This internmions slasdard vas devcloped in secordasc: with internmionally resegnized principles on standardimiben ctablished in the Deciaon on Prsciples [or the
Development of Intérminionsl Smndards, GGuldes and Becommendaibons Bsucd by (b Workd Trade Crganioaian Technical Bamriers e Trode (TIFT) Caimimiice.

Designation: C900 - 19

Standard Test Method for

Pullout Strength of Hardened Concrete’

This stamdard i= ased under the Nined desagiation CHEE the pumber immaidhanely Talkonsing the desgration indicales the vear of
original adopiiom or, imthe case of revisson, the year of last revision. & number in parestheses indicines the year of lasi reappronal. &
superscngd epsilon (e) Indicaes an ediional chonge since the last revision of reapproval.

1. Scope®

.1 This test method covers determination of the pullour
strength of hardened concreie by measuring the foree reguired
i pull an embedded metal insen and the attached concrete
fragment from a concrete test specimen or structure. The insert
is cither cast into fresh conercte or installed in hardened
concrebe. This test method does nod provide statistical proce-
dures o gstimate other strength properties.

1.2 The values stated in 51 units are 0 be regarded as the
standard. Mo other units of measurement are included in this
test method.

1.3 The text of this test method refers to notes and footnotes
that provide cxplanatory material. These notes and fooinotes
{excluding those in tables and figures) shall not be considered
as requirements of this test method,

1.4 Thix standard does nor purport o address all of the
sfety covcerns, 0f any, associgied with ity owse. JF 05 the
responsibility af the nser of this standard fo extablish approe-
priare safeiy, Realth, and environmental practices and derer-
ming e gpplicatility of regulatory limitarions prior o e
{ Warming—Fresh hydraolic cementitions mixiures are coustic
and may cause chemical burns to skin and  tissue wpon
prolonged exposure.”’)

1.5 This internationa! standard was developed in accor-
deance with intermationolly recognized principles on stondard-
izetieny extablished in the Decision on Principles for the
Developmrent of Intemational Standands, Guides and Recom-
meenelarions sed By the World Trade Organizarion Techieal
Barriers o Trade (TRT) Compriiee.

2, Referenced Documents
2.1 ASTM Standeards:’

T est method s ousder the jonsdiction of ASTM Commimes C1¥ on
Comerete and Concvete Aggregates and is the dinged ris) ihiliry off Sk il
Ot om Moadestinactive and In-Place Tesiing.

Cummem editin approved Dec. 15, 2005 Publishad Feboaary 2020 Dngeally
approved in 1978, Last prevsows edition approved in 05 as CHH - 15 DHO:
10 1 S BONCTER 10,

*Setion om Safery Precootions, Momual of Aggregaie md Concrete Testng,
Annua) Kook of ASTH Stowdoedy, Vol 0403,

' For referenced ASTM siandards, vise ihe ASTM wehsiie, wwoasimorg, or
contacd ASTM Custosier Service o servcefasiniong. For Annwal Fook of ASTH
Seandarsls vodwre infonmastion, refer to the standamd’s Docusmenl Susmemary papge on
the ANTM wehsine.

C 125 Terminobogy Relating to Concrete and Concrete Ag-
gregates

CHTH Practice for Preparing Precision and Bias Statements
for Test Methods for Construction Materials

E4 Practices for Force Verification of Testing Machines

E74 Practices for Calibration and Verification for Force-
Measuring Instruments

3. Terminology

A1 Defimiviens:
311 For defnitions of terms vsed in this method, refer o
Termimnobogy CI1235,

4, Summary of Test Method

4.1 A metal insert is either cast into fresh concrete or
installed inte hardened concrete. When o measure of the
in-place pullour strength s desired, the insert 15 pulled by
means of a jock reacting aguinst o beanng nong, The pulloo
strength is determined by measuning the maximum force
required o pull the insert from he concrete mass.
Altematively, the insert is losded o a specified losd 1w verify
whether a minimum level of in-place pullout sirength has been
attained,

5. Rignificance and Use

3.1 Fora given concrete and a given fest apparatus, pullout
strengths can be related to compressive sirength test resulis.
Such sirength relationships are affecied by the configuration of
the embedded insert, bearing ring dimensions, depth of
cmthedment, and the type of aggregaie (lightweight or normal
weight), Before use, the relationships must be established for
cach test system and ench new concrete mixiure, Swch relo-
tionships are more relinble it both pullowt test specimens o
compressive strength test specimens ore of similar size, con-
solidated to similar density, and cured under similar conditions.

Mo | —Published reports {1-17F by diffenent resemnchers present their
experences in e use of pullout s eguipmenl. Beler o ACTZ2H K (14)
for gukdance on extablishing & serength relationship and inerpreting fes
resulis, The Appendix provides a means For comparing palkoun screngihs
obiamed wsing different configurations,

“*The haldface numbers rofer da the list of meferences al the end of thi= (e
miethoadl

=& summary of Uhanges section appears al the end of this standard
Coprpigni & AZTM Imemaliondd, 100 Bsim Harbor Dwisa, PO Bow CR00L Wisn Conshahoohos, F& 104532550, Uniled Suks
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5.2 If a strength relationship has been established experni-
mentally and accepted by the specifier of tests, pullout tests ane
wsed o estimate the in-place strength of conerete o establish
whether it hos reached a specified level so that, for example;

{1} post-tensioning may proceed:

(20 forms and shores may be removed;

(30 strocture may be placed inlo service; or

4 winler protection and couring may be terminsted.

In addivon, postanstalled pulloot wesis may be used w
estimate the srength of concrele in existing consireciion,

5.3 When planming pulbout wests and analyzing test resulis,
consideration should be given o the nomally expected de-
crepse of concrete sirength with increpzing height wathin a
given conerele placement inoa stroctural element,

54 The mepsured pullowt swrength 15 indicative of the
strength of concrete within the region represented by the conic
Trustum defined by the insert bead and bearng ring, For typacal
surface installations, pullour strengths are indicative of the
quality of the outer zone of concrete members and can be of
benefit in evaluating the cover zone of reinforced concrene
members.

3.5 Cast-in-place inserts require that their locations in the
structure be planned in advance of concrete placement. Post-
installed inserts can be placed ar any desired location in the
structure provided the requirements of 7.1 are satisfied.

3.6 This test method is not applicable 1o other types of
post-installed tests that, if tested o failure, do not involve the
same Failure mechanism and do not produce the same conic
frustum as for the cast-in-place test described in this test
method (161

6. Apparsius

6.1 The apparatus requires three basic sub-systems: a pull-
out insert, a loading system, and a load-measuring sysiem
(Note 2). For post-installed  inserts, additional equipment
includes a core drill, a planing ool 1o prepare a flat bearing
surface, a grinding tool 10 undercut a groove 1o engage the
insert, and an expansion ool o expand the insert into the
SrOOVE.

More 2—A cemter-pull hwdraulic jack wilh o pressure gaoge thal has
been standardized aceonding o Annex A ard chat reacts agains a bearing
ring has been wsed smisfaciorily.

6.1.1 Cusi-in-place inseris shall be made of metal that does
not react with the constituents of the concrete. The insert shall
consist of a cylindrical head and a shaft o fx embedment
depth. The shaft shall be attached firmly to the center of the
head (=ee Fig. 1) The insert shaft shall be threaded to the insert
head so that it can be removed and replaced by a stronger shaft
o pullowt the ansect, or it shall be an integeal pant of the insent
ared also functon as the pullowt shafl. Metal components of
cast-in-place nserts and  atachment bardware shall be of
similor material o prevent galvanic comrosion. Post-installed
inserts shall be designed so tha they wall fit imeo the dalled
holes, and can be ex panded subsequently to fit into the grooves
that are undercut at a predetermined depth (see Fig. 2).

More 3—4 successiul post-installed system uses a split ring 1hat is
Coaled b Gl ankr the core bole amd then expandad imlo the graove.

6.1.2 The loading system shall consist of a bearing ring o
be placed against the hardened concrete surface (see Figs. |
amd 2) and a tensile loading apparatus, with a load-measuring
device that can be attached to the pullout shafi.

de = 1.25 d |

20d:=d;=24d;

force

Pullout

FIG. 1 Schematio Cross Section of Cast-in-Place Pullout Test
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(a) Drill hole, plane surface, and undercut
Qroove

—_—

Mut

Insert -
retainer -

V1

(c) Expand insert

6.1.3 The test apparatus shall inclede centering features to
cnsure that the bearing ring is conceniric with the inseri, and
that the applicd lead is axial to the pullowt shafi, perpendicular
it the bearing ring, and uniform on the bearing ning.

6.2 Equipment dimensions shall be determined as follows
(sex Fig. 1

6.2.1 The diameter of the inser head (6.) is the basis for
defining the test geometry. The thickness of the insert head and
the yield strength of the metal shall be suthicient o prevent
yvielding of the insert during test. The sides of the insert head
shall be smooth (see Mode 51 The insert head diameter shall be
at least ¥ of the nominal maximum size of aggregate,

Mote d—Tvpesal insert deanseters are 25 amd MF mm, bul larger
diameters have been used (1, 31 Tests (15) Bave shovwn thal somnnal
MU AEEnsgale si2ss up o LD ines the head diameter do ma have
significam effects on ihe swenpgth relationships. Larger agpregaie sizes
may resull in incressed scatier af ihe test resulis because the lorge pamickes

Toopry g o BETRE o i rrad

25 Bxpangon 5

(b) Insert expansion tool and expandable
insart

b
\

724 ]

(d) Install bearing ring and loading system;
pullout insert assembly
FiG, 2 Schamatic of Proceduras for Post-installed Pullout Test

can interfere with noomal pullout of the conic frostum.

Mom fe-Castein-place inserts may be coaled with a release agent o
mimimize bamding with the concrele, amd they may be tapered s minEmize
sile friction during besting. The insert head should be provided with the
means, such as a nosch, 10 prevent rofation in the comcrete if the msen
shaft bas o he removed prior pe performing the lest. As a further
precaution against rodation of the irsert bead, all thresded hardwane shoald
b checked prior W imstalktion 1o ensure that i1 free-uming and can be
emily remved, A thread-lck compound s recommended 0 prevent
lowrsemning of the inserl head from the shaft durimg matallaeon asd during
wibratiom of the surroursdmg concrele.

6.2.2 For cast-in—place insens, the distance from the insert
head o the concrete surface (i) shall equal the diameter of the
insert head (d5). The diameter of the insert shaft at the head (d,)
shall not exceed (LAl 5,

0.2.3 For post-installed inserts, the groove o accept the
expandable insert shall be cut so that the distance between the
hearing surface of the groove and concrete surface equals the
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insert digmeter after expansion o) The difference between
the dinmeters of the undercut groove (o, ) and the core hole (d )
shall be sufficient o prevent localized failure and ensure that a
conic frustum of concrete is extracted during the test {see Mote
6. The expanded insert shall bear uniformly on the entire
beanng area of the groove,

Mome 6—A core hobe dismeser of 18 mm and an ondercal groave
diameter of 25 mm have been used successhully.

0,24 The beanng ring shall have an inside diameter (o) of
2000 24 mes the insert beod diameter (s ) and shall have an
oulsde diameter (o) of at least 125 omes the inside digmeter,
The thickness of the ong () shall be ot Jeast 0.4 gmes the
pullout insert head diameter. For a given test system, the same
hearing ring dimensions shall be used.

6.2.5 Tokerunces for dimensions of the pullout test inserts,
beaning ring and embedment depth shall be =2 % within a
Tiven system.

Mome T—The limits for dimensions ond canfigurnisons for palke esi
insems and npperatus are intended 10 accommaoidate various sysiems.

6.2.6 The loading apparatus shull have sufficient capacity to
provide the loading rate prescribed in 8.4,

Mome B—Hydraulic pomps thar permic continess losding may give
mire mnifarm fest resulis than pamps that apply kad indermiently,

6.2.7 The gauge to megsure pullout force is permitted o be
of the anolog or digital type. Analog ganges shall be designed
so that the pullout torce can be estimated o the neanest (L5 kM.
Dhigital gauges shall display the pullout force to the nearest 0]
kM.

0.2.8 The force gauge shall have a means o preserve the
maximum valwe of the load during a fesi.

.29 Pullout apparatus shall be standardized in accordance
with Annex Al at least once a veoar and after all repairs,
Stomddordize the pulloul apporatus vsing o lesting mochine
verifed i accordance with Proctices B4 or using o Class A Joad
cell oz defined in Pracuce E74, The mdicated pulloun force
based on the developed relationship shall be within =2 % of
the force measured by the testing machine or load cell,

7. Bamipling

.0 Pullowr gest locations shall be separated so that the clear
spacing between inserts is at keast seven times the pullout insert
head diameter. Clear spacing between the inserts and the edges
of the concrete shall be at least 3.5 times the head diameter,
Inserts shall be placed =0 that reinforcement is ouside the
cxpected conical failure surface by maore than one bar diameter,
or the maximum size of aggregaie, whichever is greater,

Mo 9—& peinlorcensent locator 15 recormmendad & asssl in avaiding
reinforcement when plamning the locations of poss-imstalled ieses, Follow
the manufaciurer s insructions for proper operation of such devices,

7.2 When pullout test resulis are used to assess the in-place
strength in order to allow the stant of critical construction
operations, such as formwork removal or application of post
tensioning, at least five individoal pullout tests shall he
performed as follows:

7.2.1 For every 115 m”, or a fraction thereof, of a given
placement; or

Coopryvig i AETRL I ion sl

7.2.2 Forevery 470 m° , or o fraction thereof, of the surface
area of one fuce of & slab or wall,

Mom  [0=More than the minimum mumber of inseris shookl be
provided in case a test resalt is mol valid o eesting begins. belore adequate
strengih bas developed.

7.2.3 Inseris shall be located in those portions of the
structure that wre critical in terms of exposure conditions and
structural reguirements,

T3 When pullowt tests are wsed for other purposes. the
number of tests shall be determined by the specifier of the test.

8 Procedore

Bl Cast-in-Place Ieserss:

B.1.1 Attach the pullout inserts o the forms using bolis or
by other methods that firmly secure the insert in its proper
location prior o concreie placement. All inseris shall be
cmbedded to the same depth. The axis of each shatt shall be
perpendicular o the formed surface,

B.1.2 Alternatively, when instrocted by the specifier of wests,
momually  place mseds im0 onformed  borontal concrete
surfices, The insers shall be embedded into the fresh conerete
by means that enswre o uniform embedment depth and o surfoce
o support the bearing ring that is plane and perpendicular w
the axis of the insert shaft, Installation of inserts shall he
performed or supervised by personnel trained by the manufac-
turer of manufacturer’s representative,

Mome | | —Experence imdicates thai pullout sirengihs are of lower valoe
nnd mare variahle for manually-placed surfice inserts than for insens
uttached to foemasarck (12).

B.1.3 When pullowt sirength of the concrete is o be
measured, remove all hardware used for securing the pullout
inseris in position. Before mounting  the loading  sysiem,
remove any debeis or surface abnommalities 0 ensure a fat
bearing surface that is perpendicular to the axis of the insen.

8.2 Posr-fasralled Tnseris!

8.2.1 The selected test surface shall be flat o provide a
suitzhle working surface for drilling the core and undercutting
the groove, Drll a core hole perpendicular o the surface o
provide a refercnce point for subsequent operations and o
accommodate the expandable insert and associated hardware.
The use of an impact drill i not permitted.

8.2.2 If necessary, use a surface planing tool to prepare a Aat
surface so that the base of the tool for cutting the groove is
supported firmly and so that the beanng nng is supporied
uniformly during testing. The prepared surface shall be per-
pendicular i the axis of the core hole,

B.23 Use the grinding ool in accordance with the manu-
facturer's instroctons o undercul a proove of the comect
diwmeeter and at the commect depth in the core hole, The groove
shall be concentric with the core hole.

More | 2—To controd the socarecy of thess operations, & suppor sysicm
shipuld be wsed o hold the apparas in the proper posibon dusing these
sleps,

B.24 IF water is used as a coolant, remove free-standing
water from the hole at the completion of the drilling, planing,
ad undercutting operations. Protect the hole from ingress of
additional water wntil completion of the nest.
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Mome | 3—TPemetralion of water inlo the Talune some could aflect the
meisuned pulbnd srength.

d4.2.5 Usg the expansion tool to position the expandeble
insert into the groove and expand the insert o its proper size in
accordance with the manufecturer's instructions.

a5 Bearing Ring—Ploce the bearing ring around the pullout
insert shaft, connect the pullout shaft o the hydroulic ram, and
tighten the pullout assembly snugly against the bearing surface.
Ensure that the bearing ong 15 centered around the shalt and
Mush against the concree,

8.4 Loading Rate—Apply load at a uniform rate so that the
nominal normal stress on the assumed conical fracture surface
increases al a rate of 70+ 30 kPa's (Note 143, IT the inser s
I be tested oo ruplure of the concrete, losd ot the specified
wmilorm rate wntil ruplore occurs, Becord the maximum gauge
reading o the nearest L5 kM for anabog pouges and o the
nearest 0.1 kM Tor digital govges, IT the insert s o be ested
oaly o a specified load o verify whether a minimum in-place
pullout strength has been attained, losd at the specified uniform
rate until the specified pullour load is reached, Maintain the
specified load for an least 10 s,

Mome 14—The lnmsding rase is specified in terms af 0 nominal siress rmie
o gccommaodate differemt sizes of pulloni lest systems, See Appendiz X1
fior the Formuda relating the pominal normol siress and the pullout loed,
For a commonly wsed pulloa test system m which dy = 25 mm and o, =
55 mm, the specified siress rale corresponds 0 a lomling e of
approcimately (R5 2 (LI KM D5 thes system 8 s, the ranges of the
tmes w0 complese a est for different anticipated oltmane pulbour loads
would be as follows:

Arficipated Pullcul Losd, Minirrn Tirma, Maxirrm Tima,
M a a
[+] 14 i3
bl 21 BT
o 33 1040
4o 57 133
D Eal 167
B B 200
e 10 233
B 4 267
B 128 HIET
i E K] 143 133

241 Do onot test frozen concrete.

8.5 Rejecrion—Rejoct a test result if one or more of the
following conditions are encountered:

2501 The lorge end of the conic frustum 1= not & complete
circle of the same diameter as the inside diameter of the
beaning ning:

8.5.2 The distance trom the surface to the insert head (7 in
Fig. 1 or Fig. 2} is not egual to the insert diameter;

8.5.3 The diagmeter of the groove in a post-installed test is
nol egqual to the monufacwrers design valoe;

.54 The expanded insert dismeter in a post-installed test 15
not equal to the manufacturer's design value; or,

B.5.5 A reinforcing bar is visible within the failure zone
after the conkc frustum is removed,

9, Caleulation

0 Convert gauge readings 1o pullour force on the basis of
relationship developed in accordance with Annex Al

Coopryvig i AETRL I ion sl

02 Compate the average and standard deviation of the
pullout forces that represent tests of o given concrete place-
mient.

0. Report

L1 Report the following information:

el Dimension of the pullowr insert and bearing ring
(skerch or define dimensions),

1.2 Identification by which the specific location of the
pullout vest can be identified,

1.3 Deate and time when the pullout test was performed.

I 1.4 For tests to fallure, maximum pullowt load of indi-
vidual tesis, average, and standard deviation, kN, For tesis to a
specified load, the pullout load applied in each test, kM.

1.5 Description of any surface abnormalities beneath the
reapction ring at the test location,

k16 Abnormalities in the ruptured specimen and in the
lowding cycle,

LT Concrete curing methods used and moisture condi-
tion of the concrete at time of test, and

ILLE Cvher informaton regarding unusoal job conditions
that may affect te pullout strength.

11. Precision and Bias

1.1 Sirgle Operator Precision—Based on the data summa-
rized in ACI 2281 B (14} for cast-in-place pullout tests with
cmbedment of about 25 mm, the avernge coefficient of varia-
tion for tests made on concrete with maximom aggregate of 19
mm by a single operator using the same test device is § %.°
Therefore, the range in individual test results, expressed s a
percentage of the average. should not exceed the following:

Humber of Tests Acceplabls range, (percent of average)
=] n%
T %
0 5%

Similar values of within-test variability have been reporied
for posi-instulled pullowt fests of the same geometry as
cast-in-place tests (13).

Morte 15— the rmnge ol s resols exceeds the acoeplable range.
further mnvestigation should be carried oul. Abnormal sest resalis coubd be
dise 10 imgroper procedures oF equipment malfunction, The wser shoald
investigaie potential causes of owiliers and dissegard those s resulis for
which remsons for the outlving resulis can be ientified positively. [T there
nre mi ohvioues canses of the exireme values, it is prohobde that there ore
real differences in concrele strength ol different test bocations. These
differences could he due b variations in mixiure proporiions., degree of
Corsoliclalsn, or curing condilions.

1.2 Mulsi-Chpergior Precision—Test data are not available

to develop o multi-operntor precision stofement.

I1.3 Rias—The hias of this test method cannot be evaloaied
since pullout strength can only be determined in terms of this
test medhod.

1. Keywords
12.1 concrete strength; in-place strength; in-place testing:
pullout test

* This number represents the {155 limit o= described in Prctioe 671,
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ANNEX
(Mlamdatory Information)

AL STANDARDIZATION OF PULLOUT-HY DRAULIC LOADING SYSTEM

Al The objective of the procedure in this annexs 15 o the pullout oading system with the force measured by o lesting
establizh o relotionship between the reading of the pullowt force mochine that bas been venfied in accordance with Practices E4
messunng system and the ensibe force m the shalt wsed w or mepsured with a Class A load cell that has been calibrated in
pullout the insert, This relatonship is estoblished vsng alter-  accordance with Practice E74 The tme nterval between
native approaches as indicated in Fig. AlLL In general,  testing machine verifications or boad cell calibrations shall be
standardization is achieved by correlating the gauge reading of  as defined in Practices E4 or E74,

Pullout loading = Gage
e D

(a) Calibration using compression testing (b) Calibration using tension testing
machine machine

R Pullout |ﬂﬂjiﬂg ﬁ

Pullout loading -e Gage E‘i i :@ Gage
system Compression o

load cell
- Loading rod i

| Tension load
cell

(c) Calibration using tension load cell (d) Calibration using compression load cell
FIG. &1.1 Schematics of Acceptable Methods to Standardize Pullout Load Measuring System

Caogryrg a AETR W wanmiral 5]
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ALZ Position the pullout loading system on the force
measurement apparptus. Align all components =0 that the
pullout torce 15 concentric with the loading system and the
force messurement system. Use spherical seats or other similar
means i minimize bending effects in the loading system.

Mo Al l—When n compression-testing machine is used 0 measure
the force, the beanng blocks should be protected against daomage.
Cold-molkad sbeel plae at least 13 mm thick is recommended.

AlLZ Using the pullout loading system, apply increasing
leads over the operating range, and record the gauge reading
and the comesponding force measured by the testing machine
or load cell. Take readings ai approximately 10 load levels
distributed over the operating range of the pullout loading
sy=tem.

Mome AL2—Low vabies of farce should be avoided in the sinmclord-

izaton proces: becanse b elfects ol (riction may mirodsce sgmificant
errirs. The manulaciune shoukl provide the operatimg range ol b pullout
logding sy=iem,

Al4 Use the readings obtmwined in Al3 to calculate an
approprigbe regression eguation using the leasi-squares curve-
fitting method.

More Al 3—aAppemndin X2 provides an cxample w illustimie the

development of the regression equation. Additional infermatien i pro-
vidled in Procios E74,

ALS The difference between the force based on the regres-
ston egquation and the force measured by the lestng machine or
the Joad cell =hall not be greater tham 22 % of the measured
foree over the operating range, I this wolerance 1= not met, the
pullowt loading system shall oot be vsed unnl tis requirement
is satisfied.

APPENDIXES

(Mommandaiory Information)

X1 STRESS CALCULATION

X1l When a stress colculation is desired, compuie a
nominal normal stress on the assumed conical fracture surface
by dividing the pullout force by the area of the frustum and
multiplying by the sine of one-half the apex angle (see Fig, 1)
Use the following equations;

I.I
£, = —sina (X113
A
3 'fl_dl.l
sin @ = =—— {X1.2)
ay+id,
A=x§ ‘2 - (X 1.3)
i
|I 1 ""fl_"'r'|. :
g= |‘.|f|-'+|I o ':| (X 1.4
where:
Fy = nominal normal siress, MPa,

P = pullout force, M,

@ = V& the frustum apex angle, or tan”™ {dy — d, W2k,

A = fracture surface area, mim”

dy = diameter of pullout insert head, mm,

dy = inside diometer of bearing nng or large base diameter
of asswmed conke frustum, mm,

h = height of conic frustum, from insert head o large-base

surfuce, mm ., and
5 = szlant length of the frustum, mm.

X1.2 The above cabculation gives the value of the average
normal stress on the assumed falure surloce shown i Fg, 1.
Because the state of stress on the conie frustum is not unifonm,
the caleulated normal stress i= a ctitious valoe, The cakculated
normial siress is wseful when comparing pullout sirengihs
obtained with different test geometries that Fall within the
limits of this test method,

XL EXAMPLE TO ILLUSTRATE STANDARDIZATION PROCESS

K11 This appendiz provides an exomple o illusirae the
development of the regresion equation o convert e gauge
reading of the pullour loading system o the force acting on the
insert. Table X201 shows data that were obtained using the
procedure in the annex, The first column shows the gauge
reading and the second column shows the measured force,

X2.2 Fig. X2.1 shows a plot of the data in Table X2.1 along
with the best-fit sradght line 1o the dota, A steanght line was
ficved wsing a commercial computer program for grophing and
statistical analvsis, The equatkon of the line s shown in the
tablke of results on the graph and 15 as follows:

P {kN) = —0,55+ 1089 G (kN) {(X2.1)

Coopryvig i AETRL I ion sl

where:

estimated pullout force, kM, and

pullout force indicated by gouge of pollout loading
system, kM.

The column labeled “error'” in the able shown within Fig
KL represents the standard deviations of the estimated
intercepd and slope. The low valwes of these standard devia-
tions relative 1o the slope and intercept indicate that the
intercepd is not zero and that the shope is oot equal oo 100

X213 P K22 05 a plot of the residuals of the best-fir line
as a funcrion of the measured force, These residuals are shown
i the third column of Table X2.1, and they are the differences

F
0
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TABLE ¥2.1 Example of Gauge Reading Versus Foroe Data and
Residuals After Fitting Regression Equation

Fig. X2.2 are the =2 % limits reguired in accordance with
.24, It i= seen that, with the exception of the first three points,

Gags Frearding. Wi Maasured Farce, kN Peesidusls, kN the residunls are well within the permitted tolerance. Thus, the
20 1.6 003 regression equation for this particular apparatus sptishes the
,EE 13: _g?g requirements of 6.2.% provided that the pullout torce is greater
15.0 15.8 =002 than about 10 kM.
00 21.2 003
=50 26,7 -0.a3 X214 Fig. X212 shows that the residuals are not randomly
ig g?g E:E distributed but sppear o have a periodic variation with the
400 438 a1 kevel of force. This indicates that the true regression egquation
el i ~0.14 is not o straight line. However, because the residuals are well
ﬁg :;: _g“;g below the =2 % limits, it is not necessary o iry to fit o higher
[El) .5 .24 order (polynomial b equation, and the straight line 15 adeguate.
m * LI | 1 F I L L LI I T 170 I 1 F LI ] I LI LI ] I 1 F LI | I LI I o
C v=a+b*x 5
i - a| -0.55383| 0.089957 E : E -
50 . b 1.0885 | 0.0025441 ' ' ]
g - crisg | 031565 : :
|2 - 0.99997 [ [ ]
s 4[] . .. ......... ........ -
g 30 s
§ nf |-
10 | i =
ﬂ_|J||J|||||||J||-|-|J-|-||-|J||i||_
0 10 20 30 40 50 60 70

Gage Reading, kN

FiG, ¥2.1 Piot of Data from Table X2 1 and Best-Fit Straight Line

hetween the estimated force based on the besi-fir equation and
the measured force (Column 2 in Table K21} Also shown in

Toopry g o BETRE o i rrad

Additional discussion on fiting higher order equations s
provided in Practice E74.
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SUMMARY OF CHANGES

Committee O has identified the location of selected changes o this test method since the last issue,
OO0 — 15, that may impact the use of this test method. (Approved December 15, 2019

(0 Secton 1.3 was edied o align wording with suggested (20 In section 3,11, “proctice” was changed w0 “method”,
wording rom the CO995 coordination commities,
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