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purpose

To reaffirm, promote and establish uniform recognized and accepted
terminology for the guidance of manufacturers, distributors, buyers and
users in comparing, specifying and presenting data relative to concrete
slipform paving machines.

To serve as a basis for common language and understanding between
manufacturers, distributors, buyers and users in determining the basic
types, features, operating characteristics and applications of concrete

slipform paving machines.

To provide means for the identification of common types of concrete
slipform paving machines.

To increase the knowledge of individuals in the construction industry
regarding the placement and finishing of portland cement concrete by
the automated slipform method.

To provide useful text and reference material for code-writing agencies,
regulatory agencies, engineers, marketing personnel, contractors,
equipment operators, schools, students and others interested in, or
involved with the field of concrete slipform paving.




introduction and scope

Introduction

Acknowledgement

This Handbook was developed by the Concrete Paver Bureau, a
product oriented group of the Construction Industry Manufacturers
Association (CIMA). It represents the cooperative efforts and
contributions of technical and marketing experts from the many
companies which manufacture a broad range of equipment, including a
range of products for the placement and finishing of Portland cement
concrete.

Word About CIMA

CIMA, is an international trade association composed of member
companies which are responsible for the production of construction
equipment and related parts and components produced in the United
States and Worldwide.

Scope

This Handbook is intended to provide and promote standardized
terminology pertaining to slipform paving process machines,
standardized parameters for describing the specifications,
characteristics, and other information of general interest to those
associated with, or interested in the placement of concrete pavement
by the slipform method.

This Handbook is not intended to establish machine requirements nor
to promote the acceptance of use of any specific slipform paving
process machine. It is likewise, not intended to be an exhaustive
treatise on the subject.

Excluded from coverage in this Handbook are safety related matters
which are addressed in manufacturer’s equipment manuals.




glossary of terms

Common to concrete pavement construction
slipform paving machinery

AUGER

AVERAGING SKiI

BARRIER MOLD

BLOCK OUT

CENTER BAR INSERTER

CENTER POUR (MOUNT)

CHARGING CONVEYOR

CROSS SLOPE SENSOR

CURB & GUTTER MOLD

DEPTH OF CUT

DRIVEWAY CUTTER
EXTERNAL VIBRATOR

EXTRUDED CURB MACHINE

EXTRUSION METER

FORM RIDING PAVER

GLARE SCREEN MOLD

Screw type device used to transfer material.

An integral part of the automation system utilized to average a pass
to a consistent profile.

(Refer to Mold)

A mechanical apparatus to stop the flow of concrete at specified
locations (i.e. driveways).

(Refer to Inserter)

The mounting of the slipform mold between the tracks of the
machine. Also known as straddle.

An endless belt used to elevate concrete into a mold or place
concrete near center of slab. This could also mean auger.

An accessory or attachment item on trimmers and pavers to
measure cross slope and mechanically control the slope attitude of a
machine.

(Refer to Mold)
The measurement of a cut from the pavement surface to the bottom

of the cut. (Rule of thumb regarding depth of cut is usually 1/4 the
depth of slab.)

(Refer to Block Out)

(Refer to Vibrator)

A relatively small powered machine that uses the principle of
extrusion to force concrete or asphalt mixes through augers. The
auger(s) compacts the mix into the.mold, producing a uniform, free-
standing, high density curb.

A generic term describing the forming plate in a paver.

A non-slipform process machine which runs on metal forms or rails.
The elevation of the concrete is determined by the height of the
metal forms or rails. Each different height requires a different set of
forms or rails which is costly.

(Refer to Mold)




glossary of terms

Common to concrete pavement construction
slipform paving machinery (continued)

GRADE SENSOR

INSERTER

The portion of the automation system which controls the grade.

Device on a paver to embed steel bars into the plastic concrete.

*CENTER BAR INSERTER Places dowels in the center line joint or the quarter points, or both.

*SIDE BAR INSERTER

*TRANSVERSE DOWEL
INSERTER (DBI)

INTERNAL VIBRATOR

MOLD

*BARRIER MOLD

Places dowels or tie bars on the slab edge.

Places multiple transverse dowel bars. Mainly used in larger
mainline
4-track slipform pavers.

(Refer to Vibrator)

The metal form used to slipform a curb/gutter, median barrier,
monolithic or parapet section with plastic concrete.

Top-of-Curb

Face-of-Curb

Flowline

Finish Grade

l<— Base-of-Curb——»l

*CURB & GUTTER MOLD




glossary of terms

Common to concrete pavement construction
slipform paving machinery (continued)

*GLARE SCREEN MOLD

*PARAPET MOLD




glossary of terms

Common to concrete pavement construction
slipform paving machinery (continued)

*VARIABLE HEIGHT
MEDIAN BARRIER MOLD

Top Remains
. Constant

*MONOLITHIC MOLD
(CURB, GUTTER &
SIDEWALK)

MULE A handheld metal form used to shape a curb, and/or gutter section or
a median barrier section with plastic concrete.

MONOLITHIC MOLD (Refer to Mold)
NULL Zero set on an automatic sensing mechanism.
OFFSET A survey term used to describe or otherwise transfer a grade

reference to a more convenient location. Survey reference is offset
for the paver or trimmer pathway for convenient reference.

OPERATING WEIGHT The gross machine weight with full mechanical operating systems, a
full tank of fuel, one-half sprinkler tank of water (if so equipped) and
a 175 Ib. (80 kg) operator. If the operating weight includes ballast,
the location, type(s) and weight should be so designated.




glossary of terms

Common to concrete pavement construction
slipform paving machinery (continued)

OSCILLATING SCREED

PAN
PARAPET MOLD

PLACER SPREADER

PROFILE PAN

PROFILE TRIMMER
SCREED

SIDE BAR INSERTER
SIDE FORMS/SIDE
PLATES/HEADER PLATES

SIDE MOUNT

SLIPFORM

STEERING SENSOR

STRADDLE
STRIKE OFF

TAMPER BAR

TEETH

Sometimes used as an auxiliary finishing system used behind the
finish pan on a paver. Normally, a small finish pan system which
oscillates transversely back and forth on top of slab.

A generic term describing the forming plate in a paver.
(Refer to Mold)

A self-propelled machine which deposits concrete supplied from the
outside of the stringline onto the grade in the center and strikes off or
spreads the concrete. Used frequently when wire mesh or rebar is in
the slab.

A generic term describing the forming plate in a paver.

(Refer to Trimmer)

A moveable piece about 9" long in the same configuration as the
mold. Mounted at end of mold, it is used to finish the product.

(Refer to Inserter)

That portion of a slipform paver used to confine and shape the
vertical sides of the edges of the pavement in the ongoing process.

The mounting of the slipform mold on the outside of the machine
frame.

A form which is pulled or raised as concrete is placed; may move in
a generally horizontal direction to lay concrete evenly for highway
paving or on slopes and inverts of canals, tunnels, and siphons; or
vertically to form walls, bins or silos.

The portion of the automation system which reads steering changes
and controls steering. :

(Refer to Center Mount)
Device used to level the concrete to a specific depth.

A horizontal bar which mechanically depresses course aggregate at
the leading edge of the forming plate in the paver.

(Refer to Trimmer)




glossary of terms

Common to concrete pavement construction
slipform paving machinery (continued)

TRIMMER A rotating cutting wheel used to fine-grade for sub grade.
*PROFILE TRIMMER Trimming wheel designed to trim in preparation for use of a
monolithic mold.
*TEETH Replaceable cutting tools on a trimmer.
VARIABLE HEIGHT (Refer to Mold)

MEDIAN BARRIER

VIBRATOR A device used to generate a high frequency and low amplitude for
consolidation of concrete.

*EXTERNAL VIBRATOR A vibrator which is mounted on the forming plate.

*INTERNAL VIBRATOR A vibrator which is immersed in the concrete mass.




glossary of terms

Common to concrete pavement construction

slipform paving process

ADJACENT PAVEMENT

*SCAB ON

ADMIXTURES

*ACCELERATOR

*RETARDER

*SUPERPLASTISIZER
or WRA or W.R.A.

AGENCY

AGGREGATE

ASTROTURF DRAG

BARREL

BASE

*AGGREGATE BASE

*ASPHALATIC BASE

Can be either sidewalk, curb and gutter or paving that slipformed
against an existing pavement.

Curb installed on top of existing pavement. Usually done over dowel
bars or epoxy. (Curb and gutter can be scab on.)

Ingredients in concrete other than portland cement, water and
aggregates that are added to the mixture immediately before or
during mixing.

An admixture used to hasten the setting time of concrete. Normally
in the form of 1% or 2% calcium chloride admixture.

An admixture which delays the setting of concrete and hence of
mixtures such as mortar or concrete containing cement.

Water reducing admixture: a material that either increases slump of
freshly mixed mortar or concrete without increasing water content or
maintains workability with a reduced amount of water, the effect
being due to factors other than air entrainment; also known as water
reducer.

A governmental body which spends money for and specifies
construction practices.

Specifically sized material produced from rock quarries, stone
quarries, gravel pits and sand beds. Used proportionally in size to
make base or paving mixtures. Sizing relationships of aggregate is
known as gradation.

(Refer to Texture)
Represents 4 cu. ft. (4 sacks) of cement or 376 Ibs.

Part of the structure of a paving system or manufactured material
(aggregate mixture) rigidly controlled and specified for use below the
pavement structure. A foundation for pavement.

Can be in the form of compacted gravel with many fines or the other
extreme would be washed gravel and no fines.

Sometimes called “bam”. Usually consists of aggregate base with a
packed coat of asphalatic solution to seal the sub base.




glossary of terms

Common to concrete pavement construction
slipform paving process (continued)

*LIME BASE

*PORTLAND CEMENT BASE

BASKET

BLUETOP

BONDED OVERLAY
BROOM

BURLAP CURE
BURLAP DRAG

CEMENT, PORTLAND

CONCRETE
CONSTRUCTION JOINT
CONTRACTION JOINT

CORE

CROSS SLOPE

CROWN

*PARABOLIC

*RADIUS

Soil mixed with lime to create a tight soil base. Primarily used in
areas where the water table is high.

Similar to lime base, except that the lime is substituted with portland
cement.

(Refer to Reinforcement)

A special survey stake set as a reference to a finish elevation for
grade, sub-grade, base or sub-base. A type of hub.

(Refer to Resurfacing)
(Refer to Texture)
(Refer to Curing)
(Refer to Texture)

A hydraulic cement produced by pulverizing clinker consisting
essentially of hydraulic calcium silicates, and usually containing one
or more of the forms of calcium sulfate as an interground addition.

(Refer to Portland Cement Concrete)

(Refer to Joint)

(Refer to Joint)

Sample of hardened concrete obtained by drilling the structure with a
hollow core tool. Common agency compliance tests are for depth
(length of core) and strength.

The cross fall or slope across the highway. Built into the structure to
help control and direct drainage in one direction or another across a
highway. May be expressed in percent (%) of slope or dimensionally
in units of fall.

The fall of slope each direction from the center line (C/L) of a
roadway, street or shoulder line.

A curved crown system still used in some states. The configuration of
the curve is determined by local specifications.

A consistent curved crown in the finish pan system much like the arc
involved in the radius of a circle.

11
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glossary of terms

Common to concrete pavement construction
slipform paving process (continued)

*TANGENT

CURING

*BURLAP CURE

*SPRAY CURE

DOWEL

DOWEL BAR INSERTER

DOWEL MESH
REINFORCED PAVEMENT

DUAL GRADE

ECONOCRETE

EMBEDMENT

ENTRAINED AIR

ENTRAPPED AIR

EXPANSION JOINT

EXTERNAL VIBRATION

A straight line crown left and right; shaped like a roof top.

The maintenance of a satisfactory moisture content and temperature
in concrete during its early stages so that desired properties may
develop.

Involves the entire covering of the slab as soon as possible with
burlap blankets for protection against frost.

A solution sprayed on concrete for the purpose of delaying the set
time of concrete resulting in a stronger product.

A smooth steel rod, usually made from round bar stock, embedded in
a concrete pavement. Used to control separation or load transverse
across a joint in the pavement.

(Refer to Inserter)

(Refer to Reinforcement)

(Refer to Grade Control)
(Refer to Rigid Pavement)

A term to describe any device such as dowels, tie bars,
reinforcement, water valve boxes or light stands buried in a concrete
structure.

Minute bubbles in a concrete structure are induced by a chemical
additive mixed in a portland cement concrete. Controlled minute
bubbles are formed in the mixture and remain when the concrete
hardens. The bubbles allow for internal expansion in the concrete
during freezing and thawing cycles. Adds to the durability of
concrete. Usually 4-6%.

Excess air in a concrete structure which may be induced by improper
mixing, improper consolidation or reactivity to deleterious materials
in the mixture. Uncontrolled air pockets are formed and are
detrimental to the structural integrity of concrete. Sometimes called
honey combs.

(Refer to Joint)

(Refer to Vibration)




glossary of terms

Common to concrete pavement construction
slipform paving process (continued)

EXTRUSION PROCESS (E.P.)

FLEXIBLE BASE

FORM

FLY ASH

FULL-WIDTH PAVING

GRADE

GRADE CONTROL

*DUAL GRADE

*PROJECTED GRADE

*SENSOR

HALF-WIDTH PAVING

HEADER

HUB

A method of forming plastic concrete to a specific shape. Concrete is
forced by external means through a special mold to form the shape.
Most slipform pavers use the extrusion process to form and finish

_concrete pavement.

Those with sufficiently low bending resistance to maintain intimate
contact with underlying structure and to distribute loads to foundation
by aggregate interlock, particle friction or surface tension.

A temporary structure or mold for the support of concrete while it is
setting and gaining sufficient strength to be self-supporting.

The finely divided residue resulting from the combustion of ground or
powered coal. It is also called “Filler”.

Street paving widths over 20 feet.

The surface elevation of a structure or structures system meeting or
equaling a horizontal line or plane. May also refer to the beginning
surface without paving materials.

A survey reference from which grade elevations are established. The
electronic or hydraulic sensing device or system on a paver or
trimmer used to control that machine for elevation and slope from a
reference system.

Utilization of a strongline on both sides of machine to contro! both
sides. Normally used at widths >10".

A survey term transferring grade reference including changes for
slope or crown. A type of offset grade which carries a rate of slope
along the same line or plane.

Electronic device used to sense stringline position for steering and
grade control.

Street paving where only half of the street is poured at one time, 20'
or less.

A starting or stopping point of a concrete pavement. Usually having
to do with a day or shift beginning and/or ending of an operations
point. Requires special reinforcement and finishing process.

A survey stake or reference establishing alignment and elevation
grade for a pavement.

13
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glossary of terms

Common to concrete pavement construction
slipform paving process (continued)

INTERNAL VIBRATION

INTEGRAL CURB

JOINT

*CONSTRUCTION JOINT

*CONTRACTION JOINT

*EXPANSION JOINT

*KEYWAY

*KEYWAY LINER

*LOAD TRANSFER JOINT

*LONGITUDINAL JOINT

*SKEWED JOINTS

*TIED JOINT

*TRANSFER JOINT

(Refer to Vibration)

A curb section placed simultaneously with another section, such as a
gutter.

A necessary device or system built into a concrete structure to
control expansion and contraction in concrete.

A planned jointing of pavement to accommodate construction
techniques or physical dimension limitations.

Joint of either full depth or weakened plane type designed to
establish position of any crack caused by contraction while providing
no space for expansion of pavement beyond original length.

Joint permitting pavement to expand in length, due to variations in
temperature. Usually contains pre-formed material to cushion the
edges of the concrete from expansion forces. May be used with
various types of joint reinforcement.

A type of joint constructed in concrete structures or pavements. Are
used for their interlocking ability in the structure. Contains two parts,
male and female. May be constructed by extrusion or by special
metal forms embedded in the concrete.

Preformed, thin metal strip used in the construction of female
keyway applications. Comes in 10-1000' strips and can be
prepunched with holes every 30" for dowel bars.

Any contraction or expansion joint which utilizes dowel bars through
the joint to help tie the two slabs together so that elevation is
maintained with weight transfer.

Joint of either full-depth or weakened plane type construction parallel
to or along center line to control longitudinal cracking.

Installed at something other than a right angle to the direction of
travel. Difference in skew is considered to be 1/4 the width of slab.
Example: 24' slab = skew of joint varies 6' from being a right angle.

Usually entails rebar instead of dowel bar and insures that two slabs
don't drift apart during freeze/thaw cycles.

Same as Load Transfer Joint.




glossary of terms

Common to concrete pavement construction
slipform paving process (continued)

*WORKING JOINT

KEYWAY

KEYWAY LINER

LOAD TRANSFER JOINT
LOCKTO GRADE

FLOAT

LONGITUDINAL

LONGITUDINAL JOINT
MONOLITHIC CURB
NON-BONDED OVERLAY

OFFSET

OFFSET GRADE

OVERBUILD

PARABOLIC CROWN

PLACING

PLAIN PAVEMENT

Joint permitting warping of pavement slabs when moisture and
temperature differentials occur in pavement, i.e., longitudinal or

transverse joints with bonded steel or tie bars passing through them.
Load transfer joint is a type of this.

(Refer to Joint)

(Refer to Joint/Keyway)

(Refer to Joint)

(Refer to Grade and/or Elevation Control)

The act of smoothing the surface of plastic concrete with a tool that
floats on the surface.

Relating to the length or long dimension on a paving structure. The
direction down the road as opposed to across the road.

(Refer to Joint)
(Refer to Integral Curb)
(Refer to Resurfacing)

A survey term used to describe or otherwise transfer a grade
reference to a more convenient location. Survey reference is offset
for the paver or trimmer pathway for convenient reference.

(Refer to Grade Control)

A process or area of adjustment associated with a slipform paver.
Concrete is overbuilt at the edges of a structure so that it will slump
or fall naturally to form position within reference tolerance. The
overbuild is adjusted in the paver to accomplish this process.

(Refer to Crown)

The act of putting a concrete mixture on a prepared surface.
Concrete is placed, not poured.

No steel whatsoever is used in concrete.

15



glossary of terms

Common to concrete pavement construction
slipform paving process (continued)

PORTLAND CEMENT A composite material that consists essentially of a binding

CONCRETE (P.C.C.) medium within which are embedded particles or fragments of
aggregate; in portland/cement concrete. The binder is a mixture of
portland cement and water.

PROFILOGRAPH Machine which measures longitudinal smoothness qualities of a
particular highway or street.

PROJECTED GRADE (Refer to Grade Control)

PROFILOMETER Another term for process above projected grade.

(Refer to grade control.) Example: if established grade on one side
of a roadway is .010 of one inch ... and there is a +.5 of one inch
cross slope across the highway per foot ... the projected grade on
the other side of the highway will be 1' higher than the other side.

RADIUS A straight line equal distance from the center of a circle. A smooth
transition around a corner.

RADIUS CROWN (Refer to Crown )

REINFORCEMENT Material embedded in concrete to provide additional physical
properties to the structure.

*FIBROUS REINFORCEMENT Introduction of plastic, fibrous, or steel filaments into the concrete
which tend to act as reinforcement.

*BASKET A specially constructed wire structure designed to hold in place a
reinforcement or embedded item(s) as concrete is placed over and
around it. Most often used in the placement of dowels in concrete
pavement.

*CHAIRS A pedestal of a given height used to position wire mesh in place prior
to placing of concrete. :

RESURFACING Supplemental surface placed on existing pavement to improve
surface conformation or increase strength.

*BONDED OVERLAY A layer of concrete or mortar, seldom thinner than 1" (25 mm),
placed on and usually bonded onto the worn or cracked surface of a
concrete slab to either restore or improve the function of the previous
surface.

RETARDER (Refer to Admixture)




glossary of terms

Common to concrete pavement construction
slipform paving process (continued)

RIGID PAVEMENT

*ECONOCRETE

*ROLLER COMPACTED
CONCRETE

SACK (OR BAG)

SCAB

SCREED

SENSOR

SKEW
SKi

SLIPFORM

SLOPE

SLUMP

SPRAY CURE

STRAIGHT EDGE

STRING LINE

Those which, due to high bending resistance, distribute loads to
foundation over comparatively large area. Portland cement concrete
pavement is a rigid pavement.

Term usually referred to when discussing a low cement content
concrete. Sometimes used as a sub-base on roadways

Form of concrete using low water content and small aggregate
mixtures. Usually placed by modified asphalt laydown machines.
Also refer to Rigid Concrete.

A volumetric measure, 1 cu. ft. (.02832 cubic meter), containing 94
Ibs. (42.6 kg) of portland cement.

(Refer to Adjacent Pavement)

A method or device used to strike off and level materials used in
pavements.

Electronic device used to sense stringline position for steering and
grade control.

(Refer to Joint)
(Refer to Elevation Control)

A paving process using self-contained or traveling forms for
confinement and finishing of the plastic concrete.

The arithmetic rate of rise or fall over run or distance. Refer to cross
slope. Rise divided by run = slope.

A physical property measurement of a plastic concrete mixture. Used
as an indicator of the fluidity of the mixture. Can also refer to the
settling of plastic concrete to its natural repose.

(Refer to Curing)

The act of or the tool used to check the flatness of a plane surface. A
tool used to remove irregularities in the surface of concrete.

A composite material cord or a wire, of small diameter, set in a
system of metal holders and stakes as a reference to guide
trimmers, pavers or other automated tools for both alignment and
elevation. A string is a parallel reference to a survey of hub line.




glossary of terms

Common to concrete pavement construction
slipform paving process (continued)

SUB-BASE

SUB-GRADE

SUPERPLASTISIZER

SURFACE TEXTURE

TANGENT
TANGENT CROWN

TEXTURE

*LONGITUDINAL
TEXTURING (L.T.)
*ASTROTURF DRAG

*BROOM FINISH

*BURLAP DRAG

*TYNING

TIE BAR

TIED JOINT
18

A layer in a pavement system between the sub-grade and base
course or between the sub-grade and a portland cement concrete
pavement.

The soil prepared and compacted to support a structure or a
pavement system.

(Refer to Admixture)

Character of surface of pavement which depends on size, shape,
arrangement and distribution of aggregates and cement or binder. A
textured surface may be induced mechanically in concrete
pavements.

That portion of a roadway which is straight.
(Refer to Crown)

A roughening of the surface of a pavement while plastic to increase
skid resistance or drainage run off. May be processed by dragging
various materials transversely or longitudinally on the surface of the
concrete. May be induced by sprinkling special property aggregates
on the surface of concrete prior to final finish.

Astroturf drag, broom drag, burlap drag or tyning which leaves
striations in the direction of traffic.

Same material used for football fields and is used as a texturizing
agent to be dragged behind paver for traction.

Brooms that texturize surface behind slipform paver.

Dragging of burlap behind a slipform paver. Helps to fill vibration
holes.

Mechanical method of leaving striations behind slipform paver in the
direction of traffic. Usually the tyning is done transversely to the
direction of travel.

A metal rod inserted in the plastic concrete to keep joints in the
structure from spreading. Usually made from rebar material of
varying diameters. Normally used for center tie bars in middle of a
highway, or as tie bars to tie shoulder work in place.

(Refer to Joint)




glossary of terms

Common to concrete pavement construction
slipform paving process (continued)

TRANSFER JOINT

TRANSITION

TRANSVERSE

TRIM AND POUR

UNITS OF MEASURE

WRA or W.R.A
WORKING JOINT

WATER CEMENT RATIO

YIELD (LOSS OR GAIN)

(Refer to Joint)

That area in a roadway allowing smooth entry into or out of a curve.

A gradual change from straight line to curve. Also, a gradual change
from consistent elevation to one of changed elevation on one or both
sides.

Relating to the width or short dimension of pavement. A direction
across the pavement.

The process of fine-grading and slipforming concrete simultaneously.

Concrete pavements are measured and paid for by the square yard
(s.y., yd?), a measure of surface area.

Square yard = (surface area) =3'x 3'=1'x w' divided by 9 =1 S.Y.
Concrete volume is measured by the cubic yard.
3'x3'x3 =L"x W' xD'divided by 27 =1 C.Y.

Grade and survey measurements are in tenth (1/10 = 0.1) of a foot
or one hundredth of a foot (1/100 = 0.01).

0.1 ft. = approximately 1-3/16"
0.01 ft. = approximately 1/8"

(Refer to Admixture )
(Refer to Joint)

The ratio of the amount of water, exclusive only of that absorbed by
the aggregates, to the amount of cement in a concrete or mortar
mixture; preferably stated as a decimal by weight.

The volume of freshly mixed concrete produced from a known
quantity of ingredients; the total weight of ingredients divided by the
unit weight of the freshly mixed concrete; also, the number of unit
produced per bag of cement or per batch of concrete. Yield is the
cubic yards of concrete required (theoretical) to fill these dimensions.
Deviation from theoretical is yield loss or gain.
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machine specifications

OPERATING WEIGHT
(at a designated width)
SHIPPING WEIGHT

SHIPPING WIDTH

OVERALL SHIPPING WIDTH

OVERALL OPERATING WIDTH

STANDARD PAVING WIDTH
(minimum/maximum)

OVERALL LENGTH
TRACK LENGTH

TRACK BASE
TRACK PAD WIDTH

ENGINE TYPE
HORSEPOWER
(rated per SAE J1349 JUN 90)

OPERATING SPEED
(minimum/maximum)

TRAVEL SPEED
(minimum/maximum

FUEL RESERVOIR

WATER SYSTEM CAPACITY
(for utility or clean-up use)

AUGER DIAMETER

NUMBER OF VIBRATORS

pounds, kilograms
pounds, kilograms

feet, meters
feet, meters
feet, meters
feet, meters

inches, centimeters (feet, meters)
feet, meters

inches, millimeters
feet, meters (inches, millimeters)

diesel, gasoline, etc.

horsepower — HP, kilowatts — kW

feet per minute, meters per minute

feet per minute, meters per minute
gallons, liters

gallons, liters
inches, centimeters

Curb and Gutter Machine Additional Specifications

RADIUS CAPABILITY
(inside/outside)

ELEVATION CYLINDER STROKE

CONVEYOR LENGTH

CONVEYOR WIDTH

feet, meters
inches, centimeters
feet, meters
inches, millimeters

Slipform Paver Additional Specifications

MAXIMUM PAVING DEPTH
EXTRUSION PAN LENGTH
(front to rear)

inches, centimeters

inches, centimeters




machine specifications
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-

Typical Curb & Gutter Cross Section H Curb Head Height
Grade Line (Expressed as % of Slope) | Gutter Line
Toe Section Height J Flow Line (Expressed In./Ft.)
Curb Height K Critical Point
Back of Curb L Curb Head Width
Curb Head M Batter
Curb Face N Curb Width
Main Variables

Range Average
= Width 18"-32" 24"
= Back (Curb Height) 10"-16" 12"
= Front (Toe Section Height) 5"-10" 7"
= Curb Height 3"- 8" 6"
= Top or Curb Head Width 2'- 9" 6"
= Toe Stop 1" —inflow 1" inflow

to 1" — outflow
= Batter Oto1-1 Most variables
Curb & Gutter
3II
10% 7n
B 24"
Normal Curb & Gutter Mountable Curb & Gutter

(rollover)

21



machine specifications

Curb Only
6"
8”
10" \ 18" o 10"
12" 3" 7

(three variations)

Sidewalks

A
48"
48" 12"

% ;

30"
Sidewalk Combination Sidewalk Curb & Gutter
(4' to 6' wide) (Holtywood)

Median Dividers
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Slipforming Concrete — Background

The first commercial slipformed concrete slab was constructed over 40 years ago. The process
grew rapidly in the 1950’s as slipforming of highway pavement became a very common and
efficient means of construction. The slipforming of smaller types of concrete surfaces progressed
at a much slower pace.

Several manufacturers provided extrusion machines which were used primarily to extrude small
curbs and sometimes gutter sections. These extrusion machines require a specific concrete mix
with small coarse aggregate and low slump. The units are usually required to run on rails or on
slabs adjacent to the curb being laid.

Up until the mid 1960’s, most intermediate concrete surfaces were laid with forms and through the
assistance of these small extrusion machines. A typical forming crew would consist of 15 to 25
men setting forms and pouring concrete. A thousand feet of curbing a day was considered just
about maximum; 500 feet was more typical.

Much of the curb and gutter in this country is laid in conjunction with asphalt paving. In the past the
asphalt contractor usually subcontracted this type of work to the small concrete contractor. In
some cases, the cost of this specialty type of concrete work exceeded the cost of the asphalt
pavement itself.

in the late 1960’s, many contractors started to experiment with slipforming machines that could lay
curbs and gutters, sidewalk and other miscellaneous concrete surfaces. At first, such machines
were contractor-built. Several of the contractors that originally built such machines found a ready
market for this equipment, and became manufacturers of slipforming machines. These machines
allow a tremendous reduction in the amount of labor needed to perform this type of work. They
also permit relatively high production rates compared to the old method. They are more flexible in
being able to lay a variety of shapes and forms. The final quality of the work is superior to hand
work and costs are much lower.

The heart of the slipformer is the mold or mule which is used to form the structure. These molds
come in a variety of shapes which can usually be interchanged quite quickly. Steel can be inserted
in the front of the mold when such reinforcing is required. A few of the machines have been
designed that can turn relatively tight radii so that not only large straight sections can be performed
by the machine, but also cul-de-sacs and other types of cured members. The tighter curve a
machine can perform, the more its usefulness is extended.

The machines are generally made so that they can pave “inboard”, underneath the basic chassis
of the machine, or “outboard”, on the outside of the machine adjacent to it. Outboard position
allows the machine to work closer to obstacles and to the edge of surfaces. Usually a belt
conveyor or screw conveyor is provided to accept material from the Redi-Mix truck, also end dump
or agitator truck. This usually allows much easier and faster discharge from the truck. All of these
machines today are electronically controlled with the ability to control slope, grade and steering
from a preset string line. Some of the slipforming machines can also perform the trimming
operation. Trimming performed by this piece of equipment is of a fine trimming nature.

Slipforming machines started out relatively small compared to many of today’s models. Added
flexibility together with better results have caused the larger models to be more popular even
though they represent a larger initial cost.
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There are hundreds of different basic curb and gutter shapes specified throughout the United
States. In addition to laying these various shapes, the typical concrete slipformer can lay
sidewalks, combination sidewalk curb and gutter, cattle feed bunks, irrigation ditches and other
small surface shapes. An additional specialty has been the ability to slipform high median barriers
on super highways.

In the United States today there are still some areas where slipforming concrete has not become
very popular mainly due to the local codes and old-time prejudices. There are other areas where
slipforming machines have become the only way of doing this type of work.

Basic Concrete Characteristics
A. Strength and Set

The process in which portland cement concrete develops rigidity, and compressive and flexural
strength is called hydration. Hydration is the reaction to certain compounds in the cement with
water to form gels and hydrates which combine into a cementitious rigid binding agent.

The development of strength and set of concrete are the direct results of the chemical actions
of the three primary compounds in cement:

1. Initial Set & Strength is developed by the first compound in the first 24 hours. Initial set
usually takes place 2 or 3 hours after mixing. However, a host of factors affect this timing
— temperature, aggregate, time in agitator or transit mixer, etc.

2. Primary strength is developed through the second compound. In the first 7 to 10 days the
major (2/3) portion of the strength is developed. After this time the surface can usually be
used.

3. Further strength is developed in the first 18 days from the second compound and then after
that additional strength is provided by the third compound for 10 years or longer.

B. Moisture and Drying Effect

Contrary to popular belief, portland cement concrete does not develop strength by “drying”. As
a matter of fact, the best way to insure maximum strength is to keep concrete submerged in
water during the first 28 days. The point is, there must be sufficient H*0 to support the
hydration process through the curing period. Rapid loss of water also results in excessive
cracking, due to shrinkage occurring before the concrete can resist the resulting tensile stress.

Water is lost from concrete in three ways:
— Evaporation to the atmosphere
— Absorption to subgrade
— Hydration of the compounds

To minimize the “evaporation effect”, a vapor barrier is needed. An application of a waxy curing
compound is usually used although a film of water or a sheet of waterproof paper or plastic can
also be used.

The wetting of the subgrade immediately prior to placement of the concrete minimizes the
absorption to the subgrade.

25



concrete slipforming technology

C. Heat Release

In addition to the strength development, two other products of hydration are: release of heat
and carbon dioxide. To obtain the best curing conditions, not only should water loss be
minimized but a too-rapid heat release rate should be prevented by using a white-pigmented
curing compound to reflect solar heat. Rapid heat rise may damage the internal structure of the
concrete by too-rapid expansion.

D. Types of Cement

Normally either Type | (regular cement) or Type Il (“modified” cement) is merely modified to
reduce the disintegrating effect that soil has on the cementing compounds.

Occasionally, either Type lil “high early strength” cement (which develops compressive
strength in 2 or 3 days versus 7 to 20 days normally) is used or calcium chloride is introduced
in cement to speed up the process.

E. Air Entrainment

The purpose of air entrainment is to improve the durability or resistance of the concrete of
freeze-thaw action and to the expansion of salt crystals when wet. It is usually required that the
concrete contain from 3% to 7% air, by volume. The tiny bubbles intercept the capillary cracks
resulting from shrinkage and provide air “compression chambers” to allow room for expansion
of freezing water and expanding salt crystals, thus protecting the concrete from undue stress.

Entrained air reduces slightly the ultimate strength of concrete, but it also makes for better
workability, so sand content can be reduced, and the resultant lower fines — cement ratio
results in an off-setting gain in strength properties. The end result is a more durable surface,
one not likely to scale or otherwise deteriorate when exposed to the elements.

lll. Concrete Mix for Slipforming

A. Mix Design — A mix design has three basic main ingredients:
Aggregate
Cement
Water

Generally, a mix is designed for a specific application. In most states and municipalities, a
standard design has been established for curb and gutter applications. Most of the mixes today
have been designed to perform with the hand set form method of construction. Very slowly,
new mix designs are developing in areas where machine applications are the rule rather than
the exception.

Aggregate consists of stone and sand of varied sizes, and can vary regionally and locally.

Generally a mix design which has a crushed stone size of 3/4", 1"-1-1/2" for barrier type work,
and less is the most desirable for slipforming. Crushed stone, being angular in shape,
interlocks more readily than other aggregate. This permits the slump range to have a fairly
wide variation without affecting the results.
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Aggregate secured from river bends or mines (as in the glacier areas) tends to be smooth and
will fail to interlock. Slump control becomes critical for this type mix. Washed aggregate tends
to provide somewhat better results.

Stone such as granite, shale limestone, coral and lava rock will vary in density. The lighter
density stone such as the corals, lava and some limestone are difficult to use. “Vibration” can
cause separation, with the lightest material floating up to the surface resulting in rough texture
and minimal mortar for final finish. The shape of the stone can have a great bearing on final
finish. Shale stone tends to be rectangular in shape and stacks up, causing voids which can be
filled only with the finer particles in the mix. The sand used in a mix can vary as greatly as the
stone. Man-made sand tends to be harsher and harder to finish.

A specific mix design for use in a curber must be worked out using material at hand in a
particular situation. Generally, the standard curb and gutter mix is the starting point. Close
contact with the supplier and resident Engineer to obtain the most desirable final finish is
essential. Adequate fines is frequently one of the major factors to control.

. Steel in Concrete

Steel is used in concrete slipforming for two basic purposes:

1. Steel dowel bars are used to tie or attach one concrete section with another. These are
frequently used to tie barriers to footings. Also, they are used to tie simple curbs to
concrete slabs.

2. Reinforcing steel bars (and steel mesh) are used primarily to reduce or control cracking. In
precast concrete members, reinforcing is generally needed to help keep the piece together
when it is moved around.

Reinforcing steel is usually not used in normal curb and gutter work. Cracking can be
adequately controlled through contraction joints. There are still some states that require
reinforcing steel, but this tends to be a carryover from older methods and is slowly decreasing
in use.

Most technical advisers agree that reinforcing steel is not needed in median barriers. The
bulkiness of the barrier provides enough strength, and the contraction joints control the
cracking. Even so, quite a few states still specify a reinforcing bar near the top of the barrier.
There are still a few states (Texas, Arkansas, Oklahoma, etc.) that require an enormous
amount of reinforcing steel in a cage type effect. Oregon has a special requirement for mesh at
the top foot or so of their precast barrier. A definite disadvantage of Precast Barriers is that
they do require some reinforcing steel to help hold them together as they are moved around.
The cast of steel can be a very expensive proposition.

. Curing and Finishing

Normal curing time is:
7 to 10 days for Type | or Il cement
2 to 3 days for Type Ill cement

When trowel or brush finishing is needed, do it before the concrete sets. Working afterwards
will result in a weak surface film. A rule of thumb for cold weather pouring is that you can pour
concrete when the temperature is 32° and rising. Cold weather will tend to slow the hydration
process. Heated water and heated aggregate can be used to help the condition in cold
weather.
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An excerpt of a report by Edwin C. Lokken, Principal Highway Engineer, PCA, presented
November 30, 1972, tends to sum up the technical view of many:

“Specifications that require excessive hand work may be outdated and not applicable to
extruded or slipformed surfaces. We believe, as a general rule, that a slipformed surface as it
leaves the machine is superior in alignment and durability to hand-worked surface. Hand
finishing of barriers behind the slipform machine should be eliminated or held to a bare
minimum. Where required to be used for repair or correction, finishing tools and floats should
be used sparingly and should be of a length to maintain alignment. Where major corrections in
alignment must be made behind the machine, long boards and pipe clamps may be employed
during initial set of the concrete. If a texture is desired on the side of a barrier, a single
brushing with a light brush should be the only treatment required. It can be either vertical or
horizontal as desired. We understand that in California a contractor has tried a method of
attaching a series of brooms to the rear of the slipform machine to give an automatic
longitudinally brushed finish.”

“Hand finishing crews on some projects are entirely to large and too active. As many as six to
eight men have been counted at work on a short stretch of barrier behind one machine. Such
excess hand work is counterproductive. It can lead to scaling of the surfaces, as already
mentioned. It usually results in short humps and hollows in the surface. We believe that these
finishing requirements may stem from a mistaken notion that an exposed concrete surface
must be “closed up” and that pin holes and air pockets must be worked out or filled with
mortar.”

. Slump

As a practical field measurement, water content of a concrete mix is controlled by slump
measurement. The wetter the mix the more cement needed to maintain strength. Aggregate
size and type can affect slump requirements. The slump is a very critical factor to the
slipforming operation.

1. Since the form is relatively short, 3 feet to 6 feet, it leaves the concrete unsupported quite
quickly. This encourages one to desire a relatively stiff mix that you are sure will stand up.

2. Low slump concrete is difficult to handle and difficult to move out of the Redi-Mix truck and
through the conveyor. Also, low slump tends to tear in the mold. This makes it difficult to
secure optimum machine operation.

3. Originally, it was thought that 1" slump was necessary. However, in recent years it has
been found that much wetter concrete than was originally thought can be used
successfully. 2" slump seems to be more the rule today, with satisfactory results obtainable
up to 3" slump.

The practical realities of a curbing type slipforming operation tend to encourage the Redi-Mix
plant operation to err on the side of producing too dry a mix. If the mix is too wet it is unusable
and must be thrown away; but if it is too dry, water can be added by the slipformer operator to
the optimum level. Thus, the responsibility for ultimate mix slump control frequently rests with
the slipformer operator. The exception to this is in cases where the specifying agency, usually
the state, requires tight control from the plant. In this case the plant must be encouraged not to
err on the dry side. As a matter of fact, some of the more sophisticated Redi-Mix plants
maintain a tight control on the water to cement ratio and frequently do not react to the other
forces like temperature and moisture that may be changing the actual slump. In these cases it
may be necessary to require an “On-the-JobSite Slump Test” in order to receive permission to
add water.
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E. Consolidation and Vibration

The compaction of concrete is called “consolidation” as it is really a method of removing the
voids and solidifying the mix. Principally two methods are used more or less simultaneously to
provide the consolidation. Vibration and confinement (squeezing) are the two methods used in
this process.

Vibration is provided through internal vibrator probes. There is quite a science to the number
and placement of these probes. Usually the manufacturer provides a flexible installation so that
the contractor can move them around to fit the unique conditions of each and every job. Thus,
vibrator placement is the key variable which the slipformer operator has the responsibility for
determining.

IV. Concrete Barriers
General Background

The concrete median barrier has become a very effective safety factor. The Federal Highway
Administration has recently advised engineers that “accident experience with concrete barrier
seems to indicate that it is superior to other types of barriers as concerns penetration by errant
vehicles”.

Government tests have shown that the curving contour of the typical barrier wall permits a vehicle
wheel to crawl upward and return to the road surface without severe impact. Double slope design
keeps a car body from making contact with the barrier. Deflection is effected at the wheels, making
acceleration and redirection of the vehicle possible even at unusual impact angles. The driver
generally retains control of his vehicle and suffers minimal rebound into adjacent traffic lanes. The
concrete barrier itself sustains minimal damage, remaining safely in operation.

Researchers generally agree that the cost of slipformed concrete barriers is competitive with or
lower than other types of barriers. This type of concrete construction generally requires no
reinforcement and no after-pour hand finishing. Maintenance requirements have been low, too.

Not only is the concrete barrier wall cited by the Highway Research Board for its effectiveness in
dividing opposing lanes of traffic, but other applications are beginning to become popular.
Concrete median-type walls now serve as road shoulder guards, especially on mountain roads.
They add safety when connecting guard rails to bridges. Built along the highway shoulders, they
protect pedestrians. On bridge decks, they divide the flow of traffic. In 1970 there were 185 miles
of concrete barrier in use in the U.S. and Canada. By early 1975 nearly 2,000 miles had been
constructed or awarded. Today there is concrete barrier on virtually every major highway.
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V. Slipforming Specifics
A. Curb, Gutter and Related Shapes and Sizes

There are many different shapes of structures that can be placed with these machines. Below

is an illustration of the most common curb and gutter basic shape with an indication on the 12

key factors that affect the exact configuration. (Also, it shows how some of the key dimensions
might vary.) lllustrations on the following pages show some of the different shapes that can be
poured.

<—|_—>| -\ J

A Typical Curb & Gutter Cross Section H Curb Head Height
B Grade Line (Expressed as % of Slope) I Gutter Line
C Toe Section Height J Flow Line (Expressed In./Ft.)
D Curb Height K Critical Point
E Back of Curb L Curb Head Width
F Curb Head M Batter
G Curb Face N Curb Width
Main Variables
Range Variables

N = Widih 18"-32" 24"
D = Back (Curb Height) 10"-16" 12"
C = Front (Toe Section Height) 5"-10" 7"
H = Curb Height 3"- 8" 6"
L = Top or Curb Head Width 2"- 9" 6"
J = Toe Stop 1" — inflow 1" inflow

to 1" — outflow )
M = Batter 0to 1-1 Most variables

Curb & Gutter
12" 7"
24" 24"
Normal Curb & Gutter Mountable Curb & Gutter

30 (rollover)
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B. Grade Preparation:

This step in many respects is the most important one in the total process. Poor grade
preparation can cause several problems:

1. If the grade is too high in spots, the slipform machine will dig in and stop.
2. If the grade is too low it can cause an excessive waste of concrete.
3. Uneven grade tends to make the machine’s job twice as difficult in laying a level curb.

Usually the grade is roughed in with equipment such as a bulldozer or grader. Fine grade can
be obtained in several ways.

1. A concrete slipformer can be used to fine grade the material as long as it is loose enough
or soft enough to handle.

2. A motor grader or maintainer with automatic grade control can be used to fine grade.
3. Aspecialized trimmer machine can also be used.

An advantage of using the slipformer machine with trimmer to fine grade is that it serves as a
dry run before slipforming.

All slipforming machines on the market require fine grading prior to pouring — through one of
the methods described. This original fine grading is usually accurate enough so that additional
fine trimming is not necessary, and is, in fact, undesirable at time of pouring.

C. Working Positions:

The slipforming machines on the market offer two major ways or positions for pouring —
straddle or offset.

The Straddle Position:

Pouring in the center of a balanced machine achieves the most efficient and simple
operation. Often, trucks can discharge directly into the machine’s hopper when it is
operating in this position. The pouring of slabs 4' + wide can be done much more effectively
from this position.

The Offset Position:

The main purpose of this position is to allow the machine to pour closer to objects, and in
some cases to reduce the amount of excavating that needs to be done. Equipment
manufacturers have accomplished this offset position in basically two ways.

The Outboard method places the operating tools — mold and trimmer — on the
outside of a basically balanced chassis.

The other offset method requires the basic chassis to be supported by an off-balanced
arrangement of the tracks or tires, and then placing the operating tools offset on one
side or corner of the machine. It prevents the use of a balanced position for any type
pouring. These machines cannot straddle pour.
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D. The Mold:

This is the ART of the process. The placement of the vibrators represents a key factor that
plays an important role in the end results.

E. Typical Curbing Job — Important Variables and Characteristics.

1.

Overall Job Coordinator:

Curb specification (cross-section design, steel required, etc.)

Roadway conditions (grade preparation, adjacent to pavement, string line clearance, etc.)
Curb layout (radius, driveways, contraction joints, etc.)

Concrete mix specifications concrete supplier (number and type of trucks and availability)

Preparation:

Setting grade line

Final grade preparation

Adapt or secure proper mold

Prepare machine (attach mold, conveyor, etc.)

Determine optimum settings for control arms and vibrators
Putting machine on line

Pour Curb:

Judge wetness and consistency of concrete within a truck load as well as from truck to truck
Adjust vibrator speed (and placement when necessary)

Adjust machine speed

Assess quality of end product continuously and make appropriate adjustments

Keep optimum head of concrete in hopper

When Waiting for Redi-Mix Trucks:
Keep hopper sufficiently filled for about 10 minutes plus or minus
Determine when hopper and mold must be emptied

End of Day or Job:
Machine and mold clean-up
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