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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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TECHNICAL SPECIFICATION ISO/TS 8611-4:

2013(E)

Pallets for materials handling — Flat pallets —

Part 4:
Procedure for predicting creep responses in stiffness tests
for plastic pallets using regression analyses
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Scope

is part of ISO 8611 presents a procedure for predicting creep responses in stiffness tests f
llets to shorten the test period. Based on regression analyses, deflections, during full
axation periods are predicted. This part of ISO 8611 is for use with the static stiffness tes

ly. Annex A gives an informative example of this process.

Normative references

e following documents, in whole or in part, are normatively referenced in this documen
lispensable for its application. For dated references;only the edition cited applies. Foy
Ferences, the latest edition of the referenced document)(including any amendments) applies

D 445, Pallets for materials handling — Vocabulaxy.
) 8611-1:2011, Pallets for materials handling & Flat pallets — Part 1: Test methods

D 8611-2:2011, Pallets for materials handling — Flat pallets — Part 2: Performance requirer
ection of tests

Terms and definitions

pr

r the purposes of this decument, the terms and definitions given in ISO 445 and the followi

or plastic
load and
[s such as

5ts 1b, 3b, 4b, 5b, and 7b referred to in ISO 8611-1:2011, and is for application at ambient temiperature

t and are
undated

nents and

ng apply.

, Where the

iaples

f squared

ov1ded by the model

3.3

test period
period required for the stiffness test of plastic pallets, which is divided into full test load period and
relaxation period

3.4

fu

11 testload period

the value

full period required for the stiffness test of plastic pallets under load, which lasts for 24 h or 48 h
depending upon the type of tests

© IS0 2013 - All rights reserved
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3.5

relaxation period
period required for the stiffness test of plastic pallets after releasing load, which lasts for 2 h from the
outset of releasing

3.6

reduced test period
reduced period required for the stiffness test of plastic pallets under load, which lasts for 4 h

3.7

£irloo £:211 'S

relaxati
period re
end of thd

3.8

relaxatiqn period of the reduced test

period re
from the

4 Sympols and abbreviated terms

- | r's
T peTrIoa ot TaIr ccst

full test load period

quired for the reduced stiffness test of plastic pallets after releasing load, which lasts for 2
end of reduced full load period

quired for the stiffness test of plastic pallets after releasing load, which lasts for 2 h from‘the

bo, b1 regression coefficients

bo* b1* estimated regression coefficients

Y(©)* deflection predicted at time ¢ (mm)

Y(t) deflection actually measured at time ¢ (mih)

e(t) regression error at time t

In(t) natural logarithm of time ¢

5 Progedure for predicting creep responses

5.1 Purpose

Stiffness tests for plastic pallets, including tests 1b, 3b, 4b, 5b, and 7b in ISO 8611-1:2011, require t¢st
durationg of 24 h to 48 h;-depending on the type of test measurement. These test durations are essentjal

because glastic pallets,aird pallet decks creep while placed in storage racks or stack storage. However

benefit in saving time and cost if creep deflections can be predicted for the entire test peripd
fest data.of the first 4 h. Using the method described in this part of ISO 8611, test duration can
be reducqd while'’keeping the same time of relaxation as in ISO 8611-1:2011, as recommended in Tablg

of ISO 8611 shows how to conduct the stiffness tests based on the predicted value of crefp

is of great
from the

This part]

TITCTOTOITT S, Tt T ST T ot P ot TooroT

it

1.

Table 1 — Full load duration and reduced duration recommended for static stiffness tests
Pallet material and tests Test period | Reduced test Relaxation
(h) period time
(h) (h)

Where plastics or plastic parts dictate |tests 1b, 3b, 5b, and 24 4 2
overall performance 7b

test 4b 48 4 2
2 © IS0 2013 - All rights reserved
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Atleastthreeplasticpalletsforeachtestshallbeusedasspecified in Clause 5 0ofISO8611-2:2011. Deflections
at the specified locations on the pallet shall be recorded continuously during the creep test. The frequency
of 1 observation per 30 s is recommended for the first hour of testing, and the recommended frequency
for the remainder of the creep test is 1 every 10 min interval. The recommended extraction interval for
relaxation is 1 observation every 30 s. The following steps shall be used to predict the creep responses.

1y

Test the first pallet for both the full load period (24 h; 48 h for test 4b) and the relaxation period
(2 h). Deflections at specified intervals shall be measured while pallet creeps. If the deflection

2)

3)

4)

TH

where

.B Specification of regression models

measured at theend of the fulltoadorthe Tetaxatiomr periodexceeds the stamdard per
limits specified in Table 1 of ISO 8611-2:2011, stop the test. The pallets in the lot shall be d{
failed for the stiffness test. Otherwise, proceed with step 2.

Test the second pallet for the reduced test duration with 4 h load. Use Formula (1) to est]
regression coefficients for the loading test period. Then predict the deflections for the 1
beyond the reduced test duration, which span from 4 h to 24 h (or 48 h};based on Form
the deflection predicted at the end of the full load period exceeds thestandard perform
specified in Table 1 of ISO 8611-2:2011, stop the test. The pallet shall\be declared as fail
stiffness test. Otherwise, proceed to step 3 to test for the relaxatién)period. The perform
test shall be done based on t-test procedure.

Test the second pallet for the 2 h relaxation period of the reduced test and obtain the
Formula (2) to estimate the regression coefficients fof the relaxation period. Then pi
deflections in the relaxation period of the full test, which cover from 24 h to 26 h (or 48

formance
bclared as

imate the
emainder
ula (1). If
hnce limit
bd for the
hnce limit

data. Use
edict the
1 to 50 h),

based on Formula (2). If the deflection predicted atthe end of the relaxation period of the full test

exceeds the standard performance limit specified in Table 1 of ISO 8611-2:2011, stop the
pallet shall be declared as failed for the stiffnesstest. Otherwise, proceed to step 4. The per
limit test shall be done based on t-test procedure.

Test the third pallet and repeat steps 2 to.step 3.

e regression model in Formula (1) shall be used for fitting sample data from the loading per

Y(t) =bo + b1[In(t)] + e(t]

Y(t) isthe-pallet deflection occurred at time ¢t (mm);
t is'the time in minutes;

borb1 is the set of regression coefficients;

test. The
formance

iod.

—_

M)

e(t) istheerror attime t, independently and identically distributed as normal.
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Formula (2) shall be used for fitting sample data from the relaxation period for 0 <t < 2 h.

R(t) =

where
R(¢)
Z(1)

bo + b1[In(t)] + e(t)

(2)

is the ratio of deflections at the relaxation period, Z(t) divided by Zy(t);

is the deflection in t minutes relaxation from the full test pallet;

Zp(t)
e(t)

5.4 Pre

541 P

is the deflection in t minutes relaxation from the reduced test pallet;

is the error at time ¢, independently and identically distributed as normal.

dicting the deflections under the test load and during the relaxation time

irpose

Two perf
The first

deflection for the relaxation time.

542 P

5.4.2.1

The first
period, af

5.4.2.2

For the s¢
estimate(
predicted
the estim|

Y(6)* 1

where

Y(6)*

rmance requirements shall be measured in order to evaluate the bending stiffness of palle
requirement is the bending deflection for the test load period‘and the second is the bendi

redicting the deflections during the full test load period

Measuring the actual deflections

pallet shall be tested as specified in 5.2 fordoth the full test load period and the relaxati
id the deflection shall be measured at the end of the full test load period.

Calculating the predicted deflections

cond pallet, the test duration shall be 4 h as specified in Table 1. Regression coefficients 3
| based on the least squares:method, and then the deflections at the end of full duration 3
. The deflections in the fullload period for the partially tested pallet shall be predicted usi
ptions from Formula (3).

F bo™ + b1*[In(t)]

is\the pallet deflection estimated at time ¢t (mm);

on

3)

t

bo* b

The same

Tsthe time T mnutes;

1* is the set of estimated regression coefficients.

procedure shall be applied to the third pallet.

5.4.3 Predicting the deflections during the relaxation period

5.4.3.1

Measuring the actual deflections

The deflections during the relaxation period, after unloading, shall be measured at both the full test

period an

4

d the reduced period.

© ISO 2013 - All rights reserved
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5.4.3.2 Calculating the predicted deflections

The deflections for the relaxation period of reduced test shall be estimated using the deflection ratio of
fully tested pallet to partially tested pallet as specified in Formula (2) and (3).

The deflections in the relaxation period of the partially tested pallet shall be predicted using the
estimated Formula (4) as follows.

Z(8)* = Zp(6){bo* + b1*[In(t)]}

(4)

wlllere

Z(t)* isthe hypothetical deflection in ¢t minutes relaxation, if the partially-tested'pallet is put to

full test, of which deflections shall be predicted using the regression model;

bo* b1* is the set of estimated regression coefficients based on Formula (2):
ThHe same procedure shall be applied to the third pallet.
5.p Statistical testing for the standard performance limit
5.5.1 Purpose
Uding t-test procedure, the predicted deflections for théhypothetical full period of pallets shallbe tested
if the predicted deflection of the pallet falls within thié& standard performance limit.
5.5.2 t-test procedure for the loading period
THe t-test procedure is formulated as follaws. Set up the null hypothesis “predicted deflection is above
the standard limit, C.” That is, the null-hypothesis is that the pallet fails the performance test{ Then the
alternative hypothesis is that predicted’deflection is not above standard limit. Under the null hypothesis,
T-stat is computed as T-stat = (Y*2a4lor48h — C)/SE(Y*24 1 or 48 1) T-stat is approximately distgibuted as
t-distribution with (n - 2) degrees of freedom, where Y*241, or 48 1 is the deflection predicted jat 24 h or
48 h; Cis the standard performance limit for the loading period according to ISO 8611-2:2011;|SE(Y*24 1
orkgn) is the standard errar of predicted deflection at 24 h or 48 h; n denotes the number of observations
infthe regression. The standard error SE(Y*24 1 or 48 1) can be computed following Formula (5]).

n *12 ¥12
* (Y. -Y:) 1 (X24h or 48n —X)
SE(Y 4548 ) = Z# T+—+ n = (>)
t=1 n- 2 n V12
Z(Xt - X)
t=1

where

n is 138;

Xt is In(t);

X24hor 48 his In(1 440 min) or In(2 880 min);

X is the mean of X;

Y is the estimate of Y, .
© IS0 2013 - All rights reserved 5
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The t-test statistic shall be compared to t(5 %, n - 2), which is the critical value at n - 2 degrees of
freedom and 5 % significance level in the one-sided test for the left tail. The critical value corresponding
to t(5 %, n — 2) can be referred in the Student-T distribution table. If T-stat < t(5 %, n - 2), the pallet
passes the performance test.

5.5.3 t-test procedure for the relaxation period

The t-test procedure for the relaxation period is almost identical to that for the loading period. The only
differences are the preset standard performance limit (C) for the relaxation stage and the standard

error of the deflection estimate at time 26 h, Z*>¢ j,, or at time 50 h, Z*co . The standard error of Z*-

or Z*soh

SE(Z]

i$ 69;
i$ In(¢);

i$Z,/Z,;
i$ the estimate of Z;/Zp;;

i$ the mean of X;

fan be computed as follows.

6h or 50h)=Z6h

5 In(360 min);

5 the actual deflection of partially=tested pallet at the end of relaxation period (i.e. 6 h).

report
eport shall list at least the following:
rence to thisdhternational Standard (i.e. [SO/TS 8611-4:2013);

rpe of tests and the number of pallets used for the regression method;

bduetion in test duration;

where
n i
Xt 1
Xoh 1
Rt 1
R, 1
x i
Zeh 1
6 Test
The test 1
a) arefd
b) the ty
c) therq
d) therd

e) theregression results with coefficients for relaxation period;

f) the results from the t-test for standard performance limit for full and relaxation periods.

h
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Annex A
(informative)

An example of predicting creep responses in order to reduce the

full test load duration

All General

This annex is for information only and cannot be used to evaluate the performance ofplastic pallets.

Al2 Procedure

THe sample deflection data in every step are from the testing of plastic pallets. These data are presented

hefre only for the demonstration of how the deflections could be predicted in test durations shc
refuired for the stiffness tests of pallets. The test has been performedin accordance with the g
prpvided in 5.2.

rter than
rocedure

Step 1: The first palletis subjected to test 1b to determine the)stiffness of the pallet. The test is performed
dyring 24 h of the full test load period and for 2 h of the\relaxation period as specified in Taple 1. The
deflections are measured in accordance with 5.2. Now«we have the deflections at both 24 h and 26 h at

the relaxation time, and the accompanying actual deftection curve, as shown in Figure A.1. The

standard

performance limits (C) are calculated according tethe prescription in Table 1. In this sampl¢ test, the

performance limits are 2 % and 0,7 % of the spdn of pallets, respectively. Thus, since the san

ple pallet

is{l 100 x 1 100 x 150 mm3 of which span is 1\300 - 2 x 75 = 950 mm, the performance limits should be

19 mm under load and 6,65 mm in relaxation.

a)| The deflection actually measured;at 24 h, Y(24 h) = 14,1 mm; Standard limit for the loading

period = 19 mm.
The first pallet passes.the loading test since Y(24 h) < 19 mm.

b)| The deflection actually measured at 26 h during the relaxation period of 2 h, Y(120 min) 3
Standard limit for the relaxation period = 6,65 mm.

The first patlet passes the relaxation test since Y(120 min) < 6,65 mm.

c)| The actual'deflection curve during the loading period is as follows.

© IS0 2013 - All rights reserved
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(1)

he
on

15.0
Y 12.5
10.0
1.5 1 \
5.0 - N—
2.5 1
0.0 T T T T T
0 S 1Y 15 yay 25 3
X
Key
X time (h)
Y deflegtion (mm)
Figure A.1 — Actual deflection curve measurement
Step 2: The second pallet is tested for the reduced test duration. The test'is performed for 4 h of 4
full test lpad period, as recommended in Table 1. The deflection at 24 h'based on the 4 h of deflecti
data can be calculated and predicted using Formula (1) in Clause 5.3xTFhe predicted deflection curve i
presented as shown in Figure A.2.
a) The predicted deflection at 24 h using 4 h of data:
Y*(24 h) = 6,069 + 1,206 [log(24 h)] = 14,953 mm
b) t-testlifthe deflection of the palletin the loading peri@d is within the standard performance limit, 19 mm:
T-stat = (14,953 - 19)/0,171 = -23,58 vsx%1,65 at 5 % significance level
The t value at 5 % significance level 605 %, n - 2) is approximately equal to t(5 %, 136) = -1,65.
The 2nd pallet passes the loading test since T-stat < -1,65.
(2
15.0 /
Y 25 - o D
10.0 -
1.5 1
5.0 -
2.5 -
0.0 T T T T
0 5 10 15 20 25
x
Key
X time (h)

Y deflection (mm)

NOTE

Regression curve follows Y = by + b1In(t) + e; std limit at 24 h = 19 mm.

Figure A.2 — Deflection curve predicted (4 h ~ 24 h) during the full load duration using 4 h of data

Step 3: The deflection for the relaxation period is predicted using the regression curve (2)’, which depicts
the ratio of the full-test deflection (Z) to the partial-test deflection (Zy), R = Z/Z,.

8
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