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Summary 

As a part of the Transportation Master Plan for the city of Jerusalem, a network of Light Rail Tran-

sit (LRT) lines is planned.  The first line, stretches from "Pizgat Zeev" in the north to "Mount 

Herzl" in south, is now under construction.  This LRT line is 13.8 km. long, and it contains 23 sta-

tions and 4 "Park and Ride" facilities.  

Among the different solutions for the upper pavement structure inside the Swept Path of the LRT 

line, the Concrete Block Paving (CBP) technology was selected for most of the line length.  Ac-

cording to vehicle traffic forecasts in Herzl Street and other JLRT sections, and based on the local 

"Guidelines for the Design of Urban Streets", the following pavement structure was suggested for 

the JLRT sections:  80 mm of Concrete Block Pavers, 30 mm of Sand Bedding Layer, 70 mm of 

Controlled Low Strength Material (CLSM) and 400 mm of concrete Slabs (as also designed to sup-

port the track rails). 

In order to provide the ultimate possible structural capacity, a complete herringbone laying pattern 

solution was adopted between the rails in the entire width of the Swept Path (with 200 mm x100 

mm, 100 mm x100 mm, and 160 mm x 100 mm blocks), using a uniform block thickness of 80 mm.  

As for the confinement and lateral support of the CBP structure against the rails, a modular confin-

ing element was installed to "encapsulate" the track rails, and to provide the proper confining and 

supporting unit.  This element is made from a "Filler Block" dense-rigid rubber. 

Due to the uniqueness of this application, and in order to validate the vertical and horizontal stabili-

ty and sustainability of the CBP structure, an experimental test track was constructed.  Several in-

situ non-destructive tests are being performed, such as:  Plate Loading bearing test; Falling Weight 

Deflectometer (FWD) test; and stress-deformation measurements under actual vehicle movements, 

using pre-installed pressure cells. 

This paper outlines the summary of the final design and recommendations regarding the utilization 

of CBP for the Swept Path in the first Jerusalem LRT (JLRT) Project.  It specifies the basic prelim-
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inary pavement design and laying patterns, and also presents the mechanical in-situ testing that are 

used to validate and assess the sustainability of the engineering paving solutions. 

1. PAVEMENT SURFACE SOLUTIONS FOR LRT LINES  

Several typical pavement surface solutions are often used around the world for the LRT strip 

("Swept Path").  They mainly consist of an asphaltic wearing course, concrete slabs, and segmental 

paving.  The segmental paving can be of natural stones or flags, or industrial concrete pavers.  Typ-

ical examples of LRT pavement surfaces, in selected European cities, are shown in Figures 1 to 6. 

  
Figure 1.  Asphaltic surface in Amsterdam, 

The Netherlands. 
Figure 2.  Concrete slabs in Nottingham, 

United K ingdom. 

  

Figure 3.  Small natural stones in Amsterdam, 

The Netherlands.  
Figure 4.  Large natural stones in Strasbourg, 

France. 

  
Figure 5.  Concrete pavers, Amsterdam, 

 The Nether lands. 
Figure 6.  Large concrete pavers in Strasbourg, 

France. 
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2. THE JERUSALEM LIGHT  RAIL TRANSIT (JLRT)  

As a part of the Transportation Master Plan for the city of Jerusalem, a network of LRT lines is 

planned.  The first line, from "Pizgat Zeev" in the north to "Mount Herzl" in the south, is under con-

struction.  This LRT line is 13.8 km long, and has 23 stations and 4 "Park and Ride" facilities. 

The Concessionaire was chosen in 2002 ï the "CityPass Consortium", comprised of Connex Trans-

port AB (from the international Vivendi Group), and the renowned French train manufacturer Als-

tom; and two Israeli companies:  Ashtrom Construction and Infrastructures, and Pollar Investments.  

CityPass undertook to build the first line, and to operate it for a period of 30 years in accordance 

with the terms defined in the agreement with the government.  Work by the Concessionaire was 

started in 2005, and the inaugural trip along the LRT system is expected for 2010 (see Figure 7). 

 
Figure 7.  Futuristic image of LRT operation in Jaffa Street, Jerusalem. 

 

Among the different solutions for the upper pavement structure inside the Swept Path of the LRT 

line, the CBP technology was selected for most of the line length.  Other surface solutions, like de-

corative natural stone flags, are adopted in the old section of Jaffa Street. 

3. BASIC PRELIMINARY CB P STRUCTURE DESIGN 

The basic preliminary design of the upper CBP structure inside the Swept Path was set in July 2007. 

According to traffic forecasts in Herzel Street and other JLRT sections, and based on the "Guide-

lines for the Design of Urban Streets" set by the Ministry of Housing and Construction (Israel 

MHC, 2000).  The design traffic loading was set between "Medium Light" and "Heavy" Traffic 

Categories.  These categories are equivalent to 3.6x10
5 
ï 1.5x10

7
 passes of 18,000 lbs Standard 

Axle Load in the critical lane for a 20 years design period.  Accordingly, the following pavement 

structure was suggested for the JLRT sections that are to be paved with CBP (Ishai, 2009): 

Table 1.  Structure for the JLRT. 

Concrete Block Pavers 80 mm 

Sand Bedding Layer 30 mm 

CLSM 70 mm 

Concrete Slabs 400 mm 

Type A Subbase Layers Varies According to Subgrade properties 
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A typical cross section of the LRT pavement structure is presented in Figure 8. 

 

Figure 8.  Typical cross section of the JLRT pavement structure. 

 

In the design documents it was clearly specified that the materials & construction of the CBP struc-

ture above the CLSM layer should be fully comply with the Israeli Standards: I.S. 1571, and I.S. 8 

(Israel ISI, 1998 and 2000). 

4. ORIGINAL AND MODIFIE D LAYING PATTERNS  

As originally designed, the first two sections of the LRT line were paved using 200 mm x 100 mm 

x 80 mm surface "splitter pavers" in a herringbone pattern, confined by a "piano" pattern of 130 mm 

x 100 mm x 60 mm or 200 mm x 100 mm x 60 mm edge pavers near the rails.  It should be men-

tioned that due to the rail bolts and plastic cover caps constraint, the edge piano pavers were 60 mm 

thick, while the inner herringbone pavers were 80 mm thick.  This creates severe construction diffi-

culties due to the two thickness levels of both the pavers and the bedding sand, and also to the weak 

support created by the bolt cover caps. 

At a later stage, a proper solution was found to modify the plastic caps for lower coverage of the rail 

bolts.  Under this solution it was possible to install 80 mm blocks above the caps, even with a mi-

nimal thickness of sand layer. Therefore, the modified final CBP structure was composed of a com-

plete herringbone laying pattern between the rails in the entire width of the Swept Path (with 200 

mm x 100 mm, 100 mm x 100 mm, and 160 mm x100 mm blocks), using a uniform block thickness 

of 80 mm, as shown in Figures 8 and 9. 

5. VALIDATION BY MECHAN ICAL FIELD TESTING  

5.1 Background 

Due to the weakness point that may be created above the bolt cover caps in any of the CBP thick-

nesses and laying pattern solutions, and in order to validate the sustainability of the rail encapsula-

tion confinement solution (see Figures 8 and 9), it was decided to perform mechanical repeated 

loading tests on actual test tracks that will be constructed according to the final recommended solu-

Concrete B 40 

Rail, Bolts and Caps 

Concrete Pavers 

Bedding Sand CLSM 3-7 MPa 

Rail Rubber Encapsulation 

Track Slab 

Fundation Slab 

              Subgrade 

    Type A Subbase Layers 
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tion.  The mechanical tests were designed to simulate the repeated passes of vehicle wheels under 

actual range of traffic loading. 

 

Figure 9.  The final modified laying pattern solution for CBP in the JLRT Swept Path. 

 

Generally, the tests were planned to be performed on old constructed JLRT line sections and on an 

experimental test tracks that were constructed to simulate the entire width of the Swept Path, with a 

length of about 150 m.  Each test and measurements were performed on at least three typical points: 

Adjacent to the rail - Above a cover cap and between caps, and in the middle of the track between 

caps. 

5.2 Mechanical testing performed 

The following tests were outlined and performed: 

�ƒ Static Plate Loading Bearing Test:  This test is designed to evaluate the static bearing capacity 

of the CBP and its confinement system for restraining both vertical and horizontal displace-

ments.  Generally, the 200 mm diameter plate was loaded at intervals with recovery after initial 

intervals and at the end of the test, up to a contact stress of about 7 kg/cm
2
 (0.7 MPa). 

�ƒ Falling Weight Deflectometer (FWD):  This test provided a tool for evaluating the dynamic re-

sponse of the CBP structure by measuring the elastic deflections resulting from a drop of a 

heavy weight on the pavement surface.  Deflection monitoring at several offset points provides 

a mean for characterizing the lateral deflection-basin beneath the pavement.  The test was per-

formed using a 300 mm diameter plate.  The falling weights were dropped at increasing load-

ing (combinations of heights and dead loads) intervals, until reaching a dynamic load of 7 500 

kgf (as standard in Israel for FWD tests on top of the asphaltic surface course in highways). 

*160 x 100 x 80 mm blocks 

Rail Rubber Encapsulation 


