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ABSTRACT 

Highway safety and pavement performance can be directly in- 

fluenced by the type of shoulders that are constructed. Shoulder 

design alternatives have always been rather limited. Moreover, 

the use of some of the alternatives has always been restricted 

by funding limitations. 

This research project seeks to explore the use of modified maca- 

dam base construction for shoulders. This type of shoulder design 

could offer the designer another option when paved or stabilized 

shoulders are being considered. Macadam base construction has in the 

past been shown to be quite strong and freedraining. 

Two macadam base shoulder designs were developed and constructed 

for this research project. A new roadway embankment and P.C.C. pave- 

ment were constructed on a section of US 6 east of Adel in Dallas 

County. The macadam base shoulders were constructed adjacent to 

the pavement as part of the project. The north shoulder was finished 

with a choke stone course and bituminous surface treatment and the 

south shoulder was finished with a two (2) inch layer of Type B 

Class I1 asphalt concrete. 

Macadam stone base shoulders can be built with relatively minor 

construction problems with comparable strength and less cost than 

asphalt treated base shoulders. The macadam stone base shoulders 

have performed well with very little maintenance necessary. The 

improved drainage substantially reduces deterioration of the pave- 

ment joints. 
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INTRODUCTION - 
Highway safety dictates the need for high quality, well main- 

tained roadway shoulders. The safety aspects of highway shoulders 

may not always be apparent, but are of considerable importance. 

Shoulders must provide a safe, untraveled portion of the roadway 

for motorists to use when emergencies arise. Shoulders can be 

useful in providing adequate drainage for the highway. They also 

provide a "buffer" zone between the highway and the roadside ditches. 

Shoulders, which are properly designed, can reduce and facilitate 

maintenance of the mainline pavement. This is especially true for 

paved shoulders. 



To be an effective safety aid to the motorist, the roadway 
I 

shoulders must be properly maintained. Mainte'nance, such as edge 1 

rut and washout repair, is expensive and time consuming. The de- 1 
I 

signer must consider maintenance costs when designing highway 

shoulders. The designer must recommend the most economical type 

of shoulder construction which can withstand normal motorist use 
I 

associated with that particular highway. 1 
The three types of shoulders that are commonly used on Iowa t 

I 
roads are: 

1. Soil or soil-aggregate shoulders I 

2. Stabilized aggregate shoulders 
1 
! 

3. Paved shoulders 1 

The soil and soil-aggregate and stabilized shoulders are the i 

most economical to construct and are used on many lower traffic 
I 

volume highways. Paved shoulders are used primarily on interstate I 
l 

and other high traffic volume highways. The construction costs of 
! 
i 

paved shoulders are much higher than either of the other two types 

of shoulders but paved shoulders require less maintenance and have 

more load bearing capacity. 
I 

A need therefore exists for a highway shoulder with maintenance I 
l 

and load bearing qualities similar to that of paved shoulders but 
I 

that can be constructed more economically. 1 
One such potential alternative is macadam stone shoulders. i' 

Macadam stone bases have been placed on a few experimental projects(*) ! 

in the state. On the short term, these bases have performed ade- \ 
t 

quately with no major problems reported. Because of the initial 
( 
I 
I 

( * )  Less, Roger A. and Paulson, Charles K. "Experimental Macadam 
Stone aase - Des Moines County" Iowa Department of Transoor- 
tation and Des Moines County, September 1977. 1 



success of these projects, it has been proposed that a macadam 

stone shoulder topped with a bituminous wearing surface may be an 

economic alternative to the standard paved shoulders. 

OBJECTIVES 

The objectives of this research project are: 

1. To determine the feasibility of using a macadam 

stone shoulder in place of the standard paved 

shoulder. 

2. To determine if there are any major problems 

associated with macadam shoulder construction. 

3. To compare the actual construction and mainten- 

ance costs of the macadam shoulders to the con- 

struction costs of recently built paved shoulders. 

4. To evaluate the structural performance of the 

macadam shoulders. 

DESIGN AND CONSTRUCTION - 

The research work was incorporated into Dallas County project 

RF-6-3(11)--35-25 completed in July, 1977. The portion of this 

project where the experimental shoulders were constructed is on U.S. 

6 from the Raccoon River bridge east approximately 1500 feet to 

another bridge (Figure 1). The Average Daily Traffic for this 

highway is 4070 VPD, with 180 of these being trucks. 

The macadam shoulders were constructed ten (10) feet wide with 

' a  three layer system with a total thickness of nine (9) inches 

(Figure 2). On the typical cross section, the bottom layer is 

a nominal thickness of 2 inches of granular material. The second 



layer is 6 inches nominal thickness of macadam stone (specifica- 
j 

tions in Appendix A). The top layer is a surface with a nominal I 
thickness of 2 inches. These three layers would total 10 inches 1 

but the actual thickness was 9 inches. Due to the open grading 
I 

of the macadam stone there is an intermingling at both interfaces 

of the shoulder system. 

Two different 2 inch nominal thickness wearing surfaces, one 1 
placed on each side of the highway were studied. The south shoul- 

der was surfaced with Type B Class I1 asphaltic concrete and the 
I 

north shoulder was surfaced with a choke stone (same material as 

granular blanket course) and a bituminous surface treatment (1/2 

inch seal coat). 1 
Aggregate for the macadam and choke stone was obtained from a 

limestone quarry located in NE 1/4 Section 10, Twp 76, Range 29. I 
This crushed stone was produced by the Gendler Stone Company from I 

i 
the geologic formation known as the Argentine. The various materials 

were characterized in the laboratory in Tables 1 through 6. 

Material quantities and rates of application are summarized in 

Table 7. After the nine ( 9 )  inch PCC pavement was placed, the 

contractor shaped the shoulder subgrade to the cross-section shown 

in Figure 2. The "loamy sand" select treatment subgrade was quite 

friable even though it had been originally compacted with moisture 

and density control. This caused some difficulty during the 

placement and compaction of the granular blanket. The subgrade 

was disturbed by the trucks bringing in the granular blanket 

aggregate. Continual subgrade repair was necessary. The plan 

quantity estimate for this two inch layer was 15.2 tons per station; 1 
the actual quantity was 17.4 tons per station. 

i I 



Next, the six inch macadam stone base layer was placed using 

a Jersey spreader powered by a crawler tractor (Figure 3). This 

spreader was also used for placing the granular blanket and stone 

choke course. Again, some difficulty was experienced by the con- 

tractor during placement. The bulk and weight of the aggregate 

caused the spreader to ride up. Some shaping was therefore neces- 

sary. A motor grader was used for this purpose. The blading of 

the aggregate tended to cause localized segregation of the large 

particles. Plan quantities of this material were sufficient for 

this course of the structure. 

A vibrating steel drum roller was used to compact all stone 

layers (Figure 4). Rolling of the outer half of the macadam base 

course was found to be hazardous as the uncompacted, unconfined 

material would displace outward without warning. This resulted 

in considerable damage to a roller that capsized on one occasion 

and rolled down the foreslope. The exposed sloping edge was com- 

pacted with the roller secured to a motor grader. Procedural com- 

paction specifications were used (Appendix A). 

The crushed stone choke course required on the north shoulder 

was placed and compacted without difficulty with the Jersey spreader 

and vibratory roller. The quantity for this course overran approx- 

imately 70 percent due to the open texture of the macadam base 

course. The contractor was able to finish this course to closely 

match the edge of the pavement with good cross-section and profile 

control (Figure 4). 



After the choke stone course on the north shoulder and macadam 

base course on the south shoulder were completed, MC-70 cutback 
I 1 

asphalt primer was applied. The outside slopes of the exposed I 
I 

macadam base were primed at an average rate of 0.72 gallon per square 

yard. The choke stone course was primed at a rate of 0.22 gallon i 
I 

per square yard while the open texture macadam base course was 

primed at an average rate of 0.36 gallon per square yard. It was 1 
found that two partial applications, one from each direction, were i 
needed on the macadam base course in order to obtain coverage of the 

I 

large aggregate particles exposed on the surface. The penetration of I 
i 

the primer into the base course caused a 70 percent overrun of the 

plan quantity. The priming operations are shown in Figure 5. 

A bituminous surface treatment (chip seal coat) was applied on the I 
I 

north shoulder. CRS-2 cationic emulsion binder bitumen was applied 
i 

at an average rate of 0.27 gal./s.y. Gravel cover aggregate, graded I 

i 
as shown in Table 4 was then applied at an average rate of 37.3 lbs./s.y. 

I 
A sizeable overrun for this material was incurred because the plan 1 

quantity was estimated on the basis of the requirements for a sand 

seal rather than a 1/2 inch chip seal coat. Conventional equipment 

and procedures were employed for this work (Figure 6). 

The south shoulder was choked and surfaced with one layer of 
I 

Type B Class I1 asphalt concrete at a rate of 17.7 tons per station; 1 
the quantity overran approximately 47 percent due to the large voids 

and the irregularities in the macadam base course. Conventional 
I 

equipment and procedures were used to place and compact this material. 

No difficulties were encountered during this operation. Refer to 

Tables 3, 5, and 6 for test data and Figure 7 for display of place- i 
i 

ment and compaction operations. I 

i 



IMPLEMENTATION OF MACADAM BASE SHOULDERS 

The November 1977 progress report for this research noted 

numerous potential benefits and established the feasibility of con- 

structing macadam base shoulders. The progress report was written 

only four months after construction, but the Road Rater structural 

data of the shoulder with the 2" Type B asphalt concrete surface 

compared very favorably with asphalt treated base shoulders on the 

interstate. 

Based on that report and impressive performance with no need 

for maintenance through 1978, the design for Clayton F-13-3(22)--20-22 

on Iowa route 13 north of Elkader specified macadam base shoulders 

(Figure 8). Approximately one half of the shoulders on the la. 13 

project (constructed September, 1979) were constructed with a 2" 

granular blanket on the grade. The contractor encountered substan- 

tial difficulty in finishing the surface of the macadam base prior 

to placement of the asphalt concrete surface. 

The design was modified (Figure 9) to place the 2" of granular 

material on top and facilitate the placement of the asphalt concrete 

The remaining shoulders were constructed to this design. 

The structural capacities of the two Ia. 13 designs are quite 

comparable (4.18 and 3.82 from Table 8) but are weaker than the Adel 

macadam base with the asphalt concrete surface. 

In the first two years, the Ia. 13 macadam base shoulders have 

required no maintenance and are performing very well. There are 

very few transverse cracks. There is some cracking between the main- 

line and the shoulders due to differential movement. No shoulder 

settlement is noted at this time. 



COST COMPARISON 

It is extremely difficult to make valid cost comparisons due 

to size of projects, proximity to the quarry, rapid inflation 

and the absence of asphalt treated base and macadam stone base 

construction in the same year. The contract with bid prices 

for this project is shown in Table 9. It is obviously unrealistic 

to use the macadam stone base costs of HR-181 for comparison due 

to the small quantities. 

The best cost data available for macadam stone base shoulders 

is the Iowa 13 project built in 1979. The cost comparison will 

therefore utilize average 1979 prices in conjunction with shoulder 

quantities per station. 

Using this method, the cost of a LO ft. wide macadam stone 

base shoulder per station is: 

2" Granular material 17.4 ton @ 7.00 - $121.80 - 

6" Macadam Stone Base 36.3 ton @ 5.85 - 212.36 - 

2" Type "B" Asphalt Concrete 17.7 ton @ 12.47 = 220.72 

Asphalt Cement @ 6.0% 1.06 ton @ 113.96 = 120.80 

Prime 48.0 gal. @ 0.64 = 30.72 

Total cost of macadam stone 
base shoulder per station 



Similarly, the cost of an 8" thick 10 ft. wide asphalt treated 

base shoulder is: 

8" Asphalt Treated Base 
Class I 46.67 ton @ 10.96 = $511.50 

Asphalt Cement @ 4.5% 2.1 ton @ 113.96 = 239.32 

Prime 6.07 gal. @ 0.64 = 3.88 

Binder Bitumen 16.66 gal. @ 0.85 = 14.16 

Sand Cover Aggregate 0.55 ton @ 15.00 = 8.25 

Total Cost of Asphalt Treated Base 
Shoulder Per Station - - $777.11 

The maintenance personnel in Dallas and Clayton Counties have 

indicated minimal maintenance for the macadam stone base shoulders 

with an asphalt surface. With this and the similar structural 

data, it is reasonable to assume that the maintenance costs will 

be similar to asphalt treated base shoulders. 

MAINTENANCE 

The only maintenance of the macadam base shoulders has been 

strip sealing of the cracks with a CRS-2 asphalt emulsion. The 

crack between the pavement and shoulder has been sealed on the shoulder 

with the seal coat surface. The transverse cracks on the asphalt 

concrete surfaced shoulder have been sealed. 

DISCUSSION OF CONSTRUCTION PROBLEMS 

The biggest problems encountered during construction were sub- 

grade distortion and macadam base course compaction safety. Sub- 

grade problems are not uncommon whenever haul units traverse earth 

subgrades. This problem is not therefore considered a significant 

deterrent. Protecting the vibratory roller and operator from harm 

while compacting the outside portion of the macadam stone base layer 



can be accomplished by securing the roller to another piece of 

construction equipment during this operation. This type of pre- 

caution is also required on some other types of work. It is 

therefore believed that contractors can develop appropriate safety 

measures. No other significant construction control or procedural 

problems were noted. The finished shoulders display good appearance, 

workmanship, and exhibit satisfactory cross-section and longitudinal 

profile. 

Other than the problem of finishing the macadam stone, there 

were no construction problems on the la. 13 project. The instability 

of the macadam stone under the roller was not recognized as a problem. 

DRAINAGE BENEFITS OF MACADAM STONE BASE 

Pavement performance surveys would indicate that inadequate 

drainage contributes to most pavement deterioration. In PCC pave- 

ment, slab pumping, faulting and D-cracking are directly related to 

the amount of water under the slab. Stripping and subsequent crack 

depression in asphalt concrete pavement is also accelerated by the 

amount of water available. 

Recent pavement designs have given substantial consideration to 

providing a dense base with little or no consideration of permea- 

bility. Consequently there are serious deterioration problems with 

many "trench section" type designs. Surface water infiltrates the 

joints and cracks and is trapped beneath the slab by the relatively 

impermeable base and shoulders. 



The PCC pavement joint seals on this project have failed 

(Figure 10) and surface water can readily enter the joints. Water 

can also enter through the shoulder surface. There is no indica- 

tion of water related deterioration on this project. It would 

appear that the excellent drainage characteristics of the macadam 

stone base allows the water to escape from beneath the slab and 

prevents the detrimental hydraulic action. 

PERFORMANCE 

The Iowa DOT uses the Road Rater to determine the relative 

strength of a grade, base or pavement. It imparts a dynamic loading 

that oscillates from 800 to 2,000 pounds and measures surface move- 

ment or deflection with accelerometers 

The macadam stone base shoulders compared favorably with inter- 

state shoulders (Table 8). As expected, the shoulder with the seal- 

coat surface was the weaker of the two with average deflections 

ranging from 3.55 to 4.27 mills over a four year period depending 

on the particular conditions at the time of testing. The deflec- 

tions for the shoulder with the asphalt concrete surface ranged from 

2.72 to 3.30 mills. The sealcoat surfaced shoulder exhibited essen- 

tially the same strength as an 1-80 shoulder with four inches of as- 

phalt concrete over a six inch thick rolled stone base (4.24 mills 

vs 4.32 mills in August, 1977). The asphalt concrete surfaced 

shoulder yielded a deflection of 2.89 mills (August, 1977) and approx- 

imately the same strength as an 8 inch thick asphalt treated base 

shoulder on 1-35 (2.82 mills). 



Deflection data through September, 1981 does not indicate a 

loss of strength since construction in 1977. i 
The seal coat surface shoulder has performed well for four I 

years with strip sealing of the joint between the mainline PCC 

pavement and the shoulder with CRS-2 asphalt emulsion as the only 1 
I 

maintenance. There are many areas where the sealcoat surface is 
\ 

broken and in need of maintenance. No macadam stone has been dis- 1 

lodged and very little loss of material from the broken areas is I 

I 
apparent. The most adverse aspect of the sealcoat surfaced shoulder 

f 

is a subsidence which has resulted in an edge rut of approximately 

one inch (Figure 11) through most of the project. 
I 
I 

There is no subsidence nor edge rut on the asphalt concrete 1, 

surfaced shoulder. Transverse cracking has ocurred at a 21 foot 1 
I 

interval on this shoulder (Figure 12). These cracks do not corres- 

pond to the 20 foot joint spacing of the PCC pavement. The AC 
I 
I 

surface is apparently interlocked relatively well to the PCC slab 

which results in a typical dividing of the transverse crack near 1 
the joint (Figure 13). The transverse cracking has been sealed with 1 

I 

CRS-2 asphalt emulsion but has re-opened and is not presently sealed. 

There is no indication of any deterioration of the transverse cracks 1 
by stripping. Apparently the excellent drainage characteristics of 

r 
the macadam stone prevents adverse water action. 1 

CONCLUSIONS 

The following conclusions are supported by this research: t 

1. Macadam stone base shoulders can be built with relatively ! 

minor construction problems. 1 



2. The construction cost for macadam stone base shoulders 

should be less than that of 8 inch asphalt treated 

base (4-1/2 % AC) shoulders in locations where aggre- 

gate is in close proximity (10 miles) to the project. 

3. The asphalt concrete surfaced macadam stone base 

shoulder has given excellent performance. Both designs 

have required minimal maintenance. 

4. The macadam stone shoulder provides improved lateral 

drainage and substantially reduces joint deterioration 

of the PCC pavement. 

5. The macadam stone shoulders provide strength comparable 

to asphalt treated base shoulders. 





Figu re  2 

TOP OF SUBCIV(IDE 2" G~awuzre mlrrp,* i  
Fon n r r u r r r  6 S ~ r n e w r  

T Y P I C A L  CROSS S E C T I O N  

T Y P I C A L  CROSS S E C T I O N  OF CORRECTED SUBGRADE 



Figure  3 

MACADAM STONE PL,ACEMGNT W I T H  J E R S E Y  SPREADER 
ON COMPLETED GRANUL,AR BLANKET 

MACADAM STONE PLACEMENT 



SURFACE O F  MACADAM BASE B E H I N D  SPREADER 

COMPACTION O F  CHOKE STONE COURSE ON NORTH SHOULDER 

F I N I S H E D  CHOKE STONE 



Figure  5 

PRIMING O F  CHOKE STONE COURSE 

PRIMING EDGE O F  SOUTH SHOULDER 

P R I M E D  MACADAM BASE COURSE O F  SOUTH SHOULDER 

1 8  



P L A C I N G  COVER AGGREGATE ON NORTH SHOULDER 

COMPACTION O F  COVER AGGREGATE 

19 



Figure 7 

PLACING ASPHALT CONCRETE ON MACADAM BASE COURSE 
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F i g u r e  1 0  

FAILURE OF PCC PAVEMENT J O I N T  SEAL 



Figu re  11 

EDGE RUT ON THE SEAL COAT SURFACED SHOULDER 



Figure 1 2  

TRANSVERSE CRACKING AT A 2 1  FOOT INTERVAL 



Figure 1 3  

D I V I D I N G  OF THE TRANSVERSE CRACK 
NEAR THE P C C  PAVEMENT 



T a b l e  1 

S i e v e  
S i z e  
)I 
I 

3/4" 
1/2" 
3/8" 
N o .  4  
No .  8  
N o .  200 

S i e v e  
S i z e  

I F" 

Research  P r o j e c t  HR-181 

G r a d a t i o n  o f  Crushed Limestone  
u s e d  f o r  

G r a n u l a r  B l a n k e t  and Choke Course  

P e r c e n t  P a s s i n g  

T a b l e  2 

R e s e a r c h  P r o j e c t  HR-181 

G r a d a t i o n  o f  Crushed Limestone  
used  f o r  

Macadam S t o n e  Base Course  

P e r c e n t  P a s s i n g  



Table 3 

Research Pro jec t  HR-181 

Cha rac t e r i s t i c s  
I 

of 
Asphalt Concrete Choke and Surface Course \ 

I 

Sieve Percent 

1 / 2 "  
3/8" 
No. 4 
No. 8 
No. 1 6  
No, 30 
No. 50 
N0.100 
No. 200  
Lab Density** 
Rice So l id  Sp. G r .  
Percent Voids 
Percent  Asph. Cementx** 
Marshall S t a b i l i t y  
Marshall Flow 

*Aggregate - P i t  run g rave l  from g l a c i a l  deposi t  located  i n  
NW 1/4-28-79-27, Dallas  County. 

I 
I 

**SO Blow Marshall Compaction. 
***Extracted A.C,  Content - Intended 5.5% by w t .  of mix. I 

Table 4 

Research P ro j ec t  HR-181 

Gradation of Gravel 
used f o r  

Cover Aggregate 

Percent 
Sieve 
S ize  - 
1 / 2 "  
3/8" 
No. 4 
No.8 
No. 200 



Table 5 

Research Project HR-181 

NO. - 
1 

Density and Thickness 
of 

Asphalt Concrete Core Samples 

Density* 
96.2% 

*Percent of Lab Density (2.37) 

Table 6 

Research Project HR-181 

Characteristics 
of 

Asphalt Materials Incorporated 

85-100 Penetration Asphalt Cement 

Original Penetration 94 
Original Absolute Visc. 656 Poise 
Original Ductility 130+CMs 
TFO Wt. LOSS 0.03% 
Pen. of TFO Residue 58 
Abs. Visc. of TFO Residue 1250 Poise 
Ductility of TFO Residue 130+CMs 
Source - American Oil Company 

Sugar Creek, Missouri 

MC70 Primer Material 

~inematic Viscosity 106 Centistokes 
Residue by Vol. above 680°F. 70.0% 
Residue by Wt. above 6800F. 75.3% 
Residue From Distallation 
Penetration 164 
Absolute Viscosity 334 Poise 

CRS 2 Binder Bitumen 

Saybolt Viscosity @ 122OF. 197 Seconds 



Table  7 

Research P r o j e c t  HR-181 

Tabula t ion  of Q u a n t i t i e s  

M a t e r i a l  
Granular  Blanket  

P lan  Q u a n t i t y  
436 t o n s  

Macadam B a s e  1048 t o n s  
Choke S tone  174 t o n s  
Type B Asphal t  Concrete  174 t o n s  
Primer Bitumen 894 g a l .  
Binder  Bitumen 312 g a l .  
Cover Aggregate 11 t o n s  

Rates  of App l i ca t ion  

Granular  Blanket  Aggregate 
Macadam Base Aggregate 
Choke Stone Aggregate 
Type B Asphal t  Concrete  - Right  Shoulder  
Primer - L e f t  (North) Shoulder/Choke S tone  
Primer - Right  (South) Shoulder/Macadam Base 
Primer - Macadam Base S lope  (3-1/2') 
Binder Bitumen - L e f t  Shoulder  
Cover Aggregate - L e f t  Shoulder 

, 
Actua l  Q u a n t i t y  

500.55 

247.35 t o n s  1 

255 top-  & - 
1319.5 g a l .  

433 g a l .  
29.75 t o n s  

I 
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CONTRACT NO. 12378 PROJECT RF-b-3 lLL)-  
ITEM ITEM 

TOPSOIL, STRIP*. SALVAGE AND - - -  
SPREADING 
COMPACTING EMBANKMENT YITH 
ROISTURE & DENSITY CONTROL 
SEYER. 1500D STORfl. 2'4 IN. DIA. 
PAVEMENTI STANDARD OR SLIP FORM 
P*  C* CONC.. CLASS A t  9 I N *  
BRIDGE APPROACH SECTION 
REENFORCED AS PER PLAN 
SURFACE TREATMENT 
aP P. C. CONCRETE PAVEflENT - . . - - - - - 
DRIVES. PsC. CONCRETE. 9 I N *  
BRIDGE END DRAIN* RF-35 
CURB. EXTRUDED ASPHALT 

28 SODDING 
2 9  SIDEWALK. P -  Ce CONC-. Y I N -  
3 0  RAILING. FORMED STEEL BEAM 
32 GUARD RAIL*  POSTS. BEAM 
32 GUARD RAIL. END ANCHORAGES. EEAn 
33 PRLMER OR TACK-COAT BITUflEN 

CONCRETE 
35 BASE. CHOKE STONE 
3 b  BASE. RACAOAn STONE 
37 GRANULAR MATERIAL 
3 8  SEEDING. SPECIAL AREAS 
39 SEEDING 8 FfRTSLIZING 
c(0 flULCHIRIG 
l SHOULDER FINISHING- EARTH 
9.2 BINDER BITUMEN 

j '43 AGGREGATE. COVER 
I 44 FIELD LABORATORY 

95 CLEARING R. GRUBBING 

-35-25 
QUANTITY UNIT UNIT PRIC 

b.72L CU. YDS* e30 
b LEN* FT-  '40.00 

b-239 SQ. YDS. . ar  
82 SQ* YDS. 13.00 
2 ONLY 400. 00  

38  L I N -  FT. b.50 
L9  SaUARES LO-00 

1.25b SQ. FT. L e  SO 
700  L I N *  FT. 7.00 
1 3 h  ONLY 3 8 - 0 0  

8 ONLY 300.00 
89% GALS. .bO 

L7q TONS 
L7U TONS 

1.OU8 TONS 
Y3b TONS 

e5OO ACRES 
8.300 ACRES 
8.500 ACRES 

1 2 - 4 7 0  STAS. - - 
312  GALS. 
11 TONS 
1 ONLY 

20.755 ACRES 

GRAND TOTAL 

PAGE 2 
E AMOUNT 



Dallas C o u n t y  

APPENDIX A 

(1 O f  4) 

S P E C I A L  PROVISIONS FOR MACADAM SHOULDERS 

GENERAL. This  work s h a l l  involve preparing t h e  subgrade; furnishing,  
p lac ing,  and compacting a granular  blanket  ma te r i a l ;  a Macadam stone base 
course;  choke s tone  base course; a s p h a l t i c  concrete;  applying a prime coat  
and a bituminous s e a l  coat ,  a l l  a s  required by t h e  p lans  and these  s p e c i f i -  
cat ions.  

PREPARATION OF THE SUBGRADE. The subgrade s h a l l  be prepared by blading 
and shaping t h e  present  subgrade t o  t h e  required c ross  sec t ions  as shown i n  
t h e  t y p i c a l  c ross  sec t ion .  Rolling s h a l l  be done i n  conjunction with t h e  
blading and shaping t o  maintain uniform densi ty  i n  t h e  subgrade. Prepara- 
t i o n  of subgrade s h a l l  be inc iden ta l  t o  t h e  cons t ruct ion  of t h e  shoulders. 

GRANULAR BLANKET MATERIAL. The Granular Blanket Material s h a l l  c o n s i s t  
of crushed s tone  placed on t h e  prepared snbgrade and thoroughly compacted, 
a l l  i n  accordance wi th  t h e  p lans  and these  spec i f i ca t ions .  

A. Materials  f o r  t h e  Granular Blanket Material  s h a l l  be t h e  same a s  
spec i f i ed  i n  t h e  Choke Stone Base sec t ion .  

B. Equipment s h a l l  be t h e  same as spec i f i ed  i n  t h e  Macadam Stone Base 
sec t ion .  

C. Construction. The Granular Blanket Material s h a l l  be constructed 
i n  accordance with requirements 2208.04 except t h a t  densi ty require- 
ments of 2208.04D w i l l  not  apply. The Granular Blanket s h a l l  be 
compacted by not less than 4 passes of a v ib ra to ry  r o l l e r  complying 
with t h e  requirements of 2001.05F, o r  as d i rec ted  by t h e  engineer. 

MACADAM STONE BASE. The Macadam Stone Base s h a l l  cons i s t  of crushed 
s tone  placed on t h e  Granular Blanket Material and thoroughly compacted, a l l  
i n  accordance with t h e  p lans  and these  spec i f i ca t ions .  

A.  Materials f o r  t h e  Macadam Stone Base s h a l l  be t h e  product of crushing 
limestone, sub jec t  t o  t h e  approval of t h e  engineer ,  and meeting t h e  
following requirements: 
1. Abrasion mss. The percentage of wear, determined i n  accordance 

with AASHO T-96, Grading A o r  B, s h a l l  not  exceed 45. 
2. Soundness. When subjected t o  t h e  freezing-and-thawing tes t ,  ISHC 

Laboratory Test  Method 211, Method A, t h e  percentage l o s s  s h a l l  
not  exceed 10. 

3 .  Gradation. The mate r i a l  s h a l l  be produced by a primary crusher 
with t h e  g r a t e s ,  breaker ba r s  o r  jaws adjus ted  t o  produce a maxi- 
mum s i z e  of 4 inches. The mate r i a l  s h a l l  be screened over a 1- 
inch screen. The mate r i a l  r e t a ined  on t h e  1-inch screen s h a l l  be 
hauled, spread,  and compacted as t h e  Macadam s tone  base mater ia l .  
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8. Equipment s h a l l  comply w i th  2001.01 and t h e  fo1lc)wing reqliirelnents: 
1. Weighing Equipment. A r t i c l e  2001.07 s h a l l  app ly .  
2. Compaction Equipment. A s e l f - p r o p e l l e d  v i b r a t o r y  r o l l e r  s h a l l  

be used t o  compact t h e  Macadam s t o n e  base .  A r t i c l e  2001.05F 
s h a l l  app ly .  Other  t y p e s  of r o l l e r s  complying w i th  a r t i c l e  
2001.05B, C and D may be  r equ i r ed ,  a t  t h e  d i r e c t i o n  o f  t h e  
eng inee r ,  t o  o b t a i n  t h e  d e s i r e d  s u r f a c e .  

3 .  Spreading Equipment s h a l l  be capab le  o f  uniformly spread ing  base 
material t o  t h e  r e q u i r e d  t h i cknes s .  

4. Motor P a t r o l s .  A r t i c l e  2001.15 s h a l l  apply.  
C .  Cons t ruc t ion .  Macadam s t o n e  base  s h a l l  be c o n s t r u c t e d  on t h e  g r a n u l a r  

b l anke t  material i n  accordance w i t h  t h e  fo l l owing  requ i rements :  
1. %reading Ease Material. A r t i c l e  2208.04C s h a l l  app ly ,  excep t  

t h i s  material s h a l l  no t  be  wet ted.  
2. Compaction. Promptly a f t e r  t h e  m a t e r i a l  h a s  been sp r ead ,  it s h a l l  

be compacted t o  s t a b i l i z a t i o n .  Compaction s h a l l  con t i nue  u n t i l  
t h e  base  material is i n t e r l o c k e d  and s e a t e d .  

D. F i l l e t s  f o r  I n t e r s e c t i n g  Roads, Dr ives ,  and Turnouts  s h a l l  be con- 
s t r u c t e d  i n  accordance w i t h  t h e  p l a n s  and t h e s e  s p e c i f i c a t i o n s .  

E. Maintenance of  Completed Base. A r t i c l e  2205.12M s h a l l  apply.  

CHOKE STONE BASE. The Choke Stone Base s h a l l  c o n s i s t  of crushed s t o n e  
p l aced  on t h e  Macadam Stone Base and thoroughly compacted and primed w i th  a 
bi tuminous p r imer ,  a l l  i n  accordance wi th  t h e  p l a n s  and t h e s e  s p e c i f i c a t i o n s .  

A .  Materials f o r  t h e  choke s t o n e  base  s h a l l  be  t h e  p roduc t  of c ru sh ing  
l imes tone  meeting t h e  fo l lowing  requ i rements :  
1. Q u a l i t y .  Choke S tone  Base m a t e r i a l  s h a l l  be f r m  t h e  sou rce  

used f o r  t h e  Macadam Stone Base course  material, a produc t  of 
t h a t  o p e r a t i o n .  

2. Gradat ion.  The m a t e r i a l  s h a l l  be produced by a pr imary c ru she r  
wi th  t h e  g r a t e s ,  b r eake r  b a r s  o r  jaws a d j u s t e d  t o  produce a maxi- 
mum s i z e  of 4 inches .  The m a t e r i a l  s h a l l  be sc reened  over  a  1- 
inch  sc reen .  The mate r i . a l  pa s s ing  t h e  1-inch s c r e e n  s h a l l  be 
f u r t h e r  p rocessed  as necessa ry  t o  meet t h e  fo l lowing  g r a d a t i o n  
requ i rements  when t e s t e d  by means of l a b o r a t o r y  s i e v e s :  

S i eve  S i z e  - 
1 i n c h  
#8  

Percen t  Pass ing  
Min. Max, 

Th i s  m a t e r i a l  s h a l l  be hauled,  sp r ead ,  and compacted as t h e  choke 
s t o n e  ba se  material. 

3 .  Primer Bitumen s h a l l  be MC-70 meeting r equ i r emen t s  o f  Sec t i on  
4138. 

B. Equipment s h a l l  comply w i t h  2001.01 and t h e  fo l lowing  requ i rements :  
1. Weighing Equipment. Ar t ic le  2001.07 s h a l l  app ly .  
2. Compaction Equipment. A r t i c l e  2001.05F s h a l l  app ly  w i t h  t h e  ad- 

d i t i o n  of  a smooth-faced, s teel  r o l l e r ,  meet ing r equ i r emen t s  of 
2001.058, f o r  t h e  f i n a l  r o l l i n g .  

3. Equipment for Cleaning t h e  Base. A r t i c l e  2001.14 s h a l l  apply.  
4.  Equipment f o r  Heat ing t h e  Bitumen. A r t i c l e  2001.11 s h a l l  apply.  



D a l l a s  C o u n t y  ( 3  of 4 )  Macadam S h o u l c l c r s  
RF-6-3 (11) --35-25 i 

5 .  %ument f o r  Vistribiit irry Ditumen. A r t i c l e  2001.12 s h a l l  apply. 
6. Equipment f o r  Applying Water. A r t i c l e  2001.12 s h a l l  apply. 
7.  Prewetting Equipment. A r t i c l e  2001.09 s h a l l  apply i f  prewetting 

I 
is done. 

8. Spreading Equipment s h a l l  be capable of uniformly spreading base 
material t o  t h e  required th ickness .  

9. Motor Pa t ro l s .  A r t i c l e  2001.15 s h a l l  apply. 
C. Construction. Choke stone base s h a l l  be constructed on t h e  Macadam 

Stone Base i n  accordance with t h e  following requirements: 
1. Delivery of Base Material .  The mater ia l  may be prewetted before 

de l ive ry  t o  t h e  Macadam stone base. The engineer may con t ro l  
t h e  r a t e  of de l ivery  of ma te r i a l  t o  reduce t h e  time ma te r i a l  w i l l  
remain on t h e  base i n  an uncompacted condit ion t o  t h e  p r a c t i c a l  
minimum. 

2. Moisture Content. I f  t h e  mater ia l  is prewetted before de l ive ry ,  
o r  i f  water is added a f t e r  de l ive ry  t o  t h e  base, water s h a l l  be 
uniformly d i s t r i b u t e d  throughout t h e  ma te r i a l  so  t h a t  a l l  p a r t i -  
c l e s  a r e  uniformly wet. The amount of water s h a l l  be wi th in  2.0 
percentage p o i n t s  of t h e  amount determined a s  f i e l d  optimum t o  
produce maximum dens i ty  together  with s t a b i l i t y  with t h e  f i e l d  
compaction procedure. This  moisture content  w i l l  usual ly be 85 
t o  90 percent  of t h e  optimum determined according t o  Laboratory 
Test  Method 103. This moisture content s h a l l  be maintained in  
the  mater ia l  u n t i l  compaction of t h e  base has been completed. 

3. Spreading Aggregate. A r t i c l e  2208.04C s h a l l  apply. 
4 .  Compaction. Promptly a f t e r  t h e  ma te r i a l  has been spread,  it s h a l l  

be thoroughly and uniformly compacted by t h r e e  passes  of a vibra- 
t o r y r a l l e r  meeting requirements of 2001.05F. During t h e  compac- 
t i o n  process,  such wet t ing ,  shaping, and edge trimming s h a l l  be 
performed a s  may be necessary t o  insu re  proper compaction and t o  
achieve the  requi red  p r o f i l e ,  crown, c ross  sec t ion ,  and edge 
alignment. An a d d i t i o n a l  f i n a l  r o l l i n g  with a smooth-faced, s t e e l  
r o l l e r  w i l l  be requi red .  The f in i shed  su r face  of t h e  base s h a l l  
be f r e e  from i r r e g u l a r i t i e s  and loose mater ia l  and s h a l l  have a 
smooth-riding surface .  

D. F i l l e t s  f o r  I n t e r s e c t i n g  Roads, Drives, and Turnouts s h a l l  be con- 
s t r u c t e d  i n  accordance with t h e  a l ans  and these  s o e c i f i c a t i o n s .  

A * 

E. Priming Base Course and Subgrade. A r t i c l e  2205.14 s h a l l  apply t o  
priming of t h e  base course and t h e  adjacent  subgrade. 

F. Maintenance of Completed Base. Paragraph 2205.12M s h a l l  apply 
G. Winter Seal .  A r t i c l e  2205.15 s h a l l  apply. 

METHOD OF MEASUREMENT. The q u a n t i t i e s  of t h e  var ious  c l a s s e s  of work 1 
involved i n  t h e  cons t ruc t ion  of accepted por t ions  of t h e  base w i l l  be measured 
by t h e  engineer a s  fol lows:  I 

A.  Granular Blanket Material  w i l l  be measured i n  tons  computed by t h e  
engineer from weights of ind iv idua l  t ruck  loads,  including f r e e  mois- 
tu re  i n  t h e  ma te r i a l  a t  t h e  t imeof  de l ivery ,  and w i l l  include base 
mater ia l  f o r  f i l l e t s  a t  i n t e r s e c t i n g  roads,  d r i v e s ,  and tu rnou t s .  
Moisture added a f t e r  de l ive ry  of t h e  ma te r i a l  t o  t h e  roadbed w i l l  not 
be measured f o r  payment. I 
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I $ .  Macadam Stone Rase w i l l  t ~ c  measured in  tons computed by the 
engineer f r ~ ~ m  weights of  individual truck loads, and w i l l  include 
base material for  f i l l e t s  a t  intersecting roads, drives,  and 
turnouts. 

C. Choke Stone Base w i l l  be measured i n  tons computed by the engineer 
from weights of individual truck loads, including f ree  moisture i n  
the  material a t  the time of delivery,  and w i l l  include base material 
fo r  f i l l e t s  a t  intersecting roads, dr ives ,  and turnouts. Moisture 
added a f t e r  delivery of the  material t o  the  roadbed w i l l  not be 
measured f o r  payment. 

D. Primer o r  Tack-Coat Bitumen. Paragraph 2307.06B sha l l  apply. 

BASIS OF PAYMENT. For the performance of the  various classes of work 
involved in  construction of the base, measured a s  provided above, the  con- 
t rac tor  w i l l  be compensated a s  follows: 

A .  Granular Blanket Material. For the number of tons of Granular 
Illanket Material placed,the contractor w i l l  be paid the contract 
p r ice  per ton. 

B. Macadam Stone Base. For the number of tons of Macadam Stone Base 
placed, the contractor w i l l  be paid the contract pr ice  per ton. 

C. Choke Stone Base. For the number of tons of Choke Stone Base placed, 
the  contractor w i l l  be paid the contract pr ice  per ton. 

D.  Primer and Tack-Coat Bitumen. For the number of gallons of primer 
or  tack-coat bitumen measured f o r  payment, the  contractor w l l l  be 
paid the contract price per gallon. Ar t ic le  1109.03 shall not apply 
t o  t h i s  item. 

This payment sha l l  be considered f u l l  compensation for  furnishing a l l  
materials, including water, and for  a l l  operations involved i n  t he  construction 
of the base and not paid for  i n  other items. 

BITUMINOUS SEAL COAT. Section 2307 sha l l  apply. 

TYPE B CLASS I1  ASPHALTIC CONCRETE BASE. Section 2203 sha l l  apply. 




