
51.

Cost o f  L i v e  .*>torage s. b Conventional S torage

F i g: 4. 8. 3.

L iv e  Storage Conventional Storage

F loo r  a rea  needed 1 1 500 m 2 23000 m Z

70% oft. 70% e f f ic iency

6 s toreys

Height needed 1 1 m 5 m

x
Cost o f  building 1 1 50 000,00 I 300 000,00

R 100 /m*" R56/m4-

Cost o f  rack ing  fc.

conveyor 1 950 000,00 -

Cost o f  land at

R40 /m ̂ 460 000,00 Q20 0 0 0 , 0 0

T O T A L  C A P I T A L

O U T L A Y 3 560 0 0 0 ,0 0 2 220 0 0 0 , 0 0

(d iscounted o v e r
10 y ea rs ) .

M a ter ia ls  handling

equipment 310 000,00 160 0 0 0 , 0 0

Stacker cranes Fork l i  ft s

Labour 5400, 00 p. a. 21 0 0 0 , 0 0  p.a .

Running costs 3 0 0 0 , 0 0  p. a. 1 8 000  p. a.

Tota l  p. a. J95 0 0 0 , 0 0
25b 000,00

D i f fe rence
139 0 0 0 , 0 0
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x L i v e  t-torage f ram e  reduces building costs c o n s id e r ­

ably.

As ran be seen L ive  btorage cannot yet be just i f ied

on a cost basis in South A f r i c a  - as land pr ices  are  

not high enough to warrant these high expenses. 

H ow eve r ,  i f  one considers that the construct ion of 

l ive  s torage racks i ,xn increase  exist ing s torage  space 

cons iderab ly  such that it might mean that an e x i s t ­

ing property may have its l i fe  extended.

Fu r therm ore ,  the construction of l ive  storage w a r e ­

houses might mean that a sm a l le r  property  would be 

suitable for a warehouse and sm a l le r  propert ies  

might be m o r e  centra l ly  situateu with respect  to the 

ma rket.

A ls o  tax savings on the much higher investments in ­

vo lved  in the l ive  storage a lternat ive  would also r e ­

duce the actual d i f fe rence  in the amounts o f  money 

needed.

4.9. .<AKJNC O F  OkDKRS

Consider ft t* p i ia l  beverevje wa iehouse  which d i s ­

tr ibutes f 30 packages.

1

!_

ent i re  pallets o! pr<*
ducts cannot be loaded onto a truck.
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x L ive  s torage f ram e reduces building costs c on s id e r ­

ably.

As  can be seen L iv e  storage cannot yet be just i f ied

on a cost basis in South A f r i c a  - as land pr ices  are  

not high enough to warrant these high expenses. 

H ow eve r ,  i f  one considers  that the construct ion of 

l ive  s torage  racks >ati increase  exist ing s torage  space 

cons iderab ly  such that it might mean that an e x i s t ­

ing property  may have its l i fe  extended.

Fu r the rm ore ,  the construction of l ive  s torage w a r e ­

houses might mean that a sm a l le r  property  would be 

suitable for a warehouse and sm a l le r  p ropert ies  

might he m o re  centra l ly  situated with respect  to the 

ma rket.

A ls o  tax savings on the much higher investments in ­

vo lved  in the l ive  storage a l ternat ive  would a lso  r e ­

duce the actual d i f ference  in the amounts o f  money 

needed.

4. 9. M A KI Nr, O F  ORDERS

Consider  a typic.il  

tr ibutes  + 30 packages.

ic.il beverage  warehouse which dis

these packages. Some 

o r  two cases o f  a rpe< 

en t i re  pallets ot produ
nets cannot be loaded onto a truck.
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Mixed pallets must thus be assembled.  This  o rd e r  

picking occupies a considerable  amount o f  t im e  and 

e f for t .

Typ ica l l y  60% of al l  pallets leav ing the factory  w i l l  

be m ixed  pallets. This means up co + 1 000 pallets 

a day need to be assem bled  during an o r d e r  mako up 

period to load the trucks when they return from their  

day 's  d e l i v e r i e s .

4 . 9 . 1 .  H and-o rde r  picking

N ea r ly  a l l  o rd e r  picking is done by hand throughout 

the world .

T r o l l e y s  o f  all  sorts a re  used to fetch the various 

cases o f  products from the warehouse f loor.

4. 9. 2. Automatic o rder  p i c k ing

A d yet automatic o rd e r  picking has not yet reached 

South A f r i c a  in the beverage  industry.

This is because o f  the cost oi such sys tems,  f r ee ly  

ava i lab le  labour and the large  number o f  packages

I.andled by South A f r i c an  concerns. H ow ever  auto­

matic  and semi-automatic  o rder  picking sys tems arv 

l ike ly  to become m ore  prominent in the future.
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D IS T R IB U T IO N  OF' PR O D U C T  TO AND FROM  THE CONSUM ER

C H A P T E R  5

5. 1. A IMS

5. 1. 1. To  reduce the number o f  trucks used.

5 1.2. To  reduce labour

5.1. 3. To  reduce t ime spent on distribution.

5 .1 .4 .  To  im prove  customer serv ice .

5 .1 .5 .  To  help se lect  co r rec t  trucks.

5 .1 .6 .  To  comply  with al l  iaw 6 and proposed laws. 

Cons ider  a typical high volume distr ibutor in a

metropo l i tan  area such as Johannesburg. He would 

need to s e rv ice  10 000 outlets per week. For  

highly perishable goods e . g .  milk ,  he would v is it  

these vustomers  daily, and in the beve rage  industry, 

weekly.

5. 2. BACKGROUND

When the author started his investigation, the main 

idea was to examine exact ly  what was happening du­

ring the distribution of the product f rom  the w a r e ­

house to ihe customer. The aim was not to influence 

the distr ibution network, but to observe  a l l  ’ ’ goings on".

A per iod o f  approx imate ly  6 months was spent doing 

these observat ions ,  main ly  in the Johannesburg/Nigel

. . /55
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area ,  most of  the actual t ime studies being done at 

N ig e l  Bottl ing Industries (N. B. I. ).

5. 3. A N ALY SIS  O F  S E L F  R E C O R D I N G  SHEETS

To ach ieve  the aim mentioned above, it was decided 

to place a se l f  record ing  sheet on each d e l i v e r y  v e ­

hicle (see Fig: 5. 3. 1. ), These  se l f  reco rd ing  sheets 

w e r e  to be fi l led out by the d r iv e r s  during the ir  d e ­

l i v e r i e s .

The a im o f  introducing these se l f  record ing  sheets was 

to separate out the variation in the t ime taken to 

handle a given number of  cases and time taken to 

d r iv e  a g iven distance.

Some 5 000 se l f  record ing  sheets w e re  processed.- in 

a l l  cases 3 helpers and one d r i v e r  being considered.

A graph of  the time taken to handle a g iven number 

o f  cases was then drawn up (see  Fig: 5. 3. Z. ) and a 

straight l ine was fitted to the g.aph.

A co -e f f i c ien t  c ‘ determination (see  appendix 1 ) of 

= 0,91 was found.

A second graph o f  the t ime taken to cove r  a given 

distance was also done (see  Fig: 5. 3. 3. ) and a c o ­

e f f ic ien t  ot determination o f  r^ 0 ,94  was found.
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Using the same data a graph o f  the number o f  cases 

dropped versus the cumulative number o f  outlets 

v is i ted  considered as a percentage,  was also drawn 

up (see  Fig: 2.4  1. ) .  The aim o f  this graph being to 

g ive  some indication o f  the type o f  m arke t  to be 

examined.

5. 4. T IM E  STUDIES

5.4 .1 .  Once the results in chapter 5.3. had been analysed, 

it was decided to do a s e r ie s  o f  t ime studies - in 

the form  Tf act iv i ty  sampling on the distribution v e ­

h ic les .  (See Ac t i v i t y  Sampling Sheet F ig :  5 .4 .1 . ) .

Once again the fo l lowing was analysed and graphed out.

5 . 4 . 2 . T im e  taken to d e l i v e r  a given amount o f  product 

(see  F ig  5. 3. 3. ) » a co -e f f i c ien t  of determination of

= 0 , 9 4  was found, (see  appendix 1 fo r  worked 

exam ple )  when a straight l ine was fitted to the r e ­

sults.

5 4 3  l i m e  taken for d e l i v e r y  vehic le  to c o ve r  a given d is-

tance - ;• co-e f f ic ien t  of dete rmination of r = 0 ,94 

was found when a straight l ine was fitted to the r e ­

sults.

Aga in  only vehic les  with one d r i v e r  and three h e lp ­

e rs  w e re  considered.
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Using the same data a graph of the number o f  cases 

dropped versus the cumulative number o f  outlets 

v is i ted  cl . .s idered as a percentage,  was also drawn 

up (see  Fig: 2. 4. 1. ). The aim o f  this graph being to 

g ive  some indication of the type o f  m arket  to be 

examined.

5-4. T IM E  STUDIES

5.4. 1. Onct the results in chapter 5. 3. had been analysed,

it was decided to do a s e r ie s  o f  t ime studies - in 

the form o f  act iv i ty  sampling on the distribution v e ­

h ic les .  (See Ac t iv i ty  Sampling Sheet F ig :  5 .4 .1 . ) .

Once again the fo l lowing was analysed and graphed out.

5 . 4 , 2. T im e  taken .o de l iv e r  a given amount o f  product

(s e e  F ig :  5. 3. 3. ) - a co -e f l ic ien t  o f  determination of 

= 0 ,94 was found, (see  appendix I for  worked 

exam p le )  when a straight line was fitted to the r e ­

sults.

5 4 3  T im e  taken for d e l i v e ry  vehic le  to cover  a given dis-

tance - a c o - e f f i c i e n t  o f  determination of r = 0,94 

was found when a straight l ine was fitted to the r e ­

sults.

Aga in  only vehic les  with one d r i v e r  and three he lp ­

e r s  w e r e  considered.
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Using the sarr.e data a graph of  the number of  cases 

dropped versus the cumulative number of  outlets 

v is i ted  considered as a percentage,  was a lso  drawn 

up (see  t i g :  2.4. 1.).  The aim o f  this graph being to 

g ive  some indication of  the type o f  m arket  to be 
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5. 4. T IM E  STUDIES

5. 4. 1. Once the results  in chapter 5. 3. had been analysed,

it was decided to do a se r ies  o f  t ime studies - in 

the form o f  act iv i ty  sampling on the distribution v e ­

h ic les .  (See Ac t iv i ty  Sampling Sheet Fig :  5 .4 .1 . ) .

Once again the fo l low ing was analysed and graphed out.

5 . 4 . 2 . T im e  taken to d e l i v e r  a given amount o f  product

( s ee  Fig:  5. 3. 3. ) - a co -e f f ic ient  of determination of 

r*̂  = 0,94 was found, (see  appendix 1 for  worked 

example ) when a straight l ine was fitted to the r e ­

sults.

5 4 3 T im e  taken for d e l i v e r y  vehic le  to cove r  a given d i s ­

tance - a co-e f f ic ient o f  determination of r 2 = 0,94 

was found when a straight l ine was fitted to the r e ­

sults.

Aga in only vehic les  with one d r i v e r  and three h e lp ­

e r s  w e r e  considered.
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Append'x 1 shows the results obtained and h jw  they 

w e r e  analysed.

B es ides  this, the deta ils  o f  the act iv i ty  sampling 

sheets w e re  also analysed - these results a re  shown 

in Fig: 5. 4. 4.

D iscussion of  rc-suits ■

As can be seeri, the l inear  r eg ress ion  line fits the 

data v e r y  c lose ly  (r^  - 0 ,94) .  An even c lose r  co- 

e f f ic ient  o f  determination ( r  = 0 ,948) could be found 

by fitting a power curve io the data. This is to be 

expected as when the number o f  cases involved in ­

c reases ,  the idle time incurred  by the he lpers  d e ­

c r eases  (see  Fig: 5. 4. 5. ) and the graph flattens out. 

H ow ever ,  f o r  pract ical  purposes,  the straight l ine 

fits the graph wel l  enough to consider  the de l iv e ry  

t imes a* a l inear  function.

T r a v e i l ing T im e  vs Distance T r a ve l l e d  (see  F ig :  5 .6 .2 )

H ere  the l inear r eg ress ion  line fits the data v e ry  

c lo se ly  - co -e f f ic ient  of determinat ion r^ = 0,94.

A s  in Fig: 5 . 3 .2 . ,  the o r ig in  o f  the graph is not 

z e ro  as it st i l l  takes t ime to m ove  the truck to a 

new outlet even i f  the distance is ve ry  smal l.

The t ime from the base o f  the v e r t ica l  t ime axis  to 

the o r ig in  o f  the graph is thus a constant t ime in ­

v o l v e d  in each d e l i v e r y  o r  distance trave l led .

. . / 58



Small  Drops 
mean 40 cases 
2 helpers

La rge  Drops 
mean 100 cases 
3 he lpers

% of T im e  Spent:

Unloading 10 14

Fulls  to Store 10 15

Em pties  f rom  Store 7 12

Empties  onto veh ic le 6 9

Sort ing Empties 10 12

Giv ing  Instructions 3 2

A r ra n g in g  T ruck 6 14

Idle 35 14

Adm in is t ra t ion 13 8



INCREASE
idle time

(%)



FIG : b.4.5

INCREASE IN 
IDLE TIME

(*)

INCREASE IN__IDLE TIME
WITH NO,__OF CASES DROPPED
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This table shows how the t ime involved in each drop 

is made up.

The main use of these results is that they can be 

used to identify problem areas  and thus the total 

amount of  t ime involved can be reduced.

In this case, the item that can possib ly  be im proved  

the most  is arranging the truck (10 - 14% of the 

t im e ) .  This t ime is incurred due to the placing of  

empty pror ,fs on top of the fulls to be d e l i v e r ed  at 

the beginn ig of  the day 's  d e l i v e r i e s  - thus making 

cess di i ult later  in the day. By proper  tra in-

0, th s mid >i considerably  reduced. S im i la r l y  by 

c o r r e c t  Imour  al locat ion to sm a l le r  drops the idle 

•ime involved m the sm a l le r  drops could be cons ider -  

ibly reduced. Administration can also be c on s id e r ­

ably reduced see chapter 5 . 9 . )  by taking appro ate 

•teps.

^__ 5 . 4 5. - Idlt T im e  vs Size of  Drop

can »« ‘iow the idle t ime d ec reases  with 

n rease in m ' sis- o f  the drop. By plotting out 

«irr graphs i r  d i r e r e n t  labour complements ,  the

i, ng in idle rimes with drop s ize  can eas i ly  be seen.

F i t  5 . 4 - 5- can be Ut,t‘d AK a labour warning guide 

fo r  each de l iv e ry .  It * l s o  shows that using a

. . /60
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constant labour complement for each truck no m at te r  

wh.it the s ize  of  the drop, is not a good idea, as 

tins leads to o v e r - s t a f f in g  on the small  drops and 

u n d e r - s ta f f in g  on the large  drops (see  chapter 5.8).

5.5. C O M PAR ISO N  O F  RESULTS

The next step w j s  to analyse the results found from 

the se l f  record ing sheets (chapter  5. 3 . ) and the t ime 

studies (chapter 5. 4. ).

Fig: 5. 5. 1. shows graphs 5. 3. 2. and 5. 3. 3. on the 

same axies

As can be seen there is a L u ge  d i f fe rence  in the 

t im e involved in each drop when one compares  the 

t imes found on the se l f  record ing  sheets and the t ime 

found from the act iv i ty  sampling, the a ve rage  d i f f e r ­

ence ranging from 18% to 2.4%.

The d i f f e rences  expressed  by this graph must be t ime 

ava i lab le  to us that can eas i ly  be saved.

By saving the t imes shown, m ass ive  improvements  

(between 18% and 24%) can be made to our d i s t r i ­

bution system.

5. 5. 1. Reasons for  the d i f ferences .

The main reason for these d i f fe rences  seems to be 

one of control. During the time that the act iv i ty
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sampling was done, the d r i v e r s  (and their  he lpers )  

w e r e  under continuous observat ion and control.  

H ow eve r ,  while they w e re  f i l l ing  in their  s e l f  r e ­

cording sheets there was no form of  control on the ir  

act iv i t ies .  K > questions w ere  asked about the length 

o f  the ir  d e l i v e r i e s ,  where  they went, and how long 

they took.

The Distr ibution Manager thuo developed a comple te ly  

unrea l is t ic  set t f  " ru le  o f  thumb" standards to con ­

tro l  his d r iv e r  - i . e .  he only set a t ime o f  return 

by previous history and exper ienced  judgement.

5. 6 . A S Y S T E M  O F  D E L IV E R Y  C O N T R O L :

Now that a m ajo r  problem and area of cost and t ime 

saving had been identif ied, the next step was to d e ­

ve lop  a s imple pract ica l  system of  control that would 

fo rce  the distribution personnel to work at maximum 

e f f i c iency  (rate ) .

5. 6 . I. Drop  Si?.e Control Chart:

The drop s ize  control  chart (F ig :  5.6. 1 . )  shows a 

control chart developed from graph 5 .3 .3 .  (see  

app«v> Hx 1 / .

The l inear regress ion  lint' which best fits the t ime 

study data is used as the central means to d escr ibe  

the data. Two further l i n e a r  reg ress ion  lines are
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also  plotted on either side of the mean (l ines a and

ii on }• ig: 5.6. 1. ) .  These reg ress ion  lines desc r ibe  

the best fit l ines two standard deviations from the 

mean. The area  between lines a and b thus descr ibe  

tv'o control  l ines. N ine ty - f ive  per cent of al l  d e l i v ­

e r i e s  should now lie between these control l ines.

Fig:  5.6. 1. can now be used as a control chart.

Should any drop be outside these control l im its ,  it 

could be deemed out o f  control and ac*ion could then 

be taken.

5. 6 . 2. D i stance T im e Control Charts :

A s im i la r  control  chart showing 2 standard deviat ions 

from  the mean is shown by Fig:  5 .6 .2 .

5. 6 . 3. Tota l  t ime for a day's d e l i v e r i e s :

The mean total time taken for  a day 's  d e l i v e r y  can 

be found by adding the individual moan t imes taken 

for  each drop and the individual mean t im es taken to 

t ra v e l  each distance.

This total t ime can thus be set as a target  return 

t im e for each truck on its day 's  d e l iv e r ie s .

62.

In o rd e r  not to make the model  too di ff icult  to im p l e ­

ment. the i n d i v i d u a l  variations f rom the mean o f  each

. . /63
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drop need not be considered unless the distr ibution's  

veh ic le  a r r i v e s  back at the depots at a t ime chat is 

too far from the target  t ime ( i . e .  management by 

exception).

This amount of  t ime that is " too  far f rom the target  

t ime can be calculated by taking the individual 

a l lowable  var iances from the mean of  each d e l i v e r y  

o r  distance trave l led .  This however ,  invo lves  a fa ir  

amount o f  a r i thmetic ,  and for  pract ica l  purposes, it 

is much ea s ie r  to set an allowance that is d irec t ly  

proportional to the number of  drops done ( e . g .  10 

minutes for each drop) o r  even a standard daily  

a l lowance (e. g. one half an hour).

Should thr vehic le  returning then a r r i v e  outside this 

a l lowance,  each drop could then be checked and the 

individual al lowances checked.

5. 6 . 4 . Control Chart Fo l low  Up

The control  chart should not be considered as a 

static guide, •nit should be modif ied  regu lar ly  until it 

is found to per fec t ly  suit a spec i f ic  distribution 

centre 's  requirements.  Modif ications might be needed 

due to s e a s o n a l  changes in the market,  product 

changes, route var iat ions, etc. and it w i l l  thus be 

necessa ry  to continuously up-date all information.

/ 6 4
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P ra c t i c a l  Implementat ion:

The actual recording of the day 's  ac t iv i t ies  could be 

done on a s imple sheet o f  paper by the d r i v e r ,  such 

as on the se l f  recording sheet (F ig :  5 . 3 . 1 . )  o r  by 

some sort ol automatic record ing dev ice  f ixed to the 

veh ic le .

The only parameters  that need to be recorded  by the 

v eh ic le 's  d r iv e r  are:

5 .6 .5 .  1. T im e  start from depot

5. 6 . 5. 2. T im e  a r r i v e  at each outlet

5. 6 . 5. 3. Distance t rave l led  between each stop

5. 6 . 5. 4. Number of cases handled ( f rom  invo ice )

5. 6 . 5. 5. T im e leave each outlet

5. 6 . 5. 6 . T im e  a r r i v e  back at depot.

5. 6 . 6 . Othe r Control Me a sure a

The fo l lowing are  some further control measures  

which may be instituted to keep track o f  the operat ion 

o f  the vehic les.

5 .6 .6 .  1. Outlets should be asked to monitor  d r iv e r s .

5 6 . 6 . 2. D r i v e r s  shou ld  be asked to monitor  outlets.

5 6 . 6 . 3. Spot checks should be done on veh ic les  a f ter  they

have left the factory 

5 6  ̂ 4 P  re se l le r/Sa les  Managers should make a point o f

observ ing  trucks on their  routes.

. . / 6 5
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5. 6 . 6 . 5. A l lowances  should always be made for  random day

to day occurrences .

5. 6 . b. 6 . Standards must be continuously rev iewed  and adjusted

a ccordingly .

5 . 6 . 6 . 7. D r i v e r s  should a lways be able to phone through to

headquarters i f  there  are  problems.

5. 6 . 6 . 8 . D r i v e r s  should be s tr ic t ly  instructed as to what

cases / c m o t i e s /products a rc  acceptable  and m ay be 

taken on board the truck.

5. 6 .6 .9 .  in dense town areas  I or  m ore  adm inis tra t ive  p e r ­

sons may be used on one truck - thus a l low ing them 

to go to d i f ferent outlets at the same t ime.

This leads to the idea of establishing a m obi le  depot 

i town i . e .  truck parks - horse is separated from 

s e m i - t r a i l e r  and distribution is then done from the 

s e m i - t r a i l e r .

5.7. MINIMISING D ISTA NCES:

By using the developed control model a s yBte m has 

been d e v e l o p e d  to m in im ise  the labour idle t ime .

No attempt has however  been made to m in im ise  dis 

tanceo involved.

5.7, 1. K f f i r iency  Invest igations,.

The author approached this problem by setting up a

table of  distances between each outlet in a spec i f ic
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Table 5.7.1

TABLE OF DISTANCES

Distance To

Distance
From

A B C D E F G
A - X12 X13 X14 X15 X16 X17
B X21 • X23 X24 X25 X26 X27
C X31 X32 - X34 X35 X36 X 37
D X41 X42 X43 - X45 X46 X47
E X51 X52 X53 XS4 - X56 X 57
F X61 X62 X63 X64 X65 - X67
G X71 X72 X73 X74 X75 X76 —



1

z
3

4

5

6
7

8
9

10

11

T A 3 L K  5. 7. 2.

Actual  Distance Theore t ica l  minimum

105 1 14

72 70

261 254

38 38

14 14

21 20

8 10

18 18

1 5 12

64 60

27 28

23 20

666 658

di stance
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The trave l l ing  salesman a lgor i thm (re f .  11) was then 

used to find the minimum route between the points 

to be serv iced .

The actual distance incurred by the truck s e rv ic 'n g  

the outlets descr ibed in table 5.7. 1. was then taken 

f rom  the odometer  and compared to the theore t ica l  

m inimum obtained from the trave l l ing salesman 

a lgor i thm analysis.

T w e l v e  di f ferent routes w e re  analysed by this 

method, incurring an average  of fourteen drops on 

eacl route.

5. 7. 2. Results obta ined.

Table  5. 7. 2. shows a table of the actual distances 

t rave l led  by each vehic le  compared to the th eo r e t i ­

cal minimum from the t rave l l ing salesman a lgor ithm.

As can be seen by table 5 .7 .2 .  the attempt to reduce 

the distances trave l led  was not ve ry  successful.

In two cases it was even possible for the d r iv e r s  to 

find a rout«> that was less than the theoret ica l  m in i ­

mum (the author feels that this is due to shortcuts 

unknown to his table of minimum routes).

a rea  (see  table 5. 7. 1. ) .
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