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Part I

OFF-STREET PAVING

INTRODUCTION.---In practically every cen-
ter of human activity there exists an imperative need for
economical, efficient parking facilities. The need for
vehicle parking space has grown with e ach increase in
the vehicle population.

In some large cities where space is at a premium,
vertically-constructed parking structures are replacing the
open-air lots. (See Section B of this Part I for roof
deck parking.) In the sprawling suburban develop-
ments, vast areas of asphalt pavements are providing
space for shoppers and business people, and for com-
muters who transfer to public transportation into the city.

A.Asphalt-Paved Parking Areas

ASPHALT SURFACE TYPES FOR PARK-
ING AREA PAVING.Ihere are four types of asphalt
surfacing widely used for passenger car parking areas.

( 1 ) Asphalt Concrete. Asphalt concrete can be
laid easily and quickly at the parking site. This is
particularly advantageous in congested urban areas,
where a minimum of construction time is of special
benefit. Asphalt concrete is a mixture of asphalt cement
and graded aggregate (crushed stone, gravel, slag,
sand, mineral dust, etc.). The mixture is made at con-
trolled hot temperatures in a hot-mix asphalt plant and
hauled by truck to the construction site where it is
spread over a firm foundation and compacted while
still hot.

(2) Asphalt Macadam Penetration. Asphalt mac-
adam penetration consists of using a coarse, open-
graded aggregate produced by crushing and screening
stone, slag, or gravel. This is spread in the required
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thickness and compacted. Asphalt is applied by spray-
ing in controlled quantities. This is then covered with
a smaller sized aggregate and again rolled.

(3) Cold-laid Asphalt. Cold-laid asphalt may be
similar to asphalt concrete except that in place of using
a hot mixture of asphalt cement and aggregate, various
combinations of liquid asphalt and cold aggregate are
used, rendering the mixture pliable, permitting ship-
mnt long distances and allowing placement and com-
paction after long periods of time.

(4) Asphalt Surface Treatment. Asphalt surface
treatments serve well in light-duty parking areas but
should be used only as a temporary expedient under
heavy-duty conditions. It consists of application of an
asphaltic material to a prepared base with a cover of
mineral aggregate, producing a thickness of not more
than one inch.

Asphalt concrete is recommended for parking of heavy
trucks and trailers, with penetration macadam as the
second choice. For lighter duty service cold-laid asphalt
or surface treatment may be used if the foundation is
satisfactory and the funds available are limited.

In some localities asphalt blocks are available which
are suitable for heavy-duty service when placed on a
firm foundationthey are especially adaptable to paving
steep ramps and roof parking areas.

Tables 1 and 2 show thickness for the various courses
of pavements for parking areas.

EARTH WORK.For new construction the
area to be paved should be graded to the required cross-
section and brought to a firm, unyielding surface by rolling
with an approved power roller. Areas inaccessible to a
power roller should be thoroughly compacted by other
acceptable methods.

DRAINAGE.In the construction of all as-
phalt paved parking areas the design and construction
should incorporate provision for both surface drainage
and subsurface drainage as necessary. There should be a
minimum slope of two percent.2



Figure 1An Asphah-Paved Parking Lot

INSULATION COURSE.When non-asphalt
base or subbase is used on plastic clay soils an insulation
course should be provided as shown in Tables 1 and
2 and should consist of free-draining material placed
on the prepared subgrade and compacted by a power
roller weighing not less than five tons. Places inaccessible
to power rolling should be thoroughly consolidated by
vibratory compaction or by hand tamping.

8.Roof Deck Parking Areas
INTRODUCTION.The urgent need for space

for parking facilities in congested areas has stimulated the
development of roof deck parking.

There is not universal agreement as to the best method
of waterproofing and paving roofs for use as parking
areas. However, there is agreement that:

-3



T
ab

 l 
1P

A
V

E
M

E
N

T
 T

H
IC

K
N

E
S

S
F

O
R

 P
A

R
K

IN
G

 A
R

E
A

S
 F

O
R

P
A

S
S

E
N

G
E

R
 C

A
R

S

T
H

IC
K

N
E

S
S

 R
E

Q
U

IR
E

M
E

N
T

S
 IN

 IN
C

H
E

S

F
U

LL
A

S
P

H
A

LT
D

E
P

T
H

C
O

N
C

R
E

T
E

A
S

P
H

A
LT

 C
O

N
C

R
E

T
E

S
U

R
F

A
C

E

P
LA

N
T

-M
IX

S
U

R
F

A
C

E
 U

S
IN

G
LI

Q
U

ID
 A

S
P

H
A

LT
A

S
P

H
A

LT
 S

U
R

F
A

C
E

T
R

E
A

T
M

E
N

T

A
sp

ha
lt

C
on

cr
et

e
S

ur
fa

ce

A
sp

ha
lt

C
on

cr
et

e
B

as
e 

1

A
sp

ha
lt

C
on

cr
et

e
S

ur
fa

ce

C
ru

sh
ed

R
oc

k
B

as
e

2

A
sp

ha
lt

P
la

nt
-M

ix
S

ur
fa

ce

C
ru

sh
ed

R
oc

k
B

as
e

2

A
sp

ha
lt

S
ur

fa
ce

T
re

at
m

en
t

C
ru

sh
ed

R
oc

k
B

as
e

2

G
ra

ve
lly

 o
r 

sa
nd

y 
so

ils
, w

el
l d

ra
in

ed
1

2-
3

3
2

4
.
5
*

2
1
 
*
*

6
-
8

A
ve

ng
e 

cl
ay

 lo
am

 s
oi

ls
, n

ot
 p

la
st

ic
1

3-
4

3
2-

4
4
.
5
*

2-
4

1 
**

8-
10

S
or

t c
la

y 
so

ils
, p

la
st

ic
 w

he
n 

w
et

4=
11

1
1

4
-
5

3
4
-
6
*
*
*

4
.
5
*

4
-
6
*
*
*

1
*
*

10
-1

2*
*4

I P
rim

e
re

qu
ire

d 
on

 s
ub

gr
ad

e.
2

P
rim

e 
re

qu
ire

d 
on

 b
as

e.
* 

M
us

t b
e

sp
re

ad
 a

nd
 c

om
pa

ct
ed

 in
 la

ye
rs

 n
ot

 e
xc

ee
di

ng
 1

I/2
in

ch
es

 in
 d

ep
th

 a
nd

 th
e 

vo
la

til
es

(p
et

ro
le

um
 s

ol
ve

nt
s 

or
 w

at
er

) 
al

lo
w

ed
 to

ev
ap

or
at

e 
be

fo
re

 th
e 

ne
xt

 la
ye

r 
is

 p
la

ce
d.

 A
ls

o,
a 

se
al

 c
oa

t m
ay

 b
e 

re
qu

ire
d 

as
 a

 fi
na

l s
ur

fa
ci

ng
.

**
E

co
no

m
ic

al
 b

ut
 r

el
at

iv
el

y 
lim

ite
d 

se
rv

ic
e 

lif
e.

U
su

al
ly

 le
ss

 th
an

 1
 in

ch
 th

ic
k.

**
* 

T
w

o
in

ch
es

 o
f c

oa
rs

e 
sa

nd
 o

r 
st

on
e

sc
re

en
in

gs
 r

ec
om

m
eo

de
d 

be
tw

ee
n 

su
bg

ra
de

 a
nd

 b
as

e
as

 a
n 

in
su

la
tio

n 
co

ur
se

.

...
..v

oi
vo

lo
se

es
.1

.1
.1

11
11

10
01

.1
11

.1
10

,1
11

10
11

.1
11

11
1W

IR
III

I.M
.$

11
11

11
.1

11
1.

1,
11

10
0.

.e
pr

op
m

en
es

tw
oo

ftw
oo

te
*-

_.
.w

ov
oo

re
fo

lv
ro

vo
ov

O
lo

PD
X

II
PM

.4



T
ab

le
 2

P
A

V
E

M
E

N
T

T
H

IC
K

N
E

S
S

 F
O

R
P

A
R

K
IN

G
 A

R
E

A
S

F
O

R
 H

E
A

V
Y

T
R

U
C

K
S

T
H

IC
K

N
E

S
S

R
E

Q
U

IR
E

M
E

N
T

S
 IN

IN
C

H
E

S

F
U

LL
A

S
P

H
A

LT

D
E

P
T

H
C

O
N

C
R

E
T

E

A
S

P
H

A
LT

 C
O

N
C

R
E

T
E

S
U

R
F

A
C

E

S
U

R
F

A
C

E
 T

R
E

A
T

M
E

N
T

O
N

 P
E

N
E

T
R

A
T

IO
N

M
A

C
A

D
A

M

P
LA

N
T

-M
IX

S
U

R
F

A
C

E
 U

S
IN

G
LI

Q
U

ID
 A

S
P

H
A

LT

A
sp

ha
lt

C
on

cr
et

e
S

ur
fa

ce

A
sp

ha
lt

'C
on

cr
et

e
B

as
e 

1

A
sp

ha
lt

C
on

cr
et

e
S

ur
fa

ce

C
ru

sh
ed

R
oc

k
la

se
2

A
sp

ha
lt

S
ur

fa
ce

T
re

at
m

en
t

A
sp

ha
lt

P
en

et
ra

tio
n

M
ac

ad
am

B
as

e 
1

A
sp

ha
lt

P
la

nt
-M

ix
S

ur
fa

ce

C
ru

sh
ed

R
oc

k
B

as
e

2

G
ra

ve
lly

 o
r 

sa
nd

y
so

ils
, w

el
l d

ra
in

ed
1
.
5

3
-
5

4
.
5

2
-
4

1
*

5
-
7
.
5

7
*
*

2
-
4

A
ve

ra
ge

 c
la

y
lo

am
 s

oi
ls

, n
ot

 p
la

st
ic

1
.
5

5
-
6

4
.
5

4
-
6

1
*

7
.
5
-
8
.
5

7
*
*

4
-
6

S
o
f
t

cl
ay

 s
oi

ls
, p

la
st

ic
w

he
n 

w
et

1
.
5 11

6
-
8

4
.
5

6
-
1
 
0
*
*
*

1
*

8 
.5
-
1
 
1
' 7**

6
-
1
0
3
*
*
*

I P
rim

e 
re

qu
ire

d 
on

 s
ub

gr
ad

e.
2

P
rim

e 
re

qu
ire

d 
on

ba
se

.
* 

U
su

al
ly

 le
ss

 th
an

 1
 in

ch
th

ic
k.

**
 M

us
t b

e 
sp

re
ad

 a
nd

 c
om

pa
ct

ed
in

 la
ye

rs
 n

ot
 e

xc
ee

di
ng

11
/2

 in
ch

es
 in

 d
ep

th
an

d 
th

e 
vo

la
til

es
(p

et
ro

le
um

 s
ol

ve
nt

s 
or

w
af

er
) 

al
lo

w
ed

 to

ev
ap

or
at

e 
be

fo
re

th
e 

ne
xt

 la
ye

r 
is

 p
la

ce
d.

A
ls

o,
 s

ea
l c

oa
t m

ay
be

 r
eq

ui
re

d 
as

 a
fin

al
 s

ur
fa

ci
ng

.

**
* 

T
w

o 
in

ch
es

 o
f c

oa
rs

e 
sa

nd
 ,,

tr
st

on
e 

sc
re

en
in

gs
re

co
m

m
en

de
d 

be
tw

ee
n 

su
bg

ro
de

an
d 

ba
se

 a
s 

an
in

su
la

tio
n 

co
ur

se
.



(1) Careful attention should be given to grade
control to insure good run-off and prevent puddling or
collection of water;

(2) Specially designed roof drains should be spaced
so that water has only a short distance to travel;

(3) Hashing details are important to prevent leak-
age where the roof deck meets the parapet wall;

(4) Construction and expansion joints and cracks
in the roof deck should be sealed, chiseling them out
if necessary, and filling with an elastic and highly ad-
hesive joint filler usually composed of asphalt and
rubber; and

(5) The deck surface should be mopped with as-
phalt and covered with some sort of membrane or build-
ing paper.
There are two types of roof deck paving discussed in

this sectionslab and pavement with a built-in movement
plane and slab and pavement bonded together. For addi-
tional information refer to "Paving Roof Decks and In-
dustrial Floors," by Lansing Tuttle, Information Series
No. 130 (IS-130), The Asphalt Institute.

FREE-MOVEMENT-PLANE CONSTRUC-
TION.This type of construction provides a distinct free
movement plane between the structural roof slab and the
subsequent pavement. The construction steps are:

(1) A positive bond breaker, such as lime, fine
sand, or portland cement, is provided between the con-
crete deck to be covered and the built-up roofing to
allow for freedom of movement between the concrete
deck and the pavement.

(2) A conventional built-up roof utilizing four or
five plies of lightweight roofing felts is placed without
final flood coat and aggregate cover.

(3) A very light tack coat, Lsing a hard grade of
asphalt (diluted SS-lh or SS-1(h), is applied to the top
felt layer.

(4) A minimum of two inches of hot asphalt con-
crete is placed in one course as the wearing surface,
using very dense-graded asphalt concrete with a maxi-
mum size aggregate of approximately % inch.

6 --



BONDING ROOF DECK AND PAVEMENT.To bond the pavement to the roof deck after sealingthe cracks and joints, a conventional four to five ply built-up roof is applied using asphalt roofing felt, glass fibermembranes, or cotton fabric, each layer, except the sur-: ,ce of the top layer, thoroughly mopped with asphalt.This is then covered with one to three inches of a denseasphalt concrete as above.
Another method is to use an asphalt membrane whichcontains mineral filler and asbestos or other fibers forbody and strength. The asphalt cement is a low penetration

grade in the 40-50 range. Great pains are taken to in-sure a uniform thickness, and no further operation isallowed on the membrane until it has fully cured in place.The cured membrane is overlaid with two lifts of as-phalt concrete which is a fine impervious mix with highasphalt content and maximum agregate size of 3/8 or V4inch. The total thickness of mix would not exceed threeinches. The effort is to get an impervious mixture whichwill weather well with the lack of kneading traffic andhave a stability of plus 500 pounds Marshall.Small rollers or sidewalk rollers usually are used be-cause of the restricted working area and the maximum
allowable live loads for the building. This probably meansa roller not exceeding three to four tons. Small handoperated electric or gasoline vibratory compactors areused to work around areas inaccessible to rollers.

CAUTION
Asphalt concrete paving mixtures should beplaced over asphalt membranes only. Differ-ences in temperature susceptibility when as-phalt concrete is placed over a membrane of adifferent material may result in melting of themembrane, gas blisters, and flushing of themembrane to the surface. Also, lack of consoli-dation and slipping of the surfacing can occur.

7
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ASPHALT PANELS.--4..olme of the reinforced
molded asphalt panels, similar to those used for reservoir
linings or possibly thinner, occasionally are used as the
waterproofing member.

POROUS LAYER BENEATH ASPHALT
SURFACE. ---A porous layer is used sometimes on top
of the built-up layers of asphalt and membranes before
the asphalt concrete wearing surface is placed. This might
consist of a very open-graded intermediate course, fol-
lowed by the asphalt concrete courses as in the above.
With this type of construction, care must be exercised in
providing catch basins, down drains, or other methods
for water removal. The previous layer functions as a
stratum through which percolated or condensed water
may flow to drains. It also serves as a bond breaker to
allow for freedom of movement between the portland
cement concrete roof and the asphalt concrete surface.
The customary roof flashings are necessary.

SURFACE DRESSING.Some specifications
provide for a surface dressing in the nature of an emulsi-
fied asphalt slurry on top of the surface course of asphalt
concrete as follows:

Surface Dressing Materials: Where a surface dressing is
to be used, the materials and proportions recommended
are as follows:
Portland Cement 94 lb. (1 cu. ft.)
Silica Sand (60 mesh) 170 lb. (2 cu. ft.)
Emulsified Asphalt (SS-lh or

SS-Kh 10 gal.) 83 lb. (1.33 cu. ft.)
Water (7.5 gal.) 62 lb. (1 cu. ft.)

Total weight, wet 409 lb.
Total dry weight, compacted 314 lb. (2.50 cu. ft.)

Cement: Any commercial grade is satisfactory, special
grades such as "early strength," plastic types, special fine
grind, etc., should not be used.
Silica Sand: A commercial product obtainable from
building supply dealers.
Emulsified Asphalt: Grade SS -1 h or SS-Kh conforming
to currently published Asphalt Institute specifications for
the grade used.
Water: Any domestic water supply.8
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SELECTION OF DESIGN CROSS-SECTION.
In selecting an asphalt-paved driveway the home owner
should take into consideration requirements that the pave-
ment will have to fulfill. In addition, the conditions of
the native soil, drainage and availability of materials must
be taken into account.

NOTE
This mixture should be prepared in a small drum mixer,

and the mixture may be stored for several days in cans
with tight covers if desired. The mixture should be spread
with a squeegee so as to cover completely the asphalt
concrete.

Some specifications may require a fog seal of emulsified
asphalt SS-1, SS-1h, SS-K or SS-Kh diluted, if necessary,
with up to three or four parts of water and applied on the
surface course of asphalt concrete after compaction is
completed.

PAVING OF RAMPS TO ROOF-DECK
PARKING AREAS.Because of the good run-off due
to the slope of ramps, it is not necessary to place the
layers of built-up roofing on ramps. Usual practice is to
finish the portland cement concrete slab with a rough,
corrugated surface. Binder and surface courses are then
laid as described above for the roof-deck parking area.
A gradual transition should be provided between the ramp
and the practically level roof-deck parking area. Care
must also be used in this area to prevent slippage of the
asphalt concrete courses.

C.Asphalt-Paved Driveways

INTRODUCTION.Asphalt-paved driveways
are commonly used in most residential areas. These
driveways are easy and economical to construct. When
properly built, they have a long service life and require
little maintenance.

They have a particular advantage in that they resist
ice and snow formation and are unaffected by the corro-
sive action of ice melting salts. In addition, these asphalt
paved driveways make excellent play areas for children.

9
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After these factors have been determined the struc-
tural section should be designed in conformance with the
recommendations in Table 3.

TYPICAL DRIVEWAY CROSS-SECTION.
The width of the asphalt pavement should be at least
eight feet. In those cases where the driveway is used for
a combination driveway and entrance, however, a width
of ten feet is recommended. Figure 3 shows a typical
driveway cross-section. The use of drain tile on either
side of the base course is optional, depending on the
amount of rainfall and the slope of the driveway. The use
of the drain tile is highly recommended, however, for all
locations where water would tend to collect at the edge
of the driveway pavement.

SUBGRADE PREPARATION.The founda-
tion or subgrade for the driveway should receive careful
preparation depending largely upon the type of soil that
exists within the confines of the driveway. Generally,
sand or granular soils provide a better foundation than
those of clay or silt.

Sometimes in new construction, debris, consisting of
small waste pieces of wood, metal containers, or other
materials, are buried around the building. These materials
upon rotting will leave a void in the filled-in area. This
is poor practice and may ultimately result in settlement of
the driveway. Care should be exercised to see that debris
material is not included in any of the filled-in areas where
the driveway will be placed. If such material is found, it
should be removed and the area refilled with suitable soil.

It is also good practice to sterilize the subgrade soil
before placing the overlying layers. Commercial sterilants
containing chemical compounds such as sodium chlorate,
borate, or arsenate will prevent the germination of weed
seeds in the pavement structure.

After such fundamental requirements have been met,
the next step is to lay out the driveway, establishing the
lines and grades that best suit the surrounding terrain
and the convenience of the user.



AT, ft A.,

Figure 2An Asphalt-Paved Driveway

The soil should be compacted thoroughly prior to con-

structing the pavement.
DRAINAGE.In establishing a drainage sys-

tem it is necessary to see that the water is drained away

from the residence or building, using an underground

system of pipe if necessary. In a free-draining sand or

gravel-type soil it is usually not necessary to construct an

elaborate drainage system. In silt and clay it will be
necessary to use every precaution to see that water is not

ponded alongside of the building or the area adjacent to

the driveway foundation. Roof drainage from downspouts

should be piped far enough away from the driveway to

make certain that water does not seep under the pave-

ment. The driveway should be sloped for fast removal

of surface water. The recommended minimum grade is

two percent.

BASE CONSTRUCTION.All types of as-
phalt pavement require some sort of base between the

wearing course and the subgrade. The purpose of this

base is to spread the load that is transmitted through the
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surface course onto the subgrade. Local materials are
often acceptable for the base.

If the subgrade is of good quality, such as sand or gravel
with low clay content, or if a granular subbase at least
five inches thick is placed over poor subgrade, one inch
of asphalt concrete base can be used for each two inches
of granular base and three inches of subbase called for
in the design. If these substitutions are made the total
thickness of asphalt courses should be not less t 'ian three
inches.

The base course must be placed true to lines, grades,
and cross-sections, and brought to a firm, unyielding sur-
face by rolling with the heaviest type of compacting
equipment that is available and is practical to use in the

GRANULAR BASE COURSE
MINIMUM WIDTH

- 1 0'

ASPHALT CONCRETE SURFACE 3"
lretCMO .40 ,A*: es

V7e' GRANULAR BASE COURSE 2" -

SUBGRADE SOIL

SAND AND GRAVEL, CRUSHED STONE, CRUSHED GRAVEL OR SLAG

ASPHALT BASE COURSE
MINIMUM WIDTH

tr 10'

ASPHALT CONCRETE SURFACE 1"-Th,

ASPHALT BASE COURSE 3"- 4"

SUBGRADE SOIL

Figure 3Typical Driveway Cross-Section
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area where the driveway is being constructed. In the
absence of special requirements, it is safe practice to use
the local highway department, city or town specifications.
It should be remembered at stage that the service-
ability and good performance of the driveway is dependent
upon the establishment of a good base course.

ASPHALT WEARING COURSE.There are
a number of types of asphalt surfacing for driveways that
are in general use. Here only three of the many types are
suggested. Modifications which will fit local conditions,
however, may be made in any of the types. They are:
(1) Asphalt Concrete (Hot Mix), (2) Asphalt Cold Mix,
and (3) Surface Treatment.

(1) Asphalt Concrete (Hot Mix). This is the
most durable type of pavement, the one that will give
the greatest service with the least maintenance cost.

Asphalt concrete consists of well-graded aggregates
and asphalt mixed in a central plant. It is mixed hot
and laid while hot (225°-325°F). This pavement,
when rolled, is virtually waterproof, easy to clean, and
presents a smooth, even-textured surface. The thick-
ness to be used should be as designated in Table 3.

(2) Asphalt Cold Mix. Cold mix is a combination
of asphaltic materials and aggregates prepared in a
central mixing plant. The aggregate is mixed without
heating with either a liquid or emulsified asphalt. The
mix may be laid while cold and, for that reason, has
found considerable favor where work is apt to progress
slowly.

The texture of cold mix is of a slightly open nature.
Cold mix is quite similar in appearance to the pavement
usually found in parks and recreational areas. This
pavement, even after a considerable amount of traffic,
is inclined to remain somewhat porous. While it may
be laid as thin as one inch, the thickness should be as
suggested in Table 3.

(3) Surface Treatment. This consists of a thin
wearing course, usually less than an inch in thickness,
composed of two or more applications of liquid asphalt
covered with mineral aggregates. Surface treatment is

14



an economical type of pavement that serves quite well
for a limited period of time. It may be used as one step
in stage construction.

A surface treatment provides a water-tight wearing
surface adequate for light traffic. When first con-
structed, some loose aggregate will remain on the
surface, but after several weeks the loose pieces may
be swept off the pavement.

D.Asphalt-Paved Service Station Lots

INTRO DUC T I 0 N.Asphalt-paved service
station lots are attractive and economical. They will last
for many years with a minimum of maintenance if they
are designed properly and constructed according to rec-
ommended practice.

Design is preceded by an investigation of drainage and
subgrade conditions and includes the best use of local
materials. Good construction procedure involves working
only in favorable weather, proper preparation of mate-
rials, adequate compaction, and correct installation of
drainage facilities and utilities.

BACKFILL.The backfill over buried storage
tanks and pipelines can be a source of heavy maintenance
if it is not properly placed. Granular material should be
used as backfill in excavations for tanks and in ditches
for pipelines and utilities. If the surrounding subgrade
soil is impervious, drainage should be provided to keep
water from accumulating in the granular backfill. To
prevent future differential settlement, the backfill must be
tightly compacted in thin layers by vibratory compactors.

DRAINAGE.Underdrainage should be in-
stalled unless the subgrade soil is of a character (gravelly
or sandy) that drains well. With a proper cross-section,
quick runoff of surface water can be assured, either to the
outer limits of the paved area, to a shallow gutter through
the center, or to drop inlets spaced so that standing water
will not be left on the surface at any time. The outer

15



edges of the area should be designed in such a manner as
to keep water from seeping under the surface.

The slope to all gutters or drop inlets should be not
less than one inch in ten feet. For parking areas, where

water can be drained in two directions from a centerline,
the slope should be as much as Va inch to the foot.

SUBGRADE PREPARATION.All unstable
materials encountered, such as saturated subgrade soils,
logs or tree stumps, should be removed before embank-

ment or fill soils are placed. When construction is carried

out on filled areas which have been built up over a long

period of time, soundings should be made to determine

the type and stability of the subgrade soil. This informa-
tion should be used to insure that the materials are well

compacted witlin the top four to six feet and thereby

avoid any undue settlement caused by further deteriora-
tion of unstable materials. Heterogeneous fills should be
scarified to a depth of at least one foot, thoroughly mixed,

and recompacted.
Embankments should be placed in layers not exceeding

eight inches loose depth. Each lift should be compacted
with equipment best suited for the material being placed;
sheepsfoot ,..ollers for fine grained soils, pneumatic-tired
rollers or vibratory compactors (rollers or shoe-type) for
granular material.

The subgrade should be finished to a firm and smooth
surface, conforming to the final grades within a tolerance
of -± 1/2 inch. Pockets or humps that would show up in

the final surface should not be permitted.

PAVEMENT THICKNESS.Tables 1 and 2
can be used as guides for minimum designs for service
station lots. Table 2 should be used if several heavy
true;ks daily are expected to use the pavement. If the
subgrade is in extremely poor condition, tests should
be made and the pavement designed according to the
procedures outlined in Thickness DesignAsphalt Pave-
ment Structures for Highways and Streets, Manual Series

No. 1 (MS -1), The Asphalt Institute.
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BASE CONSTRUCTION.See Page 12.

?it 2'

ASPHALT WEARING COURSE. Although
there are several types of asphalt surfacing that can be
used for service station paving, The Asphalt Institute
recommends dense-graded asphalt concrete with the
grades of asphalt cement suggested in Table 11-2 in the
Institute's publication, Specifications and Construction
Methods for Asphalt Concrete and Other Plant-Mix
Types, Specification _Series No. 1 (SS-1), The Asphalt
Institute.

E.Sidewalks

GENERAL.The use of asphalt provides an
inexpensive method of constructing durable sidewalks and
walkway areas. There are several treatments that can be
used, however, the most common for the surfacing of the
sidewalk area is asphalt concrete. It can be readily placed
on a foundation re-miring the minimum amount of prepa-
ration. While ' ,bsolutely necessary, the appearance of
the completed sidewalk will be considerably improved by
the use of wooden side forms, when hand placing methods
are used, to delineate edges neatly. If desired, the side-
walk surface can be made green or red by application of
special pigmented asphalt mastics.

WIDTHS.The minimum width should gen-
erally be three feet which permits two persons to walk
abreast. The width of four or five feet is desirable and
should be provided on locations having much foot traffic.
Uniformity in width is desirable but not necessary, nar-
rowing being permissible where construction cltherwise
would be costly.

DRAINAGE.Walks should be sloped IA to
3/8 inch per foot across the pavement and about twice this
much or more on the adjacent sod area to assure proper
run-off.
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SIDEWALK SURFACING.Sidewalks may
be surfaced with the following: asphalt concrete, asphalt
macadam, asphalt cold mix, asphalt mixed-in-place, and
asphalt surface treatments.

Selection of the surface type in respect to service life
and cost are approximately the same as for highways.
Asphalt concrete is frequently the first choice because of
long life, smoothness and the ease of construction with
the small pavers now available.

THICKNESS.Thickness of asphalt side-
walks are shown in Figure 4. Local condition of soil,
moisture, frost, and available materials may modify these
thicknesses.

BASE COURSE MATERIALS.Crushed
stone, slag, gravel, pit-run material, sand or cinders are
usually suitable for sidewalk bases. At driveways and
road crossings the base courses shown in Figure 4
should be increased so as to be adequate for the traffic
anticipated.

COMPOSITION OF MIXES FOR SIDE-
WALKS.Asphalt concrete mixtures for sidewalks are
usually of the dense or fine-graded types. Asphalt Insti-
tute Specification Series No. 1, Specifications and Con-
struction Methods for Asphalt Concrete and Other Plant-
Mix Types, covers complete specifications for materials
used in asphalt concrete and other mix compositions
which might be used. Asphalt Institute Manual Series
No. 2, Mix Design Methods for Asphalt Concrete and
Other Hot-Mix Types, covers the design of asphalt
mixes. Sidewalk paving for the lighter type of traffic
should contain from one to two percent more asphalt in
the mixture than is usually used in roadway pavements.

COMPACTION OF SIDEWALK MATE-
RIALS.--For sidewalk construction with asphalt mix-
tures it is essential that the mix be thoroughly com-
pacted. Normally, conventional highway compaction
equipment is recommended.

18



ASPHALT CONCRETE

4" WEARING COURSE

COLD LAID MIX

ASPHALT BLOCK

........-
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Ait:...110: '..`4.- 1 ir: I %JO co .

2" BLOCK

SAND OR MASTIC CUSHION

4" - 6" BASE OF STONE GRAVEL, SLAG,

PIT RUN MATERIAL, SAND OR CINDERS

Figure 4Thickness Design for Sidewalk Construction

MAINTENANCE OF SIDEWALKS. A fog
seal every five or ten years is usually the only maintenance

needed on asphalt concrete sidewalks.
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Part II

PLAY AREAS

A.Playgrounds
15.14 PLAYGROUND SURFACING.Pavement is,

of course, not the immediate requirement for all play-
grounds. Where it is, however, the following outline guide
may help to shape the planning of those responsible.

Asphalt surface treatment, penetration macadam, and
hot and cold mix surf acings have been used for play-
grounds and, except for such modification as may be
necessary because of restrictions due to area, the same
procedure should be followed as when building a high-
way. For most situations a foundation thickness of from
four to six inches will be ample. Properly graded, good
quality crushed stone, slag, and gravel all make excellent
bases and drain readily because of their porous nature.
Foundations also may be constructed by stabilizing suit-
able natural soils with asphaltic products. Except for
surface treatment, a surface course thickness of from 11/2
to 2 inches is desirable, from the standpoint of durability.
The surface texture as a rule should be fine grained. In
addition to those types which use the usual mineral
aggregates, experiments have been made with sawdust,
cork, or rubber fillers.

Proprietary products have been developed and widely
accepted using an emulsified asphalt base combined with
selected pigments and fillers for squeegee application on
asphalt concrete. These materials develop a tight seal
with no loose material remaining. They permit easy clean-
ing and maintenance, and develop a smooth, non-skid
surface.

ASPHALT-SAWDUST SURFACE.For an
asphalt-sawdust surface the procedure is essentially similar
to surface treatment, and may be an original treatment
over a waterbound surface course or a retreatment over an
established surface. It may be either a light or heavy
treatment. All the sawdust should pass a No. 4 sieve in

20
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the former and a V2 inch sieve in the latter and should
not contain shavings or splinters. The surface should be
thoroughly rolled with a light roller until the sawdust is
well embedded. Emulsified asphalt or light, rapid-curing
liquid asphalt may be used as a binder. For the heavy
treatment, either heavy rapid-curing liquid asphalt, RC-
800, or a hot asphalt cement may be used. The asphalt
cement should have a penetration between 200 and 300,
and be applied at a temperature between 275°F and
325 °F.

After application of the asphaltic material, coarse saw-
dust should be spread and rolled until thoroughly em-
bedded. The amount of asphalt should be about three-
tenths gallon per square yard, with the sawdust added in
thin applications and broomed about until no more will
adhere.

ASPHALT CORK SURFACE.For an as-
phalt cork surface the course is laid to a compacted depth
of one to two inches, and usually upon an asphalt base or
binder course. The mix should be composed of granulated
cork, 1/4 inch maximum diameter, sharp coarse sand,
limestone dust, and an asphalt cement of 60-70 penetra-
tion. The following weight proportions have been used
successfully in surfacing an exceptionally large municipal
playground:

PERCENT

Clean sharp sand 70 to 72
Ground cork 5 to 6
Limestone dust 7 to 8
Asphalt cement 15 to 17

PAVING DETAILS.Full details on proce-
dures involved in the paving of playgrounds, with the
various asphalt types mentioned, are available upon
request to the nearest Asphalt Institute Office. A list of
Institute Offices and Member Companies will be found in
the end papers.

21
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Figure 5Asphalt-Paved Playground, Washington, D.C.



B.Tennis Courts

GENERAL. Asphalt tennis courts are fast,
true, and available for play immediately after rain. Where
funds are limited, courts can be constructed on a sound
base with an asphalt concrete leveling course, then fin-
ished with a fine-textured, enriched asphalt concrete.
Proprietary products have been developed for multiple-
layers constructed to very close tolerances and these
courts, in color, are popular with players and athletic
authorities.

SURFACE TYPES.Surfaces should be made
from sand asphalt mixtures such as Asphalt Institute mix
types VII or VIII. See Asphalt Institute Specification
Series No. 1, Specifications and Construction Methods
for Asphalt Concrete and Other Plant-Mix Types.

The use of color on asphalt tennis courts is becoming
increasingly popular. Favorite colors are grass-green and
tile red, or a combination of both. A number of pro-
prietary products are marketed for this purpose, but they
must be tested to be sure they are compatible with asphalt
and will weather without bleeding or discoloration. These
special finishes are water-based materials and should be
diluted to proper consistency before application. Best
results are obtained by spreading with a long-handled
hair broom in several applications.

DRAINAGE.Proper drainage is of the ut-
most importance in the construction of a good court.
Where funds are limited it is much better to place a low-
cost surface than to neglect the foundation. In sandy or
gravelly soil, underdrainage may not be required, but in
heavy clay soils it is desirable to dig a ditch entirely
around the court, with such bottom slope and outlet as
will prevent accumulation of water. The ditch should be
two or three feet in depth, with a perforated corrugated
iron pipe, or open clay t. le at the bottom, and should
then be backffiled with broken stone or coarse gravel to
within a few inches of the surface.
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LAYOUT.The paved area of a tennis court
should be 60 by 120 feet, which gives ample room out-
side the limits of a doubles court, 36 feet by 78 feet for
play.

It is preferable to have the entire surface in one plane
but, where this is not practicable because of the topog-
raphy, the slope may drop each way from the net. The
usual gradient is one inch in 10 feet or, for a single plane,
one end of the court is one foot lower than the other; while
for a slope either way from the net, each end is six
inches lower than center. In the construction the subgrade
should be leveled and finished to such an elevation that
when the base and surface course are applied later the
finished surface will be slightly above the adjacent sodded

120'
1111 Pi

T
60'

1
18'

41,6'

1-
27 36

111'

Hil
13W

21' ME
416'

7$'

PLAN LAYOUT

'a 4 O'''* t11. 044.1 4-4d4:::fliI124.4DA
4' 0:-0, ee

4"-6" SLAG, STONE
OR GRAVEL

TILE DRAIN

PARTIAL TRANSVERSE SECTION

Figure 6Design Layout for Tennis Court
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area. Where fills are made, they should be compacted
thoroughly, and preferably allowed to stand under the

weather until subjected to several heavy rains, before

placing the surface.

BASE COURSE.For the base course good
quality steam cinders are quite satisfactory, and a com-
pacted depth of four to six inches usually will be suffi-

cient. Where crushed stone, slag or gravel base courses
are constructed, it is desirable to place first a layer of
screenings or sand, so as to consolidate and harden the

subgrade and prevent the infiltration of earth into the

coarser material. A one inch depth of screenings well
worked into the earth will be sufficient, with three to six

inches compacted depth of stone, slag or gravel. The base

course should be rolled thoroughly and uniformly. Base
courses also may be constructed by stabilizing suitable

natural soils with asphaltic products. A superior type
foundation may be obtained by placing asphalt base two

to three inches in compacted depth.

ASPHALT MACADAM AND SURFACE
TREATMENT.Where funds are limited, macadam
surfaces have been constructed using standard procedures.
But, due to difficulty in obtaining surfaces smooth enough

for good play, they are not widely accepted.

MULTIPLE-LAYER COLD MIX CON-
STRUCTION.Using proprietary products, a system of

multi-layer construction provides a very high type weather-

resistant surface. Layout is important, with an asphalt

base and good drainage for sound foundation. These

courts are constructed in one plane, sloped one inch in
15 feet from one end to the other. The four-inch mini-

mum thickness base may be emulsified asphalt penetration
construction, although other types of asphalt-treated base
are acceptable. For the leveling and surface courses, cold
mixes consisting of carefully blended aggregate and filler,

with specially prepared emulsified asphalts and sufficient

water, are prepared for proper placement by screed. The
leveling course is Ph inches thick, followed by a finer
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textured 1/2 -inch surface course. After each course is
dried, it is rolled to maximum compaction. The surface
is checked with a 10-foot straightedge, permitting a maxi-
mum variation of 1/2 inch. Then the court is flooded, and
low spots marked. Fine-textured mixes are applied,
feather-edged, to fill the low spots.

Successive applications of factory-compounded prod-
ucts, containing the proper balance of emulsified asphalt
binder, selected mineral fillers, and selected coloring are
applied by squeegee to obtain a smooth, non-skid texture,
and complete sealing action. Where color fastness is de-
sired, special proprietary products are used in the final
application. These special products contain no asphalt,
but are compatible with asphalt surfacing and are applied
at a rate of 10-15 gallons per 1,000 square feet, using
long-handled hair brooms.

ASPHALT CONCRETE SURFACE.Other
high type surfaces are constructed with plant mixes.
Coarse-graded mixtures are employed for the intermedi-
ate course, but the upper inch of surface course should be
preferably a dense sand-asphalt mixture. Such mixtures
may be accurately struck with a template to true cross
section and profile, and will permit of slight adjustments
to correct base irregularities. Because of the lighter
traffic on a court as contrasted with a road or street,
slightly more asphalt of somewhat softer consistency is
recommended for the mix. Any cracking or drying out of
surface with age can be remedied by light asphalt surface
treatment at the rate of 0.1 gallon per square yard of
cutback asphalt, RC-70, or quick-setting emulsified as-
phalt, RS-1 or RS-2K, and 10 pounds of sand cover.
Proprietary products also have been developed for sealing
cracked and weathered surfaces.

C.Asphalt Swimming Pools

GENERAL CONSIDERATIONS.Pools have
various types of paved surfaces, but asphalt because of

26



its superior waterproof characteristics is particularly well
adapted for such use. The best asphalt construction calls
for a dense-graded hot-laid surface course, although well
sealed asphalt macadam has also been successfully used.
It is important that the surface course be laid on a sub-
stantial well-drained base so as to eliminate any back
pressure from ground water when the pool is periodically
emptied for cleaning. In cold climates, depending upon
the thickness of ice formation, the pool may be drained to
any desired level to produce a skating rink.

ASPHALT POOL AT WALLINGFORD.
As part of its park and recreation system, the city of
Wallingford, Connecticut, in 1960 completed a record
size asphalt swimming pool. The pool has an over-all
water surface area of more than 60,000 square feet and a
depth ranging from a maximum three feet at the shallow
end to a maximum nine feet, six inches in the diving pool.

The Wallingford pool existed for ten years as a com-
munity swimming pond, fed by a constant flow of water
from a small brook. However, silt, filtering in with the
flow from the stream, created a muddy bottom which,
in turn, discolored the water. It was decided to line the
pond with a dense asphalt concrete to permit periodic
cleaning.

After removing about 500 cubic yards of accumulated
silt, the engineer added some one thousand cubic yards
of gravel to the natural sand foundation. On top of this
was placed four to six inches of compacted stone base,
gradation ranging from PA inches down to 34 inches.
This base was surfaced with three inches of dense asphalt
concrete, placed in two coursestwo inches of inter-
mediate mix and one inch of surface mix. After spray
priming, this surface was treated with an emulsified filler
before painting with an acrylic finish.

VERSATILITY IN USE.Asphalt-paved pools
can provide large swimming areas at relatively low cost.
For example, the Wallingford pool is roped off into three
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Figure 7Asphalt-Paved Swimming Pool, Montpelier, Vt.

aminsta--

Figure 8Asphalt-Paved Pool, Wallingford, Conn.



areas. Approximately one-third of the pool, for tots and
non-swimmers, slopes to a maximum depth of three feet.
Beyond the guard rope is a full 50-meter racing pool
ranging in depth from three to eight feet. Thereafter, the
bottom slopes abruptly to a large diving area.

ADVANTAGES OF ASPHALT.Superior
qualities of asphalt-paved swimming pools include smooth-
ness, pleasing appearance, and exceptionally good weath-
eking qualities. These latter are based upon asphalt's re-
sistance to water, sunlight, air, pressure, weight, freezing,
thawing, chlorine, and abrasion.

RESURFACED SWIMMING POOL.An-
other very large swimming pool, now asphalt-surfaced, is
located at Crescent Hill, Louisville, Kentucky. This pool,
175 feet long by 150 feet wide, oval in shape, originally of
rigid-type surface construction, had cracked and disinte-
grated so badly that it was decided to resurface with as-
phalt. Construction procedure consisted of patching,
priming with a tack coat of a rapid-setting liquid asphalt,
and resurfacing with one and one-half inches of asphalt
concrete. After the bottom of the pool had been paved,
using standard paving equipment and a 10-ton 'roller, the
surface was coated lightly kith aluminum paint, and two
coats of white marine then applied.

REPAVING WITH ASPHALT.The resur-
facing of the large Crescent Hill swimming pool was so
successful that a year later it was decided to repave the
cracked and disintegrating surface of the nearby wading
pool. This was effectively salvaged by patching, priming,
and placing, over its approximately 2,000 square feet of
worn out rigid-type paving, a smooth, waterproof surface
of one and one-half inches of sheet asphalt.

ASPHALT WADING POOLS.An asphalt
wading pool may be visualized as a huge, shallow, water-
proof platter, with a gradual slope to a suitably depth,
possibly about eighteen inches. For this surface, three
inches of hot-mix sheet asphalt or a fine-graded asphalt
concrete, properly placed and compacted, on a well-
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drained foundation, will provide the necessary water-
proofness and adequately smooth texture.

It is important that the foundation for the pool be care-
fully constructed by first shaping the earth subgrade to
proper conformation and then densifying, by thorough
compaction, at least eight or nine inches of the subgrade
material. As there should be provision for draining, the
bottom of the pool should be sloped slightly so that it
may be quickly cleaned.

An asphalt wading pool, as the surface is not affected
by freezing, will serve equally well for a skating rink in
winter.

REFERENCES

Additional information concerning the uses of asphalt
discussed in this Manual will be found in the following
Asphalt Institute technical publications:

(1) Specifications and Construction Methods for
Asphalt Concrete and Other Plant-Mix Types, Speci-
fication Series No. 1 (SS-1)

(2) Thickness DesignAsphalt Pavement Struc-
tures for Highways and Streets, Manual Series No. 1
(MS-1)

(3) Mix Design Methods for Asphalt Concrete and
Other Hot-Mix Types, Manual Series No. 2 (MS-2)

(4) Asphalt Plant Manual, Manual Series No. 3
(MS-3)

(5) Asphalt Mulch Treatment, Manual Series No.
7 (MS-7)

(6) Asphalt Paving Manual, Manual Series No. 8
(MS-8)

(7) Asphalt in Hydraulic Structures, Manual Series
No. 12 (MS-12)

(8) Asphalt Surface Treatments and Asphalt Pene-
tration Macadam, Manual Series No, 13 (MS-13)

(9) Asphalt Protective Coatings for Pipe Lines,
Construction Series No. 96 (CS-96).
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THE ASPHALT INSTITUTE
EXECUTIVE OFFICES AND LABORATORIES

Asphalt Institute Building

College Park, Maryland 20740

MEMBERS OF THE ASPHALT INSTITUTE
(As of May 15, 19651

The Asphalt Institute is an international, nonprofit association sponsored
by members of the petroleum asphalt industry to serve both users and
producers of asphaltic materials through programs of engineering
service, research and education. Membership is limited to refiners of
asphalt from crude petroleum. Institute members provide quality
products and advocate quality construction and timely maintenance.

ALLIED MATERIALS CORPORATION
Oklahoma City

AMERICAN BITUMULS & ASPHALT COMPANY
San Francisco and Baltimore

AMERICAN OIL COMPANY
Chicago

APCO OIL CORPORATION
Oklahoma City

ASHLAND OIL £ REFINING COMPANY
Ashland, Kentucky

THE ATLANTIC REFINING COMPANY
Philadelphia

BIG WEST OIL COMPANY OF MONTANA
Spokane, Washington

BRITISH AMERICAN OIL COMPANY LTD.
Toronto, Ontario, Canada

BP CANADA LIMITED
Montreal, Quebec, Canada

BRITISH PETROLEUM COMPANY LTD.
London, England

BYERLYTE CORPORATION
Dallas

CANADIAN PETROFINA LIMITED
Montreal, Quebec, Canada

CHAMPLIN PETROLEUM COMPANY
Fort Worth, Texas

CITIES SERVICE OIL COMPANY
Tulsa
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COMPANIA ESPANOLA DE PETROLEOS, S.A.
Madrid, Spain

CONTINENTAL OIL COMPANY
Houston

American Petrofina, Agent for
COSDEN OIL & CHEMICAL COMPANY

Dallas
DOUGLAS OIL COMPANY OF CALIFORNIA

Los Angeles
EDGINGTON OIL REFINERIES, IN:.

Long Beach, California
EMPIRE STATE OIL COMPANY

Thermopolis, Wyoming
ESSO STANDARD EASTERN, INC.

New York
FARMERS UNION CENTRAL EXCHANGE, INC.

Laurel, Montana
GOLDEN BEAR OIL COMPANY

A Division of Witco Chemical Company, Inc.
Los Angeles

GREAT NORTHERN OIL COMPANY
St. Pout

HUMBLE OIL & REFINING COMPANY
Houston and New York

HUNT OIL COMPANY
Dallas

HUSKY OIL CANADA LTD.
Cu 'gory, Alberta, Canada

HUSKY OIL COMPANY
Cody, Wyoming

IMPERIAL OIL LIMITED
Toronto, Ontario, Canada

KERRMcGEE OIL INDUSTRIES, INC.
Oklahoma City

LEONARD REFINERIES, INC.
Alma, Michigan

LION OIL COMPANY
Hydrocarbons Division, Monsanto Company

El Dorado, Arkansas
MACMILLAN RING-FREE OIL CO., INC.

New York and El Dorado, Ark.
MARATHON OIL COMPANY

Findlay, Ohio
MOBIL OIL COMPANY

A Division of Socony Mobil Oil Co., Inc.
New York

MOBIL PETROLEUM COMPANY INC.
New York

MURPHY OIL CORPORATION
El Dorado, Arkansas
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NESTE OY
Helsinki, Finland

NEWHALL REFINING CO., INC.
Newhall, California

NORTHWESTERN REFINING COMPANY
St. Paul Park, Minnesota

AB NYNAS-PETROLEUM
Nynashamn, Sweden

PAZ OIL COMPANY LIMITED
Haifa, Israel

PHILLIPS PETROLEUM COMPANY
Bartlesville, Oklahoma

RAFFINERIE BELGE DE PETROLES, S.A.
Antwerp, Belgium

RICHFIELD OIL CORPORATION
Los Angeles

SHELL CANADA LIMITED
Toronto, Ontario, Canada

SHELL INTERNATIONAL PETROLEUM CO., LTD.
London, England

SHELL OIL COMPANY
New York and San Francisco

SINCLAIR REFINING COMPANY
New York

THE SOUTHLAND COMPANY
Yazoo City, Mississippi

STANDARD OIL COMPANY
OF BRITISH COLUMBIA, LTD.

Vancouver, B.C., Canada
THE STANDARD OIL COMPANY

lAn Ohio Corporation)
Cleveland

SUN OIL COMPANY
Philadelphia

SUNRAY DX OIL COMPANY
Tulsa

UNION OIL COMPANY OF CALIFORNIA
Los Angeles

U. S. OIL AND REFINING COMPANY
Los Angeles

Industrial Asphalt, Inc., Agent for
WILSHIRE OIL COMPANY OF CALIFORNIA

Los Angeles
WITCO CHEMICAL COMPANY, INC.

Pioneer Products Division
New York

CONTRIBUTORS
AMERICAN INDEPENDENT OIL COMPANY

New York
ENVOY PETROLEUM CO.

Long Beach, California
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INSTITUTE ENGINEERING OFFICES
(As of May 15, 19651

EASTERN DIVISION

WASHINGTON, D.C. 20006-1901 Pennsylvania
Ave., N.W.

Connecticut, Delaware, District of Columbia,
Kentucky, Maine, Maryland, Massachusetts,
New Hampshire, New Jersey, New York,
Ohio, Pernsylvania, Rhode Island, Vermont,
Virginia, West Virginia

WAKEFIELD, MASS. 01880-599 North Avenue
Connecticut, Maine, Massachusetts, New
Hampshire, Rhode Island, Vermont

ALBANY, N. Y. 12206-50 Colvin Ave.
New York State (except New York City ,West-
chester County and Long Island)

NEW YORK, N. Y. 10020-1270 Ave. of the
Americas

New York City, Westchester County, Long
Island, New Jersey

HARRISBURG, PA. 17102-800 N. Second St.
Pennsylvania

RICHMOND, VA. 23219Travelers Bldg.
Virginia

COLUMBUS, OHIO 43215Neil House
Ohio

LOUISVILLE, KY. 40207-4050 Westport Road
Kentucky, West Virginia

SOUTHERN DIVISION

NEW ORLEANS, LA. 70130John Hancock
Bldg.

Alabama, Arkansas, Florida, Georgia,
Louisiana, Mississippi, New Mexico, North
Carolina, Oklahoma, South Carolina, Ten-
nessee, Texas

LITTLE ROCK, ARK. 72205-319 Fausett Plaza
Arkansas, Northeastern Texas

AUSTIN, TEXAS 78701Perry-Brooks Bldg.
Texas

OKLAHOMA CITY, OKLA. 73102Kennac Bldg.
Oklahoma, Northern Texas

SANTA FE, N. MEX. 87501-10 Radio Plaza
New Mexico, Western Texas

MONTGOMERY, ALA. 36104-79 Commerce St.
Alabama, Tennessee

ATLANTA, GA. 30326-3384 Peachtree Road
Georgia

TALLAHASSEE, FLA. 32303-1309 Tallahassee
Bldg.

Florida
RALEIGH, N. C. 27605-2016 Cameron St.

North Carolina, South Carolina
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NORTHERN DIVISION

ST. PAUL, MINN. 55104-1951 0.". iversity Ave.

Colorado, Idaho, Illinois, Indiana, Iowa,

Kansas, Michigan, Minnesota, Missouri,

Montana, Nebraska, North DclIcot:1, Smith

Dakota, Utah, Wisconsin, Wyoming

LANSING, MICH. 48933-109 W. Michigan

Ave.
Indiana, Michigan

INDIANAPOLIS, IND. 46205-4165 Millersville r-I

Road
t
tf)

Indiana
k ,d to
0 4a

SPRINGFIELD, ILL.
62703-2606 S. Sixth St. p4 0 6r4 p z

Illinois (except Chicago), St. Louis County, 14 .14.11.4 to

Missouri ?a"1-t oo 0
4-)in 0 0J

44 co "
°4,4 .44 tri

0 A 4e4ti
e4 ge

CHICAGO, ILL. 60639-6261 W. Grand Ave.

Wisconsin, Metropolitan Chicago

MADISON, WISC. 53711-4333 Nakonto Rd.

Wisconsin

KANSAS CITY, MO. 64112--612 W. 47th St.

Kansas, Missouri (except St. Louis Co.).

Nebraska, North Dakota, South Dakota

JEFFERSON CITY, MO. 65101-330 E. High St.

Missouri (except St. Louis Co.)

BISMARC, N. DAK. 58501-420 N. Fourth St.

North Dakota, South Dakota

DENVER, COLO.
80202-1031 15th St.

Colorado, Utah, Wyoming

HELENA, MONTANA 59601Power Block
Idaho, Montano

PACIFIC COAST DIVISION

BERKELEY, CALIF. 94710-810 University Ave.

Alaska, Arizona, California, Hawaii, Nevada,

Oregon, Washington

LOS ANGELES, CALIF. 90017-1709 W. 8th St.

Southern California

SACRAMENTO, CALIF. 95814Forum Bldg.
Central and Northern California, Nevada

PHOENIX, ARIZ. 85016-3625 N. 16th St.

Arizona

PORTLAND, ORE. 97221-2035 S.W. 58th Ave.

Oregon

OLYMPIA, WASH. 98502-120 Union Avet;ue

Building
Alaska, Washington
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