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ABSTRACT: This study aims to suggest envelope structure which can improve the insula-
tion performance of cold storage warehouse with cost effectiveness. Envelope structures are
classified and economical efficiency of each type is evaluated to the model warehouse. As
results, type 3 (PC wall) and 4 (sandwich panel wall) have benefits to the middle/large (lifetime
of 25 years) and small (lifetime of 12~13 years) warehouse, respectively.

Key words: Cold storage warehouse('§ 5% 1), Envelope structure(®]3] %), Life cycle
cost(A3 o ¥] &), Economical efficiency(7 #43)
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o gled, o Wi reoT F ouiet & th gz A diFE AT ZIYERC)
HougAT W ws eads JER WAe  xE AzHges ¥ 4% ¥z =age
v gl Haste AlFHE B Ve FHE €9 - digddo] do thgoly HE EARE &
eeln Aok 9 dwdd B AR 49 Jud, ARAYE(PC), A=AAAY Fo
om olixulg Fh AAE FAAS 2 W 2 AFse WY A4 ¥AT & Ab
4, Azgdorn RAUA oA F& E3 Abel7b =ALE i (Table 19 D, E, F #2).
54 zudn e A AHolt(e]d Table 39
Type 1 7&:&) 22 2 3x REEFR
w2} A AT MeE HlRALE &8 dEAd
B oAdol AT EWTER AAFE £ "aea 238 ngoz vd4E THL 9
g wFHEn, Bd YA LdnE gdes # 3 A& Jted urR FEE FZ Z2agE
g2 AAGE FH Ao nA dEEEE 3 ol e dady B xHo ut Fig 1%
Moz A = Q= JIFE FHE AU Ho]l BF3AT Type (AT FagE 99 .
koAb 3k o Wetd, Table 19} A, B, C 2 R Ee 71& o
THAAAT F2) A9 uRrie 7EULEA
2. 9 3x g ¢ RYEFR HEgF dadd, %;i?}-r a7 ¥ &2 e
B ovhdAlg Hao] wae) glw W, Type 2
2.1 QEP=x sz (A& #azEe o9 . 9, Table 19 D #
Z), Type 3(PC 29, Table 19 E 7‘LZ) Type
S 4 AFel o] YEWHAEEL(Table 1 3 A=A dd oYy, Table 19) F &=)2] 4%
D8 dges AAUY D GvE Ade 2 1% ve SHol dn
Absrdch ZAMA S AAIGF AESEA R A Type 29 A9 WsWdd R dAE
A4 /1%% el shdel mFetn, v[FE A dudEdfor sz, 43 ddS HMe 9
AL wFsteE A7 iR Aoz THEY B BE-AA E e AEEYs)
ey RAEF 750 wWE &7 o
Table 1 Envelope structure FEY T 2y dgidoe 98T AL vt
Warehouse A B C 9 GeEeld Gurk HAY % Qo Type 3
~ . o Ao ol = ZEa2t i 1.9 AT ol & L=
(,on\z;e)%lertlon 1999 1986 2001 o 7 Toﬂ T 3 dg HE 87 st FRE
- ched olyle] #HLo Q3T ) ok
S m—— o S A 4A A ge) WRslT Type 4t 34
Structure RC RC RC e A ddd @dA Heol BrHo,
Total area 10,554m* 11,070m* 24,8600 TR glo] AlFAde]l Fou} FTRHA,
- RC wall - RC wall + RC wall = =
- Urethane - T25 sheet - Urethane WA e E2sket
External |vapour retarder vapour retarder|vapour retarder
wall - T160~170 T300 + Urethane
out->in) ur.e%}}&r%e pii‘v"ﬁ‘c‘fgﬂt et Internal insulation Type 1
galbaneum -“T45 bamlite| galbaneum
Warehouse D E F RC wall
Completion 1999 1998 1995
year - External insulation Type 2
Location Pusan Yongin Yongin
Structure RC RC Steel
Total area 65,837 m 34,161 m’ 10,130m" Heavy weight panel -
CTI20 (PC) Type 3
- T05S spancrete(PC) | |
galbaneum - Sheet vapour sz r{ggﬁe”ﬁeﬁ b agﬁl
External - Urethane ret%r;ier sl 950 g‘fa%, hud
wa\ll. vapour retarder - T300 u\;vno] i Light weight panel
fout->in) -[ggi;};ane urethane $pray | . 420 109 (Sandwich panel) L—\ Type 4
- RC wall extruded steel plate _ ”_
polystyrene Fig. 1 Classification of envelope structure.
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(a) Typical floor plan

TF i Cold storm;

6F Cold storage room

5F Cold storage room

4F Coid storage room

3F Cold storage room

2F Cold storage room |

1F I Cold storage room
Processing room

(b) Section

Fig. 2 Model cold storage warehouse.

Table 2 Building description

Item Contents
No.of or Rz o)
Floor area(m’) 1,035
Total area(m’) 8,280
Cold Volume(m') 43,470
storage Storagelton) 10,000

room | Temperature( C) -23 ~ -17
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Table 3 Detailed envelope structure
Floor| Type 2 Type 3 Type 4
B1 The same as left The same as left The same as left
Wall Slab
RC(300)  |[Epoxy paint(-)
Cement water | Concrete(150)
proof(-) Cement water
Mortar(18) proof(-)
0.5B brick(90) RC(300)
Mortar(18) | Concrete(50)
Epoxy paint(-)] Rubble(200)
Ist H
fleor 55701 SIab(0.0848) Wall S1ab(0.0848) Wall SIab(0.0848) Wall S1ab(0,0848)
Concrete( 100) Galbaneum(0.5)| Concrete(100) | o Concrete(100} Concrete(100)
RC(230) Sheet(-)  |C channel(100)| _ Sheet(-) | SPancrete PC| “sheer(-) ™ IExtruded poly-| ~ Sheet(-)
DP coat  [Extruded polgf a bar(75) |Extruded poly- Sheet(-) Extruded polg/ styrene Extruded pol{-
vapour styrene(250) | Urethane(165) | styrene(250) - styrene(250 sandwich styrene(250
retarder(-) |  Sheet(-) RC(230) Sheet(-)  |porethane(®0) | Tpoar )" | panel(126) | Sheet(-)
Urethane(170) | RC(300) Sheet(-) RC300)  FEeCee Fo0) | - RC(B00) | Urethane(60) |~ RC(300)
Galbaneum(0.8)| Urethane(70) | Urethane(120) | Urethane(70) G a]% m(0.8) Urethane(70) |Galbaneum(0.8)| Urethane(70)
Perlite(5) (;albaneum(O 8 Perlite(5) aneumtt. Perlite(5) Pertite(5)
Cold storage Cold storage
Cold storage Cold storage
Typ.
floor| Wall(0.1494) Slab Wall(0.1500) Slab Wall(0.1477) Slab Wall(0.1481) Slab
Concrete(100)
Sheet(-) Spancrete PC B
gg(zgg)t Extruded poly-|Galbaneum(0.5) (120} Extr:tgiingoly
v styrene(200) {C channel(100) Sheet(-) sandwich
(=) Sheet(-) o bar(75) RC(250) | Urethane(60) |  RC(250) el 156) RC(250)
retarder RC(250) | Urethane(165) Extruded pol pane
Urethane(170) Sheet(-) RC(230) styrene(] 003’ Urethane(60)
Galbaneumn(0.8) (Urethane(ﬁ())) Galbaneum{0.8) Galbaneum(0.8)
ralbaneum(0.5
o Outsi
S:.l:‘m ::‘mm
7th ; i
floor - :
Wall Slab(0.1150) Weall Slab(0.1101) Wall Slab(0.1101) Wall Slab(0.1101)
Spancrete PC -
vapour ’ roof(~) € channei(100)) = roof(-) Sheet(-) roof(-) san)dwich roof(-)
retarder(-) | RC(250) Urat 2T Extruded pol 'E[xj{etggge(ﬁ?)_lixn?uded poly-| panel(126) [Extruded poly-
Urethane(170) | Urethane(220) | ~T¢t140¢ styrene(250 U po styrene(250) | Urethane(60) | styrene(250)
RC(230) styrene(100
(Galbaneum(0.8)|Galbaneum(0.5) RC(250) Ga dl‘t);aneu m0.8) RC(250) Galbaneum(0.8) RC(250)

<Remark> Material listing order

¢ outside => inside(wall), upper => lower(slab)

Numeric value in parentheses next to material means thickness.(mm)
Numeric value in parentheses next to wall. slab means overall heat transfer coefficient.(W/m*C)
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Table 4 Zone description

. Temp-| Air
Floor Plan Use |erature | change
() rate
S
Proce-
B1 ZONE-B1 ssing 23 0
room
]
;r Cold
I~6 | ZONE-TYP srorage| -17.8 0
‘] room
([ Cold
7 ZONE-TOP storage| -17.8 0
room
Table 5 Material properties
Material cononal o] Density ISpecific_heat
¢ WmC) VI tkg/m® (JkgC)
Reinforced, un- 1.3103 224258 836.77
reinforced concrete
PC 0.1299 480.55 336.77
Rubble 2.79 2630.00 775.00
Extruded polystyrene] 00290 6.0 122000
Urethane 0.0267 24.03 1589.86
Perlite 0.0485 93.00 1090.00
Brick 07207 1922.22 836.77
Mortar 0.7207 1858.14 836.77
Galbaneum 45.30 7830.00 500.00
Air laver Thermal resistance 0.16819m C/W
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Table 6 Internal load density AHALEF A
- AEALR | O 2 FE A Fh HEH
Room Item Value 2 = = - = - A
p ) Occupancy 23.20m' /person I e Agas AAF AdE ¥y3h, A
Moom Lighting 16 10W/m g8 31, RYA7, 89 57.19/kWH, 4~6, 99
Equipment 1080W/m 4329/kWH, 10~34 4639/kWH)E = &3]
Occupancy 46.50m'/person =6)
Cold storage Lighting 12.92W/ A1 4 Table 8 #Z)
Equipment 2.15W/m'
Table 7 Internal load schedule
Room | Item Day [1~5] 6 7 8 9 110 11 (121131415716 |17 [18 192021 |22]|23 |24
Weekday| 0 0 [01{02]095[095(095[0.95] 05 [095{0.95{0.95{0.95{03 (0.1 (010101 ;005005
ggg‘gy‘ Saturday| 0 | 0 [01]01]03]03]03]03[o1]o1]|01[01]01]005{00s] 0 0]o]olo
PSTSOi‘;e’ Holiday | 0 0 [0.0510.05[0.05[0.05610.05{0.05[0.05[0.05|0.05]{0.05[0.05[0.05{ O 0 0 0 Y [4
room |Lighting|Weekday[0.05] 0.1 [ 0103|0909 (0909 08]09]09(09[09]05]03]03][02]02]01 005
Equip- |Saturday|0.056{0.05! 0.1 { 0.1 [ 03 [03]03[03[0.15[0.15{0.15(0.15{0.15{0.05(0.05[0.05[0.05{0.05{0.05{0.05
ment | Holiday {0.05]0.05]0.05]0.05]0.05]0.05]0.05]0.05]{0.0510.05[0.05]0.05]0.05]0.05]0.05[0.05]0.05]0.05]0.05|0.05
Weekday| 0 0 0 1015(07109109[09]05[085/085{085(02]| 0 0 0 0 [¢] [¢] 0
ggggy' Saturday| 0 | 0 | 0 | 0 jo2]o02]o02l02({01]or]orfortojololojololo]o
Holiday | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6] [¢]
Cold Weekday] 0.0510.05[0.05{ 04 [ 07109 ]09[09]108]09{09]091091}0.3[0.05{0.05]0.05{0.05[0.05/0.05
storage|Lighting|Saturday|0.0510.05{0.05{0.05! 0.1 [0.25]0.25{0.25[0.05/0.05/0.05]/0.05]0.05{0.05}0.05{0.05[0.05[0.05}0.05 0.05
room Holiday ]0.05]0.0610.05]0.05]0.05[0.05|0.05|0.05]{0.05}0.05[0.05]0.05|0.05]| 0.05]|0.05|0.05{0.05[0.05]| 0.05]0.05
. |Weekday|0.05|10.05]005]04 1 070970909108 [09109109]109]0.3[005[0.05/0.05}0.05[0.05{0.05
Erggg’t’ Saturday|0.05]0.0510.05]0.05] 0.1 [0.25]0.25]0.25]0.05]0.05]0.05[0.05]0.05]0.0510.0510.050.05]0.05 | 0.05 | 0.05
Holiday [0.05/0.05]0.05{0.05[0.05(0.05] 0.05{0.05]0.05{0.05[0.05]| 0.05]| 0.05]0.05]| 0.05]0.05[0.05[0.05] 0,051 0.05
Table 8 Annual cooling load and cost
Unit Type 1 Type 2 Type 3 Type 4
price(W/ T
KWH) Load | Elec. use |Elec. cost| Load | Elec. use |Elec. cost| Load | Elec. use |Elec. cost{ Load | Elec. use |Elec. cost
Month |MWIDl (KWH) | (%) [(MWH)| (kWED | (W) (MWH)| GWH) | (%) [(MWH)| (kWH) W)
571 7 ) 72.222) 62009.740| 3545895 71.615 61577.814] 3,516,003 71.374] 61370.591] 3,504,261 70.129| 60300.084] 3.443.135
7] 8 | 74.443| 64009.456] 3,654,940 73.741| 63405.8450 3,620,474 73.526| 63220.978] 3,609,918 72.206| 62085.983] 3,545,110
4 | 60.274] 51826.310] 2,238.897) 59.834) 51447978 2,222.553| 59.680| 51315562, 2,216,832! 58.843| 50595.871] 2,185,742
132 5 | 683301 58753.223| 2,538,139] 67.344] 57905415 2,501,514 67.448 57994.839 2,505,377 66.409| 57101.460| 2,466,783
16 | 69.733] 59959.585 2.590,254] 68.9921 59322.440| 2,562,729 68.951 59287.186{ 2,561,206 67.813] 58308.683] 2,518,935
9 | 68.133 58583.833] 2,530,822 67.545] 58078.244) 2,508,980| 67.222] 57800.514] 2,496,982 66.035, 56779.878( 2.452.891
10 | 65445 56272569 2,605,420] 64,7000 55631.984] 2,575,761 64.534) 55489.250] 2,569,152 63.487 54538992 2527470
11 | 58191 50035252 2,316,632| 57.778| 49680.136{ 2.300,190{ 57.531| 49467.754] 2,290,357| 56.722| 48772.139 2,258,150
163 12 1 53.085 45644.882 2,113,358 52.8721 45461.735] 2,104,878 52.730; 45339.637) 2,009,225 52.186] 44871.832| 2,077,568
11 | 52621] 45245914] 2,094,886] 51.851| 44583.833| 2.064,231| 52.074] 44775579 2,073,109 51.547| 44322.441] 2,052,129
2 | 48.822| 41979.362; 1943.644) 48.408| 41623.386] 1,927.163] 48.395 41612.208] 1,926,645 47.895] 41182.286] 1,906,740
3 | 60.127] 51699912 2,393.706{ 59.387] 51063.627| 2.364,246| 59.507| 51166.808 2,369,023] 58.7571 50521.924| 2,339,165
Total |751.421(646105.740; 30,566,593 744.0691639784.158] 30,268,813] 742.9731638841.768] 30,222,089| 732.067|629464.296) 29,773.817
Variation 0.0% ~1.0% ~-1.1% -2.6%
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Table 9 Evaluation results
Item Type 1| Type 21 Type 3 | Type 4

Const - {Cost(1000won)| 2,202,522 1,877,627 1,849,632 11,611,064
ruction | Vanation(%5) 0.0 -148 16.0 2().9
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