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Outline

•  Introduc.on	
• Project	descrip.on	(Rilem	TC-SIB)	
• Materials	and	test	methods	
• Results	and	discussion	
• Conclusion	and	Future	work	
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Grid-reinforcement of asphalt layers

• Construc.on,	maintenance	and	rehabilita.on	prac.ce	
•  New	on	New	

3	

New	AC	base	course	 Grid	installa.on	 Ready	for	takeoff/landing	
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Grid-reinforcement of asphalt layers

• Construc.on,	maintenance	and	rehabilita.on	prac.ce	
•  New	on	New	
•  New	on	old	(distressed/cracked)	
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Milling	of	surface	course	 Leveling/regulariza.on	 Grid	installa.on	
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Grid-reinforcement of asphalt layers

•  Improvement	in	pavement	performance	
•  Improve	ru\ng	or	fa.gue	resistance			
•  Prevent	or	delay	reflec.ve	cracking	

5	

Brown S F, Thom N H and Sanders P J 

1. INTRODUCTON 

Investigations in the early 1980's (1,2,3) established that the use of high tensile 

polymer grids for reinforcing asphalt concrete could be effective, provided that 

appropriate installation techniques were used on site. Brown et al (1) reported that 

such grids could significantly improve resistance to reflection cracking in asphalt 

overlays, could extend the fatigue life of an asphalt mixture by a factor of 10 and the 

life to a critical rut depth by a factor of 3. 

 

In all cases, it was found to be essential to locate the grid at the correct level within 

the asphalt layer and this point is illustrated in Figure 1. The three photographs show 

cross-sections of an 80mm asphaltic concrete layer following trafficking in the 

Nottingham Pavement Test Facility (4). The layer was constructed over a low 

stiffness granular base and subgrade (5). The top photograph shows an unreinforced 

section, the middle photograph has a grid located at mid-depth of the layer while the 

lower photograph is for the case with a grid located at the bottom of the layer. In all 

cases, the sections were subjected to the same wheel load of 9 kN for 200,000 

repetitions at 20ºC. 

 

 

Unreinforced

Grid at 
mid-depth 

Grid at 
bottom 

Figure  1:  Pavement Cross-sections following Trafficking 
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Brown	et	al.	(1985),	“Polymer	grid	reinforcement	of	
asphalt”,	Proc.	AAPT,	Vol	54,	1985		

employed. ASTRA test, carried out to investigate
interlayer shear resistance, showed that the presence of

a geogrid leads to a peak resistance reduction, whereas

the residual (post-peak) interlayer friction is not
influenced by the reinforcement. The de-bonding

effect is particularly evident with the FP geogrid

which is characterized by higher thickness and
torsional stiffness than CF geogrid. However, the

geogrid influence tends to vanish at higher tempera-

tures, where the interlayer shear resistance appears to

be controlled only by the characteristics of the two AC
layers in contact. Binder aging brings to an increase of

the peak resistance, especially in terms of pure shear

component, for both reinforced and unreinforced
interfaces.

Repeated loading 4PB tests carried out on double-

layered systems showed that geogrids lead to a
remarkable increase of permanent deformation resis-

tance, especially at higher load levels. In the pre-

cracking phase, both geogrid types produce a flexural

Fig. 20 Visual surveys of pavement condition above simulated cracks (section B)

Materials and Structures (2015) 48:959–975 973
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Objec,ve and methodology

• Characterize	the	fracture	resistance	of	grid-reinforced	
asphalt	concrete	layers	

•  3-Point	bending	tests	on	double-layered	specimens	

•  Flexural	toughness	measured	using	energy	based	
toughness	indices		
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Rilem project (TC 237-SIB)

• Advanced	Interface	Tes.ng	of	Geogrids	in	Asphalt	
Pavements	

7	

•  Interlaboratory	test:	
•  measure	the	proper.es	of	reinforced	
interfaces	(de-bonding)		

•  measure	the	proper.es	of	double-layered	
reinforced	systems	

•  Real-scale	analysis	
•  Measure	pavement	response	using	FWD	
tests	and	Real	scale	loads		

•  Analyze	the	pavement	performance	under	
traffic	(i.e.	surface	cracking	evolu.on).	
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Materials (TC 237-SIB)

• Double-layered	slabs	obtained	from	experimental	test	
sec.on	
•  Real	scale	paving	equipment	and	grid	installa.on	
techniques	

8	
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Materials (TC 237-SIB)

• Double-layered	slabs	obtained	from	experimental	test	
sec.on	
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Upper	layer	AC12	surf	

Lower	layer	AC12	surf	

Interface:	3	types		à	

UN		-	Unreinforced	
(tack-coat)		
	

CF	-	Carbon	Fiber	
(pre-coated)		
	

FP	-	Glass-fiber	
reinforced	Polymer	
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Tes,ng methods
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•  3PB	monotonic	(UniAN)	
•  H	=	75	mm	(45+30)	
•  D	=	90	mm,	L	=	240	mm	
•  No	notch	
•  Speed	=	50	mm/min	
•  T	=	20	°C	

•  3PB	monotonic	(UniBO)	
•  H	=	90	mm	(45+45)	
•  D	=	100	mm,	L	=	400	mm	
•  hnotch	=	20	mm	
•  Speed	=	5	mm/min	
•  T	=	10	°C	



8th	RILEM	Interna.onal	Conference	on	Mechanisms	of	Cracking	and	Debonding	in	Pavements	(MCD2016)	

Tes,ng results
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•  3PB	monotonic	(UniAN)	•  3PB	monotonic	(UniBO)	
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Tes,ng results: CF crack propaga,on
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Tes,ng results: FP crack propaga,on
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Results: first crack load and deflec,on
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Flexural behavior of fiber-reinforced 
concrete (FRC)

15	

the design rules concerning Ultra High Performance
Fibre Reinforced Concrete.

2 FRC classification

Classification is an important requirement for struc-
tural materials. When referring to regular concrete,

designers choose its strength, workability or exposi-

tion classes that have to be provided by concrete
producers. When using FRC, compressive strength is

not particularly influenced by the presence of fibres

(up to a volume fraction of 1%); therefore, the
classification for plain concrete can be also adopted

for FRC. It is well known that fibres reduce

workability of fresh concrete, but workability classes
for plain concrete can also be adopted for FRC. Some

studies are still needed for exposition classes since

fibres may reduce the crack width [14]; therefore, for
the exposition classes described in the EN 206 [15],

different rules may be adopted in FRC structures
(smaller concrete covers for instance).

Since fibre reinforcement mechanisms are mainly

activated after cracking of the concrete matrix, fibres
have marginal influence in the behaviour of

uncracked elements. Therefore, concrete tensile

strength is related to the matrix strength and is not
influenced by fibres.

The residual (post-cracking) tensile strength,

which represents an important design parameter for
FRC structures, is the mechanical property more

influenced by fibre reinforcement.

Due to the well known difficulties in performing
uniaxial tensile tests [16], bending tests with small

notched beams are best candidates to be a standard

test method for the FRC classification. Since bending
behaviour is markedly different from uniaxial-tension

behaviour, it may happen that softening materials in

tension present a hardening behaviour in bending [17]
(Fig. 2). In fact, in bending tests, the linear variability

FRC
COMPOSITES

Tensile Strain Hardening:

Tensile Strain Softening:

Deflection Hardening:

Deflection Softening:

tension( )f fcriV V≥

bending tension( ) ( )fcri f fcriV V V≤ ≤

bending( )f fcriV V<

HPFRCC

DFRCC

tension( )f fcriV V<

ccσ

pcσ

ccε pcε

FRC typical;
strain-softeningMatrix

HPFRCC typical
(Strain-hardening and

multiple cracking)

S
TR

E
S

S

STRAIN
(or elongation)

ccf

rf

cδ uδ

Deflection-softeningMatrix

(Deflection-hardening
and multiple cracking)

LO
A

D

DEFLECTION

MOR

Fig. 2 Softening and hardening concepts for the classification of FRC [17]

Materials and Structures (2009) 42:1261–1281 1263

Naaman,	et	al.	(1993)	Mechanical	behavior	of	High	
performance	concrete,	Volume	6,	SHRP-C-366	

Di	Prisco	et	al.	(2009).	Fibre	reinforced	concrete:	new	
design	perspec.ves.	Materials	and	Structures,	42(9)	
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Energy-based dimensionless indices
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Cap. 2: PROPRIETA’ MECCANICHE DEI CONGLOMERATI CEMENTIZI 
FIBRORINFORZATI 

2.40  
 

tratto è convesso (fig. 2.27 b). In entrambi i casi il punto 

corrispondente alla prima fessurazione (punto A) è il punto in 

cui la curva presenta un netto cambiamento di pendenza. 

 

a) 

 
 

b) 

 
 

Figura 2.27. Caratteristiche della curva sforzo-deflessione: a) primo tratto concavo, b) 

primo tratto convesso. [ASTM C 1018-97] 

 

I5 =
Area OACD
Area OAB

I10 =
Area OAEF
Area OAB

I20 =
Area OAGH
Area OAB

• ASTM	C	1018	
•  Standard	test	method	for	Flexural	Toughness	and	first	crack	strength	of	
Fiber-Reinforced	Concrete	(Using	Beam	with	third	Point	Loading)	
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Energy-based dimensionless indices
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Energy-based dimensionless indices
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Conclusions
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• Grid-reinforcement	did	not	affect	first-crack	load	and	
deflec.on	(pre-cracking	behavior)	
• Post	cracking	behavior	was	similar	with	different	test	
geometries	and	condi.ons	(temperature,	loading	rate)	
• Pre	&	Post	cracking	behavior	was	similar	to	that	of	
fiber-reinforced	concrete	(FRC)	
•  Energy-based	dimensionless	were	effec.ve	in	
characterizing	flexural	toughness	
•  The	grid	effect	is	more	evident	at	higher	limi.ng	
deflec.ons	(I20)	
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Future work (1)
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•  Evaluate	temperature	and	deforma.on	rate	effects	
(.me-temperature	superposi.on)	
• Review	first	crack	defini.on	
• Back-analysis	of	previous	3PB	tests	and	generaliza.on	
of	results	
•  Evaluate	other	deflec.on-based	toughness	indices	
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Future work (2)
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•  Extended	finite	element	simula.on	
•  Three-phase	model	–	asphalt	concrete,	geogrid	and	interfaces;	
•  Cracks/damaged	modeled	in	both	concrete	and	interfaces.	

•  Asphalt	Concrete—quasi-briple	material;	

•  Glass	Fiber	Reinforced	Polymer	geogrid	(FP)	—	elas.c	material;	

•  Red	line	(	---	)	—	interface:	cohesive	crack	model.	

Original	contribu.on	by		Dr.	Shangtong	Yang,	University	of	Strathclyde	Glasgow,	UK		
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Future work (2)

22	

•  Extended	finite	element	simula.on	–	Preliminary	results	
•  Stress	distribu.on,	load	deflec.on	curve	

•  Crack	propaga.on	
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Original	contribu.on	by		Dr.	Shangtong	Yang,	University	of	Strathclyde	Glasgow,	UK		
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Thank you!
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