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SUMMARY 

In many areas of the State and nation quality aggregate as well 
as asphalt materials have become increasingly scarce. The shortage 
of available fossil fuels in the U.S. has resulted in importation of 
these materials from OPEC countries, thus continually increasing 
their costs. These fuels are necessary to operate the usual asphaltic 
concrete pavement plants. These shortages have emphasized the need 
for recycling and repaving with existing materials to restore oxidized, 
cracked and rutted pavement surfaces. This project demonstrated that 
recycling with a heater-scarifier-repaver, adding additional asphaltic 
material and new asphaltic concrete pavement material to the mixture 
can satisfactorily restore these surfaces. 

The proper design of new asphaltic concrete pavement material to 
be added was considered. This laboratory investigative work and needed 
construction controls are discussed. 

Careful records of fuel consumption by the heater-scarifier-repaver 
machine were kept as were all costs attributed to the project for 
comparison with conventional resurfacing methods. This method of 
surface restoration compares very favorably economically with conven
tional methods. 



IMPLEMENTATION STATEMENT 

The results of this investigation indicate that oxidized, 
cracked and rutted pavements can be restored satisfactorily with a 
heater-scarifier-repaver machine. This method is particularily 
adaptable in urban curb and gutter sections where additional thick
nesses from conventional overlays would hamper or complicate 
operation of gutters, drainage handling, or safety and 11 rideability 11 

near the gutter. 

Construction experiences indicate that some positive method of 
controlling the depth of scarification preventing override by the 
operator is needed. This would insure a more uniform mixture or 
blend of the amounts of old and new material. Similarly an auto
matic control of the paver screed would provide better riding 
qualities. 
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CHAPTER I 

INTRODUCTION 

Within the City of Edinburg the pavement surfaces of U.S. Highway 
281 were badly deformed with attendant alligator cracking. The pave
ment surface on State Highway 336 was badly cracked and characterized 
by excessive crown in the City of McAllen. Both highways were curb 
and gutter sections on which several thin overlays had been placed 
resulting in a condition which precluded the placement of very much 
more new material. 

FIGURE 1 
BADLY DEFORMED AND ALLIGATOR-CRACKED PAVEMENT 

The existing pavement on U.S. 281 was made up of three different 
asphaltic concrete layers and three seal coats placed between 1953 and 
1972. The pavement thickness varied from six inches in the driving 
lanes to three inches next to the gutter. The top inch was hot-mix 
asphaltic concrete pavement placed in 1972. 

On SH 336 the pavement was made up of three different asphaltic 
concrete layers and one seal coat placed between 1955 and 1972. The 
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pavement thickness varied from three-and-one-half inches near the 
centerline to one-and-one-half, inches next to the gutter. The top inch 
was limestone rock asphalt placed in 1972. 

The pavement condition on both locations was oxidized, cracked and 
rutted. The skid resistance was low and the ride as determined by the 
Mays Ride Meter was rough in most lanes. A survey of cracks in the 
pavement surface showed that areas of U.S. 281 had as much as thirty-
seven percent of the surface cracked. On SH 336 the survey showed the cracked 
area to be as high as forty-four percent. 

With the pavement surfaces being in these conditions it was 
obvious that corrective construction must be provided. It was 
acknowledged that at sometime in the future it will be necessary to 
reconstruct these sections removing in the process enough subgrade 
material to lower the centerline thus reducing the excessive crown. 
However, with funds not being available for a project of that magni
tude and aggregates and asphalt in short supply it was decided to 
correct the pavement surface by surface recycling with a heater
scarifier-repaver adding asphalt and about one-half inch of asphaltic 
concrete pavement. 
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CHAPTER II 

INVESTIGATION AND DESIGN OF ASPHALTIC CONCRETE PAVEMENT 

The recycling work was to consist of heating and scarifying the 
existing pavement, the addition of emulsion where needed, the addition 
and mixing of new asphaltic concrete material with the old, laying and 
compacting the material. To seal the cracked pavement below that which 
would be recycled a variety of materials were used. Records of those 
treatments and areas were recorded for later evaluation. On both lo
cations some surface cracks were left unsealed, some sealed using 

reclamite, some sealed using emulsion with latex and some sealed using a 
combination of reclamite, emulsion and a "scat seal. 11 

To develop an asphaltic concrete mixture design to use with the 
recycled asphaltic concrete pavement the existing pavement was sampled 
by coring as follows: 

US 281 - Two samples from three different points were taken 
along the pavement to be recycled. Each sample 
consisted of three 411 diameter cores. 

SH 336 - Two samples from two different points were taken along 
the pavem~nt. Samples were three 411 diameter cores. 

In the laboratory,extractions were performed on the core samples 
to determine the percent asphalt and the gradation of the aggregate. 
The recovered asphalt was tested for penetration, ductility and 
viscosity. Following this,various percentages of the asphalt additive 
were blended with the recovered asphalt. Penetration, ductility, 
Viscosity and thin film oven tests were performed on the blend. 

The test results of the above may be found in APPENDIX A. 

Following the initial testing of the existing asphaltic concrete 
pavement materials, various designs and amounts of new hot-mix ACP were 
mixed with the sampled existing material and molded as HVEEM specimens 
and tested for stability, density and cohesiometer. From this laboratory 
investigation it was recommended that a material be added as the pave
ment was being recycled meeting the State Department ~f Highways and 
Public Transportation Type 11 F11 Hot Mix ACP Design except for a,slight 
modification in gradation. This modification was made so that material 
available at the hot-mix plant site could be used (5.3% asphalt was 
used in this mix design). The. rate at which the asphaltic concrete 
material was added varied with the condition of the pavement, lane 
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position and scarification depth. On US 281 the average rate added 
was 44.6 pounds per square yard and on SH 336 it was 79.4 pounds per square 

yard. The test report sheets and design data may be found in APPENDIX A. 
In order to provide comparative data for long term evaluation of 

this recycling work,preconstruction and post construction tests were 

performed as follows: 
1. Dynaflect before and after recycling. 
2. Skid on pavement surface 

a. Before recycling 
b. After recycling. 

3. Pavement rating on section to be recycled. 
4. Reflective crack survey. 
The results of these tests are in APPENDIX B. 

-~ 



CHAPTER III 

CONSTRUCTION OPERATIONS 

Pavement recycling work began April 13, 1977 on US Highway 281 
in the City of Edinburg, Texas, at the intersection of US 281 and 
Freddy Gonzalez Drive and proceeded north to Stubbs Street. This 
section of roadway consists of two parking lanes, four driving lanes 
and a continuous left turn lane. The surface of the four driving lanes 
and two parking lanes, covering an area of 26,030 square yards was re
cycled in a four day period, ending April 18, 1977. On April 21, 1977 
pavement recycling began on State Highway 336, a four lane roadway, in 
the City of McAllen, Texas. Work began at the intersection of SH 336 
and Hackberry Avenue-and proceeded south to Ash Street, covering an 
area of 11,079 square yards. The work was completed on April 22, 1977. 
This work was accomplished by the use of a repaver owned and operated 
by the Cutler Repaving, Inc., Lawrence, Kansas. This repaver is re• 
ferred to by the owners as the Cutler Metro Repaver. 

FIGURE 2 
THE CUTLER METRO REPAVER 

-5-



Prior to the recycling work, the areas along and adjacent to the 

gutters were milled using.a milling machine owned and operated by 
Cutler Repaving, Inc. This machine was called an "Eager Beaver. 11 The 
area milled was approximately thirty inches wide and was cut from one
quarter to one-half inch. On SH 336, a utility line, running the length 
of the project, had been back filled with lean concrete and finished 
flush with the pavement surface. This back fill, approximately four 
inches wide, was milled to one-inch below the pavement surface. On 
US 281, the break in crown between the outside driving lanes and the 
parking lanes was quite severe. Using the Cutler Metro Repaver to heat 
and scarify, approximately sixty cubic yards of material was removed from 
this area on the northbound lane. The material was loaded, hauled 
and used by the State maintenance forces as patch material. The crown 
on the southbound lanes was not cut down so that a comparison could be 
made after the recycling work was done. The Cutler Metro Repaver was 
also used on SH 336 to remove some of the crown. The full width of 
the pavement was heated and scarified. Approximately 250 cubic yards 

of material was removed and used as patching material. 

FIGURE 3 
THE RADIANT HEATERS 
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FIGURE 4 
SCARIFYING OF ~XISTING PAVEMENT SURFACE 

(Note air bag located above scarifying teeth. 
The air pressure in the pag controls the depth of the scarification.) 

The work s.tarted by heating the surface to a temperature in excess 
of 300° F usfog radiant heat. Scarifying followed the heating with the 
scarifying teeth penetrating the heated surface up to one inch. Tempera
tures taken at this point were found to be around 300° F. The 
scarified material was then moved laterally towards the center of the 
repaver by augers which tended to level the surface and windrow some 

FIGURE 5 
AUGERS LEVELING THE SURFACE AND MOVING 

SCARIFIED MATERIAL TO~IARDS CENTER OF MACHINE 
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material under the machine. A liquid asphalt or other additive could 
be added to the old material at this point by spinning slingers. Visual 

FIGURE 6 
LAYING THE RECYCLED ASPHALTIC CONCRETE MAT 

control was the only method available to determine the rate of applica
tion. Emulsion, Grade EA-HVMS, was added at selected locations where 
the old pavement was badly cracked and oxidized. No other additives 
were used on this project. As the scarifying started, new hot-mix 
material was being placed in a receiving hopper located at the front 
of the repaver. The new material was moved to the rear of the machine 
by a conveyor and emptied into a feeder, where spreading screws 
partially mixed the new material with the old that had been windrowed 
under the machine. The material was then fed through a manually con
trolled screed. The laying widths on US 281 varied from nine feet to 
ten feet. On SH 336 they varied from nine feet to twelve feet. It 

was noted that at times the windrowed material under the repaver 
would build up to a point where it would slow down the operation. To 
relieve this situation, the operator reduced the flow of new material 
and let more of the old material pass under or through the screed. This 
tended to bring more of the old material to the surface of the mat and 
resulted in some undesirable ride conditions. Compaction of the 
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reworked surface was done using an eight ton tandem flat wheel roller 
also owned and operated by Cutler Repavingt Inc. On SH 336 it was 
felt that additional rolling was necessary before opening the reworked 
surface to traffic, so a light pneumatic tire roller owned and operated 
by the State Department of Highways and Public Transportation was used. 

FIGURE 7 
COMPLETED RECYCLED ASPHALTIC CONCRETE PAVEMENT SURFACE 
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CHAPTER IV 

COSTS AND ECONOMICS 

Careful records were kept of fuel consumption, materials, labor 

and equipment costs required to perform this work. 
The repaver and rollers used diesel as fuel. An average of 

0.014 gallons of diesel was used for each square yard of surface 
worked, costing $.0058 per square yard. The heaters were fueled by 
propane. An average of 0.071 gallons of propane was used for each 
square yard of surface work, costing $.0229 per square yard. Total 
fuel cost was $.029 per square yard of surface worked. 

The total cost per square yard for recycling 26,030 square yards 
of US 281 was $1.00 per square yard. On SH 336 in McAllen the 11,079 
square yards were recycled at a cost of $1.29 per square yard. The 
resulting average recycled pavement depths were approximately 0.96 
inches on US 281 and 1.20 inches on SH 336. These costs were approxi
mately $1.04 per square yard inch depth for US 281 and $1.08 per square 
yard inch for SH 336. For comparison purposes with conventional over
lay methods for asphaltic concrete pavements recent letting bid prices 
for this quantity projects have been about $1.02 per square yard inch. 

A breakdown of costs for fuel, material, labor, equipment, etc., 
as a basis for the $1.00 and $1.29 per square yard respectively may be 
found in APPENDIX C. Also in Appendix C is an energy analysis for 
this project and a hypothetical typical hot-mix asphaltic concrete 
overlay project. 
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5.1 Conclusions 

CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 

This method of surface recycling worked satisfactorily though 
there are several features that warrant consideration for improvement. 
Generally it can be said that: 

a. The surface cracks were sealed. 

b. The ride was improved. 

c. The skid resistance was improved. 

d. Ravelling began in areas where the limestone 
rock asphalt was predominate on the surface. 

e. Tree leaves directly overhead of the repaver 
and shrubs that were within a foot or so adja
cent to the repaver were scorched. 

f. No method for accurately metering the addition 
of liquid additives was available. 

g. Controls to prevent the repaver operator from 
raising the scarifier blades were not available. 
This raising occurred periodically to increase 
speed of the machine and the engineer had no 
control measure. 

h. There was no positive method for mixing the 
recycled pavement and the new asphaltic concrete 
pavement. Therefore, there was no method for 
obtaining a uniform mixture throughout the 
project. 

i. Apparently due to some characteristic of the lime
stone rock asphalt pavement it was difficult to 
impossible to achieve the temperature of that re
cycled material with the equipment as could be ob
tained with the other aggregates. This made for a 
colder pavement which did not mix, lay nor compact 
as well and some ravelling occurred. 

5.2 Recommendations 

Even though a satisfactory surface recycling project was obtained 
the authors feel that with further experimentation with the equipment 
under the direct control of the State Department of Highways and Public 
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Transportation that improved construction and construction methods 
could be developed. Following are recommendations worthy of considera
tion for future projects and possible modifications of the equipment. 

a. For a more lasting improvement in skid qualities 
use a better polish resistant aggregate as the 
coarse aggregate fraction of the new hot-mix ACP. 

b. Develop an accurate metering device for adding 
liquid asphalt or rejuvenating agents to the 
recycled material. 

c. Develop a control measure for the depth of scari
fication that can be locked in preventing "over
ride" by the operator. This would provide the 
desired depth and unifonnity for the project. It 
would no doubt slow production but would provide 
a unifonn amount of recycled material for mixing 
with the new ACP. 

d. Provide an automatic screed control which would 
reference to an established gradeline which could 
be locked in preventing operator override. This 
would result in uniform or established thickness 
and better ride qualities. The operator now 
raises or lowers the screed depending upon the 
amount of material in the windrow under the repaver. 

e. Develop a system for positively mixing the 
recycled material with the new material. This 
would provide uniformity and adherence to the 
laboratory design giving some predictability to 
what the resulting material will be and how it 
will perform. 
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APPENDIX A 
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Toos Highway Department 
Construction Form No. 544 Rev. (2) 

County Hidalgo 
Date 1 L21 L77 
Spec. lte 

Bin No. I 

Sieve 
1 /4 Ai•.rr. 

Size Weight 

(grams) Total% x 

1%"-V." 

Ve"-%" 

!ff."-.%" 

1/2"-%" 

%"-4 
18.1 

1/4"-IO 

4-10 
78.8 

+ 10 

10-40 
2.1 

40-80 
0.2 

80-200 
0.1 

Pass 200 
0.7 

Total gm 100.0% 

TEXAS HIGHWAY DEPARTMENT 

ASPHALTIC CONCRETE SIEYE ANALYSIS WORK SHEET 

Highway US-281 L SH-3J6 Project Recicling Control 

Tim Station Sampled By s. M. Giles 
Type F (Mod.) Design No 

Bin No. 2 Bin No. 3 Bin No. 4 Combined 
(a) Field Sand (b) S creenin.rs (c) (d) Anelysis 

% 
Weight Weight Weight l•+b+ 

60 % (grams) Total % x 20 % (grams) Total% x 20 % (grams) Total% x % c+d) 

10.9 803 1.7 7.4 1.5 14.1 

47.5 8.7 1.7 13.1 2.6 51.8 

1.1 19.8 4.0 6.6 1.3 6.6 

0.1 32.7 6.5 52.6 1 o.5 17 .1 

o.o 25.1 5.0 19.2 3.8 8.8 

0.2 5.3 1 • 1 1 .1 0.3 1.6 

% gm 100.0% % gm 100.0% % gm 100.0% % 100 % 

PER CENT MOISTURE IN AGGREGATES IN HOT BINS 
(a) (b) (c) (d) (e) % 

Bin Tare Gross Gross Wt. Dry Wt. Moist. 
No. Wt. Wet Wt. Dry Wt. Moist Aggr. 

~.100% (gms.) (gms.J (gms.) ~ms.) (gms.J 
-c c-a 

e 

Asphaltic Binder - % 

Total = 100.0% 

I 
Inspector 

2 

3 

4 
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Form ZIil 

GENERAL TEST REPORT 
Laborato17 No. __________ '_ll~J)S) _______________________________________ _ 

Date Received !±/_1_4/_7..7 _______ Date Reported -----------------------
DI t R E G. c. Garcia s . or es. ngr. ----------------------------------
Addrelll _________________ Pharr J..... Texas------------------------
Contractor _______________ Q~_t.b§l'_~epa YiQg_ Inc. __________ _ 

Sampler --------------~-!~---~~~la r -------------------
Sampler's Title --------~-~_g_;:_, __ _±_~~l}.!-_L._ __________________ _ 

Sampled from ----------~9-~il~~Y.----------------------------
(plt, quarry, car or stockpile) 

Producer ------------------------------------------------------------------

Quantity represented by sample --------------------------------------

Has been used on -----------------------------------------------

Proposed for use as ----------------------------------------------

I Material AC M:i x (Old) 

--- Coni~15 No.----- Sec~. No. ---·-----~~b-N~~---· 

__ fil~ai~----------------- US 281 
County Federal Project No. Hwy. No. -

--------~----------------------------4L1 4L77 
District No. Req. No. Date Sampled 

Identlflcatton marks §ta._3.7+00 - Outside NBL ----------------------
SpecUlcatton Item No. -----------------------------------------------

Material from property of -------------------------------------------

·-----------------------·---

DETERMINATIONS 

EXTRACTION TEST RESULTS 

Sieve Size % By Wt. 

Ret. 1 /211 o.o 

Ret. 1 /211 - 3/811 4.2 

Ret. 3/8" - No. 4 34.9 

Ret. No. 4 - Noo 10 25.0 

Ret. No. 10 64.1 

Ret. No. 10 - No. 40 6.6 

Ret. No. 40 - No. 80 8.6 

Ret. No. 80 - No. 200 10.4 

Pass No. 200 5.0 

Residual Bitumen 5.3 

TEST RESULTS ON RESIDUAL BITUMEN 

Viscosity@ 140°F., Stokes---~----------- 2388 

Ductility @ 77°F., Cm ---------------------- 21 

Penetration@ 77°F. ----------------------- 28 

HVEEM STABILITY TEST 31 



Form 281 

GENERAL TEST REPORT 
Laboratory No. ___ 77-2 ~2 ---------------------------------------------
Date Received __ _!ilY:J-73 _____ Date Reported -------------------------
Diet. or Ree. Engr. Q. __ fr+___G:ax.cia_ _______________________ _ 

Address __________________ Pharr.,_ Texas ----------------------
Contractor ____________ _Q_~tl~!:_B~~~!]-_g_}n~_!_ ___________ _ 

R. E. Cuellar 
Sampler -----------------------------------------------------
Sampler's Title -----~Dfil:_~ __ J_~_~h.___J _____________________ _ 
Sampled from ------· Road way ------------------------------

(pit, quarry, car or stockpile) 

Producer -----------------------------------------------------------------------

Quantity represented by sample ---------------------------------------

Has been used on -----------------------------------------------------------

Proposed for use ae --------------------------------------------------

I Material AC Mix (New) 

-----255 __________ 8 _____________ 26 ____________ _ 
Control No. Sect. No. Job No. 

Hidalgo US 281 
County Federal Project No. Hwy. No. 

---- 21 ----------------------------- 4/14177 --------
District No. Req. No. Date Sampled 

Identification marks .SJ;.g_ .. _J_7±QQ__- Outside _NBL __ 

Specification Item No. -------------------------------------------------

Material from property of ---------------------------------------------

DETERMINATIONS 

EXTRACTION TEST RESULTS 

Sieve Size % By Wt. ---
Ret. 1/2" o.o 
Ret. 1/2" - 3/8" o.o 
Ret. 3/8" - No. 4 200 2 

Ret. No. 4 - No. 10 49.1 

Ret. No. 10 

Ret. No. 10 - No. 

Ret. No. 40 - Noo 

Ret. No. 80 - No. 

Pass No. 200 

Residual Bitumen 

40 

80 

200 

TEST RESULTS ON RESIDUAL BITUMEN 

Viscosity@ 140°F., Stokes------------------ 2119 

Ductility@ 77°F 0 , Cm----------------------- 141 

Penetration@ 77°Fo ------------------------- 52 

69o3 

3. 1 

11 0 0 

9.8 

1.6 

5.2 

HVEEM STABILITY TEST 31 



Form 281 

GENERAL TEST REPORT 
Laboratory No. __ 7-7:::3-JJ_ _________________________________________________ _ 
Date Received __ 4l1/:J_7__7 _______ Date Reported -------------------------
Dist. or Res. Engr. _u.._ ___ Q._Gufil.. ________________________ _ 

Address ___________________ Pharr 1-Texa s --------------------------
Contractor _____________ Cutler_ Re~ying __ Inc. __________ _ 

sampler --------------~- R. E • __ Cuellar ----------------------
Sampler's Title ------~J].E.!_! ___ '_!'._~_9h ._J _______________________ _ 
Sampled from _________ Roadwa Y --------------------------------

( pl t, quarry, car or stockpile) 

Producer ------------------------------------------------------------------------------

Quantity represented by sample --------------------------------------------

Has been used on -------------------------------------------------------------

Proposed for use as ---------------------------------------------------------

I Material AC Mix ( Old & New) 

255 8 56 
Control No. Sect. No. Job No. 

_ ___ Hidalg__o ------------------------------- US __ 281 _____ _ 
County Federal Project No. Hwy. No. 

21 4/14/77 
District No. Req. No. Date Sampled 

Identification marks __ >?.__!,_~~--J'.?.±QQ __ :_--__ 2~!'.§.~-i~---~!:, ____ _ 
Specification Item No. ----------------------------------------------------------

Material from property of -----------------------------------------------------

DETERMINATIONS 

EXTRACTION TEST RESULTS 

Sieve Size 

Ret. 1/211 

Ret. 1/211 

Ret. 3/811 

- 3/8" 

- No. 4 

% By Wt 0 

o.o 

o.5 

20.8 

Ret. No. 4 - No. 10 44.7 

66.o 

3.7 

Ret. No. 10 

Ret. No. 10 - No. 

Ret. No. 40 - No. 

Ret. No. 80 - No. 

Pass No. 200 

Residual Bitumen 

40 

80 

200 

TEST RESULT ON RESIDUAL BITUMEN 

Viscosity@ 140°F., Stokes------------- 3739 

Ductility@ 77°F., Cm------------------ 141 

Penetration @ 770}\ --------·----------··- 39 

10.9 

2.7 

5.5 

HVEEM STABIUTY TEST ___ 33;_ 



Format 

GENERAL TEST REPORT 
77-351 Laboratory No. -------------------------------------

Date Received _!,,/1 JL?_?_ ____ Date Reported-----------------------

Dlat. or Rea. Engr. Q_"-_Q_! Garcia ---------------
Address --------------Pharr-'- Texas ---------------
Contractor _________ Cutler ~pavi_!_l_g___In~-------
Sampler ____ R. E. __ Cuellar -------------
Sampler's Title ---~-tl,~._1~Qh..._I ______________ _ 

Roadway Sampled from -------------------------------------· 
(pit, quarry, car or stockpile) 

Producer ----------------------------------------

Quantity represented by sample -------------------------------

Haa been used on ------------------------------------

Proposed for uae aa ------------------------------

Material AC MIX (Old) 

255 8 56 -------------------------------· 
Control No- Sect. No. Job No. 

___ __!!J_dalgo IB 281 
County Federal Project No. Hwy. No_ 

21 ---- 4/]3/77 --------
District No_ Req. No_ Date Sampled 

ldentUlcatlon marks _!~_<?E-L~-~!,L-:_~r~!~{L~!le {~B) 

Specification Item No. -------------------------------------------

Material from property of ---------------------------------------------

DETERMINATIONS 

EXTRACTION TEST RESULTS 

Sieve Size % By Wt, 

Ret. 1/2" 

Ret. 1/2" - 3/8" 

Ret. J/8" - No. 4 

Ret. No. 4 - No. 10 

o.o 

3.8 

28.4 

24.3 

56.5 Ret. No. 10 

Ret. No. 10 - No. 

Rat. No, 40 - No, 

Ret. No. 80 - No. 

Pass No. 200 

Residual Bitumen 

40 

80 

200 

TEST RESUI.:l'S ON RESIDUAL BITUMEN 

Viscosity@ 140°F., Stokes---------------- 45,692 

Ductility@ 77°F., Cm-------------------~ 5 

Penetration@ 77°F. ----------------------- 27 

8.9 

11.5 

6.9 

5.0 

HVEEM STABILITY TEST 47 



Form 281 

GENERAL TEST REPORT 
77-345 Laboratol')" No. ---------------------------

Date Received MJ.Jl11.. __ Date Reported -------------

Dist. or Rea. Engr. _Q_._G~cia. 
Addreaa ________ .fu?...r.r, T eXQ.JL ________ _ 

contractor_______ Cutl~r Rep.1.Ving Inc. 
Sampler ____ _lh__!!.. C __ 1_1e_l_l_a_r _____ _ 
Sampler's Title __ Engr. Tech, I 

Roadway Sampled from --------------
(pl t, quarry, car or stockpile) 

Producer----------------------------

Quantity represented by sample -------------------------

Ha• been used on -----------------------------

Proposed for use as --------------------------

I Material AC Mix (New) 

255, _____ ..:;.8 ____ 56 
Control No. Sect. No. Job No. 

_Hc;_.i_da-.:1:...,.g._o _________ ~--~8t ___ _ 
County- Federal Project No. Hwy. No. 

21 _Y]) /77 ____ _ 
District No. Req. No. Date Sampled 

IdentUlcatlon marks ~-bO!}~t.-Parld.ng lane(!rn) 

Specl:llcatfon Item No.---------------------

Material from property of ----------------------------

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

DETERMINATIONS 

EXTRACTION TEST RESULTS 

Sieve Size 

Ret. 1 /211 

Ret. 1/211 - 3/8" 

Ret. 3/8" - No. 4 

Ret. No. 4 - No. 10 

Ret. No. 10 

Ret. No. 10 - No. 

Ret. No. 40 - No. 

Ret. No. 80 - No. 

Pass No. 200 

Residual Bitumen 

40 

80 

200 

TEST RFSUIJI'S ON RESIDUAL BITUMEN 

Viscosity@ 140°F., Stokes-~-------------- 5332 

Ductility @ 77°F o , Cm ---------------------- 141 

Penetration@ 77°Fo ------------------------ 28 

HVEEM STABILITY TEST 

% By Wt. 

o.o 
o.o 

20.0 

46.6 

66.6 

11. 1 

13.4 

1.6 

5.3 

34 



Form 281 

GENERAL TEST REPORT 
77-350 Laboratory No. ---------------------------------------------------------

Date Received _4/JJ._/J_']__ ______ Date Reported ------------------------
Dist. or Res. Engr. __ Q_, __ g. Garcia ____________________ _ 
Address ------------------- Pharr ..L Texas -------------------
Contractor -------------~~J_e:r:__~~'!'}_EE _ _lE:_~-----------

R. E. Cuellar 
Sampler -------------------------------------------------
Sampler's Title _______ g;_~_r_-~ __ Tu ch _!_L ___________________ _ 
Sampled from __________ Road wa. Y---------------------------

( pl t, quarry, car or stockpile) 

Producer ------------------------------------------------------------------

Quantity represented by sample ----------------------------------------

Has been used on -----------------------------------------------------

Proposed for use as ---------------------------------------------------

Material AC Mix { Old & New) 

_ __ 322 ________ _? ______________ 56 ---------
Control No. Sect. No. Job No. 

__ Hidalgo -------------------- U~---~?.~----------
county Federal Project No. Hwy. No. 

--------~! ______________________________ 4/13/77 ------
District No. Req. No. Date Sampled 

IdentUlcatlon marks !.~-~!.1.Z.]_!!!,_!._-:Qu~J?__t~~--_!1?._~----

SpecUlca tion Item No. --------------------------------------------------

Material from property of ----------------------------------------------

DETERMINATIONS 

EXTRACTION TEST RESULTS 

Sieve Size % By Wt. 

Ret. 1/211 o.o 
Ret. 1/211 - 3/8" 3.9 

Ret. 3/8" - No. 4 29.7 

Ret. No. 4 - No. 10 28.7 

Ret. No. 10 62.3 

Ret. No. 10 - No. 40 7.2 

Ret. No. 40 - No. 80 8.9 

Ret. No. 80 - No. 200 10.5 

Pass No. 200 5.4 

Residual Bitumen 5.7 

TEST RESULTS ON RESIDUAL BITUMEN 

Viscosity@ 1400F., Stokes----------- 37,965 

Ductility@ 77°F., Cm---------------- 6 

Penetration@ 77°F 0 ------------------ 23 

HVEEM STABILITY TEST 27 



Form Z31 

GENERAL TEST REPORT 
Laboratory No. -77-461 __________________________________________ _ 
Date Received __ 4/_?2/.7__?._ ____ Date Reported -------------------------

Dist. or Res. Engr. __ G_. ___ Q..___C@~----------------------
Pharr Texas Address ----------------------------L--------------------------------

Contractor ___________ Q_yt}~y __ fl.~v._i_n_g__].n_Q_a_ ___________ _ 
R. E. Cuellar Sampler ---------------------------------------------------

Sampler's Title -------~M!:_,. __ 1~~h-LJ _________________ _ 
Roadway 

Sampled from ---------------------------------------------------------
( pl t, quarry, car or stockpile) 

Producer --------------------------------------------------------------------

Quantity represented by sample -----------------------------------------

Has been used on ----------------------------------------------------------

Proposed tor use as -------------------------------------------------

Material AC Mix -{ Old) 

621 1 47 
Control No. Sect. No. Job No. 

____ Hi dalg5> --------------------- SH __ 3 3 6 ________ _ 
County Federal Project No. Hwy. No. 

21 4/21/77 
District No. Req. No. Date Sampled 

Identitlcatlon marks 13_~_L1.'Z±5-.Q __ ::-_!~~3.~- N!3_!, ____ _ 
SpecUlcatlon Item No. ----------------------------------------------------

Material from property of -----------------------------------·---------------

DETERMINATIONS 

EXTRACTION TEST RESULTS 

Sieve Size 

Ret. 1/211 

Ret. 1/211 - 3/811 

Ret. 3/811 - No. 4 

Ret. No. 4 - No. 10 

Reto No. 10 

Ret. No. 10 - No. 40 

Rat. No. 40 - No. 80 

Ret. No. 80 - No. 200 

Pass No. 200 

Residual Bitumen 

TEST RESULTS ON RESIDUAL BITUMEN 

Viscosity@ 140°Fo, Stokes------------ 5284 

Ductility@ 7"f'F., Cm----------------- 141+ 

Penetration@ 770F. ------------------- 33 

% By Wt. 

o.o 
1 .1 

21.5 

33.0 

55.6 

4.6 

18.6 

11.0 

4.5 

5.7 

HVEEM STABILITY TEST --'4_0 _ 



Form 281 

GENERAL TEST REPORT 
Laboratory No. ______ 77-41+ 9 --------------------------------
Date Received _!±/_?JJ17.. ______ Date Reported ------------------------
Dist. or Rea. Engr. _Q.!..._~Garcia __________________ _ 
Address -------------------Pharr ..J-Texas --------------------
Contractor _______________ Q~1t~'.!:..-~YJ....QE In~---------
Sampler -----~_. __ Q_ueJ.:_lar ---------------
Sampler's TlUe -------~ng!'_! __ !_~':~~--------------· 
Sampled from __________ Il_Qs!:_~~--------------------

(plt, quarry, car or stockpile) 

Producer ------------------------------------------------

Quantity represented by sample -------------------------------------

Has been used on --------------------------------------------------

Proposed for use as ---------------------------------------

Material AC Mix {New) 

--- 621 --------1 ----------------- 4 7 -··-------
Control No. Sect. No. Job No. 

__ Hidal_g_o ----------------- SH __ 336 ______ _ 
County Federal Project No. Hwy. No. 

----- 21 ____________________________ 4/21 /77 _______ _ 
District No. Req. No. Date Sampled 

Identlflcatlon marks _$..i~_.,_17±_5-Q::_ I n12_j,_g_~_tm_~-----

S11eclflcatlon Item No. ------------------------------------------

Material from property of ---------------------------------- -------------

·-----------------------

DETERMINATIONS 

EXTRACTION TFST RESULTS 

Sieve Size % By Wt. 

Ret. 1/211 o.o 

Ret. 1/211 - 3/811 

Ret. 3/8" - No. 4 

Ret. No. 4 - No. 10 

19.4 

42.2 

61.8 Ret. No. 10 

Ret. No. 10 - No, 

Ret. No. 40 - No. 

Ret. No. 80 - No. 

Pass No. 200 

Residual Bitumen 

40 

80 

200 

TFST RESULTS ON RESIDUAL BITUMEN 

Viscosity@ 140°F., Stokes------------ 5512 

Ductility@ 770F., Cm----------------- 141+ 

Penetration@ 770F. ------------------- 27 

1.9 

15.8 

13.1 

2.0 

5.4 

HVEEM STABILITY TFST _22_ 



Form 281 

GENERAL TEST REPORT 
Laboratory No. ---------- 77-4,60 _________________________________ _ 

Date Received ii,/.2..1/_7-7 ______ Date Reported ---------·--------------
Dist. or Rea. Engr. _q_!.. __ q~arcia ___________________ _ 

Address __________________ Pharr .i..... Texas ------·--------------
Contractor ___________ 9~~~.!_B~'!J~ _ _l~-~---------

R. E. Cuellar 
Sampler -------·---·----··-··--··------·-----------
Sampler's Tltle ··----~-~~.!' __ _1'~£1.!.!'_J: ________________ _ 
Sampled from ---------~~~-~~L_ ______________________ _ 

(pit, quarry, car or stockpile) 

Producer ·--------------------------------------------------------

Quantity represented by sample -----------------------------------· 

Haa been used on ·--·-·-------·---------·-------··--------·---

Proposed for uae aa ·------------·-------·--------------·----

I Material AC Mix ( Old & New) 

621 1 47 --------·-------· 
Control No. Sect. No. Job No. 

__ Hidalgp __ _ _____ _§Jf_Jl9-___ _ 
County Federal Project No. Hwy. No. 

_ ______ 21 _______________________ 4/21 /77 _______ _ 
District No. Req. No. Date Sampled 

Identiflcation marks §_t,~_ .. -1.?±5-Q....:: lnl?J_q.~_@_!,__ __ 

Specification Item No. ---------------------------------·---------

Material from property of ---------------------·-----··------------

DETERMINATIONS 

EXTRACTION TEST RESULTS 

Sieve Size 

Ret. 7/8" 

Ret. 7/8" - 5/8" 

Ret. 5/8" - 1 /2" 

Ret. 1 /2." - 3/8" 

Ret. 3/8" - No. 4 

Ret. No. 4 - No. 10 

Ret. No. 10 

Ret. No. 10 - No. 40 

Ret. No. 40 - No. 80 

Ret. No. 80 - No. 2.00 

Pass No. 2.00 

Residual Bitumen 

TEST RESULTS ON RESIDUAL BITUMEN 

Viscosity@ 1400F., Stokes-------- 1716 

Ductility@ 77°F., Cm------------- 141+ 

Penetration@ 77°F. 75 

% By Wt. 

5.7 

4.4 

4.1 

2.8.6 

13.5 

56.3 

8.0 

9.9 

15.6 

5.0 

5 .2. 

HVEEM STABILITY TEST 32. 



Date 

4/13/77 

4/14/77 

4/15/77 

4/18/77 

TOTAL 

4/21/77 

4/22/77 

TOTAL 

RATE AT WHICH NEW ASPHALTIC CONCRETE MATEfilAL WAS ADDED 

Area Worked Tons Of 
Location (Square Yards) New AC Mix Added --~-----
us 281 5250 135 

US 281 7686 174 

US 281 8408 193 

US 281 4686 78 

--
m 281 26,030 580 

SH 336 4631 180 

SH 336 6448 260 

SH 336 11,079 440 

Avg. Rate 
(Lbs/Sq. Yd 0 ) 

51.4 

45.3 

45.9 

33.3 

44.6 

77.7 

80.6 

79.4 



APPENDIX B 

-27-



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



Location 

U3-281 Outside NBL 

Inside SBL 

SH-336 Outside NBL 

Inside SBL 

DYNAFLECT 

Average Surface Curvature Index 

Before Recycling (2/3/77) 

o.547 

0.510 

o. 713 

o.698 

After Recycling (7/19/77) 

00456 

0.438 

0.530 

00530 



Location 

l.5-281 Outside NBL 

Inside NBL 

Outside SBL 

Inside SBL 

SH-.3.36 Outside NBL 

Inside NBL 

Outside SBL 

Inside SBL 

SKID TEST 

Before Recycling 

15 

14 

17 

16 

9 

10 

9 

15 

Average Skid Number 

(4/5/77) After Recycling 

23 

.3.3 

20 

1.3 

18 

22 

20 

24 

(5/5/77) 



TIUllh•••I STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION 

IERVICEA81LlTY INDEX CII) COMPUTED 'ROM THE MAY• AIDE METER 

_TM.ll PAO_G~A~ WA§ RU.N. • 04•14' .. 17 

JOB 4 J .. "'•TRIM 

(Before Recycled) 

*******************************************************************•················ 

DIST CQUNTY 
21 HIDALGO 

HIGHWAY 
SH•ll6 

PRQ_.J_~CT IDEN TIF lCA TION 

CONT•SEC BMP EMP 
·• • • 

PPSN LANE 
L 

DATt 
04•15•77 

c~_LJ8R~_·u·o.N. CONSTANTS TOTAL LENGTH_ TOTAL COUl>.ITER ADT MRfil 
ALPHA BETA FOR SECTION FOR SECTION FOR PPSN NUMBER 

ll,10597 8 1 8f,59~ 0,483 584, l1~ 14l•F 
················***************************************************~**************** 

LOCATION INFORMATION 

FROM~ LP 370 
TO• HACKBERRY (OUTSIDE NHL) 

*******************************************************************!**************** 
MAYS ~IDE MET~R DATA 

LOCAUOt.i 
BEG, TO 0,2 

0,4 
0 1 483 

MAYS METER 
(READING/0 1 2 Ml) 

281,,0 
208,0 

811,0 

SI 
1,l 
2,0 
2.0 

SPEED 
40 
50 
30 

REMARl<S 

***LOW SI• 1,3 AVERAGE SI: 11 6 HIGH Sl = c,O*** 
•THE LOw,AVERAGE AND HIGH SI VALUES DO NOT INCLUDE THE SI AT THE ENO OF ThE StCTIUN 1 • 



TRIM••"'I STATE DEPART~ENT OF HIGHWAYS ANO PUBLIC TRAlliSPCRTATlON 

SERVICEABILITY INDEX CSI) COMPUTED FROM THE MAYS RIPE METE~ 

THIS PROGRAM ~AS RUN• 04•1q•77 

JOB c I•••TIHM 

(Before Recycled 

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

PROJECT IOEt.TIFICATION 

DIST CCUlliTY 
21 HIDALGO 

HIGHi-AY 
St-•33b 

CONT•SEC -
CALlBRATJCN CONSTANTS TOTAL LENGTH 

FOR SECTION 
0,48S 

ALPHA BETA 
11.105q7 8.80599 

BMP EMP 

• • 

TOTAL COUNTER 
FOR SECTION 

bU. 

PPSN LANE 
M 

ADT 
FOR PPSN 

DATE 
Ol.l"'l5•77 

MfH~ 
NUMBt.R 

ch 11.12 .. f· 

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

LuCATION IlliFOR~ATION 

FROM• LP 374 
TO• HACKBERRY CTNSIDE NBL) 

************************************************************************************ 
MAYS RIDE METER DATA 

LOCATIOt. 
BEG. TO 0,2 

0,4 
0,485 

l"IAYS MfTEH 
(REAOilliG/0 1 2 Ml) 

305,0 
2b1 .o 

9S,O 

SI 
1 • 1 
1,5 
1,8 

SPEED 
30 
"0 
30 

kE~AfH~S 

***LOW SI: 1,1 AVERAGE SI: 1.3 ~IGH Sl: 1,5*** 
•THE LO~,AVERAGE ANO HIGH SI VALUES DO NOT INCLUDE THE SI AT T~l tNU OF THE SECTION,• 



TRIM•••! STATE DEPARTMENT OF HIGHWAYS AND PUBLIC THAhSPCRTATlON 

SERVICtA8lLITY INDEX (SI) COMPUTED FROM THE MAYS R1Dl METER 

JUB 3 J'!90!9•THI1'1 

THIS PROGRAM WAS RUiii • 04• l 9•77 (Before Recycled) 
************************************************************************************ 

DIST COU~TY 
21 lofJDALGO 

HIGHIIIAY 
S .. •336 

PROJECT IDENTIFICATION 

CONT•SEr 
" 

Bl'IP 

' 
Eli!P 

• 
PPSN LA,,.E 

R 
CA Tt:. 

O'l• l 5•77 

CALIBRATION CONSTANTS TOTAL LE~GTH TOTAL COUNTER ADT MR~ 
ALPHA SETA FOR SECTION FOR SECTION FOR PPSN NUMBER 

11,10597 e.86599 o,490 791, it• 1qz~F 
************************************************************************************ 

LOCATION INFORMATION 

FRCM ~ HACKBERRY 
TO• LP 374 (OUTSIOl SBL) 

************************************************************************************ 
MAYS RIDE MlTER DATA . 

LOCATION 
BEG, TO 0,2 

0,4 
0,490 

filAVS METER 
(REAUH,G/0,2 ~I) 

336,0 
263,0 
193,0 

SI 
0,9 
1,5 
0,5 

SPEED 
"0 
40 
40 

REMARKS 

***LOW SI: 0,9 AVtRAGE SI: 11 2 hl~H SI: 1,S*** 
•THE LOW,AVfRAGE AND HIGH SI YALUlS DO NOT INCLUDE THE SI AT T~E END GF THE StCTIOh,• 



TRIH .. •111I STATE DEPARTMENT OF HIGH~AYS AND PUBLIC TRA~SPORTATlON 

SERVICEA8ILITY INDf.X CSI) COMPUTtD FROM THE MAYS RlOE METER 

THIS PROGRAM ~AS RUN• 04•19•77 

JOR 1 I•••TIHM 

(After Recycled) 

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

DIST 
21 

COUNTY 
HIDALGO 

HlGHlliiAY 
SH•33b 

PROJECT IDENTIFICATION 

CONT ... SEC 
"' 

BMP 

• 
E"'P 

' 
PPSN LAlliE 

s 
CATE 

04•15•77 

CALI8RATICN CONSTANTS TOTAL LENGTH TOTAL COUNTER AOT MR~ 
.. ALPHA BETA FOR SECTION FOR Sl:CTION FOH PPSN NUMBf.R 
11,10597 8,86599 0,491 492, 21w 142•f 

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

LOCATION INFORMATlOlli 

FRCM • HACKBERRY 
TO• LP 374 (INSIDE SSL) 

************************************************************************************ 
MAYS RIDE METER DATA 

•.OCA TIOlli 
BEG; TO 01 2 

0,4 
_o ,491 

MAYS METER 
(READllliG/0 1 2 MI) 

189,0 
187,0 
107,0 

SI 
2,2 
2,2 
1.1 

SPEED 
40 
"0 
20 

REMARKS 

RED LI TE LP 374 

***LON SI• 2,2 AVERAGE Sl • 2,2 HIGH Sl • 2 1 2*** 
•TME_ LO_lll,AVERAGE ANO HIGH SI VALUES DO NOT INCLUDE THE 81 AT THE EfllO CiF THE. SECTION,* 



TRIM•••I STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATlON 

SERVICEA81LITY INOE.X (81) COMPUTED FROM THE MAYS RIDE METER 

JOB 2 I""•TRIM 

THIS PROGRAM WAS RUN• 04•2o•7r 
************************************************************************************ 

PROJECT lDENTlFlCATlON 

DIST COUNTY 
21 HIOALGC 

HlGHUY 
SH•33o 

CONT•SEC BMP 
• I 

EMP PPSN 

• 
LANt. 

L 
CATE 

04•25•77 

CALIBRATICN CONSTANTS TOTAL LENGTH TOTAL COUNTER AOT MHM 
ALPHA BETA FOR SECTION FOR qECTION FOR PPSN NUMBER 

11,10597 8 1 80599 O,O 0 1 Zl• 14c•F 
******************************************************************************•* 

LOCATION 1NF0RMATI0h (After Recycled) 

FROM• LP 374 
TO~ HACKBERRY(QUTSIDE NBL) 

************************************************************************************ 
MAYS RIDE METER DATA 

lolAYS 1-lETER 
LOCATION CREAOl~G/0,2 Ml) 

BEG, TO 0 1 2 150,0 
0,4 139,0 
0,000 f>4,0 

*****THE TOTAL LENGTH FC~ THE TlS1 

SI 
2,7 
2,9 
4,1 

SECTION 

SPEt: 0 
"0 
"0 
"0 

~EMARl<S 

1S L~SS THAN THE SU~ OF lH~ LOCATIONS***** 

***LOW SI s 2,7 AVERAGE SI a 2,8 MlGM SI~ c,9*** 
•Tu~, n~.,v~Dac~ •~~ w,cw ~, v,111~~ nn ~nT TNr1 unF TME SI AT TME l~O ~F ThE SECTIOh.• 



TAI'4••~1 STA.TE DEPARTMENT OF HIGHWAYS ANO PUBLIC TRA~SPOHTAllO~ 

SERVICEAdILITY INDEX (SI) COMPIJTEO FRO~ THE MAYS RIDt METtA 

JCJB '4 I•••Tl'ilM 

THIS PR(GRAM wAS HUN• 04•2b•77 
************************************************************************************ 

PROJECT IDENTIFICATICN 

DIST CCUlliTY 
21 1110ALGC 

HIGH"AV 
St-•33b 

CUNT•SEC 
• 

CALlBRA.TlCN CONSTANTS 
ALPHA. BETA 

11,10597 8,665q9 

TOTAL LENGTH 
F-OR SECTION 

0,478 

~MP 

• 
EMP 

• 

TOTAL COUNTER 
FUR SECTION 

391, 

PPSN LAl'.E 
Pi! 

AOT 
FOR f'f'SN 

OATf. 
O't•c':t•77 

MRP'I 
fl!Ul"IBEH 

cl• 142•t-
************************************************************************************ 

LOCATION lNFOHMATtON (After Recycled) 

FRCM • LP 374 
TO• HAC~BERPY (INSIDE NBL) 

************************************************************************************ 
MAYS RIDE MfTtR DA.TA 

LOCATION 
BEG, TO 0,2 

0, I.I 
C ,476 

MAYS METER 
(REAOING/0,2 Ml) 

172,0 
1S4,0 
117 ,o 

SI 
2,4 
2,7 
t,2 

SPEED 
1.10 
1.10 
40 

11EMARKS 

***LO~ SI: 2,4 AVERAGE Sl = 2,5 HIGH Sl: c,7*** 
•THE LOW,AVE~AGE ANO HIGH Sl VALUES DO ~OT INCL~DE THE SI AT lM~ ENO CF THE SECTION,• 



TRIM•••! STAT( DEPARTMENT UF HIGHWAYS A~D PUBLIC TMA~SPOHTA11C~ 

SERVICEABILITY INDEX CSI) COMPUTED FRO~ THE ~AYS RIDE ~ETEk 

JOB 1 I•••T~lM 

THIS PRGGHAM ~AS RUN• 0"•2b•77 
************************************************************************************ 

DIST 
21 

CCU"- TY 
HIDALGC 

t-ilGH1t1AY 
5i,, .. 33t, 

PROJECT lDtNTIFICATICN 

CONT•~EC fiMP EMP 
• ' • 

JJPSN LAI\E 
R 

DA H:. 
04•c5•77 

CALIBRATICN CONSTANTS TOlAL LENGTH TOTAL COUNTER AOT ~H~ 
ALPHA BETA FUR SECTION FOR SECTION FCR PPS~ ~~M~E~ 

11,105q7 8,8b59q o,o o, il• 1~2-t 
************************************************************************************ 

LUCATIGN lNFOHMATlON 

FRGM • HACK8£R.RY (After Recycled) 

TO• LP 374 COUTSIDE SBL) 
************************************************************************************ 

MAYS RIDE ~ETER DATA 

LOCATIU~ 
BEG, TO C,2 

o,4 

MAYS Mf.TER 
(READI~G/0,2 Ml) 

203,o 
175,0 

0,000 
*****THE TOTAL LfNGTH 

65,0 
FCR THE TEST 

SI 
1,5 
2,4 
" • 1 

SECTION 

SPEED 
40 
"0 
"0 

JS LESS 

kEMARl<S 

THAN THE SU~ CF l~E LGCATIU~S***** 

•••LOW SI a 1 1 5 AVERAGE SI: 1,q nlGH 51 = 2.4••• 
•THE LOW.AVERAGF AND HIGH SI VALUES DO NOT INCLUDE THE SI AT lHE l~O Of T~E SlCTIUN,• 



TRIM•••I STATf OEPARTMfNT OF HIGHWAYS ANO PUBLIC T~A~SPCRTATlON JCB l I•••TRlM 

SERVICEABILITY INDEX CSI) COMPUTED F~O~ THE MAYS RIDE MfTER 

THIS PRGGRAM ~AS RUN• 04•2b•77 
••*********************************************•************************************ 

DIST COlJNTY 
21 HIDALGO 

HIGH~AY 
St,,•33b 

PROJECT IDENTIFICATION 

CONT•SEC 
• 

BMP 

• 
EMP 

• 
FPSN LANt.:. 

s 
DATE 

04'•c5•H 

CALIBRATICN CONSTANTS TOTAL LENGTH TOTAL COUNTER AOT ~HM 
ALPHA BETA FOR SECTION FOR SECTION FOR PPSN NUMfltR 

11,10597 6.86599 o.457 28S, ~1• 14c•F 
************************************************************************************ 

LOCATION INFORMATION 

FROM• HACKBERRY 
TO• LP 374 (INSIDE SBL) 

************************************************************************************ 
MAYS RIDE METER DATA 

LOCATION 
BEG, TO o,2 

0 '" 0,457 

MAYS METER 
(REAOING/0,2 MI) 

114,0 
114,0 
55,0 

SI 
3,3 
3,3 
2,2 

SPEED 
40 
40 
40 

REMARKS 

***LO~ SI• , 1 3 AVERAGE SI• 31 3 HIGH 11 a l,3*** 
•THE LOw,AVE•lAGE ANO HIGH Sl VALUES DO NOT lNCL~Ol THE 81 AT THE E~O u, THt SfCTIO~,* 

(AFI'ER RECYCLED 



TRfM•""•I STATE DEPARTMENT OF HIGHWAYS ANO ~UBLIC TRANSPORTATION 

·sutYfC-EO-Y[].TV INOfl( TS11 ·c·ol4PU'TE'D JrRo-.,f lME MAY! ·~to·E .fif[l£R 

JOB 5 l•••TRIM 

THIS PAnGRAM WAS RU~• 08•09•77 
********~*****•i••··········~~···•i*******~······••••i••···········~···~············ 

OUT COUNTY 
21 HIDALGO 

HIGHUY 
US•281 

PROJECT IDENTIFICATION 

CONhSfC 
l5S•08 

BMP 

• 
EMP 
• 

(BEFORE RECYCIED) 

PP8N LANE 
R 

OATE 
03 .. 03,.77 

CAL.lBRA UCN CONSTANTS TOTAL L.ENGTH TOTAL COUNTER ADT MRM 
ALP,;fA ·e-!TA trO~ SECTlON FOA se:c·TlON FOR PPSfll. NUMBfR 

11 1 10597 8,86599 0,781 550, i1• 14211tF 
************************************************************************************ 

LOCATION INFORMATION 

FROM• STUBBS ST (OUTSIDE SB) 
TO• FREDDY GONZALEZ OR 

************************************************************************************ 
"IAVS RIDE METER OATA 

LOCATIOfll 
BEG, TO O,i 

0,4 
0,781 

fll4YS METER 
(REAOI~G/0 1 2 Ml) 

210,0 
Joe,o 
22!),0 

SI 
2,0 
1, l 
3,2 

SPHD 
30 
30 
30 

REMARKS 
STUtHiS ST 

FREODY GO~ZALEZ DR 

•••LOW SI s 1,1 AVERAGf SI: l,S HIGHS!: 2,U*** 
•THE LOW,AVERAGE ANO HIGH SI VALUES DO NOT INCLUDE THE SI AT THE E~D OF lME S~CllON,• 



TRIM•••I STATf DEPARTMlNT OF HIGHWAYS ANO PUBLIC TRA~SPORTAllON 

SERVICEAAlL!TY INDEX (St) COMPUTED FROM THE MAYS RlOE HETER 

J\JB 6 I•••TkIM 

THIS PROGRA~ ~AS RUN• 08•09•77 
*****************************************************************************f****** 

PkOJECT lDE~TlfICATICN 

DIST 
21 

CCU~TY 
HIDALGO 

HIGHWAY 
US•281 

CONT•SFC 
225 •06 

CALIBRATICN CONSfANTS TOTAi.. LENGTH 
FOR SECTION 

0,781 
ALPHA BETA 

11,10S97 s.86599 

BMP 

• 
EMP 

• 

TOTAL COUNTFR 
FOR SECTlCN 

550, 

(BEFORE RECYCI.ED~ 

PPSN LANE. 
s 

AnT 
FIJR PPSN 

DA Tl:. 
03•03•77 

MkM 
NUME!ER 

ih 142•f 
************************************************************************************ 

LOCATION INFOkMATlON 

FRCM • STUBBS ST (INSIDE SR) 
TO• fRlDDY GONZAlEZ OR 

************************************************************************************ 
MAYS RIDE METER DATA 

ti!AYS METER 
LOCA TIO!li (READI"G/0,2 "11) SI SPHO REMU<KS 

BFG, TO 0,2 133,0 l,O 30 STUBBS ST 
0, 4 1Z2,0 3,?. 30 
0,781 195.o 3,5 30 FREDDY GU~lALEZ DH 

***lOw SI: 31 0 AVF.~AGE Sl = 3,1 HIGH SI: 3,2*** 
•THE LOw,AVERAGE AND HIGH SI VALUES DO NOT INCLUDE T~E St AT lHE E~D OF THE SECTI~N,• 



TRIM•••l STATE O~PARTMENT OF HIGHWAYS AND PUBLIC TAA~SPORTATlO~ 

SERVICEA8JLITY INDEX (SI) COMPUTED FRO~ THE MAYS RIOf METER 

JOB o I•••l!o(IM 

THIS PRUGRAM WAS RUN• oa-oq.77 
************************************************************************************ 

DIST CGUI\TY 
21 HlOALGC 

MlGHl'IAY 
US•281 

PROJtCT IDE~TIFICATJCN 

CONT•SfC 
225 •08 

81'1P 

' 
EMP 

' 

(BEFORE RECYCLFJ)) 

PPSN LANE 
M 

OAH: 
Ol•0.3•77 

CALIBRATICN CONSTA~TS TOTAL LENGTH TCTAl COU~TER AOT ~R~ 
ALPHA BETA FOR SECTION FOR SECTION fOR PPSN ~UMB~R 

1t,tOS97 8,86599 0 1 761 550, 21• 14i•F 
************************************************************************************ 

LOCATIO~ INFCR~ATlON 

FRGM • FREDDY GONZALEZ OR 
TO• STU80S ST (INSIDE NAL) 

************************************************************************************ 
~AYS RIDE ~ETER DATA 

MAYS METER 
LOCATION (READihG/0 1 2 HI) SI SPEED REMARKS 

0,2 o,o 20 FREODY GO~ZALtZ Ow 
0,1,1 130,0 l,O 30 
0,6 CJCJ. 0 3,5 30 
o,e o,o 20 SPRAGUE ST 
1,000 U't,O 3,t 3i) STUBBS ST 

*****THE TOTAL LENGTH FCR THE TEST SECfION IS LESS THAN THE SUM Cf T~E LCCATIU~S***** 

**•LO- SJ: 3 1 0 AVlRAGE SI:. 3,3 HIGK Sl a j,~*** 
•THE LOW,AVfRAGE ANO HIGH Sl VALUES 00 NOT INCLUDE THE SI AT THE l~D OF TNE SECTION,* 



TRIM••wl STATE OEPARTMfNT OF HIGHWAYS ANO PUBLIC TRA~SPORTATIUN 

SERVICEABILITY IND~X (SI) ·coMPUTEO F~O~ THE MAYS ~lOE METER 

JOb 7 I•••HUM 

THIS PROGRAM WAS RUN• os-oq.77 
************************************************************************************ 

PROJECT IDENTlFlCATILN (BEFORE RECYCIED) 

DIST COUl',ITY 
ll HIDALGO 

HIGHWAY 
US•261 

CONT•SEC 
2Z5 •06 

CALIBRATJCN CONSTANTS TOTAL LE.NGTH 
FOR SECTION 

0,781 
ALPHA BETA 

11 1 1osq7 e,eos9q 

Bf"IP EMP 
• • 

TOTAL COUNTER 
FUR SECTION 

550, 

PPSN LANE 
L 

Al'> T 
FOR PPSN 

DA Tt: 
03•03•77 

MIO' 
NUMBt:.R 

Zl• 1'1i•F 
************************************************************************************ 

LOCATION lNFORMATlON 

FROM• FREDDY GONZALEZ OR 
TO• STUBBS ST (OUTSIDE N~L) 

************************************************************************************ 
MAVS RIOf METEP DATA 

LOCATION 
eE·,-, -,o ·o·,i 

0,4 
0,b 
°0;181 

MAYS METER 
(READlflitG/0 1 2 Ml) 

-263", O 
i5e,o 

_0...1.~ 
ze2.o 

SI 
-, • 5 
1,5 

1~1 

SPEED 
l"O 
30 
20 
JO 

REMARKS 
FREODf GOhZALEt DR 

SPRAGUE ST s-,-oe·e·s sr -

***LON SI• lP5 AVERAGE SI• 1,5 HIGH Sl • l,5*~* 
.-THI ~OW,A~l-FfA-Cft: •~ro fffGH -,1 VAL-ors· oo- NOT TNCLU-tfE •nrE n AT .-HE- t)H)----OF TME SECtlON,•-



TRIM•••I STATE OEPART~ENT o, HIGHWAYS AND PUBLIC TRANSPORTATION 

-,cAVl Cf .... IL ITV -llfflElr ·nn -cmwono-·· YRl]j-- 'flit£"" lifAY s Rllft """ 

J(JB l h•••THIM 

THIS PROGRAM WAS RUN• 08•09•77 
___ ,.____________ --·- ········-----· ----···--- ____ /_ ···-----··· - - ·-

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

DIST COUNTY 
21 HIDALGO 

HIGHIIIAY 
US•281 

PROJECT IDENTIFICATtCN 

CONT•SEC 
2a5 .. oa 

BMP 
• 

EMP 
• 

(AFI'ERRECYCIED) 

PPSN LAh! 
M 

DATE 
0'611115•77 

CALIBRATION CONSTANTS TOTAL LE.NGTH" TOTAL CO"LINTER ADT MRM 
ALPH"A BETA.. ,OR-""S£CTION --YOR- Sl!"tl"llr~r FClR- PPSN h0f48"E"R 

11.105,1 a,e6s,q o,1e1 sso, · 21. 14c•f 
************************************************************************************ 

LOCATION INFORMATION 

FRO~• FREDDY GONZALEZ ~R 
TO• SJU88S ST (INSIDE NBL) 

************************************************************************************ 
MAYS RIDE ~tTE~ DATA 

LOCATIUN 
BEG, TO 0,2 

0,4 
o,1e1 

MAYS METER 
CAEADI~G/0 1 2 MI) 

1(:14,0 . 
120,0 
U7,o 

SI 
2,S 
3,1 
4,1 

SPEE.I) 
40 
"0 
30 

~EHARl<S 
FREDDY GO~ZALEZ OR 

STUBBS ST 

***LOw SI= 2,5 AVERAGE SI: 2,8 ~IbH Sl = l,1*** 
•THE LOW,AVERAGE ANO HIGH SI VALUES OU NOT INCLUO~ THE SI •T THE E~U UF T~f S~CTJO~,* 



TRlM•••I STATE DEPARTMENT UF HIGHWAYS A~O PU~LIC T~A~SPOHTAllO~ 

SERVICEABILITY INDEX (SI) COMPUTED FROM THE MAYS R!Ot. M~TE~ 

JU~ 'i l.,..,.TIHM 

THIS PRCGRAM ~AS RUN w os ... oq.77 
************************************************************************************ 

PROJt:.CT IOE~TTFICATICN 

DIST COUNTY 
21 HIDALGC 

HlGHldY 
uS,.281 

CONT•SEC 
255 •OA 

CALIBRATILN CQNSTA~TS TOT AL LENGTH 
FOR St:.CTION 

0,761 
ALPHA BETA 

11.105q7 8,865qq 

BMP E"4P 

" -
TOfAL COUt-.TER 

FUR SECTION 
550, 

(AFI'ER RECYCIED) 

PPSl'4 LAt,E 
L 

AOT 
FOfi PPSII: 

OAH 
0~• 1 S•77 

"'R~ 
J\IUl'IBt.R 

21P 1£!2•f 
***********************************************************************************• 

LOCATION I~FORMATIO~ 

FROM• FRt:.ODY GONZALEl DR 
TO• STUBBS ST (OUTSIDE NBL) 

************************************************************************************ 
MAYS RIDE MtfER OATA 

MAYS MEHR 
LOCA'TIO~ (NEAOHG/0,2 Ml) St SPEt:.D tee.MARKS 

BEG. TO 0,2 157,0 2,6 40 FREDOV GO~ZALEl OR 
0." 132,0 3.o 30 
0,781 138 ,o a~o 30 STUtiBS ST 

***LOW SI:. 2,b AVERAGE SI= 2,R ~l~H Sl = 3.o-•• 
*THE ~O~,AVERAGE A~O HIGH SI VALUES 00 NOT INCL~DE THE SI Al THE t:.~D GF THE SECTIU~,* 



TRIM•••f STATE DEPARTMENT UF HIGHWAYS AND PUBLIC TMA~SPtHTATlCh J(.)l:.i 1 l•••TklM 

SERVICEABILITY INDEX CSI) COMPUTED FkOM THE MAYS R1Dt MtT~k 

THIS PROGRAM ~AS RUN• oe-~q.77 
************************************************************************************ 

PROJECT IDE~TIFICATlCN 

DIST 
21 

CCV~TV 
HIDALGC 

HIGH"AY 
US•?.At 

CONT-Sf:.C 
25~•08 

CALIBRATJCN CONSTA~TS TOTAL L£~GTH 
FOR SECTICN 

o. 7tH 
ALPHA BETA 

11,10597 8,8bS9q 

HMP EMP 
• • 

TOTAL COUNTER 
FOR St: C TIUN 

r,c;o, 

(AFI'ER RECYCIED) 

PPSN 

AOT 

LANE 
R 

f'Qi; PPSN 

DATE. 
04•20•71 

MR~ 
"1UMBER 

d• l42•f 
************************************************************************************ 

LOCATION lNFUMMATlON 

FROM• STUBBS ST (OUTSIDE SB) 
TO• FREDDY GONZJLEZ DR 

************************************************************************************ 
MAYS RIDE METER CATA 

MAYS METER 
LOCATION CREADI"G/0 1 2 MI) SI SPEED HMAkKS 

BEG. TO 0,2 148.0 2.a 30 STUB8S ST 
0." 117,0 3,2 30 
O,& qq.o 3. '5 30 
0,11:11 103,0 3,3 30 FREDDY GU~ZALEZ Ok 

•••LOW St: 2,8 AVERAGE SI: 3,2 h!GH Sl: 3,5*** 
•THE LO~,AVERAGE ANO HIGH SI VALUES DO NOT I~CLUDE THt SI Af THt E~D Lf THE SfCTIUN,* 



TRIM•••I STATE DEPARTMENT UF HIGHWAYS ANO PU~LlC T~A~SPORTATlO~ 

SERVICEABILITY INDEX (SI) COMPUTED FROM 1HE MAYS RlDE MEltk 

JO~ c l•••l~lH 

THIS PROGRAM ~AS RUN• oa-oq.77 
************************************************************************************ 

PROJECT IDENTIFICATICN 

DIST CCUNTY 
21 t-lIDALGG 

HIGHWAY 
US•261 

CUNT•SEC 
Z25•08 

CALlBRATICN CONSTANTS TOTAL LENGTH 
FOR SECTION 

0,781 
ALPHA BETA 

11,10597 8,86599 

8MP EMP 
• 

TOTAL COUNlER 
FOR SECTION 

550, 

(AFTER RECYCIED) 

PPSN LAhE 
s 

AD1 
FOR PPSN 

DA Tt. 
O't•co•n 

t-ARt,1 
NUMBER 

Zh 142•F 
~··********************************************************************************* 

l.OCATION lNFORMATlC~ 

FROfll • STUBBS Sf .{INS1DE-~W) 
TO• FREDDY GONZALEZ OR 

************************************************************************************ 
MAVS RIDE ~ETER DATA 

LOCATIO,.. 
BEG, TO 0,2 

0 ,4 
0,781 

fllAVS METER 
CREAOING/0 1 2 MI) 

154:i,O 
160,0 
106,0 

SI 
2,6 
2,6 
lf, 3 

SPEED 
30 
40 
'40 

REMAHl(.S 
STU-BBS ST 

FREDDY GONZALEZ DR 

•••LOW SI• 2,6 AVERAGE SI• 21 b HIGH Sl a Z,~*** 
•THE LOW,AVER•GE ANO HIGH SI VALUES DO NOT INCLUDE THE SI AT THE E,..O 0~ THE SECTION,• 



APPENDIX C 

-47-



GaJlons of Fuel used: 

Diesel Prop::ine 

358 1836 

Co:,t of Fu0l used: 

Diesel 

t150.36 

Propane 

t596. 70 

GaJ1ons of Fuel used: 

Diesel 

105 

Pronane 

630 

Cost of Fuel used:_ 

U,L,.10 

P:rornnc~ 

{20!,. 75 

IlliPAV/H: FlEL U:3E i,N'! C<l';T 

US !B r;hway 2g1 

G:dlons of Fuel usod n,)r sgu'l.re yard repaved: 

Propane 

0.071 0.085 

Co:",t of Fnel nsed per square y1.rd repaved: 

Propane 

to.006 t:0.023 to.029 

Sto.tc Hi1'.hway 336 

Ga]J ons of Fuel used per sg1.1c1re yard repaved: 

Diesel Pronane 

0. QO') 0.057 0.066 

Cost of Fuel u;:;,id p,,r square varu repnved: 

~o. 004 to.018 to.022 

HE PAVER: LI\.BOH COST PER S C,U AHI'~ Yi.Jill 

m Highway 281 

110 Vim Hours f fl.4. 50 p<~r hour = (1780. 00 

$1780.00 

260303.Yo 

* 

= $0.068 per square yard 

State Highway 336 

20 lhn Hours ~ (44.50 per honr = C890.00 

(890000 
= $0.080 per square yard 

11079 S. Y. 

lfCo:,t per hour docs not include ind:l.rer:t cost to Conpany_ 



HK:i.C Hix at Pla.nt: ~;·10.n6 rer ton l!a11J frcvn pl:int to r.i~oJc:ct: 1:20.00 per hour 

2C030 ~1.Y. 

P,·11] (o ,.,.; J~~) '•t "''·'O no .. ~<..\ · ~ · / .l. ~-~ '' , ... ) "-"- ,, •,r'"' • U per hour x ··111-+.'3 hrs.-·= 

f0.083 per squ~re .;tard 

2(;0:30 S. Y. 

State Hir;hw1y 336 

L.40 Tons m:AC X f10.86 por ton = 

= f0.43 per nq:nre yard 

11079 S. Y. 

Haul (6 1'.ilc:::;) at (.20.00 per hm,r x 75.0 hr:::. ::- ~~1500.00 

f·i 500.00 

11 079 S. Y. 



TIE PA ..Yfil:!: : 

RE FAVER: 

SU:1'hHY OF CU/I' 

S lUF,,CE HECYC J II::G 

U3 Hj g·hwuy 28"1 

Fuel (.0.029 per squ~trc y·,rci 

labor 0.068 II It ti 

Zquipment 0.503 11 II 11 

C: ' ...,uo Total: to.600 per squn re Y'l:!'d 

H.M.-\.C 0.240 II I! 

(.ti.vg. 41...6 #/s.y.) 

Haul 

'rraff'ic 
Control 

Fuel 

L'lbor 

:Squi pment 

Suh 'l'otal: 

HMAC 
( · '7() '' I• v ) 

'-• V (~ • \" 1/ /...; • .i. • 

Trafqc 
Co:1t 1''.ll 

:::1. 1 J 
,, l .35 per 

0.088 II II II 

0.072 ll II II 

$1 .oo 

fo.022 

0.080 ti H II 

,i I! I! 

o.LYJ II II 

c. 1 ;,5 II I: II 

ti 11 

squc:.r:, :.r;L'd for ·125 lf /s-::.y2rc 
::qu:.;,re yard f'o:::- 150 r//sc_1:,:,c·c 

Cost hi.::,sd on ~;: 8. OC per 1.(',~ <' ·• :II:i\C j n p]3.ce 



ENERGY ANALYSIS 

The comparison between the energy requirements for this surface recycling 
process and a conventional hot mix asphaltic concrete overlay is based upon the 
field data obtained during the project and energy data /from the Asphalt Institue 
publication "Energy Requirements For Roadway Pavements" MISC-75-3, dated April 1975. 

The following informs.tion and calculations apply to both the recycling process 
and a conventional hot mix asphaltic concrete overlay. 

General 

The asphalt cement was hauled 245 miles in a 4-axle diesel powered truck to 
the hot mix plant. 

The coarse aggregate consisted of gravel which was run through a crusher to 
reduce oversized particles and to achieve a desired gradation. Screenings are a 
by-product of this operation, therefore no additional energy requJrements are 
considered for their production. ~he coarse aggregate and screenings were hauled 
33 miles to the hot mix plant. Aggregate hauling was done using 4-axle diesel 
powered trucks. The coarse aggregate contained an average moisture content of 
1t% by weight, the screenings averaged 4% moisture by weight and the field sand 
averaged 6% by weight. The aggregates were combined at the hot mix plant using 
60% coarse aggregate, 20% screenings and 2o% field sand. The combined aggregates 
contained an average moisture content of 3% by weight and were dried and heated from 
80°F to 300oF. 

The asphaltic concrete mix composition was 5.3% asphalt and 94.7% aggregate and 
was hauled from the plant to the road in 3-axle gasoline powered trucks. 

Energy Requirement-Vaterials 

Manufacture of asphaltic cement 

Haul of asphaltic cement from 
Manufacture to hot mix plant 
245 mi. x 2 x 3270 Btu/tm* 

Total for asphaltic cement per ton 

Aggregates: 

Crush coarse aggregate 
60'/o x 40,000 Btu/t* 

Process field sand 
20% X 15,000 Btu/t* 

Haul-coarse aggregate 
33 mi. x 2 x 3270 Btu/tm* x 60% x 1.015 

Haul-screenings 
33 mio X 2 X 3270 Btu/tm* X 20% X 1.04 

Haul-field sand 
12 mi. x 2 x 3270 Btu/tmn X 20% X 1 0 06 

Total for aggregates 

= 

= 

= 

= 

= 

= 

= 

= 

587,500 Btu/t* 

1,602,300 Btu/t 

2,189,800 Btu/t 

24,000 Btu/t 

3,000 Btu/t 

131,400 Btu/t 

44,900 Btu/t 

16,600 Btu/t 

219,900 Btu/t 



The following calculations apply only to the surface recycling projects. 

Hot Mix Asphaltic Concrete 

Mix composition, US-281 & SH-336 
Asphalt, 5.3%@ 2,189,800 Btu/t 
Aggregate, 94o7%@ 219,900 Btu/t 

Total for mix 

P.lant operations, US-281 & SH-336 
Dry aggregate, 3%@ 28,000 Btu/%*, 0.947t 
Heat aggregate, 220°F@ 470 Btu/°F/t*, 0.947t 
Other plant operations 

Total plant operations 

Haul of mix 
US-281, 9 mi. x 2 x 4270 Btu/tm* 
SH-336, 6 mi. x 2 x 4270 Btu/tm* 

Spread, Heat, Scarify and Compact Material 

US-281 - Diesel (Roller & Repaver) 
358 gal. x 139,000 Btu/gal.* 

US-281 - Propane (Repaver) 
1836 gal. x 91,000 Btu/gal.* 

Total Btu used to spread, heat and scarify 
material on US-281 

SH-336 - Diesel (Roller & Rep<iver) 
105 gal. x 139,000 Btu/gal.* 

SH-336 - Propane (llepaver) 
630 gal. x 91,000 Btu/gal.* 

SH-336 - Diesel (Light PneUIJlA.tic Roller) 
13 gal. x 139,000 Btu/gal.* 

Total Btu used to spread, heat and scarify 
material on SH-336 

= 
= 

= 

= 
= 
= 

= 

= 
= 

= 

= 

= 

= 

= 

= 

= 

116,100 Btu/t 
208,200 Btu/t 

324,300 Btu/t 

79,500 Btu/t 
97,900 Btu/t 
19,800 Btu/t* 

197,200 Btu/t 

76,900 Btu/t 
51,200 Btu/t 

49,762,000 Btu 

167,076,ooo Btu 

216,838,000 Btu 

14,595,000 Btu 

57,330,000 Btu 

1,807 ,OOO Btu 

73,732,000 Btu 



Su:n~ary of Energy used for Surface Recycling 

US-281, 26,030 sy of surface worked with the add~tion of 580 tons hot mix added 
for an average compacted depth of 0.96 inches. 

Mix Composition 
Plant Operation 
Haul 

598,400 Btu/t X 

= 324,300 Btu/t 
= 197,200 Btu/t 
= 76,900 Btu/t 

598,400 Btu/t 

580t 
26,030 sy 

Spread, Heat, Scarify & Compact 216,838,000 Btu 
26,030 sy 

21,600 Btu/sy 

0.96 inches 
= 22,500 Btu/sy-in. 

= 13,300 Btu/sy 

= 8,300 Btu/sy 
21,600 Btu/sy 

SH-336, 11,079 sy of surface worked with the addition of 440 tons hot mix added 
for an average compacted depth of 1.08 inches. 

Mix Composition 
Plant Operation 
H?-ul 

572,700 Btu/t X 

= 324,300 Btu/t 
= 197,200 Btu/t 
= 51,200 Btu/t 

572,700 Btu/t 

44ot 
11,079sy 

Spread, Heat, Scarify & Compact 73,732,000 
11,079 sy 

29,400 Btu/sy = 27,200 Btu/sy-in. 
1.08 inches 

= 22,700 Btu/sy 

= 6,700 Btu/sy 
29,400 Btu sy 



The following calculations apply only to conventional hot mix asphaltic 
concrete overlay. 

Hot Mix Asphaltic Concrete 

Mix Composition: 
Asphalt, 5.6%@ 2,189,800 Btu/t 
Aggregate, 94.4%@ 219,900 Btu/t 

Plant Operations: 

Total for mix 

Dry aggregate, 3%@ 28,000 Btu/%*, 0.944t 
Heat aggregate, 220°F @ 470 Btu/°F/t~*, 0.944t 
Other plant operations 

Total plant operations 

Haul of Mix: 
7.5 mi. (avg.) x 2@ 4270 Btu/tm* 

Spread & Compact Material: 
3@ 4.5 gal/hr@ 139,000 Btu/gal per 15ot/hr* 

Summary of Energy used for Conventional Hot Vdx 

Mix Co1:1posi tion 
Plant Operation 
Haul of Mix 
Spread & Compaction 

Total 

Compacted density of the mix will be 145 pcf. 

603,500 (~) 0.75 = 32,800 Btu/sy-in. 
(2000) 

= 122,600 Btu/t 
= 207,600 Btu/t 

= 330,200 Btu/t 

= 79,300 Btu/t 
= 97,600 Btu/t 
= 19,800 Btu/t* 

= 196, 700 Btu/t 

= 64,100 Btu/t 

= 12,500 Btu/t 

= 330,200 Btu/t 
= 196,700 Btu/t 
= 64,100 Btu/t 
= 12,500 Btu/t 

= 603,500 Btu/t 

Comparison of Energy Requirements 

Surface Recycling 

Conventional Hot Mix 

24,900 Btu/sy-in. (avg. both projects) 

32,800 Btu/sy-in. 

Comparison of Energy Requirements Considering Savings in Asphalt 

Surface Recycling 

Conventional Hot Mix 

24,900 + 56,700 = 81,600 Btu/sy-in. 

32,800 + 115,900 = 148,700 Btu/sy-in. 

* Information taken from Asphalt Institute publication "Energy Requirements For 
Roadway Pavements" MISC-75-3, dated April 19750 



Comparison of Energy Considerations of Asphalt 

Asphalt in itself is considered to be energy or an energy source. It 
generally will provide a Btu equivalent between fuel oil numbers 5 and 6. For 
comparative purposes, asphalt will be considered to have a Btu equivalent of 
152,000 Btu/gal. 

New Hot Mix 

Hot mix weight of 145#/cu.ft. @ 5.6% asphalt 
145#/cu.ft. x 0.75 cu.ft/sy-in. = 109#/sy-in. of ACP 
109#/sy-in. x .056 asph = 6.1# asphalt/sy-in. 
Asphalt@ 8# gallon= 6.1 i 8.0 = 0.7625 gallons asphalt/sy/in. 
Btu/sy-in. = 152,000 x 0.7625 = 115,900 Btu/sy-in. 

Recycled Hot Mix 

US Hwy. 281 

New hot mix added: 44.6#/sy@ 5.3% asphalt 
Amount Asphalt/sy = 44.6#/sy x .053 asphalt= 2.3638# asphalt/sy 
Asphalt@ 8#/gallon = 2.3638 i 8.0 = 0.2954 gallon asphalt/sy 
Btu/sy = 152,000 x .2954 = 44,900 Btu/sy 
44,900 Btu/sy i 0.96 in. = 46,771 Btu/sy-in. 

State Highway 336 

New hot mix added: 79.4#/sy@ 5.3% asphalt 
Amount asphalt/sy = 79.4#/sy x .053 asphalt= 4.2082# asphalt/sy 
Asphalt@ 8#/gallon = 4.2082 i 8.0 = 0.526 gallon asphalt/sy 
Btu/sy = 152,000 x 0.526 = 79,952 Btu/sy 
79,952 Btu/sy i 1.20 in.= 66,627 Btu/sy-in. 

Average Btu of Recycled Hot Mix 

46,771 + 66,627 i 2 = 56,699 Btu/sy-in. 

Summary 

USING NEW HOT MIX ENERGY CONTAINED IN ASPHALT ~ 115,900 Btu/sy-in 

USING RECYCLED HOT MIX ENERGY CONTAINED IN ASPHALT= 56,699 Btu/sy-in. (Avg.) 

Savings in energy consideration of asphalt= 115,900 Btu - 56,699 Btu= 
59,201 Btu/sy-in. 
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