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אאK

F1.3EW
אאאאאאW

 

אאFE א
96.04 
84.3 10 
70.0 20 
54.840
32.7 60 
16.2 100 
6.4 200 

13.6 Pan
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אW
J אאK
J %10D،%30D،%60DאK
J אuCK 
J אcCK


אW

אאאW



א


א

FE

א
א

FE 

א
א

E٪F 

אאא
א

E٪F 

א


E٪F
44.750 19.74.93 4.93 95.07 

10 2.000 42.8 10.70 15.63 84.37 
20 0.850 76.2 19.0534.68 65.32 
400.425 128.5 32.12 66.80 33.2 
60 0.250 108.3 27.07 93.87 6.13 

100 0.15 12.5 3.13 97.00 3.00 
200 0.074 8.4 2.10 99.10 0.90 
Pan 3.6 0.90 100.00 0 

א400  100   

J אאאF5.3KE 
J %10D،%30D،%60DאאאW 

 
mmD 28.0%10 =

mmD 40.0%30 =
mmD 74.0%60 =

J אuCW 
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64.2
28.0
74.0

%10

%60 ===
D
D

Cu

J אcCW 

77.0
74.028.0

)40.0( 2

%60%10

2
%30 =

×
=

×
=

DD
D

Cc
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F5.3WEאאאאאF1.3E


٣}٣ אאאUnified Soil Classification System

אאאאאאK
אא200אאאW

١K אאאאא
20050 % אG אא

4אאS אא
א4200K 

٢K אאאאאאא
א200א50 %،

אW 
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:MFSiltEJ
:C FClayEJ
:OFOrganic silt and clayE
:PtFPeatEJא

אאאאW
WWFWell gradedE
:PFPoorly gradedE
:HאFHigh plasticityE،א50%K
:LאFLow plasticityE،א50%K

א  ،א  ، א א  Wא א   א ،א 
אאאא،W

GWZא
 SPZא
CHZא

אF3.3Eאאאא،אאאא
אא،אא،אK




F2.3WE
אאא،אאאאW

 %  4Z70אא 
 אא 200Z38 %
 אFLLZE42 %
 אFPLZE26 %
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אW
אF٣.٣WE 

 א20050 %،
K

 א450 %، SK
 אאאF٣}٣E،א42 %א16 

%،אאA٧K 

 sc،אאK 


F3K3WEאאא
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F3K3WE
אאא،؟אאא


א אאE٪F 

٣٠ ٤ 
١٥ ٢٠٠ 
Cu 
Cc
 

٧
٤}١ 


אW

אF٣}٣WE 
 א20050 %،

K
 א450 %، GK
 Cu٤Ccא١٣K 
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 אGW،א
אאאK




٣}٤ אSystem(AASHTO)Soil Classification using

אA-1A-7،א
F4.3KEאאFA-1EאFA-7E،

אאFA-2EK
אאאF٢٠٠E،א35%א

 WA-3،A-2 A-1 Kא א F٢٠٠E
35%אWA-4 ،A-5،A-6A-7K

אא١٠٤٠٢٠٠،א KאF6.3E
אאאאA-4 A-7אא

אאA-2K
 א  א  א אF4.3 E

אא،אאאאאK
Wאאאאא

 A-1W אאאא
אאK

 A-2W א
35%K

 A-3W אK
 A-4،A-5W K
 A-6،A-7W K
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אGroup IndexW
אFGIEא،א

אKאאW
١K אא٢٠٠
٢K א

א 
אאאW


F8.3E( ) ( )[ ] ( )( )101501.040005.02.035 −−+−+−= PIFLLFGI

 
W

F=אא٢٠٠
LL=א
PI=א

א  א   ،א  א 
     K       א א   

אK
 


F4.3WE

אאא،אאא
F200E45%אא35%20%אאK

 
 

אWאF٣}٤WE
• אF200E45%،35%،

אאWA-4،A-5،A-6،A-7K
• א35%،אA-4A-6K
• אאאW 
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%152035 =−=−= PLLLPI

אA-6
אאW

( ) ( )[ ] ( )( )101501.040005.02.035 −−+−+−= PIFLLFGI
( ) ( )[ ] ( )( )
[ ] ( )( ) 45.353001.02.010

1015154501.04035005.02.03545
≅=++=

−−+−+−=GI
 

אWA-6(4)   


F٣}٤WEא

                                                                                                                                                                    
    General Classification                     Granular Materials (35% or less passing No.200)     

                                                                    A-1                                                 A-2       
Group Classification                     A-1-a         A-1-b       A-3         A-2-4    A-2-5     A -2-6     A-2-7     
    
Sieve analysis, percent passing
    No.10 (2.0 mm)                              50 max           -                 -              -             -              -              -    
    No.40( 0.425mm)                           30max.       50max.      51max.        -             -              -              -
    No. 200(0.075)                               15max.       25max.      10max.    35max.    35max.   35max.   35max. 
     

Characteristics of  fraction passing No.40
    Liquid limit                                     -                                       -         40max.    41min.    40max.    41min.    
    Plasticity index                                       6max.             N.P.             10max.    10max.    11min.    11min.
    

Usual types of significant              Stone fragments,      Fine                  Silty or clayey gravel and sand         
constituent materials                     gravel and sand        sand 
 

General rating as subgrade                                           Excellent to good  
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General Classification                                                   Silt-Clay (more than 35% passing No.200)
        
                                                                                                                                           A-7
Group Classification                                                              A-4         A-5        A-6       A-7-5,  A-7-6    

Sieve analysis, percent passing
    No.10 (2.0 mm)                          
    No.40( 0.425mm)                       
    No. 200(0.075 mm)                                                                36min.    36min.    36min.        36min.

Characteristics of  fraction passing No.40
    Liquid limit                                                                            40max.     41min.    40max.       41min.
    Plasticity index                                                                      10max      10max.    11min.       11min.

Usual types of significant Constituent materials                         Silty soils                Clayey soils
                          

General rating as subgrade                                                             Fair to poor   
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F5.3WE
א،؟אאא

؟א


א אאE٪F 
٣٠ ١٠ 
٢٣ ٤٠ 
١٥ ٢٠٠ 
LL 
PL 

٣٤
٢٢
 

אWאF٣}٤WE
• אF200E15%،35%،

אאWA-1،A-2، A-3K
• אF40E40%،אA-3

A-1 A-2K
• א34%،אA-2-4A-2-6K
• אאאW 


%122234 =−=−= PLLLPI


אA-2-6

אW
 

( ) ( )[ ] ( )( ) 01012151501.04034005.02.03515 =−−+−+−=GI
 

אWA-2-6(0) 
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Problems 
١E אאאאאאW 

 

א
א

FmmEFinE 
א

FgmE
אH

אFgmE
J Y1 565.07 ٠٧}٥٦٥ 

J Y1/2 ٤٣}٥٨٣ ٤٣}٥٤٦ 

J Y1/4 ٠٠}٥٦٢ ٠٥}٥٠٨ 

٤ 4.76 mm ٦٨}٥٤١ ٧٧}٥٤٢ 

١٠ 2.00 mm ٦٩}٤٦٩ ٣٥}٤٤٩ 

٢٠ 0.84 mm ٩٨}٥٢١ ٤٥}٤١١ 

٤٠ 0.42 mm ٤٠}٦١٧ ١٢}٤٦١ 

١٠٠ 0.149 mm ٦٨}٤٩٥ ٥٣}٣٠٣ 

٢٠٠ 0.074 mm ٣٥}٣١٦ ٣٥}٣٠١ 

Pan  ٧٩}٣٩١ ٣٧}٣٨٧ 

אW
 אאK 
 אא%10D،אuC،

אcCK 
٢E אאאאF١EאאאK 
٣E אAASHTO ،אAאBא

א؟א؟ 
אאE٪F א 
A B

١٨ ٥٤ ١٠ 
٣٨ ٤٦ ٤٠ 
٤١ ٣٤ ٢٠٠ 
LL ٣٣ ٣٩ 
PL ٢٠ ٢٧ 



 

 

 

אא  

 

אאאאאאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א


 

٤
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אאW
אאאאאאאאאא

אא،אאאאאאK


אאW
אאאאW

 אאאאאK 
 אK 
 אאאK 
 אאאK 
 אאא

אK 
 אאאאK 
 אאאאאא

אK 


אאאWאאא٩٥K٪


אאאW


אאאW

• אאאאאWא
אאאK 

• אאאא
אאK 

• אאאאK 
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٤}١Introduction
אאאאאאאא

אאאאKאאאא
אאאKאאא

אאW
١K אאK
٢K אאאK
٣K אאאאאאK
٤K אK 
٥K אאאK 

אאא
א، 1930אR. R. Proctor

אאW
١K אא( )dγdry density 
٢K אא( )wmoisture content
٣K אאFאEcompactive effort
٤K אsoil type

אאאאאK
אא0=wאאאאKא

אאאKאא
אאאאא،א

אאאאאאאK
אאאאאא

Kאאאא
אא،אאאKאF1.4E

אאאאאאאK
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٤}٢ אCompaction Theory 
אא

Kאא( )max−dγmaximum dry density
 א א ( )OMCoptimum moisture contentא      א 

אK



F1.4WEאאא


אאא،אאאאאא
א  א    א א א    ، א 

אאאאאאא
אאK


א     א  א   אא   ،א 
אאא،אW

١K אאStandard Proctor Test 
٢K אאModified Proctor Test

 ةمواد صلب مواد صلبة مواد صلبة مواد صلبة

 ماء ماء ماء ماء

 هواء

א

א

א
א

א
א

א
א

א

א
א



אא



٢٠٤אאא
אאאאא

 
 

- ٤٩ - 

٣K א Harvard Test
٤K אאStatic Test

אאאאא אא א،א
אאKKאאאאא
אאW


F1.4E

100
1 wd

+
=

γγ


אאאאאאא

אאאF2.4KE


0

10

20

30

5 10 15 20 25 30 35

المحتوى المائي (%)

فة
جا
 ال
فة
كثا
ال

( )max−dγ

O
M

C

 

F2.4WEאאא


אאאאאK


 خط التشبع
Saturation line 
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٤}٢}١ אאStandard Proctor Test 
אא( )max−dγאא( )OMCא

Kאאאא،
א2%KmoldW

 אdiameter of moldZ101.6 mmZ4 in
 אאheight of moldZ116.43 mmZ4.58 in
 אvolume of moldZ943.3 cm3Z3

30
1 ft

אF3.4Eאאאאא،אא
،אאאK





F3.4WEאאאא
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א א א  א א א א
،א25א2.5 kgא30.5 cmK

אאFγEאW


F2.4E
mV

W
=γ


WWZאא

mVZא
אאאאא،אא

F1.4 Eא א    א   א  א א  
( )max−dγ( )OMCK

 

٤}٢}٢ אאModified Proctor Test 
א      א א  ،א  א

א،א Kא
Wאאאא

 אZ5
 אZ4.54 kg
 אאZ45.72 cm

אאא13 kN/m3  23 kN/m3א
אא10%20%K 

 

٤}٢}٣ אSaturation Line 
אF2.4Eאאאאא
א،אאאאzero air void lineKא

אאאF%100=SE،א
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אאאאאאאאאK
אאK

אאאאא
אW


F3.4E

w
Gs

w
zav

+
=

1
γ

γ


Wzavγ=אאאאK

wγ=אK
sG=אאאK

w=אאK


F1.4WE
 אF1.4 Eא  א   K     א

אאאK
  

F1.4WEאF1.4E


א 

אא
FE 

אא
E٪F 

11847.716.00 

22000.37 8.00 

32163.1310.58 

42188.75 12.90 

52097.81 15.68 

62012.74 17.78 
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אW
   א   Vm = 943.3 cm3א   א א  ،

אאW


mV
W

=γ

א א   ، א א     א א  
אF1.4KE

 אF2.4 Eאא א gm/cm3אאאאא
kN/m3،אF4.4Eאאאא

،אאW


%40.11
/43.20 3

max

=
=−

OMC
mkNdγ


F2.4WEאF1.4E

 


א

א
א

F٪E 


א
gm)( 


א

)cm3( 

א
א

)gm/cm3(

א
א

)kN/m3( 

א
א

)kN/m3( 

1 6.00 1847.71 943.30 1.96 19.22 18.13 

2 8.00 2000.37 943.30 2.12 20.80 19.26 

3 10.58 2163.13 943.30 2.29 22.50 20.34 

4 12.89 2188.75 943.30 2.32 22.76 20.16 

5 15.68 2097.81 943.30 2.22 21.82 18.86 

6 17.78 2012.74 943.30 2.13 20.93 17.77 
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F4.4WEאF1.4E



٤}٣ אאאאFactors Effecting Compaction 
 א  אאאאאאא

אאW


١E אW 
אאאאא

 א אא   KאF5.4 Eא אאאא
אאאKאWאאאאא

     א א א        
K

 
 
٢E אW

علاقة الكثافة الجافة بالمحتوى المائي

16.5

17.5

18.5

19.5

20.5

21.5

2 4 6 8 10 12 14 16 18 20

w  (%)

 

( )3/ mkN
dγ
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אאאאאKא
אF6.4Eאאאאא

אאאאאא Kאאאא
אאW 

 
 

 
F5.4WEאאא

 



٢٠٤אאא
אאאאא

 
 

- ٥٦ - 


F4.4E

m

hlb

V
WhNN

E
×××

=

WE=א
bN=א
lN=א

h=אא
hW=א
mV=א

אאאאW



336

2

73.594
1000

1
103.943

/81.950.2305.03/25
m
kJ

m
smkgmlayerlayerbowlsE =×

×
××××

= −




F6.4WEאאא

אאאאW

( )max−dγ

O
M

C
 

O
M

C
 

w (%) 

γd 
א

א

( )max−dγ
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336

2

3.2698
1000

1
103.943

/81.954.44572.05/25
m
kJ

m
smkgmlayerlayerbowlsE =×

×
××××

= −


אאאאאא

אאK


٣E אאW
אאאא

Kאאאאאאאא
 Kאאאאאא

א א w1  w2 א  F7.4E ، א
אאאFOMCKEא

אאK

F7.4WEאאא 

γd 

w2 w1 w (%)
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٤}٤ אאField Compaction 
אאאאKאא

אאא א א  K
אאאאאW

١K אSand Cone Method 
٢K אאRubber Balloon Method
٣K אא Nuclear Method

אאאאאאK

٤}٤}١ אאאEquipments of Compaction in the Field 

   אא  א א  א א א  א  
א    א Kאא    אא   ،   

אאאKאאאW
 אאאSmooth-wheel rollers 

אאאאאאאאאאא
אKאאאאאא،

 א F8.4E ،   400 kN/m2 K   א   
אאאאאאא

K
 אPneumatic or rubber-tired rollers 

אF9.4 E  ، 80 %א
אKאאאאא ،אאא

אאKא
א700 kN/m2K
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 אאSheepsfoot rollers 
 אF10.4 Eא        א אא  א א 

12 %אא،אא14007000 kN/m2
 Kא א  א א  א א    K אא 

 אא  א   אא     א   
אאK

 אאאVibratory rollers
אאאאאאא،

אאאF11.4KEאא
אאאאאF12.4KE

 
F8.4WEא 

 
  

 
F9.4WE
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F10.4WEא 

 
 

F11.4WEאא
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F12.4WEא 
 

٤}٤}٢ אSand Cone Method  
 א F13.4 E   א א  א א

א Kאאאאא
אאFsoilWEאאאא

Fw KEאאFsandγEא K
  א  א א  ،  א א    

אאW
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F5.4E

sand

sand
hole

W
V

γ
=













F13.4WEא


אאאאאא

אאW


F6.4E
hole

soil
d V

W
=γ


אאאW


F7.4E

100
1 w

W
W soil

soildry

+
=−

אF7.4EאF6.4EאאאאK
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F2.4WE
אאאאאאאW

אא3/46.1 cmgmsand =γ
אאgmWsand 7.468=

אgmW soildry 3.618=−


אW
א30.321

46.1
7.468 cm

W
V

sand

sand
hole ===

γ



אא33 /3.19/93.1

0.321
3.618 mkNcmgm

V
W

hole

soildry
d ≈=== −γ




٤}٥ אאRelative Compaction (RC) 
אאאא

אאKאאאאא
א،אW


F8.4E100(%)

)max(

)( ×=
− labd

fielddRC
γ
γ

W
RC=אא

)( fielddγ=אאא
)max(labd−= γא
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Problems 
٤E אא19.85 kN/m31012.7 gm،

992.3 gmKאאאאK 


٥E אאאאFfine-grained soilE
אאא،אW

J אאאFpcfKE
J אאאFkN/m3KE
J אאאK
J אא،אאא؟؟א 


 

Dry Density vs. Water Content
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٦E אאאאא
אאW 

 
א 1 2 3 4 5 

אא   )/( 3mkNγ 16.718.019.218.917.3

אא(%)w 4.7 12.119.324.932.5


J אאאאאאאK
J אאאK
J אאאא15.7 kN/m3،אאא

 ؟א؟


٧E אא97 %،אאא
אW 

%6.14
/20.19 3

max

=
=−

OMC
mkNdγ

אאW

%3.17

/80.17 3

=

=−

w

mkNfielddγ

Wאאא
J ؟אאאאאK 
J ؟אאאא 
J א؟؟אאא 
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אאW
אאא،אאK


אאW
אאאאW

 אאאK 
 אאK 
 אאאאאK 
 אאאK 
 אאאאK 


אאאWאאא٩٠K٪


אאאW


אאWאאאK
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١٫٥ Introduction: 

אאאאאאא
אאאאאK

אאאא،אא
אאאאKאאא

אאא،אאאKא
אאאKאאאאא

אאאאK
אאאאאאא

אKא،אאא
אאאאא

אאKאאאאא
אא،אאאאאאאא

אאאKאאאא
א،אF1.5Eאאאא

אאאאאW


F1.5E
L
hi =


W
i=אא

h=אא
L=אאאאא

א،א3 kmאא30 m
אאW

01.0
10003
30

=
×

==
L
hi
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٥}٢ אDarcy's Law 
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אאאAssumptions of Darcy' s Law 
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٥}٣}١ אאW
אאundisturbed sample
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אאW
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אאאאא
אאא،אאK
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F4.5WE
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٥}٤ אאא Water Rise by Capillary Tube  W
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אsurface tensionאאweight of waterאאאא
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٥}٥ אאאEquivalent Permeability in Stratified Soil  W 
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٥}٦ אאאאFactors Affecting Soil Permeability  W 
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٣K אWאאא
אאאאK 

٤K אאWאאאא،
אאאK 

٥K אWאאאK 
ProblemsW
١( m2sm /102 4−×אא%2،

אאאאאאאאK 

٢E אאאmm01.0אאmN /05.0
אo8אאK 

٣E אאאא،אאאF 
(QK 

  

m18

m4.5

FQEא
m42

m2.2 smk /104 3−×=

m5.16



٢٠٤אא
אאאאא

 
 

- ٨٣ - 
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אאW
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 Introduction: 

אאאאאא،W
אLא،N/m2Kאאא( )zyx ,,،xy
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٦}٢ אאאאStresses induced by the self weight of the soil 
אאאאאאא

אאאאאאK
אאvσאאאKא
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F2.6E∑ ∆= zv γσ
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אאW
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F٦}١WE
אאאאאאאאא

אאF٦}٣E،Kאאאא
אאK
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 אאW      2/40.36040.36 mkNuvv =−=−= σσ
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 אאW           2/55.8105.4960.130 mkNuvv =−=−= σσ 
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F4.6WEאF1.6E


٦}٣ אאאאTotal stress with a surface surcharge load 
אאאא אא
א Kא א א אא،אא 

אאא Kא א  א אאא א 
אאאאK

 א F5.6 E   א א   א אq، א  
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F5.6Eqzv += γσ
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٦}٤ אאאאStresses in soil due to footing pressure 
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٦}٥ אאThe Boussinesq method for soil stresses 
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ProblemsW
١K אאאאאW
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אאאא m ٨אK


٤K אאm2٤

א kN ١٠٠٠،אאאאאאאאm6
א٢W١K 



4 m

6 m 3/0.17 mkN=γ

3/0.19 mkN=γ

1 m

AAA

5 m 3/5.19 mkN=γ3/5.19 mkN=γ3/5.19 mkN=γ



٢٠٤אא
אאאאאא

 
 

- ٩٧ - 

٥K א א   א א אאAא  Q1 Q2  
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١٫٧  Introduction: 

אאאאאאאאא
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١E אאאEarth pressure at rest 
٢E אאActive earth pressure  
٣E אאPassive earth pressure  
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٢٫٧ אאא Earth pressure at rest: 
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٣٫٧ אאא Rankine's theory of active and passive earth pressure : 
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  جدول التحليل المنخليجدول التحليل المنخلي


א

قطر فتحة 
 المنخل

 )مم(

وزن 
 المنخل

 )جم(

ل وزن المنخ
وزن + 

 التربة
 )جم(

وزن 
التربة 
 المتبقية

 )جم(

نسبة 
التربة 
 المتبقية
(%) 

النسبة التراآمية 
 للتربة المتبقية

(%) 

نسبة 
 المار
(%) 

- 25.40 
  

    

- 12.70 
  

    

- 6.35 
  

    

4 4.75 
  

    

10 2.00 
  

    

20 0.850 
  

    

40 0.425 
  

    

100 0.15 
  

    

200 0.074 
  

    

Pan  
  

    



٢٠٤אאא
אאאאאאא

 
 

- ١٤٥ - 

אאWאאGrain Size Distribution 
JאאאHydrometer Analysis Test 

אאאW
١K 
٢K אאא 
٣K  
٤K א0.1 gm 
٥K אCC oo 5110 ±  
٦K 
٧K  
٨K  
٩K  

١٠K 
 
 

אW
١K אא50 gm א א200 אא 

K
٢K א250 ml125 ml   ل مي ول مث فا   من محل ا فوس  الصوديوم  تت

 .ساعة  16אא، %4الذي ترآيزه 
٣K אאאא،אא

אאK
٤K אאאא15   אK 
٥K אאאאאאא

1000 mlK 
٦K אFEאאא

،אאאאא،
אK 
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٧K אאאאאאאK 
٨K אאאאא

אאאאא،א
אאאאא2025K 

٩K אאאאW1440, 250, 60, 30, 15, 5
،אאאא

אאאKאאאא
אאאאאK 

١٠K אאאאאאא
אK 

١١K א0.01 gmK 
١٢K א،אFאEאא

אK 
١٣K אאאאא،

אא0.01 א gm. 
١٤K  אאאאF١١EF١٣KE 


אאW

EאאאאW


( )

T
LK

T
LGGnD Ts

=

−=
980
30

 

: 

D= אFmmE
n= אאאFpoisesE

sG= אאאא
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TG= אאאא،אF1KE
T= אאאאאאFminE
K= אאאאאא،א

F2KE
L= אאאאא،אF3KE


EאאאW



( )T
ss

s GR
wG

G
N −⎥

⎦

⎤
⎢
⎣

⎡
×

−
=

100000
1

 

 
: 

N= אאF%E
sG= אאאא

TG= אאאא،אF1KE
sw=  אא

R=  אא
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FF١١WEWEאאאאאאאא
 

90 80 70 60 50 40 30 20 10 0 Co 

0.9653 0.9718 0.9778 0.9832 0.9881 0.9922 0.9957 0.9982 0.9997 0.9999 0 

0.9647 0.9712 0.9772 0.9827 0.9876 0.9919 0.9954 0.9980 0.9996 0.9999 1 

0.9640 0.9706 0.9767 0.9822 0.9872 0.9915 0.9951 0.9978 0.9995 1.000 2 

0.9633 0.9699 0.9761 0.9817 0.9867 0.9911 0.9947 0.9976 0.9994 1.000 3 

0.9626 0.9693 0.9755 0.9811 0.9862 0.9907 0.9944 0.9973 0.9993 1.000 4 

0.96190.9686 0.9749 0.9806 0.9857 0.9902 0.9941 0.9971 0.9991 1.000 5 

0.9612 0.9680 0.9743 0.9800 0.9852 0.9808 0.9937 0.9968 0.9990 1.000 6 

.9605 0.9673 0.9737 0.9795 0.9848 0.9894 0.9934 0.9965 0.9988 0.9999 7 

0.9598 0.9667 0.9731 0.9789 0.9842 0.9890 0.9930 0.9963 0.9986 0.9999 8 

0.9591 0.9660 0.9724 0.9784 0.9838 0.9885 0.9926 0.9960 0.9984 0.9998 9 
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FF٢٢WEWEאאKאאאאאא
 

( )sG אאא 

2.85 2.80 2.75 2.70 2.65 2.60 2.55 2.50 2.45 

٣K 
אא

FCoE 

0.01356 0.01374 0.01394 0.01414 0.01435 0.014570.014810.01505 0.01510 16 

0.01338 0.01356 0.01376 0.01396 0.01417 0.01439 0.01462 0.01486 0.01511 17 

0.01321 0.01339 0.01359 0.01378 0.01399 0.01421 0.01443 0.014670.01492 18 

0.01305 0.01323 0.01342 0.01361 0.01382 0.01403 0.01425 0.01449 0.01474 19 

0.01289 0.01307 0.01325 0.01344 0.01365 0.01386 0.01408 0.01431 0.01456 20 

0.01273 0.01291 0.01309 0.01328 0.01348 0.01369 0.01391 0.01414 0.01438 21 

0.01258 0.01276 0.01294 0.01312 0.01332 0.01353 0.01374 0.01397 0.01421 22 

0.01243 0.01261 0.01279 0.01297 0.01317 0.013370.01358 0.01381 0.01404 23 

0.01229 0.01246 0.01264 0.01282 0.01301 0.01321 0.01342 0.01365 0.01388 24 

0.01215 0.01232 0.01249 0.01267 0.01286 0.01306 0.01327 0.01349 0.01372 25 

0.01201 0.01218 0.01235 0.01253 0.01272 0.01291 0.01312 0.01334 0.01357 26 

0.01188 0.01204 0.01221 0.01239 0.01258 0.01277 0.01297 0.01319 0.01342 27 

0.01175 0.01191 0.01208 0.01225 0.01244 0.01264 0.01283 0.01304 0.01327 28 

0.01162 0.01178 0.01195 0.01212 0.01230 0.01249 0.01269 0.01290 0.01312 29 

0.01149 0.01165 0.01182 0.01199 0.01217 0.01236 0.01256 0.01276 0.01298 30 
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   العمق المؤثر حسب نوع الهيدروميتر العمق المؤثر حسب نوع الهيدروميتر): ): ٣٣((جدول جدول 

152H 151H 
אא

L, cm 
אא

א 
אא

L, cm 
אא

א 
אא

L, cm 
א

א 
9.9 39 16.3 0 16.3 1.000 
9.7 40 16.1 1 16.0 1.001 
9.6 41 16.0 2 15.8 1.002 
9.4 42 15.8 3 15.5 1.003 
9.2 43 15.6 4 15.2 1.004 
9.1 44 15.5 5 15.0 1.005 
8.9 45 15.3 6 14.7 1.006 
8.8 46 15.2 7 14.4 1.007 
8.6 47 15.0 8 14.2 1.008 
8.4 48 14.8 9 13.9 1.009 
8.3 49 14.7 10 13.7 1.010 
8.1 50 14.5 11 13.4 1.011 
7.9 51 14.3 12 13.1 1.012 
7.8 52 14.2 13 12.9 1.013 
7.6 53 14.0 14 12.6 1.014 
7.4 54 13.8 15 12.3 1.015 
7.3 55 13.7 16 12.1 1.016 
7.1 56 13.5 17 11.8 1.017 
7.0 57 13.3 18 11.5 1.018 
6.8 58 13.2 19 11.3 1.019 
6.6 59 13.0 20 11.0 1.020 
6.5 60 12.9 21 10.7 1.021 
  12.7 22 10.5 1.022 
  12.5 23 10.2 1.023 
  12.4 24 10.0 1.024 
  12.2 25 9.7 1.025 
  12.0 26 9.4 1.026 
  11.9 27 9.2 1.027 
  11.7 28 8.9 1.028 
  11.5 29 8.6 1.029 
  11.4 30 8.4 1.030 
  11.2 31 8.1 1.031 
  11.1 32 7.8 1.032 
  10.9 33 7.6 1.033 
  10.7 34 7.3 1.034 
  10.6 35 7.0 1.035 
  10.4 36 6.8 1.036 
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אאאCompaction Tests 
אאאW
אW،

F٤E
 

 
א20 kg 

א0.1 gm 
אCC oo 5110 ±  

 
 

אא
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אאWJאאStandard Proctor Test 
אW

١K א15 kg אאK
٢K אאאאאK 
٣K אF٤E٪٨٠אא،

אK 
٤K אאא،אאאאK 
٥K אאK 
٦K אאאאאא5 cm

7 cmK 
٧K אאאאאא2.5 kgא30.5 cm،٢٥

אK 
٨K אאאא

،אאאאאאF٧KE 
٩K אאאא

،אאאאא،
אאאF٧KE 

١٠K אאא،אאאאא
אאאK 

١١K אאאK 
١٢K אא،אאאK 
١٣K אאאאK 
١٤K אאF٦EF١٣Eאא٪٣

 Kאאא
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אאWJאאModified Proctor Test 


אW
١K אאאF١EF٥EאאאK
٢K אאאאK 
٣K אאאאאא4.54 kgא45.72 cm،٢٥

אK 
٤K אאאא

،אאאאאאF٣KE 
٥K אאאK 
٦K אאאאאאF١٠EF١٣E. 
٧K אאאא٪٣א

אאK 

אאW
אא( )max−dγmaximum dry density

אא( )OMCoptimum moisture contentא،א
אאאאאKאאאW



⎟
⎠
⎞

⎜
⎝
⎛ +

=

=

100
1 wV

W
V
Ws

dγ

 

: 

sW= אאא
V= א
W= אאא
w= אאא
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אאא
אKKKKKKKKWאKKKKKKKW
אKKKKKKKKWאKKKKKKKW
אKKKKKKKKKWאKKKKKKKW
אאKKKKKKKKKWאאKKKKKKKW
אאKKKKKKKKKWאKKKKKKW


אאאא

א٥ ٤ ٣ ٢ ١ 

      )جم(التربة المدكوكة + وزن القالب 

אFE     

אאFE      

אאFkN/m3E     

אאFkN/m3E     
 

 

אאאא
א ٥ ٤ ٣ ٢ ١ 

אFE     

אFE     

אHאאFE     

אHאאFE     

      )جم(وزن  الماء 

אאFE     

אאE٪F      
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