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CHAPTER I
INTRODUCTION

As the nation faces a growing energy shortage and a con-
comitant shortage of road materials, transportation depart-
ments at all levels are re-evaluating present construction
methods. The Texas Department of Highways and Public Trans-
portation is no exception. Project 214, also called "Engineer-
ing, Economy and Energy Considerations in Design, Construction
and Materials," is a study made by the department on the
efficient allocation of energy, material, and financial re-
sources.l As a result of the study, a small experimental
recycling project was initiated by the department in 1974

near McAllen, Texas.

PAST METHODS

Concurrent with the McAllen experiment, a contract was under
way north of Snyder, Texas on U.S. 84 in the Abilene District.
The design criteria of the project was typical of past methods
used in correcting deterioration probiems on the highway sys-
tem in the district. The design called for an overlay of 3
inches of asphalt stabilized base and 1-1/2 inches of asphaltic
concrete pavement; a type of rehabilitation that has been used
for the past four or five years in the Abilene area with mod-
erate success. The cracked pavement eventually reappears
however, providing a limited solution to the problem. Before
the recycling concept, the best alternative to the overlay

procedure was to remove all the old pavement, reshape and

1”Engineering, Economy and Energy Considerations in Design,
Construction and Materials," Texas Department of Highways

& Public Transportation and Texas Transportation Institute,
Texas A § M University, Cooperative Research Project
2-9-74-214.



restore the base, and replace the entire surface with approxi-
mately 5 inches of asphalt materials. This has proven to be
not only expensive and wasteful, but also harmful to the en-
vironment as the old pavement had to be buried or deposited

in open areas.

FIRST ATTEMPT AT RECYCLING IN DISTRICT 8

Because of the possibilities observed at the McAllen

recycling project, a request was approved to explore recycl-
ing on the ongoing U.S. 84 overlay project. Under a revised
contract agreement, the contractor was to remove approximately
1/2 mile of the existing asphaltic concrete pavement, crush,
heat, and relay the material as an asphalt stabilized base.

To reach the required asphalt content, additional asphalt

was added ranging from 1 percent AC-10 to 4 percent EA-11M
emulsion.2 Roadway results were satisfactory--mix appearance

as well as workability were both good.

The hot-mix plant used on this project was a standard plant
with a bag filter system. The pollution problems were intense.
The asphalt particles clogged and eventually destroyed the
entire set of filtration bags causing 100 percent stack emis-
sions. The standard plant was then replaced with a drum-dryer
plant. Stack emission problems still persisted. After varying
the percent mixtures of different types of asphalt, moisture
content, and percents of new aggregate with the salvaged
material, it was determined that modifications of the plant

would have to be made to meet Texas Air Control Board standards.

In succeeding years, equipment manufacturers began development
of pollution-free recycling systems. After observing experi-

ments throughout the United States and witnessing the successful

ZTexas Highway Department, 1972 Standard Specifications
for Construction of Highways, Streets and Bridges.
Adopted by the State Highway Department of Texas, January
3, 1972.

efforts of two separate systems, a request was approved for

a complete rehabilitation project on Interstate 20 at

Roscoe, Texas.

Because of the experimental nature of the project, a
Pre-Bidders Conference was held in the District Office 1n

Abilene on March 10, 1977 to give interested contractors an

opportunity to discuss possible problems and to offer comments

for project improvements. The following contractors were

present and expressed interest in the project:

Abilene Paving Company, Inc. Abilene, Texas

Ashland 0il, Inc. Cambridge, Mass.

Bailey Bridge Company, Inc. Abilene, Texas

Amarillo, Texas

D/FW Airport, Texas

Cooper §& Woodruff, Inc.

Dahlstrom Corporation

Jagoe-Public Company Denton, Texas

J. H. Strain § Sons, Inc. Tye, Texas
Jones Bros. Rental Equip. Co., Inc. Odessa, Texas
Strain Brothers, Inc. San Angelo, Texas

Texas Bitulithic Company Dallas, Texas

H. B. Zachry Company San Antonio, Texas

On March 24, 1977, the contract was let to J. H. Strain
& Sons, Inc. for $1,724 262.61. Other bidders on the project
3 . 3 Ed

were Cooper & Woodruff,‘Inc., and Ashland 0il, Inc. Work

began on this project July 5, 1977.




CHAPTER 11
DESIGN CRITERIA

COMPUTERIZED ANALYSIS

The highway department computer program, "Flexible Pavement
Design System," was used in determining pavement design

for the recycling project.l Major variables considered in

the pavement design program are freeze-thaw cycles, annual
rainfall, soil types, vertical rise of soil, traffic volume
and related axle weights, and expected pavement life. Other
less significant values must also be considered in the design

program. (See Technical Appendix I)

Design criteria for the section was determined to be 8 inches
of asphalt stabilized base, 10 inches of flexible base, and
1-1/2 inches of asphaltic concrete pavement overlay for a

riding surface. (See Figures 1, 2, and 3)

HISTORY OF EXISTING PAVEMENT STRUCTURE

A complete soil and roadway materials analysis was made on

the 2.9 mile section of I.H. 20 which was selected as the site
for the recycling project. Samples of existing roadway
materials were sent to the Materials and Test Division of the
Texas Department of Highways and Public Transportation in
Austin, Texas, the Texas Transportation Institute in College
Station, Texas, and the Center for Highway Research at the
University of Texas in Austin, Texas. Evaluations of the
various test results are included in this report. (See

Technical Appendix II)

1Texas Highway Department, Part I - Flexible Pavement Design
Manual, Highway Design Division, 1972.
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BATCH DESIGNS
A FOR
ASPHALT STABILIZED BASE MATERIAL
ITEM #3057

Mixture made up of the following materials:

1. Salvaged Pavement
2. Salvaged Flexible Base
3. New Coarse Aggregate
4. Asphalt
X New Asph.
Design 4 X ) 4 ) 4 Type added to
No. 1. Mtl. 2. Mtl. 3. Mtl. 4. Mel. New Asph. 100X Aggr.
1 67.65 15.69 14.70 1.96 AC-3 2.0
2 67.48 15.65 14.67 2,20 AC-3 2.25
2A 67.48 15.65 14.63 2.44 AC-5 2.25
4 67.00 15.53 14.56 2.91 AC-3 3.0
Figure 3
be




In general, the existing asphaltic concrete pavement material
contained approximately 5.8 percent asphalt. Existing pave-
ment aggregate had retained its original quality. Maximum

particle size of the aggregate was 3/8 inch.

PAVEMENT DESIGN DETERMINATIONS

To produce an asphalt stabilized base from the salvaged

material, Item 292, "Asphalt Stabilized Base," as described

in the Texas Highway Department's standards and specifications,

was used as a control.2 Since the existing pavement was only
5-3/4 inches deep, additional existing flexible base (approx-

imately 2 inches) was included to make up the 8 inches called

for in the design. A mixture of 70 percent salvaged pavement,

20 percent coarse aggregate additive, and 10 percent

salvaged base was used to produce the asphalt stabilized
base. Laboratory tests indicated the remaining untreated
limestone base, exposed by removal of the top 7-1/2 inches,
contained an excessive amount of fine particles. The tests
also indicated that the existing base could meet design
specifications by compaction. A 4 percent solution of emul-
sified asphalt would waterproof the existing base and give it

the desired stability.

Laboratory tests indicated that 2.5 percent high penetration,
(AC-3), asphalt would be sufficient to coat the additional
aggregate and soften the existing asphalt. Such an addition
would raise the penetration of the residual asphalt from
approximately 20 to mid 50, adequate for asphalt stabilized
base.

’Texas Highway Department, 1972 Standard Specifications
for Construction of Highways, Streets and Bridges.

Adopted by the State Highway Department of Texas January 3,
1972,
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CHAPTER III
CONSTRUCTION PROCEDURE

I.H. 20 traffic was removed from the lane under construction
to allow complete freedom of operations. The entire section

was speed-zoned to 40 MPH.

PAVEMENT REMOVAL & SUBGRADE PREPARATION

The existing asphaltic concrete pavement and approximately 2
inches of the flexible base was scarified with ripper teeth
mounted on the rear of a D-14 motor grader.* The scarified
material was bladed into a windrow and picked up with a

front-end loader and transported three miles to the crushing

location.*

After removal of the required surface and base material, the
contractor disk-plowed the remaining base material to loosen
it for penetration of an asphalt emulsion. The emulsion
application varied depending on air temperature and meisture
content of the base material. The emulsion was plowed into
the base material and mixed with a high speed mixer to a
depth of 10 inches.* Three mixing cycles were required for
uniform mixing. The base material was then compacted with a
vibrating roller. Test holes were periodically cored to
observe the condition of the base for uniform mixing and
mixing depth. Rolling patterns and density tests throughout
the project were obtained with a nuclear density machine.
The base was shaped to grade and a light solution of emulision
was applied for a prime coat. The tests and their results

were recorded by the field inspector for depth documentlion.

* See pictures at end of chapter.



]

The base material and asphaltic concrete pavement removed from
the roadway were stockpiled together at the beginning of the
project. This procedure, however, proved unsatisfactory.
Removing the base and existing surface together was discon-
tinued because the base tended to segregate in the stockpile
producing a nonuniform material after crushing. After
isolating the segregation problem, the 2 inches of existing

flexible base was stockpiled separately.

A jaw-type crushing unit was used successfully--no gumming of
the crusher jaws occurred.* A cone crusher had been tried at
another location in the district with unsuccessful results as
the cone tends to "pancake" the material instead of breaking
it down. A recrushing of all asphalt particles exceeding the

1-1/2 inch maximum was required.

MIX-PLANT OPERATIONS

The mix plant for this project was a Boeing Drum-Dryer Plant*
which had been modified to avoid the pollution problems
encountered on the district's first recycling attempt on

U.S. 84 north of Snyder.

A thermal shield made from high alloy steel was placed in
front of the burner in the dryer to disperse the flame evenly,
creating a uniform distribution of heat.* In addition, the
shield prevented the materials from being exposed directly

to the flame,

Modification was required on the feed-belt system into the
drum since the standard system dropped the crushed material

and mix ingredients directly into the open flame.* The feeder

‘belt was moved from the top of the drum to the bottom where

materials could be induced into the drum beneath the flame. The

feeder belt change greatly reduced pollution problems.

*

See pictures at end of chapter.

lower end of the Boeing Plant was covered with 3 inches of
The 1o

h-quality insulation to prevent heat loss and to create a
high-q

*
re uniform temperature range throughout the drum.* The
mo

insulation was covered with metal to hold it in place. A
ins

iable choke venturi was installed in the duct work between
vari

the drum and the wet scrubber dust collector.* Each side of
the venturi was equipped with sixteen high pressure spray

nozzles to knock out dust particulate as it passed through
the ducting. The only other modification to the plant was
water nozzles on the belt in front of the entrance to the plant
that saturated the fine asphalt particles before they entered

the plant This process prevented the particles from drying

too rapidly in the intense heat.

AIR QUALITY CONTROL
After all plant modifications,
40 percent opacity which would not pass Air Control Board

In an effort to reduce opacity, the moisture

the stack output was running

standards. ‘ i
content of the crushed pavement was increased by watering the

stockpile with a watertruck. Tests indicated that 6 percent
moisture in the recycled mix solved the opacity problem;

the stack readings were well within the standards of the Air

Control Board and the problem of excessive moisture retention

in the mix was not encountered.

Two separate stack samples were taken by the Air Control
Board during this project--one September 21 and 22, 1977,
and another on November 2, 1977. The results of the Septem-
ber test shoWed a concentration of .0977 grains per dry
standard cubic foot, falling short of the Air Control Board
specifications of .04 grains. The November test results
showed .0645 grains, again not conforming to Air Control

Board specifications. The failure in both tests was due to

* See pictures at end of chapter.



vaporized asphalt, rather than dust particles, collecting on
the test filters in the plant. Portions of these stack
sample results are included in this report. (See Technical

Appendix IX)

As a result of the data gathered in the two stack sample
tests, equipment alterations and new methods of material
manipulation will be implemented in future recycling projects
in a concerted effort to reduce the particulate to conform

to Air Control Board standards.

Picture #1 - Ripper teeth mounted on the rear of a
D-14 motor grader.

Picture #2 - Scarified material bladed into a
windrow.

10



Picture #5 - Thermal shield made from high alloy

Picture #3 - High speed mixer used to mix emulsion
into existing base material. steel

Picture #6 - Feed-belt inducing materials into
bottom of drum beneath flame.

Picture #4 - Modified Boeing Drum-Dryer Plant
12

11




Picture #7 - Crushing Unit

Picture #8 - Belt Feed to Boeing Plant

i

Picture #9 - Insulation on lower end of Boeing
Plant to prevent heat loss

gl gt ¥ - .y

Picture #10 - Variable chqke-vennwi
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CHAPTER 1V
ENERGY ANALYSIS

ENERGY COMPARISONS

To compute the energy analysis, actual fuel consumption

over a typical three day period of operations was .recorded.
(See Pages 17 and 18) Daily records for the three day
period were maintained on all equipment using diesel and
propane fuel. Records for propane fuel use on the dryer

in the plant were already being maintained for the length

of the entire project.

While the overall energy consumption for recycled base is
less than that of standard asphaltic stabilized base, the
propane fuel used in the plant dryer with recycled material
exceeded the amount of fuel needed for standard asphaltic

stabilized base. The plant used on this project consis-

tently used 3 gallons of propane per ton of recycled material.

An average figure for propane used on standard asphaltic stab-

ilized base is 2.6 gallons per ton of mix.

The drum-dryer plant used on this project requires the
addition of free moisture for pollution control. Other
types of hot-mix plants may not require the addition of
moisture in the mix. 1In cases where moisture does not have
to be added, the propane fuel consumption of the recycle
method versus the standard method has been found to be very

close.

Another factor to be considered in establishing amounts

of energy consumption on a project is availability of a

15

base source.

to the I.H.

‘the recycle
~The greater

the greater

There was a base source in close proximity
20 project making the haul distances for both
method and the standard method very close.
the distance of the base source from the project,

the savings from recycling.

16



LOAD AND TRANSPORT BASE:
Major Equipment - 14-G Cat Blade
12-F Cat Blade
Ford F-150 Mechanic Truck

BASIS FOR ENERGY CALCULATIONS*

CRUSHING UNIT:
Major Equipment - D-353 Cat Power Unit
D-343 Cat Generator Set (200 kw)
966 Loader
621 Cat Scraper
D- 6 Cat Dozer (1/2 time)

GMC Service Truck

11-Various Capacity Dump Trucks
2-966 Cat Loaders

1-980 Cat Loader

F-600 Ford Water Truck Diesel Consumed- 2002 gal/day
F-600 Ford Service Truck Material Transported- 9975 tons
Fuel Consumption- 0.2 gal/ton
Diesel Consumed- 425 gal/day HAUL AND PLACE RECYCLE MIX:
Production of Recycled Material- 1500 ton/day _ Major Equipment - Barber Green Laydown Machine
Fuel Consumption- 0.28 gal/ton A Cedar Rapids Laydown Machine
DRYER SUPPORT EQUIPMENT: Tampo Pneumatic Roller

Major Equipment - D-398 Cat Electrical Unit Tampo Vibrating Roller
' 980-B Cat Loader GMC Service Truck

F-600 Ford Water Truck F-100 Sign Truck

F-100 Foreman Truck

Diesel Consumed- 500 gal/day
7-12 CY Tandem Dump Trucks

Production of Recycled Material- 800 ton/day

Fuel Consumption- 0.62 gal/ton Fuel Consumed- 884 gal/day
Production of Recycled Material- 2679 tons
NOTE: The consumption rate is high for this operation : 33 1
. . - . t
because this is the total energy source for the Fuel Consumption gal/ton
plant operation. This power plant runs continuously

whether in production or not.
BOEING DRYER DRUM:
Major Equipment - Boeing 600 Heater
Propane Consumed- 3500 gal/day
Production of Recycled Material- 1156 ton/day
Fuel Consumption- 3.00 gal/ton

18

* Production and consumption quantities are averages based
on three days of production.

17




ENERGY REQUIREMENTS

FOR RECYCLED ASPHALT STABILIZED BASE

MATERIALS:

Asphalt Cement (2.8%)

Manufacture 1 Ton Asphalt Cement (100%)

Haul 70 Mi. X 2 @ 3,270 Btu/t
Total

1,045,300 Btu/t X 2.8% Asph. in Mix

Salvage Base (20%)
Load & Haul Base 0.2 Gal/t
0.2 Gal/t X 139,000 Btu/gal X .20
97.2% X 5,560 Btu/t

Crushed Rock Additive (15%)
4 Mi. Haul X 2 X 3,800 Btu/t
.28 Gal Fuel/t X 139,000 Btu/gal
Total
69,320 Btu/t X .15
97.2% X 10,398 Btu/t

Crushed Bituminous Materials (65%)
Scarify § Transport (avg. 3 mi)
0.2 Gal. Fuel/t X 139,000 Btu/gal
Crush Bit. Conc. § Stockpile
.28 Gal Fuel/t X 139,000 Btu/gal

Total

66,720 Btu/t X .65

0

o

587,500 Btu/t
457,800 Btu/t
1,045,300 Btu/t
29.269

5,560 Btu/t
5,404

30,400 Btu/t
38,920 Btu/t
69,320 Btu/t
10,398 Btu/t

10,107

27,800 Btu/t

38,920 Btu/t
$6,720 Btu/t
43,368 Btu/t

Btu/t

Btu/t

Btu/t

.972 X 43,368 Btu/t 42,153 Btu/t
PLANT OPERATION:
Propane Fuel for Dryer
3 Gal/t X 91,000 Btu/gal = 273,000 Btu/t
Plant Support Equipment
0.62 Gal/t X 139,000 Btu/gal 86,180 Btu/t
Total 359,180 Btu/t
HAUL AND PLACE MIX (avg. 3 mi)
0.33 Gal Fuel/t Mix X 139,000 Btu/gal 45,870 Btu/t
TOTAL ENERGY CONSUMED 491,983 Btu/t
SOURCE: Basic energy calculations taken from "Energy Requirements

For Roadway Pavements,: The Asphalt Institute, Asphalt

Institute Building, College Park, Maryland 20740,

MISC-75-3, April 1975.

ENERGY REQUIREMENTS

FOR STANDARD ASPHALT STABILIZED BASE

MATERIALS

Asphalt Cement (6.5%)

Manufacture 1 Ton Asphalt Cement (100%)

Haul 70 Mi. X 2 @ 3,270 Btu/t
Total

1,045,300 Btu/t X .065 Asph. in Mix

Crushed Limestone
0.28 Gal Fuel/t X 139,000 Btu/gal
38,920 Btu/t X 93.5%
WASTED OLD PAVEMENT

Scarify § Haul Waste Pavement
0.2 Gal Fuel/t X 139,000 Btu/gal

PLANT OPERATIONS

Propane 2.6 Gal Fuel/t X 91,000 Btu/gal

Plant Support Equipment
500 Gal/day Fuel _ 33 Gal/t
1500 Ton/day ‘ al/
.33 Gal/t X 139,000*'Btu/gal
Total

HAUL AND PLACE

** 7 mile

3 mile X .33 Gal/t X 139,000 Btu/gal

TOTAL ENERGY CONSUMED

TOTAL ENERGY SAVED PER

nou

nou

587,500 Btu/t
457,800 Btu/t
1,045,300 Btu/t

67,945 Btu/t

38,920 Btu/t
36,390 Btu/t

27,800 Btu/t

236,600 Btu/t

45,870 Btu/t
282,470 Btu/t

107,030 Btu/t

521,635 Btu/t

TON OF RECYCLED MIX 29,652 BTU
29,652 BTU 5.7 SAVED
521,635 Btu/t

SOURCE: Basic energy calculations taken from "Energy Requirements

For Roadway Pavements," The Asphalt Institute, Asphalt
Institute Building, College Park, Maryland 20740,

MISC-75-3, April 1975.

* 1500 Ton/day is the average production for this area.

** Virgin materials processed 7 miles from the job site
rather than 3 miles. This conversion is used to extend
energy consumed because of the additional miles.

20



were applied to the finished product, resulting in an
overall high rating in each case.1 Skid resistance values

2 .
on the pavement were well above average.” Rolling sequence
CHAPTER V

patterns required to produce optimal compaction were normal.
SUMMARY AND CONCLUSION

During the project, one load of softening agent (Paxole)

(he Tl 20 project in Nolan County confirmed other evi- was mixed with asphalt at a rate of one part agent to

fence Thet the pavenent recycling comeept 1s @ reality two parts AC-3. Dramatic changes were observed in the mix

and will in fact save energy and raw materials. Although with the softening agent.3 Density was easily obtained,

3 O pexcent emexey savings on a project of this magnitude workability increased, and the mix had the appearance of

is not an o whelmi fi it i ningful. Inheren :
T ome Yerwhesming tigure, it is meaningfu nhe ¢ standard asphalt stabilized base. The use of a softening

factors of the project itself such as base source location R :
o ’ agent produces a smoother riding surface for construction

fype of plant used, ctc., reduced energy savings.  New traffic. Due to these findings, softening agents will be

construction materials saved due to recycling was approx- . . . .
g ® PP required on future recycle projects in District 8.

imately 50 percent - a significant savings.

The results of this project and the data gathered shows

T - . . )
raffic was carried directly on the recycled base for several that recycling of old asphaltic concrete pavement is a

months. The riding surface was not smooth, but structural . c g
V : , viable construction procedure. Evidence indicates that

strength was evident since there were no failures in the . . . :
: ) the future in recycling will yield tremendous savings
base. . C s

in energy and natural resources, without sacrificing

quality in pavement strength or design.
Visual emissions were never a problen during this project,

however, particulate count on two tests did not meet the
required .04 grains per standard cubic feet. Meeting par-
ticulate standards is a problem on any project regardless
of the type materials used. After modifications in plant
operation and equipment adjustments, tests performed indi-
cated a large improvement in emissions control. However,
required specifications have still not been met. Further
modifications are showing indications of solving this

problem,

1 . .
The standard Texas methods of rating flexible pavements Technical Appendix VII
ZTechnical Appendix III

5Technical Appendix V
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APPENDIX I
PAVEMENT DESIGN
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TEXAS MIGMWAY DEPARTMENY

Fes o i
PLEXIBLE PAVENENT DRBION
PROS  DINT, COUNTY CONT, SECT, HIQMWAY DATE 1L Pace
n NOLAN . . ) : IHed) 12728/70 183 !

titattatt-utt-aan-aatgbctiatnantta-a-au.nptuataau-a---uata--.n.-o--auvn---nn---
COMMENTS ADOUT THES PROBLEM

PROD NO 28 18 A RECYCLE THREEZ LAYER PAVE STR DRSO, WITH ABPN CONC PAVE,
AECYCLE ASPH CONC PAVE, AND EMUL TREAT EXIBT BABE (3,3 GAL EWUL/BY), WITH 1,0

IN PVR AND 0,50 8C On EXIST BARE, MCCOY :
AANARRRAAANRRRAARRANRARNGOANAR R R AN PR RANR R A AR AR AN R AN R AN AR AR RN RN R RAN RN RN

OASI¢ DROION CRITEREIA
CARRARRRARNEASRRDARRNN

LENGTH OF THE ANALYSI® PERIOD (YEARS) 20,0
MINIMUM TIME TO PIRgY OVERLAY (YEARS) 00
MINIMUM TIME BETWEREN OVERLAYS (YEARY) 6,0
MININUM SERVIGEABSLITY INDEX PR 3,0
OESZON CONPEBENER LRVEL 9.

INTERESY RATE OR TINME VALUL OF MONRY (PERCENT) 7,0

PROGRAM CONTAOLS AND CONSTRAINTS
NEBRRRNRNCRANAARRARARARNANOANANAND

NUMBER OF SUMMARY OQUTPVT PAGRE DROIRED ( & DESIGNS/PANE) 3
MAX PUNDS AVAZLABLE PER 80,YD, FOR INITIAL DROIGN (DDLLAR!) 20,00
MAXIMUM ALLOWED TNEEKNESS OF INITPAL concvnuc;xou (INCHES 19,8
ACCUMULATED MaX OZPTM OF ALL OVERLAYS (INCHMED) (EXCLUDING LEVELSUP) 4,0
TRAPPIC DATA
ARRARARRANAR
ADY AT BEGINNING OF ANALYSIS PERIOD (VENJCLES/DAY) 0860,
ADY AT END OF TWENYY YEARS (VEWICLES/DAY 17208,
ONEwDIREEPION 30,0YEAR ACCUNULATED NO, OF RQUIVALENT §8eK8A 10343000,
AYERAGE APPROACH SpPELD 13 THE OVERLAY ZONEL(MPM) 90,0
AVERAQE SPEED THAOUGN OVERLAY ZONE (OVERLAY DIRREYION) (MPM) 20,0
AVERAGE: SPRED THROUGM OVERLAY ZONE (NONeOVERLAY DIRECTION) (mMPM) $0,0
PROPORTION OF ADY ARRIVING EACKH MOUR OF CONSTRUCTION (PERCENT) 6,0
PERCENTY TRUCKS IN ADY 30,0
ENVIRONMENY AND SUBGRADE
NRBRRNRNARANAARNNARNRARANNS S
DZOTREET TEMPRRATYRE CONBTANT 260
§FELLING PRORABILITY 1200
OTENTIAL VERTICAL' R3OE (INCHES) 1,00
:!ILLINO RATE CONBYANY 0,10
VBORADR STIFPNENS CORPPICIENY 0,23
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TEXAS WIOMHWAY DEPARTMENT

PRe = |} TEXAS MIGHWAY DEPARTMENY

» ". L] 1‘
PLEXIBLE PAVENENY DEBION PLEXIOLE PAVENENT DEBION
PROS  DIOT, COUNTY CONY, S8ECT, MIGMWAY DATL 1P Pact .
‘ 3 2 ’ 8T COUNTY CONT, SKCT MIGHWAY DATE 141 4 PAGE
t 1] (] NOLAN [} 2 IHed0 12/720/76 18 l:g D!. ' NOLAN ‘. x' ¢ IHdt ) 1226776 183 3
UT DATA C e OR TME | LAYER OB83ON WITH THE POLLONING MATERIALS®e
INBUT DATA CONTINUED POR THE L SeRIaLe CONT BTN, MIN,  MAXs BALVASE
LAYER ¢0DE NAME IR ey coErd, oERTA  DEPTH  AeY,
CONSTRUCTION AND MAINTENANGCE DATA { A ACP (TY D) 36,9 0,9 19 1) 1,90 30,00
ARAANA SR ARRAA N R AR RN ARG NR RN R AR T LT 0,33
CRYICEADILITY INDEX OF YHE INRITIAL STRyCTURE 4,4 ,
xl=V!¢lll!E!YY INDEX P§ APTER AN QVERLAY O:l Y""QiﬂlTlUC?‘ﬂg RESTRICTIONS ARG TOC BINDING TO OBTAIN A S$TRUCTURE
MINIMUM OVRRLAY TWEICKNESS Qlﬂﬁﬂll? 1,0 THAT WILL MERT TME MINIMUM TIME YO THE PIRSY OVERRLAY RESTRICTION,
OVERLAY CONSTRUCTION TINE (MOURS/DAY) §0,0
ASPHALTIC CONCRETE COMPACTYED ORNOITY (TONS/C,Y.) 1,80
ARPHALTIC CONCRETE PRODU??XON RATE (TONS/MWOUR) 1’0.0
WIBTH OF LACH LN (regy 12,0
PIRGY YEAR COBY OF ROUTINE WAINTENANCE (DOLLARS/LANEeMILLE) $0,00

ANNUAL INCREMENTAL INGREASE IN MAINTENANGE COOT (DOLLARS/LANZeEMILE) 30,00
DETOUR DESIGN POR OVERLAYS

ABANARNANRNNERARARAARARRNRS

TRAPPIC MODEL USED ODURINSG CVERLAYING 3
TOTAL NUMBRR OF LANRS OF THE PACILITY 4
NUMBER OF OPEN LANRO IN RRSTRICTED !gNl (OYERLAY DlllGYlONé {
NUMBER OF OPEN LANES IN REOTRICTED JONE (NONSOVERLAY DIRECTION) 2
OISTANGE TYRAPFEC 18 SLOWED (OVERLAY DIREETION) (";Ll.) 2,00
DIOTANEE TRAPPIC 18 SLOWED (NONoOVRRLAY DIREEYION) (mMILES) 0,0
DETOUR DIOTANCE ARQUND THE BVERLAY TONE (NILES 0,0

PAVING MATERIALD INPORMATION
ANRNRRRARNRANARNRSRATRNNANRNQORERE

MATERIALS coo? TR,  MIN, MAX, BALVASE,
LAYER ¢OOE NAME ER ¢v coerd, oePTN  oEPTH  seY,
1 A ACP (TY D) Ja.06 0,0 150 1,50 Jo,00
2 B ABP (RECYCLE) 28,34 0,08 $,00 8,00 40,00

3 C EMUL TRT EXI3T B8E 10,03 0,80 10,00 10,00 S0,00
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TEXAS WIGHMWAY DEPARTMENT

Fr8 o 1}
PLEXIBLE PAVEMENTY DESION
PROS  DlsT, COUNTY CONT, KT, 1JOMNAY DATE (B TY T
' T (] NOL AN ) ] inedl t2/720/76 103 (]
FOR TME R LAYER DESIGN WITH TNE POLLOWING NATERIALOwe
MATERSALS cos? TN,  MIN, MAK, SALVAOE
LAYER copR NAME PER CY cOEP, oEPTH  DEPTN  pe?,
§ A ACP (TY D) 36,9 0,9 1,90 1,30 30,00
2 8 ASB (RECYCLE) 20,34 0,08 5,00 8,00 40,00
SUseRrADE 0,33

TME CONSTRUGTION RESTRICTIONS ARG 100 BINOING TO OBTAIN A STRUCTURE
THAT WILL MEEY TNE MINIMUM TIMEZ TO THE PIRST OVERLAY RESTRICTION,
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TEXAS HIGHWAY DEPARTMENT

ZIXEYT
PLEXIBLE PAVEMENT DESTON
PROS  D1Y, COUNTY CONTY, SEKCT, HIGHWAY DATE IPE  PAGE
22 : NOLAN 6 2 IMed0 12/720/76 183 ]
POR THE 3 LAYER DESIGN WITH THE POLLOWING MATERIALSwe
MATERIALS cosy STR, . MIN, MAX, SALVAGE
LAYER cOOt NAME PER CY COEFF, DEPTH  DEPYN reY,
{ A ACP (7Y D) 36,9 0,96 1,90 1,90 30,00
H 8 ASP (mEeveLE) 28,34 0,088 $,00 8,00 40,00
3 C EMUL TRY EXI8T BBE 10,63 0,50 10,00 10,00 30,00
SUBGRADE 0.8

3 THE OPTIMAL DESIGN POR YHE MATRRIALS UNDER CONSIDERATIONee
POR INITIAL CONSTRUCTION THE DEPTMS SMOULD OE
ACP (TY D) §,90 INCHES
A3 (RECYCLE) 8,00 INCHES
EMUL TRT EXIST BOL 10,00 INCNED
THE LIPE OF TNEZ INITAL STRUCTURE ®» 8, YEARS

THE OVERLAY SCHEDULR 18 )
(INCLUDING 0,8 INCH LEVEL®UP) APTER 8§, YRARY,

2,30 CINCH(ED
1450 (INCHCES) (INCLUDING 0,3 INCH LEVEL=UP) arTER 15, YEARS,

TOTAL LIPE ® R1, YEARS

OIRV!C(AI$L!TV LO38 DUL YO SWELLING CLAY IN EZACH PERFORMANCE PERIOD I8
(1) 0,184
(1) 0,073
(3) 0036
THE TOTAL COBT8 PER 30, YO, FOR TNEQL CONSIDERATIONS ARE
INITIAL CONSTRUCTION COBY 10,783
TOTAL ROUTINE MAINTENANCE COBY 0 248

TOTAL OVERLAY CONSTRUCTION COST 2,084
TOTAL USER COBY DURING

OVERLAY CONSTRUGCTION 0,076
SALVAGE vaALUE «i, 390
TOTAL OVERALL COSY $11,738
NUMBER OF FEASIOLE DUESIGNS EXAMINED POR THIS SET wne ]

AT THE OPTIMAL SOLUTION,THE POLLOWING
BOUNDARY RESTRICTIONS ARE ACTIVEes
fo THE MINIMUM DEPTH OF LAYER
3, THE MAXIMUM DEPTH OF LAYER
3. THE MINIMUM DEPTH OF LAYER 3
Q, THE MAXIMUM DEPTM OF LAYER 3
§o THE MAXIMUM TMICKNESS OF INITIAL CONSTRUCTION
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TEXAS HIGHWAY DEPARTMENY
PPl e §
PLEXIBLE PAVEMENT DEBIGN

PROB  DIST, COUNTY " CONT, SECY, HIGWWAY Dave 1414
22 ] NOLAN ) 2 INe20 12/20/76 103
SUMMARY OF THWE BEST DESIGN STRATEQILS
IN ORDER OF INCREASING TOTAL COSY

H ]
AURARRANARARAAARARAARAGORANASAANAARAR
MATERTAL ARRANGEMENT ABC ABC

INIT, CONST, COSY 10,78( 10,39 40/ /S for Soriatle Treatment
OVRRLAY CONST, COST | 2,08 2,76

UBlnr cosY 0,08 0,10

ROVYINE MAINT, COBT 0,22 0,22

SALVASE VALUEL oi,39] 01,43

AARRENARAANARAARNRARAGARNNANEARATANAY

TOTAL COBT 111.701 12,04

RRARABARARANRARNEANARNAGRNDNONGAANARNN P AN

NUMBER OF LAYERS 3 3

NRPRARNRRRRANARRRNR RN N AR RAP AN R R AN
LAYER DEPTH (INCHES)

XEY) 1,%] 1,%0

De2) 8,00] 7Y.50

0(3) zo.ooL.to.oo .
RARARRRARRRANAREANANAARGACARAGRORANRRG

NO,OF PERP ,PERIQODS
ﬂititttttttaitiitttttpt".t(tt‘tt.t'
PERF, TIME (YEARS)

Tt 8, Te
e 18, | 16,
(3 21, 24,

f

atn--aaa-naaoa-nna-aa#ucnon LT
OVERLAY POLICY(EINGN
CINCLUDING LEVELeUP

ot R, 3,9
ok 1,3 1,9
t.ltQtt.ttlt..t.l.ttt*..tttdllt.'t'ﬁ
SWELLING cLAY LOSS
{SERVICEADILITY
8ctl 0,10 0,17
144 ] 0,07 0,40
8¢ 0,08 0,08,

ARBAANANRRNRANAARRARAGENNRAGAANRARAN

THE TOTAL NUMBER OF PEASIOLE DROIONG CONSIDERED WAS :
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APPENDIX 11
EXISTING PAVEMENT TEST RESULTS
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Table 1.

Moisture Effects on Marshall Stability Before and After Recycling

Marshall Stability
Before Lottman

Marshall Stability

After Lottman

Stability Flow Stability Flow
Sample Value (In) Sample % Water Value (In)
A7A 3182 13 A3A 5.0 1733 23
ABA 4.7 982 16
A9A 10.6 1400 15
Avg 3182 13 Avg 6.8 1372 18
A4B 2.0 1499 21
A6B 1.0 627 22
A9B 0.0 866 25
Avg Avg 3.0 998 23
A2C 1043 21
A5C 0.0 1019 28
A8C - 122 21
Avg Avg 0.0 1061 23
D2A 1264 23 D23A 3.1 327 34
D20A 1307 16 D42A 1.1 325 34
D33A 698 20 D60A 2.2 348 35
Avg 887 20 Avg 2.1 333 34
D118 2630 21 D33B 0.0 432 46
D20B 1469 26 D368 0.3 513 36
D298 1176 25 D60B 0.0 396 44
Avg 1758 24 Avg 0.1 449 42
D11C 1595 21 D5C 1.6 495 32
D26C 1553 20 D42C 0.4 680 35
D57C 0.3 528 46
Avg 1574 21 Avg 0.8 568 38
31

Table 2. Moisture Effects on Hveem Stability Before and After Recycling
Hveem Stability
Before Lottman After Lottman
Stability R Stability R
Sample % Water Value Value Value Value
A5A 45 96 23 90
ABA 4.7 28 93 17 - 87
A9A 10.6 40 97 37 93
Avg 7.6 38 98 26 90
A4B 2.0 36 91 3 34
A6B - 1.0 18 83 8 41
A9B 0.0 27 78 11 56
Avg 1.C 27 87 7 44
A2C 32 92 3 37
A5C 0.0 25 78 15 61
A8C 20 . 80 5 49
Avg 0.0 26 83 8 49
D23A 3.1 25 85 4 36
D42A 1.1 22 76 6 23
D60A 2.2 30 90 4 53
Avg 2.1 26 84 5 37
D33B 0.0 22 72 11 40
D368 0.3 26 85 10 62
D60B 0.0 13 76 24
Avg 0.1 20 78 11 42
D5C 1.6 25 86 15 59
D42cC 0.4 12 67 2 37
D57C 0.3 17 72 16 55
Avg 0.8 18 75 11 50
32



. Table 4 : Moisture Effects on Resilient Elastic Properties
Table 3 . Temperature Effects on Resilient Moduli and Indirect Tension : Before and After Recycling
Data Before Recycling.

Before Lottman After Lottman
Resilient Modulus Indirect Lottman Procedure Resilient Resilient
(106psi) Tension Vol(Dry)  Vol(SSD) % H»0 Modg1us_ Modg]us.
sample | -13°F | 32°F | 77°F | 100°F | Modulus  Stress  Strain Sample (ce) (cc) (%) (105 psi) 77°F | (109 psi) 77°F
(psi) (psi) _ (in./in.) AZA 218.0 223.6 2.5 4195 3099
AlA 3.424 | 1.700 | .7905 | .4231 AGA 280.0 279.4 .5885 1947
A2A 2.085 | 1.513 | .4195 | .1541 AT0A 365.2 366.0 0.2 -3100 2195
A3A 2.656 | 1.826 | .8847 | .5472
AA 2.843 | 1.436 | .4842 | .3322 Avg 287.7 289.7 1.4 4393 2414
ASA 2.328 | 1.054 | .3313 --
ﬁ?ﬁ i'égz i'ggé -gggg 'gjgg ASB 493.2 498.3 1.0 .4883 1319
o Rt B BT R 7B 405. 8 409.2 0.8 . 4410 .0598
A9A 3.091 | 1.293 | .5693 | .3329 AT0B 483.4 485.3 0.4 7436 10572
A10A 2.776 | 1.301 | .3100 | .1893 Avg 460. 8 164.3 0.8 .5576 .0829
Avg 2.585 1.470 | .5460 | .3046
A4C 432.7 437.0 1.0 .5379 .0598
AlB - -- - -- A6C 377.0 381.1 1.1 4120 -0688
A2B 3.520 | 2.554 | .8985 | .3501 A10C 392.4 396.0 0.9 5793 .0844
A3B 2.825 | 1.796 | .7877 | .2465
A4B 3.952 | 2.518 | .8663 | .3341 Avg 400.7 404.7 1.0 5097 L0710
A5B 2,270 | 2.716 | .4883 | .2968
AeB 3.214 1 1.758 1 .5611 1 . 1613 DSA 529.0 544.6 2.9 4323 .0317
A78 2 842 | 1.987 | .4410 | .1426
D36A 498.0 507.2 1.8 5829 10368
A8B 3.746 | 2.514 |1.0912 | .3299 Dean 4820 2956 > Y277 015
A9B 3.085 | 1.518 | .3874 | .1131 : : : : :
A10B 3,831 | 2.551 | .7436 | .1589 Ava 5030 S15 6 , e 3799 0269
Avg 3.276 | 2.212 | .6961 | .2370
D268 419.0 431.4 3.0 .6194 .0355
ALC 3.318 | 2.396 | 1.122 | .4231 D518 420.0 432.5 3.0 .3248 10392
A2C 1.701 9674| .3797 | .2013 D548 516.0 523.0 1.4 3440 .0345
A3C - - - -
AAC 2.691 | 1.611 | .5399 | .1844 Avg 451.6 462.2 2.6 .4294 .0364
A5C 2.804 | 1.988 | .5438 | .1764 ,
pot 2.338 | 1.735 1 .4120 ) .1824 D8C 498.0 510. 1 2.4 6388 .0420
AsC | 3.676 | 2.277 | .8958.1338 b 0.0 a3 1 el a3
ASC 3.488 | 2.191 | 1.022 |.5109 : : : ' :
ALOC | 2.464 | 2.551 | 5793 .2030 Avg 496.5 505.3 1.8 4692 .0353
Avg 2.810 | 1.946 | .6868|.2519
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Table 5: Physical Properties and Stabilities Before Recycling Table 6: Asphalt Properties Before and After Recycling
Stability | Asphalt Properties
Hveem Marshall . , .
. . — - Penetration @ Viscosity @ Ring & Ball
Bulk Rice % A1r Stability R Stability Flow 77°F (MM) 140°F (Poise) Temp (°F)

Samples | Sp.Gr. | Sp.Gr. | Voids Value Yalue Value (In)
A12 1.445 18.4 Phase A
A2A 1.555 12.1 Layer A 14 19,190 146
A3A 1.520 14.1 Layer B 24 6,648 134
A4A 1.681 5.1 Layer C 14 19,702 144
A5A 1.500 15.3 45 96
A6A 1.575 1.1 Phase 'D'
A7A 1.502 15.2 3182 13
ASA 1.580 10.8 28 100 Layer A 36 4,156 130
A9A 1.643 7.2 40 97 Layer B 36 4,060 129
A10A Layer C 52 2.309 121
Avg 1.556 1.771 12.1 38 98 3182 13
A1B 2.206 7.4
A2B 2.302 3.4
A3B 2.242 5.9
A4B 2.324 2.4 36 100
A5B 2.301 3.4
A5B 2.224 6.6 18 83
A78B 2.185 8.3
A8B 2.27 4.3
A9B 2.222 6.7 27 78
A10B 2.325 2.3
Avg 2.261 2.382 5.1 27 87
Al1C 2.283 3.9
A2C 2.195 7.6 32 92
A3C 2.289 3.7
A4C 2.327 2.1
A5C 2.250 5.3 25 78
A6C 2.249 5.3
A7C 2.251 5.3
A8C 2.271 4.4 20 80
A9C 2.296 3.4
Al0C 2.288 3.7
Avg 2.270 2.376 4.5 26 83
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Table 7. Temperature Effects on Resilient Moduli and Indirect Tension
Data After Recycling.

Table 7. Continued
Resilient Modulus Indirect
| (106psi) Tension
Sample -13°F 32°F 77°F 100°F Modulus Stress | Strain
(psi) (psi) | (in./in.)

D578 -- -- -- . --

D60B 2.147 1.381 | .4168 | .1051

Avg 2.337 1.386 | .4404 | .1307

D2C -- -- -- -

D5C 2.470 1.288 | .4848 | .1587

D8cC 2.931 1.479 | .6388 | .2269

D11C 2.669 1.704 | .7334 | .2643

D14C -- -- -- --

D17C -- -- -- --

D20C 3.709 1.948 | .7533 | .2485

D23C - -- - --

D26C 2.004 1.183 | .3595 | .0585

D29C 2.848 1.658 | .5091 | .1274

D33C -- -- - --

D36C -- -- -- --

D39C 3.089 1.889 | .2324 | .0392

D42C 3.017 1.650 | .4110 | .0832

D45C -- - -- --

D48C 3.096 1.720 | .4146 | .0887

D51C 2.936 1.669 | .4976 | .0743

D54C 2.085 1.154 | .2711 | .0744

D57C 2.711 1.291 | .3995 | .1079

D60C -- - -- -

Avg 2.800 1.553 | .4756 | .1293

Resilient Modulus Indirect
(106psi) Tension
Sample | -13°F 32°F 77°F 100°F Modulus Stress Strain
(psi) (psi) (in./in.}

D2A 2.664 1.429 | .6174 | .1832

D5A 1.807 1.099 | .3170 | .1013 26920 66.3 .002462
D8A 1.902 1.282 | .4323 | .1430

D11A 2.126 1.193 | .3586 | .1096 33741 61.5 .001823
D14A -~ -- -- --

D17A - -- -~ -~

D20A 3.721 1.871 | .6761 | .1800

D23A 3.345 2.339 | .8046 | .2409

D26A -- -- -- --

D29A -- -- -- --

D33A 2.632 1.396 | .3413 | .0708

D36A 3.113 1.649 | .5829 | .1612

D39A -- -- -- --

D42A 2.495 1.274 | .3208 | .0818

D45A 1.905 1.241 | .3482 | .0870 13908 43.1 .003100
D48A -- -- -- --

D51A -- -- -- --

D54A 1.049 .6265| .1277 | .0861

D57A -- -- -- --

D60A 2.5424 1.035 .3316 .0979

Avg 2.440 1.367 | .4382 | .1286 24856 57.0 .002461
D2B 2.339 1.221 | .4165 | .1331

D5B -- -- -- --

D8B -- -- -- --

D11B 3.400 1.732 | 1.147 | .4494

D14B -- -~ - --

D178 -- -- -- --

D208 2.418 1.552 | .5883 | .1469

D238 2.350 1.061 .2705 .0741

D26B 2.688 1.776 | .6194 | .1899

D298 2.774 1.873 | .4615 .0483

D33B 2.085 1.135 | .2572 | .0651

D36B 1.306 .6116| .1668 | .0907

D39B -- - -- --

D42B -- - -- -~

D458 2.051 1.130 | .2714 | .0658

D48B -- -- -- --

D51B 2.442 1.821 | .3248 | .0877

D548 2.068 1.334 | .3440 | .1098
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Table 8: Physical Properties and Stabilities After Recycling Table 8: Continued
Stability - : oo StabIlity
Hveem Marshall . ~ Hveem Marshall
Bulk Rice % Air Stability R Stability Flow Bulk Rice % Air Stability R Stability Flow
Samples | Sp.Gr. | Sp.Gr. | Voids Value Value Value (In) Samples | Sp.Gr. | Sp.Gr. | Voids Value Value Value (In)
D2A 2.129 8.6 1264 23 D518 2.057 12.8
D5A 2.035 12.7 D548 -2.087 11.5
D8A 2.086 10.5 D578 2.182 7.5
D11A 2.073 11.0 D60B 2.123 10.0 12 76
D14A 2.095 10.1
D17A 2.165 7.1 Avg 2.020 2.359 14. 4 20 78 1758 24
D20A 2.229 4.3 1307 16
D23A 2.260 3.0 25 85 D2C 2.102 9.2
D26A 2.123 8.9
D5C 2.126 8.1 25 86
D29A 2.246 3.6
20 p8c 2.153 6.9
D33A 2.066 11.3 698 .
D11C 2.176 6.0 1595 21
D36A 2.179 6.5
D14C 2.089 9.7
D39A 2.011 13.7
D17C 2.178 5.9
D42A 2.125 8.8 22 76
: D20C 2.208 4.6
D45A 2.010 13.7
D48A 1.973 15.3 D23C 2.052 11.3
D26C 2.100 9.2 1553 20
D51A 1.932 17.1 .
- D29C 2.178 5.9
D54A 1.934 17.0
D33C 2.172 6.1
D57A 19.54 16.1
D50A 2.110 9.4 30 90 D36C 2.232 3.5
: D39C 2.244 3.0
1 D42C 2.169 6.3 12 67
Avg 2.086 2.330 10.5 19 84 090 20 ‘ Do5C > 121 o 3
D48C 2.142 7.4
D28 2.113 10.4 D51C 2.145 7.3
D58 2.202 6.7 D54C 2.072 10.4
D88 2.138 9.6 § D57C 2.157 6.8 17 72
D118 2.216 6.1 2630 21 { D60C 2.071 10.5
D14B 2.009 14.8 :
D178 2.121 10.1 Avg 2.144 2.314 7.3 18 ' 75 3148 20
D208 2.139 9.3 1469 26
D238 2.150 8.9
D26éB 2.119 10.2
D298 2.254 4.5
D338 2.106 10.7 22 72 1176 25
D368 2.058 12.7 26 85
D398 2.052 13.0
D428 2.068 12.3
D45B 2.025 14.1
D488 2.055 12.9
j
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OISTRICY, 08, CON, 1770004 « DETAIL TEST LIST]rC SKIr RESISTANCE REPCQT 1 naTs 08/13/76 PAGF 16

soe CONSTRUCTION SECTINN INFORMATION ecectcccas PAVFUENT, ~ATERIAL) & eccessgea (DTN «SECTION INFN, csbccocess SKIN ~1STNRY ecscceas

¢ ¢ SNURCE INFNRWATTIIN . * TVL S TRAFFICe
. ¢ ¢ 0, C=$ B EMP o MN/YR =N N/7aV/HT (000) o
* T YT T I X I T T T Y 2 T TR T YT I Y P PRI P T L L L L Y L L L L L L R R L AR R Y Y P L DAL L DY R L L D AL LA LI L DLl L LT
WIBNEAY, ., TN 20 ADT,.,. ..sceeeceB8e300 ¢ PAVEMENT, nuwaAC e 177 6202 6,270 11,311 ¢ /7N c=4 4a/S1/58 7,103
CON LENETH 3,081 TRAFFIC,,,10,019,800 ¢ PLACED.., 06/75 BIVDER,,, 7,70 o ¢ 9/715 O=a 47/%1/%8 7,103
FROM,, 1 wILE S« OF ROSCNE ¢ PRT AGG,, TYPE A LIGHTSEIGHTe .
T0ceoe & WILES wEST OF SwEETwATER ¢ AND AGG,, LIGHTETGHT . .
cost c“.o;;:‘;-o"o;o‘s;o;”o‘onao;’.“. SOURCE NUNMBERS & NAMFES FOLLOw ew=e *
COnngEnT ¢ Pe 20TPEATHERLITESRANGER, TX . *
COnmEnt2 ¢ S QOTPFATHER ITERANGER, TX . .
cead - * *
CONSTANTS THIS TEST o (1) TESTED ON 9/09/7¢ (3) AIR TEVPERATURE AT TESY mAS 62 DEGREES F, *
(2) USING TRUCK NC, 4y (&) TRAVELING aoawlTHann THE FROY/TO DESCRIPYION .
.
WARNING o THIS TESY ALONE 13 INSUPFICIENT TO RSTABLISHM THE SAFE FRICTINN VALUE FOR A MIGHMAY .
oo GENERAL SKID TESY DATA =ecceneecs SN BREAKDOWN BY LANE =eettcencsces - SN AAEANONEN BY CONNENT o cce
TEIY & o e Cunmm, o ane . . . e E & oee . ¢ INTER® ¢ 3TRUCe ¢ R R, o e CITY o 0187,
LANE o SPEED o NILES ¢ SN ned A ¢ B ¢ C ¢ D o OVER nee FLUSH o PATCH ¢ SECT, ¢ TURE ¢ NING o CURVE o LIMIT ¢ SELFCY
. * * e * . . e e . * . . * . .
lea o 39 ¢ 0.3 o S1 ees 51 o + . . ane . . . . . . .
2o ¢ 3% o 9.6 o 50 ene 50 ¢ . . . see . . . . 1 . .
doa o 39 ¢ 0.0 o 88 ase 80 o . . . eee . * * . . * .
doa o 37 ¢ 1,2 o 68 ece 88 o . . * ene . * . . . . .
Sea ¢ 41 ¢ 1.5 o 50 eee 50 o * . * Ll . . . * . . .
bep o 39 ¢ 1.8 o 89 aee 40, * . * eon * * * * * * .
Tea o 38 o 2,1 o 88 e 48 o . . . ane . * . . . . .
Ser o 39 ¢ 2.4 ¢ &7 enn &7 o - . . see . * . . . . .
Sea o 39 ¢ 2.7 o 8 aee e o . * . eee * . . . . 3 .
10ea o 38 ¢ 3.0 o %50 50 o . . . een ¢ S0 o . . . . .
11ea o 37 o+ 3.3 o %50 50 o . . . een ¢« 50 o . . J . .
13«4 o 30 o+ 3.0 o 8 48 o . . ¢ *ee . . * * . . .
1304 ¢ 30 ¢ 3,9 ¢ 47 eee 47 o * . . ene . . . . . * .
18y o 30 o 4.2 o 48 ene 4l o * * . eee * a8 * . . * . *
194 ¢ 39 o 4.5 ¢ 85 eee aS o . * . Ll ¢ a5 o . . . ) .
16sa ¢ - 81 ¢ 4.8 o &b 00 &6 o ° . . aee . . . * o . .
weBER OFf TESTS,, ¢ 16 cee 10 » . ) ) e . 4 o . . * . .
SUID Wuerl o (O, .0 &5 ove &5 o . ° ® eee * o8 * ° . * * *
MID MUNgER o Avsq.o‘ll see 60 ¢ . ¢ * see * [ ) * * * . * *
I NUNRER o N, ¢ 31 eee 31 o . . * eee ¢ 30 o . . . * .
'Y * ee . . . * eee * - * * - > .
g
w
DISTRICT,,08, CS*,,1770054 = PETAIL TEST LISTING SKID RESISTANCE REPNRY § DATE 09/17/76 PAGE 18
4o CORSTRUCYING SECTIN: INFORMATINA eaetewewe PAVEVEMT, YATERIAL, & ==eeccqee COVTRAL-SECTINN [NF(), setbomccecs SKIN HISTNRY ecceces
* 3 SNURCE TSNFPAMATINA + * TV N TRAFFICe
: * s ro, CeS AP EMP 4 “O/YR =Lh LO/AV/WT  (000) o
0------------—-.--.----—------------.---f-----o------.------.-----.--------0--------.----.---.---.-----0-.----.-....-.-.--------.--Q
HIGraAY, oo IH 20 ADT ... eveoeaeseB,r300 ¢ PAVE“ENT | SuRF, TRT _ /SEA(L « 177 6=02 6,270 11,311 + 9/75 we8 14/31/47 7,103
CSN LENGT» 5,041 TRAFFIC,,,10,015,700 + PLACFD,,, 0R/TS HINDER, , Jaw ax o + 9775 DeB 20/44/S3% 7,103
FrOv,, 1 mILE S« nF RNSCNE + PRI AGG,, GRADE 4 LIGHTSEIGHT .
TUoees 4 MILES ~EST NF S<EFTaATER ¢ 2NN AGH,, * *
CODE CPL™,,449,04010,,,15,,.20,,,25,,.,80=¢a SMURCF NUMRERS & NAMES FOLLO® o= +
COM=E~T1 TRAVEL LANES + Pm 297=FpATHERLITE=RANGER, TX . N
COM~E~T2 4 S= + *
bdadetdd A e L A L L L R R A A L L L A P L L Y L L R Y L P R L R D P Y L N P Y T T rY
CONSTANTS THIS TEST = (1) TESTED Nn 9/14y/76 (3) AIR TEMPERATURF AT TFST wAS 81 DEGFRFFS F, .
(2) USING TRUCR NOy 41 (4) YRAVELING #»NPPNSITE* THE FRNM/TO DFSCRTPYION .
- *
WAR . T+a » THTIS TEST ALNMF 1S INSUFFICTEAT YN FSTASLISH THE SAFE FRTICTINN VALUE FUOR A NIGHAAY +

dedadd i b A L L A L LA L L L AL DL LAl L L e L I L L I e L AL L Y L R R LY P L L Y P L I Y R P P Y P L YL R Y Y P YL Y Y P Y Y YT Y Y Y Yy Y Ty

== GENERAL SKIC TEST DATA esenntrtem Sp AREAKDN-) AY | ANE cettftuneccmccsssssccascccace= SN BREAKNOAN BY CNMMENT secccessccnnsscscccsacas

TEST & + + Cum~, nan + . . + F U axn + ¢ INTER= ¢ STRUC= ¢ R,R, ¢ ¢ CITY o DISY,
LANE ¢ SPEED « MILES ¢ SN #ne A o H ¢ C + N ¢ OVER waw FLUSH 4 PATCH ¢ SECT, ¢ TURE ¢ XING ¢ CURVE ¢ LIMTT ¢ SELECT

--------0---.---0-;--.--0----’..----‘----0.--.0----§------tit.--.-on-ﬁ--------0--0.---00-----.--0-----.-.0----..--Q-..----.Q--...---

1=R « 40 ¢+ 0,8 & 49 aan * U9 » + + LAl + + + + + * .
f=a o 41 ¢ 0 A & S50 wwn + SO0 «+ + . (21 + + * * + * ¢
3ea o 42 ¢+ 0,9 ¢ 49 amn * 49 o + + T3 + + + . + * *
beR ¢ 42 ¢ 1,2 ¢ 46 axn + Ub o * * [ 1) + * * ¢ * * +
S=R o 42 ¢+ 1,5 + 51 aex ¢ 51 ¢ 3 * whn . + + * ’ . .
b=l # 43 ¢ 1,8 o U2 wer + W2+ . * hR ’ . . * + * .
Ter o a2 o 2.1 ¢ U4 nen ¢ U4 » * + (3R] + * + ¢ * * *
Bap o 41 ¢ 2,4 4 40 www + 40 . + 3 2 + + + . . * *
9«8 o 43 ¢+ 2,7 & 80 anx ¢ U0 o + * AN + * + + + ¢ .
10e8 ¢ 42 ¢+ 3,0 ¢ 39 wex + 39 o + + kn + . * . + . .
11es o 42 ¢+ 3,3 o+ U) wnw « 41 o + * atan * + + + . ¢ *
120 ¢ 41 ¢+ 3.6 ¢ 21 an» ¢ 21 ¢ * + kR * 21 . + * ¢ * *
13«8 42 ¢+ 3,9 4 U6 annx * Ub o . . L] . * * * * * .
14« ¢ 42 4 4,2 4 UB awr ¢ 48 o ¢ + 2 X + + * ¢ * * *
1%« ¢ 41 ¢+ 4.5 4 52 anw + 52 ¢ . + LR + . * U ’ . .
LI I PR Y Y e YL LI A AL L R L Y L R e LI Ll AR P Y P PR LY T P R Y Y T T Yy Y N e LY ey Y P Y Y N P I T IS

NU“BRER NF TESTS, .+ 15 wax + 15 ¢ + + L + 1 + + + * + .
SKID AUMRFR = | 0,0 ¢ 21 ann ¢ 21 ¢+ + + L1 + 21 * . * * * +
SKID MIMBER = AVG, . ¢ 44 a2 + 44+ + + anw + 21 + . . * * *
SKID AUME 7 & WT, , . ¢ 52 wnan + 52 ¢+ . + hy * 21 . + * * * .

cesescsstanee m«0--.--—-0---...t--—-.---.’...-o-.-.‘--.---'.l-----.--’--------‘-.-----.0.-..----0...---..0--..---.0..-.-...00-....--

=
I~



DISYQICT..OB. €SN, 1770054 = DETAIL TESY LISTING sx1n RESISTANCE RfPORT 1

) e DATE 09/17/7¢ PAGE 1o
ow A1 Y ¢
N UCTION SECTINE INFORFATION mectesecee PAVEMENT, “ATERIAL, & cecnsvson COMTROLSECTINN INFD, mepmecee
» + SOURCE TRFORMATINN . ) : “.t::” ";:M"v;:;:;;.
* .
R S $ €O, Co3  mep EMP 4 MN/YR e(n LO/ZAV/MT  (000) o
:;sh.‘v... !N 20 ‘nY'.;.!.‘...;.a.;eo : pszPEkY. SU"F. Y“7:;;;::--.-----:-;;;----;:;;-------------.-Q.--.-f.-. L LY X3
FunnLEN?Y:Y S.0uy TRAFFIC,,,10,015,700 + PLACEDL,,, 08/75 BINDER,, 2w o0 o A4S DA i
" .o LE S~ OF roscns ¢ PRI AGG,, GRADE & LICHTWEIGHT, MO AL Teres
06{'. 4 +ILES ~EST NF S«EETwaATER 4+ 2ND AGG,, + .
EO.J¢E2%'§5252C'[::£§'15'°'20'"25";30-’° A0URCE NUMBERS & NAMES FOLLNY sey :
COmnt a2 : :: P9T=FEATHERLITERANGER, TX . .
.....-.-.--.--- ’
------..-----...---..----0----.-.--------..--.-.- - .
N Ldad Al DL L L 1 2 T L 12 oe LA L T T 3
CONSTAMTS THIS TFST < (1) TESTED ON 9/14/76 (3) ATIR TYEMPERATURE aT TESY »as 8% PEGREES F :
(2) JSING TRUCK NG, o) (4) TRAVELING asamITHase THE FRON/TO DESCRIPTION .
AR 6 = - ;
-:-N:‘r THIS TEST ALONE IS TNSUFFICIENT YD ESTABLISH THE SAFF FRICTION VALUE FOR A MIGHMwAY :
- ..-.--.---------- L L X T} -
- - - - ‘..-...-.-...-...-..-..--..‘...-——
-;t:$~:a:L Sxip :F:;.EQTA crmotttse IN BREAKDOKY BY |LANE ~esttae - = 3N BREAKDOWN BY COMMENT
. * (21} . * . * E L son o
Lavet o 3p ' A . ¢ INTER® ¢ STRUCe ¢ R, W *
TS DPELR « mILES :-::.::: Ao B e Co Do OVER awe FLUSH o PATCH ¢ BECT, o+ TURE o XING ¢ CURVE : f;:;, s aee
Tom . o s o s ¢ Pooadonceteccatacrsiccsccntttosncne & * * - L ] eobe ameLrer
: DT e N s . s : L1 J *oédoscosesaniévrocacnas
i-! * 42 ¢+ 0,0 4 61 ase ¢ 61 . . ane . . . . . . .
8 o 82 o 0,9 o 42 ees ¢ 82 o * . an . . . . . . .
4ot o 09 ¢ 1,2 4 89 are ¢ 48 o 'Y * "R * * . . . . .
Sen o 82 o 1,5 o 43 ane * 43 . - snn . e . . . . . .
bas o 43 0 1.8 4 25 aee ¢ 25 9 ’ + ran + . . . . . .
{-ﬂ . 41 ¢ 2,1 o 30 sen ¢ 30 o * . LT . 30 * . . . . .
o8 o 43 ¢ 2.8 ¢ 47 eee ¢ 47 o * ’ AL * * . . . . .
Sen ¢ 82 ¢ 2,7 o+ 38 gan * 34 . . ane . * . . . . .
1008 o 42 ¢ 35,0 o 38 gee * 34 ’ . ane . . . . . . .
1len o 82 ¢+ 3,3 o 32 aan ¢ 32 o L * (A2 . * . . . . .
i2en ¢ 42 o+ 3.6 o 31 eee ¢ 31 o * . ate * * . . . . .
13=8 42 ¢+ 3,9 ¢ 30 e ¢ 30 o * * ten * 30 . . . . . .
léen o 42 o 4,2 o+ 36 s ¢ 36 o * . one . * . . . . .
15«8 o 42 ¢ 4.5 o 44 gen o b4 o 'S . v . . . . . . .
10en : 83 o 4,80 o 46 are > 86 9 . . ann * * : : . . .
NUSBER OF TESTS,s ue 16 see o Te ot . ee . JTTemee s . .
MNID NUNEYER o L0,,,¢ 29 aan * 2% o * * ate : l: : . . . . .
SEID NUMBER o AVG,.¢ 39 ane * 39 * . LX) * 3a . . . . .
SKID NUNBER o MY, 0 A1 ane * 0t o . . ren ¢+ o3 : : : . . .
] . . . - - . .
- [ I T YY T Pon LY X LI 2 XY T Y v ey * ¢-...-...Q..--....Q.-....-.0-....-..0........:..-.....
J
DIOTRICT..08, CON, 1770088 o DETAIL TEST LISTING SKID RESISTANCE REPORY OATE 06/02/78 [ 4134 1

(I T T TP P Y Y Ty e P P Y Y LT P P Y S A PP P L Y P P P Y DAY P YL PP LT DL R L R S L L L I P R DL Ll DL DR L LR Sl A d R d XTI LI P L LY 24

*13TORAGE DESTRUCTION'! ERRNR, Aoscoe B)«pa.fs — I Zo
CON MEADER INWORMATION CANCELLED, /Va.;/ &uﬂa/ Jrore/ Lorne

REASON & NONMATEN OF DISTRICT NO, AND SECURITY IDENTIFIER,

(I LI YT Y PP Y T P T P Y YT Y Y P Y I L R L P PP R Y T R LAY YT PPy PP Y XY P IY Y P Y S L P Y P e Y Y P L T L 2Py

CONSTANTS THIS TEST « (1) TESTED ON S/31/78 €3) AIR TEMPERATURE AT TESY was 88 pZéreers p, *
€(2) USBING TRUCK NO, &1 (4) TRAVELING «OPPOSITE® THE FROM/TO DESCREIATION +

.

WARNING ®» THIS TEST ALNNE IS INSUFPICIENT YO ESTABLISH THE SAFE PRICTION VALUE POR A HIGHWAY .

(A A I LI LI LI IZ ISP L2 2L DAL LI 2L 2T D LT Y P T2 T T 22T AL A2 R P T 2 PR A ST PP 2T LA P LT P R R 2L T 2 1)

we GENERAL SKID TYEST DATA evesenwe SN BREAKDONN BY _ANE ewsttoocqeencsvsepvevavevaven SN BREAKDOWN BY COMMENT secosvsvrmpgevonvereccne
TEST & o o CUMN, o T * . * ¢ E L een . ¢ INTERae ¢ 8T8UCe ¢ R, R, o ¢ CITY ¢ DISY,
LANE ¢ SPEED ¢ WILES o BN sar A o B ¢ C ¢ D o OVER w#e FLUBWN o PATCH o SECY, ¢ TYURE ¢ XING ¢ CURVE & LIMIT o SELECT

(I AT I AT R YL P L L e P DA T A T I D D D P LD A Y RS R R RN R P Y LY P PR Y Y L Y Y Y 2 P PP T Y Y YT T T PR PEY 2L L LY T T T LT T Y Py vy P A

1ol o 41 ¢ 0,1 ¢ 81 ene ¢ 51 o ¢ . (&1} 3 L * L] L) * +
2e8 o 39 ¢ 0,2 o 82 asn . 352 o + . was . . . » . . .
Jes o 39 ¢ 0,8 4 88 een . 48, . . LT . . + . v ¢ .
dog o 39 ¢ 0.6 ¢ 53 ene ¢ S3 o . . L1 . . . . . . *
Sef ¢ 4 ¢+ 0,8 o 48 see ¢ 48 o . ¢ LR ’ + . . . L4 +
bl o 40 ¢ 1,0 ¢ &9 aen ¢ 49 o ¢ * whw * ¢ ¢ & [ * +
Tag ¢ 40 ¢ 1,2 ¢ S0 ene ¢ 50 ¢ . * e . ¢ . . ¢ . +
8ap o 37 ¢ 1,4 & 42 was ¢ 42 » . . “ne . v . + . . +
%28 o 39 4+ 1,6 ¢+ AT ene ¢ 47 0 . . oo . . LIS AR . + .
108 o 42 ¢+ 1,8 ¢ &) nee o 81 . . (L1 . . . . ¢ + +
1ieg o 40 o 2,0 o 48 aen s 40 o . ¢ (1 . + . * % ® .
ideg + A0 & 2,2 ¢ AT awe ¢ &7 o . ¢ ane . * . . C e + .
13og o 39 &+ 2.8 4 49 ane . 49, . . eee . . ® v 4 . .
ldog 39 o 2,6 4 AT wee o 47 o * ¢ (12 * * . ¢ * * +
1%8 ¢ 38 ¢ 2,8 ¢ 49 nan + 49 * ¢ (1] 3 . . (1] L3 . . *

21 I I T I R TS Y P R LY L P Y Y I Y T R LYY T Y PP e T YT Y PR YT Y P P T YT Y P P Y Y YT TTY P Y T T T TFT Y DT YY LR T T LY T 2 Y T T Y T T
NUMBER OF TESTS, .y o+ 15 ene * 15 o . . (L1 * . . 2 . ¢ . .
SKID NUMBER w LO,,.¢ 81 wae ¢ &8 o . . she . . . ay ¢ . . .
—2p= SN ID NUMBER = AVG .4 88 oen o 48 . . . e . . ¢ as . + *
SNID NUMBER @ HY,,,¢ S3 ans ¢ 33 ¢ . 3 oehe . . . a9 . . * .

PPN PRt R e PP et NPT RNl NSt i PR PPl TR ¢ R YR P rene el i orur P ac g e eerRradorcamaenéerererendé et roancsudrresancadprersgnadrrswsswe

=
(o]



DISTAICY, 08, CON,, 1770044 « NDETAIL TEST LIBTING SKID RESISTANCE REPORT | DATE 06/02/78 PAgF 2

*

r YY) Y - ™ PP PN PORN PRI TP PN PPN e e T PONRTITPOR G reow [ mepeoepeve ¢ oad

*ISTORAGE DESTRUCTIONS! ERROR, Aasase A?,vpa.:.f — 2K 2o
CBN WEADER INFORMATION CANCELLED, éb.s/ M 7rore/ Lovre
REASON » NONMATCH NP DISTRICT NO, AND SECURITY IDENTIFIFR,

[ woosvsnvateow - - ooendépeenpee » ad
CONSTANTS THIS TESY « (1) TESTYED ON 3/31/78 €3) AIR TENPERATURE AT TESY WaS 88 ozeners 7, .
(2) USING TRUCK NO, 4 C8) TRAVELING wraniTHean THE FROM/TO OPSCRIPYION .
.
WARNING ® THIS TEST ALONE 13 INSUPPICIENY TO ESTASLISH THE SAFE FRICTION VALUE FOR A MIGMuNAY .
oo GENERAL SKID TESY DATA ccescece SN BREANDOWN BY LANE weoneay eoscove oo SN QRAZAKDOUN BY CONNENT oe -
TEST & o o Cumm, o eoe . * . s T & oee . & INTERe ¢ STRUCe ¢ R,A, o ¢ CIY%Y o D187,
LANE o SPEED ¢ NILES ¢ 8% o0a 4 ¢ B ¢ C o D o OVER eon FLUSH o PATCH o SECY, ¢ TURE ¢ XING ¢ CURVE o LIMIT o BELECY
* * L 2 14 00 00P00IONCPI PN detacisaregedte * ¥'s dooee woose ovbew . . * oo
e o 30 ¢ 0,8 o S een o 81 o * . ete . . . . . . .
2ot o 38 ¢ 0,0 o 31 eer ¢ Sl o . * 10 * ) . . * . .
Jog o 8 ¢ 1,0 o 49 eee ¢ 49 o ¢ . ete Y * * * ° . .
o8 o 81 ¢ 1,2 ¢ 52 eee o 52 o . . ate * * . . . . .
Seh o 4 ¢ 1,8 ¢ 30 eee ¢ 50 o * . (11] . . . . * . .
o8 o 81 ¢ 1,6 o 31 eee ¢ 51 o . . ene . ¢ * . * ¢ *
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APPENDIX IV
HOT-MIX TEMPERATURES
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SAMPLES FOR EXTRACTION TESTS TAKEN

1977

AUGUST 17 THROUGH DECEMBER 5,
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EXTRACTION TEST RESULTS
Item 3052 Recycled Asphalt Stabilized Base

PERCENT
Sieve
+ 1" 7.3 2.8 3.1 7.9 8.4 6.5 4.5 2.4 2.9 2.8 2.2 8. 2. 6. 2.
+3/4" 17.4 8.0 11.4 11.0 13.3 17.4 14.4 7.2 5.6 3.4 7.0 3.0 12. 5. 6. 13. 5.
+3/8" 37.6 10.7 20.6 17.9 23.3 27.2 25.6 15.6 36.8 6.7 18.0 11.5 21. 14. 15. 21. 18.
+ 4" 56.2 37.8 42.1 37.4 43.6 44,7 45.5 37.1 61.3 36.8 37.5 30.9 41. 33. 36. 40. 40.
+ 10" 74.7 1 56.9 60.3 56.7 61.2 61.9 62.9 57.9 70.5 59.0 57.3 56.8 61. 54. 57. 58. 59.
+ 40" 84.7 74.5 74.0 72.3 75.9 76.6 75.5 72.8 79.4 76.5 75.5 75.3 75. 74. 72. 74. 77.
- 40"
+200" 91.0 90.3 89.1 87.9 89.8 90.6 90.4 89.5 92.1 91.3 91.4 90.3 91. 90. 89. 89. 92.
Pass 200" 9.7 10.5 10.9 12.1 10.2 9.4 9.6 10.5 7.9 8.7 8.6 9.7 8. 9. 10. 10. 7.
Residual
Asph. 6.1 6.5 6.7 7.4 6.3 6.2 7.6 7.7 6.2 6.3 6.9 7.0 6. 7. 7. 5. 6.
SAMPLES FOR EXTRACTION TESTS TAKEN
AUGUST 17 THROUGH DECEMBER 5, 1977
&
EXTRACTION TEST RESULTS
Item 3052 Recycled Asphalt Stabilized Base
PERCENT
Sieve
+ 1" 3.8 3.7 4.2 2.6 7.7 2.0 9.0
+3/4" 5.4 9.3 6.0 7.0 4.8 | 15.6 6.1 | 12.4
+3/8" 12.3 | 23.6 17.7 19.4 | 12.5 26.2 15.4 | 21.3
+ 4" 33.6 | 44.5 38.7 42.5 31.1 | 46.4 36.5 | 40.3
+ 10" 57.5 | 62.8 |59.3 | 63.4 | 53.3 | 61.7 56.6 | 58.7
+ 40" 74.6 78.7 76,1 76.4 74.0 | 76.5 74.8 75.8
- 40"
+200" 90.5 | 92.8 |91.0 | 90.7 | 89.8 | 90.0 | 91.3 | 90.0
Pass 200" 9.5 7.2 9.0 9.3 | 10.2 10.0 8.7 10.0
Residual
Asph. 6.4 6.0 6.2 6.3 6.3 5.9 6.7 6.5

SAMPLES FOR EXTRACTION TESTS TAKEN
AUGUST 17 THROUGH DECEMBER 5, 1977

19
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TEXAS HIGHWAY DEPARTMENT

RIDDER NDATE DIV JOR Tommissoiom
3 377 8 22
b : ITEM DESCRIPTION *QUANTITIES BID PRICE EXTENSION
Lgsolsol ALAD HR 159,100 30.00000 44500400
150/ 502 BLAD (EROSN CONT) HR 50,4000 310,00000 1:500.00
204501 SPRINK MG 302,000 4,00000 1.708400
204|505 SPRINK (ERNSN CONT) MG 30,000 4400000 120,00
213 /502 ROLL (MEDM PNEUM TIREIN(TY A) HR 610,091 20.00000 12,700.00
322|528 AGGR {CL B TY A GR 3) cy 35,000 20.00000 700,00
322|529 AGGR (fL B TY A GR 4) cy 30,000 20.00000 600400
322|614 ASPH GAL 2,000,000 1.00000 2:000400
3401501056 ASPH (AC) TON 571.000 8800000 504748400
340|504 056/ AGGR (TY D) TON 8,946,000 13.40000] 1194876440
560523003 TERM = ANCH SEGT EA 18,0100 275.00000 4,950.00
562|501 REMOV AND WEPL MEYAL REAM GD FENCE LF 10,425,000 7.25000 754541425
562|505 REMOV AND REPL TERM=ANCH SECT FA 64000 3130,00000 1,950400
592/ 501|002 CONSTRUCTING DETOURS (CL 1) STA 16,7200 24400,00000 35,3000
740501 DELIN TY T (IND HOHISED) EA 124,070 3,00000 17200
740|502 DELIN TY 11 (IND ROUSED) EA 100,000 5.00000 500400
2037501 ASPH TREAT RASE SY 131,854,000 1.35000| 178,016,440
2037|502 ASPH MATL (EA=11M) GAL 581 4100,000 .50000]  290,5%0,00
30%1)|501 SPRINKLE TREAT cy 470,00 40.00000 19,200,00

(23
(00




TEXAS HIGHWAY DEPARTMENT

PROJECT I 20=~2{114)235% BIDDER DATE DIV JOB  rommea ses sm
COUNTWIILAN 3 37 8 22
o m}ég%ooi 57 ITEM DESCRIPTION UNIT PN mg’:gcf EXTENSION
3052501 ASPH (AC=-3) TON 19458,000 88 ,00N000 128,304,00
30521502 ASPH ADDITIVE TON 132,000 190,00000 _252080,00
3052{503 SALV MATL _ TN 439455400 14.64000 636,181.20
3052{5%504 1T AGGR (COARSE) - TON 7+949,000 14.,64000 116,373.36
5010501 METAL RM GO FENCE POSTS (TIM) £a 246,009 11.00000 94526.00
7017/501 REMNV DELIN ASSFM o FA 2244000 3.00000 672.00
7146501 BEACONS _ LS 1eN) 3,000.001000 3,000,00
7222|504 DELIN POST (6.5 FT) FA 224,000 6. 00000 19344.00
72631501 TJEMP PAV MARK LF 8004000 1.00000 800.00
1GTAL 197240267461
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QUALITY ASSURANCE i Introduction
EVALUATION % On September 21 and 22, 1977, a team from the Source Evaluation Section

of the Texas Air Control Board sampled the scrubber stack on the

The attached report has been evaluated in terms of adherence to f portable hot mix plant of J. H. Strain and Sons, Inc. At this time

standard procedures, practices defensible by sound engineering the plant was located near Roscoe, Texas and was processing re-

logic and compliance with established Quality Assurance policies. | cycled asphalt. This source was sampled to evaluate particulate
and sulfur dioxide emissions from this process. The team leader

As a result of this evaluation, this report is classified as a was Manny Pointer, Engineering Assistant III} he was assisted by

SOURCE EVALUATION and the following discrepancies are noted Nick Starche and Jim Knipstein, P.E.

as a matter of record:
New Source Performance Standards, Particulate

tead of 44 ints that were New Source Performance Standards (NSPS) for this source allow 0.04
* i 42 sampli ints ins o poin . ' .
tﬁ?m muiilfngomtsagci?:egoby stack dimension criteria grains per dry standard cubic foot, in-stack particulate concentra-

established by the Envirommental Protection Agency and adhered to by the Texas tion. Data obtained on this test has been converted to units of "grains
Air Control Board. per dry standard cubic foot" on page A-12. The average concentration

was 0.0977 grains per dry standard cubic foot.*

Texas Air Control Board equipment and procedures were used in obtaining
this data; however, the impinger catch has been deleted in calculating
the above in-stack concentration to agree with Environmental Protection
Agency (EPA) Method 5. Other Texas Air Control Board differences

from EPA Method 5 were the use of deionized water wash in place of

an acetone wash for cleanup of the probe liner and glass ware, and the

J. H. Strain & Sons, Inc.

e ,use of an unheated probe liner in place of a heated liner.
an

Voided Samples

Roscoe, Texas
Location

Sample one was terminated because the plant stopped operations for
the day; this data has been voided. On sample two, a post sample

September 21 & 22, 1977 check of the isokinetic percentage showed that this sampling did

Date of Sampling

not meet Texas Air Control Board standards for particulate sampling;
however this sample can be used for the gaseous sulfur dioxide
analysis. ‘After completion of sample four, the glass filter holder

R W3 s N

Team Leadétr James B. Draper, P.E. ~
Quality Assurance, Source Evaluat

Ledgee 3/, /577 o 2 enn

Date of Signature Date of Signature

broke. Since this presented possible filter contamination, this

sample is voided for particulate sampling, but is valid for sulfur
dioxide sampling. Particulate data from sample four has been included

for comparison purposes but has not been used to obtain data averages.

* Not corrected for excess air.
73 A
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sulfur Dioxide
Sulfur dioxide pollutant mass rate was hand calculated from samples

Hand calculations are shown on page A-13,

two, three and four.
Average sulfur dioxide pollutant mass rate was 0.42 lb/hr.

Texas Air Control Board Rule 105.1, Particulate
Average allowable particulate emission rated under Texas Air Control
Board Rule 105.1 was 36.2 1lb/hr while average particulate pollutant

mass rate was 19.3 lb/hr. Impinger catch was included in the

calculation of this pollutant mass rate.

Sample Time Correction
Plant power provided by a portable generator did not produce 60 H=z

current. Necessary corrections have been made to the sample time

shown on the raw data before it was input into the computer program.

Additional Information on Plant Operation
Since the recycling of asphalt pavement is a relatively new process,

the following information was obtained, for reference only, from

plant personnel. At the time of sampling, the burner fuel was

The percent of excess air is calculated on page A-14 and
The "average"

propane.
was 153% based on an average of eight orsat readings.
temperature of the mix at the exit of the drum was 225 degrees

fahrenheit. Nominal production rate was 200 T/hr. Sixty-nine percent
(by weight) of the mixture was old asphalt, 16% was virgin base and 15%

was salvage base. Moisture content of the old material was 7%. There
were no provisions for measuring the pressure drop across the venturi

scrubber orifice.

Plant Operational Status

The percent of maximum operating capacity was 33% and the percent
of normal operating capacity was 67%, see page 5 for additional

information on plant Status.
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NAME OF STACK/DUCT Scrubber Stack

PARTICULATE SUMMARY OF RESULTS

Account Number 903-028-0 Emission Point Number 1
I
Sample Sample Sample Sample Average
One & two three four five Value
Time @ 1221-1434 égg_}“igﬁ 1056-1238
te 3 9-21-7 - -29-
Da > é 7 /2123777 9-22-77
stack Temperature 3 Q
Deg F . 9 164 161 161 162
port Velocity 'E‘L -
Ft/Sec 5 Jé 67.8 63.4 63.6 65.7
Percent 2
Water F‘ & 35.0 32.6 32.4 33.7
Total Flow Rate ,g %
ACFM o —~ 45,100 42,200 42,400 43,800
2 9
Effective Stack 0 "
Height in Y09
Feet g o 63.3 60.5 60.6 61.9
r& o
Standard o .‘-:4
Effective Stack o '&
Height in Feet ) % 44.7 43.7 43.7 44,2
Allowable R
Emission Rate in - 3 36.9 35.4 35.5 36.2
1b/hr Q ©
Rule 105.1 O O
2 A
Poll\;tant Mass n f‘
hteiin 1b/hr 3 &
0 M 14.4 16.2 24.2 19.3
S 0O
O W
Qo
-~ @
g . 102 100 98.3 100
5 - U
0 A
[
39.0 45.7 68.2 53.3

occurred after sample campletion.
Cles when examined prior to being placed in sample envelope.
e ed with angled sunlight by team leader and an assistant.
@_Dded for information only and was not used to calculate the average values 76

@ on this page.

Filter did not appear to have any glass
Filter was
Sample four is !



SULFUR DIOXIDE SUMMARY OF RESULTS Texas Air Control Board
8520 Shoal Creek Boulevard
Austin, Texas 78758
PLANT OPERATIONAL STATUS FORM
NAME OF STACK/DUCT Scrubber Sampling Periods ' _ :
Date q<92-~77 Account Number 7@ 2-020-0
Plant Name J. H ?)Jﬂ?é’m‘ 5 Sws Location KOQCDQ) 7%
Stack Name Seprubbe f Stac k /
Account Number 903-028-0 Emission Point Number 1 Proportional or Isokinetic Sampling 3 ket
Sample Duration of Sample Date of
Number (Show Start time and Stop time) Sample
: 2 [#8% -
o e’ S hree SRt Nalne: K- From _of)f To __ [9/% _G-2al-77
. 15211729 2.3 Ao iIgR (23 To /434 e id q-;,ql
Time 0818-1314 ;221-;334 0807-1011 2. ¢ om > /S2] To __ /729 z»(mag‘oz g-2/-77>(9-22-77)
Date 9-21-7 =21~ w5 From J35¢ To /235 Tojeil) J-22-77
Stacgce;‘emé‘)eratur 161 164 161 " 1162 Speclal Conditions ngg,&/‘d’:?{ﬂn& @éjc.uf‘ /@LM’) g~ Z,/ 77 ﬂ,vr«u»/\?-'[) .A/O""\ i
Port Velocity 4"272"'77 MM QAC& . ‘ 4;,/ |
Ft/Sec 71.0 67.8 63. 4 67,4 Signature 7//744&7/‘»// ; ‘
. Voo . :
Percent 1 Title Cné’m‘l‘%%’\?f 4@@«@{‘ =
Water 32.6 35.0 32.6 33.4
Total Flow | The above portion is to be completed by the Air Control Board
Rate | representative. The following_gortion is to be completed by the
SCFM 36,600 34,800 32,600 34,700 | plant representati\re.

“Plant Status During Sampling

Effective Stack Periods Shown Above

Height in : .
Feet, 64.9 63.3 60.5 62.9 | Type of Process _[Rocing Plont, Ruﬂc} Deoh Steb, RBac
Stfizndaf'd St' . o Abatement Contr°17 BOCJ neg T‘AOV')‘VH‘:_,'I S \o e L:I [L)C/‘/ SCV‘U}'VA;:'}’ é‘D.?)M o 6~
Effective Stac NO TEXAS AIR [CONTROL BOARI RULE APPLIEY TO THIS | . T,
Height in SOURCE FOH SO, | T St?f:'eﬂiipgh}:igq /2 ft Stack Exit Diameter ) [1‘*3 X ,L/
isonaD. g | nd Loved) Emission Point Number Jou/,/ [ 4/¢/e/ .
Emi::io: Rate d ' | ' Sample Percent of Percent of Normal /
in 1b/h£ NO ggﬁggEAgchggTROL BOARD RULE APPLIES TO THIS Number Maximum Capacity Operating Capacity Special Conditions
Rule i\I/A 2 v A Z 33% (222% S ee UQ-)»c éc/cod
l ‘ e ’2/‘ 3 g é‘ ?O
Pollutant Mass KK 23% e
Rate in lb/hr 0.41 0.39 0. 45 0.42 sl 225 L2 %
l w H.5 22 % L7
4 . .
E e Additional Information -During +he Somplng e (Weve o7 7%:: end oi’
Percent of NO TEXAS AIR [CONTROL BOARI] RULE APPLIEY{ TO THIS Sur sjugp;/c ond He mmotenss/ S n/de ot ond we hod
Allowable SOURCE FOR Soz m‘,b/c ‘U'M CG/J Fc-cdé ;
B certify that the above statements are true to the best of my

*Hand calculated values. Only two significant figures are valid. See hand knOWIedge and belief:

calculations on page A-130f this report.

Signature /y/'// /,11
Title //,[/(d . /[)u/z//w
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APPENDIX A

79

Explanation of Computer Printout

1.

Sample two ran "separately” and the output or calculation
results have been used as input to the hand calculation of
502 pollutant mass rate. No data from sample two was used
to produce page A-10 of this report.

Sample four also ran "separately". This sample was also

eliminated from the averages shown on page A-10 because of
possible filter contamination. ‘
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INPUT DATA

JoHSTRATIN AND SONS ROSCOE SEPT 1977

SCRUBRFR STACK STARCHE
SAMPLE MO TWO DATE 9=21=77 TIME 0818 TO 1014

NOZJAREAS 0001244 SOFT PITOT CALIB, FACTOR: 8370

TRAV, DURATINN 83,0 MIN, VoL, DRY GAS METER: 22,78 CUFT

STACK: DIA,EXIT 3,76 FT, PORT 3.76 FT, HEIGHT 23.8 FT

ORSAT ANALYSIS: C02 ,050, 02 ,125%, CO ,001, N2 ,824, DGMCF= ,9980

TEMP IN DEG F: DRY GAS METER AVER, R4,N0, STACK AVER, 161,00

FASS IN GRAMS: TOTAL TMP, GAlN 216,80 TOTAL PARTICULATE «1472
PARTICULATE 1N 1MP, L0112, SG2 L0025, H2S 0000,

H2S804 L0000, FLUORTDE TONS L0000, SO3 L0000,C1L2 7 L0000

PRESS: ATMNS 27.18 1IN, HG, STACK -.650 IN,H20, AV,DELTA H 189 IN,H20

PITOT TURE DELTA P'S IN 1N.H20:
1,400 1,300 1.300 1.100 L900 .650 L450 1,500
1,200 1,000 L0920 ,730 .750 LS80 1.500  1.200
1.100 1.000  .980 1,200  .830 1,400 1,300 1,200
1.200 1,300 1,300 L8200 1.400 1,360 1.300 1,300

1,400 1,300 1,300 1,300 .700 1,200 1,200 1,300
10?00 .700 | .

PULE 107 PROCKSS WETGHT RATE .0 POUNDS PFR HOUR

RULE 105,3 & 201,5 HEAT INPUT .0 MILLION BTU PER HOUR
RULES SELECTED  e@epee
EXCESS AIR FLAG OFF . PARTICAL SLIZE FLAG SMALL

MOTSTURE FRACTION WAS BASED ON SATURATED CONDITIONS

81

CALCULATION RESULTS

JeH STRAIN AND SONS ROSCOE SEPT 1977

SCRUBRER STACK

STARCHE
SAMPLE. NO TwWD DATE, 9=21<77 TIME 0818 TO 1014
32.56 % H20 B2 ,337 NOZLVOL, 38,576 CUFT  EACK 1.000
AV.VEL(PORT 71,002 FT PER SEC  H,WT, 25.62 EF.STK,HT 64.9 FT

ACEM 47303.1  SCFM  36609,8 (N0 EXCESS AIR CORRECTION)
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LU

PRESS: ATMOS 27.18 IN,HG, STACK -,450 IN,H20, AV.DELTA H «212 IN,H20O

INPUT DATA

J.H.STRAIN AND SONS ROSCOE SEPT 1977

SCRUBNFR STACK STARCHE
SAMPLFE NIV THREE DATE 9=21=77 TIME 1221 TO 1434
N(Z AREAS ,0001244 SQFT PITOT CALIB., FACTOR: LH370

THAV, DURATTON 83,0 MIN, VOol,, DRY GAS METER: 24,36 CUFT

STACK: DIA,FXTT 3,76 FT, PORT 3,76 FT, HEIGHT 23.8 FT

ARSAT ANALYSIS: CO2 .048, 02 132, CO ,000, N2 ,821, DGMCKF= L0980

TEMP IN DEG F: DRY GAS METER AVER. 87,50, STACK AVER, 164.00

MASS IN GRAMS: TOTAL IMP, GALIN 254,30 TOTAL PARTICULATE  .1029
PARTICULATE 1IN IMP, L0045, S02 .0028, H28  ,0000,

H25N4 L0000, FLUOFIDE 10NMS 0000, 503 .0000,CL2 .0000

PITOT TUBE DFELTA P'S IN TN, H20:

1,300 1.300 1,300 1.400 1,400 1.100 .730 1.400
1,000 L,990 1,100 1,200 710 1,300 .980 ,900
1,300 1,300 1,300 1,400 1,200 ,750 1,300 1,100
.830 B30 B30 L7150 1.300 1,000 .900 . 750
«600 $ 520 .450 1,200 1,200 1.000 .880 730
+550 .400

PUQE 107 PRNCESS WEIGHT RATE .0 POUNDS PER HOUR

rRULF. 105,3 & 201,5 HEAT INPUT L0 MILLION BTU PER HOUR
RULES SELECTED 105,
EXCFKSS AIR FLAG OFF PARTICAL SITZE FLAG SMALL

MO1STURF, FRACTION WAS -BASED ON SATURATED CONDITIONS
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CALCULATION RESULTS

JoHJSTRAIN AND SONS RHSCﬁH SEPT 1977

SCRURBER STACK ST
STARCHE

SAMPLLE NO THREE DATE 9=21=77 TIME 1221 T0 1&34

34.99 % H20  RW2 360  NOZ.VOL., 42,694 CUFT  EACKF 1.000

AVL.VEL ,PORT 67.760 FT PKR SEC MoWT. 25.34 EF.STK,HT 63.3 T

ACHM ie .
CHi 45143.2 SCFM 3J47T89,0 (NQO EXCESS AR CORRECTION)

RULE 105,1

39.0 % NF ALLOWARLE LSS0, 101,7

- STDLEF,STK  HT :
EMISS  RATES, LRS/HR: ALLUWARLE TH.HT. 44,7 BT

36,9, PULLJMASS 14,4
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THPIT DATA

JJH.STRATN AND SONS | FOSCOE SEPT 1977

SCRIURBER STACK STARCHE
SAMPLE NO FOUR DATY, 9/21-22/77  TIME 1521=1729:0807=-1011
NOZJAREAZ .0001244 SQFT PITOT CALIR, FACTOR: .B370
TRAV, DURATINN 83,0 MIN, VOlL,, DRY GAS METER: 23,38 CUFT

STACK: DIA,EXIT 3.76 FT, PORT 3,76 FT, HEIGHT 23,8 FT

ORSAT AMNALYSIS: CO2 ,049, 02 130, CO LONO0, N2 821, DGMCF= L9980

TEMP IN DEG F: DRY GAS METER AVER, 87.50, STACK AVER, 161,00

MASS TN GRAMS: TOTAL 1MP. GAIN 217.90 TOTAL PARTICULATE .1139
PARTICULATE TN TMP, L0090, SO72 ,0032, H2S L0000,

12504 L0000, FLUORINE TONS L0000, S03 L0000,C1,2 L0000

PRESS: ATMOS 27.12 IN,HG, STACK ~,6HO IN,H20, AV,DFLTA W 189 1IN,H20

PITAOT TURE DELTA P'S IN TN H20L:

1.200 1,000 . 960 .920 . 750 520 .400 .950

1.200 LR20 700 .550 <520 .430 1,200 .900
.B00 . 740 .750 . 150 L600 1,100 .930 1.010
.920 1,100 .990 .580 L1100 1,100 1,100 1,200

1.200 .990 L0550 1,200 L9775 .950 1,100 1,100
.970 ,h00

—

RULE 107 PRNACESS WEIGHT RATE .0 POUNDS PER HOUR

RULE 105,3 & 201,55 HEAT 1MPUT .0 MILLION RTU PER HOUR

RULKS SELECTFED 105,1
EXCKSS ALR FILAG OFF PAKRTICAL S17F FLAG SMALL

«

MOTSTHRE FRACTTON WAS BASED UN SATURATED CONDITILIONS
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CALCULATION RESULTS

J.H.STRA[N AND SONS ROSCOF SEPT 1977

SCRUBBER STACK
STARCHE

SAMPLE NO FOUR DATE 9/21-22/77 TIME 1521=1729:0R07=101}

:32-56 % H?(] sz 0333 N[_]’/'.V[‘”J. ;().335 CUF,T EACF 1.000

AV, VEL.PORT 63,393 FT PER SEC MeWT, 25,62 EF.STK,HT 60,5 FT

ACEM 42233.6  SCFM  32611,3 (NO EXCESS AIR CORRECTION)

RULE 105,1

45.7 % OF /\l;[;()WAHl-(". %]SU. 100.‘ S']D."‘.F.STK HT

EM1SS . RATES, LBS/HI': ALLOWARLE 43.7 FT

35.4, POLL.MASS 16,2
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 RUhH 105.,3 & 201.5 HEAT TNPUT

INPUT DATA

J.HJSTRAIN AND SONS RASCOE SEPT 1977

SCRUANRER STACK STARCHE
SAMPLE NN FIVE DATE 94=22-=77 TIME 1056 TO 1234

NOZ.AREA? L0001244 SOQFT P1TOT CALIB, FACTOR: 8370

TRAV. DURATION 83,0 MIN, VoL, DRY GAS METER: 22,99 CUFT

STACK: DTA,EXIT 3,76 FT, PUORT 3,76 FT, HEIGHT 23.8 FT

ORSAT ANALYSIS: Cn2 ,04%, 02 .134, CO ,000, N2 JRB21, DGMCF=  .99R0

TEMP 1IN DEG F: DRY GAS METHER AVFR, 86,00, STACK AVER, 160,80

MASS IN GRAMS: TOTAL [Mb, GAIN 216,60 TOTAL PARTICULATE .1673
PARTTICULATE TN 1MP, 0040, S02 L0000, H2S L0000,

H28N4 L0000, FLUORIDE [TONS 0000, sul ,0000,CL2 .0000

PRESS: ATMNS 27.20 TH.HG, STACK -.920 IN,H20, AV,DELTA H 186 IN,H20

PITOT TUHWE DELTA P'S 1IN IN,H203

1,100 1,100 1,200 1,050 1,050 «950 «630 1,100

1,100 1,100 1,100 1,200 1,100 « 660 ,200 1,040
«910 L4920 1,000 1,000 680 1,100 « 950 .R30
«770 710 . 150 L430 1,100 - (980 . 850 130
+600 050 .440 1,050 1,150 «990 .900 .780
«600 . 360

—

RULE 107 PROCESS WEIGHT RATE .0 POUNDS PER HOUR

.0 MILLION BTU PER HOUR
RULES SELECTFED 105,1
EXCESS AIR FLAG OFF PARTICAL SIZE FLAG SMALL

MOTSTURE FRACTTUN WAS -BASED ON SATURATED CONDITIONS
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CALCULATION RESULTS

J.,H,STRATN AND SONS ROSCOR SEPT 1977
SCRUHDER STACK STAT
STARCHE

SAMPLEK N0 FIVE DATE 9=22-77 TIME 1056 TN 1238

32.41 % 20 BW2 (336 NOZ,VOL. 38,718 CUFT  EACF 1.000

AVL.VEL.PORT 63.587 FT PER SEC  M,WT, 25,61 EF,STK.HT 60.6 FT

A : .-
CFM 42363.1  SCKFM  32797,2 (N0 EXCESS ALR CORRECTION)
RULE 105,1

68.2 % NF ALLOWARILE %150 9R,.3 S E
) ‘ ) . 150, . STD EF.STK HT, '
EMISS RATES,LWRS/HR: ALLOWARLFE 35.5, POLL.MASS 43.7?;T7
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AVERAGE RESULTS

J.HGSTRAIN AND SOHNS

SCRUHBREKK STACK

33,70 % H20 BW2 . 348

AV,VEL.PORT 65.674 FT PFR SEC M WT, 25.48 EF.STK.HT,

ACFM 43753.1 SCHFM

RULE 105,1
53.6 % OF ALLOWARLE

FMISS.RATES,HS/HR: ALLOWARLE

PERCENT OF ALLOWARLE FROM

ROSCOE  SEPT 1977
STARCHE
NUZLVOL, 40,706 CUFT  EACF 1,000
61.9 FT
33793,1 (NO EXCESS AIR CORRECTION)
2150. 100.0  STD,EF.STK.HT, 44,2 FT

36,2, PULL.MASS 19,3
AVERAGE RESULTS: 53.3
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HAND CALCULATED PARTICULATE
* POLLUTANT MASS RATES WITHOUT
IMPINGER CATCH FOR "NSPS" TYPE
SAMPLING

G Part. (ACFM) 60

PMR (o rticulate) = 1b/hr

condentration method Noz. Vol (453.592)

Sample Three

0.0984 (45143.2) 60

42,694 (453.592) = 13.8 1b/hr
Sample Four

0.1049 (42233.6) 60 _ ,
39.335 (453.592) = 14.9 1lb/hr
Sample Five

0.1633 (42363.1) 60 = 23.6 1b/hr

38.718 (453.592)

Average 18.7 lb/hr (Sample four not included in average PMR;
see note on summary of results page 3).
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CONVERSION OF TEXAS AIR CONTROL BOARD DATA
TO IN-STACK CONCENTRATION WITH UNITS OF
GRAINS PER DRY STANDARD CUBIC FOOT

grains
grains = 7000 1b X PMR. 1lb/hr
DSCF SCFM x DGF x 60 min/hr

where DSCF is dry std. cubic feet, SCFM is standgrd cubic
feet per minute, DGF is the fraction of dry gas in the
stack, and PMR, is the pollutant mass rgte.based on
concentration and does not include the impilnger catch; see
page A1ll.

Sample Three

7000 (13.8) = 0.07119 grains

34,789.0 (0.6501) 80 DSCF

Sample Four

7000 (14.9) grains
32,611.3(0.6744) 60 = 0.07904 Fzpp—

Sample Five

7000 23.6 - 1242 ~grains

32,7972 (0.6759) 50 0.1242 - 5zeF

Average 0.0977 %%%%ﬂg (sample four not !-.cluded in average

concentration, see note on summary of results, page 3 ).

4
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HAND CALCULATION OF
SULFUR DIOXIDE POLLUTANT
MASS RATE

PMRg, = Gm SOp  (ACFM) 60 , 1b/hr
2 Noz. Vol. (453.592)

Sample Two (voided for isokinetic sampling but valid for SO
sampling) 2

0.0025 (47303.1) 60
38.576 (453.592)

= 0.4055  1b/hr

Sample Three

0.0028 (45143.2) 60
42.694 (453.592)

0.3916 1b/hr

Sample Four (voided for particulate sampling but valid
for gaseous sampling)

0.0032  (42233.6) 60
39.335  (453.592)

= 0.4545 1b/hr

Average = 0.42

Note: sample five did not include provisions for measuring SO2

PMR
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1 CALCULATION OF AVERAGE ORSAT VALUES
|
i

TEYAS IR E0UTPOL agan
AND PERCENT EXCESS AIR FOR EACH SAMPLE L 804RD
AND FROM AVERAGE VALUES ' Dec28 | s U
! ) {.
STACK SAMPLE COLPLIARSI CIVISION
ORSAT RESULTS AND PERCENT EXCESS AIR
at
Oksat XCo2 X02 XCO XN2 % Excess : J. H. STRAIN & SONS, INC.
No. Air
Roscoe, Texas
1 0.043 0.139 0.0 0.818 180.6
2 0.042 0.136 0.0 0.822 167.9
on
3 0.057 0.114 0.002 0.827 107.3
4 0.047 0.132 0.0 0.821 155.8 Novermber 2, 1977
| 5 0.049 0.131 0.0 0.820 153.3
| 6 0.050 0.130 0.0 0.820 150.3
Account No. 903-028-0
7 0.047 0.131 0.0 0.822 152.3
8 0.045 0.134 0.0 0.821 161.9
Avg. 0.048 0.131 0.0 0.821 153.7
(X02 - 0.5 (XCO)) 100
$ EA =
0.264 (XN2) - (X02 - 0.5 (XCO))

spbstituting average orsat values into this equation gives. December 6, 1977

% EA = 0.131 x 100 = 152.8%

(0.264 x 0.821) - 0.131

PREPARED BY THE STAFF COF THE

TEXAS ATR CONTROL BCARD

RECEIVED %

DEC 30 1977 QD

PbF-
REGION 1
TEXAS AIR CONTROL BOARD 9
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QUALITY ASSURANCE
EVALUATION

The attached report has been evaluated in terms of adherence to
standard procedures, practices defensible by sound engineering
logic and compliance with established Quality Assurance policies.

As a result of this evaluation, this report is classified as a
STACK SAMPLE and the following discrepancies are noted

as a matter of record:

J. H. Strain & Sons, Inc.
Plant

Roscoe, Texas
Location

November 2, 1977
Date of Sampling

22&%%7%(A2w2§ 47wu,4g ig,c

James B. Draper,’
Tean Leader 6ua11ty Assurance; Source Evaluat

/2~ /7-77 S ANeoe SIP2

Date of Signature Date of Signature
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Introduction

On November 2, 1977, a team frcm the Source Evaluation Section of the Texas Air
Control Board sampled the scrubber stack on the portable hot mix asphalt plant
owned by J. H. Strain and Sons, Inc. At this time the plant was located near
Roscoe, Texas and was processing recycled asphalt. This source was sampled to
determine particulate in-stack concentrations according to the Environmental
Protection Agency Method 5.

Impinger catch has not been included in the calculation of Environmental Protection
Agency (EPA) in-stack concentrétions but has been used to calculate Texas Air
Control Board pollutant mass rates. No excess air corrections have been made to
any of the data shown in this report. Only two samples were taken because the
plant shut down for extensive repairs prior to cbtaining the third sample.

The team leader was Manny Pointer, Engineering Assistant, he was assisted by
Nick Starche and Jim Knipstein, P.E.

Sample Matrix

Forty-eight points were sampled through six ports on the shoarter side of the
nearly square cross-sectioned stack; this required eight sample points on each

of the six traverses. Each element measured 0.445 by 0.520 feet. This matrix
layout was required because of the six existing ports and the short distance
between the ports and the stack exit. It is acceptable by Texas Air Control Board
standards but does not meet EPA requirements for a balanced matrix.

Conclusion

This source did not meet EPA New Source Performance Standards (NSPS) allowable

in-stack concentration of 0.04 grains per dry standard cubic foot. Average EPA
in-stack concentration was 0.0645 grains per dry standard cubic foot which does
not include impinger catch.

Texas Air Control Board, Rule 105.1 average allowéble emission rate was 41.0 lb/hr
while average pollutant mass rate was 20.5 lb/hr which includes impinger catch.

Sample Time Correction
Plant power provided by a portable generator did not produce 60 H, current.

Necessary carrections have been made to the sample time shown on the raw data before

it was input into the camputer program.

97

Percent Asphalt in Catch

The laboratory report, page B-21, shows the percent of asphalt found in each por-
tion of the sample catch. This percentage was determined by extracting dried
sample with methylene chloride. (CH,Cl,), evaporating the solvent and weighing
the residue. This procedure gave 102% and 105% asphalt on the filters used in
sanples one and two respectively, and 33.9% and 37.1;% asphalt in the prcbe washes
for samples one and two respectively.

Plant Operational Status

The percent of maximum operating capacity was 35 percent and the percent of
normal operating capacity was 70 percent.

Information on Plant Operation

This source was previously sampled on Septeamber 21 and 22, 1977 and at that
time additional infarmation on plant operation was dbtained for the sampling
report. On November 2, 1977, the same information was requested for this
report. Plant personnel reported that the source was operating essentially
the same as it was during the September sampling; the following information
is therefore repeated here: burner fuel was propane; "average" temperature
of the mix at the drum exit was 225° F; naminal production rate was 200 T/hr;
sixty-nine percent of the mixture was old asphalt, 16 percent was virgin base
and 15 percent was salvage base; moisture content of the old material was
seven percent.

Prior to the sampling, a representative fram Boeing adjusted the venturi scrubber
orifice. Pressure drop across the scrubber was not measured because the adjust-
ment was based on velocity at the venturi orifice. Average values of carbon
dioxide, oxygen, carbon monoxide, and nitrogen were cbtained fram four

separate orsat analysis of the stack gas, these were used to calculate the
percent of excess air as shown on page A-7. Percent of excess air was 302%.
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Texas Alr Control Board
PARTICULATE SUMMARY OF RESULTS 8520 Shoal Creek Boulevard

Austin, Texas 78758
PLANT OPERATIONAL STATUS FORM

NAME OF STACK/DUCT SCRUBBER STACK Sampling Periods
Date /[ 277 Account Number 413-029-0
Plant Name _J. f. S/l Sous, The, Location _Rmi, S. 4f Rpecoe  Txe
- 7
Stack Name \()c(\uh bop Stack
Proportional or Isokinetic Sampling I\’;o}:'mv_‘{*m
Account Number 903-028-0 Emission Point Number 1 Sample Duration of Sample Date of
— Number (Show Start time and Stop time) Sample
Sample Sample Sample Sample Aze’i’age 1; From //i % To /A5 » [/~2.-77
F alue -
One TwO Three our — 2. From /4 /4 To J5 5 (<273
Time 1115-1257 1414-1555 3. From To
Date 11-2-77 11-2-77
— 4. From To /
Stack Temperature 4 142 Special Conditions _,_/f)-mirﬁz/, /,"%/Z,;_,A _/;//// s \Q(éiﬁ W «{,/(,[\ L17
Deg F ' 141 142 — (/C'/S “man @//ZLC/l A »\[)) ‘K//’G"i/ﬂh;»u ({:/J /L'(j(f ' VfQ’.l_‘/{J’L -p{?_x;{{[& !’agu’é]{fu\f‘h.
: . i [2 7 .
Port Velocity ¢ : ' Signature '7771,4,,,,‘ ?V /éM/Z'*_/l(
Ft S 5 - / . /
/Sec 78.3 82.3 80.3 Title 4.\@/ «ul.‘,‘v({,‘\(-, ZZGA/(.;,Zv F Zr
Percent Y f
Water 19.8 20.5 20.1 The above portion is to be completed by the Air Control Board
- representative. The following portion is to be completed by the
Total Flow Rate plant representative.
ACFM 52,200 54,900 53,500 Plant Status During Sampling
Periods Shown Above
Effective Stack , . S , / 9/
Heig)cn-. in | Type of Process _ o /e s/ o I 12 vieis/ ‘j/ Dreve 4l Asru/« Ve /%u/
Feet 69.9 72.3 71.1 i Abatement Controls _L/"/"/l// ,‘xfﬂ,//,//,,»., .L/ls)/“'f. e /Z‘c',u;vc’/‘ry Jh e/ Sh. e
4 7 7 2 ” . o
Standard Stack Height 27/ "/r” ft Stack Exit Diameter I7 %" X 2% 7.l fc
Effective Stack 4.4 ! Emission Point Number / fﬂ(P@m’ 'Bce',,«c}f‘.‘.cid‘
Height in Feet 47.0 f7.9 . Sample Percent of Percent of Normal .
Allowable 40.4 1.6 41.0 Number Maximum Capacity Operating Capacity Special Conditions
Emission Rate in ) ) — 1. o4 I
1b/hr- EPA allowable ih-stack concenttation is 0.04 grains per dry standard 2. s —r
Rule  105.1 cubic foot Y T
Pollutant Mass 17.4 D3.7 20.5 4. ———
3 D
n. :JLLr? gl?a{hlrgxs/ Additional Information
dry Std. Cu. Ft. [0.0567 D. 0723 0.0645 ‘
s
Percent I certify that the above statements are true to the best of my
Isokinetic 102 102 102 knowledge and belief: )
Signature AR ///;« -
Percent of Title / / Kars ///’4 1'/(/,’/,/ /
Allowable 7

h9.9 51.3 45.7 100

*this pollutant mass rate includes impinger catch
**this concentration does not include impinger catch 99




INPUT DATA

J.H,STRAIN AND SONS ROSCOR NOV 16977

SCRIUBRBRER STACK Mo STARCHE
SAMPLE NO ONE DATE 11=2«77 TIME 1118 TO 1257
NOZ,AREAS .0002057 SQFT eITOT CALLB, FACTOR: «B370
g“ TRAV, DURATION 94,6 MIN, VOLe DRY GAS METFR: 66,32 CUFT

STACK: DIA,FEXIT 13,76 FT, PURT 3,76 FT, HEIGHT 26,8 FT
ORSAT ANALYSIS: C02 031, 02 161, CO ,000, N2 ,R0OH, DGMCH=z 1,0000

i TEMP IN DEG F: DRY GAS METER AVER, 74%,%0, STACK AVER, 141,00

MASS IN GRAMS: TOTAL IMP, GAIN 352.90 TOTAL PARTICULATH 2176

PARTTICHLATE IN TMP, L0173, 502 L0000, H2S L0000,

APPENDIX A H2504 L0000, FLUORLIDE LONS .0000, S0O3 LO000,C172 0000

13 PRESS: ATMOS 26,90 IN,HG, STACK =.670 IN,H20, AV .DELTA H 1,470 IN,H2Q0
I

31‘ PITOT TUHBE DELTA P*'S IN IN,H20:

1,100 L9880 1,200 1,100 <930 B850 «RB50 L7700

1,500 1,400 1,300 1,200 1,200 1,450 1.450 «ROD
te600 1,400 1,500 1,600 1,650 2,000 2,000 1,100
1,600 1,600 1,750 1,850 1,900 2,100 2.100 1,400
1,500 1,700 1,700 1,700 1,900 1,900 1,900 1,100
1.300 1,400 1,450 1,750 1,800 1,750 1.600 .850
RULE 107 PROCESS WEIGHT RATHE <0 POUNDS PFR HOUR
‘RULE 105.3 & 201,% HEAT INPUT O MILLTION KTU PFR HOUR

RULES SELECTFED 105.1
EXCESS ATR FLAG OFF PARTICAL STZE FLAG SMALIL

!MO]STURH FRACTION WAS BRASED ON SATURATED CONDITIONS

102
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CALCULATION RESULTS

J.H.STRAIN AND SONS ROSCOE
SCRUBBER STACK
SAMPLE NO ONE DATE 11=2«77

19,79 % H2N BW2  ,220
AV,VEL,PORT 78,347 FT PKR SEC

ACFEM 572195,9 SCHM

RULE 105,1
39,9 % 0OF ALLOWARLE %150,
FMISS,RATES,LIAS/HR: ALLOWABLE

NOZ,VOL,

M WT,

102,0

NOV 1977

TIME 1115 TO

93,296 CUFT FEACF

26,94 EF,STK.HT,

STD.EF,STK, HT,

40,4,

POLIL ,MASS

N STARCHE

1257

1,000

69,9 FT

41307.8 (NO EXCESS AIR CORRECTION)

47,0 FT
16,1
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INPUT DATA

J.H.STRAIN AND S0ONS ROSCOR NOV 1977
SCRUBRER STACK

SAMPLE MO TWO DATE 11=2«77

NOZ  AREA: 0002057 SQFT PITOT CALIB, KACTOR: L8370
TRAV, DURATION 94,7 MIW, VL., DRY GAS METER: 70,51 CUFT
gTACK: NTIA,EXTT 3,76 ¥T, PORT 3.76 ¥T, HEIGHT 26,8 FT
ORSAT ANALYSIS: C02 ,030, 02 .160, CO ,000, N2 .B10, DGMCF= 1,0000
TEMP TN DEG ¥: DRY GAS METER AVER, 87,40, STACK AVER, 142,50
MASS IN GRAMS ¢ TOTAL IMP, GAIN 401,60 TOTAL PARTICUIATE . 2863
PARTICUILATE IN 1MP, L0312, 802 0000, H2S L0000,
H2S04 .0000, FLUORIDE TUNS L0000, 803 .0000,C12 0000
PRKSS: ATMNS 26,90 IN,HG, STACK -,820 TN,H20, AV, ,DELTA H 1,630

PITOT TUBE DELTA P'S IN IN,H20:

1,400 1,300 1,400 1,600 1,800 1,800 1,650 L 950
1.600 1,650 1,7%0 1,800 1,950 2,050 2,000 1,100
1.800 1,700 1,800 1,950 2,000 2,100 2,200 1,400
1.600 1,600 1,800 1,950 2,100 2,100 2,100 1,300
1,500 1,400 1,350 1,650 1,800 1,950 1,800 1,100
1,100 1,200 1,100 1,100 1,200 1,300 1,250 860

RULF 107 PRNACESS WETGHT RATE ,0 POUNDS PER HUUR
RULE 109,3 & 201,% HEAT INPUT
éULES SELECTED 105.1
EXCESS ATR FLAG NKF PARTICAL STZE FLAG SMALL

MOISTURE FRACTION WAS BASED ON SATURATED CONDITIONS

TIME 1414 TO 1555

L0 MILLTION BTU PER HOUR

104

N.STARCHE

INJH20)



CALCULATION RESULTS

JeHSTRAIN AND SONS ROSCOE NOV 1977
SCRUBBER STACK N.STARCHE
SAMPLE N0 TwWO DATE 11=2«77 T1IME 1414 TO 1555

20,54 % H20 RW2 ,235 NOZ,VOL, 98,318 CUFT EACF 1.000

AV VEL (PORT K2,332 FT PER SEC M ,WT, 26,84 EF.STK,HT, 72.3 T
ACFM S4851,0 SCEM 43283,2 (NO EXCESS ALR CORRECTION)
RULE 105,1

51.3 % NF ALLOWABLE 1S5S0, 102,2 STD,EF,STK HT, 47,9 KT
FMISS,RATES,LBS/HR: ALLOWAKLE 41,6, POLL.MASS 21.3

105

NOV 1977

NeSTARCHE

95.807 CUFT. EACF 1.000
Te 26,89 EF.STKJHT, 71,1 FT

NGO FXCESS AIR CUORRECTION)

J2.1  STDLEF,STK.HT,  47.4 KT
41.05 PU[:L,MASS 18.7

. RESULTS: 45,7
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FHpuT DATA CALCULATION RESULTS

G HJSTRATRN AND SIS KROSCHg NOV 1977 J.HJSTRATN AND™ SNINS ROSCUE NOV 14977
SCRIREK 5 TACK NoSTARCHE SCRIBBER STACK NoSTARCHE
SAMPLE MO O DA 11=)=1] VIME 1119 70 1257 SAMPLE NO ONE DATE Ll=2=11 TIME 1115 TO 1287

HOZ L AFERS 0002008 ] Suby PLTOT CALINR, FACTUR:  LH3TO

. 10.,7% % H20 Rw2 220 HOZ VL, 93,290 CUFT  EACK 1,000
TRAV, DHRATION 94,6 i, Vill,, DRY GAS METER: 66,32 CUFT

AV VEL  PORT TR,347 FT PRI SKEC  M,dT, 26,94 EF STK.HT, 69,9 FT
STACK: DIA, YT 3,76 K, PURT 376 FT, HETGHT 20,8 FT

ACEM 52195,9 SCH M A1307,8 (K EXCESS ATR CORRECTION)
ORSAT OAMALYSIST CO2 L0031, U2 J1hL, CO L,000, N2 (808, DGMCFz 1,0000 '
TEAR o DEG Fi DRY GAS METEX AVER, 75.50, STACK AVER, 141,00 RULE 1051
43,0 % OF ALLDSARLE %180, 102,0 STD.EFSTKLHT, 47,0 FT
MASS TH GRAMS:  TOTAL 1M, GATM 352,90 TOTAL PARTICULATE e2349 FMISS RATES ,LBS/HR: ALLUWABRLE - 40.4, POLLJMASS 17.4

PLRTICHLATE 11 1P, L0173, S92 L0000, H2S L0000,
125004 L0000, FLUOKRTIDE [hNns L0000, S0O3 L0000,CL? L0000

PREESS: ATMOS 26,90 1M, HG, STACK -, 0670 INGH20, AV.DELTA H 1,470 IN.H20

PITOT TUBE DELTA P'S I th,0020

1,100 . 980 1200 ] 100 «930 . 850 AR50 ,700
1.900 1.400 1,300 1,200 1,200 o990 1,450 LR00
Tob00 1,400 1,500 1,600 1,650 2,000 2,000 1,100
1,600  1,h00 1,750 1.850 1,900 2,100 2,100 1,400
1.500 1,700 1,700 1,700 1,400 1,900 1.0 1,100
1.300 1.400 1,450 telbHu l 800 1,750 | «600 LRS0
1

REIPLE 107 PROCESS wETGHT RAT L0 POUNDS PER HOUR

RUTLE 105,33 K 201.5 HEALY TPl L0 MILLLION BRTH PER KHOUR

FULES SELECTED 105 .1

EXCESS ATR FLAG OFF PARTICAL SULZE FLAG SMALL

z

VU[STURH FRACTION WAS BASEHD s SATURATED CONDITIONS
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[TNPUT DATA

VGeHGSTRATIN AMD SONS ROSCUE NV 1977
SCRURBER STACK N.STARCHE
SAMPLE NO TiD DATE [ 1e2=171 TIME 1414 TO 155%

HOZ JAREA:  ,000205%7 SOFT LT CALLB, FACTORS «B370

THAV, DURATION Q4,7 i, Vitl,y DKY GAS METER? 70,51 CUFT

STACH: DIA,EXTT 3,706 FT, Pur’ 3,10 FT, HEIGHT 26,8 FT

ORSAT ANALYSIS: Cnhz2 ,030, 92 160, CO 000, N2 B10, DCGMCF= 1,0000

TEMP IM DEG F: DRY GAS nRTER AVER, 37.40, STACK AVER, 142,50

MASS IM GRAMS:  TOTAL 18P, GAlLi 401,600 TOTAL PARTICHLATE 3205
PARTICULATE 1o TMP, L0312, S92 LO0ND, H2S 0000,

Hys04 LOVOO, FLUNRIDE 10nS L0000, Sn3 .0000,C1,2 <0000

PRESS: ATMOS 20,90 [N HG, STACK  =,820  IN,H20, AV,DELTA H 1.630 IN,.H20
PITOT TURE DELTA P'S e TN H208
1,400 1,300 1,400 1,000 1,800 1,800 1,650,950
1oAND 1,650 1,790 1,800 1,950 2,050 2,000 1,100
TLROO 1,700 1,000 1,9%0 2,000 2,100 2,200 1,400
1.600 ‘.hn() 1. HO0 1,990 2,100 2,100 2.100 10300
10500 1,400 1,350 1,650 1,300 1,950 1.800 1,100
1100 1,200 1,100 1,100 1,200 1,300 1,250 860
RULE 107 PROCKESS WETGHT FATE .0 POUNDS PER HOUR
} A\l
KULE 108,3 & 201.5% HEAT 1hP <O MILLION ATU PER HOUR
thas SELECTED 105,11
EXCHSS AR FLAG DFF PARTICAL STZE FLAG SMALL
JHISTUHE FRACTTON wAS [ASED ON SATURATED CONDUTIONS
109

RULE 105,1
56,8 % OF ALLOYARLE
FELISS RATES, LS/

4 W2
% Lo,

AL LuwAnLE

102,72

ST EF.STRJHT,

41,6,

POLL GMASS

47,9 FT
23,17

110



AVERAGE RESULTS

JJHLSTRAIN AND SONS ROSCOE NOV 1977

SCRUBHER STACK

20,14 % W20 HIND 7224 NUZ VL. 9%.807 CUET EACE 1,000
AV.VELJ.PORT 80,339 FT PER SEC . M uT, 26,89 EF.STK.HT, 71,1 FT
ACFM - 53523.%  SCFM 42299.% (NO EXCESS AIR CORRECTION)

RULIZ 105 ,1
49,9 3 OF ALLOWARLE %150, 102,14 STNEF ,STK HT, 47.4 FT

N,STARCHE

EMISS.RATES, LBS/HR: ALLUWABLE 41,0, POLL,MASS 20,5

PERCENT OF ALLDWARGLE FROM AVERAGE RESULTS: 50,0

[RR

CONVERSION OF TEXAS AIR CONTROL BCARD DATA
TO IN-STACK CONCENTRATION WITH UNITS OF
GRAINS PER DRY STANDARD CUBIC FOOT

ains
grains _ 7000 1b x PMR. lb/hr
DSCF SCFM x DGF x 60 min/hr

where DSCF is dry std. cubic feet, SCFM is standard cubic
feet per minute, DGF is the fraction of dry gas in the
stack, and is the pollutant mass rate based on
concentration and does not include the impinger catch.

Sanple One
7000 16.1 _ grains
41,307.9 (0.8025) €0 = 0.05667 Femp
Sample Two
7000 21.3 _ grains
43,283.2 (0.7946) 60 = 0.07225 Semr

Average 0.06446 S-rns—adpﬁ
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CALCULATION OF AVERAGE ORSAT VALUES
AND PERCENT EXCESS AIR FOR EACH SAMPLE
AND FROM AVERAGE VALUES

ORSAT RESULTS AND PERCENT EXCESS AIR

Orsat XC02  X02 X0 XN2 $ Excess APPENDIX X
No. Air OPACITY
1 0.035  0.155 0.0  0.810 263

2 0.026  0.167 0.0  0.807 363

3 0.031  0.157 0.0  0.812 274

4 0.029  0.163 0.0  0.808 324

Avg. 0.0303 0.1605 0.0  0.809* 306

*used 1.00 - (.0303 + .1605)

(X02 - 0.5 (XCO)) 100
$ EA =

0.264 (XN2) - (X02 - 0.5 (XCO))
substituting average orsat values into this equation gives.

0.1605 x 100
$ EA = = 302%
(0.264 x 0.8092) - 0.1605
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APPENDIX XI
DYNAFLECT REPORTS
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DYNAFLECT OFFLECTIONS AND CALCULATED STIFPNESS COEFFICIENYS
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DYNAFLECT OFFLECTIONS AND CALCULATED STIFFNESS COEPFICIENTS
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