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Nano-

technologies 

In medicine 

 

-    robotics 

- delivery systems 

- designer medicines 
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JvdM Steyn, W., 2009, “Potential Applications of 

Nanotechnology in Pavement Engineering”, 

Journal of Transportation Engineering, ASCE, USA. 
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                          GPDRT - 2014 

 GPDRT - 

Rehabilitation road - 

D1884 



 

GPDRT - Rehabilitation - D1884 

  

G7 material 

  

Design traffic loading:  2.9 – 3.4  m E80s 

 

Distress C & M:   Primary – Sub-grade 

    Secondary -150 mm base 

 

General approach: in-situ stabilisation  

    + G1/G2 new base 

 

Required: Improve 150 mm base quality 

  



 
                recognised need 

    to improve: 

 

 Problem: 

 excessive costs of road 

infrastructure (R 5 – 6 m /km) 

 Solution: 

 improve use of natural materials 

 identify available / applicable 

technologies 

  e.g. nano-technologies! 

2014 
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                          GPDRT - 2014 

 GPDRT Experimental 

section - D1884 

Investigate cost –effective 

proven new technologies 

~ nano-technologies 



 

 

Available tested new technologies; 

 

nano-technologies already tested with 

natural materials: 

 - silanes (5 nm) 

 - polymers (various) (60 – 80 nm) 

 

 

 

Small particles – improved mixing properties !  

• unique properties ! 

• proven material stabilising enhancements 

 (with / without traditional stabilising agents) 

 

 

 



 

Nano –technology = 

Bitumen molecule      ~       5 000 nm 

Nano - polymer         ~    60 – 80 nm 

Nano-silane                 ~       5 – 6  nm 

(“waterproof”) – hydrophobic 

 

 

Coverage: 

1 litre = 99 litres 



THE “free energy” ACTION 

Aggregate / Soil / Clay / Sand   
surface silicate structure after  nano-silane reaction 
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Particle surface 

-OH groups make surface very hydrophilic (water loving) 

Particle surface 

Internal 

Siloxane bonds 

Aggregate / Soil / Clay / Sand surface silicate structure 

Silanol 

Groups 

Nano -silane  

creates 

molecular level 

hydrophobic 

zone  

(water 

repellent) 

 4 - 6 

nm Alkyl 

Siloxane 

surface 



BOIL TEST  ASTM D3625 : EXTEND TO 6 HOURS  

Basalt Aggregate (DBM) : 45% 20 mm, 10% 10 mm, 45% less than 6 mm with stone dust  
Asphalt Grade: AC-20 (VG-30, 60-70 penetration grade) 
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(Nano-silane) 

Bitumen adherence to aggregate 

NCAT 



Nano-mod bitumen-aggregate 
retention (4.5% Bit 100ͦ C) 
 

Boil Test 

(ASTM D 3625) 

Percentage of retained Coating 

After 10 min After 1 hr After 3 hr 

Neat mix  50% 30% 10% 

Modified mix 100% 95% 95% 

(Much asphalt – Cape Town 2015 - 50/70 pen bit) 



BOND STRENGTH OF NEW SURFACE  - 

NCAT STUDY 

 Maintains bond strength with lower residual bitumen content 

 

 Bond strength values consistently above 150 PSI  

Bond strength  

Specs: 100 PSI) 

Nano -Tak 



Paving down to 90°C 

GPDRT 

N14/1 

 02/06/2012 

  

 <  0  °C 

3% FT paraffin wax 



20 

                          GPDRT - 2014 

 GPDRT rehabilitation 

- D1884 

Investigate cost –effective 

proven new technologies 

~ nano-technologies 



Test 

Report : 

HEIDELBERG WEST - MATERIAL TEST RESULTS 

SAMPLE INFORMATION & PROPERTIES 

CONTAINER USED FOR SAMPLING Black Sampling Bags 

MOISTURE CONDITION OF 

SAMPLE ON ARRIVAL 

Slightly Moist 

HOLE No. / Km. / CHAINAGE CH 4-950 LHS 

ROAD No. OR NAME D1884 

LAYER TESTED / SAMPLED FROM TP4-50+170(1st layer) 

GRADING ANALYSES - % PASSING SIEVES (TMH1 1986 : METHOD A1 (a) 

    75.0   100 

SIEVE 63.0   100 

  A

N

A

L

Y

S

E

S 

53.0   100 

  (

m

m

) 

37.5   87 

  26.5   78 

    19.0   74 

    13.2   68 

  4.75   59 

  2.00   54 

(TMH A1a) 0.425   32 

    0.075   17 

ATTERBERG LIMITS ANALYSIS (TMH1 1986 : METHOD A2 & A3 ; TMH1 

1986;TMHA4 1974) 

ATTERBER

G 

LL% 24.1 

LIMITS P.I. 2.5 

(TMH 

A2&A3) 

LS% 1.2 

GM 2.00 

 CLASSIFI - 

CATION 

H.R.B.* A-1-b(0) 

    COLTO* G7 

    T.R.H. 14* G7 

UNCONFINED COMPRESSIVE STRENGTH (TMH1 1986 : METHOD A7, A14 & 

A16T) 

MOD 

AASHTO 

OMC% 8.8 

(TMH A7) MDD(KG/M3) 2126 

    COMP MC % 8.0 

C.B.R. % SWELL 0.36 

KPA 100%   33 

U.C.S. 98%   29 

(TMH A13T) 97%   27 

  

% 

  23 

% 

  17 

% 

  8 

GRADING ANALYSES - % PASSING SIEVES (TMH1 1986 : METHOD A1 (a) 

SIEVE 63.0   100 

  ANALYSES 53.0   100 

  (mm) 37.5   87 

  26.5   78 

    19.0   74 

    13.2   68 

  4.75   59 

  2.00   54 

(TMH A1a) 0.425   32 

    0.075   17 
ATTERBERG LIMITS ANALYSIS (TMH1 1986 : METHOD A2 & A3 ; TMH1 1986;TMHA4 1974) 

ATTERBERG LL% 24.1 

LIMITS P.I. 2.5 
(TMH A2&A3) LS% 1.2 

GM 2.00 

 CLASSIFI - 

CATION 

H.R.B.* A-1-b(0) 

    COLTO* G7 
    T.R.H. 14* G7 

UNCONFINED COMPRESSIVE STRENGTH (TMH1 1986 : METHOD A7, A14 & A16T) 

MOD AASHTO OMC% 8.8 
(TMH A7) MDD(KG/M3) 2126 

    COMP MC % 8.0 

C.B.R. % SWELL 0.36 

KPA 100%   33 

U.C.S. 98%   29 

(TMH A13T) 97%   27 

         95%   23 

       93%   17 

       90%   8 



UCS /ITS TG2 L1 - TMH 1 Method A14/ A16T   

SECTION 1 - IN LABORATORY DESIGN   

ROAD NAME D1884  (4+950 LHS) D1884   (4+950 RHS)   

LAYER   1st layer 1st layer   

DATE RECEIVED 24/03/2015 24/03/2015   

CLIENT MARKINGS N/A N/A   

Maximum dry density (MDD) 2126 2084   

Optimum moisture content (OMC) 8.8 8.6   

Date tested 02/04/2015 02/04/2015   

ITS - STRENGTH OF BRIQUETTES (DRY)   

Binding Agent Content 0.7% GE-20 0.7% GE-20   

Cement Content       

Compaction effort (%) 100% 100%   

Dry Density (kg/m³) 2135 2101   

Maximum load applied (kN) 4.32 3.78   

Indirect Tensile Strength (ITS) (kPa) 383 391   

UCS - STRENGTH OF BRIQUETTES (DRY)   

Binding Agent Content 0.7% GE-20 0.7% GE-20   

Cement Content       

Compaction effort (%) 100% 100%   

Dry Density (kg/m³) 2126 2092   

Maximum load applied (kN) 41.38 39.64   

UCS TMH1 A14 (kPa) 2269 2173   

ITS-STRENGTH OF BRIQUETTES (SOAKED)   

Binding Agent Content 0.7% GE-20 0.7% GE-20   

Cement Content       

Compaction effort (%) 100% 100%   

Dry Density (kg/m³) 2139 2094   

Maximum load applied (kN) - -   

Indirect Tensile Strength (ITS) (kPa) 142 124   

UCS-STRENGTH OF BRIQUETTES (SOAKED)   

Binding Agent Content 0.7% GE-20 0.7% GE-20   

Cement Content       

Compaction effort (%) 100% 100%   

Dry Density (kg/m³) 2115 2080   

Maximum load applied (kN) 6.98 7.14   

UCS TMH1 A14 (kPa) 2139 2094   

BSM Classification BSM3 BSM3   

Test Type 48 hour curing 48 hour curing   

ITS - STRENGTH OF BRIQUETTES (DRY)   

Binding Agent Content 0.7% GE-Nano20P 0.7% GE-Nano-20P   

Cement Content       

Compaction effort (%) 100% 100%   

ITS (kPa) 383 391   

UCS - STRENGTH OF BRIQUETTES (DRY)   

Binding Agent Content 0.7% GE-20 0.7% GE-20   

Cement Content       

Compaction effort (%) 100% 100%   

UCS TMH1 A14 (kPa) 2269 2173   

ITS-STRENGTH OF BRIQUETTES (SOAKED)   

Binding Agent Content 0.7% GE-20 0.7% GE-20   

Cement Content       

Compaction effort (%) 100% 100%   

ITS (kPa) 142 124   

UCS-STRENGTH OF BRIQUETTES (SOAKED)   

Binding Agent Content 0.7% GE-20 0.7% GE-20   

Cement Content       

Compaction effort (%) 100% 100%   

UCS TMH1 A14 (kPa) 2139 2094   

BSM Classification BSM3 BSM3   

Test Type 48 hour curing 48 hour curing 
  



Test or Indicator 
Design Equivalent Material Class 

BSM1 BSM2 BSM3 

TRAFFIC LOADING > 6 MESA < 6 MESA <1 MESA  

     Nano-modified emulsions 

ITS (dry) (kPa) 150mm (d) > 125 80 to 125 50 to 80 

ITS (wet) (kPa) 150mm (d) > 100 60 to 100 50 to 75 

UCS  (kPa) All 
1 500 to  

3 000 
700 to 1 500 450 to 700 

Retained Cohesion ITS 

Wet/Dry  (%) 
All > 70 > 65 > 60 

GE-NANO (%) 
Min. 0.5 0.5 0.3 

Max. 1.2 1.0 0.9 

          
1CS – crushed stone, NG – natural gravel, GS – gravel soil, SSSC – sand, silty sand, silt, 

clay  



 

Normal  

Stabilising 

agent 

Nano – 

“water-

proofing” 

Agent added 



 G7 Material 

 

0.7% nano Modified  

Emulsion 

 

Illustrating: 

 

“water –proofing” 

Repellent of water 



 

Briquette – 3 days in water 

No water 

“wetting” 



 

Thohoyandou - 5 December 2015 



 



 

25 January 2016 



 



 



 



 



 



 

Thohoyandou 
Nano-prime 
• prime Saturday 30/01/2016 
• Rain Sunday 31/01/2016 
• Picture: Monday 01/02/2016  



D29 
Pavement 

design 
2015 



Pavement design D29 

Recommended design – (2003):  

 

Design traffic loading ~ 0.5 MESA 

 

B – Category road 

• 40  A   /  30  A   /  S2 

• 150  G2  /  150 C3   /  150 C3 

• 250  C4 /  300 C4  /  300 C4 

 

• Available materials –sufficient G6 



Pavement design D29 
Recommended design – now NEW:  

 

•Available materials –sufficient G6 

 

C – G6 laboratory tests 

• Cement Test Results      -                         GE- Nano -20P  

 2%         2.5%        3%                0.5%            0.7% 

  7 days curing        48 hours curing     

UCS   1120 1340        1580              2440            2930 

ITS        85           106          120                 131            151 

  

Save more than 1 million/km 



Pavement design D29 

Recommended design – now NEW:  

 

•Available materials –sufficient G6 

 

C – Category road (up to 3 MESA) 

• Cape Seal (S1 + Slurry = long life) 

• 150  (125) GE Nano 20 modified G6 (Equivalent 

C4 +) 

• (Nano prime) 

• 150   (125) G6 

Save more than 1 million/km 
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K46 – William Nicol – Dual carriageway  

Design traffic loading :  7 – 10 MESA 

Base:  150 mm 1.2% GE Nano 

Sub-base: 150 mm G5 - 0.7% GE Nano  
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K46 – William Nicol – Dual carriageway  

Design traffic loading :  7 – 10 MESA 
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Savings: 

 

Material  ~ 20 % 

 

Time and effort: 

 no G1 (considerable effort) 

 no curing of 2 x C4 layers 

 ease of construction 
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material 

Stabilising 

agent 

Water 

 

(OMC +) 

Computer controlled 

Uniform mix 

correct moisture 



Gauteng Province: 

GPDRT: 

Heidelberg West: 

Road D1884 - 

Rehabilitation of 

rural road 

~ 3.0 MESA 

Gauteng Province: 

GPDRT: 

Johannesburg 

North: 

Road K46 –  
New dual-carriage 
high capacity road 
7 – 10  MESA 

Limpopo Province: 

RAL 

Thohoyandou:: 

Road D3718 – 

Rehabilitation of 

Township road 

~ 1.0 MESA 

Swaziland  

SMPWT: 

North of Manzini: 

Road D29 – New 

road linking several 

villiages 

~ 0.5 MESA 

1 

2 

3 

3 

4 
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Implementation of 

 nano-technologies 

 

advantages 

• Cost factors 

• Environmental factors 

• Energy factors 

“””green roads” 



Nano-technology 

 

 - material 

 compatibility 
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© WJvdMS 

• Developed > 50 years old 

• Empirically derived 

• Good “indicators” 

• Experience 
 

Material indicators 

mineralogy ???? 



 

Pavement design 

 

Cold regions 
 

Warm regions   
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© WJvdMS 

Weinert (1980): 
 

Southern Africa – “Unique” 
 

   

  Seasonal Rainfall 

  High Temperatures 

 

Weathering: Smectite / Mica 
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© WJvdMS 

“Smectite present unless otherwise proven” 



 

 

Cost – effective approach: 

Use available materials !!! 

 
MUST  Consider basic Geology: 

 southern Africa almost unique ! 

- Basic rocks  

- (crystalline rocks and argillaceous  rocks) 

- High temperatures 

- Seasonal rainfall 

- Weathering = Smectite / Mica = !!! 
-    



 Marble Hall (example): 

 

 PI  (normal) – SP to 5 =  material  

 

 PI (0.075)       - 13 to 16 

 

Smectite ! 

√ 



PI = 6 –  what does it mean ? 

Lets compare  2 “Establishments” – each selling 6 beers 



 PI = 6 –what does it mean ? 

Equivalent of 2 “Establishments” selling 6 beers each 

6 legal drivers 
1 illegal driver 

 



 

UP – Mike Mshali – M-thesis 



 

Cement stabilisation – Normal prediction of UCS strength 
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G5 – 6% Cement ; 2 – 10% Mica – M Mshali M 

thesis 



Road age – < 10 years 

 

Smectite/Mica: 

Disintegration of 

cemented layer 



Engineering 
Chemistry 

Physics  

science 

Cost -

effectiveness 



Engineering 

Chemistry 

Physics  

science 



J 

science 



Polokwane 

 

Borrow pit 

Design 

G6 – G7 



Polokwane 

Alternative 1 

Alternative 2 



Thohoyandou 

Common design: 

 

 Import: 

 150 mm Crushed stone base  - 

   from  Louis Trichard / Lepahale ( > 80 km) 

In-situ stabilisation 

 150 mm C4 



“G5” 

>50% 



“fine sand” 

~ 98% 

Wet UCS > 1200 kPa 

Idea: Pre- treatment 



 

Research :  

University of Pretoria 

Materials/minerology 
A       B          C        D         E 

Stabilising 
agents 

1 
 
2 
 
3 
 

Objectives:  -  improved guidelines 
  mineralogy / applicable stabilising agent 
   

  ~  affordable road infrastructure 

Mica / cement study –  bench mark 



 



 

SA roads “practitioners”  

  

- notoriously conservative 

“problem materials”  

 

 

mind shift required ! 

   “New” 

   Proven technologies 

 - seldom used – “risks” 

 - need support of authorities 
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ATP – HVS: - CSIR 

 

Demonstration sections 

 

  Low volume – (< 1 MESA) 

 

  Medium traffic loading (WN) (< 10 MESA) 

 

  High traffic loading (> 30 MESA)  

  

 



 

Pavement design 

Need to consider basic available 

natural materials 

 - Geology / mineralogy ! 

Back to basics ! 



Draft TRH4 (1996): 
  

•  Granular (G1 – G4) /  

  + (Cemented sub-base) 

 

•  Bituminous treated Base (BTB) 

 

•  Cement-Treated base (CTB) 

 
• ?????? 

 

Road structure (pavement) 
design 



Draft TRH12: 

Road 

Rehabilitation 

design 

Rehab design 

phase: 

 

 - Theoretical analysis 

 - Material design 



Aim: Cost-effective design 

Engineering = risk management  

“define appropriate padding !” 


