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ABSTRACT 
 

The road pavement structure consists of several layers such as the surfacing layer, the road base, the 
subbase and the subgrade. When road pavements having cracks are to be rehabilitated, a layer of stress relieving 
or reinforcing interlayer may be introduced, thus increasing the number of layers making up the pavement 
structure. The bond between the layers of pavement plays a great role in the performance of the pavement. The 
pavement layers should be well bonded to allow the pavement to act as a unit to aid the transfer of the wheel 
load from the pavement surface to the subgrade. This condition is found not to be true when other materials like 
stress absorbing membrane interlayers such as geotextiles, sand/soft asphalt, modified binder etc and reinforcing 
interlayers such as geogrid, steel grid etc are introduced in the pavement to retard reflective cracking. These 
materials affect the bond between them and the overlay and the life of the overlay. This study which 
investigated the interface bond between overlay and Stress Absorbing Membrane Interlayer (SAMI) using 
Leutner shear test was carried out using Leutner shear apparatus as part of the assessment of the effectiveness of 
stress absorbing membrane interlayers in reducing reflecting cracking. The test was carried out on overlay-stress 
absorbing membrane interlayer interface at 10oC, 20oC and 30oC to assess the bond between the overlay and the 
stress absorbing membrane interlayers. Also the tests were carried out on samples without stress absorbing 
membrane interlayers (control). The results showed that the overlay-stress absorbing membrane interlayer 
interface bond decreased with increasing temperature. It was also found that the interface bond depends on the 
materials in contact as the overlay-SAMIs interface shear strengths for all the SAMIs evaluated varied. The test 
indicated that the introduction of SAMIs implied reduction of the interface shear stiffness.  
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Introduction 
 

Road pavement structures are made up of several layers and each layer contributes to the pavement 
performance. In a pavement structure the usual assumption is that adjacent layers are fully bonded together and 
act as a single layer, resulting in no relative slip (Collop et al 2003; Sangiorgi et al 2003). The strength of the 
pavement depends on the strength and stiffness of each individual layer and the bond between the layers. The 
state of adhesion at the interfaces between different layers seriously influences stress and strain distribution 
among the pavement layers, and thus, affects the performance of the pavement (Mohammad et al, 2005). If the 
bond at an interface is inadequate, the strains throughout the pavement may increase (under trafficking) and its 
life may consequently be reduced (Collop et al, 2003).  Some state agencies, such as Wisconsin Department of 
Transportation (WisDOT) have experienced pavement failures that have been attributed to poor bonding at the 
interlayer (Mehta and Siraj, 2007).  

Bonding failure is critical at the interfaces close to the surfacing layer. Mehta and Siraj (Mehta and Siraj, 
2007) stated that the interlayer nearest the surface of the pavement is where loss of bonding typically occurs. 
Pavements maintained with overlay and interlayer materials to retard reflective cracking end up having more 
layers of bound materials, which are expected to be well bonded. Khweir and Fordyce, (Khweir and Fordyce, 
2003) stated that greater number of layers imply a higher number of interfaces that are expected to be able to 
perform well in transferring horizontal shear stresses.  

The common method of assessing pavement interface bond is by direct shear test, which measures the 
interface strength in shear mode. Other methods include the pull off test (tension mode), torque bond test 
(torsional shear), wedge splitting test and falling weight deflectometer.  In this study, the interface bond between 
the overlay and SAMIs was investigated using the Leutner shear test. This assesses the interface properties in 
shear mode. The study was part of the evaluation of the effectiveness of SAMIs in reducing reflective cracking 
in rehabilitated pavements. 
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The Leutner test was developed in Germany in the late 1970s as a simple means of undertaking a direct 
shear test on the bond between two asphalt layers (Collop et al, 2009). The test applies a constant shear 
displacement rate across the interface under investigation and the resulting shear force is monitored. The test is 
carried out on 150 mm diameter cores comprising of at least two layers and the standard loading (displacement) 
rate and temperature are 50 mm/min and 20oC, respectively. The Leutner shear test is different from the direct 
shear box test because normal force is not applied, but it also suffers from non-uniform interface shear stresses. 
The peak shear stress, displacement at peak shear stress and shear stiffness modulus are determined. Figure 1 
shows the Leutner shear test apparatus in Instron hydraulic machine. 

 

 
 
Fig. 1: Leutner test equipment 

 
Materials And Methods 
 
 Materials: 

 
The materials used for the study were 10 mm Asphaltic Concrete (AC) with 40/60 straight run bitumen, 10 

mm AC with 10/20 straight run bitumen and the SAMIs are termed SAMIs A, B, C, D, and E. The mix 
composition for 10 mm AC in Table 1 was prepared in accordance with BS standard (BSI, 2006a), also the mix 
compositions for the SAMIs A and B were as shown in Table 2. The mix composition for SAMI E in Table 3 
was in accordance with British standard (BSI, 2006b). SAMIs C and D were prepared by sandwiching glass 
fibres chopped to 60 mm at a rate of 120 g/m2 between two layers of bitumen emulsion spread at a rate of 0.9 
L/m2 with 6 mm aggregate compacted on them. SAMI C was produced using ordinary bitumen emulsion while 
SAMI D was produced with polymer modified bitumen emulsion. 
 
Table 1: Mix composition for 10 mm asphalt concrete 

Sample Percentage by composition of aggregates 
10 mm aggregate 37% 
6mm aggregate 26% 
Dust 36% 
Filler 1% 
Binder type 40/60 bitumen 
Binder content 5.3% by mass of total mix 
Target air void 5% 

 
Table 2: Mix compositions design for SAMIs A and B  

Sample type % by composition of aggregate % by composition of aggregate 
SAMI A SAMI B  

0/4 Crushed rock fill  95% 74.5% 
Fine sand - 20% 
Filler 5% 5.5% 
Binder type Polymer modified bitumen Polymer modified bitumen 
Binder content 9 % by mass of total mix 9.1 % by mass of total mix 
Target air void 2% 2% 

 
Table 3: Mix design for SAMI E 

Sample  Percentage by composition of aggregates 
Sand 84% 
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Filler 16% 
Binder type 160/220 bitumen 
Binder content 10.3% by mass of total mix 
Target air void 5% 

 
Methods: 
 Samples preparation: 

The test samples of plan dimension 305 mm by 305 mm were prepared in three layers, the top layer 
(overlay) was 10 mm asphaltic concrete with 40/60 bitumen, the middle layer was the SAMI and the bottom 
layer was 10mm asphaltic concrete with 10/20 bitumen. The control samples of the same plan dimension were 
prepared in two layers (bottom and top) without SAMI.   

For the bottom layer, the aggregates and binder were batched, heated, mixed and compacted in a mould of 
dimension 305 mm × 305 mm × 130 mm with roller compactor to a thickness of 60 mm and allowed to cool. 
For the middle layer, SAMIs A, B, and E aggregates and binder were batched, heated, mixed and compacted on 
the bottom layer to a thickness of 20 mm. The SAMIs C and D mixtures were prepared by sandwiching 60 mm 
glass fibre strand between layer of bitumen emulsion and 6 mm aggregates compacted on it. The top layer 
mixture was prepared the same way as the bottom layer and compacted on the SAMI to achieve 30 mm 
thickness. The control samples were prepared in similar way as the test samples without middle layer (SAMIs). 
The bottom layer compacted to 60 mm thickness and the top layer compacted to a thickness of 30 mm. Two 
cores of diameter 150mm and thickness 110 mm for cores with SAMIs A, B and E, 97 mm for cores with 
SAMIs C and D and 90 mm for the control samples were cut from each slab. The mixing and compaction 
temperature for the mixtures were as shown in Table 4. Typical 150 mm cores were shown in Figure 2. 
 
Table 4: Materials mixing and compaction temperature 

Material Mixing temperature (oC) Compaction temperature (oC) 
10 mm AC (40/60 bitumen) 160 150 
10 mm AC (10/20 bitumen) 185 180 
SAMI E 180 150 
SAMIs A & B 140 130 

 

 
Fig.  2: Typical 150 mm cores 

 
Test procedure: 

 
After the samples had been cored, the diameter and thickness of the specimens were measured and the 

samples were placed in a temperature control conditioning cabinet at the test temperature for a minimum of 5 
hours. Each sample was placed in the Leutner test frame and the interface to be evaluated was aligned between 
the upper and the lower shear rings. The Leutner shear frame was fixed into Instron hydraulic machine with a 
temperature control cabinet. The load (shear displacement) was applied at the rate of 50mm/min and the 
resulting load was recorded to the nearest 0.1kN and the displacement to the nearest 0.1mm. The test was 
stopped when the interface failed. The shear stress-shear displacement graphs were produced and the peak shear 
stress, displacement at peak shear stress and shear stiffness modulus were determined. The tests were carried out 
at 10oC, 20oC and 30oC. The test procedure was described in Manual of Contract Documents for Highway 
Works (Highway Agency, 2008). 

The shear stress was calculated as shown in equation 1. 
 
τ = 𝐹𝐹

𝜋𝜋𝑟𝑟2                (1) 

Interface 
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Where, τ = shear stress in (MPa); F = load (in kN); and r = initial radius of specimen (in mm) 
 

 Results And Discussion 
 
The results of the Leutner shear test were presented as graphs of the shear stress versus displacement. A 

typical graph of shear stress versus displacement is shown in Figure 3.  The graph showed that the shear stress 
increased with increasing shear displacement until the peak shear stress was attained (defining the shear strength 
of the interface). After the peak shear stress, the interface started failing and the shear stress decayed rapidly to 
zero as the sample split into two. Figures 4, 5, and 6 showed the peak shear stress versus peak shear 
displacement of the interfaces tested at 10oC, 20oC and 30oC, respectively.  

 

 
 
Fig. 3: A typical shear stress versus displacement graph 

 

 
 
Fig. 4: Peak shear stress versus peak shear displacement at 10oC 
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Fig. 5: Peak shear stress versus peak shear displacement at 20oC 
 

 
 
Fig. 6: Peak shear stress versus peak shear displacement at 30oC 

 
It can be seen from Figure 4 that the overlay-SAMI A interface had the highest shear strength of all the 

interfaces tested at 10oC. It was followed by the overlay-SAMI B interface. The shear strength of the two 
interfaces were greater than that of the control (AC10 (40/60)-AC10 (10/20)) indicating that they were well 
bonded to the overlay. Also, they showed that the overlay-SAMI C interface has higher shear strength than 
overlay-SAMI D interface, while their shear strengths were less than that of overlay- SAMI E interface. This 
implied the overlay-SAMI E interface had stronger bond than the overlay-SAMI C/D interface. 

Figure 5 indicated that the overlay-SAMI B interface had the greater shear strength than overlay-SAMI A at 
20oC. Also, they had higher shear strength than the control (AC10 (40/60)-AC10 (10/20)), but the control had 
higher shear strength than other interfaces. Again, the overlay-SAMI C interface had greater shear strength than 
SAMI D, but their shear strengths were less than that of the overlay-SAMI E. 

It can be seen in Figure 6 that the interface bond at 30oC followed the same trend as the interfaces tested at 
20oC. The overlay-SAMI B interface had slight greater shear strength than overlay-SAMI A at 30oC and both 
had greater shear strength than the control (AC10 (40/60)-AC10 (10/20)). The overlay-SAMI C and overlay-
SAMI D interface had the same shear strength, while the shear strengths of both were less than that of SAMI E. 

Table 5 showed the shear strength of all the interfaces as percentage of shear strength of the control. A 
typical failed interface after the test is shown in Figure 7. Tables 6 showed that the control (AC10 (40/60)-AC10 
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(10/20)) had the highest shear stiffness modulus of all the interfaces at 10oC, 20oC, 30oC. It can be seen that the 
interface shear stiffness decreased with increasing temperature.  

Table 5: The percentage of shear strength of control for all the interfaces 

Interface/Temperature Percentage of control shear strength 
10oC 20oC 30oC 

10AC(40/60)/SAMI A 225.50 152.98 112.35 
10AC(40/60)/SAMI B 218.64 172.85 114.81 
10AC(40/60)/SAMI E 70.91 72.85 43.21 
10AC(40/60)/SAMI C 37.73 25.17 14.81 
10AC(40/60)/SAMI D 30.91 17.88 14.81 

 

 
 
Fig. 7: A typical failed interface after test 

 
Table 6: Shear stiffness modulus of all the interfaces 

Interface/Temperature Interface shear stiffness modulus (MPa/mm) 
10oC 20oC 30oC 

10AC(40/60)/SAMI A 2.23 0.75 0.21 
10AC(40/60)/SAMI B 1.56 0.81 0.23 
10AC(40/60)/SAMI E 0.76 0.46 0.12 
10AC(40/60)/SAMI C 0.98 0.22 0.11 
10AC(40/60)/SAMI D 0.53 0.20 0.08 
10AC(40/60)/SAMI A 3.19 1.30 0.49 

 
Conclusion: 

 
This test describes the laboratory evaluation of the interface between overlay and stress absorbing 

membrane interlayers. It can be seen from the study that the interface bond between overlay and SAMIs 
decreased with increasing temperature. The overlay-SAMIs interface shear strengths and stiffnesses vary with 
different SAMIs, indicating that type of material in contact affect the interface bond.  

Also, the introduction of SAMIs in rehabilitated pavement reduces the interface shear stiffness. It is 
intended in further study to relate the degree of bonding between the overlay-SAMI interface to the performance 
of the SAMIs in reducing reflective cracking. 
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