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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 1738, Isaac
Bencowitz and E. S. Boe described a method of preparing a sulfur-asphalt
binder by mixing the,two materials together with a stirrer before mixing
them with aggregate. !lore 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 allotropic 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 byoquick1y quenching elemental sulfur which has been heated

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

Southwest Pesearch Institute (SwRI) in San Antonio, Texas started an
active program in sulfur product development in 1959. And in the
mid-seventies they undertook 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 pav1ng 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 SwPI sought to chemically
modify sulfur such that it would retain, indefinitely, some of the desir-
able characteristi¢cs 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 (1) to have engineering properties similar to
asphalt and (2) to replace asphalt 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 knowlodge 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
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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. Magers, Supervising Laboratory Engineer for the San Antonio District,
was the study supervisor and engineer for the project.

DESIGN OF SULPHLEX HOT-MIX

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. 1In
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).
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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 1bs./sq. yd. (approximately one inch)
of Texas' standard Type "D" 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, nersonnel 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 to 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 also.

Initially, three coarse aggregate types were -considered: a sandstone,

a traprock, and a limestone. However, our standard stripping test, Test
Method 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 Timestone and sand-
stone samples, but a 50% loss was estimated in the traprock sample. Even
though this was an empirical test which was baseéd 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.



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
HMAC, 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 Marshall 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.
The Marshall 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 considered 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 Tooked 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 made for analysis by the
faterials 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, ﬁenetrating 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 1ab technicians wore self-contained breathing apparatuses (like
those used in the mining industry) in order to have a continuing supply
of fresh air. And after their families started complaining about the
irremovable odors in their clothes, they started wearing white paper
coveralls which they discarded every day or so. This helped to minimize
thg Tingering odors of Sulphlex. Appendix E con-
t§1ns physical properties and safety data sheets for vinyl toluene,
dicyclopentadiene, and Solvenol 2.
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CONSTRUCTION

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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FIGURE 3

The mix was produced at the McDonough 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 Tampo RS-144A (10,600 1bs. static weight) dual drum
vibratory roller was used for breakdown, and it was followed by a
12-ton Tampo pneumatic roller, Model SP-312. Temperature of the mix
at the plant gas approximately 270° F and the temperature of the mat
was about 225



On the following day, August 26th, a meeting was held with repre-
sentatives from several cities, nine states, many technical insti-
tutions, the Federal Highway Administration, and several commercial
organizations. Dr. Gerald Love spoke briefly about the Federal
Highway Administration's role in the development and testing of
Sulphlex. Then Mr. John Dale, of Southwest Research Institute,
provided a summary of their work in the development of Sulphlex.
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-mix.

The Sulphlex mix was batched and placed with the same standard,
unaltered equipment and techniques as had been used on the control
mix the previous day. There were three obvious differences, however.
First, the Sulphlex mix emitted green smoke which had the character-
istic penetrating odor. Second, the color of the mix was a deep
chocolate brown; and third, the Sulphlex mix tended to stay tender
slightly longer than asphaltic hot-mix.

After the engineer noticed that the pneumatic roller was tracking
the mat, he decided to hold it back 20 to 30 minutes behind the lay-
dowg machine. Temperature of the Sulphlex at the plant was about
275" F, and the 7% Sulphlex matoaveraged about 2207 F, the 7-1/2%
Su18h1ex mat averaged about 240" F and the 8% mat averaged about

2507 F

[



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 lab density) were used to establish a rolling pattern (Appendix F).

The weather was hot and dry during b8th days 8f construction, with
temperatgre 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
March 31, 1982. ’

The concentration of SO, two feet from the laydown machine was 0.622 ppm;
at 200 feet downwind, ig was 0.021 ppm. Concentration of H,S two feet
from the Taydown 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 502 concentrations at the job site and the results

of the TACB 1gboratory 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 tempgrature of the Sulphlex at the
beginning of the trip was around 200° F; and by the time og arrival

at the licDonough 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 be 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.



TOXICITY OF 502

Concentration (ppm)

0.3-1

TOXICITY OF H. S

2

Concentration (ppm)

0.02

3-4
10

20-50

170-300

Figure 4

Effect

Detected by taste (some
people will notice odor
and experience irritation

at 0.5 to 0.7 ppm)

Threshold Limit Value (TLV)
for 8 hours of exposure per
day for 5 days

Noticeable odor

Immediate irritation
of nose and throat

Irritation to eyes

Effect

Odor threshold ("rotten
egg" odor)

Eye irritation

Threshold Limit Value (TLV)
for 8 hours of exposure per
day for 5 days

Respiratory irritation,
coughing

Maximum concentration which
can be inhaled for one hour
without serious consequences



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 Tane, 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




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. Mixture stabilities and flows
3. Mixture resilient modulus
4, Mixture densities and void contents
5. Indirect tension
6. Fatigue
7. Dynaflect
8. Vertical photologger
9. Mays Meter
10. 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 results are not
available at this time. It is anticipated that stabilities and
flows on the plant 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.

11



Mixture densities and void contents were run on specimens which

were made from samples taken from the plant. The control HMAC
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 TTI, 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 can be calculated without them if needed.
As expected, the values after construction reflect a slightly higher
stiffness coefficient of the pavement and 1ittle 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 increment up
to one mile as the trailer is towed down the roadway. Two-hundred
ASA color positive film is used, and an area of approximately 8 ft.
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%
cracking.

12



PHOTOLOGGING

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% Sulphlex)

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

1192 + 33 to 1204 + 06 0.42% 0%
(8.0% Sulphlex)

1204 + 06 to 1160 + 00 - 1.33% 0%
- (Type "D" 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.

13
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1.

CONCLUSIONS

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

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.

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.

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

The Sulphlex hot-mix which was placed on this job stayed tender
slightly Tonger than the control asphaltic hot-mix.
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Location Map

General Geology

Test Holes in Subgrade

Typical "as Constructed' Section
Evaluation of Existing Flex. Base Material
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13 - peflection Analysis

Avg. Monthly Temperature
Avg, Traffic Data

Design D-3A (4,57 AC-20)
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Re: Sulphlex Tast Section
General Geology

Location

_The Subject Test Section is loceted in Northwest Bexar County on
FM 1604 between SH 16 and IH 10, end immediately South of the
Balcones Escarpment,

Climate

Bexar County is located between the arid southwest and the moist
Coastal Plains, The annual mean temperature at San Antonio is about
70° F. The 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,

Stratigraphy

Geologic formations mapped in the county are Mesozoic and Cenozoic

in age, Formations adjacent to the test section Mid-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 crystqlline limestone, thick bedded,
dense, and containing considerable flint and/or chert,

The Georgetown iz very similar to the Edwards, and is very difficult
to differentiate between these two formetions,

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 limestone bedrock,
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State Department of ilighways

Form 308" | Rer TSN _ SUMMARY OF FIELD ANALYSIS — SOILS AND BASE MATERIALS - -~ R
. From 1-21-80 ' 19 to ' 19
£ ti- n_Samples - Sulphlex Materials :
T}'p\e of ContraCt _I.f.l_Q_r.!\a.ﬁ 2 S =P Control No, Section No. . Job No. -~
1 Bexar 30-3-240-024415-807
Contractor County }?ederalo Project No. Highway No. .
Engineer Richard H. Magers Estimate No. ............. Tests Madeby .District Laboratory ..
Requisition No. District No. 15 Material, Source and Lab. No. of Quality Tests ...
(Maintenance Only)
Material used as _Existing Subgrade 0-6" Ttem No. Locations shown below - Existing Subgrade
depth -
1dentifcati o "% RETAINED ON . r 2
Kumier®” SE&P&IS"B%R'F‘&%%R?H‘?D' Qu:g‘ LL 1 Ls | SL SR | Class Molst [ 257 T1&7 [ %~ " No. 4 [No. 40 |No. 200 REMARR
SHOW SPECIFICATION REQUIREMENT HERE
Hole Location Date
No, Sampled
15-80-1221 111150 + 0D + 25 | 111 7,0l 13 [1.91 0 5 22 34 |68 7-11-80
-1222 2 26_{ 1116,7! 13 11,90 0 9 26 38 170 "
-1223 3 ‘ 23 | 101 6,01 12 [1.,99 o (11 30 41 | 67 v
-1224 1 1176 + OD + 60 | 4212111 11 11.97 0 0 0 1 5 v
=1225 2 60 | 3512041 9 2. 00 0 0 0 11 5 o
-1226 3 50 | 32117.9{ 10 |2.02 0 6 12 15 | 28 LU
=1227 2 1202 + 0D 4+ 64 | 41122,3] 10 12,00 0 0 1 5 _
-1228 3 55 37]16.8}1 9 {2.19 0 0 0 1 7 "
15-80-1221,1222,1228 - 14" HMAC, 8!' Flek, B4,
- 15-80-1224,1229,12256 - 15" HMAC, 8)' Flek, B4,
15-30-1227,1228 - 1%" HMAC, 8!' Flek, Bd,
Richard H. Magers (2)
_District [ eboratory Files

: NOTE:
Totzl Quantity for Period For Preliminary Investigations TWO copies of this form shall be submitted with nlane,
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Re: Sulphlex Test 3ection

FM 1604 - Bexar

Evaluation of Existing Flexible Base Material
Attached ere 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 improvewent projiect between
Babcock Road and Leon Creek, presently under contract.
The material was crusﬁed in the District Lab and prepared for testing as
indicated above, The depth of material gampled is also showm,
Strength test results indicate this magerial exceeds the requirements for
Grade 1 (Class i) Flexible Bese materiel, and is similar to the Roadway Cut

material crushed and placed on the ¥M 1604 project scheduled for the Sulphlex

Test Section,



Fexns Highway Department SUMMARY OF FIELD ANALYSIS — SOILS AND BASE MATERIALS

Form 303 ) A . uum-u(-
From .. July 16, 1975 19 to : 19
Type of Contract _ Grs,Strs.,Flexible Base & Asph, Surface . 2“52 2
Contro! No. . Section No. Job No.
Contractor Deslign : . ... Bexar 3-510 FM_160k
TR o County Federal Project No. Highway No.
Engineer John D, Stockton Estimate No. .c.oocoeeonene Tests Made by .21strict Laboratory
Requisition No. oo District No. ....)9 oo —  Material, Source and Lab. No. of Quality Tests _Limestone,Cal,Clay
(Maintenance Only) 4

Material used as ....Flexible Base Item NO. oo ii;. Station No's Listed Below (Cr, in Lab, Crusher) . ...
e | THRACESERE | Suap| v [ v | we | st [ SR [emm ]y e e ] PATS
SHOW SPECIFICATION REQUIREMENT HERE . Depth
| _Statlon :
No,

-75=-866 Lo so, 5§6+00 23] 6 [ 6,6] 11]1.98 o |31 50 56 |69 0'-16"
-867 Lot so, 67460 . 24 | 6 [ 4,8 15(1.85 0o 137 | &6 62 |71 |__0'-18!
-868 140" No, 67400 2L |7 1'5.3] 141,89 0 |3} 53 61 [ 74 0'-213!
-869 L0' So, 90+00 29 114 | 8,71 13]1.9% 0 |54 | 64 70 {80 0'-20'
-870 1.0 Rt. 90400 27 |1 | 7,8 13{1,92 5 136 | sy 57 |68 0t-21!

Wet| Ball|Mill
Before After
15-75-866 29L4 36,8
| -867 29}2 3819
-868 30,9 L3L
-869 20,7 29,6
-370 29.4 39.3 Y
15=75-371 (AVerage [15=75F867 |&¢ B868) .
Avelage Strergth 69.97 PSt at 0 pounds| Tateral pfressufe at|5,6% molsture,
Average Strerigth 227.71 PS1 at 15| pounds Tateral|pressure at 5.6% mojisture,
|
15-y5-972 (Average [15-75-869| thru| 870)
Average Strength 70.99 PSI at O pounds| lateral pressure at|5.3% moisture.

Average Strength 240,73 IPS1 at 15| pounds lateral|presfure at 5.3% molisture,

|
15-p5-866 = Averagd Strenqth|L7.18 PSi{at O|pounds lateral |preskure At 6.0% mo/lsture

> &

Average Strepqth|183,25 PS1 at 15 pounds laterd! préssurk at 6,0% moistlre,
i

Dist: Garrette Wilsen NOTE:
Total Quantité?}’i% Perioﬁof_‘}f}_"_,_‘______“_ For Preliminary Investigations TWO copies of this form shall be submitted with pians.
160, S .

! f



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

limestone,

Texas Triaxial Strength Class = 3,0
Avg. Stiffness Coeff, ASy = 0.34
P.V.R, = Non critical
Approx., ADT = 4000 VPD )
(Est) ATHWLD - = 11,000 lbs, (50% Tarem Axles)
(Est) DATHWLD = 13,000 1bs,

Triaxial Coverage Req., for DATHWLD = 4"
" " " 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, L8, Flexible Base 8,00"
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, APy = 0.59
scl = 0,257

Stiff, Coeff. APy & SCI Value Supports the Indicated Triaxial Strength Class
of the Flexible Base,



Re: ‘Sulphlex Test Section
FM 1604 - Bexar County
Evaluation of Existing Pavement Structure

Deflection Analysis

Deflection measurements were made with the Dynaflect Treiler 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 anelysis 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
91"  Total Thickness

Figure 1 displays graphically the deflection analysis of this section,
Pertinent information recorded on Figure 1 is the maximum deflection at
W;, the Surface Curviture Index, SCI, which indicates the load carrying
capability of the upper portion of the structure; W, less Wg 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 W, and W_ is
very small indicating good strength in the lower levels of the strécture.
The stiffness coefficient of the pavement and base, AP,, is equivalent
to the value assigned to high quality crushed stone flexible base
material, The stiffness coefficient of the subgrade, AS,, 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,

A-9



TTEXAS HIGHWAY DEPARTHMENT

oo - DISTRICT_ 1S »DESIGN SECTIOIN ...

. DYNAFLECT OEFLECTIONS AND CALCULWTED STIFFNESS CDEFEICIENTS

"YHIS PRDGRAM WAS RUN s 07w 10030

iﬁﬁlittt**tt*t*t:&_****_tt_k}*n‘kl_'k't‘tk_***ﬁkt_*__t**j‘t*_k*itt*!_i_tkt_t.g_t__t*t_r*_**k_?**kt?ﬁt@k*tﬁt

-~ PRDJECT IDENTIFICATION

DIST, ~~ COUNTY — "CONT, SECT, PPSN  HIGHWAY JATE DYNAPLECT
15  BEXAR 2452 01 FM1604 02906-80 29

"TREASONS FOR MEASUREMENTS AND COMMENTS  ~ _TOTALI PAV DEPTH
CEX = SULFLEX TEST SECTION. .. . 9,00 INCHES _ .

k*t*ttxtti};}iktt****a*tt*tttx**ttt{;;zziii;;;}tf;;};;*:{;itk*a;;***t*«ta*t**
. -
S CEXISTING PAVEMENT
MATERIAL! TYPE:  _ LAYER THICK(CINY . . . .
-~w~-~~»~*"A5Pd CDVC PVMT:._T-—~_WM* _L],OO N o
FLEX,BASE=RDWY,CUT T . 8,00
e . _._SU35RSJILS _ . .. 0,0 R e

*kt#i**t*******t*****kk*t**ktt*k***ti*t‘k*********t*k**kt**t*t******t*****kt’tt

SENERAL! LOCATION INFIRMATION

DIREZTION JF TRAVEL IS SOUTH JPPJSITE MILEPJINTS

U MEASUREMENTS ARE 04 FEET FROM THE, RIGHT SIDE OF LANE AT
" FRO=JCT,WHITE FAWN, RDAD
TOm JCT,SH16

KRR AR R A AR AR RN AR AR AR AR AR R R R I AR AR AR R R R AR AR R R R A A AR R A A AR A AR AR A A A AN R AR AR AR A AR K

-~ PLDTYS WERE REQUESTED WITH THIS PRIGRAM,

i*tkt*#k*****t*k*kk*****t**t*tt****t********kttk**tt*****ttt******i*tt*tt***t

t o e me i e e p——— et e - - = - e ————— e ———
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IS8T, COUNTY CONT, SECT, PPSN HIGHWAY JATE DYNAFLECT
15 3EXAR 2452 01 FM1604 02«06=80 29
B DYNAFLECT DATA o
© QDIOMETER _ Wl W2 W3 W4 WS SCI___ AS2 __AP2 __ _ _REMARKS.
0,00 0,520 0,320 0,081 0,034 0,022 0,200 0,33 09,59 150FT,S,WHITE
0,20 0,540 0,230 0,030 0,025 0,021 0,310 0,40 0,41 _UP GRADE _
0,40 0,400 0,200 0,043 0,030 0,022 0,240 0,40 0,44
0,60 0,930 0,870 0,780 0,600 0,023 0,060 0,19 1,84 FILL=ON CuLVE
0,80 - 0,250 0,093 0,040 0,029 0,022 0,157 0,50 J,46 e
1,00 0,990 0,750 0,600 0,093 0,060 0,240 0,25 0,83 PATCHED PV4T.
1,20 U780 0,350 0,135 0,060 0,040 0,430 0,36 0,39 SHIOULDER CRA:
1,40 0,900_ 0,720 0,600 0,035 0,027 0,180 0,24 0,95 .300' N HAUSH.
T 1460 0,260 0,090 0,040 0,035 0,027 0,170 0,52 0,44
1,80 0,620 0,350 0,220 0,050 0,032 0,270 0,34 0,51 DOwWN GRADE
_ 2400 0,900 0,720 0,600 0,030 0,025 0,180 0,24 0,96 PATCHED PVMT,
2e20 1,000 1,020 0,780 0,660 0,147 0,420 0,24 0,71
2,40 0,930 0,590 0,340 0,220 0,131 0,240 0,26 0,79 SLIGHYT FILLt
2,60 0,930 0,720 0,400 0,300 0,250 0,210 0,25 0,88 ) N
2,70 0,960 Q4500 0,220 0,135 0,102 0,360 0,29 0,57 RAMP TO SH t¢
AVERAGES 0,759 0,515 0,327 0,156 0,062 0,244 0,32 0,72 .
STANDARD DEVIATION ' 0,101 . 0,10 9,37
NUMBER JF POINTS IN AVERAGE = - 15 - . ,
K1=5 DEFLECTIINS AT GEOPHONES 1,2,3,4,85 L )
SCI ~ SURFACE CURVATURE INDEX ( W§ MINUS W2) i
AS2 = STIFFNESS CJESFICIENT OF THE SUBGRADE
AP2  STIFFNESS CJOEFFICIENT OF THE PAVEMENT
e - — -- i (T i - e e --
]
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T T T T T T TEXAS HIGHKAY DEPARTMENT

____ DISTRICT 85 ~JESIGN SICTION ___ —

_ DYNAFLECY DEFLECTIONS AND CALCULATED STIFFNESS COEFFICIENTS

T T T YHIS PROGRAM WAS RUN - 071080

ERARR KRR AR KR AR K AR R KRR AR A R R R R AR R AR A AR A R A RN KR A AR A AR A RN AR R AR AR AR AR KRR A AR AR R A A % -

C T T . PRDJECT IDENTIFICATION % e

0IST, | COUNTY ~ CONT, SECT, PPSN  HIGHWAY  JATE  DYNAFLECT
15  BEXAR 2452 01 FM1604  02ev6-80 29

77U TUTREASONS FOR MEASUREMENTS AND COMMENTS  TOTALI PAV DEPTH ___ .
C EX = SULFLEX TEST SECTION . . __ . 9,00 INCHES_ _ _ _ _

tt-tk**tk******t**k*tt*t*kk***t********t*********t**l***tk*k**ik***k****k*kt*.

e EXISTING PAVEMENT e

 MATERIALI TYPE:  LAYER YHICK.CINY __

e e ———— JUNUIE N g

T T T hsan, CaNG  PYNT, 1,00
FLEX,BASE=RDWY,CUT -. . 8,00
. _SUBGR,SIILS . . 0,0
t*tt**l’*t**"‘k***ktkk.*'t**k‘k‘*k**;***§£.ii*.*‘*;**k*****”ktt.ti’;i-'.*;;;;;*“*.**t:*.*‘*;-*_.t**bit

o ~ GENERAL LOCATION INFORMATION

o _____DIRECTION JF TRAVEL IS NORTH WITH  MILEPIINTS
T 77 MEASUREMENTS ARE: 04 FEET FROM THE: RIGHT SIDE: OF. LANE. A

e ~ DESCRIPTION.-JF LOCATION _~ ~ ~ ODOMETER READING MILEPOINT =
FROvw»=JCT, SH16 ) ;

t@*********t***ﬁ*t*k*****k***********ttt*ttt*****ktk***t**k*t**tt“it***t****ﬁ~

7 PLDTS WERE REQUESTED WITH THIS PRIGRAM,.
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T COUNTY

DIST, CONT, SECT,  PPSN HIGHWAY JATE DYNAFLECT
15 BEXAR 2452 01 FYi1604 02+06~80 29
_ _ DYNAFLECT DATA o e
OJJMETER __ Wl _ __ w2 _ W3 ___ W4 _ _ WS_  _ SCl.___AS2__ APR2 ____ REMARKS
0,00 0,500 0,310 0,210 0,126 0,093 0,190 0,33 0,59 STRUCTURE SH
0420 0,900 0,500 0,290 0,200 0,099 0,300 0,28 9.64 FILLI. _ . _.
0,40 0,570 0,400 0,250 0,129 0,084 0,170 0,30 0,72 -
0,60 0,780 0,420 0,330 0,111 0,069 0,320. 0,32 0,S!
0,80 - 0,530 0,300 0,111 0,060 0,040 0,230 0,35 0,53 _PATCHED PVMT.
1,00 0,230 0,084 0,047 0,042 0,040 0,146 0,52 0,47
1,20 0,930 0,500 0,270 0,141 0,084 0,330 0,29 0,60 INTER,HAUSYA
1,40 0,670 0,420 0,240 0,129 0,066 0,250 0,31 0,59 .
1,60 0,720 0,380 0,135 0,069 0,035 0,340 0,34 0,47 SEALED PATCH
1,80 0,650 0,430 0,230 0,099 0,060 0,260 0,3% 0,58 NUMEROUS CRA
2,00 0,840 _ 0,330 0,120 0,066 0,047 0,510 0,37 _0,36  SEALED PATCH
2,20 . 0,560 0,270 0,081 0,043 0,032 0,29¢ 0,37 0,44
2,40 0,440 0,200 0,060 0,042 0,031 0,240 0,40 0,44
2,60 0,300 0,093 0,040 0,032 0,028 0,207 0,54 _ 0,41 _ DOWN GRADE: _
AVERAGES 0,616 0,345 0,172 0,092 0,058 0,270 0,36 0,52 . _ _ _.
STANDARD DEVIATION S 0,091 0,08 0,40
NUMSER JF POINTS IN AVERAGE = 14 :
T 7T K35 DEFLECTIINS AT GEOPHOVES 1,2,3,4,85 L ]
SCI  SURFACE CURVATURE INDEX ( Wi MINUS w2)
AS2  STIFFNESS COESFICIENT JF THE SUBGRADE.

APZ"_STIFFNESS COEFFICIENT OF THE PAVEMENT

e ——— e A e
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Jan,

Feb,
Mar.
Apr.
May

June

Jul,

Aug,
Sept,
Oct.,
Nov,
Dec,

" Average Monthly Temperatures

1978

77.1
82.7
86.1
83.1
78.5
69.3
62.4

© 51,7

Average Traffic Data

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

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

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

. Airport



MAICIIALY AND 1EDIS DIVISION,

" BITUKMINOUS SECTION

MIX DESIGN SHEET

ale

8-8-80

District No.

15

pec. Item No.

340

Material Ident, 15-80-1414

ype "D SIMCP Design No. 3-A 4,57 AC-20
15-80-1410 - 15-80-1411 15-80~1412 15-80-1413

- Sieve Silica L.S.Se Luostn #10 S/s #4 | Gomb. |T.I-.

Slze Sieve Sieve Siove Sipva Sieve Grad. |Sp:
Analysis| 27.5 |Anolysis| 7.0 Analysis| 99 5 |Analysis| ,a o |Analysis
5/8" [0 0 0 0 0 0 0 0 0.0 |o,0

3" 172" [0 0 0 0 0 0 o7 o3 0.3 0.2
_2'""""3/8" O O O O 0 R 0 31°4 13°5 1305 12‘
u 3 n ’
3 /8
y —No.4 | .2 0 0 0 5.9 1.3 | 61.9 | 26.6 219 |,¢
1'""'N°.4 '
" -
) -No.l0 e
4~No.l0 | 4 o1 15,9 | 1.1 |[82.3 | 18.5 | 3.8 1.6 | 21,3 120,
2t. No.lO 03.0 i€0,
0"“0-40 2.405 6,7 37'3 206 890 ln_g 05 92 ll—.vi__l()w
0-No.BO [ 49,5 13,6 | 12.5 09 ol ol 02 o1 4.7 (14,0
0-No200| 19,7 | 5.4 |11.0 | .8 |.6 | .2 |.5 ,2 6.6 |6.3
;s No.200 5.7 1.7 23.3 1.6 2.8 .6 1.0 o5 IANA [}92.
fotol 100.0 1 27.5 1 100.0 1 2.0 _l100.01 22.5 | 100,01 43.0 00,0195, 5

Project 30-3-24015-807

FM 1604, Bexar County

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

)

\ No.D~9~F24

| //4;%7%;/

Inspector




MAIERIALD ANU 1EDID DIVISIUN
BITUMINOUS SECTION

MIX DESIGN SHEET

1te 8~8-80 District No. 15
vec. (tem No. a9 Material tdent.  15-80-1415

'Pe 'pt SHMCP Design No.3-S 8,0% Sulphlex

15-80-1410 15-80~-1411 lS-R()-l/;iL 15=-80-1413

T iieve Silica L..S',S.,. Lmstn #10 S/s #4 Comb.|T.H.-

Size Sieve Sicve Sieve Si Sieve Grad. |Spe¢-
Analysis| 27 5 |Anclysis| 7,0 |Analysis| 99 ¢ Anoysw 43.0 |Analysis
5/8" [0 0 0 0 0 0 0 0 ‘10.0 0,C

:-'1/2’ 0 0 0 0 0 0 .7 .3 10.3 | .-
"~ %" | o 0 0 0 0 0 31.4 | 13.5 13.5 | 12,
““'3/8" '
"~ o4 | ,2 0 0 0 5.9 1.3 | 61.9 | 26.6 27.9 | 5
" Ho.4 ,
"~ No.lO
b~Nol0 | 4 o1 15.9 | 1.L - |82.3 | 18.5 |3.8 1.6 21.3 | 19.
1. No.lO 63.0 | 55,
}-Ne40 2.5 6.7 37.3 2.6 8.0 1.8 .5 22 11,3 [10.
J-No.BO | 49,5 13,6 | 12.5 o9 b el o2 ol 14.7 13.°
0-No200| 19,7 | 5.4 11.0_| .8 6 | W2 .5 ,2 6.6 |6,1
s No200| 5 4 1.7 | 23.3 | 1.6 |2.8 .6 1.0 o5 bt oo
fotal 100.0 1 27.5 1 100.0 ) 7.0 l100.0 | 22,5 l100.0 | 43.0 100,01 92,

Project 30-3-24015-807

FM 1604, Bexar County

Type "D" Control Design Sample No 15-80-1414

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

i

No.D-9-F24

//7//

Inspe for



APPENDIX B



District 15

SPECIAL PROVISION
TO
ITEM 340

HOT MIX ASPHALTIC CONCRETE PAVEMENT
(CLASS A) '

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:

1(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
uniform 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 f 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 used 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: ‘
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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 50%
by volume of the aggregate retained on the 3/8'" sieve for a Type "C'" mixture; at
least 50% by volume of the aggregate retained on the No. 4 sieve for a Type "D" mix-
ture; and at least 50% by volume of the aggregate retained on the No. 10 for a Type
MF'" 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 IIT.

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 ITI.

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.
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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 replaced by the following:

Typé "D" (Fine Graded Surface Course):

Passing 5/8" sieve ....... et eceeiecteesacccnresasatennenna 100
Passing 1/2" sieve tiveeeeerneneccnosncccnseasssescasssanss 95~ 100
Passing 3/8" sieve tviveevvrcocecen Ceereeeeenn ceececesee.e. 85 - 100
Passing 3/8" sieve, retained on No. 4 sieve v.iieeerencaaass 20 - 50
Passing No. 4 sieve, retained on No. 10 sieve ............. 10 -~ 30
Total retained on No. 10 sieve ...iivvcrnensscorossscnaessse 30 = 75
Passing No. 10 sieve, retained on No. 40 sieve ............ 0 - 30
Passing No. 40 sieve, retained on No. 80 sieve ....... ceees 4 = 25
Passing No. 80 sieve, retained on No. 200 sieve .....¢.00.. 3 = 25
Passing No. 200 SieVe.iiiieterrenneecsrrsscccansscnens ceees 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 Stability, Percent
Min Max Optimum Not less than 30 unless
93 99 96 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 will
be discontinued until a new design mixture is determined by trial mixes. It
is the intent of this specification that the mixture will be designed to
produce a mixture of optimum density.

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

(¢) 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-~
gate 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 measuring 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 Measurirg 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.

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 mixture 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 Wéight—batching Type. The Contractor may elect to operate the
weight-batching 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-batching type plants as described
under Article 340.4 Equipment, Subarticle (1) Mixing Plants article (a)
Weight-batching Type, except as modified below.

Cold Aggregate Bin and Propoftioning 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—batchiﬁg 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. Provisions 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 -"B", "C" and "D" 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 "B", "C"
and "D". For weight batching 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-batching type plants, no coarse
aggregate stockpile shall contain more than 107 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% by weight, however, the coarse
aggregate shall meet the quality tests specified herein for "Coarse Aggregates'.
Additionally for dryer-drum and modified weight-batching type plants, once a
coarse aggregate stockpile has begun to be used in a mix, no 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. Same as for other types of
plants.

(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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(55 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 37 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 used, 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
62.4 (27) GA
V = Cubic yards of compacted aggregate
W = Total weight of asphaltic-concrete mixture in pounds
Ga = 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(1)(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.

340---102
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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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MATERIALS AND TESTS DIVISION
BITUMINOUS SECTION

MIX DESIGN SHEET
Date 8-8-80 District No. 15
Spec. item No. 340 Material Ident.
Type "D" SHMCP Design No. 3§ 7.0% Sulphlex
15-80-1410 15-80-1411 15-80-1412 15-80-1413
Sieve Silica L.S.S. Lmst. #10 SS #4 Comb.|TH E
Size i i i i - Siave Grad. |Spec:
Agéf;seis 27.5 Aﬁcljfyvseis 7.0 Ar?t;f;seis 22.5 Aﬁéf;sqls 43.0 AmI:I;sis
5/8" 0 0 0 0 0 0 0 0 0.0
5/8"-1/2" | 0 0 0 0 0 0 -7 -3 0.3] .3
5e"=%6" | 0 0 0 0 0 0 31.4 |13.5 13.5112. ¢
3/8u—N0.4
I, » . :
/4 —No.4 .20 0 0 0 5.9 | 1.3 | 61.9 | 26.5 7,9]25.9
I/‘;"—No.IO
No.4~No.l0 .4 1 | 15.9 | 1.1 | 82.3 |18.5 3.8 | 1.6 21.3/19.¥
Ret. No.lO 63.0158.¢
No.l0-No.40 | 24.5 6.7 37.3 2.6 8.0 1.8 .5 .2 11.3110.5
No.40-No.BO| 49,5 | 13.6 12.5 .9 .4 . .2 1 14.7113.7
No.80-No.200| 19.7.| 5.4 | 11.0 .8 .6 .2 .5 .2 6.6] 6.1
Pass No.200 5.7 1.7 23.3 1.6 2.8 .6 1.0 .5 4.4 4.1
Total |100.00] 27.5 [100.0 | 7.0 [100.0 |=22.5 |i00.0 |43.0 100.0/93.0
Project 30-3-24015-807
FM 1604, Bexar County
Type "D" Control Design Sample No. 15-80-1414
Type "D" Sulphlex Design Sample No. 15-80-1415
Inspoctor

Form No.D-9-F24
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MATERIALS AND TESTS DIVISION
BITUMINOUS SECTION

MIX DESIGN SHEET

Date 8-8-80 District No. 15
Spec. Item No. 340 Material Ident. ’
Type "D" SHMCP Design No. 3-S5 7.5% Sulphlex ?
15-80-1410 15-80-1411 15-80-1412 15-80-1413
Sieve Silicia L.S.S. Lmst. #10 SS #4 ‘ Comb. |T.H
Size Si Si Si i Si Grad. (Spe .
Anéla;seis 27.5 Aml:fyvsais 7.0 Ancleyvseis 22.5 Ar?t!)fyvsels 43.0 Anéleyvseis
5/8" 0 0 0 0 0 0 0 0 0.0
5/8"-1/2" 0 0 0 0 0 0 .7 3 | 0.3
56 ~%" | 0 0 0 0 0 0 31.4( 13.5 13.5(12.
%g"~No.4
] 1 -
/4 —No.4 2] o o | o 5.9 1.3| 61.9| 26.6 27.9] 25
I/‘;"—No.lo :
No.4—No.lO .4 R 15.9( 1.1 82.3| 18.5 3.8 1.6 21.3|19.
Ret. No.lO 63.0]53.
NolO-Ro40 | o4 5 | .7 37.3| 2.6 8.0l 1.8 .5 .2 11.3] 10
No40~No.8BO| 49,5 | 13.6 12.5] .9 .4 . .2 N 14.7(13.
No.BO-No.200| 149 7' | 5.4 1.0/ .8 .6 .2 .5 .2 6.6 6.
Pass No.200| 5.7 1.7 23.3( 1.6 2.8 .6 1.0 .5 4.4 4.
Total- |[100.0 | 27.5 100.0| 7.0 100.0| 22.5| 100.0| 43.0 100.0|92.-
Project 30-3-24015-807
FM 1604, Bexar County
Type "D" Control Design Sample No. 15-80-1414
Type "D" Sulphlex Design Sample No. 15-80-1415
Inspector

Form No.D-9-F24
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MATERIALS AND TESTS DIVISION
BITUMINOUS SECTION

MIX DESIGN SHEET

Date 8-8-80 District No. 15
Spec. Item No. 340 Material ldent.
Type "D" SHMCP Design No. 3-S5 8.0% Sulphlex’
15-80-1410 15-80-1411 15-80-1412 15-80-1413
Sieve Silica L.S.S. Lmst. #10 SS #4 Comb.|T.H..
Size Si i Si i Sieve Grad. [Spe:
Ancllfyvsais 27.5 Aﬁé?yvseis 7.0 Anéle;seis 22.5 Ar?tllryvsqcs 43.0 Anclxleyvsis
5/8" 0 0 0 0 0 0 0 0 0.0
5/8"-1/2" 0 0 0 0 0 0 .7 .3 0.3
5, 8s_3 =n ' .
/8 — /8 0 0 0 0 0 0 31.4| 13.5 13.5[12.
3/g"— No.4
|
/g —No.4 2] o 0 0 s.9l 1.3| 61.9] 26.6 27.9] 25.
g™~ Noto
No.4 —No.10 .4 | 15.9 1. 82.3] 18.5 3.8 1.6 21.3119.
Ret. No.lO 63.0]58.
No.l0-No40 | 545 | 6.7 37.3| 2.6 8.0/ 1.8 .5 .2 11.3[10
No.40-No.BO | 49.5 13.6 12.5 1 .2 i 14.7113.
No.80-N0.200| 19.7 5.4 11.0 .6 .2 .5 .2 6.6| 6.
Pass No200| 5.7 | 1.7 23.3| 1.6 2.8 3 1. .5 4.4 4.
Total 100.0 27.5 100.0 7.0 100.90 22.5 100.0 43.0 100.0(92.
Project 30-3-24015-807
FM 1604, Bexar County
Type "D" Control Design Sample No. 15-80-1414
Type "D" Sulphlex Design Sample No. 15-80-1415
Inspecior

Form No.D-9-F24
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MATERIALS AND TESTS DIVISION
BITUMINOUS SECTION

MIX DESIGN SHEET

Date 8-8-80 District No. |5
Spec. item No. 340 Material Ident.
Type  "'D" HMAC Design No. .73 AC 20
15-80-1410 15-80-1411 15-80-1412 15-80-1413
Sieve Silica L.S.S. Lmst. #10 SS #h ' Comb. |[T.H.D.
Size Sie Si Si i Si Grad. [Spec:
Anél;seis 27.5 Anélevﬁeis 7.0 Anéle;seis 22.5 Ar?tlz?;sﬁs L3.0 Ané?)'«’seis
5/8" 0 0 0 0 0 0 0 0 0.0
5/8"-1/2" 0 0 0 0 0 0 .7 .3 0.3 .3
8e'~35" | 0 0 0 0 0 0 3.4 | 13.5 13.5] 12.¢
3/8“—NO.§
Yy'~No.4 | .2 0 0 o | 59 | 1.3 |61.9 | 26.6 27.9| 26.°
ba"~Nolo
No.4 - Nn.lIO b .1 15.9 1.1 82.3 18.5 3.8 1.6 21.3( 20
Ret. No.lO 63.0( 60.:
No.l0-Noc.40 [24.5 6.7 37.3 2.6 8.0 1.8 .5 2 11.3( 10
Ne40~No.80 | 49.5 13.6 12.5 .9 b . .2 1 14.7] 14
No.80-No.200(19.7 5.4 11.0 .8 .6 .2 .5 2 6.6| 6.°
Pass No.200| 5.7 |- 1.7 23.3 1.6 2.8 .6 1.0 5 Lou| &
Total 100.0 27.5 100.0 7.0 100.0 22.5 100.0 3.0 100.0(95.3
Project 30-3-24015-807
FM 1604, Bexar County
Type ''D'' Control Design Sample No. 15-80-1414
Type "D Sulphlex Design Sample No. 15-80-1415
Inspector

Form No.D~9~F24
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m ATERI1AL SAFETY DATA SHEET PAGE: 1
00w CHEMICAL U,.S5.8, MIDLAND MICHIGAW 48640 EMERGENCY PHONE: 517-636-4400

EFFECTLVE DATE: 08 JUH 77 DATE PRINTED: 18 JUL 77 PRODUCT CODE: 91606

. PRUDUCT NAME: VINYL TOLUEKF (12T AND SOT INHIbBITOR GKADES) MSD: 0201
INGRFDIFNTS (TYPICAL VALULS=-NUT SPECIFICATIUNS) I S
: 99,2 ¢

VINYLTULUENE, MINIMUM
SECTIUN 1} . PHYSICRL DATA

BOILING POLINT: 334.9F s SOL. fN WATER: 0.00B89%
VAP PRESS: 1.10 MMHG 8 20C s SP. GKAVITY: 0.9164 8 60/b0F
VAP DENSITY (AIR=1): 4.0G8 $ % VOLATILE RY VOL: NOT APPL.
APPEAHRANCE AND 0ODOF: CLEAK LIQGUID, D1SAGRELABLE ODOR.

SECTION 2 ~ FI1RF AND EXPLOSION HAZARD DATA
FLASH POINT: 127F $ FLAMMABLE LIMITS (STP IN AlR)
METHOD UStED: TAG ClLUSED Cup : L¥L: 0.8 UFL: 11

EXTINGUISHING MEDIA: W“ATEK FUG, FOAM, ALCOLOL FUOAM, CO02, DRY CHEMICAL.

SPECIAL FIRE FIGHTING FQUIFMENT AND HAZARDS: AT ELEVATED TEMPERATURES
SUCH AS IN FIRF CUNDITIONS, POLYMERIZATION MAY TAKE PLACE. IF IT
TAKES PLACE IN A CLOSED CONTAINFK, THERE 1S A POSSIBILITY OF A VIOLENT
RUPTURE. VAPUPRS FORM FLAMMARLE MIXTURE WITH AIR AT ELEVATED
TEMPERATURES, ’

SFCTIUN 3 REACTIVITY DATA

STABRILITY: STABLE. POLYMRRIZES SLUWLY AT ROUM TEMPERATURE:
AVDID HEAT, ) )

INCOMPATIBILITY: ACID, BASE, OXIDIZING MATERIAL. -

HAZAKDGUS DECUMPUSITINON PRUDUCTS: ==== _

HAZAKDOUS PULYMERIZATION® MAY OCCUR. AVOID HEAT, METAL SALTS,
SUCH AS FERRIC AND ALUMINUM CHLORIDES. : .

SKECTion 4 SPILL, LEAK, AND DISPUSAL PKOCEDURES
CTION TU TAKE FOK SPILLS (USE APPRUPKRIATE SAFETY EQUIPMENT): SMALL SPIL
R LFEAK: REMOVE FOR DISPUSAL bY CUVERING WITH SUITASBLE ABSURBING
AGENT, SUCH AS SAanND., 1F SPILL OCCUKRS IN A CONFINED AREA, SUCH AS A
DIke, PUMP WATER INTO ARRAZ VINYLTOLUENE THEN CAN BE PUMPED OFF THE

(CONTINDED ON PAGE 2 )
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P AT ERITI AL S B FETY b aTA SHr b1 PAGE: 2
Do CHYRICAL U.S.A. RJULAME MICHIGAN 4HL40 ErFKRGENCY PHONME: S517-636-4400
PRODUCT CUDE: 91600

PRULUCT fCuNT'D) s VINYL TOLUBNE (127 AN 50T INHIBITUR GRADES)IMSD: 0201

SECIIUN 4 ' SP1LL, Luabk, AND DISPOSAL PRUCEDURES (CONTINUED)
ACTION Tu TAre FGR SPILLS (USE APPROPFIATE SAFE'TY EQUIPMERT): (CUNTINUED)

#ATER rUR KECUVEWY., .
DISPOSAL WETHOG: JTWCTHNERATE IN PROPEKLY DESIGMED FURNACe. COMPLY wlTH

FEDERBL, STATFE aND L1ICAL KEGULATIUNS.

srCllon 5 HEALTH HAZAKRD DATA

[NGRSTIONS LUw SINGLE OUSE CFAL: LD50 (KATS) 4000 MG/KG.

EYE CUNTACT: SLIGHT ITKRITATION, bBUT WO CURNEAL INJURY LIsELY.

SKIN CONTACT: SINCLE SHORT FXPOSURE =~ NOUO IRRITATION LIKELY, PROLONGED
Ul REPLATED == SLIGHT TO MOUDERATE IPRITATION EVEN A MINOP BURN
POSSIRKLE. )

SKIN ARSUKPTIUN: LOW TOXICITY: NO LD50 HECAUSE SKIN 1ESTS 1NDICATE
NU ARSURPTION, .

INHALATIUNS TLv: 100 PPM (1973, : .

EFFECTS QF UVEKEXPUSUKRE: LWJECTIUNABLE HDULR; EYE AND MASAL IRRITATIOUN,
HiGH LEVELS ~ ANESTHESIA, LOwWER LFEVELS = DIZZINESS AND DRUNKENNESS.

SFCII0ON b tIRST AIO-=-NUTE (U PHYSICIAN

FIAST A1V PROCEDURES: CAUTION ~ HEVER GIVE FLUIDS UR INDUCE VOMITIﬂG i¥
- PATIFNT IS UNCONSCIOUS OR HAVING CUNVULSIONS.
EYeES: FLUSH AITH PLENTY UF wATER, GrT MeDICAL ATTERTION IF LLL EFFECTS

VEVELUP,
SKIN: FLUSK »1TH PLENTY UF wATER, GET MEDICAL ATTENTIUN IF ILL EFFECTS

LVEVELUP,

INHALALTUNS IF ILL FEFECTS UCCUK, PRUMPILY KEMUVE PERSUN TU FRESH
Alr, REEP HIM QUIET AND wARM AND GET MEUTCAL ATTENTIUN, 1F BREATHING
STOPS, START AKTJFICIAL KESPIRATION,

JHNGESTIUN: COUNTAINS PETKOLEUM SOLVENT, ACTIVE INGREDIEANT HAS A LuW
ORAL, TUXICLTY, 0O NOT INDUCE VUMITING. GIVE BLANU FLUIDS.
JMMPUITATELY COUNTACT A PHYSICIAN, :

NOTE 10 PHYSICIAN: THIS PRODUCT CONTAINS A PRTRULEUM SOLVENT. -A
JOUDGMERT AS [t THE ADVISAHILINY OF GASTKRIC LAVAGE MUST BE MALE BASED
PPun Ikl TUXLICITY OF THIS PRUDUCT VERSUS THE HAZARD OF ASPIRATION.
IF LAVAGE IS PERFORMED, 'THE USk UF A CURFED ENDUTRACHEAL TUBE 1S
KECHIMMENDED, . ’

StCTiun 7 SPECIAL HAMDLING INFOKMATION

VERTILATIONS KATUwAL VENTILATIUN SUFFICIENT. : :

RESPIKATURY PHOFFCTIUN: UP T 100 EpPH == NUNE: 100 PPM AND ABUVE =~-
SELe CONTALINED BREATHING APVAKATUS,

PrUIECTIVE CLUOFHING: CLFAN, DY CUVEHING CLUITHING, PROVIDE WlITH
GLLUVES MADF OF KEUPRENE UR NON-SHLUKLE PLASTIC,.

(Cunfr~ut’l Ok PAGF 3 )
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MATERIAL SAFETY DATAR SHEET PAGE: 3
DOW CHEMICAL U.S,A. MIOLAND MICHIGAN 43640 EMERGENCY PHONE: 517~636-4400

. PRODUCT CODE: 91606
PROODUCT (CONT'D): VINYL TOLUENE (12T AND 50T INHIBITUR GRADES)MSD: 0201
SECTIunN 7 SPECJAL HANDLING INFOKMATION (CONTINUED)

EYE PROTECTION: SAFETY GLASSES wITHODT SIDE éH)ELDS.
SECTION 8 L SPECIAL PR&CAU]IUNb AND ADDITIONAL INFORHATIUN :
PRECAUTIUN& 10 BE TAKEN IN HANDLING AND STURAGE' AVOID RREATHING VAPURS
I¥ GENERATED. AVOID SKIN AND EYE CONTACT. PRACTICE CARE AND CAUTION
TO AvQlD EXPLOSABILITY. MONITOR AND CONTROL INHIBLITOR LEVEL AT >5
YPM. CONTROL TEMPERATURE IN STURAGE BELuw Y90F. VAPOR 1S 1.1 TIMES
HEAVIFR TﬁANlA!P AT 100F AND HAS AN IGNITIUN TEMPERATURE UF 914F.
ADDITIONAL INFORMATION, IF ANY: ==-=
LAST PAGE

THE INFﬁRMATIUN HEREIN 1S GIVEN JR GUOD FAI1H, BUT NU WARRANTY,
EXPRESSED Ux IMPLIFD, 1S MADE, )
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E3XON

RSN
CHEMICALS

Dicyclopentadiene 97

Test Method

Specifications ‘ AMS ASTM
Appearance Clear and Fres of Suspended Matter 80.65 '
Color, Pt-Co . 100 Max D 1208
COMPOSITION — Avail. Monomers?, Wt% . 180.50

Cyclopentadiene 97.0 Min

Methylcyclopentadiene - 2.5 Max

Acyclic Dienes - 2.5 Max
Specific Gravity, 20/20 °C . 0.97-0.985 D 1298
Inhibitor (p-Tertiary Buty! Catechol) ppm 100-200 as added
) Cracked Analysis
Typical Analysis
Color Pt-Co 25 . D 1290
Specific Gravity, 20/20 °C : 9765 D 1298
COMPQSITION — Avail. Monomers, Wt % 180.50

Cs Acyclics 14

Cy Cyclodienes : <A

Cyclopentadiene 98.3

Methylcyclopentadiene 0.3
DISTILLATION, °C : D 86

1BP 56

10% Evaporated 157

50% Evaporated 161 ) .

85% Evaporated 169

FPB 173 .
Flash Point, (Tag Clcsed Cup) °F 66 D56
Shipping Information
Shipping Weight (Approx) 60°F 8.17 Ib/gal -

Flash Point (Tag Closed Cup) °F 35

DAN’ <Rl EXTREMELY FLAMIABLE — 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.

THIS INFOSMATION PELATES ONLY TO THE SPECIFIC MATERIAL OESIGNATEC AND  WOWEVER, NO REPRESENTATION, WaRIaNTY OR GUARANTEE 1S MADE AS TO 4TS
MAY AOT 3E VALID FOR SUCH MATERIAL USED IN COMBINATION WITH ANY OTHER ACCURACY, RELIASILITY OR COMPLETENESS IT IS ThE USEA'S RESPONSIBILITY TO
MATEAIALS OR IN ANY PROCESS. Such wnformation 18, ta Ihe best ot Exxon Chernicai SATISFY HIMSELF AS TO THE SUITAZ.2%E5S AND COMPLETENESS OF SUCKH INFOR-
Company U S A. knowledge and belisf, sccurale and re'able 43 of the date mdicated. MATION FOR HIS OWN PARTICULAR USE

EXXON CHEMICAL COMPANY US A PO BOX 3272, HOUSTON, TEXAS 77001
An operating dwaon of EXXON CHEMICAL COMPANY, 3 avison of EXXON CORPORATION
sC.re 4 PAINTED INUS A
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HERCULES {Approved by U.S. Department of Labor as “’Essentially Similar” to Form OSHA-20}

EFroIT AT S T

CHEMICAL NAME  Para-Menthadiene

MSDS-07B

3B MATERIAL SAFETY DATA SHEET misse

Page 1of 2

REGULAR TELEPHONE NO. 302-575-5000
EMERGENCY TELEPHONE NO.B800—424-93GC

. Dipentenc, prclland
SYNONYMS: B rer myrbey) Crene, terpinene, terpinolene o ey cal: FAMILY:  Terpene hydrocarbon
FORMULA: Ciotie MOLECULAR WEIGHT: 136

-y

22® Dipentene No. 213™, Solvenol® 1, and Solvenol 2

MATERIAL

PN "/7;\
(UyTST)
-

Not applicable

oy

i O e ATk

P

BOILING POINT, 760 mm Hg 174-187°C (281-305°F)

FREEZING POINT: Bclow ~40°C (-40°F)

SPECIFIC GRAVITY (H,0=1) 0.854

VAPOR PRESSURE @ 22°C: 2 mm Hg

VAPOR DENSITY (AIR = 1} 49

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

PERCENT VOLATILES

BY VOLUME 100

EVAPORATION RATE
(BUTYL ACETATE =1)  Lessthan 1islower

APPEARANCE AND ODOR Clear, colorless liquid; pleasant, pinelike odar

W“"‘ <o >
FLASH -POINT ~| . o o AUTOIGNITION o o
{TEST METHOD) 115-120°F (4649°C), TCC TEMPERATURE 458°F (237°C)
FLAMMABLE LIMITS IN AIR, % BY VOLUME LOWER 0.7 UPPER 6.1
EXTINGUISHING L . -
MEDIA Water fog, foam, carbon dioxide, dry chemical
SPECIAL FIRE-
FIGHTING Cool containers with water if exposed to fire.
PROCEDURES : ’
UNUSUAL FIRE
AND EXPLOSION Not applicable
HAZARDS
Liability is expressly disclaimed for any loss or ORGANICS DEPARTMENT
injury arising out of the use of this information or HERCULES INCORPFPORATED
the use of any materials designated. . WILMINGTON, DELAWARE 19899

.. Amemmoen
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‘MSDS-078
Page 2 of 2

O T L P
i)

THRESHOLD LIMIT VALUE Not established

EFFECTS OF OVEREXPOSURE Solvent action may defat skin

Eyes: Flush with water for 15 minutes, forcibly holding eyelids open.

AID PROCEDURES ] ) Skin: Wash with soap and water. Remove contaminated clothing.
Inhalation: Remove victim from contarninated area. Adminisier artificial
respuatxon if ne..cwu'y Call phy\man.

STABILITY .
CONDITIONS i .
UNSTABLE STABLE TO AVOID Not applicable
X
INCOMPATIBILITY . . .
(MATERIALS TO AVOID) Acid catalysts, strong oxidizers
HAZARDOUS L
DECOMPOSITION PRODUCTS Burning liberates CO, CO,, and smoke.
HAZARDOUS POLYMERIZATION )
MAY OCCUR|WILL NOT OCCUR [CONDITIONS . .
TO AVOID Not applicable

,g'r—;.” Wby ) )
“'ll.. IS :

7y

STEPS TO BE TAKEN
IF MATERIAL IS : Salvage in metal container. Remove sources of ignition.

RELEASED OR SPILLED

WASTE DISPOSAL METHOD rlncinerate. Waste disposal must be in accordance with loca], state, and Federal regulations.

1 74*L£ﬂ1gLiT\,L4 ) W’v\[e

RESPIRATORY PROTECTION

(SPECIFY TYPE) Not applicable )
A
LOCAL & . AUST SPECIAL
VENTILATION [ CHANICAL N OTHER )
(GENEHAL)
- EVE

PROTECTIVE GLOVES Solvent-resistant Safet s

L e resstan PROTECTION y glasse

OTHER PROTECTIVE EQUIPMENT Not applicable

B L D S ECTARPRECAL

Combustible — Keep Away From Open Flame.

PRECAUTIONARY
LABELING

OTHER HANDLING AND

STORAGE CONDITIONS Not applicable
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NUMBER 708-7

SOLVENOL 2 Terpene Solvent
- A High-Solvency Terpene Hydrocarbon

SOLVENOL® 2 s 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 to those comprising Solvenol 1, but in differcnt proportions to
one another and slightly broader in distillation range. It is comparable in solvent
power with Solvenol ! and, like the latter, is a stronger solvent than turpentine
for waxes and resins.

Product Specification!??

Specific gravity at 156/156°C ........... . 0.8450870
Distillation range, °Cfirstcc . . . . . . 1 . ... ... 168min
95% . .....000e..... 195max

(1) Hercules tes: mathods used sre availsbla on request

Typical Properties

Specific gravity at 15.6/156°C . ... ......... 0860
Distillationrange, °C,5% .+ v v v v v v v v ... 174

9%5% ......ccie..... 183
Color,Hazen . . . . . . . . ¢ttt eeeeeeoeso.. 45
Freezingpoint,°C . . . . . . .. .. iveeuwe... <40
Flash point, Tag. closed cup, °F{°C}. . . . ... ... 115 {46)
Kauri-butanolvalve . ... .............. 80
Anilinepoint,°F(°C} . . ... ... ......... <23(<-5)

Outstanding Characteristics

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 natiiral and synthetic
resins, waxes, greases, and oils. Because of its softening and swelling action on
rubber, Solvenol 2 is an outstanding reclaiming agent for natural and synthetic
rubbers. In this application, it is generally used in conjunction with dark tackifier
resins. Since Solvenr 2 does not migrate from reclaimed rubber, it contributes
nonstaining *properties to such compounds. Other applicaticns 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)

YA
Y=g

A'; Wz\.;.]*..t’:if{“' ;

Nesig

v
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Because we cannot anticipate or control the many diferent conditions under which this information and aur products may L-
2 we do not guarantee the applicability or the aceuricy of this information or the suitabilily of oue preducts i any Qiven ¢
e, Users of our graducts should make Lheir oan tests to delermine the suitability of eech such product far their particular ¢
The products discussed are scld without warranty, either express or 1mphed, 304 buyer assumes all tesponsibilily for foss -
age arising from the handiing and use of our producls, whether dene ta accordance with directions or nal, Ald. stateric -
cerning the possibie use ol our products are not intended 23 recommendations 1o use out products in the inlnr.gem‘enl of auy ¢



Number 708-7

Page 2 of 2

Available Forms: Liquid, in tank cars, tank trucks, and in 55-gallon (208-liter)
drums (389 lbs, 177 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, formerly Section 121.2520.

OSHA Status

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.
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TABLE 1. PHYSICAL PROPERTIES

WL 3 Ttk e o
-VINYL- i - DIVINYLBENZENE
3. To; f_njrm ‘1_ S pDVBSS o
[RPEFIERP U TR L . . ci.&mmw—m‘.
118.180 - 130.191
2. BoillngPomt i . - .
- °Cat. 760mm L 145.15 : 167.7 195.
3. Crmca!D»nsuy de UImJ j, 3 0.297
:‘ 32. Pseudocrmcal I)cnsny,
R Lodeg/mb 0.272
;L “4ZCritical Pressure, Pcatm.” i P © 37.8
. 43 ‘Pseudocriticat Prcssurc, L % e 4
PN Peatm: TN v L TIE AR R TRDTEG 3 32.5 243
5. ‘Critical Temperature, tc °C i - 362.1
Sa. Pseudocritical .- © < - - EY &
o Temperature, teec & 395. 369.
6. Critical volume, ve ml’g R 1 B "-5:1 3.37
- 6a. Pseudocritical Volume, g " .
veml/g - - o REE: 3.58 o
. 7.‘ Densnt_y,'_g/.c‘c . :} Pco- 0.92393 '
S AT 10 0.91506 B
1 ‘20 0.90620 0.8973 0.9123
3 s T4 0.90177 0.8930 0.9084
- 30, 0.89734 0.8889 0.9044
L 40 0.88847 0.8805
{: " 50 ] 0.87960
T 0.87074 T 0.8639
70 0.86188
86 0.85301 0.8469 ;
90 -] 0.84414
_ ; 100 0.83528
) 4 1o - 0.82642
1 120 - 0.81755
0.80868
0.79982
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TABLE 1. PHYSICAL PROPERTIES — Continued

~ VINYL- DIVINYLBENZENE
TOLUENE DVB-55
1.52
1749 - 1.61
7.45 ’ 7.58
‘ 7.42 . ©7.55
3 % pet obtainable below 100°F ’
- ; . and at atmospheric pressure
710. Flash Point, °F Tag Closed Cup ]~ 7 88 (31.1°C) 123 (50.5°C) 157 (69.4°C)
11. Auto Ignition Temp., j LT 914 (450°C) 1067 (575°C) 941 (505°C)
12. Freezing Point, °C ~ - - -30.6 ~77 ~45
- -13..Heat~ ofCombustion, L % -
'AHC,KC'U/molc = ‘ ) :
: = at constant pressure. = -~ - 25 4 -1018.83 —1162.98
" All reactants and : 1 e
- . products gases- 5 e
. 14, Heat of l’dm;z;t?ou; : e R
A Ht, Kcal/mole —gas 1 25 - 35.22 27.52
--’ = L. ,d N
Liquid 1 25 - 24.72
15. Heat of fusion, . ] S
A Hm, cal/mole - Ll 2630. .
16. Heat of polymerization, A
A Hp. Kcal/mole 1 25 16.68 16.0=1.0
17. Heat 0f~5pori7ation, J : ) -
AHv,callg 1 25 ’ 100.8 101.84 )
1 B.pt 85.25 83.47 83.8
18. Refractive Index, D-Line ; 15 1.54969
% 20 1.54682 1.54220
j 25 - 1.54395 1.53951 1.5585
: j 30 1.54108 1.53415
$ ;
: 35 1.53821 1.53437
A e

* For other operating conditions, the literature should be consulted.




TABLE 1. PHYSICAL PROPERTIES — Continued

* DIVINYLBENZENE

VINYL-
PROPERTY TOLUENE DVB-35
ST F LR T -
g e R ) . : -
19. Solubility in Acetone . o« . ! ad -
,E ""Carbo'l Tetrach]onde o - .o
F A : » H - 0
N o ! )
;’—"— .. o . ~
i : . %o - i © N
: 2o 0032 0.0089 - ¢ 0.0052
- 0.070 0.047 0.054
90; Specific heat liquid, cp ~ = © 5 0.4004 4 -
2 callg’C) B - 0.4131 0.410 :
. 0.4269 0.428 L
0.4421 !
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TABLE 1. PHYSICAL PROPERTIES — Continued

1.15
2.34
4.50 1.10
8.21 2.22
14.30 4.23
23.87 7.64
38.41 13.23
59.78 22.00
90.31 35.32

132.82 54.92
190.63 82.93

267.62 122.15

368.22 175.61

497.39 247.08

660.64 340.87

© 150 864.00  461.86

{4 160 = 1113.97 615.52
el 1.039 v

S 20 2 0.762 0.837

b R e (Rt

0.588 0.644
0.469 0.518
v 80 ol 0.385 0.428
1100+ 0.324
520 o ¢ 0.279
U140 s S 0.243
25. Cubical Coefficient - ] 20 i+ 9.783x10% 9.361x 10* 8.659x 10+

© vy e

e

._OfE%K}_’af!fif_'j 30 . 9.879% 10 9.450x 10 8.735x 10
a4t 40~ 9.978x 104 9.540x 10

; 26.QValve .- -Tet i sand i T 1.0 . 1.06

b 27, EValue P ',h:-—. o A : ! s ~0.8 —0.78

{ 28. Volumetric Shrinkage upon j
P |

Polymerization (Typical) 17.0% 12.6%

D C L Rt oS- LE L P e

PO N e DT




APPENDIX F



2w Am PO, R Rt e ";: ;= = - » - “--“ \\- .\‘\
L : s ewie
(f ". L < . -

Fojeet .. e T 7 | Date g ,26' g0
l:y 1P )444 T ' Unit Yo.- - F_

t: vnb,( B exXn L T o : Standard Count /gﬁ"’

Enaiehbtdy ""'7 75 RoJ.:mv Patte**x Study for A.S5.B. & HM.A,C. R -

- - Y ceces %
OV -

- ?,30 A»m . 220 °

ation & Lane | Matt Type Of | Type Of | yne Of | Huwber Cf| C.P.M.- | Densi:
: “ | Rellexr Roller Roller Fasses ' Ef7e3

—— et ———— . as e eme—m s . - - -

ka'eaé:do:-r:;) (Secena) (Tidird)

—— b o —n ———— —_——— e e et e

M2 [ _/A_ e SEa da | LRD] | 422
e EO_-__.A_ ERRLEE RN 7773 BTN B~ AT
L NUNU |7 -V SRi N N Wh 3. V277 |.132

NN el ML N | 275 | 433

7152 | Zompo \ [ 227 |3z
JZ2 750 | ‘~ | L7313

A

Respecs |- L |30 | zey |137.c

Tewmat <

Lo
XN f

I -
»
n
- -— - — el — — -
vt - %] .
e e e s e e e b e o e e e et e ———— S -
foslasdngeronuiien 8 A d :



C eyt

‘o;cct

v
l‘ntj

'LP /é s F
Be xao

7%

Date

- 26 -0

Unit Yo, *

3 -I_/-—

Standar

d Count

/ES

Ro.lin’ Patte“n Study for A.S.B. & H.M.A.C.

- R }0 o0 A M. - R ISP
ation & Lanz | Mabl Type Of | Tope Of | qype 0f Humber Cf [ C.P.M.- Dens’

—— = a

(Breakdorm)

Roller

(Secord)

Reller

Fasses

Covn= Fur o -

87783

Tampo ||
A 72 N - - __Ub

K@L/p £

b
—_— : - o
» \' .\ -'_“
A} -

2790.
27/.-‘

| e | z R
= — RN - .'_‘ : .
Jampo) L A

_VRuzwmaid -

Ve Qo llor '
- 12 To k} I B
— e - N D
SR R IS S p I I
- -4 l_...._-. o . — R Y ———




roject

unty

I e g
L.
P s
P
[
Pl
.
. . '. ..-

Y

Gp-60s
Rexnrn

——ym s memm w -

Unit Yo, °

T

. gn.Zévé)o;

Standard Count /£ S

Rolling Pattern Study for A.S.B. & H.J4.4.C.

Do

ST 240° HAm

.

A

ation & Lanz

Matbﬂ .

| L Recller

I/
Tyge Of

[ Breakdoim)

Type Of
Roller
(Seceona)

Tyse Of
foller
(Tiird)

Humoer Cf
Fasses

C.B.i.-

Densil

8753
“

Jl22tan | ] __.

———l pam—

~

Voih

famps. |

Rellox

289

LTE.

[28-

133
(265

b |

1 < | B Bl R
1186100|. | | 7ampos |: Ty Vi Tl zgo T
. Rz mat{c = 1 2./ 22 | _____.
_ % Rallozn v/ -
AT
—} - -—“J.A e __‘—“_“

A
- SN, |
\
— — S (S S
oo - - - - — 1= o b —_——
-y - K % .
—— - —— -— - - — - — —— e ——— i e ¢
——— —_— — - — - - — e ———
o e e R ———————




R

\

.
-
.

LB-séos

haipspatholag Pricng '. """"".?’:‘:“‘ "2“{: -.__;....‘,é .
R N
- . . %) ppea
Date: -7 o
" T = .
R Unit Yo. ° -7
Standard Count /& & :

Bexars

T.osy

Rollingz Pattern Study for A.S.B. & H.M.A.C.

B2 S0 /100 PP

ation & Lanz

Type Of
Reller

Type Of

) Tyoe Of Rumoer CL
Roller s

Poller

aday M.IA—N“
!
i
|
!

Kalloz*.

o ) [2feakdam) | {Seconad) (Thirad) g
_.._____.___~;_. — e | = .= :..}\. e e mnm - -
LH93te0 | [ e N ) Oabed o
. _|:lampo |- V=St |l | 283 _
: RSO 779, NV N . # Wb\ 2. 2\ Z28 .

i “/“‘:T__.Z:le_é B | L2 | o

N ) - X I D PN S
i ' . SR DY AN DN S
,_LLQZ__ﬁQ. ,/ = — .“\_‘ - i ° m —_
I Jarpo 14, 274
Lt — NGorwmat | - 2. 4z 22 |

2 12 Zan i
. - Raolloy .
119 coe e 276 |
S — | -
R— -~ SRS i 3 P — .
LR ] . =l _ . R




APPENDIX G



‘Local Climatological Data

Annual Summary With 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 Plateau and to the southeast it
slopes downward to the Gulf Coastal Plains. Soills 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 January

to a high of 84.7° in July. While the 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. The 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 May 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. Rather 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 occasiorally 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 during 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. Air 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.

n@aa NATIONAL OCEANIC AND / ENVIRONMENTAL DATA AND / NATIONAL CLIMATIC CENTER
ATMOSPHERIC ADMINISTRATION INFORMATION SERVICE ASHEVILLE, N.C.
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Meteorological Data For The

Current Year
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Means and extremes above are from existing and comparable exposures.
locality as follows:

24 hours 5.0 in January 1940.

(a) Length of record, years, through the
current year unless otherwise noted,
based on January data.

{b) 70° and above at Alaswan stations.

* less than one half,

T Trace.

Annual extremes have been exceeded at other sites in the

NORMALS - Based on record for the 1941-1970 period.

DATE OF AN EXTREME - The most recent fn cases of multiple
occurrence,
PREVAILING WIND DIRECTION ~ Reccrd through 1963.

WIND DIRECTION - Numerals fndicate tens of deqrees clockwise
from true north.
FASTEST MILE WIND - Speed 1s fastest observed l-minute value

00 indicates calm,

when the direction is in tens of degrees.

Highest temperature 107 in August 1909; maximum monthly snowfall 6.4 in January 192(; maximum snowfall in

¢ Through August 1976.
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1962 45,9 2.8 $9.1| 9.7 TT.9 86.9| B8Y.5| 8D.9) 75.5) 69.% 10.1
1963 N6.e2| S52.8] 65,6 Te.6| 7.7 85,8 85.7( 81,1 Ta.l| 62,4 9.6
1968 510/ %9.8 61.% 0.5 TT.s 86.3] Bb6.2| B80.0[ 66, 6246 4.9 H
1985 Sy.%) N9 SuL.9) Ti.t] 75.0 an.9| 88,01 80,.7) 6b.8) 68.5) 55.%0 eb.t Coo"“g Degree Days
1966 | wsun| weue| scof sene| 13| vese| saiz| e1s| 75| e7.0] e3.0] $0.7) 6.t Year [Jan[ Feb[Mar] Apr May[une] July] Aug[Sept[Oct [ Nov[Dec| Total
1967 80.2| 51.8| 66.9| re.e[ T6.¢| Bu.5| BS.¥| 22.7 15.5| 66.9| 80,5) 51.0 69.0
19s°F 09,8 w2.3| $8.0| 68.1) I5.3| 8Q.S| B2.7| Ee.2! Ye.0| T2.27) SE.N 50-7' LR 1969 1 Y 13Y 273 w%e se3 e4Z] wey 207 53 21 2969
1989 $2.8 53.6| Se.9| 9.0 T¥.S| 81.2| 8e.%| 85.7 79.6] 69.8| 58,1 $5.1| 68,3 1970 | Y 2 2er| 2%9[ «7F| 92| 651 weF 163 L1 ST 297
1970 5.6 $4.8| Sb.8 10,2 12.,9| 80.7| aw.D| 8S.7| 8l.1| 67 7 S5R.O| &7.1 LLEY}
1971 1| 14 13 18¢| wls Stu| 6%B| L9 eS¢ 281 LB} 31 3366
1971 $6.0 bu.6| 69,4 Te,] B3.6] 85.9| 81.2( 80.] 13.9| 63.2] ST.2| 1.9 1972 11 5n 16 2T 252| w5 Suw2| 53¢ SiS 2e9 12 [ e
1912 $2.8 6.3 7307 r2.8| s0.3 82.2 22.1| 82.0] 71.9] Se.C S0.3| 68.8 19713 8| a ) 129 Jip|l w31 STC| Slef Wil 2w2 11a al 2met
19713 ar.2 sb 1| 66,0 Ta,? 79.2( 83.2| 82.1 19,3 2.5 85.8] 52.2| &%.n 1678 11 :4 17 18R IRY[ W3¢ se8| fce| 229 12w .Y L] 2684
191 §1.0 6T.9] 69,7 T7.3| T9.« e3.00 81.2 2.3 6m.2| 57.3| SO.9| &7.9 19798 29| 1 L 151 2713 w57 8s62| %2 s3I 217 AC 10( 2652
1978 $3.2 61.%| &68.% 73.5/ 80.0 81,7 76.0] T1.1| 60,3 S53.1 67.8 '
i 1978 3 62 11 13¢ 202 «St| wel| %21 383 « 2 0| 238r?
197¢ 9.8 63.8| 68.9 11.3 19.8 Bi.t| TT7.8| &1.1 52.1| 9.9 b6.4 | 177 % b 5 98 3 €02] 62C| &1€] 525 21A 38 5| 2950
1917 4.l 61.8] 66,90 Ta,8] 81.5 sw.el su.vl 82.37 T1.2] el.nl Stl.al bR, 1678 3 ! 152 384 <370 tec] =eT &G 194 1 181 29%.
1918 43.0 $9.6( 68,9 7.1 2,7 86.1 83,1 8.8 69,3 b2.4| 81,¥| 67,4 1¢1% Y 1Y L% Tt 264 wBY| )% CI7r| Wiy 32 “2 13 2%%n
1971¢ 3,7 63,3, 69,7. 13,9 ar,e e, ? 6.1 Ta.? Tu.? 58.2| S%.% 80,2 1¥20 11 L t 127 3y tls 12% 635 sen 2s% 51 26 3431
1980 $2.8 SY.Y 61,5 s7.¢| Te.) 88,1 88,1 8%5.3| ed¥.v; Mn,T| SB.3; 55.0( &9.8
RECORD
NEAN S1e0| 59,3 62.2| 69.% TYS.¥| Bl.8[ 8 aw.C| 79,3 70.0| 6C.8) 53,7 49.0
MAX $2.2| 86,2 13.8| sc.ol 8s.ef 91.8[ ¢® Sa.7| 89.w 81.7) T1.0| 64,1l 19.5
2L s1.8 au,3/ 51,01 58,7 65.% T1.60 73.%] 73030 69.2 59-9\ “9.8l wi.3| S8.5
. . .
Precipitation Snowfall
»YeaL] Jan [FebJ Marj Apr ! Mayl une July—[ Aug Sep(] Oct NovT Dec lAnnuaI I SensonT uly | Aug [Sept] Oct [Novﬁcc | Jan\'FebIMav! Apr[Mﬂ{Jung{Tolal
|
1941 2.1%| 1.86] 2,95] a.88] 2.50f 2,03 0.62| G.23| w.e8| 3.13| O.a7[ 0.97) 26.3w 1su1-v c.d o.8 0.4 rc.¢f 0.¢| ron o.0f fon| c.d c.ci 0. vo3| c.c
819482 0.13] 2.01| 0.29: 3.%8 2.1%) 1.95 @8.19 1.0 Tet?] 9.%6| 0,07 D.bl: Js.nb 19w2-%Y 0.9 0. .0 0.8 C.d 1 C.0l D. C.7| G.L| C.O T
1983 0.0% 1458 1.88]| 2.56! 1.91 3.72; O.7e .34 D.1T| 1.98 1.20; 20.%1 19u3-wal 0, [+ .0 O.c[ C.7| 1.1] Fa0f G, 0.C{ C.0] L.C 1.
1988 l.068 3.72| 0.9%; b.7¢| 1.6% T .. 32 1.30]| 1.52| d.66; %.16! 33.39 1ovs-4% Y, C.” 8. C.? 0.6 0.,C C.0| €.2 G, C. 0.0 &.C n.T
1988 3.90] 20130 zoonl wezel so3n] varel reue| v.ocf vewel voasioalial so.ee
1965 -ug fe 0. 0.0 0.0] 0.0 T .0 C. r.0f C.0] C.O T
1948 2.2% 1.75] S.88 3.a7 2,92] 0.20( w.03[15.78 1.31] 1.86 2,83, ¥5.17 Ivut-aT £ 0. £.0 C.C C.2 0.0/ 0.7 1 c.c[ c¢.ct c.C 7
19«7 2.38] ©.29] 1l.n8| 0.30| 3.32( 0.31 1.00/ S.3%| D.06] 0.19| 1.01) 1.90) 17.32 1967-44) Ce 0. Ceft| D.oCf 1 e.n \] c.0 0.C| C.0 T
1988 B.bl] 1.86) B.58] 1.800 1.59) 2.96] 2.35] S.837 1.98 3.26) 1.00) 0.230 23.6% 1948-w9 O De .0 1 .0 w.% (.7 0. £.D} C.C| C.O LI
1989 2490 Z2.98] 2,27] 8.99| D.8S| #.28| 2.2% 1.C3}| D.78 7.58| 0,13] 2,79 w0n,.81) 1949-5( [ae) 0. c.rf 0.0/ 0.0 ] c.C] C. 0.0/ c.G| ¢.O '
1980 0432 1.83 0.2% 3.820 2.81 1.03] 1.60( b6.15 .02 O0.08| 0.13]| P.0O) 19.88 . .
195C-¢1 e 0. 0. c.n| 0.C[ P.0f 0.9 C.af C. 0.0 0.2] 0.0 1.3
195 De25 2.8 2.7b] D.9Y| w.ua] 7,07 D.351] D.Co[ 3.75| led&| O.07] D.13] 20,4u 19%1-50 Je far 0. €.0l bD.C| C.0] 0.8] 0.0 D. 3.0| 0.0 4.0 n.c
1952 D.81| 2.01| 2.3s 3.00 1.86( 2.7%( 0.00( 3.02 T NauT| J.6T| 26,20 lVf?-Sﬂ 0. 0. 0. €.nf 0.3] 0.0 1 £.0| D.d J.¢| &.9| ©.O T
1952 0,41 0.90( 0.83 2.00 2.19| 0.01 J. 12| 2.88 3,08 C.3a lawe 17.5¢ 1923-5%4 0. 0. v. £.0[ B.Cf £.C 1 t.a[ 0. 3.8/ 8.0[ C.0 A
1954 D.81] 0.03[ 0.0 1.9% 2.71 1.2% 1.05( 0.%2] 1.98( 2.02| 0.20! 1Y.70 16 w-5" C. 0. 0.4 C.0 0.0 c.0 €.0 T 0. n.0l L.CG[ C.® T
1933 1.08] 2.33] 1.0 D.1s z.38| 1,32 0.01] 0.79) 0.39) 1.57| O.se| 183s
1¥°S-5H U. De g. [ 1 P L.0f r.nl €.t 6.t 0.0/ 0.0 1]
1956 0.81| G.85%5 ©.27( O.s9| 3.01] 0.27] 0.53] 3.9%( D.62 1.23] 113 1.10( 1%.31 18%6-5 e 0. 0. .0 0.0 €.J ] .0l C. c.C; C.0| C.0 1
1987 0.8 2.9 «.,19| 9.32( 8.22] 3.« nD.73] 0.2t 12.10] 4.7 2.90% 0.92( 8.8} 19%57-5°f0 Q. Q. Q. a.cl 0.3} a.cl o.8f 1.2 14 Cc.cl .0l 0.0 1.¢
195¢ 8,57 3.0 1.08 1a32 18R 3. 30 T.39 Q0.s5 8.8 S.43| 0.77 1.07 19.69 19%R -59| (ra Ta 0. 0.n €.0 =5 0.0 [L % T £.,0 U.C| 0.0 T
195¢ 0.%2| 2.50) 0.13| 2.5%| 2.43 132 l.un 3.05( §.72| S.1t| 227 152! 2%.%0 1959-67 L. N, Q. 0.0 1 fail] G.0 1 0. 0.C| U.CL| C.O 1
1960 0.76] 1.22] 1.65 2.08( 1.21] 2,70 1.51| $.96[ 0.76| T.8a| 1.301 2.97| 29.7e
1900-61 0. n. a. c.ol a.0 T 1 T c. €.¢] ¢.C) a.C A
1941 O0.48| 1.79) D.O3| 0.32| O.)7[ 7.87( 7,06«| D.15( 2.2% J.39( 2.09| 0.70; Zb.a7 1s61-02 L. Na Q. cerl 0.L] . C.Uf .0 0. C.C| D0.0( 0.7 C.r
1962 0.¥8| 0.90| C.91] &,02 1.31 2.%%| 0.1) 1.57| 2.69| 2.19| «.97| 2.29| 23.90 tve2-e3 €. n, 0. 0.0 0.C| N.C[ c.0 T C. 0.c| v.c| €.O0 T
1943 D27 3.59 0.21 1.88) .03 2.20| 0.0% 0,863 TVl 2478 1.93] 0.9 18.85 1965-64 0. r.0 0. C.0| 0.L ] T 2.0/ 0. 0.6| 0.0| C.0 2.0
1968 3.0 1.88] 1,730 1.4s) 1.T79) w88 0.02] S.19) 8.1%) letw| s B} 1022 Jl.88 1se4-8% 0. 0. 0. Ceft 0.C) G.2) T.O 1 1 2.0] Q.C] TL.0 t.2?
1965 2.%0| 6.83 2.30] 1,97 8.18] 2.%2| 0.08 1.6%) 3.13| 2.69| D.89| 4.8 J6.85
1565-¢h C. n, C. r.o 0.0| C.0 T T c.C| €.0 3.¢
1966 1.07[ 2,30 1.1 3.20] 3.5) 1.78) D.0¢&] ~.28| 2.13 bel ] .o 21,80 15¢u~¢7 0o [« [y .0 D0.C 0 1 f.2| 0.C! L.O T
1987 D.18] D.uB| 2.18| D.9%| 2,22} 0.0} 2.12] 3.17]11.18| 2.00] 3.%2| 1.38] 2%.26 1987-6R L. D 0. 0.0 0.0f C.7 D.O 0.0] $.0| C.2 1
1968 8.%2 1.85 1.27 1.92) 2.82 2.63 1.51¢ 0.9% 2.99 D.69( w,58 [PS-13 0, Az 1508-¢9 C. n, 0. a,.n N, C| o) . g.0l S.C c.0 c,r
1969 1.76[ 2.90] 2.35 2.06] w.60| 2.32f 0.36| w.l¢ 1.32 5:55 1.02! 2.28 3.2 1969100 72, fe 0. C.n 0. T T N.0| LG C.0 1
1910 1.0 2.0 1.98 1.13 .30 0.89 0.9 Q.95 &.35 1.31] 0.D1( 0.15| 22.7«
1e74-7) e ra 0. C.nl C.0f 0.7 €.U 0.0 0.0/ g.C 3.0
197 D.0s( D.8l| 0.00 1.39] 1.52| 2.7« 1.0% 9.82 2478 2.886| 3t.80 1%71-7 0O, D U o.rl 3.0 0.0 1 C.Cl C.C| L.C 1
972 1.35| D.40| 0.13] 1.9¢[ 11.2% 2.86| 3.13] “.2% 2.37 O.u« 31,29 1912-7T9 . n, 0. f.r] C.0 T 0.2 GaC[ Co. (.0 2.9
19713 2.1 2.7 1.50| S.%l| 2273 50.uk| &.9% 1.29 0.29]1 0.16; S2.28 IR RARRL UM r. 0,1 f..0 fOf DaN ULL C.c| 0.t ©w.n r.r
197« 1.36| 0.0%| O.98| 2.18 w.28 1.02] 1.28]|%1l.1« 5.39) 1a.43 31.00 1974-715 C. . 0. c.”| 0. 1 T 0.0 D.Of C.2 ]
1975 1.08( 3.30| 0.%2) 2.69 6.91 ".b0 1.06 L.28 0.03 25.67
1675~ 1¢ 0. . 0. c.0l 0.C] 0.0 r 0.C) D 0.2] 0.C| 0.2 1
1978 0.5¢ 04130 1.20] S.e7 S.e0; 1.6t S.390 2.09 Jor9l a.snl 2.ws 199 39,13 9= G 0. a. c.0 1 1 a.0l ©.c Q. ¢.al 0.8, C.0 1
1977 3.10/ ©0.9%1| 0.e8| B.8G| 1.62' 2.26) D.1O( 0.C6f 2.11 3.47| 6.01) 0.32 29.64 1977-7A 0. 0. 0. C.0 0.Cf CoFf 0.0 0.0 1 9.2/ c.0| 0.C T
1978 0.88 1.786 1.71 J.o2 2.5 3.9 1.3 «.97| 8,86 0.%5] %,91 1.0% 35.99 1978-716] Se 7. q. G0 7.0] (.0 T r.rl 0. C.0| C«0| wa2 ]
1919 a,07 1438 3.55[ S.38] l.¢8] S.59 T.38 2.C%) 0.86| Oell T.83| 2.88 Jb.tbe 1974 -BC 2. e 0. .9 T 0. 2.0 1 T. 0.c| 0.7 0.0 1
1980 0.72] 0.78] 0.98) 1.6 6.82] 0.52) Q.26] Z.ss] S.05) 1.C9) 3,53 0.ty 2%.23
1940-81 U.J . O £40) 1 0a%
RECORD) RECOND
ML AN 1460 1.66] 1.63] 3.00] Yeof 2,84 2,04 2,43 3.20[ 2.43) 1.%1 1ebn] 27.8% mtan el 0. 0. [\ T 1 L2 Na2 T T.C| 0.0 L.0 Cen
i
'
# oindicates o4 station move or teloeation of instrument.. Sov Stethm Location table,
Record mean valuer above are mcans through the current yoear tor the perlod beginning in

1885 for temperatury and precipleation, 1943 for anow, Dits are fran Uity Of{ice
locat lons through 1940 and Afrport thercafter,

G-3



STATION LOCATION

—E T ;' T=AUTOR
: w |[=
g ] . i s |z
28 g E :
Location s 4 e £ Latitude | Longitude | 22 . _! a i o* Remarks
o L4 v K -
= 2| 388 - SLE[S03 | 2808 |
ﬁ “u North Vest 4 . € v |Ae @ o | 2z
= 2 3 H -5 < |9 .g v |gE
A 4 0 32 H R 9 ° H
g vt z: i 1z |agl®| %] 8]
M Q. 3 3
ER B 5k £|2 8| 2|as
044
Headquarters Building 3/07/85] 7/15/91 29° 27 98° 28' 17 1 Station established by
Fort Sam Houston, Texss Signal Corps.
Dulling Bullding 7/15/91( 2/01/92( 2.3 mi. SW| 29° 27' [ 98° 28' 58 50 Records taken over by Weather
Commerce & Alamo Sts. Bureau.
Alamo Insurance Building| 2/01/92| 7/01/95| 0.2 mi.WNw | 29° 27' 9g° 28° 75] 66| 66 60
Naverro Street
Maverick Buildiay 7/01/95| 5/01/00( 0.1 mi. E 29° 27* 98° 28' 667 104 95 95 81
Alamo Flazs & Houston
Streets
Hicks Buildlng 5/01/00| 6/30/14 [ 0.2 ml. E 29° 27 98° 28" 660 91 80| 80 72 72 Tipping Bucket rain gage and
Avenue C & East Houston sunshlne recorder installed
Street 11/7/02.
State Bank & Trust Bldg.| 6/30/14| 7/01/30[ 0.3 m{., N 29° 27" 98" 278" 649 132|119 119 122 112 Thermomcters and rain gages 10
313 East Houston Strect feet lower prlur to 5/12/16.
Alamo MNat'l. Benk Bldg. 7/01730(10/24/37 | 0.5 mi.WsH| 20° 27' 98° 28°' 646 3001 | 243 | 243 215 235
306 West Commurcee St. i
Federal Bullding 10/24/37| 1/02/41 } 0.6 mi . ENE 29° 27°' 98° 28° 652 301 111 | 111 103 103 Wind instruments left on roof
Alamo Plaze & Housron >t of Alamo National Bank Building.
ALRPORT !
Adninistration Building [12/27/38| 1/02/41 29° 20' 98> 28" 567 59 | b28 28 ! al a - 27 feet to 7/1/139.
Stinson Flel I b - Installed 7/1/39
7 wiles SE of PO ! Record ubservations transferred
“ ! to Airport 7/1/39.
Administracion Building 1/02/41 1 7/14/42 29° 20" 93° 28' 567 63 7 7 28 ‘ ; 28 WBO and WBAS consnlidated at
Stinson Field \ [ Airport.
East Lean-To, Hengar ¥2 /L6742 B/15/53 1 128 mi. N 29° 32' 98° 28° 782 51 8 8 ’4* ' S
San Antonio Airport 1 E | a - 31 fect to 9/1/61.
Feeder Lines Terminal 8/15/53| 5/24/72| 1200 fr.NWw| 29° 32' | 98" 28' | c788 | a23 5 5 4 3 b4 b - Telepsychremeter (4') 10/17/ 4K~
Bullding, San Antemio i removed 1/20/69. Yivgro, come,
International Airport I l(/)U\'J' NE of thermometer site
! S/1/64.
| © = 792 Tect to 471764,
North Crown Building 5/24/72 | Present [ 1.1 m1. SE 290 ' 98" 28° TRY 23| NA NA | 80 T4 ‘ [ 74 jd4 NA [ d - Same site as prior to 3/24/72.
830 N.E. LOOY 410 i f - Added 9/1/76,
Intermatiomal Airport H
i
i
| |
? 4
i
P

Subscription Price: $31.30 per year for monthly data and annual sumnary, Fored o il g $1.9° 29

) ) a sumaary. g madlhng $1.9% extra. Stogle copy: 25 cents for monthly and 30 cent
for annual lssue. There ix a minlmm charge of 33.00 for each order of shelf-stocked fasues of putlications. H:Ikl.’ cl:crlw paysble to n.’-panm:-n( of
Commerce, ROAA. Send payments, orders, and inquiries to Publications, Naticmal Climatic Center, Federal Bullding, Asheville, N. . 2P801.

1 certlfy that this is an officlal publicatdon of the National Oceanic and Atmospheric Administration, and is compiled from records on file at the
é/:,

National Climatic Center, Asheville, North Carolina 28801. 2

Director, National Climatic Center
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AUGUST 1930 Local ClimatOIogicaI Data

SAN ANTONIQ, TEXAS
NAT WERTHER SERVICE FOST OFC

MONTHLY SUMMARY

INTERNATIONAL AIRPOAT

'

LATITUOE 29 * 32 N LOXGTTUDE 98 ' 23 'm ELEYATION (6R0UND)Y 788 FY, STANOARD TIME YSED: CENTRAL WBAN #1292}

OLEREE DATS | WEATRER TYP(S | wow, TS SKY COVER
TEMPERATURE °F pasg o ON OATES OF | dce | PRECIPITATION [svation WIND SUNSMINE TENTHS
OCCURRENCT |mutry - [ FReTesT
3| Bof '™ “ wou, | | & .| ILE
2 =g =3| 1marrm e . o) e e (e wl e
= 1] o T IHAOENS TOMN -l s a2 -
€E | 5| Cz| Dz esman W oo | et B (B2 5 - D -2
o s 3 H WAL N EIEE AR | =2 -
R R E R U o b BAT PR B P I I < A -
¥l 0z | 2 | & 2B |2z 33| 2@ e mo Lo e [ BIEEIE IR0 F | 2 EEEIEE S
& T T -4 at |x8 ¥x o 9 eLoulke $uoM n, ntt|ad|ad v | < - a T @l ca|xx|o
' 2 k) 4 5 8 7A 78 8 9 10 11 12 |13 t4] 5] 18] 17 18 |19 20| 211} 22
) 98 70 a8 k] 65 0 23 ) [+] 0f29.19|1e| 8.1 B.5] 13| 14 Tar| 9 1 t 1
2 1028 79 9N [ 70 [¢] P 0 0 ol29.08 |16 |10.7 |11 4] 18] 14 698 | 86 4 k) 2
3 99 80 90 « |2 0 25 0 0 0[29.00t5[13.2]13.5] 18] 14 5| s6| © 6| 2
4 99 81 90 4 |72 0 25 0 0 of28.96 [15|1a.3|1a 5] 20| 14 | 61| 8 7| e
5 97 82 90 « |7 0 25 0 ] ol29.071s[r2.8(13.2] 18] 1 618 64| & 6|
3 97 78 88 2 | 0 23 ) 0 27 0l29.19(ta| 9.0]10.6] 20| 1! 492] 61| & 6| e
7 95 73 84 2 n 0 19 4 0’ o>9.20 09| ¢.8| 6.0 17| 12 sa)f 67 S L
9 99 7% 87 2 |e9 0 22 9 0 of29.12 09| 7.4 2.9] 17| 1 6se| 81| S s |8
9 a2 79 86 1| e9 0 0 3 0 .42 ol2s.0r]osfro. 7|t 7| 2v] 10 125 16| 10 | 10 | 9
1o a1 75 rav | -7 | 1) 0 1) o| 1.49 0f20.92f05|17.8|18.4] 35| 07 ol of 1o [ 16 |0
" 92 7 84 -1 | 7a 0 19| 0 08 ol29.07[10[13.4]13.5] 18] 09 263| 32 9| 10 |n
12 9 77 86 1 74 0 21 0 0 nl29.18 12| 8.2| B.6| 18] M1 50b| &J 8 e |12
13 94 77 18 to| s 0 21 |1 0 T 02914 16| 8.3| 8.8] 14] 12 00| 63| & 6 |12
14 97 77 8? 2 | 0 22 0 0 0f29.09[16| 9.8 |11, 4] 14| 12 540| 68| & 6 |14
16 92 78 es o |78 0 20 0 0 0[29.03 14| 9.0| 9.5] 14] 15 485 6! & 7 1S
e 93 b < e )75 0 20 [ .02 oz 09 |tefraafrz.a] 16| 12 anr| s2| 7 8 |16
17 9 77 85 o |7s 0 201 0 ' ol29.12[t5[10.6[10.9( 15] 1) 336 43| 8 9 |17
18 92 14} 8% o |7 0 20 0 0 0fes tefrefra 312 5] 15| 14 c4p| €9 & 6 |18
19 93 77 85 o |7s 0 20 0 o ofaa 15 ftefraajvas] 2| 12 a9 61| & 7 119
20 92 7% 84 I B [ 19 [ 0 of29.12]1e| 9.4 9.9] 13| 23 sge| 75| 4 4 |20
21 94 % 8s o |72 0 20 0 0 Gle9 t3[17] 5 8| 6.3] 10| te 7a1| 95| o 2 |ay
22 % 7t 84 ) 7 0 19 0 4 olea e 1] 35| 6.5 12| 16 750 96 t 0 |22
2) 9% 72 84 o |n 0 19| " 0 0 ole9.2v |2 2 3] & 3 13| 14 156 97| o o |23
24 (. 98 ] 24 8 2 | o9 0 2t e [+ 0 oleg.vrfar| 2.7 6.0 12] ob 535 &9] ¢ 3 |24
|28 % 7 ) o |0 0 19 0 .27 olz9 15 t2] 3.4 63| 10| 1) 04| 65| 2 Vo|2s
26 | 94 | e8r| 81 -3 | ea 0 16 of. b} aloave|ra| 32| 7 2] 13 e r03] 91| o I E
27 94 72 8) -1 T 0 19 ] [} 0 ° 029 20[12] 5.0| 6.0 23| Ob ggs[ 76| T3 [ TTUTITT
28 9) 7 82 -1 |70 9 171 [ 0 c of29.23]14] 5.0 6.3 13| 14 sg2| 15| & 4 (28
29 9 76 85 2 172 0 20 0 6 eles. 2v|rs| s8] 7 2 13| 1 €sv| 69| S 6 |29
30 s 7% 86 3 |73 0 21 0 9 029 s [refro.afrtr ] 7] 1e ag| & s s |30
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WEATHER

s TORNADO

T THUNDERSTORM
4 SQUALL

R RAIN

RN RAIN SHOMERS
IR FREEZING RRIN

L DRIZILE
L FREEZING ORIZILE
S SNOW

SP  SNOK PELLETS
IC ICE CRISTALS
SH  SNON SHOWERS
SG SNOMW GRAINS
[P ICE PELLETS

A HAIL
FFOG
1F  ICE FOG

GF  GROUND FOG

80 BLOWING DUS!
BN BLOWING SAND
BS BLOWING SNOW
BT  BLOWING SPRAT

K SHOKE
H  HAZE
0 DusT
WIND

OIRECTIONS ARE THOSE FROM
WHICH THE WIND BLOKWS, INDI-
CATEO (N FENS OF DEGREES
FROM TAUE NORTH: f.E., 09
FOR EAST, 18 FOR SOUTH, 27
FOR WEST. EMTAT OF 00 IN
THE OfRECTION COLUKN INO!-
CATES CALM.

SPEED 1S EXPRESSED IK KNOTS:
MULTIPLY BY 1.15 T0 CONYERT
1C HILES PER HOUR.
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Name cof Property Sampled:

City: San Antonio County: . Bexar Regicn: 9 Tyvpe 2f Industry:

AIk POLLUTION SAMPLE REPURT

Sulflex Paving Experimental Studyaddress: North Loop -- FM 1604

Name and Title of Party Contacted at Property: McDonough Bros., Inc; Roger Hopper, Supt.

A2 2R 22 XS AR RS2SR SRR R R RS R SRR SRR R R R R R R R AR AR RS X R RS SRR AR AR R SRR RIS IR SRS SRR R KR N

Sampled By:San Antonio Metropolitan llea. Dept.piant Status: paving machine -- in operation

hot hix mfg.

Remarks: Samples taken to determine levels of emission of H,S and SO, due to paving operation

“J
Iiiﬂillllliﬂliﬂlilllﬂll"'ﬁlll'lﬂll'*llll"l.lllllllllﬂﬂlilllllllllllll!lllllllll’llhll!IQI!II!QIIﬂl.llllﬂﬂh'*lll'lllﬂl’.!\ék

Piease anelvze es checked belcw. Date: 8-28-80 Requested ¥y: Manny Pointer
Included: SO2 runs -- 2 samples; 2 SO, absorber blanks; 2 DI H,0 blanks
”ZS runs -- 2 sanmples; 2 blanks of HZS absorber
[SAMPLE IDFLTI T VY [LABCRATORY ANALYSTIS]
Date . - - P
Collected TIME SAMFLE WIND HUMEER Susp.
CRleid T Sempling | Start | End |Ratelefm) . |Direction| ACL farts
Number Equipment ["Toral Min. ~[Total VollR’] [Speed(mph] Number (pg/u3)
8-26-80 telematic|1020 AEOSO N 2.8 liters/min 2381 S0, 1659 ug/M3
""""""""""""""""""""""""""""""""" 7 safiple | .622 ppm
#3546 30 84 liters
3
. . . SO 56.9 ug/M
-26- A
8-26-80 __ telematlc%1._1.2_5_-‘5&1_5_5._-_ 2.8 liters/win safiple | .021 ppm Q >
#3546 30 84 liters _
3
. . . i1,S 5150 ug/M
- - A \
_8_.2_9.._8.0..--- telematic ..];9_2_0..'}_.1_0_5.9.“._..2.'.§_.l_]:.£9f.s_/_:}D ....... - sgmple 3.64 ppm
#3543 30 84 literb/min
1,8 1.110 ug/M° ’
8:26-80 _ || telematic|1125 Al11554 2.7 liters/min ______ i smple | .0008 ppm
43543 30 81 liters
Samples 1 § 3 taken within 2' downwind of paving machine.
Remer-ks: Samples 2 § 4 taken 200' downwind of paving Gravimetrical Analysis: _ :
machine. o7

Date Received: Ayonst 28, 1980 Date Reported: September 9,

3
198%er.ical Analysisy/ /. ~

Az?4fr7<éy ra > PI T TTCR
I

Morraret

4
R

e
Limnerman

%._'_____ﬂ



TEXAS ALK CONTROL BOARD
LABORATORY
61330 Highway 290 East
Austin, Texas 78723

Sample: Sulfex Paving . ACL Number:
McDonough Bros,
San Antonio, Tx. Delivered By:
Description: Date Sampled:

o Go -

2381

Saarce
Manny Pointer, Evaluation:

August 26, 1980

LABORATORY ANALYSIS

Impinger # Soluenol Vinyl Toluene Dicyclopeatadienc

1 N.D.* 94 ppb by Vol. 1129 ppm by Vol.

2 N.D. 4 ppb by Vol. 183 ppm by Vol.
Sample 1 ’ N.D. 86 ppb by Vol Sample broken
Sample 2 N.D. 0.5 ppb by Vol. Sample Broken

*N.D. = none detected

_Augnxf 28,1930 _
Date™ReceivE&d alysis Peffdmm

November 13, 1980
Date Reported

H-2

llenry J. Krauss

"
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Burrell Gerhardt August 27,1980

VISGOSITY VALUSS O

> 7" Two! hour penetratlon 150 L
“Softening point; = 105 degrees
2751 deg v1sc051ty.--2 5
,ﬁflh0 deg. v1sc051ty”*500

i ay‘penetratlon 3‘150

" Trailer n3m7-7j
Two hr peﬂetratlon e
=8l

10 Soft pomt G F
- 275 deg? viscosity =
140 deg viscosity =

7 day penetratlon = 80 st %5;1‘ i ‘»% Do o

Viscosity. lﬂvPOiﬁﬁﬁ

1o Tewperatﬁre in degrces F
150 200 250 1300

(Courtesy of Southiwest Research Institute)
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Maintenance Rating Form for Flexible Pavements

Figure 1.
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STATE DEPARTMENT OF PAGE
. . HIGHWAYS AND PUBLIC TRANSPORTATION
DIVISION OF MATERIALS AND TESTS
AUSTIN, TEXAS 78703
MCS.TST. 14 ASPHALTIC CONCRETE STABILITY REPORT D-9 CHARGES  33.75
CONTRACT NO. REQ NO. A . CONTROL - - . 0000
ENGINEER R.H. MAGERS PROJECT 30-3-24015-807
CONTRACTOR DIST 49 CO HWY
P T I I I P IEE 2 EE E
LABORATORY NO. H80405196 DATE RECD 08/29/80 DATE REPTD 09/02/80
. DATE SAMPLED 08/26/80
_ materiaL Sulphlex 233A S CODE 0000300000
PRODUCER ] CODE €00
IDENTIFICATION MARKS SPEC. I1TEM 0340
_ SAMPLED FROM TRUCK QUANTITY UNIT
P R e S L I T T T P T T P e e T s
SAMPLE SPEC. IDENT. COHESIOMETER ASPHALT SPEC. SPEC.DENS. HVEEM
NUMBER  NO.  MARKS VALUE [AVG.) { 2 BY HT. ~ FIELD STABIL!
) WT.) {IN.)  (AVG. 2 ) (ZJLAVG.:
13 1 o 2.02 ) _ 48
2 7.0 2.05 96.5 49 48
3 2.05 48
14 1 2.05 50
2 : 7.5 2.06 96.9 46 48
3 . 2.06 47
15 1 ’ 2.02 48
2 , , 8.0  2.02 98.1 47 47
3 2.02 _ 47

D L T g S LT L X

#  HVEEM STABILITY * R
* AND/GR COHESIOMETER *

* VALUES * .

* MEET SPECIFICATION * , o o

L  E L L T P g™

T T T T TR PR R T e ) .
* DIVISION CF MATERIALS AND TESTS = SEP -8'm80
* *
* *
* *
* ENGINEER GF MATERIALS AND TESTS =%
IR T3 R IS PP P R P P P T T T

K-1



STATE DEPARTMENT OF PAGE
HIGHWAYS ANC PURBLIC TRANSPCRTATICN
DIVISION OF MATERIALS AND TESTS
AUSTIN, TEXAS 78703

MCS.TST.14 ASPHALTIC CONCRETS STABILITY REPORT [-9 CHARGES 22.50
_ CONTRACTY _NQ. _ REGC NC. o CONTROL. = = . . ._.0000"
_ENGIMEER 2. P.AMAGERS o B . PROJECT 30-3-0240-054-415

CCNTRACTOR DIST 46 CO HwY

**##**--*'-‘—j*t*#*# ****-—*****-&*t******# **#*********t****t* R R I I T RS R 20 2 2 s

LABCRATCRY NG. HBO4051¢4 CATS RECD 08/28/80 DATE REPTD C8/29/80
. DATE SAMPLED 08/25/80
__MATERTIAL _ TY. D _{AC-20). — .__.__.__.CODE_0000000300
PROTCUCER _ N o o CCDE 000
IBENTIFICATION MARKS S L SPEC. ITEM 0240
, SAMPLEC FeOM TRUCK . S CQUANTITY , UNIT
#####"‘*t*'##a‘:—.-#*######*###***##****##***###*****#****t#***********# Rk dghrwhk R kk ¥
SAMPLE PEC, ILENT, CCHESICMETER ASPHALT SPEC., SPEC.DENS. HVEZEX
_N_NU¥BER”, NCo _ MARKS ~~ VALUE {AVGe) _ ( % BY_ _HT. = FIELD = STaABILI
) WTa 1} {INJ) {AVG. 3 1 {Z)(AVG.:
o7 1 o 2. 04 L S1
2 4,7 2.04 94,2 51 50
3 2.04 47
08 1 4 , 2.02 49
2 S _ 4.7 2013 95.4 47 48
3 6 e eiiee ... 2403 e ... . 4B

I R R I I I,

* HVEEM STABILITY *
* AND/CR CrHESIOMETER * i
* VALUES *
% MEET SPECIFICATION *

N I LR s TSR L L)

L R L L L T R LR T R
¥ CIVISIGN OF MATERIALS ANC TESTS *

x* *
* %
* %

* ENGINEER CF MATERIALS ANC TESTS =*
e N st LI

K-2
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~TEXAS HIGHWAY DEPARTMENT

DISTRICT 15 -DESIGN SECTION

TTTTUTTUUTC U DYNAFLECT DEFLECTIONS AND CALCULATED ~ STIFFNESS  CGEFFICIENTS

S ~ THIS PROGGRAM WAS RUN - C7-10-80

P T T P P R gy et e P e L

o e PROJECT IDENTIFICATION = " "7 7~
DIST, COUNTY " CONT. SECT. PPSN - HIGHWAY ~~~~ DATE = DYNAFLECT
B 31 BEXAR 2452 o1 " FM1604% D2-06-80 29
REASONS FOR MEASUREMENTS AND COMMENTS TOTAL PAY DEPTH
T EX - SULFLEX TEST SECTION 7 ' 9.00 INCHES

g e L e N R T T Y T R T I T P T R PR PR T P LT T P g

EXISTING PAVEMENT

- ”Mm"“ “f"”"""”: MATERTAL TYPE =~ = LAYER THICK.{IN}) T~ 777~
ASPH.CONC.PVMT, 1.00

o o FLEX.BASE-ROWY.CUT " 8.00 ”
SUBGR.SOILS 0.0

T kR R R Rk kAR S kR A A A R A AR A A R R F R R KR R A S R Ak ke AR AR ARk R TR E

~ GENERAL LOCATICON INFORMATIGN

DIRECTION OF TRAVEL 1S NOCRTH WITH MILEPOINTS
'MEASUREMENTS ARE 04 FEET FROM THE RIGHT SIDE OF LANE A

o " DESCRIPTIGN OF LOCATION ODOMETER READING MILEPGINT

~ FROM-JCT. SH16
T TO- JCT. WHITE FAWN RD.

B T T Il T D T T L g e W R AL Ay

PLOTS WERE REQUESTED WITH THIS PROGRAM.

L2 E 2 - S 2 R I S 22 R L S R R R I 2 IR IR RIS Y T

L-1



pDIST. COUNTY CONT. SECT. PPSN HIGHWAY DATE DYNAFLECT
7715 7 BEXAR T 2652 01 FM1604 ~ ~02~06-80 29
. DYNAFLECT DATA
"ODOMETER Wl W2 W3 Wa W5 SCI~ 'as2  AP2 " REMARKS
T 0400 0.500 0.310 0.210 0.126 0.093 0.190 0.33 0.59 STRUCTURE SH 1¢
0.20 0.900 0.600 0.290 0.200 0.099 0.3C0 0.28 0.64 FILL
0.40 0.570 .0.400 0.250 0.129 0.084 0.170 0.30 0.72
TTTTT0.60° 0.740 0.420 0.330 O0.111 0,069 0.320 "0.32 70,517 T T UT7TTC
0.80 0.530 0.300 0.111 G.060 0.040 9.230 0.35 0.53 PATCHED PVMT,
1.00 0.230 0.084 0.047 0.042 0.040 0.146 0,52 0.47 :
TTTL.20 0,930 0.600 0.270 O0.l41 0.084 0.330 0.29 0,60 INTER,HAUSMAN ¥
1.40 0.670 0.420 0.240 0,129 0.066 0.250 0.31 0.59
1.60 0.720 0.380 0.135 0.069 0.035 0.340 0.34 0.47 SEALED PATCHES
T 1.80 0,690 0.430 0.230 0.099 0.060 0.260 0.31 0.58 NUMEROUS CRACKS
2.00C €.840 0.330 0.120 0.066 0.047 0.510 0.37 (.36 SEALED PATCHES
2.20 0.560 0.270 0.081 0.043 0.032 0.290 0.37 0.44
T 2.40 0.440 0.200 0.060 0.042 0.031 0.240 0.4C C.44
2.60 0.300 0.093 0.040 0.032 0.028 0.207 0.54 0.4]1 DCKN GRADE
TTAVERAGES 0.616 0.345 0.172 0.092 0.C58 0.270 0.36 C.52 @7
STANDARD DEVIATION 0.091 0.08 0.10
_ NUMBER OF POINTS IN AVERAGE = 14
W1—5 DEFLECTIONS AT GEOPHGNES 1,243,465
I of | SURFACE CURVATURE INDEX { Wi MINUS W2) - )
AS?2 STIFENESS COEFFICIENT OF THE SUBGRADE
AP2 STIFENESS COEFFICIENT OF THE PAVEMENT

L-2
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TEXAS HIGHWAY DEPARTMENT

DISTRICT 15 —~DESIGN SECTICN

DYNAFLECY DEFLECTIONS AND CALCULATED STIFFNESS COEFFICIENTS

THTS PROGRAM WAS RUN = 07-10-80

t*#*###**##****###*##*#**#*t**#t##*#*f**##***#*t**#*#*#**###*#**###*#*******

PROJECT IDENTIFICATION

2

“

i

j DIST. "~~~ COUNTY ~~—CONT: ~SECT.
;

!

“PPSN T HIGHWAY ~DATE ~~ DYNAFLECT
B 1) BEXART 24527701 TTTTTTTTTRFMIG04 02-06=-80 29— ~
REASONS FOR MEASUREMENTS AND COMMENTS TOTAL PAV DEPTH
“EX = SULFLEX TEST ;ECTIungnn_M 9,00 INCHES ™~ T

1

, ********'****v***t*****#¢*#**#******************#********v#*********#*#*******

EXISTING PAVEMENT

, MATERTAL TYPE ="~ UAYER THICK.(IN)
B ASPH.CONC.PVMT, =~ 7 7 777" 1,00  ~~ -

: FLEXJBASE-RDNY.CUT~ 7~ 8.00 -

' SUBGR.SDILS 0.0

**#*$*¢**######**$#**##*####**###*##*##**#

FERARR TR IR AR Vbbb bbb ke ¥

o GENERAL LOCATICN INFDRMATION — 7~
DIRECTION OF TRAVEL IS SOUTH OPPOSITE MILEPOINTS
MEASUREMENTS ARE 04 FEET FROM THE RIGHT SIDE OF LANE A

i
1
H

T 77 T DESCRIPTION OF LOCATION — ~ ODOMETER READING“’MILEPDINT

T FROM-~JCT.HWHITE FAWN ROAD T
Y0~ JUCTLWSHIS T T

R R R R R A R N R R R kR e e E N A R A AN e Y kA T F ANk Ak e ok kb i &

----- - ‘PLOTS WERE REQUESTED WITH THIS PROGRAM. ~

AR E R F Rk IR R I R AR R E T IR R EF IR e TR bT Er T TRk E e ke &y

L-3
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- pIST.  COUNTY  CONT. SECT. PPSN HIGHWAY  DATE  DYNAFLECT
S 1} BEXAR ~ 2452 01 o FR1604 02=06-80 29

DYNAFLECT DATA

i .
| TTODOMETER WL W2 M3 We T WS TUSCIT A2 APZ - REMARKS

0,007 075207 0.320 0.081 0,034 0.022 70,2007 D.33 7 0,597 150FT.SLWHITE F~
0.20 0.540 0.230 0,030 0.025 0.021 0.3L0 0.40 0.41 UP GRADE
. 0.40 0.440 0,200 0.043 0.030 Q3,022 C.240 0.40 0.44
| T [0.600.530 "0,870 0.750 0.600 0.023 0.060 0.1l9 1.84 _FILL-ON_CULVER®
| 777 0.80 0.250 0.093 0.040 0.029 0.022 0.157 0.50 0.46 _
77 1.00  0.990 0.750 0.600 0.093 0.060 0.24) 0.25 0.83 PATCHED PVMT.
T 1,207 0.780 T0.3507 0.135 T 0.060 0.040 0.430 0,36 "0.39 "SHCOULDER CRACK
1.40 0,900 0.720 0.600 0.035 0.027 0.180 0.24 0.96 300*' N HAUSMAN
1.60 0,260 0.050 0.0%0 0.035 0.027 0.170 0.52 0.44
i 1.80 0.620 0.350 70.220 0.050 0.032 '0.270 " 0.34 0.51 DOWN GRADE
777 2.00  0.900 0.720 0.600 0,030 0.025 0.180 0.24 0.96 PATCHED PVMI.
T 2,20 1.440 1.020 0.780 0.660 0.147 0.420 0.24 0.71
| 72240 70.930 0.690 '0.340 0.220 0.111  0.240 "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 TG SH lé

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

TTNUMBER OF POINTS IN AVERAGE = 15

T WI-5  DEFLECTIONS AT GEOPHONES 142+3:4,85
N o) | SURFACE CURVATURE INDEX ( Wl MINUS wW2)

o AS2 STIFFNESS COEFFICIENTY OF THE SUBGRADE
TTTTTTTAP2 T STIFFNESS COEFFICIENT OF THE PAVEMENT 77

L-4
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TEXAS HIGHWAY_DEPARTMENT

DISTRICT 15 ~DESIGN SECTION

e DYNAFLECT DEFLECTIONS AND CALCULATED STIFFNESS COEFFICIENTS. .

e —

THIS PROGRAM_WAS RUN = G5-12-81

T I I I I IIImmMmTT I I T T T I T I nTTITIO e

: . PROJECT IDENTIFICATION _ _ _ _
DISTo __ __CDUNTY _____ CONT,_ SECT. _ PPSN _ __ MIGHWAY  ___ DATE ___DYNAFLECT___
15 BEXAR 2452 01 LP 1694  09-04-80 29

_ REASONS_FDR_MEASUPEMENTS AND_COMMENTS ___TOTAL PAV DEPTH _____.

.-EX = TY D CONTROL MIX. ... _._ . 10400 INCHES

FEAR AR R R SRR AR R R R R R R AR R R R R R KRR R AR R R AR Akt

EXISTING PAVEMENT

T T MATERIAL TYPE.. . LAYER THICK.LINY
_ YY. L. CONTROL_MIX__ 1,60 . -
TYPE D HMACP 1.00
FLEX BASE 0.08
_ SUBGR.SOILS . _ 0.0 .

ARkt b kR bkt kb bk kN p ok kA kR b kb bk kk kb ok ko k kR kb Sk kb kb d bR bk kb kR kS 3

i

; GENERAL LOCATION INFGRKATION o

1

e DIRECTICN.OF TRAVEL_IS NC._EAST CPPCSITE MILEPDINTS . _
i e REASUREMENTS ARE G3 FEET FROM THE RIGHT SIDE OF LANE A .

 DESCRIPTION.OF LGCATION._. . _DDOMETER READING __MILEPDINT . _ .
- FROM=STAT ION- 12C4+26
TO-STATION 1160400

#ﬁ*#t####tt#tt*#########t#*ﬁt#*###t**t#t###t##it#;*;;tt#t;;;t#tf;;*;t;;##t";#tt#r

2
v

L-5



N

SRR P TEY T )

e R raB Nk h w4 e e WA @ @ el ommwam e Am e ae e e e ——

S

1DISTs___  COUNTY___~ _ CONT.

)

SECTs . PRSN____ HIGHWAY. — . DATE__ _DYNAFLECT __

D

15  BEXAR 2452 01 LP 1604  09-04-80 29
| DYNAELECT _DATA L
3 STATION WL . . W2 W3 . _ We_. WS __ SCI___ AS2__ AP2_ ___ REMARKS ...
11703+00 0+480 04330 04159 0.105 04060 0.150 0.31 0.65
1201400 04255 04114 0,050 0,042 0.$35 OC.lél 0.45 0449

1199400 04237 0,096 _ 0.046_

1197400 ... Ce370 04260 C.1C2
1195400 _ C.770 34559 ©043206.

11193400 _Ge770. . 04560_.0.290___

11914600 Ce750 04450 04165
1189400 0.480 94300 0.087

1187400 €540 04340 _Ce129_

1185400  Te7C3 04500 0.27C
11183400  1.2C0 0.500. C.430~

1181402 €550 04320 .0.102. .

‘1179*0" Ce710 04453 (4165

'1175+0d_. Q0e6C0___ D360 Oo 126 .

11173*00 Ge410 04250 Q4280
1171406 Ce7C0 00470 0.26C

1169400 1,170 . 2.729 __%4330__

1167400  0.682 0.39) 0.138
1165400 04570 04430 0.174

1163490 04932 24710 _ 0e4l13 _

;1161+00H_,1.110 04757 0.390

AVERAGES  0.671__2.439 0233
{STANDARD DEVIATICN
'NUMBER OF POINTS IN AVERAGE =

0.239._.0.038.

0.050
.0e126

0.052
Ce545

04099 0.C58 0

22

0.041 C.110

J.063 5.220.

0.044 0.300
0.040 0.180

0.078

0.096...0.052_.0.210 .

~Uel4l__D.48._ Le48

Ge33 0469 CINT.FM_1560 _

0¢28.. Cab8. e e
Ce27. CaTC. —
0431 C.52
Ge33 (€57

04045 _0e041 04200 0432 0.57__ R

0.105 Q4069 .0.200 0428 Q.68 S
0e21C C4120 Go3CO0 0624 Ce?4 .. .
06062 04050 Q6230 __Ce34_.Ceb2.._ .
0e081 0e04% (.260 0430 Q.56

0.12C Q0.0€3 0.280 0«32 0.51

06120 0039 0.240_ 0e33_.Ce53 . . .
. GeU52 04042 04160 0435 Ge57 . R e
04135 04093 J.230 0430 G061 [
04105 0G40 _0¢450. Ce28 _0451 .. _

0.06C ©0.040 04290 0432 Ca49

0.072 ©C.C45 0e24C 0431 0.57

06240 _ 04111 04220_.0425__Ca77 —— e
06220 o099 0a350. 0627 G2 . . . . __ __

0e232.__ 0.32.._ 0459 . __ o

Q.06 .09

AN

AS2 STIFFNESS COEFFICIENT GF
F LP2 STIFFNESS COEFFICIENT OF THE PAVEMENT

__W1-5 DEFLECTIONS AT GEOPHONES 1525354285 - _
1 SCI___SURFACE CURVATUFE INCEX ( Wl MINUS.W2)

THE SUBGRABDE

- o il N B
h :
; .

L-6
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TEXAS _HIGHWAY _DEPARIMENT ___ -

L . DISTRICT 15 =DESIGN SECTION

DYNAFLECT DEFLECTIONS AND CALCULATED _STIFFNESS COEFFICIENTS. .

_THIS_PROGRAM_ WAS_RUN = 05-12-81 .

phhkkkkkh kb kkkd bbbk ko ko k ke kkkk ko ko kb hkhkkkk sk ok ko ko ko kk kb ok kK %

PROJECT IDENTIFICATION . . __ __ L

0ISTa__ _ COUNTY_____ CONT.__SECT. __ PPSN___HIGHWAY. _  DATE__ DYNAFLECT._ ____
{15  BEXAR 2452 01 LP 1604 090480 29

§
]
~ _REASDNS FOR MEASUREMENTS AND COMMENTS.  _ TOTAL PAV DEPTH_
.+ EX = 8,0P SULPHLEX SECTION = 10.GC INCHES .

T Ty T Ty I TR TR TR

EXISTING PAVEMENT

: __ _MATERIAL TYPE. _ _ LAYER_THICK.(INY .

; ___ SULPHLEX 8.0P__ 1400 — -
: TYPE D HMACP 1430

FLEX BASE 8400
SUBGR.SOILS 0.0

I I I I NN mnmmTTNYTnnTIOO s

3

GENERAL LOCATION INFCRMATION

___DIPECTION OF TRAVEL IS NO« EAST CPPOSITE MILEPGINTS __ —
oo . MEASUREMENTS ARE C©3 FEET FRGOM THE RIGHT SIDE OF LANE A e

o DESCRIPTION.OCF_LCCATION ____ ______ DDOMETER READING _ MILEPOINT __ __  __
FROM-STAT ION" 116G+00
TO=STATION 1124+69

L-7



PSRRI N

) »

DISI._,_u_mCDUNI!”_____LDNI,,_SEC[J_~_RESNM__.HIGHNAY~_W_#DATE____DXNAELECI_____,
15 BE XAR 2452 . Q1 LP 1604 09~-04-30 29
DYNAFLECT_DATA

CSTATION. .. Wl . W2 _.___.NW3 W4 W5 . SCI.___ AS2 . _AP2 . . ___ _REMAPRKS ...
11159 +00Q Ce57C 24370 Cel77 04114 0,087 GCe209 0431 Co59
11157450 Ce420 06144 Q042 De236 Qed32 0276 Y47 Qo4C
1155400 _ CoeS570_ 06340 _ 241467 __ 0090 06066 04230 Ge33 __GCe53
1153400 Ce630 0,38) 6126 Ue)O60 wevu38 06250 0e32. Ce53 ___ . _
(1151400 . 1.230 0,960 0460 Ge3C(C Ce228 Qe330 Q425 Ce?Q . _ . .
1149400 CoS5€0__ 06420 _04230_ 0.12C _ 0.078 (160 0e30 _0s69__
1147420 040 D,28C 24120 0,078 C.046 0,160 (Ce34 Co.59
1145400 GaT23 V4460 04230 CoS0C 04046 Coe27% Co30 0455
11&3f00“,_0.99Q"W0.320 ,,,,, 00090 _ D036 __ 04032 . 0,170 _ 0e32 _Cob6}
1141430 © 04480 024290 (C.D84 Ce034 2,032 0,190 Ce34 Cu®5 ... .. __ e
1139400 _ 0.660 0e420 0,150 Ued69 CoeC35 14220 Ge31 0459 o S
11374C0 _ _Ce540 _ Q6340 __Celll _0.05C__0.034 G200 .0e32__.0e57_ ___ o
11354759 Ce350 (Qe200 0180 004G J.C32 [Qe¢10 (Ce37 <Co54
1133+4¢0 Cottl0 0,250 £.348 06039 Ce032 CelEQ (o35 ©Ceb7
1131402 ___Coad (3. 046240 _ CoOTB_ 0edb6E _0.036_ Cal60 0435 Cob6. =
11294900 . 06345 0,220 _Ce075 (0048 CoU38 04129 (0435 D62 _. . e
1127490 Ce330 Je.230 0.108 Qe 45 Ce03% 0.100 Ce34 Ce69 _ I

1125400 0.310 _0.200_ 04078 __0.045_0.030_0.110. 0+36 _0e63 ..

AVERAGES (4524 34332 04141 0074 0,053 0,192 (0.34 (.58

STANDARD DEVIATION =
NUMBER OF POINTS IN AVERAGE = 18 .

W1l-5 CEFLECTIONS AT GEOPHONES 1529354565
. SCI SURFACE CURVATURE INCEX ( Wl MINUS wW2)
T AS? _ _STIFEMESS COEFFICIENT_ QF THE SUBGRADE _ ___ . — — -
e AP2 _ _STIFFNESS COEFFICIENT OF THE PAVEVMENT . __ . e

L-8
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» )

___TEXAS HIGHWAY_ DEPARTMENT

R e T Vv

DISTRICT 15 —-DESIGN SECTION

T DYNAFLECT DEFLECTIONS AND CALCULATED STIFFNESS COEFFICIENTS .
- THIS_PROGRAM WAS RUN = 05=12-81_

‘t***ittt###*titt##**##*#*t*****#*#***##*#**#*****##**#tﬁ****t*#*######***#*##ttttf

: PROJECT IDENTIFICATION. . . . .
DTST. . COUNTY.___ CONT. SECTs . PPSN ___ HIGHWAY.___ DATE _ DYNAFLECT __
15 BEXAR 2452 01 LP 1604 09-03-80 29
,_ﬁ_____REASDNS FOR_MEASUREMENTS_AND COMMENTS._____ TOTAL _PAV.DEPTH. ___ _ __ _ _ __ _
10,00 INCHES . __

e EX = TY.D CONTROL MIX SEC.. . .

g!igitftitH#tt#tt##t#!ﬁ}t#ttt##t#tt##vt#t#t#tt*tttttt#ttt##tt*tt#t&tttttt#tt#ttt#

EXISTING PAVEMENT

o MATERIAL TYPE . LAYER THICK«(IN) . . .. . .__.
T TwpeowtROL MIX T yjee T T TT T T
TY D HMACP 1.00
FLEX BASE 8,00
] SUBGR.SOILS . 0.0 I e

GENERAL LOCATION INFCRMATION

— ...DIRECTIDN DOF _.TRAVEL IS SO. _WEST... WITH . MILEPOINTS . —
_REASUREMENTS ARE G3 FEET FROM THE RIGHT SIDE OF LANE A :

;::::_ﬂ_m__DESCRIPIIDN OF LOCATION. __ _ _ ODOMETER. READING . MILEPOINT _ . _ _

FROM-STATION. 1124+69
TO-STATION 1164470

***####ttt‘#t#######*###tttt##*#‘#*"t‘t##*tk*#*#t#tt***#‘l###4###########ttttttv

L-9



) )

DIST. ___COUNTY.___  CONYa._ _SECT.._._PPSN HIGHWAY. DATE _ _DYNAFLECY_ . _ _ .
15 BE XAR 2452 01 LP 1604 09-03-80 29
~ DYNAELECT. DATA
STATION .. WL . W2 . _W3_ __ W&_... W5 _..._.SCY._. __AS2.. AP2 . . ._ REMARKS
1125400 Ce® 40 2e260 2,138 Q0,075 C.C44 0,180 0435 0454
1127400 Ce640 04320 24084 (C4d22 04020 06323 0435 Qo8& CUT
1129400 0e520._ 06273 .. 04084 . _ 04035 _ 0,023 _ 0,250 _0436 _Cos?7 _CUT
1131400 . _GUe%€0 0,260 0,108 (4066 . 04030 042CC 035 (0,52 CUY ..
1133400 . C.2¢€4 Q0.C75 Je032 0.020 0.0156 CelBI 062 Ca42 e e
1135400 Ce3€)._34200._Ge056__04040._0.035_ 0,160 . 0e38_ 0453 .
1137400 Gel€S QeC72 G835 04030 0,028 G.093 €451 0453
1139400 CeS5EQ 04300 04114 0,020 €4038 04260 0435 Ce48
1141400 (Ce540 __Ge300 04281 _ 04040 0.032 0,240 _0e35_ Co5C_ . _ —
1143400 060660 04360 06126 %255 0404C . 0.,2€0 0433 (451 U, _
1145400 CoeTCD 2420 (4200 04075 24040 0.280 0631 0652 SLJFILL
1147400 075G _ Da500_ 0e28C .0el2€ . 04024 04250 0429. Q060 . .
1149+00 Ce520 04362 04240 04120 0,066 04150 9431 D.686 6FTLFILL
1151456 Q0eBEQ 24660 04447 $428C 04200 06220 0426 (o774
1153400 _ La9C0 . 0e522._042CD _0.050_ €e035 04400 __0431__Coea6 _ 2FT FILL . ___
1155400 . . Ce36% 2.865 0,060 04060 Qo036 04315 3439 C,.237 SL ROCKY CUT
1157400 . Ce320 4C60 Ce042 04938 0,032 04260 1e72 0438 L
11594C0___ Coe7LO0__ 05420 . 0.240.. Cel29 .0,1C2 0.280.._.0e431 (452 e
1161400 UeB850 04662 0.42C 0e026 04132 0,190 €425 .81 GRADE
'1163400 1350 Je81l2 0400 04250 Gollé 06240 Co24% 0Go79 SLGFILL
i
'tAVERAGES Ce58) 26343 04169 04077 04054 Q4237 0457 GCa54 e L -
STANDARD DEVIATION . i 00068 DWaT& Q.12 R -
KNUHB,ER‘QF_.__PUI,PJTS_.I N_AVERAGE =__ 20 - . -
i '
I MW1~5_ _CEFLECTIONS AT _GEDOPHONES _1s2s3s4s€5 _
1_____SCI. SURFACE CURVATURE INDEX { Wl MINUS W2) . . . e e .
__...AS2 STIFFNESS CCEFFICIENT OF THE SUBGRADE . . o .
____AP2  STIFFNESS COEFEICIENT OF THE PAVEMENT_ S : S
i —— - PR - [N — e e - N
i
L-10
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D, )

TEXAS. . HIGHWAY DEPARTMENT. _

DISTRICT 15 ~DESIGN SECTION

DYNAFLECT DEFLECTIONS AND CALCULATED STIFFNESS COEFFICIENTS

THIS _PROGRAM WAS_RUN = 05-12-81. o

kAR Rk kR e KRk R kR A Rk AU R bk bk Sk b bk d kb bk bk bk kR kR kb kb k& 2.

_PROJECT ICENTIFICATION . _ . . . . o .

21ST. __ _ CDUNTY. “"_“ffﬁhT.._siﬁtii__Ppsnﬂ;::LIGHuAY _ DATE _ _DYNAFLECT_ . _
15 BEXAR 2452 91 LP 1604 = 09-03-80 29

f_~__~;_R£ASOhS FOR MEASUREMENTS AND CDHMENT&-,“MWJDTAL_PAV<DERTH_._._;~__",WH._A
_EX_= 7.0P SULPHLEX SECTION B, 10400 INCHES - _—

AR R AR AR R Rk R AR R R E AR S T PO

EXISTING PAVEMENT

o . ____MATERIAL TYPE __ _LAYER THICK.,(IN)
T TSULPHLEX 7.0 ;:l:;ﬁf””" 100 T T
; TYPE D HMACP 1.00
FLEX BASE 8,00 -
_SUBGR.SCILS 0.0 L

B S L

GENERAL LGCATION INFCRMATIUN

e~ DIRECTION OF TRAVEL IS_SO. WEST _ WITH _ MILEFOINTS . _ .
KMEASUREMENTS ARE 03 FEET FRCM THE RIGHT SIDE OF LANE A e

f_  DESCRIPTION OF LOCATIGN.. __ _______ODOMETER READING . MILEPOINT _. _ .
FROM=STAT ION 1164470
TO-STATION 1135+09

tt#*t*t#¥¢¢ttttttttt**ttt*tttttt*#tttt#ttt44***#:4#**tttttttt#ttvt**t#tt*t*4**ttﬁ\
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m M a Eana L e e B e e M s e . L L eaee st e i e e e wnm e mmm e e b
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Ct - o e —— -

)
v/

CONTe___SECT.
2452 01

COUNTY
BE XAR

DIST~
15

Lo DYNAFLECT DATA

)

PPSN.____ HIGHWAY ____ DATE_____ DYNAFLECT __ . __

LP 1604 09-03-80 29

! STATION __ Wl _ . W2. _ __W3_..._ Wa._ _W5_ __SCI _AS2___AP2 . _REMARKS ..
1165490 Ce540 04360 0.200 0.072 04135 0.180 0,31 Q.62

11167+00 CeBAD J,540 04270 0499C Co040 0,300 0.29 Ce56 SLGFILL

1169400 0Ge910__.9.620__ 0,320 _0.135__0.060 _0.290_.0G¢28 _ Cebl_  SLFILL____
‘1171400 . Ce720 0.480 04320 0.144 0.090 0.250 043C 0059 SLOFILL .
‘1173400 o420 04220. 04066 0e132 04126 . 04200, 3438 Ce49  CULVERT -

1175400 CeT70 _ 04430 _ 04114 _0.05C __DeC4D

04370033 _Cekh _SLaCUT____

1177430 Ce750 Q4430 04147 0,060 CaU45 04320 0.32 0449
1179+G0 G.5€60 0.34C 0,132 0,354 0.045 0,229 ©0.33 0454
1181400 _0e7E0 .. 0.480_ 04230 _0.0G96. 0.260 04300 _Ce30__Ce53 ___ .

1183400, 142(J. 04B840. Ce390_.0.230 C.1l17

.- 0360

De26 Cob4.

AVERAGES. C.750 _D.471 0.219 0.106 2,075 0.279 0.31 0.55_ .

STANDARD DEVIATIGN

NUMBER CF POINTS IN AVERAGE = 10

0.G65 0.03 (0.C6

.. W1=5 CEFLECTICNS AT GEOPHONES 15253545EL5 e e —— R
- SCI . _SURFACE CURVATURE INDEX ( Wl MINUS w2} __
AS2 STIFFNESS COEFFICIENT OF THE SUBGRADE
AP2 STIFFNESS COEFFICIENT OF THE PAVEMENT



R e - . e oe e

JEXAS _HIGHWAY DEPARTMENT

DISTRICT 15 -DESIGN SECTION

DYNAFLECT DEFLECTIONS AND CALCULATED _ STIFFNESS COEFFICIENTS. ..

THIS PROGRAM_WAS_RUN_=_05=12-81_

T T T MmN MM T TN T mMmMTN T TN T I T

R,

] PROJECT_IDENTIFICATION . __ ] . I
DIST. ___ COUNTY.___ __ CONT.__SECT. __PPSN___HIGHWAY___ _DATE __ DYNAFLECT
{15  BEXAR 2452 01 LP 1604 09-03-80 29
i REASONS FOR MEASUREMENTS AND. COMMENTS .___ TOTAL PAV DEPTH
—EX_=.7,5P SULPKLEX SECTION . ..__.__10,00 INCFES .
By L Yy Ly Yy L e L SRS
EXISTING PAVEMENT

] . MATERIAL TYPE _____ LAYER THICK.{IN). . i
t I A e S
3 SULPHLEX 7.5P. 1.00 . ,, _ .
; TYPE D HMACP 1.00

FLEX BASE 8.0C

__ SUBGR_SOILS 0.0

chkk kb kkrk Rk ttttttt##*##t###;;*##t_#.i*#“###rtit###t#;##t;t**;t#t#‘t###t##“#*t#t###tt'

R G TE e e A

Sk v ¥,

GENERAL LOCATION INFCRMATION

-DIRECTICN_OF. TRAVEL IS SC. WEST. _WITH ___MILEPOINTS _____
MEASUREMENTS ARE 03 FEET FROM THE RIGHT SIDE OF LANE A . -

"_w___-_ﬁﬁm_DESCRIPTIEN CE. LC’ATIDﬂ,w_*.____q.DDDﬁETER READINGM_HILEPOIN[uA_N_",""

FROM-STAT ION 1185+0¢C
1192+33

TO-STATION

T I T IInmnmmMmMmMmmnmnmmnmMmMmMm T

T NP




oS

P te e R T E T

1 -
) )
DIST. COUNTY CONTo_ SECTe__PPSN___ HIGHWAY. ____ DATE___ DYNAFLECT___
15 BEXAR 2452 01 LP 1604 09-03-80 29
DYNAFLECT_DATA

TSTATION.  Wl. . WZ .. W3 .. W& ___W5 ___ SCI.. _AS2 . AP2 __ _ REMARKS
1185400 140ED 04720 Ce280 04796 CoG45 04360 0427 C.58
1187400 0.760 0440 Co1C8 0,045 04035 04320 Ge32 0449
1189400 Ce720 _0e460 04200 _ 0,050 De045 _Ge260 Go30. D56
1191490 . 04780, 24400 _ Ca045 Ga040. 0.232 04380 0433 0e43 . .
AVERAGES _CeB835 0565 _0e158 04058 0403904330 Ce31 _Ca52_ -
STANDCARD DEVIATICN 04053 Ce03 0407
NUMBER OF POINTS IN AVERAGE = 4
T W1-5_ DEFLECTIONS AT GEOPHONES 1525354565 . __ ~
. SCI___SURFACE.CURVATUPE INDEX { W1 MINUS W2)__

AS2  STIFFNESS COEFFICIENT CF THE SUBGRADE

AP2  STIFFNESS COEFFICIENT OF THE PAVEMENT

-~ - A —— Cmm—— —_— - —_—



1 .

K JEXAS_HIGHWAY OEPARTMENT

DISTRICT 15 -DESIGN SECTION

DYNAFLECT DEFLECTIONS AND cKIEUfXTED STIFFNESS COEFFICIENTS _ .

_THIS_PROGRAM_ WAS RUN_= 05-12=81 _

FEEREERE R AR R R DR R AR R ARk G kR G Rk Rk R kb kb k kb kb bbbk kA bbbk bk kb bk bk kb3

.  PROJECT_IDENTIFICATION . . .
di§f:j;i::jcnuurt;:;:liidﬁf.f:§ECT ___PPSN____HIGHWAY_ ___ DATE _ DYNAFLECT
15 BEX AR 2452 01 LP 1604  (9-04-89 29

- ___REASONS FOR_MEASUFEMENTS..AND COMMENTS_____ TOTAL PAV.DEPTH. -
EX -~ 840P SULPHLEX SECTION _. . ... _1GsC0 INCHES. _ _.. . ____.

T

EXISTING PAVEMENT

TURATERIAL TYPE . LAYER TRICK.(IN) T T

SULPHLEX 8.0P - _1.00_ B
TYPE D HMACP 1.00
FLEX BASE ~ 8.00
SUBGR.SOILS. 0.0 . ; _—

FREERR R R AR R kR R Rk AR R R R AR AR R R R R kRt Ak kT kAR kR Rk Rk kb bk kSRR F ¢

GENERAL LCCATION INFORMATION -
. DIRECTION OF TRAVEL IS SO. WEST __ WITH _ MILEPOINTS. .

MEASUPEMENTS ARE 03 FEET FROM THE RIGHT SIDE OF LANE A _. . .

& _DESCRIPTION OF LDCATICN. . DDOMETER READING. MILEPOINT. . .
FROF-STATION 1192+33
TO-STATION 1204406

t*tt#t*t###ttt**t#t*t#tttt#tt*tttt#i*t#tttt##t#*#ttt#t#*##tt*#t*#**tt##ttt##ttttit
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15  BEXAR T 2452 01 LP 1604  09-04-30 29

DYNAFLECT DAIA

R —— s ————

TSTATION . WL . W2 W3 W& _ W5.__ _SCI_ . AS2 _AP2 ___ REMARKS _ .

'1193+00  Ge890 0.700 G€o032 Ce03C 04022 04190 0425 0.83
11195400  CeB10 0.640 0.930 0,025 0.02¢ 0.170 0C.25 0.84

T1197400__ 0444204280 _ 0,102___04025.. CeS21._ 04160 Ca34 _0e59 _INTSFM_ 1560 _

;1199400 . 0,240 2,132 0,038 0.028 0,022  0.108 C.41 C.56 . . _ . .
112¢1+00 0e320 0,210 0J.C6% 0,028 0sC24 0.110 0.35 Q64 . . . ..
12634900 0a820 04620 0,440 _0e250 04135 042000426 Le76

}AVERAGES 0.587 0,430 0.118 G.064 0.0412 04156 0431 Ca70
‘SYANDARD DEVIATION__ _ 0.039 . 2,07 ._0a.12 —_—
NUMBER _OF POINTS IN_AVERAGE =_ . _6

§

W1-5 DEFLECTIONS AT GEGPHONES 15290354585
; SCI SURFACE CURVATURE INDEX ( W1 MINUS wW2?
f____AS2 __ STIFFNESS COEFFICIENT CF THE SUBGRADE __ B
i AP2_ _  STIFFNESS COEFFICIENT OF THE PAVEMENT. _ _ - .

4

T —— ———— e —— — e —
i
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