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Description Method A Method B Method C
Physical data Material Passing No. 4 sieve Passing 9.5 mm Passing 19 mm
for the tests (Zin.) sieve (2in.) sieve
Use Used if 20% or less Used if more than 20% Used if more than 20%

Standard
Proctor test

Modified
Proctor test

Mold volume
Mold diameter
Mold height
Weight of
hammer
Height of drop

Number of
soil layers

Number of
blows/layer

Weight of
hammer

Height of drop

Number of
soil layers

Number of
blows/layer

by weight of material
is retained on No. 4
(4,75 mm) sieve

044 cm? { + )
101.6 mm (4 in.)
116.4 mm (4.584 in.)

244N (5.51b)

305 mm (12 in.)

3

25

445 N (10 1b)

457 mm (18 in.)

by weight of material is
retained on No. 4

(4.75 mm) sieve and 20%

or less by weight of
material is retained on
9.5 mm ( 3 in.) sieve
944 cm® ( 55 ft*)

101.6 mm (4 in.)
116.4 mm (4.584 in.)

244 N (5.5 1b)

305 mm (12 in.)

44.5 N (10 Ib)

457 mm (18 in.)
5

25

by weight of material
is retained on 9.5 mm
(2in.) sieve and less
than 30% by weight of
material is retained

on 19 mm ( § in.) sieve
2124 em? ( 5511
152.4 mm (6 in.)

116.4 mm (4.584 in.)

244 N(551b)

305 mm (12 in.)

3

56

445 N (10 1b)

457 mm (18 in.)
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= [4.804.574G, — 195.55(LL)2 + 156.971(R # 4-)0'5

—9.527.830]%° (6.6)
In(wyp) = 1.195 X 107*(LL)? — 1.964G; — 6.617 X 107>(R # 4)
+ 7.651 (7.6)

-
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Wope(%) = [1.95 — 0.38(log CE)](PL) (8.6)

kN
Yd(max) (ﬁ) = 22.68e9-0183Wopr (%) (9.6)
. (KN-m/m’) a)ll 43l = CE « (%) &isalll aa = PL : &um
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1/30 3.78 113.4 10 103.1
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2.7 8 132.7 135.9 138.6
2.7 10 126.0 129.6 132.7
2.7 12 119.9 123.9 127.3
2.7 14 114.4 118.6 122.3
2.7 16 109.4 113.8 117.7
2.7 18 104.8 109.4 113.4
2.7 20 100.6 105.3 109.4
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= [4804.574G, — 195.55(LL)? + 156.971(R # 4)°°
—9527.830]%°

= [4804.574(2.6) — 195.55(20)% + 156.971(20)°> — 9527.830]%°

= 1894 kg/m3
2 (7.6) Aalaall (e
In(Wype) = 1.195 X 107*(LL)? — 1.964G; — 6.617 x 1075(R # 4)
+7.651
= 1.195 x 107*(20)% — 1.964(2.6) — 6.617 x 1075(20) + 7.651
= 2.591

Wope = 13.35 %
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Requirements for compaction of 95 to 100% standard Proctor
maximum dry unit weight

Compacted
Equipment lift Passes or Possible variations
type Applicability thickness coverages Dimensions and weight of equipment in equipment
Sheepsfoot  For fine-grained soils or dirty 150 mm Foot Foot For earth dam, highway, and
rollers coarse-grained soils with (6 in.) contack contact airfield work, a drumof 1.5 m
more than 209 passing the Soil ype area PrEssUres (f0-in.) diameter, loaded to 45
No. 200 sieve. Not suitable 4to 6 passes  Fine-grained 30 to 80 cm® 1700 to to 90 kN per linear meter (1.5
for clean, coarse-grained for fine- soil, (5to12in®) 3400 kN/m? to 3 tons per linear ft) of drum
soils. Particularly appropriate grained soil Pl =30 (2500 500 psi)  is generally utilized. For
for compaction ofjmpgr\_'lous Fine-grained 45 to 90 cm? 1400 to sErleI]e:r projects, a | m (40-in.)
zone for earth dam or linings . o 2 diameter drum, loaded to 22 to
here bonding of lifts i soil, (7 to 14 in%) 2800 kN/m 50 kN i (.75
where bonding of lifts is Pl< 30 (200 to 400 psi) N per linear meter (0.75
important. to 1.75 tons per linear ft) of
6to & passes  Coarse- 65090 cm® 1000 to drum, is used. Foot contact
for coarse- grained (10to 14in®) 1800 kN/m? pressure should be regulated
grained soil  soil (1500250 psi)  to avoid shearing the soil on
Efficient compaction of soils on the wet side the third or fourth pass.
of the optimum requires less contact pressure
than that required by the same soils at lower
maoisture contents.
Rubber- For clean, coarse-grained 250 mm Jtwos Tire inflation pressures of 400 to 550 kN/m? (60 A wide variety of rubber-tired
tired soils with 4 to 8% passing the  (10in) coverages to 80 psi) for clean granular material or base compaction equipment is
rollers No. 200 sieve. course and subgrade compaction. Wheel load, 80 available. For cohesive soils,
to 110 kN (18,000 to 25,000 1b.) light-wheel loads, such as
For fine-grained soils or well- 150 to 4ot Tire inflation pressures in excess of 450 kN/m? prov ided by WOTLE_WSE;I ted
graded, dirty, coarse-grained 200 mm coverages (63 psi) for fing-grained soils of high plasticity. equipment. may be supstiu
R . : . for heavy-wheel loads if lift
soils with more than 8% pass- (6 to 8 in) For uniform clean sands or silty fine sands, use - o
R C N . : thickness is decreased. For
ing the No. 200 sieve. larger-size tires with pressures of 280 to 350 . . .
g N cohesionless soils, large-size
kN/m= (40 to 50 psi.) ; - -
tires are desirable to avoid
shear and rutting.
Smoath- Appropriate for subgrade or 200 to 4 coverages Tandem-type rollers for base-course or sub-grade  Three-wheel rollers are
wheel base course compaction of 300 mm compaction, 90 to 135 kN (10 to 15 ton) weight, obtainable in a wide range of
rollers well-graded sand-gravel (8o 12in.) 53 to 88 kN per linear meter (300 to 500 Ib per sizes. Two-wheel tandem
mixtures. lingar in.) of width of rear roller. rollers are available in the
May be used for fine- 150 to 6 coverages Three-wheel roller for compaction of fine-grained ? to 180 kN (1- to 20-ton)
E . . L cey weight range. Three-axle tan-
grained soils other than in 200 mm soil; weights from 45 to 55 kN (5 to d 1 Iy used
earth dams. Not suitable (6 to 8 in.) 6 tons) for materials of low plasticity to 90 kN GEm TOVErs are genermy u
- . B in the 90 to 180 kN (10- to 20-
forclean, well-graded sands (10 tons) for materials of high plasticity. . )
- - ton) weight range. Very heavy
or silty, uniform sands.
rollers are used for proof
rolling of subgrade or base
course.
Vibrating For coarse-grained soils 200 to 3 coverages  Single pads or plates should weigh no less than Vibrating pads or plates are
baseplate with less than about 12% 250 mm 0.9 kN (200 Ib). May be used in tandem where available, hand-propelled or
compactors passing the No. 200 sieve. (8 to 10in.) working space is available. For clean, coarse- self-propelled, single or in
Best suited for materials grained soil, vibration frequency should be no gangs, with width of coverage
with 4 to 8% passing the less than 1600 cycles per minute. from 0.45to 4.5 m flé
No. 200 sieve, placed to 15 ft). Various types of
thoroughly wet. vibrating-drum equipment
should be considered for com-
paction in large areas.
Crawler Best suited for coarse- 250 to Jwd No smaller than D8 tractor with blade, 153 kN Tractor weights up to
tractor grained soils with less 300 mm coverages (34,500 Ib) weight, for high compaction. 263 kN (60,000 1b.)
than 4 to 8% passing the (10to 12in.)
No. 200 sieve, placed
thoroughly wet.
Power For difficult access, trench 100 tor 2 coverages 130N (20 1b) minimum weight. Considerable Weights up to 1.1 kN
tamper or backfill. Suitable for all 150 mm range is tolerable. depending on materials and (250 Ib); foot diameter,
rammer inorganic soils. (410 6in.) conditions. 100 to 250 mm (4 to 10in.)
for silt or
clay; 150 mm
{6 in.) for
coarse-
grained soils

* Afier US. Navy (1971). Published by U.S. Government Printing Office
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las dageasally 2 Gl o alas oady - ubial) RS ) laysn S lly Lle
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: 3.6 Jba

Jgaall b slana jaill o3 il dibu dnjlias dujidie o pda) b al) d1a5 Cual

(%) A gy | (KN/mM?) Gilall aaal) &gl
6 14.8
8 17.45
9 18.52
11 18.9
12 18.5
14 16.9

g it

-

Loy e Al DS (e laaas 25 lly Lis s Al canall Gl il 3l a3k L Lads

DAl due b e da)ll
1570 kg/m® = axaiid) Glal) Joyll 5laall dilal) 285<H @
. 0.545 kg = Lag i) el Lol axdivedl) Joyll Jo )l Blaall ALY @
. 7.59 kg = (pasa¥) Jd) el + Lagaall + clegll S o
478 kg = (p1a35) ae ) Jagll + Lag aall + slegll AKS
. 3.007 Kg = duageayall dahaiall & i A Byeall (e dadayl) Al AL @
10.2% = ki il sl )l gsina o
P i glladll
s Gl Gilall sl ol .2
s ol eyl Wb
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: dall
: Joy) calkall
Pl el 8
7.59 kg — 4.8 kg = 2.81 kg = dag jaally 8yeall edal padiiadll Jayll 41€
2.81 kg — 0.545 kg = 2.265 kg = spall cdal aadiall oyl A€
2265
yd(emubu)
V= 2265 _ 0.0014426 m?3
1750 m
] bangll _asall o3l 3.007 X 081 20.45 kN /m?3
da 4y Yyl = = .
sl LAl anall 01 0.0014426 ~ 1000 /m
b s
14 20.45 ;
Ya = D = — = 18.65 kN/m
1 + 100 + 100
: gili'd\ ullal)

15 Gag ¢ 26.6 ) UK e Fie Bl (o)t caal ) Al lanl il o
Yd(sand) = 19 KN/m3 s Lj ey J<a)
t a3 (6.10) Aol aladin) DA (e i

Ya() 1856

0 — _
R 19.00

=97.7%

yd(max - )m)
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Gl O an VAN (o waall g L aglie e Jli Dl (8 Ligamall dsal) 3539 0
e AsaS (b i sale & dishll (ggiae (e dlle das o dyglall

Jsall (e LB s o duglall il () Jsd Sy Labai®Y] Cag lall any g (S
Canill cdely3l) s ie) VAl e waedl B Aliade duguiaal) il cdiiiall 8 L Lguiaall
ddle Clilaa) o3 e paldall 2 G g o Shenll Jsdadilly « mitigation ¢ gshaall
bl alayll ;e ) el Sga (g BN ERS B ruigall Lilaial U3 Y1 120 o8
Al ae dag saall d8jaall Caldlsall Ll (35l palsha Ll cpulaill Ll candl) Gja dlac
o Ll oda Jie aladii) o) La)ll cilbilee (o e daall (8 aladiu DU (L1385 dyguae DU
Gl pa)ll aled As8lal o A chaall o) eliSipal) puvigdd SV alaay) Lils
2 gall 0a

K:aybd\ <l 1.10.6

(1973) sl & Franklin, Orozco and Semrau 4auelbuay (Sl il o PIY At
O Al Gal palsd (o dushll (sine LAl g Rl L) colaill e el shals
Al Uy dgnadall Gl e daal) e (ulad s sl 5 andl mendd) Pla
JCE e oaaeY1 Glall panall O30l e digumall dsall il seda (127.6 ) U<
Gl aaall 3ol 08 % 10 ) % 8 e Jlaall Lguiaall lgall A o Lavie il aas
Slane (a) 4l dal e B dughayl) (ggina Ol GuSallg L uS IS (il alae Y]
(28.6 ) JSall syelay Lo sdag cdigimal) Sgall (g5ina 2L3)) e a2k

sasalall (2 gl clil€ae e ) AaakaieY) jomndd) je Jaaiall daglhe of 2a duliie (S0
gl (A dgaall Jsall (Sgina aldl aae (il (slaze ) d8la pa ) diagiaye diyi dial
Amie st % 10 e el Bl csinn o il of 55 of g (il o3 S (a9

ol Jleet
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After Franklin,Orozco ,and Semrau.1973,With
permission from ASCE
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After Franklin,Orozco ,and Semrau.1973,With
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Lyganll Agal) hadig 4453 2.10.6

Jal e Buse dlaee H5i€o 5 ulas ehals (1996) alall & Lancaster et al sslul) @
Y Digh ) (gginag alaeY) CGalad) cenall O3sl) o Liguinnll dsal (ggima 5l paa
(SP— ond) ol L oy (ye Al Aujatl] Aasiinall il Ayguinal) olgal) Jadsg 45l
cenaal) Capall ol slas 51 )58 Ll ¢ jaa) cuidll elad Ll e 9300 SM)
doshyll (s5inas (oalae) Gilall ceaadl (sl a3 gheln ((30.6 ) 5 (29.6 ) cusal
el O3l o asi (273 ) JSall 8 LS skl (gsine i pe st e )
Jall kil ) VD e el 3 Liganll dsall (sgine k0 g pailiny adieY) Gl
(29.6

g adaglaadl duill sl e dughall (ggine 313 pe g (Y] Lkl (gina Gl eSallg
b oalal bl alie IS8 .(30.6 ISl ) 55V 508 ol seall aasll elad L
Aosha )l (gginae (8 ¢ oanall Capall slae Blas me Al it ol e 4l 2ns ¢(28.6) U<
(30.6 J<al kil ) Llee s oy

i) Glall 500 5aal 4%
o
|

T \
0 20 40 60 80 100
% 35 ¢ yina
A Y eosalelal JH 8 e g
G Ut 5 ) s taal) g Al iU —aliel) ) () Bialy iS 12946 Ji
g gianl) ) goal)

After "the effect of Organic Content on Soil Compaction
bydJ.Lancaster,RWaco,J.Towle,and R.Chaney.1996,In Proceedings,Third
International Symposium on Environmental Geotechnology,p.159.Used
with permission of the author

Gylanl) (Sginall it ga alie¥) Gilal) Laaall O3l ks (29.6) Jid)

49



Al gay

%é}n.ﬂ"\jﬁu

A jalcial el @O A - @ )l
A gidanl) ) geal) G it § 5 gt (5 pinal) i (Sl A gh M1 (5 gt i 1 30-6 Jil)
After "the effect of Organic Content on Soil Compaction
byJ.Lancaster,RWaco,J.Towle,and R.Chaney.1996,In Proceedings,Third
International Symposium on Environmental Geotechnology ,p.159.Used
with permission of the author

Syanl) (Sginall it ga Mg Ao Y Aghl) ggina s 1 (30.6) Jsad)

Caabeal) el

oulail) Llisg andl) 3 s Lolee ¢pa il alayy 3.10.6

Lad Gilaill Liasy power plants sadll Gia e @l slopll Zuldll )55 clas il

pid laie All daa Ll Glad) sda cjglal L a)ll cillee el Lgaladia) oS

wuladl) Ll power plants aadll 3 s (pe glil) alapll sl ) 93S p qulad gilii : (3.6) Jgaad)

Maximum

' Optimum
dry unit moisture
weight content
Type Location KN /m? Ib /it? (%) Source
Bottom ash— Fort Martin 13.4 85 24.8 Seals, Moulton, and Ruth
bituminous coal Kammer 16.0 102 13.8 (1972)
(West Virginia) Kanawha River 1.4 72.6 26.2
Mitchell 18.3 116.6 14.6
Muskingham 14.3 01.1 220
Willow Island 14.5 024 212
Bottom ash— Big Stone Power 16.4 104.4 205 Das. Selim, and Pfeifle
lignite coal Plant, South Dakota (1978)
Copper slag American Smelter and 19.8 126 18.8 Das, Tarquin, and Jones

Refinery Company,
El Paso, Texas

(1983)
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cilasil) o38O A disaad) QN ay dal e Al Gl Gl e waall el
tst ahasiVI e ga SV @l e pls IS8 Gl el 8 Jaall 8 aadns
«vibroflotation jlya¥L ja)ll e
«Dynamic compaction  Suluall o)l e

.Blasting jaall e

Vibroflotation jjza¥L a)ll 1.11.6
P (e ASan Gk dga Jlan a2inu GSWL Ga) 435 oo Hlhe 2 Yl pa)l
plasind 2ig ¢ ol 0l LD Wil 8 Lgd aiag &3 Aokl 238 A fie s dalis
Bang aladiu) (e dleell L Cgin de dey Baaiall VSN 8 SIEaVL Galll Slea
((B1.6 JSal) syel L) 2.1 M Jiss Llsha g o Slyia) sang Lad anss) Vibrofilot
Db 58 Guk Gah (S (Y IS godage Oy Ao lelaly (geind DY) s o)
o3 eVl sang of LS. &) Sfpal sl Aol SlaY) saasl Jaey a1 138 LS5
sl pe 5l5aY) Bang Jeag (Gl and) el g Jal o Wedlefy Ll ciland clbigs
cslall Gl aldll Ao P aeall JalS msantl) ek (31.6 ) JS . (gsle
1505 (326 JSa) dabe ao)l ) dasdl & SIYL pal dalee i o) oS
celal) o el (V) I Sl sasg Jeud il s et s 1 Alajal) e
Jsaal lpa¥) sangl mand Al LAl sas gyl bl ia S 1 2 dlajall @
oL
g adl Gl e el el Lgjiall el (e danaal) slgall o) S 0 3 Alajall @
) sl Sgall Jany oLl 138 o Gum . 3l55aY1 Bang el (sslall el ) abigas
Byaal) Jaud
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Power supply
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- |"'.‘.
LA | -5

Follow-up u A
pee
o W
oy I T8
—————— A R : :
{ e B - Cylinder of compacted material, added
pab.on it B from the surface to compensate for the
Vibrating Be 729y loss of volume caused by the increase
unit o4 okt of density of the compacted soil
. 237 )
I ST
DR ..
::: : 3 -:..\' f
e e,
» 4 :' n.‘ ‘. .
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WY

L]

Cylinder of compacted material, produced
by a single vibroflot compaction

1940 sle b Basial) Ll B daladio) &5 YL ga)ll Slea Jof ¢ (31.6) Jead)
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Stage 4

Stage 3

Stage 2

Stage |

2d)

#23 KW (100 —hp)

(32-6)

Jiall b 5Nl pa) dles Jaba

-

LaY 4.6 Jsaall 8 sUaza Basiall Vsl 8 deass

| sk

1970 Al i

3np Usm ) i

s

)

=

RN

F

|

-

B

5 aaly Sl

0 pa

| SIEaY) sass g

Kais -23 KW(30-hp) Jal e 2 m

-

-

Sl B gl U5 1

e

s O

)Lﬂ\bu"

)

.75 KW(100-hp) 52l dal w3 m

) SN clang Jualds ¢ (4.6) Jgaall

-
.. ‘ 2o

da

il byl

3

75 kW electric

and hydraulic 23 kW electric

Motor type

17.8 kN (4000 Ib)
7.6 mm (0.3 in.)

89 kN (10 ton)
390 mm (15.25 in.)

1800 rpm

1.86 m (6.11 ft)
381 mm (15 in)
0.76 kN (170 1b)
32 mm (1.25 in)

17.8 kN (4000 Ib)
12.5 mm (0.49 in)

160 kN (18 ton)
1.2 kN (260 Ib)

38 mm (1.5 in)
610 mm (24 in)
1800 rpm

2.1 m (7.0 ft)
406 mm (16 in.)

Maximum movement when full

a. Vibrating tip
Length
Centrifugal force
b. Eccentric
Weight

Offset

Diameter
Weight
Length
Speed

¢. Pump

m*/min (0-150 gal/min)

0-0.6
700-1050 kN/m? (100-150 1b/in?)

(100-150 Ib/in?)

0-1.6 m*/min (0400 gal/min)

700-1050 kN/m?

Operating flow rate

Pressure

3.65 kN/m (250 Ib/ft)

305 mm (12 in.)

3.65 kN/m (250 Ib/ft)

305 mm (12 in.)
*After Brown 1977. With permission from ASCE.
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d. Lower follow-up pipe and extensions

Diameter
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Aaobail e ol () (Sang J8 0585 g Gunal) Gl Ao Gl8 el o3a dal el
skl Jsial) dlls d

Unified soil classification system

Gravel Coarse sand = Fine sand Silts and clays |
100 — — '
oA
80 — 3
o
1= 60 A
= Zone 3 —>Saas U Zone 1 <«— Zone 2
(7] TN
2 40 )
v W03 Ma-Ne 2
20 | | PRI
; eed 4y
\ ". o L betst
0 T T T T = |
100.0 10.0 1.0 0.1 0.01 0.001

Grain size (mm)

Yl el Jal (e dadla ST piay (sillg 1 Allaially Basae dalia A4l ) a0 g5 65 (34.6) Jid)

ol Aoy oSan 4 el Al dale e anll Aerdivnal) Sgall ol 2yl ¢35 )

tsag all dge dal (e LDl 23ay ans Jaxe Brown (1977) e

1 1

Sv=1.7 X + +
N (Dsg)? * (Dy9)2 ~ (Dyp)?

(19.6)

50% s Lo Jgll o Jaxt s aabiadl 80 U8V o8 DygeDagDsp tus
Syl dsall e 10 %20%

ST D anyl) Hge culS LS Sy dad Cyjia Lol aild AMal) 038 Canang

LS S aaall Gaen ayl) Jlael 8 dariional) A5l 2Dl Caviat pagy Brown sl o3,

I Jaalls e 5o
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Smabiaal) Gajll 2.11.6
Gy 0ay ol e iy Baaiall Vsl (8 8 At i) AE 8 (Saalidl) )l
Se S (8 i Jen Bl (e el (S8 o3 (ol Blee Calln Ldgesll (ol
Lasiu g Uiyl <360 KN 1) 80 (i Lo -l s dediiunall 8skaall (g - daliine Jalgitls ()Y
Slo Al Gllaland e 32 gl clilgayl zlsdd o L30.5 M 5 7.5 Gu oo A8kl
Jalsalls sa3nay ane adse Jal o 383 )l dap o) coa)l Dl G elia (a)Y)
0 et | Iy |

Akl Oy W1

A yhall Jagius g iyl .2

L3,k Ll (Sl g el L3
Jadll (a8l gae o (1980) aldl & « Cutterc Leonards and Holtz 1 JS 7 58l
s Al Alslaad) alasinl o of (e

1

D = (5) VW xh (20.6)

HNGITTN

-

Jladl) all ee = D

(ORIl ) Ll sl = Wiy
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. Kip 8as gl Wy g ft a4l heD Cus
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gUls Wi (rygs D s &85kan Jal (pa duplaill o3gd gy Lapmaa) il andies Jial
i Gl s Jlia) 35.6 JSal) 3 LS (5S5 Cager apl) dalisad il JSAN) 0fd ch Lo s
(ol Jadll 3asd DI us ) b = DI J<all 13 & 4l B . ((g98 (alls
P Al clghaall DA e 22iid Lylaill o3a
.Dl(=b) all gl Jladll (aall aaai s 1 §gladl
Laady ¢ ompall adaiall sledd () Lagaud) gLyl ¢(Wi) d8yhaall (35 san3 s 2 Bghadl
. D Gaplls A Al
.DI/D =b/D aai: 3 sghaill
b/D iad Jal 5o NWyh/AD dad aaaig ((136.6 ) JSal aadiuly agti 0 4 §ghadl)
3 sehadll e dasll)
Se 30 Ol 2 Bshdll (e (Aagshe ) dasla Do Ac heWy dad o Lt 5 3ghal)
o 4 5slaal) (ye 5y30ll NWi h/AD Zadll (e 5ok of (Say 48 yhaall o ghns
@ 5a/D Al DA (e 2ams ¢ NWh/AD uaiall dagladll sl e 0 6 Bkl
(6.36 ) <z
S (Gsbae 4 o) Sy (Saalinall pasll ol (e (SG Clehill G bl 2 7 Bgladl)
- (37.6 JSal kil ) @ e ol el Lujis
NWyh/Ab Jie b/D 5a/D aill dsaseaill illabaddll Jassd ((36.6 ) J<all Ll
¢ oapnl) pdaiall Augila (S5 Al 13) Aiyhad) (e = D
(st 33kl Lashes e 220 = N cdiylaall mpel) alaal) dals = A
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.vibroflotation ¥l ()l Alay
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: Mitchell (1970) s &l
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Om 5 15 M daliw il Gyl e Ll el oylas =6 el 38.6 J<al
P cling (10 2.09 Kg alasind &5 coylaill o3¢l .(1970<Mitchell)

(Gelamite No.]1Hercules) Powder Company.Wilmington. Delaware.
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Y ol Yl Al sty pal ddee ol€ 1Y) Lo anatl ol (K6 a3

Aaglaally ddalinaiV) (Al pugl B e A8l Galsdd) e 55 Ga)ll dlee
A g e dalse s2e o adins glgall (8 el JLaaY) el lilee alias dal (e
deagilly iall deS
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dglaa & Jilwae 13.6

clehil aasd) O3l cual (Gg = 2.75 ol ansil) e gill O3l Aadi dugi Ll sl -1
Glaall . 15%:¢ 12%¢ 10%: 8% W = 5% xic : 406l Lighyll ad Jal (e dagina clsa
(Ib/ft’) sasslly

. Gs =2.65 alasial pe 1 ALl 2] .2

t gl ad die (G = 2.67) sl (Kg/m?) dalal) 286 0 (sl .3

(S) = 80%, 90%, 100% Ll day 52e Jaf 5 W = 10% 20%

Gilall enall (sl aant Cogllaal L U Joandl b sl Auladll 555 5 Ay il 4
- lia¥) dughal (sgimas papll (salae )

2556 B aan | clal LN il 3gl | (%) Aeriiesal) dugh)
(ft') (Ib)
1/30 3.26 8.4
1/30 4.15 10.2
1/30 4.67 12.3
1/30 4.02 14.6
1/30 3.63 16.8

Jabee 33 Qiglladll ¢ Gg = 2.72 IS dls 8 ¢« 4 ALl b dagyidl D50 dal 00 .5

i) Ligha ) (ggina die g L)) da o dnalisal

Glall ceasll Gisl wast Cslladll L JGI Jgaall 8 sUase doslidll 9S4 5 a3 .6
- eV Agha )l (ginay sl (KG/MP) calicd]

b Mol cabael 6 Allaall 8 dag i) 4ol Tea daad) canall ()l il 7
Aedl) 286N aaas Cuglladl) . 1705 Kg/m? = dda)l) 246l 10.5% = Lighyl) (ssine
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25K i PR <l ‘f Zu)m L"Al.m.“ 0ol dadiiocall Ljh)ﬂ
(em) (k9) (%
943.3 1.68 9.9
943.3 1.71 10.6
943.3 1.77 12.1
943.3 1.83 13.8
943.3 1.86 15.1
943.3 1.88 17.4
943.3 1.87 19.4
943.3 1.85 21.2

¥ Wl . 105 Ib/f7 el cada)ll canad) (3slls 18% IS Aol i) Lighajll (g5ine .8
U Ll Al o3 s 2 o quag v 2,75 IS Al a3l Aliall el ) e gl
sl i o callat claalsall il Jla b lgaag ) AseS plaaid soal) clil) adse
2 L 18% dush)ll (gine uit wie 103.5 Ib/ft) ol ans Gl ans O35 ) Jseasll
pasasall a3l e 10.000 M’ Gaelid jonll aige e bajin iy ) LaSall YY) sae

ysinall Ll Jil ztini 20 — tON (50 Alene Liali 5§ aBsall

8000 o waall clill afga & dageaye duji ualil dsllaally Lelis Canlgll a2l 408 ) .9
il udigal jiging ¢ 0.7 daslly dana Zoagem yal) L 5ill Anabusall Jalaa Lo culS 138 .m°
Aaabal) dalaa 23ay (3l ¢ I Jgaall 8 minse sa LS disllaal) 5ll 5l adlge o)l
3l Lo U llually 8 L oasal) eliall adige ) Aol Jaid aasall jiall 38lS5 dampall 4 ll

i) S g Gy Gl + S5 L Lgie B3l el oy of (San Sy Byl
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Loy aal) | dselusall dabee | eaSe e JSI 24K
A 0.82 8
B 1.1 5
C 0.9 9
D 0.78 12

) il el B Leaant 35 daley il (graally adaeY) Gilall aasd) 03l .10
B oS Jla 8 diadl 8 el 8BS 8 L s e 93 Ib/fP 5 104 Ib/ft?
. 78% sl

P A Al el e 2ame Daley Aol A jraallg dradae V) dilal) il L1
B Ly (%) ol 8 el GBS & L. sl e 1510 Kg/m® 5 1682 Kg/m?
cT0% oo Lboyl) sl ity el Ayl BESN S s b (%) alad) A3

Groally cabie¥ Glall sl sl . 90% S Jaad) b Ay Ll el ()l .12
Gosthaall (alasd) gyl dal o - st e 93 Ibfft? 5 810 Ib/ft) : oIS a5l o3g]
cGilall el sl .2
. el Al J8ES) b
- 12% dagh) seine die adayll ceasll O3l C
rdall Jag e doplat aladiuly ol Jesdl ceasdl Oigll daas Lo il & Jall .13
1667 kg/m® = Ottawa ()} 5lall dilal) 28<H @
. 0.117 kg = Lagaall ¢ al 4ol Ottawa Jayl ylaall 46SI) @
. 5.99 kg = ( 22311 Jd) Jeyll + Jagyaall + elegl A€
. 2.81 kg = (plasnu¥) aey ) oyl + dag il + clegll AES o
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. 3.331 Kg = syall e Ayl A0 AES @
11.6% = bl Lpll dushll (gine o
linll all Galadl anall (3l a3 Casllaall

: s ki L vibroflotation g el a3) dse dal e .14
DIO = 011 mm

Dyy= 0.19 mm
Dso = 1.3 mm
caladl JS Sy Al aae aaas aglladll
Pl adll shaaials 14 allidl ool 15
Dip= 0.09 mm
Dy = 0.25 mm
D5y = 0.61 mm
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