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i his docadn~ent is inten iete guideiine !or the desi af seginen tal 
vefi2ents in Ss&h RAica, The strrictgnral desi n method may 

bcth concrete and fired-clay  hi^^ ave t-;1xwts are classified into 
specific areas of use and a cafal Is for each OS these areas 1% 
given. The importance of materi esign loads, environment and 

ction in relation to design are discussed, and varir~us practical aspects 
are considered. 
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This document is intended as one part ot a trilogy on segmenlai block paving, The 
olker iwo parts are provided by the S Specificatior! and b y  practical block--laying 
guidelrnes prepared by the CM4 and RDA of So~ l lh  Africili. 
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The procedures for :he structurai design of block pavements presented in this docu- 
ment are applicable to both in ustrial and normal roads. industrial pavements, wilich 
inclc~de c~ntaines stackin areas, can be dcsigi3ed Tor iight, medium, heavy or very 
heavy duty. The d gn procedure in~i l ides the use of block paving for lighliy trab 
ficked of- non-traffi ed areas and covers, for exsrnple, footpaths, cycle tracks and 
pavefnenis for c ~ w  uses. The procecliires are based on a combination of existiiig 
rnethcds, experience and the fundamental theories of structural clesign and rnaieriai 
characteristics and behaviour. These recommendations do not rlecessarily exciiide 
other design methods; indeed it is expected that as technology develops arid the use 
of block pavements increases, many  new procedures will be developed. For this pui- 
pose the  catalogue of designs has been made loose-leaf to allow for updati i~g as and  
ivhen necessary. 

7-9e stwcturai desigr! of pavements concerns the protection of the subgraGe (Ihrotigh 
the provision of pavement layers) to achieve, as cheaply as possible, a chosen level of 
service, wtlh rehabilitation, over the analysis period. Factors such as h e ,  traffic, 
materials, su bgrade soi is, envirormenial cund itioris and ecoriomici-. are taken mto 
csnsideraliion. 
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A - archi!c.xtiri,al (non-veh~cie associated) 
(11 foolpaths; 
( U )  slope protection and 
( i l l )  ulillty (i?g swimrntng pool surrounds). 

I - rndusnrial 

( 1 )  normal heavy vehicle parking; 
( 1 l! medium ~nauslr~zl  working area; 
(iiij hcavy mdi~strial arcas and 

abnormally heavy industrial slackmg areas 

R - roads 
( i )  parking areas and driveways; 
(i i )  service areas; 
(hi) rural arid 
(iv) urban. 

T i ~ e  design o! segn?erlral pavomei-11s for rural and urban roaas (catcgoiics ( 1 1 1 )  and i iv )  

above) can be classiiiec! mto traff~c categories used for ihc deslyn of ~ i i te r~~rba i - i  and 
rura l  pavements detailc-d in TRH4 (1  GEE), and in the Norms document ! 1 %E), and 
given in Figure 2. 

The client wiii ~isually specify the required category of road However, the designe; 
should ascertain that the traffic voluirie, present and f u t u r e  wheel and axle load~ngs 
and other faclors comply iwth Figure ? The find decision ~ v t l i  resl w t h  the client, 

The levol of service that a user expects from a road is ieiaied to the i \ i ~ c i i ~ i >  of the 
mad, to ihe gereral standard of the facihty and partly to the voiurm of traffic carr~ed.  
For example, the user will e x p x t  a better riding yvaiity on a dual--carriageway freeway 
than on a mi!?oi" iiirai :sad The design traffic is expressed m terms of total EPOs over 
the sti-uctuiai dssign period, which is defined later in this document. 



tqoad class i aild 2 3 ;zna 4 5ia) and Sjbj 5(b) IQ 5(f; 
_-----I-_--....I---__-_.__.-_.I_~____- -- p-.-11_ _--. ---- 

irnporlance ~ / F : I - y  l:r!poi?an'i Less ir-nporjant iJnirnporlailit 
a i.1 if r l c:; in? pcjitanl Moderate level Moderate to L-c~w Ia ic i  of 
lk:vei High icvcl 0 1  sec?iic@ i ~ w  level of se~v i ce  

of service S ~ : \ J I C ; ~  
----------------V-- .~- - . - ._ - . ._ l l~_- . . - - - - . - -+~-~ . - - . . -k - . .m-- .  ----v- 

-r c)ta \ 
ircatfir, over 
struciarai 
design periocd 
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4% % U ESI 

Thc anaiyss period IS a coi-~venient plaiir-iing period during which iiill recon:;tructon ot 
the pavement is irndesirabie, The struclurai design period is defined as ihc pcriod 
during which i t  is predicted with a high degree of cm-~iidence that no struciural mar?  
tenancc will he required In !he case of a block pavernet-it ihe occasional lifting of sn-iall 
areas of blocks to provide r-ninor- reinsla'ter.r;er.il is rlol- considered as struclurai 
imai i-~tcr?a.r;ce. 
- 

i o iui!iI the designobjectives cf selecting an oplimurn pavement design 1:: it?r/-r-is of 
present vvorlh of cost. it is necessary to consider the performance of :hi? pai/c!rieri: 
tlorit-lg the arxilysis period. Figure 3 is a sciiernalc represenlatior; cf IPis des~(j;-i 
strategy. 

I t  s impoilant io note that any aesion pi'ocedt~re c m  or-dy make  an es11rr;alc of iiir 
l~mirig rind nature ol the n?ai:iteriancc measures inat inay be needed  [3y rraiai-c 
estirv:aies are only approximate bu? they provide a valiiabiu y ~iidv: for- ;? design sirairzgy. 
P-hc actual maintenance should be cleterrnined by means ~f a propcr evai~~r i t ic~i - I  of :/;c 
mairitenance required. The accuracy of the prediction could be irrlprovc,c:j b y  J p a v e  
rncr t performance feeciI:~ack system. 

The analysis period is a realistic cost period. There inay be a difference Wctw~en the 
analysis period and the total pcriod over which a facility will be used The analysis 
period is often re!a:cd to the geometric l i fe  i i  the road aligrlmei~i 1s fixed, a period of 30 
years should be i~sed. In thc: case of a short geometric Iifc, in 3 changing traffic 31 
loading siiuatior?, a short aimlysis period will be used. A short analys~s period will also 
be used when the proposed pavement has a limited life jeg a mine road). The analysis 
perlod will !nlluence The salvage value :lsed in the desigi-i (step 8). 

Struciural design of segmental block pavemenis 
U I G 2 ,  Pretoria. Soiilh Atrrca, '1987 
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in the design of road and other pavements !he cumulative damaging effect of all 
individually applied loads is expressed as the i:umber of equivalent 80 k N W g i e  a x e  
loads (E80). 7 i i C i l G  and T'MI-13 give details of the meif-iods of calculat i iq the 
E[jos r R ,  ? 9, 

This is h e  number of 80 kN single-axie loads that wouid cause !he sai i le darnage 10 
pavcrncnt 3s the actual spectrum of applied loads For st ruci~xa!  de:;igii, a n  rsi~inatc 
oi the cm-iu!ative equlvaleni :raffic over the strijclural design period I:; r i i ~ l . m x l  r i i s  
cumulative equivalen? traffic can be deiermined in hvo different ways. 

-r 
I hrough &lailc;d computation by cstirnation of initial and menil dnty t i a i i ~ c ~  
growth rates arid kr?e or area distribution factors. Two P U ~ I / C C I ~ ~ O ~ ? S ,  i73ri7dy 

-)-R/-l 16'%ntj TM H316 arc desigrled io assist In this i ick i ikd corr~p!&tor-i. 

. , 

i jn less more speci f~c iriforrr~atior~ is available, estinin!ior, of the curr~ulzitive cqirvair:? 
Iraflir. over the structural design period irorri tabulated values is rccomnjei?ded 

. . 

I f  the inilia1 daily equvalent traffic is used 3 growth ;ate has applied. -[l)!:; g p ; ( > ! , ~  

in Figure 5. !is !is<: should be bascd on specific intnrrnaiior? but for !niertirbar~ r i ~ ; i c i  

design a growth sale of 2 to I Q % has been determined and a vaiue of 6 Oi, is 
tjeif-ig i.iseili. 







Detd~icd cornpviat~on of E80s involves: 
i i )  appl~ed load equlvalcricy, 
( 1 1 )  actual sirveys o! /~;idlr)g ~ ~ i i d i i ~ n : > ;  
( 1 1 1  p ropxion of o a d ~ n g  data Thr o u y  hout the des~gi? p e r a d  and 

h) esliinaiincj the lane or arca dlsti burian. 



The figure 4 is taken as the South African natioiiai average The i i  value ranges lronl 
n - 2 for granular rnater~als lo n = 6 for cernenr-treated inaterials. These n values 
assume that the rnalerml is not saturated, is under 40 OC. or IS not gap-graded 
etc. 

Sorne pavemenis arc sensitive to overioadng. 1 I-iesc lr-iclude shaliow-~lructuiea 
pavements with thin cemented bases. I n  such casts n is more than ;f but with less :;er? 
s w e  designs i i  IS less than 4. In a case 01 doubh  sensitivity analysis is required u s r x ~  a 
spectrum of loading conditions and applying n in a range of 2,O to 6,O This is of par- 
t 1 ~ 1 : 1 x  iniportance in ihc case of abnormally high axle loading 

The eouivalent traillc car! be delermiried by muitiplying the axle ioads in each load 
group of t h e  entire lozd spectrum by the relevant equivaiency factor read from 
F-iqiirs 8. 

The stalic axle loads of a representative sample of vehcles c m  be aetermncd b y  

irieans of p e r m a ~ e n l  weigh-bridges os portable scaies (mass mctcrs?. i hc axle 10;i i j~ 

c w  bc classiiied lnto convenient axle-load groups Addil~onal'y , vislral sut vcys of 3 1  

passing traffic can bc ~Ciiriod out and the traffic can be divided 1r:to appcirerit axle load - 
lngj ~ i o u p s  By !his means an cstination of t i c  rlurnber of repet~ticms of -i c j l \ /cm I m d  
c ~ i i  t)o m<idc These figures can easlty be trarxlated to eq~iivaleiii Ir:,ad by I J W K J  

h g : m  8 
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The selection of mater~als for the pavemerll design is based on a coinbinatior of 
availability, economics a17d previous experience. Tl-~ese factors need to be evaluated 
duiii?g the  design in order to select the materials that suit the require/-nenls best. 

Generally the design procedure uses ihe standard material specifications defined in 
Draft ~ ~ F f 1 . 1 ~  ("Standards for road construction materials"). The classification of ii-ie 
inaierials is given in Figure $3, The rnatenal codes listed in this table are used exten- 
sively in the catalogue of designs. Only abbreviated specifications are gwen and 
Tl'ii-llfl should be used for more details. VVaste materials (eg blast-furnace slags) and 
pedogen~c mater ia!~ have not been classified because ol their varying quality. I f  these 
materials are to be used they should be classified under the appropriate material 
mdes3. 

The materials are class~fied accordrng ro thmr fundarnerltal behavioilr into mi-lous 
categories with different classes according to the~r  strength chnracter~stlcs. 

6a  1 

Gravular n-iaterrais and soils show stress-dependent bei iaviwr, and urlder repeated 
stresses, deformation can occur through shear and/oi derisiicatiuri 



GIO 1 Gravel  -- so i l  
--G".- -- 

enPed crushed U G S  6 !'a 12 MPa a ?  100 V0 mod A & S H T O ,  S p e c  at i 
I e ~ s t  G 2 be fo re  t r eaBment ,  D e n s e  - g r a d e d  



M 
T hc climatic condit~ons, pariiculaiy moisture and rernperature, under which ihc p a w  
ment will funciion as well as the uiiderlylng subgrade conditioiis. define the envi;,?rl- 
rneilt The e~v i ronmenl  musl be taken into account the design of paveiner~t 
slri ictiires 

I h r :  clirnale will largely deternune t k  wea lk f i r ig  cfi fiiatural rocks, the durab1l11y of 

wcathercd, natural road biiilding materials and ,  deperiding on drainage Conditoiis. 
also the stability of untreated nlalerrals in the pavemerit The climate may r&o 
inliuence the equiltbrwn mo~siure content The designer should alw;~ys co~x ide r  :W 

ciir-n;ilrc corld~lrcjr~ and a v o ~ d  using rnaierials known locally To d i ~ ~ i a i /  C X C ~ : , S I V P  

~~atci--susccpti  brl~ty or temperature-sensi t~vtty In advcrse condlt io~~s l t I:, ~ . I S O  p ( iw  tw 
to accorrimoiralc climatic conditions by cither adpstirig CBR values or by \ ~ c i g ~ i t t : ~ )  
ti-ic ci ju~ualei l i  t ra f fc ,  but not by both. A suggcstcd wcighlirq system t o r  e ~ ~ i ~ v , i I , ~ ~ ~ t  

!snffic 1s givcr~ in l R H 4  (1985) 
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The term "material depth" is used to denote the 
road to which soil characteristics have a signifi 
Below this depth the strength and density of the soils are assu 
effect on the pavement. 

Figure l l specifies the material degths use for determining th 
subgrade for the different block paving and road categories. 

A segmental block paving project should be su divided into si n ificanl sv bgrade 
areas. A too fine delineation could lead to confusion during 6817 f r u ~ l i ~ f l .  The pre- 
liminary soil survey should delineate subgrade design units on the basis of geoiogy, 
pedology, topography and drainage conditions at the site - or major soil boundaries - 
so that it is appropriate to define a design CBR for each unit. 

The designer should differentiate between very localized good or poor soiis and more 
general subgrade areas. Localized soils should be treated separately from the rest of 
the pavement design. Normally, localized poor soils will be rornoved and be re 
by sciitable material. 

Structural design af segmental block pavemants 
UTG2. Pretoria, South  Africa, 1987 



The C9R is iiormaliy det~rmir-iec: after samples have been soaked for four days ana 
may be adjusted ,~ccoidii-jg to Section 7.2. Special measilik3s are necessary if a 
rnatori;;i with 3 OBP of 3 is eixxxmler ed vtithin the malerid depth. T k s a  inciuge Wal- 
n-icnt (chernicai oi !ncchar~:cai), stabilizalion, i i iad i f i~a t i~n  (chernicaij, removal and 
:ep&cemenk with a befle?i iriaieitai or !he addriior: of ex;m cc;vei. After rhe spt2c;iai treat- 
i-nenl, the moter!zi wii! be siassifiec: under one ~t !he iernainicg foijr subgrade 
groups. 

Wilen the block paCk;enlent is on fill, the desigrier musl crse the best information 
available on the locai materials that are likely to b$ used. The rnaleiiai S!-icuid be con- 
trailed to at least the mater iai depth. TRHS shouid be consulted when a maie:i;..i wi!h a 
CBW of 3 is used i l l  the fi l l .  



The designer may use a number of design procedures, such as mechanistic design 
rneth0d6~ 7, a structural design methods, design curves or the cat 
given in this document. Whatever the method used, factors such a segmental bbck 
pavement category, design strategy, applied loads, materials available, and environ- 
ment must be taken into account. Some estimation of future maintenance rneasurcs IS 

necessary before a comparison of different structures can be made on the basis of 
nt worth of costs. Special construction considerations which rni 

either the pavement structure or the pavement costs, are discuss 
stop 7. 

This document is mainly aimed at using the catalogue of designs. It is however, l ikei y 
that the best results will be obtained if the catalogue is used together with relevant 
local experience. 

The behaviour of a segmental block pavement and the type of distress which will 
become the most critical, vary with the materials used in the subbase layer or layers. 
The behaviour of these materials will normally determine the type of maintenance 
expected and may also influence the pavement type selection. A brief description of 
the typical behaviour of these material types follows: 

The mode of distress for pavements with untreated subbases is usualiy deformation 
arismg from shear or densification of the untreated materials. The deformation rnay 
manifest itself either by excessive rutting in the wheel paths or by longit~ldinai rough- 
ness (ie differential settlement and differential rutting). Grariuiar materials are often 
susceptible to water and excessive deformation can occur should water ingress 
through the surface. 

Treated subbases irnprove the load carrying capacity of the  segnentai block pave- 
ment. Treated subbases are designed so that, at some stage the subbase will crack 
under loading. The cracking may propagate until eventually the layer exhibits proper- 
ties similar to those ot a good quality natural granular material. iMIe runing or ion- 
gitudinal deformation is likely for some time and this increases somewhat when the 
subbase has cracked extensively. It is, ho ever, likely that some cracking into irre- 
gular blocks of subbase material will be evident very early in the life of over-treated 
bases; this is caused by the mechanisms of drying shrinkage and thermal stresses in 
the treated layers. Load-induced cracking will cause these irregular kxks to kXXMk GP 
into srnaller ones. The  ingress of water throu h any poorly sealed joints in the bkxk 
paving may cause the irregular blocks of sub ase material to rock, resulting with lime 

Structural dasign of segmental block pavements 
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There is no des~gn method ava~labie to predict tne exact condition of a segmental 
block pa.vement 10 to 20 years in L ~ I P  tuti~re. Howewr, as shown in the previous 
paragraph, cerlain kinds of dis i i -~s  can be exp~clea'  i:? certain segmenrai 
pawman i s  3 r d  account mus: be taken of such distress. Figiire 13 shows terminal can- 
c! itions of ru l depth and cracking considered acceptable for the various calegories. 

Before jhe catalogue is used, ail the factclis noted in design steps 1 through 5 should 
be considered. By making sure of the segmental category, desigr; 
stralegy, design equivalent traffic and material availa net can chssse a 
segmental block pavement structure. It should be m t  designs are con- 

e of adequare capacity lo carry the total design equivalerlt traffic over rhe 



riod. Construction cons nts on practical lay 
esses are met. It is assu d that the requirem 

standards are met. 

le when special conditions arise; ot 
ue can still act as a guide. The c 

necessarily exclude other p segmental block pavement strucfu 

The catalogue assumes that all su bgrades are brou 
esign step 5 limits the design CBR of the subgrade 
ock pavements the in situ subgradesoil shou 

pacted if needed. On top of this prepared laye 
The required S cted su bgrade layer 
grade. Figure hows the preparati 

led layers for the different subgrade design CBRs. 

SlTU SUBGWADE 15 E ET 08 IN W E T  CL IMAT IC  
IGURE 2 1 )  AN ADDtT IO M A Y  @ E  REQUIRED 

*@COMPACTED PO THE APPROPRIATE DENSITY SEE FIGURE I6 

Pi-eparalion of subgrade and required selected layers for the different suSgrade 
design CBRs 

Fig w e  15 shows the various layers possible in a pavement and defines i he rerrns 
used. it must be noted that locks themselves fs the surfacing of t 
road, their structural prope r to those of a road se - hence they are 
known as the base layer. 

Sbucturtml design of ss mental block pavements 
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1- Wersrlng courrs 

Terrninniogy med with segnlenfai block paving 

Figure 22 shows designs suitable for the A category (Architectural). 

Figure 23 shows esigns suitable for the I category (Industrial). 

6 

ategories (Roads) with Figure 24 
nditions and Figure 25 designs 

suitable for wet conditions. 

Structural design of sc4grnenaal .b!sck pavements 
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ophy is to provide 

gcod pavement performance, and it is pre-supposed in the  structural design 
prnced we,  

Drainage design is an extensive subject nd detailed discussion of it is beyorid the 
scope oi %his doc~jr13eni. 

Both the discharge of surface run-off trol of subsurhace byater need to be 
considered. Surface run-off is general rr"rolled, %U!, s l~bs i~ r f  
iin~ior!ant. Cer! in in situ materials tha ermeable, eg some 
and Cape Fiats sands, are free-draini tradiainage is required. Imperme- 
able rnaieriais may trap moisture and ement layers to become saturated, 
. A ) ;  p 1 : 3 n associated loss in strength. These will require deeper subsurface drainage. 

Pailwlai attwition needs to be paid to cutkings, high-perched water iahles, vleis 
eic. 

The design procedures assume that the material properties specified are achieved m 
the fretcl 

Figure 16 gives the minimum cornpaction standards r e q ~ i r e d  for the various layers of 
the pavement structure l t S hould e noted that below ski b ase level, the standards are 
irldependent of the rnzlerial type used. 

--p---" -7 
P A V E M E N T  L A Y E R  COMPACTED DENSITY l --I --p___---p-,, 

t 
! l 



/ems may arise in the subgr ich require individual treat- 
ssumes that thes aken into account 
that need to be c 

the excessive voiurne changes that occur in some so s a result of moisture 
eg expansive soils and soils with col1 
structural support, eg sinkholes, mining subsidence and slope 

-uniform support that results from wi e variations in soil types or 

ence of soluble salts which, under favourable conditions, may 
pwards and cause cracking, the disintegration of cemented bases 

and loss of density fa untreated bases and 
the excessive deflection and rebound of highly re ient soils during and after 

ge of a ioad, eg ash, micaceous and iatomaceaus soils. 

uidelines should be followed to deal with these problems. 

i$&a 
A major advantage of segmental paving blocks over earlier forms of small-element 

such as cobblestones is that, in general, they can be laid by unskilled labourers. 
i-lowev~r, in order to realize this objective, it is essenlial that the shape of the blocks be 
such that, once a laying pattern has been established, each block can be located 

usiy with respect to its neighbours. In other words, the block shapes 
elf-locating. Inspection of the shapes shown in Figtire 17 reveals that 

h T all fulfil this requirement. Nithin this group, shapes through F pro- 
both the long and short sides of the block. 

ely used rectangular shape, W, are no1 self-lac 

e efficiency o! block la is the degree to which biocks 
n order to achieve bo ertain shapes (eg G, H and K) 

during laying even when working in stretcher bond. 
must be turned upside down for every second course. 

ise reject block ith a poor finish may 
ut  it precludes the useof ac  
vernents laid in these shapes can be 

d bottoms of the blocks stain and weather to different 
S seldom bother to re-use the blocks in their original 

yinb is the degree to hich the joint spacings between 
manufacture wear of the mould 
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. . 
-rhe vercat!lity of a paving block system largery relates lo the number of bonds that can 
be achieved for a pariicijiar shape of 9Iock Most oi  t h e  blocks showr) in Figure 1 7 can 
on!y be  laid in strelcher bond which can lead to less than optimal performance o i  the 
pavements under very heavy traffic. So far a,s b!oi;!i laying is conccrrxd, where 
pavements c m  ofily be laid m stretcher bond i t  is riecessar-y to break bond a? every 
:nlerseclion (see Figure 18 for types of laying bond) i f  the blocks can be iaia in 
kiei i i i~g b o w  patiein il b e c ~ r n e s  possible to follow any form of r-oad a/  igrment ~ is ing 
jiisi the standard size and shape of block without ever r-ieeding to break bond even at 
i:jtwsections. This is shawn schernalicaily in Figcr-e -19. For ?his reason block si-)apes 
pcirnitting i-iiiirir-lgbc),ie bonding are to be preferred to sixipes that oriily permit block 
iayir.-ig in streicl ier bor;d. 

Blocks can be rrlar?i~facli.ired i ' r ~ i ~ i  either a ce~~en t~ : i oc i s  material (ey linle, cement 
bias!-i~irnrici: slag) or  t r o m  a fired material iey clay) Ti-~cre will be d!ifereiiccs ~ X ~ W C X F  

blocks made from cerr:ent~t~ous or hied n7aterals in the io!Iowng areas: tolerance, 
porosity. surface wear. duiabihiy. br ~lti~:r-ie~s, rnoistui e ,  Gxp i i i? s !or~  anif s h i n  kage !I is 
possible to atrain fine tolerances itvi\h cemer i i ~ l ~ous  mater ias  which 1s ar) inportant fac- 
tor in rna~nlaining spec~fied joint widths T k  South Aircan Btrreau of Star~dhrds are 
preparmy specii~catlons to cover many of these factors and str~cl con-yd~ar-ice I S  

rec,ornrnended for WI~cnuin perforr-rsar :e 

Structural desrgrr of segmentat block pavements 
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Types of iaying bond 
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A limited investigation into the effects af c hailging the size of blocks shape A t h r o u g h  
F of Figure 17 has been made? The approximate sizes of the blocks studied werc 
220 inrn X 100 rnnl and 176 mm x 88 rnin covespunding ia approxlrnateiy 40 and 50 
blocks per square metre of pavement ie~peci ive ly .  The coinparlson, a l l hoq i i  I m t e d  
in scope, showed that changes in the size of the block have no effect on the perfrir- 
mance of block pavements urlder iraliic. 

In some recent stbndies it was deterrn~nedg that an increase in thc thickr~ess d the 
paving blocks led to a r educ lm  in the rutting dcformallons, surface deilectons and 
subgrade stresses. These ~rnproverner.its in periorinarxe were found io be incieper~ 
dent of the th~ckness of the silbbase or the maynitilde of the wl-lee/ load and were a 
nan-hear  filnction of block thickness in i h s  respect a change n block ihickrless 
iron-\ 60 Lo 80 mm was more beneficial to performance than a c i~nnge lroril 80 1 0  

l00 m:r; i i  should be noted that, a7 the h i g h e r  of t h e  rwo wheel loads sludied (36 k N )  
block i51ckitess was the principai drbjiec of pavemerit perforrnarxc in iespecl of dcfoi- 
i r ? a t i ~ n  and deffeclion, wi-mt-eas at the lower wheel load (24 kkd) both base and block 
th~ckness sicpiilcanily influenced the pavement response. I r r -cspxt~ve of !he wfiei?l 
load, I! was found that changes in block thickness had a bigger effect on pertorrriancc 
than correspondrog alterations rn the Ihicknesr, of the subbase course 

The irlechanisrns by which the biocks deformed are of i nteies:. Gcricrally nc daniay c. 
(ic ci-acki 17g, s p a i l i ~ g  O i  i 'uphrej OS the il!dit/iduaI blocks was cbscrvcd. Fai/emer~[ 
deformation therefore rcwl tcd from the rnevement of the inlact biocks relative to on? 
anoihei- Thesc rnuvcincnts were of two lypcs, viz rotatmn about joint i r ~ s  m d  faul!ii-l:j 

a l m g  pints. 

were significant variations i i i  thc ihickrlesses of 3.3jacefit biocks, 

Structural dcsigr? o f  segmental hlock pavements 
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Foliowing studies on the effects of varying the cornpiessive strengths oi the pavhg 
locks for a variety of shapes ii was reported0 that the load-associated performance 

of the block paverneni was independent of the wet oi  dry compressive strenglhs or the 
iiexural strengths within the range siudied (25  lo 55 MPa we1 conpressivo s!rength). 
The Conciein Masonry Association provides a standard specification of 25 MPa 
characteristic wet compressive ctrengh for he i r  produck. 
-,-. 
i wo strengths of biock are recommended, 25 R/! Pa wet con?presslve strength and 
35 h'lFJa wet compresswe strength. The stronger Diocks are for use where excessive 
abrasion or wear is expected. (In ihe case of durable aggregates3 h~gher wet corn- 
pressive stiengihs n i q  be required, The shape and strength of aggregates usea are 
significarlt in c!elermining rhe sv~tability of blocks in Terms ot abrasion and wear.) 

%@ 

Crlaciis can be laid rncchanically or by hand. Piovidmg the constralnis referred to in 
Seclion 9.3 above are observed the method of Siock ltiju-ig has no effect on rhe design 
ol the segmental block pavement. 

shaped blocks atre also available. 

Whereas the benefits of good dramage are yeneraiiy appreciated, drainage stil! 
iernaiiis one oi  the most neglected aspects o: paverner~l design. 

Good surface dra~nage is therefore of prime irnpoi!arce to ensure non-saturation of 
subhase layeis. In practice the cross-fall for block paverneiits should be a rniiliinuin of 
I % on large industrial areas where the terrain is very flat. The desirable rninirnurn G/ 
2 % should however be :stabiist?ed wherever possible. Special cons~derations for 
wide areas of  i r ~d~s i r i a l  3:,iny should be given to ensurc- ad~qua ie  cross-fail of ihc 
swlace. Cdmbered ciccs-sections are also salislacrory. 

*I E 
Edge ii?sira~nt 1s reqiirred along the eciges of a block pavemen1 to prevent the outward 
rri~giation ol blocks. wh~ch  would iesult in the opening of joluis and loss of bond be- 
iweon the blocks. Edge resiraint can be provided by conveniionai kerbrig The 
aesthetic appearance may be improved with prccasr or nalirrai stone kerbmg as a col: 
lrasl to the blocks li~ernsdves. In large industrial or civic areas iriterriied~ate restrant 
measures may sometimes be necessary. 

Strhi~tural design of segmental block pavements 
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pheooinenon known as "lock-up" occurs with segmental paving biocks some time 
after laying. The joints between the blocks seal better due to the action of trafficking 
and weathering causing cor?traction and sxpansion cd blocks and the addition of road 
detritus into the joints. It is also possible that with lime a degree of ii?divld~iai settiemet?t 
of the block wirhm its sandbedding Iaycr occurs. I T  IS said tha t  indiuidua!. si-laaed 
blocks "inteiiocic" arid a segmental pavemen1 "locks up"'9!10. i l l i s  has been found to be 
similar to the "initla! settiiriy-m improvemenls" found with all pavements and noted 
especially during accelerated "rcst~ng. 

The bedding sand is only ~nciutieci in block pavirig as rt construction expedterir 
AIti-ioi~gh a subsla~ltial attenuation of the stresses applied to a block pavement occurs 
witirir: the sands  '0, much of the deioirnat~on (rutting) in a pavement hos bee11 shown 
10 oi igiriate in the ~ e d d i n g  layer Three factors have been deterrn~ned to have an 
;rnportant !niiuence on the response of block paveinents to traffic. i hcse  arc: 

( 1 )  Ihicki~ess of iiw sand iayer; 

( i ! )  grading arid artyularity of the sand and 

j i i i )  the ir~oisture content of the sand during cornpact~orl and in service 

It has becn repotied"t1al a reduction in the loose thickness ot thc bedding sand from 
the tradii~oi~aJ Europeai) specficat~on of 53 mm ro between 25 arid 30 mm was bench- 
clai !o the deformation (rutti i~g) behaviour of b!ock pavernen!~. An almost fourfold 
;educi~on i~ deicrrnatior~ was observed Experience ga~ned in more iiiar? 50 Heavy 
Veh~cie Smulatoi (HVS) trafficking tests on prototype c lock pavements in South 
Airica has confirmed10 that there is no r-iecessity to ernploy bedding sand thicknesses 
greater than 25 to 30 mm in '[he loose (initial) condition which yeids a compacted 
thickness lyp~caily ciasc to 20 mrn (a 5 tc! 10 mm siirchaigc. 1s therefor6 con 
sidercd adequate). 

i i~acceplab le  ievels of perfor ir~arlce have been obseivcd where the proportioi) of siii 
and clay rilaterial smaller ihari 75 pin ;I the sand exceeds about 15 %. In sands with silt 
and clay contents between 20 arid 30 %, subslailtiai detorinattons (up io 50 of tnc 
boddmg sand thuW-xxx'n; have been observed, especially where the sands werc 
LVC 1. 



significant proport~on of clay, greater than (say) 15 %, the add~t~on of water to t he  bed- 
dlng sand has been found to produce subsiantial increases in deformation acconl- 
pari~cd by purnpng For t h ~ s  reason, the use of sands containing plastic fines st~ould 
!X avoided 1i-t the bedding layer. 

Fxper~mer;tal ev~dence confirins that such sands are nevertheless su~table for jomling- 
sands (see Sect~on 9.13) both in respect of their mechanical properlles and as a 
means io itihibiting the Ingress of water irlto the jomts. 

Bedding and jointing- sand 

Structtrral design of segrner~lal block pavemcrlls 
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After the blocks have been laid it is r-iecessa,ry to cornpact tiwm i im~i(: the beddingsarid. 
N~rinaily two cycies of con~pacilo:; are applied, The i i rs i  cycle con-pacts t h e  bedding- 
sand and tames this material io rise iip the joints by amount:; a' bctweeri 5 mrn a i d  

. . 
25 mm (sec Figure 2 1 )  A finer j~ii;irng-sand is then  brushed into ih:: jo~i-i!s, 

The joioiing--sand should pass a I ,  .!S rnin sievc arid have at leas: 10 % (but praler&iy 
15 %) O/ material ~ rna i le i  !ha17 75 pm. The coniplele grading envelope is shown I t i  

Fig u:e 2%. Mine sand has k e n  found to be suitable for this piJrposc: but ccrlsidcratian 
should be given to the probability of staining cf the blocks by certain c;Re!-nicais witkm 
ii?e sand. Once the  joints are filled a fiirtl-ier cycle-of compaction is applied li: bring t he  
pavement to ifs i i r~al state. Each cori~pactiou cycle should involve at least two passes of 
the ccm-ipaclur. A vibrating plate ~ o r n p a c t ~ u  has been found to be f i le most siiilable for 

this  compaclion work.  



Figure 2 l a shows a segmented block pavement when h s t  opened to traffic W ~ t h  !he 
passage of time and ;he add~liona! campaction causod by irafftcking the joints will be 
as shown in Figure 210. The cumuicitive cornpact~ve effect of tiaff~c w ~ l l  cause the 
blocks to bed fur ther  into !he bcdd~ng sand and displace some of the joiriting-sand 
vertically upwards. The action of passmg i/eh~cics ren-ioves some of ;hc jorl lng-sand 
and it beconies part of the road detritus. This detr~!us, which includes iJ ust, pait~cles of 
rubber from tyres arid other particles, forms an upper plug over ihc loinl~ng santl 
assislmg t h e  sealing of the blocks. 

It has beer? stated above that the rvinirnai fails to the surface of block pavements 1s cus- 
~ornarily 1 %. T h ~ s  al!ows water to drain across the pavement reducing Ingress by 
absorption or through the joints and ellrninales pmdirlg. Due to the ease of where 
blocks are used on s:e$p grades the joir~ts belween the blocks become the dramage 
paths for rain water. 11-1 such c~rcurrisiarices the pattern cif the blocks is an important 
consideration. If their alignment is such that the long joints are in the direction of the 
grade the joiixs will rapidly wash out. 



An advantage of biocks is that t h e y  can be reused. They can be taken up  for repairs to 
failed areas of subbase or for t h e  ii~stailation of services. Ae-laying is straiy htloiward. 
T h e  blocks on either side of an opcnlng may however creep. i c  avoid this the openmg 
must either be jacked apari or the biocks restrained from u e e p  by other means. 
Failure lo do  This could result rn wider joints around the opermg which could niiow 
water ingress and subsequent saturation of subbase rnater~ai. Diilicuily wot~ici atso bc 
experienced in relocating blocks on compler~on of the repair 

,17 

Linle maintenance work is normally required wilh segmerltal block paving excepi to 
ensi.iic? that joints are kept full of sand, the treatment of weeds and the correcting of 
levels oi surfacing should there be bad ~nitiai consiruci!on. 

VaiicIus measures to deal with weeds growing withln the j joints nf l ig hiiy iraiitckcd areas 
are in curieni use. These irxlude sprayng with herbicides at ieguiar i f i tui~ais a i m  
checking that no environn-ienlai or ecological pioblerns w ~ l i  be caused, or providir-ig a 
polyethelene sheet below the Seddlng-sand during consmct~on. T h e  latter rneasure 
is not effeclive for !hiee nmic reasons. Seeds germinate in the road detritus w lhm the 
j ~ i n t s  rarher than under \he blocks themselves, sheetink may induce sliding ot the 
blocks i?ri sleep slopes and poiyethelene sheeting coiiid also result in the enfr apnlerit 
of w a t w  which is an undesirable coridllion in a n y  pavement, Mme sand wI-iich has a. 
high cyantde content can be vsed as t~eddiny sand where its preser7ce is not an 
enviranniental p i~bierr ; .  

S! ructurai besfgrs of segmental block pavements 
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A!terr?&ive pavernevr d@stgns should be usmp,ared cm a c ~ s l  basts. I'he cost anaiys~s 
should be reyardeci as ail aid to decision-n7aking. Although I; is a very important fac- 
[or, i t  does not necessarily ~nciude all the factcirs leading to a dec~siorl and shoilld 
ii-icrelore rwl override ail other- considerattans. The tnarn econornic faclors whrch 
delemme !he cost U? a facil~iy are the a~?aIys!s per~od, the structure1 design period, the 
construction cost, the maintenancc costs, the salvage value at the end of the analysis 
period and the real d i~coun t  rate. 

"The cor1~Lrr~~iitlrl cost sh:)iiId be  i?sl~~~ar'cd f r o n  current coiitract rales tor siintlar pro- 
jc3cis Ma~nlei!arice costs shou!d ~r?ciude ihe cos! of malntain~ng adequate wiiace 
Jewis and imnor strur:tur-af matnienance (cg re-laying smail sectiansj. The s a l v a p  
v a l w  of the pavement at the end cf thc analysis period car1 make a contribu'riofi 
toward.; iho r-]ex: pavet-aent i-lowevcr, geometric factors such as minor rmpr-i~vernenfs 
10 the vti l lical and hoiiroi?tal alignment, and poss~blc relocaliot~ of dramage facil~lies, 
make the esbrr~ztion ol ihc salvage value very d!ifiCtiit. it should be noted thai man- 
Lcriance costs a i d  salvage vai i~es are csliinated in ihev ciiircnt values and their iuiure 
mfla^eed costs are riot k bbc taken accotrr\t of. 

The toiat cosi of a piojecr over ihe anaiysis pcrlcid cs the cons~ruciion cost plus man- 
kr ia i  ice costs. inr nos the salvage value. The bia l  cosi can be expressed in a number 
of different ways but, for the purpose of this docurncr~l, the present worth of costs 
(i3bVOCj approach has been adopted. 

r - real discour.it raio 

x ' number of years from iht? present to the ith inaintei;ance 
measure, withlri the analysis perod (where  x = I to z) 

S - salvage value of paveincnl a! the end of !he analysis pcrod. 
expressed in lerrr~s of Dresent v3iues 

I f  the difference in prcseni worth of costs belween t ~ f o  designs E 10 O h  or less, i t  is 
assurried to be insign~licant, and the present worth ol costs of the two designs is taken 
to be the same. 

A slrnple cornpiiter program can be designed for the easy caiculation of ihe prcsert 
worth of costs. 

Struclur-a1 dss~gr i  of segmental block pavements 
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A checkiisr of unit costs can be [~ainiained and can be used to calculate !he eq~i  ivaieni 
construct~on cklrst PC: square metre. 
Faclots which s i i o ~ i d  be considcrcd include: the avaiizbiiity o! natural or ioccil coin- 
mercid materials, their expected lrciids rn costs, the conservatron of aggregates in 
certain areas and practical aspects, such as the spoeci of construction arid the riecd ro 
foster the deveiopnient of alkei-natlide pavemen1 iechnoiogics 

Present ~ ~ o r t h  analysis requires the sekct~ot? of a real discount [ale ic expiess i u t i ~ c  
expendiliire in terms of present-day values. This d~scounl rate should ccrresponci to 
the rate generally used in rhe pubilc sector. Th~s currently ranges between 8 o/a and 11 
and is iecommendec' at 10 % j 3  in real icrrns (le after compensating for ihe ~ i i e c i  o i  
inflatioi;) in  the public sector. Unless h e  client cieady ~ndicates that he prefers some 
olhei izte. 10 % is recommended for general use. A seiislt iv~$/ arialysi:: could deter - 
ri:m the importance of the VE&J@ of the discoiinl rate Thc choice o? a real discourit rate 
" I h ~ ~ i l d ,  howevcr, be disctisscd wtlh the client. 

iheie is a ielalm between :he !ype of pavement arid rhe ma~ntenancc ih;! nlighi b5 
rcqu~rcm' m the f u i ~ ~ r e .  When dificrent paveinent types are conipared on the basis oi 
cost, these iuiuie rnar?!enance costs shuuld be lnciuded in rhe anniys~5 to ens~ire thzt 
a rt?asl:~nabie c ~ m p a r i s m  1s n.iadc: 
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Referer-rce ts F re 4 for A(iv) category B road sho s three recommended analysis 
and 15 to 30 years. For an industrial access road however, a period 

of only 10 years may he correct analysis period. The choice of analysis period 

that the access road carries E2 traffic. To cate 

n Figures 5 and 6. Figures 24 an 
uitable for industrial stacking and working areas in 

conditions which may be used with reasonable confidence without detailed checking 
of specific loading. However, as industrial paving use varies considerably it is strongly 

ed that equivalent bads be calculated for greater confidence levels in the 
r to Figure 8).  

The final choice of design requires the materials to be available and the expected dis- 
tress inode from their use to be acceptable (refer to Section 8 ) .  

M 1P$I 

nvironment refers to both climate and the corditions of the subgrade. Successfui 
pavements (and all pavements) require adequate drainage and sufficient ccm- 
n of the various iayers. The catalogue of designs assume these measures have 
taken into acco . Southern Africa is divided (Figure 10) into three mac- 

roclirnatic rronditiorrs, imum design standards are possible in the large dry area 
where saturation of subgrade materials is unlikely but note must be taker: of the pos- 

fe effects of satur teci foundations in other areas. 

i t  is important to consider material below the pavement to suffic~ent depth in actor- 

dance with Figure 11. 

rade GBR (soaked) must e checked. I f  this is less than 15, special provision 
must be rmde, 

required are shown in Figure 12. 

The key to all successful pavement design is good drainage and cornpaction. Once 
n has been made it is possibie to choose from a variety of block shapes avail- 
Figure 17). Block paving m ~ s t  be contained between kerbing. For the rr)ost 

severe loading, especially where siewing loads are expected, the use of S-A and S-B 
blocks is preferred. 
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