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the repair and replacement policy for pallets used in the

a question posed by the warehouse manager concerning
shipment of beer.

An analyst for Labatt's Ontario Breweries was faced with

Eenniz Bricker, U. of lowa, 1997

and if so,

1

be repaired when damaged

when the supply of pallets became tighter as a result of

how often? This question always arose in early summer
increased summer shipments.

Should the pallets
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nis E:r'mk U, of lowa, 1997
[abatt s b belongs to a pallet pool with the other breweries
in Ontario and Quebec and their common retail outlets.

The pallets were used for shpments to the retail outlets
from the breweries and for the return of empties. Each
brewery shipped its products to many locations through-
out both provinces. The use of a common bottle and
pallet by breweries in Canada allowed the return of
empties to any brewery.

Eenniz Bricker, U. of lowa, 1997

New bottles, when shipped to the breweries from the
glass manufacturers, were shipped on new pallets.
The bill for the new pallets was included with the bill
for the new bottles.

From time to time, additional pallets could be ordered
by the individual breweries, if required. The number of
new pallets purchased by each brewery was recorded,
and at the end of each fiscal yvear, breweries that had
purchased more than their share were compensated by
those breweries that had purchased less than their share.
(A brewery's share of new pallets to be purchased was
determined by its share of the market.)
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ﬁ?ﬂifﬁ%“ﬁ 5&1@%51 were repaired by individual breweries
if feasible. If a center block had been damaged, the
pallet was not repaired.

When questioned, the foreman at Labatt's in charge of
pallet repair said: "Pallets are damaged through abuse
by the handlers." Often, in repairing a pallet, the new
nails would split a center block which would necessitate
scrapping of the pallet.

Approximately 10 percent of the damaged pallets were
unrepairable.

Eenniz Bricker, U. of lowa, 1997

Average cost of a new palletis $4.47
Average cost of repairing a pallet was $2.07

The foreman in charge of repairs considered those over
2 vears old not worth repairing, and they were scrapped.

Labatt's current repair policy is to repair a damaged
pallet only if the age is no more than two years.

$0.7 5 was the most ever received for damaged pallets,
but the warehouse manager thought that as much as
$1.50 might be obtained if the scrapped pallets were
in a better condition.
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Obennis B TG 6 AFMEFe Kales

CHESCTR LT B ammnsoed wr vess F _
e fwo  free fowr {istng the
o ichtatore o
Mew pallets | 22 45 33 —- | swles pw
Fallets [ilesid
repaired in . YRS
vear #1 477 48 5 s
Pallets | ransrlion
' ' webabities
repaired in o - a3 I B
Wear #2
MNote that each row sumes to 1 00%|
Eenniz Bricker, U. of lowa, 1997
Current SFffels aver fwa Wesns ofd sre sorsteed

Policy | Wi TR

Lorsicher Bhe paiiel o sge 7 e o 10 M85 G2 of Bhe esr

A stz sl Uae sisle oF Ihe spsiem 15 ohsered om Lie
(ESE QEN OF e VeaEn

Fossibfe siates:

Mew (less than one year old)

Age 1, never damaged

Age 2 never damaged

Age 1, repaired

Age 2, repaired second vear (& possibly first)
Age 2, repaired first yvear only

Age 3

=1 Zn N s ] O —
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Rather than model a "typical” pallet, which has

a limited lifetime (no more than 4 vears), we

will model a pallet AND its future replacements,
so that when a pallet is scrapped, the state of

the pallet returns to "New ', i.e., the state of the
replacement pallet.

Eenniz Bricker, U. of lowa, 1997

@ slalas
: : Mew

AgQe 1, undamaged

Age 2, undamaged

A0e 1, repaired

40e 2, repaired 2™ year
4ge 2, repaired 1%% year only|
Age 3 2

=] Ol fu e RS —

@ (4)
ONBNO

What transitions are possible?
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sisias

M ey

AgQe 1, undamaged

AfQe 2, undamaged

AgQe 1, repaired

40e 2, repaired 2" year :
4ge 2, repaired 1%* year only|
Age 3 :

1
2
3
4
o
u]
.

A pF el Wi 15 e STRFN o8 TRE I ol S
@ CFTRFGOT TG LS pmext s
® ;P oEmsged & rengiratie, 1E wili nexd be i sigie ¥
o [ aEmseed & nol repairaiie, 1F wiil be repisoed f)
& oW naifel
® P ol ammaged M wil next be i sigte &

Eenniz Bricker, U. of lowa, 1997

SIEIES

M ey

Age 1, undamaged

Age 2, undamaged

A0e 1, repaired

age 2, repaired 2™ year
repaired 130 year only b

E

=] Ol fu e RS —

Air rrETsoed oo - e ol paiiel,
@ e GG LR rexd e

W P aETsged & rengirsive, 18 Wi nexl He msisie &

o ;P Tsged & nol rengiraie, 1w Do repdsced o)
& e psiial

® /U aol aEmsged 1E Wil next be i sisie X
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sisias

M ey

AgQe 1, undamaged

AfQe 2, undamaged

AgQe 1, repaired

40e 2, repaired 2" year
4ge 2, repaired 1%* year only|
Age 3 :

=l A fu ] RO —

Eenniz Bricker, U. of lowa, 1997

Average LHamage Kales

qeSCrndion B OETRIGOT T eF _
are  fwo fhree Fowm | URINELGe
CHITASE

Newpallets | 22 45 33 - |  rales we
Fallets R

repaired in . CXWRHHE
year ¥ 1 4 0 2 L
Pallets | fransyion

' ' wehabilities
repaired in o - a3 I B

vear #2
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sistes

Mew

AgQe 1, undamaged

AfQe 2, undamaged

AgQe 1, repaired

40e 2, repaired 2" year :
Age 2, repaired 1%0 year only b
Age 3

=l A fu ] RO —

p,, = probability that new pallet is damaged in first
vear, but 15 not repairable
= 0.22x0.10 = 0.022

Eenniz Bricker, U. of lowa, 1997

sisies

M ey

AgQe 1, undamaged

Age 2, undamaged

A0e 1, repaired

40e 2, repaired 2™ year
4ge 2, repaired 1%% year only|
Age 3 :

=] Ol fu e RS —

b, = probability that new pallet 15 not damaged in
its first vear
= 1-022 =078
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sistes

Mew

AgQe 1, undamaged

AfQe 2, undamaged

AgQe 1, repaired

40e 2, repaired 2" year :
Age 2, repaired 1%0 year only b
Age 3

=l A fu ] RO —

p,4= brobability that new pallet is damaged in 1ts
first vear, and 15 repairable
= 0.22x 090 = 0,198

Eenniz Bricker, U. of lowa, 1997

sisies

M ey

AgQe 1, undamaged

Age 2, undamaged

A0e 1, repaired

40e 2, repaired 2™ year
4ge 2, repaired 1%% year only|
Age 3 :

=] Ol fu e RS —

p,,= probability that undamaged 1-yr-old pallet
15 damaged next vear & 15 unrepairable

_ 045 _
= 555 * 0.10 = 0037/
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siEies

Mew
Age 1,
Age 2,
Age 1,
Age 2,
Age 2,
Age 3

=l A fu ] RO —

undarmaged
undarmaged

repaired

repaired 2™ year
repaired 1% geatr only

p,. = probability that undamaged 1-yr-old pallet is
not damaged in its second vear
= 035 = (0 423
0.33+0.45

Eenniz Bricker, U. of lowa, 1997

siEles

Mew

Age 1, undamaged

AQe 2, undamaged

Age 1, repaired

age 2, repaired 2™ year :
A0e 2, repaired 150 gear anluf
Age 3 :

=l N P G R —

Transzition Probability Matrix g

. 1 2 3 4 5 BT
&
L1 o.ozz 0.7 0 0.193 0 o0
2| n.0s2 0 0.423 0 0.549 0 0
2| 1 o0 0 0 o0
4| n.0a7 0 0 0 0.423 0.53 0
sl 0.8 0 0 0 0 0 0.7
Pt &l n.ooe 0 @ 0 0 0 0.004
7| 1 00 0 0 00
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Curtrent
Steady State Distribution Policy

i P£i

1 | Hew 0. 3330594

2 | dge 1, undamaged 0. 26 045533

2 | Age 2, uwndamaged 0.1 118657

4 | Ao 1, repaired 0. 06E1LZ3962

5 | age 2, Bepair wr 2 | 0.16316388

B | Age 2, repair yr 1 | 0.0350457

7| age 2 0. 031 032156

Eenniz Bricker, U. of lowa, 1997

Syatem cosgstasrevenues by ztate

-

~CosT-- ESSLETIIG Pl SORE0 VRS
Hew 3.72

wd aumaced ]

wind arnacped 1]

repaired 2.07

Bepair y 2 Z.07

repair yrl ]

0

§55544
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Curtent
Folic

i state Fi c PixC Y

1 | Hew 0.3339594 3.72 | 1.242329

2 | Age 1, undamaged 0.26048833 | 0 1

2 | Age 2, uwndamaged 0.11018657 | 0 1]

4 | Age 1, repaired 0.066123962 | 2.07 | 0.1262766

5 Repair yr 2 | 0.16316388 | 2.07 | 0.33774023

3 repair yr 1 | 0.0350457 1 1

7 0.031032156 | 0 1

The average cogt-period in steady state iz 1.71695438

ANRLEN Cast of & pa e, wnder e Ctrent polic), 15
$1.7169548

Eenniz Bricker, U. of lowa, 1997

Repetition *1 | Sl ion
............................................................................ : {_?,.'?LH
g
] F RGe
Fo et
B — '
Falali i
5 - rrrr
4
a
o
1§ = == | = = T = = T




Labatt

©EDhennis Bricker , U. of lowa, 1997

240 n 1] n 1]

8/25/98

Repetition #2 f

Eenniz Bricker, U. of lowa, 1997

page 13

ST
27
F OFNeE
fourrent
pofic s

Repetition #3 Simmelalion
e i
5 F RGe
Fo et

"7 Do)
4 rroreeeer
i
=
14 : A - é

0 10 20 20
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Fepetition #4 § g lion
. 27
. 7 oaiiet
foirrent

. oty
5
4
N
2
14 = = b = == hi = = T

n in 20 20

Eenniz Bricker, U. of lowa, 1997

Simulation resulta:

111111111
12324567809

=
|_‘|.
b3
o
e
o
o
_\_J
o
ffa}
=
=
b
b3 b
AN
W B
oAb
b
—3ba
ok
Ta] %
=i

N N
B B B B2
R G G K
SRR
B R b b
B B R
A b -
PR e
BB P P
G B b
AL
BB P P
AEREEES
AL
Wb R
G B B
AL
ol e
B R BD B2
O F 0GR
B e
B G0 B B2
(ANENL L
B e
B R b
LS|
B b -]
W
LN YEN
-1 (71 b2 €A
BB e

The array RUN haz now been globally defined in the workespece.
Each row of the array represents i repetition of the gimulation.
Hote! Colwwm 1 representsz stage 0, i.e. the initial state.

+.COST [RUH] _. .
59.55 49.2 54.99 57.48 Errrsiialios
(+ COST[RUN1)+31 3

1.9200677 1.5870068 1.773871 1.8641036 s’ oosis L

G nFiel
foiirrent
Plariinln
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8/25/98

Curtent

Policy

present cumulative
year cost valle present value
n Cn FCn Wi
0 .72 .72 3.72
i 0,4017 0.40975 4,12975
2 1.2250767 0.25074771 4, 9804977
2 2.14335132 1.819089 6 . TOOEEET
4 0.89001899  0.42021441 T.2EETE1L
5 1.2541028 0.50403198 T.TI2ELI
& 2.2006297 0.93792521 8.6707382
7 1.16412007 0,3240977 2 ,004536
= 1.2026614 0.230295741 Q, 2077934
g9 2.534557h 0.49121425 q,TEA007T
10 1.2615526 0.21828329 10.007291
11 1.257TORG 0.1827431 10.190034
132 2.2296705 0.26122805 10451322
13 1.42333280 0.12862261 10520061
14 1.4129901 0.11005295 10.700014
15 2.1730311 0.144 04161 10.841 085

initial state = 1

Eenniz Bricker, U. of lowa, 1997

Cumulative present value
of annual costs

page 15

nresent value ($)

initial state = 1
interest rate= 20E

| | | | | | | | | | | | | |
o1 2 23 4 &5 & 7 2 9 10 11 12 13 14

VY Ears

| |
15 16
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Pregent value of all futwre cosgtez, for sach initial statel

cuzing iaterest rate 20%, i.e. dizcouwnt factor 0.233233330

8/25/98 page 16

Curtent

Policy

i initial state 30

1 | Hew 11 .327469
2 | Age 1, wndamaged 2.7T726804
2| Age 2, wdamnaged 9 .4595575
4 | Age 1, repaired 10 .621535
5 | Age 2, Bepair yr 2 |11.290657
B | Age 2, repair yr 1 Q.34023373
T | fuye 3 9 .45395575

assuming

20% interest |
rate :

Eenniz Bricker, U. of lowa, 1997

What are some alternative repait policies?

fE pEiel REs Lo ransired
ARSI S 15 FOENT ARG
ranisce i1

Policy:
Repair onlvy once

: FEFIOD T FGe [ O GReFies,
Policy: iF 7 paliel is sge [ or grester
Repair in first Gt 15 dEmeged repisce it

vear only

Policy:
No repairs

A IFIE reniFOe F GETRRGed nEie
(Frsrai alirngting e meed for
T DG S0
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Policy: . apaliel fas boen repsired
ARSI S 15 FOENT ARG
ranisce i1

Repair onlvy once

sigles
M ey

Age 1, undamaged

&ge 2, undamaged

&ge 1, repaired

40e 2, repaired 2™ year
Age 2, repaired 1% year only}
&ge 3

ot N 0 ) Y W WY I U

Fransitions from siele o ta sigle
S NEVER aocur, wrder 1S polici

siEles

Mew

Age 1, undamaged

AQe 2, undamaged

Age 1, repaired

age 2, repaired 2™ year
A0e 2, repaired 150 gear anluf
Age 3

=l N P G R —

Tranzition Probability Matrix

022

. 052 223 510

33
Q06

n
n
n
53 0
n
1]
n

L e e R o e e Y e
L e e R o e e Y e
L e e R o e e Y e

n
n
n
AT 0
n
1]
n

=10 O] W D B
rPooobk oo

Repair onlvy once
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8/25/98

Steady State Distribution

Eenniz Bricker, U. of lowa, 1997

Assining 7ol

i PLit

1 Hew 0.34525812
2 foe 1, wndamaged 0.26930133
3 Age 2, vndamaged 0.1139144F
4 Age 1, repaired 0.062261107
5 Age 2, Fepair yr 2 0.13976739
B Age 2, repalr yr 1 0.026231387
T dge 3 0.027166207

Policy:

Repair only once

SCE0 \E e

i state Fi C Fi=C

1 | Hew 0.24526212 | 2.72 | 1.2243602

2 | age 1, undanacged 026930133 1 0

3 | Age 2, undanacged 0.11391446 1 0 2
4 | age 1, repaired 0. 063361107 [ 2.07 | 0.14150749 §
5 | Age 2, Repair yr 2 | 0.13976730 | Z.07 | 0.2803185 §
B | Age 2, repair yr 1 | 0.036231387 | 0 0

7| Age 2 0027166207 | 0 0

The average cost-period in steady state iz 1.7151862
ANGEN COsE per pEeL Ly LS pofic), 1S
$1.7151862

W 15 SAGEL e FESS LhEn EREE 0F IRe CLrEent palic),
$1.7169548

page 18
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Assining  Tol soran waie
Pregent value of all future cosgtz, for sach initial stated

cuzing iaterest rate 20%, i.e. dizcouwnt factor 0.833333330

i

o

8/25/98

=1 00 5] e L B

11.40129
g.TE82537
9.5010753

10.666072

11.32018%2
9.3522251
9.5010753

Eenniz Bricker, U. of lowa, 1997

Fregent YWaluez by Period

Policy:

Repair only once

page 19

n Cn FYCn Wn
0 3.72 3.72 3.72
1 0.4917 0.40975 4.12975
2 1.3632708 0.94671523 5. 0T7E4E5S
32 2.9289745 1.6950024 G.7T14742
4 0.91927306 0.442611652 T.2150852
5 1.5014744 0.60340229 T.2184947F
5} Z.4965153 0.83607792 3.6545726
T 1.1930733 0.33296RZ6 8.9375339
a8 1.5265413 0.2362897379 Q.,3565177
g 2.217a37 0.42925104 Q.7TEE3R2T
in0 1.37F26005 0.22168264 410.002051
11 1.63281974 0.22043169 10.228533
12 Z2.0385921 0.22864167 10.457175
13 1.4904936 0.13930772 10.596453
14 1.6694245 0.12002574 410.7265028
15 1.9231645 0.1242239 10.851332

Policy:

Repair onlv once

r=20%

initial state: 1
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Cumnlative prezent valwve of cosgte or revemmssz ve period

i 2 3 4 5 8 T &8 9 10 11 1z 13 14 15 16

Y Ears

Eenniz Bricker, U. of lowa, 1997

nresent value ($)

Superimposing present value for this
and the current policies:

FERSH -G Y- ahes

(A ssiuming FAg Soran veive/

| | | | | | | | | | | | | | | |
o1 2 23 4 5 & ¥ 82 9 10 11 12 13 14 15 16

& VY Ears
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Policy: {F 3 paifel is sge [ or grestern
Repair in first | &7 aansged replace it

yvear only

sleias

Mewy

&ge 1, undamaged

Age 2, undamaged

Age 1, repaired

Age 2, repaired 2™ year
4ge 2, repaired 1% year only|
Age 3 :

=l N e R —

Fransitions info sisfe 5
wilf rever accir?

siEles

Mew

Age 1, undamaged

AQe 2, undamaged

Age 1, repaired

40e 2, repaired 2" year :
A0e 2, repaired 150 gear anluf
Age 3

=l N P G R —

Trangition Probability Matrix p

022

ST 223

Policy:
Repair in first
yvear only

K]

[

=11]a « 094

=10 O] W D B
PrPooobk oo

1]
1]
1]
AT 0
1]
1]
1]

[ I e R e Y o e e Y
[ e Y A e e e Y e
Lo e Y e R e e e Y
Lo e Y e R e e e Y
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£l
ri

anl
1]
21
i<l
4|
5|
Gl

8/25/98

Tranzition Probability Matrix

repaired
repaired

LU I ol o ]

Eenniz Bricker, U. of lowa, 1997

s nd ammacped
und avnagped

« 094

page 22

Policy:
Repair in first |
yvear only

Lot s afiminglfe (e sigie
age 2, repaired 2™ year
S renumber the sigtes

ASSHTNG S5 soran aive, Policy:
Repair in first |

i State Fi C FixC

| vear only

1 Hew 0.41 275506 2.72|1.5354438 E

2 | age 1, vndamaged | 0.32194595 |0 i :

2 | age 2, vndamaged | 0.13618441 |0 ] :

a4 | age 1, repaired 0.081725602 |2.07[0.16017170F

5 | age 2, repaired 0.043314516 |0 i 5

a] A 3 0.0040715645) 0 1]

The average cost period in steady state iz 1.7046206

The annual cost per naliel wild pe $1.7046206
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8/25/98

page 23

Policy:
Repair in first
yvear only

FPrezent wvalue of all future costs, for each initial state:

Cuzing interest rate Z20%, i.e. digcouwnt factor 0.833333330

Eenniz Bricker, U,

of lowa, 1997

i State Y

1 Hew 11 .420285
2 b 1, wndamaged g.8924378
3 b 2, undamaged 9 .5663045
4 Age 1, repaired 10. 72863

5 bge 2, repaired 9,417 023
3] by 3 9 .5663045

Policy:
i . I . Repair in first
0 2.72 2.72 2.72 Fear Dﬂl}'r
1 0.4917 0.40975 d,.12975
2 2.0312238 1.4105721 5.5403221
= 1.82927972 1.09536288 B.B35E902
< 1.3005154 0.67052035 T.3062712
5 1.9267505 0.77d22145 2.0205026
2] 1.6221106 0.54224155 2. B228242
T 1.6912101 047215315 g, 0959272
= 1.750284 0.40713943 Q.5031768
g 1.6652303 0.322584378 Q.2260206
in 1.7226107 0.27821125 40.104232
11 1.7024514 0.22026409 10.3232332496
12 1. .69283235 0.19047222 10.522074
1z 1.7114102 0.159927 1062832001
14 1.7010238 0.13242/9 10.816388
15 1.70537382 0.110682832 10.927076
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Cuwnulative pregent valus of coztz or revemussz va period

12 -
11
10 —

L ] L = e B = I
]

| | | | | | | | | | | | | | |
o1 2 3 4 5@ T8 9 10 11 12 13 14 15

Eenniz Bricker, U. of lowa, 1997

Policy:
No repairs

A IFIE reniFOe F GETRRGed nEie
(Frsrai alirngting e meed for
T DG S0

SIETES

Ny

&ge 1, undamaged

Age 2, undamaged

Age 1, repaired

Age 2, repaired 2™ year
4ge 2, repaired 1% year only|
Age 3 :

=l N e R —

faﬁw ““-«C' ,‘3\“}# Only states 1, 2, & ¥
e’ Fre possibied
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sistes

Mew

Age 1, undamaged
&Qe 2, undamaged

] B3 —

Trangition Probability Matrix [

dev
B 1 2 3
i
K| 0.2z 0.7 0
z| 0.577 0 0.423
3| 1 0 0

No repairs

Eenniz Bricker, U. of lowa, 1997

Policy:
No repairs

ASSUHTNNG & S8 Soran vallie!

LATEAETLE F.TFE 1.TR30833
LSBYETETE 0 n
JA5EETEI1 0 n

TN S
[ R e i

The average cogtsperiod in steady state iz 1.TE20233

The annual cost per paiiel wiid pe $1.7630833
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©EDhennis Bricker , U. of lowa, 1997
ASEUNNING & S8 SCran vallie!

Policy:
No repairs

Pregent value of all futwre cosgtez, for each initial ztate! Lo

cuzing iaterest rate 20%, i.e. dizcouwnt factor 0.233233330

i State iy

1 Hew 11 .877869
2 Aoe 1, undanaged Q.2003991
3 Ao 2, undanaged g.3952239

Eenniz Bricker, U. of lowa, 1997

Policy:
No repairs

Initial state: 1, intereszt rate= Z0Z

Fregent YWaluez by Period

n Cn FCn Win

] 3.72 3.72 3.72

1 0.8154 0.682 4 .402

2 1.8542712 1.28763823 5.6296323

32 200264565 1.1595171 G.2492054

4 1.5453522 0.74525377 T..5944502

5 1.8535378 0.74423095265 2.33203545

5} 1.764365 0.59083228 3.930236R5

T 1.732239 0.458343612 Q.41 36729

2 1.7867149 0.415533732 Q2292066

Q 1.75432432 0.2400967 10469302
1.761727 0.22452875 10.453832
1.76626G2 0.23773296 10.691631
1.7605301 0.19746072 10.839092
1.763737T6 0.16435044 11.053942
1.7633598 0.12734204 14.191224
1.7626352 0.11440457 11.205629



Labatt 8/25/98 page 27
©EDhennis Bricker , U. of lowa, 1997

ASEHTNNG F 58 SCran vale!

12 — Cunnlative prezgeat value of cogte or reveanssz ve period

11
10 —

nresent value ()

L ] L = e B = I
]

| | | | | | | | | | | | | | | |
1] 1 2 3 4 5 @ 7 g q 10 11 12 13 14 15 16
Vears

Eenniz Bricker, U. of lowa, 1997

[[ Summary ]]

Policy

Annual Cost per Pallet
750 scrap value $1.20 scrap value

Current policy 1 7169548
Repaironlyonce | $1.712186%

Fepair First
Year Only 1.70462060

Mever Repair 1.76308353




