9th. International Conference on Concrete Block Paving Buenos Aires, Argentina, 2009/10/1-21
Argentinean Concrete Block Association (AABH) Argentinean Portland Cement Institute (ICPA)
Small Element Paving Technologists (SEPT)

APPLICATION AND TESTING OF CONCRETE BLOCK PAVING
IN URBAN LIGHT RAIL TRANSIT LINES

ISHAI, llan, Professor

Dept. of Civil & Environmental Engineering, Technion, Haifa 3208RAEL.
Tel.: +97252-2539668, Fax +9729-7714198, iishai@013.net

LEVIATHAN, Ehud, Engineer

Engineering, 96 Yigal Alon Streefel-Aviv, 67891,ISRAEL.
Tel.: +97250-7419920, Fax +9723-6244322 udi@ehudl.co.il

LISKEVITCH, Gadi, Engineer

Head Road Laboratory, ISOTOP Ltd., P.O.Box 2, Ged&a00,ISRAEL.
Tel.: +97254-2511671, Fax +9728-8697008 gadi@isotop.co.il

Note: The following is the notation used in this paper: (. ) for decimals and ( ) for thousands.
Summary

As a part of the Transportation Master Plan for the city of Jerusalem, a network of Light Rail Tra
sit (LRT) lines is planned.The first line, stretches from "Pizgat Zeev" in the north to "Mount
Herzl" in south, is now under constructioihis LRT line is 13.8 km. long, and it contains 28-st
tions and 4 "Park and Ride" facilities.

Among the differensolutions 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 Iéngth.
cording to vehicle traffic forecasts in Herzl Street and other JLRT sections, aad ba the local
"Guidelines for the Design of Urban Streets", the following pavement structure was suggested for
the JLRT sections:80 mm of Concrete Block Paversp3nmof Sand Bedding Layer,07mm of
Controlled Low Strength Material (CLSM) and@tm o concrete Slabs (as also designed @ su

port the trackails).

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 (@ithn2€100

mm, 100 mmx100 mm and 1® mm x 100 mnblocks), using a uniform block thickness & @&m.

As for the confinement and lateral support of the CBP structure against the rails, a modufar confi
ing element was installed to "encapsulate" the track rail$ t@a provide the proper confining and
supporting unit.This eement is made from a "Filler Block" densgid rubber.

Due to the unigueness of this application, and in order to validate the vertical and horizonial stabil
ty and sustainability of the CB§tructure, an experimental test track was construcBsleral in

situ nondestructive tests are being performed, suchRiate Loading bearing test; Falling Weight
Deflectometer (FWD) test; and stredsformation measurements under actual vehicle mertsn
using preinstalled 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) Projespecifies the basic prati-
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inary pavement dggn and laying patterns, and also presents the mechansial iresting that are
used to validate and assess the sustainability of the engineering pautiansol

1. PAVEMENT SURFACE SOLUTIONS FOR LRT LINES

Several typical pavement surface solutions @ften used around the world for the LRStrip
("Swept Path"). They mainly consist odnasphaltic wearing course, concrete slabs, agohestal
paving. The segmental paving can be of natural stones or flags, or industrial concrete papers.
ical exampés of LRT pavement surfaces, in selected European cities, are shown in Figuses 1 t

Figure 1. Asphaltic surface in Amsterdam, Figure 2. Concrete slabs in Nottingham,
The Netherlands. United Kingdom.

Figure 3. Small natural stones in Amstedam, Figure 4. Large natural stones in Strasbourg,
The Netherlands France.

Figure 5. Concrete pavers, Amsterdam, Figure 6. Large concrete pavers in Strasbourg,
The Nethelands. France.
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2. THE JERUSALEM LIGHT RAIL TRANSIT (JLRT)

As a part of the flansportation 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'the south, is under ¢e
struction. This LRT line is 13.8 km long, arfths23 stations and 4 "Parkd Ride" faciities.

The Concessionaire was chosen in 20@Re "CityPass Consortium”, comprised of Connex $f¥an

port AB (from the international Vivendi Group), and the renowned French train manufactswer Al
tom; and two Israeli companiegishtrom Constrution 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 governm@éfrk by the Concessionaire was
started in2005, and the inaugural trip along the LRT system is expéatéd10 (see Figure 7).
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Figure 7. Futuristic image of LRT operation in Jaffa Street, Jerusalem

Among the different solutions for the upper pavement structure inside the Swept Patih.RTthe
line, the CBP technology was selected for most of the line ler@ther surface solutions, likeed
corative natural stone flags, are adopted in the old section of Jaffa Street.

3. BASIC PRELIMINARY CB P STRUCTURE DESIGN

The basic preliminary design ofglupper 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 tle "Guid
lines for the Design of Urban Streets" set by the Ministry of Housing and Construction (Israel
MHC, 2000). The design traffic loadingvas set between "Medium Light" and "Heavy" Traffic
Categories. These categories are equivalent to 3.6%10.5x10 passes of 18,000 Ibs Standard
Axle Load in the critical lane for a 20 years design periédcordngly, 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

Concrete Pavers Rail Rubber Encapsulation
Rail, Bolts and Caps Bedding Sand CLSM 3-7 MPa
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Figure 8. Typical cross section of the JLRpavementstructure.

In the design documents it was clearly@ped that the materials & construction of the CBP tru
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 fir¢tvo sections of the LRT line were paved using 20mx 100 mm

x 80 mmsurface "splitter pavers" in a herringbone pattern, confined by a "piano" patterd w3

x 100 mmx 60 mmor 200 mmx 100 mmx 60 mmedge pavers near the railg.should be me-
tioned that due to the rail bolts and plastic cover caps constraint, the edge piano paved@smrare 6
thick, while the inner herringbone pavers we@en8mthick. This creates severe construction idiff
culties due to the two thickness levels of both the pausiishe 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 ®m blocks dove the caps, even with a@-m

nimal thickness of sand layer. Therefore, the modified final CBP structure was composedef a co
plete herringbone laying pattern between the rails in the entire width of the Swept Path Qwith 20
mmx 100 mm 100 mmx 100 mm ard 160 mmx100 mmblocks), using a uniform block thiness

of 80 mm as shown in Figures&hd9.

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 thekeBP thic
nesses and layg pattern solutions, and in order to validate the sustainability of the rail erezapsul
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 timal recommended 3ol
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tion. The mechanical tests were designed to simulate the repeated passes of vehicle wheels under
actual range of traffic loading.

Rail Rubber Encapsation \

*160 x 100 x 80 mm blocks

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

Geneally, 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 mEach test and measurements weregoeréd on at least three typical points:
Adjacent to the rait Above a cover cap and between caps, and in the middle of the ttacehe

caps.

5.2 Mechanicaltestingperformed

The following tests were outlined and performed:

f Static Plate Loading Bearing Testhis test is designed to evaluate the static beaapgoity
of the CBP and its confinement system for restraining both vertical and horizontal elisplac
ments. Generally, the 20 mmdiameter 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 {@EMPa)

f Falling Weight Deflectometer (FWD)This test provided a tool for evaluating the dynareic r
sponse of the CBP structure by measuring the elastic deflections resultin@ fdoop of a
heavy weight on the pavement surfageflection monitoring at several offset point®ydes
a mean for characterizing the lateral deflecti@asin beneath the pavementhe test was pe
formed using a 3 mmdiameter plate.The falling waeghts were dropped at increasingdea
ing (combinations of heights and dead loads) intervals, until reaching enidyload of 7500
kgf (as standard in Israel for FWD tests on top of the asplsaitface course in highways).




