% 358 | 1818 1817 1026 1839 1011 1021 8.26
328 314 321 asa 925 936 915 944 934 8.23
372 368 370 930 927 954 946 918 935 7.89
334 340 337 BE@ 893 878 865 876 €79 7.89
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341 348 345 800 873 888 899 992 890 7.49
322 334 328 86@ 839 BS1 845  87@ 835 7.43
320 336 333 865 881 850 871 859 865 7.04
332 335 334 B39 845 B850 826 835 839 6.91
354 360 357 826 833 815 819 823 821 687
320 311 316 811 821 833 823 816 821 6.43
337 324 331 811 823 831 820 e@8 819 6.32
ate 328 323 811 824 806 815 820 814 6.25
333 340 337 844  B22 836 811 885 824 6.22
322 828 325 742 -~ 997 /r@aer! 748 722 733 5.99
320 339 334 757 747 733 748 758 746 5.78
350 330 340 748 7307728 788 . T19 729 5.56
366 353 360 796 . TAES 799 0S8, T18 . 729 5.53
315 = 327 321 740 = 7@8 722 714 748 726 5.46
318 314 316 6 T T I e 5.37
333 336 335 744 729 739 718 730 729 5.35
319 331 325 729  73@ 745 718 732 731 5.14
319 328 324 711 700 703 695 786 7043 5.06
age 325 317 610 604 615 613 608 610 4.49
341 368 351 631 629 618 620 635 625 4.28
339 317 324 606 598 601 594 600 600 4.26
326 316 321 621 635 611 686 620 619 a.21
340 350 345 518 505 500 504 501 504 3.92
338 321 332 502 506 500 513 519 509 3.90
330 327 329 Ad8 456 470 455 461 458 3.39
350 338 344 498 502 500 496 490 496 3.34
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1 10 974 976 989 1314 1350 1333 1901 1982 1992
12 1050 1022 1042 1361 1349 1354 2032 2048 2016
14 1040 1066 1050 1449 1438 1429 2002 2032 2010
16 1045 1053 1039 1514 1504 1509 2000 2048 2060
18 1069 1040 1039 1511 1518 1519 2066 2040 2051
20 1013 1035 1019 1500 1503 1510 2008 2015 2020
22 1031 1053 1043 1511 1504 1501 2011 2013 2039
2 10 1019 1013 1031 1540 1531 1529 2003 2010 2006
12 1070 1055 1066 1541 1521 1530 2018 2011 2007
14 1032 1022 1045 1500 1508 1520 2040 2035 2056
16 1063 1026 1040 1541 1523 153% 2096 2073 2066
18 1029 1038 1011 1518 1544 1537 2078 2040 2030
20 1046 1035 1050 1522 1515 1502 2046 2055 2078
22 1033 1018 1008 1536 1529 1518 2088 2070 2035
3 10 1030 1049 1033 1341 1385 1333 2040 2055 2038
12 1024 1045 1028 1386 1351 1348 2020 2035 2042
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3 14 1061 1638 1022 1429 1447 1440 2221 2256 2276
16 1045 1831 1011 1435 1417 1410 2253 2249 2262

18 1019 1026 1008 1485 1491 1470 2270 2298 2250

20 1018 1036 1020 1460 1446 1471 2088 2256 2270

22 1032 1014 1819 1460 1450 1438 2250 2260 2264
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4 10 1051 1042 1062 1329 1335 1321 2135 2136 2155
12 1061 1047 1040 1448 1425 1405 2196 2148 2176

14 1069 1077 1044 1433 1408 1435 2248 2260 2255

16 1023 1028 1040 1506 1556 1523 2395 2378 2350

18 1042 1027 1036 1646 1680 1659 2440 2435 2449

20 | 1033 1646 1039 1657 1625 1640 2450 2459 2460

22 1036 1051 1027 1638 1649 1611 2455 2438 2410

5 18 1036 1847 1019 1378 1365 1377 2066 2059 2019
12 1066 1050 1029 1458 1483 1466 2078 2055 2038

14 1951 1033 10620 1528 1518 1529 2248 2260 2239

16 1019 1038 1026 1519 1526 1518 | 2550 2538 2536

%18 1061 1039 1048 1533 1556 1540 2660 2670 2666

20 1058 1024 1040 1577 1555 1569 2680 2648 2655

22 1060 1048 1033 1515 1519 1528 2620 2638 2619

6 10 967 982 956 1646 1624 1659 2238 2244 2269
12 969 941 975 1621 1635 1625 2248 2216 2207

14 1011 1022 1035 1666 1622 1645 2238 2240 2218

16 1028 1015 1009 1787 1791 1737 2540 2538 2566

18 1016 1011 1031 1815 1834 1839 2672 2682 2650
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6 20 1011 1040 1028 1842 1823 1809 2666 2638 2645

22 1026 1038 1040 1636 1851 1808 2635 2667 2655

A 10 1022 1040 1036 1466 1476 1481 2066 20848 20835

12 1048 1026 1070 1441 1449 1462 2072 2096 2055

14 1066 1043 1055 1522 1516 1539 2048 2033 2078

16 1921 1011 1027 1634 1559 1541 2222 2248 2233

18 1631 1033 1040 1539 1551 1569 2276 2286 2249

20 1048 1050 1029 1538 1533 1522 2232 2239 2250

22 1038 1013 1024 1529 1536 1554 2240 2230 2219
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B 10 1068 1045 1056 15780 1561 1587 2026 2049 2853

12 1062 1066 1053 1574 1581 1564 2066 2033 2019

14 1062 1053 1066 1672 1682 1674 2222 2248 2266

16 1827 1048 1053 1622 1616 1651 2248 2219 2215

18 1033 1874 1045 1687 1655 1674 2236 2248 2206

20 1046 1061 1073 1666 1629 1638 2229 2252 2238

22 1055 1049 1029 1641 1659 1623 2250 2236 2240

c 10 976 980 927 1561 1582 1543 2148 2160 2155

12 1072 1043 1055 1536 1538 1522 2200 2198 2176

14 1042 1021 1052 1534 1526 1552 2228 2250 2243

16 1040 1030 1224 1525 1539 1541 2533 2526 2556

18 1020 1019 1008 1530 1548 1515 2661 2643 2635

20 1026 1037 1062 1521 1526 1556 2626 2606 2640

22 1011 1001 10838 1529 1555 1541 2625 2643 2649
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D 10 951 967 946 1629 1629 1611 2194 2167 2148
12 991 982 950 1760 1787 1791 2627 2650 2641
14 941 944 960 1865 1878 1880 2621 2633 2654
16 953 936 966 18906 1855 1870 2640 26280 2635
18 922 935 964 1819 1829 1836 2609 2623 2626
20 939 951 955 1811 1850 1839 2646 2414 2632
22 926 945 937 1825 1832 1842 2619 2637 2623
E 10 939 954 9683 1435 1456 1415 2066 2089 2045
12 979 982 958 1470 1445 1482 2047 2029 2040
14 927 946 978 1426 1439 1418 2041 2031 2024
16 942 923 949 1721 1734 1720 2068 2045 2029
18 932 948 921 1872 1881 1842 2388 2363 2394
20 953 949 973 1970 1943 1949 2345 2332 2350
22 941 911 981 1936 1940 1954 2341 2326 2346
st S, R SR LB RS R
F 10 932 936 948 1358 1390 1377 2339 2317 2322
12 968 933 925 1424 1411 1449 2518 2530 2582
14 927 941 918 1703 1706 1740 2741 2711 2721
16 927 941 918 1730 1753 1723 2722 2728 2745
18 918 928 931 1818 1839 1850 2792 2780 2753
20 940 933 916 1823 1835 /1806 2766 2735 2755
22 999 928 914 1843 1814 1849 2748 2726 2748
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Aol 1 2 3 win | afef 1 2 3 iade (%)
7048 7009 7023 7827 A@E5 4877 4049 4064 .54
7111 7095 7138 7115 3625 3842 9810 3826 8.705
71486 7078 7120 7113 4278 4243 4256 4259 1.959
7080 7099 7106 7095 4085 4076 4040 4067 2.185
7120 7089 7111 7187 4662 4650 4639 4650 2.53
7030 7060 7081 7857 4444 4358 4396 4399 2.814
7080 7114 7088 7094 4677 4638 4660 4658 2.086
7116 7180 7079 7098 5160 5129 5113 5134 3.483
7095 7065 7039 7866 4950 4936 4915 4934 3.952
7088 7107 7077 7091 5080 5872 5100 5087 3.99
7040 7089 7051 70857 5076 5061 5088 5075 4.16
7126 7098 7109 7111 §110 5099 5055 5088 4.679
7106 7086 7045 7879 5324 5349 5338 5337 4.841
7088 7114 7076 7893 5341 5320 5304 5322 4.856
7066 7043 7053 7056 5557 5526 5538 5540 5.15
7120 7097 7114 7110 5460 5478 5422 5453 5.185
7055 7070 7061 7062 5699 5726 5731 5719 5.946
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AtaR 1 2 3 ek atef 1 2 3 Lade (%)
7043 7068 7060 7057 5466 5475 5496 5479 5.976
7088 7043 7071 7065 5646 5626 5610 5627 5.98
7138 7160 7114 = 7115 6193 6187 6225 6202 6.908
7099 7078 7856 7078 6866 6083 6077 6075 7.02
7085 7116 7119 7105 6048 6050 6033 6047 7.056
7106 7090 7100 7@99 6615 5987 5986 5996 7.962
7033 7066 7051 7850 6442 6459 6461 6454 7.97
7128 7116 7086 7110 6450 6459 6444 6451 8.145
7066 7069 7077 7071 6811 6840 6815 6822 8.98
7085 7113 7116 7105 6710 6728 6741 6727 8.987
7040 7066 7081 7062 6534 6513 6489 6512 9.219
7051 7079 7043 7057 6940 6976 6973 6963 9.868
7125 7189 7113 7116 7022 7048 7059 7043 9.974
7044 7069 7060 7058 7184 7108 7111 7115 9.99
7090 7065 7102 7086 7420 7432 7416 7423 16.98
7066 7048 7108 7071 7388 7485 7395 7396 10.981
7115 7148 7095 7117 6996 7088 7848 7044 10.988
7099 7121 7088 7163 7585 7511 7574 7540 11.976
7123 7108 7085 7105 7643 7666 7628 7646 11.988
7076 7848 7053 7059 7768 7777 7798 7768 12.02
7102 7078 7125 71082 8320 8257 8296 8291 12.99
7069 7080 7050 7066 8111 8149 B168 8143 12.995
7043 7065 7077 7062 8216 8229 8200 8215 13.0
7108 7089 7068 70896 8642 8664 8658 8655 13.98
7095 7061 7118 7089 8663 8629 6640 8644 13.982
7115 7099 7126 7113 8580 8635 8600 8608 13.983
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FLUX(g) = S exp.(-zrt ) (1)
am?
Totf s = faduFoauiduvosiamsonlyield or source strength)
e wsoumouh
8 W macroscopic removal cross section
mine  soLtuRiamscin. )
b = adwuuu1iaa%aqﬁﬁﬁo¥a§ T LruALung

o v £ @ e
r = 1eﬂen1anﬁaanwsuwﬂanwmaoﬁﬁniau A8 LTURNLAAY
2.  AUNITANITK) macroscopic removal cross section (ﬁdia 2.4)

b =_N§ + N.§  + ..o + N & 2
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5y My W (3)
M‘
Totth 9, = ﬂawuuuwudum3051qﬁﬁaen11 iy nfusio LouRiang®
N_ = Avogadro's number IM1iMfiu 6.022x10°" avmou (&)
M, = ﬁ1uﬁn7utaqa (molecular weight) 1aaiwqﬁﬁban17

fimiae nfu

s v a9y ﬂ v o v v
1.1 macroscopic removal cross section 71&%00Qﬂ@ﬂ11l ORI EERE

1.1.1 ﬂﬂ7n1a?1nnu1uﬁu7qumaouwsﬁﬁuuauuoTu?ﬂ

AUNTAITIAVIIUNTI AD (20)
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23
1.03 x 6.02217%x10

total

908
20
6.8313x10 (3R [3h ]

1]

1.1.3 N15W1 macroscopic removal cross section ﬂmaamﬂﬂmau

wange luia "
j o v &
ANAUNT (2) asuwi1u1uasnau1aoiquﬁaonwi (N 16dte

W9 uae 14
66.7(114%6.8313%10" )

dwamornanroslalagian (N

100
= 5.1044x10° -  ovMdY

° {
JINDLRONTOINTIDY  (N) 66.7(56%6-8313%18" )

100
= 2.5516X1@ = Q¥RdN
Anusngaluda axld
33.3(2%6.8313%10" )

Inmemouto Tusou (N

100

20
4.5496x%10 avhol

Fmmornouro0andLan (N)) = 33.3(La+(3x1) Ix6.8313%10"

100
21
= 1.3649x%10 ovied

nmevmanraslaTarianN )= 33.30(ax2)%6.8313x10°°1

100
21
= 1.3649x10 orvnoll
unud11uaun13(2) a1 macroscopic removal cross section 71”106“\71ﬁﬂﬂﬂ”ﬂ0ﬂ7ﬂ1ﬂ?ﬂ

r{imixed) = Nuéru # Ncélrc + Niérn % No6ro ¥ NH6rH

= (5.1044%18°7x1.0%10 °") + (2.5516%10° x@.81x10 =~ ) +
(4.5496x10° °x0.97x10 °") + (1.3640x10 ~ 'x1.0x10 ) +

24

(1.3649%10 - 'x1.0%18° )
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= 2.075783 LTwRLues "
' {
¥WUIELMA @1 macroscopic removal cross, section 09 1aTas1an, aduon, Tugou

o~ b €. 1 ° w
UaraanTLau Nﬂqtﬂu 1.0, @.81, 8.97, 1.0 UVITUNDOEMNDA ANUIGUC17,20)

1.1.4 N19%1 macroscopic removal cross section T DL RR RV R ERE
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AUNITNI9NY macroscopic removal cross section U Mot
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r(total) (mixad) r¢ mixmedl Fm Fe
zr(tat-l) = ©.075783 W e + 8.17 Wra 4
o 2 &
Tanfl Lo macroscopic removal cross section 123L%aN
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1.2.1  mawninditasesdndisniamniu  fusenoudniriedsd
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13%37x8 = 3848 LIUALIAT

o v *
Yiueg999 Tsuiaausunaman
3848%0.975 = 3.752 Nilaniy

Bminte g tunsansntaTuga
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A
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129.72 LIURLANT
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~ % -g Ze e
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FLUX (8) = 6.6x10  exp(-0.09958x6)
416>
FLUX (#) = B3@.2693 fSongon/ LundiLues” . Suh
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: (ihﬁj Desigastion: D 3017-72 =~ - " Amaricin Notionsl Standard A37.184-1972
g . 5 5 B +  Approved July 28, 1972

-

‘Standard Method of Tast for * .
'MOISTURE;CONTENT OF SOIL AND -
"SOIL:AGGREGATE iN:PLACE 'BY NUCLEAR
METHODS -(SHALLOW.- DEPTH). |
 Phis Standard is issued under ihe fixed aua.;auio- D 3017 the o s I;ii(h—edtdlel;.ﬁvllowiu the designation indicates

the year of original adoption or, ia the case of revision, the year of fast revision. A number in parcatheses indicates the
year of last reapproval. e ) AL s S 1 o e o

INTRODUCTION

_ “This method covers determination of the moisture content of soil and Soil-
aggregate in place through the use of nuclear equipment. The equipment is
 calibrated 1o determine moisture content, as weight. of water per unit volume
of material (pounds per cubic foot or kilograms pet cubic meter). Moisture
content as normally used is defined as the ratio, expressed as a percentage,
"of the weight of water in a given soil mass to the ‘weight of solid particles. It.
is determined with this procedure by dividing the. moisture content (pounds
per cubic foot or kilograms per cubic meter) by the dry unit weight of the
soil (pounds per cubic foot or kilograms per cubic meter). Therefore, com-
" putation of moisture content using the nuclear equipment also’ requires the
_ determination of the dry unit weight of the material under test. Most avail-
able nuclear ‘equipment. has provision for, measuring hoth moisture content
(pounds per cubic foot ar kilograms per cubic meter) and wet unit weight.
The difference between these two measurements gives dry unit weight. ¢
" “The moisture content determined. by this method is not necessarily the
average moisture within the volume of sample involved in-the measurement
. for reasons discussed in the Appendix. The principles‘of this method as well
as the advantages and limitations are also discussed in the Appendix. .
The equipment utilizes radioactive-materials which may be hazardous to-
the health of the users unless proper precautions. are taken. ’
. 1. Scope. . *. . D 1556 Test for Density of Soil in Place by -
: . the Sand-Cone Method? =~ -
"D 2167 Test for Density of Soil in Place by
* the Rubber-Balloon Method? - sl
D 2216, Laboratory .. Determination of . -~
Moisture Content of Soil* e

1.1 This method covers determination: of -
the moisture content of soil and soil-aggregate
in place by moderation or slowing of fast neu-
trons. where, the neutron source and.the.
thermal neutron detector both remain at the’

surface. . . . +This method is under the jurisdiction of ASTM Com-
X mittee D-18 on Soil and Rock for Enginecring Purposes.
2. Applicable Documents .~ .- - Current edition_appsoved Feb. 4, 1972. Published Feb-

i ] ruary 19727 - : .
2.1 ASTM Standards: : ‘Annual Book of ASTM Standards, Part 19.
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G
3. Sumnury of Method

3, l The mo:slure contenl of' lhe ma!eml-.
"« ‘under fest u determined by pfncmg 4 fast neu:
Jron source and a thermal’ neulron de(eclor on‘

“or adjaoenl ‘to. the. malenal underﬂ test. The
‘menhty of:siow,of- moderagcf “ficutrons de:
tecled is dcpendenl _upon th monsfdre content

Mdnslure is* dcter-

. welght of walet per umt volume ol‘ sonl

4 Siguil‘icance =

"~ 4,1 The mcthod descrlbed |s *useful as d

rapld nondesiructive . techmque fof- the in-
. place” dclcrmmnhon of moisture ,,contcm of

_soil- and’ sonl-nggregnle The fundamemnl T
sumptions inherent in the ‘method are that the',

" hydroger ‘present is in the form of water ds

" defined by Method D 2216, and lhaHhe mi-

terial under test is homogcncous. (VR

4.2 The melhod is suituble for control und .
acceplance leslmg of soils and soil-aggregate”

« for- construction; rcsearch .and: developmcm

" Test .resultszinay-- be “affected iby chemical - *
composlhon. sample hclerugenenly:*and to a.

lesser degree; materiul density and the surface.
texture of the material being lcstcd The tech-
nique also exhibits spatial _ bus. in- that the,

appamlus IS more SCI‘ISlllVC to ccnam I'CglOﬂS -

.of the malenal under lest. -

5 Apyuatus o i
“S.1" Fast Neumm Source-A sealed |solope

mateml such as dmeric’ m-bc?ylhum. ra-:

dzum-berylhum. or-an eteuromc device such
as a neutron generator. -
-5.2 Slow Neutron Delec!or—Auy type of;

: slow nculron ‘detector such as boron trifluor-

ide, .2, scmullalor cryslal orua fission

chnmber.

5.3 Readout Devfce—/\ suntable scaler,‘

" Usually :the ;readout device wﬂl contain. the
"high-voltage_ supply neccssary ta opcmle the
dcleclor, nnd..low-volmgc po;wer-'supply to
opérite thé rcadoul and accessory devices.

5.4 Housing—The . source, ~ detector,
-readout device, and power supply shall be in
housings - of rugged construction-which shall
be moistureproof and dus(prool‘

NoTe |—The neutron source, detector, readout
. device, and power supply may be housed separately

or may be combined and mlq,r.ued with a nuclear
.+ density measuring sysiem.
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S 5 Rcference ;Swndard.. lor checl ing

eqmpmcnl 9peul,|‘om.md back;round ceant,
‘and lo'eslabluh condmons for a rcprodu. .blc

“count fate.
$:5.8iSite Pnpamlion Device—A steel p e,
slrmgtﬂcdge‘wn other’ suitable leveling 1 -uls

may'bc uscd 10* plane the test site. 1o the |c—_

qulted,Smoolhnesf' gty
SR L

;6 . Calibrano?_ .
‘ 6. L ' .

<« -

.6:), Cuhbr.mon ;curves are eslablls.hed h)
determmmg,b) ‘test the nucledr count rat &0

‘each:of severul, snmpts; of diffgrent-kn aa’

monsulre conunt.. ptomng the count rate wr
count ratio). umu cach kriown moisture « .-
tent nnd plicing a!curve through the result.ug
points. The melhod and test procedure uscu m
establishing. “the curve must be the “same as
used for defermining-moisture content of he

m.s(en.nl 1o he |csh:d ‘I he moisture cuntent ol -

m.xlen.lls ‘used w “establish the calibrat.on
curve me vary, lhrou;h a range to inch e
the . monsxure wnlcm of materials o be test sl

_The. maleruls used for calibration musl be ol .

uml'ong dcnsn) as well as umfurm ‘moist .1¢
content: I"'l- :

Nm't “—Duc 10 the effect of chemlcal comp -

tion, some calibration curves suppliecd with the .p- ¢

paratus.:may: not. be. .lpphczblc to all mater s
under test. Therefore, calibrativn curves must be

checked, - und adjuslcd i ncczss.uy. in accorda .«

\\uhG’ andb]

" 6.1 1 Callbuuon curves can be establist cd |

usmg the follomng methods:

-6.1" l'l Prcp.lrcd containers of compac:. d

sml “and’ soﬂ-.lggregalc of known moist..r¢
conlenli Prcp.lr _containers must - be lazc
enough"'lo not change the observed coum f.e
(or count Fatio). lf made larger in any dim. u-
sion . (Note J): l[.lhe hydrogen density o: a
material ¢an be c:llculalcd from its specdic

' gravny, ‘and, chcmncal formula, provided th .«
:.are aecunnely known a much more relia le

cahbuhon puint c.mgbe obl.uned in_comp 1-

"lson lo'oven dm{lg methods. 5
‘6L Volumeldelermmc&' by" the sai" 1=

cone\(Muhod D' 15%) or rubber balle .n
(Method D 2167) und weight of water

" oven dr)mg in c.onjum.uon \ulb ficld comp. .-

lIOﬂ pl‘O}C\.lS

NOTE . 3—Dimensions of appronmalcly 24 .
long by 18 in. wide by I8 in. decp (approximat :»
610 b) 457 by 457 mm) have proven satisfact:
for equipment nuw availuble (1971).

. — -
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.. Checking Calibration C urves—The cal-
Lofation curves for newly - acquired instru-

- ments and: repaired instruments should be
checked. Calibration  curves should’ be

checked prior to tests in materials that are

distinctly different ‘from .material types pre-«
viously used in obtaining the calibration
curves. Calibration curves may be checked
. using.the: prowdurcsgwcn in6.101;

6.3 Adjusting Calibration C urves—When
prepared containers of material of known
moisture are being used to check the calibra-
tion, plot the count .rate (or count ratio) |
versus each known moisture content as de-

scribed in 6.1. If the points do not fall in a -

random manner oneach side of the prevnously
established calibration curve, replace the orig-
inal calibration curve with a curve lhrough the
plotled check points. ~ .-

" 6.3.1 I the moisture content of cach ol' the

. comparison tests determined by any of the
above calibration methods is random about
the previously established calibration curve:
ard the average deviation: does not exceed
+0.5 Ib/ft? (8 kg/m?) of soil from the moisture
content determined by the nuclear method,

then adjustment of the calibration curve is not '

‘needed and should not be made.
6.3.2 If each of the moisture content deter-
" minations made by any of the above calibra-
tion methods is more than the corresponding
moisture content by the nuclear method, ad-

just each subsequent nuclear determination by .

adding the average difference.

6.3.3 If each of the moisture content deter-
minations made by any of the above calibra-
tion methods is less than the corresponding
moisture content by the nuclear method, ad-
just each subscquent nuclear determination by .
subtracting the average difference.

634 The average difference obtained by,
6.3.2 or 6.3.3 may be used to plot a corrected
calibration curve which shall be parallel to the
criginal .calibration curve and offset by .the
amount and direction as indicated in 6.3.2 or
6.3.3.

=. Procedure

%l Smndarduauon—Slandardizalion of

. equipment on a reference standard is required
.t the start of each day’s usc as follows: -

7.1} Warm up the equipment in accord-

D 3017

ance with lhe manufacturer’s recommchda-

. tions. -’

7.1.2 Takeat Icas( four repetitive readings
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of at least 1'min each with the gage on the

reference standard. This constitules one
standardization check.
7.1.3 If the méan of the four rcpclklve

ther the first or the sccond attempt satisfies
Eq |, the cqulpmcnl is considered to be in sat-
isfactory operaung condition; conlinue with
the procedure in 7.2." The empirical relation-

- readings is outside the limits sct by Eq | be- -
“low,“repeat the standardization check. Il 'ei-

ship for- the standardization chcck is as fol--. 3

“lows:

ST N.* l.9¢s\/ﬂ.‘

- where:

N, - mean or repetitive. rcadmgs (sec y 5 12)

- and -
N, = prcvnously cs(.:hlnhed count for the
reference standard (mean of ten repeti-
" tive readings).

7.1.4 If the second :mempl in 7. I 3 does
not satisfy Eq 1, check the system and repair

M

the instrument if necessary. It is possible to

use the instrument in this condition if a satis-
factory calibration rel.monshlp can be csulb-
lished. g

TS Est.lbhsh a.new V, by compulmg (he e

mean of ten répetitive rcadmgs on the refer-
‘ence standard.
7.1.6 Check the calibration curve in ac-

cordance with 6.2 and, if nccessary, adjust the:

calibration curve in accordance with 6.3.
7.2 Test Site Preparanon—Sclecl a loca-
tion for test' where the gage in test position

" will be at least 6 in. (npproxnmalely 152 mm)

_away from any vertical pro;ecuon

7.2.1 Prepare the test site in the followmg

.manncr W

7.2.1.1 Remove all loose hnd disturbed
m.llen.nl and remove additional material as
necessary to reach the top of the vertical in-

terval to be tested (Note 4).

7.2.1.2 Prepare a horizontal aréa, sufficient

" in size to accomodate the gage, by planing to

a smooth’condition so as to obtain maximum
contact between the gage -and material bcmg
tested.

7.2.1.3 The maximum deprcsstons beneath
the gage shall not exceed appreximately ¥ in.

(3.2 mm). Use native fines or finc sand to fill
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voids and level the excess wnh a -rigid plnle or.-

_ other suitable tool.
. Note 4—The spatial bias should be considered

_in dclermmmg lhe, depth at which lhe gage is lo be

seuted,

NoTE S—The placem:m of lhc gage on the sur-
face of the material to be tesied is critical 1o the
successful determination of moisture. The optimum
condition iy total: contact between the botiom sur-
“foce of -the g_a'l%e and .the-surface “of the material
" being tested. This is not practically possible in all
. cuses and therefore it becomus necessary 1o use a
. sand filler or similar material: ‘The depth of sund

fill should not exceed .%a in. (approximately 3.2 .
mm)-und the total ureu filled should not exceed 10
percent of the bottom area of the gage\ Several trial - -
scatings may be required to achicve these condi- -

tions.

.3 Temng—Proteed wuh tesnnp in lhe .

following manner: y
7.3.1 Secat the gage ﬁrmly
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= moisture content of soil,
kg/m?) and

W Ib/ft?

Wy = dry \\cu_.hl of soil, 1b/f1? (or kglm-

9. Report -

9.1 The report shall mdude the followin;

© 9.1.1 Location, . %

9.1.2_Eledation: of- surfaq:

9.1.3 Visual description. of rmueml

9.1.4 ldentificution.- of test eyuipn.
(make, model. und serial number),

9.1.5 Count rate for each reading,

9.1.6 Moisture content in pounds per cu

“foot (kilograms per cubic meter),

"9.1.7 Wet unit. weight, -
9.1.8 Dry unit ue:ghl. T Ay
9.1.9 Moxslure confent in pereem of i

", .welghl.

. 7132 Keep all other radioactive sources..'-

. away [rom the gage (as recommended by the
-manufaclurer) so as.nol lo aﬂ’ect the read-
ings.

7.3.3 Use sufﬁclem warm-up- time as m
standardization (7.1.1).

7.3.4 -Place the source in the use posmon.

and take one or more |-min readings. -

i Calculahons

8.1 Avcmge the n:.idmgs oblamed in 7.3.4.
-8.2 Determine the moisture content by use
* of un applicable calibration curve.

8.3 Calculate the moisture content, w, in
percent of dry weight of soil as follows::

% lﬂ. Precision

10.1 Determine lhc prccislon of lh: syl
P, from.the slope of the calibration cun
and the standard deviation, g, of the siy
(detected ncutrons) in counts per minute
follows: i

¢ P = g!S

10.2 Where the slope of the calibruy
curve is determined at the 10-Ib/f?
kg/m? point and the standard deviatiu.
determined from ten repetitive readings .
min each (the gage is not moved after the ¢
seating) taken on material having a moiw
content of 10.0 = 0.6 Ib/ft? (160 + 10 hg-

we (Wa/ W{’ x 100 () the value of P shall be less than 0.30 Ib
where: (4.8 ks/ m?).
APPEND]X

Al NOTFS ON THE NUCLEAR TEST |

PR ¢ l The eqmprnenl used in this’ method is of

the surfice lype as opposed to that designed for use
in decp borings. In i encral, and neglecting the asso-
ciuted electronics, this equipment consists of three
. ptmcnp.nl clements: (/) a suitable nuclear source
- emiuting fast neutrons: (2) a delector sensitive to

-, these neutrons after they are modified by passing
through the material being tested: and (J) a -

counter, with provisions for automatic and precise
timing, for determining the rate at which the modi-
fied neutrons arrive at the detector. While rate me-
- Yers are suitable, in principle, counters are com-
¢ monly used. In general, any source of sulficiently
numerous and properly energetic neutrons can be
used in measuring the moisture content of soil and
soil-uggregate. - The sources. most commonly used,

houever. sire wiericium- bsrylhum nnd radium-1
ryllium with the latter dormally being used in du
purpuse instruments thut are designed 1o abo det.
mine wet or totul density of soil and suil-agg,

-gates.” Detectors used are gas filled tubes of bor

trifluoride und scintilldtion crystals or fission cha
bers. Detectors of the lutter type offer the potent -

of varying the range of encrgies of the ncutrons tl

.ure counted.
Al.2 Measurements ure made uun fast ne_
trons that rellect ‘modilication by backscatteri.

through the material under test. When high-ener, -

neutrons ure scattered into the soil a loss in veloci
of cach neutron ocecurs as it collides with the nuc
of the atoms of the spil. The rate ut which u
slowing down pw;css ovvurs depends upon: (e
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+ of the nucleus in collison” with the neutron,

A {2) the probability that the two will collide.
© AL21 mass of the hydrogen.nucleus  is
nearly equal to the neutron mass. Collision with
hydrogen atoms therefore, reduces the velocity of
neutrons more quickly than collision with heavier
nuclei. The large difference between the masses of
hydrogen atoms and those normally encountered in
soils means that the relative effectiveness of hy-
drogen atoms in slowing down neutrons is very pro-

nounced. o : '

° A1.2.2 The probability
* ude with the nucleus of an atom is dependent on the
atom's scattering cross section. For most clements,
this value is low, usually increasing with decrease in
" neutron energy- The scattering.éross section of the.
hydrogen atom for high energy neutrons, however,
is larger than for most of the other atoms present in
. -Al1:2.3 These two features in combination imake
hydrogen the most effective medium for reducing

the velocity .of fast neutrons.. If a detector of .

thermal (slow) neutrons is placed near a ncutrod
source in a soil containing hydrogen, the activity

registered is due almost entirely ‘to neutrons that .

have been slowed down by hydrogea atoms. Other

" - atoms present in the soil play a negligible part in*

this process. In natural soils hydrogen may be
resent in several forms but, with some exceptions,
it occurs principally in the water held by t
particles. Therefore, the *‘slow neutron:*-aelivity
registered by a suitable detector can be related 1o
the concentration of water in a soil by calibration.
Al.) The determination of moisture content by,
the nuclear means of this method is indirect. To
date no theoretical approach has been developed
that predicts the count rate for given equipment,
geometry, material, density, and moisture content.
As a result the relation between.soil moisture and

nuclear count rate is determined By correlation tests -

of materials at known moisture content. Individual
equipment manufacturers supply a calibration curve
with each set of their equipment. It has been found
that these curves do not necessarily hold for all soils

and soil-aggregates because of dilferences in chem- -
ical composition. Apparent variations in calibration .

curves may also be induced by differences in seat-
. ing, in backgtqund count, and other test variations.
Because of t _considerations, provisions are in-
cluded in this method for checking for variations or
changes. Different approaches may be used in
checking calibration curves and those in more gen-
eral use are given. For good practice these should
be followed with newly purch;sed equipments and
with major component replacergent of in-service
cquipment. - 1 e Al
Al.4 The moisture content determined by this
method is the amount of moisture that is contained

in a given. volume of soil. It _should be noted that’

the volume of soil and soil-aggregate represented in
the m ment is i
with the source-detector geometry of the eyuipment
used and with the characteristics of the material

tested. In- general, and with all other conditions.
constant, the greater the moisture content of the: .

material, the smaller the. volume involved in the

By publication of this standard no. gmm'on'b taken with respect 10 the validity of any paient rights in connection there- .

that a neuiron will col--

determinate and will vary
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- measurement. Unlike oven drying tests, the mois-
ture content_so determined is not necessarily the
average moisture within the volume involved in
the measurement. For the usual surface test equip-
ment and materials, for example, about 50 percent
of the measured count rate is determined by the

- upper 3 to 4 in. (76 to 101 mm) of soils and soil-
aggregate - 3 5 5

.. ALS The number of fast neutrons emitted from
a'given source over a given lime period are statisti-
cally random.and follow a Gaussian distribution.
Because of this, the actual number of modificd neu-

trons that are detected and counted in the moisture

measuring process should be sufficiently large to
minimize the probability that the observed count
, reflects unacceptable variations. This.is reflected, in
the standard deviation which is the square root of
the total count. The over-all system accuracy in
determining moisture is also statistical in naturc
- ‘and appears o vary- with:equipment used; lest-cons
ditions of laboratory versus ficld, materials, and’
operators.: Because of these variables it is not pos-

sible to give precise numbers for system accuracy -

and precision for these test methods. It is believed.-
however, that if the procedures herein are carcfully
followed. the standurd deviation of the nuclear
measured values, .in_terms of accuracy, will not be
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greater than on the order of some 0.5 t01.0 Ib of

. water per cubic fdot (8 to 16 kg/m?) of soil. Preci-
sion, determined -without moving the test equip-

ment, should be better than 0.3 b of water per

cubic foot (5 kg/m?) of soil.

AL6 One of the fast neutron sources used,

- americium, is manmade and as such its use is regu-
lated by the Federal government through the
Atomic Energy Commission as well as by some

. State and local governments. Because radium and

beryllium are naturally occurring materials, their use

is not now regulated by the Federal government but

Among others, the objectives of these regulations
- are the use of radioactive materials in a manner
safe to the operator and all others,

AL.7 The in-place ‘nuclear moisture tesis of this
method offer several advantages over conventional
acthods, such as oven drying of samples, particu-
tarly in tests performed for the continuing contrel
of construction. -Its greatest advantage is perhups

_the short time required to obtain a moisture con- -

tenl. An answer is available on the spot in a matter
of minutes after completing the test. When con-
ducting both moisture and densily tests many more
tests per day. can be conducted than by older
methods in current use. In-addition, apparently er-
ralic measurements can be immediately detected
and checked since the nuclear tests are more nearly
nondestructive, These advantages accrue (o organi-
zations that are-enguged in moisture meusurements
on a more or less continuous busis. Organizations

“that-make infrequent or occasional moisture deter: *
minations may find that the advantages of the nu- -

clear. methods can be offset by maintenance and
start up considerations such as periodically charging
batteries, maintaining radiation exposure records,
etc. 5 ‘ :

. with, and the American Socicty for Testing and Materials does not undertake 10 insure anyone wtilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability. 8

is regulated by some State and local governments. -
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“LABORATORY: DETERMINATION OF MOISTURE

'é-coursur OF SOIL!

Tlm Sl:mdard is nsued under the fixed dcagn:tm D ”16. lhe nuulbet mmalmd) l‘ollov»mg thet wgmxm mdmus llle e
yurolonpuladopmnor mlheﬂseol‘revmlheyutofhnmh n-mbermparembmmdulumeyufof‘

last reapproval. -

- l Thls metllod covers.the labomory de-
lermmauon of the mons(ure content ol’ soil.

2’. Dcﬁmtlou

g S moistun orwater conmu af a :oll‘—the

ratio, cxprzsscd as a percentage, of the weight-

-.of water in a given mass of soil to the weight of".
the solid particles. Practical application is to -

determine the weight of water removed by
drying the moist soil to a constant weight in a
. drying oven controlled'at 230 + 9 F (110 = 5-

. C) and to use this value as the weight of water :

‘in the given soil mass. The weight of soil

_ remaining after oven-drying is used as the

weight of the solid particles.

3. Appmtns . :

gy % Drymg Oven.’ thermostaumlly-con-
rolled preferably of the forced-draft type,.
capable of being heated- contmuously at a
temperature of- 230-= 9 F (110 £:5C). .

.32, Balances; sensitive to 0.01 g for samples
welghmg 100" g- or léss; sensitive to 0.1 g for:

4. T Saighe™ v o~
-4:1 Selecl‘a represenlauvc quanmyol' monst ¢l

T soil in thé amount indicated in"the method ol‘ '

-test; If no-amount is indicated, the minimum
_weight -of the sample shall be in aecordance '

‘with the. following table= _ - 17
* Minimom
Loy : ;. Weightof -
'Muimum Particle Size ~ °~ , Sample.g
No. 40 (425-um) sieve i 10
No. 4 (4.75-mm) sieve 100
t2in. (12.5 mm) . 300
lin. (25.0mm) ' 500°
G 21:.(50@) R o2 0 um T
'5, Procedure

5.1 Weigh a clean, dry container with its lid,
and place the moisture content sample in the
container. Replace. the lid immediately, and

“weigh the container, including the lid'and the. .

Amonst sample. Remove. the lid and-place the',

. container with the moist sample in the drying

. oven maintained at a temperature of 230 =9 F .

samples weighing between 100 and 1000 g, or-.

sensmve to 1 g for samplcc welghmg over l000 ;

- -3

33 Conmmers—Sullable conumets made
. of .material resistant - to corrosion and. not’
~subjea to change-in weight-or disintegration on

peatcd. heating and: cooling: Containers shall’
m«&ﬁﬁial Fpreveni fois..
ture from ‘samples™d before initial weighing’ ‘and’
“to " prevent abserpuon of ‘moisture from. the

"' “atmosphere- following: drymg -and. before: final’
" “weighing. One ‘container - is needed for each
_“_mosslure content’ delcn‘mnallon % ‘

ntent sample.overnight (15
132-—.. Lgvery

(110 = 5 C) and dry to a constant wesght

“(Notes | and. 2). Immediately upon- removal: P

_from the- .oven;. replace the:lid and- allow.the

“sample 1o cool o-room-temperature: Weigh: -
;"the ‘container mcludmg the hd‘ and the dned

sample. (Nom 3'and 4) =25

NotE I—Cbeehng every moisture content sam- -
,ple to determine that it.is dried.to a constant.weight-,
\is impractical. In most cases. drying.of a moisture.
6.h) i sul'ﬁcml ln-,-

d:aas.dan tfcon

e

‘Thumhdnuden urudocuouofASTM Cmmee
. D-18 on Soil and"Rock for gngmeenu Purposes..

Current cdition approved 25, l9‘ll Onpnally
mued lm chhcu DZZ i = 66-



“of o\}émigﬁl dr';ying. drying should be continued until”
.the weights after two successive periods of drying .
indicate no change in weight. Samples of sand may -

often be dried to constant’ weight in a period of
several hours. Since dry soil may absorb moisture
‘from wet samples, dried samples should be removed.
before placing wet samples in the oven. -

< NOTE 2—(’)v¢n-drying,n 20 :9F(110 £ 5C,
does not result in reliable moisture content values for

- soil containing gypsum or other minerals having -

loosely bound water 6f hydration or for soil contain-
ing significant amounts of organic material. Reliable

moisture content values- for these. soils can- be-

obtained by drying in an oven at approximately 140°
: F (60 C), or by vacuum desiccation at a pressure of

-approximately 10 mm Hg and"at 2 temperature not.

lower than 73 F (23 C) S : -
“NOTE'3-A container without a lid may be used
provided the moist sample is weighed immediately

after being taken and providing the dried sample is .

is
weighed immediately after being removed fronr the
'qv(en or aﬂer-eo_oling in a desiccator. -

~ By publication of this siandard no position is taken with respect to the -valiﬂo; of any patent
: rbcn-i’:A. and the American Society for Testing and Materials dces not undertake 10 insure anyone .75:

- D 2218’

. NOTE 4—Moisture content sampiu should. be.
-discarded and should not be used in any other tests.

6. Calculation

"6.1" Calculate: the moisture. content. of the~-
soil as follows:"

" .[-(weighl of mbﬁluée)/(weigb( of oven-dry soil)}
e x 100
= (W= (W, = Wl x 100
B ot :
‘wri-im< moisture content;" %
Wy, = weightof containec.and moist soil, g.. .
W, = weight of container and oven-dried soil,
g and BN >
‘W& = -weight of container; g:'

.

in connection

agoinst liability for infringement of any Letiers Patent nor assume any such liability. v

zing the standord - -
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UDC 624.131.372

JAPANESE INDUSTRIAL STANDARD ety
Method of Test for ' A 1203-1978

Moisture Content of Soils (Reaffirmed: 1983)

1. Scope

: ~Tﬁis Japénese.lndust¥ial Standafd specifies the métﬁdd of test to obtain

moisture content of soils in a laboratory. > oy

2. Definitions i

| For:fhe purpos§s;§f thiS'ﬁtAndArd_thg féllqwipg»def;ﬂisigns shall apply:t
(IS'nmoisture‘cénténfibf“séilé;“Tﬁe’ﬁoiéfﬂf€5cohtéﬁt'remdvedzffonweb}x.

.soils by furnace-drying at 110°C. In general it shall be expressed
- by-moisture content-ratio- - . * R N

(2) moisture content ratio of soils The ratio of the moisture content of . -
spils to the mass of futnacefdried soils expressed by mass percentage.’

-.3, Test Apparatus :

3.1 Container ' The container with a lid which is:capable of beingAélosed
tightly so as the moisture content not to escape during the measurement of
mass. : ' E

3.2 Constant-Temperature Drying Furnace The constant-temperature drying
furnace shall be able to keep the temperature at 110°C. :

-3.3 Balance The balance shall have a reciprocal semsibility of 0.01 g
for weighing capacity of less than 100 g, of 0.1 g for weighing capacity
from 100 g up to and excluding 1000 g, or of 1 g for weighing capacity not
less than 1000 g. . Sof LT : - 52 » S et

3.4 Desiccator The desiccator of 240 mm or 300 mm specified in JIS R
3503, containing hygroscopic agent.such as silica gel, calcium chloride, -
etc. : ; £ : . >

Applicable Standard:

JIS R 3503-Glass Apparatus for Chemical Analysis
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A 1203-1978

4, Method of Test

4.1 Sample Take a Proper amount of sample according to the B‘trposes of
test. B ;

4.2 Seduence of Test

4.2. 1 Put 'the.s'ample into a container to weigh its mass. Tfie'balancé"
used shall have a weighing‘capacity correspondin_g_ to the measuring. nass

ok R Furnace-dry the sample at 110°C ‘t111. 1t becomes & OBk y
- Cool the furnace-dried sample in a desiccator- till ‘it becomes raq, tin er—.
ature, and weigh the mass.of furnace-dried soils and the -contaip, > .nl: -

balance used shall have a.weighing ‘capacity corresponding to the; asuring -
mass. . . S e N e R ; N g . PO e

5. Caleulatfon®

The moisture content ratio w shall be obtai_.n’e'dm f;i_m_ the: ;ou%hg “Forimlas"’

;- P w"'-g’-" _mass of moisture in vet soils : -x- 100
; ; - mass of furnace-dried soils '

= Sy 100 (%)

My=m,

g

where m,: mass of'container and wet soil (2)
"h: - mass of container and furnace-dried soilg ®)

m.: mass of container (8)
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Methods of soil analysis for water management for agricultural purposes

Physical laboratory tests

Determination of water content of soil

DIN
19 683

Part 4

des Wassergehaltes des Bodens

has been used throughout as a decimal marker.

with the Iaboratory tests.

1 Concept

. For the purposes of this standard, the water content w
of a soil means the quantity of water contained in the
soil. It is expressed in % by weight (wg), with respect
to the mass of a soil sample dried at 105°C, or in % by
volume (w,), with respect to the volume of the soil '
sample.

-2 Field of application

Determination of the water content of the soil for the
assessment of a reference value for different methods of
analysis; '
assessment of physical oroperties of a soil, for example
its irrigaticn or drair2ge requirements.

3 Procedure

3.1 Determination of water content, in % by weight

For determination of the water content, the soil sample
(10 to 20 g) shall be taken in an appropriate depth of the
soil (for example by using a type A or type B grooved
soil sampler as specified in DIN 19671), placed in a dry,
weighed weighing glass provided-with a cover and weighed.
The open weighing glass containing the sample shall
then be placed in the drying oven and dried at 105°C
until the weight is constant (approximately 15 hours).
After the drying process, the open weighing glass contain-
ing the sample shall be placed in a desiccator and weighed
again, after cooling to room temperature.

3.2 Determination of water content, in % by velume
The sample shall be taken using a cylindrical core-cutter
(see also DIN 19672 and DIN 19 681), freshly weighed
and dried at 105 °C until the weight is constant. Cooling
in the desiccator and weighing shall be carried out in
accordance with subclause 3.1.

1) See DIN 19683 Part 12.

Bodenuntersuchungsverfahren im landwirtschaftlichen Wasserbau; physikalische Laboruntersuchungen; Bestimmung

As it is current practice in standards published by the In tema tional Organization for S tandardlza tion (I1SO), thecomma

Itis recommended to resort to the services of specialists and to make use of specxahzed Iaboratones in connection

4 Calculation and example " -

4.1 Calculation of the water content wg, in % by weight:
G, s
RPN

Wy =

where X
G, is the tare weight and the wet soil, ing;
G, is the tare weight and the soil dried at 105°C, ing;

T s the tare weight, in g.
Example: :
50,54 — 47,52
= —— . 100=23,1%b ight
Ve T 47523447 e

The result shall be rounded to the nearest 2.1 % by weight.

4.2. Calculation of the water content w,, in % by volume:

G¢ -G,

wy = = v -10b

where -

Gy isthe tare weight and the wet sonl ing;

G, is the tare weight and the.sml dried at 105°C, ing;

V' is the volume of the.soil sample, in cm3. .

Example:

2715 - 239,25
99,5

The result shall be rounded to the nearest 0,1 % by

w, = - 100 = 32,4 % by volume

" volume.

1% by volume of the water coment of the soil corre-
sponds to a water height of 1 mm in a soil layer of 10cm.

Conversion of wg to w,:
Wy =W - 0y

0, = bulk density 1}; mean value is 1,5 g/cm3 for mineral
soils ot low or high humus content. =

Continued on page 2
Explanatory notes on page 2
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(3) Emuisified oil or emulsified asphaltic bitumen stabilization. Sufficient water shall be incorporated with the
soil to bring the soil mortar approximately to the plastic limit (see Test 3 of BS 1377 : 1975).

The material shall be mixed. cither in a mechanical mixer, or by hand using a spatula or other suitable tool,
for 10 min or until it is judged by visual inspection that adequate dispersion of the water has been obtained,
care being taken to minimize loss of moisturc in mixing. The moist soil shall be allowed to stand for 24 h in an"-
airtight comntainer. :

The required quantity of emulsion, diluted with distilled water if it is considered necessary. shall then be
added to the soif and mixing started. Additional water shall be :dded if necessary during the mixing, to ensurc

~ a uniform distribution of the emulsificd stabilizer. Any other additive shall be mcorpomted in a4manner
appropriate to the process of stabilization under consideration (see Note 2). ’

. The mixture shall then be allowed to dry uniformly in air until it has the mmsture content rcqmrcd for the
subsequent test.

(4) Oil, asphaitie bitumen and other stabilizers. The required amount of water shall be:incorporated in the .

" soil by mixing thoroughly to a uniform condition in a mechnmcal mixer, or by | hand using a spatula or other

 suitable tool, care'being taken to minimize loss of moisture. The moist soil shall be allowed to stand for 24 h
in an airtight container. The required quantity of smbdlzcr and any other additive shall be mc.orpor.xtcd in thc
soil in 2 manner appropriate to the process underconsideration (see Note 2).

l .5.3.2.4 Initial preparation of stabilized svils. The procedures are asTollows.

(1) For Tests 1{A), 1(B), 1{C) and 2 (moisture content determinations ). 1f moisture contents of the stabilized
soil as received are required by any of these methods. the procedure described in 1.5.3.2.2 (1) for natural seils
shall be followed. _

(2) For Tests 3, 4 and 5 (compaction tests). It is not regarded as being generally appropriate for compaction
tests to be carried out on site mixed material as the optimum moisture content should usually be known
before this stage of the work is reached.

(3) For Tests 6, 7.°8, 9(A) and 9(B) (density determinations). These are site tests for which no sample
preparation is required. :
(4) For Tests 10, 11, 12 and 13 (strength tesrs) For fine-grained cohesive soils the sample as l'ELEl\'Cd may have
compucted aggregations that have been produced as a result of mixing. For mixes prepared in 2 iaboratory
mixer it is recommended that all the material shall be passed through a 20 mm BS test sieve by working
material greater than 20 mm through the mesh. The material shall then be remixed thoroughly by hand before
preparing the test specimens. This procedure will result in 2 more uniformly compacted speciinen. For mixes
taken from construction site work. the specimens shall be made from all the mixed material and the size of
the specimen used shall be detem'uned by the size of the aggregations of stabxhzed soil produced by the
nuxmg plant.. 0 0

* For materials that are'stablhzed with cement |t is essentlal that Lompacuon takes place as quickly as
possible after the mixing is completed, otherwise consxdemble loss in strength may occur as a result of the
hydration of the cement meanwhile.. : :

(5) For Tests 14, 15, 16, 17 and 18 (stabilizer content determinations and iniscellaneous tests). The prepamnon

of the samples for these tests is given under the respective test procedures.
NOTE 1. Air drying hasbeen specificd in the prcparauon of soil samples for testing since with some soils irreversible ch:mges take
place in the soil when it is oven dried at 105 °C to 110 °C. With many soils, however. this effect is of negligible practical mﬁmnce
Organic soils and certain tropical soils are even affected by air drving and should be used in their natural state. -

In the United Kingdom, samples may be air dried by leaving: them sprad out on trays in. the laboratory with free access to air-
for three-or four days. Some siltsand clays without large pamde mes may be used in theu' natural state for ccrtain tests instead of .
being air dried.

NOTE 2. The time of mixing cannot be spectﬂcd in advance: guld.mce may be obtained from the suppliers of the stabilizer or by
means of prchmm:uy trials.. It should be noted that in some instances. excessive mixing has been found to be deleterious.

2. Determmanon of the moisture content '

2.1 Test 1(A). Determination of the moisture.content of soils stabilized with non-volatile
stabilizers: standard method (oven drying method) .

2.1.1 General. This method covers the determination of the moisture content of sl.xbllm.d \ml a8 a4 percentage ol
the oven dry iass of solids (see Note 1), It is gppiicable to mechameally stabilized soils and 1o soiis mixed with
stabilizers which do not contain a significant proportion of volatile matter. With stabilizers containing a
significant provortion of volatile matter. the distillation method described in Test 2 shouid be used. in cases of
doubt. inforaation should be sought from the manufaciurer of the stavilizer.
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2.1.2 Apparatus. A thermostaticaily-controlled drying vven capable of maintaining a temperature ol 105 °C to

[10°C (see Note 2) and the foilowing items of apparatus.
For fine-erained soils. :
(1) A glass weighing boutle fitted with a ground glass stopper or ¢ap. or a suitable airtight non-corrodible mety]
container (a convenient size is one S0 mm in diameter and 2§ mm high). ;
(2) A balance readable and aceurate to 001y '
(3) A desiccator (a convenient size is one 200 mm to 250 mm in diameter) containing anhydrous silica gel
(see Note 3). : ] he 3
For medium-grained soils.
(1) An airtight non-corrodible container of about 500 g capacity.
(2) A balance readable and accurate to 0.1 g. ~
(3) A scoop (a convenient size is one about 200 mm long and 100 mm wide).
For cvarse-grained soils. B At
(1) An airtight non-corrodible container of about 3 kg capacity. .
(2) A balance readable and accurate tolg T e e et YRR
(3) A scoop (2 convenient size is one about 260 inm long and 100 mm wide).

2.1.3 Procedure ; %

*2.1.3.1 For fine-grained soils. The procedure is as follows- _ v
(1) The weighing bottle or container shall be cleaned, dried, and weighed to the nearest 0.01 g (m,)(see ~
Note 4). A sample of at least 30 g of stabilized soil shail be crumbied and placed loosely in the container or the
weighing bottle. and the lid or stopper shall be replaced. The container or bottle and contents shall then be
“weighed to the nearest 0.01 g (i1, ). 5 s A

(2) The lid or stopper shall then be removed. and the container or bottle with its lid and contents shall be _ ,
placed in the oven and dried at 105 °C t0 110 °C (see Note 5). The period. required for drying will vary with the

~ type of soil and the size of sample. The sample shall be deemed to be dry when the differences in successive
weighings of the cooled sample (see operations (3) and (4)), carried out at intervals of 4 h, do not exceed about
0.1 % of the original mass of the sample (see Note 6). The lid or stopper shall not be replaced while the sample
is in the oven. ' % i
(3) Afterdrvina. the container or bottle and contents shall be removed from the oven and the whole placed in
the desiceator 1o cool (see Note 7). - : S T
(4) The lid shall be replaced and the conuiner or bottle and contents shall then be weighed to the nearest

0.01 g (m,). : .

2.1.3.2 For medium-grained soils. The procedure is as follows. _
(1) The container shall be cleaned, dried and weighed to the nearest 0.] 8'(m,). A sample of at least 300 g or
stabilized soil shall be crumbled and placed loosely in the container and the lid shall be replaced. The container -
and contents shall then be weighed to themearest 0.1 g (m,). - 4 i e e
(2) The lid shall then be removed and the container and contents shall be placed in the oven and dried at
105°Cto 110°C (sce Note 5). The period required for drying will vary with the type-of soil and the size of
sample. The sample shall be deemed to be dry when the differences in syccessive weighings of the cooled sample
(see operations (3) and (4)). carried out at intervals of 4 h, do not exceed about 0.] % of the original mass of
the sample (see Note 6). The lid shall not be replaced while the sample is in the oven. A
(3)After drying, the lid shall be replaeed and the whole allowed to cool. ;
(4) The container and contents shall then be weighed to the ncarest 0.1 g (mn,).

2.1.3.3 For coarse-grained soils. The procedure is as follows. R

" (1) The container shall be cleaned. dried. and weighed to the nearest | g (my). A sample of at least 3 kgof

 stabilized soil shall be crumbled and placed loosely in the cohiuim;r and the lid replaced. Thecontainerand -

contents shall then be weighed to the nearest | g(m,). . : T
(2) The lid shall be removed and the container and contents shall be placed in the oven and dried at 105 °C
to 110°°C (see Note 5). The period required for drying will vary with the type of soil and the size of sample.
The sample shall be deemed 1o be dry when the differences in suceessive weighings of the cooled sample (see
operations (3) and (4)), carried out at intervals of 4 h, do not exeeed-about 0.1 % of the original mass of the
sample (see Note 6). The lid shall not be replaced while the sample is in the oven.
(3) After drying, the lid shall be replaced and the whole allowed to cool.
(4) The container and contents shall then be weighed to the nearest 1 g (m3).
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2.1.4 Caleulations®. In the case of soil stabilized with a solid stabilizer the moisture content, w', shall be
calculated as a percentage of the dry soil plus stabilizer mass from the equation: : :

.v'=("'="?’s)x'°°(%) : ' '

my - my

where i : g .

ny is the mass of container (g):

M2 is the mass of container and wet stabilized soil (2):

My is the mass of container and dry stabilized soil (g). . Toviod S5

In the case of soil stabilized with a fluid stabilizer, the moisture content, w, shall be cnlclilatcd asa percentage
of the dry soil mass from the equation:  ° o3 i
e (my — my) X (100 +5)

ms —m,

¥

where LS . :
s is the non-aqueous fluid stabilizer content of the stabilized soil (%).

. significant figures.. The: method used to obtain the‘f'esult"Shél! be stated.”

Notes on Test 1(A) Ny -
+-NQTE L. Soils stabilized witir cement o lime. The measured moistute contents of cement- or lime-stabilized soil samples are

misleadingly low because the water of hydration of the cement or of the lime-clay reaction cannot be removed by normal drying

processes. The error in the result depends on a mumber of factors, the chief of which are the age of the sample and the speed with .
* which the water is removed once the sample is placed in the oven. [t may be as high us 20 % of the stabilizer content for samples

that are older than 28 days, or in cases where because of the large size of sample taken or because of overloading of the oven,

drying is very slow (see also Note 6). :

NOTE 2. A microwave oven may be emploved provided preliminary tests show that the soil does not exceed a temperature of

110 °C before all the water is driven off. If 2 microwave oven is used metal containers are not suitable and the soil should be

dricd in glass. silica or polytetrailuoroethylene (PTFE) evaporating dishes. : . : ek Hhh, :

NOTE 3. It is preferable to use self-indicating silica gel as the desiccant. Calcium chloride should not be used as it is known that

ntany clays when oven dry are capable of absorbing water from it.

NOTE 4. It is convenient when nIanY. containers are in use 10 bring them to a standard mass: In the case of 50 mm diameter tins.

solder may be added to the lid to bring the mass to. say, 30.00 g.

NOTE $. Soils containing gvpsum. Certain soils contain gypsum which on heating loses its water of crvstallization. The.moisture

content determined by this method will be aifected by approximately 0.2 % tor each | % of gypsum. If it is suspected that

Sypsun is present in the soil, the moisture content samples should be dried at not more than $0 °C, and possibly for a longer

time. State in the test the drying conditions used if the standard conditions are not used.

NOTE 6. Drring time of soils. 16 h to 24 h is usually a sufficient length-of time for drying most soils. but certain soil types and

large or very wet samples wiil require fonger. The drying time will also depend on the amount of material in the oven, the size of

the oven and the efficiency. of the ventilation system. ;oo 2l ; o

NOTE 7. If thie lids of the containers fit well and it is unlikely that the samples are to be left for a considerable time before

weighing, they need not be placed in the desiccator 1o cool unless glass weighing bottles with ground glass stoppers have be 1 used.

~.2.1.5 Reporting of results. The moisturé content f thie stabilizéd soil, w' orw, shall b reported to two.

Y

2.2 Test 1(B). Determination of the moisture content of soils stabilized with non-volatile
stabilizers: subsidiary method (sand bath method) ‘

2.2.1 General. This method covers the determination of the moisture content of a stabilized soil as a percentage
of the dry mass of solids. It is intended as a rapid alternative to Test 1(A) but is less accurate and is more suitable
as a site test. The method shall not be used if the soil is stabilized with a fluid stabilizer nor shall it be used if the

o

soil contains a large proporticn of gypsum. cilcareous matter or organic matter.
2.2.2 Apparatus. The following apparatus is required. X Gl T

For fine-grained soils. A A :

(1) A suitable airtight. non-corrodible metal container. approximately 50 mm in diameter and 25 mm deep.
(2) A balance readable and accurate 100.]g. . S el . _
(3) A sand bath approxmately 200 mm in diameter containing cléan sand to a’depth of at least 25 mm. A
larger bath may be used 1o heat several samples at once. . 3 A ) :

(4) Equipment for heating the sand bath. ¢.g. a bottled gas or paraffin pressure stove.

(5) A palette knife (a convenient size is one having a blade 100 mm long and 20 mm wide).

* See Form A, Appendix A.
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nisvandinvuznaviu (Soil identification)

- - - -
nsvandnvusvaviu 13dv inAalAan n3aannsTuda Fearursausnaan

1ol

1. [ (Colour)

& - o

2. @anvasiushu, RIAU (Texture)

3. aAwdu (Moisture)

4. A wDouule

1. Fwavhu genuhAusn ey fsudy Colour chart anludigla
> g .
ABAN

. 8 - - L d -
2. dHnvasz fiodu laun

n37a (Gravel) Y3znaualufu Lans Y \uﬁn11utﬂauuuu suALInn
s s : ’
3 47 Tanmin 4.76 wu.

L I- . J >
n1w (Sand) 15i1@aminsta luiiasnuadesuuu iaune tiaiduindey
'. = - < .

A373ndn 4 T2 vunmann 4.76 uy.

n3tuu (Silt) ﬂiynaunaudvunnuﬁuuaoautuna“sﬁun Tauﬂnﬁluﬂw-
nﬁ1na:uan1ﬁa1uh11gﬁnt%ust1 ZaunALan aavﬂwﬂu dry strength Tnusssuﬁﬁa
uaa Silt 3 dry strengthn1noawu1n uﬂ§n19111nn11na dllatancy test 4

b 3 14 Taved i

AUy Lande U u;aut n o uu1nﬁ$-u1m 5 47 nalnuanlave tlounvaiin

o 8 - » - v - - - §

Aunlisn (Clay) 01:naua1uavuaz\5unnauaytﬁaazxaun i dry
strength gedvgesn lufufn3senae dilatancy swnsandviduiauian q lalay

feu | A o - [

TaBn1suansta was \ounvatinazuiy

. J‘ v * . -~

#aunazna (Well graded) vYsznaualIpdlunuysvdlpulvAunany q

. g - - - -4
purrasziullasivlusisrsuainmmeiungativas LBuAnga
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‘#Iunazdyh Wus (Uniform) w3adrumazfiiad (Poorly grsded) auft
- - o o b o - - 3 A
JduAazdss ianilscnaualsdlusay 4 hilvuna thsy innunuA
Aunfiansdun3y (Organic Soil Materials) TawsynAszifum aiuy
w3oah TavialussBnduvovinivuazdvegie
- = X o ‘an - X - oA *
Dry strength iunisusnuasdusansiniiunasiinfuyiianaling sunld

: 3. 3- - - vy _ > B is 5 . -
nAaavAITluIAYIzIIe T X S X 1 uaaloiafiona aluuananniu lasudasaaude

1IN DINALYT ] AUANEBNINTULTAYITAIIUTILIVAILAN
Dxlatancy test nnstau‘[numsuﬂuﬁuﬁuuﬂu (w1 fusyIA TR DY
mamaRuAa3 uazdFuraliunin mwﬁu'lnuau'luqoﬁaua'a miiumhﬁaaamj'mﬁ':ﬁu
'ln ﬁuu o mnﬂ?u‘rmmauuuﬂ‘mmﬂnl.mmmﬂ&mﬁﬁuaumuﬂaanm\mwun-l tn
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- & -lv‘ - ¢A1 S - < - < 3 > .ﬂi’u Silt
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. 8 -
uar Clay wmuu
3. awBulufu wvasniu une Fu uaz:dun (dry, moist, wet)
funagiulada Gumbylnavgann
LI < 0.2  Auuny
0.2 < LI < 0.5 #uily

LI > 0.5 #uiden

== 32375 amLE,
= DS ol
Bedrock - Bould®rs ¢ Graveis

Soft Sy

i S P g
. ~~ . e s >y s A, §;Z \Vr, = .
i LRl NN
s enS A < ° ~

Silt e clay Mud ; Peat Loam

Symbols for soiis.
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c 4, ﬂ"‘uﬂauuﬁ\’ ﬂnﬁ1ﬂﬂuﬂul"u1

n. AUty

AU naasen3 il
pournn (Very Soft) - Tanmavlavis
oau (Soft) . - nnin q mefuude
uwuy (Firm) nanufuuiia
inflyauuy (Stiff) . AW iwﬂ':uﬁﬁq :

niigausiy (Very Stiff) 19\ Suiuudednla

ufe (Hard) - ~wdudnla

- ? " : &
. 5. a1 duRunsie

Ay A4 TR
: Relative Density
-:'::uu’ln (Very loose) | e L
-39y (Loosé) : A 15 - 35
funane (Medium) 35 - 65
uuu “(D_e_nse‘,-l e e o B0 85 3
m]umn (Very ﬁens_.e) 3% = 100 ¢

. e

STP blow/ft
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Cohesion T/ft>

0 -2 0.00 - 0.25
2 -'4 0.25 ~ 0.50
4 -8 0.590: - 1.0
8 --16 25070 = 2.0
16 - 32 2.0 - 4.0
>32 4.0
STP ﬁlow/ft
0-4
4 - 10
ld - 30 -
30 - 56 .
-u'mm"\. 50

SpEy i b AR - ; -
5. #dULITnaudU \TY ﬂ1u1meuﬂ1hm1‘mu 35 -.50% some i 20 -
4 b . -

A : L d
35y Trace to scme 10 - 20y uar Trace yYszyn 1 - 107 AIIYDN Tnuen

s . R ‘v v 4 . .
AUTUANYGUNZIBLTINMLT tﬂwp‘wmu iy Snadyjsclay

8 ¢ . - L “' v
6. NITUBNTUARIY ] USIAU uann‘mﬁty:\;anw



151

- [
n19% uunnum!:m 2YAIINNTINARDY
mManIsapuevilaRu (Grain size distribution)
n30329 00 LURRY usaush ﬁmamw"ma'm%uﬁ‘w'lumﬂ'\u.unmn vy
. 3 o e
a1 q Julalimafna ASavunan9 nRY flassngustvnov Weaulduuusy 38Rz
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