
 

 

 

Abstract—Roadway pavements are an important and integral 

element of surface transportation infrastructure. The subgrade soil 

provides a foundation for supporting the pavement structure hence its 

properties are important input parameter in the pavement design. 

    Despite the pavement matrix is acting as one unit under field-

applied loads after construction, the matrix consisting materials are 

usually tested and evaluated individually. The main objective of this 

study is developing a testing technique to find out the overall strength 

of the combined pavement section as an integrated unit. For this 

purpose, a comprehensive testing program was conducted on three 

different typical subgrade materials beside one type of base-aggregate 

that mostly subsisted in Egypt to cover the prevailing materials that 

typically used flexible pavement industry. 

    It was found that the use of ECBR in evaluation of the pavement 

matrix seems to be more realistic and efficient since it deals with the 

pavement matrix as a unity. Besides, it enables the compensation of 

strength lack of one layer by the surplus of the other, which allows 

using, for example, substandard base aggregate in presence of high-

class subgrade materials or vice-versa. 

Keywords—CBR, Subgrade strength, Pavement matrix, watering 

conditions 

I. INTRODUCTION 

OADWAY pavements are an important and integral 

element of surface transportation infrastructure. Base and 

sub-grade soil bearing capacity plays very important role for 

highway structure design. Usually, California Bearing Ratio 

(CBR) of base and subgrade soil is considered an indicator of 

strength and is used in pavement design; hence, a reliable 

estimation of its value is a must.  

    Despite the pavement matrix is acting as one-unit under the 

field-applied loads after construction, the matrix consisting 

materials are typically tested and evaluated individually either 

in laboratory or in the field. In many experienced cases, where 

the subgrade soils are poor in certain characteristics, soaked 

CBR of subgrade soils, at a specific interval of road alignment 

determined to be less than requirement, they may require 

improvement by mixing with other available soils in different 

proportions, so as to obtain desired quality material. These 

mixed soils that referred as "artificial soils" obtained with 

additional construction cost regardless the strength of the 

existing base aggregate.  
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Civil engineers always encounter difficulties in obtaining 

representative CBR value for design of pavement. CBR value 

is affected by the soil type as well as different soil properties. 

An attempt has been made to correlate the individual CBR of 

both subgrade and base layers with the CBR of the whole 

embankment matrix.  It can be the alternate method for 

subgrade soils with critical values of CBR which can be 

compensated with base course aggregate. This technique is 

much economical and rapid than improving or replacing 

existing subgrade soil. This paper gives and over view to 

obtain a correlation between CBR values for successive single 

materials with equivalent value with them as a matrix under 

different watering conditions. 

II.  PURPOSE OF STUDY 

    In many situations, soaked CBR of subgrade soils, at a 

definite interval of road alignment, needs to be determined. 

This necessitates testing of large number of soil samples which 

consumes a lot of time. A few repetition tests are also 

sometimes needed then the testing duration may expand many 

months and the project delays. In order to resolve this issue 

and to have an independent check on the test results, empirical 

developed correlations of CBR of pavement matrix with the 

actual field watering conditions could be a good choice. 

    Hence, the main objective of this study is to develop a 

testing technique to find out the overall strength of the 

combined pavement section as an integrated unit. This 

technique is proposed for three purposes; The first, is to 

simulate the actual field practice and watering conditions and 

then evaluate and analyze the strength of the composite-

layered system in terms of the proposed modified CBR value 

experimentally determined under different moisture conditions 

(MCBR).  

    The second purpose is to compare the individual material 

strength in terms of standard CBR with the obtained equivalent 

CBR of the pavement matrix (ECBR), and verify the 

availability of compensating any lack of the strength of one 

layer by the surplus of the other. 

    The third, is to suggest reasonable values as a requirement 

for the overall pavement embankment strength represented in 

ECBR limits for different types of prevailing subgrade soils. 

III. MATERIALS SELECTION 

    An extensive survey has been conducted in conjunction with 

local roads and traffic departments and GARBLET branches 

of the West Delta of Egypt governorates (Dakahlia, Gharbia, 
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and Damietta) in addition to the highway-engineering 

laboratory, in Mansoura University. This survey was carried 

out to identify the nature of prevailing subgrades and base 

courses mostly used in the Nile-Delta region. Data that covers 

the past ten years was collected from quality control, follow-up 

and handing-over reports. The data collected through the 

survey shows the following; 

 The Nile-delta could be divided into three geographic 

regions in terms of nature of subgrade materials. The first 

is the northern part, which contains sandy subgrade soil 

due to convergence of Mediterranean seashore; the second 

is in the top-middle part of the Delta where the prevailing 

subgrade soil is either silty-sand, or silty-clay soils or 

merge of them. The third part is the southern region where 

the clayey subgrade is the most widespread soil [6].  

 The direct simple statistics of above-mentioned survey 

indicates that about 84% of the sub-grade soils subsisted 

in the considered area was classified as A-3, A-4, and A-

7-6 as per AASHTO classification system based on 

location.  

 All base courses used are local aggregate where about 

92% of this aggregate is classified as A-grade according 

to E.C.P. 

    Based on the above, the subgrade soils were selected (or 

mixed if necessary) in concurrence with the ―Egyptian code of 

practice for highways‖ (E.C.P2010.) and were believed to be 

representative of the Nile-Delta subgrade soils. Three 

subgrade soil samples were drawn from three different 

locations in the Nile delta, the first is a sandy soil taken from 

the north region (Gamasa), while the second is silty soil taken 

from the west middle delta region (Kalabsho & ziyaan - 

Belqaas), and the third is clayey soil taken from south delta 

region (Zefta countryside).   

    The base course of crushed dolomite aggregate is also 

selected to comply with grade–A of the standard Egyptian 

specifications, which is typically, adopted in the Nile-Delta 

local roads networks.  

IV. TESTING PROGRAM 

     In order to obtain the necessary information to investigate 

and construct the pavement-layered system, a series of 

laboratory tests were carried out to determine the selected 

subgrade and base-aggregate properties. Subgrade soils 

investigation involved particle size analysis, percentage of 

passing #40 & #200 sieves, moisture content determination, 

Atterberg limits, moisture/density relationship (Proctor test), 

and standard California Bearing Ratio (CBR) test which can 

provide information on the strength. For granular base 

material, the same investigations have been made in addition 

to the substantial properties tests to assess the specific gravity 

and water absorption criteria.  

a.  Materials reconnaissance and investigation 

    The following is a brief of the tests, references, and results 

that carried out on the considered subgrade and base, 

materials. They illustrated in table-1.   

TABLE I 

SIEVE ANALYSIS OF DIFFERENT TYPES OF EMBANKMENT’S MATERIALS 

 2" 1.5" 1" 3/4" 3/8" # 4 #10 # 30 # 40 # 50 #100 #200 

Base 100 95.2 61.2 52.5 49.3 43.1 35.2 23.9 14.6 11.1 6.7 4.3 

A-3 100 100 100 100 100 100 94.6 92.2 88.9 84.5 1.9 0.9 

A-4 100 100 100 100 100 100 91.6 76.4 71.5 65.7 35.5 19.4 

A-7-6 100 100 100 100 100 100 100 100 100 100 100 90.3 

     

    Table-2 summarizes the comprehensive basic laboratory test 

results obtained from testing the different pavement materials 

considered in this study along with test reference and 

classification.  

TABLE II 

 RESULTS OF LABORATORY TESTS ON EMBANKMENT’S MATERIALS 

Experimental Test 
AASHTO

-Ref.  
Unit Subgrade Base 

Soil Classification T-87-88 ----- A-3 A-4 A-7-6 A 

P40 
T-11-27 

% 90.6 76.4 100 16.6 

P200 % 5.7 27.2 92.7 6.3 

Bulk Specific Gravity 
T-84-85 

----- 2.599 2.442 2.191 2.496 

Water Absorption % ---- ---- ---- 1.53 

Water Disintegration  T-93 % ---- ---- ---- 1.05 

Liquid Limit 
T-90-70 

----- 25.7 31.8 57.5 25.0 

Plasticity Index ----- N.P. N.P. 25.2 5.5 

Max. Dry Density 
T-99-74 

gm/cm
3
 1.68 1.79 1.51 2.24 

Opt. Moist. Cont. % 13.4 11.3 23.4 6.80 

 

b. Modified California Bearing Ratio (MCBR) 

    Generally, the more close representation of field actual 

surrounding conditions during laboratory testing, the more 

reliable and dependable results obtained.  

Hence, to simulate the actual field circumstances upon 

studying the effect of different partial moisture conditions on 

overall C.B.R. values, a modified C.B.R. technique is 

proposed.  

    Basically, the proposed technique is following the same 

standard C.B.R. test procedures except the sample submerge 

water height which is becomes varied to characterize the 

different watering actual field conditions. 

    For this purpose, the standard sample mould height is 

divided into four equal quarters i.e. ¼h, ½h, ¾h, and h. The 

mould wall was pierced at each height to allow water to seep 

laterally to simulate the side water flow at specified height.  

    The mould bottom was perforated to allow water to 

penetrate upward to simulate the water table capillary rise 

behavior. The schematic of the modified mould is as shown in 

Figure-1 

    The sample is prepared as per standard procedures at 

O.M.C. that assigned earlier from Proctor test and then 

submerged for 4 days up to the different specified water height 
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as stated above. The sampling is repeated for different types of 

considered embankment's materials (sandy, silty and clayey 

types) under the above said watering height conditions then 

tested at CBR testing machine three times and the results were 

averaged.  

    The relevant CBR curves that correlate load and penetration 

were then plotted for base and different subgrade materials 

respectively, the CBR is estimated at penetrations of 2.5mm 

and 5mm, and compared with standard relevant loads that are 

13.02 kN and 19.9 kN respectively, and then the higher from 

the two values is taken. The CBR values are rounded-off to 

nearest 1% if CBR≤ 30% and to nearest 5% if CBR > 30%. 

    The CBR average values are figured out and summarized in 

Table-3. The relevant curves that shows the percentage 

reduction in CBR values due to water existence in terms of 

water height are plotted in Figure-2 

 

Fig.1 Schematic of laboratory Modified CBR apparatus 

 

TABLE III 

MCBR TEST RESULTS FOR DIFFERENT MOISTURE CONDITIONS OF 

EMBANKMENT’S MATERIALS 

Experimental Test Unit 
Moisture 

Height 

Condition  

Subgrade Base 

A-3 A-4 A-7-6 A 

Modified 

California Bearing 

Ratio 

 
(MCBR) 

% O.M.C. 29 21 7 102 

% ¼h 24 18 6 99 

% ½h 19 12 5 94 

% ¾h 21 11 5 80 

% Soaked 23 9 4 76 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 CBR reduction curves for subgrade materials under different 

moisture conditions 
 

c. Combined materials laboratory testing; 

    In Delta-region of Egypt, the typical prevailing embankment 

pavement section is 25cm of base aggregate followed by 50cm 

of effective subgrade height; hence, these matrix thicknesses 

were adopted in this study.  

    The multi-layered proposed CBR test is a standard CBR test 

except replacing the individual material with multi-layered 

section with the same height proportions to simulate the actual 

field pavement layered conditions.  

    The testing system is as shown in Figure-3; it consists of 

modified CBR mould with typical loading cell. The materials 

are arranged in the way that the first three layers are of the sub 

grade material with 125mm height at the mould’s bottom 

followed by two successive layers of base material with 75mm 

thickness, both materials are compacted as per their proctor 

test results. The total examined depth is 200mm. The mould's 

bottom is supplied with a perforated plate to preserve the 

system different moisture conditions. 

    The test was repeated for different types of subgrade with 

different water elevation to realize the correlation between 

strength and height of saturated matrix for the assigned 

different subgrade materials.  

    The obtained results were summarized in Table-4. The 

relevant curves that correlate the proposed equivalent CBR for 

the pavement matrix of different assigned types of subgrade 

versus different water heights are plotted as shown in Figure-4; 
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Fig. 3: Schematic of modified composite-materials CBR mould 
 
 

TABLE IV 

 ECBR TEST RESULTS FOR DIFFERENT MOISTURE CONDITIONS OF PAVEMENT 

MATERIALS 

Experimental 

Test 
Unit Water elevation  

E.CBR 

Base/A-3 Base/A-4 Base/A-7-6 

Equivalent 

Compound 

California 

Bearing Ratio 

 

 (ECBR) 

% h=0 all at O.M.C 38.1 36.3 22.2 

% h=0.5hS.G. 33.4 23.1 20.0 

% h=1.0hS.G. 26.3 18.3 16.4 

% h=0.5hbase 25.2 17.9 12.3 

% h=1.0hbase 23.8 17.3 10.2 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 ECBR of different Subgrade materials under different moisture 

conditions 

V. ANALYSIS OF TESTS RESULTS 

 For reflecting the field effect, it is recommended to apply a 

pre-field assessment hydraulic study to assign the actual 

maximum groundwater height (h) that the matrix may 

exposed to. Hence, the actual ECBR due to water existence 

can be then obtained directly from Figure-3 for a single 

subgrade material or from Figure-4 for the pavement matrix 

with no need for waiting 4-days of soaking condition. 

 The equivalent combined strength for a typical used 

pavement matrix could be calculated directly knowing the 

actual max. field ground water height as follows: 

ECBR = 0.22hr
2
-0.37hr+0.39                 

in case of aggregate base over A-3 subgrade type 

 

ECBR = 0.51hr
3
+1.08hr

2
-0.76hr+0.36    

in case of aggregate base over A-4 subgrade type 

 

ECBR = 0.23 e
-0.84hr

                         

in case of aggregate base over A-7-6 subgrade type 

Where: 

ECBR: is the actual combined strength of the pavement 

matrix 

hr: is the relative actual ground water height = hw/ht 

 Referring to Figure-4, it could be noticed that; the pavement 

matrix with different subgrade soil types have the same 

performance attitude against water existence in which the 

strength represented in ECBR rate, generally decreased with 

the increase of water depth. 

 An irregular attitude is observed in the A-4 subgrade type in 

which the ECBR was increased from (0.5h) to (0.8h) water 

depth before back to decrease again up to full depth (h). 

Also, the A-3 type has the same irregular behavior wherein 

The ECBR was increased from (0.75h) up to full water 

depth. This may refer to the nature of both soils that contains 

fine sand with internal voids. These voids are filled and 

consolidated with water and stand a piece of the applied 

load and reflected in increased ECBR. 

 The ECBR value of combined section (base on A-7-6 soil) 

under full submerged condition is found to be 10 despite the 

individual CBR values for each single component is 76 for 

base and 4 for A-7-6 subgrade soil respectively. It declares 

obviously that the over-all equivalent strength of a combined 

pavement section is dependant mainly on the CBR value of 

the subgrade layer rather than that of base course material 

especially under watering conditions.  

VI. CONCLUSIONS 

a. It is recommended to apply a pre-hydraulic survey at any 

construction site to state the actual maximum ground 

water depth to be considered in strength test for the 

pavement matrix materials. This will allow applying all 

ECBR tests on soils optimum moisture contents then 

obtain the actual strength theoretically from above 

mentioned figures with no need for waiting 4 days of 
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soaking conditions. 

b. The use of ECBR in the pavement matrix evaluation 

seems to be more realistic and efficient since it deals with 

the pavement matrix as a unity. Besides, it enables the 

compensation of strength lack of one layer by the surplus 

of the next. This allows using, for example, substandard 

subgrade materials in presence of high-class base 

aggregate as well as vice-versa. 

c. Based on this study, the recommended minimum value of 

the proposed Equivalent CBR (ECBR for base+subgrade) 

is not be less than 20 and preferred equal to 25 to secure 

safe and economic pavement matrix section. These values 

matching with the minimum requirements of ECP for 

single materials strength evaluation. 

d. Laying base layer over a soft subgrade material (clayey, 

silty or fine sandy) in presence of water, usually results in 

an intermixed strip layer with unknown and unexpected 

performance behavior. Tests for such a combined thin 

layer need to be performed to analyze and evaluate its 

effect on the overall pavement layered system 

performance. 

e. Further and deep researches still need to be proceeding 

on the behavior of the flexible pavement matrix as a unity 

to connect the actual field performance with the 

experimental testing and design process. 
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