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Study of Bituminous Intersection 
Pavements in Texas 

]OE w. BUTTON, DARIO PERDOMO, MAHMOUD AMERI-GAZNON, AND 

DALLAS N. LITTLE 

Inter ection-approach pavements often experience extreme forms 
of dist re s long before the tangent segment of th ' same pavement 
and long before the design life >f the pavement is attained. Field 
and laboratory inv rigations f asphalt concrete intersecrion
approach pavements were conducted to determine the primary 
causes of premature fa ilure and in order to sugge t change in 
materials pecificaiions, pavement design and con truction pro
cedures th!ll can be ltsed to prolong the . ervice li fe or itllersection 
pavement. The primary mode of failure of the intersections stud
ied was rutting; in some cases shoving and flushing also occurred. 
The leading material -related cau e of pavcme111 fa ilur was as
pha.lt co111ent in exce s of the design value. Most of the mixtures 
studie contained relatively high p rcentagc of na tur~ll (un
cru hed) ·and and .low voids in the mineral aggregate. Modifi
cations in material pecifications laboratory te t technique , de
sign procedures, and con trucrion methods are uggested to pro ide 
a margin of safe ty to minimize ea rly fai lu re . The p ten tial for 
significam economic benefit s appears promising if inter ection 
approaches are designed and con tructed to accommodate 1·he 
special stresses to which they are subjected. 

Standard pavement structural design methods and asphalt 
mixture-design procedures were developed for pavements with 
moving traffic without regard for high, repetitive shear stresses, 
such as those generated by decelerating and accelerating heavy 
vehicles at certain pavement locations. Traffic loading, often 
expressed as passages of an 18-kip equivalent single axle load 
(ESAL), as determined from the AASHO Road Test, are 
used in rhe ca lculation of damage factors to estimate de ign 
life of a pavement. By definiti n, the ESALs are applied by 
freely rolling tires which principally apply. a ve rtical load to 
the pavement. The only horizontal load in the pavement is 
the force component generated by the vertical load. 

Asphalt concrete (AC) pavements are typically de igned 
and built as if the complete paving project was a tangent 
section. For this reason, nontangent segments of a pavement, 
such as intersections, curves, approache to railroad crossings, 
bus terminals, and steep grades , often experience extreme 
forms of distress long before the tangent segments of the 
pavement and long before the design life of the pavement is 
attained. As a result, maintenance or rehabilitation or both 
of the specially stressed segments are required early in the 
pavement's service life, which is costly in materials and labor 
and to the user. 

The initial phases of the problem as described above were 
addressed in a recent study (1) . The analysis was limited to 
intersections surfaced with AC. The overall purpose of the 
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study was to identify techniques that can be employed in a 
cost-effective manner to design and build specially stressed 
portions of pavements that will exhibit performance equiva
lent to the tangent sections. 

The findings of this study (1) indicate that existing tech
nology can be used to design and construct pavements of 
adequate strength and stability to withstand the special stresses 
associated with intersection approaches. The full report rec
ommends changes in existing Texas State Department of 
Highways and Public Transportation (SDHPT) materials 
specifications, laboratory test procedures, and asphalt 
mixture-design methods in order to decrease the probability 
of premature failure of intersection pavements. It suggests 
that alternatives other than standard dense-graded asphalt 
mixtures should be considered for construction of intersection
approach pavements because these standard mixtures are nei
ther designed to withstand the special stresses applied at inter
sections nor have they proved to be successful in intersection 
applications. Initial costs of implementing improved intersec
tion designs will be significantly more than those encountered 
in normal practice. However, use of the improved designs or 
paving materials or both may result in significant cost savings 
during the service life because spot-maintenance and associ
ated user costs will be reduced. This will be particularly true 
for high-volume roadways . 

The AASHTO guide (2) states, "The designer will need to 
concentrate on some aspects of design which are not always 
covered in detail in the Guide ." There is a need to analyze 
the horizontal shear forces unique to certain portions of pave
ment systems and develop design procedures, specifications, 
and materials acceptance criteria that can be used to prolong 
pavement service life and reduce maintenance and rehabilita
tion activities in these specially stressed portions of pavement. 

A rational approach for intersection mixture design to in
crease the probability of success is presented in this paper. 
Results of this work may be implemented to provide adequate 
structures in other specially stressed segments of pavements 
such as bus terminals, steep vertical and horizontal curves, 
and even airport runways and taxiways . 

FIELD INVESTIGATION 

A questionnaire was distributed among all the Texa highway 
districts in order to locate unsuccessful AC intersections . Un
successful intersections were defined as those that exhibited 
significant problems related to premature pavement distress, 
such as rutting or corrugations or both. Visual inspections 
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were performed on about 20 unsuccessful intersections, and 
8 were selected for sampling and further study. Some con
sisted of a series of thin overlays that would have been difficult 
to analyze from a materials standpoint. 

Successful intersections were defined as those that were 
exposed to reasonably heavy traffic and exhibited less than 
0.25 in. of rutting and insignificant corrugations or flushing 
or both after 4 or more years of service . Visual inspections 
were performed on approximately 30 successful inlersel:liuas; 
6 were considered for sampling and further study. Most of 
the intersections that were reported to be successful actually 
exhibited significant distress or they experienced low traffic 
levels and were eliminated from the study. A sufficient num
ber of "good" intersection approaches that had been last over
laid more than 4 years previously were not found . Therefore, 
some of the good intersections selected for study had been 
overlaid less than 4 years before this evaluation but were 
subject to heavy traffic. 

It was found that many districts have implemented an in
tersection maintenance program in which basically all inter
sections in the district exposed to significant amounts of traffic 
received regular maintenance every other year at the mini
mum. Although the program is performing well in maintaining 
intersection quality, it did cause some difficulty in locating 
candidate intersections for this study. 

As previously indicated, some intersections were sampled 
and tested, whereas others were given a more cursory study. 

TRANS PORTA TJON RESEARCH RECORD 1300 

When possible , mixture-design data , materials properties, 
typical sections, and a sampling of daily construction reports 
were obtained. Rutting was found to be the primary mode of 
distress in all unsuccessful intersection approaches. A sum
mary of the intersections selected for study is given in Table 1. 

Sampling and Testing Program 

Rut depths were measured on the approach side of the in
tersections from the cross street and back until the mea
surements became less than 0.125-in. Twenty-five cores 4 in. 
in diameter were obtained from the rutted areas of selected 
intersections. At the approach side of the intersections, five 
cores across the pavement , in and between the wheelpaths, 
were drilled in order to ascertain the profile of the transverse 
cross section of the pavement. Cores were drilled in accor
dance with this scheme at each of 5 different locations to 
obtain a total of 25 cores. The cores were conveyed to the 
laboratory, where the surface layer portions were carefully 
separated by sawing and were later tested in an attempt to 
identify the possible causes of pavement distress. 

In some instances, the cores were found to consist of a 
series of up to 8 thin (less than I in .) layers of AC pavement. 
Mixture testing of these cores was not performed. In these 
cases , only limited test ing and visual inspection was per
formed. Labornt0ry tes t results are described by district in 
the following sections for each of the intersections analyzed. 

TABLE 1 SUMMARY OF SELECTED INTERSECTIONS 

Location Identification 

District 8 SH 36 @ Judge Ely* 
Abilene 

District 10 Loop 323 @ FM 756 
Tyler 

Loop 323 @ Mackim 

Loop 323 @ SHllO 

Traffic, 
ADT, 

4,000 

38,000 

District 15 Toepperwein @ IH35* 12,000 
San Antonio 

Judson @ IH35* 12,000 

Coliseum @ IH35* 

District 18 FM2170 @ SH5 
Da 11 as 

SH66 @ Rowlett* 

District 19 US259 @ SHll 
Atlanta 

US67 @ FM989 

US59 @ FM989* 

District 20 US96 @ FM1013 
Beaumont 

US190 @ US96 

* Indicates good intersections 

10 ,000 

18,800 

14,000 

8,000 

6,700 

19 ,000 

10,000 

10 , 100 

Age of 
Pavement 
of Last 
Overlay 

6% yr 

5 mo 

5 mo 

5 mo 

2 yr 

5 yr 

5 yr 

4 yr 

3 yr 

8 yr 

9 yr 

8 yr 

6 yr 

2 yr 

Rut Other 
Depth, Distress 

in. 

<0.25 None 

0.75-0.9 Flushing 

0.5-0.9 Flushing 

<0.25 None 

0 None 

<0.10 Slight 
Flushing 

0.05 None 

0.25-1.0 Shoving 

<0.2 None 

0.13-1.0 None 

0.3-0.9 Shoving 

0 None 

0.25-2.5 Shoving 

0.13 -1.0 Shoving 
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Test Results 

District 10 

Cores were collected from 3 intersections (2 rutted and 1 
nonrutted) along Loop 323. Rut depths up to 0.875 in. were 
measured only 5 m nths after the mixture was placed . The 
air-voi.d content (2 to 5 percent) was relatively low for a pave
ment of thi · age. Voids in the mineral aggregat (VMA) 
appeared acceptable because they were within the criteria 
specified by the Asphalt Institute (3), which recommends a 
minimum of 16 percent VMA for a mixture containing %-in. 
maximum particle ·ize. However, low air-void content with 
VMA that is within specified limits is an indicator of excess 
asphalt. This excess asphalt decreases the internal friction of 
the mixture, making it unstable under slow-moving or sta
tionary traffic load particularly during hot weather on a 
newly placed pavement. 

All the Loop 323 cores were extremely tender at higher 
test temperatures and, as a result, collapsed when the resilient 
modulus test at 104°F was attempted. Stiffness of the mixtures 
from the rutted sites was consistently lower than that from 
the nonrutted sites as evidenced by resilient modulus at 77°F 
and lower. In addition, Hveem stability was much lower (23 
versus 55) for the cores obtain d fr m the rutted sites. Mar
shall stability and flow of the rutted and nonrutted sections 
were not much different. 

The aggregate gradation showed a notably high percentage 
of and-sized particles. as indicated by a hump in the gradat i n 
curve at the No. 40 sieve (more than 30 percent pa sing). The 
aggregate system was composed of 100 percent crushed sand-
tone. T he coar e aggregat was m1gular and rough in texture. 

However on examination under a micro cope , the fine ag
gregate was found to consi t of a high percentage of individual 
·and particles that appeared to be m . tly ubangular, gla. sy , 
and nonporous. The ·imdstone was not well cemented and 
on cru ·bing and handling, a ignificant portion reverted t 
the original individual sand parLicles. 

Asphalts were extracted from selected cores from the 3 
locations, and penetrarion and vi ·co ity wer 1nea uxed at 
77°F and 140°F respectively. The re ulls indicated at isfactory 
material . Measurements of asphalt content howed tha t th 
mixtures from the rutted intersections contained about 0.5 
percent more asphalt than the optimum, whereas the non
rutted mix contained the optimum a phalt content (6 percent} . 

The major contributor to failure of this intersection mixture 
was the excess asphalt content, which created the low void 
content. The .glas y, nonabsorptive character o( the aggregate 
with exce · and izes and the relatively low fill r content 
(filler/asphalt ratio less than 0.5) made the mixture sensi tive 
to asphalt content, and ther fore increased the propensity for 
permanent deformation problems. 

District 20 

Rut depths at the intersection approach of US-96 at FM 1013 
in KirbyvilJe measured 0. 75 to 2.5 in. Nearest the intersection, 
where the vehicles halted a ridge had developed, particularly 
along ide th ou ter dge of the outside wheelpath. Rut depth 
at Lh approach of US-19 at U -96 in Jasper measured 0.13 
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to 1 in. The pavements more than 250 ft away from the in
tersections appeared to be in good condition and had rut 
depths less than 0.125 in. 

After examination of the cor , it was concluded , by match
ing layer profiles with the rut lepths mea ured that the pave
ment consisted of a ucce~ ·ion of overlays, each of which had 
experienced various degrees of rutting. The layers within the 
cores were approximately 1-in. thick, and thus too thin to 
accommodate most of the standard mixture tests. 

Only the uppermost overlay was tested. Data showed that 
air voids in the wheelpaths (2 percent) were less than half 
those outside the wheelpaths at both intersections. The voids 
in the mineral aggregate were, however, within the range 
specified by the Asphalt Institute. 

The aggregates blended to produce these mixtures consisted 
of more than 30 percent natural , uncrushed sand. On the basis 
of re ult of ieve analy e. both mixture were genera lly com
posed f aggregate ignificantly ·mailer rhan that ·pecified by 
the design. lt .i recognized that the coring peration reduced 
the measured aggregate ize , but n t to the extent shown here, 
e pecially .in the smaller size range . In addi ti n, the gradation 
curve exhibited a notable hump at the o. 40 ieve , indicating 
an exce s of sand and thu a mixture relarively weak in h ar 
strength and sensitive to a slight excess of asphalt. On ex
amination under n microscope, the fine aggregate wa · found 
to be mo tly . ubangular to . ubrounded , showing ' rnOoth to 
polished surfaces and a nonpor u iliceous character . The 
gradations measured do not correspond well to the design 
gradations. 

Extraction te ts showed that t11e mixture from Kirbyville 
contained 0.8 percent more a phalt than the de ign content 
wherea the mixture from Jasper contained an amounl near 
the design content. 

A combination of high field sand content and overall small 
aggregate ize produced a mixture susceptible to pla tic flow . 
This problem wa compounded at Kirbyville by the excess 
asphalt. In time traffic further den ified the in-place mixtures 
to a low void level, which further decreased its shear strength 
in the wheel path, and failure occurred as a result of rutting. 

District 18 

Rut depths in the intersection of FM 2170 and SH 5 were a 
maximum of I in. A second locati n ( H 66 at Rowlett treet) 
showed no sign of significant distres . Mix-de ign data for 
these pavement were not available. Both pavements were 
composed of a se ries of thin (less tJ1an l in .) overlays placed 
during a period of several years. Therefore, only a few tests 
were performed on the pav ment cores. 

Air voids in the uppermosl pavement layer were low (1 to 
2.5 percent) for the rutted illter ect ion and ace ptable (5 to 
7 percent) for the nonrutted i11tersection. The gradation of 
the ·urface layer in !he nomutted inter ection was coarser 
(V2-in. maximum size) than that f the rnrted intersection {¥R
in. maximum size). The pre ence of the larger ·tone in the 
surface layer may have been a igniflcant facto.r in it re i -
tance to plastic deformation; the composition of the subse
quent layer and other factors such as traffic and subgrad 
were quite simi lar . ln the minus No. 40 sieve sizes, the ag
grngates in the urface layers of both pavements were largely 
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subrounded, smooth textured, and nonporous. Figure 1 shows 
that the gradation of the rutted mix was very near the max
imum density line. 

District 19 

Rut depths ranged up to 1 in. for the intersection of US-259 
and SH 11, and up to 0.9 in. for the intersection of US-67 
and FM 989. Researchers originally understood that these 
pavements were about 2 years old; it was later determined 
that they were considerably Ider. Because a significanc amount 
of data had been generated by that time, the pavements were 
included in the study. The intersection of US-59 and FM 989 
exhibited no rutting or other forms of distress . 

The top two layers of the two rutted intersection approaches 
exhibited significantl y lower air-void content than the upper 
layer of the nonruued intersection approach (Table 2). Air 
voids in the wheelpaths of the rutted pavements were ex
tremely low (about LS percent) compared with the wheelpath 
of the nonrutted pavement (5.4 percent) and were als quite 
low outside the wheelpaths. 

Asphal t contents in the uppermost layers were, on the av
erage, higher for the rutted sections than for the nonrutted 
section. In the rutted portion of US-67 at FM 989, the mea
sured binder content in the uppermost layer exceeded the 
design value by 1.2 percent. In the no nrutted pavement, the 
measured binder content was 0.9 percen t Less than the design 
value. 

The aggregates in the upper layer of all three sections were 
crushed sandstone and field sand. Material in the plus No. 
40 sizes from the top layers of all three intersections was 
angular and rough. However, the minus No. 40 material in 
all mixtures tested (both layers where applicable) was sub
rounded, smooth, and nonporous. The plus No. 40 material 
in the second layer of the rutted intersections was mostly pea 
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gravel and was also ubrounded, smooth and nonporous. T he 
pea gravel layer f FM 67 at FM 989 was mea urably thick r 
in the c re from ou tside the wh e lpa lh 1·1urn in those Erom 
the wheelpath, which indicates that plastic flow (rutting) had 
occurred and may still have been occurring in this layer. 

District 15 

Three excellent intersection pavements on relatively high traffic
volume facilities were found in San Antonio (Table 1). Two 
of these pavements had been in service for 5 years, and 1 had 
been in service for 2 years. They showed no visible signs of 
distress. Each of the pavements was placed as new construc
tion in two 1-in. lifts. Mixture-design data for these two mixes 
are presented in Table 3. 

These mixtures were composed of 74 percent crushed lime
stone and 26 percent natural sand. It should be pointed out, 
however, that the sand was of exceptionally good quality in 
that the particles were angular to subangular and well graded. 
Typical gradations for the mixture are shown in Figure 2. The 
quantity of minus No. 200 sieve size material was compara
tively low (about 3 percent). Asphalt contents were also com
paratively low. However, asphalt film thickness in the mix
tures at Toepperwein and Judson were calculated to be more 
than 9 microns, which is normally considered adequate for 
protection against moisture and oxidation . 

District 8 

An intersection that exhibited excellent performance after 6 
years in service in Abilene was reporced by District 8 per
sonnel. It is located on SH 36 at Judge Ely Street and is 
exposed to average daily traffic of about 4,600 vehicle ( able 
1). The surface mix was a ·Vs-in. maximum ize hot-mix a ~phalt 
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TABLE 2 PROPERTIES OF UPPER LAYERS IN CORES FROM INTERSECTIONS IN 
DISTRICT 19 

Locat1on 

US 259 @ SH 11 US 67 @ FM 989 US 59 @ FM 989 

Rutting Ye~: l . Q- j!J . Yiu : Q.2-1a. H2; Q-ja. 

Layer _1_ ...L ...L ...L .J_ 

Air Voids in Wheelpath, in. 1. 5 1.4 1.8 1. 4 5. 4 

Air Voids outside 
Wheelpath, in. 2.9 2.8 3.2 6.5 

Asphalt Content, percent 5.7 5.9 6.9 4.7 5.1 

Design Asphalt Content, 
percent 5.8 5.7 5.2 6.0 

Hveem Stability for 
Mix Design 47 4I 36 45 

Aggregate Blend, percent 
Crushed Stone 58 65 60 
Pea Gravel 50 
Sand 25 25 35 20 
Crusher Screenings 17 IO IS 20 

TABLE 3 MIX-DESIGN DATA FOR GOOD INTERSECTION PAVEMENTS IN DISTRICT 15 

Location 

Design Toepperwein/Judson Coliseum Rd 
Data at IH 35 at IH 35 

Layer Identification 1 (Surface) 2 1 (Surface) 2 

Specification Item 340 340 340 340 
Mix Type D D D D 
Aggregate Blend, percent 

Crushed Limestone 36 33 36 33 
Crusher Screenings 7 7 7 7 
Crushed Gravel 29 33 
Crushed Sandstone 29 33 
Field Sand 28 27 28 27 

Absorption, percent <l <l <I <l 

Minus # 200, percent 3.0 3.0 3.8 3.1 

L. A. Abrasion, percent 30 30 30 30 

Asphalt Source Exxon Exxon Exxon Exxon 

Asphalt Grade AC-20 AC-20 AC-20 AC-20 

Asphalt Content 5.0 4.5 4.3 4.5 

Avg. Specimen Density, 
percent 96 .5 96.5 97.I 96.7 

Initial Avg. Field Voids, 
percent 6.4 - 8.0 6.4 - 8.0 

Average Hveem Stability 46 46 40's 40's 

VMA, percent 15.0 15.0 13 15.0 
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concrete (HMAC) overlay placed in a single 1 Yz-in. lift. Visual 
inspection revealed no signs of plastic deformation, flushing, 
or other forms of distress. 

The aggregate was composed of 88 percent crushed lime
stone and 12 percent field sand. The filler (minus No. 200) 
content was 4.0 percent. The design asphalt content was 6.2 
percent , which yielded an average Hveem stability of about 
51 percent. Field air voids after initial compaction were about 
6 percent. The angularity of the coarse aggregate and the low 
field-sand content are partially credited with the satisfactory 
performance of this intersection pavement. 

APPLICATION OF FINDINGS TO INTERSECTION 
ENGINEERING AND CONSTRUCTION 

Although design engineers have no control of traffic volume, 
traffic loads, or environmental factors, adequate construction 
quality control as well as properly designed paving mixtures 
and structural systems are well within their jurisdiction. A 
well-designed asphalt paving mixture that is correctly mixed 
and placed can withstand the shear and compressive stresses 
of heavy traffic at intersection approaches and should exhibit 
adequate resistance to deformation when temperatures and 
wheel loads are at the peak. The following paragraphs offer 
suggestions designed to provide a margin of safety to minimize 
premature failures of specially stressed intersection pavements. 

HMAC Specifications 

Existing Texas SDHPT specifications for fine-graded HMAC 
surfaces allow and possibly encourage the use of gap-graded 
mixes (Figure 3). These mixtures are characterized by the 
hump in the gradation curve near the No. 40 sieve and a 
relatively flat slope between the No. 40 and the No. 10 sieves. 

This indicates a deficiency of material in the No. 40 to No. 8 
sieve size range and an excess of material passing the No. 40 
sieves. Mixtures of this type, particularly when the fines are 
composed primarily of natural sand, are termed "critical" 
because they lack resistance to plastic deformation, tend to 
rapidly loose stability if the asphalt content exceeds optimum, 
and become tender and shove during hot weather. One method 
of improving the aggregate grading specification to yield tough 
intersection mixes would be to lower the upper limit of the 
total percentage of material allowed to pass the No. 40 and 
80 sieves. According to Chastain and Burke (4), in 1957, less 
than 20 percent of highway agencies allowed more than 37 
percent passing the No. 40 sieve and more than 40 percent 
of them required less than 32 percent passing the No. 40 sieve. 

The 0.45 power gradation chart, as used in this report, is 
particularly useful in evaluating aggregate gradations. A straight 
line, plotted from the origin of the chart to the percentage 
point plotted for the largest sieve with material retained, rep
resents the gradation of maximum density . Aggregate gra
dation should be examined on the 0.45 power chart as a rou
tine procedure during mixture design. When a plant inspector 
becomes accustomed to using this chart, it may help the in
spector to recognize gradation problems early and make the 
necessary adjustments before large quantities of the mix are 
ph1ced. 

Although it is well known that rounded, smooth-textured 
siliceous gravels and sands generally produce AC mixtures 
subject to plastic deformation and moisture damage, existing 
Texas SDHPT HMAC specifications do not limit the use of 
these natural aggregate particles. The specification requires 
that a minimum of 85 percent of the particles retained on the 
No. 4 sieve have at least 2 crushed faces (primarily to address 
skid resistance). This is certainly a positive move regarding 
the coarse aggregate, but there is no limitation placed on the 
fine aggregate (minus No. 4). The quality and quantity of fine 



Button et al. 51 

100 

90 

80 

.J ~ .... 

/ 
~._Extracted 

Curve 
70 

Ol 
c 60 

,... ~, 
·;;; 
VI 
0 

CL 
50 

~ 

c 
" I:! 40 
" CL 

30 

20 

10 

,... 
Maximum Density~ ,... ,... 

Curve .... 
I-

~ v .... .... 
.... 

,,,,/ .... .... .... 
.... 

t './ .... 

v/ v4 I 
0 

0 200 80 40 16 10 4 3/8 3/4 1/2 
Sieve Sizes 

FIGURE 3 Aggregate specification limits for Texas SDHPT fine-graded asphalt 
concrete surface mixture (sieve sizes raised to 0.45 power). 

aggregate is critical because it greatly influences the amount 
of asphalt a mixture can tolerate and the volume of air in the 
compacted pavement (5-7). Use of excessive quantities of 
p or quali ty natural sand i indirectly addre sed in the spec
ification by the 1·equirement of a minimum Hveem !ability. 
Experience , howeve r, has hown that mixtures with ati ·fac
tory Hveem stability may yield unsatisfactory performance as 
surface courses on approaches to intersections that carry more 
than 7 000 vehicles a day. Evidence of this was demonstrated 
by the 2-year routine maintenance program for intersection 
pavements practiced in several districts. To provide a margin 
of safety, the na tural aggregate particle conten t of mixtures 
to be applied at intersection approaches should not exceed 
ab ut 15 percent (518). T he quality of nat ural aggregate varie 
widely a nd should be considered by a llowing specia l pr vi
sions to exceed the maximum limit when " harp" natural 
sand ' with demonstrated good performance are ui;cd. 

To meet gradation requirements with limited use of natural 
and it is usually necessary to replace these particle · with 

" manufactured sand" (crusher screenings with limited minu 
No. 200). Texas currently has no specification for washed 
screenings, which has caused difficulties on occasion. For ex
ample, District 17 requisitioned wa bed screenings, but the 
material that was delive red contained only 3 percent less mi
nus No . 200 material (15 instead of 18 percent) than the stone 
screenings usually received . A reasonable specification for 
wa hed screenings shou ld require 11 ar 100 percent passing 
the No. 4 sieve and limit the amount passing the No. 200 
sieve to less than 6 percent. 

A target value for VMA hould be obtained through the 
proper distribution of aggregate gradation to provide ade
quate asphalt film thickness on each particle and accommo
date the design air-void system (8). Current Texas SDHPT 
specifications for HMAC do not require a minimum VMA. 
Recommended minimum VMA for various nominal maxi
mum particle ·izes have been developed by McLeod (9) . These 
values are ba. ed on compaction u ing the Mar lmll hammer. 

Optimum values of VMA using the Texas gyratory compactor 
need to be established. On the basis of findings from a recent 
study sponsored by the National Cooperative Highway Re
search Program (10) , it is reasonable to expect that acceptable 
VMA requirements using the gyratory compactor may be 
about 0.5 percent lower than those developed using the Mar
shall hammer. 

Another item that is critical to mixture performance that 
is not addressed in the Texas SDHPT specifications is the 
ratio of filler (minus No . 200 aggregate) to asphalt. This ratio 
is computed by dividing the weight percent or mass of filler 
by the weight percent or mass of asphalt, respectively , and 
should range between a minimum of 0.6 and a maximum of 
1.2 (8). Mixtures containing preponderantly absorptive ag
gregates will need less filler than mixtures composed primarily 
of nonabsorptive aggregates. Theoretically, absorptive aggre
gates will selectively absorb the lighter , more mobile com
ponents (lower viscosity) of the asphalt more deeply into the 
aggregate, leaving , in effect, a harder grade material to act 
as binder. In such cases, it may be advisable to design at the 
lower limit of filler content to ensure adequate mixture flex
ibility. (When using highly absorptive aggregates, improve
ments in mixture quality may be gained by specifying an as
phalt one grade softer than usual to provide for loss of the 
low viscosity materials due to absorption. Research has not 
been performed to establish the critical level of absorption 
above which a softer asphalt should be used .) 

Finally, incorporation of some or all of the above recom
mended changes in the Item 340 specification will result in a 
substantial increase in the Hveem stability. As a measure to 
further ensure that the mixture will withstand the special stresses 
applied at intersection approaches, the minimum required 
Hveem stability should be raised to a value near 40. A value 
of 37 is recommended by the Asphalt Institute (3) and the 
Federal Highway Administration (FHWA) (8) for traffic vol
umes exceeding 1 million equivalent single axle loads during 
the design life . 
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Methods of Testing 

In the search for possible reasons for the excess asphalt found 
in some paving mixtures, standard Texas test methods were 
investigated. Design of hot bituminou mixtures in Texa re
quires the use of test method Tex-205-F (mixing) and T ex-
206-F (compaction) for specimen preparation. The e te t 
methods specify a mixing temperature of 275°F ;incl (I com
paction temperature of 250°F, regardless of the grade or 
viscosity-temperature relationship of the asphalt cement. Ex
amination of 1988 data for AC-20 asphalts used in Texas 
revealed that the viscosity may range from 6 to 14 St at 250°F 
and from 2.8 to 6.8 St at 275°F. On the basis of the experience 
of the authors, it is believed that this range of viscosities will 
significantly affect density of the compacted specimens. Higher 
vi cosity will of course , result in higher air voids. Because 
optimum asphalt content i ·selected al 97 per ent density (or 
3 percent air voids) by the Texa meth d iL follows that the 
harder asphalt (at compaction temperature) will require higher 
asphalt content . Now, because the ma·terials under discussion 
are all AC-20s, the viscosity range at higtt. pavement service 
temperatures (e .g., J40°F) is comparatively small (1 610 to 
2,280 St, based on 1988 Texas asphalt data). Therefore, in 
service, the higher asphalt content required by the design 
procedure may be detrimental to resistance to pla tic defor
mation of the mix. Furthermore, when modified asphalts, 
which often have significantly lower-than-usual temperature 
susceptibilities (or much higher viscosities at the compaction 
temperature), are used , the standard design procedure may 
require a binder content in exces of that de ·irable for opti
mum performance. 

The potential for these siandard test methods to produce 
mixes with excess asphall should be investigated. If it is de
termined that the risk is unacceptable, the test methods should 
be modified to require mixing and compaction at some pre
selected viscosity instead of the constant temperatures. 
Guidelines for the Marshall design procedure (3, AASHTO 
T245-82) recommend a mixing temperature that provides 170 
cSt and a compaction temperature that provides 280 cSt . As
phalt vi co ity at compaction temperature when the Texas 
gyratory compactor is used may not be a critical a visco ity 
when the Marshall hammer i used , but thi need to be ver· 
ified. 

Design Considerations 

In contrast to the current empirical pavement design proce
dures in which one is unable to determine if a paving mixture 
of pecific trength parameters is capable of su taining vertical 
and horizontal loads of varying magnitude, a tm:d1a11istic de
sign method may provide a rational approach to design of 
intersection pavements capable of withstanding the applied 
vertical and horizontal loads (J). 

The octahedral shear stress ratio (OSR) concept (11) can 
be used to evaluate the potential of an AC overlay, over 
exi ting AC or portland cement concrete (PCC), to rut or 
deform under traffic. This ratio is based on the principle of 
octahedral shear stress, which is a scaler or numerical rep
resentation of the stress state at any point within the pavement 
cross section. This scaler quantity is calculated from the three 
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normal and six shear stresses acting at a given point within 
the pavem nl. Because materials fail in different modes on 
the ba ·i of the conditions of loading and temperature and 
because a number of failure criteria exist, selecting the proper 
failure mode and criterion by which to judge failure potential 
i of great importance. It make. sense that th potential f 
an A pavement to deform hove, r rut at an inte r ection 
should be evaluated on the basis of a hearing failure criteri n. 

The procedure is summarized in the following steps: 

1. Compute the maximum octahedral shear stress in the 
A overlay under the climatic , structural, and I ading con
ditions involved. Ameri-Gaznon and Little (11) accomplished 
this for the majority of conditions that will normally be en
countered. 

2. Measure the octahedral shearing strength of the AC ma
terial used in the overlay at the same state of stress at which 
the maximum octahedral shearing stress occurs within the 
pavement (Step 1). Thi · can be accomplished by f llowing 
the procedure for testing and analysis omli n cl el. ewhere (J) . 

3. Comput the ratio of the maximum ctahedral hear 
stress developed within the AC overlay to the octahedral shear 
strength of the AC material used in the overlay at the same 
stress state that occurs in the overlay at the critical point. 

When the OSR is high, the potential to deform excessively 
is high. When the OSR i. low, lh potential to deform is low. 
Theoretically, an OSR equal t unity repre ents incipient fail
ure. However, limited dynamic creep data have shown t.hat 
conditions favoring excessive deformation can result at OSRs 
of 0.65 in ltighways subjected to n rm1;1l loading conditions. 
Although it i.s currently not po ibl to identify an Q , R that 
represent a selected quantification of deformation , the 0 R 
is an excellent way l compare the relative potential of various 
mixtures of A to resist permanent cleformat.ion in sp cific 
structural and climatic categories. 

Tougher Asphalt Mixtures 

It is possible to substantially reduce plastic deformation of 
the pavement by u ing larger nominal maximum ize aggre
gate that are mixed with harder grade of asphalt (e.g .. AC-
30) or modified asphalt binder. Davis (12) tate the largest 
stone ize should be two-thirds the pavement thicknes ·. L rge 
crushed aggregate generally require I ss energy to pr duce 
and less asphalt and are, therefore, less exp nsive. Research 
bas shown I.hat certain polym r additives will produce a sig
nificant increase in asphalt viscosity at high pavement service 
temperatures whi le having litt le affect on viscosity at low 
pavement ervice temperatures (13,14) . Higher-than-usual 
compaction energy may be required for tbe e mixture . 

Plant mix seals or open-graded friction courses are quite 
resistant to rutting. These mixtures may provide a viable al
ternative to the usual fine-grained dense-graded mixtures for 
overlay or recon truction of inter ection approaches. Ad· 
ditional benefit provided by plant mix eals include improved 
surface friction and resistance to hydroplaning and reduced 
glare at night, which are important factors to consider at 
intersections. 
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Stone-filled mixtures (15), briefly described by Button and 
Perdomo (5), should also provide excellent service on inter
section approaches. Stone-filled mixtures essentially consist 
of a small top-size, dense-graded asphalt-concrete mix com
bined with about 45 percent (by total weight of mix) of a 
larger single-sized stone of about % in. for surface courses. 
A stone matrix is formed by the large stones, and the voids 
between are filled with the fine-grained asphalt mix. The 
bridging effect of the large stones resists plastic deformation 
and further densification under traffic in a manner similar to 
the open-graded mixes. 

PCC 

An alternative approach to eliminate plastic flow of the pave
ment surface materials at intersections is the application of 
PCC (5). Generally, the major portion of load-carrying ca
pacity of pavements surfaced with PCC is provided by the 
slab itself. This is in contrast to the flexible pavement, wherein 
the strength of the pavement is provided by the thick layers 
of the subbase or base or both (2). 

Construction Sequence 

An efficient and possibly cost-effective approach to alleviate 
permanent deformation at critically stressed pavement sec
tions is to employ a sequential construction technique. In this 
approach, the intersections and other critical areas that re
ceive a higher concentration of vehicle maneuvering are con
structed first with a preselected mixture that is designed to 
conform with the intensity of the traffic and applied vertical 
and horizontal loads. Once construction of these areas is com
pleted, construction of the tangent sections may begin; the 
normal mixture that is compatible with the type of traffic to 
which those sections are exposed should be used. On occasion, 
it may be advantageous to Jet bids separately for construction 
or overlaying of intersections and work on connecting tangent 
sections. 

Intersection Geometries 

Traffic monitoring was conducted at several intersections to 
estimate the distance from the inter eciion at which braking 
force is first applied to reduce vehicle speed and then further 
applied to bring a vehicle to a complete stop. As mentioned 
previously, rut depths were measured along the intersection 
approaches. This information was used to estimate the av
erage length of the damaged zone of typical intersection ap
proaches, and thus to estimate the length of approach that 
should receive specially designed pavements. Evidence indi
cates that the typical length of an intersection approach that 
should receive special treatment ranges from 100 to 250 ft, 
depending on the amount and speed of traffic, traffic control 
methods, and the average length of the queue that forms 
during stoppages. 

Economic Considerations 

The potential for significant economic benefits appears prom
ising when intersection approaches are engineered specifically 
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to accommodate the special stresses to which they are sub
jected. Cost comparisons of these alternatives on both a first
cost and life-cycle basis are of interest to the engineer and 
should be considered when the optimum rehabilitation alter
native for a particular intersection approach is selected. An 
example to illustrate the potential savings follows. 

On the basis of the findings in this study, it seems reasonable 
to assume that an improperly designed intersection will need 
to be maintained by overlaying or milling or both every 2 
years. A a basis for comparison, assume an intersection ap
proach consisting of four 12-ft lanes 150 ft in length will be 
(a) overlaid with 1 in. of asphalt maintenance mix every 2 
years or (b) designed and built with special hot mix to serve 
without maintenance for 10 years. The approximate costs of 
the materials, equipment, and labor for the two alternatives 
are presented in Table 4. It can be seen from this oversim
plified example that a savings of $4,920 per intersection ap
proach can be realized every 10 years when an approach pave
ment is built during initial construction or rehabilitation to 
withstand special stresses. If pavement user cost was consid
ered at an intersection, it would be significant because traffic 
flow on at least two different thoroughfares is interrupted 
when maintenance or rehabilitation activities are required. 

Additional benefits that can be gained by considering the 
special stresses associated with intersections during pavement 
design and construction include (a) improved driver safety as 
a result of the good condition or the pavement surface (no 
rutting or flu. hing and adequate surface friction in wet weather) 
and (b) no buildup of maintenance mix which is often of 
lower quality than hot mix. 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

1. The most common form of distress associated with failure 
of AC intersection-approach pavements was plastic defor
mation manifested in the form of rutting. Shoving and flushing 
were evident in some cases. In all cases investigated, rut depths 
more than 250 ft from the intersection were practically neg
ligible . Ruts alway become progressively deeper nearer the 
intersection. This combination of findings clearly indicates 
that the slower the traf.fic and the greater the frequency of 
horizontal forces (deceleration and acceleration), the greater 
the damage to AC pavements. 

2. The leading cause of intersection pavement failure re
lated to AC materials was binder in excess of that required 
by the optimum mixture de ign. It also appears that on oc
casion asphalt content is arbitrarily increased to facilitate com
paction. 

3. Most of the mixtures studied contained relatively high 
percentages of natural (uncrushed) sand. The smooth, rounded, 
nonporous, glassy character of these fine aggregates causes 
the mixture to be sensitive to asphalt content and weak in 
shear strength, which thus imparts a higher propensity for 
permanent deformation. Approximately 30 percent minus No. 
40 sieve size material, which was largely field sand, was found 
in all the problem intersections. [State specifications for fine
graded surface mix (%-in. maximum size) allow up to 40 per
cent passing the No. 40 sieve.) 
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TABLE 4 PAVEMENT TREATMENT ALTERNATIVES AND COST 
COMPARISONS 

Maintenance Alternative: 

One -i nch thick level-up course of asphalt mix placed by maintenance 
forces every 2 years for 10 years. Assume 1 day required to perform 
maintenance each time. 

Materials - 42 tons llMCL at $20/ton s 850 

Equipment - 2 dump trucks at $30 ea/day 60 
1 sign truck at $30/day 30 
1 steel wheel roller at $20/day 20 
1 distributor truck at $30/day 30 
1 grader at $50/day 50 

Total Equipment $ 190 

Labor - 1 crew leader at $100/day 100 
2 maint. operators at $80 ea/day 160 
3 maint. workers at $65 ea/day 195 
1 flagman at $50/day 50 

Total Labor 

TOTAL DAILY COST 

$ 505 

s 1,545 

Assume 4 repetitions of the above maintenance activity will be 
performed in 10 years. 

TOTAL 10 YEAR COST s 6,180 

Ten-Year Design Alternative: 

During construction, apply 3 inches of special hot mixed asphalt 
concrete (HMAC) designed to perform satisfactorily without main tenance for 
10 years. 

Materials - Additional Cost of 126 tons of 
Special HMAC, $10/ton $ 1,260 

Savings $ 6,180 - $ 1,260 = $ 4,920 per intersection per 10 years 

4. Aggregate gradations appeared to be dense (low VMA) 
for some intersection pavements that experienced early fail
ure. Dense aggregate gradations leave little room for asphalt 
binder, and the mixture may become unstable with a slight 
excess of asphalt. This is particularly true for fine-graded 
asphalt mixtures . 

constructed specifically to accommodate the special stresses 
to which they are subjected. 

8. A rational approach for design of asphalt mixtures for 
intersections using the OSR appears capable of providing suit
able mixtures. This procedure needs verification. 

5. Air-void contents obtained from almost all the rutted 
intersection pavements were comparatively low (less than 3 
percent), particularly in the wheelpaths. This indicates that 
either the mixture designs were too dense or that they were 
overcompactetl tlu1i11g construction such that additional dcn
sification by traffic caused the mixtures to become unstable 
soon after construction and exhibit plastic flow (rutting or 
shoving or both). 

6. Several districts had established a routine 2-year main
tenance program, wherein most intersection approaches in 
the district with significant traffic received treatment every 
other year. This is an indicator of the severity of the problem 
of pavement service life at intersections. 

7. The potential for significant economic benefits appears 
promising when intersection approaches are designed and 

Recommendations 

1. Reduce the allowable quantity of sand-sized (minus No. 
10 to plus No. 200) particles in asphalt mixtures to be used 
on intersection approach pavements . 

2. Limit the natural (uncrushed) sand content of mixes to 
be used on intersection pavements to about 15 percent. Spe
cial provisions should be allowed for "sharp" natural sands 
that have demonstrated good pe rformance wherein they may 
exceed the specified value. 

3. Institute a specification for voids in the VMA considering 
that the gyratory compactor generates a specim n that sim
ulates final density after significant traffic. Optimum VMA 
values for gy.ratory compacted specimens may be slightly lower 
than those propo ·ed by FrlWA and the Asphalt Lns titute. 
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4. Require a minimum Hveem stability of 40 for mixes to 
be applied on the surface of intersection approaches that have 
high traffic volumes. This is an indirect method of ensuring 
good aggregate quality. 

5. Use of comparatively large maximum-size aggregate or 
asphalt modifiers or both to increase viscosity at higher pave
ment service temperatures may offer cost-effective alterna
tives to prolong intersection pavement life. Options include 
dense-graded large-stone mixes(%- and 7/s-in. maximum size), 
stone-filled mixes, and plant mix seals. The National Asphalt 
Pavement Association recommends a maximum aggregate size 
of 3 in. or up to two-thirds the pavement layer thickness , 
whichever is smaller, for heavy-duty mixes. 

6. Specify constant asphalt viscosities during mixing and 
compaction instead of constant temperatures for standard test 
methods. Use of the mixing temperature of 275°F and the 
compaction temperature of 250°F for hard or modified as
phalts with the standard Texas mix-design procedure may 
result in excess binder content, which could lead to rutting 
or flushing. 

7. Consider the use of PCC for intersection approaches for 
which economic analyses of the alternatives indicate its ap
propriateness. 

8. Employ a sequential construction technique in which all 
intersection approaches within the project are built or overlaid 
before the remainder of the job with a special, tough mix to 
accommodate the special stresses. 
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