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5 CRACKS ORIGIN AND PROPAGATION

The cracking occuring in rigid or semi-rigid structures, resulting from cements treated layer

shrinkage, thermal movements or the movement of the joints between concrete slabs, is in

relation with three different fundamental mechanisms : - G

_ thermal stresses : temperature variations induce openings and closures of the cracks induced
by the shrinkage in the cement treated base layers of the structure. 1f the bitum.inox.ls
concrete overlay perfectly adheres, the thermal movements induce stress concentration in
the overlay and then crack propa gation from the bottom to the top if it doesn't resist;

— traffic loads : the cyclic application of traffic loadings induces an additional distress of the
overlay and the propagation of the cracks originated by thermal effects;

_ thermal stresses : a rapid cooling down of the top layer can also induce important tensile
stresses and cracks.

The figure 2 presents the different mechanisms of reflective cracking.
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Figure 2 ; mechanisms of reflective cracking [Nunn, 1989]

It's generally agreed that the thermal stresses induce the cracks and take part to their initial
propagation while traffic stresses take part to the following step.

3. NONWOVEN GEOTEXTILE AND BITUMEN AS INTERLAYER SYSTEM

The role of an interlayer system works on two levels :

— gtress release : basement and/or overlay differential movements of thermal origin may be
absorbed by the interlayer, having an important stress release effect on the structure.
On the other hand, traffic stresses must be transmitted correctly between the pavement
layers. All the interlayers actually developed are based on bitumen or modified bitumen. The
visco-elasto-plastic bebaviour of this material fits very well to the above mentioned
requirements;

~ waterproofing : in case of cracks, we must avoid any intrusion of water in the soil
underneath the pavement. Otherwise, soil bearing capacity will decrease and some pumping
effect is to be expected under traffic loads, inducing extra stresses into the pavement and
additional distress.




‘1onpoid 1946910l 971 Aq poqiosqe 2¢ Ued JBY) UAHITIq JO Ajijwenb —

120URISISAI [BOIWISYD —

‘Aqndaosns srnjeradws) —
‘urexs SmMIey Jo 9, A 1e 10 ISusI)s s1ewn JO
2% X 18 “9IN{ie] 18 SSSUI]S 571 SUMUID)p WD 3U0 'F'9 : UIel)s 10 30I0] JO [9A9] o4} uo spusdop
SSoUIINS oY) ‘010JoIy], A[Iesuy] SAeyeq jou op jerousd w sionpord mAeprsrul “motmoads
a1 JO [IpWa 971 q pue uwoneulioyep Juwpuodssiroo oMy 3 ‘o010 pondde o3 st g worgm
u(q3)/d=1S: Aq USAIS ST § SSSUPNS oY 'S[I0J [PUOSUSUIP-0M] SB PIIIPISUCD 3q WD

A9T) ‘SSOUOTYl UI HII MOJ B UoY) Ssof 21e sjonpord rodepsym ungy sows | (tyNY) SSOUQHUS ~

‘(NT) wonzeroprad —

{(95) WBUans 9jEWIN JB WIS —

“(w/NpD) aSuems eyerunm

{(wm} ssowor —

{(;m/3) ware Jum 1od ssewr —

‘prureAod ‘susiAdoxdAjod ‘1a3sadfod : feusleux oseq ~

: JUBAD[SI 2q 0] Waas sonsadord Surmof[oy 21) ‘UoAOMUOT 107

Jos) waisAs oy) uo pue jonpord IPAB[ISIM ST) O JNO PILLIED 94 0}
§159} sondun waisAs I9ABIS)IUI 91 JO UONESLIAOBIRY)) TWIAISAS AR[ISA0 oY) Jo 1ed se rade(iaim
571 JO MOIABYSQ 971 WO DUE J[2S3 WIISAS IAB[ISUl 971 GO AIBSSI09U SI0J3IdY) 1B SS9
"POUINLISIOP Sq 01 SABY 2INJONIIS ProI oY) ur Arfd 031 9ABY ASY] S[01 9Y) 0] JUBAS[SI JIB [PIYM
SOIISLISIORIBYD 20) “UOTIBMYIS TSAIT B UI POINS ST WdISAS AB[19A0 JO 3dA3 jeyM 95001D 03 13pI0 U]

. SINANOdWOD
SII ANV WHISAS YHAVIIAINI NV A0 NOILVSINAIDVIVHD (4

‘ToAe[1opun 911 W0 Jonpoid RArLIm
a1 Jo JusgorIop oqissod i 9143 aprgea 21} 03 Suryons o1 snp juewaoe[d Fuump swsjqord
0} peaj WeD JIapUI] JO $S0Xa Wy “Iakeroym o) Jo Sumonoury tadordun 01 spes| psepur wpuiq
Jo Anuenb juwepmnsw Uy IOPUIQ YA ToA0MUIOU Y1 Jo woneusardun sjeudordde uz aaey
01 IoPIO Ul grosqe ued Koy uatnmyiq Jo Amuenb o) omuLialap 01 AIESSIDIU ST I STIAOMEOU 10,]

‘no1ssa1durod
pue dos1d PIOAR 01 ISUIBINOD B SE 0B [Aa UdAomumou o) oy sardadord Sugoordisesm
puE 9SEO[9l SSAM)S ‘UOISIYPE OYl Sunsur Ued wommnylq ‘rofepRim uowmyiq pajeusordun
3[11X2)09F USADMTON JO 9SEO () U] $I090 [PULIOY) pue oSujerl Aq peonpur sassans oyl
JO wonnqLisip pood e 9910eiEnS 01 Lapso Ul ABIIA0 SNOUTITIIG AMIU D1} [Iv pre Jakepopun
a1 Y wesds 1afepalur 9yl JO 20URIAYPE JUADMYNS B ARy 01 A1essa0au A@infosqe st 3]




Tableau 1
Characteristics PET pPp Bitumen

Softening point (°C) 250 160 30 — 100

Glass transition T (°C) 80 -15 -

Degradation T (°C) 300 280 -

Tensile (N/mm?) 1000 600 0.5 10

Elongation (%) 15 15 -

E modulus (N/mm*) 12500 12000 10000 — 30000
(traff)

‘ 100 — 1000

(therm,}

Density 1.38 0.91 -

Chemical resistance ;

- solvents + + -

- fuels + + -

- de-icing + + +

Biological resistance + + +

Water resistance + + +

At the level of the interlayer, index tests must be also realised on combined materials (bitumen
and nonwoven geotextile) :

— shear modulus;

— compressibility;

~ stiffness modulus (vertical);

— thermal registance.

Finally, performance tests will be chosen in order to point out the real effect of the mterlayer
on the prevention effect of reflective cracking. It concerns :
~ combined materials :
- stiffness modulus as a function of frequency and temperature;
- shear modulus as a function of frequency and temperature;
- waterproofing;
— structure : crack propagation simulation test
- under traffic loading;
- under thermal loading;
- under combined effects.

S DESIGN MODELS AND LABORATORY SMULA TI ON

Laboratory testing technics are generally developed to examine: chﬁ'erent aspects of a system
for the situations where reflective crackmg may norma]ly develop Although many different
facilities are descnbed n the hterature it is p0531ble-_ to clasg;lf_y them in a limited number of

loading cycles is monitored. The tests: ale_
some cases however, they are used to calibra 11ty analytical models.
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6. NUMERICAL AND ANALYTICAL APPROACHES

A lot of numerical programs have been developed in several universities and research centres;
most of them are based on finite elements developments, like we did at the University of Liege.
Our program considers various positions of lorry axles and determines the total effect on the
crack tip, in combination with a temperature variation; it is based on a division of the hole
structure in finite elements, working mainly in linear elastic mode.

The structure analysed with this method was constituted as given figure 5 [Rigo et al, 1993].

Concrete

Figure 5 : road structure modelisation

6.1.  Basic principle

The investigated structure has been divided into small elements by means of a 2D-finite
element mesh (figure 6) [Rigo et al,, 1993]. The principal stresses and the resulting damages
are evaluated for each element under traffic and/or thermal effects taking the stress history of
each element into account. Once the damage is equal to unity for a given element, this one is
removed from the mesh and the next calculation step is based on a mesh with an empty element
as a simulation of the crack. This is realised step by step until the simulated crack reaches the
top surface of the overlay.

6.2.  Technical datas

The technical characteristics of the different materials are :
— overlay : E goes from 3100 to 210 MPa (frequency O,1 Hz) when temperatures goes from
10 to 30°C; for traffic loading (frequency 10 Hz) E = 5400 MPa;

— interlayer:

Traffic Thermal
G (MPa) 2 1
Ey (MPa2) 1300 1000
Ey (MPa) 4 2

V = perpendicular to interface

H = parallel to interface

- concrete : E = 15000 MPa;a = 12.10°

— granular sub-grade : E = 200 MPa; o = 12.10°
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Figure 8 : overlay crack propagation during its service-life (traffic and thermal effects) versus
the thermal shear modulus of the interlayer

7. HARMONISATION AND RECOMMENDATIONS

An important work is realised at the RILEM level (Réunion Intemationale des Laboratoires
d'Essais sur les Matériaux) in order to give to designers and constructors some
recommendations for the use of remediations techniques in reflective cracking.

This group reassembles a lot of experts who will write the state of the art and
recommendations in five steps :

1. assessment and evaluation;

2. definition and charactenlsation of the components of a system (interlayer products, overlay);
3. choice of the appropriate solution;

4. preparation of the site;

5. laying procedure (binder tackcoat, interlayer, overlay).

A presentation of the conclusions will be done at the Reflective Cracking Congress in
Maastricht, October '96.
The CEN TC 189 has also a working group on the subject.

8. CONCLUSIONS

Correct installation is a key to the performance of the reflective cracking control system. For
systems using nonwoven geotextiles, some recommendations can already be given :

a) the supporting surface has to be cleaned;

b) the potholes and irregularities have to be filled;

c) the cracks have to be sealed,;

d) the binder must be applied on a dry surface and in a good quantity;

e) the fabric has to be unrolled under tension in order to avoid wrinkles or folds;

f) the overlap is to be cared;

g) the maneuvring on the surface fabric has to be avoided.

This can reach to a good result but it will be of the prime importance to analyse correctly the
situation, to make measurements in order to have a diagnosis of the old structure. Laboratory
tests for index, performance and evaluation will give the best solution and the best technic to
be applied on site.
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