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Kort sammanfattning 

Denna delstudie har genomförts inom ramen för Trafikverksprojektet Cirkulära material i vägar, där 

målet är att möjliggöra ett ökat och mer systematiskt användande av cirkulära och sekundära material i 

vägkonstruktioner. För att dessa material ska kunna ersätta traditionella jungfruliga material krävs 

tillförlitliga metoder för att fastställa deras funktionella egenskaper, särskilt stabilitet och styvhet. 

Litteraturstudien som ingår i huvudprojektet omfattar ett stort antal nationella och internationella 

rapporter, vilket medför ett omfattande manuellt arbete. I detta delprojekt undersöks därför om stora 

språkmodeller (LLM), specifikt GPT, kan användas för att effektivisera arbetet genom att generera 

strukturerade och tekniskt inriktade sammanfattningar av rapporter. 

Arbetet har baserats på en iterativ utveckling av prompter för att styra språkmodellen GPT-4o. 

Rapporternas textinnehåll konverterades till ren text och inkluderades som indata i prompten, som 

definierade modellen som frågor till en vägbyggnadsexpert och specificerade vilka rubriker och vilket 

fokus sammanfattningarna skulle ha. För stora rapporter sammanfattades de mest relevanta kapitlen 

separat. Dessutom genomfördes tester där GPT användes för att besvara frågor om de sammanfattade 

rapporterna, både enskilt och i grupp. 

Resultaten visar att GPT generellt levererar sammanfattningar av god kvalitet, som i huvudsak är 

korrekta och relevanta när prompten är tydligt utformad. Sammanfattningarna är ofta språkligt 

omformulerade men återger i regel rapporternas centrala innehåll. Begränsningar identifierades 

framför allt när viktig information från tabeller, figurer och diagram gått förlorad vid konvertering till 

text, vilket kan påverka sammanfattningarnas fullständighet. Vid tvärjämförelser mellan många 

rapporter samtidigt var resultaten mer varierande, och det förekom felaktigheter även när tabellformat 

användes. 

Slutsatsen är att stora språkmodeller kan användas för att sammanfatta vetenskapliga texter på 

expertnivå, men att resultaten behöver granskas av ämneskunniga personer. Metodiken med 

strukturerade och iterativt utvecklade prompter bedöms vara väl lämpad för litteraturstudien och ger 

ett användbart underlag för projektets fortsatta arbete med val av provningsmetoder och material. 

Nyckelord 

Cirkulära material, AI, GPT, språkmodell, triaxialförsök, vägmaterial, funktionella egenskaper 
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Abstract 

This sub study has been carried out within the framework of the Swedish Transport Administration 

project Circular Materials in Roads, which aims to enable a broader and more systematic use of 

circular and secondary materials in road construction. For such materials to replace traditional virgin 

aggregates, reliable methods are needed to determine their functional properties, particularly stability 

and stiffness. The literature study within the main project covers a large number of national and 

international reports, resulting in a substantial amount of manual work. This sub-project therefore 

investigates whether Large Language Models (LLMs), specifically GPT, can be used to streamline this 

work by generating structured and technically focused summaries of research reports. 

The work has been based on the iterative development of prompts used to steer the GPT-4o language 

model. The textual content of the reports was converted into plain text and included as input in the 

prompt, which defined the model as responding to questions posed to a road-construction expert and 

specified the headings and focus required for the summaries. For large reports, the most relevant 

chapters were summarised separately. In addition, tests were carried out in which GPT was used to 

answer questions about the report summaries, both individually and collectively. 

The results show that GPT generally produces high-quality summaries that are largely accurate and 

relevant when the prompt is clearly formulated. Although the summaries often rephrase the original 

text, they typically capture the essential content of the reports. Limitations were identified particularly 

when important information from tables, figures, and diagrams was lost during the conversion to plain 

text, which may affect the completeness of the summaries. When multiple reports were analysed 

simultaneously, the results were more variable, and inaccuracies occurred even when tabular output 

was requested. 

The conclusion is that large language models can be used to summarize scientific and technical 

documents at an expert level, but that the results must be reviewed by domain experts. The 

methodology, based on structured and iteratively developed prompts, is considered well suited for the 

literature study and provides a useful basis for the continued selection of test methods and materials 

within the project. 

Keywords 

Circular materials, AI, GPT, language model, triaxial testing, road materials, functional properties 
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1. Inledning 

Projektet Användning av cirkulära material i vägbyggnad (TRV2023/97905, SBUF Projekt 14304) 

syftar till att möjliggöra ett ökat och mer systematiskt nyttjande av cirkulära och sekundära material i 

vägkonstruktioner. För att dessa material ska kunna ersätta traditionella jungfruliga material krävs att 

kravställningen baseras på funktionella tekniska egenskaper — inte på råmaterialets ursprung. Ett 

skifte mot funktionella krav ställer i sin tur krav på kunskap om hur stabilitet, styvhet och andra 

deformationsegenskaper bäst kan mätas, beskrivas och jämföras. 

Som en del av projektets kunskapsuppbyggnad genomförs en omfattande litteraturstudie av nationella 

och internationella rapporter om provningsmetoder, funktionella egenskaper och erfarenheter av 

cirkulära material i vägbyggnad. Den stora mängden relevanta publikationer innebär dock ett 

betydande manuellt arbete. Samtidigt har utvecklingen av stora språkmodeller, såsom GPT, öppnat 

nya möjligheter att snabbt bearbeta och sammanfatta omfattande forskningsunderlag. 

Detta delprojekt undersöker därför hur stora språkmodeller kan användas för att effektivisera 

litteraturstudien genom att generera strukturerade och tekniskt inriktade sammanfattningar av 

rapporter. Fokus ligger särskilt på hur väl modellerna kan extrahera information om test- och 

provningsmetoder, materialens funktionella egenskaper samt rapporternas slutsatser och 

rekommendationer.  

1.1. Syfte 

Syftet med detta delprojekt är att utvärdera användbarheten av stora språkmodeller (GPT) för att 

sammanfatta forskningsrapporter inom området cirkulära material i vägkonstruktion. Arbetet ska bidra 

till att: 

• minska den manuella arbetsinsatsen i litteraturstudien, 

• säkerställa att jämförbar och tekniskt relevant information extraheras, 

• ge projektet ett strukturerat underlag som stöd för metodval och fortsatt laboratorieprovning. 

1.2. Mål 

De övergripande målen för delprojektet är att: 

• Ta fram strukturerade sammanfattningar av ett stort antal rapporter, med särskilt fokus på: 

o använda test- och provningsmetoder, 

o materialens funktionella egenskaper (stabilitet och styvhet), 

o resultat, slutsatser och rekommendationer. 

• Bedöma kvaliteten hos GPT-sammanfattningarna, inklusive: 

o om de är tekniskt korrekta och fackmässigt relevanta, 

o om de ger en rättvisande bild av originalrapporternas innehåll, 

o om viktiga detaljer riskerar att utelämnas. 

• Undersöka om sammanfattningarna utgör ett tillräckligt underlag för litteraturstudien, 

exempelvis: 

o om de kan användas för att identifiera lämpliga provningsmetoder, 

o om de kan användas som stöd för val av material i fortsatt provning. 

• Utvärdera om GPT kan besvara frågor om de sammanfattade rapporterna, inklusive 

tvärjämförelser mellan många rapporter samtidigt. 



VTI PM 2026:5  11 

2. Språkmodell 

Initiala försök gjordes med GPT-4 hösten 2024. Strax efter årsskiftet 2025 fick projektet tillgång till 

version GPT-4o. 

Språkmodellen GPT-4o från 2024-08-06 har använts för sammanfattningarna. Några jämförelser 

mellan olika GPT-4 och GPT-4o (https://platform.openai.com/docs/models). 

 GPT-4 GPT-4o 

Maximalt antal tokens per minut 2⋅106 29,99⋅106 

Maximalt antal tokens i “context window” 8 200 128 000 

Maximalt antal tokens i utdata 8 200 16 384 

Ett “token” är ofta ett ord (men inte alltid). Rapporternas storlek i antal tecken, är mellan knappt 5000 

och knappt 1 000 000. Tre av rapporterna är större än vad GPT-4o klarar av, det vill säga de är på mer 

än 128 000 token. Det är den norska Lærebok Vegteknologi på 428 sidor med 993 776 token, artikeln 

“New innovations in pavement materials and engineering: A review on pavement engineering research 

2021” på 185 sidor, 487 801 token och avhandlingen “Characterization of Unbound Granular 

Materials for Pavements” på 253 sidor med 832 942 token.  

https://platform.openai.com/docs/models
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3. Erfarenheter från arbetet med att sammanfatta texter med GPT 

Detta avsnitt sammanfattar erfarenheterna från användningen av GPT för att sammanfatta 

vetenskapliga rapporter i en viss domän, där sammanfattningarnas fokus ligger på att besvara ett antal 

specifika frågeställningar. 

3.1. Om GPT och dess API 

På Open AI:s referenssidor (OpenAI, u.å.) beskrivs den användning av GPT via “chat completion” 

som används i projektet (https://platform.openai.com/docs/api-reference/introduction). Ett API står för 

Application Programming Interface, och kan enklast beskrivas som ett sätt för olika program eller 

system att prata med varandra. 

I projektet används GPT via en licens på Azure (Microsoft, 2026) som tillhandahåller ett specifikt 

Pythongränssnitt för kodning (programmering). 

En respons från GPT genereras från ett meddelande [eng: message] via det som kallas “Chat 

completion”. Meddelandet uppfattas av GPT som “konversationen så här långt”. Det som GPT sedan 

gör är att betrakta som att fylla i en fortsättning. Meddelandet är alltså den fråga vi ställer till GPT och 

som för det fall att vi ber om en sammanfattning av en rapport innehåller hela rapporten i frågan. GPT 

är en stokastisk modell och ofta erhålles olika svar om samma fråga ställs två gånger. Det som ovan 

kallas meddelande är det vi vanligtvis benämner “prompt”. I avsnittet prompt nedan presenteras 

prompter som används i detta projekt.  

Prompten kan innehålla mer än enbart den fråga som skall besvaras, den kan också beskriva stil på 

språket och format på det svar man vill ha, t.ex. att man vill ha en tabell eller att vissa rubriker skall 

finnas i svaret. Implicit anger man vilket språk man vill ha, svenska eller engelska t.ex. genom att 

använda detta språk i prompten. Ovan nämndes att hela textstycken, som en rapport, är en del av 

prompten. Denna indata kan ges på “text format”. För strukturerade data är det vanligt att använda 

json-format som indata till GPT. Själva promptern är ett json-utttyck. 

Versionen GPT-4o har använts för att sammanfatta rapporter. Den klarar stora rapporter, men inte 

större än 128 000 token, där GPT själv bestämmer exakt vad ett token är; ett token är oftast ett ord. I 

den mängd rapporter som ingår i denna litteraturstudie finns tre rapporter som är större än så.  

https://platform.openai.com/docs/api-reference/introduction
https://learn.microsoft.com/en-us/azure/ai-services/openai/chatgpt-quickstart?tabs=keyless%2Ctypescript-keyless%2Cpython-new%2Ccommand-line&pivots=programming-language-python
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4. Genomförande 

I projektet har prompter utvecklats iterativt för att sammanfatta rapporter på svenska och engelska. 

Bedömningar av resultaten, till struktur och innehåll, har gjorts och därefter har prompten modifierats. 

Prompterna för sammanfattningar på engelska och svenska presenteras i avsnitten nedan. 

Den iterativa utvecklingen av prompten har väsentligen skett genom att bedöma sammanfattningarna i 

sig själva, utan relation till de sammanfattade rapporterna. Slutligen har tre sammanfattningar valts ut 

för en noggrannare bedömning av kvaliteten hos sammanfattningarna och deras korrekthet relativt 

rapporterna. Att bedöma kvalitet hos sammanfattningar på detta sätt kräver i allmänhet att man både 

förstår rapportens innehåll i sin helhet och klarar av att avgöra om de specifika fakta som 

sammanfattningen innehåller är korrekta. Det är alltså arbetskrävande att klara av att utvärdera 

sammanfattningarna. Några experiment med att låta GPT bedöma sammanfattningarna har också 

gjorts. 

En av rapporterna, den norska “Lærebok Vegteknologi” (Aksnes et al., 2016) är för stor för den GPT 

modell som använts. De delar som anses vara mest intressanta har valts ut ur denna rapport och 

sammanfattats. För kapitlen 3,4,5,7 och 11 har en sammanfattning gjorts. Detta var de delar som 

ansågs mest relevanta för projektet. Ytterligare en sammanfattning har gjorts av kapitlen 6 och 9, två 

kapitel som ansetts möjligen relevanta för projektet. 

GPT har också använts för att svara på frågor om de sammanfattningar som tagits fram. Ett antal olika 

försök har gjorts. Dels har frågor ställts om rapportsammanfattningarna en och en, dels har frågor 

ställts om samtliga sammanfattningar på en gång. I det senare fallet konstruerades ett json-uttryck för 

var och en av samtliga engelska respektive samtliga svenska rapporter. För dessa json-uttryck gjordes 

tester med att be om svar i form av en tabell och utan tabell. 

4.1. Användning av GPT för utvärdering av sammanfattningar. 

4.1.1. Prompt  

Några försök har gjorts med att använda GPT för att utvärdera de sammanfattningar som presenteras 

längre fram i rapporten. Följande prompt har använts för sammanfattningarna på svenska  

messages = [ 

{’role’:’system’, ’content’: system}, 

{’role’:’user’,’content’: user} 

] 

system = ’Du är expert på vägbyggnad med uppdraget utvärdera sammanfattningar av rapporter. 

Utvärderingarna du tillhandahåller är detaljerade, korrekta, objektiva och professionella' 

user = ’ Avgör om \n{summary_text} är en korrekt sammanfattning av rapporten: {report_text} . 

Svara med en uppräkning av det som i sammanfattningen inte stämmer överens med rapporten.' 

 

För sammanfattningarna på engelska ersätts system och user ovan med: 

system = ’You are a road construction expert assigned to evaluate report summaries. The evaluations 

you provide are detailed, accurate, objective, and professional' 

user = ’Determine whether \n{summary_text} is a correct summary of the report: {report_text} . 

Respond with a list of what is inconsistent with the report in the summary.’ 
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Här nedan följer några exempel på vad GPT uppfattar som skillnader mellan rapport och 

sammanfattning: 

4.1.2. Exempel 1: Inverkan av glimmer på ett obundet vägmaterials 
deformationsegenskaper, SGI Varia 535 (2004) 

av Maria Arm, Håkan Arvidsson, Peet Höbeda  

GPT Resultat  

Efter att ha granskat sammanfattningen och jämfört den med rapportens innehåll kan följande 

skillnader identifieras: 

1. **Material Variation**: I sammanfattningen nämns fem olika krossade bergmaterial (Material 3, 4, 

5, 7 och 8) från olika bergtäkter, medan rapportens första del diskuterar sju material. Det kan förvirra 

läsaren om omfattningen av materialstudierna. 

2. **Resultat från Del 1**: Sammanfattningen nämner att en intressant iakttagelse från rapportens 

första del är att material med högre glimmerhalt visar mindre permanent deformation i torra 

förhållanden. Detta skulle behöva explicit relatera sig till det obegränsade användandet av enkelprov i 

del 1, som kan ha påverkat resultaten. Rapportens del 1 drar paralleller med fynd i del 2, där styvheten 

varierade i torra förhållanden. 

3. **Beskrivning av Resultat och Slutsatser**: Sammanfattningen inkluderar indikationer på att 

glimmerhalt kan minska deformationer under torra förhållanden men öka dem vid höga vattenkvoter 

och belastningar. Detta resultat är fogat till extremt höga glimmerhalter i del 2, särskilt vid material 8, 

med specifika värden på 81% för vissa fraktioner, inte från de första materialen som testats. 

4. **Portionering av Testparametrar**: Sammanfattningen nämner vidare studier med fler material 

och testparametrar, vilket är relevant för det avsnitt som avslutar rapporten, där framtida arbete 

föreslås. Rapporten söker balansera omfattningen hos kommande laboratorie- och fältundersökningar. 

5. **Jämförelsen med Internationella Referenser**: Sammanfattningen berör de internationella 

reglerna i ungefär samma detaljnivå som rapporten och saknar en kanske mer djupgående utforskning 

av resultaten från Österrikiska och kanadensiska krav, speciellt detaljerna kring tjälfarligheten och hur 

dessa testresultat skulle översättas till svenska förhållanden.  

6. **Integration av Resultat mellan Delar**: Sammanfattningen har en linjär narrativ struktur men 

kunde ha gynnats av att inkludera direkt referens mellan de olika delarna av undersökningen (Del 1 

kontra Del 2) och variationerna i provinförhållandena (t.ex. vattenkvot vid packning och instampning) 

för att binda samman resultaten mer effektivt från laboratorie- till fälttester. 

Dessa punkter är kritiska för att ge en komplett bild av undersökningens omfattning och resultat. 

4.1.3. Exempel 2: Characterization of unbound granular materials within a 
mechanistic design framework for low volume roads. 

av G. Canon Falla, S. Leischner, A. Blasla, and S. Erlingsson. Year of publication: 2017 

The provided summary corresponds well with key aspects of the report, but there are several notable 

inconsistencies or missing details that should be addressed for alignment and comprehensiveness: 

1. **International Requirements and Regulations:** 

   - The summary mentions a brief discussion on compliance with German specifications and the need 

for unified testing criteria. The emphasis in the full text on European and international contexts, 

particularly cross-jurisdictional standardization efforts, is not well reflected in the summary. 

2. **Materials and Methods:** 
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   - The summary describes the tested materials as sourced from Saxon quarries. However, it doesn't 

mention that mixture D was a variation of mixture B, highlighting this specific experimental condition. 

   - The description of test methods in both the summary and full report is generally aligned, but the 

specifics of the European Standard EN 13286-7 concerning cyclic load triaxial testing is more detailed 

in the full report. 

3. **Approach:** 

   - The summary notes moisture-stress conditions; however, it does not detail the adjustments needed 

in test regimens due to machine limitations for certain stress levels, as presented in the full document. 

4. **Development:** 

   - The summary mentions a novel approach for characterizing post-compaction behavior. The 

summary should include that specific attention is given to developing protocols for stress paths in RLT 

tests in the full text, which allows for a detailed understanding of stress dependencies. 

5. **Results:** 

   - The full report provides detailed model parameters and specific outcomes from the resilient and 

permanent deformation tests, including the development and use of non-linear models to describe 

material behavior. The summary lacks this elaborate discussion. 

6. **Conclusions:** 

   - The conclusions in the full report involve not only a reinforcement of high-quality UGMs for thin 

asphalt pavements but also emphasize the need for further testing across different gradings, moisture 

conditions, and material types to validate quality limits. These aspects are not articulated in the 

summary. 

7. **Weaknesses and Strengths:** 

   - Although the summary notes the complexity and high resource demands of the test methods, the 

comprehensive reasoning behind these points, as detailed in the full text, which balances robust 

predictive capabilities against practicality, is not fully conveyed. 

In summary, while the report summary provides a good overview, it omits specific details related to 

methodological intricacies, compliance discussions, and detailed experimental results and parameters, 

all of which are crucial for a thorough understanding of the work presented. 
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5. Diskussion 

I arbetet med att sammanfatta och ställa frågor om innehåll i artiklar och rapporter framgick att man 

inte alltid får identiska svar om man upprepar frågan. Man kan med GPT utvärdera de 

sammanfattningar som den själv gjort. 

I denna rapport görs inte själva litteraturstudien utan här beskrivs själva metodiken och 

språkmodellens (GPTs) sammanfattningar. Ett svenskt (4.1.2) och ett engelskt (4.1.3) exempel på 

sammanfattning redovisas i denna rapport. I bilaga 3 finns de övriga, 14 svenska och 68 på engelska. 

5.1. Erfarenheter från att sammanfatta rapporter med GPT 

GPT är stokastisk, så att man inte får samma svar varje gång med exakt samma fråga. Med exakt 

samma prompt och samma rapport att sammanfatta är det mycket osannolikt att man får identiska 

sammanfattningar när man använder GPT två gånger. Det kan alltså vara svårt att avgöra om små 

förändringar av prompten verkligen ger någon förbättring. 

Erfarenheten av användningen av GPT för sammanfattning av rapporter är generellt sett att 

sammanfattningarna av god kvalitet och huvudsakligen korrekta, med en prompt som tydligt beskriver 

vad det är för sammanfattningar man vill ha. Det är svårt att på förhand veta vad resultatet blir om man 

försöker förändra prompten för att erhålla en annan stil på sammanfattningen. Det går däremot bra att 

be om ytterligare frågor att svara på. Det är ibland viktigt att frågor uttrycks på ett sätt så att de inte går 

att missförstå. 

Vid den mer noggranna bedömningen ser man att sammanfattningarna ofta uttrycker sig på ett annat 

sätt än rapporterna och kan svara på frågor genom att använda information från olika ställen i 

rapporten. Eftersom framställningen i sammanfattningen kan vara rätt olik det som står i rapporten kan 

det ibland vara svårt att avgöra om det är korrekt eller inte och här behövs ibland expertkunskaper i 

rapporten för att avgöra om sammanfattningen ger en rättvisande bild av rapporten. Rent allmänt kan 

dock sägas att de noggrant studerade sammanfattningarna inte innehåller felaktigheter och heller inte 

något som inte står i rapporterna. Däremot kan sammanfattningarna ibland vara lite väl tunna och 

utlämna detaljer som kan vara relevanta att ha med. Det förekommer också att fel fråga svaras på. En 

av frågorna handlar till exempel om svagheter och styrkor hos provnings- och testmetoderna. Det har 

hänt att svaret i sammanfattningen i stället rör de provade materialens svagheter och styrkor. 

Det som är svårt för en människa att sammanfatta blir naturligtvis också svårt för GPT att 

sammanfatta. En av frågorna som ställs gäller målet med rapporten. Vad mål och syfte är kan en 

rapport ibland referera till på många ställen, på en mer övergripande nivå och på en mer detaljerad 

nivå. Det kan alltså vara svårt att veta vilken av alla mål och syften som sammanfattningen skall ta 

upp. 

Ett problem med de sammanfattningar som görs av GPT handlar inte om GPT själv utan om 

förbehandlingen av rapporten. Det GPT får som indata är text, men rapporten innehåller mer. En 

människas förståelse av innehållet i en rapport baseras inte sällan på bilder, tabeller, diagram och 

andra figurer. Det är information som helt eller delvis kan falla bort vid konvertering till enbart text. 

Det kan ibland vara så att viss förståelse av rapportinnehållet inte går att få utan detta till text 

svåröversättbara innehåll i rapporten. Det vill säga, det kan vara så att förutsättningar saknas för GPT 

att svara utförligt på vissa frågor i sammanfattningen. 

5.2. Erfarenheter från att ställa frågor om rapportsammanfattningar 
med GPT 

Att ställa frågor om en mängd texter på en gång är ett annat problem än att ställa frågor om texter en 

och en. Försöket att ställa frågor om sammanfattningarna en och en ger rätt mycket text för var och en 

av sammanfattningarna och blir på det sättet oöverskådligt. Ett försök att ställa frågor om samtliga 
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rapporter på en gång, på strukturerat sätt i form av ett så kallat json-uttryck gav resultatet att GPT 

endast svarade på frågan för omkring 10 av de totalt 66 rapporterna. Att be om en tabell gav det bästa 

resultatet, på det sättet erhölls ett svar för samtliga rapporter. Dock har inte ännu lika pålitliga resultat 

erhållits som för rapportsammanfattningarna. Som exempel ges, på frågan om triaxialmetoden 

används, i ett fall av tre svaret “ja “, för en rapport där inget om denna metod nämns 

5.3. Övriga försök med GPT 

GPT kan användas till hjälp för att utvärderingar av de sammanfattningar den själv tagit fram. 

Exempel på det finns i avsnitt 4.1.2 och 4.1.3. Ännu bättre kanske vore möjligen att använda en annan 

språkmodell till utvärdering av de sammanfattningar som gjorts med GPT. Givet utvärderingen 

tillsammans med sammanfattning och rapport skulle det gå att be GPT att förbättra sammanfattningen. 

Denna förbättrade sammanfattning skulle återigen kunna utvärderas och förbättras och så vidare tills 

att inte någon förbättring längre erhålles. Det är möjligt att detta skulle höja kvaliteten på 

sammanfattningarna, men för att veta det behövs det ändå i slutänden att det sker någon mänsklig 

bedömning av de på detta sätt erhållna sammanfattningarna. 
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6. Slutsats 

Arbetet visar att stora språkmodeller som GPT kan vara lämpade för att sammanfatta vetenskapliga 

och tekniska rapporter på expertnivå, under förutsättning att prompten är noggrant utformad och att 

resultaten granskas av ämneskunnig personal.  

De huvudsakliga slutsatserna är: 

1. Sammanfattningarna håller bra kvalitet. 

De är i regel fackmässigt riktiga och återspeglar rapporternas centrala innehåll, även om vissa 

detaljer ibland utelämnas eller missuppfattas. 

2. Promptens utformning är avgörande. 

Tydliga instruktioner och definierade rubriker ger stabilare resultat och ökar sannolikheten att 

modellen extraherar tekniskt relevant information. 

3. Konvertering till text är en begränsning. 

Viktig information från tabeller, figurer och diagram kan gå förlorad, vilket påverkar 

sammanfattningarnas fullständighet. 

4. GPT är användbar för att ställa frågor till sammanfattningarna, men tvärjämförelser över 

många rapporter är fortfarande utmanande. Tabellform förbättrar resultatet avsevärt, men vissa 

inkonsekvenser kvarstår. 

5. Språkmodellerna kan stödja, men inte ersätta, expertgranskning. 

För komplexa tekniska rapporter behövs fortsatt mänsklig bedömning för att säkerställa 

korrekthet och relevans. Man behöver också kontrollera att den faktiskt refererar rätt då det 

ibland blir fel. 

6. Metodiken bedöms lämplig för litteraturstudien. 

De framtagna sammanfattningarna ger ett användbart och strukturerat beslutsunderlag för val 

av provningsmetoder och material i projektets fortsatta delar. 
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Bilaga 1 Prompter 

I promptarna är {report_text} all text som extraherats ur rapporten. Text från tabeller ingår också här, 

om tabellerna är “läsbara”. 

Prompt på engelska för rapportsammanfattning 

Till sammanfattingarna på engelska är prompten den följande, där {report_text} är hela rapporten på 

textformat, det vill säga resultatet av konverteringen från pdf till text med python programmet 

pypdf.PdfReader. 

messages = [ 

{’role’:’system’, ’content’: system}, 

{’role’:’user’,’content’: user} 

] 

system = ’You are an expert in road construction with the task of summarizing reports that deal with 

the replacement of traditional virgin materials for road construction with circular materials. The focus 

of your summaries is the tests and testing methods described in the report as well as the results and 

conclusions. An important part of the summaries deals with the deformation properties of the different 

materials that have been tested, according to the report text, these properties are essentially the 

functional properties of stability and stiffness. The summaries you provide are detailed, technically 

correct, objective and professional.’ 

user = ’Summarize the following report on testing circular materials as a replacement for traditional 

materials in road construction’ 

{report_text} 

’Below are a number of headings in square brackets followed by an explanation of what the content 

under the heading is. Summarize the report under these headings according to the explanations given. 

The main focus of the summary is on test methods. This means that it is important that the summary 

describes in detail everything that has to do with the test methods under the most appropriate heading 

below. It is important that the summary is limited to what is written in the report. If nothing is stated in 

the report that fits a given heading, then respond, in the summary, that there is nothing about it in the 

report. 

[Report] Title, author and year of publication 

[Introduction] summary of the report in its entirety 

[Goal] The overall goal of the work described in the report 

[Contribution] The report\’s main contribution 

[Main problem] The problem(s) does the report primarily address 

[Materials] the materials that have been tested 

[Methods] method or test methods that have been used 

[Approach] how the testing has been carried out 

[Development] how the method has been developed 

[Results] the results and precision have been obtained 

[Weaknesses and strengths] weaknesses and strengths mentioned about the test methods, costs, 

reproducibility, relevance. 

[Conclusions] advantages and disadvantages reported and what other recommendations are given.’ 
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Prompt på svenska för rapportsammanfattning 

Som för prompten på engelska är {report_text} hela rapporten på textformat 

messages = [ 

{’role’:’system’, ’content’: system}, 

{’role’:’user’,’content’: user} 

] 

system = ’Du är expert på vägbyggnad med uppdraget att sammanfatta rapporter som handlar om 

ersättning av traditionella jungfruliga material för vägbyggen med cirkulära material. Fokus för dina 

sammanfattningar är de tester och provningsmetoder som beskrivs i rapporten samt resultat och 

slutsatser. En viktig del av sammanfattningarna behandlar deformationsegenskaperna hos de olika 

materialen som provas, enligt rapporttexten är dessa egenskaper i huvudsak de funktionella 

egenskaperna stabilitet och styvhet. Sammanfattningarna du tillhandahåller är detaljerade, tekniskt 

korrekta, objektiva och professionella.’ 

user = ’Sammanfatta följande rapport om provning av cirkulära material som ersättning för 

traditionella material vid vägbyggen’ 

{report_text} 

’Nedan följer ett antal rubriker inom hakparentes följt av en förklaring av vad innehållet under 

rubriken är. Sammanfatta rapporten under dessa rubriker enligt de förklaringar som ges. 

Sammanfattningens huvudfokus ligger på test- och provningsmetoder. Det betyder att det är viktigt att 

sammanfattningen i detalj beskriver allt som har med dessa metoder att göra under den lämpligaste 

rubriken nedan. Det är viktigt att sammanfattningen begränsas till det som står i rapporten. Om det inte 

står något i rapporten som passar en given rubrik, svara då i sammanfattningen att det inte står något 

om det i rapporten. 

[Rapport] Titel, författare och utgivningsår 

[Inledning] Sammanfattning av rapporten i sin helhet 

[Mål] Det övergripande målet för det arbete som beskrivs i rapporten 

[Bidrag] Rapportens huvudsakliga bidrag 

[Huvudproblem] Problemet/problemen tar rapporten främst upp 

[Material] Materialen som har provats 

[Metoder] Provnings- och testmetoder som har använts 

[Tillvägagångssätt] Hur testningen har utförts 

[Utveckling] Hur metoden har utvecklats 

[Resultat] Resultat och precision som har erhållits 

[Svagheter och styrkor] Svagheter och styrkor som nämns om provnings- och testmetoderna, 

kostnader, reproducerbarhet, relevans. 

[Slutsatser] Rapporterade fördelar och nackdelar och vilka andra rekommendationer som ges.’ 
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Prompt på engelska för frågor om de sammanfattade rapportrapporterna 

system =  'You are a road construction expert assigned to work on summarizing reports. The answers 

you provide are detailed, accurate, objective, and professional. ' 

user = 'The json file \n{json_summary} contains a json expression which is the result of summarising 

reports that deal with the replacement of traditional virgin materials for road construction with circular 

materials. 

Construct a table with one row for each report in the given json file. The columns shall have the 

following contents: 

 Column 1: Report number 

 Column 2: Report title or the first 10 words in the title if it has a long title 

 Column 3: A Yes or No answer to if the report evaluates several different methods for 

measuring the mechanical properties of road construction materials. Examples of such methods are 

Triax (Triaxial shear test), CBR (California Bearing Ratio) and use of FWD (Falling Weight 

Deflectometer). 

 Column 4: For the reports with a Yes in column 3: answer Yes or No to if the Triax 

method is evaluated. 

 Column 5: For the reports with a Yes in column 3: list the other methods besides the 

Triax method, which are referred to in the report. 

 Column 6: For the reports with a Yes in column 3: mention the methods that the report 

recommends, if the report says anything about it.' 
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Prompt på svenska för frågor om de sammanfattade rapportrapporterna  

system = 'Du är en vägbyggnadsexpert som har i uppdrag att arbeta med att sammanfatta rapporter. 

Svaren du ger är detaljerade, korrekta, objektiva och professionella. ' 

user = 'Json-filen \n{json_summary} innehåller ett json-uttryck med sammanfattningar av rapporter 

som handlar om ersättning av traditionell jungfruliga material för vägbyggen med cirkulära material. 

Konstruera en tabell med en rad för varje rapport i den givna json-filen. Kolumnerna ska ha följande 

innehåll: 

 Kolumn 1: Rapportnummer. 

 Kolumn 2: Rapport titel eller de första 10 orden i titeln om den har en lång titel. 

 Kolumn 3: Ett Ja eller Nej svar på om rapporten utvärderar flera olika metoder för att 

mäta de mekaniska egenskaperna hos vägbyggnadsmaterial. Exempel på sådana metoder är Triax 

(Triaxial shear test), CBR (California Bearing Ratio) och användning av FWD (Falling Weight 

Deflectometer). 

 Kolumn 4: För rapporter med ett Ja i kolumn 3: svara Ja eller Nej på om Triax-metoden 

utvärderas. 

 Kolumn 5: För rapporterna med ett Ja i kolumn 3: räkna upp de övriga metoder, 

förutom Triax metoden, som refereras till i rapporten. 

Kolumn 6: För rapporter med ett Ja i kolumn 3: nämn de metoder som rapporten rekommenderar, om 

rapporten säger något om det ' 
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Bilaga 2 Tabellexempel 

Här redovisas exempel på tabellresultat från GPT-sammanställningar. Det finns tre varianter per språk, svenska och engelska. Här redovisas exempel 1 per 

språk. 

Svenska, tabellexempel 1 

Rapport titel eller de första 10 orden i 
titeln  

Utvärderar 
flera olika 
metoder  

Utvärderar 
Triax-
metoden  

 Övriga metoder refererade   Rekommenderade metoder  

 Titel: "Metodbeskrivning 106:2005 
Bedömning av   

 Nej  N/A  N/A   N/A 

 Titel: "Funktionskrav på vägars bärighet"         Ja  Nej  FWD  FWD 

 Titel: "Uppföljning av befintliga 
slaggrusprovvä 

 Ja  Nej  FWD  FWD 

 Titel: Stödremsa - Laboratoriestudie av 
täthet o 

 Ja  Nej  CBR, permeabilitetsmätningar   CBR, permeabilitetsmätningar  

 Titel: "Inverkan av glimmer på ett obundet 
vägma 

 Ja  Ja  Tung laboratoriestampning, 
permeabilitetsbestämning  

 Tung laboratoriestampning  

 Titel: "Infräsning – En metod för att 
förstärka  

 Nej  N/A  N/A  N/A 

 Titeln på rapporten är "PMS Objekt vs 
ERAPAVE-ME 

 Nej  N/A  N/A  N/A 

 Titel: Undersökning av laboratoriemetoder 
för be 

 Ja Nej  Atterbergs gränser, klyvhållfasthet, 
desintegrationstid  

 Atterbergs gränser, 
klyvhållfasthet  

 Titel: "Användning och modifiering av 
metallsepar 

 Ja  Ja  Cykliska treaxialtester, standard Proctor, skaktest   Cykliska treaxialtester  

 Titeln på rapporten är "Energiaska som 
vägbyggnad 

 Ja  Nej  Laktester, kolonntest, kemisk modellering   Laktester, kolonntest  
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Rapport titel eller de första 10 orden i 
titeln  

Utvärderar 
flera olika 
metoder  

Utvärderar 
Triax-
metoden  

 Övriga metoder refererade   Rekommenderade metoder  

 Titel: "Slaggrus i väg- och 
anläggningsarbeten"  

 Ja  Ja  FWD, dynamiska treaxialförsök, kemiska analyser   FWD, dynamiska 
treaxialförsök  

 Titel: "Miljöriktig användning av askor 
Uppföljni 

 Ja  Nej  FWD, vattenanalys   FWD, vattenanalys  

 Rapporten med titeln "Metoddagen 2023: 
Hur ska v 

 Ja  Ja  Statisk plattbelastning, fallviktsmetoden, mikro-
Deval, Los Angeles  

 Statisk plattbelastning, 
fallviktsmetoden  

 Titel: "Förutsägelse av 
långtidsegenskaper hos re 

 Ja  Ja  Kornstorleksanalys, packningstester, kemiska 
analyser  

 Kornstorleksanalys, 
packningstester  

 Titel: Kapitel 3,4,5,7 och 11. Vegbygging         Ja  Ja  Kornfordeling, Los Angeles-metoden, Micro-Deval, 
CBR-försök  

 Kornfordeling, Los Angeles-
metoden  

 Titel: Kapitel 6 och 9. "Vegteknologi"   Ja  Nej  Penetration, viskositet, Marshall-metoden   Penetration, viskositet  

 

  



26  VTI PM 2026:5 

Engelska, tabellexempel 1 

Report Title or First 10 Words  Evaluates 
Several 
Methods  

Evaluates 
Triax 
Method  

Other Methods Evaluated  Recommended 
Methods  

 Long-term mechanical stability of 
cemented incineration  

 Yes  No  Sieving, ICP-MS, Leaching, Compressive and Tensile Strength Tests  Not mentioned 

 Sustainable Construction Materials: 
Recycled Aggregates  

 Yes  No  CBR, Triaxial, IRI, FWD, UCS, ITS, Resilient Modulus, Tube Suction, Freeze-
Thaw, Marshall Method  

Not mentioned 

 Recycled Aggregates (RAs) for 
RoadsAuthor: J. R. Jiménez  

 Yes  Yes  EN 933-11, EN 1097-6, EN 933-1, EN 933-3, EN 933-5, EN 1097-2, UNE 
103601, EN 933-8, ASTM Proctor  

Not mentioned 

 Characteristics and Uses of Steel Slag in 
Building  

 Yes  No  EN 12457 series, Radiation Protection Measures  Not mentioned 

 General report: the specification of 
granular materials  

 Yes  No  Grading, Strength Tests, Plasticity Limits, CBR, Plate Bearing, Los Angeles 
Abrasion, Sand Equivalent  

Not mentioned 

 A review of recycled aggregate in 
concrete applications  

 No 

  

 

 A sustainability-oriented framework for the 
application  

 Yes  No  Atterberg Limits, Grain Size Distribution, Compaction Tests, CBR  Not mentioned 

 Advisory expert system for flexible 
pavement design  

 Yes  Yes  CBR, Cone Penetrometer, Plate Loading  Not mentioned 

 Analysis of leaching procedures for 
environmental risk  

 Yes  No  EN 12457-3, NEN 7341, NEN 7343  Not mentioned 

 Application of cement-treated recycled 
materials in  

 Yes  No  Modified Proctor, Crushing and Screening, Compressive Strength, ADAR  Not mentioned 

 Assessment of construction and 
demolition wastes (CDWs)  

 Yes  No  XRD, XRF, SEM, EDS, Atterberg Limits, Compaction, CBR  Not mentioned 
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Report Title or First 10 Words  Evaluates 
Several 
Methods  

Evaluates 
Triax 
Method  

Other Methods Evaluated  Recommended 
Methods  

 Assessment of Secondary Materials for 
Pavement  

 Yes  Yes  Particle Size Distribution, Plasticity, Water Absorption, Magnesium Sulphate 
Soundness, Compactibility, RLTT, RLITT, Leaching  

Not mentioned 

 Assessment of the total content and 
leaching behavior  

 Yes  No  SPLP, EPA Method 1313, EPA Method 1316, Microwave Digestion, ICP-AES  Not mentioned 

 CO2-treatment of recycled concrete 
aggregates to  

 Yes  No  Aggregate Crushing Value, Batch Leachate Tests  Not mentioned 

 CO2-treatment of recycled concrete 
aggregates to  

 Yes  No  Aggregate Crushing Value, Batch Leachate Tests  Not mentioned 

 Performance Evaluation of Road 
Pavements Stabilised  

 Yes  Yes  UCS, Resilient Modulus, RLT, Direct Tensile, Drying Shrinkage, ALF  Not mentioned 

 Characterising the resilient behaviour of 
pavement  

 Yes  Yes  Filter Paper Test  Not mentioned 

 Characterization of unbound granular 
materials within  

 Yes  Yes  Volumetric Compression Post-Compaction  Not mentioned 

 Comparative study on resilient modulus of 
natural  

 Yes  Yes  Modified Proctor, Gyratory Compactor, Curing, Water-Soaked Specimens  Not mentioned 

 Comparison of technical and short-term 
environmental  

 Yes  No  XRF, XRD, ACV, 10%FACT, FI, MDD, OMC, CBR, TCLP  Not mentioned 

 Complete substitution of natural 
aggregates with  

 Yes  No  FWD, BI, UCS, Resilient Modulus, Leachate Analysis, LWD  Not mentioned 

 Design and sustainability analyses of road 
base layers  

 Yes  No  RLTT, Freeze-Thaw  Not mentioned 

 EFFECTS OF PARTICLE SIZE AND 
TYPE OF AGGREGATE  

 Yes  Yes  Compaction, CBR, Triaxial Shear, Batch and Column Leaching, Field Tests  Not mentioned 
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Report Title or First 10 Words  Evaluates 
Several 
Methods  

Evaluates 
Triax 
Method  

Other Methods Evaluated  Recommended 
Methods  

 Effect of crumb rubber on the mechanical 
properties  

 Yes  No  CBR, UCS, Clegg Impact, Dynamic Lightweight Cone Penetrometer, ACV, 
Los Angeles Abrasion, Resilient Modulus  

Not mentioned 

 Resilient Modulus and AASHTO 
Pavement Design  

 Yes  Yes  None  Not mentioned 

 Environmental assessment, mechanical 
behavior and new  

 Yes  No  Modified Proctor, CBR, Compliance Leaching, Percolation Leaching  Not mentioned 

 Environmentally appraising different 
pavement and  

 Yes  No  LCA, PaLATE Software  Not mentioned 

 Estimation of permanent deformation 
behaviour of  

 Yes  Yes  RLCBR  Not mentioned 

 Estimation of resilient modulus of 
unbound granular  

 Yes  Yes  Clegg Impact Hammer  Not mentioned 

 Evaluation of Geosynthetic Reinforcement 
in Unpaved  

 Yes  No  Moving Wheel Load, DCP  Not mentioned 

 Feasible use of recycled concrete 
aggregates and  

 Yes  No  Density and Water Absorption, Ten Percent Fines, Water Soluble Sulfate, 
Soundness, Particle Size Distribution, Moisture-Density, CBR  

Not mentioned 

 Flexible pavement construction using 
different waste  

 Yes  No  CBR, UCS, Resilient Modulus, Moisture Susceptibility, Durability  Not mentioned 

 Influence of loading frequency on 
mechanical properties  

 Yes  Yes  None  Not mentioned 

 Influence of Environmental Humidity on 
Mechanical  

 Yes  Yes  None  Not mentioned 

 Integrated and comparative Structural-
LCA analysis  

 Yes  Yes  Gyratory Shear Compactor, LCA  Not mentioned 
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Report Title or First 10 Words  Evaluates 
Several 
Methods  

Evaluates 
Triax 
Method  

Other Methods Evaluated  Recommended 
Methods  

 Field and Laboratory Evaluation of the 
Mechanical  

 Yes  Yes  Shear Box, Permeability, DCP, FWD, Deflectograph, Rut Depth Profiling  Not mentioned 

 Road Pavement Design Guide, Kent 
County Council  

 Yes  No  CBR, MEXE Probe, Plasticity Index, Grading, Portable Dynamic Plate  Not mentioned 

 Transportation Geotechnics 32 (2022) 
100701Authors:  

 Yes  Yes  Rolling Bottle Test  Not mentioned 

 Mechanical properties and influencing 
factors of  

 Yes  Yes  CBR, Unconfined Compressive, Static Triaxial, Dynamic Triaxial  Not mentioned 

 Pavement Subbase Design and 
ConstructionAuthor: Iowa  

 Yes  No  DCP, Clegg Impact, GeoGauge Vibration, PFWD, FWD, Hydraulic 
Conductivity  

Not mentioned 

 Performance-based re-use of tunnel muck 
as granular  

 Yes  Yes  Modified Proctor, Gyratory Compaction, Rolling Compaction, CBR, Dynamic 
Triaxial, LWD  

Not mentioned 

 Performance characteristics of recycled 
concrete  

 Yes  Yes  None  Not mentioned 

 Performance evaluation of recycled 
granular material  

 Yes  Yes  Static and Cyclic Triaxial  Not mentioned 

 Performance of composite geogrid 
reinforced unpaved  

 Yes  No  Cyclic Loading  Not mentioned 

 Permanent deformation behaviour of 
unbound recycled  

 Yes  Yes  None  Not mentioned 

 Physical and Mechanical Properties of 
Reclaimed  

 Yes  No  Laboratory and Gyratory Compaction, MR, Cyclic Triaxial  Not mentioned 

 Potential use of reclaimed asphalt 
pavement and  

 Yes  Yes  Constrained Modulus  Not mentioned 
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Report Title or First 10 Words  Evaluates 
Several 
Methods  

Evaluates 
Triax 
Method  

Other Methods Evaluated  Recommended 
Methods  

 Recycled materials for road construction – 
performance  

 Yes  Yes  None  Not mentioned 

 Recycling Screening Waste and Recycled 
Mixed  

 Yes  No  Proctor, CBR, Los Angeles Abrasion, Chemical Analysis, Nuclear Moisture-
Density, FWD  

Not mentioned 

 Recycling waste rubber tyres in 
construction materials  

 Yes  Yes  Direct Shear, CBR, Compressibility, Resilient Modulus, UCS, Freeze/Thaw, 
Mass Loss  

Not mentioned 

 Resilient Modulus and Strength of Base 
Course with  

 Yes  Yes  Laboratory and Gyratory Compaction, Cyclic Triaxial  Not mentioned 

 Resilient and permanent deformation 
behaviors of  

 Yes  Yes  CD, Resilient Deformation, Permanent Deformation, Specific Gravity, Water 
Absorption, Shape Index, Crushing Value, Los Angeles Abrasion, Soundness  

Not mentioned 

 Shakedown of Unbound 
PavementsAuthors: M. Boulbibane  

 Yes  No  Shakedown Load Calculation  Not mentioned 

 State of the practice in pavement 
structural  

 Yes  No  Empirical, LED, FEM  Not mentioned 

 Stiffness and strength characteristics of 
demolition  

 Yes  Yes  PSD, LA, CBR, Multistage Triaxial  Not mentioned 

 Sustainable use of waste in flexible 
pavement: A  

 Yes  No  Atterberg Limits, Particle Size Distribution, Specific Gravity, CBR, UCS, 
Marshall Stability, ITS, Dynamic Creep, Resilient Modulus, Moisture 
Susceptibility  

Not mentioned 

 Effect of Compaction Mode on Small- and 
Large-Scale  

 Yes  No  Impulse, Vibratory, Cyclic Sinusoidal, Compressibility, Resilient Modulus  Not mentioned 

 Use of recycled aggregates arising from 
construction  

 Yes  No  Geotechnical, Proctor, Los Angeles Abrasion, Plate Load, FWD, In Situ 
Structural Behavior  

Not mentioned 

 Use of recycled aggregates from 
construction and  

 Yes  No  Proctor, CBR, Resilient Modulus, Freeze-Thaw, Permeability  Not mentioned 
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Report Title or First 10 Words  Evaluates 
Several 
Methods  

Evaluates 
Triax 
Method  

Other Methods Evaluated  Recommended 
Methods  

 Use of recycled coarse and fine 
aggregates in  

 Yes  No  Compressive, Tensile, Flexural Strength, CO2 Emissions  Not mentioned 

 Utilisation of recycled concrete 
aggregates for  

 Yes  No  Water Absorption, Density, Impact Resistance, CBR, UCS, Resilient Modulus, 
Compressive, Tensile, Flexural Strength, Chloride Permeability  

Not mentioned 

 Utilisation of unbound recycled 
aggregates from  

 Yes  No  Particle Size Distribution, Physico-Mechanical, Chemical Properties, Troxler, 
Static Plate Load, FWD, Road Roughness, Leaching  

Not mentioned 

 Washed recycled sand derived from 
construction and  

 Yes  No  Particle Size Distribution, Modified Compaction, Apparent Particle Density, 
Water Absorption, CBR, Hydraulic Conductivity, RLT, Geoenvironmental Tests  

Not mentioned 

 Waste materials in highway applications: 
An overview  

 Yes  No  Marshall Stability, Resilient Modulus, CBR, Indirect Tensile Strength, 
Compaction  

Not mentioned 

 Geochemical anomalies from bottom ash 
in a road  

 Yes  No  Laboratory Leaching, Availability Tests, Time-Dependent Leaching, Lysimeter, 
Groundwater, Soil Analysis  

Not mentioned 

 Predicting Elastic Response 
Characteristics of  

 Yes  Yes  None  Not mentioned 

 Review and prospect of research on 
mechanical  

 Yes  Yes  None  Not mentioned 

 Exploring Relationships between 
Summary Resilient  

 Yes  Yes  CBR, LWD  Not mentioned 
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Bilaga 3 Litteraturgenomgång av artiklar och rapporter etc. för 


funktionella egenskaper på cirkulära material till vägbyggnad 


I denna bilaga finns genomgång av 14 rapporter på svenska och 68 på engelska. 
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1. Rapportsammanfattningar på svenska 


1.1. "Metodbeskrivning 106:2005 Bedömning av grusväglag",  


Författare: Hossein Alzubaidi, Utgivningsår: 2005. 


[Inledning] Rapporten beskriver en metod för bedömning av grusväglag med fokus på vägars 


funktionella egenskaper och skick. Metoden baseras på en kombination av textuella och fotografiska 


bedömningar samt objektiva mätningar, vilka utförs under barmarksperioden för att klassificera skicket 


på grusvägar och deras underhållsbehov. 


[Mål] Det övergripande målet är att tillhandahålla en systematisk metod för att bedöma skicket på 


grusväglag och identifiera behovet av underhållsåtgärder för att säkerställa vägarnas funktionella 


standard. 


[Bidrag] Rapporten bidrar med en standardiserad metod för att objektivt mäta och bedöma tillståndet på 


grusvägar i Sverige och ger vägledning för hur man kan avgöra behovet av underhållsåtgärder baserat 


på vägens skick. 


[Huvudproblem] Fokus ligger på bedömningen av funktionella problem såsom potthål, korrugeringar, 


löst grus, damm, och vägkanternas tillstånd som påverkar vägarnas säkerhet och komfort. 


[Material] Rapporten nämner inte specifika material utan fokuserar på tillståndet och skicket på 


grusvägar. 


[Metoder] Använda metoder inkluderar objektiva mätningar av tvärfall och vägkanter med en 


tvärfallsmätare samt bedömning av ojämnheter, löst grus och damm genom en fyrgradig skala (1-4). 


Bedömningen stöds av fotografiskt material och textbeskrivningar. 


[Tillvägagångssätt] Testningen utförs genom mätningar vid två punkter per mil på varje väg, med de 


använda instrumenten inkluderande en tvärfallsmätare och en meterstock. Skicket bedöms också 


subjektivt genom fotografiska bevis och textbeskrivningar. 


[Utveckling] Metoden har utvecklats från tidigare standarder (ersätter metodbeskrivning 106:1996) för 


att förbättra bedömningen av grusvägars tillstånd och funktion. 


[Resultat] Metodens resultat är en klassificering av vägarnas skick i fyra tillståndsvärden för olika 


parametrar som tvärfall, ojämnheter, löst grus och dammpåverkan, vilket i sin tur informerar om det 


omedelbara underhållsbehovet. 


[Svagheter och styrkor] Styrkorna ligger i den systematiska och objektiva metodiken för bedömning. 


Svagheter tas inte tydligt upp i rapporten, men metodens beroende på subjektiva bedömningar kan 


begränsa dess reproducerbarhet och precision. 


[Internationella krav och regler] Rapporten tar inte upp (a) materialkrav på vägöverbyggnadsmaterial, 


(b) dimensioneringssystem för vägöverbyggnad, eller (c) regelverk för vägöverbyggnad. 


[Slutsatser] Rapporten avslutar med att betona vikten av regelbunden bedömning av grusvägars skick 


för att säkerställa hållbarhet och säkerhet, men den innehåller inga specifika rekommendationer gällande 


användning av cirkulära material i vägbyggen. 


1.2. "Funktionskrav på vägars bärighet"  


Författare: Laila Rashid Utgivningsår: 2020   


[Inledning] Rapporten koncentrerar sig på funktionskrav för vägars bärighet inom 


funktionsentreprenader och analyserar användningen av fallviktsmätningar (FWD) för att bedöma 


vägkonstruktioners bärighet och hållbarhet över tid. Den diskuterar nödvändigheten av att använda 
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bärighetsmått för att säkerställa att vägkonstruktioner uppfyller ställda krav under deras livslängd, samt 


utvärderar de testmetoder och utmaningar som finns inom upphandling och kontroll av bärighet. 


[Mål] Det övergripande målet är att undersöka om bärighetskrav bör ställas vid upphandling i form av 


totalentreprenader och vilka specifika bärighetsmått som ska användas för att säkerställa vägarnas 


funktion och hållbarhet. 


[Bidrag] Rapportens huvudsakliga bidrag är en detaljerad analys av olika bärighetsmått som ytmodul, 


undergrundsmodul, SCI och BCI samt en utvärdering av deras tillämpbarhet som funktionskrav. 


Dessutom belyser rapporten praktiska utmaningar och konsekvenser vid implementering av 


bärighetskrav i totalentreprenader. 


[Huvudproblem] Huvudproblemen som behandlas är bristen på uppföljning av fallviktsmätningar och 


avsaknaden av enhetliga krav och gränsvärden vid sådana mätningar. Rapporten lyfter också fram 


osäkerheter kring vilka bärighetsmått som bäst representerar vägkonstruktionens tillstånd och deras 


relevans för funktionskraven. 


[Material] Rapporten specificerar inte vilka specifika material som har provats. 


[Metoder] Huvudsaklig test- och provningsmetod är fallviktsmätningar (FWD), som används för att 


bedöma bärighetskapaciteten hos vägar genom att analysera deflektionsmått (ytmodul, 


undergrundsmodul, SCI, BCI och BI). 


[Tillvägagångssätt] Testningen utfördes genom fallviktsmätningar på tre vägobjekt - en lång sträcka, 


ramper och avfarter, samt under ogynnsamma klimatförhållanden. Mätningar togs regelbundet var 100:e 


respektive var 50:e meter beroende på vägsegment. Ytmodul och andra bärighetsmått beräknades utifrån 


uppmätta deflektioner. 


[Utveckling] Rapporten beskriver inte explicit några utvecklingar av metoderna. 


[Resultat] Fallviktsmätningen visade variationer i ytmodul och bärförmågeklass, med mätresultat som 


varierar baserat på förhållanden i undergrunden och konstruktionens homogenitet. Olika segment visade 


sig ha olika bärighetskapaciteter, och rapporten understryker vikten av att justera för mätningar utförda 


under ogynnsamma klimatförhållanden. 


[Svagheter och styrkor] Svagheter med FWD inkluderar osäkerheter relaterade till klimatpåverkan och 


mätdataens representativitet för året. Styrkorna är metodens potential att identifiera svaga partis på 


vägen för tidiga underhållsåtgärder. Rapporterade svagheter inkluderar också reproducerbarheten och 


tolkningen av resultaten för korta vägsträckor. 


[Internationella krav och regler] Rapporten diskuterar inte internationella krav och regler explicit inom 


de givna kategorierna (materialkrav, dimensioneringssystem, regelverk). 


[Slutsatser] Rapporten rekommenderar att bärighetskrav bör införas i funktionsentreprenader och att 


nyckelmått som SCI, BCI och undergrundsmodul används. Den betonar vikten av att säkerställa att 


vägkonstruktioner är robusta, med uppföljning av mätresultat för att stödja hållbar vägkvalitet. Det 


föreslås också att ytterligare forskning och förbättrad datainsamling kan stödja mer tillförlitliga 


bedömningar. 


1.3. "Uppföljning av befintliga slaggrusprovvägar, Fallviktsmätning på 
provsträckor på Törringevägen i Malmö och Dåvamyran i Umeå".  


Författare: Maria Arm. Utgivningsår: Mars 2005. 


[Inledning] Rapporten beskriver uppföljningen av slaggrusprovvägar i Sverige, med fokus på deras 


styvhetsutveckling. Två testvägar, en i Malmö och en i Umeå, jämförs med referensvägar byggda med 


traditionella material genom fallviktsmätningar för att bedöma styvhet över tid och jämföra med krossat 
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berg. Projektet syftar till att dra nytta av tidigare byggda provvägar för att öka kunskapen om slaggrusets 


långtidshållfasthet. 


[Mål] Projektets övergripande mål är att öka kunskapen om slaggrus långtidshållfasthet när det används 


som förstärkningslager i vägkonstruktioner. 


[Bidrag] Rapportens huvudsakliga bidrag är att tillhandahålla unika mätdata över slaggrusets 


styvhetsutveckling och jämföra dess prestanda mot traditionellt krossat berg i vägöverbyggnader. 


[Huvudproblem] Huvudproblemet som rapporten adresserar är osäkerheten kring slaggrusets 


långtidshållfasthet och styvhetsutveckling jämfört med traditionella material i vägkonstruktioner. 


[Material] De testade materialen inkluderar slaggrus från hushålls- och industriavfallsförbränning och 


krossat berg som referensmaterial. 


[Metoder] Fallviktsmätningarna är centrala i denna rapport och används för att mäta vägarnas 


styvhetsegenskaper genom att applicera en dynamisk last och registrera vägkroppens deflektion. 


[Tillvägagångssätt] Testningen genomfördes på bestämda sektioner av de två provvägarna, där både de 


belagda och obelagda sträckorna testades med fallviktsapparatur. Mätningar gjordes på olika djup för 


att erhålla ytmoduler och lagermoduler för analys av styvhet. 


[Utveckling] Det finns inga specifika uppgifter om utvecklingen av metoden i rapporten. 


[Resultat] Resultaten visar att slaggrusets styvhet var lägre än hos krossat berg. Ingen betydande 


styvhetsökning observerades i slaggrusvägarna jämfört med tidigare mätningar, och provsträckorna 


hade generellt lägre styvhet än referenssträckorna. 


[Svagheter och styrkor] En märkbar styrka med metoden är dess icke-förstörande natur och förmåga att 


särskilja olika lager i vägkonstruktionen. Emellertid diskuteras behovet av homogena 


undergrundsförhållanden och referenssträckor för att säkerställa relevanta jämförelser och 


resultatprecision. 


[Internationella krav och regler] Rapporten diskuterar inte i detalj internationella krav och regler för 


vägöverbyggnadsmaterial eller dimensioneringssystem, men nämner Sveriges användning av 


styvhetsmoduler i Vägverkets vägdimensioneringsmanual. 


[Slutsatser] Rapporten rekommenderar fortsatt uppföljning av slaggrusets prestanda, speciellt för att 


undersöka vatteninnehållets påverkan på styvhetsmätningarna och fördjupa förståelsen av slaggrusets 


potential som byggnadsmaterial. Rekommendationer inkluderar behovet av vederbörlig konstruktion 


och dokumentation vid användning av alternativa material. 


1.4. Stödremsa - Laboratoriestudie av täthet och bärighet,  


Författare: Håkan Arvidsson, Utgivningsår: 2018. 


[Inledning] Rapporten beskriver en laboratoriestudie som syftar till att utvärdera täthet och bärighet hos 


olika material som används i stödremsor vid vägbyggen. Studien jämför egenskaperna hos morän och 


krossat berg samt utvärderar dessa materials lämplighet baserat på deras stabilitet och permeabilitet. 


[Mål] Det övergripande målet är att undersöka om olika material för stödremsor kan uppfylla önskade 


funktionsegenskaper, såsom avvattning och bärighet, samtidigt som de säkerställer en hög täthet. 


[Bidrag] Rapporten bidrar med empirisk data kring hur val av material och kornstorleksfördelning 


påverkar stödremsors funktionella egenskaper, särskilt permeabilitet och bärighet. 


[Huvudproblem] Rapporten behandlar problemet med materialval för stödremsor, specifikt hur olika 


material och deras kornstorleksfördelning påverkar stödremsans förmåga att inte släppa igenom vatten 


och ge tillräcklig bärighet. 
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[Material] Två materialtyper har testats: krossat berg av granit och morän. Varianter har skapats genom 


att blanda materialen i olika fraktioner, med fyra fraktioner testade för morän och åtta för granit. 


[Metoder] Testmetoder som använts är permeabilitetsmätningar och California Bearing Ratio (CBR) 


tester. Modifierad Proctor-metoden har använts för att fastställa packningsegenskaper. 


[Tillvägagångssätt] Provberedning omfattade siktning och proportionering av material i olika fraktioner. 


Modifierad Proctor användes för att bestämma optimal vattenkvot och referensdensitet, vilket gav input 


för validering under permeabilitetstest och CBR-mätningar. 


[Utveckling] Rapporten beskriver inte specifika förändringar eller utvecklingar av metoder under 


studiens gång. 


[Resultat] Resultaten visar att morän ger lägre permeabilitet och därmed högre täthet än granit. Granit 


visar högre bärighet (CBR-värden), specialt granit med större stenstorlekar och högre finmaterialhalt. 


[Svagheter och styrkor] En styrka med metoderna är att de tillhandahåller tydliga resultat relaterade till 


densitet och materialets funktionsegenskaper. Det diskuteras dock att kornform kan påverka packning 


och därmed de uppmätta egenskaperna, vilket inte utforskas vidare. 


[Internationella krav och regler] Rapporten nämner att Trafikverkets specifikationer har uppdaterats 


baserat på denna studie, men det diskuteras inte specifikt om internationella krav eller regler. 


[Slutsatser] Morän rekommenderas över bergkross som material för stödremsa på grund av dess lägre 


permeabilitet. Det betonas att materialet bör packas väl och att finkornhalten bör vara hög för att 


säkerställa lämpliga funktionsegenskaper. Recommendations include further investigation into 


kornform's impact on permeability and bärighet. 


1.5. "Inverkan av glimmer på ett obundet vägmaterials 
deformationsegenskaper – Resultat från laboratorieförsök",  


Författare: Maria Arm, Håkan Arvidsson, Peet Höbeda. Utgivningsår: 2004. 


[Inledning] Rapporten fokuserar på att undersöka hur glimmerinnehållet i obundna vägmaterial påverkar 


deras deformationsegenskaper. Detta studerades genom laboratorieförsök där krossat bergmaterial med 


varierande glimmerhalt testades för packning, nedkrossningsbenägenhet, deformationsegenskaper vid 


olika belastningar, och permeabilitet. 


[Mål] Det övergripande målet med arbetet var att förstå glimmerhaltens inverkan på de obundna 


vägmaterialens deformationsegenskaper och därigenom få underlag för eventuella begränsningar av 


tillåtet glimmerinnehåll i sådana material. 


[Bidrag] Huvudsakliga bidraget är insikter om glimmerns påverkan på deformationsegenskaperna i 


obundna vägmaterial under varierade förhållanden, och indikationer på att glimmerhalt kan minska 


deformationer under torra förhållanden men öka dem vid höga vattenkvoter och belastningar. 


[Huvudproblem] Rapporten adresserar osäkerhet kring hur hög glimmerhalt i obundna vägmaterial kan 


påverka vägarnas hållbarhet och funktionsduglighet. 


[Material] Fem olika krossade bergmaterial med varianter i glimmerinnehåll användes: Material 3, 4, 5, 


7, och 8 från olika bergtäkter. 


[Metoder] Följande provningsmetoder användes: tung laboratoriestampning för packningsegenskaper, 


dynamisk treaxialprovning för deformationsegenskaper, och permeabilitetsbestämning med 


rörpermeameter.  


[Tillvägagångssätt] Tester utfördes genom att förbereda provkroppar med Vibrocompresseur för 


bestämd densitet och vattenkvot, följt av testning under olika belastningssteg och vattenkvoter, som 


simulerade realistiska trafik- och miljöbelastningar. 
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[Utveckling] Det finns inga detaljer om vidare metodutveckling i rapporten. 


[Resultat] I torra förhållanden resulterade hög glimmerhalt i färre permanenta deformationer. Vid höga 


vattenkvoter och mycket hög glimmerhalt ökade deformationerna, med tydliga effekter vid höga 


belastningar. Ingen tydlig koppling mellan glimmerhalt och permeabilitet kunde fastställas. 


[Svagheter och styrkor] Provningsmetoderna är detaljerade och ger viktiga insikter, men varierande 


packningsgrader kunde ha påverkat resultaten.  


[Internationella krav och regler] Rapporten refererar till Österrikiska mineralkriteriet och kanadensiska 


regler som hanterar glimmerinnehåll och andra faktorer i obundna vägmaterial. 


[Slutsatser] De studiedata pekar på att mycket hög glimmerhalt kan orsaka stora deformationer särskilt 


i våta förhållanden. Rekommendationer görs om vidare studier med fler material och fler testparametrar 


för att styrka dessa resultat innan restriktioner för vägmaterial införs. 


1.6. "Infräsning – En metod för att förstärka vägar med 
bärighetsproblem," 


författare: Andreas Bladh, utgivningsår: 2014. 


[Inledning] Rapporten utforskar användningen av infräsning eller Full Depth Reclamation (FDR) som 


en metod för att stärka vägar med bärighetsproblem genom att återanvända befintliga vägbeläggningar 


och underliggande material. 


[Mål] Det övergripande målet är att samla och analysera erfarenheter och kunskap från praktiker och 


litteratur för att utveckla en grund för FDR-metoden samt skapa ett verktyg för dimensionering av denna 


typ av åtgärd. 


[Bidrag] Rapportens huvudsakliga bidrag är att sammanställa befintlig kunskap om infräsning från 


praktiker och litteratur samt att skapa ett verktyg för dimensionering av infräsningen. 


[Huvudproblem] Problemet som rapporten främst tar upp är bristfällig informations- och 


kunskapsöverföring om infräsning, vilket komplicerar tillämpningen och optimeringen av metoden i 


praktiken. 


[Material] De material som diskuteras och undersöks är befintliga vägmaterial, såsom 


asfaltbeläggningar, obundna lager som bärlager och makadam som tillsatsmaterial. 


[Metoder] Provningsmetoderna inkluderar främst proportionering baserat på kornkurvor av 


vägmaterialen. Detta görs genom analyser av väglagrens sammansättning och egenskaper före och efter 


infräsning. 


[Tillvägagångssätt] Testningen utförs genom att ta prover på befintliga vägmaterial, kalkylera 


proportionerna för blandning av befintliga och nya material i ett proportioneringsverktyg, samt 


fältobservationer av infräsning och packningsprocesser. 


[Utveckling] Rapporten beskriver utvecklingen av ett proportioneringsverktyg baserat på indata av 


kornkurvor och tar fram rekommenderade förfaranden för framgångsrik infräsning. 


[Resultat] Resultaten indikerar att infräsning effektivt höjer bärigheten hos vägen när proportionering 


tillämpas korrekt. Kritisk analys av valda kornkurvor och lagertjocklekar leder till ett förbättrat 


slutmaterial. 


[Svagheter och styrkor] En styrka med metoden är kostnadseffektiviteten samt förbättrad bärighet. En 


svaghet är komplexiteten i att förutsäga exakt resultat utan omfattande analys och dimensionering, vilket 


kan variera med varierande materialkvalitet. 
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[Internationella krav och regler] Rapporten diskuterar inte internationella krav och regler explicit, men 


nämner generella rekommendationer och krav som finns enligt svenska standarder för vägöverbyggnad. 


[Slutsatser] Fördelarna med infräsning inkluderar kostnadseffektivitet och minskat materialslöseri. 


Nackdelar är behovet av noggranna förundersökningar och eventuell variation i resultat beroende på 


materialkvalitet. Rapporten rekommenderar att infräsning kombineras med andra åtgärder som 


dräneringsförbättringar för optimalt resultat. 


1.7. "PMS Objekt vs ERAPAVE-ME Dimensionering av 
överbyggnader",  


författad av Arash Borhani Khomami och Jonas Adel Pour, utgiven år 2020 i Stockholm, Sverige. 


[Inledning] Rapporten jämför två vägdimensioneringsprogram, PMS Objekt och ERAPAVE. Fokus 


ligger på att undersöka skillnaderna i dataingång och beräkningsprocesser, och hur dessa påverkar de 


resulterande dimensioneringarna av vägöverbyggnader. Testrapporten diskuterar specifikt 


deformationsegenskaper som stabilitet och styvhet hos olika material och hur testerna bidrar till att 


utvärdera programmets effekt. 


[Mål] Det övergripande målet är att jämföra de två vägdimensioneringsprogrammen, PMS Objekt och 


ERAPAVE, för att förstå deras skillnader i beräkning och datahanteringsmetoder. 


[Bidrag] Rapportens huvudsakliga bidrag är insikten i hur olika programvarumodeller påverkar 


dimensioneringen av vägöverbyggnader, särskilt med fokus på mer detaljerade och mekaniska 


beräkningsmetoder. 


[Huvudproblem] Problemet som rapporten fokuserar på är skillnaderna i programmens funktionalitet 


och deras förmåga att exakt modellera och dimensionera vägöverbyggnader, vilket i sin tur kan påverka 


effektiviteten och kostnaden för väginfrastruktur. 


[Material] Rapporten nämner inte specifika material som har provats utan fokuserar på de tekniska 


beräkningsmodellerna inom programmen. 


[Metoder] De använda test- och provningsmetoderna inkluderar en jämförelse av analytiska och 


mekaniska modeller, där ERAPAVE har förmågan att ta hänsyn till ett bredare spektrum av 


påverkningsfaktorer som klimat och trafikens laterala fördelning, till skillnad från PMS Objekt. 


[Tillvägagångssätt] Testningen utfördes genom simulerade beräkningar av olika realistiska 


vägsituationer där resultaten från PMS Objekt jämfördes med ERAPAVE, med särskild uppmärksamhet 


på tjockleken och materialanvändningen i vägöverbyggnaderna. 


[Utveckling] ERAPAVE har utvecklats för att inkludera mer avancerade beräkningsmodeller baserade 


på multilager elastisk teori. Utvecklingen syftar till att ge mer realistiska resultat genom att inkorporera 


klimatdata och trafiktypspecifika parametrar. 


[Resultat] Testerna visar att ERAPAVE ger mer detaljerad information, som den totala 


spårdjupsutvecklingen, och erbjuder en mer komplett och realistisk bild av projektet jämfört med PMS 


Objekt. ERAPAVE kan minska materialbehovet vilket kan leda till kostnadsbesparingar. 


[Svagheter och styrkor] Styrkorna med ERAPAVE inkluderar dess detaljerad datautgång och flexibilitet 


med input, medan svagheterna kan inkludera att programmet ännu inte är fullt utvecklat. PMS Objekt 


är begränsat av äldre metoder och inflexibilitet i klimat- och trafikantal. 


[Internationella krav och regler] Rapporten nämner inte specifikt internationella krav och regler gällande 


vägöverbyggnadsmaterial, dimensioneringssystem, eller regler. 


[Slutsatser] Rapporten drar slutsatsen att ERAPAVE ger mer detaljerade och potentiellt mer realistiska 


resultat än PMS Objekt. Rekommendationer innefattar uppdatering av PMS med modernare klimatdata 
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och modeller, samt ytterligare tester för att säkerställa att ERAPAVE kan möta verkliga 


vägbyggnadsbehov. 


1.8. Undersökning av laboratoriemetoder för bedömning av 
"bindjordkvalitet" hos grusslitlager.  


Författare: Leif Viman och Peet Höbeda. Utgivningsår: 1979. 


[Inledning] Rapporten undersöker olika metoder för att bedöma kvaliteten på bindjorden i grusslitlager. 


Detta görs genom laboratorieförsök på leror, där den mineralogiska sammansättningen och olika 


mekaniska egenskaper studeras för att förstå deras bindande kapacitet och hur de påverkas av olika 


faktorer. 


[Mål] Det primära målet är att utvärdera och relevansbestämma både traditionella och moderna 


testmetoder för bindjordsanalys samt jämföra svenska material med internationella krav. 


[Bidrag] Rapporten bidrar med en jämförelse mellan svenska grusslitlager och internationella 


standarder, utvärdering av äldre svenska provningsmetoder samt nya tester för att bedöma bindjords 


kvalitet. 


[Huvudproblem] Problemet är att fastställa korrelationen mellan lerors materialegenskaper och deras 


funktion i vägkonstruktioner, samt att utveckla metoder för att bedöma deras bindande kvalitet i 


laboratoriemiljö. 


[Material] Materialen som har testats inkluderar olika leror, lera blandad med stenmjöl och natursand, 


samt grus och morän som förekommit i svenska grusslitlager. 


[Metoder] De provningsmetoder som använts inkluderar Atterbergs gränser, klyvhållfasthet, 


desintegrationstid, hygroskopicitet, vattenhaltsdifferens och hydrometeranalys. 


[Tillvägagångssätt] Testning har utförts genom att blanda och låta leran genomgå olika mekaniska och 


kemiska provningar för att bestämma korrelationer med bindjords kvalitet samt fältförsök för att jämföra 


laboratorieresultat med verkliga vägförhållanden. 


[Utveckling] Metoder såsom klyvhållfasthetstest och desintegrationstid har utvecklats och modifierats 


för att ge mer tillförlitliga resultat vid analys av bindjordskompositioner. 


[Resultat] Resultaten visar att lerhalter i provmaterial korrelerar väl med vissa av de testade 


parametrarna, såsom flytgräns och hygroskopicitet, medan andra resultat såsom klyvhållfasthet varierar 


med kornform och packningsmetoder. 


[Svagheter och styrkor] Svagheter inkluderar otillräcklig standardisering av metoder och variationer i 


resultat beroende på provberedning och materialkomposition. Styrkorna ligger i metodernas förmåga att 


avslöja viktiga samband mellan materialens fysikaliska egenskaper och deras funktionella kapacitet vid 


vissa standardiserade provningar. 


[Internationella krav och regler] (a) Berörda krav på bindjord inkluderar flytgräns och plasticitetsindex 


i internationella standarder, som svenska material ofta inte uppfyller. (b) och (c) Det omnämns inga 


specifika dimensioneringssystem eller regelverk för vägöverbyggnad i rapporten. 


[Slutsatser] Rapporten rekommenderar mer omfattande fältförsök för att bestämma lämpligheten med 


att öka lerhalten i svenska grusslitlager. Användning av krossmaterial framhålls som en potentiell styrka 


för att förbättra vägens hållbarhet och motståndskraft. 
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1.9. "Användning och modifiering av metallseparerat slaggrus – 
potential och matchning, AMOD"   


Författare: Maria Arm, Peter Flyhammar, Raul Grönholm, Maria Kristensson, Bo B Lind. Utgivningsår: 


2016   


[Inledning] Denna rapport undersöker potentialen för att använda behandlad bottenaska, kallat slaggrus, 


från förbränningsanläggningar som material i väg- och anläggningsbyggnad. Fokus ligger på de tekniska 


och miljömässiga egenskaperna hos slaggruset både med och utan metallseparering. Tester och 


utvärderingar genomförs för att identifiera användningsområden och diskuterar behovet av 


platsspecifika miljöbedömningar.   


[Mål] Det övergripande målet är att utvärdera potentialen för metallutsorterad bottenaska att användas 


som väg- och anläggningsmaterial och hur detta påverkas av ökad metallavskiljning.   


[Bidrag] Rapporten bidrar med insikter i hur metallavskiljning påverkar de tekniska egenskaperna hos 


bottenaska och dess användning som byggnadsmaterial. Den erbjuder också en metod för att 


karaktärisera och matcha materialets egenskaper mot befintliga tekniska funktionskrav.   


[Huvudproblem] Rapporten adresserar osäkerheter kring huruvida metallavskiljning försämrar 


slaggrusets lämplighet som anläggningsmaterial samt identifierar och kvantifierar tekniska och 


miljömässiga hinder för dess utnyttjande.   


[Material] Det material som har provats är metallseparerat slaggrus från SYSAV i Malmö.   


[Metoder] Metodiken omfattar cykliska treaxialtester för att bestämma deformationsegenskaper; 


standard Proctor för packning och nedkrossningsanalyser; samt skaktest för utlakning. Organisk halt 


analyserades genom glödförlust och totalkemisk sammansättning fastställdes med ALS MG-2 metoder.   


[Tillvägagångssätt] Testningen utfördes genom delning, blandning och siktning av slaggrus från 


slutfraktionen 0-40 mm. Cykliska treaxialtester genomfördes för att utvärdera bärförmåga och stabilitet. 


Kornstorleksfördelningen bedömdes före och efter standard Proctor packning. Utlakningsegenskaper 


analyserades med skaktest vid L/S 10.   


[Utveckling] Rapporten nämner inte något specifikt om metodens utveckling.   


[Resultat] Studien fann att metallavskiljning inte påverkar slaggrusets tekniska egenskaper negativt. 


Slaggruset har höga resilientmoduler och kapillär stighöjd som gör det lämpligt för vissa applikationer 


i väg- och anläggningsbyggnad.   


[Svagheter och styrkor] Provningsmetoderna visade sig effektiva för att bestämma tekniska och 


miljömässiga egenskaper. Styrkan ligger i metodernas relevans och reproducerbarhet för 


materialbedömning i vägkonstruktion. Svagheter inkluderar potentiella begränsningar i 


miljöanvändning beroende på lokala förhållanden.   


[Internationella krav och regler]  


a) Materialkraven innefattar kornstorleksfördelning och nötningsbeständighet i enlighet med 


europeiska standarder.   


b) Dimensioneringssystem och specifikationer är baserade på Trafikverkets och AMA:s riktlinjer.   


c) Regelverk för vägöverbyggnader kräver att slaggrus uppfyller specifika miljö- och 


funktionskrav.   


[Slutsatser] Rapporten drar positiva slutsatser om slaggrusets tekniska potential vid korrekt användning. 


En rekommendation är betydelsen av platsspecifika miljöbedömningar och att vidare studier behövs för 


nya konstruktioner där slaggrusets egenskaper kan optimeras. 
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1.10. "Energiaska som vägbyggnadsmaterial – utlakning och 
miljöbelastning från en provväg".  


Författarna är Bo Lind, Lennart Larsson, Jon-Petter Gustafsson, David Gustafsson, Sten-Åke Ohlsson, 


Jenny Norrman, Ola Arvidson, och Maria Arm. Rapporten publicerades av Statens Geotekniska Institut 


(SGI) i Linköping, 2005. 


[Inledning] Rapporten utgör en slutredovisning av ett projekt som undersökte användningen av 


energiaska som vägbyggnadsmaterial. Fokus har lagts på utlakningsegenskaper och miljöbelastningen 


från en provväg. En viktig del av rapporten är att studera de kemiska och fysiska processer som påverkar 


materialets långsiktiga stabilitet och dess potentiella miljöpåverkan. 


[Mål] Det övergripande målet för det arbete som beskrivs i rapporten är att klargöra den långsiktiga 


utlakningen av ämnen vid användning av bottenaska från avfallseldade förbränningsanläggningar som 


vägbyggnadsmaterial, samt att jämföra dessa resultat med naturliga bakgrundsvärden. 


[Bidrag] Rapportens huvudsakliga bidrag är att erbjuda en ökad förståelse för de kemiska processer som 


påverkar utlakningen av ämnen från bottenaska när det används i vägkonstruktioner. Rapporten bidrar 


också med data för utvärdering av energiaskas hållbarhet som ett alternativt byggnadsmaterial. 


[Huvudproblem] Problemet som rapporten främst tar upp är den potentiella miljörisken med utlakning 


av föroreningar från energiaska när det används som byggmaterial i vägkonstruktioner, samt 


osäkerheten kring dess långsiktiga tekniska prestanda. 


[Material] Det testade materialet är bottenaska från Dåva kraftvärmeverk, vilket inkluderar både färskt 


och lagrat material. Också grus och makadam från andra källor har använts som jämförelse och 


referensmaterial. 


[Metoder] Provningen omfattade flera laktester såsom tillgänglighetstest (Nordtest NT ENVIR 003) och 


kolonntest för både oorganiska och organiska ämnen. Parametrar som pH-gradient och olika 


tillsatsämnen användes för studier av skakförsök med bottenaska. Kemisk modellering utfördes med 


Visual MINTEQ för jämviktsberäkningar. 


[Tillvägagångssätt] Testningen utfördes genom lakning i laboratoriemiljö och modellerades med 


VMINTEQ samt genom simuleringar med CoupModel för att analysera vatten- och ämnesflöden. 


Provtagning skedde också på plats i samband med uppföljning och modellering av utlakning från 


vägkonstruktionen i Dåva. 


[Utveckling] Metoden har utvecklats för att ge en bättre översikt över hur olika faktorer påverkar 


utlakning och stabilitet hos bottenaska när det används i vägbyggnad. Modelleringen i projektet har 


resulterat i möjligheten att simulera och förutse långsiktigt läckage mer precist. 


[Resultat] Resultaten visar att bottenaska kan ha ett initialt högre utlakning av vissa komponenter, som 


klorid och sulfat, men att nivåerna tenderar att minska över tid. Modellen lyckades också ge god 


överensstämmelse mellan simulerade och observerade data, särskilt för kloridutlakning. 


[Svagheter och styrkor] En svaghet i metoderna var att de har begränsade tillämpningar för 


fältsituationer där kemisk balans kanske inte råder. Styrkorna ligger i modellens kapacitet att hantera 


komplexa reaktioner och dess relevans för långsiktiga miljö- bedömningar. Kostnader för tester och 


modelleringsarbete kan också bli betydande. 


[Internationella krav och regler] Rapporten specificerar inga internationella krav, regler eller 


dimensioneringssystem för vägöverbyggnad relaterade till (a) materialkrav, (b) dimensioneringssystem, 


eller (c) regelverk i texten. 


[Slutsatser] Fördelar med att använda energiaska inkluderar hantering av avfallsprodukter och minskad 


åtgång av naturresurser. Nackdelar inkluderar risk för utlakning av föroreningar, speciellt i början av 


materialets brukstid, och ackumulation av ämnen i närliggande miljöområden över tid. Rapporten 
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rekommenderar ytterligare forskning i form av långvariga fälttest och utvärdering av alternativa 


stabilitetsmetoder för aska. 


1.11. "Slaggrus i väg- och anläggningsarbeten" 


författare: Maria Arm, utgivningsår: 2006. 


[Inledning] Rapporten från Statens Geotekniska Institut handlar om användning av slaggrus, en 


restprodukt från förbränning av avfall, som ersättning för traditionella byggmaterial i väg- och 


anläggningsarbeten. Den beskriver fysikaliska och kemiska egenskaper hos slaggrus, test- och 


provningsmetoder för dess användning samt resultat och slutsatser från dessa. 


[Mål] Det övergripande målet är att skapa ett gemensamt förhållningssätt till användning av alternativa 


material, såsom slaggrus, i vägbyggen ur teknisk, miljömässig och juridisk synvinkel, för att främja 


resurseffektivitet. 


[Bidrag] Rapporten bidrar med en omfattande sammanställning av slaggrusets egenskaper, 


användningsområden och tester relaterade till dess funktion som byggmaterial, med särskilt fokus på 


deformationsegenskaper. 


[Huvudproblem] Ett av huvudproblemen är osäkerheten kring slaggrusets långsiktiga stabilitet och 


miljöpåverkan, inklusive dess potential att släppa ut miljöskadliga ämnen vid användning som 


byggmaterial. 


[Material] Materialet som har provats är slaggrus, vilket är en bearbetad bottenaska från förbränning av 


hushålls- och industriavfall. 


[Metoder] Använda provnings- och testmetoder inkluderar fallviktsmätning, dynamiska treaxialförsök 


i laboratoriemiljö, samt kemiska analyser för att bedöma lakbarhet och metallinnehåll. Specifika 


standardmetoder som Los Angelestest och micro-Deval-test har använts för bedömning av mekanisk 


beständighet. 


[Tillvägagångssätt] Testningen av slaggrus involverade både laboratorieexperiment för att bestämma 


maximal torrdensitet, optimal vattenkvot och styvhetsmodul, samt fältstudier såsom uppföljningar av 


bärförmåga och styvhet via fallviktsmätningar på provsträckor. 


[Utveckling] Rapporten dokumenterar ingen specifik metodutveckling, men diskuterar optimering av 


slaggrusets egenskaper genom olika blandnings- och lagringsprocesser för att förbättra dess stabilitet 


och styvhet. 


[Resultat] Resultaten indikerar att slaggrus har en lägre styvhet och bärförmåga jämfört med krossat 


berg, med en styvhet på cirka 70% av bergkrossens. Den har också visat sig ha sämre 


beständighetsvärden i laboratorieprovning men uppvisar tillräcklig långsiktig stabilitet i 


fältförhållanden. 


[Svagheter och styrkor] Svagheterna med testmetoder inkluderar osäkerhet i laboratorieresultatens 


överförbarhet till fältförhållanden, samt materialets sämre hållbarhet mot mekanisk påverkan. Styrkan 


ligger i slaggrusets potential att spara naturresurser och dess användbarhet i specifika 


konstruktionsbenämningar. 


[Internationella krav och regler] Rapporten berör inte uttryckligen internationella krav och regler, men 


nämner att svenska regler i form av ATB VÄG inte fullt ut adresserar slaggrus som vägmaterial.  


[Slutsatser] Fördelarna med slaggrus inkluderar dess resursbesparande potential och tillräckligt goda 


egenskaper för vissa underlagstyper. Nackdelar inkluderar osäkerhet i miljöpåverkan och lägre 


mekanisk hållfasthet. Rapporten rekommenderar kompletterande fältstudier och en platsanpassad 


utvärdering för varje specifik användning. 
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1.12. "Miljöriktig användning av askor Uppföljning av 
slaggrusprovvägar: provsträckor på Törringevägen utanför Malmö 
och Dåvamyran utanför Umeå"  


Författare: Maria Arm, Lennart Larsson, Charlotta Tiberg, Bo Lind och Ola Arvidslund Utgivningsår: 


December 2008. 


[Inledning] Rapporten redovisar uppföljningen av två provvägar, en på Törringevägen och en på 


Dåvamyran, där slaggrus används som förstärkningslager. Fokus ligger på hållfasthetsutveckling samt 


miljöpåverkan från materialen. Provtagning och analys inkluderar fallviktsmätningar och 


lakvattenanalyser. 


[Mål] Det övergripande målet är att öka kunskapen om slaggrusets långtidshållfasthet och 


miljöpåverkan när det används som vägbyggnadsmaterial. 


[Bidrag] Rapporten bidrar med långsiktiga hållfasthetsdata och miljöpåverkan som underlag för 


användning av slaggrus i vägbyggnad. 


[Huvudproblem] Rapporten adresserar problemen kring hållfasthetsutveckling och potentialen för 


miljöpåverkan vid användning av slaggrus i vägbyggnationer. 


[Material] Materialen som har provats är slaggrus (förädlad bottenaska från förbränning av 


hushållsavfall) och krossat bergmaterial som jämförande referens. 


[Metoder] Använda provningsmetoder är fallviktsmätningar (FWD) för att bedöma vägars eller 


vägmateriallagers styvhet samt vattenanalys (lak- och grundvatten) för att mäta och analysera 


utlakningsämnen. 


[Tillvägagångssätt] Testningen utfördes genom upprepade fallviktsmätningar vid flera tillfällen för att 


utvärdera hållfasthetsutvecklingen. Lak- och grundvattenprovtagningar gjordes på Dåvamyran för 


miljöpåverkansanalyser. Fallviktsmätningarna utfördes på specifika sektioner av vägarna, medan 


vattenprovtagningarna fokuserade på specifika provtagningsbrunnar. 


[Utveckling] Rapporten diskuterar inte någon utveckling av metoden. 


[Resultat] Resultaten indikerar att slaggruset behåller sin styvhet över tid men har lägre styvhet än 


bergmaterialet. Resultaten från Dåvamyran visas att det finns en markant avklingande utlakning av 


koppar, TOC, klorid och natrium, men ökande utlakning av kalcium och sulfat under projektperioden. 


[Svagheter och styrkor] En styrka är att fallviktsmetoden är snabb och icke-förstörande. Däremot 


påpekas att laboratorielaktester inte fullt ut representerar fullskalekonstruktioner, vilket innebär 


begränsningar i att dra direkta slutsatser om slaggrusets verkliga miljöpåverkan. 


[Internationella krav och regler] Rapporten berör (a) olika materialkrav genom att jämföra laboratorie-


testresultat med föreslagna maxvärden för avfall vid anläggningsbyggande, men den specificerar inga 


(b) dimensioneringssystem för vägöverbyggnad eller (c) regelverk för vägöverbyggnad fullt ut. 


[Slutsatser] Fördelarna med slaggrus som byggmaterial är dess generellt begränsade utlakning av 


ämnen, om än med klorid och sulfat som kritiska. En rekommendation är att kombinera laboratorietester 


och fullskaleförsök vid bedömning av askans potentiella användning som vägmaterial. Det påpekas 


också att slaggrusets styvhet är tillräcklig om vägen är rätt dimensionerad men att det är viktigt att 


fortsatt övervaka även äldre vägsträckor som innehåller slaggrus. 


1.13. "Metoddagen 2023: Hur ska vi utveckla framtida krav på obundna 
överbyggnadslager" 


av Klas Hermelin från Trafikverket och publicerades den 2 februari 2023. 
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[Inledning] Rapporten diskuterar behovet av att utveckla krav för obundna överbyggnadslager i 


vägbyggnad för att bättre integrera cirkulära och återvunna material. Fokuset ligger på att övergå från 


beskrivande krav till mer funktionella krav och att förbättra provningsmetoderna för att säkerställa att 


nya material upprätthåller vägarnas funktionella krav på styvhet och stabilitet. 


[Mål] Det övergripande målet är att utveckla nya krav och provningsmetoder som tillåter mer flexibla 


användningar av alternativa och återvunna material i obundna överbyggnadslager, för att stödja 


cirkularitet och återvinning i vägbyggandet. 


[Bidrag] Rapportens huvudsakliga bidrag är att identifiera behovet av att uppdatera nuvarande krav och 


provningsmetoder för att ta hänsyn till nya material och att föreslå funktionella testmetoder för att 


evaluera materialens prestanda med fokus på styvhet och stabilitet. 


[Huvudproblem] De nuvarande beskrivande kraven är inte tillräckliga för att säkerställa prestandan hos 


alternativa och återvunna material. Detta skapar problem med beständighet och funktionalitet över tid i 


vägstrukturer. 


[Material] De material som diskuteras i rapporten inkluderar krossad betong, masugnsslagg och 


asfaltgranulat. 


[Metoder] Rapporten beskriver flera provningsmetoder såsom Triaxialprovning (triax), statisk 


plattbelastning, fallviktsmetoden samt traditionella metoder som mikro-Deval för nötning och Los 


Angeles (LA) för krossning. 


[Tillvägagångssätt] Testningen av materialen utförs genom både laboratorie- och fältförsök, inklusive 


provvägar och omfattande erfarenhetsinhämtning för att bedöma de funktionella kraven såsom spårdjup, 


jämnhet och sprickfria ytor. 


[Utveckling] Hur metoderna utvecklas diskuteras genom att framhäva övergången från beskrivande till 


funktionella krav, där materialens egenskaper mäts utifrån deras faktiska prestanda i olika 


miljöförhållanden och användningsscenarier. 


[Resultat] Rapporten nämner inte specifika resultat eller precision genererade från tester, utan fokuserar 


på att diskutera metoder och potential för framtida kravutveckling. 


[Svagheter och styrkor] En styrka med funktionella krav ligger i entreprenörers frihet att välja material, 


medan en svaghet är att komplicera situationen för mindre entreprenörer samt förlängda garantitider 


som kan vara svåra att säkerställa. 


[Internationella krav och regler] (a) Ingen specifik diskussion om internationella materialkrav, (b) 


utveckling av dimensioneringssystem nämns, som skulle kunna ta hänsyn till funktionella 


materialegenskaper, (c) aktuell standardisering saknas för vissa egenskaper som permeabilitet och 


frostbeständighet enligt europeiska normer. 


[Slutsatser] Rapporten avslutar med att förespråka ett skifte mot funktionella krav på byggnadsmaterial 


för att främja cirkularitet och återvinning. Det betonas vikten av att utveckla dimensioneringssystem 


som tar hänsyn till dessa funktionella egenskaper, vilket kan leda till mer objektspecifika materialkrav 


och etablera en grund för framtida anpassning till nya material. 


1.14. "Förutsägelse av långtidsegenskaper hos restprodukter - Teknik 
och miljö i vägar",  


Författare: Maria Arm, Pascal Suer, Håkan Arvidsson, Jan-Erik Lindqvist, Paul Frogner-Kockum, 


Lennart Larsson och Cecilia Toomväli, Utgivningsår: 2008. 


[Inledning] Rapporten handlar om att studera långtidsegenskaperna hos restprodukter, specifikt stålslagg 


och bottenaska, som används i vägkonstruktioner. Syftet är att förstå de åldringsprocesser som påverkar 
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dessa material och att utveckla en metod för accelererad åldring för att kunna förutsäga framtida 


materialegenskaper. 


[Mål] Det övergripande målet med projektet är att öka förståelsen för de processer som påverkar 


restprodukters långsiktiga egenskaper och att utveckla en metod för accelererad åldring som kan 


användas för att förutsäga långtidsegenskaper hos färska restprodukter. 


[Bidrag] Rapportens huvudsakliga bidrag är att den föreslår en metod för accelererad åldring av 


restprodukter som kan användas för att simulera långtidseffekterna i laboratoriemiljö. Den ger också 


insikt i de åldringsprocesser som påverkar restmaterialen och hur dessa kan påverka deras tekniska och 


miljömässiga egenskaper. 


[Huvudproblem] Det huvudproblem som rapporten tar upp är bristen på kunskap om restprodukternas 


långtidshållfasthet och lakningsegenskaper, vilket försvårar deras användning i vägkonstruktioner. 


[Material] De material som har provats i detta projekt är stålslagg från skrotbaserad stålproduktion i 


ljusbågsugn och bottenaska från förbränning av hushållsavfall. 


[Metoder] Använda provnings- och testmetoder inkluderade kornstorleksanalys, 


vattenkvotsbestämning, packningstester, kemiska analyser av totalhalter och laktests genom 


perkolationstester. Mineralogi och mikrostruktur studerades med hjälp av svepelektronmikroskopi 


(SEM) och röntgendiffraktion (XRD). Styvhet och stabilitet testades genom dynamiska treaxialtester. 


[Tillvägagångssätt] Testningen utfördes genom att naturligt åldrade material från gamla 


vägkonstruktioner grävdes upp och analyserades i laboratoriet. Deras egenskaper jämfördes med färska 


material som provtagits från producenternas upplag. Åldringsprocesser som identifierats studerades 


vidare genom att utveckla metoder för accelererad åldring i laboratoriemiljö. 


[Utveckling] Metoden för accelererad åldring utvecklades genom att exponera material för koldioxid 


för att efterlikna den karbonatisering som observerats i det naturligt åldrade materialet. För bottenaska 


tillsattes kalciumhydroxid och andra ämnen för att inducerade puzzolana reaktioner. 


[Resultat] Resultaten visade att snabbåldringen av stålslagg genom koldioxidbehandling vid måttlig 


fukttillsats och 40 °C gav en pH-sänkning som liknade den som observerades i vägkantmaterialet. För 


bottenaskan kunde förväntade reaktioner inte alltid uppfyllas, och de resulterande lakningsprofilerna 


skilde sig från de observerade i naturligt åldrat material. 


[Svagheter och styrkor] En styrka i de accelererade åldringstesterna var förmågan att simulera vissa 


nyckelprocesser såsom karbonatisering i stålslagg. En svaghet var dock att metoden inte kunde 


reproducera alla aspekter av naturlig åldring, särskilt för bottenaska där andra faktorer än pH påverkar 


resultatet. 


[Internationella krav och regler] Rapporten nämner att flera europeiska länder har utvecklat nationella 


regler för användning av restprodukter i vägar, men den fokuserar främst på vad som kan utarbetas 


baserat på de karakteriserade åldringsprocesserna snarare än existerande reglementen. 


[Slutsatser] Rapporten drar slutsatsen att det är möjligt att skapa laboratoriemetoder som kan simulera 


långtidsegenskaper hos restprodukter, vilket kan underlätta deras användning inom vägkonstruktion. 


Den rekommenderar vidareutveckling och verifiering av åldringsmetoder på fler material för att 


möjliggöra bredare tillämpning. 
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2. Rapportsammanfattningar på engelska 


2.1. Long-term mechanical stability of cemented incineration bottom 
ash;  


Authors: Meng-Chia Wenga, Min-Hao Wua, Chiou-Liang Lina, Da-Ken Syuea, Ching Hungb; Year of 


Publication: 2015 


[Introduction] This report examines the influence of aluminum oxide (Al₂O₃) content on the long-term 


mechanical stability of cemented municipal solid waste (MSW) incineration bottom ash. It emphasizes 


experimental investigations into the compressive and tensile strengths, and Young's modulus of bottom 


ash when used partially to replace traditional aggregates in concrete. Various controlled chemical 


environments and aging periods were employed to understand the impacts of changing Al₂O₃ content 


on these mechanical properties. 


[Goal] The primary goal is to explore how varying the Al₂O₃ content in incineration bottom ash affects 


its suitability as a long-term stable material for civil engineering applications, specifically in road 


construction. 


[Contribution] The main contribution of the report is the detailed analysis of how Al₂O₃ content impacts 


the mechanical properties of cemented bottom ash over extended periods, providing insights into its 


potential engineering applications and limitations. 


[Main problem] The report addresses the problem of potential swelling and weakening failures in 


construction materials that incorporate MSW incineration bottom ash, focusing on the contributions of 


Al₂O₃ to these issues. 


[Materials] The primary material tested in this study is municipal solid waste incineration bottom ash, 


with varying contents of Al₂O₃ (1.5%, 4.2%, 6.9%, and 9.5%). 


[Methods] The test methods used included sieving for particle size distribution, basic physical property 


tests (specific gravity and water content), chemical composition analysis via microwave digestion and 


ICP-MS, and leaching procedure analyses for heavy metal contents. Mechanical properties were 


assessed using uniaxial compressive and tensile strength tests, following ASTM C109 and ASTM C307 


standards. 


[Approach] Bottom ash samples were processed to remove impurities and prepared as concrete 


specimens with varying Al₂O₃ contents. Specimens were cured in different environmental conditions 


(acidic, neutral, and alkaline) and tested at different ages (7, 14, 28, 60, 90, 180, and 365 days). 


[Development] The method development involved determining appropriate particle size distributions 


and preparing concrete specimens with standardized mix designs to isolate the variable of Al₂O₃ content. 


[Results] Results indicated that increasing Al₂O₃ content leads to decreased compressive and tensile 


strength as well as Young's modulus over time. Maximum strength was observed at around 180 days, 


followed by a reduction. The alkaline environment resulted in the highest strength and modulus, whereas 


acidic conditions resulted in significant degradation. 


[Weaknesses and strengths] A strength of the study is its thorough investigation of long-term effects of 


Al₂O₃ content. A noted weakness is the decrease in mechanical properties beyond 180 days for high 


Al₂O₃ contents, indicating limited long-term applicability. 


[International requirements and regulations] The report does not specifically discuss international 


material requirements, road pavement design systems, or regulations. 


[Conclusions] Advantages include the potential application of bottom ash as an aggregate substitute, 


though the disadvantages are significant with high Al₂O₃ content impacting long-term durability 
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negatively. The study highlights the need to control Al₂O₃ content to ensure the stability of bottom ash 


in construction applications. 


2.2. Sustainable Construction Materials: Recycled Aggregates,  


Author: Elsevier Ltd., Year of Publication: 2019 


[Introduction] This report evaluates the suitability of various recycled aggregates (RAs), with a 


particular focus on recycled concrete aggregate (RCA), for use in road pavement applications. It 


discusses their potential use across unbound, hydraulically bound, and bituminously bound forms and 


provides a detailed analysis of mechanical properties and environmental impacts. 


[Goal] The overall goal of the work described in the report is to assess the potential of recycled 


aggregates as a sustainable alternative to natural aggregates in road construction and to provide a 


comprehensive evaluation of their performance across different pavement applications. 


[Contribution] The report contributes to understanding the application of recycled aggregates in road 


construction. It highlights the mechanical properties, environmental considerations, and practical usage 


of RAs, potentially elevating their role in sustainable construction practices. 


[Main problem] The main problem addressed in the report is the underutilization of recycled aggregates 


in road construction, attributed to concerns about their mechanical properties, such as stability and 


stiffness, as well as environmental impacts like leaching. 


[Materials] The materials tested include recycled concrete aggregate (RCA), recycled masonry 


aggregate (RMA), mixed recycled aggregate (MRA), and construction and demolition recycled 


aggregate (CDRA). 


[Methods] The testing methods used include the California Bearing Ratio (CBR) test to assess bearing 


capacity, triaxial tests for permanent deformation analysis, International Roughness Index (IRI) for road 


surface smoothness, and the falling weight deflectometer (FWD) for measuring pavement deflection. 


For hydraulically bound mixtures, the unconfined compressive strength (UCS), indirect tensile strength 


(ITS), resilient modulus, tube suction test for moisture susceptibility, and freeze-thaw tests were 


employed. Bituminous mixtures were assessed using the Marshall method for properties like stability, 


flow, air voids, voids in mineral aggregates (VMA), voids filled with bitumen (VFB), and optimum 


bitumen content. Environmental impacts were evaluated through leaching tests. 


[Approach] Testing was performed in both laboratory and field settings. The report covers a variety of 


preparation and testing techniques tailored to different RA applications, such as modified Proctor 


compaction and standard laboratory settings for evaluating essential pavement material properties. 


[Development] There is no specific section on how the testing methods themselves were developed, 


beyond referring to established standard methods like ASTM, AASHTO, and EN standards. 


[Results] The report provides detailed results for each type of RA form in pavement applications. It 


indicates that most recycled aggregates show reasonable performance as road materials, especially RCA. 


Specific findings show RCA's potential for use in various pavement layers, maintaining acceptable 


stability and resistance to deformation under specified conditions, though some decrease in resilient 


modulus is noted. Environmental assessments indicate pH-dependent leaching profiles, among other 


factors. 


[Weaknesses and strengths] Strengths of recycled aggregates include their sustainability and suitability 


in specific structural layers, like sub-base. Weaknesses involve the adherence of cement paste in RCA 


that might reduce performance. Another challenge is the need for a higher optimum bitumen content in 


bituminous applications, which impacts cost. 


[International requirements and regulations] 
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a. The report discusses material requirements for pavement layers, indicating that they 


become more stringent from bottom to top layers.   


b. Pavement design systems discussed include flexible, rigid, and composite pavements.   


c. Road pavement regulations mentioned pertain to national standards allowing RA use, 


such as those in the UK, USA, Australia, and Canada, with varying requirements per 


region. 


[Conclusions] Advantages of using RAs include sustainability and improved resource efficiency. 


Disadvantages are related to variable mechanical performance and potential environmental impacts 


without proper processing and regulation. Recommendations include further refinement of standards for 


RA processing and application to optimize performance across different pavement layers. 


2.3. Recycled Aggregates (RAs) for Roads   


Author: J. R. Jiménez Year of Publication: 2013  


[Introduction] The report provides an extensive review of the potential of using recycled aggregates 


(RA) derived from construction and demolition waste (CDW) as alternatives to virgin natural aggregates 


(NA) in road construction. It discusses the physico-mechanical and chemical properties of these recycled 


materials, their suitability as unbound and cement-treated road construction materials, and the limiting 


properties affecting their application. Environmental performance, bearing capacity, and field roughness 


measurements are addressed, concluding with suggestions for future trends and the necessity of 


developing specific regulations for RA usage in road construction.   


[Goal] The goal of the report is to evaluate the feasibility of using recycled aggregates from construction 


and demolition waste as substitutes for natural materials in road construction. It aims to identify limiting 


factors and establish recommendations for their use, ensuring adequate performance while promoting 


sustainability.   


[Contribution] The report contributes by identifying key properties that limit the use of RAs in road 


construction and providing comprehensive guidelines for their application as unbound and cement-


treated materials. It aids in the establishment of standardized testing methods and performance criteria 


necessary for incorporating RAs into road infrastructure sustainably.   


[Main problem] The report primarily addresses the challenge of safely and effectively using recycled 


aggregates from CDW in road construction. This includes understanding and overcoming deformation 


properties, fragmentation resistance, and potential environmental risks associated with their use 


compared to natural aggregates.   


[Materials] The report covers various recycled aggregates including recycled concrete aggregates 


(RCA), recycled mixed aggregates (RMA), and recycled mixed ceramic aggregates (RMCA). These 


materials contain construction rubble like concrete, ceramics, asphalt, and impurities such as gypsum.   


[Methods] Various standardized test methods are employed: EN 933-11:2009 for composition, EN 


1097-6:2000 for density and water absorption, EN 933-1:2006 for particle size distribution, EN 933-3-


1997 for the flakiness index, EN 933-5:1999 for crushed particles, EN 1097-2:1999 for Los Angeles 


abrasion coefficient, UNE 103601:1996 for free swelling, EN 933-8:2000 for sand equivalent, and 


ASTM procedures for plasticity and compaction characteristics (Proctor test methods), among others. 


[Approach] Testing was carried out on RA samples sourced from authorized recycling plants using 


standard procedures. Separate tests were conducted to assess composition, density, water absorption, 


partical size, shape, fragmentation resistance, and bearing capacity. Physical properties were step-wise 


tested, while chemical properties involved batch leaching tests. 


[Development] The development of the methods involved adapting existing European standards to 


measure specific physico-chemical properties pertinent to RA, ensuring that test conditions mimic real-
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life use scenarios. This included pre-wetting procedures and assessing particle interactions after 


compaction.   


[Results] The results indicated that RA have lower density and higher water absorption compared to 


CNA. RAs exhibit high CBR values exceeding minimum standards for sub-base and base materials. RA 


showed fragmentation resistance challenges; LA abrasion values were critical, especially those with 


high ceramic content. Chemical tests determined potential environmental risks associated with sulphates 


and soluble salts in RA. 


[Weaknesses and strengths] The main weakness highlighted is the test methods’ inability to fully address 


RA heterogeneity and contaminants, influencing fragmentation resistance and limiting broader 


application. Strengths include the high bearing capacity of RA and established correlations for 


fragmentation resistance improvement post-compaction. 


[International requirements and regulations] (a) Material requirements: The report emphasizes the need 


for particular standardized tests and criteria, mainly fragmentation resistance and sulphur compound 


limits. (b) Design systems: Key physico-mechanical properties like modulus and compressive strength 


are necessary for pavement design systems. (c) Regulations: Current regulations are not fully applicable 


to RA, necessitating specific guidelines to facilitate use. 


[Conclusions] The main advantages reported are sustainability benefits and the ability of RA to match 


or exceed NA performance in certain test conditions. Disadvantages include resistance to fragmentation 


impacted by impurities and variability, leading to uneven performance. Recommendations include the 


need for specific regulations, further field trials, and ongoing studies into their long-term durability and 


environmental performance. 


2.4. "Characteristics and Uses of Steel Slag in Building Construction,"  


published by Elsevier Ltd. in 2016. 


[Introduction] The report delves into the potential of using steel slag as a replacement for traditional 


materials in construction, specifically focusing on environmental impacts, radioactivity, and heavy 


metal contamination. It highlights slag's economic, environmental, and social advantages while 


evaluating its functional properties of stability and stiffness for use in civil engineering. 


[Goal] The overall goal of the report is to assess the viability of steel slag as an eco-friendly alternative 


to conventional construction materials by examining its environmental impacts and functional 


properties. 


[Contribution] The main contribution of the report is providing a comprehensive assessment of the 


environmental impacts associated with the use of steel slag in construction, thus advocating for its 


increased usage as a sustainable building material. 


[Main problem] The report primarily addresses the issue of environmental concerns posed by steel slag, 


including potential radioactivity, heavy metal contamination, and its leaching behavior. 


[Materials] The report focuses on steel slag resulting from different steel production processes, including 


blast furnace slag, basic oxygen furnace (BOF) slag, and electric arc furnace (EAF) slag. 


[Methods] The testing methods for assessing the leaching potential of heavy metals include various 


compliance leaching tests using the EN 12457 series. Additionally, radiation protection measures are 


discussed, relying on activity concentration indices and permissible activity concentrations for various 


radionuclides. 


[Approach] Testing was conducted under controlled laboratory conditions with batch and percolation 


leaching tests to determine the release of contaminants. Radioactivity was monitored through 


radiological controls prior to material application. 
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[Development] The report did not specifically outline the development process of the methods used, 


instead focusing on existing standardized tests. 


[Results] The results indicated that steel slag, particularly from BOF and EAF slag, exhibits a certain 


level of radioactivity and heavy metal leachability, influenced by environmental conditions like pH and 


soil characteristics. Activity levels were found below harmful thresholds for outdoor applications. 


[Weaknesses and strengths] The strengths of the testing methods include their ability to simulate 


environmental leaching conditions. However, the long-term effects of slag in construction are still 


uncertain, and real-world correlations with lab tests remain challenging. The report emphasizes the 


economic advantages of slag as a low-cost material alternative. 


[International requirements and regulations] The report states that steel slag usage must comply with the 


Landfill Directive (1999/31/EC) in terms of leaching properties. It does not detail specific material 


requirements, design systems, or road pavement regulations. 


[Conclusions] The report concludes that steel slag is a viable and sustainable material, with the 


advantages of reducing landfill waste and conserving natural resources. However, it acknowledges the 


necessity of ongoing monitoring of environmental impacts, particularly concerning radioactive and 


heavy metal emissions. Recommendations include continuous evaluation of slag's long-term behavior 


in construction and improved regulatory frameworks for its safe usage. 


2.5. "General report: the specification of granular materials for 
unbound pavement layers"  


and is authored by A.R. Dawson from the University of Nottingham, England. 


[Introduction] The report offers a comprehensive review of the national specifications for unbound 


aggregates used in pavement layers, comparing different countries' approaches, identifying roles and 


limitations of these specifications, and suggesting improvements. It highlights differences in testing 


methods, material assessment, and the impact of environmental factors on specification requirements. 


[Goal] The overall goal of the work described in the report is to analyze and compare national 


specifications for unbound aggregate materials used in pavement construction, and to propose a 


framework for enhanced specification processes. 


[Contribution] The main contribution of the report is its detailed analysis and comparison of 


international specifications and test methods for unbound aggregate materials, providing insights into 


their strengths and weaknesses and offering recommendations for unified approaches. 


[Main problem] The report primarily addresses the variability in specifications and testing methods for 


unbound aggregates across different countries, which affects the suitability and performance of granular 


materials in road construction. 


[Materials] The materials tested in the report are unbound aggregates used in pavement layers, which 


are generally naturally occurring materials that have undergone minimal processing. 


[Methods] Several test methods are mentioned, including grading requirements, strength tests (e.g., 


crushing, tumbling, impact tests), plasticity limits, California Bearing Ratio (CBR), Plate Bearing Tests, 


Los Angeles Abrasion Test, and Sand Equivalent Test. Petrographic analysis is also discussed for 


source-approval schemes. 


[Approach] Testing is carried out using a combination of laboratory tests on aggregate particles (e.g., 


degradation and cohesive fines tests) and in situ performance tests like CBR and Plate Bearing Testing. 


Source approval and acceptance testing are emphasized, with trial compaction and method development 


practices used to ensure quality. 
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[Development] The development of test methods is grounded in standard procedures and national 


regulations, with some countries integrating source-approval and acceptance testing to improve quality 


assurance. Modified Proctor density tests are commonly referenced, although discrepancies in lab and 


field methods are noted. 


[Results] While specific data is not provided, the report discusses varied precision across test methods, 


highlighting issues like poor reproducibility in plasticity testing and large scatter in CBR results. The 


emphasis is on the strategic assessment of granular materials and their stress-dependent behaviors. 


[Weaknesses and strengths] Strengths include the potential for using diverse test methods to assess 


aggregates, the adaptability to local conditions, and the movement towards quality assurance. 


Weaknesses involve the limitations of degradation tests, issues with lab-to-field translation of density 


tests, and challenges in capturing realistic material behaviors. 


[International requirements and regulations] The report discusses (a) the different grading, strength, and 


plasticity requirements outlined in national specifications (b) similarities and differences in road 


pavement design philosophies (c) national variations in road pavement material regulations influenced 


by environmental factors. 


[Conclusions] The report concludes that ideal specifications should consider local conditions, soil types, 


traffic loading, and material availability to avoid over-specification. Recommendations include adopting 


flexible specifications that enable resource-efficient designs, and considering the specific behavior of 


semi-natural materials rather than following rigid standards. 


2.6. A review of recycled aggregate in concrete applications (2000–
2017)   


Authors: Vivian W.Y. Tam, Mahfooz Soomro, Ana Catarina Jorge Evangelista Year of Publication: 


2018 


[Introduction] This report reviews the utilization of recycled aggregates in concrete from 2000 to 2017, 


analyzing global data on standards and practices. The aim is to encourage the use of recycled aggregates 


in concrete applications and address consumer concerns, thus promoting environmental and economic 


sustainability. The study includes an assessment of CO2 emission savings due to utilizing recycled 


aggregates. 


[Goal] The primary goal of the report is to evaluate existing literature and data concerning the production 


and usage of recycled aggregates in various civil engineering applications, including concrete pavement 


and roadway construction, while highlighting environmental benefits such as reduced CO2 emissions. 


[Contribution] The principal contribution of the report is to alleviate consumer concerns, aiding in 


broader acceptance and utilization of recycled aggregate. The report systematically analyzes 


international standards and provides a critical evaluation of published data, thereby encouraging 


sustainable practices in civil engineering. 


[Main problem] The main problem addressed in the report is the environmental and economic challenges 


posed by construction and demolition waste, and how recycled aggregates can replace virgin aggregates 


to promote sustainability and reduce landfill usage. 


[Materials] The report discusses recycled concrete aggregate (RCA), recycled crushed bricks (RCB), 


and mixed recycled aggregates (RMA) derived from construction and demolition waste as the primary 


materials tested. 


[Methods] The report does not provide explicit details on the specific test methods or procedures used 


to assess the performance of recycled aggregates. The document mentions prominent studies and 


standards but does not detail testing methodologies. 







24  Bilaga 3 (VTI PM 2026:5) 


[Approach] The report does not specify how testing was conducted. It compiles data from various 


international sources and studies, offering a review rather than detailing experimental procedures. 


[Development] There is nothing specific in the report about how the testing method was developed. 


[Results] The report collates results from various studies, indicating recycled aggregates' potential use 


in structural and non-structural applications due to comparable performance with virgin aggregates. 


Energy consumption and CO2 emissions associated with recycled aggregates are also highlighted 


outputs. 


[Weaknesses and strengths] Strengths mentioned include the environmental benefits and resource 


conservation from using recycled aggregates. Weaknesses include variability in aggregate quality and a 


general bias against recycled products due to perceived performance issues. 


[International requirements and regulations]  


a. Material requirements: The report outlines varying international standards that specify 


quality criteria, such as density and contaminants, for using recycled aggregates in 


construction.   


b. Road pavement design systems: There is no specific information on design systems in 


the report.   


c. Road pavement regulations: The report discusses regulatory frameworks across 


different countries that facilitate using recycled aggregates in construction, focusing 


mainly on aggregate quality and composition. 


[Conclusions] The report concludes that recycled aggregates offer numerous advantages, such as 


reducing environmental impact and resource consumption. Challenges include inconsistent quality, lack 


of regulatory frameworks in some countries, and market acceptance. The document recommends 


enhancing legislation, public awareness, and research to further incorporate recycled materials into 


construction practices. 


2.7. A sustainability-oriented framework for the application of industrial 
byproducts to the base layers of low-volume roads.  


Authors: Guilherme J.C. Gomes, Adair J. Magalhães, Fabiano L.L. Rocha, Alberto Fonseca. 


Year of publication: 2021 


[Introduction] The report presents a sustainability-oriented framework for replacing traditional virgin 


materials with industrial byproducts in the base layers of low-volume roads. This approach focuses on 


the combination of technical, economic, and environmental indicators to optimize soil-byproduct 


mixtures using a multi-criteria decision-making tool, compromise programming. The study involves 


laboratory evaluation of two byproducts from the steel industry—LD and KR slags—and demonstrates 


the feasibility of integrating these materials into road construction to achieve cost-effective and 


environmentally friendly solutions. 


[Goal] The overall goal of the work described in the report is to develop and implement a framework 


that facilitates the selection of optimal soil-byproduct mixtures for road construction that balances 


engineering performance, environmental impact, and cost-effectiveness. 


[Contribution] The main contribution of the report is the development of a comprehensive framework 


that integrates simple performance indicators with compromise programming to select optimal mixtures 


of soil and industrial byproducts for road applications, demonstrating the potential for sustainable 


infrastructure development. 
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[Main problem] The report mainly addresses the scarcity of natural aggregates for road construction, the 


environmental impact of their extraction and processing, and the need for sustainable alternatives—


industrial byproducts—as viable substitutes. 


[Materials] The materials tested in the report are two byproducts from the steel industry: LD slag and 


KR slag, mixed with a clayey subgrade soil in different proportions. 


[Methods] Test methods used in the study include Atterberg limits tests for plasticity, grain size 


distribution analysis, compaction tests using various Proctor methods, and California Bearing Ratio 


(CBR) tests to evaluate mechanical properties. 


[Approach] Testing was conducted in a laboratory setting, following Brazilian standards for sample 


preparation and testing procedures. The soil-byproduct mixtures were evaluated for their mechanical 


properties through a series of standardized tests to determine their suitability as base materials for low-


volume roads. 


[Development] There is no specific information on how the method was developed in the report, except 


that existing standardized tests were utilized to evaluate the soil-byproduct mixtures. 


[Results] The report finds that mixtures with 70% byproduct content provide the best compromise 


between performance indicators; achieving high CBR values and low plasticity, optimal moisture 


content, and reduced execution costs, suitable for constructing sustainable road base layers. 


[Weaknesses and strengths] The strength of the testing methods lies in their simplicity, cost-


effectiveness, and alignment with standard procedures, ensuring reproducibility. However, the report 


suggests that relying solely on strength properties for mixture selection is insufficient from a 


sustainability perspective. 


[International requirements and regulations]  


(a) Material requirements for road pavement materials: The report refers to Brazilian 


standards, noting CBR value requirements for base layers.  


(b) Road pavement design systems: The report does not detail specific design systems 


beyond general pavement layer construction processes. 


(c) Road pavement regulations: Brazilian regulations regarding compaction and material 


quality are mentioned but not described in detail. 


[Conclusions] The report concludes that using industrial byproducts as a substitute for virgin materials 


in road construction offers environmental and economic advantages. It recommends the developed 


framework for optimizing such mixtures, highlighting that technical, economic, and environmental 


considerations must be equally prioritized to maintain sustainability. 


2.8. "Advisory expert system for flexible pavement design"   


Author: A.T.C. Goh Publication Year: 1993 


[Introduction] The report discusses the development of an expert advisory system, PAVEDKB, designed 


to support the flexible pavement design process. The system integrates empirical correlations and 


mechanistic analysis, aiming to simplify the complex design algorithms by encapsulating expert 


knowledge, especially beneficial for local highway agencies with limited access to specialists. 


[Goal] The overall goal is to develop a user-friendly expert system that assists in the design of flexible 


pavements by incorporating regional guidelines and empirical data to facilitate decision-making 


processes in pavement material selection and traffic load characterization. 
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[Contribution] The report’s main contribution is the development of PAVEDKB, an expert system that 


provides an interactive design tool embodying the NAASRA methodology, aiming to streamline 


pavement design processes and make expert knowledge more accessible. 


[Main problem] The key problem addressed is the complexity and variability in pavement design due to 


the numerous possible combinations of materials, traffic conditions, and reliance on region-specific 


empirical knowledge that complicates the design process. 


[Materials] The materials considered include granular materials, cemented materials, asphalt, crushed 


rock, and subgrade soils classified by California Bearing Ratio (CBR) values. 


[Methods] The report delineates multiple testing methods such as laboratory triaxial tests, California 


Bearing Ratio (CBR) tests, cone penetrometer tests, and plate loading tests. These methods are used for 


determining stiffness and support provided by the subgrade, as well as the elastic properties of pavement 


materials. 


[Approach] Testing involves both laboratory and field evaluations to characterize subgrade stiffness, 


using empirical correlations to estimate moduli and properties when site-specific data is absent. In-situ 


tests like CBR and plate loading are utilized to gather field-specific conditions. 


[Development] The PAVEDKB system was developed using the CRYSTAL expert system shell and 


entailed modular development of submodules (subgrade characterization, pavement material 


characterization, traffic loading) integrating empirical data and design algorithms based on the 


NAASRA method. 


[Results] Results from the CIRCLY linear elastic analysis showed how various strains are calculated. 


The effectiveness of the pavement design matches the design ESAs against the calculated allowable 


ESAs, ensuring that design parameters are within acceptable limits. 


[Weaknesses and strengths] Strengths include the ability to provide rapid assessments and examine a 


wide range of design scenarios, with embedded guidelines compensating for unavailable site-specific 


data. Weakened by the limited user-friendliness of CIRCLY’s interface and potential inaccuracies in 


empirical correlations without precise data. 


[International requirements and regulations]  


(a) Material requirements are discussed in terms of CBR values and stiffness moduli needed 


for pavements.   


(b) The road pavement design system discussed follows the NAASRA methodology, reliant 


on empirical and mechanistic approaches.   


(c) Regulations are implied in the regional variability of guidelines and empirical data used 


in the expert system, though specifics are not deeply explored in the report. 


[Conclusions] The report concludes that an expert system like PAVEDKB can significantly enhance the 


pavement design process by integrating site-specific and empirical data into flexible, reliable design 


models. Recommendations include extending the knowledge base to cover rigid pavements and adapting 


the system to regional peculiarities. 


2.9. Analysis of leaching procedures for environmental risk 
assessment of recycled aggregate use in unpaved roads   


Authors: Adela P. Galvín, Jesús Ayuso, Francisco Agrela, Auxiliadora Barbudo, José Ramón Jiménez 


Year of Publication: 2012   


[Introduction] The report investigates the environmental safety of using recycled aggregates from 


construction and demolition waste in unpaved road construction by analyzing their leaching behavior. 
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It compares three leaching tests to assess the potential release of regulated heavy metals and anions, 


aiming to relate detailed laboratory procedures with simpler regulatory tests. Findings indicate that 


certain recycled materials can be classified as inert or non-hazardous, with some heavy metals nearing 


regulatory thresholds. 


[Goal] The overall goal of the work described in the report is to establish a reliable relation between 


complex leaching tests for evaluating environmental risks and simpler regulatory compliance tests for 


quick assessment. 


[Contribution] The main contribution of the report is in demonstrating that recycled aggregates could 


be environmentally benign for road construction if leaching potentials are below thresholds, and in 


identifying the pollutants that are critical for evaluation. 


[Main problem] The report mainly addresses the problem of potential environmental contamination 


from toxic substances leaching out of construction and demolition waste when used as materials in road 


construction. 


[Materials] The materials tested include seven recycled aggregates: three recycled concrete aggregates 


(AR-1, AR-2, HR-1), three mixed recycled aggregates (AR-3, MR-1, CR-1), an asphaltic aggregate 


(BR-1), and two natural materials (limestones AN-1 and AN-2) used as controls. 


[Methods] The test methods used are the compliance test EN 12457-3, the availability test NEN 7341, 


and the percolation test NEN 7343. 


[Approach] Testing involved characterizing maximum release potential using the Dutch availability test, 


assessing cumulative release conditions with percolation tests, and using compliance testing to evaluate 


conformity with EU Landfill Directive thresholds. 


[Development] The report does not specifically outline the development of the method beyond 


mentioning that the tests were conducted according to established standards. 


[Results] Results showed that recycled aggregates AR-1 and AR-2 could be classified as non-hazardous 


due to nickel and antimony levels, while AR-3, MR-1, and CR-1 were also non-hazardous due to high 


sulfate levels. HR-1 and BR-1 were classified as inert. The percolation test indicated stable long-term 


leaching results. 


[Weaknesses and strengths] Strengths include the comprehensive comparative approach and alignment 


with regulatory standards. Weaknesses involve high variability in recycled materials, potentially 


impacting reproducibility and application validity. 


[International requirements and regulations]   


(a) The report aligns test results with EU Landfill Directive criteria, treating sulfate and heavy 


metals leaching as central compliance checks.   


(b) There is no mention of road pavement design systems.   


(c) The report discusses alignment of testing results to regulatory limits but does not explicitly 


cover road pavement regulations. 


[Conclusions] Advantages include validation of recycled materials as safe if managed appropriately, 


identifying critical metals for monitoring. Disadvantages lie in the variability of contaminants in 


recycled aggregates. Recommendations are made to continue refining leaching tests to ensure materials 


meet environmental standards. 


2.10. Application of cement-treated recycled materials in the 
construction of a section of road in Malaga, Spain   


Authors: Pablo Pérez, Francisco Agrela, Rosario Herrador, Javier Ordoñez. Year of publication: 2013   
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[Introduction] The report examines the feasibility of using cement-treated recycled aggregates, 


specifically those derived from crushed concrete, in road construction. It focuses on a case study 


conducted in Malaga, Spain, where sections of a road were built using cement-treated granular materials 


(CTGM) comprising recycled concrete aggregates (RCA). Various tests were conducted to assess the 


structural behavior, stability, and stiffness of the road sections to compare their performance against 


those using natural aggregates. 


[Goal] The overall goal of the work described in the report is to evaluate the efficiency and viability of 


using RCA treated with cement in the construction of road base layers, assessing whether they can serve 


as sustainable alternatives to traditional natural aggregates. 


[Contribution] The report's main contribution is demonstrating that RCA, when processed and treated 


with cement, possess comparable mechanical properties to natural aggregates, making them a viable 


alternative in road construction. This has potential environmental benefits by reducing the dependency 


on virgin materials. 


[Main problem] The report addresses the problems associated with the low application rate of recycled 


aggregates in road construction due to concerns over their mechanical behavior and durability compared 


to natural aggregates. 


[Materials] The primary materials tested were recycled concrete aggregates (RCA) sourced from 


crushed concrete waste. The study also used natural coarse aggregates and sand for comparison. 


[Methods] The report details several test methods, including the Modified Proctor test for compaction 


capacity, crushing and screening treatments to prepare RCA, compressive strength tests, and High-


Performance Dynamic Monitoring (ADAR) to measure load-bearing capacity using deflectometer 


equipment. 


[Approach] Testing was carried out by first preparing the RCA through cleaning, sorting, and screening 


processes to achieve a standard particle size. Various mixtures were produced with different cement 


(CEM II/A-V 42,5R) and water content, followed by constructing and evaluating real road sections. The 


tests assessed short-term and long-term performance, focusing on load-bearing and structural behavior. 


[Development] The method was developed by ensuring RCA underwent extensive screening and 


cleaning to eliminate materials such as iron and wood, thereby improving aggregate quality. The RCA 


was then treated with cement and constructed into test road sections in Malaga. 


[Results] Results showed that sections built with RCA demonstrated similar mechanical behaviors to 


those constructed with natural aggregates. The measured deflections from ADAR tests indicated the 


RCA-based layers had adequate stability and stiffness. Compressive strengths for RCA were slightly 


lower but within acceptable ranges compared to natural aggregates. 


[Weaknesses and strengths] The strength of the method lies in its comparable performance to natural 


aggregates, coupled with environmental benefits. RCA exhibited high water absorption, which may 


affect long-term performance, and necessitates careful quality control during production. 


[International requirements and regulations]   


(a) The report references the Spanish Regulation for Road Materials (PG3) and the Structural 


Concrete Regulation (EHE-2008) for aggregate properties.   


(b) The road pavement design adhered to guidelines for road surfacing in Andalusia.   


(c) Compliance with specific road construction regulations such as PG3 and EHE-2008 were 


ensured for material properties and composition. 


[Conclusions] The advantages reported include the feasibility of RCA as a sustainable option for road 


base layers with proper quality control. No significant disadvantages were noted apart from the need for 


higher water absorption considerations. Recommendations emphasize meticulous production checks 
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and the necessity of thorough initial processing of RCA to ensure consistency and performance. The 


work supports RCA as an environmentally friendly alternative to natural aggregates. 


2.11. Assessment of construction and demolition wastes (CDWs) as 
raw materials for the manufacture of low-strength concrete and 
bases and sub-bases of roads   


Authors: E. Garzón, S. Martínez-Martínez, L. Pérez-Villarrejo, P.J. Sánchez-Soto. Year of Publication: 


2022   


[Introduction] The report investigates the potential for using construction and demolition wastes 


(CDWs) as a substitute for traditional materials in road construction and low-strength concrete 


manufacturing. Through various tests, the study evaluates the feasibility of recycling these wastes as 


aggregates for concrete and road bases and sub-bases. 


[Goal] The overall goal is to explore and assess the reuse of CDWs for manufacturing concrete and 


constructing road bases and sub-bases, ultimately aiming to reduce environmental impact through 


recycling. 


[Contribution] The main contribution is providing evidence that CDWs can be used effectively as a 


material for road substructures with high California Bearing Ratio (CBR) values, and as a partial 


substitute in concrete under specific conditions. 


[Main problem] The report addresses the problem of large quantities of construction waste that are not 


recycled and explores the potential for their reuse to reduce landfill use and the consumption of virgin 


materials. 


[Materials] The materials tested comprise construction and demolition wastes (CDWs) sourced from a 


metropolitan area of Almería. These include tiles, concrete, stone, sand, gravel, and other aggregates. 


Chemical components included SiO2, Al2O3, CaO, and various oxides. 


[Methods] Various characterization techniques were utilized: X-ray diffraction (XRD), X-ray 


fluorescence (XRF), scanning electron microscopy (SEM), and Energy Dispersive X-ray Spectroscopy 


(EDS). Physical and mechanical properties were determined through tests on texture, Atterberg limits, 


compaction (normal proctor techniques), and California Bearing Ratio (CBR). 


[Approach] Testing involved characterizing the CDWs for mineralogical and chemical composition, 


followed by evaluating their physical and mechanical properties. Concrete samples were prepared with 


varying ratios of recycled sand to assess the impact on strength and consistency. 


[Development] No specific development of testing methods was explicitly discussed. Established 


standards, such as the UNE standards for physical and mechanical property testing, were adhered to. 


[Results] The results showed that CDWs can provide high CBR values (36), indicating their suitability 


for use in road esplanades and sub-bases. However, concrete mix tests revealed that only less than 10% 


CDW content yields satisfactory low-strength concrete, showing significant strength reductions at 


higher substitution levels. 


[Weaknesses and strengths] Strengths include the high CBR value indicating good stability for use in 


road substructures. Weaknesses are the inadequate granulometry and excess sulfur content which may 


require selective demolition to improve material quality and adherence to standards. 


[International requirements and regulations]  


(a) Material requirements: CDWs did not fully comply with the General Technical Conditions of 


Roads and Bridges due to granulometry issues. 


(b) Road pavement design systems: The specifics were not discussed. 







30  Bilaga 3 (VTI PM 2026:5) 


(c) Road pavement regulations: Mentioned indirectly through compliance challenges with Spanish 


standards. 


[Conclusions] Advantages include successful use of CDWs in road sub-bases with high CBR. 


Disadvantages involve low compressive strength in concrete when used above 10% substitution. 


Recommendations suggest addressing granulometry by modifying crushing processes and controlling 


sulfur content through selective demolition. 


2.12. Assessment of Secondary Materials for Pavement Construction: 
Technical and Environmental Aspects  


by M. C. M. Nunes, M. G. Bridges, and A. R. Dawson, University of Nottingham and National 


Laboratory of Civil Engineering, 1996. 


[Introduction] This report details research undertaken to assess the viability of using secondary materials 


in road construction, focusing on technical and environmental aspects. It describes the testing 


methodologies developed and utilized to compare these secondary aggregates with conventional 


materials, particularly emphasizing their mechanical properties and environmental impacts. 


[Goal] The overall goal of the research is to develop methodologies, testing techniques, and equipment 


that facilitate the increased use of secondary materials in road construction, considering both technical 


performance and environmental safety. 


[Contribution] The main contribution of the report is the development of new methodologies for 


evaluating the mechanical and environmental suitability of secondary materials in pavement 


construction. It proposes performance tests such as the repeated load triaxial test (RLTT) and repeated 


load indirect tensile test (RLITT) and suggests approaches for environmental leaching assessments. 


[Main problem] The primary problem addressed is the underutilization of secondary materials due to 


existing specifications and assessment methods designed for conventional aggregates, which may not 


directly apply to secondary materials. 


[Materials] Tested materials include minestone, china clay sand, slate waste, pulverized fuel ash, and 


furnace bottom ash. 


[Methods] Employed test methods are conventional characterization tests (particle size distribution, 


plasticity, water absorption, particle density, magnesium sulphate soundness), compactibility test, 


repeated load triaxial test (RLTT) for compression, repeated load indirect tensile test (RLITT) for tensile 


properties, and regulatory leaching tests to assess environmental impact. 


[Approach] Testing was carried out in three main stages: initial characterization using conventional 


tests, mechanical performance evaluation using RLTT on unbound materials, and where necessary, 


evaluating treated materials with RLITT. Environmental assessments followed a structured protocol 


with multi-batch leaching tests and simulated road conditions. 


[Development] The methodologies were developed by incorporating knowledge of conventional 


materials and adapting it to secondary materials. This included revising characterization techniques and 


proposing performance-related tests to simulate field conditions more accurately. 


[Results] The study found that while some secondary materials such as slate waste could meet 


conventional mechanical requirements, others failed in unbound form. However, treated materials, such 


as those with binders, showed improved mechanical properties, including enhanced resilient modulus 


and tensile strength. The environmental assessment protocol allowed for a preliminary evaluation of 


potential contaminant release. 


[Weaknesses and strengths] The strengths of the new methodologies include a more realistic simulation 


of field conditions and a better assessment of material performance, enabling discrimination among 


materials for design purposes. Weaknesses include potential high initial cost and the complexity of set-
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up. There is also a need for verification against field data for complete confidence in long-term 


environmental impacts. 


[International requirements and regulations] There is no specific mention of international road pavement 


material requirements or design systems, but the report does mention that current U.K. regulations lack 


standardized procedures for assessing secondary aggregates environmentally. 


[Conclusions] The report concludes that the proposed methodologies improve upon existing 


specifications by offering a more comprehensive assessment of secondary materials' suitability in road 


construction. It highlights the potential for cost reduction and environmental benefits but emphasizes 


the need for further development of regulatory standards to support broader use. 


2.13. "Assessment of the total content and leaching behavior of blends 
of incinerator bottom ash and natural aggregates in view of their 
utilization as road base construction material"  


by Matthew L. Schafera, Kyle A. Claviera, Timothy G. Townsenda, Ramana Karib, Robert F. Worobelb, 


published in 2019. 


[Introduction] Summary of the report in its entirety  


The report investigates the potential of utilizing municipal solid waste incinerator bottom ash (MSWI 


BA) as a component in road base construction by blending it with conventional natural and recycled 


aggregates. The focus is on assessing the total and leachable metal content of the blends, particularly 


identifying and mitigating leaching risks of contaminants such as aluminum (Al), antimony (Sb), and 


lead (Pb). The report explores the feasibility of blending MSWI BA with aggregates as a recycled 


material for road bases. 


[Goal] The overall goal of the work described in the report  


The primary goal is to evaluate the environmental safety and practicality of using MSWI BA blended 


with natural and recycled aggregates as a road base material. The study aims to determine whether such 


blends can minimize leaching of contaminants to safe levels for use in road construction. 


[Contribution] The main contribution of the report. 


The report provides comprehensive data supporting the feasibility of using blended MSWI BA as a safe 


and viable recycled material for road base construction by demonstrating substantial reduction in 


leaching of certain contaminants when mixed with appropriate aggregates. 


[Main problem] The problem(s) that the report mainly addresses. 


The report addresses the potential environmental and health risks posed by contaminants leaching from 


MSWI BA when used in road construction, focusing on ensuring that leaching levels do not exceed safe 


drinking water standards. 


[Materials] The materials that have been tested  


The materials tested include two types of weathered MSWI BA combined with natural (lime rock and 


cemented coquina) and recycled aggregates (reclaimed asphalt pavement and recycled concrete 


aggregate). 


[Methods] Test methods that have been used  


The test methods used include EPA Method 1312 (Synthetic Precipitation Leaching Procedure, SPLP) 


to assess leaching, EPA Method 1313 for leaching as a function of pH, and EPA Method 1316 for 


leaching as a function of liquid-to-solid (LS) ratio. Total concentrations of metals in samples were 
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determined using microwave-assisted acid digestion (EPA Method 3051A) followed by inductively 


coupled plasma atomic emission spectrometry (ICP–AES, EPA Method 6010D). 


[Approach] How the testing was carried out. 


The testing involved blending MSWI BA with aggregates in specified mass-based proportions and 


performing batch leaching tests to determine metal release under standardized conditions. Total metal 


content was also measured to assess direct exposure risks. 


[Development] How the method was developed. 


The methods utilized in the study are based on established EPA protocols for leaching characterization, 


focusing on blends of ash and aggregates under conditions simulating potential environmental exposure 


scenarios. The approach involved multiple blending ratios and testing under varied pH and LS 


conditions. 


[Results] Results and precision obtained. 


Results indicated significant reductions in leached concentrations of most contaminants with increased 


aggregate content in the blends, particularly with recycled concrete aggregate, which showed reduced 


Sb leaching due to its high pH and calcium content. Precision was maintained through triplicate testing 


for reproducibility. 


[Weaknesses and strengths] Weaknesses and strengths mentioned about the testing and test methods, 


costs, reproducibility, relevance. 


Strengths include the comprehensive assessment of leaching risks and effective reduction of 


contaminant levels through blending. Weaknesses involve potential increases in Pb leaching when 


certain aggregates like recycled concrete were used at high pH levels, although these are modulated by 


carbonation over time. Costs and reproducibility are not explicitly discussed, but the relevance lies in 


addressing regulatory and environmental concerns for recycled materials in infrastructure. 


[International requirements and regulations] What the report says about: (a) material requirements for 


road pavement materials (b) road pavement design systems (c) road pavement regulations. 


There is no specific mention of international requirements, design systems, or regulations for road 


pavement materials in the report. 


[Conclusions] advantages and disadvantages reported and what other recommendations are given. 


The advantages include the effective use of MSWI BA as a partial replacement in road base materials, 


leading to reduced reliance on virgin aggregates and minimized landfill use. Disadvantages include 


potential pH-dependent leaching of certain elements. The report recommends further research on long-


term carbonation impacts and site-specific risk assessments to optimize ash use in future road projects. 


2.14. CO2-treatment of recycled concrete aggregates to improve 
mechanical and environmental properties for unbound 
applications   


Authors: Amin Hosseini Zadeh, Miras Mamirova, Seunghee Kim, Jiong Hu. Year of Publication: 2021   


[Introduction] This report investigates the potential of carbonation treatment using CO2 to enhance the 


mechanical and environmental properties of recycled concrete aggregates (RCA) for unbound 


applications. The study explores the implications of CO2-treated RCA on aggregate crushing value and 


leachate composition, indicating improvements in strength and reductions in leachate pollutants, thereby 


contributing to sustainable construction practices. 
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[Goal] The overall goal of this work is to demonstrate the improvements in both the mechanical and 


environmental properties of RCA by applying CO2 treatment, allowing it to serve as a viable alternative 


to natural aggregates in road construction and other unbound applications. 


[Contribution] The main contribution of this report is the detailed evaluation of CO2-treated recycled 


concrete aggregates, presenting evidence of enhanced mechanical strength and significant reductions in 


the leaching of heavy metals, thus highlighting the dual benefit of mechanical reinforcement and 


environmental compliance. 


[Main problem] The report addresses the problem of the inferior mechanical properties and potential 


environmental hazards associated with using untreated recycled concrete aggregates in construction. 


[Materials] The material tested in the study is recycled concrete aggregate (RCA) sourced from a 


producer in Omaha, Nebraska, with specific gravity and absorption of 2.32 and 6.0%, respectively. 


[Methods] The primary test methods used include aggregate crushing value (ACV) tests in accordance 


with BS 812-110 standards (with modifications) and batch leachate tests to analyze elemental 


concentration changes post-carbonation. 


[Approach] The testing involved preparing RCA specimens sieved to specific sizes, exposing them to 


CO2 inside a controlled chamber, and measuring changes in specific gravity, absorption, and pH. Post-


treatment, the RCA samples underwent crushing tests, followed by leaching tests where effluent was 


analyzed for elemental composition. 


[Development] There is no specific mention in the report about how the method of CO2 treatment itself 


was developed, beyond the description of its application in this study. 


[Results] The CO2-treated RCA exhibited a decrease in aggregate crushing value from 19.3% to 


17.15%, indicating improved mechanical strength. Elemental analysis of leachate showed reduced 


concentrations of iron, copper, nickel, arsenic, and cadmium, affirming improved environmental 


characteristics. 


[Weaknesses and strengths] Strengths include a demonstrated improvement in RCA's mechanical 


durability and reduction of harmful leachates. Testing reveals effective implementation of treatment 


under controlled conditions, offering reproducibility and relevance. However, some heavy metals like 


chromium did not show substantial change, and further comprehensive studies are needed. 


[International requirements and regulations] Nothing in the report specifically addresses (a) international 


material requirements for road pavement materials, (b) road pavement design systems, or (c) road 


pavement regulations. 


[Conclusions] The report concludes that CO2 treatment effectively improves RCA's strength and 


reduces environmental concerns, with recommendations for further research on optimizing the process, 


including variables like aggregate size, CO2 pressure, and treatment duration. A large-scale field 


evaluation is suggested for economic viability assessment, aiming for costs below $5/ton. 


2.15. CO2-treatment of recycled concrete aggregates to improve 
mechanical and environmental properties for unbound 
applications   


Authors: Amin Hosseini Zadeh, Miras Mamirova, Seunghee Kim, Jiong Hu. Year of Publication: 2021   


[Introduction] The report investigates the mechanical and environmental enhancements achieved 


through the carbonation of recycled concrete aggregates (RCA) using carbon dioxide (CO2). The study 


focuses on the potential of CO2-treated RCA for unbound applications, highlighting improvements in 


mechanical strength and reductions in leachate heavy metal concentrations. Key experiments include 


aggregate crushing value (ACV) and leachate tests, following CO2 treatment. The experimental findings 


suggest that carbonation can significantly improve RCA properties for sustainable construction.   







34  Bilaga 3 (VTI PM 2026:5) 


[Goal] The overall goal is to evaluate the potential of CO2-treated recycled concrete aggregates (RCA) 


to serve as unbound materials in construction applications, focusing on enhancing their mechanical and 


environmental properties.   


[Contribution] The main contribution of the report is demonstrating that CO2-treatment of RCA can 


effectively improve their mechanical strength and reduce the environmental concern by lowering the 


concentration of harmful elements in leachate. This presents RCA as a viable and sustainable alternative 


in construction applications.   


[Main problem] The report addresses the problem of lower mechanical properties and higher 


environmental risks associated with recycled concrete aggregates, which limit their use in construction.   


[Materials] The tested material is recycled concrete aggregates (RCA) sourced from a producer in 


Omaha, Nebraska. The RCA had a specific gravity of 2.32 and a water absorption capacity of 6.0%.   


[Methods] The test methods used in the study are primarily the aggregate crushing value (ACV) test to 


assess mechanical strength and the batch leachate test for analyzing environmental impact. The ACV 


test was conducted according to modified BS 812-110 standards, while the leachate test design emulates 


probable field scenarios. Inductively Coupled Plasma Mass Spectrometry (ICP-MS) was used for 


element analysis in leachate tests.   


[Approach] Approximately one kilogram of RCA specimens underwent CO2 carbonation in a stainless-


steel chamber at 40 psi pressure for 24 hours. The RCA specimens were then air-dried and tested for 


crushing value and leachate properties. The relative humidity and temperature were monitored 


continuously during carbonation. ACV tests involved gradual compressive loading, while leachate 


testing involved submerging RCA in de-ionized water and analyzing the effluent post-centrifugation.   


[Development] The carbonation method involved significant preparation, including environmental 


chamber storage for optimal RH prior to treatment, and a stainless-steel chamber setup for controlled 


CO2 exposure. The method was developed to facilitate the effective carbonation of RCA by optimizing 


the chamber environment.   


[Results] The results indicate a significant decrease in the aggregate crushing value (ACV) by 


approximately 11%, demonstrating improved mechanical strength. Leachate tests showed reduced 


concentrations of several heavy metals and major elements post-carbonation, notably a 50% reduction 


in As and Cd.   


[Weaknesses and strengths] The study highlights the mechanical strength improvements and 


environmental benefits as strengths of the CO2 treatment. The challenges include the need for thorough 


investigations on the variability of results due to conditions such as aggregate size and CO2 pressure. 


Economic feasibility and scalability of the treatment process were also considered but require further 


exploration.   


[International requirements and regulations] The report does not explicitly discuss international 


requirements, regulations, or design systems related to road pavement materials.   


[Conclusions] The advantages include enhanced mechanical properties and reduced leachate 


contaminants of RCA, making CO2 carbonation a promising treatment. The study recommends further 


research on RCA's corrosion resistance in bound applications and large-scale feasibility studies to verify 


economic and practical implications of the treatment process. 


2.16. Performance Evaluation of Road Pavements Stabilised In Situ   


Authors: Jayantha Kodikara and Richard Yeo. Year of Publication: Undisclosed in the report excerpt   


[Introduction] The report delves into in situ stabilization technology applied to the rehabilitation of 


degraded granular road pavements by reusing fragmented old road materials with cementitious and/or 


bituminous binders. It highlights environmental benefits, case studies, and the need for further research 
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to refine mix design methods, pavement design, and construction practices. Laboratory and field tests, 


including accelerated loading, are used to evaluate the effectiveness of blast furnace slag and lime blends 


as stabilization binders. 


[Goal] The goal is to evaluate the performance of in situ stabilised road pavements using cementitious 


binders, focusing on cost-effective, environmentally sustainable rehabilitation techniques for various 


traffic conditions. 


[Contribution] The report contributes to advancing in situ stabilization technology, particularly using 


slag-lime blends, thereby promoting environmental sustainability through recycling and reducing CO2 


emissions. 


[Main problem] The main issues addressed are the long-term performance and mix design of in situ 


stabilized road pavements, the rational design of stabilized bases considering traffic and environmental 


loads, and the construction practices involved. 


[Materials] The materials tested include traditional crushed rock, marginal materials like sandstone and 


gravel, and binders such as blends of blast furnace slag and lime. 


[Methods] The test methods employed include laboratory UCS tests, resilient modulus determination, 


RLT tests for modulus assessment, direct tensile testing for tensile strength measurements, drying 


shrinkage tests, and accelerated loading facility (ALF) trials for full-scale performance evaluation. 


[Approach] Testing was conducted through laboratory mix design to select binder types and application 


rates, field test pad construction, UCS and resilient modulus measurements on both laboratory and field 


specimens, and ALF tests to simulate wheel loading cycles. 


[Development] The report mentions the development of appropriate laboratory methods for UCS and 


modulus testing, direct tensile testing procedures for stabilised materials, and accelerated loading tests 


as part of case studies to replicate field conditions. 


[Results] Stabilized pavements generally showed superior performance compared to unbound ones, with 


resilient modulus and UCS increasing with curing time, and effective resistance against high traffic 


loads demonstrated in ALF trials. The reported fatigue life of stabilized pavements exceeded predictions, 


affirming their suitability for medium to heavy traffic. 


[Weaknesses and strengths] Strengths include the environmental benefits of in situ stabilization using 


recycled materials and waste by-products, cost-effectiveness, and increased working time with certain 


slow-setting binders. Weaknesses involve potential variability in field performance due to material 


heterogeneity and the need for improved understanding of environmental loading impacts. 


[International requirements and regulations] There is nothing about international requirements and 


regulations specific to material requirements, design systems, or regulations within the provided report 


excerpt. 


[Conclusions] Advantages include cost savings, environmental benefits, and improved road 


performance through recycled materials. Disadvantages include variability in long-term performance 


predictions and the need for robust design and construction methodologies. Recommendations call for 


ongoing research to refine mix design and address environmental loading effects. 


2.17. "Characterising the resilient behaviour of pavement subgrade with 
construction and demolition waste under Freeze-Thaw cycles"  


authored by Junhui Zhang, Anshun Zhang, Chao Huang, Huayang Yu, and Chao Zhou. It was published 


in 2021. 
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[Introduction] Summary of the report in its entirety   


The report investigates the potential of using construction and demolition (C&D) waste as pavement 


subgrade materials, focusing on how freeze-thaw cycles influence its dynamic resilient modulus, a 


crucial parameter for evaluating the stability and stiffness of road subgrades. It highlights the 


environmental and economic benefits of recycling C&D waste and presents a series of laboratory tests 


to assess these characteristics under variable conditions. 


[Goal] The overall goal of the work described in the report   


The main goal of the study is to understand the change in dynamic resilient modulus of C&D waste 


subjected to repeated freeze-thaw cycles and to develop an accurate prediction model for its performance 


as a subgrade material in seasonal frozen regions. 


[Contribution] The main contribution of the report.   


The report's primary contribution is the development of a new prediction model for the dynamic resilient 


modulus of C&D waste that considers various influencing factors, including freeze-thaw cycles, matric 


suction, stress states, and compactness. It offers insights into the material's resilience when used as road 


subgrade in regions subject to seasonal freezing and thawing. 


[Main problem] The problem(s) that the report mainly addresses.   


The report primarily addresses the limited understanding and field data on the resilient behavior and 


deterioration of C&D waste under freeze-thaw cycles. It aims to overcome the insufficient knowledge 


of how these cycles affect the material's dynamic resilient modulus. 


[Materials] The materials that have been tested   


The materials tested in the report are construction and demolition (C&D) waste, primarily composed of 


crushed concrete, bricks, and detritus, used as alternatives for natural soils and gravels in pavement 


subgrade applications. 


[Methods] Test methods that have been used   


The report employed the dynamic triaxial test to measure the dynamic resilient modulus of C&D waste 


specimens and the filter paper test to determine matric suction. These tests were conducted after 


subjecting the specimens to a series of controlled freeze-thaw cycles. 


[Approach] How the testing was carried out.   


The testing approach involved preparing cylindrical C&D waste specimens at different moisture 


contents and compactness levels. Specimens underwent freeze-thaw cycles within a high-low 


temperature alternating test box, simulating real environmental conditions. Subsequently, dynamic 


triaxial tests provided data on resilience modulus at various stress states, while filter paper tests 


ascertained matric suction for different compactness levels. 


[Development] How the method was developed.   


The methodologies were developed by selecting moisture content levels corresponding to potential field 


conditions and using compactness levels that align with domestic subgrade design standards. The 


methods aimed to holistically cover testing parameters that could simulate authentic road construction 


and environmental conditions. 


[Results] Results and precision obtained.   


The results showed that matric suction and resilient modulus are both negatively influenced by repeated 


freeze-thaw cycles, stabilizing after about six cycles. The study successfully developed a prediction 


model with a high accuracy (R² = 0.94), capable of predicting the resilience modulus, thereby offering 


insights into the material's performance in real-world applications. 
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[Weaknesses and strengths] Weaknesses and strengths mentioned about the testing and test methods, 


costs, reproducibility, relevance.   


The report highlights the strengths of the developed model in accurately predicting the resilient behavior 


of C&D waste. It underscores the model's ability to incorporate varied conditions such as freeze-thaw 


cycles, providing practical guidance for subgrade design. However, the need to recalibrate model 


parameters for different C&D waste types might suggest a potential weakness, particularly in 


standardizing the method across various projects. The report does not elaborate on cost aspects or 


general reproducibility, focusing primarily on scientific and engineering validity. 


[International requirements and regulations] What the report says about: (a) material requirements for 


road pavement materials (b) road pavement design systems (c) road pavement regulations.   


The report mentions the general application of C&D waste in road pavements and its alignment with 


design guides such as those of AASHTO and Chinese standards but does not deeply delve into specific 


international regulations or requirements pertaining to pavement materials, design systems, or 


regulations. 


[Conclusions] advantages and disadvantages reported and what other recommendations are given.   


The report concludes that using C&D waste as subgrade material is advantageous, largely due to its 


environmental and economic benefits. Nevertheless, the reduction of resilient modulus due to freeze-


thaw cycles constitutes a disadvantage that must be addressed during pavement design. The study 


recommends using the developed prediction model to enhance the design and performance assessment 


of road subgrades in similar environmental contexts. 


2.18. "Characterization of unbound granular materials within a 
mechanistic design framework for low volume roads."  


Authors: G. Canon Falla, S. Leischner, A. Blasla, and S. Erlingsson. Year of publication: 2017. 


[Introduction] The report presents a methodology for experimentally characterizing unbound granular 


materials (UGMs) used in the base and subbase layers of low-volume roads with thin asphalt pavements. 


It focuses on developing testing techniques for simulating UGMs' behavior under high traffic loads. 


Results from tests like volumetric compaction and triaxial test aim to establish a classification method 


for UGMs, addressing the need for design methodologies that predict pavement performance under 


evolving traffic and environmental conditions. 


[Goal] The overall goal is to develop a mechanistic-empirical design methodology for thin asphalt 


pavements, incorporating empirical and mechanistic analysis to predict pavement performance and life, 


emphasizing the elastic and plastic behavior of UGMs. 


[Contribution] The main contribution is providing a performance-oriented methodology to optimize 


current testing procedures, achieving reliable characterization of UGMs under mechanistic design 


conditions for thin asphalt pavements. 


[Main problem] The primary problem addressed is the inadequacy of empirical road design techniques 


to account for the plastic deformation of UGMs under modern traffic and environmental conditions, 


particularly for thin asphalt pavements. 


[Materials] Tested materials include three different unbound base materials (labeled mixtures A, B, and 


C) from Saxon quarries and a frost protection material (mixture D). These materials were selected based 


on their stiffness and deformation susceptibility. 


[Methods] The test methods employed include Repeated Load Triaxial (RLT) tests to evaluate resilient 


behavior under cyclic loading and volumetric compression post-compaction tests to identify the 


susceptibility to plastic deformations. 
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[Approach] Testing involved subjecting specimens to varying moisture-stress conditions typical of those 


experienced by granular layers near the wheel path. RLT tests followed a defined stress path protocol 


while cyclic volumetric tests assessed the response under fixed boundaries to mimic field conditions. 


[Development] The method developed includes specific protocols for stress paths in RLT tests, enabling 


evaluation of resilient modulus considering varying moisture contents and stress levels. A novel 


approach to characterize volumetric post-compaction behavior was also formulated. 


[Results] The results demonstrated varied responses based on material types and moisture contents, with 


a notable loss in stiffness in conditions nearing optimal moisture levels. Parameters for non-linear 


models were derived using experimental data, emphasizing stress-dependent behavior correlation with 


resilient modulus variations. 


[Weaknesses and strengths] The test methods offer an intricate evaluation of material behavior under 


realistic stress conditions; however, they involve complexity and high resource needs, limiting 


accessibility. The tests provide robust predictive capabilities for long-term pavement performance 


evaluation. 


[International requirements and regulations]  


(a) Material requirements are briefly discussed concerning compliance with German specifications 


for UGMs.  


(b) Mechanistic-empirical design systems are advocated over purely empirical ones for reliable 


performance prediction.  


(c) The need for unified testing criteria across jurisdictions is highlighted to standardize 


performance evaluation. 


[Conclusions] The report concludes that high-quality UGMs, characterized by stiffness and minimal 


susceptibility to plastic deformations, are essential for thin asphalt pavements. It recommends further 


testing to validate quality limits, considering various aggregate types and environmental conditions. The 


advantages reported include enhanced road longevity and performance prediction accuracy, with 


disadvantages primarily linked to complex test resource requirements. 


2.19. Comparative study on resilient modulus of natural and post-quake 
recycled aggregates in bound and unbound pavement subbase 
applications   


Authors: A. Corradini, G. Cerni, P.R. Porceddu. Year of publication: 2021 


 


[Introduction] The report investigates the potential of using recycled aggregates from post-quake debris 


as a substitute for natural materials in the construction of road pavement subbase layers. The study 


compares the resilient modulus—a measure of load-bearing capacity—of recycled and virgin aggregates 


in both bound and unbound forms. The use of cyclic load triaxial tests allows for the assessment of these 


materials under conditions simulating real-world traffic loadings, and the analysis includes 


considerations of different curing times and moisture conditions. 


[Goal] To evaluate the resilient behavior of recycled aggregates sourced from seismic debris compared 


to traditional natural aggregates in both bound and unbound forms, with a focus on their suitability for 


subbase layers in road construction. 


[Contribution] The report contributes to the understanding of how post-quake recycled aggregates 


perform in road construction applications. It shows that with cement stabilization, the mechanical 


properties of recycled aggregates can match natural aggregates, promoting circular economy practices 


and disaster waste management. 
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[Main problem] The primary problem addressed is the need for sustainable management of construction 


and demolition waste, especially after seismic events, and the challenge of ensuring that recycled 


materials meet the mechanical performance requirements for road construction. 


[Materials] The materials tested include:   


- Natural aggregate blend (NA) from a limestone quarry.   


- Recycled aggregate blend (RA) from post-quake debris in the Umbria region.   


Both were tested in unbound (U-NA, U-RA) and cement-bound forms (B-NA, B-RA). 


[Methods] Cyclic load triaxial test methods as per EN 13286-7 standards were employed to measure the 


resilient modulus, with conditions including various stress paths and moisture content. 


[Approach] The testing involved: 


1) Preparation of samples through modified Proctor tests for determining optimal moisture and 


density.   


2) Specimen compaction using a gyratory compactor.   


3) Curing processes of 0, 14, 28, and 60 days.   


4) Triaxial tests to apply cyclic axial loads and measure resilient modulus across 29 stress paths.   


5) Additional tests on water-soaked specimens to assess the influence of water. 


[Development] The study utilized a systematic approach in preparation (grading to Italian specifications, 


density optimization) and curing (0 to 60-day regimes), applying consistent triaxial testing as per 


established standards. 


[Results] The results demonstrated that:   


- U-NA consistently outperformed U-RA in modulus, citing a 51% performance average 


discrepancy.   


- Cement stabilization considerably improved RA modulus to near parity with NA when cured, 


with performance gaps shrinking to around 4%.   


- The curing time positively impacted stiffness, especially for bound applications.   


- Modulus values remained largely unchanged between optimum moisture and water-soaked 


conditions. 


[Weaknesses and strengths] Strengths include extensive comparison under standardized conditions and 


clear identification of improvement with cement addition. Weaknesses could be seen in moderate 


reliance on consistent material properties in recycled aggregates. 


[International requirements and regulations]   


a) Material requirements: Focus on alignment with Italian Technical Specification for subbase 


layers.   


b) Design systems: Referenced through the k-h bulk stress model and ANAS standards for resilient 


modulus modeling.   


c) Regulations: Alignment with EU waste directives (70% recycling by 2020) and EN standards 


for testing methodologies. 
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[Conclusions] Advantages of using recycled aggregates include viable stiffness with cement addition, 


supporting sustainability goals amid construction waste challenges. Disadvantages involve inherent 


variability in recycled material composition. The report recommends continued exploration into 


expanded testing regimes and verifying performance in real-world applications. 


2.20. Comparison of technical and short-term environmental 
characteristics of weathered and fresh blast furnace slag 
aggregates for road base applications in South Africa   


Authors: C. Kambole, P. Paige-Green, W.K. Kupolati, J.M. Ndambuki, A. Adeboje. Year of Publication: 


2019   


[Introduction] The study investigates the chemical, physical-mechanical, and environmental 


characteristics of weathered and freshly produced blast furnace slag to assess their suitability as 


alternative materials to traditional aggregates used in road base and subbase construction. The use of 


waste-derived materials for road construction can address issues of resource depletion and 


environmental pollution. 


[Goal] The overall goal of the work described is to evaluate the potential utilization of weathered blast 


furnace slag (WBFS) and fresh blast furnace slag (FBFS) as granular road base and subbase aggregates. 


[Contribution] The main contribution of the report is the characterization of the technical and 


environmental properties of WBFS and FBFS. It supports the potential use of these materials as 


sustainable alternatives to non-renewable natural resources in road construction, providing crucial 


insights into their performance and environmental impact. 


[Main problem] The report primarily addresses the problem of finding sustainable alternatives to natural 


aggregates for road construction, and the need to manage large accumulations of blast furnace slag, 


which can become a source of environmental pollution. 


[Materials] The materials tested in this study include weathered blast furnace slag (WBFS) obtained 


from an aggregate crusher plant processing historical slag deposits, and freshly produced blast furnace 


slag (FBFS) sourced from an operating iron production plant. 


[Methods] The test methods used in this study include chemical analyses using X-ray fluorescence 


(XRF) spectrometry and mineralogical analysis using X-ray diffraction (XRD). Mechanical tests 


involved aggregate crushing value (ACV), 10% fines aggregate crushing test (10%FACT), flakiness 


index (FI), and compaction properties through maximum dry density (MDD) and optimum moisture 


content (OMC). California Bearing Ratio (CBR) tests were conducted to assess load-bearing capacity. 


Environmental characteristics were studied using the Toxicity Characteristic Leaching Procedure 


(TCLP). 


[Approach] The testing was carried out through a comprehensive characterization of the macro and 


microstructural properties of the slag samples, evaluating their chemical composition, mineral phases, 


mechanical stability, and environmental safety. The physical and mechanical properties were assessed 


following South African National Standards test procedures. 


[Development] There is no specific detail about the development of the test methods in the report; 


instead, standardized existing procedures were employed for testing the slag properties. 


[Results] Results indicated that both WBFS and FBFS have a strong CaO-SiO2-MgO-Al2O3 chemical 


system with similar mineralogical compositions. Mechanical tests demonstrated that both slags met the 


criteria for use in road base applications with high CBR values and satisfactory expansion 


characteristics.  


[Weaknesses and strengths] Strengths of the testing methods include a comprehensive scope covering 


chemical, physical, mechanical, and environmental aspects, providing a thorough suitability assessment 
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for road construction use. Weaknesses include potential variability in results due to sample heterogeneity 


and replication. Costs and reproducibility were not discussed. 


[International requirements and regulations] The report discusses compliance with the South African 


COLTO specifications for road aggregates, detailing how the slags meet or nearly meet these 


requirements. It compares these findings against ASTM D2940-03 and UK Specification for Highway 


Works but does not elaborate on road pavement design systems or regulatory frameworks beyond these 


speculations. 


[Conclusions] The conclusions indicate that both WBFS and FBFS are viable alternatives to natural 


aggregates in road construction, offering sustainability benefits while maintaining performance 


standards. Disadvantages, such as slight deviations from specifications, could potentially be addressed 


through optimized processing methods. Recommendations include considering these slags for base and 


subbase applications due to their sufficient load-bearing strength, and investigations into boosting their 


cementitious properties with additives. 


2.21. "Complete substitution of natural aggregates with industrial 
wastes in road subbase: A field study"  


by M.D. Bakare, J.T. Shahu, and S. Patel, published in 2023.   


[Introduction] Summary of the report in its entirety   


The report presents a comprehensive field study over two years exploring the feasibility of replacing 


natural aggregates with industrial waste materials, specifically copper slag (CS), granulated blast furnace 


slag (GBFS), and fly ash (FA) in the subbase layers of flexible road pavements. It evaluates the 


structural, functional, and environmental performance of these waste mixes compared to conventional 


granular subbase (GSB) through various field tests. The study focuses on assessing service life, surface 


roughness, construction cost savings, environmental impact, and lab-to-field performance, concluding 


with waste mixes showing significant potential for sustainable road construction.  


[Goal] The overall goal of the work described in the report   


The goal of the study was to evaluate the feasibility and effectiveness of completely substituting natural 


aggregates with specified industrial waste mixes in the subbase layer of flexible pavements by 


comparing their performance to conventional materials in terms of structural integrity, economic 


benefits, and environmental impact.  


[Contribution] The main contribution of the report   


This report contributes insights into the practical application of industrial waste materials in road 


construction, demonstrating their potential to enhance road durability, reduce construction costs, lower 


greenhouse gas emissions, and mitigate leaching of heavy metals, thereby promoting sustainable road 


construction practices.  


[Main problem] The problem(s) that the report mainly addresses   


The study addresses the depletion of natural aggregates, high material costs, and environmental issues 


caused by industrial waste disposal, proposing an alternative use of these waste materials in road 


construction as a solution to these challenges.  


[Materials] The materials that have been tested   


The materials tested include three waste mixes: (1) 70% copper slag + 30% fly ash (CFA), (2) 80% fly 


ash + 20% granulated blast furnace slag (FAG), and (3) fly ash + 5% lime (FAL).  


[Methods] Test methods that have been used   


The study utilizes several testing methods:  
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- Falling weight deflectometer (FWD) for structural evaluation  


- Bump integrator (BI) for surface roughness measurement  


- Unconfined compressive strength (UCS) and resilient modulus tests for material 


strength evaluation  


- Leachate analysis for environmental impact assessment  


- Light weight deflectometer (LWD) for quality control and construction validation. 


[Approach] How the testing was carried out   


The testing involved constructing nine test sections with varying subbase thicknesses and material 


compositions alongside a conventional section. FWD testing was conducted monthly post-construction 


and pre/post-monsoon to assess subbase moduli. UCS, Mr, and LWD tests were performed on field and 


lab samples. A truck overloading scenario was simulated to explore material limits under stress. 


Additionally, leachate systems were installed to monitor potential heavy metal contamination. 


[Development] How the method was developed   


The methods were developed based on preceding lab-based investigations and material characterization 


tests that confirmed compatibility and effectiveness of the waste mixes as subbase materials, leading to 


the field evaluation to bridge lab-to-field performance gaps. 


[Results] Results and precision obtained   


The results showed significant improvements in service life (up to 140% longer), reductions in 


roughness (23% less), and greenhouse gas emissions (50% lower) compared to the conventional control 


section. Backcalculated moduli indicated the waste mixes provide higher stiffness, with FAL 


demonstrating superior resistance against moisture variations. 


[Weaknesses and strengths] Weaknesses and strengths mentioned about the testing and test methods, 


costs, reproducibility, relevance   


Strengths: The use of industrial wastes reduces costs, environmental impact, and achieves superior 


structural performance. The testing rigorously validates performance in realistic conditions.   


Weaknesses: The study identifies potential variability in field applications due to non-uniform mixing 


and fluctuating curing conditions, requiring restriction on axle loads post-construction.  


[International requirements and regulations] What the report says about: (a) material requirements for 


road pavement materials (b) road pavement design systems (c) road pavement regulations   


a) The report references IRC and ASTM standards for material classification and performance 


criteria.   


b) It uses a design system based on linear-elastic stress distribution analysis (IITPAVE software) 


incorporating resilient modulus values.   


c) Indian Roads Congress guidelines were followed for structural evaluation, highlighting the need 


for globally recognized benchmarks. 


[Conclusions] Advantages and disadvantages reported and what other recommendations are given   


The study concludes that complete substitution with waste materials is viable, offering environmental 


and economic benefits without compromising structural performance. A noted disadvantage is the need 


for improved mixing techniques to ensure uniformity. It is recommended to consider the transport 


distance of materials for economic feasibility and to further explore equivalency in design life through 


reduced use of traditional materials. 
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2.22. "Design and sustainability analyses of road base layers stabilized 
with traditional and nontraditional additives"  


by Diego Maria Barbieri et al., published in the Journal of Cleaner Production in 2022. 


[Introduction] This report evaluates the feasibility of using traditional and nontraditional stabilizers to 


enhance the mechanical properties of road base layers. Through repeated load triaxial tests, the study 


compares the effects of these stabilizers before and after freeze-thaw cycles. The research quantifies the 


impact on base layer thickness reduction, associated carbon dioxide emissions, and construction costs, 


with a focus on Norwegian construction practices. 


[Goal] The main goal is to systematically assess and compare the mechanical performance, 


environmental impact, and economic viability of various traditional and nontraditional stabilization 


products for road base layers. 


[Contribution] This report contributes a comprehensive comparative analysis of stabilizers under 


consistent test conditions. It provides valuable insights into the mechanical performance, freeze-thaw 


durability, and sustainability of these technologies for potential adoption in road construction. 


[Main problem] The report addresses the lack of standardized procedures and comparative research into 


both traditional and nontraditional soil stabilizers, particularly regarding their performance after freeze-


thaw cycles and the associated environmental and economic impacts. 


[Materials] The materials tested include traditional stabilizers such as cement and bitumen, alongside 


nontraditional products like brine salt, clay, organic non-petroleum and petroleum substances, and 


synthetic polymers. Aggregates used had a gradation between 0 mm and 30 mm, typical for road base 


layers. 


[Methods] The test method used was the Repeated Load Triaxial Test (RLTT), performed both before 


and after exposure to 10 freeze-thaw cycles to assess elastic stiffness (resilient modulus) and resistance 


to permanent deformation. 


[Approach] Specimens were prepared with each stabilizer and tested in duplicate. The RLTT assessed 


elastic modulus and permanent deformation properties under cyclic loading. The exposed samples 


underwent a freeze-thaw conditioning protocol to evaluate changes in mechanical behavior due to 


environmental stressors. 


[Development] There is no information in the report about developing new test methods. The study 


employs existing RLTT and freeze-thaw protocols consistent with laboratory standards to identify the 


long-term mechanical performance of stabilizing agents. 


[Results] Resilient modulus increased with most stabilizers after freeze-thaw cycles due to aging effects 


and cementation properties. Some stabilizers exhibited reduced performance attributed to their water 


solubility. The stabilization reduced the necessary base layer thickness by, on average, 50%, translating 


to reduced construction and transportation emissions. 


[Weaknesses and strengths] Strengths of the testing were the robustness of RLTT to simulate realistic 


road conditions and its nondestructive nature. However, limited replicates increased uncertainties, and 


the wide differences in stabilizer prices influenced economic competitiveness. 


[International requirements and regulations] The report follows the Norwegian pavement design code, 


"N200", adhering to local load distribution coefficients and resilience module calculations. It does not 


discuss international standards extensively. 


[Conclusions] Advantages include significant thickness reduction and associated environmental 


benefits. Nontraditional stabilizers offer substantial performance but can be cost-prohibitive. 


Recommendations include cautious use of certain stabilizers where water exposure is possible and a call 


for more field trials and comprehensive life-cycle assessments to inform future guidelines. 
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2.23. "EFFECTS OF PARTICLE SIZE AND TYPE OF AGGREGATE 
ON MECHANICAL PROPERTIES AND ENVIRONMENTAL 
SAFETY OF UNBOUND ROAD BASE AND SUBBASE 
MATERIALS: A LITERATURE REVIEW"  


by Hong Nam Thai, Akira Kato, Hoang Giang Nguyen, Tien Dung Nguyen, Ton Kien Tong, Van Tuan 


Nguyen, Taro Uchimura, Takeshi Maki, and Ken Kawamoto, published in February 2021. 


[Introduction] Summary of the report in its entirety The report reviews various studies to examine the 


effects of particle size, type of aggregate, and mixing proportions of recycled aggregates (RA) on the 


mechanical properties and environmental safety of unbound road base and subbase materials. Key 


mechanical properties such as compaction, bearing capacity, resilient modulus, and shear strength are 


analyzed, while environmental concerns focus on leachate pH and leaching of elements. The findings 


suggest RA mechanical properties are mostly comparable to natural aggregates (NA), though 


considerations regarding particle size distribution and type significantly affect performance and safety. 


[Goal] The overall goal of the work described in the report The primary goal is to distill a comprehensive 


understanding of how aggregate size and grading, particularly focusing on RA derived from construction 


and demolition waste, affect the mechanical properties and environmental safety of unbound road base 


and subbase materials. This aims to assess their viability as sustainable alternatives to traditional virgin 


aggregates in road construction. 


[Contribution] The main contribution of the report The report contributes a synthesized review of 


existing literature on this topic, focusing on detailing how RA can be effectively used as a replacement 


for NA while ensuring functional stability, strength, and environmental compliance. It compiles data on 


particle size effects, material properties, and environmental safety, thus supporting informed decision-


making in material selection and design. 


[Main problem] The problem(s) that the report mainly addresses The report addresses the significant 


influence of aggregate size and properties on the mechanical performance of unbound base and subbase 


layers and the environmental safety concerns associated with utilizing recycled aggregates in road 


construction. It focuses on understanding and optimizing these parameters to support effective usage of 


RA. 


[Materials] The materials that have been tested The materials examined in the literature review include 


various recycled aggregates such as recycled concrete, recycled clay brick, reclaimed asphalt pavement 


(RAP), recycled glass, and waste rock. Mixtures of these materials with natural aggregates were also 


considered. 


[Methods] Test methods that have been used Several test methods are highlighted for evaluating RA 


and NA, including: 


- Compaction tests for maximum dry density (MDD) 


- California Bearing Ratio (CBR) tests for bearing capacity 


- Repeated load triaxial tests for resilient modulus (Mr) 


- Triaxial shear tests for cohesion and friction angle 


- Batch and column leaching tests for pH and leaching of elements 


- Long-term field tests for real-world environmental impact evaluations 


[Approach] How the testing was carried out The testing involved collecting data from various studies 


that applied these methods to assess the mechanical properties and environmental safety of RA. This 


included categorizing results by different aggregate types and sizes, and analyzing how these factors 


influence the aforementioned test metrics. 
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[Development] How the method was developed There is no explicit mention of method development in 


the reviewed report. Instead, the study collates existing methodologies from several references to 


analyze the effects of aggregate variables on mechanical and environmental performance. 


[Results] Results and precision obtained   


- RA showed comparable or superior mechanical properties to NA in several metrics such as 


bearing capacity and resilient modulus, particularly recycled concrete. 


- MDD and CBR were influenced by the particle size distribution (Dmax ≤ 25 mm showed 


higher values than Dmax > 25 mm). 


- Environmental tests indicated elevated pH levels in RA leachates compared to NA. 


- Resilience and shear properties varied greatly depending on the mixture and specific RA 


used. 


[Weaknesses and strengths] Weaknesses and strengths mentioned about the testing and test methods, 


costs, reproducibility, relevance   


- Strength: The comprehensive testing approaches provide reliable insights into the mechanical 


and environmental performance of various RA. 


- Weakness: Inconsistencies in resilient modulus trends due to varying RA properties, alongside 


potential high pH levels posing environmental challenges. 


- The review underscores the need for careful consideration of material properties and site-


specific conditions, given the variability in RA behavior. 


[International requirements and regulations] What the report says about:  


a) material requirements for road pavement materials  


b) road pavement design systems  


c) road pavement regulations   


There is no specific mention in the report regarding international requirements, design systems, or 


regulations for road pavements. 


[Conclusions] Advantages and disadvantages reported and what other recommendations are given 


Advantages highlighted include RA's ability to offer comparable mechanical characteristics to NA, with 


the potential for environmentally responsible construction through recycling. Disadvantages relate to 


potential environmental challenges, particularly the high pH of RA leachate and the variability in 


mechanical properties. The report advises further studies on dynamic properties and comprehensive 


testing of factors such as particle shape and breakage to optimize RA use in road construction. 


2.24. "Effect of crumb rubber on the mechanical properties of crushed 
recycled pavement materials"  


by Jie Li, Mohammad Saberian, and Bao Thach Nguyen, published in 2018. 


[Introduction] The report investigates the potential of using crumb rubber as a sustainable alternative to 


conventional virgin materials in the base and subbase layers of road pavements. It assesses the 


mechanical properties of recycled crushed concrete (RCC) and crushed rock (CR) when mixed with 


varying sizes and percentages of crumb rubber. 
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[Goal] The overall goal of the work described in the report is to experimentally evaluate the influence 


of crumb rubber on the mechanical properties of recycled crushed concrete and crushed rock, with an 


aim to identify its applicability as a replacement material in road pavement subbase and base layers. 


[Contribution] The main contribution of the report is providing insights into how the inclusion of crumb 


rubber, both fine and coarse, affects the mechanical properties of RCC and CR in terms of strength, 


deformability, and resilience for road construction applications. 


[Main problem] The problems addressed by the report include the environmental impact of rubber waste 


disposal and the depletion of virgin materials for road construction. This work explores the viability of 


using recycled materials to reduce these negative impacts. 


[Materials] The materials tested include 20 mm recycled crushed concrete (RCC), 20 mm crushed rock 


(CR), and crumb rubber with particle sizes ranging from 400 to 600 µm (fine) and 10 to 15 mm (coarse). 


[Methods] Test methods used in the study include the California Bearing Ratio (CBR) test, Unconfined 


Compressive Strength (UCS) test, Clegg impact hammer test, Dynamic Lightweight Cone Penetrometer 


test, Aggregate Crushing Value (ACV) test, Los Angeles abrasion test, and the Resilient Modulus test. 


[Approach] The testing involved mixing virgin recycled materials, RCC and CR, at optimal moisture 


contents, then adding varying percentages (0, 0.5, 1, and 2% by weight) of fine and coarse crumb rubber. 


The mixed materials were then subjected to the designated tests to assess their mechanical properties 


compared to control samples without rubber. 


[Development] The method was developed by modifying current standard procedures to include crumb 


rubber in varying sizes and percentages, followed by testing in several standardized structural and 


durability tests to compare against traditional material performance. 


[Results] Results showed that fine crumb rubber generally enhanced the mechanical properties of the 


aggregates, acting as a filler and increasing CBR. Coarse crumb rubber improved the deformability 


index and failure strain but could reduce the strength when added in greater amounts. The inclusion of 


rubber altered the resilient modulus, indicating a decrease as rubber content increased. 


[Weaknesses and strengths] Strengths of the tested methods include the comprehensive evaluation of 


multiple mechanical properties. Weaknesses include the potential reduction in strength with excessive 


coarse rubber. The study highlights cost-efficiency and sustainability benefits due to waste utilization. 


[International requirements and regulations] The report mentions that all tested materials and mixtures 


met the minimum California Bearing Ratio of 80% for granular base samples, complying with standard 


guidelines such as VicRoads (2007) and UFGS 32 11 23 (2013) for aggregates, which suggests readiness 


for possible adaptation in other international frameworks. 


[Conclusions] The study concludes that crumb rubber, particularly fine rubber, can be used effectively 


in road pavement applications. Advantages include enhanced mechanical properties and environmental 


benefits from reduced rubber waste. However, care needs to be taken with coarse rubber to balance 


benefits with potential strength reductions. Further work is suggested for optimizing rubber content and 


improving rubber-aggregate bonding. 


2.25. "Resilient Modulus and AASHTO Pavement Design" 


Authors: Robert P. Elliott and Sam I. Thornton. Year of Publication: Not explicitly stated in the provided 


text, but it is associated with the 1986 AASHTO Guide. 


[Introduction] The report examines the application of the resilient modulus as a key parameter in the 


design of pavement structures, as stipulated by the 1986 AASHTO Guide. It discusses the significance 


of resilient modulus in evaluating subgrade and granular base layers and how its inclusion offers a more 


rational basis for pavement design by correlating material deflection to pavement performance. It 


explores the influence of subgrade resilient modulus on pavement parameters, the seasonal variability 
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of this property, and critiques on its limitations in embodying all aspects of pavement material 


performance. 


[Goal] The overall goal of the work described in the report is to validate the resilient modulus as a 


fundamental material property essential for pavement design, focusing specifically on flexible 


pavements. The report aims to underscore resilient modulus's role in reflecting stress-strain behavior, 


which is crucial for understanding and predicting pavement performance under varying conditions. 


[Contribution] The main contribution of the report is the elucidation of the resilient modulus as a pivotal 


test in pavement design, explaining its application in the AASHTO pavement design process, detailing 


its relationship with critical pavement performance indicators such as fatigue cracking and rutting, and 


addressing the methodological challenges associated with its testing and interpretation. 


[Main problem] The report addresses the problem of evaluating subgrade soil strength and the lack of a 


standardized method for considering different subgrade soil types in flexible pavement design. It 


highlights the inadequacies of prior approaches such as the "soil support" scale and the necessity for a 


more analytical and unified testing method, which the resilient modulus represents. 


[Materials] The materials that have been tested include subgrades composed primarily of cohesive soils 


and granular materials, which are typical constituents of roadway foundation and base layers. 


[Methods] The test method central to this report is the resilient modulus test, specifically the AASHTO 


T-274 standard. This involves a repeated-load, triaxial-compression test to determine the resilient 


(recoverable) strain of materials. 


[Approach] Testing is conducted under simulated field conditions to reflect real-world loading 


environments. This includes preparing and conditioning samples to account for variables like moisture 


content, and the testing approximates actual traffic loading conditions through controlled laboratory 


setups. 


[Development] The method was developed from the need to replace the outdated soil support scale with 


a more precise, measurement-based property that directly correlates with pavement deflection and 


performance. The resilient modulus test method followed from findings during the AASHO Road Test 


and subsequent research. 


[Results] The results showed that resilient modulus has a pronounced effect on pavement design 


parameters such as the fatigue life of the asphalt concrete and the stress ratio of the subgrade. With 


higher resilient modulus, both fatigue life and pavement life increase, resulting in minimized design 


thickness for pavements. 


[Weaknesses and strengths] A strength of the resilient modulus is its fundamental nature and relevance 


to reflective stress-strain behavior under load. However, a noted weakness is its inability to capture 


permanent deformation behavior, rendering it insufficient for a holistic assessment of pavement 


performance. The testing is also described as time-consuming and complex, particularly in consideration 


of seasonal variations. 


[International requirements and regulations] 


a) Material requirements: Not explicitly detailed in the report.  


b) Road pavement design systems: The report discusses the AASHTO pavement design guidelines, 


emphasizing the inclusion of resilient modulus. 


c) Road pavement regulations: It primarily relates to the recommendations and methods within the 


1986 AASHTO Guide. 


[Conclusions] The report concludes that while resilient modulus is an essential parameter for pavement 


design, it should not be the exclusive criterion due to its limitations in assessing permanent deformation 


potential. It implies that design considerations should incorporate multiple parameters for a 
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comprehensive evaluation. Recommendations include simplified testing approaches that consider 


seasonal variations and encourage practical applications, such as testing under representative conditions 


when possible. 


2.26. Environmental assessment, mechanical behavior and new 
leaching impact proposal of mixed recycled aggregates to be used 
in road construction   


Authors: F. Agrela, J.L. Díaz-López, J. Rosales, G.M. Cuenca-Moyanob, H. Cano, M. Cabrera. Year of 


Publication: 2020   


[Introduction] The report studies the viability of using mixed recycled aggregates (MRA) from 


construction and demolition waste (C &DW) as replacements for natural aggregates (NA) in road 


construction. It evaluates the physicochemical properties, mechanical behavior, and environmental 


impacts of different MRA samples. The research includes life cycle assessments of road sections 


constructed with these materials, highlighting the potential reductions in environmental impact when 


selectively collected MRA is used. Mechanical properties were suitable, but leaching behavior and 


particularly sulfate content posed challenges.   


[Goal] The primary goal of this work is to evaluate if mixed recycled aggregates from C &DW can 


effectively replace natural aggregates in road sub-base layers, while maintaining compliance with 


environmental and functional standards. 


[Contribution] The report contributes to understanding the mechanical viability and environmental 


benefits of using MRA as a sustainable alternative in road layers, proposing new leaching impact limits 


to increase MRA utilization. 


[Main problem] The main problems addressed are the mechanical suitability, environmental risks due 


to leaching (especially sulfates), and the regulatory barriers in using MRA in road construction. 


[Materials] Materials tested include four types of mixed recycled aggregates (MRA-A, MRA-B, MRA-


C, MRA-D) sourced from treatment plants in Spain, and natural aggregate (AG) used as a control. 


[Methods] Test methods used include:   


- Modified Proctor test for compaction properties according to UNE 103501:1994   


- California Bearing Ratio (CBR) tests using UNE 103502:1995 for bearing capacity   


- Compliance leaching test UNE EN 12457-4:2003   


- Percolation leaching test CEN/TS 14405:2004 for sulfate levels   


[Approach] Testing involved assessing the mechanical properties through laboratory tests for 


compaction and CBR indices, and environmental safety via compliance and percolation leaching tests, 


comparing MRA results against AG standards. 


[Development] There is no specific information in the report about the development of test methods as 


they are standard procedures. 


[Results] MRA showed acceptable mechanical behavior, with density and bearing capacity being 


dependent on composition and particle size distribution. Leaching tests classified MRA without 


selective collection as non-hazardous due to sulfate levels but MRA-A as inert. Life Cycle Assessment 


(LCA) indicated lesser environmental impact for MRA compared to AG. 


[Weaknesses and strengths] Strengths include the high recycling potential and reduction in 


environmental footprint. Weaknesses involve the high sulfate levels limiting the broader acceptance due 


to regulatory constraints. 
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[International requirements and regulations]   


a. Material requirements emphasize the need for reduced sulfate content in MRAs to meet inert 


waste classifications.   


b. There are no specific mentions of road pavement design systems.    


c. Road pavement regulations discussed primarily concern the EU Directive for landfills on the 


acceptable leachate levels, particularly sulfates. 


[Conclusions] Advantages include successful use of MRA in road bases, reducing environmental impact 


and preserving natural resources. Disadvantages are regulatory hurdles due to sulfate levels. 


Recommendations include adjusting regulations to reflect actual MRA application scenarios and 


promoting selective waste collection practices to enhance MRA quality. 


2.27. Environmentally appraising different pavement and construction 
scenarios: A comparative analysis for a typical local road  


by Clara Celauro, Ferdinando Corriere, Marco Guerrieri, Barbara Lo Casto, published in 2015. 


[Introduction] The report presents a comparative analysis of various road construction techniques 


employing Life Cycle Assessment (LCA) to evaluate environmental impacts. Traditional materials are 


compared against recycled and sustainable alternatives such as Recycled Asphalt Pavement (RAP) and 


in situ lime-stabilized soils. The study aims to identify options that improve environmental sustainability 


for typical local roads. 


[Goal] The work aims to assess the environmental impacts of different road construction scenarios, with 


a focus on incorporating circular materials to reduce energy consumption and emissions compared to 


traditional materials. 


[Contribution] The main contribution of the report is the comprehensive LCA of road infrastructures 


incorporating materials from all road sections, unlike previous studies that focused solely on pavement 


layers. 


[Main problem] The report addresses the environmental impact of road construction materials, 


particularly the lack of focus on embankment and subgrade materials in typical LCA studies, 


emphasizing sustainable alternatives like RAP and lime-stabilized soils. 


[Materials] The materials tested include virgin aggregates and asphalt, RAP, clayey soils stabilized with 


lime, and aggregates from quarries. 


[Methods] The testing relied on the LCA methodology following ISO 14040 and ISO 14044 standards 


and was conducted using the PaLATE software to model the operational life cycle impacts for different 


construction scenarios. 


[Approach] The tests involved applying varying construction scenarios incorporating different materials 


in flexible pavement structures, exploring variations in RAP percentages and lime stabilization to 


evaluate impacts using PaLATE. 


[Development] The methodology was developed by structurally analyzing each phase of the road’s life 


cycle, particularly focusing on the construction, material production, and maintenance phases to improve 


comparative assessment accuracy. 


[Results] Findings showed substantial reductions in energy consumption and environmental emissions 


with increased usage of RAP and lime stabilization. For instance, a noteworthy energy reduction of up 


to 48.27% was observed with scenario 9 (both RAP and lime stabilization) in embankment sections. 
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[Weaknesses and strengths] The report highlights the strength of the method in quantifying substantial 


environmental benefits, though potential weaknesses include variations in results due to differences in 


regional practices and assumptions, particularly regarding transportation distances. 


[International requirements and regulations] There is no information in the report related to: (a) specific 


material requirements, (b) road pavement design systems, and (c) road pavement regulations. 


[Conclusions] The study concludes that both RAP and lime stabilization demonstrate clear 


environmental benefits, urging their inclusion in road construction practices. Recommendations include 


further studies on an extended range of scenarios and materials, noting the analysis’s limitation to a 30-


year period and excluding end-of-life impacts. 


2.28. "Estimation of permanent deformation behaviour of crushed waste 
rocks using multistage repeated load triaxial and CBR tests"   


Authors: Shengpeng Hao and Thomas Pabst. Year of Publication: 2022   


[Introduction] The study investigates the permanent deformation behavior of crushed waste rocks 


(CWR), which are commonly used in mine haul road construction, utilizing multistage repeated load 


triaxial (RLT) and repeated load California Bearing Ratio (RLCBR) tests. It explores a proposed model 


for estimating permanent deformation, with results aimed at offering a more accessible alternative to 


advanced testing in the prediction of pavement rutting. 


[Goal] The primary goal is to evaluate the permanent deformation behavior of CWR under repeated load 


conditions using both established and innovative testing methods, particularly focusing on whether 


RLCBR tests can serve as a viable alternative to RLT tests. 


[Contribution] The report's main contribution is the development of a new model for estimating 


permanent deformation using MS RLCBR tests, positioning it as a potentially effective and practical 


alternative to the more complex MS RLT tests for pavement design in mines. 


[Main problem] The report addresses the challenge of accurately predicting pavement rutting due to 


permanent deformation in layers constructed with crushed waste rocks, which are subject to significant 


stresses from heavy mining vehicles. 


[Materials] The materials tested are crushed waste rocks (CWR) sampled from the Canadian Malartic 


Mine in Quebec, characterized as well-graded gravel with maximum particle size of 25 mm and a small 


proportion of fines (<4%). 


[Methods] The study employs Multistage (MS) Repeated Load Triaxial (RLT) tests and Multistage 


Repeated Load California Bearing Ratio (RLCBR) tests to assess the deformation characteristics of 


CWR. 


[Approach] Testing included subjecting CWR samples to a series of predetermined stress levels across 


multiple sequences and evaluating accumulated permanent strain. MS RLT tests used various stress 


paths with differing confining and deviator stresses, whereas MS RLCBR tests adapted standard CBR 


procedures to repeated loading scenarios. Comparative analysis was performed between these methods. 


[Development] The method was developed by modifying existing permanent deformation models using 


a time-hardening concept to incorporate multiple stress paths for MS RLT, and by proposing a new 


model to accurately fit results from MS RLCBR tests for use in predicting deformation. 


[Results] The Rahman and Erlingsson model, modified for MS tests, closely described permanent 


deformation behavior in RLT tests with coefficients of determination R² over 0.92. The new RLCBR 


model also achieved high precision with R² greater than 0.99, facilitating reliable deformation 


predictions for CWR. 
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[Weaknesses and strengths] Strengths of the RLCBR testing include its simplicity, cost-effectiveness, 


and capability for widespread use compared to the complex and expensive RLT tests. However, some 


limitations include potential overestimation of deformation when insufficient path cycles are used and 


issues with repeatability and consistency of stress states. 


[International requirements and regulations] The report discusses adherence to the European Standard 


13286-7 for RLT tests. It does not directly address international requirements or regulations related to 


material standards or pavement design systems aside from standard procedural guidelines. 


[Conclusions] RLCBR tests can offer a viable alternative to RLT tests for CWR, with the proposed 


model providing satisfactory predictive capability for permanent deformation. For effective use, 


appropriate cyclic loading must be maintained, and test methods refined for consistency. Further 


validation is recommended across broader material types and testing conditions. 


2.29. "Estimation of resilient modulus of unbound granular materials 
using Clegg impact value and field stress levels" 


Authors: Abbas Mohajerani, Bao Thach Nguyen, Lovro Glavacevic, Year of publication: 2016. 


[Introduction] The report explores the possibility of estimating the resilient modulus (Mr) of unbound 


granular materials (UGM) used in pavement applications by correlating it with Clegg impact value 


(CIV). Mr, critical for designing road structures, is typically obtained through complex repeated load 


triaxial tests, and the study aims to develop a less complex, cost-effective alternative. 


[Goal] The overall goal is to establish a simple, inexpensive method for estimating the resilient modulus 


of pavement granular materials through the use of CIV, enabling easier and more routine assessments 


of UGM for road construction. 


[Contribution] The main contribution is the establishment of a correlation between CIV and Mr, 


demonstrating that CIV can reliably predict Mr for UGM in pavements, potentially simplifying and 


reducing the cost and complexity of determining Mr. 


[Main problem] The report addresses the difficulty and expense associated with obtaining resilient 


modulus through traditional repeated load triaxial tests. The problem of routine testing complexity and 


cost is targeted by exploring an empirical method for Mr estimation. 


[Materials] The materials tested include 14 different UGMs, such as Vicroads class 1 to class 4 crushed 


rocks, reclaim asphalt, different sizes of basalt aggregate, river aggregate, and various slags. 


[Methods] Two key methods were used: the repeated load triaxial test according to Austroads 


AG:PT/T053, and the Clegg impact hammer test in accordance with ASTM standard D5874-02. These 


tests were designed to compare traditional and empirical approaches for assessing Mr. 


[Approach] Testing was conducted using compacted samples prepared in a controlled laboratory setting. 


The repeated load triaxial tests assessed the stress-dependent resilience of the materials, while 


corresponding CIVs were obtained using a 4.5 kg Clegg hammer on samples compacted to target 


densities in a CBR mould. 


[Development] The method development involved correlational analysis between CIV and Mr 


calculated from a series of stress tests across various UGM samples. The study derived regression 


models to predict Mr based on CIV and identified stress-related parameters. 


[Results] A strong correlation between Mr and CIV was found, with average R2 values of 0.76 across 


different stress levels. The study developed predictive equations for various stress conditions, 


showcasing CIV's potential as a reliable estimator for Mr. 


[Weaknesses and strengths] The primary strength noted is the simplicity, cost-effectiveness, and rapidity 


of the Clegg hammer test compared to traditional methods, although the contact diameter limitation may 
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restrict its application to smaller aggregate sizes. The reproducibility seems promising, albeit validated 


primarily for specific material types. 


[International requirements and regulations] The report references the importance of Mr in accordance 


with the AASHTO and Austroads guidelines for pavement design but does not specifically detail 


international regulatory standards for the materials or methods used. 


[Conclusions] This study supports the use of CIV as a viable estimator for Mr, simplifying UGM 


assessment for pavement design. Although advantageous in terms of cost and process time, extending 


validation to broader material types and conditions is recommended. Further research is advised to 


strengthen these findings and adapt them across varying geographic materials. 


2.30. Evaluation of Geosynthetic Reinforcement in Unpaved Road 
Using Moving Wheel Load Test   


Authors: Meenakshi Singh, Ashutosh Trivedi, Sanjay Kumar Shukla. Year of Publication: 2022   


[Introduction] The report presents a study on the use of geosynthetic reinforcements, specifically geogrid 


and geotextile, in unpaved roads. The aim was to evaluate the effectiveness of these materials in reducing 


surface deformation and enhancing road performance through moving wheel load tests on geosynthetic-


reinforced and unreinforced road sections. Key findings highlight the benefits of reinforcement in terms 


of reduced rutting and increased stability in unpaved roads. 


[Goal] The overall goal of the work described in the report is to evaluate the performance of unreinforced 


and geosynthetic-reinforced unpaved road sections in terms of rutting resistance under moving wheel 


load tests. 


[Contribution] The main contribution of the report is providing empirical evidence demonstrating the 


effectiveness of geosynthetic reinforcements in reducing rut depth and improving the stability of 


unpaved roads under loading conditions simulating traffic. 


[Main problem] The problem the report mainly addresses is the frequent failure of unpaved roads due 


to rutting and deformations, caused by inadequate stability and stiffness in the absence of reinforced 


materials. 


[Materials] The materials that have been tested include subgrade soil classified as silty sand (SM), well-


graded gravel (GW) as base course material, and geosynthetic materials including polypropylene-based 


geogrid and woven geotextile. 


[Methods] Test methods that have been used include moving wheel load tests with a single-axle testing 


vehicle and measurements of rut depth recorded across several grid points. The Dynamic Cone 


Penetrometer (DCP) test was also used to assess the strength of the road sections in terms of CBR values 


following loading. 


[Approach] The testing was carried out on three constructed unpaved road test sections of 9 m by 2.7 m 


dimensions in a field setting, with sections being either unreinforced or reinforced with geogrid or 


geotextile. A testing vehicle provided 350 wheel load passes on these sections, and rut depth was 


measured transversely using a reference bar system across predetermined grid points. 


[Development] There is no specific development of the method detailed within the report, as established 


methods such as moving wheel load tests and DCP testing were employed. 


[Results] The results showed that geosynthetic reinforcement significantly reduced rut depth, with 


geotextile-reinforced sections reducing rutting by 44.89% and geogrid-reinforced sections by 28.57%. 


The Traffic Benefit Ratio and Performance Index demonstrated that reinforced sections handled more 


traffic loads relative to unreinforced sections. 
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[Weaknesses and strengths] Strengths include the effective demonstration of geosynthetic reinforcement 


benefits in real-world traffic simulations. Weaknesses noted include limitations to a single type of 


subgrade and road section dimensions, affecting broader applicability without further testing. 


[International requirements and regulations] There is no specific mention of international requirements 


and regulations relating to  


a. material requirements for road pavement materials,  


b. road pavement design systems, or  


c. road pavement regulations in the report. 


Conclusions] Advantages reported include substantial reductions in rutting and enhanced road stability 


from geosynthetic reinforcements. No specific disadvantages are highlighted, but the report 


recommends further studies for generalization across different soil types and conditions, given the 


limited scale and scope of this study. 


2.31. Feasible use of recycled concrete aggregates and crushed clay 
brick as unbound road sub-base   


Authors: Chi Sun Poon, Dixon Chan. Year of publication: 2006 


[Introduction] This report investigates the potential of utilizing recycled concrete aggregates (RCA) and 


crushed clay brick (CB) as alternatives for natural materials in unbound road sub-base applications. 


Tests were conducted to evaluate the moisture-density relationships, California Bearing Ratio (CBR) 


values, and other aggregate properties to ascertain the feasibility of these recycled materials. The 


research underscores the importance of adopting sustainable construction practices, especially with 


landfill pressures in Hong Kong. 


[Goal] The primary goal of this study is to determine the viability of using 100% recycled concrete 


aggregates and mixtures of RCA with crushed clay brick as unbound sub-base materials, thereby 


addressing environmental concerns and reducing reliance on natural resources. 


[Contribution] The report contributes valuable insights into the mechanical and physical properties of 


RCA and CB when used in sub-bases, demonstrating their potential compliance with minimum strength 


requirements for subbase materials in Hong Kong. 


[Main problem] The report addresses the issue of sustainable waste management in the construction 


industry by finding alternatives to natural aggregates in road construction, thus alleviating the pressure 


on landfill sites. 


[Materials] The tested materials include natural aggregate (crushed granite), recycled concrete 


aggregates obtained from a recycling facility, and manually crushed clay brick from demolition sites. 


[Methods] Several test methods were employed:   


- Density and water absorption were measured per BS 812 Part 2.   


- The ten percent fines value was determined according to BS 812 Part 111, assessing aggregate 


resistance to crushing under compression.   


- Water soluble sulfate contents followed BS 1377 Part 3.   


- Soundness tests were performed in accordance with BS 812 Part 121.   


- Particle size distribution adhered to BS 812:103.1.   
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- Moisture-density relationships followed the guidelines of BS 1377 Part 4, employing a vibratory 


hammer to achieve compaction.   


- California Bearing Ratio (CBR) tests measured in both unsoaked and 4-day soaked conditions. 


[Approach] Testing involved characterizing the physical and mechanical properties of the aggregates, 


followed by blending strategies using recycled materials. Various replacement levels of RCA with CB 


were prepared, and their compaction characteristics and bearing strengths were evaluated through 


systematic testing in controlled conditions. 


[Development] The report does not provide specific details on the development of new test methods but 


relies on standard testing procedures to evaluate and compare the properties of the subbase materials. 


[Results] The addition of crushed clay brick increased the optimum moisture content and reduced the 


maximum dry density of the sub-bases. The CBR values decreased with higher proportions of crushed 


clay brick but still remained above the required threshold of 30% for soaked conditions as specified in 


Hong Kong. 


[Weaknesses and strengths] Strengths noted include the effective utilization of RCA and CB in forming 


subbases that meet local strength requirements, providing an avenue for sustainable construction. One 


weakness is the reduced strength of the blends compared to natural aggregates. The high variability in 


water absorption was noted, which influences compaction sensibility. 


[International requirements and regulations] The report does not specifically discuss international 


requirements or regulations in terms of  


a. material requirements for road pavement materials,  


b. road pavement design systems, or  


c. road pavement regulations. 


[Conclusions] The study concludes that RCA and CB are viable for use in sub-base materials, offering 


a sustainable alternative to virgin resources. While the reduced particle strength of CB poses a limitation, 


the benefits of reduced environmental impact and landfill pressure are significant. Recommendations 


include ensuring moisture content is managed effectively during compaction for optimal results. 


2.32. "Flexible pavement construction using different waste materials: A 
review"  


by Pradeep Kumar and Shalinee Shukla, published in 2022. 


[Introduction] The report reviews the utilization of various waste materials in the construction of flexible 


pavement, specifically focusing on their application in base and sub-base layers as alternatives to 


traditional virgin materials. The emphasis is on sustainability and cost-effectiveness while maintaining 


material strength and performance in road construction. The review includes detailed laboratory tests 


and results for materials like Recycled Asphalt Pavement (RAP), construction and demolition waste, 


waste plastics, and other industrial by-products.  


[Goal] The overall goal is to explore sustainable alternatives to traditional materials in flexible pavement 


construction by utilizing waste materials while minimizing environmental impact and maintaining the 


functional performance of the road infrastructure. 


[Contribution] The main contribution is providing a comprehensive review of successful applications 


and empirical studies of waste materials used in flexible pavement, addressing potential environmental 


and economic benefits, and offering recommendations for future research and application. 
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[Main problem] The report addresses the environmental and resource depletion issues associated with 


using virgin materials in road construction, along with the challenges of waste disposal and landfill 


space limitations. 


[Materials] Materials tested include Recycled Asphalt Pavement (RAP), Recycled Concrete Aggregate 


(RCA), construction and demolition waste, low-density polyethylene, ballast quarry waste, coarse 


bauxite residue, and other industrial by-products. 


[Methods] The report describes various laboratory tests to evaluate mechanical properties including 


CBR (California Bearing Ratio), UCS (Unconfined Compressive Strength), resilient modulus, and 


moisture susceptibility, as well as durability tests involving wetting and drying cycles. 


[Approach] Testing was carried out by preparing different mix designs incorporating waste materials at 


varying percentages. The mixes were subjected to standardized tests to evaluate their mechanical 


properties and compatibility with pavement requirements. Specific percentages of cement and other 


additives were included to enhance performance. 


[Development] The method development involved selecting and preparing specimens systematically by 


varying compositions of virgin and recycled materials. Industry standards and guidelines such as those 


from MORTH and IRC were used as references in preparing and testing the specimens. 


[Results] The results indicated that waste materials could successfully meet or exceed the performance 


of conventional materials, depending on usage ratios and stabilization techniques. For instance, certain 


RAP combinations exceeded CBR values of 100% when stabilized, showcasing significant cost savings 


and environmental benefits. 


[Weaknesses and strengths] Strengths of the approach include cost savings, environmental benefits, and 


reduced reliance on virgin materials. Weaknesses noted involve the variability in material properties 


based on source and inconsistent composition, which can challenge reproducibility and quality control 


during implementation. 


[International requirements and regulations] What the report says about:   


a. material requirements for road pavement materials; It mentions various international 


guidelines, notably from MORTH and IRC, which dictate the minimum specifications 


recycled materials should meet for use in pavements.   


b. road pavement design systems; The report acknowledges the need for design systems 


that integrate waste material performance to ensure structural integrity.   


c. road pavement regulations; Various regulations concerning recycled material inclusion 


are cited, including those from the Virginia Transportation Center and Texas 


Department of Transportation, which specify ratios for material blends. 


[Conclusions] The study concluded that integrating waste materials into pavement construction offers 


sustainability advantages and reduces costs while maintaining performance standards. Disadvantages 


revolve around quality control and material variability. It recommends more extensive research, 


standardized guidelines, and incentivizing usage to encourage wider adoption in construction projects. 


2.33. "Influence of loading frequency on mechanical properties of 
unbound granular materials via repeated load tests"  


by Ning Li, Biao Ma, Hao Wang, Jin Tang, Xiaowei Wang, and Zhushan Shao, published in 2021. 


[Introduction] The report investigates the influence of loading frequency on the mechanical properties 


of unbound granular materials (UGMs) utilized in road construction, using repeated load tests and a 


precision unbound material analyzer (PUMA). Key properties such as confining stress, plastic strain, 


resilient strain, resilient modulus, and Poisson’s ratio were evaluated across various loading frequencies 







56  Bilaga 3 (VTI PM 2026:5) 


and stress levels, revealing significant findings about how loading frequency affects these properties, 


especially at values higher than a threshold frequency. 


[Goal] The overall goal of the report is to examine how different loading frequencies affect the 


mechanical properties and performance of unbound granular materials in road construction, particularly 


focusing on parameters like confining stress and strain rates under repeated loading conditions. 


[Contribution] The main contribution of the report is a detailed analysis of how loading frequency 


impacts the mechanical behavior of UGMs. It highlights the intrinsic interaction between loading 


frequency and other material characteristics, offering insights that could guide the optimization of testing 


conditions to reduce variability in results. 


[Main problem] The report primarily addresses the challenge of understanding how different frequencies 


of loading, simulating vehicular movement, affect the mechanical performance of UGMs in paving 


applications. 


[Materials] The materials tested in this study are crushed limestone aggregates sourced from Shaanxi, 


China. Specifically, 19 mm single-size gravel and a specially graded gravel mixture were analyzed. 


[Methods] Test methods used in the study comprised repeated load tests carried out using a Precision 


Unbound Material Analyzer (PUMA), which applies cyclic axial loads to assess the mechanical 


properties of the materials under various loading frequencies and confining stresses. 


[Approach] The testing was carried out by subjecting samples of UGMs to different loading frequencies 


(1 Hz, 5 Hz, 8 Hz, 10 Hz) and two levels of axial stress (80 kPa and 240 kPa) over 20,000 loading cycles. 


Parameters such as confining stress (Pk-Pk), plastic strain, plastic strain rate, resilient strain, resilient 


modulus, and Poisson's ratio were measured and analyzed. 


[Development] The method was developed based on the triaxial test principle, with modifications to 


apply dynamic and passive confining pressure using a 'Constrain Band' consisting of a rubber band and 


a steel belt used in the PUMA. 


[Results] The results indicated that confining stress, plastic strain, plastic strain rate, and Poisson’s ratio 


decreased with increased loading frequency, while resilient strain and modulus showed no significant 


trend. Loading frequencies of 5 Hz, 8 Hz, and 10 Hz affected the measurements minimally after 


surpassing certain values, suggesting little further impact beyond 5 Hz. 


[Weaknesses and strengths] The testing method's strength lies in its ability to dynamically measure the 


mechanical responses of UGMs under realistic conditions, with reduced error variance at higher 


frequencies. A noted weakness is variability in the plastic strain rate over different test conditions, 


necessitating more parallel tests for accurate characterization. 


[International requirements and regulations] The report mentions loading frequency specifications in 


testing protocols from regions such as the US, China, and Europe, but does not explicitly detail material 


requirements, design systems, or regulatory frameworks for road pavement materials. 


[Conclusions] The report concludes that higher loading frequencies can help stabilize test results, 


reducing variability in measurements. Recommendations include considering both loading stress and 


material gradation in future tests to further refine testing accuracy. The impact of loading frequency, 


while significant initially, diminishes at frequencies beyond a certain threshold, offering insights into 


optimal testing practices for UGMs. 


2.34. Influence of Environmental Humidity on Mechanical Properties of 
Natural and Recycled Unbound Materials   


Authors: Aleš Florian, Lenka Ševelová, Jaroslav Žák. Year of publication: 2015   
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[Introduction] The report investigates the influence of environmental humidity on the mechanical 


properties of natural and recycled unbound materials used in low-volume road construction. FEM 


computer simulations require accurate mechanical property data, which is highly influenced by humidity 


and stress conditions. The report emphasizes cyclic-load triaxial testing to measure these properties in 


natural and recycled materials under various conditions to ensure their applicability in practical road 


construction. 


[Goal] The overall goal is to determine the modulus of elasticity of materials used in newly built low-


volume roads under different stress and humidity conditions to enable accurate FEM simulations.  


[Contribution] The main contribution of the report is the provision of modulus of elasticity data for both 


natural and recycled unbound materials under various environmental humidity conditions, contributing 


to improved FEM simulations and potentially broadening the acceptability of recycled materials in road 


construction. 


[Main problem] The primary problem addressed is the challenge of obtaining accurate mechanical 


properties of pavement materials under real-world conditions of stress and humidity, which traditional 


laboratory tests fail to replicate. 


[Materials] The materials tested include natural and recycled materials used in the road's cover and base 


layers. Natural materials consist of mechanically compacted aggregates, gravel, and coarsely crushed 


stones. Recycled materials include recycled bitumen and recycled concrete. 


[Methods] The study utilized cyclic-load triaxial testing, which simulates real traffic loading conditions 


on pavement materials with vertical pulses and confining horizontal pressure on cylindrical specimens. 


[Approach] Testing was conducted using a triaxial chamber where specimens were subjected to varying 


levels of horizontal stress (20, 35, 50, 70, 100, 150 kPa) and 10,000 loading cycles. Specimens were 


prepared under three humidity levels (standard, dry, and saturated) and tested under specific stress 


conditions for each material layer. 


[Development] There is nothing about the development of the method in the report.   


[Results] Results indicated that the modulus of elasticity decreases with increasing humidity and varies 


significantly with stress conditions. For natural materials, values ranged from 120 to 520 MPa, and for 


recycled materials, they ranged from 100 to 740 MPa under standard conditions, with further humidity-


dependent variability. 


[Weaknesses and strengths] The report highlights the strength of triaxial testing in simulating real stress 


conditions, but recognizes the complexity and cost of such methods. Reproducibility is not explicitly 


discussed, but results depend heavily on precise control of stress and humidity conditions. 


[International requirements and regulations]   


(a) The report refers to EN 13286-7 for triaxial testing of unbound mixtures.   


(b) The report follows guidelines from TP 170 and ČSN 73 6133 for pavement design.   


(c) The report does not specify additional pavement regulations but highlights the need for 


standards that consider real environmental conditions. 


[Conclusions] The triaxial test method provides valuable modulus of elasticity data under varying 


conditions, although results reveal differences between natural and recycled materials' sensitivity to 


stress and humidity. Recycled materials show promise, though careful selection based on expected 


conditions is recommended to ensure performance parity with traditional materials. 
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2.35. Integrated and comparative Structural-LCA analysis of unbound 
and cement-stabilized construction and demolition waste 
aggregate for subbase road pavement layers formation   


Authors: L. Tefa, I. Bianco, G.A. Blengini, M. Bassani. Year of Publication: 2022   


[Introduction] This report showcases an integrated structural and life cycle assessment (LCA) analysis 


to evaluate the feasibility and environmental benefits of using recycled construction and demolition 


waste aggregate (CDW-RA) as a substitute for natural aggregates (NA) in road subbase layers. Various 


scenarios with either unbound or cement-stabilized CDW-RA and NA subbases were tested, focusing 


on their mechanical properties and environmental impacts. Tests were carried out to maintain similar 


functional properties across scenarios to allow for a comparative analysis of their environmental 


footprints. 


[Goal] The overall goal of the work described in the report was to integrate structural and LCA analyses 


to compare the environmental and mechanical impacts of using natural aggregates versus recycled 


construction and demolition waste aggregates in the subbase layers of flexible and semi-rigid road 


pavements. 


[Contribution] The main contribution of this report is its demonstration of the environmental and 


structural benefits of using CDW-RA in road construction. It provides evidence-supported insights into 


how this substitution can yield more sustainable road construction practices, meeting EU circular 


economy objectives. 


[Main problem] The report mainly addresses the problem of skepticism among road construction 


stakeholders regarding the quality and performance of recycled aggregates. The study also tackles the 


development of contractual clauses that often mandate the exclusive use of natural materials, slowing 


down the adoption of CDW-RA. 


[Materials] The materials that have been tested are unbound natural aggregates (U-NA), cement-


stabilized natural aggregates (CS-NA), unbound CDW-RA (U-CDW-RA), and cement-stabilized CDW-


RA (CS-CDW-RA). 


[Methods] The test methods used in the study include compaction using a gyratory shear compactor and 


repeated load triaxial tests to determine the resilient modulus. The k-θ model was applied for structural 


analysis, parameterized by regression coefficients garnered from laboratory tests. LCA was conducted 


following ISO 14040 and 14044 standards, and the ILCD Midpoint+ method was utilized alongside the 


CED method for evaluating environmental impacts. 


[Approach] Testing involved characterizing the mechanical parameters of each of the four subbase 


materials. Laboratory triaxial tests measured stress-strain responses and the resilient modulus. Resilient 


modulus test results were fitted using the k-θ model to estimate stiffness parameters. Structural 


properties were verified using pavement analysis software under different thermal and load conditions 


to simulate real-world performance. 


[Development] The development of the testing method involved preparing cylindrical specimens of the 


subbase materials for compaction and resilient modulus testing. The study used a consistent grading 


distribution for all materials, and cement-stabilized samples underwent curing before testing. The k-θ 


model was applied to fit the test data, and LCA modeling was conducted using openLCA software with 


an Ecoinvent 3.1 database. 


[Results] The results demonstrated comparable mechanical properties between NA and CDW-RA in 


both unbound and stabilized forms. CDW-RA showed favorable LCA outcomes due to low 


environmental impacts and resource consumption. Stabilizing aggregates with cement enhanced subbase 


stiffness but increased environmental footprints due to the energy-intensive production of cement. 
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[Weaknesses and strengths] A strength of the test methods was their ability to incorporate mechanical 


and environmental evaluations simultaneously. However, the study explicitly states the high 


environmental impact of cement in stabilized mixtures as a clear weakness. The consistency achieved 


through controlled lab settings highlights the test's strengths, especially the precise measurement of 


mechanical properties. 


[International requirements and regulations]  


(a) The report discusses material requirements related to processing CDW-RA to meet structural 


equivalence with NA.  


(b) Road pavement design systems are addressed in terms of designing for equivalent 


mechanical performance with NA and CDW-RA subbases.  


(c) It mentions the potential barriers posed by existing pavement regulations that often exclude 


recycled materials like CDW-RA. 


[Conclusions] The report concludes that CDW-RA provides significant environmental benefits over NA 


in unbound applications without sacrificing structural integrity. Although stabilization improves 


mechanical properties, it raises environmental concerns due to cement usage. Recommendations include 


exploring alternative binders to reduce environmental impacts further and pursuing CDW-RA 


applications where environmental credits from recycling can be exploited. 


2.36. Field and Laboratory Evaluation of the Mechanical Behavior of 
Unbound Granular Materials in Pavements   


Authors: M. A. Kamal, A. R. Dawson, O. T. Farouki, D. A. B. Hughes, and A. A. Sha'at. Year of 


Publication: 1993 


[Introduction] The report investigates the mechanical behavior of unbound granular materials used as 


roadbase in pavements, focusing on evaluating eight different gradings of these materials. Laboratory 


tests, including repeated load triaxial tests, shear box tests, and permeability tests, were conducted. Full-


scale trials were also performed to assess the performance of these materials in an actual roadway setting. 


The goal was to determine suitable materials providing free drainage, high stiffness, and resistance to 


deformation under heavy traffic. 


[Goal] The overall goal of the work was to identify unbound granular roadbase materials that allow for 


free drainage, reduce pumping and excess pore water pressure, and maintain high in situ stiffness and 


significant resistance to permanent deformation. 


[Contribution] The main contribution of the report is the comprehensive evaluation of unbound granular 


materials, comparing the stiffness, shear strength, and permanent deformation resistance of different 


gradings to determine the most suitable roadbase materials for optimal pavement performance. 


[Main problem] The report primarily addresses the problem of selecting appropriate granular roadbase 


materials that balance drainage capabilities and mechanical stability under load. 


[Materials] The materials tested include unbound granular aggregates, specifically gradings ranging 


from fine to coarse within the United Kingdom’s roadbase specification. The research focused on 


gritstone and basalt. 


[Methods] The test methods employed were repeated load triaxial tests for assessing resilient modulus, 


plastic deformation, and shear strength; shear box tests for shear strength evaluation; and permeability 


tests to determine drainage capabilities. Full-scale field tests included Dynamic Cone Penetrometer 


(DCP) measurements, falling weight deflectometer tests, deflectograph measurements, and rut depth 


profiling with an automatic profiler. 







60  Bilaga 3 (VTI PM 2026:5) 


[Approach] Testing involved preparing large aggregate samples, separating them into single-sized 


fractions, and creating various mixes to cover the full spectrum of UK specifications. Triaxial tests 


followed specific stress paths with controlled loading conditions to simulate real-world traffic impacts, 


and field tests monitored deformation under heavy traffic over six months. 


[Development] Development involved adapting existing grading selection equations and designing 


triaxial testing procedures to capture mechanical behavior under relevant stress conditions. Full-scale 


trials mirrored lab conditions to validate material performance. 


[Results] Results indicated that coarse mixes exhibited higher stiffness and shear strength, with well-


graded mixes showing superior resistance to permanent deformation compared to open-graded ones. 


Optimal performance involved materials with 27-44% effective fines content and a coefficient of 


uniformity between 25 and 40. 


[Weaknesses and strengths] Strengths include the detailed analysis of mechanical properties and the 


comprehensive approach combining lab and field tests. Weaknesses noted include some variability in 


field conditions affecting subgrade density and moisture content, potentially influencing results. 


[International requirements and regulations] The report does not specifically discuss international 


material requirements for road pavements, nor does it delve into global pavement design systems or 


regulations, focusing instead on UK-specific specifications. 


[Conclusions] The study concludes that well-graded mixes with moderate fines content offer the best 


performance, balancing mechanical strength and drainage. Recommendations highlight the importance 


of achieving optimal fines content and encourage further research into varying mix properties for 


enhanced roadbase materials. 


2.37. Road Pavement Design Guide  


Kent County Council, October 2001 


[Introduction] The report is a comprehensive guide by Kent County Council on the design of road 


pavements, incorporating changes in materials, techniques, and policies over time. It emphasizes 


sustainable construction practices, alternatives to conventional materials, and detailed instructions for 


measuring subgrade strength and structural design, with a focus on the use of recycled and secondary 


materials for road construction. 


[Goal] The overall goal of the report is to provide a detailed guide for designing road pavements using 


sustainable materials and techniques while ensuring performance and durability. The guide aims to aid 


contractors and designers in select and approve materials that meet performance standards while 


promoting environmental sustainability. 


[Contribution] The main contribution of the report is the development of revised guidelines and design 


options for road pavements that include alternatives to traditional materials, such as recycled and 


secondary aggregates. It encourages the adoption of sustainable construction practices. 


[Main problem] The report addresses the problem of using traditional virgin materials for road 


construction, which can be unsustainable. It seeks to find and integrate better, more sustainable material 


alternatives that provide equivalent or improved performance. 


[Materials] The materials tested in the report include subgrade materials, sub-base aggregates, recycled 


aggregates, secondary materials such as furnace and incinerator ash, crushed concrete, asphalt planings, 


and various cement and hydraulic bound materials. 


[Methods] Test methods used include the California Bearing Ratio (CBR) test, in-situ CBR testing, 


MEXE Probe for soil strength, Plasticity Index, and grading for granular soils. For assessing stability 


and stiffness, Portable Dynamic Plate testing for stiffness modulus is employed. 
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[Approach] The testing was carried out through both laboratory and field evaluations. The CBR tests, 


MEXE Probe, and other methods were applied to assess subgrade and foundation layer materials in 


controlled and site conditions to ensure accurate measurements of their strength and behavior under 


traffic loads. 


[Development] The methods were developed by incorporating both traditional and newer, sustainable 


techniques and materials, guided by updated standards and previous research. This development 


involved iterative evaluation and adjustment based on empirical data and specific site investigations 


across various geotechnical contexts. 


[Results] The report presents that stiffness and stability can be equivalent when using secondary 


materials as sub-base alternatives. The design thickness equivalencies are detailed, showing that 


adjustments for less or more stiff materials can be accurately calculated. 


[Weaknesses and strengths] The report acknowledges that while traditional tests like CBR provide 


valuable data, they have limitations concerning accuracy in mixed soil types and moisture variations. 


While new methods like the Portable Dynamic Plate offer better accuracy and can assess dynamic 


stiffness properties, they're limited to specific scenarios and require expert interpretation. Cost and 


complexity vary across methods but focus on achieving reliability in field conditions. 


[International requirements and regulations] (a) The report specifies material requirements based on UK 


standards for using crushed aggregates, recycled materials, and bound layers to achieve specific stiffness 


and strength. (b) It follows the Design Manual for Roads and Bridges guidelines for pavement systems. 


(c) It aligns with government policies promoting material recycling and environmental sustainability in 


roadway projects. 


[Conclusions] The report concludes that using recycled and secondary materials is advantageous for 


sustainability and can maintain road pavement performance when properly tested and approved. 


However, this requires careful selection and application of testing methods and consideration of 


environmental factors. Recommendations include expanding the use of hydraulic bound materials and 


careful monitoring of on-site conditions to ensure design assumptions are correct. 


2.38. Transportation Geotechnics 32 (2022) 100701   


Authors: Diego Maria Barbieri, Baowen Lou, Robert Jason Dyke, Hao Chen, Fusong Wang, Billy 


Connor, Inge Hoff . Year of Publication: 2021   


**[Introduction]**  This report examines the performance of aggregates typically used in road 


construction when treated with a synthetic fluid composed of isoalkane and tall oil pitch. The focus is 


on assessing the mechanical properties, including the resilient modulus and deformation behavior, using 


the Repeated Load Triaxial Test (RLTT) along with a modified version of the Rolling Bottle Test (RBT). 


Additionally, the report delves into the impact of freeze-thaw cycles on treated specimens, aiming to 


offer insights into the applications of such synthetic fluids for road stabilization, especially in cold 


climates. 


**[Goal]**  The overall goal of this study is to investigate the mechanical properties of road base 


aggregate layers, such as their stability and stiffness, when treated with a synthetic fluid based on 


isoalkane and tall oil pitch, and to evaluate how this treatment withstands environmental stressors like 


freeze-thaw cycles. 


**[Contribution]**  The main contribution of the report is the experimental evaluation of the effects of 


a synthetic fluid on the mechanical behavior of aggregate materials used in road base layers, providing 


a comparative analysis against untreated materials. This includes insights into the fluid's adhesion 


properties and its resilience to environmental impacts, particularly in cold climate regions. 


**[Main problem]**  The report primarily addresses the problem of the variable mechanical properties 


of aggregative materials used in road construction, which can affect the overall performance of 
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pavements. The goal is to explore stabilization technologies that can modify and potentially improve 


these properties while considering sustainability and cost-effectiveness. 


**[Materials]**  The materials tested include synthetic fluid composed of isoalkane and tall oil pitch, 


along with aggregates sourced from a quarry in the Vassfjellet area near Trondheim, Norway, mainly 


consisting of fine-grained gabbro/metagabbro. 


**[Methods]**  The report uses two main test methods: 


- **Repeated Load Triaxial Test (RLTT):** Used for evaluating the resilient modulus and 


resistance to permanent deformation of treated aggregate samples. The tests simulate real stress 


conditions in road base layers. 


- **Rolling Bottle Test (RBT):** A modified version assesses the stripping resistance and integrity 


of aggregates coated with the synthetic fluid under rotational stress. 


**[Approach]**  Testing involved preparing samples with different concentrations of the synthetic fluid 


and subjecting them to RLTT to measure elastic and permanent deformation profiles under cyclic 


loading. The approach also included examining changes post exposure to freeze-thaw cycles. The RBT 


was employed to assess adhesion and stripping resistance, verifying visual and weight loss to quantify 


impact. 


**[Development]**  The development process of the method involved the systematic preparation and 


conditioning of samples, followed by tailored testing schedules and data analysis protocols to effectively 


capture deformation characteristics and bonding performance under varied environmental conditions. 


**[Results]**  Results indicated a significant modification in mechanical properties upon treatment with 


the synthetic fluid. An increase in synthetic fluid percentage generally resulted in reduced stiffening 


effects, with the SF-1 condition yielding optimal performance enhancements. The tests established that 


treated aggregates exhibited negligible performance degradation post freeze-thaw cycles, showcasing 


utility in cold climates. The modified RBT revealed enhanced adhesion properties with minimal 


stripping. 


**[Weaknesses and strengths]**  The report highlights strengths in the synthetic fluid's ability to adapt 


flexibly to transport infrastructure needs, especially its stability in cold environments. Weaknesses 


primarily include a potential over-reliance on moisture content, influencing mechanical responses 


atypically. Cost and reproducibility align with conventional testing norms but depend significantly on 


specific material interactions. 


**[International requirements and regulations]**   


(a) The report does not explicitly detail international material requirements but implies 


consideration for resilient compositions adaptable to Climatic conditions.   


(b) No specific road pavement design systems are elaborated upon, though mechanical 


reinforcement of base layers is implied.   


(c) Regulatory compliance is indirectly addressed through experimental testing standards but 


lacks detailed regulation discourse. 


**[Conclusions]**  The advantages include enhanced aggregate cohesion, extended structural integrity 


under environmental stress, and potential reductions in maintenance frequency. Disadvantages include 


varying stiffness outcomes with increased fluid content and a somewhat limited understanding of long-


term field performance. Recommendations suggest further testing across diverse environmental 


conditions and incorporating other aggregate types to validate laboratory results. 
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2.39. Mechanical properties and influencing factors of vertical-vibration 
compacted unbound graded aggregate materials   


Authors: Changqing Deng, Yingjun Jiang, Yu Zhang, Yong Yi, Tian Tian, Kejia Yuan, Jiangtao Fan. 


Year of Publication: 2021   


[Introduction] The report investigates the mechanical properties of unbound graded aggregate materials 


(UGAM) fabricated using the vertical-vibration compaction method (VVCM). This research aims to 


assess the reliability of VVCM by comparing it with traditional methods such as heavy hammer 


compaction method (HHCM) and quasi-static-compaction method (QSCM). It delves into the effects of 


various parameters like compactness, moisture, gradation, and stress on UGAM, establishing a model 


to predict dynamic resilient modulus. 


[Goal] The overall goal of the work is to determine the effectiveness and applicability of the vertical-


vibration compaction method in fabricating UGAM with properties that closely resemble those obtained 


in field conditions. 


[Contribution] The report primarily contributes by introducing and validating the VVCM as a superior 


technique for simulating field conditions, notably by producing samples with higher mechanical strength 


and reliability compared to traditional compaction methods. 


[Main problem] The report addresses the inadequacy of conventional laboratory compaction methods 


(HHCM and QSCM) in replicating the mechanical behavior of UGAM as observed in real-world field 


applications. 


[Materials] The materials tested were coarse and fine aggregates from Yinghu limestone located in 


Ankang City, Shaanxi Province, China. Gradation types studied include skeleton-dense gradation (GM 


and GF) and suspended dense gradation (XM). 


[Methods] Test methods applied in the study include:   


1. California Bearing Ratio (CBR) Test   


2. Unconfined Compressive Strength Test   


3. Static Triaxial Test   


4. Dynamic Triaxial Test   


[Approach] Testing was carried out by first establishing the maximum dry density (MDD) and optimum 


moisture content (OMC) of the UGAM using VVCM. UGAM samples were compacted by varying 


vibration times to achieve different compaction levels. Subsequent tests measured CBR, unconfined 


compressive strength, shear strength, and dynamic resilient modulus. 


[Development] The VVCM method was developed by optimizing vibration parameters such as 


frequency, force, and amplitude, to replicate the compaction effect of directional vibratory rollers used 


in actual pavement construction. 


[Results] The results indicate that UGAM samples fabricated by VVCM closely match field conditions, 


achieving 92-94% of the field-measured CBR values. The dynamic resilient modulus prediction model 


accurately reflected the influence of stress on the modulus. 


[Weaknesses and strengths] Strengths of the VVCM include its high correlation with field samples, 


better mechanical properties, and lower aggregate crushing compared to traditional methods. A potential 


weakness could be the complexity and specificity of the vertical-vibration parameters needed to achieve 


optimal results. 
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[International requirements and regulations] The report does not explicitly address international 


requirements and regulations regarding material requirements, road pavement design systems, or road 


pavement regulations. 


[Conclusions] The report concludes that VVCM offers significant advantages in producing UGAM with 


mechanical properties closely simulating field conditions, thereby enhancing the design and 


construction of UGAM bases. Recommendations include improving skeleton interlocking forces for 


augmented mechanical performance and utilizing VVCM for enhanced reliability in road construction 


applications. 


2.40. Pavement Subbase Design and Construction   


Author: Iowa Department of Transportation. Year of Publication: Revised in 2013 


[Introduction] The report provides detailed guidelines on designing and constructing pavement subbase 


layers using both virgin and recycled materials. It discusses the necessary materials, grading, 


construction, and testing methods to ensure the pavement subbase fulfills its roles of providing stability, 


strength, and drainage. The report emphasizes the importance of properly selecting, constructing, and 


testing subbase materials to optimize their performance in road structures. 


[Goal] The overall goal of the work described in the report is to guide the selection, construction, and 


quality control of subbase materials in pavement systems to ensure they provide sufficient stability, 


drainage, and durability, thereby prolonging the pavement's service life. 


[Contribution] The report's main contribution lies in its detailed guidance on using recycled materials as 


subbase layers, outlining construction best practices, and recommending appropriate quality control and 


testing methodologies to evaluate the engineering properties essential for pavement performance. 


[Main problem] The report primarily addresses the challenge of maintaining adequate drainage, stability, 


and durability in pavement subbases, particularly when substituting traditional virgin materials with 


recycled ones while simultaneously balancing structural stability and permeability. 


[Materials] The tested materials include traditional crushed stone or gravel, recycled concrete aggregate, 


and recycled asphalt pavement (RAP). 


[Methods] Various testing methods are recommended in the report, including in-situ stability tests such 


as Dynamic Cone Penetrometer (DCP), Clegg Impact Hammer Test, GeoGauge Vibration Stiffness 


Test, Portable Falling Weight Deflectometer (PFWD) Test, and Falling Weight Deflectometer (FWD) 


Test. Additionally, in-situ hydraulic conductivity testing is discussed to evaluate drainage performance. 


[Approach] The testing is carried out on both laboratory samples and in-situ field conditions. Laboratory 


compaction testing based on AASHTO T 99 reflected variations in density and optimal water content 


with changes in the gradation of similar aggregate types. Hydraulic conductivity was evaluated using 


both laboratory tests and field methods, such as a procedure involving coring a hole to measure water 


drainage time. 


[Development] The report doesn't specify detailed development for the methods; rather, it emphasizes 


established industry standards and procedures, such as ASTM standards and equipment usage 


guidelines, to develop suitable testing approaches for subbase evaluation. 


[Results] The report indicates variability in results based on field conditions, particularly with hydraulic 


conductivity due to material gradation changes during compaction. For stiffness and deformation 


susceptibility, fines content and moisture were highlighted as critical factors. Compaction testing 


confirmed differing densities based on gradation. 


[Weaknesses and strengths] A noted strength is the comprehensive nature of testing methods, ranging 


from quick field tests to more precise laboratory evaluations. However, weaknesses such as variability 


in in-situ hydraulic conductivity and susceptibility to unexpected material compaction changes are 
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highlighted, indicating potential deficiencies in reproducibility and consistent relevance under varying 


field conditions. 


[International requirements and regulations] The report does not directly address international 


requirements or regulations for road pavement materials, design systems, or regulations. It focuses on 


methods and conditions applicable within the defined context, mentioning standards such as ASTM and 


AASHTO. 


[Conclusions]  The report concludes that recycled materials can effectively replace virgin materials in 


subbase layers under certain conditions, with advantages like cost reduction and energy conservation. 


However, disadvantages like reduced freeze-thaw resistance and permeability loss due to increased fines 


are noted. Recommendations emphasize balancing structural stability and drainage while aiming for 


uniform material compaction. 


2.41. "Performance-based re-use of tunnel muck as granular material 
for subgrade and sub-base formation in road construction," 


authored by Pier Paolo Riviera, Rossana Bellopede, Paola Marini, and Marco Bassani, and published in 


2014. 


[Introduction] The report explores the re-use of tunnel muck as a granular material for road construction, 


focusing on its potential benefits and performance. The investigation involves seven different mucks 


from the Italian Alps, tested via both prescriptive and performance-based specifications to evaluate their 


physical and mechanical properties for use in subgrade and sub-base layers, highlighting the significant 


potential of these materials in replacing traditional aggregates. 


[Goal] The overall goal of the work described in the report is to explore the possibility of re-using tunnel 


muck as a construction material in the formation of subgrade and sub-base layers, in order to alleviate 


environmental problems associated with waste disposal and to fulfill the high demand for granular 


materials in road construction. 


[Contribution] The main contribution of the report is the demonstration of tunnel muck's potential for 


extensive re-use in infrastructure projects, offering a sustainable alternative to traditional aggregates 


which are depleting rapidly. 


[Main problem] The report mainly addresses the issue of resource depletion and waste management 


concerning large volumes of muck produced by tunneling activities, which have traditionally been 


considered as waste. 


[Materials] The materials tested were seven different tunnel mucks sourced from various locations along 


new tunnel excavations in the Alps and Turin, Italy. 


[Methods] Test methods used include prescriptive methods like the modified Proctor method for 


compaction, gyratory compaction for density-related parameters, full-scale rolling compaction for in-


field assessments, the California Bearing Ratio (CBR) test for bearing capacity, and the dynamic triaxial 


test for resilient modulus evaluation. The Light Weight Drop test (LWD) was also used in field settings 


to assess dynamic modulus. 


[Approach] Testing was carried out using a combination of laboratory compaction and mechanical tests 


following both prescriptive and performance-based specifications, as well as field studies where full-


scale layers were compacted using heavy machinery. Samples were subjected to varying moisture 


contents to evaluate workability, density, and mechanical performance. 


[Development] The method development involved comparing prescriptive compaction (Proctor) with 


more field-representative methods (gyratory and rolling compaction) for assessing the volumetric and 


mechanical properties of the materials. 







66  Bilaga 3 (VTI PM 2026:5) 


[Results] The results showed positive mechanical properties of the tunnel mucks, with high CBR values 


and resilient modulus within typical ranges for unbound granular materials, indicating potential for their 


use as subgrade and sub-base layers. 


[Weaknesses and strengths] The strengths of the testing methods include accurate representation of field 


conditions through gyratory compaction and the novelty of using performance-based specifications for 


non-traditional materials. However, prescriptive methods like CBR showed high sensitivity to moisture 


variations. Cost concerns or specific reproducibility statistics were not noted in the report. 


[International requirements and regulations]  


(a) Material requirements within the report emphasize a need for better grading and shape after 


crushing for using tunnel muck in subgrades and sub-bases.  


(b) Road pavement design systems should integrate performance-based testing.  


(c) While prescriptive regulations dominate current practices, the report advocates for 


performance-based approaches to accommodate recycled materials like tunnel muck. 


[Conclusions] The report concludes that the adoption of performance-based specifications is 


advantageous for integrating tunnel muck into road construction, relaxing the rigorous material rejection 


criteria found in prescriptive specifications. The main recommendation is the replacement of 


prescriptive methods with performance-based ones to capitalize on the potential of recycled non-


traditional materials. 


2.42. Performance characteristics of recycled concrete aggregate as an 
unbound pavement material  


by S. Jayakody, C. Gallage, and J. Ramanujam, published in 2019. 


[Introduction] The report investigates the use of recycled concrete aggregates (RCA) as an unbound 


pavement material. It examines the performance characteristics of RCA, focusing on its deformation 


properties under repeated loads. The core of the study involves the use of repeated load tri-axial (RLT) 


tests to understand the elastic and plastic deformation responses of RCA. The results aim to provide 


insight into the potential of RCA to replace traditional materials in road construction effectively. 


[Goal] The primary aim of the study is to assess the viability of using recycled concrete aggregate as a 


substitute for traditional materials in unbound pavement layers by investigating its resilient and plastic 


deformation properties under varying moisture and stress conditions. 


[Contribution] The report contributes by demonstrating through RLT tests that RCA exhibits significant 


stiffness and elastic behavior comparable to conventional aggregates. It develops modified constitutive 


models that can predict the resilient modulus of RCA, considering moisture content and stress, therefore 


supporting its potential application in pavement construction. 


[Main problem] The main problem addressed is the lack of comprehensive performance data of RCA 


under repeated load conditions, which is critical for standardizing RCA as a reliable pavement material 


and convincing industry stakeholders of its suitability. 


[Materials] The tested material is commercially available recycled concrete aggregate (RCA) sourced 


from a concrete recycling company in Queensland, Australia. 


[Methods] The study utilized repeated load tri-axial (RLT) testing to analyze the elastic and plastic 


deformation characteristics of RCA specimens under dynamic loading conditions. 


[Approach] Testing involved preparing RCA specimens with specific moisture contents, followed by 


compacting them to the maximum dry density. Specimens were then enclosed in rubber membranes and 
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set in RLT apparatus, where they were subjected to various confining and axial stresses over numerous 


load cycles. Strain and modulus were measured and analyzed using standard methods. 


[Development] The RLT testing procedure followed the Queensland Department of Transport and Main 


Roads' standard using multiple confining pressures and varying axial stresses. Non-linear regression 


analysis was employed to develop and refine constitutive models for resilient modulus prediction of 


RCA. 


[Results] The results indicated that RCA specimens exhibited increased stiffness with load cycles, 


especially at high confining pressures and lower moisture contents. Constitutive models were 


successfully enhanced to predict the resilient modulus accurately, taking into account moisture and stress 


variations. RCA showed minor sensitivity to moisture, maintaining performance even at high moisture 


levels over the optimum. 


[Weaknesses and strengths] Strengths of the method include its ability to model real-world loading 


conditions and predict material behavior with high relevance to practical applications. Weaknesses 


involve the high cost and complexity of RLT testing, which limits widespread use and requires model 


validation for broader applicability. 


[International requirements and regulations] What the report says about:   


(a) The report references the Department of Transport and Main Roads in Queensland 


specification standards for particle size distribution and physical properties of pavement 


materials.   


(b) It mentions the use of the resilient modulus as a key parameter in pavement design.   


(c) The report does not mention specific road pavement regulations. 


[Conclusions] The study concludes that RCA is a promising alternative to traditional aggregates due to 


its high stability and stiffness under load, even at elevated moisture contents. Disadvantages include 


lower initial resilient modulus compared to high-quality aggregates but predict improvements with load 


cycles. It recommends using enhanced constitutive models for resilient modulus prediction of RCA and 


suggests further validation across different environmental conditions. 


2.43. Performance evaluation of recycled granular material as 
sustainable sub-base material  


by Venkatesh Noolu, B. Murali Krishna, Yeswanth Paluri, and Sudhakar Mogili, published in 2021. 


[Introduction] This report investigates the use of recycled construction and demolition waste as 


sustainable sub-base material in road construction. It examines the permanent deformation behavior of 


prepared sub-base materials and compares natural and recycled aggregates through resilience testing. 


The study applies shakedown theory and regression models to analyze the stability and stiffness of the 


materials under different stress levels. 


[Goal] The primary objective of this research is to evaluate the suitability of recycled aggregates as an 


effective and sustainable substitute for natural aggregates in road construction, focusing on their 


deformation characteristics. 


[Contribution] The report provides valuable insights into the mechanical behavior of recycled 


aggregates, establishing their potential use in civil engineering applications to enhance sustainability 


and reduce reliance on virgin materials. 


[Main problem] The report addresses the issue of environmental sustainability in the construction 


industry by investigating the potential of recycled aggregates to replace natural aggregates, thereby 


decreasing landfill accumulation and conserving non-renewable resources. 
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[Materials] The materials tested in this study are natural aggregates and recycled aggregates prepared as 


sub-base materials according to MORTH (Ministry of Road Transport and Highways) sub-base grading 


III guidelines. 


[Methods] The test methods used in this study include static and cyclic triaxial tests to evaluate the static 


strength, permanent deformation, and resilient modulus of the granular materials. Shakedown theory 


and regression models (VTT and power-law models) are utilized to interpret the results. 


[Approach] Testing involved preparing samples of natural and recycled aggregates at their optimum 


moisture content. Both static and repeated load triaxial tests were carried out under varying confining 


pressures and deviatoric stress levels. Permanent deformation testing followed CEN guidelines, using a 


specific loading sequence. 


[Development] The report does not detail the development of new methods but applies established 


testing protocols and models to assess material performance. 


[Results] The research found that recycled aggregates exhibit a decrease in resilient modulus by 20–


50% compared to natural aggregates. However, both materials showed an increase in resilient modulus 


with increased confining pressure and decreased with higher deviatoric stress. The VTT and power-law 


models provided a good fit for predicting material behavior. 


[Weaknesses and strengths] The study highlights the reduced resilient modulus as a weakness in 


recycled aggregates but establishes their effective use under specific conditions as a strength. It 


underscores the relevance of these findings to propose sustainable substitutes for natural resources. 


[International requirements and regulations] The report does not specifically address (a) material 


requirements for road pavement materials, (b) road pavement design systems, or (c) road pavement 


regulations. 


[Conclusions] Recycled aggregates offer a promising alternative to natural aggregates for sub-base 


applications in road construction. The study suggests their potential to undergo less permanent 


deformation under certain conditions, although care must be taken due to their reduced stiffness. 


Recommendations include further exploration of curing variations to optimize performance. 


2.44. "Performance of composite geogrid reinforced unpaved 
pavements under cyclic loading,"  


Authors: Chamara Jayalath, Chaminda Gallage, Kasun Wimalasena, Jeffrey Lee, Jothi Ramanujam, 


Year of Publication: 2021. 


[Introduction] This report presents an experimental evaluation of composite geogrid (CGG) reinforced 


and unreinforced unpaved pavement models. It investigates the effectiveness of CGG reinforcement in 


reducing deformation and stress on weak subgrades under cyclic loading conditions. The investigation 


included preparing three different base course thicknesses and applying repetitive loads to assess their 


performance in terms of rut depth and strain distribution. 


[Goal] The overall goal of the study was to evaluate the effectiveness of CGG in enhancing the 


performance of unpaved pavement models by reducing rut-depth, subgrade deformation, and stresses 


applied during cyclic loading, particularly on weak subgrades. 


[Contribution] The main contribution of the report is providing detailed insights into how CGG 


reinforcement affects the structural properties of unpaved pavements, especially in terms of deformation 


reduction and stress distribution, across different granular base thicknesses under cyclic loading 


conditions. 


[Main problem] The report addresses the problem of construction on weak subgrades with limited access 


to high-quality aggregates. It also tackles the problem of effectively reinforcing unpaved pavements to 


extend their lifespan and reduce material and construction costs. 
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[Materials] The materials tested include locally sourced subgrade soil with a CBR of 2.5% and a Type 


2.3 granular material for the base layer, as well as a polypropylene-based composite geogrid. 


[Methods] The test methods employed involved cyclic loading tests carried out in a steel box with 


dimensions of 1.0 m by 1.0 m by 1.2 m. Six pavement model tests were conducted, with varying base 


course thicknesses (200 mm, 300 mm, and 400 mm), both reinforced and unreinforced, by subjecting 


them to maximum pressures of 550 kPa and up to 150,000 loading cycles. Measurements included 


surface and sub-surface deformation, strain distributions within the geogrid, and vertical stress on the 


subgrade. 


[Approach] The testing was meticulously planned and executed, with controlled laboratory conditions 


maintained for humidity and temperature. Detailed procedures for constructing and preparing each 


pavement model were followed, including compaction of subgrade and base layers, moistening and 


curing of materials, and installation of various sensors for monitoring performance analytics during the 


tests. 


[Development] The testing method was developed through extensive preparation of test materials in 


sealed conditions to achieve desired moisture contents, and by employing a consistent approach to layer 


preparation. Predefined test setups, including the positioning of LVDTs, strain gauges on the geogrid, 


and soil pressure transducers, were crucially developed for accuracy in obtaining performance data 


under controlled cyclic loading. 


[Results] Results demonstrated that the 200 mm thick CGG-reinforced base had superior rutting 


resistance compared to other models. This model achieved a Traffic Benefit Ratio (TBR) of 1.9 at 25 


mm rut depth and 4.6 at 50 mm rut depth, significantly reducing deformation and vertical stress on 


subgrades. The effectiveness diminished with increasing base thickness, as a rigid boundary effect 


prevailed. 


[Weaknesses and strengths] Strengths of the methodology included well-controlled experimental 


conditions guaranteeing precise data collection and a robust analysis of geogrid performance under 


sustained cyclic loads. However, weaknesses were identified in models with thicker bases where the 


rigid boundary effect was observed, compromising the reinforcement benefits. 


[International requirements and regulations] The report does not specifically address international 


requirements or standards regarding materials, design systems, or regulations for road pavement 


constructions. 


[Conclusions] The study concludes that CGG reinforcement is most effective for thinner unpaved bases 


on weak subgrades, providing significant reductions in deformation and stress. For thicker bases, CGG 


placement at the base-subgrade interface might be less beneficial due to potential shear failure and the 


rigid boundary effect. Recommendations for future applications suggest strategic placement and depth 


considerations for CGG in pavement designs. 


2.45. Permanent deformation behaviour of unbound recycled mixtures   


Authors: G. Cerni, F. Cardone, M. Bocci. Year of Publication: 2012   


[Introduction] The report investigates the use of construction and demolition (C&D) wastes as viable 


materials for unbound layers in road pavements. The study focuses on the permanent deformation 


behavior of a recycled C&D mixture using repeated triaxial loading tests, comparing its performance 


with two natural granular mixtures. An analytical model is applied to predict long-term strain 


accumulation. The findings suggest that C&D mixtures may serve as sustainable and cost-effective 


alternatives to traditional aggregates. 


[Goal] The main goal of the research is to evaluate the feasibility of using recycled mixtures containing 


C&D materials as unbound material in base or subbase layers of road pavements, by analyzing their 


permanent deformation behavior under repeated loading. 
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[Contribution] The report contributes an innovative approach to assess the rutting potential of unbound 


recycled mixtures and proposes a practical method for their performance ranking in road applications. 


It also provides insights into the mechanical behavior of C&D materials compared to conventional 


aggregates. 


[Main problem] The report addresses the challenges of utilizing recycled waste material in road 


construction, specifically focusing on their permanent deformation characteristics and their ability to 


compete with natural aggregates in terms of stability and stiffness. 


[Materials] The materials tested include a recycled C&D mixture, primarily consisting of cementitious 


elements, bricks, tiles, and crushed rocks, and two types of natural aggregates (a limestone-based 


mixture and a mixture containing silty clay). 


[Methods] The test method used is the repeated load triaxial (RLT) test. This method involved applying 


cyclic axial stress to evaluate the permanent deformation characteristics of the tested materials under 


various stress levels and moisture conditions. 


[Approach] Testing was executed in a controlled laboratory setting using a pneumatic load device and 


pressure chamber for the triaxial tests. Samples were compacted to specific densities and moisture 


contents, conforming to European standards. Different stress levels and moisture conditions were 


applied to assess deformation responses. 


[Development] The method employed a constitutive model that was developed to predict the 


accumulation of permanent strains. The testing involved the use of statistical regression analysis to 


derive model parameters that describe material behavior under repeated loading. 


[Results] The results demonstrated that at particular stress levels, the recycled C&D mixture exhibited 


better deformation resistance than traditional materials. The analysis indicated that the intrinsic 


properties of recycled fines assure significant deformation resistance, even under saturated conditions. 


[Weaknesses and strengths] The study highlighted the cohesive nature of C&D materials as a strength, 


providing better interparticle locking and strain resistance. A notable weakness is the high Los Angeles 


coefficient indicating a potential for particle breakage. Test reproducibility was noted as variable due to 


material heterogeneity. 


[International requirements and regulations]  


(a) The report aligns with European specifications concerning the physical properties needed for 


road pavement materials.   


(b) The study does not specify a particular road pavement design system; rather, it focuses on 


material performance under laboratory conditions.   


(c) No specific road pavement regulations are detailed in the report, apart from adherence to 


European standards during testing. 


 


[Conclusions] The advantages of using recycled C&D materials include good deformation resistance 


and sustainable resource utilization. Disadvantages cited revolve around moisture susceptibility and 


material heterogeneity. Recommendations include considering C&D materials as viable in road 


pavement design, given their favorable permanent deformation characteristics. 


2.46. Physical and Mechanical Properties of Reclaimed Asphalt 
Pavement (RAP) Incorporated into Unbound Pavement Layers.   


Authors: Christina Plati, Maria Tsakoumaki, and Konstantinos Gkyrtis. Year of Publication: 2023 
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[Introduction] The report investigates the potential use and performance of Reclaimed Asphalt Pavement 


(RAP) when incorporated into unbound pavement layers. The study focuses on environmental benefits 


and seeks to determine the mechanical behavior and deformation characteristics of RAP in comparison 


with traditional Virgin Aggregates (VA). Laboratory tests were conducted to explore physical 


properties, bearing capacity, and deformation properties, leading to the conclusion that RAP can be 


effectively used in unbound layers, particularly when mixed up to 40% with VA. 


[Goal] The primary goal of the work is to evaluate the performance and applicability of RAP material 


as a sustainable alternative for constructing unbound pavement layers (base and subbase) by assessing 


its physical and mechanical properties through comparative analysis with VA. 


[Contribution] The report contributes valuable insights into the feasibility of utilizing RAP as an 


alternative material in unbound pavement layers, asserting that RAP with up to 40% content in RAP-


VA mixtures can satisfy sustainability and mechanistic requirements without compromising pavement 


strength. 


[Main problem] The main problem addressed in the report is the lack of comprehensive understanding 


regarding the mechanical behavior and deformation characteristics of RAP when used in unbound 


pavement layers, alongside addressing environmental and resource depletion challenges. 


[Materials] The materials tested include various blends of RAP and VA. RAP was sourced from the 


milling operation of a rehabilitated pavement section, mixed with virgin aggregates in varying 


proportions (0%, 10%, 20%, 30%, and 40% RAP). 


[Methods] The report utilized several standard testing methods: 


- Sieve Analysis (EN 933-2) for grain size distribution. 


- Modified Proctor Test (EN 13286-2) to determine Optimum Moisture Content (OMC) and 


Maximum Dry Density (MDD). 


- California Bearing Ratio (CBR) Test (EN 13286-47) for bearing capacity. 


- Triaxial Repeated Load Test (AASHTO T307-99) for determining Resilient Modulus (MR) and 


permanent deformation characteristics. 


[Approach] The testing approach involved preparing blends of RAP and VA in specified proportions 


and conducting various laboratory tests to assess their physical and mechanical properties. 


Measurements were taken for each test, and results were comparatively analyzed against a pure VA 


blend. 


[Development] The report does not specifically discuss a unique development of the test method itself 


as the methods used are based on standardized and prescribed procedures, focusing on executing these 


established techniques on the specified materials. 


[Results] The results showed that RAP-VA blends maintained within 40% RAP exhibit similar or better 


mechanical properties than VA, with an MR range from 410–470 MPa and lower permanent 


deformation values compared to pure VA. CBR values decreased with increased RAP content, 


highlighting a reduction in penetration resistance. 


[Weaknesses and strengths] Strengths include the environmentally sustainable focus and encouraging 


results indicating RAP's effective use in road bases without compromising mechanical integrity. 


However, the report notes the need for adaptable testing to account for local material variations and 


emphasizes complementing CBR tests with MR and deformation assessments for a holistic evaluation. 


[International requirements and regulations]  


(a) The study does not specify international material requirements but follows accepted testing 


procedures for material assessment.   
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(b) Detailed road pavement design systems are not discussed.   


(c) Road pavement regulations are referred to through compliance with recognized testing 


standards. 


[Conclusions] Advantages of using RAP include significant environmental benefits and mechanical 


performance comparable to VA for proportions up to 40%. The report recommends continued testing 


considering local material contexts to maximize RAP's application in unbound layers, noting the balance 


required in blend proportions. Future research suggestions include lifecycle cost analysis and testing 


RAP content beyond 50% for expanded application insights. 


2.47. Potential use of reclaimed asphalt pavement and recycled 
concrete aggregate in base/subbase layers of flexible pavements   


Authors: Muhammad Arshad and Muhammad Farooq Ahmed. Year of Publication: 2017 


[Introduction] The report investigates the use of Reclaimed Asphalt Pavement (RAP) and Recycled 


Concrete Aggregate (RCA) as replacements for traditional materials in road construction, particularly 


in the base and subbase layers of flexible pavements. It presents a series of laboratory tests to analyze 


their suitability, focusing on resilient modulus (M_R) and constrained modulus (M_c), which gauge the 


deformation properties critical for pavement design. 


[Goal] The primary objective of the study is to analyze the performance-based tests on fresh granular 


materials, RCA, and RAP to determine their feasibility for application in the base and subbase layers of 


flexible pavements. 


[Contribution] The report contributes to a better understanding of using high percentages of RAP in 


combination with virgin aggregates for road base and subbase applications, providing insight into their 


mechanical properties and performance. 


[Main problem] The study addresses the issue of diminishing natural aggregate supplies and the 


increasing need to recycle construction materials for more sustainable road building practices. 


[Materials] Materials tested include fresh granular materials of crushed limestone, RCA, and four types 


of RAP (designated as RAP(1), RAP(2), RAP(3), and RAP(4)). 


[Methods] The report utilizes laboratory tests including Resilient Modulus (MR) tests and Constrained 


Modulus (Mc) tests. Resilient modulus tests were conducted according to AASHTO T307-99, while 


one-dimensional constrained modulus tests were performed using a large mold suited for materials with 


particle sizes up to 40-50 mm. 


[Approach] Resilient modulus tests were executed using a closed-loop, servo-controlled MTS. Samples 


were prepared by removing particles larger than 37.5 mm, compacted using a vibratory method, and 


subjected to repetitive loads under different stress states. Constrained modulus tests used a 300 mm 


diameter mold with samples prepared similarly to the MR tests, reflecting realistic in-field conditions. 


[Development] The report details how the testing methodologies were specifically planned to assess 


performance with varying RAP concentrations; however, it does not elaborate on the development of 


specific methodologies beyond standard practices. 


[Results] The study found that blending RAP with virgin materials generally increased the resilient 


modulus, with a significant effect at higher RAP content levels (75%). The addition of RAP increased 


the accumulative residual strain under cyclic loading, suggesting higher deformation potential. 


[Weaknesses and strengths] The report points out strengths such as improved stiffness properties with 


RAP inclusion. Weaknesses include the observation of higher residual strains, indicating potential 


deformation disadvantages. Testing limitations include only one type of virgin aggregate and 


RAP/Reclaimed Concrete Material variance. 
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[International requirements and regulations]   


(a) Material requirements emphasize the importance of resilient and constrained modulus 


properties under varying stress states.   


(b) The report employs the AASHTO T307-99 test procedure, aligning with existing road pavement 


design standards.   


(c) The report acknowledges limited guidance and lacks extensive regulatory references specific to 


RAP material applications beyond existing literature. 


[Conclusions] Advantages of using RAP include increased resilient modulus and improved stiffness, 


contributing to sustainable construction practices. Disadvantages focus on the increased potential for 


permanent deformation. The report recommends further investigation into higher binder-content RAP 


properties and stresses the need for guidelines for successful applications in pavement design. 


2.48. "Recycled materials for road construction – performance 
prediction based on full-scale accelerated testing" 


Authors: Fredrik Hellman, Shafiqur Rahman, Björn Schouenborg, Erik Simonsen, Sigurdur Erlingsson. 


Year of publication: No specific year provided in the provided text. 


[Introduction] The report explores the use of recycled materials as a potential alternative to traditional 


materials in road construction, addressing environmental concerns and resource conservation. It details 


tests conducted on four recycled materials using mechanistic-empirical (ME) pavement design methods 


and full-scale accelerated testing, with a focus on evaluating their mechanical performance, including 


stiffness and permanent deformation, relative to prevailing traffic loading and climate conditions. The 


findings aim to predict performance and support the increased use of alternative materials in road 


construction. 


[Goal] The primary goal is to assess the mechanical properties and performance of selected recycled 


waste materials as a replacement for traditional crushed aggregate in pavement subbases, utilizing 


mechanistic-empirical design approaches to predict long-term behavior. 


[Contribution] The report contributes to the body of knowledge by demonstrating the feasibility of using 


recycled materials in road construction and pioneering a method to predict their performance using ME-


based design and modeling, thereby supporting climate-neutral guidelines by offering sustainable 


material alternatives. 


[Main problem] The report addresses the challenge of integrating recycled materials into road 


constructions, traditionally reliant on empirical design approaches, which lack sufficient predictive 


capacity for new materials under modern climatic conditions. 


[Materials] Four materials were tested: two types of bottom ash from municipal waste incineration 


(Sysav 0/45 and Umeå 0/15), crushed concrete (CDW from demolished buildings in Uppsala), and 


milled asphalt (surplus from street maintenance in Malmö). 


[Methods] Two primary testing methods were employed: 


1. Laboratory testing using repeated load triaxial (RLT) tests to determine the resilient modulus 


(Mr) and permanent deformation (PD) properties. 


2. Full-scale accelerated pavement testing (APT) with a heavy vehicle simulator (HVS) to 


evaluate long-term performance. 


[Approach] Testing involved an initial laboratory phase assessing the small-scale multidimensional 


stress response of materials and a subsequent full-scale phase using APT to simulate real-world loading 
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conditions. This included a detailed setup using soil pressure cells and EMU coils to measure stress and 


strain during simulated heavy vehicle loading. 


[Development] The methodology was developed through the integration of laboratory-derived stress-


strain relationships into the ERAPave PP model for performance prediction, leveraging a multilayer 


elastic response model to inform ME design evaluations under simulated pavement conditions. 


[Results] The testing demonstrated varied performance characteristics among the materials: crushed 


concrete showed the highest stiffness and lowest permanent deformation, while milled asphalt had 


superior stiffness but poor PD resistance. Bottom ashes exhibited moderate performance. These findings 


were moderately accurate based on the correlation between empirical results from APT and numerical 


predictions using ERAPave PP. 


[Weaknesses and strengths] Strengths: The approach effectively models performance over time under 


realistic conditions; offers potential resource conservation and lowered environmental impact. 


Weaknesses: Difficulty in compaction, especially for milled asphalt and uneven correlation between 


small-scale and full-scale results; temperature and moisture sensitivity; discrepancies in compacting 


during tests. 


[International requirements and regulations]  


(a) Material requirements: Not specifically addressed. 


(b) Design systems: Discusses mechanistic-empirical design as a superior predictive system 


for new material integration. 


(c) Regulations: Mentions Swedish initiatives towards climate neutrality in road construction 


but lacks specific regulatory details. 


[Conclusions] The study validates the potential of using recycled materials, particularly demonstrating 


crushed concrete's robust performance. Challenges such as compaction difficulty and prediction 


mismatches with ME methods highlight areas for further investigation. The report underscores the 


importance of continued research in recycled material application and adaptation of design methods to 


incorporate varying material characteristics successfully. 


2.49. "Recycling Screening Waste and Recycled Mixed Aggregates 
from Construction and Demolition Waste in Paved Bike Lanes"   


Authors: Javier Tavira, José Ramón Jiménez, Jesús Ayuso, Antonio López-Uceda, Enrique F. Ledesma. 


Year of Publication: 2018   


[Introduction] The report presents a comprehensive study on using recycled materials obtained from 


construction and demolition waste (CDW) for the construction of an experimental bike lane. It focuses 


on the potential replacement of natural aggregates with recycled mixed aggregates and screening waste, 


to assess their feasibility based on mechanical performance indicators. The study includes laboratory 


characterization and full-scale field evaluations of these materials over a period of two years. 


[Goal] The overall goal is to determine the viability of using recycled mixed aggregates and screening 


waste from CDW as structural layers in bike lanes, potentially expanding their application scope and 


promoting sustainable construction practices.  


[Contribution] The report contributes by demonstrating the feasibility of using lower quality recycled 


materials in non-load bearing applications such as bike lanes, presenting an opportunity to reduce 


landfill waste and decrease the environmental footprint from quarrying natural aggregates. 
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[Main problem] The primary issue addressed is the need to find alternative uses for screening waste and 


mixed recycled aggregates from CDW, which often fail to meet conventional road specification criteria 


due to impurities and high soluble salt content. 


[Materials] Materials tested include recycled mixed aggregates (RMA-1) and recycled mixed material 


from screening waste (RMSW-1), alongside natural aggregates such as crushed limestone (CS-1) and 


selected soil (SS-1). 


[Methods] Test methods employed involved characterization based on the Spanish General Technical 


Specification for Road Construction (PG-3) and the Catalogue of Pavement with Recycled Aggregates 


(CRA). Tests included Proctor compaction, California Bearing Ratio (CBR), Los Angeles Abrasion, and 


chemical analysis for sulphur and salt content. Field tests utilized a nuclear moisture-density gauge for 


in-situ density and moisture measurement and a falling weight deflectometer (FWD) for assessing 


deflections and material stiffness. 


[Approach] The testing process involved both controlled laboratory tests and full-scale field evaluations. 


The experimental bike lane was constructed in sections using different combinations of recycled and 


natural materials, with consistent monitoring of key mechanical behaviors through specified testing 


procedures over a period extending to two years post-construction. 


[Development] The method development was derived from established standards and adapted to 


evaluate the performance of recycled materials in less demanding infrastructure like bike lanes, where 


mechanical requirements are lower compared to standard roads. 


[Results] The results indicated that recycled aggregates displayed comparable performance to natural 


aggregates for non-load bearing uses. Moduli and stability parameters improved over time due to 


continued traffic compaction and potential self-cementing properties of the recycled materials. Recycled 


materials thus met or exceeded the mechanical requirements for bike lanes. 


[Weaknesses and strengths] A noted strength is the environmental advantage of using recycled materials, 


reducing waste and supporting sustainability. A limitation pointed out is the higher water absorption and 


moisture content leading to lower initial densities than natural aggregates, which could impact 


applicability in more demanding structural layers. 


[International requirements and regulations]   


(a) Material requirements for road pavement materials primarily follow the PG-3 specification, 


adapted to potentially higher tolerances for recycled materials in bike lanes.   


(b) Road pavement design systems emphasize the equivalence in structural capacity between 


recycled and natural aggregates.   


(c) Road pavement regulations do not currently mandate the use of recycled aggregates but this 


study suggests expanded parameters for their inclusion in lower-load applications. 


[Conclusions] The study concludes that recycled materials from CDW, specifically RMA-1 and RMSW-


1, are viable for bike lane construction due to acceptable mechanical performance and environmental 


benefits. Recommendations include the reevaluation of regulation criteria to expand permissible limits 


for recycled materials in specific applications, encouraging more sustainable construction practices and 


reducing reliance on virgin materials. 


2.50. The report is titled "Recycling waste rubber tyres in construction 
materials and associated environmental considerations:  


A review" by Abbas Mohajerani et al., published in 2020. 


[Introduction] The report reviews the potential of recycling waste rubber tyres in construction materials, 


focusing on geotechnical applications and associated environmental considerations. It compiles studies 
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on the use of tyre-derived products in cementitious concrete, asphalt, and granular materials, examining 


the technical, economic, and environmental implications of using waste rubber as a substitute for 


traditional materials. 


[Goal] The goal is to analyze and compile research on the properties and applications of waste rubber 


tyres in construction, emphasizing their potential use in geotechnical engineering and highlighting 


environmental, economic, and technical factors. 


[Contribution] The report consolidates existing research on the recycling of waste rubber tyres in 


construction materials, particularly in geotechnical applications. It provides an overview of the potential 


advantages and environmental impacts, suggesting the viability of waste rubber as an alternative to 


traditional construction materials. 


[Main problem] The primary problem addressed is the environmental hazard posed by the accumulation 


of waste rubber tyres and exploring sustainable and beneficial uses for them in construction applications. 


[Materials] The materials tested include crumb rubber, rubber tyres, tyre shreds, tyre chips, and a variety 


of tyre-derived products such as rubber aggregate blends and rubber crumb for concrete applications. 


[Methods] The report mentions various tests, including triaxial tests, direct shear tests, California 


Bearing Ratio (CBR) tests, compressibility, resilient modulus tests, unconfined compressive strength 


tests, freeze/thaw testing, and mass loss due to acid/chemical immersion. 


[Approach] Testing was carried out using standardized methods for soil and materials, adapting tests 


like triaxial compression and CBR to assess mixtures of traditional materials with waste rubber. In the 


case of concrete applications, freeze/thaw cycles and acid immersion methods were applied. 


[Development] There is no specific mention of the development process of testing methods in the report; 


it rather compiles results from various studies relying on standard and previously established testing 


methodologies. 


[Results] The report indicates that incorporating waste rubber into traditional materials can lead to 


improved attributes, such as enhanced ductility in concrete, increased drainage in soil applications, and 


reduced settlement with flowable fill. However, it often decreases the bearing capacity where high 


compressibility is undesired. 


[Weaknesses and strengths] The report acknowledges a lack of consistency in research methodologies 


across different studies, impacting result comparability. It mentions that waste rubber destabilizes 


materials relying on high bearing strength but offers benefits such as cost savings in specific applications 


like flowable fill and drainage systems. 


[International requirements and regulations] What the report says about:  


(a) material requirements for road pavement materials  


(b) road pavement design systems  


(c) road pavement regulations.   


The report does not provide specific details on international requirements and regulations concerning 


road pavement materials, design systems, or regulations. 


[Conclusions] The report concludes that while waste rubber can enhance some properties of construction 


materials, challenges remain, particularly regarding compressibility and environmental leachate 


concerns. It recommends further comprehensive studies on leachate, particularly heavy metals like zinc, 


and stresses the need for consistent and standardized methodologies to establish reliable comparisons 


across studies. 
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2.51. Resilient Modulus and Strength of Base Course with Recycled 
Bituminous Material   


Authors: Woosung Kim and Joseph F. Labuz. Year of Publication: 2007 


[Introduction] The report investigates the deformation and strength characteristics of base materials 


made from recycled asphalt pavement (RAP) and aggregate. Various ratios of RAP to aggregate were 


tested for engineering properties using compaction, resilient modulus (MR), and cyclic triaxial tests. 


Tests were aimed at identifying the performance of mixes with RAP compared to traditional aggregates. 


[Goal] The overall goal of the work was to determine the strength and deformation characteristics of 


base material produced from recycled asphalt pavement and aggregate, assessing their viability as a 


substitute for traditional materials in road construction. 


[Contribution] The main contribution of the report is the comprehensive assessment of the structural 


properties and feasibility of using RAP as a base layer in road construction, providing insights into its 


performance in terms of stiffness, strength, and permanent deformation through standardized testing 


methods. 


[Main problem] The report primarily addresses the lack of extensive laboratory and field data regarding 


the engineering properties of RAP when used as a base material, particularly its performance compared 


to traditional aggregates. 


[Materials] The materials tested include various mixtures of recycled asphalt pavement (RAP) and 


aggregate with the ratios: 0/100, 25/75, 50/50, and 75/25. 


[Methods] The test methods used were: 


− Laboratory and gyratory compaction tests to determine densities. 


− Resilient modulus (MR) tests conducted primarily according to NCHRP 1-28A protocol. 


− Cyclic triaxial tests to evaluate permanent and recoverable deformation. 


[Approach] Testing was carried out by preparing samples with specified RAP/aggregate ratios. 


Specimens were compacted using gyratory and Proctor methods before undergoing MR testing at 


various confining pressures. Cyclic triaxial tests were conducted under controlled deviator stresses to 


assess deformation behaviors over cycles. 


[Development] The methodology involved adapting existing protocols like the NCHRP 1-28A for MR 


testing and designing triaxial load tests to simulate traffic loads, ensuring alignment with compaction 


and resilient modulus testing procedures. 


[Results] The results showed that MR increased with confining pressure and was somewhat independent 


of deviator stress. Materials with RAP demonstrated at least twice the permanent deformation compared 


to aggregate. Specimens at 65% optimum moisture were consistently stiffer across confining pressures. 


[Weaknesses and strengths] The report highlights the strength in the method's ability to provide a 


comprehensive understanding of the mechanical behavior of RAP materials. However, it also notes 


variability in stiffness and permanent deformation, indicating a need for careful compaction. Field 


correlations showed that gyratory compaction aligned well with field densities, suggesting relevance in 


practical applications. 


[International requirements and regulations] The report does not specifically address material 


requirements for road pavement materials, road pavement design systems, or road pavement regulations. 


[Conclusions] Advantages include the potential for RAP to perform comparably to traditional 


aggregates when properly compacted. However, significant permanent deformation remains a challenge. 
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Recommendations include further research into field performance and developing specifications to 


optimize RAP mixtures. 


2.52. "Resilient and permanent deformation behaviors of construction 
and demolition wastes in unbound pavement base and subbase 
applications,"  


Authors: Cheng Lu, Jingyu Chen, Chuan Gu, Jun Wang, Yuanqiang Cai, Tingting Zhang, Year of 


publication: 2021. 


[Introduction] The report investigates the use of recycled construction and demolition (C&D) wastes, 


specifically recycled concrete aggregate (RCA) and recycled clay masonry (RCM), as potential unbound 


granular materials (UGMs) for road construction. The study focuses on assessing the resilient and 


permanent deformation behaviors of these materials under traffic loads, as well as their shear and particle 


breakage properties. The research explores how RCM content and mixing methods influence the 


mechanical properties of RCA and RCM blends. 


[Goal] The overall goal is to evaluate the potential application of RCA and RCM blends in unbound 


pavement base and subbase layers by examining their traffic-induced deformation behaviors and 


improving understanding of how different mixing methods affect their geotechnical properties. 


[Contribution] The report contributes to the field by providing valuable experimental data and insights 


into the cyclic deformation behaviors of RCA and RCM blends, the impact of mixing methods, and 


identifying optimal RCM content for pavement applications. 


[Main problem] The study addresses the lack of test data on the cyclic behaviors of unbound C&D 


wastes under traffic loadings and the need to find sustainable alternatives to traditional virgin materials 


in pavement construction. 


[Materials] The materials tested are recycled concrete aggregates (RCA) and recycled clay masonry 


(RCM) derived from construction and demolition wastes in Wenzhou city, China. The study involves 


two types of blends: Blends 1 (B1) and Blends 2 (B2), prepared by different mixing methods. 


[Methods] The test methods employed include consolidated drained (CD) tests, resilient deformation 


(RD) tests, and permanent deformation (PD) tests conducted using a large-scale dynamic triaxial 


apparatus. Specific gravity, water absorption, shape index, crushing value, Los Angeles abrasion, and 


soundness tests were also performed. 


[Approach] Testing involved preparing cylindrical samples (300 mm height and 150 mm diameter) 


using a moist tamping method. Samples were conditioned and saturated before testing to simulate worst-


case moisture conditions. RD tests followed the European Standard EN 13286-7, assessing resilient 


deformation through multi-stage load cycles. PD tests assessed permanent strain under cyclic stress. 


[Development] There is no detailed development of methods described beyond the existing standards 


and technologies being applied in the testing. 


[Results] B1 showed higher resilient modulus (Mr) values compared to B2, especially at low RCM 


contents, with a peak at 10% RCM for B1. Permanent axial strains (εp 


a) were sensitive to RCM content, with B2 performing better at higher RCM levels regarding shakedown 


behavior. Particle breakage increased with RCM content, generally higher for B1. Resilient modulus 


predictions using the modified K-θ model aligned well with measured values. 


[Weaknesses and strengths] The study rigorously tests and analyzes the mechanical properties of RCA 


and RCM blends, exploring their suitability and limitations for pavement applications. However, testing 


was limited to saturated conditions. The report does not discuss costs or complete reproducibility 


insights, though the testing methodologies follow established norms. 
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[International requirements and regulations]   


(a) The materials meet certain physical and mechanical requirements for base and subbase 


construction materials as per Chinese highway standards.  


(b) The report applies pavement design evaluations based on resilient modulus and shakedown 


laws.  


(c) Regulation considerations are limited to compliance with the established test standards and 


guidelines in China, without a wider international regulatory comparison. 


[Conclusions] The study finds that RCA and RCM blends, especially B1 at low RCM content, present 


a viable option for pavement layers with suitable shear strength and resilient modulus. B2 performs 


better at higher RCM content regarding shakedown stability. Overall, RCA and RCM blends provide a 


sustainable alternative, though careful consideration of RCM content is required for optimal use in 


pavement construction applications. 


2.53. "Shakedown of Unbound Pavements" 


Authors: M. Boulbibane, I. F. Collins, A. R.S. Ponter, D. Weichert. Year of Publication: 2005 


[Introduction] This report examines the application of shakedown theory to the design of unbound 


pavements, which seeks to accurately predict pavement failures due to permanent deformation. The 


report argues for a transition from purely elastic models to those that incorporate both elastic and plastic 


properties, with shakedown loads acting as a crucial design parameter. It reviews and provides analysis 


using shakedown theory on pavements under repeated loading, offering valuable insights into failure 


modes and proposing new design charts for layered pavements. 


[Goal] The overall goal of the report is to develop a mechanistic approach using shakedown theory for 


predicting the deformation behavior of unbound pavements subjected to repeated traffic loadings, thus 


improving the design methodology to prevent failures such as rut formation and subsurface slip. 


[Contribution] The main contribution of the report is in extending shakedown theory as a practical and 


predictive tool in pavement design. It provides methodologies for calculating minimum shakedown 


loads, and presents design charts for different pavement conditions, which help in determining safe 


design loads and ensuring long-term stability. 


[Main problem] The report addresses the inadequacy of current pavement design methods, which 


primarily consider elastic responses and do not adequately predict long-term pavement behavior under 


repeated loading. It highlights the need to include plastic deformation behaviors to prevent indefinite 


deterioration of pavement structures. 


[Materials] The materials discussed include unbound granular materials, layered pavement materials 


typically used in pavements overlying a clay subgrade characterized by a zero internal friction angle. 


[Methods] The report uses the shakedown load calculation method with upper bounds derived from 


virtual velocity fields and strain-rate fields. The numerical values are optimized through the simulated 


annealing method to explore the geometry of potential failure mechanisms. 


[Approach] Testing was carried out by simulating different failure mechanisms for pavements subjected 


to repeated loads. Calculations were made to determine shakedown loads using two main mechanisms, 


with numerical simulations assisting in optimizing and identifying dominant failure modes. 


[Development] The method was developed by applying existing shakedown theory principles, 


enhancing it with optimization techniques to evaluate different pavement failure mechanisms more 


comprehensively, and using simulated annealing for effective global optimization. 


[Results] Results include design charts showing the relationship between base-course thickness, applied 


load, subgrade properties, and shakedown load. The findings supported the potential of using shakedown 
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as a design criterion, with variations in pavement cohesion and layer properties impacting the critical 


shakedown load. 


[Weaknesses and strengths] Strengths of the testing methods include their ability to provide better 


predictions of pavement performance under realistic loading conditions. Weaknesses include the 


inherent assumptions of perfect plasticity, which may not fully capture all real-world pavement 


behaviors. Cost and reproducibility are not explicitly addressed. 


[International requirements and regulations] 


The report does not explicitly discuss international requirements or regulations regarding  


(a) material requirements for road pavement materials, 


(b) road pavement design systems, or  


(c) road pavement regulations. 


[Conclusions] Advantages of the shakedown approach include its ability to consider plastic 


deformations, offering more realistic design predictions, while its limitations lie in the use of 


simplifications such as non-hardening plastic models. The report suggests further developments with 


complex plasticity models to better simulate cyclic behaviors, recommending more refined design 


processes that incorporate these findings for improved pavement longevity and performance. 


2.54. The report is titled "State of the practice in pavement structural 
design/analysis codes relevant to airfield pavement design,"  


authored by Ernie Heymsfield and Jeb S. Tingle, published in 2019. 


[Introduction] The report provides an extensive review of computational approaches used in the 


structural design and analysis of airfield pavements. It emphasizes the differences between rigid and 


flexible pavement structures and evaluates various computer codes available for airfield pavement 


analysis. The report covers empirical, analytical, and numerical methods, particularly focusing on finite 


element analysis. It also addresses the ongoing developments and future advancements necessary for 


enhancing pavement design codes. 


[Goal] The overall goal of the report is to summarize the current practices in computational methods 


used for airfield pavement design and to evaluate the effectiveness, assumptions, and computational 


methodologies of both U.S. and international pavement design codes. The report aims to identify 


opportunities for enhancing these practices and to provide a comprehensive resource for engineers 


working in the field. 


[Contribution] The main contribution of the report is the comparative analysis of various airfield 


pavement design codes, highlighting their respective theoretical approaches, computational 


methodologies, and practical applications. It presents a detailed critique of the methods used in different 


codes and provides insights into future trends and innovations in pavement design, such as the 


implementation of artificial neural networks. 


[Main problem] The report mainly addresses the challenges in accurately predicting pavement distress 


and ensuring optimal pavement structural design under the unique conditions of airfield pavements, 


which endure large, concentrated dynamic loads from aircraft. 


[Materials] The report does not focus on specific materials tested but evaluates the codes used for 


structural analysis, which consider a range of pavement materials including asphalt concrete, granular 


base, subgrade, and concrete slabs for rigid pavements. 


[Methods] The report discusses numerous computational methods for pavement design and analysis, 


including empirical methods, layered elastic design (LED) methods, and finite element methods (FEM). 
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It reviews the application of layered elastic theory for flexible pavements and variations of the 


Westergaard and FEM approaches for rigid pavements. 


[Approach] The analysis and design of pavement structures in the reviewed computer codes are carried 


out through mechanistic-empirical approaches, using layered elastic design and finite element methods. 


These methods involve empirical relationships to translate calculated stress/strain values into predictions 


of pavement distress, integrating considerations such as loading conditions, ambient factors, and failure 


criteria. 


[Development] The methodologies reviewed in the report have been developed based on historical data, 


full-scale testing, and advancements in computational modeling techniques. The development is 


informed by results from experiments conducted by institutions like the U.S. Army Engineer Research 


and Development Center and the FAA's National Airport Pavement Test Facility. 


[Results] The results of the reviewed computer codes differ primarily in how they handle aircraft wander 


and cumulative damage calculations. The precision and effectiveness of these codes are influenced by 


the assumptions and methodologies employed, with variations in predictive accuracy depending 


primarily on computational approaches and transfer function calibrations. 


[Weaknesses and strengths] The report identifies strengths such as improved predictions through FEM 


and detailed analysis using mechanistic-empirical methods. Weaknesses include issues like the 


approximations inherent in LED for nonlinear soil behavior and the computational intensity of 3-D 


FEM. Costs and reproducibility are not directly addressed, but the relevance is underscored in context 


to evolving aircraft loading configurations and the need for updated design approaches. 


[International requirements and regulations] The report does not specifically address international 


requirements and regulations in these categories; rather, it provides an overview of computational 


approaches used in airfield pavement design codes, which are influenced by national and international 


standards. 


[Conclusions] The report concludes that while significant advancements have been made in modeling 


techniques, challenges remain in balancing accuracy and computational efficiency. It recommends 


exploring artificial neural networks to reduce computation time without sacrificing accuracy. The report 


also emphasizes the need to consider new failure modes such as top-down cracking in future design 


codes. 


2.55. "Stiffness and strength characteristics of demolition waste, glass, 
and plastics in railway capping layers,"  


authored by Mahdi Naeini, Alireza Mohammadinia, Arul Arulrajah, Suksun Horpibulsuk, and Melvyn 


Leong. It was received on June 7, 2019, revised on October 24, 2019, accepted on December 20, 2019, 


and made available online on February 1, 2020. 


[Introduction] The report discusses the use of recycled demolition waste, glass, and plastics as 


alternatives to traditional materials in railway capping layers. It evaluates the stiffness and strength 


characteristics of these materials through various test methods and introduces a new testing protocol 


aimed at assessing their suitability. 


[Goal] The overall goal of the work described in the report is to investigate the feasibility of using 


recycled construction and demolition materials, such as recycled concrete aggregates (RCA), crushed 


brick (CB), recycled glass (RG), and mixed recovered plastic (MRP), as alternatives to conventional 


capping materials (CCMs) for sustainable railway track construction. 


[Contribution] The main contribution of the report is the introduction of a new Repeated Load Triaxial 


(RLT) testing protocol to assess the stiffness of alternative capping materials under stress conditions 


similar to those experienced by railway tracks. This study provides key insights into the makeup and 


behavior of sustainable alternatives. 
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[Main problem] The report mainly addresses the issue of finding sustainable and high-performance 


alternatives to conventional capping materials used in railway infrastructures, focusing on recycled 


materials that can provide equivalent or superior stiffness and strength. 


[Materials] The materials tested in the report include recycled concrete aggregates (RCA), crushed brick 


(CB), conventional capping materials from Victoria (CCM1) and New South Wales (CCM2), and blends 


of RCA with recycled glass (RG) and mixed recovered plastic (MRP). 


[Methods] The report used several test methods including particle size distribution (PSD) tests, Los 


Angeles abrasion (LA) tests, California Bearing Ratio (CBR) tests, a newly developed repeated load 


triaxial (RLT) test protocol for determining resilient modulus, and multistage triaxial tests for assessing 


strength, friction angle, stiffness, and energy absorption capacity. 


[Approach] Testing was carried out through a series of laboratory experiments wherein materials were 


blended, compacted, and subjected to various mechanical tests to evaluate their properties. The RLT 


tests were specifically designed to mimic the stress environments found in railway capping layers. 


[Development] The new RLT testing protocol was developed to capture the elastoplastic behavior of 


the capping materials tailored specifically for stress levels encountered in railway environments, 


allowing for a more realistic evaluation of material performance. 


[Results] The results showed that RCA, CB, and their mixtures with RG and MRP exhibited stiffness 


and strength measures that either met or exceeded those of conventional capping materials. RCA, 


particularly, displayed superior performance. 


[Weaknesses and strengths] The study mentions the high strength and stiffness as strengths of the RCA 


and its mixtures. However, the inclusion of RG and MRP, while still performing well, resulted in 


reduced stiffness and strength compared to pure RCA but were still acceptable per regulations. The new 


testing protocol offers more relevant loading conditions, though complex calculations for the regression 


models may be viewed as a weakness. 


[International requirements and regulations] The report indicates that the examined materials and new 


testing protocols meet the requirements set by relevant agencies, including Particle Size Distribution 


and California Bearing Ratio (CBR) minimum requirements. It does not specifically detail international 


road pavement design systems or regulations. 


[Conclusions]The report concludes that RCA and its mixtures with RG and MRP are viable alternatives 


to conventional materials, offering both environmental benefits and mechanical performance that meet 


the necessary requirements. Future recommendations include further studies on processing costs and 


exploring additional waste materials for track applications. 


2.56. "Sustainable use of waste in flexible pavement: A review,"  


authored by Pradeep Kumar Gautam, Pawan Kalla, Ajay Singh Jethoo, Rahul Agrawal, and 


Harshwardhan Singh, published in 2018. 


[Introduction] The report provides a comprehensive review of the utilization of recycled waste materials 


in flexible pavement construction. It examines various research studies that focus on substituting 


traditional materials with waste products and highlights the recommendations made by state 


transportation departments regarding the use of waste materials. Challenges associated with the practical 


implementation of recycled materials are discussed, alongside potential solutions to enhance their 


application in the construction of flexible pavements. 


[Goal] The primary goal of the report is to promote the sustainable use of recycled materials in the 


construction of flexible pavements by reducing dependency on natural resources, alleviating landfill 


pressures, and maintaining road structural integrity. 
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[Contribution] The report contributes to the understanding of using recycled materials in flexible 


pavements, detailing various studies on the effective use of such materials across different pavement 


layers, and offering insight into the successes and challenges of their practical applications. 


[Main problem] The report addresses the unsustainable nature of using virgin materials for road 


construction, which leads to environmental deterioration, depletion of resources, and increased material 


costs. It seeks to find sustainable alternatives by utilizing locally generated waste materials. 


[Materials] The report discusses a variety of recycled materials, including Recycled Asphalt Pavement 


(RAP), Recycled Concrete Aggregates (RCA), construction and demolition (C&D) waste, marble and 


granite dust, fly ash, rice husk ash, and various slags among others. 


[Methods] The report outlines multiple test methods used in evaluating recycled materials, including but 


not limited to: Atterberg limits tests (liquid limit, plastic limit, and plasticity index), particle size 


distribution tests (sieve analysis), specific gravity tests, California Bearing Ratio (CBR) tests, 


Unconfined Compressive Strength (UCS) tests, Marshall Stability tests, Indirect Tensile Strength (ITS) 


tests, dynamic creep tests, resilient modulus tests, and moisture susceptibility tests. 


[Approach] Testing was chiefly carried out through laboratory evaluations that involved adding the 


recycled materials to the pavement mixtures in varying proportions and observing the changes in 


physical, mechanical, and durability properties. These tests were generally benchmarked against control 


samples made with conventional materials. 


[Development] The report did not specifically outline the development of test methods; it reviewed 


existing practices and standards for testing the integration of recycled materials in construction. 


[Results] Results showed varying degrees of success; many waste materials, like RHA with lime, 


demonstrated reduced plasticity and improved strength properties. RAP, RCA, and other demo wastes 


achieved satisfactory mechanical properties and compliance with existing specifications, indicating their 


feasibility for road construction under certain conditions. 


[Weaknesses and strengths] Strengths identified include the potential for cost savings and reduced 


environmental impact. However, challenges exist in quality control, consistent material composition, 


and lack of fixed replacement ratios which complicate widespread adoption. 


[International requirements and regulations] What the report says about:   


(a) material requirements for road pavement materials: Strict regulations exist, with standards 


needing to be met in strength, stability, appearance, and performance.   


(b) road pavement design systems: While the report mentions various national approaches to 


utilizing waste materials, it does not explicitly discuss design systems.   


(c) road pavement regulations: Regulations vary, with some regions allowing high percentages of 


recycled materials, while others remain in the developmental phase for such practices. 


[Conclusions] The report concludes that while using waste materials can significantly benefit 


sustainability efforts, technical and regulatory challenges must be addressed. Recommendations include 


improving waste material quality control, establishing standardized testing methods, and incentivizing 


such practices through regulations and policy measures to encourage their adoption in construction. 


2.57. "Effect of Compaction Mode on Small- and Large-Scale 
Laboratory Evaluation of Tire-Derived Aggregates for Mechanistic-
Empirical Pavement Design".   


Authors: Mohamad Yaman Fares and Michele Lanotte. Year of Publication: 2024.   
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[Introduction] The report examines the impact of various compaction methods on the mechanical 


properties and long-term performance of Tire-Derived Aggregates (TDAs) within pavement structures. 


Evaluating impulse, vibratory, and cyclic sinusoidal compaction techniques, it details small- and large-


scale laboratory tests to assess TDA’s unit weight, compressibility, and resilient modulus. The findings 


highlighted that cyclic sinusoidal compaction notably enhances TDA properties, yet pavements 


incorporating TDAs still require modifications to achieve performance levels comparable to 


conventional methods. The report recommends optimizing TDA gradation and compaction for better 


stability in challenging environments.   


[Goal] The primary goal is to evaluate the impact of different compaction methods on TDA's mechanical 


performance within pavement multilayer structures and to integrate these findings into Mechanistic-


Empirical (ME) pavement design to enhance the performance of pavement structures incorporating 


TDA.   


[Contribution] This report contributes significantly by providing an in-depth assessment of compaction 


modes for TDAs in pavement applications, demonstrating the effect of these modes on the material’s 


mechanical performance. It also proposes alternative pavement designs incorporating TDA layers and 


evaluates their performance and cost-effectiveness.   


[Main problem] The report addresses the challenge of effectively integrating TDAs as sustainable 


substitutes for traditional materials in pavement construction, particularly their mechanical performance 


and design integration within the current ME pavement design framework.   


[Materials] The materials tested include Tire-Derived Aggregates (TDAs) obtained from a production 


facility in Indiana, with gradation evaluated to fit ASTM Type B definitions, and subbase and subgrade 


materials used in multilayer systems.   


[Methods] The testing involved evaluating TDA unit weight using loose state, impulse compaction 


(standardized ASTM D6270), vibratory compaction (full and 60% frequency), and compressibility 


testing with an MTS using force-controlled methods. Large-scale box tests were conducted to determine 


the resilient modulus through cyclic loading emulating traffic stress.   


[Approach] Testing was carried out by implementing various compaction methods on TDA samples, 


both in small-scale (cylindrical mold testing) and large-scale (50×40×24 inch box testing) setups. 


Resilient modulus measurements were incorporated into ME analysis to simulate long-term pavement 


performance.   


[Development] The method development involved adapting existing ASTM standards and mechanical 


loading systems to assess TDA compressibility, unit weight under different compaction methods, and 


the subsequent impact on pavement design models in ME analysis.   


[Results] Cyclic sinusoidal compaction produced the highest unit weight and significantly lowered 


deformation, reducing settlement by 15% compared to impulse compaction. However, TDA layers 


necessitated thicker or reinforced base layers for parity with traditional materials' performance, though 


enhancing moisture resistance.   


[Weaknesses and strengths] Strengths include a comprehensive understanding of TDA behavior under 


varied compaction methods and integration into ME design. However, weaknesses include additional 


costs due to the need for thicker layers and the complex behavior of TDAs requiring careful 


consideration compared to conventional materials.   


[International requirements and regulations]   


(a) The report indicates no exact global requirements for TDAs but utilizes ASTM D6270 


standards.   


(b) Current ME design systems inadequately quantify TDA benefits, suggesting adaptations with 


FEM for better integration.   
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(c) No specific road pavement regulations on TDAs are discussed.   


[Conclusions] The report concludes TDAs can be effectively incorporated with optimized compaction 


processes, offering sustainability benefits but requiring pavement design adaptations for comparable 


performance with traditional materials. Recommendations include further exploration of FEM for more 


precise integration and the necessity of conducting a comprehensive LCA/LCCA to aid decision-


making. 


2.58. "Use of recycled aggregates arising from construction and 
demolition waste in new construction applications"   


Authors: R.V. Silva, J. de Brito, R.K. Dhir. Year of Publication: 2019   


[Introduction] The report reviews global case studies demonstrating the use of recycled aggregates (RA) 


derived from construction and demolition waste (CDW) for replacing traditional construction materials. 


It includes applications in unbound, hydraulically-bound, and bitumen-bound layers, as well as 


structural and non-structural concrete in road and building construction. The cases show a technical and 


economic feasibility but highlight insufficient adoption due to stakeholder distrust. 


[Goal] The report aims to showcase the technical viability and real-world applicability of recycled 


aggregates in various construction contexts, thereby encouraging their greater use. 


[Contribution] The main contribution is the comprehensive presentation of international case studies 


that provide empirical evidence of the successful use of RA, illustrating their performance in real-world 


conditions and fostering greater acceptance of these materials. 


[Main problem] The report addresses the underuse of recycled aggregates due to contractors' and 


designers' lack of confidence in the material's reliability and performance. 


[Materials] Recycled aggregates from construction and demolition waste, including recycled concrete 


aggregates (RCA) and recycled masonry aggregates (RMA). 


[Methods] Various test methods were used, including geotechnical testing, Proctor compaction tests, 


Los Angeles abrasion tests, plate load tests, falling weight deflectometer (FWD) tests, and in situ 


structural behavior assessments (e.g., density and deflection measurements). 


[Approach] Testing involved field trials with different layers and mix compositions in real construction 


settings, laboratory characterization, and performance monitoring through mechanical and physical 


testing standards. 


[Development] Details on method development are not explicitly provided; however, methods align 


with national and international standards to ensure comprehensive evaluation. 


[Results] Recycled aggregates exhibited comparable or enhanced deformation properties such as load-


bearing capacity, stiffness, and resistance to abrasion, depending on the type of RA used and the 


application context. Some cases showed increased bearing capacity over time due to self-cementing 


properties. 


[Weaknesses and strengths] Weaknesses include variable quality of RA depending on source and 


inconsistent performance in certain untested conditions. Strengths include lower environmental impact, 


cost savings, and adherence to mechanical performance requirements in numerous applications. 


[International requirements and regulations] The report discusses how RA can comply with existing 


material specifications and highlights existing guidelines, such as environmental and technical criteria, 


which facilitate RA's use. Specific design system details and regulations are not extensively detailed. 


[Conclusions] Advantages include environmental benefits, cost savings, and reduced reliance on natural 


resources. The report recommends broader adoption of RA in construction, supported by effective policy 
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frameworks to build stakeholder confidence. Potential disadvantages include the variability in RA 


quality leading to inconsistent results, which can affect stakeholder acceptance. 


2.59. "Use of recycled aggregates from construction and demolition 
waste in geotechnical applications: A literature review"  


by Rafaela Cardoso, Rui Vasco Silva, Jorge de Brito, and Ravindra Dhir, published online on December 


31, 2015. 


[Introduction] The report reviews literature on the use of recycled aggregates (RA) from construction 


and demolition waste (CDW) in geotechnical applications. It compares the physical properties of RAs 


with natural aggregates (NA) and assesses their hydraulic and mechanical behaviors when compacted. 


The review focuses significantly on how different RA types impact the performance of unbound road 


pavement layers, supported by international standards and field studies. It aims to assist contractors and 


engineers in exploring alternative use of these materials. 


[Goal] The primary goal is to evaluate the suitability of recycled aggregates to replace natural aggregates 


in unbound pavement layers, considering their stability and stiffness performance. 


[Contribution] The report provides a comprehensive review of previous studies, consolidating 


information on the mechanical properties and performance of recycled aggregates in road construction. 


[Main problem] The report addresses the challenges of RA's variable composition, the adequacy of 


mechanical properties, and the uncertainty regarding their long-term performance in geotechnical 


applications. 


[Materials] The materials tested include recycled concrete aggregates (RCA), recycled masonry 


aggregates (RMA), mixed recycled aggregates (MRA), and reclaimed asphalt pavement (RAP). 


[Methods] The report describes the use of several test methods such as Proctor tests (ASTM-D698 and 


ASTM-D1557 for impact and UNE-103501 for standard and modified compaction), California Bearing 


Ratio (CBR) tests (ASTM-D1883, BS-1377-1, EN-13286-47), and resilient modulus tests. It also covers 


freeze-thaw tests (AASHTO-T103) and permeability tests (AASHTO specifications). 


[Approach] Testing was conducted with reference grading size distribution curves before and after 


compaction, recording changes in density and optimum compaction parameters. Various compaction 


efforts, including standard and modified procedures, were utilized to identify differences in dry unit 


weight and water content. 


[Development] The review compiles methodologies developed through recognized industrial standards 


and expands on them by leveraging field-specific modifications and laboratory assessments to optimize 


RA characterization. 


[Results] The study found that most RAs display mechanical performance similar to high-quality NAs. 


RCA and MRA showed promising CBR values and stiffness, while RAP had lower CBR. It documented 


that higher RCA content results in better mechanical properties, yet RMA reported a decrement unless 


mixed with RCA. Differences in testing for RA–NA combinations corroborated their varied 


performance consistency. 


[Weaknesses and strengths] RA demonstrated variability in mechanical properties depending on origin 


and processing. Key strengths include a potential performance increment over time due to latent 


cementitious properties. A major weakness surrounds the variability in RA composition, affecting 


reproducibility. 


[International requirements and regulations] The report mentions several specifications such as the 


Brazilian and Land Transport Authority standards which outline minimum CBR values for applications. 


However, it noted scant regulation on RA use in standard design systems, pointing to a gap in 


performance-based specifications for RA in geotechnical applications. 
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[Conclusions] While RAs show technical viability for many applications, they require careful selection 


and characterization to ensure compliance with existing standards. Recommendations include further 


research on RAP and supportive legislation for broader RA acceptance in road construction. The 


findings encourage cautious optimism, acknowledging the potential for RAs to support sustainable 


construction without sacrificing performance integrity. 


2.60. Use of recycled coarse and fine aggregates in structural eco-
concretes. Physical and mechanical properties and CO2 
emissions  


by P. Plaza, I.F. Sáez del Bosque, M. Frías, M.I. Sánchez de Rojas, and C. Medina. Published in 2021. 


[Introduction] The report investigates the physical and mechanical performance, alongside CO2 


emissions, of concrete created using recycled coarse and fine aggregates. It aims to assess the viability 


of these materials in structural applications and their impact on concrete's mechanical properties and 


environmental footprint. 


[Goal] The primary goal is to explore the feasibility and impact of substituting natural aggregates with 


recycled materials in concrete, with an emphasis on compressive, tensile, and flexural strength, as well 


as CO2 emissions. 


[Contribution] The report contributes to understanding the effects of recycled aggregates on eco-


concrete's mechanical properties and provides new models for predicting tensile and flexural strength, 


along with insights into reducing CO2 emissions. 


[Main problem] The report addresses the impact of replacing natural aggregates with recycled materials 


on the mechanical and environmental properties of concrete and challenges in current regulations and 


performance models. 


[Materials] The materials tested include natural aggregates (crushed graywacke) and recycled 


aggregates from concrete demolition waste: recycled crushed concrete (RCC), recycled concrete gravel 


(RCG), recycled concrete sand (RCF), and recycled mixed sand (RMF). 


[Methods] Test methods for mechanical properties (compressive, tensile, and flexural strength) follow 


European and American standards, including EN 12350 (density and air content), EN 12390 (strength 


tests), and ASTM D4404 (porosity). CO2 emissions are calculated based on the material production 


process. 


[Approach] Testing involved preparing 15 different concrete mixes with varying proportions of recycled 


aggregates, testing fresh concrete properties such as workability, and then evaluating hardened 


properties at ages 7, 28, and 90 days. 


[Development] The method involved characterizing recycled aggregates, designing concrete mixes with 


defined water/cement ratios, and assessing properties to determine compliance with structural concrete 


standards. 


[Results] The use of recycled aggregates led to ≤17% decline in compressive and tensile strength and 


<15% in flexural strength. The application of new expressions for estimating tensile and flexural 


strength based on compressive strength was suggested to correct EHE-08 models. 


[Weaknesses and strengths] The strengths include the environmentally beneficial reduction in CO2 


emissions and the feasibility of incorporating recycled materials into structural concrete. The weakness 


lies in the mechanical performance loss, although this was manageable. The report also indicates 


potential cost impacts due to possibly increased material requirements. 


[International requirements and regulations] 
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(a) Material requirements: The report discusses the EHE-08 and other international standards, 


highlighting the classification and limitations on recycled aggregate use in concretes of certain 


strength classes. 


(b) Road pavement design systems: Not mentioned in the report. 


(c) Road pavement regulations: Not directly addressed. 


[Conclusions] Advantages include the environmental benefits of reduced CO2 emissions and 


valorization of construction and demolition waste. Disadvantages involve a decrease in some 


mechanical properties but within acceptable limits for structural use. Recommendations include further 


development of strength prediction models and consideration of recycled materials in structural 


applications within existing regulatory frameworks. 


2.61. "Utilisation of recycled concrete aggregates for sustainable 
highway pavement applications; a review"  


by Chidozie Maduabuchukwu Nwakaire, Soon Poh Yap, Chiu Chuen Onn, Choon Wah Yuen, Hussein 


Adebayo Ibrahim, published in 2020. 


[Introduction] The report reviews existing literature on the utilization of recycled concrete aggregates 


(RCA) for highway pavements, covering both flexible and rigid pavement applications. It compares the 


physical and mechanical properties of RCA with natural aggregates (NA), discusses sustainability gains, 


and presents techniques for improving RCA performance. 


[Goal] The overall goal is to summarize findings from various studies on RCA's viability as a sustainable 


substitute for NA in highway pavement applications and address the disparities in RCA usage 


recommendations for asphalt mixtures. 


[Contribution] The main contribution of the report is its comprehensive review and synthesis of literature 


regarding RCA utilization, sustainable benefits, and improvement techniques in highway pavement 


construction. 


[Main problem] The report addresses performance uncertainties and inconsistent recommendations 


regarding RCA utilization levels in pavement applications. 


[Materials] The materials tested include recycled concrete aggregates (RCA) from various sources, such 


as old railway sleepers and demolition sites, and comparisons with natural aggregates (NA). 


[Methods] The test methods discussed include standard tests for physical and mechanical properties like 


water absorption, density, impact resistance, CBR, UCS, resilient modulus, compressive strength, 


tensile strength, flexural strength, and chloride permeability. 


[Approach] The testing was carried out using laboratory experiments for property evaluation and field 


performance assessments for practical application, including methods like triaxial loading, dynamic 


monitoring, and deflectometer readings. 


[Development] There is no specific mention of the development of new methods. The report primarily 


focuses on evaluating existing tests and their applicability to RCA and NA comparisons. 


[Results] Results indicate RCA can be used in all pavement layers with varying degrees of effectiveness, 


with 100% RCA viable for lower layers, whereas rigid and flexible pavements show performance-


dependent inclusion limits. RCA displays higher water absorption but reduced mechanical properties 


compared to NA. 


[Weaknesses and strengths] Strengths include environmental benefits and potential cost savings from 


RCA's use. Weaknesses involve variability in RCA properties leading to inconsistent results and a need 
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for increased binder content for asphalt mixes. The sustainability and economic advantages 


counterbalance these issues. 


[International requirements and regulations] There is nothing specifically addressed about international 


material requirements or road pavement design regulations beyond general mentions of standards for 


aggregate properties and sustainability goals. 


[Conclusions] Advantages include RCA's sustainability and resource conservation potential. 


Disadvantages involve compromised mechanical properties and the need for improved guidelines and 


best practices. Recommendations for further research into specific applications, stakeholder 


perspectives, homogeneity of studies, and potential RCA improvements are provided. 


2.62. Utilisation of unbound recycled aggregates from selected CDW in 
unpaved rural roads   


Authors: José Ramón Jiménez, Jesús Ayuso, Francisco Agrela, Martín López, Adela Pérez Galvín. Year 


of Publication: 2012   


[Introduction] The report evaluates the performance and environmental impact of utilizing recycled 


aggregates derived from selected construction and demolition waste (CDW) in constructing unpaved 


rural roads. The study involved building an experimental road with two sections using recycled 


aggregates and comparing it with natural aggregates. Various testing methods were employed to 


scrutinize structural stability and environmental soundness over a two-year period. 


[Goal] The objective of the work was to assess the suitability of recycled aggregates from CDW as an 


alternative to natural aggregates in the construction of unpaved rural roads, both in terms of functional 


performance and environmental impact. 


[Contribution] The report provides evidence that recycled aggregates from CDW can be effectively used 


as an alternative to natural aggregates in rural road construction, verifying their structural integrity and 


environmental safety.  


[Main problem] The report addresses the prevalent reluctance to replace natural aggregates with 


recycled ones due to a lack of standardized technical specifications and concerns over potential 


environmental contamination. 


[Materials] The materials tested included:  


1. Mixed recycled aggregates (MD-1)  


2. Recycled concrete aggregates (RC-1)  


3. Crushed limestone aggregate (NA-1) as a reference. 


[Methods] Several testing methods were used:  


1. Laboratory characterization, including particle size distribution, physico-mechanical, and 


chemical properties tests. 


2. Field compaction controls utilizing a Troxler apparatus for dry density and moisture content. 


3. Static plate load tests to determine bearing capacity. 


4. Falling Weight Deflectometer for surface deflection measurement. 


5. Road roughness measurement using a RSP MARK-IV device. 


6. Environmental performance assessment through the UNE EN 12457-3 leaching test. 
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[Approach] Testing was conducted by constructing two 100-meter sections of an unpaved rural road. 


One section was made with mixed recycled and recycled concrete aggregates, while the other used 


crushed limestone as a control. Ongoing measurements were taken to track compaction, bearing 


capacity, surface deflection, road roughness, and environmental impact through leaching. 


[Development] The method involved constructing experimental sections, controlling compaction during 


construction, and evaluating both mechanical and environmental performance with corresponding tests. 


These methods provided a basis for determining the feasibility of recycled aggregates in road 


construction. 


[Results] Compaction control affirmed proper installation, showing increases in dry density of recycled 


aggregates over time. Bearing capacity tests exhibited high Young’s modulus values, indicating 


substantial structural integrity. Environmental tests classified the materials as inert except for non-


hazardous recycled concrete aggregates due to arsenic levels. Road roughness indicated better 


performance initially in the recycled concrete aggregate section than in the crushed limestone section. 


[Weaknesses and strengths] Strengths of the test methods include comprehensive evaluation of 


structural and environmental parameters. However, variations in Ev2/Ev1 ratios suggest potential 


inconsistencies in elasticity or the testing environment itself. Costs and reproducibility specifics were 


not detailed, but the methods align with internationally recognized standards ensuring relevance. 


[International requirements and regulations]   


(a) The report mentions that recycled aggregates need to meet certain chemical properties but often 


exceed limits such as soluble salt content set by the Spanish Technical Specification.  


(b) Road pavement design systems are assessed indirectly through structural layering and 


performance testing. 


(c) It aligns testing with national regulations and critiques current limitations in technical 


specifications for recycled aggregates. 


[Conclusions] The advantages of using recycled aggregates include cost-effectiveness and 


environmental benefits through increased recycling rates. These materials presented no significant risk 


of environmental contamination and maintained structural performance comparable to natural 


aggregates. Recommendations suggest that soluble salt content limits should be reevaluated, potentially 


allowing for higher thresholds without compromising road quality. 


2.63. "Washed recycled sand derived from construction and demolition 
wastes as engineering fill materials"   


Authors: Yunxin Xue, Arul Arulrajah, Guillermo A. Narsilio, Suksun Horpibulsuk, Jian Chu. Year of 


Publication: 2022   


[Introduction] This report explores the feasibility of using washed recycled sands derived from 


construction and demolition (C&D) wastes as a substitute for natural sands in geotechnical applications. 


The research focuses on understanding the geotechnical properties of two types of washed recycled 


sands, coarse recycled sand (CRS) and fine recycled sand (FRS), through a series of laboratory tests. 


The potential environmental risks associated with these materials were also assessed to determine their 


suitability as geotechnical fill materials.    


[Goal] The overall goal of the work described in the report is to evaluate the use of washed recycled 


sands from C&D wastes as sustainable engineering fill materials, thereby reducing the dependency on 


natural resources and addressing waste disposal issues.   


[Contribution] The main contribution of the report lies in its comprehensive assessment of the 


geotechnical and environmental properties of washed recycled sands, demonstrating that these materials 


can be viable substitutes for natural sands in geotechnical applications.   
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[Main problem] The report primarily addresses the problem of finding sustainable and environmentally 


friendly alternatives to natural sand in construction, exacerbated by increasing urbanization and 


construction waste.   


[Materials] The materials that have been tested are washed coarse recycled sand (CRS) and washed fine 


recycled sand (FRS), derived from a C&D waste washing plant in Melbourne, Victoria.   


[Methods] The test methods used in this research include particle size distribution test, modified 


compaction test, apparent particle density test, water absorption test, California Bearing Ratio (CBR) 


test, hydraulic conductivity test, and Repeated Load Triaxial (RLT) test. Geoenvironmental tests such 


as pH, organic content, leachate, and X-ray fluorescence (XRF) tests were also carried out to assess 


potential environmental risks.   


[Approach] The testing was conducted in a laboratory following either Australian standards or United 


States standards where appropriate. Samples were prepared by drying, mixing, and riffle splitting to 


obtain representative sub-samples. These were then subjected to the various tests to measure properties 


like particle size distribution, compaction density, permeability, CBR, resilient modulus, and 


environmental contamination potential.   


[Development] There is no specific mention of the development of a new method in the report. The 


work followed existing standardized test methods to assess the recycled materials.   


[Results] The results show that CRS and FRS exhibit similar geotechnical behavior to natural sands and 


meet several local road authority requirements, particularly in terms of CBR and particle density. The 


measured hydraulic conductivities for CRS and FRS are consistent with their water absorption 


capabilities. Environmental tests showed the materials met standards set by US EPA and EPA Victoria 


for safe use in fills. Resilient modulus values suggest these washed sands have good stability and 


stiffness suitable for subgrade use.   


[Weaknesses and strengths] The report highlights the strengths of the washed recycled sands in being 


sustainable and capable of replacing natural sands without adverse environmental impacts. However, it 


notes that CRS and FRS have relatively low ranges of resilient modulus, suggesting a need for 


stabilization methods in certain applications.   


[International requirements and regulations]   


(a) Material requirements for road pavement materials: The report references specific EPA Victoria 


guidelines and US EPA drinking water standards for contaminants as relevant regulations.   


(b) Road pavement design systems: Not specifically addressed in the report.   


(c) Road pavement regulations: The report uses specific guidelines from EPA Victoria for leachate 


analysis to ensure safety in application.   


[Conclusions] The washed recycled sands are recommended as viable substitutes for natural sands in 


geotechnical applications, offering environmental and sustainability advantages. Incorporating 


stabilization methods is advised to improve the in-situ performance. The study suggests further 


exploration of innovative stabilization techniques like geopolymers and biocements to enhance material 


properties. 


2.64. Waste materials in highway applications: An overview on 
generation and utilization implications on sustainability.  


Authors: Gideon O. Bamigboye et al. Year of Publication: 2020. 


[Introduction] The report discusses the integration of various solid waste materials as alternatives to 


traditional materials in road construction to promote sustainability. It reviews recent studies on the 
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generation, utilization, and the implications of these waste materials in both flexible and rigid 


pavements, highlighting their advantages and challenges. 


[Goal] The overall goal of the report is to explore the utilization of various waste materials in road 


construction to promote sustainable practices and reduce the environmental impact associated with the 


exploitation of natural resources. 


[Contribution] The main contribution of the report is a comprehensive review of recent studies about 


the use of waste materials in road construction, providing insights into their environmental, economic, 


and performance implications. 


[Main problem] The report addresses the environmental degradation and non-sustainability associated 


with consuming non-renewable natural aggregates in road construction, alongside problems of high 


solid waste generation and inadequate disposal. 


[Materials] The materials that have been tested include polyethylene terephthalate (PET) plastic bottles, 


waste rubber tires, steel slag, glass waste, construction and demolition waste, colliery spoils, fly ash, 


cement kiln dust, asphalt shingles, aluminum dross, mine tailings, bio-oils, and incineration bottom ash. 


[Methods] The methods utilized in the report include standard laboratory tests such as Marshall Stability, 


Resilient Modulus, California Bearing Ratio (CBR), indirect tensile strength, and various compaction 


tests to assess the mechanical and physical properties of the waste materials when used in road 


construction. 


[Approach] Testing was carried out by comparing the performance of waste materials in road 


construction with that of conventional materials, using various standards to ensure proper evaluation. 


[Development] The method development is not specifically detailed in the report. 


[Results] Results indicated that waste materials like PET, crumb rubber, and fly ash could significantly 


improve the mechanical properties of road materials such as stiffness and stability. However, it mentions 


differing outcomes based on specific compositions and environmental conditions. 


[Weaknesses and strengths] Strengths of using waste materials included reduced environmental impact, 


cost savings, and enhanced performance properties like durability and resistance to deformation. 


Weaknesses cited include variability in composition leading to inconsistent results and potential 


environmental leaching issues. 


[International requirements and regulations]  


(a) The report does not detail specific material requirements but references standards used in 


testing.  


(b) Systems and regulations related to road pavement design are not thoroughly discussed.  


(c) There is no detailed mention of international road pavement regulations. 


[Conclusions] The report concludes that using waste materials can offer substantial environmental and 


economic benefits but requires careful consideration of material composition and mixing ratios to 


mitigate potential weaknesses. Recommendations include further research and improved waste material 


sourcing and processing to enhance their applicability in road construction. 


2.65. "Geochemical anomalies from bottom ash in a road construction – 
Comparison of the leaching potential between an ash road and 
the surroundings"  


by Bo B. Linda, Jenny Norrman, Lennart B. Larsson, Sten-Åke Ohlsson, and Henrik Bristav. Accepted 


1 December 2006, available online from 15 February 2007. 
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[Introduction] This study, performed from June 2001 to December 2004, evaluated the long-term 


leaching potential of municipal solid waste incineration (MSWI) bottom ash as a road construction 


material compared to conventional materials and natural surroundings. It explored the leaching behavior 


of various metals over time and their accumulation in soils, emphasizing geochemical anomalies created 


by using this non-traditional material. 


[Goal] The primary objective was to assess the long-term leaching from a test road constructed with 


MSWI bottom ash in relation to a reference road with conventional materials, as well as comparing it to 


the natural geochemical conditions of the surroundings. 


[Contribution] The report provides insight into the environmental impact of using MSWI bottom ash in 


road construction, particularly concerning metal leaching over time and the resultant geochemical 


anomalies compared with natural rates of weathering. 


[Main problem] The report addresses concerns regarding the potential leaching of metals from road 


construction using MSWI bottom ash and its long-term environmental impact compared to traditional 


materials and natural geochemical processes. 


[Materials] The materials tested included MSWI bottom ash, conventional aggregate materials for the 


reference road, gravel surface, bearing course, and till used as the subgrade. 


[Methods] The study utilized a combination of laboratory and field testing methods, including: 


- Laboratory leaching tests following standard EN 12457-3. 


- Availability tests using NT ENVIR 003 and oxidized availability tests using NT ENVIR 006. 


- Time-dependent leaching tests (CEN) evaluated at L/S ratios of 2, 10, and 125. 


- Field assessments involved lysimeter measurements, groundwater and regional soil analysis. 


[Approach] Testing involved constructing a test road with segments made of MSWI bottom ash and 


conventional materials, performing laboratory leaching tests on the materials, conducting in-situ 


leaching measurements via lysimeters, and comparing these results with natural weathering rates from 


regional geochemical mappings and biogeochemical monitoring. 


[Development] There is no specific description of method development within the report. The methods 


are based on established laboratory standards and environmental assessment frameworks. 


[Results] The results indicated that Cu and Zn from the test road create potential geochemical anomalies 


compared to the reference road and surroundings. Initial leaching of Cu is high but declines, while Zn 


shows low initial leaching that increases significantly over time. Laboratory leaching results were higher 


for Na, K, and Mg but lower for Al and Cu compared to field data, suggesting potential disparities 


between lab and field conditions. 


[Weaknesses and strengths] The study recognizes the discrepancy between laboratory and field results, 


indicating potential overestimation of leaching under laboratory conditions. The strengths lie in the 


comprehensive evaluation over time scales (16 to 1000 years). The study emphasizes the uncertainties 


in long-term predictions due to variable factors like climate change. 


[International requirements and regulations] The report does not provide specific information on 


international requirements, design systems, or regulations concerning road pavement materials. 


[Conclusions] The key advantage of using MSWI bottom ash is the recycling potential for non-sensitive 


areas, with limited environmental risks regarding the metals studied. The main disadvantages involve 


uncertainty in long-term leaching behavior and varying laboratory vs. field conditions. 


Recommendations include complementing short-term evaluations with long-term assessments and 


caution in applying results beyond the tested settings. 
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2.66. "Predicting Elastic Response Characteristics of Unbound 
Materials and Soils" 


Authors: Amber Yau and Harold L. Von Quintus. Year of Publication: 2004 


[Introduction] The report discusses the evaluation of circular materials in road construction, focusing on 


their resilient modulus (MR) properties within the Long-Term Pavement Performance (LTPP) 


program—a critical factor in pavement design. Traditional design guides often rely on estimated MR 


values from physical properties rather than direct measurement. This study aims to validate the accuracy 


of different physical properties in predicting MR and to understand the sampling technique implications 


on MR results. 


[Goal] The main goal of the report is to investigate the possibility of predicting the resilient modulus of 


unbound materials and soils using physical properties data, assessing the influence of sampling 


techniques on MR values. 


[Contribution] The report's primary contribution is providing insights into the relationships between 


physical properties of unbound materials, the resilient modulus, and how sampling techniques may 


affect these relationships. It offers recommendations for the resilient modulus tests' necessity in 


characterizing unbound materials based on the findings. 


[Main problem] The main problems addressed include the challenging prediction of MR from physical 


properties, the effect of material sampling techniques on MR results, and the inadequacy of solely using 


physical properties for resilient modulus prediction in pavement design. 


[Materials] The materials tested include unbound aggregate bases, subbase materials, and different types 


of subgrade soils, such as coarse-grained and fine-grained soils. 


[Methods] The primary test method used is the repeated load resilient modulus test conducted on 


unbound materials and soils from the LTPP test sections according to LTPP Test Protocol P46. This 


involves measuring the elastic modulus at various stress states and analyzing it using a universal 


constitutive equation. 


[Approach] Testing was carried out by collecting MR data from the LTPP database, which involved 


repeated load triaxial tests under controlled stress states. The evaluations included comparisons between 


different physical properties and the resultant MR values. Tests were conducted under constant 


confining pressures, and regression models were developed to relate physical characteristics to MR. 


[Development] The development of the testing method was not explicitly described in this report, but 


the use of an existing protocol (LTPP Test Protocol P46) and its modification through regression 


analyses to fit the LTPP database's extensive test data suggests an adaptation of standard procedures to 


specific conditions and properties. 


[Results] The results indicated that the fit between physical properties and the coefficients of the resilient 


modulus equation was fair to poor. There were significant differences based on material types and testing 


conditions, with poor correlation statistics attributed to test variance and sampling techniques. More 


than half of the k6 values were zero, leading to setting k6 as zero in analyses without significant 


statistical detriment. 


[Weaknesses and strengths] Weaknesses include poor correlation between physical properties and MR, 


partly due to sampling technique variability and testing errors. The process shows strength in 


highlighting these variances and identifying that undisturbed tests yield different results from disturbed 


ones, emphasizing the need for rigorous MR testing. 


[International requirements and regulations]  


(a) The report briefly mentions different material codes but does not elaborate on international 


requirements for road pavement materials.  
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(b) It references the 1993 AASHTO design guide, discussing MR as a primary property for 


pavement design.  


(c) There are no specific international regulations detailed. 


[Conclusions] The report concludes that resilient modulus cannot be reliably predicted solely from the 


physical properties currently measured. Direct MR testing should be conducted to accurately 


characterize materials for pavement design due to the variability in results from various testing and 


sampling methods. It recommends further MR testing to confirm the reported findings and suggests 


potential insight into sampling effects as specific to material types. 


2.67. "Review and prospect of research on mechanical properties of 
unbound aggregates"  


Authors: Wang Xufeng, Zhang Junhui, Li Jue, Zhang Anshun, Liu Shaoping. Published in the Journal 


of Changsha University of Science & Technology (Natural Science) Vol. 20 No. 1, February 2023. 


[Introduction] The report conducts a comprehensive review of the mechanical properties of unbound 


aggregates in road construction, aiming to understand their deformation behavior under different loading 


types and from different testing methods. It introduces the current state of research on the deformation 


performance of unbound aggregates, focusing on shear deformation, dynamic resilient modulus, and 


permanent deformation. It also discusses the anisotropic behavior of these materials and examines the 


important factors impacting their mechanical behavior. 


[Goal] The goal of the study was to gain an in-depth understanding of the mechanical properties and 


deformation behaviors of unbound aggregates used in road engineering. This understanding would help 


in characterizing anisotropic behaviors and their evolution, as well as identifying key influencing factors 


like particle properties, structure, and stress states. 


[Contribution] The report contributes to the understanding of the significant anisotropy in the 


mechanical properties of aggregates and provides a groundwork for future research into methodologies 


for calculating rebound modulus, addressing anisotropy, and analyzing dynamic stress responses. 


[Main problem] The primary problem addressed is the rapid degradation of mechanical performance in 


road materials, especially under varied load conditions which reveal anisotropic behavior. This includes 


issues like shear deformation, dynamic resilient modulus limitation, and permanent deformation under 


cyclic loading conditions. 


[Materials] The materials tested include typical aggregates used in road construction, particularly 


focusing on unbound aggregates like graded crushed stones. 


[Methods] Testing methods used in the report include triaxial shear tests, dynamic triaxial tests, and 


large-scale direct shear tests. These methods assess shear deformation, dynamic behaviors such as 


resilient modulus, and permanent deformation under cyclic loading. 


[Approach] The testing approach varied with the type of deformation being studied: for shear 


deformation, large-scale direct shear and triaxial shear tests were predominant, while dynamic triaxial 


tests were used to analyze the resilient modulus. Multi-stage loading tests evaluated permanent 


deformation under repeated loads. 


[Development] The test methods were developed to explore anisotropy and mechanical properties under 


different load conditions. Advancements in computational and image measurement technologies have 


provided opportunities to further study the microstructural response mechanisms. 


[Results] Results indicate that mechanical properties are closely tied to particle properties, structural 


characteristics, and stress states, with a pronounced anisotropic behavior. These findings highlight the 


relationship between stress conditions and deformation responses. 
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[Weaknesses and strengths] A significant strength is the comprehensive examination of anisotropic 


behavior and mechanical response under dynamic conditions. Weaknesses include the high cost and 


time of current test methods, limitations in accurately modeling field conditions due to scale effects, and 


incomplete understanding of the impact of particle breakage. 


[International requirements and regulations] The report includes discussion of pavement material 


requirements and design systems per existing guidelines such as the Chinese JTGD50-2017 and 


AASHTO frameworks. These emphasize the need for improved materials with higher resilient modulus 


and anisotropic modeling for better pavement design. 


[Conclusions] The report concludes that existing test methods need further refinement due to their 


inefficiencies and limitations in fully capturing mechanical behavior. It advocates for further research 


into quick, robust methods to determine dynamic resilient modulus, integrating particle properties and 


breakage effects into performance evaluations. It also calls for improved consideration of anisotropy in 


pavement design models. 


2.68. Exploring Relationships between Summary Resilient Modulus and 
California Bearing Ratio, Light Weight Deflectometer Modulus for 
Unbound Coarse Materials in Idaho   


Authors: S M Robinur Mohshin Chowdhury, Emad Kassem. Year of Publication: Submitted August 1, 


2024 


[Introduction] The report investigates the correlation between resilient modulus, California Bearing 


Ratio (CBR), and Light Weight Deflectometer (LWD) modulus for unbound coarse materials in Idaho. 


It aims to develop Level 2 inputs for the Mechanistic-Empirical Pavement Design Guide (MEPDG) by 


exploring alternative methods to estimate resilient modulus, which is a critical parameter for pavement 


design. 


[Goal] The overall goal of the work described in the report is to develop correlations that can estimate 


the resilient modulus of unbound coarse aggregates used in Idaho from other index parameters like 


CBR and LWD modulus, facilitating the implementation of MEPDG in Idaho. 


[Contribution] The main contribution of the report is the development of correlation equations that can 


be used as Level 2 inputs in MEPDG, providing accurate characterization of unbound materials and 


improving the design of flexible pavements. 


[Main problem] The report mainly addresses the challenge of measuring resilient modulus, which 


requires advanced equipment and is time-consuming, prompting the need for alternative estimation 


methods using simpler tests like CBR and LWD. 


[Materials] The materials tested include 18 different base and subbase aggregates collected from six 


districts in Idaho, characterized by grain size distribution, Atterberg limits, soil classification, and 


moisture-density characteristics. 


[Methods] Test methods used include the Repeated Load Triaxial (RLT) test for resilient modulus, the 


California Bearing Ratio (CBR) test, and the Light Weight Deflectometer (LWD) test. The RLT test 


follows AASHTO T 307 standards, the CBR test follows AASHTO T 193 standards, and the LWD 


test follows ASTM E 2583 guidelines. 


[Approach] Testing was carried out by preparing specimens at optimum moisture content and 


maximum dry density. The RLT test involved measuring deformations internally and externally, while 


the CBR test involved monotonic penetration testing. The LWD test involved dynamic plate load 


testing with different drop combinations to assess stiffness. 
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[Development] The method was developed by expanding previous studies to include CBR and LWD 


testing, analyzing correlations between resilient modulus and index properties, and using statistical 


analysis to validate the correlations. 


[Results] The study found a good correlation between resilient modulus and LWD modulus (R2 = 


0.77) and a fair correlation with CBR (R2 = 0.496). The externally measured SRM showed better 


correlation compared to internally measured SRM. 


[Weaknesses and strengths] Strengths include the ability to predict resilient modulus with reasonable 


accuracy using simpler tests. Weaknesses involve the need for validation with more materials from 


different sources and types. The LWD test is noted for its simplicity and field applicability. 


[International requirements and regulations]  


(a) The report does not specify material requirements for road pavement materials.   


(b) It discusses the MEPDG as the current pavement design system, emphasizing the use of 


resilient modulus as a key input.   


(c) The report does not mention specific road pavement regulations. 


[Conclusions]  


Advantages include the potential use of developed correlations as Level 2 inputs in MEPDG, 


improving pavement design efficiency. Disadvantages involve the need for further validation. 


Recommendations include investigating the effect of plastic fines and validating correlations at 


different compaction and moisture levels.  
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