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lind history 
IN THE NETHER LANDS lhe pro­
duclion of cOncrete """ing blocks 
started in lh. very early f'f1ies'. 

In 1951 th e cOncrele products 
~ompany Holland at W •• tcrvoort 
(near Amhem) introduced the BKK 
concrete paving bloc~. which was 
rectangular in shape. The dimenSion, 

on plan (200 mm x lOS mm) werc 
very similar to Ihose of lhe while· 
ooloured concrete blocks (with a 
white lOp-layer) which had been in ­
uoduc.:d sOme years before for road 
markings. These marking blocks 
were briCk-sized .i"ce they were 
mainly U$e<;I in conjunction with 
burnt day paving bricks. 

In the early yea'> the production 
method used for (he BKK paving 
blocks was similar to lhe Tather sim_ 
ple process of making marking 
blocks, namely on 'mall vibratins 
tabl .. (Figure I). Afterwards this 
production technique wa, abandon­
ed in favour of well _known 
blockmaking machines of Ihe pallet 
type. Neverthele." the rectanaular 
(brick _si~ed) ,hape, once having 
been introduced, has ~oome the 
standard shape all Over the country. 

In 1952 the COncrete product' 
company Schokbeton at Kampen 
(n ear ZWOlle) introduced Ihe Ipro 
concrete paving block. which was 
I·shaped in plan. This block, of Ihe 
inttrlocking type, has a length of 
250 mm, with a width of 150 mm at 
oach end and 100 mm in the middle. 

In the early years the Ipro blocks 
were produced on a 'imple 
blockmaking machine such as was 
used for the manufacture of 
lightweight concrete building 
blocks. Afterwards this production 
method was developed into the now 
familiar mechanized automatic 
blockmaking process _ Howe"cr, in 
the NetherlandS th e share of the 
market taken by r-,hape block, and 
all other interlocking types has 
never exceeded tOOJ. in IOtal. Rec_ 
tangular COncrete paving blocks 
have become the 'natu,al suc­
cessors' to the 'dassic' burnt clay 
pavina bricks. 

tn the Mlies many paving block 
manufacturers became established 
throughout Ihe country (Figure 2). 
New plants were set up not only by 
COncrete products companies but 
also I)y burnt ctay brid2.roducers 
and even by others from out.side the 
building industry . It i3 cstima!«1 
that by 1956 ~roduction exceeded 
1· 5 million m (approximately 25 
plants), but in the very early sixties 
the total production of approx_ 
imately 40 plants had already in. 
creased to about 5 mil1ion m' 
(Figure 3). tn the same period the 
annual production of burnt clay 
paving brick! ranged from 6 to 7 
million m'. 

There are some compel1ing 
reason, for the very rapid inCTease 
in the use of concrete paving blocks 
in the ftfties and the early sixties 
(Figure 3). There was already 3 
long_standing tradition of brick 



T ABLE I: Carriagew.y surfa(ing> 
of Stlte roadl. I January 1M 

~ IA"II/~ 1'T_,ion 
,,~ ~"'J of IN;,*' 

I>b i .. 261 3 l6J km (1).'1%) 

Othe rS ." 771 km 0 "-6%) 

T.,..I .. ~ t t..o km' (20.9%) 

, ~Ufr.« ./C' or abou, 6'), million 
"lu. /c """ICI. 

N.B. In ,he Qfnoial Mini",>, olT,,,,,,I"l" 
",,"'y. eonelCtC r",ng b.od • • ,. 
no' , p«ir .. d "po,."ly bu, .r< 
included under "<On<"" 
pavcmcnt .M 

pavill3 which m.y ha.e been due to 
boI:h tl>c: a~nce of natural 5t""" 
sell.! (rocb) Ind the abundance of 
nalural day SOU' OX$ (, iver.clay) . 
However, in 1!14$ and li nce, Ihere 
Iuu; been a shOl ta&< o( traditional 
pavina brien. Arler the war. burnt 
clay material. were u,w fOi re­
buildin. and 1&Ier (or ""w ~ uildin,. 

A< Kellersmann is uplainill£ in 
his paper', concrete pavinil ~lock 
has never been regarded as a new 
phenomenon. Concrete blocks were 
in fact a ,ubstimtc for burnt day 
pa.ina bri(x&. Moreover, they of­
fered a cheaper alternative 10 con_ 
ventional bric ks, and this alternalive 
proved 10 have a beller " ' uctural 
performan«. M. mailer of course, 
road ena,incen. designc", road 
builders and layers, as well as th. 
public at large. very soon bccam( 
familiar ",i,h co n"Cle pavina 
blocks. 

F.om aboul 1%0 onwards , the 
pav inl block industry in Ihe 
Ndherlandl bepn 10 develop into a 
highly mechanIZed an.d automaled 
in.du$try (FiSu .e 4}. Mechanizali.on 
and, later on, automation were in· 
troduced. nOI only Into Ihe pr~ 
duction procell , bul also into Ih. 
handling. packaaing and !Iacking of 
th. hlock,. 

In II>c: tate seventies the annual 
production of concrete pav ing 
blocks in the Nethe,tands ranged 
from n·g million m' in 1976 to 
15 ·8 million m' in 1918 (Figu", 3), 
which equalJ 1 m2 per head or 
pOpUlati.on . In 1979 the tOlal pr~ 
dUCIion o f bu. nl clay paving bricks 
did nO! .,.cttd I · 5 million m'. Lasl 
year inl""lock'n, block, took a few 
per cent OIlly, In sp,itc of the fa.ct 
thai at lean 11 diff~cm Iypes we .. 
available. 1\ nced! III be r.po.ted. 
for a belle. understanding. thai ro<­
langular con~retc pa_ing block in 
fact was an 'imitation' o f rec­
tangular bumt day p • • inj bric k, 
and apa rt f. om lome individual 
case!. there n(~er WIS ~ good lou on 
to switch 10 another shape. 

In the flflie$ concrele pav ing 
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TABLE 2: Minimum flexural strength 
specified in 1950 and 1956. 

mean mdividual 
Thickness (kgf/cm 2)* (kgf/cm2)* 

45mm 
50mm 
60mm 
70mm 
80mm 

64'2 
66'0 
65'3 
62'2 
58'6 

57'8 
59·4 
58'8 
56'0 
52'7 

*The conversion into SI units has been 
omitted because the original units are in 
kgf and cm. 

areas, service stations, squares and 
yards, parking places, etc. As ex­
plained by Kellersmann 7 

applications have been greatly 
stimulated by the introduction of 
smaller-sized concrete paving blocks 
and their so-called 'shaded colours'. 
The selection of concrete blocks for 
paving could be based on their low 
initial costs only. In the meantime, 
however, new arguments have pro­
ved to be equally important, if not 
more important, factors. In this 
respect attention should be drawn to 
arguments dealing with re­
instatement, settlements, under­
ground cables and ducts etc, re-use, 
visual aspects and environment. 

There is no doubt that such 
arguments are decisive in the case of 
paved areas in villages, cities and 
town extensions. It should be noted, 
however, that the same arguments 
also govern in the case of 
agricultural pavements, rural roads, 
industrial areas, etc. 

As Van Leeuwen explains, con­
crete blocks also provide an ideal 
surfacing for heavily-trafficked 
paved areas at container terminals 
(such as that of ECT in Rotterdam) 
and on similar port areas. 

At the end of this brief history it 
should be noted that in the 
Netherlands even today, the amount 
of research undertaken on concrete 
paving blocks is limited. The major 
part of research has been directed 
towards the blocks themselvesl

. 

However, regarding future needs' 
for reducing maintenance costs, it 
can be expected that more specifiC 
research on concrete block paving 
will be required. This may be in­
itiated by a new working group to be 
established by the Study Centre for 
Road Construction (SCW). 
However that may be, use could be 
made of several papers presented to 
the First International Conference 
on Concrete Block Paving. 

Specifications and Standards 
The history of the Netherlands' 
Specifications and Standards on 
concrete paving blocks is in­
teresting, since it explains the 
background to the Standard NEN 
7000", fully described by Dreijerl . 
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Early fifties (before 1955) 
In the early fifties there were' no 
special standards for concrete pav­
ing blocks. That is why some 
specifications were embodied in the 
tender documents or in the contract 
for particular jobs. 

Then as much use as possible was 
made of the well-known specifica­
tions for burnt clay paving bricks, 
such as laid down in the then­
operative Specifications for Road­
Building Materials (the Eisen) issued 
by the Ministry of Transport, (first 
published in 1950 and later in 1953). 
These specifications dealt with: 

tolerances in the dimensions 
(max. 4070 if Class A-I), 
water absorption, 
resistance under a falling pear­
shaped steel ball, and 
loss of weight during the so-called 
'rattler-test' . 
However, use was also made of 

Standards N 501 and N 502 for con­
crete paving slabs (flags 
300 mm x 300 mm), the edition of 
1950 which was revised in 1956 with 
minor corrections only. These stan­
dards dealt with: 

compressive strength . (sawn 
cubes, edge length 100 mm), 
Amsler abrasion test, 
loss of weight in the so-called 
sand-blast test, and 
flexural strength by central load­
ing (mid-span loading). 
The central loading test was 

specified over a span of 200 mm and 
with a rate of loading of 40 kgf/s. 
The standard did not specify 
minimum flexural strength, but 
minimum breaking loads, depen­
dent on the thickness. By means of 
the so-called flexural equation MIW 
(in which M = flexural moment and 
W = modulus of resistance) the 
specified breaking loads can be con­
verted to the minimum flexural 
strengths (if Class I) shown in Table 
2: 

The only noticeable minor correc­
tion introduced by the 1956revision* 
is the addition that the concrete 
paving slabs shall be tested after 
being stored in water for 48 hours. 

The testing of concrete paving 
blocks can be well illustrated by two 
examples: 
a. In 1952 two samples each of ten 
blocks were tested by the State Road 
Laboratory (at that time established 
in The Hague). These samples were 
of blocks about to be used on State 
Road No 1 (a motorway provi­
sionally provided with one car-

*A completely new Standard (NEN 7014) for 
concrete paving slabs was published in 
January 1972. which specifies a rate ofloading 
per second of 0.05±O.02 N/mm' (about 
O.5±O.2 kgf/cm 2). The characteristic Oexural 
strength (5%) shall not be less than 5.5 N/ mm' 
(about 55 kgf/cm2). without any difference 
between Class I and a lower one. 

riageway). The tests related to the 
water absorption, the density and 
the resistance under a falling pear­
shaped steel ball of 10 kilograms. 
b. In the same year, a sample of ten 
blocks was tested by the Materials 
Laboratory of the City of The 
Hague. These tests dealt with com­
pressive strength (sawn cubes), the 
sand-blast test (loss of weight), den­
sity, flexural strength (according to 
the standard for concrete paving 
slabs) and durability towards 
repeated freezing and thawing. 

In both cases the tests were made 
according to what had been 
specified in the tender documents and 
in the contract respectively. (In the 
following years the Materials 
Laboratory of The Hague also used 
the so-called rattler-test (ASTM 
C-7, edition 1942) and the Amsler 
abrasion test). 

First specification (1955) 
In 1955 the State Road Laboratory 
(Ministry of Transport) published in 
draft form Specifications for con­
crete paving blocks, the first ones in 
the Netherlands and probably the 
tirst in the world. These specifications 
contained a few typewritten pages 
only. Only four requirements were 
included, of which only one dealt 
with the structural quality itself. In 
fact this specification was derived 
from those which had been pub­
lished some years before for w!1ite 
coloured concrete marking blocks, 
to be used in conjunction with burnt 
clay paving bricks. Obviously, the 
requirements for dimensions were 
omitted since concrete paving 
blocks did not need to comply with 
burnt clay bricks, and the re­
quirements for the 'reflection of 
light' and 'white top-layer' were 
also omitted as a matter of course. 
However, the requirements for 
dimensional toferance, for 
planeness, for skid resistance and 
for flexural strength were retained. 
It hardly needs saying that these 
specifications related to rectangular 
blocks only. 

The dimensional tolerance had 
been fixed at 3%. This requirement 
was stronger than that for burnt 
clay paving bricks (4% if Class 
A-I), which demonstrated the 
greater uniformity of concrete block 
dimensions. However, it dealt with 
all three dimensions in the same 
way, which is typical for burnt clay 
materials (linear shrinkage by dry­
ing), but it did neglect the reasons 
why a dimension of a concrete pro­
duct could vary (variation in the fill­
ing or in the compaction, wear of 
mould, etc). 

The skid resistance was specified 
as follows: Coefficient of friction 
f> 0'45, since at lower values the 
greatest amount of skidding acci-

Concrete Block Paving 



d enlO had been observed. (T1>e 
stated coefflcienl of friction w.." 
related to meuuremenu at 100" 
s lip and B spcal of 20 knvh). The 
skid resis1.ance should be ""'""ured 
by .... ng tbe l.croUJI pendulum ap­
"'""'tw (Figure 6) and in this 
respeCl it had oon assumed Ihal a 
Leroux·~alue of 68 was equal 10 
f _O · 4~ . ihis m(uur(m(nl shouk! 
be made in tbe 1.00 OllP<»it( dir~. 
tions until a C(Inllant value is ob· 
tained and the lowest value of lhe 
twO m(a,uremcnl$ , hould be lahn 
"Ihe aClual test relult. 

ihe individual flexural st .. nath 
of each C(ln~rele paving block 
shou ld not be lellthan 60 ki fkm'. 
1be specifIed ~ntral loadin, lest 
was in f;act tbe same as WaJ lpeCifled 
;n Standard N 502 for Ih. lesling of 
COl"lClcte pavin, slabs, mentioned 
bef,,",. H""'''''er, lbe span (bearing 
distallCO:) was reduced 10 ISO mm 
(_ fi,ure 1) because of the 
length o f the bloch Cl pp'OX. 
200 mm)and Ihe raleofloading was 
increastd to 50 ki f/I. fOl pract~1 
r......onS. Havinl Ihese mooif",aliO/l$ 
as weU U Ihe smaUer widlh (approx. 
100 mm iml.ad o f 300 mm) the 
tlexural strengths being IpeCi fled in 
Slandard N SOl for 60 to 80 mm 
thick paving ~labl had 10 be in· 
«e",ed by 6to 8'7t. ThaI is why. for 
the concrete pavi", blocks, it was 
specifIed Ihal rhe individual flexural 
mength should not be less than 
(rounded oIT upwards) 60 k,flcm'. 
Accordins 10 the revistd edition of 
Standard N S02, which was publish. 
ed ;n 19S6 Ihe bLocks should hi: 
tested afler Nin, ilored fot 48 
houtS in wale.. Thus tbe fkxutal 
$lIenglh lesl wu introduced for 

concrete pavin, bllXks for the 
following reaSons: 
I. The tesl iI already well·t nown 
from lite testing of concrCle pavinll 
slab. and the (re·calcula ted) 
minimum valuc of 60 qflcm' has 
proved '0 &\lBrantet! a suff.cienl 
pr""lical quality (nol 50 much Ihe 
mechanical mcnSth as !he dura­
bility ole.) 
2. Tn. 'csl is much simpkr (less 
complicaled) Ihan any compression 
lesl (pa rticularly Ihal On sa wn 
cubes ) and consequently much 
cheap<:f. 
3. Compared 10 compressio" 
strength, flexural strensth cou ld be 
regarded as a beller cri lerion for 
wearing r .. istance, relinance 
aaainsl ",calherina, elC. 
4. In a p<lvemenl . blocks are load· 
ed in flexUfC more crlt~lly than in 
OODlpression. whe«: 100dilll is lhe 
erirical r""rOl". 

Though ,besc specifICations wcre 
dr a wn u p by Ihe Sla tf Road 
L:aboralo ry dealing wilh the use of 
eOncrele pavin, blocks on lIate 
(naliona l) roads, Ihey were used by 
municipal and prov~ial aUlhorities 
untillhe mid.sixlies. 

Towards a Standard (19Ss-t966i 
The first Nether lands spec1flcat lons 
for concrele pavlna blocks whioh 
was published in 19S5 (see the 
fo regoin&) was only s li,htly 
modiflw unlil 1966, the yur in 
whicll lhe flrsl Slandard on Co,,· 
crete PaYi"g Blocks(NEN 7000) ap­
peared. In 1957 the origin.1 
specificalions wcre ineo<poraled in 
Ihe new edilion of lbe SI1«iIICD/iOll$ 
jar Rood·Buildi": Mafuiui.J (tM; 

Eisen) issued by Ihe Ministry of 
T ransport. At thaI time. il was 
added that, for conc,ete bloch or 
tile intcrlockiJlg type, Ihe din>en. 
stonal toleranec should be 2t,1o (d . 
30ft for Ihe '«Iangular blocks). in 
o rder 10 improve Ihe lnterLockill£ 
eff~l. Havins more results of eQID· 
pa.alive measuremenll on skid 
resiSlance, a Leroux ,value of 67 
(inslead of 68) was assumed to be 
equal 10 f _ O·4S. which in fKt was 
Ihe only correction . 

In 1%2 anolher new edition o f 
the Speciji calio"s 10' Rood· 
Building Malerials {the Elsen) was 
published . With reprd 10 concrete 
paving block~ the only modiflca. 
tions were agai n one addition alld 
o ne C(lrr~tion. 

The addi,ion dealt wilh the 
d imensional lolerenec. For 1"«1. 
a ngular bLoch Ihis loIera1l«: re­
mained fixed al 3t,1o bue with the 
restriction 'for maln roads only'. 
Since tIlen , fOl other Iype:! of roads, 
lhe followins differentillion had 
been introduced. As far I.Ilenllh and 
width arc c"""e.ned .• lolerance of 
30ft. However. regardins Ihe Ihick· 
ne;':; , Ihe lolerance was increased 
10 S'7t wilh a maximum o f 4 mm. 
i his differentalion was In accord· 
ance, more or lel&. wilh a proposa l 
made by SCW.Workins Group 0 .2, 
which had ob$tr\' ed some I e$t.ect ions 
in this respect. 

The only corr~!ion dealt with the 
f1uuraJ strenglh test. For blocks of 
a width o f 100 mm. minimum 
b reaking loads of 60 kaf/em' ~r< 
specified (instead of a minimum 
fkxural strellllh). The chanlcov", 
h om SI.en,lh to Ioad$ w"" in a!l1tc­
mmt wit h Ihe then apCrativt Stan· 
dards N 301 for conc.Cle ","Vinll 
5labs( t9S6). 

In 1%7 another r>e'" edition of 
the Speo:ifirulions lor RO(Jd·8wlfding 
Malerials was published, aboul one 
)'ea r after the publ icalion of the fltsl 
Standard on Conc'eU Pa ving 
Blocks. NEON 7000' . 

Workin g Group 1)·2 (SCW) 
The slart 
The history of road con Sl ruclion in 
lite Netherla nds is marked by tile 
... tablisllmeru, in Dtternber 19S"7. of 
Ihe Study Centre fOl Road Con. 
5lruction (Sew). 

Working Group 1).2, beinSOl>e or 
Ihe f".~ SCW-Working Groups, w'" 
~I up ;n 1959 and Sllfled with a 
very wide brief ' Ihe manufaClure 
and lesting a$ well as Ihe application 
o f concrele paving blOt: ks'. I" Ihe 
f"ll years Ihe Working Group 
restricted itselflO a critical review of 
the existing Netherlands specirlca· 
tions (publi shed in Ihe 'Eiscn' ill 

F1~ ... , .. " ," .. ' •• i.~ .'''C<. w~k' is "iii i •• " . I"' ,."I/.~ ,loll • ., """,",,,",,, .... ~I_"m 1957) and 10 the study of other pOss;· 
<MI_ 10'" .\·' ....... d N~.V _ ble requirements. 
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n.. ... ,Ioroo"''' of .-..... " ... ~""", io T bo "" .. " ..... 

In the 19S7 'EiSftl' an individual 
flexural SIrenglh or II leul 60 
kgf/cm' wal speci fied . Al Ih e time 
the u.mt ICSI as well u comparable 
minimum values could be found in 
the speciflcallons rrom nei,:,bour­
ing countries. 
Iklgi"m 

Standard NUN 269, =ond edi­
tion of 19S7. 
Individ uailk1cura1Slrengih -
60 k,rkm' 
Mtan ne~ural mengln -
72 k, f/em' 

Qmu", l-edfro1 RepubJk 
P.ovisional di.ectives· 19S9. 
Individual flexural m engeh 
SS k, rkm' 
Mean n.xural Slren,* -
65 k, f/cm' 
Note-The speelflCaLi ons men_ 

tiOned diff«ed sliahl ly in Ih. span 
{bearing distance}, rate of loading, 
do 

sew Repart No 13' 
The (list report of Ihe Working 
Group was published in 1963. It 
could bf; eh·aracleri.ed by both Ih. 
aim al 'standardization' and that at 
'differentiation'. SCW Report No 
13 advocales Itronaly Ih. stan_ 
dardi zalion of the dimensions in 
plan, vi •. a lenalh o f 2 13 mm and a 
width of lOS mm. II also imroduces 
a diff.renl ialion in tile requiremen" 
acoordillB to ,h. ,ype of ,lie pave­
mem. 

The dimensional lokra""es were 
f"ed as follows: 
(a) Lenglh not less than 212 mOl 
(thu. - I rnm ~ s a m""imum) and 
IIot mOre tha" 216 mm (thus + 3 
111m as a maximum). Compared to 

·VOrL"",. 1I"",Ii"i •• In. d" 11",,,,11""1 
""d V"'"ndu"1 ,"" Il.<t""n",,,,"n,,,,,, 
im S" .. , ... ,t... •• F .... ", 19!1. 

" 

the lhen openti"e Eisen (1962), this 
loltrancc hid ~n reduCfl! from 
3"'. or appro~. 6 mm 10 4 mOl, 
whkh could be don~ due 10 Ihe 
specifIC proptrties of concrete in Ihi, 
rospect. 

(b) Widlh nOt less Ihan 104 mm 
(Ihus - 1 mm as a muimum) and 
nOI mo,e Ihan 107 mm (thus 
+ 2 mm as a maximum). Compared 
10 the 1962 Eison Ihis lol«.nee did 
ItO! ehanlle essenlially. 

(c) Thicknus 'Ole.eno;c ) mm for 
pavemems on main ,oads, lol«ance 
~ mmon olhn .oads. 

1l>e lasl mention«! differ.mia­
lion had atrelldy bttn incorpo<aled 
in t he 1962 Else .. a«ordina 10 a pro­
posal of the Workina Oroup. 

1l>e lok«-n.;es introdllCCd by 
SCW Report NO 13 were in fact an­
licipating Ihe Slandard NEN 7000 
of 1%6'. 
sew Report No 13 rerers to: 

Flexural strenal h teS! (central 
loading). 
CompreSllion lOll (sawn cubes or 
half blocks). 
Resislarn:. uniler falling pear_ 
shape1l sced bal!. 
SphUillllensik= lesl. 
So-called 'ran ler-Iu,' (ASTM 
en 

and furth«mo<e : 
Wa,.r absorplion (poroslly). 
Volume ... ",iBhl (densily). 
Amsler abrasion test. 
Loss of weiBhl during lhe w­
called '.~od-blasttesl' . 
Howe, er, the Working Grou p 

concluded Ihatthere was no betler ,e31 
lha n the flexural mength te!!. 

Wimer 196111961 
Thc e'ceptionally harsh and long 
wimer or 196211%3 caused a 

number of 'scaldina C&$e$' all of 
which were restricled 10 lhe lOP sur­
fa ce of Ihe b loc kS . I! was 
remarkable Ihat one read ~Iion 
could pre..,nt differenl degrccs of 
damage. The Working Group Iried 
10 fInd a relalionship, if any, be· 
Iw..,n 'he degr •• of damage and the 
charactcristio(s) Of the blocks. A 
",mple was taken from $everal road 
sections. Each .umple consist.d of 
Ihree parts: no dama,.. lighl 
darnage. and heavy dama,e. 

The ",mpied blocks were sub­
jecled 10 difffrentlesll, afte. which 
conclusions could be dr.wn'. Some 
IfSI bloch neVer complied wilh 
official requi.emenu la id down 
in Ihe e~n of 1962. or o f 1951. In 
some cases Ihe lk1cural ~renalh did 
comply with lhe specifICation, but 
Ihen Ihe dama,e observed could be 
e~ plained only by allum]n, an in_ 
sufficient quality of the top surface. 
II has been concluded by the Wor k­
ing Group thai, in Ihis resp!'ct, a 
judgemenl cou ld be mad. by means 
of Ihe SlInd-blasl test only. Finally it 
was concluded thaI Ihe freelclthaw 
lest, which was used at Ihal lime, 
did r>O\ show an)' relllior"L$hip be· 
,ween Ihe frOSI .esiSla""e and the 
flaural ilrenillh. 

SCW R~pOrl No U (1978) 
In Ihe yUtS 1964-1966 Wo<kina 
Group 0 _2 was involved in lhe 
frammg of SLandard NEN 70CX! 
which was published in t966. After 
that their activities were concen­
trated On the compOSition of. fmal 
r~port which was f",ally pub lished , 
a fler severa l delays, in februa ry 
1978. The sew RcpoTi No 44 on 
Concrete Poving Blocks' cerlainly 
;s tile mosl complete publication of 



recent years. This explains why this 
report has attracted great interest, 
not only in the Netherlands but also 
abroad. 

Pavement construction 
Behaviour 
In the Netherlands the mechanical 
behaviour of concrete block 
pavements was never the subject of 
any fundamental research. Apart 
from some tests in the thirties and 
the early forties, the same could be 
said with regard to the behaviour of 
burnt clay brick pavements. The 
brick tests started with the intro­
duction of simple sub-bases in order 
to improve the performance. At the 
same time, improved sand sub-bases 
as well as lightly bound materials 
for joint-filling were tested with the 
same intention. As already stated, 

. concrete paving blocks could be 
regarded as the natural successors to 
the classic burnt clay paving bricks, 
and that is the main reason why the 
blocks could be introduced instead 
of the paving bricks, without any 
special question on the design of 
block pavements. There was a very 
long tradition of burnt clay paving 
bricks, everybody was already 
familiar with small-element paving, 
and so nobody asked for a struc­
tural analysis of small-element pav­
ing when concrete paving blocks 
were introduced. 

During the 30 years' history of 
concrete paving blocks in the 
Netherlands, only the so-called 
'Rotterdam construction' has been 
based on both theory and experi­
ment. 

Van Leeuwen' says that the Rotter­
dam construction was designed in 
the mid-sixties for heavily-trafficked 
areas at container terminals and in 
similar port yards. A block 
thickness of 120 mm was accepted 
from the beginning, partly as a 
result of practical experience with 
smaller thicknesses but also 'by feel­
ing'. Experiments with a specially­
designed circular test track resulted 
in the acceptance of a laying course 
50 mm thick, consisting of a mix­
ture of crushed stone and chippings 
(0-8 mm) laid Qver a cement­
stabilized sand (sand-cement) sub­
base. 

Assuming in the combined layer 
of blocks and laying course (total 
thickness 170 mm) a load distribu­
tion factor of 2' 5, the required 
sand-cement thickness could be 
calculated by using the two-layer 
theory of Burmister. For the 
heaviest wheel loads, produced by 
straddle carriers. a thickness of 
330 mm proved to be necessary. 

Later on this design was approved 
by using the American Portland 
Cement Association's information 
Thickness Design oj Soil-Cement 
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Pavements jor Heavy Industrial 
Vehicles (1975). However, the very 
best proof of the excellent perfor­
mance of the Rotterdam construc­
tion is provided by the l' 5 millions 
m' of pavement which are now in 
use, mainly at the ECT container 
terminal in Rotterdam (Van 
Leeuwen' but also in other port 
yards in Rotterdam, Amsterdam 
and elsewhere. 

As already stated, it could be 
recommended even to us in the 
Netherlands to focus our attention 
on a more rational design of con­
crete block pavements. This will ask 
for a better understanding of the 
general mechanical behaviour of 
small element pavings, in order to 
obtain a more realistic design 
method for block pavements under 
light and heavy traffIC and to reduce 
the maintenance to an absolute 
minimum. Having no deep insight 
into the general behaviour of block 
pavements, designers have made an 
attempt to develop a reasonable ex­
planation for the mentioned 
behaviour. This work was started by 
Meijer3

• 

An attempt was made to 
demonstrate the effects and the 
advantages of some structural 
arrangements and details such as: 

Small tolerence in the dimensions, 
i.e. dimensional accuracy. 
Narrow joints, which should be 
properly fIlled. 
Requirements for the layer(s) 
under the block paving (stability, 
thickness compaction, etc.) 
Water control (drainage of sur­
face and subsurface water, in­
cluding groundwater). 
Edge restraint, i.e. lateral support. 

Static loads (load distribution) 
Concrete paving blocks are general­
ly smaller than the contact area of a 
motor tyre, and therefore, a block 
pavement will provide only a limited 
load distribution. Although a wheel 
of a vehicle will often bear 
simultaneously on two or three 
blocks, there will still be not much 
load-spreading effect. 

Yet the load distribution must be 
greater than might be inferred from 
this, otherwise contact pressures of 
say, 0'6-0'8 N/mm2 (600-800 kPa 
from wheels of commercial vehicles) 
would be transmitted undiminished 
to the sub-base. This would certain­
ly be an excessive value, especially if 
there were a large number of load 
repetitions. The load distribution 
which must therefore be presumed 
to occur will obviously be better ac­
cording to how well the blocks 'co­
operate' with one another. The 
blocks will therefore have to lie 
close against one another, and the 
joints should not only be narrow, 
but also properly filled. (This is 

frictional resistance 
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Figure 8: Frictional resistance between two 
blocks', 
also important for limiting the 
penetration of water through the 
joints). If these conditions are 
satisfIed, fairly high frictional 
resistance will be developed in the 
joints between blocks which seek to 
move relatively to one another 
under load (Figure 8). This friction 
prevents the blocks from undergo­
ing excessive relative displacements 
and transmits part of the load to ad­
jacent blocks. 

For the desired 'co-operation', i.e. 
for an effective load distribution, it 
is essential that all blocks have near-' 
ly the same shape and dimensions. 
Dimensional accuracy should 
therefore be good, which means 
small tolerances in the dimensions. 

Moving loads 
A block pavement, no less than a 
brick pavement, undergoes 
remarkable deformations under the 
wheel of a vehicle going over it. In 
front of a wheel a kind of 'bow 
wave' is formed, and behind it 
comes something resembling a 
'wake'. These phenomena have 
been photographed with the aid of a 
high-speed camera when the creep 
of small paving elements was being 
studied9

• 

Before, during and after the 
passage of the wheel, the blocks 
undergo some vertical movement. 
This almost certainly causes addi­
tional compaction of the sand under 
the blocks. In any case, it is a 
generally known fact that the sand 
sub-base, under small-element pav­
ing which has carricd traffIc 
loadings for long periods, often has 
a surprisingly high bearing capacity 
(expressed as CBR), and certainly 
much higher than at the time of con­
structionof the pavement. This 
means that the shear strength of the 
sand sub-base, and consequently its 
resistance to deformation, has in­
creased. 

Use oj Prandtl's theory 
In SCW Report No 44 
Betonstraatstenen3 an attempt is' 
made to clarify the behaviour of a 
block pavement with the aid of 
Prandtl's theory. This theory, 
originally published in 1921, was 
established for analysing the mode 
of failure under a uniform strip load 
such as that exerted by a strip 
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footing or foundation. It presup­
poses the development of surfaces 
of sliding or shearing, which form 
wedges (Figure 9). 

When a block pavement 
undergoes this type of deformation, 
'hinging points' occur between adja­
cent blocks (Figure 9). The blocks 
are thrust against one another at 
those points, so that a kind of 'pre­
stress' is produced in the pavement. 
(This phenomenon is elsewhere 
called 'progressive stiffening' or 
'progressive interlocking'). As a 
result, the pavement, though con­
sisting of separate blocks, behaves 
more or less like a rigid slab. 
Because of its relative stiffness and 
its weight, this 'slab' will counteract 
the formation of sliding or shearing 
surfaces in the underlying material. 
Such sliding (shear) surfaces will be 
less likely to develop if this material 
(e.g. a sand sub-base) possesses 
greater inherent stability. The loss 
of this stability has to be prevented 
by effIcient water control, i.e. 
drainage of surface and subsurface 
water. 

Conclusions 
The pattern of forces in and under a 
concrete block pavement is evident­
ly rather complex. The theory 
outlined in the preceding sections 
does, however, appear reasonably 
convincing. Some conclusions can 
be drawn, dealing with structural 
arrangements and details, and many 
years' experience in actual practice 
shows that these conclusions are 
correct. 

An obvious conclusion is that the 
joints between the blocks should be 
narrow, they should remain nar­
row, and they should remain well 
fIlled to provide effIcient load 
spreading ability for a long time. 
Therefore, high dimensional ac­
curacy is required and this requires 
close tolerances in block dimensions 
in both the length and the width. 
(The thickness may present a 
relatively greater variation). The 
blocks have to lie close against one 
another to provide a tightly·laid 
block pavement, and therefore the 
blocks must be placed fIrmly against 
their neighbours when they are be­
ing laid, and this calls for good lay­
ing work by experienced skilled 
paviors. Filling the joints is ac­
complished by brushing in dry sand, 
but sometimes it appears that it is. 
better to wash in a mixture of sarid 
and water. In all cases vibratory 
compaction has a favourable effect. 

The fIlling material could be a 
natural sand, which would have to 
comply with any minimum require­
ment concerning its grading. If only 
uniformly graded fme sand is 
available, a more angular-grained 
and better graded material (e.g. 
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Figure 9: The behaviour of a concrete block pavement under load'. 

Fil?ure 10: The behaviour of a concrete block pavement with inadequate edlie restraint'. 

crushed-stone sand, i.e. crusher 
sand) should be preferred. 

When rectangular blocks arc-used, 
which is normal practice in the 
Netherlands, a herringbone pattern 
provides a much better performance 
under load than simple stretcher 
bond (half-bond). It also offers bet­
ter resistance to creep and to 'mov­
ing outwards' of the blocks. It is 
also less noisy under traffIC tlIan 
stretcher bond. 

For the sake of completeness, the 
so-called 'interlocking blocks' have 
to be mentioned in this context since 
they have been developed for the 
purpose of offering greater 
resistance to forces tending to cause 
creep or lateral displacement of 
blocks. Nevertheless, of the total 
Netherlands paving block produc­
tion, the share of interlocking types 
is only a few per cent. When rect­
angular blocks are used, suffIcient 
lateral support is needed to prevent 
the blocks from migrating out­
wards. This lateral displacement of 
thc blocks occurs under traffIC loads 
when a transverse horizontal force 
component is developed, particular­
ly because of the cross-fall (or addi­
tional cross-fall in bends). Even 
more serious is the fact that the 
material under the block pavement 
is also liable to be forced away 
sideways, which can also be explain­
ed with the aid of Prandtl's theory 
(Figure 10). 

Therefore an effective edge 
restraint should be provided, which 
must not only prevent the lateral 
displacement of blocks, but also 
prevent the underlying material 
from being forced away sideways. 
The type of kerb construction for a 
given situation will depend on the 
traffIC (intensity and weight), the 
properties of the material under the 

blOCk pavement and in the road 
verges or shoulders, and on some 
other factors of less importance. 
The desired resistance to deforma­
tion of the block pavement under 
the load requires suffIcient stability 
of the material under the pavement. 
This will govern the specifIcation of 
the properties of the materials to be 
used. It will be decisive for the 
thickness of the layers, for the 
degree of compaction and for other 
requirements, which are the same as 
those required for other types of 
paving. Finally, it will lead to tlIe 
choice of one of the three construc­
tion types which are described in the 
next section. 

Last but not least, effective water 
control is necessary to prevent loss 
of stability due to any harmful in­
fluence of water. This implies 
drainage of surface and subsurface 
water, including groundwater, 
which is equally applicable to other 
types of pavements. 

Finally, it should be noted that 
the above-mentioned structural 
arrangements and details all have 
the intention of achieving interac­
tion of the paving blocks (interlock­
ing) and preventing deformation of 
the block pavement. 

Construction types 
Concrete block pavements often 
have to satisfy the following condi­
tions: 
1. The pavement should undergo the 
least possible deformation, even 
under repeated loads. For this 
reason its various layers (block pav­
ing, sand sub-base, special sub-base 
with a laying course) will have to 
possess adequate stability. 
2. The layers under the block pave­
ment (sand sub-base, special sub­
base, with a laying course) must be 
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able to absorb the water seeping into 
them and must also be able to 
discharge it, without loss of 
stability. 
3. In many cases a suitable kerb will 
have to be provided. 
4. In SCW Report No 44 
Betonstraatstenen3 three types of 
construction are distiguished, viz. 
type A, type B and type C (Figure 
11). 
5. The heavier types (B and C) will 
usually be adopted for roads c'lrry­
ing heavier traffiC loads, but this will 
not necessarily always be the 
deciding criterion. 

Types A, Band C are used in the 
following applications: 

Type A 
Pedestri,an precincts and malls, 
footpaths, car parks for private 
vehicles, pavements for limited 
amounts of light traffiC travelling at 
low speeds. e.g. contact pressures up 
to O· 2 N/mm2 (200 kPa) and wheel 
loads up to 5 kN (0' 5 tonne). 

TypeB 
Residential roads, rural roads with 
little traffiC, traffic lanes on car 
parks; in, general, pavements with 
predominantly light traffiC (private 
cars) and only a very limited number 
of heavier vehicles per day, e.g. 20, 
but only a few with axle loads of 
80-100 kN (8-10 tonnes). 

TypeC 
Roads, bus stops, industrial pave­
ments and floors, storage yards; in 
general, pavements for heavy vehicles 
(lorries, forklift trucks, etc.) exerting 
high contact pressures, e.g. 1-10 
N/mm2 (I-lOMPa). 

A so-called 'improved sand sub­
base' is used in construction type B, 
but it can also be used in types A 
and C, if the sand to be used would 
otherwise be unsuitable. There are 
various procedures for improving 
the stability of a sand sub-base: mix­
ing with a better type of sand, mix­
ing with granulated blast furnace 
slag, mixing with cement (rather low 
percentages only, since the object is 
not to obtain a real sand-cement). 
Type C is characterized by a special 
sub-base covered by a laying course 
(which also acts as a levelling 
course). 

The sub-base can be constructed 
from unbound material such as old 
road pavement material, hardcore, 
gravel, old stones, blastfurnace slag, 
scoria, crushed rQck, etc. A sub­
base of this kind ~ust be laid and 
fmished in the same way as a base or 
sub-base for a bituminous pavement 

Lightly or fully bound materials 
are hydraulic blastfurnace slag, ce­
ment stabilized sand (sand-cement), 
etc. Such sub-bases are constructed 
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Figure 11: three 
construction types: 

(a) blocks on sand sub-base: 
(b) blocks on 'improved' sand 

sub-base: (c) blocks on a 
special sub-base r base') 

covered by a Jaying course, 

a 

in the same way as bituminous pave­
ment. The laying course should be 
somewhat resilient, but also stable. 
For lightly trafficked pavements the 
material employed for the laying 
course is sand that fulfills these re­
quirements. For pavements which 
have to carry heavy to very heavy 
traffiC load, however, it proves to be 
recommendable to use another 
material, so-called crusher sand or a 
mixture of 'crushed stone and chip­
ping' (0-8 mm) such as has now been 
successfully used for almost 15 years 
at container terminals and in similar 
port yards. 

FADES 
In 1962 the Netherlands Association 
FABES (Vereniging van Fabrikanten 
van Betonstraatstenen) was 
established by 21 concrete paving 
block manufacturers. 

FABES started with an exchange of 
technological knowledge in order to 
improve the quality of the concrete 
paving blocks and to obtain a more 
uniform quality of blocks. For four 
years the members regularly sent 
samples of blocks taken from their 
production to a control laboratory 
where several block properties were 
determined. Along these lines an in­
sight into national production could 
be obtained. This proved to be a 
useful contribution to the work of 
the then newly-established Concrete 
Paving Blocks Committee of the 
Netherlands Foundation for Re­
search, Approval and Certification 
(KOMO) and the Netherlands Stan­
dardization Organization (NNI). 
After a few years this committee 
presented the fIrSt Netherlands Stan­
dard for Concrete Paving Blocks: 
NEN 7000 Betonstraatstenen­
Keuringseisen, dated June 19664,5. 

In the seventies FABES contributed 
to the work of the Betonstraatstenen 
(Concrete Paving Blocks) Working 
Group D-2 of the Netherlands Study 
Centre for Road Construction SCW 
(paragraph 3), which produced 
SCW Report No 44 on Concrete 
Paving Blocks3• 

In 1974/1975 the original rect­
angular block (the Kei-shape of ap­
prox. 213 mm x 105 mm, length to 
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width ratio of approx. 2) was sup­
plemented by a smaller block, the 
Dik (approx. 213 mm x 70 mm, 
length to width ratio of approx. 3). 
In 1977 a much smaller block was 
introduced and then FABES decided 
to standardize the dimensions at 
200 mm x 50 mm (the Waalshape, 
length to width ratio of about 4). 

In relation to the already men­
tioned revision of NEN 7000, 
F ABES agreed to a further stan­
dardization of dimensions, viz. 
211 mm x 105 mm (the Kei-shape) 
and 211 mm x 69 mm (the Dik­
shape), which will be produced 
generally after a transitional period 
of only a few years. 

It could be concluded that a 
national association of concrete pav­
ing block manufacturers such as 
F ABES is of great value in several 
respects. . 
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