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SA'N'D-ASPH{l..LT-SULPHUR PAVEMENT EXPERIMENTAL PROJECT 
HIGHWAY U. S ~ 7, KENEDY COUNTY 2 TEXAS 

Sponsored By 

TEXAS STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION 

and 

THE FEDERAL HIGHWAY ADMINISTRATION, OFFICE OF DEVELOPMENT 

in cooperation ~ith 

U.S. BUREAU OF MINES 

and 

THE SULPHUR INSTITUE 

Othe..E_ Participants Include: 

Shell Canada Limited 

Texasgulf, Inc. 

Barber-Greene Company 

Motheral Contractors, Inc. 

Foremost Paving, Inc. 

Texas Air Control Board 

Texas Transportation Institute 

For additional information on sand-asphalt-sulphur paving materials, 
please. contact: 

THE SULPHUR INSTITUTE 
1725 K Street, N.W. 
Washington, D.C. 20006 

Or other participants. 
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SAND-ASPHALT-SULPHUR PAVEMENT EXPERIMENTAL PROJECT 

FOREWORD 

Sand-·asphalt--sulphur pavement matc~rial is composed of mineral 
aggregate (sand), elemental sulphur and asphalt in which by weight, 
the amount of sulphur may exceed that of the asphalt, The pavement 
mixture is prepared in asphalt hot-mix plants equipped with an 
auxi .. li.ary system for handling molten sulphur, It is hauled in heated 
dump truck bodies to prevent the formation of cold lumps a.nd is 
placed with a paver modified to support the screed assembly over 
the plastic hot mixture. 

Sand-asphalt-sulphur mixtures are soft and plastic at the time 
of placement, and no rolling is :required. 

The amount of asphalt in the sand-asphalt-sulphur pavement 
mixture is about the same as used in conventional asphalt pavement 
mixtures. In the typical sand-asphalt-sulphur mixture one pound of 
sulphur and 6 pounds of sand produces the same volume of pavement as 
8 pounds of graded aggregate, Each of these mixtures demands about 
the same perc~n.t of asphalt cement and they perform equally well 
in service. 1 

Sand-asphalt-sulphur pavement material together with the special 
equipment needed for preparation and placement was developE~d by 
Shell Canada Limited. 

PROPERTrES OF THE PAVEMENT MATERIAL 

The molten sulphur added to the hot mixture of asphalt-coated 
sand conforms to the geometric configuration of the voids .. and, as the 
mixture cools below the melting point of sulphur, the sulphur 
solidifies to provide an interlocking or structuring effect throughout 
the pavement. 

Job-Mix Formula: The sulphur content of the mineral aggregate
asphalt-sulphur base mixture varies from about 11 to 16% by weight, 
the asphalt content from 5 to 7% by weight, and the mineral aggregate 
from 77 to 84% accordingly. 

Sand Gradation: Sieve Size Percent Passing by wt. --------· 
3/8 inch 100 

No. 4 90-100 
No. 8 85-100 
No. 16 80-95 
No. 30 65-85 
No. 50 30-60 
No. 100 10-25 
No. 200 5-15 

*Superscript numbers refer to bibliography on page 10. 
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Test Requirements: 

(1) Modified Marshall Stability Test 

Stability at 140 F - 1200 lbs. (min.) 
Flow Value - 0.06 j_nch (min.) 
Air Voids - 15% in mixture (max.) 

(2) Slump Test 

Workability - 1i~ in. (min.) to 6 in. (max.) 

PAVEMENT DESIGN AND ANALYSIS 

The test items were designed by the Texas Transportation Institute 
to "---give a fair comparison of the relative performance. of sand
asphalt-sulphur pavements and a deep asphalt concrete pavement;f~:;2 

Elastic and fatigue properties of the sand-asphalt-sulphur 
pavement materials were studied in considerable detail over a period 
of y,.=;ars. The material moduli and fatigue properties were used to 
calculate stress, strain and deflections under an 18-kip dual tire, 
single axle load using computer programs. Thicknesses of the test 
items were selected in accordance with expected load and service life. 

Post construction testing of the experimental project will be 
conducted by Texas Transportation Institute in cooperation with the 
Texas Department of Highways and Public Transportation over a period 
of three years. 

THE NEED 

In sand-asphalt-sulphur pavement mixtures, sand and sulphur 
replace crushed and graded aggregates. This makes it economically 
attractive in areas where inexpensive, poorly graded sands are l'.'f2'adily 
available.. Too, there is a growing shortage of economically available 
coarse aggregates for asphalt concrete pavements. 

As a result of air pollution regulations, the amounts of sulphur 
recovered from petroleum and coal are expected to increase beyond the 
expe.cted industrial requirements for this material. A practj_cal )lse 
for this excess sulphur will be a future need. 

Sand-asphalt-sulphur pavements are intended to make use of 
readily available and inexpensive sands and, in time, available 
sulphur and sand will serve as replacements for crushed and graded 
aggregates. 
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SULPHUR 

Sulphur is one of the elements, with an atomic number of 16 
and atomic weight of 32.06. The specific gravity of solid sulphur 
is about 2.00, or twice as heavy as asphalt, at ambient temperatures 
and 1.70 at 275F. 

Sulphur is not considered a hazardous material in commerce. 
About 90% of the elemental sulphur used in the U.S. is shipped in the 
liquid state. Truck transports are widely used with a typical truck 
hauling 20 to 22 long tons. Practices for hauling, heating, storage 
and safety are well established in the trade. 

Sulphur melts at 240F. The working temperature range for 
molten sulphur is about 255 to 300F. At higher temperatures, the molten 
sulphur becomes very viscous. 

When heated, the concentrations of toxic gases formed are low 
or non existant in the temperature range of 250 to 300F but incr~ase 
rapidly as the temperature rises above this range. Sulphur dust 
and fumes from molten sulphur can cause eye irritation. 

Briefly, liquid sulphur is hot and poses the same dangers in 
this respect as hot asphalt or any other hot liquid. Molten sulphur 
at 300F will burn in air if ignited and sulphur fumes and hydrogen 
sulphide gas will also burn under extreme conditions. As with 
asphalt handling and, in particular, with 'liquid asphalts', all 
sources of ignition such as smoking, open flames and sparks must not 
be permitted near the liquid sulphur. 

Safety precautions include attention to temperature control and 
measuring and monitoring the H2S content of the air in critical areas 
during paving operations. Methods and equipment for these purposes 
have been developed in cooperation with the U.S. Bureau of Mines, 
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PARTICIPATING AGENCIES AND LIST OF PERSONNEL 

Texas State De~)1t of H=hghwa..Yl!_ an.2., Public Transportation: 

B. L. DeBerry, Engineer-Director 
M. G. Goode, Assistant Engineer-Director 
Marcus L. Yancey, Jr., Assistant Engineer-Director 

Task Group (for sulphur·in pavements) 

William E. Elmore, Coord:i..nator, Materfals & Tests Division, Austin 
Avery W. Smith, Materials & Tests Division, Austin 
Connie F. Jett, D-6 Construction Division, Austin 
Jose Luis Hernandez, D-6 Construction Division, Austin 
Joe B. Davis, D-8 Highway Design Division, Austin 
John F. Nixon, D-10 Planning & Research Division, Austin 
Kenneth D. Hankins, D-10 Planning & Research Division, Austin 
J. L. Beaird, District Engineer, District 11, Lufkin 
S. M. Prince, Sr. Maintenance Engineer, District 11, Lufkin 
Wade D. Barnes, Assista.nt District Engineer, District 21, Pharr 

~ ll, Phag_, Texas 

G. G. Gar~1a, District Engineer 
Wade D. Ba.t·nes, Assistant District Engineer 
Jack T. Trammell, Senior Laboratory Engineer 
G. J. (Lupe) Camargo, Supervising Resident Engineer 
Eloy Vera, Engineering Assistant 
Sim Giles, Engineering Technician 
George Barrera, Engineering Technician 
Noe Go.nzales, Engi.neeri.ng Aide 
Felix Collins, Engineering Technician 
George Young, Engineering Technician 

The Federal Hiz.hwav Administrat:i.on 

Robert E. Olsenp Implementation Division, Washington, D.C. 
Douglas Bernard, Demonstration rrojects Manager, Region 15, · 

FHWA, Arlington, Virginia 

William J. Lindsay, Research Program Manager, Ft. Worth 
Andy Mundz, Regional Materials Engineer, Ft. Worth 
E. V. Kristapords, Research Engineer, Austin 
William L. Hall, District Engineer 
Jess,e Gray, Area. Engineer 
Peggy Vieth, Highway Engineer Trainee 
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U.S. Bureau gf Mine~ 

Ralph C. Kirby, Assistant Director-Metallurgy, Washington~ D.C, 
Kenneth B. Higbie, Chief, Division Solid Wastes, Washington, D.C. 

Will:!.am W. Stephens, Chief 
Wm. C. McBee, Project Leader 
T.A. Sullivan, Research Chemist 

The Sulphur Institute,. Washi:r~n. D.C. 

Russell Coleman$ President 
Harold L. Fike, Director Industrial Research 
David W. Bixby, Director Fertilizer Technology 
Jan Platou, Director of Information 

Shell Canada Limited - --......... --..-... -· ...-.--·-·-
Oakville Research Centre~ Oakvill.£_,._Ontario 

G. Shane, Director-Research 
Harry L. Buxton, Manager, Process Research 
Olaf Kopvillem, Group Leader-Asphalt 
W. J. Gaw, Senior Research Chemist 
Imants Deme, Senior Research Engineer 
Crawford Smyth, Research Technologist 
Carl Mohammed, Research Technician 
Charles E. Spurr, Research Technician 

Head Offic~_.TorontC2..t Ontario 

R. A. Burgess, Senior Staff Chemist 

~~lf, Inc., Hoi~n, Texas 

Frank J. Claydon, Jr., General Manager, Sulphur Operations 
Robert L. Vordick, Distribution Manager 

Byron N. Soderman, Manager, U.S. Sulphur Operations 
Murray O. Clapp, Traffic Manager 
W. H. Richardson, Sr. Mechanical Engineer 
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~arber-Greene Company, Aurora, Illinois 

R. W. Beaty, General Marketing Manager 
J. Tillman, Marketing Manager 
Kenneth J, Rudolph, Product Planner, Asphalt Construction Products 

Motheral Contractors, Inc., Weslaco, Texa~ 

P.H. Motheral, President 

Foremost _Pavit'!,g, 1.!!£.•, Weslaco, I~ 
Eddie E. Forshage, Owner 
Parker New, Plant Superintendent. 
Pete Leal, Paving Foreman 

Texas Air Control Board, Austin, Texas 

Robert E. James, Source Evaluation 
Cyril J, Durrenberger, (van instrumentation and measurements) 
James Cunningham, (van instrumentation and measurements) 

Fred Hartmann, Source Evaluation 
John Moore (bubbler and Hi-vol measurements) 
Mj_ke Ryan (bubbler and Hi-vol measurements) 

Texas Transportation Institute, College Station 

Bob M. Gallaway, Research Engineer 
Donald Saylak, Associate Research Engineer 
Robert N. Barnett, Research Assistant 
Ed Ellis, Laboratory Assistant 
John o. Izatt, Consultant 
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