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Abstract 

The availability of high quality aggregates for production of hot Marshall Asphalt (HMA) mixes for 

construction of sealed surfacing layer that meet specified standards are becoming scarce. The use of locally 

available marginal materials shows challenges of not meeting engineering properties for construction of 

surfacing layers of Low Volume Roads (LVRs). This study investigated stability, flow and volumetric 

properties of the blended marginal natural cinder aggregates and sand to produce HMA mixes for construction 

of sealed surfacing layers of low volume roads and 60/70 asphalt was used as binder to aggregates. The 60/70 

asphalt binder was sourced from local supplier in Dar es Salaam, natural cinder was sourced from Ituha area and 

sand materials were sourced from Mbalizi area in Mbeya Region. Physical properties of 60/70 asphalt materials, 

physical and mechanical properties of natural cinder aggregates and sand were determined under laboratory 

condition.  
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The tests performed for 60/70 asphalt binder includes; ductility, penetration, flash point, viscosity and softening 

point. The test results from characterization of 60/70 asphalt binder indicated that all properties met the 

requirement to be used for HMA mixes for construction of sealed surfacing layer of low volume roads. The 

mechanical properties tests performed for natural cinder aggregates and sand includes TFV and ACV. The test 

results indicated that only sand satisfied requirement for TFV. Blending process of natural cinder aggregates and 

sand was conducted in order to meet gradation specification of AC20. The results of TFV and ACV for blended 

aggregates satisfied requirements for HMA mixes for construction of sealed surfacing layers of low volume 

roads in Mbeya Region Tanzania.  

The results of volumetric properties, flow and stability test conducted for HMA mixes are 9.2% optimum 

asphalt content, 5.5% air voids, 21.6% VMA, 13kN stability and 3 mm flow. It is indicating that optimum 

asphalt content, void properties, stability and flow met the requirement as HMA materials for the construction of 

surfacing layers of LVRs in Mbeya Region Tanzania, although the optimum asphalt content is at higher side due 

to high porosity of cinder aggregate materials. From the results of this study, it is recommended that cinder 

aggregate materials should be blended with high quality aggregates in order to increase mechanical properties of 

cinder blended aggregates for hot mix asphalt concretes. It is also recommended that filler materials to be used 

in order to reduce porosity of cinder aggregate materials which will reduce amount of asphalt contents for HMA 

mixes. 

Keywords: Low volume roads; cinder aggregates; blended process; characterization; asphalt concrete; stability; 

flow; density; mix design; HMA; volumetric analysis. 

1. Introduction  

Low volume roads (LVRs) are the roads which are designed and constructed to serve 50 – 400 vehicles a day 

with pavement layers and materials capable to resist vehicle axle loads up to 1.0 million CESAL (cumulative 

equivalent standard axle loads) during its design life [1, 2, 3]. In Tanzania the LVRs comprise of 75% of the 

whole road network [1, 3] and these LVRs play major role of transporting goods, people and agricultural inputs 

from urban market to rural areas. In Tanzania about 80% of population lives in rural areas where the major 

economic activities conducted is agriculture [4]. Currently the function ability of LVRs in Tanzania seems 

difficult due to high maintenance cost caused by scarcity of suitable conventional natural aggregate in some 

areas of the country especially regions where the great rift valley has passed through [1]. 

Cinder aggregates can be used as alternative aggregates since they are abundantly available in many areas 

especially where the Great Rift Valley belt zone have passed through which includes Central area of Tanzania, 

Mbeya, Songwe, Arusha, Rukwa and Kilimanjaro Regions [5]. These Regions have scarcity of strong and 

durable rocks to be used for production of conventional aggregates. The abundant available materials are 

pumices, cinder aggregates, volcanic cinder rocks and stones which can be crashed into aggregates [5]. 

These materials have been categorized as marginal materials because they lack some engineering properties to 

be used for road construction [1, 6]. Cinders aggregates are natural aggregates which are formed due to volcanic 
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action having lower quality standard of physical and mechanical properties for construction of LVRs. They have 

high void contents that absorbs high amount of water, low specific gravity and relatively soft particles [7]. These 

shortfalls have resulted into a low or improper usage of volcanic materials in Tanzania [8]. In Africa cinder 

materials have been reported to be abundant available in Ethiopia, Kenya, Uganda, Tanzania, Rwanda, Burundi, 

Congo and Malawi [9]. 

Despite of the abundance availability of natural cinder aggregates in many areas in Tanzania but they are less 

recommended for construction of pavement layers due to limited specified engineering properties [10, 11, 12] 

The past research on experimental use of cinder gravel and aggregate on roads in Ethiopia for unpaved and 

paved (surface dressing) showed that cinder could be used for sub-base, base course, surface dressing and not 

for asphalt concrete layer due to high absorption of binder content and low strength of aggregate particles [13, 

14, 15]. It is investigated that when cinder gravel blended with volcanic ash or quarry fines can be used for 

sealed road with up to 0.44 million CESALs for construction of sealed surface dressing which is to be designed 

according to overseas road note 31 [16, 17]. According to ERA [18] indicated that cinder gravel was used for 

constructing bituminous surfacing layer in trial section at Combel Village on Tolubolo in Ethiopia and the trial 

section performed well. However, the trial section required high bitumen spray rate because of high absorption 

capacity of cinder materials. Therefore, natural cinder aggregate needs to be improved in both physical and 

strength properties so as to be used in construction of asphalt concrete roads. 

Since the availability of high quality conventional aggregates for HMA mixes that meet specified standards are 

becoming scarce the studies have risen a need to investigate cinder aggregates as alternative aggregates for 

design and construction of asphalt concrete road surfacing layer for low volume roads [18, 3, 16, 18]. 

In Tanzania standard conventional aggregate used for asphalt concrete mixtures are obtained from crushed 

granite, igneous and basaltic rocks. In many areas of the world strong and durable aggregate has been 

inadequate or depleted, due to construction activities which requires tones of superior materials and mining 

activities [6, 11, 13]. Resulting into looking alternative aggregate which can be sourced locally and improved in 

both physical and mechanical properties and to be used for mix design and construction of asphalt concrete 

surfacing layer for low volume roads [19]. 

Despite the abundance availability of natural cinder aggregate in many areas of Tanzania, they have challenges 

of lacking some specified engineering properties required for design and construction of road sealed asphalt 

pavement surfacing layer which are low strength of particles that may result into crushing and failure of 

pavement, high water absorption that may result in loss of strength and durability and high porosity rate that 

may results into high demand of asphalt binder when used for asphalt wearing course [13, 6]. However, this 

study has investigated, stability, flow and volumetric properties of Hot Marshall Asphalt (HMA) concrete mixes 

made from natural cinder aggregate blended with sand materials for construction of sealed pavement layers of 

low volume roads in Mbeya Region Tanzania.  
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2. Investigation Procedure and Approach 

2.1. Materials Collection 

The materials used in this study were cinder aggregate, sand and 60/70 bitumen. Cinder aggregates were 

sourced from Ituha and sand were obtained from Mbarizi river in Mbeya City while 60/70 pen grade bitumen 

was obtained from local suppliers in Dar es salaam Tanzania. 

2.2. Methodology 

The source materials used for this study which are cinder, sand and 60/70 pen grade bitumen were laboratory 

characterized to determine their physical and mechanical properties before blending and testing for hot Marshall 

Mixes. The tests conducted for sample aggregate materials are sieve size analysis, specific density (SG), water 

absorption (WA), ten percent fine value (TFV), aggregates crushing value (ACV), aggregates impact value 

(AIV), flakiness index (FI) and elongation index (EI).  The tests conducted for sample sand materials are sieve 

size analysis, specific density (SG) and water absorption (WA). The laboratory tests conducted on 60/70 pen 

grade bitumen are flash point, viscosity, ductility, specific gravity, softening and penetration which are 

important properties of virgin bitumen for hot mix asphalt mixes.  However, materials blending design and 

Marshall Mix design for hot mix asphalt concretes were conducted. The asphalt concrete specimens were tested 

to determine their stability, flow and volumetric properties. Physical, strength and volumetric properties were 

determined following the procedures stipulated in MoW 2000a and MoW 2000b [10, 20]. 

2.3. Characterization of Cinder aggregates and Sand Materials 

The cinder aggregates and sand materials were washed to remove dusts and organic materials. Wet sieve 

analysis was conducted following the procedures stipulated in MoW 2000a [20] to determine particle size 

distribution. Figure 1 shows particle size distribution curves of sand and cinder aggregates. 

 

Figure 1: Gradation curves of sand and cinder aggregates 
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The test results for physical and mechanical properties of cinder aggregates and sand indicates that TFV, ACV 

and AIV for Cinder aggregates did not meet the required engineering properties for construction of sealed 

surfacing layer of low volume roads [10]. However, river sand satisfied TFV requirements except for ACV 

which is slightly higher than 25% specified [10].  For low volume roads these specification values are at higher 

side, this is because LVRs carries maximum axial load of 1 million cumulative equivalent standard axle loads 

(CESAL) and number of vehicles less than 400 veh/day [3]. However other studies have specified values for 

ACV to be 28 to 30%, [21, 22] AIV to be 10 to 30% [23] and minimum TFV to be 110kN [24]. The blending 

process of cinder aggregates and sand for Marshall Mix design were also conducted. Table 1 shows physical and 

mechanical properties of cinder aggregates and sand used for this study. 

Table 1: Physical and mechanical properties of Cinder aggregates and sand 

Source materials 
Material properties 

SG WA TFV ACV AIV EI FI 

Cinder aggregates 2.45 2.63 100 30.7 25.2 5.46 4.56 

Sand 2.35 1.92 146 26.6 N/A N/A N/A 

Specification limit [2] N/A N/A 130 min (dry) 25 max 25 max 25 max 

2.4. Blending Design of Aggregates and Sand 

The cinder aggregates and sand were blended together in order to obtain gradation which lays within the 

envelope of AC20 for Marshall mixes as specified in MoW 2000b [10]. The blending processes were conducted 

following procedures and formulas stipulated by Chengula [25]. Equations 1, 2 and 3 are used to compute 

grading factors (GF), median particle sizes (MS) and proportions of cinder aggregates and sand.   

GF = 
∑ PPi∗SSi

100
P=0

∑ PPi
100
P=0

                                                      1 

MS = 
∑ PRi∗SSi

n
i=0

100
                                                      2 

PA =
(GFU+GFL−2GFB)+(MSU+MSL−2MSB)

2[(GFA+MSA)−(GFB+MSB)]
and PB = 1 − PA                                                               3 

Where: “PPi” – denotes percentage passing sieve size in mm, “PRi” – denotes percentage retained on sieve size 

in mm; “SSi” – denotes sieve size for each percentage retained. GFA and GFB - are gradation factors of 

aggregate A and B respectively, MSA and MSB are the median particle sizes of aggregate A and B respectively. 

MSL and MSU are the median particle sizes of lower and upper gradation envelopes respectively, GFL and GFU – 

are the gradation factors of lower and upper gradation envelopes respectively. PA and PB – are proportions of 

aggregate type A and B in decimals respectively. 

Table 2 gives grading factors and median particle sizes for cinder aggregates, sand, upper limit and lower limit 

of gradation envelope for AC20 asphalt mixes. The average proportions of cinder aggregates and sand obtained 
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after blending process are 75% for cinder and 25% for sand (25Sa75Ci). The mixture of sand and cinder 

aggregates were then used for hot mix asphalt concrete mixes. 

Table 2: Grading factor and median particles sizes of materials and gradation envelope 

Parameters  Cinder Sand Lower limit (LL) Upper limit (UL) 

GF 
Min 5.2 13.4 14.8 9.8 

Max 9.8 17.4 14.8 12.9 

MS 0.4 8.5 8.8 5.0 

Figure 2 indicates gradation curve of blended cinder aggregates and sand materials at proportion of 25% sand 

and 75% cinder aggregates laying within the aggregates envelope of AC20 asphalt concrete [10]. 

 

Figure 2: Blended cinder and sand (25Sa75Ci) in AC20 envelope 
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28, 30]. Table 3 shows laboratory test results for physical properties of 60/70 pen grade asphalt used for this 

study. 

Table 3: Properties of 60/70 pen grade bitumen 

Parameter Ductility test Viscosity Flash point Penetration Density Softening point 

Results 135 cm 0.333 Pa.s 310 °C 67.4 1/10mm 1027 Kg/m
3
 54.6°C 

Criteria 100 min 3.0 max 230 min 60 – 70 1010 – 1060 49 – 56 
0
C 

2.6. Hot Marshall Asphalt (HMA) Concrete Mix Design 

Marshall Asphalt mix method was used in designing, evaluating and selecting the asphalt binder content at a 

desired density–voids analysis that satisfies stability and flow tests values [8, 20, 26]. The Marshall’s flow and 

stability of the hot Marshall asphalt (HMA) specimens were conducted following the procedure stipulated in 

MoW 2000a and ASTM-D6927 [20, 29], which are defined as the maximum deformation and maximum load 

carried by a compacted specimen at a standard test temperature of 60
0
C. 

2.6.1 Marshall Mix Design Procedure 

To perform the Marshall mix design method, the following procedures were used; selection of asphalt binder 

suitable for the prevailing climate, selection of aggregates, creation of an aggregate blend that meet the 

gradation criteria, establishing specimen mixing and compaction temperature from viscosity-temperature chart 

for the hot asphalt concrete mix design, compaction of three specimens at each of five asphalt contents spanning 

the expected optimum asphalt content, calculation of density and voids (Gmb, Gmm, VTM, VMA, VFA) of 

each specimen and determining stabilities and flows at each asphalt content. 

2.6.2 Sample Preparation 

The Marshall method, similar to other design methods, the sample preparation was performed using several 

trials of aggregate - asphalt binder contents, normally 5 different asphalt contents with 3 replicates specimens 

for each asphalt content making total of 15 specimens. In order to estimate amount of bitumen for each point, 

optimum bitumen content of HMA was estimated. 

2.6.3 Optimum Asphalt Binder Content Estimation 

In determining the optimum binder content of blended cinder aggregates the Marshall method was used, and a 

series of test specimens were prepared for a range of different asphalt contents. For this study, the asphalt 

content used for HMA mixes increased from 6.4% to 11.6% at an interval of 1.3%. The optimum asphalt 

content was estimated by using equation 4 [30]. 

PT = 20.7log (VMA) – 15Gsb + 21.6                                                                                                                     4  



International Journal of Sciences: Basic and Applied Research (IJSBAR) - Volume 76, No  1, pp 169-186 

176 
 

Where: PT - Optimum asphalt content, VMA - Voids in mineral aggregate of HMA, Gsb - Bulk specific gravity 

of blended aggregate 

The minimum VMA for AC20 is 14% [10] and bulk specific gravity of blended cinder aggregates and sand 

materials determined from this study is 2.425g/cm
3
, therefore substitute value of VMA and Gsb in equation 4 

the optimum asphalt content was calculated to be 9%. 

2.7. Mixing Process of Marshall Specimens 

The mixing process of Marshall Specimens involved blending cinder aggregates and sand together at the 

determined proportion of 75% cinder aggregates and 25% sand materials in order to meet desired gradation 

specification.  

The mixture of cinder aggregates, sand and asphalt for each asphalt content were mixed in mechanical mixer at 

a mixing temperature of 160
0
C until all aggregates and sand mixtures were coated with asphalt. The mixture for 

each binder content were compacted for 75 blows on both side using Marshall Compactor to simulate field 

condition into cylindrical moulds of 102 mm diameter by 64 mm height were removed from the moulds by 

using extrusion jack. Figure 3 shows mixing machine used to mix mixture of heated asphalt binder and 

aggregates and loose hot asphalt concrete mixes. Therefore, after determining stability and flow of hot asphalt 

concrete specimens, the densities and voids analysis of asphalt mixes for each binder content were determined to 

check if the density and volumetric properties were within the allowable range. 

 

Figure 3: Asphalt concrete mixing machine (A) and loose asphalt concrete mixes (B) 

2.7.1 Bulk Specific Gravity of aggregates (Gsb) 

The bulk specific density of aggregates is the ration of the given weight of the given volume of aggregate to the 

weight of an equal volume of water including permeable and impermeable voids within the aggregate, it is 

determined using the procedure stipulated in MoW 2000a [20]. Equation 5 is used to compute bulk specific 
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density of aggregates (Gsb) [20]. It is an important parameter because it is used to compute the amount of asphalt 

binder absorbed by the aggregate void mineral aggregate (VMA) of the Hot Mix Asphalt (HMA) mixture. 

Gsb =
𝐴

(𝐵+𝐷−𝐶)
                                                                                                                                          5 

Where:  Gsb – is the bulk specific gravity of aggregates (g/cm
3
), A – is the weight of oven dried sample in air 

(g), B – is the weight of saturated surface dry aggregate sample in air (g), C – is the weight of pycnometer filled 

with sample in water (g), D – is the weight of pycnometer filled with water (g). 

2.7.2 Bulk Specific Gravity of the Asphalt Mix (Gmb) 

The bulk specific gravity of the asphalt mix is density of compacted asphalt mixture as measured in the 

laboratory, it is determined using the procedure stipulated in MoW 2000a [20]. Equation 6 is used to compute 

theoretical maximum density (Gmb) of compacted mix of asphalt concrete. It is an important parameter because 

it is used to determine the optimum asphalt content of asphalt mix. 

𝐺𝑚𝑏 =
𝐴

(𝐴−𝐵)
                                                                                  6 

Where:  Gmb – is the bulk specific density of specimens (g/cm
3
), A – is the weight of specimen in air (g), B – is 

the weight of specimen in water (g). 

2.7.3 Theoretical Maximum Specific Gravities (Gmm) of Loose Mix 

Theoretical maximum density of loose mix of asphalt concrete is a density of aggregates coated with bitumen at 

zero entrapped air content. The sample is weighed in air, then placed in vacuum desiccator to remove entrapped 

air bubbles and then weighed in water, following the procedure stipulated in MoW 2000a [20]. Equation 7 is 

used to compute theoretical maximum density (Gmm) of loose mix of asphalt concrete [20]. Gmm plays a critical 

volumetric mix parameter for allocating the optimum asphalt content and it is used to compute air void of the 

specimens of asphalt mixture. Figure 4 is photo of vacuum desiccator and loose samples of asphalt mixes for 

testing Gmm. 
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Figure 4: Vacuum desiccator (A) and measuring weights of loose Asphalt mix in water (B) 

Gmm = 
𝐴

A−(C−B)
                                                                                                                                                  7 

Where:  Gmm – is the theoretical maximum specific gravity of paving mixture, A – is the weight of sample in air 

(gm), B – is the weight of sample and container in water (gm) and C – is the weight of container in 

water. 

2.7.4 Air Voids of Asphalt Aix (VA) 

Air voids of asphalt concrete are the small pockets of air between the aggregate particles in asphalt concrete 

mixture.  It is determined using the procedure stipulated in MoW 2000a [20]. Equation 8 is used to compute air 

voids of asphalt mix (VA) of compacted mix of asphalt concrete [20]. It is an important parameter because it is 

used to compute air void of the specimens 

𝑉𝐴 = (1 −
Gmb

Gmm
) 100                                                                     8 

Where: VA – is air voids of asphalt mix in percentage, Gmb – is bulk specific density of asphalt concrete, Gmm – 

is theoretical maximum specific density of loose mix 

2.7.5 Voids in Mineral Aggregates (VMA) 

 Voids in mineral aggregate (VMA) refers to empty spaces between individual aggregate particles within a 

compacted asphalt mixture. It is determined using the procedure stipulated in MoW 2000a [20]. Equation 9 is 

used to compute voids in mineral aggregates (VMA) of compacted mix of asphalt concrete [20]. It is an 

important parameter because it is used to compute air void of the specimens 
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VMA = 100 −  
(100−Pb)𝐺𝑚𝑏

Gsb
                                                               9 

Where:  VMA – is the voids in mineral aggregate in %, Gsb – is the bulk specific gravity of aggregate, Gmb – is 

bulk specific gravity of compacted mixture, Pb – is the binder content in percentage 

2.7.6 Voids Filled with Asphalt (VFA) 

Voids filled with asphalt (VFA), refers to the percentage of voids in the compacted aggregate mass that are 

filled with asphalt binder. It is determined using the procedure stipulated in MoW 2000a [20]. Equation 10 is 

used to compute Voids filled with asphalt (VFA) of compacted mix of asphalt concrete [20]. It is an important 

parameter because it is used in predicting hot mix asphalt pavement performance. 

VFA = (
VMA− 𝑉𝐴

VMA
) 100                                                                                                                     10 

Where:  VFA – is the voids filled with asphalt (%), VMA – is the voids in mineral aggregate (%), VA – is the 

air voids (%) 

2.7.7 Marshall Stability and Flow Tests 

After mixing and compaction process, the Marshall specimens were ready for testing, typically involved 

measuring their stability (resistance to shear) and flow (deformation under load) using a Marshall stability 

testing machine to determine the optimum asphalt binder content for the Hot Mix Asphalt concrete design. 

Figure 5 shows Marshall Stability and flow machine used for this study. 

 

Figure 5: Stability and flow machine (A) and Asphalt concrete specimens (B) 
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3. Results and Discussion 

The analysis of Laboratory tested sample materials was based mainly on the parameters required for the 

selection of materials to be used for the construction of surfacing layers of bound low volume roads (LVRs) 

which are grading envelopes, ten percent fines values (TFV), Specific gravity (SG) and Water absorption(WA)  

Table 4: Physical and mechanical properties of cinder blended sand materials (25Sa75Ci) 

Blended materials SG WA TFV ACV AIV EI FI 

25Sa75Ci 2.43 2.45 112 29.6 N/A N/A N/A 

The results of mechanical properties of cinder blended sand aggregates are shown in table 4. It has been 

indicated that there are improvement of TFV value and ACV value of cinder after blending with sand at a 

blending proportion of 75% cinder aggregates and 25% sands. Table 5 shows the theoretical maximum density 

of loose mix for each binder content used for HMA mixes for this study. 

Table 5: Test data of theoretical maximum density (Gmm) of loose mix of Marshall Specimens 

Test points 1 2 3 4 5 

Asphalt contents 6.4% 7.7% 9.0% 10.3% 11.6% 

Theoretical maximum density (Gmm) 2.29 2.25 2.20 2.23 2.14 

The specification for volumetric properties, flow and stability of hot mix asphalt concrete for construction of 

surfacing layers of road pavements are indicated in MoW 2000b [10]. Table 6 gives the optimum values of 

asphalt content, densities, volumetric properties, stability and flow of the hot asphalt concrete mixes for cinder 

aggregates. The results in table 6 indicate that the volumetric properties, flow and stability of hot mix asphalt 

concrete met the required specification, except the asphalt content which is higher compared to that specified for 

conventional aggregate mixtures which ranges between 4 to 6% [10]. This is because cinder aggregates are 

porous materials to which its absorption rate is much higher compared to conventional aggregates which 

demands higher amount of asphalts for mixing [26]. Figure 6 shows the curves showing relationships between 

densities, volumetric properties and asphalt contents. 
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Figure 6: Laboratory Marshall volumetric, flow and stability chart of 25Sa75Ci specimens 

However, according to Speight [22] indicated that in the hot asphalt mix, the aggregate constitutes 90 to 95% of 

the total mixture and asphalt binder constitutes between 5 to 10% of the total mixture to form asphalt concrete. 

The Asphalt institute indicated that, typical asphalt content for HMA ranges between 4 to 7% by weight, but at 

higher end the asphalt content ranges between 7 to 10% which is due to use of lower quality aggregates, 

aggregate gradation or cold climates [31]. AASHTO M23 indicated that, typical asphalt content for HMA 

ranges between 4 to 6% for good quality aggregates but it can go up to 9 to 10% for HMA requiring higher 

durability and stability [32]. Therefore, marginal materials like cinder aggregates requires higher asphalt content 

for making HMA.   
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Table 6: Test data of theoretical maximum density (Gmm) of loose mix of Marshall Specimens 

Parameters 
Optimum 

bitumen 
Gmb Gsb Air Voids VMA VFA Stability Flow 

Unity % g/cc g/cc % % % kN mm 

Value 9.2 2.098 2.43 5.5 21.6 75 13 3 

Limiting values [2] N/A N/A N/A 3 - 6 14 min 65-75 9 min 2 - 4 

In this regard, the optimum binder content of 9.2% by weight of the mix, air voids of 5.5%, VFA of 75% and 

VMA of 21.6% indicted in table 6 are acceptable for HMA made by using marginal cinder aggregates for 

surfacing layer of low volume roads construction in Tanzania [3, 21, 22]. 

Conclusions and Recommendations  

3.1 Conclusions 

The study carried out to design HMA for construction of low volume roads in Mbeya Tanzania based on 

marginal natural cinder aggregates blended with river sand. Characterization of source materials that are asphalt, 

cinder aggregates and sand were conducted under laboratory condition.  

The results of the properties of 60/70 Asphalt binder indicated that the ductility, penetration, viscosity, flash 

point and softening point obtained from laboratory tests are 135cm, 67.4 (1/10 mm), 0.333Pa.s, 310
0
C and 

54.6
0
C respectively which are within the requirements for HMA mixes. The mechanical properties of cinder 

aggregates indicated that TFV values are 100kN and 146kN and for ACV are 30.7% and 26.6% for cinder 

aggregates and sand respectively. The cinder aggregates did not satisfy the mechanical properties and sand 

aggregate satisfied TFV requirements. The cinder aggregates were blended with sand into proportion of 75% 

cinder and 25% sand by weight in order the gradation of blended material lay within the recommended 

gradation envelopes for AC20. The TFV and ACV of the blended aggregates are 112kN and 29.6%. 

The mix design of HMA were done and results of optimum binder content, volumetric properties, stability and 

flow for this are 9.2% optimum asphalt content, 5.5% air voids, 21.6% VMA, 13kN stability and 3 mm flow. 

The results indicate that optimum binder content; all volumetric properties, stability and flow met the 

requirement as HMA materials for the construction of surfacing layers of LVRs in Tanzania.  

3.2 Recommendations 

Since the research was based on the laboratory tests of natural cinder aggregate and blended cinder aggregate at 

a controlled condition, therefore there is a need to validate the findings in the field where the cinder aggregate 

materials are to be used for road construction. However, cinder aggregate materials can be blended with granite 

and basalt aggregate materials in order to increase mechanical properties of cinder blended aggregates for hot 

mix asphalt concretes. It is also recommended that filler materials to be used in order to reduce porosity of 

cinder aggregate materials that will reduce amount of asphalt contents for HMA. 
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4. Appendix  

Table 1A: Laboratory Marshall design data for HMA specimens 

Type of Asphalt concrete is AC20  Absorbed Asphalt (%): 1.07  

Bulk SG of aggregate is 2.430  Specific Gravity of Bitumen is 1.03 Compaction: 75  Blows top and bottom 
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Figure A1: Photo for source Cinder materials (A) and Sand materials (B) 
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Figure A2: Photo for Marshall compaction process (A) and specimens (B) 
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