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PERFORMANCE SUMMARY 

Through a cooperative effort between research and maintenance staff, numerous small 

installations of LFA (parking lots, roadway widenings) were placed and evaluated for 

overall performance. Based on the extremely favorable results obtained, the Department's 

maintenance forces began to routinely use LFA in many highway rehabilitation projects. In 

a typical installation, LFA was used as a base course which replaced the unbound aggregate 

base and a portion of the bituminous concrete surface. The LFA base eventually hardened 

into a concrete-like material with compressive strengths up to 2000 psi. Maintenance found 

the material to be ideally suited for many of their projects because it costs about 1/3 less 

than bituminous concrete and can be stockpiled for several days before use. These 

maintenance projects provided an excellent data base for the development of comprehensive 

specifications for high quality, high strength, plant mixed LFA. The specifications cover 

materials, construction, design techniques and quality assurane. Using these specifications, 

our maintenance forces continue to place over 50,000 tons of plant-mixed LFA per year. 

In the early 1980s, the Federal government began promoting the use of waste products 

such as fly ash in highway construction, and offered bonus payments for using fly ash. New 

Jersey was prepared and was able to take advantage of the incentives offered. Under FHWA 

Demonstration Project 59, a portion of 1-295 was constructed with an LFA base in 1984. 

The construction and five year performance of the plant-mixed h e - f l y  ash aggregate 

(LFA) material as a base course on Route 1-295 in relation a pavement of conventional 

design which was built at the same time in the same section of road on the opposite side was 

studied. The specified four-hour time limit between mixing the LFA material and final 

compaction was found to be unnecessary. In addition, spreading the material with an asphalt 

paver instead of a jersey stone box was found to provide much better grade and segregation 

control. Coring results indicated that the material has exceeded the design strength and 

should perform as intended. In 1989, after five years of monitoring, the demonstration 

section on 1-295 performed flawlessly. Deflection measurements indicated that the 

experimental sections performed better than the standard control sections. Neither section 

exhibited any appreciable rutting or cracking. Rideability of both sections was excellent. 

vii 



A revised specification allowing up to 24 hours before frnal compaction and requiring 

an asphalt paver for placing the LFA base has been issued. Several major interstate 

reconstruction projects were scheduled to use LFA bases because of their lower costs. While 

cost savings for LFA composite pavement sections over equivalent flexible pavement 

designs were significant ($4 to $5 per square yard in 1989), constructability is a major 

concern with any material, and LFA, can be handled, placed, and compacted as easily as 

a stone base. In New Jersey, LFA is placed with an asphalt paver before it is compacted. 

Besides requiring relatively little energy, this material also provides an environmentally safe 

means of disposing of large quantities of fly ash which would otherwise be landfdled (one 

lane mile of LFA base uses over 500 tons of fly ash). 

viii 



PART ONE: INTRODUCTION 

I. 1 OBJECTIVE 

This report  documents the construction phase of a study designed t o  

eva lua te  t h e  design, construction and performance of a roadbase mater ia l  

utilizing fly ash and hydrated lime as stabilizing agents.  The study is intended to 

provide a basis for a critical evaluation of New Jersey's existing specification for  

Aggregate Lime-Pozzolan Stabilized Base, as well as, a determination of needed 

improvements in the  design methods and construction techniques for  l ime fly ash 

(LFA) bases. Overall performance, under t raff ic ,  of a section of roadway 

incorporating t h e  LFA base will be compared to a control  section of conventional 

construction for  a period of five years. 

1.2 BACKGROUND 

In recent  years t he re  has been an increased awareness of t he  need to 

conserve resources and energy. As one s tep  toward this  end, in 1976, Congress 

passed the  Resource Conservation and Recovery A c t  (RCRA) which d i rec ted  

public officials to make a sincere e f fo r t  t o  uti l ize was te  products as construct ion 

mater ia ls  whenever possible. 

Numerous waste and/or by-products f rom various industrial processes have 

been proposed for use as construction materials. Environmental Protect ion 

Agency consultants,  hired under the  provisions of t h e  RCRA to invest igate  the  

potent ia l  use of various was te  products, t a rge ted  fly ash as one of t h e  most  

promising mater ia ls  to recycle  and to demonstrate  in applications of highway 

construction. They concluded tha t  in the  highway construction a rea ,  not  only 

can  large quantit ies of fly ash be used, but also tha t  t he  use of the  mater ia ls  can 

resul t  in significant cost and energy savings. (1) 
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To promote t h e  use of fly ash on federally participating t ransportat ion 

projects,  t h e  Federal  Highway Administration organized Demonstration Project  

No. 59. The intent  of this demonstration project  is to provide funding both for  

t h e  purchasing of fly ash and for  the  evaluation of t h e  performance of highway 

mater ia ls  containing fly ash. 

Fly ash is a mater ia l  recovered from t h e  f lue gases of t he  coal combustion 

processes. The majority of fly ash is obtained f rom coal-fired electric 

generat ion stations. Nationwide, some 5 1  million tons of this mater ia l  is 

col lected and must b e  disposed of each  year. 

The property of fly ash which makes it a t t r ac t ive  for highway applications 

is its pozzolanic nature,  which means tha t  in t h e  presence of l ime and moisture,  

cementi t ious compounds a r e  produced. The abil i ty to form these  cementi t ious 

products encourages t h e  use of fly ash as a stabil izing agent  in soil stabil ization 

techniques and as a par t ia l  replacement  for portland c e m e n t  in concrete.  

The use of fly ash as a stabilizing agent  in New Jersey  is not new. As f a r  

back as the  ear ly  1950s, stabil ization of soil bases was a t t empted  with lime-fly 

ash materials. These ear ly  a t t empt s  at field mixing stabil ization products  

yielded mixed results, of ten t imes  due to poor quali ty mater ia ls  and/or 

construction techniques. Furthermore,  since little tes t ing or documentation was 

performed, i t  was of ten impossible to  obtain sat isfactory reasons for  t he  

problems. This demonstration study, however, is designed as a controlled 

experiment  on an in te rs ta te  roadway with adequate  testing, documentation, and 

performance monitoring scheduled. 

In conjunction with this study on the use of fly ash in a base course, New 

Jersey is currently conducting a broad-based research project  funded with 

FHWA-HPR monies t i t led “Pavement Stabilization Methods”. This research will 

uti l ize results of both field installation and extensive laboratory testing, t o  
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provide more definitive answers to questions in materials, construction 

techniques, optimum mix design procedures, construction cut-off dates, and 

economic and performance potentials for various forms of stabilization. A Phase 

I report") of this study has already indicated tha t  in addition to utilizing was te  

products, substantial cost savings over conventional designs can be  realized when 

constructing pavements incorporating lime-fly ash bases. 

In addition t o  these two studies, New Jersey is also conducting additional 

research, under Demonstsration Project No. 59, on t h e  use of fly ash in portland 

cemen t  concrete. The sum of this research demonstrates  New Jersey's 

commitment  to both environmental issues, as well as, to providing t h e  most cost- 

e f fec t ive  transportation facilities possible. 

1.3 PROJECT DESCRIPTION 

A portion of Route 1-295, Section 7C (new construction) was redesigned to 

include a plant-mixed LFA base as a complete  replacement  for the  dense graded 

aggregate  base and partial replacement for the bituminous-stabilized base course 

used elsewhere on t h e  project. 

The Section 7C project is 1.3 miles in length and is located in Mercer 

County, Hamilton Township, New Jersey, from north of Kuser Road to south of 

Arena Drive. Mercer County is located on the  Delaware River in Cent ra l  New 

Jersey (see Figure 1). Originally slated for construction in August of 1983, 

various delays forced postponement of the  completion of t he  LFA base until t he  

fall of 1984. 

As shown in Figure 2, t he  experimental LFA base test section is located on 

The adjacent  t he  southbound lanes between Stations 609 and 628 + 36 (1936'). 

northbound lane will be used as a control in subsequent performance evaluations. 
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PART TWO: PAVEMENT DESIGN 

2.1 CLIMATE 

The c l imate  in the vicinity of the  test project is relatively mild, being 

moderated by t h e  Appalachian Mountains to the  west  and t h e  Atlantic Ocean to 

t h e  east. The 

average January temperature  is 32.2'F; t h e  July temperature  averages 71.8'F. 

The yearly average ambient temperature  is 51.8'F. Maximum f ros t  penetration 

ranges from 26 to 28 inches. 

Temperatures  below 0 and above IOOOF a r e  relatively rare. 

Precipitation is fairly evenly distributed throughout t he  year, with t h e  

maximum amounts  occurring during the  late summer months. Most of t h e  

summer precipitation is in connection with localized thunderstorms. Snowfall 

occurs  infrequently, with single storms of 10 inches or more occurring about  

(3) every  f ive years. Total average annual precipitation is 39 inches. 

2.2 DESIGN TRAFFIC DATA 

The average daily t ra f f ic  (one-way ADT) used for the  pavement design is as 

f 0110 ws: 

Year 

1984 

2000 

- Volume (VPD) 

11,770 

35,000 

The anticipated t ruck volume is 18% and design speed is 70 mph. 

2.3. ROADWAY GEOMETRY 

The roadway consists of th ree  12' lanes in each  direction with 12' outside 

shoulders and 5' inside shoulders, as shown in Figure 3. The control and 

experimental sections of the project a r e  located on a 1.25% vert ical  upgrade 
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beginning in an 8' c u t  at Station 609 + 00 and rising to a 25' fill at Stat ion 628 + 

36. 

2.4 PAVEMENT SECTION 

The pavement section was designed using the  AASHTO Interim Guide with 

a regional factor  of 1.5 and a terminal serviceability index of 2.5. 

Based on the  calculations shown in Appendix A, a structural  number (SN) of 

5.8 was selected as the  ta rge t  for the  thickness design. 

Table 1 shows the  design sections selected for the  25" thick experimental  

and control sections of the  project. (The mainline section was carr ied through 

t h e  shoulder.) 

Table 1: Pavement Sections 

Test Section 

3" MABC* 

4" Bit. Stab. 
Base Course 

6" LFA 

12" Subbase 
(1-3) 

SN = 

SN 

1.32 3" MABC 1.32 

- - SN Control Section 

1.76 6" Bit. Stab. 2.64 
Base Course 

1.98 8" Dense Graded 1.12 
Agg. Base 

.96 8" Subbase .64 
(1-3) 

- - 
6.02 SN = 5.72 

*See Appendix B for a description and specification for  each  of the  mater ia l s  
listed. 
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PART THREE: LFA BASE COURSE MATERIALS 

3.1 FLY ASH 

Fly ash for the project was obtained from the  Metropolitan Edison 

Company's e lec t r ic  generating station in Portland, Pennsylvania. Fly ash used 

for  stabilization in New Jersey must conform to ASTM C-593 with the  following 

modifications: 

Loss on ignition less than 10% 

Combined Silica (Si02) and Aluminum Oxide (A120J) greater  than 60% 

Moisture content  less than .5% 

The last requirement insures tha t  only dry powdered fly ash will be used fo r  

stabilization purposes. The use of dry fly ash allows for more precise meter ing 

of the  material into the  mix than is normally obtainable with conditioned (wet)  

fly ashes and i t  keeps the  fly ash in a react ive state until i t  is used in t h e  mix. In 

addition, dry fly ash allows a more int imate  blending with the  hydrated lime, 

which appears at this t ime t o  yield be t t e r  s t rength results than those obtained 

with conditioned fly ash. Table 2 provides the  results of t he  chemical  and 

physical tests on the  f ly  ash used on the  project. 
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Table 2: Fly Ash Test Results 

Physical Analysis 

Source - Portland Pennsylvania 

Moisture Content  

Loss on Ignition 

Specific Gravity 

Fineness 

.lo% 

3.6% 

2.23% 

17.4% retained on #325 sieve 

Chemical Analysis 

Silica Dioxide 

Aluminum Oxide 

Iron Oxide 

Sulfur Trioxide 

45.1% 

24.4% 

20.6% 

1.0% 

92.1 % 

3.2 LIME 

Hydrated lime used in the LFA mix was a di-hydrate lime supplied by t h e  

Warner Company of Devault, Pennsylvania. The lime conformed to ASTM C-207 

Type N. The combined calcium oxide (CaO) + magnesium oxide (MgO) was 93%. 

The moisture content  was .4%. 

3.3 AGGREGATE 

The aggregate  used in the  mix was obtained from Limestone Products 

Corporation and was a high calcium crushed limestone. In order to mee t  t h e  

aggregate  specification requirements for the LFA, #57 (3/4" stone) and #I0 

(screenings) were mixed together in a I to I ratio. The gradation of t h e  

individual constituents and the final product a r e  shown in Table 3. 



Sieve 
Size 

1 K" 

314" 

# 4 

jli 8 

#50 

#200 
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Table 3: LFA Base Course Aggregate Gradation 

Percent  Passing 

#57 # 10 Job Mix 
Stone Stone Formula 

100 100 100 

64.6 100 82.3 

4.5 75.3 40.0 

3.0 53.4 28.2 

--- 17.7 8.9 

--- 8.0 4 .O 

Specification 
Limits 

100 

55 - 90 

25 - 60 

5 - 25 

3 -  12 
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PART FOUR: LFA BASE COURSE MIX DESIGN AND PRODUCTION 

4.1 GENERAL 

The mixture design cr i ter ia  for percentages of lime and fly ash  in the  mix 

was established in accordance with t h e  New Jersey Department of Transporta- 

tion specification for Aggregate-Lime-Pozzolan Stabilized Base Course. The 

mix design procedures, along with t h e  test results submitted by t h e  supplier, a r e  

included with the specifications for  the project in Appendix C. 

4.2 DESIGN VERIFICATION TEST RESULTS 

Specifications required a minimum average design strength of 950 psi for  

LFA samples prepared in accordance with ASTM C-593 Part 8 and cured for  28 

days at IOOOF. Table 4 shows the  ac tua l  mix design as submitted by t h e  

contractor .  Verification tests performed by the  New Jersey Department  of 

Transportation laboratory yielded unconfined compressive s t rengths  averaging 

1125 psi and vacuum saturation test results of 1179 psi. 

Table 4: Mix Design Proportions 

Material 

Lime 

Fly Ash 

Fine Aggregate 
(#lo stone) 

Percent  of 
Total  Dry Mix 

2% 

6% 

46% 

Coarse Aggregate 
(a57 stone) 

46% 

Optimum Moisture 
Content  

6.6% 
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4.3 PRODUCTION 

The LFA base course was produced by Limestone Products Corporation a t  

their  Sparta, New Jersey plant. This facility is a continuous mix pugmill p lan t  

with a capaci ty  of 350 tons per hour. The plant consists of two aggregate  bins, 

two fly ash silos, and a lime silo. Automated weigh scales a r e  located on t h e  

aggrega te  and lime feed belts. Fly ash is weigh batched in small quantities, then 

metered with a Synco flow screw onto the  feed belts. The system includes a n  

interlock with the  main feed belt t o  the mixer assuring accura te  proportioning of 

each  ingredient. Water is added to the  mater ia l  at the  pugmill during the  mixing 

operation. (See Figures 4 thru 9.) 



FIGURE 4. LFA Plant a t  Sparta, New Jersey 

FIGURE 5. S t o r a g e  S i l o s  for  F l y  Ash and Lime 
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FIGURE 6. Weigh B e l t  Feeder f o r  Me te r ing  Lime 

F I G U R E  7 .  Pugmill fo r  M i x i n g  LFA 
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FIGURE 8. P o r t i o n  of  Computerized C o n t r o l s  on M i x i n g  P l a n t  

FIGURE 9 .  D i s c h a r g e  C h u t e  o n  P l a n t  
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PART FIVE: CONSTRUCTION 

5.1 SUBGRADE 

The construction cont rac t  was awarded to Hess Brothers Cont rac tors  of 

Parlin, New Jersey in February, 1983. Site preparation began in the  ear ly  spring 

of t ha t  year. Construction in the area of the  control and experimental sect ions 

between Station 609 to Station 619 was delayed until t he  unsuitable mater ia l  in 

this area was excavated. This portion of the roadway was located through an 

abandoned landfill and required excavation to a depth of between 20 to 30 feet 

below the  original ground surface. Backfill of t he  excavation was with a Zone I1 

(1-1 1) select fill mater ia l  (see Appendix B for specifications). The mater ia l  was a 

clean, well-graded sand (AASHO designation A-1-6). Soil analysis results on t h e  

fill mater ia l  a r e  provided in Appendix D. This mater ia l  was t h e  subgrade 

between Station 609 and Station 619. 

Subgrade for the  remainder of the  control and experimental sect ions 

consisted of a clean bank run gravelly sand (AASHO designation A-1-b). Results 

of the  soil analysis performed on this material a r e  provided in Appendix D. 

All subgrade mater ia l  was placed in 6" thick compacted lifts. 

5.2 SUBBASE 

Subbase was placed in la te  July, 1984. The material was subbase 

designation NJDOT 1-3 (see Appendix B) placed 12'' thick in the  experimental  

a r ea  and 8" thick on the  control section. The subbase had a proctor density of 

112 PCF and an optimum moisture content  of 11.5%. Gradations and additional 

test results a r e  provided in Appendix D. Density control of the  subbase was 

accomplished through the use of a Troxler 3400-0 nuclear surface density- 

moisture meter. In-place density averaged 109 PCF or about 97% of the  proctor 

density. The LFA base was placed directly on the  subbase. 
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On the  northbound (standard control section), Dense Graded Aggregate 

Base (Q.G.A.B.) was used as the  base course beneath the  asphalt pavement. The 

mater ia l  was a blast furnace slag from Warner Concrete, Morrisville, 

Pennsylvania (see Appendix D for test results). The D.G.A.B. had a proctor  

density of 111.6 PCF at an optimum moisture content  of 5.9%. 

5.3 LFA BASE COURSE 

The f i rs t  LFA mater ia l  arrived on the  job site on August 15, 1985. A jersey 

s tone  box powered by a D-5 caterpillar dozer was set up to spread t h e  LFA 

material. Because the  f i rs t  semi-trailer which a t tempted  to dump into the  

spreader box nearly upset, the  remainder of t h e  loads were dumped on t h e  

asphal t  pavement on the  northbound roadway. A front-end loader was then used 

to load tandem dump trucks which then fed the  stone box. 

Some trial-and-error adjustments on the stone box were made in order  to 

place an  8" layer of uncompacted mater ia l  which yielded t h e  6" required 

compacted thickness. 

A density control s t r ip  was established and monitored with a Troxler Model 

3400 B nuclear gauge. A Tampo Model R-166A, dual steel-wheeled vibratory 

roller was used for compaction. Analysis of the control s t r ip  da t a  indicated t h a t  

95% of proctor density was achieved a f t e r  four passes of the  roller. The four  

passes were then used to compact  the remainder of the  LFA base. 

Weather during this construction remained hot  and dry, with dayt ime high 

tempera tures  averaging 85'F. Several passes of a water  truck were made each  

morning and evening to prevent t he  completed LFA base from drying out. 

Construction continued without problems with 369 I tons of mater ia l  placed in six 

working days. This is not representative of t he  achievable r a t e  of production 

since spreading and compaction equipment of ten set idle while waiting for 
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mater ia l  to arr ive on the  job site. The low ra t e  of delivery to the  project  was 

caused f i rs t  by a shortage of trucks during the  exceptionally busy construct ion 

season, and secondly, by the  fact tha t  t he  trucks could only make two round t r ips  

per day. The LFA base course was produced at a plant about  75 miles f rom t h e  

1-295 jobsite, which 1-esulted in a haul t ime  of about  two hours. 

The use of a jersey s tone  box to place t h e  LFA base permit ted the  ma te r i a l  

to be placed rapidly and accurately so tha t  f ine grading was not required. 

However, t h e  large aggregate  had a tendency to segregate  and fall ou t  at t h e  

edge  of the  spreader box with each  pass. While the  segregation was not  

excessive o r  problematic on this project,  New Jersey has since revised i t s  

construction specifications to require asphalt  laydown machines for fu ture  LFA 

projects. A subsequent project  (Route 55, Section 13B) demonstrated t h e  

e f f ec t ive  use of an  asphalt  paver for placing LFA. 

Af te r  completion of t h e  LFA base, an application of RC-30 prime coat, a t  

t h e  r a t e  of .15 gallons per square yard, was applied to seal in t h e  moisture. The  

a r e a  was blocked off to all t ra f f ic  until t h e  base was paved with asphalt  during 

t h e  f i rs t  week of September,  1983. Construction of t h e  bituminous base and 

binder course on t h e  test section was completed in two days. 

Since this  was a Research demonstration project,  density and moisture 

measurements  were taken at 100 foot intervals on each  lane of t h e  construction. 

Normally, only lot  densities, consisting of moisture and density measurements on 

every 5000 square yards of mater ia l  would be  taken. These lot  densities, as 

noted in the  specification in Appendix C, a r e  used to calculate  the  quantit ies of 

l ime and f l y  ash used on t h e  project for payment under separa te  items. Figures 

10 through 19 show the  construction sequence beginning with the  control s t r ip  

construction to the  final roadway. 
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FIGURE 10. Subbase P r e p a r a t i o n  P r i o r  t o  P l a c i n g  LFA M a t e r i a l  

FIGURE 11. Constructing the Control Strip Using a Jersey Spreader 3ox  
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FIGURE 12. Close up o f  the Jersey Spreader Box 

F I G U R E  13. Compacting t h e  Control Strip 
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FIGURE 14. Close up View of the  LFA Material 

.. : . ?- :. ....... 0 ... ..., . .  
. .F - .  ,i , 

F I G U R E  15 .  C h e c k i n g  Dens i ty  w i t h  a T r o x l e r  N u c l e a r  D e n s i t y  Gauge 



F I G U R E  16.  Keeping the LFA M o i s t  Prior to Application of  Cure Co3t 

- .- 

.. . . 

F I G U R E  17. Application o f  RC-30 Cure Cozt 
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FIGURE 18. Completed LFA M a t e r i a l  w i t h  Cure Coat 

FIGURE 19. Overview o f  Roadway 
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PART SIX: FIELD AND LABORATORY TESTS 

6.1 UNCONFINED COMPRESSION TESTS 

Throughout the  construction of the  LFA base, samples of t he  mater ia l  were  

removed from the  spreader box and molded into cylinders according to AASHTO 

T99, Method C. Samples were molded at field moisture contents  and tes ted for  

compression strengths according to ASTM C-593 a f t e r  28, 45, and 90 days of 

curing at 100°F. In addition, vacuum saturation tests were performed on 

samples from the  first day's production. Table 5 shows t h e  results of these  

unconfined compression tests. 

Table 5: Compressive Strength Results 

28 Days 45 Days 90 Days 

1455 1574 1723 Unconfined Compressive 
(Average of 15 Tests) 

Vacuum Saturation 
(Average of 3 Tests) 

1773 1603 2370 

6.2 CORING RESULTS 

Cores  were taken at 28, 45, 90, 270, and 420 days a f t e r  construction in a n  

a t t e m p t  to correlate  field and laboratory s t rength development. The rate of 

s t rength development for an LFA mix utilizing Type F fly ash is extremely slow 

at room temperatures, and in fact, almost non-existent below 40°F. Therefore, 

long-term coring effor ts  a r e  needed if the  ul t imate  s t rength of t he  field mater ia l  

is to be obtained. In addition, freeze-thaw cycles can have an adverse effect on 

low-strength stabilized materials. Therefore, cores  were taken af te r  the base 

mater ia l  had endured its first winter and again a f t e r  a summer of curing. 

results of the  core  strengths a re  shown in Table 6 .  

The 

Figure 20 shows a plot of 

both core and laboratory s t rength versus tirne. The results indicate the  effects 
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of tempera ture  on the  cure  r a t e  of LFA mixes. Samples re turned to t h e  

laboratory and cured at 100°F in the  oven gained s t rength rapidly while mater ia l  

cured at  ambient field temperatures  developed s t rength at a much slower rate .  

I t  should be noted, however, t h a t  the  ul t imate  s t rength of the  field mater ia l  was 

grea te r  than t h a t  of t h e  laboratory samples. 

Table 6: LFA Core Strengths  

Strength 
(Avg. of 
10 Cores) 28 Days 45 Days 90 Days 270 Days 420 Days 

psi 85 I 879 I149 1796 2210 

6.3 NUCLEAR MOISTURE DENSITY MEASUREMENTS 

The importance of adequate  compaction and proper moisture conten t  of a n  

LFA mater ia l  cannot  b e  overstressed. Correct moisture contents  are essent ia l  in 

achieving good density, and density is required if design s t rengths  a r e  to b e  

obtained in the  field. Moisture content was checked on t h e  project by both t h e  

nuclear gauge and by taking samples of mater ia l  each  morning and af ternoon and  

checking for moisture content  in the  lab. The average  moisture conten t  (XI as 

determined from 180 nuclear moisture tests was 6.33%, with a s tandard 

deviation (6) of .922%. The 10 oven dried moisture conten t  tests averaged 6.35%. 

This indicates good correlation between t h e  nuclear moisture measurements  and  

t h e  standard oven dried moisture tests. 

- 

Nuclear density measurements were taken  at 142 locations and the  resul ts  

showed tha t  t h e  average in-place dry density was 136.8 pcf or 98% of s tandard 

Proctor  density for this material .  The standard deviation on the  density tests (4 

was 2.22 pcf. Based on nuclear density gauge results on similar base course 

materials,  these tests indicate tha t  the  LFA mater ia l  was uniformly and 

adequately compacted. 
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PART SEVEN: ENERGY REQUIREMENT ANALYSIS 

To determine t h e  relat ive amount  of energy consumed for  t h e  construction 

of the  LFA base, a comparison was made between the  energy required for t he  

LFA base and tha t  required for  t h e  structurally equivalent control  section. The  

control  section is typical of the  design used since 1970 for In te rs ta te  pavements 

in New Jersey. As shown previously in Table 1, t h e  experimental  and cont ro l  

sect ions have basically identical  s t ruc tura l  numbers. 

The calculations for  t h e  energy consumption for  each  pavement section i s  

shown in Appendix E. Production and construction energy inputs for each  

mater ia l  a r e  based upon values presented in a report  published by t h e  Asphalt 

I n ~ t i t u t e ' ~ ) .  Transportation energy inputs a r e  based upon diesel  fuel  required to 

t ransport  t h e  mater ia l  from t h e  ac tua l  sources of mater ia ls  used for  t h e  project. 

The diesel  trucks were assumed to have a fuel  economy of 4.5 mph. 

Table 7 presents t h e  resul ts  of the energy comparison. The energy required 

for  e a c h  section was converted to gallons of gasoline at 125,000 BTU/gallon. 



Material 

Bit. Surface 

Bit. Stab. Base 

LFA Base 

Subbase (I-) 

MC30 Curing 
Compound 

Thick- 
ness - 

3" 

4 

6" 

12" 

4" 

Thick- 
ness - Material 

Bit. Surface 3If 

Bit. Stab. Base 6" 

Dense Graded 
Aggregate Base 8" 

Subbase (1-3) 8" 

M C  Prime - 
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Table 7: Energy Requirements 

LFA Pavement Section 

Total 
Tons 

1915.2 

2553.6 

3796 

5745.6 

(1026 gal.) 

Energy Req./Ton 
for  Production, 
Hauling, and 
Const. (BTU) 

528,210 

528,210 

552,250 

90,800 

18,360,660 

Total  
Energy 
(BTU) 

1.01 l o 9  

2.10 lo9 

1.35 x l o 9  

5.22 x 10' 

7 7.34 x 10 

5.06 x l o 9  BTU 
or 40,480 gallons 
of gasoline 

Control Pavement Section 

Energy Req./Ton 
for  Production, 

Total Hauling, and 
Tons Const. (BTU) 

1915.2 528,210 

3830.4 528,210 

4035.6 102,560 

3835.6 90,800 

(1026 gal.) 18,360,660 
4 tons 

Total  
Energy 
(BTU) 

101 l o 9  

2.02 l o 9  

4.14 x 10' 

3.48 x 10' 

7.34 l o 7  

3.87 lo9 BTU 
or 30,960 gallons 
of gasoline 
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As shown in Table 7, the  LFA section on this project  required an additional 

energy equivalent of approximately 9,500 gallons of gasoline as compared to t h e  

control  section. While LFA mater ia l  generally is not an energy intensive 

material, t he  75-mile haul distance from the  plant to the  job s i te  resulted in t h e  

LFA mater ia l  requiring more total energy per ton than even hot mix bituminous 

base. In addition to the  ex t r a  energy needed for  hauling LFA, the  control sect ion 

utilized a blast furnace slag as a base course which required no energy for 

production. This mater ia l  is not typical of mater ia l  used for  a base in New 

Jersey pavements. These two factors  resulted in t h e  LFA section requiring 

additional energy when compared to the  energy needed to construct  t he  control  

pave men t . 
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PART EIGHT: COST OF ALTERNATE MATERIALS 

Since the LFA section was constructed to be structurally equivalent to t h e  

control section, a cos t  comparison between each will be made for  a square yard 

of the  pavement sections. The bid prices for each  item a r e  shown in Table 8. 

Table 8: Bid Prices for Pavement Materials 

Material 

Bituminous Concrete  Surface 

Bituminous Stabilized Base 

Dense Graded Aggregate Base 

Subbase (1-3) 

LFA Base Thick) 

Lime 

Fly Ash 

MC-30 (Prime) 

cost 

$17.25/Ton 

$17.25/Ton 

$18.50/Yd.3 

$1 I . o o / Y ~ . ~  

$ 6.75/Yd.2 

$70.00/Ton 

$15.00/Ton 

$ 1.35/Gal. 

These prices were converted to  square yard costs for  each  i tem in t h e  

pavement section. Table 9 provides the  breakdown of the  ac tua l  cost per square 

yard per item and the  to t a l  cost per square yard of the  LFA and cont ro l  

pavements. 
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2 Table 9: Material Costs/YD 

LFA Section 

2 Material Cost/yd- 

3 I I  Bit. Conc. Surface $2.9 1 

4" Bit. Stab. Base $3.88 

6" LFA $6.75 

12" Subbase (1-3) $3.67 

Lime $0.096 (.lo) 

Fly Ash $ .012 LO61 

Curing Comp. (MC-30) $0.14 

TOTAL COST $17.51 

Control Section 

2 Materia: Cost/yd- 

3" Bit. Conc. Surf. $2.9 1 

6" Bit. Stab. Base $5.82 

8l' D.G . A.B . $4.1 1 

8" Subbase (1-3) $2.44 

Prime Coat (MC-30) $0.14 

$15.42 

From the  above tabulation i t  can be seen t h a t  t h e  LFA section for th i s  

roadway costs  approximately an  additional $2.00 per square yard when compared 

to the  conventional pavement construction. There a r e  two reasons for t h e  

increase in cost of the LFA section over t he  standard pavement. The first (and 

most  obvious) was the  distance which t h e  LFA mater ia l  had to be hauled to t h e  

construction s i te  (75 miles). The second (and not so obvious) was t h e  fact t h a t  

t h e  D.G.A.B. used on this project was a blast furnace slag. This is not  typical of 

New Jersey projects. D.G.A.B. is usually a crusher run mater ia l  produced at a 

quarry, however, t h e  contractor  was able to locate near t h e  project a source of 

less expensive blast furnace slag which me t  specifications. These two reasons 

helped reduce the  cost  of the  standard control section. 
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PART NINE: CONCLUSIONS AND RECOMMENDATIONS 

9.1 CONCLUSIONS 

While the  ul t imate  benefits of the use of LFA base courses must awai t  t h e  

outcome performance evaluation, the  practicality of constructing an  LFA 

stabilized base has  been demonstrated. The following conclusions a r e  offered: 

1. No significant problems were encountered in constructing the  LFA 

base. The LFA mater ia l  proved to be very forgiving to construction 

techniques, with handling character is t ics  similar to dense graded 

aggregate  base. 

There were no problems in transporting the  mater ia l  to the  job site, 

despi te  the  long haul distance. Both laboratory dried and nuclear 

gauge measurements proved tha t  the  moisture content  was 

maintained during the  haul. Field densities averaged 98% of t h e  

Proctor density . 
Laboratory compacted samples and core  s t rengths  exceeded the  mix 

design strength. Core  strengths after nine months were  equal to t h e  

90-day laboratory cured specimens. This demonstrates  the  slow 

curing of the  mater ia l  at normal (ambient field) temperatures. Af te r  

14 months, t h e  core strengths exceeded the  90-day lab samples. 

The f ac t s  t ha t  both the  cost and energy consumption for the  LFA 

section were grea te r  than tha t  for t h e  control can be at t r ibuted to 

the haul distance between the  job site and the  LFA plant. The cost 

at t h e  plant for this LFA mater ia l  is approximately one-half t h a t  of 

hot mixed asphalt and the energy required to produce and construct  

an LFA base is less than 58% of the  energy required to produce a hot  

mix asphalt base of equivalent thickness. 

2. 

3. 

4. 
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9.2 RECOMMENDATIONS 

In view of the experience gained on this project, the  following 

recommendations a re  made: 

1. While spreading the  LFA base with a spreader box resulted in less 

segregation than tha t  which would occur if t he  mater ia l  had been 

"bladed" to grade, an  asphalt paver provides much be t te r  grade and 

segregation control. This was evidenced by the  final products of 

several other LFA base projects where a paver was used. It is, 

therefore, recommended tha t  where possible, asphalt pavers be used 

to place the material. 

The original specifications for  the project allowed only four hours 

between mixing t h e  LFA mater ia l  and final compaction. This 

res t ra int  is too burdensome and, in fact, unnecessary as the  da t a  on 

the  project demonstrated. Because of the  long haul distance involved 

on this project, the  specifications were relaxed to allow 24 hours 

between mixing at the  plant and final compaction. Based on t h e  

excellent strength results obtained from this project, the  mater ia l  

does not seem to be harmed by t h e  24-hour requirement and it should 

be permitted on all future  jobs. 

Other  projects, perhaps nearer  the source of the  supply, should be 

designed with an LFA base as an a l te rna te  in tha t  additional 

performance da ta  can be assembled. 

2. 

3. 
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PAVEMENT RECOMMENDATION REPORT 

1. INTRODUCTION 

This report represents a revision of the recommended pavement 
structure, for 1-295 Section 7 ,  from Kuser Road to Arena 
Drive, based on updated 1 9 8 1  traffic and pavement design data 
furnished by the NJ DOT. 

The original pavement design report, dated 1 9 6 8  (copy of which 
is enclosed in the Appendix to this report) had determined that 
flexible pavement was a more economical solution as compared 
with the rigid pavement. The new 1 9 8 1  traffic and design data, 
as well as unit costs, do not change this fact. This report 
includes calculations for both the flexible and the rigid pave- 
ment to substantiate that flexible pavement is still the most 
economical solution. 

2. RECOMMENDED PAVEMENT DESIGN 

Based on the new data and calculations of this report the 
recommended pavement structure is as follows: 

3 "  MA-BC-2 Surface Course, consisting of 
1.5" top course and 1.5" bottom course, 

6" Bituminous stabilized base course, 
constructed in 3 -2"  courses, p c  = 

8"  Subbase, dense aggregatekourse, 

8 "  Subbase, 1 - 3 .  

3 .  DESIGN DATA 

(Ref. NJ DOT letter dated September 1 8 ,  1 9 8 1 )  

Traffic Design Data 

1 9 8 4  ADT (2-way) 2 3 , 5 4 0  
2 0 0 0 '  ADT (2-way) 7 0 , 0 0 0  
2000 DHV (2-way) 5 , 6 1 5  
2000 D 6 0 %  
2000 Heavy Trucks Pk. Hr. 6 %  

Pavement Design Data 

1 9 8 4  ADT (l-way) 1 1 , 7 7 0  
2000 ADT (1-way) 3 5 , 0 0 0  
Total Trucks 24 Hr. 1 8 %  
Heavy Trucks 24 Hr. 12 9, 
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18 K I P  Equivalency Factor 

Flexible Pavement 
Rigid Pavement 
Total Truck percent 

0.356 
0.498 

18 % 

4. DESIGN CRITERIA 

Reference: AASHTO Interim Guide f o r  Design of Pavement 
Structures, 1972. 

Frost Considerations: Frost susceptible soil with frost 
penetration up to a depth of 28 inches. 

Regional Factor: 1.5 

Serviceability Index: 2.5 

Subgrade Soils:. Generally AASHO Designation A-7-6, A-7-5 

Soil Support Value: CBR - s sv - 
3.75 
4.75 
5.25 

Modulus of Subgrade Reaction: K = 150 

Number of Lanes: 3 in each direction 

Lane Distribution Factor: 0.90 

5. 

a. 

b. 

C. 

d. 

3 
5 
7 

FLEXIBLE PAVEMENT DESIGN 

(11,770 + 35,000) x 0.9 = 21,047 
Design AADT: 2 

Design AAD Equivalent 18 Kip Loads 
(21,047)x(O. 356) x (0.18) = 1 , 349 

Minimum Pavement Thickness 
0.75 x 28" = 21 inches 

Required S.N.: From AASHO Chart (Fig.11-1) for service- 
ability index of 2.5 (Regional Factor = 1 . 5 )  

CBR = 3, SSV = 3.75: S.N. = 5.4 
CBR = 5, SSV = 4.75: S.N. = 4.7 
CBR = 7, SSV = 5.25: S.N. = 4.5 

- 2 -  
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e. Trial Pavement Sections 

(1) 196G design: 3" MA-Bc-2 
(Trial Section #1) 6" Bit.Stab.Base 

8" Subbase, 1-1 
- 8" Suhbase, 1-3 
25" 

(2)  1981 design: 3,l MA-Bc-2 
(Trial Section #2) 6" Bit.Stab.Base 

6" Suhbase, 1-1 
- 8" Suhbase, 1-3 
23" 

(3) 1981 design: 3" MA-Bc-2 
(Trial Section #3) 4" Bit.Stab.Base 

8" Subbase, 1-1 
8" Subbase, 1-3 - 

23" 

S.N. - 
1.32 
2.64 
1.12 
0.64 
5.72 
- 

1.32 
2.64 
0.84 
0.64 
5.44 
- 

1.32 
1.76 
1.12 
0.64 
4.84 
- 

1982 
Cost/S.Y. 

$ 5.90 
11.40 

3.40 
4.50 

$25.20 

5.90 
11.40 

2.80 
4.50 

$24.60 

$ 5.90 
8.40 
3.40 
4.50 

$22.20 

6. RIGID PAVEMENT DESIGN 

Design AAD Equivalent 1 8  Kip Loads: 
( 2 1 , 0 4 7 )  x ( 0 . 4 9 8 ) ~ ( 0 . 1 8 )  = 1887  

Using concrete working stress of 600 p.s.1. and modulus of 
subgrade reaction k=150,  one obtains from AASHO Chart (Fig.111-1) 
for serviceability index of 2 . 5 :  

Slab thickness = 9 inches 

Total required thickness for frost penetration: 2 1 "  
( 2 1 - 9 )  = 1 2 " ;  use 1 2 "  subbase (min.) 

Pavement 

R.C. Pavement ( 9 "  thick) 
Subbase, 1-1 (8 ' '  thick) 
Subbase, 1-3 ( 6 "  thick) 

1 9 8 2  
Cost/S .Y. 

$ 3 3 . 0 0  
3 . 4 0  
3 . 6 0  

$ 4 0 . 0 0  

7. RECOMMENDATIONS 

It is recommended that flexible pavement be adopted, since it 
is considerably less expensive than riqid pavement. 

- 3 -  



-41- 

The prevailing existing subgrade CBR conditions are as follows: 

Station to Station 

604+00 to 609+70 
609+70 to 618+80 
618+80 to 664+00 

CBR - 

5 or better 
less than 3 
5 or better 

The unsuitable subgrade soils, between station 609 and 619, will 
be excavated and replaced with acceptable borrow materials. An 
improved CBR should therefore result in this portion of the 
project. The pavement structure of 1-295 constructed up to Kuser 
Road, however, is same as Trial Section #l. 

Although Trial Section # 3  satisfies the structural and frost 
requirements and could result in a saving in construction cost, 
nevertheless, for consistency with the preceding sections of 
1-295 which have performed well to date, it is recommended that 
Trial Section #1 be retained for the project. A stronger pave- 
ment structure will provide a safety margin for unexpected 
increases in traffic as well as should result in less maintenance 
problems. 

- 4 -  
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,:. l i t  # ' I  I P 1 I : A b E  I 4 t  FEN T O  

Route 295, Sec. 7 C  
Kuser Road to Arena Dr 
Hamilton Township 

Supplemental Pavement 

~ M P  L I ~  Xriu JJpriiL*t! 
D E P A R T M E N T  OF T R A N S P O R T A T I O N  Mercer County 

1035 PARKWAY AVENUE 
P.O. aox 1 0 1  Recommendation 

TRENTON. NEW JERSEY 08625 

Pt . i r ch  9 ,  1 9 8 2  

Mr. Jack Freidenrich 

This Supplemental Pavement Design is recommended to provide 
the Bureau of Transportation Structures Research with an 
experimental pavement section ofrequivalent strength and 
thickness a s  the previously recommended bituminous 
section. This change will affect the three southbound 
lanes of Route 2 9 5  from Station 609+00 southbound to 
Station 6 2 8 + 3 6 .  

This recommendation has been discussed and agreed upon by 
Messrs. K. Afferton, DOT Research, and R. A .  Tompkins, FHWA. 

We recommend the following. 

Route 295 Southbound, Station 609+00 to Station 6 2 8 + 3 6  

Elainl ine 

3 "  MABC-2 
, I 1  
L( Bituminous Stabilized B a s e  Course 
6" Aggregate-Lime Pozzolar. Stabilized 

Base Course 
1 2 "  Subbase, D e s i g n a t i o n  1 - 7  

Shoulders ~ _ _ _  

I 'L'' C o 11 c' r c I c' 
1'"' >!ABC Uoctom Course 
10" Dense Graded Aggregate B,?se C o u r s e  
12" Subbase, Designation L - 3  

B i L uiii i 11 u us >; 1 1  a 1 I I  L d c s  L- 
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F o r ~  A D  40 5 7 7  

FROM Nicolai D .  Nicu MEMORANDUM 
Y r .  C h a r l e s  Takacs  -- TO --- 

C h i e f ,  Bureau of Doa2wav P l a n  

geci f i c a t i o n s  D e v e l o p r e n t  
- - 

d I 1 v L ew a ri u 

- 

C h i e f ,  Bureau  of 

SUBJECT 9t. 2 9 5 ,  Sec. 7C D A T E  1 1 / ? ? , / 8 2 T E L E P H O N E  NO. - 3 
D e l e t i o n  of Top Course  PABC 

I f  t h e r e  i s  a d e l a y  i n  open ing  t h i s  p r o j e c t  t o  t r a f f i c  

a . f t e r  c o m p l e t i o n  of c o n s t r u c t i o n ,  t h i s  office recommends 

t h a t  t h e  1%" t o D  course P?\BC ].aver he  d e l e t e d  from a l l  

areas t o  r ema in  unused .  

NDN :WD: cc 
cc: K .  A f f e r t o n  

W. Sunderland 
F. Bogdan 
file ( 3 )  1 
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APPENDIX B 

SOIL AGGREGATE AND BITUMINOUS CONCRETE 

SPECIFICATIONS AND DESCRIPTIONS 
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SOIL AGGREGATES 

DESCRIPTION TYPE 

I- 3 

1-11 

Dense Graded 
Aggregate Base 
(D.G.A.B.) 

A subbase mater ia l  generally used as a bot tom 
course subbase beneath subbase 1-1 or beneath a 
dense graded aggregate base course and primarily 
used in the  same  a rea  of New Jersey as mentioned 
in 1-1. I t  can be found in soil deposits in most areas 
of New Jersey. 

Used as a general underwater backfill for  areas 
which have been wet  excavated. Also used fo r  
filling in depressions or channels in swamp or marsh 
a reas  prior to placing a sand blanket, and for  a 
working tab le  on top  of t h e  sand blanket in t h e  
"Sand Drain" or "Sand Blanket" types of  
construction. 

Used as a base course mater ia l  directly under 
bituminous concrete. While D.G.A.B. can  consist of 
broken stone or blast furnace slag, it is generally a 
crusher run product. The portion of mater ia l  
passing the No. 40 is non plastic. 

TABLE B - 1  

S O I L  AGGREGATE GRADATIONS 
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BITUMINOUS CONCRETE 

MABC - Medium Aggregate Bituminous Concrete  - used as sur face  course 
on pavements. 

Bituminous Stabilized Base Course - used as a stabil ized base under 
MABC. 

BSBC - 

TABLE B-2 

GRADING REQUIREMENTS FOR BITUMINOUS CONCRETE 

Sieve Size 

2" 

I %" 

1 'I 

3/41' 

K" 

3/8" 

/I 4 

/I 8 

/I50 

#200 

Percent  Passing 

MABC 

- 
- 
100 

95 - 100 

75 - 95 

65 - 85 

35 - 65 

25 - 50 

10 - 25 

3 -  10 

Asphalt Cement  % 4.5 - 9.5 
(by weight of mix) 

BSBC 

100 

90 - 100 

80 - 100 

- 
50 - 85 

- 

25 - 60 

20 - 50 

8 - 30 

4 -  12 

3.5 - 8 
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LFA SPECIFICATIONS 
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2.4.4. Q U A N T I T Y  AND PAYYENT, _ _ _ _ _ _ _  ------------------- - 
THE PAYMENT Q U A N T I T Y  O f  BORROW E X C A V A T I O N t  ZONE 2 W I L L  

B E  D E T E R M I N E D  AS S P E C I F I E D  I N  A R T I C L E  2.4.4 O F  THE STANDARD 
SPEC I F  I C A T  I O N S  UNDER METHOO 8.2. 

THE PAYMENT Q U A N T I T Y  OF BCRROW E X C A V A T I O N *  ZONE 3 WILL 
BE D E T E R M I N E D  AS S P E C I F I E D  IN A R T I C L E  2.4.4 O F  T H E  STANDARD 
S P E C I F I C A T I O N S  UNDER METHOD 8 . 2 .  

T H E  F O L L O W I N G  IS ADDED TO T H I S  S E C T I O N  OF .THE S T A N D A R D  
S P E C I F I C A T I O N S :  

S E C T I O N  4 A  

BORROW EXCAVAT 1CNv B R I D G E  FOUNDAT ICN 

2.4A. 3 .  M ET HO D OF C ONST RUCT I ON, -___ -- -_ ---- -- ----I -- --------- 
THE L A S T  SENTENCE OF THE F I R S T  PARAGRAPH ON PAGE NO. 58  

Of THE S U P P L E H E V T  TO THE STANDARD S P E C I F I C A T I O N S  IS CHANGED T O  
READ A S  FOLLOWS: 

D E N S I T Y  CONTROL I N  THE F I E L D  WILL B E  BASED Or4 T H E  SAND- 
CONE METHODt  RUBBER BACLOON METHOD OR THE NUCLEAR METHOO IN 
ACCORDANCE W I T H  THE R E Q U I S E Y E N T S  OF A*A.S-H.TeO- D E S I G N A T I O N  
T 191, D E S I G N A T I Q N  T 205 OR W I T H  A - A e S - H - T o O ,  O E S I G N A T I O N  T 238  
METHGD B AND D E S I G N A T I Q N  T 239. 

2 .8 .1 .  FOAD M I X E D  S T A B I L I Z A T I O N ,  

TYE E N T I R E  T E X T  Of T H I S  A R T I C L E  I S  CHANGED T O  R E A D  
AS F O L L O b S :  

2.8. 1. DESC RI P T I  ON- ------------------- 
T H I S  I T E Y  SHALL  C O N S I S T  CF CCNSTRUZTING A S T A R I L I Z E D  

8 4 S E  C O U R S E  COFIPOSED OF AGGREGATEV HYDRATED L I M E ,  FLY A S H  AND 

E O U T F  2 9 5  S E C T I O N  7C 
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WATER M I X E O  I N  A CCNTINUOUS GR BATCH TYPE PUGMILL  PLANT9 TRANS- 
PORTING THE M I X T U R E  TO THE S I T E ,  SPREADING I T  ON A PREPARED 
SUeBASE OR S1JEGRADE TC' A UNIFORY THICKNESS9 GRADING AND COMPACT- 
I N G  TO THE CROSS-SECTION SHOWN ON THE PLANS AND I N  ACCORDANCE 
W I T H  THESE S P E C I f  ICATIONS.  

THE AGGREGATE USED I N  T H I S  CONSTRUCTION SHALL CONFORM 
TO THE REQUTREMENTS CF A R T I C L E  2.3.2 AND 8 .5 -5 .  I N  A D D I T I D N ~  
T H I S  M A T E R I A L  WHEN COMBINEC W I T H  THE DESIGN PROPORTIONS OF L I M E 9  
FLY ASH AND WATER S H A L L  PRODUCE A MIXTURE U I T H  THE FOLLOWING 
L I  H I  TA T I  ON S 2 

L I M I T A T I O N  METHOD OF TEST ------- --- --- ------ 
L I Q U I O  L I M I T  LESS THAN 25% AASHTO T - 8 9  
P L A S T I C  INDEX LESS THAN 6% AASHTO T-90 

THESE TESTS WILL 8 E  PERFORMED AND REPORTED AS PART OF 
THE M I X  DESIGN. 

2.8.3. S T A B I L  I Z  I N G  AGENTS. ------ - -- -- --- -- ------- - 
( A )  HYDRATE9 L I M E ,  THE L I M E  SHALL MEET THE R E W I R E -  

MENTS OF A R T I C L E  805.33 WITH THE FOLLOWING M001FICATIONS:  

( 1 )  TOTAL C A L C I U M  AND MAGNESIUM O X I D E S  ON A NON- 
V O L A T I L E  B A S I S  SHALL  NOT BE L E S S  THAN 90 PERCENT 
BY WEIGHT. 

( 2 1  MECHANICAL MOISTURE I N  HYDRATED L I M E  ( A S  RECEIVED)  
SHALL B E  LESS THAN 4% B Y  ASTM C25. 

( 9 )  FLY ASH. THE F L Y  ASH SHALL M E E T  THE REQUIREMENTS 
OF A R T I C L E  8.5-30 4ND A S  FOLLOWS: 

REQUIREMENT L I M I T A T I O N  METHOD OF TEST -------- -- -- --- - --- - -------------- 
LOSS CF I G N I T I O N  LESS THAN 10% ASTM C31Lp  S E C T I O N  13 
CCNBINED S I L I C 4  ( S I  02) YORE THAN 60% ASTM C 3 1 L 9  S E C T I O N  14 

ALUMINUM O X I D E  ( A 1 2  031 . .  
AND 

THE FLY ASH SHALL  CONTAIN NO MORE THAN 1/2 PERCENT 
MOISTURE B Y  4 S T N  C 3 1 1  SECTION 9 AND LO. 

2.8.4. WATER b N O  8 ITUMIYOUS CURING MATERIALS. 

ROUTE 2 9 5  SECTION 7 C  
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( A )  HATER. WATER SHALL MEET THE RECUIREMENTS O F  
ARTICLE 8.5.38. 

( 8 )  BITUMINOUS CURING MATERIALS. THE BITUMINOUS CURING 
MATERIALS SHALL MEET THE REQUIREHENTS OF ARTICLE 8.1.7 FOR 
CUT-BACK ASPHALT-GRADE RC-70 @R 2 5 0  AND ARTICLE 8.1.5 FOR 
EMULSIF IED ASPHALT-GRAOE RS-1 OR R S - 2 ,  THE USE OF BITUMINOUS 
MATERIALS SHALL CONFORM TO THE PROVISIONS OF THE NEW JERSEY 

CONTROL PNO PROHIB IT ION OF A I R  POLLUTION BY VOLATILE ORGANIC 
SUBS T ANC E S .  

ADMINISTRATIVE CODE, T I T L E  7 ,  CHAPTER 27, SUBSECTION 1 6 ,  

2. 80 5 .  EQUI PMENT. ---------------- 
EQUIPYENT SHALL CONFORM TO ALL REQUIREMENTS OF ARTICLE 

1 . 4 . 8  AND TO THOSE THAT ARE CONTAINED I N  THE FOLLOWING SUBSEC- 
TIONS. 

THE TRAVELING PLANT SUCH A S  A SPREADER BOX OR ASPHALT 
LAYDOWN MACHINE SHALL BE SELF-PROPELLED OR TRACTOR-DRAWN AND 
CAPABLE 13F Y A I N T A I N I N G  A UNIFORi.1 RATE OF TRAVEL WHILE SPREADING. 
I T  SHALL BE MOUNTED ON WHEELS OR rRACK EQUiPMENT flF SUCH TYPE 
THAT WHEN LOADED TO CAPACITY I T  WILL NGT RIJT OR DAMAGE THE 

A L I F T  OF UNIFORM CONSISTENCY AND THICKNESS WITH PROPER GRADE 
SUBGRADE OR S U B B A S E  COURSE, AND I T  SHALL BE CAPABLE OF LAYING 

CONTROL. ROLLER SHALL CONFORM T O  ARTICLE 3.2013. 

OTHER MACHINES NHICH ARE CAPABLE OF ACCOMPLISHING THE 
REQUIRED RESULTS, I N  REGARD TO 90TH UNIFORMITY AND CONTROL, H I L L  
BE ACCEPTABLE. 

2.8.6. COMPOSITION OF MIXTURE. - ----- - ---- ----------------- 
THE L IME,  FLY ASH AND AGGREGATE SHALL B E  .PROPORTIONED 

WITHIN THE FOLLOWING L I N I T S  ON A DRY WEIGHT BASIS: 

RANGE OF PERCENT B Y  WEIGHT 
----_----------I-------- 

MATERIAL OF TOTAL DRY M I X  , 

L I  ME 2 T O  5 
FLY ASH 6 TO 20 
AGGR €GAT E 75 TO 92 

------- -----------I-- 

THE LIME T O  FLY ASH RATIO SHALL BE HELD BETWEN i : 3  
A N 0  1 : 4 .  THE MIXTURE WILL BE W I T H I N  PLUS OR MINUS 2 PERCENT OF 
THE OPTIVUM MOISTURE OF THE MIXTURE, A S  DETERHINED FROM THE 
AASHTO T39 t METHOD C (WI TH REPLACEMENT) PPOCEDURE- 

ROUTE 2 9 5  SECTION 7 C  
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T i i E  M I X  9 E S I G N  FOR TYE Y IXTURE SHALL BE SUCH THAT WHEN 
COPPACTED I Y T O  CYL INDERS,  CURED FOR 2 8  DAYS A T  100 DEGREES Ft AN0 
TESTE3 I N  ACCOPDANCE H!TH ASTM C5'339 PART 8 AND 9 ,  THE C Y L I N D E R S  
WILL HAVE A ? f I N I ~ U u  AVERAGE C O W R E S S I V E  STRENGTH GF 9 5 0  P S I  AND 
NO I N D I V I D U A L  TEST LCWER THAN SO0 P S I .  THEY S H A L L  ALSO HAVE A 
MIN IMUM AVERAGE RESIDUAL STRENGTH OF 600 P S I  OR 8 5  PERCENT OF THE 
D E S I G N  CCMPRESSIVE STRENGTH WHICHEVER I S  H IGHER AS DETERMINED 
FROY THE VACUUM S A T U R d T I O N  PRZCEDURE O U T L I N E D  I N  ASTM C 5 9 3 r  
PART 9. \*'HEN T E S T I Y G  I N  ACCQPD4NCE W!TH ASTM C S 9 3 ,  AASHTO 
1997 METHOD C ( W I T H  REPLACEMENT) SHALL BE USED I N  PLACE OF 
ASTM 0 - 1 5 5 7 ,  METHCD G WR COYPACT!ON AND DETERMINATION O F  
f lO ISTURE CONTENT. 

T Y E  M I X  PROPORTIONS WALL BE BASED ON E I T H E R  OF THE 
DESIGN PROCEOURES IN SUESECT IQN 2.8.22s 

2.8.7. V E R I F I C A T I O N  l iF  THE M J X  DESIGN. 
--------------------_I___________ 

AT LEAST 45 DAYS PRIOR TO THE PRODUCTION OF THE 
S T A B I L I Z E D  MIXTURE, THE CONTgACTOR SHALL SUBMIT FUR THE 
ENGINEER'S  APPROVAL, A M I X  D E S I G N ?  A STATEMENT NAMING THE 
SOURCE OF ESCH COMPONENT, &'43 A REPORT SHOWING THE RESULTS 
OF THE A P P L I C A B L E  TESTS. THE CONTRACTOR SHALL SUBMIT THE 
F O L L C h I N G  C U A N T I T I E S  GF CO~-IPOP!FI<TS FUR MATERIAL  T E S T I N G  AND 
V E R I F I C A T I O N  O F  THE M I X  GESIGN: 

HYDRATED L I M E  
F L Y  ASH 
AGGP. E G A T E  

25 POUNDS 
50 POUNDS 

200 POUNDS 

AT THE EUGINEER'S  C P T i 0 1 4 r  V E R I F I C A T X O N  OF THE M I X  
OESIGN MAY B E  DCNE ON AN ANNUAL B A S I S  PR@VIOED THE PROPERTIES 
AND PROPORTIONS OF THE MATERIAL  00 NOT CHANGE APPRECIABLY. I F  
A JU@ IS THE CONTINUCTION OF WCKK I N  P R O G R E S S  DURlNG THE PRE- 
VIOUS COPSTRUCTION SEa SON U S I X G  APPROVED MIX DESIGNS, AND THE 

O F  M A T E R I A L S  ARE TO BE USED? THE ENGINEER M A Y  WAIVE THE REQUIRE- 
C O N T F A C T G R  VERIFIE~ Ir! P ~ P ~ T I N G  S H ~ T  THE SAME SOURCE AND CHARACTER 

MENT F O P  THE DESIGN AND V E R I F I C A T I O N  OF THE NEW NIXES.  THE 
APPROVED PROPORTIONS O F  !-fATTci? I A L  W I L L  GOVERN DURING THE PROGRESS 
OF THE WCRK EXCEPT THAT THE CCNTRACTOR MAY SWITCH TO ANOTHER - 
PREVIGUSCY APPROVED M I X  DESIGN PROVIDED THAT THE ENGINEER I S  
N O T I F I E G  AT LEAST ONE WCRKING DAY PRIOR TO THE CHANGE.. NO CHANGE 
I N  SOURCE OS CHARACTER OF ANY MATERIAL  SHALL B E  YADE U N T I L  
APPPOVED. A P P R O V A L  kiIi-1- RE BASED ON V E R I F I C A T I O N  OF THE NEk' MIX 
DE S I GN . 

kHEK UNSATISFACTUPY RES1JLTS FOR ANY S P E C I F I E D  CHARACTER- 
I S T I C  CF THE WORK YAK€ I T  NECESSARY, THE CONTRACTOR M A Y  E S T A B L I S H  
A NEN M I X  CFSIGAI FGR APPQGV4L. 

R C l J T E  2 9 5  S E C T I O N  7 C  
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FOR VERIF ICATION OF THE M I X  DESIGN? THE DEPARTMENT 
PERSONNEL SHALL PREPARE 6 COMPRESSION TEST CYLINDERS ANO 6 VACUUM 
SATURATICN TEST CYLINDERS IN ACCOZDANCE WITH ASTM C 5 9 3  EXCEPT 
FOR THE MOOIFICATIONS NOTED I N  ARTICLE 2-8.6. 

M I X  DESIGNS COMPLYING WITH THE REQUIREMENTS OF ARTICLE 
2.8.6 AND Y I  ELD!NG ACCEPTABLE VERIF ICATION RESULTS WILL BE 
APPROVED 

208.8. MIXING. ------------ 
THE AGGREGATE SHALL BE HIXED WITH THE PROPER AMOUNTS 

STAT IONARY OR PORTABLE BATCH OR CONTINUOUS TYPE MIXER E Q U I P P E D  
W X  TH BATCHING OR METERING DEV ICES FOR PROPORTIONING THE COMPONENTS 
EITHER BY WEIGHT OR VOLUME AND SHALL BE OF SUCH ACCURACY THAT 

THE TOTAL DRY WEIGHT W I L L  BE MAINTAINED WITHIN THE FOLLOWING 
TOLERANCES: 

OF L IME,  F l y  ASH AND WATER A S  SPECIF IED I N  THE M I X  DESIGN I N  A 

THE AMOUNTS OF AGGREGATE? S T A B I L I Z I N G  AGENTS AND WATER E A S E D  ON 

L I M E  PLUS O R  MINUS 0.5 PERCENT BY WEIGHT 
PO ZZOL AN PLUS OR MINUS 1,5  PERCENT BY HEIGHT 
AGGREGATE PLUS OR MIFI[JS 2.0 PERCENT BY WEIGHT 
MATER PLUS OR MINUS 2.C PERCENT OF . D P T I W M  

HOISTURE 

A BITUMINOUS BATCH PLANT OR. CONTINUO!JS DRtJH-MIX 
PLANT MEETING THE REQUIREMENTS OF A K T I U E  3-10.3 THESE 
SPECIF ICATIONS CAN BE USED FOR THE PURPOSE OF MIXING THESE 
MATERIALS. THE CAPACITY O F  THE PLANT SHALL NOT 6E LESS THAN 
50 TONS PER HOUR. 

A L L  AGGREGATE SIZES SHALL BE KEPT SEPARATED. SURGE 
HOPPERS SHALL BE USED TO SUPPLY AGGREGATE FOR BLENDIRG TO 
MEET THE REQUIRED GRAOATION. THE RLEiJO WILL B E  SAMPLED 
DAILY  TO CHECK THE BLENDED GRADATION. THE AGGREGATE SHALL 

GRAOAT ION AND SEGREGATION. 
BE HANDLED I N  SUCH A MANNER A S  TO PREVENT CONTAMINATIONv DE- 

THE L I M E  AND FLY ASH WILL  BE STORED IN VERTICAL 
WATERPROOF S I L O S I  AND DELIVERED T O  THE PLANT OPERATION BY 
APPROVED ME4NS.  FLY ASH STORED I N  GPEN STCCKPILES WILL 
NOT R E  USED. 

FOR A BATCH TYPE PLANT? PRIOR T13 INTRODUCING THE WATER, 
THE L I M E  AND FLY ASH WILL BE BLENDED TOGETHER AN0 COMBINED W I T H  
THE AGGREGATE U N T I L  A UNIFORM MIXTURE I S  PRODUCEOt BUT NOT 
LESS THAN IS SECONDS P E R  CUSIC YARD OR THREE REVOLUTIONS OF 
THE V I X I N G  DRUM SHALL 8E USED F O R  BLENDING. THE MINIMUM M I X I N G  
TIME AFTER THE WATER HAS BEEN AODED T O  THE MIXTURE SHALL 8 E  

ROUTE 295  SECTION 7C 
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FOR CONT INUOiJS T ' IFE P'L.I\?JT, THE PUGPILL SHALL BE EQUIPPEO 
W I T H  A D J U S T A a L E  PA9OLEI; OF: 1 i V  AOJilSTA31.E @ , A F F L E  WHICH CAN BE 
LOCKED I N  P O S I T I O N  A T  T i i E  OISCYARKGE EfJO OF THE PUGMILL. E I T H E R  
DEVICE WILL 9E USEQ Ti? 4;3'.lI?;CE Gs ?.ElARD THE MIXTURE FLOW 
THROUGH THE PtlG"1ILL iaiJ Q'7DER Ti;, a T h l E V E  ACEQUATE M I X I N G -  THE 
P L A N T  SHALL HAVE A Y A R U F 4 C T ! J . ' ~ Z ? g S  PLATE GIVlNG THE N E T  VOLUMETRIC 
CONTENT OF THE M I X T E R  bT SE"1ERAL Y E l S H T S  l N S C 9 1 8 E D  O N  A PERMANENT 
GAUGE- THE 3 I X I N G  Tll2i;E k I L i  22 DETEXYIMEO FROM AASHTO Mi56 AS:  

M I X I N G  T f u E  IN SECON'J = ? U G H I L L  C A P A C I T Y  I N  P O U N D S  -- ---- - ---- --------- --- 
OUTPUT I N  P O U N D S / S E C O N D S  

THE MINIL.'UF4 d T X i & G  T l k E  F02 A CirNTIQUOliS P L A N  ( P U G M I L 1  
CR DRUY TYPE1 H I L L  B F  DETER'4ZNELI BASE3 @N A V I S U A L  I N S P E C T I O N  
CF THE OUTPYT OF THE D R Y  M r t T f = I P t S ,  

A TESTIiLG F4CIL:T.f CX LS8C9ATOSYq A S  D E S C R I S E D  BELOW, 
SHALL B E  PROVIDED k;ITt - i IY  C L C S C  ??CjXXMZ?' f  TO THE P L A N T .  I N  

TO APPROVED S A N I T A R Y  F A C I L I T i E S .  
A D O I T I O N o  THE LABCRATOPY SHALL P.E LGCATED IN CLOSE PROXIMITY 

THE LASGRATGPY SdA ti YEET THE SAME ! ? M U  IREMENTS AS 
THAT FCR THE CO'JCRETE LaBnP.f!T?*.'i C I T E D  I Y  ARTICLE 3.12.3 WITH 
THE FOLLC'rJIhjG EXCEPT !CNS: 

[ 11 THE S LCI V P  COX5 AN0 ROCK U N I T  WE IGHT C O N T A I N E R  OF 
1 / 2  CUBIC FOG? A X 0  EQUIPMENT FOR DETERMINING 
S P E C I F I C  G R A V I T Y  OF SANE APE NOT R E W I R E D -  

( 2 )  THERE S M L L  2 E  PRESENT I N  THE LABORATORY, PROCTOR 
V O C O S r  S - 5  PL'UN3 BY2 10 POUND DROP H A H M E R S r  SEAL-  

G P A D U A T E G  C Y L ? L ! ~ E X S ,  dSSOHTED GLASSWARE, A N D  A 
A B L C  C A Y S  G I T H  I - I D i r  TA?'E, SAPPLE EXTACTOR, 

CURING OVEN 0 3  CARINET CAPABLE OF A T T A I N I N G  AND 
N A I Y T A I N I N G  THf R E 3 U I R E D  CURING TEMPERATURES 
F O R  T i iE  F(Za:U!F1F3 TIMYr- AND CAPABLE OF H O L D I N G  250 
SA?.IPLES AT OVF T I Y E r  4N9 APPPO'JED COMPRESSION 

P O U T E  2 9 5  SECT I5V 7 C  
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LOADING M A C H I N E r  AND A VACUUM CHAMBER, AND ANY 

THE MOI  STURE-DENS I T Y  TESTS, COMPRESSION TESTS T 

OTHER ADD I T  I O N A L  EQUIPMENT NECESSARY TO PERFORM 

VACUUM SATURATION TESTS AND L I M E  CONTENT 
DE TERM1 NAT I ON T EST S , 

THE PLANT WILL BE EQUIPPED H I T I 4  PLATFORM TRUCK SCALES 
COMPLYING W I T H  THE APPROPRIATE REQUIREMENTS FOR SCALES AT 
MANUAL BATCH PLANTS. 

( 8 )  CONSISTENCY AND CONPt IAFvCE TESTING. O U A L I T Y  
CONTROL @F THE S T A B I L I Z E D  MATERIAL  IS THE R E S P C N S I B I L I T Y  O f  
THE CCNTPACTOR, AT L E A S T  ONE Q U A L I F I E D  T E C H N I C I A N  AND NECESSARY 
EQUIPMENT S H A L L  BE PROVIDED TO PERFORM ALL SAM?LING AND T E S T I N G  
NECESSARY TO H A I N T A  I N  THE PROPERTIES GOVERNED BY THE S P E C I F  ICATIOFJ 
U I T H I N  THE S P E C I F I E D  L I Y I T S e  

THREE RANDOM SAMPLES FOR COMPRESSION TESTS AND THREE 
RANDOM SAMPLES FOR VACUUM SATURATION TESTS WILL BE TAKEN EACH 
DAY OF PRODUCTION. 

THE L I M E  CONTENT O F  THE UNCVRED PIIXTURE WILL 8E 
MONITORED AT THE SAME SAMPLING RATE OF THFEE PER DAY U S I N G  THE 
PRCCEDURE O U T L I N E 0  I N  ASTM 03155 .  THE COMPRESSION TESTS AND 
VACUUti S A T U R A T I O N  TESTS WILL BE P E R F O R M E D  I N  ACCORDANCE WITH 
THE PECUIREMENTS O F  A R T I C L E  2 . 8 - 5 "  

TEST RESULTS S H A L L  B E  FiOTEO AND TABULATED ON FORMS 
FURN ISHED BY THE DEPARTMENT, TO W H I C i i  THE CONTRACTOR?S QUALITY 
CCNTROL T E C H N I C I A N  SHALL  A F F I X  H I S  SIGNPTUHE. THESE FORMS SHALL 
BE FORWARDED TO THE E N G I N E E R  A S  DIRECTED. 

CONSTRUCTION REQUIRE!4ENTS* ---------------- -------- -- 
2 8 . I  0 t LI M I  T A T 1  O N 5  ------- ---- ----- -- - 

S T A B I L I Z A T I O N  WILL NOT BE PERMITTED WHEN THE AGGREGATE 
OR THE SURFACE ON WHICH THE BASE COURSE I S  TO 6E  L A I D  IS WET OR 
FRQZFN OR #HEN I T  I S  R A I N I N G  OR SNOWING. PROCESSING'OPERATIONS 
FOP T H I S  S T A B I L I Z E D  BASE COURSE SHALL NOT BE STARTED U N T I L  SURFACE 
TEMPERATURE I S  AT LEAST 40 DEGREES F AND R I S I N G .  THE CONSTRUC- 
T I O N  C!F THE AGGREGATE-LIME-POZZOLAN S T A B I L I Z E D  BASE C O U R S E  SHALL 
NOT 6 E  ALLOWED BETWEEN SEPTEMBER 3 0  AND A P R I L  1. 

2.9. 11 TRANSPORTAT ION, -- -___---------- ------ 
THE MIXTURE S H A L L  BE TRANSPORTED FROM THE CENTRAL PLANT 

I N  V E H I C L E S  THAT WILL M A I N T A I N  THE MOISTURE CONTENT AND PREVENT 
THE L O S S  a F  THE F I N E  MATERIALS O R  SEGREGATION. 
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7 . R . 1  7 .  P R F P A R A T l n V  1 F  Si1994SE OR SUBGRADE. ---- _--------------------------------------- 
P R F D A R A T I 7 N  OF SUR94SEs SUBGRAOE 3R SURFACE SYALL BE 

PFRF-nRMFD I Y  AC.CnR%VT.F W 1TH THE A P P L I C 4 8 L F  PROVI S I 3 N S  3F A9T I C L E  
7.9. 1 nR A R T  1Ci .F  7.1 0.1. 

7.R.13. 5PRFAi7lhlC.. _-  - -- -- ----------- 
PI AYT HTYFf l  AGGRFGATE AND S T A R I L I Z E R S  SHALL  BE 

nFt I V g R F r )  Tf l  THF P R F P A R F D  SJf lGR49E OR S U B B A S F  AN0 SPRE43 U N I -  

FPRFAnFR RnYFq 7R ATPHALT L4YDflWN M4CHINFS W I T Y  AUTOMATIC G R A D E  
C O N T R t l I  t H A l  1 RF &JCFD. n T H f S  FOUIPYENT HAY 8E U S f o  WITH APPROVAL. 

F n R M t  Y N l T H  3 Y I N T Y I M  OF M A Y I P U C 4 T I O N  TO PREVENT SEGREGATfOtv. 

T Y F  M I  X f  W f M  T - I I G K V F S F  OF A COMPACTFD L A Y E R  SHALL 8E 
R I N r H F F  . W H F N  THF C l ~ ~ A C T F F )  91SE C O U R S E  IS R E 3 U I R € D  T O  B E  
G 7 F A T f 9  T H L Y  A INI:YzS. I T  S-1AL.L 8F CONSTRUCTEO I N  APPRD%IMATELY 
FQ(IAI n F P T H  I I F T t ,  THF T I M E  BFTWEEN PLACFMENT flF SURSE’JUENT 
I T F T q  ’ i H f l I I Q  4 F  KEPT A S  5HnRT AS P D S S I B L E  T O  ENSURE THAT THE 
I f l W F R  I A Y F R  HA5 N r ) f  S E T  UP9 AN0 TO PROMOTE K N I T T I N G  H I r H  THE 
1JPPFP I AYFR. THF L’IWFR LAYF3 U I L L  RE KEPT FREE OF LOOSE Y A T E R X 4 L e  
O : R T  nq ~ A N Q .  rf THFCF C ~ N D I S I O N Y S  EXIST* THE LINER LAYER WILL B E  

r n  PI ACFHFNT 7~ F I I R ~ E ~ U E N T  LAYFRS.  PLACEMEU n F  S U B S E O J E N T  L A Y E R  

I f G H r l  Y t C A R I F f F n  T’l b 3 E D f - I  OF O N F  I N C i  PRIOR T O  P L A C E Y E Y r  O f  THF 
NFXT I AYFR. THF LOUIFR LAYFR W I L L  BE HOISTFNEC) AS R E Q l J I R E O  P R I O R  

?HAL t R F  U TTHIN FQtJR L(I1IRS. 

IF THF S T I R T I  1 Z E D  MATERIAL  IS PLACE11 I N  MULTIPLE-LANES9 
THF W A X T H I I Y  TTMF FnR pL4CFYFNT OF AN AOJACEVT LAYE WILL BE THE 
ShYF 4 5  T i F  T I  4‘ PFRYT TTED RETWEEY Y U L T I P L E - L I F T S .  

GFNERAL. COMPACTION O F  EACH L A Y E R  SHALL CONTINUE 
i J V T I I  A 5 ; l S t T A N T l A I  P D R T I O Y  ( 8 0  PFRCENT OR YORF) O F  THE 
I A Y F R  Y A F  4 D R Y  n F Y t i T y  n F  V O T  L F ~ S  THAN 9 5  PERCENT OF THE 
R F F F R F N C F  MIX IH IP4  OFM5 I T Y  FSTASLISHEO I N  A CONTROL 5 T R  IP. 
THF l Y - P I A C F  D R Y  9 P Q S i T Y  3F  F A C 4  COMPACTED COURSE WILL RE 
D F T E Q Y I V F D  R y  THF F V G I N F E P .  I N  ACCORDANCE WITH THE C J ? ? E Y T  
P93VI ’ ;TnNt  OF A 4 t - l T l  T I 3 1  C l ?  A 4 S Y T n  1238. 

T i f  5JRFAT.F Of E A C H  L A Y F R  SHdLL  R E  M A I N T A I N E D  D J R I N G  
f 4 F  C n M P A C T I n N  O P E R a T T n N F  I’d SUCH A ’4ANNER T H A T  A U Y I F O R Y  TEXTU3E 
I t  P R n Q I C F f l  A Y n  TYF AGGqEGATF FIRMLY K E Y E D .  WATER SHALL B E  U N I -  
F n R Y I  V A o P l  I F 0  O V F R  THF M A T E R I A L S  OURlNG COYPACTIPN IN THE AYUUYT 
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NECESSARY FOR REQUIRED DENSITY. 

CONTROL STR!PS. OAIE OR HERE CCNTP.01 S T R I P S  SHALL B E  
CONSTRUCTED FOP T H E  PURPOSE OF D E T E R M I N I N G  PROJECT COMPACTION 
REQUIREMENTS. ONE CCNTROL S T R I P  SHALL  BE CONSTRUCTED AT THE 
B E G I N N I N G  OF WORK. AN A D D I T I O N A L  CONTROL S T R I P  SHALL 8 E  
CONSTRUCTED WHEN A CHANGE IS MADE I N  THE TYPE OF SOURCE O F  
M A T E R I A L  9 WHENEVER A S I G N I F I C A N T  CHANGE OCCURS I N  THE COMPOSIT ION 
OF THE M A T E Q I A L  FROM THE SAME COURSE, CR AS DIRECTED. EACH 
CONTROL S T R I P  SHALL CONSIST OF AN AREA O F  AT L E A S T  400 SQUARE 

COURSES I4 THE RCADWAY SECTiON. E4CH CCNTROL S T R I P  I S  TO R E M A I N  
YARDS7 AND THE THICKNESS SHALL  BE THE S M E  A5 FOR COMPLETED 

I N  PLACE AND BECOME A PORTION OF THE COMPLETED COURSE. 

TI-(€ MATERTAL USED I N  EACH CONTROL STRIP S H A L L  B E  
FURNISHED FRCM THE SAME SOURCE AND S Y A L L  8 E  Ct THE SAME 
TYPE AS T H E  M A T E R I A L  USED I N  THE AGGREGATE SURFACE COURSE 
WHOSE COMPACTION REQUIREMENTS ARE ESTABLISHED BY THAT CONTROL 

CONTENT OF THE TEST S T R I P  MATERIAL  SHALL BE W I T H I N  PLUS 08 MINUS 
TWO PERCENT OF I T S  OPTIMUM MOISTURE CONTENT A S  DETERMINED FROM 

ACCOMPLISHED USING THE SAHE TYPE A N O  WEIGHT OF EQUIPMENT THAT 
\JILL BE U S E 9  ON THE REMAlhUUE-2 OF THE PP.CJECT. 

STRIP .  UNLESS OTHERKISE APPROVED BY THE ENGINEER, H O I  STURE 

AASHTO 199, METHOD C. COMPACTION OF CONTROL-STRIPS S H A L L  BE 

THE SUBGRADE O R  CU'JRSE UPON WHICH A CONTROL S T R I P  I S  
CONSTRUCTED SHALL BE APPROVED BY THE ENGINEER PRIOR TO T H E  
CONSTRUCTION OF THE CONTROL S T R I P .  

THE CDNTROL S T R I P  SHACL BE CCMPACTEO BY A M i N I M U M  OF 
TWO COMPLETE PASSES WITH THE CGMPACYION EQUIPHENT. A PASS I S  

V I B R A T I N G  U N I T  OVER THE E N T I R E  SURFACE OF THE LAYER. COMPACTION 
SHALL CONTIYUE UNTTL NO APPRECIABLE INCREASE I N  D E N S I T Y  I S  

O E F I N E D  A S  ONE PASSAGE OF ANY ONE T I R E 7  COMPACTING WHEEL, QR 

O B T A I N E D  BY A D O I T I O N A L  PASSES. FOP T H I S  PURPOSE, BETWEEN 
SUCCESSIVE PASSES, D E N S I T Y  DETERMINATIONS WILL BE MADE BY THE 
ENGINEER U S I N G  THE SAME APPARATUS AS I S  TO BE USED FOR ACCEPTANCE 
TEST I NG. 

UPCN COMPL€TION OF COMPACTIONp A MIN IMUM O F  TEN TESTS 
WILL B E  MADE AT RAQDOM LOCATIONS TO DETERMINE T H E  AVERAGE 
IN-?LACE D 3 Y  DENSITY OF THE CONTROL STRIP .  I F  THE AVERAGE D E N S I T Y  
OF THE M A T E S t A L  I N  THE CCNTROC S T R I P  IS EQUAL TO OR GREATER THAN 
95 PFRCEYT 'IF I T S  HAXIMUM D E N S I T Y  AS DETEPMXNED FROM AASHTO 199, 
METHOD C, THErU THE VALUE OF T H I S  AVERAGE SHALL BE TH€ REFERENCE 
MAXIMUM CENSITY FClR COURSES CF THE SAME M A T E R I A L S  AND THICKNESSES. 
A CONTROL S T R I P  S A T I S F Y I N G  THE 9 5  PERCENT OF AASHTO T 9 9 r ' M E T H O D  C 
D E N S I T Y  PEQUIREMENTS MUST BE E S T A B L I S H E D  BEFGRE CONSTRUCTION OF 
A D O I T I C N A L  AGGREGATE 9ASE C3URSE ON THE PROJECT CAN PROCEED. 
F A I L U P E  TO ACHIEVE T H I S  D E Y S I T Y  L E V E L  I N  THE C O N T R C X ' S T R I P  SHALL 

ROUTE 2 9 5  S E C T I O N  7C 
PAGE NO. 79 



.- . - .. - - -60- 

R E  C A U S E  F C R  THE EYGIME~ TC v m  A P P R O V E  THE CCWACTION EQUIP- 
MENT GhJ/3R I T S  U E T H C C  CF 9SE. 

( t 3 )  S H A P I k G  A N D  FIKISHING, A F T € ?  TPE YIXTURE HAS BEEN 
COYP4CTEZv 3UT P R I O R  TC THE I N I T I A L  SET, THE SURFACE SHALL BE 
SHAFF;) T C  THF R C G U I P . E D  L I N E S r  G 2 A 7 E S  AND C P C S S  SECTIGN. WHEN 
N E C E S S A R V  THE COKT9AC:TQR ; J I L L  L I G H T L Y  SCARIFY THE SURFACE W I T H  
A D ? A G  HJS!?CIi% CR S I Y I L A R  FQ!JIPMEYT T Q  PEOCUCE A SYEITH AND U N I -  
F C E Y  SlJsFACC_. Tl'iE Ff!'sAL SUR.FACE G I L L  5E P.OLLED W I T H  A TANDEW 
DI ILLEF.  THE s Y ! C I S T i j ~ E  C;IfiTE.'\:T OF THE SURFACE MATERIAL  SHALL  B E  
MA!YTd;'GE9 : + I T H I h  PLbS OF! Ml?!US 2 PFPCENT CF THE S P E C I F I E D  
C ? T I ' W ' "  EIJRING 4 L L  F I> i IS t !  I ?PEPATI f i~ !S .  CZPPACTING AND F I N I S H I N G  
OPEFAT !?t.;S S t i 4 L L  t7E C G H P L E T E O  kI T 1 i I N  T t i E  S P E C I F I E L ?  TIMES AN0 

D E X S E  S J F F X E .  DUPIpiC T U E  F I N A L  F I F r I S F I N C  THE MATERIAL 
ACCUMULATEC EY f3LA''I:'lG A?;D C L I P ? I Y C -  WITt' A GRADER SHALL B E  
3 E !J: ?' E ?), 

SF.4LL BE CARRIED Q l l T  In4 S<JCH 0 !4A4YNER A S  TO PRODUCE A S.9OOTHq 

TYE NUVSEz PF COMPACTInU A N D  F I N I S H I N G  U N I T S  S H A L L  BE 
S :JFF IC IFXT TG IU51;RE TtiE I N I T I A L  COWPACTICN O F  THE PROCESSED 
S E C T I G ' - I  CF THE S T 4 ? L I Z I E D  R A S E  COLlRSE M I T H I N  4 H O U R S  FROM T H E  
T I u E  THE WATFF I S  4PDC3 AT THE Y I X E P .  THE F I N A L  F I N I S H I N G  
A510 C C V P A C T I C N  SHALL Cf k I T H i N  8 HC!IPS F R C M  THE T I M E  OF 

PATERIAL  HA5 FlOT GFACPF:> A N  I N I T I 4 L  S E T ,  I F  FOR ANY REASON 
C!lNSTPUCTIOY OPEPATICKS ARE DELAYED OR SIJSPENDED AND THE 
ENGINFFR O R D E R S  A N Y  LnCSC OF! UYCOYPACTED M A T E P  IAL REHOVED 

M I X I N G .  T H I S  T I V E  V4 '<  EF EXTEPI9ELI  8 Y  THE ENGINEER? I F  THE 

AZJP D I S P C S E D  OF, THE CSNTPACTOR SHALL PEQFCRM T H I S  H O R K  AT 
H I S  T;;f:d EXPF'I iSo NC! P O Z Z 3 L A N I C  R 4 S E  COUPSE MAY BE SALVAGED- 

2 - P e  15. COMYTRUCTIOb. JC INTS.  - - - - - - - - -a- - -- -- - - -- -- - -- -- - 
A T  THE R F G I N N I Y G  OF E l C Y  r ) 4 Y 9 S  CONSTRUCTION A STP.AIGHT 

T*A:F.:SVER CE CC?ISTPUCTIOM J E I Q T  SHALL EE FCFPED BY CUTTING BACK 
1'1Tff T F E  PQC'JIOUSLY COf lPLFTE9 hORS T 3  F O R M  A TRUE VERTICAC FACE 
F i i F F  CF L W S F  ANC SHATTEGFO ' I A T E Y I A L .  FPR M U L T I P L E  LANE AND 

P Y  A T  LEAST 5 FEET.  
:+'CILTIF.LE LAYEP S E C T I C h S ,  TIfE CCNSTFUCT ION J O I N T S  SHALL BE O F F S E T  



I F  A LOT F A I L S  TO MEET THIS 3EQUIREMENT I T  SHALL BE REWORKED 
AND RECOMPACTED BY THE CONTXACTGR A ?  H I S  EXPENSE AND SHALL  B E  
RESUBMITTED FOR ACCEPTANCE. 

THE CONTRACTOR SHALL B E  RESPONSIBLE F O R  M A I N T A I N I N G  
THE S P E C I F I E D  D E N S I T Y  OF ALL COMPLETED LOTS, 

THE PERCENT CF LOT AREA W I T H  A DRY D E N S I T Y  LESS THAN 
9 5  PERCENT OF THE REFERENCE MAXIMUM D E N S I T I E S  SHALL E E  DETERHINED 
FRCM THE CALClJLATED VALUE OF THE TERY 4. THE TERM Q I S  HERE 
O E F I N E D  A S :  

WHEPE AVERAGE LOT C E N S I T Y  iS THE AVERAGE DRY D E N S I T Y  
OF F I V E  RANDOPLY SELECTE9 LDCATIONS 'LN THE LOT AND .THE RANGE 
CF L O T  D E N S I T Y  IS THE ABSOLUTE DIFFERENCE BETWEEN THE LOWEST 
AND H I G H E S T  DRY O E N S I T Y  VALUES RECORDED AT THESE SAVE F I V E  
LOCATIONS. THE ENGINEER SHALL DETERMINE THE f I V E  LOCATIONS 
FOR D E N S I T Y  TESTS 'IN A L O T  6Y T H E  USE OF A TABLE OF RANDOM 
NUMBERS, ONE D E N S I T Y  DETEiE..!ItJATION i i I L L  B E  MAOE B Y  THE 
ENGINEER AT EACH OF THE SELECTED LOCATIONS USING THE METHOD 
OF AASHTC T I 9 1  OR AASFTC) T23e, 

TAOLE 1 . .  

R E L A T I O N  OF U T O  PERCENT O F . L U T  BELOX S F E C I F I E D  D E N S I T Y  

Q ---- 
0.36 OR GREATER 
0.35 TO 0.29 
0-28 T!-I n.23 
0.22 TO 0.17 

LESS THAN q.11 
0.16 TO 0.11 

CERCEHT C F  COT BELOW 95 PERCENT 
OF REFERENCE MAXIMUPI DENS I T  Y -------------------------- 

0-20 
21-25 
26-30 . 
31-35 
36-40 

GREPTER THAN 40 
.. 

2.8.17. SURFACE AND Th ICKNESS.  
----------I---------------- 

THE SURFACE WILL B E  TESTED B Y  THE ENGINEER U S I N G  A 
10 FOOT STRAIGHT EOGE AT A RANOOM LOCATION, THE V A R I A T I O N  OF 
THE SURFACE FRCM THE T E S T I N G  EOGE OF THE STRAIGHT - BETWEEN ANY 

ALL DEPRESSIONS EXCEEDING THE S P E C I F I E D  TOLERANCE S H A L L  BE 
CCRRECTED B Y  REMOVING THE E N T I R E  LAYER AND REPLACING I T  WITH 

METHDDS SHCULD THE ENGiNEER OETERNINE THAT SUCH METHODS WILL 

2 CONTACTS W I T H  THE SURFACE SHALL AT NO POINT EXCEED 314 I N C H .  

NEW M A T E R I A L  A S  SPEC I F I E D .  HUMPS MAY EE PLANED OFF B Y  ACCEPTABLE 

PCUTE 2 9 5  S E C T I O N  7C 
P A G E  NO. 8 1  



PRCVIDE AN ACCEPTABLE SURFACE BY THE REQUIREMENTS O F  THIS 
SPEC I f  I C A T  ION. 

THE THICKNESS OF BASE W I L L  BE DETERMINED FROM THE 
MEASUREMENT OF TEST HOLES DUG AT RANDOM LOCATIONS AT INTERVALS 
NOT TO EXCEED 500 FEET, THE FEASURED THICKNESS SHALL NOT DEVIATE 
FROM THAT SHGNN ON THE PLANS BY PLUS 3 / 4  I N C H  OR MINUS 1 / 2  INCH. 

W R K  FOUND NOT TO BE I N  CONFORMANCE WITH THE ABOVE SHALL 
BE RECONSTRUCTED OR REPLACE0 I N  ACCORDANCE WITH APPLICABLE PRO- 
VIS IONS OF T H I S  SECTION, THE CONTRACTOR SHALL F I L L  ALL TEST 
HOLES H I T H  AN APPROVED BASE COURSE MATERIAL AND ADEQUATELY RE- 
COMPACT THE MATERIAL THEREIN, 

208.18- CUR ING AND PROTECTION. -- -- -- ---- -- ---- ---- -- -- --- -- - 
AFTER F I N A L  SHAPING AN0 COMPACTION HAS BEEN COMPLETED, 

THE S T A B I L I Z E D  BASE SHALL BE CURED. THE CURING MATERIAL A S  
S P E C I F I E D  IN ARTICLE 801.7 OR ARTICLE 801.5 SHALL BE APPLIED AT 
THE RATE O f  0.10 TO 0 . 2 5  GALLON PER SQUARE YARD A S  SOON AS 
POSSIBLE AFTER COMPLETION O F  THE BASE CONSTRUCTION, BUT I N  NO 
CASE LATER THAN TWENTY-FOUR HOURS AFTER THE COMPLETION OF F I N I S H -  
ING OPERATIONS- THE F I N I S H E D  BASE COURSE SHALL B E  KEPT 
CONT INUOUS L Y  PO1 ST U N T I L  THE CURING HATER I A L  I S  PLACED. 

. .  

THE CURING MATERIAL SHALL BE MAINTAINED BY THE 
CONTRACTOR DURING A S E V E N  DAY PROTECTION PERIOD SO THAT A L L  OF 
THE EASE COURSE WILL BE COVERED EFFECTIVELY DURING T H I S  PERIOD. 

F I N I S H E D  PORTIONS OF THE L IME-FLY ASH BASE COURSE 
THAT ARE TRAVELED ON B Y  EQUIPMENT USED I N  CONSTRUCTING AN 
ADJOINING SECTION SHALL B E  PROTECTED I N  SUCH A MANNER AS T O  
PREVENT EQUIPMENT FROM MARRING OR DAMAGING COKPLETED WORK, 

2.8.19. MAINTENANCE UNDER TRAFFIC,  -- -- -- ---- -- --- ---- -- - --- - ---- -- 
MAINTENANCE SHALL BE PERFORMED AS PROVIDED UNDER 

ARTICLE 1 - 4 . 3 .  

CCMPENSATION. 

2.8.20. METHOD OF MEASUREMENT. 
------------- 
___----_-- -- ---- ------ -aI--- 

AGGREGATE-LIME-POZZOLAN STABIL IZED BASE COURSE OF 
THE T H I C K N E S S  SHCWN ON THE PLANS WXLL BE MEASURED BY THE SQUARE 
YARD WITHOUT DEDUCTIONS OF AREAS OCCUPIED BY MANHOLES AND 
S I M I L A R  STRUCTURES. 

S T A B I L I Z I N G  AGENTS M I L L  BE MEASURED A S  FOLLOWS: 

ROUTE 295  S E C T I O N  7C 
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S C O P E  . ------ 
1. THESE METHODS OF TESTS COVER THE PROCEDURE3 FOR 

D E T E R M I N I N G  THE DESIGN M I X  PROPORTIONS FOR AN AGGREGATE-LIME- 
POZZOLbN S T A B I L I Z E D  BASE COURSE. 

APPARATUS. ---------- 
2. THE APPARATUS SHALL BE I N  ACCOROANCE W I T H  THE 

CURRENT REQUIREMENTS O F  ASTM C 5 9 3  EXCEPT THAT THE EQUIPHENT USED 

DE NS I T Y AND MO I STUR E CON TENT DETE RMI  NA T I  ON S. 
I N  AASHTO T 9 9 r  METHOD C WILL BE USED FOR COMPACTION AND FOR 

PREPARATION OF TEST SAMPLES. ---- ------ -- -- - ----------_ 
3. THE COMPONENTS O F  EACH CYLINDER WILL BE WEIGHED 

SEPARATELY AND THEN COMBINED TO ENSURE THE PROPER PROPORTIONING 
OF THE MIXTURES, 

P R O C E O U R  E. ---------- 
METHOD 1: 
-I---- 

4. ( A )  DEVELOP A CURVE OF F L Y  ASH CONTENT VERSUS DRY 
D E N S I T Y  OF THE MIXTURE CURVE FROM A S E R I E S  OF MOISTURE-DENSITY 
TESTS AT VARYING F L Y  ASH CONTENTS U S I N G  T H E  H A X I M U M  DRY D E N S I T Y  
OF EACH TEST BY AASHTO T 9 9 r  METHOD C ( W I T H  REPLACEMENT). - - T H E  
F L Y  ASH CONTENT I S  THE PERCENTAGE OF THE DRY AGGREGATE BY WEIGHT- 
THE D E S I G N  M I X  Q U A N T I T Y  OF F L Y  ASH H I L L  BE THAT AMOUNT WHICH PRO- 
DUCES THE MAXIMUM D E N S I T Y  FROM T H E  F L Y  ASH VERSUS DRY DENSITY 
CURVE. . .  - . .  - 

18) T H E  D E S I G N  L I M E  TO F L Y  ASH R A T I O N  (BETWEEN 1:3 AND 
i : 4 )  SHALL B E  DETERMINED FROM A SERIES OF 3 COMPRESSION CYLINDERS 
MADE WITH MIXTURES OF PROGRESSIVE L I M E  T O  FLY ASH PROPORTIONS 
AT THE CONSTANT FLY ASH CONTENT D E T E R M I N E D - I N  4 ( A )  - P R E V I O U S L Y *  
THE CYLINDERS MADE AT EACH L I M E  TO FLY A S H  R A T I O  WILL BE PREPARED 
I N  ACCORDANCE WITH ASTH C 5 9 3 t  PART 89 EXCEPT THAT AASHTO T99  
COMPACTION W I L L  BE ACCOMPLISHED AT THE OPTIMUM MOISTURE CONTENT 
AS I N  2. ABOVE AND THAT THE CYLINDERS WILL BE CURED FOR 2 8  DAYS 
AT 100 DEGREES F s  I N  CONTAINERS WHICH W I L L  NOT LOOSE MORE THAN 
0.25 PERCENT MOISTURE. THE PROPORTIONS PRODUCING THE GREATEST 
CGMPRESSIVE STRENGTH SHALL  B E  USED I N  THE M I X  DESIGN, PQOVIOED 
THAT THE R E S U L T I N G  AVERAGE COMPRESSIVE STRENGTH FOR THOSE 
PROPORTIONS IS GREATER THAN THE MINIMUM REQUIRED I N  A R T I C L E  - 

CF M A T E R I A L  P A S S I N G  THE 200 S I E V E  WILL BE RECUCED TO ACCOMMODATE 
GREATER Q U A N T I T I E S  OF L I M E  AND FLY ASH AND THEN REDESIGNED TO 
€VALUATE THE NEW PROPQRTIONS. 

2-8.6.  IF T H I S  REQUIREMENT I S  NOT S A T I S F I E O I  THE PERCEYTAGE 

P O U T €  295 S E C T I O N  7C 
P A G E  NO. 84 
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E T H C O  2 :  -------- - 
5 -  ( A )  P R E P A R E  3 C O M P 9 E S S I O N  C Y L I N D E X S  AT 2 9  3, 4 

A N D  5 PEaCEUT L I M E  C O N T E Y T S  A T  L IYE T O  F L Y  A S H  R A T I O  Of 1: 3 
AND 2:4 FOR E A C H  L I M E  C C h T E V T ,  T H E  C Y L I N D E R S  WILL B E  M I D €  I N  

P R E V I O U S L Y  I N  4. A B O V E  
A C C C R O A N C E  H I T H  AST'" C 5 9 3 9  P A P T  8 ,  G I T H  THE E X C E P T I O N S  N O T E D  

- 

( 9 )  F R O 4  T H E  T E S T  R E S U t T S  I N  5 ( A )  CONSTRUCT TWC C U R V E S  
FOP T H E  A V E R A G E  U N C O N F I N E D  C O Y P R E S S I V E  S T R E N G T H  V E R S U S  T H E  L I M E  
C O N T E N T ;  O N E  C U R V E  F C R  THE 1:3 R 4 T I O  A N D  O N E  C U R V E  F O R  T H E  1:4 
R A  T I  0. .- 

(C) A T  T H E  M I N I M U M  A L L O U A B L E  C E M P R E S S I V E  S T R E N G T H  V A L U E  
R E Q U I R E D  1"J 4 R T I C i E  2.3.6 ON EACH CURVE, DRAW V E R T I C A L  L I N E S  TO 
THE RE S P E C T I  V E  L I W E  CONTENTS.  ( I F  ALL A V E R A G E  COMPRESS W E  
S T R E N G T H S  A R E  G R E A T E R  T H A N  T H A T  R E Q U I R E D  I N  A R T I C L E  2 . 8 . 6 9  USE 
2 P E R C E N T  L r w  CCINTE~UT,) USE THE HIGHER CF THE TWO A S  THE 
L I K E  C O N T E N T  OF T H E  M I X  D E S I G N  W I T H  A L I M E  TO F L Y  A S H  R A T T O  
OF 1:3.5- T H E  R E S U L T I N G  D E S I G N  SHOULD U P O N  V E R I F I C A T I O N  C O M P L Y  
WITH THE R E Q U I R E M E N T S  I N  A R T I C L E  2.8o7r US€ A S L I G H T L Y  H I G H E R  
L I M E  C O N T E N T  T O  A C H I F V F  V E R i F I C A T I O N .  A C H A N G E  I N  THE P E R C E N T A G E  
CF M A T E R I A L  P A S S I N G  T H E  290 S I E V E  YAY A L S O  B E  NECESSARY.  

------- 
. 6 .  THE REPORT S H A L L  I N D I C 4 T E  THE P R O P O R T I O N S  OF THE L I M E ,  

F L Y  A S H  A N D  A G G R E G A T E  IN THE # I X  D E S I G N .  T H E - A M O U N T  .OF L I M E ,  
F L Y  A S H  AND AGGREGATE WILL b E  E X P R E S S E O  A S  P E R C E N T A G E S  O F - T H E  
W E I G H T  OF THE T O T A L  D R Y  M I X  TO ENSURE C O M P L I A N C E  U f T H  THE 
L I M I T S  S E T  I N  A R T I C L E  2.3.6. THE R E ? O i l T  S H A L L  A L S O  C O N T A I N  
T H E  P A X I M U M  D R Y  DENSITY A X 0  O P T I M l J M  M O I S T U R E  C O N T E N T  O f  THE 
V I X  D E S I G N  P P O P O R T I O N  I N  ACCORDANCE W I T H  A A S H T O  T 9 9 r  METHOD 
C, ( W I T H  R E P L A C E M E V T ) .  IF M E T H O D  2 I S  USED, THE TWO CURVES 
AT T H E  1 : 3  AND 1:4 L I Y E  TO F L Y  A S H  R A T I O S  S H A L L  BE I N C L U O E D  I N  
T H E  REPORT, 

FGUTE 2 9 5  S E C T  I F N  7 C  
PAGE N f l .  95 
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S U ~ S B O ~ A ~ Y  or P C I -  vumo&mm conrowar*ose 

P. 0. BOX 217 - SPARTA. N E W  JERSEY 07871 * TELEPHONE (201) 3 8 3 - 2 0 0 0  

May 7 ,  1984 

H r .  Thomas Corcoran 
P r o j e c t  Engineer,  Materials 
New J e r s e y  Department of Transpor t a t ion  
Bureau of P l a n t  and P r o j e c t  In spec t ion  
7 Route #22 
C l i n t o n ,  N J  08809 

Dear S i r :  

Enclosed are several cop ie s  of Limestone Products  Corporat ion 1984 
When the des ign  has  been Mix Designs f o r  Lime, F l y  Ash, and Aigregate.  

approved and s igned by you, would you p l e a s e  send m e  a signed copy 
for o u r  f i l e s .  

There will be no reason t o  change t h i s  mix design next year .  I f  
t h e r e  is any reason why a p r o j e c t  cannot b e  completed t h i s  y e a r , ,  t h i s  
same mix des ign  will c a r r y  on through 1985. 

I f  t h e r e  are any problems wi th  t h e  mix d e s i g n  o r  with product ion,  
p l e a s e  n o t i f y  m e  immediately because t h e r e  w i l l  be  very l i t t l e  t i m e  
between approval  and t h e  s t a r t  up of t h e  Route 295 Sect ion 7C p r o j e c t .  

I am a l s o  submi t t i ng  t o  you with t h i s  mix d e s i g n  about 150 LRS 
of c o a r s e  and f i n e  l imes tone  aggregate ,  50 LES of Fly Ash and 25 LBS 
of  Hydrate Lime t h a t  w i l l  be  used on a l l  New J e r s e y  D.O.T. P r o j e c t s ,  
f o r  your l a b o r a t o r y  v e r i f i c a t i o n .  

S i n c e r e l y  yours ,  

AVG/d jm 

Alan R. VanGelder 
Laboratory Supervisor  
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#57 = 

100 

93,2. 

64.6 

29.2 

10.5 

4.5 

3.0 

5UlSDOIA* . I  O r  C L W Y  Y19011YIA C O I P O O A I I O M  

P. 0. B O X  217 * SPARTA. N E W  JERSEY 07871 * TELEPHONE (201) 383-2000 

50% 

50 

46.6 

32.3 

14.6 

5.3 

2.3 

1.5 

1984 MIX DESIGNS 

NEW JERSEY DEPARTMENT OF TRANSPORTATION--HYDRATE LIME, FLY ASH, AND 
DENSE GRADED LIMESTONE AGGREGATE MIX DESIGNS 

2.0 X Lime (Warners Dihydrate) 
6 .0 .2  Fly Ash ( Metropolitan Edison From Portland, Pennsylvania) 
46.0 % Fine Aggregste (810 Lime Crest Limestone) 
46.0 ;b Coarse Aggregate (a57 Lime Crest Limestone) 

AGGREGATE GRADATION 

SIEVE 
SIZES 

14 inch 

1 inch 

3 / 4  inch 

1 1 2  inch 

318 inch 

4 mesh 

8 mesh 

16 mesh 

30 mesh 

50 mesh 

100 mesh 

200 mesh 

COARSE.‘- 
AGGREGATE 

FINE 
AGGREGATE 

# I 0  = 

100 

97.1 

75.3 

53.4 

36.6 

25.7 

17.7 

11.1 

8.0 

iOX 

i0 

i0 

i0 

I0 

,8.6 

- 

17.7 

6.7 

8.3 

2.9 

8.9 

5.6 

4.0 

AGGREGATE 
COMBINATION 

100 

96.6 

82.3 

64.6 

53.9 

40.0 

28.2 

18.3 

12.9 

r8.9 

5.6 

4.0 

DJZ”E 
AGGREGATE 

SPECKS 

I00 

55-90 

25-60 

5-25 

3-1 2 
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P F R C €-?I? 
1 , I H E  

2 

3 

4 

5 

2 

3 

4 

5 

The f o l l o w i n g  t a b l e s  c o n s i s t s  of d a t a  w i t h  v a r i w s  p e r c c n t a g e s  of' L f n e ,  
Fly Ash and Line Crest AgFreyatcs .  

The first t a b l e  is  u n c o n f i n e d  compressive s t r e n g t h  dcveloprnent,  
Par t  8 ,  2 s  s t a t e d  in ASR1 C 5 9 3 .  

PERCEhT 
FLY ASH 

6 

9 

12 

1 5  

8 

12 

1 6  

20 

PER CENT 
FINE AGC. 

, 46 

44 

, 42 

40  

45 

4 2 ;  5 :  

- ..- 

40 

37.5 

PERCEhT 
COARSE ACG. 

4 6  

44 

42 

4 n  

45 

42.5 

40  

37.5 

p . s . 1 ;  
# 1 PI.IIc: 

I275 

1550 

1 4 i O  

11.'10 

9 50 

I O?Q 

1155 

1 5 0 0  

P.S.I. 
Ir2 PLUG 

1050 

1530 

1340 

13?0 

7 7 5  

865 

1050 

1450 

P . S . I .  
P3 rT,iIc 

1065 

1 6 9 5  

1330 

1360 I 

1 I)?0 

1 2 3 0  

1090 

1500 

This second t a b l e  i s  vacuun s t r e n s t h  t e s t i n t !  p r o c e d u r e ,  
s t a t e d  in ASTM C593. 

6 4 6  46 1 160 119s 

9 44 44 I770 15Sn 

1 2  4 2  4 2  1 3 6 0  1060 

15 4 0  4 0 1 5 1 5  1 3 7 5  

8 45 45 1.300 !lQ5 

1 2  4 2 . 5  4 2 . 5  1050 I 3c.n 

16 1.0 40 1335 136i )  

P a r t 9 ,  

1225 

1460  

I600  

i6cIn 

955 

1 3 7 5  

99 5 

AVC. 

113P 

1 5 9 0  

1 3 6 0  

1285 

9 2 0  

1040  

110 i )  

1485 

- 

2s 

I1?5 

1 5 9 5  

1 3 b O  

151 5 

11 2 9  

1 2 3 0  

1230  

20 3 7 . 5  3 7 . 5  1195 i ? S O  1:lc 1230  



I 
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APPENDIX D 

LABORATORY AND FIELD TEST RESULTS 
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TABLE D-1 

SOILS GRADATIONS FROM EXPERIMENTAL SECTIONS 

Percent Passing (Average of three tests) 

Sieve Size Subgrade - 1-1 1 - 1-3 D.G.A.B. 

2" 100 100 100 100 

I K" 100 100 100 100 

314" 98.4 100 88.3 82.3 

# 4 93.0 99 .o 85.3 39.2 

#50 37.8 28.5 21.0 10.8 

#200 19.1 4.5 5.6 5.7 



- 1 3 -  
N c w  J e r s v y  Depar tment  o! Transportat ion 

LABORATORY SOIL ANALYSIS 
~- ~~ 

L5-::0 'b) b 7 2  MOISTURE - DENSITY R E L A T I O N S H I P  

- ; " + r : 4 =  
7c Station 6 2 . J - f o  s. 0 .  - 2 4= 

Ser io l  No. Dote Tested /o,//?,/p2 Producer 
R o u t e  7-  Z f d -  

S e c t i o n  

AASHO o r  ASTM Designation b )  6?Y Method 0 

/- 
'1 

7 
r 
9 ; I -  

I -  
:- .-~ 

Moisture Content - 5 o f  Dry Weight 



- I + -  

\<.\\ ! c r a c y  I k p x t m c n t  of Transportation 

LABORATORY SOIL ANALYSIS 

'grm L!3-2?9 'bl 6 7 2  MOISTURE - DENSITY RELATIONSHIP 

I REST RESULTS I 

Moisture Content - 1 o f  Dry 'Weight 

SIGNED .- . . __ _ 
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LABORATORY SOIL ANALYSIS 

S r u  J cr ' i cy  Lhpartment ~ , f  I'rnnsponation 

F a r m  La-250 / b )  'J 7 2  MOISTURE - DENSITY RELATIONSHIP 

~~ ~ 

REST RESULTS 

1 2 3 4 5 6 7 a 9 

.- 
I -  

- ,  
r 
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S e n  J erst)- I)eparurmcnt ot Transportation 

LABORATORY SOIL ANALYSIS 

Far . -  C S - 2 0 0  {br  t 7 2  MOISTURE - DENSITY R E L A T I O N S H I P  

3 "r...4= 
S e r l o l  No - s V h  C1-J 1 Dote Tested ?/2 7,/f f Producer 

Route T. T-293- - 4  

Section Station / / 6 + 4  A ] . % .  - - ' 4 X  

AASHO or  ASTM Designation c ) 6 9 6 7  Method 0 

I REST RESULTS 

I '  - 

Moisture Content - o i  Dry We:ght 

- 7  

/// 9 Max. Dry Density 

Optimum Moistura -&4-. - .._ 

1 - . 
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S C K  l e r s q  I k p x t m c n t  oi Trnnsponntion 

LABORATORY SOIL ANALYSIS 

F o r m  L3-200 i b )  6 7 2  MOISTURE - DENSITY R E L A T I O N S H I P  

Dote Tested /o//,!?./ Prodvcer 8ldJT / % / a J Q  'c 5 /a f " Serial NO. D.G. A.B. 
3 " + : : 4 =  R o u t e  r -2 yJ- 

N - 2 4= Section Stotion 6 2 0  t o  .R. 
- 4  

ACSHO or ASTM Designation 0 6 9 s  Method 0 

SIGNED . __. . . .. ~- . 
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L A B .  SERIAL NO. 

SIZE OF O P E N I N G  
SQUARE 

4 " 
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NEW JERSEY DEPARTMENT O F  TRANSPORTATION 

Trenton, New J e r s c y  

R E P O R T  . - OF ANALYSIS ____ OF _ _  A G G R E G A T E  

8-10-8!& 

354725 I 
R E Q U I R E D  

Min. Max. T O T A L  P E R C E N T  PASSING 

I I I 

SERIAL NO.  

354725 

3 ' I  

C H A R G E D  TO: Limestone ?roducts Corporation 

I I 

Compressije s t r e n d h  Qsi 

K I N D  OF M A T E R I A L  SIZE T Y P E  CLASS 

Linecres t ,  N .  J .  Limestone Products LOCATION 

P L A N T  LOCATION 

1 " Av . I 1135 (DesiPr Strenpthl'  950 hsi I g I ,  ( 1  

R E P O R T E D T O  

Limestone Prods. 

T. 

C. 

P. 
M . 
F. 

Corcoran 

Hec- 

Yarche t ti 
Liao 

S t i a  

J 

Dssigz S t r e n g t h  

~ 

I 
1 

! I 

I , 

REMARKS: 
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Sornple Taken From 

Qu ant i t  y Represented 

F o r m  L O - 1 4  11'71 

S i l o  at Limestone Prbds.  
100 Tons 

Ne? l e r \ e y  l ~ e p a r r m e n ~  oi Tran=,porr.irit,n 

ANALYSIS OF MISCELLANEOUS MATERIALS 

__- 
Loss on  I g n i t i o n  9/0 

3-10-84 

ir lo 

3547 27 
Serial No. 

I 
-~ n - n h  P- . o  

I 

T y p e  o f  Mater ia l  Fly Ash 

L i m e  Fly Ash S t a b i l i z e d  Base 
Proposed U s e  

Producer  M e t r o p o l i t a n  Ed i son  Co. Locat ion:  P o r t l a n d ,  Pa. 

0.5 , 

P l a n t  Location: 

R E P O R T E D T O  

L i n e s t o n e  P rods .  

T. 

C.  

P. 

PI. 

F. 

Corcoran 

Heckman 

Marchet ti 

X a o  

S t i a  

J 

R E M A R K  5: Complies. f o r  mix lesign a p p r o v a l .  
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Y e w  J e r q ~ y  I J c p x r m e n t  oi T r . l n s p c  rrat1:n 

ANALYSIS OF MISCELLANEOUS MATERIALS 

8-lO-BL 3%7 26 Ser ia l  No. 

Charged To: L i m e s t o n e  Prods. Corp. 

T y p e  o t  N o t e r i a l  Line (Warners Dihydrate) 

P r o p o s e d  U s e  Lime Flvash S t a b i l i z e d  Base 

P r o d u c e r  W r n e r  Cn.  Locct lo?:  

Location: P l a n t  

R E P O R T E D T O  

Limestone Prods.  

T. 

C. 

P. 

M. 

F. 

Corcoran  

Marche Heclanan t ti J 
L i z 0  

S t i a  

R E M A R K S :  
Complies .  For mix d e s i g n  a p p r o v a l .  

O r i g i n a l  S i g n e d  P. I h r c h e t t i  
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APPENDIX E 

CALCULATIONS FOR ENERGY CONSUMPTION 
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ENERGY CALCULATIONS FOR BITUMINOUS CONCRETE 
Given 
Mix Design: 60% crushed stone, 35% sand, 5% mineral filler, 5.5% 

asphalt cement. 

Haul Distance: Crushed stone 15 miles 
Sand 30 miles 
Asphalt Cement 50 miles 
Mix 12 miles 

Temperatures: Ambient 70°F, mix 300°F. 

Moisture: Avg. in sand and crushed stone 6%. 

Truck Type: Assume all items hauled in 5 axle, diesel fueled trucks. 
Mix hauled in 3 axle, diesel trucks. 

MATERIALS 
Asphalt Cement 
Refine asphalt cement 
Haul 50 miles x 2 x 1960 BTU/Ton miles 
Total for A.C. 

Aggregates 
Produce Crushed stone at 70.000 BTU/Ton. 60% 
Produce sand at 15,000 BTUjTon, 35% 
Produce mineral filler at 70,000 BTU/Ton, 5% 
Haul stone and mineral filler 15 miles x 2 

Haul sand 30 miles x 2 a t  1980 BTU/Ton, 35% 
at 1960 BTU/Ton, 65% 

Asphalt Concrete Mix Composition 
Asphalt concrete, 5.5% a t  783,500 BTU/Ton 
Coarse and fine aggregate, 9 4 h %  at 130,130 BTU/Ton 

PLANT OPERATIONS 
Dry aggregate, 6% moisture at 28,OtO BTU/% x/945 
Heat aggregate, 230°F a t  470 FTU/ F/ton x /945 
Other plant operations (mixing, etc.) 

HAUL AND PLACE AT JOB SITE 
Haul mix, 12 miles x 2 at 3,800 BTU/Ton 
Spread and compact 

TOTAL FOR ASPHALT CONCRETE 
Mix Composition 
plant Operations 
Haul and Place 

BTU/TON 
587,500 
196,000 
783,500 

42,000 
5,250 
3,500 

38,220 
41,160 
130,130 

43,090 
122,970 
166,060 

132,300 
102,154 
19,800 

254,254 

91,200 
16,700 

107,900 

166,060 
254,254 
107,900 

TOTAL BTU/TON: 528,2 14 
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ENERGY CALCULATIONS FOR LFA BASE 

Given 

Mix Design: 2% Lime, 6% Fly ash, 92% Aggregate, optimum moisture 
6.6%. 

Haul Distance: Lime 
Fly Ash 
Aggregate 

MATERIALS 

80 miles 
25 miles 
0 miles 

Manufacture lime - 7,500,000 BTU/Ton x .02 tons 
Process f ly  ash - negligible x .06 tons 
Produce crushed stone at  70,000 BTU/Ton x .92 
Mixing at 15,000 BTU/Ton 
Haul lime, 80 mi. x 2 x 1960 BTU/Ton mi. x .02 tons 
Haul fly ash, 25 mi. x 2 x 1960 BTU/Ton mi. x .06 tons 

Haul mix t o  job site, 75 mi. x 2 x 1960 BTU/Ton mi. 
Spread and compact 

TOTAL FOR LFA 
Mix Composition and Plant Operations 
Haul and Place 

BTU/TON 

150,000 

64,400 
15,000 
6,270 

0 

5;880 
24 1,550 

294,000 
16,700 

310,700 

24 1,550 
3 10,700 

552,250 TOTAL BTU/TON: 
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ENERGY CALCULATIONS FOR DENSE GRADED AGGREGATE BASE (D.G.A.B.) 

The  D.G.A.B. used on this  project  was  a blast  furnace  slag which is a by-product 
of s t e e l  manufacturing. Therefore,  no energy will b e  charged to th i s  mater ia l  
for production. 

MATE RIALS 

Produce and handle blast  furnace slag 

HAUL AND PLACE 

Haul 18 mi. x 2 x 1960 BTU/Ton 
Spread and c o m p a c t  

TOTAL BTU/TON 

BTU/TON 

15,000 

70,560 
17,000 

102,560 
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ENERGY CALCULATIONS FOR SUBBASE (BANK RUN GRAVEL) 

Given 

Source located 15 miles from job site.  

MATERIALS 

Digging and Hauling 

HAULING AND PLACING 

Haul 15 mi. x 2 x 1960 BTU/Ton 
Place and compact  

TOTAL BTU/TON: 

BTU/TON 

15,000 

58,800 
17,000 

90,800 
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ENERGY CALCULATIONS FOR PRIME C O A T  (AND CURING COMPOUND) 

Given 

MC-30 256 gallons/ton 

ENERGY T O  REFINE AND ENERGY IN THE MATERIAL 

70,000 BTU/gal. x 256 gallons 

ENERGY T O  HAUL AND DISTRIBUTE 

Haul 5.0 mi. x 2 x 3270 BTU/Ton mi. 

Distr ibute  444 BTU/gal. x 256 gallons/ton 

TOTAL BTU/TON: 

BTU/TON 

17,920,000 

327,000 

113,664 

18,360,660 


