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ROADSIDE PLAN AND PROGRESS IN MASSACHUSETTS 
By JAMES H. TAYLOR, Highway Landscape Supervisor, Massachusetts Department of Public Works 

HE considerable interest shown in the work which 
Massachusetts is doing in beautifying its roadsides 
indicates that a description of the methods and 

objectives of this work may be of assistance to others 
who are just entering this field. 

The Massachusetts Highway Commission has from 
its beginning appreciated the value of highway beauti- 
fication. Prof. N. S. Shaler the first chairman of the 
commission said, in 1898, “It is evident that our 
culture is near the station when we may hope for 
some effort to develop the landscape sense by a syste- 
matic training in the arts which may enable us to 
appreciate scenery.” It is doubtful if this interest 

maintenance activity of tree work, brush cutting, grass 
mowing, etc. There is cooperation, however, in carry- 
ing on the two activities so as to secure the best im- 
provement of roadsides. 

The State highway system of Massachusetts includes 
1,600 miles of road and is divided into seven highway 
districts. Our aim is finally to make each district 
sufficient unto itself in the matter of tree and roadside 
care by the perfecting of district units for this distinct 
purpose. Naturally this plan is slow in developing. 

At present, work is carried on from a base in the 
centrally located town of Palmer. Here we have 12 
acres of nursery, seed beds, propagation frames, green- 

As We ApprRoACcH THE TOWN 

resulted in actual plantings at that time but in 1912 a 
man was appointed with the duty of planting trees 
along the State highways and for several years many 
thousands of shade trees were planted. 

The scope of this work was enlarged in 1921 by the 
creation of an office to be filled by one with special 
training in landscape planting to ‘“‘beautify the State 
highway roadsides” and it has progressed since then 
with certain definite aims and accomplishments. 

ORGANIZATION OF WORK OUTLINED 

Roadside planting is considered as a phase of main- 
tenance and is under the supervision of the engineer 
in charge of State highway maintenance. It is finan- 
cially supported by an allotment for the specific pur- 
pose. This activity is entirely separate from a related 

62791—29 

house, storage cellar, forge, sheds for housing and 
storing machinery, explosives, and necessary materials. 
From this base we are in constant readiness to give 
efficient and state-wide service, adequate to any road- 
side need, whether it be planting, care, repair, or 
removal. 

A State nursery is a necessity in roadside develop- 
ment on any worth-while scale. It is needed as a prop- 
agating area, for space to take advantage of planting 
stock bargains, for planting collected stock and grow- 
ing until fit for the roadside, for studying the character- 
istics of plants and their adaptability to the roadsides; 
in fact, the nursery is the laboratory and experimental 
station of roadside development. 

The planting of ‘‘small stuff’’ on roadsides is a waste 
of money. The stock used in Massachusetts work has 
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been given careful attention, the top and root pruned, 
transplanted, grown to a good size and sufficient ability 
to meet the rugged demands of the roadside. It has 
been found that trees 10 to 12 feet high are the most 
desirable size for planting, while shrubs should be 3 to 
4 feet high and vines should be 8 to 4 years old. Freshly 
dug stock of this type, properly located and planted, 
has a fighting chance. 

Three tree crews are kept in operation throughout 
the year, each crew consisting of a tree agent and three 
men. Two of the crews are equipped with a camp 
wagon (small house on wheels) fitted to house com- 
fortably four men. These portable bases are very 
satisfactory and economical. 

Plantings, in the main, are confined to new right of 
ways since their width of 60 feet or more allows greater 
opportunity for-landscape development. Such loca- 
cations assure a reasonably undisturbed future, but it 
is a rule in every case to plant as near the property 
line as possible, for wider road surfaces are sure to 
come. 

The planting procedure is as follows: A blue print 
showing the right-of-way lines and road location is sent 
to the Palmer station. The designer makes a study of 
the road and indicates the proposed planting on the 
blue print. The locations of plants or trees are then 
staked and the pits dynamited, dug, and where neces- 
sary refilled with the best loam obtainable. Tree pits 
are 3 feet in diameter and 3 feet deep and shrub pits 
are 2 feet in diameter and 2 feet deep. The planting 
order is filled by the nursery, packed on trucks and 
trailers, and set out in the field. 

A space 3 feet in diameter around each plant is 
erubbed and kept free from weeds, and water is supplied 
if needed. After the planting is well started it is given 
a final inspection and turned over to the district main- 
tenance forces for care. 

Using the work done by our Palmer organization as a 
criterion for the district maintenance forces we are 
trying to produce a highway hybrid; a cross between a 
surface expert, a tree surgeon, and a landscape designer. 
We are educating a small army of men whose primary 
interest is in the road surface, whose natural attention 
is to lines and grades, pot holes and breaks, tar barrels 
and side drains, and interesting them in vines, shrubs, 
trees, and the esthetics of the roadside. Responses 
differ as men differ; the result is not uniform but the 
general tone is one of splendid cooperation. 

Depressions in the road surface are known to the 
maintenance man as ‘“‘pot holes.”” The roadside 
developer detects what may be called ‘‘pot holes” in 
the highway landscape and corrects the situation, 
sometimes by filling in; sometimes by removing 
detracting or barrier material. 

Advising as to this work, Prof. Charles S. Sargent, 
the noted dendrologist, designer, and director, of the 
Arnold Arboretum said, ‘‘Avoid the artificial; keep the 
roadsides as natural as possible.”’ This is wisdom for 
every body—everywhere. 

We have our particular portion of earth. It is not 
California or Indiana, nor yet New Hampshire. It is 
Massachusetts. Possibly others may have better 
methods of working; we shall use them. The pattern 
treatment of a slope or a traffic island by others may 
be helpful to us. We may imitate in many operative 
details, but as for the main scheme, we are working 
on a canvas where copying is out of the question; the 
developing of the individuality of our own home State. 

When July is hot upon the earth, to roll from the sun- 
smitten surface to the refreshment of a tree-arched way 
with its cool pavement and mosaic of light and shade, 
is a welcome change that everyone appreciates. How- 
ever, this treatment reproduced for mile after mile 
would finally affect us as a depressing monotony. In 
many cases we are compelled to adopt a formality of 
arrangement, but barring that, the planting of long 
stretches of evenly spaced and straight-lined trees and 
shrubs is ignorance, not art. However pleasing such 
treatment may be to some, to others it suggests arti- 
ficiality, unnaturalness, stiffness, and the hand of man. 

In city and village locations we are definitely limited 
and the planting is of necessity formal. The centers of 
homes and business furnish the extreme problems of 
the tree planter. At best the tree will have a fight for 
life. If the walk is concrete or brick a 3-foot opening 
for the tree is not too large. This opening must be 
kept cultivated and water and fertilizer introduced as 
needed. : 

Long before the period of general road improvement 
there was a scattered interest in shade tree planting, to 
which certain rows of ancient trees bear splendid testi- 
mony. These historical plantings, if left to themselves, 
will finally vanish. It is our duty to perpetuate them, 
and as they die, to replace with like varieties. 

NATIVE PLANTING MATERIAL PLENTIFUL 

The tendency of the planter is to assume that, in 
reason, almost anything will grow almost anywhere. 
An example of thoughtless planting was seen several 
years ago on the Bourne-Plymouth road. <A coarse 
gravel slope that lay from 10 to 6 o’clock each day in 
the summer sun, was planted by some well-intentioned 
but misguided enthusiast with numerous clumps of 
that delightful shade-loving plant—the mayflower. 
The brown, dead leaves told the story. 

There is a tendency to introduce foreign plants on 
the roadside. This may be done to a moderate extent 
as the road approaches or extends through a town or 
village where the local planting suggests it and into 
which it blends. Beautiful as they may be in them- 
selves a hydrangea or forsythia in our ordinary natural 
roadside would be a triumph of absurdity and discord. 
A Colorado blue spruce would be distinctly out of place. 
It is not Massachusetts, but rather, artificial. Im- 
portations are attractive but a State’s personality is 
more so. 

Our State is lavishly supplied with native planting 
material. From the time when the shad-bush prints 
its misty pattern upon the gauze draperies of spring, to 
the witch-hazel’s farewell gleam of gold within the leaf- 
less woods we have a changing picture of flora and 
sylva; of graceful vines and leafy forms tbat is unsur- 
passed, even by the splendor of the tropics; and, ad- 
justing ourselves to local preferences, here is our field 
of choice. 

All of our roadside pictures exist in three parts—fore- 
ground, middle-distance, and background. If our com- 
positions are to be successful this fact must be appre- 
ciated in both our selective trimming and our planting. 
The planter must know the dimensional limits and con- 
trastual possibilities in shape, texture, and color; bark, 
leaf, and flower; spring aspect, summer maturity, au- 
tumn glory, and winter value; in other words, he must 
have a complete knowledge of growing things. 

The roadside is neither a lawn nor a_back-yard 
garden; it is a problem apart. Where one shrub would 
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produce a splendid effect in your garden, it will take 
a hundred to approach an effect on the stretch of the 
roadside. We are working on a big program and we 
must mass our planting correspondingly. But, never 
forget the immense value of individual specimens. This 
seems in contradiction to the above, but the meaning is 
this—do you remember that magnificent 6-stemmed 
paper birch, that perfect elm by the old homestead, the 
triumphant white oak on the hill? You forget every- 
thing else for the moment and the memory is still a 
delight. Rightly planned, the little trees you plant 
today will impress in like manner an unborn generation; 
the willow by the water-brook, the fadeless cedar, the 
oak of scarlet. A finished surface never improves— 
a planting does. It is an immediate improvement 
and the improvement keeps on improving. 

‘& TECLASs 

a 5 and a 7 foot blade for use on large trees is a good 
investment. Where the log is the right kind and 
size, it is milled into tree stakes, chestnut being the 
most desirable. 

Trees should have constant and thorough inspection; 
for it often happens, that a tree presenting a fair face 
to the road, is merely a shell from the other side and 
is ready to fall with the first strong wind. 

Hardly a day passes without some good tree being 
wounded by machines either carelessly guided or out 
of control. The resultant scars are unsightly and 
dangerous to the tree. They become the open door 
to disease, and should, as soon as dry, be neatly trimmed 
and properly sealed with a durable tree paint and 
recoated as necessary. It is claimed by some that tar 
or asphalt paint is not good for the tree and retards 

TREE INSURANCE 

The various types of embankment guards whether 
wood, wire, natural or cast stone, while of admirable 
purpose are not beautiful. They may be made less 
objectionable by background plantings of suitable 
character. For example the harsh outlines of guard 
stones may be beautifully softened by a setting of 
viburnum opulus. Its rugged foliage, white flower 
cluster and crimson fruit fuse these stern profiles into 
a most delightful harmony. 

TREE SURGERY AN IMPORTANT PART OF WORK 

To say that a road picture is beautiful, is merely the 
unconscious recognition of a certain harmony of 
arrangement, attaining, or approaching, a unity of 
expression. ‘Dead trees and limbs deface the picture; 
they are a menace to traffic and should be removed at 
once. Our practice is to cut trees six inches below 
the surface of the ground. It costs a bit more, but the 
manifest improvement justifies it. A power saw with 

the growth of the cambium. Our experience does not 
lead to this belief. 

Where the tree is a large one the effect of the impact 
is a wound only, but small or moderate size trees are 
pushed out of line and should be brought back into the 
vertical and wired or staked. 
Decay in normal trees is largely traceable to either 

the breaking of large limbs and failure to treat the 
fracture properly or the neglect of trunk or limb wounds. 
Decayed areas should have careful attention. All de- 
cay should be removed, and if the area is in a rigid 
portion of the tree and is not too large it may be filled 
with a mortar of cement and clean, coarse sand, mixed 
in the proportion one to three, and as dry as practicable. 
The mortar should be tamped thoroughly to fill the 
entire space, and smoothed up to the inner edge of the 
cambium. A cross section through a tree shows that 
it has four divisions, heart wood, sap wood, cambium, 
and bark. The cambium i is the life center of the tree: 
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the living tissue from which all growth proceeds; this 
cambium is the natural protection of the tree. As 
soon as the tree is wounded the cambium starts its 
healing work, by beginning to spread itself over the 
wounded surface. Examine any cut or wound and you 
will see just what it does. Many times, where a limb 
has been properly cut and protected, the cambium 
has completely covered the exposed area, in some cases, 
even up to 6 or 8 inches. 

In most cement-mortar fillings that have been prop- 
erly made, the cambium of a healthy tree will, in one 
year cover the edge crack due to the drying out of the 
mortar. The larger the filling the wider the shrinkage 
crack, and where the crack is left open, water enters 
and causes decay. This can be prevented by filling 
to within an inch of the surface with mortar, allowing 
it to set, and finishing with a seal coat of asphalt and 
sand, mixed warm, just so that it will not run, and 
tamped firmly into place. Where limbs are subject to 
bends and twists, cement mortar should not be used; 
but a mixture of asphalt and sand or sawdust may be 
used. 

Covered decay is a dangerous thing. Fires have been 
built in cavities and blow torches used to get at other- 
wise inaccessible spots. When a cavity can be drained 
it may be disinfected, painted, and observed from time 
to time to see if further attention is needed. 

High winds and loadings of snow and ice, separately 
or in combination, do the greatest damage to trees 
and some are not able to stand them. Compound 
fractures are, of course, hopeless, but simple splits 
can be successfully treated by the intelligent use of 
metal rods or cable. In one case an elm, split in two 
with one half nearly to the ground, has been made fit 
for half a century of roadside blessing, by drawing the 
parts together, installing cable, and calking the crack. 
To-day it looks as perfect a specimen as before the 
separation. 

The points at which metal ties are introduced is 
vital. Much of the metal reinforcing of split trees 
looks like the work of children, as far as the proper 
planning for the strain is concerned. These jobs call 
for a man who understands the mechanics involved. 
No definite rule can be given but an approximate formu- 
la is that support should be applied at a distance from 
the beginning of the split of ten times the diameter of 
the limbs split. 

Split trees are repaired with five-eighths or three- 
fourths inch galvanized wire cable secured to three- 
fourths or seven-eighths inch eyebolts using galvanized 
eyes and galvanized cable clips for fastening. An ex- 
perienced tree man will anticipate weak points in the 
tree structure, and apply the necessary support before 
a break occurs. 

REGULAR MAINTENANCE GIVEN ALL PLANTINGS 

All trees planted since 1921 have been given annual 
attention. The ground is kept open about their base 
for food and air, and where necessary the roots are 
fertilized. The trees are staked as required. Leaning 
specimens are brought into the vertical, and, where the 
tops are not developing properly, a new ‘‘leader”’ is 
established. The leader is the highest point of a tree, 
in general line with the main stem and trees are by na- 
ture designed to ‘‘follow the leader.’”? Sometimes there 
are two leaders, and, one must be removed for proper 
development. Again, there may be no leader, but a 
jumble of growth which dwarfs the top, and a stick or 
bamboo must be lashed to the main stem, and the most 

promising branch tied to the splint ; the branch thus forced 
into action will gradually accomplish the dcsiredpurpose. 

Trees carefully planted and cared for grow, but with 
a tendency to become top heavy with foliage. This 
requires the intelligent removal of enough of the tops 
to give them a chance to resist wind pressure; not by 
mere shortening of the terminals, for then we get four 
or five sprouts instead of one, but by the removal of 
entire branches, cutting them off at the outer edge of 
the collar of the limb. The collar is the enlargement 
of the limb at its union with the main member. Proper 
pruning leaves a symmetrical tree and the tree must be 
viewed from all sides and at some distance, during the 
process, to get the total effect. 
Many people have the idea that a tree should be 

trimmed to resemble an inverted broom or lollvpop; 
this is incorrect. Most of our northern trees are of a 
tapering nature, the elm being a conspicuous exception. 
The pruning of a young tree should suggest the ulti- 
mate outline, and leave it in somewhat the shape of an 
elongated egg, but slightly larger at the base. Limbs 
can be removed for about 2 feet above the ground. 
Those above this height should be cut back, but not 
removed. They can be allowed to remain for years, 
as they divert the flow of sap and thereby increase the 
trunk diameter, making the structure self-reliant. 

The competent tree man never makes a cut without 
the future tree in mind, and one can make or break a 
tree’s future during its early training. Branches that 
will ultimately rub and break can be detected and ab- 
normal growth corrected. 

NATURAL GROWTH SHOULD BE PRESERVED 

The preservation of naturally planted growth is the 
most important part of roadside development. Failure 
to appreciate this wealth of resource is deplorably 
general. What is known as “brushing the road” 
ordinarily means mowing down every green growing 
thing clean to the wall or line. 
Hardwood and evergreen trees, desirable shrubs, 

vines, and plants, at a reasonable distance from the 
traveled way should be spared and developed, and any- 
one accomplishing this is contributing in a splendid way 
to the future beauty of roadsides. 

Nature is the master planter; man’s work is, at best, 
but a weak imitation. Take, for instance, that glory 
of New England, the common elderberry, which nature 
gives us in such lavish profusion. It 1s quite diffcult 
to transplant and establish it, even in the same general 
location; and next to impossible with its sister the moun- 
tain elder (red berry). We can say the same thing of 
the unique tupelo, one of the most brilliant lights in 
our autumn picture. One often finds tupelo seedlings 
in the roadside south of the Blue Hills and we of the 
roadside should know enough to observe and to spare 
it. Sassafras, tulip, canoe birch, cedar, and a lot of 
others, in the hard-to-transplant group, have all settled 
in our roadsides and we must keep them there. 

A sugar maple may have been self-sown in the bor- 
der and grown to a sapling. The surrounding growth 
should be cut away, and the young tree trimmed in the 
manner described for young planted trees. Desirable 
shrubs, sumac, benzoin, that wonderful group, the vibur- 
nums, the cornels, American plum, laurel, and all the 
others in our comely family should be counted as road- 
side treasure, and developed in groups and individually. 

I can think of no more wonderfu! picture than a 
Cape Cod road in May framed in the beach plum’s 
flowery bloom, but these roads have, in many places : 
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been shorn of this beautiful shrub. Someone, who did 
not quite understand, had been told to mow the road- 
sides. 

Let the woodbine, grape, wild clematis, and even the 
poison ivy ramble over the wall; the latter is fond of 
mature elm trunks, to which it does no harm and in the 
autumn it is a roadside marvel of crimson and gold. 
But when an ambitious grape-vine attempts to throttle 
a member of our beautiful shrub family—spare it not. 

In the same spirit of appreciation—let us give our 
roadside ferns place; could anything be more beautiful 
than clumps of their graceful fronds? A few miles of 
road comes to mind whose borders were two years ago 
a very jungle; to-day by the mere sparing of sweet 
fern, it surpasses any man-planted effects that I can 
imagine. In this same district and over a distance of 
perhaps 275 miles, I do not think that one roadside fern 
was cut down. Such is the way in which one really 
interested man projects himself into the district force 
which he directs. 

Cut away the underbrush and lower branches of the 
gray birch and let their silver trunks shine out. If 
blue lupin ventures out to watch the traffic, don’t 
frighten it away with a scythe—and give the same 
treatment to groups of lilies that have slipped from 
garden bonds to the freedom of the roadside; or why 
should pine weed or the trailing blackberry be sheared 
to the roots? They make an attractive and inoffensive 
carpet. 

CUTTING FOR ROAD CLEARANCE AND SIGHT DISTANCE REQUIRES 
CAREFUL THOUGHT 

When highway traffic was largely horse drawn not 
much thought was given to bends in the road. To-day 
we are making the roads safer by relocation and by 
clearing the blind corners. This requires the removal 
of much otherwise valuable material. Cuttings are 
made as graceful as possible and none is made that 
gives a straight line or a regular curve. 

An overhead clearance equal to the legal height of 
load should be maintained over the road surface and 
shoulders. The popular method seems to be to remove 
only the interfering branches over the hardened sur- 
face. The tree should not be left lopsided, but balanced 
by thoughtful trimming on both sides. 

A large proportion of our highways have lines of tele- 
phone or telegraph wires along them and their require- 
ments as to tree clearance are almost continually in 
conflict with proper shaping and placing of trees. The 
public wants its roadsides made beautiful, but it must 
also have its lines of communication and neither of 
these things can be entirely subordinated to the other. 
In the past there has been much thoughtless and some 
designed mutilation of trees by wire-maintenance gangs, 
but the public-service companies now wish to avoid of- 
fenses of this kind. The State itself is in advance of 
most other States as the law now requires that all 
trimming for wire clearance be done under the super- 
vision of an inspector from the State’s roadside planting 
organization. The expense of this inspection is paid 
by the public-service company. 

Careful cutting for wire clearance under proper in- 
spection is of great value, but there is a better solution 
of the problem. A number of wires suspended from 
cross arms on 50-foot poles is, at best, an aesthetic 
offense. An equal number of wires, inclosed to make 
a 2 or 3 inch cable, supported on 25-foot poles and half 
hidden among the trees, makes a splendid improvement. 
This has been done in some instances in Massachusetts. 

LANDSCAPE CUTTING OPENS UP WONDERFUL VISTAS 

Trees, shrubs, and vines are wonderful, but when their 
beauty hides the more beautiful, the tumbling brook, the 
foaming river, green fields, rolling hills, and blue moun- 
tains, then these screens must be offered upon the altar 
of beauty. ‘To this end we have sacrificed many trees 
which raised green curtains on some beautiful scene. 
Massachusetts teems with such opportunities. 

In Agawam half a day’s work with three or four men 
unveiled a splendid view of the Connecticut. When a 
photographer was sent to photograph the improvement 
he found an artist engaged in making a representation 
in oil. A few hours with an ax on acurve in West 
Warren brought out a gem of distant hills and winding 
stream for the delight of the traveler. 

In Palmer, on the river road, the tumbling Quaboag 
was heard behind an intervening jungle. There was 
more work here, but the result justified it; a splendid 
composition of water and trees. A delightful river 
fringe was brought in view where scores rest at noon 
and are refreshed and refitted for the journey. 

There are spots along this hitherto hidden river in 
Palmer that a few years ago were snarls of vagrant 
undergrowth; to-day they are pictures in the roadside 
gallery which suggest in their soft outlines the com- 
position of a great artist. It takes intensive and con- 
tinuous study, this painting pictures with an ax; but 
it pays substantial dividends in both conscious and 
subconscious pleasure to the highway user. 

TRAFFIC SIDINGS, SPRINGS, AND BENCHES PROVIDED FOR THE 
CONVENIENCE OF PUBLIC 

There are many little touches which may be given a 
highway to add to the public’s enjoyment. Spaces 
along the highway have been cleared and graded at 
small expense to serve as traffic sidings, where a tire 
may be changed, a lunch enjoyed, or a nap taken. A 
fine spring drooling itself away in gutter mud, has, by 
a few hours’ work, been changed from a nuisance to a 
roadside blessing. 

Durable chestnut benches with concrete ends anchored 
in the earth have been placed in appropriate places. 

CONSTRUCTION SCARS HIDDEN WITH A SUITABLE COVER 

New construction generally leaves unsightly faces in 
cuts and fills. Where these slopes occur in residential 
sections it is a rule to either seed or sod them, and more 
and more of this kind of work is being done in open 
country. Where seed is to be planted the slope must 
be coated with at least 2 inches of loam. In one case 
a cut slope, 1,000 by 20 feet, was covered with sod from 
a pasture at the top of the slope at very low cost. 
Rain followed, and the result was excellent. 
Loam is a necessity in roadside planting and is often 

difficult to procure. The specification should provide 
for the removal of all sod and loam and storage in 
neat piles for future planting use. If the soil is of 
suitable character grape vines, woodbine, wild clematis, 
and Hall’s honeysuckle may be used. The latter makes 
the quickest ground cover. <A slope of chipped stone 
and gravel had been bare for years. A scant inch of 
loam was applied and sown with red clover—rain came 
at just the right time. It was beautifully green in 
two weeks and was mowed 41 days after sowing the 
seed. Common daisy seed, sown on seemingly hopeless 
slopes, will, in time, give surprising results. 

Sweet fern is admirable, but difficult to transplant; 
one is well repaid, however, for the trouble where the 
planting is successful. 
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The bearberry, or, as commonly known “hog cran- 
berry”’ is a distinctly beautiful ground cover. A ride 
to Provincetown by rail shows how splendidly it has 
clothed the harsh railroad cuts and fills. Nothing so 

fits into a Cape Cod road slope or border as this glis- 
tening vine of changeable green, with its pink bells and 
crimson fruit. It is distinctly a sand plant and will not 
thrive except in apparently supersterile soil. With this 
characteristic in mind it should be used wherever pos- 
sible. Unfortunately it is as hard to adapt to a new 
location as it is to kill it in its chosen places. 

The uncovered material in the larger cuts is generally 
very poor planting ground. For broader areas of this 
kind transplanted pine seems to be most suitable. Jack 
pine grows the quickest but its habit is to make a thin 
and scrawny growth. Scotch pine is harder to establish 
but has a more desirable shape, and red and white pine 
are excellent. After a few years these plants hold a 
slope in place. If they are allowed to grow too tall 
they are apt to tip over. This may easily be pre- 
vented by keeping them well cut back. Jack pine 
needs this treatment more than the others as its roots 
are not quite able to keep the top from leaning. Bare 
slopes are unsightly and the roadside man must keep 
at them until they are made an asset to the picture. 

TRAFFIC ISLANDS MADE INTO BEAUTY SPOTS 

Triangular areas formed by intersecting highways 
are of frequent occurrence. Their outlines are gener- 
ally ragged, cars are driven and backed over them and 
generally they reflect a decidedly don’t-care spirit. 
Such spaces should be covered with loam to a foot 
above the surrounding surface and bordered with a 
curb of light colored stones. 

An arborvitae (pyramidalis) may serve as a back- 
ground to a possible warning sign, or a vine plant may 
be placed at the base of a direction post. Of course 
the planting must not obscure traffic—low growing 
plants such as Japanese yew and juniper of the spread- 
ing type—euonymus radicans, hydrangea arborescens, 
Tom Thumb, and globe arborviteae are suitable. If 
the area is large enough, a few slim cedars can be 
used with fine effect, also almost any kind of shrub in 
groups, but the latter must be kept well cut back. 
When the planting has been, made the remaining 
space should be seeded with Kentucky bluegrass and 

red fescue grass in the proportion 3 to 1, and rolled. 
And then this most important thing—don’t neglect the 
mprovement—keep the grass mowed. 

ROADSIDE NEATNESS REQUIRES THAT ATTENTION BE GIVEN TO 
SMALL DETAILS 

Every tourist passing through a State carries away 
with him an impression of the character of its people, 
and this impression is undoubtedly influenced by the 
neatness of its roadsides. If a warning sign becomes 
soiled and torn, don’t let it broadcast your careless- 
ness; replace it with a fresh one. If a traffic line is 
put on, make it straight and symmetrical. Mend your 
broken guard fence without unnecessary delay: Re- 
move the cut brush as soon as you make it, and it is 
safer to burn when green. Departmental neatness 
influences the public mind; it is another case of “fol- 
low the leader.””, Community clubs have placed waste 
receptacles in several locations lettered, ‘‘Please use 
this for waste,’”’ or ‘Keep Cape Cod clean.” 
On every construction job a finished roadside should 

accompany a finished road surface, and both should be 
considered in the acceptance of thé road. There is no 
reason why maintenance money should be spent to do 
what the contract called for. Practically all road con- 
tracts have a clause to the effect that the ‘section 
shall be left in a workmanlike manner”’’ and this clause 
should be enforced. There should also be a clause 
providing against burning, breaking, and barking the 
roadside growth. 

KEEPING AT IT 

The most important thing in roadside development 
is the provision for a permanent program. Lacking 
that means a waste of public funds. I call to mind a 
State that started roadside development 10 years ago, 
and very elaborately at that. In a late census of 
roadside improvement activity the same State was 
shown to be practically inactive. 

Everything finally resolves itself into maintenance. 
Roadside development should be begun at once; it 
never can be finished. I feel very deeply that what 
the roadside needs most is not that improvement be 
begun merely, but that it be continued; that a fixity 
of purpose be indelibly grained into the movement, to 
the extent of a State or national consideration that 
shall appreciate its importance; underwrite its future. 

Roadside improvement must not rest upon the en- 
thusiasm of one man, who, dropping out of the picture 
takes the vitality of the moment with him. A kind of 
apostolic succession must be operative in order that 
the rank be kept filled, so that the business of roadside 
beautification may maintain a program as steady and 
sure as that of the surface which it borders. 



EFFECT OF METHOD OF FABRICATION ON STRENGTH 
AND UNIFORMITY OF FLEXURE SPECIMENS’ 

By L. W. TELLER, Senior Engineer of Tests, Division of Tests, United States Bureau of Public Roads 

One of the problems before A. S. T. M. Committee 
C-9 on Concrete and Concrete Aggregates has been 
the standardization of the flexure test for concrete. 
This is a matter of particular interest to those connected 
with paving concrete because of the increasing use 
of this test as a basis for the opening of concrete pave- 
ments. The urgent need for standardization is appar- 
ent and there has already been a considerable amount 
of valuable discussion in the committee relative to 
the standardization of the equipment and procedure 
for testing such specimens. ‘The matter of standard- 
izing the procedure to be used in making the specimen 
is of equal importance since this procedure may influ- 
ence the strength of the specimen to as great a degree 
as do the methods of testing. 

With the idea of finding out what effect methods of 
fabrication have on the strength and uniformity of 
concrete flexure specimens the following work for the 
committee was undertaken at the laboratory of the 
Bureau of Public Roads at Arlington. The program 
was necessarily restricted to those factors which seemed 
most likely to influence the strength of the specimen 
and even thus limited it involved the making and 
testing of over 400 beams. 

Briefly, the program consisted of the fabrication 
and testing of 12 series of 34 flexure specimens each. 
The 12 series included 6 methods of fabrication, using 
concretes made with 2 coarse aggregates quite different 
in physical character. The details of the program are 
presented below. 

METHODS OF FABRICATION AND TESTING DESCRIBED 

Method 1.—Rodding with a %-inch diameter round 
steel rod. This rod was similar to those generally speci- 
fied for fabricating compression specimens and is shown 
at the extreme left in Figure 1. 

The concrete was placed in the mold in two lsyers 
and each layer was rodded twenty times. 

Method 2—This method was identical with method 1 
except that each layer of concrete was rodded fifty times. 

Method 3.—Spading with a special straight spade 
through which five large holes had been punched. This 
tool was made for these tests and was not according 
to any particular specification. The blade was about 
415 inches wide and about 6 inches long. This tool 
is the second from the left in Figure 1. 

The concrete was placed in two layers and each layer 
was consolidated by cutting twenty times with vertical 
strokes of the spade, the blade being held at right 
angles to the long axis of the specimen. 

Method 4. — This method was identical with method 3 
except that each layer of concrete was spaded fifty 
times. 

1 A report made to the subcommittee on field tests of concrete of the A. S. T. M 
Committee C-9 on Concrete and Concrete Aggregates. A few minor changes in the 
orm of presentation have been made. 
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Figure 1.—ApparaAtTus USED IN FABRICATING SPECIMENS 

Method &§—Tamping with a 2 by 2 inch square 
wooden tamper faced on the end with a steel plate of 
the same dimensions. 

The concrete was placed in 2 layers and tamped 45 
strokes per layer. This number was arbitrarily 
selected as it gave one stroke per square inch of sur- 
face of the area being tamped (approximately the 
same as in the molding of compression specimens). 
This tool is shown in Ficure 1, being the second from 
the right. 

Method 6.—This method was identical with method 5 
except that a tamper 4 by 4 inches in area was used 
and each layer was tamped ten times. 

All of the specimens in this test were spaded along the 
sides and ends with the straight spade, the top. was 
struck off with a wooden screed and the top surface 
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TABLE 1.—Test results for concrete made with rounded aggregate 

Method 1 Method 2 | Method 3 Method 4 Method 5 Method 6 
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smoothed off with a steel float. These tools are 
shown on top of the steel beam mold in Figure 1. 

All of the concrete was a 1:2:3'% mix, proportioned 
by dry rodded volumes and was of a stiff consistency, 
averaging a flow of 125 on a 30-inch flow table. 

Half of the specimens were made of concrete in 
which a very angular crushed stone was used as the 
coarse aggregate and the other half were made of con- 
crete in which a well-rounded gravel was used. The 
coarse aggregate was proportioned from three separate 
sizes in both cases and the maximum size was 1) 
inches. 
clean, high grade, concrete sand. 

A water-cement ratio of 0.84 was used for the con- 
crete containing the crushed-stone aggregate and 0.80 
for that containing the gravel aggregate. 
mens were 6 by 6 by 30 inches and were left in the 
molds under wet burlap for 24 hours, after which they 
were placed in a damp room for 27 days. 
effects were eliminated so far as possible by fabricating 
two specimens by each of the six methods each day. 
Thus the specimens made by the different methods are 
affected by exactly the same weather conditions. 

Tests in flexure were made at 28 days in a universal 
testing machine operated by a hand wheel using the 
set-up shown in Figure 2. It will be noted that the 
middle third of the span was subject to a constant 
bending moment. One break was obtained for each 
specimen, the top surface as molded being in tension 
during the test. 

Figure 2.—MeEtHop or TrEestinag BEAMS 

STRENGTH DATA FROM SPECIMENS MADE BY VARIOUS METHODS 

Tables 1 and 2 give all of the data, Table 1 contain- 
ing the data for the beams of gravel concrete and 
Table 2 containing corresponding data for those of 
crushed-stone concrete. The weight of each speci- 
men and its modulus of rupture are given. The 
average modulus of rupture was computed for all of 
the specimens made by each method and the percent- 
age of variation of each mcdulus of rupture value from 
this average was computed and entered in the table. 
These variations are averaged at the foot of the column. 

These data are summarized for the six methods of 
fabrication as follows: 
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Rounded aggregate 

Method 

- 

1 ype: | 4.07) eeu aare 

Average modulus of rupture, pounds 
‘Der SQUAare ICH 25. ease eea eee eres 535 537 528 544 =| 548 562 

Average variation from the average, per | | 
Cents sah i aek Soe eee eee 1 8, 10 7 Mey Moe eel | af 

Average weight of specimen, pounds_.-_-| 92.7} 92.8 | 92.8) 92.5 | 92.4 | 92.6 
{ | 

: Angular aggregate 
The fine aggregate was in all cases a very 

Method 

. 1 2 3 4 5 6 
The speci- 

Average modulus of rupture, pounds 
per square png mane ee eee 558 580 560 556 579 611 

Average variation from the average, per 
Weatherigenaninies eee teens wae bea 8 8 pu Were 7 

Average weight of specimen, pounds.-.-| 94.6 | 94.5 | 94.4 | 944) 94.3] 94.2 

Before passing to a discussion of the data presented — 
there were certain observations made regarding the use 
of the various methods which are of considerable im- 
portance in making comparisons. 
1 and 2, the additional rodding specified for the latter 
method added but little to the total labor required to 
make the specimen. The operator had the impression 
that better compaction was obtained with the additional 
rodding. . 

The spading required in methods 3 and 4 seemed to 
stiffen up the concrete and gave it a well-mixed ap- 
pearance. It was more difficult to force the spade 
down along the mold in the case of these two methods 
than with any of the others and there appeared to be 
more resistance to screeding the surface, particularly 
with method 4. 

Method 5 showed a tendency to stiffen the concrete 
although this was not nearly so marked as in the case 
of methods 3 and 4. The small tamper used in this 
method did not operate to produce a plane through 
the specimen where the two layers of concrete came 
together. 

With method 6 there was a decided tendency to form 
a plane between the two layers of concrete. The large 
tamper did not distribute the concrete well but a marked 
tamping action was apparent. Itseemed that there was 
more effect from variations in the force of the blow struck 
in this than in any of the other methods employed. 
The large‘ tamper was difficult to manipulate skillfully. 

DATA INDICATE LITTLE DIFFERENCE BETWEEN RODDING AND 
SPADING METHODS 

From the standpoint of the strength of the speci- 
mens obtained with the various methods the data indi- 
cate that there is little difference between the first five 
methods. The large tamper used in method 6, how- 
ever, seems to give somewhat greater strength and this 
is particularly noticeable in the case of concrete con- 
taining the angular aggregate. 

An examination of the data for uniformity based on 
the variations of the individual specimens from the 

(Continued on p. 115) 
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EFFECT OF MOISTURE CONTENT ON THE STRENGTH 
OF CEMENT MORTAR SPECIMENS 

By D. O. WOOLF, Assistant Materials Engineer, and BAXTER SMITH, Assistant Scientific Aide 

T HAS been known for some time that air-dry cement- 
mortar specimens give higher strength values in 
compression than do specimens which are thoroughly 

saturated with water. There are a number of tests 
to demonstrate this, but it is doubtful if, in many 
cases, the specimens have had identical curing. In 
the majority of instances, the specimens which were 
tested dry appear to have been cured in water for a 
short period and then air-cured until test. This method 
gives results which are affected not only by the condition 
of the specimen at test but also by the method of curing. 

In an investigation to determine the effect of the 
condition of the specimen at the time of test on the 
strength and which was not influenced by the curing 
method, a number of sets of tension briquets, 2-inch 
cubes, and 2 by 3 by 12 inch beams were made of 
1:2 sand-mortar. These specimens were cured in 
water for six months. The specimens to be tested wet 
were kept in water until placed in the testing machine; 
the other specimens were dried in warm air for two 
days prior to test. In the case of the beams, it was 
desired to make one wet and one dry test on the same 
specimen; consequently, after test in a wet condition, 
the larger portion of the broken beam was dried in 
warm air for two days and then tested. The 2-day 
difference in age between the wet and dry specimens 
may be ignored in consideration of the age of the speci- 
mens at test. 

The beams were tested in a cantilever beam testing 
machine, which is described in the May, 1928, issue of 
Pusuic Roaps. Tension and compression tests were 
made in standard machines of 1,000 and 40,000 pounds 
capacity, respectively. The test results are given in 
the accompanying tables. 

It will be noted that the wet specimens gave higher 
strengths in tension and flexure and the dry specimens 

gave higher strengths in compression. According to 

one theory, which has been presented’ the cement 

paste which incorporates the aggregate particles shrinks 

upon drying and develops a tensile stress between the 
individual particles comprising the cement paste. 

When the specimen is resaturated with water, the 

material expands and it would then appear that the 

initial tensile stress in the cement paste is reduced to 

zero. The reason for the difference in strength between 

the wet and dry specimens may then be explained by 

the presence of this internal stress in the dried cement 

paste. When a dried concrete specimen is tested in 

1 Article entitled ‘‘Facts from the Laboratory,” Concrete Highway and Public 

Improvements Magazine, October, 1928. 

compression, this initial tension must be overcome 
before the specimen is actually put in compression, 
thereby increasing the observed load, whereas when a 
dried specimen is tested in tension, the initial tension 
will operate to reduce the total observed load. 

Less variation from the average is found in the wet 
specimens than in those which were tested in a dry 
condition, the mean variations being 3.6 per cent for 
the wet specimens and 5 per cent for the dry ones. 

Effect of moisture on strength of 1:2 mortar at age of 6 months 

STRENGTH IN TENSION—POUNDS PER SQUARE INCH 

Wet Dry | 
2 Change 

Set No. | ===> SSS 2 in 

ee ES Rh Qa ee: 2 | 3 | Ay. (Strength? 

| | | | Per cent 
ae ee eee 565} 6510} 510| 530 395 330 380 370 30 
OP SES jon aS et BS 550 500 510 520 385 405 310 365 30 
5 RE AD nt 4 ee 550 | 550 510 635 | 460] 355 320 380 | 29 

j | 
ga ee By | 665 565 | 535 555 335 | . 395 | 395 375 | 32 
TEN a ics yea ahd | 616 520 585 | 540 430 | 400 330 385 | 29 
62.552 See 495 | 495 535 | 510 450 | 480 330 410 | 19 

| | | | | 
Average._._.-- aera, | Sey eet | SsObiseae sce seeweeateeca se 380 | 28 

| | ket pte | 

.~ STRENGTH IN COMPRESSION—POUNDS PER SQUARE INCH 

|e RE ONE 6, 650 |.-.-.-- 6, 650 | 6,650 | 6,640 | 8,385 | 7,220 7,415 12 
Do ene ee 6,690 | 6,745 | 6,280 | 6,570 | 7,045 |..-.--- | 7, 200 | 7, 120 | 8 
eh EE 4650 (oe eat 5,425 | 5,025 | 7,590 | 5,940 | 6,215 6,580 31 

Yee oa 6,350 | 6,545 | 6,240 | 6,380 | 6,690 |._-.._- | 6,730 | 6,710 5 
tie re oe C1 25uleenees | 6,600 | 6,360 | 8,510 8,370 | 6,930 | 7, 930 | 25 
ea ee area ae 6,355 | 6,480 | 6,105 | 6,315 | 7,305 ---..-- | 6,955 | 7, 130 | 13 

Avoragéve-.<-|sces=- em eee Wace || 6.215 {e222 BIR Jenson 7, 145 | 15 
| | | } 

1 Based on strength of wet specimens. 

MODULUS OF RUPTURE—POUNDS PER SQUARE INCH 

Wet Dry 

= | Change 
Set No. iM | in- 

| Modulus | | Modulus | 
Load | ofrup- Load | ofrup- | strength 

| ture ture | 

| Lbs. per | | Lbs. per 
| Pound | sq.in. | Pound | sq.in. | Per cent 

| ee ee ee 105. 5 650 69. 0 430 | 34 

pets en cee ei Se 106. 0 | 650 | 63. 0 390 40 
Heer, eee eee Bee ee | 114.0 | 700 | 77.5 480 31 

4°). Se = Soe ees 116. 5 | 715 73. 6 455 | 36 

tree ee On ee a en Re || 109.3 | 670 79. 0 | 490 | 27 

60 oe ee eee eae| 109. 0 670 68. 0 425 | 37 

A VOra@ede = eee es tec eee soe 67D spe ees 445 | 34 

1 Based on strength of wet specimens. 
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SIMPLE LABORATORY EXPERIMENTS ON CAPILLARY 
MOVEMENT AND ENTRAPPED AIR IN CLAYS 

By DMITRY P. KRYNINE, Professor of Highway Engineering, Moscow Superior Technical School and Mose Institute of 
Transportation Engineering 

HE HIGHWAY engineer is generally perfectly 
familiar with the meaning of the term ‘“‘capillary 
movement’’ of water in soils. During and after 

rains, when the surface soil is more moist than the lower 
layer, the capillary movement added to the action 
of :gravity causes the water to penetrate into the 
ground; when the surface soil has been dried by sun 
and wind, the capillary flow is upward. It may be said 
that in dry clay, capillary movement may take place 
upward, cownward, or laterally. The usual terms 
‘capillary rise’? or ‘‘capillary upward movement” 
convey an inexact idea and should be used only to ex- 
press a restricted meaning. 

DIRECTION OF CAPILLARY MOVEMENT DEMONSTRATED 

The direction of capillary movement may be demon- 
strated by a simple experiment using the apparatus 
shown in Figure 1. The box (1) is filled with dry clay 
powder. The white line (3) corresponds to the top of a 
glass tube in the interior of the box; the water is con- 

Figure 1.—APPARATUS FOR DEMONSTRATING CaAPIL- 
LARY MovEMENT oF WATER IN CLAY 
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ducted to this tube from a glass funnel; (2) is simply a 
rubber tube. The permanent level of water at the 
elevation of the white line (3) is maintained by dropping 
water from the dropper (4). After a certain time the 
front side of the box is taken away, and in the middle 
of the dry soil a round body is to be found. It may be 
easily cleaned of dry clay particles; its view is repre- 
sented in Figures 2 and 3. It is not a perfect sphere, 
but an ellipsoid, called by the writer ‘‘ellipsoid of set- 
ting.” The vertical axis of this ellipsoid is generally 
shorter than the horizontal one, and the difference 
depends upon the mechanical composition of the clay 
as well as upon it density. 

The phenomenon may be also demonstrated with a 
metallic rectangular box with a single hole about one- 
fourth inch in diameter in the center of the bottom. 
Fill the box with dry clay powder and put it into water, 
the level of which must be maintained just even with the 
bottom. After a certain time (for instance, half an hour) 
a semiellipsoid of wet clay may be found in the box. 

ee 

Figure 2.—Euuiesoip or Moist Cuay ForMED 
BY CAPILLARY MOVEMENT OF WATER 
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Naturally, the dry clay must be accurately deposited 
in thin layers and preferably through a rubber tube.! 

Capillary movement is due to molecular attraction of 
water by clay particles. A part of the attracted water 
sticks to the surfaces of the particles, and another 
part moves forward to a certain point when the 
movement stops apparently. Thus in clay ground 
there are clay particles and capillary water. In 
addition, air is also present -. 
in the clay, especially in its 
upper cushions. The writer 
thinks the air present in soil 
may act in three different 
ways: (a) So that in one 
way or another it commu- 
nicates to the surrounding 
atmosphere and assumes di- 
rectly the temperature and 
the pressure of the nearest 
particles of the atmosphere; oe 
(b) so that it does not com- | 
municate to the atmosphere 
by means of air channels, 
but stands under a pressure, 
which is determined by the 
state of stress which exists in the water; this is anal- 
ogous to a bubble in a spirit level, and may be termed 
“entrapped” or ‘‘pinched”’ air, often microscopic in 
size, and (c) as absorbed air which sticks like glue to 
the particles of soil. 

During the capillary movement the water replaces 
the air in the soil pores and drives it forward. Let us 
see this phenomenon in a simple experiment using the 
apparatus shown in Figure 4. 

The glass tube (1) has the bottom end covered with 
cheesecloth and is accurately filled with dry clay. 

Pour some water on the top 
of the soil column and the 
penetration of water into 
soil begins immediately. 
Some minutes after, put the 
bottom end into water. 
One or two minutes after a 
crack will be noted just on 
the limit between the wet 
soil and the dry soil. The 
crack augments and raises 
the soil cork (3); indicating 
that the air driven from the 
bottom of the tube by the 
capillary water is accumu- 
lated in the spot (4). The 
cork (3) is impermeable to 
the water penetrating into 
the soil from top to bottom 
and to the air moving from 
bottom to top. 

Naturally, the air accumu- 
lated in the spot (4) is not 
entrapped air in its strict 
meaning, but in any case 

it is an accumulation of entrapped air. 
Take the tube out of the basin and the air at point 4 

will find its way through the bottom of the tube and 
the cork (3) begins to lower. As soon as its lower 

FigurRE 3.—ELLIPSOID OF 
Moist Ciuay 

LM IR RNs Eh oT 

Figure 4—APpPraRATUS 
UsED IN DEMONSTRAT- 
ING ACTION OF CAPIL- 
LARY WATER IN DRIVING 
AIR FROM PORES OF SOIL 

_1 For a description of method of depositing see ‘Elementary Proof of Shale- 
likeness of Clay Particles,” by D. P. Krynine, Public Roads, vol. 8, no. 11, 
January, 1928 

surface touches the dry soil, the penetration of the 
water into soil will continue. 

These simple facts were observed in the highway 
laboratory of the Moscow Superior Technical School 
by Prof. D. P. Krynine, N. V. Laletine, and A. A. 
Ehrlich, the former graduate and the latter under- 
graduate in civil engineering, coworkers. 

(Continued from p. 112) 

averages for the various series shows that about thesame 
average variation and about the same dispersion obtains 
for all of the six methods. The only exception is in the 
data for method 2 in Table 1 (rounded aggregate.) 
Here, for no obvious reason, there are an unusual nuin- 
ber of variations of the order of 15 per cent. In gener- 
al, it may be said that the uniformity of the strength 
data does not seem to be affected to any important de- 
gree by the methods of fabrication used in these tests. 

It was hoped that the weights of the specimens 
would reflect the degree of compaction obtained by the 
various methods since all of the specimens were made 
in accurately machined steel molds which have the same 
volumes within close limits. The weights are a 
measure of the average density of the specimens but 
some of the methods used did not give specimens of 
uniform density. This was particularly noticeable in 
the case of the large tamper (method 6) where the 
angular aggregate was used. ‘The specimens were not 
thoroughly compacted in the corners and this seems 
to be the explanation for the fact that this group showed 
the lowest average weight. These same specimens 
showed the highest average strength of any in which 
this concrete was used and this was probably due to the 
compaction obtained in the critical section by the use 
of the large tamper. 

From observations made during these tests the 
rodding and spading methods are more apt to give 
specimens which appear to have uniform density than 
are the tamping methods. Considered from the 
standpoint of practical operation there are arguments 
for both the spading and the rodding methods. It is 
necessary to spade the specimen along the sides and 
ends and if the same tool would suffice for compacting 
the specimen then only one tool need be taken on the 
job. On the other hand the rodding of specimens is 
well established and the rods used are easy to procure. 
There are also advantages in the use of the same tools 
for the fabricating of both compression and flexure 
specimens. As far as ease of manipulation is con- 
cerned, it is not believed that there is any choice be- 
tween the rod and the spade. 
Tamping methods are not believed to be as satis- 

factory as rodding or spading because, in addition to 
the possibility of less uniform specimens, the force 
applied by the operator will have more effect than will 
be the case with a sharp-edged or pointed tool. 

CONCLUSIONS 

The following conclusions seem justified by the data 
obtained in this investigation: 

That both the rodding and spading methods used 
are equally satisfactory so far as strength, uniformity 
and ease of fabrication are concerned. 

That the additional manipulation of methods 2 and 
4 over that of methods 1 and 3 results in ttle or no 
improvement in the specimens obtained. 

That the tamping methods are not as satisfactory 
as are the rodding or spading methods. 
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RELATION OF COARSE AGGREGATE CONTENT TO THE QUALITY OF PAVEMENT CON- 
CRETE TO BEeS Papin 

An investigation to determine the effect of variations 
in the amount of coarse aggregate on the quality of 
Portland cement concrete in pavements constructed 
with standard equipment has been initiated by the 
Bureau of Public Roads and a series of nearly 250 slabs 
is now under construction at the Arlington Experiment 
Station near Washington. Experience in pavement 
construction in North Carolina has indicated that, with 
a close control of grading of the coarse aggregate, it may 
be possible to use a considerably larger quantity of 
coarse aggregate than has heretofore been customary 
and thereby effect appreciable economies in construc- 
tion costs. It is desirable to investigate the matter 
by using standard construction equipment for making 
and finishing full-size test slabs laid under closely con- 
trolled conditions. 
A single commercial concrete sand of good quality is 

being used as the fine aggregate in all of the slabs. The 
following variables have been included in the tests. 

(a) Coarse aggregate of three types: 
1. Crushed stone. 
2. Rounded, uncrushed gravel. 
3. Blast furnace slag. “To be used with coarse 

aggregate grading No. 1 only. 
(b) Coarse aggregate of two gradings: 

1. Material graded from one-fourth inch to 2% 
inches ‘and containing a proper amount 
of one-fourth to three-fourths inch ma- 
terial. 

In the second grading the crushed stone 
will be deficient in one-fourth to three- 
fourths inch material, but the gravel 
will carry an excess of this size and will! be 
limited to a maximum size of 14% inches. 

The coarse aggregates will be measured in Age com- 
mercial sizes, as follows: 24% inches to 1% inches, 1% 
inches to three-fourths ACY, and three-fourths to one- 
fourth inch. 

(c) Six proportions (dry, rodded volumes) as 
follows: 

Lakk? 223%: 
Aas 2a es 
pee cel oe 
Ae they ee 
pl MA papa 
oe A 

The addition of coarse aggregate will proceed only to 
the limit of workability for each aggregate. It is not 
expected that it will be feasible to use as much crushed 
stone or slag as gravel. 

(dq) Three consistencies are being used ranging from 
the driest which can be placed and finished to a rela- 
tively wet mix which can be handled easily. 

(e) Two finishing machines are being used. 
The pavement slabs are 9 feet square and 7 inches 

thick and are placed with the use of steel side forms. 

PLACING CONCRETE SLABS AND CASTING SPECIMENS 

Mixing, placing and finishing of the concrete is in 
accordance with modern paving practice using standard 
equipment. 

The slabs are divided longitudinally by dummy joints 
or planes of weakness and the various sections are 
separated by transverse headers. The mixing time is 
one minute. The slabs are covered with wet burlap 
for 24 hours, followed by wet earth for 10 days. De- 
tailed observations are being made as to consistency, 
workability and yield. 

After curing the slabs are to be drilled for cores and 
subdivided into beams suitable for flexure tests. The 
strength tests will be made at an age which will be 
determined later. 

Supplementary tests are also to be made on beams 
and cylinders cast at the time the pavement slab is 
placed. These tests should yield data as to the rela- 
tionship between the strength of molded specimens and 
that of specimens cut from pavement slabs. 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 

Applicants are urgently requested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Department’s free supply is 
exhausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 
Report of the Chief of the Bureau of Public Roads, 1927. 
Report of the Chief of the Bureau of Public Roads, 1928. 

DEPARTMENT BULLETINS 

No. *136D. Highway Bonds. 20c. 
220D. Road Models. 
257D. Progress Report of Experiments in Dust Prevention 

and Road Preservation, 1914. 
*314D. Methods for the Examination of Bituminous Road 

Materials. 10c. 
*347D. Methods for the Determination of the Physical 

Properties of Road-Building Rock. 10c. 
*370D. The Results of Physical Tests of Road-Building 

Rocky 9 15e: 
386D. Public Road Mileage and Revenues in the Middle 

Atlantic States, 1914. 
387D. Public Road Mileage and Revenues in the Southern 

States, 1914. 
3888D. Public Road Mileage and Revenues in the New 

England States, 1914. 
390D. Public Road Mileage and Revenues in the United 

States, 1914. A Summary. 
407D. Progress Reports of Experiments in Dust Prevention 

and Road Preservation, 1915. 
463D. Earth, Sand-Clay, and Gravel Roads. 

*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10e. 

*537D. The Results of Physical Tests of Road-Building Rock 
in 1916, Including all Compression Tests. 5c. 

*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 

*660D. Highway Cost Keeping. 10c. 
*670D. The Results of Physical Tests of Road-Building 

Rock in 1916 and 1917. 
*691D. Typical Specifications for Bituminous Road Mate- 

rials. 10c. 
*724D. Drainage Methods and Foundations for County 

Roads. 20c. 
1216D. Tentative Standard Methods of Sampling and Test- 

ing Highway Materials, adopted by the American 
Association of State Highway Officials and ap- 
proved by the Secretary of Agriculture for use in 
connection with Federal-aid road construction. 

1259D. Standard Specifications for Steel Highway Bridges, 
adopted by the American Association of State 
Highway Officials and approved by the Secretary 
of Agriculture for use in connection with Federal- 
aid road work. 

* Department supply exhausted. 

DEPARTMENT BULLETINS—Continued 

No. 1279D. Rural Highway Mileage, Income, and Expenditures, 
1921 and 1922. 

1486D. Highway Bridge Location. 

DEPARTMENT CIRCULARS 

No. 94C. T. N. T. as a Blasting Explosive. 
331C. Standard Specifications for Corrugated Metal Pipe 

Culverts. 

TECHNICAL BULLETIN 

No.55. Highway Bridge Surveys. 

MISCELLANEOUS CIRCULARS 

No. 62M. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal-Aid 
Highway Projects. 

93M. Direct Production Costs of Broken Stone. 
*109M. Federal Legislation and Regulations Relating to the 

Improvement of Federal-Aid Roads and National- 
Forest Roads and Trails. 10c. 

SEPARATE REPRINTS FROM THE YEARBOOK 

No. 1914Y. Highways and Highway Transportation. 
937Y. Miscellaneous Agricultural Statistics. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Connecticut. 

Report of a Survey of Transportation on the State Highway 
System of Ohio. 

Report of a Survey of Transportation on the State Highways of 
Vermont. 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. 

Report of a Plan of Highway Improvement in the Regional Area 
of Cleveland, Ohio. 

Report of a Survey of Transportation on the State Highways of 
Pennsylvania. 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 

Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon the 
Penetration Test for Asphalts and 
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