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Table 4.2 G£OT£CHNICAl PROPERTIeS or TIll mAT~RIAlS IN CA~~DI3~_DA~S {After ~~~~~et aI, 1961) 

A . DAm OR DYKE it~ERVIOU~ FILL mATERIAL 
~ .... '- , .. .' ! 

~; Name Type (A) k{jJm/sec) LL (%) - ~~;:Jt. (%fmrtJ) G 'SHEAR STRENGTH PLACING CONDITIONS ' 
No. year of max. height max. Hydr P ' (%) 111 max. (t/m3 ) S At Wopt At 125% at '.!.'opt Av. Field Comp' 

completion (m) Gradient L Pd { o} ! ¥1d (o) Compaction Water Content ( 
: I I I'C,~ (kN/m2 ) ! CJ (kN/m2 ) Olethod (% of Proctor) 

GLACIAL TILLS-PLASTIC 

6 Niagare RS 0.025 -4 141 ~O 2.70 - 23-26 Sheepsfoot 92 
Storage 20.6 2.8)(10 21 1.66 - 4.8 Roller 105 
1957 

7 Conesto90 EH 0.05 -4 20-32 10-17 2.67 - - Pneumatic 95-100 
1957 30.9 0.7)(10 11-1'7 2.03- - - Tired 100 

~~ __ ~~~ __ ~~~~ _______ ~~~~ ____ +-~~ ____ ~1.81 Roller 
8 fanshewe' EC 0.005 4 15-25 - - , 2.65 - - Construct- 95-100 I 

1952 30.9 1.3lClO- 13-18 - 'I - - ion EqUiP-I 100 \ 
. munt ! 

9 St. mary EH - -4 35 15 2.71 28 - Sheepsfoot I 94 i 
1950 60.6 0.8)(10 14 1.81 20.3 - Holler 95 ~ 
GLACIAL TILLS-NON PLASTIC i 

11 menihek EH - I Ll.3 -4 J 10 ~--- 2.t3 28 ! - Shoepsfoot I 8c-loo l 
1953 12.1 1.2x1::1 . 14 ,2.11 2.74 19.1 -t - Roller 95 ~ 

14 Sisson EH 2.5 -4" I j 2·-18 1- - I" Shoepsfoot UD-.l2Q I 
1952 25.7 0.4)(10 - 1.97-1. 75 - - I - Roller 90-105 ! 

15 lake RS 15.0 -4 Non- U 2.73 39 39 Cor.struct- 101 i 
St. Anne 36.3 4.5)(10 Plastic 2.05 22.7 16.7 ion Equip- 98 I 
1958 Silty Till mcnt ! 

16 Bersimis RS 2.0 -4 Non- 9 2.72 35.5 38.0 Construct- 101 ! 
No. 1 68.2 6.0xlO Flastic 2.16 65.5 51.6 ion £quip- 9U i 
1955 Silty Till ment I 

17 Cornwall EH 0.25 -4 14 10 2.71 - 39 Sheepsfoot 9li I 

1958 25.7 0.5x10 10 2.11 - 0 Holler 101 ! 
18 Shand EH 0.06 -4 - 9 2.74 32 - 5rltJ8psfoot I 129 

1942 22.7 0.6)(10 - 2.14 46.4 - Rollor i 92 ----------l Notes -(A) EH - Earthfil1, Homogenuous Section 

CB} measured jn stancJenj Prlld.or T.ti'3~ __ 

£c - ~e=thfil1, Cen~ral Core RS - Rockfill, Slopin9 CorD 
I 

j 



TABLE 5. f CLASSIFICATION OF SOME SCOTTISH TILLS 

LOCATION 

LITHOLOGY 

PARTICLE 
SIZE GRADING 

SPLIT 
SIZE 

mm 

~ 

RANGE % FINES 
FOR 100 mm 
DIAMETER 

'COWAL 
ROAD 
SITES 

MICA 
SCHIST 

FIGS. 5.16 
to 5.20 

0.6 
0.8 

23-95% 

53% 
Average 

CORROUR 
FOREST 
FERSIT 
ROAD 

GRANITE 

FIG. 27 

2.0 
-1.0 

45-73% 

58% 
Average 

CLASSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

B. S. 1377 

MODIFIED 
WENT­
WORTH 
SCALE 

en 
'VI " «"" "0 -' w u 
Oven 
w-

2~Q - ........ 

Mox. 
Aver. 
Min. 

SillY 
SAND 

COARSE SILT 
FINE TO 
V. FINE 
SAND 

Q, MD C 3 
5.74.83.1 
5.53.72.5 
4.' 2.6 1.7 

SILTY 
SAND 

SILT 
SAND 

Q 1 MDQ 3 

4.61.30.i' 
3.9 1.80.4 
3.2 1.30.0 

CORROUR 
·FOREST 
G~I UILBINN 
ROAD 

GRANITE 

FIG. 28 

0.8 
0.3 

43-63% 

52% 
Avercoe 

SILTY 
SAND 

COARSE 
SillY V. 
FINE TO 
MEDll'M SAND 

Q I Mr.Q;3 

4.53.1 1.8 
4.03/11.75 
3,82.9 1.7 

COP.flOUR 
FORE:;-, 
STRATH­
OSSIAN 
WAY 

GRANITE 

fiG. 29 

0.8 
0.3 

28-52 

48% 
Average 

SILTY 
SAND 

COARSE 
SiL1Y V. 
;:II\;[ TO 
MEi);UM SAND 

Q I lA DQ 3 

4.~2.~1.5 

J.:l 2.:i1.3 
3.2::'.11.1 

GLENGARRY 
FOREST 
GLEN 
KINGIE 

GRANULITE 

FIGS. 5.3i' 
to 5.''£ 

0.4 
1.3 

10-66 

30°/" 
Average 

SillY 
SAND 

MEDIUM TO 
COARS~ 

SILT -
FINE SAND 

Gc ~ W. D Q 3 

6.Z 4.1 2.2 
4.73.11.9 
3.32.3 1.6 

STRATHYRE 
FOREST 

QUARTOZE 
MICA SCHIST 

FIGS. 5.46 

0.4 
1.3 

25-58 

53% 
Average 

SILTY 
SAND 

COARSE 
SILTY 
v. fine 
SAND 

Q
1

M
D

Q
3 

5.54.02.9 
5.03.82.8 
4.7~.52.7 

GLEN ORCHY 
FOREST 

QUARTZITE 
AND MICA 
SCHIST 

FIGS. 5.51 
to 5.54 

0.2 
2.3 

5-25 

14% 
Average 

SllTY 
SAND 

COARSE 
SILT 
v. fine 
SAND 

Q,"OQ3 

5.84.13.1 
4.83.52.8 
4.02.82.4 



·TABLE 5.2 CLASSIFICATION OF SOME SCOTTISH AND MO'ERN Gl..ACI,AL TILLS 

LOCATION 

LITHOLOGY 

PARTICLE 
SIZE 

GRADING 

AVERAGE 
SPLIT 
SIZE 

RANGE OF 
% FINES FOR 

mm 

~ 

100 mm DIAMETER 

GLEN TROOL 
CAIRN EDWARD 
FOREST 
(BENNEN) 

GRANITE 
GREYWACKE 

Fig. 5.61 

0.6 
0.8 

20-50% 
34% 

Average 

GLEN TROOL 
GARCROGO 
FOREST 

GRANITE 
GREYWACKE 

Fig. 5. t~ 

0.3 
1.3 

9-35% 
25% 

Avera~e 

CLASSIFICATION OF Flt--'E SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

B.S. 13n 

MODIFIED 
WENTWORTH 
SCALE 

'" - w 
'" -J ::5 In <: 
o ~b< 
O°'Q. o~ __ 

MAX. 
AVER. 
MIN. 

Silty Sand 

Coarse Silty 
Fine to very 
I ine Sand 

0 1 Md ~ 
6.2 3.8 2.1 
4.9 2.9 1.8 
3.8 2.1 1.4 

Siity Sand 

Medium Coarse 
Silt - Fine to 
V. Fine sand 

0 1 Md ~ 
5.8 4.1 3.0 
5.3 3.5 2.5 
4.8 2.8 2.0 

GLEN TrOOL 
GARRARIES 
FO~EST 

GRANITE 
GREYWACKE 

Fig. ';.63 

O.? 
O. 1 

35-54% 
47% 

Average 

5i1ty Sand 

Medium Coar:.e 
Silt - Fine to 
V. Fine Sand 

0 1 Md ~ 
5.2 3.3 2.0 
5.03.11.9 
4.8 2.9 1.7 

8ACKWAT~1 
DA'A, UPPER 
SIL TY 7" ~LL 

SCH!STOZE 
GRIT/MICA 
SCHIST 

Fig. 5.71 

0.2 
2.3 

30-66% 
48% 

Average 

Crarey 
S~lt \',!th 
Sctnd 

Clayey Silt 
with V. Fine 
Sand 

Q 1 Md q 
10.0 5.7 4.1 
7.8 5.1 3.8 
6.1 4.7 3.3 

~ACKWATER 

DAM -
NORTH 
BORROW 
PIT 

SCHISTOZE 
GRIT/MI'..:A 
SCHIST 

Fig. 5.75 

0.2 
2.3 

50-65% 
57% 

Average 

Cia) e! 
Silt wi''''. 
Sand 

Clayey Silt 
with V. 
Fine Sand 

Q 1 Md ~ 
10.3 5.8 4.1 
8.4 5.1 3.8 
7.0 4.6 3.4 

BLAISEN 
HARDANGER -
JO~·:JLEN 

GRANtrE -
GNIESS 
PHYLLlTE 

Fig. 5.85 

0.11 
3.2 

26-45% 
38% 

Average 

Clayey 
Silt 

Cloyey V. 
Fine to . 

Coarse Silt 

01 Md ~ 
8.3 6.7 5.6 
7.8 6.3 5.4 
7.35.95.1 

LACROIX 
GLACIER 
ANTAROICA 

GRANITE -
GNIESS 

Fig. 5.90 

0.095 
3.4 

50% 

Cloyey 
Silt 

Cloyey V. 
Fine to 
Coarse Silt 

°1 Md °3 

7.4 5.8 4.6 



TABLE S.3 CLASSIFICATION OF NORWEGIAN DAM rrns (2 - 22) 

LOCATION 

DAMNO. 

LITHOLOGY 

PARTICLE SIZE 
GRADING 

AVERAGE 
SPLIT 
SIZE 

RANGE OF 
% FINES FOR 

mm 
,tJ 

20 mm D lAM ETER 

BORDAl 

2 

Gniess -
Gronite 

Fig. 5.93 

0.2 
2.3 

28 - 50% 
35% 

Average 

ARSTADDAlEN TUNHOVD 

7 12 

CrystalPne Caicif'ic 
lime'ltone Diebc-se 

Fig. 5.94 Fig. 5.95 

o. 1 
3.3 

47 -70% 
59% 

Average 

0.15 
2.8 

38 - 67% 
48% 

Average' 

HYTHJ UVET 

13 

Mica Schist 

Fig. 5.96 

0.1 
3.3 

35 - 54% 
50% 

Average 

CLASSIFICATION OF FINE SOil FRACTION (MATRIX) 

ACCORDING to 
B. S. 1377 

MODIFIED 
WENTWORTH 
SCALE 

TYPICAL 
DOEGLAS'S 
GRAIN SIZE 
INDICES ~) 

Sandy 
Silt 

V. Fine 
Sand 
V. Fine to 
Coarse silt. 

0 , Md 0 3 

6.7 4.3 3.2 

Sandy 
Silt 

Clayey -
V. Fine to 
Coorse :ilt 

0 1 Md 0 3 

9.1 6.0 4.3 

Sandy 
Silt 

Clayey -
V. riM to 

Coarse silt 

~ndy 
Silt 

Clayey -
V. fine to 
( oo,.,~ silt 

0 1 Md ~ 0 1 Md 0 3 

7.B 5.9 4.5 9.5 7.0 5.1 

AKERSVATN 
(UMSKARAT) 

17 

Schist 

Fig. 5.97 

0.13 
3.0 

38 - 60% 
53% 

Average 

Sandy 
Silt 

Clayey -
V. Fine to 
ClJOr~~ silt 

KAlVATN 
(SPRUTFUSS-

MYRA) 

18 

Mica Schist 

Fig. 5.98 

0.22 
2.1 

47 - 83'10 
62% 

Average 

Sar.dy 
Silt 

V.Fineto 
Fine sand -
V. Fir.e to 
Coar~ silt. 

0 1 Md Q 3 01 Md 0 3 

7.2 5.6 4.4 6.2 I i . • I 3.0 

VASSLlVATN 

22 

? 

Fig. 5.99 

0.4 
1.3 

32 - 57% 
40% 

Average 

Sandy 
Silt 

Clayey -
V. Fine to 
Coarse silt 

0 1 Md 03 

7.1 4.9 2.9 



TABLE 5.4 CLASSIFICATIONS OF NORWEGIAN DAM TIllS (27 - Ex J ) 

LOCATION 

DAM NO. 

LITHOLOGY 

PARTICLE 
SIZE 

GRADING 

AVERAGE 
SPLIT mm 
SIZE ~ 

,FOllSJO 

27 

Amphilolite 
and Gniess 
Mica Schist 

Fig. 5.100 

0.28 
1.9 

RANGE OF % FINES 14 - 700k 
FOR 20mm DIAMETER 48% 

Average 

MANrx;1LA 

28 

Quartzite 

Fig. 5. 101 

0.19 
2.4 

34 - 68% 
54% 

Average 

CLASSIFICATION OF FINE SOIL FRACTION ( MATRIX) 

ACC~RDING 

TO 
B.S. 13n 

MODIFIED 
WENTWORTH 
SCALE 

TYPICAL 
DOEGLAS'S 
GRAIN SIZE 
INDICES (Jf) 

Sandy 

Silt 

Clayey 
V. Fine to 
Coarse Silt 

Q , Md ~ 

6.6 4.8 3.0 

Sandy 

SiI~ 

V. Fine to 
Fine Sand -
V. Fi"le to 
Coarse Silt 

01 Md ~ 

5.9 4.2 3.4 

DRAVLA­
DAlSVATN 

51 

Gneiss with 
Amphilolite 
And Mica 
Layers 

Fig. 5. 102 

0.15 
2.C 

51% 

VOTNA 

52 

Gniess 
Granite 

Fig. 5.102 

0.38 
1.4 

52% 

JUKLAVATN 

55 

? 

Fig. 5.102 

0.7 
0.6 

48% 

Sandy :;:lty Silt,,! 

$ilt ';'lnd Sand 

r:nc to fine to Fine to 
Coarse Silt Coarse Sil; Coarse Silt 
V. Fine to V. Fine to V. Fine to 
fine Sand Fine Sand Medium Sand 

° 1 Md ~ C; 1 Md ~ Q 1 Md ~ 

5.7 4.3 3.6 4.0 3.3 2.3 5.2 3.4 2.0 

MYSEVATN 

56 

Gniess 
Granite 

Fig. 5. 102 

0.3 
1.7 

49% 

Silty 

Sand 

Fine to 
Coarse Silt 
V. Fine to 
Fine Sand 

01 Md ~ 

5.1 3.8 2.7 

STOlSVATN 

Ex 1 

Gniess 

Fig. 5.103 

0.15 
2.3 

22 - 49% 
40% 

Average 

Sandy 

Silt 

Fine to 
Coarse Silt 
~. Fine to 
Fine Sand 

01 Md ~ 

5.2 4.1 3.5 



"1' .• , 

TABLE 5.5 CLASSIFICATION OF CANADIAN DAM TILLS (After M-:Donold et al 196i) 

NIAGARA 
STORAGE 

(6) 

CONESTOGO FAN~HAWE ST. MARY MENIHEK SISSON LAKE BERSIMIS 
NO.l 

(16) 

CORNWALL SHAND 

LOCATION (7) 

LITHOLOGY 

PARTICLE 
SIZE Fig.5.112 Fig.5.112 

DISTRIBUTION 

SPLIT 
SIZE 

mm 
Jf 

0.052 
4.3 

0.06 
4.1 

% FINES FOR 85% 73% 
A MAXIMUM 
DIAMETER (mm) (max 2mm) (max 4mm) 

(8) (9) (11) (14) 

NOT GIVEN 

ST .ANNE 
(15) 

Fig. 5. 112 Fig. 5. 112 f ig • 5. 113 Fig. 5. 113 f ig • 5. 113 fi:J .5. 113 

0.026 
5.3 

48% 

0.04 
4.8 

73% 

0.4 
1.3 

n% 

0.68 
0.6 

44% 

0.6 
0.8 

10% 

0.56 
0.9 

n% 

(17) (18) 

Fig.5.113 Fig.5.113 

0.18 
2.4 

48% 

0.35 
1.5 

71% 

(max Bmm) (max O.4mm) {max 2Omm} (max 15mm) (max 2Omm) {max 20mmt {max2Omm} {max 2Omm} 

CLASSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

8.S. 1377 

MODIFIED 
WENTWORTH 
SCALE 

DOEGLAS'S 
INDICES 
(~ SCALE) 

Clayey Clayey 

Silt Silt 

Clayey Clayey 
very fine to very Fine to 
Coarse Silt Coarse Silt 

- Q 1 Md ~ . 0 , Md ~ 

9.67.86.29.67.65.8 

Clayey Clayey 

Silt Silt 

Clayey Clayey 
very fine to very Fine to 
Medh:m Silt Coom Silt 

Silty 

Sand 

Met:ium to 
coarse siity 
';ery Fine to 
:ocrt,e Stln.:i 

Sandy 
Clayey 
Silt 

Silty 
Clo,.~y 
Santi 

Silty Silty 

Sand Sand 

Silt'! Silty 
very fine to very fine to 
Coors.~ Sand Coarse Sand 
With Clay 

Sandy 

Silt 

Fine to very 
Fine Sandy 
Silt with 
Clay 

Sandy 
Clayey 
Silt 

Medium to 
very Fine 
Sandy Silt 
With Clay 

Q 1 ~'\i Q:3 °1 Mc ~ Q 1 ~/d 0:; Q) ;Vd Q 3 Q, Md ~ Q, Md ~ Q, Md ~ °1 "'''cJ ~ 

9.9 B.l 6.9 .108.76.6 3.92.62.0 9.36.12.8 4.92.5 1.9 5.1 3.; 2.0 7.4 5.4 3.9 8.65.93.7 



TABLE 5.6 CLASSIFICATION OF VARIOUS CANADIAN TILLS 

LOCATION 

LITHOLOGY 

PARTICLE 
SIZE 

DISTRIBUTION 

SPLIT 
SIZE 

mm 
~ 

% FINES FOR . 
MAXIMUM 
DIAMETER 

SHAND 
DAM 

Dolomite 

Fig. 5.119 

0.35 
1.5 

52% 
DOLOMITIC 
TILL 
ONTARIO 

As Above 

Fig. 5.124 

0.14 
2.9 

67% 
DO lOMITIC 
Till 
ONTARIO 

As Above 

Fig. 5.124 

0.19 
2.4 

50-87% lO% 56% 
74% Average 

(moxa l00mm) (Mox. 30 mm) (Mox. 50 mm) 

ClA.SSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

B .S. 1377 

MODIFIED 
WENTWORTH 
SCALE 

DOEGLAS'S 
INDICES 
(~ SCALE) 

Sandy 
Clayey 
Silt 

Medium to 
Very Finf! 
Sandy Siit 
with Cloy 

0, Md ~ 

8.6 5.9 3.8 

Sandy 
Clayey 
Silt 

Very Fine 
Sandy Silt 
with Clay 

0, Md ~ 

7.9 6.' 4.6 

Sandy 
Silt 

Fine to VerI 
Fi~ s.::tn~y 

Silt with Cloy 

01 Md ~ 

6.8 5.1 3.7 

77el 
.0 

DOLOMITlC 
TILL 
ONTARIO 

As Above 

Fig. 5.124 

0.055 
4.2 

21% 

(Mox. 6Omm) 

Sandy 
Silt 

Very Fine 
SaMy Silt 

°1 ;"~ ~ 
6.0 4.8 4.0 

VlllE LA 
SAllE 

MONTREAL 

Not Known 

Fig. 5.129 

0.03 
5. 1 

3-78% 
30% Average 
{Mox. 100 mm} 

Clayey 
Silt 

Clayey 
Very Fine to 
t\ \et:!ium Silt 

0, Md ~ 

8.5 6.9 6.0 

IlE HERON 

MONTREAL 

Not Known 

Fig. 5. 130 

0.04 
4.7 

20-60% 
50% Average 
(Mox. 100 mm) 

Clayey 
Silt 

Clayey 
Very Fine to 
Coarse Silt 

Q 1 Md °3 

R.3 6.8 5.5 



TABLE 5.7 CLASSIFICATION OF KRUMBEIN'S VALPARAlSO TILLS (1 - 8 ) 

LOCATION 

LITHOLOGY 

PARTICLE 
SIZE 
DISTRIBUTION 

SPLIT 
SIZE 

% FINES 

mm 
~ 

( MAX. SIZE OF 
COARSE 1 mm ) 

Fig. 5.136 

0.05 
4.4 

70 

2 

Fig. 5~ 136 

0.048 
4.5 

76 

3 4 5 6 7 8 

AS SHOWN IN FIG. 5.148 

F ig. 5. 136 Fig. 5. 136 Fig. 5. 136 Fig. 5. 136 Fig. 5. , 37 Fig. 5. 137 

0.030 
5. ; 

73 

0.055 
4.25 

68 

0.042 
4.6 

88 

0.040 
4.7 

84 

0.050 
4.4 

83 

0.049 
4.35 

n 

CLASSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

B.S. 13n 

MODIFIED 
WENTWORTH 
SCALE 

DOEGLAS 
INDiCeS 
(~ SCALE) 

CLAYEY 

SILT 

COARSE TO 
V. FINE SILTY 
CLAY 

CUoYEY 

~ILT 

COAi{SE TO 
V. FIf\<E SILTY 
CLAY 

C.AYEY 

Sill 

COARS~ 70 
V. FINE 
SILTY CLAY 

ClAYEY 

SIU 

CCARSE TO 
V. ~INE 
SILTY CLAY 

CLAYEY 

SILT 

COARSE TO 
V. FINE 
SILTY CLAY 

CLAYEY 

SILT 

COARSE TO 
V. FINE 
SILTY CLAY 

CLAYEY 

SILT 

COARSE TO 
V. FINE 
SILTY CLAY 

CLAYEY 

SILT 

CLAYEY 
V. FINE TO 
COARSE SILT 

Q 1 Md Q 3 0 1 Md Q 3 Q t Md ~ Q 1 Md Q 3 Q 1 Md Q 3 0 1 Md 0 1 0 , Md 0 3 Q, Md ~ 

9.9 7.6 5.9 10.0 7.85 6.3 10.2 8.3 6.7 10.5 8.0 6.0 9.8 7.9 6.4 9.85 7.7 6.35 10.3 8.06.5 8.957.15.95 



TABLE 5.8 CLASSIFICATION OF KRUMBEIN'S VAlPARAISO TillS (9'" 16) 

LOCATION 9 

LITHOLOGY 

PARTICLE 
SIZE FIG. 5.137 
DISTRIBUTION 

SPLIT 
SIZE 

% FINES 

mm 
$J 

(MAX SIZE OF 
COARSE 1 mm) 

0.069 
3.95 

86 

10 

!=IG. 5.137 

0.07 
3.9 

88 

11 12 13 

A~ SHOWN IN FIG. 5.148 

FIG. 5.137 

0.026 
5.3 

80 

FIG. 5.137 

0.052 
4.3 

83 

FIG. 5.138 

0.045 
4.6 

80 

CLASSIFICATION OF FINE SOil FRACTION (MATRIX) 

ACCORDING CLAYEY 
TO 

B.S. 13n SilT 

MODIFIED 
WENTWORTH 
SCALE 

CLAYEY 
COAR5E TO 
V. FINE SilT 

CLAYEY CLAYEY CLAYEY CLAYEY 

SILT S!lJ SILT S!LT 

COARSE TO COARSE TO COARSE TO CLAYEY 
V. FINE SlLTY V. FIN!: S:LTY V. !=INE S!lTY COARSE"!"O 
CLAY CLAY CLAY V. F1f'h: S,LT 

14 

FIG. 5.138 

0.05 
· 4.4 

78 

CLAYEY 

SILT 

CLAYEY 
COARSE TO 
V. FINE SILT 

15 

FIG. 5.138 

0.04 
4.7 

56 

CLAYEY 

SILT 

16 

FIG. 5.138 

0.04 
4.7 

62 

CLAYEY 

SILT 

COARSE TO COARSE TO 
V. FINE SILTY V. FINE SILlY 
CLAY CLAY 

DOEGLAS 
INDICES 
(~ SCALE) 

0 1 Md C.t 3 0 1 Md 0 3 Q1 Md °3 <1 '\\ .. 03 °1 !-\d ~ °1 Md 0:- 01 Md ~ <1 Md 03 

9.9 7.7 5.95 10.4 8.0 6.2 10.3 8.8 7.1 10.1 8.1 6.3 9.4 7.3 6.0 10.0 7.4 5.Y tC.2 7.7 6.0 10.3 7.8 6.3 



TABLE 5.9 CLASSIFICATION OF KRUMBEIN'S VAlPARAISO Till S (,7 - 24 ) 

- LOCATION 17 

LITHOLOGY 

PARTICLE 
SIZE FIG. 5.138 

DISTRIBUTION 

SPLIT 
SIZE 

% FINES 

mm 

~ 

(MAX. SIZE OF 
COARSE 1 mm) 

0.046 
4.5 

80 

18 

Fig. 5.138 

0.034 
5.0 

78 

19 20 

AS SHOWN IN FIG. 5. ~48 

Fig. 5.139 

0.020 
5.7 : 

74 

Fig. 5. 139 

0.021 
5.6 

69 

CLASSIFICATION OF FINE SOl'.. fRACTION (MATRIX) 

ACCORDING 
TO 

B.S. 13n 

MODIFIED 
WENTWORTH 
SCALE 

Clayey 

Silt 

Coarse to 
V Fine Silty 

Cloy 

Clayey 

Silt 

Coarse to 
V Fine Silty 

Cloy 

Clayey 

Silt 

Coarse to 
V Fine Silty 

Cloy 

Clayey 

Silt 

Coarse to 
V Fine Silty 

Clay 

21 

Fig. 5.139 

0.018 
5.9 

57 

Clayey 

snt 

Coarse to 
V. Fine Silty 

Clay 

22 23 

Fig. 5.139 Fig. 5.139 

0.021 
5.6 

5.5 

Clayey 

Silt 

Coarse to 
V. Fine Silty 

Clay 

24 

Fig. 5.139 

0.019 
5.8 

52 

Silty 

Clay 

Medium to 
Fine Silty 

Clay 

DOEGLAS 
INDICES 

° 1 Md '3 °1 Md °3 ° 1 Md ~ Or Md °3 °1 ~ ~ Or Md °3 ° 1 Md 0:3 01 Md ~ 

(~ SCALE) 10.2 7.9 6.3 10.3 8.4 6.9 10.5 8.6 7.1 10.1 8.0 6.7 10.5 8.7 7.2 - - 10.5 8.9 7.3 10.5 9.3 7.8 



l~~;: :.\:-\:., 

.. 
TABLE 5.10 CLASSIFICATION OF KRUMBEIN'S ILLINOIS TILLS (A - H ) 

LOCATION A B C D E F G H 

LITHOLOGY AS SHOWN IN FIG. 5.164 

PARTICLE 
SIZE Fig. 5.150 Fig. 5.150 Fig. 5.150 Fig. 5.150 Fig. 5.151 Fig. 5. 151 Fig. 5.151 Fig. 5. 151 

DISTRIBUTION 

SPLIT. mm 0.072 0.07 0.065 0.060 0.('31 0.028 0.033 0.029 

SIZE ~ 3.8 3.9 4.0 4. 1 5.1 5.2 4.95 5.15 

% FINES 
(MAX. SIZE 
1 mm) 40 45 50 50 45 52 40, 46 

C~SSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING Cloyey Cloyey Cloyey Clayey Cloyey Cloyey Clayey Clayey 
TO 

B.S. 13n Silt Silt Silt Si:i' Silt Silt Silt Silt 

MODIFIED Cloyey Cloyey Clayey Cloyey Clayey Clayey Clayey Clayey 
WENTWORTH V. Fine to V. Fine to V. Fine to V. Fine to V. Fine :0 V. Fine to V. Fine to V. Fine to 

SCALE Coarse Silt Coarse Silt Coarse Silt Coarse. Silt Coarse Silt . Coarse Silt Coarse Silt Coarse Silt 

DOEGLAS'S °1 Md 03 <1 Md °3 Q 1 Md °3 °1 Md °3 Q 1 Md ~ °1 Md °3 °1 Md °3 °1 Md °3 
INDICES 
(~ SCAtE) . 8.4 6.4 5. 1 8.8 6.7 5.3 0.5 6.5 5.~ 9.0 6.9 5.5 9.8 7.6 5.9 9.9 7.7 6.2 9.0 7.1 6.0 9.0 7.5 6.2 



. ~ 
.~.i<' '~~ • , 

"-,.1. '''TASlE 5. JJ CLASSfFfCATfON OF KRUMBEfN'S fLLlNOfS TfLLS (J - Pr> 

LOCATION · J K L M N ' 0 P ~ 

LITHOLOGY AS SHOWN IN FIG. 5.164 

PARTICLE 
SIZE Fig. 5.152 Fig. 5.152 Fig. 5.152 Fig. 5. 153 Fig. 5.153 'Fig. 5.153 Fig. 5.153 Fig. 5. 153 

DfsTRIBUTION 

SPLIT mm 0.023 0.021 0.025 0.028 0.020 \).021) 0.025 0.030 

SIZE ~ 5.5 5.7 5.4 5.3 5.75 5.75 5.4 5.15 

% FINES 
(MAX. SIZE 68 66 65 77 60 77 88 88 

1 mm) 

CLASSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING Clayey Clayey' Clayey Clayey Clayey Clayey Clayey Clayey 
TO 

B .S. 1377 Silt Silt Silt Silt Silt Silt Silt Silt 

MODIFIED Medium to Medium to Medium '0 Moc:t.:r.1 ·0 Medh, to tvleJium to Medium to Medium to 
WENTWORTH Very Fine Very Fine Very Fj~ '!ery Fine './et/ Ftrte Very Fine Very Fine Very Fine 

SCALE Silty Clay Silty Cloy SHty Clay 3 ',~rv Cb" Si'l)" Clay Silty Clay Silty Cloy Silty Clay 

DOEGLAS'S °1 Md °3 ° 1 Md °3 °1 Md °3 Q 1 
M

J Cl °1 
iI 

°3 °1 Md °3 °1 Md °3 °1 Md °3 
INDICES 3 .~, d 

(~ SCALE) 10.0 8.1 6.8 9.6 7.6 6.6 9.6 7.9 6.6 9.6 7.7 6.6 9.5 7.6 6.7 9.9 7.9 6.9 10 5 8.4 7.1 10.5 9.0 7.4 



· ~,~ " 
" ', .~ . 

TABLE S.12 CLASSIFICATION OF KRUMBErN'S 'lllNOIS TIllS (Q - W ) 

LOCATION Q 

i< 

LITHOLOGY 

PARTICLE 
SIZE Fig. 5.154 

DISTRIBUTION 

SPLIT 

SIZE 

% FINES 

mm 

~ 

( MAX. SIZE 
1 mm) 

0.039 

4.8 

83 

R 

Fig. 5. 154 

0.032 

5.0 

92 

S T 

AS SHOWN IN FIG. 5.164 

Fig. 5. 154 

0.031 

5.1 

86 

Fig. 5. 154 

0.030 

5.15 

82 

CLASSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

B .S. 1377 

MODIFIED 
WENTWORTH 

SCALE 

Clayey 

Silt 

Fine to very 
Fine Silty 
Clay 

Clayey 

Silt 

Fine to very 
Fine Silty 
Clay 

C ~ :lyey 

Silt 

Fine to very 
Fine Sitty 
Clay 

Clayey 

Silt 

Fine to very 
Fine Silty 
Clay 

u 

Fig. 5. 154 

0.030 

5.15 

84 

Clayey 

Silt 

Fine to very 
Fine Silty 
Ciay 

v 

Fig. 5.154 

0.030 

5. 15 

82 

Clc/'3Y 

Silt 

Fine to very 
Fine Silty 
Clay 

W 

Fig. 5. 154 

0.032 

5.00 

88 

Clayey 

Silt 

Fine to very 
Fine Silty 
Clay 

DOEGLAS'S 
INDICES 
(~ SCALE) 

°1 Md °3 °1 Md °3 °1 Md 0'3 °1 Md °3 °1 Md Q 3 °1 Md Q 3 Q 1 Md °3 

10.2 8.1 6.7 10.5 8.6 7.1 10.5 8.8 7.2 10.3 8.2 6.7 10.3 8.4 7.0 10.3 8.4 7.0 10.2 8.7 7.0 



roIBfJ.I PARTICLE SIZl!; * SITE 
IHFFErr.::m CE 

Scottish Tills 

Cm'lal 0.02 to 0.014 
'. 

Courrour ~.(;C.t4 to 0.02l 

Strathyre 0.005 to 0.007 

Glen Orchy 0.008 to 0.011 

Glen Tro01 O.Oos to 0.02 

Backwater Da.l'i! 0.0085 to 0.01 

-.... - --, 
B1aisen I 0.(101·4 to 0.003 

- ,--
Norwegian Dams 

1 
2 I 0.0j I 

J 7 0.029 

12 0.013 

13 (;.02('; 

17 0.023 

18 0.035 

22 0.012 

27 0.018 

28 0.048 

~1 0.054 

52 0.034 

55 , 0.027 

56 0.039 

EX1 0.042 

.. 1--- ... _- - - -........ -
.. . _._. _ .-..-, _ ___ .... _ ___ __ _ . • -"K. ___ .. .. ' .... _ _ •• __ _ " . 



TABLE 6.1. Cc.c....()....;,n..;..t_d...;: • ...J,) __ "'t" _____________ -t 

1:E.flN PA.HTICLE SIZ;E .v. 

J>IFft'EHBlT CE 
SITE 

Canadian Dams 

6 0.023 

7 0.022 

8 0.015 

9 0.032 

11 0.009 

lL~' 0.002 

15 0.006 

16 0.042 

17 0.015 I 
___ .~~ .• _~ __ • _____ .• __ .. .•. __ ~ __ ~. __ O~.O~~_ .. . ____ .. _ . _._ L 
Mo~tre21 Villa la SaIl· . 0.009 I 
.IlO •. I~~:O-"-._. ___ ...... _._ .. _._~~~ ____ .. J 
Valr~ra.iso 

Illinois 

0.042 

0.087 __ ._. ____ ... ___ ..... _ .'._.' ___ .. __ J. 

* Me~~ Particle Size Difference is ta~en as the 

ratio of the fine soil fraction D 50 size to 

the coarse soil fraction D 50 size when the 

maxim~~ particle size is 100 mm diameter. 



OPTIJ.lUJ.l BRITISH srrANDARD CONDITlmrS. -_. __ ._._----- - ... -.. -.... .. -.- . ~ . - '" _ ."'-- --- ---_ ........ - ... ... .. _._---

Percentage Fines State of Particle 

Content Organisation 

o - 10 "Clast Controlled 

10 - 15 Clast dominated 

15 - 37 Well graded 

37 - 80 Matl'ix dominated 

80 - 100 ~l atrix controlled 

.-. 



- '--.. 
RELATIVE ABUNDAHCE REPRESENTATIVE DESCRIPTION 

OF A FORJ.t. SYMBOL. 

" 

Not apparent N .A. No examples of . 
this form are I 

I 
observable. . 

Rare 1. Few exam!'] C8 of 

this fO~l'm to be 

found. 

I 
Occasional 2. EX2R I:.les vf j;!1';. :.; 

fOI'm '"re ('OSf> 1 V· 

able "t:)Ut not 

comli:on. 

Frequent 3. A lc.rge ',wllI'ocr of 

fOl~"lF, 0: ~:-,j :.! 

typt; !.I.l'':: tC' 'te 

found. 

Domine.nt 4. This fO:"'tn is \tJry 

, com:r,on a..."1(i is dom-
I inant. I 

L ---



SOIL PROPERTIES CENTRAL BREIDAMERKURJOKULL WEST BREIDAffiERKURJOKULL BLAISEN 
ICELAND ICELAND NORWAY 

LIQUID LIMIT (%) 16 20 18 

PLASTIC LIMIT (%) 13 15 15 , 

WATER CONTENT (%) 9 7.4 10 

DRY DENSITY (t/m3) 2.37 1.95 1.81 
I 

SPECIfIC GRAViTY 2.B5 
I 

2.85 I 2.74 
! 
i ----- I - -

ROCK CONSTITUENTS B8~JJ1~ ~liit(' I 9as:llt suite Granite-i 
I gneiss, 
f I Qhlllite , 

TABLE 6.4. AVERAGE PHYSICAL PROPERTIES Of NOnWEGIAN AND ICELAND!C TILLS 



1 
-

SOIL PROPERTY BREIDAMERKURJOKULl BLAISEN 
ICELAND NORWAY 

LIQUID LImIT (%) 26 20 

PLASTIC LIMIT (%) 19 14 
I 

WATER CONTENT (%) 60 ~4 I 
I 
I 

~ . 

TABLE 6. 5 PROPERTIES OF FROZEN TILLS FRom NORWEGIAN AND ICELANDIC GLACIERS 

•• '''' .,..._. " . ....... ' A ' '"' _ '" ,'_ . '~'._ . • ~ "",~ .•• ~ •• ,'. ,_ " . _ •.. • 



CLASSES AND INDEXES OF FLAr:t.1NESS FOR THE TILLS SA1;PLED. --.-.--.--"'-._.----.--'- .. _._._ .. _ .. __ .--_._--..... ------- .... ----._._._-_ ..... 

ICELAND NORHAY Descriptive :;-----_.------ --. -_._-_. 
shape classes BR/C 17 BR/C 10 BR/VI 3B B/65/A B/72/n 

OVOID 8 16 24 20 8 

RHOMBOHEDROID 20 16 8 12 12 

TAl3ULAR 14 20 8 20 20 

DISCOID 2 12 16 

HEDGE 4" " 28 44 24 28 

ROD 14 )4 12 8 16 

VARlHEDROID ') 4 4 4 4 <. 

---- --·----r- .-.--. .,..- .-.-------. ~-. ,,. . .. -.- ... .. - -- ~.-- , .. -.... --
Number of olasts 100 I '(:; 50 50 50 

I _ .. --_. 
----~- " I ---.--.. , •• . - .-.. ... ~ ------- . ~ - ... -.. ---- ~ - ---_ ..... -

Number of levels I 
I 

I 
sampled "' i 3 " 2 2 :> I £. 

Index of flatness 

173 197 185 217 225 

46 J 144 48 65 l 81 I ___ ._ ._._. ____ .. . __________ . ___ .... _____ -.l Standard Deviation 

*If = a+b .100 (Cailleux 1947) 
20 



CLAY SIZE ARR~NGEmENTS GRANULAR ARRANGEmENTS 
~OIL 

- ovtRALL OVE:Rt\LL SINGLE PARTiCLe: GROUPS PARTLY DIS- CLEAN CLOTHED 
PRESENCE '~ERN I~tE PRESENCE 

GRAm/GRA IN RANDom PARALLEL RANDom Pi\RtiLLEL 'ARRAN, mENTS GRAIN/GRAIN 

BLAISEN 1972 1 ~ 
3 --L 2 

2 N.A. 4 3 3 
P'JORWA Y 

1965 1 :3 3 i 2 2 1 4 2 4 
1 

BRE IDAMERKUR- I I [JOKULL, 1-2 3 3 2 2 ILI\ • 1-4 2 4 
ICELAND i 

- ----
LACROIX 
GLACIER 2 1 N.A. 3 2 3 3 2 4 

ANTARCTIC 
i 

CO\lJAL I 
SCOTUIND 1 N.R. 3 N.R. 3 N.A. 4 4 2 I 

I 
I 

GLEN ORCHY I 
~COTLAND 1 1 2 2 4 1 5 4 2 

~-- .. 

TABLE 6. 7 APP~T RELATIVE ABUNDAI\CE:; 0'1 EL~,jrliTARY PARTICLE J\1lli.ANGm,Ir;~'l'~. 



SOIL CONNECTORS INTERWEAVING AGGREGATIONS mATRICES 

BUNCHES REGULAR IRREGULAR CLAY/GRANULAR GRANULAR J 

BLAISON, 
NORWEGIAN 1972 2 N.A. 2 N.A. N.A • 4 

. _--
1965 N.A. N.A. 1 N.A. 2 4 

BREIDAmERKURJOKULL I 
ICELAND 1 N.(\ • 3 {-:l 2 :5 

--- I""""' 

LACROIX GLACIER ' 
ANTARCT ICA 1 tJ.A. i 3 N.A. 2 4 

, 
---..---__ --.L.-___ ... 

I ---COlUAL, I I SCOTLAND N.A. N.I\. r~. t\ • I N.A. N.A. 4 ----t---~----t ' GLEN ORCHY, .' 
SCOTLAND 2 N.A. 3 N .11. 4 

-. I _ _ ,I , 

TABLE 6.8 APPAREl'iT RELATIVE ABUNDAl~CES OF 'rHE BASIC L:r::K::. OF PP.RTICLE ASSElI;BLAGES. 



SITE GLEH CRClfY 

LIQUID LDUT (%) 27 27 17 
- .- .--------------. ----' .. ---.--'._.- -.-.... -- -------_._.,. --.------ .~- .--

PLASTIC LDUT (%) 11 25 15 
~-~--... -----,-------._._ ... ---- --_._ .. .. - . ~ .. -... , ..... ~ ----y .. -...... _._- .. ~-----.-----.-.-

\'lATER CONTENT (%) 13-60 6-18 
_____ ..•.. __ _. ___ . _____ .. _______ . - _ .~ • .• __ . __ -0_ . __ - _______ _ 

DRY DENSITY (t/m3) 2.26 1.0-2.01. 

SPECIFIC GRAVITY 2.71 2.68 

Rock Constituents Grani~::. 

Gneiss 
Quartzite 
Grn.ni te 
Schist 

rUca Sc~~ists I QU2.:."t~~i-l;;c 
S~nd~tone I Limestona ____________ ~ ___ ~~.~c.:~.-~.:~~J. __ ._~_- . __ w _ . .. __ . _ . __ __ ~ ____ • _______ '. 



TABLE 7.1. 

Origin o~ Specific Grc::.vi ty Specific Gravity 
HaterJ.aJ.. of Fines of Coarse 

L agl ingart en 2.65 ~.71 

I Strathyre 2.66 2.71 

C~"'rour 2.58 2.64 
, 
i 
'--- --



TABLE 7.2. PROPOSED LHlI'l'S OF PAnTICLE-SIZE DISTRIBUTION Fon BASES 

AND SURFACINGS, HI'l'H TOLERAHCES. 

Percentage passing I 
I 

" Surfac- Base or 
Base ing Surfacing 

Uom.max. Nominal 

Nominal maximum size size maximum size 
. ---I--

n.s. 
Sieve 3-in. :1, ' )',-;-l.n. :3 ' -,if-J.n. :3 • :,r-l.n. ~. sl.n. 

;5, 
i61n• 

Size 
- -

3 in. 100 - -
I 

- - -

I-tl" in. 80 - 100 100 - - - -
I ,>i. 60 - 80 80 - 100 100 ] 00 - -4 l.n. 
I 
I I 
I 

Z, • 
45 65 n:, BD Co - 1(10. I ...." 100 J.()O I 

8 l.n. - - I C.J'.J - - I .); 
I 
I 

3' 30 - CC) 6e '> - 80 -
I 

50 40 50 75 100 100 I 

i& l.n. - - - I)) 

IC~ No. 7 - 3Q ,. 50 35 - 60 ! 45 - 70 50 - 80 80 -
I ,J No. 14 . - - - I 35 .. 60 40 - 65 50 - ~' 'f 

No. 25 10 - 30 15 - 30 15 - 35 - .. 30 - 6< 

No. 52. - - - 20 .J 4C 20 - 40 20 - 4t 

No. 200 5 - 15 5 - 15 ~ ... - 15 10 - 25 10 -- 25 10 - 2~ 

Notes 

1. Not less than 10 per cent should be retained bet"Teen each uair of 

successive sieves specified for use, excepting the largest pair. 

2. The two smaller sized materials (~and ~in.) may have up to 35 per 

cent of stones not larger than l~-in., provided that the material 

passing the ~in. sieve is within the limits specified. 

3. The material passing the No. 36 sieve shall have the following 

characteristics (B.S. 1377: 1967);-



TABLE 7.2. (contd.) 

for basis 

For surfacings 

Liquid limit not exceeding 25 per cent. 

Plasticity index not exceeding 6 per cent. 

Liquid limit not exceeding 35 per cent. 

Plastici t;)r index beti'l€en 4 and 8 per cent. 

Extract from soil mechanics for Road Engineers 

H.M.S.O. 



TAJ3LE 1.3. RAlrGE OP lIATURAL HATER COWfE1JlrS IH 'i'ILJ,S TESTZD 

Hater Content of < 20 mm (-i" ) Haterial 
Site -I 

Ninimum I Average I Maximum 

L ag1 ingart en 13.4 I 31.0 59.7 

C,')rrour Forest 3.40 8.40 I 15.0 I 

&~rathyre 7.6 25.9 54.0 

L-__ ... _ _ .• _ --_ ... ~ 



"'." 

TABLE 7./f RELIlTIONSHIP BETt:1EEN PROCTOr. OPTIMUM t"l\TER COr-.ITE~~T AND WATER CGrJTENT AT 

mINIMum OCRnlEAB!LITV r L~l POf l! Er.J~ rJ v:,:.!!!2. 

I 

DAM* PHOCTOR OPTIMum WATER CIJNTE:NT 
WATER CONTENT ' AT ffiINIMU ffi PE~mEABILiTY 

(%) «: ) \ ,-

AKERSVATN 8.5 IG.O 

KALVATN 9.3 11.0 

VASSLIVATN 7.2 9.4 

FOLLSJt 7.1 9.2 

IilANNDOLA 7.0 8.0 

DRAVALADALSVATN 9.2 11.2 

VATNA 8.5 8.5 

[IIYSEVATN 7.S 8.7 I 
! 

JUKLAVATN 7.S 7.8 

_J STtL5VATN 7.2 8.5 
- ------- _._- ----~-

* TYPICAL GRADINGS DETAILED IN CHAPTER 5 WERE USED IN THESE TESTS 

WITH A MAXIMum PARTICLE SIZE LIMIT OF 20 mm DIAmETER • 

•. ~.~,,,,.,, .... , 'JO\' .. , •• " ..... ~ .... ,.,., -~, .... - •. ""'.~~: •• ,1-~, .• ~_.o.'~ .• .,ot-~~ ... -.""'.~ _ ....... -.' ..... v"~ ..... -""'"_,.._,,....~ .. I6n.~ ............. ___ .. __ ... '(-.... _"" .""". ....~ ..... w 'l ~ ,_9\"' .... ~ .... _, ... ~ #"-' .• _~ .... ,_ .... ~_ ..... 

DIfFERENCE IN 
WATER CONTEr~ T 

( /~) 

+1.5 

+1.7 

+2.2 

+2.1 

+1.0 : 

+2.0 

0 

d.2 

+u.3 

+1.3 
---- - - - - - - - -

i 
I 

I 

I 

, 

i 

...J 



TABLE 7.5. PErmEABILITY 'Lt\..LUES IH I·: 01!THB1JJ '.rILLS . 

i I Humber Co ef:l'ic icnt of Pcrr:l(;2"1) i 1 i t :v ~Ur1!scc) 
, 

Soils 'l'cstcd I 

of ri'cst r.-; Avcr,,,-c e I Hc..nc e 

Undisturbed 
10-2 10-1 JJaboratory 30 2.8 x 3 x to 1 x 

Specimen 

Remou1dul 
10-3 Laboratol'"lJ 25 - 10 to 

Specimen 

---
I 
I 

In-situ Undi sturb- I 

10-1 I 
10-1 

€od. Permeability 7 3 x I " "( to 9 x v 

Test I 
I --

I 
nei;om)acted Till 32 1.5 10-6 

3 -4 to 1 In-situ Test 
I 

x I . 10 x 

.---. . - - ---

TA.ilL:i~ 7.6. :.:30LmGB .fi.iD pnOPEnTn~S OF KOEill1~ll'S (\970a) SOIL. 

;',1 a.:x:. ;- 1 :Tr: 
I 

tlJ 0 Hazen t s J.iin. 
Source 'YT • ~ • t D . t ( .) I un~lo:cm~ .y ens3 .y 

I mt'. Goefficicnt (till!' ) 
:uens~ty .P.ngu1ar-

J!Y.:~ L...--.----..... ,---.oor-.. . .-~---
I ; 

1\ Crllshed I 
mar.;rd v e mill:y 0 ... 2:; t 1.25 1.18 
qu.artz 

Crushed 
O-;;;;a\'1a Sand 

Fines of 
Otta"Ta Sand 

0.25 

0..25 

1.25 1.38 

1.25 1.47 

ity 

I 

• 

1.57 Angular 

l.C6 Sub-
Angular 

1.73 Sub-
Rounded 

~ 
10-3 

10-3 

10-7 

Sphcr-
icty 

0.45 

0.58 

0.67 

I 

I 
! 



FIGURES 



,. ~ .. 

fJni===:~::~~~::::~;=::~::~~::~~:==,===:~~~=========================================== 11 = 
11 

GLACIAL DRiFT DEPOSITED AS TILL GLACIAL DRIFT IN TRANSPORT 
ON LAND .- tN LAKE OR SEAl 

I , 

Tt LL 

SU PERGLAC!At:--_RRIFT;;:,--;;d> 
------..-...::~---. .;~-"";' 

W . . ' ~ 

u ENGLAC lA L ' /If----------., 
-.J . I r:""T / )1 DEPOSITED BY 
::f __ D~~ __ -,-L-. .t1 BASAL BASAL MELTING 

~ B"'SAL DRIFT ~ Tl LL DEPOSITED BY . 
;-l .... I LODGMENT I! 

" (!) I _ I -LOCAL TI ll..; I1 

DEFORMED 8EDROCK OR SEDIMENTS[.> DEFORMATION Till 11 
! . I d 

A.alATION TILL 
WATERLAID 

FtG-. 2..1. CL..ASS IF"l CATION OF ~ILLS Awn . G-LACIAL.. bR-1FT It.( TRA~SPO~T (D~l~~IS ANt> YAGNE.R 1971). 



9 

8 

7 

6 

5 

4 Z 3 4 5 6 7 
SItE 

FI~. 3· t. ~RAIN -'.NAL't'5E.S 01= 1\1INER.Al.5 IN BALL N'! t L~ ,5, ~ICP.OaiN:: 

CENTRAL FIGURE: F'REQUENC'!' - OISTRIBUTION CUR\lES, PER C.ENT Sy NUM~ER O~ ~~,, : ~ ;S 

PL.OTTEO AGAINST SitE, mm, AS NONlINAL. SECTIONAL. DIAMe.T~R , ~;.:.~ N~ ~1i3t:l;!. 0 : 

HtIN ~OTATe.O OR'!' IN BAloL N'tlloL.. 

UPPE.R LEI='T: SP~ERICITY, BASEO UPON PATTE.RNS 01= RITTENHOUSe, "ND Pi..ClTT~':) 

FRONl SCATTER DIA<4RAN'lS. NUI'I'lBER5 R~I=e:R TO LE.N~TH 01=' TIME ROn.TE,O, 

LOWER RIC:.I-lT: R.OUNDNE.SS, BA.SED UPON PATTE.RNS O~ KR.U!'flB~IN. NUN'lBE.'<'5 

RE~ER. TO LENc.-TH OF TUllE ~OT"TE.D. 

-" 
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(.:1&.~).5. TERMINAL MODES '''l BASAL TILL - .-------.-.--

~RAIN 517.E (~) 

1 2 3 5 6 7 B 9 10 

.~-':' ~.1 I -

-

I 
. ,l ,_" 

-

'-t;g --- -
~ 

. . 
" --r - 1---- -- _ ._-- - '- -

I 
"'" 

J ____ I t --- "'"--- . .,-- --,.------
~. 

, -,--_.- ---'---'_._--
I ! I --
I I , 

I L .. - -- -F--~--f i'>',· ' ."'i!r!!':t ---- - ----'---
t 

--r- I · -- ! '-

I 
I 

I , 

.-. .- -_.-

"'" 

I-

O.'Z.S O.06Z O.0~6 0.004- 0.004 

c::.RAIN SIZE (mm) 

DOLOIOITE (PRE:5G Ni Slur)',,; 

QUA.~TZ (PR.ESENT Si'.'')'1~ 

krl;::I.l I S ·;~ ",s·p'(~O;(;_ "'::~ 

(pReSF~. T ~TLJC:": 

A:t'i?rli:';Oi ,E.5 eSTl "H-: L.: '_~ . ,.' 6~' 

~: ~~'J'1 ~"\""~R.A.LS 
(p:;r,:.!tcN, STW:,'r) 

H!.::.A..VV r,il"'=R~l.~ 
("""'\1/"- 1 TOV, 19E '2) 

~E L D5PARS (PRE.5~NT ~>7"ft ; 

ORT~OCL;"S=: 6~ARRi5CN letS: : , ' 

r 

; 
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E'G._4:7. SAMPLE LOCATIONS AND GLACIATION bJR£~no~ 
AT CoR ROUR.. !="ORES r. 
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T·) .L J 

NOTES ON SAmPLING NOMENCLATURE 

Fer purpose of identification of samples the roads 
in Corrour Forest area have been split into Fersit 
Road, Strathossian Way, and Ghuilbinn Road, all as 
indi~at8d on the map opposite. 

Due to the ~nEccessibility of the roadline for . 
Slrathossi~~ ~av samples relating to this section 
were taken from the existing drovers trzck Some 
200 ft. in Gltitu~g above,the level of the proposed 
ruad. 

A study of the glaciology of this section indicates 
that the samples should be af similar nature to the 
sail on the proposed roadline. 
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'~ ~'j,E~(:;I/ipt/ONOF SAMPLE 

I LOG SETTLING VeLOCITY ~ CM PER SE:C. 

" 

'\.:.;I!.., _,~ .r. ...... ;.~r. .... ' :..., oJ' ~-_ ~ '-\. ~':';_'~ ' ... ~l ;~~\,·_.,{\ 

F'ARTlCLE ' SIZE DlSTRIBUiJON 
SEMI - L.ot; PLOT 

I 8 . S. SIEVE NUi18ER 

10 or 4 -11/ 1 ' ,~, I I ~ T I , I ! I ! 200 ;50 100 7"'" I I I . I' I C. '0 52 % 

I "1 r 1"1 . 
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80i+H 
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. PARTICLE SIZE DISTRIBUTlOfJ 

t:::~J.: 'OESCRIPTION OF 'S:;4.MPLE" : .. 
, SE"''' - :..C,C; ,""LOT DATE: OF TEST :-
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90t-tti . 
I U I I 80 

70t-

bO 

''' 1 LOG St'r~LlN6 ' ~£LOCiT~ - 'CM PER Sl:C J B !~, :;/£':\/£ \'I JM8!:~ APERTURE SIZE I~ INCHES 1 
4 3 z T ' I .-:c() ,'j'i .on 7cfl c'':' :;t, 25 18 104 iOq 1 ~ j~ ~ ~ ~ ~ 1 I~ 2 J -4 (. I 
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I 11 i I! I' ! I, ~ r IliT: I I 
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I1I111111111 I \t~~~. :! ~! L, I, I, / 1 lilliL~ r i 11~1 I J a... 
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DESc.R/~T,.tdN " ,OFL. SAft1 P.LE :-

" ' ~ · < "":: .:" \._.'O ;; 4:\.t"., .. ......... ~ ~oot ~ .::. ~, \. .... ... \. -"; \~~~.: ... _ 
, ...... ' ... "\ 

PARTICLE SIZE DiST.;;:'IBUTlON 
SEMI- LOG PLOT DATE' OF TeST;-

f/ LOG S£T"fLING V£LOCITY , - Cn PER SEC. . 8.S. SIEVE NUMBER. APERTURE SIZE IN INCHES --I 
.. I , 

, • 4 3 Z T 200 150 100 7Z '0 5Z ~ . 2.5 I~ /4 10 B 7 ~ ~ ~ ~ ~ 1 1 I~ 2 j ~ &. J 
10

0 
I I I I I , , I , I I , , , I, I I If I I I! /' I t I I I J I 1/1';'1/ r f i 

GLEN ORCHY FOREST j 11 I , i~1J ._J I 14I,f}1! I! !J 
legend I,' 11 I 'I I',' I! t >1/ . Titl ' I' ! i 

90 

t / ! I I! 1 ,1 I 
80t-

G05 ---- i ,! II1I11 _' !/JI i!ll.! .LJ 
" 6 ---- I I1 ~ f-} v I m l' r- i 

70H-
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50 

I I I i 

If 7 --- . 1 I i IIIVI/U! I! ILJ 
" 8 I: I! ~I'I! I vl/ \ IY ,I 1111 ! I 

! I I: ! ! ' ! I, I J11 LLL_i -L I 
I ; I i; ! 'I i : II : , I I' I I~' { y'~' I I !\ II ! i l l I ' " I I "1 :1, / k·.. I I : I 1 I 
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1 1
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I I ! 
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OESCRIt='TION iOF SAMPLE':'-'--

1 :·~ .. ·t ':,;.j;.} .. ~·~~~".·.\:4. ~.- .t; ',.~~. :, .. :-.: .... ~ ~.....:. ~:~t .~~ ..... '-'\ ;.";""~ '\ 

PARTICLe S/.ZS DISTRIBUTION 
S£MI- 1..0G PLOT DATE OF TEST:-

I 'LOG SETTL ING VELOCITY - cri PER S£C, I 8.S. SIEVE NUT'18ER APERTURE SIZE II-J INCHES I 

I 

4: 
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qO ,9 

" 10 
11 11 

" 12 

3 Z 
I' 1/ 11 
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-

I ~ I 3 I 3 I 
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'OESCRIPTI F SAMPLE :;;. 

PART/CLE; SIZE DISTRIBU TION 
$ENf - l..OG PLOT DAT E' OF' TEST :-

. LOG': S£TTLiNG VELOCITY ... CM PER SEC. 8 .5. SIEVE NUMBER APERTURE: SIZE /i'J INCHES i , 
") , ~ , '1 I ':l I " 

200 :50 iOO 7::: {,o 5t 3t-. Z5 18 /4 ;0 8 7 8 /b:4 A Z ~ I I Z ;: .3 4 b . 

~~~~~--~~~~~~--~~I 
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i I , ft ' I (',./.' l/. . I j 

'--,- I .. - I 1 1 I I ! i I ~ i- I »1·iTT·~·-r' 
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801-

(10 l3 
" 14 
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PARTICLE SIZE DISTRIBUTION 

SF-M; - r..CG PL OT DATE' OF' TEST:-
·}b~s.CRleT'ioN ... SAMPl.f::- ,.". . " 
! ,-L.OG"SE'TTLlNGVE'LOC!TY ,- CM PER SEC, /' :3 t' . .::';IEv£ tJUMBE::~ APE R.TURE SIZE II-J INCHES I 

- - -- '.l' '3' 3' /' :} 2 I 20C' ,:';Ci ,00 72£0 '<:·2 3c ~.5 la /. 10 [) 7;, '4, 4 '8 2 4' I Ji 2 3 ~ b 

" " , , , ", , (, 11 , ' J' "'! r'V
I
' { ~tirllTTlT~---J-"1 I I /Itftl/ II 

I i I i ! _ . ilJ __ l--.J 
1=16.5.55. GLEN ORCHY FOREST ! I ! I I1 I I 'I I I" v! i I I! i 

I I : I I I ,/ I :Ul!l I 
pLot $bowin~ th: cur.~ulative 3hd m

l 

' ,lLU .. -- i ~ : 1._ I I i / ' ,I' , !,L~-.~ 
freguenc'l d!sttlbutlon curves 11 .1 i I I ! T I I 11 I I I I' / TIl l i ! 

for sample no. 1;0 ';;.,4'~1-4-i---L.i 11 I ! " V I t·1 ! I J
1 

ill: I, : W· I 1' I! J / \1111 -U I I 1 ~ I I I.! 
'I: i ' I i! I , I ' /'" I I I l-i-+-t 1-- I I 

• t /I 1 1 ! " . 

80t-

70t-
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lOO, 

90t-

4 

, I I f--m i !: I 1' / ' III 'I !\ ' I I 'I I II1 rr! 1 
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1111: 11 lYfII;! I III , I n-l i !I I III 1I 

J . .! ~ I t ,.( I I I ' I . I . I! . : I I ! lrmi l ! : i I ! ! ~ +--+--1-- -~-- . - -, - - ,. ---LT~ ~t--i'-
I 11 1 1,' I ill' I I I I' ' ! : 

! IIIII ! 1 ! 1 W- I I 
'HI 11-+1+1! 11----+-1 -11---+-1 -il-+-I -+-+-1-+, +-1 - I I I I , +--kll r:r-r1 

I I', _ 1 I '11: , : 
I ~-1 i I I I i 

" -:-:- 1 : ! ! '-t! __ LJ 
I I I' i ! i ! I 

I I I j ill I 11lll~i J __ J 

50 

40 

30 

20 

10 

0 

! I i 
, I 

!-I 

o ·OOOk. 0002. OOOb 002 O.Q{. 0 ' 2 0(;. 20 bO 20 (,0 -' 0 '.) f 4 );r , 

CLAY FINE MEOIUM COA"tSE. J:' i ~; e: MEt)I~~-COAR-;;:':- PI ".: I M': CI ()M I~OI\F~ :;;c _! "C L,. (Y=Y~--l 
~RACi ro"" -, T -~ArTION C:A ~D r;"'-"\ C" r>?A"' ;C ' ""' lr -'-,,-.,. , , . , :;:, L t - ' ______ ....L-.- ...J ' .',r ..... I .'..:: .~ __ l _)_.~ -..!..:::....:- ," ..• \ .... ~ ' .... .", '" .. __ -..-:. .~~~.:~ .. , .. -.~ ~:~::::=--.-:.-: ... - .' 

,------~. --.~~.~-------------~-~--~---

, 



W 
t.!l 
<{ 
r- ' :z 
tU 
u 
x 
lV 
0.. 

:2 
0 
~ 

5 
L 
~ 
~ 
en 

n~ 

. ., "\. ~h, • . ! '\ ":~~ "'C-~' .. "" .. ~'.. .,~': ". 4-..:., ~,')., ";,\~""'-:~:::" ... -'\ ... "'t -
P4RT/CL~ SIZE DI5TRI8I.JTiOll.i 

S£I'1J - . f..OG Pt_OT 
",.',.r-.sf!;~~f;?;;\"~;N'~:':;Ct'<}~ 1f,'J-itt.lt.'A:~ ·~ tt' , ./ " J 

-, t:.OG ,scT:rl:IN.G: V'EL.dt;JiY:" cn PER SEC. I 8.S. SIEVe NUMBER. - APERTURE SIZE iN (NCH£S I 
__ - - '~f "' f 3 ' ~ 

,od ,,4 : , ,3"" , ,.' " ,J", 200 ,~o 'OD 72,"''' r 25/ in° a 7 " ! "/ "! li( /' l.l~d1tYJi 11.' 
, ,~ , I I i I I ~ I I WA/~Jl_I~ 

W I! I I ,I I 1 m/I I okJ( f1 11 ! I ! 
9°rttl 

- 0 0 I I I /r I I I I I . I I I +r~/1 ! ! ! i Lj 
- - 0 - - 0 - - - I I'll I I l ' I It'I r-+-~nitfll'i 
---x ---x--- i III I I I, I ,/1 VII i I ~U i 

----+----+---- :1 :/, III I I I,· I I \ Vc? ',I!' I 11: : 11, 
!' I W .~ t I I I1 I -/'" I' ! 1'1 -W i IJ ~~ I I I I i I '! ~,/ / I + V-X ;! ! ! 

LE.GEND 

80H-H 
GO , 

GO 'Z. 

70H-H 
G'O 3 

GO 4 

eO 

I ;1 if HI ; t ~ 1 t-h I ! Y ! M I / : I ' I ! ! ! 1 I ! 
i/~ if i ! : I ! ! ' !: i :O I :. i{ih 1;< i I I I i III I I 
'11 1/ I I i I I l /i Vftil !, 1 Ij r I ___ I I UJJ.-' _J 

It ! I /' ID' I " I I I' I -t-i- , III r ' 11-1 'I 0 . : I . / ' . I' . 
I k' I r~11 i L' I , 1 " Jbf! I I ~,t+; i I ; t~ I! I i I I I ! i i I I 

• j ! xl1 . Yli I , L ._ \ l-. ~: I : L _ _ I _ oj:'/ ! ! I, ! iJ '! I : , I !-1.:_1 _ I I 
Ill " I I I I 1111 «. t liTtt\ ! 11 I Tl I I: t /vTltXl' ' ! '1 1 IBFdEAKi IN; S1R i:' ;)i. ~ ) Go nl 

~ l' I I I I ! I I I 11 1 /i I / f I I I ~ I I I I I i I I I ' ~ ,/0 /1 I , i I . : I i ;,~~ x~/ i I · ' lJ C>2 imrn. H+' If\ 'r i ! I ! 
'/ .1 -, If' ' " I I ~~/i I I 1 1 I I I ; , I 'mm-/-" !. ~~·---t-I--...L-·~ r~ '1 ... . : +-r.' ~-~~ 

, ~! ! ! I: I 'i: i I I . ~)(--11· !! i I i i I1 I I I 
. / _ ! J QQ i!I ! i I U1J I 

11111 I kd ~I 'I , -h~~l i I i I i 11[ t-H-W-i . i I~ =~ LJ, iJJJ1.L_,_J~r~rtJlLl ~J .. _~I LL1LiJLJJ 

50 

I I I " 
40 

:30 •• I I 

'I 
I I 11 

20 

10 

0 
0 ·000& 0002 000l> 002 (')·0(, C2 i) C 20 i:,0 20 {)() ;: ',-- ~ 0 rr) r~ 

I ~L~Y I ~I"'ETM£ DIUH I COARSE--' i - ~i~':-E --r-M~uill-~:;':co',~Y :;;:::--T r.1 ... r~ I H I.)! U1"'i I ! ~ ' ':/l. f~:;i l~-,~~ -- --: ~;~-
r>;'J\( 'TIOl'1 .-----. L":.:~ _____ .. ..,_. _______ -'---_ .... ____ 1-- - . - -." c--..L-.:---- ... --<---- _ _ --A-__ .. _ - -_. - _ . ... --. - . . -.- .- ---l ."."... . . 

~-.---==.L__ _ :~:2.. r- f." ~~_ ~~I}.".: ____ ___ -.J _______ :~\~IE._:.-.!~~~':..~.:2.I:_:_ .' __ ~ ______ .£. ',i< iI'~~: Li:..::'=~:: :l.~ . __ ____ . L 

Fl~. S.SG. S'ZE ~RACTIOH ~ H .... t'? '-:T I ~:: .'! C,(:.-:~t4Y 11;..) . .5 (.301 - , ::-,04-. --- ------- .. _.- - --- - -_ ... -- --_.- --.----.. - ... --~.- .-. - . - -------.-- . . - -_ .. _-- ,-_ .. 

........... _-_._--_._-_. ----------

, 
I 



tcJ 
c.!) 
<{ 
t-:z 
UJ 
u 
oc 
lJJ 
a. 

2 
0 

~ 
:l: 
:::l 
(fJ 

0 r<) 

".,-" 

OF ,SAMPLE :- ' 

"~A1·.:.,.\",(., ~":-~~.. ~~ ~ .. ~~~ ':..!-::;:':. '.'"; ~ ... i -" 

PARTICL E S/~>E DISTRi BUTION 
SEM I - !"Q G PLC ';- _.. __ D A i f! OF T EST :-

"'j:~IO(:;":·SE)(r'l.:iNG..IIELOCiTY' - cM ·PEP. SEC APERTURE SIZ E t~ fNC i-I ES 

- - - - .!. .1.1. 3 1 I 

10

1 
90 

. 80t-

70t-

bel-

4 . 3 ::. I 10 8 7 3 1(. '" '0 2 II! 2 '" 
. f' , . .. , . I' , I I I I : I! , j ,! , I 

I 
I 

GLEN ORCHY FOREST 

Legend 

GO 5 --0 c ·--

liS --0--0----

11 7 ---X----x---

I1 8 - ---+ ---- +----

50 HH+r~~--+-~~~+-~4--+-+~~4+~-4--+-'~~1H 

40 

30 

20 

1O 

0 

11111" 11 III 
+ 
R:::=t:--:::i==t 

0 ·0 00 ... OOOL ()-oo:.. 

I I 

002 ,) ·O£. 0 ' 2 c .., 20 b'O 20 £'0 ?!JC~ · -·ir-'"j 

---r--- ' -... - ---.--. _ . - ,.----... -----, 
. ~ LA"" L.-.£F INE ==r "-' £ OI U!"'. COARse I--!NC "" l':9IU~_L CO'~F: ':; ~ ;:'" ! ; . ':':: ;.jEqt()r- __ L.:;9;..r:~~_.-i ' ·. ::-,· -:: ·· · 1 
r ,KA Cl' IOt-\ r~- SIt.1 FR :\C T IOtj 5 ;\'1 ( ; i · ~<. \CTIO ~·..! G (~:, \ : L :--.l .. :; T ,·· , ; 
--- --------.- ---.----- - - - . -- ------ ------ .-- - -,------ _. 

F l~ 5 · 57 S 17 t-::. FRAC-rICI~ S .-~.Q . C, :_.E.:"; .:::, ~ ,' . .r:~-I'( · 7 - ;I _ ~ . S Gc ~, C-rC'3 ---- - -- - ------ ... -.---. -_ .. _-- _._. __ .-- --- .- - -. - - . - - ----- - . - - ---- _.-. 

, 



ltJ 
c.:l 
< 
t--
Z 
uJ 
U 
oc 
w 
~ 

:z 
Q 

~ 
~ 
::l 
(/) 

. f'\~ 

' ". .. 
. {tJE!$CFtJPrT.(ON~/OF.;SAMPZ:S·:-

'J" 'if' '1~ il:t '; ~., __ . :,.. ''!.,~ ..... ,_1.~ ... ;.t --;: 'I--~' • =-,<... 

PARTICLE SIZE DISTRIBUTION 
SE.MI ~ L.OC PLOT DATE OF TeST:-

{'LOG _SE.TTtING, ~ELOCJTY .... c~ PF.:R s£~. -I' ., P.'3. $/::vE ~"1Ji'13ER. : IAPE~T~RE SIZE II'J, ((.JCfi£S '{' 

4 ' 3 Z J 20{) 15,"; ''::'0 ;~'D S ~ .3 •. 75 ia '~. ;;) E"1 8 a ~ ;;i 2 ~ I 1'2 2 J 4 ~ 
1001/11" , j ,. j j I , Ill! I I I!' I, 'TIT/ '--r-r -'-r-:"T'T": :', ! ' - ,'- ~ I' ! I 'rn-r-fl~~-r-1 'h'!fJ! I !, /1/1 I J! f I i I // i/~' ! I ! 

qlEN ORCHY I I ' ,11) " i I I I i -- ttit' I _, li;/LLi J 901-

I /1/1 I I ! I I I I i " ! j/~1 ~ I I 1 r i 
11 Legend 

80l-' I 

. : ./1.; , 'I I, i ! I ~ ! , I' I j I}/ ti i I I : I : 1 , I I -lPJ , I· , ; I I +111 I I I / If I f I I I , j! ! 
i I : I . .'1. 1 . , , I t I I 1 I, I ' ' .' /, i I I ' , 

o 0 0 lmr'-l/t ':- ' -~-'-i'-i ' it-+---- ·-I-_· I -~~-+ Ti--4-
1 

~I j -, ,'/{-ji-r:-, -~, 

70 

bO 

50 

40 

:30 

20 

ao 9 
.. 10 
tI 11 

O 0 0 ! I i i I ~~' I" I ! , ! I I : I, I I' , I /~~ i~~ .I ~ ;' ill 11' I ,I 

• ,. J I, : : I I ) ' I1 I / / ~ I ' ; , I ' I --- -- - 1 ! 11 I' • I I : rr i I I· //L" : I I ' I 

x,---x---x .t. -HJ~- !j;~----L--L_-L~-,- - - I L _i 11T'l.ljg-L:·~t..vTIl' I ' ,- -i-H-~-l 
1111'12 +----+----+ ,j 'il/i/'I : ' ! ' I I' 'I, y//( /1 I il l I I 

~--A--A I ll'I !I I ~f4-Hl Il: 1' I, '11 / '<)1"1 i,lll! '113 • It I I I I ! ' / ' 1 ' 1 ' 1' -!-U
N
' v I~_I I . , '---!- I . . . ..:1,,;' L~'3--U-LJ: -] 

. i~:· ,j i ,. i . i I J .-H7 -I" I; I ! ' I If' · . : -w J r!LlJ-Li-~- _1-' i I i I tjlf l LWill_i 1.J 
t • 11 1 IV}}, / i I, I if: I,'. I ',i d~uti jl' ~ I 1 1!1 i I !, i, I I 

I J I " I ~V"'II' 11" I 

H-t+t---t--t-+-r-+-+-t-+++-+-+! ---i!--tl-/~' }4'1/\ I, I I ri, III I,' !/<;,~ (i~l/rm / I 1

1

. I i I1 i I:, i :1 
! I ~ J I " I 11 ... f ~~y , , . i ( ,I ! · ' 1 +-++-+--!----J-,~9 - --, l' ~-'T-r-~-t- -r-I j..l--l ~_- ,-4 . --- - ' --'-.... - -1----l 

, I Jp¥1'l »~i it; ! i ! Id 11:~~~ri j U i IJ b~~A),) I i ! 1I i 1I 
! ! I'~- I I I J:..1J . 4 ! i I! q_fi~Ui '··':"'1'1 i t~: I! 

........... '----J-.-l--.1-J....L..L.._l _11-11 j L I ,~~Jft~LLJ -: ~l I I 111illLJ~_' JJl,-.lLJ._! 
0002 ooot:. 002 oot. 0·2 o £c. 20 .,0 20 be 2():J ~( M 

~CL"Y I I='II-JE ~D1UM U lARSf.: T~l~~~D!t,;~T C()ARS<" ==r=':-IN E I ~1 c.D I U M -.-Un! ... RS-~~-~-=--=-~ -'=-
~R J\C\J O"l ,.. _ _ . r ' --_-:--.- ~ · 7-:- -.. .. ~---· r--"\. ,...- - -::-::'-:- , ,... , _ _____ j L , I, >"'''---'"t:..I~ ) 

__ :-:.::::::--__ ~. IL ' FRAC, I(lN _~ ____ --.-i/l.!-JD h ·. ,' __ ~:"_~ ,, , 'J ___ .__ __,_....:.::~ .:..':~. ~" "c,~v;... _ , _. _. _ __ :.,- ._ . :'.:: , :':':: 

FI~ 5-58 SI:z:.E F~.~ ... :\.c "nOt": S F"6 R.. C-c :_":::".<·/ C, :?C. i·': Y -T ; : _:_:5 :SC) 9 -:2,0 : 2.. ~ 
-----_.- -- . --.-----.-. --------. ---.--------~--- .~-~---- ---~-.-~. 

" ~-''''-.~ -~.-~-- .- • . - ... - - ----,,,",, _ _ ... __._, ..... ..... _ .. ....... ___ _ "' ...... . . _ "" ____ ......... ... .... ·_ • • .-IL ...... ___ _ • . ·._. __ ....... ....... _ •. ,_ ,~ , ___ ,_" " . _ __ • • _ .•. ~ 

, 



~: ~: 
" 

1o..~, ... ", ~~:..-';. .~ ~ '.,:~"'. ... " ) ~} .) .' 

~~ .. ,,,,, .• ""'\~""~'-'-'~"'!:"':~ -
~~~~:~2:~!l~' oF'SAMPLE ,..-

PARTICLE SIZE DISTRIBUTION 
. S£MI- l..CG P:"'OT DATE OF TEST:-

,-_' r~LOG S£TTi.ING-·VELOClTy - CM PER Sr=C~-~-7 ,'::; .5, S'S":: NU"'18£R APERTUR.E SIZE IN INCHES 

- ' ; I ~ , '3 ' 3 , 
3 ' 2.)(', 'S'.) )',,0 72'cr.Z 3!- 25 i8 I~ 10 S~ · S Tb '4 e "2 ~ I !z 2 J ~ t. 

GLEN O"'CHY , !1r~11' ~II r:~rTl; (frr--r'II" I ID dki~/i-~~ 
r': I I ' I 11' 1' I I I I '4, ' i/: ' ~' " ; 1 i 90 I I It, I I i . , • , / , ' , ' ----.J. 

Legend , ! I ?l i I i ' I I' U. '. 1 .. I Jd-~ ffl-Tr'~ ,'-. 
GO 14 0-0 0 ; ! : !: 1.# ,I I ! I ill', I ! I . I I A~{l'l . i 1 ! ! I 
a i5 0---0---0 itHiHLC[T" '--j'j--f'! ,----r . I ' , 7, , vrIiTi-'t-~---i sm-

H-~ u 17 +----+----+ 1_ I-lJ!! , '!i-!-G-_J-~-.L... : J_ _ l i _>5£' . LUJ 1 
u 16 X---X---x I ! ! : I; ,' ~/7 ~ i I i! i I Hi

' 
I I I I I L';·Vi~·1 I, 'I' i! i: : 

70 ", U la A - - A - - A 11 ! : r i '/:/ !,' I . I I ,- t 'j 'I I I I ! L -','(;, I / 1 11 I i I i I 

I i I ! I ,~!.' V I I ,I ~ I I ! 7V' / 1 1 'I I ! 
~ bO ~ I ~4H--i-.L--H- I I , .J -!4r = I , ,L~~--+--, 
~ : ! I V}/ q.! ! i ' 11 i I I@'I I !.A~~jll' I I i ! ; : ~ I I I I, I ! Il ~Jll /i 1 I ! 1 Ill . 1 J 1 /~ I 1 I I I i ; , 

~ 50 11 I T-n:fN'f;--rr-l~i-i.i I • ! I W-+ I J~1[rtj- I 11 I I i : TT: 
~ 40 i _ ,I{~~i: ~J I ! I I ~;~~«~i--W--nl-UW~ 
~ I I i X ~/, ~ I I I I I I '/", ! I :' , ' I , : ! 

?5 I tm' I, ,W1v?i lil ~ 11 11 " '-+ I' IIIII I I _ ~;/~/61 ! I i ! 11 I l' j ! :1' : i ! ! I 

(.') 30 f • i t l-:' ': I-rlt--·-r--l -'-l-rl~-"H~;-{tf1i-i-H-t-l I j I ! II rht---t-, 1 
z!:,,/1 I 111I ! I I I ,I: I I ,,/'.Tr/ I 1'11 "1 en':: "" IN , :: 1 11 

' I I I ~ I I I I I' .( r nl..t",a • 1 ' , ' I 

201 I i 11 I I I i ' ~£~~·-~'-l-rii++-++-.L~-J-D ~ r£~~ .. ~·L- LL, ___ 1 qf\l.Qli~~ AT I-U-lJ-___ J 
0 .. /f ( /1 ~-r'l,i-1 11 . I I I' , I, ll Vc ',I J:.<,:y : ' : I1 I I : I O·Zmm r.:1 Mt;~'iER : i " " I I i 

10 

f en I I' I ! Y."'.("(t--/o!: ,I 1 I , , I ' I I ' 

I a ' '-";,f1'"', i I i ; I I' ' i , :, 

OL 
f")r-) OOOOb 

l--t:;.....r-+-+3-~~l.k.. ,I I I, 0f~;5.:,~~1~rt I I I ", I :- ~ I cl j! " !+,:T,! 1,1.~ i I 

==--.I_-=--'--.L"-L~.I...J-_-'---L_-'---"--.L--L-'-'--Ll---I---1-=-,~, i~lluiLJ .~_I_ J _L I 1 , j ! LtJ __ uL... , _' 

0002 000(, 002 0,0(, 0 , 2. 0(' 20 1:,0 20 I. . , 
Q,,j 2("I..)i0M ..... 

l ... ~LAY ~I"'E ,."fDIUM COARSE ~, ~l C MEDIl!~ I COARS :::: l' ,:'"I\.J E' I ~ ~ ~! UM I C'-:JAR5q:~~~:~~~::;-: 
=r :::R=A=C='T=='O=~=J=L _____ ~.!_F ..::. ,\ C T ION SA ~ C F R P" C l iON l _____ ;-, RA'J CL FP.I',C -i , O~' _______ 1: ' "" =_:::_::.:::= _:.~--: j 

FIG 5·59 SIZE. r=R.AClU:JN5 rc,~ G!...1:N C:,4'..cHY T ILL S GO i :J. - 6(~: / g _ 
--" --------------------------

, 



--

: ~~~~~. 
':1 ( 
>i 

:r 
J.-. 

, C ('l 

UJ D 
Lt J. w 
- J.-. -.J 
DZ. « 

IU \J 
\n 

IJI 
\U 
.J 
11) 
({) 
o 
u 

'- - .. ------.~-. - -.- _._ .. _-_. -.. --... - ---

( ) i 

r " , ) , , , 

O. 
! 

" , . i 
lJ ; 
' fJ : 

. ! 

:;~ ! 

t 
I ., ! 

, ' 
, j 

:.L 

_J' 
4 ' 
rr i 
~~ I 
>' ; 
11! i 
~- I 

~l 
tnl 

I 
!1 i 

\, ., 

G1 



• 1 
• 4' , 

." r 

•••• 
1---+-'~-+-'-+---1-.. --+- _ ... __ . L..--- .. -----

to 

o co 

~--+--~---+- - ---' - . _.... -- -. - .. - ,- -.... - '" -_. ---t--- --- - . - .~- __ -4 - - . .. --

o 
lD 

.-4--- -+- -- -- "'-- '- ---- .... _ ... _- j . - .---

o 
l{) 

o 
M 

o 
N · 

o 

o o 
o 

°6 

~I 
> ~- : 
c{ U ' 
.J.-{ 
U f,l 

It 

, , 
I 

.,j 



. " 
c, .... 

\. ~~ . ..: !"' .... , .... ~-.:., ... .:.:_\::!:..\.;~ ,..:.v~.;.. . . ~ .. , 
~~ -

PARTICLE . SIZ£ OISTR{BUTION 

: .WDESCRiP'Tl0Ni:'DF'J;S'AMPLc ,/! 

.t~-~'iJ6·~~:~ri;;;;;~~·;;L:6~;;Y · : C~ ' Pf:R ·.~EC. '/" 8.5. S:E~/E NUMBER APERTURE SIZE ,/1-J INCHES ,. 
d _ _. ._ , :3 , '3 ,:; , 

, ., ,' 3. ' -; : I 200 150 lOO 7£ :'C ~Z:!~ Z5 18 I,'" 10 8 7 S 17.;j: 8 2 ~ I J~ 2 ~ ~ 7 I 
Of I I' , : +H' liT1~----' , I { r- ! I I I 1..:(('1 { 

GLEN TROO!. FOREST PARK ! ,I 'I i' I I i ' I i~fl/ I,' 11 I ! 
90 . ~ARCROao FOREST .' I! j I i j ~l:0..:'J.._, ! 1I !-1 

I 11 Ilf I I I I li I I ./ l//' II/!I i I 

uJJ legend : 1 ! 11 '. I I III I J I' I /V Vu I ! ! I i ! I 80 J.-
r 

_~,.I_--t_l. __ .--t--J- J j ---f-._. 1 . L"n' , ~ _ _ .-.J 
. G 1S - ,- - 11: T I i ' I I i ! I I I ~ I Ij ; I ! I I ! i 
, <om Illl!! : I I : I,ll ! ! I i i -f

e
! j/~ III!!I! I! 

70H+lI ' I' 17 -1"-:+-1 1:-:- I r--i! I j ~I ' I - 'I~·T+·r-rl' /. I' ~-rrl Trr+T-l! 
I III ! I I -U-' l~ll1'l -i+ ' I I 'ill I ' I I I t I I . . w I i I,' I I! I i I j/", l 'I' '1 i / I / I I ! I : I i I I I ' , i "" I ! I ! , It. ~ 101-~ . -~i-'+~T' I L_" ~m' -+1 I I I 'L'_.od, .L_; __ ~ 

.... C I I I' I' I I I I I • , '" I 'I' , I I I ' ; I I 'Z i ', ! I I ' ;/ i ' I '-1 ! I I ! I ! : ! : ! ! 

~ ! ' I I I I I ' I i I I i! I! I i I I.·rl 1. I rl_IIUJlJJ1JJJ- -.LJ" 
. ( u 50 11 I . I! I t I I I I I I I i ! I I • / I . ;; : I; H" . ' . " , 

Cl.. , 

~ i I ! I' I ! 111 t I ! I j .rl L I 'JJ i 1I1 i I ! 
t= 40 ! ' i ~..f I! : 'I 1 I I ' i '- , it--i-~"! 

,-. 

Sf'.Ml-. LOG PI_ OT DArE OF TeST 

/11 ! 111/ /V-+t' l ill \' I I : 1 11! ITfi 1 1 
I I I .Y I t I I I 11 ! I: I I 

20Hfll i ----t--~ +L~L V 4 I Lll,, ~: L. I i I .-Ht' I LLW-l~ 
, I I' I _"'~I ! i . /1 I J \1/.1 'J I i I ! , 'I i I i i ! I i I ,..-r .,' , l I 0. 11 ' ' , I i: I ! I I ; i 

I I I I I1 I J 1 ! l ~ '11 I ilL ,/1 I ! I i j I! I I I ! I 1 1 i i i i I 
10 I - -t-~-· ... -, ..... ,~, -,-· -t-~-.: ..-r--,.l~~TT ·t-_· " . M11--1"~~-' _1 ___ ' 

! I ~- 1. .. A· l I 1 I ! I i --'-'-1 ! I I I! I I I I ! I i I I I i I ! ,I 
I ~ It, J -_.--1'" I : ...... 1 '_. --1"- I I i I , I ~ ! ! , : ! I ~ I I I i I : i ! I I 

I I ~ ':::~ I .'- ' ........ ' A*': - I --r-' : I ! i I '~ I : : : I I l ,I ' i I I 1 i i i o UlJ :t=t _l.tt_ .t: ___ ~ __ tt'--- J.D__ I J _L1._ '_l.l.l_,L~ , I , _L.L.:..I.L_._-'- _~ 
~n 0 ·000'> 0 002 O· oo~ 0 0 2 00(, 0 , 2.. ',j ,~ 20 t, 0 20 60 2C~' n<" 

':l..Av I ~I"-l (c--=r M£Dl t 1t-1 I COAR :J'o L .-- p';c I""I EDrlJ l-'l I C OA!<-~ ~ ~ : \iE MEr' i U~~ I CO /~ : ' SE r:-:~~~-l 
I=' ~~I\C ilO~1 .• --- - . -, -~-;::-, :---- • :-------. I --. c ' . , ;: . . ~:-~-:-;-:::-:.~---- __ r. . -: ~,-:-:_::_::_:_:c . :_;__--_. ; ' ~ cl -. ===== .. _ ... _. ___ ., __ S!.':.~~ ~ . ..:.':. :\ .~.!~~:.:' ,. . L ... _ ':~~"::', ':. .:'_,_\_l.._.r_c~ __ ._.__ G~/'.. ,~~ _r:...'::":"':.:::~~c .:.:_._, _____ .. ,.L'-·- ... __ .-.... 

j... Fi~. 5·62 G RA 1:> uJ C~ FL.:z.. b {'~ r<~< , r(:~2.(; -: , 'T! 1-1.- ~7 



LtJ 
c.!) 

<! 
'Z 
uJ 
u 
X 
!i.J 
0... 

:z 
o 
~ 

~ 
L 
::l 
(!) 

... .;."\ "':>,' ...... ', ~ .... i. '--' ~ .,,'Z. ~ ... ' •• ;. •.. ~ : .... :;.. .\. 

- -
PAR7ICL£ SIZE DISTRIBUTION 

;. :;01!S'DRfP.T:/ON "O';·SAMPL·c :-
SCl'1!' L.OG P L O T' DATE OF TeST!-

", fI : tos -sEt-rTLING:VELO'CITY "- cm PER ScC. 5 '':'.11:0 ~JU ;-'!8£ " B. ~; .. APE Fa U!<'E SIZL 1"1 {,'JCHC.S 
J 

4 - 3 "2 
. .. I : :; , ', 3 • 
, I C? 0 :' I:,' ~ ;~ \(, I;:M-'~,: :3. :?5 :8 14 10 8 -;' S ;,:, :< :~:; :} j I ;: 2:: . 

1001 ' • I ·~!-'-Tt~trr..L.. , -J __ .J_'-'_< ___ ,~- ~"".r-'-- - .:. -4 - --,.L- -,-L,--+-TT '-.-_L , -r-"-r-- j-- .... : ...... . ;----.1-- .. 1 / . I I , . , I I . , j j I J " I I I ! f I I ' , ! t ' , I : I I I I /' I ; I 1 i L-->·.~·i··'; I . 
GLEN TROOL FOREST PARK : I 11 i ; I ' j , : : : i i U' ! I , i i i I I/~ : : ,.} j : . .: I . I I , , 'I I ' I ' 1 I , ' i ' '" , : . .'.' ! f I , I , , • 1 ' I I /' ~ , : ~ 901-++1 GARRARIfS FOREST . , I -r-J -+--H.~ll_.--.L-. ,- -.. , ....... "j' ~-- - " --7" - -- ---; -' ; ---, , - -.+ -

I111 ! 1 111;1 I i; ; /; , ! / "": : ! j/." 
! " i I : ! I, ; . I; I . ! i ': ~. I i ' / , !" 

Legend ; i I ' : ' i I , , : I ' ! : . ' '---1 . ! I I " . : ,' 1-' I : / i I' 'I i I i ' : ' . I ' i : I . : i I ) , I . ' ''' : t , 

GAR 1 - -- - --H-! , -~r: --I -"r---- ; --:-:-H
1 

I + . ~- . -._ , - :-- ;-- j ... L.1V.1 r-" I /'71 ---t '-;1j 
:!" ' I , I ' , ' , , / :1 V'i I ! / j 1 

2 -_- 1 ; 111 " ', I' I y l : ; .: ,..--; I j ' , i 
I / ' , , ' I . 1/ 1 ; Iki I V '" 

3 .. :--ri~-:; .--'~'-" -''"1 . --,-- ..I i ,.-t-I---· .. - !_-l-- :-·l/(++:-· -.. -+-.+/. ; --~-..._ !-. 
: . . ) ; I : : I ~. ,~.,/ ! ; ; I I ! Y i ~ 1 I 
, ! ! ' ,I ' : J ..... / i '1'1 ' i " : j • i " , I I ; : , /A . I . , " I . I ! i 
; ', i l l l' : V, ·'" I I :i ' ~! r i ' II I 

: f I !' : , " t ! I ! I ! r i I! '~tt-"""-7; ! ';-.--4-1--; I. --,--r---, .... ~--
,I I I i f . /. I ' . I . I" . I I I • 

. , ! i ' ' I ; / 1 i : . ; l.··' , I , , . 

80 

70 

bO 

I I " . . " . .. I, l' I '! ' !~:I " ' I ' ! '! 'I ; I I 
I, ! I . I i' : 1 Ill ,!;:! : i . ; , i i 1?1' :. ' ! : /-"< ! ! ~ ! : ! . I , i : . t i · 1 ' , , : ' I I ; i /i~ ; I ; . ~ "' ; ! ' ~ : ! l ; l I ; I ' , 

5UlI I! . .-+- .. ~~-,- .--.~---+--- .- ,' - -- r· -;:·. -t"--" -'--'- '-'---j- ' . - . .. ~~ ... -----·T - -·;- - .. -- ----+-- ,- ; .:-.. -- ... .. .. : .. 
! I ! I I I I I i , I j ! . . .,V:,.... I' '. ; : . , , ; I i : ! i J 

, ' I ! I LJ' 1 '''' 1 :. 1 ' ' I 'I! ' I: , III \' : I: II!: i I j ,' i /" i 11 1 1 i V i. 11;! I ! ! I I'i 
I ' I t l' 1 ), " ; ~; i~ I , il l ' 

40' , I· i i I i 111.Ll -.l,/-.Y-l 1IJ.ll-.. __ /_!_'-- : ; i..---L ,J-.- -L __ ' l_~_ '_. : .1. __ . ,_ 

I' 
t! ' I I t+t+l l I ' /i ..... 'i ; : ' I '/ ' ' : ' ,. , 'i 

. 1 I I I I' i l \, ,/1/ ., I . 1 : :. \ i i i . " ! • I ' I . I 1 " ~ , I . ! I ! -- ! i; ! , ! i 
/ 1 / 1/ HI I " i 'I' ; ! 11 : / 1 ,/ ! i i j !)' i ! ' I1 l ! i ; ! i . ) r ti t . I k _. · , . ~ t , , : ,) i . I I, 

:3°1 1/ 11 I " f 1--,1 I -, ! : 11~li Ir~~~7T-"- ':-'-r ,:?-f!Ti'r --- :, --r--r-" ·.- -~· I[ -; · r---1- ' -! -- ":- - "'--' 

o-;oc"-, 

! t' I I I ' V:. ,/ , ' I / ' I ,,' I /" , , I I 1 , 
I I " " , I • " I I I i 'I I , i I I . I , , I i' t <I • I! ; , ' • f ' 

, , . ------~ •. I .L..!._~¥ _ .+ ___ ~--.-J--." .~-- . , _L1. ~~ . ~-.. _.~ __ 1 --t- ~ --l- j - ;- '. 7- .-.~_I_-- .. ,.-- -.:.. . ...;._-: . . , 

I " I ' • l , ,; ·-f I ' i I ", . I ! 1 ~ I j I ! I I I ; ~ ! : . . i ; 
i • y ' I I , . ; i ! I I i ' ,. ' ; I I , , , 

, ';. , " ' I I I' . I I I : I ' ) . 
I l yl ! !! 1

1
; I i IIII1I It I I 11 1 i !; i;; 

IL ' 1:1 I I ! f " 1 +- 1 ' : I", ' " '. I : I, • I , I I I I i . t I :.' ' : . : 

" I ill" ~:;f ! TTlTl "T-'~iTnTfI 'l --i - -fTn ~~r .. '~-rl 
-'--+--1 L:J_ rlrJ-h'--tr, I I It.L u11L . L t lLlL L~LL [_ill 

o C~ (;'Z (" JO b \. ; 0: () (~s , ; ~ 

vc 
,... 
' .1 C ;: Cl i: 0 " 0 

L ~ 1'-':-

[~. ;~~;{~~~~-- l c ' ~ " ~ - ,F:~~N;~{-~l:}~=~~.~:~ : ~ .~~ t= ~:~~.-~~ ~. __ :~:?X~ ~~: ~:.·;.~---T·~·~~.~ ~3J~···~ ~-~F~= ·-: ' '?_ -- -}.,\.h ~.: ~;.. :;~=~ T---- - ~~- ·' -" i 

F',. ... ,.~ 
• Ji~, ~ . t:' j 

"--~'.!.:.....-~" .~ .. -.. -
C~ r:/u » N e. ~ r-:~) ( .... ___ ( ~., J , I:: ... C: I', '.:~ \f::· .. · ~ ... ~ '; _. ',_ :~ . 

.•. " .# • . . .. - • . ---- . - -,~ - • • , . _ . .• --

, 



"'~~~'J\t ~~ .. ~h,~~~::.;,~:t.:~'~, ~,*,~~:.~~:"~ ... ~~., .. "1.'~"' 
~ . 

, 
PARTiCLE SIZE DISTRIBUTION 

DE5CRfP710NOFSAMP/..E :-
LOG', SE TT'L lNG VELOCITY - CM PER SEC. .' $5. S!€V E 1'1(11'18£1': APERTURE SIZE iN INCHES I 

. 10 , T -r-r+r12{~C;->_'try 7!~r riff 1"1 r~ I':' 8 .1 i ~. " i > i , I i LL" 
1 ! i I , i , ! / 

Fl6r. 5'.~4-. I i' , 

I 
I ,I, I i 

GLEN TROOL FOREST PARK I' I i ! ! : I I 
• • I I I I I I i " ' 

plot showing thecumuJatlVe 2n~.- ' ttt---t-r- l---r! -~'H+-+-: 

I ,I , ! ' I' I I , . , I I 

freguency nlstribution curv~s " I! I' I I I I ! i I ! , ! 
f l . I' ' I ; , 1 1 I' or samp e no. BEN 9 '-"1 . ! , ; : I ! - '," -, -t- ii-rt~1 - "j-'! 

I 1 '1 . 1 . i ' ' I I ' 
I ' )' I ; , 1 ' . 1 i I : ' 1 I I I I i I ; 

It! . _ ' 1.1: I i 
, I r-;- f I i i ' l I , . ' I ! ' , 1 " r 

I! I I : , I i : 1 I , ! I ! : j 

90 

80 

70H+ 

t&J I ' 

Cl bot-« 
~-
:z 
tU 

SEMI- l. OG P!.OT DATE OF TEST:-
' . , 

u 
:¥: 50 UJ 
Cl.. 

I i !~lil :1 1 I, -!'III \, I i !II I,! I! Irr:ii I . 
r I I ,I I I 'i I I ' 'I ! ' : I ; , , : I : 

! (iTI< I I 11 I , " Idll (1'---i-l/-l-jl-trl:+11 li-T ~-m+II' I i -,---rttri':-;- -i- ! 
.:1 I I 'I 1'1"11+1 1 i ,'1

1
"1 i ! , ' I: ') I' I/-~I '," tI t I I ' I, I I ! ' i I I : \ ! I I ~. ! . I ' I I ;'" 

I I I I I I I I I I H III I I. I I-..... ,-t-;.. t-l ---~·-f--.. -- ~ ·--nl..+---;----L ..' , , .u. . W-, -~- - --i 
I I " '/I i I' 1 I ! I I I ' ! I 'I I I ' : ' I ' ! ! 

; I' I '; / ; I " ... : 11 I i I I! i ii ~-I I I i I : i i ; 
• I I I I .! 'I I'" , I I . I , I I ' I ' I I L ... : ' -r- -i- I t : : ! : ;...rI, I I I ~ ri' . ~ ri ' I I , "-...' , 1 ' 

, I I i . I j- _ I _ , -!- ! i i I!' i I i ' ;--'" , 

'Ill 1 .11 1 IlL J-~ -i lL trrr+lillTiJIIr-tr'-' i J UJ[[Li 

Z 
0 40 
~ 
L 
:L 
:::J 
(r, :30 

I I I 

I , 
i I II1 

20 

~n O ·OOOb 0002 0 :JOb 002 O ·QC. 0 ·2. 0 C 2 0 b 0 20 so :c' , ', .-:; I') ' " 

[ CLAY I F'If.,l!:. J VoE:DIUM CGARS E FI NE: M EDIljM ~ CCA F:'Sc. ::- :~I': ~:i:') l i.F-1 , ::: CA<~ SI::. i :~· ~!:~t .i,: r.::. f-::=-i 
rRI\CTI O!-1 :~ ; LT F'R..\C-:-10N SA!JD "- R. ." -'': \ I O~'' ('.fZ AVE.'_ FRI, C,' : ,: ~\i ! ... _ __ .. __ . __ .. _ ' __ _ _ ___ • ________ .. __ . .. __ ._ .. 1...... •. • . . _ _ .... _ . . 



w 
1.:1 
.0( 
l­
Z 
\ , ) 

U 
t ··' V'_ 

l<l 
0.. 

z 
o 
,... 
..( 

£ 
. ..." 
• .J 

!J) 

90 

80 

70 

£0 

50 

4-0 

~.-:./.. 

,.",. 

'"::~.-:~ '\, t. 

-;, ", .'::,' :~:...~~~~~~~.:-.. ~!·~ ·:::..~~~.:;.·....-~~..,·t'~2Iiv .... ;.;!: ... ;;".~- ~-~ .. .- ,. 
PA .'<r/CL~ SIZE DIS-r"?iBUTf O N 

SEZ/Yi /"- L 6~ , P!... OJ>----...... ~-~~ ' 
DAT~ OF TEST:-

;:i !t. 5 £ fi.V~ Nt.;""a £ ,~ .1.P;: RTU'<: t:: - S!'ZE IN Il-lc.H<:S-l 

3 i 3 l?! 1 ! 
;6 ~ :~ 2 ;;;. ! I z :: :: !,.. G I ' -+-r-r . , 1 r-r -+ . - r ' 1 

TIt I! i lIT I r- '- --/ i - .:':t 3r :':;'·I---i '· , 
· , 11 I I I! . x r/ '/ l . ". ; i; If' t I , ... ' ..r I I I I 

i i I I;: I I 1/ i /i v' I : l , 
.i-L-:...........;..+----1 " [' -', -...L,.I-H ~ __ +-L_ / ,:_A - : 'p.''' . l. __ L __ : 
• • I : 1 I J ; 1 IVi \ ~? ; t. -1" ~ . ' /: ; !: 

~tE'N TROOL FOREST PARr : i I I !.! I! -..,~. 
CAIRN EOWARO FOREST 

(B.E.NNAt.C SECT'!"»I ') 

Legend 

8EN 6 o-
II 7 X ---
If 9 + +-+ 

11 ~ ~ ~ 
" 
'I 12 ~---.---i-."" 

12A ~ fJl-- fl !l .. 
" 13 • ___ Gl-. - --~ 

11 \4 6 -ll-A 

I I I 1" ! J ' .... ;/ ! .,/ / v, :,! 

, ! I I I ! I , I I :~ 0 ;. 1/1 / ! / : - : : l 
I I i I t-H ! 1 : I j" . "-// / / //1 I : 
.4---t---+---+-. 1 -n° r-- . I - ' f --, t--; . • - -,- -- 1 

I I , i/, cvy . /" " I ! : ; 
I : I i ./....-1 ~ i / ),' "d' i! . . ! I 
· , ! I V/'::.r! // /ro ' I I I , I I 

I ! ,i 1 i\ '<1 "1 ~/~ I L I L! i : ; .<'11' __ >--__ --1._ : ........ _ _ J... __ - --- - l ____ - - -" .Y-_ -.- .0.~ ; --{- 1- ~ ,~-- ~ -, . 
. , . , ' . ' / / "'1 . i .~ :rV' : I : : : 

i . ! "1' '.J':. I ~-". I I I I. I ! i f r:<;1 : !Y 11 I I ! I : ,(cH tf;(~Yli-l-ttfl T ,_._(,1 
,;~'L tr1. 1 IL I" -.LlJ- ~. i i i_L'1 

/ '. ! /i { i f-'I I I : " i ! .' i i' 
// : f:'( Y ~/-! I i I i I ! : . i 
/ :--/ i~ i!1 ! I i I-I!! , I 

. /:"" -;'--·1--;"':' r--i~·-· f-- r r--~'-r-:' '" ,----.\--
i I I :: , I i : ' , , 

'Yi I! i ll I I I i ! I ! i 
I I " 11 ! ',' i ,. I , : I I . ; , I; , r : I 

"-'-:-- '-, -H-~ -:------i'--r---r--~-r .. · ',- ----r-. , : I i , , I. ' . i ': ! 

30 I I ' I , I ~ I . .Y" i/..1 ler / / / I i --<--'---'--L~' . t i I I : ;! ! ; :> 1<1':::''-/:'/ r""1. '';',','[-- I...--.--r , , ~, 

· i 11 i ! I ! I :! I i 
' ! !! i ! BREAK IN ! I 

+--+--t--L-Lll.J.lr~' · .() . ..' ___ ;_ ... . : ... --Lu l G;RAOING AT ~ __ ,___ . ____ ."._ .. 
: : I ! i V<:· ; '/ I' j ! i 1 1 ; O'G mm OIAM ETER i I : 

j r ~ I ; ! • • i ,; 'If),' ~/ t 1 j 1 ; ' \ \ ! 

! I 

: ' ; i ; p' - ; I /. . y/' ; ! I I. ! i I! . ! , I ! .:(/~~~{' i ' ! I ! i ! : ; . _ ! i \ ~o I : i~ -----r- I --r~"'t ! I I j 'l~ /.:';...... ...,.. --.. -",--~ _', ....... __ '_,_-'--_._ .. _ . __ .. l..j.. I ,J.-l ____ ~ . -~ -~--'-~. r-- ---.. "-" _ "---'-. , _: ~. ",,~~+--+-~-t, ___ 1 Y:;; " I , I' " I • If . ~~" I l I ; I j I ' ; t : :, . ; 
I ' , I, . , ', I ',' I I 'I ! I ' f • i I I i 

' I ; I ; 'I i 1: ' ~'j I i ' I I' I' : j I' : i I ; i 

_ _ .~ _ .:-. _ .J , 

, • • l 1 i ' ... " l : i , I ! ~ i ; 1 : ' .' 
l ' I I' " . ' ,, ' I , I I I I ' , . ; I • ' , 

I i j I I ; L: I L- ~ ! : : :., ; I ' : , i : i. i! : i i ! ;. : _ . _ __ ,t . .. _.1 _. ~ 1 _LJ_. ~_ _ _ -__ ~ •. _ _ .. ... _ . ~ , __ j _ t' .l , _ _ _ ~ .• ,_ . _ .. _ _ _ .... _--L...._ ... _. _____ .~. !.. _ . _ _ ___" _ __4 _____ I. _ _ . ...I._...........l_.L__;.. , _ .... _ _ . __ .• _____ ~ .. o f........L.,...L ..l.~._ ~\oO. r " 

>r:1 '1 0-0000 CJ ( I t' 2 o )Or; 002 r-' ....... ~. 

'J '-' t::) ~ ... -. ..:.. ~) . G 20 c; 0 :~o SCJ 2 '- ~ ~' . 

r-Cl..A."( 
! ~ C~ ::.. ~ .. . ,.., :Jto..l ,r-·:~,:':iC. --:~~~ :.~~~(i¥~'{~1 .. E-'~ :::~'~i~r~_ r=~~'~C\~:-.~·" --~ -I~.~~~ ~~_~:\ \ ,~~,~~,~}~~~ -~:-Z~ -:~ ~: "' ..,'- "-- T :'0 :: --. ~ :..; ' f, 

~-7-' -,. - ---.. 

1~ - .~ -- ... . ~.-
i "': ' , 1\, .. ~ , " :..... ... :.::-, \ .. ' . -

_ _ . __ _ . __ l.._ 

FI G r.J o . S'GS 'S!z.E 'FRACTI6NS Fo'< -e.::':4~I/,· i · ~-i _ .~.~~ 
.---~----- ' . ,,- - .. ~ ~ ~ .. - - .- .-.... ~. -_ . 

----------------~~.~-.-.------.~.--..• ----.-.--------... ---~-- - .. -----~ .. ~ .. --.---- .. -.. ~-.. ~ .•. --,- --- .~ .-

, 



VJII''' 

ij:::'-" ;:' • '. ~::~?.' ~ .~:,,:,';\ ,;, - '. 

... :- ':' 0, 

' .. .... 
PARTICLE SIZE DISTRIBUTION 

SEMI- 1..0t; PLOT DArE OF TEST :-
~' 'OeS'~RI''P;1tIO~r~'OF'. SAMPLE 

!~~~'-;SEi-T'f~J'M;lveL('CJTY ' - '-CM ~£R St:c. " H.S . . 5/:\'!;" ~1'Jiffi-ER- APERTURE SIZE IN INCH£S I 

lOO . :<' 3' . . 2 T i' riG', r~S! fi/i': /rf--? s 7 ~ f. ; ,~ > i l 'rm" 2 I ~i1i f I 
, I.'] j ,. , I ' Y~' - II I I 

.-. . 90H+l GARCROGO FOREST " _ 1 !+-_.~ i ": ltD ~ i ! : 
.-'. 'I - I A I I I . I' 'I' I I / 1' I ' ! : 

Legend , I ; I '/ I! I!, I mll i ' I i/,' V' I ! I ,! I i ; 
1 1 ~' ~ I . , I . I I' ,I J' I i I "..,. l ' I I " . I! COO Jl1""!!l ~-t--'--r--I-r ! if" ----. -1-1'1 I I I I B . I I ! rr ~i 

0----0----0 !lllLVLlJ_iJJ '[ ~ Jllil Vi J4+' !1 !llLI-i 
x---x--~'< I ,r:,l" ~~ .y : ! :' I i!TTlT / ! .f tti ! i t i 

L 'I I i i_' I ~ A...l I ! .. ! I ! i I ! 
I ' 1. I ,; I 'I ' 1 I ; I I ' • 11 I -H ltt+-n 

80Hi1 G 15 

I G 16 

70Hi1 G 17 
III 

ltJ * b0r-.... z 
~ 
:J 

i I, r ~ u / 11; j I I' }/ l I I ! '1.1 /, I' 1 1 i i I I ! b I~t+t-, . ! )( LJ, ' .·VI I ' : ! , I 
LO' ! ~ Ill' I I i -I : I I ! J J : I I \)YP i I I I I ! I : ! I ! 
I 11 i ! I \ \ i I I! 11 ! / '1 I : ;r i! I! I ! I i i : I I ! 

H-+I' 11 1

11

1

. I' I' I' i 1 1-H--t-; -"-I ~" I ~ I Imr-i! iT1mrl: /";i ·\l!-r·. j;~ l~i~TttI iJfU' I B~E~K i III I j J
ji 
il
l

l i ! 
I ~ I t f I " I I ! I I I I I '1 . I PI ' ' I I I ' t I 

-1// '~.I tit! ' 1-"1-lttTf,I-'-rrr-l- l il ; ;, 11 1'~~~O~~~';:TERrT! -i 

10 H-H-+--+--+----+'CH--~++_+___7fC__+___+_I--t--t-!I-i!· +++-' --t-!-JJHY,f 1i ~ rt-"j-: , 1 trtJt' r-I: +1 : , : 
ou I ; 11 ' I J~.JJllL_JJ , 11 Ill! I _ 1 LUI._l_.l 

X 50 
tU 
~ 

2 

Q 40 
~ 

5? 
L 
::J I 

III 30.. 11 

IIII 
20 

f"If"\ O ·OOOb 0002 0001, 002 a·Ob 0·2, O~ 2 ·0 bO 20 60 2 ..] 0 ,..,:~. 

I CLAY I FiNE 1 ME: DIU"" COARSE! ~INC I >R.. A C"T'OtJ ' ~ I l T F' !-:' AC ( ION r------- - .. . . , .-L __ _ 

- _. -. r:-.--------- ; 
LMf:O f:"; >-i \~)~JC OA_ R.f:":' ;:- i ~ E C'K~\i ~~~);~:C :::-.l);~-;';~" ~~:?"~-J :~ ;_t.t :~_::: ~::~,_ . : 

L..-___________ __ ~~ _ __ .H . ... -_ . _ . _ _ • _ _ _ •• _ _ ~ H • •• 

;" FIG.5· G(; . SiZE FR.AC.TlON$ l=<:> ~ G t>.R_ c-'~ .. c C':J<) -rn_I.-S . ---_ ... -
-----------_ •. _--------------------------



f0~~m~;::n',~:r~ ~,~ ';:,;. "'~' ._ :., ......... 
,'\-.. ~~ -~ .~,'::'1'~. \ ~ :.:~\. .. :t-;~ ... '=-_.\-~~ .. ~ .. ,,~~ :-.~' ~-;. \\ "\ 

.A 

-~4."":.I~~-:'';'~'';;·;;'.::''.''i''''''''''';'.,~"".. .,:,~ • • ,,,, .... ,....~: ,>'."."... -", .. 

PARTICLE SIZE DISTRIBUTJO,V 
SEM'~ l.OG PLOT OATE OF" TEST:-

'DeSCRIPTION OF5AMPLE':'-
rl..OG SETTLIN~ VELOCITY --":'-EMPeR Sl=C. 6.S. SIEVE NUMBER APERTURE SIZE IN INCHES 

_. iT~ "._ ... "" j " Z 10 B 7 i A ~ ~ ~ ~ I~ 2 .3 ... .. 

100 jL--;f3T7i--t-

GARRARIES FOREST ,11 _ Pr' . d+~;r.rLt1I , 
++-1 I~' I I IT i I 

I I I j • I , 1.,; : i I 
o c 0 t-t-t--t-+-+-++.' I I V. I I I ..•. , I, I 

0--- 0--...;.0 

X --_ X ___ X I I ! ! I I 
/ I Tll"--r- I 

I! IIIIU 
I -1-= t J,.ltrj-l ! 

H++I - ill I tJW:! I 
. I ~~ i I I! : 1: I I 

~~:jJ_ I II I lil_J_J 
ri' I 11 ! I i ill' li ! 
, I ' ,I i . 

I I II1 I I I , 'H'r --L-·,J I I ! I I i ill: I I 

! I 5Rfl'.l( sr: l I! 

n: -- ~~I;~.'·;~i~'~~~~~ -t '~I: 
, , I ' ; , I I I 

" 

i !:! , i I 
I ; . !! i i i ! ! I 

~-+-t- . 1 i -t-·f-1-r--t--1 

i I' i 'I: I " 1 
I I , r 

-4--'--.1.1_ t Ill ~ ___ J 
. r"1n 0 ·000(. 0002 C)·OOt;. a ·oL ~o(. 0 -2, 1)( 20 bO ~> 20 IJ) ZOO:' )!", 

L~.{~~~~5~~~ -L_~~. _. jIL~~2tE:::i;,~l~~AR,~C __ J~ :,~~~~~~~:Tj£S~~~~b~c~_~"~_~_ -'-t~~:_~ r~~~S~~~~~ij~~}- h~~=~_~·~-=r-· ~ ~ ,~~= ~-_: ~--
FiG S'G7 "":: I :t:.t:. r-o;: ("£T . c..,>N S l=-,;, r~ (.-::; .. , .... ::~R .~. {~ , ~~ '.:' ~ ri L :,,> ! " 



; . ":.-. .~. . ~ 

. ~:r:~ . .t'7:",-~c'i~·:---""'~-:-'~'~ ,~~ ... - ............. ,> .... ~ -,t-' ... 

10 6 9 8 7 .5 4- 3 " ... 4 . -1 -2 o -3 -4- -5 

- 11fIfOOIf::~ E D 

COBB~E5/\VENr\' .. 'O K TH 

5CA~£ 

p~! 

-6 -7 SCALE:: 

, I _ I __ IL~=r~-t-+-+, ---+-J--K 
Mllilr-i+-' ' +-+--i =Cl =Ii - -" I I ,- ---~l -~~-1__ i .-Ju ____ J . I----j 1 ... -: ......... ........ . l .. . --L---+ I r---j--- -~ - --L::::::: : : : : ::::{:::::::::::::: " - ' - ~': ·,: ·:::: :/:::::: -:::::::::f:::' 

i i i F----t--~- ~~~J --_ J---=-! " i, :~t)~k; ~·:'fJ , ;·fr;~': ,:r { ::.-+-:: ~ 
I I I I 1~- ' : - i , __ .J __ -+-_ JA~Jrlllj Ll:~t ·- t-- - ., 

,.:.:.:.:.:.: .... .r:-< :-.. :.t .. :.:. :-:. ~- -- ------t- . -t. i I I' ! i i J I '- I ' I ! 

I ··'i·········· · · ·T·········:+p(=\:i~~ : .. :_~t~_;~~I:L JJ. :~ ~t1-~ =t4l ll 
. " I . '1 1--L 1I I --++-~ I "i I W--W ! I 

I 1 , i I ' I I I I !J; ' I l l i ' I ' i l! I I 1+" I ' I ~ 
-i---'+- I i-~ -o f - - -- -- - ++-- --- ---- 1-11">-- -----1-----j-- + -~111- ---1. Jt: --+-

I k 11 11 , I I i ' I , i i I 
" I ",/ li i ! L + I III ' W i I i i I ' - 1 i ' -=r 
I I /-- - I - - -r .----;1. -- - >----- ~f--- . - Ltl -___ -1__ . L.l.L+ -- -11 W' 1. -- ---1 

/' , ! I I ' " I' , I I I I ' 'tlt± 'I 1 ' 1 I ./' 1 1 I 1, 1: : i ! , : i~ i I ;J 'il I . li l , ' 
I I ! ' I II !---t--1----j-,--r-li -1 ii-i-'---"-'~ ,-:-1 tl-+, I I"' ' 

~ lU=-~_ ·-qhTttLtJ:::r~lJl,_~~_~t-~f~ t l il+i-cl=HI Ilm 
0 · 0 0 -002 0 · 006 0·02 0 - ~C, o · G 6 20 6 ~ 2 0 0 :'f\ ~1 

. ;, 

--(:J.'~ 

I CL'\'Y FINE. 1 ;'(, E.:t5\UI'l'1 TCOUR5-i1-~'\.!~ -- -;;: \.: !)i'..; r-n-l -,:-c.'~~~~?-~ --~: ;,,,~-- i iYI :-.:. D IUN'I I CO A. R S E. j ~ ,_ -, 3 S. 

1~.I<"C:T f ON 51i:T' ~RACT\ON I 5AN-S--;R~7io-,~---;---~-A.v t:. L FRA.CT t ,j~..LST.~ '~_ J 13,7 

r · ' C"'LC> -, "- X-UR"L CL~5C:: l '-\r- !\~,O" \ ~.'- ' - -' . "' . ' .. ?ovA --, ~" Q ' - -- ' \ '" '' - , ., r. ': . .1 .. ~ .. o~ .. ::. 1 Ao.Itt._ ~ __ . _ __ r~ ::.> ~ . "- , ........ 1 \ ....... __ .::~:-! ::.=-:_~ __ ~~~ .. . _ -, _ '-~. t :- . ~.! d , _ t.-,- ~1 .. ~~-?i ..... \~ . ~·~.:· .. :_r. )..\_"'_r~~~_ .. 

,-----,----------_._--------_._------------------_._ -------------,--_._-----------------_ ... ---------- ---_ .. ---



UJ 
...J 

--<: 
:Xu 
n .. (f) IJl 

tu 
..J 
It) 

"-!O I 0 
U 

\0 
I 

It')!--+--I-+-t---t-1-r 

" , 
(;1 
I 

<1' 
1'.· 1 1f , 

u 
~~ I 

0, ! 

i 
i)1 I 
! /1 °1 

~I I, 

OJI 
I i 
I i 

Z i, QI I 

.- i 
~ l I, 
0 1 
lI: 1 i

l -- , 
tn l 
Ul I j 
4 l I 
ul i 
I I 

:-I I I 
§I i 
~ I I 
Lt! I ! 
~ .. -.. j 

I 

~ 'I ! 
l1 I . I 
.. I ! 

~J; j 



~·:.:o;k~ .. _" '''"_~. , ...... ~;.>, 

~,u,;$J:i~~!t~~:r:' ':';/:. }&~~;:~~~~;~~~~;~t,~:;.,~ ;~1: :[:.:;;;:~~i-~~ ~\i~:,.; ,-;;i~~\-~::;,;;~~~ .~ ~ i'< ' ~ . ·t 

10 9 B 7· G 5 4- 3 2 1 o -1 -2 -3 -4 -5 -6 -7 
r T ,- - -­

~--~4-~~-41--~~~-+~~r-T-~~_~::::::::~::::: )--;=*:~:::!=~--;~-:~::&-3~~j~W~ 
'f:;::;::rfr:r:;i ~;hn i++ , , , 

T , H 

. " ~l-- I ' 11H-' " l- r 
r--+---+---+--+----+---+---+I· ~ --f----+ -r A+-ntH:!: r+t-tl r++111---j' -l--

. 1!! /, A', I I 1 ·1 =All Lll l __ 0 -+--,---f---,r------+---- -V!1-L't ---i~--- 4 -i--,- :l . ! 11 ! i I 
~-4--+--~--t---t-~:--r-_t----.yf~h---H-- f-t1 1 : iH --'+1- r[ttt-t-l-f-, 
~-t---4--+-----1---+--t-t 1 r ~--- + -. ~ -+--t- -~- -- -+-t- --T I .- --;- r I 

~-t--+--+-_1i --+I--····t-~:;;:~:::::,;f"-::::;-r/r::;:l;:i::-j:~~;:·:;-:~t-::--:; H ji-;Wt=' I - : : i 11ft+' ' -- ~ ' I j-ttt--+1 
, : tt .. + -T-+-i~ t- . .. _;. 1 :- ; I i!iH-1 
I I I I ! I : I t!: I I ' ! i _ _Ui I . -.LL! I I-l.-_-t-J 

f- -J,.._--+-_--+-_~.. . - -- --,-- -- - --r-III fl -!---r---- I TT I, 11 :i---j--j,---1 -- , 1111 ---r 1 tit!1 I I 
-+ "'Tf . t --.~-t_---:-.~ -·-;Tt-H--i I I I I n 

- - --1 . ! ++~- ---J..--L- -J.- . l- L jL : !-- I .- ~--" -+-p I ---- --f I l-+- --t~ 
I I 'j 1 J,J . ill 1 I I I '"WL_I ! 

~~-+-+--H-+t-+---t-_4-.+-.--+-i--++-+t-+ji++!: l++! t----t+-
j _-t_t-___ -t_t! --:L~- tl: 1h~ -~ t In-I 1 ~1: -ti !±l: --1!--+- .. j I Hl,. - - -1 

! I j _LL_L.l __ L __ .Lul~; __ 1._ .L.J I ! 11 L1 ' J 

DII=I£O 

SCALE 

0-0 0 ·002 O'OOG 0·02 c · ~(? C ... .... o· ~j ?. 6 20 \; .:) 2 1:)0 ~,l~ 

~ Q.C,,~c ~ '; 0 N FIN E S I ~~r~ ~ ~~,l ~ ~ ~~~ c --r=-~i'::j E5~~~?::V~ ~\~ ~ ~--J\-~-~!=-:< 5 ~=p~~ ~ G p. l ~1\~ I ~ ~ '" 1'~~~5-~ 1 . ~2.?_;-=;, _ 1: :~ ~ I --- -.= -- _, __ . _ __ , _____ .. ____ _____ . .1 __ ,, ___ ____ ... ______ . __ __ ,_. _ __ . _ _ ____ __ ____ _____________ ._ ---.J ,' _ _ _ ._ . ___ I 

!:.";(,- . 5 .70. T E~(TUR"L C L:-.. 55 1 ~\CAT i ()N \? i\.S::D t.::".; 1..\ " i'i_" Q ., r7~~!..._ \...- · ,('J :...L\ 'lZ ' c ·; -:--J LLS , 
- - • . - - . ~---- - - •. -~ ... - ---- - -- - - - ,..- .- - _ • . - '- .- - . • - . . .. - - - - - - .--- . . • ... - .. . . ~-- - . ------- ... 1 ~-\,. .-- . _ , ~ .. - --- - .• __ . _ • . _. ____ . . .. . _ _ . _ _ _ . _ _ _ 

1..,,---- -------_._---- -- --.--- - ----------_ .... _,,-_.--_ ..... __ .. -~ _____ .... ____ .. 



f-J 
''I 

:1 

i 

. ~ 

4.' 
'1":- I 

fOO 

90 

80 

70 

60 

50 

4.0 

30 

ZO 

40 

0 

~,.;".._.:t·.",.};.r 

" ~ <;., .. " .. ~". 

'if"" "'" 

:. 

:;~.~- . '-"'. 

#~5l!.+'t! i'~ ?: .. ~E~ i:!C·,t,~ :' ~#rp~k ' ,SIZ C:ONO, 

; ' 3- :1 -; 
.' 'IO-~' £. 

L 

r / ' I / I I I / ,/ I I 

€I~ 
f I I:mtrJ/ 

" ·,...-,.,0 . .: ,.-.-.- ---};~~\7;;i:~,/~t.'~J§/Jf~jli'!: ' '-'ON 

I 
i i :;00 
~ 

ISr-M/- L DC; PLOT. 

SRITlSI4 SiANOARD SIEve SIZES 

ZOO/50 100 7Z 005Z 36 Z!; 18 (4. ID 8 7 1/8' 3/16" 1/4-1 3/B" 1/2" 3/4" fH I~· Z~ 
-L._"'!-~~-~ I I ' ( ((',1, 1 

I I 

, ":'--L-~~~++~~~~~~f3~~f--tIl~~-rl ' :-I-!.. 
I I I 

I : ! I I i -Hi-t 

v 

i II I ; I i 1 .. __ ~_L __ l ',-'I ---- r I I , 

, I ! i ' I I l' 
____ ---'-- .. lJ.J _L-J_ __ ! -'- L11 

(mm) 0.002 0.006 0.02 O.CS O.Z '.f: z 6 20 

CL~"{ J='INE. MEDIUN\ COARSE. I=INE ~~~--C- COA.R5E !=INt: .,J J<lEDIUN'l ] 

'--____ -'--________ 5_'L_T _____ . ___ ~. _____________ ~AND _____ ~RA.VEL 
COARSE. I -, 

! 

s:'1C::r. 5.11. GRAt>\NGS 'Foe.... y.~ACl<.\.,.i:.~r·i;:.~:. 1:>;"" , ', U9r~:"~ ' .:IL.:r'.; '·!i_L.. ---_. __ . -". - . .. -~---- - ... . . . -------------.---- -------

I 



·J 
.J 

',... . L: 
' ... ~ : 

l.' ' , ' 

\. i ; : . , ..... , : 

(:: i i 

: 
h ! 

O! 
I­
() i 
_I ) 
'\ ' ..... : 

"­
/ 
r ' : \ 
J I : 

;; i 
'< !; 
CJ ! 

~) ,: 
cs: ~ I 



.., 
. \ 

" ,. 
, 
~ 

!( 
" ,~ , , 

: '~ 
.{ 

,.1 , 
~l ,,' " . ' - ri · . 
·,y, t " . 
;f ~. r' 

,. t, 
?~-: 
h' 

: v • 

i£~ ; 
,. I . t ~ I. 
! ( f 

; I > ~ i 
, I ,~:! 
~)' : 
:;:; ~ 
I 
, 

:~~-" 
1~ :1 
, 

? 
0 
j:: 
::J 
QJ 

I~ 
;.. ~ 
\0 0 
'. • 
Q 

.... u. 
\:1 

le 0 
N -.J ... 
VI I --

}: 
tu ~I .J 
0 
'-

" , 

~ 
, 

~ , 
Q 

, 
.. ; 

~i. t. 

\. 

5U f!H{1,.\TI ON j: ·ER':. E.r,!TA C;S. 
, f 
o 00 00 00 GO 2 (~ (0 I'- to to .q M (\J 0 0 ,---r-.,---,--- ..---=;...-.. ,-- -.----, --·r-..,--·-.---·r--....,---,·-~- .,....-,.-.-.,---~ .. ,~ --- _. _ . 

i 
If) lI) 

w F~==-t=~~=-·-~}~--~i=~=::t=:~=~~=~~4'--~~-:~:~+~~~~~=i:~~t~~=:=i::::::~, ·~ .... :.~b-:=:­
I ~J,_- -t--~--~----·~-·4-·~---~-~-~·---~--4·---+--r---l-- ·-~-.. -~---"--~---~-I 
U r--t---f--+----+----l-- +---4- ---t·- +-·- \--- --I--l-- -l----I1 ... ---f-.-4--+.-1 

_ .... -- ~­
Z N ;---t--+-+--"1--+-+--+---,f--+i -f-+-t-t--+--t--t--+- -I--- r--

t---+-._ +._ ._, ___ ~ ___ +_ f- -i--- - I--- -i- - - t ---- I-----+------l-- --1------+-· .---·1-- - -;1- - - .f-.- -

u.! 
Z 

N u: 
o 
o 
o 

- ', j 

.z!. ' 

I ,... , 

~ i .... , 
~ ; 
I~ ; 

w! 



9 8 7 .- 5 4- 3 0 
- '. --.~ .-

I I ! 
2 i o -, 

J,. 

! 

-1 -2 -3 -4. -5 
PI-II 

-6 -7 SCAL..E:: 

! 
l-r--t--t---t_-+---l--L" i - , I --}.--- ' . ~~---+I--1---4-~-'~!+II~I~I~1 

~ tt=ll: _ J C-- ~jl __ ~_~___J~- Itfttl 
---+----1- _ I L liT ' ' i - I ji-l---!--

~ A""'(11tt-+1 i It':, wi,jl"l +l-tt! Httll 
_ , . _ /1- T IU!I : L~1!4, itji1t4! i J 

d-d-"'-':;r'~~~'£'~T 1-11 I 1,-1
1 

1- [--I'I-L Jli I I, 1-_ll1t~~-+ ' 
. ' -I-- ~-fl -- -rJii---i- l-t+Ht --1---mtJ1 r- I I i j: , -bEET Il'ittl'tR I---r-!I i i_I ___ J __ t. __ LLl_I ' W-f J j - i I - - ]'-111111 ~---4~ I 1--+-++l --l-J--;-l .lLLL Il _~JTifl-=-cr-l _ rllJLI ! r I! I I ~~ , !~11L LlJ_~lL' __ l_i. __ TjJllJLLJ=j : UJII j-,-, !--tJll---1-1 

0·0 0·002 0·006 o· 0'; 0·6 0 ·02 r:' ·2 
,- ,.. 

c 20 Go 200 ; {) lfi 

CLAY I FINE. I ","E.DIUI'i) ICO~R5~ 
=-:<_A._~_T_i_O_N 5 I ~ T ~ R.AC T \ () N 

~'-i:;-~--r'rI;:'D ·I '.JifI 1 --C'_'AR,~~-i--~;~~---rMED' UN) lCOA.~ ~ _ I 3 ,5 , 
-- ... --.-- ,~- - :::>TON ... J '-' 7-

5ANl~ FR.\CT10N I ~R.A.\j ::='L FR.A.C' I ON - ,.;) i 

:::"1&./i.74-. TEXTURAL C L ASSIF\rAT10'-.l '>'! L· .... . -. --"1 .-, ' -1 - , '-~' Q I ' -"r:' 'r ' ''-' ' '''' I " " ' ; -"', ';:- f l~ " - .,-. " 
. _ _ _ ___ _ .J~ ___ I ____ ~ .~_:..~~ ~: ______ .:.. .JI~,. ___ .\..'~ ~ ' ~~- d. ~ . _~,~, ~- .. ;:::::.:.~~:. ~~:~:~r·'( \ '~: ::~~~ .. ~~~-:::. _--=~..:::.i. _1-.. _ ~ , ~_.~ .. :_: :,. 

~ 
, .'~2 



- -- ------ --_.-------., 
I 

.-
t. 
I 
" 

• t , 

(~ I "- ' : 1 
...... 

" 
" 

, 

jl 

F\ 
L. t 

" , 
'" 

I, 

~ .1.i 
-,) 

,-

(~; 
-/ I _... i 

! 

,I 
';1 
I ....... ! 
.... ;. 1 
(,-" 

: 1 
• ) 1 t..\ I 

t l.l \ 

::! 
" : 

Li .,-
'., 
1"/: 
1. -. 

I 
I i 

'':I: l 
,.:; i 
.,1. 1 

I , 
IJ1 \ 
,~ I 
~, .. ! , I I I ,e. ! I .. C 

'J ' I 
" , 

I -:51 

~I 
I L~~ I 

~ I 
t, 

Lt. I 

, l 

I 



0 
0 - --

IJl 
l!) 

W 
I M 
U 
Z 

N -

0 -
.... 

If) 
Cl! ~ UI 
en .... , 
£ N 

. :J 
\.0 Z I ') 

C\I 
tu 1I) 

> (" tU " \f) 0 

Ifi 
9 
0 

Q'j 11'1 
~ 

«.) 
0 

. N 

~ 
'~ 
IU 
Q 

S!: 
.0 

t--- --t--- r-- !-:--±--=-
f --- ! 

=:1=-= .f 
0 g 0 0 0 0 0 0 0 0 
0- f' to ID "'<t M N ~ 



~ };. " 
.~ 

----- . 

o 
9 

W 
ti-1N 

o 
G"l 

:J 1-_ ""'CO r--t--.-:-- -.. 
Ci 
It! 

o 
,+ 

r-- ----r'·-.. - -T' .... 

o G 

a. -I~ r--i"-'+--'---j 
<( ""~ r--t--'-+--+---~--I--;---'~"'"!.,:' :.:" ... ~~ .... A-t----t--j-----+---4----+-+ 

"'ICX) r----+-_ 

I __ _ . ~ ~ _ __ f 

- l. -" i 
.. . ' - ! 

___ f=: .. ~=:f 
.. -i-.--+---+--j--- +----t-'-.-- 1"""'(" '~_.r' - -t--J .. -~ 

-t---+-.-ii---+--+--f'-'-+-·~~----+--'-+'~'·':-<-l" -" -r--~ , 

NOl.nlNwl1S 

", 
r~ ,. 
" ,.' 

~- lY 
r \J. 
~ 

ii 
I.~ i - ~ 

; , 

. . ... 1 

r: 
~~:, !" 
(. I -..,. , . 

. :1 
I 

-,. 
[\ ! 

W 
N 
Il) 

U) 



~lt?t;¥~~;l: . '<:; ~:'t:"~~:"'''''-.. ~i:£'';~;;;;~0~~~~;:;"",:::: .. .. <'. .• ____ "'._ ~ , '. 

CL-A:- IV£:RY /COBBI..ES /WENrwORiH 
"':.~S!}O~ !t7E.D/u!Y1 COARSE.jCOARS£ !SCAI..E 

r .,;..;,:;':,: ~ r·':..:: v~ ...... +~~~~;....~~.;...;.,......;.,,--'--_~-:L ___ '-~_J-_.,......-,--..._, __ ~_--,~~-.:-'"""':';"".L.-__ ---"~ __ L.-__ -'-___ .L.--'--

,. 

r. ~ " , •.. ,. 1 9 · . B .t;>:?~ -~~ ,~. ,4~ /' .,;'~.) " 

I j_ " -+ !--, -- - - i ---r---~ I ____ l 
; ! I I I _I 

I 

I----+---~-+--+------+----t-__+__I·.t---~· " . - .---~l·~:-----li-l 
I .·i .·.·;·;·;-;·;·:·:···:·:·:·:·:·:·:-:-J :4J.!·.-: ·:·:····...... I I 
·r-~;::;:::::::::::J?D:?1?!:JT;:fk:::-·" I I I 11 i 

I ' --t- --~L..<;.~-:x':':::t;:;::·:· :-:·:.::ij>/::F::$·!·:::.h:-:n-r · I I I I +-+ , .:----tu--t+l Ill: 1- i ! i I I I I 1·11 11 
I -+-__ L 4~ . . . _ a +----I--+ n1tH-./! 111.1 

YT I I ! l' 11 : I!-- 1 I I It-Ill I! I~--l . L : 11 I I L-!--h--+--t,:.-, -r-I-·-~-·-L-'i--+--~ ~t· - ·~ 
---'--

r: ~ . I~J I i I I I I I i I 
...... !:.::::::;::;::)::-}.~?~}~..J.,d~ . .,..t:'7r;:7.':l::;;1:).tr.:::~;~t~:~!'f:li::::t~{;::r::i~V: "1 - ttl - r~ I , 

, .' •......•••. ,.: ..... ,.:.:.: ••. ,,"'""''' w,., ''''''''l'-''''' .'." , I ' . ! I ' 11 ' , ~ W' 
,,,:.::::::::.*::":ii;::':ft\;;;:'I;:::;~s;;::::'l:':'ill i'l t~~tt-- -D1*~--j<-- ' - ·tr~ rlr 11 I ~1I11 ~ 

ll-~-t-I- . -f- - i+t!I' I, I -'I I" IT:I-~. I I I I I : .~ .+--t--! ! :--+ ! ! :: I j L-+---t---:7'f-iTn i I! I I I _ I ; . \ I !_. : I--- f-+-+- , , 

kd1 I 1 1·1 1 111.1 I I I I I I II11I I ! I !! 11\ I I 11 i I : I I ! ~ilL.J...1 II~I --'----' 

PI-I I 
SCAL..E 

0 · 0 0 ·002 0·006 0·0'2. 0 · 06 0·2 C· 6 2 o 20 Go 200 ~1"'1 

C .. L-""Y I FINS
U

" 1 N'\E.DIUI\') IcO~RS~ PINE. [~::'D\UN"! C O,'\.R.Sc. F i ~<t:. i 1'<"\ '_DiUl'fi ICDAR5E I 5 ~:;>5 
.- n A ""T 0 I L - Te N t::. J' I ~ - 7 .. _ ............ I N 5l!..T ~RACTION SAND !='RA.CTiO N G;RA.V E l.. :=RACTI ON ! __ ---.- .;) I 

• .£='('7.5'.7 8:.. TE XTURA~_ CL. :'S51 r=ICATION BASED ON Q t' M c1 ,...9 3 .r~:t.. eAC;<'~">(,~-n::.~ "D~~ N~911 ];!::.~:~:L J~.i.-:' !!. 

.1 

/" 
~.~ 

, 



1 

/ 
I 
1 

J 
.1 

I 

~ 
I 

r 
1 

'j 
,I 

~ , 
01 
I 

-EIC:... 5.7~. 

~AM~ 
~ Al.lb cOM.oo R. 

~:-~b'''i~ O~ A+~*~~~~;t;~ 
~~bN~.: 

() 

\ 
" '2> ~ 

.< 

~ .. i1 

Pe"r.~nt SOI'l~ --

Percent sand -

COWAL 

.,. A;,_ -0 

l-COWAL. TIU.~ 

CORROUR. 



~r~ I --.--------. ----

() 

'~ i 
! 

.i 

~o 

Percent sond 
• 

. - - -_ .. _. __ ._---

"0 

----------------._--- .•. _- . . _-------, 

~, ... 

GLE.N 
oKING-rE .. 

STRATI-lYRE. 

i 
I 
I 
i 
I 

I 
j 

I 
I 
I 



~
." ..... .. . . .~. . . 

._---_ .. 

o 

fl 

() 

'£16. 5. Sr.. 

~LAlt. DIA6·R.M.1S ~oR. 
~§L.V~ TltooL 
~.§:R.Abl)JGtS ~l=' 
~ 

\ 
PerCetnt sc~d ...... - ... ---

"'- . 'f, 
. ,- 0 &ARC ROG:rGO 

, 
-,_ .. '~-~'.--.'~- '- '- -,-~.~-. 

Percent ,ond .. 

- ---- " - , - - ------_._-., 

§Ll:N 
Q.RCHY 

GLEN 
TROOL 
FOJ<£ST 
PARI< 

i 

I 
I 
I 
I 
I· 
f 

I 
I 



~ 

! 

I 
I 

/0 
J 

r 
J 
I 

! l ,) 

--.. _--._-

SOf1d 

BACKWATER 

GCOTrlSH 

(-

S 

I 

8AC"WA~ 
TILLS i . I 

I 

I 



;,;..."... 
,. '. ~ 
";,- ,,:;~,,,~ 1 

~ -' 
~.:.... -

",. 
et!' 

P ARTICL 'Z ~" SIZ'£ D f 5 T RlaUTIOrJ 
.. ~-- ".! ".;. .... ~--. 

;i:rJi:'\:;:'f~-:"",,""i:'''w~;'''''''''.--.-'''~'''''''-~'''.'~~'''-'':-;'':'~':'·~ .. _'- .. _ .•.•..•.• '-" S:r:y/ 1 .:-'_. :'" :> ~.t' ::2 L' c.} .T~· 
..... 1' ... " 

B.S~ -· 5ir:Vi--;;_:rv,~'~~ ---- A P ERTURE 5'z ~ IN 1 ,\,'C t-l~. 5 1 
I 3 I 3 . 3 , ( 

I::.') 10:) ' ~Z6!J5Z 3~ z; 1S 14- 10 8 7 8 lE. 4. ~ 2 ~ I, I ~ (: 3 .:.~ ;; 

"': ~~EIOAMERKUR~O~U~~· ' ; " +t " '"I ;-:'i 'iJ-++-+-1' "1 nnm' f' I' ( nl"'lrrfl ~~J'~L"-ff~l,mrTl 
90 L ! ! . , . J ' . I I , I it· " , J.'.L";! I " I I 

; l.JESTERIIl TILL trO--.. "':'0 , -I ! ' ! (I : I:frl' I f I I----J·t:r 7'- i-' _·t-Y(-T- ';-1' t'-l---i 
I . . ... . I L 11 , ! I I I I ' . I I 1 1 I 1"'-11 I I . , : PLAIN . - -. ~ I I i ' I I . I , ! I ' ~'I /('1' I I; : 'I 

. I ' , ' I " I I ", . I ' I I', I j 
. ,.; I" I ,!, / . " ; ,I ! ! I ; 1 I ; ! , ~ . - . ~ I--i- ------t-+ :--L.l.i--t - , I . ri-f1~b"~ " r- r--i - ' -+ - - ~--- • C~NTRA.L TILL ,~:.-=-=C i I i I' l it I I i I I : i I ' I i '1/" ; '. I ' I. A I I I I I i ! i 'I i 

)." -¥ -+++1 ' I ; 1 ' 1'1 -W I I I 1 I1 I I , I I I 11P~ /+-+~ I f I' I PLAIN \.A-=-=-"A I ,( i, ' l; ; I 1 • i I , -f -- I I Lx 1/( ' ~ I I I ,' ! ! i I' i 
. ~ . • I I ,I I I " I -W I , , 9 " , ' AJ 1",- I ¥ I I I : 

, I 1 ! I! Ij 'I' 11 rr,-il'l iJ III ~~;'r 1;}··· ··,t-fJrl}·":T I \ ! I ITn ;-Tl . U 1 , V' '/ I cr::.7' ,,,r I ' I' I 1 , I 1 I 
l-LI ! I I i! __ , I --L,Ld:J1L); 'L. l/-7;/ ,c:--' - ; .d..Lw+---~-L-L- Ll-~- LL~:--- __ ;-.-: 

1 I I I him . I! y I ! ! l! /)::' /. ' : :/ , ! I : ! i I! I' . I I ! I ; : ,'i 
I ' .I , ! .;:!,~ ' I I I I I I! I1 I : : . 1 
i} i /', !/ 'j , I I i i ! I i!! ; ! ; ! i 
• / 1 I t I f I I I . I • I . 

i ! ! I i I H ! I I I I I! 1 "'V-+~-~.'i-·J~a~:,--.:."+--T- . ..l-J...LH--+-L
1 

_L
1
· · L~_' -f--: : i "-oO~--: 

I A ,.- L" I . . I I 1 1 ' \ ! '1 1 ; . I Jt,·rfl //~ i ! 1
1

; I : i I \ ! i ~ i ! I 1 ; ...; III /1' , , I , I I ' . . 'I'. 1 
1 1" ! : : ! ! 1 ; !IL i I \ I; i i :: i , I 

_ I : • ..! ~/u __ ~ _ . 1--_C~ .. . ... l..l. . . - ---,.---L--i-. - +-1'-'1.4---'-:.---- '-__ I , , I" '/ , . I "I 1 I , I . , . , 
i)" i : ! I ' I ; I I '\ I i : ! 1 I i ; 
.~ l,yl I ! I I ; I ! I' \ : I i!! ! ! : : I; 

I ' . \ i ' I j I I " , ! , ' , , i I I-.L ' I I f I _.lL I I I 1 I ' h / . ~ i r' f i 11 I I : : I : !; I ! i " I ! ill : " ! i 

H++; ~-ITlii1-.J!·I-/I- i mr-:;(·-.:f- -l-Yrr-rrr--r-r-t-I 1- TI ~I:-n--'I-~I j -l- t-tTi' . [------:--; 
Il l! ,I I I I ! I ' , I 11 I. I' .< ! : III I i I : I i'I'I'1 ',I I ! I I' !: i i : ,., ! , l,~! ' .1 ' ,I, ' L" I , 

! r~~-(r;!~r I-f 1-1 i I \'--11--i
l
- :l l T[f1TTT! nrrT1 

!-.J>,_ .. - 1 ' , i • I , 1 1 \ I I ' , I ' ! I I I I I i ! I ! i , ! i 
. L.;_-,. __ 1.._ - 1_-_,- +- i -- - .. .l_ ~ ____ ':_ - --l---. ·t-41t----i-- ..J--.,..--.,..--,-· t.~ -t. : .. - --, 

. " ~ , I ' I , I , I" I 'I' ' I' ' i i , " : I - ~/ ;.: "'1 ~ I ! 1 I ; ! i I ! I I I I ' I I / I I I : i : ! , ;! : 
" , . ,. , I' I . ' I I ! ' "I I ' I , . I , ' , . 

- j l i I I . .' ,. t I - , I ; I' , , , ! ' : : ~ .-- I I I I • /' j f I ; ,; : , : . i I : ,I I I i ' I : I f I , 

o l I I1 1 ----L-l_..L:-_L . .Ll_J .LU_J .. .1.--l_.LLJ ~L:_ .. ~ .. _L_...L_l J _1 .. :.l:J_.L._.' __ LLLJ_.L-LLL __ J J~_.Ll..LLl.L ._-1._ .. .J 

BO 

70 

l :J GC 
0 
..:. 
l-
z 5 0 UJ 
l.' 
Cl 
VJ 
o. 

40 

z 
0 
r- 30 
4. 
<-
L 

~ 
::J 20 In 

10 

:1"\'":n 0- 0 00. 6 o 'ooz 0·00 ·; (j 02 o C" c. 0-2 C-, c.; :) .. 0· 0 '(: ( ) EoO,) ~~ .. 

/;:?~\~~,~ .: __ .J:=? ... --~~~-. :'~~':"~::~ ;:::\ .. , ~- E0" -:~-: ;-'; ~ ; ' .C " 
" - ! - -~ :-: ~::. ~~ ... - · -- ·t·nc.D~· . t "'t ·-- l 

- - - - -. --. . . --, '. ;: : ~ " ~ :: 
.-."--- -, ,~ ~'" 

r- .!\..-. "'c ' !' 

FIG. 5.8 /~ ( .or"': ... \. l' ~l J ! .. 1 ( 1 S +="~"\n~_ ~ : i:.t t·/~~ .f · ·: " " "::: .~ ~':" . ·. -~ " . ~ -, 

". ~_.". ____ .•. ' ~.--.w .. __ ••. 



", 

. i 

, '-

o 
o r- -

If) 
If) 

W 
I 1'1) 

U 
Z - N 

Z -;"1 - -
UJ 
N ~--m 

f1\ 1..t 

w 
Ci -IN 

:::::J 
~""<Xl I-
C'i 
~ -I~./. 
<"lI~D.-! 

o 
t:.!J 

'" 

o ,...... 
o 
\0 

- i 
I 
, 

() 
I ; ) 

, 

~.- ... --

1·-7, .. i--
.~ 

3~",iN'3:>~ 3d NO 11\1 LN L\J(1S 

:-:--'---.- -_._" .... .. --,, " - .. -.. . -.-.. - --

, 

~-



sum rl'1 A. TI O N PE QC~NTA G: ~. 

0 

-

Z -IN I-. "\ 

~ - I-.- ~~ 
f--_{I<'_t~. _ + - -+--I---l 

\ 

tI ...... \ 

({) "'1"'-r-"1--t--+-\.~-+----t-+-+--+-+--!--+-+-~f--+-+-.~~H-.+-I - ~~ \ 

. ~ . 
,. ' 

o 
«0 

o ,.... o w o 
It) 

.. . 

() 
M 

c 
(\J 

o 0 

E 
~ 
0 
0 
C'J 

0 
ill 

0 
N 

N 
0 
0 
0 

to 
0 
0 
0 
0 

ll)~ 
~I 
1- , 
U'l i 

It) 

Ifl 
et 
<t Z 
0 0 
u .-

f-. 
Ll 
<t 

r Cl 
E. II :J 
n 

uJ 
Z 
1.1. 

z 
0 

>~ 
<CV 
J 4. 
UQl 

h . 

- . i 

:- : 
\ I 

i 
~! 
~ '" f ;-. i :: 1 
< , 
tAl 



"" ""'t, ..... , .• ~ .. ~.... _ ''-''_''.';'~''~';' ''' '~ " . '';'- , t- ... . 

~ 
~,.:?,<:;' 
f~'r::,~-,'. 

, ie,' ~~-~.;.....~- ... .-~ .. ' .. ~~,. ,... . ..,.,. ( .... "", ~" "" " ~" ' . .~-

ul 
\1 
~ 
f-
Z 
uJ 
\J 
Cl 
Ul 
0-

Z 
0 
I-
4. 
£ 
z: 
::> 
U'l 

. pA.;:trIC t.: lE S/,'ZlE .. 131STRIBl.ITION 
'i:- ..>, ., " ... _, "'> ~ ? 

,:L.O!i C,· PROi3ASIUTV . PL.OT. 
f • : • 

"" ~ S£TTL.,'N9 __ v£Lo.cn".v- Cf(I PeK :~=cr B. S. 5!£ V£ " 'UIV18SRS I I ;'-,1:;.1< 
, ' c ' ~ :5 z , Z·~C 200 f50 WO 72 !'Z 36 Z5 18 14- fO 7 S 16 4-

. J ' • ! 

i1U . f I I f I I I f 11 i' I; ; I ' I -- 1_ ~ I yV1(f I I I 

97 . . I I I I j' ill Y~VJ 
95 I , , , I . I I 1 '1 I I I I I I 'I ,i iL ./ . ~ , 

11 I j yV VI 
,l j . i ! I V ,,/ 

11-- 1 111 I ; . I M~ I V 

it1tttf I 1 1111 ·/" I! L 1~ ·tt - -I I I t --- ' ~ -:11'i --t-+-~-p-r t· l 

I 11 11 I I I ~tll it I ! t !--!-W Lt-L . '~-l_W1.1 / ' '/ ' rTi [\i<""., V ¥ 
J : ! ! v tWJ.: 11 

. i. : .J I ./v r \ ,i \'.L~:tti -- / ' 
IIIII I I I I IIII1I 1 i I 11 IIII1 i - " .I! ~ . . -<~ ~ ~/f I r r-J£ 

1J::::i I I I I 16 _ I I .il I. __ ILl 

90 

IIIII I I I 
80 

70 

60 

50 

, 
'--~TURS 

3 I 
8 2 5 

r-i 
97 

95 

90 

60 

70 

60 

50 IIII! I I I II1I1 I I I tti ~ H.L-t~ 
i . I! I : I 

I 

40 

30 

ZO 
/' 

40 

3~ ' ..... 

20 
VIY 

v 

/f' k--r 
j;/ 

~ l-r 
i 
1 

! ! 

1 t t-- -t--i 
I 

t;J 
. ~., I 

I I I j I I I I I I ,lllLA::J7M. m1k · HLHy.~ ; ;-~ L~ I ! LV y . r -~-H i ill' I 1 1---rt-++-+++-t.-1. . . , . . , I I _--1---1.-1. TTt-t--+--+--L1 ...l..1 -'--t-+-+ ' , . . ,~+---~ 

i 

to V , 
lto ! I I j I i ' I I , i I I III I 

5 

3 

I I I I I I ! I ~_ ' . J- I J i I! ! ! 1 , I I I · 
" '" IIlffit=i I tt-PD(r:L--~~-;tt~:l i--r-+-~J I I C-i.JJ..1.i_ I -1-_-'- t i I : -:;: -'~ __ lttllllllt-t++WU-.J 

_ ... _ ,- ,-- .. J _ . . 1 I ; 1 I 11111 1r-t-+++-WJll~ ____ ' I .. l ' ..\ ~ I.J .... 
0·0006 0·002 0 · 006 0-0'2 O'D e " ~ ...... n 

:.. 2('\ 6 :,-. :3 60 200 

Ct.A.Y I FINE. I f'{lG.DIU~ ICO"'RSs/ ~\ NE. -T;":CDlurfl I COt.:R5EI l= it<E I l'il:='D1U i'fl 1(: :) A. RSE:. i s ,," I 
1-. ------"-.. . I· - .-----.. _. ' .- --I TOt-,r , 

F R ~ c: T\ ON SIt. T ~~~ c: 'T~?-.!~ __ -.--1_. _____ S I;. N(~~~~·. -:- I~.N ____ ~_ G ~ A.~,,:~.2=-.!= RAC T : 91'~ I ----=-. .J 
LOG P R.oRAQ.lt_!·f'f Pt.C>i" CJ r;.- Si.,,'. ;,:Ei·. -:LL r .. ·.:./'. hlJ..!-:~ · .... - ----- _ .. __ .. - '--" '--- --'--" '---'-"- - .- _ .. _ .. _--- ... -._ .. -------- ._ . - , FIG. 5 .87 

U'I 
c 
3 
3 
~ 
0 
Z 

v 
re: 
N 
n 
rn 
~ 

.-t ',.. 
{) 
In 

.., 

1 
J 
f 
I,', 
! : . 



;:'~~~~ 
~..... ---, , 

- -

., ....... ...... ... 
..... ... "-: 

~ ..,. 
PARTICLE: SIZE: DISTRIBUTION 

~:~"'iJ¥~'i:~ £7"'1 / ,;:'L oct' ~PL. or' 

I LOG', 5ETTt..INGVEt..OCITY- CM PER SEC 8. S . SIEVE: NUM8£R5 SIZE IN INCHES 
"'" - ..... - ~ "-"' - ..... - 3 1 : ~)4- :". 3;: 2 ' f 4- 1 f Z _ lOO ., '<-', -.--. ' " , • '," , 100 

90 J...4..++ 8LAISEN I I 90 

tmB/72/ C - ---6---- !I l' 
80 '0/72/0 - x ! I S O 

I I 

B/12/E 0-0-0 I i _ t - , 

70 S/7o/A -- - - - - - I 170 
l'J ' 8/10/8 
\J I I ' ~60 B/65 A 
~ B/65/C 
~ S/&5/E 

~ 50 1I I l' 50 

z ~o ! : I! I 11 14. 0 
o 
i= 
<{ 

~ 30 --+-: ! ! I i I 130 
2 
:l 
tJl 

20. I I! I !I 120 

}~:;f ~ ~ - , T I i - - t t+!-rl'lll1' 'I ' 'I ' I ' , I ' 
, I ! I ' I I 

10 /: I I L~ I I " I ,: ~ 0 

o~11I!-l--+-II---lI~I--+--1 rH IIII I I i i : i ! : ill:: i I dttHt 
O· 0006 O· 00'2 0·006 0·02 0-0 1;:3 0·'2 ,... , -

U-o 2 6 20 60 2 0 0 1"1. rr. 

CLA..Y F INE. tot)E.DIUW) COA.RSS r- ~IN E. !;:'~~J""1 rCO~R5C f:"1"iE.- 1 rf1E.DIU~--1 COA. RS~ I 
~RA.CTION Sll..T F"R;\CT I CN ------ 5~ r-.:Q i=~~ON GRA..·"'~ L ~RACT I ON-J STONE." •. 

FI~. 5.88. 'SrZ£" 1="~.'·-CTlo"'S: f-"o~_ RL)'.J::<;'i.~"-l. , "ILLS ------ --,- -- --,,---- '-,,'--- ._- --------------_. 

-------------'--,---------, 
- ____ ...... __ . ~_., •.. ~ ... __ ~, ._.h.,. · ___ ·· . • _" .~ '-' __ .. .. _ .... ~ .. ~_,~. 

u. 
c 
:5 
'" _J 

» 
-j 

o 
t.. . 

"'V 
(T; 

1J 
n 
(T1 

z 
-i 
).-r, 

J.I' 
{1! 

i 
". J 

~ 



T-=~'-'-'"' 7 . ...;:";.~"'. ··';"'~;;::?t,~~j:'.:-,::::!" . ,.~" ,:,~ . . . ... · ~2"L 
r } 7 ItCC:~IED 

COBSI....ES WENT"w'Or;?TI-4 

r-'"'' fCj· "".-.._!:J_ ..... "., ,--·8 ·_ ..... ,.".7- ." .. ~·-6 .. . . ... -5 
~-- , ... ",;(... .!:':':'" ? .... '"..,~ ';. ...... ~ !~. ..... ..... -.. '.-.' ~~ 

. 4- 3 · .. ? 1 o -1 -2 -3 -4- -5 -6 -7 

I cl I . J~~ I I I I I I J I 1 1 
!~ - / - r -/:'" r [ I I I r I r r I I .1-----+---4-' ~-+--L-~ 

1 _ _ 

I I I It I I Rt, I J! -JI~ 
I T-,t-+'-~41'rrr-Ii-- . + f I f---+ 11 I 

t----t---,--f_-+-_-t--_--ti_--l-_.-L_1-
1 

~ .. ' -r-Lt I (-;--t--j--I--f- -tt·, 1 I I I. i 

,. ' III '! I I J 1 \' I, . I I ! I 
I _1 ___ !. l U, ~ , I 1.11 '-1if I!, i 

I · I : ; I 'I '. I • I I ' 1 . I """--l! ! : -t- I . II~ l ...... , ....... -..... -...... • ·.·.·.·r. L ! ' I I ' I I I . ! . , . I ! I I -+ I U1 J 
>- •. j.:.,&:§"f,::}:*::;::;:}:/" ' r~-41 !I 'T'I-r:r1ll! ~ '1 ' ] -;T :1:1 - ;~ I 'n: I r-

.-- --tl"'tl1- H+-~---Jl---t ----+-\-t 1+ ~ ~~---t-, '--1-'i- I-t+ !.!----r-. -t---r- .I, LI
I

_ :.1.---1
1
'--.-

. ' 111! ! t !l: il~' ' I!I I ! ! i' I ,ll 
~~--+--4-++-+++--;I~-4-· r I I -fl-~--I-- - ! I I rt_U.L_l_i I I -Til l ! ' r}lTr]--

&.../.-4..JC-'--~----I-.I........L..J...J-l..L.L.-----L..I'--.J-" L-~'" j,-'LlIJ.Li~Tt-=tilllJLITTt+11 j rl----I --d-h I in- i 

SCALE 

PHI 

SCALE: 

0·0 0·002 O'OOG 002 0 '05 (')·2 o · ~ '2 6 ~o 6 0 2 () C" .~') ~: 

CI...l..Y FINE. t<\E.D'U~ T:OARS-G~:-i~\~:.§. __ ~~ .r~~ ,,) i\..\~._L~-C;--0?"'SSI--ri~ S I iY'1 ~D!Wl'f') I COA,R5S_-, STO N >= 1,2.5_ 
':,.RA.C:TION S'L.T ~RACT!ON i 5Al''-~ !='R.!\C-:- .ON I ~R ir.,,\i=_l- r.RA.CT10N i - I )37 I 

r- :CJ .5.89. TEXTURA-L _ 4--.. ___ ._ _ CL ASS I r= I CAT , 0"" B~'\~::;'::: U 01'~ :~; I • :v1,. Q ~ , ~~?_ 8 ' " ,'?7.N T n.L ------ -- .. --.. . ----. ~ ----------- -- ' -~- \o. " . - - _"; --. __ .. --- ----...... _ 

I 
.... .1 

1. 



u) 

Cl 
~ r z 
UJ 
U 
III 
UJ 
a. 

Z 
0 
r 
.-{ 

£ 
£ 
:::> 
({) 

_,- . f':').,! <-", ~",.' 
\'., ... ', ..... ,.~ .. '::':' ,' I . }:' ,," . '.'~T' . ",;.., :-'1"';'-~',':'f;'~\' ~~ ~~ :.:.::.,q, .... '(~~~\,;'.~~ '~. '~~)~~~~~\.~~~.~~-~.~~~;. - .". @Ill'" 

,f":>:',,'; ", " ~""; PART'CL·Z~-;:.""~ SIZ~:'~"'D:t5TRi'j:fUr:N::>IJ' . 
;~~~J ;"' ~:"':: _ :~ ~ :-"« ... ... ~ . ~ ;,t?(~, :'.,;-} " ~l':~",. ~; .~ . . 

. ,,:~ ~"'''''_~,r:'''''''''''''_'~'A_;'''''';'M" ..• ~ ... ~_. _ _ _____ .. >_. ~;;?,~MI ;; .. L.O~ PL.~,~ .. _ . 
i:,... .... :.if..,'"';. ~ ~:;"'" Ir": ! ..... ~J . .:~ >;. ::""' . "'~r:; ~~"~ .. ,,~ ,;'" -::,~ '.:.' : . ~ . 

ILO~ SiTTL'N~~~LOCI~- c CM_~E~ ~' ~~a-~-,~5-'E-V-E~N-U-~-~3-E-R~~~~~~A-P-E-R-T-UR-E~S-'-Z-E-'-N~'N-~-N-E-5~~~~ 

3 4 . G 
f .

: 'i. "W_', "'-3 Z i 'zoo i5~ '0:) 7Z~05Z ?6 2!:i 18 14- 10 8 7 ~ fi l ~ ~ 1 f d z 
00 . . L t ,. i', I I t, 

90 I I I11 I I I I I I 11 I I r-t I, 11111 I I I 1111111 

80 
t-++H---t--I~+-+-+-H-H---f--t-~~ l/ I I I I : I 

70 

60 

50 

4-0 

30 

20 

'0 
0 

1-++++---+--+---+--+-~H-+-~4--li-+- ~-+-+-+-+1H---+-~-+1 ' rU I _<_ i 11 ~ tf 1 rjltrLhlN~ I A+ o~o~~~" 

1,,)/ 
11 

v 
) 

[7 

VWi~'* 

vl7 
l/ 

1/
11 

... Ll7 v 

I lA't°l't~/Yt 
J1 1 'r(-I ! III L 

~ 
~c~tt~4>~ 

J 
'if 

ME.TFJf:., 

---- - - -r -iTf!7Ir--1 I 
1- -D! I ! I __ i I 111~ I 1_. __ __ ~~~++---+---i 

~~-+---+- 11!IILi! nTI1&_U i Ilfllll 11 IIII1III 11 

I 
I 

mm 0·0006 0 -00'2 0 · 006 0-02 0 ·06 o·z 0·6 2·0 6 -0 20 60 200mm 

,. c.l../It..,( FINE. N'lE.DIUNl COA.RS~ ~ \ NE=, I tl\~i) \:..\tJ) COA.R5~ FINe:: trlE.D IUrn CO"'R.'5~ BOUL DER';;. I 
~RA.t:.T'ION SILT FRII.t:.TION ___ 5A.N~ .• ~:~. r:': : ')N _ ~R >-VE:.L FRA.':TIC'N __ ~::J 

FK:t 5.90. S,Ze: t="R.A.CT"lo"'~ F0._~~~~~iT:~¥?-"::T'!"'~0_._ I'L:~~ 
__ • _ _ __ _ w _ ___ ., _ _ .... __ . __ ._~ ..... ______ ._._. __ __ ~_ • • . _ •.•• _ __ •• __ ~". __ • 

-----~-.-----.. -,-- ,--- .. - ... - .... -.- ._._ ----,,-



~~..; .... ~,..-, .. ~:~,.. 

'", ; _' .> -;-;: l ;$>~;~;,::,,;,;>~,-,;~:~~, ,:_,:<~~ , :, ;'~. 
' ,..".. --

PA I< TICI..£ SIZE DISTRIBUTION 

LOG J::>F<!OaA.B~I..'TY PLOT. 

, L'O~5£T'TLlN.·. " VELOC'.rY-· CM PER SEC Cf,. B. 5. SIEVE NW'I1B£RS - . . APERTURE SIZE IN INCHES I 
, - - - , - . ! 3! 3' 3 , 

4- ' J >oZ : " , 1 300 ;.on 150 (00 72 ~? 3e /::"": '8 1~ '0 7 [i !(, 4. B Z ~f , 2 Z 3 5 

9711111 1 1 1 1 1 11111 1 1 1 1.1 tllTr=T I i C-~1+(~-r V -r'r~ I! I : "! " 97 

95

11111 11 11111I11 11 11I1I1II I I 'I! / . ,i I " " 95 

90" III " "" "" " "" I t ~HJ 1 i +t~r! : ' +' ! )! I 1
1

, r ! i 90 
i'l _L 1_.4 , I ' I' i I'~ I =HI 

So . I I I . .L ~ I.! i ' I I I It- ! 30 

:! It' __ i ! . .:J~u.~ I H I I I • 

70 ; I t~f--r---~-L.+-.l t-~_' I f-+ I I '70 

.~. 

I / I i I f 1 I I ' I! I ~ " -
\1 60 _ , ~l,_~_ .--t!J b{. L±~ I! t+ . , I , I ' ! Go 
~ I ' H~71 I 'i +- I , . 1 I :.. ! , I 4 I 
~ 50 ' - i ~l h ; -r-i , J , ! I; i , ~ 50 
u I '),1 I ' J' I I ,! 1 I I ! ' I i i i I I ! i i ! 
Cl ~,- , 1.'4-- - -- I - R=' + , ~ _i1' I---L.. , ,i--+- I ' t--T--\i 

I Oft \ I ' , 1 I I I I 1 , 'I ; 1 
UI ,,"0 --f- -=t-t+- f--.---t--- ~-.... -- ' 1T1Tr ! ,+0 
0.. ~/ " I I , i ' ! I ! I! I I ~, I _~ 

"V ! I I I t-I I, . f ' I I ; I'-r I " 
~ 30 I v,..v _ _ 1 t_ -i !! , .J~ I I J fi'l I I i i 'I ~lLJ 1:>0 

~ 20 ! I -I I.V , It i. ,-+-_l_LJ_ !, i! ! I I ! -'1:: !! !: ; T: !! : i 20 
L ' I I I , I, I I I , 1 £ ~lV :, ', 1ft! =r HI! . lll I f! 1:1'H I-Li I' IIU-£ - - --f----;-~t_ _ i -- -l. LfT ' I ,- , ---+-<-' ~- -r ' ' ,-1 

~ i I I I I ,I l-)" "Ill ' I ,_u1_I_t_-J-r-' 1 Tt' ! _tTU I I I i ~;. _I.J Il~. I I t1trt, Hi i 

40 , I ! V ,'11 I' j I j 1 I , I I I -j i ' -fT I I : T1 I I ! I I i ,! i ,0 
l/ ::1 I ' i I11 I! ; I! i ll: I I U: 11 ! 

I I 1/ I! I : I 11 i i I . I I i LU: i I _ I ! ! : ' ! ~) 
5 , I Y" . i ~ i 11 i I I f II! 11 I I mitt 
3 11 1 .. I I ! lli: iLl I LJ [fl l_I_ LlUL_L..J~ 

0,000 6 0·002 O,OOG C)'Ol 0·06 0·2 0,5 ..... 
'- l)' 20 60 2 0 '0 

,- -----1 ':)T ("\ N '-
Ct.A'I I FINE. j N1E.Ol U~'i le Of,RSE. \='INE. I !'f\~Dl'..J~.l 'I COARSE. r ; i NE ] ii!~ D1UN'\ le OA.RS'=. ! ,... --~~- ··JI 

1~'<~CT101>.J SIt.T FR,\,CTION SAND F'R,:",CT !ON I GR A.\iEl. F'R A. C.TjO~":'l_\ _ I '~_=-:. _ 

FiG. ~:., 91 LD6 f" CO~ABIL'lY Puyr '/:oP._ Al·,rr-A:~c..T1C /\ IILL 
----------

lJ) 
c 
3 
3 
'l> 
-i 
[) 

z 

\J 
I'll 
lJ 
() 

rn 
Z 
-I 
'7 
[) 
r:1 

! 



.!1 
,.' 

,): e 
\ , , 

I="IGr. 5.92. 

~GrU1-AR.. b4A6RAM ;:OR. 
10 

~ ANI:) Aij'.ARc.71CA liL..t-

~~~cr,oNS 

of> '0 

Percent sand -

BLAJSEN AliI 



" 
, " ., ' 

.:J 
·d 
i., ' 

: .. 
, , 

I · 
f 
, ,' 

, 

-----------------

.0 
o 

, , 

o 
to 

o w 0 
IJ) 

o· 0 
...t M 

'3~\f.l.N'3:>(f3d NO 11\1 IN l.'.Ins 

o 
r.\.t 

0 
N 

o 

0 -

I:: 
f
'~ .. 

r ' 

uJ 
Z 

N i: 
0 
0 z 
6 0 

)-~ 
(!) 

C(U 
J~ 

0 UClI. 
0 LL 

0 
0 
0 

It) 

f!r 
u .. 

, 
I 
I 
I 

I 
i 
i 
f 
J 
f 
\ 

! 
I 
f 
\ 

i 
I 



~·"';ti~.~f:·~i-'.~~:':'{;:· ~ i.';_--:-~. -.-. -;;~ ~~" .. , .. ..".. 4!!P" 

uJ 
\!J 
«! 
I-
Z 
uJ 
U 
Cl 
uJ 
Il. 

Z 
0 
t-
«! 
Z 
~ 
J 
to 

. PA RT"C~£ SIZe DISTRIBUTION 
K' ~ . 

-1,~,~-~H~"""".~.~'""<' •.. ,;..,~,,-•.. ,,...,:;.,,;..';;"'_ •. ,,,;..~~~,....~ _- -,,- -.. ,'~ ~ .. • .. ~- -. 5E ,""'n - L-·OG - PLOT 
~:' ~ -'''. ','.' If~'" .... t...:; _...,.:, 

LQG SE:.TTLtNC!, V.~LOCITY- CM PEq SE - .,' - -- -
, .4- '~ . ,... '· 3 -'" 2 1 
> 

8,'5 . . ;:':E VE ; ·.~1.J~1 2· EP'5 APE:QTURE SIZE IN INCHES 
:;! 3 1 3 1 

16 x B l 4. t f 2:: 3 5 . , , fOO 

I 

f-++H I I ""II! I I 

90 

11 I 11 I I I I I I I! I I I 

80 

70 

60 

50 -l 50 

4.0 

30 

~-I-+-<. ":--.~f--!,'-:' 

j \ ' 

20 I1 I i l l 
T4-.l-L---!--+----+ 

I I I 
iD: ; I. 

i i ll 
I ; I i I I o " . _.~--J-....I.-,;.. 

0·0006 0·002 0 · 006 0,02 0 -06 0·2 0·6 ,-, 6 20 ---,-.., 0 ,-, 2 0 C) "': i ~ in 

Ct.. A. 'f 
>:~ACTION 
~. - ---- ===-.t. 

t:!G 5.94 " . 

~ \ Nt:. i tvl£D1UN) I (C,\RSE.t F"INS 1 ~i S()\U:-0. ! CO"-R5E T ;:INE. Y1E.!)iUM CO A.R S ". ------

S i lo:': ;:'R" C T , (')N L-.-2!"~~?~CT:-C~ · _____ J ____ . ___ 0 R~ .-':_L CR.:~;: T i ::) [~ _ _ r~~?-~.~-:.:::__ 

GRA~~~~~~ . F"cR~ /.,,~S-rJ".!.D't'>!"L=~~_-t~ :~h/t -n'.-L (7) 

--- -----• ... --------~,---. ----.. _ --- -_ ._----_. 

If\ 
C 
3 
-~ 
? 
-I 

o 
z. 

V 
rn 
1[) 

o 
\:1 
L 

-\ 
:-­
(.) 

\ ; , 



~-----.-.--.------.- .- ... 

h ! ; :·. C 

j 

I 
i , 

( '" i 
N 

I \. ..... 

"._of! ! 
I 

t -. i I 
r I 

I 

.. ~ , I ,,~. 

~ : 
, 

/.' ' I -" 
I 

-
" 

I 
.. , >; 
, 

." 

-r ' 
... '?~ : I 

4 ' , _ I 
:)1 \ 

t- l I 
I 
i 

:..l : 
j 
I , 

r i ! I"~: : 1 , 
I 
1 

\/i I .rj i 
\J . 

2 ' I 
~ ! 
~ I , . 

"'-: ; 

I I 
i 

LOt I v' i , 
• i ! 

tn l ! 
~. i 

I iLl 
1 
I 
i 

! 
I 

t 



or;;"issii .,., .' ........... ___ . .t.~ •• 
~-~-. ~-.. ~.~~~~~~:;.;~~ ... ~ " ":" . '": ~~;:::: .... l ... -: :,J ~ ' ~', . ~" .. ' .. 

~. 

" -
PA.RricL.£ 51Zli .' ,,' DISTRISUTION 

~- ". ' ~':-;. ",,' ~ .... -. 
, .' 5E,..11 .. L.OG PLST 

-(O ... ,;,~-,i'I~: .... ,,,,,. __ : r:-,"#":y> •. - -J,.. • . .,... _. -,; - -'-H- ..... ' .- -

':'." . " ?L,' 3\~,~'" SETTc,' i}Rld s. 5, 5J~VE NlI:-r.B~RS I AP~Rn.H<E SIZE IN'· INCHES 
... "' ':'' ..... .,.., >' . . .. '- - - • 3 I 3 f 3 1 

'> .'": , ~., .. , ."c, '. 3... 2. 1 3ee' 2001$0 fOO 72 5? 36 .75 ;8 fI.. fO 7 B 16 ~ B Z 4. 1 f z 2 3 5 t 0 
" 10'01-.-,..;" '"./ ' " . . "'- J.---r-t -r . I ;m D +~'. 'n 

1 

- 'I t l ... ·~ " 'i J J , i i J i i I ; I r--r" -1 -"--, I I -; ;r I I " . ,, '" 1/ I ' I 1 " ,'- . 

, -! 4-f--"'~''-' . '-:1 - "1 _. 
I ' ' :1 J/'" 

'91"\' I f" I I 11 J J I I l i • ! ; ·~,L.tD~.;4-L ! ! I I ' I 'l 
... ! ! I! I I I I I I A ' -, -Vt ~ / 1-'- . i. 

.. , I l. !._-4._ L-I_u --l ~, _'-:"_'_ ., l ! ,;::2J ,L'-I'_+-+--t' _..1-.1 --i j _, _ _ _ •. _ 1 

90 

Ul 
Cl 

~ 
Z 
ul 
U 
Cl 
ul 
Cl.. 

z 
o 
f-; 
~, 

r.::: 
<. 
~. 

L":. 
~.') 
. O' ; 
'- , 

J 1I 
i ll I t' I M' - '4 -~ I '\.r" . . ' t- ,'-------; ,,-. . . I ' , , I j! I ' 1 ,- , v'f.- J. eo i..' - , - I ____ -- - ~""Y-r- ._ .• _- ,- ••.• ' ..... 'r -~-r+-+-i-IJ_+--

• 1 , I- "j' -t--. 1 • • , ! lA I t <i.V ' j ' .. I I I I •• 
i ~H " - h ~, I - 1/' I I 

so , I ; , i , ,-•. /", '1 , rq' ' 'I ' 

tJ] I I I I I trot-i I [jiliti;--1 I i il/l i"ftj ~-t :';1 J; I [-1-:1. lij-rTli -1-70~ ; ~lr.+-J.-! .~;-b-t--r--1-;'-~'~'-l {'r~·of.:~·)~~t: -y-- r ;··( r t,l ~-l-L-+-W-W-1-~ -.~ --.; 70 
~'l' i ' I"" Y ,..I l'~j ' III 

1]1111 i-nlffill-~L(+flr~"~~7-/_v~ '11;':'1 11--11=' t-rm!-n-j -r- , ~~ 60' , '" 1 I 1 I d- -~ ~~ -- --1-n'H l+,_ . !~.-.. . . _J" H-t-t-t . ". ' ~. -. ,-I , ' . r' ' t j . 

, --: · . 1·'~~'~r2 .L'.J, ' L_1-+-11_! d L~--.: _~---< __ L I Jt l, 1.\- . 1. .. ,; 
11'') 1 H3 ·5{~i; ;: rtl' ~·L ;'/'1 LI ' I i ! ' ! I III I I I I I : I " I i! !! .. . 'f t I , I / ... , '- I" Y ,. I I' ! 1 I j - - ""-

;::]OH·'f-;' , I I I /.f~"t·\' ·:- I ' -l' -, '. Vti 'dT: r--L.~ - .. -+,-1- .:'; d- il--L-- [,J 1· '-'-',"[-1 : ;---- ·'1-- ' . ,) ~ " . , . . . . ~ , ., I ~ I I ' ' I, . 
1 . .. .. .- ~ i : , li ri ' I ! ! t , i ~ \ i ~ 

H - ! , - " I .. . -- .. -,--l--"'-"'fr· ---'- '---' ) ., .! ,~_J ------l -· .... ,- --, .-.- ') "-
. ' I I - I I -+4 I I I , ,, , , \ ' 1 1, ' • • • .. I" r" 1· . ' I! , , ! : ! I i ! I I : ' I ! ~ !! ' - , -,--. I -11'lJ ------t--............ " --1··----1--'----- -- 1..,)-jL'l---·-i-- . ~ O 

I.. -I 'lllij--Y I \ I I . I ! i ' I 'I I I I ! , I I' : I v " ,\-' i /il I I t I L' t t' . : I 1 " • j ! I I ; ! ! ;' /1 ..... . I f I I , ~ 1 " I r , 

t-?-+ -'. -+-' ~.J.. ,- . T ~ -, - - -r--'-- •. ,1_ . • - ;--- ·1· -)-- -J_ ,_ - -,-
, ~-,y -I" I tJ 'I " I 'l . I : ' i I ' . i l l 'I " " ,. , ! i/~· ~ . J ~ ,'. I ,I I I ! : 11 I I } I ' r : \ I! : 1-: . r-' - <'_·_--·->--Tl....-L · L .. ! .L,,/.~·' --r~V1".'. - -', U,'u,), ~-- __ ... _1___ .. ,-' --.'--_ .. -"--' , ---

11 i I J ! I l U·n-'/ /! ~- · ~_·t/; I !I: 'I I 11 !l l,1 I ~ ! !! ! \ ; i ! \ ; I : j ;; 

40'·...j-H+----.11r--+--il'---t-r-

~+- .: .. H---+--+---+---',--t ., 

3C 

+·· j .. -. -~-·r-l ·-j-'· <t{-'U-~;;;;7r -n-f- ·.LI·;- ·--]- <-t ' (' : -, -.~.; --'1---1--, ; ---1'- -'--;'-'- --"'1' ,', , 
~ ~. I I I I I I i I ~/i t-rq -· 1 ~y I . II! i I l ! \ : l ! I ! 1 1 11! I i I I : ! : I .:.v ~-; ;. , ! --+--t--I~r·/. 'J?-r!·r7-~' · -i ~r'--t-I' -I 1' Hi ·--t-·- r ,--; ' : ';'-:-Y--r- "! ' ---i -T-; i; : ,--' - ''' , '-r-"--l" -, " ': 

· 1 

, 

I V I' I !.'./1 I . I I ' . '; , , I, , " I : " I i ! , ! ' I ' I : ' , 
J._+ ., : - -__ .l. \ J J./1 _ I r-.i tY. ... -.t ____ I_! ___ ~~ ___ __ ,. ! J ! r _ .~t ___ ~ ____ ~ ___ : __ J _ l : { t.----t- --r _ _ ~ _ .J __ ~ , '{ __ _ • _ ! _ _ _ •• : _ _ ; _ ' 
I' H "' J,,, .. r J, ' ~ ~ .• ~ . ( \ . ' . i l l " I • ; . ! 

t'1! I ) l I ! I j / I L ~ ' 1 d! ! I ! I! ~ !! ~ : ; ; ; !! ' :: : l ! , ! ; , " ;, . 
~ ,] '-~' :-:'l " "-I-·l ~; ·" i'-' ·!-';-' -!-l · r-;--"! -l --- ·I "---~-! · I :· ,· .. · ', - ''''' - -, ' , I ; ._, " "-,' - , , , ." ... 

I 11 'v 1 I 1 i I ~ ! ! ; l ! : i ' I • I· ' I I: : . ; 1,-t_J ··, '-f'" -.' ----, , -'·1-- L I ,\. ! - - --.. ., . _ - -~ ... - ' • • . - ' . 1 -- ... - I . :. . 1. ; , . .. - . .. , _ .. 
I I ' . I ' ' \ . " " I ' \ ( ! ' I ~ i } t " \ • ; 1 I ( ; i I • I f · .: I , 

;:~, '-r ... : ~; _ .~ . ..t. t . ~ .. L._.: .: ~ ~ 1 ! ; . . __ ~ .J ... ~_L ~.~ I J_ w __ _ • • ! \ t _.; .. . _~; 
~,. , , . 

l.,. (;.. , I , ' . ~ 
I.- ~ ;'J 

~ r", , ".-. i ~; , i . 

t 

r. •. ~ .. ~ , 

t __ ~.~~: ::. ___ , 
~;" ;- i ~- ; ~ \ 

. t 

."" .. :',j " .: .. !r .. 

" 0· ' ...... ! (.. 
r'·, 

, ; 

, .. ~ 1Yl-n.:~_j\.: 

. Y ',.~ 1'" ," ~~ . . . 

, . .' 

'~-! - ... , ~ - . -. -

, , 

t~ 
c: 
~5 

s 

".; 

~ 

I 
I 



..... --.... --_ .•. .,..,.._ .-

o· oooe; 0- 002 a-O O G 0 ·02 0-06 0·2 o· G z 
CLAV I C1NE i I'\')E.DIUN) I CO.b..R~.~ 

ti3.~C::::L~~ 51\.. T FR !\CTI ON 

J:'INE. 11'n ~D\U t-,"'l I CO.b, RSE. 

St.N D FR""-CT;ON 

FIG. !:, -97 ----- G RA~ \ I"IGS _£~) ?: __ ~~~<:'v ~\1i ~y.\ -nl-L (n) 

-

00 

90 

BD 

70 

60 

5e 

4.0 

30 

20 

o 

6 ' 20 60 
o 

20C Tl1m 

;:: I .. ~c --r :'~':'~DI; IN) I Co A. ~ 1 
~---Lh " ~. v < - ~ 5~O'N~' 

~ RA.'. r:.. L.. 1= R ·'..C T I 0 \'-1 1 ----'·~_.1 - ---'-'---'~----

to 
C 
3 
=:; 
> 
- { 

o -, ,-

1) 
j1 1 

(J 

f~ 
\ '. ~ 

[ . 

-i 

" £) 
{'Cl 

, 



" , 

. ', 

o 
9 

" & 

SUli1t'ftAT/ON PERCG.NT.). G~. 

ul 
Z 
u .. 

"....... 
0: 
" " 

\ ..... / ' 

; i 

:Ji 
( .. J 
,- 1 
• i 

i 

...... ' I ." i 
" , 

~) I 
•. 1 .. I 

; ... . 

~~ ! 
.': ' 

1- i 
'"'11 

r:~ i r I 
. ~ , 
t/; J , , , 
.... . 1 ; 



~ ' ~).:,;:. ' I;~~;': ~"ti.. ~~r"-~'~.:;.. .. t~··· .. n., •.•• ..:.~~ \ ~~ --~~ '( ~.- .... ~ _< ~ , -
PARTICLE: SIZe DIS TRIBUTION 

;: :-. -_SEM/ -· LOG PLOT 

(~:' i:.c/a-:·~ s£fh':jNG~-: V~Lo2Tr-i:C::M PER SEC/ 
h, '-" ;·-)·,~1.4 " , --. 'j '- 2 l' /.3 

I 8 . S- SIEVE SIZE IN i NCHES 
3 1 
4- , 2 2 

NUMBERS 
1 

I... 10 71 B ZOO 150 lOO 7Z5Z 36 25 18 ' lOO _ . . ' , , . 
/ ... • I -PIl I r , '1=' " 100 

U) 

Cl 
.« 
t--
Z 
uJ 
U 
Cl 
uJ 
0.. 

Z 
0 
i= 
4 

· Z 
£ 
::J , 
{f) 

iJ-W--4 --- -t-
I , 

I : 
I ! • I , --r r--t- 1 " 

i I' ! 
--' ~.L-+-+--+--H-+ 

90 

60 

I I I 11 I I 

70 I I III I I ! ' I i I! I I 1 70 

I I I I I 'I I I " I , I I I I t--t---+-++: +-+--+--l 

60 

I I I I I I I I I H I I ! I I I I I H-4--+--t-1 --+-+-- - -1"---- 1----- _ .. j ---+ --, t--"-- t-- : --

50 I Ill! I I I I I LIII I I I1 ill i·1 i i ! I ! : i l :-150 

40 1 1 1' ! I! 1-1 4. 0 

30 
, I ill I I H ! I1 I I -r-:Tn jj-r -

+---+---1---+-+1 - t- ,i ! i I 30 

20 If!! ! I I 

H t t-i---~ 

I: i I i I ~ o 
cl 1II11Tii ~j , o 

fO 

O· 0006 O· 002 o·O O G 0·02 c·· 0 S 
,.." ,. 
L" ~ 0 ,·~j 2. 6 20 GO Z DO mm 

I Ct-A.V I FINE I~~D\UN'\ CO'\RS~ F'P-JE I ':'J ED\UN'\-r:5i:Rss-+~INc.. L'!1 S')'~N) I ::'~'~RSt:_ I C,TOl\)= . 1 
;;~A.CTION 51\..T F~A.CTICN 5A~_D __ F~~~.T. I ON I ~R/\'J ::_ :'" r=R A. :' T, ,"'\' l ---: - - _J 

FIG 5.99 , GRAb' i,!G'5 i="oR- V.~ S$~~~~: _ : !~ ___ ,,£:: :~~~i . __ =~:-~':-~-__ (2:2.) 

(J\ 
c 
"3 
3 
) > 

-! 

o 
z 

"ti 
fn 
TJ 
n 
\(1 

Z 
- ! 
.v 
o 
I'; 



--------- ------ ---------------- -- _._-- - ------_._--------_._-- -------- - - - ---------- -- .---- ------- ----- ----- -- _._----_. _---------- - -

5L' '() It) ~T l C't-,.J P::::;:?::::"-'.\.-;::-
F 

0 0 ( ) 
~-

9 0 0 0 0 (j () () 
/- -

0) cD t--- to ,n '-t (n (J 0 0 
Cl r- -----l 
( J I t 1 

III 
lO 1,,1, 

L I 
W .. . ... -.- n ! 
I IV) t I 

U () - .'r~: 1 Z 
N l 0 

It ! I Z -i~ .- . 10) 
i (( , 

-111 ltJ .---~ 
I I () (J N i ~ 

l ) ~ . (f) 0 
-.- ~ J MI-t -~- N 

41 
W .--

c rl Ci -IN r lJ 

:l 
- ) 

~""aJ 1- --\- -
(I 

rJ r III 
w ~ Id 
Q - 1'1 --_ .. - -- ---- ~fJ i7 

< .... 1\' I 

I 
();' 

.-- ,') 
., • .1 -2 I I 

I 
II I 

.\ 0 - . j) .-
r: : .... I 11 . ' 

I' :J I ' - --1-- ': I 
" tU () 

I -- I 

i< .... . -- - t - L I 

' .' ti [ I Ifl r'l -' V t~ -. ~ 1-- ---L -- Cl ("-I ;.: If) . ..-1 

;, 1 '~I /' 11) 0 f'l. t 
CO t -t- O ., ... ... ..J t~ I 

_ . . . 

Q Il] 
() 

f' -Q I 10 -' 

• 
£ r J 

1- I I (, ~J -t---.- 0 I 
I Z \ ) f u 

llJ 0 ''l - t- - ) /. 

'J N ~ ! -- (r' l I :.1 '-\1 . +- (I 
I~ 

I 
I 

.... 
I' W '1'\ I II I ( 

; ..... tn :> I ~ P. -~ ~ tJ ~ ( I 
,~ 

~I V) 0 ( ! 
0 I 

I ~ l.il s: 4 ' 
" t .J y-f .. \ -'-1- It! tn -(t. 

. 1 () 

.. r~ u ~ ..... r 
rri 1"'1 \.. l '1 i 

tl .... .. - .. -~ •... - "1 -- -- \'1 
~ 

<1 
" I.L r- c, 
~I..' -' \D J : . 

~ 
:'" ;I!- .' -q- (j J 

tv -t ' . 0 ~ ;t I 
1.11 , .. Cl -- - I--

I I 

• +- J\ -'-' 1/'1 . !,I', --t--- - +- --- .. - -t -
, , IY 

~ 
l ~ 

- - -r () J 
1 

('J u L 

P-o () 

~ -1 
() l-

t> ,- lJ 
I ::J A \,1 
~'C\J .... .. - -- -~ - --~ - () ri Jj - -- -+- - uJ 11 
tJ -+- . W £" 1 
0 -~ 0 -

)- A ':..J 0 
UI i -, ... 

r ~ 
.:> i 0 -1 - j 

-. ,. 
\JI~ 

uJ ~ 
--4- - .7 Z '- ', 1 -r" 

J N 11 

t- O i ,,- 0 

Zj 
0 :w i • -1--- .. .~ . f . 0 0 0 \ 

~ YJ , 
>- t= I 

" ~ I~ od. (J U1 I :.g "-"t ' 
_ .. ' 

\D . 1 .-{ .. t I --, . 0 U{\l LIJ 
• ...s , 0 h 

0 lL i 
0 0 0 0 0 C'J 0 0 

0 I 
0- r- e.O If' ~ M ! 

\ 

'3~,"~:-"3:;'::: 3c "'~ I ~ ~~" _''is f 
! 

I 
1 



: ;: ;'~;;2 -~:,,~:?::~~::-:::"" ""'~ ~!::,~;~,."' :"'~"" -::;~ y":-,,~,,;:~ - ~. 7_ ~t"'-~..::·r. ~~·-~ \.' .. :. .. , 
·n. .,:,. __ ~, 

~ --

u) 

\7 
«{ 
~ 
z 
uJ 
t.J 
!Y 
uJ 
n. 

z 
0 
i= 
~ 

Z 
~ 
:) 
Lt) 

90 

SO 

70 

60 

50 

40 

30 

P~!?T/(::L,.,E; . SIZE; ' DIST.'<IBLJT/ ON 

5t:-M" ... ·L~OG PLOT 
.... '~'-~'- , -

8. S. SIEVE NUMBeRS , 
f 300 200150100 72 5Z 36 25 f8 I~ ID 71 S 

APERTURE SIZE IN INCHES 7 
.3 I 3 I 3 1 

16 ~ 8 2 4. 1 f 2 2 3 5 
100 

LlJf3fi 
, : 90 

-1- ' i 'III' , I I!! ! !80 

11I11 11 11111111 11 I 
'11111\ b14 t 11! - , ' ,.1', ' I 1141 I I I I IIIII I he 

11111 I I 111111111 I 1I;I+~tT7~A~tt!il-:i-J; '~ll ll 11 ItlTfT1i IJ60 
, . , : • I .., , 17 ~ ,/\ , \,) (tU..: SI 1'1 H' I 

I I I I I I I I I I I ! I I I 1-+--+·-.+-1 -t--tl 1 ~~ -X, -t+'Ht i}'-,+--t-- : j i rr"l --+1 j 1 I. t-'m" t+-H 
1I I1I I 1 I I I I1111 ! 1 ·1 !! \~. -:L.~-=-L.W-J-I S+}t'- +- J_.+--Ttt I: " .- .. 1 ~ III ! 450 

I ~ r' I' i I Y'" I' I I l I : i I . I ,I,! ! 
t . I "11 I · , , . - .. I----;--~ - 1- T~·..L·-i_ -- '.-1. 

' -1 _1-' 1 1 ;1.- I I I ' 
. .,if " 1 1 " ! .~; I " I I ! ! ! 140 

, 1 . '"," j I . : I : ' i ; : 1 i I I i 11 I, ' 

I I I If' f f I 1 f! 1 1I 1 I t ~ ... .. L 'Hl-+-V . t~H J_-M . .~ 

~ , I I' 
20 ' I I : 

- , --I f~I----'I"--+--+-~+i~I-t, L-~ , I {1 1i.-t ' 
I ~ , . . v. 1 [V/: ! I ~ , ! I i ! ! i i: 
.. 1 , I v< --1H-1 T:1;- 1 • ·!t:-{T~+t--t-t--+I -+-+---f-,-++t--t-+--+-t--i-+++++--7---1 

iO 
1 I I " I . 1 , , • I 

y 

Oil!! I 
l:::J::fr ' 

"" + I I ' ~ 1 I I • Il ' I I I I I I I I I I I I I", - - · -tC'-+---,--,- -I--- ~'1- -t-+-+--~t 
1'1 • I • I l. 1 

..c.: I i i i I i i I : ! : 

i t 1 ill' J . I, i !:: I '-t I IIIII I I 1d:tn III 1- ~'-r-t-tt r! i j-- il~-'-rrri jt1-1 --+-! +---+-+ . ___ . _ _ __ _ _ _ _--L--L.l-.L...G.llJ.. __ -L_ ..... ___ ."' __ JJ~."--_-L--...J-.. --I...-..J...-'--'-'--'-'--L-...l----l_-l.-.L.-Ll...~___' 
0·0006 0·002 0 · 006 0 ·02 O· 0 fj O·Z (\·G Z 6 . '20 GO 200 om. m 

C I... A. Y F \ N Eo 1'i-~-E.-D-'-U-!,o--T'-c-o-~-~---:::-INS ---yr:~s;-l i.J;-''1 cor.. R SE.;; I NE. =::''1 SDI U N) Ice A. R S E. T _ . :\ 
1 ':.:> T ONC 

~~ACTI ON SI\.. T F"R A.C.TI DN . _5 :\N~~ I<:A.C TiO!'-! ____ • c;R,,\,"' :':.L;: R ,\ ':'T I ON . =-=~_J 

FI~. 5.101. . .- ) c .... RA:~~:~~~ ~~~R. ___ "..,A}.! ~! ::~-·:-: ~~. __ . . i:: .. ~ ... ~ ___ -_~~::-~( 2R 

Ul 
c 
3 
3 
y 
-; 

o 
z. 

1] 
i'l 
lV 
Cl 
tn 
Z 

;:.. 
.GI 
in 

~ 

I 



.... - -- ------

§I N 
0 

)-~ '\ .{ U! If\ J <{ I 
U Olj (.!) 

1..1. lL. 



0 -- I\) 
·0 0 0 
0 

SUMMATION PERCE.NTAGE. 

W ~ Ut Ol 
0 0 0 0 

--.J fP 
0 0 

-.0. 
o 5 o 

1'": " l ;~·fi., 

r=:t=t=E:i~l=t=i=:t==t:=t=$~~=F=f=F=F=1~f=t==1\~ Ig,~t r+~;;L;':' 
0 
0 
01' 

l;{ j::'.>., 
o rrr.i·h/ o -t It; 
o ~t( 
N - , t 

1--+--l--+--+-~~-+~-+--+--f-+'-1r--t---t-t--r-jI;--t--l W'~: : 
t ·.·c· 

9 .1 I - '~ .' i ': 
o I I I I ,_ I - r- .; 
o ~\-+-- i I 0,; 
(ilL' ~ Q'I 

~ -1 _ .. - . r- ~ r'~ I ~·::t 
o [\ ,\~I -t . .~ . i 

\ \ \\. - 1- rill t o 
N 

o 

.. i\ " _ _ _+-- <IJ : 

\ . i\L~" . - I -I~ ' 
\ I - :.H' t-;-.• n 11) 

~
~~. , .... - - , I -- Y: ! ~ 

n I 1 .. - ' • • ..,-- '+-1 0 :,.. 
' -" I . , ~ _~. ' .""' . -1-f-.4--- r - -t---t-- --t-_ IJ . IfIJ 
Cl) '--'-- _'\. !_ :. :.:-~s..-. ~''''''+--r-- "-r i .- -1--.. ..., ),'" 'I~ i 

"·"r··- ---;: I -=F','..... ',- -,.. -- -, t:::: (.) .;... 
~- - riF., t~~}::-~·11--r-+·· ,--+L- · i· r-t--' ~.~ ~ i '12~ jg 
1--.-- -i. 2.. . .:.' ·~l·--1-. · --I-' --- - - -- '. - : , \JI.,. ' Ill 

i , . ,-. ~ .. t· '. ...~ , (.) '. ' f'l , ' 

<) . I 11-'..: " '''!- .' . ' I CO 'i' 1>;. '. 
N I I 'h-.. - Ig~ ?c~~ I I nl .~~ fTl l - 'l rr r' I I~ ~ .) I I • ~. I! < I" j \l l - t-":-~-sIrnr :~. ~. < ·r 1--1 I I r-t ~ In :: f" : ~ --r-+ r1 r - : .... , I', , f·-:-It--j~ 7. IR 1ft) o !-+--·j--..... - ·i '-r-- !--l - .. ~-~-I;- -+-- -~t-- .--t-- c i ~' " I-;\ W~ ---Ir-'E - :\- -:-~...:::, f-,,;~ - ..!-:-;- ~--+--t--.;-.. -- . ~~ ~ I,., 10 CL ____ .1_ •. _ ~_ ._~ ._ .. ___ • _. ____ • - . ---- .., .. - . r-- 'k" ,Or - '; -- . - ''1-'- - - .. (-_ 1 • ij! ' '! i 

t I I '-f-- --~-- -- -->-,-l---i-\ '---!--" -:t-- \ 1"\ I , r 1_ -_ . . --~~--.:.r=·I-.->-~~t< · ~~.,t- =Yl~ a to :ij. 
i ~1 i'i 

(!J 
'. Ir--~-- -+-t-~- -- , , 'ir--+l~/r~T-- -:·~·o 

H
'1 n! !J" ' -n~ r~tl~ ',,~, '~! "f~\. i- 1.. ~r. - I "~~.~- " ~o~; --,--i;;=:-

(;) f-- - - - -T' - r" - ':':-1--r ,-
~ 'n r:::=. ~~~:~.:~t .. _ ~~~.I=-= .. =.'-- .-.. ~"t---- .-,--t-.l- -.-.. ,.~- ' L_~~'~~ ~:~~ 

. . =--=~i·~=:.:.;:==t .. _1:=.i'=' .. I=.:'---t- -·t--_ 1 
_ ---~:t~~=~~: ~~~~L ' =- ;~ 

lJJ 
C 
' 1 

( J 

l 

i~i i eT 

,- lii: 
o '-r-- "-~ - . - , r .- r-- fR . '.'---. O:)lw-j ___ -' _ .- f--r-' -- 0+-'- -_ ..... . _ r ' -
C · . ' , '-. 'nI 3 ! I " \ 1\>1- i'J 

~ , T ~. tt- - , i i"-,~" rn 
Cl NI · -L. ....... ' f",w - I ! I I)) 
- fnO I _~ . I -
6 Cl ~ 1 I ' :.- r~ 
7 P ,-- I , rn 
.- {'J ' i -I-- j i - ::. 

i IU: f--.- -~--_.L_!_-.- __ -L-L-L-J--.--~- -.J- __ , ___ - -t---. ----1..: M- Z 
i '1 -' I 3" ! I ' I. I ! . . I " 'Z , . . -'-- V l . • =t .1 ---1-

.~ It!} o . -.-:±=~.-,- --_=t-=L+-r--:t=: _. - _-+_.'- _-,1-::. w Q 
i j;; I r:~Fl==ri-'--rl -~-- ~:·--l·I=P---.T= ~I~=~~f-': U1 ~; 
, ' ! f:J t--C-l-t-r-rri-r-:-'t-+--=l=i-=TI- '--l--' -'-r--' ,-.. , __ " c. .J . __ ._ __._ .. -l.. ... _.~. .L-l. l ______ ___ 

() 0 C} N ' ... ·1 ;.... l.') (J) 'J (j) ID ;:') 
'j 0 0 0 0 0 0 0 0 0 

:1 
. J':) \" .. L N S:':; 7j .:c: d NO !.I.V \j~ iN n-:,; 

.,~---

; ~- ,I 

1< 
~ ':~J , , 

,,~ 

i 
( to . 

• 

, 
I. 

I . 

--



Vi. __ Ct , 'z~,- "~ ... -~~::,,,:""'<d:;"'::~.:'~',~:;~' :::'i.::"'-~-. ",~-:,,:,,~~- -;- - , ,~,~~, . ~, __ "'_._ .' -

ul 
t.1 

~ z 
u) 

lJ 
Cl 
UI 
Cl. 

z 
0 
t= 
4. 
); 
£ 
::> 
Ul 

.PA~TIC'Le SIZE OISTRIBUTION 

,.'.. ., LOt:.; , ~ROgASIL.lry P ·Ldr. 
e 

:~r~0k1~ c~'£tiq~fC"V5~COC'7- CM P£R iEe 
300 zoo :'0 ~~:J! v~z 

• , _ • • ___ ._ .L-._..L_ 1_ 

NL1f'fl8£~5 
I 

36 25 f8 f4- fO 1 I a 
APERTURE 
.3 i 3 , 

46 4. 8 Z 
SIZE IN INCHES I 

.3 f 
4- If Z 3 5 

97W 97 

95 95 

90rHH+~~--+-~~+H--+-~~~~H+T-+-+--+~4;~~~~~~~ 

80 

70 

GO 

50 

40 

30 

20 

to 

5 

3 

'0: 

11111 11 I 1111111 I I I 1II1111 I I LfHWEt:PUffllll I I I Ill! III I IBa 
111111111111111 11 lill!It--i-~,/!?t/rU~/1 :--t:tlll 111.~QII!~I! 170 /J ../1 __ L_ k1, L 1 , , • .'" 

IIIII I! I I /111/1- I I i ~- : . -/~t~. ~$.?#~~P,-~±l±~~j 0=!. I 1,0 !i 11111 ~~: .' I.,--*-;m/! 'T,T 1I i: !tt-r-;-- ---j ttnt==t ~ " ,=l:1U 
:++t+--+--t---t---:;Y-'~l r' ::::.-+--; I 1--

1
! I-r-~ -~-- , -

~H+--4-+-~t-I-++H+-1r-+-y?;;t9-:;tf-~I+I-;t-J;I ."c.../ 1- -I I i-Ti~-

v i'l I 1

40 

I I I, I , , ', I , 30 
v ~~ 

L 4T+P~t-. 1 11 tntl I 1--- 1 I i 11 111 izo y~~ 
I 

~ v 
I 
I 
I 
I 

i I I j 

'I I ~ " ~_.-l-,- __ I III -t! I I I I IJ II!! 
I I , ,- -1'- • .-1. 

, I 
I I 
I 

i I : I 11 

++WII 
I I I J i I IJ ! I I ; I tt' I! ++++-- I I t- ·.LH-- ---"-1--'--'- , , , I I ! • , I I I " I . 

L _L _l . .LU . .L_L -, ___ ..... J __ -LL .. III ' , , ! 

'--1-- I J , I t . -t- -L,! I : 
I I! I ! 11 

10 
I I I I I I I , 11 , I 

I I I : I , I I ~ I ,-
,'--'-I ':> 

tl i ! 11 ! I ' -' 'j7 
.L 

0·0006 o·ooz 0 · 0 0 E, 0·('1 z, 0·02. '2 ,... . 20 60 ZOO Q o·G 0·2 

CI...,,-" 
jI=R,\, CT I ON 
~-.-.-,-

I="IC. !j. 104 

FINE.-.-lM!;OIUN) fC?"-'RsE""i'-:~--T~£o~-rc':'~RS[~~INE~ ~"l ~DjU!'fl j C9o\.RSE I STONE I 
SII...T FRkCT ION .l _ _ _ ~~~ .. NQ ~R A C I \ :~. I .s:;~ .~\J_':=: L ~Rt ... CT :~_N __ .L_.:,:===: :_! 

LOG. ? f<!.oB.~. n!Ltl·1 PLo" Or h:;, ~i:JC.·:.,. \l~N ·':",~ . .IYl I:LL~ (:;;. - \-; ) ----- '--,-_. ,-------_._,- ,,-_._- .... _-----------._. __ ._---

U'I 
c 
3 
3 
~ 
Q 
Z 

"U 
rn 
{IJ 

" [:1 

z 
~ 
)7 

n 
f7l 

, 



---~-~-~~----~--------- --
._ ___ _. ______ .• 0 ____ •• ___ __ •• • _~ 

\0 If'I 

l() 
() 

o 
() -

o 
CO 

o ,.. -
o 
\0 

o 
111 

o .. ,+ o () 
IV) N o to M 

--~~-------r-~r~ 

-1 ___ 1-______ 1 __ 1 ___ -1_ -) -- I----- ~----- - - ---- - l- -l- -

o 

~ ~ Ft=:=1====-=f=I--=-=--:~-+::.---..: :t==t=II--=-tf-_:- -=1= L-:::t=:-f::::::j =..:1! --=- If-:--=-- ~==i=~=::i~====t-==~.:t-~::j 

U r-~- ----~---~I--4---~-t--~-+I ----+-~--+.-- .- - 1 -+--4--~----- ~------~-- ---l-. -~ 0 
Z _j-r-~--~--_+-4--~~_+-~+-~~~~_+--r_-~--~r--~~ w 

N f-- r ~ -- __ ____ _ _ _.___ c_ ___ __~--+-- i.---t --+--+·-+-- f- i - ---I---'--I----f- ------I~-------~I'-----l --~-- -< 

o 
0-

o 
U) 

o ,.. 

1-·-- ~ ~ 1---
-~- .. r--- ---

o 0 0 
ID l() ~ 

o 0 
M N 

I-~------ - - -1---

I 

I 

I 

._1 
-- -f---

-_. ,.. -

.. - f--

o tI) M 

CJ 

".I 

N 
0 

0 

lO 
0 
0 

0 

N 
0 
0 
6 

to 
0 
0 
0 
0 

I 
I 
I 



ul 
(!J 

~ z 
ul 
u 
~ 
I.JJ 
CL 

z 
o 

~ 
5:: 
z: 
:) 

tn 

-
PAR TiC,-E SIZ£ DISTRIBUTION 

I 

BO~8±t=t~~~+~FffRit=±~=+~r±uu~-+ __ ~~ 

60 irt=r=~++-titnr-=r 30 

I W-L+------r--l
zc D

JlL+-tl ---111, i I 

I 

, l ie' 
i 11 
: I 

Zoll!! ! c US 

~II' 11 1 ill 3 le II! I 

0-00'2 0-006 o-oz 0-06 
,., ... zoo O-? o-t:, 6 - 20 60 0-0006 

CLA.Y I="N~ r-.'l2.DIUN'I COA.RSE. 1 t:'IN:::' i iClI:.DIU ,,<t --'jcO~R5E 1 ~ I:--":S i I'flED!U!'f1 'I CO.ld;;:S t'. e... ,' - 'I 
~_--=-__ -'--_____ ..J..... ____ +-_. ___ -l_. . ---'-- - ~ .ON--

l='RA..CTION SILT FR,\..C.T\ON SAND ~Rt..~T!ON I GR t,'J EL I=RA.CT10N -~-=--=_-::::.'-_:~_-__ J 
FIG. 5.106 Lc~G ~E;ABIL\T'{ F'LCiT"S F,')R. i'l C>~';f~ \ ":'\1-..( 1:>.z../Vt '-ri Lt-S ( 51 - E:" I ) • 

U\ 
c 
3 
3 
p 
-{ 

o 
z 

'J 
rn 
('.) 
() 

r'l 
Z 
:-i 
.~ 

Cl ,n 

~ 



~.v"",:,..;,:.,.......; ,::~: . ..::....,.,>< 

, .. , . ....... :' , ..... .",;\,' 
_~ '" , ' ~_ ..... .... t. < ...... : .. ~. 

c." ~:.?;:~~2;;~;"gbl::.:':~:tj;iI~~~~:3f1.ir;.""\.'?;/4;:"'~; h __ .. _ _ ~ -
PAl<TICLE: SIZE: D 15 T .'<! I BLI 7/ 0 ; " 

; S£MI- LOG PLOT 

t.~,.jl.,t.g,~-. L.'OG.· ';\ S£TTL. ... IN.- G .' V~l..Q.~frX,-;,CM~ PE.R5E.C <" .. ,-", ~'5: .: s/~vii- ' NUma£p.!5 AP£i<TUf<E 5{ZE IN iNCHES . -{ 

:rt;f~::~FJ;;::;r;;;-·:;;:;;;~'"F:;':~;:::;:;{~:~·" 2: ,,', ,:>:;,: :;- . 300 ZOCH50 (00 " 7i 5Z 36 25 la " ta 7 5 1i 1 ~ ~ I 1 d Z 3 5 

· ~P(H _ r .'_~ .i)J /1./11. 1- / I / 1// 1171! · I I T'JT J I I I! I IJd'H11 1 I 'I (11111 ! I ilOO 

. ' :tf 1/ I I I I JJ, :-{1ZI -; 6' 
. 90 ,·1 I, . I ' I , I1I t/ I I 1-- ' ; '. r)-1. IL .. <-?-- -i-- ':-::.. 

r I I.A 1/ , I / ( 1 ,l rfl1/ ' 
/.!/ ; j ;,. 4 /;'M-it~ D ' 't-r-

eO'f'll I I I 1111111 I I V,AI J I ' _// iJ:2'n} ..I ~J~!JJ i ! !p .o 
H-t-t I ' / ~ 11 ' I I ;/ 4, " 1/' ~ ~ : r- i ,' . -

70 / . )(/'11- I J ' lL 4 ~~drrr---rt-!-Il-~- ; i ll '-170 
'/ ~ I. I TV ':7 !/ ' , W--!-, t-1""1-1 " , 

ut I V 1- YI ,. I, !" , , ' 
Cl / ' - ~ I}: _ ,ttt' __ ~ 1. .' 1~! f I " ==t=: :}I;'T !, 
-<{ 60 :Jr,- , ! 1++ I I 'If1+- I ;- -Y-Tl::I, I I I I ; .::.? I ! t ! 
~ I / 17Tf-'-T~f11 -T-r 1- ~-r ir I.-W r-; -I r7-H---'-'-+-'+ -r--~-r-j' 

~ 50 di 1 y:' lilD 1 J : Ll1.1i.uv,a1
7
[L [ I_tttl]l r - f -L_Ll-1LU~.-J-, . ..! t j "'j 

ul /' f/ / I' " hi I I \ ' I: '1 1.i(1 1 \ +-H 111' I I I 1'1'11 , j : ~ .... n. /! « \' li' I, I " ,I I \ v" ~I I I I I I ! I ! ' I ! i! t tit I I A t /Y , " I I , I .' 

~Lj71'r--+--/, ! I' l--.--.--\-4--r·' .....,· ----'' , - -L,_ ~- .,..-.--t-i-J-i-" .---'-Tl.!--- --->- : I I j/ , I • ! \1 I! / I : .~ y/Vl 1I X I ! ! I ! : i \ i\ I !l i i i I' : i 
I I I I , l' • I / • 1 , I ; I I ! 'I f 'i' .~ .", z ~O ~ ,' ;, 1 t-+-r I . \ t L - ,' , " -" -. - '-\ ' - -V' ... ~'--Ll -, ,,- lL---- -- ---rn-~m-'--T~ "'" '-, o ,/ /' i I I I i I y, ;, .1 t ! ' I ,1;;-' !! ! I ! ! [ !, , II 1 ,: 

t= f- - / (' /' / / I ' Till ?f;Y--t r "'~ ~, 1 lW· t-t--1-+.-+- +, _,: .. _ I 
£ 30 / vV V / I JJ;_J. /-hAyullrLL I i lTirrl\ !-~-~-t-- ~1~JJl.--L-; 3c 
£ I ~ , /. J ' , I I /', .. 1/ 1 v , I 1,1::> I I L I ! 
-.. ./ 1" / ",> / +-r-b_------ t ·i1.l - · ··- '-~-I ' r " I1' 
-J ./ • L I I I l · .l ' I / ' ", . ' i X. I ' : " ' 
Ul /Y':' / 7111 - T't1' i ' ·-~i -~ ' --;'"i--, l -" " r +i 'i -(':::'~ - ' ---, ~t l l-'-+"!-;'-r-~' - ->- "'-'; -'''''T--'-'' 

-, 1.1._-1- " ':'-/'T-/ ""(-" ~-->-~\" ! I I ' I I! ", I I I L I" ' , 

2('. _ -1.,/ / I . / , ,' Il /.l I I, ,' j IN' I,"': _I ! ! ! i \?:..-:I! ! i I , , ! I i I , I I i I ; '- " ) 

.., ,-- , t, // /1 '" / I 'rn ----j!('v '/(::-;11 1 '1- "'rT"! fF'ITil-'R=1 1--1-I!n( -I' i t---r'-" : ~ " 
./ , I I 1" I, t , ' I I , ! " I ! , : 

tz I 
-'--+---· f-" ..lI_( -7--.<~/-l "-l . { _ , -.. [[-_,_.L-++ --t"-~I __ - _ -~. ' . t-rr,1 ,, ~ '------" ./ I ~ ' I lilt j ''' . ' 1 , , ,' ! I , I I j " I I "I" i! 

I ! i /' V I i i : I .I I / !~? ./ ' \ ;! ! : ! 1 ! ; i ill i : ! ; i I I i ! It, fO~ . ~" FH' -r 'I'-: ~ r. "'·/--' :".~.;;7fTrr I n-~--r-I' '\-1 f r'r r~-"r. -.t--i."-r'rrri;-r ·"--1-· 110 rl! " I I l=t1ttnt't! I IJII ) A I , "4+. I I "I, lJ I 1 , 1 .11 1 , l-r - -+-t-+ ~-.l-.-cy , .. -/ ..i .,-_u_-!-, . ~. , .. --L-,., .. -~-t--., . ;-' ;-. ,- !-- ---+--_.,+ ... ' .. - -'.- --' -··r-.-. 
! I I I I I 'I Ill, 1/' /,' ; / I 'I 1 ; I', '1' I, I! ! I '! ; ! ! ! 'I I I I; ', I r i • I , • : !'. ~ r./ I y ' 1 1· J ,~ l j! I • I . _ o ' .._. , . ..LL-'-.l-4. ..., •. ~_ ... _. ___ .... __ • _ _ ,_ .,-. .L~ .. JJ _"- ' . ...1 , I , I _ .1- LJ........L-"-_ .. J_~j '.J 

.... ,-. 

90 

(; 0 

0·0006 0·002 0· ( OG 0,02 C· :;,:'; G ~·; ·2 f),.,;, 2 ::-~ 20 GO ;>:0 ",:" :)'; r CL A'! . Li l ;;~-- rt~K t, ,~',--rc~:~, t~-;:<:. '; '-~\-;;S'- '-T;::::-:'ClU~:-'~' - ;~','i) ;\ ,~~-;::-r~~ i ~. ·'. c.DIU1'n ! C() .. \:~;:. c:'-]. ------'---" 
~~~~,n_S~ J-:--5il~r-FR ~'~--;:-;~-;~"---'T---;'i, -":'::;---F~'~:-:' '-r~~·---===~L __ ._Gk~'~:I::. l:_r: r::AC~!_~?5:: ___ -=L:~~.~~:c -

F ~ (~ . f:" ,~ .) to; ::.~ :':'~l , .. · 'j ~'}::') 'J ' (i, .. A),; ._J~' r~)L>_ > ;,~ t ' ~, i :C-: l iJ, -L)':.:·.: ·' rl LL.S / 1-1") 

~.-- .. -.-- .. -- .. -~-.--.- .. --.. ----_._---------_. ---- -.. --. .. ---- -

tn 
c 
3 
.3 
;:. 
; 

"" , , 
"-

-0 
rn 
' .... 1 

f'; 
'., 1 

.. .{ 
;; 
r.~ 

~ 



,~ ',,,., ........ ~ ~,"""~ .. '" ' ... '.~ 

~-"'" . .," <,', .. "-' , " , " " ;.?'"?':'~-:::';':?ff.\~~~,~~:!:~ .. !2~~.= '~:~~~,2~~i~~: 0,:::~·.':.<' "-',,~ .. ;~_ .. __ . '. , F as; !Xl . ... • ;;;:"',~"'.~.'~:";;'l"<l'." ''',.....'''''' "J'.1{,· ... "~· ...... ~' ... - .... :,~'_".M·;,W 

uJ 
~ 
~ 
t­
Z 
Ul 
lJ 
et 
uJ 
Q.. 

z 
o 
~ 
4 

~ 
r­
£. 

::> 
If) 

,~_TICLE SIZE DISTRIBUTION 

, SfiJ'(1f - L. 0(7 PLOT 
,;; :~;': v J.' (. 

~ 

:<.J . 

'1" £'." '.Q. ~. '~.G."·~·:.$ET?fl:i.N. G~;V'~L.Q~rTY-,-.. ::CM' PiRI~E:0 , .. -7.8.5:'. SI£VEZ' '-NWfle£RS I APERTURE SIZE IN INCHES I Z' C5'F''' ~'." - I .. ":' - ' ,c". .". .. - ' " - 0 ~ f 3 I 3 f 3 1 
tJ4- :.: 3 ,' 2 . 1 ' 300Z00f5010 07Z5Z36 25181"- le 7 B ~6 4- 8 Z 4- 1 12 Z 3 5 I 
- , ~l" , -, .•. '. , " '", / " 1" ·,.tF·~ .' ...., I ! / ! /1// V! Ti!! I I I fld/ If' " 100 

. " - I r I ~r--y~ ' /' '1-'h-t - .- yt7J' I 
90 I I, i , r-I V / I L! I A Y/ 11 I ' I I 90 

, . I I I /I L 'f ' !f2\' I " :1-r~_ ' I ! _-+-L +-!I- (:-/ J-r- - ~+--- - vr1 :!t -j )- ' -- - f ~f-_- I-~ 
! I !, f/ I , I I/: j i I 'I +11 

801 I ill I I I I 1,1 I I ' ~~_-+- I 11. ;;'+1 i i 1 t ill , i 80 
If: ! 1 I ,t r- --, , 1 I \'~9; I / ' ~I , I I " I + I I '- tr ' L .:.(t)1~·' ' / v 11 ijf 1 ~ IJ 

- . , t ~i~II~- --t-j+,+-r -- -,Jt--- - I- ,~- Tl r- r- ----+. --- 4. , r--, 
70 l I: 1 ! _ !:! I I ?/( I I i J _~ i I I ~ 1 ! (l I, ; 'I I I i 11 ! 70 

'I 1 , ! : rtPh I I I I Illt' I Vi %1' ' / " ' 1 I I Lltf I I I I '1/1 ' I 'I , ,, 1 ' ! I 
j 1T - --1-+-,. [~ -V¥1T-+-- ----t-~ ~+ ,r--+ -I. -/ 1' - . i r/l-1-U - -1 --J T -- I 

60' i I I I ~j.1 f _ I , I I! I I/!,./ I 1 J I ~f 1 I , 50 

i ! I ti"fITi dJ! I I ! ! Ili-A, f;4;0' II, ! I I I I IlL I I , Ij 1 I 1 I , I' II ' ! 1 
. +t+---+- - , , :--:t-t-ttt -yl -- --1 '1 Jtni-- ,--rc-to. ---j--1 I ! l/J, I l~ i ! 1 , 1ZL~ ~ I 1 i I I ! ! I I I I I I I ~ t; 

50 I I' I iflV I __ ! \ TI l li,vali_ J I il UlLi _ _ I .. 11Ut ___ t_,_O 
, [ I il! 7I'tr !1 \ il l !!/ ~ J/ l l i r !ll fEEI 11!1 !! ,140 4.0 
I I 1 1 I !J 1 I 1/ i i : r I I' : : ! I i I i I I !! ! i I i I! 

. --r-' -W-+r-~~'((~_J.--L 1..+1 .\--_. ;,;;..;;;." I! .L.11 /itl l ~-yl"" " ! I I ' - l'.· t-J J._-~ _·-- t- L1_Lt--r-d .... . '1 
1

1 I 1 ' i / _[1-- - 1 11 1 11 t !('-, --t--r- I lA t y-- I' I' I " I I I ' I I ' ' ill 
30" i l i l l // ' 1 1 I 1 ;11 i@;1 ; ' ' i r,f ; :-li, 1 i 1i iLL! i i I I I !! I 1 1-:<;0 

11 ', lLK1~~1 71· I ! I!II! i M! .'IUfli1 i! l i i i ! l ill i I I i i I, i llj i! -
, , . ... , i, .- 'T- -t-+i- - +1'+ +-+ I ~ t1- .. , -Hi! .j---t--+ 1 I' t -:-+t-- i--+- ---.~ -j., '+ 'ri "1 7 t . . - - ! - - ~ 

L ! ! i ! i ,/Vll,rt : : ! : i : !! ! I , I ! . i : ,l! I I L i : : ! ! I I I '-1! : !: ! I! 20 
20 ! 1 I, 4 ! vr~I' I : ! ! I! :. I. t 1 --!J~ If I! ! 1! ~ : ,.--: 'I • I r I 1 i ! I !: : I i ,. : i i )' 1 1 I ' V I ! I . , 1 . 1 ;" , • ; ,! 1 I i : , ; : 11 i ,!: 11 ' 

tT_Lll--t-- -':::r - -.-y, __ ... j" ___ l ,, I ".' -;- : ;-- -t --- -- -- I t. - : 1 /+-+- i ,- -'. - "- . --- --~ ---i--! 1.1-1. I.j _____ L- .-_- l ... 4 •.. + I· t t i t ... - .~ --'. 
11 1, ' ~ ,il I I ; I r • • ; : 1 ' ,' I I' ! I , I I ! I ' " 1 ' : I I'! : I :' ! , I ' " I I I ~ , \ '! , :. .f , I 1 ! ' I I ' I f I I I , I' I I 

iO I j ! '! "..,.. L,.../ , I, , I I , " ; : I : I _ , ' .L-+++-- ' I I '. I : I i : I :. '! ! , i ! ..L ' ', t') 

; i 1: I' i"" i I ! '4' / i J ' ! : ! :! :' ! !/I / 1 /;1/1 : ' i I : . : I I : I t-' I' I i i I ~' ! : i i i J -
I I tl ,!. , j!!: ~ ' lt l. ' I ! i : ~ i , i I ! ' : i 

Ht t . L . tit:. I ,. ---- 1--- ---L-+--~ -. HL-_~.--A ' ; -. -J - r- I. ,. ,.-- [, _. --.J-1- - '-+~I , 1-'++ +-t _- l .- -' ,1- ~-- tj.. -.... .... , I ! I! ", i ! I ' I I . I ! . , ~I'" , I i i ' ' ! , - " 1 I ! i I ' ; 1 t i i ' ! i I 
O i:: , 1 ! I ! . I I : i t" :· : : i i ,J ,,' I i ./! i : i J' ; !: ; i :!! ! ! , I i; ; I : i i ! ; ! (] 

~ _..I..-- --L...--!. -'~ _ _ _ <---.i ____ li . . ___. _ _ ... . _________ ...... _~_ 'c j I ~ ____ \ J 

O · 0006 O· 002 o aOG 0 ·02 0 , 0 6 ,.. ,,\ '"' 
'- - <"~ '-

r 
C 20 GO : ~: C ;."', ~ 71 

I C:..A.V I;: "< [ i "()E.~ \ \J"~ CO~,RSE. -~~r. --~:-i'C~;- - .. ·-=O~~ ~ -_-=-- f:' l "'~ __ . ---=:5::) . :..'''~_, _ .~_~~;;C::,~_ ~_", . ' I 
, = ~~C.T) ON ! 5 ·:- Ck?~Ci!D~ 5~'.~- ~ t=':::.:::.'\. ': -r ! .... ' 'J ':;~' \"'J : _ ;: ::~ I':...~"'r -:::-"'- ! - \,..- '<t ._"~ ... 
~ , ' . _ ._____________ .... _ _ • .1 

FI~. 5-106 "S17 ,E.. 1="P-ACI1 0'" s:- rc. P-. r.J.,- :~ .. \'H::C":! ! :...:.~ :-. .\ rV, -'" . ' _L $. (', 2 - :-?.j J . 
----------------

0''1 
C 
3 
3 
)-> 

-i 

o 
-" .-
U 
[11 

lJ 
n 
{Tl 

Z 
I 

'" :) 
p 

, 
! 



if.t~j~'~-':'; '~' <~: . \P\ .. '~e''' ' _) .~~ ........ ~,,_~~-...~~~~:;:?'~'.;;:;;: .. _~,. ;-- :::f::::::i·,:~::'·\ · :"~ : ~;' .';~~ ' \.:;~~::·~ ' '- ,., ~~_ .. _~,.,:.~ ___ ,."~" "'~ . -
PARTICLE: SIZE: DISTRIBUTION 

, '" . se M f .. t,.. OG PL 0 T 
'!:::~<. ,.; " . . . -. 

I v,p-.(t~~ si:.ftL.iN9.-'r~LocrTy- CM PER :EC . S _ G. S1.EVE "~Uff1B~RS I i f~E:R~U~E 3S {ZE '7. INCHES 

. f '. 3 .. 2 f 30C ZDCtf?" !qo 7? ~~ .% 2'-: iO ~.f, ',0 !f ~ f6 ~ 8 i 4- ! {Z 2 3 5 
fOO 

0 < . - lOO" I I' 11 . ! . ,frr7 /17IT11+i-L-l0-.--. I '''''/fl!H' t~' ! D'JE1E Lllt-- t-j-~.;L.Lf 1+ --f'!-.~--' ---1-, i ~{J - t 
90 I I 11 fti--i; i /1'/ j- I !02~}-...... ~ .Ll,{P 6· /' I ++ 11 i I 00 

~J 11- 11 Y I I I I ~ -........... I ~" 17-;1), . . -
L 1 J 'J if j 'f I J / ' - , ! I I 1\('(11"' r---.~l/·T1 ' . 

I ' -! .' /1/1 It .~ : ~-. r-........... v}11~; .. L .•. . _ 

80 ! iLr--t-- t 'l71 I I 'H~ -'- --+~l. - _- I ~~, !(l ll I ,I I 11 III i ~ BO 
. .• " I I tt" ! ' i i I: 17--' / 1'1 I ,i , ! I I I I ' t f.......~~( , : I .. i-/-_ - --i-_--L-L.; + .L ' . V7'-- '''.' i _Ill" 

' / '111' 1 l i/ I~' .I .L1t~-~-l-- __ !_~_,_I_i 1:'--- -: / _.t~.· , I ~ I! I; I ! I i! I ! 70 
I . 1! I 4-Af-·4--l--~"-)~- ' it:X:I" /L.L I j 

~ 60 1 : fl-tAltI7-Xl '--- i ·t-t-h ; 1 W'-v'Txl r!1L1~ I ! ij1-
"1 

I I 60 

701 I III I I I I I I1II I I ;.... 

... . ! I 'I ' ll lA ! I I I !_~ r /i / I "!"",-t , , ~ , ,' , .-, 

z . . I I; . 'f III I I ! I 1+ ~~L) Q 0L 
~ i I 1J 1J ! i i' 1.-.Ll , I.ill' ·' 
~ - 1 I '+-+11J Htf/+i' r----t+11 i I i ~. --." I . ~ 
~ SOli I \ /\/ l tt'i~- I -1 \ "iiIT/I . ' i .Ir - -- -\- .J -!t '/ .' ./- .. 

" .' . "IVI f I I I : 

. i ~ ! : ' I : : -l 50 

V "1/ I!! I I I A . I I lL . +-" ,H-, +-1 -+--+, ----1.--+--+-. -H;, 1++, .----',-ri. 
2 ! 'I ~ Il 1 I I I I j Ll.l 1 ; 

« , '1 i (/1/ ,. I · I /'1 I ! I ; I ' I I I I! I I , ;- , - I. 1t-/l~ lt++---T- r-rt i
- . ... fftFU!-., 1'-U' ... ~t 'I ' 'lE 

~ 30 I '- I I I : -if;) I! \: --H i /1, -j~{ V I - ~-l- ! I ' 1 ,~ll l i -~ 30 

lJ) i " -l- -nt I /l~21- 1 i-i- i -1--i77rtB'tlf-+j- -Tjl-; i It l I I 1 l-rrlir'--j--~ 
20 I ~AI7T--:1 !-II fT-tiJ-r-r; Pi! ~--l- ! 1 ' ~:- ! l li ' .: -: -{--+-1 ,-0 

1 I I I I I I I I I I · I I I I-~~-- -TL .. Htt' --,-tl/ ---flt-"-i-/- I! - ; ~- ~ --+-+--+--+-+-
fO I I III I I I 'I I I 111/4 11 I $ I / l/ i I 1I i J I i ! I I -1-i-LJ I i I!! -+---l {O 

,'~ I I .llli-LtJ--lALLW ~_+t-j Ll" I ' lutt' 11 U I 
o I I I I I I I I I , I I I ffiTi" I Vir, '--/! i _' it I J ~ nl __ I J 0 

0·0006 0 -002 0·0 0 6 0 ·02 0·06 

Ct..A.Y 
~RA.CT 1 0N 

FINE. L!'f'\E.DIU1'() I COA..r.!SE. 

511 .. :r F'Rt\CT 1C:'I N _1 

0·2 0·6 ? G, . 20 
,-------r 

F' \ N E. I :"() E. D iU t~ ! C 0 A. R 5 E. ;::' NE. ~'11 e.D:u~---1 C: OA.K~ E. 
5 tI. ~,~ D F R '" C T i o:~ ~RA..' ! ::'L ~RA.C"i : O~ __ --l.. _ __ ~_ 

Fi Ci . 5.109 'Sr:z:.E f:"RACTlc~S" t-c. i<- ~R\!~E0he,~~ !::.. .... \~.'\ 'IU .S" (51- c,.: :) 

60 2C'0 in. m -, 
rl ---,_ I 

ISTON t:. I 
--_ """ I 

t.') 
C 
3 
:; 
1> 
-i 

o 
Z 

"v 
rn 
tU 
n 
rn 
Z 
-i y 
{;) 
[11 



c,;~~ '" "" '~; ' "::~I;\~;,\,;,,,.¥::,~,~;'~~;it.~~'fti'}~f~~C:fA~~i~~~~~i~~,!~~~~~ '~~;_ -~.2_'_. :0_ 
. ,' --, ... -' -~ - ':"<"~ \:. " , .. ~ , 

, CLA;Y ; '_. 

,.<~i:iA air/O,..;:-
"., '-'\. 'f:.t:;:.)<0,, -:~'~j.':'~ 

PHI 
fO 9 8 7 6 5 4- 3 2 1 o -1 -2 -3 -4 -5 -6 -7 SCALE -

L I 1 I , I 
-

, -, I I 
I 1 -MII~ 

y-'T J -, 
-

-
-

~ ®.. ' lA' Il~ } ,7 ~ ~ "'t-- 14i: T -:b!): 1 _ ---;9 _ , ........ :::lP-I-. .,., ,,~tf. "';::.--@) 
_. _ ~_<J:~':--:;~':l~";: . ~ . :",,"", - ~ ~ ,-J ... ~ 

L1-+- . r<>-~r~1§1¥~~;:~t'-®& +} -' ! I - ,> ,' r::-I'q . --_ • .,..i'1 rttHr:, ~5~[ !r;.;;- - _ . + I. ~ ~ ::::Vr'~ \ti 1 I. '-J.(j) (iZ .. ~ I 
,,, ~ " • .. -1- . -

_@::" ® ,..~ ~ ~ . ..K --" i , III I T 1---re- ~. 
<Vh ~koJt- 'I.-::s'.;:-: :.:<.<j!lif.- '+ ~ 1 .' n -- 4- f-I-

i _~=- _.-•• ce<>-t- '®I T [ 11 
.Lt r:--;,;:' -=l-_. -",.t.:"'T4lF!l..~~H+lt i ,'. ---j-' .J lil 1 = _ ~ , L r"" 1 ,--1- '- ' . ~ 

__..... _ _ ._ __ ~::- _.l _ TT if -r"'('--- ' ~1 .. -~ 1 T Ii r-' . ' .. . '1 I I, _,_ ' i - i ; I 
. /f r~L '-l-ll~t-I. __ +.ll I -- I ! I -I-

J 
"' ' 1 ''t7 T " I , , 1 ~ 1 1- ,I .7 -+- _, + _' . -~-!:f-f+tr§ -+--: ,'~ L i - 'll~1-

A _1-.. h , ___ I _. I ! I ' 1-' i 1 r l, '>-l- - --~~_I-~, ' _ -.,- '- , ! r TT ' i - .J 

._1 ._ J.JJ 1- -+t 11 I ~ -_.~--J ., _ I • I -+- ' _, .. _, I I_.L , I I >- H - I i H r -. 11 I :- +11--1 _. 
0-0006 000'2 0-006 002 0,06 0-') {)6 2 6 '20 60 '200 mm 

Cl.AY F"INE ME.O IUM .L_ COAQSr FINE I MEQltJM.L CO~RSE ]-_-=--:-:! !?_5. 
~~ACTION Slli _fRA.S~:ION • __ .___ rR,i~YEL. FRA.~_:!.~S~N ._ , __ ~~~~~::,.::j1~77. 

____ ~~ .~?~~~~~TJ;~<:rU p !~j~~ C : .A s ~. 1 F.l C /\ 1- ~ C ;\j B:\StT} ON (~~_~.£:1~~.Q.3£9~ d ~Ci~W~I~J ,~r:~ .... _ .-J 



· f 

I 
.f o 

',1 

--.....:.... . 

., ., 

i> 
.J 

~----.-- -.--

FIG.S.IlI. 

sand 

/ 

i 

I 

I 
1 

j 
r 

I 

I 
I 

I 



121 
ILl) 
tn -
rv 

l~ 
I~ 

I ~ 
''') 

6l 
(\) 

I 
() 
'h 
~ 
.');,. 

/
'2 

:!) 

~ 
I 

~)' 
... fj 
-" ~ 

,., 
... ~ I 

t , 
j-'" 
t/) 

r'\ 
, 0'\ 

l\~ l . ....-' 

~ 11 
7IJ() 
'J>r-
() .". 
j-< 
0 z 

VI 

' f] 

Z 
111 

r­
-ir-

3 
'f1 I(n 
lJ Q 
~ c 
n .3 
-i 

o 
zln o 

,v 
lJ 
!Jl 
(n 

SUto1N1ATION PERCENiA(;e. 

9 0 --0 
0 

N 
o 

w 
o 

f'­
o 

t1l o 
m o ?j (J) 

o 8 r--- ' "f· 

Off o _ , 
()) ~d=Ltdd+fiTTf · 1 I =rFm~JII,,; 

Ut' I)'co rt ~ .!'-
i.-.. l~~., , : -4) !,:.\ 
~ -J~\' T - I -( 

~
"'. ..... ' . 1" ., ,,\, I ' -.. 

-r- . 1' . 1 . /.,. -r \ !" . : : vJ.}C)~ 
I ! ~ A ~..:-"_~_'_ \ ~: 
I -, ~ 'i." ,'- - . flj t 

: l"- ' ... ~ ,-.. " - . r:- I: 

S~~~-~~" ......... .. 0) - -- ' Q _ _ _ .+"~f-- ~ . .;;" 
--+--- "" ..... f-- ~-- , ~i ; 11 ~ '- (,. ' <' 

L~~ ~ i""'" .• , 
~.--l---~ I I -~+-- -+--I--L " .1 , ---- Cj, 

T- T 1\''1:.''', ~', . ,\;;1: .• 
-_I ~ j L,_~~ -- .---. )), \: 
t 

' -11;) l 
_ '\ ~-~"r.T ' !-- _'Sill' 

'" '\ _0 ~I--+--I-- j - -- '\ -r-:-t~ - i\. -- w--:.. 
"..~ , -)3. = '~ ~ 

- ' -=t==:t--::-.::I==t=-.t-~=-'-:; -: ':']---=~~ --+-1--1- ~J 

0 
0 
0 
N 

0 
0 
0 
Q) 

-

I ; I I _ __ _ L ___ I I "" : 1 (,) LU 
(,\ ; ,'lI 

~F--t=--f'-=t~1= i -T-11- -1'-.~' . =r-=1:' "-\f-~"r-\ ~=t~ ~ 
) ·---t-~i---L--r+· ·_1-1 tl- fm , I \T ·~-'-:-·bi 

IV 1--1. - :--~ -+--, 1 I" ~ '~"'~_ J . 13' rJ' I). -;"t \- I 

1116 1--___ .=1' -. ----~- 1----1- --i-- - ! --~ --f~f-- i_~; 
lJ -- I I . ' +1 \ ~ ." ? C ~ ___ ,. ---,---1---- , +- +--- ,\-t- .~-' -{ , 

"11 
Ij) , ~ > -- .\ 
(11 ; -

< i ,. \ 
II I , 

,.j;- . 

., , : 0 
C~ ! ,Cl 
"7 

: 1) 
~ 
,l\J 
. 1 

C) 
I ' 
I') 

I.:, 
., 
t 'J 
11) 

, ~~ 3, 0 l- '-- ---t ,- -! - -t' -~---T---- --- --;- -.- --+-t-1 -- --r\~. - - -- ~- - ' ,~ 
i-- r-j' _J ____ ,_ -1= -'-+-------. --,--- --:--j r-r-.~\-- It ') (]) I _ -+- _ __ j--- _ _____ _ _ _ _ . __ _ .. , I 

L I~ . g;=f~-f=:=~T '::fF¥·~'r~. 
. (T~ ~-+----~--1=.t-· -+--r T ++++--~ , , 

:~ I -I) f' 
i'l I ~- .J 

1) I:) ' I 

I;) I i ' l ~~ 

It f " r--!-f--~--'-- ~ ! --I ,\,.. . ,); .~ r ,, ) I- . I I ' i ' " . ,.\ ! 
I ~ , . I I I I \ ~ r' 

(n ----l ----f--l-I.~· · --- - -I t--.. --~-~ ~ \1- r>l'. 
[,} ---t-~-L-( - - -- --, . : - \ 
T1 I' I . i 

, 
.• ~ ___ ('1;) --..l. .. -- __ __ -' _~ ___ , __ ___ •. __ ~l=--._-:_-,--'"-,- .. ---.--r- ---- - .J.....: i ., N ---t- f--+-t· --- -- ------. I ' -+. -- 0 .. '" ~ I .' . p 
~i 13 ' v. ----r --- .. __ ; _.' . ___ .. , ______ -.',-,- -- -- _.- '--'-- --- t ------ ...... ---~-.... ", _ ____ :'1. .1 i·, .. , '.~ 
r (Il --+-_ >.-- .;-_.1 - -- ·--t---- -- - ---- I--L--...... --- - ·--t_, " I 

() _. _ _ ' _ __ ' __ _ ._- --T- --- - - -- - -- -- - --- ---~ --'-----t--.. ---+---- !.) 

Tl ~ _~ _ __ _ __ I--- l- -+--·-- -- -- -- ----- . I T' -- C\l 'W(~ ll 
,Q 3 : ' tJI. .. ") ____ _ -+-- - , (1\ 

~ , j ' I 
n N ' --4 ' !-'W ' 

-:::In 0 i ! I TI!) i ~ ~ _L _______ . __ _ ~ __ __ - - -----1- .--}-----.-- ----i-- --- l_ - ~,~ I 
tJ ' , ; -L I I 
\)'1 - -r- - f----i - - -. -- - - -+- - -- -, --~ -: ., Z i 

" m .:.. L ·_~···i m-1 · - , . . +. - -'--.-. . - -,· ·-L ~ :' : I 
o ~j--' f----+- ---j--. --~E--- ---t=·~jR---c--i-- -i-- ---L= () i 

1----
I ()') 

- - --1 - '--~ -r- 1'---- _. .. ... +- 1 I ' - - --r-r-+----'--- -->-- --+--r-.. - -~- -- -- --- , "t 
---- I--T-'Ti---""--j-- ---t--- r--r I I ==t===: . iI' 

UI 
1) 1 1[* 

,1 I . I f 'J ! i I' - , 
L _ _ 0 l_1 __ .1 __ L--.L_L-_L_ j _L .. LJJ_.L_L I L I 

_.~- .. -_~.--!_-I--_J-_J--.. - .. - - ~-.--t---

o 0 6 rv UJ ." Cri (J) ---J CP ~ ;::- ----J 
j 00 00 00 0 0 ~ 
:j 

. ~ t;) ~ j~ j' ,l ": . -:-... ~ (j ~ d t' JC 11. v VH).j(1 S 

.; 

,.1 
C 

r ) 

/. 

I 

f:· 

.f'· 

!. 

" t, 

I 
~ ) 

, 
1 f 
i ~ 
i 
.i f 

, . 

--------- ........ 



( , 
,.f 
I 

" i 
, ~ 

[ 
, , 

' " 

---

5U N1 IVI AT I C) f'J 



., 
1..1 
I" , 

~ 
,';;. 

,~ t­
t , ~ 

;.4 > 

,r' 

5 U \'\'\ \'1'\ A. T I O~-l p ~~ RC E NT ..... C, t:. . 

t- 11) 0 0 0 0 0 0 0 0 ~ 
r-- 0- 0 0- cO t- lD If) ...j- rn N '- Ln r'l"l 0 
----~;-~----~.--~~~~~~-~~-~~~~--T·~r_~-~···_r·--~~··--~~--~· 0 -L+-l- I.. ..+ .. - 1- .--- -- ----1- - -+ ---- l\J 

IJ'I III 

--'--... -4--.-+--- .. j .-- . -- 1 ---

Ul I't) Ft __ = ___ =tL==_:::.t~.~.~~~=.~~t-t:_-_==_. =~f-'--'~' I- --::-:~: f.~ ~ i _-_-f--- t ·:"+- [ :-:=, .- .... .... --' , . I '-" ~ -::: I ·· .. - 1----
J: r -- , • + __ + _ f- - f.. t- - 1·-..' - - - f·-- t·-· 1- ~ . . - --.. 
U . . " __ 1-_ f--- 1- -- +-- 1--. + 1-· 1---- 1- - .. 1-- ... -.+.. --- ._ +- .. 0 
z J-r-~---4--~-+--~~-+-~+-~1~-+-+-+~r--'-r--~--~~ .f, _ N I-- '-__ ._ ' \V 

r -- .. - - -- - -- - I - .... I·-+ -+---t--- 1-- !- 1- -f-·· f .. - 1- - . - - .... f- -- f - .. .... -- --- ·- f- .. ---- t·-.. -

~ -~ t- - t·---- ---+--.----+ 1-· - -1- - f--- -f­ - . . ..... 1--- --

ltJ r-T---1---1~-·--t--+---+-+ -+-+-.-;-+---4--+-+ -+ .-+ .... f ----+ -·----·~--- · ----_4 ·---- .. I- -- . 
N -

If) 1'I\1<rt I--t-+--i---t----I--+-+-+.+-++-+++-f--t-t-+_ .+----t--H 0 , l\J 

Q 
0-

Q 
<Xl 

0 ,... 

.L _ . _- . ... __ I- ---------··-'L------

· .... ·f-- .- -
(I") 

~ " .... 
,\ . '\ 

",. i <~:;.,J }., 

I\. ~ " 

f\,\ ~ - --~ 
f\ ~ 1\ 

.'~~ '\ 

-r\ ~-f\ 
f- 1·- . .. - 1-- . - 1- - i -- · I -

0 0 0 0 0 Q 
\D l() .... ro N -

. '3':1 "VJ..N'3':)(S'3d NOI.L'fwwns 

' -'-"-1 

IJj 11 

~ I1 

:r-j 
\:')\ ' 
f! z I 
4. ClI 
o .. 
U I. 

tJ 
4. 

z: Cl:' '1 
:l u. ..... ··11 
0 (J' 

I I 
uJ ..J I , 

uJ \~. ! -=.., ~ 
;~ I .. 

ul Cll t..t 
.J 

2 I -I 
, 1I.! f> rr _ , 

',\ , 
it<j t:l j ; v ) 
, o· i'~ 

I,:,! I z I 
i~) I) I ' .- 1 " .J ..- .... ; 

;---' f- •. 1 
i I '.' , -, I 

... ~ I 
I ~ 4,' .,', , -) I Cl · ' :~ l~' , 

.~' ~ 0 ., . .,.. f 

r~1~! 
" ' f I 'I 

\.1 I 
, · , ' ) .. : , , 

\~ i 
I ~ I 

, 
I 

u~ I,.....i 
- --.. I <' 1 

• I 

~I 
~~~' i 

'. , 
Cl. )·1 <. 
0 Z 

...... , 
u 0 ~I -' , }--. , 

" , 
7. u, ~ 
:J <I. I ~ 

eft 0 
0 ~ I.lJ lL I ()., 
~ 

f- -

31 
..J 

IJ'\ 
uJ 
Z -
11. 

21 
~ ..... 

>2 ..... 
u") 

<u , 
J< ' I 
Uet l!1 . 

II lJ.. I 



. 

---------------- ------ ---- ------- - --- - ------------ - - --- -- ---- - -------- - -- -- - .------ -. - ------ -- -- - - - -------- -- ----------_. __ ._--

o 

o 
-.-
r 

l
z u 
~ 4-
- et. 
~ lL. 

? 
)-­
J 

U! 
Z 
u_ 

Ifl 

l., 
.-J . ...... 
c-
I' 

--, 
J 

i 
I 
I 

i 
I 

I 

j 

I 
I 

I 

I 



it?' _; 'r: ' d ;C~ ... ,._. ·"'-N"<" ,..' " .0;,- .... ~,-:;i..s;:;s;;li::;;;j;i/i!?:.:;f~~t,~'c:-.;;,:~"::.~!--~"".~ ~ .".~ .. ~ <>~"",->-,,~~~r. __ ~" 
--PARTICLE SIZE: OI.5TRI,l3 U .T/O N 

SE,MI - LOG PLOT 

, 
,. -

- 4 .. 3 
flOG _SETTLING _VELOCITY - :...CM PER fEe.- --S5- SI EVE. NUMBER I 

100 L 4 3 2 t zoa 150 100 72 6052 3G .... 25 /8 14 

i 

! 
& 
r, 
1 
~ 

qo I I I " I J I , I , 1 /1 ,,_ (17 , ill" "V 1 , 1 I1 1 I I 

":;~~ 

BOI 1 1 11 1 I I I I I I 11 II J:!')(;-' PlI I I I I 11 1 1 I 

bJ 101 I 1 11 I 1 I I I 1 Il~' V I I I 1 I 1 11 ! 
~ 
~ z. 
UJ 
U 
(X. 
I..tJ 
0. 

'Z 
9 4uI I III hl'+"l#1 I I III I I I I I I I I III I I 
~ i 301 I I 11 TA' I I I I I 1 I 1 1 I I I 1 I I 11 I 

::J 

f/1 all Ill¥' 11 11 I I 1111 I I 11 I I +++-+H j----i-l 

)0 I 1 I 1 1 1 I I 1 1 I 1 1 1 1 1 I I I I- f+i-i- I ! I 

~ 
f 01 , I11 I I I I I I I I I I I I I t '-'-.-!--' 

i MM. 0·0006 0·002 0.006 0.09. 0·06 Q·1 
I CLAY " FINE. MEOIUM COA.RSE FINE 

!,RACTION S\L-r FRA.CTIO N S~N D l ' 
, 
I 

I I/~ Vi" Ir. V~ 
t> V !!J~ I 

: ////1 11 11111111 11 /J]~ ~vtjf c . - - : 
J , • J/ f) 
V i .,.~ 

70 1 I I I I I .J. - ~ / I I +-~ __ 

I I I 'I' I I.)V' ~ vv Al 
: I I I ~ / ~' 

€oll 1-1- J Av /J1 _ _ __ _. 
,; i i I ! !W-' I' £,'7 V f 1 II ! .1 I I I I: I! .A~' A I t SQw-lLL-\-+-- ~ .. , _f f- I - - J --n-- ' r--' 

1 , 11 fI / ,I\V(/ illll 
401 I 1 1 I I III v'" ~ -' tJ / . i 1---

1\ 1. I ~~r1~/1 /I'Y ~f~1 , I ' 
~ I I1 \.J I~/ .. ,rl ~v Vii ~ I I 1 I 

3., ill i C'~ " ' ~ltv vKvKII i I, I 
~0l-i- .~---l - -f> f-~ 1'\ V , j ill 

! : I I/ Y 

~!' ~ / I Omrr-r ---I ~v/. I ~ .. ~ . ,( - -+-- -- r- Hl-t---: 
oLlliL.u I'-~ D~~ I®( J I I I. I I I 1 1/1 1 : 

O·oaof. J·002 0·006 0.02 0.06 0.'2 0.6 

CLAY I ~INE I MEO\UMIO:>ARSe: FINE ' tviE6TUI~~! Rd 
";:fcA<;TI0N . S\ L'T FRACT\ON SA.N D F RAC T 10 \' ·1 -- - .-----

i 
l' 
M 

FIG. 5. 1l6. FIN£. F.<'ACnOJ-J S 0':" CANA"!')/.~A/ ~k1\1 -r/LL5 . . -------- -_ .. _ - -.---... 
h ____ _ t ..i.;.;._· .~_. _. _____ ._~ __ . 

. .-----~.--~----,.------.--.---



1"'-,,":--'''', '. . _". ",.' ___ . __ . ,,~~._ .. '." ..•.. ~ 
~*" ,$~ W ~-~I~I!I""".("'':-'''''''''''_·r'' -!':'~''''''''''''1'~'''1''''~~-- .-=~~::;; ~-~_~W""-"~""""" __ "",,,,,,,"·.,_,._.......-.~ '4i@1 ... ,......."'-.-., ......... .. ~-l_""""'!~ .. ~~.;<'_ '11 . .1.. .. }.,:,,~~ •. 7"':: ~:"'"o:: .(t.'3''?:~'7'_~.'!:'."''!-~~ 

l 

_ •. ; I~~"io-~~~.,~~_~ ... ~~<Jl.~~,..~¥~.,.c .. ,..,.; .. ,,;,~~~-.~, ....... ,.-.4. ,,0;.- .. ........ , ....... ,,,J ..... ..,';._ 

.. fft 
l"":it~.fJ{~:1. 

~- ;r ';i -' ~:~;: 

~I&. 5.H7. 

IRIIU./6UJ..AI!.. ")j)nG~AM 

CAAl41)/AN l>4A.1 7J~~ 
(" I 

1:', AlE t:J<.Ac:Ti tJW S . ~ 

~ 

~ 
~ 

Q.. 

*&- '0 

~---.--.. . - .-".--.--- ---- • • ---- . ~- --".--~-.~ -~ ... --.'--- .~- •• • • -~- ... ,....,.------- ---_ _ ________ c . _ _ _ • _ _ __ • _ _ _ _____ _ 

"0 

PI! t· C~r. -; :,,; !:: ~ d 
-=-.,,= ;:!"--.~-::..":.-.-===-:--- " - -~ "~-----, ~ ... "--"'--' " 

CANADIAN 
DAMS 

~Q 

, 

I 
I 
I 
I 

. I 



;n.)~~~ ~ ,~>:i~-t-:~~" "~~~~1.#f~.; '1~ie/}:~~ ;;;~~< '&:,. 1.0'~- ";'._',"'" 
,CL_,... 

FRACr,ON 
-:+..,. .• 

~jP3,X;;~?5'::' ;,~~-: ,;" ' '"', -" 
i'.Hi-~:.;J~;' '''''''';;''Ii.:''A-'''';.,..,..,.-n-";''';':'''-'~D-c:""c:;'~·T''~~''''' .. mi':L '~". 5 ' "'~"'A '"o~ "'3 " Z··"·1 0 t 2 a A 5 6 7 X·~~?g,.'B'iC ,~' V" ;· ... i~·;: · i;·:;-"· V · I ,,·> ",' ,- 0 ,' .- T' ..... ' .. . - - - -.,.. - - -

;~~".>r· ':-· IL 1 I / > I I I -L_' _I ' ; ,. J I . I I I I j,-~ , 
""',""',:' ... _- _ '-I-" _,,-_,: _ .. ~_,-.~- _';f-'_i_+-_-t-__ 1 _I __ t_l __ - " )~ 

. , ; " i""-
~", ­

~~---+--~~--~--+---+---~--+---~~----+---~--~----r_--T_~~~~ 

l---I--I--f--4-~:--+--+--+-·-t----i-t "f' --+--+-+-+++++;-;---1 
. ':~~~HH-H~--~r--r~+-i~~~~~ ~~~-~--~~--4----4----+----+'----1-----~'----- ~~~-

-, - -=~-.-/~."", ./ < 1,,~+---t 
. -- - . -.Jv·~""-~~· -:-- -- . 1-' -H"' 

~~,~ . ~~1 I--If----I---t--+---~--·~==~=;.;-t.l;~~·"'-·:·TI' ~ ! 
/ ': -," t+--!-t 1--+----I----+---+---;---;:J:~:::'--:::::l~ ... 7t""l-"- - ...,;. '\ I 

.1.- , .. • ,.n ...... ~ I i -,~~--+--+--t-t-+-H-H-t---t-; 
1---+---t---t-....... -;~:;tM~.~~t> 1~~f!: ,~~~},~ . ~l. !~!" . 

~--·~;-~-~r---~-l':;-~~-'~ft~ftffil~~ii-t 11J · - . ;-t~ - . _ji4-+-I
J

·H-1.4-'=:: 
I---a--+-- ./: .:' . ' -®~~~J'--l-_-+_t~~l _Jct J

1
--i 1\ , _____ I._! -~-, I 

~" .n~ I I I 1I 'I' 1 I ' I I J I 

~ L.11'v7
£ -r ~~. lr- -r ,~~< '1I"Ftt"n-'EF 

0·0006 0,00'2 0·006 00'2 0-06 0 -2 0-6 2 6 f)O 60 '200 mm 

CL.f'y . i F'I NE I-MEDIUM · --cc)ARS( r-'=--lt::.iEJ MEQfu~I[cCA.QSE - MEDIUM COARSE ,~?-
~A~TION ,'. ~ SILl F~~CTION ~\NO FRACTION RAVEL J=RAC-:rTON SiONE>-.... 1~ 77. 

J:"lb.5.llg TEx-ruRt"\L CLASSIFICATION BASED --- O.N q 1 ,.!j cl J-,Q 3 fbf( CAJ-.lA bL~ JJ np,M TIUS· 

e " _~ _ _ _ •• _ • • _~ __ ._._._. __ ~ __ . ____ ..... _ _ __ • • __ " _______ _ •• 



",F 
,:\ 

UJ 
N 

[ 

r 

({) 
MI~fi--~~~-t--4---~-+~~---~~--4-,-~C_-·~--+--4---+---'~-+---------1--~--4 

1Il 
~ -1"1 

:J 
~ tr),ctl t-=:l=t==~~-·--· +--,t--- -t'-'-" 1 
C'i 
ltl 
Cl. -- hi r--r--+, \--.,.-----i---r--~----;,- _ .-!-. __ ._._ 

4: '" hD ,.--,,,,_-1-. \--1'- '-+--+--+-'-

o 
CX) 

o 0 
r' t.O 

o 
I.[) 

, r-1 

.- ! '--t----+-•• J. ,-~I--- '-,!---, •• _+ 

1-- ' - · . 

. - . .j 
~.~. - ' -<--+._---

-.. '=:.; =~!' =~j.-~-' ' --: ' -' ~ '. , ' - ---t.- ... 
I I ,1, , i 

-- ..... --...... -~ --._.- - .- . _--.f - - .- : 

! I i ,! 
.- •. ~~ p . .. " ,.-~. - . ! 

I ...... t··, ~ 

i 
--+-'--f "-" " ",---~ ... +---. 

-- I-­
I 

'-- -j-I 

uJ 
Z 

(.J 11 

o o -j 

o b!1 
l? 
o 
o 
o 

> ~ i; 
..{ u li 
,J ..( I! 
UU li 

111'1 
o 
M 

o 
N 

o °0 



t""!"'4~·;f)~· ~~. ~: 
fiIi"" it , J ...0 .,_ ~~ _-:-....-r.,-tr,)"," .. .:;..""'t . .:. ~ • .,. • " ·~-~,~-; ... ., .. ~~~~~t~~~~ · -~~~ ·~~::~2~~:'~'-~S~'·;'-~~-::7~, :,~::~ -

PA;;Z T/C~£ C:/Z.c ..., DIS iRIBUTION 

" "",,' , , LOt4 i=>kOBABIL.iTY P I... Or. 
;,'):~~.IIt:::~~'f~·:~~~~~~"' ··~""'·.jIo~'~~'''~'('';··'''''''''''''''''''';'''''.:.«';~'_'''_<k~ , ,",,,,,,~ ....... ''+-' ~ '':~'''~ ~~'~':''>'<'': -'A''~-'' -----

.. 'lci~" '~S'£¥TLi;':/~:': VE:-l: (fi:.(T_·( .. ~c-k PiFl;;~EC~.: -B-:c5'~ Si'EV'E NUMBERS 
", r .l( , ',' ". '"", ' f 
l;;:,tJ i-_" t"'<+""'~r""'r","J;':.-., . .". :.~,.~ '", , Z:;.,,~, ",., ,. "' . 1 '. 3.!'P .ZO~: f5t:? , 100 72 5Z 36 Z5 18 f4- fO 7/ B 

<- • t J • • 

I I I 11 {'If {I : ! I ' ,' f I i! 1 I I tt##f-' : ,If J , - -+-+--f =+-
, , ! ! I" y ' : . ' 'I , : /. i f 

i i ! ' 'i' ,,-! I I i' i' i , :' IT '-+-+ t----+---L-t-+--+-+ I ;! 
i 11 ' I~ I ll/ I/' 
i I II ~ I 11 1 1 

90 
I I I I ' I I I I 11 11 11 " ,," , " , , , , ~I i I I;, L---r' ! , I " ' 
1!l1 ' 1 1111111 I I~" . ',', i ~i ~, -;' i " ! , : I " " ' I' i l l

' i ' , 'I +1 ' I " j 1 : : , I LJI'" IT h'O,'R! i i i i : ; I I . , 
'.!.v "=-+--'1- . -1 -+- -+--- -f+-+-~ , ,, ~ !. , , I .? ' 

80 1 1 1 11 1 1/ : ! ~?' 791c;~,tv1p:~,p~ I~~m ii • 

APERTURE 
3 f 3 I 

16 4. .9 Z 
SIZE IN INCHES 

3 I 
4. 12 2 3 5 

97/'P fii:P f-/1 r /' " I I ' J 11 I' 

95/1 rrr. -,I I I , ' · /' 

! I I VT ~h:iti i ! ! l I ! ! 1 ..... / i 
! ' ! ,~(! ! ./ i --:---'- . i i ,'-r- I .', I ! ....... ~ i " 

70 I ' - , -+---'--r , .. . r-+- ! "" ~ "- " I I " 170 
j' i i!/ I i' IJ~ ' '. '. ' "'. I . ' ' ...,..-, : I , 11 " : ul h- ' 'I I . ! L " \' , ' I j '. I 

\1 60 : I I ...... )I'"J, ~ l/ ,--L-~~-i~--~t;.-~l T I! ! ! - ! t-';! I !~ 60 
.t{ l 1 I 1 1 I ~/ ! :'j ' :. , ~ ... ; I r · r: I I j i . ; I i ... ;--' - ]-- ,,,n..L_ . -i,.i+ _____ L,,~~'T'--+- -~-Ui -.-W . ..LI-H---, 
Z 50 ' /. -1': "I 11T, 1..".--- ~ .;, ' I ' I ! ' ' I" , : I 5 ~ 

~ ! . V .... r--1-- . 1 . I. _ i : -"-. .;-+ +-- _.L~ - . I I L1 : J i! . ~.~ - -4--U--~--, 
uJ ' , ~. ~ ~~r-~---l-:-~-r-I-' . ~I ' , ' i I U 

UI 40 ,! I ... ~;:;,L I i ..1 ____ LJ J- .;...W. 'I I ! W : : ' I ' . i , I i " LO 
" " I ......... ~o'9"fj..l-<"1 I I ! IT' :-r-" , " \ 1:1' t I' ·: !! ! 

I 1 -It' :-..~ ~:,r ' 1, ! : t . E '. I. ' I \ I!! ill.·. I -i-t-. T' 4.. \' i ! z 30 ~ ;..r ". I \ ' t f \ . , " . . ' _ I , , -:t ~ 
o I ! : , .t, ;.::- ./ ! 1= i\ : ; , i j r ; ! i 1 : i' i i I I I : i . ,J _ ,1 """ . ! _~ ., 1 ! j _ I I , . !. 

... ,.. I i I kj..¥ ..... io""'" I I I !, I : I I : : : I : 1 , I t+--7 0--t---i 20 ~ '" 0 
j' I I .J' i ./ ILl \ --\-- I -n-:- ', : 1 :, I i- 1- 1 ; I-:tl\ :, t 

i i -- V' • I . , : ' I ' ,. ~ . ' ~- - t ,t--l----,-+-"'~+TH__--t-l-! \ _.1 , 11; ! 

~ i i lll I ~/rt , I! i \ l I \ i I : : \ \ i I \ \1 \' \ \ 

·0 ...J.-f- --~r --r~ \' I -'~ 
1. I......! 1 I I I' I " " I : 

I I ! ,! I I! I I 1 I 
. I I I 1 I I 

I I' , 11 I , 
I I I I ! 

: 11III I I 1 1111111- I I i ! I IW~+L=lJ-U i I ~I ," _,--IIlu_I_~ 1 , __ ..L.Ll I1 . 

0 · 0006 O·OOl O · OOb 0 · 0'2. o·cs 02 0· ( . 2 G 

, : I 
1

1
' I , , 

'20 

l -n ! 
I 
I , 

i I. 
-'-~~ I ! O 

-1 ! I i \1 

: I i I 

-DJ I" --,5 
J.jJ , ,1 +---13 

60 2,00 

c ..... ,.,:~ I ~INE. I M~D1U :,,=rc~:;:S~--:=-~II,,";=.-~~_-:J_N1E.D:U~_J~cI)~~sE. j·~, ;:'N~_ I ~1ED!u~_ .. _~~s.::~~.c I" ST. ONF~ 
~~_C:~,~ON SILT FR" c. T \ ON _, ____ L_... ~'A.NO FR ,\C~, I_O!" ____ GR /,\ \JE L F R .AC ~~,~. __ L-=-=:..~-:. j 

FIG :;.120. LOt;. J 'K(J 8J.I.?ILl7V ;:-"IZ, Sl·// . . \., i~ b/I ,',' ~ (:-:: /.J-41'1/4. (lbJ) 
----,-,- ,- ---- --,- - ,---_.-

, r· .,' ,­
~ 

3 
3 
;;> 
-\ 

o 
Z 

1) 
['1 

?J 
~ , . 
[Cl 

Z 
-i 
Y 
!} 
n 

~~~~~~~.l!~I!iI!i liiMi:·iltlftlC)p~~~4:iIi*iIii i!'ElIi!I , _!JI!Il!iIll!!1ttZll!ll -L~~~""::''JIl<';I4-ta. •• ':V;(;~.h~;'.:A:';::;><:'1U:.~<=OI~u .. .. ),rx;.~'''''''~ ... ;.c.'.'';''''b •.• <"~"""":>I.~, ... -::""""",, ...... t ... _~..:. •. .,~~. 



:is;;,;.,W, '-. $ _ ' ;-s • ________ "~ .. ~~r.·.'.· ... ~~,~~~.'<~ •• • ~~_~_.~:':.;t;~~,~; .. ;~/(:f.-~~!i,74~:~t~:~'·~~:~,:~' .. ~~~it~ ;;;,~'~~;!!~?":~.;.::::~:··~:3~~~:"__.M ""_ .~~~'~~'_'-_______ ~"_~,'7"_W _. 
PARTICLE: SIZE: DI5TI<IBUTIOtV 

. 0 '. 5(;:"'·11- i_Oei PLOT 

:;~:l" LOG .•. · ~--.S. E.T7:'. Cf·.N. -·.G··· .. V .. t:..' L. "C.'.I .. TV.· - C. M P< .. 'ER S·. EC .. . ' .B. S_ SIE.V .. E NUMBERS .f APE.~ruRE SIZE IN INCHES . . ; . ' . - :. . - ' . ;. - - . , 3 / 3 1 3 1. . 
0 """: <+._, ,'~ .·;'cJ~.!.~~· ":-.. ,.~,?,,.,:; ~ .. " f ~,_ 3.0?-"2.o!H50 ro,? :'_'Z ':5Z ~6~2!: ' f8 ,.:- fO 7 B ,~4. 8 Z 4- f - fZ 2 3 5 I{OO 

'!f:t~/~/J.:,~': /:.-:i __;-T ":··r .':L rt- ur·: .... .. ! ! I [ i 1 - f I~tl ' r ,11 I I I J I I I f If I 
! I -t---,-n r+/py +'! -I I I I 

90 I I H) ~_/S( V LI I , , t I 1 , I ' I 90 

V>(/! j I I il I ) L _ 
'?~ , ,./, I 1' 1 I 1nl 801 I ' I I I I _ __ I ;,.~:. r--' __ + -u-LUl I I I i ' H" -~---W 80 

, I J ~i J{~ i ! l! l-t"l i I ! : I! I ! i 11 i 
t !-' I -b;--I''') t--t--t- I ! , .J.' t-t--~ -----'- -1-++ 1 ----.f !- i-L; 1-'1--

I I I -r','A" I ++++1 I I 11! I I' I 1! , Ij 70 I .J I I j~U-! __ I _ I I ~.L i ! J L . i ' I ' 1 I 1 J 70 
I ',/ ' ,: r1 i I I I i I i" I I -H I, .' i 11 1 

~ L+~7:Y~ t- ' +-+-H-Hi~t-+ltL.., - : i+t+-- ! !. ~- tl-r-
-<{ 60 . L~ /,(j I 'I, L' i I Ld-W.: ! I +t_u 60 

~ I _ ~A,»y ! I UI! 11-11 J: LL, -+-1_1' 1~_l_.J 
~ 50 \ ~ '" V). \ . I ! I I I ' ! L f I' T , \ \ 1 i !\ I 150 

ff _, (' ~~_ L . I . JH-+' I~ ~-t I U-I-t U-J . 1'-!'), I I \ 1 Ill!' 
Z 40 1\1 / 1 I ( , IT I , I J J i ! I \.-r--LL-L ' l-!-J~o 
o , I! j! K" i>K 'VI I I H I I l j 11 i .\ ' . I ' i I. TTIII I ! 
- I ./ i'. I, I i' ' , ", ! 
!.; f++h ~~/.1-~~>" .. I · - , I-~~i rti l+-ti-~ H,j ~-t-- l 
Z 30 I 11 ! <- i"'-. lb . ri- i I I I i :_1-W+=tt=1 I! I - '- -i 30 
S i i " [>( , I I I I \ ! I I \ 111 1 ! ' ! I II I ! 
n rH+~-r·-t><~-- t--- ··I·jJ.--+- -LLL-L -j-- -t-+- ,.L, -- - -+ --- tt·-ll-- -f-----l 

lJ i I I . 1' , I! [I ! I I' I i I I I 1 I i I i ! I 11 I I "c ! i . ' ! I , I I : , I : f I ' i I ! '-" 0 

.. 'i ! ! I i ~lYi I 1. I! ! 11 ! I I I · I .l \ I , _+_ I \ i : i I ! !! i I I rr[·-~i '-
H--+-+-- ---1- - t -- - - - -·-t J ---t-t-+---- --.--W--t-l- -t--H +-ttIH---r--'---l'-l 111-,' t'I1--
i I i ' f ' I I I " I i ' ' I • I I I 1 I I I I I 'I I 

10 , i ! I, I i i ~L! _.~ __ ! _L-i.._LJLLi_tj_ I j : :_' !" I !~i i 11: J - '1 0 
... I I Ill r I r 1 ! ! I li!1 i 1 1' 1 j 11 :"ljTi r : . 

o! I111 I ttltJ]Jt---l-. ,JItttti-=L[1j-tUJ1LLL}f_ i -1. ;·ttH--l-j-Htt~-tL 

I 

" 

Ul 
!: 
;.; 
.3 
."> 
- \ 

o 
L 

V 
rt! 
\ ..... ") 

fl 
!i l 

Z 
-I 
i-­
C, 
f: 1 

O· 0006 0 -002 0·0 0 6 0·02 0-(.' 6 J.~ :'"\ --. 
I.. -, .~ 

r­e. 20 c:;o . -. .. ... 'r'I ~ 

. "\ 1 : 1 

C,-A.Y c INE --r ~E D'Lll'~-l CO!\'f-!SS " , -~';~-=~~_L~: C. L)~~- ;- -~=_~:~,,<-:,~-: :]~~· _~s . __ ! :~~. c) IL-'~)-J ~_O~3S[ _J ,).,.~, , ;:: 
i::' !!::=R=!1..=C::T=' =O=N~L-____ ..:S=--I.:L.:..T _ __ ~_R_. :..-b-.,;C=-T....:.,.I .:.,O:,.N....:.. ____ ....I ___ . _____ r:_::;_A._t;:_· f) ____ F_;:~ ... c_~ :..::~_'_'; ____ _.l ____ .::._-_~\ ',.=:.. '-_ _ >-_-~_,\ ~ T ~~:-...j ____ J.:..=_'~:.::?~?:'~ -

FIG,3 .121.:. FINE. PlZAcnoNs () F ~';:.I\ ;~:.'_\ '6/il{ --:1' :" C.'~ /'f ·· l~A . - - .. _._ .. . .. ----..... --.. .. - --_ ... _- _._. -- ~ - - - ... . --

__ ~!:! ........ ir. ,""itIG'~~fotoo.~"'~.!i'~~~-4t.~IhI'I~MWi''"}I'lJ:'.X-Qj~~~~~ .wt::at!!~;·,~C'~·I~·!Q .. ~~~,~~,...~;~ 

,. 



""'~~~----""""--"~I":--, .... ,.,!~--~-~---~~~--, .. -...... -.. , .. --.---..,"-- _', .... ....,. 

.,' .... 
"":~3 ",," 

·~j~~+E-~;;;'~~~+ .. ic~i'::~~+·~;;·~~~:;'~~"':; -.~-.-~~''''~~'''~'-: " 'r' - --., ~-'" or" 

'20 

:~ f/.~ ::' :,. '-~ ~:; \... • 

IGf\ifOUS ' ANO · METAMORPHIC ROCK FRAGMENTS 

• 
• 

• • • • 
• 
• 
• 
• 

M'DOLE : 

CENTRAL ONTA.RIO- FREGUE.NCY Pl-OT. - ,---,------~------

( DRE.IMAHIS J 19~9 ) 
r 
.\ 

I x., 
i \ 

OF CANA.DIAN •• 

, ~ 15-1 SHlElD . 
I \ 
I \ 
I \ • 

o 
f-

uJ 
:t 
t- 10 ~ 
~ 
o 
~ 
LL 

~ 
UJ 
(J 

r:t. 
UJ 
0. 

I \ • 
• 
• I \ 

I \ . 
\ \ 

• 
• 
• 

" . \ " . 
S. EDGE " • \ , . \ " . OF CAN~O\,f),N, • \ 

"

• .I • ••••• \ ,. - . . 
SHlELD ~~''''' '/:/. .,.... • •. \ 

'-- ./.. .. . ... \. ,. ,: .. ..... , 
.. ,.~-..---­-- . -. 

O ' -~...;.. 
I 

-6 -5 - 4 -3 -2 -\ , 
3'2 8 

o 
I 

\·0 

PARTICLE 

1 '2 3 4 
I 

o· ''25 

S\ 2E 

5 6 
I 

0·0\6 

7 8 q rp 
t 

0·00'2 mm 

~ 

-, .. "._~. J 



~:~:j ~~-" __ '~~~'f". r , ... ~ ... -_ .. _~.:5;;~~ ~~:::-~: ... s. $;.i ~:-:.'~~.:"~'?.~::;'~ ~-::. <.,;... :' .~ ~ ~ -~;_ ." ~: . ~ -.- Q< '"~--'''''-'''-'''''--~_'''_~'" _'''8'''"' 

ul 
t1 
.-{ ... 
Z 
u) 

U 
Cl 
Ul 
0. 

PA;< TICLe SIZE: DJSTRfBUTfON 

L'O~·:·'·PRoeAB''-ITY PLOT: 

a:' 5', SiEvE. NUMBERS' INCHES 

5 

~ 
97 

951 I I11 1 '1 I j j l- j I11 I I I I I 1-++1-f I I 1~.M-'1-f-1I-+-A-+· ~+-++-rt1-+-p...-:l- ··ifl++!+-----t-~ 95 

90 I : I I I 'I , , ! I I I I I I I I I I I , UF I I I: I : i ~1i I I I if' i '--:-v; " "1-... ' I J :~ i I ! i ! I ! , 
, . I TIL.L. CONSISTIN~ MAINL.Y 

90 

I-+-++-i OF SEOIMENTARY ROCKS I I ~H!I ! I I1 I ! I ~ :~t-'-';--flf-~-

8o~ Bc 

70 I 1 1 I I I 1 1 1 \ I _l':7¥~ I I 'I I ! ! I I -+-{.;f-:---,.. 70 

60 I i ll 1 , I I L l..Yl JJ I ( I -+-+1,... 60 

501 : !11 Y1111'f I1 1-+-+-f·H:· 50 

4-0 

z 301 i I! I A I ! ! I.' ! 1 VIII ! ilL/I IJ I 1l"!Ll I if !"Ft =--1'';'~ ' ,+~+++--~~ ! ! 3 ·:> 
o 
I­
et 
£ 
£ 
:J 
l ') 

20 ' -~'~-!-:::~~" ::""-I '~--r -t i -~-
: , I L l i I I i 

i . ' ...Ll....l-- ' I _ .,.-_ .... -:- .! T i : I -T -" 
;: I I I! I . I 

'0 I I 1 i .' i I I A I !W++Jt-t-~t;;.--+-- Th_,-S COili$lSTING MAiNL.Y I ' i I i : I i I I ! • i f() 
at=- iC,NGO:'~ AND METAMORPHIC 

: I i1l17t3Z:t1tt ~. ROCKS IN SOUTHEf<~ ANO I ! i i I -~ ; I -W-~ __ ' _ \ r, 
! I I I ' . +-; . . , -

. CENT~~ ;_ ,Ot-.JT,I\RlO ~ , ' i ' i . " , . 
·-t- -_ .... _ , -- ' ... ~ -+- ) ---, ~'Htt I ... J +'~--. : --J.----i ? 

i : .; I : i: ! I I i , I ; I ! I1 i !: 'I ,.:> 
_ . _ _ .' ___ ~ . J.. t i j I ---'---'--.1-.. I I I l j I I i -,,---1 

C2 ~ . I;' 2 0 , 0006 0:02 6 0 o :-,:, ~, 0 0 00 
,.. 
, ) 0 ·002 20 2 0 0 

~~~ ~ ~ ;_'0_~ r~~~ ~~I~~-~~_~{i{~;;-§~~T!' ~li~~~ ~~~~~+'!S ~ :~~ __ L,~_: ~~E G ~:!~;~~~'~~~~±~:O;~~(~~ .J_;.=~:~--,~l 

li) 
c 
3 
3 
p 
-I -
0 
Z 

U 
III 

7J 
() 

f7l 

z ' 
-I 
7 
[ I 
(n 

F1G,5 ~ 1Z:5. LO[,.. P. <oP::Af:,.IU-,"{ PU~T L1r -:-;C:) IM':-J,!';:·\r',': I T(~"lE()LtS. . \fI.'f:.; M[ ;.:.\t'.(O!'Zvi (:C O N i-/ \e!o t<~~C: (:: ''< "j iL ,", . 
-- . '--"~' -~--------~-~ '--- "'~ '-' - .. 

~'\OI<l".'~""~""<Io~'.~","""" • . "ll'O-..-.-"..--....., __ .... """,-_,,, ~_~.-= _______ ....... ~.,..-., 
-~--~·""''''-''''-'''·''''''' ''''''"''''-''-'~--'''~-' _.''''' _ _ ' . _'''"'''''-' '.''-'''''''.k~ ' .. ~ . ' 

i 
.J 

~ 



5u ','f) NI AT : ON P E r<:c: E NTA C. E . 

"Lt) 0 00 

~--r-I~--IO-'--~~~_. __ r __ ~~~)_.r~~;-~-~-r~·-r·~--~;-'-~I~-' 
-

0 0 0 () (1 
V) t11 ..J rn l ' J 

I t-l : 
.... ,- -- .... -

I 

-9 -
:t-

'-~ --11'1 

'" --'-
~ 

10 
M --
'" ..... ICI 

I I/) 

0 - lO M 

--- , . ._._- e- - ' 

", \ 

i 

t) ! 

i-- i 

...... . '" 
/ 
,_ I 

i 
, ' ,. \ 

.J i 

i 
~ I 
<

, \ 
"l f 

{" 
r1 , ! 

~l 
N I 
~ ! 

! 
1.1'1 i 

t~ I' u_ 

! 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
l 
,i 

I 
! 

I 



__ ~ ______ ~~~-_"-.:;-~;.~ '~'''~'~:'~;;.',;;'~",''_''~'_~:.l.;'.;.'';;.;' -r;;, .. :~'~~~/~' ..... _ "'~IC \.;~:-- '- -. .;~~:.: .... ,:-,~.~-_> .. ~~ .. -........ .;... .... ,-_, --PARTICL£: SIZE: D / S T ,J::ZIBL/;fOrv 

:~, , . , > ..... 

S £ ,¥J.I - _ LOG , Pt.. 0 T 

· IJ 'k~'il~~~'*"'0';o~~~"-4-:~\";':~;*~.";;'''~~''''''''~ , ..... ..,.j,.~.~ ... .:.._ .• ,)" .. '_. ~""",~, ... : ............ ~~ '" .... ~"'~_ •. ~,.; .. . ,_ ~~"'I; " _<"'''"'_~v'''''''''' ~ ..... ..;...'~ .. ~ .". .... _ .. ,~, _~ . ,,; . • ,,, ~. <~ • , 

'fe:,,~7-' S§,7ir~tt;.J.g::s v.Ff:.-l?:9·T=,; ~M.,F~F5:,~{zC - 3,~~. : __ ,/£V£,. N.1J:,.-nB~r::5 fPE:R:;U~E 3S/ZE 'j INCHES 

1 - - 4-", 3 ; 2:: (300 zoo f3:: fO:) 72 52 36 25 18 (4- fO 7 8 Z 4. , {z 
-,~. , - I ' ~*r~/i~ I 1 Tt! / -- fOO 

~-+--4---t---4-l-++-+-I--JL--~.+--+-~,c~'~'~-I -+--Y--.--, -- ~!-L ! II-~--t_-+---+-+-+.-++++--t--j~-+----+--+ 
I I I I 1/ ; I I I IT7 

-hJ.....+.4.++----4--4--.,J£.-+-+--+-~~/-L ' . t-4-~ 90 I '! i /' 1! i I I ' , 
f-+-+-+--+- ff '--j / I l' ; i-t I i I 1 r i tt-1--t--r--r-t .. -

1-H-+-I----+--4----!--i--+-~...j....I--,~. I I! I 10f !-+ I '-;--Li t--t++--+-1' , '11 
+-++1 I I~ -tLl-l I I! I i i I 11 i GO 

90 

70 - ·tIt17'~i r-rn 11l1Utl-1 iJJJlti-+-1 ! ----- I : :j Ult='t I i fltl-1-1M1 7o 
1 i kt' 1-"1: I ii1 i i I id ! T I I ! U I i " ! I I i I ' :: ' ., ' , 

~ I 11 i I I iT41 I -, t.f' j 11 ,t1---1 --1-j -1-:- l ,i1+----: 1 --r --i-t-I f!-I ii ' It-:-i/iH1----:--1 
.-.( 60 ~' ''_!-' m~:-~ I I I_+., I i ~ ! _-+- _:- ... '-. I i I i 1 '-WJr---t-~ hO 
~ /I I i I , / I IY I l! I ! i ! ! 1 f I ! ; I : I1 1 I I! J' I 1 l' ' -
uJ 1 <-1- R-t G.~_ rO' t '-t--: I -~r ! 1-t1i t -- -- I I 1 -I H H--1--f-----~-r--:+: t r----i - --· 
:-1 50 i V I c;ec MENTI RYri4 I i ' 1 I I ! I! I I I I ! I ; I I 1 . ; I ! i :' j_ 

uJ ' 1\ I I ROCKS / j I I 1 I' ! I I ! I i I r, 1 ! ! . .., I , 

1 "',.... 
I_V 

0.. I , . I I T l,( t .1 I . 1 i I " I I I , _ I I ; ! -L-+-Lt--~_~-t-~ , +-'.' , _ 

z 4.0 '" V Il l . r7lrd I! 11 i I . I i ! I i I I ' ! i -Lt : 1I !' ! I ! TII lit 140 

g ' Y : ii' ~ j /V-lc-~~rs~NGtfP~' I 11 1·.1t
I
1
1.L_- ' -_-L-UI \!') 1.- - -__ L.J_LLLJ ti __ l 

<1 I / I ' JP; 1 rl 11 I I 1-; , 1 ' I ---t- ! I I i i; r---r I 'I i 1 ' ill i 
Z 30 i/ I 11 1/ R i .t:P:"f.MORPH!C ANO, i. I! ! I ! 'mi i.: i I I i ! I :. i ! it-L __ j 30 
c H*f"7 I I I ! ' I ~i / ! 1 I ' ' I i d I , 1 I ' I I ' i 1 : i i I I i I : T I 1 I I ' ~ V;! I i 11," 1I t-tl lCiNEOUS : R 'CKS i I i I i " i 1 : :! ! I I ; i 'w' 1\. ! 
(n "" i;ll 1 I I ! --tTt~tb- 1 i-loin 1-- r---r- iITHTi! i T---r-\-rPI-Tl I I i-LT111]lr --'20 

'-'- . , I : ;" V: I I i i; .\ I J I 1 ! ;. I I I I I j I j i I I I I I '. , !, I , '1 

, ,i ~I~ ~~~-+--· I-1- + \+t ~ --t -l ! \-1I H~+I--~~tl-\ H1+t!----l- ._,--+-: 
(0 I I I I I __ - v I I i -4++- ' --....1--- :' _'_ 1 ! j j I • _~_ ..; I . I i - i ' I I I I i I 1\0 

V" I ;111 I \ 1 \ \ I -tL I \ 1-1 ! ! iLl; I ! I ! ! Hi !!: , . 
lo-:r:::-t-;r--I- ---.+---L-! -'-1-1-'-:-:+--' +---~--:-~I J1-T: I. L 1- -, '1 1I tTI i-+---'I --~I - 'T.--tITi+L-1 -+--

- I I ' I .l-.. L.L.LlLI_' __ l.._;-l_;_I .. i..L __ L _ __ --L _I _l:! I I I , ! I I ! o o 

fJ; 
C 
3 
3 
v 
'-1 
c, 
'/ 

Z 

'':; 
[1'1 

1J 
[) 
in 
Z -, 
;.-
.0 
11 1 

O· 0006 O· 002 o· COG 0 -02 ~. 06 ).?- G·t; ,., L 20 60 200mm 
...--C-I,.-A,-y--....--F-\N-E.--.... tfiE.DIUl'I) I CCt>..RSS n NE. 1 ;'1 :;' ;\;". l~\ i co.~~Z5C:-: -C-i-NE. i rn E.D'~J"'" I COA.R.SE. I _ 'I 

- -~--- ----- - 5~ON'-
;,3ACTICN Sll..l" FRt>..C.TION St... \'l :J FR"'cT\ : ~-.\ : CRA·..j E.1.. I=R,\.C.-!C1N ,-...:.---'::r-- ::.. __ J 

FIG,.5.1'2.S-. G RA blA(. .~:rs Fe. R.... SE. DJ M E(lrr.~·;:'Y . 14':1~7;q-/j':[) ;\ :!}-/ '~ Co /'..,y/) iG·-/l~':()U S ... .,....--,---_.- ----- ------ -- -------------~--

~c:'C 77LL<; ..... - 4'(.· ;;,.1 () ): / :;-~{;,~:~IG 

.... _~_..,.. __ .-o _ _ ___ ~ _ _ ______ . ~ _ _ _ • __ .....,.~._ ..• • . __ .~.~_.~ . " ._. __ • __ • 

-~ 

__ J 



uJ 
0 
-<! .... 
z 
uJ 
u 
('L 
uJ 
Cl. 

7 
' 0 

.. -
4 

z: 
L 
:l 
If) 

~ ~ ~_~"'d .,,_ . . ,~ .. ___ ""~,.._..,.. _ a.~"""""·"-'''''''~-'''''''·· 
~--

PA R T1C'=§" ___ _ ? IZ£ 0 15 T,,?IB U-:-c: g:'V 

. ;' ~ r~:> ,"::~ ,.... ," SEMI - LOG PLOT 

.',: .. LO.'. -~.'~:;SE./fTLiNf:;. " V~4octfy:' CM PER SECi S , S S/£VE NUMBERS ' A P E:RTUF<E :NCHE5 
..... - , . '- - - . '3 3 

'. ' 4- 3 ' .2 1 , 30:) 200 !5C f~O 7Z 52 35 2 5 1{3 14 fO 7 B 8 
o i '''--;7finr,~T f I j I ,"/ ! ' ,,-,.......,...: -,"""-;-''-'-'r""T"'''I_~....J..,.---'--r--''''-1 ....,.i ....,.....,r-'r-T....-'-~-i 

- It/}l,- I i -l1!+t-t---fLr--t I---r / 
90 H-++-r--+--+--~+_~++-H--+__f---"-_+~++_Hr_~--J j J.J- _.J_ '-~-+----1I_'_H+-+___4 

:, /1 I I I i ! I i 1 1 I 1 ' I I I J I ! " 
, . T T I 11T --' -- - r -r r ~;' it! - ~ .. --t-+-~lrtt+- -- .. -i--1-t' t t -- --f - -1-1.·· .. 1- -Ill i- r-', 

80' ! : 11 I r!! I I I j 'f,.'f ,: : _ 1 ! ,I -G I , ' I " ! i _~ , " " ! I i:; ! i I S O 

il ll I I I ' I : J~PlA ' ! I :!lll i !' i '-+H1 1l f! i ! ;! I: :1 
. I i 1 i i i.?, :- k Jr r-, _ ~-l Ti .ill +-:--1 . i III r-r r llir U 70 

11 . . l ~ [-<){ l UllWn---1-----i---; --Lt+ i I i u~_ j' -~ j! LJ~jt' 1--)-~ 
I In-- , I l'.o/ ~-<~,~~ I 1 • ;: i _ ! i! I I ! 1_ ,! " ' [ :!; i i ~ SO 

I I I i r~~ i if.. ~ ll: i I lJ I J 1 1 I ' l I I I i j ! I I i I ! f 1: : I 
, ' ! 1- 1 iifl} F1 I nr- iJ3 U:-WJf ~~~_ 1 I ttt 'iT- iT 1-1 TI 50 

\1 ~ \ 1 \ '\ 1\ rA~ '..I, i I \ \ ill 1 ; '\' I I I I i I I ! i I ! I ! \ i I [ ! i '\ i I 
I : / ! ,(~ I t l itl I \ I I . 11 I ! + 1 U: i I I 1 : i J j , - ~ ' l--l -- ~ +---t---t I , .., ... L~-I.~_ - ............. L _ __ --r---' ---"I-~ -- .- . -.. t-. . . - - . -

! ; \ i ' \ I 'I: : \Y. , ~ .. 1_';: \ \ I \ ~ : i i i : ! : : ! , I I I: I : ; i ; ' '\' i ' \ : i i: ! I 
" ' / ' ~~;. ~ " I ' ,L-l ' I, 1 , ' , , I ' : . ' i ' i : i 4. '" 

i III \ 1* 1:: \~;<f' J I \ \ \ i \ \ ' \ \ \ IT! \ I R=ffi' I : 1 i ~1 i I I I! , i i i I -Tl ' 
, ! i I ! I ri,-" '~r4 -r- '1'111"-1--- I I 1 -~IT1n--1 \ i ~ · t t~l ---i -T -- ~I · " ; +t-l·l' i- · ' · I , ! ! 11 I I . ! ' ' ,} Q.1o_ ' ~X~ I \ I ! : I: : I I : , \ : I I I i I I : : ; ! ! i ' ! i i !! I ! 3~' 
i I i I I I 1/ 'm' : ,~ i \ \ 'l i:: T1 I ~ I i : \ : I i ! i I i ' : i : i I !!' I ! j ! I i j - v 
t+H. I - ! t ;I--t tV~/~ ll ____ +--t1~' -' .... 1 r-t---+ -i

l
- \ : '1--'1 -t-t

1 
H-+-~ 1---1- -t- 1 ! ;. tl-i--1.- L - r

l--
t -- r-t T. rr't-- r-J 

, : : i i !/ _ I ' ./":J_i'.. I : I I 11 " I I I .l \1' I ,! It : Ll I I [ ! 1 i ' i 1 ..,-,\ 
, 1 .., I' - i- t' I . ....L--l.__ -~-~I-;-----; . ...'~ 

11. /L--~ ~-~.II ~ ,_. __ .+ _' _~ _ I ~l L L-tl-~-j--11 ~-- ~ ~ H--~-- I - -- i __ ~_ ~. I ~ .-l \ t-~ .-- ---~L-~- 1- \ ~-- ri -~ n /~ )/1 Ill~ I : I ! I i I I , I \! I \ I \ I ! U I i i ' :! ' " ,C 

i 1\ i ! /'If \ fttHi, __ i I ! \! l I 11 i l~ \ \ \ ll UJi 1__ j ~_ L-, Uu!L __ i_j 
\ i !, I I I' I I I1 i ! I i ,I I I i jl ! I i il i : ! 11 I ! I d--1 ! I I I i tll t I 11. • I I , ' ! [ , ' , . ,' I , i I.....JO 

70 

60 

50 

40 

30 

20 

10 

0 

!.J) 
r 
"-

:) 

.3 
;.­
-; 

o 
L 

V 
\:"! 

:\i 
f ! 
in 
-7 
-i 
,;...-

~; l 
i" 

0 ·0006 0-002 0006 002 0·2 = 0 ~ ~rn 06 .., .. G 0 , 06 20 60 
--,--------,-- '-, 

le:.. A. '( , I ;: , "-.I E ! 1'f) E. D iU "'" C 0 -\ R Se. ~ ~ . '-.j s I ~;: ':' : <-! "" ; cot>. R 5 :: ; C I ,-," :"::' ~ ~\ .... , : :: c' ... t;;' : -, :: -J "". ..., ~, :: I 
- ~ " C"T") ON I ~ T ..... R . T "'. DJ;:"'" - T '" - ,..." , - ~ ~ , ,.. ~ "',, ' , ~... . ' - 1 ;" .......... , I J I L.. .. b..C I ON ;'>"':-" " '< :\..\,.. 1'-.'1 ~;"""':\!.. 'c~ _-"_ ..... ,,'- . ::--_. ' __ _ J~==.:':_-.J 

F!G-.5.12.6. c.. P AbHJGS Pot<. DOLOMII/ C llu..S IN CJioJTAe,o ( a ..ff-c'r 1':~ 2f.. I {YjAi'!lS y ? r.'; 5) J . 
" ---------

___ ,,<~.-....- .... _ ........ ~_._..,..,......., ___ ,,,,,,""",,, __ ,,,,-~ __ ,,_, _" __ · __ ',~ __ ""4"' __ ~ __ "'_-"" ______ " .--._--_._--_ •• ---.---., ._ .... _ ... ~-.---. - .... ---•. --~---.~- - ----. _ .... ~ .. . - --.-.--........ _.<' ._ .. .. 

.. ~ 



)wt.: I', 

'-1'· u!- .' . :; 
""'"'..,. -'",."" "" , .,:".-, 

FI~. 5. 1'2.7. 

-m'AAJ&uL.A(,. blMJRAM 'Pot.. 

'«t, ." ~;; 

PI!. ... c~~' ~ut" (1 

... - ..... ,~.~ ' .... ~ -,.. .- ~~ ..... ~- . . -.. . --- . ~ . ~ .. -- ...-------~-.--~---.--.. --- - - .. - - '-. -~ ... --.-... --". 

on~ER. CANAl:> tAN I,L.J...S 

~
1. ... ~M 1:::4<.E.IMANIS 

C'l" 
? .... 

~ ~; 
~'l \i ')( \1 ' \'-7, A 

1, 

'SEt:>1 M€N~Q. '( 
R~c:k..s 

,,0 

'0 

!?o 

'Q, 
" /,' 

! 



:{~;j~1r~:4:~'~i$tjrr~;1/ft:~~f?" •• f;F[,{t;'f.n-y~f;;~d,'ij,,::-;;~~r;J ,,,,':~{;.;r-T'~;,, ;;; "~ .: \;; ::'1;:-'- ... '~: -"".. . .~. ~'. 

,,,,bf'-t~ I 3t r . i1i'~'r f4-~ !~( --I--I--l-[ --I7_+13----j/f---t/_+1 ~:: 
I I ,__ f , I ...f 

I 

I l 1-1 I I I ~+4w," --1- • 
I ~ +- ! -t I I I +-HII I I 

....-'J I 

1-+--1 J=t I , Jf·'~(~1111 1 1 1 11-1-1+11 I I 

I --1--'h~H-t-=-..,{'..A . _ I 

~ 
7 

,.It:T ........ Of~~C. 
A'fC> IGr!'Et0U's 1~,·,J""'r ~ 

~ +-.,,# 
__ 1~~~~ 

M,fft 
~ 

/ 

./ 1 I 1 ! 11 ! ~ ! I I 1++++ I! I I I ! I I , I I I 
/ 

/" v ,..., -'jX'f:- F¥ 

A J 

k111 .L .. 1 I! I • I I U I l I-I -L_..l. ___ l._:_I __ .. l __ . ! I I I I I ! J I I I IJ . .J..J 11 ,--' 

0·0006 000'2 0-006 00'2 00(, " , ... \t,,".:: . 0·6 9. 6 '20 60 '200 mm 

FIG 5. '2.9. 

CLAY 
~gACTION -... 

r'INE I MEOIUM I CCARS( r--f.iNEr"".'H::r:tCj"t::.r (C::~~R5-E-~'--FiN'E MEDIUM COARSE B,S. 
SI L1 FRACTf ON "-: --$( ... NO -;:·p~;.:;:.tic'~~ __ -_~~ . RAVEL FRACTI ON ~"!~~ ~3T7" 

TEx"rUR,A,L CLASS '_UCA]~tQr~ __ .BA:~~D ON Q 1.L~d ,Q3r':1 CAr.JA"bfAJJ TILLS 0H7 ... bllt:lMJ1t. 



... '0, .... .0:" •• ,,., ... '~' ... ,'.,,> "0".-._' ,_' , •• ,"'....,. ... - ... 'l>-' . ~ ..... , - -• ... ..... ~~ ......... r...,··_ .... ~_<'_,~·' -~'';; ... ' " -,-" ..... ."~ . 
' .. ~. 

t~,l":':""~. 

""'-",--

:" .... 
'"< ... t.~,) .. "·~_l!",,t ;.,--, ,,~';:;:':, ~ . -: ' , ~ -..' 

..-=-'....4 ~· -r-"'/CL e- . ~,ze:.. C>/.:5 "~'L3l.../ T/<:;II'J , 
.:: . .: SEM/- , LOG PLOT 

__ · _ ;i,'~ i~. 

'~'1l;,~-g~,','?J,,',;:!ff, r,',.~,"',;r~~!,~,~i,:€:~,:~,·,if~~,C:'~F!:i~'iyp-gR .~l£cj,,:~,=,:,;,:;~",~,,:5~,"-S.i: sTEVJf, ' N0 me," € ds ' ~-- ~--~r~-- -fp,E:. R1]J R, E:. 3 Sf Z E '7. IN C HE 5 
~ ";J}'~';;?~"3' "4.~V;.'l"~~.'"7f,:r3 ·,0"LY:':'~,:~ z " ': 1 ' ion 20:>150 fOO . 11 5Z .JG ZS Id 14 fO 7/ B ~6 4. 8 Z 4. 1 12 Z 3 5 

" POll i i/ ' i",.. ··/ : /,' / {'/ I " I I tfHjffrr-Ij~lT,rrT"rn:J-- · {DO 

,f-t-HI+--+,--t-,-+--+-+++~,'+/----'I--.f·--f-/- : JJ£1~Aif>-O\~rt~Ht~ ,--,--
90 1 

i. Ilkl~;<c r ~" ' -+/- I ' I t--~--...... ; -. ---!.~-+Y-C>I~;-4. >+' +· --+-+1---+I-+!-T-II 1-+-+++----+--4 

6011111 11 11 11111 11 /1_ _4_11" !r~f*III~C , , , ¥~ I ! I ! I! ! ,_ . .; ·r }1 ! \..-1 : I . , , ' 

I I ~,- 1"-1 rITI ~--r-"I .. ~y;:.:;:'~~-Ij- t..t-7 ": -- ~-:tt' , yX++-r--+- : ,-+++ 

70 / I i Itr~*~f~;"l-j~~tt/-' ~ I rl,! VII 
~ . -1-J

l
· T k':;'''-;·''·:I--~.r{Y. ' ' ! I I ;:4l'--'- .=-1- -i - +-- A-+-! I j'-H-+-++1

- ' 

J .-~ ' ''~i'. ;~.; ~ ,;,\Ic,. ' •• I I f I f"" I I i IV < 60 . ... . . / 1 J • I ". I I .(~ I I '. I I I I . 1 ' , 1 ' ' 

~ ; I I iVffri ~/"~(r)~;;;:'1 i! I ;11 

; , : ,,: " 

UI d,o . 1- . v ~- - /·r ~ . 

~ 50 JI i ~I ~,.J.'iJ 1 1·~·s-._:_~~.,2~ : I l ,Jl,/; 
~ \1 I \", /1 C'fi! I I J\1-.~/ I IT~~~~ I i I -+---h'~i i i I Y 

Y J -~\1t I+i-'\T~~"-kt;r~fnt-tr-r I '-!" ~" ~l- 1 I I H-,' 
Z 4.0 I ' /1 Y\ \ i i i 1_--t- :-<--;,.7f~~I--~._I!. l'~.: I _::~H-I i, ~ t I I+-H' l+'-l---i 

g I', . 1 \ / :/ . \ i ·*n--l .. vQ~ l \ ~1,t~/91 J---lA~!-U1L--h ,,' 
<1. , 1 ij I V V v :t I I! I (',< ;1' r I I -Yi-·, I I I I I 'I 
Z 30 I } . / : . 1"1 I 'y" __ I ~~L-1 ;('1 I I 1_4-+-_:' I ! I i !: 
~ i Y~,I( ~_l_l /( ! '~~t: i --J- I t~f-1t/l UJ L- .J{J/-~·~ l, U .. W--+-+-+-+.+++ , , 

11 1/1 I 11 I ! 1"'( i' I I V--: : , I i I i id. ~ . ! I i: 

20 . . . r /i~~~~~~~:>r I i- rt:±t:r1 11 ! IIJ.~~o'<-il-JI--i- f-L:-i -- i i : I I +----'--L+-~-
fO I i' 1 V~~~t1 !t~f-~ - -J::Ff~~t· 0--1 --.:J:~1(·~{\~n1--·~~-1--i i'-, 'til- ----r-I 

' l+~~~A.n'r-r=+ I I~~P·~~ ':T1-1' 111 I -, -T ~H, -7-i' -+---+--r-t--+--+-+-~--+--{ 
i-~r=''''-''t~'''-''i-~-=-:::::t r-~TtT .- - --t ~..- I t 1 ! -t-! 'itt~--I' - ;- - I 

I ' ! " -.- 1 i I' I ' '1 1 I I I i. i o , .. ---<~ _~_ _ " I i · . ,I ' . I I _,-I --"-! -,'--'-.' -'-1-' '-'-----'----L_-'--.....l--l-J-1..-J-Ll..._~ 

0·0006 0·002 0006 0 ·02 0·2 ~ 

b 2 0·06 0 ·6 2~ ::) 0 l it rT~ 20 60 

Cl.. AY I F I~ E ' 11'l"ED 'u"~_: C-Ot.o..RSE. 
, =-Z ,\CTIONr S ILT I=',< .~CT'QN 
~~.========~----~-----------------------

r~E--1 ?,?,:E,()\UI'.' i CO ,:\.RS ~ 
I S .... r--.;D,::~ ,:",,:i-"70N ---'---- ----

~ l ""- 1.' IflS D i U"''1 CO ARSE. i 
----- 5~,:)'~ t2. , I 
~ R .\ \j ::. L F ~ A. eT i 0 'I ~~-- ,.,.. I ----. ,---

FIG.S.'i29. Crf(AbJI )r':rS P/(o!11 'I!LLF. LA S/~ LU:: J L t)Cl-!/!-.Jf. Aiofv7· :·~ E./-:L li , ,,_So 

, 
~' 
.,.~" 



o 
o 

r' 
!'-
F' 
r' 

f ) 
(; 1--- ·" 
C J • 



/ " U) 
0-- o · 

,;',l 

o 
o · 

5 u ! .<~ N1 AT I (J N :." t=. f<:: c: [. N T .~ Cr... 

$1 
0~ 
-I Uo, 



~------------------------------.-- --------------- --- ---_ .. -- -_._---- - -_._---_ . . . -. __ ._-_. 

" , . ~ ~. f~' 

" ~ :., ' 

,'f 
..... " ; 

I , 

\ . i 
\ :~ : 
'" ! , ' / 
~ ... : 

.;: 

," 

Id 
.. 

~ { ... : 

\ .', 
\' : 

r' " , 
, 

·.,t 

< 
(' ... . 
r 
..... :1 ... 

'" f>' 
- '" 

.... , 
'" ~ i-:' 

f .. 
( ;. 

~ I 
, 

I. i , 
; 

~ 

;', 



100 

qO 

BO 

LLJ 70 (!) 

~ 
Z 60 
LLJ 
() 

~ 5 
0. 

} 

Z 40 o I -
~ 
~ 30 
~ 
:l 20 
fJ) 

10 

o 

' ~ ' . .... ~ .', . .. 
JC7 A F? -r, c::: L.. e- s-, :z:: E:: L:7 ,.:::., --,-~, L3 LJ --r, C> r-I 

SEI'vI/ - LOG PLOT 

/

' LOG_S£TrLl~G VELOCITY-CM PER_SEC.7 

leD rT 4- ~ '2 I 
IT I .or T:M 
IT -, ----t- - p,)'/''t . ~c. 

'101-+ : . Ll~i/ L 
, I~I, 7I.~L 

9J - - //J.rll 
I l'f!lv 

I V .'(j f.1i w 70 J. . ,/1 
(.? - LVLV / 
~ ~i'll/ z 60 fil II 
w fl~ 
~ sJlLr . I rlLZ 
U) "I t V IF a. ~ ,I , 1 __ lL_V' If 
Z A.oI 11 VI( / .i4E +'£f~N~ 
o rill IVf,~r V 
~ / J J7 I 
~ 30 V v ~ If III 1 I 1 1 I I 
Z / // ...rJ 
::J 20 /v / ,'/' v 
en " v L'~~ / 

, LoO SETTLING VELOCITY-CM PER SE..; 7 
I 4: ~ 2 I 

/' r I 
/lA I 

I '(;11 -r !J VII 
'1// ~ . too 

!~~ -_1 jJijj[ 
ijVl 

If/I!J ~ 
V,fif ' I '. I , ,fJtt---j-J-l1 'fL I I .' I 

"'1 ' ~ ili.{· ~ 
liLt IVIl LE! I..A .s~u .. 

v,J'r I! 
J w, I 

V ~ 
/ ~ fl 

~ 
/ //. V , 
./' W ./ 

lolll1~V / ~ ~ 

~ I I - - i ! , I I III t __ ~ __ -L __ ~~_ 

mm 0·0006 0·002 0.006 0·0'2 0·06 0'006 0·02 ()·06 

CLAY 
FRAcno .... 

~IG. 5· l33 

.Ft NE I MEDIU"'I COARS~E 
SILT F="RACTION - --

FIN£: -;)O~.~ FRACTJ()N.3 DF lA.oMT(£.AL TIL1_S. 
~---.-;.------- ,-- --

~ " :"":,.o;:"-,.~., . ! ~ •.• ·_·._r" ·_'J:·~";.;.,~~ .... _.' ;;v.,-.,'O( 

f='INE I MEDlUMI COARSE-­
SI LT FRACTlO N 

_ .. -. _ .. , .. ,_. - - . - ._- - .-~ . _._-- . . _._ .. . . ,,-



(4) 

-rR11I1J/iUl.hl< 

~ .. ' 

."". ':' ,,_:_,' ....... 

• 

FiNE. FRACTi()~ a~ 

MONr,(EAL 

" .. 
" . 

, , 

I SIi_T 
CLAY 

VERY 
,", '" E M8>IUMI CCAl>5Ej I=RACTTON 

Rt.!£ 

~16- 5. 13.1i- 10 9 8 7 6 5 4- f . . ., 

I I 

! I 1 11 I I 
I 
t 

~J =-t-++_~I 1-
cb) 

.,exu.lRAL.. CL.ASSI~ICA110N Ii--I---lf---...----i---t--t--

~~~ EAsEl> ~ Q, MeA Q~ 
,~~. ~.~~'X(Y;!x:.t\ .... ~'''x'\0!A ~'A • . ro~ twto~EAL TILLS, 1-1 .-4--+--+---t---t---1----1 

\-

, 1> "!, ~ "0 

;,..\JiJi)\~';~:~. ..,: "'- "..:.:.,I~~·...:", '~'~~';'':' " ;.<.~.',,;'''"''' :1, ~ 

of, "0 

Perc.en' ,ond 

.. 
~ 

\hLl..£ t.r, ~.I_!_£ 

~ r';·'~""<"'-:;~'.I',"'.1~,:,,,~·:r-~._L, .... ,-;;..,i." ... ' .... <.'f-oi.,...,-.: ... , ... .-~"'-"""- , '. ' .~'" .. : . .. -

~ o · O~CG 000'2 Q·C()S o (;'2 

A 

! 
000 til l , 

... . .... __ ..... _ .. G_'_y~~~g;J=-.· ~_I N ~ i ·l}~::_'.~~~~i,~+;\: l :=.;;~}?~:~~'-t. \~':i 



k:- . 
~ 

!. :. 

~ , ... , ., 
~ (. 

- - ----- -_._-_ .. _--- -----.-----

LAKE MICHIGAN. 

.1. 0': " T , 0" , 

SAM'l.tS WtRt TAKIN 

I" \ h • 

I 

J:'IGr. 5.1'35'. LOCATIo"" ).1AP F'oR.. KRUMBE:.INS SA\'1PLE.S. 

( Kr<U", 6£:1'" I "!>~) 

'i 



·-,,},~5r;-t[;;~Ti;-f!!i~:::;~d't71=[{~T~" ~' . 
. ",, 1.:Oa.tsm(:;"rda'-vei()Crry~e,.4'-PEI1·~t(!;: ~·"~··~~B. "s;· SI£V~ -' NU MSE-RS .. - Aw:.~TURE. S/2£ IN INC~~S 
~t." r~f.:~.~ 't r:\lu t- ': ~ : }"Off., ;'-:-'':'rJ

' / ".-#:.1. . . ~r:J.-~.t- ''''t'' ''' . .t ;'. >'- ~. -. I 3 1, 3 '3 , 
' .. '4 - ," 3· .. ·· . .. ' '] , I 3CO 7!'0 'so 100 n 51 36 25 '8 14 10 7 8 iG ~ f 7 t I I~? ~ T 1 . 

IVU'"_ ........ ..,J.......,.--...,.;;;;......,...L_ ..... _ ...... ~~-...--.,..--..~-r.I.,...&-T"rrr-r'~ ;i r • r I i i -.-rh, f r -100 . 
r 

, , .. . , 
~ ~, H-~~-HH+~H-~~~~ 

8('·\ 
""1- ~i 11 I I I j ! ~ I I! I !~~t-l-~~-I80 

~ , ]O-ji !_L 11111 I Ull1tll'ttLo 
<f . - t4-i·-.y- ---i-I--f 

t- I I I I ; I I I ! !, Z ' !--r-r~ I I I I I !.~. ,...-,-~.,.-.- ~ 60 
w 
U ' 
rt 
w , n I ' 

~If .0- \ I 1 w'll " -!-I 5 .~ I 1- ' f-~~ ~.-LJ1L--U4o 
~ JI 'IH-+-++ 11 

~ '. 

i I I 

~ t· rl . I I 11mr-tl I H-T·VI ' , 
.J ' l _ . ___ _ 

omn j I I1 LUll I I IlllilL-L-.lO 
o·ooot; 0 -002 0·006 00'1 O'CG 0-7 0·6 2 \3 l]O 60 '200 

.. c..Lf¥ · FINE I MEDIUM I C?/'.R".E f--~I'~.~ L!~.~-6;L~ .: 1 CO:>..RSE· F'INt: MEDIUM! CO,~QSE 
~~~ SILl FRACnCi'·.\ . __ r_ SA~O r:R.i ... cno~ R.t..VEL FRACTION ~iONE. 1 

-V-I 

f='165.13G:.. GRAD1~bS. ~oR.. kRtH/i2\F.~;/~ VAl_fAR. ~.,:;~ ,ILLS (J - 5) - ----.--- .- .----

t,'" .:~~7..::-~.:.,;.-~..;.!.:=t""~-'~_J!·:~!.:.....·::. :~.!~f.~ !1 .. :- '4 • • ~ ~ l....i ...oJ l..oO.-r.: .• ~ .. '\...CW''''.:.;. __ .... ,...31& .-. .: .~A"A...o ...... :::...., .; ~ ........ _A<A ... I ,_~ ..... """ ....... \ . ~ .. .. _ .......... . ~ ......... ....... 1 .......... :..,..,.,. ... "'-' . . .. ____ ~ '-' _______ _ 

,v.. .......... 'r,,::·~- "i·'" _," • .;.. ·~ .. -,,·_··.~f··· ,,';.,,~ '. -'. :' r_ft'''_' - y~~:.:'(::'o<t-'' •.. , ....... _ .. . _.: .... ;. ~ •• _ .~ ...... _ ~ . _ ~ _ •. _ _ _ _ _ _ . _ ••• __ • ___ ___ _ ._ ~. __ _ . 

~
"" 

, ~'i: , ' . 
.' " ... 

:i;' 

u: 
c 
<~ 
-'"" 

s:: 
'J> 

I 

-! 

0 
Z 

"0 
m 
;0 
() 
rn 
Z , 
-1 
'y 
[) 
r:. 



~-: ..... ~~ 

foc ....-I--:--~ __ J-' "'P", -.J,,-\ -r!1 ~ \ it' 9 " 

i~ 
t I H .... H .... h .. -

80 
++ I I . -J--1-~" 

W 70H .. 
IJ 
4 --+-I-t-H -4--l-4-+--4-1 
t-
Z · 6Ci-- HI 
'.JJ 
'-) i+"· · 
ex 
w l'''~-H·''--+--l--+-+7'· :c 
u 

Z 40 
0 
i- ... -
<1 

30, .... t ·--.; 
"'- !--· ·~-i30 -... ~ .:) --+--t; -t.-.. j H i ~+-~""++"H ! 1 .. - -t--1 f-- f-. - ~j- { -

tJ, 2t i + I ! ~--: ! I : .... H-+-1 j} f I H .. ~~i·l-!-~ 20 

:-U4-+-+-. - .. +--.. +-~ I ! ..... -1 1-4--{_1 .. + .. ~!..--+- - f I 1-{ -f-+-!+- I I -4-l-i-lu-;-HI--T-~ 

IOl--~. +~' I I l .. ~-~lt-J.-·! H-- 4·~--;'-" W 

ntp--'··]!· .... ·_-t---j .... i ·ijlll-.. -t·-t .... j--Ct-Il11 t-tI' I t1-l~-t-tll1-~-trl!i I i i rill I( ! g o __ .... LJ.LL, L ~_ ... _ ... LLL ... u~ ,--L-L1J , ... __ U .. 0 
O·OvOS 000'2 000;3 0 O'l OCG 0 ·2 0·0 2 C '20 GO LOO 

[-=CLAV !="I N E ~~.9~7j_~! cc ...... ~<siJ._~~~_ .. L!....IlE Gl \J~~j _ .. c;~-)!"P.S[ J F"! t:O_ ME D!'JMlcOA-QSf-, 
§~ON SILl .. : .. !?:· ... Cii0N.. L__ ~;:.i~'l_. H.?,~ . .<:..xIOt-.l _J ____ SEI\YEL FRACTION 

5-rON£ _,;"'" 

~IG-. 5.137. GRAb'NGS ;~ur.::. '<.e.U~i SF·IN'S VALPAR.AiSU TIU.5 ("7"" 12.) -----------_._---
:.;>: . -.~ ',-.. ~:~ •.. ; ... .:.:~::.-

__ ___ .. . _-" . •.. _ __ ._ . .. .. __ . ... _ .. . _ • • . _ ...... . .... . _ . ". __ • • " _ i> . .... . .... . _ . . . .. _ ~. _ _ • ____ . ~ . 

.. --v 
r.-; 
/J 
~} 
rn -If'--
-1 
P 
o 
jT'1 

... > 

I 



QC 

8q ~ III I I 

'<1' - ~ . ~:: . ~. -t'" _- .. "=. ~. _,'" \.:-.. 

<::.-' 

PA q;7?9l.{~,:" , ~/~e::. Q./.s.~T;RI8 L{TIO ~I . 
,,;: ... :,,:.··~~iiifli/b:t1o.GS',·' AL:C..T t 

sIze IN INC~ES 1 
3 , 
4- J '2 ') 3 5 . 

tFFfO j I ~ 
;-~qO 

4 H-H':: 

'°0 ._I··l-l'1-Q-. '-' 
I j 

~ 70H-+' -H' l-t--+---+-_. 

4 ._1 --
' l±J f ---{-~- t : - S 

I I ''''r'\ 
.-. ... ~~, -' I~" 

i·-l--t---4-t~-! .. 1·4J~----+~ 
t-
z · I ~-:--~-j L~GO 

i ! ~ l:J . I · 

J~-> U I--~-t---+--+-+- ! ; ! ex 
w 
0-

:-4 
f 

50 

"7 .. - 4~- H .. H--i--."'--+-+-! o .... ~. ~4 0 

f I I-tJlIlW-J-~ t­
.et 
?­
:: 
:J 
(/') 

' - - . . 'I I I; 

! -t J.-t+th+rrrpo 
LH I h ''20 

~'1---t- -r I _H_l 

l 1 • 

I I I', i'l-+-i 
I t#U:~~~;!O 
I I -r--",-n'Tl r , 

~L_)o 

--+--~'-+--+--it~ -l--i--+---+-~~"j,_H_+ __ L __ +_+--+--:·-}'++++I-+-1f--+ 

101111! + ~--!-q.!! I , ~ ,~-~-.~ ~-! 1 ~ I t t ~..J.....! •. ~ .. ! t . ~~~···H-H' \.. 

r----r-t --_l

- tl-'j ,t ! il i l---~-;--l ' llt~t--j - t-,-~f-'l-~! ! ..I. -,._~J ~ I -L-L. __ ...u 1_ ~ __ ~_...: __ . ~ ... , ,_!Jl--J. __ ' __ .L_U_~J \. J J._'-_,l_ o 
O·C:~Ob 000'2 0·003 0 C? cos 0 ·2 :) . ~j n ~:3 ' '20 60 '-20 0 

, CLAY I F"INt"::=I ".'iECI\..Ir-.~:OAP.S(J -FINE T~'l-E610~T CCt::R;SE--r 1=INE I ME01Ut:il\ COAQSf. r- . ~. 1 
1r.!7':"CTION ~.: ._--;--;:. .. -.... .- , ('~'-,t---?r;';--;::;'-;-" I - - .---,-;::;- ;::-;;;-:--;,7-----'1 ~ ,ot') r ; t -.;------ .:::1 \.1 r Q I\. - I 10... I ~\0.:..:.~ __ \ . ..::,::.'_'::...! I .. N _ (~P::-2..~CL~:::.~ - I 0 , ,· ____ L_-=-__ -== .. ~_:::'J 

fl~?..!....L~~_ :.. GRADlN(::rS ~oR... )c..~tl :"l_D r::'~N ~:~" '.::..fi~5AISC, :)~!~_LS (1"3. -, 'i?)_ 

i 

tfl ...-
'-
.?' 
-:'" 
-,'" 
::",. 

J> 
1 

- "1 

0 
7" c. __ 

0 
rr. 
70 
() 
1"7. 
-or 
L , 
"'1 

> -- ) 
rr1 



,,-~,.~:. j .,).. ,> ;,, ' :~ • .;. ~... 7 \ ... '\ .~ .. ~ " " ~ 

~ 

.~~~~-
.... 

I 
~ ... :, -~--~ qO 

Bd! ll! ! ~- Bo . 

~ . .L-J.!.J.-.--!,-rlO 

4 
r 
Z I! ! +-t-~·~L!~ __ ~'M....4 GO 
I,.U. 

~ I l.rt1J] IJ- I tl~.1~uj-U 50 
0. 

-1-:~-1'"---'.r---+--+--+-l.~ i-4---+--~·--\ --{-l-- -~ ' ~--.. - , 

z .an 
0 
t- i-+-+t~~·-"tL-..v. 
c1 

30t+ ~ 
.~ 

~ 
<1'-

:J 
<l> 20 

I I I 

I! -
'r-~ ,. 

~-'_""":'-L~ ....... L .. ,l ...... ! ~_. ~ 

fri . 
Ol..i. 

H I ~ . +--i-i .. . 
• I .L.L-L-L.--A--._' __ ' . ...i.. l 

H+--+---i--+-+-+-{H t---.+-~----+-+-~-- ~ +-+-J t-- +---+--i ---t --{-

0·0006 000'2 a ·COG 0C'2 006 0 ·2 o·G ',2 (3 '20 60 'Lea 

~CLAY 1 r-1~lE rM~OIUM I COAQsr.I;::-IN~. f M ~~ DI:!_~.~L.COf\,PSE f F"iNE TI'[DIU~0} ... _C~~PSE l' -- "'~ 
t:~..::..CTIQN 5\ ..... FRA('TlON L C,I.\ND t:r)~,- .. ·,o·" C'--"'\'1CL :::-P' CT'C'>'~ S .0 .•... ! -~: .. -=_--- \ .. 1. ,'--. _~. l .:"'i" ..... , I , .. ,l i Kr ·' ____ " ~_I __ - __ -L.~.~_::=::._~:;:.) 

FIG,.,5.139 GRA.'b'N6S FoR. KRUME.£.JN'S VALPARAI Sa TILLS (19-24 J. 
"';;. .... 

en 
C 
;::." 
... ~ .. -..... . " 
.;:".. 

~. 
~-

--l 

Cl 
- '" L_ 

u 
r. ... 
-,,-
r-..J 
o 
, ,~ 

I' , 

.I.:.. ... 
-~ 
p 
[ , 
f.1 

,~ 

r 
I 
I 
i 



. . "'-- . - ,,- .:...;.,. - .. • _ .... ~ · - ~"';:' \' ;-:. ':,." v._ · .. - .• , , 

"'~ !>;c~ti'!i~ .& ...... ~ ~~::g:'EJ,, : .' " '. . .. ", !;"<.ii;;,L-I(if: . , ~~Z;~ ~,.~,7'7~',~~-;;-,,~~ 

} "''''::''"';'X:~Tt;,::;,t{:;·;~; '.'~i~::0;{~;,i'>"~;'i .,,,,<,J-f:"·· ·" ·· ..{ , , . , I.iOft,£ 1?1l0J3A·B'k"T~' 1f..le.-o.,.7;- . 
;~;";1:"+_:; ~,,': .' ,,_, ,: -.. :.~~ , .......... , ..... .. ~_ *-' ""!'"I"':'".,~:-~~' ,_.".". - ., -... , ,f ' . .,., 

': ff;/~f:J·· lrtcJft~~~Jlff':rN~-"VEG§i;;;i'=Gl.rp£i1;5cc; f#-": '"A~·'s~ SJEVE¥''''Ndi~e;ERS-' ''~"~''- ; -'.,. 'APiQTu1$'£ ,,,. SIX "IN INCUES" .~ I ", ~ .. " '4: ,,-- ,~,T 3: ' ~ :. ~'" -}. -... . j" .~ ~ ,sO ~o'~ ;; 5;. 3f; ' ;;""B ' ;4 " ~ 1 i ,1 1 .i :i .l I ,4 '} 3 S 
I ,." . " i ' 

.. -f I .> ;." """ ;:.-.- , .~ ~··r "'," "., "~' r .'",. ~ " ~ : 

/ 97 , . ,. ; , j 
97 , '~ r;- y " .. , • • .' • ; . " • 

" : ' Ii--" 
, 

95 . ;..,~ . ' . '- -_ .- - -f-- . 95 
, ~~~ 

90 : ~? Ic-= ~r-: ''' '~ . • 90 Cj) 

®r~{;"" ~ID~~~~~;> . . C 
, 

~ 

~ 80. ./ ./ .t. ~ ./~~~ , . . hr. 80 
~ 
l> 

lJ . ~/.~,~~~ V _-le"l ~ 

~ 10 V /" , .. H7 ~t.::' . ~ . · . - -- lL-lY. ' 1 -
70 0 

z d i ../.v.~V fW I I ~ 'i r Z w I-~l I- f- ' lr~~ _;':.;.L I - --t-·- - (T ~ 1 - - , ~ 
60 :i GOI-" J f{/.... ~ 'I , -b!--Lllrr.......:r _1- __ '-'_I±! ! 1/ !& I " , 

'" SO ' , I{ .• ~ l' 1-,. )-- +1+1. --f .. ·:j t · ~ . - 50 "0 
l · "c k/ ;' I J j • If ' m --4'- - . - f-l- -t- -:- - - -- - - I-- 1-. 

~ • I • , 'f a 40 ;0 
Z 40 7",k , . .l- .I- a-"i·~ +-_.,-- - t · '. (') 
o ~,z~v -- .... -- . I t· l 

f---,-lf I . 
30 

(1l 

:: !,O w~;r/' ! l'~ . - z 
er L I- ,--I - rL -f 

:i '20 r~ ;:::;:..-~ . t --'.- .~-,.- - .-~ .. - '. . ,.1., ~ -- . - :"'~.f- >.+ . " - '20 "J;P 

:E V- I' I i'! I ' . 
() 

~ -, -~. 4-t-~-~l -- --- -l - fT1 

10 +W_l · 1 ' ' 10 

. I r ' : I ! I! I 
~ . .' :~=t-,~~h.~tttttllil, Il' ... 

~ 

3 

o·coos 0002 0·006 0 d2 0.06 0 2 o·~, I) S '10 60 '200 

I F"IN£ I M£OIU!~--' C'?!,csi_r- i:-'~I~J MEoH;~r..1~O:~RSE , . t=INE l.1(D1UM COAQ5E I r _ ""~ 
SIL1 FRACrro,.~ I ~/':"' f<lQ !=QtA,CTH)"I CQAVEL FRACTION .;:) lo , .ri~J 

F1C;. 5.140. loG P({o~AIS1L/T'{ Pl.OT 0,- ~ :--KL!I.1t';:EJt~ './/~ . __ PAP"Ai 5a 'tU .S (, - 5' :; . . ,-------_. -_.' - ' ---



-. - _ .... , .. , .. -, ~ . ' -" -'.' .. ' . ~ ~""- , -" 

~1ft1}~~~~i'w~~",L.£1~~~~!b~~'~ ::·:~-: ,_ ./.. . .... -
~,L~Jfijfj 3'rSETTi:ING" vtfi€iGftv. -iiiipfii scc: 8. S; SIEVE- FJUMsEks , APCtitUQE. 512£ IN INCi-4ES 

, 
. 4" , . ' 3 ' '.5 ' ; . .300 200 ISO .00 17 51 ~ 7S 18 u to 7 i ,1.1 I ; 1 I ,4 '1 3 S 

..... ""'-· .. ....,.. •.. "~ · ·wi'.o'v ... Y' ..... ",,': ..... ,"~ .' " ' .. _._·;.- ... · 'w ...... ". ("'~"" ._, ,_', ,,'r-.• -, .. --. r .,.'v ~, --'-, 
97 

.~, ,. . .. - .I- 97 

95 ~ 
. I ! . - -- . - 95 

i~ ~ ~, 
IV 

~ ......-" 
90 . I.L~. ~~ ;r-- .-V 

- " .. 90 
i\l 

-

~ ~ /" " . ..-1" , V .1 
.f'" _ J{' , ~ ,,!~ , .. -

\J~~ 
~ 
~" "1f ~ ~ 80 
,;;:-- BC 

AID. .~ ~j ~ -

10 ~·; .WL..LH" ' ',- • n 70 
' '?'' I! .:~~ 7L- i. : --~->- . 1 . J_1] 

GO - V' . I I i+ -,, -" ~ i-' -. be 1'1 ~ / • i I : , -"mj--r-t - . ~Ll -- - - =+. 50 
. ! ..10: ~~' ~ I~ i i I ' se -/ ~ ~ ,f~ - I , :] __ l , ... tt --r- ---- - .. "",. 

/ /. ~ '/ 
40 11: 

~ ~ 
'? ,-- ---~++n --t-~- 4<:J 7 J'l V - .....1-. -j '1"' i~-- -t .. - - , " . 

..J ~ " . L 
~o /rJ ~./' "V ~ V 

' - --- -. ... --1 i , - ~ --
3c 

V 
- - -e-- -it -} - ~ .• -

~ V' j 
~ 4- ".-

,.... 
'10 :;.- ,.... I ' rr '- ,. cl I 

'20 
I· ,I t I ~ 

'/'"' T+l~:rfTrl 
-

10 - -H-lt!.J.i' . " .. M' ,.-:.:t , ~ - - r-c~ !o 

li ,I It . i ll 
5 111-+ II! . 5 -n T - _ . ---,- ~.+-:::u1ht± =!lIlt -r-i ~- ... 3 "- - - 3 

, ~ 

o ·OOOi:a 0 ·00'2 0 -006 00"2 o·OG 0'1 Cl ,; '2 6 ')0 60 '200 

( ~INE I ME01U~_l...£?A.QS~ 
SILl FRACTION 

__ E..I!"~fL 1 M~OI~:OZ:P.S£ 1 ~lNE- 1 MrOIUM 1 COARsE 
~"\NO FQA.C.Tl ': N ~AVfL FRACllON SiONs:_J 

Fl&. 5.141. LOb PRD&ABILl7'1 PLO-r" of 
I 

I/n· " ,· Cr',., ":" 
"-i,-U . ~lr.:x:, '1_ VALPAKAISo -r,LLS (-1- /2). 



r . . .., 

" .... l. ., .... ,:..~,.-~ .' .. ~ ~ ~ ."~'''~ .• 

',' .) \ ...... \,-, . :' .;. .. ~.; .., . "" 

-
:; 

~ 1 ;. 

,{"~~-~ 77".S.~.~ .''';'.;5 '.,~-.,;:: .. ~ ~ ,=,~~ ~B".CJ 7 .*:,-

, .,,' ~~'d;.q,G ;2e.,iiqfi,~~'4!L. '/T;~ fi'F!L,.,RT 

'-. '." .fr.~.;:~. 1 ... ;iS ... · · .E1;~T.~jN~'~~u.~'E.t:OCf1:Y;'~.ir;e;;;,:Sic.r·--·-~:a?S.·':$TfV.E '·> Nii MBE: R~S~ 
:,.-:,t '~J,P'l'\' ..u. ...;. +!; ~, " '.'-" 14i/ ... : .... ~ ,1<..... fJI' ~~ ' .\{><~'''' ... \TI",~,' . _ ~ r ·:.... ."~' " .... _ :.. i;.,,· :-' ' ...... 1 >,. ' ". _ ,:. 

-~.APE:rirLiQE ' 5'-Z'£' IN INCHES 
3 l ' 3 I} , 
,,"..s. 8 ~.L 12 ') 3 5 

• I' 
90 (/) 

c 

w 80 
\J ' 
ci 
r- 1~ 

2 

il-1-}>_t:1r:-'r-~t~ 4tH-W 
-r-t-= t.".t tt.+++1 JI.f-1 +--11 1'--IIf--!-1 ~!=W+++U+--+--l1 I-+-+J l-t-ft [-+-Ht 11+--1 +-it. -~ 

. I I I . 
" -+-.--t--.l 

r-i-t- I I I-I nil I I I I 1.1111 I I 
80 

'70 

~ 
s: 
~ 
-4 -0 
Z 

UJ 60 c..J 
a so w 
Cl 

40 
Z 
0 

~o 
r 
<! 
~ '20 
~. 
:> 
(/) 

10 

I I I I I T-=:;:T.'Jr.:r
.' .. lA " "1 "J"'1' y _ .... -I I rT-r1JTID=r~! 

~--= 
,/Y1:=~ 

i 
''':-['' 

I • 
t ~ 

T 

m~ 11 ~f"f~~ , . -.1 ~7:7·- -;-'-y '- , er l-'--T 
i ~ : :" b _-~ 11 fflff=I:f=-i+"trJlt I I I I ttttll I till H "' 'I 

~f111f1 11=r-f-fffir[-r~i1!U: I I I II.tt!11 u=tJ ttwJ I' 

bO 

:; 50 

40 

30 

'20 

,-1 1111 11111111 I I 
~ 

t l-t+t+tt--+--1lo r-!f'"; Hi 
i i j I ~ I I I I 1111111 I • 

1J 
m 
Xl 
() 
fT1 
Z 
-f 
~ 
n 
fT'l 

5 I I I I I I I I I I I 11 I I I 1---+-4 - 5 

3 -H I I I I 11 t---+-+ I f -- ill ~- .-1- ! +- 5 ! f I1 I f- I I-i+-r , I I I I I I I1I I ' 3 
J.llll 1 J 111111 '--J 

O·ooos 0 -002 0 -006 00'2 0.06 0'2 0 ·6 -) 6 ')0 60 
r.-,NE I MEOIUM_~AQS( I ~INs. I MF.QHJM}-EoA-RSi'T - .. ~--:-] .. -~ .... ~ .• '@~.,,-'­

SILl FRACTIC'N r SAND F;;?ACT10N 

FI &. 5'.14-2. LDGr PtZoSAs..,LtT"i Plo, ot=" kl2.<lMe.£IN'S VALr:::A~150 TiLLS {'3-12 J. 
~<k ~ ~c >,-, ..... " .~. "" " ""'1'~, .; • ...,.~.-.,' .,~~.-__ ,. '-;-~~""",:: .~!#-.. ........, ,.'--: .• , ...... ~ v; ...... ~._. 



",!".::o:>;"'t;.~" -.'t' . ~, 

..... . "":;. ~ : C:-.. . \,\" ~ ."0 ) 

.... ;-. ''; " :" -;,:..~. .';. .. .. -; ~ ... 
~ 

~R:-'-'':L. ~,: ..s, Z<E" . ,- ~, .s.'T"<R" B ~.'- .,~'" 
'{, - oC:;~it '>"_~;:'::; t.V; : :"";';'~ i.: OG';', ,?ROEi:4 'Slii T), Pt:. O~ _ 

- - - - '.31 If 1 ' 
I -(LOG " S£TTLINC- VEL.OC/TY-CM P£RSCC.! - B S. SIEVi- NUMBERS ] AP£QTUQ£ SIZ£ IN INCJ.4ES 

' ~ ~ ? ~ I ~ ~ 15() JO? n }' !G ':'.5 J8 14 10 7 ~ It 1 ? ? t ! '?? ~ ~ 

97 ~ 1111 l' I 1'" 111 " I T 1-n ra~ r~r.=-~=~xrr~-;:-+=:--:-· it iI i if. f • fi 11 I I I r-l-++l-f" 197 
I 4 

9~1--H I I I I I I I -HH--I -J- 1 I I t-- --+-+ I! - t - -+-+--+ -I+-' ~ r 195 

90'-+Ht--t I t· I I IIIII I I I I I I I I I l-l++H I ~ 90 

+.f.----J--~- " t- +--1---1 I I -f -l--H I I 

.++--;---3 80 W 80 ' / "t ~~~*y-+- -4-,) !~f,£~ .-¥ --l-Afi -- -t I' V v' x." • ' 

u , / ,d :t >--11 I I I 

4 - r L. -'~ ~-r- . I -- . .< ! ! 11 IIII~ I1 § t- 10 \.!~ /~~ 2f-!~ 4~~~, - _u :tt ·70 

§ 60~~ -t ~~.~, l:~!fl+#q:;l , 11 ~lli: : ::::,:&0 
IV~~~~ 

~ 50 ' I.J! I~ . ~0\7 ,-~- '4,-:=t:J,_ jit~·, I I i I I + ~-~· i I , ~---4-44-~+f"H-,H50 
Z 40 j~~ {/ ~ ~~ 22} lf1 PI ·1 I I I I-H III I I I I ~-t-HI ! j-w 

·9 !,O -~~~~., - - u "',, -- • • 1 t-t , .. I . ~ . . 30 

~ ~~:~:y I '- i -+--1 + . lU ill mt1 1= I 
:i '201)~"" ./ ,+ --,.. . ' ·-.---1 11 'H .L~- - -= . = ~ . := , '20 
~ ~ ~/' 

I--+--~ I-t-+-* J-I-+-- I I++--I-~ I I I I I I I I I 14+1 +-1 -+---1 :l ,,' 

eft 10 ,k' i !J j 111-~-I--.w.,W Jll ~--l. I 1-U,.i~lW I I u~W-~e~ -+-4=1 +-~<'.J.""~+1"{' ~ ~ 10 

stllll I I I 111/111 I1 f-H' -'ttttt-1--t--H-tillll I i I ,j itl't' I I I I' allll 115 
z. 

o·OOOu 

t--'-I--~i-H--tll I 1--t--H-f++11 I I I f-H+HI B 

0002 0·006 od,2 0.06 02 06 '2 6 '20 60 '200 

F"I NE I MEO}~_1-£OARS( 
SILl FRACTION 

J='INE MEQIUM COARSE F='INE - J M[D\U~ COAQ~ ~ . j 
SANO ~RACTION R..o..VEL J=QACTION 5 ION\. __ 

J:'16. S. lA~, Lob PI2.()gAB.lu7Y PLO; Or: KP-UM S£IN's "'~LPA,.e.4 ISo IlLLS (i9-24-J. 

.- . ... :-'- "- ~, ... - ~ ~· :· ·""'-_·-'il'''''''''' ''''''' _ _ 't. _.~~ ..... . _ ':~'_'_ ' • .,. ,., ,-,' - r' ._ ' 

tf) 
C 
~ 
~ 
r.> 
-4 

o 
Z 

lJ 
m 
;lJ 
() 
(l1 

Z 
~ 
);p 
f:) p, 

" .... 



J 
I 

.~ 
, .. ( 

PARTICLE SIZE: DISTRIE1UTION 

SEMI - LOG PLOT 

1='16-.5'. 14-4-. RANGE OF GRADING-S OF' FINE 

FRAC.TIONS OF k:RUMBEIN S VALPARAl SO 

TlU-CS 



:r~' 

- "':~ 

~~ 7 6 5 u') 10 "J-

- , ,: . -,,-, ~ :'''r :"7==F-,-.J 7 
t--'-+--' -j :-, -/=-------1 . I __ I 

4 

I---+--!-----l----l- - .-

-----" - ---
I • 

~~.---_~--~-+- 1- ! 

~4--4--i---~~---+--~ 

All .~" 

~.£2 ~l~ -. 

.J 

~ 

~~ 

'1:.-:: .~-=f"/f-' .~"t··:~:r~·~~~1 ~ ---- -+- - - -ttt~ 1 

:; / --:LI-t t -- mr H~_-i+i--t-+-4-, ~1 
IL-l.. ----'-.-~---~-!-H 

t I • c " I ~ "'~:;"""""':I<"o." _.;..,..._ ...... ...-, __ • . .... ..... ;;0<...".. I . ' n 6CA.L...E 

· 10 9 8 7 6 5 
PHI 

4 SCALE 

0·0006 OO~ 0-00':' 0 (f2 0 OC· O-CXi-)S ')0((2 0006 0 en 0 ·06 mm 

I CLAY I ~I NE--Ti~~_Q~;Jt:A_Jro;;~StJ L~(:~ . '~,~/~ -l=-t' ~ M~alu~ COAQS(r. B.S. 
~ACTIONt SILl '-'3~£1._~2~~ ___ i i.'.:!?~~I:-·~:~ ____ ·_5IL1 FR'\.CilON 1 1377. 

t='IGr. 5".'11-5". To<,-uRAL CI-.... s S:!'F'ICA-;-'e~1 g .... \SEC> o,.~ ~, M J. ~3. fQr<.. '<RtlM£tN5 

v~!...!)·~t/,,,~·=.::.~!:!!-!:.S. .L.t ~:.J.2 ; __ t:.~~:!.~_ '::'<.ACT'')NS 

i 
i 



to 9 8 7 6 5 4-

· -T. -=1 -=1 ---- I 
.~ I- J 

---

I----il-----o--t----t---t-+_ -~ 
I I ---4---1 

-I 

~ 

)~. 

Ldr--------
0 ·0006 o·o<n 0 -006 O.Cf2 0·0' 

...-
Cl.Or.V F'I NE MEOIUM J COARSr. 

s:.J1ACTION SIL1 F~ACT,'6N--

F~Ac=r,C7_ 

I ' I' I SCALE 

to 9 8 7 6 

rl L 
1 ~ .,,-

i - I 
I 

I 
. 0 

'. 

o • 

--. , , 
I 

J 

1;-" ittI'" 
.If - "., I 

l_ --r~ .· 
' / " I ,I"l ____ ' __ ._ 1 . .:. .1... . ~ .~ ---I- -7r~p);~®t---~ _ ...., j.!,.v:. ... ' .,"d~ 

~-- -_ !:f:"-,-, .. , 'f,!} J 

~ ---=r' ttitf=r-'4-t±lF~ I , __ L . .... . ___ .. I 

5 

.,;'" 
.~. -

- -. -

'" 

PHI 
4scAL£ 

! 

I 

i 

i--ri 

_. 
I 

0·0006 000'2 0 ·006 0 ('f2 0 -06 mm 

I , C2- ,!:..V ~ -CF'I N ~ .. =r=M€? tUM I C'O /~Rs( __ D '0.5 . 
l ~""'CTIQ.!:: l . S.IL1 FE.ACTION 1.J1377. 

J:'lb.5. 14 TEXTuQAL CLAS5JF/CATloN BASElJ DN 62 I: Md 1 Q.~ FoK. 

Kf(UM5fIN'S VALPAI!AI5cJ TILLS (/3 - 2.4) f:lN£. A (ACTION5 . 

.. ' - ,,!,! _ ..... _ •• '-.:-. 

.r 



" .: 

J ._; " 

. ;." 

rA,"",:,' 
'it -~i:, .... 

ELc;-· s: 14-7. 

\ "'. 
Percent sand .. 



·' 

, ' 

•• 

- ' -~£~l?' ~~:hl<_ hT~ I ;H~·· :+: - !~:\~;i : 
1 . : , I '. . 

t ----"- ---~-~---·- --1-""-r-'-- -r .. -- .-1 _ L __ .. __ ---~- ... __ . ~L .: .... I.( 

1 ;/H~ib=~.:~\l .. ~~~=~ :· ~·:i:·- · :-·! -, ;- --l- !- ' ... ;:.: .. / .. /\ : ~. -::;~-' ; :-"':" ... ~ .. =-- .. '- .. L .. l---·I· ..... ·· -: .. ,J,; . -j -- .. -.-)~ ; . -<, . t ~ '-, 
! . --. ~ . . : .•. ~-. . . .. . . - . ' :" " : , \ ....... "I 

~. ' ... ~ .. ; ...... 
I. , . . 



:. ~ .. , 

,. 

'... . : ..... -. t- . : .. .. "~-i" ... .. i. __ .• _ •. _ ; ... ' . : •. 
.. , , 

_. -0\ 

9 0 q 0 0 0 
~ ~ ~ ~ ~ ~ 

(~S Ifld.) S ~:;)I(]NI .~ZIS NIV~-5) 



--

p~ R iT!N::;L.;,.er:'r - 5..:{ 4,-':::.. £?' ~ -r:R 1.13 Ur'O N _ 

-S::tfJYI-f .~~L;.Q(?}~ -P,-: 9 :Ti--

-LOG~; S~;C:1N'£ VELC)C11Y-~CM~PE;I7StP:: ;=-- --- 8~ S. SIEVE NtiM8ERS---~- ApE;~jUf:U;:' sIze IN INCHES 

f -4~ - 3:~) 5 - j : - 300 700 ISO ,~o 7'1 S? 3t; - ')5 18 14 10 7 ~ Ji l A ~ i -J ,4 '1 3 sI 

.w ' , - I ,I '~~! ! '(I L Illlfllp1I00 
'"'1 ' m~ ~ ,-" - - - ITL11 I irH10 
8d ! II , I I '1++1~f+--,+---+-~::t-T:, - r i. t.j,_·t' - -1- H+- ~ lJJJ Hf ~80 ~() 

c 
-,,-
s. -:s:... 
]> 
-J, -

w.,jn'4 - '-~-H\ -; l_~' ---._--/- :Tl~-~t I f-Llr!) , I I, !{]e t 11 n ' ! ' '-ltJ1 --I- rrHr'=ttj-Lnht-, I ,0 
4 -l-H-I~--'-- - -r'H -- - .- -t--, 1 --JiH",J < --l~-±+I-i·th-z dTt - ·W~ ~/y.~1-!-+·1+ -, D-H-t-~lrV-L }-l __ Li·!--l·{L_ .. {--I{)o ~ 
~ - Ij+1 I 1- -IJ~rTt!~+Jr; :+~EEf-++++rli-f! I :+!-H~I i I 

O;z 4D )-. t-HI~! )~m1-~ ""'li 1_:1 L~ I I _I ijJ.ij_L+_J~~ I .JLU ,_..I ___ j' ,:0 0. 
_ I, " th'i . I I - ! 1 J 1 11 l I : i iLl I; 'I! I I I 11 i ~ 

~ 3C - --'+i ~v /. ~ -- L'lll-,I !-:i-ll-tt,r--t ---t-- : ! n j Il-~---i-I-j 1 l-i-tn--h!() ~ 
~ - . .//v' ~ ---- -1' '1-jt, : r'-r f ,-- '-1 '--I I r-~ -r I ~I r--" -dy;-} -~ '-I i '." . D 
.. _ 1/ j I I. I I I . , • I I' I, ;-

t~ 2c.-u.d ~-.~--' _._-, .! -!J--W.---++-~J tJ _.L! LJ.JJJJ_ I j, UJL_'-_i~o 

~. -~!lJ v~e~-+-'-14Hliff-1-tl--L{j-h:l H+HH-~t F-'--tf.lHj-H, 
10 J~l"";:"V' Ti-\'-'tllj -1-htrrt-H-I-HL -hrrrrr-l I i 1'--liTPH-" - t I fn-r--!-~\O 
o;it~--l-tt_"I~-r --fttIJJJt-tLJJ~.ijit[j-j--! : L[L~. __ ~:JiUl=:tjo 

0-0006 000"2 0006 0 (f2 o - o(-~ 0-'2 C'6 '2 . 6 ')0 G') '200 

CLAY rr-IN::_J~EOIU~ I CC _l\.\J~~r- ;:I~E L M~Dl~);::D COI\Q~~ I FINE -'['/l[OI~!~J_5:6~ps( r:--:::::-l 
:"9~~_T10_N r SILT FRAC'rl9N __ L ____ 3,ANf"_> _~r_?A<:!!O_t,,!__ 1 C;P,\:rEL FPI':~_-jl_of~ __ l;:~~~~~J 

':-16-. 5.150. GR.A7>'NGS poR 
, 

1< RuM' SE/N' S ../LLt Nr:'f <;" TIL'... S {" A. - bJ . 



~ <----' 
PAR,.r:!,~+-~:'- S t ZE.; CISTRII3UTION 

, .,' . :S~M/~;:;:LOG <. PLOT 

1·t..6aw 

SiTTL.IN~~VELoCrrY -:'CM"·PEq~StC~I--~~B~-S: SIEVE NU M8ERS I APt:QTURE SIZE: IN 
- - - - I 31 ~I 3 , 

4 3 ? 1 I ~ ~'O I~ ,,?o ~:l ?' ~6 2.5 I~ I~ ~~ ! S I~ 4 S :2 4. , J2 

INCJ.1ES 

'} 3 5 "00' · li' LlI l.J . I 

1nl': 
rl'~l--l-I--fr . I, , 

,vt-H+~ I ~ . I I I HI! I I ~ I I' H-l-h'--+-{ I I I f-~·+-Hl-!-4--l--;-i-:·- -~-1qO 

w 
u 
<: 
t-z ~ 
UJ . 
u 

t--~--+! -+--+7:'~ 

t-t--i---l--i-t-t HH--!--i 

-It I ~ 

v-+-1-'!---ti-1}-+H t I I ~r-!-}- '1' .... ~ ___ L. "QO i·~r-·« ...) 

-J . ( 

~ :11itH-t I I ~i-+-l -!+--{-{ 50 

a 40t+-H+-~-+---+--+-+­
t-
4 

~ 30 tr' s iii-11_~1 
r.,f) 2 . j-W--t---:*"'""'~.~ 

.. __ .. , 
ICl-4J 

tl " J cu-Lll_ 

+i--+-4--:"'+-!-{o_.!- ·i--H -}--~ L~ 0 

n--+-f-:....-t-H+l·i tt--'-r-+-n· rttlt-r~ 
+---J,-+ 1._.*-JLL-l-L-JJ-L!.WJ. !.- r ~ . ~- ! - ·I-u-J,-L~o 
--~-+-.. \----

t~-+---+ I I J·H-t+--+ I ; ~ H+t--+- -~ ! .--++++--11 iH-l--t--i 

-H+·: iQO r--l-·-T'j . _ _ .. .. l , 

; ~ 1 , t+-(-l-H-+·H-·~!_l_1 ! !J-u-w-~ J 1-- W-LW.)~r-.Jlo 
.f-+-{-~ __ .L._: '1.1. j~. _...!-.i_ -"'-~.-4 - i_LtlLJ._ .... - t_l--L- ~-Ir· " ! t·..-J-.-
j I J I ! i j !! . , I I i If ' I i I ' I . • . . , .\ !, ' , I ~lJ. LL_L.~_A. -"- JJ~. LJ._i.._l. __ '...._1...-1 / I , I ! ,_ ~J._ 

H4---+--

. ... 0 
0-000G 0002 0 ·006 0 CI2 O·OE:· 0 ·2 t)·S '2 . 6 '20 60 '200 

r CL~~V", i FINE J 1',1~.9!\JM I (,-oAQSr.j--;:-.!N,~ __ :J M~9H/;<~ L~O~R-SET- i="INE 1 M~D1Ul\'i I (OARSU - f"'~.- I 
1:~.:l\.r_. ' ._N rlL~ r-R'· '~- .""''''· I ~'~" , -. --' "r 'r' O ' 1 J r- r- ""VE1 Fr"l 1' " ~'C"· J 5, __ . I C ! _~ ~ ...:>, r . ,.~ _ J "_' f '-i _: ____ :::~~ .. _:~~ ~ .• ~._,~ ~____ _ \J~--:-;: "" ~ _ ~~J.-' (_ : . " ' - "4 _ _ :.=:---==-----2::'"J 

, 
, • ...., !~"(' .... '~I '('- .. I I .... S -, -, ' . S (E H\ K.~(._'y l r.:. .. ':.... - i"_' -L _. _r .'Io- 1 -s1 "La- - . J. -------FIG. 5' ./5"1. GRA'DINGS FoR. 

""'-"-. ":"",- ';~"' .';: '~ ~""'''..!.r..1c~.:'- ~~""!!,,,:- -.~ •. ':-- -

(j' 
c 
s: 
s: 
!> 
-4 

o 
z: 

... 
v 

It. 
-n 
IV 

n 
r<l 
Z 
--i 
P. 
.:.:) 
rr; 



P;it:nZ!1TI'.c :J;;E::. ·51 ZE::: '0 IS'77RI Bf.J,T'O N 
, ", S~Ml:;- t:.,o.~ P:i.J.or'" 

ffuc;;str:TL;lNCi~ VELOC;T""'CM ~PEri5rcT 8.. s: SIEVE NUMBERS ·APf:.QTUPE sJze; IN INC~ES 
_ .,. - ' - - '. . I 3 1 ~ '3 , 

·01 1" ~ ? " J ~"i} 700 '~~OO ~1 [>? ~G.3.5 ~~ ;4 le 7 a .-6 '( ~ ~ 4. : '?-? ~ 1 . i.' 

10 ~ft" '" "iI' , "Jllr~:=! ! ~~0-iLLIL~J]EO' IF;' , .,00 

~-(~:-L. ,.,',. 
~::v r . !"--it·:t I I { I I t-} 
AL/~I VI11L -.----·I---rr·· .. ·!+-

Qc 
! 

8C 

-~~qO 

,,~+--}-~SO . r- '''±I' , -.- H .+-H---+- ... -Ll .-
! ---I-rl'Yi>,' I I I I 1--
' -~- _It 

I ! , 11 i I 

r \ 1," ' r"'I+--1 

. , '~mH'" r~I---!7rl-p]l 'i~ ~,~ '-----1 · Hi -!~-t--t-~-W jO -l- I 1 ._. ! k ~-t-, -I l+I-'tf-__ ~~~hIJ-..l.. --j 

U 'I V%' 11\ 
~ . t~-i_'-- I /// ;~-4-tfLt~ -+-r-t-H-H~H-H 
~ I If Emt! 1 ! I "-~ ·H-",l~-+·--f ! I 

~-'I+-:-i'-'''l70 

l-·H-}-t-~ GO 

11-\ rh'i i I 11[0 
"f I . I I !llt 

uJ !:£ ' 'I I . , Cl v. , 
~ / ' /,r. i-'-l''''t--t-'~-1---rti-++'' I ( I H....J...} 

+-__ : __ r~ 50 

'-h-.~L! ,--'-I-,-L ~r 
.. , . ____ ~ _.>' I 

;5 40;'''' j~~l J LW 1--l-.W+f+1 I -l I h 

i= ~ ·t /If,·Ll r !/ ---i=ttJ'-I~imt=tt~" qllitr -_.+--

: __ ~-(~ f~"'O 

:! (' [/lA / j lU . I L~j I _L1-1 ! __ u · I UJ . ..L I._l" or. 3,~ /:V" ULl". ,. , . , . , ' " , . ,. . , ~. ,-4-l 1 1 H--." .1--, ,,,0 
:E 
:J , 
'..'J ?q_ CL j J_1, - I I I I ,_ ,_ t., I I I ~L. _' __ LL.,-L_ /0 , ./~,/ /' I I : I!! . ~ ~ .,. .., .,. , ~ ". - , . 

fl/// V I '~-Fl I ti ittt~~-t-rl-rlttj-J-tI1'-'~r1tJ I It=tJ-t-fT"r;', f,-

I~~ ,- it LL!+T'l:, j-r-'o' -1*1 ~-i1rli. I E1.ntl I I I--i--j-rr·'ilj-i· 
,'*',' ..... :-..... / 11" 

10l++ , . h'W-j ,J "i-dJ r- ; , , r.-~' -'I-~ ,-' 1,1 , f--+--l--!-~ -<~.W'r--._,lO 
• , I 1 I I : ; ! ! / I I , !-~-I ~·l I 

·1! I tjj-rltq l-'l-i-r-t-r-'~ j!! l!T"'TTI-triTr--t-" i -T-il f I III 1! ! I I ou __ _UL . !-. __ '-1_L ... _ ~_.t.~"".J, ,,, .. -I-_LJ __ ~ .--LL-L.LLU----..._.lO 

a·ooos 000'2 0'006 002 a·os 0·2 Q.~~, ? , 6 r)o 60 '200 

CLAY 1="1 NE ~EOIUM i COAP.Sr. -l="!i~U MEDI\) ~il-C~~SEr Fl N~ :J ' N'iEOIt_.\t·.i i COARSE I _ '.' ! 
Ct;'')''CTION c-IL" f:R/.\C .... 'ON C,ANO-::-R (·r"\·r,>-. I rn"VEL FQ '-'~ -" l\:>-" --, ~t UN\ I _.)- .:.l., I 't _ I r . · .. ---.t -./1 - ... t-"i "", ~ . L.\o.~\ ... ' .'--';~ : .... -----;---. ___ ~...::...:...,;._ __ _..J. ___ . ___ . _____ .•. __ _ .... - • __ --"--- ____ . _ J 

FI&.5.152. GRAblNGS l=""ce... l<~"U~.1\ S£lN;S J:' ;.., L \ ,'101 S . rILL S ( I ",-, L). 

-. ' ,~·'·'4~"'..J,;.·~~~'··:""'-' 

Ul -'--
:?" 
.>. 

s: 
/.> 
~ 

o 
z 

~ 

v 
r.; 
N 
n 
rn 
Z 
~ 
~~ 
f) 
rn 



:i~J: '~ 

l\J 
\j 

~ 
t-
Z 
UJ . 
u 
ex 
t.JJ 

U 

z 
0 
J-
et 
:z 
~ 
:J 
cJ) 

~ ~. 

,P~~~8~E _-., 7:~,".~:I§::~ ·~P-I;:$;r:~J.6J.J7;"PN 
"- , . . >$,5IYU.;:' .~OG (PLOT 

" ~_ ".. ... t, ...... ,., ........... _ " ... ;,. ' 

; :~L.c5~ -':S~r~~lr;J~ ~;vErOoi;:Y-~CM';" Pirl 'S(c.l -. '" .. - ~B. S. SiE\/ti ---NU,..ltB£RS-- - I --APt~tUPE SIZE IN 'NC~ES 
- - - - - , 1t 1 ~ ':3 I 

.4 5 'J " ' 3CO?OI1 lse 100 -, :; C;~ 3b 2.~ :8 1.<1. /0 8 I~ 4 e :2 4. t 12 ') . 3 5 

I+H~ I !' i I'llill' ! i !' !'rnrrl- -ij~'1-11-~IttM-1-1 I '~::;~IOO 
(... ,~ , ~ L ..j - -;.'~ ..ut I I 
_ .. J..-A-f .!-l ". I qo gO 

en 

7,-

H--

6QI,-

- --; ~N:.~~[tfrl- l[J---]-[I-[jIll· '--T I I ". . 

I--H" , I - _.Jl --.J .~~l~' L. r l.-I--W-l---+--L "H---;-l 
/.;' 'IC ~" rt5 ........ i : . I i : Illl . 1--+ -V-+--+--.4-r '- ... - lif-:' -r-Lt · t--l- ~ - -.. --l-i I ~-H 

~H-H I I I . . ·i...-:r, .-Lt' 1+·-I~'i'I+H-t--l--l--< I--f-.-H+H I I 1 +>+ 
-- :. L.,. _~ ___ , 111 J_. __ t __ _ 1-1_i_f_~-lJ+-+_,--t~4_' __ ~+~.l--'_~--'_t-t_ 

A !tf,;;.. I 11 I! : I I I ' .' " , .. " .-r------. ,--------, 

. I t ~ ; I . ~ ' -n'l-ni~--H--l-r-r-]TIIT-J-T--TJ'-Ilr--[-T--l---Ur-- . Ul 

50 

70 

, 60 

tl) 
C 
-:r' 
::~ 

3:: 
~ 
-! 

0 
- ", 

.t..-

er. . 
;.A' 

r+h .• -L/' ! ---+,---, , I t-l---I--!---+---+-~J -H-, ~ -. I ! ! ' . ~, -! - 1.L +-~-l 

~-f-LI'~\ .-W~ .-tlL~~ I I I 

50 ..-. 
\) 

H-
40 IIV 

30 

I 
-'--~--~1-;' -: . ..1-;_ ~+--+--f + -H--h4---1--J l---i--{-

I I j 
r 

TJ- U tU-~---l I I I I 
'_...J_l---~_; ._...J-J ,_ . -, __ , __ 

\'T. 
70 
'" ,40 • I rn 

l! Z 
~ 

,,30 P 
~ D .. . : ~! 11 ! i I I , 1 

! i j ~ ---. 11 ' r:l 

2C

f le. 

A; ~ 
. '/1 L--

t~'1;7 
! 

I_~ . LH! l 

I i---t-! fJD 
I I I 

1 _-,; 

I 
iD 

Trit--i -it1 rt-iT-tl--i-t. , I! l __ ~ "'""J'..I-{ , t I -'rL
! I I f I I 

' I . 1 I I' : i I 1 I I I i I ' , , ,---1-1 I! i H 11t[-l ; i; r~-M': 'I I +--I----H.;-H-~---
!~-+-.L'·T~-'""l--( -.! ~ ,+ } .. 

III ! j 

U
· 

J 1 ~ 0 
o ll.LJ=tl=-1=tllt n 1--'1j --,1-r-LlUl I-t-.J~~tl 1-1+t-t-l ! I' --~+++t I ~ I I I t I 

0·0006 000'2 0·005 00'2 0 ,06 0·2 0·6 '2 6 ~o GO ~oo 

~CL;!"Y PINE J MECI'.JM I CO.l'=-=i !='Ii'{~i N'~9. n)~! COA~~; E 1~ 
!:"q..:>.. ... TICN SIL"' enAr'-tON '-~ I\Nr. -;:::q~C "'-II ""l _ .• ~_ , rK __ I' .... .. .. U . k , I·~i' __ 

F!NE J_ M~OIUiiJ CO f\QSE I .- -''l .. ~-:''-1 
C ~''' yr\ ~P" ("'''ON ~'-- "L I . t< f.... Co - ,- .•.• • I - "'-~==-:::J 

1=\&. 5.153. GRAD1N&S' FoR. KQUMBEINS ILLINOIS -IIL.LS (""1-~) 

~ ~.; '- ' .. ~.' ~<~~ -~-,:,:-~~, .. .- "-':':'7.'~ ::'" ' ,~:~F; ..;~~,,::--::~.;;,t';f~' ·,·t:'~$~·/~:;t:.:- '":.' :s::;::--~ -:- -•. ~~. ; 



W 
11 
4 
to-
Z 
UJ 
U 
ex 
w 

.. 
,iiJ:Jtifjf4A~~~~;;:~c';~~~~~f!1:"£i~ffitq-t;{i:U;:;;N ! 

t-.;--' t--~ +---+--H-

-
ADE:~TURE SIZE: IN INC~~S 

.i i ~ ~ i , J§ '1 3 5 

~-~lllruo:rID:rrIJO-HQO 
~ ~ r -H··{· ~~'~~l gO 

~ ... :, ,~-~,-,.~ 80 

70 

1--1 

60 

~--+-) 50 
0. 11 H ! Illl+H-' 11' I! It LI t I . . , . z I I-;lif' I • I -fTT-r it I r-; ·-.H'+-1 I I I !-l-+ 

o t I-H-n I t i ~ i rl-~t·t-+-1 i 1 i ~ . --;-~ .. ~'++H-I----i li. 0 

r­
C"f 
:i 
;E 
,:) 
t,JI 

H-f-~-f---+'+- ' :-+--~ I· ·-i·- ·" -,. -_._l .. . _,;. ___ .,. ~-+-+-+. + -!___+_.-' l I I ~- i-IJlt--1J I I j I: ,-
·i- --;"-'-t.~ -I' I +;-L~')O 

1 
f-f-\-; f--il"t-t'tti-1 

~ 
~ ". 170 

lofjH-+-H+! 
c HU~JI IIIIII! 

W 

L- ~ " , _ .l _~~;. _____ 7_ ...J 0 

i t-;+--l- t- ~--i-t-{ -~-++ j i 
LU_..l._ . .:. . - I_! I 

+- l-i H·!t-l--r-..... -· i-~--~· ! I! I! --t--t-1.t-+++-t- ~ I -+-t-~' I III 

, .. f·.t-~-L.JrUJ. - ' t· ,~ I' 10; J I I ~ , .' 
·-{--H- J 'f-rr-!_L- -l--·_L!-'I 

'----..i_..A.-..... -4..J,~-l j' '\,_ ., LLLL_.~J __ !_L L._ 
o ·ooes 000'2 c ·cos 00'2 O '0G '20 GO '200 "' ~)'3 '2 0-'2 ... 

;0 

CLAY l="tNE MEOIUM I COARsr.l.-.£.!Ns -1?",E9H)-t--!J -CC/:\R~£--r FINE __ L.Mf:~OP-:!!:t L CO r"QSE r - 'N~ ! 
t:'p,ACTICN 5"- FRI'c·-'ON I ~/",' -) Cf)' C -:-!0 : ' C '-·· ~\lEl ·;:R ·· -'Ie,l I 5 lC, -. I _ P,,' • ~ _ 1 - .. - l' ' .. """,,,_~.:~...: __ . _~_,L:~ .~.' -.~ __ ~! __ ~.~':-:. .~~_=~ __ '_'_' ~_:.._-L-:.----.:::J 

F"I&. 5.154-. GRADINfrS {:""oe. I-{RUME£I N '..::; I ~_ LI NOi oS TILLS {Q. - V J. ---------_._-----
.. ~-_.- <: -: -:---: ..... <~.. .: ~" • • '.:'~ -::"':~ :~~ ;.o.~.~~;~-:-;:f • ..:.., Tr'!~}t-~>W~,:<"'; :-':.~" .. ~ .. 

f.,? 
c .-.. 
S. 
-P" 
::".. 
1>-
-I 

0 
--. 
,f-

0 ... 
. ~ 

;"<J , ..... . , 
r'-~ 

L . ---, 
p 
~ .) 
r.1 



r .~ 

. " "'". ~~i~~;,i~j;;~!fS~r -, ... -q;~~~~~r~;~:: ~r:'o.~ 

w 
11 
<{ 
r 
2 
UJ 
u 
a 
w 
Cl 

2 
0 
t-
<f 
~ 
~ 
:> 
<..f) 

[iXJGi L$~rTl£j;N~i:rffi5(~li' f~c~:Pr1!'¥4' ""~-,'~rB "S- $1EVE'.">~.·NUM~E:R~ 3 I } 

4 3 ') I 300 700 151l Ji?:: 7? ~~ J' ';5 19 I~ 10 7 e 8 ~ 4 

IN INCI-4£S , 
H 'J 3 S 

I 

t . - , , UP ' r--r-r--t ' . Tr-r-r m t I 'e nrf I1 -, I"11ff[ , I I T~LlI~---i-J--J-~~rH~I---l--J-- -~]II I 
" I ' I I • H I 1 t.~~~+-__ ~ _ _ 95 

97 

I 

-+-f---t -

H--f~ I I I I '" I 197 

f--+-f --+-+·-t--f+H I I g95 

90 +---t--{ ., f ... H~ l-i90 

I 
~j,l+--f I I J. III I J I I I H-:-·I I I + . y)1} l , f i. I I I ~ 

-"in ~/Yfi! 
-+--+--1- I +-+-i- , ,ll1=t? ~ .. '4,.1111t!1 I ! ~f++lf I I I I !-·t+H+--t-l80 ., I I I I I I I I I H + I I I I -H-f t t ! ! I 'u N'1, _ A IT 80 

-t, 

Got 
,0. If! I I I I I I I; I i I I I I I ~+irl=, .~,~rl~l~ j 11 I! , I I ~"HH I I I I f H· H I I no 

I ..,LJI{./ 
rpl/ -

- ,--,- T ~ . rT I r- I -- .. - ' --"1---'-' I T r '--1- ~ 60 
·H----I---+ ;-++ H++- t --f-+--i-J 

50 

40 ---+--+-+--11 i1] 1 11 1 j I ttttttJ: 
~o 

'20 i+--!---t -+--+--+--'jBUOltlmt re: 
~-+---I----:..f I ; H'+--+-f~-I-+-f I III I I I I I I! III I I 

10 

5 

'~Ltt (lr~' I f-r~+i+H{-f~JIO 
.11 1 . 

+H--i--I---1--+--1f--H-t+f-+-+-t--t-. ++~" -.-I-I I I --+--1-+-1 I I 11 I IS 

3 H I I t-f-H.--+--+--4-+-4-- 1---- .--t--i-+-++-j III I I t +-+--1-- I I l-I--H-++I I f 3 

0·00010 0002 0·006 0 en. 0.06 O'l C-G ? 6 ')0 60 '200 

F'INE I MEDIUM I CO~QSt: J.""INE M£Q!U~~rcOA:QSET I=INE -r ~1tOlu ~.-11 COAQsr: 
SILl FRACTION ... '\.NO FRACTION CRf-WEL t=QAC"T10N 

FIb-. 5.155. LeG.. P~o8.A&'LIT'I PLOT or- KQ.uM&E.IN'S I.LLI~OI$ TILLS (A-b'). 

".~, . , ... . ~" "-"';:' .. ' :" - 7··~-:>':--: --· ),:" .,,,. '" j ...... ' ~ ' '''::\-: ;;:; ''~'':r~:-::~ ·\~r.z.:"'If~~ ',,::;' ':"'~,:-..,-; .. ",~ ' -', .-~ . 

5iON( 1 
.........t~1 
-~ 

tJ') 

C 
~ 
~ 
1.> 
-4 -o 
z 

1J 
", 
A) 
() 
rn 
Z 
-4 
b> ... 
Cl 
M 



",., ~ de 

~~~;;-~~ifi~2(jj;;~~~ft;;.';\t,.,:~;;iii'\¥6,:.)~:> PA'~v;, .. a . .L:.. ; ".6;., .•.. S."ZE"'.·.· p. ., s::r..'R.' B . LJ rlo N .c" , Lo.tri:.f,. PIZ'05...J4S'itL/T:y,"-P,e.OT:' . 
'",- "" '<'; .~. ...• .,' 

(LoG~ :sgtr.IN9" VEL.OC1T~'-CM-! P£Q~c:r 8. S. SIEVE NUMBERS ',f"pr.J:lTU9E SIZE: '~ INCJ.4ES 
; 4: 3 ') , 1300 ~Q);~ ;00 n ~., ~ '2' 19 " to ~J ~ Ii. i 3 ~ i , H 7 3 5 

o .' . - Lr-rfllj<l- I H~ '-W1t'-' t! r.L r'--' t rr'r-'--F--I( 
,7 i !I I I 11 r rr ~ 

95. - '11-- i i ;f'q - · --I-~, __ I·'t_-1' 
90 .>-\ J , ?t·~~v 11, I · - - - . '[ -f,. 

l-+-+ .... ~-t-t-t--t- - - , -I il] ~A71~ - - t -. ----- ~. ·+-r-i 
80~·· " ~!1!ffffl' r~-;qG,·;f~~i- - ~·~"Tr-· r. .. J'nl-~-li 

- , . ~lj:J' .. -- . i --7J'~ -r ... ~t "r+ 
10 CWi1!Ji - =r~-l= 1" -I -t Jc_' _. "'tl- tp .-~- -
GO , '7~;· =tEII~t~~r-=;_:r' ~ -r . t=r~r~:fl= -c;---r If.+: ! 

50 f :-- bt, 7-r--t- I~ 1 Rf.·-f--f-·! 'R -, i--1-hl-:J, -In fJ[·~-'"f'~"" ; 
"V ~. --f-t-/,·~-t--b.J -'I --',-'1-- h -t +-!-r 1'\' . . t-rr1 'i -t-"1 

40 v.~~;ZT /l~"'--r; ~tfll Flirt H tli 1fl=l-r-I-R.1n11--'F.f 
bO ~~(l/-' v. I C I -l-"rr+-- i 'r +'+T 'lf "'-!~ ~-FFJ .. rTtt~-·~"~ ·i· 

. 'l4J;:;. - __ ,.....cI ~-t--=t-- -t-l,· i---'---' ~ +iJ. J -. r-tTTL~'~!l __ I-- "'-T" r-l-J 
'20 /. :..-r~ ..-- ! " . ,! 't!: 1 I I l f It ,! I ilL t . ,.. .. ;:.......--. ~:::..--/~ - ~ '}' _. ~ I if T-f-"'-'l--tIJ~ t - - I"r' ~ rr -1-.-. r~' "r'r-, "1' 
I·, ~o-- -'I-f-, · i I i ;-,. 'n--r4. i ft-l! I ' ·1 h t -- -,-- - 1'11, -11 

, I +H I I: i i I 'I i-W Uti I J I 11 1, 

~ t Jli} -=H±U. =n-l:t±WJ_ ciltllJJ 
o·ooo~ 0002 0·006 0 Cfl 0 06 02 o·G ') 6 10 60 LOO 

I ~~ I ME':\U~] COA~~( 1- ~IN~E 'jM'E'OM:~. cO:~QSE~i F'0~ I :~1E01U~. co. AQSE J 5iO~ 
ljf '- - 'I :,ILl Fi~~ON .. , SANO ~R!'~!.20~ __ =J ~RAVEL f=QACiION -L: .... ::.::~5:'::.1 

Flcr. £>. '57. LOG- P;!oE!.AB 11-17'1 PLO: tJF KRUlJ1 gE/M ~ ILf:-1NOJS TILL (7- } ...1 
-'';: . :..,- ~ 



LLI 
u 
4 
t-
2 
w 
u 
a 
LA) 

Cl 

'Z 
0 
t-' 
eX 
~ 
~ 
:J 
IJ) 

0'7 , I 

95 

. " ~ -. o~)o 

PArg'77"~'L'~ , 61 ZE, o,~'tS TRf.'S 4/TION 

' !L~a. fp'iics~'Bii'i~.f, 'iPL'cir 
! :::'...'; '_ '~:." :"": ~~-: "''..: ' _~'~<~- ' '-~ .. ,V' . _ _ _ -: ~ __ . ... ,._._ ... :; . .. "' ...... _"'_ . ... ~~, 

;rel)t ,srf.1fli trqc' 'VE(oCitY ' -'C~ ;P£Qsitt·: .s S. -SiEVE NU MBE:RS l~ APf;QTU~E SIZ( IN lNC~£S 
4: .3 5 i 300 200 150 100 n 51 J6 '}5 IS 14 to 7 i .i i A ~ i t .4 '] 3 S 

1 _ .... ___ __ L __ ~_--' _ _ ~_---' ___ -' _____ .J. . 1 L t . , _-'--~ 

~ 1+ I I I I' 1ft I I '·I]]lttl=tLmm=o:: 
ai-HO; t I I I t I f .w~-++--+-+-"':I""!'f-.>y-~t1-+ 9, +'·-+-~90 

~ +---+-1 -l---I-H-f+H-f '-t++H-+--I-.J--+-1-H I I I I --i--!--+-+-+-H 

80 

Iv 

!le 

'20 

,-

10 

5 

'!-
W11 1 I 

~DJE~LJ I Illln er nTIUf[ r I I TnHI[J] 80 
i--{ ··+-'}+,I.,H~--+--I---+--t-+-t+H-l--~· 1--+ -+-!~+·H' ~---{ ·~~7u 

-LI/l L ... '" 
~+ l~ftrr+rf--t-""--'-+ti !-ltt-+-~-'-+- I!,.l_ -.~ ~-'',.,.t ,:'''J,t~!=flGO -RJ-+- r -'41- -J-+-i--jtitt-·--Ll-- - - .-l-t- -
;r ~"Trlfl" ~f~-- -+-·~-i~~·hrr+-· - - -. T ~-~ - - -~·r--BJ-~'tl ""'-:':1 50 

- I· I-t-- l -~-E·--L ------f'. - ~ -. 1. - .-
[
I 1-: " --; " .J. U J .. !-,.,._, .-. J"_ -~ I - . Jr"j L_L.~L;-O 

I I I I I I I I , If ! • I I 1 
III I I I 11 -1--~- I 

· ... -yi+t+! I I 'H+H • 1-+-+4+iH--+-·J-;-I--~·+·.f'H ,~·J,-"'\\.._-§ '-!-!-+-·!-~-,+ ·H---i·-i 30 

1 

. "'.-'--- . '- ' ~-'- y--l--~_t_+_.l-- :-H -1 ·I~l~.-.05'20 

+-1- I I -+oo !--+-l-t--}---{-+ 

;"-}-'+l-+~"}<~' ~·-t-++ 'H+·!-"'+-""'~-"-~·-·4=~='~~-!-~l~{-·~ )0 

.,..-t-~ -~I ~I -+-;--• I tt-r:-tt· -t-rn-T-S ~ 
._.,~ -.~.,U.I • J._LJ... 1.- _L LI.1J_'_...d 

O·(.}Q()t, 000'2 0·006 'l 6 70 60 '200 

F"INE I MEOtUM 1 CO~-tl=fH".~TFEiv-,t.MCOAQS£ F='INE MEDIUM COARSE _", " 
-.. --l~ -"- .::--- 5 \QN [ 

l~-- -. SIL1' FRACTLON ___ .:>AND_~R~CT !.?_~__ _CE.AV~_L r=QA.C i ION --._- . ...:.:::.1 

1="1&. 5.15&. Lc[~ P£()fS~1 g, LI T', : ,'71-0T c/·- I<. ·?uf'~ !Sellv' '.s ILLilvOIS Ti LL5 ( fi4 - R } 
--------------------- -- ,----~-- ...... ---

tf) 

c 
~'~ 

~. 

:c.:: 
}:i. 
.....; 

o 
z ! 

""0 
m 
iD 
n 
rn 
Z 
-if 
f." 
o 
M 



",. :'.'-~ . ... i ~ :". :-:" 

' .. ,," .. r;"~.~X\'Cf-.- ,E; ... "., . .:!:f~Z; ~. -., ,.~! .s-rR'S U "N:~ "'" 
...... ,j,~ .... >: . , .• " 1Io •• ,...·,l;.1 ." ..... ,:.j:~. ,- J." .. "!'~: .,-• ...--.,,\. N . .' -··A . ."" 

. .:LOG ; PRC!3 AB'L-ITY P~o-r. 
,..--;...----;...;...;;..-ii'O----...;;-~ ..... ,_lit .• ~ J),. ~ :;' .r"'" ::. of" 

97 

95 

90 

w 80 
lJ 
<1 
t- 10 
Z 
w 60 rJ 
ex 

50 w 
Cl 

40 
Z 
0 ::'0 
t-
et 

I LOG _ ·5~. ;tl"Lj"'9·'; VEL.OcJT!:=C~ .. ~Pttr~G~ ·_'<O·'S:-S. 'S" EVE NU MS£RS I ' 
4. : "{~. 3 ' ') 10 7 8 

" ; • .' " n~" ,~ -~dJJrml' I' I' 'r n rmP='1' Jr mt1rn9' 
W~--I . rm,(f -'}1} 

... . .'.ktilrr ~ , '-~" ., 

: ___ -J~1~a:1~ft _~ 1~-Ttr t '1' Ll"IH 1--+-1-"-+_·;_· 

" J ,;;;, l~ ,-t- ~ I Tt-, t:± I" .... if-f.,,· - .. --t- -'i ~ -' '--+-,+""'-' 
lA rJ/l-: Y4 +t.--1 r. i--!--{ J, . .. .. , .-1-+- . -,.....;,.l,,! ,· ~,:l~-!..~. 

all I 11_
1
.41 III Etll I I I ttttttttt l "tt{HH-+-!-~>-4- '- ' 

FFHl E~9 1:1 ITl1r=1 I ilor =! " -- ~~}~Yrll--+-+-+-~t+ '. -I 1-= -r--r-,J·H+ I ·--+-.. ·!- l-"'i'·r-~·: ·I-{~--I-+---}-·l--~ 

.. , 

AP£QTURE. S12£ IN INCP-4ES 
-' 1 l 1.1 ' 
If, 4 a ~ 4. ; 12 '] 3 S 

" " -I-t--~ -I I I r H·H-f~ 95 

' r- - ~~90 

I·, 

-------!--

--t--

80 

'~--~'-~70 

~-~"-·"" ·~G o 

. 1-1. n ~" ~50 

~ . I I I 11 tH I , . . I t 1-·I+tH I I , . ·f·-4-H-H+---t4 I ++-l-l-+H-i-J--t--+-f--J,l .. q, __ ,l .. .J30 
~ 

·;---,..... ··~·r·O 

.-.~.~~-] 

:i '20 ~~ '20 
~ 
::> ---t---
r.J) 

10 H f ·H e I I-"'I-H t I ~ -+-l+r-H I ·l-~+t-··H·+ ~ ~ I~.·~~·· ++H---e-~.--,~~~. {-~"I -Jc }..---l-,~~ :o 

5 

; 

0'00C6 

<+ I I I I 1 1 I 1 I" 11 I I 1 I Ii j 11 I I +-+]i ttr" I I I I I I I I III I ,,~ i I : J ! q~-15 
lIt I I! I I . 

r-rj't 1 r' -.' -- :--t-J
". 'li!f--->j ---J-tt1-ttl1=1-t=1=t--~tttt""--+j::' U Lt I , I I 1 1 111 I ~ ..-i. _-:.-.. l __ L.J.J _ ~LlJl_-, ____ ...L ... I 1.L-l 

0CXY2 0 -006 0 en. O·G6 0 ,', 0·0.3 '1 6 '20 60 '200 

F'INE MEDIUM COAQs(r~iN€"'''rM7C;t: {:rr-(::"'c:Z-q~f:.: I F='IN~ I M£QF)M I CCARSfl ..,. ~ 
SILi FRACTION SANO ~R~ST!ON C;RAVEL r:f~~.Cl~9~...L S ~~_~-:'~:J 

f:'/cr. 5: 15"f). 1-06 f?Jf?O&ABILI;ry //...t:F ('IF • ' ,7 ~ . ;if , ~ I K.. " , U Ni ._",C /~ .s ILLINoIS TILLS (~-- VI). 
._._ ._--------_.-----~--,--------------_. 

( 

r.J') 

C :s,: i 
~- : ~ , 

i 

1:'" 
-i 

o 
z 

"U 
In 
XJ ! 
(I 
rn 
.~ c_ 
-~ 

'P' 
£) 
Pl 



''',' '~~-----~----------------,--"----"'---,-- "--.,,.-. . " , "--" .. , 

.. '; : 

PARTICLE SIZE DISTRIBUTION 

SEMI- LOG PLOT 
--------,-.------.---~~. -. -~ 

LOC SETTUNc. VELOCIiY -CM PEQ SEC.. B S, SIEVE - -4 

RAN6£. oF GRADINGS FeR K~lJMB£IN'5 

ILLINOIS TILLS - FlN£ FRACTIONS. 

10 

~l~ 
c: 
~~~. _ .... .. .,.~ 
~ 
:t> 
~ 

0 
:!.:.. 

-.~ 
u 

r" " 
~J 
r. 
P1 
-" .w._ 

-i 
;,.~ 

.n 
Pi 

i I 
1 ! 

'.f 
: 
~ 
; .. " 

,;~, 
;. 

'" 

I" 
" 
:~. 

, '! 
!.:, 

" 
l.; 

, ~ 

'. 
.' \ 

, 
," ; 

- -.--.~.-----... -.. --.... -.-.-.. - .-.-.-- ---~--.---.----"'.--•• - ... ... . . . .-<-... __ • • - ~'- " :'::. 



ut 

6" I ~ . 
IQ ' -:-

-,:. 
i'O c: 
~ 

~ 
z 
lJ\ 0 

~ 
Z. "f'\ 
0 

Cl -
tt\ ~ 
:I /0 r z r 
1/1 

tD . 
r"'\ 

l>' ~ LI\ I Pl :c (7 

D 
Z. 

P 

10 9 8 7 6 5 4 

t---+---t----I-+---4!--r--J. 1I 

~~~--~--~----+----+I ----, -~4 

I ---4----11 
I 

1---4--4---~--+---I---f---I11 

t---+----f---.f.--+-, - , ~I 
~-

I '~~ 

- « . lGt~-I-~II~~ ~ 
- T1i

- t-r ;. :ffi E:J-U::::=:--L-.&.-J.,.J..Ll1b-·-r-r-t-- - i 
0 ·0006 0002 0 ·0 0 6 0 (~ O·ocStl1m. 

~~Y0~~.~_I;\ ! ~ I J-"-~~~t~I~-~TJ~~~ J~~~~:E 
,::" ':"' J;,-/~ . ) ,~:.~"~ i:"-" ~ ,.. . '~ - .: .: . ~'. :I.,L.. - . -" 

SILT 
CLAY 
~RACTION 

10 9 .8 7 6 5 

--
;--. - I J 

J---~.---!_+- - -

r---
! 

r--- .- ' I 

! 

~,..... 
.15' 

I 
7" ' ;Y'j 

A E - @ 
~, ..... ".-,..".t' ..,..- -r;;4~.--
~. .~'~P'=tt ~ ~~1l - ·'EO - -r-~ 

~~£ftJ~- ->--- - 7" 

' 'f t~1t __ _ .j.Ji __ L __ o- , ' 

,..,.; 

" fCD1F'ED 
VEHT\V(.':<11-I 

$CA.LE. 

PHi 
4 SCAL£ 

, 

, 
, 

1 
I 

1 
J ·OuOS 0 00'2 0 ·C06 00'2 0·06 mm 

fJ]L.A'; - f f."i ;'11; ] IvJ~ O! UM IC;JAR~·. (T! ;::',S. 
f"' - ~ C ,,!', ' ''. >-1 [ . _ _ .... _-.- .---- .. --.. - - -- ---.------- - .. . , • <1. ""' 7 . : "*'!:-_- ~~>~~ '- ~:3 ~ L1 r- ~ l:; C;'" f C ~':\ J i 1.:... { . • ' •. -__ . __ ...... <L. _ ..... _ Jo _ _ . _ -... .... . _ . ,, -..-. • • _ ' _ """ ' _ __ " . " '. _ __ _ ._. __ ... ___ . _~ ~ 

/ 



:!1 . IV) Q . 
~ 6' 

f\:) 

f'\\ 
m' ~ 

~ x 
~ ~ ~ i\) 
Il'l ~ -. f"" ~ 

tI\, In 
t-
:b 

H V\ r- V) ..... ....... - 1) 
~ ...... 
D ~ ....... 
tIl :::\ 

D 
:--t I ~ , ,.... 
, If};) 

'" ~ 
~I~ c... Di 
1 

~ 0 
\.../ ~ . 

f() ... 
"" 
~'t 
'"0 
\.N 
\. 

.. .., 

L 

CLAY 
I=RACTrON 

10 9 
1 

I--l 

' 0 
"; ";" 

Si~ -i 
l..V-~-RY-~FI-NE 11,.,a>,i;M/COAj 
AN£ I 

. j 
8 7 6 5 1-- - -

--~--~-t-l=+--
-- -- ---
,.. i 

, 

-

.A 

- j;?"~!J 
i i . I 

i ~ ~f' ' I ~ _ .-.~1f:.~.t-H 
. ~ - GB-lt I, " .. .t? . f" '!- ---++H 

I~A~ ~mH# - -'-"--- '-

o 

I S i LT H. 'f'iCCinm 
CL ~,\Y 

VF-RY . if, f! I=RACTrON F iNE ~ ~ ~. . !'\,.... r l""'." , 

FiNE 
",,&I!.H CO.\;,;,.:,j 

J SC/~~~ 

~'ifJfi1·~lOs:m-t 

·10 9 8 7 6 5 
PH I 

4 SCAL£ 
• P ''' '1 f 

I 

I ~- 1 ----t li 
.-I----t---~-- -: 
I--.a{----I--- - -I ··~--t---+---4-~ 

---il-- --+----+---+---.---:1---+ 

---ji----t----+-- - - I 

~ . i--i-·--t-----t---i----t 

f . (gJ ~ ~-: 4.-~ .. =__: F .. ~Er~l_!S®1 ~ 
*--::-:--I· --~:-1-.-::;,LI.:: t-tj ;J,.- -- I 

I. . ~ _ ~ . I ~I '·· l .~\.:v , J' , 

·~ .. - I : -·7~(~T r . .. t-·_-t-- ] 11··; . 
~;v~4- . ~ i ,-I . . _J_ LL ___ l_.J. _______ J_L L 

0 ·0006 000'2 0 ·006 0')'2 O ., " I) 00· ~ -\ .. L·ol11n-: ... l.·c 000'2 0 006 r) 0'2 o· ob n::n ---f=fJ r- - ··- -·- ----··!-·- ·- ··- -r-
,... ...... C"LCA. ~Y- N .• ~.! N ~---~? ~ ~~.:--: . -.-~ .. s::?:::e_:~~~ .. L 
t::. ,..,; ,..." ,,_~ l ".~ ) _ '· ~ J ' i f·~..:t, ~ .:_"T; {'"; ~ .. j I 

.;,.~_,.~.'~j' , . ~,~-~-;- ..•. ~ ........ -.~~-.. ~_. ,::' '~. '~'~ . ;- ··",,·,,-,,·,;,-',i . . :-... _ 
J ~ !r;}~~(· ;~:~r· ~~·Jl~·'-~~;Ff~'·~;)?:'~~ I~ ~Xf;-~~E;~ ' ~ 19~:-,. 

i 



'<, .-----------------'---

r\.' V 

10 9 6 . 7 5 
PH' 

4sCAu:. 
• ,-.s.. ., 

, 

iI 
t . -- .--, 
I-- +----

.~-, 
l -.--

F .- I 
I ~ . 

~---~ 
E - -r-j , 

.""~ -J7r-, 
~,... -i-=:~1 

k1' ! 'I 

. .~ JI -111 .m~- ...-. -- .. .. . x . "' -.' @~.~ . -- -ri' It. ~;-:::.-. ~ .~ .-:.+~. ~ . , .... ------t:,. ,'-- --"1 V I 
S i- ._"}' :'F :'""-i·., i ·,4--· -;; ...;;:;;;r.-f';".- )~ : i : 

. ~. :.:.-. f-~ --r ~ .y • • - 'I 
1/ 1 -. 

~~ J 
00006 oocn 0 ·006 00'2 0·06 mm 

r 'CLAV F'I NE MEOIUM COARSt n B.S. 
:9ACTION SILi FRACTION TJ 1377. 

/:1&. 5": /103. IE.x-ruRAL CLA sS' IFICATION BASED 

KRuMI5£IN's ILLINOIS 

TIllS (~- W). 

:,! 

, . .' 

; ; 



~ 
~ ....... 

tn 
~ 

J -, ~ 

r .-:-;-__ .... _'--.-. \ _, __ --;-~--~-.• '""' ______________ .>oU 

. i 

i 

~ ' .'." .... - \ ' -~,,: , . ' " . ... ',. " ".", c 
_ tJ-

i ' ' , . i i ; (, ....... ~< -... " . - ., ; .-.. - ~ .- , .!J :> , ,__ / i, 
' , '- i .'. .. ' ::! ' / '! ,',' ; 

'.,':1' . I .. ..... 

" _ ..•. -... .. - - ~ 

. ' . ~ . _.- -- ,. .. .. ~ ' ..j 

~_: - .~,: ~-,:,;;,'"""--,-, ~,-",-,-~,: ~,,,,~,-:~_,~,' ;-.;./'--' _': ---\~" '-'.'. '."~:' :~'~~" ~:-' :~W' J!"-"~~'~:,- ~, .:_-.:.:'~,- ,. i .-::L ;: . : " - l ~~ :i: - \ : - _ .. "- ' -Tc. 7T}'~ 
" J'~,r' :, .: -. b::::::::7"C!- :-<~ ;-,~+ ,.;! l'l '" ',' .,- ,/~,' ,.', i,~ . ' :~ =~J l~~ I . " ''/ '" ' ," ..... .. --"·---1 · • I 

r

-.---.". --...:.:-~- k · . -i .. __ :: ~~ ..t -~ I " . . ,-~. !. : I' \, : 0-
, ~.~ , > . ____ ; :~ . ; . , .: .. +-:~ :~ __ ! ~. : .. -~': f:~~~~~';~ . ~~:~: i . :· ·' ·)z!~:~r ' -l 

• , , . ' : 1 ! : ' .' I / : ! ;. 

~ ~ ~ ~ ~ ~~ - ~ ~ -. ~ .,Q-' - <l <r. 
.LNnO;:) ng9'Z1d 3.1f)V..L.NP?/;:!d 



---------------------~. 

.,J 

.\ (f ".t. _ 

, ... .,. . 

; , , 

. ~. 



- --- ----------.-~.- .----- .. -.-- .. 

• F/G-. 5./b~. VARiATION IN UPPER S .P'Ll-r SIZES IN AlL TILL~"~ 

COWAL 

CO~lJR. - FERSIT 
-GHl.J1L5JNN 

- S71l.ATHoSSlAN 
(i-LE.W 1<11-1(;,1£ 

5TRA rnyRE. 
GLEN ORCI-I,,( 

::; (EJ.rr1?. OOL - St:J.IAlEH 

-GAR,cRoG-o 
- GARF<AI?IES 

YcCl(WArE.R.- tJPPe<,-nL.L 
- ;Jof(71l DEPoSIT 1 

SPLli SIZE { 9<- -~C.-:.;~~£~~-! 
5" ~l.. 3 :::? I CJ -'I .- . '-" -'- "'-' -.. .. -- .,-.. -.. -.. . ..... .---;, ... .... - I 

__ . A .• •• • ,," •• • • ¥ . 1'" 

;( . ! 
i . 
i 

(') , 

o .~ ... " . 
. ,. t : 

x .;. ~ ···1 ... . - " 1":' . 
, 

! .:"!' . 

. ·· :"r·~ ~;~~Y-- · 
- ; o ~ " : : ': ;;f-' -

.~ , ., 

I.' I 
_~ ... _ ...... __ ._~ _t _ __ ~ 

. I "'''''L I ", C', ,''v · i 
v

O 

i~ ' I " . ~:~':~;:-l 
- ; I 

.. \ .' . ... ,,- - ----I :;{ .: I :':: :::::". 1-:' "\" . I 
&>IZ.MI- . . .:) . i '~ I ..,'., .. ,: .... ,; I 

A~S.r;Al)t)A/...E.N 

T-JNj.{Q¥D 

/-N7'7E.Jl.lver 
,A I<EP..s YJ.:n: 
:<. .... L·v'/.,T N 

VASS LIV/', iN 

FlJLLS:r,d 
MAIJt>~!-.J.. 
bRA VSL.Al>AJ..~"VArN 
VCliNA 

:.:JuKAI-AVAr.", • 

; .1YS/Z.VA7N 

sro ,..sVA.-r:I,,/ 

JlIAGtA.~ $n~p:AGtE:. 

CONEs70c:.o 

FAI./SI-I~W' 

Sr. MAR.y. 

MeJJ 'Ht!. /(. 
~/$$O'" 

l.A~E. $7; A AlNE. 

8eR"SJMIS N°I 

c,()MWAJ..L.. 

Si/AA/I> 

OAliARJo (bite/MAN,S) 
/VJoNTR.EAt.- V.la SALl..E. 

.A 
... 'lL..E. H~O'" 

VALP4~~/So(i-8yJ<RUM8E.JA/) . .. ~; - !l--f1 ~. " ; - :: t : · : ~,~)-::- : ·-;- · : :-:-:-: r:::" t: ~ :· :;· : ·;: 
(92.4 'v..,,. .. Itf'i£IN) . . ; - : .... : : ,,!:: .. I· : : . I· ::: :· :.:i:-- ::::: : ::: 

ILL I 1l')lS • I .. : ",:r;;:"8£JN ): " :u~l SfILl tIT; ITImT~.~ 
O.D2.. 0 ·c~ 0-2. 0''- 2-

SPLIT. SIZ £. (mm.) I 
~------------------~~~~~~----. 



-- ._-_ .. _--- -- .. - ------ ---_._._._. . __ . __ .. _-- -_. 

, 
( . 

rIG. 5.1C,,7. VARIAilON IN PEr:?C£NTAE:E. FINES fly' ALL 'TiLLS . ...... - .-"--.. -~---"'--.---.--."-

1-----A:./2::r:..,~~7 :!~GE P/~£$'~---------l 
r-____ S_I_T._'E_s-=--.:.." ________ -i9~_.._:/.:.::O=_· ._.~_2_..;_ ... , _ _ ~'~'O __ c_.~ __ ...!.:::''__?:.. __ .?.0... __ .~> .. ,,_: '-,;.: 

COWAL 

COR.R.ouR. - F£R$rr 

-G/..IUIJ.8JNAI 

-sr~77-IassIAN .. 
GLE'" kl NG-I£ 

STRA71-IYlZE 

tJi.EN QIUHY 

GI.E1J~OO'-- B£J..IJ..IE.N. 

- Go AJ<Cf!.CGO " 

- GAI/.KAflIES. 

a,a.ckWA7ER- ufPEl? TIL.l. 

- ",dUI{ PE.PI)S/-r. 

SLAISEN 
ANrA/l.CTlCA 

&R.DAJ.. 

ARS7AbDALGIJ 

TlJNJlovb 

JlYrTl:"I..IVEr 
AkEle.SVA T/J 

/G·Al.VATN 

VASSi.IVATlv 

~ou.s:r<l 
/vt""",J),'-A 
beA VSLA bALSVA,JI 

vorN:\ 

Jill<t.A VA-rIJ. 

MVScVA-r", 
S'ro/..S\'AYAI 

N(AtN-AP..A S-ro.(A6-E 

co'" e.s;rO(!rO 

FANSHAW£ 

5r.MAA.Y. 

M e.1oI, 1-/ El(. 

S/SS4N 

LAke sr, 14111>1£ 

8ERSIMIS WOI 

CeJ~NWAL'­

SHAN/:> 

ONiARIO (bIt.EI,4I'fAIoJIS) 
Mo~ Lo- v la SltLJ..E. 

-TU ,I-IE:I?oN 

VAJ..PARAISo.(I- i){I(/('I.IMtS£.II.;j 

-(#!)-liI-){J<~M8E.1 N) 

I~'Wo,S -(A-w)(I(Ii!Uft.tW ~ . 

1-- ---·"- '; .. " -- --- ·--1 

.-----'1- ---.. : 

. I 

_ . .1 



---.---
~IG. S.I~JB . MEDIAN GRt\IN SIZE INDICES ' IN AIL -riLL<=) . . _=-:..._------_ .. 
r--.-------------r--=-~-=--""'""::""-------.-~-------- .. -. 

rlA/£.s MEDIA N SIZE. (Md ) ( )If. SCAL£.) i 
SrrE.5. f O 9 ? 7 (, S !,~. :j ;'. 1 c; 

t-----~~-------....;.,---... - -- ---.-------..... -.. ---...... .. --...... -
COWAL 
COR.R..ou!t. -P£R.SIT 

-(iIIUIL8/HN 

-STAATHCJSSIAN 
GLEN kING-lE 
STl{ATH'lRE. 

GI..EN OR.CJ.ly 

G-/-EN7T<D6L- BE/MEN • 
- GARc.RoGo . 
- 6AR..t<A/(Ji.;S , 

8ACK.WATE.R...- /.J~EA. Tli.i-
- NG':.,71 ;'lEF.~/T . 

S()IQ.>A '­
A~$iAl>l>ALEA! 

IUNHtND 
!/Y7i.aJ:'IV~T 

AI<.f;/~.SV.'\TN 

J(At.YA'N 
YAS';.7-IVA1?J 

,.-.:.u-s:r</> 
f//4J..(¥1-.A. 
DPA',/SI.AMJ-Sv",rV 
'.'t)Tr.'A 

.T[II().A VATN. 

MYSf.VAfN 
ST():..5VAiN 

, NIA(irARA S70..tAE-E. 

~"'C.S7oc-o 

FAJoISHAWC. 

S"1: MA-Il.y 

Jo-1e.NJHEX. 
s/SSoJ./ 

LAJ(.E Sf. AA/.v£, 

BE.RSIMJS NOI 

Cl:JII.N WALL 

SHAH/> 

ONTARIO (~£JM,ltNIS) 
Mo"'~F:AL.- V.It::, S'AJ.J..£. ,. 

-ue H~olJ 

VALPARAISo (I-8)K!?UM6EJJ.J 
(9 -~ kRt.IlVI8/:JN 

. I,· ·~ . .. :.'-* . . _--{ ;; 
' i' .,! . :i: 1:' ,- . .. ; 

· · ;~, r ~ Er\ i ·r: '"~ ,,; .•. , .. 
--."-' .- .--.-.---1- ----.... .. .i .. ~-::-·- -:·' l- .' .. ;....; \ ;: 

• •• H H· ... : :-··~tFr· r~~~: '~ 
..~ .. , _. 

. .. 

-:-;---.:-- - ---;-- ---. ,- --1"--" I l.: - ~ .. ~'." .. ' I\ . ~ ,: 
-.. : ... ' ) .: : . , . . , , ' , .... ~- ~_ ,-;H \ :"'f • 
-~. .... 1- . ~ 4 , ' ,' _ .1 . • ~- -- I' ~ . .\I.(->t~. ' • • 

. _;~L ___ , .. L . ~ .. 1- i ' I ,I V ./ . ':>I'-D I I 
~;~;~~ - ' }: ~ ~~~l-;:~:.~J-:~~>:: ·v.;... ;--~: .. : L~--~--D ~:~'!:C;~'i ' ~ "c. f : 
__ __ 1.:_ -1 - . - -J ..... - ' 1-- , .. J><\) - --1- - --. -'- . ' ~ I 

: ' ....... ... ~ . - -:. 

" l: .. : ~ ~;:~!.-- . - .. 
' " i 

.' ........ -'", ~-" . . ... - . t ., 

'1 
I . . , 
! 

. I 

i 
·1 

lWNOI~ (A-w)I<Rl(L16E1N. i---:K~ ' y ·,·-- l ·· ·· · · +~·-··· ·· , 
..... --------------I---::.:--cL . · L .: :: : t : :: 1 : j r·::;·l . . 1 :.. __ ._' .. 1. _ 

Q·co1. O·OO~-o.4£ 6,0' <>':2: 0' " 

rlNi.S Mw/AN SIZE: (MJ) ( mm). :~ 
- ----. ~ 



---------_._-_. __ ._--_ .. _-_._._-----------_ .. _- ---_._._---

P~l'nu" SO(,(! ------

PEHCf.P; TAGES Of CLAY (BELOW 0.002 :~m. ), 

SI LT (0.(.102 TO C. 05 mlft.) . .. \NO SANO (O.O~ TO .l .0 mm.) 

.. ntE DAS.40: S~L TfXTURAL CL!,4SSl1\ 

-E!..Gr. 5. \69. TRIANGULAR... 1>lrI~GRAM FOR ALL TILLS. -



.\ 

-----_._ ._----
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. l=INaS . 

" Specific Gra\.ity of L .• = S 
compost t .e soil 

G = Specific Gr~; vi!. y of I:: 
r::Carse g!'ail"'3 

G~ = Sp6cifil- Gravity ef 
fine graint'! 

ZERO 
M:\SS 

Mw 

re 

Ms 

-

v = Total volume of 
5 composite soil 

V = Absolute volume of c fraction coarse 

Vr = Absolute volume of 
fine fraction 

V = Absolute volume of v voids in composite soil 

v ::: Volume of voids vc within fraction coarse 
::: (Vr + V ) v 

V vf = Volume of voids ,'J5 tr,::'n 
fine fraction 

::: (V - Vf ) .- V vc v 

nls = mass of COlr.pOS';' te ::'\li1 

mc = mass of coarse fJ.'c~·t!f)~1 

IOf = mass of filll'l fra c tion 

mw = mass of water 

Not& S~ffix~s:- S denotes the composite ~oil 

c 11 11 coarse fraction 

.'. f " 11 fine fraction. 

F'~. 6.1. tvlObfL OF" CO~POS'TE SOIL. ----------------

.\ 



. ---"~-"--~ . 

; § I '" r== .: ~ 
.: ~ r-
l i ~ r--
~. ~ 

.. ' , r-. ,-
~ 

, \0 r-, 
1 

';:"'.. ~ 

~ l 1 i\ ~ 
! l j 

;"" 

() 
'; 

~ I() 

SOlO" 



-------- - -------,------------- - --------_._--_._ .. _._--

SPE CI i- JC GK~·~/''''·Y) .---' .... -~ 
100 ~--------~------.--_r-------.---.----~r_--------~ 

/1 
/1 

I 
I ----l 

~ 
BO~-----1-+-----+---r--~----~7_----~~------j~----_+---! 

7::-1-----+-+---+----t-t-----J--t---t----t-..r----:M------;r­
I 

I 
I 
I 
I 

\1)1 ~ \U I 60, .. ---I~-+--+---I--+---+--
2' ; 

;; 0 

$ .V1PL.E A HJ?l..S VOID RA.T'IO e ~~o41 

ANti P~RCEt.rrAaE ':;INES %1= '- 40 ~1 

~'-+-7- !~~I~~. -E.n.~C'rION ... C. VOID R~'rtO eF.=--~-o_'1 

~"ID C~.:~I3~f:J·:~AC...,.'.;)"'AL. VotV ,!2"TH) eC:'~ · .3.3 

.0-20-4 0·6 0-8 
VOID RA.TIO or; COlo1POSITE 

,- 0 

SOIL. 

j 
I 

i 
I 

1 
I 
1 

i. ..• 

.,,'l.:" 
'If 

~.----.-.---- .. ---------.- ---~-.~--.------.--.---- . ..... --.---.--- .. ~~ .---.--~--------- .• _~ ....• ___ • . ___ ..lOW 



i----_____________ ~,.____._~- _________ ... __ . __ .... _________ _ ._ .... _ _ 

"I 
\L. 

), . ... -

: 111 
Q.. ~ ~---_+_--__J,~ l--+--."f,~I__~__J__'~ 
Vt't 

~. 

~ 
~ Q 
~ ~ F------I--7IfI£---4--

-

~----.------.-------- ... -.-.--.-----------.. -- ----------.... --

-V) l.L 
? 
UJ 

0 

n >-
).. 

l-

et if} 

Cl 2 
U) 

0 
-I 
~ )-
"2 (1 

0 Cl -l-
tJ 

~ u. 

~~: ! 
,:! I 

'H I 
~, I 
\~:'~: ! 

..­
) 

.. '!.-... 

O~ 
C':. 
U~ -. 
-" " ._-

'2 
l!.!i v, 
t!. 
III 

n. 
)- ' 
I--
if) 

Z 
Uj 

Q 

r 
(f 

0 
~ 
\.D 

£1 

I 
I 

I 

i 
I 

I , 
' . 

r-
f 
'. f', 

l:1 
l..~ 

',t 



i 

t 

~~l!lf>i"':r 

w 
(IJ 

« ... 
z 
w 
u 
-.­
'-<. 
W 
a. 

z 
o 
t­
« 
I 
.-
.l: 
:J 
tl? 

..,c:::ao,....q R "~CL_ e .s/.z~ .0; .. 5 -;r~/~L/T/ OiV 

90 

100 / '1 j ~ 

LO§ SETTLING VELOCITY - CM. PER SEC. [ - S.S. SIEVE._· r~JU?ABER ' ...:~f'S~TL!.~H: ~E~E IN INCHES. 1 
, ., _; 1 3"'.3 ' , 
i;:~? 150 :,;072:'09:; 25 1b 14 ?D 8 7 ~ ' .~ 4- 8 2 "4 1 12 2 2> ,1- 5 i 

--'--- \ IT ·--[-",..-I'-7--,·' -;-p.)!- -r-I,, T.-.l-T'TT' TJnl!Th-'~n--~ml·..!..r(r-T-; 
: i " : . , I I' ~ , "" , ! . I I , :, ,' . I i / « '.' ; " I I I I i -: 
i kt'; : : i ,,~': ! I : I I i i : i : ! ' , !.: >jf! J I I I !; : ~ i ! 
[1_

1 
: i---r yl ~~:luL j_L : i 1 i : I I :, -'1~)1~1 1

1
_ ' . . -t 'I--j 1-1\1 j,; :- .+--; 

. I I ' I I I . , I I I " . I - (' 
" - '\' I i ,t:'" I I ! I: I :! 

" I ' 1*" \ '1'- 1 1 1 I l'll l ! 'I CO\Vl\L TILt. U~;EO H-), U\R:,E,: :.r0ilY Lt'-lW-- ',:.U r-·H·iL: ' ___ -L\/iJ.i-+.- , _~ , _! .i,l 1--;- ·1 
I ',' l ' I ..... ,....... ~-H 1 "'~- ! ~ " ' , 1 I } I1 , I i I I I ' , I ! 
, . : I ' .;' ./f' • '. r< \... I -' .... I : I 1 'I' 'I I ,! 'I I I I , 

I, ,' i 1 ..... ~J i ( ; I '; I! . I I I I 1 I • I . 

11 
: , I I " 11 

I I I \ I 1 • I I: 
. i! ' '-,,);' I!~ I I ' i ! i i I: I ; ! : 
~~I' :-; !,j---l--t---i-;-'TT

1 
i I ! /(': 'II-- ) -- ~: !Tii i I i i jIT';-';-: i-'- " - " j 

I • i I ~.:.. I I I : I . i !;.-,/ " ! ! / 1 i ! I i~' l i ' 1 I I i, 'I' 
I II I ~ I I I I I lA"" ' · ' . ' ! I, '. I ! \ I I 11 . . I I , . I '/..1 . , , : .' ~:J ~ : I l I I ~ ! -4- \ ! ! --1. I . ~ f i ~ rnV] I I . i --:;; '!'-l rtTr : I' " ' -1--1'1' ! Ti \ ---j--l ; l-r-r\· ! 1\-' " 
1 /~ 11! G"/I I'II !'II ! ! f..:j I! :\'I ! i i 

I I .... I I I ' I ' I (- . . ' , , , m-· ! I , 1/1 l' I ' I, I i i ~p : i I i ! i! I I . ; ; I 50 I ' . _I i ,~-;---- .,+_-'--+ ~_I __ L -+.-_.,_ ~ '_! •• '._;" __ ; .; ___ >--L..._, I ... +- ~ !-- ... -~- .. ~ 
I II III1 ' I I :/!~ ~ -..:-.. . . .- i_ Q _ ~. j ! ~I i i 'l-<~, i; : ft. r ~f-~ ~ i ! ! ;, r l I I 11 .!.' I 'i-- \.. <.; .. i?,.i:';-.,I i t.;. ; I /' \ : : I i T"; ·i ... iJ!'H';_ :;;' ~ i I ! i ! 

.. , ! I , . , , I I I. I ' I ' i 

I I 0 i , SOIL. i : 0 : I i ! ! j • Fr{ {H:''''iW ~' ~ , I i I i i 
' . , ' /.. " , , • . I , . I I : , : i i , ..I ' i ! : . 
I I I IIII V I I: I): i-I:-"l iTi-~ .. ----ti~1 ·· l·- t -t·-ti '---+-I --i- - i l-l·-Tir';-,· _·_--r-, 

Vi rl j! I ! I', i if ! i !, 'I' ! :. I i i 'I' 1I 11 : i i
l 

11

' . , ' " , ,, ' " . . 
: ,1 'I I I 'I i , i I f I i i i , ! i ' ' , ! : ! i : i 
i I , . f • I l .; :' ! ': : : ; ! ; i I ! I ~ 1 l l 
~ , I ! S : ; i ! : :'"1 : I \ ; :l : ~ ! ~~ ; ;:~ !: 
-~ , ' ------.,..--T---J, ;-~ll'-· ~ .<- ; ,. , ... -. I._.,..-: ...... ~ .;--- '----t"-;--r-, ..... . , -,-- -'-- -1 

I I 
/ \1

\\' \ I, ll ; i IIJi l!:,il ,:f ' i ! \ I iili i I1I ii ll! ' . 

I I , I I I! , ! I I! ; I I ' ; , 

: ! "'/ ' /' 11 rT-1 i -;--1 i l 1-1,' :-Tit-/ ---t-r-: -i-ill, --:i t·-T1' .. ··j·: : -- t , ... _·, 
1 I , ! I ~ i ! r I I ' i I , : . : : 

,.., - I ' I I · : . I I ~ I < ...... .; , I : ! . I ! I ! j ; I 

' ..-!;' I ! , t , j i : ; 1 ': I... . I : ! I ! : i . i ~ I i 
! 'I ' , , I I • I I! - , I ' I' , ! ' I ' I I 

L I I f ' I I L! ' 1~ , j I I ~ ! l ~ . - l -t-+ I" -1-r-+-+- '---<--- , '-.~......,-, I .---'--_.- .... -.. " , .... ,- -_ . ..,.-nf I I I i I 11 1: i ; : ' ! i l v! I i I I ' i i i ' ; i : i i I i ' 
.ll ! I ~~._l.JjJJ_L ... J __ L __ : ~!--Li :~~.l.l ___ j __ L_ LJ_UJ] 1_L_J_J,J.J _. ~ ____ ~ __ 

so 

FiG_b .S GRADF,J~S Or THE. 

70 
f' n. ~/~I p l:. C' T (' r \i .J --I· r. .:-.:. T r; 
'O .,f .-..(1 J .. ,r--'.. ~ \... ... ,.. . .,. r...;. _"-?_ '_" 

60 

I 

- 0 I J ' 

'20 . I ' i ' i 
1 I I ! I i i , , 'I ! lit ! ! I 1 .0mtt- I~ I i 

OLilU __ Ll_l 
t:H-:1 (}OOCG O.()02 0 .0 :(, 0.02 () .~;-; t ·, "") .. )~ ... - (~ , 0 i ;·(1 ;:~; - G 

,~ .. ....,. 
,;'~ ',,,! c .. ~ 

~ ~~ d. 0 N ~ I-NE~ ~~1~~~~! ci5};~SfCl=- .~~~~~ ·,~~J~I~j[~~~I~i::}~: ~~~fI~~~.~~ -:": -L F i ~ ---;&if~,'}J~· ;:;~:~f~~:.~i~=~~~L. _m . - ---- .w . 



\0 r------,------..,.------ -,--.--.. ···--··-r---- --- ~ 

.J 

o If) 
If) « 

r 
'= I/) .J 
Z 0 

i!1(f) 
J UJ 
<I{ I­
~ I/) 

i=w 0 n. 
<t r 
o 0 
~IJ 
t- lL 
l C 

'of ~I--t-----/~------- r1 
)(cr(/) / \ 

rOut / \ 
u. t / \ 
r In / \ ... g / 

r --~/------+_~\r 

c ' 

J 
.... -
o 

t.J) 

UJ 
t--'i) 
o 
0.. 
r 
o 
~ 

~~E « 
tll 

NOI.l.:;J~:S 'aN';;1 :::10 

AJ.IS~:aO AttO ~n"""~Iv.J 

o 
Q 

o 
\0 

)-
... Cl 
Vi e 
7. ~ 
~ 0 
~ et 
I1.IQ 

~ I ~ 
( 0 V) 
o et I-w 
(Jl!. 

co 

f 

----I 
('( 

o -

.J..J' 
I 

'2 

)-
~ 

Vl 
7 
,,~ 

Cl 

).. 
(r 
C 

0 

)-

~ I 
21 
01 
r 
O! 
Q 

2 

2 o 

~ -et 

~ 

. 
Ij 

LL 

.. . ~ i ... ' 

~--~---.----.-- •....... ,-.- --_._---_._ .. __ .. _--_._-_ .. _--. - --.- --_ • .. _ .• _-_._--_._ ........... _ .. .•.. 

• 
0' ... 
"'" 
tl r-, 
fl LO' 

,! 

t-= {\ I 
'-\,! ! 

-I 

LJ 
01 
~._ I . 

Z u.! 
<{ ! 

I 

~!) 
21 
_ I 

i-
-r I \J') ~. I 

t~ 
- , 

:< 1 
~" I 

91 
'v ... ;~ ~ l ,-
~, v· ~ : ,- I 

I ,) · r I 
0 \: 11 

'"<' rv o! 
',,\. , 

f"l I 
~. f \ ; LL ' ) .~ I 

<" ...... ' ! 
f 'l ,$. 1 
-'" I r! 

b 
l) : 
\~ : 
I t ' 

"'7 oJI 

~ I :) ! 
t·· ~ .. 

V) _ I · \~ 
", . '. 

0 
.. 

r V) 

0 
(1 

Lt Uj , 
I-
0 
:2 

'-...."I 



~'. ---------

~r_---
N 

N~=-·------~------_7~--T_--~~~r\ N 

z 
~~--------+_~L-·----T-~-~._-_,~ -

~ 
W ~~--------_r_7~----~r_~ 
Z --

, tJ. 

lL 
o 

V) 
Z 
w 
o 

& 0 
a --

J 
< 
Z 
o 

.... 

o 

l­
u 
< 
et 
Lt. 

(D 

~--------L------~~--~--~------~~------~o o 0 0 0 o 
«l w ~ N 

l{I 
Z 2 
.{ 

(:{. .J 

{5 0 
tJl 

uJ 
I-
I t''! 

o 
c. 
c · ,.. 

II (1 

o Li 

.J ,.. 
4. rl 
Z [) 
o 
)-
U 
4-
Cl 
LL 

Vi I 
_.J i 
.; 1 

~ .. i 
_I . 

~~ /! 
.> 
0 , 
r 1 1 

.~ I 
/ .. ! 
--:;' 1 ..::'> 
(1 I 
<i' ; 
.l) 

tJ. 
2 , 
r '\ I . , 

~ 
I 

-.- - -.-~ 



1l'''' 

2·7 

2·'=> 

""' 2·5 M 

~ 
~ 

....J 2·4-.... 
~ 
Lt. 

•• 1 .~01 ifN1 ;f*'·,rW·.i.· •. I· . f~~: "'I .• y.; j~1~~~~i ·~" .·· !-~~ 
I, , I ' I _~ ,'-", .. I . , ___ .. L •. _~._ -1 .. • .... C/i5 ' c I'6 ... . !._.,_. 
l i' . ' , .: ! .' : ';,L'::: , : :":<: U :'::::> :H : :I: j:> , :1 ~ ~ !:>:: 
f:. DR.,( Ot:.NSII · ~L.t .. ·,l · ; . _ 1. _ _ • . , _, • .L._ .. _-+ . • ~ - -,... • ...,... - ., ... l-.r-" r." 
.~- ; ! : ,::: , ; " ! ,,,.:~. lt.~~ : ; ::L: :i': ~ -:;t;t< l. ,~.L!( L, 

t!.i :: .:.: :.:L .. bJ. .. " -- 1' - .. ~ •. L __ .: ._~L ~ -~. ~". -,,~'- -', - ~· .- J' ; ·· T-> : ·r , ; -. . :---- -- -j T ---: 
1 1 " " , . 1 1 " f ' i " I. . , t i t. ! ;, t " " _ --. " I l . 1 

Ht!; ! ' , I ' : '! " t , I ,1:, ", ' ,, : : ! . • 1', l' " I ;' l i " ,'t , t ..;...r. . f , ~ : , ~ !: ~. 
t I . , "" 1 ' ! ' 1 , ,' . • ... . . • _ .. ' I ~ t-" ~ 1 ,. , • • . I . . . " ,_ 

': ' :~Jf~D 
' :1;, ! ' 

I: '~';' ; ' ;;" il l' : i " i : i ' ,, ' : :: 1,' : ,; ': I: :'! " ; ' ; l '.' 

~ " . ... .. ~ •• • I ' . . . . . , .. ••• ' , . J , , . I , 

p t " " ·, ,,,,1, , " I ·,1 ." ",:·,, 1'1 ' " , I . " , ;' 11 " , I I ... ~, , ,, 1 ' 1 ' " " , .. I : 
l1' 1I I .. , " t " I ' I ' .• I " I . I . . . • . .' I" " " ' ! ,. . , 
.. ; .. ': . ' 1 1 ; , " . , '., . . -' .....!.. -.;.J.:.._' ' I ~. __ -\.-~O "". ''''- ·~-1. ~- ...... _ .. 

7T:T" :~i'-: l '--:-; -, I'--' ~~I': rF., i-~. :i ·: : I' ~ ' :: '8 ;.J ;'1 . .:1. :. i. ' tt' lf i , \, ' ; :~ ! .. ..1:·;· 1· :. \ . I. .:. ! ... :: .: .. ::1 ' -' . ( :",1,: .......... 1.. . . . . ;. , .... .. "j.:- ; .. ' !. t\ "j ' I :; p; : <,I ! !: ,:' ' i~;: ' : !'l,::i':i; : ," ': ! :1 '. " ,(; ,1' /: :' : ' . ~ . j , :! t ') , ! ', : : ' ; ~ . ; . : .. . . j 
.. , I .1 , I , . \ -l " ' " J • • ., ..... _ _ .! ___ + __ + .. ... L -- .. .. - - .. r ... _ .. , ... 0 ... . _ •• ", . _ ". 

, I 1 - ~rj " "~f 'l " l " . : . -'--'-1' --:, ~:-~ i · ----;l '"'"";"·i · " l - , I :Y I l. ,', , " f. : I " ,I I . :, ~ i ' l 

i l~! !;'i !;: __ ', .. :; . J ' •• 1 : .. : ..... ,:.:;: ··::·t: > .. :11:; .. I ;. ' ... ! .: .. ~ .. ;'1" : I " ;'; ' " I ':.::: I ' t 1 '\ ' ' : i 
\!" ' " I' I " .' :'1'''' .", .. ! .' 1 1 /I ." I .. I .. ! . i , I '" : '! ' . . : 

:r.' j ., I ' V I . ';' j j • • , • ", I : ' I' ! . :, ! . I. I,! , ', . I ' " j I . , ~ • " 
l i l :. , .1, " C ' Co " i , ... • .. .• " :1 ' :, : / ' I . :' 1 . i " . I I I • 
;.!..:.; :: .,~_ ••• L ~ ~ . -l .. ~·l~ -' -·~ .. --;.L.-'--i' . : . ;. ' - ' -:i"T"" '-" --~ , A r:. : ["-, . \ 
; ' ;: , ! : :, ' I ""', I I ' ! : , : ' I 'I 1 i: ::. ' t ; I , I ' : 1 ' I I I I ,. , , " ~ I 

, 
" ., 

, ! 1 '1 , ,,,,, I ' I J 1 ; . 1: ' ; t ': 1":' ; I : , I ! " I 1 1( , [ r I 1, 

il', : ,I 'j ". t ''"'It , I/o :' il::!, ::. '; ' ::: ::;: J '!,' " 1', i ' I · !; 1 , ' 'i 1 : o :..,.:.j.: . ...,l.:~ l. . \ .... --i·~ · ·~~4· -~·~ ·- ..},~~.(" . -.~L--7"+--<'" i .... - ~-- ,.----- ........ j ... -:1" :..... \ , 

·'i:' SI 
" 

',' 
\, ; . 
j 

' ( 

':1 
j 

t 
"; 
{ 

'1 
'1 " 

l 
1 
j 

, I 
j 

I 
I 

() 

IL'j' . j, ! . "'c'" \ .. , ... ,. , ...... , ..(. ,.. : --I i 1 eft!; Cl " •. ' 1 1. \ 

~ ' :f' :· ti:c i·" i.· ·i f" k I"\: i ?tfi~~cl .• l ci .~~ •. ~f·q·flldi, 'h-~J \~) C./ :9 

.. . J 
! .; 
I 

2·3 
).. 

J-.. 
I.', I ' i' " " . i· : ~ I : . , I,fr{;C/B, :.:,··_·,· ,. J / ' I · .. . ; ... .. . , ... f 1 ! .' I \, 

..... 
«) 

~ 

~ 2·2. 

2-/ 

2'0 

SO 

~ 1· ., 

! 
• .L • •• • j ._ " . 

., . · . i 
, ., 
, ~ ! : 

j 

! 

._ , ~ . ; .J. L. '.:L 
100 ISO 

DISTANCE F;'(()j~l 

, ·i . ' . 
, . -. -_. -~- . 

:' '; , ' I 

: t 
" 1 

__ L 
.. :.- ..• _. _; 1. _ " j . 

,?oc· 250 300 

le S" lviAl?G It\' (In) . 

i, 
! , 

Il >,\... t . .... 
'7'IJ ::;· 

350 

r ~ ;< :. 

.. ~ 
"1 

! 
. 1 
i 

.i 
'i 
l 

! 
I 

.! 

I 
·1 

" '! 
i 

4.00 

!J 
:'P 
G"-
O> 

1< 

~ I~ 
!!:! (J) 
\:} --» 2 ,'"l 

I~ t;I 
[n 

le z 
(J) 

,7\) -
l., -t 

.../ 0 ..... 

7\ 10 f:; 11 
f' 

:j ~ 
r- ~ 

t;; I~ 
r-



2·/ 

~ f·B 

.... 
(I) 1.7 

~ 
(.\ 

PIG. b. 9. IN-SITU DENS/T'(' 01= 

BLA/SE N TI LLS. 

:- f 
. . ~i 

F--. c -WET- DEt-<SITY- -- -'~r-- · --~· ·· __ :-'L .. - ~: .:::.. .. , .. _­
r ' I : - - t - .. : I -

16 ri ,ri~< t>F.NS1~~ _1=r{}: F·_ j- ~ ~ 

1. , ~-:jrt0tj~f~t ~~tJ~j~j2~F'- -E;2~ 
~ R , ~ ~ 
0\ 0\ Q\' 0\ 
~ ~ ~ ~ 

YE.AI<.. oF DEPOSITION. 



g 

10 

-J 

B 

7 {- / 
..... ,J I I 

6 '/ , 
!; -- /-1 

4 
..... /1 

3 

2 I 
I ~ 

oL~.---,-
123 4 

c.ttt • 

, 

8 

7 

r. 

. :; 

~ 
4 

3 

2 

i 

(1 

~ 

" 

,,/ 

// --
.-~ 

\ 

\. l-
" / 
,I 

--
6 7 11 

. 
P 

I 2 3 

cm. 

BR/CI7 
a'5em leve! 

aqsrs IN C/)NTACT HAVE 

~" 
BR/CI7 
7·5cmlevel 

9 10 11 101 

/\ 
, 

/'- -
1.--/ /" -
~ .-' , 

.-'/ \ .,.' 
..- .-

' . .....- I 
" 

.f-
/...; 

..-' 

.",. 

BR/e 17 

---1--1_ I 
6·!lcmlevel 

I 

6 7 , 9 10 11 12 4 
\ -. 

/ 8 \ 
I " ~ 7 \ I \ -

6 ,/ ,>.I "-

/ / \ 6 "7 -- \ 

6 4 \ I / 

"-
I 

s 

2 

/ 
I · 

0 
2 3 4 ~ 6 7 8 • 10 11 12 

c.M. 

~IG-. 6.10 TIERED DIAGRAM EXPR,ESS1NG THE LOCATiON AND 

DIP CF a.- b PLANES ot: CLASTS AT 11-{REE LEVE.LS Wrn-l/N 

BR,t;:\t>A ME.RK.UICWO KU 1..1- SAMt:>LE BR.I C 17. 



---~-.---.---- .~-------- _ . 

tlAGNETIC 
NORTH 

1 
I 

PEP. etNT 

PEP. I 

PER CEIIT 

FtG-.6.11. CONTOURED 5CHMIDT NE.T EXPRESSING- Ci.AST 
----~~~~:-----------------

FABRIC S ·S cm. LE. VEL 

AND F'IG.b.10 ) BR'flt>A MERkUR.JO I( U LL -nu.. sRJc 17. 



------~--- - ... - .. -..... - ...... -

. ' 

d 

I="lC-:r. <; ."2. . 5CJ!EM,l(nC R£PR£5E.NTATION 01= 
.- -----
~LEMENTAR'( 'PARTiClE ARRANGEMENTS. 

(~) INDIVIDUAL CJ-A'( Pl..A'ELET 1t,!T£RACTION j 

(0) CLA'( P1.ATE!.ET' GrRDup INTERACTION; 

(d) c)-o-n·n:.l) su;r OR SA\>Jl) ?I-R.T\CLE It-l1C.MC:flON) 

e) PA1Ol-Y DISc.E.RNIBLE PARnCI-E. lNTE«)cll0N. 

(COl-L-INS ANl:> McGtOWN (974-.) 
~ 



-------- -

" 

k 

FIG. b. 13. SCHEMATIC REPRESENTAr~O'i ~F _ •. 

p~C~ ASSEMBLAGES. 

<U),Cb) ,Cc) CONl\lEC,ORS') (d) IRREGU\.j.\~R AStSR}::GA."nCJ-1S. 

LlNKEO at COtJNECTbRS; c.e) "D<Rt:.-<;ULA., 

AGGR£<:;rMrION tz)RMING- A HONE.YCOMB ARRJ.vJGEME.t-l~· 

<f) REGU L...AR. A66RE..5AT IONS lNl""e:RJa...CTI N 5- W 1'il1 

s IL-T .~R.. SAA.b GfZAltJS j (~) RB:ruLAR,. AGG~AIl(jNS 

tl'l1"ER}CfIN& WI'ifJ PtoRl1CLE ~TRlX; h) INT.ER.WEA.YIN~ 
eUNo-IES CF CJ..A,(; (j) \N/ERWEA,/INGt auWCHES eF CLAY 

wrrH slI.:r IWCUlSIONS j (k) ~'{ P~TfC.U= MA.IRIX; 



~~ ~ D"V-- _-conn t ::''' '- ~D? 
~--J';' . 

k 

, 
: ' 

FIG:-. b.13. SCHEMATIC REPRESENT.Ar~Oii ~F _ •. 

PAflTICL.1;:, ASSEMBLAGES. 
. ! 

.1. ' 

<a) Cb) ,Cc) 
I 

COWhlEc,ORS ') (d) I.1<REGLH.j.\.R. N:.;t;REG~-nCHS. ,-' 

LlNKED er CONNECTbRS; Le) 'IRR.t::.'"buLA'-<. 

(f) REGuLAR.. AGtGRaG:AT IONS wrn; 

SI£-T .~R..SAAt::> Gf2AINS j (S) REG-u~ AGGREGf.\1l0NS 

tt-li"ER}CTlN& WIT'H PN<.l1CLE ~TRlX; h) It-fTERWFAYIN<:C­

eUNo-If.S CF CJ..A'f; (j) \NlERWEA'IINGc BU~CHE.S OF CLAY 

W1TH SIt;f' INCUlSJONS; (k) CI-A'{ P~TfC.U: I-"'AIR-IX; 

" 

.1 



"11 

I 
Intorpartid. 

Intrl ·elemtnt .. 1 

FI~. ~ .14·, 

Inuruambra,e Tr.anns seo mbfage 

REPRt:.SENTATl6N OF 

POR£ SPA<:E -rYPES , --------...:.---

!~; 
\ ! 

, ! 

. ~.; 



A 

o 

"'~>- .. ': 

MAGNETIC 
NORTH 

MAGNETIC 
NORTH 

B \ZI . 

" , fffrti:::::' ~ 

~
" 

'I ' ,W?i \~ 
:anrl: t@ ,,' ' 

/21" ~ 
\& @ @ " " , .. , 

" ~ 
~ 

\ 

E 

';R 
GJ 

() 

@ 

~ 

MAGNtTlC 
N(,~TH 

MAGHUIC 
NORTH 

<9 

I-

j 

,~ 0/ ~ f!? \:; J, 

JI) ~'W '-1/ (J)/ 

)F-
,/ J ./ 

t.. - ----,~/ 
~~:: .., 
~:~~ 
i'~ 

.. ,,"\~:~",.:.~,:,,21;~:~t: .. "'·~/~~-.lY:::'i!:'i;:{:J"':';:~L~ : ;~·:~-":'~~ ~ :~.~:: .. 

c 
MAGNETIC 

NORTH 

~\.Q!.I.----... ,......... --" 

~ ",I "" 

~~b- 0." 5' "(iY );Wiii/81 
~ ; r;~, ,, ' ~'~i; '7)m':: l~')ii;m~ ~I ,,, .. ,, "",,,' I " '."""" ~ 
;:(bi;; /~n~2A niiiiWi\.. I-. ~~,/ ~i~ii ;l li rAA~H ; ;:ii~;:;i~:;; :.~ 

\ ~;: : ;:;'J!J(;: :::: : : I'~"::"'/::::7 \~ -«L~:l~~?~mL\0~~·Y: : 

~
' ~;J:m;: 

+-...$'+ ' ......... .. " : ~.l,~"'... --,---
o cl' 

FIG-. f,.f5. I:CELANDI C CLAST FABRIC DATA .. 

SCHMIDT NET fLOWER t-lEM ISPH ERE . 

w_ 20-211-

§.-d 15--/9 

~~0';;~ /) -14-
tt~~·.l 

5-9 

1-4 

pe,.. c.eny 
/t per cent 



" 

~("1" .. ;.:,. : ' ,~ .. ' .... , , " .. ;._., '.~- ,~ ~ ...•. . , ... -

MAGNETIC 
NORTH 

\ 

.... "o~~ ... 
~~\~ 

~"".A 

6 
MAG .. E,.e 

NORT" 

I 
:,' ~~~~/ 

\:'\ 
~~ 

/;) 
\('!.' 

lID l 
;{)) ; 

./ 
~ ---:~~ ---, .. '- ~ 

·i\~ 
JA 

~~ D 'O~,.. 
~ ... ~~ PlAG"ETIC "i~ c:. NOcr.'i 
~ . ' '---,---'!'~'A' ... ~ 

,:t~ . " " 

~::;~lj ©e ~ 
@ (:[~;. ':: ~ifiTF: 
.. " ~ I, (\ t.~) (7~j~t )~ e 

m-, 
w 

PI 
~ 

A 
I:.:J 

,>,..· :"" ... ·:::/,:;;~2l,.-·~:r.~~'f~$~1~;,;.;L~;.;.:_:;. .. --~-- -----

J=/C:r. 6. 16 NORWEGIAN CLAST 1=Af3RlC DATI 

SCJ..lMfDT NET, LOWER.. H£M/SPI-IER.E 

20-~4-

~~ 15-19 

~~ /o-/q. 

I-If. 

per ceny 
/t percent. 



CLAY 
MORAINE 
~ f:TNESILT M. 

GRAVELLY CLAY ~ '" 

FNDY CLAY M. COARSE \ILT IVi. 

GRAVELLY SANUY M~~ SILTY SAND M. 
--.. .. ----.:::: SAND ~ , 

C) 
Z 
(/) 
(/) 

« 
D-

~ . 30 

20 

10 
I 

01 

M. 

SAND GRAVEi.. ST:"r-!( 
";"'--f~--N'V"'-m-e-:d;-:-i":um~~:-c-o-a~rs:--""'e;: fine M coarse-.;------r ~.-

Qravel 
~.~-r~~~~~~--

i?'063 
O· 07a 0.125 0·25 0'5 1 2 

6·3 ,2 63 

80 

90 

4 8 ~5 32 64 mm 

~IG-. 7.1. SWEDISH CLASSlF\CA110N OF SO\LS 

MORAl NE CO. (BE,5K.O\.cJ • 1951 ) . 

·i 

, 
i 

.1 , 

, 
'; 

, , 



---- -------

u: 

-- ------- - -- - -- ------

4 
~ 
":-- :2 2 

l!J 1 t--J 
;:n 

0·5 
Z 
~ 0·25 a 

_L," MOQA.I.IE _ ':::, 1' .,,,. I "' , I ,.... ' ' 'l _ ~ " , . • ' 

3 r-abmdvokt c, 
~.-+--~4~+--b4~~+--4--1 

I 0 
. 0'125 
~ 

l~~-' -- j-- 3'~~-{f~~:~~ ~"i 
! O'Oi5 

0 5 
-

10 
"'-r ~~ '~=.=-:J= 

15 20 25 30 55 
I...t. 

PEQ CE~\ DRY' WT 

(~) aEJ_ATIC~.J 8E.T'v{EE'r-J ~J..o~ID Lllv1!'T 

AND M.l\'X. G: RAlt~ ~) I ZE 01= TYP!C.[,-,l~ MOQA-l).JES - ---.--'~-----------.---------------------

A1=TEQ 6ERl.JE1..L. (1957) 

L.S::: (0'5 ~ l-L.) 

!5 ---'---

11 
o~a ~. ~-:-(H':!I"ORQFor< :;, 

4·. Ulv:!..!J::,r ,:;::\.J ~J _. ! 
!) ,--­

I 

L -.--1.--...J..--J..-----I--'----' 

~o !5 20 25 30 35 
LI.. 

PER CENT DRY' Wi 

(b) REI..A.TIOl'o..! 6ET"'-'EEN L.fQUID l.IMIT 

AND VA.L.~ES 01= I..S Dli=I=EQENCE 

~OQ MOQA.Ir-.JE5 

A.~TE~ BE!<NEI..L. (i957) 

" 

FlGr:Z2.. Rf::LATlON BEN"EEN L1<QUID LIMIT, MAXIMUM 

GRA\N SIZe: AND L. S. t>\~J:"ERE.NC.E FOR tv\CR,AINI c:. SOILS. 

, 
; 

.~ 

j 
( 

; 

" 



' PART'CL'E" srZ-E O'STR'8UT'ON 

,DESCRIPTION OF SAMPLE:- ' DATE OF" TEST:-

100 

90 

80 
7~ 
.', , 70 ti1 
(!) 
<{ 
f- 60 z 
w 
U 
0:: 
l.Ll 50 
0-

Z 40 
0 -!-
<{ 30 
~ 
~ 
:J '20 <.1) 

iO 

o 

B. S. SlF. 'lE" t.'U!,;iSCR A PERTURE, SiZE IN INCHES , ' / 
1 } 1}" J , 12,,0 1sn ~n':j 7;~ f0 5~ ,1 :;5' 11.; 14 1C 8 l g , ~,.). 8 2 4,-, 1 , 12 ~ :5 4 S" I 

! ~1·11-,.I- 'il--1.Jr-r-r -1TI;r-' 1,1 ~I' '- , 1

1
'0' 'I 'I' I af/-0,?i T I I 1\' ! (Tfl--'f\.-JT1 

, I I I ' I I I j ,I ill"" I /;,, ' i I1 \ I I 
' COHROUR ~O'HEST! SAt.ft. r::LE ,' ~J;~ffi#: r oi~) I 1 i L..Ll-L 

, I ' I I I --c~ I I If' I' Til 1 I I 1 I 
, I, I , I ' I, ' 11 I, !~( , , I ,: ' : ~i/ I I 1

1
, \ ! I 1 11 . ! I : ! I 'I , I rr l ./j : 'I ' i(~ 1/ " : ' I I I i, I I 

1 -UJ--H' '. __ L~ i !: .r·:1- I I __ ''''{-ul' t>-=--,:I~ L~.GL!~' GAR1TEN S,~" ;·'1Pl.~,_1 
1
1 I : i' i I I I 'I' ' '\ I 1/ .,. .' 'if I I I i i \ \1 , i I 

I I , U I I I 'wt+t /' I ~ ) I I I I I , i I ' : i i 1 i ,, ; ~ :,~ I ! . j / I! "IYI !, I ! \ I i 
I'-t::--- : --r--r-'j/'j" ,Y-r;'-r-n'·tI /-\ ' 1- , i--rr ~-+I ~ , I I 1 1 I ,"I I , -1' I ' I ! III VI, .! , I , I . " 
i , : i I I i i V ' . 1''/ I 1 : i, I " 1 , I! , I i ' I ' i I 
I I11I I I yf I J 1,,1i' . I I U)ilttl-ST~THYRE SAMPi ~L, --L~ 

i I I ttl l i ll I i i i ' I 1 T n I i i I ! I ! 
i I , I I 11 ... · I i or II ! I I I:', I A II! ! I \ i \ I i : : I' ! : I lA' I I' I I I ' ~ .if 1/ I ; I I I, I I ! 
f ' , , t · ' : ' / : i~ ! ! , ! : ! , ; ~ -n-r---.l-'~·'I'~-t- '1--1! I I Y __ ' 4 rT I " ,"'J,oco'j _ _ o _ _ -<, 
" " , .... ' f ' I " I " 1 -i I ' ' , ' " 
I I I ' ''// i I I : I'! : ' i :; I ' 1 I ' ,'! ': 
I ' i i ' I , 1 ' ! i , 1" , ' j i i I i 'I 1 I 1 i 

1 'f I I I I ! I r /1 i .. ! 1 1 . I : ! i t I 

ulL .,vl I JJilll+-J J''f/ i· i i : THEQfiATICP.L CURVE FROM J 

~~II~I ,/ 1 1 I I, I i I III /l,' 1/'\ 1 ! i , ITAlBOTS r-ORM_,UUl., , ! 
11 j I·, I 'I I I l ·YrI r 1 ·,r : I I 1'!)lTH 'n '·· f'l '" , i ,t,' I ;';' 1 I ,: "" I I I' •• • - ," ':;' i 

I ' , ' , ,/1" f--- ' " I 1 

! , I r~,~l ! \ J:{~(~:, ilT,ly"1 ,:(-i I ;--11, 'I: ,\i m; I' -'11 I: I '\' n I i i '1 
(., I ' 'v! ' I , I1 I I 1 ' I ! I 1 1 " , I I~. ' ; !~ I \ " ., : ! 1 1 ' I' , " I ,i! I ' ,; I ' -1 I I : I .. OF I ! I I " , ! i I ! --~++-,u_-r---!--+- J - -I"'rtil1--r-:-J-++', -i" "' -!-n-~, ---+--+- ,. , r-, ,,--,L+-, 

" 

, i I ,/jV i I : )'1~ i 'I " i \' . : ! ; ! ! '1 1 I' 'I' I ! i I i : i I ! 
I , I ' I Il L .. \ I " ! 1 1 ' I 1 1 ! I ' I 1 ' I I' ' / " I 1 I ' I" 1 I 

~"t~v., _; r ... ;~: I I 11 i !-LU .il I ! ! I! ! lL;.! L l 
I 1 , -Jd~).~M i ,' I , ! I I! I ! I I I i I i ! i i ! 

tllJl ! I iJ I. I! I I I L_! lJ.JJ.lL_LJ 

• 
LOG SETTLING VELOCITY - CM. PER SEC 

-
1 3 2- 1 

..L-. 

FIG.7.3 GRADING CUR\,E OF -

TYPICAL MATERIAL TEST~O 
/ -

ANO TALBOTS 

THEORETICAL CURVE. 

~ 

I 
I I 1 r n-' 

I 
\ \ I 

I ' T 
I 

I ~ /' I 

I 
-

! I1I 
I I - I ! I 

~ ! I . ,-.'-

I ~~ 
r~ 

__ 1 _ .--~_L_ 

mm o-OOOG 0.002 0 .00(, 0.02 0.o" 0.2 CH"? 2·0 G·O 20 .;: ~.. ~ ! , J 

F R c;: t~ 0 N I ;=1 N E s~Lf~ }}:P~I!+Q~ff\~ ~'~ =l--F i-t:J§~ G:l~;~~~\iX3~~1;:!~~-~,~::~L F iJ ~~~~~Pd ~ ~~~~.I~C5:=~~I::~~ 0 ,:~~T0':": 

'~)'.:.' .. ~~ . : ...... 
.: . • - .~.- •.• ;., ,,,,,;;~ - . ~~ --. '--:',~~-.;" j~ . .; ... ",~.-- , ~- ..,.'~ ':'-'~"" .... , -·----... .,.-~~4:· "_;."!'.:. "y_·4·'T~'~~,'."",~;,~'~',~ . .:;:.t';....,-:.:::;",.:..,;'~ '."" •• ' <-<. •• _ _ _ ., ~ • • • • _. ," ,r _______ ~: .. __ __ ~ 



-.u 
U-

=' o -.0 
C," 
>­.--
U) 
2 
UJ 
o 

& a 

% FINES 

100 80 60 40 
130t::==~==~~~~~~ 

20 

110 

90 

70 

--

- - - CURVES OBTAINED 
BY MADDISOl.J ON 5H~GLE 
SIZED AGGREGATE 

DRY DENSIIY OF 
SOIL / AGGREGATE 
MIXTURE 

CURVES FROM LATER WORK 
ON GRADED AGGREGATE . 

o 
2·00 

1'80 

1'6 0 

IAO 

1·20 

1·00 

I 0-80 
20 60 90 100 

AGGREGATl:: IN !)RY SOIL/AGGREGATE MIXTURE % 

FIG.7·4 

COMPACTIOl-J OF SOIL ,,",':R1AR I\T OPTI~'Jr~ MOISTURE CC:J1 nrr 
WITH DIFr-"EREliT--f'E"':CENTI:'; f GRAVEL U'NTEN1S 

(AFTER "F i G~~ \JAY RESEARCI-d30ARD 19t-)2) 

,..-
.Ll 
u.. 
::> 
0 -.0 

V 
~ 
!:: 
en 
Z 
UJ 
0 

& 
0 

0/0 Ff\.Jt::S 
100 8\J 60 40 20 0 

150 ,--- ...., -r -., 

-1
2AC 

GRAD':'.TIOi! B2.FORE CCf'.\PACTIOI..) 

145 /'-~ l2' )Q 

I 140 

" AFTER~\ 2·20 
\ 

135 \ 
GRAVEL. ISO mtn (b 1/1) t'\OULt>. \ 

\ 
\ 2·10 

130 

125LO------~------~------~------~----~,OO 

0/0 RETAINED ON U.S. ~9 4 SIEVE 

FIG. 7-5 

DRY DENSITY-GRAVEL CONTENT RF.LATlONSt-IIP 
(AFTER MA1NFORT ANDLA,-nON 1952) 

\ 

i , ' 
1 

'""" 1 
" ,.,. 

E ....... 
+J 

....:,.I 



>­.. -
III 
Z 
UI 
D 

I-/YD. 
tlllN . 

U.S . 
SIEVE 

NO. I SCREEN 
IN5. 

200 4 3 
r-----r-------/~r_----7nl00 

80 

60 

4.0 

20 

L3-~-~~ ____ ~ ____ ~O 

SILT 
.TO 

CL o\¥ ! F c 
_ . ___ .1_.-'-__ -'-__ '-----' __ _ 

% 
PASSI Ne:. 

I4RADA:~:~~~::) ;';SEO IN IN\lE.STI(4ATION OF' 

CO~"AC:i'ON CHARACTERISTICS OF 

~I<AIJe:.LL,( SAI-ms. 

150 

HO 

fOO 

100 

r---I 
I 

o 

0/0 FINE.S 

BO 60 40 

L~R~E SCALE TEST5 
ON TOTAL IfIATERIAL 

20 

BUREAU OF RE.CLAMATION 
T~5T5 (1/Z0 c:u tt 1fI0ULO) ON 

·,qmmt%."N)FR.ACTION 01= TOTAL 

tI'lATE.RIAL . 

zo 40 GO 

%C:tRA.VEL 

7l>mm (3-IN}N'lA)(I""'U~ SI"l.G 

SANOY ~RAVE.L. 

80 

0 

I 
'l , 4.0 

Z,3CJ 

:.20 t 
I 

t 2. !O 

"'""' I ... 
I E 

?OO 
"-.(.I 
'-"' 

{. 90 

LSO 

t.70 

fOO 

1=\ • i. G REI.AT'ON5~IP BETWEEN I't'l~XINlUNl DR.¥ DENSITY 
ANO "'~AVe.L. CONTENT. AFTE.R HOL.T'Z. ~ LOWITl., #957) 

,',' 
I. , , 
~ ; 
l 'i 



~OOr--.~r-II-'--'--;--~~--~~~ 
.~ 

~80~~--~---+---r--~--~--+-~~~~~ 
~ 
w60~~~~---+---r---r--;-~~~;~~~~ 
C!1 
<t 
~40~~~~---+---t~~~~~~r-+---~~~~ 
:z 
UJ 

~20~~j~~~~~~~9r--;---+---r-~r-~ 
UJ 
a. o _~~~ __ -L __ ~ __ ~~~~~~.-~~ 

20u 100 52 'Zs 14 7 ~" 3" 

B. S. SIEVE SIZES 

3-IN MA.,)(IMUM PARTICLE SI'!E 

,~OOr--~~~--~---r--~---'----~~T7~r--' 
Z 

~80~~~-+ 
.<:( 
Q. 
!JJ 6a~~--I----! 
~ 
et. 

ffi 40 --r 
u 
ffi 2°b·~-Fi-·~m~~ 
Cl. 

100 
.~~-::!-~-+:~"":! •. , 

B.~. SIEVF SIZES 
I 
~-IN Mr".XIMUM PA~·(!CI.;: SIZE' 

11.30 "--~--""-.-r--:---r---r----;t! 
t!T 
Z 
u; 80 J---+--t---+--.'--+---t7'7'7'~ 
cl) . ..: 

., 

~SO~~~~----+---I-'~~rr~~+---r-~~~ 
;.u 
'-r:1 • 
<~r,I--~ __ -4----+~~~~~-r---~---r-~~-; 
}­
z 
~ ~OI~~Z~~~~~~--~---~--+---r-~r--; r) Co .... 

0:::' t"/~:£A./7'":.~r--1 

W 
a. 00 100 52 25 14 7 

S.S. 51EV E SI1:E.S 

i-IN MAXIMUM PARTICLE SIZe. 

FrG· 7·7 

SUGGESTED PARTICLE srze t..'MITS 
FOR BASE MATERIA~S 

. " EXTRACTED FROM SOIl. MECHAWICS 

, FO~ ROAO ENGINEERS" H.M.S.O. 

3" 

f. 

t 
I, 

~ , 

., ,. 
i~ 

j. , . 

I,. 



>-
J--(/) 
2 
UJ 
c 

>-
0::: 
Cl 

2.20 o<}'o AIR VOIDS 

2.10 
130 

120 

1.90 
, , 

/ le 
-4 

1.80 

1.70 

\ ! 

\ i 
\ , ~1'10 

. \ l \ \ 
\ 

\' \ 
~. '\ , , ' 

/-\\ . ~ lOO 
/0 CD \ I 

/ \ \ I 

1.60 

o \, I 
1.50 !-___ + , ___ ~~, _-----:1::-' - ___ Lt _'''!''''...J_ 

o 5 10 15 20 

LEGEND 

MOULDING WATER CONTENT 

PER CENT 

55 BLOWS ILAYER 

25 BLOWS/ LAYER 

10 BLOWS/ L.AYER 

_ _ _ 0 6/0 FINES 

--- --- 30% 11 

40,0 n 
~ __ IOO% 11 

'TYI=' I CAI-' RELATION SHIPS BETWEEtJ MOULOIN~ CONTENT AND 

DRY OE.NSITY FOR VARYING COMPACTlVE EFFORT FOR . 

LAGLINQARTEN TILL . . 
FIG. 7 -8 

, 
i 
" t 

l 
I' 
t' 

" ": 
I. ' 

,j 

H 



------~-- -----------.-._------ .. _._ ..... _---.- -

'" "'" 
~ 
04-1 

"-
>-
I-
iJi 
2 
".!l 
0 

>-
Cl 
0 

2.20 

2. to 

I , 
2.00 '-

L90 

LSO 

I 
I 

I 

1.70'-

1.60 

f.50 

20% 

'" 
'" '" " 

,,& ./'" 
'" 0 

0% AIR \10105 

O'-~/ ~~ 
o /' '" \ 

/~" , 
~/ '" '0 
7 " , 
CJ" , 

\ , 
\ 

, 
/ 0 \ ~ 

\ 

/ \ Cl \ 
/ \' . 

Q 0--... 0 \ , ~, 
\, 0/ 00 "' / \~ 

"0. -0""" " , ,"', 
/ '\ 

/ 
/0 

0/0 \ 
/ o \ 

t.40L--___ -L ___ -:-~----L.-----I 
o 5 fa is 

MOUL.DINGt W .... TER CONTE.NT 
PER CE.NT. 

zo 

14..0 

BO 

120 

.... 
1\0 \../ 

100 

90 

LE.GENO: --0- PE.R. CE.NT FINES 

55 Bl.OWS A - - ---- zo- PE.R. CENT I=INES 

Z5 Bl.OWS D 40- PER CENT I='INES 

5 BLOWS 0 - - - (OO-PE.R CE.NT FIN~5 

. r:1~. 7. '1. TYPICAL RE.LATIONSIPS BETWE.E.N MOULDIN~ WAT~R. CONTE.NT 

AND DRY DE.NSITY I='OR VARYIN~ COt'l'lPACT\\JE. £~I=ORT AND 

'-. 

t, 

, •. 

1,~ 

PE.RCE.NTACE ~INE5 ~OR CORROUR TILL. " 
;~: ~ f< --.... -- --"-" ..... -- . - -.--~-- .. --.... --.----.-•.. ---.--.. - .. -- --- . __ .. - .•...• - .. -... -.- .. --_.-----_ .. _-_ .. __ .... --_ .. -.. _ .. - . ---.~--..•. --... - .. 



----~--------- --- ----- - .-- - - _. 

2.20 
0% AIR VO\OS 

135 

2.10 
130 

'Z.oo 125 

120 
1.90 / 

.-.. / 

'" \~ / -!. 
~ / / 

1i5 / / 
~ /8 

-- \/ - 1.BO f 
> / 11r. t-- 0- ~ Cl) 

z 0" -0'~ ~ l!J 1.70 .fo ~ 105 
c 
I 

~ ~ 0 
/ 

tGO / 100 
I 

&, \ 

1.50 
0 5 10 is 20 

MOULOJNt1 WATER CONTENT 

-LEGEND 

4 55 Bl.OWS I LAYER 

Gl 25 BLOWS/L.AYER 

o 10 BLOWS/L.AYER 

PER CENT. 

50 % FINES 

---100 0/0 FINES 

t-u. 
:') 

0 
"-.a -

Fla 1·10 'TYPICAL RELATtONSHfPS BETWEEN MOULDING WATER CONTENT 

AND DRY OENSli'f FOR VARYINGt COMPACT\'lE EFFORT FOR 

· "": ,STRATHYRE ilL-\.., 

i-
, 
, 



trs; ~ ',:":' . ~:i~ 

':1 ' " 

i 

I 
"I ! 

i ',,' 203Qtr--·--­
~ 
__ , -----.r----
E 

-+J v 
~~~ 

... 
>- ' 

' t--en 
z 
u.J 

!i~ f\t....(!W~~ ILAYErl 
210 '- <" >ocL:: ' ....... -- - -- .. -, .-.L:::::> <:: I 

c 1.90 I ><" ~ ... "' ... "" ... n"_" ";< 
>­
C£ 
c 

~ 
~ 

~ 
;tro~ , 
< 
~ 

1.SO L.. ' , , , , 

o 20 40 60 80 ion 
PERCENTAGE FmES 

2.30 
""' '" -& k=-~ 15 % FINES ..:t:. + _+_ _ . 30 % FINES 

• -- - - - 40<'/0 FINES 
, . -- OOJoF1NES 

.~. . 

> 75 % fiNES 
~ 
\f) 
:2 100 % FINES w 
o 1.90 ...... 

>-er 
c 

~ 
':J 

~ 1.70 
x 
c( 

~ 

1.50 50 125 275 

'TOTAL No. OF BLOWS 

FIG. 7.11 RELAT~ONr3}np r;ETWEE~; PER.CfNTAl~E f-' (NE CONTENT AND ------ - ------
MAXIMUM DRY uENS.T{ FOR \,/\R' : IN~ CONiPACT1VE EFFORT FOR 

LAGLINGARTEN TILLS 

l<'. ,~ 



! 

I 

r 
I 

! 
I 

1 

1 

1 
I 

r 
I , 
I 
1 

! 
I 
! 

, 

I . k __ ",-,,,,,· 

2.30 

-.nE 
"+r 
'-' 2.10 

>­
~ en 
a 1.90 p 

>-
0:: 
C 

~ 
::a 

. ~ 1.70 
)0( 

< 
~ 

1.50 0 

55 BLOWS/ LAYE~ 

25 SLOWS/LAYER 

S, BLOWS / LAYER 

L _____ ....i-__ 

~ 
~ 

20 40 GO 80 100 

-. In 

E 
,~ 

Z.30 

2.10 

---* 
--- ..b:. -- ->- ~-

!: --- .-A rn-- __ 
,"?-, --

/ -- A .~ / r.>--" ~ 
f£. / P _ 
0// ~ 
~ 
:::J 
:E 
x 1.70 
et 
~ 

• 

// / ~ .... 
/ ? 

/ .-

// 
I 0 ' 

'/ 
1.~O L __ . 

25 
I 

125 Z75 

40CYo FINES 

620;0 &l 

20% 11 

1000/0 I1 

0°/ /0 11 

peRCENTAGE FINES TOTAl. NUM BER OF BLOWS 

FIG.7·12 RE'l .. ATIONSHIP BETWEEN PERCENTAGE FINE CONTE.NT AND 

MAX1MUM DRY DENSITY FOR VARYING COMPACTIVE EFFORT FOR 

CORROUR TILLS. 



1/')1.0 If) tn (f) rJ) 
WUJ W UJ W UI 
2Z :z 2. 2 :z 
lJ...u. lJ... lJ... ti: ii 

e!! ~ :-!? 0 t-o • 0-
IflO 0 0 I!l 0 
NN In " 0 

LO 
r-

(!J \ \ \ 
(\J 

z 
> , \ 

\ \ , (() et.. , 

\ 
fo ~ 

\ 
0 

\ -1 

\ \ 0) CL 
\ 

li. 0 , 
\ \ 0 lL. , 

cl \ >-
\\ 

z r-
to .J ({) 

'" 
(\J 

~ Z 
g lJj 

Q 
, 

>-

~ ne 
0 

0 

0 0 0 0 010 l: 
, ,) a- r- 10 :J 

N c\J .:... - ~ ~ 
)2 U'i 

(SW/.+)A.L15N30 A~U ~·jnWIX'tY~ 
<: ..J 
~ ..J 
D t-
;Z W < ri. 
~ >-

:t: 
0 W ~ Q f-

2 CL 
0 I-
U (f) 

If) ~ 
W z ~ I.L 0 

I- Q W lJ... 

Cl! CO L!) l.L 
UJ ~ 

W 

~ :z w 
lJj 2: 

If) ~ t 
w iJ.I ~ 

0 
Z 0. 
Il. k 

tlI. 
-D ;Z 0 

w lJJ W U 
~ ~ 

lLJ 
...J :3 

// 
· 0 \i) 

~ Z I-

I 0 w uJ 
...J CO 
In U 
Q 0 cL a. "<t lU 

f ( 
£l :r: 

(f) 

Z 
Q 
t;( 

0 
\ \ 

J 
0 W 
N rL. 

(") 

r..: 
~ 

0 G: 
0 0 0 0 
(I') ,.... 10 

N '" ..:. 
. , -

.~ (iUJ/+) ,uISN3Q )...~a wnw\'~vw . 
i 

~",,"",,~.,, _ _ .. ,,....~~~. ___ ...,.~_ ~"--... -.d--.'77_-:--.-~.~.- '_ .. ~_~_ ... '~~ ..--- .... _._-. - ._- -- .. _- ----.- ,~.-:- -~ ...... ----------...... ------.. -.-,"-- -.~ ---~-.- ....... . -~ ~ ----.- -_ .. -.- .. .. . -0--- -",- ~ ... -, - .. ~._ .. ~ .. __ .. __ .-<...1 



. . I
"'"·''' . 

I 

,.... "". 
la· -~ 
>-
t: 
(j') 

z 
UJ 
0 

& 
0 

I 

__ ---"+---6 -L...-

\·80 

1·60 , .... 
I -, 

,-. .. 
E -~ 

'--'" 
>­
t: 
(f) 

2 
W 
o 

2·00 

.·ge 

I-: 
Cl. ,. 60 
" ..... 1--

I
, 

~
! 

1-40' 1 I o ' I 
20 I I 

40 I bO 80 T 100 

i 
I 

I \.4°
50 125 

PERCE~TAGE FINES TOTAL No. OF BLOWS 

FIG. 7./4 · RELATIONSHIP BETWEEN PERCENTAGE FJ~E cmnENT A\-':D DR'" DP,!SITY AT 0PT1MUM WATEI1... .'. - -
COt~TE~JT PLUS 5 (.)/0 FOR VARYING CQI'/jPACTIVE EFP)Rf !="OR- :"AGLl~GARTE:N TILL. 

30% FINES 
0 % FI"-lES 

40"/ .. FINES 

75°/ .. FINES 

100·/0 FINES 

2.75 



'1:-:j .. J:¥~ 

~ 
.E 

2·10 1 6-== I 

-~ 1.90 u 

r ' U 
)-i IOIlLOWS/L.AYER ........... ",! ~,1 

. )- I 
III 1.70 0 I 

o 

l -'" J 
\·50' I I __ _ _1 

o 20 40 l,,(} eo 100 
PERC:=:N'7AGE FINES 

I 
2·' C I 1. 

~ 
E 

- 1·90 
~ 
>­
!::: 
(f) 

Z 
LW 

--.-----
~ ~- 9-~ 1 .. 70 ~ / ' 

---
I / 

1/ . 
! / I 

1.:;0[-- J 

30% FINES 
40°/ .. FINE S 

a"I. FINES 

75% FINES 

(00°1" FINES 

50 125 275 
TOTAL No. Ot:" BLOWS 

FIG. 7./5 RELATIONSHIP BET\.JE.E~ PERCENTAGE i="/NE CO~TENT AND DRY DENSITY AT OPTIMUM W'ATEP- . CONTENT 
MINUS 5 % FOR VAR.YING COMPACT1VE EFFCRT FOR , L.b..GLlNGARTEN TILL . 



- - _. _ _ .-

lJl \I'l :2 \)1 IJ1 
Ul UI uJ Ul 
Z z -. Z L Z 
G: u: - - -' u. U. I.L 

~~ ~ ~ ~ 
.J 

ON 0 0 0 ~ 
"<tU) (\J 0 Ci 

l{) :J 

<l "- £ 0 
N 

\ :J et 

z: Ci 
0 

\ 
~ u 

\ 
III n. 
~ 0 C'l 
0 0 
J l- lL 
ro <{ I-
\.t. D' 

\ 0 >- 0 
l- u. 

d \J) 
u. 

Z Z 
uJ 

J l1J uJ , <! 0 /' 

,,\, b T 
I-

l- V 
Cl 4. 
D 0-

, ~ III 
z: 

--D' 0 0 
0 

ON 
Z lJ 

0 0 0 
0 ex:> lO .q -<! 

N «r 
er 

(£uq'i) A.LISN30 
l- Z 

.} .. ~JC 7 )-
Ul et 
I- 4-
.<.. :> 
() 

U Cl 
0 

LII l.L. 
("> -, ..... 
l..~ .-

b . t, 
Ci .... / 
uI ~I.l uI, 

~ 
.., Ul 

~ 
~ Cl I- uJ 

Ifl Z a.. 
~ IJl 

0 • r:.> V 

:1 ..J I G".' a 
C1l Ul 

0.. 

z jl 
0... 

IS'I Ul I 
UI UI I 

Z ""J H 
0 u. ~. ZI 
U) 

UJ U;I 

Ul (!j 1-1 er 
~ Q. ~I 
Z U i 
III :r 
u tI1 et ti Z 0 uI 0 ~ .q. n. 

!;( '3 ..J 
Ul 
Ci , . 

c.n 
0 
N 

U. 

0 
0 0 0 
0 Q) .... . . 
N 

(IW/l) JU..ISN3C ,,'(jO 

~ x 
; 



2·10 I 
,.-.., 
". 
J: -.., 
~ 

")-
.... 
en 
2 
L1J 
0 
>-oc \·70 
0 

FIG. 7.17 

,~~~. 

20 +0 bO 80 100 

PERCENTAGE F'1t-JES 

2·10 

~ ,. 
E :/ ..A - / 

.1,.' I V · 90 -->-
t 
If) 

Z 
W 
0 
:>-
ci 1·70 

--/-- .,/ , :::>/ ~ --1 
-~ 

0 

/ 
y'/ I 

I 
I 

1·50 
25 12.5 

TOTAL No. OF BLOWS 

~ 
2"15 

40% FINES 

2.0";0 FINES 
!006/oFINES 

b2%F!NES 

0°/., FINES 

RELAilONSHIP BETWEEN PERCeNTAGE Fli\:C. CONTEI-lT Mil) DR.Y DENSITY AT OPTIMUM ""ATE.~ CONTENT 
MII\lUS 5°/<.> F~R. 'IAR.YI~G ~~Ot-ir--'ACT !\lE C::F~ORT FOP COR ROUR "TILL --------------- - - - -



';~_ir ... 

2·20~i ---------r---------r---------r---------r--------~ 

,. - to ' / 

b< ""-,. I ---- ,,~ ""'1' C,,,,,,,-
.... ~~ 

, 

IJ -"" F. 
.v 
'-' 

~~_ I 
t 0 I ~ ~, ---------'" ""-QWS!'..A." -b._ ~ __ '_)J'~ --~ i ____ =-_<::::.---_-.Jj 

. 1--- ~ 
~ 1·60 . !--_:J 

1·40' .., , 

-.., 
~ 

.v 
'-....I 

r 
!: 
(/l 

~ 

2.2°1 I 
i I . 

"·0 01-1 ---+----:7~_::;::::::::--_:J 

'ti ,. bO l-, ---+------1 
.:.,' 

1·40 L..' ___ --L _______ ----! 

2.5°/. FINES 

50 C','v :=~:< :S 

0 % FINES 

100% FINES 

o 20 40 bO SO 100 50 125 275 

PER.CENTAGE F:t!SS TOTAL. No. OF BLOWS 

FIG. 7.IS RELATIONSHIP BET"'JE~N P EP-Cc-NTAC2 FI!\\E:~~ COt-ll"c i-.ll Ai-~D DRY DENSITY OF OPTIMUM W.b..TE.~ 
CONTENT Mlt-JUS -r:.~ ' FOP. \(AI(yl ~\.IG ~-;0:,:;!i::.~.c:T_7./~-: fFF8~1 FOR 5TR ATHYRE TILL 

NOTE: OATA FOR. OPTIMUM MOiSTURE COt-.J1El--l'f PLUS 5 PE.iZ CENT vJAS NOT OBTAll\1E.D 



! """"---! ---------

.... 
\rl . 

I :, 

Iij i . 

.,J 1 
t,) '1 
~ .... 

1"> ,: 

tJ: J 
~ l 

" . ... # 

t.: 
UJ 
I./) 

.. ~ 
'-'J 
(1. 

IC\I 

o 
o 

(j ) 

0,; 

E 



<!IIIo 

PART/CLF . S'ZE D!STQU3l:fT'C.::.l::! 
... ~j~~ ~S ... :.:.:~; ~ .~j .• ~' ~.. ;to'- - - .' •• 

LO~SETrL'NG VELOCITY- CM. PER SEC. I -B: ;-:-~iEvf NL;~:1f::~-··------::\?!;·RTLlnE · -51~[m'JNCH ES. 1 
- - - i ~ 3" 3 1 ,J. I I 
3 2 1 : 2001S0!Cf,7~b05~3 2.:3 18 1~ W 8 7"3 10 4- 6 2 4 1 12 2 ~ 4- Sri 

J .. I [ I~! ~i r '\;'l'rnnl IT' I'~n-nl I I~' i i j'dr,,' '\ 
'I j I j ll! ! I I', Ht: ! III 

+-i-f-+-- r '-l L' I 1\ ,t+ ~ " ~ ~~.l--n' 
FIe, 7.20 PARTICLE srZE OtSTRIBUTIO"1 -1---;--" ,--; rrr( -'--r, ' ,. -T-ml' ( I ! \ \-111 i . 

I I BEr(\( I: C:"'UcHIW"· 4+ I I: I1 i I i . " 
CURVES SHOWINCl THE Ot:qRf\OATlON H-t-- -J .. ,i;' ""'.,J. '-i _ , _; ; : , I ;; i :.J J!H' i I" 

-- - , 1 i 30 .;:.~'\ r \ I , ;'l' I, I : : I r " 
C,b,U5EO BY COMoACTION FOR : I . \' 1\ 17 1 i I I : I ' I , 

,. _ I i I I I I: I 11, : I " : i I I I 

=D::E::S::C::R::/::::P:::':::'O=N=O:::F=:5A=M=P::L::E:::-:-:::C:::O::;M±:f':::J\:::C::T=Ea=:;~=:L 55 ~!.IL/:!ysLLAYER DATE OF TEST!-

90 

4 
..J. 100 

so 

~ 60 . . . iy,:+, ,-~--:-~+~H~: -1 i,: ~,/II( 1'1-1 \ \ 1\ 18EFbRF cl,usllU I ! LUll! 1

1

, ,; 

u . !. I, : ' ; I I ! j i ; I I /,:' i i I ! : \ I I Od/. F ; I I ; 1 i I ffi 50 ____ I I1 jl : !_J_+ ' _ ~_~ V_}.'L~i __ : _LWJ-L I I ~o I . i! 111 l I 

Cl. 'I! I ! I I' ! 1'1 ! 1 ! I TL0Vl I I'! I ! I ! ! ! I l! i ! ! I iI i I 
..., 40 I i ll I I I I i ! ! i ' I 1'1' I i 1/," I I I i I i : I i ' I i i I i ! I i ! 1 i 

~ ,I ;: I I r I I !1 ' TI11 '\: r~v Uf~I-~i I i I j i I, i I i
l 

'I' I II i\' li j 11 

~ 30 : I I i.! ~ -' l-111 I i m-- I I i i 1 ! j I I I j ! 
~ '1 /' I I ~I I-- v.~! i I~''''!I I'I ' ! /i I ~i !, ! I 1I I I I I I I :1: II11 j I ~ 11 I 1 ,.... \ 1 ... ./ I I ' I I! 1lT--\..' 'i 'i ' ! I : i I 
::l 'ZO I i ' I . AfTE ~ CRUSH lNq V "I 11 I I i! i i ! I IAFTER CRU~I-!!~L; ! ! I ! I ! i I 
(/) 1" /1 30 % F /~v //1 1' 1!1 ! I· 'r 1 111 1 ~O/or i IIITi i\1 I ',i 

i 0' i I I I I 1 ;« '" ;/ I I i Y ! 1 I ! I i I I I i I I 1 I 11 I I 

oWl I I I _Ui~U_ JJ~r+t~1 i i I I i I i I m I I I I IIII! I i I 
mm 0-000"; 0.002 0.00(, O()2 1)-010 :"\? 

~ - . '-
~. !:) 2-0 G,O 20 (.0 20:} 

CLAY F'INE ME':! II;i"'-'1 T-cop.~s ~: -i':~----T-;"i ~:r}: t.;-~.~-r-'':':': .;'''_ K, ~:.::::-f F ll'~ £ M~QIU M I COARc-, E " '-'O'LJ' n-=Rc:. 'I 
FRACTION SILT FR/\~'t~- ·-'---,--------·-si.:~.;-,'S-'?~~,\C~-!(, ... -, -- --;--- GSP'v El i- R A-~·T-ION ; 0 --u~ '" .-._- -- ' ...... -------------------- , 



w 
{!) 

c( 
I­
Z 
W 
() 

n:: 
L!J 
~ 

z 
o 
t­
<! 
~ 
~ 
~ 
en 

,C'<";~:':'C'~';""""""";" " _ _ ~ 
<-PARTICLE SIZ£ - DISTRI8UTION 

DESCRIPTION OF SAMPLE:- COMPACTEO Ar 55 SU'\fVS/L~.n.R. DATF. OF'TEST:---------_.--------

100 

LO~ SETTLING VELOCITY - C ... ·:. P;':~ SEC. I F._S. S!cVE- iEj:0.~ER-- 'APERTU n E SIZE IN INC ~[S -I 
_ _ _ • 1 J" 3 1 3 I 

4 3 2 f'~~':'O 1'; (: ~ n.; 72::CJ5? 3 :-S i6 14 ',0 iJ 7 '8 11·~ G 2 :;;.. 1 '2 2 .::, 4- El I 

I I-"qr--rcc-r T1TTirn I'W;~~f' 1 . : : . i 11 'j i 
I __ t- : 1 __ ~._ - I.d> I _____ + I 1_1 1 90 

80 

tOMPACTlON FOR CORROURT!Ll _ _ _ \ _[1 __ , ~\ __ , I .\.J_~~ ---1 
1 'TIll \T Afl"1 11 \ " 'I I' , 

1 I I • 1 : ' ! , tttl' i I '-'I' I '1 I I : , , I , I 1 ' I , , ' , I , I l 11 • 

60 I I _ I -1J ! ~ 1__ _lY. __ L _ .1 ~~ 1 I ~_i_'_i ~-~L_! __ j 
I r~ I,' l' I 11 I' It:{tmBccnR"'C I cr\~;!('>I:;'>I~ ; r;" l :::~F , : I ' I. i I ' / 1/ I ..... \,.· v , .w~" " ' _I I -" 1 I I " , 
~ , . - ' I 1 1 : 

50 ,n, " i" : I i 1: I 1 11 TIt f--t+-h--! ~ I fr;.t~Y!'-I~ - -i -Hit
l
' i : I1 i: : ; I ! : :[-1 

I , 1\ I I I I i I I ! ~ !! i 1/ ~/l , ' i ! I I : ' ! : ' ! i I 401--+-111 I 1 H ~ -~ 1-, ----t-- .. --l- ---,-4 ·-'~IT--, --l--- --,.-.l-_.-~ ,,{ L- I - ~ I I I 1 --+r--r-----i 
I' ,1 I I I I! 1\. \ I I i i i"kV'I' j' ; I I1 i I ' i ! :: ! i 

I I AFT En CfWSH li~~ 4~1"/cF __ I , i/~v1 i I ' ! I I I ! I 
... i i ! • I f "' )' ,v , : ,I I I 1 1 I ' ' ' ! ' : I 

70 

. I I I . I' J I I 1
1

, , I I "I : ' l ~ ~' I • I I I 1 1 I j 1 1 \ 

11 
ill // i I I I ! I / / I, ! I ! i I i ' , : ' i I ! , . I I I I " . . , I ' , ' • ", I ' .,' , ' i 

J I I I /· r;:-C p;r.:':.u,! rOIC ' ~ t ,!' , I 
'20 "'r HLJ?1-t--t-· . I'~rl -t-.. I ... R C ........... Ii.NG. 20/0 I r----r-~.,. -r-----, - '1 I I11 k,1'1 /.1' 1 1 "11'11 ' I' ,'! il li ! I 

I +Hi1i! i:l//l~lrli i ! i 11 11\'111'/ ·1 ili l ',:!!!, 
i 0 >- - ,.l// -J..-.<' ~~ '--t' .-----L-i..l.. ... 1 I 1 _-.1.nn, - . I I ~-~ 

1 I 1",;'1 r~~': i """-I 'I ! I, ; ; d; I r--r !, ,-' "1 ' i i i! I i 
I . ,.,;,-,,']:> I I I i " Ill' I 1 1 ! i ! I ! I 1 I • I ---I , It, I ' ' I I , 

I Y1 . I I . . I , I ~ ~ 1: f • • . I I ! I I • ~ I , . t I I 

o I I I I I .L I 1 I 1. 1. . _ ._1 I I ! I LL...l I I 1 I i , i I' ! , I 1 11 I!, . ! I I I I j 
mm Q-OOOG 0.002 0 .00" 0,02 O.CG Cl." ,... " 

:";-"t..' 20 G·O 20 <;0 2 ( .. ) 

FiNE I M;:DC __ L_~COilr,:,i.-.~? .. f.~! ~ :~~~-~~·.~~c:;~~~j=~§~0~ E: 
L-.. _____ L-.. ___ ..::S::.;!~L=-T~_F_R.:..· ,",,_" _C::..-i'_1..,:0=--N -1 ____ ~.;~. ': '-) i= ,.; . .A.C- .: i C ~_ 

CLAY 
FRACTION 

F I N-E ~h: D.~u iJ~ C 2- /" :~~l~. : l":0UI_CE~S ! 
GF"4.YEl. FR AC,I\') N .-J 

( 
I 
I 



"I 

, , 

.. i 
'."" . , . ~ .~ 

90mm 
~------- ---~~ 

--------.-- - ----- --+----

~ 
E 
0 
0 
M 

RUBBE.R TOP r 

11 
I 
I 

F'OAl'<I RU'OBE.R 

~1C4 " 7.22. DINlENSIQNS O~ PERtilEABILITY t.YLlNDER.. 



100 

90 

BO 

hJ 70 
<.!J 
< 
f-
Z GO 
t:.l 
(J 

PA R TICLE SIZE D /$ T R I 8 UTIQt1 

S EMI - L..OG __ ~LQ:r... 

"'" 

lO~ SETTLING VELOCITY - C!"t: . PER SEC. ! r'. S. S IEVE j\J U-:::':C'd~ ------r~i;-Ef~ TUf {E ~_,IZE iNi:'';C ii[ s I 
- - ' - - I 1 .'i 1 ' , 3 .1 3 I I 

1 j L 1 fOr(r~nZ·Jth-1T!Tr~r ,-11hw ;<'!:rTi i-rfrrrri 
i TTI I ~_!.!.'~l!.ltJ.'_~ 1~d?'1'-->~:; /l T +w-dW I 1 "'2 .,.. -; jI C 61 ., ~~ "" t r· ' . t.- /" i j " . I I f I I . t 

FIG.7.2.~ PARliCLE SI •. E U",rRIB!J j ' ~~1 I 1/~1fl:I~!.:.n~.IEs 1d41 /VY~I I. I I ! ! \ ! ',I i !' 
OF COWAL TILLS USED IN 'I-~J ---.L_L---.---. .L r-tJ:1 I.~~j 1'-1- I I it-I'l _i

l 
i i J 

--- 11 ¥"; , ~. 1,/ I I 1 I I , I I I 
! ..... ! . I ,.! ' I I I ' . ! I I 1 I ! . I ! 

PER MEAB.Ll. '( TESTS. ~I r ,..,(J(\~ Fl t· !~"· /1 !/: i I ! rnl ill I I, ll, !,;' 
L ~rn' O "" .. '0_____ lV~ I ! ' I I I, ,' , . I 

, , I IJ - ! ,-TTr.fFi1 i I I r-\ I I ! TTTill-1 
, , I !/l-t1! 11 I I I' ' I 11 i ; ! i · :/! i , : ~. ':~ : "'l) i ;::n.l ?sm! 'f I i ~~i I I I! 11, 1 I i 

r..., ·t--l--- :--r-r-;~. -; ~---r-'. -.... ~ Tr---r - ' ,-; I ' I > . !J: ./' I "I I . , 1 j ' : , I ' , • 11 i ' v ' 1 I , : : I I : I!' I I I 11 i 
I ! '11 ,ft ~ 1 I ! i l ! 'V' : > I I if I ~ I \ 1 ! 1 , i! \ I !, ! ! : I 

t: I - I ' f I / ' /-t i ' : I : ),' I Ii ! J I I I i , i i i !, 1 i ! i I 

::>0 > i I 'I I Itv r~r/ .?' - .----r--!J:,rfni- y! lifl--:-t-hl' ' \'1 I r' I i ! r-,i I i i 1 
1 I "I I \ _~ •• 1 'I , , I I j' \ . I /1 i I I I 

Z 40 ~ I I . ~tMl. i ~}/! i /'~ y-s;~ ~ ,:ii:/ i I ! 11 I I ! ! I! 11 ! ! I 1 ! 
~ 1111 'I Y1 I/~ mm0.1t 11 ¥'jllll' 11 1 11111 11 ! 
L- i i . I • 1 I I I " I ' , , I , I , I ' ,.- tat' 'I 'I 1 I ! , « 30 I k' _ / y1 I ! i i I I i : ! I i i I j! i i : I 
I ! I'I Jj , ' I j !.,.,,V I I I.: I1 I i i ! I I I! i I I I I ! i 

IX 
I.lI 
Cl.. 

s; i i I Iqf I!; I L--1t 2;o/~ flllES I ,O'1u f:NES I' I ! I I' " i I1I ~ 
~ 'lO I 1 V 'V/ 1 lA r i Vl I I i I / I Iv i l l 1 I ! i. I I ' ! 

il l ,' l/V)/11J/'jllY I I 11 ill, If I, 11)1/: I i I ! 1IIIIIi ! 
iO I ! / . ~~H " Y:1 ! , y I I ! I I I I i I : : 

I Ill! '~~r-:--~Ff \IJJLIII I I I l' I i [711 1 ! I 11 I i I I l il l i 
0 1 Im- II.I,.L li Atl ! i ill I1 I i 1111 j 

mm o-OOOG 0.C02 o.oc.G C.02 O.OG ()'·2 ~:( . (., 2-1.,) G·" 20 C;J 2··: ) 

I ~ - _._--; . . , . p , -.. : L - ,:'-: ---'--'''''' . ".. "--="~"'-'-f"~'" .,. , . - ~,......" A 1 ... " ..-; - :----
1="1 N E ~ 1,'- 0.' Ut... I C .::.AK ~, t-. ..::. ~'::: ,~, __ .-l.-l'~ 1': n, ~lJ_':_' _L __ ,-=":9?:'::.;':;c . .-; I .- , h.::. N. E \~J..hl N'_._.L CQr-,;-, ':-".: ; ~:;. :.; UL.. S S ;~:S 

L--____ --'-____ S=...;.IL;;;;;T..:..-._F_, ~.;.., I-_\~',~!!Cl--A i ~.., .~. r . IJ ~ ,·~::~~:. 'T~:.o:?~~ I __ G"AVEL FR.,,,CT tON ~ ____ _ 
CLAY 

FRACTION 



TO PRESSUR~ S.'\>PI..Y. 

\ 

OUTLET "A.I.."E. 

PRE.SSURE. "' .... Uc:.E ---_ 

S .... TUR .... TING RESER\lOIR 

TRA.NSP .... RENT TUBE. 
~ 

-----

-~------~=: ==-/1 ~------=-~:~: =====~----

I i 
I 

REI=Il..LIN4 

RE.SE.R \lOIR. 

IN - I='LOW TUBE 

WATER ME.NISCUS 

~ 

0!It 

NEE:.OI..E. \lA.I..V& 

INLET VA.LVr;. 

-I I 
I I OUT- '; '.OW IU5E. I , ..,~ If .Ii.# . t ~' ............ ......... '9 1~;--1..J -- ~ ;.-~:::=t-J'--T.-l.ff OUTLE.T ....................... 0- RIN4 

OUT I.. ET : L . '-.... ~ ' \lA.L\lE:. ............... 

VALVO< i I 11 "'£TI>&- STICi< 1',- . PORouS STONE. 

I. I BOTTOM PI..A.TE 
; 

~j'~~_ 11 ___ J 

F'l~. 7.24- CON5TA.NT H EA. D P':; ," H~',B:\ __ \-r'{ A.P?Ai..: ~~·.jS (."r:TER YOUNCER !t LIN'. 1969 ____________________ I 



.,. 
'<~J~'~~~{'.l:'(:::\ ~";i~"t~i~'(,::}:,c' .. 2 

I wG S£TT'-'~<ir VELocrr( - CM £R. SEC.. I BRITISH STANDARD SIEVE SIZES 1 

I 
:3 '2 T , . 300 200 ISO 100 72 60 51. 36 25 18 14 10 8 7 f/8 N 3/ 16 ~ /f4" 3'8 N 1/2 M 

- ' . , , I I __ l t _ , L I I _1 I 1 ~ -.1. -.1 I I I 1 I I 

,11 I I I I : I : I! ; 1I i 1 II"-L:V;}-~~~~ I I I 1 i"': 1 1

1

: 

V1::W1-L~~ i I I I i j 
~~~~~~~~i ~ !~VW I ' ' , 

f .0,IV , 11 IJ 

i I/}, i~ 1 I ! I ! 
. l.~ L~ 11 I I 

i /~__ I I1 

'I 

, ./j I ! 
I ~f : I ' I I J J 

ttl' I ! I !' I 

-+-+-+-+-I-I~ ~ I I I . I I J J 

1 I /' 'I ' I 
I -+-r--- -t- J 

t-t-+-+-t-+~=-~ -t-- 'o::!-"'=-+-+-+--#-J 1 I .. . ~ I H-rl +- I I I I I I 
I tttlllil, ,I. JH 

0.002 0.006 0.02 0,06 0.2 0,6 2 6 ",m r ~ Fioo M d' CLA y ·;I~~m Com, Fine .L Medium 1 
GRAVEL 

Coarse Fine J Medium 

SAND 

f:IG.7.25. PART/CLf. SIZE DISTRIBlInONS or: ARIlr:fC!ALLY (TRADED BACKWlqEj? TILL. 

(YOUNGE~ ,·V,[D 
" 

1
'-'" 10' .-, , L 1' , . 7 (:.,';1 ;1 

! 
I 
I 



~- -- . -

PIt; 7.21f,. VELoc/lY- GRADIE.NT PLOT FOR. S- P£I? CENT RNfS 



, 

2S PER... CENT FINE'S 

Y OF OP17A{u AND 



FIe;.. 7·28. VELOC/TY- G-R.A'DIENT PJ..()T FCiZ 64-P[/(CENT FINES. 

CO/VfPACTED DR.Y CJF OPTIMUM (AI-fER.. YDUNGEJ?ANDL/1119...1. 
----------------~----------------------------~~~----~--~----~------------~ 



;.:." , 

18 r-.- + ----j----4-------I---_+_ 

I{, 

Iq. f--,-i--'-_;-f_+--.~: +-_ .... ~-...... _'-_·~ __ -_---~-i-+.:... .~_~~L~H1J~1_,~ .. 
_ . .....l.-j_:_~:.._ --- ---- - . -i---.-:.....- J - . ~--1---.:- - -r-:---l-:---

" .~ 

2 

·"1· ,t -l-

. . ' 
+--+~ ., -~~,~-.. - - ,-' --." -....... 

'-::~~-. =~l -ft==~ 
.-l-+-'--+-_~ 

#­

I-IYDRAULI C 
b 8 10 12. 

GRA"b/ENT. 

VELOCITY FOR... 76 PE/( 'CE.NT FINES 



.. ' 

> 
t--

~~, : :J !)l~', du, ~ i EiJ I 
.• '" . ~t) 

:'(' l'~ 
~ - :--:: ...... ,. (\ 

.~ 1'J;:57o 
<. -

1HT LINE 

.c.__ __ 

PERMEABILITY 

FI~ 7·30 RELAT ION 8ETWEEN WATER CONTENT AT COMP.~CTION AND -_._---
PERMEA BILITY OF SAt·~nY MORAINES( BS.RNS\.L, \C)Si.) - --------.----- -_ ... _ ...... _--- _.---_ .. _----------- - -

2·'20 

I 

-

~ 2-00 w 
c 

-

)­
et: 
(:) 

> ..... -

I~ 
1-90 

11:1 

Kr'-
, 

-L-
i 

! 

" ,", 
\:1 -

"'- ....... ~ 

::! 10 
111 

~ 
.:( 
w 
~ 
a: 
lLJ 
(l. 

: 

. 
• -:7 

......... --~'l';:;;:::;'-

1 
4 5 8 9 10 11 , ~2 13 14 15 10 ' 

WATER CONTEN T (0/0) 

FlQ:7.31. RELAilONSHIP BETWEEN \v~~:I' ER CONTENT CRY OENSI~Y 

AND PERMEABtLrrV FOR C()W/\ l. ilLL (65 0/0 FINES) 



........ 
m 2.00 
-€. 
~ 

~ 1·90 
fh 
'Z 
UJ 
Cl 

>- 1·80 
~ 
0 

~'70 

'0'-
Q1 

J!!. 102 

! 
>-
I---l - 10 ca 
4 
LIJ 
~ 
ell 
UI 
Q. 

1 

-I--
I 

'----'-_-+--il_L - - - _ '. ' --.l._....L- ,_.1-.---' 

8, 9 

FIG '-32 RELATION SH1P BETWEE.N WATER CONTEN,., 

DRY OEH?lTV AND PERMEABIL'TV FOR 

BACKWATER "'LL (16% FINES) 

(AFTER YOUNGER AND LIM, 1969. 



r-.. 
l'> 
£ 
~2·IO 

1·90 

5 7 8 9 10 1\ I~ 13 1+ 15 lb 
WATEf{ CC::lTENT CO/o) 

FIG. 7.33 RE LATIO'iJSHIP BETWEEN "vATER CONTENT, DRY De.l-J5ITY 

Al\ID PERMEABILlT'1' FOR AKERSVATt-l DAM, NClRWAY (SAt,mE,1973) 



_._-- - -- -
~.-- --_4_--. -~.--

. __ . ___ _ . . _ _ . .l-__ - --- -t-- ._-

I.---~--_+---+----- - ---.- -- .. t----_. I-----

~ -- - - -~---+----------t---- ---- -- .--- 1--

I===:j===t===t:==-=-= -=-~_~ ~-~:=~ ~~~~~~:~- ~_- , ~~~~~ ~_- _-~ ~ 
'---4---+---+---1~--+---t---I--- 't--'--+---f! 
~-~----+---+---'-I---- ---- -.- ---- --- - -(- ---- - -. -- ----

- - I - - - ... I-~--

~--___+----f._---. ----~- - - - ------ - - .- - - 1--- - - ... - - - -- -- I--- ---

_1--__ 4 __ -+-___ _ 

t-----f.- --1------1---- .- --' f-.-- --- - - I- ' --l-----f.- - ------f.--~ 
I 

I 

-
. 1 



FIG · 7.35: P£.RM£A BIL/TY- TIME VAI<.IATlONS 

IN cow AL TILL 

:: 



f- ~-
-t--
, 

'-t 
I i , 

I i, I 
I I -t-;- -I , 

- -
-=-t--

I 
, , r - r--L -

1--

~- , '- ' 

J--J_ I 

, 

~~-rf! I 
I 

+_' __ c 
-- -:r_,_ 

f- -
/ 

"""""1 L " -
1----1-

I V f'-t--- ----I- ' ; t ~ "" '" 
r-l-~, '~I'" "" "" t--i---

/~j\~~ '" '> 1----. .. ~ t>K, '" ~~ y :,.--

i">.. ,~-~.. _.:2:: 

" ."-. ~.-- ~ -
I 

I 
I 

! 
I 

==r-- r--- ---~r l r 1-' ._ - - ---_.- . - ~ 
f----- I-

-- -- -- - 'i --j 
- r--

'" C-

" ~ 

'" I" ~-
:o-.~A- ~ '-.' " 

1 
I '" l' 

!"- .~ 

L~ ~ 
f_ ~- 1--" j 
~~ '--i' 

~±=--l ' 
J_ ~ ~i __ ~~ 
"- " " ~t!:.= - .. 1.- ~.-~ 

i !" ~:>: I; 
i ,'"" " - r-- --+-~ V""- '" ''/ -- -:-l 

I "" '" "" ~ ,+-1--1 " '" " L ~ ) ++ I , ['\. -+-j 
2 ~~ ~ " ~ 

I , 

f'-. I""- Jr=:~bt~, .L '" t-."-
.'\ py--- --, -- -- ~ 

" "\ H-t I\- " 

lt~ ""- "- "\. L 
r, rv V' 

'" k2 V 

"" 
-_ ___ ___ .1 __ ._ 

V +-_. 
I 

"' 

-~:. 
I 

I .-

In 
o 

.,f 
o -

o 

o 
2 

o 
~ 

o 
CO 

o 
\0 

o 
lO 

o 
M 

o 
N o o 

. S'3NI;:l '3~'v'.lN3 ~~3d 

J:I§. 7.3G. FULL RA.N~E OF PERtf\E.ABIL "y PERCENTAC;E 

FINES RELATIONSHIP I="OR BA.CK\'-/ATEI< TILLS 

TESTED BY YOUNCE.R AND LIN'\ (1969). 



'-
~ -1 

; 

;-:~ , , 

~j 

0.6 

0.5 

0..1· 

0 
~ 0.3 -
<: 
Cl 

CL A.,{~V SILTV 
Q 0.2 
0 
> 

0.1 

-

I 

0 

-+ rt~l 
I 

- J-I,-- _-[--1_ -

I 
I 

-
I'llOR,AIN IC~-

...... SOILS--

·-'----r-

---
.--- -.-.--- ~ - ., ... 

i 

t- i i ~ 

ttl I 

-- -' 
.--,· ... ··::y.· ... ·i 

I , 

GI=' ~\! S \.- ~~ I 
5~ND'" 

SA.NDY ~IL T'< 
5t>-ND'I' ~Rp.\n:,L. _.-,----r --.---;-1 

i--L~ SIL.T'< .. -
I 

-' ! - t-H _' Lt i 
liliJ I 

, 

]~'-J 
I . I _ 

10-3 10- 2 

;" [RNlEA.BIL.!TY (pm/sec) 

, 
' I 

I 

__L ""'"- ' 

I - f C' 

.. 

J 
I 

. I I 

r'-+-: 
.-Li 

I ! i -r·- ' ... .,.. - .. i 
! ( i 

j t] --L-

_F'_'..:;;4j,.;.._7_ . ..;;3:-7;.....,. __ ...:.R..:..:.-E.. LA T 101'1 BE. T W Eo E.N YCI DRAT lOAN D _.~!.R I~ E .:\:.B~~_' T_Y_ 

0 

~ 
n: 
a 
0 
> 

O.G 

0 .5 

0 . 4-

0.3 

0.2 

O. i 

0 

, 
I I X NOR..\'JE.GIA.N DA.1'I"IS 

b. CO,vA.L 
~++-I---+--+_"'I""I --+--+--+-t-HH ., B A.t: K W A. TE. R. 

10- 1 

PER,\'(\E.ABILITY Cum/sec) 

F'1(4. 7.39 RE.L~TIONSHIP BE.TWE.E.N VOID RATIO AND 

PERN)EA.BILITY FOR VARIOUS T ILLS. 



Tt 

.0 . 
...... . 
lJJ 
~ 

0 

li 
1:) 

0 r 
~ 0 
J;>- -i 
r 

~ 
IJ) 

I~ z r 
0 -i JJ -< \) 

~ {ll 

(T1 >- 7J 
£) -f n 
..". 

(T1 

Z 
Z 

"'0 -; 

la 
~ 

>- J;) 
Z rn 
[) 

0 Tl 
n ;u 
..". Z 
Z 

() III 

l>- a t.n 
0 3 

\) 
J> >-
z: 0 3 

-; z -; -0 
r z: 3 
r c 
(J) " 3 

to 
Ul 
Z 
I.J.. 

uJ 
C.'J 

~ 
Z 
Ul 
u 
Cl!: 
w 
a. 

0 
7J 

(
D60 1 ) ) 

(NOTE.: NUMBt;.R.S 1:-.1 BRAC~ET5 A.RE DiO - Df<5O OF !=INS FRACTIONS. 

1::; ;; ;li i i ~rHil i r~~-IIIIIIIII iTi i iii i 1(0)i i i ill 
141') . ; I !I 

i I ~ ~(II3!3) i X(S1) i i i. Q(25)1 1 I I M;:\ 
801-

70 

60 

se 

40 

30 

Zo 

10 

H- \ I I ! I.' T I' I ! ~(467 ~ , I 
x (zoo) \05) . . ,,,-1-.,,) , . i I I1 X ,63) x I. HI! ' ( fQ 

I I I I I ;s. 1'\ \X(1.;:.z) I I I j' x/ ,~\,:>ij I X(27) 11 I I 
(6t~) i _ . \30cj'H __ ._L'\{i!s) \4~~t~~ " (3~ 

~-illL~-------~*-+i Q2~:+t II! i I I"(f~) ,'Zf,! ~,(39) X(3,0) 4\<?l~ 
11 , III!-UI I! I i'-~Jlllj*' I U-+L!! I I III 

IIII I I I I IIIII I I I I i I I 1 ill >l'?1 I i I 
, III i I 1111 i I I ,-I-III I'! 

I illj I I' i /11 
10-4- 10- 3 10- z 10-1 

N\ I l'1I N) U l"l'I PER~IE.f\B1Ll;Y AT i-'R OCTOR 
I f " 

C Oi'A.PA C T l ON. I LL m /r:/~ C ) 
\/ I ./ 

t:. COWAL 
TILL 

X NOR""E:.~\AN 

DAI'I\ T l LLS 

Q CANADIAN 

DAN'I TILL-S 



t. ' 

~O l 

I 
i 

i 
-40 ~ 

I 
i !O •. ---1.. 

o 

ro -

(b) 

SAiU?,<I.T ED 

010: c,.t::' it.:n 

CU e LZ~ 

50 

OUArjTZ 

/ 
... 

. . 
A • 

t . • 

100 

~~-._.1.---.. !,! --'-----'---'--

OF 
. R 

? ~O 10" 

(c) 

'. 
~~~--~---I------' 

--.--. -----A---6-.-
~O l --'--.- ---:.----..:--,.-,-.. 

_--1---1-~ -...L..-• . _ . I __ _____ _ _ 

o 50 

50 

• 

200~--·----~O~&---------IL.O---------lL5--

E ffetliv. Silt (clIO I r;;m 

lOO U~ 

SOh'fO'tO' O"" r~i 

.ith .' .. C' 7~ 

2.0 

Sand .. .. " __ .... __ . _~~"'~'!.!el __ 

--' 
)0 



.... ~"'='...;, .. 

-o ,..---. 
\.... .........-

PARTlei..e: SIZE DIST"RIBUTION 

SEM (- LOG PLOT 

LOG SETTLINc. VELOCITY -CM PEQ scc. B. S. SIEVE NU MBERS APE~TURE. · SIZE IN INC~~S 
4. 2, -2 i:Y.>o ?OO ISO lOO 71 5? .lE; '25 18 14 10 

10 -r-r.h-r"--T---,t----T-f ... -:-T-r-l~'--r.......,..~ 

J-~r--t-+-_+--+-4t~+)+-i~+_t----t~-_t--+-+-+-i 
W 70 1- I .~ .1i.t 
1.1 I 
4. - -
t-
~ _of 
U . 
er I 
uJ 
0. 

Z 401-H-i-t--+-t-~--+-+-i o 
r-
~ 
~ 
~ 
~--::J - .- - .. 

~ U~~-I 
Ht> Gr,~.s _.--1 

5'~) : 1 
II -
/1 

Cl) 
c 
~ 
;: 
~ 
-i 

o 
Z 

-0 
11; 

N 
n 
rn 
z 
- , 
y 
.G 
rTf 

O·OOOS 000'2 0 ·006 00'2 ()·o"':" 0 ':> C·,:"; ? 6 '20 60 '200 mm. 
• "'9C~j\TVIO~F"1 N..~ __ J~f~f6Iut:t~I_ O:-:AQ$~'- l"~- ~:j~ .~-- I. ~'\rif:_(:)_~)~~ CO~~,RSE 11'- FINE L""E O~~!:~-'- .. COI\P.5:~ ,- -r ,, :,,-. • ~:! 

,,.. - ....... "- _ . - -..- ~'. • r - ,~\ f ' ~ . - .• • ' .., ~ • I .. "l I .... ... ... "-. 
::-~ .====~- _ S ~~ ~ __ . _ !:~~ f\ ~ .' . ..!.-.~~ . _____ . ______ ~:'..t~_~ __ ~? I\.;::.!..:. :~ ~--J _ _ '_.--A ~ I) f'~Y::..~":'~~ c _0_<:?~_ .. _ .L.:: ::=:.'_.-.::::J 

r:-lCl-. 7. 42. GQAt)~NG-5 USED BY liC'Lrz A'\!!) GIP}DS n95b) AND HCJLTZ. ANi) ELLIS (I<)(-:>i ) • --- . _ - -----_._---



~ 
~ 

~ ...... 
t 
~ ..... 
~ 

llJ 
~ 
~ ~ 

~ 
t-, ... 

~ , ,~ 
~~ .~ 

~~ 
S: -.. 

":l:I 

~ 
\~ ~ 

~ :-e 
~ 

Q 4 
F= t3 
~ :::t 

8 0 

4.; 
If) 

\Y. I.li 
> 0 

~' ~ 
N 

~ s:> tti 
~ 
~ 0 
~ 

~I ';."'1 

.£. 
~ ~~ 

~ ' .... 
\.~ , ~~ ~ ~ 
~ < 0 

'IQ 

~ e 
~ ~ ~ 
~ 8 Cl 

~ '" ~ 
~ 4) 

~ 
I") 

('1) 

~ t: ~ l'" lij , 
\!} 
t{ ~ 

---------:------.. ----:-;. --'.-"'-' -:-:- .... _. ~- !;! ;;/ .. .//.::1 --- - . :;~~ati7.J<,;l:"J . ~., ... · 
i '! " 

-:-:~·h~·j-- -:· :~-~~~~ t : ~ .: ·: ·T:-=7~~~:-:-;~~·:-j- ':- -~:~i - ~":-~'" -~- · .. --:-:-: -: :~i~--: .. :' --. -~ .:~~: :--
. . - ~ 

.: .: .. : ·1 

, . 
! 

. ! 
, 

. , 
:.: _:. 1_-

:--E-- ---7:---" .~- - -----.- - -- .•. 
::~ ~ . . tJ ::i:: @ : -:~ ~i ,<:~ ~ . ~;\ . ,~~ .f? 

?f-8-~-;-fWffi_t ·,~H-~~fr-·1~'"~;~· '~<:'d _ ... 

.:~ 

1, 
I.\~ 

j 
~ 
1 . :) 
I ' t 
\ 

I 

j 1.1 

! ' 1) 

i 
I 
I ., 
! 
! 
; .:) - 'i ' J 

q 

-~ 
~ -..;:, 

:..",: 
<:) 

h 
'...I 
,I:l. . 
. .!. 

~ 
' .) 

~ , ' 

" .~ 

.;:\ 
~~ .. ' ." 
,~ 

:.'.1 
~ 
-; 
~ . . '~ 

20ili_~0gmJnTI:EW ~,-j~,-:--: · .. :~o ...• . 
,~, ~ 

,=",. : 

- - .: . . - •• -. : ... - • . . - . 1 -: . - - :.:: l . . - . - i'" .. .. _.! • • • _. , '" 

I 
~~., 
~ 
~ 
~ 
V 

~ 
~ li. 

Cl 

\1.1 
-~ 
~ 
~ 
~ 

\()~ 
«-=<: -

._ .. __ .. :~: ... ..... . :: ..... -.. ........... ..... . _, ..... . . .... . ~ .. H . ~ 
.. r " .. . . . :: "" .... 

~L=·i=;-.+--:~: .-- :-~- ...• t::.l::! :f~ i •••• l';-L ~ 
~ ~ ~ ~ 4- ~ ~ ~ 0 

S3N1.:i .!1~.J..N3:J?r:Id 



' -::~ - -./.:- - ~ ~ , : ~:.~ - - - ~] ~_-~: ' _" ~~-.-.. ,~- t.:--::; t :, -." ---. -, , " . -~ - , . - _. ; . . ~ 

; 3& [0 ~;~c~r,:f_·~,:~,~~Il,~frli ••••. :E .•. : .~~~j;- , ~ .. _~ 
" .- • ... ~-. .... ' ... : --:.-.- .~- .. -.- .:- .. - "': : 1--"·-"· - --'-r- -"- -'" 
v 
~ 
~ 

~ 

-, .- ..... 

(t/m 3) 

'/)RA/WEb ANGLE OF J:'/2 ICTIOH (t;bd) 

,J 

- . ; 

FU';.,.7.4!l PER.CENTAGE FINES- SI/EA!< SlRENG7f.I pI-aT FCJR,.COWAL 77lL . 



t2 
~ I.l. 
~ 0 

tl) ..--.... 
~ tI 

0 

'Q ""- ,Q 
~ 

~ 
JIJ ~ ~ .. ~ lI: 

~ ~ ~ 
~ l4: 

L~j":~~'· ~:...: ! ~._~~~~t'.c:.:.; :+~: ~.~ ~_:.! ' ::~~~:~=:J:~~t~~:~ ::. '1 ~ .. : L~. L. .. ~ .. (\q 
t"-: ;-"'j .. -. :.:--.. . +--.: .1. . ... j .. . - j, :. j, . .. : .... i · I 
F:-1 - i- i---i-:- k~}-3r- ~-1 1 
',' I I' , ., 1 

ll ~.:.....,.~- .. [.-:-". ~I:~ .. ' . ~·:·. : I '~~i~:: ' ~i' i r" -~'T : ~:-' : I ' : · 
:; .::::: ':: 1 .~~I~~:-\:.: :,~~-~ :~-.'. ;i:.: ~~:fL: J;_ -· ... '-'.--' L_ 

... . 1 ." .: .... ~ l ' " ~. \.~f' 
. - , - - - ! ", "_ ... - .. , - . • • .:: .... : 

("; ........... . j 

~12 .. ~~. - . ~ ~~~-j~:., ~fs;r;---_ :-- ~ J .. ', ~ ~ 
'. : ..cD. r .... ..<::1 (!, .\" . 'j ' :. :1. ' . ;'. .: "'" 
Q··· ·· Xr-:' X ' 1 " ' +"\ : . ' ,' , • . _ . I\..; 
: . ·£t ' . ~: 

.. _ ..... . ... ' ' .. 'it :~ .. .:. _. -: . _ :- ~ . _ : , " . --. : -.: t 

j . ,':::'\ . ~" : .' . 1 , :.-::; . ..; : . . . ' [~ . ... - .. : ~_ . : " . . :' , ·,,·coC' .... : . , ." ." . 
1 : " ..... l . -:.... . ' 

h:C: ' - .~ :: ._ " . .. )t ,,; :. ~ ,; . . l : ~ __ '~'j::::jt~; ~ . : : .~ .~. - .. ;"·::(,, t 

L_: -.. · l~_ }J,~ L~";;);+ ..• I~ 
l ~ -:~' ~ ~ .';; -' .~:' . . \ 

it I-_-.· •• i_.· ••• ~[m;-~~_Iil-;:LF' · :-. ·_ ._~_ .l . .. ._ .i ~ 
.. - ... - .. . 

... . . . .. . 

. - : .. . . .. , , ', 

t~: ~~:~~1-·:~·-·T~ .. :- .l;, ·:: ~: :1~~: T;~~jjJ : i:.~/~~i~:~L:~~~. X- · 
:-= . i.. i: . : "!' . ::' I · '.:. I ·· · .- i · '.: :.'. -- : ::. ; ..J ~ g ;R oS ~ ~. ~' H ~. • ~ . & Q () 

S;1NI.:i 3,!)'V...LN!1::>~3d 





PLATE 4:1 VIEW OF BREIDA MERKURJOKULL AND BREIDA MERKUSANDUR, 
SOUTH EAST ICELAND. 



PLATE 4.2 FLUTED TILL, CENTRAL BREIDA, SHOWING FLUTE ENTERING 
SUBGLACIAL GROOVE (FOREGROUND). 



PLATE 4.3 PROGLACIAL AREA OF BLAISEN , SOUTHERN NORWAY. 



PLATE 4.4 VIEW OF LACROIX GLACIER, TAYLOR VALLEY, ANTARCTICA. 
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PLATE 6.1 THE LIGHTWEIGHT CONTACT GONIOMETER 



,. 

PLATE 6.2 BLOCK OF MELT DEBRIS-RICH ICE WITH CLASTS BEGINNING TO EMERGE. 

(Note : Emerging clasts are circled and ice foliations are 
chai ., dotted.) 



PLATE 6.3 BREIDAMERKURJOKULL SAMPLE BR/Cll 
LEVELLED WITH PLASTER REMOVED FROM 
WPPER SURFACE AND ONE SIDE. 



PLATE 6.4 VIEW OF BRUSHING APPARATUS. 



PLATE 6.5 GLACIER SOLE GROOVED BY 1.5 m DIAMETER BOULDER. 



PLATE 6.6 GLACIAL SOLE GROOVED BY ROCHE MOUNTONNEE 
40 m INSIDE THE MARGIN OF BLAISEN, NORWAY. 

(Note: Regelation ice clusters on left side, recording 
seventeen sliding events in the range 0.04 to 0.08 m) 



PLATE 6.7 A SMALL PUSH MORAINE IN PROCESS OF FORMATION AT THE 
t~ARGIN OF BLAISEN, SOUTHERN NORWAY . 

I' 



PLATE 7.1 AUTOMATIC COMPACTOR USED FOR 
TESTS WITH A C.B.R. MOULD 
FITTED TO BASE. 



PLATE 7.2 THE PERMEABILITY APPARATUS 



PLATE 7.3 CONSTANT HEAD PERMEABILITY APPARATUS (AFTER YOUNGER AND LIM, 1969) 
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MIC.7. BL.A.\SEN \972 TH .. L - ~ELATIVELY FINES RICH AREI\. 
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- GE.t-J£RAL VIEW OF GRANuL,bR, AREA. 

MIC . 25. e>REII>AlV)E1ZK.uR~()KUu... TIl.L- DETAIL OF MIC. 24. 
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MIC . 26 . BR.e.It>AMERJ<.URjOKULL. TIL-L. 

-bE:TAIL O'F MIC . 25". 
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MIC.27. ANtARCTICA TILL - c::.-ENE.RAL NATURE OF FABRIC. 



M\C.2.B. ANTARCTICA TILL - SAND PAA.T1CLE IN CLAY­

Q-RANUL..lar.R... MATRIX. 

I 



!:lIe . 2.9. ANTARCTICA TtLL- DETAlL OF= CLAy- GRANULAR. t-1A.T~IX . 
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_MIC . 37. CO'WAL TlLL - MATRIx WliH CLOTHED q-RAINS . 
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MIC .38. COvJ~ TILL - ~IN FLAkY ~'NE. PARTIc.LE.S . 



MIC . .39 CO'WAL TILL- AREA. WITH CLAY SIZE5. 

MIC.40. CCWAL TILL- 'DE-TAIL a~ CLAY SIZES . 





MIC. 4:5. GL..Eto.J ORCHY TILL - D\STRlBUTION 01=' CoAASE AND FINE. PARnCLE~ 
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MIC.48. GLEN ~J4Y TILL - t=INER 

AREA OF MIC.43. 

MIC.49 GLEN OR.C~y TILL - 'DE-jAIL 
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