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INTRODUCTION 

Sulfur, an element which was known to the ancients, has long been 
recognized for its chemical and physical properties. In 1~38, Isaac 
Bencowitz and E. S. Boe described a method of preparing a sulfur-asphalt 
binder by mixing the1two materials together with a stirrer before mixing 
them with aggregate. r~ore recently, highway engineers have designed 
asphalt-sulfur binders which were produced with devices as simple as a 
mechanical stirrer or as sophisticated as the colloidal mill. In these 
projects, a portion of the sulfur was considered to be an asphalt 
extender or replacement for part of the asphalt. 

Elemental sulfur as an engineering material possesses high strength, but 
it is extremely brittle and frangible, so its use is limited to some 
very specialized applications. Of the three al rotropic forms of sulfur 
which are of practical interest at room temperatures (orthorhombic, 
polymeric, and monoclinic), polymeric sulfur has the most desirable 
physical properties for use as a· highway binder. Polymeric sulfur is 
formed by

0
quickly quenching elemental sulfur which has been heated 

above 130 centigrade; but it ragidly reverts to the brittle crystalline 
form, particularly under stress.2 

Southwest Research Institute (SwRI) in San Antonio, Texas started an 
active program in sulfur product development in 1959. And in the 
mid-seventies they undertoo~ the specific project of chemically modi­
fying elemental sulfur to improve its engineering properties for the 
purpose of providing: {1) a binder to serve as a replacement for asphalt 
in flexible paving mixtures and (2) a binder ~o serve as a replacement 
for Portland cement in rigid paving mixtures. The objective was to 
develop a system to modify sulfur so that it would serve as the total 
binder in paving mixes, not just as an additive or asphalt extender. 

For flexible paving mixtures, the researchers at SwP.I sought to chemically 
modify sulfur such that it would retain, indefinitely, some of the desir­
able characteristics of polymeric sulfur. The resultant plasticization 
process was one with which they could stabilize polymeric sulfur by re­
acting it with non-petroleum-derived chemical hydrocarbons. The materials 
were formulated to have temperature-viscosity curves similar to asphalt 
cement, but they were distinctly different from those of elemental sulfur 
{See Figure 1). 

In their search for a binder for flexible pavements, the researchers 
prepared over 500 formulations, narrowed the field to the 21 most promising, 
and then selected three for further testing. And, while these Sulphlex 
binders were formulated {l) to have engineering properties similar to 
asphalt and {2) to replace asp!~alt in paving mixtures, they had to be con­
sidered, not as a mimic of asphalt, but as a completely distinct family 
of binders. The empirical knowledge of asphalts simply could not be 
relied on to judge the characteristics and performance of Sulphlex. 

In December 1978, SwRI personnel placed a 600-foot section of Sulphlex 
hot-mix pavement on a street at their San Antonio facility. Thus, it was 
demonstrated that Sulphlex could be prepared in large quantities and that 



500 

100 
(f) 
w 
(f) 

0 50 0.. 
~ 
z w 
(.) 

>-
t-u; 
0 
(.) 
(f) 

> 

10 

110 120 130 140 150 160 170 

tr 
:::> 
:I: 
0.. 

5 
(f) 

0 

5 
C/) 

220 240 260 280 300 320 340 

TEMPERATURE {°F) 

TEMPERATURE-VISCOSITY CURVES 

FIGURE I 
(fran Reference 3) 

2 

500 

-
100 ~ 

X -(f) 
50 0 

z 
0 
(.) 
w 
(f) 

.....I 
< 
(.) 
(f) 

~ 
>-
t-
(f) 
0 
(.) 
(f) 

10 > 



'. 

it could be substituted directly for asphalt. At this point, Federal 
Highway Administration officials felt that actual field testing on a 
heavily traveled public highway was needed to properly assess the long­
term performance characteristics of Sulphlex hot-mix. So, through an 
experimental projects agreement with the Office of Research of the 
FHWA, the San Antonio District of the State Department of Highways and 
Public Transportation contracted to (1) design and place both a 
Sulphlex hot-mix overlay and a typical asphaltic concrete overlay con­
trol section, (2) demonstrate the design, production, and placement 
techniques to state, city, Federal and industry representatives, and (3) 
conduct extensive testing and evaluation of the material. The control 
pavement was placed on August 25, 1980, and the demonstration of the 
placement of the Sulphlex hot-mix was done on August 26, 1980. Richard 
H. r1agers, Supervising Laboratory Engineer for the San Antonio District, 
was the study supervisor and engineer for the project. 

DESIGN OF SULPHLEX HOT-lUX 

The site which was chosen for the project was on Loop 1604, the outer 
loop around the city of San Antonio. It was located between Bandera 
Road and Babcock Road in the northwest quadrant of the city, and it was 
just west of the entrance to the University of Texas at San Antonio. In 
addition to prerequisite engineering considerations, the site was appro­
priate because of its proximity to the hot-mix plant which was to be 
used, to Southwest Research Institute, and to the San Antonio District 
Office of the State Department of Highways and Public Transportation. 

The original roadway was constructed in 1961, and it consisted of eight 
inches of flexible base and a two-course surface treatment. Then in 
1970, this was overlaid with one inch of hot-mix asphaltic concrete 
{See Figure 2 ) • 

r--CONSTR. ft. 

I 
I 

241 TWO-CRSE. SURF. TR 

ft. ASPH. I 
4' 6' 12' . 12' f1 4' 10' MIN. 

Figure 2 
Roadway Profile 

NOTE In 1970, a 111 overlay 
was odded, for a total dep1h­
of-scc11on of 9". 



A traffic count and analysis showed the average daily traffic (ADT) 
to be 5600 with 9.3% trucks and an average of the ten highest wheel 
loads (ATHWLD) of 12,300 with 60% tandem axles. The pavement had 
begun to flush and rut in some areas. 

Considering the type and condition of the existing pavement and the 
ADT and types of vehicles, 100 lbs./sq. yd. (approximately one inch) 
of Texas 1 standard Type "D11 hot-mix overlay would typically be placed. 
Additionally, background data (which are contained in Appendix A) such 
as soil characteristics, evaluation of the flexible base, average 
temperatures, and deflection tests supported the estimate that one 
inch of both HMAC control and of Sulphlex overlay would be adequate. 

The researchers and engineers ultimately decided to use Sulphlex formu­
lation No. 233A, which consisted of the following: 

68% sulfur (S) 

12% dicyclopentadiene (DCPD) 

10% vinyl toluene (VT) 

10% Solvenol 2 

The choice was based on the fact that Sulphlex 233A compared favorahly 
with AC-20 (an asphalt which is commonly used in Texas hot-mixes and 
the one selected for the control overlay) and the fact that the chemical 
components were readily available in the quantities needed for this job. 
A different formulation with comparable characteristics had been con­
sidered first but had to be rejected because one of the constituents 
was not available. Fortunately, personnel at SwRI were able to design 
Sulphlex 233A to have similar engineering properties using somewhat 
different chemicals from different commercial suppliers. Further, they 
anticipated that in future jobs, it would sometimes be possible to 
alter the types and amounts of the various constituents sufficiently to 
allow the use of,locally (or regionally) available chemicals, thus 
avoiding having t6 ship materials long distances. 

The San Antonio District (District 15) of the State Department of 
Highways and Public Transportation typically designs Class A hot-mix 
asphaltic concrete pavement by Texas Specification Item 340, as amended 
by Special Provision 340 ... 102 (contained in Appendix B). So this 
specification was used for the design and placement of the Sulphlex hot­
mix a 1 so. 

Initially, three coarse aggregate types were-considered: a sandstone, 
a traprock, and a limestone. However, our standard stripping test, Test 
t1ethod Tex-218-F (which is an estimate of asphalt loss to a coated 
aggregate sample which has been subjected to agitation in water),revealed 
a possible susceptibility to stripping in the traprock/Sulphlex combi­
nation. A 20% loss of coating was estimated in the limestone and sand­
stone samples, but a 50% loss was estimated in the traprock sample. Even 
though this was an empirical test which was based on asphalt cements, it 
was felt that the possibility of stripping in the traprock/Sulphlex 
combination was significantly greater than that in the other two samples. 

4 



Choosing to use both limestone and sandstone, the Supervising 
Laboratory Engineer combined four materials in order to meet the 
gradation requirements shown on page 3-9 of the Special Provision 
to Item 340: 27.5% field sand, 7.0% limestone screenings, 22.5% 
intermediate coarse aggregate (limestone), and 43.0% coarse 
aggregate (sandstone). 

The procedures, equipment, and techniques which were used in the 
design of Sulphlex hot-mix were exactly the same as those used for 
H~·1AC, with the exception of some safety considerations which will be 
discussed later. However, since Texas used Hveem design methods and 
Southwest Research Institute had used ~1arshall stability and flow 
·in the design of their December 1979 job, FHWA contact persons 
requested that trial batches be designed using both Hveem and Marshall 
techniques. This not only provided a worthwhile comparison between 
the two design methods, but it also provided data which were meaning­
ful to other agencies which base their designs on Marshall stability. 
Tbe Harshall stability and flow testing was done by SwRI (Appendix C). 

Since the specific gravity of Sulphlex 233A was determined to be about 
one and one-half times the specific gravity of AC~20 (1 .53 vs 1.02), 
the percentages of binder, by weight, for the Sulphlex test specimens 
ranged from 7.0% to 9.5% while the percentages for the asphalt specimens 
ranged from 4.0% to 7.0%. From the Density-Stability Curves, optimum 
binder contents were consiaered to be 4.7% for AC-20 and 7.0% for 
Sulphlex 233A. Further, these percentages, by weight, represented 
almost equal volumes of binders. But when 7.0% mixes were prepared, 
they looked a little dry, so the engineer decided that it would be 
practical to place sections using 7.0%, 7.5% and 8.0% Sulphlex. 
Appendix D contains the mix designs and density-stability curves. 

An extra set of Hveem test specimens was m~de for analysis by the 
Materials and Tests Division in Austin. Using 50X magnification, the 
geologist counted air voids and estimated that the 7% mix contained 
6-1/2 to 7 percent air voids and that the 8% mix contained 4 to 4-1/2 
percent air voids. 

Sulphlex 233A had such a strong, penetrating odor that it was necessary 
·to move the mix design operations into a mobile field laboratory behind 
the District laboratory building. (See Photograph 1). 

The lab technicians wore self-contained breathing apparatuses (like 
those used.in the mining industry) in order to have a continuing supply 
~f fresh a1r. And_after their families started complaining about the 
lrremovable ~dors 1n t~eir clothes, they started wearing white paper 
cover~lls ~h1ch they d1scarded every day or so. This helped to minimize 
th~ l1nger;ng odors of_Sulphlex. Appendix E con-
talns phys1cal propert1es and safety data sheets for vinyl toluene 
dicyclopentadiene, and Solvenol 2. ' 

5 
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CONSTRUCT! ON 

On the morning of August 25, 1980, the contractor began placing the 
first of two three-quarter mile control sections, one on the eastbound 
lane and one on the westbound lane such that alternating sections of 
Sulphlex hot-mix could be placed the following day. Production and 
placement of both mixes were done by maintenance contracts. 
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TYPE D CONTROL 
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A- 7.0% SULPHLEX 
B - 7.5% SULPHLEX 
C -8.0% SULPHLEX 
D- SULPHLEX SEAL COAT 

The mix was produced at the f1cDonough Brothers plant about five miles 
from the job site. The plant was a 200 tons/hr. Cedarapids Batch 
Plant equipped with an 88-in. by 28-foot dryer. This was the plant 
where the Sulphlex mix had been produced for the 600-foot test section 
at Southwest Research Institute. 

The contractor shot 0.02 to 0.06 gal ./sq. yd. of RC-2 tackcoat and 
squeegeed it with an empty nine-wheel medium pneumatic roller. Then 
he placed the Type "D" control mix with a Barber-Green SB-111 laydown 
machine. A Tampa RS-144A (10,600 lbs. static weight) dual drum 
vibratory roller was used for breakdown, and it was followed by a 
12-ton Tampo pneumatic roller, Hod3l SP-312. Temperature of the mix 
at the plant ~as approximately 270. F and the temperature of the mat 
was about 225 F. 
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On the following day, August 26th, a meeting was held with r epre­
sentatives from several cities, nine states, many technical insti­
tutions, the Federal Highway Administration, and several commercial 
organ i zations. Dr. Gerald Love spoke briefly about the Federal 
Highway Administra t ion's role in the development and testin g of 
Sulphlex. Then t1r. John Dale, of Southwest Research Inst i tute, 
provided a summary of their work in the development of Sul ph lex. 
Following a short discussion, questions and answers, the attendees 
were bussed to the batch plant and then to the project site to 
observe the placement of the Sulphlex hot-mi x. 
The Sulphlex mi x was batched and placed with the same standard, 
unaltered equipment and techniques as had been used on the control 
mix the previ ous day. There were three obvious differences , however. 
First, the Sulphlex mix emitted green smoke which had the cha racter­
istic penetrating odor. Second, the color of the mi x was a deep 
chocolate brown; and third, the Sulphlex mi x tended to stay tender 
slightly longer than aspha1tic hot-mix. 

After the engineer noticed that the pneumatic roller was tracking 
the mat, he decided to hold it back 20 to 30 minutes be hind the lay­
dow8 machine. Temperature of the Sulphlex at the gl ant was about 
275 F, and the 7% Sulphlex mat

0
averaged about 220 F, the 7-l/2% 

Sulghlex mat averaged about 240 F and the 8% mat averaged about 
250 F. 

\ 

' \ l ·. 
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The Troxler Nuclear Density Device was used to measure densities 
immediately behind the breakdown roller, prior to the pneumatic 
roller being placed on the mat. The densities (which averaged 97% 
of 1ab density) were used to establish a rolling pattern (Appendix F). 

The weather was hot and dry during bgth days gf construction, with 
temperatHre extremes ranging from 68 F to 96 F and an average of 
about 83 F. It should be noted that even though the National Weather 
Service reported 0.27 in. of precipitation at the weather station on 
August 25th, none was observed at the project site. Appendix G contains 
an annual summary of the Local Climatological Data, as well as Local 
Climatological Data for the month of August, 1980. 

One of our main concerns from the beginning of this project was the 
green smoke which emanated from the Sulphlex mix. The odor was 
rather objectionable and it irritated our eyes and nasal passages. 
So, air quality control experts. were requested to monitor the emissions 
from the mix, both at the plant and on the job. Personnel were on 
hand from the Texas Air Control Board and the San Antonio Metropolitan 
Health District. They monitored hydrogen sulfide, sulfur dioxide, 
and solvents and found that all were well below critical levels. 
Figure 4 shows typical effects to humans for various concentrations 
of hydrogen sulfide and sulfur dioxide. These values are based on 
references which were available to the Texas Air Control Board as of 
11arch 31, 1982. 

The concentration of SO? two feet from the laydown machine was 0.622 ppm; 
at 200 feet downwind, it was 0.021 ppm. Concentration of H2S two feet 
from the laydown machine was 3.64 ppm, and at 200 feet downwind it was 
0.0008 ppm. Appendix H contains the Air Pollution Sample Report con­
taining the H?S and so2 concentrations at the job site and the results 
of the TACB laboratory analysis showing concentrations of Solvenol 2, 
vinyl toluene, and dicyclopentadiene at the plant. 

The Sulphlex 233A·was manufactured in Odessa, Texas by Chemical Enter­
prises, Inc. The trucks which were used to transport it were standard, 
insulated asphalt transfer trucks. Two of the trucks made the 350-mile 
trip on August 25th, and the third truck made the trip the following 
day. It was estimated that the temp0rature of the Sulphlex at the 
beginning of the trip was around 200 F; and by the time ot arrival 
at the t~cDonough Brother hot-mix plant, load No. 1 was 140 F, load No. 2 
was·175° F and it was estimated that load No.3 was also around 175° F. 

The material was so viscous that it could not bg unloaded, so the trucks 
were put on steam. Both were brought up to 260 F before off-loading 
to the storage tanks at the hot-mix plant. Load No. 3 was put on 
steam until it was needed at the plant on the afternoon of August 26th. 
So. instead of off-loading into the storage tanks, it was pumped from 
the tank truck directly to the pug mill as needed. Appendix I con­
tains a viscosity-temperature graph for the three loads of Sulphlex. 
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There was enough binder left in the third transport to shoot a short 
penetration chip seal test section. This remaining Sulphlex was 
put back on steam until Friday, August 29th when the work could be 
performed. Approximately 1300 feet of Sulphlex seal (using 
Grade 3 precoated rock) was placed in the westbound lane, abutting 
the 8% Sulphlex hot-mix section. And a Grade 4 non-precoated sand­
stone AC-10 (control) seal coat was placed adjacent to the Sulphlex 
seal coat in the eastbound lane 
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TESTING 

Before and after testing for this project consisted of the following: 

1. Visual examination (team concept) including evaluation 
of rutting, raveling, cracking, and stripping 

2. m xture stabilities and flows 

3. Mixture resilient modulus 

4. Mixture densities and void contents 

5. Indirect tension 

6. Fatigue 

7. Dynaflect 

8. Vertical photo logger 

9. Mays ~1eter 

1 0. Skid testing 

Texas State Department of Highways and Public Transportation uses a 
somewhat standardized pavement evaluation form, and copies of the 
before construction evaluations are in Appendix J. They show the 
pre-construction roadway to have had moderate cracking, rutting and 
flushing in some areas. No stripping of the asphalt was observed. 

Marshall stabilities and flows were run on mix design specimens by 
personnel at Southwest Research Institute, but the res~lts are not 
available at this time. It is anticipated that stabilities and 
flows on the p 1 aRt mix and/or on cores taken from the roadway are 
being run by Texas Transportation Institute. They are not available 
at this time. 

Mixture resilient moduli were not obtained on specimens of the mix 
from the plant, but TTI personnel are determining resilient moduli 
on cores from the roadway. 
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Mixture densities and void contents were run on specimens which 
were made from samples taken from the plant. The control Ht1AC 
specimens averaged 94.8% density and 5.2% voids. Hveem stabilities 
were also run on the control and found to average 49. Density of 
the Sulphlex 233A specimens averaged 97.2% with 2.8% voids. Hveem 
stability of the Sulphlex specimens averaged 47.7. Appendix K con­
tains the stability reports with the results of the individual tests. 

Indirect tension and fatigue tests are also being run on core 
samples from the control and Sulphlex sections. This work is being 
done by TTl, but the results are not available at this time. 

Dynaflect testing was conducted both before and after construction. 
The values before construction indicated that the existing pavement 
and subgrade were sufficiently strong to merit the placement of one 
inch of hot-mix overlay. Copies of the computer printouts with 
surface curvature index, stiffness coefficient of the subgrade and 
stiffness coefficient of the pavement are in Appendix L. It should 
be noted that the fourth set of readings in the before construction 
data, south {sic) direction of travel {actually southwesterly, at 
odometer reading 0.60) was taken over a culvert. The geophone 
readings indicated unusually high deflections, the stiffness co­
efficient of the subgrade was unusually low, and the stiffness 
coefficient of the pavement was high. These values should be dis­
counted and new averages ca~ be calculated without them if needed. 
As expected, the values after construction reflect a slightly higher 
stiffness coefficient of the pavement and little change in the stiff­
ness coefficient of the subgrade. 

The vertical photologger consists of a 35mm camera with a 24mm wide 
angle lens, a small trailer with a boom and a tow vehicle. The 
camera is mounted 8 feet above the roadway at the end of the boom 
and it is aimed vertically toward the pavement 
The camera can be set to automatically trigger at any 1ncrement up 
to one mile as the trailer is towed down the roadway. Two-hundred 
ASA color positi've film is used, and an area of approximately 8ft. 
by 12 ft. is photographed in each frame. For this job. photographs 
were taken at approximately 50-foot intervals. 

The processed, uncut transparencies are projected onto a screen which 
has a 10 x 10 grid on it; thus, each projected frame is divided into 
100 parts. And each part (1/100 of the frame) is then examined for 
cracking pavement. For example, in the section where the 8.0% 
Sulphlex was to be placed, a crack was noted in 10 parts of one pro­
jection or one frame of film. There were a total of 24 frames 
(2400 possibilities) so it is reported as having 10/2400 x 100 = 0.42% 
era ck ing. 
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PH OTOLOGGING 

Section Before After ( 9-3-80) 

1124 + 69 to 1164 + 70 0% 0% 
(Type "D" Control) 

1164 + 70 to 1185 + 00 0% 0% 
( 7 . 0% s u 1 ph 1 ex ) 

1185 + 00 to 1192 + 33 0% 0% 
(7.5% Sulphlex) 

1192 + 33 to 1204 + 06 0.42% 0% 
( 8. 0% S u 1 ph 1 ex) 

1204 + 06 to 1160 + 00 1.33% 0% 
, (Type "D11 Control) 

1160 + 00 to 1124 + 69 0% 0% 
(8.0% Sulphlex) 

Figure 5 

Mays Ride Meter testing was performed prior to construction on July 3, 
1980. The average Serviceability Index (SI) value in the westbound 
direction was 3.7, and in the eastbound direction it was 3.1. No Mays 
Ride Meter testing has been done since construction because of equip­
ment malfunctions. 

Standard ASTM skid testing was performed before construction on July 3, 
1980 and after construction on September 19, 1980. The results are 
in the following-figure. 
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Before 

Westbound: Low-21 
Average-27 

High-36 

Eastbound: Low-22 
Average-26 

High-30 

SKID TESTS 

After 

Westbound-Type "D" Control: Low-27 

Westbound-?%, 7.5%~ 8.0% 
Sul ph lex Comb.: 

Average-31 
High- 33 

Low-35 
Average-39 

High-43 

Eastbound-Type "D"Control: Low-29 

Eastbound-8.0% Sulphlex 

Figure 6 
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CONCLUSIONS 

1. Sulphlex formulations (with characteristics similar to asphalt 
cement) can be produced in quantities sufficiently large to use 
in a major paving operation. 

2. Sulphlex hot-mix can be produced in a typical, unaltered hot-
mix batch plant, and it can be designed and placed with standard, 
unaltered equipment which is typically used for design and place­
ment of asphaltic hot-mix. 

3. No significant toxic symptoms from exposure to Sulphlex were 
experienced during this project; however, working in high con­
centrations in the laboratory while making mix design specimens 
necessitated the use of auxiliary air supplies. 

4. Measured emissions during batching and placing of the Sulphlex 
hot-mix were well below maximum allowable concentrations. 

5. The Sulphlex hot-mix which was placed on this job stayed tender 
slightly longer than the control asphaltic hot-mix. 
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Re: Sulphlex Test Section 
General Geology 

Location 

_The Subject Test Section is located in Northwest Bexar County on 
FM 1604 between SH 16 and IH 10, and immediately South of the 
B~lcones Escarpment. 

Climate 

Bexar County is located between the arid southwest and the moist 
Coastal Plains. The annual mean temperature at San Antonio is about 
700 F. 'l1le annual mean rainfall is about 29 inches. 

Balcones Escarpment 

The prominent topographic feature in the county is the Balcones 
Escarpment. Northwest of the escarpment, the country is at a 
higher elevation than to the southeast. The escarpment defines the 
larger faults of the Balcones Fault Zone. 

Stratlgr~phy 

Geologic formations mapped in the county are Mesozoic and Cenozoic 
in age. Formations adjacent to the test section ~tid-Creataceous to 
late Cretaceous in age are the Edwards Limestone, Georgetown Limestone, 
Buda Limestone, and the Del Rio Clays and Shales. Lithologically, 
the Edwards consists of mostly "crystq.lline limestone, thick bedded, 
dense, and containing considerable flint and/or chert. 

The Georgetown is very similar to the Edwards, and is very difficult 
to differentiate between these two formations. 

The Buda in this county is a very uniform fine grained, dense, hard 
limestone and is easily recognized due to its proximity to the softer 
sediments of the underlying Del Rio Sediments. The Del Rio formation 
outcrops in very thin narrow belts across the northwestern part of 
the county. The Del Rio clays are marly, calcareous and highly 
fossiliferous, having a characteristic index fossil. 

Residual soils covering this portion of the county consists of stony · 
clays and clay loams over lime9tone bedrock. 
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Re: Sulphlex Test Section 
FM 1604 - Bexar 
Evaluation of Existing Flexible Base Material 

,,....., 

... 

Attached are results of soil constants, wet ball mill, grading analysis, and 

quick triaxial strength tests at confined and unconfined condition on material 

sampled in proposed cut sections for the FM 1604 improve~nt proJect between 

Babcock Road and Leon Creek, presently under contract. 

The material was crushed in the District Lab and prepared for testing as 

ind~cated above. The depth of material sampled is also shown. 

Strength test results indicate this material exceeds the requirements for 

Grade 1 (Class I) Flexible Base material, and is similar to the Roadway Cut 

material crushed and placed on the FM 1604 project scheduled for the Sulphlex 

Test Section. 
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Placement of Sulphlex Pavement 

(30-3-240-054415-807) 

Location of Section: 

FM 1604 
Control 2452-2 
From: Near Babcock Rd. 

To: SH 16 

Type Subgrade: 

(Est) 
(Est) 

Red.brown,cherty,clay loam w/flaggy, broken, weathered fragments of 
limestone. 

Texas Triaxial Strength Class • 3.0 
Avg. Stiffness Coeff. AS 2 • 0.34 

P.V.R, • Non critical 
Approx. ADT • 4000 VPD 
ATHWLD • 11,000 lbs. (50% Tan4em Axles) 
DATHWLD • 13,000 lbs. 

Triaxial Coverage Req. _for DATHWLD • 4" 
u 11 " for 20,000 WL • 5" 

Stiffness Coeff. 0.34.supports the very good 
Strength classification of.the subgrade soil 

# 

Existing Pavement Structure: 

ACP 1.00'' 
Cr. La. Flexible Base 8.0011 

Total thickness 9.00'' 

Est. Triaxial Strength Class of Crushed Limestone Flexible Base • Class 
2.5 or better. Equiv. to Ty A - Gr 2 Fl. Bs. 

Stiff Coeff. AP2 • 0.59 
SCI • 0.257 

Stiff. Coeff. AP2 & SCI Value Supports the Indicated Triaxial Strength Class 
of the Flexible Base. 
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Re: Sulphlex Test Section 
FM 1604 - Bexar County 
Evaluation of Existing Pavement Structure 

Deflection Analysis 

Deflection measurements were made with the Dynaflect Trailer No. 29 
along the existing FM 1604 between SH 16 and Babcock Road in February, 
1980. Measurements were made 4 feet right of the Center stripe in the 
inside Wheel path of both the North and South Bound Lanes. Attached 
are the project data, calculated deflections and stiffness coefficients, 
and a deflection analysis of the pavement structure. The existing 
pavement structure is shown below. The subgrade consists of stony clay 
soils over generally limestone·bedrock. 

1" Hot Mix Asphaltic Concrete Pavement 
8" Cr. Limestone Flexible Base 
9" Total Thickness 

Figure 1 displays graphically the deflection analysis of this section. 
Pertinent information recorded on Figure 1 is the maximum deflection at 
w1, the Surface Curviture Inde~, SCI, which indicates the load carrying 
capability of the upper portion of the structure; w4 less w5 which 
indicates the strength of the lower portion of the structure. 

An examination of the shape of the deflection basin and the above data 
show that the maximum deflection is small, less than 1.0 mils. The SCI 
indicates that the surface is adequately transferring traffic loads to 
the pavement structure. The numerical difference between w4 and W is 
very small indicating good strength in the lower levels of the st;acture. 
The stiffness coefficient of the pavement and base, AP2 , is equivalent 
to the value assigned to high quality crushed stone flexible base 
material. The stiffness coefficient of the subgrade, AS 2 , supports the 
rocky, stony type of soil. In summary, the deflection analysis indicates 
the pavement and subgrade sections are strong and adequate to support 
the present traffic loads. 
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2,20 11 lHIO 1,020 0,780 O,bbO 0,1Q7 0,420 0,24 0. 71 
C?;~o . 0,930 0,~90 0,3Ll0 0,220 0 ' 1 1 1 0,240 0,2b 0,79 SLIGHT FILl,t 
2,60 0,930 0,720_ O,'iOO 0,300 0,250 0,210 0,25 0,68 . -

2,70 0,91)0 O,f>OO 0,220 0,135 0,102 o,3bO 0,29 0,57 RAMP TO SH 1 t 

AVERAGES 0. 759. o, 515 0 f 327 _____ 0 f 15~- ____ 0 10 62 . 0 1 24U 0,32 _0 17 2 
'~*------
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DlST, COUNTY CONT, SECT, 
15 BEXAR 2QS2 01 

PPSN HIGHWAY 
F~1bOQ 

)ATE OY~AFLECT 

02•06 ... 80 29 
........... -~ --- .. _ ·----------·--------~*--~~-~------- ···- ·-----~ . ~ --~---·... ___ ...;.·~--------"'··-·----- ... --~---·------

" DYNAFLECT DATA 
. .. . -. -· ....... ..... .. 

-·------~· 

0)0'1EJER _____ Wl _____ W2. _ ... - W3 _ .. _____ w't .. _____ ws __ . .. SCL ____ AS2. ____ AP2 _ ______ REMARKS 

o,oo 0,500 0,310 0,210 0,126 0,093 0. 19 0 0,33 0,59 STRUCTURE $'' " o,zo - 0,900 0 1 !>00 0,290 0,200 0,099 0,300 _(),28 0,64 F I L. L I . _____ ·-. 
0 1 QO 0,570 0 1 '100 0,250 0,129 0,08£1 0,170 0,30 0,72 
0 1 60 0,740 O,Q2U 0,350 0. 111 0,069 0. 320. 0,32 0,51 
O,tJO 0,530 0,300 0' 111 0,060 o,oqo 0,230 __ 0,35 . 0 t 53 PATCHED PV'tT. 
1,00 0.230 o,oaq O,Ol.i7 0,042 0,040 0,1'16 0,52 0,47 
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1. q 0 0,670 0 1 CI21J 0,240 0' 129 O,Obb 0,250 0,31 - 0. 59 
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z,oo _ .. 0 , Bll 0 .. . 0 , 3 3 0 0,120 o.ob& 0 1 0l.i7 0,510 0,37 _0,3b . SEAl.ED PATCri 
2,20 0,560 0,270 0,061 O, OtU o .• 032 0,290 0,37 O,QU 
2'• 4 0 o,q4o 0,200 O,ObO 0,042 0,031 0,2'10 O,QO O,QQ 

... 2, &0 . o,:soo 0,093 o,ouo 0,032 0,028 0,207_. 0 1 54 __ .. 0 t Q 1 .. DOWN GRADE: 
.. --- . - ...... 
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Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
Jul. 
Aug. 

Sept. 
Oct. 
Nov. 
Dec. 

' 

·Average :Honthly Temperatures 

1978 1979 

43.7 
52.4 
63.3 
69.7 

77.1 73.9 
82.7 80.9 
86.1 84.7 
83.1 83.1 
78.5 78.7 
69.3 74.7 
62.4 58.2 
51.7 - 55.4 

Average Traffic Data 

3,780 - 5,630 .ADT (1979) 

A Count of Truck Mix is to be 
Completed o/a August 20th. 

A-15 

From U.S. Weather 
Service Located at 
S. A. International 
Airport 

1980 

52.6 
53.7 
61.5 
67.6 
76.1 
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BITUMINOUS SECTION 

MIX DESIGN SHEET 

ote 8-8-80 District No. 15 

pee. Item No. 349 M o to r i a I I d e n t. 15-80-1414 

)'PO ''D" SW>!CP OesiQn No. 3_-A t•.5% AC-20 

15-80-1410 15-80-ll!ll 

Sieve Silica L.s .. s. 
Size Sieve Sieve 

Analysis 27 5 Analysis 

5/8" 0 0 0 
-
3 •• _· 1/211 

0 0 0 
II 3 II 

) - Is 0 0 0 
"' 

If 3 II 

3 - Ia 

1
11

- No.4 .. 2 0 0 

~··-No.4 
' r 

}"- No.IO 

4-No.IO .4 .1 15.,9 

~f. No.IO 

O··Ho.40 24.5 6.7 37.3 

0-No.SO l•9.5 13.6 12 .. 5 

O-No.200 19.7 5.4 lloO 

;s No.200 5 .. 7 1 .. 7 23.,3 

rot o I 
100.0 27.5 100.0 

Project 30-3-24015-807 
FM 1604, Bexar County 

7 .0 

0 

0 

0 

0 

1.,1 

2.,6 

.. 9 

.8 

1.,6 

7 .o 

·. 

, "\-80-1/o~o, ' 

Lmstn :fflO 
Siovo 

Analysis 22 5 

0 0 

0 0 

0· 0 

5 .. 9 1..3 

. 

82 .. 3 18.5 

. 

8.0 1.8 

.4 .1 

• 
.. 6 . .2 

2o8 .. 6 

100.0 
'' I) 

Type "D11 Control Design Sample No 15-80-lli14 1 

Type 11D" Sulphlex Design Sample No .. 15-80-1415 

•. 

15-80-ltit 1 ~ 

S/S .fJ4 
Si fV(\ Siove 

Ano ysu~ 43.0 Analysis 

0 0 

.7 o3 

31.4 13.5 

61.,9 26.6 

398 1.6 

.. 5 .. 2 

.. 2 .. 1 

.5 ,2 

l.O .5 

1nn.n lL"l n 

. 
Comb. T.H 
Grad. 5 r.: 

--· 

--· 
. o.o 0.( 

0.3 o. -
13o5 12, 

27,9j~:· 

rz;:;-L 120. 
-~··r;,~~ 
·- ----- --· 

n 3 I 
--'l...::!..-1-lO.., 

14.7 _f4_~. 
I 

6.,6 6.3 --- -·-

lfo4 '•. 2 

l1. OJl.Jl..Jn., 

A-16 d_,f~0;;1 
lnspo~tor 

·. 
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MIX DESIGN SHEET 

s.:.s-so District No. 15 

lee. Item No. Material lclent. 15-80-1415 
•pe ''D" SHHCP Ocsion No. 3MS .8.0% Su1ph1ex 
~--~~~~=-----------------------~~--------

1c; .. Ro-ll~1o 15-RO- llt 11 

.. 
'it v fl Silica J ... s .. s .. 
Size Sieve Si<:ve 

Analysis 27.5 Anolysis -

5/811 0 0 0 
-
"-. 1/?" 0 0 0 --
II 3 II - Ia 0 0 0 
II 3 11 
- Ia 

.. -l.jo.4 .2 0 0 
,, 
-No.4 

I 

.. 
- No.IO 

t-No.IO .. 4 .,1 15 .. 9 

I. No.IO 

>- rJo.40 24 .. 5 6.,7 37.3 
~-No.BO 49.5 13 .. 6 12 .. 5 -
O-No.200 19.,7 5.4 11 .. 0 

s No.200 5.7 1.7 23.,3 
r otol 

1 on .o 27 5 100 .0 

Project 30-3-24015-807 
FM 1604 1 Bexar County 

7.0 

0 

0 

0 

0 

1..1 

2o6 

.9 

.,8 

1.,6 

7 () 

1 1)-R0-1!112 

Lmstn fllO 
Sievo 

Analysis ?2 r; 

0 0 

0 0 

0 0 

5.9 1.3 

82 .. 3 18 .. 5 

8~0 1.8 

.. 4 .1 
. 

.6 .2 

2.,8 .6 

1 (){) -() ?? c; 

Type 11D11 Control Desien Sample No 15-80-1!~14 " 
Type 11D11 Su1phlcx Design Sample No., 15-80-1415 y 

•. 

l A-17 

No. D-9-F24 

1 r; .. fW- 1!.1:'~ 

S/S if4 
sirv~ Sieve 

Ana ysu; 6.1.0 Analysis 

0 0 

.. 7 .3 

31.4 13.5 

61 .. 9 26 .. 6 

3.,8 1.6 

.. s .. 2 

.. 2 .1 

.. 5 ,2 

1.0 .. 5 

1{){)_{) lt'l {) 

-

Comb. T.H. 

Grad. Spc · 

-

. o.o OeC 

0 .. 3 0 .. 

13 .. 5 12 < 

--
27 .,9 2~.-

-*-~ 

2L3 19. 
--~--" 

63.,0 58, 

11..3 l.Q_, 

ll•. 7 13 .. 

6 .. 6 I 6 .. L 

4.4 _A_.,_D 

ll OD..Jl --22.~ . 
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SPECIAL PROVISION 

TO 

ITEM 340 

HOT MIX ASPHALTIC CONCRETE PAVEMENT 
(CLASS A) 

District 15 . 

For this project, Item 340, "Hot Mix Asphaltic Concrete Pavement (Class A)", of 
the Standard Specifications, is hereby amended with respect to the clauses cited 
below and no other clauses or requirements of this item are waived or changed 
hereby. 

Article 340.2 Materials is supplemented by the following: 

(3) Additives. The addition of additives to facilitate mixing and/or improve 
the quality of the asphaltic mixture may be used upon written permission by the 
Engineer. 

Article 340.2 Materials, Subarticle (1) :Mineral Aggregate, Section (a) Coarse 
Aggregate is supplemented by the following: 

For Surface Course Only: 

The coarse aggregate shall be that part of the aggregate retained on a No. 10 
sieve, shall consist of clean, tough, durable fragments of stone, crushed blast­
furnace slag, crushed gravel, gravel, iron-ore topsoil, oyster shell, cinder 
aggregate (produced from burning lignite or coal),crushed limestone rock-asphalt, 
synthetic aggregate (herein defined as aggregate produced by fusing raw shale 
or clay in a rotary. kiln under intense heat into predominately_amorphous silicate), 
or combination thereof as herein after specified and/or as shown on plans, of 
unifqrm quality throughout. When specified on the plans, other coarse-aggregate 
material may be permitted or required. 

That portion of the coarse aggregate composed of synthetic aggregate shall meet 
the following requirements: The dry loose unit weight shall be at least 35 pounds 
per cubic foot and shall not exceed 60 pounds per cubic foot when tested in 
accordance with Test Method Tex-404-A. However, synthetic materials from one 
source, with same or similar gradation, whose unit weights vary by more than ~ 6 
percent from that submitted for the acceptance test and used in the batch design 
may not be mixed together in the same batch. The "Pressure Slaking Value" shall 
not exceed 6 percent when tested in accordance with Test Method Tex-431-A, 
Tentative. The "Aggregate Freeze-thaw Loss" shall not exceed 15 percent when 
tested in accordance with Test Method Tex-432-A, Tentative. 

When shown on the plans, the coarse aggregate us~d in the surface or finish course 
on the travel lanes or elsewhere when shown on the plans must meet one of the fol­
lowing conditions: 

B-1 
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1. Have a "polish value" of not less than the value shown on the plans. 
Where the coarse aggregates are supplied from two or more sources, 
the aggregate from each source shall meet the "polish value" shown 
on the plans prior to being combined with other aggregates. Polish 
values shall be determined in accordance with Test Method Tex-438-A, 
Part I. 

2. Have a "combined polish value" achieved by blending non-polishing 
aggregates with polishing aggregates in specific proportions as 
determined by Method "A" or Method "B" of Test Method Tex-438.:..A, 
:Part II. 

The non-polishing aggregate shall be so sized that it will constitute at least SO% 
by volume of the aggregate retained on the 3/8" sieve for a Type "C" mixture; at 
least SO% by volume of the aggregate retained on the No. 4 sieve for a Type "D" mix­
ture; and at least SO% by volume of the aggregate retained on the No. 10 for a Type 
"F" mixture. The amount of non-polishing aggregate required may be determined by 
either Method "A" or Method "B" of Test Method Tex-438-A, Part II. When 
Method "A" is used the percent by volume of the non-polishing aggregate in the 
total coarse aggregate of the blend shall be that amount required to provide 
the polish value shown on the plans, plus 2. When Method "B" is used the per-
cent by volume of the non-polishing aggregate in the total coarse aggregate of 
the blend is determined by the formula base on the polish values of the aggregates 
to be blended and in addition, the non-polishing aggregate must be equal to or 
greater in differential wear resistance than the coarse aggregate to be improved 
by blending when tested in accordance with Test Method Tex-438-A, Part III. The 
formula used in Method "B" is shown on the attached chart. 

When coarse aggregates from any source include appreciable quantities of materials 
with substantially different mineralogy the more polish-resistant aggregates must 
be equal or greater in differential wear resistance than other aggregates from 
the source. The Engineer may establish this on the basis of satisfactory exper­
ience with the source or tests may be required in accordance with Test Method 
Tex-438-A, Part III. --

Specification compliance for proper proportioning of blended coarse aggregate 
shall be determined from representative samples obtained from the hot bins on 
conventional plants or from the cold feed immediately prior to entering the dryer­
drum on the dryer-drum plants. Percent by volume may be determined by making a 
visual separation of the materials as outlined in Test Method Tex-413-A and con­
verting weights to volumes by appropriate methods or by testing in accordance 
with Test Method Tex-200-F, Part III. 

For Dryer Drum Only: 

The aggregate sample shall be taken from the stockpile and the material removed 
and tested in accordance with Test Method Tex-217-F, Part II, Decantation shall 
not exceed one percent. 

B-2 
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Article 340.3 Paving Mixture, Subarticle (1) Types, is supplemented by the 
following: 

When used for the lower mat of the surface course on the travel lanes, or else­
where when shown on the plans, the total materials retained between the 40-80 
and the 80-200 sieves shall be not less than 20% of the paving mixture. 

Article 340.3 Paving Mixture, Subarticle (1) Types, Type "C" (Coarse Graded 
Surface Course). The last sentence is voided and replaced by the following: 

The asphalt material shall form from 3.5 to 12.0 percent of the mixture by 
weight unless specified otherwise on the plans. 

Article 340.3. Paving Mixture, Subarticle (1} Types, Type "D" (Fine Graded 
Surface Course) is voided and reP.laced by the following: 

Type "D" (Fine Graded Surface Course): 

Pass1·ng 5/8" s1·eve ......................................... 
Pass1. ng 1/ 2" s1· eve ........................................ 
Pass1·ng 3/8" s1·eve ........................................ 
Passing 3/8" sieve, retained on No.4 sieve •.••••...•••••• 
Passing No. 4 sieve, retained on No. 10 sieve •.•••••.•..•• 
Total retained on No. 10 sieve .•...•.•••••.•••••••....•••• 
Passing No. 10 sieve, retained on No. 40 sieve .•••.•.•.••• 
Passing No. 40 sieve, retained on No. 80 sieve •...••.•••.• 
Passing No. 80 sieve, retained on No. 200 sieve ..•.•••••.. 
Passing No. 200 s1eve . .................................... . 

100 
95 100 
85 100 
20- 50 
10 - 30 
50 - 75 

0 30 
4 25 
3 25 
0- 6 

The asphaltic material shall form from 4.0 to 12.0 percent of the mixture by 
weight unless specified otherwise on the plans. 

Article 340.3. Paving Mixtures, Subarticle (4) Sampling and Testing is 
supplemented by the following: 

For Surface Course Only: 

It is the intent of this specification to produce a mixture which when designed 
and tested in accordance with these specifications and methods outlined in THD 
Bulletin C-14 will have the following laboratory density and stability unless 
otherwise shown on the plans. 

Density, Percent 
Min Max Optimum 
93 99 96 

Stability, Percent 
Not less than 30 unless 
otherwise shown on plans 

Stability and density are control tests. If the laboratory stability and/or den­
sity of the mixture produced has a value lower than that specified and in the 
opinion of the Engineer is not due to change in source or quality of materials, 
production may proceed, and the mix shall be changed until laboratory stability 
and density falls within the specified limits and as near the optimum value as 
is practicable. If there is, in the opinion of the Engineer, a fundamental 
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change in any material from that used in the design mixtures, production 
be discontinued until a new design mixture is determined by trial mixes. 
is the intent of this specification that the mixture will be designed to 
produce a mixture of optimum density. 

will 
It 

Article 340.4 Equipment, Subarticle (1) Mixing Plants is supplemented by the 
following: 

(c) Dryer-Drum Mixing Plant. The Contractor may, at his option, elect to use 
the dryer-drum mixing process in the mixing of asphaltic concrete material. 
The plant shall be adequately designed and constructed for the process of 
mixing aggregates and asphalt in the dryer-drum without preheating the aggregates. 
The plant shall be equipped with satisfactory conveyors, power units, aggregate­
handling equipment and feed controls and shall consist of the following essential 
pieces of equipment. 

Cold Aggregate Bin and Feed System. The number of compartments in the cold aggre­
gat"e bin shall be equal to or greater than the number of stockpiles of individual 
materials to be used. 

The bin shall be of sufficient size to store the amount of aggregate required to 
keep the plant in continuous operation and of proper design to prevent overflow 
of material of one bin to that of another bin. The feed system shall provide a 
uniform and continuous flow of aggregate in the desired proportion to the dryer. 
Each aggregate shall be proportioned in a separate compartment with total and 
proportional control. 

The system shall provide positive weight measurement of the combined cold aggre­
gate feed by use of belt scales or other devices. A scalping screen will be 
required, unless otherwise shown on the plans. 

Asphaltic Material Measuring System. An accurate asphaltic material measuring 
device shall be placed in the asphalt line leading to the dryer-drum mixer so 
that the cumulative amount of asphalt used can be accurately determined. Pro­
visions of a permanent nature shall be made for checking the accuracy of the 
measuring device output. The asphalt measu~ing device and line to the measuring 
device shall be protected with a jacket of hot oil or other approved means to 
maintain the temperature of the line and measuring device near that temperature 
specified for the asphaltic material. Unless otherwise shown on the plans the 
temperature of the asphaltic material entering the measuring device shall be 
maintained at ± 10 F of the temperature at which the asphalt measuring device 
was calibrated and set. 

If a pressure type flow meter is used to measure the asphaltic material, the 
requirements of the Item "Weighing and Measuring Equipment" shall apply. 

Synchronization Equipment for Feed Control Systems. The asphaltic material 
feed control shall be coupled with the total aggregate weight measurement device 
in such manner as to automatically vary the asphalt feed rate as required to 
maintain the required proportion. 

B-4 340---102 
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Dryer-Drum Mixing System. The dryer-drum system shall be of the type that 
continually agitates the aggregate and asphalt n:ixture _during heating and in 
which the temperature can be so controlled that aggregate and asphalt will not 
be injured in the necessary drying and heating operations required to obtain 
a mixture of the specified temperature. A continuous recording thermometer shall 
be provided which will indicate the temperature of the mixture as it leaves the 
dryer-drum mixer. The dryer-drum mixing system shall be of sufficient size to 
keep the plant in continuous operations. 

Surge-Storage System. A surge-storage system will be required and it shall be 
adequate to minimize the production interruptions during the normal day's opera­
tions. 

Truck Scales. A set of standard platform truck scales, conforming to the Item 
"Weighing and Measuring Equipment", shall be placed at a location approved by 
the Engineer. 

(d)· Modified W~ight-batching Type. The Contractor may elect to operate the 
weight-hatching type of hot-mix plant without the hot bin requirements where 
cold feed control of aggregates will determine the final mix. All equipment 
shall be the same as that required for weight-hatching type plants as described 
under Article 340.4 Equipment, Subarticle (1) Mixing Plants article (a) 
Weight-hatching Type, except as modified below. 

Cold Aggregate Bin and Proportioning Device. Same requirements as the Weight­
Batching Type and the following additional requirements: 

Each aggregate shall be proportioned by separate positive feeders that can be 
accurately calibrated. The feed shall be quick adjusting and shall maintain a 
constant and uniform flow throughout the range of its calibration. 

When directed by the Engineer a scalping screen and vibrator will be required on 
the cold aggregate bin. 

Screening and Proportioning. Requirements of the weight-hatching type are voided 
and replaced by the following: 

The hot bins shall be provided with a scalping screen capable of eliminating 
oversized material. A surge bin or hot bin shall be provided between the dryer 
and the weight hopper. The discharge into the weight hopper shall be from one 
bin only which shall discharge directly into and in close proximity to the center 
of the weight hopper. 

Operations shall discontinue upon failure to maintain production within the 
specified limits of the design mixture. 

The size of the hot bin or surge bin shall be sufficient to store the amount of 
aggregate required to properly operate the plant and keep the plant in continuous 
operation at full capacity. ~rovisions shall be made to enable inspection forces 
to have easy and safe access to the proper locations on the mixing plant where 
representative samples may be taken from the hot bin or surge bin for testing. 
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The amount of aggregate stored in the hot bin or surge bin shall be of sufficient 
quantity to keep the plant in continuous operation and shall be fed into the hot 
bin or surge bin in a manner that will prevent sluffing and segregation. 

Article 340.5. Stockpiling, Storage, Proportioning and Mixing, Subarticle (1) 
Stockpiling of Aggregates is voided and replaced by the following: 

(1) Stockpiling and Aggregates. Prior to stockpiling of aggregates, the area 
shall be cleaned of trash, weeds and grass and be relatively smooth. Aggregates 

·. shall be stockpiled in such a manner as to prevent mixing of one aggregate with 
another. Coarse aggregates for -"Bn, "C" and nn" shall be separated into at· 
least two stockpiles of different gradation, such as a large coarse aggregate 
and a small coarse aggregate stockpile and such that the grading requirements 
of the specified type will be met when the piles are combined in the asphaltic 
mixture. In the event that the Contractor elects to use a blended mix, addi­
tional stockpiles will be required as necessary for coarse aggregates 11B", ncn 
and "D". For weight hatching type plants, no coarse aggregate stockpile shall 
contain more than 15 percent by weight of material that will pass a No. 10 sieve 
except as noted on the plans. Fine aggregate stockpiles may contain coarse 
aggregate in the amount of up to 20 percent by weight; however, the coarse 
aggregate shall meet the quality tests specified herein for "Coarse Aggregates". 
For dryer-drum type plants and modified weight-hatching type plants, no coarse 
aggregate stockpile shall contain more than 10% by weight of material that will 
pass a No. 10 sieve except a~ noted on the plans. Fine aggregate stockpiles may 
contain coarse aggregate in the amount of up to 20% by weight, however, the coarse 
aggregate shall meet the quality tests specified herein for "Coarse Aggregates". 
Additionally for dryer-drum and modified weight-hatching type plants, once a 
coarse aggregate stockpile has begun to be used in a mix, rio additional material 
shall be placed on that stockpile and a minimum of four days supply of material 
must be in the stockpiles before the plant begins to furnish mix to a project, 
unless authorized in writing by the Engineer. Suitable equipment of acceptable 
size shall be furnished by the Contractor to work the stockpiles and prevent 
segregation of the aggregates. 

Article 340.5. Stockpiling, Storage, Proportioning and Mixing. 

When a dryer-drum mixing plant is used, the following requirements will apply: 

(2) Storage and Heating of Asphaltic Materials. 
plants. 

Same as for other types of 

(3) & (4) Proportioning and Feeding Materials. The proportioning of the various 
materials entering the asphaltic mixture shall be as directed by the Engineer and 
in accordance with these specifications. The feedings of various sizes of aggre­
gate to the dryer-drum mixer shall be done through the cold aggregate bin and 
feed system in such a manner that a uniform and constant flow of materials in 
the required proportions will be maintained. The asphaltic material shall be 
introduced into the dryer-drum mixer through the asphaltic measuring device. It 
will be the responsibility of the Contractor to demonstrate, prior to production, 
that the aggregates·are being blended in the proper proportions to satisfy the 
specifications before entering the dryer-drum mixer. 
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(5) Mixing and Storage. 

(a) The amount of aggregate and asphaltic material entering the dryer-drum 
mixer and the rate of travel through the mixing unit shall be so coordinated 
that a uniform mixture of the specified grading and asphaltic content will be 
produced. 

(b) Temporary storing or holding of the asphaltic mixture by the surge-storage 
system may be used during the normal day's operation. Overnight storage will not 
be permitted unless authorized in the plans or in writing by the Engineer. The 
mixture coming out of the surge-storage bin must be of equal quality to that 
coming out of the dryer-drum mixer. The mixture when discharged from the plant 
shall have a moisture content not greater than 3% by weight unless otherwise 
shown on the plans and/or specified by the Engineer. The moisture content shall 
be determined in accordance with Test Method Tex-212-F, Part II. 

(c) The asphaltic mixture shall be at a temperature between 175 F and 300 F . 
when discharged from the plant. The Engineer will determine the temperature 
within the above limitations, and the mixture when discharged from the plant shall 
not vary from this selected temperature more than 25 F. 

Article 340.7. Measurement is supplemented by the following: 

When dryer-drum process is us~d, measurement will be made on truck scales, except 
as noted below. 

For Surface Courses and Other Courses when cubic yard measurement is specified 
on plans. 

Asphaltic concrete will be measured separately by the ton of 2,000 pounds of 
"Asphalt" and by the cubic yard of laboratory-compacted "Aggregate" of the type 
actually used in the completed and accepted work in accordance with plans and 
specifications for the project. The volume of aggregate in the compacted mix 
shall be calculated. from the measured weights of asphaltic concrete by the 
following formula:- · 

v = 
w :::: 
Ga == 

v w 
62.4 (27) GA 

Cubic yards of compacted aggregate 
Total weight of asphaltic-concrete mixture in pounds 
Average actual specific gravity of three molded specimens as 
prepared by Test Method Tex-206-F and determined in accordance 
with Test Method Tex-207-F 

The weight "W" if mixing is done by a continuous mixer will be determined by 
turck scales adjusted as specified in Section 340.4(l)(b). Weight, if mixing is 
done by a batch mixer or modified weight-batch mixer, will be determined by batch 
scales and records of the number of batches, batch designs and weight of asphalt 
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and aggregate shall be kept. Where surge-storage is used, measurement of 
material taken froM the surge-storage bin will be made on truck scales. When 
the dryer-drum process is used the weight "W" will be determined by truck 
scales. 

For the first day's production, the average actual specific gravity of speci­
mens molded during laboratory design of the mix shall be used in the volume­
computation formula. For each subsequent day's production the average actual 
specific gravity of specimens molded from the previous day's production shall 
be used. 
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Marshall Stability and Flow Data are not available at this 

time. They will be included in the final version of the 

Design and Construction Report. 

.• 
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STATE D~PARTMENT OF 
HIG~~AYS ANC PUBLIC TRANSPORTATION 
DIVI~ICN DF ~~TERIALS AND TESTS 

AUSTIN, T~XAS 78703 

Lk~·3.--- ( s .. ~~ PAGE 

La..\.. 'S~c.,...,v..._s .233 

MC S. TST .14 ASPHALTIC CO~CRETE STABILITY REPORT 0-9 CHARGES 67.50 

CONTRACT ~0. REC NC. 
ENGINEER R. ~. ~AG~RS 

COt-;TRACTCP 

CONTROL 0000 
PROJECT 30-3-0240-0544l5-807 
DIST 49 CO HWY 

**~****************************************************************************~ 
LA8CQATCRY Nn. H80404Sl4 DATE RECD 08/1~/80 DATE REPTD 08/20/80 

MATI:RIAL 
PROCUC'=R 
IOE~TIFICATIDN MAPKS 
SAMPLE~ FqCM CESIGN S-3 

DATE SAMPLED 08/15/80 
CODE 00'::0000000 
CODE 000 

SPEC. ITEM 0340 
QUANTITY U~IT 

******************************~************************************************ 
SAMPLE SPEC. !CENT. CCI-!=SIOM'::l'::R 

VALUE (AVG.J NU~BER NC. ~ARKS 

52 1 
2 
3 

53 1 
2 
3 

54 1 
? 
3 

55 1 
2 
3 

56 1 
2 
3 

57 1 
2 
3 

15-130-1415 

15-90-1415 

· 15-R0-1415 

15-80-1415 

15-80-1415 

15-90-1415 

*****************************~***** 

* 
* 
* 
* 

HVFF:II STABILITY 
ANC/CR CCHE5IO~ETER 

VAL'J~"'S 

MEET SPECIFIGATICN 

* 
* 
* 
* *********************************** 

D-1 

ASPH.AL T 
( t BY 

WT •) 

7.0 

7.5 

a.o 

8.5 

9.0 

9.5 

SPEC. S P ~C. 0 E ~~ S. HVC:':M 
HT. FIELD $TA8ILI 
(IN. ) ( AVG. % ) (~)(AVG.~;. 

2. 06 72 
2.06 64 66 
2.05 t:2 

2. 05 51 
2. 04 52 53 
2. 04 56 

2.02 45 
2.03 413 4-9 
2.02 50 

2.00 40 
2. 02 48 45 
2. 01 48 

.2. 01 44 
2. 02 35 41 
2. 0 t. 45 

2. 04 33 
2.03 38 36 
2.03 36 
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Dote 8-8-80 

Spec. Item No. 340 

MATERIALS AND TESTS DIVISION 
BITUMINOUS SECTION 

MIX DESIGN SHEET 

District No. 15 

Material ldent. 

Type "D" SHMCP Desion No. 3-S 7.0% Su1ph1ex 

15-80-1410 15-80-1411 

Sieve Silica 
Size Sieve 

Analysis 27.5 

5/8" 0 0 

5/8"-1/2" 0 0 
5
1 

II 3 II e- Ia 0 0 
3 .. 
I' a -No.4 

I II 1'4 -No.4 .2 0 
114 "-No.IO 

No.4-No.IO .4 . 1 

Ret.No.IO 

No.IO-No.40 24.5 6.7 

No.40-No.80 49.5 13.6 

No.80-No.200 19. 7 ' 5.4 

Pass No.200 5.7 1.7 

Total 100.00 27.5 

Project 30-3-24015-807 
FM 1604, Bexar County 

L.S .S. 

Sieve 
Analysis 7.0 

0 0 

0 0 

0 0 

' 
0 0 

15.9 1.1 

37.3 2.6 

12.5 .9 

11.0 .8 

23.3 1.6 

100.0 7.0 

15-80-1412 

lmst. #10 

Sieve 
Analysis 22 • .5 

0 0 

I 0 0 

0 0 

li 

5.9 1.3 

82.3 18.5 

8.0 1.8 

.4 • 1 

.6 .2 

2.8 .6 

100.0 22.5 

Type "D" Control Design Sample No. 15-80-1414 
Type "0" Sulph1ex Design Sample No. 15-80-1415 

Form No. D-9-F24 

0-4 

15-80-1413 

ss #4 

S i r,v~ Sieve 
Ana ys1s 43.0 Analysis 

0 0 

.7 .3 

31.4 13.5 

61.9 26.6 

3.8 1.6 

.5 .2 

.2 • 1 

.5 .2 

1.0 .5 

100.0 43.0 

Inspector 

Comb. T.H.C 

Grad. Spec:. 

0.0 

0.3 '1 --· 
13.5 12.C 

')] _q ?5 ..... 9. 

21.3 19.F 

63.0 58.C 

11.3 10.5 

14.7 13.7 

6.6 6. 1 

4.4 4 .1 

100.0 93.0 



Date 8-8-80 
Spec. Item No. 340 
Type II D" SHMCP 

15-80-1410 

Sieve Si1icia 
Size Sieve 

MATERIALS AND TESTS DIVISION 
BITUMINOUS SECTION 

MIX DESIGN SHEET 

District No. 15 
Material ldent. 

Desion No. 3-S 7.5% 

15-80-1411 15-80-1412 15-80-1413 

L.S .S. lmst. #1 0 ss 114 

Sieve Sieve 
Analysis 27.5 Analysis 7.0 Analysis 22.5 sirv" Ana ys1s 43.0 

5/8" 0 0 
5/8"-1/2" 0 0 

51 If 3/ II 
8- 8 0 0 

3t 8 .. _No.4 

1t/-No.4 .2 0 
1, 4•-No.IO 

No.4- No.IO .4 . 1 

Ret. No.IO 

No.IO- No.40 24.5 6.7 

No.40-No.BO 49.5 13.6 

No.60-No.200 19. T 5.4 

Pass No.200 5.7 1.7 

Toto I· 100.0 27.5 

Project 30-3-24015-807 
FM 1604, Bexar County 

0 0 0 

0 0 0 

0 0 0 

0 0 5.9 

15.9 1.1 82.3 

37.3 2.6 8.0 

12.5 .9 .4 

11.0 .a • 6 

23.3 1.6 2.8 
100.0 7.0 100.0 

Type "D" Control Design Sample No. 15-80-1414 
Type "D" Su1ph1ex Design Sample No. 15-80-1415 

form tlo. D-9-F24 

D-5 

0 0 0 

0 .7 .3 

0 ·31. 4 13.5 

1.3 61.9 26.6 

18.5 3.8 1.6 

1.8 .5 . 2 

. 1 .2 • 1 

.2 .5 . 2 

.6 1.0 . 5 
22.5 100.0 43.0 

Su1ph1ex 

Comb. T.H.:. 

Sieve 
Analysis 

Grad. Spe 

0.0 

0.3 

13.5 12. 

27.9 25. 

21.3 19' 

63.0 5" J. 

11.3 10 .. 

14.7 13. 

6.6 6 .. 

4.4 4. ;" 
--

100.0 92 .. 

Inspector 



Date 8-8-80 

Spec. Item No. 340 

Type "0" SHMCP 

15-80-1410 

Sieve Silica 

Size Sieve 

MATERIALS AND TESTS DIVISION 
BITUMINOUS SECTION 

MIX DESIGN SHEET 

District No. 15 

Material !dent. 

Desion No. 3-S 8.0% 

15-80-1411 15-80-1412 ·15-80-1413 

L.S.S. Lmst. #10 ss #4 

Sieve Sieve 
Analysis 27.5 Analysis 7.0 Analysis 22 .. 5 Sir,v-

Ana YSIS 43.0 

5/8" 0 0 

5/8"-1/2" 0 0 
5 .. 3 .. ta - 1a 0 0 
3; 8"-No.4 

1t4"-No.4 .2 0 
~4 "-No.IO 

No.4-Ho.IO .4 • 1 

Ret. No.IO 

No.IO- No.40 24.5 6.7 
No.40- No. SO 49.5 13.6 

No.SO-No.200 19.7 5.4 

Pass No.200 5.7 1.7 

Total 100.0 27.5 

Project 30-3-24015-807 
FM 1604, Bexar County 

0 0 0 

0 0 0 

0 0 0 

' 

0 0 5.9 

15.9 1.1 82.3 

37.3 2.6 8.0 

12.5 .9 .4 

11.0 .8 • 6 

23.3 1.6 2.8 
100.0 7.0 100.0 

Type "D" Control Design Sample No. 15-80-1414 
Type "D" Su1phlex Design Sample No. 15-80-1415 

Form No. D-9-F24 

D-6 

0 0 0 

0 .7 .3 

0 31.4 13.5 

1.3 61.9 26.6 

18.5 3.8 1.6 

1.8 .5 .2 

. 1 .2 • 1 

.2 .5 .2 

.6 1.0 . 5 
22.5 100.0 43.0 

Su1ph1ex I 

Comb. T.H. 

Sieve Grad. Spc 
Analysis 

0.0 

0.3 

13. 5 12. 

27.9 25. 
I 

21 . 3' 19. 

63.0 58. 

11.3 1 0 

14.7 1 3. 

6.6 6 . 

4.4 4 . 

100.0 92. 

Inspector 



Date 8-8-80 
Spec. Item No. 340 
Type "D" HMAC 

15-80-1410 

Sieve S i I i ca 

Size Sieve 
Anolysis 27.5 

.. 
5/8" 0 0 

5/8''-1/2" 0 0 
s, If 3 If a- Ia 0 0 
3 II 'Ia -No.4 

I " 1'4 -No.4 .2 0 

~4"-No.IO 
No.4-No.IO . 4 • 1 

Ret. No.lO 

No.IO- No.40 24.5 6.7 

No.40-No.BO 49.5 13.6 

No.80-No.200 19.7 5.4 

Pass No.200 5.7 1.7 

Total 100.0 27.5 

Project 30-3-24015-807 
FM 1604, Bexar County 

MATERIALS AND TESTS DIVISION 
BITUMINOUS SECTION 

MIX DESIGN SHEET 

District No. 15 
Material ldent. 

Desion No. 4. 7% AC 20 
15-80-1411 15-80-1412 15-80-1413 

L.S. S. lmst. #10 ss #4 
Sieve Sieve S if VQ 

Analysis 7.0 Analysis 22.5 Ana ysts 43.0 

0 0 0 0 0 0 

0 0 0 0 .7 .3 

0 0 0 0 31.4 13.5 

0 0 5.9 1.3 61.9 26.6 

15.9 1.1 82.3 18.5 3.8 1.6 

37-3 2.6 8.0 1.8 .5 .2 

12.5 .9 • 4 . I .2 .I 

11.0 .8 . 6 .2 .s .2 

23.3 1.6 2.8 . 6 1.0 .s 
100.0 7.0 100.0 22.5 100.0 43.0 

Type "D" Control Design Sample No. 15-80-1414 
Type "D" Sulphlex Design Sample No. 15-80-1415 

Form No. D-9-F24 

D-7 

Comb. T.H.O. 

Sieve Grad. Spec: 
Analysis 

0.0 

0.3 . 3 

13.5 12. ~ 

27.9: 26.c 

21.3 20. 

63.0 60. 

I J. 3 10. 

14.7 14 . 

6.6 6 . 

4.4 4 .. 

100.0 95.3 

Inspector 
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~ A T E H l A L S A F l T Y D A 1 A S H E ~ T PAGE: 1 
OON CHKMlCAI, u.s.~. MlOLA~D ~JCHJGAN 4Rb40 tMEPG~NCY PHONl: 517•636-4400 

EFH:CTLV~ UAlJ:::. OH JUN 77 DATE PRIN1'ED: 18 JUL 77 PRODUCT COUE: 91b0b 

PRIJUUCT ~AME:.! VlNVL 'l'CJLllfo:NF ll:n ANU SOT Jf-1Hibl'l'OR GkAOt;S) MSD: 0201 

1 NG~F Dl FN1'S ( 1'i'P IC A L V Al,UI:.S-MI1; SP£C J FICA 1' J LlNS) . . : 

V I NY[, T U L ll f. N t.: , M I ~ J ~ U M : 99.2 : 

SJ.:r.'f J UN 1 

~01Ll~G POiNT: 33J.QF 
VAP PHKSS: 1.10 ~MHG 8 ~OC 
VAP UfNSlli' (AJ~=tJ: 4.0R 
APP~A~A~Cl AND ODOP: CLEA~ 

PHY'SlCP.J, DATA 

: SOL. IN WAT~R: O.OOB'i% 
: SP. G~AVJTY: 0.9lb4 ~ bO/bOF 
: \ VOJ,ATlLE EH VIJL: NOT APPL. 

LIQUID, DlSAGHElABLt.: ODOR. 

SF:C'TlOf.l 2 Fl~~ AND EXPLOSION HAZAHD DATA 

FLAS~ POINT: 117f : fLA~MARL~ LIMITS (STP IN AIR) 
"ll:::lHOO USt::o: TAG CI.OSI::D CIJP : Lt'L: 0.8 UFL: 11 
EXflNGUJSHlNG MEOlA: ..,rATEJ( HJG, f'O.AM, ALCOhOL F'OAI-1, C02, LlkY CHEMICAL. 
SPt.CIAL t-!RI: fiGHllNG r:tJlllFMlNT ANU HAZARDS: AT ELEVATED TUlPERATU!-iES 

SUCH AS IN fiRF CONUITlU~S, POLYM~HlZATlUN MAY TAKE PLACE. IF' IT 
TAKES Pl.ACE lN A CLOSED CUNTAlNF~, THEkl:.: IS A POSSIBILITY Of A VJ.OLC:NT 
HOPTURE. VAPUPS fORM FLA,..MA~LE MlXlURE.: WITH AIH Al ELEVATED 
TEMPC:RATUkt:S. 

. . 
SF:CTIUt.r 3 REACTJVlTV DATA 

STAl\IL1Ti": STAI:\Lt:. POJ.Yr·H·.~IZl:.S SLUWLY AT ~OUM 'l'E.MPt:RATUI-U:: 
AV'UJO HEAT. 

JhCO~PATlHJLlTY: ACID, AAbE. OXlUIZlNG MATt:PIAL •. 
HAZAJ<DIJIIS DECUMPOSl T I liN Pi<UOUCTS: ----
tiA'Z.AkOOUS POLY~EIHZATJON: ~AY OCCUR. AVOlD HEAT, METAL SALTS, 

SUCtt AS f'U<RIC AND ALUM I NU~' CHI.Or!lOrs: 

SI-:C:T Hlt-1 4 ~PJt.\.., I.EAi'., ANIJ OlS~'IISAL PRUCEDliRES 

A:'J ION Ttl TAk.E F'OI< SPJI.LS Cll!'>r: APJ.'t!UPHJATI-. SAf'E'f)' EUUJ.PMt:NT): SMALL SPlL 
IJk LF:~K: HEMUH f(JH OISPO.:;foL 1:1¥ CtJV!-.HING W1TH SUJfAtlLI:: AbSURI:\ING 
AG!: .. NT. SUCH AS SliND. 11-' SPlLL llCCUi'.S JN A CUIIIFlNt:O AREA, SUCH AS A 
UIK~. PU~P ~Al~~ JN1U AR~A; Vl~YLTtlLU~N~ TH~h CAN tiE PUMPED Off THl 

(:lllvTINili::Ll UN PAGF l l 

E-1 
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f' A T fo, ~ I ft I, S J 1-' t: 'I Y I' A 1' A S H I' t. 1 PAGI:.: 1 
UIJ•" CH~:t.UCAI, IJ.S.~. ;.nuLAtJI• t.U('HJI;,IHI 4HuqO t.ro~FHGI-.'Nf.'.., PI1UNI-.: 517•b3b-4400 

PHVOUCT CUD~: 91b0b 
PIWLtUCT I('IIP>Il'u): Vlt\IYI, TIILtlf·NI•. (1}1' Afl() ~u·t 1111Jil~ITUH G~AVE.:i}~S!H O:lOl 

S;.:('"li(Jt• 4 SPJl.l,, ).1:·:"~, M!U IJl.SIJli!>Al Pf<OCI-:JJUr.t::S ((tlhT!NUI:.O) 
A~TJtiN ·w lAt-r.: fOH SPJL.LS (II.Sf. APPI'f•PI-JAH. Slll-'i::'IY I:WUlPMENJ): (CUNTlNUt::OJ 

71AHP I'UH l<rCUVH<'l. 
DJSPOSAL, ·o~t::'IHOD: JNCPHRAH: Jj~j PJ'IlPt::J.<Lr u~sJ<.;Nfl~ FUHNACt-. CUMPI.Y ~lTH 

.. t::ot::t~to L, sTArr: P. NfJ t.oc A 1. •n;GlJLA 1 IO~iS. 

s~o.cuur. s Hf:ALTII tiAZAt<U OAT A 

INGr.Sllfl"': [.Ow SJ~GI,f t.>USE OI<A[,: L050. (~A'J'Sl 4000 fAG/KG. 
E'tt. C0;<.1ACT: SL.lGHT l!tHITA'i JtJ~J .. bllT f•Ci Cllf?Nl:.AL JNJUkY Lll\r;LY. 
SKI~ (ll~IACT: Sl~GL~ S~OR1' ~XPOSUke ·- ~U INR!TAt!U~ LlKlLI. PROLONGEO 

Ull RI';Pt:..ATI::!.> --SLIGHT 1'11 ~'I'D~:~ATt. 11-'RlfA·rH.Ii~ I:Vl::f~ P. t4JtHiP BUR,_ 
Pt•SS I kL!:... 

S~lPc AtiSUHPTIUN: Lt.lw TIIX.JCil ~: tloll t,(l50 1-ii-.C.Allfil: SKI~ H:STS lNOlCAl'l:: 
NU A~::;Llt-!1'1' J (It~. 

lNriALAfl~~: 1Lv: 100 PPM Cl~1JJ. 
EHf.:Cl'.S OF UVl::kt:XI't.i:-ill~f: I.I~Jt.CTJU'-=Al\Lf IIOUH; r.Yl AfiiD f~ASAL l~R!TATIUN. 

HJCM J,F~ELS - ~NtSTHESIA. LO~E~ L~Vl::LS - ~JZZ!NESS AND ORUN~ENNESS. 

tiMST AJD--NUTl ru PHYSICIAN 

.flf'cST AJU PROCI:.OIIRI:S: CAtffl(lfll - UEVlR GIH. rLli!OS UR l~OUCE VOf.'ITING 1F 
. PA1lr:t.1 lS Ut•CDNSClOUS UR HA\'lNI,; CUNVULSlOtiiS' .. 

F.n:S: F'LLISH Nl'rB PU::NTY ttf ~.a·n.~. Gl: f Mt:..l>lCAL ATTI::N'flON lf lLL EFfEC'fS 
ot::v.o_LuP. 

SKI~: I-LU5N ~ITH PLl::hTY Uf ~AT~R, G~T ~EOJCAL ATTE~TIU~ If ILL tfFECTS 
UE.V!-.LU!-). 

~~~ALAIJUM: If JLL ~YI-~CTS UCCU~. P~U~P1LY klMUVE PEMSU~ 10 f~ESk 
AlA. ~llP HIM UU1ET A~h ~AHM A~D GET MEDICAL ATTl::NTJU~. lf HR~ATH1NG 
STfiPS, START Ai-<1JFICt!>.L ki:.SI-'11-'ATlt•N. 

JtlGt:~TlltN: (1)1\;'f.Alt.S PI-TRIILHW SlllvENT. ACTJVF 1NG({I:.O!Ud' HAS A LVI-I 
OR~I. 'HJXIClTi .. DO NllT PJOUCt::' IIIJMI'Il"'G. (:l\11:: HLArW rLUlOS,. 
l'l,.tt-liJA'H.(,y CIJNTAC:T A PH'rSlClAfJ. 

~nn 'Ill PlitS!C(AN: HilS J.>ROiliiCT CllNTAJNS A PI:.'J'tWLEUM SIILVt.N't. ·A 
~bDGu~~~ AS !1J TH~ AUVJ~JHIL11Y llf ~AST~JC LAVAGI:. MUST B~ ~AUt:.. hASt.~ 
IJP•H~ lnl:: 1ti.(JCJ7t OF 'lllJS l-'I·H.HWC1' VE:~SliS 1'Ht:: HAZA~O I!F ASPIRATION. 
If LAVAG~ IS Pl::R~URM~I>. 1HE US~ OF A CU~fl:.~ I:.NOUTHAChEAL TUB!:: lS 
f<lC"IJMMt::~Ot-:0,. .. 

SPECIAL HA~OLJNG I~FQkMAllO~ 

n:uTll.AflllN: t;/I'J'Ut<Al. VHJ11l.A'fllll'.t .SliFf'ICH.NT. 
~1-:SVJkl>fUJ<Y PtJIJHCTIUN! IJP. 1'11 lOCJ .-p;o~ -- NUf~f:.: 1(10 PPM ANU AbUVl -­

Sf,l.r ,.,,~Jlt.l••l:.n MHU\JIIjrJC; AI•PAJ<ATUS. 
PI-IJH.CTIV~. Cl,f.II'HPIG: C:l.r'AN, t<llll)' CU\11-f.fli\IG CLLtfHlt-~G. PHilllll>E wlTti 

t.I.UVES ~iAUt Of- Nl:,upflf.Nr ltf< NfW•SilLIJt\LE Pl.AST J C. 

(CIJI•'fJ-.111:·0 (II.,; PAC.F 3 l 
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• 
M A r E H I A L S A f ~ T Y U A t A S H E E T PAGE: J 

DOW CHEMICAL U.S.A. MlOL~ND MlC~lGAN 4do40 EMF.HGENC~ PHO~E: 511-b)b-4400 
PRODUCT CODE: 91b0b 

PRODUCT (CUNl'DJ: VINYL TOJ.UEM. (12'f Ar~O ~OT lNI-IIBITUH GI-IADESJMSO~ 0201 
S~CTlU~ 7 SP~CJA~ HAN~LlNG INFORMATION (CONTlHU~D) 

. 
Ell:: P~IIT£C'f10N: SAH:'I'Y GLASSC:S WlTHUIJ1" Sll>f·. SHJELOS. 

SECT ION 8 SPECIAL PR~CAUT!UNS AND ADDITIONAL lNFORHATlON 

PRlCAUTIONS 10 HE TAK~N IN HANDLING A~O STU~AGE: AVOID AHEATHING VAPOflS 
lf G~NERAT~D. AVOID SKIN ANO El~ CONTACT. PHACTICE CARE AND CAUTION 
TU AVOlD lXPLOSABILlrY. MU~tTOH AND CUNJ~OL lNHIBlTOH LEVEL AT >5 
~PM. CUNIHUL T~MP~RATUH~ 1~ S~UHAGE ~~Lu~ 90f. VAPOR IS 1.1 TIMES 
tlt.AVIEH l'ttAN AIJ.I AT lOOF Ai'JO HAS AN 1Gi'IJ11UN tE;MP~RATUl-IE llr~ 914F. 

ADDITIONAL lN~ORMATIDN. lf ANY: ----

LAS'l' PA.Gt: 

THt: lNF'ORMAllllN HFHF:lrJ. IS GJVEN W GUOD I"AUH, BUT NU WAHRANTY, 
~~p~~SS~D Uk lMPLJfD, lS MADE~ 

. ~. . . ·--·. -··-· ----
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- mS CHF.MICAlS 

Dicyclopentadiene 97 

Test Mothod 

Specifications AMS ASTM 

Appearance Clear and Free of Suspended Matter 80.65 

Color, Pt-Co 100 Max 

COMPOSITION -Avail. Monomers', Wt:'% 180.50 

Cyclopentadiene 97.0 Min 

Methylcyclopentadiene 2.5 Max 

Acyclic Dienes 2.5 Max 

Spedfic Gravity, 20/20 "C 0.97-0.985 

Inhibitor (p-Tertiary Butyl Catechol) ppm 100-200 as added 

l'l Cracked Analysis 

Typical Analysis 
Color Pt-Co 25 
Specific Gravity, 20/20 oc .9765 
COMPOSITION- Avail. Monomers, Wt% 180.50 

Cs Acyclics 1.4 
.~~----------------------------~~--C7 Cyclodienes <.1 

Cyclopentadiene 98.3 
Methylcyclopentadiene 0.3 

DISTILLATION, °C 
IBP 56 
10% Evaporated 157 

50% Evaporated 161 
95% Evaporated 169 
FPB 173 

Flash Point, (Tag Closed Cup) "F 66 

Shipping Information 
Shipping Weight (Approx) 60°F 8.171bfgal 

Flash Point (Tag Closed Cup) "F 35 

DANr'":RI EXTREMELY FLAMMABLE- MAY CAUSE FLASH FIRE 
MAY CAUSE EYE IRRITATION- VAPORS IRRITANT 

Refer to Material Safety Data Sheet 
available from Exxon Chemical Company U.S.A. at address shown below. 

D 1209 

D 1298 

D 1290 

D 1298 

086 

D56 

TillS t-.FO!l'-'ATIO'i P<tATES ONLY TO THE SPcC,.IC MATERIAL OEStGNATEO ANO 
>J!AY ,_OT ae VALID FO~ SUCH MATERIAl U'ED IN C0MBI.,AT!0'< WITH ANY OTH(R 
MAf[.:tl-"lS OR ~N ANY PP:OCE$5. StJth rofom-....~t,on 15. to fP".e best of Enol\ Ct-.• mtcttl 
Corno.,~f'l._ U $A ... no-wledq• •nd belle(. tCC"''•I• •nd re1•tbl• n of the o~t• tnd1uted. 

HOWEVER, NO REPRESENTATION. W>~•A-.TY 0'1 G<:>qANTH IS ... AOE AS TO ITS 
ACCURACY. REliA91UTY Q;::t COMP'.E. ~E~fSS If rS i~C USER'S A£SPONS:8•UTY TO 
SA i1Sf'l HlMS::lf AS TO THf SUIT~3-..E~,e,ss At,O CO,fP\.UENESS Of SVCH l:'if.Qfl. 
MAllON fOR HIS 011\iN PARTICULAR USE 

(XXON CHE,..tCAL CO>AP·\I'iY uS A • P 0 80• 3112. liOUS TON. TfUS 7100! 
M ~'11""51 4<-,.).IOn. o' (}(XON CME~ICAL CO,~P>..\~Y~ .a doVISiOn of EXXON COAPQR..\fiON 

MNTEO IN USA 
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-Ji._ MATERIAL SAFETY DATA SHEET 
MSDS-078 
April15. 1976 
(Supersedes MSDS· 
Page 1 of 2 HERCULES {Approved by U.S. Department of Labor as "Essentially Similar:• to Form OSHA~20) 

~~~~J-~~~~,~~:~J~iE~]::~rri:;i~&imt:rr::rtw_w.-1L~~1i~-~~~?~~~~i~~:g1i:tl0~1~~(· 

I REGULAR TELEPHONE NO. 302-575-5000 
CHEMICAL NAME Para-Menthadiene EMERGENCY TELEPHONE NO. 800-424-9300 

SYNONYMS: tf;~~~~~;·Je~)Uandrene, terpmene, terpmolene CHEM I CAt: FAM 1 L Y: Terpene hydrocarbon 

FORMULA: MOLECULAR WEIGHT: 136 

TRADE NAME AND SYNONYMS: Dipentene No. 122®, Dipentene No. 213TM, Solvenol® 1, aod Solvenol 2 

-
BOILING POINT, 760 mm Hg 

SPECIFIC GRAVITY IH2 0 = 11 

VAPOR DENSITY (AIR= 11 

PERCENT VOLATILES 
BY VOLUME 

0.854 

4.9 

100 

FREEZING POINT: Below -40°C (-40"F) 

VAPOR PRESSURE@ ::!2"'C: 2 mm Hg 

SOLUBILITY 
IN WATER,% BY Wf.@ 20°C: Slight 

EVAPORATION RATE 
{BUTYL ACETATE ~ 11 Less than I; slower 

APPEARANCE AND ODOR Clear, colorless liquid; pleasant, pine like odor 

FLAMMABLE LIMITS IN AIR.% BY VOLUME 6.1 

EXTINGUISHING 
MEDIA Water fog, foam, carbon dioxide, dry chemical 

SPECIAL FIRE­
FIGHTING 
PROCEDURES 

Cool containers with water if exposed to fire. 

UNUSUAL FIRE 
AND EXPLOSION 
HAZARDS 

Not applicable 

Liability is expressly disdaimed for any loss or 
injury arising out of the use of this information or 
the use of any materials designated. 
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.MSDS-078 
Page 2 of 2 

-.·:;····F""".~ ... P'"'--;""'~~:-.::k~n>~:r::,··~·'~~~:--~-~~-~m' ~ ~, ~ : 11 ·~rr-2:'".·-:.-c...""'-~~.,::.-~~~ ~-.:-.z'_.,. ... .,._~··:·'~~- -~:..~:l 
~~...,~~..,...f' ... ~·~""-·'"''""i'5'·"-'·-..:· .. ;::r •• · .... ·).•...-. ~.._1:::11-l;,J..r..·l~ ·'r" ·l,l•d,! · " .. •=···· .• ·-:7.1:.,-...-..,._B .. ,.,.,:..;:;c;~·,~S,;;;.~:..:;,, .• 

-"-•··-'-":···..-...~'·;,;.:.:.~.~:,:t;.,.~-:-.,;?.··,,,,..;r.-~:....., ..... ':""'.• ' ···-.-~~--- ·- ..• ~-<,·:-..,.;. · .. -_!o.•.· •.• ••• :•.·.:;~.:;.,;;;-;;~"-:.i.·.':'<·' 

THRES.HOLD LIMIT VALUE Not established . 

EFFECTS OF OVEREXPOSURE Solvent action may defat skin 

. 
Eyes: Flush with water for IS minutes, forcibly holding eyelids opetL 

EMERGENCY AND FIRST- Call physician. 
AID PROCEDURES Skin: Wash with soap and water·. Remove contaminated clothing. 

lnhaJation: Remove victim from contlminated area. Administer artificial 
respiration if necessary. Call phy::ician. 

r5.~ '~- ,,~,;:..~~~ :~;.;.:t:·,c":~t..·-::.-. · ·" ~,~ ],.'~ ~~-.:U'g-~~'1~~-~:.. ~;~z;;:· ~:-:· ,._ .. ,~"'~""-~-: ---.::~~""-:~=l~~-5.-· ... -~] 
STABILITY . 

CONDITIONS 
Not applicable UNSTABLE STABLE TO AVOID 

X 

INCOMPA TIBIUTY . 
(MATERIALS TO AVOID) Acid catalysts; strong oxidizers 

HAZARDOUS 
Burning liberates CO; C02 , and smoke. DECOMPOSITION PRODUCTS 

HAZARDOUS POLYMERIZATION • 
MAY OCCUR Wll..L NOTOCCUR CONDITIONS 

Not applicabie TO AVOID 
X 

'-'=!~~~;~ .• : .. -~_. ·:-f"f::-· :·· ···;~~--J~:i:;:-'·'5. ·:sf!t9"}'(7,~~~=~ ::,·~=~:~:::,:~·:::· jJ -~~~~~~~--~:-,;~ • .!,~~~-~:~~~~·->·. ;~;.~h~-~-~~~·t_.~ ·=·· ~:~~-:.:\.::~::::::::~=~~- .. :, = 
STEPS TO BE TAKEN 
IF MATERIAL IS Salvage in meta) container. Remove sources of ignition. 
RELEASED OR SPILLED 

WASTE DISPOSAL METHOD ncinerate. Waste disposal mus't be in accordance with locaJ, state-, and Federal regulations. 

::~f-r~·3:_};~''0'~;"-'}t;~~~'t'sm'~it,'.=-~';Z;;7a:[f;~~{~":)t!'' ::ry~~.-~~':7~) ~~i:l'-..::·./·.···" ~._,,,_·, :- , __ ,._ 'JJI, ........... :l::.,.t:J • •. !. ,1ntl..,H~t..! ·! ;;J..,~ ~~q.('u._ --<---·- ... ,.-.-:·.--· ;-·.y··. c • 
-..;;::,~~· .·,--•_._._ ·.: ..... :"" > ·._ .... ~-~~---- .·:':';..,_, -.~:-·:J.."":"'~ ...... _~·"-.·. ~ "-- _: •"'•""\ _ .. _ -_; . ':,*ir"t.,...;.~ ~~ : ... _ ~;.;~:;·,; !;.»- .: 

RESPIRATORY PROTECTlO:-J 
Not applicJble . 

(SPECIFY TYPE I 
\: 

LOCAL f: -~AUST SPECIAL 
VENTILATION 

MECHA'~lCAL OTHER 
X 

. 
(GENEH<\L) 

PROTECTIVE GLOVES Solvent-resistant EYE I Safety glasses 
rubber PROTECTION 

OTHER PROTECTIVE EQUIPMENT Not applic3blc 

, .. ::;~,'~\~;~-"7/;·:::;:,~.~~.(·,;~;;,;y,~-:: ~f~""t"J.;ttt:r.rr'f<t";~{~J:~~~~~ ~;;--:r& ,. 1 ;.:R;::..>::c~~·,.,~!~t.,~"'~'·,..;-:<t~¥-~~·---t.r~~L=;:~.:l~s;-.;;.,.>~ 
PRECAUTIONARY 

Combustible- Keep Away From Open Fbmc. LABELING 

OTHER HANDLING AND 
Not applic3ble 

STORAGE CONDITIONS 
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NUMBER 70S..7 

SOLVENOC 2 Terpene Solvent 
· A High-Solvency Terpene Hydrocarbon 

SOLVENOL® 2 is a pale yellow to near colorless liquid that has high solvency 
for resins, waxes, and greases. It is exceptionally effective as a softening and 
swelling agent for rubber. Of pinewood origin, it is a mixture of monocyclic 
terpenes similar t() those comprising Solvenol !, but in diffeicnt proportions to 
one another and slightly bro:~der in distillation range. It is con; parable in solvent 
power with Solvenol I and, like the latter, is a stronger solvent than turpentine 
for waxes and resins. 

Product Specificationt11 

Specific gravity at 15.6/15.6°C 
Distillation range, °C first cc . 

95% ••• 

-- . 
C1) H•rculas t•st methods- us•d •r• avaitabfe on rftquM:t. 

Typical Properties 

Specific gravity at 15.6/15.6°C 
Distillation range, °C, 5% 

95% 
Color, Hazen • • • • • • • 
Freezing point, °C ..•. 
Flash point, Tag. closed cup, °F {°C). 
Kauri-butanol value • 
Aniline point, °F (°C) ....•••• 

Outstanding Characteristics 

0.845-0.870 
168 min 
195 max 

0.880 
174 
183 
45 
<-40 
115 (46) 
80 
<23 {<-5) 

Clear, near colorless liquid; high solvent power; highly effective softening and 
swelling agent for natural and synthetic rubbers. 

Typical Uses 

Solvenol 2 is an excellent solvent for a wide variety of natural and synthetic 
resins, waxes, greases, and oils. Because of its softening and swelling action on 
rubber, Solv.:nol 2 is an outstanding reclaiming agent for naturJl and synthetic 
rubbers. In this application, it is generally used in conjunction with dark tackifier 
resins. Since Solven• 2 does not migrate from reclaimed rubber, it contributes 
nonstaining 'properties to such compounds. Other applications for Solvenol 2 
include its usc as a modifier for protective coating solvents, and as a specialty 
solvent for a variety of uses that require a moderately volatile, high-solvent­
power liquid with a pleasant odor. 

(over) 

Becauu Pe c.annot anticipate or co~trol the fn!ny different con~ition1o unr:!tr which t~is infotmaltOft and our pro\1\.ltb mJt ~~ 
we do not g~;J:rantee the .appriCJb111ty ~r th! a-ccur~cy of rtt!~ H'l:farmai1011' or the swtJtfillty of out ptcducrs m ~ny g1trt'l' ~ 
U!>tfS or our prad..Jth $hOuld matte U'lett O.Hn t~-sts ~0 de:ttrmo~t l~e .t::tlatubty of e~ch S'JC.h product for t~.eir p.arhcul.;lf r 

lhe pr~~ucts d•s<.v1~td art. scld witnout 'hJfl.>nty. tiUI!f t:J;:l'reu or r-r;htii. J:'ld boyet .us'Jme\ aU 't<..POfl~lblhty lor I0\3.,., 
i£! lfl$10£ from the h4ndhni Jnd U~t: of Our pr~duds. ¥thtt.'ltr C:cne 10 JCCOr\l.snct Wit~ dlftCtEC!'\$ of Mt A:~il. )tJt~;:1<:,' 
U(nme Cht ~u~ble use ol out p:oduth 1te not tntended as, rtc~mmtndatums to IJS! ovr products in tht tnfw~a!m!nt of ar.1 ~ 
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.. . 
Number 708-7 
Page 2 of2 

Available Forms: Liquid, in tank cars, tank trucks, and in 55-gallon (208-liter) 
drums (389lbs, 171 kg, net wt). 

FDA Status 

Solvenol 2 is cleared by the U.S. Food and Drug Administration for use in food 
packaging as specified in the Code of Federal Regulations, Title 21, under 
Section 175.105, fonnerly Section 121.2520. 

OSHA Statu! 

As Hercules interprets the U.S. Occupational Safety and Health Act of 1970, 
Solvenol 2 is a hazardous material because it is combustible. 1t has a TCC flash 
point of 115"F (46"C). A Material Safety Data Sheet is available. 

E-8 



TABLE 1. PHYSICAL PROPERTIES 

104.153 118.180 

. I 
145.15 167.7 

0.297 

0.272 

37.8 

32.5 

362.1 5: 'Crltical Temperatu_r_e..:..•_tc_0_C...,---:-'-· ____ · .-f,~---'--.;;._ ___________________ _ 

Sa. Pseudocritlcnl. j ' : ... -~j 
395. ~----~_e_lli~p:ratur_e~,_tc_·o_c~--~--·-71 ___ ._~_-. ___ ··~1 __________ ~~-------~36_9~·----------

6. Critical v~fun.!~!.!C mil g. · • :l · · ·~--·~7-------"-'----,------ ------------3.37 

3.68 

0.92393 

.. · 6a.'.Pseudoc-ritical Volume, · f · :' ·_ J 
vcml/g ·; · :· ·>·.-~ ---------- --~--~-

-:. 0 - :j ;, 1~ ~ Density, g Icc 
. ·.;.... 

,•,. ... _-.. 

0.91506 

0.90620 0.8973 20 ·..Ji 0.9123 

· ... .. 
:. _:_ -·i. 

... ·· 

··. 

• w" • > 

·.: ... · . . 

·. " : -~ 
• 5 

. ...... · 
so -r-1 
9()) ~ 

100 · I 

140'. :4 
ISO 

0.90177 0.8930 

0.89734 0.8889 

0.88847 0.8805 

0.87960 

0.87074 0.8639 

0.86188 

0.85301 0.8469 

0.84414 

0.83528 

0.82642 

0.81755 

0.80868 

0.79982 

....... ~ .. 
~:1;-~~------~-_.,., ---------------------------

.. .... :'l!ar'ol't.,ll.d 

2 
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TABLE 1. PHYSICAL PROPERTIES-Continued 

.~ ... -. .. · . .- . :·· ... ' ·~-~,. ·-· <···~-~--: 
JO. Flasb Point, ~ Tag Closed Cup l 88 (3Ll°C) 

11. Auto Ignition· Temp., °F 1 ... 
914 (49{YC) .. 

J2 Freezing Point, oc .. - .• -. ·. :_ ·j -
-30.6 ~-

-13. Heat of Combustion, .. J ' .. 
~ .·.:· ·, A He, Kcru llllolc- . ., 

. . , .. ... ... : 

' ~ : at constant pressure. ··] 25' 
.. 

•' -1018.83 - . 

AU reactants and 
- ,·products gases- .. :j : -~ .. 

,_ .. . .. , ' ..• 
1-t. Heat of fonnation; 

-_ .. . .. . 

A Ht., Kcal/mole-gas l . 25 - 35.22 
~ ... ·,_ 

" '' ' Liquid'~ 25 24.72 

JS. Heat offu.Sion, . ·.J . . 
~-~ A Hm, cal/ mole I . ' 2630. 

16. Heat of polymerization, 1 
A Hp. Kcal/mole 1 2S 16.68 

17. Heat of 'vaporization, A A Hv, cal/g 2S 100.8 . i 
! D. Pt 85.25 

18. Refractive Index, D-Line 15 1.54969 
i ., 
i 20 1.54682 

j 25 ' . 1.54395 

. ·. 'l 30 1.54108 
i 

35 1.53821 .. 
'.·1 ·" '\. ·• 

•for other operating conditions, the literature shou!d be consulted. 
3 
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VINYL· 
TOLUENE 

123 (50SC) 

1067 (575°C) 

-77 

-1162.98 

27.52 

16.0:t 1.0 

101.84 

83.47 

1.54220 

1.53951 

1.53415 

1.53437 

DJVINYLBENZENE 
DVB·SS 

157 (69.4.C) 

941 (505.C) 

-45 

-
83.8 

1.5585 



TABLE l. PHYSICAL PROPERTIES-Continued 

c:o 

VINYL­
TOLUENE 

'" 

DIVINYLBENZ.T':NE 
DVB-55 

·co 

c:o 

co 

'" 
00 

r:1~~E~i:~~;~!---+---------+------~----,---------=---·--
r.· .• ·.·-;-~. n·Hcptane .·~-~ . .... .:. . ··+---------+---------'------··_·_..-_00 

____ . ___ _ 

00 

': ~· 0.032. 

0.070 
k:~:~~~ ~'"'~J~i~':..=.·~-;;..:.;..g=.~----...:...:''·_;;·+----~c:;_c:;_----,1------:x>...;.c. _ _..;.· __ 0.0089 . , I 

O.M7 
0.0052 

0.054 

'· ,. 

' .. 

~··,~:.:.~. 

l-:~~;: ~~~:~ :.:t·:· ·~·:· :i~~~~~ ~~:~r·:};:~.~/~;:_;~;t 

0.4004 . -~ 

0.4131 0.410 
;:- ·. 

':-:--:-:c--~+-------+----------------.. 
0.4269 0.428 

~-~--~1--------+-------------------
0.4421 

0.4590 

oAn4 
0.4969 

0.5174 

0.2802 

34.5 

0.2953 
o:ro 

32.3 31.66 
~-~-+--~~-----+--~~~-----------------

31.7 :----'-·'------l---=--=.::__---+---3_1 =~----... --· _3_2._10_ ---
31.2 

30.0 

27.8 

25.6 

23.5 

. 30.52 

29.52 
28.7 
l.'lO"Cl 

. 23.0 
~~~-+--------+------------------------

~.: 21.5 

19.4 

4 

E-11 



TABLE 1. PHYSICAL PROPERTIES-Continued 

26. Q Value . ·. 
27.EValue-- ····~~ .. 

1 28. \olumetric Shrinka~ upon 
Polymeri7.ation (Typical) . .. . _.: .. '" 

. .. . ., ~. . . 
j .. 

· ~ ...... ;.. ... ... .:,"' .;. ::-....«..~ ..... -J.,.-.. ·v-. -. •. ;A.Aij - ... ! ... ;o...:f .. ~.rJ.;i;. 

5 
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1.15 

2.34 

4.50 

8.21 

14.30 

23.87 
38.41 

59.78 

90.31 

132.82 

190.63 

267.62 

368.22 

497.39 

660.64 

864.00 

1113.97 

1.039 

-0.8 -0.78 

17.0% 12.6% 

•• '~* 



APPENDIX F 
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Local Climatological Data 
Annual Summary \Vith Comparative Data 

1980 

SAN ANTONIO, TEXAS 
Narrative Climatological Summary 
The City of San Antonio is located in the south-central portion of Texas. Northwest 
of the City the terrain slopes upward to the Edwards Plate~u and to the southeast it 
slopes downward to the Gulf Coastal Plains. Soils are blackland clay and silty loam 
on the Plains and thin limestone soils on the Edwards Plateau. 

The location of San Antonio on the edge of the Gulf Coastal Plains results in a modi­
fied subtropical climate, predominantly continental during the winter months and mar­
ine during the summer months. Normal mean temperatures range from 50.7° in Janu3ry 
to a high of 84.7° in July. While th~ summer is hot, with daily maximum temperatures 
above 90° over 80 percent of the time, extremely high temperatures are rare, the high­
est on record being 107 degrees. Mild weather prevails during much of the.winter 
months, with below-freezing temperatures occurring on an average of about 20 days 
each year. 

San Antonio is situated between a semiarid area to the west and the coastal area of 
heavy precipitation to the southeast. 1be normal annual rainfall of 27.54 inches is 
sufficient for the normal production of most crops. Precipitation is fairly well dis­
tributed throughout the year with heaviest amounts during Nay in the spring and Septem­
ber in the fall. Precipitation from April through September usually occurs with thun­
derstorms, with fairly large amounts falling in short periods of time, while most of 
the winter precipitation occurs as light rain or drizzle. Thunderstorms and heavy 
rains have occurred in all months of the year. Hail of damaging intensity seldom oc­
curs but light hail is frequent in connection with the springtime thunderstorms. Mea­
surable snow occurs only once in 3 or 4 years with the greatest annual amount 7.4 
inches in 1926. 

Northerly winds prevail. during most of the winter, while southeasterly winds from the 
Gulf of Mexico prevail during the summertime and may be experienced for long periods 
during the winter. Rother strong northerly winds occasionally occur during the winter 
months in connection with "northers." No tornadoes have been experienced in the im­
mediate area. 

Being located only 140 miles from the Gulf of Mexico, tropical storms occasionally af­
fect the city with strong winds and heavy rains. The fastest mile of wind recorded, 
74 m.p.h., occurred as a tropical storm moved inland east of the city in August 1942. 

Relative humidity averages above 80 percent during the early morning hours most of the 
year, dropping to near 50 percent in the late afternoon. 

San Antonio, popularly known as the place "where the sunshine spends the winter," has 
about 50 percent of the possible amount of sunshine duri.ng the winter months and more 
than 70 percent during the summer months. Skies are clear more than 35 percent of 
the time and cloudy about 30 percent. Afr carried over· San Antonio by southeasterly 
winds is lifted orographically, causing low stratus clouds to develop frequently dur­
ing the later part of the night. These clouds usually dissipate before noon with clear 
skies prevailing a high percentagE> of the time during the afternoon. 

noaa NATIONAL OCEANIC AND 
ATMOSPHERIC ADMINISTRATION I ENVIRONMENTAL DATA ANO I NATIONAL CLIMATIC CENTER 

INFORMATION SERVICE ASHEVILLE, N.C. 
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STATION LOCATION 
SAN 

-~-~-::;::;;::;':;-::;.~-:-...:-::=:-~:.-::::.:."'.';;. ______ :-:-_·;:--~ --= 

Loc•tlo= 

un: 
H••dqu.trt .. rs 8uildi.ng 
Fort Sam Houliton~ Texa1 

Dullln, eulldlng 
Coan.•r~.:~ o. Alamo Sta~ 

Al.mo InJuUn<:'e ftuilcHng 
N1.varro Street 

Kftvrrlck But.ldlng 
Alamo f'l•t• a. HooHon 
Street I 

Mit'klii l!.ulldlng 
Avconue C & East lotouaton 
Stret>t 

Stat• &ani< 6o Trust Bldr,_~ 

)13 t•"t Ht'l\lstoo Stt·eN 

Alamo N•t'l ~ hn"' ftldg. 
306 ~.t COttn&.•rn: St. 

F•dforal Bulldlng 
Alamo Plaza & Houl'J:On >< 

AlRPOkT 

Adm1nhtnttlon Building 
Stinson rLeld 
1 •ll•• SE of PO 

Adro1nistratlon Building 
Stinson rt.eld 
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s 
ast l..ean-To • Hen~ar '2 
an Antonlo Alrp<1rt 

~eder Llnt's TC'nnlnd r 
e h:!~~:fro~:r ~;~~~ 

II 
a 
orth Cro"" flu i. 1 tllng 

~~'"~!tt.~r ~}~port 
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l 
)/07/85 

71U/91 

2/01/92 

7/01 /9S 

5/01/00 

6/30/14 

7/0ll 30 

10/2!./31 

12127/38 

1/02/41 

7/14/42 

6/l 5153 

~12'·112 

! 
I 

8 
" !Ailtud. 

~ ll j 
1 ¥ North. 

~ ! ~ ! " t 
= a 

7/15/91 29° 27t 

2/01/92 2.3 lb!. sw 2Q" 27 1 

7/01/9S 0.2 mi • ..,... 29' 17' 

S/01/00 0.1 ml. 'E 29' 27' 

6/30/14 0.2 ml. E 29' H' 

7/01/)0 0.3 l'l'll. N 79° 27' 

10/24/37 0.5 rd .WSW 24° 27' 

1/02/41 0.6 mi.!':NE 2Q• 27. 

1/02/41 29' 20' 

7/14/42 'J!.JP zu~ 

8/15/51 l2 .e mi. ~ 29' 32' 

5/24/72 1200 !t .:'olW 29' 32' 

Pn••cnt I 1.1 n.!. st: l'/'' )l' 

[lav.thon a}>Q-.• --- ~-~-- ----
G•~d s.. 

_!"!!I ---
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--· . -· 
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~ LnDqitv.da i 
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. ... .. v . 
li"fit .. t " s ~ ~ il 1~ • 0 

" e -e .. a .. 
~: 9 ~ i 
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,~·!; t;a_ !r: . 

"' 

98" 28' 17 

98' 28' ~8 

98' 28' 7S ~h 61. 

9R' 28' 667 104 95 95 

98' 28. 6~0 91 so 80 72 

9R" 18' bl,.<J !Jl JlfJ 11'1 t22 

98' 28. 646 )01 24) 243 £11) 

?B' 28 I 6~2 301 Ill Ill 103 

98° 28. ~67 59 b28 28 

98° 28. 567 63 7 7 zg : 

9('1.<' 28' 782 51 8 8 :. 

%" 28:' c788 •2J s ~ I, 

qg~ 2h. lfl:~ n NA NA 80 7h 

' 

~- -~~ ·~ Jll• AMOS 
.~ - ~. M T•AUTOa 

t I 
.. ·~ 

I ~ 

J ; 
a o• l.,••rlr.M 
! t e .!:: ; 

I ! : £ 
~ 0 s .. 

I ~ ! ·; ., ... 
"' "'"' 

1 Statlon eliUhl i!>hC'd by 
Si~nal Corpn ~ 

50 Rt-cords taken OVl.>r by \J(•&ther 
Bureau. 

~0 

81 

72 Tipping But'kt~t rain ga~P and 
sun.shlnt" t't't·ord£•r lnl'tolillled 
1117/0l. 

1!2 Thrnoomt'tl!r!l and rofilin ,~.t.n~'-'!t 10 
ft"e-t lowt•r prlur to S/llJib. 

215 

!OJ Wind instr~nrs ltdt ('In roof 
of Ahtn() National R.t~uif 11ullding. 

i 
a3 1 . - 21 f~<-t to 7/1/V}. 

i 
b - ln<tallcd 7/l/J9 
~ccrd ubsrrvatl.;m" trAn~!Prrcd 
to AIrport 711/19. 

28 lJBO end \o(f!AS ctms<>l id~rt·d at 
Ai rpnrr. 

'• .. :n ft•;:-t to 9/1/lol. 

l M h ~ Tf•l t·~-.yd>rcrtu·tt>r (4') 10!17/0k· 
I Co..•t:'IOVt•d I/2H/I.O. IIVj,>TiJ ~ 

' lOOV' :YE or ttu_·f":"'.l•:nt.-rPr to i 

i !../lJf14. - 79'l ft·•·[ tn 4/l/ft<o. 
fl:.' 14 ol4 NA <l StiJI"!I' >;,it I' (i"' pr lur ,,, >tl4/ 12. 

f -Added 9/l/16, 

I 

I 
I 
I 

i I ' I 

1 certl!y that this Ls en offkt.:l publlcat..C.oo of th@' ~ati.onal Oceanlc and Atm<H>pheri<' Adminlstrerion, and is comliled from rt:'cords on file at the­
lf•tl!Xt«l Cli..m.otlc Cmtf't 1 Asht"ville, North CarolLna 2680L 
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'UGUS T I 'l~O 

SAN A•dONID, lE<AS 

~AT W[AT>t(R )(Rvl(( f(ST OVC 

INI(~NA!IONAL AIRPORt 

l£PIPEAA TURE •r 

~~ ; 

~ ~ 
... ..,_ 
.... :;;i ...... 
4 40. 

~ ;; .. 
§~ ~~ i ... 

iE . .. 4 40 

I 2 l • 5 6 
1 qg 78 ee ) -~ 2 JQ.(a 'q q,. b 70 
J qq eo qo • 12 

• qq e I qo • 7;/ 
s ~7 e:~ qo • 1l .. q? 79 ee 2 1) 

' 
,, 7 J 94 ·2 11 

a q~ 1~ 87 2 .q , q; 7, Sb I .q 
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~t. 1 ;_ 1!] OJ2 H} 
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,. :.t ~;,: •': o~. L 
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H 1',~ ! } 8.' Of. 
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"ll y-:, v:: .., 1) 

€:6 7.t <.1 ':.0 I! 
t<f ,. 7() b1 u 

1~ n 7t:. <t.t u 
78 ih <:tl p 
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SUIION lEAR l I!ONTH 

AN EQUAL CPPCRTUhiiT EMPlO!ER "'SlAG[ AJlti r(l'S- PAlO 

U.S. O£•AR!It:MT or COPKRC[ 

COM-210 

LC0-41-12921-FR 

STATE DEPT 
ATTN: JOHN 

OF 
F 

HIGHWAYS 
NIXO'-: 

PUBLIC TRANS. 

ENGINEER OF ~ESEARCH 
P 0 BOX 5C51 
AUSTIN, TX G-6 78763 

NOTES 

CEILING 
UNL r•lcUU -.ltlll'ft 

II[ ATHER 

c TORNADO 
1 THUNOERSTCR" 
0 SOUAll 
R RUN 
Ali AA IN SHOii[~S 
ZR FRLEZTNG RAIN 
l DRIZZLE 
Zl FR[[ZINC DRI!Il£ 
5 SNOW 
SP SNOW PELLETS 
IC ICE CRTSTALS 
Sw SNOW SHOWERS 
SG S.OW GRAINS 
IP ICE P(LL£1S 
A HAll 
r reG 
IF ICE FOG 
cr CROUND FOG 
80 SLOWING OUST 
BN BLOWING SAND 
85 BLOWING SNOW 
ST BLOWING SPRAT 
~ SI!OK£ 
H HAZE 
0 OUST 

Ill NO 

DIRECTIONS ARE THOSE FROM 
WHICH TN[ WIND SLOWS, INDT· 
CATEO IN lENS or DEGREES 
FRO~ TAU[ NOAfH: 1.[., 09 
FOR HST, 18 FOR SOUTH, 21 
FOR w[ST. E•TRT Of CO IN 
THE OIRECTICN COLUMN INOT· 
C•TES CAl~. 

SPfEO IS EXPRESSED TN KNOTS; 
P1Ul TIPL T BT 1. IS 10 CONY[RT 
TC "IUS PEA HOUR. 

FIRST CLASS 
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::r: 
I 

I . 
., 
i 
I 

. 
! 
·i 
• 

l 
i 

. ---·-· ·--1 j 

,~~ 

.,-~tv 
::;, 

Na:ne of Property Sampled: 

AIR POLLUTION Z/~LE REPvRT 

Sulflex Paving Experimental StudYAJdress:North Loop -- FM 1604 

City: San .\ntonio cou:'lty: Bexar R~·gic-r.: 9 'l'y-pt" :~f Industry: hot mix mfg. \ 

N~c anj Title o!' Party Contacted a.t Property: ~lcDonough Bros., Inc; Roger Hopper, Supt • 

··················*······································································································ 
Sil!!loled Ev:San Antonio 1-!etropolitan Ilea. Dcpt.PlMt Status: paving machine-- in operation 

a '"'----- • 

Remarks: samples taken to determine levels of emission of 11 S and SO.., due to ·-· ... ,., ~ --· -~~~ .. 

J 

·. 

" 
·················································································-······································ ' ~ 
Pleas"' a~a:v:e as ct~cke~ be:cv* 

1ncludcd: so 2 runs 

11 2s runs 

D:1t<:: 8·28·80 Rec;·.:t'!sted t--y: ~lanny Pointer 
2 samples; 2 SO., absorber blanks; 2 DI 11.,0 blanks 

~ v 

2 samples; 2 blanks of 11 2s absorber 
!SAMPLE I D F r: T I T Y J I L A B 0 R A T 0 R y ANALYSIS! 

Date TIM:: W!:W Co:!.lected SAMPLE TIUH!'.ER Susp. 
1------------ Ser..pling §~~::~_J_!:!:~-- Rnte(cfm) Direction ACL f'nrt. Field 

::u."'t.be:- Equipoent Tot. a1 ~lin. Tat:iii-voi7f.!~1- s"Pecct\i!if;ii Nuttber (~~~;ft43) 

S-2(t-80 tclet;~atic ~Q}_O __ ~~E_s_~_:. 2.8 liters/ tin 2381 so 7 1659 1J.g/~t 3 
1------------ -------------- --------- sample .622 ppm 

"3546 30 84 liter 

8-26-SO telematic ~~ }_S __ ~~ _l_S_L:: -~:.. ~-_l_i_!!?! 3)_ 1in so~ 56.9 IJ.g/~t 3 

"------------ --------- sa ple .021 ppm 

ns46 30 M 1 i tC'rs 
. -

"-~Q~_9 __ ,~l}_o_~Q I 8·26-80 telematic 2.8 liters/ lin !!bS 51 so l.lg/1>13 

------------ !--------------- --------- s mple 3.64 ppm 

113543 30 84 liter /min 

_U.?_? __ &l_l_~~: II S 1.110 1.1g/M.) , 
8-26-80 telcmatic __ 2_:_2__1_i_t~!.?l ~!!! _______ s~mple .0008 ppm 
------------I 11354 3 30 I 81 liter· 

Samples 1 & 3 taken within 2' downwind of paving mach1ne. 

-

~ 

Rcrnc.:-!'<.s: Sample!> 2 & 4 taken 200' do~-o•nwind of p;wing Gravimetrical Analysis: _____ ""'":":---:":"--------

II 

machine. . :/1'"1 '/·7 ~' . 
Da.t.: Recdve..l:....:.\.urrust 28, 1980 Drtte Reporteod:Septemhcr 9, 198-"aet:.ice.l Analysis/-~· "t:c;:::a;."--l':,/ ,.'~-:"'!Y-"t:.~-r-:~·(_L_~--

~' . 



Sample 

T~:xA;;.; f..l!i CO~TROL ROARO 
J,AOORATOIH 

6 no 11 i ghvRy 290 r:ar:t 
Austin, Texas 78723 

Sample: Sulfex Paving 
McDonough Bros, 
San Antonio, Tx. 

ACL Nl.llD er : 

De 1i vered By: 

Description: Date Sampled: 

l.AOORA.1DRY ANALYSIS 

Impinger I Soluenol Vinll Toluene 

1 N.D.* 94 ppb by Vol. 
2 N.D. 4 ppb by Vol. 
1 N.U. 86 ppb by Vol 

Sample 2 N.U. 0. 5 ppb by Vol. 

*N.D. ~ none dctectcJ 

2381 

[ 

~L 

SOUrce 
~L."llmy Pointer, Evaluatior: 

August 26, 1930 

Dievcloveatadienc 

1129 ppm by Vol. 
183 ppm by Vol. 

Sample broken 
Sample Broken 

Kovcmbcr 13, J:lHO llcnry J. KrmL'>S 
lbtc Reported 

H-2 

,.____,.. ........ -_... - ·"" 
~ 
i 
I 
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Burrell Gerhardt A~gust 27,1980 

r- ··- ·-· Yl~~n :J· ·•· -; -, : 1 : : ~1mr:~~19 
L VIS~OSITY VALUES oN suLPill..EX usED ·As: BUiOER · , , 1 

.. : ' ~ . ! ... 
..... ; ... 

..... . : .. ·:··-- ._..j -·-·-: ,; .. ,.~ ._.· i 
1. 

' 

150 
Temperature in degrees li · 

200 250 

(Courtesy of Southwest Research Institute) 

I -1 

.300 
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3:':>1A~3S I 
::>l.:f;IVHl 

3~VNt\1ClQ 

ONV 

30tSOVOCl 

' 
:er- _,--
~ ~·--
1- f-

.~ 
1- i-
1- i-- i-- i-

- i- a:: 
<t - i- w - i- )-

- i-- i-

~B - i-
- 1-- 1- ?:i - 1- 0 

- -:::- sB ..._ "-

7- _:.. 

r::- .:..:;;. :r 
fl.:- -:-

1-z 
~~ -~ 0 ,._..::::.. ::t 

(/) 

a:: w w 
~ !i a:: 0 

z 
0 -1-
<{ 
u 
0 
...J 

1 
-- --l···j-....J--i- ·I 
""- .._ -- -~ -... - 1 --.=r 

1 1 i r 
l 

~+-~-+~--+-~-~-+~·~~~+-4--io 
r----------------+~--~~~-~~~-~~~~~~~ 

'ON AVMH~IH 

J-1 

I 

T ~ 
I 



z-r 

r--r--r--.--.--.--.-,r--.--r--.--,---.------------~--------r----,r---------------~ 0 )) g 
~ ~ ~ 

..• FORE ~<'AN NO . -
HIGHWAY CLASS 

c+l f j I I j-' , I 
' 

I I I COUNTY NO. 

,., ~ -~ 

Vl !::1 
;;: 
0 z 
-1 
:c 

--
--~~~~~~L~~ HIGHWAY NO. 

r 
0 
n 
}> 
-t 

as 
• '~LlJJ\} :B?.!ullL'!IA 

1 :.li v.Lt't lt!.'lSl[_j)U 

CONTROL 

SECTION 

0 
z 

0 
~ 

a: 
a~ 

r· '-'! t 'J v , rt rtztT~ r~··~~ »j .... 
'-'l 
c: ... 
(0 i ~ HfffLg~ 

~ ;-r-rTJI I I I T T LANE I :I 
1-' 

I 

!. -~ :,;-;_;:-~- ~--1 ~ ~ I,. i MAYS METER 
I --' -~ ! ' , ~ 

B±:;j ''l~j 'f5! =I~ I ''I ~~~~~---~-? ~ ~ 
; 
'""' =' ,.. 

I I I SEV<:'lE I :5 ~ ;:; 
1 

I ~ 
:t> 

RUTTING (!) 

=' 
"' =' C'l 
(!) 

l'"C' ~~ c. 't. \ ~ Sl.IGHfilllrt;l_e_ r---~ 
&iiI I l ' I. l MOCERATE :::: ~ I ~ RAVELING 

j I j i I_ ] I J SEVE':_S,_ o 3 ...., -p. , 

• I< • ! \T i T.i~J:.~~TI; '" ~ ~ ~ FLUSHING ~-
· ( · ...._,, ' • ._ L.LJ~_suGH~90 e ~ :::, 

' , , I < SEVERE ~ ~ "' > 1J ,Q 
:;1 j j • ' ~ ..: i-( "<. ll: I_~ d !iLl§.:':'T_ ~G t l> »j 

t ! "i I ~- J MOS_ERAT£ ::: X' I i"> CORR!JGATIONS < ? 
. I I ! I ' Sf\'E-RE 0 ~ iJ, l> ~ ~ 

R=f. 1 <. 11: ~I .. <.. ~ ' ' St,!GHI__ 9 t:l e t ALLIGATOR 1"'1 ,..,. 
I..___ I \ l i MQQc-RATJ; v '!' I :.J Z o t;, 1 1 i ! SEV~R£. ::;: ~ '-" ';: CRACKING -l '1 

I ; I • -r;--~ <. f I \ I (I ' 1[ .....S.:.l!.ill.L__ g Q ~ j :::-~ LONGITLDINAL ~ 
~ ' ~- "

1 l \ I _},'>j ..M.O.QE.l'LA.If.. ~ ? 'T. $;'! CRACKING ~ 
1 1 1 1 r ! sr::vc-RL- 1< -: -1 "' .... .... 

1 <. · ~ -s. 1 !- j \ '.\$ f j ""1..s.:.J.G.d.L_ G D e ,, "'.I~ TRANSVERSE ~ ' I ·\ M"'~·""'AT"" v .... - :~ '~ ~ 
, J_ i l • . - --"""'-'·.!:Lc..wr - ' ' ~ ::n c C~<ACKING a> 
1 i 1 1 , 1 . r<:vFR.. o ~ .. • "" 

--,----;- !'l)}o}V.> W "\....>-! ' ! s.i t ~~ "cR.:CKS iDSC~l£;) 12)P,P7i!.LL:..~~l.'£il 13 ~,:JT SE.t.LEO ~ 
1 : Lr.....L <. ''"' 1 "'-- 1 '): f <r...J c-ooo Q .::J e ~ .-o 

. I I i \ 1 'I 1\..\ ' FAJB_ ~ f ~ ~ PATCHING ~ 
• .J 1 PC()R "' "' '· =' 

~ 

I i 1 I -l--1- _,_ i ~ r I s_ I-! £!'1-5 0 6-10 C!J >10 FA!l.URES I MILE :;i 
I I I i I I :J _]_ I ... 1 RIDE. 

CONTRAST W 
! ~···· ~~~ J>A'\I£1lElfU'lG.E... :::t 

\l I I I I 1 I -~HOlJLO.Ea...E..Q!&.. PAVED g 
I I I CRACKS r 

\ ! I RA;ffi!t-~ ;,::l 0 
' . • 'F (Tl · _ i : , >~ ... ~, 110N :U 1 -r -T T i I ! 1 I 1 PWEM::Nr EDGE 

S;r ; b I I : ' ilJi''hiG, coRiliJG-4TlO!'iS LOOS£ FI~CY. UNPAVED 
I I . I I l ! : I L .. JITER ~-

~t--1.-.1.. I i I 
OTHER 

ROADSIDE 

AND 

DRAINAGE 

THAFfiC 

SERVICE 

( 
">; 

~""­
~~ 

("--.... 
{ . 

.,_ _, 

- ., 
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I 
.. L 

ST4TE OEP4RTMENT OF 
HIGHWAYS AND PUBLIC TRANSPORTATION 

DIVISION OF MATERIALS AND TESTS 
AUSTIN, TEXAS 76703 

PAGE 

HCS.TST.l4 ASPHALTIC CONCRETE STABILITY REPORT D-9 CHARGES 33.75 

CONTRACT NO. REQ NO. 
ENGINEER R.H. M~GERS 
CONTRACTOR 

CONTROL 0000 
PROJECT 3Q-3-24015-807 
OIST 49 CO HWY 

***************~*************************************************************** 
LABORATORY NO. H8040519o DATE RECD 08/29/80 DATE REPTD D9/02/80 

.. MATERIAL Sul phl e)( 2:33A 
PRODUCER 
IDENTIFICATION MARKS 
SAMPLED FROM TRUCK QUANTITY 

DATE SAMPLED JS/26/80 
cooE oooonoaooo 
CODE 000 

SPEC. ITEM OHO 
UNIT 

******************************************************************************~ 
SAMPLE 
Nu.'•1BER 

13 

1.4 

15 

SPEC. IDE NT. 
NO. MARKS 

1 
2 
3 

1 
2 
3 

1 
2 
3 

COHESIOMETER 
VALUE tAVG. J 

*********************************** * HVEEM STABILITY * 
* ANO/GR CDHESlOMETER * 
* VALUES * 
* MEET SPECIFICATION * 
*********************************** 

*********************************** * DIVISION OF MATERIALS AND TESTS * 
* * 
* * 
* * ENGI~EER OF MATERIALS AND TESTS * 
***~******************************* 

K-1 

ASPHALT 
( % BY 

WT.) 

7.0 

7.5 

8.0 

SPEC. 
HT. 
(IN.) 

2.02 
2.05 
2.05 

2.05 
2.06 
2.06 

2.02 
2.02 
2.02 

SPEC. DENS. 
FIELD 

fAVG. i;; ) 

96.5 

96.9 

98.1 

SEP - 8 1980 

HVEE~ 

STABill 
UHAVG.;.; 

48 
49 48 
48 

50 
46 48 
47 

48 
47 47 
47 



-· --- ·-- ·--.·--~----.. --·--·-·- -·------
STATE OEDART:-1!::1\JT OF PAGE 

HIGH~AYS ANE PURLIC TRANSPORTATION 
DIVISION OF ~ATE~IALS AND TESTS 

AUSTIN, TEXAS 78703 
-··~ ·~---»-·~---·--&---- ·--- ·--·--- . - . - ---·----· ... 

MCS.TST.14 ASPHALTIC CO~CR=T~ STABILITY REPORT G-9 CHARGES 22.50 

CON TRACT _R E C_ ~-C •--------------- _ CmJTROL _ ______ _ 0000 · 
ENG PlEER ~. 1-'. M11GERS PROJECT 30-3-0240-054-415 
COl'\ TRACTOR DIST 4S CO H~Y 

************************r.****************************************************** -· - .. 
LABCRATCRY NO. H804051~4 CAT~ RECD 08/28/80 DATE REPT9 CS/29/80 

. OAT~ SAMPLED 08/25/80 
. -----~A_"¥: L~L .. JY • __ o __ ( AC= 20 ) ___________________________________ coo~;._ o o o oo oou oo 

PROCUC~R CCDE 000 
IDENTIFICATIQN MARKS SP:C. ITEM 0~40 
SA~PLEC FOO~ TRUCK QUANTITY UNIT 

***~***~*~*****************************************************~***************' 
SA~PLE 

____ Nl)~_,B ER_ 
SPEC. IC~NT. CC~ESIQ~ETER ASPHALT 
NC_~_ 'lARKS . ____ VALUE _(AVG. ) _____ _(_% J?Y 

07 

08 

J 
2 
3 

l 
2 
3_ 

4 
5 
6 

*********************************** 
* 
* 
* 
* 

HVH~1 STABILITY 
AND/CR crHESIC~ETcR 

VALUES 
MEET SPE(fFICATlON 

* 
* 
* 
* *********************************** 

*********************************** * CIVISIO~ rF ~hTFRI11LS AND T~SlS * 
* * 
* 
* 

* 
* * ENGINEER OF ~ATERIAL'S A~D ~ESTS * 

*********************************** 

K-2 

WT.J 

4.7 

4.7 

SPEC. 'SPEC. DENS. 1-'V::E·~ 

HT • FIELD STAeiLi 
(IN •) lAVG. % I (%l(AVG.;, 

2. 04 51 
2.04 94.2 51 50 
2.04 47 

- -~--

2. 02 49 
2. C3 95.4 47 48 
2.03 48 
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TEXAS HIGHWAY DEPARTMENT 

DISTRICT 15 -DESIGN SECTION 

DYNAFLECT DEFLECTIONS AND CALCULATED. STIFFNESS--COEFFICIENTS 

THIS PROGRAM WAS RUN - 07-10-80 

******************************************************************************~ 
. PROJECT IDENTIF ICATIOw·---~-~ -~--- -···-·-

DlST. COUNTY CONT. SECT. PPSN · HIGHWAY DATE OYNAFLECT 
15 BEXAR 2452 01 FM1604 ~2-06-80 29 

REASONS FOR MEASUREMENTS AND COMMENTS 
EX - SULFLEX TEST SECTION 

TOTAL Pl'lV DEPTH 
9.00 INCHES 

*****************************************************************************~ 

EXISTING PAVEMENT 

MATERIAL TYPE 

ASPH.CQNC.PVMT. 
FLEX.BASE-RDWY.CUT 
SUBGR.SOILS 

LAYER THICK. fiNr 

1.00 
. s.oo 
o.o 

--~***************************************************************************** 

GENERAL LOCATION INFORMATION 

DIRECTION OF TRAVEL IS NORTH WITH MJLEPOINTS 
MEASUREMENTS ARE 04 FEET FROM THE RIGHT SIDE OF LANE A 

DESCRIPTION OF LOCATION 
FROM-JCT. SH16 
TO- JCT ." WHITE FAWN RD. 

ODOMETER READING MILEPOINT 

****************************************************************************** 
PlOTS WERE REQUESTED WITH THIS PROGRAM. 

*****************************************************************************~ 

l-1 



OlST. COUNTY CONT. SECT. PPSN HIGHWAY DATE OYNAFLECT 
--T5 BEXAR 2452 0 l FM 1604 . 02-06-80 . 29 

DYNAFLECT DATA --·---- ·---------- --~ ~-··---~-~- --~·--~--

... ODOMETER 

-·-· --·o .oo 
0.20 
0.40 
0.60 
0.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.20 
2.40 
2.60 

Wl W2 W3 W4 W5 SCI.. . "AS2 AP2 

o.soo 
0.900 
o. 570 
0.740 
0.530 
0.230 
0 .. 930 
0.670 
0.720 
0.690 
0.840 
0.560 
0.440 
0.300 

0.3l0 
0.600 

.0.400 
0.420 
0.300 
0.084 
0.600 
0.420 
0.380 
0.430 
0.330 
0.270 
0.200 
0.093 

0.210 
0.290 
0.250 
0.330 
0 .lll 
o.o-i-7 
o. 270 
0.240 
0.135 
0. 230 
0.120 
0.08L 
0.060 
0.040 

0.126 
0.200 
0.129 
0.111 
0.060 
0 .0-i-2 
0.141 
0.129 
0.069 
0.099 
0.066 
0.043 
0.042 
0.032 

0.093 
0.099 
0.084 
0.069 
0.040 
0.0-i-0 
0.084 
0.066 
0.035 
0.060 
0.047 
0.032 
0.031 
0.028 

0.190 
0.300 
o. 170 
o. 320 
0.230 
o. 146 
0.330 
0.250 
0.340 
0.260 
0.510 
0.290 
o.24C 
0.207 

0.33 0.59 
0.28 0.64 
0.30 0.72 
0 ;·3 2 .. 0. 5 1 -
0.35 0.53 
0.52 0.47 
0.29 0 .. 60 
0.31 0.59 
0.34 0.47 
0.31 0.58 
0.3.7 0.36 
0.37 0.44 
0.40 C.44 
0.5-i- 0.41 

--·-AVERAGES . 0.616 0~345 0.172 0.092 0.058 0.270 0.36 0.5l 
STANDARD DEVIATION 0.091 0.08 0.10 
NUMBER OF POINTS IN AVERAGE = 14 

Wl-5 DEFLECTIONS AT GEOPHONES 1,2,3,4,&5 
SCI SURFACE CURVATURE INDEX ( WL MINUS W2) 
AS2 STIFFNESS COEFFICIENT OF THE SUBGRAOE 
AP2 STIFFNESS COEFFICIENT OF THE PAVEMENT 

L-2 

REMARKS 

STRUCTURE SH lt 
FILL 

PATCHED PV MT. 

lNTER.HAUSHAN r 

SE ALEO PATCHES 
t-.lJMEROLS CRAC.'< 
SEALED PATCHES 

DOkN GRADE 



/ 

--- .... __ ....... ,--.11' ... -t.a ... ~--- ._." - ----~- •«-~· -···- --·---

, __ 
___ ) 

TEXAS ijiGHWAY DEPARTMENT ·--------------- ·---------·--· ·-'-----------
! DISTRICT l5 -DESIGN SECTION 

l- OYNAFLEt.IDt:flECT IONS- AND-c-ACCUCATED---sTIFFNB-s-·coEFF TC IENTS-

******************************************************************************~ 
--------pROJECT IDENTIFICATION ·-------·---------------· !---

j-oisT-;.-. ---COUNTY ---------r:ONI.--SECL ___ PPSN --- HIGHWAv--DATE·--·ovNAFLECT 
j---r5 Bt'XAR·------2452 ___ 01 --------------FKI604--02;.;,.05:;.;80 --·-zg--· 

I REASONS FOR MEASUREMENTS AND COMMENTS TOTAl PAV DEPTH 
! ··-ex---SUlFlEX TEST SECTION -----------~9-;00!NCHEs·-- -----
~---------------------- - ---- ---- -----------·---------

; --**************************** **** ******* ************* *****~ ************ ****** ** . ----~---~-,- ----·--------~---------~~--~- ---- -~--------- -----------
EXISTING PAVEMENT 

------l-fATERIA[TYPE- - ---D\YER- THICK;(lN) 

------···-------------ASPH.CONC. PVMT. 
.----------FLEX;BASE-RDWY~CUT­

SUBGR. SOILS 

. --- - 1. 00 ----- ----·· 
-----s.;oo--~-.---

o.o 

J -****-**** **-*******-******************* *** ****** ***** ****** ****-********** **** ** * ~ 

I
.~--···----------------------------------- ··-····-·· --- . ---.-- ... ··------------- -- -~----

----~------·------------GENERAl lOCATION INFORNATION ------------ ---

~- DIRECTION OF T;-AV~:- IS SOUT~- OP;OSITE MilEPOINTS ------
! MEASUREMENTS ARE 0~ FEET FROM THE RIGHT SIDE OF lANE A l --- ·-- -- ------·------·· --- . -------- ------------------------------- --
1 ---DESCRIPTION OF LOCATION --------ODOMETER READING- MILEPOINT--
j ----FROt~-JCT .WHITE FAWN ROAD - ------------------·------
1 ro:.:.--JCT .SH16 ---------- ------
1 

----------
*****************************************************************************~ 

------ ----------------------
I 
~ ---------~--,-- ·-·---~~·----~·-----~-----~-~~-------- ----------------·-----·· 
' --------·------·---

-----------------------------------

L-3 



/ 

\. . 

OIST. COUNTY CONT. SECT. PPSN HIGHWAY DATE DYNAFLECT -ys ___ lfEXAR -- ------2452 ___ Oi ----···--·------FHl604--0·2-0-6;_;80 ____ 29 ________ _ 

1 
___ OYNAfl EC T OAT A.:__--------:-------

! -ODOMET ER _____ W c--- -W2 ~------·-w3.-----w4--·-ws·----s·cr----.\'"SY~PT _____ REMARKS-
~ ---· 

0 .. 20 0.540 0.230 0.030 0.025 0. 021 0.310 0.40 0.41 UP GRADE 
0 .. 40 0.440 0.200 0.043 0.030 0.022 0.240 0.40 0.44 

--(£60 0.930 0.870 o. 7d0 0.600 0. O?,}_O..!....Q.~9 _ _Q~_!_L.:_l._~~___f_!_I,._!.._=ON CULVEi< .. 
0.80 0.250 0.093 0.040 0.029 0.022 0.151 0.50 0.46 
1.00 0.990 0.750 0.600 0.093 0.060 0.24J 0.25 0.83 PATCHED PVMT. 

---r:-2o---o. 780 o. 350 o. 135 0.060 0.040 0.430- 0.36 -0;39··--SHCULD ER CRACK• 
1 .• 40 0.900 o. 720 0.600 0.035 0. 02 7 0.180 0.24 0.96 300 1 N HAUSMAN 
1 .• 60 0.260 0.090 0.040 0.035 0.021 0.170 0.52 0.44 
1 .. 80 0.620 o;350 o. 220 0.050 0.032 ·o. 270 0. 34 .. 0 ~51 .. DOwN GRADE 

f 2.00 0.900 o .• 720 0.600 0.030 0.025 0.180 0.24 0.96 PATCHED PVMl. 
1.440 1.020 0.780 0.660 0.14 7 0.420 0.24 0.71 ,. ___ 2~20 

I 2.40 0.930 0.690 ·o.340 0.220 0.111 . o. 240 0.26 0.79- SLIGHT- FILL 
2.60 0.930 0.720 0.400 0.300 0.250 0.210 0.25 0.88 
2.70 0.960 0.600 0.220 0.135 0.102 0.360 0.29 0.57 RAMP 

------- -----·-------- ----···--------------~--·- -~--------~------~--~~----· 

AVERAGES 0.759 0.515 0.327 0.156 0.062 0.244 0.32 0.72 
STANDARD DEVIATION 0.101 0.10 0.37 

-NUMBER OF POINTS IN 1.\V~RA:GE--.=--15 -------·-·~----·~-·-·--·------------

TO SH 

---HT-~5---DEF(ECTIONS -AT GEOPHONES 1-;·2i3~4,&5 

SCI SURFACE CURVATURE INDEX I Wl ~INUS W2J 
AS2 STIFFNESS COEFFICIENT OF THE SUBGRAOE 

----AP2. ---STIFFNESS COEFFICIENT OF THE PAVEMENT 

----· ----------

----------- ------------------- -----------

·------- ---------------------~---------~------

--- - ----. ~---------------- -----

---------·------------·----~-- ~------ -----·- ------- ---------·-· -
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____ ...... , .... ""'_,. .......... ~ -·-·"*·-~·-- .. - ..... -- ... -- ... -·----- ~. ----------- ... ... -"-.. ,._"'. 

) 

!---------------_If.XALHI..GH il A 'L OEP..ARTM. E NT 

f DISTRICT 15 -DESIGN SECTION r- . . -------·--------·-·--··--- . . . 
l ===-=~=~ ~~~~~~-=~L~:;o;: 0::: MC: ~: U ~~:~:~.r::: :~;~~S : DEf F IC 1 ~-5___::_ 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
--~---··-PROJECT I 0 E NT IF I CAT ID N -· _____ ---- --·· -··---··-----···--- --. 

-tiiir~_··· _____ ci:iJ.Jtii;;---==~c-aN ~~-=:.s £c r :~~P-P..ii=..:~~H I G" wA Y-==~=riA r E -==oiN-AFl. E c-T ~~- .. 
15 BEXAR 2~52 01 lP 16~4 09-04-80 29 

___ __REASOKS .. FOiLM.EASUPEMENTS .ANO .. COMHEIHS ____ TOTAL PAV DEPTH 
----·---------.--EX - TY 0 CONHOL MIX. -----------10.00 INCHES 

EXISTING PAVEMENT 
------------------------------ ----

__________________ I1ATERIALTYPE.. __ LAYER THICK., (IN) 

_________ IY .. JL CONTROLl'llX.__ 1.00 --·-· 
TYPE 0 HMACP 1.00 
FlEX BASE 0.08 

.--··------···SUB GR. S 0 ll S ·-- ---------- _ 0 • 0--~---------·-------- -·-- -·- ... 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
GENERAl lOCATION INFGRKATION 

DlRECTION OF _TRAVEL IS _rm._EASLCPPOSITE MILEPOINTS --·----~---·-··· 
HEP.SU~EMENTS ARE 03 FEET FROM THE RIGHT SIDE OF lANE A _____ _ 

!-=---~=--DE SCRIPT 10"4 .. OF. LOCATION._ --~~-·--DDOMHER_READ lNG _11IUP01NL_ ---- -· 
FP.O~-STATION·l204+J6 
TO-STATION 1160+0v 

·~··············································································· 
------··-------·---·-------------~----------· 

----------- -----------· ----------------
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• -··- -~-- -~ __ .... _,.. ,. -- """"" ~ #o 0 - ~·- --- ·~ ---·""''- • 

.! . . J -~) 

J O!ST ~-·_ . .COUNJY. __ · _ _.C.ON..I ._SECJ_. __ __p_f!.SN___HIGHWAL ___ DAT L ____ O.'t'NAFLEC..L- ...... . 1 15 BEXAR . 2452 01 LP lb04 09-04-80 29 

l 
__ l------~--i ... -.-·-·---·---------w••··---·- --··----·---------. 
~ STATION Wl ........ wz _______ W3 ___ W4 -------W5------SCI 
l_ ________________ ·--

DYlt.A.fLEC.l-0 A. U 

ASZ __ AP2-. ----REMARKS 

~1203+00 0.460 0.330 0.15q 0,105 0.060 0.150 0.31 0.65 
;1201+00 o.255 o.114 o.o5o o.u42 o.c35 c.141 o.45 0.49 
·ll9.9.±0o __ o. 2 37_ .o. Ci96 o. 046 __ o.:) 39 o. o3a ___ o .lu __ o. ~ta ___ c.. 4 a ----------·---
'1197+00 C.370 Oo26J 0.1C2 0.050 Oe04l 0.110 0.33 0.69 INT.FH156Q_ 
in95+00 o.770 J.55:1 u.3ZO .. 0.126 o.o63 o.zzo. o.26 .. c •. 6a 
lU93±oo ___ c • .770 _ ::>.560 ____ o.z9o __ O.J9t: __ o.osz ___ o.zlo o.2L c-.7c ___________ _ 
•1191+00 c.75o o.45~ o.165 o.J52 o.044 o.3vO o.31 c.52 
. 189+00 0.480 0.30J 0,087 0.045 0.040 0.183 0.33 t.57 

16.7-4:-00 ___ c •-'-'·O _ o. 34J ___ c .l29 ___ o. J 45 __ o. 04 L __ o .. zco .o. 3L .. o. 57 ______________ __ 
185+00 o.7~J o.5oo 0.210 0.105 c.o69 .. o.zoo o.26 o.68 
183+00 l.ZtO 0.900_ C.430 Oo21C :.120 0.3CO 0~24 Lo74 
e~.t_oo_ c. 5.50 ... o • .32v ___ .o .102 __ o.o 62_ o. o5 o o. 23~ -·-c. 34 __ .c.. sz _____________ _ 

179+00 Co710 Oo45J Oo165 Oo081 Oo045 Uo260 Oo30 Oo56 
177+00 u.6~0 o.410 c.25c o.12c o.063 o.280 c.32 o.51 
1 I!H-OCt_ .. 0. 6 ~0 ____ o. 36~. .0.126 .. 0.120 0 .C3 9 .0. 240 0 • 33 o. 53 -------- -----·-·-
173+-0C o.410 __ 0.250 o.·)eo c.J53 o.o42 o.H:o o.35 o.57 
171+00 C.7CO 0.470 0.260 0.135 ~.C93 ~.230 Q,3(. G.6l 
169+00~_l.l7Q ... :l.12J ___ 0.330 ___ o.lo5 . .o.c4o ___ o.450. o.ze .. 0.51 .. 
167+00 0.68~ vo39) 0.138 Oo06C 0,040 0,290 Oo32 Co49 
165+00 Oob70 J.43J r;174 0.~72 Q,C45 Oo24C 0.31 0.57 

,... _____ ._._ 9_3·) ___ J.110 __ 0.410 _ Oo.240 ___ 0.lll __ 0.22:L Oo25_Co7L _____________ _ 
_ .1.11.:> o.75:> o.39J 0.220 o.c,qq 0.360 0.21. c,.6·J. 

'lfE .AGES 0. 6 7l :> • 43 9 ___ 0 .. 2:J3 _0.09.9_ O. C5 6 .. _0. 232. __ 0 • 32 .... 0. 59 
TA~DARD DEVIATIC~ 0.078 0.06 G.09 
UMeER OF POI~TS IN AVE~AGE • 22 

·---· ·-·-" -·· -· __ , ·-· -·~--·-------------------

_____ Wl-5 DEFLECTIONS AT GEOPHONES 1,2,3,4,&5 · 
__ _scr_ __ SURFACE CURVATUPE INDEX ( wl .M1NUS .. W2l 

AS2 STIFFNESS COEFFICIENT OF THE SUBGRADE 
AP2 STIFF~ESS COEFFICIENT OF l~E PAVEMENT 

·----- -------·- --- -- .. ----------~-~----

---------------------------------------- ------------------ -------------- . 

.... ______________ _, ______________________ .. _______ ----------- ----------------- ---·-- --·-------- --- ·---···-·--· 

----------------------------------------
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- ..... _,....._ ........... - ~ ... ..a ....... - ... --'"" ~ ~·- - - ........ - ... - ....... - _ .. _ ... - ...... - ...... - - -... _.-- --- ... _. .. ·-· .... --.--:. ~· ... .. ~-- - . --~ ...... 

·) 

'-------------------_..-'"XAS H IGHWA'L DEP_ARII'1E NT __ -----------~­

DISTRICT 15 -DESIGN SECTION 

OGRAI'LWAS ___ RU~_05-l2-:6L _______ _ 

••.....•..................................•..•.•....••.....•..•................. , , _____________________________ .. _____________ -----------------------------

•••-• ·---~-· ·- ·-·-•· •••·---H~····- - -~-~ •" ~~-·---·-•~ --- --· 

___ CO UN lY ____ CONy, __ S.ECJ -• ____ P fl. S IL ____ HIGH WA't' ______ OAT E _____ DYJ1AE LEC.l __ ·------
BEXAR 2452 01 lP 1604 09-04-80 29 

____ .R.EASO N.S .EDR I"EASUREMH!TS _.AND .COHM.ENTS.... ____ __IOT..AL PA_V _DEPTH ______________ _ 
·----------------· _:_EX- 8.0P SULPHLEX SECTION 10.(;(- INCHS 

~!~:'!_+_+_!...!.**H.*.***~*-!*-*:***-*-!..~-*-*-****+*************-****-*;***-*+***************-*-*-*** • •. 

EXISTING PAVEMENT 
------------------------------- -- -------·-

MATERIAL TYPE. lAYER THICK.[INt 
--. ~~----· ~--· 

UleHLEX_ 8_.oe_ ______ ~-----1•0C _______________________ _ 
TYPE D HMACP loCO 
flEX BASE 8.00 

---~--------.l'""-'"'GR.SOILS_________ D.o.___ _______ ~-----------------

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
---- ·---~------------·- ---·- -· 

GENERAL LOCATION INFCRMATION 

DI PECTIDtLOF __ TRAVEl IS .. NO,_ E .\SL CPPOS ITE M ILEPOINTS. __ ----------· 
MEASUREMENTS ARE 03 FEET FROM THE RIGHT SIDE OF LANE A 

·_· _____________ DE.SCRI P T 10~-- OF ... l OCATI0!'-1 ______________ ODOMETER .R EAO ING __ 11 IL E POl NT _ 
FRCM-ST AT ION. 1160+00 
TO-STATION 1124+69 

-

!~··············································································· 

-------- ---- ------------- --------------------- --

-----------------
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~ ~ .... -- ""''"' ~.- ....... , -~ ~ """ ~ ... -- ... ----- - -""'•· - .. .. - ··- ... -.... - --- ... - . 

) ,·) 

.ll.l.SI .. ______ CO UN.T'i _____ C ONI ... _S EC L. P..f.SN_ ___ HJGHWAY ______ OAJE. __ _oxNAELEC_l __ _ 
15 BEXAR 21t52 01 LP 1604 09-04-30 29 

ION Wl ... ___ WZ ________ W3 __ ~_ W4. ____ WS. _____ SCL ____ AS2. ... AP2 _________ REMARKS 

c.570 ,,370 0.177 o.ll4 o.oa7 o.zoa 0.31 o.59 
157+~0 c.4zo o.l44 c.342 o.o36 a.a3z o.276 o.47 o.4c 

u 55_+oo ____ c.5 10 __ o. 3.4:> ___ o .1.4 L. o .c 90 o. 066. o. 230 . o. 33 _o. 53 ___ _ 
1153+00 Oo630 Oo38) Jo126 tlo)60 0.~38 Oo25J Oo32 C,53 ----------------

'1151+00 1.230 0.900 0.460 Oo3C{; o.zzo 0.330 Oo25 .. Oo70 _ -----------
1149+00 __ c • .5 t:o __ o .40J ___ o. 2 3~L _o .1.2c. _ o. 016 o .160 .. _ o. 30 _o. 69 ____ _ 
1147+)0 0.440 0.280 ,,120 0.076 0.046 0.160 Co34 C.59 
1145+00 ,.7!J 0,460 0.230 Co090 0.0~6 C.270 Co30 0.55 
114.3 +Ot:L ___ O ,4 90 ____ 0 • 32:> __ 0 • :> 9C. ___ 0 .c 36 ___ 0 • 0 3 2 0 .1.70 0. 3l __ c • 6 L ________ _ 
1141+00 0.48J 0.290 0.~84 0.034 0.032 0.19J C.34 .0.55 
1139+00 0.6'0 0.420 0.150 0.069 C.C35 Uo220 C.31 Oo59 
1~37+CQ ____ c. • .5i.O Q,34J __ C.lll_ __ 0.050 0_.034 O.ZC.O .0.32 0.57~---------~-----
1135+00 C.3~D 0.200 0.180 0.040 O.C32 Oo150 C.37 Co54 
1133+00 t.41D 0.250 C.~48 0.035 C.032 C.160 Co35 0.57 
113.1+0:> __ C,4CJ) __ 0.240 ___ Co018 vo04e 0.036. 0.160. 0.35. Co 56 --~------------
1129+00 _ 0.34~ 0,220 _ C,075 0.048 c.u38 0.120 c. 35. 0.62 .. 
1127+00 0.330 ),230 0.108 O.J45 ~.035 0.100 Oo34 Co69 
ll.25.±oc ___ o_._310 ___ o.2oo o.o1a __ o_.J_45 o.o3o ____ 0.110 .... 0.36 o.63 --·---------

AVERAGES t.524 ~.332 0.~41 0.074 0.053 Q,l92 0.34 Oo58 
SJ.A.NDARO. _(lEVI/. T IQI'L____ _ ____________ 0_.062. _0 • Ct, __ .C. 07 __ _ 
"lUf'ISER OF_ POINTS IN AVER4GE • .18 --~-~----------- ____________ _ 

------ ------------
Wl-5 CEFlECTIONS AT GEOPHONES 1,2,3,4,&5 
SCI SURFACE CURVATURE INCEX I Wl ~JNUS W2J 

: __ A_$2 -~ __ STI FOl£ S S. COHF IC IE "lT__ OF .HE_ S UBGRADE. _____ _ 
___ APZ _STIFFNESS COEFFICIENT OF THE PAVE~ENT 

--------------------- -- -~------

-------·---

L-8 



/ 

• - ............... _ ...... ._ .... _ ··- -- •• - ........... - - - - ... w - - ...... -- -- - - .. - ~ ... 

) 

--------------.. JEX.AS.~HIGHWAY_OE.P MlTJiE NT 

DIST~ICT 15 -DESIGN SECTION 

FLECT DEFLECTIONS AND CALCULATED. STIFFNESS.COEFFICIENTS 
. --·- "" -· ---- --- --~-- -·- -- --- -· ---

AfLWAS __ RUN_~~ 05~1.2~81 ___ ~ 

********************************************•····································( 
ROJECJ. I DENT I FI C 4 TI ON .. ·-~-------------~----·-··--···------· 

~--- ·--~--- --- -- ----·--------- -- ------ ---- -------- ~ . ----~ ·-

. D.ISL___ ___ COJ.!NlY. ___ CQ~t. __ S ECT. __ ~_pp_S.IL__ __ HIGHWAY ____ .DAT E_ _ _DXNAF LEC L ____ _ 
15 BEXAR Z452 01 lP 1604 09-03-60 29 

___ __.,RJ-EASONS_ EOR .. MEASURE "lEN.I.LANlLCOMMENTS ____ _IO.I.AL .. PAV. DEPTH 
···---------·----·---- _EX - TY .. D CONTROL MIX SEC • __ 10 • 00 I "'C t'E S 

EXISTING PAVEMENT 
--------~------ ----- ----------- ----------------

~ ---------~----------- .t1ATERIAL TYPE lAYER THIC~.(INJ 

------- t.L D CONTROL MIX.. _____ 1.00 --------------------------- __ 
TY 0 H~ACP lwOO 
FLEX BASE 8.0C 

_____ ___$U.BGR. 50 llS -~. _______________ Q..,.O ------~-----·--------------c ....... .. 

································································~················· 
-------------~---·----~ --· ------------------·-· ----------

GENERAl lOCATION INFCRMATIO~ 

_____ OlRECTICN OF .TRAVEL.IS SO. WESL ..... WITH .. - .... J1!LEPO INT S __ ------------------
-------~-- KEASUREI'IENTS AilE 03 FEET FROM THE R!GHT SIDE OF lANE A 

·------~DESCRl?JION OF .lOCATID~L ___ -.-ODOMHER. READING __ MlLEPOI~T _ 
FROM-STAT ION. 1124+69 
TO-STATIO~ .1164+70 

----------------

L-9 
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"""'l .~-- ..... ,.. . .., __ ....... -_.,_._" ......... --------·-- ., __ -~- -- ~ -- ~- --- --- ----.. . . ~ ~ .. ·--r ·J ) 
0 I Sl•-- -~--CO UNJ.Y._~ __ C OfU., ____ .SECT • _____ pp_s~ ___ Ji I GH WA 'L _________ QA. T E -- _Q YNAFL ECT ---------
! 1~ BEXAR 2452 01 lP 1604 09-03-80 29 
1 f ..Dl~AELECT [lATA.. __ _ 

~~sriri!iti-:-.·--wi-~=-~w£--~=-=-~w3_:___~-~~=--w4____ _-w5-~~--~~~---s-ci--~-:A:iz:- A"i>-z---~=REi1-AR.i<s _______ _ 
t---------~-~-- ·---- -------------- ------------~---- --- --
1125+00 0.440 3.26~ 0.138 0.075 0.044 0.180 0.35 0.54 
1127+0~ C.640 0.32J ~.D84 t.J22 0.020 Oo32J 0.35 0.44 CUT 
ll29+0Q __ 0.52J ___ 0.27J 0 .• 084 _0.)3.5 _ 0.023 .. 0.250 _0.36 __ 0.47_CUL-~----------
ll31 + v 0 __ (; • 4 t 0 0 • 2 6 l C • 11J 8 . 0 • 0 6 6 0 • C 3 .:; C • 2C C 0 • 3 5 C • 5 2 . CUT --- --
1133+00 _ Cio2t4 O.C75 Oo03J 0.020 0.016 C.189 0.62 C.42 -------- ----------~--
U35:f:OQ ____ c.:HJ __ '.').200 ___ 0.056 ___ 0_.040 ___ 0.035_ .J.H:O 0.38 Oo53 ___ _ 
1137+00 c.1~5 o.c72 c.C35 O.J30 o.o26 ~.093 c.51 c.53 
1139+00 Co5t0 0.3t0 0.114 0.020 C.038 0.2t0 Oo35 Oo48 
ll4l.t.OL_Q.540 Oo30v 0.081 0.040_ 0.0:32 ___ 0.240 __ 0.35_. Co5G 
U43+00 o.t~2v ::>.360 o.126 .G.J55 o.;04C .o.uo ... 0.33 o.s1 
1145+00 C.7CO j.420 0.200 0.075 ~.040 o.zeo Oo3l Oo52 SL.FILL 
1B7+o~---·- o.7~o __ ..D.5CL o.zec _0.126... 0.024 o.25o o .. 2.9_ o.oo ----~ __________ _ 
1149+00 C.520 0.36J Oo24C 0.120 O.C66 0.160 0.31 0.66 6FT.FILL 
1151+DD o.seo ~.66C o.440 o.2ec o.2oc 0.220 o.26 c.74 
1153±oo __ c._.qc.o _o.5oJ ____ a.2co_ u.J50_ o.035.__0.4oo ___ o.3l t.46_.2FT.FILL 
1155+00 0.360 O.C45 0.060 Oo04C u.036 Q.315 3o39 ~.37 SL ROCKY CUT 
1157+JO Co320 ~.(60 0.042 0.038 0.032 o.zto 1o72 Oo38 
U59+oo~_c.no ___ Q .. 42v __ o.z4cL_C.l29 o.1c2 o.zao __ o.31 o.sz _________ _ 
1161+00 0.850 0.660 0.420 0.~26 ~.132 0.190 Oo25 0.81 GRADE 

163+00 1.050 v.81J 0.400 0.250 0.114 0.240 Co24 Oo79 SL.Fill 

c.5eo ,.343 o.169 o.o77 o.o54 o.z37 
DEVI ATIC'-4 Oo068 

DI HS...l tL..A VER AG~-~20 ___ _ 

Oo57 Oo54 
0.74 0.12 

CEF lECTIONS .A LGEOPH:JNES _l,z., 3,1u £5 __ ---------------------- __ _ 
____ SCI SU~FACE CUPVATURE INDEX ( Wl MINUS W2) 
___ AS2 STIFFNESS COEFFICIENT OF Tt-<E SUBGP~DE _ ___ ____ _ ____ _ 

, ____ .,.! L_.STlJFNES.S __ C_OE FE1C.IE NL_DL.U~L PAV EI1ENL ________________________ _ 

~---------------------------~-----------------------· --------------
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TEXA.S .. HIGHWAY .. DEPARTMENT __ ·----­

DISTRICT 15 -DESIGN SECTION 
---·-------·-

------~----DY,.AFLEC T DEFLECTIONS AND CALCULATED STIFFNESS COEFFICIENTS 
·-"---··-------~~-----~--·--~-----~------·"~ .. ~· 

IS ...PROGRAM_ WAS . .JWN __ ..-:_0 5-:-ll~81 .. ---~------~-~- __ _ 

~················································································· 
1~-==--=-=~=-~~-----=-=---------~~Ro_iEc T. --~~~~I iF-rc~~=~N -~--~--_--_ __ ~- -~=~----- ----==~- --=----~--
usr. _____ couN.n _____ coNT ,._SECt .. __ ePSN __ ..-.....tlGHWAY ___ .DATE ___ DYNAFLECT _______ _ 
· 15 8EXAR 24~2 01 lP 1604 09-03-80 29 
i 
r 
; _____ .RHSD NLF.OR. .MEASUREMENTS AND COMMENTS . _ JOTALPAV OEP.TH ----------. ----· 
;_______________ . EX -. 7oOP SULPHLEX SECTION .10.00 INCHES 

• !.!-~.i! t!.*-* !.:!'**- H.H.*..* !.*-!!_!_+_++ !.* + *-*H! ** * * *+! ***-**·* ***+ * *·* ** *** * ** *-** * * * *·-*-•-* * "'·*** * * *,; 

EXISTING PAVEMENT 
~------------------------------------------------------·-- ---------- -·· 

, ·----------~--- ____ MATERIAL TYPE ___ LAYER THICK. liN) 
• 
_____________ SULPHLE.X .7. Of>. _______________ 1.00 ---·----- ----------------

TYPE 0 HMACP l.CO 
FLEX 8ASf 8.00 

____.SUBGRaS.OILS __________________ .J).O -------------·· ----~-·--·-··------~--- ... 

................................................................................... 
GENERAL LOCATION INFCRMATION 

· ________ _DIF.ECUON OF .. TRAVEL ILSO. WEST __ WITH ... 11Il EPOINTS _ -·-------------. _ 
---------- MEASUREMENTS ARE 03 FEET FROM THE RIGHT SIDE OF LANE A 

_________ OESCRIPTIO"t OF. LOCATION.. ___________ ........ODOMETER READING .. MILEPOINT 
FROH-STATION.ll64+70 
TO-STATION ll!5+0J 
-------------------- -------·--

,_,_ ·~--·-- ·-

·-~·-··,..· *** ...... ** *** ••• ***. ** ***** **** ...... ** *******. *. ** *. * * * •• ** *. *****. * ....... ~' 
----------------------------- -----·---··· 

-----· -------------

-----· ---------------
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\.-----····-_-_--·-_---_---_---·_··,···--:·-·· -_-···-_--·_·_· ·-·_-·_·--_·· ·_· ---~----_---_·. ·_·. -_~ .... _4-. 

·..) 

CtlS.t...____-~CO UI'{H ______ C.atU. ___ S ECt ... _PP.SN __ ~ __ HI.GHWAY ------OAT f ___ .. OYNAF LE CJ _____ _ 
15 BEXAR 2452 01 LP 16~4 09-03-80 29 

I or.NAFLEC r .. .llAJ A.. 
, _____ ......... ··--·--·-·····--- . ····-·----·-----------------·---------·-····-- -- --·· ·-·------
!.STATION .... Wl . ____ WZ, ____ W3 ..... - ..... W4 ... ·-····-··W5 ___ SCI _ ASz ___ APZ .. REMARKS 

------------------:-·--·--· ---·--··-----·· -·-·-··--- -------· ---- -~--------- -· 
1165+00 0.540 0.360 0.200 0.072 0.135 Oo180 0.31 0.62 

!1167+00 C.84Q J.540 0.270 o.~9C 0.040 0.300 Oo29 ~.56 SloFill 
)169+CO __ 0.910 ___ 0.620 .. 0.320 _Q_.l35_ __ 0.C60 0.290 __ 0.28 _ 0.6L Sl.FILL _______ __ 
1171+00 0.730 ~.410 0.320 0.144 . 0.090 0.250 0.3C 0.59 SloFill 
1173+00 Oo420 0.220 0.066 0.132 0.120. O.ZOQ ,.38 Co49 CULVERT 

·u_75+00 ______ C..770 i), 4J.~. _0 ol14 __ 0.05C __ 0 ,('40 _ 0.371l __ .0 • 33 t.44 _..SL. CUt. ____ _ 
1177+00 Oo750 0.43J Ool47 0.06C c.v45 0.320 0.32 Q.4q 
1179+00 o.5eo o.340 o.l32 o.~54 o.045 0.220 o.33 o.54 
1161+00 ..... 0.7€0 .... 0.480 .... 0.2.30 _0.096~- _O.C60. 0 .• 3C0 .. 0.30_Co53 ---·--------
1183+00 1oHO O.B'tO .C.390 .. ~0.230 C.ll7 Oo360 .vo26 Cob4 ____ _ 

. . .. . - . - ---·-·-· ----- . -- -~----. ·-· 

"-v.EI$ A.G ES .... C. 150 .. 0 a.'t7l. __ .O .. ll9 _ J .• l06 . .....0 .... 0.75 ..... 0. Z 79 ... 0. 31 ... 0. 55_ ... -------···· 
STANDARD DEVIATIGN 0.065 0.03 O,C6 
NUMBER CF POI~TS IN AVERAGE • 10 

. -----~ ---~-------- -
_ W1-5 CEFLECTIONS AT GEOPHONES 1,z,3,4,&5 
~-SCI~_SU=(f~CE CURVATURE INDEX C loll. f'IINUS W2) 

AS2 STIFFNESS COEFFICIENT OF THE SUEGRAOE 
AP2 STIFFNESS COEFFICIENT OF THE PAVE~ENT 

--------- ·----

-----------------··-·· 

----------·-·---------·-··-----------·-------------------·--- --···--···---·· 

··----·-· -----·--·-~- -·-·-··----·-------··------------ ------ ---~·-··-··~--

---~-----

--- ·- --------·---·---

----------------· ---
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• ~ ~ ..: ~· ~ •• -· .... _-- ... - ~ • "". "" ... - *' --- - •• - .... , .. - •• 

______________ __._E..XALH lGHWA:'LDEP ART MEJU 

DISTRICT 15 -DESIGN SECTION 

) 

-----~--------DYHAFLECT DEFLECTIONS AND CALCULATED. STIFFNESS COEFFICIENTS_ 
---------•~•~····---~··-~-·-•••--.,---·--·-·---·----• ,_ .. , ·•- • -- ·•- .. r··• " - -• -• ·-·~---- ·••-•--·-·--~•··---· 

--------- _____ ..JHILeJtoGJ~.A ~L W AS._PUN_~_O.S..-.12 -81 __ 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I 
1====~~=~---- o~ ec.~~:!~~~~I-F-IC AT ION... __ ----~~-~----~-=--~-~-~=------~=----
.D_lS_T_. ______ CQU~TL ____ coNT ._SECJ_,._ ___ PP.SN__ __ HI GHWA'L._~OAT E _____ on~AFLEC_T_ ____ _ 

J 

15 BEXAR 245'2 01 lP 1604 09-03-80 29 

.. 
RH.SO~S_fOR.11EASUREMENTS AND .. COMMENTS IDTALPAV. DEP.TH ·------··------

_________________ EX __ ~ 7 • .5P SULPHLEX SECTION __ -~ ____ lv.OO Ir-ICI:'ES 
i -- - . 

1 

.. _! ·-· *.! ,._~. !_•H_ ••• ! •• ,, -·-~·.,. !:t:_•-~·. _,._,,.*-··~*H ••••••• ,. ........ ·-· ... !*·*-· •• ·-·-·.!.!.!* .... _,. •• **~ 

EXISTING PAVEMENT 
-- ------~·---- --- --
--------- ________ MATERIAL TYPE _________ LAYER THICK,CHO ________________ _ 

---------

,;, ---1~~~1i~E~M!·c~f> -i:gg ------------------------
~ __ _ _ ~~~~R~~-~its __ ~----_------_-_-__ g:g~--~~----~_ ------_-_-------
l+•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••* 

GENERAl LOCATION INFCRHATION 

--------- __ O!P.ECTIOfLOF.. TRAVELlS ..SO. WESL ... WITH l'lllEPDINTS 
MEjSUPEMENTS ARE 03 FEET FROM TPE RIG~T SIDE OF LANE A 

. ----------DE SC RlPT I ON . .CLL CC AT ION ________ ODOMETER READING __ /11LEP01NL _________ _ 
FROM-STATION 1185+00 
TO-STATIO~ 1192+33 

-------------
. "'. " --" . - .. ~· . 

·····*·········································································· 

---------- ------

;, -------------·---~---w--------------------··---•-·-------~-------·-• 

. ·--- -·------. --------~-

·-·-·-------- •- ·~-----·---·-•··-------·-·-·---·-·-·"---···-·--- -- --·---- ~--·""-~ -~~--W• ••--··----·---···--·-•- -· 
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) ) 

D..I ST_ .. CO UN.T.Y_ __ C ON!..__$ E.C T.L __ _p P S R __ HlG HWA y _____ DAT £ __ OY NAFLE C...L _____ _ 
15 BEXAR 2452 01 lP 1604 09-03-60 29 

________________ D.YNAELE.CLOAJL ___________ -----------

STATION. WL -··--····WZ . W3 W4 ...... --·- W 5 _____ .. SCI ... AS2 AP2 ______ REMARKS 

--------------------------------------------
1185+00 t.oe~ 0.120 c.zao o.~96 o.c45 o.360 0.21 c.5s 
1187+00 o.7f0 0.440 c.lCB o.J45 o.035 0.120 0.12 o.49 
U.89HlQ ___ C.720 _0 .. 460 .. 0.200 __ j),05C_ o.045 _Q,Z60 0 • .30 ___ 0.56_ 
U9l+':lO _ o.1ao o.4oo c.045 c.v40 .. o.:12 o.Jeo o.33 o.43 ______________________ _ 

·-·. '"-· --- ·- ---· ~--

AVERAGES _ 0 • 8 35 ___ 0" 50 5 ___ \1.158 __ 0.058 __ 0 • .039._0. 330 _C • 31 __ Q. 52 ______________ _ 
$T ANDARD DEVI ATICN 0.053 C.,03 0.07 
NUMBER OF POINTS I~ AVERAGE • 4 

Wl~5 .. DEFLECTIONS AT GEOPHONES 1,2,3,4,&5 
_. ___ SCI __ SURFACLCURVATUPLINDEX ( .. Wl MINUS.\ri2L __ 

AS2 STIFFNESS COEFFICIENT CF THE SUBGRADt 
APZ STIFFNESS COEFFICIENT OF THE PAVE~ENT 

-------------
------------ ------- . --------------- --------------

. ---------------- --- ----------- ----- -------------
·-·-------------- ~------~--·~-------·-------
! 

---------------
---- --------------···- ·-------------

·.------------~--------------------- ---------····-------------·----- --------- -·- .. 

----------------- ---------

--------------------------

------------------·· -------------··-
------ -----------------------------

------~------

-----------------------------------------------------·-··--·~~- -------

--------·-------
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) 

------------------------'-.. ~~-S......Hl.G_HW.A '(...J)_E.PART l'tEtH~------------­

DISTRICT 15 -DESIGN SECTION 
---------- -~----------------------------------- -----
;:--~-------DYNAFLECT DEFLECTIONS AND CALCULATED STIFFNESS COEFFICIENTS 

- ·- . ~---··--- ·--~-------~--~-------- -· -~---
S_J>RDG.R.AtL.WAS. RUtC.~- 0 5-:-l2.::6L_ 

-------- ------------------------ -----------~--

-----~-·---·-

DlS.I .• ________ co Ut:tTY ______ Cmt T • __ 5 E CI. _ _________£_P.SN... _____ .HIGH.WA Y __ DATL _OY.NAHECI _______ _ 
15 BEXAR 2't52 01 lP 1604 C9-o4-a:> ·zq 

_______ R.E.ASO.t<S FDR.J'IEA SUF H'E ~TS .. AND C 011 MEN T S ______ TDTAL PAV .. DE P IH 
--------------- __ EX - .. 8eOP SULPHLEX SECTION _lC.OO INCHES 

. ---- ~ -· 

!..!.!.!'.'H.*-*** *.*!.H "'! *-*-' ~~!.*.*!' *-*.**!H ** ** ****.H + U '* * *!.* _. *-*!.**--* * *-*-* **-*!*-*-** * * * • * * * * *" 
EXISTING PAVEMENT 

-----~-~~.,_-~-------~-----~--------~----~-------~~---------- ------~---

--------------- ____ I'IATE RIAl .. TYPE ___________ LAYER THICK. C IN) 

_.SULPHLEX e.op_ __ ~--------.1•00 ... -- -----------
TYPE D HMACP 1.00 
FlEX BASE , 8.00 

---------- SlJBGR.SOllS ____ . ...0.0-------------------~---~ 

***************••··································*························•****1 
------~-------~-----

GENERAL lOCATION INFORMATION 

_____ DIRECTION OF ... TRAVEL IS_ SO. WEST WITH ___ .MILEPOINTS. 
MEASUPEMENTS ARE 03.FEET FRO~ lHE RIGHT SIDE OF lANE A _ 

-----------DESCRIPTION. OF. LOC AT! CN ____ ~=-::_ __ ....:=~.ooor:E.TE.R REA 0 ING . MIlE POINT ________ _ 
FRD~-STATION llq2+33 
TO-STATIO~ l204+vb 

----------------------------
-· ·-~~--- ---- - '·- - --- -~--- -~ - -

*-****-** * * ••••••••••••••••• * ••••• ·~ **** ••••• ** ******** ••• * ••• ** ** "'** ••••••• * ••••• * ~ 
-----------------------------------------------~---------~------

----------- -----------·· ------------------------ ------------·---- -------------
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\ 
j 

, 0_1 S T ., ______ C 0 UN U _____ CD N I •-- .SECt. ____ P.P SN_ ___ HIGH W A y ____ DA l E ________ DYNAF l E C,I ____ . 
15 BEXAR 2452 01 LP 1604 09-04-30 29 

_______ __~,OuYN.Afl£CLD AIA'--~--

__ W5 _______ SCI _ .. AS2 ___ AP2 _______ REMARKS 
-------------------- ---~------

1193+00 0.890 0.700 0.032 0.030 0.022 0.190 
llQS+OO C.BlO 0.640 0o)30 0.025 0.020 0.170 

0.25 0.83 
0.25 0.84 

, 1191 +_i).) ____ 0. 4 4:::1 .... ll • 2 80 0.102 ___ 0 .025 __ C • C2 L ... O .1 bO. G. 34... o. 59 _____ lN.T • FH_l5 6Q ____ _ 
1199+oo o.24o J.l32 o.o3a o.~zs o.ozz . o.l08 

:12Dl+OO 0.320 0.210 O.C69 0.028 ~.C24 . 0.110 
0.41 C.56 
0.35 0.64 

; ut.a+_Jo ____ o.,a 2o __ o .. 62.~ __ a_. 440 __ a .250 __ o .135 ___ o .2co _Q. 26_ c.. 76 __ _ 
'I 

4VERAGES 0.587 0.430 0.118 0.064 0.041 0.156 0.31 C.7v 
• SL4NDARD _DEVIATION __ ------------- 0_,0_39-'--.0 .07 __ C • .l2 _____ _ 
NU~8EI( __ OF __ POINTS IN_ AVE RAGE __ ,. , ___ 6 ____________________________________ _ 

-----------------------~-

Wl-5 DEFLECTIONS AT GEOPHONES lt2t3t4,&5 
SCI SURFACE CURVATURE INDEX ( Wl MINUS W2' 

: __ A.S2 __ SII.fFNESS __ COE FF IC If NT OF_THL SUBGR.AD£: ~- -----------
r __ Af'L_ STIFFNESS COHFIC lENT. OF_ TI-'LPAVE~ENT ------------------ _ 
!.---------------·-·-------------------------------------- ----------------------
t,------
•' 

--------· ---
I 

------------------ -----------·- ---- -------------·. -- ·----

:! 

: .·-M-~_....__ _______________ ·.~--------·---~·-----~-----···-·--~~--·-·-·•-·--·------- ~ 

, ________ ----------------------------

·-------------

---------------------------------------------------------------------------

___ .. ____ , _________ _ 
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