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nion document, the TMW 9 (Standar 

ent has been compile use by  the road authorities und  
Authorit ies (CSRA). 

ally t o  flexible paved roads, most  
ied to non-flexible paved roads an 



PLEMENTATION 
OF 

l --p-- 

( PROJECT 

t S y s t e m  
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- Goals - Pol~cy 
- Fundrng - Standards 
- Authority - Aspects of accountab~l~ty 

Project select~on 
(Where to spend money.) 
Programming 
(Now to spend i t . )  
Budget~ng 
(How much to spend.) 

- Targets to serve pollcy 
- Total system trade-offs 
- Levelling of resources 

ultl-year schedulrng of projects 
- Cash f l o w  
- Pr~or~tlsatron 
- Opt rm~sat~on 

(Project construction and 
ma~ntenance activities) 

- Construction - Appropr~ate techniques 
- F~eld costs - Qua l~ ty  control 



n t  at network level deals w i t h  summary information r 
. As such i t  involves policy 

n t .  Examples of  n 

e e candidate projects; 
5 

e 

e 

0 

t ion may inclu.de ( 

* The current condit ion o f  the road network.  
43 The performance trend of the networ  , w i th  past history. 
e A projection of future needs. 
e The es t~mated  ~ m p a c t s  of alternative fundin plans on  future pavem 
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ose for maintenance, c 
te sections o f  TRM 22. 

and implemented system can 

b communication 

provides reliable and useful information 
data and pavement condition data, The P 

resent condition and cha 
condition over time. 

Pavement ma n t  can help improve communication within a ro 
includes com ion between divisions andfor districts, using a c o n m a n  

C) Project selection and prioritisation 



B t io  

re set w i thou t  I 
sful it is nece 

C 1 ment  o f  the syst 

S in  operation as soon as possi  
dampen the enthusiasm of the staff involved and place t 

need t o  adjust and refine the s 



1 roteetion of positions 

re the needs of an 
ons do not match t 



successful implementation and operation o f  a pavement mana 
on, i t  is important that institutional and or anisational factors be considered 
w i th  the technical components of the sy em. As these factors determine 

ss of a system wi th in  an organisation, they mus t  be understood and addressed 
thor i ty prior t o  the implementation of the system - even before some of t n t :  

issues are addressed. 

pose of this chapter is t o  present the P S implementation phases and the issues 
the technical field which are most  important t o  the success of a pavement 

ment  system. Figure 2.1 presents a f l ow diagram of the subjects addressed in  this 

The environment wi th in  which the P S operates is dynamic. Therefore the implementation 
should be a dynamic and interactive process that wil l  address these facets 

Ily to  ensure adaption t o  the changing needs o f  the author i ty.  



nefits and costs of syste 

Form corporate att i tude (e 

Obtain corporate decision for imple 
for tr ial implementation. Final imel  

Drah TRH 2 2 ,  Pretor~e ,  Soufh A f r ~ c n .  l Q94 



n t sd  in Table 2.2. 

STE 

eview existing 
situation 

Define project scope 
with cost estimate. 

Finalise corporate approval. 

S, communication, f l ow,  
isation and decision types (and loc 

Identify possible dsf ic i  



2. Pilot project 

I 1 Evaluate results modifications to  suit n 

Installation of sof iware and provision of document 

implernentarion of procedures. Data colleclion 

ective decision-ma 
s, since this is an 

arketina of svstem internaliv 

Pavemeof  M m r q m t  S w e m  

D r r t l  TRH 2 2 .  P r a t w ~ a  S o a h  A f r ~ c a  1 0 9 4  



in Figure 2.2.  
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ion 

0 S operation procedure manual 

are documentation should include the to i~owing:  

anual : Prov~des a cornplets set of instructions for t h  
ms. I t  should also inciud lossary of terms. 

- Technical Manual : Provides the theor 

Systems Manual : Details the data proc 

- Data Dictionary: Provides a detailed efinition of each nt . 

Pavement M S y r t m  

O l r h  TRH 2 2 .  P f a t w ~ a .  S w h  A f r ~ c a  1884 
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ncy that information provi 

2.6 summarises some or anisarional factors influencin S interactions wit 
roads authority. 

P e v e m e n t  M c S y s t e m  

Drett TRH 2 2 .  P r s t o r ~ a ,  S o u t h  A f r ~ c a  l QQ4 



s and 

row 

8 support function in terms of infor 
proposals on maintenance and rehabilitation. 

BB A line function in terms of final pro 
cases where no RMS exists, otherw 



ion n 

Th on o 
cu el. 

P s v m e n t  M t S v a t e m  
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nt of PM§ procs 

rational algorithm to determine the I€. .,I of se 
or: L;;arress measurements 

a prioritisation routine to c 

Develop pavement p dormance prediction equations b 
and include an optimisation routine. 

TEP 5: Incorporate a geo raphic information system (GIS) to fa 
information and develop intedacin with other compon 



(a) sthod of implementation 

a implementation proc 

Q In-housdexternal development team 

P r v m t  M r S v n m  
Oroft TRH 22.  Protw~r. S& Afrtco 1 PQ4 



Q Amount of inform 

per prints are suffici 
evsls of service of. 



nnin 

.S7 Level of detail of  date 

frequency of collection and the measurement of condition d 
effect on running costs. There will therefore be a trade-off betwe 
and currentness of the data. 

e Accuracy of data colkcted 

Elaborate procedures to ensure an unnecessarily hi me of accuracy 0 
net ta can result in costs. However, some for qaaalit. 
ass ure must be imp1 ted, such as training, field ch , etc. 

0 ethod of data colleerion 

4 Simp/icit y of procedures 

PMS procedures should be simple and easy to understand. This will r 
execution time and potential for errors, which will affect runnin 

4 Definition of procedures 

Well-defined and well documented procedures will result in reduced runnin 
h reduced execution time, easier transfer of knowled~e and lower p 

for errors. Good documentation will increase the initial costs somewhat, but wdl 
significantly reduce the running costs of the system. 

Drcefr TRH 2 2  Pretorle. S o a h  Af r ics .  1 Q94 



'9 In-house or extefn 

to major activ 
collection, proc 

ng costs. Allowance should also be made for the trainin 
outside the PMS (users) and even the public on pavement 

Pawslrnenr Mma~gaamant S v s t e m  

O r e f t  TRW 2 2  P r e r o r ~ o  Sough A t r ~ c r  1 9 8 4  



* Unit costs 

rehensive data base is the f i rst  buildi b lock and heart  o f  a P 
termine the data elements required in  a PMS ta  base, the f i rst  step is t o  determine the 

ion needs o f  the author i ty and hence the type o f  outputs  required b y  the decision- 
r s  (refer t o  sect ion 2.5.3). A constraint o n  the volume and detail  o f  data collected is 

the cos t  associated w i t h  data c ~ l i e c t i o n  and processing. T o  contain costs,  only data 
for  decision-making should be collected. 

T o  allow for the systemat ic mana ement and access o f  data, all data should be classified 
rnta predefined logical groups. Th se groups wi l l  generally be stored in  separate f i l  
data base. The groups proposed in this chapter are s h o w n  m the f l o w  dia 

d i t ~ o n  t o  the  specif ication o f  data elements in  th is  chapter, certain data c 
age classif ication, Table 3.7) are also def ined. Data fields n 

created In the data base for these data categor~es,  since the data category can most ly  be 
d e t e r m ~ n e d  f rom existing data elements. For example, ~f the year o f  construct ion IS stored 
the age c lass~f ica t ion (Table 3 7 )  can be determ~ned.  



to other roads i 

of data elements collected in the network definition process are li 
basic methods of referencin ments are as follows 

Global division Road namelnumber 
Route namelnumber 
Province name 
District name 

Ward (political district) 

Road segment code 

Location reference 



pavement structure; 
pavement conditions; 
preventive maintenance; and 
rehabilitation activities. 

required for deterrninin rehabilitation needs and 
urrent practice for descrl own in Table 3.2.  

Carriageway category 
1 ,  2, 3, 4, etc. 



11 Survey direction l + or - 

The road category should 

I n freeways, major tnterurban roads. -- I 

Roads can be classified into groups depending on their function and impo 
sumrnaw of the road classification system developed b y  the CSRA Subcommin 
Classification ( 1  992) and expanded by the Road Classification Consorti 
in Table 3.6. Thls Information may be used for the presentatlon of P 
subd~v~srons  are possible). 



vement layer (including surfa 

A 

ATA EL T 

Accuracy indicator 



G I CAT 

The climatic region data may be used in  determinin aintenance and f74-M 

pavement performance models and standard costi Climatic regions ar 
t three climatic cat 3 correspond t o  those in TRH 4 (1 
values. "Very w e  ions that have very high moisture condit ions, are 

normally localised. Where localised adjustments are required, the Thornwaite Index 
(Schulze, 1958) may also be used. 

Moderate 

V l Very we t  



I CURVATURE 11 

1 w i t h  many sags and crests. 

ATA 

r costs. Traffic data 
would normally be 

in  the Traffic Countin 

i Current and predicted Actual/ 
rates. Estimated 

re the direction n, it may be desir ble to  provide separate AADT's, 
h rates for each direction. 

A classification of  AADT values as shown in Table 3. I3  is  recomm nded for use in  the 
S information, the selection o repair measures, the priorir 

rforrnance prediction models. The fi e traffic classes are approxi 
to  the E80 classes defined in the TRM 4 ( 1  993) over a period of 15 year 
l e p  E8Os and w i th  10% heavy veh~cles. 



Texture Aggregate loss 
Voids Binder condition 
Surfacing failure BleedingIFlushing 
Surfacing cracks 

Block cracks 

Structural survey: 
(Instrument) 

Def lect~on 
DCP 
Other (e.g. laboratory tests) 

Functional assessment: 
(Visual or ~nstrument)  

Rut depth S~de  dra~nage 
Rid~ng quallty Shoulder condrt~on 
S k ~ d  resistance Edge break~ng 
Surf ace dramage 

Indices: 
(V~sua l  or ~nstrument)  

V~sual  c o n d ~ t ~ o n  mdex 
Pr~ority ~ n d ~ c e s  
Instrument sktd Index 
Structural s t~f fness Index 
We~ghted overall index 



(To keep roads in  usable 
condit ion) 

(To restore roed t o  acceptable 
level of serv~ce)  

(To restore roed to  acceptable 
sfructural capac~ ty  and level of 
serv~cel  

DESCRIPTION 

Paved areas - 

crack sealin 

Shoulder repairs (patch, regravel) 
Shoulder bladin 

Diluted emulsion spray. 

minor preparatory patchin 
re t raamsnt  FOLLO 

Structural retnstaternent through extensive patchin 
sealmg, edge repalrs, rut 0l l1n andlor leve l l~ng asp 
ANDIOR l~mt ted  rework. , of 
~ m p o r t e d  layer, FOLLOWED BY 
a reseal or thln asphalt overlay ( 5 5 0 m m )  
(drelnege relnstatements where requ~red)  

Extensive reconstruction of exlstlng layerworks, ANDIOR 
the construction of a d d ~ t ~ o n a l  layers, wh lch  may Include the 

of 8 thick asphalt overlay (d  > 50mrn).  

L ~ m ~ t e d  geometric Improvements of the exts t~ng road could 
form part of the project. 

inage reinstatements where required. 



Periodic maintenance 

(Deep or Surface) 

Extent: 

Extent: 
Diluted emulsion 
Reseals - 
spscifV seal in terms of type of seal, type of bin 

. 13,2 mm bitumen rubber sin 
seal. 

I - 
Extent of reworked layers plus type of surf 

Current and historical condition data are stored for con 
Historical condition ta may be used to develop and update 
prediction models. rnally historical data t e a  ratings as collect 
are stored separately for possible later use (e. . when new cdcu 
on histor~cal data). 



consist o f  the constants use 

i condition indic 

aintenance and rehabilitation measures that can be used 

erformance prediction (const 

costs for each M 

B, roject cost estimates, and 
* xcess road user costs. 

r pro jwr  cost estimates consist of either unit costs per 
measure (e.g. cost per m2 of 13mm single seal) (refer t 

efore be stored in a format that can be updated, as and when 





Functional 

measurements of t h  
skid resistance are 

are indicators o f  stru 
or of bo th  functional and structural con 
t surveys in t h ~ s  document. These instrume 

for the initial est 
ents to  the basic system. 

traff ic surveys (includi weigh-in-motion surveys) do  n 

in  the prediction of fu tu  
ff ic data it is therefore impo 

lines and specifications as set out  in the 7" 

ure 4.1 provides a graphic presentation of the contents of Chapter 



historical condition trends are consistent. 

frica the most commonly use 

The first type consists of the Response Type R 
such as the Linear Displacement Integrator (LDI) 
which measure the displacement between the vehicle body and the axle. 

P l v ~ m 0 n t  M C S v l t ~ n  

Draft  T R H  2 2 .  Protorta. Somh A t r ~ c a .  1984 



n the maximum deflectio 

I n  the absence o 
e, it is recommended that the 
xist for the other deflection bowl parameters. 



Procedure 

quality, surface deflection and ru t  depth measureme 
direction only, w i t h  the exception of freetallijls, whe  

here applicabie, the required wheel paleh(s) is 
outer wheel  pa th  preferred if measurement of bo th  is no t  p 

This section indicates f irst at what  interval the data should be stored and s 
the data i tems t o  be stored. 

Pavement M t S v a t m  

D r s h  TRH 2 2 .  Protcx~o. South  Africa.  l BB4 



(b) 

- Time of year 

3 years As required 

Accident piter 

Visual retin 

End wet  season 

After treatment 

Same season End w e t  
season 

Essential 

Slow 

survey 

l a n e  

heel path 

Test interval 

Essential 

Slow 

Both 

2 0  m 

Essential 

Slow 

Both 

Continuous 

As required 

As required 

Outer 

Continuous 

All 

Full w id th  

Segment 200 m to 600 m 
(minimum = 6 
tests per section) 

Unit of measure 

Direction of 
me9edsurs 

Data Items 

Other data 

Yes 

All retlngs 

20 m 

f e s  

Yes 

Y 86 

4veregel20 m 

oint 

Y g8 

Y ss 

20 m 

l es 

l e s  

4easuremsnt 

.ength of 

All 
measurements 

Temperature 
Pressure 
Test load 



4$ ncy error : This refers to  the constant ten r to 

error : This refers to  the fact 
n observed; ther 

from 1 to 5. 

of the cues is addresse 
instruction of the raters 

A t  present, in South Africa, annual calibration workshops are held by all the major rural 
road authorities. The followin lements should be included in the calibration session: 

the definitions, forms and manuals; 
rating the rating scale of  the various m 
session of sever 

" a practical rating session of about 10 segment 
ntiy by each ass 

* a review of the results of the practical session wi th the 
ratings of the trainees wi th the anchor cues, provided in 

01 o h  TRH 2 2 .  Pre tw~r .  South Afr ica  t S 8 4  



c B combined approach 

caiibration course.) At the 
segments, normally be 

icaliy as described 

of assessments by the executin y,  as described in ( 
re data are stored in the dat 



awbacks including the ha 

Draft TRH 2 2 ,  Prstwl.. South A f r ~ c a  1994 



Determination of actual profiles. 

on-contact profit 
sensors on a tr 

may be used to e 



6.3.2 

PERSONNEL 

5.3.4 

collection 

will be lost. 

t a  collected through instrument surveys are normally recorded electronically, directly into 
computer-based files. 



Data are interacfi 
manager system. 
used t o  design th 

S 

produced files (i.e. ADC d r 
poned for errors, 

Transformation is a function that writes value into a PMS data-bas 
S in  one or more s 

transform r a w  data in  the 
into a useful form for the 
f rom a Traffic Counting M 

process. It begin 
ta input, validity 
n a periodic bass .  

5.2.3.1 Validity 

if the given data fall wi thin the expected 
are carried out during data input and af-ter data processin 

0 Specification of maximum and minimum field values or sizes durin 
screen input of data. This facility is provided by  most  data-base ma 

0 P r o ~ r a m s  that are run after data input and processing to  check that t h  
and values are w ~ t h i n  specified I ~ m ~ t s .  

Drefr  T R H  2 2 .  P r e t c c ~ r .  South Afr lc r .  1884 



ck is to ~ n s u r  
listic situation. 

d data redundancy (or the 

fields, the product of the first two must 
Ily built into the data ommon data integrity 

data in the PMS data base must be 
ne system In the total RMS (see Figure 1.2). Data should be 
data base, designed to g r w p  data 

refers to the need for data secur 
e from "scratchpad" o 

st, since it can be regenerated very quickly, to "critical" data which needs to 
cked up as soon as it is captured or updated. 

may vary from condition dat which are updated annuah to 
vernent width, which updated only if the road is 

recsnstructed to a new width. 

such as traffic counts and pavement structure should be stored in 
separate data files. 



ement o f  the data thr h the process o f  
tested and doc 

tood, that the results are reliable and tha 
assurance procedures. 

Effective management of  the data base is essential for efficient stora 
ieval of PMS data. lmpoaant  facets of  data 
umentarion, data security, data independ and the choic 

management system. 

data on  a daily basis, 

system should be instituted within the organisation. The system sho 
drsed forms to  collect data changes. The data types that need to  

updated are describe in Chapter 3. Pr~or  t o  updating, the existing data files should be 
arch~ved and stored on external stora An  example of a form used for the 
collection of  "as-built" data IS shown i 

The four broad classes of personnel involved in  the management and use of a P 
base are (FHWA, 1991) the Following: 

v Data-base administrator 
8 Application programmers 
v End users 
8 Suppon personnel 

Draft  TRW 2 2 .  Pretorrr, South Afr ica.  1984 



a is controlled by the password sys 

administrators a 

Application programmers 

d maintain application pro S to  access and process 
have limited access t o  the n d  normally work 

urnmy set of data. 

t to  casual users. Their access to t h  
em and is related to their level of exp 
Casual users are normally restricted to  
access to procedures, such 

ion 

the fields in a data-base file should be documented in a data dictionary wi th respect 
meaning, unit of measure, format, sourcn use, relationships and security 

rations (FHWA, 1 991 ) ' c  :c j lso section 2.4.4). 

. l  Passwords 

e security, in the form of passwords (user 1.0.1, is b u ~  
. The purpose of the password system is to prevent U 

se and to protect a nst data loss. The passwords 
ed to  allow different els of access to data. Examples 



maintenance treatment analyses. 

5.1 5.2 Dynamic se 

Dynamic segmentation is the mos t  import  n t  feature of  the PMS data-bas 
software. Dynamic segmentation IS the ability o f  the system to  cross-referenc 
descrrbrng one set o f  data w i t h  the data describmg another set of da 

rbrng roughness, r un i n  and traffic can be split into di 
t ions) and these sections can then be related t o  one ano 

the dynamic segmentation 
t systems t o  be combined for P 

system. Therefore, data can be stored in  
systems, in accordance w ~ t h  the systems' needs. 

Psvrmant M t System 

Ora f t  TRH 2 2 .  Protortr. k u t h  A f r ~ c a .  1984 
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" Conditlon lndlces 

@ Network condltlon 
number 

8 

Q 

9 

%?. n g  o f  candidate projects; 
0 hshment o f  maintenance and rehabil i tat ion strategies; 
(6. tctron o f  pavement performance; and 
e o f  rna~ntensnce and rehabil i tat ion funds.  

f pavement distress data at project level will depend upon  i ts  det  
(refer t o  sect ion 1 0.5.2) .  Normally more detai led measuremen 



distress data. 

0 functional condition 

functional condit  c ~ t s ,  namely ridin 
hness), rut t ing a 

Mos t  of the pav rnent condition information 
qual iw visual ass ssment data, The use o f  the 
condition data at ne twor  level will depend o n  - 

9 

-S the cost  o f  rehabilitation (including tra 
0 

+a resources 

The visual condition analysis is performed on  pavemen distress data col1 
visual assessments of the pavement surface. The data cllection methods 
in section 4.2. 

o d  of analysis combines ?he visual paveme# condition data for individual distress 
types into an index represent~ng the neral pavsrnsnt condition. T 

n of the "as-is" condition avernent, irrespective of 
does no t  take tranic or funct classtfication of  the road 

calculatron of  the pavement condition index requwes the selection of a W 

each type of distress. 

In addition t o  the general visual condition index, 
calculated, such as - 

0 pavement indices based only on certain dist 
index, structural distress index; or 

r ~ t e m ~ s e d  pavement distress ~ n d ~ c e s  e.g , rut 

other related indices may 

ress groupings, e.g., sudace 

index, crocodile crackin 

D r a f r  TRH 2 2 .  Pralorta. S o u f h  A f r ~ c r ,  1084 



of condition indices has limitations and the indices should there 
n. 

methods of calculatin the condition indices 
or road authorities in the past. These metho 

formula for calculating the visual condition ind 
o further improve the correlation of the VG! 
o the formula are bein 

VCI, - - Preliminary VC1 

F n 
- D, " (E,) " W, . . . . . , . . ,  

n - - Visual assessment item number (Table 6.1 ) 

Dn - Degree rating of defect n 
for functional defects 

0 to 5 for other defects 

E, - - Extent raring of defect n 
Range : Default 3 for functional defects 

0 to 5 for other defects 

Pstvsurnsnl M ppn.?spmdanl S y r t a m  

D r a t [  TRM 22 Prstor~ar. S w h  A f f ~ c r .  1894 



where: 

Draft TRH 2 2  Prarwln. South Africn.  1994 



Voids 

(Active 

Cracks : Block/Stab 

(Narrow spacing) 

Cracks : Crocodile 

kid resistance 

urface drainage 

Unpaved shoulders 

Peuarnent Mmwmnt Systam 

O r &  I R H  2 2 .  Protoc~r .  S o v ~ h  Atric@. 18114 



At national level, t h  condition statistics may b fy: 

4 70 S VCI S 100 
0 Fair 50  i; VC1 < 
Q 0 S VGI < 

The network condition number (NC 
the condition of a 

8 

and vice versa. 

is an average visual condition index for the (sub)network, weighted for t h  
condi t~on and length of each segment. The NCN is calculated 
wi th canditton weights p r c ~ c ~ ~ t e d  in Table 6.3. The weights 

h sensltlvlty for changes in the condttlon of poor to very p 

Equation 16.41 gives the formula for the calculation of NC 

D r a H  TRH 2 2 ,  P r w f o c ~ s  S w h  A f r ~ c a ,  1904 



ere: I - - Number of segments in  (subfnetwor 
VCI, = Visual condition index o f  se 
4 - Length of segment i 

Condition weight correspondin t o  the condition cate 
segment i (Table 6.3) 

f the structural condition of pavements at  network level is performed on 
tion andlor rutting measurements. The data collection methods are described 

ysis and presentation of the results may vary f rom a statistical processi 
ments t o  the calculation of a structural condition index, as described in 

Statistical analysis of  data 

t ion basin measure used t o  define uniform sections. T h  
each uniform section can t be used t o  classify the pavement section into 
stiffness categories. This method of analysis does not provide information on 
life under existing traffic loading but  does indicate relative changes in structural 

in a network or alon 

Structural stiffness index 

hing a structural stiffness index. I t  is 
provide an indication of the 

on  the number of axle loa itions the paveme 
ure axle loading. Various ds of determining 

under development or investigation at present. 
y linear elastic or empirical 
ife. Linear elastic methods 

y cases, are not  available at network level. Empirical methods using the FWD basin 
n of structural capacity are suited for use in  cases where 

available at network level in pavement m 
systems. The accuracy of the results may however not be adequate for use at project level. 

P w e m s n t  Management  Sys tem 
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A proposal for the calculation of a Structural Stiffness Index (SSI), based 
ining life is presented in section A. . l  of the Technical Addendum (Yellow 

One of the methods of dete life, which has b 
Africa and is currently bein arised in section 

ddendum (Yellow Pages). The method is based on the FWD basin parameters. 

ent and magnitude of ion of the pavement's S 

ctional condition. Ru e convened into an ind 
as part of the visual, functional and structural indices. As a separate 
rutting severity can be used as a flag or trigger value for maintenance and reh 
action. 

Table 6.5 provides rut depth severity levels that could be used as fla 
trees or used for graphical presentation of the rut depth data. 

EXTENT I RUT DEPTH FOR SEVE 

Where: 

The severity level (mm) for a section of road is determined from a cumulative 
graph, based on the extent defined for the particular road category. 

condition : There is no requirement for maintenance on the evidence o 
condition parameter. 

e pavement is approaching a severe state of distress, 

D3: Severe condition : Based solely on the evidence of the particular con 
parameter, requires remedial action. 

The severity levels based on functional considerations (water standing in the rut) 
require adjustments depending on the road alignment and cross section. 

Pavement Manegemont System 
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) for a section o 
d for that particular 

of three scales in 
ards, the use of t 



IRI 
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ion of vehicle oper ting costs (VOCf, as 

additional vehic 
if it had had a 

ed in section A . 6 . 1 ,  The EUC in 

of an EUC index are 



i) 

ii) 

iii) 

iv) 

The condition of  the ro  vement has t o  be reported t o  
information must therefore b 

needs of the end user. This section provides typical example 
information graphically. 

The unprocessed assessment data (degree and extent ratin S) can be present 
ssessment form or listed for a number of segments in  a 

wi th all the ratings for each road segment presented per line. The severi 
extent of each distress item can also be shown visually, as presented in Figure 6.3. 

ts  can be used for field control, for panel inspect~ons or for input to  
evaluation. 

For higher management level use a 
prepared per subnetwork t o  indicat predominant distress types 

Drrh TRH 2 2 ,  Prator~a. SoUh Africa. 1894 



ar charts summ condition for one net 

rison of the annu 
6.9). 

ner 
rd 
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Using . 
Condltlon index 

* Dlstress ratings 
Visual assassore 

* Instrument surveys 

Based on : 
* Condltlon Index 
* Distress ratings 

Amwssor proposals 

* Condition index 

rmination of network level rraintenance and rehabilitation needs of the road 
in the provision of decision suppon information to management. 

entify road sections i 
maintenance or reha 

mation is used at network level for the following: 

* road segments that should be considered for maintenance or 

$3 deterrnination of actions to be taken to improve or maintain the present 
ement condition; 

* funds required for the marntenance an rehabilitation wor 
e segments for inspection through panel inspections; and 
0 n of identified projects. 



The maintenance and rehabilitation needs identified at network levsl P 
S one of  the inputs into nalysis approac 

ds is normally p 
of  prioritisation 

e Maintenance and rehabilitation (M 

he initial classification of the pavem 

aintenance and rehabilitation measures 

mentioned above, or from detailed panel inspections. T 
3.16 (section 3.4.2.2) lists some of these measures, 

cribed in Chapter 
S that require att  

f any of  the following m 

a) Condition index tri 
gered for attention if the condition ind 

roup index) is below a specified limit for that road. 

n t  is triggered for a 
pe exceed the speci 

dations o f  the visual assessors can be use 
anention. 

quality, rutt ing or surface deflection, to  identify 

Draft TRH 2 2 .  Prstcc~r. South Afr~ca .  1884 



ults will be obtained b f ic 
cess. The combin ini 

road network has been sub ivided into road segments for the 
ement. The initial network 

o projects that 

accurate metho of combining road s 
nel inspection as descri restraints on resources, 

ity road segments are normafiy insp l inspections. It 
ecessary to do an initial compilation of 
the data base. These initial potential 

anel inspection. Various metho 

ethod consists of a manual combination of segments based on a visual evaluation 

aintenance engineer. It can, howe 
racticaf for a very large n 
for anention and that are I 

ttion and distress ty  

ments are combined into a 
the condition or 
ecified range of eac illustrated on the 

ion of road between m 25 and 75 in Figure 7.2 .  Oifferen 
sed in separate analyses to define the best project 
a combined index only, this could lead to discre 

thod can be pedormed through a computer algorithm. An example of the 
n of this method is given in section A.7  of the Technical Addendum [Yellow 

DrcBt TRH 22. Prmo+t@. South Afr~cn. 1994 



information on  the M R categories has the followin 

ed w i th  acceptable accuracy through t 
t ion criteria, including the following: 

d) Overall projec; condition (distress index only or a performance index that t 
ors as tranic or road category into account). 

.a distress ratings plus riding quality and structural ca 
* Rate of  deterioration of  the pavement condition. 

The acceptable level of accuracy depends on  the use of the results. A n  absolute a 
ted from this M& category classificati 
further investigations (e.g., panel in  

ntation. Various methods can be use 
presented in sections 7.4.2. to  7.4.5. 

In this method, the value of one or more condition indices (e.g. visual condi 
quality andtor structural stiff checked against 
condition index scale for eac The indices are 

o the IWW! categ 
. For exampre, the re 
ween 0 and 30. The t r  

including, for example, the 
the volume of traffic. 

The accuracy of this method is not  very high but it is very suitable f o  

distress ratings are deteriorated ov  

. ,/ 1 
ue to  the fact that it normally tri 
idual distress items into account. 

Draft TRW 22.  Preroc~r. South Alr ic r ,  1994 



d to as a "decision tr 
ories based on 
ent ratings of 

which is most widely used in South A 
bines the use of condition indices 

to an incorrect classification. 

fication of pavement needs as indicated by the assessors on the ass 
TMH 9) can also be used as an initial indication of M&R classification of the 

is method should only be considered however if the assessors have the 
nowledge and experience in road maintenance to make a reliable jud 

ition to the spec lues for individual distress ratin s as used in the 
ould also be specified for instrum nt survey results, 

where these results are available. The addition of these checks on instrument 
sults will improve the accuracy of this classification method. 

ions and further investigations. 

can be defined as the process of ran ing projects according 
elines. For generating a viabie 

such a goal, and the correspondin rule, is the followin 

ds should generally be in a better condition than other 
roads in the network. 

ith the! classification of potential projects into 
riority index for each road segment within a 

9: priority is then determined as the weighted average. 

Or&l TRW 2 2 .  Prstorm. South Africa. 1894 



So pical non-economy b r initial prioritisatio 

In this method, individual dis 
prioritisation. For exa 

Prioriti~ation by condition index 

various distresses or performance measures 
. This index is then used to prioritise road se 

C y composite index 

In this method, facets may be com 
index. The foll are some of the e 
priority index: 

Climatic condition (rainfall) 

Excess user cost 

The method recommend d for initial prioritisation of potential proje 
composite index (c). Examples of this method ar 

endum (Yellow Pa 

The reporting to U per management of project priorities should be 
priority categories nd not priority index values. The priority index 

ries shown in section A . 9  

0 1 d t  TRH 2 2 ,  Pretortr. South A i r r c ~ .  1994 



ssment data. 
tance, pavem 

specific remedial measures are made a 
ectiveness and sometimes person 

he most appropriate m 
es of policies applied 

09 A and B roads in the urban environment. 
alt on intersections or on roa 

S. 

ly only sand seals if the traffic is less than 100 v 
S not allowed in wet cli 

nd a plant which produces a certain tonna 

Pevenw~rlt M S ~ t t m  
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unit costs could also be used fo 
investigation is carried out. 

od requires the esta lishment and maintenance of a data base containin 
es of past maintenance and rehabilitation projects, If sufficient data are avail 
cal unit costs for each M&R category can be obtained from this data base. 

must be taken into account when capturin ;: .2 contract value of eac 

4 Classify the project according to the a 
8 

(I 

project lies. 

Traffic class, 
Road type. 
Total paved area (m2) 
Tender amounts for all reasonable tenderers. 

Psvamant M nl System 
h TRH 22.  Pretooa, South A f r ~ c r ,  1994 



cost estimates. 

intenance and rehabilitation measures have 
articular need. The needs vary from techni 

istical summaries for the top managemen 

tion should be done per roa class. This will ensure that tar 
ad class set by management can be pursued effectively and will also 

and/or major class 
results per road 

are used for panel inspections and progr Typical information 
e included in these reports is shown in mation on proposed 

tegories and priorities can also be shown graphically alon 

tion on network level maintenance and rehabilitation nee 
rised format for use y top management. This should be I 
. Typical examples are shown in Figures 7.3 and 7.4. 

age maintenance and rehabi 
ulated by adding the e 
ividing this total by t 

the result is sho 
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ming and implementation. 

rther investigation is the panel inspection. As discusse 
final confirmation of actions to jects in the routine 

eriodic maintenance caregor~~,  , The projects 
n categories will, how ver, require funher in 

Its of the panel inspections e overall plannin 
ce and rehabilit on various facets, 



In some organisations consult to do initial an 
I or other action to 

e Impoflance of the road 

influence on the ne 
trafflic volumes is much 

politically, than a 

ntioned facets, p n have one of the 
main objectives: 

1 esults used for prioritisation only: 

rtant roads and 

b) for final programming: 

The panel inspection of less imponant roads an /or projects in the minor 
I) could have this objective. The purpose of these 
R measure (e.g. type of seal), to determine the 

treatment and to determinz the urgency for ac* '3n (prior~ty). 

e a seal is required as a ing action until funds be 
urs, it may be possi o place projects into 

The first one relates particul 

7 %  

act limits of the proposed projects. 

Drrtr TRH 2 2 .  Protcrco. South Atrtco, 1884 



88 

vement type, seal type and seal age. 

ate of (re)construction. 

C 1 Most recent annual routine maintenance costs. 

l information on application of reseafs and diluted emulsions. 

b 

f l  historical deflection and rut data. 

1 istorical condition data to determine rate of deterioration. 

Psvasmmt PJBcsnmmnt System 
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h f II data (climatic information). 

a 1 Person(s) with local technical provide input with r 

C) (S) in the technical field who can asse 
who can provid 

e 1 Person(s) who will spections within a road 

above considerati panel should inch 
region, from the P from the materials 

could, however, consist of - 

the person responsible for seal designs in the region; 

nderstand fuiiy the objectives of 

Pavement M t Syulern 
Draft TRH 2 2 ,  Protort., South Afr~ca, 1984 



: The PMS represen ve should convene 
to discuss the prop d list of roads for p 

f roads may be reduced owi to prior inspections or to  
implementation not possibl 

sions : To promote consistency of decisions, i t  is r 
to a decision dia ram Votes shou 

ram. An example of such 

f decisions : The followin tion should be recorded where 

db and section number 

eP th of application 



The results of the panel inspection are 

Draft TRH 22 ,  Pr@tor~r. South Africr, l $B4 
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* Condltlon 
' First costs 

Cost a time 
0 

6 



questions: 

0 rojects should be sel 

e hat measure should be applied? 

9 hen should the m 

Various methods can ed to determine priorities C amming the WO 

e from simple ra (prioritisation) procedures optimisation m 
can simultaneously consider and ations of the three 

the results of the hi ss methods are in theory closer to the 
hese results are dependent on the nd accuracy of the inputs 

els. The achievement of acc nd accuracy in these fie! 
is currently still a problem. 

3 1 Ranking based o n  parameters w i th  economic I Reasonably simple; should b 

I Optimisation b y  mathematical programming I Less simple; m a y  be close to optimal; ef fects 

5 1 Real optimisation using heuristics and marginal 1 Reasonably complex; can be  used in a I cost-effectiveness I microcomputer environment; close t o  opt imal  
results 

programming model  taking Into account the (Max. of  benefits) 
f fects of  project t iming 

Draft TRH 2 2 ,  Prstw~r.  South Atrccr. 1904 



ts have been identified 

TRAFFIC 
CONDITION SELECTKIN OF 

SURVEYS ALTERNATIVES 

I FUTUnE 
BENEFITS 

D E 
PROJECTIONS A 

CRITERIA 

CONDITION 

non-economic condition based oritisation methods have been summarised ~n 
7.5. These methods could ge ally lead to a "worst first" approach. To limit this 

of projects should be done in ividually for each M 
te prioritisation method en applied to all p 

y. By providing funds for each M egory separately, the problem of doing 
only worst projects first will be su 

rovement of this metho 
l road classes. Appropriate decision criteria can then be applied to each class of 

Pwsrnent Mm~%~emcsnc System 
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thod, the projects which can be re 
thod doss not consider 

I) t firs* cost to provide 
I) 

9 jects together per roa 

odified format, th  
the low  volume r 

The first cost rznkin method may be extended to include th 
alternatives (actions), The interval after a cation of a certain action 

VCI) re-occurs can be used the effective life of the ac 
based on the lowest cost 

rnethod which i n c h  es user costs, as by an authorit\/, is presente 
endum (Yellow Pa 

ement is not currently in ne d of anention, the time in the future 
when action will need to be taken, that pavement de 

ble. The time when action is requ etermined by thre 
cceptable pavement condition. 

thod considers future a ency costs, but fails to con ider user costs or benefi 

models. These procedures are applied mostly to rehabilitation projects. 

Oreft  TRH 2 2 ,  Pretwts. South Atrtcr.  1904 



timisation steps include the followin 

5 ) timisation process. This normally f 

6 1 which is an explicit statement 
t of constraints, 

9 ermine the optimum solution throu h the application of 

10) the optimisation execution rocess for various constrain 
awe to determi impact on optimum solution. 

Pavement M 
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her level of decision support. In eneral, it uses system 
atical models to allocate resources i an optimum (etFficient) 

th 1992, Waas 1994). 

tion can be used at two plannin ic and tactical, as discussed 
er 7 0. However, it is difficult to produce from netwo tion project priority 
will be easily accepted for tacti t appropriate application of 
optirnisat:an is at strategic plan 
W category rkough impact analyses. 

isation process has been described in detail in various publications (e.  
. It is recommended that a study of the appropriate literature be made 
with the development of this process. dot- urnent will provide only 

the process with reference to some im nt facets to be considered 

9-4- 1 * 

of optimisation is summarised in two phases, namely proc ss development and 
ss execution as shown in Figure 9.3. 

optimisation 
method 

Qeiine uniform 
behaviour 

categories 

firm and calibrate 
rfomance prediction 1 

conditions I 

model 1 mdudes set of constraints 
I 

E - 
l current 
1 

constraints j 

t 
jtOj 

/ for wnsitiwty on 



be considered in the 

ction of the process. 

efits 
a roa 

4 3  

0 

* 
* user comfoPt costs. 

costs. Vehicle ope 
rms of excess user 

in excess user costs as a measure of 



* 
* 
* rioration curves. 

ve som I 

er of 

index is the only one 

C 1 under the curve 

This meth 
reaches a 
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a moidal curve 

0 

8 panel of experts to  derive values for 
coefficients if insu n t  historical data are availa 
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re 9.5 and briefly ex 

0 4 I I I 1 I I I I 1 l 
0 5 10 15 2 0  25  30 35  40 4 5  50  

AGE (Years) 

b The prediction of road deterioration with HDM-Ill 

types and construction techniques. 

(Kannemeyer, 1994 and TPA Consortium, 7 9941, 
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how it may be used. T 
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cat 
e to 

9 lection of an appropriate set of M R measures used by the aut 
r with the unit costs. 

ubsequent treatm on the future pre 
the first treatment could also be a 

Pavement M t System 
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2) made the following recommendations on selecting a process: 

orted. The level of sophistication 
k, the stability of the workforce op 

mply with the aim 

the system could 
xity and accuracy as the p 



impact analysis 

f low diagram of the subjects discussed in this Chapter. 
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for the effective o 
ided into three levels of plannin 

required t o  fulfil the on. In this case, to  assess 
policies and their effect on  the level of service provided b y  the road n 
the resources for the most  ntractive policy. This can best be achie 
optimisation process. 

a e of a road network in  a poor an 

a the maximum percenta e of  a road networ below a desired level o f  sgrvic 

condition number (NC 

8 a maximum excess road user cost ( W C )  per kilometre travelled for a road n 
0 r 

a maximum resurfacing cycles for the various surfacing typesi. 

s can be complemented by the use of a 
bilitation alternativ hich should be U 

-effectiveness (Haas, 19 

i thin projects, together wi th detailed proj 

Dref l  TRH 22. Prstocte. Somh A l r ~ c e .  1994 



Rasourcs conatra 

Identify and prioritis8 
projects per 

1 RMS del. 
Do limited evaluation I 
of selected projects , l 

jor in 

Pwement  M e n ~ s m e n r  System 
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The major steps shown in Figure 10.2, that are required to compile network4 
can be summarised as follows: 

o a k  and policies 

In the first step strate 

Do network optimisation 

isation is performed to  determine the most efficient manner of  resou 
optimisation process uses the current predicted condition 

data) and determin levels t o  achieve th 

Step 3: Do impact analysis 

cient to  achieve the 
ptimisation procedu 

Step 4: Set budget levels 

ased on  the results o f  the impact analysis and budget constraints, network-lev 
proposals can be prepared which should ddress the followin facets (Hobbs, 1 

by  the decision-makers to  decide on net 

Network-level programmes are defined as pro rammes based on the network-level 
ork-level PMS information that y h & " =  been enhanced by limited a 

rammes are prepared for the sklUrt to  medium term (5 y 
list specific projects w i t h  network-level cost es 
le network-level programmes are shown in Fi 

steps form part of  the tactical pi 

Step 5: Identify and prioritise projects 

The first step is t o  identify the potential 
These projects re then prioritised bas 
This can also include prioritisation by o 

the detailed outputs of the probabilistic techniques. 

Draft TRH 22, Pretcm., S&h A f r ~ c r .  1994 



Do project selection 

prioritisation in step S and the bu  
re projects for the plannin 

aluation could range from only 
rojects to  cost benefit analyses 

this step, allowance 
ther systems. The priority and cost estimates should be 

Compile programmes 

e evaluation of the projects are used t o  compile network-level pro 
e within the annu 

on the network-level 

ramming of  maintenance and rehabilit rojects should not  be done in isolation 
ement subsystems. The outputs of the 

ximise the overall uti l i ty o f  the roa 
erent subsystems within a 

houid be combined for overall priority determination and 

raction of the PM§ wi th project-level activities includes the followin 

a)  The provision of the fcllowin current and historical data from the PM§ data base 
or use in project-level analysis: 

t8. Pavement condition (visual nd instrument measurements); 
d) pavement structure and m ntenance history (the detail of networ 

data is limited); 
* ngs (data may be in traffic counting sys 
$P 

-level 

tern); 
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b) The feedback of the followin 

t be established to 
ireetions between network- 

ken into account 

Technical knowledge of the 

e technical knowledge of 
ads to elected political c, 

Interest of decision-makers 

little impact. 

Pavement M t Svrtem 
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be clearly define 
o items into accou 

a 1 

ness of road maintsnanc 

conditions, 
ort should 

utive summary providing information for executive 
tical decision-makers. inf should be pro 
ised format, particularly in 

sds based on the strat 

hich imponant f 



d arketing of the PMS should be done at all levels of man 
own, to ensure over I I  acceptance of the system. 

Keep the objective in mind and make sure the presentation supports the objectiv 
normally not be to et the PMS, but to show why fun 

Credibility 

Build the credibility of the PMS. This includes the credibility of the information, syst 
can undermine funding requests. It i 

ade available to any user. Ensure 
ve in the system they c 

C) ss questions that decision-m 

ry from organisation to organisation, but some basic qu 

Correct use of information 

ure that users fully understand and are aware of the correct use and applic 

e) eep it simple 

hen using technical 
manner. For example, 
only need preventive 

road in a very poor c 
costs of these meas 

Draft TRH 22 .  Pretwta. South A f r ~ c a ,  1884 



h )  political process 
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tin 

as the process 
this data in t b  

rticular to road definition and inven 
ly the case with con 
ention include as-4 
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road authorities, certain p struction mstho 
t h 
S, 

Condition data col1 

the PMS data base but  o various other sections within 
the design, materials construction sections. The 
te or modify existing p , specifications and standards. 

ined for the exs 
ould not  be cons 

feedback on inefficiencies 

d network size; 

that must  be maintained 

F on PMS activities is best obtained through t w o  complementary methods: 

$b eriodic reports 

providers of PMS data and the users of P nformation should provide short 
-forma reports annually on the efficiency r problems w i th  PMS activities. 

valuable data for the identification of facets that require i,nprove- 
ment or change. 

ea User committee 

The establishment and regular meeting of a user committee provides a forum for 
the presentation and discussion of P S matters. Matters requirin 
be prioritised for attention, based on benefit and cost implications, 

Pcsvernent M a o q e m s n r  System 
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Some improvements form part of 
which are addressed in a planned 

0 Improvement o f  system deficisnci 

rtain deficiencies in a P 

them feet p a n  o f  the system and they will therefore acc 

a Improvements to  keep up  wi th changin 

cture, etc. To acco 
PMS system will be required. 

that, for instance, m 
methods. 

e taken, howev 

In this section the eneral processes of data u , feedback and system u 
were discussed and defined. From the information given i t  is evident that 
are of vital importance t o  ensure that pavement management systems ar 
reliable management tool and source of information. 
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us facets of the pavement ma 

e relevant section in the main 

mpfe of a typical verification routine to check the accuracy of TMH 9 visual 
ata is shown in Table A.2.1. 

T 

Texture 
Texture 
Texture 
Voids 
Voids 
Voids 

Crocodile 
cracking 
Pumping 

utt ing 
Rutting 
Undulation 
Undulation 
Parching 

Failure 

RATING 

DEGREE 

5 
5 
1 
1 
6 
5 

2 4  
2 

2 3  

2 4  

2 4  
2 4 
2 4 
2 3  

r 6  
2 4  

2 3  

EXTENT 

2 4  
2  4 
2 3  

2 4  

2 3  
2 3  

2 3  
2 3  

2 4  
2 3  

CONTROL ITE 

Bleeding 
Skid resistance 
Skid resistance 
Skid resistance 
Bleeding 
Skid resistance 
Riding quality 
Bleeding 

Skid resistance 

Riding quality 
Block, long, 
transverse and 
crocodile (Error if 
all ratings are nil) 
Block, long, 
transverse 
Surface drainage 

Riding quality 

Riding quality 
Surface drainage 
Riding quality 
Riding quality 

DEGREE 

V RATING 
m , ,  

EXTENT 

2  4 

2 2 

2 4  

ERROR 
ESSAGE 

Pavement Manqement System 
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A. (Refer t o  section 

The method presented in t is section is the same as the method presented in section 
the exception of the following t w o  items: 

I) ose of this factor is to provide a 
S .  This is considered important 

I) 

i th a severity rating of 1 or 2 is not consi 

Dreft TRH 22, Pretortr. South Afrtca, 1994 



s visuai condition index is 

- n t  item number (Tabl 

-- - 

functional defects 
0 t o  5 for other defects 

- -- nt weight for defect n (Table A.3.1) 

- - or defect n (Table A .3 . l )  

, for functional defects. 
, for other defects. 

- extent ratings set at maximum. 

VCI, to a standard percentage scale. 

Pavement Menwement System 
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Texture 

Voids 

A 

Aggregate loss N 

DryIBr i~ le  

M 

Cracks : Block/Stab L 

Cracks : LengISlip 

M 

Cracks : LonglSlip L 

UndulationISenleinent 

S 

M 

L 

FailuresIPotholes 

Surface drainage 

Unpaved shoulders 

Draft  TRH 2 2 ,  Prstor~s. South A f r ~ c r ,  1984 



(Refer to section 

escribes a method to determine t 
life of a pavement, as determine 

ch category is presented in Ta 

l VERY POOR / 

Pavement iWan&pment System 
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require further research an 
PR 91 /325. The 
prediction of stru 
related t o  the structural cap 

Calculation o f  the structural stiffness index (SSI) consists of  the followin 

ion (V-maxf and b 
ments should also be adjusted for 

a) Granular base: 

-3,519 

C) Cemented base: 

the available inform ion on the average annual daily traffic 
e growth rate and pe entage heavy vehicles, together w i th  the 
NB,, determined in step 2, the estimated remaining life is calculate 
NB,, through equation A.4.7.  

Draft  TRH 22, Pratorta, South Africa, 1994 



fe estimates of V-max and 
and SSI,,,, respectiv 

. l ) .  

Structural stiffness index for Y-max and BLI. 
- Remaining life (yrs) L,.,,, and L,,, from equation 

S calculated as t SSIp,, and SS&,,. 

structural stiNn 

Pavement Msn&gemsnP System 
D r a f t  TRH 2 2 ,  Pra tor~a ,  South  A f r ~ c r ~ ,  1994 



This section presents pot 

escriptions of sit ories listed in Table A. 5.1 : 

oaches to traffic signals, traffic circles, pedestrian crossings an 
ds on main roads. 

D: dients steeper than 10% (Ion 

ends with radius < 250 m (speeds > 70 kmfh); gradient > 5% (Ion 
0 m), approaches to -and across major junctions; and sin 

junctions). 

Dual carriageway (all urpose) with minor junctions; single carriagew 
sections). 

eway (all purpose; non-event sections), motorway (mainline). 

For each of the cate ories the risk rating cou ravated by factors such a 
traffic volumes or un uthorised pedestrian cro or these cases the site ca 
could be upgraded to a highs level, de ending on the severity of the aggravatin~ factor. 

Draf t  TRH 2 2 ,  Pre tor~a ,  South A f r ~ c a ,  1994 



ent systems. It uses 

Annual excess user cost in rand per kilometre per annum. 

- - Excess vehicle operatin costs for four types of vehicles: 
cars (C), buses (B), light trucks (L) and heavy trucks ( W )  

- 0)" (No. of cars) 

- 
C A cost constant calculated each year based on th 

tyres, depreciation and maintenance of cars. 

- - Measured road roughness on a QI scale for EUC applications (see 
explanation below). 

tre for a specific section of roa 

- - F. I t  is impo~ltant to state the base year when reportin 
costs are related to the year used for the input costs. 

- Cost constants for cars, buses, light an vy trucks. To 
annually to allow r changes in input costs. Values published by 
Transponek For 19 

- Daily number of vehicles (cars, buses, light and heavy trucks). This is in 
both directions with the measured road roughness applicable to both 
directions. 

Pavement Msn&~arnent System 
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Q4 - - The average value of all roa surements whic 
value greater than 40. 

F, - - umber of measurements above 

the total annual EUC for result from equation A. 

or for use in combination r 

Where: 

EUCl - - Excess user cost index 

EUC, - - Excess user cost of road section "nw 

EUCBASE Excess user cost 
as: Qi = 60; AADT 00; % Heavy = 10% 
(Buses 1 %, light trucks 5%, heavy trucks 4%) 

The EUC can be repofled as the actual value (ran ment. For c o n  
different projects with each other, the va odd  be expressed as rand per 

is dependent on input costs ), which may vary fro 
imits for the EUC categories I values cannot be us 

classification of EUCs. 

To classify EUCs into categories the EUC must first be transformed into the EUC in 
described in sect .6.2. The index can then be use to classify the EUC, as shown in 

UC categories can be use in visual presentations, such 
and in colour codes on road condition maps. 

ll EUC CATEGORY 

85 S EUCl l00 
70 2; EUCl < 85 
50 S EUCl < 70 
0 i; EUCl < 50 

EUC I; 5 000 
5 000 < EUC S 12 50 

12 500 EUC S 40 000 
40 000 < EUC I; 100 000 

100 000 

Draf t  TRH 2 2 ,  Pretoria, South Afr~cs,  1994 



step in the compilation of projects involves the step 
ndwidth is specified by t 

Pavement M Jlanwernent System 

Draft TRH 2 2 ,  Prs to r~ r ,  South A f r~c r ,  1994 



ne through the followin 

e the relevant index and 
ns within the cate 

iii) If no match is found, go to the next category. 

iv) Repeat steps i) to iii). 

v) If no match is found in any category, classify the se 

, the deterioration rate of 
is can be done by exten 
t two years for a further 

is then re-classified if the next lower ind 

Draf t  TRH 22,  Pretorts, South A f r ~ c s ,  1994 





A. IT 
section 7.5.2) 

This section provides a few exam of methods that 
prioritisation of potential projects thro 
not yet been proved in practice 

e undertaken before the methods 

criteria are combined into the rehabilitation priority index: 

ied visual condition index (section 
cients to adjust the visual cor~dltio 

- traffic class; 

- excess user cost cate 
- Rate of pavement deterioration measured in the VCI. 

where: 

Draft TRH 22. Prctorte, South Africa. 1994 



llowing elements are combined into the reseal priority index (SPI): 

.&B I index, SCI (calculated usin 

+b djust reseal index for - 

of deterioration in reseal index. 

eseal priority index 
= 100, maximum (no urgency for action) 
= 0, minimum (urg d for action) 

for VC1 but with 
+ t + r + c +  efined in  able'^ 

D 1 -0.05 1 Dry 1 -0.05 1 New 
C 0 ,OO darate 0.00 Inter. 
B 0,05 t 0,05 Old 
A 0,10 Very Wet 0,10 Very Old 

P@vsmsnt  Mmnwemenr  S y r t a m  

Dra f t  TRH 22, Pretor~w, South Af r~ca,  1994 



Pavement Management System 
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be done by distress for thi  

: increase stars by  one if surface age is "oldw or "very old". 
.P 

= Lowest priority 

ved areas are divide into t w o  subcate 
jects. A priority index is calculat 

8 seal index (CGI) or Patching index (PCI) (calculated i th  the modified VC1 
la in  section A.3, but using the weights in  T 

Q fficients t o  adjust the indices for - 

Pavement M%nwelmsnt System 
Draft I R H  22 ,  Pretoria, Somh Afrrce, 1994 



where: 

CPI = 

PP1 = 
- - 
- - 

CCI = 
PC1 = 
X = 

- - 

100, maximum (no need for action) 

( l  + t + r + c  
1,6 maximum 

TRAFWC 
CLASS 

Pevemont Moneqement System 
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colours that s 

D (Possible) 70 S Pi S 9 
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A. 10 
(Refer to section 7.6.2) 

his section presents an example of an algorithm used to  determine 
m is illustrated in Figure A. 10.1 . The prescribed conditions 

y number below. 

[Extent Block Cracks 
+ Extent Crocodile Cr 
+ Extent Failures 
+ Extent Patching] r 

uMing 2 4 and Extent RuMing z 4. 

" Cracks : Degree - - (Degree Block Cracks + Degree Croco 
Degree Failures + Degree Patching)/N 

N 

: Extent 

Number of above defects with degree r 1. 

Extent Block Cracks + Extent Crocodile Cracks + 
Extent Failures + Extent Patching. 

A. f lit 

Road Ctassification = A or B and PSI < 2,3 

0 B 

PSI < 2,o 

Pavement Mona~sment System 
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A. 1 

Road Classification = A or €3 and 

or 

A. 

eseat Need Index s 70. 

A. 

Texture = 1 or 2, or 3, or W l 2 ,  or 

A. 1 

SurFace Cracks 

Failures 

" As defined in 3 above. 

Texture = 1 or 2 .  

Texture = 3 or W1  2, or W4 3 or W23 or W4 2 3 ,  

Pavement Management System 
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ce Failures 

ce Cracks 

rocodite Cracks - K 1 

leeding r 3 and Extent Bleedin 

Pavement M snagament  Sys tem 
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m for pavement repair measures 

Draf t  TRH 2 2 ,  Pretor~a, South A f r ~ c a ,  1994 



(Refer to section 9.3.3) 

a1 rehabilitation projects are ranked using the V-value, with the bi 

V = U +  M - R  . . . . . . . . . . . . . . . . . . . . . .  ( A . l l . l )  

t rehabilitation value per km per year of V-val 
cess user cost (per km per year) that is relate quality and traffic as 

efined in section A.6.1. 
= Normal pavement related maintenance cost i 
= Annual capital recovery cost in R/km of aver of rehabilitation. 

T I (Refer to  section 9.5.2.1 ) 

oidal curve illustrated in Figure 9.5 (section 9.5.2.1 ) is calculated from equation 

Value of the condition index 
Age of the pavement (time) 

P - Rho, a shape coefficient definin the point of inflection in the 
S-Curve (related to the life of the pavement). 

- Beta, a coefficient controlling the shape of t e curve (i.e. the rate 
of deterioration) by defining the steepness of the curve. 

CJ - Alpha, a coefficient defining the asymptote of the curve (minimum 
level to which pavement is maintained). 

- - I1 00 - asymptote) 
C - - Maximum practical value of condition index after construction. 

Pavement Mrrnwemant System 
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