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Foreword

URING the last decade, confidence in con-

crete bridges has been growing steadily,
but the great floods of 1913 ecrystallized
public opinion in an instant and thousands
of temporary structures demolished will be
rebuilt largely of concrete.

For the purpose of assisting in the design
and construction of concrete bridges, this
booklet has been published. In it will be
found general suggestions and designs as well
as tentative specifications. Attention is par-
ticularly directed to the designs of several
state highway departments which not only
bear the stamp of authority, but indicate the
general adoption of concrete for the con-
struction of highway bridges and culverts.

While somewhat exhaustive data on the
methods of building and the correct design
of small concrete bridges and culverts have
been published in this book, for the purpose
of enlightening County and Municipal offi-
cials—yet the necessity for a competent engi-
neer on larger structures, and also on the
smaller ones when unusual conditions pre-
vail, has been emphasized.

Public officials and engineers will, perhaps,
find much of value to them in this book.

Copyright 1913
Universal Portland Cement Co.
Chicago—Pittsburgh—Minneapolis
emiex
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Historical

Small Concrete Bridges and Culverts

Introduction

The construction of highway bridges in this country began to assume
practical proportions about 1800. The first bridges were built of wood,
at that time found in great abundance, and consisted of heavy
timbers and planks roughly pinned together. They we
built with little, if any attempt at economical design. An effort was
made to protect the members by wooden sides and roof, but few were
ever painted to preserve the timbers. Some of these wooden bridges
are in existence to-d. The economical design of highway bridges was
first investigated by Squire Whipple, of Utica, New York, who originated
the Whipple truss and who published a book on the design of highway
bridges about 1843.

Prior to 1850 few iron bridges were erected. The first metal bridges
were of cast or wrought iron, and it was not until about 1870 that these
materials were replaced by steel. Probably the first reinforced concrete
bridge in this country was erected at San Francisco, about 1 From
this beginning, the use of concrete in bridge construction has grown,
until to-day, progressive communities in every section of the country
are adopting this type of construction.

Figure 1
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Culverts and bridges stand in intimate relation to the improvement

of the public highways, but the economy of building these structures of

durable and permanent materials and according to intelligent,

Purpose of o.onomic design, has not generally been recognized. While

The Book  any communities still continue the old-fashioned, inadequate

and expensive methods of construction and repair of their bridges and

culverts, yet modern traffic conditions demand that the construction of

bridges and culverts shall keep pace with the industrial development of
the country.

The administration of road improvements in the United States is
placed in the hands of local officials. The bridge improvements of many
of these communities are mainly the construction and repair of culverts
and small span bridges which do not justify the expense of securing the
advice of an engineer. This book is intended to assist the local officials

in securing a proper,
intelligent and eco-
nomic design for small
bridges and culverts
of less than 20-foot
span.

Structures larger
than 20 feet in span
should never be un-
dertaken without con-
sulting an engineer.
Many intai
an engineer who will
give free engineering
advice tolocal officials

e requesting his services
: [ K and the State High-
i3 should always be con-
sulted by communities contemplating extensive bridge improvements.
The substantial construction of bridges is an important feature in the
welfare of any community. Traffic conditions are demoralized by un-
Economic safe bridges and culverts. When considering the constraction
Considera- of a highway bridge, traffic conditions should be considered
tions carefully and the bridge constructed not only to meet the
present traffic requirements, but also that of the future, The bridge of
to-day must be strong enough to allow the p: age of heavy traction
engines, road rollers and motor trucks. The bridge should advertise the
progressive ideas and business activity of the community and therefore
should be built of a structural material which is permanent and will not
require costly items of repair every few years.
Concrete is peculiarly fitted for this construction. Concrete bridges
are permanent and if properly constructed, cannot wash out: u%le'e
neither painting nor repairing; are made of materials which can
be purchased in the vicinity, and so permit the greater part of
the cost of structure to be spent at home. For simplicity of

Advantages
of Concrete
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construction and durability, the concrete bridge leads all other types.

General Construction Data

A. R. Hirst, Acting State Engineer of Wisconsin, has prepared the
following table, giving estimated cost of maintaining eight of the most
common kinds of culverts over a period of one hundred years.

Table No. 1. Showing Cost of Maintaining Eight of the Most
Common Kinds of Culverts Over a Period of 100 Years

I
i | snave cost S
]

Wooden:Box | Rectangle | 15”square | $16.80 | $252.00
Concrete Box. Rectangle 15" square 40.00 | 40.00
Cast Iron Semi-circle | 16" diam. 57 90 97.80
Cast Iron Sector 18” diam. 65.25 | 112.50
Cast Iron.... Circle 18” diam. | 92.40 | 166.80
Vitrified Tile .. Circle 18” diam. | 42.00 42.00
Corrugated Steel Circle 18" diam. 50.40 196.00
Circular Concrete Circle 18" diam. 35.00 |  35.00

After examining the foundation at a proposed bridge site, it is often

found necessary to change the location of the bridge in order to secure

a more suitable and economical foundation. In the layout of

pooney a new bridge site, attention should be given to the probable

ation  1.ter improvement of the road, and this consideration should

influence the position of the new structure. In all cases, the general

alignment of the road should be planned so as to be practically straight.

Short, sharp curves at the approaches of a bridge are to be avoided.

Tt is not unusual to see a bridge built to fit the stream only, utterly
disregarding the sharp turns necessary to approach it.

The question of foundation is an important one, as upon it depends

the stability of the whole structure. The word “foundation™ is used to

indicate the natural bed or soil upon which is placed the foot-

Founda-  ings for the abutments of a bridge or the walls of a culvert.

fione The amount of attention to be given the foundation will vary

with the size and importance of the structure, upon the loads which it

is to carry, and upon its type. No t of bridge construction requires

more care and skill than the determination of the proper depth to the

foundation and the construction of the footings.

The different foundations, ranging as they do from hard rock to the
light loam soil of the prairie states, will vary greatly in their bearing
ower. Good judgment and experience aided by a ¢ reful study of the
soil, should enable the practical man to determine with a reasonable
degree of accuracy its supporting power.. The safe supporting power of
the various soils is given in the following table from Treatise on
Masonry Construction,” Prof. Ira O. Baker, of the University of Illinois.”
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Table No. 2
Supporting Power

| i Tons per Sq.
Rock—in thick layers, in natural bed 200
Clay—in thick beds, always dry 4
Clay—in thick beds, moderately dry 2
Clay—soft 1
Gravel and coarse sand, well cemented s
Sand—compact and well cemented 4
Sand—clean and dry 2
Quicksand 0.5

For a rock foundation, it is, as a rule, only necessary to cut away

the loose and decayed portions of the rock and prepare a surfac
as possible at right angles to the direction of the pressure. F
tions other than natural rock, it is necessary to see that the footings
are below the frost line and that the foundation has sufficient bearing
power to sustain the loads which will act upon it. Moreover, in soi
of this character, car 1st be taken to see that the abutments are pro-
tected against undermining by currents of water.

n

When the structures are to be located in soft or swampy ground,
where it is impossible to secure a firm, natural foundation, special forms
of foundations are necessary such as wooden piles or reinforced concrete
floors which distribute the weight over a greater area. In instances of

Figure 3. Concrete Bridge, near Oregon, Iilinoi




UNIVERSAL PORTLAND CEMENT CO. 9

this kind, each case must be taken as a separate engineering problem
of its own, and knowledge of the best method to be employed can only
come with experience.

The determination of the size of waterway required is a problem

that does not admit of an exact calculation; however, it is a matter

which demands intelligent consideration. If the waterway of

Determina- g culvert or bridge is too small, it is liable to cause a washout,

"-’: of Size entailing interruptions to traffic and costly repairs.  On the

Waterway Other hand, if it is too large, the cost of construction is unneces-
sarily increased.

Although there are several theoretical formulas for determining the
area of waterway for small bridges and culverts, none of them gives
close and accurate re-
sults, and they are
used more as an “aid
to the judgment, than
for actual results.”
The span and height
of a bridge or culvert
can best be deter-
mined by careful ob-
servation of the
stream and the
amount of water
which it carries at
flood times. A cross
section of the stream
at some narrow place
should be measured
at a time of high
water. This will en-
able one to determine
the proper area of
waterway with a rea-
sonable degree of ac-
curacy.

Concrete bridges f g
may be classified as slab or girder bridges and arch bridges. Slab and

“ " girder bridges are those in which the pressure from the bridge

Types of floor acts vertically upon the abutments. They consist either

Bridges ' gt slabs or of combined beams and slabs of concrete rein-
forced with steel. Arch bridges are curved, and the pressure upon
the supports is not vertical but inclined. Flat slab construction is
suitable in level countries and for locations where the foundation is
of soft material. Arches are especially economical in localities
where the roads can be built at a considerable height above the
streams and where there is rock, gravel or similar hard soils which
offer solid foundation. :

A flat slab bridge consists essentially of a concrete floor of uniform
thickness reinforced with steel and resting on the abutments. The re-
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inforcement in the slab consists of steel rods running lengthwise of the
roadway, which takeup all tension stresses due to loads on the bridge, while
rods are run at right angles to the roadway to reinforce the slabs against
temperature stresses. The distance from the bottom of the slab to the
top of the footing should vary to meet the requirements of the water-
way.

The arch bridge consists of a curved slab the thickness of which
increases from the crown to the springing line. The arch may either
be elliptical or semi-circular in shape, of plain concrete or reinforced
with steel rods. Each span of both types is a special design in itself,
and it is necessary to have exactly the correct amount of concrete and
d steel rods for each in-
dividual design.

The term, culvert,
is generally applied to
structures built to
provide waterway
through high embank-
ments or to carry sur-
face water from one

side of the
Culverts roadway to

the other.
The term, bridge, is
given to those struc-
tures spanning natur-
al waterways. Au-
thorities disagree as
to the dividing line
between thetwo. One
authority applies the
name, culvert, to any
structure less than 30
feet in span, while
another limits the
name to any structure

Figure 5. Concrete Culvert on a road leading to Indianapolis under 6 feet in span.
along the right of way of the Pennsylvania lines. e

For convenience,
a culvert will be considered as 8 feet and less in span, while all struc-
tures over 8 feet in span will be classed as bridges.

The bridge and culvert designs shown in Figs. 17 and 25 are for loads
as follows: Dead loads, concrete 150 Ibs. per cubic foot, th fill, 100
Ibs. per cubic foot, a uniform live load of 125 Ibs. per square foot, and a
concentrated load of 24 tons on two axles 10 feet apart, 8 tons on the
front and 16 tons on the rear axle. This load was considered as acting
over a width of 12 feet. The moment for both the uniform live load
and the concentrated load was calculated and the greater added to the
dead load moment to determine the dimensions of the slab.

The compression allowed in concrete has been taken at 600 Ibs. per
square inch for concrete 60 days old, with a corresponding stress in steel
in tension of 16,000 lbs. per square inch.
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In designing the arch bridge and culvert shown in Figures 19 and 29,
the empirical rules indicated by the best American practice were used
to obtain thickness of crown and springing line. The line of resis
of the arch was then determined and located graphically on the profile
of the arch. This line of resistance was determined for different live
loadings and found to lie within the middle third.

The materials mixed with the cement to form concrete, are commonly
referred to as “aggregates.” Careful selection of all aggregates is neces-
sary to obtain good concrete. They must be clean, coarse,
hard and well graded. Clean, because if the separate par-
ticles are covered with a coating or film of any kind, the cement
cannot form a bond with them. Coarse, because a coarse aggregate
presents a smaller surface for the same volume than a fine one, thus
making a stronger concrete with the same proportion of cement.

ance

Selection of
Aggregate

Concrete is no stronger than the aggregate composing it, conse-
quently the aggregate must be hard and remain hard under all weather
conditions. Some sands and gravel contain shale-like particles which,
after exposure to the weather for a short time, go to pieces. Occasion-
ally, stone which is not hard or is of a chalky nature, is crushed for use
in concrete and naturally will not give good results.

The aggregate must be well graded. An ideal aggregate isone
which contains just enough of different sized particles to produce a mass
with a minimum amount of voids or air spaces and possesses, at the
same time, a maximum amount of coarse material.

Those particles of the aggregate which will pass a one-quarter inch
sieve are generally considered as sand. Sand must be free from an ex-
cessive amount of fine material. A mixture of cement and fine sand
cannot possibly give as great strength as a mixture of the same propor-
tion of cement and coarse sand; therefore, the use of fine sand should
be avoided. If it is the only sand at hand, a coarse material should be
obtained to mix with it, or a correspondingly larger proportion of cement
used.

The coarse aggregate, either screened gravel or crushed stone, should
all be coarser than one-quarter inch. In reinforced concrete work,
where the shape and position of the reinforcing steel must be considered,
the size of the aggregate should be such that the concrete can readily
be placed about the steel. In ordinary work, 14-inch gravel or stone
will be as large as can be used.

The materials should be proportioned accurately. One sack of
cement (94 pounds net), is considered one cubic foot, and each batch

of concrete should be some multiple of one sack. The prac-

Proportion- tice of shoveling sand and gravel directly upon the mixing

g platform or into the mixer without measuring, should never

be permitted. It 1s best to measure materials in_an accurate manner.

This can be accomplished by measuring them in wheelbarrows, the

capacity of which has been previously determined, providing care is
taken to see that the wheel barrows are properly loaded each time.

In many communities it is common practice to use gravel as it comes
from the gravel bank, even though the amount of fine material or sand
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contained is very much larger than it should be. This material, as it
comes from the ural bed or deposit, is seldom suitable for concrete
without screening. The sand is in too large proportion, and in order
to obtain the best results, the gravel should be screened and the sand
and coarse aggregate remixed in the proper proportions. The relative
proportions of sand and coarse aggregate in a mixture are as important
as the proportions of cement, and should not be guessed at, but defi-
nitely determined.

To make this bad practice worse, it frequently happens, when the
amount of fine and coarse material for the concrete is specified and un-
1 gravel is used, the sum of the parts of the coarse and fine mate-

rial is munrr((ll\ taken as the amount of unscreened gi | permissible.

A mixture composed of one part of cement and six parts unscreened

gravel, is by no means the same as one composed of one part cement,
two parts sand and four parts screened gravel or crushed stone. Even
though the unscreened gravel contained the proper proportion of fine
and coarse material, a 1:6 mixture of such a material would be approxi-
mately the same as one composed of one part cement, three parts sand
and six parts coarse aggregate, that is, three cubic feet of sand and six
cubic feet of gravel when mixed together make but little more than

six cubic feet of material.
Proportions  The concrete for the abutments of bridges and for the sides
'vfyfiﬂdu and footings of culverts, should be proportioned 1 sack Port-
e land cement, 214 cubic feet of sand and 5 cubic feet of screened
gravel or crushed stone. For bridge and culvert floors and guard rails
and also for the arch ring above the springing line, these proportions
should be 1:2:4.

Figure 6. Flat Top Concrete Bridge with ornamental iron guard

near Geneva, Tllinois.
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The mixing is just as important as any other part of the process of
making concrete. After the proper materials have been selected and the
proper proportions determined, the mixing must be done in a
manner which will insure the covering of every particle of sand
with cement and every particle of gravel or stone with the cement-sand
mortar.

ng

‘Where necessary to mix by hand, the sand should be spread upon a
level watertight platform to a uniform depth. The cement should be
spread evenly over the sand and the two mixed until the mass is uniform
in color. On this mixture should be spread the required amount of
gravel or stone which has been previously drenched, and the entire mass
mixed until the coarse aggregate is uniformly distributed throughout the
batch. Water should be added and the entire mass thoroughly mixed.

A machine mixer is much more certain and reliable than band mixing,
because the thoroughness of mixing is not dependent upon the fatigue or
carelessness of the workmen, and therefore, each batch will be mixed
uniformly.

The quality of the concrete depends largely upon the amount of
water used. Generally speaking, wet concrete will give better results
than dry. A dry mixture is not capable of developing all the strength
of the cement and will result in a weak and porous concrete. On the
other hand, an excess of water is often added when the same consistency
could be secured by more thorough mixing. It will be noticed that the
mass of concrete becomes more moist as the mixing proceeds, which
shows that the particles are being forced in _closer contact and that the
object of the mixing isbeing accomplished. The materials should be mixed
with sufficient water to form a concrete of such consistency that when
placed in the forms and slightly tamped, it will quake like jelly

Care should always be taken when adding water to the mixture.
When mixing by hand, it is excellent practice to add the water in a spray
such as can be obtained by the use of an ordinary sprinkler. The water
should never be dashed from a bucket on the pile of materials and the
mixing should always be conducted in a manner which will not permit
the loss of cement through the running off of the surplus water.

The concrete should be placed in the forms as quickly as possible after
being mixed, and the speed with which the concrete can be placed should
govern the size of the batch. Under no conditions should concrete which
has partially hardened be used.

The cost of concrete bridge work is, to a considerable extent, in-
fluenced by the expense attending the construction of the forms. The

average carpenter who has not had experience in this class of

Forms i tion. will, unless properly directed, greatly increase
the cost A man not familiar with concrete form construction will in-
variably use too many nails, thus increasing the cost of removing the
forms, also resulting in ruining a large amount of lumber for future use.

A good rule to observe in construction of forms, is to av d the use of
nails whenever possible. Then too, the inexperienced man does not
realize the enormous weight the forms have to carry and therefore, fails
to make the centering sufficiently strong, allowing it to bulge and sag.
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rete has been
itsown weight,

Any slight settlement of the forms occurring after the
deposited and before it has hardened sufficiently to sust
is detrimental to the structure.

Improper bracing causes much loss of time and unsightly work.
Many braces, however, can be done away with by using bolts. This
applies particularly to the forms for abutments and wing walls where the
opposite sides can be tied together by bolts or wires, thus causing the
form on one sideof the wall to help hold the opposite form in place. Proper
methods of form construction and careful handling will save much lumber
and allow the forms to be used several times. Where possible, the forms
should be held and fitted into place by wedges which should be made of
hardwood, well fitted and carefully driven to avoid shock. If the forms
are supported upon a muddy creek bottom, it is necessary to place them
on a firm foundation so that any strains on the new concrete due to
settlement, may be avoided.

The face forms should be made of 2-inch lumber, sound and free from
knot holes or other defects, and must be constructed so that they will be
held rigidly in place. Where knot holes are unavoidable, they should be
plugged with damp clay immediately before filling, or covered with a
small piece of tin or building paper on the inside of the form. The inner
face and both edges of the lumber should be dressed to insure a smooth
finish on the exposed surface of the concrete and prevent ridges due to
lack of uniformity in thickness of lumber. When the edges of the boards
are not dressed, it is impossible to fit them closely together, thus per-
mitting the cement mortar to leak through the cracks. These cracks
will also cause unsightly ribs and ridges on the face of the finished struc-
ture. The forms should be cleaned carefully after each removal and

Figure 7. Flat Slab Bridge, Wayne County, Michigar
This view shows forms in place and method of bracing

-inch slab; 8-foot span; 18-foot roadway.
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ju.st before using again, it.is advisable to treat or dress the face of the form
with soap, paraffine or oil to prevent the mortar from adhering.

The weather has a decided effect upon the rate of hardening of con-
crete, thus a direct influence upon the time which the forms should re-

Time to  main in place. In the cool weather of spring and fall, concrete
Remove hardens slowly, so that the forms may need to remain several
Forms weeks before removal. Even in summer, during cool and

annot be removed for several d

cloudy weather, forms sometimes

Under the most favorable weather and construction conditions, no
forms should be removed within less than 48 hours after depositing the
concrete. For arches and floor slabs the forms must remain much longer
than for the end and wing walls. The supports for floor slabs and arches
must remain in place at least 28 da Removing forms too soon has
been the causeof more accidents than any other one thing; therefore,
this is a point which should be considered carefully. It is the practice
in some places to require, before removing the form, that the concrete in
slabs and arches be sufficiently hard to cause a 20-penny spike driven
into the concrete to double up before it has penetrated one inch.

When the forms have been erected and carefully measured, insuring

that everything is true and to the line, the steel may be placed. In

: placing steel it is necessary to keep strictly to the design and
P,’"S""s, see that pieces of the proper size are placed exactly as shown and
e carefully wired into position. Workmen are apt to be careless
in placing steel and neglect the wiring together of the rods because it is a
little tedious. Too much care cannot be exercised in this work for a rod
in a certain position will perform an important function adding strength

Figure 8. Flat Slab_Bridge, Wayne County, Michigan. 9-inch slab; 12-foot span; 18-foot road-
oy, reinforced with 1-inch twisted bars, on 11-inch centers.  Cost $400.
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and stability to a structure, while if allowed to shift a short distance, may
be absolutely worthless besides leaving the structure weaker than it
weuld otherwise be. The steel must be free from grease, dirt, or rust
scale, when placed, because the presence of any of these on the steel will
prevent the bonding of the steel and concrete. After the steel is placed,
all dust and dirt should be removed and the forms thoroughly wetted
before pouring the concrete.
The concrete should be deposited carefully in place so that tke ag-
gregates and mortar will not come separated. The mass of
; concreteshould be kept practically level, otherwise the water will
Placing of  {rain from the concreteat the high places, carryinga portion of the
Conerete  cement withit. As the concrete s placad; it sHaIHi tamped,
and that portion next to the form should be “spaded” thoroughly by
using a specially designed flat-faced tool to force back the larger par-
ticles of the aggregate and bring the mortar in contact with the form.
A spading tool of this characteer can be made from a hardwood board 1
inch by 4 inches, gradually sharpened to a chisel edge at the end. The
sharpening should be on one side only and in using this paddle, the flat
side should be placed against the form. This thorough spading of the
concrete next to the forms is important as the smooth finish of the ex-
posed surfaces depends upon the care with which the spading is done.
The mixture must be quite plastic, as a dry mixture would have no
tendency to flow. Concrete in the abutments should be deposited in
continuous horizontal layers, thus avoiding any vertical joints. In the
floor slab, the concrete should be placed for the full thickness of the slab
at one time.
Where it is impossible to construct the abutments in continuous hor-
izontal layers, it is best to divide the work in sections and complete each

Figure 9. Concrete Bridge, Town of Gorham, Ontario Count New Yorl
Vork Highvay Commission. Span 19 18 i Reasurms 23 o By cLork;. De

signed by New
ost $188.
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section without interruption. This will make it necessary to provide
for vertical joints at both ends of the section. So that the sections of the
abutment will be keyed into each other, a groove should be formed in
one end of each section. This groove can be made by placing a 4 x 8
timber vertically against the end wall of the form and removing before
depositing the next section. Previous to placing, the 4 x 8 timber should
be dressed slightly wedge shaped, so that it can be removed without
destroying the groove.

For reinforced work it is necessary to use a slushy concrete. It
should not, however, be so wet that the mortar is watery or will run away
from the coarse aggregate leaving pockets in the finished work. The
concrete should be “‘joggled” rather than tamped so that it will flow
under and around the steel and will flow into place without disarranging
the steel. Care must also be taken to see that the steel does not separate
the larger particles of the aggregate from the mass.

‘Wherever concreting is unavoidably interrupted even for a short
time, a weakened bond will occur between the new concrete and that
previously placed unless special precautions are taken. The surface of
the old concrete should be thoroughly wetted and a grout of cement and
water mixed to the consistency of thick cream spread immediately be-
fore additional concrete is placed. Under no circumstances should this
grout be allowed to become dry. The amount of water that will be re-
quired to wet the old conerete will depend upon a number of conditions,
but its tendency to absorb water must be satisfied.

It often happens that at the begi ning of a da work, a white or
yellowish soapy deposit is found on the surface of the previous day’s
crete. This deposit is known as “laitance” and must be remov
the surface in order to secure a proper bond between the two da
Laitance occurs when concrete is mixed with an excess of water or is
agitated excessively, or both, and is composed largely of very fine par-
ticles of cement separated from the concrete by the excess water. These
fine particles in suspension in the water lose their life before they come to
rest and are left on the surface of the concrete an inert mass when the
water disappears.

In ordinary bridge work, the expense attending an artistic surface
finish is hardly justifiable, and the surfaces are usually left as they are
T found upon the removal of the forms. The concrete takes the
B impress of flaws in the face of the forms and shows the grain

marks of the lumber.  Careful workmanship and good forms can do much
toward getting a satisfactory finish, which again emphasizes the import-
ance of using good tight fitting lumber of uniform thickness, dressed on
one side and both edges. Care should also be taken during the removal
of the forms to see that the edges of the work are not broken, nor the
surface injured in any way.

Painting with a cement grout after the removal of the forms is some-
times resorted to, but it is not recommended, for unless it is done with
great care, it will scale off after a short time, l(j;wmg the surface rougher
and more unsightly than it would have been if not touched.
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In public parks and private estates, where a more artistic ﬁmsh is
desired, some further method of surf: treatment is necessary. The
most common and effective methods are by brushing, etching with weak
acids, or bush hammering. A complete description of these methods is
given in “Concrete Surf: ces,” published and distributed by the Univer-

sal Portland Cement Co.

> Z
Figure 10 Concrete Bridgs, Town of Cansnas
New York Highway Commission.” Span 14 1o Rasdimy sate, County. New

York.
Bulivhy contrace ™ Coue Sace.
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" The abutment of an ordinary highway bridge or culvert has two
ces to perform; to support one end of the structure, and to keep the

t from sliding into the water. The form of abutment

will depend upon the locality, but the wing abutment vill

e most economical under ordinary conditions.  In the
I the end wall acts as a support for the bridge and a retaining
‘wall for the earth embankment, while wing walls which act as retaining
walls only, are placed at an angle to the end wall of the abutment.

Figure 11 shows an end section of a wing wall and illustrates the
method of placing and bracing the forms. The distance between wall
forms is maintained by separator rods and twisted wires pass-
ing around the studding as shown in the figure. The wing

for the bridge and culvert designs shown are of a typical

> Forms ddinfgll and the details shown in Figure 11 can be used with

The proportions of the materials for plain concrete abutments as
shown in une.{ozlowing designs should be 1 sack of Portland cement, 215

Figure 11, Sketch showing forms and brncing for wing wall,
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the following designs for bridges and culverts,
30 degrees to the direction
made to suit local
nary

thrust upon it. In
the wing walls are shown at an angle of
of the stream flow. While this angle should
conditions, 30 degrees will be found the most satisfactory for or

conditions. In no case has it been found practical to place the wings at
an u1|r|: greater than 45 degrees.
The lengths of the wing walls will be governed largely by local con-

essary to

ditions ~m]1 as the character of the banks and the depth nes

secure a good foundation. In the table of quantities accompanying each
1, a definite length for the wing walls was assumed. This was
sary in order to obtain the quantities given in the tables, and the

ths assumed will undoubtedly be found the most economical under

Al ordinary conditions
Since there i 1y's a considerable amount of loose earth fill back of

the abutments, it is advisable to provide drain or weep holes through the
wbutments. This will prevent the collection of water back of

Pralncge - abutment which might prove extremely dangerous to the
structure during cold weather, due to expansion of the

A small drain placed in both wing walls and end

m will be

above the normal water level of the str

The standard width of highway bridges varies in different sections of

the country In practically all the middle western states, the width is
16 feet; in some of the southern states 12 is not unusual, while

»;l«lﬂ";‘u"’ in the eastern states 24 feet has become customary.
ia he width of a highway bridge depends upon the amount
and character of the traffic which it must carry and to which it will be

Figure 1 i Guvery Town of West Bloomteld, Ontario C
tario County, New. York
By New Vork Highuay Commision.  Span s 1t Koaduny 33 5" ek 2353, Loyk.  Designed

angle 1o the axis of the streats flow,
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22 SMALL CONCRETE BRIDGES AND CULVERTS

subjected in the future. This question should be considered carefully by
a community when constructing a bridge of such permanent material as
concrete. While the designs show a standard width of 16 feet, this width
may be increased to accommodate the traffic. In no case should a bridge
be built with less than a 16 foot roadway.

While the designs are for plain concrete abutments, it may be found
at times more economical to use reinforced abutments. Figure 13
shows a standard reinforced concrete sub-structure designed by the
Illinois Highway Comm n. This type of reinforced sub-structure
is used where the wings can be swung nearly parallel to the axis of the
roadway. No dimensions are given for the length of the wing walls
nor base of the abutment for the reason, as has been previously stated,
that these dimensions are influenced by the character of the stream banks.
The following table gives size and length of steel reinforcement required.

Bill of Material
Note—
Use two thicknesses of building paper L e e Leaws
between adjacent surfaces of substructure
and superstructure. v
In the elevation the wing is swung par- Vi
allel with face of abutment to show reinforce- ve
ment V3
All exposed edges of wings to be beveled H :
with 34 inch triangular molding H e
nch tile drains in abutment walls M 36"
one foot above ground line at abutment. N 40
Concrete to be proportioned 1:215:4. T el
Reinforcement to be round soft steel 2 5iee
% e be round soft stee 7 36

The reinforced abutment will contain a much smaller amount of
concrete and will, therefore require considerably less excavation. How-
ever, the cost will be increased because of the cost of the steel and the
additional work required in placing the steel and the concrete in the
narrower space between forms. The plain concrete abutment is more
simple in construction and under all ordinary conditions will be found
more economical.
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Slab Bridges

As has been previously stated, slab bridges consist either of flat slabs
or of combined beams and slabs of concrete reinforced with steel. For
spans 20 feet and less, flat slabs or slabs without beams are the most
economical, the more simple of construction, and will therefore, be the
only type considered in this book.

In the prairie country, the stream gradients are generally flat, the
water course is crooked and the banks low, at least upon one side. For
these water courses, where the head room is limited, the slab type of
bridge or culvert is preferable to the arch. These streams will usually be
out of their banks and flowing over road grades before using much head
room, therefore, a waterway sufficient to take the ordinary flow will be
entirely adequate.

In flat country the foundation is usually light soil, as rock seldom
approaches near enough to the surface to found abutments upon i
Under these conditions the slab bridge which carries the load vertically
upon the foundation is to be preferred to an arch bridge which carries the
load at an angle. Moreover, a slab bridge is less liable to suffer damage
due to any slight settlement of its abutments, while the least displace-
ment of the abutment of an arch endangers its stability

The forms for the reinforced slab bridge floor are so simple in con-
struction that no detailed description is necessary. The important
thing to remember is the enormous weight which the forms will
be required to support. The floor slab for a 20-foot span with
16-foot roadway will weigh approximately 50 tons. The supporting

Forms

Figure 14. Heyman Bridge on the Hunts Corners Road near Monroeville, Ohio.
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shores and lagging sustain this weight and must be designed accordingly.
Vhere a muddy creek bottom is encountered, the shores must rest on a
firm foundation so that no settlement will occur.

The dimensions of the end and wing walls depend upon the value
“H” or the height of the bridge floor above the top of the footing. The
value of “H” is entirely independent of the span and is in--
fluenced by the local conditions existing at the site of the
bridge. It depends upon the depth neccessary to secure a firm founda-
tion and the amount of head room required to accommodate the stream
flow he footings must in all cases be carried to a foundation having
sufficient bearing power, as described in the section on foundations,
page 7

Abutments

Table 3 gives the dimensions of the end and wing walls for the
varying values of “I In all cases the length of the wing walls has
been taken as equal to “H”.  The top of the wing wall is given a slope of
one foot in every two feet, that is, for any value of “H”, the height of the
end section of the wing wall should be one-half of “H.” The concrete
for the abutments should be proportioned as previously deseribed under
“Abutments,” page 13

As indicated in Figure 17, two thicknesses of building paper should be
placed between the adjacent surfaces of the abutment and the bridge
floor.  This prevents any bond between the sub-structure and
superstructure, and gives a bridge floor with both ends free.
Without such a precaution, the top of the abutment will be
subjected to excessive strains due to the expansion and contraction of the
bridge floor from temperature changes
Figure 17 shows a design for a flat slab bridge of spans from 8 to 20
feet. The thickness of the floor slab required for the various spans to-

Bridge
Seat

15. Concrete

Figure
roadway  Cost §:

Pridee. Silver Lake Township, Martin Co., Minnesota.

20 foot span. 18-foot
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28 SMALL CONCRETE BRIDGES AND CULVERTS

Bridge gether with the size and spacing of the reinforcing rods will be
Slab found in Table 4. It should be noted that the floor slab is
given a 2-inch pitch at the center which must be added to the
tabulated thickness of the slab. This facilitates ge of the
roadbed for which drains should be provided as shown in Figure 17.
These bridges are designed to carry a fill of from 8 to 12 inches. The
practice of using a concrete floor without a covering of earth or other
paving material is not to be recommended. The road material should be
carried continously across the bridge or culvert, thus helping to distri-
bute the load and preventing wear and excessive vibration.
The concrete for the slab should be proportioned 1 sack of Portland
cement, 2 cubic feet of sand and 4 cubic feet of screened gravel or crushed
stone. The materials must be selected and mixed as described
in section under aggregates on page 11.

Proportions

In depositing concrete around the steel, great care must be taken
before stated, to see that the steel is not disarranged and t
position as shown by the design. This will be ac
much more easily if the steel has been thoroughly and care-
fully wired together.

The concrete should be ].I ced for the full thickness of the slab and in
one continuous operation. he depth of concrete below the steel must
in all cases be as shown in Table 4 for the various spans.

Placing of
Concrete

Figue 8. Conerete, Arch Bridee, Marion, County, Indism.
bridge is of monolithic concrete construction but marked o
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Arch Bridges

Where the stream banks are steep, giving plenty of head room, and
where the soil is clay, gravel or rock, affording a good foundation, the
arch type of bridge or culvert is preferable to the flat slab construction.
The arch type gives a pleasing artistic appearance, harmonizing agree-
ably with the character of the country in which this type of bridge con-
struction can be used.

The arch places a heavier load upon its foundation than does the flat
slab bridge, but where the proper foundation is secured, this heavier load
is an advantage when the effect of the moving loads is considered. The
stability of the archis not affected by an increasein the moving load as the
slab bridge would be. However, the least settlement of the abutments
endangers the stability of the arch. In all cases the abutments must
have a sufficient spread at the base, so that the load on the foundation
will not exceed the safe unit load as given in table under “Foundations,”
page 8.

Substantial centers or forms must be provided for concrete arches and
should be of good quality lumber as previously described. Figure 21
shows in detail, method of constructing the arch form. The
ribs as shown in Figure 21 should be spaced every four feet
supporting the two-inch by six-inch lagging. These ribs are supported on
wooden posts as shown, which must be placed upon a firm foundation.
The wedges shown in the figure should be of hardwood and smooth
finished so that they may easily be driven without shock, but there must
be no danger of them slipping. The safe removal of the centering de-
pends upon the proper driving of these wedges. The spandrel and guard
rail forms may be built in place at the same time that the arch ring cen-
tering is placed. To prevent the concrete sticking to the forms they
should be treated as previously suggested.

When ready to strike the centers, the wedges under the crown of the
arch should first be knocked out, leaving those at the springing line until
the last. These wedges are essential in order that no unequal strains
may be placed upon the arch during the removal of the forms and are
therefore the most important item in the construction of the arch cen-
tering.

The arch centers must be left in place until the concrete has hardened
thoroughly and the structure is capable of withstanding all loads which

may be placed upon it. In no case should these supports be

Time to removed in less than 28 days and should remain much longer
Remove  if the weather has been unfavorable for the hardening of con-
Forms e

Figure 19 shows a design for a plain concrete semi-circular arc
bridgem:mrying in span from 10 to 20 feet. The thickness of the arch
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Conditions ring at the crown and springing line, and amount of reinforce-
Required  ment required for the guard rail is given in Table 5 while
Swasitity  Table 6 gives the dimensions of the wing walls and amount of
materials required for the various spans. In Table 6, we
have assumed a definite value for “a,” or the depth of the abutment to the
foundation, in order to figure quantities. This value of “a” will be gov-
erned entirely by the depth necessary to secure a good foundation, but
in going to a greater depth, care must be taken to see that the abutments
are stable. In order to secure the proper stability, the width of the base
of the abutment must always exceed % of the height, that is, the values
gl\'en in column (b + 1/12 a”) in the table must always be greater than
oI luml conditions are such that this does not hold true, the
value of “b + 1/12 a” must be increased to comply with this rule.

Proportions  The concrete for the arch ring should be carefully mixed
for Areh | as described in the sections under “Aggregates,” page 11 and
ing should be proportioned 1 sack of Portland cement, 2 cubic

feet of sand and 4 cubic feet of screened gravel or crushed stone.
The concrete for the arch ring should be placed in one continuous
operation. Where it is impossible to place the concrete for the arch in a
single day, the arch ring should be divided into either longitu-

gniﬂx‘of dinal or transverse sections such that each section will consti-
oncrete  tute a day’s work. Both methods have been used quite ex-
tensively.

However, most engineers believe it to be better practice to build the
arch as a series of transverse courses beginning at the springing line. The
advantages of this method are that the plane of weakness will be at right

Ly ‘ . L gy
Figure 20. e Bridge, Marion County, Indiana. 8-foot span;
Cost $550.
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Table No. 5, Plain Concrete Arch Bridge, 16-Foot Roadway

| GUARD RAIL _ | REINFORCEMENT
Span | Crown | Spring bt | Ba Homzoxtar | Vextica onal
ol el b B L0 T e
No.| Size Spac—knglh‘f\o, Size | Spac Length|
ing ing
) :‘ 4 ” .’
10 | 12”7 3= 6" 5'-0"11’ 8 (15" 112" 13’116 1 | ea” | 5 26
12 | 18" |3 107 60”18 HEAFARAR LA A AL
14 | 147 4- 17 7-0"14’ 8 |357 12| 18|22 d5" 24" | 5 |36
16 | 15" |4~ 57| 80”16’ 3 8 |3g7|127| 21 |24| 357 |4” | 57 140
18 | 16” |4~ 87 9~0"17" 8 8 |5 127 | ewr |28 |15 |ear | 57 |44
20 | 177 |5~ 0" 10~0"18" 8|3 |127| o5' |50 35" 24" | 5" |80
| | |

Bridge, 16-Foot Roadway Di

Table No. 6 to Accompany Table No. '5, Pl;zibeoncnfa Arch
= ¢ £

and Amount of Materials

Coxcrere

| AmouT oF MaTERIALS

Span | a H L G | Asch Ring Abues
Guard Raill oY,
Ca. Yout 3 TS

Cement | Srnd
Bbls. | Cu. Yds,

81.5
40.2
| 53.6

89.0 | 29.7 59.4
112.1 | 87.5 75.0
| 139.9 | 47.0 94.0
172.2 | 57.5 | 115.0
212.2 71.0 142.0
232.0 | 77.7 | 155.4

Concrete:
Arch Ring  1:2:4
Abutments 1:215:5.

Steel:
Round, Soft Steel Rods

angles to the line of pressure, and that unequal loading and consequent

settlement has less tendency to separate one
building the arch as a ser
deposited equally on both sides of the arch.
symmetri
instance should a joint be made at the crown.

tion from another. In

es of transverse courses, the concrete should be

This keeps the loading

on the forms and prevents unequal settlement. In no

Since the roadway must not deviate greatly from a horizontal line, a
considerable amount of filling is required above the arch ring. This
Earth Fi 1ling should be at least 12 inches in depth at the crown in order
to form a cushion and absorb the shock due to passing loads.
The standard width of roadway, 16 feet, has been shown in these designs,

A d 2

but this width should, if sary, be

traffic.

to the
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Nwedges wedges —

| S

]
ELEVATION

BorTom ViEw
CENTERING FOR CONCRETE SEMICIRCULAR BRIDGE

Figure 21. Centering for Concrete Arch Bridges and Culverts.
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Culverts

The providing of a satisfactory and economical crossing of the small
stream water courses and ditches is not the least of the Highway Com-
missioner’s trouble. Many of these ditches are spanned by wooden or
other temporary culverts requiring constant attention and frequently are
in a condition to invite acciden The continual annoyance and ex-
pense of repairs can easily be avoided by building concrete culverts.

The angle at which a culvert crosses the road should be considered
carefully. ~As far as possible, it should be placed in the direction of the

flow of the water. In most of the locations, culverts are placed

Angle at right angles to the roadway, although the streams seldom
Rowdway ~ cross the roads at right angles. Failure to place culverts
across roadways in the direction of the stream flow, often

causes clogging which results in washouts thus making repairs necessary.

The length of the culvert will depend upon the width of roadway and
the depth of fill on top of the culvert. Where there is a heavy fill on the
culvert it must be of sufficient length to accommodate the slope of the
fill. - The natural slope of any earth fill can generally be taken as 134 to 1
that is, for every 1 foot in height, the horizontal distance is 115 feet;
therefore, a 10-foot fill with 16-foot roadway would require a culvert 46
feet in length.

Concrete culvert construction is essentially the same as that used for
bridges. Likewise the concrete culvert may be built either in arch form
or as a simple reinforced flat top concrete box.

Figure 22. Concrete Culvert, Milo, Yates County, New York. Desi

ates
mission. vert Head 40 igned by New York Hi
ety Sulvers Head Walls 40 feet loag, 16 feet high; opening 5 fook x & foor " Bolle wal
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In a flat country and under shallow fills, the box culvert has a great ad-
vantageover the arch culvert, requiring much less head room and therefore
Box Culoere 1655 excavation. The form work for this type of culvert is much
simpler and the cost of construction correspondingly lowered.

The forms for this type of culvert are very simple and no special
instructions are nec y. The face of the forms should be made of 2x6
lumber, dressed on one side and two edges. The cross section
view in Figure 25 shows the supporting bents which should
be spaced every three feet and be built of 2 x 4 lumber. In order that
the forms may be removed easily, the upper brace is held and fitted in
place by wedges. When ready to remove forms, these wedges are knocked
out and the supports for the top of the culvert dropped down, thus
permitting the easy removal of the forms. The typical design for the

forms of the wing walls is shown in Figure 11, page 19.
Table 7 gives the dimensions of the wing walls and amount of
materials required for abutments and floor of the culvert. Culverts may
e built with or without floor according to the stability of the
Floorand  soil and local conditions. The smooth waterway obtained by
Wing Wall 0 concrete floors increases the capacity of the culvert and
prevents the clogging of the waterway by dr This floor will also pre-
vent erosion of the stream bed and the undermining of the foundation.
Tt is advisable to provide joints between the floor and sides of the culvert,
thus protecting the floor against cracking should settlement occur. To
prevent erosion under floor an apron, as shown in the drawing, should in
all cases be carried to a depth equal to the bottom of the footing. The
floor is shown as carried out to the end of the wing w alls. ‘This improves
the smooth waterway and is an added protection to the wing. However,

if so desired this floor may be omitted.

Forms

Figure vert built in Lee County, Towa, cach opening being 42 inches in diameter
%0 A%"-’::l‘. e he walls are 20 feet long, 8 feet high and 10 inches thick. This was
ot the Merrillat Culvert Core Company’s form at  totol cost of
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3 SMALL CONCRETE BRIDGES AND CULVERTS

The lengths of the
wing walls have been
given as equal to the
span in every case.
This length will un-
doubtedly be gov-
erned to some extent
by local conditions,
but it will be found
that the lengths as-
sumed in Table 7 will
be applicable in all
ordinary instances.

Figure 25 shows a design for a box culvert varying from 8 to 8 feet in

span. The thickness of the side walls and top together with amount of
steel reinforcing required, can be obtained from Tables 8,

Culvert 9, 10. These tables also give the amount of materials per
Jinear foot of culvert. Where the culvert is to be placed at the
hottom of a fill, it must be designed to sustain the additional load due to

Slab

Figure 24.
sho

Perspective of Typical Reinforced Concrete Box Culvert
wn in Figure 2.

the weight of the earth fill, and these tables have, therefore, been figu

for two, six and ten foot fills.
Concrete for the culvert slab should be proportioned 1:2:4, that for

The tables appear on pages 36 and 37.

the sides, wing walls and floor should be 1:215:5.

Table No. 7 to be Used with Tables Nos. 8, 9 and 10.
Dimensions for Wing Walls—Flat Top Culvert

NCLUDING APRON,
00R BETWEEN

Height
Span | 4 Floor | L = Span G o
Thickness Apron | "Concrete | Cement | Sand | Gravel
Cu. Vds. bls. | Cu.Vds. | Cu. Vds.
| 80" 8.5 4.7 1.6 5.2
¥-1 | s-¢” 4.3 5.4 2.0 4.0
-0 |4- 715" | 40" 5.8 7.2 27 5.4
40" |5~ 215" | 46" 71 8.9 3.3 6.6
50" |5~9 "| 50" 8.6 10.7 4.0 8.0
56" |6~ 315" | 56" 10.4 13.0 48 9.6
60" |6-10 ”| 60" 12.8 16.0 5.9 1.8
70" | 7T-11k5"| 70" 17.4 21.8 8.0 16.0
80" e % 25.6 82.0 18 23.6
Concrete:

1:214:5
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40 SMALL CONCRETE BRIDGE

When the area of waterway required is small, that is, under 36 inches

in diameter, it is more economical to build a concrete pipe culvert. No

culvert of this class should be constructed having a smaller

Collapsible opening than 15 inches. These culverts are not complete
Wood without head walls as shown in the other designs.

Pomiie Figure 27 shows an adjustable, collapsible wood form which
Culvert can be very economically used for the construction of culverts

from 18 in. to 48 in. in diameter. It was originally designed by
F. H. Meliza, Farmer City, IIl., and was mentioned in the Illinois High-
way Commission reports for 1907 and in a bulletin on highway improve-
ment by W. S. Gearhart, Highway Engineer of Kansas, which was issued
by the Kansas State Agricultural College.

This form is constructed of two by four’s beveled and strung on wires
as shown in the figure. The number of staves to be used, varying with
the size of the culvert are placed side by side with a wire drawn through
each end of the stave as shown. The form is then rolled around a cir-
cular head size of the proposed culvert and wire bands are tied tightly
around it on the outside. Wedges are then driven as shown in Figure
27 to hold the staves firmly in position. After the culvert has been built
the wedges are removed, and the circular heads knocked in; the staves
will then collapse and are easily remove This form can be used over
and over again and Mr. Gearheart states that its cost should not exceed
$15.00 or $20.00.

Ry <

TG o Coricrits Ak Etigs T uoi Souh Dako -
Designed by Missou Valley Engineering Compans. b sty oa: "c“’"lsv-n foot roadway.
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Plain Arch Culverts

The construction of arch culverts is essentially the same as for arch
bridges. The arch culvert has the same advantages and disadvantages,
when compared with the box culvert, as has the arch bridge when com-
pared with the flat slab bridge. This type can be used only where there
is plenty of head room or under a heavy fill: and where a suitable founda-

B tion can be obtained.

The forms for the
arch culvert are simi-
lar to those required
for an arch
bridge and
therefore, the center-
ing as shown in Figure
21 is also applicable
to the arch culverts.
In the smaller spans
it will not be necessa-
ry to provide wedges

shown for the larger
sizes. However, care
must be taken in
striking the centers to
see that no unusual
strains are placed on
the arch ring. The
concrete for the foot-

- s < : ings and floor in the
AR M Y stream bed should be
Figiiva 28, Plam Coririte Arch, 6-loot spany Me¥ Co.lllingis.  deposited first and the
forms for the arch and

The forms for the wing walls
il in Figure 11, page 19.

Figure 29 shows a design for plain arch culverts from 8 to 10 feet in
diameter. The thickness of arch at crown and springing line for the
various spans together with amount of materials required per

;-;,';II::;;;“ linear foot of culvert are given in Table 11. Table 12 gives
the dimensions of the wing walls and amount of materials re-
quired for abutments and floor of the culvert between the wing walls,

Forms

sides can be erected on this concrete
should be constructed as shown in de

The distance “h" or the height of the sides of the culvert from the top

of the footing to the springing line, has been given a definite value in th
Conditions tables. This value of “h” can, however, be governed to a
Required  certain extent by the area of waterway required, and may be
varied to suit conditions. This variation in the value of “h” is

‘h” must never exceed 114 times the

for
Stability  limited for the reason that *
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thickness of the side walls at the top of the footing. If “h” exceeds

this limit in height, the stability of the structure will be endan-

The sides of the culvert have been given a batter of 1in 12 and a

spread footing provided. This footing should be carried to a firm foun-
ation at all times.

\ CRoSss Secriov

>6

HALF PLAV

LESIGN OF SEMM-CORCULAR ARCH CULVERT
Figure 29. Typical Design. Plain Concrete Arch Culvert, 3 to 10 feet in span.

FURT LONGITUDINAL SECTION — FART LONGITUOINAL ELEV
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The concrete for an arch culvert should be p

manner as described for an arch b
posited in one day where possible.
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in one day, it should be divided into transverse sections as previously
described and each section taken as a day’s work. In no case should a
joint be made at the crown. The concrete for the arch culvert should
be proportioned same as that for the arch bridge.

Table No. 11 to Accompany Table No. 12, Plain Concrete Arch
Culvert Dimensions of Wing Walls and Amount of
Materials Including Guard Rails Floor and Apron

Span | Heisht ‘ ! 5 Coner p s Gy
{ | 30" 2-0" | 8 " 1.75 350
36" 3-¢” | 2-0” 1.2 5.21 1.9 s
40" 40 ‘ 6.9 8.55 18 6.36
4-6" V-6 £4” | 838 10.91 4.05 8.10
50" V-6 2’6/ 10.2 4.69 9.38
56" 50" 11.1 5.11 10.22
60" 50’ 2'-9 12.8 15.87 5.88 11.76
70" -9 56" y-o" | 4.8 | 17.73 6.57 13.1
80" | 8-10" | ¢-0” ‘ 3’5" 18.3 22.70 8.43 16.86

h S o TR

Figure 30. Concrets ; . . oot rise; 18-foot road-
rch Culvert, Marion Co., Indiana. _6-foot span: 3 14-f
ooy Coot 3700, “This bridge Is of monolithic constriction marked in block form.
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Standard Plans of State Highway
Commissions

On the following pages, we show bridge and culvert designs used by
several of the State Highway Commissions. These designs are standard
for the different states and indicate the best engineering practice in this
line

The variation in thickness of slab and amount of reintorcement in the
different designs is due to different assumptions as to loading and the
strength of concrete in compression. The variation in the designs in-

dicates the variations in traffic conditions in the different states and that
the State Engineers have designed the bridges to accommodate local
traffic

The larger arch bridges which are shown are all of the reinforced type.
Where the cost of materials is high, this type of arch design is probably
wore economical than a plain concrete arch but should never be under-
taken except by an experienced man. For this reason no reinforced
s are shown.

concrete arch desig

On the other hand, the plain concrete arch is very simple of con-
struction after the forms have been placed in position, and a man with
but little experience in this class of concrete work can undertake the
construction

Figure 31 Small bridge over Dixie Run, near Hooversville, Pa.
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1llinois

Figure 32 shows the standard design of the Illinois Highway Commis-
sion, A. N. Johnson, State Highway Engineer, for a flat slab bridge of 20-
foot span. The following table gives quantity and size of steel reinforce-
ment required. Because of the low clearance or head room which is
obtained over the streams in Illinois, the Highway Commission has
adopted the flat slab and through girder types of concrete bridges

entirely.
Note:—
T oA e = posed edges of girders
" e a3 beveled with 3;-inch triangu
Where grooved panels are shown the same
A L # | 9507 | tobemade by 3-inch triangular molding.
B 20 agte | Macadam wearing surface not to be in-
(¢! 6 5" 218" [ cluded in contract.
D 40 %’ & Concrete to be proportioned 1:215:4.
All steel reinforcing bars must be mild or

medium steel rolled from billets.
No rerolled material or high carbon steel will be permitted.
All bars must be obtained in the full lengths indicated in bill of material.

Kansas

Figure 33 is a design for a 15-foot span, flat slab bridge issued by the
Office of State Engineer, Manhattan, Kansas, W. S. Gearhart, State
Engineer. Amount and size of steel reinforcement required is given in
the following table.

Bill of Material
Letter No. Size Length
Concrete to be used in floor and girders,
Ok ,on | proportioned 1:2:4. Concrete to be used in
= 20 L R i s and abutments proportioned 1:3:5.
Al R, R 34-inch triangular molding shall be used to
A2 L j0,30- | 2060 | bevel all exposed corners of the girders,
2 g1, 3| foor | guard rails and wing walls
2 =0
D %4 35" sq. 0
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cnou‘ncnm

32, Concrete
Wﬁmm‘h“ycﬁnﬁmdummnuzmm. Designed by the
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New York
Figure 34 is the standard design of the State
| of Highways, for flat slab bridges 10 feet to
| Bensel, State Engineer. The table on the
| thickness and amount of reinforcement required

Spen
Elevation i
3]
Sk T 8 Zaw e
iy
] N
:

[Symmetncal about g
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Clear ‘Thickness Cross Section | Weight per Fe istance to
Span of Slab of Bars ga( l‘h{s = llfa'éi"l‘l:: Cg:::: n((!l;us
10" 127 1.91 Ibs. 130" 613"
i 18 1 140" 613"
12 18” 1 18 0” (s s
18 18" 1 16° 0" 515"
14 14" 1 17 0” 515"
15 147 1 190 3L
16" 15" 1 200" 415"
17 15 1 21'0” 415"
18 16" 1 220" 415"
19’ Wi 1 23" 0" o
20 18” 2.60 Ibs, 240" L5

All rods to have a deformed cross-section
Round all exposed edges to a 13g-inch radius
2nd class concrete in slab.

3rd class concrete in wing walls and abutments.

Massachusetts

Figure 35 shows standard design for reinforced concrete box culverts
used by the Massachusetts Highway Commission, A. W. Dean, Chief
Engineer. This figure shows the designs for box culverts 1/ feet by
1% feet; 2 feet by 3 feet; 3 feet by 4 feet and 4 feet by 5 feet. The
amount of concrete and reinforcement required is given in each case.

Ohio

The design shown in Figure 36is a Standan! Concrete Bridge des gn of
9-foot span, 20-foot roadway, used by the Ohio State Highway Depart-
ment. James R. Marker, State Highway Commissioner, Clyde T.
Morris, Bridge Engineer. The following table gives the estimated
quantities of steel and concrete for the superstructure.

All concrete work shall conform to the “General Specifications for
concrete and reinforced concrete structures” of the State Highway
Department.

d Quantities for

Conerete 1:RA. ...........meo. st = 13 1/10 cu. yds.
Steel— o S
44 pieces 3 sq. t w. 11/ 6" long.............. 975 Ibs.
2 pieces 35" sq. t w. 21 6" long gL 95 Ibs.
‘otal Steel ~..1070 Ibs.
Wire Netting, No. 9, 4" to 6” . 240 sq. ft.
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o s0-0 5| Wire netting NoS.
5l mash I fm
surface

Corners rovnded
nith trome] J - g
i S
J 1 g 9
I /] B
Toad A g
T '»
s A
N X % bars T Arrernate 3 bars
q bent up a8 shown
Half cross sectrion
2:0"_out to out
| 46" el 4-6 |z
| s
¥
12"st2b. y

o A Sog rmsted bars)

of forred.

70 be plac T

Fop of one abur- 920~ clcor span |

ment be for

Concrere super-

Structore is placed Longitydinal Section

— gyl =+ =
Remnforcing bars
— L——l Sq At i u'-s/d
——t t | pocede E e = S
I | &oe tmsted bors2lE 2
A Jong p 10" ¢ Foc. N
BN UL T

Figuse 36. _Standard concrete bridge of 9:foot span and 20-foot roadway. Designed by the Ohio
e G e omriment. (Class “C" loading.)
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Virginia

Figure 37 is the typical design for reinforced concrete slabs for high-
way culverts used by the Virginia State Highway Commission, P. St. J.
Wilson, Highway Commissioner. Table showing amount of concrete
and steel reinforcement for the various spans is given on the follow-
ing page.

7op siat reinforcement.

Figure 37. Typical 3
R w&r: Reinforced v.mlmhhmmmdhh
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Wisconsin

Figure 39 shows the standard design used by the Wisconsin Highway
Commission. A. R. Hirst, Acting State Engineer; M. W. Torkelson,
Bridge Engineer. The amount of steel reinforcement required is shown
in figure 40.

Concrete—

Superstructure—1:2:4 mixture requires 17. cubic yards.

Substructure—1:3:6 mixture requires 34.0 cubic yards.

For each vertical foot of change in height of substructure, add or subtract 3.1 cubic

LonciruoinaL Sccrion

Figure 38. Section and elevation of bridge shown in Figure 40.
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Bridge of 14-foot span and 16-foot roadway. Designed by the Wisconsin
State Highway Commission.
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27 FoBams 4cra-A A 166 Lons

21 FoBars 4cra-A) Ay 166 Lone.

23-40Bams (Zers A4, A,A, IT-0 Lons

34 foBars AA, 44 Lows
Torar Sreew 2120°

Figure 40. Bill of Material for Steel for Bridge shown in Figure 40.

llinois y
igure 41 shows the design for plain concrete llmtllﬂh
s Highway Commission. This type of substructure is
the height of abutment is not great or where plain concrete
because of the cheapness of materials. It will be noted
mensions of the wing walls have been omitted in this design.

N\ e e cvamon
i




T

UNIVERSAL PORTLAND CEMENT CO. 59

the reason that the height and length of the wing walls is so influenced I
the character of the banks of the stream that these dimensions will vary
for each structure.

Note—
Use two thicknesses of building paper between adjacent surfaces of substructure and
superstructure.
All exposed edges of wings to be beveled with 4-inch triangular molding.
Concrete to be proportioned 1:3:5
Place $-inch tile drains in abutment walls 1 foot above ground line at abutment.

Iowa (Arch)

Figure 43 gives the standard design for 20-ft. span, 8-ft. rise, reinforc-
ed concrete arch culvert used by the Iowa Highway Commission, T. H.
McDonald, State Highway Engineer. The wing walls in this design are
shown parallel to the axis of the roadway and are reinforced. This arch
is not semi-circular as it is only given an 8-ft. rise in 20-ft. span.

Design may be used with or without pavement, apron wall to be
constructed in either case. Transverse arch bars to be fastened with 115
X 14 in. lattice bars as shown.

(=}
S
o
o
&7
N Vle'x 14 lattrce bars )
3 e3oce 3
of § 3
L] K
2 q
£
il
o a
4 3 Apron wall

HaLF Crown SECT  HALF ENO ViEw
Figure 42. Section and End View of Bridge shown in Figure 43.
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Minnesota (Arch)

Figure 44 is the standard design for plain concrete arch culverts used
by the Minnesota State Highway Commission, George W. Cooley, State
Engineer. The following table gives the dimensions for the various
spans.

Table of Di ions for Plain C Culverts
Concrete

Sizes 2 x 2 Feet, to 4 x 4 Feet

wlu|al s CRF [

El
"

M N i

2 072’ 0]
o 07]e’ 67
o 67]2 6]

AT AT
37|36 1 406" 0
10" 6

Note—
Dimensions indicated by figure are constant for all si Length will vary with width
of roadway and depth of fill. Where ground is soft, the gutter at the outlet should be paved

/g”*' of Reodray
)

AR ot h—nf'ra)‘:\ e
< SN %(Vﬁ- an’s 3 \‘
g I\
P R ) [ e Ay
" J\‘ ST ¢

Sran LGt A fesate s wae

LONGITUDINAL. SECTION R
St

T

e

Figure 44. Concrete Culverts designed by the Minnesota State Highway Commission.
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with concrete or well-shaped cobble or other suitable stone as indicated on longitudinal
section.
Concrete
Concrete shall consist of one part by volume of Portland Cement, 214 parts of clean,
sharp sand and 5 parts of 2-inch broken stone or screened gravel containing pebbles from
Y4-inch to 2-inch in size, or may be of 1 part by volume of Portland Cement 515 parts of
Selected pit gravel approved by County Superintendent of Highways.

U. S. Department of Public Roads (Arch)

Figure 45 shows the standard design for a Plain Concrete Arch Cul-
vert, Span 6 foot, issued by the Office of Public Roads, U.S. Department of
Agriculture Bulletin No. 39. It should be noted that this culvert is de-
signed for a 24-foot roadway. This is the standard width used in all
designs of the Office of Public Roads. The wing walls on the up-stream
end of the culvert are placed at an angle of 30° to the direction of
the stream flow, while those on the down stream face are placed at right
angles to the roadway.

The following amount of materials will be required for this culvert.

Quantities Required

lls (1:215:5)

sid d wing walls )
6) 20.1 cu. yds.

d nd ane
Concrete, footings (1:3

Total Quantities
102 barrels cement
33 cu. yds. Sand
66 cu. yds. Stone or Gravel

Oklahoma (Arch)
Figure 46 is the standard design of the Oklahoma State Highway

Department, W. R. Goit, E , fora arch culvert
of 15-foot span. This design shows a rise of six feet from the springing line
to the crown.  The use of reinforcing steel in a concrete arch permits the
use of a much flatter arch than can be designed of plain concrete, and
does not require as much head room as the semi-circular arch.

The following table gives amount of concrete and reinforcing steel
required for this design.

Quanti

°s of Materials for 16-foot Roadway:
Concrete, 38 cubic yards.
Steel, 1709 Ibs. 24-inch square bars twisted.
For each additional 2 feet in width:
Concrete, 2 cu. yds. + 6 cu. ft.
Steel, 126 Ibs.
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Commercial Culvert Forms

There are a number of collapsible steel forms on the market for the
construction of both plain and reinforced concrete culverts which are prov-
ing satisfactc The use of a steel form for the construction of one or two
small culverts is not an economical proposition, but where the country or
township has a number of small culverts to build, they would probably
find it ad ble to invest in a set of steel forms. In the following par-
agraphs we give a brief description of several of the leading commercial
culvert forms.

The Blaw Steel Construction Co., Westinghouse Building, Pittsburgh,
Pa., manufactures an adjustable steel form for semi-circular arch culverts
havin radius from 9 in. to 24 in. and a height of side wall of

Blaw Steel 1 ft.3in. This form comes in lengths from 6 Tt to 16 ft. and is

Centering  ¢ysily adjustable to all the intermediate sizes. They also have

S5 forms for box culverts. These forms come in five foot sections
which are m.nlo in three sizes, being capable of a large range of adjust-
ment. No. 1 adjusts from 24 in. by 24 in. to 32 in. by 32 in.; No. 2 from
30 in. by 30 in. to 38 in. by 38 in; and No. 8 from 36 in. by 36 in. to 44 in.
bv 44 in. This company also manufactu lagging \\I\ith can be

ge h..\ culverts, . (md

s stes
retaining walls,

R

2 Z X
Luten type reinforced concrete bridge near Holliday's Cove, West Virgini
"""ir‘n’nm ....u,..mwa Conchions. the gnly damage being 10 the concrte raiing w
shattered by the debris carried by the flood.
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The Concrete Form and En,

ne Co. of Detroit, Michigan, manufactures
a collapsible steel form which is not adjustabl It comes in sections 10
feet long and in 10 sizes, having a semi-circular top ranging 6
Concrete  to 37 in. in radius, while the height of the sides ranges from 9 in.
Form and 10 42 inches. The tops and sides are all interchangeable which
Engine Co. o mits some range of adjustment. Two sections make a com-
plete form and consist of the semi-circular tops, sides and end plates.
The side plate: held in position by swinging braces, so that when
locked the sides are immovable. The top, setting between the two side
plates, is held in position by arms attached to the side plates by bolts
which allow the arms to be lowered by pulling the draw rods attached to
them. End plates are made which fasten to the top and side plates by
keys so that they may be removed easily
T'he forms are made of 16-gauge galvanized steel covering, reinforced
by steel ribs on the inside and the working parts are comparatively sim-
ple and easy to operate.
The Dooley Steel Center Co. of Fond du Lac, Wisconsin, manufactures
a form consisting of a one-piece circular shell with turnbuckle ribs and a
wire gauge ring. It is manufactured in 15 sizes from 18 in. in
Dooley diameter to 72 in. in diameter, five of the larger sizes being ad-
justable to a slight extent. The forms are made in 10-foot
sections which can be telescoped one within the other, giving
forms of any length. This form is not provided with end or side plates
but has the advant of being extremely simple in construction. To
use this form, it is necessary first to fill the bottom of the proposed cul-
vert trench with concrete. The form is then set on this fresh concrete
and the concrete for the top and sides deposited around the form,

Center Co.

Figure 48. Concrete Culvert, McLean Cwm Tlinois. ﬁ diamets 20 N‘-‘
Built by Township Commissioners in 10 hours over Merrilat colvers kr;. Co':x'.' exclusive of
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The Kelly Manufacturing Co., of Waterloo, Towa, manufactures a
collapsible steel form for culverts 13 in. to 48 in. in diameter and 16, 18,
20 and 24 feet in length. It is a circular culvert form similar to
Kelly ., the one described above, but is provided with end plates for the
- €% construction of the end walls. It is necessary to deposit con-
crete first in the bottom of the trench and then set the form on this fresh
concrete. The form is easily collapsed by drawing the tie rod and all the
working parts are of v simple construction. This mold is manu-
factured by the above company but is placed on the market through
their selling agents, the Waterloo Cement Machinery Corporation,
Waterloo, Towa.
The Merrillat Culvert Core Co., of Winfield, Towa, manufactures a
collapsible steel form adjustable to any size from 20 in. to 48 in. in
diameter. This form consists of a circular core adjusted by
Merrillat  ribs radiating from a steel center shaft, and controlled by a hand
Culvert wheel at one end. The cores are made in 8 and 10 foot lengths
Core Co- ;1 are used in sefs of two. With this form, the concrete must
first be ))ld(t‘d in the bottom of the trench and the form then placed upon
it, after which the concrete for the sides and top of the culvert is de-
posited around the core.

There are no end plates with this form and its great advantage lies in
the fact that it is so easily adjusted to any size. The form is substan-
tially and durably built; all the operating parts are of malleable iron and
every part that comes in contact with the concrete is heav ily galvanized.
This form is also equipped with trucks which make it e sily portable.
The Merrillat Company also manufactures an adjustable ch form for
arches from 6 to 12 feet in span.

built in Adams County, Nebr, at a total cont of $225, including
in, eet,

1, whlch was ‘shipped i ‘The span is 12
h( m ;nv;e e form u: i thu case is adjustable for spnn

from 6 to 12 feet and can "be et at lny angle across the r

Figure 49. This bridge was
1, labor a
roadway 16 fect and the
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The Merrillat Co. also manufacture an adjustable arch form for
arches ranging from 6 to 12 feet in span and in units of 4 feet in length
so that bridges may be built of any length by using additional sections.
This form is also adjustable at any angle across the road and may be
set up in a few hours and after the concrete has set can be removed in
a few minutes. The form is in the shape of a half ellipse but the curve
may be adjusted to suit the user.

The Township Supply Co., of St. Louis, Mo., manufactures an
adjustable circular steel form which comes in two sizes; one can be ad-

. justed from 14 in. to 24 in. in diameter, the other from 24 in. to
STownfhg’ 60 in. in diameter. It is adjusted from a steel shaft operating
“PPLY €0 iron geared sprockets. The central shaft is operated by a worm
screw at one end of the form and the adjustment to any size is quickly and
easily made. These forms are furnished in sets, two 8-foot sections of 16
lineal feet to the set. The smaller size can also be furnished in 10 foot
sections.

The concrete for the base of the culvert must be deposited first, the
form then placed on this base and the concrete for sides and. top of culvert
deposited around the form. No end plates are furnished with this core.
The outside of the form is auge galvanized steel and all parts are
steel and malleable. This core is easily and quickly adjusted to any size
within its range.

Figure 50. Concrete arch bridge on the P. C. ilroad,
The flood at this point was of such a cha chee Chat the BHGEIe,
e

st built in 1909.
entirely washed away leaving only the conerete fout o ~

lumbus, Ohic
brick pavement undercath the bridge
ons.
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Specifications for Concrete Bridges

Materials

1. CemeNt. The cement shall meet the requirements of the Stand-
ard Specifications for Portland Cement of the American Society for Test-
ing Materials or the United States Government Specification for Portland
Cement, Circular No. 33, Bureau of Standards.

2. FINE AGGREGATE FOR CONCRETE. Fine aggregate shall consist of
sand, crushed stone or gravel screenings, graded from fine to coarse and
passing, when dry, a screen having one-quarter (1) inch diameter holes;
shall be preferably of silicious material, clean, coarse, free from dust, soft
particles, loam, vegetable or other deleterious matter, and not more than
three (3) per cent shall pass a sieve having one-hundred (100) meshes per
linear inch. Fine aggregate shall be of such quality that mortar com-
posed of one (1) part Portland cement and three (3) parts fine aggregate
by weight, when made into briquettes will show a tensile strength at
least equal to the strength of 1:3 mortar of the same consistency made
with the same cement and Standard Ottawa sand. In no case shall fine
aggregate containing frost or lumps of frozen material be used.

3. COARSE AGGREGATE FOR CoNcrRETE. Coarse aggregate shall con-
sist of inert materials such as screened gravel or crushed stone graded in
size, passing a 1l5-inch screen and retained on a screen having one-
quarter (14) inch diameter holes; shall be clean, hard and durable, free
from dust, vegetable or other deleterious matter, and shall contain no
soft, flat or elongated particles. In no case shall coarse aggregate con-
taining frost or lumps of frozen material be used.

4. NATURAL Mixep AGGREGATES. Natural mixed aggregates shall
not be used as they come from the deposit but shall be screened and re-
mixed to agree with the proportions specified.

5. Water. Water shall be clean, free from oil, acid, alkali, or veg-
etable matter.

6. Reinrorcing MeraL. The reinforcing metal shall meet the re-
quirements of the Standard Specifications for Steel Reinforcement adopt-
ed March 16, 1910, by the American Railway Engineering Association,
and shall be free from rust, scale or coatings of any character which will
tend to reduce or destroy the bond.*

Construction
7. Forms. Forms shall be substantial, unyielding and so construct-
ed that the will conf to the d d d and con-

tours and shall also be tight to prevent the leakage of mortar. The
supports for bridge floors and arches shall remain in place until time for
removal as hereinafter specified.

Note:—Unless otherwise specified the steel referred to in this book is what is known as
's Standa tion, Structural Steel Grade, commonly known as

soft steel.
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ReixrorceMENT.  The reinforcement shall be placed and held in
position so that it will not become disarranged during the depositing of
the concrete. Whenever it is necessary to splice tension reinforcement,
the character of the splice shall be such as will develop its full strength.
Splices at the point of maximum stress shall be avoided.

Measuring and Mixing
9. MEAsURING. The method of measuring the materials for the
concrete, including water, shall be one which will insure separate, uniform
proportions at all times. A sack of Portland cement (94 Ibs. net) shall be
considered one (1) cubic foot.

10. MacuiNe Mixing.  When the conditions will permit, a machine
mixer of a type which insures the uniform proportioning of the materials
throughout the mass shall be used. The ingredients of the concrete or
mortar shall be mixed to the desired consistency and the mixing shall
continue until the cement is uniformly distributed and the mass is uni-
form in color and homogeneous.

11. Haxp MixiN. When it is necessary to mix by hand, the ma-
terials shall be mixed dry on a watertight platform until the mixture is of
uniform color, the required amount of water added, and the m ng con-
tinued until the mass is uniform in color and homogeneous.

12. RETEMPERING. Retempering, that is, remixing mortar or
concrete that has partially hardened with additional water, will not be
permitted.

& 2 &
- ok 4 " . RO S
Figure S1.° Two Concrete Culverts near Rice Lake, Wisconsin, 24-inch diameter; 17-feet long.
Built over forms of Concrete Form & Engine Co., at cost of $10.25 each.
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Abutments

13. Prororrions. The concrete for the abutments shall be mixed in
the proportion of one (1) sack Portland éement, two and one-half (214)
cubic feet of fine aggregate, and five (5) cubic feet of coarse aggregate.

14. Consistency. The materials shall be mixed wet enough to pro-
duce a concrete of a consistency that will flow into the forms but which
can be conveyed from the mixer to the forms without the separation of the
coarse aggregate from the mortar.

15. PraciNg. The concrete shall be placed in a manner that will
permit the most thorough compacting. Where the work is interrupted
so that the last layer of concrete shall have hardened before the next can
be placed, concrete previously placed shall be roughened, cleansed of
foreign material and laitance, drenched and slushed with a mortar con-
sisting of one (1) sack of Portland cement and one and one-half (114)
cubic feet of fine aggregat The concrete shall be placed in continuous
horizontal layers and vertical joints avoided where possible.

Bridge Floors
16. PrororTions. The concrete shall be mixed in the proportion of
one (1) sack Portland cement, two (2) cubic feet of fine aggregate, and
four (4) cubic feet of coarse aggregate.
17. Consistency. The materials shall be mixed wet enough to pro-
duce a concrete of a consistency that will flow into the forms and about

—c L
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i Ivert, Amherst, ned by Highway
Rl 52 Concret e oncri 31 foot Rosdivay. - Con $102
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the metal reinforcement, but which can be conveyed from the mixer to the
forms without the separation of the coarse aggregate from the mortar.

18. Pracing. The concrefe shall be placed in a manner to insure of
its being thoroughly worked around the metal reinforcement and into the
recesses of the forms. It shall be deposited for the full thickness of the
floor and be brought to a surface at the established grade of the bridge
floor.

Arches

19. PROPORTION The concrete for the arch ring shall be mixed in
the proportion of one (1) sack Portland cement, two (2) cubic feet of fine
aggregate, and four (4) cubic feet of coarse aggregate.

20. Consistexcy. The materials shall be mixed wet enough to pro-
duce a concrete of a consistency that will flow into the forms but which
can be conveyed from the mixer to the forms without the separation of the
coarse aggregate from the mortar.

21. Pracing.  Where possible the concrete for the arch ring shall be
deposited in a single day. Where impossible to deposit the concrete in a
day, the arch ring shall be divided into transverse sections, each section
taken as a . The concreting shall commence either at the
crown or at the springing line. In no case shall a joint be made at the
crown

Surface Finish

22, All exposed surfaces shall be finished to have a smooth and neat
appearance.

Removal of Forms

23, Trve oF ReMovaL.  In no instance shall any form be removed
within less than 48 hours.  The supports for slab floors and bridge arches
must remain in place at least 28 days. When freezing weather occurs,
an extension of time equal to the time structure has been exposed to
freezing shall be added to the above.

The bridge shall not be open to traffic and no extraneous loading shall
be placed upon the concrete before the removal of the forms.

24. TemperaTuRE BeLow 85 Decrees F. If at any time during the
progress of the work there is liability of the temperature dropping to 35
degrees Fahrenheit at night, the water and aggregate shall be heated and
precautions taken to protect the work from freezing.
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