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Flow Rate as an Index of Shape 
Texture of Sands 

R. A. JIMENEZ 

The influence of pa1 tide sliape am! surface iexture (roughness) 
on physical properties of soils, portland cement concretes, and 
asphalt cement concretes has been of interest to highway engi
neers for many years. These particle characteristics have shown 
effects on the compactibility, strength, and durability of these 
paving mixtures. However, the topic of this paper is concerned 
principally with those effects on properties related to compacted 
mixtures of asphaltic concrete. The classification of particle shape 
and surface texture for use in determining specific effects on the 
properties of asphaltic concrete has been based on visual exam
ination, measurement of flow rate, or measurement of volume 
of voids. A method is presented for determining a shape-texture 
index (STI) by measuring a flow rate of the - No. 8 sieve size 
portion of fine aggregate. It is suggested that this simple, fast 
procedure could be used for field (construction) control of the 
- No. 8 material in a hot-bin. Data are presented to show STI 
value effects on (a) the compactibility of aggregate densified by 
three methods, (b) voids in the mineral aggregate of asphaltic 
concrete, (c) Marshall and Hveem stability values of asphaltic 
concretes, and (d) creep modulus of asphaltic concrete. 

Highway materials engineers have been interested in the shapt 
and surface texture of aggregate since early in the usage of 
portland cement and asphalt cement concretes. This has been 
so since there has been control over the aggregates for these 
paving mixtures. Of course, particle shape and surface texture 
can affect the performance of soil masses in highway pave
ments; however, it is generally not economical to set special 
requirements for these properties . The quality of the fine 
aggregate ( - No. 4 sieve size) in terms of particle shape and 
surface texture has a significant effect on the workability, 
strength, and durability of both portland and asphalt cement 
concretes. 

The background of published works related to the shape 
and texture of aggregates to be presented will be with 
reference to those effects on the properties of asphaltic 
concrete. 

VISUAL PARTICLE CHARACTERIZATION 

One of the earliest publications on the effects of particle shape 
and texture on the stability of asphaltic mixtures was pre
sented by Campen and Smith (1) in 1948. They showed that 
improvement in stability in paving mixtures occurred when 
the fines were replaced from "rounded and smooth" to "angu
lar but smooth-faced" to "crushed" sands. The report also 
presented information indicating that sensitivity to asphalt 
content was reduced by using crushed sand in the paving 
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mixtures. The Hubbard-Field stability and OTL bearing-index 
test of Campen were used to evaluate the strength of the 
mixtures. 

In 1954 Herrin and Goetz (2) investigated the effects of 
aggregate shape on the parameters <!> and C of Mohr's theory 
of failure through triaxial compression tests. Both coarse (+No. 
4 sieve) and fine ( - No. 4 sieve) aggregate shapes were varied 
in shape and content for producing the laboratory specimens. 
The coarse and fine aggregates were characterized on the basis 
of shape and referred to as rounded or crushed . The results 
indicated that the increases in strength caused by the use of 
crushed fine aggregate were much larger than those caused 
by changes in the angularity of the coarse aggregate. 

The following researchers visually examined particle shape 
and evaluated natural (smooth) or crushed aggregates, both 
coarse (+No. 10 sieve) and fines in compacted specimens, 
with the Marshall method: Lefebvre (3), Field (4), Wedding 
and Gaynor (5), and Shklarsky and Livneh (6). 

MEASUREMENT OF VOLUME OF VOIDS 

A review of the related literature indicated that one of the 
first publications concerned with the effects of particle shape 
and surface texture on compaction of soil-aggregate mixtures 
was presented by Huang et al. (7) in 1963. The authors dem
onstrated a linear relationship between void content of com
pacted samples and the value of the particle index of the 
coarse aggregate. The report did not describe the test pro
cedure but referred to an ASTM paper in press. However, 
Huang did report and describe an improved particle index 
test for aggregates ( 8) . 

The particle index Ia was determined from the volume of 
voids obtained by compacting one-sized particles in a rhom
bohedral mold at two compactive efforts. The particle sizes 
varied sequentially from P % in .-R Y2 in. to P No. 40-R No. 
60 . A chart was given for determining I. in the equation 

Ia = l.25V10 - 0.25V50 - 32.0 (1) 

where V 10 and V50 were the volume of voids under compaction 
blows of 10 and 50 per layer. 

In 1964, Gray and Bell (9) reported on a test method devel
oped by the National Crushed Stone Association for obtaining 
a measure of particle shape of sand. In this method three 
different particle sizes (No. 8-No. 16, No. 16-No. 30, and 
No . 30-No. 50) were allowed to flow into a cylinder from a 
fixed height . The volumes of voids obtained for the three sizes 
were averaged to obtain a measure of particle shape. 
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Tons and Goetz (10) reported on an analytical and exper
imental study concerned with the packing volume of one-sized 
coarse aggregate. The results suggested that the packing vol
ume could be defined by (a) particle geometry and surface 
area and (b) rugosity of the particle. Rugosity included surface 
roughness plus some angularity. Also, geometry of irregular 
particles could be characterized by an ellipsoid. 

In 1981, McLeod and Davidson (11) presented results of 
laboratory tests, which indicated that a particle index (PI) was 
considered "an empirical measure of aggregate stability, with 
stability increasing with an increase in particle index." The 
particle index value was determined with the procedure 
described in ASTM D 3398 (12). The test method was that 
developed by Huang (8); however, the mold was changed to 
a cylindrical one. 

MEASUREMENT OF FLOW RATE 

To date only one basic flow-rate method has been found for 
determining a quantitative characteristic of the shape-surface 
texture of fine aggregates. The method was developed by the 
Bureau of Public Roads (presently Federal Highway Admin
istration) and reported by Rex and Peck (13). The method 
consisted of determining the time required for 500 gm of a 
specific size (P No. 20-R No. 30) of sand to flow through an 
orifice 3ls in. in diameter. Knowing the time and bulk specific 
gravity of the sample, the flow rate was computed with the 
units of sec/100 cc. The flow rate was compared to that of 
Ottawa sand to obtain a time index. The report gave time 
index values for other sources of sand with ranges from 1.12 
for a river sand to 1.53 for a manufactured granite sand. 

The basic flow rate concept was considered by the research
ers to be a viable method for characterizing the shape-texture 
properties of fine aggregate . Various studies were done to 
compare values of shape-texture index (STI) with physical 
properties of asphaltic concrete. Another objective was to 
check the feasibility of using the STI as a control on the quality 
of material ( - No. 8 sieve) in asphaltic concrete plant 
production. 

A report comparing results obtained with seven methods 
for measurements of fine aggregate shape and surface texture 
has been prepared by Meier et al. (J 4) for the Arizona Depart
ment of Transportation. The measurements of those prop
erties by the tests were compared to results from testing asphaltic 
concrete by (a) the Marshall method, (b) Hveem stability, 
(c) static creep at 77°F and 140°F, (d) resilient modulus at 
77°F, and (e) diametral creep at 140°F. 

SHAPE· TEXTURE INDEX TEST 

The concept of a flow rate to serve as a measure of the shape 
and surface texture of sands was appealing both in the sim
plicity of the test and in consideration of factors that could 
affect the flow of particles through an orifice. It was assumed 
that the flow rate would be affected by the size and shape of 
the orifice, the gradation of the particles, the "head" on the 
particles, and the internal friction of the particle mass as 
influenced by particle shape and surface texture. 

The general effects of shape and surface texture of aggre
gates on physical properties of asphaltic concrete have been 
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known for many years. Our interest in quantifying the com
bination of these properties was principally to be able to give 
this combination numbers for construction control of 
composition and compactibility of asphaltic concrete. 

From the beginning of the work it was the intention to 
obtain a measure of STI for the total - No. 8 sieve size mate
rial. The - No. 8 sieve size has been considered as the "fines" 
of asphaltic concrete aggregates. 

Variations of the Rex and Peck (13) method included (a) 
diameters of orifice, (b) sample size, and (c) number of dif
ferent particle size ranges. The results of these early 
investigations indicated the following: 

1. Use 500 gm of oven dry aggregate. 
2. Use the bulk specific gravity for calculating volume. 
3. Use a 1-pint Mason fruit jar. 
4. The weighted average STI of particle sizes, P No. 8-R 

No. 16, P No. 16-R No. 30, and P No. 30-R Pan, was equal 
to the STI of the total portion passing the No. 8 sieve. 

5. Use the flow rate of 3/32-in. diameter steel balls as the 
reference STI of 1.00. Therefore, the more angular and rough
textured particles will have higher values of STI. (In a pinch, 
No . 9 lead shots could be used.) 

Figure 1 shows a sketch of a Mason jar, aluminum cap, and 
one of the various orifices used. 

The test procedure and sample of test data are given in the 
Appendix. The flow period for the sands used was generally 
less than 30 sec. 

TESTING PROGRAMS AND MATERIALS 

The work on the flow rate method for determining effects of 
STI on asphaltic mixture properties was performed in three 
phases. 

Phase I 

The principal objective of the work done in this portion of 
the studies was to investigate the effects of STI on Marshall 
stability and on voids in the mineral aggregate (VMA) of 
compacted mixtures. The extent of the test program is shown 
in Table 1. The variable of STI was obtained by using two 
sands and their combination. One sand ( - No. 4 sieve size) 
was from a dry wash, and the other was obtained by crushing 
coarse stones from a river that is usually dry. The fine aggre
gates listed as A, B, and Care shown in the table rather than 
the STis. Gradations of F, M, and C (fine, medium, and 
coarse) were developed to have the same particle distribution 
for material passing the No. 4 sieve. For gradation F, all of 
the material passed the No. 4 sieve; for gradation M, 75 
percent passed the No. 4 sieve; and for gradation C, 50 percent 
passed the No. 4 sieve. However, only the - No. 8 sieve sizes 
were tested. 

The crushed coarse aggregate (+No. 4 sieve size) was of 
a constant source and gradation, whereas 40 percent of the 
- No. 200 sieve size was portland cement. 

Table 2 gives the characteristics of the individual and com
bined aggregate blends, and Figure 2 shows gradation curves 
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FIGURE 1 Sketch of jar, cap, and orifice for determining rate 
of flow for fine aggregate. 

for the three combinations. Although the different gradations 
had different amounts of - No. 4 sieve material, those with 
the same kind of fines had the same value of STI. 

Phase 2 

The earlier work of Phase 1 did not have a variable of gra
dation of the - No. 4 sieve size material. Therefore, the STI 
vaiues for the fine, medium, and coarse blends were constant 

TABLE 1 TEST PROGRAM-PHASE 1 

Compaction 

Asnhalt Content % -0.5 

Fin·e Aaareaate 

Gradation 
A x 

F B x 
c x 

A x 
M B x 

c x 

]\. x 
c B x 

c x 
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for a particular source of fines. For the second phase of the 
\.Vork reported, there was an interest in the con-ipactibility of 
the aggregate only and its relationship to its STI value. Also, 
there was interest in the effects of various compaction meth
ods on the compactibility of the dry (unlubricated) aggregate. 
The listing of variables for this phase is given in Table 3. 

Table 4 gives the gradation, STis, and bulk specific gravities 
of the aggregate blends. Two kinds of sand were used: the P 
for Pantano was from a dry wash and the N for Nogales was 
a crushed, rough-textured sand. The five different gradations 
were some form of the Fuller density equation. Gradations 1 
through 4 had a maximum particle size passing the %-in. sieve, 
and the fifth gradation had a maxin1um particle size passing 
the %-in. sieve. Gradation curves for the five blends are shown 
in Figure 3. Gradation 4 was gapped between the No. 30 and 
No. 50 sieves, and Gradation 3 had no material passing the 
No. 100 sieve. 

Compaction Methods 

As noted in Table 3, the methods used for compaction of the 
aggregates were labeled (a) vibratory kneading, (b) Marshall, 
and (c) vibratory table. These methods of compaction are 
described briefly in the following paragraphs. 

Vibratory Kneading Compaction 

The vibratory kneading compaction (VKC) method of com
paction is described in Jimenez (15). However, a brief review 
is given here to serve as an immediate reference. The dry soil 
sample was placed in a 4-in. diameter mold and rodded 12 
times about the inside periphery of the mold and 12 times 
about the central portion of the soil. The steel rod had a 
diameter of 3ls in. and a length of 18 in. with rounded ends. 
Four-in. diameter by Vs-in. thick rubber discs were placed on 
the top and bottom of the soil. The mold was placed on the 
VKC machine and compacted as it rotated at a 1-degree tilt 
for 2Yz min at a frequency of 1,200 rpm (20 Hz). That initial 
compaction was followed by 30 sec at 0 degree of tilt. The 
height and weight ot the compacted specimen was then deter-

Marshall, 75 B/F 

Ont. +0.5 +1.0 

x x x 
x x x 
x x x 

x x x 
x x x 
x x x 

x x x 
x x x 
x x x 
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TABLE 2 CHARACTERISTICS OF COARSE.AND FINE AGGREGATES AND THEIR COMBINATIONS 

Percent Passing Sieve S~ecific Gravit):'. 
Gradation 

F 

F 

M 

c 

Aggregate 

A,B,C 
Coarse 

100% A 
B 
c 

25%Coarse 
+75% A 

B 
c 

50%Coarse 
+50% A 

B 
c 

90 

80 

70 

~ 60 
O'I 

.S 50 
en 
en 

~ 40 

30 

20 

10 

1L..!.'.'.. ~ li 

100 100 100 
100 60 0 

100 90 75 

100 80 50 

1.§. .li.§. i1Q 112.Q 

80 55 45 30 

60 41 34 23 
Same 
Same 

40 27 23 15 
Same 
Same 

(X) Q <..P 0 
- C\J 

#100 #200 

20 15 

15 11 

10 7 

Bulk Effective 

2.63 
2.67 
2.74 

2.65 

2.70 
2. 72 
2.81 

10 

20 

30 

40~ 
-0 
Q) 

50.S 
.E 

60 ~ 

70 

80 

STI 

1. 31 
1. 50 
1. 85 

1. 32 
1. 52 
1. 88 

1. 32 
1. 52 
1. 88 

Sieve Number 

FIGURE 2 Aggregate gradation curves. 

mined. The compactor delivered rap1ct impact blows to the 
dry soil. As a consequence, some of the fines were sucked 
out of the sample during compaction. As was indicated in 
Table 3, the VKC was also used for compacting the asphaltic 
mixtures. Figure 4 is a photograph of the vibratory kneading 
compactor. 

Marshall Compaction 

A mechanical compactor was used with the standard Marshall 
equipment for densifying the aggregates. However, 75 blows 
of the hammer were given to one face only. 

Vibratory Table Compaction 

The vibratory table and test method complied with ASTM 
D-2049 (16) in using a frequency of 3,600 rpm (60 Hz), a 
surcharge of 2 psi, and an amplitude of 0.024 in. 

Asphaltic Concrete Mixtures 

The gradations (1to4) with %-in. aggregate were mixed with 
asphalt for strength measurement. The optimum asphalt con
tent for each was estimated by using the centrifuge kerosene 
equivalent (CKE) method and evaluated for strength with the 



TABLE 3 TEST PROGRAM-PHASE 2 

Dry Asphaltic Mixture 

Gradation : l 2 3 4 5 1 2 3 

Texture and 
Shape: p N p p p N p p N p p p 

Compaction:* 1 x x x x x x x x x x x x 

2 x x x x x x x 

3 x x x x x x x 

* Compaction methods: 

1 . Vibra tory Kneading Compaction (VKC) 
2 . Marshall Compaction - 75 blows on one face . 
3 . Vibratory Table Compaction (VT) 

X = 2 specimens 

TABLE 4 AGGREGATE GRADATION , SHAPE AND TEXTURE INDEX, AND COMBINED SPECIFIC 
GRAVITY 

Sieve 
Size 

3/4 11 

3/8" 

# 4 

# 8 

# 16 

# 30 

# 40 

# 50 

# 100 

# 200 

STI*** 

N* 

100 

73 

53 

38 

24 

16 

13 

11 

7 

5 

1. 85 

Bul k 2 • 59 

1 

Specific Gravity 

P** 

100 

71 

51 

35 

22 

16 

14 

11 

7 

5 

1. 59 

2.49 

% Passing 

Gradation # 

2 3 

Fine Aggregate Type 

p p 

100 100 

85 72 

5/. 49 

36 33 

26 23 

20 16 

18 15 

14 9 

6 0 

3 0 

1. 63 1. 60 

2.49 2.49 

*N =Nogales, Water absorption of 1.78 percent 
**P =Pantano, Water absorption of 2.04 percent. 

4 5 

N p p 

100 100 100 

75 75 100 

53 50 75 

35 34 50 

25 23 32 

18 18 23 

18 18 20 

17 16 19 

14 14 13 

5 4 7 

1. 89 1. 63 1. 59 

2.59 2.49 2.47 

4 

***STI Shape and texture index based on the weighted time of flow of particles 
passing #8 sieve. 

N 

x 
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FIGURE 3 Gradation curves for aggregates. 
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Hveem procedure (17). All gradations had an asphalt content 
of 5.5 percent except Gradation 3 with the Pantano sand, 
which had 5.0 percent. All mixtures were compacted with the 
VKC method. 

Phase 3 

This portion of the report comes from a program developed 
principally to investigate the basic creep test presented by the 
Shell Petroleum Company (18). The sands for the - No. 4 
fraction of the aggregate blends were obtained locally from 
Tanner and Calmat asphaltic concrete plants. The roughest 
of the sands was a specially crushed limestone. The variables 
of the creep testing program were listed: 

1. One gradation comparable to No. 4 in Phase 2 and three 
STis. 

2. Compaction by VKC and four compactive efforts. 
3. Two grades of asphalt and four asphalt contents. 

The testing of the specimens as related to the results to be 
given was as follows: 
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FIGURE 4 Vibratory kneading compactor. 

1. The ends of the specimens were made square to the 
central axis, density measurements were made, and faces were 
prepared to hold graphite flakes. 

2. Testing for creep was done at 104°F with a compressive 
stress of 20 lb/in. 2 . A preload of 2 lb/in. 2 was held for 2 min 
for seating the Y4-in. glass plattens . 

3. Vertical displacement readings were taken with a dial 
gauge graduated to 0.0001 in. at time intervals of 0, 100 sec, 
and every 15 min thereafter with a final reading at 1 hr. No 
displacement readings were taken after unloading the 
specimen. 

RES UL TS AND DISCUSSION 

The work done with the STI value has been to characterize 
the combined effects of particle size , particle shape, number 
of particle sizes, and particle surface texture on the flow rate 
of the - No. 8 sieve size of fine aggregate used in asphaltic 
concrete. The intended use of the STI test has been to serve 
as a control of the fine aggregate of asphaltic concrete during 
field production. To this end, the results of the testing pro
gram will be examined as to how STI values have certain 
effects on asphaltic concrete properties. 

Phase I 

In Table 5, data are presented on the effects of STI and 
gradation on the maximum stability obtained for asphaltic 
mixtures evaluated with the Marshall method. Those data are 
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TABLE 5 EFFECTS OF AMOUNT AND TYPE OF FINES ON MAXIMUM MARSHALL 
STABILITY 

Gradation Types of -#4 
No. % Fines Fines STI 

A 1. 31 
F 100 B 1. 50 

c 1. 85 

A 1. 32 
M 75 B 1. 52 

c 1. 88 

A 1. 32 
c 50 B 1. 52 

c 1. 88 

plotted in Figure 5. The results indica'te that the value of 
asphalt content for maximum stability varied with the type of 
fines as well as with the total aggregate gradation. The curves 
of Figure 5 indicate a linear relationship between STI values 
and maximum Marshall stability. Stability increased as the 
value of STI increased. The highest stability for constant STI 
was associated with gradation of the total blend, because all 
three compositions had the same particle size distribution of 
the - No . 4 material. 

The effects of STI and gradation on compactibility of the 
asphaltic mixtures under Marshall compaction are shown in 
Table 6 and Figure 6. The calculations for VMA and air voids 

Gradation % Fines A.C.,% 

3600 0 F 100 5.0-5.5 
D M 75 45-5.0 
D. c 50 40-4.5 

:e 3400 

::=. 
.0 
0 -(f) 3200 

0 
.c. 
en ..... 
0 
~ 3000 
E 
::I 

E 
)( 

0 
~ 2800 

1.5 

Fine Aggregate STI 

FIGURE 5 Effects of STI and gradation on maximum 
Marshall stability. 

o/M 

2 .0 

Maximum Stability 
and Corresponding 
Asphalt Content 
lb. % AC 

2770 5.0 
2970 5.5 
3330 5.5 

2850 4.5 
3020 5.0 
3430 5.0 

2740 4.0 
2870 4.0 
3150 4.5 

were performed by using the effective specific gravity of the 
aggregates . Again, it is noted that a linear relationship existed 
between STI and minimum VMA under Marshall compac
tion. Also , as was expected , the value of minimum VMA 
increased as STI and amount of fines increased. For any one 
gradation, the asphalt content was constant as STI increased. 
Therefore, the effects of asphalt content on compactibility 
were not apparent. 

The influence of gradation on minimum VMA or compac
tibility was obscured because the finer mixtures had a higher 
asphalt content (i .e., 5.5 percent for F(fine) , 5.0 for M(medium), 
and 4.0 for C(coarse)]. 

As was expected, the air void content increased (but not 
linearly) as the STI value increased. 

Phase 2 

In Table 3 it was shown that the work was aimed at deter
mining the effects of the gradation of the - No . 4 sieve size 
sand on STI and also on its compactibility with three 
comp;ictors 

The data in Table 7 indicate that gradation of the fines for 
the Pantano sand did have an effect on the value of STI, and, 
also, again as in Phase 1, the VMA increased as the value of 
STI increased. In this case, this relationship held for all three 
methods of compaction. From the data it is seen that the 
duration of compaction of 8 or 20 min with the vibratory table 
resulted in the same degree of densification of the dry 
aggregates. 

Figure 7 shows more directly the influence of STI and 
compaction method on the value of VMA . 

The work performed n the asphaltic mixtures utilized only 
the %-in . gradation of aggregate , and these were •valuated 
for Hveem stability. The asphaltic mixtures, except for Gra
dation 3, all had an asphalt content of 5.5 percent, and the 
specimens were formed with the vibratory kneading 
compactor. 

The results obtained in testing the asphaltic mixtures are 
shown in Table 8. Before discussing those data, the values 
for air void and VMA will be discussed. Air void values were 
calculated by using the effective specific gravity of the aggre-
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TABLE 6 EFFECTS OF AMOUNT AND TYPE OF FINES ON MINIMUM MARSHALL VMA 

~ 
o~ 
<{ 

~ 
> 
E 
::J 
E 
c 
~ -0 
-0 
0 
> ...._ 

<{ 

~ 0 

<{ 
~ 

Gradation 
No.% Fines 

F 100 

M 75 

c 50 

Gradation 

0 F 0 M 
IJ. c 

a. 
10 

8 

6 

Types Of -#4 
Fines STI 

A 1. 31 
B 1. 50 
c 1. 85 

A 1. 32 
B 1. 52 
c 1. 88 

A 1. 32 
B 1. 5 2 
c 1. 88 

% Fines A.C.,% 

100 5.5 
75 4.5-5.0 
50 4.0 -F 

0 

M 
IJ.~£:J-c 

~~o 
4 

25 

b. 

;20 

o~o-F 
0 

o~ o-M 
.c 
(/) ...._ ......... 0------0 
~ -o--IJ.------ IJ.- c E 15 
::J -/:,---E 
c 
~ 

10 
1.0 1.5 2 .0 

Fine Aggregate STI 

FIGURE 6 Effects of STI and gradation on minimum 
Marshall VMA and corresponding air void . 

gate. The differences in air void contents for mixtures lN and 
lP as well as for 4N and 4P are due in part to differences in 
compactibility between the Pantano and Nogales aggregates 
but also to their differences in specific gravity. 

The bar graph of Figure 8 indicates the lubricating effects 
of asphalt in reducing the VMA values through compaction. 

Minimum VMA and Corresponding 
Asphalt & Air 

VMA % Asp. Cont. % Air Void % 

17.6 5.5 4.9 
19.5 5.5 8.3 
2 2.9 5.5 10.5 

15.3 4.5 4.8 
16.2 5.0 4.5 
1 7 .8 5.0 6.3 

13.8 4.0 4.4 
14.7 4.0 5.5 
15.5 4.0 6.2 

In addition, it shows the relative difference between VMA 
values when computed with bulk or effective specific gravity 
and also the effect of absorption on that difference. As was 
noted, the Nogales aggregate had a lower water absorption 
value than did the Pantano aggregate. Therefore, the differ
ence between bulk and effective specific gravity would be 
reduced. 

The effect of STI on Hveem stability appears to be similar 
and had a linear relationship, as it did with Marshall stability. 
Figure 9 gives a visual representation of this relationship. 

Phase 3 

This report concerns the use of the STI test to characterize 
paving mixtures. Therefore only certain results that are of 
most interest and include a portion of the work done on creep 
testing will be presented. 

Measurements on two asphalts for penetration at two tem
peratures and determination of the Ring and Ball temperature 
with use of the Shell chart indicated that the two asphalts 
were somewhat different in stiffness . However, creep data 
for the three aggregates and at equal asphalt content indicated 
no significant differences for strain values at the end of the 
test. It would seem that changes in the asphalts occurred 
during the mixing, and compaction had resulted in both having 
the same stiffness at 104°F. 

As was indicated earlier, variables in the complete study 
of effects of STI on creep data included compactive effort 
and asphalt content. From those data strain values corre
sponding to mixtures having 2 percent air voids and an asphalt 
content of 5.5 percent have been extracted. The strain values 
were final ones at 60-min loading time. The relationship between 
strain and STI resulting from those tests is shown in Figure 
10. The curve indicates that the strain for the smoothest aggre
gate was about 50 percent greater than that of the 
roughest sand. 

The creep data were used to calculate specimen stiffness 
for the various times at which displacements were recorded. 
The bitumen (asphalt) stiffness was obtained for the same 
time period as for the specimens and by using the Van der 
Poe! nomograph as used in the Shell method. Figure 11 is a 
log-log plot of asphalt stiffness related to the stiffness of the 
specimens. The relative resistance to rutting of the three creep 
curves is made on the basis of mixture stiffness and slope of 
the curves. The curves indicated that the high STI mixture 



TABLE 7 VMA VALUES FOR DIFFERENT GRADATIONS AND STis FOR DRY AGGREGATES BY DIFFERENT 
COMPACTORS 

Gradation Fine Marshallb 
No. Aggregatea STI Hammer 

1 N 1. 85 25.2 
p 1. 59 19.9 

2 p 1. 63 23.1 

3 p 1. 60 21.1 

4 N 1. 89 26.0 
p 1. 63 22.9 

5 p 1. 59 20.1 

a. N = Nogales, crushed, P = Pantano, pit run 
b. 75 blows on one face 
c. Vibratory Kneading Compactor with no tilt 
d. Vibrating Table 
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TABLE 8 CHARACTERISTICS OF ASPHALTIC MIXTURES COMPACTED WITH THE VIBRATORY KNEADING COMPACTOR 

Gradation 
No. 

1 

2 

3 

4 

Fine Asphalt Air 
Aggregate STI Content, % Voids, 

30 
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N 
p 

p 

p 

N 
p 

1. 85 5.5 
1. 59 5.5 

1. 63 5.5 

1. 60 5.0 

1. 89 5.5 
1. 63 5.5 

Vibratory Kneading Compaction 

0 Dry Aggregate by BSG 

~ Aspholtic Concrete by BSG 

IS] Aspholtic Concrete by ESG 

3.3 
4.5 

5.1 

5.3 

4.5 
5.2 

VMA, 
% BSG 

14.2 
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FIGURE 8 Comparisons of VMAs for dry aggregate and for asphaltic mixtures. 

% Hveem 
ESG Stab. 

16.0 43.5 
16.8 29.4 

17.3 41.5 

16.4 35.5 

17.0 47.0 
17.5 42.6 
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FIGURE 11 Creep curve for different mixes using AR-1000 as binder. 

had the best resistance to rutting by virtue of the highest values 
of stiffness and lowest value for the geometric slope of the 
lines. 

CONCLUSIONS 

The feasibility of using STI as a control test for fine aggregate 
in the production of asphaltic concrete was investigated. The 
findings of the research warrant the following statements. 

1. The test equipment and procedure for determining the 
value of STI was relatively economical and easy to perform. 

2. The STI value of the - No . 8 sieve size sand was equal 
to the average weighted values of two or three fractions 
passing the No. 8 sieve. 

3. The STI value of the - No. 8 sieve sizes was dependent 
on the gradation of those particles . 

4. The values of STI had a relationship with mixture sta
bility and compactibility of asphalt concrete similar to those 
found by experience and other measures of particle size and 
texture. Data indicated that stability and VMA increased with 
STI in a linear fashion. 

5. The creep testing indicated higher mixture stiffness and 
less susceptibility to change with time for the mixtures with 
higher values of STI. This implies that high mixture stiffness 
is related to high resistance to rutting. 

6. As a first approximation, a minimum STI value could 
be set above 1.50. 

However, it is suggested that the STI test is sensitive enough 
to warrant further research to determine limits on its value 
for mixture design and tolerances for specified values when 
used for control on the fine aggregates of asphaltic concrete. 
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APPENDIX: Procedure and Results of the Shape
Texture Index Test 

1. Equipment 
a. One-pint Mason jar. 
b. Aluminum cap for the jar in the shape of a frustum of 

a cone with Y2-in. diameter orifice at the center of the 
top. 

c. A stopper (cork or rubber) for the 1/2-in. orifice. 
d. A stop watch with 0.05-sec graduations. 
e. Ring and ring stand for supporting the pint jar. 
f. A recepracle for rece iving flow of sand from the jar. 

2. Procedure for - No. 8 ·ieve size material 
a. btain the water absorption and bulk specific grnvity 

value · of the - No. 4 sieve size portion of the san I. 
b. Obtain a representative oven-dry 500-g sample of the 

- No. 8 sieve size and place it in the pint jar. 
c. Screw the stoppered cap onto the jar, and mix the sam

ple by rotating the jar about a horizontal diametral axis. 
d. Place the jar on the ring stand with the cap in a down

ward position and above the receptacle to receive the 
outflow of sand. 

e. Remove the stopper and determine the time required 
for the sand to flow through the orifice. 
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f. Repeat the measurement of time with at least three 
different samples of - No. 8 material and obtain the 
average time of flow to the nearest 0.1 sec. 

3. Calculations for STI 
a. The flow rate is computed by dividing the volume of 

the sample by the time of flow to yield units of cubic 
centimeters per second. 

b. The flow iale for the reference material of 3/32-in. diam
eter steel balls is 13. 70 cc/sec. 

c. If 500 gm of samples (BSG = 2.58) had a flow time of 
24.8 sec, then its flow rate would be 

(500.00/2.58) J 93.00 
24

.
8 

= 
24

_
8 

= 7.81 cc/sec 

d. The STI is the flow rate of the balls divided by the flow 
rate of the sample. In the illustrated case the STI is 

13.70 
7.81 = 1.75 

4. Procedure for fractional sizes passing No. 8 sieve. 
a. Obtain 500 g samples of various one-sized particles (e.g., 

P No. 8-R No. 16, P No. 16-R No . 30, and -
30). 

b. Obtain the flow rates for each of the sizes selected. 
c. Determine the percentage amount of each size selected 

(e.g., P No. 8-R No. 16 = 14 percent; P No. 16-R 
No. 30 = 8 percent; and - No. 30 = 16 percent). 

d. Assume the flow time for each size was 25.0, 20.0. and 
27.5 sec. The average weighted flow time is 

14 (25.0) + '(20) + J6(27.5) 
= 25.0 sec 

38 

e. From 3c and 3d, 

13 .70 

STI ~ 500.0 
') <;!/ v "' (\ .... .Ju ,., .:..._i,v 

1.77 




