
CHAPTER 5

SPACE ALLOCATION AND STORAGE EQUIPMENT DESIGN

Space Allocation

All o f th e  ty p e  5 in v e n to rie s , w h ic h  a r e  s p a r e  p a r ts  a n d  e q u ip m e n t  o f 
t e le c o m m u n ic a t io n  sy s tem , a r e  s to re d  in N g a m w o n g w a n  w a r e h o u s e .
O n e  e q u ip m e n t  c o m p o s e s  o f d if fe re n t p a r ts  w h ic h  n e e d  d iffe re n t sto ring  
m e th o d s .  E le c tro n ic  p a r ts ,  w h ic h  n o rm a lly  a r e  v u ln e ra b le  in h ig h  t e m p e r a tu r e ,  
a r e  s to re d  in a ir c o n d i t io n e d  s p a c e .  Parts w h ic h  a r e  n o t  s ta n d  to  ra in  a n d  
su n sh in e , a r e  s to re d  in n o n -a ir  c o n d i t io n e d  s p a c e  w h ic h  is n o t u n d e r  
t e m p e r a tu r e  c o n tro l ,  o t h e r  p a r ts  th a t  d o  n o t re q u ire  a n y  s p e c ia l  h a n d lin g  a r e  
s to re d  in o p e n  a i r s p a c e .

เท a d d it io n . T h ere  a r e  m a n y  c o n ta in e r s  c o n s is te d  in o n e  se t of 
e q u ip m e n t .  The p h y s ic a l p ro p e r t ie s  of e a c h  c o n ta in e r  a r e  d iffe re n t. S o m e  of 
th e  p ro p e r t ie s  th a t  will b e  usefu l in th e  s p a c e  a l lo c a t io n  a n d  s to r a g e  
e q u ip m e n t  d e s ig n  p ro c e s s  a r e  c o l l e c te d  from  N g a m w o n g w a n  w a r e h o u s e .  
The lists o f d a t a  b e lo w  a r e  sh o w n  in th e  fo llow ing  ta b le s .
• Size o f e a c h  c o n ta in e r  in c lu d in g  w id th , le n g th , a n d  h e ig h t  in c e n t im e tr e
• N u m b e rs  for d istribu tion  for e a c h  c o n ta in e r
• S to ra g e  s p a c e  in c u b ic  m e tr e  c a l c u l a t e d  from  th e  p r o d u c t  of th e  v o lu m e  

o f e a c h  c o n ta in e r  ( w id th * le n g th * h e ig h t ) a n d  th e  n u m b e rs  for d istribu tion  
o f t h a t  c o n ta in e r .

•  T otal s to r a g e  s p a c e  re q u ir e d  in e a c h  s p a c e  ( a ir  c o n d i t io n e d ,  n o n -a ir  
c o n d i t io n e d ,  a n d  o p e n - a i r  )

• G r a n d  to ta l  s to r a g e  s p a c e  re q u ire d  for e a c h  s e t  o f e q u ip m e n t
• W e ig h t o f e a c h  c o n ta in e r  d iv id e d  in to  3 c a te g o r ie s

light w e ig h t  ะ c o n ta in e r  w ith  less th a n  5 k ilo g ram s w e ig h t
h e a v y  w e ig h t  ะ c o n ta in e r  w ith  5-30 k ilo g ram s w e ig h t
v e ry  h e a v y  w e ig h t  ะ c o n ta in e r  w ith  m o re  th a n  30 k ilog ram s w e ig h t



TABLE 5.1 Space a llocation  for First Order Digital Multiplex Equipment 4w. E&M Sig

Unit NO. 

(A)

Size (cm ) N u m b e r fo r  

d is tribu tion

S to rage  S pace  

(c u b ic  m.)

W e ig h t

W idth Length H e igh t light heavy very heavy

Air c o n d itio n e d  S oace

1 30 50 40 1 0.06 ✓

2 26 30 35 2 0.0546 ✓

3 7 25 28 7 0.Ô343 ✓

Total 0.1489

N on-a ir c o n d itio n in a  SDace

4 26 150 34 2 0.2652 ✓

5 23 123 52 1 0.147108 ✓

Total 0.412308

G ra n d  to ta l 0.561208
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TABLE 5.2 Space a llocation  for UHF Digital Radio Telephone Equipment 6ch (Sub & Ex)

Unit NO. 

(B)
Size (cm ) N u m b e r fo r 

d is tribu tion

S to rage  S pace  

(c u b ic  ทา.)

W e igh t
W id th Length H eight light heavy very heavy

Air c o n d itio n e d  S oace

1 56 64 50 2 0.3584 ✓
2 42 50 10 1 0.021 ✓

Total 0.3794

N on-a ir c o n d itio n in a  S oace

3 60 50 28 2 0.168 ✓
4 32 39 30 1 0.03744 ✓

5 56 200 27 1 0.3024 ✓

6 10 200 6 1 0.012 ✓

Total 0.51984

O p e n -a ir SDace

7 65 65 20 1 0.0845 ✓

8 15 40 80 2 0.096 ✓
Total 0.1805

G ra n d  to ta l 1.07974
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TABLE 5.3 Space a llocation  for 2GHZ Digital M icrowave Radio Equipment (8 MBPS)

Unit NO. 

(C)

Size (cm ) N um ber fo r 

d is tribu tion

S to rage  S pace  

(c u b ic  m.)
W e ig h t

W idth Length H e igh t light heavy very heavy

Air c o n d itio n e d  SDace

ไ 80 120 52 2 0.9984 ✓
2 80 120 65 3 1.872 ✓

3 80 115 35 1 0.322 ✓
4 60 76 187 1 0.85272 ✓

Total 4.04512

N on-a ir c o n d itio n in a  S oace

5 16 222 13 2 0.092352 ✓
6 74 140 45 1 0.4662 ✓
7 30 45 25 1 0.03375 ✓
8 100 150 150 1 2.25 ✓

Total 2.842302

O o e n -a ir S oace

9 5 242 5 2 0.0121 ✓
10 250 250 50 2 6.25 ✓
11 30 45 25 1 0.03375 ✓
12 100 110 52 2 1.144 ✓
13 20 275 20 2 0.22 ✓

Total 7.65985

G rand  to ta l 14.547272
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Table 5.4 Space a llocation  for Radio Set and  Equipment for M icrowave 13GHZ 34MB

Unit NO. 

(D)

Size (cm ) N u m b e r fo r 

d is tribu tion

S to rage  S pace  

(c u b ic  m.)

W e ig h t
W id th Length H e igh t light heavy very heavy

Air c o n d itio n e d  SDace

1 30 255 34 2 0.5202 ✓
2 38 47 30 3 0.16074 ✓
3 72 290 41 1 0.85608 ✓
4 36 290 35 2 0.7308 ✓
5 31 46 28 1 0.039928 ✓
6 5 100 5 2 0.005 ✓
7 42 70 47 2 0.27636 ✓
8 53 70 58 2 0.43036 ✓
9 30 46 27 1 0.03726 ✓
10 34 55 24 1 0.04488 y

Total 3.101608

N on-a ir c o n d itio n in a  S o a ce

11 30 46 27 2 0.07452 ✓
12 30 46 27 2 0.07452 ✓
13 10 15 10 1 0.0015 ✓
14 30 46 27 2 0.07452 y
15 40 105 35 2 0.294 y
16 30 46 27 4 0.14904 ✓
17 60 76 187 1 0.85272 y
18 77 110 42 1 0.35574 y
19 45 32 5 4 0.0288 y

Total 1.90536

O o e n -a ir S oace

20 78 134 134 1 1.400568 y
21 200 200 118 1 4.72 y

Total 6.120568

G ra n d  to ta l 11.127536
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TABLE 5.5 Space a llocation for First Order Mux (N500 senes)

Unit NO. 

(E)

Size (cm ) N um ber fo r 

d istribution

S to rage  S pace  

(c u b ic  m.)

W e ig h t

W id th Length H eight light heavy very heavy

Air c o n d itio n e d  S oace

1 28 290 37 1 0.30044 ✓

2 33 50 28 1 0.0462 ✓

Total 0.34664

N on-a ir c o n d it io n n a  S oace

3 60 15 60 1 0.054 ✓

Total 0.054

G rand  to ta l 0.40064
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TABLE 5.6 Space a llocation  for 2GHZ Digital M icrowave Radio Equipment (34MBPS)

Unit NO. 

(F)

Size (cm ) N u m b e r fo r 

d is tribu tion

S to rage  S pace  

(c u b ic  m.)
W e igh t

W id th Length H e igh t light heavy very heavy

Air c o n d itio n e d  SDace

1 80 120 80 2 1.536 ✓
2 50 76 187 1 0.7106
3 70 230 65 2 2.093 ✓

Total 4.3396

N on-a ir c o n d itio n in a  S oace

4 80 115 35 1 0.322 ✓
5 44 47 37 1 0.076516 ✓

6 27 150 30 4 0.486 ✓

Total 0.884516

O o e n -a ir S oace

1 80 50 50 1 0.2 ✓
2 180 180 50 2 3.24 ✓
3 10 250 10 2 0.05 ✓
4 70 80 30 1 0.168 ✓
5 100 150 150 1 2.25 ✓

Total 5.908

G ra n d  to ta l 11.132116
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TABLE 5.7 Space a llocation  for 140MBPS Digital Mux Equipment (Full System)

Unit NO. 

(G)

Size (cm ) N u m b e r fo r 

d is tribu tion

S to rage  S pace  

(c u b ic  m.)

W e ig h t

W id th Length H e igh t light heavy very heavy

Air c o n d itio n e d  S oace

1 40 290 40 1 0.464 ✓

2 40 290 35 1 0.406 ✓

3 37 290 35 1 0.37555 ✓

4 37 290 35 1 0.37555 ✓

5 47 290 36 2 0.98136 ✓

Total 2.60246

G ra n d  to ta l 2.60246



I l l

TABLE 5.8 Space a llocation  for Digital Line Concentrator DCS-20 for 2MBPS PCM Transmission

Unit NO. 

(H)

Size (cm ) N u m b e r fo r 

d is tribu tion

S to rage  S pace  

(cu b ic  m.)
W e igh t

W id th Length H eight light heavy very heavy

Air c o n d itio n e d  S oace

1 77 88 63 4 1.707552 ✓

2 35 48 20 1 0.0336 ✓

Total 1.741152

G rand  to ta l 1.741152
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TABLE 5.9 Space a llocation for M icrowave Minilink Equipment 13GHZ 34MB

Unit NO. 

(1)

Size (cm ) N u m b e r fo r 

d is tribu tion

S torage S pace  

(c u b ic  m.)
W e ig h t

W id th Length H e igh t light heavy very heavy

Air c o n d itio n e d  S oace

1 40 50 40 1 0.08 ✓

2 70 230 65 2 2.093 ✓

Total 2.173

O D en-a ir S oace

3 80 200 200 2 6.4 ✓

4 10 170 170 1 0.289 ✓

Total 6.689

G rand  to ta l 8.862
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T he s to c k  k e p t  in t h e  w a r e h o u s e  for a  p e r io d  o f tim e  is n o rm a lly  to  s e rv e  
th e  d e m a n d  in t h a t  p e r io d  a n d  to  b e  th e  s a fe ty  s to ck s . T ab les  5.1 - 5.9 
illustra te  th e  s p a c e  re q u ir e d  p e r  on ly  o n e  s e t  o f e a c h  e q u ip m e n t .  The w h o le  
s p a c e ,  to  s to re  t h e  m a x im u m  s to c k  lev e l p e r  a  p e r io d  o f tim e  a n d  th e  s a fe ty  
s to ck s, for th e  m e n t io n e d  in v e n to ry  is c a l c u l a t e d  b y  th e  sum  of th e  s p a c e  
r e q u ire d  for e a c h  e q u ip m e n t .

W h o le  S p a c e  for s to rin g  th e  M e n tio n e d  In v en to ry
- First O rd e r  D igital M ultip lex  E q u ip m e n t 4W.E&M Sig re q u ire s  0.56 m 3 fo r o n e  s e t

m a x im u m  s to c k  lev e l /  a  p e r io d  o f tim e  = 13 sets 
s a fe ty  s to c k s  = 4.05
to ta l  s to r a g e  n u m b e rs  = 1 3  + 4.05 = 17.05 = 17 sets
w h o le  s p a c e  re q u ir e d  for this e q u ip m e n t  = 1 7 *  0.56 = 9.52 m 3

- UHF Digital R ad io  T e le p h o n e  E q u ip m e n t 6 C h  (Sub&Ex)
m a x im u m  s to c k  lev e l /  a  p e r io d  o f t im e  = 3 se ts  
s a fe ty  s to c k s  = 1.47
to ta l  s to r a g e  n u m b e rs  = 3 + 1.47 = 4.47 = 5 sets
w h o le  s p a c e  re q u ir e d  for this e q u ip m e n t  = 4 * 1.08 = 4.32 m 3

- 2G H z D igital M ic ro w a v e  R ad io  E q u ip m e n t (8 MBPS)
m a x im u m  s to c k  lev e l /  a  p e r io d  o f tim e  = 1 se t 
s a fe ty  s to c k s  = 0.45
to ta l  s to r a g e  n u m b e rs  = 1 + 0.45 = 1.45 = 2 sets
w h o le  s p a c e  r e q u ir e d  for this e q u ip m e n t  = 2 * 1 4 .5 5  = 29.10 ทา3

- R ad io  S e t a n d  E q u ip m e n t for M ic ro w a v e  13G H z34M B
m a x im u m  s to c k  le v e l /  a  p e r io d  o f tim e  = 1 se t 
s a fe ty  s to c k s  = 1.14
to ta l  s to r a g e  n u m b e rs  = 1 + 1.14 = 2.14 = 3 se ts
w h o le  s p a c e  r e q u ire d  for this e q u ip m e n t  = 3 * 1 1 .1 3  = 33.39 m 3

- First O rd e r  M ux (N 500series)
m a x im u m  s to c k  lev e l /  a  p e r io d  of t im e  = 2 se ts  
s a fe ty  s to c k s  = 0 .93
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to ta l  s to r a g e  n u m b e rs  = 2 + 0 .93 = 2.93 = 3 se ts
w h o le  s p a c e  re q u ire d  for this e q u ip m e n t  = 3 * 0 .40 = 1.20 กา3

- 2G H z Digital M ic ro w a v e  R ad io  E q u ip m e n t (34 MBPS)
m a x im u m  s to c k  leve l /  a  p e r io d  o f tim e  = 1 se t 
s a fe ty  s to ck s  = 0.39
to ta l  s to r a g e  n u m b e rs  = 1 + 0.39 = 1.39 = 2 se ts
w h o le  s p a c e  re q u ire d  fo r this e q u ip m e n t  = 2 * 11.13 = 22.26 ทา3

- 140 MBPS D igital M ux E q u ip m e n t (Full System )
m a x im u m  s to c k  level /  a  p e r io d  o f tim e  = ใ s e t 
s a fe ty  s to c k s  = 0.32
to ta l  s to r a g e  n u m b e rs  = 1 + 0.32 = 1.32 = 2 se ts
w h o le  s p a c e  re q u ire d  for this e q u ip m e n t  = 2 * 2.60 = 5 .20 ทา3

- D igital Line C o n c e n t r a to r  DCS-20 for 2MBPS PCM  Transm ission
m a x im u m  s to c k  lev e l /  a  p e r io d  o f tim e  = 1 s e t  
s a fe ty  s to c k s  = 0.45
to ta l  s to r a g e  n u m b e rs  = 1 + 0.45 = 1.45 = 2 se ts
w h o le  s p a c e  re q u ire d  fo r this e q u ip m e n t  = 2 * 1.74 = 3.48 ทา3

- M ic ro w a v e  Minilink E q u ip m e n t 13GHz 34MB
m a x im u m  s to c k  leve l /  a  p e r io d  of tim e  = 1 se t 
s a fe ty  s to ck s  = 0.41
to ta l  s to r a g e  n u m b e rs  = 1 + 0.41 = 1.41 = 2 sets
w h o le  s p a c e  re q u ire d  for this e q u ip m e n t  =  2 *  8.86 = 17.72 m 3

T h ere fo re , to ta l  s p a c e  for s to ring  th e  m e n t io n e d  in v e n to ry  p e r  o n e  
p e r io d  o f tim e , e q u a l  to  th e  su m  o f th e  s p a c e  re q u ire d  for e a c h  e q u ip m e n t  
= 9 .52+4.32+29.10+33.39+1.20+22.26+5.20+3.48+17.72 = 126.19 m 3
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Recommended storage System

T e le c o m m u n ic a t io n  sy s te m  is a lw a y s  d e v e lo p in g .  The sy s te m  c u rre n tly  
u s e d  will n o t b e  e ff ic ie n t in th e  n e a r  fu tu re  a n d  th e  e q u ip m e n t  in s ta lle d  in t h a t  
sy stem  will b e  r e p l a c e d  b y  th e  n e w  o n e .  C o n s e q u e n tly ,  th e r e  will b e  n e w  
e q u ip m e n t  in th e  w a r e h o u s e  e i th e r  for su b stitu tio n  o r in c r e a s e  th e  s to c k  
K e e p in g  Unit. Flexibility to  c h a n g e  th e  p h y s ic a l la y o u t o f th e  w a r e h o u s e  is 
im p o r ta n t.

A c c o rd in g  to  th e  ra p id ly  c h a n g e  of te le c o m m u n ic a t io n  sy s te m , s e v e ra l  
n e w  p r o d u c t 's  p a r ts  a n d  te c h n o lo g ie s  a r e  r e q u ire d  to  b e  c h a n g e d  a n d  
im p ro v e d  w h ic h  c r e a t e s  m o re  s to c k s  a n d  a lso  a f fe c ts  th e  c u r re n t  s to r a g e  
sy s tem . To o rg a n iz e  all t h e  c h a n g e s  in te rm s  of h a n d lin g  sy s te m  a n d  s p a c e  
utilization, shelf-life b e c o m e s  a  s ig n ific a n t issue to  b e  c o n c e r n e d  in o r d e r  to  
m inim ize d e a d - s to c k  p r o d u c t s ’ p a r ts  r e g a r d in g  te c h n o lo g y  c h a n g e .  The 
e q u ip m e n t  t h a t  firstly d e p o s i t e d  in th e  w a r e h o u s e  sh o u ld  b e  th e  first o n e  
re triev in g . T he First เท First O u t (FIFO) s to r a g e  sy s tem  is a  s u ita b le  a n d  m o st 
e f fe c t iv e  m e th o d  to  e l im in a te  this p ro b le m s .

W h o le  s e t  o f f h e  in v e n to ry  u n d e r  m y  s tu d y , te le c o m m u n ic a t io n  
e q u ip m e n t ,  consists  o f m a n y  item s w h ic h  a r e  s e p a r a t e d  p a c k e d  in m a n y  
c o n ta in e r s .  S o m e  d e l i c a t e  p a r ts  re q u ire  th e  s to r a g e  sy stem  w ith  th e  
e q u ip m e n t  p r o te c t io n  c h a r a c te r is t ic ,  s te e l  sh e lv in g  a n d  floor s to r a g e  a r e  
c u rre n tly  e m p lo y e d  in N g a m w o n g w a n  w a r e h o u s e .  The lig h tw e ig h t 
c o n ta in e r s  c a n  b e  s to re d  o n  th e  shelf w h ile  th e  h e a v y  w e ig h t  c o n ta in e r s  c a n  
on ly  s to re d  o n  th e  lo w e r  shelf. Unlike th o s e  tw o  ty p e s ; v e ry  h e a v y  w e ig h t  
c o n ta in e r s  a r e  n o t  c a p a b l e  for she lf sto ring , th e y  m ust b e  s to re d  o n  th e  floor.

U n o rg a n iz e d  s to c k  in v en to ry , a l l o c a t e d  in d iffe re n t a r e a s ,  o f TOT ‘ร 
c u r re n t  s to r a g e  sy s te m  c r e a t e s  g ig a n t ic  p ro b le m s  fo r s e a r c h in g  a n y  r e q u ire d  
p a r ts  r e g a rd in g  m y  r e s e a r c h  e x p e r ie n c e  w ith  TOT s u c h  a s
• C o m m u n ic a t io n  e q u ip m e n t  is s e p a r a te ly  l o c a t e d  in d if fe re n t c o n ta in e r s .
• L o c a tio n  of e a c h  c o n ta in e r  ty p e -s ize  a n d  w e ig h t
• D ifferent lo c a tio n s  o f s te e l  sh e lv in g  a n d  floo r s to r a g e  in N g a m w o n g w a n  

w a r e h o u s e .
All th e s e  c o m p l i c a t e d  issues l e a d  to  th e  in c o n v e n ie n c e  w o rk in g  a n d  

u n v a lu e d  to  th e  o rg a n iz a t io n . To m a k e  th in g  e a s ie r  a n d  b e  m o re  e ff ic ien t, a  
n e w  e f fe c tiv e  s to ra g e -d is tr ib u tio n  sy stem  is truly n e e d e d .
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From  m y  s tu d y  w ith  TOT’S s to r a g e  system s, flexibility, F IF O ,e q u ip m e n t 
p ro te c t io n ,  a n d  w h o le - s e t  d istribu tion  a r e  th e  s ig n if ic a n t too ls  in o r d e r  to  
im p le m e n t  a  usefu l a n d  e f f e c t iv e  s to r a g e  sy s tem . N o w a d a y s ,  th e r e  a r e  
v ario u s ty p e s  of s to r a g e  e q u ip m e n t  b e in g  u s e d . The e q u ip m e n t  su ite d  for 
sto ring  th e  in v e n to ry  u n d e r  m y  s tu d y  m u st p e rfo rm  th o s e  c h a ra c te r is t ic s .

S te e l sh e lv in g  a n d  floo r s to r a g e ,  cu rre n tly  u s e d  in this w a r e h o u s e ,  c a r r ie s  
o u t th e  flexibility w h e n  FIFO is th e  d is tin c t c h a r a c te r is t ic  o f flow  ra c k . P a lle t 
r a c k  is o n e  of th e  s to r a g e  sy s te m  th a t  all ty p e s  o f th e  c o n ta in e r s ,  la r g e  p a r ts  
a n d  sm all p a r ts ,  c a n  b e  s to re d  to g e th e r .  The c h a ra c te r is t ic s  o f  e a c h  s to r a g e  
sy stem , th e  a d v a n t a g e s ,  a n d  th e  d i s a d v a n ta g e s  fo r using  th e m  a r e  d is c u s s e d  
in th e  fo llow ing  s e c t io n .

Steel shelving

FIGURE 5.1 S tee l Shelv ing  

C h a ra c te r is t ic s  o f S helv ing
O n e  o f th e  e ld e s t  m e th o d s  o f p r o d u c t  s to r a g e  w h ic h  h a v e  n o t  b e e n  

m u c h  im p ro v e d  o v e r  th e  tim es  is sh e lv in g . S he lv ing  consists  o f fo u r v e r tic a l 
p o sts  th a t  s u p p o r t  o n e  o r  m o re  h o rizo n ta l sh e lv e s . V ersatility in th e  ty p e  a n d  
q u a n ti ty  of th e  s to re d  g o o d s  a r e  th e  m a jo r  a d v a n t a g e s  of this f u n d a m e n ta l  
s to r a g e  m e th o d .  S helv ing , h o w e v e r ,  is n o t a n  in h e re n tly  s p a c e - e f f ic ie n t  
s to r a g e  t e c h n iq u e  s in c e  its c u b ic  s p a c e  utilization is usually  lo w e r  t h a n  50%. 
This p o o r  s p a c e  utilization is c a u s e d  b y  tw o  m a jo r  re a s o n s , p o o r  u se  o f  th e  
v e rtic a l s p a c e  a v a i la b le  a n d  th e  p o te n t ia l  for p o o r  utilization of s p a c e  in a  
g iv e n  she lf s p a c e .
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P o o r u se  o f th e  v e r tic a l  s p a c e  a v a i la b le  in th e  w a r e h o u s e  usually  exists 
in sh e lv in g  in s ta lla tio n . C o m m o n  s ig n if ic a n t w a s te d - o v e r - h e a d  s p a c e ,  for 
e x a m p le ,  results from  in s ta lla tio n s  o f 8 4 -in ch  h ig h  sh e lv in g  in w a r e h o u s e  w ith  20 
f e e t  o f c l e a r  s ta c k in g  h e ig h t  a v a i la b le .

P o o r u tilization o f s p a c e  in a  g iv e n  she lf o p e n in g  results from  th e  a ir 
s p a c e  re q u ire m e n ts .  Air r a th e r  t h a n  p r o d u c t  o c c u p ie s  m o re  s p a c e  in m a n y  
sh e lv e s  c a u s e d  th e  r e q u ire m e n ts  o f r e a c h - in  a c c e ss ib ility  to  th e  s to re d  item s 
a n d  im p ro p e r ly  sp e c ify in g  th e  sh e lv in g  for th e  p r o d u c t  to  b e  s to re d .

T h ese  s p a c e  utilization p ro b le m s  d ire c tly  resu lt in h ig h  c o s ts  r e l a t e d  to  
th e  a m o u n t  o f sh e lv in g  re q u ire d  a n d  th e  a m o u n t  of w a r e h o u s e  s p a c e  
r e q u ire d  for th e  sh e lv in g . A d d itio n a lly , th e y  in d irec tly  l e a d  to  e m p lo y e e  
p ro d u c tiv ity  losses in th e  w a r e h o u s e ,  o p e r a to r  m ust tra v e l g r e a t e r  d is ta n c e s  to  
a c c e s s  sh e lf lo c a t io n .

A d v a n ta g e s
- Flexibility to  s to re d  th e  d if fe re n t size c o n ta in e r s  is a l lo w e d  

D is a d v a n ta g e s
-S tee l sh e lv in g  is n o t  s u ita b le  fo r a  FIFO s to r a g e  sy stem  b e c a u s e  it is h a r d  to  
e n s u re  t h a t  th e  first c o n ta in e r  s to re d  in th e  shelf will b e  t h e  o n e  p u lle d  o u t  first.
- S te e l S helv ing  is m o s t s u i ta b le  for o n ly  sto ring  p a c k a g e d  item s,
-T here  a r e  m a n y  aisles b e t w e e n  e a c h  shelf for p ick in g  th e  c o n ta in e r s .
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Floor Storage

Honey comb lane

FIGURE 5.2 Floor S to ra g e

C h a ra c te r is t ic s  of Floor s to r a g e .
C o n ta in e r s  a r e  p l a c e d  o n  th e  floor in th e  floor s ta c k  s to r a g e .  A 

m a x im u m  o f 6 to  10 c o n ta in e r s  d e e p  p e r  s to r a g e  la n e  is a l lo w e d  in this sy stem . 
A s to r a g e  la n e  is a  s in g le  l a n e  o r b a c k - to - b a c k  la n e s .  O n e  pitfall o f floor 
s to r a g e  is t h a t  lift tru c k  o p e r a to r  d e p o s i t  a n d  w ith d ra w a l  p ro d u c tiv ity  is usually  
r e d u c e d  b e c a u s e  o f t h e  le a n in g  of unit lo a d s  a n d  th e  v a r i a n c e  of th e  unit 
lo a d  p l a c e m e n t .

To utilize th e  s p a c e ,  a d d i t io n a l  unit lo a d s  a r e  s t a c k e d  o n to  th e  floor-unit 
lo a d s . T he unit lo a d  o r p r o d u c t  c o n ta in e r  o n  th e  floor m u st b e  c a p a b l e  to  
s u p p o r t  t h e  s ta c k in g  w e ig h t .  F loor s ta c k  s to r a g e  w h e n  full, o ffe r th e  h ig h e s t 
s to r a g e  d e n s ity  w ith  th e  lo w e s t in v e s tm e n t c o s t  b u t  p o o r  unit lo a d  a c c e ss ib ility .
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A 60 p e r c e n t  utilization f a c to r  o c c u r s  from  h o n e y c o m b in g  ( v a c a n t  un it
lo a d  positions in th e  v e r tic a l s ta c k )  a n d  v a c a n t  u n it- lo a d  p o sitio n s in th e  
s to r a g e  l a n e .  T h ese  c a u s e  b y  n o rm a l lift tru ck  p a l le t  lo a d  tr a n s a c t io n s  
(w ith d raw a ls) from  th e  la n e .  To p e rfo rm  a  t r a n s a c t io n ,  a  lift tru c k  u ses o n ly  a n  
a isle  to  e n t e r  a n d  b a c k  o u t  from  th e  lo a d in g  position  o f th e  s to r a g e  la n e .

The n u m b e r  of unit lo a d s  d e e p  p e r  s to r a g e  la n e  is v a r ie d  to  b u ry  
b u ild in g  c o lu m n s  in o r b e t w e e n  th e  s to r a g e  la n e s . The floor s to r a g e  sy s te m  
h a s  a  la s t in first o u t (LIFO) p r o d u c t  ro ta tio n , h a n d le s  a  h ig h  th r o u g h p u t  v o lu m e , 
a n d  in te r f a c e s  w ith  w id e -a is le  a n d  n a r ro w  a is le  lift trucks.

A d v a n ta g e s
- G o o d  s p a c e  utilization in a  v e ry  lo w  ce ilin g  w a r e h o u s e  is a l lo w e d
- The n a r ro w  aisles is r e q u ire d  w ith  h a n d  s ta c k in g
- A c c o rd in g  to  n o  she lf in v e s tm e n t, floor s to r a g e  p e rfo rm s th e  lo w e s t c o s t  
sy stem .
- F loor s ta c k  s to r a g e ,  w h e n  full, o ffers th e  h ig h e s t s to r a g e  d e n s ity
- F loor s to r a g e  h a s  flexibility if th e r e  is a  c h a n g e  in th e  p h y s ic a l la y o u t
- The in v en to ry , b o th  o f w h ic h  a r e  a b l e  a n d  u n a b le  to  lo a d  o n  th e  shelf, c a n  
b e  s to re d  c lo se ly  for d istribu tion  in w h o le  se t.

D is a d v a n ta g e s
- W ith h a n d  s ta c k in g  th e r e  a r e  in c r e a s e d  sta ff injuries a n d  f a t ig u e  a n d  s ta ff  
p ro d u c tiv ity  is low .
- O v e r h e a d  s to r a g e  s p a c e  u tilization  o f floor s to r a g e  sy s tem  is low .
- S p a c e  u s a g e  is n o t m a x im iz e d  d u e  to  h o n e y  c o m b in g
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Flow Rack

FIGURE 5.3 G rav ity  Flow R ack

C h a ra c te r is t ic s  o f G rav ity  Flow R ack
G rav ity  flow  ra c k  is a  s in g le  r a c k  th a t  h a s  o n e  a is le  for u n it- lo a d  d e p o s i t  

a n d  a  s e c o n d  a is le  fo r u n it- lo a d  w ith d ra w a l .  Usually, it is d e s ig n e d  to  in c lu d e  3 
to  20 unit lo a d  p e r  s to r a g e  flow  la n e .  The unit lo a d  is p l a c e d  o n to  a  c a p t iv e  o r 
s la v e  p a l le t  b o a r d  to  e n s u re  a  s m o o th  flow  th ro u g h  th e  flow  la n e .  F lo w ev e r 
s o m e  sy stem s e m p lo y s  th e  c o n v e y o r  rollers in s te a d .

A lift tru c k  in d e p o s i t  a is le  p la c e s  a  unit lo a d  o n to  th e  c o n v e y o r  a t  th e  
d e p o s i t  (entry) e n d  o f t h e  s to r a g e  flow  la n e .  The unit lo a d  flow s th ro u g h  th e  
s to r a g e  flow  la n e  to  t h e  w ith d ra w a l  (exit) e n d  of th e  s to r a g e  flow  la n e  b y  th e  
e f f e c t  o f g rav ity  a n d  it w e ig h t .  The unit lo a d  is th e n  s to re d  in th e  la n e  for la te r  
re m o v in g  b y  a  lift tru c k  from  th e  exit e n d  of th e  s to r a g e  flow  la n e  w h ic h  a llo w  
th e  n e x t unit lo a d  in th e  flow  la n e  to  m o v e  (index) fo rw a rd  to  th e  w ith d ra w a l  
position .

The u n it- lo a d  g rav ity  flow  sy stem  in d e x in g  m o v e m e n t  o f th e  unit lo a d s  
from  th e  d e p o s i t  (entry) p o sitio n  to  th e  w ith d ra w a l  positio n  a llo w s e a c h  
s to r a g e  flow  la n e  to  a c c o m m o d a t e  o n e  SKU p e r  s to r a g e  la n e .  This f e a tu r e  
p erm its  unit flow  ra c k s  to  h a v e  a  utilization f a c to r  of 85 p e r c e n t  a n d  to  h a n d le  
a  h ig h  v o lu m e . G rav ity  flow  s to r a g e  w ith  tw o  aisles h a s  h ig h  s to r a g e  d e n s ity  
a n d  fair u n it- lo a d  a c c e ss ib ility .
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A d v a n ta g e s
- Flow r a c k  sy stem  is a  first in first o u t  s to r a g e  sy stem . C o n ta in e rs  a r e  c o n s ta n t ly  
b e in g  in d e x e d  fo rw a rd , w ith  t h e  first c o n ta in e r  s to re d  in th e  la n e  a lw a y s  b e in g  
th e  first o n e  w ith d ra w n  from  th a t  l a n e
- Flow r a c k  is a  h ig h  d e n s ity  s to r a g e  sy stem , g o o d  s p a c e  utilization is p ro v id e d .
- Truck tra v e l d i s t a n c e  is m in im al b e c a u s e  flow  ra c k  h a s  o n e  lo a d  a n d  o n e  
d i s c h a r g e  p o in f fo r e a c h  tim e .

D is a d v a n ta g e s
- The e x tre m e ly  h ig h  c o s t  is r e q u ir e d  fo r flow  ra c k  s to r a g e  sy stem
- Flow ra c k  is v e ry  inflex ib le  w h e n  if is n e c e s s a r y  to  c h a n g e  th e  p h y s ic a l la y o u t 
of th e  w a r e h o u s e .
- It is v e ry  e x p e n s iv e  to  r e a r r a n g e  th e  la n d  d e p th s ,  flow  ra c k  is n o t  s u i ta b le  for 
th e  te le c o m m u n ic a t io n  e q u ip m e n t  w h ic h  a lw a y s  b e  r e p l a c e  b y  o th e rs .
- D u e  to  th e  m o v in g  p a r ts  h a v in g  in flow  ra c k , th e  m e c h a n ic a l  fa ilu re  c a n  b e  
o c c u r r e d .

Pallet Rack

FIGURE 5.4 P a lle t R ack



122

C h a ra c te r is t ic s  o f P a lle t R a c k
S te e l p a l le t  r a c k  h a s  b e e n  d e s ig n e d  to  m ax im ize  th e  s to r a g e  s p a c e  for 

th e  p a l le t iz e d  p ro d u c ts .  T he p a l le t  r a c k  w ith  th e  d r iv e - th ro u g h  a isle  c a n  
p ro v id e  First-In-First-Out (FIFO) s to r a g e  o p e ra t io n s ,  w h e r e a s  drive-in ra c k s  o n ly  
fu n c tio n  w ith  First-In-Last-Out (FILO) s to r a g e  sy stem s.

S e le c tiv e  p a l le t  s to r a g e  ra c k s  co n sis t o f u p rig h t f ra m e s  a n d  a  p a ir  o f 
lo a d  b e a m s  for e a c h  sh e lf e le v a t io n .  T he r a c k  d e s ig n  d e p e n d s  o n  th e  p a l le t  
a n d  th e  un it lo a d ,  in c lu d in g  w e ig h t  a n d  o v e ra ll d im e n s io n s . The o v e ra ll h e ig h t  
o f th e  s to r a g e  r a c k  m u st b e  c o m p a t ib l e  w ith  t h a t  o f th e  m ax im u m  lift h e ig h t  of 
a n y  lift tru c k  e q u ip m e n t .

A d v a n ta g e s
- G o o d  s p a c e  utilization is p r o v id e d  for th e  p ro d u c ts  s to re d  o n  p a lle t.
- Every kinds, in c lu d in g  size a n d  w e ig h t ,  o f  c o n ta in e r s  c a n  b e  p l a c e d  t o g e th e r  
o n  th e  p a l le t  fo r w h o le -s e t  d istribu tion .
- The p a l le tiz e d  p ro d u c ts  a r e  e a s y  to  m o v e .

D is a d v a n ta g e s
- The p a l le t  ra c k s  re q u ire  a d d i t io n a l  in v e s tm e n t for th e  lift truck .
- T h ere  is a  c h a n c e  for t h e  lig h t-w e ig h t p r o d u c ts  to  falling  d o w n  from  th e  
p a lle ts .

To d e s ig n  th e  s to r a g e  e q u ip m e n t ,  th e  e q u ip m e n t  c o n ta in e r s  sh o u ld  b e  
c a te g o r iz e d  in 2 ty p e s , sm all-size  c o n ta in e r s  ( d e l ic a te  p a rts )  a n d  big-size 
c o n ta in e r s ,  for th e  e f fe c t iv e  s to r a g e  sy stem . T here  a r e  m a n y  c h a ra c te r is t ic s  to  
c o n s id e r ,  e q u ip m e n t  p r o te c t io n ,  w h o le - s e t  d istribu tion , flexibility, a n d  FIFO a r e  
th e  im p o r ta n t  c h a ra c te r is t ic s  in this c a s e .  S p a c e  utilization in th e  w a r e h o u s e  is 
t h e  o n e  th a t  m ust b e  c o n s id e r e d  in o r d e r  to  m a k e  th e  profit from  th e  a r e a  t h a t  
h a s  a  g r e a t  v a lu e , o t h e r  c h a ra c te r is t ic s  w h ic h  sh o u ld  b e  c o n s id e re d  a r e  
s h o w n  in t a b le  5.10 a n d  5.11.

C o m p a r is o n  b y  w e ig h in g  m e th o d  o f t h e  fo u r s to r a g e  system s a s  
m e n t io n e d  in th e  p rev io u s  s e c t io n  is d o n e  b y  q u e s t io n n a ire  filling b y  th e  
w a r e h o u s e  staff. The results a r e  sh o w n  in th e  ta b le s  5.10 a n d  5.11.
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S c o re  4 
S c o re  3 
S c o re  2 
S c o re  1

m e a n s  v e ry  g o o d  
m e a n s  g o o d  
m e a n s  a c c e p t a b l e  
m e a n s  p o o r

C h a ra c te r is t ic s W e ig h t Shelving Floor S to r a g e Flow R a c k P a lle t R ack

E q u ip m e n t p r o te c t io n 10 4 40 1 10 2 20 1 10
S p a c e  utilization 10 4 40 1 10 3 30 2 20
W h o le -se t d istribu tion 8 2 16 4 32 3 24 4 32
c a p a b il i ty
Flexibility 8 3 24 4 32 1 8 3 24
FIFO 8 2 16 1 8 4 32 3 24
C o st sa v in g 5 2 10 4 20 1 5 3 15
E ase  to  m o v e 5 4 20 1 5 3 15 3 15
E ase  to  s to re 5 3 15 2 10 4 20 3 15
High d e n s ity  s to r a g e 3 3 9 4 12 3 9 3 9
M inimize tru c k  tra v e l d i s t a n c e 3 3 9 2 6 4 12 3 9
N o m e c h a n ic a l  fa ilu re 3 3 9 4 12 1 3 3 9

Total 208 157 178 182

TABLE 5.10 C h a ra c te r is t ic s -C o m p a r is o n  of Shelving, Floor s to r a g e ,  Flow R ack , a n d  
P a lle t R a c k  for sm all-size c o n ta in e rs
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C h a ra c te r is t ic s W e ig h t Shelv ing Floor S to r a g e Flow R a c k P a lle t R ack

E q u ip m e n t p r o te c t io n 10 4 40 2 20 2 20 2 20
S p a c e  utilization 10 2 20 1 10 2 20 4 40
W h o le -se t d istribu tion 8 2 16 4 16 2 16 4 32
c a p a b i l i ty
Flexibility 8 3 24 4 8 1 8 3 24
FIFO 8 2 16 1 32 4 32 3 24
C o st sa v in g 5 2 10 4 5 1 5 3 15
E ase  to  m o v e 5 4 5 2 15 3 15 4 20
E ase  to  s to re 5 3 5 2 5 1 5 4 20
High d e n s ity  s to r a g e 3 3 6 4 9 3 9 3 9
M inim ize tru ck  tra v e l d i s t a n c e 3 3 6 2 12 4 12 3 9
No m e c h a n ic a l  fa ilu re 3 3 9 4 3 1 3 3 9

Total 157 145 145 222

TABLE 5.ใ 1 C h a ra c te r is t ic s -C o m p a r is o n  of S helv ing , F loor s to r a g e ,  Flow  
R ack , a n d  P a lle t R ack  for b ig-size c o n ta in e r s

T a b le  5.10 illustra tes th a t  sh e lv in g  g e ts  m o re  s c o re s  w h e n  c o m p a r e  
w ith  floor s to r a g e ,  flow  ra c k , a n d  p a l le t  ra c k . H e n c e , sh e lv in g  is th e  s u ita b le  
e q u ip m e n t  for s to ring  th e  sm all-size c o n ta in e rs .

T a b le  5.1 ใ illustra tes t h a t  p a l le t  r a c k  g e ts  m o re  s c o r e  w h e n  c o m p a r e  
w ith  sh elv ing , floo r s to r a g e ,  a n d  flow  ra c k . T h e re fo re , p a l le t  r a c k  is th e  
s u ita b le  e q u ip m e n t  for s to ring  b ig-size c o n ta in e rs .

The recommended storage system is th e  m ix e d  sy s te m  b e tw e e n  
sh e lv in g  a n d  p a l le t  ra c k , t h e  d e l i c a t e  p a r ts  h a v e  to  b e  s to re d  o n  th e  sh e lv e  
w h e n  th e  b ig-size  p a r ts  a r e  s to re d  o n  th e  p a l le t  ra c k . To p e rfo rm  th e  w h o le -  
se t-d istrib u tio n  c h a r a c te r is t ic ,  e a c h  s e t  of th e  te le c o m m u n ic a t io n  e q u ip m e n t ,  
consists o f m a n y  c o n ta in e r s ,  m ust b e  s t a c k e d  to g e th e r  o n  th e  p a lle t .  The v e ry  
h e a v y  c o n ta in e r s  m u st b e  p l a c e d  o n  th e  p a lle t ,  th e  h e a v y  a n d  th e  light 
p a c k s  a r e  p l a c e d  o n  th e m . P a lle t r a c k  is e m p lo y e d  to  m ax im ize  th e  
ho rizo n ta l s p a c e  utilization. The s ta c k in g  of e a c h  s e t  sh o u ld  b e  a r r a n g e  in 
o rd e r  to  m ax im ize  th e  s p a c e  utilization o n  th e  p a lle t .
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S helv in g  is e m p lo y e d  to  s to re  th e  e q u ip m e n t  t h a t  n e e d  g o o d  
p ro te c t io n ,  d e l i c a t e  e le c t r o n ic  p a r ts , fo r in s ta n c e .  It is p o s s ib le  fo r d rive- 
th ro u g h  r a c k  to  p ro v id e  First-In-First-Out s to r a g e  sy s te m . T h e re fo re , th e  p a th  for 
re triev in g  p a l le t  a n d  th e  e q u ip m e n t  o n  th e  s h e lv e  m u st b e  th e  o n e - w a y  p a th  
a s  in d ic a te d  b y  th e  a r ro w  in th e  figu re  5.5.

Shelving

Pallet Rack

FIGURE 5.5 T he P a th  for R etriev ing  th e  P ro d u c ts

P a lle t r a c k  a n d  sh e lv in g  for e a c h  e q u ip m e n t  m u st install c lo se ly , a s  
s h o w n  in fig u re  5.6, to  m in im ize th e  tru ck  tra v e l d i s t a n c e  in w ith d ra w a l  p ro c e s s .
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Storage area for equipment A 

storage area for equipment B

storage area for equipment c 
storage area for equipment D

FIGURE 5.6 S to r a g e  A re a  fo r e a c h  E q u ip m e n t

T h ere  is n o t  m u c h  lo a d in g  a n d  re triev in g  p ro c e s s  in this w a r e h o u s e ,  
w h ic h  c a n  s e e  from  c h a p t e r  4 t h a t  th e  m o n th ly  d e m a n d  of e a c h  e q u ip m e n t  is 
n o t m u c h .  T h e re fo re , th e  m a n u a lly  c o n tro l le d  lift, a s  s h o w n  in fig u re  5.7, m ust 
b e  e m p lo y e d  fo r re tr ie v in g  th e  p a l le ts  o f e q u ip m e n t  c o n ta in e r s  from  p a l le t  
ra c k . This kind o f lift tru c k  d o e s  n o t m o v e  fa s t so  th e  w a r e h o u s e  o p e r a to r s  c a n  
eas ily  c o n tro l th e  d ire c tio n  o f it. A c c o rd in g  to  th e  slow  m o v in g  w h e n  c o m p a r e  
w ith  th e  p o w e r  lift tru ck , th e  c h a n c e  to  hit t h e  r a c k  a n d  c a u s e  d a m a g e  to  th e  
p r o d u c ts  is low . For th e  sh e lv e , lo a d in g  a n d  re triev in g  p ro c e s s  a r e  d o n e  b y  
h a n d .
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FIGURE 5. 7 M a n u a lly  c o n tro l le d  Lift

T he o th e r  c h a ra c te r is t ic s  t h a t  sh o u ld  a lso  b e  c o n s id e r e d  a r e  t h e  e a s e  
for h a n d l in g  all c o n ta in e r s  in o n e  s e t  a n d  tra n s p o r tin g  to  a n o th e r  p l a c e ,  th e  
e x c h a n g e  for in s ta n c e .  B e c a u s e  o f f h e  th r e e - d i f f e r e n t - s p a c e  sto ring  w h ic h  
a r e  l o c a t e d  fa r  a p a r t ,  th e  tru c k  tra v e l d i s t a n c e  for re triev in g  a  s e t  o f 
e q u ip m e n t  from  all s p a c e  a r e  u su a lly  lo n g . The h u g e  size a n d  v e ry  h e a v y  
c o n ta in e r s ,  e s p e c ia l ly  in th e  o p e n  a ir s p a c e ,  is h a r d  to  c a rry  for a  lo n g  w a y .  
D esig n in g  th e  d riv e  in a r e a ,  a s  sh o w n  in th e  fig u re  5.8 in th e  w a r e h o u s e  c a n  
m inim ize th e  tru c k  tra v e l d is ta n c e .
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FIGURE 5.8 W a re h o u s e  w ith  th e  Drive-In A re a
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