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Soils and Aggregates Characterization tests
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 Characterization tests used to describe fundamental parameters of soils and 
aggregates

 Bearing Capacity (Strength) tests
 In laboratory 

 CBR test ( Most common)

 R-value test 

 in-situ

 Field CBR

 Dynamic Cone Penetrometer (DCP)  ( Most common )

 Stiffness tests (Modulus of resilience, Mr )
 In laboratory 

 Repeated load triaxial test  

 in-situ

 Plate Load test, k value 

 Dynamic plate test using the light weight deflectometer

CBR
History 
 The basic testing procedure employed in the 

determination of the CBR was developed by 
the California Division of Highways before 
World War II and was used by that agency in 
the design of flexible pavements. 

 The basic procedures of this test were adopted 
by the Corps of Engineers of the U.S. Army 
during the early stages of the war and served 
as a basis for the development of design 
curves that were used for determining the 
required thickness of flexible pavements for 
airport runways and taxiways.

 Certain modifications were made in the test 
procedure, and it became a standardized test 
procedure 
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CBR (California Bearing Ratio) 
Summary of Test Method
 The laboratory test uses a circular piston to 

penetrate material compacted in a mold at a 
constant rate of penetration.

 The CBR is expressed as the ratio of the unit 
load on the piston required to penetrate 0.1 
in. (2.5 mm) and 0.2 in (5 mm) of the test 
soil to the unit load required to penetrate a 
standard material of well-graded crusted 
stone

CBR (California Bearing Ratio) 
Plotting  
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CBR (California Bearing Ratio) 
Determination 
 CBR compares the bearing capacity of a tested material with that of obtained from an 

excellent coarse base material (a well-graded crushed stone) 

 𝐶𝐵𝑅(%) =
௧ ௗ  ௧௦௧ ௧௦

௧ ௗ  ௦௧ௗௗ ௨௦ௗ ௦௧
at specific penetration

 Two penetration points are used to determine CBR
 2.5 mm penetration 

 5.0 mm penetration 

 The unit load for the standard crushed stones are
 6.9 MPa (or 1000 psi) at 2.5 mm penetration 

 10.3 MPa (or 1500 psi) at 5.0 mm penetration 

CBR (California Bearing Ratio) 
Significance and Use
 This test method is used to evaluate the 

potential strength of subgrade, subbase, 
and base course material, including 
recycled materials for use in road and 
airfield pavements. 

 The CBR value obtained in this test 
forms an integral part of several flexible 
pavement design methods.
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The California Bearing Ratio
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Scope 
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AASHTO T 193-13
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Referenced documents 
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AASHTO T 193-13
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Significance and use 
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AASHTO T 193-13
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Apparatus
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Compaction Mold Compaction 
Mold Collar

Mold Base
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CBR Surcharge Weight (Annular)
CBR Surcharge Weight (Slotted)
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Swell Plates
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Apparatus
CBR Paper Filters 
 for separating soil from the spacer 

disc during compaction or to place 
on the top of the soil when 
compacting is done
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AASHTO T 193

39

Test Procedures 

Test Procedures 
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Test Procedures 

Test Procedures 

 Record the load readings at penetrations of 
 0.025 in. (0.64 mm)

 0.050 in. (1.27 mm)

 0.075 in. (1.91 mm)

 0.100 in. (2.54 mm)

 0.125 in. (3.18 mm)

 0.150 in. (3.81 mm)

 0.175 in. (4.45 mm)

 0.200 in. (5.08 mm)

 0.300 in. (7.62 mm),

 0.400 in. (10.16 mm) 

 0.500 in. (12.70 mm)
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AASHTO T 193

43

Test Outputs 

CBR (California Bearing Ratio) 
Test Outputs 

CBR test results
Load on piston 

(psi)
Penetration 

(in)

700.025

1150.05

2200.1

3000.2

3200.4
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AASHTO T 193
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Calculations 

CBR (California Bearing Ratio) 
Plotting  
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CBR (California Bearing Ratio) 
Plotting  
 The curve is 

normally concave 
downward
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CBR (California Bearing Ratio) 
Determination 

 CBR compares the bearing capacity of a tested material with that of obtained from an excellent coarse base material (a well-
graded crushed stone) 

 𝐶𝐵𝑅(%) =
௧ ௗ  ௧௦௧ ௧௦

௧ ௗ  ௦௧ௗௗ ௨௦  ௦௧
at specific penetration

 Two penetration points are used to determine CBR
 2.55 mm penetration 

 5.08 mm penetration 

 The unit load for the standard crushed stones are
 6.9 MPa (or 1000 psi) at 2.5 mm penetration 

 10.3 MPa (or 1500 psi) at 5.0 mm penetration 
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CBR (California Bearing Ratio) 
Determination 

OR

100
MPa6.9

 (MPa)npenetratio mm 2.5at  loadunit 
(%) CBR

100
MPa10.3

 (MPa)npenetratio mm 5.0at  loadunit 
(%) CBR

100
psi 1000

 (psi)npenetratioin  0.1at  Stress
(%) CBR

100
psi 1500

 (psi)npenetratioin  0.2at  Stress
(%) CBR

100
kg 1364

 (kg)npenetratio 2.5mmat  Load
(%) CBR

100
kg 2045

 (kg)npenetratio 5.0mmat  Load
(%) CBROR

CBR (California Bearing Ratio) 
Determination 

 The CBR value is usually based on the load ratio for a penetration of 2.5 mm (0.1 in).

 however,

 If the CBR value at a penetration of 5.0 mm (0.2 in) is higher than the CBR value at a penetration of 2.5 mm
(CBR2.5 < CBR5.0 )

 The test should be repeated.  

 If the repeated test also yields a larger value, then the CBR at 5.0 mm (0.2 in) penetration should be used.
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CBR (California Bearing Ratio) 
Plot correction 
 The initial portion 

might concave upward 
due to surface 
irregularity.
 In this case, correction 

should be done by drawing 
a tangent to the curve at 
the point of greatest slope.  

 The corrected curve will be 
used in all further 
calculations
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Plot correction 
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Plot correction 

AASHTO T 193-13

59

Test Specimens preparation 
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AASHTO T 193-13

60

Sample Preparation

61

 Proctor compaction test

 There are two tests that are used to obtain the optimum 
moisture content and the corresponding maximum dry 
density (MDD).

 The tests are known as 
 Standard Proctor test (Standard AASHTO T99)

 Modified Proctor test (Modified AASHTO T180)

 Both tests use a falling hammer to compact the material 
in a mould, which roughly corresponds to the compactive 
effort in the field. 
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Laboratory Soil Compaction Tests

62

Proctor test procedures 

Proctor test procedures 
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Laboratory Compaction Test
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Laboratory Soil Compaction Tests
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Proctor test procedures 
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Proctor test output 

69

Compaction curve
 The output of Proctor test is the compaction curve

 Compaction curve
 is the curve of the dry densities of each specimen 

plotted versus their respective water contents

 Each-data point on the curve represents a single compaction 
test

 The peak point of the compaction curve is an 
important point, which represent
 The maximum dry density (MDD)

 Optimum water content 

 The water content corresponding to the maximum dry 
density 

Dry unit wt. = Wet unit wt. / (1+ω%)

This curve is unique
for a given soil type, method of compaction, and 
(constant) compactive effort

AASHTO T 193
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Testing Conditions 
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Test Specimens Preparation 
Conditions   

Test conditions 

Soaked Soaked CBR

Unsoaked 

CBR at Optimum 
Water Content

CBR for a Range 
of Water Content

AASHTO T 193-13
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Test Specimens preparation 

Condition 1: Bearing Ratio (CBR) at Optimum 
Water Content
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CBR at Optimum Water Content
5. Sample  

CBR at Optimum Water Content
6. Moisture-Density Relation
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CBR at Optimum Water Content
7. Procedures 

CBR at Optimum Water Content
7. Procedures 
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CBR at Optimum Water Content
7. Procedures 

CBR at Optimum Water Content
7. Procedures 
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Laboratory Compaction Test
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CBR at Optimum Water Content
7. Procedures 
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CBR at Optimum Water Content
7. Procedures 

CBR (California Bearing Ratio) 
Specimen Compaction  

https://www.youtube.com/watch?v=6pjladw_0a4
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CBR at Optimum Water Content
7. Procedures 

CBR at Optimum Water Content
Calculations 
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CBR at Optimum Water Content
Calculations 

CBR at Optimum Water Content
Calculations 
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CBR at Optimum Water Content
Calculations 

 Given: Maximum dry density 
by AASHTO T99 = 1986 kg/m3

 Find: The CBR at 95% of the 
above maximum dry density 

CBR (California Bearing Ratio) 
Example 
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AASHTO T 193-13

89

Test Specimens preparation 

Case 2: Bearing Ratio (CBR) for a Range of Water 
Content

CBR for a Range of Water Content
5. Sample  
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CBR for a Range of Water Content
6. Moisture-Density Relation

Moisture-Density Relation
Case 2: Bearing Ratio for a Range of Water Content
 The following complete moisture-

density relationship shall be developed 
for
 10-blow per layer compactions 

 25-blow per layer compactions

 56-blow per layer compactions

 Each test specimen compacted shall be 
penetrated. 

 Perform all compaction in CBR molds.
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CBR for a Range of Water Content
7. Procedures 

CBR at Optimum Water Content
Calculations 

93

94



44

CBR (California Bearing Ratio) 
Determination 

CBR (California Bearing Ratio) 
Determination 
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Test Specimens Preparation 
Conditions   

Test conditions 

Soaked Soaked CBR

Unsoaked 

CBR at Optimum 
Water Content

CBR for a Range 
of Water Content

AASHTO T 193
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SOAKING
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Soaking 
Sample preparation for Soaked CBR
 Soaking accounts for adverse moisture 

conditions from potential rainfall or 
flooding, and most CBR tests use this 
procedure.

 In addition to the compaction process, 
preparation usually involves soaking 
each specimen in water for 96 hours 
before the penetration test

Soaking 
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Soaking 
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Soaking 
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CBR
Sample preparation for Soaked CBR

General Notes 

104

 Unsoaked CBR is carried out to
 Simulate the natural field condition

 Soaked CBR is carried out  to
 simulate the extreme condition which can be resulted from the moisture variation

 Implemented by MPW&H

 The CBR at unsoaked conditions is always higher compared to soaked CBR values
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Soaked CBR test

https://www.youtube.com/watch?v=Naxkh_M4Oic

AASHTO T 193
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Results reporting 
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CBR
Results reporting 

AASHTO T 193
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Specifications  
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CBR typical 
values 

Table source: https://www.slideserve.com/nishi/california-bearing-ratio-cbr-method

Jordanian National Building council
Specifications for highway and bridge construction
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Jordanian National Building council
Specifications for highway and bridge construction

Jordanian National Building council
Specifications for highway and bridge construction
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CBR vs. S.G
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