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TABLE 3 Grading Requirements for Coarso Aggrogates
— Amounts Finet than Each Laboralory Sieve (Square-Openings), Mass Percent
Sizo Number | (Sieves with 100 | %mm | 75mm | 63mm | S0mm | 37Smm | 250mm | 19.0mm | f25mm | 05mm | 475 mm | 236mm | 1.18mm | 300 pm
Square Openings) “TL} (%) | @) | @) | Rin) | (i) | (1) | (ain) | (4in) | Coin) | (No.d) | (No.8) | (No.16) | (NoS0)
| 0 37.5mm 100 J900i0] . X060 = 0o 15 " 00§ w - - - -
Mk 1%in)
2 63% 375 mm i 00 | ®010100] B070 | 0li5 o 0lo§ .. i - "
(20 1%in)
3 S0k 5.0 mm & . " 100 | 00| B | Owis (1T & i i -
@oin)
37 501 475 mm = = 100 |50 . Bol 0] . 0105 & &
@nloNo.4)
4 37510 19.0 mm - il - = 100 |9010100| 2005 | 0bi5 - (11 . = =
(M%)
&7 500475 mm - " - 100 05000 . |3Bw0] . J1000] 0S| .- =
(1% noNo.4)
5 %010 125mm Gl i i & 100 |90t0100] 201085 | 0f0 | 0S5 | . i i
{1o%n)
5 %01095mm = - = 100 | 90t00 ] 401085 | 101040 | Otod5 | OtoS e &
(1lo%in)
§7 20100 4.75mm o > - 100 |05f00] . [%060)] . |O0wi0] 0ns -
(1noN.4
6 10.0% 95 mm e i - > - 100 J9010100) 20155 0tod5 | 005 | . i i
M¥%in)
67 10.010 475 mm = & & ._ 100 JO00I0] .. 20550010 | 00s -
(% n 1o No. §)
7 12540 4.75 mm - L - = 2 K 00 |90t 100] 40470 | 0105 | OkS L
(% in. o No. 4)
8 9510236 mm 5 = = = = = = 100 f85t0100f 101030 | O i0 | OnS =
(Y in.loNo.8)
80 9510 1.8 mm - o . - - - " 00 J0010100] 200085 | S0 | 0110 | 0k
(% loNo. 16)
s 47540 1.18 mm ., R i - s " i 100 |65K0100] 1004 | Ok | OkS
{No. 4 10 No. 16)
A Size number 9 aggregate is defined in Terminology C125 as @ fina aggregale. I is included as & coarse aggregate when it is combined with a size number 8 matenia lo create a size number 89, which is & coarse
aggregale as defined by Termmnology C125,
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TABLE 3 Standard Physical Requirements
Apicabie
Cement Typ* Ta | I ] [/} M R [ A (] v
Matod
Air content of morac® volume %: C1s5
max 2 2 2 12 2 2 2 12
mn = 18 = 18 = % = ® =3 =
Finencss, speciic surface, milg
A permeabily test Ca¢
B %0 %0 20 20 20 %0 - - 20 20
Bax = = . = of oF = = 430 =
Autociave xpansion, max, % Cis1 080 08 050 0 080 080 080 080 00 0
Strengh, not kass than e values shown for e ages
indicated as folows®
Comprassiva stengh, MPa st Coaf
Cios
1day - - = - - - 120 100 - -
] [us)]
3days 120 100 0o &0 100 a0 240 190 - a0
[ma]  [es0]  [us [e) sl;;ﬂl E;ﬂ fered) 2]
[oof [0
Tdays 10 160 70 1“0 10 o - - 70 150
22 B < I 1 R 1
= - 5
fref  [owf
2das = = s = = = = - 17 20
] posg)
Tima of seffing: Vicat kest” i
Tima cf seting, min, not less fan 5 5 &5 5 45 5 45 5 %5 £
Tima of seting, min, oot more than k] qs5 k1] 75 K1) 5 s s wm I
ASza Noks 2.

& Complianoa with 0 requirements of this speciication doas not necessasly ensuss that the desired arr oonient wil b cbizined in concle.
© Maximum finencss fimits do not apply 7 e sum of G55 + 475C,A s kess than of equal 090,

© Tha strength &t any speciiod fest age shall ba not less than that atained at any provious spoclied test aga.

E'When the opfional beat of bydraion in Tabio 4 s speciied.

¥ The fima of seffing is that descrbed 25 inifia sefing fime in Test Mathod C11.
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TABLE 4 Optional Physical Requirements*

Appicable land  lAand  U(MH)  N(MHJA n A [ v
Cement Type Test ] 1A

Method
False sel, final penetration, min, % Ca51 50 50 50 50 50 50 50 50
Heat of hydration® (altematve methods):
3 days, max, klkg [calg] Ci702 o 255[60]° 255 [60° = - m% -
7 days, max, kikg [calig] = - - = .. 25 o
Heat of solution:
7 days, max, kikg [calg] (] - w  290[70]° 290 [70F° - s mﬁ -
28 days, max, kifkg fcali] » - - - - ™ =
Strength, not less than the values shown:
Compressive strength, MPa [psi] cloo/

C100M
28 days 280 20 280 220 - W o -

[4080)  [3190] 3t
v
B1%F  [ee10°

Sulfate resistance,f 14 days, max, % expansion ~ C452 o B aF 2 = S 0.040
Gillmore test: Caes
Initial set, min, not less than 60 €0 60 60 60 60 60 60
Final set, min, not more than 600 600 600 600 600 600 600 600
Turbidimeter test C115
min 150 150 150 150 - - 150 150
max i e 245° 245° = s 245 =

rv
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TABLE 2 Tensile Requirements

Grade A Grade B
Tensile strength, min, psi [MPa) 48 000 [330) 60 000 [415)
Yield strength, min, psi [MPa] 30 0(10 3[205) ssog&pw]

Elongation in 2 in. or 50 mm
A The minimum elongation in 2 in. [SO mm)] shall be that determined by the

following equation:
e — 625000 [1940] A®2/U°®
where:
e = mmanmum elongation in 2 in. or SO mm in percent, rounded o e nearest

percant,

A = the lesser of 0.75 in? [S00 mm®] and the cross-seclional area of the
tension test specimen, calculated using the specified outside diameter of
the ppe, or the nominal width of the tension test specimen and the
specified wall thickness of the pipe, with the calculated value
rounded to the nearest 0.01 n.* [{ mm®], and

U = speclied minimum tensile strength, psi [MPa).

BSee Table X4.1 or Table X4.2, whichever is applicable, for the minimum

elongation values that are required for vanous combinations of tension fest

s sUAN) (and Y
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TABLE 1 Chemical Requirements for Grades A and B Bolts, Studs,and

Threaded Rod
Heat Product
Analysis Analysis
Carbon,max 0.29 0.33
1.20 1.25
Manganese ,max 0.04 0.041
Phosphorus,max
Sulfur, max 0.15 - 851
Grade A 0.05 .

Grade B

Resulfurized steel is not subject to rejection based on product analysis for sulfur.
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TABLE 3 Sustained Pressure Test Conditions for Water at 73°F
(23°C) for PVC Plastic Pipe, Schedule 40

TABLE 4 Sustained Pressure Test Conditions for Water at 73°F
(23°C) for PVC Plastic Pipe, Schedule 80

Pressure Required for Test*

Pressure Required for Test*

Nominal Pipe PVC1120 i PVC1120
Size PVC1220  PVC2116 PVC2112  PVC2110 size  PVCi220 PVC2116 PVC2112 PVC2110
PVC2120 PVC2120
in psi in. psi
Vb 1690 1360 1130 930 ) 2570 2060 1720 1410
Vi 1640 1310 1090 900 Va 2370 1900 1580 1300
% 1310 1050 870 720 % 1930 1540 1290 1060
% 1250 1000 840 690 % 1780 1430 1190 980
% 1010 810 680 550 % 1440 1160 960 790
1 950 760 630 520 1 1320 1060 880 720
14 770 620 520 420 14 1090 870 730 600
1% 690 560 460 380 11 990 790 660 540
2 580 470 390 320 2 850 880 570 460
21 640 510 430 350 2% 890 710 590 490
3 590 440 370 300 3 790 630 520 430
3% 500 400 340 280 3% 730 580 480 400
4 470 a7 310 260 4 680 540 450 370
5 410 330 270 220 5 610 490 400 330
6 370 300 250 200 6 590 470 390 320
8 330 260 220 180 8 520 410 340 280
10 300 240 200 160 10 490 390 330 270
12 280 220 180 150 12 480 380 320 260
14 270 220 180 150 14 470 380 320 260
16 270 220 180 150 16 470 370 310 260
18 270 220 180 150 18 480 370 310 250
20 260 210 170 140 20 460 370 300 250
24 250 200 170 140 24 450 360 300 250
in. MPa in. MPa
Ve 11.65 9.38 7.79 6.41 Y 17.72 14.21 11.86 9.72
Va 11.31 9.03 7.52 6.21 Va 16.34 13.10 10.90 B.96
% 9.03 7.24 6.00 4.96 % 13.31 10.62 8.89 7.31
e 8.62 6.89 5.79 4.76 % 12.27 9.86 8.20 6.76
¥ 6.96 558 4.69 379 Y 9.93 8.00 6.62 5.45
1 6.55 5.24 434 3.59 1 9.10 7.31 6.07 4.96
1% 531 427 3.59 2.90 14 7.52 6.00 5.08 414
1% 4.76 3.86 3.17 2.62 1% 6.83 4.96 455 372
2 4.00 324 269 221 2 5.86 4.69 393 317
2% 441 352 2.96 24 21 6.14 4.90 4.07 3.38
3 4.07 3.03 2.55 2.07 3 5.45 4.34 3.59 2.96
3% 3.45 276 2.34 1.93 3w 5.03 4.00 331 2.76
4 3.24 255 2.14 1.79 4 4,69 372 3.10 255
5 2.83 228 1.86 1.52 5 4.21 3.38 276 228
6 255 207 1.72 1.38 6 4,07 324 269 221
8 228 1.79 1.52 1.24 8 3.59 2.83 2.34 1.93
10 2.07 1.65 1.38 1.10 10 3.38 2.69 228 1.86
12 1.93 1.52 1.24 1.03 12 3.31 2.62 221 1.79
14 1.89 1.54 1.26 1.05 14 3.29 2.66 224 1.82
16 1.89 1.54 1.26 1.05 16 3.29 2.59 217 1.82
18 1.89 1.54 1.26 1.05 18 3.22 2.59 217 1.75
20 1.82 1.47 1.19 0.98 20 3.22 2.59 210 1.75
24 1.75 1.40 1.19 0.98 24 3.15 2.52 2,10 1.75

A The fiber stresses used to derive these test pressures are as follows:

psi MPa
PVC1120 4200 29.0
PVC1220 4200 29.0
PVC2120 4200 29.0
PVC2116 3360 232
PVC2112 2800 19.3
PVC2110 2300 15.9

A The fiber stresses used to derive these lest pressures are as follows:

psi MPa
PVC1120 4200 29.0
PVC1220 4200 290
PVC2120 4200 29.0
PVC2116 3360 232
PVC2112 2800 19.3
PVC2110 2300 15.9
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TABLE 5 Sustained Pressure Test Conditions for Water at 73°F (23°C) for PVC Plastic Pipe, Schedule 120
Pressure Required for Test®

Nominal Pipe PVC1120
Size PVC1220 PVC2116 PvC2112 PVC2110
PVC2120
in. psi
e 2130 1710 1420 1170
EA 1620 1300 1080 890
1 1510 1200 1000 830
1% 1250 1000 830 680
1% 1130 900 750 620
2 990 790 660 540
21 980 780 650 540
3 930 750 620 510
3% 810 840 540 440
4 900 720 600 490
5 830 660 550 450
6 780 620 520 430
8 760 610 510 420
10 770 620 510 420
12 710 570 480 390
in. MPa
% 14.69 11.79 9.79 8.07
£ 1.17 8.96 7.45 6.14
1 10.41 8.27 6.89 572
1% 8.62 6.89 572 4.69
1% 7.79 6.21 517 4.27
2 6.83 5.45 4.55 3.72
2% 6.76 5.38 4.48 372
3 6.41 517 4.27 352
3% 5.58 4.41 372 3.03
4 6.21 4.96 4.14 3.38
5 572 4.55 379 3.10
6 5.38 4.27 359 296
8 524 421 352 2.90
10 5.31 4.27 3.52 2.90
12 4.90 3.93 331 2.69

4 The fiber stresses used to derive these test pressures are as follows:

psi MPa
PVC1120 4200 29.0
PVCi1220 4200 29.0
PVC2120 4200 29.0
PVC2116 3360 232
PVC2112 2800 19.3
PVC2110 2300 159
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TABLE 6 Burst Pressure Requirements for Water at 73°F (23°C) for PVC Plastic Pipe, Schedules 40, 80, and 120

Min Burst Pressuras®

Schedule 40 Schedule 80 Schedule 120
Nominal Pipe Size PVC1120 PVC2112 PVC1120 PVC2112 PVC1120 PVC2112
PVC1220 PVC2116 PVC1220 PVC2116 PVC1220 PVC2116
PVC2120 PVC2110 PVC2120 PVC2110 PVC2120 PVC2110
in. psi
bs 2580 2020 3920 3060
Ya 2490 1950 3620 2830
% 1990 1560 2940 2300 i o7
% 1910 1490 2720 2120 3250 2540
% 1540 1210 2200 1720 2470 1930
1 1440 1130 2020 1580 2300 1790
1 1180 920 1660 1300 1900 1490
1 1060 830 1510 1180 1720 1340
2 890 690 1290 1010 1510 1180
2% 970 760 1360 1060 1490 1170
3 840 660 1200 940 1420 1110
3 770 600 1110 860 1230 960
4 710 560 1040 810 1380 1080
5 620 390 930 720 1260 990
6 560 440 890 700 1190 930
8 500 290 790 620 1160 910
10 450 as0 750 580 170 920
12 420 330 730 570 1090 850
14 410 320 720 570
16 410 320 710 560
18 410 320 700 550
20 aso ato 700 540
24 380 300 680 530
in. MPa
w 17.79 13.93 27.03 21.10 T D
Va 17.17 13.45 24,96 19.52 i SR
e 13.72 10.76 2027 15.86 e AR
% 13.17 10.27 18.76 14.62 22.41 17.52
3 10.62 8.34 15.17 11.86 17.03 13.31
1 9.93 7.79 13.93 10.89 15.86 12.34
1% B.14 6.34 11.45 8.96 13.10 10.27
1% 7.31 5.72 10.41 8.14 11.86 9.24
2 6.14 476 8.89 6.96 10.41 8.14
2% 6.69 5.24 9.38 7.31 1027 8.07
3 5.79 455 8.27 6.48 9.79 7.65
3% 5.31 4.14 7.65 5.93 8.48 6.62
4 4.90 3.86 7.7 5.58 9.51 7.45
5 a.27 2.69 6.41 4.96 8.69 6.83
6 3.86 3.03 6.14 483 8.20 6.41
8 3.45 2.69 5.45 427 8.00 6.27
10 3.10 2.41 517 4.00 8.07 6.34
12 290 2.28 503 3.93 7.52 5.86
14 287 2.24 5.04 3.99
16 287 224 4.97 3.92
18 287 2.24 4.90 3.85
20 273 217 4.90 378
24 266 2.10 476 371

A The fiber stresses used to derive these test pressures are as follows:

psi MPa
PVC1120 6400 44.1
PVC1220 6400 441
PVC2120 6400 44.1
PVC2118 5000 345
PVC2112 5000 345
PVC2110 5000 34.5
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Table 6— Tolerances for pipe lengths
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Table 1 — Test conditions for long-term hydrostatic strength testing

Test time

Test temperature

9
°C

Proof stress

9%
MPa

(min. failure time)
t
h

20

42

1

17

1

60

10

1 000

2,2

1 000

80

{ 54

8 760%°

a  This test shall only be carried out if the operating temperature lies within the range 40 °C < T'< 60 °C.

b Quality control shall be carried out at the start of production or when any modifications are made to the materials or
manufacluring process.

. dandall il dae 50 %) ¢SmO sy Jidl) Jara s deaall 38 -3

L%V e u e Y Ol (TIR) il daaall Jana ; dpa Al Gb pall 4 5laa -4

o5 Jsebaie 5%0 0 Y o) g s Jsh (8 il il Jara s ) adl Y -5
L8 ) (558l

Cladle (e dadle g} clipall (a8 Y o) cang 1 2V dysh (Sl 5yl ) 50 e slie -6

'Y




liclpe S dmglid¥] Ol iiodl oo gll S Ll

4

ISO/IEC 17025:2005 TLO009

Jles¥lg slgd
pER{RA)

PVC U cgJM[%U‘
DIN EN 1329-1: 1999 4ia) gal) i sa2

D5l s 35 e Adla s Adihai ¢ elde () 5S5 () cang A JLANN 5 AN sl jedaall
DAY Jglaadl s sar 0580 O 3 (dem) (oA il Jasa : (o jladl Hladll ala

 {malile

1y




ISO/IEC 17025:2005 TLO009

.0.024d, > 0S5 O g s 3l 3

1.2¢min 2ad 5 A (g1 (& landl class Cum 0 Jghaad) s g 065 O g Dlasd) dlaws 4
€m,max 2l > e el Jane S5 o) byl 7 ganse

IL_;:N\ Jsaadl can s s deaall 38 -5

V¢




Sliclye gl dm bS] S piimel] ol 5l
dleedlo sl ™ 150/1EC 17025:2005 TL009

*» ‘ -
gl
Table 16 — Mechanical characteristics of plpes
Characleristics Requiremenls Tesl parametlears Test
meothod
Impact resistance TR=10% Typo of striker lor $§9§M:
{roundg-the-clock < 110 mm d25
method) =2 110mm d 90
dass of striker seoe Tables 17
or 18, as
applicable
Fall height of striker see Tables 17
or 18, as
applicable
Conditioning medium water
Conditoning ﬂnd test o°*'C
temperature
Impact resistance HS0z=21m Conditioning and test o°C EN 1411:
(staircase method) temperature 1996
max. 1 break Mass o striker
balow 0,5 m for:
Rmm=d = 43mm 1,25 kg
S0mm=d < 63mm 2,00 kg
75mm=d < B2 mm 2,50 kg
S0 mm = d, = 100 mm 3,20 kg
d. =110 mm 4,00 kg
d, =125 mm 5.00 kg
d, =140 mm 6,30 kg
d, =160 mm 8.00 kg
d, =180 mm 8,00 kg
d, =200 mm 10,00 kg
d =250 mm 12,50 kg
" i @ manufacturer chooses to use indirect testling (see prEN 1328-2), the preferred temperalure s (23 £ 2) °C.

OS5 O ang Qe g ISula il da glia ¢ (I hall 2 W) ¢ S A8y ey 45 lll 5 ) s dapa -6
) Jsadl s ga

Table 19 — Phys!cal characteristics of plpes

Characterlallc Requiremanls Test paramsters Test method
Vical softening =79°C Srall conform to EN 727:1934 EN 727:1994
lemperature (VST)

Lengiludinal rgvorsion | <5 % Toempetature 150 *C Method A of
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Table 6 — Allowable operating pressures for PP-H pipes conveying water, safety factor (SF)=1,7

Pipe series S
20 16 125 [ 83 8 5 4 3,2 2,5 2
Temperature | Years of Standard dimension ratio SDR
‘C service
41 3 26 17,6 17 1 9 74 6 6
Allowable operating pressure
bar

1 4.2 53 67 |102 |107 |170 | 214 269 | 339 | 427

5 39 49 6.2 5.3 a8 156 19,6 247 | 311 39,1

o 10 37 47 59 | 8.0 94 |150 | 189 238 | 299 | 377

25 35 45 56 | 86 80 |143 180 | 226 | 285 | 359

50 34 43 54 | 82 87 |137 173 218 | 275 | 3456

100 33 42 52 | 7.9 83 |132 | 167 21,0 | 265 | 333

1 3.6 45 58 | 88 82 |146 | 184 232 | 293 | 369

5 33 42 53 | 80 84 |134 168 | 212 | 26.7 | 336

10 3.2 40 5.1 7.7 81 128 |1w2 | 204 | 257 | 323

= 25 30 38 48 | 73 77 122 | 153 193 | 243 | 307

50 29 37 46 70 74 17 14,7 186 | 234 | 295

100 28 35 44 | 67 71 11,2 | 142 179 | 225 | 282

1 31 39 50 | 75 79 |125 158 199 | 250 | 315

5 28 36 45 | 68 71 114 143 180 | 22,7 | 286

i 10 27 34 43 | 65 68 |109 | 137 173 | 218 | 274

25 25 3.2 41 | 62 65 |103 | 130 16,3 | 206 | 259

50 24 3.1 39 | 58 6,2 99 12.4 157 | 197 | 249

100 23 30 32! 153 59 9.5 119 150 | 189 | 238

1 26 33 42 | 64 67 |106 | 134 169 | 212 | 267

5 2,4 30 38 | 57 6.0 9.6 120 152 | 19,1 | 241

10 23 29 36 55 57 9.1 11,5 145 183 230

» 25 21 27 34 | 52 54 86 108 137 | 172 | 217

50 20 26 32 | 49 52 8.2 10,4 131 | 165 | 207

100 1.9 25 31 4.7 49 79 9.9 12,5 15,7 198

1 22 28 35 | 53 586 8.9 11,2 141 | 178 | 224

5 20 25 31 | 48 5,0 8.0 10,0 126 | 159 | 201

10 19 24 30 | 45 48 7.6 9.6 12,0 | 152 | 181

o 25 1.7 2.2 28 | 43 45 7.1 9.0 11,3 | 142 | 179

50 1.7 2.1 27 | 41 43 68 85 108 | 136 | 171

100 1.6 2,0 25 | 39 41 6.5 8.1 103 | 129 | 163
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Table 9 — Allowable operating pressures for PP-R pipes conveying water, safety factor (SF)=1,26

Pipe series §
20 | 16 |126 | 03| 8 | 6 [ 4 |32]|25] 2
Temperature | Years of Standurd dimenslon ratio SDR
C senvice
41 33 6 176 17 1 8 T4 B 5
Migwable aperating pressure
bar
i 3 | ee | 84 | 126 | 133 |211 | 765 | 334 | 421 | 530
5 49 | 62 | 75 |19 |25 | 198 | 250 | 115 | 397 | 499
@ 10 48 B1 77T l1g 122 | 192 244 | WNT | N6 | 467
25 47 | 59 | 74 |12 |ns |187 | 236 | 207 374 | 470
50 45 57 72 109 |18 |182 | 230 | 289 | 364 459
100 44 | 56 | 7o |07 | 112 (178 | 224 82 | 355 | A7
1 48 | s6 | 74 |08 [113 [180 | 226 | 285 | 338 | 452
5 42 | 83 | 67 | 101 | 106 [169 | 213 | 268 | 337 | 425
2 19 1.1 2 | &8 | on |4 |64 | 207 | 261 | 328 | 414 |
25 38 50 63 | o5 |10 |159 | 200 | 252 | 317 | 298
30 ER 45 E1 83 g7 | 154 195 | 245 | 309 | 388
100 ir 47 60 g0 95 | 1580 199 | 238 | 301 | B
1 ig L8 6.1 52 o6 [183 | 192 | 242 | 205 | 385
5 36 4% 57 &6 a0 | 143 180 | 22,7 | 2886 | 350
" 10 as 44 &5 54 g8 138 176 | 221 | 278 | 5.0
25 33 4,2 53 B B4 134 169 | 21,3 | 266 | 228
) 32 4.1 52 T8 B2 |130 | 164 | 207 | 261 | 329
100 3 40 £0 16 80 | 127 160 | 201 | 254 | 319
1 3.2 41 £.1 18 82 | 130 163 | 206 | 258 | 26
5 a0 38 L4 73 76 | 121 153 | 182 | 242 | 086
10 9 i 47 11 T4 | N8 148 | 187 | 235 | 296
“ 2% 26 | 35 | 45 | 68 | 74 [113 | 143 | 180 | 226 | 285
50 27 | 34 | 43 | 88 | 69 |10 | 139 | 174 | 220 | 217
100 26 33 42 64 &T | 107 136 | 158 | 714 | 269
1 27 | 34 | 43 | 86 | 89 [110 | 138 [ 104 | 219 | 276
5 25 32 40 6.1 64 | 102 129 | 162 | 204 | 257
10 2.5 a 38 59 6.2 95 | 125 | 157 | 198 | 250
= 5 24 o k§ . 57 6.0 ps | 120 | 151 | 190 | 240
£0 23 29 36 55 58 p2 | e | 147 | 185 | 233
100 22 28 s 5.4 L5 @20 11,3 | 142 | 179 | 2286
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Pipe series §
w | % s |sa| 8| 6|« ]22]28]2
Temperature | Years of Standard dimension ratio SOR
'C senice
ool el |wlo|7als]s
Alowable operating pressure
bar
| 25 | 26 | 36 | 55 | 58 | 92 [nme |4 |1es [288
e | 21 | 27 | o4 | 50 | 54 | 86 [t0e |36 |12 [216
00 o1 ar 125 |23 |50 | o2 | 83 |05 |82 [ %6 [210
= | 20 | 25 | 31 | 46 | 50 | 80 |4 |27 [0 |20
w1 19 | 24 | a0 | 46 | 49 [ 22 [ o7 122 [1ss | 108
T 3s 24 | a1 | 46 | 49 | 78 | & [123 |1 |16
e T2z {20 | %3 | 45 | 72 | & | | [n
10 w117 |22 | 27 | a2 | ¢ | 720 | &8 |nn [0 [ns
& 2 | o |14 | 00 | a0 | 8¢ | 76 | er PYRET
@ |12 | 16 | 20 | a0 [ az [ a1 | 64 [ & [102 |18
T 6 |20 | 26 | 39 | 41 | &5 | 02 [103 [120 [164
" 5 14 | 18 2.3 34| 36 57 1 12 | 81 |15 W
0 L2 | s | te |20 | 0| as|es |22 ]or|n2
e oo | 12 | 1 | 28 |24 | 29|45 [e2] 78098
1 19 | 14| 98|27 |29 ) 46|56 |73 82 |15
% e a7 loa| 12| | 1o [an|ae]49|e2]8
o | oo | o8| 0o |on| o] es|en]en]ea]es
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Table 12 — Aowabls operstisg pressures for PR-RCT pipes conveylng waler,
safoty Tactor (SFi= 1.5

Plpe zedies §
2 [ w jrsfes | s | s 1 ¢ |32] 26| 2
Temporsture | Yoam of Baandand dumengion ralic SOR
L “ L | 33 | 2 lare | w § 1| 3 |74 ) 8 | 8
Aywatie oporaling pressime
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TABLE 1
Mc-30 Mc-70 MC-250 MC-800 MC-
3000
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max

Kinematic -viscosity at 60°C (140°F)

mm?/s? 30 60 70 140 250 500 800 1600 3000 6000
Flash point (Tag , open-cup), 38 38 66 66 66

°C (°F) (100) (100) (150) (150) (150)
Water , % 0.2 0.2 0.2 0.2 0.2

Distillation test :
Distillation Percentage by volume of
total distillate to 360°C(680 °F)

to 225 °C (437°F) 25 0 20 0 10
to 260 °C (500 °F) 40 70 20 60 15 55 0 35 0 15
to 315 °C (600 °F) 75 93 65 90 60 87 45 80 15 75

Residue from distillation to 360 °C (680°F),
volume percentage of sample by
difference 50 55 67 75 80
Tests on residue from distillation :
Absolute viscosity at 60 °C (140°F)
Pa.S(P)° 30 120 30 120 30 120 30 120 30 120
300 1200 300 1200 300 1200 300 1200 300 1200
¢ Ductility,Sem\min at 25 °C(77°F),cm?

100 ... 100 100 100 100
Solubility in trichlorethylene ,%
99.0 ... 99.0 99.0 99.0 e 99,0

Spot test (d) with :
Standard naphtha Negative for all grades

Naphtha — xylene solvent, % xylene Negative for all grades
Heptance —xylene solvent , % xylene Negative for all grades
NOTE

a. As an alternate , Saybolt — Furol viscosities may be specified as follows :
Grade MC-30 — Furol viscosity at 25° C (77° F) — 75 t0 150 sec .
Grade MC-70 — Furol viscosity at 50° C (122° F) — 60 t0 120 sec .
Grade MC-250 — Furol viscosity at 60° C (140° F) — 125 t0 250 sec .
Grade MC-800 — Furol viscosity at 82.2° C (180° F) — 100 t0 200 sec .
Grade MC-3000 — Furol viscosity at 82.2° C (180° F) —300 t0 600 sec .
b. In lieu of viscosity of the residue, the specifying agency , at its option , can specify penetration 100 g ; Sg at
25° C(77° F) of 120 to 250 for Grades MC-30 ,MC — 70 , MC-250 , MC-800 , and MC-3000 , However , in no
case will both visocity and penetration be required .

c. If the ductility at 25° C(77°F) is less than 100 , the material will be acceptable if its ductility at 15.5°C (60°F)
is more than 100 .

d. The use of the spot test is optional. When specified , indicate whether the standard naphtha solvent naphtha
-xylene solvent or heptane xylene solvent will be used in determining compliance with the requirement ,
and also , in the case of the xylene solvents , the percentage of xylene to be used .
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TABLE 2

Re-70 RC-250 RC-800 RC-3000
Min. Max. Min. Max. Min. Max. Min. Max.

Kinematic viscosity at 60°C (140°F)

mm?/s? 70 140 250 500 800 1600 3000 6000
Flash Point (tag open-cup), °C (°F) 27(80) 27(80) 27(80)
Water , % 0.2 0.2 0.2 0.2

Distillation test :
Distillation , Percentage by volume of total
distillate to 360 °C (680°F)

to 190° C (374'F) 10
to 225° C (437°F) 50 35 15
to 260° C (500F) 70 60 45 25
to 315° C (600°F) 85 80 75 70
Residue from distillation to 360°C(680 °F)
volume percentage of Sample by 55 65 75 80
difference

Tests on residue from distillation :
Absolute viscosity at 60 °C(140°F)

Pas(p)® 600 2400 600 2400 600 2400 600 2400
Ductility,Scm\min.at25°C(77°F),cm 100 100 100 100
Solubility in trichlorethylene,% 99.0 99.0 99.0 99.0

Spot test® with :
Standard naphtha Negative for all grades
Naphtha — xylene solvent % xylene Negative for all grades
Heptane — xylene solvent ,% xylene Negative for all grades

NOTE

a. As an alternate , Saybolt — Furol viscosities may be specified as follows :
Grade RC-70 — Furol viscosity at 50° C (122° F) — 60 t0 120 sec .
Grade RC-250 — Furol viscosity at 60° C (140° F) — 125 t0 250 sec .
Grade RC-800 — Furol viscosity at 82.°2 C (180 °F) — 100 t0 200 sec .
Grade RC-3000 — Furol viscosity at 82.2° C (180" F) — 300 t0 600 sec .

b. In lieu of viscosity of the residue,the specifying agency,at its option ,can specify penetration at 100 g ; Ss at
25 °C(77°F) of 80 to120 for Grades RC-70 , RC-250 , RC-800 , and RC-3000 , However , in no case will
both viscosity and penetration be required .

c.The use of the spot test is optional . When specified , indicate whether the standard naphtha solvent ,
naphtha xylene solvent or heptane xylene solvent will be used in determining compliance with the
requirement , and also , in the case of the xylene solvents , percentage of xylene to be used .
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TABLE 3
Type Rapid-Setting Medium-—Setting Slow-Setting Quick-Setting
Crade CRS-1 CRS-2 CMS-2 CMS-2h CSS-1 CSS-1h . _CQS-1h
Min Max Min Max Min Max Min Max Min Max Min Max Min Max
Test on emulsions :
Viscosity , Saybolt Fural at 25°C (77°F) ,s 20 100 20 100 20 100
Viscosity , Saybolt Fural at 50°C (122°F) ,s 20 100 100 400 50 450 50 450
Storage stability test, 24 h , %" 1 1 1 1 1 1
Demulsibility , 35 ml, 0.8 %
Sodium dioctyl sulfosucianate , % 40 40
Coating , ability and water resistance
Coating , dry aggregate good good
Coating , after spraying fair fair
Coating , wet aggregate fair fair
Coating , after spraying fair fair
Particle charge test positive positive positive positive positive positive positive
Sieve test, % ° 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Cement mixing test, % 2.0 2.0
Distillation:
Oil distillate, by volume of emulsion,
% 3 3 12 12
Residue, % 60 65 65 65 57 57 57

Tests on residue from distillation test:
Penetration , 25°C (77°F) , 100 g, 5¢
Ductility , 25°C (77°F) ,Scm\min , cm
Solubility in trichloroethylene , %

100 250 100 250 100 250 40 90 100 250 40 90 40 90
40 40 40 40 40 40 40
97.5 97.5 97.5 97.5 97.5 97.5 97.5

a. Refer to R 5 for typical applications .

b. This test requirement on representive samples may be waived if successful application of the material has been

achieved in the field

Yt
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- Soil Particle Size Classifation
- Specific Gravity of Some Soils
-Typical Void Ratio , Moisture Content and Dry Unit Weight for Some Soils
-Denseness of a Granular Soil
-Typical values of Liquid Limit & Plastic Limit & Activity of some clay Minerals
-Unified Soil Classification System (USCS)
-Hydraulic conductivity for Various Soils
- Qualitative description of Rocks based on (Rock Quality Designation) (RQD)
-Correction for Standard Penetration Test Number
-Relation between the Corrected N-Values and the Relative Density in
Sands and silty sand and gravel
- Approximate Correlation Between Standard Penetration Number (N¢o),
Consistency Index (CI) and Unconfined Compression Strength (qu)
- Correlation between Nr and o, for Granular Soils

- Correlation of Cone Point Resistance (g.)with Vertical Effective Overburden
Pressure(o-")and Relative Density (D;) for Normally Consolidated Quartz Sand

- Correlation of Cone Point Resistance (g.) with Vertical Effective Overburden Pressure
(o) and Angle of Internal Friction (¢) for Sand

- Selection of Test Pits and Boreholes

- Selection of Boreholes Depths

- Specification of Geophysical Methods

- Electrical Resistivity Method For Subsurface Investigation

- Seismic Refraction Method For Subsurface Investigation

- Cross Hole Seismic Testing

- Down Hole Seismic Testing

- Rock Quality Designation Of Rock Core

- Ultrasonic Velocity For Rock Samples

-Uniaxial Compression Strength Of Rock Material
- Porosity and Density Determination Of Rock
- Specific Gravity And Absorption Of Rock
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Some Geotechnical Properties of Soils

1- Soil Particle Size Classifation

Grain size (mm)

Name of organization Gravel Sand Silt Clay
Massachusetts Institute >2 2 to 0.06 0.06 to 0,002 <0.002
of Technology (MIT)

U.S. Department of >2 2 to 0.05 0,05 to 0.002 <0.002
Agriculture (USDA)

American Association 76.2 to 2 2 to 0.075 0.075 to 0,002 <0.002
Of State Highway and

Transportation

Officials (AASHTO)

Unified Soil 76.2 to 4.75 4.75 to 0.075 Fines

Classification System (i.e., silts and clays)
(U.S.Army Corps of <0.075

Engineers , U.S. Bureau
0f Reclamation and Amrican Socity for Testing and Meterials

2- Specific Gravity of Some Soils

Soil Type Gs
Quartz sand 2.64-2.66
Silt 2.67-2.73
Clay 2.70-2.9
Chalk 2.60-2.75
Loess 2.65-2.73
Peat 1.30-1.9

3- Typical Void Ratio , Moisture Content and Dry Unit Weight for Some Soils

Natural moisture
Content in Dry unit weight ,yq4
Void ratio Saturated condition

Type of soil e (%) (Ib\ft}) (KN\m?)
Loose uniform sand 0.8 30 92 14.5
Dense uniform sand 0.45 16 115 18
Loose angular — grained silty sand  0.65 25 102 16
Dense angular — grained silty sand 0.4 15 120 19
Stiff clay 0.6 21 108 17
Soft clay 0.9-14 30-50 73-92 11.5-14.5
Loess 0.9 25 86 13.5
Soft organic clay 2.5-3.2 90-120 38-51 6-8
Glacial till 0.3 10 134 21
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Some Geotechnical Properties of Soils
4- Denseness of a Granular Soil

Relative density , D( % ) Description of soil deposit
0-15 Very loose
15-50 Loose
50-70 Medium
70-85 Dense
85-100 Very dense

Dr(%) = Y4 ~ Vd(min) 7 d(max) %100
7/d(max) ~ 74 (min) V4

where 74 = InSitu. dry Unit Weight
= Dry unit weight in the densest state :that is when the void ratio is emin.

yd (max)

Y d (miny = Dry unit weight in the loosest state :the is when the void ratio is €max.

5-Typical values of Liquid Limit, Plastic limit, & Activity of some clay Minerals

Mineral Liquid limit, LL Plastic limit, PL Activity, A
Kaolinite 35-100 2040 0.3-0.5
[llite 60-120 35-60 0.5-1.2
Montmorillonite 100-900 50-100 1.5-7.0
Halloysite (hydrated) 50-70 40-60 0.1-0.2
Halloysite (dehydrated) 40-55 3045 0.4-0.6
Attapulgite 150-250 100-125 04-1.3
Allophane 200-250 120-150 04-1.3

6- Unified Soil Classification System (USCS)
U.S. Standard Sieve Sizes

Sieve no. Opening (mm) Sieve no. Opening (mm)
4 4.75 35 0.500
5 4.00 40 0.425
6 3.35 50 0.355
7 2.80 60 0.250
8 70 0.212

30 0.180

gk el gl D DD
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Some Geotechnical Properties of Soils

Svymbols for Identification

Symbol G S M C O Pt H L w P
D i Gravel Sand Silt Clay Organicsilts Peat and highly  High Low Well Poorly
ST and clay organic soils plasticity plasticity graded graded
Plasticity Chart
60 -
For classification of fine-grained soils &
and fine-grained fraction of coarse-grained A
5ol -soils. i .
Equation of “A” — line N /
Horizontal at PI = 4 to LL = 25.5, NP >
g then PI = 0.73 (LL - 20) o O St /
a 40r E . 2 —
x Equation of “"U” — line A o /
Vertical at LL = 16 to PI = 7, . e
a 7 c,
z then PI = 0.9 (LL - 8) N
E 30 - e
P
[&] Fd /
rd
5 il QY e
z |2 [ MH ox OH
LS /
e
10 -
Z 4 A
Z n CL=ML v ML OR OL
[ !
0 i
0 10 16 20 30 40 50 60 70 80 90 100 110
LIQUID LIMIT (LL)
SIEVE ANALYSIS
| screen-n | SIEVE NO.
321%:1% % 4 10 20 40 60 140 200
100 0
\‘i
© 80 \ 20 &
= \ s
- \ Dy = 15 mm <
< 90 - 40 =
a ‘\ P~
- \\ o
Z 40 AN 60 =
'S M. | D5 = 2.5mm :“J
o ™N o
a 20 ¥ ‘\"--..., 80 gof
™~ D,, = 0.075
i
0 100
el | PP loas ol & o laay
50 10 5 1.0 0.5 0.10
PARTICLE SIZE IN MILLIMETRES
_De _ 15 _ _ (D) (25
Cu=5, =005 ~ 200 =5 xb, = 0075 xi5 ~ >
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Some Geotechnical Properties of Soils
Soil Classification Chart (ASTM D2487 — 11)

Soil Classification
Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests* Group Group Name®
COARSE-GRAINED Gravels Clean Gravels Cuzd4and1=Cc=3P° GW Well-graded gravel®
SOILS {More than 50 % (Less than 5 % fines® )
of coarse fraction retained Cu < 4 and/or GP Poorly graded gravel®
on [Cc<1orCe>3)P°
No. 4 sieve) Gravels with Fines Fines classify as ML or GM Silty gravel=FC
(More than 12 % fines®) MH
More than 50 % El-r:as classify as CL or GC Clayey gravel="C
Tolilnod onblo- 200 W wrie Clean Sands Cuz6adi=Ce= W Well-graded sand’
(50 % or more of coarse  (Less than 5% fines”)  Cu <6 andlor SP Poorly graded sand’
fraction passes [Cc<torCe>3)°
No. 4 sieve) Sands with Fines Fines classify as ML or SM Silty sand”-S/
(More than 12 % fines”) MH
Fines classify as CL or SC Clayey sand"&/
CH
FINE-GRAINED SOILS _ Silts and Clays inorganic PI>7 and plots on or cL Lean clay~™¥
above “A” line’
Liquid fimit Pl < 4 or plots below “A” ML Sift ~¥
less than 50 ling’
organic W oL Organic ciax;':-‘-“—”
50 % or more rganic sit™="
passes the No. 200 sieve Silts and Clays inorganic Pl plots on or above “A” CH Fat clay™ TM
line
Liguid limit Pl plots below “A” line MH Elastic sit®z*
50 or more
organic LRGN G 0 ) 755 OH Organic dlay*™*”
HIGHLY ORGANIC SOILS Primarily organic matter, dark in color, and organic odor PT Peat

A Based on the material passing the 3-in. (75-mm) sieve.
B field sample contained cobbles or boulders, or both, add “with cobbles or boulders, or both™ to group name.
€ Gravels with 5 to 12 % fines require dual symbols:

GW-GM well-graded gravel with silt

GW-GC well-graded gravel with clay

GP-GM poorly graded gravel with silt

GP-GC poorly graded rfval with clay

(
0Cy=D /0, &:D_D_.nxm <

Ef soil contains =15 % sand, add “with sand” to group name.
F i fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.
&1t fines are organic, add *with organic fines” to group name.
H Sands with 5 to 12 % fines require dual symbols:
SW-SM well-graded sand with silt
SW-SC well-graded sand with clay
SP-SM poorly graded sand with silt
SP-SC poorly graded sand with clay
"1 soil contains =15 % gravel, add “with gravel™ to group name.
J1f Atterberg limits plot in hatched area, soil is a CL-ML, silty clay.
X If soil contains 15 to <30 % plus No. 200, add “with sand” or “with gravel,” whichever is predominant.
L soil contains =30 % plus No. 200, predominantly sand, add “sand ~ to group name.
M soil contains =30 % plus No. 200, predominantly gravel, add “gravelly” to group name.
NPl = 4 and plots on or above “A” line.
OPl < 4 or plots below “A” line.
PPl plots on or above “A” line.
2P plots below “A” fine,
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Flow Chart for Classifying Fine Grained Soil (50% or More Passes No.200 Sieve)

CHR SN0 B0 < 1 ptl D) e i
2 1540 B0 5012 5 g0 L
DI 20, 5500 < g ol g
v W2 g g < hgae — Sty
Wi 2 W s 20 {@ e
' i gne g <A —»

00 s % e 20
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7- Hydraulic Conductivity for Various Soils

Hydraulic

Type of soil conductivity ,k
(cm\sec)

Medium to coarse gravel Greater than 107!

Coarse to fine sand 10'to 1073

Fine sand , silty sand 103to 105

Silt, clayey silt, silty clay 10*to 10

Clays 107or less

8-Correction for Standard Penetration Test Number
SPT is not completely standardized considering all the factors affecting it .
N obtained from the SPT can be converted to Neo. Neois the number of blows that are
required penetration with 60 percent of energy to falling hammer. Neols
calculated using the following equation. (McGregor and Duncan 1998)
Neo= (N* 1™ 8™ 75* 1R)/ 60
Where:
N = measured SPT blow count, 7= hammer efficiency (%),
3= correction for borehole diameter,

7= sampler correction, 7r= correction for rod length.
Variation of 7a in the United States.
Hammer type Hammer release (%)
Safety hammer Rope and pulley 60
Donut hammer Rope and pulley 45
Automatic Trip 73
Variation of 7.
Borehole diameter 7
(60 — 120 mm) 1.0
(150mm) 1.05
(200mm) 1.15
Variation of 75
Samplers VS
Standard sampler without liner (not recommended) 1.2
Standard sampler 1.0
With liner for dense sand and clay 0.8
With liner for loose sand 0.9
Variation of /&
Rod length R
(>10 m) 1.0
(6 —10 m) 0.95
(4 —6 m) 0.85
(0 -4 m) 0.75
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Some Geotechnical Properties of Soils

9- Relations between the Corrected N- values and the Relative Density in
Sands and silty sand and Gravel

Relative density N-value
Very -Loose >4
Loose 4-10
Medium 10-30
Dense 30-60
Very- Dense >50

10-Approximate Correlation Between Standard Penetration Number (Neo),
Consistency Index (CI) and Unconfined Compression Strength (qu)

Standard Unconfined
penetration compression strength, g,
number, Ng, Consistency cl (kN/m?)

<2 Very soft <0.5 <25
208 Soft to medium 0.5t00.75 25 to 80
8to 15 Stiff 0.75t0 1.0 80 to 150
1510 30 Very stiff 1.0to 1.5 150 to 400

>30 Hard >1.5 =400
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11- Correlation between Nr, and o, for Granular Soils

NF
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< 0 | | | | |
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S 50 —
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o
= 100— ~
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S
=
=
S 150— ~
S 450
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b
2 200— —
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=
S
E 250— _
o 250
| | | | |

12-Correlation of Cone Point Resistance (¢.)with Vertical Effective Overburden
Pressure(s-')and Relative Density (D;) for Normally Consolidated Quartz Sand
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Cone point resistance, g. (MN/m?)
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Vertical effective stress, ,

500 —

13-Correlation of Cone Point Resistance (¢.) with Vertical Effective Overburden
Pressure (o-) and Angle of Internal Friction (¢) for Sand

Cone point resistance, g. (MPa)

0 10 20 30 40 50
0 | —=_
s0 L\ T

10 \\\\\\\\ ~ ]

i [

TN

§ AN T
SEIVA\NANIAN
SEIIRVENERN

6~ Vertical effective overburden pressure,

\ X

AR




liclpe S dmglid¥] Ol iiodl oo gll S Ll

Jlf‘?“’, gl ISO/IEC 17025:2005 TL009
| BAp(
300 32° | 340 360 | 38° 40°
40

14-Selection of Test Pits and Boreholes

A good care is required in selecting the right number of boreholes and limiting the
depth to what is absolutely necessary. Determination of the number of test pits and
boreholes and their depth for a project is governed by the subsurface material
variability, type of project and loadings, the basis for determining the spacing of
boreholes is less logical; spacing is based more on variability of site conditions,
experience, and judgment.More test pits and boreholes and closer spacing generally
are recommended for sites located in less developed areas where previous experience
is sparse or nonexistent (Canadian Geotechnical Society 2006). The number of test pits
and boreholes must be sufficient so that a geotechnical consultant can make an
economical design recommendation with an adequate margin of safety.

A general rule for approximate spacing of boreholes is as follow:

Type of Project Spacing (m)
Multistory building 10-30
One-story industrial plant 20-60
Highways 250-500
Dams and dikes 40-80
Residential subdivision* 250-500

* For residential subdivisions, often test pits are adequate. If boreholes are
required, they can be spaced at 250 - to 500 m intervals as suggested above.

15- Selection of Boreholes Depths

The depth of investigation normally is 1.5 times the width of the footing /structure
below the foundation level/bearing level. In certain cases, it may be necessary to take
at least one borehole or test pit to twice the width of the footing below the foundation
level. For important (or high-rise) structures, it is common to extend at least one of the
boreholes to the bedrock or to competent (hard) soil, particularly if there are
intermediate strata of soft or compressible materials. The minimum depth of core
drilling into the bedrock is about 3 m.
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Specification of Geophysical Methods
Electrical Resistivity Method For Subsurface Investigation
ASTM D6431 - 99 (Reapproved 2010), ASTM G57 — 06 (Reapproved 2012)
1-Scope
Applied in geological and geotechnical investigation for determination of electrical
resistivity values of soil and rocks.

2-Electrical resistivity method

Current o —
Source _~Curren eter
e D)
2 T
Volt Meter

Surface

Current Flow
Through Earth

——— Current
——— Voltage
Material Resistivity (£2=-m1) Conductivity (Siemen/m)
Toneous and ZWetamornhic Rocks = ps & 3
Granite 5x10° - 10 10 -2x10
Basalt 10 -10 10 -10
2 7 s -3
Slate 6x10 -4x10 2.5x10 -1.7x10
2 s -9 2
Marble 10 -2.5x10 4x10 - 10
; 2 s -9 5
Quartzite 10 - 2x10 5x10 -10
Sedimentarv Rocks = &
Sandstone 8 - 4x10 2.5x10 -0.125
3 -
Shale 20 - 2x10 5x10 -0.05
Limestone 50 - 4x10° 2.5%10" -0.02
Soils and waters
Clav 1-100 001 -1 3
Alluvium 10 - 800 125 %x10" -0.1
Groundwater (fresh) 10 - 100 0.01 - 0.1
Sea water 0.2 =5
Chemicals -
Iron 92.074x10° 1.102x10
0.01 M Potassium chloride 0.708 1.413
0.01 M Sodium chloride 0.843 1.185
0.01 M acetic acid 6.13 i 0.163 -
Kylene 6.998x10 1.429x10°
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3-Range of resistivity to soil, rocks, minerals and chemicals
4- Electrode Arrangements of resistivity method

A A A

Wenner Electrode Arrangement

AB

C P P c
l ‘| |
A MI N B

Schlumberger Electrode Arrangement

na

C C P P
2 =2
|

Dipole-Dipole Electrode Arrangement

Yvy¢




liclpe S dmglid¥] Ol iiodl oo gll S Ll

"“'f'” I’, Sl ISO/IEC 17025:2005 TL009
i Y

Seismic Refraction Method For Subsurface Investigation
ASTM D5777 — 00(Reapproved 2011)!

1- Scope
Used to determine the velocity of seismic waves for soil and rocks.

2- Seismic refraction method

Seismic energy source
(hammer, explosives)

3-Range of seismic velocity in soil and rocks

Type of formation P wave S wave
velocity velocity
(m/s) (m/s)

Scree, vegetal soil 300-700 1OM0-30H)
Dy sands A0-1 200 1OO-50K)
Wet sands 1500-2000 A00-600)
Saturated shales and clays 1 100-25000 200-80H)
Marls 2000-3000 | 750-1500
Saturated shale and sand sections 1500-22000 S00-7350
Porous and saturated sandstones 2000-3500 | 800-1800

Limestones 3500-6000 | 2000-3300
Chalk 2300-2600 | 1100-1300
Salt A4500-5500 | 2500-3 100
Anhydrite A000-5500 | 2200-3 1040
Dolomite F500-6500 | 1900-3600
Granite A500-6000 | 2500-3300
Basalt SO00-6000 | 2500-3400
Gnelss A400-5200 | 2700-3200
Coal 2200-2700 | 1000-1400
Water 1450-1 500 -

Ice 3A400-3800 | 1700-15900

il

1200)-1250
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4-Seismic Time-Distance curves plot for two and three layer model

I..andsurf’ace
SHOTPOINT 1 55 7
=1—1—

ﬁ"’?///////w.zm{@

Refractor such as water table or bedrock

a).

TIME
i
3

A

s 1
1 2 3, 4 5 6 7 8 9 10 11 12 Geophone
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Shetpoint Direct r < Land surface
I A . s WL,

NI I

w

DEPTH

VI(V2¢V3

4 § E'u 7 é 6 1'0 11 1'2 Geophone
number

Xe2
b) DISTANCE
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Cross Hole Seismic Testing
ASTM D 4428/ D4428 M — 14

1-Scope
Determination of the velocity of compression(P) and shear(S) seismic waves at test sites of soil
materials.

2-Typical Crosshole Seismic Test

Receiver

So Borehol
( o Bdes
15 3 meters | 3 meters 1
; (10 feet) ik (10 feet) ik
PLAN VIEW
Seismic Recorder
Trigger Input
? Y

ﬁ 4
J - o4

. Seismic ¢ \ Receivers / 3
2 Source t
' [T— Casing

] 4 Grout
LY

CROSS - SECTIONAL VIEW
Note 1—Spacing may vary with site conditions.
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Down Hole Seismic Testing
(ASTM D7400-14)

1-Scope
Determination of interval velocities from arrival times and relative arrival times for

compression(P) and shear(S) seismic waves.

2- Downhole Seismic Test in Cased Boring Schematic

1
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Rock Quality Designation Of Rock Core

(ASTM D6032 — 08)
1- Scope

determination of the rock quality designation (RQD) as a standard parameter in drill core
logging.

2- The core pieces used in (RQD) calculation are longer than 10 cm.

3- RQD Logging Center Line Method

: : _ £ Length Of Intact and Sound Core Pieces > 100 mm
et : gl Total Length Of Core Run, mm B
P L = 170 mm :

: ! RQD=38M1?0+200+430“DD%

2000

- -

i
i [H
= : 0-25% Very Poor
L 4?0 mm 35 " ho
b , 50 - 75% Fair
j.\|:....................é : ?D -m m
Mechanical Break L=0 ; 90 - 100% Excellent
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Ultrasonic Velocity For Rock Samples
(ASTM D2845 - 08)

1- Determination of propagation of elastic waves in core specimen.
2- Rock testing at ultrasonic frequencies for (Vp & Vs) in laboratory.

P | =
Unit . | Preomplifier |
nm ‘m‘l‘ I.'.'__jJ
. Rock .
7 . n_
Transmiter Recarver St e
tronsmitied
pulse
[
L [Elcionic Oscilloscope
rokead o} o—
L. e SRR S =
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Uniaxial Compression Strength Of Rock Material
(ASTM D 7012 - 14)

1-Measure the uniaxial compression strength of rock samples in regular geometry.

2-Size of test Specimen length to diameter ratio are between 2:1 and 2.5:1.

3-Range of unconfined compressive strength of common rock materials

Range of unconfined
compressive strength

Range of strength of some common rock
materials

Term sym | KN/m2
bol |x10?

Very weak | VW | <70

weak w 70 - 200

Medium MS |[200-700
strong
Strong S 700 -
1400
Very strong | VS >1400

Schist
Siltstone

+“—>

<+“—>
Sandstone

A
-
Limestone

Concrete
<+

Slate
4>

ﬁranite ;
¢ Basalt
Gne}'ss
Quartzite
+—>
Marble
+—>
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Porosity and Density Determination Of Rock

1-Range of values of porosity of soil and rock

(%)
Unconsolidated deposits
Gravel 25-40
Sand 25-50
Silt 35-50
Clay 40-70
Rocks
Fractured basalt 5-50
Karst limestone 5-50
Sandslone 5-30
Limestone, dolomite 0-20
Shale 0-10
Fractured crystalline rock 0-10
Dense crystalline rock D-5

2- Range of densities of of various rock types

Yey
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Specific Gravity And Absorption Of Rock

1- Average specific gravity of various rock types

Material Specific Gravity Tons / Cubic Yard
Andesite 25-28 2.11-236
Basalt/Traprock 28-30 236-2.53
Coal - Anthracite 13 1.08
Coal - Bituminous 11-14 092-1.18
Copper Ore 2 189
Diabase 26-30 2.19-253
Diorite 28-30 236-2.53
Dolomite 28-29 236-244
Earth (dry) 16-18 135-152
Earth (svet) 2 16875
Gneiss 26-29 219244
Granite 26-27 2.19-228
Gypsum 23-28 194-236

2- Absorption values for some rocks
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Rock type Specific gravity  Water absorption (%)
Trachy basalt 245 0.69
Porphyritic micro-granite 2.66 0.68
Light ignimbrite 2.53 0.53
Dark ignimbrite 2.58 0.13
Babados granite 2.57 0.48
Silicified sandstone 2.30 2,39
Argillaceous sandstone 241 1.40
Grey gneiss 2.61 0.6l
Upper and lower rhyolites 249 1.71
Syenite 2.62 0.36
Sandstone(Markhyiat) 2.15 5.4
Sandstone (J.Aulia) 2.10 6.70
Massive basalt 2.86 0.14
Crushed basalt 2.59 0.74
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