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SUMMARY

I. Subject

Saving methods of cooling and heating energy in the solar heated

underground rock storage greenhouse

II. Objectives and importance of the research

1. Objectives -

The objectives of this study are summarized as follows:

(D Analysis of physical and thermal characteristic of rock.

® Analysis of air flow and heat storage efficiency in rock storage model.

® Analysis of saving efficiency of cooling energy in the solar heated
underground rock storage greenhouse.

@ Analysis of saving efficiency of heating energy in the solar heated
underground rock storage greenhouse.

® Analysis of the economical efficiency of the solar heated underground rock
storage greenhouse with regards to the cost of building, the durability, the
cost of heating, the set temperature and so forth.

® Suggestion of design data of the solar heated underground rock storage

greenhouse.

- 11 -



@ The construction of the basic design of the solar heated underground rock

storage greenhouse to spread to the horticulture farmers.

2. Importance

The importance of this study is summarized as follows from the

technological, economical-industrial and social - cultural points of view.

(@ Technological point of view.

Considering the real state within the country where the oil price for
greenhouse heating 1s unstable, the research on the saving methods of
energy for cooling and heating the solar heated greenhouse by using

low-priced heat storage material is required.

@ Economical - industrial point of view

Considering the real state within the country where all of oil is
mported, regardless of the oil price in order to ensure the preferred
development and the international competitiveness of greenhouse industry of
the country the development of the low-costed alternative energy technology

for greenhouse heating is essential.
@ Social - cultural point of view

As it is expected that the insufficient supply of fresh vegetables all the

yvear around causes not only the dietary life inferior but also another social

_.12_.



problems, even during the IMF crisis which is so called the greatest crisis
since Korean Conflict, the supply of fresh vegetables all the year by
horticulture is inevitable. So it is not too eXcessive to emphasize on the
necessity of technical development about the low-costed solar heat system
with regards to the real state that it is inevitable of inputting of the heating
and cooling energy consumed for maintaining the proper growing
temperature in greenhouse even though all of the oil is imported in the
country. And with regards to the environmental pollution by using the fossil
fuel and the drying out of the fossil fuel the research on solar heat system

for greenhouse is very important.

III. Scopes of the research

The main research contents and scopes made to examine the saving
effects of cooling and heating energy of the solar heated underground rock

storage greenhouse are summarized as follows.

1) The analysis of physical and thermal characteristic of the underground

rock storage.

(D The analysis of the aperture of the rock storage for heat storing.
@ The analysis of thermal characteristic of the rocks.
@ The analysis of the amount of the heat stored in the underground

rock storage.

_13_



@ The determination of the proper height of the underground rock
storage.

® The determination of the proper thickness of the insulator and
concrete of the underground rock storage.

® The designing of the experimental rock storage model.

2) The model experiment for design and construction of the solar heated

underground rock storage greenhouse.

@ The constructing model and preparing measurement system.
@ The decision whether to use or not the pipe for air circulation in the
rock storage.
- (@ The measurement and analysis of the temperature and humidity of the
experimental rock storage model.
@ The analysis of the heat storing and radiating performance of the

experimental rock storage model.

3) The design and construction of the solar heated underground rock

storage greenhouse.

@ The design of the solar heated underground rock storage greenhouse.

@ The construction of the solar heated underground rock storage greenhouse.

4) The analysis of the heating efficiency of the solar heated underground

._14._



rock storage greenhouse during the heating season.

@D The overview of the efficient air circulation methods for heating.

@ The preparing of the solar heated underground rock storage greenhouse
system for analyzing the heating efficiency.

® The analysis of the heat storing and radiating characteristic of the
underground rock storage.

@ The determination of the heat storing and radiating time zone for
heating.

® The measurement of the femperature and humidity of the inside and
outside of the greenhouse and rock storage.

® The analysis of the heating efficiency of the solar heated underground
rock storage greenhouse.

(@ The analysis of the saving efficiency of heating energy in the solar

heated underground rock storage greenhouse.

5) The analysis of the cooling efficiency of the solar heated ,underground

rock storage greenhouse during the cooling season.

@ The analysis of the heat storing and radiating characteristic ‘of the
underground rock storage.

@ The overview of the efficient air circulation methods for cooling.

@ The determination of the heat storing and radiating time for cooling.

@ The measurement of the temperature and the humidity of the inside

__15_



and outside of the greenhouse and rock storage.

® The analysis of the cooling efficiency of the solar heated underground
rock storage greenhouse.

® The analysis of the efficiency of the solar heated underground rock

storage greenhouse on controlling high temperature down.

6) The analysis of the economical efficiency of the solar heated

underground rock storage greenhouse.

@O The analysis of the economical efficiency with regards to the
construction cost, the durability, the heating fuel cost, and the cooling

effect.

7) The suggestion of design data of the solar heated underground rock

storage greenhouse.

@ The suggestion of the data needed for the designing of the solar
heated underground rock storage greenhouse to spread to the

horticulture farmers.

8) The construction of the basic design of the solar heated underground

rock storage greenhouse.

@ The construction of the basic design of the solar heated underground

rock storage greenhouse to spread to the horticulture farmers.
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IV. Results and utilization

The solar heated underground rock storage greenhouse was constructed

and the performance of the system for heating and cooling evaluated.

1. The factors used for calculating the height of rock storage were rock

shape, inflow air temperature, air flow rate and porosity.

2. It was shown that the proper thickness of insulator of rock storage was
over 6cm by considering the minimum thermal resistance value proposed

by Walton and domestic standard insulators.

3. Operation of inlet fan increased 1.3 times the temperature of rock storage
and 1.5 times the heat storage rate above outlet fan operation at the
same air flow rate. It was estimated that the temperature and heat
amount stored in the rock storage were more affected by inflow air than

outflow air.
4. The nighttime temperature in the solar heated greenhouse was the average
6C higher than in the non solar heated greenhouse during heating

season.

5. It was concluded that the inside temperature of greenhouse, setpoint

temperature and mean temperature of the rock storage should be taken

_17_



into consideration to select the operation method of air circulation fan for

heating of the solar heated underground rock storage greenhouse.

6. The average daytime temperature in the solar-heated greenhouse was the
average 3.3C lower than in the non-solar-heated greenhouse without
natural ventilation and shading, on the other hand was the average 24C
on the condition of natural ventilation and shading during cooling season.
The average nighttime temperature of two greenhouses was nearly the

same.

7. The result showed that the humidity in the rock storage was very much

mfluenced by that of inflow air.

8. It was concluded that the inside and outside temperature of greenhouse,
control target temperature and mean temperature of rock storage should
be taken into consideration to select the operation method of air
circulation fan for cooling of the solar heated underground rock storage

greenhouse.
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T,
= . PCydt (2-2)

A71M, Q,: FEF(kcal), m : LA FA(kgl), v AA(m),

C,: 94 v Dkecal/kgf-C), T @ FLLE(T), o : L= (kgf/m’)
ek, dEol& FEAY BYEHT FIdFL 4 (2-3)3 Zu
T,
= [ Coodt (2-3)

Q7NN gt BHEADG HDFkeal/m®), C, 1 QA 4D (keal/kgf- C)

T: FFIL5(T), o : 5249 U= (kgl/m’)

=29 ¥EH HTFL L2 s WY FEAZA AgstE 2%

HellM e A BY, A (2-3)2
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Medium ,I:Iilgfgcé Terﬁlz{rzlrgaeture H{Zn/?g% calgggfty corggsgrtli}?ilty
(C) (J/Kg-K) (W/mT)

Water - 0 ~ 100 1000 4190 0.63(38TC)
Water - - 1050 3470 -
Ethylene
Glycol 50/50
Ethylene Glycol - - 1116 2382 0.249(207C)
Hitec Molten salt| 142 ~ 540 1680 1560 0.61
Engine Oil 0il 160°]4 388 1880 0.145
Draw Salt Molten salt| 220 ~ 540 1733 1550 0.57
Lithium Liguid salt | 180 ~ 1300 510 4190 38.1
Sodium " 100 ~ 760 960 1300 675
Ethanol Organic liquid 780] A} 790 2400 -
Propoanol " g70] 4 200 2500 -
Butanol " 118914 809 2400 -
Isobutanol " 1000178 308 3000 -
Isopentanol " 1480] ¢ 831 2200 ' -
Octance " 126°]7¢ 704 2400 -
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6) =& A(F7)%e] o] A4 o] FolY

& a7t sl

& 2-2 314 EFEAY =24 54
Density Heat capacity |Thermal conductivity

Medium (kg/m’) (kg K) (W/mT)
Aluminium 2,707 896 240(20°C)
Aluminium oxide 3,900 840
Aluminium sulfate 2,710 750
Brick 1,698 840 0.69(20C)
Brick magnesia 3,000 1130 5.07
Concrete(sand&gravel) 2,240 1130 09~1.3
Cast Iron 7,900 837 29.3
Pure Iron 7,897 452 73.0 (207C)
Calcium choride 2,510 670 -
Copper 8,954 383 386 (20C)
Earth Wet 1,700 2093 2.51
Earth dry 1,260 79 0.25
Sodium carbonate 2,510 1090 -
Sodium chloride 2,170 920 -
sodium sulfate 2,700 920 -
Stone, granite 2,640 820 173 ~ 3.98
Stone, Limestone 2,500 900 — 1.26 ~ 1.33
Stone, marble 2,600 800 207 ~ 294
Stone, sandstone 2,200 710 1.83
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D= (kg/m°)

P 3FE (INHog 03 ~ 05)

ZFE& (Yr”oE (0.3 ~ 05)
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_ A
a= v, (1—¢,) (3-3)

270l ol TR WF HEEA e AV, = xd,2/(1/6)x d,® = 6/d,,

a=6(1—e,)/d,°ITH

YRHez YAe P4 FIEL L o HEUAL P ez ANT 4
Atk
Q = Qi‘_' Qo - n./lcp(Tin - Tout) (3'4)

A71H, Q  2EEZ (kcal/hr)
Q; @ YL (kcal/hr)

Q, : =¥ (kcal/hr)

Tin - QT7FALE (T, K)
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1 o]24 49 71E7H4

e =dZ9 AY : F(GEm)XZHl(9m) X Zol(1m)
o AZo] AA : 8m, A&ZY FTF§ 1043
o AZZ9 %7]2% : 53C=(35+7.0)/2

e #3457 1 1718k, 30T

o AI{TF 1 097kg/s, 1.46kg/s, 1.95kg/s

e 579 EAX : 2dZdA F7Y EHASS FBFFALEUTHTL/2)
f A H7}
£ (W/m-K)| p(kg/m® | xkg/m's)| o(m¥s) | ColJ/kg K) Pr
0.02616 1.2157 18.061 X107 14.850 x 107° 1006.8 0.69
2) A A}

O 54 %% (characteristic velocity)

m 1.46 _
0 A, e~ 1.215Tx5x1x0.43 — 0-5588 m/s

=

@ E A Z o)(characteristic lenght)

Ey _ 0.08x0.43 _
£ = dp( 1—- €y )_' 1_0.43 =(.06035 m

~ - vLo _ 0.5586%0.06035x1.2157 _
@ Reynolds &+ Re . 18.061% 10 ° 2269.14

@ Nusselt
Nu = (0.5Re"?+0.2R®)Pr 1P

= [0.5(2269.14) "2+ 0.2(2269.14)**1(0.69) > = 51.56
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® 4w 9% niste] 53
#p=18.061x10° kg/ms
#:=17.504 %10 ® kg/ms
(o) 127" M =(17.504/18.061) " = 1.0044

Nu = (1.0044)(51.56) = 51.79
he=(k/£)Nu=(0.02616/0.06035)51.79 = 22.45 W/m’K

® t=04 o ATF LEE AT DTS-
Ny= h2r RL/mC,~ hF LImC,

@ vizes o=SUT8) 60043 _ 5

d, 0.08
A B4 Aol F = aA,=40.5%5%x1=202.5m

 22.45%202.5%9
© Nu=-776%1006.8

=27.83

© Nu=27.83% 2 (9] dygsha
Ty ow= Ts—(Ts— Ty e —h.27 RL{mC,

= 53-(53-30)e7® = 53 (7}"o] §Y)

O (10)& o] &3l IS T3t g 2o
Q = Qin~Qout= m : Cp : (Tin-_Tout)
= 1.46x1006.8x24.7=36.3072kW
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E 4-2. 2AEE T 2EAA (C)

ps

soiamal| mome | 522 4 SNHEE 3719 A HMednge ag
= 2l (cm) = 7l (cm) Tsu=Tin=20C Touw~Tin=25C Taup=Tin=20C Teuw~Ti=25C
=Acm T/Aem T, T, T, T,
4 5 -4.0 -3.7 -4.3 -4.2
7 -3.6 -3.3 4.1 -3.9
9 -3.3 -2.8 -3.8 -3.6
11 2.9 2.4 -3.6 -3.3
13 2.6 -2.0 -34 -3.0
15 -2.3 -1.6 -3.2 2.7
5 5 4.2 -4.0 -4.5 -4.3
7 -39 -3.6 -4.3 -4.1
9 ~3.6 -3.2 -4.1 -3.8
1 -3.3 -2.9 -3.9 -3.6
13 -3.0 -2.5 -3.7 -34
15 ~2.7 2.2 -3.5 -3.1
6 5 -4.3 -4.1 -4.6 -4.4
7 ~4.1 -3.8 -4.4 -4.2
9 ~-3.8 -3.5 -4.2 -4.0
11 ~3.6 -3.2 -4.1 -3.8
13 ~-3.3 -2.9 -39 -3.6
15 ~-3.1 2.6 -3.7 -34
7 5 -4.4 -4.3 -4.6 45
7 -4.2 -4.0 -4.5 -4.3
9 -4.0 -3.7 -4.3 -4.2
11 ~3.8 -3.4 4.2 -4.0
13 -3.5 -3.2 -4.0 -3.8
15 ~3.3 -29 -3.9 -3.6
8 5 4.5 -44 —4.7 -4.6
7 -4.3 =41 -4.5 -4.4
9 ~4.1 -3.9 -44 -4.3
11 ~3.9 -3.6 -4.3 4.1
13 ~37 -3.4 -4.2 -39
15 ~3.5 -3.2 -4.0 -3.8
9 5 ~4.5 -4.4 -4.7 4.6
7 ~4.4 -4.2 -4.6 -45
9 4.2 -4.0 -4.5 -43
11 ~-4.0 ~-38 -4.4 -4.2
13 -3.8 -36 -4.2 ~-4.1
15 ~3.7 -34 -4.1 -3.9
10 5 ~-4.6 -4.5 -4.7 -4.7
7 ~4.4 -4.3 -4.6 -4.5
9 -4.3 -4.1 -4.5 -4.4
11 ~4.1 -39 4.4 -4.3
13 ~-4.0 -3.7 -4.3 -4.1
15 ~3.8 ~-35 4.2 -4.0
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=33 du 2 37194 1o
= m(em) Tewo — Tin = 20C Tsub = Tin = 25°C
Ty T2 T3 T To
5 13.6 -3.7 -4.6 18.3 -3.4
7 13.6 -3.4 -4.6 18.3 -3.0
9 13.7 -3.0 -4.6 18.3 2.6
1" 13.7 2.7 -4.6 18.4 2.2
13 13.7 -2.4 -4.7 18.4 -1.8
15 13.7 2.1 -4.7 18.4 -14
5 13.9 -3.9 -4.7 18.6 - =37
7 13.9 -3.7 -47 18.6 -3.3
9 13.9 -3.4 -4.7 18.6 -3.0
11 13.9 -3.1 -47 18.6 -2.6
13 13.9 -2.9 -4.7 18.7 -2.3
15 13.9 -2.6 -47 18.7 -2.0
5 14.0 ~-4.1 -4.7 18.8 -3.9
7 14.1 -3.9 -4.7 18.8 -3.6
9 141 -3.6 -4.7 18.8 -3.3
11 14.1 -3.4 -4.7 18.8 -3.0
13 141 -3.2 -4.8 18.9 27
15 14.1 -2.9 -4.8 18.9 24
5 14.2 -4.2 -4.8 19.0 -4.0
7 142 -4.0 -4.8 19.0 -3.8
9 14.2 -3.8 -4.8 19.0 -3.5
11 14.2 -3.6 -4.8 19.0 -3.2
13 14.2 -3.4 -4.8 19.0 -3.0
15 14.2 -3.2 -4.8 19.0 2.8
5 14.3 -4.3 ~4.8 19.1 -4.1
7 14.3 -4.1 ~4.8 19.1 -3.9
9 14.3 -3.9 -4.8 19.1 ~3.7
11 14.3 -3.8 -4.8 19.1 -34
13 14.3 -3.6 -4.8 19.1 -3.2
15 14.3 -3.4 -4.8 19.1 -3.0
5 14.3 -4.4 -48 19.2 -4.2
7 14.3 -4.2 ~-4.8 19.2 -4.0
9 144 -4.0 -4.3 19.2 -3.8
11 14.4 -3.9 -48 19.2 -3.6
13 14.4 -3.7 -4.8 19.2 -3.4
15 14.4 -3.6 ~4.8 19.2 -3.2
5 14.4 ~4.4 -4.8 19.3 -4.3
7 144 -4.3 -4.8 19.3 -4.1
9 14.4 ~4.1 -4.8 19.3 -39
11 144 -4.0 -4.8 19.3 -3.7
13 14.4 -3.8 -48 19.3 -3.5
15 14.4 -37 -4.8 19.3 -34
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¥ 4-3 Z239E vty % 9N E 53 E&4 % (kcal/hr)
Epjagdl | 232 S92 A =7l2t13 HNegne
Fem) | FAllem) [Te-T=20C| T4=25C | T&=20T | Te=25C | Te=20C | Te=25TC
4 5 11.8 147 10.8 134 15.8 19.8
7 1.6 14.4 10.6 13.2 15.6 195
9 11.3 14.2 10.4 13.0 15.4 19.2
11 1.1 139 102 12.7 15.2 19.0
13 10.9 136 10.0 125 15.0 18.8
15 10.7 13.4 9.8 12.3 14.8 185
5 5 95 11.9 8.8 11.0 12.7 15.9
7 9.4 1.7 8.7 10.9 12.6 15.7
9 9.2 1.5 8.6 10.7 125 15.6
11 9.1 1.4 8.5 10.6 12.3 15.4
13 8.9 11.2 8.3 10.4 12.2 15.3
15 8.8 1.0 8.2 10.3 12.1 15.1
6 5 8.0 10.0 75 9.4 10.7 13.3
7 7.9 9.9 7.4 9.3 10.6 13.2
9 7.8 9.7 7.3 9.1 10.5 13.1
11 7.7 9.6 7.2 9.0 10.4 13.0
13 76 9.5 7.1 8.9 10.3 12.9
15 75 9.4 7.1 8.8 10.2 12.8
7 5 6.9 8.6 6.5 8.1 9.2 1.4
7 6.8 8.5 6.4 8.1 9.1 1.4
9 6.7 8.4 6.4 8.0 9.0 1.3
11 6.6 8.3 6.3 7.9 9.0 1.2
13 6.6 8.2 6.2 7.8 89 11.1
15 6.5 8.1 6.2 77 8.8 11.0
8 5 6.0 7.6 58 7.2 8.0 10.0
7 6.0 75 5.7 7.1 8.0 10.0
9 59 7.4 5.6 7.1 79 9.9
11 59 7.3 56 7.0 7.9 9.8
13 58 7.3 55 6.9 7.8 9.8
15 5.7 7.2 5.5 6.9 78 9.7
9 5 54 6.7 5.2 6.5 7.2 8.9
7 53 6.7 5.1 6.4 7.1 8.9
9 5.3 6.6 5.1 6.3 7.1 8.8
11 52 6.6 5.0 6.3 7.0 8.8
13 52 6.5 5.0 6.2 7.0 8.7
15 52 6.4 49 6.2 6.9 8.7
10 5 49 6.1 4.7 58 6.4 8.1
7 438 6.0 45 5.8 6.4 8.0
9 4.8 6.0 4.6 5.8 6.4 8.0
11 4.7 59 46 57 6.3 7.9
13 4.7 59 4.5 57 6.3 7.9
15 47 5.8 45 56 6.3 79 |
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£ 62 A%E LAANNLE dTAg SR

T B | dg9T2(C) | Fx2712(0) HA712(C) |dxA13(hr/day)
14 -0.2 5.0 -4.6 6.31
24 2.0 7.2 -2.4 6.40
3¢ 6.6 12.3 1.8 6.35
44 14.0 20.7 8.0 7.24
104 154 217 10.2 6.40
114 8.2 14.3 3.2 5.64
12€ 2.1 7.8 -2.5 5.76

a4,=AU,(1—1fr)DH, (6-1)

A7, A 2 A (mMD)

fr :B29Ed o3 dFRE
DH, : nXDH

n A

DH : ¥4 degree-hour
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7123 AlAte] " a3 AW degree-hour AL =FH ol A A ¢

DH=24(T 1\~ To) —S{T . — (T + Tw)/2} (6-2)

- AR e E<YH 2

_ 24(Th_Tm) (T inc_Tl)z N OSS(T ina::_’rm)2
(Ty—Tp/2 (Th—Tw

DH (6-3)

7N, T @ 99 T7]2(0)
T @ dHALY729 IFFZ(T)
Th @ 7129 AFFR(C)

Vf = ’q—l.l‘ (6-4)
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o A2 =3 g E 250 t/m’

o® A & A 1.90 t/m°

o X 3} = 1.00 t/m°

o A&tF AL A BEA SEHFH r: - 09
3. E ¢

o YuWrEAle] Y { wpzzt ¢ = 30°

o EXAS  AA EYQAF Ko=1-sin¢ =05
4. A sl4-4

GL 1.0mel| Az 714

5 BOX stH-Agzx

ye=19tm’ ¢ = 30° , C = 00 t/m’, N = 303] o]4

6. AT
(1) S3YE AAVEA=E
o FEREZAGE
o HYEIYE 0 ck
(2) 22 ¥883 (SD 30)
o ¢y = 3000 kg/cm’

O ck

= 210 kg/cm® (25mm)
= 160 kg/cm® (40mm)
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1.1, 2H#R
24 X Z A4 X 7
1 0.000 0.000 8 6.090 0.000
2 0.870 0.000 9 6.960 0.000
3 1.740 0.000 10 7.830 0.000
4 2.610 0.000 11 8.700 0.000
5 3.480 0.000 12 0.000 1.225
6 4.350 0.000 13 8.700 1.225
7 5.220 0.000
1.2, SH e
D A=02n, I=1.0x(0.23/12 = 0.00067 : A 13
@ A =025m , I=1.0x(0.25)°%/12 = 0.00130 : %A} 11,12
@ A =03m, I=1.0x(0.3312 = 0.00225: %A 1 ~10
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(1) AFsts - CASE 1

O® 4% SLAB
sHE 0 0.2 X 2.5 = 0.50 ¢ m®
R R D 1.0 x 1.9 = 1.90 ¢ w®
@4
(49)pP, = (0.3 x 1.0 + 0.30 x 0.30 x 0.50)
X 2.5
= 0.863 ¢/m*
@37 SLAB

£IWE 1 0.25 x 2.5 = 0.625 #/m°

(2) =9 E9F - CASE 2
= 0.5 x(0.10 X 1.9) =0.095 #m?®
= 0.095 + 0.5 x (1.225 x 1.9) = 1.259 #/m?

3 4 ¢ - CASE 3

33 sonel Agse +

=3 8 0.375 X 1.0 = 0.375 ¢/m
vlgrzeln 1.0 x 1.0 = 1.0 #/m?

TEXE &3stF - CASE 4
02t/m’e 2 k(A sE, A A eHF (R eE A58 F),01 5

31 9= urg
K,= K, (B, /3)% =128 x K, x B
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Ky =1/30%xaxE, [a=1.0, E,=28N=28x 30 = 840kg/cm’]
= 1/30 x 1 x 840
= 28 kgl cm®

B, = VA, = V9000 x 100 = 948.68 cm

K, = 12.8 x 28 x (948.68) ~¥* = 2.097 kg/cm® = 2097 #/ m’

K, = 2097 x 0.87 x 0.5 = 912.2 ¢/m

K, = 2097 x 0.87 = 1824.4 t/m

Hc}fsk

32 & %
PN
T

e
W3 Spring FEL FRFEE HA

4. Load Case
4.1 Case - 1 (AF3}%)
42 Case - 2 (E®D)

43 Case - 3 (%)

4.4 Case

4 (&7

ojt

T 853)

e =%

Ol

5.

NAME=COMBI1
LOAD=LOAD1 SF=15
LOAD=LOAD4 SF=18

NAME=COMB?2
LOAD=LOAD1 SF=15
LOAD=LOADZ SF=1.8
LOAD=LOAD3 SF=1.8
LOAD=LOAD4 SF=1.8
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NAME=COMBS3

LOAD-LOAD] SF=09 (7|g}at%o] Fatgow 288 44 : 422y
EAA)

LOAD=LOAD2 SF=18

LOAD=LOAD3 SF-18

LOAD=LOAD4 SF=18

CON'C AA71E7% 6ck = 240.000 kg/crt

HE FELT gy =3000.000 kg/er

FERHE Mu = 6980 t-m  ZEZTLAF(E) pf = 0.8500

ZgHAGE Su = 7950t BFEZ2AFEGE)  es = 0.7000

Z3Z3E Nu = 0.000 t AEZEAF(FYE)  ec= 06500

g W E b o= 100000 cm  HA A e = 0.000 cm

g3 %ol d = 32000 cm CON'C @7h(¢¢&+H) d' = 0000 cm
6.1.2. 23

D T95 92 2AEYSd)

— ec g 0.003 _
= T owiEs % 0,003 3000/2.04x 10° o200 =21.47

xmax = 085+ xb

x 7F8 (4 ymax < x < ymax)
¥ =0500- xb = 0500x 21.47 = 10.74 cm

IA
Nl
o0
S
]
\

Q
=,

[

|

|

|

i

!

!

I

|

|

|

|

=

I
o
joe]
[8)

ock
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280 < ock < 560 kg/ew ----- k1 = 085 - 0.05% (0 ck-280)/70
ock = 560 kg/erf —---——--=~-~ £, = 065
K1 = 0.85

a =k; - x =08X 1074 = 913 cm

Cc = 0850ck+-b-a = 0.8>%X240.0x 100.00xX 9.13 = 186177 t
Mn; = Cc:(d—a/2) = 1861769 ( 32.00— 9.13/2)= 51081 t-m
Mwe= 6980/085 = 8212t-m < Mm

Lg% A2 e

it}

s}l Y ZEA ===> CON'C &E3(Cc) = AT AFHE(T)
o
= 0.85xX240.0X 100.00Xa
T = As- oy = As- 30000
“a=As- oy/(080cck-b)
= As - 3000.0/(0.85x240.0x 100.00) - - - - - (1

Mn=Cc-z=T:z=As-ocy-(d - a2
= As - 3000.0x( 32.00—a/2) « + - - 0o - .. (2)
O 2) 99
- Req’'d As = 873 cr a= 128 cm

4) Mg BEF

5)

6)

Use As D16 X 8000 = 15888 cnf

q2y HE

omin = 0.467(%) < As/bd = 0.497(%) <pmax = 2.909(%)
Ay HE

s 3 AH (G E 2 AR
o R B T =As- - oy = 1589x30000 = 47664 t
S7HAHAI D E =] a = T/(0.850ck-b)

1]

47664.0/(0.85x 240.0X- 100.00) = 2.34 cm

FHE7HA AE c=alk; = 234085 = 275 cm
CON'C =49 Cc = 08506ck+b-a

= 0.85X240.0X 100.00X 234 = 47664 t
+% MOMENT Mn = As - oy - (d—a/2)
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Il

15.89x3000.0x ( 32.00— 2.34/2)

= 14696 t - m
AT AE
Cc= 47664t T = 47664t
oMn = 12491 tm > Mu = 6980 t-m GOOD !!

7 AT HE
Sw/¢= 7.950/0.700 = 11357 t
Sc = (050V 6ck+176- pSu-d/Mu) - b -d
= (0.50v 240.0+176%x0.00497 X 7950.0
X 32.00/ 698000.0)x 100.00x 32.00 = 25.806 t
Scmax = 093/ ock-b-d
= 0.93/ 240.0x 100.00x 32.00
= 46.104 t

Sc < Scmax ==========> 5S¢ = 25806 t
AR Bl

w2
o
"
~
©
(O}
O
ot
AN
S
&
&
1

9.032 t

CON'C AAZIE7 = ock = 240.000 kg/cr

A2 GBS gy =3000.000 kg/c

ZIZHE Mu = 2380 t-m B A (E) eof = 0.8500

SeAGE Su = 0000t B aAAF(AE)  es = 0.7000

=Z3E3F Nu = 0000t BEZAAF(EE)  ec= 0.6500

¢ W Z  p o= 100000 cm A4 A e = 0.000 cm

o o] d = 22000 cm CON'C @7/H(&EF) d' = 0000 cm
6.12. 23

D €5 94 2HEHEIH)
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e g4 0.003 _
"= ecTaBs 9T 0 003+ 3000/2.04x 10° 2200 = 14 Toem

xmax = 085+ xb
2 7FRB (% ymax < x < xmax)
x =0500- xb = 0500 X 1476 = 7.38 cm

2) ¢EFEZ AR 2A

X g, A%
ock < 280 kg/ctf ———-—————--~- k1 = 085
280 < ock < 560 kg/cml ————— k1 = 085 -~ 0.05% (0 ck-280)/70
ock = 560 kg/crt ~—--—---———~ k1 = 0.65

ky = 085
a =kg; - x =08X 738 = 627 cm
Cc = 0850ck-b-a = 08x240.0x 100.00xX 6.27 = 127.997 t
Mn; = Cc- (d—a/2) 127996.6 X ( 22.00— 6.27/2)= 24144 t - m

Mu/e= 2380/08 = 280t -m < Mmn
CdE e BEae

1

11

3 Bed 47

HBEFxH ===> CON'C &&8(Cc) = AT J&=(T)
Cc = 08ock-b-a
= 0.85X240.0x 100.00Xa
T = As- oy = As - 3000.0
As+ 0y/(0.850ck - b)
As - 3000.0/(0.85%x240.0x 100.00) - - « - - (1)
=3 2 E(Mn)
Mn =Cc-z=T:'z=As-o6y-d - a/2)

P |
do,

1

. a

1

= As - 30000X( 22.00—a/2) - - -+ - - - o . - (2)
(L3 2) 99
S Reg’'d As = 430 corf a = 063 cm

4 e 2o
Use As D16 X 8000 = 15888 cr

5 dau AE
omin = 0.467(%) < As/bd = 0.722(%) <pmax = 2.909(%)
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7

=

T FE A" & E I A
A A T =As- oy = 1589X30000 = 47664 t
S7HAA AL =o]  a = T/(080ck - b)
= 47664.0/(0.85%x240.0x 100.00) = 2.34 cm
=272 A c=alk, = 234085 = 275 cm
CON'C &=4 Cc = 08o0ck-b-a
= 0.85x240.0X 100.00X 234 = 47664 t
&3 MOMENT Mn = As- oy - {(d—a/2)
= 15.89x3000.0x ( 22.00— 2.34/2)
=90929 t-m
A HE
Cec = 47664 t T = 47664 t
eMn = 8440 t-m > Mu= 2380 t'm GOOD !
AT HE

Su/e=0.000/0.700 = 0.000 t
Sc = (050y ock+176- oSu-d/Mu) - b -d
= (0.50¢ 240.0+176x0.00722 X 0.0
X 22.00/ 238000.0) X 100.00x 22.00 = 17.041 t
Scmax = 093v ock-b-d
= 0.93v 240.0X 100.00% 22.00
= 31696 t
Sc¢ < Scmax ==========> S¢ = 17.041 t
AgdEZF EE 8!
Su= 0000t <eSc/2= 59%4t

flo

EFAAEE 7139

3}
11

AN
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