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1. INTRODUCTION  

This report summarises the  attended presentation of 12th International Conference on Concrete 

Pavement (ICCP) that was held virtually from 27th of September to 1st of October 2021, with 

the theme “Making Waves with Durable and Resilient Concrete Pavements”. The 12th ICCP 

focussed on information about new technologies related to the design, construction and 

rehabilitation of various concrete pavements. The 12th ICCP was initially scheduled for August 

2020 in Minnesota, USA, but the global COVID-19 pandemic has continued to spread. 

Considering health measures around the world, international travel feasibility, and limited 

travel for U.S. state agencies, the 12th ICCP organizing committee worked diligently to find the 

best solution for conference attendees, venues, and the society itself. Ultimately, the best 

decision was made for all involved to hold the 12th ICCP 2021online.  

 

The international conference was hosted by a virtual campus named “The Aggregate”, consisted 

of three auditoriums  (cement, water and sand ) and two conference halls (Conference hall A 

and B). The forum had offered 698 participants from 30 countries and 38 U.S. states, including 

96 presentations (both live and pre-recorded) in 24-technical sessions, workshops on a broad 

range of concrete pavements, the student pitch networking event and interactive networking 

opportunities include public and private chat. 

 

Different presentations were being given simultaneously in different sessions. I had selected 

below eighteen presentations as these presentations' goals were more understandable and 

intresting. This report summarises presentations that I had attended during 12th ICCP.   
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2. SUMMARY OF REPORTS ATTENDED IN 12th INTERNATIONAL 

CONCRETE CONFERENCE 

2.1. Concrete Pavement Strength And Fatigue Investigations at the Federal Aviation 

Administration National Airport Pavement Test Facility 

                                                                                   (Mesbah U Ahmed, Hao Yin and David R. Brill) 

 

The Federal Aviation Administration (FAA) conducted a full-scale rigid pavement test using 

simulated aircraft gear loads at the National Airport Pavement Test Facility (NAPTF) as part 

of Construction Cycle 8 (CC8). The entire test pavement area covered 43 m [140 ft]. long and 

18 m [60 ft] wide and a total of 32 slabs with size 4.5 m x 4.5m [15x15 ft]. Three cross-sections 

were designed to provide equal capacity under the service life for the same type of traffic. The 

test pavement cross-section can be seen in Figure 1 [1]. 

 

 
Figure 1: Test pavement cross-sections [1]. 

 

The objective of this test was to determine the slab cracking strength designated as the strength 

/fatigue (S/F) test. The experiment considered various combinations of concrete flexural 

strength 4.5 MPa vs 6.2 MPa [650 vs 900 psi], slab thickness 230 mm vs 305 mm [9 vs 12 in], 

and subgrade strength i.e. low strength California Bearing Ratio (CBR 3-4) and medium 

strength (CBR 7-8). The cracking strengths of slabs were determined by a series of static load 

tests using the single-wheel module on the NAPTV, can be seen in Figure 2. NAPTV is the real 

based test vehicle and largest test machine in the world, capable of simulating an aircraft 1.3 

million pounds [1]. 
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Figure 2: National airport pavement test vehicle (NAPTV) [1]. 

 

FAA rigid pavement design based on the failure mode proposed by (Rollings ,1998). According 

to this failure mode the Structural Condition Index (SCI) [SCI is the measure of pavement 

performance] remains 100 before the first full depth crack. After that SCI detoriates as a linear 

function of logarithm of passages. To understand the complex nature of failure mechanism the 

development of crack had divided into three stages i.e. stage 1 (crack initiation), stage 2 (first 

appearance of full-depth crack on surface) and stage 3 (structural failure of slab), can be seen 

in Figure 3. Later on, the results of field tests were compared with the FAARFIELD model. 

The results are presented in Table 1 [1]. 

 

 
 

Figure 3: Proposed failure modes (Rolling, 1998) [1]. 
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Table1: Test results of CC8 field test vs FAARFIELD model [1] 

Thickness 

cm (in.) 

R-values 

kPa (psi) 

Fatigue life (%) 

CC8 S/F FAARFIELD 

Stage 1 Stage 2 Stage 

1+2 

Stage 3 Stage 

1+2 

Stage 3 

30.5 (12) 4895 

(710) 

42 54 96 4 43 57 

22.9 (9) 6550 

(950) 

5 69 74 26 63 37 

 

It can be seen in Table 1, shorter life for a thin high strength was observed than a low strength 

slab in stage, suggesting that the major controlling factor in crack initialisation was slab 

thickness because high strength concrete is expected to give longer life. During stages 2 and 3, 

concrete strength played a more important role and significantly delayed the probation of full-

depth crack. The results of the FAARFIELD model underestimated damage accumulation from 

crack initiation up to the appearance of the full-depth crack on the surface and gave conservative 

results after the full-depth crack developed while compared with the field test. The built-in 

tensile stresses may be related to the use of lean concrete base under the concrete slabs, but this 

required further investigation 
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2.2. Evaluation of Concrete Pavement Joint Performance at the Federal Aviation 

Administration National Airport Pavement Test Facility 

                                                     (Ahmed U Mesbah, Cary Carlos, Yin Hao & Brill David) 

 

The full-scale field test on concrete airport pavements as part of CC8 had started in 2016. The 

test facility was located at William Huges Technical centre, Atlantic City International Airport, 

New Jersey. For pavements serving 30,000 lbs or more aircraft, the current FAA suggested 

required dowels in all construction joints regardless of longitudinal or construction joint unless 

the thickened or reinforced edge is provided. The load transfer on the dowelled joints depends 

on the shearing strength of dowelled bars and the bearing capacity of concrete. Dowels bar 

enhanced the load transfer, especially when low temperature caused the joints to open. Recently 

the European contractors reported a successful application of a sine wave-shaped keyway. This 

sinusoidal detail was intended to encourage better construction joint. The sinusoidal keyway 

also reduces stress raisers that cause breakage by eliminating high corners, but the full-scale 

test did not support this performance [2]. 

 

The objective of the field test was comparison of joint types i.e [2]: 

 

(1)  Compare the performance of a new type of sinusoidal keyway joint with standard doweled 

longitudinal construction joints (type E), see Figure 5. 

  

(2)  Compare the performance of doweled (type C) versus undoweled transverse contraction 

joints, see Figure 6. 

 

The test pavement was 27m long and 18m wide, with slab size 4m x 4.6m. There were twenty-

four slabs divided into four groups according to the joint types. All four groups received traffic 

from a full-scale dual-wheel landing gear configuration using the NAPTV. The test pavement 

cross-section is shown in Figure 4 [2].  

 
Figure 4: Test pavement cross section [2]. 
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Joint stiffness is a critical concept affecting the structural analysis of rigid pavements. The 

actual mechanism of stress transfer across the joint is more complicated, therefore FAA 

thickness design program FAARFIELD assumed that 25% of the edge stress transfers from the 

loaded slab to the unloaded [2]. 

 

 

 
Figure 5: Formwork for keyway on construction site [2]. 

 

 

 
Figure 6 : Doweled vs undoweled transverse contraction joints [2]. 

 

 

The joint performance was analysed by three parameters, i.e. load transfer efficiency, joint 

stiffness and load transfer calculated from pavement response. Several types of instrumentation 

were installed in test pavement to capture the pavement response from the embedded strain 

gauges at both longitudinal and transverse joints. It was noticed that the sinusoidal design of 

keyway joints demonstrated performance at least equivalent to standard dowelled joints and 

dowelled transverse contraction joints maintained high load transfer throughout the traffic test 

and were much less sensitive to temperature variations than the undoweled joints [2]. 
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2.3. Long Term Performance of Rapid Strength Concrete Slabs on California 

Highways 

                                                                                                                          (Darter Michael)  

 

The capability of Rapid Strength Concrete (RSC) allows adequate overnight pavement slab 

replacement that can result in significant benefits to the travelling public, such as reductions in 

traffic congestion and accidents. California Department of Transportation (DOT) has used RSC 

for pavement repairs since 1990. There are two different types of Caltrans applications (i) 

Individual RSC slab replacement (ii) Lane Replacement [3]. 

 

 Individual RSC slab replacement: A cracked or badly damaged JPCP slabs are removed 

individually along a traffic lane and replaced with RSC slabs and the existing base 

course are left in place. The thickness of individual RSC slabs is 200-230 mm  and the 

joint spacing is 3.7-5.8 m [3]. 

 

 Full Replacement RSC: All slabs and base course along a traffic lane are removed and 

replaced with designed RSC slabs and the base course is removed and replaced with a 

new base. Slab thickness is typically 250-356 mm [3]. 

 

In 2018, RSC slabs on six California Jointed Plain Concrete Pavement (JPCP) highway projects 

(inner and outer lanes) were surveyed to find the long term performance of the RSC slabs. Two 

types of RSC materials were used in those projects i.e. (i) CTS (a beltic calcium sulfoaluminate, 

opening flexural strength 2.7 MPa [400 psi] in 1.5 hours) was used on five projects consisting 

of 864 slabs (ii) 4x4 (consists of Portland cement, retarder, accelerator, super-plasticiser, 

opening flexural strength 2.7 MPa [400 psi]in 4 hours) was used on one large projects consisting 

of 629 slabs. These projects had been previously surveyed in 2008 at 3-years of age consisted 

of fifteen projects on major freeways containing 5,430 RSC slabs and only 1.4 percent of the 

RSC slab showed premature distress, including joint spalling, few corner cracks, transverse, 

longitudinal and shrinkage cracks. But the distresses were increased over the next 10 years of 

service, with the exception of transverse fatigue cracks. The top-down fatigue cracks on the 

outer side of the RSC slab is shown in Figure 7 [3]. 

 

 
Figure 7: Top-down transverse fatigue crack [3]. 
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It was noticed that the overall average slabs with transverse cracking increased from 0.8% to 

8.8% over 13-years, see Figure 8 [3].  

 

 
 

Figure 8(a): Summary of distress types identified in the California DOT, [RSC slab 

replacements after 13 years of service (2018)] [3]. 

 

 

The outer truck lanes carried over three times more trucks than the inner lanes. The heavy truck 

outside lanes exhibited 21% transversely cracked RSC slabs and the inner passing lanes 3%, 

see Figure 8 (b). The RSC slabs mainly were 200-223 mm, and were most damages were due 

to transverse cracking due to fatigue load. The overall performance of the RSC slabs (both CTS 

and 4x4 RSC materials) was similar and considered outstanding over 13 years, with a large 

majority expected to survive many more years [3]. 

 

 
Figure 8(b): RSC transverse fatigue cracking over 13 years of performance for inner and outer 

traffic lanes [3]. 
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2.4. A Comparative Study of Crack Behavior of Continuously Reinforced Concrete 

Pavements (CRCP) on Three Sections In Germany 

                                                     (Moharekpour Milad, Hoeller Stefan & Oeser Markus)  

 
Continuously reinforced concrete pavement (CRCP) is a representative concrete pavement with 

no transversal joints constructed and no preventative measures for transverse expansion or 

contraction joints. Therefore, longitudinal bars in CRCP are constructed to limit the crack width 

and improve the load capacity of transverse cracks. CRCP's structural strength is also predicated 

on its ability to keep cracks tight and thus greatly minimise the development of distress at the 

cracks. The initial investment cost of CRCP is higher than that of jointed concrete pavement 

and asphalt pavement. In Germany, CRCP is in the stage of field testing. From 1997 to today, 

a total of 8 trials with many variations have been constructed. A detailed comparative study of 

these sections has been lacking [4]. 

 

The research project aimed to determine whether the construction with a continuously 

reinforced concrete pavement and optionally with a thin surface layer of asphalt or alternative 

building material can be a new standard construction method for heavy traffic load in the future. 

Three sections of pavements were investigated in this study, i.e. Federal Road B56 near Dueren, 

access road near Geseke, and Highway A94 near Munich that was built in 1997, 2009 and 2011, 

respectively. The performance of CRCP for selected sections was evaluated for German climate 

conditions, i.e. temperature. B56, Geske and A94 consisted of a frost protection layer, an asphalt 

base layer and a reinforced concrete surface. The CRCP thickness of B56 and Geske was 22 

cm, and for A94, the thickness is 24.5 cm. The asphalt base layer  thickness was 10 cm for A94, 

while for Geseke, the thickness of the asphalt layer was 15 cm, see Figure 9. For reinforcement 

detailed of the considered section, see Table 2 [4]. 

 
 

 
(a)                                                 (b)                                                         (c) 

Figure 9: Three sections of pavement (a) Federal road B56 (b) Highway A94 and (c) acess 

road near Geske [4]. 

 

Table 2: Reinforcement detailed of the considered pavement section [4] 

steel grade / section Highway A 94 

near Munich 

Federal Raod 

B 56 near 

Dueren 

Access road 

near Geseke 

longitudinal 

reinforcement 

reinforcement 

ratio 

0.75 % 0.61 % 0.75 % 

diameter 20 mm 16 mm 20 mm 

axle spacing 17.5 cm 15 cm 17.5 cm 

Concrete cover central 9 cm 9 cm 
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transverse 

reinforcement 

reinforcement 

ratio 

0.12 % 0.09 % 0.15 % 

diameter 16 mm 12 mm 16 mm 

axle spacing 70 cm 60 cm 60 cm 

angle to the 

longitudinal 

reinforcement 

60° 65° 60° 

 

The visual condition of the selected section was acceptable. A fall weight deflectometer (FWD) 

was used to measure the sections' load capacity. Load capacity measurements with the FWD 

showed small deflections in all sections The shear strength and adhesive tensile strength 

between asphalt and concrete were tested on drill cores. All results met the required values. 

Comparing the selected section, section A94 having a 1.5 cm paving thin overlay, showed the 

best crack spacing value, i.e. between 0.7 and 2.4 m. The load capacity of section A94 was 

higher than the other considered section. The investigation revealed that the construction of 

CRCP with a thin overlay of asphalt surface for heavily traffic motorways had positive results 

[4].  
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2.5. Field Investigation for Rehabilitation of Severely Deteriorated Continuously 

Reinforced on Ban-etsu Expressway in Japan 

                                                                          (Koike Kai, Sato Tstomu, Takahashi Shigeki, Ohwaki 

                                                            Shinya, Sato Sadao & Nishizawa Tatsuo) 

 

CRCP was constructed in October 1990 on Ban-Estu Expressway for about 7 km in Koriyama, 

a city about 250 km from the north of Tokyo. The CRCP was constructed to improve the 

pavement resistance against studded tire effects in the heavy snowy region of the Japan main 

island. A standard section of CRCP is shown in Figure 10, the pavement section consisted of 

two layers of concrete i.e. 250 mm thick continuous reinforced concrete pavement and 150 mm 

thick cement stabilised base. The 16 mm diameter deformed steel bars were longitudinally 

installed at the third depth of the slab with a spacing of 124 mm and the 13 mm diameter bars 

were transversely placed at the same depth with a spacing of 600 mm [5]. 

 
Figure 10: Typical section of CRCP pavement [5]. 

 

In 1996, after six years of opening the pavement to traffic, several damages were noticed due 

to high chloride ion concentration in the upper part of the concrete slab. This included 

punchouts, lots of transverse cracks and severe cracks in both the horizontal and vertical 

direction, see Figure 11 [5]. 

 

  
(a) Punchouts                       (b) Transverse cracks                 (c) Horizontal cracks 

Figure 11:Several damages on Ban Estu Expressway [5]. 

 

The deteriorated part of the CRCP section had been repaired with a 75 mm thick asphalt overlay. 

The first rehabilitation was completed over the entire CRCP section in 2004. The performance 

of the repaired CRCP had been generally good without any problem for 11 years. Around 2015, 

punchouts appeared again, even on the overlaid asphalt. To establish the major rehabilitation 

strategy, the second field investigation was conducted for the entire CRCP section with the 
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visual and GRP surveys to grasp the surface conditions, including rutting and cracking, and 

state of the reinforcement bars and the void around the bars [5]. 

 

The investigation concluded that the direct cause of the early punchout was the horizontal 

cracks at a depth of the reinforcement bar, which divided the CRCP slab into a thin upper part 

and lower part. It was also noticed that the primary reason for the bar corrosion was a large 

amount of salt spread over the surface in winter. The expansion of corroded reinforcement bars 

might initiate this dangerous horizontal crack. Figure 12 shows the punchout development 

process [5]. 

 

 
 

Figure 12: Assume process of punchout development [5]. 
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2.6. Distresses in CRCP due to Horizontal Cracking: A Parameter Analysis 

                                                                                        (Rens Luc & Anne Beeldens)  

 

CRCP are known for their durability, driving comfort and longevity. For CRCP, punch-out is 

the most common distress. During the last decade, a new type of distress was encountered at 

Belgium worksites, i.e. horizontal cracking. The cracking patterns of CRCP are crack spacing 

and crack width. In this research project, the horizontal cracking of CRCP is analysed by several 

parameters , i.e. concrete strength, reinforcement rate, the thickness of the concrete pavement, 

type of base layer/interlayer, depth of longitudinal steel reinforcement, the bond between 

concrete and steel and the use of recycled materials aggregates [6].  

 

 Concrete strength: High concrete strength was considered to be beneficial to avoid 

horizontal crack, but generally in Belgium, horizontal cracks had been observed where 

low strength was definitely not an issue [6]. 

  

 Reinforcement rate: A low reinforcement rate was considered high risk for cracks 

because it is associated with a larger crack width. The higher reinforcement rate leads 

to closed spacing and tighter cracks. With 0.85% reinforcement rate in Belgium, short 

horizontal cracks were observed but no other distress [6]. 

 

 The thickness of concrete pavement: It is not certain that concrete pavement thickness 

is relevant for horizontal cracks. In the U.S., pavement thickness above 30 cm are 

common, while in Belgium, the thickness range is 20-25 cm, but horizontal cracks were 

found in both cases. Possibly the temperature gradient plays an important role as it 

varies with the pavement thickness [6]. 

 

 Type of base layer/interlayer friction: A common practice in Belgium is to provide 

an asphalt layer between the lean concrete and the CRCP. The asphalt layer impacts 

cracking as it creates a bond between layers. Cracks will be developed more closely due 

to this bond, resulting in better-closed cracks [6]. 

 

 Depth of longitudinal steel reinforcement: In Belgium, the position of longitudinal 

reinforcement is 6 to 9 cm always from the top of the CRCP surface, and in the USA, 

the position of longitudinal reinforcement is approximately at mid-depth, but horizontal 

cracks had been observed in both cases [6]. 

 

 The bond between concrete and steel: It was considered an essential parameter in the 

former study. A reduced bond was observed for the case of the N49 at Zwijndrecht and 

suggested that this was due to use of recycled concrete aggregates, but this was not 

confirmed by literature and laboratory tests [6]. 

 

 Use of recycled aggregates: Recycled aggregates were considered an important 

parameter influencing the horizontal cracks observed on the N49 at Zwijndrecht, 

Belgium. Higher shrinkage of the concrete leads to wider opened joints and 

consequently to water infiltration and corrosion of the steel. However, how this had 

affected the horizontal crack propagation between the longitudinal bars was not clear. 

Environmental and traffic loadings cause crack propagation, but it was not obvious from 
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the study that horizontal crack development in CRCP depends on the above parameters 

[6]. 
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2.7. Laboratory And Field Tests on a Prefabricated Steel-Bar Mesh-Panel System for 

CRCP  

                                                   (Katayama Norinobu, Fujisaki Kazuhiko, Ueno Takehisa,  

                                                                      Onishi Ryutaro & Yoshitake Isamu ) 

 

A serious social concern in Japan is decreasing the working population and improving 

productivity. Precast concrete members are often used instead of cast-in-place concrete to 

increase construction productivity. To shorten the construction time, prefabrication systems are 

an effective method. CRCP has the advantages of jointless concrete construction and high 

ductility. Typical Japanese highways built with CRCP reduce the amount of horizontal cracking 

by arranging transverse rebars at an angle of 60° to the main rebars. It may be challenging to 

place reinforcing bars and band each rebar by hand at a large CRCP construction site. This 

paper reported the fatigue response of the mesh panel CRCP model by comparing it with the 

fatigue test of the conventional CRCP model. A field test was conducted to examine 

construction times and long term performance [7]. 

 

Laboratory test  

 

Fatigue is the main concern of welded-steel bars. For this purpose, two kinds of specimens were 

prepared in the laboratory, i.e. beam specimen (1560 mm long x550 mm wide x 150 mm thick) 

and slab specimen (1500 mm x 1500 mm x150 mm thick). The diameters of the main and 

transverse rebars were 16 mm and 13 mm and the reinforcing bars were embedded in 1/3 of the 

slab thickness. The materials and concrete mixture of concrete pavement can be seen in Table 

3 [7].  

 

Table 3 Materials and mixture proportion of pavement concrete [7] 

Ordinary Portland cement 3.16 g/cm3 428 kg/m3 

Water 1.00 g/cm3 171 kg/m3 

Manufactured sand 2.56 g/cm3 402 kg/m3 

Crushed sand 2.60 g/cm3 272 kg/m3 

Crushed stone 5–13 mm; 2.70 g/cm3 365 kg/m3 

Crushed stone 13–20 mm; 2.70 g/cm3 677 kg/m3 

Water-reducing agent Lignin sulfonate + polycarboxylic acid 3.85 kg/m3 

 

It was found that all the rebars strains were significantly less than the yielding strain and the 

welded rebars were hardly damaged under fatigue loading and post-fatigue loading. The 

comparison of prefabricated mesh panel and conventional CRCP showed identical structural 

performance [7]. 

 

Field test  

 

To compare the constructability of both the conventional and prefabricated systems, two 

sections f CRCP were constructed, i.e., 10 m long, 2 m wide and 250 mm thick. The results of 

the comparison of labours from the field test between conventional and prefabricated system is 

shown in Table 3. After one year of field test installation, no severe cracks were found in either 

conventional or prefabricated systems. The small field test confirmed that the prefabrication 

system could significantly decrease the labour needed for placing rebars [7]. 
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Table 4: Labors for the field test (2 m×10 m) [7] 

 I. Conventional II. Prefabrication Ratio (II / I) 

Placement of rebars 3 persons×100 min. 3 persons×15 min. 0.15 (15%) 

Joint of rebars 3 persons×50 min. 3 persons×25 min. 0.5 (50%) 

Total 450 persons*min. 120 persons*min. 0.27 (27%) 

 

In October 2018, an additional test was performed by inducing cracks due to volume change of 

concrete . The conventional and prefabricated CRCP system dimension was 10 m long, 2 m 

wide and 150 mm thick. The steel anchors were embedded in the CRCP models for inducing 

cracks due to volume change in concrete, see Figure 13 [7].  

 

 
Figure 13: Steel anchors used to induce cracks due to volume change in concrete [7]. 

 

Cracks on the concrete surface were first observed in April 2019 for conventional and 

prefabricated systems, see Figure 14 (a). Later it was found that the small crack in the 

conventional system gradually increased to 0.25 mm wide, see Figure 14 (b) [7]. 

 

 
Figure 14:Cracks on the surface (a) First observed crack on the surface (b) Crack on the 

surface i.e 250 mm wide [7]. 
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2.8. Optimized Spacing of the Longitudinal Reinforcement in CRCP to Avoid 

Horizontal Cracking  

                                                 (Kashif Muhammad, De Winne Pieter, Khattak Wisal  

                                                  Muhammmad, Outtier Amelie & Backer De Hans) 

 

As no load transfer joints are provided in CRCP, therefore, to avoid cracks, longitudinal 

reinforcement is provided. Previous studies showed that the punch out was the severe damage 

in CRCP. It had been observed that the punchout results from the formation of two transverse 

cracks connected by a horizontal crack in the vicinity of longitudinal reinforcement. The 

horizontal cracks developed due to the vertical concrete stresses around the longitudinal 

reinforcement area. The longitudinal reinforcement ratio varied from 0.60% to 0.85%. Different 

crack induction methods had been used to minimise the randomness in transverse crack patterns 

but in Belgium, the common method is partial saw cut in the outermost slab of the pavement 

[8]. 

 

This study focused on the development of vertical stresses in the vicinity of the longitudinal 

reinforcement. For this, a 3D Finite Element (FE)-model by using Diana software was 

developed to study the crack pattern in CRCP under the Beligum environmental conditions. To 

analyse the development of tensile stresses around the longitudinal reinforcement, two types of 

longitudinal reinforcement layout had been used i.e (i) varying longitudinal reinforcement 

spacing, i.e.in the edge of the concrete slab (Ø 20@125 mm c/c) and in the middle of slab (Ø 

20@170 mm c/c) (ii) conventional longitudinal reinforcement spacing according to the design 

concept 3 (Ø 20@170 mm c/c), see Figure 15. The crack pattern was further optimised by 

making a saw cut at the edge of the concrete strip, 400 mm long and 40 mm deep. The length, 

width and height of the CRCP model was considered 2400 mm, 1800mm and 250 mm, 

respectively. The spacing between the saw cuts was 1200 mm [8]. 

 

 
Figure 15: Geometry of the CRCP model with conventional reinforcement [8]. 

 

It was noticed that the cracks initiate from the tip of the saw cut and propagate in the transverse 

direction. The FE model with the conventional reinforcement had severe cracks in the central 

part of the slab as well as in the outer region of the slab compared to the FE model with varying 

longitudinal spacing. FE model with conventional steel spacing produced the maximum vertical  

concrete stress of 11 MPa which is 17% greater than that of FE model with the narrow steel 
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spacing in the outer region of the pavement slab, see Figure 16. With the varying spacing of 

longitudinal reinforcement the steel steel stress in the outer region of CRCP is reduced 31.75% 

compared to conventional longitudinal reinforcement [8]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Vertical tensile stress in the vicinity of longitudinal steel [8]. 
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2.9. Optimized Design Details for Continuously Reinforced Concrete Pavements 

                                                                                       (Tayabji Shiraz & Plei Michael) 

 

CRCP is widely used by several highway agencies in the United States, typically for heavily-

trafficked roadways. CRCP has the potential to provide long-term “zero-maintenance” service 

life under heavy traffic loadings and challenging environmental conditions, provided that 

proper design and quality construction practices are utilised. CRCP differs from other concrete 

pavements as follows [9]: 

 

 CRCP has no transverse joints, except at ends [9]. 

 

 CRCP provides continuous longitudinal reinforcement, which results in tight cracks in 

the concrete at about 0.6–1.8 m [2–6 feet] spacing. Sufficient reinforcement is necessary 

to keep the cracks tight, <0.5mm  [<0.02 inches]. In the United States, the longitudinal 

reinforcement, typically 19 mm [No. 6 bars], is placed over transverse bars to ensure 

proper placement with respect to depth and transverse spacing [9]. 

 

 CRCP can extend, joint-free, for many miles with breaks provided only at structures 

(e.g., bridges). Joints, designed as expansion joints, are provided at structures or a 

terminus of the CRCP [9]. 

 

The structural distress of CRCP is the result of traffic and environmental loadings. These 

distress included punchouts, steel rupture, and crack spalling. The current CRCP design 

procedure is based on AASHTO pavement ME Software, typically considering the initial 

design life of 40-years of pavement. The focus of the design process is to minimise the punchout 

distress by optimising slab thickness, amount of steel, base support and edge treatment. The 

number of punchout is limited to 12 to 15 punchouts per mile over design life [9]. 

 

This report guided optimising several key design features based on the previously cited 

references and recent improvements in the field. These key design features include the 

following [9]: 

 

• Optimising longitudinal steel content. 

• Simplified details for terminal ends. 

• Improved transverse construction joint detail. 

• Shoulder type. 

  

Optimizing longitudinal steel content.in CRCP 

 
The role of longitudinal steel in CRCP is to induce cracking at the desired spacing and then 

keep the cracks tight over the service life. In the US grade, the use of longitudinal steel 

reinforcement, typically Grade 60 bars, results in a series of closely spaced transverse cracks. 

The steel reinforcement is used to control the crack spacing and the amount of opening at the 

cracks so as to maintain high levels of load transfer across the cracks The longitudinal bars are 

embedded in the concrete from 1/3 to ½ of slab thickness. The minimum concrete cover is 63.5 

to 76 mm  [2-1/2 to 3.0 in]. The amount of steel typically ranges from 0.65% to 0.75% to keep 

the crack width less than 0.02 in. The use of longitudinal steel content in CRCP of about 0.70–

0.75 percent is in the right direction and will reduce the risk of undesirable cracking patterns in 

new CRCP. Ensuring that the specified 28-day concrete flexural strength is about  4.5 MPa [650 

psi] is important to ensure an optimum balance between concrete strength and steel content [9]. 
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Simplified details for terminal ends. 

 

Two approaches have been used to manage the end movement as follows: 

 

Restrain the end movement: This practise requires use of multiple anchor lugs at the CRCP 

ends. Lug anchors are cumbersome to construct and have not provided good performance. This 

practise has been discontinued by most agencies [9]. 

 

Improved transverse construction joint detail: This practise is currently the preferred practise. 

studies and observations indicate that only the end 120-150 ft (35-45 m) is active in the expansion 

and contraction that takes place daily and seasonaly , as illustrated  in Figure 17 [9].  
 

 

 
Figure 17: Schematic illustration of CRCP end movement [9]. 

 

Shoulder type 

 

A tied CRCP shoulder is considered ideal. However, many agencies in USA prefer to use tied 

jointed concrete pavement (JCP) shoulders to reduce cost. The tying of the JCP shoulder to the 

CRCP needs to be considered carefully. Because JCP transverse joints open and close as a result 

of concrete temperature variation, any restraint to the joint opening can lead to cracking in the 

JCP slabs. However, the same restraint can lead to secondary cracking in the CRCP lane at the 

joint location or wider opening of the intended crack in the CRCP if the crack has already formed 

near the JCP joint location. As a result, the recommendation is not to distribute tie bars uniformly 

along the shoulder longitudinal joint. The tie bars should be concentrated only within the middle 

region of each JCP panel, as illustrated in Figure 18. This allows the JCP transverse joints to 

open and close without much restraint [9]. 

 

 
Figure 18. Diagram. Example of CRCP/JCP shoulder joint design.[9]. 

 

Transverse construction joints are formed at the end of each day of paving. A recommended 

approach is to ensure that the necessary load transfer across the smooth joint faces is provided 

by the use of dowel bars, as shown in Figure 19, designed similarly to load transfer for jointed 
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concrete pavement. Depending on the agency practice, a minimum of four dowel bars should 

be used per wheel path. Dowel bars may be smooth or deformed, for detailed see [9]. 

 

 

Figure 19: Recommended CRCP transverse construction joint design ([9]. 

 

CRCP is considerably a good choise for long term performance of concrete pavement . Many 

highway agencies in the US are implementing CRCP for durable and lower life –cycle cost. 

Since 1950s, CRCP design and construction improved considerably resulting in lower 

maintainance cost [9]. 
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2.10. Re-Evaluation of Continuously Reinforced Concrete Pavement Structural 

Model 

                                        (Salles De Lucio Salles, Khazanovich Lev & Balbo Tadeu José) 

 

CRCP transverse cracks are allowed to develop freely in the slab because of a continuous 

longitudinal reinforcement whose primary purpose is to keep cracks tightly closed, making 

them imperceptible to the user. Therefore, most CRCP analyses and designs are focused on the 

relation between the steel content and the cracking pattern that will develop. Greater 

longitudinal steel percentages cause more cracking, decreasing the spacing, which can be 

harmful due to the increase in cracks’ intersecting potential and punchout development. 

However, high reinforcement percentages also provide tighter cracks that are intuitively related 

to higher load transfer efficiency [10].  

 

This paper aimed to evaluate the CRCP structural model effect on critical stresses to identify 

situations that MEPDG did not currently consider but that can happen in the field. ISLAB2000 

finite element software developed different CRCP structural models to predict stresses in 

concrete pavements due to the vehicle and environmental loads. A two-lane 50 m-long 

pavement with nine different crack spacing were modelled. In the model, the fixed parameters 

were the concrete slab, asphalt base and subgrade input parameters, and the variable parameters 

were the loads (Single axle load (SA) and Tandem axle load. (TA)), effects of load position i.e 

corner, middle and edge loads, temperature.i.e -10 0C, -5 0C, 0,5 0C and 10 0C, slab crack 

spacing i.e 0.5, 1, 1.25, 1.5, 1.75, 2,5, 10 m and low and high load transfer efficiency (LTE) i.e 

30% and 90 % [10]. 

 

Effect of load position on transverse stresses 

 

The effect of load positions with SA under three thermal differential cases for high crack LTE 

was investigated. The result showed high bottom stresses for load in the middle of the slab and 

high top stresses for corner loads, as were expected. As mentioned before, punchout 

development was designed and simulated based on vehicle loading at the corner of the slab. 

This way, results confirmed the MEPDG approach to top-down cracking for corner load under 

negative thermal differentials, as this combination provided the most significant stresses in the 

top [10]. 

 

Effect of thermal differential on transverse stresses  

 

The critical stresses were observed on the slab top for corner loads under a SA with a high crack 

LTE and negative thermal gradient, which was according to the traditional CRCP design. 

However, the critical stresses were located on the slab bottom for zero and positive thermal 

gradients. This relation changes for low crack LTE analysis where small crack spacing models 

show higher stresses for the zero thermal difference, see Figure 20 and Figure 21 [10]. 
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Thermal Difference (0C) 

 
(a) 

 
 Thermal Difference (0C) 

 
(b) 

Figure 20: Transverse stresses for high crack LTE (a) small crack spacing (b) large small crack 

spacing [10]. 
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Thermal Difference (0C) 

 
(a) 

  
Thermal Difference (0C) 

 
(b) 

Figure 21: Transverse stresses for low crack LTE in (a) small crack spacing and (b) large crack 

spacing model[10] 

 

Effect of axle type on transverse stresses  

 

With high LTE, SA and TA, a constant and significant difference in the stress was observed 

while for low LTE, TA induced significantly greater stresses than SA for pavements with crack 

spacing higher than 1.5 m, see Figure 22. The geometry of the tandom axle could explain this 

effect. For the 1.5 m crack spacing model, the TA is located with both set of wheels on the two 

corners of the slab panel increasing the load effect. This was also relevant to the other larger 

crack spacing models as the TA was located in its entirely over a single panel. For small crack 

spacing models the TA wheels were located in different panels in a loading pattern similar 

to the SA [10]. 
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.  

 

Figure 22: Top transverse stress  for-50C [10]. 

 

This study showed that critical stresses were located at the bottom of the concrete slab for 

different load positions. As the punchout model for MEPDG only considered top critical 

stresses, bottom-up fatigue cracking was currently ignored by the incremental damage analysis 

of pavement ME. Additionally, bottom stresses induced by positive thermal gradient might be 

higher than negative thermal gradients. Top stresses become substantially greater than bottom 

stresses erosion (voids) in the underlying pavement layers. A significant difference was 

observed in the stresses between SA and TA for crack spacing larger than 1.5 m, this is because 

of the geometry of TA, for detailed see [10]. 
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2.11. Implementation of Precast Panels for Improved Maintenance of Traffic and 

Long-Life Performance  

                                                                                                  (Tayabji Shiraz & Tyson Sam)  

 

In the US, short lane closures (nighttime) for pavement repair using cast-in-place concrete had 

not consistently resulted in durable concrete or long-term well performing treatments. On high 

volume roads the rehabilitation of pavement that are not lasting are not affordable. Precast 

concrete pavement (PCP) offers a rapid repair technology that incorporates durable concrete. It 

can be installed rapidly, typically night - time work and is long-lasting. This paper provided a 

brief overview of precast technology for the rehabilitation or reconstruction of concrete 

pavement [11]. 

 

The PCP can be used for primary and special applications. The primary applications include 

heavily trafficmain line interstate and urban roadways and the special applications include 

intersections, bus pads, bridge slab approach and airfield applications. The precast panels can 

be used for both intermittent and continuous repairs [11]. 

 

Intermittent repairs 

 

The intermittent repairs can be divided in to two approaches (i) Full depth repairs (are used to 

repair deteriorated joints or cracking). This repair technique can also be used to repair punch-

outs and deteriorated cracks in continuously reinforced concrete pavements (CRCP) full- panel 

replacement.(ii) Full panel replacement (are used to replace cracked slab panels). The variation 

of intermittent repair techniques is illustrated in Figure 23 [11]. 

 

Key features required for intermittent repair applications to ensure that the adequate load 

transfer between panels, proper installation of panels and base support under the panels must 

be achieved are listed below [11]. 
 

 Provide uniform support condition under the precast panels  

 Ensure load transfer at transverse joints  

 Level the elevation differences between the panel and the existing pavement  

 Ensure long-term performance of the pavement  

 

 
 

Figure 23 – Variation of intermittent repair technique [11]. 
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Continuous repais 

 

For continuous applications two types of system have been used in the United States [11]. 

 

1. Jointed precast concrete pavement (JPrCP) systems:  

        (a) Reinforced concrete panels. 

              (b) Prestressed (pre-tensioned) concrete panels.  

2. Precast post-tensioned concrete pavement systems (PPCP)  

 

PCP technical considerations 

 

Precast concrete pavements have common features and requirements but differ in several design 

aspects, i.e., panel fabrication and installation, how the load transfer is achieved at the 

transverse joint, and support conditions between the prepared base and the precast panel. The 

construction features and key design that are important for any precast concrete pavements 

system are as follows [11]: 

 

 Concrete requirement  

 Support conditions  

 Load transfer at joints  

 Joint spacing  

 Panel reinforcement and installation rate  
 

Concrete quality  

 

Highway departments similarly specify concrete mix requirements for cast-in-place concrete 

and PCP. Some problems associated with cast-in-place concrete can be avoided with PCP, such 

as early age changes in concrete volume, placement in hot or cold weather, placement in 

rainfall, delays in concrete delivery and equipment failure. The panel fabrication in a controlled 

environment is a significant advantage of PCP. Precast concrete pavement should fulfil the 

following concrete requirement [11]: 

 

 Concrete strength (at 14 or 28 days)  

o Flexural strength for design purposes—650 psi (4.5 MPa).  

o Compressive strength for acceptance purposes—4000 psi (27.5 MPa)  

 Maximum water-cementitious materials ratio—0.45 for pavement exposed to cycles of 

freezing and thawing, 0.50 for other pavements  

 Air content— Depends on maximum aggregate size used and extremity of exposure 

(climatic region)  

 Durability— Concrete must be durable and not sensitive to material distress, such as 

alkali-silica reactivity, sulphate attack.  

 Surface texture  

 

The compressive strength of the prefabricated panel is also an essential factor to take into 

account when stripping panels. The panels are typically stripped after 16 hours of casting and 

compressive strength at the time of stipping should be at least 17.2 MPa [2500 psi]. To achieve 

rapid strength gain many precasters utilise steam curing [11]. 
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Support conditions 

 

The bedding layer between the precast panel and base provides support for PCP and it depends 

on how the panels are installed. The panel installation is done either on grade–supported system 

or on grout–supported system. In a grade supported system, the bedding layer (consisting of a 

thin layer of cemented granular material, typically 13 mm) is placed over the graded and 

compacted base. In the grout supported system, the panels are set over the base using Garcia 

levelling screws and fast setting flowable fill grout (typically 6 to 13 mm) is introduced through 

grout ports at the panel surface to fill the gap between the base and the panel [11]. 

 

Subsealing is performed in a grade supported system to fill the gap between panel and base. 

The compressive strength of both bedding material and subsealing material at the time of 

opening traffic should be 3.5 MPa [500 psi] and about 17.2 MPa [2500 psi] at 28 days .To meet 

the smoothness requirement, the panel surface level can be adjusted to match with the adjacent 

pavement surface; therefore, surface grinding may not be necessary for grout supported systems 

but it is almost always required in grade supported systems .The grade supported and grout 

supported panel placements are illustrated in Figure 24 [11]. 

 

 
Figure 24 :Support conditions (a) Grade-supported panel placement (b) Grout supported 

panel placement [11] . 
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Load transfer at joints 

 

Load transfer at transverse joints is another important consideration for jointed precast concrete 

pavements. Dowel bars are used along the longitudnal direction that corss the transverse joints 

to transfer load to adjacent panels similar to the DBR technique in exsisting pavement. 

Typically, in JPCP the dowel bars installed in slots or ducts are fabricated along one transverse 

side of the panel. The most common systems used in U.S associated with the dowel bar slots 

are (i) dowels bar slots at the panel bottom (ii) narrow-mouth dowel bar slots at the panel top 

surface (iii) teardrop-shaped surface slot (iv) Barra Glide load transfer system [dowel bars are 

pre-placed in narrow-mouth slots that are partially open at the surface as shown in Figure 25 

[11]. 
 

’ 

Figure 25: Different dowel system a) Super-Slab system (b) narrow mouth slots (c ) tear-

drop shaped system (d) Bara Glide dowel system [11]. 

 
 

Joint spacing  

 

One of the main design parameters of the PCP is joint spacing. For intermittent repair, the length 

of the PCP panel is approximately 1.8 m or full length with typically single-lane width. For 

continuous repair, the length of the precast concrete panel ranges from 3.3 to 4.8 m for thick 

panels with single or two-lane width. Shorter panels are useful for monitoring joint distress in 

case of intermittent repairs [11]. 
 

Panel reinforcement and installation rate  
 

In jointed precast concrete pavements, to avoid cracking due to lifting, transporting and 

installation operations, double mat (top and bottom) reinforcement is provided i.e. 0.2% of the 

cross-sectional area. The provided reinforcement will not have any significant effect on the 

structural performance of the slab [11].  
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The panel installation rate is the most critical factor for the precast concrete technology and it 

depends upon the lane closure, traffic congestions and site clearance. With good lane closure 

requirement for intermittent repairs, typically 15-20 panels can be installed per nighttime lane 

closure and for continuous repair 40-50 panels can be installed per nighttime closure [11] . 

 

The use of precast concrete panels for the rehabilitation of both concrete and asphalt pavements 

in US has proven to be a highly effective approach in high-traffic sites where short lane closures 

and long-life pavement performance are needed.  No structural performance issues was 

observed in the projects constructed in the last 10 years with refined PCP components and 

installed well [11].  
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2.12. Performance Summary of Precast Concrete Inlay Panel Trial in Ontario 

                                                                    (Pickel Dan, Malek Dahila & Tighe Susan) 

 

The Ministry of Transportation of Ontario (MTO) is responsible for several high volume 

highways. Some highways see approximately 450,000 vehicles/day, and this equates to annual 

average daily truck traffic (AADTT) of more than 26,000 trucks /day in one lane. The high 

traffic volumes have two main impacts on the pavement i.e: Firstly, any interruptions caused 

on the highway have a high effect on highway users. Secondly, the high traffic results in the 

increased deterioration of pavement rates [12]. 

 

In the case of construction activities on Ontario’s high-volume highways, night construction is 

often used to reduce the number of users directly affected by the activity. The MTO’s 

construction time polices often prescribes a work window between 10 pm and 6 am the 

following morning. At the end of this construction window, the MTO typically specifies that 

all construction equipment and materials need to be removed from the roadway and shoulders 

to allow for traffic the following morning. This paper summarized MTO’s trial performance 

during the more than three years of service [12]. 

 

The MTO was interested in designing and testing a precast concrete inlay panel (PCIP) trail 

section for rutting issues on high volume. The trail section was constructed in 2006 and has 

been in continuous use in service. The trail section included three types of panel support 

considerations i.e: asphalt supported, grade supported and grout supported [12]. 

 

Asphalt supported: Asphalt was milled to a ±3 mm surface tolerance and PCIPs were placed 

directly on the milled surface [12]. 

 

Grade supported: After conventional milling, a cement-treated bedding material was screeded 

using screed and compacted to meet the ±3 mm tolerance surface upon which the PCIPs were 

placed [12]. 

 

Grout supported: After conventional milling, cast-in levelling inserts were used to lift the PCIPs 

into position before rapid-setting grout was pumped beneath the panels [12] . 

 

Seven panels were installed for asphalt and grade supported systems and eight panels were 

installed for grout supported system for a total length of 100 m. The general layout of the trail 

section is shown in Figure 26. The precast panels were dimensioned 4.6 m (long) x 3.7 m (wide) 

x 205mm thick. Two mats of 15 M bars @ 300 mm spacing were used and epoxy-coated dowels 

with the 300 mm spacing were used along the transverse direction [12], see Figure 27. 
 

 
Figure 26: General layout of trial section on highway [12]. 
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Figure 27: Precast trail panel detailed [12]. 

 

After more than three years of service, the trial section continued to perform well. The only 

issues with the panels were in the joints between the panels and the adjacent HMA. One of 

these issues was the deterioration of the grout between the two materials. Significant cracking 

of this grout in both longitudinal edges was observed shortly after construction and this 

deterioration has continued since then. The contributing factor was the width of the joint 

between the materials. During construction, some sections were milled wider than originally 

specified in the design documents, which produced wider joints that were more susceptible to 

wear from traffic [12].  

 

Load transfer testing was performed at different ages, and all joints were initially found to meet 

the MTO’s acceptance criteria on 70% load transfer efficiency. After one year of service, eight 

joints were found to have dropped below the criteria on load transfer efficiency. Void potential 

and relative displacement analyses were also conducted and it was found that the asphalt 

supported condition had the least consistent results and had the potential for some sub-joint 

voids [12]. 

 

The implementation of the trial section had been successful, and the MTO will consider this 

strategy in future circumstances that may require this type of rehabilitation. Generally, it was 

found that the grout-supported technique of panel installation was preferred considering 

construction and load transfer analyses [12]. 
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2.13. Overnight Renewals of Concrete Runway at Sabiha Gökcen International 

Airport Istanbul 

                                                           (Melchior Jakob, Bäuml Martin &  Constandopoulos Felicia 

Constandopoulos) 

 

Sabiha Gökcen International Airport Istanbul was built in 2001 as a small secondary airport to 

Istanbul’s main airport. Originally, the airport was built with a capacity of 3.5 million 

passengers. The passenger numbers stayed relatively small until they started increasing rapidly 

in 2005. The terminal capacity was increased to 25 million in 2008 without any modifications 

to the runway infrastructure. The 25 million passenger/year capacity was already surpassed in 

2015 and since then, the airport had operated above its designed capacity. The damages range 

from broken edges to completely broken concrete slabs as well as settlements of the broken 

fragments, see Figure 28 [13]. 

 

 
Figure 28: Damages on runway [13]. 

 

After many years of usage, the single runway at Sabiha Gökcen International Airport Istanbul 

required large-scale renewals due to severe damages in the high wear areas around the 

centerline. Originally, runways were built in concrete for their high durability. While the initial 

construction time was not time-sensitive, replacing these surfaces with regular concrete was 

now problematic, closing the runway for weeks. For a single runway airport, such closures 

would mean a complete shutdown of the airport and result in a very high economic impact on 

the whole region and, therefore, unacceptable [13]. 

 

This created a high economic concern to look for better solutions to perform these repairs 

overnight without impacting the regular daytime operations of the airport. It was decided to 

repair the damaged areas by replacing a series of broken, only night closures of 5-hours due to 

late evening and early morning flights. Therefore, a rapid-hardening concrete was required, 

reaching a high enough early strength to use the runway regularly during the rest of the day. 

This paper presented the renewals of Sabiha Göcken International Airport using rapid hardening 

concrete [13].   
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The Concretum Q-FLASH 2/20 rapid hardening concrete was mixed with Concretum Q-

FLASH cem 100 (P) rapid-hardening cement as a binder. The binder of rapid-hardening 

concrete was mainly based on a mixture of Portland cements and Calsium sulfoaluminate 

(CSA) with additional mineral phases to improve the speed of strength development as well as 

the long-term durability. A superplasticizer was used to adjust the fresh concrete consistency 

while keeping the water/cement ratio in the optimal range between 0.32 and 0.36. A retarder 

was used to adjust the open time [13]. 

 

The concrete was mixed using local aggregates from Istanbul with the largest grain of 36 mm 

at a regular concrete batching plant with a 3 m3 twin shaft mixer. The mix design for Sabiha 

Göcken Airport can be found in Table 5. The initial strength development started immediately 

with the setting at the end of the open time and relied on a different hydration reaction than 

regular Portland cement. The rapid-hardening concrete exceeded the required compressive 

strength of 16 MPa for the runway opening around 60 minutes after setting. The rapid-

hardening concrete continues to develop strength after the initial hydration reaction. The rapid-

hardening concrete was produced just-in-time at a standard concrete mixing plant right next to 

the airport. The production started even before all the old slabs were removed to begin pouring 

the concrete as soon as the first section was ready [13]. 

 

Table 5: Concrete mix design for concrete [13] 

Cement: Concretum Q-FLASH cem 100 (P) 380 kg/m3 

Aggregates (0/5, 5/12, 12/22 and 22/36 mm) 1950 kg/m3 

water/cement ratio 0.32-0.36 

Superplasticizer: Concretum Q-FLASH sp (L) 2.2 – 6.8 kg/m3 

Retarder: Concretum Q-FLASH ret (L) 0.8 – 5.3 kg/m3 

 

The most important factors that determine the open-time were the fresh concrete temperature 

and the retarder dosage. At warmer temperatures, the concrete reacts faster, leading to a shorter 

open time. During the project in Istanbul, the nighttime air temperature varied between 5° in 

March and 25 °C in August. The retarder was used to counteract the temperature variations and 

always keep the resulting open-time within the required margins. This required that the dosage 

in the mix design was always adjusted from night to night according to the environmental 

conditions as well as from batch to batch depending on the nightly time schedule. The open 

time for the repaired area had adjusted in the range of 60 to 70 minutes after strengthing of 

concrete [13]. 

 

This project showed that rapid-hardening concrete allowed such a large-scale renewal to be 

performed during short nightly closure periods while using the same traditional concrete 

pouring methods. With the demand on the worldwide airport infrastructure that is  expected to 

rise further over the following decades, this method allowed owners, design engineers and 

contractors to renew all critical airpot areas, not just runways, more economically by reducing 

closures [13].  
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2.14. Recent Advances in Jointed Precast Concrete Paving: Hawai’i H-1 

                Reconstruction 

                                                                                                                     (Smith Peter & Snyder Mark) 

 

The State of Hawaii, Department of Transportation (HDOT) developed plans for a design-build 

project called Interstate Route H-1 shoulder work and PCC’ pavement rehabilitation. Interstate 

H-1 on Oahu from Aiea to the Waimalu Viaduct was originally built in 1959 and is Hawai’i’s 

busiest section of freeway, carrying more than 230,000 vehicles daily at high speeds on five or 

more travel lanes in each direction. This section of the H-1 lies between the Koolau mountain 

range to the north and overlooks Pearl Harbor to the south [14]. 

 

By 2018, portions of the eastbound and westbound pavements were in poor condition for a long 

time, see Figure 29, with much pavement roughness and irregular pavement surface profile, 

especially in the area of one large, deeply positioned culvert that traversed the roadway. Over 

the previous 12 years, HDOT had patched and leveled the road using asphalt concrete, but those 

repairs provided only temporary relief, resulting in potholes and poor ride quality. A long-term 

solution was needed (a 50-year design life was required), but prolonged lane closures would 

create catastrophic and unacceptable traffic problems [14]. 

 

 

 
Figure 29: Typical exsisting pre-construction pavement condition [14]. 

 

The design-build project was awarded in early January 2018 and 1200 precast panels were 

designed, fabricated and installed less than 7 months later using mostly 8-hour overnight work 

windows. The design tasks were complicated by project work window constraints, the need to 

maintain daily traffic capacity, and because design solutions had to function adequately with 

surrounding pavement areas and structures that were not being replaced [14].  

 

The pavement thickness design was developed for the lane with heaviest concentration of heavy 

trucks. The final selected design thickness was 248 mm of concrete (which included 6 mm of 

sacrificial thickness for diamond grinding) over at least 100 mm of cement-treated base and 

subgrade material with CBR = 4 [14].  
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This design was for unreinforced concrete pavement and was likely to be extremely 

conservative for precast pavement, which was heavily reinforced for shipping and handling 

stresses (up to 0.4% steel by area of concrete [0.2% top and 0.2% bottom] in each direction); 

the structural and performance benefits of the reinforcing were not reflected in the thickness 

design. Epoxy-coated dowels (38 mm diameter x 450 mm long [1.5 inch diameter x 18 inches 

long]) were used for transverse joint load transfer (4 dowels per wheel path on 300 mm centers). 

The dowels were positioned below mid-depth with a minimum of 75 mm of concrete, see Figure 

30 [14].  

 

 
Figure 30: Photo of precast panels at storage yard, showing dowel load transfer system 

placement [14]. 

 

The H-I project was completed early and within budget. This was accomplished in a short time 

frame with no disruption to traffic during normal and peak traffic hours, which resulted in huge 

savings of travel time and costs to the public. The success of the project made it a model for 

highway rehabilitation projects in Hawaii and elsewhere. The project was also recognized by 

the American Council of Consulting Engineers (ACEC) Hawai’ with an Engineering 

Excellence Award in 2020 [14]. 
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2.15. Has Diamond Grinding been a Cost Eeffective Pavement Preservation 

         Treatment in Australia? 

                                                                                                                                        (Vorobieff George)  

 

In 2010, longitudinal concrete grinding was introduced in Australia for new and existing 

concrete pavements to improve [15]: 

 

 ride quality on nonconforming new pavements 

 ride quality for existing concrete rural pavement and skid resistance on highways and 

main roads. 

 skid resistance on highways and roundabouts  

 provide a uniform wearing surface for concrete pavements in road tunnels 

 

This paper reviewed the last 10 years of various diamond grinding projects and their success 

as a pavement preservation treatment for existing urban and rural concrete pavements. 

Recommendations were included in the paper to reduce the cost of diamond grinding concrete 

pavements in Australia to extend the use of this treatment. 

 

Some pavement engineers had raised concerns about the potential for pavement life being 

substantially reduced with diamond grinding due to a reduction in pavement thickness. 

However, for highway pavements with substantial, heavy vehicle traffic volumes, the 

dominant design failure mode for PCP is the erosion of the subbase. The Austroads design 

method in Australia uses the PCA design method (PCA, 1984), where the thickness of the 

base layer is determined by limiting the accumulated damage from either fatigue of the 

concrete base or erosion of the subbase; represented by 100% damage to the capacity of the 

concrete before failure, see Figure 31 [15]. 
 

 
Figure 31: Example base thickness at different design traffic volumes for plain concrete 

pavements without dowelled joints for a subgrade strength of 5% and showing the cumulated 

fatigue damage (CFD) as percent [15]. 
 

 

It can be seen in Figure 31, when the design traffic was below 10 millions Heavy Vehicle Axle 

Groups (HVAG), the base thickness was based on 100% accumulated fatigue damage and the 
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traffic volume exceeded 10 millions  HVAG, the base thickness was based on an erosion 

damage failure mode. The accumulated fatigue damage declined to 8.5% when the traffic 

volume was 100 millions HVAG. For conventional diamond grinding of an existing rural 

highway, main urban road (4 to 6 lanes) or highway, the cost of breakdown (based on a unit 

rate of cost per area for the various activities can be seen in Figure 32 and 33. 

 

 
Figure 32:Breakdown of grinding and associated costs based on area for an urban main road 

with day time work [15] 

 

 
Figure 33:Breakdown of grinding and associated costs based on area for an urban main road 

with night time work [15]. 
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The technical information was involved in this study to support diamond grinding as an 

effective treatment for preserving concrete pavements in Australia. The success of this 

pavement preservation method had been demonstrated by [15]: 

 

 Improvements to ride quality for high‐speed rural highways ‐ where road roughness has 

occurred from multiple slab replacement, a smoother surface has extended the pavement 

life before reconstruction or an overlay is required [15]. 

 

 Eliminating stepping in PCP caused by warping or curling, rather than reconstruction 

or an overlay application [15]. 

 

 Improving skid resistance without using traditional short‐term treatments such as 

milling, shotblasting or thin asphalt overlay [15]. 

 

 Extend the life of existing JRCP by providing a smooth and textured surface compared 

to traditional approach of placing a thin layer of asphalt. A thin asphalt surface is 

ineffective in eliminating reflective cracking and requires regular sealing of cracks 

above concrete joints and cracks and repairs to potholes formed from the deteriorating 

asphalt at the cracks [15]. 

 

Diamond grinding treatments to concrete pavements allow asset preservation and avoid high 

reconstruction costs. The Austroads concrete pavement design procedure is based on the PCA 

design method, where road smoothness is not a design parameter, unlike the USA approach to 

concrete pavement design where ride quality is a design input. It was concluded from the study 

that much work needs to be done to convince asset managers in Australia that removing the 

high areas of concrete pavement to smooth the surface reduced the dynamic wheel loading and, 

therefore, less accumulated fatigue stress in the concrete [15]. 
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2.16. Friction Retention of Concrete Pavements with Carbonate and Siliceous 

Aggregates  

                                                                                   (Komaragiri Satyavati, Bhasin Amit &  

                                                                                     Amirkhanian Armen) 

 

In the late 1980s, a significant decline in skid number was observed just after diamond grinding 

in a few pavements. Limestone aggregate had been used in all identified pavements. The 

engineers at the time suspected that the coarse aggregate led to a decline in skid trailer numbers. 

The resulting conclusion led to a ban of carbonate aggregates in the mainline concrete pavement 

that is still in place. The Alabama Department of Transportation (ALDOT) had recently decided 

to re-examine the ban on carbonate aggregates in mainline concrete pavemenst and perform a 

comprehensive and detailed study on the issue. The goal of this paper was to determine the 

friction loss after diamond grinding and grooving of pavement with local available Albama 

aggregates i.e. carbonate aggregates and to examine the feasibility of modified standard British 

Pendulum Tester [BPT] method. [16]. 

 

Three common coarse aggregate types were used i.e. Soft limestone (SLS), Hard limestone 

(HLS) and granite. The blended combinations of siliceous and carbonate aggregates were also 

used in the study, making a total of 100 test slabs and for each combination, there were two 

replicates, see Table 6 [16]. 

 

Table 6: Test specimens for laboratory tests [16] 

Blends Texture 

60 blades/ft 60 blades/ft, 

grooved 

60 blades/ft 

 

60 blades/ft 

grooved 

NGCS 

100 %SI* 2 2 2 2 2 

100 %HLS* 2 2 2 2 2 

100 %SLS* 2 2 2 2 2 

75 %HLS 2 2 2 2 2 

50 %HLS 2 2 2 2 2 

25 %HLS 2 2 2 2 2 

75 %SLS 2 2 2 2 2 

50 %SLS 2 2 2 2 2 

25 %SLS 2 2 2 2 2 

* SI: Silicieous aggregate 

* HLS: Hard lime stone 

* SLS: Soft lime stone 

 

Five different diamond grinding and grooving surface textures were applied to the three 

different concrete mix presented in Table 7 [16]. 
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Table 7 : Diamond grinding and grooving surfaces [16] 

Texture Grinding Grooving 

 Spacer,in Depth, in Spacer,in Depth, in 

60 blades/ft 0.11 0.25 -- -- 

60 blades/ft, 

grooved 

0.11 0.25 0.63 0.125 

60 blades/ft 

 

0.13 0.25 -- -- 

60 blades/ft 

grooved 

0.13 0.25 0.63 0.125 

NGCS 0.04 0.03 0.45 0.125 

 

After grinding and grooving, a three-wheel polishing device (TWPD) was used to wear the  

specimen surface to simulate the polishing of pavement surface from traffic in the field, see 

Figure 34 [16]. 

 
(a)                                                                    (b)                                                      

Figure 34: (a) Three-wheel polishing device (b) Wheel path on the concrete slab due to three-                  

                                                                              wheel polishing device [16] 

 

While polishing, the concrete slabs were tested for skid resistance using the British Pendulum 

Tester (BPT) after four different stages of polishing: 10000, 40000, 100000 and 160000 

polishing cycles. The skid resistance of slabs was tested for modified BPT. A standard BPT 

consisted of a contact length of about 5 in and a slider length of about 3 in. A modified BPT 

test consisted of contact length 3 in and slider length 1.25, so it could fit in the wheel path, see 

Figure 35 [16]. 
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Figure 35: British pendulum tester  [BPT] 

 

A test result of a modified BPT for a surface texture 52 blades/ft with and without grooving for 

three different concrete mix recipies is shown in Figure 33 [16].  

 
 

Figure 36: British Pendulum values for three different concrete mixes for a surface texure of 

52 blades/ft with and without grooving, x-axis represents number of polishing cycles and y-axis 

represents British Pendulum Number[ BPN] [16]. 

 

In Figure 36, no particular trends were observed in any concrete mix, and this was the case for 

all surface textures. However, a decrease in BPN was expected with the increase in the number 

of polishing cycles. It was suggested in the study that BPT is not a valid assessment tool for 

laboratory-scale testing, especially a modified BPT, because it reduced the contact area, which 

resulted in an unreliable measure of skid resistance of diamond ground surfaces [16]. 
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2.17. Effect PCC Slab Curling and Warping on Pavement Rough 

                                                                       (S.Lee Hyung, Haider Syed, Chatti Karim & 

                                                                                               Buch Neeraj) 

 

One unique characteristic of jointed precast concrete pavement is that the slab can curl or wrap 

depending on the slabs' temperature gradient or moisture gradient. Therefore measurements of 

such effects are made by measuring the affects longitudinal profile and International Roughness 

Index (IRI). Thus, there is a need to evaluate the impacts of temporal (seasonal 

temperature/moisture and daily temperature) variations on longitudinal profile measurements, 

especially for JCPs. It was observed from the previous study that 10% of IRI variation is very 

common over a 24-hour cycle and when IRI was studied for several years, the IRI did not 

always increase steadily with time [17]. 

 

The primary objective of this study was to build on the existing Second Generation Curvature 

Index (2GCI) analysis procedure that should be capable of separating the curvature related 

roughness (due to curling and warping) from the overall roughness even from a single profile. 

The preliminary results obtained from two Long-Term Pavement Performance Program (LTPP) 

and Seasonal Monitoring Program (SMP) sections using the new 2GCI method were provided 

for demonstration [17]. 

 

The existing or the original 2GCI method was developed by Karasmihas and Semen in 2012 

and used a parameter called Pseudo Strain Gradient (PSG) to estimate the gross strain gradient 

due to the temperature and moisture gradient. The original 2GCI method was based on 

Westergaard’s curling method. According to the former studies, the PSG showed great potential 

for explaining the effect of curl/ warp on IRI. The schematic view of the existing 2GCI method 

is shown in Figure 37. There were some limitations for the existing 2GCI method i.e [17]: 

 

 IRI vs PSG regression must be established to separate curvature and non-curvature 

related IRI  

 

 Need multiple IRI surveys at different thermal gradients. 
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Figure 37: Schematic procedure for the existing 2GCI method [17]. 

 

In recognition of the limitation of the existing 2GCI method, a new 2GCI method had been 

developed to eliminate the need to establish the relationship between PSG and IRI from the 

multiple pavement profiles before estimating the effect of curling on IRI. The schematic view 

of the proposed 2GCI method is shown in Figure 38 [17]. 
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Figure 38: Schematic procedure for the proposed 2GCI method [17]. 

 

To demonstrate the use of the new 2GCI method, two SMP sections were randomly chosen 

from the LTPP database. These sections were 04-0215 in Arizona and 27-4040 in Minnesota. 

The details of the section can be seen [17]. It was noticed that both sections were free of any 

transverse cracking and corner breaks during the entire LTPP monitoring period. The only 

distresses observed in these sections were faulting and joint spalling. The new 2GCI method 

indicated that temporal variations during a single day could significantly impact IRI. The results 

showed that moisture variations in PSG explained many of the changes in roughness over time. 

Such influence of seasonal and daily IRI variations can influence current practices. The study 

showed that if the effect of curling /warping of JPCP was not appropriately accounted, the IRI 

times series data for a given JPCP might not show a clear trend [17]. 
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2.18.  Degradation Process of Doweled Transverse Joint of 30 Years Old Concrete 

Pavement on Expressway in Japan PCC Slab Curling and Warping on Pavement 

Roughness 

                                                                 (Nishizawa Tatsuo, Takai Kenji, Noro naofumi, 

                                                                    Kurato Nobuhiro & Nakamura Yasuhiro ) 
 

Concrete pavements are supposed to be structurally durable, they had been adopted on 

expressways in Japan. However, even durable concrete pavements cannot avoid degradation, 

especially at the transverse joints for a long period of time. In Japan, high daily and yearly 

temperature variations, large amounts of rain and snow fall accelerate the deterioration of old 

concrete pavements. Structural evaluation of old concrete pavements has become a primary 

issue to establish a rehabilitation strategy [18].  

 

After 30 years of service of Tokio –Hokuriku Expressway, small faulting had begun to appear 

at many transverse joints, which indicated the beginning of joint degradation. This study 

proposed a new evaluation method, which identified the degradation stage of transverse joints 

by back-calculating FWD deflection data with 3D FEM analysis. In this study, the back-

calculation method was validated based on the results of the comprehensive investigation 

performed on an old concrete pavement, the Tokyo Expressway. The structural degradation 

level of each joint was evaluated from the results of the tests with the developed back-

calculation method [18]. 

 

The concrete pavement investigated in this study had a 250 mm thick concrete slab over a 150 

mm thick cement stabilized base course. The transverse contraction joints were installed at a 10 

m spacing. Dowel bars with a 28 mm diameter and 700 mm length were embedded at the middle 

depth at a 400 mm spacing, as shown in Figure 39 [18]. 

 
Figure 39: Transverse joint structure [18]. 

 

In this method, five stages were assumed, as shown in Figure 40. The first stage is the sound 

state of the structure without any degradation. In the second stage, water penetration is 

considered through the joint opening leading to corrosion of the steel dowels . In the third stage, 

the broken corroded dowelled joints areconsidered with the repeated traffic load. The fourth 

stage a small gap was considered on the base course surface due to low load transfer and large 

deflections. The increase in deflection was considered in the fifth stage. The structural 

parameters for each stage can be seen in Table 8 [18]: 
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Figure 40: Degradation Stages Assumed in the Back Calculation [18]. 

 

Table 8: Structural parameter of each stage [18] 

 

Stage model Stage 1 a,b,c Stage 2 Stage 

3 

Stage 4 Stage 5 

 Concrete Slab 

Thickness 250 mm 

Elastic Modulus 35000-50000 MPa 

Poisson’s ratio 0.2 

 Dowel Bar at Transverse Joint 

Diameter 28 mm 17 mm -- 

Elastic Modulus 209,000 MPa -- 

 Interlocking at crack of joint 

Spring constant a:10TPa/m,b:100GPa/m, 

c:0.1GPa/m 

0.1 GPa/m 

 Interaction between Concrete slab and AIL 

Spring constant Horizontal=100MPa/m, 

Vertical=1GPa 

0.1 GPa/m 

Size of gap [mm] -- 200-900 1200-2500 

 Cement Stabilized base Course 

Thickness 150 mm 

Elastic Modulus 50-35000 MPa 

Poisson’s ratio 0.2 

 Subgrade 

Thickness 6000 mm 

Elastic Modulus 5-1000 MPa 

Poisson’s ratio 0.35 
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To establish the rehabilitation strategy of a section of the expressway concrete pavement, the 

structural state of the transverse joints was evaluated from back-calculation of FWD 

measurement. In the back-calculation, elastic moduli of concrete slab, base course and subgrade 

and the degradation stages were identified using 3DFEM models with dowelled joints and a 

void underneath the slab. The accuracy of the back-calculation results was verified by 

comparing the deflections and Load Transfer Efficiency (Eff.)obtained from FWD tests with 

those calculated with 3DFEM models using identified values of elastic moduli. The stage 

identification was also validated by comparing with the actual situations observed in the field 

surveys. From the back-calculation results for many joints of 30 years old concrete pavement 

on the expressway, the degradation process of the joints was discussed and the following 

conclusions were drawn [18]: 

 

 A joint with D0 of less than 0.4 mm and Eff.of higher than 70% does not guarantee a 

void-free condition underneath the joint. 

 

 The running lane had many degraded joints because many heavy vehicles tend to travel 

on the running lane. 

 

 A loose relationship was noticed between the measured D0 and Eff. 

 

In 2011, nearly 67 % of the joints were identified as sound stages 1 and 2 and less than 20 % 

were in Stages 4 and 5. In 2017, however, the sound joint decreased to 31 % and the joints with 

a void increased to 57 %. The joints degraded very quickly from 2011 to 2017. 
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3. CONCLUSION 

Concrete is the most widely used construction material in the world. Its versatility makes it 

ideal for quality solutions to address various needs and applications. Concrete pavements can 

last over 40 years if designed and constructed properly. The ICCP is the resource for industry 

events, meetings and training on all topics of concrete pavement. The 1st International concrete 

was held in 1997, since then after four years, this conference is continued. The 12th ICCP was 

initially scheduled for August 2020 in Minnesota, USA, but the global COVID-19 pandemic 

has continued to spread. Considering health measures worldwide, international travel feasibility 

and limited travel for U.S. state agencies, the 12th ICCP organizing committee worked diligently 

to find the best solution for conference attendees, venues, and the society itself. Ultimately, the 

best decision was made for all involved to hold the 12th ICCP 2021online. To summarize, the 

above studies can be divided into five groups, i.e., (i) Airfield pavement (Table 9) (ii) CRCP 

(Table 10) (iii) PCP (Table 11) (iv) RSC (Table 12) (v) different applications (diamond 

grinding, friction retention, slab curling and warping and degradation of joints). 

 

Table 9: Airfield pavement 

 

Refrence 

number 
Scope 

Traffic load 

consideration 

Dimension of slab Flexural 

strength 

(MPa) 
Length 

(m) 

width 

(m) 

Thicknes

s (mm) 

1 

To determine the 

cracking strength 

and fatigue life 

of concrete slabs 

NAPTV 4.6 4.6 
229 & 

305 

4.13 & 

6.2  

2 

To evaluate joint 

performance of 

concrete 

pavement 

NAPTV 4.6 4.6 305  - 

 

.
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Table 10: Summary of CRCP 

Refrence 

no 

Construction 

year 
Geographic location Scope of study Slab dimensions 

Dowel 

position 
Damages 

    
Length 

(m) 

Width 

(m) 

Thickness 

(mm) 
  

4 

1997 

 

2009 

 

2011 

Federal Road B 56 

near Dueren 

Access Road near 

Geseke 

Highway A 94 near 

Munich 

To investigate the crack 

behaviour of CRCP 

with and without 

asphalt layer for 

German climate 

conditions 

800 

 

1030 

 

4000 

 

 

- 

220 

 

220 

 

245 

-  

5 1990 

Ban-Estu Expressway 

for about 7 km in 

Koriyama (Japan) 

To find out a possible 

cause of premature 

punchouts 

7000 

 

- 

 

250 

1/3 

depth 

of the 

slab 

Punchouts 

6 
 

- 

 

- 

A parameter analysis 

for distrsesses in CRCP 

due to horizontal 

cracking 

- - - - 

Distresses due to 

horizontal cracking 

were reported in 

different countries 

(South-Korea, U:S, 

Japan) during period 

2011-2018 

- 

7 - 

Field test: Factory 

site of Fujisaki 

corporation 

(Hiroshima, Japan). 

Laboratory and field 

test of conventional and 

prefabricated mesh 

panel of CRCP 

Laboratory Test 

- - 

Beam  

1.56 0.55 150 

Slab 

1.5 1.5 150 

Field Test 

10 2 250 

10 2 150 

40 4 150 



- 52 - 

 

 

 

Refrence 

no 

Construction 

year 

Geographic location Scope of study Slab dimensions Dowel 

position 

Damages 

    
Length 

(m) 

Width 

(m) 

Thickness 

(mm) 
  

8 - Belgium 

To avoid horizontal 

cracking by optimizing 

the spacing of 

longitudinal 

reinforcement using 3D 

FEM 

2.4 2.4 250 - - 

9 - USA 
Optimized design 

details for CRCP 

Guidance on several key design features based on cited 

references and recent refinements 

10 

 
- Belgium 

To predict stresses in 

CRCP due to vehicle 

and environmental 

loads using 3D FEM 

50 
2-lane 

width 
- - - 
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Table 11: Summary of PCP 

 

Refrence 

no 

Construction 

year 

Geographic location Scope of study Slab dimensions Dowel 

position 

Lane 

closure 

hours 

Damages 

    
Length 

(m) 

Width 

(m) 

Thickness 

(mm) 
   

11 - USA 

Guide to  implement  

the precast panel for 

improved maintenance 

of the heavily trafficked 

areas and long-life 

performance 

- - - - - - 

12 - 
6 km north of 

Toronto, Ontario 

Performance of precast 

concrete inly panel after 

three years of service 

life 

Asphalt supported 

 

- - 

- 

36.6 - 250 

Grade supported 

32 - 250 

   
Grout supported 

  
32 - 250 

14 2018 

Between the Koolau 

mountain range to the 

north and overlooks 

Pearl Harbor to the 

south 

Rehabiliation of 

Interstate H1 using 

precast concrete panels 

4.19 3.35 248 

Mid 

depth 

of slab 

 

8hours 

(1200 

panels in 7 

months) 

Pavement 

roughness, 

irregular 

pavement 

surface 

profile 
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Table 12: Summary of RSC 

Refrence no. Construction 

year 

Geographic 

location 

Scope of study Slab. Thickness Type of material Lane closure 

hours 

Damages  

3 2005 California 

A survey was 

conducted to  

study the long 

term 

performance of 

JPCP with RSC 

200-230 

CTS (flexural 

strength 2.7 MPa 

in 1.5 hours) and 

4x4 (flexural 

strength 2.7 MPa- 

psi in 4 hours) 

 

- 

Transverse 

fatigue 

cracking 

13 

Originally 

constructed 

:2005 

 

Rehabilation: 

2018 

 

Sabiha Gökcen 

International 

Airport Istanbul 

 

Rapid 

rehabilation of 

International 

Airpot  

- 

Cement: 

Concretum Q-

FLASH cem 100 

(P) 

Superplasticizer: 

Concretum Q-

FLASH sp (L) 

Retarder: 

Concretum Q-

FLASH ret (L) 

5 hours 

From 

fragments of 

slab to 

completely 

broken slabs  
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The Airfield study shows that the thickness of slab is the control parameter of crack developing 

while high strength conceret plays an important role for crack initialization and slab 

deformation. The joint performance with sinusoidal design of keyway is equivalent to standard 

dowelled joints while dowelled transverse contraction joints maintain high load transfer 

throughout the traffic test and are much less sensitive to temperature variations than the 

undowelled joints. 

 

The CRCP is considerably a good choice for the long term performance of the concrete 

pavement. Many highway agencies worldwide, implementing CRCP for durable and lower life–

cycle costs. The CRCP design and construction improved considerably, resulting in lower 

maintenance costs. The CRCP studies show that the main concerns of designing and 

constructing CRCP are to avoid punchouts and horizontal cracking that mainly depend on the 

amount of reinforcement, crack spacing and crack width. 

 

The studies show that the rapid rehabilitation of concrete pavement is possible with (i) PCP (ii) 

RSC. The studies show that PCP is the best alternative for the rapid repair of concrete pavement 

in heavily trafficked areas, resulting in a durable and long-term concrete pavement 

performance. The Hawaii Interstate H1, project consisted of 1200 precast panels and was 

completed in 7 months and within the budget and was also recognized for excellence award in 

2020. To avoid the significant impact of the economy at Sabiha Gökcen International Airport, 

Istanbul, RSC was chosen to rehabilitate the concrete runway with short closure hours i.e just 

5 hours /night. The project consisted of an area of 8700 m2 and the project was completed within 

117 nights. The long term performance of California’s pavement showed that the overall 

performance of RSC slabs were outstanding; the most significant distress to occur was 

transverse (top-down) fatigue cracking. The comparison of RSC and PCP studies show that the 

PCP is a durable solution for long-term performance and short lane closures. 

 

The Austrailian study [15] showed that diamond grinding is a cost-effective solution. The 

design of concrete pavement in Australia is based on the PCA design method, in which road 

smoothness is not a design input parameter as in the USA. Removing the high areas of concrete 

pavement to smooth the surface is a big concern as it reduces the dynamic wheel loading. The 

study [16] showed that the BPT is not a valid assessment tool for laboratory-scale testing, 

especially a modified BPT, because it reduces the contact area, which results in an unreliable 

measure of skid resistance of diamond ground surfaces. In [18], it was noticed that the joint 

degaradation increases very quickly over the time. A joint with D0 of less than 0.4 mm and 

Eff.of higher than 70% does not guarantee a void-free condition underneath the joint. 

 

Finally, the conference was very informative throughout, but for me, the most exciting part of 

the session was “repair of concrete pavement with precast concrete technology”, as this session 

was related to my research project. 
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