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Abstract 
By testing the interfacial shear strength of grouting OGFC mixture, dense asphalt 
concrete and stone mastic asphalt mixture, the interface shear performance of grouting 
OGFC mixture for steel bridge deck was studied. The test results show that with the 
increase of ambient temperature, the interfacial shear strength of asphalt mixture 
pavement gradually decreases; And when it reaches a certain temperature, the 
interfacial shear strength will decrease rapidly; Compared with the traditional 
pavement materials, it is prove that the grouting OGFC mixture has better overall 
performance and temperature stability. 
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1. Introduction 

Due to the advantages of light weight and large stiffness, the steel box girder bridge has been wildly 
adopted in the construction of long-span bridges. And in order to ensure the good traffic capacity, the 
deck pavement is essential. At present, the commonly used bridge deck paving materials include the 
dense graded asphalt concrete (AC) and the asphalt horseshoe mastic macadam (SMA) [1,2]. 
However, because of the excellent thermal conductivity of steel, the temperature of bridge deck 
pavement will be uneven under the influence of environmental factors such as solar radiation. At the 
same time, the long-term action of vehicle load could also make traditional bridge deck pavement 
materials cause diseases easily such as displacement and wrapping of pavement [3,4]. Therefore, the 
steel bridge deck pavement urgently needs a pavement material with good temperature stability to 
make up for this deficiency. 

Grouting asphalt concrete emerges as a new type of pavement paving material in which cement mortar 
is injected into the open-graded large-void asphalt mixture matrix. To be specific, the mortar is 
injected into the interconnected voids to form a double skeleton structure, which forms the material 
strength together with the asphalt mixture base material [7,8]. Compared with traditional asphalt 
mixture, grouting asphalt concrete has better high temperature stability, water stability and strong 
fatigue resistance [Refs, 9-11]. However, it could be difficult to ensure the grouting compactness if 
the void ratio of asphalt concrete base material is small, which will have an adverse impact on the 
material performance of grouting asphalt mixture. In addition, the open graded friction course (OGFC) 
is a porous asphalt mixture with high porosity, which has good drainage and noise reduction functions, 
and is widely used in permeable pavement structure [12,13]. Taking great use of OGFC mixture as 
the base material can make sure the grouting compactness, and the requirements of the grouting 
asphalt concrete can be satisfied by higher mortar saturation as well. 
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Apart from the influence of the temperature stability of the pavement materials, the insufficient 
interfacial shear strength between the pavement and the base is also the main factor leading to the 
occurrence of relevent diseases [5,6]. Therefore, it is very necessary to study the interlayer stability 
between the grouting OGFC mixture and the steel bridge surface. In order to provide reference for 
the application of this pavement material in practical engineering, the interfacial shear performance 
of grouting OGFC mixture and steel bridge deck is tested as follows, and the interfacial shear 
performance of grouting OGFC mixture is also analyzed by comparing the interfacial shear 
performance of traditional asphalt mixture pavement materials AC-13 and SMA-13. 

2. Experimental Study 

The asphalt mixture pavement is connected with the steel bridge deck through the waterproof bonding 
layer. In the actual use process, the bridge structure is directly exposed to the natural environment. 
And the extreme temperature environment and the continuous change of temperature will affect the 
integrity of the pavement and the bridge deck. Therefore, in order to study the interface shear 
performance of the steel bridge deck grouting OGFC mixture, the ambient temperature is taken as the 
main influence parameter, and the interface shear test and pull-off test on the steel bridge deck 
pavement is carried out. 

2.1 Specimens Design 

2.1.1 Sub-Section Headings 

To ensure the grouting effect of grouted OGFC mixture pavement, the pavement specimens of OGFC-
20 asphalt concrete mixture is specially designed, and the base material is also designed on the basis 
of OGFC-16 grading guided by domestic standards; Additionally, the target porosity and connected 
porosity are set to 20% and 14% respectively. 

What’s more, the asphalt binder used in OGFC-20 asphalt mixture is self-made high viscoelastic 
asphalt binder, and the coarse aggregate is grayish green rock with high strength and good angularity; 
the fine aggregate is machine-made sand processed from limestone, and the filler is basalt grinding 
powder. Generally speaking, the aggregate gradation design refers to the OGFC mixture design 
method in the Chinese code JTG F40-2004 [14], and the upper and lower limits and preliminary 
gradation of aggregate gradation are determined in combination with the foreign research on OGFC-
20. The three preliminary gradations designed are shown in Table 1. 

 

Table 1. Preliminary gradation of OGFC-20 

Gradation type 
Screen size/mm 

0.075 0.15 0.3 0.6 1.18 2.36 4.75 9.5 13.2 16 19 26.5 
Gradation A 4 5 6 10 10 14 20 55 70 96 97 100 
Gradation B 3 4 5 8 8 12 14 45 66 93 96 100 
Gradation C 3 3 4 6 6 10 11 35 62 90 95 100 
Upper limit 8 18 18 18 18 18 33 80 80 100 100 100 
Lower limit 3 4 4 4 4 9 9 15 50 60 95 100 

 

Table 2. Marshall test results of preliminary gradation 

Gradation type Bulk density/g·cm-3 Porosity/% Connected porosity /% Stability/kN 

Gradation A 2.23 18.5 13.8 8.2 

Gradation B 2.13 20.3 16.3 6.8 

Gradation C 2.07 22.8 19.8 5.2 
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The asphalt aggregate ratio is calculated when the asphalt film is 14μm according to the above-
mentioned preliminary gradation, and the calculated asphalt aggregate ratio is 4.8%. Then the 
Marshall specimens are made based on this asphalt aggregate ratio. According to the Chinese code 
(JTG E20—2011) [15], the performance of the preliminary grading specimens were tested, and the 
test results are shown in Table 2. It can be seen from Table 2 that as the bulk density of the specimen 
decreases, the porosity and connected porosity of the specimen increase, but the Marshall stability of 
the specimen decreases simultaneously. According to the test results, considering the porosity and 
Marshall stability, this test selects gradation B as the aggregate gradation of OFGC-20. 

 

 
Figure 1. Broken lines asphalt aggregate ratio 

 

On the basis of the calculated asphalt aggregate ratio of 4.8%, taking 0.2% as the grade difference 
and setting up 5 sets of asphalt aggregate ratios for trial matching, and the maximum value of asphalt 
aggregate ratio was determined by Schellenberg analysis test when the minimum value was 
determined by Schellenberg analysis test. According to the test results, the asphalt aggregate ratio is 
taken as the abscissa, and the scattering loss rate and leakage loss rate are used as the ordinate to draw 
two broken lines, from which the conclusion could be drawn that the asphalt aggregate ratio 
corresponding to the intersection of the two broken lines is the best asphalt aggregate. As Figure1 
shows, the asphalt aggregate ratio of 4.8% is the closest to the intersection of the two broken lines, 
so this test determines that the asphalt aggregate ratio is 4.8%. 

Since the grouting material of OFGC-20 is cement-based latex cement mortar, the mix ratio of the 
grouting mortar is when the water reducing agent parameter is 0.2%, the water cement ratio is 0.42, 
and the fly ash replacement rate is 10 %, the ash collection ratio is 1.1, the content of latex powder is 
2%, and the content of defoaming agents is 0.8% at the same time. 

2.2 Interfacial Shear Test of Asphalt Mixture Pavement Structure 

In order to simulate the bonding of the asphalt mixture paving layer and the steel bridge deck in actual 
working conditions, the steel plate is firstly subjected to sandblasting and rust removal treatment, and 
epoxy zinc-rich paint is sprayed and then spread the configured epoxy asphalt cement on the surface 
of the steel plate according to the standard thickness. Finally the mixed asphalt mixture is paved 
above, rolled it into shape, and cured it at room temperature for 24 hours. After the curing is 
completed, the test piece will be grouted and cured again. Before the formal test, a specimen of 
10cm×10cm was cut with a cutting machine, and then the shear specimen was placed in a temperature 
control box. The shear test is carried out after the specimen reached the required ambient temperature. 
By now, the shear test model of oblique section is shown in Figure 2. To simulate the shear resistance 
of the steel bridge deck pavement under different temperatures during driving and parking, the 
loading environment temperature is set as -10℃~70℃, the temperature difference of each working 
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condition is set 10℃, and the shear angle is set as 40º according to literature [Refs, 16], and the 
loading rate is 10mm/min. The test results are processed using the shear stress calculation formula (1) 
as follows: 

 

= sin
F

A
                                   (1) 

 

Where τ represents the interfacial shear stress, F denotes the maximum vertical pressure at failure, A 
represents shear area, α denotes the shear angle that is set as 40º. 

 

 
Figure 2. The shear test model of oblique section 

 

In Figure 3, the interfacial shear strength of grouting OGFC-20 and comparison specimens is 
objectively shown. It can be seen from Figure 3 that the interfacial shear strength between the three 
asphalt mixtures and steel bridge panel decreases with the increase of temperature. And there is an 
inflection point in each curve, that is, when the temperature reaches the inflection point, the interfacial 
shear strength will decline rapidly. The reason to explain it is that the asphalt mixture is a complex 
visco-elastic-plastic material, which is greatly affected by temperature. Especially when the 
temperature is low, the asphalt mixture has good viscoelasticity with its own strength and stiffness 
being high. In this temperature range, its failure mode is mainly exhibits the failure of epoxy asphalt 
binder. However, under high temperature environment, the plastic properties of asphalt mixture are 
more significant, so when the specimen is subjected to interfacial shear, the pavement material itself 
will produce large deformation or even failure, resulting in low interfacial shear strength. 

 

 
Figure 3. Interfacial shear-temperature curves 

 

By comparing the curves of interfacial shear strength, it can also be found that the interfacial shear 
strength of grouting OCFC-20 is significantly higher than that of the other two traditional asphalt 
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mixtures, and the inflection point of the curve of grouting OCFC-20 is significantly later. It also 
shows that the grouting asphalt concrete pavement structure has higher overall performance and better 
temperature stability. To tell the truth, mortar is filled between the gaps of the base material of 
grouting asphalt concrete compared with the other two traditional paving materials. The skeleton 
formed after hardening of mortar plays a supporting and wrapping role in the asphalt mixture and 
enhances the embedding effect of the asphalt mixture. In the meantime, the interfacial shear strength 
between pavement layer and steel bridge deck is enhanced by the crosslinking of mortar and epoxy 
asphalt cement layer. In addition, the mechanical properties of hardened grouting materials are less 
affected by temperature, which continues to bear the external load in high temperature environment, 
thus improving the overall stability of pavement structure. 

2.3 Interfacial Shear Test of Asphalt Mixture Pavement Structure 

The purpose of the interfacial pull-out test is to evaluate the influence of different temperatures on 
the interface bond characteristics of grouting OGFC mixture pavement structure and steel bridge deck 
so that references could be provided for the shear performance of pavement structure. In this study, 
the loading environment temperature of the pull-out test is set as -10℃~70℃ with a 10℃ temperature 
difference of each working condition and a 50mm/min loading rate. The pull-out test model of 
pavement structure is shown in Figure 4. 

 

 
Figure 4. The pull-off test model 

 

The results of pull-out test of grouting OGFC mixture are processed by using the following formula: 

 
=P T S                                    (2) 

 

Where, P denotes the interface stress. T represents the maximum vertical drawing force at failure. S 
denotes interface bonding surface area. 

 

 
Figure 5. Pull-out strength - temperature curves 
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Figure 5 shows the relationship between the interface pull-off strength and temperature. It can be seen 
that the interfacial pull-off strength of the three pavement structures all decreases with the increase 
of temperature. And in the test loading process, the overall performance of the mixture is better under 
low temperature loading condition, and the failure mode of the specimen is mainly exhibit the failure 
of the interface bond layer while the failure mode of the specimen under high temperature 
environment presents the characteristics of asphalt mixture failure. Meanwhile, by comparing the 
drawing strength of the three pavement structures at different temperatures, it can be concluded that 
the pull-off strength of the grouting asphalt concrete pavement structure is significantly higher than 
that of AC-13 and SM-13, indicating that the cement mortar skeleton in the grouting asphalt concrete 
can restrain the peeling of the base material of the asphalt mixture and provide a certain tensile 
strength. The grouting asphalt concrete bridge deck surfacing layer has better drawing strength, which 
also proves that the grouting asphalt concrete bridge deck surfacing structure has higher shear strength. 

3. Conclusion 

(1) The results of interfacial shear test show that the shear strength of grouting OGFC pavement 
decreases with the increase of loading temperature, and there is a temperature inflection point in the 
loading curve. After reaching a certain temperature, the interfacial shear strength of pavement 
decreases rapidly. And under the condition of low temperature, the pavement structure is mainly 
destroyed by the interface cement layer; As for the high temperature condition, the proportion of 
failure between layers of asphalt mixture increases. 

(2) Compared with AC pavement structure and SMA pavement structure, the grouting OGFC mixture 
pavement structure has higher shear strength and better temperature stability under the same loading 
conditions. 

(3) The pull-out test results of pavement structure show that the pull-out strength of pavement 
structure decreases with the increase of loading temperature, and the pull-out strength of pavement 
layer of grouting OGFC mixture is higher than that of AC pavement structure and SMA pavement 
structure under the same conditions, which also proves that grouting asphalt concrete has higher shear 
strength. 

References 
[1] H. Shao, B. Huo. Influence of dense gradation on mechanical properties and road performance of asphalt 

concrete, Technology of Highway and Transport, vol. 12(2016), No.02:11-12. (In Chinese). 

[2] Z.Q. Zhang, R.P. Qin, D.L. Zhang. Study of stone mastic asphalt performance, China Journal of Highway 
and Transport, vol. 02 (2001):15-19. (In Chinese). 

[3] Z. Li, Z. D. Qian. Disease analysis and classification of the representative pavements on steel deck, Journal 
of Transportation Engineering and Information, vol. 02 (2006):110-115. (In Chinese). 

[4] Y.S. G, Z.H. Chi, H. Zong. Early disease analysis and Countermeasures of deck pavement of long-span 
steel bridge, Journal of China & Foreign Highway, vol. 06 (2005):99-102. 

[5] M.G. Li. Structure analysis & material optimization for concrete beam bridge asphalt mixture deck, 
Chang’an University. (In Chinese). 

[6] M.M. Cao, Y. Lu, W. Q. Huang, et al. Inter laminar interface shear slip characteristics of composite 
pavement, Journal of Traffic and Transportation Engineering, vol.18(2018), No.04:1-11. (In Chinese). 

[7] F. Qin. Research on perfusion composite mortar of cement grouting semi-flexible pavement mixtures, 
Concrete, vol. 6 (2016):97-102. (In Chinese). 

[8] Y.Z. Huo, Y. Liang, B.T. Huang, et al. Laboratory test and mechanism analysis of road performance of 
semi-flexible pavement, Highway, vol. 02 (2009):57-61. (In Chinese). 

[9] P.W. Hao, L. Cheng, L. Li. Pavement performance of semi-flexible pavement in laboratory, Journal of 
Chang’an University (Nature Science Edition), vol. 02 (2003):1-6. (In Chinese). 



International Core Journal of Engineering Volume 8 Issue 2, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202202_8(2).0015

 

117 

[10] W.M. Wang, D. Gao, K.H. Wu. The research of performance on semi-flexible pavement Materials, 
Highway Engineering, vol. 39(2014), No.01:78-82. (In Chinese). 

[11] J.Q. Tao, S.K. An, C.F. Ai, et al. Experimental study on practicability of grouting high viscosity-elastic 
modified asphalt mixture, Sichuan Building Science, vol. 43(2017), No. 03:139-143. (In Chinese). 

[12] K.F. Liu, J.C. Zhu, X.F. Zhang, et al. Performance evaluation of graphene oxide modified asphalt and 
pavement performance of OGFC mixtures [J]. Journal of Chang’an University (Nature Science Edition), 
vol.40 (2020), No.195(01):43-51. (In Chinese). 

[13] X.L. Jiao. Research on permeable asphalt pavement of OGFC-13, Transpo World, vol.01 (2019): 50-51. 

[14] Research Institute of Highway Ministry of Transport. Technical Specifications for Construction of 
Highway Asphalt Pavements (China Communications Press, China 2004), p. 31-37(In Chinese). 

[15] Research Institute of Highway Ministry of Transport. Standard Methods of Bitumen and Botuminous 
Mixtures for Highway Engineering  (China Communications Press, China 2011.). (In Chinese). 

[16] X.Y. Gu, W.D Wang. Shear property demands of binding layer on concrete bridge pavement and 
simplified calculation, Journal of Traffic and Transportation Engineering, vol. 10(2010),No.2:20-25. (In 
Chinese). 

 


