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Pour Sequence

Case Study

• 3 span steel plate girder bridge. Plans call 
for pouring the 3 spans at the same time.

• Contractor requests to pour span 1 first 
followed by span 2 two weeks later and 
span 3 a week after span 2. Closure pours 
after the other pours are all completed. 

• Is this reasonable? What issues would you 
be concerned with? What do you do? 
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Structure in Question

Deck Cracking
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Loose Block
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Since span 3 was placed last, 
how does it look?
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Looks Good

Occasional Crack
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Pour Sequence

• Follow per plans

• Changes must be approved by the Engineer of 
Record.

• Improper pour sequence can lead to significant 
cracking and premature failure of a structure.

Pour Sequence

• It’s not just a deck issue.  

• Loads can be built into structural members that 
they were not designed for.
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Case Study

• Simple span, concrete bulb-I girders 
resting on pilecaps. Plans call for pouring 
the “E” beams as a separate pour after the 
deck pour.

• Contractor pours the “E” beams prior to 
the deck pour.  

• What issues does this raise? 

Construction Material Storage
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I-35 Bridge in Minneapolis

I-35 Bridge Gusset Plates
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I-35 Material Storage

Milling concrete 
on bridge

Previously stored 
material on ramps 
and approaches

Inspector allowed 
storage on main 
span without 
review by bridge 
design

Cracking of Bridge Decks
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Why does concrete crack?

It cracks when it is stressed beyond its 
structural capacity.

What causes stress in concrete?

• Shrinkage

• Dead Loads

• Live Loads



Deck Construction Section 14.1

January, 2017 11

Shrinkage Cracks

Shrinkage Cracks 
Are Caused By:

• Autogenous Deformation

• Plastic Shrinkage

• Thermal Shrinkage

• Drying Shrinkage
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Autogenous Deformation

The change in volume taking place of the 
concrete mixture as the hydration process 
chemically changes the material and it 
becomes a solid mass.

Plastic Shrinkage

Results from surface evaporation prior to the 
cure being put on.
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Thermal Shrinkage

• Shrinkage caused by temperature 
differences

• PADOT Study

Temperature difference induces 5.5 
microstrains per 1 degree F.

228 microstrains of thermal shrinkage 
would initiate cracking.

Drying Shrinkage

• Short term (several days)

• Long term (about 1 year).

• It results from the process of the deck 
drying out.



Deck Construction Section 14.1

January, 2017 14

Concrete Cracks

When total stress in the concrete exceeds 

the modulus of rupture of the concrete

400+/- microstrains of total stress? 

Other Factors Affecting 
Shrinkage Cracking

• W/C Ratio

• Aggregate Absorption

• Aggregate Size

• Cement Type & Source

• Timely & Proper Cure
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Deck Grades

Deck Grade Example
Location FG Camber
0.0 100.00 0.00

0.1 100.00 0.05

0.2 100.00 0.09

0.3 100.00 0.13

0.4 100.00 0.15

0.5 100.00 0.17

0.6 100.00 0.15

0.7 100.00 0.13

0.8 100.00 0.09

0.9 100.00 0.05

1.0 100.00 0.00
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Deck Grade Example Key
Location FG Camber DG
0.0 100.00 + 0.00 = 100.00

0.1 100.00 + 0.05 = 100.05

0.2 100.00 + 0.09 = 100.09

0.3 100.00 + 0.13 = 100.13

0.4 100.00 + 0.15 = 100.15

0.5 100.00 + 0.17 = 100.17

0.6 100.00 + 0.15 = 100.15

0.7 100.00 + 0.13 = 100.13

0.8 100.00 + 0.09 = 100.09

0.9 100.00 + 0.05 = 100.05

1.0 100.00 + 0.00 = 100.00

Excess Camber?
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Deck Pre-Placement 
Conferences

Deck Pre-Placement 
Conferences 00540.02

A pre-pour conference should be held 3 weeks 
ahead of placing concrete. This conference is to 
discuss all phases of the deck pour and the 
responsibilities of all parties involved.

Any problems that arise should then be resolved 
well ahead of the day of concrete placement.
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Contract No.

Deck Placement Conference Outline 
(00540.02(a)(b))

Project Name (Section) Contract No.

Highway County Date

Contractor Project ManagerEstimated Date Estimated Quantity/Day

Mix Design

Approved? Yes No

Mix Design No.

List types of admixtures to be used (Superset extender required to extend initial set by 90 min. 02001.30(e). Extra for travel, time or struct. type.)

Slump Range W/C Air Content

Concrete Mix

Supplier Name

Supplier notified well in advance.

Supplier aware of specification on truck mixer equipment. 02001.40, ASTM C94

Communication between batch plant and project. How? Who?

Continuous delivery assured for cubic yards needed per hour, at what intervals?

Supplier has sufficient material on-hand for quantity required.

Mix temperature of 50°F minimum and 80°F maximum when air temperature is 40°F or higher. Mix temperature of 60°F minimum and 80°F 
maximum when air temperature is or forecast to be below 40°F during cure period.

Contractor Quality Control

CCT Name Certification No.

QCT Name Certification No.

Individual authorized for acceptance and rejection of materials

Weather Conditions

Precipitation forecast less than 30% during placement window (2 hours before to 2 hours after). 00540.49(b)

Surface evaporation rate of less than 0.10 psf per hour. Fig. 00540-1

Cold weather plan approved if temperature is or forecast to be below 40°F. 00540.49(1-2-a) Yes No N/A

No frost or ice on forms or rebar.

Print Form
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Contract No.

Deck Finishing Machine

Type 00540.24
Brand Name

Approved working drawings showing location of deck machine rails 00540.24(a).

Deck machine to set up and run over full length of area of placement 00540.24(g).

Experienced operator with good knowledge of machine operation.

Operator Name

Changes in crown or super?

How will changes be handled?

Dry run rebar clearance is +/- ¼" from clearance shown. 00540.48(g)

Method of checking rebar clearance:

Forms

Top mat, tie bar at every intersection if spacing is more than 6", otherwise every other intersection. 00530.41(b)

Bottom mat, tie every other intersection.

At least 3 ties per lap splice.

Monitor falsework, tattletales installed (when needed).

All forming and bulkhead in place prior to start of placement.

Stay-in-place forms are not allowed for bulkheads.

Apply form release to forms.

Cleanliness of bottom and rebar.

How? When?

Edge of forms set to line and grade.

How? When?

Supports for outside edge.

Deck Placement

Saturate the tops of precast beam and formwork 2 hours immediately prior to beginning deck placement.

Minimum rate of placement 20 ft/hr 00540.48(g) third bullet.

Calculated cubic yards to be placed

Method of Placement Backup Method Estimated time to place mix



http://www.oregon.gov/ODOT/HWY/CONSTRUCTION/HwyConstForms1.shtml734-2596     (06-2013) 3 of 4

Contract No.

Deck Placement (continued)

Vibrators 00540.48(c)

Experienced vibrator person

Operator Name

Size of vibrators to be used Meet requirements of 00540.23

Number of vibrators to be used (minimum 2)

Discuss methods of consolidation 00540.48(c)

Power Source: Generators Direct Power Backup
Type

Placement direction 00540.48(g)

Transverse work bridge (2 minimum)

Emergency bulkheads, how will this be addressed if needed?

12-foot straightedge is on-site prior to start of pour. Check gutters, lane lines, ends of pours and "as directed". 00540.55

Environmental

Where will concrete trucks clean out?

Containment?

Where will deck machine clean out?

Containment?

Steps to assure containment of in forms?

Curing Concrete

Provide pressure washers with fog nozzles.

Provide wind breaks for spray or other approved methods to prevent premature drying during placement operations.

Presoaked wet burlap or dry non-woven polypropene fabric with 4-mil polyethylene film. Color as weather dictates.

Additional soaking to keep the deck moist at all times during the cure period.

Water availability during and after placement

Where?

How?

If above information is not available, who will advise the PM prior to start of placement?

During non-working days, who will be able to add water for cure?

Name Phone No.

Bridge deck cure time is 14 calendar days.
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Contract No.

General Information

Check special provisions for additional information.

Construction joint surfaces: Use surface retarder to aid in laitance removal. 00540.43 (a)

Closure pour prep: Sawcut top 1" of deck, may be waived if joint is straight without spalls. 
Hand rub or brush fresh concrete paste onto the existing surface of vertical joints down to the top mat.

Deck roadway texturing: Cut grooves no sooner than 14 days after deck is cast. 00540.50

Striping forms: 80% of specified strength and 7 days. Table 00540-1 
Early removal of forms does not eliminate the curing requirement of 00540.51
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Deck Pre-Placement 
Conferences Cont’d

A second pre-pour conference should be held at 
the job site one-half hour before the placement 
begins to discuss placement duties and 
procedures with the contractor’s entire placement 
crew and the Engineer.

Preparations for Concrete

Before the contractor orders any concrete for 
delivery and placement at the site, you should:

• Insure that an approved mix design is on file 
with the Material Section.
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Preparations for Concrete Cont’d

Make sure the contractor has adequate resources 
for the pour:

• A steady supply of mix.

• Adequate labor and equipment.

• Back-up equipment at the jobsite.

Screed Rails

• Place outside the finished area.

• Rail supports are at about every 3 feet

• Ensure all rail supports are checked. If every 
other support is shot in then stringline in 
between.
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Screed Rails Cont’d

• Removable to at least 2 inches below surface, if 
within deck limits. 

• The rail and supports extend far enough beyond 
the end of the deck to provide all equipment with 
full access to the deck. 

Detour so close, 
machine rails set on beam
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What is so bad 
about machine rails in the deck?

Possible Voids from Footprints
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Deck Finish Machine (00540.24)

• Capable of finishing the entire surface.

• Self-propelled with positive control in both forward 
and reverse directions.

• Capable of raising rolls or screed to clear the 
screeded surface.

• Equipped with augers.

Deck Finish Machine Cont’d

• Equipped with rollers or a vibrating screed.

• Run on the skew of the bridge.
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Deck Machine Dry Run

• Run machine over the entire deck to ensure proper 
deck thickness and clearances prior to the deck 
pour.

• Past the end bulkheads to ensure all areas have 
been checked. 

• Do not allow adjustments in machine crown or leg 
heights after clearances checked and approved. 

• Note: The drum will usually float up about 1/8 inch 
on the concrete mix.

Pouring Deck
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Typical Deck Machine

Typical Deck Machine

• Like to see 
small ball of 
mix in front of 
screed roll

• Keep mix 
about halfway 
up auger
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Texas Screed Type Equipment 
for Narrow Pours

Prevent Splatter
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Length of vibration

Void at chair
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Poor Vibration

Poor Vibration
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Unconsolidated Concrete 
in Sidewalk Area

Footprints in Sidewalk Area?
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Part of Deck 
Poured at Wrong Grade

Deck Removal Damaged Bulb-T
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Pan Decking 
on Temporary Structure

Form Collapse During Deck Pour
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Float Finishing

• Floats at least 4 feet wide.

• Used in overlapping passes. 
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Straightedge Checks

• With 12 foot straightedge.

• Both parallel and perpendicular to roadway 
centerline.

– At lane lines

– At bridge ends

– In gutters

Straightedge Checks Cont’d

• Must be within 1/8 inch per 12 feet.

• In timely manner to allow for contractor to correct 
deficiencies while the mix is still workable. 
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Depth Checking
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Handwork

Some hand-finishing is needed in areas that 
cannot be reached by the mechanical screeding 
equipment. 

These are the areas where you will tend to see 
problems. 

Standing Water 
on Both Sides of Inlet
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End Dropoff?

What happened 
to the rail stirrups?
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Deck Roadway Texturing

• Saw cut after cure is complete.

• 1/8″ – 3/16″ deep

• Randomly spaced

• 16″ Smooth @ Gutters

Deck Roadway Texturing Cont’d

• Transverse to centerline

• Avoid overlaps

• 6″ From joints
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Edge of Deck Treatment

Edge of Deck Treatment (1 ¼″)
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Rail Flush with Deck?

Rail / Deck Transition
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Rail Overhangs Deck?

Checking Edge 
of Deck Location on Curve
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Drips on Edge of Deck

Joints
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Construction Joint

• Only at planned/approved locations. 

• Surface retarder required (00540.43)

• “Roughened-surface” or “shear-key” type per 
plans. 

• Pre-wet for next pour. 

Roughened Surface

Surface retarder 
required 
00540.43
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Shear Key in 30″ Deep Deck

Shear Key in 30″ Deep Deck



Deck Construction Section 14.1

January, 2017 43

Construction Joints Cont’d

• Use extra care to vibrate adequately against the 
existing surface. Increase the number of insertion 
points.

• If bonding agent is used, it must not be dry when 
the concrete is placed or it will do the opposite and 
create a bond breaker.

Open gaps at closure pour?
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Voids Behind Stay-in-Place Form

Stay-in-place 
joint forms are 
not allowed in 
bridge deck 
construction 
joints. 
00540.43(a)

Voids
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Voids Behind Stay-in-Place Form

Transverse Joint with 
Stay-in-Place Form Material?
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Shear Key Blockout

Shear Key
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Expansion Joints

Protect Edges
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Joint Edges?

Joint 
Wanders

Repaired Joint Edge

Repaired with 
Kwikbond
Polymer PPC 
Easy Patch 
Fine Mix
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Repaired Joint Edge

Repaired with 
Propoxy 2500

Expansion Joints
Common Joint Types:

• Sawcut

• Preformed Joint Material

• Poured Joint

• Asphalt Plug Joint

• Compression Seal

• Strip Seal

• Segmental Joint

• Finger Joint

• Modular Joint

In
cr
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si

ng
 J

oi
nt

 W
id

th
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Sawcut

Panel End Detail

• Sawcut 1 1/2″ 

• Fill With Traffic Loop Sealant
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PREFORMED EXPANSION 
JOINT FILLER

• Remove 1 1/2″ Deep

• Fill With Traffic Loop Sealant

Poured Joint
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Poured 
Joint
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Asphalt Plug Joint
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Temporary Asphalt Plug Joint
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Asphalt Plug Joint
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Pothole in Asphalt Plug Joint 



Deck Construction Section 14.1

January, 2017 62

Compression Seal

Compression 
Seal 

with Armor

For movement 
up to 1 1/2″
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Compression Seal without Armor

Compression Seal End in Rail
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Compression Seal End

Compression Joint Repair

N Fk Quartz Cr
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Strip Seal
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Strip Seal

For movement 
up to 4″

Adjust for 
Temperature Variations



Deck Construction Section 14.1

January, 2017 78

Coefficient of Expansion

• Steel 6.5 x 10-6 / °F

• Concrete 5.5 x 10-6 / °F

• Aluminum 13.1 x 10-6 / °F

Thermal Movement Example

• 100 ft steel girder bridge 

• How much movement would you expect 
from a 15°F temperature change?

(0.0000065 / °F) (100 ft)(15 °F) = 0.01 ft

0.01 ft = 1/8″
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Thermal Movement Exercise

• 600 ft steel girder bridge with joints at both 
ends.

• If the average temperature for the area is 
70°F, how much would you adjust the joint 
for a closure pour if the beam temperature 
is 40°F?

• Do you increase or decrease the joint 
opening?

Strip Seal
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Strip Seal

Strip Seal
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Strip Seal

Surface Not Level
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Segmental Joint
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Segmental Joint

Allows for Movement Up to 4″

Segmental 
Joint
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Finger Joint

Finger Joint

For movement up to 8″
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Finger Joint

Allows for Movement 
Up to 8″

Finger Joint
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Modular Joint

Modular Joint
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Modular Joint

Allows for Large Movements

Modular Joint
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MC Overlay Preparation

Shotblasting
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Hydroblast Surface
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Designation: E 965 – 96 (Reapproved 2006)

Standard Test Method for
Measuring Pavement Macrotexture Depth Using a
Volumetric Technique1

This standard is issued under the fixed designation E 965; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method describes a procedure for determining
the average depth of pavement surface macrotexture (see 3.1)
(1)2 by careful application of a known volume of material on
the surface and subsequent measurement of the total area
covered. The technique is designed to provide an average depth
value of only the pavement macrotexture and is considered
insensitive to pavement microtexture characteristics.

1.2 The results obtained using this procedure to determine
average pavement macrotexture depths do not necessarily
agree or correlate directly with those obtained by other
pavement macrotexture measuring methods (1-5).

1.3 The values stated in inch-pound units are to be regarded
as the standard The values given in parentheses are mathemati-
cal conversions to SI units that are provided for information
only and are not considered standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: 3

D 1155 Test Method for Roundness of Glass Spheres
E 178 Practice for Dealing With Outlying Observations
E 867 Terminology Relating to Vehicle-Pavement Systems

3. Terminology

3.1 Terminology used in this standard conforms to Termi-
nology E 867.

3.2 Definition of Term Specific to This Standard:
3.2.1 pavement macrotexture—the deviations of a pavement

surface from a true planar surface with the characteristic
dimensions of wavelength and amplitude from 0.5 mm up to
those that no longer affect tire-pavement interaction.

4. Summary of Test Method

4.1 The standard materials and test apparatus consist of a
quantity of uniform material, a container of known volume, a
suitable wind screen or shield, brushes for cleaning the
pavement surface, a flat disk for spreading the material on the
surface, and a ruler or other measuring device for determining
the area covered by the material. A laboratory balance is also
recommended for further ensuring consistent amounts for each
measurement sample.

4.2 The test procedure involves spreading a known volume
of material on a clean and dry pavement surface, measuring the
area covered, and subsequently calculating the average depth
between the bottom of the pavement surface voids and the tops
of surface aggregate particles. This measurement of pavement
surface texture depth reflects the pavement macrotexture char-
acteristics (1, 5).

NOTE 1—In spreading the material specified in this test method, the
surface voids are completely filled flush to the tips of the surrounding
aggregate particles. This test method is not considered suitable for use on
grooved surfaces or pavements with large ($1.0 in. (25 mm)) surface
voids.

5. Significance and Use

5.1 This test method is suitable for field tests to determine
the average macrotexture depth of a pavement surface. The
knowledge of pavement macrotexture depth serves as a tool in
characterizing the pavement surface texture. When used in
conjunction with other physical tests, the macrotexture depth
values derived from this test method may be used to determine
the pavement skid resistance capability and the suitability of
paving materials or finishing techniques. When used with other
tests, care should be taken that all tests are applied at the same
location. Improvements in pavement finishing practices and
maintenance schedules may result from use of this test method.

1 This test method is under the jurisdiction of ASTM Committee E17 on
Vehicle-Pavement Systems and is the direct responsibility of Subcommittee E17.23
on Surface Characteristics Related to Tire–Pavement Slip Resistance.

Current edition approved Aug. 1, 2006. Published August 2006. Originally
approved in 1983. Last previous edition approved in 2001 as E 965 – 96 (2001).

2 The boldface numbers in parentheses refer to the list of references at the end of
this test method.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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5.2 The texture depth measurements produced using this
test method are influenced by pavement macrotexture charac-
teristics and not significantly affected by pavement microtex-
ture. Pavement aggregate particle shape, size, and distribution
are texture features not addressed in this procedure. This test
method is not meant to provide a complete assessment of
pavement surface texture characteristics.

5.3 The pavement macrotexture depth values measured by
this test method, with the equipment and procedures stated
herein, do not necessarily agree or correlate directly with other
techniques of surface texture measurements. This test method
is also suitable for research and development purposes, where
direct comparisons between pavement surfaces are to be made
within the same test program.

NOTE 2—The pavement surface to be measured using this test method
must be dry and free of any construction residue, surface debris, and loose
aggregate particles that would be displaced or removed during normal
environmental and traffic conditions.

6. Materials and Apparatus

6.1 The essential elements of the apparatus, shown in Fig. 1,
consist of the following material and equipment:

6.1.1 Material4—Solid glass spheres having 90 % round-
ness in accordance with Test Method D 1155. The spheres shall
be graded to have a minimum of 90 % by weight passing a No.
60 sieve and retained on a No. 80 sieve5.

6.1.2 Sample Container—A cylindrical metal or plastic
container with a predetermined internal volume of at least 1.5
cubic in. (25 000 mm3) shall be used to determine the volume
of sand spread.

6.1.3 Spreader Tool—A flat, hard disc approximately 1 in.
(25 mm) thick and 2.5 to 3.0 in. (60 to 75 mm) in diameter
shall be used to spread the sand. The bottom surface or face of
the disc shall be covered with a hard rubber material and a
suitable handle may be attached to the top surface of the disc.

NOTE 3—An ice hockey puck is considered suitable for use as the hard
rubber material in this test method.

6.1.4 Brushes—A stiff wire brush and a soft bristle brush
shall be used to clean thoroughly the pavement surface prior to
application of the material sample.

6.1.5 Wind Screen—A suitable screen or shield shall be
placed on the pavement surface to protect the material sample
from the wind and turbulence created by traffic. An example is
shown in Fig. 1.

6.1.6 Scale—A standard scale 12 in. (305-mm) or greater in
length and having 0.1-in. (2.5-mm) or 1-mm (0.04-in.) divi-
sions should be used.

6.2 Use of a laboratory balance, sensitive to 0.1 g, is
recommended with this test method to provide additional

control and to ensure that the amount of material used for each
surface macrotexture depth measurement is equal in both mass
and volume.

7. Procedure

7.1 Test Area—Inspect the pavement surface to be measured
and select a dry, homogeneous area that contains no unique,
localized features such as cracks and joints. Thoroughly clean
the surface using the stiff wire brush first and subsequently the
soft bristle brush to remove any residue, debris, or loosely
bonded aggregate particles from the surface. Position the
portable wind screen around the surface test area.

7.2 Material Sample—Fill the cylinder of known volume
with dry material and gently tap the base of the cylinder several
times on a rigid surface. Add more material to fill the cylinder
to the top, and level with a straightedge. If a laboratory balance
is available, determine the mass of material in the cylinder and
use this mass of material sample for each measurement.

7.3 Test Measurement—Pour the measured volume or
weight of material onto the cleaned surface within the area
protected by the wind screen. Carefully spread the material into
a circular patch with the disk tool, rubber-covered side down,
filling the surface voids flush with the aggregate particle tips.
Measure and record the diameter of the circular area covered
by the material at a minimum of four equally spaced locations
around the sample circumference. Compute and record the
average diameter.

NOTE 4—For very smooth pavement surfaces where the patch diam-
eters are greater than 12 in. (305 mm), it is recommended that half the
normal volume of material be used.

7.4 Number of Test Measurements—The same operator
should perform at least four, randomly-spaced measurements
of average macrotexture depth on a given test pavement
surface type. The arithmetic average of the individual macro-
texture depth values shall be considered to be the average
macrotexture depth of the test pavement surface.

8. Calculation

8.1 Cylinder Volume—Calculate the internal volume of the
sample cylinder as follows:

4 Historically Ottawa natural silica sand was used for this test method. Glass
spheres have been found to provide an equivalent measurement but with greater
precision, both within laboratory and between laboratories. An additional motivation
to use glass spheres is the difficulty of preparing Ottawa sand meeting the gradation
requirements of passing a No. 50 sieve and retained on a No. 100 sieve. Manual
sieving is necessary and is time consuming producing low yields of usable material
from most sources of sand. However, when sand meeting the gradation requirements
is used, the resulting texture depth approximates that obtained with glass spheres.

5 Commercially available material may be used, but must be graded and tested
for roundness to assure that they conform to this test method.

FIG. 1 Apparatus for Measuring Surface Macrotexture Depth

E 965 – 96 (2006)
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V 5
pd 2h

4 (1)

where:
V = internal cylinder volume, in.3 (mm3),
d = internal cylinder diameter, in. (mm), and
h = cylinder height, in. (mm).

8.2 Average Pavement Macrotexture Depth—Calculate the
average pavement macrotexture depth using the following
equation:

MTD 5
4V

pD 2 (2)

where:
MTD = mean texture depth of pavement macrotexture, in.

(mm),
V = sample volume, in.3 (mm3), and
D = average diameter of the area covered by the mate-

rial, in. (mm).

9. Faulty Tests

9.1 Tests that are manifestly faulty or that give mean texture
depth values differing by more than 0.005 in. (0.13 mm) from
the average of all tests on the same pavement surface shall be
treated in accordance with Practice E 178.

10. Report

10.1 The report for each pavement test surface shall contain
data on the following items:

10.1.1 Location and identification of test pavement surface,
10.1.2 Date,
10.1.3 Volume of material used for each test measurement,

in.3(mm3),
10.1.4 Number of test measurements,
10.1.5 Average diameter of the area covered by the material,

in. (mm), for each test,

10.1.6 Mean texture depth, in. (mm), for each test, and
10.1.7 Mean texture depth, in. (mm), for total pavement test

surface.

11. Precision and Bias

11.1 Analysis of macrotexture depth data collected during
extensively controlled tests6 produced estimates of the repeat-
ability (method precision) and reproducibility (applied preci-
sion) of the volumetric method, as well as sampling errors that
can be expected in measuring the average texture depths of a
pavement section by the method. The controlled tests were
conducted on laboratory specimens having a range of macro-
texture depth of 0.02 to 0.047 in. (0.508 to 1.2 mm). The
macrotexture depth precision estimates are expressed as a
percentage, such as the ratio of the standard deviation of the
texture measurements to the mean texture depth multiplied by
100.

11.2 The standard deviation of the repeated measurements
by the same operator on the same surface can be as low as 1 %
of the average texture depth.

11.3 The standard deviation of the repeated measurements
by different operators on the surface can be as low as 2 % of the
average texture depth.

NOTE 5—The standard deviation of the site-to-site measurements may
be as large as 27 % of the average texture depth. Here site defines a
randomly selected location within a nominally homogeneous pavement
section. This means that a large number of measurement observations
would be necessary to estimate the average texture depth reliably for given
pavement types with large variations in texture, despite the fact that the
method is highly repeatable and not subject to large operational influences.
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