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Soils and Aggregates Characterization tests

U Characterization tests used to describe fundamental parameters of soils and
aggregates

U Bearing Capacity (Strength) tests

» In laboratory

K3

e CBRtest ( Most common)

K3

RS

L3 R-value test
» in-situ
< Field CBR

RS

< Dynamic Cone Penetrometer (DCP) ( Most common )

O Stiffness tests (Modulus of resilience, Mr )
» In laboratory
% Repeated load triaxial test
» in-situ

< Plate Load test, k value

RS

< Dynamic plate test using the light weight deflectometer

CBR

History

O The basic testing procedure employed in the
determination of the CBR was developed by
the California Division of Highways before
World War Il and was used by that agency in
the design of flexible pavements.

O 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.

O 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

Q

Q

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

‘— PROVING RING

DIAL GAUGE

4—— PLUNGER 50 mm dia

SURCHARGE WEIGH
147 mm dia

INNER DIAMETER O
MOULD 150 mm

Pedestal of loading machine

CBR (California Bearing Ratio)

Plotting
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CBR (California Bearing Ratio)

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

Unit load of test materils
Q CBR(%) =
( /0) Unit load of standard crushed stone

U Two penetration points are used to determine CBR

at specific penetration

» 2.5 mm penetration
» 5.0 mm penetration
O 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)

Signlflcance and Use ‘—PROVINGH]NG

O 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 PIAL GAUGE
airfield pavements.

O The CBR value obtained in this test
forms an integral part of several flexible
pavement design methods.

4—— PLUNGER 50 mm dia

SURCHARGE WEIGHT]|
147 mm dia

127.3 mm

INNER DIAMETER OF
MQULD 150 mm

Pedestal of loading machine
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The California Bearing Ratio

Scope

11
11
1. SCOPE
1. This test method covers the determination of the California Bearing Ratio (CBR) of pavement

subgrade, subbase, and base/course materials from laboratory compacted specimens. The test
method 1s primarily intended for, but not limited to, evaluating the strength of cohesive materials
having maximum particle sizes less than 19 mm (*/, in.).
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1.1.

SCOPE

This test method covers the determination of the California Bearing Ratio (CBR) of pavement
subgrade, subbase, and base/course materials from laboratory compacted specimens. The test
method is primarily intended for, but not limited to, evaluating the strength of cohesive materials
having maximum particle sizes less than 19 mm (*/, in.).
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1.2.

When materials having maximum particle sizes greater than 19 mm (°/; in.) are to be tested, this
test method provides for modifying the gradation of the material so that the material used for tests
all passes the 19.0-mm (*/4-in.) sieve while the total gravel 4.75-mm (No. 4) to 75-mm (3-in.)
fraction remains the same. While traditionally this method of specimen preparation has been used
to avoid the error inherent in testing materials containing large particles in the CBR test apparatus
the modified material may have significantly different strength properties than the original
material. However, a large experience base has developed using this test method for materials for
which the gradation has been modified and satisfactory design methods are in use based on the
results of tests using this procedure.

14




1.3.

Past practice has shown that CBR results for those materials having substantial percentages of
particles retained on the 4.75-mm (No. 4) sieve are more variable than for finer materials.
Consequently, more trials may be required for these materials to establish a reliable CBR.

15
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1.4. This test method provides for the determination of the CBR of a material at optimum water
content or a range of water content from a specified compaction test and a specified dry unit mass.
The dry unit mass is usually given as a percentage of maximum dry unit mass from the
compaction tests of T 99 or T 180.
1.5. The agency requesting the test shall specify the water content or range of water content and the
dry unit mass for which the CBR is desired.
1.6. Unless specified otherwise by the requesting agency, or unless it has been shown to have no effect
on test results for the material being tested, all specimens shall be soaked prior to penetration.
1.7 The values stated in SI units are to be regarded as the standard.

16
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AASHTO T 193-13

Referenced documents

17
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2.1.

REFERENCED DOCUMENTS

AASHTO Standards:

M 92, Wire-Cloth Sieves for Testing Purposes

M 145, Classification of Soils and Soil-Aggregate Mixtures for Highway Construction
Purposes

R 58, Dry Preparation of Disturbed Soil and Soil-Aggregate Samples for Test
T 2, Sampling of Aggregates
T 88, Particle Size Analysis of Soils

TS-1a

T 1931 AASHTO

18
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AASHTO T 193-13

Significance and use

19
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3. SIGNIFICANCE AND USE

341. 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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AASHTO T 193-13

Apparatus

21
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Waid 0.03 mm shim between 222004k i
Machine S clamp and frame il
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Piston Steel Spacer Disk  Surcharge
Weight
Figure 1—California Bearing Ratio Apparatus
22
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4, APPARATUS
4.1. Molds—The molds shall be cylindrical in shape, made of metal, with an internal diameter of

152.40 = 0.66 mm (6.0 + 0.026 in.) and a height of 177.80 + 0.46 mm (7.0 + 0.018 in.), and
provided with an extension collar approximately 50 mm (2.0 in.) in height and a perforated base
plate that can be fitted to either end of the mold. (See Figure 1.) It is desirable to have at least three
molds for each soil to be tested.

Sl
Compaction Mold Compaction
- Mold Collar
h - Mold Base

24
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4.2. Spacer Disk—A circular spacer disk made of metal 150.8 = 0.8 mm (5"%/16 + /3, in.) in diameter
and 61.37 £ 0.25 mm (2.416 = 0.01 in.) in height. (See Figure 1.)
Note 1—When using molds having a height of 177.80 mm (7.0 in.) (Figure 1), a spacer disk
height 0f 61.37 mm (2.416 in.) is needed to obtain a thickness of compacted specimen that
conforms to the thickness: 116.43 mm (4.584 in.) of specimens in T 99 and T 180.

25
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Table of Measurements
TRIPOD FOR DETERMINING EXPANSION SURCHARGE SPACER DISC
MATERIAL STEEL ** STEEL **
DIMENSION B C D E F G H 1 J K L* M* N* P
METRIC, mm 6.3 12.7 63.5 1206 95 16 152.4 190.5 76.2 95.2 19.0 540 149.2 150.8 61.37
TOLERANCE, mm 16 0.8 0.25
ENGLISH, in. Y% % 1Y 4¥ ¥ Mo 6 74 3 33 % 2% £ 3/4 5% 2416
TOLERANCE, in He Yz 0.01
MOLD WITH EXTENSION COLLAR PISTON
MATERIAL STEEL** STEEL**
DIMENSION A E F G* 0 P Q T* [T v+ W X Y z A R g+
METRIC, mm 6.3 9.5 1.6 15240 | 17780 | 6137 88.9 1580 | 2381 165.1 2127 238 333 50.8 6.3 69.8 49.63
TOLERANCE, mm 0.66 0.46 0.25 0.13
ENGLISH, in. A % He 6 7 2416 34 674 9% 6% 8% e 176 2 % 2% 1954
TOLERANCE, in. 0.026 0.018 0.01 0.005
ADJUSTABLE STEM AND PLATE
MATERIAL BRONZE
DIMENSION ¢ d e* f e h k m n* p* r s '
METRIC, mm 5.6 119 32 46.04 50.8 69.8 75.4 19.0 28.6 9.5 6.3 107.9 149.2
TOLERANCE, mm 1.6
ENGLISH. b % % 1% 2 2% 2% 14 % aki 5%
TOLERANCE, in. e
Figure 1—California Bearing Ratio Apparatus (Continued)
27
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4.3. Rammer—A rammer as specified in either T 99 or T 180.

28



4.5. Indicators—Two dial indicators:

each indicator shall have a 25-mm (1-in.) throw and read t
0.02 mm (0.001 in.).

(W]

29
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46. Surcharge Weights—One annular metal weight with a center hole approximately 54.0 mm

in diameter and each having a mass of 2.27 + 0.04 kg (5 = 0.10 Ib) (Figure 1) (Note 2).
Note 2—When using split weights, the mass of the pair shall be 2.27 + 0.04 kg (5 £ 0.10 1b).

TR

CBR Surcharge Weight (Annular) )
CBR Surcharge Weight (Slotted)

(2';’3 in.) in diameter and several slotted or split metal weights, all 149.2 + 1.6 mm (STKS + 16 in.)

30
30
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4.7.

Penetration Piston—A metal piston of circular cross-section having a diameter of 49.63 £
0.13 mm (1.954 = 0.005 in.) area = 1935 mm’ (3 in.”) and not less than 102 mm (4 in.) long.
(See Figure 1.)

31
31
4.8. Loading Device—A compression-type apparatus capable of applying a uniformly increasing load
up to a capacity sufficient for the material being tested at a rate of 1.3 mm/min. (0.05 in./min.),
used to force the penetration piston into the specimen.
‘-—- PROVING RING
Load
Cell
Loading
Piston
LVDT
— PLUNGER 50 mm dia
1
Compression| SURCHARGE WEIGHT]|
Machine 147 mm dia
127.3 mm
INNER DIAMETER OF
MOULD 150 mm
32
32
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4.9.

800.444.1 508/ 740.549,7293
glabalgilson.<o™

Soaking Tank—A soaking tank suitable for maintaining the water level 25 mm (1 in.) above the
top of the specimens.

34
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33
4.4, Apparatus for Measuring Expansion—This consists of a swell plate with adjustable stem
(Figure 1) and a tripod support for a dial indicator (Figure 1). The swell plate is made of metal,
149.2 + 1.6 mm (5'/s + '/, in.) in diameter and is perforated with 1.6-mm ('/,4-in.) diameter holes.
The tripod used to support the dial indicator is arranged to fit the mold extension collar.
Swell Plates

34
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4.10.

Drying Oven—A thermostatically controlled drying oven capable of maintaining a temperature of

110 = 5°C (230 = 9°F) for drying moisture samples.

35

35

4.11.

Moisture Content Containers—As specified in T 265.

36

36
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Apparatus

CBR Paper Filters

U for separating soil from the spacer
disc during compaction or to place
on the top of the soil when
compacting is done

37

4.12. Miscellaneous—Miscellaneous tools such as mixing pans, spoons, straightedge, filter paper,
balances, etc.

38

38
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AASHTO T 193

Test Procedures

39
39
Test Procedures
9. PENETRATION TEST
9.1. Application of One Surcharge Weight—Place one annular weight on the specimen. Seat the
penetration piston with a load of no more than 44 N (10 Ib).
Proving ring
----- T R ——

\____Pedestal of loading machine

h

40
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Test Procedures

9.2. Application of the Remaining Surcharge Weight—After seating the penetration piston, place the
remainder of the surcharge weights around the piston. The total amount of surcharge weight
placed on the specimen shall be equal to the surcharge weight used during soaking. Set the
penetration dial indicator and the load indicator to zero.

Surcharge weigh

P —————
Pedeslal of loading machine

41

Test Procedures

9.3. Application of Load—Apply the loads to the penetration piston so the rate of penetration is
uniform at 1.3 mm (0.05 in.)/min. Record the load when the penetration is 0.64, 1.27, 1.91, 2.54,
3.81, 5.08, and 7.62 mm (0.025, 0.050, 0.075, 0.100, 0.150, 0.200, and 0.300 in.). Load readings at
penetrations of 10.16 and 12.70 mm (0.400 and 0.500 in.) may be obtained if desired.

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

0.050 in. (1.27 mm)
0.075in. (1.91 mm)
0.100 in. (2.54 mm)
0.125in. (3.18 mm)
0.150 in. (3.81 mm)
0.175in. (4.45 mm)
0.200 in. (5.08 mm)
0.300 in. (7.62 mm),

O' 400 in. (lo 16 mm) Figure 3.15 Data acquisition system for the CBR testing e
0.500 in. (12.70 mm)

Surcharge weight
. 147 mm dia

Inner diameter of
m mould 150 mm

YV V V VYV V VY V V VYV V

\____ Pedestalof loading machine )

42




AASHTO T 193
Test Outputs

43
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CBR (California Bearing Ratio)

Test Outputs

CBR test results
Penetration| Load on piston

(in) (psi)

0.025 70

0.05 115

0.1 220

0.2 300

0.4 320

DIAL GAUGE

4—— PLUNGER 50 mm dia

127.3 mm

SURCHARGE WEIGHT]|
147 mm dia

INNER DIAMETER OF
MOULD 150 mm

Pedestal of loading machine

44

22



AASHTO T 193

Calculations

45

45

Plotting
10.1.

CBR (California Bearing Ratio)

Stress—Strain Curve—Plot the stress—strain (resistance to penetration-depth of penetration) curve
for each specimen as shown in Figure 2. In some instances, the initial penetration takes place
without a proportional increase in the resistance to penetration and the curve may be concave
upward. To obtain the true stress—strain relationships, correct the curve having concave upward
shape near the origin by adjusting the location of the origin by extending the straight line portion
of the stress—strain curve downward until it intersects the abscissa. (See dashed lines.)

4500

4000

3500 .
3000

2500 - 4

2000 __;‘-4

Load (KPa)

1500 y oA
w00

500

e

0/
0 2 4 6
Pentration (mm)
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CBR (California Bearing Ratio)

Plotting 4500

Q The curveis 4000
normally concave 3500

downward
3000

2500
2000

Load (KPa)

1500
1000
500

0
0 2 4 6 8
Pentration (mm)
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CBR (California Bearing Ratio)

Determination

10.2. California Bearing Ratio—The corrected load values shall be determined for each specimen at
2.54 and 5.08 mm (0.10 and 0.20 in.) penetration. California Bearing Ratio values are obtained in
percent by dividing the corrected load values at 2.54 and 5.08 mm (0.10 and 0.20 in.) by the
standard loads of 6.9 and 10.3 MPa (1000 and 1500 psi), respectively, and multiplying these ratios
by 100.

corrected load value

CBR = = 100 f2)
standard load

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

a CBR(%) = Unit load of test materils
0 p
Unit load of standard crush  stone

at specific penetration
O Two penetration points are used to determine CBR

» 2.55 mm penetration

» 5.08 mm penetration
O  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

48

24



CBR (California Bearing Ratio)

Determination

CBR (%)= unit load at 2.5 mm penetration (MPa) < 100
6.9MPa
CBR (%)= unit load at 5.0 mm penetration (MPa) <100
10.3MPa
OR CBR (%) = Stress at 0.11in pene.trauo n (psi) « 100
1000 psi
CBR (%) = Stress at 0.2 in pene.tratlo n (psi) < 100
1500 psi
CBR(%)= Load at 2.5mmpenetration (kg) <100
1364kg
OR CBR (%)zLoad at 5.0mm penetration (kg) < 100
2045kg
49
CBR (California Bearing Ratio)
Determination
10.2.1. The CBR is generally selected at 2.54 mm (0.10 in.) penetration. If the ratio at 5.08 mm (0.20 in.)

penetration is greater, the test shall be rerun. If the check test gives a similar result, the ratio at
5.08 mm (0.20 in.) penetration shall be used.

O The CBR value is usually based on the load ratio for a penetration of 2.5 mm (0.1 in).
d 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
(CBR,5<CBRs,)

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.

50
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Plot correction

CBR (California Bearing Ratio)

= Specimen 2

Q The initial portion 2500 -
might concave upward P
due to surface 2000 , -
irregularity. P
» In this case, correction - /

should be done by drawing £ 1500 /
a tangent to the curve at M e
the point of greatest slope. - ]
<
/
> The corrected curve will be S 1000 7
used in all further J
calculations ,
500 /
v
”
) ="
0 2 4 6
Pentration (mm)
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30000 Plot correction
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AASHTO T 193-13
Test Specimens preparation
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AASHTO T 193-13

Sample Preparation

60

60

5. SAMPLE

5. The sample shall be handled and specimen(s) for compaction shall be prepared in accordance
with the procedures given in T 99 or T 180 for compaction in a 152.4-mm (6-in.) mold except

as follows:

Q Proctor compaction test

O There are two tests that are used to obtain the optimum
moisture content and the corresponding maximum dry

density (MDD).

O The tests are known as

O Standard Proctor test (Standard AASHTO T99)
Q Modified Proctor test (Modified AASHTO T180)

U Both tests use a falling hammer to compact the material
in a mould, which roughly corresponds to the compactive

effort in the field.

J’%—Jf 'y
|-~ 4
_ g | Drop distance

Standard test: 12 in (305 mr
Modified test: 18 in (457 mr

Hammer weight
Standard test: 5.5 b (2.49 kg)
Madified test: 10 1b (4.54 kg)

| 4in (102 mm) )
T

- Mold extension
Soillayer 3 i
e 1/30 £ (9.44 % 107
mold . Soil layer2":" e AL (59 .
-;S,OV" !"Y"_z . cylindrical mold
A

:S;:ii‘la_y'er‘ 'l

61
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Laboratory Soil Compaction Tests

Proctor test procedures
Moisture-Density Relations of Soils

Using a 2.5-kg (5.5-lb) Rammer and a

305-mm (12-in.) Drop

AASHTO Designation: T 99-01 (2004)

141,

SCOPE

These methods of test are intended for determining the relation between the moisture content and
density of soils compacted in a mold of a given size with a 2.5-kg (5.5-1b) rammer dropped from a
height of 305 mm (12 in.). Four alternate procedures are provided as follows:

B Method A—A 101.60-mm (4-in.) mold: Soil material passing a 4.75-mm (No. 4) sieve

Sections 4 and 5.

B Method B—A 152,40-mm (6-in.) mold: Soil material passing a 4.75-mm (No. 4) sieve

Sections 6 and 7.

B Method C—A 101.60-mm (4-in.) mold: Soil material passing a 19.0-mm (¥,-in.) sieve

Sections 8 and9.

B Method D—A 152.40-mm (6-in.) mold: Soil material passing a 19.0-mm (*/4-in.) sieve

Sections 10 and 11.

62

62

Proctor test procedures

METHOD D

10.

SAMPLE

Select the representative sample in accordance with Section 8.3 except that it shall have a mass of
approximately 11 kg (25 1b).

PROCEDURE

Follow the same procedure as described for Method C in Section 9, except for the following: Form
a specimen by compacting the prepared soil in the 152.4-mm (6-in,) mold (with collar attached) in
three approximately equal layers to give a total compacted depth of about 125 mm (5 in.), each
layer being compacted by 56 uniformly distributed blows from the rammer. For molds conforming
to tolerances given in Section 3.1.2, and masses recorded in kilograms, multiply the mass of the
compacted specimen and the mold, minus the mass of the mold, by 471, and record the result as
the wet density, I, in kilograms per cubic meter, of compacted soil. For molds conforming to
tolerances given in Section 3.1.2, and masses recorded in pounds, multiply the mass of the
compacted specimen and the mold, minus the mass of the mold, by 13.33, and record the result as
the wet density, W), in pounds per cubic foot, of the compacted soil. For used molds out of
tolerance by not more than 50 percent (Section 3.1.3), use the factor for the mold as determined in
accordance with T 19M/T 19.

63

63
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TABLE 5.1 Specifications for the Two Proctor Laboratory Compaction Tests

Test Standard ﬁﬂm‘t (ASTM Test Method D 698) :* " Modified Effort (ASTM Test Method D 1557)
Method A B s kb S c
Rammer | 5.5Ibf(244N) " 55Ibf (24.4N) -'-_'§$'1bf(24.4m .| 101bf(44.5N) . 10Ibf(445N)  101bf (4.5 N)
weight 2 4 1 eesan
Height 12in,(305mm) 12in.(305mm) - 12in. (305 mm) | 18in. (457 mm) 18 in. (457 mm) 18 in. (457 mm)
of drop - ' " Al e Bl
Mold 4in. (102mm)  4in.(102mm) ° 6 in. (152 mm) 4 in. (102 mm) “4in, (102 mm) 6in. (152 mm)
diameter el LE 3 = : -
Mold 003336 00 003338070 00758} U 0033347 7 003338 00756
‘volume: | (94dem?) UL (94demd)t TET (124 emd) | (a4 emY - T (944 em?) 0 (2124 em?)
Material * ' | PassingNo.4  'Passing 3/8 in. . Passing3/din. | PassingNo.4' " Passing 3/Bin,”" ° Passing 3/4in.
v (4.75 mm) sieve © * (9.5 mm) sieve "' (19 mm) sieve | '(4.75 mm) sieve (9.5 mm) sieve’ * - (19 mm) sieve
Blows 25 25 56 2 25 56
per layer ) ViR B0 I 1 ERLOE
Compactive | 12400 ft-Ibff’ _ 12400 ft-Ibfft> 12400 ft-Iby/ft’ - | 56 000 fr-Ibf/ft> _ 56 000 ft-Ibf/ft> 56 000 fe-Ibfift’
effort, | (600kN-m/m’) | (600kN-m/m’) (600 kN-m/m®) |~ (2700 kN-m/m®) (2700 kN-m/m’} (2700 kN-m/m’)
Use (=25% bymass . =25% by weight , =30% by weight | =25% by mass . =25% bymass  =30% by weight
' ~ 'retainedon ' retainedon = retainedon’ | ' ‘retainedon .  retainedon”  .retained on
“'No.4sieve - ‘9S5mmsieve - 19mmsieve |- No.4sieve 9.5 mm sieve "' 19 mm sieve
: - e - - e ; e v o
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Laboratory Soil Compaction Tests
Proctor test procedures
) &
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Proctor test output

Compaction curve
O The output of Proctor test is the compaction curve 130
O Compaction curve S [T T T T T T T, !
» is the curve of the dry densities of each specimen =) I
plotted versus their respective water contents = 15 |
. |
» Each-data point on the curve represents a single compaction 2 |
test Z I
2 |
O The peak point of the compaction curve is an z 120 }
important point, which represent - 1
» The maximum dry density (MDD) :
. 115 [ L1 | |
» Optimum water content 0 2 8 12 16
% The water content corresponding to the maximum dry Moisture Content (w%)

density
Dry unit wt. = Wet unit wt. / (1+w%)

This curve is unique
for a given soil type, method of compaction, and
(constant) compactive effort
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Testing Conditions
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Test Specimens Preparation

Conditions
T o
Water Content
CBR for a Range
of Water Content

71

AASHTO T 193-13

Test Specimens preparation

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

72

72
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CBR at Optimum Water Content
5. Sample

5.1.2. Bearing Ratio at Optimum Water Content—From a sample having a mass of 35 kg (75 1b) or
more, select a representative portion having a mass of approximately 11 kg (25 Ib) for a moisture-
density test and divide the remainder of the sample to obtain three representative portions having a

mass of approximately 6.8 kg (15 1b) each.
‘T

i

»-.|

: 1- e i i

13 %

Y
Y
o

v

=" 4

i

'
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CBR at Optimum Water Content

6. Moisture-Density Relation
6. MOISTURE-DENSITY RELATION

6.1. Bearing Ratio at Optimum Water Content—Using the 11-kg (25-1b) portion prepared as described
in Section 5.1, determine the optimum moisture content and maximum dry density in accordance
with the compaction method specified, either T 99 or T 180. A previously performed compaction
test on the same material may be substituted for the compaction test just described, provided that if
the sample contains material retained on the 19.0-mm (*/4-in.) sieve, soil prepared as described in
Section 5.1 is used (Note 3).

Note 3—Maximum dry unit mass obtained from a compaction test performed in a 101.6-mm
(4-in.) diameter mold may be slightly greater than the maximum dry unit weight obtained from
compaction in the 152.4-mm (6-in.) compaction mold or CBR mold.

Max.dry
density
(vgmax)

/~Compaction
curve

curve)

Dry density (y) —>

Optimum
moisture content
(oMC)

Zero air voids
(Saturation

<—Dryside — %< Wet side—>

(of optimum)
Moisture content (w) —
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CBR at Optimum Water Content
7. Procedures

7. PROCEDURE

71. Bearing Ratio at Optimum Water Content:

£ Normally, three specimens must be compacted so that their compacted densities range from
95 percent (or lower) to 100 percent (or higher) of the maximum dry density determined in
Section 6.1.

Note 5—Generally about 10, 30, and 65 blows per layer are suitable for compacting specimens 1,
2, and 3, respectively. More than 56 blows per layer are generally required to mold a CBR
specimen to 100 percent of the maximum dry density determined by T 99 (Method D); this is due
to the sample for the moisture-density test being reused, while the sample for the CBR specimen is
mixed and compacted only once.

o0

75

CBR at Optimum Water Content
7. Procedures

712 Clamp the mold to the base plate, attach the extension collar and weigh to the nearest 5 g (0.01 Ib).
Insert the spacer disk into the mold and place a coarse filter paper on top of the disk.

76
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CBR at Optimum Water Content
7. Procedures

obtain the optimum moisture content determined in Section 6.1.

7.1.3. Mix each of the three 6.8-kg (15-1b) portions prepared in Section 5.1.2 with sufficient water to

77

CBR at Optimum Water Content
7. Procedures

density of 95 percent or less of the maximum density.

7. PROCEDURE

7. Bearing Ratio at Optimum Water Content:

7.1.1. Normally, three specimens must be p d so that their d densities range from
95 percent (or lower) to 100 percent (or higher) of the maximum dry density determined in
Section 6.1.

Note 5—Generally about 10, 30, and 65 blows per layer are suitable for compacting specimens 1,
2, and 3, respectively. More than 56 blows per layer are generally required to mold a CBR
specimen to 100 percent of the maximum dry density determined by T 99 (Method D); this is due
to the sample for the moisture-density test being reused, while the sample for the CBR specimen is
mixed and compacted only once.

7.14. Compact the first of the three portions of soil-water mixture into the mold, using three equal layers
and appropriate rammer, if maximum density was determined by T 99, or five equal layers if
maximum density was determined by T 180, to give a total compacted depth of about 125 mm,
compacting each layer with the lowest selected number of blows in order to give a compacted

| | rop distance

Standard test: 12 in (305 mn
Modified test: 18 in (457 mi]

———0m

I

Hammer —|
Hammer weight

Standard test: 5.5 Ib (2.49 kg)

Modified test: 10 Ib (4.54 kg)

4in (102 mm)
f—————

~ Mold extension

Soil-layér 3

Proctor

mold | 130 £* (9.44 % 10 m|

cylindrical mold

78

35



TABLE 5.1 Specifications for the Two Proctor Laboratory Compaction Tests

Test Standard Effort (ASTM Test Method D 698) : " Modified Effort (ASTM Test Method D 1557)

Method A B C R B C

Rammer 5.51bf(244N) " . 5.51bf (244 N) - ' 55 Ibf (2'4.4 N) . | 101bf(44.5N) . 10 Ibf (44.5 N) 101bi (445 N)
weight 5 ; £ iatSAN

Height 12in.(305mm)  12in.(305mm) - 12in.(305mm) | 18in.(457 mm) 18 in. (457 _mm) 18 in. (457 mm)
of drop } . e i L

Mold 4 in. (102 mm) 4in. (102 mm) 6 in. (152 mm) 4 in. (102 mm) 4in, (102 mm) 6in. (152 mm)
diameter el 4 250 X . .

Mold 00333 ft? U033t 00758 0 ) 003336 7 003334 007510
volume' | " (94dem?) T (@44 em®) T (2124 em®)y [T (944 em®) - (944 cm’) - (2124 em’)

Material * | Passing No.4 " Passing 3/8 ill'l._' _'_-_"Passing 3/4 i“.'.' Pgss_.ing No.4' Passing 3/8in.”" ~ Passing 3/4 in.

b (4.75 mm) sieve © * (9.5 mm) sieve "' (19 mm) sieve | '(4.75 mm) sieve (9.5 mm) sieve’ * - (19 mm) sieve

Layers 3 3 B i i Bt B L L

Blows 25 25 : 56 25 25 56
per layer ) 4 A vit VLRI A SRR LI

Compactive | 12400 ft-Ibffe’ , 12400 ft-Ibf/it® 12400 ft-IbPft® - | 56 000 ft-Ibf/ft° . 56 000 fe-1bi/ft* 56000 fr-Ibf/ft’
effort |’ (600 kN-m/m®)" " (600 kN-m/m*) (600 kN-m/m®) | = (2700 kN-m/m®) (2700 kN-m/m*) ' (2700 kN-m/m’)

Use (=25% bymass . =25% by weight , =30% by weight | =25% by mass . =25% bymass  =30% by weight

' _ retainedon ~  retainedon ~ ~'retained on’ "'retainedon’ | retainedon” _retained on

“'No.4sieve - “9.5mmsieve - 19 mm sieve * No.4sieve 9.5 mm sieve "' 19 mm sieve
== === - - e 2o
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CBR at Optimum Water Content
7. Procedures

1.5

Determine the moisture content of the material being compacted at the beginning and end of the
compaction procedure (two samples). Each moisture sample shall have a mass of at least 100 g for
fine-grained soils and 500 g for coarse-grained soils. Determination of moisture content shall be
done in accordance with T 265, Laboratory Determination of Moisture Content of Soils.

80
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CBR at Optimum Water Content
7. Procedures

7.1.6. Remove the extension collar, and using a straightedge, trim the compacted soil even with the top
of the mold. Surface irregularities should be patched with small-sized material. Remove the spacer
disk, place a coarse filter paper on the perforated base plate, invert the mold and compacted soil,
and place on the filter paper so the compacted soil is in contact with the filter paper. Clamp the
perforated base plate to the mold and attach the collar. Determine the mass of the mold and
specimen to the nearest 5 g (0.01 Ib).

81

CBR (California Bearing Ratio)

Specimen Compaction
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CBR at Optimum Water Content
7. Procedures

o 7 8 Compact the other two 6.8-kg (15-1b) portions in accordance with the procedure in Sections 7.1.4
through 7.1.6, except that an intermediate number of blows per layer should be used to compact

the second specimen and the highest number of blows per layer shall be used to compact the
third specimen.

83

CBR at Optimum Water Content
Calculations

Design CBR for One Water Content Only—Using the data obtained from the three specimens, plot
the CBR-Dry Density as Molded relation as shown in Figure 3. The design CBR may then be
determined at the desired percentage of the maximum dry density, normally the minimum
percentage compaction permitted by the agency’s compaction specifications.

—8—10 blows —8—30B8lows —8—568lows

Soaked CBR
g

E aa
| el
\:.;

g

i

¥

5

1

Resistance To Penetration kg/cm2
8

T

|

|

|

i

-« I

0.0 ” £ ‘I i d
0000 0025 0050 0075 0100 0125 0150 0175 0200 0225 025 2 | | |

Dry Density as Molded, kg/m®

T o L
P 1602 1882 1762 1842 %2 2002 2082
Penetration, Inches.
¥
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CBR at Optimum Water Content
Calculations

k)

Soaked CBR

Design CBR for One Water Content Only—Using the data obtained from the three specimens, plot
the CBR-Dry Density as Molded relation as shown in Figure 3. The design CBR may then be
determined at the desired percentage of the maximum dry density, normally the minimum
percentage compaction permitted by the agency’s compaction specifications.

85 Blows per Layer
o}

/nmwuy-v

1
I
I
|
|
,
Il
!
0 ‘neruw
L
!

‘kr 010@ 1682 1762 1142 1922 2002 2082
85
CBR at Optimum Water Content T —
Calculations L
65 Blows per Layer
100
% 75 o —
8 &l
3 L. ;{
© 30 Blows per Layer
3
50 ————————F——— — 1
|
|
25 :
I J !
L 10310w8rorLayar
0 |
1602 1682 1762 1842 1922 2002 2082

Dry Density as Molded, kg/m?3
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CBR at Optimum Watgr Content Y —
Calculations ot
85 Blows per Layer
100 ol
O Given: Maximum dry density
by AASHTO T99 = 1986 kg/m3
O Find: The CBR at 95% of the 7
above maximum dry density « 7% l‘.ﬂ /
g LA
] 30 Blows per Layer
@« i 1 _
50 I
|
|
/
25 I
I
i) / :
L 1OBlowsrerLayer
|
0 |
1602 1682 1762 1842 1922 2002 2082
Dry Density as Molded, kg/m?3
87
CBR (California Bearing | =
EXGmp/e 65 Blows par Layar
100
g = //
g /
g 30 Blows par Layar
w
s f——— = —— ¢
/
|
|
25 :
C/ |
1DE|Imm§)erLa,rur
|
[ ¢] 1
1802 1682 1762 1842 1922 2002 2082
Dry Density as Molded, kg/m3

Solution: 95 percent of 1986 kg/m* = 1887 kg/m®
At 1887 kg/m® > the CBR is 52.
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AASHTO T 193-13

Test Specimens preparation

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

89

89

CBR for a Range of Water Content
5. Sample

5.1.3. Bearing Ratio for a Range of Water Content—From a sample having a mass of 113 kg (250 Ib) or
more, select at least five representative portions having a mass of approximately 6.8 kg (15 1b)
each for use in developing each compaction curve.

=0 = i3 m =

i 0T i I
o B B

#
*
L

90
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CBR for a Range of Water Content
6. Moisture-Density Relation

6.2. Bearing Ratio for a Range of Water Content—Using the 6.8-kg (15-1b) specimens prepared as
described in Section 5.1, determine the optimum moisture content and maximum dry density in
accordance with the compaction method specified, either T 99 (Method D) or T 180 (Method D),
except that the CBR molds shall be used and each specimen shall be penetrated for CBR
determination. In addition, the complete moisture-density relationship for 25-blow and 10-blow
per layer compactions shall be developed and each test specimen compacted shall be penetrated.
Perform all compaction in CBR molds. In cases where the specified unit mass is at or near
100-percent maximum dry unit mass, it will be necessary to include a compactive effort greater
than 56 blows per layer (Note 4).

= = i
Lo L ) L4 !
L - u’ L ¥ i <—Dryside — %< Wetsidle—>

(of optimum)
Moisture content (w) —>

91

Moisture-Density Relation

. . Legend
Case 2: Bearing Ratio for a Range of Water Cont 5 sg giows per Layer
Q The following complete moisture- z %g EJI“’“"B per tal"‘“’r
density relationship shall be developed e el i
for
) 1922
> 10-blow per layer compactions 85 % Mod. ‘,-!
_ « 1842 | Max. Density Py e,
» 25-blow per layer compactions £ J_ 1&'
> 56-blow per layer compactions -E’ 1762 = =
U Each test specimen compacted shall be .§* 1682 o 5
o ' ;ir
penetrated. e T
.. é 1602 e L}
O Perform all compaction in CBR molds. S /
1522
1442
0 10 15 20 25
Moiding Moisture Content In
Fercent Dry Weight I
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7.2.

7.21.

CBR for a Range of Water Content
7. Procedures

Bearing Ratio for a Range of Water Content:

Prepare specimens in accordance with Section 6.2. Perform all compaction in the CBR molds.
Each specimen used to develop the compaction curves for the 10-blow, 25-blow, and 56-blow per
layer compactive efforts shall be penetrated. In cases where the specified unit mass is at or near

100 percent maximum dry unit mass, it will be necessary to include a compactive effort greater
than 56 blows per layer.

93

10.4.

CBR at Optimum Water Content
Calculations

Design CBR for Water Content Range—Plot the data from the tests at the three compactive efforts
as shown in Figure 4. The data plotted as shown represent the response of the soil over the range
of water content specified. Select the CBR for reporting as the lowest CBR within the specified
water content range having a dry unit mass between the specified minimum and the dry unit mass
produced by compaction within the water content range.

t922
95 % Mod. '
= 1842 LMax. Density ,Jsh {'q.b

: VRN %
£ L
.E’ 1762 = J-L/-:
i &
2 1682 17 \-:"@
g & \ I~
1602 - =
E 16522
1442
] 10 15 20 25
Moalding Moisture Content In
Percent Dry Weight I
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Determination

Legend
© 56 Blows per Layer

B 25 Blows per Layer
4 10 Blows per Layer

CBR (California Bearing Ratio)

Corrected CBR

Dry Density, kg/m?

50
40
30
20

10

1922
1842
1762
1682
1602
1522

1442

Sil
Ll 3
Pl

95% Mod.
Max Density

R

ol

4

&'I/

10

Molding Moisture Content,
Percent Dry Weight

25

95

Determination

Legend

© 56 Blows per Layer
B 25 Blows per Layer
4 10 Blows per Layer

CBR (California Bearing Ratio

30
Clay (CL) f
%1 Note: Figure beside Curve Is o
25 Molding Moisture Conten
95% Mod.
20 Max Density
& 15 /
Q /
g _
g £/ Ne
g 10
3 N,
X / :
_ 27
=1
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1522 1682 1762

Molded Dry Density, kg/m?
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Test Specimens Preparation

Conditions
-
—

Soaked CBR

CBR at Optlmum
Water Content

CBR for a Range
of Water Content
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AASHTO T 193
SOAKING
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Soaking

O Soaking accounts for adverse moisture

Sample preparation for Soaked CBR

conditions from potential rainfall or 4 N
flooding, and most CBR tests use this - CBR TESTING
procedure.
O In addition to the compaction process,
preparation usually involves soaking
each specimen in water for 96 hours ik
before the penetration test A r
-64
-67 L
Water Bath |
-60
Compacted specimens in the mold are immersed in water for soaking.
Surcharge weights are placed on top and the molded specimen is monitored
to determine swell.
_4
99
6.2.1. If the soaked CBR is to be determined, take a representative sample of the material, for the
determination of moisture, at the beginning of compaction of each specimen and another sample
of the remaining material after compaction of each specimen. Use T 265 to determine the moisture
content. If the unsoaked CBR is to be determined, take a moisture content sample in accordance
with T 99 or T 180 if the average moisture content is desired.
| CBRTESTING
Compacted specimens in the mold are immersed in water for soaking.
Surcharge weights are placed on top and themolded specimen is monitored
to determine swell.
100

100
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Soaking

8. SOAKING

8.1. Place the swell plate with adjustable stem on the soil sample in the mold and apply sufficient
annular weights to produce an intensity of loading equal to the mass of the subbase and base
courses and surfacing above the tested material. The total mass shall be a minimum of 4.54 kg.
Additional mass shall be added in increments of 2.26 kg.

8.2. Place the tripod with dial indicator on top of the mold and make an initial dial reading.
8.3. Immerse the mold in water to allow free access of water to top and bottom of the specimen.

During soaking, maintain the water level in the mold and the soaking tank approximately 25 mm
(1 in.) above the top of the specimen. Soak the specimen 96 hours (4 days).

101

Soaking

Note 7—A shorter immersion period (not less than 24 hours) may be used for soil-aggregate
materials that drain readily if tests show that the shorter period does not affect the test results. For
some clay soils, a soaking period greater than 4 days may be required.

8.4. At the end of 96 hours, make a final dial reading on the soaked specimens and calculate the swell
as a percentage of the initial sample length:

change in length in mm during soaking N

percent swell =
116.43 mm

100 (1)

85. Remove the specimens from the soaking tank, pour the water off the top and allow to drain
downward for 15 min. Care shall be taken not to disturb the surface of the specimens during
removal of the water. After draining, remove the surcharge weights, perforated plates, and top
filter paper.

Note 8—The mass of the specimens may be determined after draining when it is desired to
determine the average wet density of the soaked and drained material.

102
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CBR

Sample preparation for Soaked CBR

103

General Notes

U Unsoaked CBR is carried out to
> Simulate the natural field condition

U Soaked CBR is carried out to
> simulate the extreme condition which can be resulted from the moisture variation
< Implemented by MPW&H

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

104
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AASHTO T 193

Results reporting
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CBR
Results reporting

11.
11.1.
11.1.1.
11.1.2.
11.1.3.
11.1.4.

11.1.5.

REPORT

The report shall include the following information for each specimen:
Compaction effort (number of blows per layer).

Dry density as molded, percent.

Moisture content as molded, percent.

Swell (percent of original length), percent.

California Bearing Ratio, percent.

107

AASHTO T 193

Specifications
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. General Soil Type USC Soil Type CBR Range
CBR typical ~ | —— —
values ean gravels P 206D
" GM 20 — 60
Gravels with fines
GC 20— 40
w 20 — 4
Clean sands o 0 .
SP 10—-40
SM 10 — 40
Sand ith fi
ands with fines sc 5 _ 20
ML 15 or less
CL 15 or less
OL 5 or less
ilts and cla
hits 0 ys MH 10 or less
CH (LL>50%) 15 or less
OH 5 or less
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Jordanian National Building council

(Topping) & A o il guaie S
HMQ‘QJ.\SB\ g, LY u‘_)ﬁﬁc
oe Ju¥ C.B.R L g iy A sactil S (paa » iSlawsy )

B.R iyl calsy

| : o G bl Aal)
J\\{.\;é_,g\.ﬂ\.g\.q.ﬁ)_,&)‘ﬂwrn\' u)a_’g_a\a_ JJ_,J.:J

Jaial Aaulaa ) Janal) JJES}_)QU\SSOAZ*A@J‘J;.}:‘I)Z@JJ
S S i by il 3 pe T gy Wans g (o) Sl
3 S0l QU&\,A\&MY(“Y.XSMJL};‘)SJH&LH\ Jiad ddull
s Jaadl i (A7 A-B aad gy ¥ s ) ¢ <C.B.R) o
JEREE IR 7 ) gV T

Specifications for highway and bridge construction

] ok e 96 Z‘.
e o ) T gy i, A7 S A-6 iad gy Y sy

e i peill Al b =Y/Y/F

st ng fot

110

51



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