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QH].p DESignation: E 1155 - 96 An American National Standard

Standard Test Method for
Determining Fg Floor Flatness and F, Floor Levelness
Numbers *

This standard is issued under the fixed designation E 1155; 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 epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope between all 12-in. reading points separated by 24 in. The

1.1 This test method covers a quantitative method of meagurvature value is the difference between successive elevation
suring floor surface profiles to obtain estimates of the floor'sdifferences. The mean and standard deviation of all the
characteristid Flatness andf, Levelness Face Floor Profile curvature values for a given test section are then converted

Numbers E-Numbers) using the inch-pound system of units. apcording to the equations in this test method to get the
dimensionles$ Flatness Number.

Note 1—A complete metric companion to Test Method E 1155 has 3 1 3 flgor profilometer—a Type | device (see 6.1.1) that
been developed, Test Method E 1155M; therefore, no metric equivalentBrOduces a continuous record of the elevation of a single point
are shown in this test method. . . ,

] moving along a line on the floor’'s surface.

1.2 The text of this test method references notes and 3 1 4 horizontat—level, normal to the direction of gravity.
footnotes that provide explanatory material. These notes and 3 1 5 inclinometer—a Type Il device (see 6.1.2) that mea-
footnotes (excluding those in tables and figures) shall not bgyres the angle between horizontal and the line joining the two
considered as requirements of this test method. points of contact with the floor’s surface.

1.3 This standard does not purport to address all of the' 3.1 6 |evel—Horizontal, normal to the direction of gravity.
safety concerns, if any, associated with its use. It is the 31 6.1 Discussior—For the purposes of this test method,
responsibility of the user of this standard to establish approeye|ness will be measured by collecting elevation differences
priate safety and health practices and determine the applicayt points spaced 10 ft apart and that will be described bfthe
3.1.7 longitudinal differential floor profilometem—a Type

2. Referenced Documents Il device (see 6.1.2) that produces a continuous record of the

2.1 ASTM Standards: . elevation difference between two points moving along a line on
E 1155M Test Method for Determininge Floor Flatness ihe floor's surface, which two points remain separated by a
andF, Floor Levelness Numbers [Metrfc] fixed distance.
2.2 ACI Standard: o 3.1.8 sample measurement linea sample measurement
ACI117-90 Standard Specifications for Tolerances for Conyine shall consist of any straight line on the test surface along
crete Construction and Materidls which measurements are taken, with the limitations listed in
; 7.3.
3. Terminolo
. .gy . . _ 3.1.9 sign conventior~where up is the positive direction;
3.1 Definitions of Terms Specific to This Standard: down is the negative direction. Consequently, the higher the

3.1.1 elevation—height, altitude, vertical location in space. reading point, the more positive its value, and the lower the
E_Ieva_tion measurements are always made parallel to thl%ading point, the more negative its value. Similarly, the
direction of gravity. , _ elevation difference from a low point to a high point (that is, an

3.1.2 flat—even, plane, homoloidal, free of undulation. i difference) is positive, while the elevation difference

3.1.2.1 Discussior—For the purposes of this test method, 4m g high point to a low point (that is,downhill difference)
flatness will be measured by calculating curvature vatye, g negative.

3.1.10 test sectior-a test section consists of any subdivi-

1 This test method is under the jurisdiction of ASTM Committee E-6 on sion of the test surface with the limitations listed in 7.2.
Performance of Buildings and is the direct responsibility of Subcommittee E06.21  3.1.11 test surface-on any one building level, the entire

on Serviceability. , ~floor area of interest constitutes the test surface, with the
Current edition approved March 10, 1996. Published May 1996. Or|g|nal|yIimitations listed in 7.1

published as E 1155 — 87. Last previous edition E 1155 — 87.

2 Annual Book of ASTM Standardéol 04.11. 3.1.12 vertical—parallel to the direction of gravity.
® Available from American Concrete Institute, P.O. Box 19150, Detroit, MI 3.2 Symbols:
48219-0150.
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3.2.1 A—area of Test Section confined to specific paths, however, the requirement for random sampling

3.2.2 d—difference in elevation (in inches) between read-is eliminated, since the floor can indeed be inspected exactly as it will be
ing pointsP, andP,_, (i = 1). seen by all of the traffic. In these special cases, rather than inferring the

. . condition of the traffic paths from a random sample, it is far more useful
3.2.3 F—FaceF Flatness Number (dimensionless). to measure each of the traffic paths directly using continuous recording

3.2.4 I:f._Compos'te':F Flatness Numbe't for Te_St Section floor profilometer configured to run exactly in the traffic wheel paths. Such
3.2.5 F—FaceF_ Levelness Number (dimensionless). direct simulation measurements eliminate the inherent uncertainties of
3.2.6 F,—compositeF Levelness Number for Test Section statistical sampling and provide profile information immediately appli-

i cable to the correction of the surface in way of the future traffic.

3.2.7 h—elevation (in inches) of Reading PoiRi (i = 0).

3.2.8 n—number of reading points in Test Samplén, = 6. Apparatus

12). 6.1 Point Elevation Measurement Device
3.2.9 N,,,,—minimum number of 10-ft elevation difference  6.1.1 Type | Apparatus-If a Type Il apparatus (see 6.1.2) is
readings required per the test section. not used for this test, then an apparatus capable of measuring
3.2.10 g—arithmetic difference (in inches) between eleva-the elevations of a series of points spaced at regular 12-in.
tion differencesd, andd,_, (i = 2). intervals along a straight line on the floor surface shall be used.
3.2.11 r,—number of readings of Variableobtained from Examples of satisfactory Type | point elevation measurement
Samplej. J devices include, but are not limited to the following:
3.2.12 g(l—standard deviation of Variabbein Samplej. 6.1.1.1 Leveled Straightedgewith gage (for example, tri-
3.2.13 V,—variance of Variablex in Sample;j. square, dial indicator, etc.) to measure vertical distance from
3.2.14 z—difference in elevation (in inches) between Read-the upper straightedge surface to floor.
ing PointsP; andP;_,, (i = 10). 6.1.1.2 Leveled Straightedgewith graduated wedges or
shims to measure vertical distance from lower straightedge
4, Summal’y Of Test Method surface to floor.

4.1 Straight lines are marked at various locations on the 6.1.1.3 Optical Leve] with vernier or scaled target.
floor surface. Point elevations are then measured at regular 6.1.1.4 Laser Levelwith vernier or scaled target.
12-in. intervals along each line. The elevation differences 6.1.1.5Taut Level Wirg with gage to measure vertical
between all adjacent reading points are calculated, and @istance from wire to floor.
straight line approximation to the surface profile along each 6.1.1.6 Floor Profilometer
measurement line is produced and evaluated for consistency6.1.2 Type Il Apparatus-If a Type | apparatus (see 6.1.1) is
with visual observation of the floor surface. not used for this test, then an apparatus capable of measuring
4.2 The arithmetic differences between all adjacent 12-inthe elevations of a series of points spaced at regular 12-in.
elevation differences and the elevation differences between dihtervals along a straight line on the floor surface shall be used.
points separated 10 ft are then calculated. Estimates of eadtxamples of satisfactory Type Il point elevation measurement
test section’s floor§, Flatness andF, LevelnessF-Numbers devices include, but are not limited to the following:
are obtained through statistical analyses of these calculated6.1.2.1 Inclinometer having 12-in. contact point spacing.
profile values. Finally, th&-Numbers for each test section are  6.1.2.2 Longitudinal Differential Floor Profilometethaving
combined to arrive at a composite setfefumbers for each 12-in. sensor wheel spacing.

test surface. 6.2 Ancillary Equipment
o 6.2.1 Measurement Tapgraduated in feet.
5. Significance and Use 6.2.2 Chalk Line (or other means for marking straight lines
5.1 This test method provides statistical (and graphicalpn the test surface).
information concerning floor surface profiles. 6.2.3 Data Recording Means-This procedure requires the
5.2 Results of this test method are used primarily to: recording of both verbal and numeric information. Examples of

5.2.1 Establish compliance of randomly trafficked floor satisfactory data recording means include, but are not limited
surfaces with specifie@r Flatness and-, Levelness toler- to the following:

ances, 6.2.3.1 Manual Data Sheet
5.2.2 Evaluate the effect of different construction methods 6.2.3.2 Magnetic Tape Recordgfvoice or direct input).
on resulting floor surface flatness and levelness, and 6.2.3.3 Paper Chart Recorder

5.2.3 Investigate the curling and deflection of floor surfaces. 6.2.3.4 Direct Computer Input

o3 RF;:ISU“S of this }e‘c’t ImEthOd shall not be used to enforce Note 3—Since the bias of the results obtained with this test method
Co_ntraCt _atne_ss _and evelness tolerances on tho_se ﬂoor_ mSt@JﬂI vary directly with the accuracy of the particular measurement device
lations primarily intended to support the operation of fixed-employed, all project participants should agree on the exact test apparatus

path vehicle systems (for example, narrow aisle warehous® be used prior to the application of this test method for contract
floors). specification enforcement.

Nore 2—When the traffic patterns across a floor are random, (as is7, Qrganization of Test Area

generally the case) evaluation of the flodFs Flatness ané, Levelness _— .
will necessarily involve a random sampling of the surface, since all of the /-1 Test Surface-On any one building level, the entire floor

infinite potential profiles to be seen by the traffic can not possibly bearea of interest shall constitute the test surface.
measured. In those instances when the trafic across a floor will be 7.1.1 When this test method is used to establish compliance
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of randomly trafficked floor surfaces with specified Flathess  pass across many of the construction joints, a separate measurement and
andF, Levelness tolerances, each portion of the surface whichnalysis of the joints may be required in order to provide a quantitative

has a unique specified set of tolerances must be treated adngasure of the roughness of the joints themselves. Some joints may never
separate surface see traffic, for example, those along a wall. The particular joints required

. . . . to be analyzed may be specified in contract specifications, along with a
7.2 Test Sectior-A test section shall consist of any subdi- maximum allowable value fog,.

vision of a test surface satisfying the following criteria:
7.2.1 No test section shall measure less than 8 ft on a sid8; Procedure
nor comprise an area less than 320 ft 8.1 Record the name and location of the subject building;
7.2.2 No portion of the test surface shall be associated witthe installation date of the subject floor; the subject floor's
more than one test section. specifiedr; andF, values; the make, model, and serial number
7.2.3 When testing a concrete floor, no test section boundargf the test apparatus to be used; the date of the test; and the
shall cross any construction joint. name of the individual making the test.
7.3 Sample Measurement LireA sample measurement

. . - . Note 5—When this test is used to evaluate the compliance of a new
line shall consist of any straight line on the test surface, P

oncrete floor with contract flathess and levelness specifications, the

satisfying the following criteria: timeliness of the test vis-a-vis the date of the floor's installation is of
7.3.1 No sample measurement line shall measure less tharitical importance. Since most concrete floors will change shape signifi-
11 ft in length. cantly within a few days after installation, owing to inevitable shrinkage

7.3.2 No portion of any sample measurement line shall falp"d _deﬂe;:]tion, th‘?f_Ag‘erica” Coﬂncretel'nS“t“te t()seehACIL 1dl7-'9r(1)') ”702""h
within 2 ft of any slab boundary, construction joint, isolation "e9uIres that specified concrete floor tolerances be checked within
.. - . . T after floor installation in order to ensure that an accurate gage of the
joint, block-out, penetration, or other similar discontinuity. ¢, 2 e's “as-built” shape is assessed.

7.3.2.1 Exceptior—Shrinkage crack control joints formed

, . : : 8.2 Lay out the test surface.
h | h | h hall o i . . .
gg i(;rn(t;?/egflﬂtla depth sawcuts or by partial depth inserts sha 8.2.1 Divide the entire test surface into test sections. Assign

7.3.2.2 Exception—If the area to be excluded from mea- & different identification number to each test section, and

o . record the locations of all test section boundaries.
EgLenrgZ?; gigﬁj es(ijosnzsshe/\(l)l cr)]fof[haeps;t section grea (e (@£ ﬁ8.2.2 Within the restrictions described in 7.3, 7.6, and 8.2.3,

. ?I]etermine the number and location of all sample measurement

7.3.3 Measurement lines may not be placed parallel to eacf . ) . .

ines to be used in each test section. Assign a different

other closer than 4 ft. identification number to each sample measurement line, and
7.4 Type | Test Sample (Measured With Type | P '

Apparatus)—A Type | test sample shall consist of not less thanrecord the locations of all sample measurement line starting
PP YPe T P and stopping points. Mark or otherwise physically delineate

twelve sequential point elevation measurements made at regl: ., sample measurement line on the test surface

lar 12-in. intervals along a single sample measurement line. 8.2.3 The sample measurement lines within eac.h test sec-
7.5 Type Il Test Sample (Measured With Type |l

A h AT Il test e shall ist of not | tion shall be arranged so as to blind the test results (to the
pparatus}—A Type ! test sample shall consist of NOt 1esS g oy possible) to any surface profile anisotropies resulting
than eleven sequential measurements of the elevation diffe

bet di t readi - d at lar 12 ffom the floor's method of construction. Accomplish this by
ences between adjacent reading points spaced at reguiar 'H?stributing the sample measurement lines uniformly across the
intervals along a single sample measurement line. entire test section and either:
7.6 Minimum Number of;Readings Per Test SectiefThe 8.2.3.1 Orienting all lines at 45° to the longest construction
number (or length) of Type | or Type Il test samples to be

o . i : _~joint abutting the test section, (not corner-to-corner diagonals
collected within each test section shall be sufficient to yield ('”J(see Fig. 1)9 or ( g )

aggregate) not less tha,,, individual measurements af, 8.2.3.2 Placing equal numbers of lines of equal aggregate
whereNp,, is calculated as follows: length both parallel to and perpendicular to the longest test

Nmin = 20/A (320= A = 1600 (1)  section boundary. See Fig. 1.
= A/30(A > 1600 8.2.3.3 When the short dimension (width) of the slab being
measured is less than 25 ft, all measurement lines must be 45°
where: _ diagonals in accordance with 8.2.3.1.
A = test section area,t 8.3 Collect Type | or Type Il test samples, or both, from

7.7 Construction Joints-Where construction joints are re- each test section sufficient (in aggregate) to satisfy the mini-
quired to be measured, periodic measurements of the 24-imum z reading requirement prescribed in 7.6. No upper limit
curvatureq;, shall be taken, transverse to and centered on thg placed upon the number of test samples that may be collected
construction joint. At least ong, measurement shall be taken from a single test section. All data collected on all survey lines
on each straight section of joint, with a maximum interval measured in a given test section shall be incorporated into the
between measurement locations not to exceed 10 ft. Thesglculations ofF-Numbers. Data shall only be excluded when
measurement locations shall be recorded. it can be demonstrated that the test apparatus reported inaccu-

NoTe 4—Since construction joints are a discontinuity in the floor rate values or that the test procedure of this test meth.Od was not
surface, measuring across them would introduce statistical anomalies inf@llowed. In the event that data is excluded, the entire survey

this test method. Construction joints are therefore excluded from thdine shall be considered unusable; no single measuremeht of
generation oF-Number statistics. However, since traffic will nevertheless g;, or z may be excluded.


https://standards.iteh.ai/catalog/standards/sist/bb2a0830-38cd-417e-b731-9dc0ea24c708/astm-e1155-96

iy £ 1155

RIGHT RIGHT WRONG WRONG WRONG WRONG
EQUAL NUMBERS OF LINES OF ALL LINES AT 45 DEGREESTO  LINES DO NOT ADD TO EQUAL  UNEQUAL NUMBERS OF LINES LINES NOT AT 45 DEGREES RANDOM LINES
EQUAL AGGREGATE LENGTH LONGEST BOUNDARY AGGREGATE LENGTHS NOT ACCEPTABLE
IN BOTH DIRECTIONS IN BOTH DIRECTIONS

FIG. 1 Location of Sample Measurement Lines on Test Section

8.3.1 Subdivide each sample measurement line into 12-in. where:
long intervals. The points marking the ends of these 12-ini = 1.
intervals are the sample reading points. Designate the starting Each Type | Test Samplewill therefore result in G — 1)
point of each sample &%, and then sequentially number each calculatedd, values. Whenever PoirR; is higher than Point
successive reading point down the sample measurement line Rs ;, the value ford; will be positive. Conversely, whenever
P, Py, Py, etc. Point P; is lower than PointP,_,, the value ford; will be

8.3.2 For each test sample, measure and record in sequeng@gative.

8.3.2.1 If a Type | apparatus is used, the elevations (in 9.3.2 If analyzing a Type Il test sample, designate dall
inches) of all sample reading points, or values in accordance with 9.1.2.1.

8.3.2.2 If a Type Il apparatus is used, the differences in 9.4 For each Test Sampiecalculate the profile curvatures,

elevation (in inches) between all adjacent sample reading, petween all reading points separated by 24 in. as follows:
points.

g=d—d_s@in)=h—2Xh_, +h_,(in) 4)
9. Calculation where:i = 2.
9.1 Calculate the elevations of all reading points: Each test sample will result im(- 2) calculatedy; values.

9.1.1 If analyzing a Type | test sample, designate theA positive g; value will denote arough, while a negativey;
elevation measurements collected at Reading PBipt8;, P,,  value will denote acrest

... P, etc. ashy, hy, hy, ... h;, etc. 9.5 For each Test Sampje calculate the elevation differ-
9.1.2 If analyzing a Type Il test sample: ences,z, between all reading points separated by 10 ft as
9.1.2.1 Designate the elevation difference measurementsllows:

collected between Reading PoirRg and P, and P, and P, 2= — h (i) ®)

and ...P,_, andP,, etc. asd,, d,, ds, .. .d; etc. b
9.1.2.2 Leth, = O. ~ where:
9.1.2.3 Calculate the elevatiorts, of all reading points as ! = 10.

follows: Each test sample will result im(- 10) calculated values.

A positive z value will denote aruphill change in elevation

b =Ny + 0 (in.) @ from P,_,o to P;, while a negativez value will denote a

~ where: downhill change in elevation fror®_,, to P;.
=1 ) ] 9.6 For each Test Sampglecalculate the meay;, of all (n,

9.1.2.4 Each Type Il test sample will therefore resulnin  _ 2y . values.
calculatedh; values. 9.6.1 Add all f — 2) g values in Sampl¢ as follows:

9.2 Produce a straight line graph between each ofrthe h 10‘ )G e '
calculatedh, values. This is a straight line approximation of the AU ;

i 2O =0t Gttt Oy (in) 6)

floor surface profile. Evaluate each straight line profile ap-
proximation subjectively to confirm that it appears to represent 9.6.2 Divide this sum byr{ - 2) to obtain the mean value of
the actual floor surface profile. This serves as a subjectivéne ¢, values in Sampl¢ as follows:

quality control check to ensure that no gross anomalies are no1

present in the data before reporting the results of this test > q

method. G = r—p(in) ©)
9.3 Calculate the difference in elevation between all adja- ! o

cent reading points: 9.7 For each Test Sampjecalculate the standard deviation

9.3.1 If analyzing a Type | test sample, calculate theSy of all (n; —2)q; values.
elevation differences},, between all adjacent reading points as  9-7.1 Add the squares of alf(- 1) gvalues as follows:

follows:

n—1
2=02+ 0 +q’°+...+ 0 4(in2
d—h—h (n) ®) 204 =0 o+ Q-1 (in.9) ®)
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