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SEAL COAT ECONOMICS AND DESIGN 

By 

Willi am R. Stockt on 

and 

Jon A. Epps 

Introduction 

Surface treatment s* and seal coats** have proven to prov ide economi cal 

surface course alternatives on ma ny highways. The initi al economies of 

such construction as opposed to thick asphalt concrete surfaces are readily 

apparent and long term analysis also shows savings in many cases. 

Established engineering principles can reduce performance problems 

which sometimes occur such as poor skid resistance, streaking, flushing or 

bleeding, loss of aggregate and poor bond between the existing surface and 

new surfaces. It is of utmost importance that engineering administrators 

evaluate the seal coat surface treatment alternate when applicable and also 

recognize that failure to use known design considerations and good construc-

ti on practices can quickly nullify potential economies. 

This report revi ews engineering guidelines that provide desi red surface 

treatments and seal coats. Specific items discussed include identification 

of roadway sections suitable for surface treatment and seal coat surfaces, 

material selection guideline, design methods and construction control guide­

lines. A method is also presented which allows the engineer to make an 

* A surface treatme nt is a bituminous surface that results from one or more 
successive alternate applications of bituminous binder and cover stone to a 
prepared consolidated gravel, crushed stone, stabilized soil or similar base. 

**A seal coat is a bituminous surface that results from one or more successive 
alternate applicati ons of bituminous binder and cover aggregate to an existing 
paved surface. 
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eco nomic comparison of various aggregate types and gradations, provided 

asphalt and coverstone costs are known, and the performance period can be 

estimated. As will be pointed out in the report, the engineering based 

estimate of performance period is of critical importance for proper economic 

considerat ions to be es tablished. 

An understanding and use of the pr i ncip les presented here will pro vi de 

extended performa nce and enhance the possibility of successfully completing 

t he construction operation, t hereby reducing t he annual cost of surface 

treatments and seal coats. 

Uses of Surface Treatments and Seal Coats 

Surface treatments are utilized to provide an inexpensive permanent 

type of bituminous riding surface. Properly designed and constructed sur­

face treatments will provide an effective seal against the intrusion of 

water and will reduce the dusting and rutting problems associated with 

unsurfaced roadways. 

Experience has shown that surface treatments should be utilized as a 

riding surface only on roads with bases that can support the imposed traffic 

loads. The type of base course, the amount and na t ure of the t ra ffic, and 

the environmental conditions in which the roadway must perform should be 

evaluated by the engineer prior to the selection of a surface treatment as a 

riding surface. 

Seal coats are applied to an existing bituminous surface for the follow­

ing purposes: seal an existing bituminous surface against the entrance of 

air and wa ter, enrich an existing dry or raveled surface, provide a skid 

resistant surface, increase the visibility of the pavement surface at night 



reduce tire noi se, i mprove demarcation of t raffi c l anes and/or atta i n a 

uniform appearing surface. Little increase in load carrying capacity ;s 

obtained from the addi t ional pavement thickness supplied by the seal coat; 

however, an effective seal may improve the load carrying ability of a pave­

ment by altering the water content of the materials composing the pavement 

structure. If a pa vement surface shows evi dence of traffi c load associ ated 

cracking (alligator, longitudinal, transverse), a seal coat is only a tem­

porary solution. A thick asphal t concrete overlay or reconst ruct i on is 

normally required to correct these types of probl ems. 

Rough riding pavement surfa ces cannot be improved significantly by 
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the application of a seal coat. Overlays of va r ious thicknesses, spot level 

maintenance operations, or reconstruction is normally required to restore 

pavement ride quality. 

Seal coats applied to pavements showing signs of non-traffic load 

assoc iated l ongitudinal and trans verse cracks have proved somewhat ef fective. 

Seal coats usually bridge these cracks in a more satisfactory manner than 

thin asphalt concrete overlays. Other pavement overlay systems, some of 

which contain seal coats with special binders,a re being developed and appea r 

promising. 

Pavements demonstrating flushing or bleeding are difficult to 

repair with seal coats. The bleeding normally migrates through the 

new seal coat unless the asphalt quantity applied to the roadway can 

be altered as these spot, flushed areas appear ,on the roadway. Asphatt 

concrete overlays have proved to be more effective in reducing or 

eliminating flushed surfaces. Seal coats utilizing a large maximum 

size aggregate are suggested, if seals are utilized on flushed surfaces. 



Pavements with ruts or corrugat ions norma lly must be repa ired with an 

overlay or heater planer. Seal coats are not an effective treatme nt for 

these types of dist ress. 

Seal coats have been used successfully on pavements carryi ng 5 ,000 

vehicles per day pe r lane in rura l areas . The probabil i ty of successfull y 

placi ng a seal coat i s , however, great ly i ncreased on roadways carrying 

lower traffic vol umes . The use of seal coa ts in urban areas whe re accel-

erati ng and dece lerating tra f fic occurs freque ntly , should be approached 

with caution. 

Materials Section 

Aggregates to be used as coverstone for surface treatments and seal 

coats are adequately specified under the following Texas State Department 

of Highways and Public Transportation specified items (1). 

Item 301 - Aggregate for Surface Treatments (Class A) 
Item 302 - Aggrega te for Surface Treatments (Class B) 
Item 303 - Aggregate for Surface Treatments (Lightweight) 
Item 304 - Aggregate for Surface Treatments (Precoated) (Class B) 
Item 305 - Aggregate for Surface Treatments (Precoated) (Class A) 

Precoated aggregates have been utilized to reduce aggregate dust, 

t o reduce automobile glass damage due to f lyi ng stone and to promote 

bond with the asphalt. Lightweight aggregates have been utilized since 

1961 in Texas to provide pavements with a high coefficient of friction, 

color contrast and t o reduce or eliminat e glass damage due to flyi ng 

stone. Selection of the specification item for designati on of cover-

4 

stone has been based largely on avail ability and cost of materials, materials 

performance and skid resistance considerations. A preferred natural aggre­

gate is that specified under Item 301 with a one sized gradation. The one 
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size gradations allow additional asphalt to be used effecting a more positive 

seal and reducing the likelihood of aggregate loss and the associated result­

ing automobile glass damage and bleeding surfaces. 

As mentioned above, skid resis t ance is an important if not the con­

trolli ng fac t or in selecting the type of aggregate to be used as a surface 

trea tment or sea l coat coverstone. It is i mpor tant that the aggregate have 

an adequa te initial coefficient of fr iction, and t hat an acceptable coeffi­

cient is maintained under the t raff ic imposed on the facility. Po l ish values, 

as determined by test me thod Tex-438-A, can be util i zed to select acceptable 

aggregates for individual projects. 

The preferred particle shape for coverstone is cubical or tetrahedral. 

Flat or elongated particles should be avoided. Rough surface textures are 

also normally preferred. 

The selection of the maximum size of aggregate is normally based 

on economic, ma teria l s availabi l i ty , traffic vo l ume and skid resistance 

cons iderat i ons. La rge maxi mum size covers tones require la rger amo un ts of 

asphalt than small maximum size covers t ones. For examp le, a Grade 5 cover­

stone with a maximum size of one-quarter inch requires approximately 0.20 

gallons of asphalt per square yard whi le a Grade 3 coverstone wi th a maximum 

si ze of fi ve -eighths i nch req ui res approximately 0.40 gal l ons of as phal t per 

sq uare yard . It is evi dent that Grade 3 coverstone will provide a mo re 

effect ive seal because of t he t hickness of the appli ed asphalt and t ha t 

field variations in applied asphalt quantiti es which are of the order of 

0.06 gallons per square yard are much more critical for Grade 5 than for 

Grade 3 coverstone. 



It i s a common practi ce i n the state t o sel ec t the l arger maxi mum 

size aggregates for the high traffic volume facilities. Grade 3 or 4 
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is normally utilized on these facilities. In additions, the larger maxi­

mum size coverstone improves pavement surface drainage and t hus reduces 

the potential for hydropl ani ng. Tire-pavement no i se ma~ howeve~ be higher 

wi t h Grade 3 aggregates, under certain conditi ons. 

As phalt 

Bituminous binders for surface treatmen ts and seal coa ts mus t 

be fluid enough at t he time of spraying to all ow uni form applicat ion , 

flui d enough at the time t he cover aggregat e i s appl i ed t o develop 

rapid wetting and fast i nitial adhesion between the binder and the 

aggregate as well as the underlying road surface,and viscous 

enough to retain the coverstone when the surface is opened to 

traffic (2, 3, 4). 

Asphalt cements, emulsified asphalts and cut-bac k asphalts, as 

specified by Item 300 of the Texas State Department of Highways and Public 

Transportation Standard Specification, are utilized for surface treatments 

and seal coats. Commonly used asphalt cements are AC-5 and AC-IO. AC-5 

is often preferred in areas having colder or lower average temperatures, 

whereas AC-IO is preferred in warmer areas. Also, AC-5 is used for light 

traffic and AC-IO for heavy traffic. Seal coats placed during cooler 

weather, especially approaching winter, would influence choice of AC-5 

over AC-IO. Rapid setting and medium setting anionic and cationic emulsions 

have desirable properties and are preferred with certain aggregates and for 

some times of the year. The use of cutbacks should be avoided under most 

conditions but have been used during the winter when necessary. 
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Des ign Met hod 

The design method described below is based on a modification of the 

original Kearby method which has been utilized by several districts (5, 6). 

Laboratory tests and calculati ons required in the design method, t oget her 

with a met hod t o se lect the type and grade of aggrega te on an economic 

basis, are given below. 

Laboratory Tests: 

Dry Loose Unit Weight -- The dry loose un i t we ight determination shall 

be made in accordance wi t h Tex-404A, except t hat t he aggregate shal l be 

t ested i n an oven-dry condi t ion . 

Bulk Specific Gravity - The bulk specific gravi ty shall be made i n accor­

dance with Tex 403-A for all natura l aggregate and by the t est method 

Tex 433-A for synthetic aggregates. 

Board Test - Place a suffic ient quantity of aggregate on a board of 

known area such that full coverage one stone in dept h is obtained . A 

one-half square yard area is a convenient laboratory size. The weight 

of the aggregates applied in this area is obtained and converted to 

units of pounds per square yard . Good l ighti ng i s recommended and 

care should be taken to place the aggregate only one stone deep. 

Calculations 

The quantity of agg regate expressed in terms of square yards of road 

surface that can be covered with a cubic yard of aggregate and the quantity 

of asphalt in gallons per square yard can be found as described below. 

Aggregate Quantity 

S = 27W 
Q 



Asphalt Quantity 

A = 5.61E W 
1 - 62.4G (T) + V 

where: 

S = quantity of aggregate required, sq. yds. per cu. yd. 
W = dry loose unit weight , lbs. per cu. f t. 
Q = aggregate quantity determined from board test, lbs. 

per sq. yd. 
A = asphalt quantity, gallons/sq. yd. 
E = embedment depth obtained from Figure 1 as foll ows: 

E = ed 

where: 
e = percent embedment (Figure r) 
d = average mat depth, inches 

= 1.33Q 
W 

G = dry bulk specific gravity of aggregate 
T = traffic correction factor obtained from Table 1 
V = correction for surface condition obtained from Table 2 

5. 61 = (7.48)(9/12), a convers ion factor 

Note : As phalt quantities calcul ated by t hese methods are for asphal t 
cement. Appropriate corrections must be made where a cutback 
or an emulsion ;s us ed . 

Tabl e 1. As phalt Applicat i on Rate -- Correct ion Du e To Traff i c 

Traff i c - Vehi cl es Per Day Per Lane 
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Over 500 to 250 to 100 to Under 
1,000 1,000 500 250 100 

Traffic Factor (T) 1.00 1.05 1.10 1.15 1.20 



Table 2, Asphalt Application Rate Correction · Due t o Existing Pavement 
Surface Condit ion 

Asphalt Quantity Correction 
Descnption of Existinq Surface gal/sq. yd. 

Flush asphalt surface -0.06 

Smooth, nonporous surface -0.03 
Slightly porous, slightly oxidized surface 0.00 

Slightly pocked, porous, oxidized surface +0.03 

Badl y pocked, porous, oxidized surface +0.06 

.... 
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Figure 1. Relation of percent embedment t o mat t hickness fo r determini ng 
quantity of as phalt (b). 



Sampl e Calculati ons: 

Given : 

(W) Dry loose unit h'eiUht of aggregate:: 52. 4 l bs/cu. ft. 

(G) Dry bulk specific gravity of aggregate:: 1.57 

(Q ) Quantity of J~H.JI'cgute (bourd test) :: 9.7 lbs/sq . yd. 

Traffic = 700 vehi cles per day pe r lane 

Roadway Surface Condi tion = sl i ghtly pocked, porous, oxi dized 

Quantity of Aggregate 
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S :: 27W :: 27(52.4) :: 
Q 97 146 sq. yds. (square yards of roadway surface 

per 1 cub ic yard of aggregate) 

Quantity of Asphalt 

A :: 5.61 E 0 -62 ~ 4G) (T ) + V 

d :: 1.33Q :: 1.33(9.7) :: .246 i nches 
W 52.4 

e :: 40 percent from Figure 1 for synthetic aggregates 

E :: ed = .40(.246) :: 0.0985 i nches 

T :: 1.05 from Table 1 

v = +0. 03 from Table 2 

A = 5.61 (0.0985) 1 - 62.~fi:57) (1.05) + 0.03 

A :: 0.30 gall ons of asphalt per square yard of roadway surface 

If an emulsion with 30 percent water were to be utilized, the 

quantity of emulsion would be: 

0.30 = 0.43 gallons of emulsion per square yard of roadway surface 



Economi c Analysis 

In an effort to provide a basis for comparison of costs associated 

with various seal coat aggregate gradations and types, nomographs have 

been prepared and are shown on Figures 2, 3, and 4 for ri ver gravel, 

limestone, and lig htweig ht aggregate res pectively. The ri ver gravel 
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is subrounded, the limestone crushed and the lightweight aggrega te ;s 

blocky in shape. The gradings for the river gravel and crushed limestone 

are given in Item 302 while Item 303 specifies the gradati ons for the 

lightweight aggregates. 

Figures 2,3, and 4 can be utilized to determine initial in-pl ace 

costs of a surface treatment or seal coat. Required information includes 

aggregate costs, asphalt costs, aggregate type, aggregate grade and if the 

gradation is on the coarse or fine side of the gradation band. Figure 5 

was developed to assist in the evaluation of expected annual costs of 

seal coats. Annual costs per square yard may be determined using 

initial cost and seal coat performance life. The nomograph is based 

on an 8 percent compound interest factor. Similar nomographs may be 

prepared for other interest rates. Examples of how these nomographs 

can be used are given below. 

Effect of Gradation and Type of Aggregates on Cost 

Data for two examples will be developed to illustrate the effect of 

gradations and type of aggregate on cost. Example 1 assumes that Grade 

3, 4 and 5 river gravel is available at an in place cost $15.00 per cubic 

yard, and asphalt at $0.50 per gallon ($120 per ton). Example 2 assumes 

that Grade 4 river gravel, limestone and light weight aggregate are avail­

able at $15.00 per cubic yard and asphalt is the same price as above. 



Figure 2. In-Place Cost of River Gravel 
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Figure 5. Annual Cost of Seal Coats 
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Initia l i n- place cost for t he media n grada tio n of each Grade and the life 

at which these variables have equal annual costs (4.4 cents per cubic yard) 

are shown below in Table 2. 

Table 2. In-Place Cost and Life Giving Equal Annua l Cost 

Life, years 
Type Initia l (Equal ann ual 

Aggregate of In-Place cost of 4.4 cents 
Example Gradati on Aggreqate Cost, Cen t s per cubic yard) 

1 

2 

3 River Gra vel 28.:; 9.5 
4 River Gravel 20.0 6.0 
5 River Gravel 12.5 3.5 

4 River Gravel 20.0 6.0 
4 Limestone 1.5 6.5 
4 Lightweight 27.0 9. 0 

These examples show that: 

1. Initial cost increases considerably as the size of the aggregate 
increases. This cost must be offset by longer performance life 
of other considerations. 

2. In-place of costs of real costs vary with type of aggregate even 
if aggregate, asphalt and construction costs are identical. This 
is due to variation in asphalt and aggregate required by design. 
This increase in cos t along wi t h possiblt higher aggrega t e costs 
must be offset by longer performance life or other considerations. 

Gradation limits for Grade 3, 4 and 5 of Item 302 and Item 303 aggre­

gate for normal weight surface treatments class B and lightweight respec­

tively are shown in Table 3 for easy reference . The gradations are pre-

sented in terms of accumulative percen t retained. 



Tab l e 3. Gradation Limits for 
Different Grades and Itelll NUllibers 
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-- - '- --,._-_. __ ... --- - _ .. _ ---------- _ . - ----- - . 

GRADE 

SIEVE 3 4 5 SIZE 

Item 302 Item 303 Item 302 Item 303 Item 302 Item 303 

3/4 inch 0 0 
5/8 inch 0-2 0-5 0 0 
1/2 inch 20-35 30-50 0-2 0-5 0 
3/8 inch 85-100 85-100 20-35 20-40 0 0-2 
1/4 inch 95-100 95-100 0-5 
No. 4 95-100 95-100 60-80 
No. 10 99-100 98-100 99- 100 98-100 99-100 98-100 

Effect of Asphalt and Aggregate Costs: 

A typical Grade 4 lightweight aggregate will require approximately 

0.33 gallons per square yard of asphalt cement and 1 cubic yard of 

aggregate will cover approximatel y 140 squa re ya rds of roadway su rface . 

If asphalt cement costs 41.7 cents per gallon ($100 per ton) and 

lightweight aggregate costs $20 per ton, the cost of the seal coat will 

be 28.1 cents per square ya rd. The aggregate costs will be 14.3 cents 

per square yard and the asphalt costs 13.8 cents per square yard. From t hese 

data, it is apparent that a 10 percent increase in either the asphal t 

or aggregate costs will increase the total cost of the seal coat 5 

percent. The sensitivity of other aggregates and gradations to changes 

in asphalt and aggregates costs should be evaluated on an indivi dual 

basis with known asphalt and aggregate costs. 

The use of emulsions in seal coat construction is gaining popularity. 

Examples of the use of both cationic and anionic emulsions on Interstate 

highways exist in several distr i cts. Emulsions utilized wi t h seal coat 
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operations ty pically contain from 30 to 35 percent water. Thus , if seal 

coats constructed with emulsions are to be competitive on an equal annual 

cost basis with seal coats constructed with asphalt cements, a cost saving 

must be realized from a longer performance period, reduced construction 

costs, low costs of asphalt emulsion and/or a reduction in t he amou nt of 

emulsion utilized over that determined by design. 

Discussion 

On the basis of the economic analyses presented above it is ev ident 

that Grade 5 seal coats will in many cases have a lower equal annua l cost 

than the larger maximum size Gra des 4 and 3, prov ided their performa nce 

periods are within a few years of each other. However, several factors, 

which have been outlined previously, must be recognized and are summarized 

below. 

1. Covers tones with a relatively small maximum size are more sensi­

tive to construction variations. 

2. A more effective seal can be obtained with thick films of asphalt 

and hence large maximum size coverstone is desirable. 

3. Pavements demonstrating flushing or bleeding are difficul t to 

repair with seal coats. If a seal coat is to be utilized it 

should have a large maximum size aggregate. 

4. The potential for hydroplaning can be reduced by increasing the 

pavement macrotexture. A large maximum size coverstone is t here­

fore preferred. 

5. Hi9h traffic volume facilities normally ulilize the lilrqer IIldX 'i­

mum size aggregates to prevent bleeding. Bleeding may result from 



ori entation and dens i fication of t he covers tone under t he action 

of the heavy traffic, construction control problems and/or by 

shoving of the coverstone into the underlying layer. 
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Unfortunately, the prediction of a performance period for the various 

coverstone grades on a given project is difficult. The engi neer must 

consider the items discussed above in making this prediction as well as 

other factors that defy mathematical representation. Once performance 

peri ods are established , and both aggregat e and asphal t cos t s ar e obta ined 

for the various grades, an economic analysis is possible. 

Economic analyses presented concerning aggregate type indicate t hat 

the natural aggregates will in general have a lower equal annual cost t han 

synthetic aggregates, provided their performance periods are within a few 

years of each other. This is primarily due to the increased asphalt dema nd 

of the synthetic aggregate (Figure 1). As discussed previously, however, 

skid resistance is an important if not the controlling factor in selecting 

aggregate for surface treatments and seal coats. Performance periods from 

a skid resistance standpoint may be considerably greater for a synthetic 

aggregate than for polish susceptible limestones and river gravels. Addi­

tionally, automobile glass damage is reduced with the use of synthetic 

aggregates. 

The above economic discussion assumes that a seal coat is the most 

economical solution to the pavement maintenance problem for the particular 

section under study. Prior to the selection of the seal coat as t he pave­

ment maintenance action, repair methods such as a thin overlay, thick 

overlay, open graded plant mix seal, heater-planer, heater-planer-remix, 

spot removal and repair and crack pouring alternatives should be investi­

gated and an economic comparison made. 



For example, assume the ty pe of di st r ess that exists on a roadway 

indicates that either a seal coat or a one-inch asphalt concrete overlay 
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is the proper repair action. Seal coat costs for a wide variety of mate­

rials can be establis hed on an equal annual cost basis, provi ded t he pri ce 

of the asphalt and ag gregate and t he pavement service l i fe i s known. At 

$20. per ton for asphalt concrete , the initi al cost of the asphalt conc rete 

per square yard of surface area is about $1.05. The typ ical inplant costs 

for seal coats will be 20 to 25 cents per square yard. If a seal coat has 

a life of six years, the equal annual cost is about 4.5 to 5. 0 cents . The 

one-inch overlay must have a life in excess of 20 years to have an equi va­

lent equal annual cost. 

As indicated above, the key to the economic analysis is t he expected 

performance period. This performance period will of course vary with the 

section under consideration. Typical longevity of different treatments is 

not considered in this report. 

Construction and Design Guidelines 

By improving material selection and specifications, by using appro­

priate design procedures and sound construction practices, the engi neer 

enhances the probability of successfully completing a project. Materials 

selection guidelines, a design procedure, and a met~od of economically 

evaluating alternatives are given above. Construction quidelines are 

offered below which will further improve the likelihood of success. 

1. Traffic control should be practiced during and after cons t ruction 

to allow development of adequate bond between the asphalt and 

stone. The length of time that traffic control should be main­

tained is dependent upon the volume of traffic, the speed of 
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tra f fic, and the weather cond i t i ons. Norma l ly , traffic control 

would be required for somewhat longer periods of time for enrul­

sions than for asphal t cements. The use of pilot cars is advised 

where t raffic cont rol might be a j oin t effo r t of th e Department 

and the contract or . Speed zoni ng i s cons i dered an i nadequa te or 

ineffec t i ve method of speed control . 

2. Avoid cons t ruction if rainfall is likely during const ructi on or 

wi t hin 24 ho ur s aft er construct i on . If rainfa ll occurs during or 

immediat ely af ter cons truct ion , maintai n t raffic control un til 

adequate adhes ion has been devel oped between the aggregate and 

t he asphalt. Some aggregates ar e muc h more adversel y affected 

by rainfall than others. 

3. The use of steel rollers should be avoided. 

4. A seal coat design method such as that proposed in this report 

is recommended to improve the probability of success. 

5. Aggregate spread quantities should be at a minimum. Excess aggre­

gate on the roadway which is not removed by brooming wil l degra de 

under traffic and dislodges loosely attached material. Synthetic 

aggregates are very suscept ible to degrading by excess aggregate. 

6. The use of lig htweight aggregate seal coats on very high traffic 

volume roads and in certain urban areas where traffic turning 

movements are expected shoul d be approached with caut ion unt il 

sufficient information has been developed to insure t he success­

ful use of such material under these conditions . 

7. For an aggregate of fixed quality, a reduction in t he average 

particle size improves the resistance to degradation during 
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cons t ruct i on and early serivce l ife . Dislodgemen t of t he aggre­

gate is also minimized. 

8. When emulsions are used, the coverstone should be applied imme­

diately behi nd the distributor and the rolling operation should 

begin as soon as the roller will not tumble the stone . 

9. Cla ims of degra dation of li ghtweigh t aggrega t e dur ing transporti ng 

and handling have not been verif ied . However, aggregate sampli ng 

does present a definite prob lem. Care mus t be exercised t o assure 

t he selecti on of representati ve samples, particu l arly for gradi ng 

analysis. 

Conclusions 

Economical surface treatments can be placed, provided proper materia l s 

are selected , appropriate design procedures are utilized, and adequa t e 

construction procedures are followed. Information has been reviewed t o 

assist the engineer in the vital areas. 

Economic comparison of alternative aggregate types, aggregate grada­

tions and/or asphalt types should be made for each project within service 

demand constraints of the project. A simplified method is presented t o 

allow for a quick comparison of alternatives. 

Note: It should be emphasized that all economic exampl es, costs, and 

cost computation s are based on the ass umpti ons stated and are subj ect to 

change. They are used for illustrative purposes only. 
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