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Abstract

This paper presents the results of the integration of conventional 
investigation methods (visual condition survey, boreholes, asphalt coring, and 
Standard Penetration Test) with Ground Penetrating Radar (GPR) to generate 
detailed pavement condition information for a section of the Cairo-Alexandria 
desert highway and evaluation of the Janaklis bridge deck. Comparison and 
correlation of the different data types demonstrated that the effectiveness of the 
GPR as a supplementary tool to conventional pavement condition investigations 
in identifying anomalies in the buried pavement structure and bridge deck. 
GPR results indicated that the block cracking of the highway section is related 
to the presence of moisture and/or clay in the subgrade soils which induces 
stress in the hot mix asphalt (HMA) layer due to elasticity and volume change 
between wet and dry states. GPR image shows deterioration in the middle of 
the Janaklise bridge deck which could be due to changes in concrete material 
properties associated with the delamination process, or to moisture infiltration 
into the delaminated area from the water canal. Low strain Pile Integrity Testing 
(PIT) was performed using Pile Echo Tester (PET) and indicated that there 
are no detected defects of the Janaklis bridge piles. GPR and PET provide a 
time and cost-effective means of obtaining high resolution data required for the 
design and rehabilitation of airport runways, highways, and bridges.

Keywords: Geotechnical; Ground penetrating radar (GPR); Pavement 
structures; Bridge deck; Bridge foundations

between layers [11]. Several conventional methods (e.g. excavation, 
coring, and probing with a hammer and rod) have been used to 
determine bridge foundation depths and to detect the extent and 
location of serious flaws to prevent failures under service conditions. 
These methods are expensive, time consuming, destructive, and 
limited in their application to the unknown foundation problem. Pile 

Introduction
The most common flexible pavement distresses are cracking, 

roughness, weathering, raveling, rutting and bleeding. Pavement 
maintenance is required to improve the quality of the pavement surface, 
extend pavement life and enhance pavement performance in a cost- 
effective and efficient way. If the distresses identified in a pavement are 
related to structural deficiencies, the pavement section is most likely 
not a candidate for preventive maintenance treatment, and should 
be scheduled for rehabilitation or reconstruction. Conventional 
methods of pavement failure investigation include visual observation 
of base course condition, extraction and examination of core samples 
from rutted sections and analyzing lab test results from the cores. 
These methods are expensive and required a lot of work and time 
to be performed. Geophysical and geotechnical methods have been 
lately used as nondestructive, time and cost-effective tools to provide 
information about the pavement structures [1-4]. Ground penetrating 
radar (GPR) has been used for pavement layer thickness evaluation, 
bridge deck condition assessment, measurement of depth of rebar, 
and dowel location [5-9]. The results of these studies show that GPR 
can be a useful tool for estimating total repair quantities and general 
areas of deterioration, but less capable of pinpointing specific repair 
locations. The accuracy of GPR results depend on the availability of 
supporting information, such as from underside inspections, cores, 
and other measurements. In other applications, GPR was used to 
detect and measure moisture accumulation in hot-mix asphalt layers 
[10]. GPR was also used to evaluate the effectiveness of geosynthetic as 
a moisture barrier or as a layer separator to prevent migration of fines 
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Figure 1: Location map of the study sites identified by the red rectangle on 
the general map of Egypt.
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Integrity Testing (PIT) provide the most reasonable, inexpensive, 
nondestructive, and fastest alternative available to assess the bridge 
foundations [12-15].

Herein, we integrated the conventional investigation methods 
(visual condition survey, boreholes, asphalt coring, and standard 
penetration test) with GPR to evaluate the pavement condition, 
subgrade moisture damage and assessment of bridge deck 
deterioration. Study sites are 33 km of the Cairo-Alexandria desert 
highway (from Kilometer 127 to 160) and Janaklise bridge which 
located at Kilometer 157 of the highway (Figure 1). We also used the 
Pile Integrity Test (PIT) to evaluate the bridge foundation. Results 
of this study used in developing nondestructive and cost-effective 
measures for pavement rehabilitation, bridge deck deterioration, and 
bridge pile integrity (Figure 1). 

Data and Methods
Soil analysis

Visual condition survey of the Cairo-Alexandria desert highway 
from Kilometer 127 to 160 show that some sections are affected by 
the blocking cracks. Thirteen boreholes were drilled in the selected 
section to a depth ranging between 20 m to 27 m depth (Figure 2). 
Disturbed and undisturbed samples were retrieved from the pavement 
and subgrade layers for classifications and laboratory testing. 
Groundwater table was encountered at depth ranging between 2.1 
m and 3.15 m from the ground surface. Groundwater samples were 
collected at for chemical analysis. Laboratory tests including sieve 
analysis and Atterberg limits were performed for selected samples 
from different boreholes. Soil was classified according to the Standard 
Practice for Classification of Soils and Soil-Aggregate Mixtures for 
Highway Construction Purposes [16]. Group Index was calculated 
for all samples based on the empirical formula from ASTM D 3282-
93: Group Index = (F – 35) [0.2 + 0.005 (LL – 40)] + [0.01 (F – 15) (PI 
– 10)] ….….(1) Where: F= percentage passing No 200 (75 μm) sieve; 
LL= liquid limit; and PI = plasticity index. The Standard Penetration 
Test (SPT) is conducted to assess subgrade soil’s bearing capacity. 
SPT was performed mechanically above the surface using a drop 

weight 63.5 kgs and an outer tube with a self-tripping mechanism 
that ensures a free fall height of exactly 760 mm at equal intervals 
of 1.5 m from the surface. The sum of the blows needed for sections 
penetrating from 15 cm through 45 cm has been defined (Table 1).

Ground penetrating radar (GPR)
GPR is a high-resolution geophysical technique of imaging 

shallow soil and subsurface structures using electromagnetic waves. 
GPR system transmits short pulses of high-frequency radio waves 
range between l0 and 2000 MHz into the ground. Waves propagate 
into the ground at a velocity that is related to the electrical properties 
of subsurface materials. When this wave encounters the interface 
of two materials having different dielectric properties, a portion of 
the energy is reflected back to the surface, where it is detected by a 
receiver antenna and transmitted to a control unit for processing and 
display. GPR have the ability to scan large areas quickly, the ability to 
minimize coring and traffic control, the detection of pavement and 
bridge deck conditions, and the discovery of unknown subsurface 
conditions prior to construction. Thirteen GPR sections (C1 to C13) 
were carried out at the study area using RAMAC/GPR system from 
MALA-Geosciences (Figure 2) to evaluate the pavement and bridge 
deck conditions of the selected sites. The system was used with a 
500 MHz antenna, and normalized dimension (0.10–0.28). Surveys 
involved laying out a series of survey lines, and dragging the antenna 
manually across the pavement surface. Marks were placed in the data 
at regular distance intervals, and GPS coordinates were recorded to 
keep track of the antenna’s location. Radar data display, filtering, and 
presentation were achieved via system software. Different filters were 
applied to remove the DC-Component from the recons, compensate 
signal suppression, noise removal, and image smoothing [17,18]. 
Filtered images were interpreted to determine the pavement layers 
condition, subgrade soil’s damage, and assessment of bridge deck 
deterioration (Figure 2).

Pile integrity testing
Pile Integrity Test (PIT) is simple, rapid, efficient and cost effective 

in examination of the bridge pile integrity. Low Strain Integrity 
Testing may be applied to any concreted pile for quality control and 
retrospective investigations. PIT is undertaken by striking the head of 
the pile with a light hand-held hammer and recording the response 
with a sensor or accelerometer placed in good contact with the pile 
head. The hammer blow induces a compressive stress-wave into the 
pile, which propagates axially along the pile shaft and reflects back 
from pile toe or a change in cross sectional area such as pile material 
quality, or presence of discontinuities. The reflected wave returns to 

 

Figure 2: Location of boreholes and GPR sections.

Sands Clays
Number of blows per 

foot
Relative 
Density

Number of blows 
per foot Consistency

-- -- Below 2 Very Soft

0–4 Very loose 2–4 Soft

4 – 10 Loose 4–8 Medium

10 – 30 Medium dense 8 – 15 Stiff

30 – 50 Dense 15 – 30 Very Stiff

Over 50 Very dense Over 30 Hard

Table 1: Penetration resistance and soil properties according to standard 
penetration tests (SPT) (Peck, 1973).
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the pile top at a time related to the speed of travel in the pile material. 
The location of reflection surface can be detected using the following 
equation:

L = C T/2……………. (2) 

Where “L” is the length from pile head to reflected surface; 
“C” is velocity of stress wave; and T is the travel time of the wave 
for length L. The Janaklis bridge is located at Kilometer 157 of the 
Cairo-Alexandria desert highway and consists of 42 piles. The piles 
are made using the bored piles system with bentonite to support the 
drilling sides. The outer diameter of the piles is 0.8m with a minimum 
reinforcement 0.60% of the pile cross sectional area. The concrete 
cubic strength is specified as 400 kg/cm2. The piles were drilled to a 
depth of 16 m beneath the piles cap. Pile Echo Tester was used to test 
18 piles (40%) out the total of 42 of Janaklis bridge piles (Figure 3). 
A total of 18 piles out of 42 which represents about 40% of Janaklis 
bridge piles were tested using a Pile Echo Tester (PET) system which 
is fully compliant to ASTM Sonic standards.

Results and Discussion
Geotechnical evaluation

Chemical analysis of groundwater samples indicated that it is 
fresh water with total dissolved solids (TDS) range from 1718 to 
1843 (ppm) (Table 2). The TDS, salinity, alkalinity, and sulphates 
concentrations increase eastward. The shallow aquifers generally 
recharged from the Nile River which explains increase hydrochemical 
elements with increasing distance from the Nile River. Soil density as 
typically measured by the N-Value of in-situ Standard Penetration 
Test (SPT) is an indication of the relative compactness and bearing 
capacity of a predominantly granular material such as sand, clayey 
sand, silty sand, and gravelly material. The water content of a granular 

material is mostly unimportant because the bearing strength is 
independent of water content, and the water content of a disturbed 
sample is not representative of the material. Coefficient of Uniformity 
(Cu) was calculated for the silty clay samples. Cu is the ratio (D60/
D10), where D60 and D10 are the particle diameters corresponding 
to 60 and 10% finer on the cumulative particle-size distribution curve. 
Results show that the subgrade soil composed of intercalations of 
sand, silty sand, and silty clay (Table 3, Figure 4). The results indicated 
that penetration index decreases as the dry density increases and 
slightly increases as moisture content increases. Samples locations 
from different depths were plotted on stratigraphic cross-sections to 
correlate the extension and sequence of soil layers between boreholes 
(Figure 5).

Results of sieve analysis and Atterberg limits of selected samples 
from boreholes 2, 3, 5, 8, and 10 are shown in Table (4). Sieve analysis 
demonstrates that over 35% of all samples passing a No 200 (75 
μm). According to ASTM D 3282 – 93 soil classification standards, 
all samples are fall within plastic clay soil group A-7. The material 

Figure 3: Locations of Pile Integrity Testing (PIT) carried out on the piles of 
Janaklis bridge.

No. Parameter (Unit ppm) Molecular Formula
B.H No.

2 8

1 Total Dissolved Solids Ionized Salts 1718 1843

2 Alkalinity as sodium carbonate Na HCO3 265 265

3 Salinity as sodium chloride NaCl 585 702

4 Sulphate as sulpher trioxide SO3 694 701

PH value Log (1/H+) 6.6 6.8

Table 2: Hydrochemical results of groundwater samples.

Layer
Depth from 
the Surface 

(m)

Number of 
blows per 

foot

Coefficient of 
Uniformity Kg/cm2

Relative 
Density Lithology

1 0 15 - Medium 
dense Top Soil

2 1.5 1 Silty 
Clay

3 4.5 25 - Medium 
dense

Silty 
Sand

4 8 30 – 40 - Dense Sand

5 11 2 Silty 
Clay

6 16 40 – 50 - Dense Sand

7 18 2 Silty 
Clay

8 20 > 50 Very 
Dense Sand

Table 3: Results of Standard Penetration Test (SPT) and Coefficient of Uniformity 
(Cu).

 

 

Figure 4: Results of Standard Penetration Test (SPT) and subgrade soil 
types.
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of group A-7 includes mixtures of fine clayey soil and up to 64% of 
sand and gravel retained on a No 200 (75 μm) sieve. Materials of 
this group has moderate plasticity indexes in relation to the liquid 
limits and may be elastic as well as subject to high volume change 
between wet and dry states. Group index was calculated using ASTM 
D 3282–93 empirical formula and show that all borehole samples 
have a group index greater than 20 which indicates a poor sub grade 
material. Subgrade materials affect the pavement performance and 
life of service. Poor sub grade has low stiffness and low resistance 
to deformation and therefore, cannot support a high amount of 
loading which resulted to pavement failure. This type of sub grade 
should be removed and replaced with higher quality fill or addition 
of stabilization with a cementitious or asphaltic binder to increase 
sub grade stiffness and/or reduce swelling tendencies [19]. Another 
option is to use additional base layers to spread pavement loads over 
a large sub grade area (Table 2).

GPR data analysis and interpretation
GPR sections were processed and analyzed to determine the 

thickness of pavement layers, detect changes in the pavement 
structure, identify subgrade defects, and assessment of bridge deck 
deterioration. When dealing with older highway where numerous 
sections have been received partial rehabilitation, it is extremely 
difficult to maintain reliable layer thickness information. The GPR 
rapidly identified the old pavement, and the new pavement profile C7. 

 

Figure 5: Geotechnical cross sections between boreholes BH1-BH6, and 
BH2-BH7 show the subgrade layers of the Cairo-Alexandria desert highway 
section.

 

Figure 6: GPR profile (C7) shows the new and old pavement layers.

Test Number 1 2 3 4 5

Borehole Number 2 3 5 8 10

Borehole Depth (m) 14.5 13.5 18 14.5 12.5

Water Content (WC %) 19.9 23 28 21 23
Sieve analysis, % Passing No. 10 (2.0 

mm) 100 100 100 100 100

Sieve analysis, % passing No. 40 (425 
μm) 100 100 100 100 100

Sieve analysis, % passing No. 200 (75 
μm) 41 38 43 37 40

Liquid Limit (LL %) 88.5 93 102 90 94

Plastic Limit (PL %) 26.1 33.3 34.1 34.1 30.4

Plasticity Index (PI %) 62.4 59.7 67.9 55.9 63.6

Group Index 93 43 117 28 68

Classification A-7 A-7 A-7 A-7 A-7

Table 4: Pavement Subgrade soil classification according to (ASTM D 3282 – 93) 
standards.

  

Figure 7: GPR profile C8 and C9 carried out at a pavement section with 
blocking cracks shows higher reflection a depth of 60 cm to 120 cm due to 
presence of moisture and/or clay and soils with high electrical conductivity.
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Figure 6, shows GPR image of the old roadway had been rehabilitated 
buried beneath 35 cm flexible base overlay and 15cm new thin hot mix 
asphalt (HMA) surfacing. The old pavement consisted of a stabilized 
subgrade, 30 cm flexible base, and 10 cm thin HMA surfacing [20].

Visual survey of the Cairo-Alexandria desert highway indicated 
that some sections have block cracking at the center of the roadway 
(Figure 7). These cracks initiate at the top of the HMA and propagate 
downward allow water to penetrate into the underlying layers and 
accelerating the development of fatigue cracks. GPR profiles C8 and 
C9 were carried out at cracked areas. GPR images of these profiles 
show that the intensity of reflection increased at a depth of 60 cm 
to 120 cm (Figure 7). Strong reflection and disturbances at these 
locations in the pavement subgrade indicate the presence of moisture 
and/or clay and soils with high electrical conductivity. GPR results are 
correlated well with boring data which indicated that poor subgrade 
elastic soil which may be subject to high volume change between wet 
and dry states. The block cracking may be occurred due to volume 
change of the subgrade which induces stress in the HMA layer that 
exceeds the tensile strength of the asphalt mixture.

The Janaklis Bridge is 33m long with a 20 m wide roadway and 
is located at Kilometer 71 of the Cairo-Alexandria desert highway 
over water canal. GPR data analysis of the bridge deck shows the 
beginning and end of the deck and deck layer interfaces that appears 
as dielectric discontinuities. The concrete deck is 40 cm thick with 
nominal 10 cm thick asphalt overly. There increase in the GPR 
reflections amplitudes from the top rebar and the bottom of the 
deck indicative of deterioration located at the middle of the bridge 
between 19 m and 26m on the GPR profile and identified by the black 
ellipsoid on Figure 8. The increased reflection amplitude could be 
due to changes in concrete material properties associated with the 
delamination process, or to moisture infiltration into the delaminated 
area. The presence of free water beneath the slab could have a major 
impact on the presence of additional moisture.

Bridge pile integrity
It is a common observation that the reflection of a pile is observed 

as positive or negative accelerated pulses. Steady velocity signal 
between the time of impact and pile bottom reflection is displayed 
as a negative pulse, whereas velocity increase (positive pulse) 
indicates a reduction in pile cross section or concrete quality. In 
general, relatively sharply defined positive reflections are attributed 
to impedance changes due to pile defects, while slowly changing 
positive reflections are usually caused by soil resistance. Pile Integrity 
Test (PIT) acceleration records of 15 piles of the Janaklis bridge show 
negative velocity reflections indicative of there are no defects below 
the top of the piles (Figure 9). Piles number 17, 35, and 41 show 
positive reflections at depths 5 m, 3m, and 4m, respectively. The 
positive reflections of these piles are slow changing which related to 
stiffness of the soil surrounding the pile. Therefore, the Janaklise pile 
integrity is satisfactory and all piles are good with no detected defects 
of the piles cross section.

Conclusion
This study integrated conventional methods with the Ground 

Penetrating Radar (GPR) towards evaluation of the pavement 
condition and assessment of bridge deck deterioration. Pile Integrity 

 
Figure 8: GPR image of the Janaklis bridge deck profile C10 shows the 
significant layer interfaces  and the underlain free water canal. The yellow 
arrows identify the beginning and ending of the bridge deck.

Figure 9: Pile Integrity Test (PIT) acceleration records of Janaklis bridge 
piles.
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Test (PIT) using the sonic pulse echo was carried out to investigate 
bridge pile integrity. The selected sites are the Cairo-Alexandria desert 
highway (from Kilometer 127 to 160), and Janaklise bridge located at 
Kilometer 157 of the highway. The geotechnical evaluation consisted 
of visual survey, borehole drilling, coring, and Standard Penetration 
Test of the pavement sections and underlying subgrade soils. The 
results indicated that sub grade material is poor and has low stiffness 
and low resistance to deformation and therefore, cannot support a 
high amount of loading which resulted to pavement failure. Analysis 
of GPR images of the highway sections with block cracking show 
that the presence of moisture and/or clay subgrade soils with high 
electrical conductivity at these locations. The block cracks may be 
occurred due to volume change of the subgrade which induces stress 
in hot mix asphalt (HMA) layer that exceeds the tensile strength of 
the asphalt mixture. The geotechnical evaluation demonstrated the 
ability of GPR to map out subgrade moisture damage. GPR image of 
the Janaklise bridge deck show that there is deterioration in the middle 
of the bridge located between 19 m and 26m. The deterioration could 
be due to changes in concrete material properties associated with the 
delamination process, or to moisture infiltration into the delaminated 
area from the water canal. Analysis of PIT reflection records indicated 
that the Janaklise pile integrity is satisfactory and all piles are good 
with no detected defects of the piles cross section.
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